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THis volume contains a report of the proceedings
of the second of a series of symposia held by the
Eugenics Society, with the object of bringing
together experts from the various fields of
genetics, physiology, psychology and other
branches of the social sciences to promote an
exchange of ideas.

The general theme of this symposium, held
in October 1965, was the need for fresh thinking
about some of the more vital aspects of our
educational system. The traditionally accepted
validity of various educational concepts such as
the * streaming ™ of pupils, the criteria of
selection for higher education and others were
called into question, and the reasons for doing
so examined. A particularly strong case was
made for a better understanding of the purely
physical causes of mental subnormality. In
connection with this, valuable biological infor-
mation was given about brain damage, genetic
handicaps and diseases, especially those which
cannot be detected at birth, with methods of
controlling and remedying them. WVarious other
related topics, such as the heritability of
intelligence, the importance of parent-child
communication, the influence of home back-
ground and the genetic consequences of selection
pressure were also discussed.

The conference demonstrated that genetic
and biological factors are responsible to a
considerable extent for many problems hitherto
thought of as purely social ones. The papers
leave one with the impression that the com-
bination of these two disciplines may be a
particularly rewarding one.

J. E. Meade is Professor of Political Economy
and Fellow of Christ’s College, Cambridge.

A. S. Parkes is Mary Marshall Professor of
the Physiology of Reproduction and Fellow of
Christ’s College, Cambridge.
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EDITORS’ FOREWORD

During 1963, the Council of the Eugenics Society decided to
extend the Society’s activities by organizing a series of symposia
designed to bridge the gap between the biomedical and the
social sciences. The first, held in September 1964, under the
title Biological Aspects of Social Problems was highly successful
and fully justified both the publication of the proceedings and
the continuation of the projected series. Accordingly, the second
symposium, entitled Genetic and Environmental Factors in Human
Ability, was held on 30th September and Ist October 1965.
As on the first occasion, this second meeting brought together
people who might otherwise never have had the opportunity
to exchange ideas, and it was generally agreed to have been
most useful. The proceedings of this meeting, which was opened
by Sir Robert Platt, as President of the Eugenics Society,
are recorded in the present volume, which we feel will be a
worthy successor to the preceding one. For this, the Society
is greatly indebted to all those who took an active part in the
meeting by contributing formally or in discussion.

As Honorary Treasurer and Honorary Secretary of the
Society, we have again accepted formal responsibility for the
editing of the present volume, but, as on the previous occasion,
the day-to-day work and responsibility has fallen on Mrs
K. Hodson, editor of The Eugenics Review ; to her are due the
best thanks of the Society and of all readers of this book.

J. E. MEADE
A. S. PARKES
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GENERAL INTRODUCTION

Sik RoBerT PLATT
Cambridge

INn writing the General Introduction to this Symposium
volume I assume a dual role: first of all as Chairman of the
first session of this Symposium and secondly as the new Presi-
dent of the Eugenics Society, an office which I am extremely
proud to hold and no little surprised to have been invited to
hold. I hope this Society will continue to prosper under my
presidency and if it fails to do so I can only say it will not be
due to any lack of interest on my part in the kind of lectures
and discussions which it is its business to organize.

As a physician I first became interested in genetics when,
as a medical student, I read Bateson on Mendelism (though
genetics was not taught to medical students very much in those
days) and I have spent my life in the study of man. My hobby,
you might say, as well as my occupation, has been the fascin-
ating interest of the interplay of genetic and environmental
factors in patients and their illnesses, and perhaps even more
in their attitudes to those illnesses.

The scope of what is now included under the somewhat
elastic title of * eugenics * has no doubt changed from time to
time since Galton first introduced the term. Rather than
attempt at this moment any new definition—and there are
already plenty—of what eugenics really comprises, I would
draw attention to the wide scope of interest of the Eugenics
Society, as shown by the impressive list of past presidents,
ending with that very distinguished zoologist, Sir James Gray,
and as is shown also by the subject matter of these two
Symposia, the first on Biological Aspects of Social Problems, and
this, the second, on Genetic and Environmental Factors in Human
Ability.

Our aim is to bring together people from different branches
of learning—genetics, sociology, physiology, psychology, edu-
cation and so on—with a common interest in applying their

ix



X GENERAL INTRODUCTION

particular study to the problems of man and especially to the
future of man. In order to do this they must—and this is
good for them and essential for the rest of us—speak a common
language ; it does not have to be the language that is used in
mathematical genetics or physics or something of that kind ;
it has to be the ordinary English language such as intelligent
people like ourselves can listen to and understand. If Arthur
Koestler is right in asserting that a new idea, a new conception,
a new discovery, is due usually to the coming together of two
quite different approaches to a problem, then this Society
should be able to throw up new ideas from time to time—the
kind of thing (although there will not be many such obvious
examples in human history) that Mendel did when he brought
together botany and mathematics practically for the first time.
However we still have not quite dealt with what is comprised
in eugenics because the ‘eu’ of eugenics indicates that we
consider it part of our job to consider, and then try to judge,
values. That is always a difficult and dangerous thing to do.
It is my view that in the society in which we now live,
dominated as it is by scientific and technical achievements,
a society which has given up and discarded many old theories
and many old beliefs, some intellectuals have gone rather
too far in their fear of entering the difficult field of ethics.
I do not think it is the function of the Eugenics Society to take
on a mantle of omniscience and make pronouncements for all
time on these difficult problems, but I do think it should not
shirk the ethical issues which immediately arise when the future
of man is under consideration.

To come now to the matter of this Symposium, it might
seem that the interpretation of human ability would be
weighted in favour of intelligence ; I would remind you
that this is not the only human ability, neither is it the sole
factor in human ability. Intelligence is of basic importance,
of course ; but something else, which is difficult to define and
which we usually refer to as © personality ’, is also extremely
important ; and so also is sheer technical skill, which people
often forget in their thinking on human ability. I have from
time to time pointed out to my students that there are two
almost completely different kinds of learning. Given lectures
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and discussions, illustrations and so on, plus a reasonable
educational background, a student can be made to understand
principles of the function of the lungs or of logarithms or some-
thing of that kind ; but, given a few lectures and illustrations
on the violin, he would still not be able to play a note, nor
would he probably play well for many years. These are quite
different kinds of learning, but technical skill is an extremely
important human ability, interestingly enough, one in which
the human race continues to progress: for instance, there is
never a big meeting of athletes, such as the Olympic Games,
at which records are not broken in one field or another. To
return to stringed instruments, when Tchaikovsky wrote his
violin concerto, it was turned down by two of the greatest
violinists of the time as unplayable. Now, I suppose, it is in
the repertoire of every violinist who looks upon himself as
being at concerto level.

Some of what I have said would perhaps have been said
more appropriately at the end of this Symposium than at the
beginning, and I am reminded of something that Sir Geoffrey
Jefferson once told me. He was asked to take the chair at a
conference and the secretary of the society said to him, * We're
rather pushed for time. If you have any introductory remarks,
would you mind making them at the end ? ” Perhaps that is
what I should have done,












DEVELOPMENT OF CURRENT IDEAS
ABOUT INTELLIGENCE TESTS

PuiLir E. VErNON
University of London Institute of Education

IF some of the leading British and American writers on intelli-
gence, such as Burt,3 R. B. Cattell,# Guilford,8 McNemar 13
and Hunt 12 were asked for their views on intelligence tests,
there would be a wide range of disagreement. All I can hope to
do is point to certain developments that have been apparent
over the past thirty years or so, and then restate what seems
to me the position of the majority of middle-of-the-road
psychologists.

1. There has been an increasing disinclination to accept
the notion of intelligence as an inherited and measureable
quality of the individual which simply matures as he grows
older, regardless of upbringing and education.

2. The earlier belief in an antithesis between innate
intelligence and acquired attainments has largely broken down;
in particular the notion of the Achievement Quotient has beer]
discredited. We realize that all types of ability develo
through interaction between the maturing organism and
stimulating environment, and are intimately bound up with
dynamic personality trends, motivations and social processes.
This implies a greater disbelief in the long-term predictive
value of the 10).

3. There has been increasing interest in the psychological
processes underlying intellectual performance, the nature of
the child’s percepts and concepts at different ages which
Piaget 16 has stressed, and the study of brain-functioning
in the light of information theory and computer models.14

4. There has been an increasing tendency to break down ,
a single global intelligence or g into a large number of partly [
distinct ability factors, but attempts to develop differential l(
tests for abilities along different lines, have not in fact met with -
much success.23

-



4 FACTORS IN HUMAN ABILITY

5. There is increasing dissatisfaction with the types of
multiple-choice items that make up the conventional group
intelligence test, and greater realization that performance
at these is considerably affected by previous practice and
coaching. The increasing use of machine-scored tests, to
facilitate the testing of large numbers, has not helped matters.
At the same time there has been little progress in developing
less restricted item forms, though the current concern with
so-called divergent thinking and creative abilities is of interest.

6. There have, then, been many and varied critical
attacks on the earlier, rather naive, view of intelligence-
testing commonly held in the 1920s—a view which is still all
too widespread among teachers and educated laymen generally.
But in spite of these attacks there has been no decline in the
practice of applying tests—whether Binet or Wechsler tests for
clinical purposes or of group tests for educational and voca-
tional selection and guidance, or in research investigations.
Currently the Department of Education and Science is giving
heavy financial backing to the British Psychological Society’s
five-year project for the production of a new British Intelli-
gence Scale for individual testing of 5 — 12-year-old children,
under the direction of Professor Warburton of Manchester
University. And it is estimated by Henry Chauncey, President
of the American Educational Testing Service, that 150 million
standardized tests were applied in American schools and colleges
in 1964, a large proportion of which were tests of academic
aptitude—I will not call them ° intelligence tests ’.

. Turning now to the major controversies which still centre
round the problem of heredity and environment: we realize
that this problem is much more complicated than was at
first thought, and that there is no simple answer in terms of
* so much variance attributable to genetic, so much to environ-
mental, components ’. Intelligence is not, of course, a definite
unitary entity, like colour blindness—dependent on particular
genes. It is merely a name for the overall efficiency and level
of complexity of an individual’s cognitive processes. Godfrey
Thomson 18 referred to the underlying mental structures as
“bonds’, Thorndike as °connections’ or ¢ associations’.
Each of these terms bears an unduly mechanistic flavour,
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and modern psychology prefers the notion of *schemata’
as described by F. C. Bartlett ! and J. Piaget, or what Miller,
Galanter and Pribram 14 calls ‘ plans’. In the course of
development the individual builds up an enormous storehouse
of concepts and skills, by means of which he interprets and copes
with the world more or less effectively. As D. O. Hebb 10 and
Piaget 16 have shown, these skills or plans are developed
through use, in reacting to environmental stimulation. Except,
perhaps, some of the earliest and simplest sensory-motor
reflexes, we cannot regard them as ‘given’ in the innate
structure of the nervous system, nor as maturing in vacuo purely
through genetic determination. We [earn to perceive, to
imagine, to reason, to judge ; and, as Harlow 9 pointed out,
we learn how to learn just as much as we learn how to ride a
bicycle or learn spelling and arithmetic. It is true, of course,
that without the necessary genes we could not develop physically
or mentally at all, and also that some individuals have more
favourable genes for the acquisition of cognitive schemata than
others do. We can go a bit further and state that some indi-
viduals are more favoured with genes that underlie musical,
numerical and other specialized types of learning. But we
still have to regard general intelligence, or more specialized
number and other abilities, as developed through interaction
with environment, and must therefore reject the notion that
any tests can reveal the innate components of mental aptitudes.
As Hebb puts it, there is an Intelligence A, the genetic poten-
tiality which is non-observable and non-measurable. The
Intelligence B which we observe in a person’s behaviour and
thinking is the product of the interaction between Intelligence
A and environment. This distinction between the genotype
and the phenotype is entirely in accordance with general
genetic theory: a healthy plant requires good seed, but it also
requires suitable warmth, moisture and nutriment. Similarly
the human being requires physical and emotional security
and a richly stimulating environment if his intelligence is to
develop.

One more distinction is useful at this point—that between
observed Intelligence B and measured intelligence, which I
have referred to elsewhere 2! as ‘ intelligence C’. Intelligence
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C is simply a sampling of B which can be scored in IQ or other
units. The tests that we apply may or may not yield a fairly
adequate sampling of all the concepts and skills that go to
make up B.

How can we be so confident that there are inherited differ-
ences in potentiality, i.e. Intelligence A? Why not accept
J. B. Watson’s claim that, if given complete control of environ-
ment, he could bring up different children to be anything he
liked—doctor, artist, beggarman or thief ? Itis usually supposed
that the moderate resemblance in Intelligence C of offspring
to parents and the very close resemblance of identical twins
to one another give evidence of genetic determination, but
both these resemblances could, of course, be explained by
environmental influence. Identical twins tend to be brought
up much more alike than ordinary siblings or fraternal twins
and thus would be expected to show higher correlations. The
evidence from identical twins brought up apart is somewhat
more convincing though, to my mind, impossible to interpret,
since the members of separated pairs are unlikely to be placed
in different environments at random. Thus Burt’s 3 separated
pairs show closer resemblances than those of Newman, Free-
man and Holzinger,15 probably because the environments
of most of the former were fairly similar. Much more impressive
is Newman’s finding that, thegreater the dissimilarity of environ-
ments, the lower the degree of resemblance in IQ). No ; the
really convincing evidence of genetic determination is: first,
the correlation between the intelligence of orphans or foster
children and that of their true parents who have had nothing
to do with their upbringing ; and second, the fact that children
in the same family often differ so widely in intelligence from
their parents or from one another. If socio-economic, cultural
and health conditions were all-important in producing In-
telligence B and C, we would surely expect a much higher
correlation than 0-5 between parents and offspring or between
siblings. Only genetic theory seems capable of explaining
why professional parents sometimes have a dull child, or un-
educated lower working class parents a very bright one.

Now, though we must admit the importance of genetic
influences in observed and measured intelligence, this does not

I SRR
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mean that any tests, however good a sampling they give of
Intelligence B, can ever provide us with even a moderately
reliable estimate of the Intelligence A of an individual or of a
group. Experts in this field, such as Burt in England and
Burks 2 in America, have estimated the genetic component in
intelligence test scores as 75-80 per cent ; and Burt claims
that, by using suitable individual tests, including non-language
tests, and making a clinical assessment of the likely effects of
abnormal environmental conditions, he can arrive at a measure
of a child’s intelligence which represents to even 90 per cent
the genetic component. I do not regard such figures as
realistic, because the relative importance of the environmental
factors clearly varies with the range of environmental differ-
ences. I would agree that, when all members of a cultural
group are brought up under fairly similar circumstances and
receive a fairly standard education, the major part of their
variance in intelligence is hereditary. But when there are wide
differences in socio-economic level and education, such as
those between Western European (or North American)
children and children in underdeveloped societies, the environ-
mental factors are much more potent. Moreover they can
affect allegedly culture-free tests at least as much as con-
ventional verbal tests. I have recently had the opportunity
to apply the same 4 - 5-hour battery of group and individual
tests to groups of boys around eleven years old in S.E. England
and the remote Hebridean islands, to West Indians in Jamaica,
to Canadian Indians in Alberta and to Eskimos north of the
Arctic Circle. Their comparative performance in vocabulary
and educational tests certainly reflected the degree to which
standard English was used in their homes, and the extent of
their education. But among the various groups of boys with
similar linguistic handicaps, the scores on performance tests
like Kohs Blocks and a non-verbal Matrices-type test ranged
all the way from a mean quotient of 75 for West Indians to
93 for Bush Eskimos (where the English mean is 100 and the
Standard Deviation 15). It appeared that the nature of their
upbringing, whether it was restrictive or permissive, whether
it discouraged or encouraged resourcefulness, masculine
identification and exploiting one’s physical environment,
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was mainly responsible for these differences in the grasping
of patterns and reasoning skills.

Now let us turn to the other main source of controversy
concerning intelligence and intelligence tests: is there a
general, unitary ability-——Spearman’s g, or must we recognize
a large number of distinctive, even if overlapping, faculties or
factors, as do Thurstone,!9 Guilford,® and the majority of
American psychometrists ? This does not seem to me a
difficult problem, provided one admits that factors are merely
clusters of similar skills and does not reify them into funda-
mental components or chemical elements, as it were, of mind.
Consider the analogy of school marks.* It is perfectly legiti-
mate to find each pupil’s average marks in all subjects and to
give him an overall mark for his general level of achievement.
Alternatively, the headmaster may prefer to have a total mark
for performance in Arts subjects, another for science-plus-
maths, and, in the typical grammar school, the correlation
between these two major groups would be fairly low. Thirdly,
it is perfectly meaningful to list the marks for each separate
subject in the curriculum, though naturally these will show
generally positive correlations. Fourthly, one can break down
still further and score the pupils separately for spelling, hand-
writing, etc. within the language group ; and for arithmetic,
algebra and geometry ; and so on. These minor group factors
tend to have much in common but also show a fair amount of
distinctiveness.

The same principle applies to the organization of mental
abilities in general ; for we can group in many different ways,
some more broad, some more detailed. However, a good deal
of controversy and confusion has arisen, partly because
different factorists use a variety of techniques of analysis and
rotation and have varying standards of statistical significance,
but largely because most American factorial studies are carried
out on college students or other highly selected groups, most

* Factor analysts will realize that this analogy is not quite correct in so far as
group factors, e.g. in science, spelling, etc. represent the variance in these marks
after allowing for the variance attributable to g or other higher-order factors.
American oblique primary factors would, however, be more comparable to
separate sets of school marks.
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British studies on relatively heterogeneous populations such as
complete age-groups of pupils, or army recruits.23 Since test
correlations are necessarily lowered in homogeneous groups,
Americans favour a large number of independent primary
factors, with no general factor. Guilford claims to have
established some sixty factors of intellect, and hundreds of
others have been described by other psychometrists. Recently,
however, there have been signs of a reaction. Quinn
McNemar 13 refers to ° the fragmentation of ability into more
and more factors of less and less importance ’, and both he and
Lloyd Humphreys 11 advocate a return to something like the
British model of a strong general intelligence factor and sub-
sidiary group factors representing more specialized skills.

At the same time Thurstone, Guilford and others are justi-
fied in claiming that a single, vague and indeterminate IQ
hardly does justice to the richness and variety of mental life,
especially at higher intellectual levels. Intelligence B has many
different aspects, according to the kinds of situations or tasks,
though these still tend to have much in common when measured
in unselected populations. For example, it is casy to establish
partially distinctive factors in spatial or numerical, as con-
trasted with verbal, test materials, in rote memorizing tasks, in
speeded clerical type tasks, and so on. It has proved much
more difficult to differentiate psychological faculties such as
attention, inductive and deductive reasoning, logical memor-
1zing, imagination, creativity, etc., the main reason being that
we cannot readily devise tests which provide adequate sampling
of any one faculty alone. Test performance usually involves a
great many other processes which we cannot disentangle or
control, such as previous familiarity with that kind of material,
or quickness in acquiring facility with it, sophistication or
practice with tests in general, comprehension of the rather
elaborate printed instructions that the tester supplies, wise use
of the time allowance and of the possibilities of guessing if the
test is speeded, and persistence and interest in the task if it is
untimed, and so on. A test may appear to involve some
particular faculty, but we seldom know much about the
processes testees actually use, and two people may well attain
the same score using very different processes. In other words,
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Intelligence C and the various statistical factors into which
it can be broken down may be a poor reflection of the intellec-
tual abilities B that the person normally uses in real-life
situations.

Let us now see how these ideas apply in the field of creat-
ivity. Guilford,8 Getzels and Jackson,? Torrance 20 and others
have pointed out that almost all conventional group testsdemand
convergent or conformist thinking ; the testee has to choose
the answer which the test constructor has decided to be the
right one. Tests can be devised, however, in which there is no
one right answer but where the score is based on fluency or
number of ideas, on how diverse they are, how unusual, or even
how clever and original—though the latter obviously involves
somewhat subjective evaluation. These tests of divergent
thinking, they claim, measure a very different factor or factors
from the verbal IQ, and they have argued strongly that the
American educational system, with its tests and objective
examinations, together with parent, teacher and peer-group
pressures towards conformity, are stifling the creative abilities
of the growing generation. Dr Hudson discusses these argu-
ments elsewhere in this Symposium ; here I am concerned to
point out that the psychometric basis of so-called creativity
tests is decidedly shaky. The kind of tests that Guilford,
Torrance and others are using are poor samples of original
thought or creative invention in the generally accepted sense,
and so far there is little evidence that we could select more
desirable students by using them instead of, or in addition to,
convergent tests. In other words, we are not entitled to identify
Divergent Ability C with Creativity B. Moreover, it is
doubtful how far tests of divergent thinking really yield a
distinctive factor or factors. True, the correlations with
convergent tests tend to be low in selected or homogeneous
populations, partly because the reliabilities of the tests them-
selves are low. In less restricted populations they show con-
siderable overlapping with standard tests, and the extent of
correlation between different creativity measures themselves
does not seem to be much higher. If, instead of using group
tests as our criterion of intelligence, we used the individual
Stanford-Binet tests, where the testee supplies his responses
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in his own words, it might be still more difficult to establish any
distinctive divergent factors.

We now come back to the general question of what intelli-
gence tests measure. The realistic answer 1s that they measure
the average efficiency with which testees cope with the kinds of
problems the tester chooses to include. Different choices of
subtests will give similar but by no means identical g’s. Thus,
most group tests are strongly weighted in favour of verbal
comprehension and reasoning, partly because items of this
kind are traditional, easy to construct and convenient to
administer and score, partly because they give rather highly
valid predictions of educational capacity over the ensuing
two to five years. Other test authors prefer to reduce the verbal
bias for one reason or another, and such batteries will still
correlate moderately highly with verbal ones. But they give a
less useful sampling of the thinking skills employed either
at school or in daily life, because we mainly think in words
and because the pictorial or diagrammatic material of the
tests is artificial. Possibly, however, such tests are more valid
than verbal tests in relation to mathematical and scientific
education. Verbal group tests are genuinely useful, because
they provide quite a good sampling of academic thinking over
the mental age of about ten to fifteen years. They seem to
have poorer validity at higher levels, in grammar or public
schools or universities. Hudson suggests that this is because
the problems they include are too trivial ; that the really able
student can express his full ability only on larger and more
complex tasks in which he is truly interested. They tend to
work better in America than in England, partly because most
American High School and college populations are less highly
selected, so that correlations are higher, but also because the
criterion of good achievement in the American educational
system so often consists of multiple-choice or objective examina-
tions, which have much more in common with the psycholo-
gist’s academic aptitude tests than do the criteria that British
educationists chiefly look for.

Individual tests like the Stanford-Binet represent yet another
sampling of intellectual skills. They correlate imperfectly with
group tests because they are less biased by such irrelevancies
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as facility in doing multiple-choice items at speed, compre-
hending printed directions, etc. For the same reason they
probably provide the most representative cross-section yet
attained of daily life cognitive schemata over the 2 to 15-year
mental age range. In addition, either group or individual
tests may be composed of spatial, numerical, clerical, musical,
creativity or other sorts of items ; and these still overlap the
ordinary intelligence test to a considerable extent, though
their content may make them more relevant to technical,
clerical, musical or other criteria.

There is no sharp distinction between any of these and
so-called achievement or attainment tests in, say, reading,
arithmetic, science, etc. ; for I have already tried to make clear
that Intelligence B should be regarded as a kind or class of
attainments. However, the former do involve more general
skills of comprehending, reasoning, judging, etc. which are
transferable to a wide variety of situations, whereas the latter
usually involve more specialized schemata, and depend more
on the amount and quality of school instruction and the pupil’s
interest in the topic. Again, the development of general
intellectual skills, while certainly stimulated by good or de-
pressed by poor, schooling also reflects exercise outside the
school—at home, in leisure activities and so forth. Thus,in a
rather narrow sense, one can use intelligence tests as predictors
of educational potential, not because they are pure measures
of Intelligence A, but because a child who has developed
effective schemata in his daily-life thinking and behaviour,
through some combination of good genes with fortunate
circumstances, might normally be expected to be able to use
these schemata in the school situation also. Although the
practice, common among educational psychologists, of con-
centrating their remedial work almost exclusively on children
whose educational age is lower than their mental age is riddled
with fallacies (as Pidgeon 17 and others, including myself,22
have shown elsewhere), yet recent experiments by a student
of mine, Mr Hugh Lytton, indicate that the IQs of backward
children do correlate to a small but useful extent with gains in
reading and arithmetic following remedial treatment. The
intelligence test is a useful predictor also around the age of
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10-15 years, when children are changing school, embarking
on new subjects, or entering jobs or technical training. Their
performance in, say, mathematics may be considerably affected
by ease or difficulty of adaptation to the new social environ-
ment, the new teacher and the more advanced curriculum ;
hence previous performance in arithmetic may be a weaker
predictor than their generalized intellectual skills.

Could not one still argue that intelligence test results are
a better indicator of genetic capacity than attainment tests ?
I would agree, with considerable caution, mainlyon the grounds
that parent-child and sibling correlations tend to be lower for
the former than the latter. Several investigators, among them
Elizabeth Fraser,have shown that attainment scores or teachers’
assessments are rather more strongly associated with social
class and parental attitudes to education than are intelligence
test scores. Hence the abolition of intelligence tests in any
eleven plus selection procedure tends to increase the social
class bias, even if not very markedly, and to result in fewer
grammar school places going to bright children from poor
homes. Again, while accepting Douglas’s 5 recent findings
that IQ change from age 8 to age 11 is affected in much the
same manner as attainment change is affected by home and
school influences, I would not go so far as he does in ignoring
any differences between these two types of measures.
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SOME ASPECTS OF THE RELATIONSHIP
BETWEEN COMMUNICATION AND
PERFORMANCES IN TESTS #*

B. B. BErnstEIN and D. Youne

Sociological Research Unit,
University of London Institute of Education

In this paper we shall give an interim report of some of the
findings of the Sociological Research Unit which have a bearing
on the major topic for this session. We shall first give a general
outline of the research undertaken and then discuss briefly
the sample, the methods used, the procedures for analysing
the data and finally some interim findings. There is, un-
fortunately, no time to discuss the theoretical perspective
which is influencing the research.

Essentially the Research Unit is making a comparison
between forms of interaction between mother and children
within middle- and working-class families and their responsive-
ness towards education. We are concerned to relate these forms
of family interaction and their educational procedures to
linguistic development and control by infant school children.
We are also concerned with the possible relationships between
forms of linguistic development and the child’s cognitive and
social procedures. OQOur aim is, ultimately, to construct a
communication profile for a family, to group families sharing
similar profiles, and then to examine forms of a child’s speech
in terms of such profiles. In this way we shall dispense with
social class as a major independent variable, substituting
instead a communication profile. We would then be able to
relate such a profile to a child’s performance on ability tests,
his general education attainment, his form of speech, his social
and cognitive procedures. We have some reason to believe
that the forms of family interaction which shape patterns of

* This research is supported by grants from the Department of Education and
Science and the Ford Foundation,

15



16 FACTORS IN HUMAN ABILITY

communication have a social origin. At the moment, however,
we are a long way from producing a communication profile.

The major sample consists of approximately 300 families
living in a predominantly working-class area and 150 families
from a predominantly middle-class area. We are following
the children of these families for a period of three years from
the point of entry into the infant school. The methods used
are: first, a social survey ; second, an intensive non-question-
naire approach to a selected group of families ; and third,
experimental studies of the children’s speech.

All the mothers of the children were visited and a tape-
recorded interview was obtained in the July preceding the
child’s entry to school. This interview consisted of mothers
talking freely in response to a number of questions. Mothers
also completed a number of closed schedules by ticking,
marking, or listing a range of items. In the free section of this
interview we were concerned with how the mother prepared
the child for school, how she drew the boundary between family
and school, her concept of brightness and of play, how she
controlled the child, how she explained things to the child,
what procedures she possessed for dealing with problems
which might arise when the child was at school. This interview
also gave us a selective sample of the mother’s speech in different
areas. The closed or tick schedules, or at least the ones with
which we shall be concerned here, dealt with such things
as the way the mother coped with questions from the child,
with her willingness to enter into verbal interaction with her
child, her views on the uses of toys, and the nature of the
boundary she drew between herself and the school.

After three weeks in school the children were given three
ability tests, and a language sample was also taken. At the end
of the first year at school the free, informal and unobserved
speech for a whole day at school was collected from fifty children
The teachers in the fourteen schools at the end of this year
judged the responsiveness of the children to school in terms of
types of verbal interactions and also estimated the degree of
brightness of the children.

We shall now describe the results of some of the closed
schedules completed by the mothers and the teachers in relation
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to the children’s ability test scores at age five for the families
living in the predominantly working-class area. We are con-
cerned, first, to show the relationships between purely demo-
graphic variables, such as social class and family size, and ability
test scores ; then to show the relationships between family
interaction variables and ability test scores and the teacher’s
perception of the child at school ; finally to show relationships
when demographic variables are held constant and noting the
influence of the family interaction variables.

We have in all cases been interested in the behaviour of
certain critical groups and a X2 analysis has been used so far
in our calculations ; this will give way shortly to a multiple
correlational analysis. We had hoped that it would be com-
pleted in time for this paper.

We start by explaining the bases of the indices we have
constructed for the analysis of the data, taking first the social
class index. It is important to remember that this sample is
relatively homogeneous and that * high social class * (as we shall
refer to it) does not reach the conventional middle class of the
major and minor professions, business men, administrators
and higher supervisory groups. The index we constructed is
very similar to that used by Douglas. It consists of a scale
based upon the mother’s and father’s terminal education and
occupation, On this basis we were able to assign families to
three socio-economic groups, High, Medium, Low, broadly
but not wholly, corresponding to semi-skilled and unskilled ;
skilled ; white collar lower supervisory positions.

Now let us examine the family-size index. As our sample
consists of families at various stages of completion, it was
necessary to correct family size by the age of the mother.
The correction we used was over and under thirty years of
age. The split in family size to be used in this discussion is
between families of two or one, and three or more. We are,
of course, able to sort in terms of smaller or larger family,
younger or older mother, etc.

The interaction index was made up of the mother’s responses
to three closed schedules. One schedule related to the way
the mother dealt with questions from the child: from her replies
we computed an avoidance score in terms of how much she
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avoided, escaped from, or refused to answer the question.
The second schedule dealt with the mother’s willingness to
enter into verbal interaction with the child in a range of social
situations. Irom the replies on both of these schedules we
constructed the communication component of the interaction
index on a five-point scale. For our present purpose it has
been dichotomized into High or Low so that it can be treated
as an attribute present or absent. In the same way we can treat
the family size and the social class index as favourable or un-
favourable attributes.

The third schedule dealt with the mother’s views on the use
of toys. The mother had to mark six possible functions of the
uses of toys in order of importance. In scoring we used
only those which she considered the most important and
least important. If she chose ‘ to find out about things’ as
the most important, this was treated as a positive attribute. If
she chose as the least important the item we considered as
indicating the smallest desire to interact with the child, this
was also treated as a positive attribute. This item was ° to
free mother so that she could do other things .

A mother with a lowest interaction index would be one who
scored low on the communication component and put first
and last on the uses-of-toys-schedule anything other than the
two items I have mentioned. A mother with the highest
interaction index would be one who scored high on the com-
munication component and placed  to find out about things’
first on the toy schedule and ° to free the mother etc.’ last on it.
Intervening positions between these two extremes can be,
and are, dealt with.

Now we come to the ability tests given to the children. For
a number of reasons we did not give the Stanford-Binet ;
but this year all the children will be given the WISC. We
took advice and gave the five-year-olds the Crichton Scale,
which is a word-definition test ; the English version of the
Peabody Picture Vocabulary Test, which is essentially a
test of vocabulary of recognition ; and the Children’s version
of the Raven’s Progressive Matrices, a test of relatively non-
verbal ability. In reporting some of our results we shall talk
of Combined Test Score, whether High, Medium or Low. For




INTELLIGENCE TESTS 19

a child to be in a High group, he would have had to score
High on at least two of the tests, and to be in a Low group
to have scored low on at least two of the tests ; similarly for
Medium. But this category also included a small number
who scored High, Medium and Low on the three tests.

It must be added that children were assigned to an indi-
vidual test category in terms of the distribution of scores we
obtained from our sample. Now each of these indices—social
class, corrected family size and the interaction index—was
expected to be related to the test scores of the children grouped
in the three categories: high, medium and low scores. More
than this—within each index, variations in the score Low,
High were also considered to bear a similar relation to an
ability score. Thus, we might expect to find that a very high
proportion of children coming from small families, with older
mothers scoring high on the interaction index, belonging to our
so-called high socio-economic group, would have high ability
scores. With less favourable shifts in each index we might
expect a corresponding drop in ability score. The results we
found are given in the following paragraphs. '

First let us consider the demographic variables—social
class and family size. Social class was not significantly related
to any of the ability test scores. Indeed, it reached only an
0-05 level of significance with the Crichton Scale (verbal
definition test) when compared with the lowest and the highest
social class groups. It must, however, be remembered that the
social class range within our sample is certainly a very restricted
one. Family size is, however, very powerfully related to each
ability test score and to the Combined Test Score at a 0-001
level of confidence.

Next let us turn to the relation among social class and family
size and the interaction index and then to the relation between
the interaction index and ability scores. There is no relation
between our family-size index and our restricted social class
groups. But there is a very powerful relation between social
class and the interaction index at a 0-001 level of confidence.
The relation between family size and the interaction index
1s significant but very much weaker at 0-02 level of confidence.

We now turn to the relation between the interaction index
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and the ability test scores classified as high, medium and low.
The interaction index isvery powerfully related to the Combined
Test Score, as strongly as family size at a 0-001 level of con-
fidence, and relates to each individual test at a 0-01 level of
confidence. Thus the interaction index produces as strong a
relation with combined ability scores as does family size,
whereas the relation between family size and the interaction
index is relatively weak, although significant.

Our next step will be to examine the effect of differences
in the interaction index on ability test scores holding family
size constant. If a family is small, two or less, differences in the
interaction index have no significant effect on ability test score.
However, if the family is large, three or more, a difference in
the interaction index is significantly related at a 0-01 level of
confidence to the Combined Test Score, and individually
to the Crichton and to the EPVT. So a high interaction
index for a large family gives promise of a significantly greater
proportion of children with high ability scores compared with
large families with a low interaction score. This finding
would seem to be of particular significance when we consider
the normal social class gradient for family size. The inter-
action index discriminates between large families and, with an
adjustment which cannot be detailed here, it is also capable
of similar discrimination between small families.

Before turning to the consideration of some findings which
concern the mother’s relation with the school and the teacher’s
estimate of the child’s brightness, we shall look briefly at some
relations with the score on the Matrices, the relatively non-
verbal test. We have shown that there is a powerful relation
between family size and non-verbal test score. There is,
however, a significant relationship between the mother’s
choice of the uses of toys and the child’s chances of being in
the high category on the Matrices test. A point worth making
here is that the communication component of the interaction
index is not at all related to the child’s Matrices score. .

Next, we consider some aspects of the child’s behaviour
in school and the mother’s relation to the school, in terms of the
variables we have discussed. In this sample the children attend
fourteen schools, and their teachers were asked to answer
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a number of questions about the children at the end of the first
year. One of these questions called for an estimate of ability—
was the child bright, average or weak? Now-—and this is of
some importance—the social class of the child was found to
bear no relation to these estimates. Family size and the
interaction index each separately related at a 0-001 level
of confidence to the teacher’s judgement. But, when family
size was held constant, the score on the interaction index was
significantly related to the teacher’s estimate, and the index
discriminated within small and within large families. Thus,
the proportion of children judged by the teachers to be bright
is related to whether a family has a favourable or unfavourable
interaction index within both large families and small families.

Lastly, we mention a finding which has a bearing on the
mother’s relation to the school. In the course of an interview,
the mother was given a schedule containing a range of behaviour
patterns of her child, and she had to judge whether they were
entirely her own responsibility, or a responsibility shared
between the school and herself, or entirely the school’s concern.
A scale was constructed, based upon the number of items a
mother considered to be matters of shared or joint responsi-
bility. We examined each mother’s score on this scale of joint
responsibility together with four variables we have discussed,
namely social class, family size, children’s test score, and the
interaction index. Of these four variables, the interaction
index alone significantly correlated with the score—if high—
made by mothers on our scale of shared responsibility. Mini-
mally, this scale shows that these mothers regard the school
as being as deeply concerned with the child’s development
as they are themselves.

Thus, the interaction index not only relates to the children’s
ability test scores and discriminates between families of equal
size, but also is related to the teacher’s judgement of the degree
of brightness of the child, and to the mother’s opting for a
position of joint concern or responsibility with the school
across a range of different aspects of the child’s behaviour.

One possible explanation of the power of this variable in our
sample is that the IQ of the child, or that of the mother, or
both interacting together, accounts for the quality of the

C
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interaction. This matter will be finally decided when we
obtain the IQs of the parents, as we intend to do.

Arguments against this view could be put forward, among
them the following:

1. The social class range in this sample is very restricted.
Among the mothers the difference between the highest and the
lowest may not be more than eight I1Q) points. The IQ) range
for the children also is somewhat restricted. Nevertheless,
the discriminations we have obtained are very powerful.

9. The range of IQs within a family, especially a large
family, is likely to be wide. Our data show that there is no
relation between the mother’s interaction index and the
ordinal position of a child when single children in different
families are compared, or eldest children with younger members
of the same family.

3. Were the interaction index a measure of the mother’s
IQ alone, since this is presumably related to the child’s IQ,
then the ability test scores of the child would be expected to
show some relation to the joint-responsibility scale. In fact,
there is no such relation.

4. The relation between interaction index and ability
tests is very unlikely to hold in the case of the middle- and
upper-middle-class sample.

5. Finally, there are good cross-cultural reasons for believ-
ing that forms of familial interaction have in large measure a
social origin.

CONCLUSION

It is quite clear that the limits of endeavour are set organi-
cally, but that the rate of mental development and the func-
tioning level are influenced by the quality of the environment.
There is often a gap between potential capacity and actually
developed ability. The interaction index and its development
may be a short step, along with many others, in making explicit
the processes which produce what in our culture we call
intelligent behaviour and educational attainment. More-
over, many children, who grow up in family settings where the
communication process is inadequate, as judged by the school,
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may be fundamentally handicapped for social reasons over
which they have no control. The evidence offered here, in
conjunction with other evidence, may point to a need for an
enlargement of work in the area of communication in infant
schools where children come from homes with problems of
inadequate communication and interaction. Indeed, we may
have to think much more seriously about nursery school
provision as well as the more material provision of decent houses
and decent schools.

Communication patterns are rooted deep within a given
culture ; indeed they are the expression of it, and great care
and sensitivity are required of those who wish to modify them.
For some children school is an experience of development
of their linguistic and relational procedures ; for others it will
undoubtedly be an experience of change in these same pro-
cedures. We can temper this process both for the family and
for the child, only if we have a more systematic knowledge of
family interactions and their resultant patterns of com-
munication,



SOCIAL BACKGROUND, INTELLIGENCE
AND SCHOOL STRUCTURE:
AN INTERACTION ANALYSIS

Hivpe T. HIMMELWEIT
London School of Economics

UNTIL recently, social scientists tended to look for one or two
explanatory factors of the behaviour they studied. As a result,
tenuous relationships between variables have tended to be
stretched beyond their statistical or theoretical justifications.
This was particularly so where such relationships had social
implications. Two examples come to mind: the first concerns
the link between broken homes and delinquency. Study after
study has established a significant, but extremely low, relation-
ship between the two ; textbook after textbook mentions the
relationship, until broken homes have come to be regarded as
the main causal factor in producing delinquent behaviour.
It is as if frequency were substituted for importance. This is
not so. The correlations remain low ; the exceptions continue
to be numerous.

The second example comes from the field of education and
concerns the relation between social background and edu-
cational attainment. Correlations between social class and
O- and A-level performance and between social class and early
leaving tend to be in the region of 0:25.6: 7 These results
certainly show that many thousands of children do not realize
their intellectual potential and that this constitutes a serious
social problem requiring remedial action. However, the
relationship is still a weak one ; the question we need to ask,
and one which has rarely been examined, is why the effect of
home, the principal socializing agent, is not stronger.

There are four reasons for the preference for oversimplified
explanations.

The first is the social scientist’s desire for order and sim-
plicity, which drives him to the almost hopeless search for the
significant dimension.
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The second lies in the separateness of the disciplines,
particularly of sociology and psychology, which is still char-
acteristic of social science in this country. Quite often soci-
ologists and social psychologists study the same phenomenon,
but do so from different points of view ; this results, in the one
instance, in an oversimplified model of motivation and learning
and, in the other, in a neglect of a subtler understanding of the
way in which social forces impinge upon the individual’s
outlook and behaviour. There have been few genuinely
interdisciplinary studies.

The third reason is practical ; it concerns money and
co-operation. A multidimensional analysis of social or
psychological phenomena requires that we gather data about
the same individuals or groups from different angles. This is
expensive and demands much co-operation from educators
and administrators. As long as each specialist is confident
in the adequacy of his own preferred explanation, no such
requests will be made. Only too often at the beginning
of a scientific paper one finds a statement by the author that
certain data could not be gathered because the school or
institution would not give more time. This is an argument
which I find very unconvincing. Teachers and educational
authorities are interested and genuine partners in research,
provided the reasons for asking for additional time are stated
persuasively. My experience in carrying out an inquiry
into effects of television on children has convinced me of this.
In that study more than 400 class teachers, drawn from 120
schools co-operated ; the teachers gave fully of their own
time, and, in addition, permitted us to test the same children
on several occasions—nine hours in all.

The last difficulty, lack of facilities for quick, complex
statistical analysis, has now fortunately been overcome.
Access to computers is a necessary, though not a sufficient,
condition for this type of interaction analysis.

In the field of education in recent years, increasing em-
phasis is being placed on the need for interaction analysis
and for linking the characteristics of the school with those
of pupil and home when trying to account for differences in
scholastic performance. The studies of Douglas,! Wiseman 10
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and Warburton 9 illustrate this well. These studies of children
drawn from a large number of schools, usually on a random
basis, examine the children and classify the schools on a number
of criteria. They show how, across given social classes and
within a particular social class and ability level, the children’s
school attainments differ, depending on certain characteristics
of the school.

The study that I shall be describing carries this type of
analysis one step further.* It examines how the different
expectations and norms which the child brings to the school
influence his response to it. Instead of drawing on a random
sample from a large number of schools, this study is concerned
with a few schools only and examines the effect of the school
on its entire thirteen- to fourteen-year-old intake. Essen-
tially, it amounts to a case study of each school and to an
examination of the way in which the organization of the
school affects, and is in its turn influenced by, its intake of
pupils.

I am singling out selected aspects of a broader follow-up
study on which I am currently engaged. The study began
some fifteen years ago when I became interested in examining
how far the social class differences in child upbringing found
in the United States applied to this country and, secondly,
how far with our selective secondary school system the effect
of sponsored mobility interacted with styles of upbringing
characteristic of different social classes.t

Our sample of over 600 thirteen- to fourteen-year-old
boys consisted of the entire third forms of nine boys’ schools
in the Greater London area ; four were grammar and five
were secondary modern schools.

By means of open-ended questions, projective tests and
inventories, information was sought from the boys about their
attitude to schools and to teachers, their relationship with

* The study is being financed by the Science Research Council and by the
Department of Education.

+ Sponsored mobility is a term coined by Turner 83 which suggests that the
working class child who gains entry into the grammar school is propelled into
upward mobility since the majority of the jobs to which grammar school pupils
go tend to be white collar jobs. By contrast, entry into a secondary modern school
may lead to downward mobility for children from middle class homes.



INTELLIGENCE TESTS 7

their peers and their parents, their interests and leisure acti-
vities, their aspirations and their social attitudes. In addition,
we obtained information about the social background of home
and, through the teachers, about the boys’ performance and
behaviour at school, as well as their intelligence ratings at
age eleven.4

Ten years later we were able to re-interview 74 per cent
of the boys (N = 463), now aged 23-24, to obtain their
educational and vocational history, their attitude to further
education and work, their retrospective impressions about
school, and their social and political attitudes. The follow-
up part of the inquiry was done by means of exhaustive
interviews. In addition, each young man completed a ques-
tionnaire at home, providing supplementary information
(80 per cent returned these). On both occasions personality
tests were given.

The follow-up study is being analysed from a number of
different viewpoints.5 I shall be singling out here those aspects
which show the complex interaction between the character-
istics of the school and those of the child and his background.

To illustrate the type of analysis which we carried out, I
shall concentrate first on the problem of early leaving within
grammar schools. The analysis was carried out jointly with
Mr D. Young and Mr W. Brandis. The Ministry of Educa-
tion’s Early Leaving Report ¢ and Statistics7, including the most
recent, have shown the link between the social background
of the child and his age of leaving: the higher the social class,
the greater the likelihood that the boy will complete his second-
ary education. Our data showed the expected trend (Table I).

These figures show that it was the norm for middle-class
pupils to stay at school and for the working class pupils to
leave early. If this is so, we should not look for one set of
variables which explain early leaving across social classes,
but rather for those variables in each group which account
for deviant behaviour among its members. Thus, in the
working class group we need an explanation as to why some
pupils stayed the course, and in the middle-class group, why
some left early. This approach has proved rewarding.

First, we found that a preliminary, but noteworthy,
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decision to leave or to stay was made soon after entry into the
grammar school. This is contrary to the views expressed in
the Early Leaving Reporf,6 in which it is suggested that the
decision is triggered off around age fifteen or sixteen when the
boy sees his contemporaries from neighbouring secondary
modern schools go out to work and so gain adult status. When
we asked the boys at thirteen, i.e. only two years after entering
the grammar school, when, if they were free to choose, they
would like to leave, 58 per cent of the working-class and 36 per
cent of the middle-class pupils wanted to leave at sixteen or

TABLE 1
GrAMMAR ScHooL SAMPLE (N = 263)

PER CENT WHO LEFT BEFORE

FaTtHER'S OCOUPATION N THE AcE oF 17
Professional/supervisory 63 41
Routine white collar 62 44
Skilled manual 91 63
Semifunskilled manual 47 64

earlier. Of the potential early leavers, 81 per cent of the
working class and 58 per cent of the middle class pupils in
fact left early. The wish to leave early and the readiness to
translate wish into action varied with social background.
The correlation between expressed wish at thirteen and actual
leaving age was +-0-386 for the middle and 4-0-437 for the
working-class pupils. (Both correlations are significant at
the 0-001 level.)

Second, our data relating to the boy’s attitudes to school,
teachers and peers and his own assessment of his school per-
formance helped to explain some of the underlying motivation.
Once again, the set of variables operative in one social group
proved less significant in another. The detailed analysis will be
described in a forthcoming publication. In summary, the
following picture emerged: the working-class boy would
stay if he felt accepted and experienced real success; lack of
failure was not sufficient. The middle-class boy, on the other

- »
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hand, would stay whether he experienced success or not
and would leave only if the failure experienced at school,
or stress at school, reinforced by problems at home, proved
overwhelming. The role of psychological variables is thus
modified by sociological factors.

These findings suggest that for the working-class boy at
the time of the study, school was an ambiguous situation, a
problem to be solved. Gaining a grammar school place was
not part of his norm expectation. When he joined the grammar
school, he was an interested, yet somewhat detached, par-
ticipant: how far he subsequently learnt to identify with the
norms and values of the school depended, in part, on how much
the school showed him that he was an important member of
the new group in much the same way as he had been an
important and significant member of the primary school.

By contrast, the middle-class boy who saw the grammar
school as the regular next step in his career, had fewer expecta-
tions and accepted more readily the large, impersonal school
and his own insignificant position in it.

This oversimplified picture highlights the fact that the
way in which the school’s actions are interpreted depends
on the expectations and frame of reference the boy brings to the
situation ; in the one case, the large impersonal and somewhat
anomic character of a grammar school is taken as something
which one has with time to get accustomed to, and which will
change ; in the other it is seen as a set of cues to be evaluated
as signifying acceptance or indifference.

The situation is more complex than this ; for, as I pointed
out at the beginning of the paper, the correlation between
social class and leaving age for the country as a whole is only
in the order of 0-25.7 In our sample it was even smaller,
although not significantly different.5 An additional important
factor is the school itself. We noticed this factor forcibly
when we examined the social class composition of the schools
and related these to the percentage of boys who did not enter
the sixth form. Using the social class composition of the
third form as an index, we can divide the four grammar schools
into a predominantly working-class school (school A), one
mixed school (school B), and two predominantly middle-class
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schools (schools C and D). Our findings are tabulated in
Table II.

It will be seen that the leaving rate for three out of the
four schools was remarkably similar despite the considerable
variation in social class composition, especially between schools
A, and C and D. To understand more precisely the role of the
school, we examined the internal organization of each school ;
first, simply by ascertaining how far the pupils in the schools
were streamed according to ability, and second, how far such

TABLE 11

PERCENTAGE OF MIDDLE- AND PERCENTAGE OF BOYS
WORKING-CLASS BOYS IN THE 3RD  WHO LEFT BEFORE AGE
ScHoOL N Forms or 4 GRAMMAR ScHOOLS OF SEVENTEEN
A
[ =)
middle-class working-class
A 86 30 70 55
B 70 51 49 57
C (513 59 41 55
D 4] 59 41 4]
All 263 48 52 53

streaming was stressed by the school and perceived as such
by the boys themselves. We found in schools A and B a
positive and significant correlation (4 0-290) between intelli-
gence test results and stream ; this was not the case in the other
two schools.

We have said earlier that the working-class boy, to be
induced to stay on, needed success experiences. In the schools
which had a clear élite system, success was assigned by placing
the boys in the top stream: Table III shows the relation of
streaming in schools A and B to early leaving.*

From our conversations with the headmasters at the time,
we gained the impression that streaming was made a more
important feature in school A than in school B. Not only

* The hypotheses about the effect of streaming on leaving age were developed
from an examination of the data; their validity would, of course, have to be tested
on a new sample. The terms ® achieved " and * assigned * success were coined by
D. A. Young.
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were the pupils in A streamed by ability, but the teachers
more readily conveyed the impression to the boys in the top
stream that special things were expected of them. In the light
of our hypothesis that the working-class boys will stay only
if they have early and tangible experiences of success and that
success can be either assigned or achieved, we postulated that
where the organizational structure was strong the relative
importance of achieved success would be reduced, and where it
was not so strong the importance of achieved success would be
enhanced. Inspection of the relative size of correlations

TABLE III

PErCENTAGE OF Boys v ScHoors A aND B v EAcH oF THE THREE
STREAMS WHO LEFT BEFORE THE AGE OF SEVENTEEN

ScHooL A ScuooL B
ey ey
Per cent Per cent
STREAM N early leavers N early leavers
A 32 27 27 48
B 21 57 22 68
C 33 B85 21 57

between leaving age and the two success indices bears this out
(Table IV). The table shows that in school A there was a
significant correlation between leaving age and stream (assigned
success) ; in school B, between leaving age and self-assessed
class position (achieved success). In both these schools, the
correlation between early leaving age and father’s occupation
was not significant.

The school in which streaming operated most strongly
was also the school which contained the highest proportion of
working-class pupils. It seems that the school responded to the
challenge of'its intake (whose norm would be to leave rather than
stay the course) by creating an élite group within the school
itself, thereby ensuring that, even if the school ethos could not
touch all the children, a sizeable proportion remained.
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W. Brandis carried the analysis a step further by examining
the internal structure of the other two grammar schools (C and
D), those with a higher proportion of middle- than working-
class pupils. Although these schools did not stream by ability
(the correlation was —0-172), the comments of the headmaster
and, above all, the recollections of the young men suggest that
in school D there was a marked system of streaming with a
clear cut élite group. (Eighty per cent felt this to be the case.)
School D certainly had no ®social class problem’, but it did
have an ability problem. Table V gives the distribution
of IQ ratings for the four schools.

TABLE IV

CORRELATIONS WITHIN ScHooLs A aND B oF THE Boys' LEavING AGE
WITH SELF-ASSESSED CrLass POSITION, STREAM AND SOCIAL BACKGROUND

CORRELATION WITH LEAVING AGE ScHOoOL A ScuooL B
Stream (assigned success) 4 0-583 1 +0-222
Self-assessed class position (achieved success) +0-043 +0-380 *
Father’s occupation 0042 40174

* Significant at 1 per cent level.
t Significant at 0:01 per cent level.

School D had far fewer pupils of high ability than any of the
other schools ; yet, after school A, it was the most successful
school, judged by the percentage of boys who stayed the course
and by those who sat and passed A-level examinations. How
was this achieved ?

The same pattern emerged as in the case of schools A and B.
The stronger the hierarchical system, the less important was
self-assessed position in class (achieved success). In school D
it was stream which related most strongly to leaving, whereas
in school C it was self-assessed form position (Table VI).

The explanation of this lies in the nature of the streaming ;
it was not, as we have seen, streaming by ability. The con-
versation with the headmaster showed that, instead, streaming
was designed rather to reward hard work. That this was so
was shown by the positive correlation between age of leaving
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and teachers’ ratings of the boy’s industry at thirteen, a corre-
lation we obtained in school D and in none of the others.
Emphasis on the virtues of hard work, on the adequate per-
formance of homework, is necessary if pupils of relatively
low ability are to succeed. These are qualities which are

TABLE V

DisTrieuTion oF PupiLs By IQ) RATINGS IN EACH OF THE
Four GraMMar ScHoOOLS

Scroon A Seoor. B Scuoor C ScHooL D

IQ RaTiNG (N=286) (N=170) (N=66) (N = 41)
Per cent Per cent Per cent Per cent
122 and over 31 49 39 17
115-122 36 30 29 29
Less than 115 33 21 32 54
TABLE VI

CoRRELATIONS OF LEAVING AGE WITH STREAM AND SELFP-AsSSESSED FomrMm
Posimion anD FaTHER's OccuraTion For ScHooLs G anp D

CORRELATION WITH LEAVING AGE OF: Scroor C Scuoor D
Stream +0-140 +0-418 *
Self-assessed form position 4 0-358 * +0-221

Father’s occupation +0-228 +0-429 *

* Significant at 1 per cent level.

valued also by middle-class families, with their stress on edu-
cational achievement, and which these families try to engender
in their children. In thisschool the positive correlation between
background and leaving would seem to be a reflection of the
ethos of the school ; those who come from middle-class families
have already accepted the ethos ; those from working-class
backgrounds who respond to it positively, stay the course.
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For instance, in the A stream those working-class boys who were
not singled out by the teachers as being highly industrious
at thirteen, left significantly earlier than their middle-class
counterparts (0-002 per cent level of significance). The con-
trast was striking: 92 per cent of the boys in the A stream
who stayed were either middle-class boys or working-class boys
with a high rating for hard work ; lack of an assigned success
position made 93 per cent of the working-class boys in the C
stream leave, irrespective of the teachers’ ratings of their
behaviour or performance.

In this school, then, there were two interrelated indices of
success ; the assigned success position afforded by being in the
élite stream and the somewhat less important success position
achieved through gaining the teacher’s approval for hard work.
As in the analysis of school A, so here too we find that these
factors operate more strongly on the working-class than on the
middle-class pupils.

School A and school D had both adopted successful
strategies for dealing with their intake problem. Each had an
intake which Brandis describes as ‘ impaired in one or other of
two functional requisites’: school A, in retention through
having a large proportion of working-class children with a
tendency to leave early ; school D, in level of ability. In
both, the characteristic in which the school is deficient 1is
played down and other characteristics stressed. In both,
success is bought at a high price, namely by the creation of a
negative reference group, an inevitable by-product of the
élite system.,

A different aspect of the follow-up study illustrates once
again the importance of accommodation to intake. With the
help of the Home Office, we were able to trace all those boys
who had come up before the court, either while at school or
subsequently, prior to the second interview. We found that
among the five secondary modern schools, one school had a
particularly high delinquency rate: 30 per cent of that age
group had at one time or other come up against the law
compared with 14 per cent for the remainder of the schools.
Yet, when we looked at the age at which the delinquencies
were committed, we found that in this school, significantly
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more than in any other, the delinquencies had occurred after
the boy had left school. What had happened was that the school
(being situated in a neighbourhood of shifting populations and
of problem families) had accommodated to its intake., It
had provided a structure within which the young person could
feel secure. Once he left school, the full impact of the neigh-
bourhood and the family was felt. Altogether, social back-
ground of the family for secondary modern pupils proved
an important factor, not in acquiring educational qualifications
while at school, but in seeking further education on leaving
school. This was particularly so among pupils of relatively
high ability (IQ of 107 and above). Of these, 55 per cent of
young men from middle-class homes, 33 per cent of those
from skilled, and only 16 per cent of those from unskilled
working-class homes acquired some educational qualifications
after school.

What I have done so far is to describe how one element
of the structure of the types of strategies adopted by the school
serves to offset or responds to the particular quality of its intake
of pupils. Case studies of this type can generate hypotheses
whose validity needs to be tested on a new sample. However,
what they do bring out is the importance of looking not at
single variables, but at the complex of interacting forces. The
study further shows:

1. That the school is a powerful socializing agent, and
that both its structure and the teachers’ attitudes provide cues
to which the pupils respond, the responsiveness depending on
the pupil’s frames of reference and expectations.

2. That schools that have a deficiency in their intake (either
an unduly large proportion of working-class pupils who are
likely to leave early or pupils of relatively low ability) may try
to counteract this by organizational devices, e.g. streaming
aimed at stressing characteristics other than the ones in which
the intake is deficient.

3. That streaming has an important effect on motivation.
This is an aspect which has perhaps been insufficiently stressed
in the past. The motivational effect becomes particularly

&
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important where the next step on the educational ladder
is no longer imposed, but depends on the decision of the indi-
vidual pupil, and where the pupil is in a situation in which,
because of his background and set of expectations, the deci-
sion is a genuine and not a pseudo one. Further, our follow-up
study has shown how important are the consequences of this
decision.

4. That it may not be possible to create an effective élite
group without giving those excluded the feeling of being
failures. How the pupil will react to this situation will depend
on his past learning experiences and on the set of expectations
engendered by his home background.

What I have described is in the nature of a series of case
studies, generating hypotheses concerning the fit between
school and child. We are now examining the effect of these
strategies on the young man’s expectations and attitudes, and
are also extending the inquiry to secondary modern schools.
Since few secondary modern pupils sat O-level examinations,
the comparison will be made here in terms of job choice,
vocational attainment and work motivation.

These examples show that we need to carry out educational
studies based on complex conceptual models which consider
certain characteristics of the child—his ability, his tolerance
for stress, etc.—within the framework of a series of socializing
experiences, first in the family and later in the school.

To consider intake, structure and attainment is to single
out very narrow aspects of the total educational experience.
These constitute the tip of the iceberg. Such analysis would be
more rewarding if we had more psychologically relevant
information about the climate of the school and about the
teachers’ expectations and attitudes.

The analysis I have outlined is protracted because in each
instance we asked not why is this relationship there, but why is
it not stronger ; what are the forces in particular situations
which reduce its impact. It focuses on deviant cases and on
sub-groups.

I have also tried to show the natural history of such an
analysis, and the way in which the search for reasons to account
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for lack of regularity has led to the generation of hypotheses
about the effect of particular organizational structures upon
the individual and also about the response of the organization
to its membership.

The purpose of this paper is to stress the need for inter-
action analysis. In educational research this is novel; not
so in the field of research into hospital or industrial organiza-
tions. Because of the regrettable compartmentalization of
studies into those to do with children and those to do with
adults, those concerned with education and those concerned
with industry, there is little carry-over of the findings of one
field to the other. It is likely that in schools, too, we have
something like Herzberg’s 3 two factors operating: the main-
tenance factors which prevent the worker from experiencing
hostility and dissatisfaction and the motivating factors which
make him keen and interested in his work.

If we accept, at least as a basis for argument, that complex
interaction analysis is needed and that the effect of dealing
with deficit in intake will vary depending upon the pupil’s
norm expectations, certain consequences follow for the strategy
of research and for educational planning:

1. As far as the Department of Education is involved, a
different method is needed for compiling central and regional
statistics in such a way that the child can be related to the school
and that information about the school’s organizational struc-
ture and stafl are readily available. Our study suggests, too,
that the planning of what statistics should be collected might
fruitfully be done in consultation with social scientists.

2. Attention should be concentrated on deviant analysis—
on schools or pupils who do not follow the rule ; there is a
need for closer study of compensatory or aggravating factors.
We should ask whether there is one prescription for success
and one for failure, or whether there are varieties of such pre-
scriptions and, further, whether strategies which may have
similar effects upon educational attainment may have a differ-
ential effect upon the child’s self-concept, his expectations
about himself as an adult, upon his work motivations, etc.

D
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3. Itisimportant to concentrate on critical or cut off periods ;
our data, for instance, have shown that the first two years at
grammar school are crucial for the working-class child in
developing a sense of identification with the norms of the

school.

4, We need to validate the theory suggested by our study
that the stronger the structure of the school or, to use Gofl-
man’s 2 terminology, the more complete the system, the less
do antecedent variables matter.

5. We need to study more closely what happens when the
structure ceases to operate. We quoted the example of the
young man leaving a school that offers him security and then
succumbing to the full force of the neighbourhood. It 1s here
that social action might well be launched.

6. We need to consider the unintended effects of a particular
organizational pattern and at the same time to study different
patterns of organization. This will become particularly
important when we move over to comprehensive schools,
where the temptation to create some kind of order can lead
to internal barriers as powerful in their impact on the pupils
as those which exist at present through segregation at the age
of eleven-plus.

Research of the type I have outlined for the future will be
costly and time-consuming ; it will also require far greater
collaboration than exists at present between local educational
authorities and social scientists, particularly once we move
away from the narrow criterion of educational achievement
expressed in examination results to the study of the effect of
education on the whole man. An analysis on which we are at
present engaged shows that the secondary modern pupil and
the man who has had a secondary modern school education
is less liberal, more authoritarian and more prejudiced in his
outlook than his grammar school counterpart. Why is this
so? How far it is tied up with what he brings to the school,
his own intellectual calibre and his previous learning experi-
ences ; and how far with what the school does to him ?
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My plea is, then, for studies aimed at a fuller understanding
of the effect of the school environment upon the child and for
a readiness to move from theory-generating studies not just to
theory testing, but also to experiments requiring collaboration
between education authorities and social scientists in much the
same way as has recently been in operation in the United States
in the revision of mathematics and science teaching. There,
learning principles provided by psychologists, and a thorough
understanding of what amounts to the core principles of the
disciplines, provided by the most eminent authorities in the
field, were welded together into a novel way of teaching the
subject. The results of this new method were then evaluated

by educationalists and social scientists.

DISCUSSION

In reply to a questioner who commented on the emergence
of delinquency in young people after leaving a school in which
the influence had been strong enough to contain delinquent
tendencies, and who asked what could be done to achieve a
more permanent restraining of the delinquent potential,
Proressor HiMmMeLweErT said that this finding pointed to the
weakness in our provision for young people. The headmaster
of a school in a high delinquent area had succeeded well in
making his school sufficiently meaningful to the young people
to act as a counterweight against the delinquent atmosphere
of the neighbourhood. Yet around the age of fourteen to
fifteen, towards the end of their school career, boys had begun
to outgrow the school and by the time they left they were
ready for new experiences and influences. The absence of
qualifications, lack of educational attainment, the climate of
the ncighbourhood, the boredom of unskilled jobs, all contri-
buted to undo the impact of the school. There was a need for
individual adults who would take an interest in each boy,
establish contact with him well before he left school and then
continue to keep in touch with him. The Youth Employment
Office, as at present staffed and constituted, might not be
appropriate. Young people who received relatively little
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emotional support from home needed such support, especially
at the moment of transition from school to work.

A questioner suggested that, since the child’s educational
motivation became so difficult to influence later in his school
life, there should be much more universal nursery education.
Professor Himmelweit said she would like to go further ; just
as nursery school education, with its respect for different rates
of development, had had a good effect on primary school
education, so the time had come for this same approach to
infiltrate into secondary schools. There was a need for more
flexibility in teaching, and, above all, in the type of contact
between teacher and pupil than there was at present. If we
were to do much more for the underprivileged in particular,
we would have to recognize their hunger for emotional support,
for encouragement and for success experiences. Once these
needs were satisfied, school work would improve and with it
the sense of responsibility of the individual to the community,
for which self-confidence is an essential prerequisite.

Asked if she could elaborate on differentiation within schools,
Professor Himmelweit said that she had iried to show that such
differentiation—for example by streaming—had important
consequences, not only on how well children did at school,
but also on how willing they were to stay on and work for the
various examinations which, in our society as at present
constituted, were practically the sole means of access to a wide
range of occupations. It was, therefore, not enough to have
comprehensive schools ; care must also be taken that within
such schools streaming did not create an élite and, with it,
a failure group. A delicate balance must be struck. How
this was done would vary from school to school. What was
clear, however, was that rigid streaming had too many dis-
advantages to be acceptable. There was need for experimenta-
tion with appropriate follow-up.
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INTELLIGENCE TESTING AND
COMPREHENSIVE EDUCATION

DoucLas PibcEoN
National Foundation for Educational Research

Tuis paper is primarily concerned with the impact that
intelligence testing has had, and is possibly still having, on the
development of the education system in this country. The view
is taken that the future social and economic advancement of
any society depends overwhelmingly upon the investment it is
prepared to make in human capital, or in other words, upon
what resources it is prepared to put into and what structure
it is prepared to impose upon its education system. What
proportion of its total income a country is prepared to invest
in its education system is, of course, an important issue but one
which lies outside the scope of this paper. Within the limita-
tions imposed by the resources available, however, different
structures are possible and it is necessary first to consider
what these might be.

While the structure of an education system can be exceed-
ingly complex, in general terms it is the policy adopted that
determines what kinds of school will be built and what kinds
of children will occupy them. The form this organization
takes, and particularly the instructional practices adopted
within it, largely depend, however, upon the prevailing phil-
osophy. Two quite different philosophies are distinguishable ;
Husén 11, borrowing commonly used terms, has recently
referred to these as the °élitist’ and the °comprehensive’.
The main aim of the former is to prepare pupils for the uni-
versity or for managerial or professional jobs. To do this it is
essential to maintain high academic standards and this leads
to a system of school organization that is characterized by
parallelism, i.e. having academic secondary schools running
parallel with other types of school, and selectively. The com-
prehensive philosophy, on the other hand, is primarily con-
cerned with the education of all children, with no special

42
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provision for the academically gifted. Selectivity as a principle
is rejected, and the emphasis is on guidance and flexibility
of choice within a single type of school.

Such brief descriptions as this fail to convey the essential
differences between the two philosophies and the education
systems they give rise to ; and, since the concern here is with
the part that intelligence tests and their use have played in
developing and maintaining both the philosophy and the
education system of this country, it is intended to examine
these in somewhat greater detail.

In most countries of Western Europe, and typically in
England, educational systems developed from within highly
stratified class societies ; and, possibly because self-preservation
is a predominant instinct in man, the systems produced resulted
in a maintenance of the existing social structures. Thus, at
the end of the nineteenth century in England secondary educa-
tion was reserved for a privileged élite and was academic
in nature with heavy leanings towards the classics. The newer
grammar schools set up and maintained by local authorities
following the Education Act of 1902 largely followed this
tradition, and thus the pattern of what was implied by © second-
ary education ’ became in time firmly established. In the early
decades of the twentieth century, however, began the rise of
the intelligence-testing movement and with it confirmation
of the opinion that all children were not born intellectually
equal. Here then was justification—if indeed it was needed—
for giving this secondary education to an élite ; not now a
socially privileged or moneyed élite, but an intellectual élite
ostensibly drawn from all walks of life.

This, in theory at least, embodied the doctrine of equal
opportunity for all. Children were not equal in the extent to
which they were capable of absorbing education, but they could
all be given the opportunity to receive the highest education
unless barred by lack of ability alone. This conception of
essential differences amongst children clearly dominated the
Hadow and Spens Reports of the thirties which advocated
the three types of secondary school—Grammar, Technical,
and Modern—and the Norwood Report which discovered that
three types of children could be distinguished requiring for
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the satisfaction of their needs exactly the three kinds of second-
ary education that had previously been envisaged. Incidentally
the Norwood Report went on to say that the assignment of
children to the three groups could not necessarily be made
with certainty when the children reached the end of their
primary school course ; and it suggested that there should be a
period between the ages of eleven and thirteen devoted to
systematic diagnoses of children’s educational needs and
capacities in order to allocate them to the most appropriate
type of course—a recommendation that foreshadowed the
‘ observation stage’ (cycle d’observation) mow being imple-
mented some twenty years later in some schools in France
and Germany. Unfortunately, little attention was paid to this
particular recommendation at the time.

That children differed in their basic ability was a dominant
feature of the élitist philosophy. It is intersting to speculate on
what would have happened to that philosophy if the work of
Galton, Binet, Spearman, Burt and many others had demon-
strated that children inherited essentially the same intelligence
and that apparent differences in their ability were entirely
due to environmental factors amenable to influence by agencies
of the educational system. Is it conceivable that the tripartite
system would have emerged as it did ? That children would
have been separated into different schools and classes and-given
different kinds and levels of education ? Or that the attitudes
of teachers to backward or retarded pupils would have re-
mained the same? Social traditions would not have been
swept away overnight, of course, but if differences in per-
formance had been shown to be due largely to motivational
factors inspired by social aspirations, could they have survived
for long ?

There is of course overwhelming evidence that the premise
on which this speculation is based is false ; yet it serves to stress
this basic tenet of the élitist philosophy, namely that since
children are different in respect of the abilities they possess,
it is necessary to treat them differently. In practice, therefore,
so far as the structure of an education system is concerned, the
important question is one of grouping. Children must of
necessity be grouped into schools and into classes within schools;
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and if children of differing abilities require different kinds
and levels of education, it is clearly necessary to group them so
that these differences are recognized, and the system so arranged
that the brightest are successfully steered into appropriate
secondary and tertiary courses of education. As Burt 3 has
said, “ Children of high inborn ability are so scarce that it is
the bounden duty of every education authority to ensure that
none of them slips unnoticed through the mesh, but that
all are caught at the earliest possible age ™.

But to be able to do this and to group children according to
their inborn ability and to operate an efficient selective system,
necessitates the accurate measurement of that ability. Clearly,
if it were possible to measure at an early age the innate potential
of all children, then, provided the measuring instruments
could be refined sufficiently, accurate prediction would present
no problem. Once the intellectual capabilities of every child
were known, his place in the education system could be readily
determined, and errors of selection would be minimal. More-
over, if a child was found not to be working up to his potential,
it would be known that the cause was to be found in environ-
mental factors and these could be investigated systematically
and appropriate corrective steps taken. Moreover, selection
in a competitive system must be made solely on the basis of
ability, if equality of opportunity is to have any real meaning.
If economic and social factors influence the grouping and hence
the selective process, the system falls down on the very factor
it stresses as important. Yates 17, summarizing an international
conference on grouping practices, has commented recently,
*“ Rigid forms of grouping—the organization of different types
of secondary school or the provision of distinct streams or
tracks within schools—were clearly defensible when it could be
assumed that intellectual potential was largely determined by
hereditary factors and could be accurately assessed at a fairly
early age .

There is no need here to reiterate the considerable body of
evidence that, over the past twenty years or so, has led to a
substantially revised conception of intelligence and to the
view that measures of ability are influenced in no minor way
by circumstances of children’s upbringing and by the quality
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and duration of their formal education. Referring to this
changed conception of intelligence, however, Yates continues,
“ In these circumstances the early segregation of pupils on the
basis of apparent differences in intellectual capacity, especially
when this involves according different kinds of educational
treatment to the groups so formed, is scarcely justifiable .

Whether a system of ability-grouping is defensible or not,
the point to be made here is that, through the early beliefs
about the measurement of innate ability and the continued
use of intelligence tests by teachers and administrators, the
élitist philosophy has come to be accepted almost without
question. Indeed, it seems possible that the majority of teachers
and educational administrators, if they are aware that an
alternative philosophy exists, have considerable misconceptions
about its aims and intentions. This may well be because
under the comprehensive philosophy the educational structure
is necessarily related to the social structure. This is not to say
that research evidence from the sociologists has had no impact,
but in the debate now proceeding concerning possible changes
in our educational system, the implications are seen in a purely
educational context. Husén 1! has suggested that secondary
school teachers in particular are suffering from a professional
disease which causes them to overlook the fact that a school
operates in a social and economic context and that its goals
and modes of operation are substantially affected by the
changes that are occurring in our present day society.

The acceptance of a given philosophy, of course, is reflected
in the attitudes adopted ; and it is in developing and fostering
these attitudes that beliefs about intelligence and its measure-
ment, it is claimed, have played a significant part. In par-
ticular, the ideas that teachers develop concerning how much,
or how little, their pupils are capable of performing are affected
in no small measure by the beliefs they hold. Many teachers,
for example, are convinced that French can be taught only to
children above a certain level of ability. That the attitudes of
teachers play an important part in determining the attain-
ments of pupils, has, of course, been recognized 2 4: 8, but direct
research evidence that there is a relation between what teachers
expect from their pupils and what they actually achieve would
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appear to be lacking. In other words, the hypothesis that the
standard or level of achievement reached by any group of
pupils is dependent upon the standard or level expected of
them, has not been subjected to experimental verification.
Yet it is possible to cite instances where the assumption of such
a relation is in accord with discovered facts. The findings of
the Early Leaving Report 14, for example, that the proportion
of pupils obtaining a ‘ good * GCE ‘* O’ Level result bears no
relation to the proportion entering Grammar schools in different
parts of the country, may be due in part to the adoption of
different standards by examining boards ; but it is also possible
that some teachers expect, and obtain, results that others do not.
One may question also whether the superior performances
of boys over girls in mathematics i1s not also due, in part at
least, to the generally accepted belief that this is a © boys’”’
subject and girls cannot be expected to do as well.

It is in the area of ability grouping, however, that this
notion of expectancy could—and it is suggested, does—operate
markedly ; for it is here that the teacher’s beliefs about the
education system in which he is working predominate, A
teacher who firmly believes that children’s education should be
matched to their abilities, as, of course, is implied by the 1944
Education Act, is much more likely to underestimate than
overestimate what they are really capable of doing. The
teacher of a * B’ stream, for example, clearly expects a rather
lower level of performance from his pupils than the teacher
ofan ‘ A’ stream ; and in general he gets it—though there is, of
course, always a considerable overlap. It is questionable,
however, whether the lower performance obtained from the
‘B’ stream pupils is entirely due to their lower ability. As
Douglas 5 and others have shown, the ‘ B’ stream is likely to
be over-represented with children from manual working-class
homes, for whom any measure of their potential (whether made
by test or by judgement) will be an underestimate. Thus,
even if the teacher is successful in getting them to work to
the limits of their apparent capacity, their performances
will fall short of what may be presumed to be theoretically

possible. .
Unfortunately, however, the view that the teacher gets 1s
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likely to convince him that his outlook is right, for the so-called
self-fulfilling prophecy works here, and the more successful
he is in matching his pupils’ attainments to their abilities, the
more successful will any initial streaming appear to be. Yates 17
refers to the same point when he says, * The prediction of
relative success or failure, even when based on psychometrically
dubious procedures, is often borne out in practice, largely
because children are obliging creatures and are inclined to
produce the standard of work that their elders regard as
appropriate .

The argument adopted here applies with equal, if not
greater, force to the separation of pupils into Grammar and
Modern schools, and it can be used to illustrate the point that
the élitist philosophy is self-perpetuating. Teachers who have
themselves been through the selective system, have been trained
to teach in it, and inevitably see it as succeeding, are not
generally disposed to become its critics. They may be aware
of its fallibility, but they see the faults as either inevitable
or capable of correction, and do not question the assumptions
on which it is based.

Nevertheless, changes in our education system are being
made. There is a definite trend away from streaming in
primary schools, and comprehensive schools at the secondary
level are being built. These, however, are changes in structure
only and in all too rare instances are they accompanied or
preceded by changes in the attitudes of teachers. Research
now being carried out on the question of streaming in primary
schools would suggest that in many large non-streamed schools
pupils are still fairly rigidly grouped for ability within their
class, and in only a few is it clear that élitist attitudes to chil-
dren’s capabilities have been completely rejected.

There is probably a greater loosening of attitudes within
primary than within secondary schools, however. Mark-
lund 12 found that in Sweden the specialist subject teachers
at the secondary level had a more negative attitude than
primary class teachers to the policy of reform aimed at intro-
ducing comprehensive education. Although a full-scale
survey of comprehensive schools has not yet been made,
what little evidence there is would suggest that there are few
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that do not stream and probably fewer where the consequences
for teachers of accepting the comprehensive philosophy have
been fully appreciated, and appropriate action taken. It
would seem that, with one or two possible exceptions, it is the
physical organization alone that characterizes a comprehensive
school in England. That 1s to say, any school in which it is the
aim to have pupils of all ranges of ability and from all sections
of the community represented, is regarded as comprehensive
regardless of its internal structure. Thus, even if children of
all ranges of ability are taught within one school, they may
be given very different kinds of education, according to
whether they are considered suitable for an academic course,
or only for a more general or practical one ; and even within
such courses, they may be rigidly streamed for ability. Re-
search carried out so far has been rather limited and generally
confined to a study of only one or two schools. The findings
of Miller 13 suggest that the secondary modern type of pupil
would seem to gain, from the cultural, social and educational
point of view, by being in a comprehensive school ; but
the studies of Dixon,4 Futcher ¢ and Holly 10 suggest that the
streaming structure adopted does little to bring about the
greater social unification which presumably is one of the
intended aims.

What kind of structure is envisaged under the compre-
hensive philosophy ? It is seen as essentially one in which the
grouping of children in terms of their apparent abilities must be
eschewed ; for to group them so will inevitably result in
differentiation by social and cultural factors also, thus pre-
venting the realization of the aim of equality of opportunity.
An education system must be seen in its social context, however,
and if the aim is to minimize social differences in society, this
will be achieved only by ensuring that the pupils are grouped
in school in such a way as to maximize these differences within
the groups. There would appear to be a general principle
here, that using a factor as a basis of grouping and making
groups homogeneous with respect to it, tends to maximize
its effect in society. Grouping based on distinctions of race or
religion, for example, helps to emphasize or even exaggerate
these distinctions,
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This would certainly seem to be true with respect to ability
and achievement. It has been contended elsewhere that
dividing children into groups homogeneous for ability results
in a gradual widening of the differences in performance
between the brightest and the dullest. Many comparative
studies have shown ' 7 that the variability in performance of
children is consistently greater in England than in the United
States, where in general heterogeneous ability grouping is
practised.

The comprehensive philosophy, of course, requires rather
more than the acceptance of the principle of heterogeneous
grouping by ability or social factors. In effect, it also requires
considerably less emphasis on individual differences in ability,
while at the same time stressing the need for individual guid-
ance. This seems to present something of a dilemma. If
cognizance is not to be taken of ability differences within the
class group, for example, does this mean that all children are
to be given the same instruction regardless of ability ? Such a
procedure is in direct antithesis to the élitist conception that
children do differ in ability and to teach them all together will
necessarily result in both the bright and the dull suffering ;
and it has been argued here that, if teachers expect that some
children in their class will not do as well as they might, then
this expectation will materially influence the children’s actual
performances.

It is clearly unnecessary, however, to assume that giving
the same instruction to all children regardless of ability is
either the only or even the correct solution to an acceptance
of the comprehensive philosophy. Indeed, the evidence is
fairly conclusive that children are not born equally gifted
intellectually, and it would be just as wrong to assume they
were as to assume that observed or measured abilities gave an
accurate reflection of innate differences. But to recognize
that differences can exist without assuming that they corres-
pond to the observed differences in performance at any
given time and without over-emphasizing their importance,
requires not only a differential attitudinal approach but also
the application of different teaching methods. Inevitably, full
acceptance of the comprehensive philosophy will demand
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individualization, 1.e. an educational structure which empha-
sizes individual learning and utilizes such modern conceptions
as programmed learning and team teaching, and such
technological advances as language laboratories, television,
looped-film projectors and teaching machines.

The comprehensive philosophy, therefore, demands that
teachers become aware not only of the social implications
of the school and of the functions of education in a changing
society, but also of their own changing role in the learning
process. Its acceptance will thus have repercussions, not only
on grouping practices, on curriculum construction and on
instructional practices in the classroom, but also on teacher
training and in-service training. Moreover, the abolition
of a selective system will have implications for our present
conception of university education.

Intelligence tests may have had their usefulness in the
selective system, though it has been argued here that their
function has been largely that of justifying that system and
then of perpetuating it. In a comprehensive system, on the
other hand, where emphasis is to be placed on individual
guidance and on the substitution of elective rather than selective
courses in the later stages of secondary education, it is difficult
to see what place they will have. Tests may possibly be
developed which will provide descriptions of many different
kinds of intelligent behaviour ; but if the view—expressed
in the foreword to the Newsom Report 15—that intelligence
can be acquired represents current thinking, then the results
of even such tests will have no permanent significance for pupil
guidance.

Clearly, however, there is a need here for research.
Indeed, if guidance is to be given to the administrators, curri-
culum developers, teachers and others who will operate in a
system of comprehensive education, a great deal of research will
be necessary. It is important, however, that such research be
carried out within the context of the comprehensive philosophy,
and not just in schools which may be called comprehensive,
but in which the attitudes and beliefs of the existing system
still predominate.
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PRINCIPLES AND PROCEDURES OF
UNIVERSITY SELECTION

JEaN Froup
Nuffield College, Oxford

TuERE are important scientific and technical problems under-
lying the art of educational selection and guidance : for ex-
ample, the nature-nurture controversy, and how to assess
motivation as well as talent. But I think that the political
and administrative problems involved in selection are just as
important and almost equally difficult. In case they should
be overlooked in our discussions I propose to say something
about them—perhaps to overstate them in order to right
the balance—in a gathering of scientists, who may be inclined
to underestimate their importance.

We know extraordinarily little about the validity of the
different procedures used in university selection ; but more
important than our ignorance, it seems to me, is our tendency,
when faced with the unavoidable necessity of selecting, to
misconceive the real nature of the activity itself and to allow
ourselves to be diverted from consideration of its intrinsically
political and procedural or administrative character. We
readily slip into a frame of mind in which we tacitly assume a
theory of academic predestination, imagining ourselves to be
faced with a scientific problem of predicting and a technical
problem of competitive elimination, whereas it would be
nearer the truth, I think, to see ourselves as faced with a political
problem of choice or election, and an administrative or pro-
cedural problem of ways and means.

If we were starting from scratch to devise an admissions
system, it would have to be in the light of the three general
criteria by which we judge existing systems and find them
lacking : we should want our admissions system to be at one
and the same time academically successful, educationally
defensible, and socially just in its outcome. I propose to con-
sider what is involved in applying each of these criteria.

35
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(I shall have no time to carry the matter further and argue
the case for its being academically enterprising, educationally
constructive and socially progressive.)

To be academically successful a university needs to compete
efficiently with others in attracting promising students of the
right age and maturity for tackling difficult honours courses.
This means drawing without impediment, on equal terms with
others, on the largest possible population of potential candi-
dates—namely, the total of boys and girls of seventeen and
over in the Sixth Forms of all the secondary schools in the
country. So much is indisputable ; the question is, how will
cfficiency show itself 7 One might argue that it will show in
two ways : (1) in top-heavy class lists, with next to no failures
and buoyant contingents of Firsts and good Seconds; (2)
in sound predictions about the performance of those admitted
(holders of Scholarships should do conspicuously well ; those
accepted reluctantly should do less well than those accepted
with alacrity ; we should feel confident that among those
rejected there are few or none who would have done as well
as those admitted).

However, this argument rests on the assumption that
the efficiency of selection techniques can be judged by the
accuracy with which they enable us to predict the performance
of candidates in the final examinations ; the better the tests,
the higher the probability of an accurate forecast. But Pro-
fessor Drever 2 has shown convincingly that this is a profoundly
misleading assumption, for the fundamental reason that many
of the factors relevant to the future performance of candidates
are not merely indeterminate, but indeterminable and beyond
the reach of any improvement in forecasting devices. Here, I
think, one must have in mind not merely strictly random
factors such as ““ an inspiring teacher, a pretty face, a subject
encountered for the first time * 2, but, much more important,
the indeterminable outcome of the higher educational process
itself, with its multiple, confused objectives and its largely
intuitive and unselfconscious use of traditional teaching methods
deriving from the idea of the university as an academic Guild
with its masters, journeymen and apprentices. The truth is,
as Professor Drever showed in his lecture, that, over a wide
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field of applications between the obviously outstanding
and the patently unqualified, we are simply not in a position
to apply the competitive principle. However good our ex-
amining or testing, we cannot eliminate ‘ predictor uncer-
tainty ’, which is intrinsic to the problem of university selec-
tion ; and within the broad zones of predictor uncertainty
we are electing not selecting, choosing not predicting. But
on what principles, within this zone of the academically indis-
tinguishable, should we make the choice or election? This
is the area of doubt and debate in respect of which the uni-
versities are driven by to-day’s pressure on places, to formulate
policy. The question is, in fact, a political one : what kind of
an academic community are we, or do we want to be? No
university can evade the problem by taking refuge in the
complexities of a misconceived meritocratic problem—in the
technicalities of teaching and examining, or psycho-genetic
questions of environment and heredity as factors in the
determination of ability.

In this country and in America the idea of a university
as an academic community, a society of scholars, is the natural
touchstone of admissions policy. The desire to sustain a variety
of types, to produce a balanced community, is everywhere
very strong, and particularly so in the small and moderate-
sized institutions like the Oxford and Cambridge Colleges,
Harvard College and the American Liberal Arts Colleges.
These are all self-contained and sell-conscious communities,
sensitive to the non-academic claims of candidates and well
placed—confronted as they mostly are with relatively small
numbers—to discover and assess these. But no one can ignore
the competitive element in admissions to-day ; it is a fact of
life for the universities. Hence there is often a feeling of guilt
about the search for a balanced academic community which,
it is supposed, will involve a sacrifice of efficiency, if not actual
injustice in selection. If weight is given to non-academic
considerations in choosing candidates, it is argued, the order
of merit is violated. But, as we have seen, this is to confuse
something that certainly can happen and no doubt does take
place in practice with the inherent nature of the problem,
which is different. The strict ‘ order of merit ’ is an illusion :
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the broad zones of ‘ predictor uncertainty ’, the nature and
force of the educative environment are the reality.

When Sir Maurice Bowra ! gave evidence recently to the
Franks Commission of Inquiry into the University of Oxford,
he declared : * The best candidates are those who will gain
most from what a college offers, and this is the fundamental
principle of selection . It is difficult to see how this dictum
could be put to the test ; like any good educational argument
it involves a self-defeating as well as a self-fulfilling prophecy.
Not only do we select the best and see that they do as well as
they should, but, to the extent that we select effectively on
Sir Maurice Bowra’s fundamental principle, many candidates
will necessarily do better than would be predicted from their
performance in the entrance examination.

The basic problems, then, are of a political and adminis-
trative character ; the scientific and technical problems are
necessarily subordinate and for the most part they are not
susceptible to very rigorous treatment. Each university must
ask itself these questions : What do we claim to offer students
—what is our special excellence ? What, in the conditions of
to-day, constitutes a balanced community ? How shall we
secure, by the same token, a balanced entry ? How shall we
decide, given our special excellence, for whom we can do
most ? If, choosing on this principle from amongst a
balanced entry, we find ourselves confronted with an
unrepresentative intake, what is the remedy ? Is the remedy
in our own hands ? What is the cost, in terms of our aims and
identity, of a balanced intake? Are we to regard it as an
overriding objective ?

The requirement that an admissions system should ** have
resulls that are soctally just ” 3 is not a new one in the history of
British and American universities, but the scope and impli-
cations of the requirement have grown out of recognition in
both countries since 1945. The stipulation of social justice is
the principal key to the notion of a balanced community
in present-day universities and its first condition is the same as
for academic success : namely, free and equal access to the
national pool of would-be entrants to the universities. It will
not do merely to establish formal equality of treatment as
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between all who actually present themselves for admission ;
the opportunity of applying must be extended as widely as
possible and, in selecting, allowances must be made for differ-
ences and inequalities between homes and schools which impose
handicaps on particular classes of candidate. Equality of
opportunity in this sense would result in an intake of students
socially representative at least of the university-going population
as a whole. Some would argue for more radical measures which
would make the student body socially representative of a
wider population—say, of the Sixth Forms of the secondary
schools, or even of the age-group as a whole—but this takes us
outside the province of an admissions system into the main
stream of educational and social policy and raises wider issues
than are relevant to this discussion.

There is no incompatibility, in principle, between the aims
of social justice in the ordinary sense of equality of opportunity
and effective competition for talent. The university should
recruit proportionately at least as many working-class students
as there are boys and girls of this class coming forward to the
universities from the Sixth Forms of the secondary schools ;
this can be achieved by seeing to it that applications come from
the different types of secondary school in proportions closely
resembling those in which university candidates are distributed
among them, and that the same percentage, more or less, of the
total of applications from each type of school is admitted.
But there are difficulties here. It is doubtful whether a policy
of social justice in university selection can rest itself to-day on
differences in the grant-earning status of schools. We aim at
social justice because we want to be fair to individuals, and the
largest class of educationally handicapped individuals is drawn
from working-class families. But it is perfectly possible,
in to-day’s circumstances, to achieve an intake of students
which is properly representative of the different types of school
(maintained, direct grant, and independent), which reflects
the social composition of the university-going population as a
whole, but which is nevertheless unfair in its incidence on
individuals and in consequence unrepresentative of the dis-

tribution of talent.
This possibility arises from a combination of circumstances.
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The pressure of competition has so raised the level of achieve-
ment necessary to secure a university place that success is
increasingly dependent on being able and willing to stay on at
school into the third year of the Sixth Form. In most schools
this acts for most pupils more as an incentive to reach the
Sixth Form early—by an ‘ express route * through the middle
school—than to stay on longer at school. Yet many maintained
schools find it difficult and wasteful of their teaching resources
to provide a third year in the Sixth Form for the small minority
of their pupils who will go on to a university. A growing
number of schools, and in particular most girls’ schools,
also take the view that the curtailed main-school course which
is the price of an extended Sixth Form course is, in any case,
educationally undesirable, if not in itself, then for the kind of
pupil for whom they largely cater. Then there is the reorganiza-
tion of the secondary schools along comprehensive lines :
the many schemes involving a change of school at thirteen
rather than eleven may well make it difficult to bring pupils
to the level of university entry by the age of eighteen which is,
for most of them, and certainly for the girls, the latest age
at which they will wish to remain at school or to which the
local authorities will be willing to keep them there.

In effect, therefore, the relevant distinctions today are
not as between types but as between size and organization of
school. Big selective schools, whether maintained, direct grant
or independent, can build up third year Sixth Forms for
university entrants ; small or non-selective schools find this
too difficult, or they may regard it as undesirable anyway ;
moreover, many of these schools are in the North and all of
them draw most of their entry from the working class.

The maintained schools are more representative socially
than other types of school but they do not form an education-
ally homogeneous group. The number of schools with Sixth
Forms producing candidates for university entry is large and
growing fast ; but the number offering a third year, or even
a seventh term, of advanced work in the Sixth Form and an
accelerated stream to O-level is much smaller and growing
much more slowly. No admissions policy will be fair and
efficient which neglects these vital differences within the
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maintained sector in the pace at which pupils are brought
to the Sixth Form and the amount of ground they can have
covered by the time they present themselves for admission to
the university. All candidates must have a reasonable chance
to demonstrate the intellectual promise for which the university
is looking, regardless of differences beyond their control in the
organization of their secondary school course.

To be educationally defensible an admissions system must not be
such as to disrupt relations with other universities or with the
schools. The interests of all universities are essentially the
same and the interests of the universities generally do not differ
from those of the schools. There must be no unfair competition
for talent, no arbitrary elements in the timing or conditions of
admission, no special entrance examination of a kind that
can be shown to exert a bad influence on school curricula
or to distort the allocation of resources or the organization
of teaching against the interests of the bulk of pupils who do not
proceed to higher education. Stated in this general form, these
principles do not appear difficult to apply. In practice,
however, they could only be applied to the admissions system
of a particular university in the context of a general reform
of the national system.

The pressure on schools of present arrangements for
admission to the universities is notorious and comes in the main
from the use of the A-level examination for selection purposes.
This is designed to be a leaving examination, intended to record
achievement in the work of the past two or three years. Mis-
used by the universities as an entrance examination in a highly
competitive situation, it gives rise to the narrow and repetitive
teaching in the Sixth Form about which complaint is so often
heard. In a growing number of schools the seventh term in the
Sixth Form is a mere repetition of the fourth in order to
improve the A-level performance of pupils who have secured
university places conditional upon their obtaining better
grades this year than last.

The Crowther Committee’s unqualified indictment of
the use of A-levels for purposes of university selection has
gone unheeded and the present national admissions system
is defensible from the point of view of neither the schools nor
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the universities, based as it is on performance at a school
leaving examination which is a test of performance rather than
promise, and which most candidates have not yet sat when
their applications are under consideration by the universities of
their choice. Only Oxford and Cambridge with their special
entrance examinations, taken in the majority of instances after
A-levels, stand outside this system. Their arrangements are open
to many objections and they fail on various counts in relation to
the criteria I have been discussing ; but it is difficult to see how
they can be effectively reformed without radical review of the
national system. The schools need to be rescued from the
grind of competitive grades at A-level and cannot be asked
to endure the still greater competitive pressure and the removal
of all incentive to post-A-level work in the Sixth Form which
would result from the abandonment of the Oxbridge special
entrance examinations. The universities need special entrance
tests of their own devising suitable to candidates from every
type of Sixth Form, and they stand to gain nothing from
reinforcement, by the entry of Oxbridge, of the existing
irrational national arrangements.

It is clearly in the interests of everyone, and not least of the
candidates themselves, that the system should be overhauled.
A number of possible reforms come to mind, of which the most
radical would involve the universities setting up a testing
organization of their own, perhaps on lines similar to those
developed in America under the auspices of the College En-
trance Board. On the face of it there seems to be no reason
why A-levels should not be retained for matriculation purposes
whilst candidates are chosen on the basis of their performance
in scholastic aptitude and achievement tests in conjunction
with school records and possibly an essay or general paper as
well.  Such arrangements would have the minimum of
disruptive effect on the schools and would leave the field free
in the universities for experiment with techniques and pro-
cedures of selection.

Of course, schemes of this kind set us on the American
road, which looks from over here rather like a slippery slope.
We have been warned ! A correspondent of the New Yorker
recently remarked, ““. . . the once fairly placid business of
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college admissions has lately acquired the dimensions of a
sizeable industry, some of the jargon of social science, and a
structure like that of a vertically organized labour union .
But, as I have said, the problems of university admission are as
much political and administrative as technical ; we must
rely therefore on rules of good sense,
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ENVIRONMENTAL AND INNATE
FACTORS AND EDUCATIONAL
ATTAINMENT

STEPHEN WISEMAN
School of Education, Universily of Manchester

T HE organization of this Conference, and the shape which it
has taken, is symptomatic of the surge of interest in what is
usually called ©educational sociology’, an interest which 1s
certainly not confined to the ranks of the professionals—the
sociologists and psychologists, the teachers and the teacher
trainers. The relationship between social class and educational
opportunity, the iniquities of eleven-plus selection, the com-
prehensive school—these form the talking points not only in
school staff rooms and meetings of educationists, but also in the
railway carriage and over the coffee table. There is now a
general awareness that the educational system and the social
system cannot be separated, that they interpenetrate and inter-
act ; a general suspicion that, though our overall objectives
may be reasonably correct, there is a serious mis-match in the
organizations of the two systems. The involvement of such
matters with political thought and political belief is obvious,
and inescapable. And this leads to the inevitably exaggerated
attitudes on both wings, the overemphasis of some facts and
factors and the playing-down of others, the introjection of
emotive description and propaganda techniques. All this
makes it the more important—and the more difficult—to set
out soberly and dispassionately what we know about the
educational-social interaction, rather than to proclaim what
we believe.

And what we know is precious little. We have only just
begun to tease out one or two of the significant strands in what
is an enormously complex fabric : the time for certainty is still
far away. Most work has been done on the connections be-
tween environmental factors—mainly social class—and educa-
tional opportunity rather than educational attainment. It is

64
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not my intention to consider this part of the field, but merely
to note its importance in demonstrating the existence of a
major problem, and in acting as a motivator for further work.

The first significant attack in this country on the school
environment and its relation to attainment was that of Kemp
in 1955.12 He studied fifty primary schools in London,
identifying twenty-eight environmental variables (subse-
quently pooled to make twelve) and two criteria of attain-
ment: comprehension, and rote-learning. His main conclusions
were: (1) that the main factors determining level of attain-
ment in the formal school subjects are, in decreasing order of
importance, intelligence, socio-economic status, and size of
school ; and (2) that progressiveness, new buildings and class
size are little (though positively) related to level of attain-
ment. In 1956, Mollenkopf!s in the USA reported a study
of 18,000 ninth and twelfth grade pupils in 206 schools. He
concluded: * Aswas expected, the IQ of the students predicted
the achievement test means considerably better (0-90) than
did the best-weighted composite of school, parent and com-
munity characteristics (0-59). Yet some characteristics did
add to the effectiveness of this prediction. Among these
were the percentages of graduates going on to college, the size
of the average instructional class, and the presence or absence
of a community library .

The results of these two researches are hardly epoch-
making, nor do they throw much light on the school factors
important for scholastic success. It will be noted that intel-
ligence comes out as the supreme determinant of achievement
in both inquiries. No doubt, you will say, this is because of
its well-known dependence on socio-economic status. Kemp,
however, investigated this particular aspect of his results.
His comprehension variables correlated 0-73 with intelligence.
* However,” he says, “ it must be noted that socio-economic
status is correlated very significantly with both intelligence
(0-52) and this kind of attainment (0-56). When socio-
economic status is partialled out the correlation (of 0-73) drops
to 0-62. If intelligence is held constant, the correlation between
socio-economic status and attainment drops (from 0-56)
to 0-30. The influence of socio-economic status on attainment
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appears thus to be much less powerful than that of intelli-
gence.” A similar result was obtained with his measures of
rote attainment,

During the past decade we have carried out four surveys
in the Manchester district, in which we have endeavoured to
lay bare some of the associations between environmental
factors and educational attainment. Three of these have
already been described in detail in Education and Environment
(1964) 17 and I do not propose to dwell on these, except in
so far as they bear on particular matters discussed later. The
fourth-—an investigation of forty-four primary schools—has
just been completed, and although the analyses are not yet
finished, some interesting and suggestive results are already
to hand. One feature of the Manchester surveys which differ-
entiates them {rom other researches in this field is the use of
measures of backwardness and brightness as well as of average
score. All our surveys have used the school as a unit, and we
have calculated the percentage of ° bright ’ and of * backward ’
children in each school (using these terms as a shorthand for
describing these scoring more than 1 SD above the mean on a
particular test, and those scoring less than 1 SD below).
All four surveys demonstrate conclusively that brightness
and backwardness are not just simple opposites, that some social
factors correlate significantly with one and not with the other,
and vice versa. It is curious that other researchers have not
shown more interest in investigating this aspect of the environ-
ment-attainment interaction. Burt 5 in 1943 reported ° de-
cidedly higher’ correlations with environmental factors for
brighter children than for duller ; Fraser (1959) 9 found a
significant relationship between ability level and the effect of
abnormal home background, with the brighter children being
more affected ; while Maxwell (1953) 13 concluded from the
results of the 1947 Scottish Mental Survey that © high intel-
lectual ability is more widely distributed over different social
environments than is low intellectual ability ’. Our own results
fall into line with this general trend: brightness has higher
correlations with environmental factors than does backward-
ness. We shall return to this point later.

Our sample of forty-four primary schools was a random
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one, stratified by school type (county, C of E, RC) and by area
of the city. We concentrated on the 10+ pupils, who had been
longest in school. For these pupils we had standardized test
results at four ages: 7+, 8+, 9+ and 10+, on tests of intel-
ligence, English and arithmetic, so that we were able to look at
age-trends. There were twelve tests altogether (two at 7,
three at 8, two at 9 and five at 10), and each test gave us
three ‘scores’ for each school (mean score, per cent bright
and per cent backward) so we had thirty-six criterion variables.
In addition to this we had fifty-two environmental variables,
eighteen relating to the home and the neighbourhood, thirty-
four relating to the school itself—its buildings, its equipment,
its teachers and its atmosphere. This gave us a total of eighty-
eight variables and a matrix of 3828 correlations. The factor
analysis of this is not yet completed, but I can report on the
chief results from the intercorrelations.

Perhaps the easiest way of summarizing the data is to
calculate the average correlation of each environmental
variable with all the thirty-six test variables (making appro-
priate sign adjustments, since the signs for backwardness and
brightness are in opposite directions). A stronger connection
is found with the social factors in the home and neighbourhood
than with the school variables. This is shown if we average
the correlations of all the eighteen social variables with the
total tests. The result, 0:295, contrasts sharply with a similar
average for the thirty-four school variables, 0-199. It seems as
if the forces operating outside the school walls are more
pervasive and more powerful than those within. The highest
correlations underline the factors of poverty and maternal care
that we found in our previous surveys with secondary school
children:

Per cent verminous children 0-48
Cleanliness of home 0-48
Per cent free meals 0-47
Material needs inadequate 0-44
Parental occupation 0-42
Family crime 0-38
The highest ‘ school * correlations are:
Appearance and sociability of children 0-42
Attendance 0-41

Streaming 0-39
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The first of these three measures is probably wrongly placed,
and ought to be included amongst the ‘ home’ variables ;
no doubt the school may have some effect here, but the home is
almost certainly the major influence. The second on the list—
attendance—is a logical result, though many might have
expected a higher correlation, The third variable, streaming,
is one of particular topical interest. Our results show that
streamed schools have betler records of attainment. As might be
expected, the highest individual correlations are with our
measures of brightness: brightness, 10+ Composition, 0-66 ;
brightness, 10+ Arithmetic I, 0-60 ; brightness, 9+ English,
0-60. But there is no suggestion that streaming has an adverse
effect on the children of low ability : streamed schools tend to
have fewer backward children at all ages and in all tests. Itis
possible, however, that the association between streaming
and attainment is an artifact, since many of our unstreamed
schools were one-form entry, and therefore perforce unstreamed,
And the smaller schools tend to be found in the poorest areas.
We therefore calculated the partial correlation between stream-
ing and attainment holding size of school constant. This
reduces the correlation—but only from 0-46 to 0-33: it is still
significant.

Backwardness and brightness

Let us now take a closer look at the average correlations
with our measures of backwardness and brightness. As I have
already mentioned, we find higher correlations with bright-
ness, and this i1s true for both ° school * variables and ‘ social ’
variables: for the thirty-four school variables the average
correlations with brightness and backwardness are 0-21 and
0-16 respectively ; for the home and neighbourhood variables
0-29 and 0-26. When we look at the individual variables,
we find only four having mean correlations greater than
0-4 with backwardness (cleanliness of home, 0-44 ; appearance
and sociability, 0-42 ; verminous children, 0-42 ; and free
meals, 0-42) while there are ten such with brightness. The
four school variables having the strongest association with high
scorers on the tests are: streaming, 0-47 ; attendance, 042 ;
school size,0-41 ; and percentage of children qualified for special
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schools, 0-41. The social variables over 0-4 emphasize again
the maternal care factors that we have previously identified:
verminous children, 0-50 ; mother working, 0-48 ; material
needs inadequate, 0-48 ; free meals, 0-48 ; cleanliness of
home, 0-46 ; and free clothing, 0-41.

I't must be emphasized that these results have been obtained
from an investigation of schools and not of individual children.
We have found a correlation of 0-50, for example, between the
percentage of verminous children in a school, and the per-
centage of high scorers on the tests given at four ages. Such
results must be supported by parallel studies of individual
children before one can begin to hazard a guess as to the under-
lying forces, and how they operate. Such studies are in hand,
but I have as yet no results to report. Nevertheless, this
association between brightness and environmental factors is
a particularly important one. The potential profit if we can
discover how to counteract such effects is very considerable.
The evidence from the Manchester surveys, together with the
work of Burt and Fraser, point to the virtual certainty that an
adverse environment has its greatest educational effects on
children of above average ability.*

Intelligence

Let us now turn to a comparison of the results from the
tests of Intelligence with those from our tests of English and
Arithmetic. The gross average correlations of all environ-
mental variables with the three types of test show English and
Intelligence (0-24 and 0-23) as slightly higher than Arith-
metic (0-21). When we separate the social variables and the
school variables, however, we find an interesting difference.
For the home and neighbourhood variables the average r is
0-314 for Intelligence, 0-299 for English, and 0-262 for Arith-
metic. The school variables put English clearly at the top
(0-215) as against Intelligence, 0-190, and Arithmetic, 0-182.

* A recent interim report on a research by M. H. Maier on the academic

achievement of adolescents, finds that ‘* the high level scores . . . are positively
correlated with socio-economic status and academic aptitude. The low level
scores . . . have negative or close to zero correlations ..” E.T.S. Annual Report

1963-64, p. 133.
F
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These differences may seem relatively small, but it must be
remembered that these are average correlations, and are based
on a considerable numberof single correlations. The least stable
of these (1Q v. social) is derived from 162 separate coefficients,
while English ». school variables is based on no fewer than 408.

We are now confronted with an interesting problem. Of
the three kinds of test, why should I(Q) have the strongest
association with the social variables? And why should the
pattern be different for the school variables ? I suggest that
the crucial difference between the school variables and the
home and neighbourhood variables lies in the fact that the
latter are affected by, and affect, the parents of the children,
while school variables are those which affect children only.
In other words, I am emphasizing the heavier genetic element
in the results of the intelligence tests. This is, at present, rather
an unfashionable line to take, but in my view the evidence
is inescapable. I do not intend to embark on a review of this
evidence, but I may perhaps refer you to a recent survey by
Erlenmeyer-Kimling and Jarvik (1963) 7 which summarizes
fifty-two studies involving some 30,000 correlations. Figure 1
shows graphically the results of their analysis, which shows,
as they point out, that * the median of the empirical corre-
lations closely approaches the theoretical value predicted on
the basis of genetic relationship alone. The average correla-
tion between parent and child, as well as that between siblings
(including dizygotic twins) is 0-50 . . . At the other end of the
relationship scale, where monozygotic twins theoretically
have 100 per cent genetic correlation, medians of the observed
correlations in intellectual functioning are 0-87 for the twins
brought up together, 0-75 for those brought up apart”. The
authors go on: “ We do not imply that environment is without
effect upon intellectual function ; the intellectual level is not
un::tltt:r::tl:nl*;..r fixed by the genetic constitution. Rather, its
expression in the phenotype results from the patterns laid down
by the genotype under given environmental conditions.”

To return to our own results, I am arguing that much of the
quality of the home and the neighbourhood is related to the
parents’ intellectual level. Adverse environments tend both to
be produced by the incompetent and the incapable and also to
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attract them. And since there is a correlation of 0-5 between
the intelligence of parents and that of their children, this
produces a significant correlation between children’s IQ and
the social variables. A closer look at our average correlations
supports this view. The social variables as a whole have a
mean correlation of 0-28 with educational attainment. If]
however, we break these down into ® home’ variables and
‘ neighbourhood ’ variables, we find that the former have a
mean r of 0-33 with attainment, the latter one of 0-18. The
highest individual ° neighbourhood’ correlation is 0-31 for
Housing Standard. Eight of the * home * variables are higher
than this, and they range up to 0-48. Looking at the ® crime’
variables, the criminal record of the family has an average
correlation of 0-36 with the attainment tests, the criminal
record of the neighbourhood 0-27, and that of the home
address 0-05. Earlier in this paper I quoted Kemp’s research,
where a correlation of 0-73 between intelligence and attain-
ment was reduced only to 0-62 when socio-economic status
was partialled out. We get the same result on our own data.
For example, the correlation between 10+ English and
Intelligence is 0-82. If the effect of the social variables is held
constant, this drops only to 0-80. With Arithmetic the fall is
from 0-77 to 0-74.

In 1956 Ferguson 8 published an important paper * On
transfer and the abilities of Man > which has received less
attention than it deserved. In it he attempted to bring together
learning theory and psychometrics, with a side-glance at the
work of Piaget. He refers to Burnett’s work on abilities of
individuals living in relatively isolated communities. This
** shows conclusively that the pattern of ability of children
reared in relatively isolated outpost communities differs
markedly from that of children reared in urban centres. In
the isolated Newfoundland environment certain perceptive
and motor abilities are developed to a high level, whereas
verbal and reasoning abilities are less well developed. A
retardation in abstract thinking and concept-formation seems
to occur . . . Everything we know suggests that different
environmental demands lead to the development of different
ability patterns . . . The extensive body of literature on the



SELECTION FOR HIGHER EDUCATION 73

abilities of individuals reared in cultures markedly different
from our own in general supports this conclusion and adds
substantial evidence for the role of learning in the formation
of abilities” (p. 129). Ferguson suggests that differences in
ability pattern resulting from differing environmental demands
will show themselves not only in comparisons between indi-
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Intercorrelations from the Californian growth study (Bayley, N.,
1933, 1943, 1949 and 1951).

viduals reared in markedly different environments, but also in
the same individual at different stages of growth, since environ-
mental demands change radically as the child grows up.
In other words, his hypothesis postulates different factor-
patterns of ability at different ages. There i1s certainly some
evidence of the truth of this. Figure 2 is based on the results
from the Californian Growth Study, first reported by Bayley !
in 1933, with additional data up to 1951. Bayley started testing
the development and intelligence of a group of sixty-one
infants within three days of birth, and continued testing them
at stages up to the age of eighteen years. She provides a matrix
of intercorrelation of the scores of the same individuals at ages
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ranging from 2 months to 210 months. In 1954 Hofstaetter 11
reported a factor analysis of this matrix, but since his centroid
analysis was followed by rotation by hand, it was thought worth
while to perform a new principle components analysis followed
by a varimax rotation. Four major factors, as opposed to
Hofstaetter’s three, were found, and the loadings of these are
plotted against age in the diagram. No clearer indication
could be given of the change in factor-pattern with age. Factor
I is clearly the one usually labelled * intelligence ’, but from
birth up to at least the middle of the primary school this is
supplemented by three other factors. I do not propose to
embark on an attempt to ‘label’ these factors, except to
comment that, by inspection of the items of the Californian
scale, Factor IT (which finds its peak during the first year of
life) is most probably a sensory-motor factor.

Our own survey provides test results at four different ages,
and it is worth while seeing whether there is any variation in
the pattern of correlation over the four years. Figure 3 shows
average correlations of the three types of test for the home and
neighbourhood variables and for the school variables separ-
ately. (It will be seen that all three tests were not included at
every age.) Notice how the differentiation between the tests
is greatest at 7+, and gets progressively less as the children
get older. If we were able to extrapolate back into the infant
school, no doubt the gaps would widen even more. And notice,
too, the commanding position of the intelligence test for the
home and neighbourhood variables.

I have some doubt as to whether the general upward trend
of each single line on these graphs is really significant. It must
be remembered that these correlations are between the test
results of children who were ten years of age when the
environmental variables were measured, so that the 10+ results
and other variables are coincident in time. But the 7+ results
are those of these same children three years ago, the 8+ two
years ago, and so on. It would not be surprising therefore,
if these correlations have been subject to some degree of
shrinkage. If so, the possibility exists that the level of corre-
lation may fell with age. A comparison of our primary school
results with those from secondary schools in 1957, using pupils
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of 144, certainly suggests that this is so. The correlations of
attainment with environmental variables all tend to be higher
at 10+ than at 14+. Two of the social variables were identical
in the two surveys: percentage of verminous children, and
percentage in receipt of free shoes and clothing. The average
correlations of the former with attainment were 0-483 at
10+, 0-383 at 14+ ; for the latter the figures are 0-237 and
0-173. The fall from 10+ to 14+ is apparent for all three
types of test, with the change for arithmetic being rather
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greater than for English, the smallest change being with the
intelligence test.

It seems, then, that not only do we find different patterns
of ability at different age-levels, but also that the impact of
environmental factors on attainment gets progressively weaker
as we go up the age-range. There are other pieces of evidence
which support this age-trend. Furneaux,'” in his book The
Chosen Few (1961), comments on the fact that * occupational
group membership acts as a very important determinant of
academic history throughout the stages of education up to
that of entry to the sixth form ™, but then goes on: * The
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proportion of those wishing to have a university education
who are actually able to apply is much the same for pupils
in all occupational groups”, and again: ‘° Among pupils
who have already reached the upper-sixth form, differences
of home background are associated only to a very small degree
with the strength of the desire for a university education.”
This analysis of sixth formers receives strong support from the
evidence provided by the Robbins Committee, who comment
(App. 1, p. 46): “ The proportion of working-class children
who stay on to the age when A-level is normally attempted is
smaller than the proportion of middle-class children who
actually achieve two passes. But these working-class children
who do stay on are on average as successful as their counter-
parts in other social groups.” The Committee present data
connecting 11+ results with A-level performance, classifying
pupils into top, middle and bottom thirds on 11+ results.
They find: ‘“ Within each ability group at 11+, there is no
significant difference in performance between children from
the different classes who stay on’. Table I presents the
Robbins data from the relevant table of the Report, and from
this it is clear that differences of social class have ceased to be
effective determinants of achievement at this level and at this
age.
From the evidence so far discussed, it seems to be likely:
first, that the influence of environmental factors on educational
attainment is greatest at the youngest ages, and gets progress-
ively less influential as the children get older ; second, that as
far as social class is concerned—a very crude measure of
environmental differences—its effect seems to disappear
by the age of seventeen or eighteen* ; third, that factors in the
home and neighbourhood, and particularly those associated
with maternal care and material needs, are much more
powerful determinants of educational achievement than are
factors within the walls of the school itself ; fourth, that the
stronger association between the intelligence test results and

* There is a suggestion from the USA that with college students *“ economic
advantage is by no means positively related to academic achievement, and, in
fact, that the relationship which might be expected from the term ‘ advantage *
is actually reversed ", (Crawford, 1929.) ¢
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the “ home’ variables suggest that their primacy of effect
might be due largely to genetic factors ; and fifth, that adverse
forces in the environment have their greatest effect on the
more able children.

The question now arises, what can we do to counteract
the effects of poor environment? The prognosis is bleak,
since it seems more than likely that the greatest harm to the
child occurs before ever he reaches school at five years of age,
and that any efforts the school might make are rather in the
nature of shutting the stable door after the horse has bolted.

TABLE 1

PERCENTAGE oF ScHooL LEAVERS AGED 18 or MORE WHO HAVE
AT LEAST 2 A-LEVELS

(From Table 7, p. 45, Appendix I of the Robbins Report)

114+ Graming

A
i 1}

Fatuer's OccupaTion Upper third Middle third Lower third
Professional and managerial 79 63 43
Clerical 74 56 58
Skilled manual 77 59 51
Semi- and un-skilled 81 58 53

But this may be too pessimistic a view, and it would certainly
be premature to conclude that ameliorative action on the part
of teachers and local authorities is unlikely to have much
effect. What such action should be, however, and what
chances it has of success, cannot be decided until we know
something about causality. So far we have been dealing
with correlations, with measures of association. The leap
from these to causal factors is a hazardous and difficult one.
Piaget 16 has charted certain stages in the intellectual develop-
ment of the child and has demonstrated the interaction be-
tween the child’s abilities and the environment’s opportunities.
As he says: * Life is a continuous creation of increasingly
complex forms and a progressive adaptation of these forms to
the environment ” (Piaget 1936, p. 3).16 There is much
evidence from both animals and from children that environ-
mental deprivation not only slows down development, but
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may permanently lower the level of later performance. These
intellectual and logical schemata of Piaget may have their
counterpart in the effective and creative life of children, and
particularly of pre-school children. The years before five are
notoriously crucial for the development of mental health :
they may be equally so for educational health. It is perhaps
unnecessary to see the required causal links through Freudian
spectacles. For my part I would prefer to go back to McDougall
and suggest that at least part of the system of causality lies
in the emergence of the self-regarding sentiment in the pre-
school child. This, nourished in the home, i1s the architect
of the child’s attitude to authority, and structures his decisions
as to which environmental opportunities he accepts and which
he rejects. I have no time to do more than to indicate a
possible line of approach here, but it is one which, in my view,
demands further exploration. Psychologists and sociologists
have often interested themselves in the suburban phenomenon
of keeping up with the Joneses: it is time they took a more
intensive look at the parallel phenomenon in the lower socio-
economic echelons, that of keeping down with the Smiths.

If part of the system of causality is revealed along such
lines, then it follows that the best hope of ameliorative action
lies not so much in improvements in the physical environment
of the child’s home, his neighbourhood and his school *—
necessary though these are from other points of view—not
in organizational changes within the school itself, but rather
in a reorientation of our training of teachers. They must not
only be made aware of the nature of the adverse forces with
which they are faced, but they must be expected to engage in
positive action with parents as well as children. It would be
wildly unrealistic to suggest that all teachers, and primary
school teachers in particular, should be trained as social
workers as well as educators, but the careful selection of a
proportion of teachers for specialist training for general liaison
work between school and home is a perfectly feasible proposition.
Movement in this direction has already begun, but it needs
rapid acceleration if any sensible impact is to be made on the

* And, of course, as has been emphasized by other contributors, a considerable
increase in the provision of nursery schools in the worst areas.



SELECTION FOR HIGHER EDUCATION 79

problem, and if we hope to rescue at least a proportion of the
large number of potentially able children who, at present,
sink down under the weight of so many adverse conditions.

DISCUSSION

A questioner asked the lecturer to amplify his explanation
of the correlations between home variables and intelligence
tests, and their connection with the argument he later developed
regarding compensating factors in the school. ProrEssor
WisemaN replied that this was an additional and comple-
mentary mechanism ; he believed that the argument he used of
compensation by the teachers in the schools in the worst
areas was one which applied much more to the secondary
than to the primary school stage. He thought that there
was a difference here, and (though it was early yet, and he
would have liked to have had more information and analysis
of the Manchester data) that probably both these worked
together in a complementary way in the primary school,
and that the compensatory principle was stronger in the
secondary school.
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THE LIMITS OF PREDICTION

JAaMmEs DREVER
Department of Psychology, University of Edinburgh

WERE I to talk about the circumstance which seems to me
more than any other to limit prediction in Higher Education—
both the prediction of individual success and the estimate of
total numbers capable of a particular level of academic work—
I should discuss, not the intelligence of candidates, but the
foibles of examiners. Our forecasts are validated against a
criterion which has been shown again and again to be un-
reliable, yet each of us seems able to persuade himself that it is
other examiners who go astray, and in general that with care
and patience we can make the present system work well
enough. This view is not unreasonable when we have in mind
the random lapses of attention and changes of mood to which
we are all subject—what I have called the ° noise’ in the
system 2—but it is not true of adaptation. Human beings
are incredibly adaptable to slow consistent changes of any
kind. As a result what they respond to as neutral or normal
or average, within quite wide limits, is not anchored in the
outside world, but varies with their own past experience,
especially their recent past experience. This can produce
“drift’, a steady change in standards over time. In con-
sequence a bad selection procedure will frequently seem less
bad than it is, and a good one less good: while the estimate
of total numbers always has to protect itself by laying down an
unfulfilled condition, namely that assessment should remain
constant. There are ways of solving this problem, some
laborious, some technical, but these are not in common use ;
so I must begin with the warning that any statistical or genetic
study taking performance in current academic examinations
as a datum is sure to run into trouble. Even administrative
decisions on such a basis are dangerous: scientific conclusions
cannot be drawn.

But the auspices under which we are met here make
inappropriate a further pursuit of this line of argument at this
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stage. What I propose to do is illustrate, by means of two case
histories, some of the points made by others. Although there
are lessons to be drawn from these in the prediction of individual
success and failure, my main concern is with the much bigger
problem of detecting the presence in the population at large of
such endowment as would make higher education possible
at all. In particular, I hope to bring out the essentially his-
torical and individual nature of many of the variables we are
trying to assess.

My cases are two young ladies, Alice and Olive, both aged
twenty at the time of the investigation. I should explain
that it has been the custom in Edinburgh from time to time,
since 1935, to subject the big first-year class in Psychology to
various intelligence tests. Over the years about five thousand
students have produced scores of one sort or another. The test
with the longest period of use 1s one constructed by Sir Cyril
Burt for Sixth-formers: Group Test 33. It is a verbal test
and gives a modest correlation with academic performance.
Alice was our top-scorer, and in fact made full marks: Olive
was our lowest by a considerable margin. The norms for the
test are not very satisfactory so far as the general population
is concerned, but Olive was slightly below the mean on these
norms. This difference was a real one and was confirmed
by subsequent performance in other tests. Alice was not quite
so good with non-verbal material but she made consistently
high scores on every test we used. On the parallel version
of the test she first took she was only two short of a
possible. Olive remained around the mean for the general
population where norms were available, and right outside any
student distribution that I have seen.

Both graduated M.A. Ordinary, and trained as teachers.
Alice married a year later, and I daresay Olive too is married
now. She was a pleasant-looking, and, in her way, a friendly girl.

Any surprise that you may feel at the disparity of apparent
endowment and similarity of achievement may easily be dis-
pelled by a few biographical details. Alice was the daughter
of two teachers, an only child who came to them relatively
late in life. Thus she was exposed early to a wide vocabulary,
and did not have to be good or clever to gain affection ; it
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was enough for her parents that she was there. So she grew up
secure, literate, wide-ranging in her interests, but rather
easy-going. What has been called her need for achievement
hardly existed.

Olive, on the other hand, was one of five. There were
three brothers, two older than herself, and a younger sister.
Her father was a small farmer in the North-east of Scotland,
and her mother also came from a farming family. They were
Free Presbyterians, that is they belonged to a sect which
regards the ordinary Scottish presbyterian as worldly and
frivolous. For some reason Olive was regarded as the clever
one of the family, and their ambition was for her to become a
teacher, preferably a graduate teacher. We hear a great deal
nowadays about the low esteem in which teaching is held,
but in the remoter country districts of Scotland it is still
regarded as the height of feminine ambition. A clever boy
may become a doctor or a minister, but for a girl status is to
be found in front of the blackboard. So Olive came under
pressure quite early, and yet you must not think of her as
driven into academic pursuits by ambitious parents. So long
as she could remember, the choice and ambition were hers too.
She was physically robust, emotionally stable, and not inclined
to worldly pleasures. She worked prodigiously, failed quite
often, but in the end, though it took her a long time, she
attained her goal.

So you see there is no real problem: our two cases have an
almost copybook quality. We have, do we not, a clever, idle
girl, and a dim industrious one, so in the end they achieve much
the same ? Well, of course, that may be the answer ; but let
us go on now and take a look at some more evidence.

First of all let us consider rather more closely their academic
performance. They wrote, as you might expect, very different
kinds of papers. Alice was copious, with an immense vocabu-
lary, a tendency to wander from the point, and some liability
to error. She gave the impression that she did not know her
material very well, and was sometimes trying to talk herself
out of trouble. Nevertheless she received quite good marks
in all subjects, and passed her degree examinations at the first
attempt. Olive produced short meagre answers, suggestive
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of rote learning. She made few mistakes and her sins were of
omission. As I have said, she failed frequently, and in fact
took six years to complete her degree. Nowadays she would
have been sent down at the end of her first year.

The picture still seems quite consistent with the obvious
explanation, but there is something about the qualitative
differences I have just pointed out which suggests another line
of argument. The question is whether in fact these two girls
were innately so different from one another as appearances seem
to indicate. Since I am more of an experimental than an
educational psychologist, I must leave human beings for a
little and turn to rats.

Some of you will remember the interesting case of Tryon’s 6
maze-learning strain. These rats were selectively bred for
many generations to be good at running mazes. In the end
the strain became so good at this that even its slowest members
were better than the best unselected ones. At the time the
difference was regarded as an intellectual one, if I may so
use the term, and a Tryon rat was thought to be a clever
rat. Subsequent investigations using other tasks showed that
this was not so at all. The Tryon rats were greedy, active,
get-up-and-go rats, but no cleverer than the others. They
bustled about their mazes with exceptional zeal, and so gave
the impression of being what in fact they were not. I mention
this incident to call attention to the risks attendant on the
inference from behaviour to some particular innate character-
istic.

Still among the rats but closer to our own problem, there
is an interesting early study by Tolman,5 also of maze-learning.
He used a sectional maze in which the pathways could be
modified. Two groups of rats learned a route to the food-box
which involved a considerable detour. One group was
normally hungry, the other very hungry indeed. When both
had learned the long route a shorter one was opened. The
normally hungry rats switched quickly to the new way, even
though they had taken the other over and over again. The
very hungry rats, by contrast, kept to the now unnecessary
detour. Somehow excessive motivation had made them rigid
and unable to exploit the alternative possibility. As Tolman
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put it, they had learned a strip map in which only the details
along the way were remembered. The overall pattern of the
maze was not apparent to them and so their hunger made them
less intelligent.

Now this is not an isolated finding: it has been confirmed
repeatedly. Bruner and his associates,! for example, found
that if two groups of rats were trained to make a sequence
of turns, LRLR, and then the starting point were changed
so that the required pattern became RLRL, the moderately
motivated group, after a period of puzzlement, were able to
change quite quickly. The highly motivated group, on the other
hand, though they learned the new starting point, could only
follow it with the now inappropriate LRLR. * It would seem
then,” says Bruner, ° that under conditions of high drive,
if a path to a goal has been learned, it is learned, so to speak,
as ‘ this path to this goal > and is not coded or acquired as an
example of a more generic pattern, ‘ this kind of path to this
kind of goal’. In consequence, when a new situation arises,
the driven creature does not have a generic coding system
that permits him to go beyond it ‘insightfully ’. It is as if
one of the students of geometry in Wertheimer’s study (1943)
had learned to do the operations necessary for solving the area
of this parallelogram but had not generalized the knowledge
into a coding system for handling parallelograms of slightly
different size, shape, or position.”

Other species exhibit the same phenomenon. Monkeys
were shown by Harlow 3 to acquire generic concepts most easily
when the reward was minimal. If the outcome became too
important the learning became specific. Human beings
similarly have been shown in a wide variety of circumstances
to suffer a decline in flexibility and originality under stress.
Necessity may not be the mother of invention after all.

Perhaps I should call attention to the fact that the drives
which seem to upset the more complex kinds of learning are
always extrinsic to the learning process itself, Too much
hunger, thirst, or anxiety, can be damaging, but I doubt
whether intense curiosity would be.

You may wonder what all this has to do with intelligence.
After all, these effects of motive and stress are transient, while

G
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intelligence is assumed to be a relatively enduring character-
istic. Perhaps this is so, at least by the time we come to measure
it, but I should defend the relevance of the experiments I
have just cited by reminding you, as did Professor Vernon,
of a very important distinction drawn by Hebb in 1949.4
Using evidence from the effects of brain injury occurring early
and later in life he claimed that * the word ®intelligence ’
has two valuable meanings. One (A) is an innate potential,
the capacity for development, a fully innate property that
amounts to the possession of a good brain and a good neural
metabolism. The second (B) is the functioning of a brain
in which development has already gone on, determining
an average level of performance or comprehension by the partly
grown or mature person. Neither, of course, is observed
directly ; but intelligence B, a hypothetical level of develop-
ment of brain function, is a much more direct inference from
behaviour than intelligence A, the original potential.”

Hebb went on to point out, *“ Most of the disagreement in
recent years over the nature of °intelligence’ concerns the
relation of A, innate potential, to B, the estimated level of
functioning at maturity. If A determines B fully, intelligence
is a matter of heredity and maturation only ; the IQ is not
dependent on experience. But if intelligence A is only one
of the conditions of intelligence B, not the sole determinant,
what then ? . . .

** The dispute in the current literature has arisen, I believe,
partly because of the double reference of the term © intelligence ’,
and partly because it has not been realized that if the effects
of early experience are more or less generalized and permanent,
one can concede a major effect of experience on the IQ and
still leave the IQ its constancy and validity as an index of
future performance . This last is the important point for
our present discussion. It would seem that the grand strategy
of our thinking develops out of our early experience to an
extent not yet widely recognized. Once it has developed,
however, it is as basic and stable a component in our make-up
as any that arises entirely from genetic factors.

We do not know very much at present about the many
and subtle influences which must enter into the transition from
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intelligence A to intelligence B. Clearly learning is central.
That is to say, so long as we think of intelligence as the variable
which is measured by intelligence tests then it is partly true
to say that we learn to be intelligent, though limits are set by
heredity. This, of course, is just another way of saying that we
can learn to be stupid. It would seem to follow that the kind
of excessive motivation which produces a transient impair-
ment in the learning of an adult organism may do permanent
damage if it is at all prevalent at an earlier stage when basic
cognitive strategies are being built up.

Let us return to Alice and Olive now, and take a second look
at their thinking in the light of these considerations. You
remember the difference between them. Faced with a problem,
Alice would generate possible solutions with great freedom,
showing flexibility and resourcefulness. In matching these
solutions to the requirements of the problem she was on the
whole less impressive. Where the matching was easy, as in
the clear-cut answers to test items, she did extremely well,
but in circumstances where information and judgement were
important she showed some deficiencies. Olive, on the other
hand, seemed to suffer from a sort of cognitive constipation, if
you forgive the term, and in the task of generating possible
solutions she could produce very little. She was unoriginal,
and, where it might help, she relied on rote learning. On the
other hand, in the matching phase of the operation, where
possible solutions were compared with the requirements of the
problem, Olive did better with what she had in the sense that
proportionally as well as absolutely she made fewer mistakes.
Alice was adventurous, original, and her errors did not worry
her. Olive was timid, careful, and persistent. You notice
how I am forced to use adjectives which are not restricted in
their application to merely cognitive operations. This is as
it should be. If the style is the man, so much more is his whole
way of intellectual life.

You will also have noticed, I hope, how closely the two
ways of intellectual life that I have chosen for comparison
resemble the behaviour of Tolman’s rats and Harlow’s monkeys
at different levels of motivation. Perhaps by this time you are
becoming uneasily aware of a possible alternative to the
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obvious explanation for the unequal gifts and similar achieve-
ments of our two cases. This was to the effect that Alice did
only moderate academic work in spite of her high intelligence,
because of low motivation. In plain terms she was spoilt
and lazy. Olive, on the other hand, graduated eventually
in spite of her low intelligence, because of high motivation.
What I have tried to do is suggest that there are some grounds
for supposing that the intelligence as well as the academic
performance has been subject to motivational influences,
and that here these have been in precisely the opposite direc-
tion. If getting the right answer had been made too important
for Alice at an early age, we might never have had the rapid
and confident thirking which gave her such high test scores ;
while Olive, in a less bleak and exacting context, might have
shown qualities of mind which now she does not have. All
this is surmise, of course, but so 1s the plain tale with which we
started. My varnished one in fact can offer more strictly
experimental evidence in its support. We do not have to
choose, since both can be true.

Now at length we are in a position to consider the impli-
cations of this kind of evidence for the problem of predicting
in the long run numbers in higher education. They would
seem to me to be far-reaching. As I have said, the factors
which determine the transition from intelligence as inherited
to intelligence as measured are largely unknown to us. I
have directed your attention to one such factor only ; there
may be many. Imagination and experiment have begun
to probe the possibilities. Froebel, Montessori, and Piaget,
have made their different kinds of contribution. But if we
find, when more 1s known, as I believe we shall find, that much
can be done to nurture intelligence as well as train or measure
it at a later stage, then our educational budgeting must bear
this in mind. Twelve per cent of a population, subjected to
the largely random interplay of influence prevalent in the
environment of young children to-day are thought capable of
profiting by higher education as we know it. What the
figure will be when the nurture of intelligence B is more fully
understood cannot now be determined. It is sure to be
greater, and may be much greater.
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This brings me back to the point at which I began. Changes
when they come, will come slowly ; unless we are on our
guard, the system of higher education will adapt to them,
without realizing that they have occurred. We may see a
gradual rise in academic standards, the consequence of which
would be to exclude indefinitely some 88 per cent of an age
group. I hope I have said enough to show that, if this does
happen—and the danger is a real one—it cannot be justified
by the claim that intelligence, in the sense that matters, is
innate, and can be expected to remain constant in a population
from year to year and from decade to decade.
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SELECTION AND THE PROBLEM OF
CONFORMITY

Liam Hubpson
Research Centre, King’s College, Cambridge

AN assumption widely held amongst teachers and psychologists,
throughout the educational systems of all countries, is that
their pupils are reasonably consistent. It is assumed that the
boy who excels at the age of ten or eleven will still be doing
well a decade later—that he will have gained outstanding
O’ Level and * A’ Level results, and perhaps a university
scholarship too, and that he is destined to take a First Class
degree. Everyone admits exceptions—the °late starters’,
and the precocious children who begin brilliantly but fail
to fulfil their early promise. What is not clear, however, is
how numerous these exceptions may be. There is little
evidence of a searching nature that bears on this point, and
experts are still free to disagree. Some argue that the level of
consistency in intellectual performance is high from one age
level to another. Others counter—and for a variety of reasons
—that such consistency in children is less real than apparent.

No attempt will be made in this paper to resolve this dispute
in its general form. I shall, however, discuss one particular
corner of it. I wish to examine the relation of success within
the school and University system to success in the world at
large; to review the evidence relating school marks and degree
classes on the one hand, to intellectual achievement amongst
adults on the other. And on the basis of such empirical
evidence, I shall draw some morals about practices now
current in university selection.

Some eight years ago, I carried out a small study of eminent
scientists. Specifically, I examined the classes gained in
Tripos and Final Honours Schools by Fellows of the Royal
Society and by members of Oxford and Cambridge holding
the degree of Doctor of Science. (The samples were restricted
to those who had taken their first degree during the period
1920-39). 1 was surprised to find that a large proportion

90



SELECTION FOR HIGHER EDUCATION 91

of such scientists had performed indifferently at university ;
at some time in their university careers quite a large number
had gained Seconds, some Lower Seconds, and a few had gained
Thirds or even Fourths. In fact, the classes of Degree gained
by Fellows of the Royal Society or Doctors of Science did not
seem to differ significantly—at Cambridge, at least—from those
gained by contemporaries of the same age and sex, who took
the same subject in the same year, and went into research at
the same time, but did not become Fellows of the Royal Society
or Doctors of Science. In the Cambridge sample, for example,
23 per cent of the FRSs gained a Second or Third Class in
their final degrees, as compared with 21 per cent in the control
group; 43 per cent of the DScs gained Seconds or Thirds,
whereas only 31 per cent of the controls did so. Among
research workers, in other words, there seemed no positive
relation between degree class and scientific accomplish-
ment.3

I looked at other groups, too; at Cabinet Ministers,
for example, comparing them with non-Cabinet Ministers,
and with ordinary back-bench MPs. I looked also at High
Court Judges and compared them with County Court Judges.
In both cases, there was evidence of some slight relation
between eminence and degree class, but it was far from clear-
cut, and there were many striking exceptions. Two of the
most intellectually distinguished of our High Court Judges,
for instance, gained, respectively, two Lower Seconds, and a
Lower Second and a Third, as Cambridge undergraduates.
Of High Court Judges, 54 per cent had gained Seconds or
worse ; 24 per cent had taken Thirds, Fourths or Ordinary
degrees. Only 10 per cent of County Court Judges had taken
Firsts. There were similar equally pointed anomalies among
Cabinet Ministers. Sixty-six per cent of Ministers holding
Cabinet rank during the period 1945-59 gained Seconds,
Thirds or Fourths at Oxford or Cambridge ; and the equi-
valent figures for non-Cabinet Ministers and back-benchers
were 87 per cent and 85 per cent respectively. Those generally
reputed to have the greatest intellectual ability (or the greatest
political acumen) sometimes had university careers which we
would now regard as calamitous.4
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Such findings may seem a little hard to accept. Never-
theless, they are in precise agreement with the results of much
larger and more distinguished pieces of research conducted
in the United States. MacKinnon, for example, has studied
outstanding mathematicians, scientists, engineers, architects,
and writers. One of his most interesting findings was that at
school and at College these men and women were, to use the
American idiom, ‘B’ or often ‘G’ students—that is, only
a little better than the average run.?” However, MacKinnon
does remark of those students who were later to become great
figures in science or architecture or literature, that they
sometimes showed their ability when a special interest was
aroused. If a particular subject took their fancy, they worked
hard and gained a good mark ; for the rest, however, they
seemed content to do little work, or none at all.

Other American psychologists have attempted to predict
the abilities of young research scientists on the basis of their
examination results ; again findings have been largely negative
ones.2 It simply is not a fact that we can use school marks or
degree classes to predict who will do well in mature intellectual
work and who will not. The relation between success
within the academic sphere and other kinds of intellectual
success seems relatively slight.

It seems that what holds true for school marks and uni-
versity degrees applies also to the results of psychological
tests. Though both school examinations and intelligence tests
differentiate, in a broad way, between the bright and the dull,
they seem not to differentiate significantly between those
intelligent people who realize their intellectual potentialities
in some concrete form and those intellectual people who do
not. We may use psychological tests to predict, at least
moderately well, the performance of school children in school
examinations—as has been demonstrated, for example, in
the eleven-plus examination.® This relation between test
scores and marks also holds good to some extent for under-
graduates. It is normally assumed, for example, that intelli-
gence test scores will correlate to the extent of -+0-5 with marks
gained in multiple choice examinations—that is, they will
account for a quarter of the variation in those examinations.
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Most evidence suggests that the same holds true in this country,
although correlations are usually lower. My own findings,
based on fifteen-year-old schoolboys who later win Open
Scholarships and take First Class degrees at Oxford and
Cambridge, suggest that at university this relation between
test scores and academic results becomes very tenuous indeed.
For example, 24 per cent of future winners of Open Scholar-
ships and Exhibitions fell within the bottom 30 per cent of
my sample in IQ. Future Open Scholars were distinguished
not by their test scores, but by their tendency to work hard,
and by the breadth of their interests outside the curriculum,s

Many individual cases illustrate this point ; two, perhaps,
will serve. The first is a boy who, at the age of sixteen, was
judged by his teachers to be one of the school’s best prospects
in the physical sciences. He was a good physicist, was gifted
musically, and, in general, was a lively and charming member
of the school community. He later gained an Open Scholarship
to Cambridge, and recently took a First in Physics. Yet his
intelligence quotient was lower than that of some 80 per cent
of his class-mates, some of whom left school with no ‘A’
levels at all.

The second case concerns a young mathematician., At
fifteen, his intelligence quotient was just a little above the
average of his form. There was nothing, however, about the
profile of his test results to suggest the brilliant future which his
teachers foretold. He too won an Open Scholarship, took
Part III of the Mathematical Tripos in three years, and also
won the top Mathematics prize. In academic terms, at least,
he is clearly one of the ablest young mathematicians of his age
in the country. The tests I used were the best then available ;
they were given under good conditions; and there is no
question that the boys concentrated upon them at least
reasonably hard. Moreover, they were not exceptions. Boys
who later won Open Scholarships at Oxford and Cambridge
differ only very slightly in their mental test scores from class-
mates who go there as Commoners, who go to other uni-
versities, or who leave school and go to no university at
all. In other words, it seems that, once they have reached
the Sixth Form, the abilities of boys to do conventional mental
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tests are not closely related to their subsequent achievement—
even in examinations, not to mention later life,

This finding, again, is in accord with the American research
on eminent men. Both Roe 8 and MacKinnon 7 agree that
men and women of the highest intellectual distinction are not
differentiated from their less successful contemporaries by
their mental test scores. On the strength of this, MacKinnon
goes on to argue that above a certain level, somewhere in the
region of I() 115-125, conventional intelligence has little
bearing on subsequent intellectual achievement. A similar
interpretation sits neatly upon the findings of my own which I
have just described.

In the United States, many senior psychologists concerned
with university selection seem now to accept this predictive
failure of psychological tests as given, and—at the research
level at least—to be looking elsewhere for an accurate basis
of selection. In particular, one finds there a marked interest
in the obsessive quality of most productive intellectuals’ lives.
And in America, where the search for scientific talent is a
serious matter, this capacity for obsessive, all-absorbing
interest in a particular topic is now the focus of the keenest
attention. One also finds close attention paid to a quality
which most English teachers view with distaste—a student’s
lack of intellectual discipline. MacKinnon, and also Professor
Bloom,! have evidence to suggest not merely that original
thinkers lack intellectual discipline as students, but that this
very lack of discipline, their erraticness, is an important
prognostic sign. On this argument, the original thinker of
the future is the student who works when he is interested and
is prone to idle when he is not.

I now wish to point some morals about university selection.
university selection, especially in institutions like Oxford
and Cambridge, is increasingly a matter of open competition
for conventional academic honours. Increasingly, the criterion
for admission is that of three good results in the GCE *A°
level examination ; and as we are becoming more democratic
in our patterns of recruitment, as we get more applications
from schools which in the past would not have sent boys to
Oxford or Cambridge, so the pace is sharpening. Until quite



SELECTION FOR HIGHER EDUCATION 95

recently, it was possible to gain entrance to Oxford or Cam-
bridge on the strength of one’s family connections, as Charles
Darwin did. As recently as the early 1950s, it was possible
to be offered a Cambridge place on the strength of one’s
accomplishment on the athletics field, plus two * A’ levels of
any quality at all. This is no longer so. Competition is
increasingly severe ; and the criteria, despite the retention of
Scholarship examinations, more and more restricted. Every
year there is less space in the University entrance system
for young men and young women who seem to have intellectual
potentialities beyond their demonstrable academic accom-
plishment.

There would seem to be great dangers in such a situation.
First, there is the question of recruitment. A central aim of our
universities is, presumably, to give an intellectual training
to those young men and women who are most likely to be
intellectually productive as adults. Yet, if this is so, we are
admitting many whom we ought to fail, and failing many
we should admit. In other words, if we may rely at all on
empirical evidence, our selection is at fault. Secondly, there
is the question of failure and its effects on the majority who
are not admitted, either to the University of their first choice,
or to any University at all. If the chief criterion of intellectual
merit is that of * O’ level and * A’ level results, and a par-
ticular child has poor * O ’ levels and * A’ levels, we, as teachers
or selectors, are bound unintentionally to undermine whatever
self-confidence he may possess. Thus the present examination
system seems doubly wasteful: it fails to select many of the
candidates it is designed to select, and it may also have grave
ill effects on talented individuals whom it fails. Thirdly,
there is the question of conformity. The keener the com-
petition and the more clearly defined the criteria of success,
the greater the influence of our examination system on the
intellectual standards of the children whose futures depend
upon it. In other words, the greater the academic pressure,
the more nearly our educational system comes to resemble a
system of indoctrination.

One is tempted to criticize any educational system which
conditions children to find the right answer—the answer,
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that is, which the examiner defines as right. But in the light
of recent American evidence, there seems a special case for
criticizing systems which not merely demand excellence, in
strictly defined academic terms, but which demand it all
round. For it seems that it is precisely the demand for all-
round excellence, for good * A’ level results not in one subject
but in three, which is an especially dubious feature of the
university selection system now evolving. This evidence—
the results of MacKinnon, Roe and Bloom—suggests that the
ability to channel one’s interests, even obsessively, may be
a condition for producing original work. It may be, in other
words, that the ability to turn one’s hand to any task is not
necessarily an unalloyed advantage. Instead of describing
such people as ° brilliant all-rounders’, perhaps we should
begin to view them instead as ‘ intellectually labile °, or even as
“ intellectually promiscuous *.

When tests and examinations are given to children (or
to adults) it is normally assumed that each individual will
try hard, that he will do his best. Yet it may be, in the cases
of the inventive and original especially, that certain indi-
viduals focus their minds closely only on topics which they
find of absorbing interest. Thus a large number of men and
women capable of both originality and devotion to their
mature intellectual work will perform poorly in tests and
examinations designed to tap their * knowledge ’, their  intel-
ligence ’ or, for that matter, their ‘ creativeness’. If this is
so, then one can only hope to measure such individuals’ capa-
bilities by setting them problems within their sphere of special
interest. The only way in which we can judge the abilities
of a boy who is interested solely in the construction of logical
computers is to judge how well his logical computers compute.

Yet if we allow that such specificity of interest may exist
(and we can scarcely deny it), we are forced to make some
revealing admissions. We must envisage a spectrum of
individuals, ranging from those who can apply their full energy
to any task to those who can apply themselves only when their
special interests are aroused. Traditionally, teachers and
psychologists are inclined to view this second group as handi-
capped ; and such boys do stand at a practical disadvantage
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in that they will fail tests and examinations which their more
amenable contemporaries pass. Yet in setting such children
examinations we may be penalizing precisely those qualities
of independence, dedication and rapacious interest which we
should hope to foster.6

Clearly, this train of thought should not be allowed to
discredit our present system of examinations and mental
tests in its entirety. Nevertheless, it illuminates a grave
weakness of which many mental testers and teachers are guilty
alike. We are prone to use tests and examinations as simple,
global criteria of an individual’s intellectual calibre. More-
over, we base our expectations of him upon our assessments
of his test and examination results. This, it could be argued,
is poor psychology and poor teaching. Doubtless, individuals
do differ in their native endowment: it may well be that,
however well we are taught, some of us will never master circuit
diagrams, or the proper use of the semi-colon. What I do wish
to suggest, though, is that we should not make assumptions
about the limits of a child’s potentialities until we have ex-
hausted every conceivable means of eliciting them. From
the practical point of view of the university selector, we face,
moreover, a paradox. If we set out to make university
entrance (or indeed any form of intellectual advantage) a
matter of open, democratic competition, we achieve not a
system in which children are free to develop their intellectual
interests and potentialities, but quite the reverse—a system
in which intellectual docility and conformity are the highest
virtues,

Granted that this danger exists, what is the practical
remedy ? Will it be avoided, for example, if university places
are provided for all who wish to occupy them ? The briefest
glance at American academic life shows that this is not so.
Wherever the status of schools and universities is organized
hierarchically, there will always be competition for places
at the top.

Only two solutions offer themselves, and at best they are
no more than partial. In the first place, it seems clear that we
should make it a much simpler matter than it now is for a man
to drop out of the educational system—through boredom or
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failure—and to re-enter it later, once his mature interest is
aroused. Secondly, and more generally, it seems that we should
be careful to maintain not one system of entrance to our
universities, nor even two, but a diversity of systems, each of
them appealing to very different types of person. We should
maintain, in other words, a variety of types of examination, not
merely a variety of examinations of the same type.

The difficulties which face such a proposal are formidable.
First, there are solid political arguments in favour of a simple,
unified system of examination and selection for all British
universities. This point of view is especially persuasive when
one considers the muddle and inefliciencies of the system
we now possess ; and, even more persuasive still when we
consider that the burden of a multiplicity of examinations
is bound to bear most heavily on those grammar schools least
able to sustain it. Also, such new examinations are bound to
involve a large element of risk. If we admit candidates to
university on grounds other than academic (or athletic) ones
we are bound, in the early stages especially, to make mistakes
—to admit some who are unsuited to University life.

These difficulties have already been experienced at Cam-
bridge. In the academic year 1963-64, the King’s Group of
Colleges set an Alternative Paper which was, in effect, a
psychological projection test in thin disguise—an instrument
aimed to elicit imaginativeness unrelated to special academic
knowledge. In the first year, some two dozen candidates
were admitted on this basis. Certainly, some of these young
men are lively and, quite literally, colourful ; whether or
not they will contribute to the intellectual lives of their colleges
it is at the moment a little too early to say. In the second year,
the competition for University places had become so fierce
that it was possible to admit not two dozen candidates, but
only five or six. There were so many more highly accom-
plished young men applying for Scholarships and Exhibitions
than there were Scholarships and Exhibitions to give, that the
risk involved in the Alternative Paper seemed too extreme
to take. This present academic year, the Alternative Paper

has been dropped.
Despite these difficulties, it seems vital that we should not



SELECTION FOR HIGHER EDUCATION 99

lose our nerve in the face of democratic arguments about
fairness and equality of opportunity, and that we should bear
in mind how slight is the justification of conventional academic
examinations when they are related to criteria of intellectual
accomplishment outside the academic system. Our defence
in the face of the errors and inconvenience caused by experi-
mental examinations must be to point out the frailties of the
system we are hoping to supersede—that its validity in any
but the narrowest academic terms is low, and that its effect
on secondary education is regrettable. Whatever is done,
it is clear that we must avoid any argument, however plausible,
which forces young men and women to spend the formative
years of their lives in the mill of increasingly severe competitive
examination, Such a system may well be fair, but it is fair
at the expense of the intellectual lives of the children it is
supposed to serve,
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CoNCLUSION

Lorp Roseins
London School of Economics

WE have been discussing an interesting question and one
which is of immense practical importance because the situation
with which we are confronted at the present time is, I believe,
even more serious than has been suggested in any of the papers
read in this section of the Symposium. It is beginning to
emerge that the number of applicants of apparent eligibility
for university admission likely to be forthcoming in the next
few years will be considerably greater than the minimum
estimates which were put forward in the Report of the Com-
mittee on Higher Education and have been taken by Ministers
as a basis for policy. It therefore follows that, if the present
degree of efficiency of testing is to continue, a greater and
greater number of injustices and inappropriate selections will
take place. This, surely, is a very serious thing. It is serious
from the point of view of national efficiency, and it is serious
also from the point of view of social injustice. Yet where are
we ? No one in this session has been able to suggest any very
satisfactory solution. Dr Hudson provided us with all sorts
of extremely cogent reasons for thinking ill of the present
system, and I think I agree with nearly everything he says.
I think I agree with what Professor Drever said in his remarks
upon the unreliability of examiners, and I certainly agree
with what Mrs Floud had to say about the pernicious effect
the present system of university entrance has on school
education. But where do we go from here ?

The ordinary intelligence test is palpably unsatisfactory ;
so are the ordinary examination tests. I personally have a
sneaking regard for something of which I was not sure whether
Mrs Floud approved or disapproved on balance—first she
seemed to me to approve of it, then there came a reference to
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the New Yorker which suggested a slightly disparaging view—
I have a sneaking regard for the college entrance examination
system in the United States, although one can see that it has
considerable limitations. I have a great regard for intelligen
interpretation of reports of academic achievement in the schools,
and I suspect that, if we had life enough, and time enough,
that would be as good a way of choosing people as any other ;
but we have not. The numbers are going to become greater.
It really is not possible so to organize the lives of university
institutions that the detailed and careful process of selection,
which is possible in some of the smaller educational institutions,
is possible all round.

Therefore, I personally—undeterred by a somewhat
sceptical remark made by Dr Hudson—come back to the fact
that, until our methods of testing are much more reliable
than they seem likely to be in the next twenty or thirty years,
we need rather greater elbow-room in university admission.
I come back to the view that we need more university places
than have been promised hitherto. It is for that reason that I
greatly deplore the decision by the present government—
of all governments surely the last one would expect to take this
line—to draw a sharp line between university education
and other forms of higher education and to be determined,
apparently, to keep the former down to the practicable
minimum.












PREGNANCY AND PERINATAL

ASSOCIATION WITH MENTAL
SUBNORMALITY

JAaMEs WALKER
Department of Midwifery, University of St Andrews

REPORTING to President Kennedy in 1962, the panel on
Mental Retardation stated that 45 in the United States some
3 per cent of the total population was mentally retarded,
some severely, the majority only mildly. Some 8 per cent
of the mentally retarded required constant care and super-
vision.

Other speakers in this Symposium will discuss the nature
of the syndromes of mental subnormality and the numbers
involved; they will no doubt also emphasize the difficulties
and problems in estimating the incidence.

THE PROBLEM FOR THE OBSTETRICIAN

We, in obstetrics, are, however, acutely concerned with the
criteria to be established when searching for physical or mental
deficiencies (to use both terms widely). Studies in our field,
designed to elucidate direct causes, or to indicate causal
syndrome complexes, can be fully elaborated only if we know
what are to be the criteria for normality on the one hand, and
for aberration on the other.

The physically or mentally retarded child can be so
described only in relation to some level of achievement he
is expected to reach at the time of test. If we take an arbitrary
level of IQ, or of height, or of physical prowess, we have the
comfort of a fixed level which, assuming the accuracy of our
techniques, can be measured. This is difficult enough as we
know, but why should we necessarily expect, for example,
that in the child of intelligent educated professional parents
mental retardation should begin only at an IQ) of 70? Any
IQ below, say, 120 may in that particular child be a personal
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tragedy and be clear evidence, in that child, of pregnancy or
perinatal damage lowering his mental ability below his genetic
entitlement.

I would suggest that, just as we accept a genetically deter-
mined range of ability of all types, so we should accept a wide
range of degrees of subnormality, secondary to damage as
applicable to the individual child in relation to his own
environment and estimated scoring.

There 1s also the problem in my mind to-day as to how,
when searching for pregnancy sequelae, we should correlate
children who are physically defective with those who are
mentally retarded, or with those who have behavioural or
psychotic problems, and with those who have minor damage
say to teeth, hearing, eye muscles, or difficulties in interpreta-
tion of the printed word. There is a whole range of anomaly,
much of which is only now being explored.

As obstetricians, we must be concerned with all aspects of
human reproduction. We wish, as you do, to know the
truly genetic components of our problems, in order that we may
give the necessary counsel to the parents. We wish to
understand the social and environmental components, so that we
may attempt in our care programmes to combat deficiencies
which are part of these components. We must identify the truly
obstetric or pregnancy components so that we may prevent
damage or minimize its effects. We must foresee the special
risks to the neonate so that we can warn our paediatric col-
leagues and make their task easier.

RISKE PREGNANCY

It is seldom realized, except by those directly concerned,
that the human, in reproduction, frequently deviates from those
physiological standards accepted as normal. In a recent study
of “ babies at risk ’ in our own city we found (Table 1), using
relatively limited criteria, that some 65-2 per cent of all babies
born had faced at least one measurable hazard during preg-
nancy, labour or early neonatal life and that very many had
faced several. We cannot then regard ‘a risk ’ situation as
unusual. This has been clearly recognized by wise writers
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for many years ; and the paper of Dr Clement Smith entitled
“ The valley of the shadow of birth ** 54 exemplifies this know-
ledge.

As in all situations we have of course (a) an insult and ()
the ability of the individual to cope with the insult at the given
time. Fortunately the human foetus can often adapt to combat
situations potentially dangerous to himself. He may not
however be able to meet the insult by virtue of its intrinsic

TABLE 1

Risk Bamies

1075 individual babies, single pregnancies born to 1648 Dundee
women in the Royal Infirmary Unit. 65-2 per cent of all
deliveries faced the risk situations outlined, some of course
more than one.

Risk PATIENTS

Threat. abort. 159

Early illness—pills 151

Radiology 149

Antepartum haem. 97

Folic def, anaemia 80

Forceps 165 Total 1648—1075 Risk = 65-2 per cent
C/S 85 (Familial TB history excluded)
24 hr. labour 147

Cord tangle 170

Foet. dist. 132

Asphyxia at birth 141

Virus inf. (contact) 38

nature, its degree, its duration, or its timing. Some babies,
by virtue of pre-existing genetic mal-constitution or because
of some intrauterine environmental deficiency, are unable,
or less able, to cope with insults that others can surmount.

We too, as well as our paediatric colleagues, have seen much
change in techniques of care in recent years. Babies who only
yesterday would have died in utero are now delivered alive ;
and babies who would have died in the first few hours are
surviving the neonatal period. Modern advance has doubtless
increased the number of surviving babies who come from
serious risk situations: for example, we now ‘save’ nearly
6o per cent of all live born babies under 1800 g. at birth ;
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babies of diabetic mothers rarely die; anoxic babies are
resuscitated. Correspondingly by improved standards we
have prevented minimum damage to many babies. It is no
surprise to me that we are having an unpredicted increase in
the number of children capable of and demanding university
entrance. Improved obstetric care since the Second World
War has contributed largely to this.

PREGNANCY AND PERINATAL ASSOCIATIONS

There are many recognized situations which may be causal
in mental subnormality. Some groups and some examples
are listed below.

A. GENERAL—Low birth weight 11: 15, 19, 26, 33, 36, 40, 45
—Maternal relative fertility 16, 39
—Foetal chromosomal anomaly 20
? Maternal dietetic deficiency—? folic acid
—Serological incompatability

B. MaternaL—(a) Infection—Viruses (rubella etc.)

—Cytomegalic inclusion
—Toxoplasmosis

(b) Anoxia —Heart disease: respiratory
—CO poisoning: anaesthesia

(¢} Disease —Hyperthyroid: hypothyroid
—Diabetes

(d) Drugs —Thiouracil 3 (low P.B.I.): streptomycin 9:

tetracyclin 8

C. FoeTAL aspHYXIA—Maternal hypertensive syndromes 17
—Placental separation early or late 40
—Cord entanglement

D. FoetaL TrauMAa—Prolonged labour 6. 17, 18, 40
—Precipitate labour
—Difficult delivery—forceps 17: breech: manipulation

E. Post-NaTaL—Asphyxia 22
—Hypoglycaemia 41 ? causal
—Hyperglycaemia 70 ? causal
—Hypernatraemia 17—assoc. with enteritis
—Excessive oxygenation

CEREBRAL PALSY AND MENTAL RETARDATION

Depending on whether the investigators are orientated to-
wards the © spastic * or ‘ retarded ’ child in their study, we find
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greater or lessemphasis placed on pregnancy or perinatal causes.
The * spastic’ investigators 17: 33, 40 tend to find a relatively
high incidence of obstetric factors ; in Eastman’s 17 series he
completely discounts economic status, race and age as being
of any significance. In the ‘retarded’ studies 15, 16, 19, 36, 37
low birth-weight, with its strong social, economic, familial
and genetic associations, tends to hold the main interest.

The Presidential Panel 45 noted that severe mental retarda-
tion, usually associated with organic defects, was evenly
spread in the population but that milder forms, often not
requiring special care and without measurable physical
or neurological defect, were heavily concentrated in the poorer
socio-economic groups. Drillien 16 (1965) considers that
babies born over 2000 g. in weight suffer handicap only because
of their environmental disadvantages. Other investigators 19

tend to agree.

THE EFFECT OF FOETAL AGE

It should be clear that the stage of development of the child
when the insult is received 59 and the duration of the insult,
are of immense importance. It is imperative in any study of
prematurity (by weight) that the intra-uterine age of the child
at birth be taken as a marker of maturity (there is no better) ;
it is also of course necessary to assess the degree of intra-
uterine growth of the child by comparing the weight it has
reached at birth with an expected weight calculated from
measured weights in large series.65:66 Length is less useful
as the range is scarcely wide enough. Some 40 per cent of
babies weighing less than 2500 g. at birth are not prematurely
born (Table II), and correspondingly many babies born
prematurely are not premature by weight (Table ITI).

It is clear that the further the birth weight below 2000 g.,
the greater the likelihood of poor development 16: 36 37 and
the higher the percentage of cases showing a clear association
with pregnancy anomaly 16,65 (Table IV). Moreover,
birth-weight below 2000 g. means either birth before the end
of the 35th week, which is itself usually associated with preg-
nancy anomaly (Table V), and with all the neonatal hazards
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of the small premature 43 ; or, if the child is born later, it
has suffered a retarded intra-uterine growth, with the possible
deficiencies of cerebral development associated with poor

TABLE 1I

IncipENCE PER CENT OF PREMATURITY (WEIGHT 2500g. OR LESS) BY
GESTATIONAL AGE, INTRA-UTERINE GROWTH
Parity groups in 14,417 legitimate single births to Dundee women,
1960-63 inclusive.

PariTy 1 2 3/4 54
Born
After 37 weeks 43-0 45-0 420 30-0
Uncertain 10-0 8- 11-0 20-0
Before 37 weeks
Weight below 25th percentile 25-5 220 205 200
Weight above 25th percentile 21-5 24-5 26-5 30-0

(Reproduced from Gestational Age Size and Maturity. 1965. Clinies in
Developmental Medicine No. 19. Spastics Society, London.)

TABLE III

Crmvicar Causes ofF Lapour BEFORE THE EnD oF THE 36TH WEEK
oF GesTaTION, ALL DUunDEE WoMEN, 1962

The clear danger of premature labour in first and second twin
pregnancies is borne out by the large numbers.

ToTaL PREMATURE From CLiNical. NoTt Froum
NuUMBER DELIVERY CAUSE CrivicaL Cause

SmvcLE PrEGgnancy (No parity difference)

3613 110 (39,) 78 (719%,) 32 (299.)
Twin PREGNANCY
(102 babies) 51 16 13 3 (6%
First and
second pregnancy : 20 12 10 2
Third and
later pregnancy : 31 4 3 !

* Of the 32 babies born prematurely from unknown causes
11 weighed over 2500 g.

(Reproduced from the author’s Table in Initiation of Labour 1963. U.S.
Department of Health, Education and Welfare. )

o o
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nutrition, specific or general. Many mentally retarded children
arise from this latter group.!9

Intra-uterine growth retardation is a comparatively newly-
recognized syndrome 28: 53, 65 which will repay much study
of its aetiology and its consequences.

TABLE IV

BirTH weiGHT uNDER 1810 g. (4 1bs.). OurcoMme anp Crinvicar CAuse or
PREMATURITY IN SURVIVORS

Data from 14,417 Dundee Women: single legitimate pregnancies,
1960-63.

Birth weight under 1810 g. (4 lbs.) 246 (27 per cent of all prematures.)

TortAL S.B. Ist Week Survivors
deaths
26 per cent total
246 100 82 64 44 per cent liveborn

Clinical Causes of prematurity in Survivors under 4 lbs. (Represents
0-5-0-8 per cent of total single births).

APH/Th. Abort. Tox/Mild Tox. Pyelo.  All Others SRM/ ?
22 11 7 6 18
(Reproduced from Gestational Age, Size and Maturity. 1965. Spastics Society, London. )

TABLE V

PrEmaTURITY WiTHOUT RECOGNIZABLE CLINICAL CAUSE BY INTRA-
UTERINE AGE AT BirTH AND GrowTH WiTHIN PARITY GROUPS

14,417 Dundee Women Single legitimate pregnancies, 1960-63.

PARITY 1 2 3/4 5+
Born
After 37 wecks 46 50 a7 47
Before 37 wecks
Weight Below 25th percentile 13 10 7 28
Weight Above 25th percentile 27 37 16 23
ALL 30 37 33 35

(per cent) (per cent) (per cent) (per cent)

(Reproduced from Gestational Age, Size and Maturity. 1965. Spastics Society, Lﬂndom]
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ASPHYXIA

Windle  and Dawes and his collaborators 12, 13, have
contributed much to our knowledge of foetal survival and
damage after anoxic insult to the mother. Fraser and Wilks,22
however, found relatively little long-term damage in children
who were over 2500 g. and severely asphyxiated at birth ;
minor impairment was common but serious damage rare.
It would be very wrong, however, to be too reassured by these
findings. It has been shown that the perinatal death-rate 18
and the percentage of neurological anomaly at one year old
rise dramatically after labour which lasts more than twelve to
eighteen hours. Associated complications such as infection 55
or post-maturity 5. 62, 63 contribute to the risk but the duration
itself has biochemical overtones and risks of placental anoxia 6
which are themselves dangerous.

SOCIAL ASPECTS

The Aberdeen School 60 has suggested that, as far as
prematurity is concerned, the general health and physique
of the mother is more important than the nature of the preg-
nancy.

Sir Dugald Baird 2 has said, *° At this stage of the develop-
ment of obstetrics in this country the genetic and social in-
heritance of the baby is of greater importance than the medical
complications of pregnancy and delivery.” He may be correct
if one accepts the statement as relative and in the context
in which the statement was made. As pointed out in one
Aberdeen study 19 of mentally retarded children, * Low 1Q,
and domestic and occupational disability are associated with
low standards of living and poor nutrition, which lead to
stunted growth, poor obstetric performance and low birth-
weight . I would agree that such children start with a dis-
advantage in that they are neither conceived nor born ‘ equal ’:
they also have the poorest maternal intra-uterine environ-
ment, the poorest pregnancy and labour care, the poorest
postnatal opportunity the poorest environment in which to
grow and develop and the highest infancy illness. Maternal
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iron deficiency,?! folic acid deficiency,4: 23, 68 specific protein
deficiency, poor heart volume,46 and maternal infection are
all measurably more common.

Prematurity has two components, age and growth. Birth
before thirty-seven complete weeks is most often the result of
recognized pregnancy anomaly ; birth of the premature,
and therefore poorly grown, baby after that time is less often
clearly associated with clinically abnormal pregnancy.

All the disadvantages mentioned, however, are specific
and often measurable. It is true that with the advent of the
well grown, well nourished female of the future some of our
problems will disappear, but already, even if we begin only
during the pregnancy, we can search out and effectively deal
with many of the so-called built-in deficiencies of the lower
social groups.

Dugald Baird ! has suggested that, because of the social
composition of this nation, perinatal death-rates below 30
were unlikely, and below 20 utopian. In Aberdeen and even
in the industrial City of Dundee, where 23-4 per cent of our
pregnant women are under sixty-one inches in height, perinatal
mortality rates of 23 and 24 respectively have been obtained
in 1963 (Aberdeen) and 1964 (Dundee). What can be done
in this regard can be done for reproduction generally, but the
cost in effort is very high.

WHAT THEN CAN WE Do?

This presentation, rather than an exposition of clearly
defined syndromes, is a plea, first for a change in our attitudes,
and, second, for a great extension of our present knowledge.

Ideas to be accepted
1. That all men are neither conceived nor born equal,

2. Recognition by all concerned that conception, preg-
nancy, birth and neonatal life are beset with hazards.
These hazards are admittedly natural, ‘acts of God’ like
drought, flood, tempest, starvation, but they are hazards
nonetheless.
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3. That those hazards are usually more frequent and more
severe in the lower socio-economic groups whose babies
are moreover less able to cope with the hazards.

4, That many of those hazards are not mysterious, and that
we should define them and learn how to prevent them or
minimize their effects.

5. Recognition by obstetricians that a study of national
perinatal mortality rates in first and second pregnancies
shows that in specialist units up and down the country
the best results possible are not yet being achieved.
Improvement requires, however, the raising of standards
of care and a very great intensification of effort. This
can be achieved only by much heavier consultant staff-
ing that has been suggested in recent surveys. It is
rarely realized how much effort is necessary to obtain
optimum results. Though they themselves may not
realize it, most units are grossly understaffed.

General Research

MacKeith 38 has recently suggested intensification of re-
search. Such research is imperative, but I would suggest
that much of it should centre on large obstetric units—where
the problems do not necessarily begin, but can first be
identified—and in centres with fairly stable populations to
allow long-term follow up.

1. Follow-up studies of specific risk babies, over a very
wide field, for a length of time sufficient to elucidate
their status. Purists in research call this ° collecting
information ’ ; but we do not even have the information.

2. Retrospective studies of retarded children in an attempt
to find previously unrecognized hazards.

3. Further investigation of the perinatal factors associated
with minor aberrations of ability even among intelli-
gent children, e.g. minor behaviour anomaly; psychosis;
reading defects ; wvisual, auditory and teeth defects,
etc.
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Immediate perinatal research

1.

Intensification of the many studies current in obstetric
units of human growth and development over the whole
range, from ovarian function throughinfertility,25 through
abortion,3® placental function,10. 14, 24 late pregnancy
bleeding,4 intra-uterine growth,35 and development
and ability to withstand labour.12, 13, 67

Extension of studies such as those of The Childbirth
Research Centre 56 to elucidate the normal behaviour
status and the wellbeing and reaction to stress of the
foetus in late pregnancy and labour 6. 30 and of the child
in the early neonatal period.7 31, 41, 44

Pathology

lt

Greater intensification of clinical 48, 59 and pathological
studies of the brain lesions of the mentally retarded by
modern methods of which those of Schade 49: 50 and
Swinyard 58 are examples ; such lesions to be cor-
related with clinical and causal aetiology.

Lessening the risk situations

L.

A

Prematurity is really an obstetric problem in preven-
tion ; we need much more research.

Prematurity, in itself producer of much risk, shows not
only a social class correlation, but also a clear correla-
tion with maternal parity greater than four, and age over
thirty-five, each factor acting independently (Table VI).
A clearly defined drive to limit pregnancies to fewer
than five and to discourage childbearing after thirty-
five years of age, or a great intensification of care

after that parity, or after that age, would pay much
dividend.

In the utopian world of the geneticists of the 1930s the
natural genophilic impulse would rationalize family size and
natural selection 42; I am afraid that as an obstetrician I
distrust the natural genophilic impulse. Very few women
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indeed can go on bearing perfect children after the fifth
(Table VII) ; very few women want to !

I am certain I have omitted much of importance and have
paid inadequate credit to many deserving investigators.

TABLE VI

THE INCIDENCE PER CENT oF PREMATURITY (WEIGHT 2500 g. or LESs) BY AGE
Grours wiTHIN Parity Groups IN 14,417 LEGITIMATE SINGLE PREGNANCIES
Dundee Women, 1960-63, inclusive.

PARrITY[AGE —19 —-24 —-29 —34 354+ AL
1 8-1 66 6-7 6-2 13-1 7:0

2 5-5 a2 36 2-3 6-9 4.7

3 8-3 6-2 54 4-6 6-9 58

4 76 6-1 46 106 6-7

5/6 13-8 84 56 81 79

7+ 101 132 76 102
7-6 6-3 5-7 37 8-3 6-3

(Reproduced from Gestational Age, Size and Maturity. 1965 Spastics Society, London.)

TABLE VII

STERILIZATION IN THE PosT DELIVERY PERIOD
Dundee Married Women, 1964,

Per cent Post Partum Sterilization/No. of Pregnancy

Ind 3rd 4th 5/6th 7th ALL
0-7 2 12 27 24 5-2

Hicuest Groups

5/6 Preg. 7+ Preg.
25-29 30-34
4] per cent 42 per cent

My references must be taken only as samples from a vast field.
I hope, however, that I have given you some idea of the keen
interest of obstetricians in this Symposium and of the important
contributions we should be able to make to studies of human
reproduction and of mental aberration of any kind.
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ASSESSING THE SIZE OF THE
PROBLEM OF SUBNORMALITY

ArLBeErT KUSHLICK
Wessex Regional Hospital Board, Winchester

THERE are three key problems in assessing the prevalence
of subnormality : defining the condition, identifying the
affected people, and measuring accurately the population from
which they arise, i.e. the population, * at risk ",

PROBLEMS OF DEFINITION

There is no single morbid condition which causes sub-
normality and, indeed, a large proportion of people classified
as subnormal have no demonstrable pathology ; the definitions
vary between different users at the same time and between
users of the same type at different times.

Psychometric criterion

The most commonly used measure of general ability is
the intelligence score. In terms of this definition, people
scoring less than two standard deviations below the population
mean are said to be ‘subnormal’. Thus, on a test with a
mean of 100 and a standard deviation of 15, those people
scoring under 70 points are ‘subnormal’. Similarly, those
scoring lower than three standard deviations below the mean
are said to be ‘ severely subnormal ’. On such a test the upper
IQ limit of the severely subnormal would be 54 points. This
category would include all of the people categorized °idiot’
and ‘ imbecile * in the terminology of the old Mental Deficiency
Act. There is, however, no upper IQ limit in the Mental
Health Act definition of severe subnormality ; and the average
Wechsler IQ of people so classified, who were admitted to
hospitals for the subnormal since the Act, was recently found
to be 60-4.43 Those scoring between 55 and 70 points are in
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terms of the psychometric definition graded ° mildly sub-

normal’. This category would include those previously
classified as feebleminded. The mean Wechsler IQ) of people
admitted to hospitals for the subnormal was recently found to be
71-4.43

Soctal and educational eriteria

The other criteria used to define subnormality are measures
of social inadequacy. Some of these, like the Vineland Social
Maturity Scale, have been standardized in some places. In
the main, however, these criteria are used fairly arbitrarily
by clinicians, social administrators, politicians and social
planners.

Educational criteria

Among children, a definition of subnormality is needed
in order to administer and plan educational facilities.
Definitions are needed of categories of handicapped children
who may be legally excluded from schools as © unsuitable’
because their behaviour prevents the teacher from achieving
his expected role of educating ‘ normal’ children to a pre-
scribed standard. Similarly, definitions are needed of handi-
capped children who need additional or special forms of
education which may be more highly specialized or more
expensive in staff and money than the type of education pro-
vided for ‘ normal ’ children. The history of special education
in this country, and the history of mental deficiency
legislation, illustrate well how these services have changed over
time and how the definitions have followed suit. As provision
of education for the handicapped has become more general,
children receiving this education have been categorized as
educationally subnormal (ESN) rather than mentally defective.

Civil rights criteria

Among adults, criteria are needed to define categories of
people, who may be deprived of their rights to determine
where and how they are going to live and whether they
are going to conceive and care for their own children.
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Criteria are also needed to define those adults who should
be relieved by society of the social responsibility to
maintain themselves financially and socially. The history of
mental deficiency legislation in this country illustrates the
extent to which these definitions have changed over time.
The Mental Health Act (1959), for example, attempts to give
more precise descriptions than the Mental Deficiency Act
(1913) and to limit more exactly the section of the pop-
ulation liable, on account of their subnormality, to be legally
detained in institutions.19

Clinical criteria

Finally, there are clinical definitions ; and these are of
two types. First, there are the overt, morbid, clinical entities,
which are so often accompanied by social and educational
handicaps in affected people that the morbid condition is
virtually equivalent to subnormality.

Of these, mongolism (Down’s Syndrome) is the most
important numerically, but the rarer conditions like gargoylism
and cranial abnormalities can be included in this category.

The second major group of clinical categories of sub-
normality includes children and adults, with or without
pathological abnormalities, who manifest delay in achieving
the expected stages of motor, social and intellectual functioning.
Some of these criteria are standardized and overlap with the
biological or psychometric criteria ; others are more arbitrary
and empirical and overlap with the social and educational
criteria outlined above. The overlap between the clinical
and the social or educational criteria arises from the fact that
society has, to a large extent, entrusted the medical profession
with the right to categorize children who will be either ex-
cluded from, or given, special services and the adults who
will be either deprived of civil rights, or relieved of adult social
responsibilities.

As each classification may have some merit, the investi-
gator must first examine the characteristics of the people
already classified as subnormal by the agencies dealing with
the problem, i.e. the ‘administrative prevalence’ of sub-
normality. Then the people classified can be described in
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terms of all the available criteria, psychometric, clinical,
social and educational. The number of people known to the
administrative agencies depends to a large extent on the quality
and quantity of the services provided. In order to find the
‘ true * prevalence the investigator must identify those people
who are not known to the agencies as subnormal. He is
therefore obliged to take one or more of the possible criteria
and seek out those people who fall within the chosen limits.
Most investigators have attempted, in large population
surveys, to measure the  true prevalence ’ among children of
school age, since they provide what is virtually a  captive
population ’.

Space does not permit me to discuss the third problem,
that of identifying the population ® at risk > which comprises
the denominator in the calculation of the prevalence rates.

Classification used in this paper

In this paper the term ° subnormal * will be used to include
all grades of subnormality. The terms °idiot’, ‘imbecile’
and ‘ severely subnormal > will be used to mean people scoring
IQs of under 50. The terms ‘ feebleminded’ and ‘ mildly
subnormal * will be used interchangeably to mean people of
IQ) over 50 who are classified as subnormal.

There are empirical justifications for using these criteria and
these will now be described,

IDENTIFICATION

The prevalence and prognosis of severe subnormality

In England about 3-7 per thousand of the people who
survive to the age of fifteen to nineteen are likely to be severely
subnormal. Kushlick 2! examined the records of all mental
defectives known on Ist January 1961 to the Mental Health
Department in Salford, a northern English industrial city of
153,000 people. Goodman and Tizard 14 examined the
records of all mental defectives known in 1961 to the Mental
Health Department of the County of Middlesex with a popu-
lation of 2,231,100. They also collected details of children
of IQ) under 50 who were of school age but were not known
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to the Mental Health Department, because they were still
attending schools within the ordinary educational system,
private schools and private homes. Kushlick 22 examined the
records of all mental defectives known on 1st July 1963 in
the area served by the Wessex Regional Hospital Board. The
three county boroughs, Southampton, Portsmouth and Bourne-
mouth, and the three counties, Hampshire, Dorset and the
Isle of Wight, had a total population of 1,740,000 people. The

TABLE II

PrevaLENCE OF 1Q) UNDER 50 IN AGE-GROUPS WHERE ALL SUBJECTS ARE
LIKELY TO BE KNOWN

TorarL 1Q unper 50 MoncoL

AGE-GROUP per thousand per thousand
England and Wales (Lewis 26)
1926-29 Urban 7-14 371 0-34
Rural 5-61 N/K
Middlesex (Goodman and
Tizard 14)

1960 7-14 3-45 1-14
1960 10-14 3-61 N/K
Salford (Kushlick 21)
1961 15-19 3-62 0-90
Wessex (Kushlick 22)
1964 County Boroughs 15-19 3-54 1:15

Counties 15-19 3-84 1:18
Onondaga 30
1955 5-17 36 N/K
Baltimore (Lemkau et al.25)
1936 10-14 33 N/K
Rural Sweden (Akesson 1)
1959 All ages 58 0-03

records were obtained from the mental health departments of
the Local Health Authorities, the psychiatric hospitals for the
subnormal and the mentally ill, and from registered private
homes serving the Region. The prevalence of severe sub-
normality found in these surveys in comparable age groups
is shown in Table II. The rates for both urban and rural
areas are very similar,

Prevalence rates of severe subnormality in the USA are
similar to those found in this country, but differences in survey
methods render comparisons with English results difficult.
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The English studies suggest that distinct clinical entities
are now contributing similar proportions to this condition.
Thus, Table IT also shows that the prevalence of mongolism
at the age of fifteen to nineteen is very similar in all the surveys ;
most mongols are severely subnormal, although our findings in
Wessex suggest that just over 10 per cent of mongols have 1Qs
of over 50. Mongolism at present accounts for about one
quarter of all cases of severe subnormality in this age group.

The means of identifying severely subnormal subjects is
similar in all industrialized countries. In the United Kingdom
most of them are excluded from school because they are
deemed by teachers, head teachers, educational psychologists
and school medical officers to be ‘unsuitable for education’ in
the ordinary school system. They are then notified to the
Mental Health Department of the Local Health Authority
which becomes responsible for their care and training.

In the United Kingdom nearly all severely subnormal
people who have survived to the age group of fifteen to nine-
teen have been notified to Mental Health Departments.
Kushlick 2! found that only a very small proportion of these
subjects were notified for the first time after the age of nineteen.
The reason for this appears to lie in the prognosis of people
with severe subnormality. Only about 10 per cent of these
subjects are able to hold employment in open industry.44
The remaining 90 per cent appear at the present time to remain
permanently dependent economically, and for this reason
become known to the social agencies dealing with subnormality.
This has been shown directly by follow-up studies and in-
directly from other evidence. For example, Table I shows
that the age-distribution of severe subnormality remains fairly
constant between adolescence and middle-age, suggesting
that these people are in need of special services for the whole of
their lives. In contrast, the rates for mild subnormality decline
sharply after adolescence, suggesting that their incapacity is of a
temporary nature related to educational difficulties during the
period of school age.

It has also been shown that nearly all severely subnormal
subjects who survive childhood are eventually admitted to
hospitals for the subnormal. It is known that the waiting list
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for admission to these hospitals consists largely of the severely
subnormal, and that once they are admitted they are seldom,
if ever, discharged.

The prevalence and prognosis of mild subnormality

The IQ range 50-70 or 75 has been suggested as diagnostic
of the grade of mild subnormality. This has not proved useful,
either clinically or administratively. There are many people in
this IQ range who are never dealt with as subnormal and who
do not appear to have problems arising from their low intelli-
gence, and there are people of IQ well over 70 who are being
dealt with by the services for the subnormal. In the United
Kingdom there has never been an upper psychometric limit
to this degree of subnormality. On a test standardized to give
a mean of 100 and standard deviation of 15 the proportion of
the population scoring between 50 and 70 would be nearly
20/1000. In the Salford survey the highest prevalence rate
for mild subnormality was found among those aged fifteen to
nineteen ; it was 8-6/1000, or under half the rate expected on
the criterion of IQ) alone (see Table I). Nor is the IQ level
the sole determinant of who 1s to be classified as Educationally
Subnormal (ESN) and given special education within the
ordinary school system. The total number of children in
special schools seldom exceeds half of the 2 per cent to be
expected, if all children of IQ 50-70 were to attend. More-
over, the Chief Medical Officer’s Report for 1962 17 shows that
about 40 per cent of children in the special schools scored over 70.

Unlike the severely subnormal, most of whom are excluded
from the ordinary school system, the majority of the mildly
subnormal first become so classified in this country when they
are notified by the Education Authority to the Mental Health
Department as in need of supervision on leaving school. Thus,
90 per cent of the mildly subnormal people referred to Salford
Mental Health Department between 1948 and 1960 were
notified between the ages of fifteen and nineteen.2! This also
explains why Mental Health Department Registers have very
few mildly subnormal people aged under fifteen and why
there is a sharp rise in their numbers in the age group fifteen-
nineteen (Table I).
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There is much evidence from both follow-up studies and the
age distribution of the condition (Table I) that, unlike severe
subnormality, mild subnormality is a temporary incapacity
related largely to educational difficulties experienced at school.
After leaving school, the majority of these people become
socially and economically independent and are indistinguish-
able from the rest of the community. Only a minority of the
mildly subnormal subjects are ever admitted to hospital :
they are distinguishable from their peers mainly by their
experiences of being reared in proloundly broken homes and
by multiple placements in residential institutions or foster
homes.#! These findings suggest that their social inadequacies
may arise from a lack of social skills, normally acquired by
children within their own families,33 and from the possession
of social skills learned in and appropriate to large authori-
tarian institutions, but which prove dysfunctional when the
subjects have to adjust to the complexities of social relation-
ships outside institutions.? 13

Inconstancy of the 10

It has also been shown that people categorized as mildly
subnormal or educationally subnormal continue to make IQ
increments for some years after it is believed that IQ growth
is complete.5: 6: 41 This observation questions the validity
of the I(Q) as an assessment of innate ‘ intelligence * among the
mildly subnormal, and it complicates further any attempt to
measure the prevalence of mild subnormality by the criterion
of IQ.

In the first place, this phenomenon appears to be character-
istic of mild subnormality in the absence of brain damage,
and may partly explain the good prognosis of these subjects
after they leave school. It suggests that the ability of the mildly
subnormal to profit from education may indeed improve from
the time they leave school, and emphasizes their need for adult
education on leaving school.

While the data show that most of the severely subnormal
subjects who do not die at an early age are eventually admitted
to hospitals, this should not be taken to mean that this is the
only or the best way to cater for their or their families’ needs.
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It demonstrates merely that they appear, at present, to have a
type of incapacity requiring a form of special provision for the
whole of their lives, in contrast to the mildly subnormal, whose
incapacities and needs are largely temporary. Second, the
respective prognoses illustrated for the two grades are valid
only for large numbers of cases ; whereas the prognosis in an
individual case requires the skilled consideration of many
factors other than the IQ). Third, while it is clear that those
in the IQ) category over 50 merge imperceptibly with the
community at large, the medium grade IQ range (20-49)
contains within it a wide variation of capacity, which over-
laps at the upper end with that of the category of IQ over 50.

The causes of mental defect

The primary cause of intellectual handicap among the
severely subnormal appears to be observable pathology in the
brain, which is almost always present 3 ; however, in only a
small proportion of the cases is a definite cause known. Berg
and Kirman 3 examined the records of imbeciles and idiots,
who were consecutive admissions to the Fountain Hospital
(Table III). A definite causal factor was found in only
9-5 per cent of cases, for example iso-immunization and pre-
maturity kernicterus, tuberculous and influenzal meningitis,
post-immunization encephalopathy and recessive genetic
conditions such as phenylketonuria, galactosaemia and cerebral
lipoidosis. Mongols account for 23 per cent of the subjects.
In 31 per cent, however, no causal factor was identifiable.
There are no comparable intensive studies of the clinical and
neuropathological lesions among complete populations of
1Q 50-70. About a quarter of the subjects selected in ESN
surveys appear to have clinical signs of brain damage or sensory
defects. The remainder appear clinically normal.41

Social class and mental subnormality

It has long been known that parents of severely subnormal
children are evenly distributed among all the social strata of
industrial society, while those of mildly subnormal subjects
come predominantly from the lower social classes.

e e i e i s i x
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There is now evidence whichsuggests that mild subnormality
in the absence of abnormal neurological signs (epilepsy,
electroencephalographic abnormalities, biochemical abnor-
malities, chromosomal abnormalities or sensory defects) is
virtually confined to the lower social classes. Indeed, there is

TABLE 111
ArTioLocicar. Facrors 4 200 ConsEcuTIVE ADMISSIONS 3

Grour A: DUE TO KNOWN FACTOR 19 (9-5 per cent)
1. Environmental:
Kernicterus due to rhesus incompatibility 6
Kernicterus of prematurity 1
Meningitis, tuberculosis 4
Meningitis, influenzal 1
Pertussis immunization 1

2. Genetic:
Phenylketonuria 3
Cerebral lipoidosis:
Amaurotic family idiocy 1
Unclassified 1
Galactosaemia 1
Group B: PROBABLY DUE TO FACTOR INDICATED 8 (4 per cent)

1. Environmental:
Maternal rubella
Therapeutic irradiation of mother
Thiouracil treatment of mother
Septicaemia, nconatal
Septicaemia with sinus thrombosis
Gastro-enteritis with coma

o ot ot

Encephalitis
2. Genetic:

Hypoglycaemia 1

Group C: OTHER FACTORS IMPLICATED 111 (55-5 per cent)

1. Environmental:

Birth trauma: probable 27

Birth trauma: possible 9
2. Genetic;

Family history of mental retardation 18

Family history of mental disorder, epilepsy,

or other neurological abnormality 10

3. Unknown:

Mongolism 46

Sturge-Weber syndrome 1

Grour D: No FACTORS SUGGESTED 62 (31 per cent)
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evidence that almost no children of higher social class parents
have IQ scores of less than 80, unless they have one of the
pathological processes mentioned above. This has been
observed among ESN children, children referred to the school
psychological service and among eleven-plus test results.42
The results of the Scottish Mental Survey of 1947 also confirm
these findings.39

There is now much evidence that this reflects on the one
hand characteristics of the lower working class subculture
already discussed during this Symposium, and on the other the
social and material deprivations suffered by the lower social
classes, particularly in the use of medical and educational
services ; these disadvantages have now been well documented

both in official documents and in the professional litera-
ture,2. 4, 9, 10, 16, 31, 35

IS THE PREVALENCE OF SUBNORMALITY INCREASING
OR DECREASING?

Severe subnormalily

Differences between current prevalence rates and those
found by Lewis 26 in his classical survey of 1929 must be inter-
preted cautiously, because the expansion of services for the
subnormal may have rendered the identification of such cases
easier now than in 1926-29, and the standardization of the
IQ tests used then and now may differ. Such comparisons
suggest that, in spite of increased survival-rates of mongolism,
the prevalence of severe subnormality has fallen since 1929.
The apparent fall in prevalence may, however, be masking a
real increase in severe subnormality as we now see it, i.e.
characterized by permanent severe incapacity. Thus, Good-
man and Tizard 14 (Table II), showed that the prevalence of
severe subnormality in the age group seven to fourteen had
decreased from Lewis’s figure of 3-71/1000 in the urban areas
to 3-45/1000 in Middlesex in 1961 ; in the same period, the
prevalence of mongolism increased from 0-34 to 1-14/1000.
They cautiously interpreted their findings as reflecting an
apparent decrease in the prevalence of non-mongol severe
subnormality. Possible explanations for this apparent decrease
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are improved obstetric standards and reduction of infectious
diseases. The prevalence of severe subnormality in the age
group fifteen to nineteen in Salford in 1961 was 3-62/1000 and
in the Wessex County Boroughs in 1963 it was 3-54/1000.
The apparent decrease in the rural areas was even higher.
Lewis’s 1926-29 rate in the rural areas was 5-61/1000 in the
age-group seven—fourteen, compared with the 1963 rate of
3-84/1000 in the Wessex Counties in the age-group fifteen-
nineteen.

On the other hand, there is also evidence of an increase
in prevalence. Table I shows that the total prevalence rates
of severe subnormality and the age-specific rates for those
aged fifteen and over were higher in Salford in 1961 than those
found in Lewis’s Survey. Kushlick2! showed that in Salford
the total prevalence of idiots had increased between 1948
and 1960 by 83 per cent, and that of imbeciles by 38 per cent.
Possible reasons for the increase are the observed increased
survival rate of mongols and hydrocephalics, and the new
problem created by the survival of very low birth-weight
prematures and children with tuberculous meningitis, now
the major cause of severe subnormality next to mongolism.

The author favours this explanation of the paradox: that
Lewis’s sample in the age-group seven—fourteen might have
included a large proportion of non-brain-damaged subjects
with temporary incapacities similar to the subject with mild
subnormality, whereas most of the children of IQ under 50
in the recent surveys are brain-damaged and permanently
handicapped. Table I shows that the prevalence of severe
subnormality in Salford remains fairly constant up to the
age of forty, suggesting that these subjects continue to require
supervision in or out of hospital until they die. However,
the 1926-29 rates, like those for the subjects with mild sub-
normality, drop immediately after school-leaving age. This
suggests that some of Lewis’s severely subnormal subjects in
the age-group seven to fourteen might, on leaving school, have
adjusted sufficiently well to the demands of society, and that
Lewis’s rates in the subsequent quinquennium 15-19, are a
truer reflection of the prevalence of severe subnormality
characterized by permanent incapacity. It is, of course,

K
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possible, as Lewis himself suggests, that there were large
numbers of severely subnormal people aged fifteen to nineteen
unknown to the agencies he used as sources. Such agencies
as the Labour Exchange and the Public Assistance Committee
might have been expected to know of the large numbers of
unemployed imbeciles anticipated from the difference in rates
between the age-groups seven to fourteen and fifteen to nine-
teen ; the unemployment rate was very high at the time
of his survey. We are, alas, unable to compare the distribution
of clinical conditions found among Lewis’s subjects with that
observed in recent surveys. Lewis’s clinical data were not
analysed for his report. They were carefully stored in his
bank in the hope that they would be safe until he had time to
analyse them. The bank was bombed during the war and the
data were lost completely.

Mild subnormality

Because of the problem of definition it is much more diffi-
cult to estimate the trends of mild subnormality. The results
of the Scottish Survey of IQs of eleven-year-old children
showed, if anything, a fall in the proportion of low scorers
between 1932 and 194#. Provision for ESN children has in-
creased over the years, but this reflects only improvements
in a service which has always been lacking.

The proportion of mildly subnormal people in hospitals
for the subnormal has decreased since 1938, and there is
evidence that the absolute number may also have declined
since 1951.23% The discharge rate of subnormal patients
doubled in 1956 and has remained at this level ever since,36; 37
The length of stay in hospital of people discharged has also
decreased.3® Unless there is a high re-admission rate, the
numbers of chronic mildly subnormal patients in hospital
should continue to fall.

The proportion of legally detained patients is now com-
paratively small. On 31 December 1963, in England and Wales
5,323 (8-2 per cent) of the 65,000 subnormal people in psychi-
atric hospitals were legally detained and 1,112 (1-7 per cent)
were detained in the special security hospitals, Rampton and
Moss Side.32 There has been very little systematic study of
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this problem. It is likely that, if the recent liberalizing of
custodial regimes in the hospitals for the mentally ill is adopted
by the hospitals for the subnormal, the difficulty of meeting
the requirements of the minority of the subjects who need
custodial care may be passed on to the state security insti-
tutions. Systematic epidemiological studies into the reasons
for, and the effects of, custodial care of subnormal subjects are
urgently needed.

At present in Great Britain, people of limited capacity are,
like everyone, benefiting from reasonably full employment. If,
however, the introduction of automation is allowed to create
problems of mass unemployment, as it has done in the United
States, clearly the mildly subnormal and other people in the
social classes from which they come will be severely hit.

THE USE OF THESE DATA

The following are some important qualifications to observe
in assessing the epidemiological data on severe subnormality:

1. The prevalence and prognosis of the condition are to
some extent determined by the available services. Therefore
we shall not know the true extent or prognosis of these people
until, first, the existing shortage has been met and sufficient
facilities are available to cover all the needs of the affected
people and their families, and second, the methods of manage-
ment have been evaluated and affected people have been
given the benefit of the best of those available. We may thus
now be seeing not a ‘ true ’ prognosis, but the results of the
complications of the underlying organic process.

2. Some of these complications are, and others may be,
avoidable. An obvious example is the retarding eflect on
emotional development, speech and verbal intelligence ob-
served among children in large institutions.27. 40, 46 More-
over, the failure to provide adequate early counselling and
relief to the parents of affected children may, by causing family
tension, retard the child’s development. Furthermore,
we do not know the educational potential of these children
in the hands of skilled qualified teachers, or even with the use
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of such aids as teaching machines. The present policy, in
England and Wales, of excluding many of these children from
the ordinary educational system, and the reluctance of many
child-guidance clinics to accept responsibility for their long-term
care may well be to the disadvantage of the children.

3. The overall prognosis for the severely subnormal is
relatively poor, but even with the present facilities, their
potential social and intellectual development in adulthood
ranges widely, from that of infantile behaviour to the ability
to work in sheltered or open industry. This is particularly
true of mongolism. Thus, Dunsdon ef al.ll! found that 6-7
per cent of mongols scored 1Qs of over 45 and that 1-2 per cent
scored 55 and over. Our own findings in Wessex suggest
that just over 10 per cent of mongols aged fifteen-nineteen
had 1Q)s of over 50. There is also growing evidence that a
proportion of phenylketonurics (even untreated) may have
normal or near-normal intelligence.12 Moreover, while very
experienced paediatricians can predict in early infancy, with
about 60 per cent accuracy, the non-mongol children who will
have IQs of under 50, the substantial remainder will do much
better, and it is virtually impossible to predict the final de-
velopment of individual children within the IQ) range under
50.20

These facts emphasize the necessity for providing at the
earliest possible stage the very best facilities for children
suspected of being subnormal.

SERYICES FOR THE SUBNORMAL

Can these data be used to plan services? The factors
associated with mild subnormality suggest that this condition
might be reduced if a specially high standard of services—
—antenatal care, maternal and child welfare, medical and
educational (both pre-school and adult)—were to be provided
for people in unskilled and semi-skilled working-classes who
constitute the ‘ vulnerable group’ as far as this condition is
concerned. Even the provision of normally adequate facilities
would probably be effective in achieving a reduction. Our
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prevalence data, however, offer little more than an empirical
guide to the planning of such services.

On the other hand, our information on severe subnormality
offers little hope at present of substantially reducing these
conditions. However, the consistent data on the ‘ true’ pre-
valence of severe subnormality among children enable us, first,
to assess the extent to which the services are meeting the needs
and, second, to evaluate objectively the merits and demerits
of different types of services for these people.

The extent to which we are meeting the needs of the severely subnormal

In Table IV we have an arbitrary population of 100,000,
with an annual birth rate of 16/1000 (the average in England
and Wales in the past sixteen years).

TABLE IV

CarLcurLaTiON OF THE NUMBER oF CHILDREN oF [(Q) UNDER
50 wHO WILL BE BORN IN A PERIOD OF 16 YEARS IN A
ropPULATION oF 100,000

Population 100,000

Birth rate per year 16/1000

Births per year 1,600

Births in 16 years 25,600

Subjects of IQ under 50 3-7x 256 = 100

Our arbitrary population has a minimum of six new cases
of severe subnormality every year (3:7 per 1-6 thousand).
Table V shows that over a five-year period, there are about
thirty cases. Because our rates are based on survivors to the
age of ten to nineteen years, we can assume that all of these
children survive to the age of sixteen. There would be a
minimum of nearly 100 children aged 0-15 in our population ;
thirty aged 0—4 and sixty-six aged 5-15. About one in six of
these children are probably idiots, scoring IQs lower than 20.2!
The number of cases who have diagnosable clinical conditions
1s estimated from the proportions found by Berg and Kirman 3
in their hospital survey.

Only a quarter of the cases will have clinical conditions
diagnosable at birth or shortly after. However, a substantial
proportion of the remaining three-quarters will have signs of a
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central nervous system disorder such as epilepsy, cerebral palsy,
defects of hearing or vision and behaviour disorders. They will
also show developmental delay. The demands on a diagnostic
service for our population, if all severely subnormal children
are to be detected early, will be many more than six new cases
a year because it would also be caring for those children with
such abnormalities who will subsequently develop normally.

TABLE V

ExpeEcTED PREVALENCE OF SEVERE SUBNORMALITY AMONG CHILDREN IN A
PorpuraTion or 100,000 with A BirTH-RATE OF 16/1000

Minivum
No. oF MNo. oF
AGE CHiLDREN Sev. Sus. Moncols Ipiots pru TBM RH. Rub.
04 8,000 30 B(+1) 5
5-15 17,600 G6 17 (+2) 11
Total: 25,600 96 25 (+3) 16 | 3 | |

Figures in parenthesis are the numbers of mongols of 10} 50 and over,

Ru = Rhesus incompatibility
Rus = Rubella encephalopathy

Table VI shows the extent to which the MHDs are aware of
the existing cases and the way in which the services are being
used. Only four of the thirty severely subnormal children
aged 0-4 are known to the Mental Health Department. One
is in an institution, one attends a day training centre from his
home, and two live at home, where they receive only visits
from a mental welfare officer. At least some of the remaining
twenty-six are probably known to their general practitioners,
to paediatricians and health visitors ; but this needs further
investigation.

Forty-seven of the expected sixty-six severely subnormal
children aged 5-15 years were known to the Mental Health
Department. The remaining nineteen were not yet known
to the MHD because they were still at school. Our experience
is that most of these school children attend special schools
from the age of seven. Sixteen of those known to the Mental
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Health Department are in institutions, twenty-two attend day
training centres from home, seven live at home and receive
no training. In all, three of the children are on the waiting
list for admission to hospital.

TABLE VI

OBSERVED PREVALENCE OF SEVERE SUBNORMALITY KNOwWN TOo MHDs
amone CHiLDREN 1¥ A Poruration or 100,000

Wessex Region (excluding Wiltshire)—1.7.63. Rates per 100,000

HC Total S5N not
+ expected known to
Age HC TC Inst. Other Total MHD
04 2 1 1 - 4 30 26
=15 7 22 16 2 47 66 19
Total 9 23 17 2 51 96 45
HC = Home Care, not receiving training.
HC+4TC = Home Care and attending Training Centre.
Inst. = Hospital Care and Hostels.
Other = Guardianship, Approved Schools, Foster Homes.

Table VII, which gives the prevalence of all grades of
subnormal children known to the Mental Health Depart-
ments in our population of 100,000, shows that there were also
thirteen mildly subnormal children known—six were receiving

TABLE VII

OBsERVED PREVALENCE OF ALL GRADES OF SUBNORMALITY KNOWN TO
MHDs among CHILDREN IN A PoruraTion or 100,000

Wessex Region (excluding Wiltshire) 1.7.63. Rates per 100,000,

HC
Age HC [:-’_.3 Inst. Other Total
0—1 3 1 2 - 6
5-15 10 28 18 2 58
Total 13 29 20 2 64

training in MHD training centres, three were in institutions
and four were apparently at home and not attending training
centres. This table also shows that a total of thirteen children
were at home not attending training centres. The reason that



140 FACTORS IN HUMAN ABILITY

those who have been excluded from school are not receiving
training is that they are considered too severely retarded or too
physically handicapped for the existing training centres.
Special-care facilities will be needed for these children. Thus
42 (13-4-29) junior training centre places will be required
to take all children excluded from school. In 1962 in England
and Wales, 30 per cent of Local Health Authorities had more
than fifty places per 100,000 population, and in 1972, 53 per
cent plan to do so.18

Experimental evaluation of services for the severely subnormal

Prevalence data of this type might also be used to evaluate
the many different types of service we are now providing, or
may provide in the future. Developments in services cannot
take place everywhere simultaneously. An area where a new
type of service is set up, therefore, becomes a potential experi-
mental area and its facilities might fruitfully be evaluated
against the results achieved by the traditional type of service
in a demographically comparable control area. A research
team of people with the required skills would measure in both
experimental and control areas, the progress of the affected
people, the level of problems among their families, the ad-
ministrative problems as well as the costs involved. They
would also study systematically the quality of the relationships
in the different types of service.

In this way, for example, we hope to evaluate in parts of
the Wessex Region a new form of residential provision for
severely subnormal children. Table VII shows that twenty
children from our population of 100,000 are already in insti-
tutions for the mentally subnormal ; a further three are on the
waiting list. The institutions are often large, and nearly
always a long distance from the children’s families. We
already know the proportion of various types of disabilities
among these children (Table VIII).

In our experimental area we hope to provide, in small
units, twenty-five residential places for these children in the
areas to which they belong and to evaluate in this way the
comparative merits of these two types of care. A description
of these plans has been published.23
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Methods developed successfully in this field will be useful
in evaluating other forms of medical care. The technical
problems of experimental design for any morbid condition
would have much in common, and measures of social and
family problems caused by a chronically handicapped member
could be used over a wide range of medical conditions. There
are already impressive examples of crossfertilization of tech-
niques evolved in the field of mental subnormality to other
medical problems.15. 45 In the course of these studies much
fundamental information on subnormality will also be collected.

TABLE VIII

SociaL anp PaysicaL INcapaciTiEs anp BEHAviOUrR INSORDERS (PERCENTAGES)
AMONG ALL WEssEX (ExcLupmivg WILTSHIRE) SUBNORMAL CHILDREN AGED 15
AND UNDER IN RESIDENTIAL CARE oN IsT JuLy 1963 By PLAcCE oF CARE

Incon- Behaviour

Incon- Incon- tinent & [iffi- MNone  Total
tinent tinent & Behaviour  culties of (Percent-
Place of Care only  bedfast. diff’s. only these  ages) N
Registered 15 36 9 6 33 99 66
Private Homes
Hospitals 23 24 15 12 25 99 242
Whole Region 22 26 13 11 28 100 321+

* 13 cases were in Local Authority Hostels.

Penrose has described several ways in which the severely
subnormal have contributed to our understanding of the society
from which they are alienated. In these experimental studies
they would be making a further contribution and one from
which, we hope, they might benefit directly.

Untilwe understand what environments are the most favour-
able for developing the abilities of people with different handi-
caps, and until we have both provided the affected people
with the best possible environments and removed the known
unfavourable factors, any estimate of the respective contri-
butions of the biological or organic endowment on the one
hand and the environment of the other, to the potential of
handicapped people—even the severely subnormal—must
remain highly speculative.
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DISCUSSION

Dr Kusnrick, when asked to enlarge on the association of
prematurity with low intelligence, said:

If one defines as ‘ premature’ children of birth weight under
54 lbs. (2,500 gm), the available evidence suggests that the
association observed between low birth weight and mild
subnormality (IQ 50-69) is due to the common factor of low
social class, whereas there is good evidence that severe sub-
normality (IQ under 50) is associated with very low birth
weight, independently of social class.

Only among children of birth weight under 3 Ibs. is the mean
IQ lowered (Douglas, 1960 * ; McDonald, 1964 {). The
proportion of these children who are mildly subnormal (IQ
50-69) appears to be increased, among the boys, from the
expected 29/1000 ¥ to the observed 41/1000. Among the
girls, the rate observed is only 11/1000 (McDonald ). How-
ever, among girls born to fathers of social classes I and II
McDonald found no decline in the mean IQ even of children
with birth weights of less than 3 lbs. Both Douglas and
McDonald demonstrated that within each social class the
mean [Q of children of birth weights under 4 lbs. and without
gross physical abnormalities was not significantly lower than
the mean IQ) of mature children.

Drillien (1961 ) has found within all social classes that the
mean [Q of children of birth weight 3} lbs. and less was lower
than the mean IQ of mature children. However, she included
the 1Qs of grossly abnormal children in her computation of
the mean IQ) whereas McDonald and Douglas did not.
Douglas, McDonald and Drillien all agree that at every level
of birth weight under 4 lbs. (and Douglas shows that at any
level of birth weight) the mean IQ of children without gross
abnormality declines from high to low social class. The

* Doucras, J. W. B. 1960. Brit. med. 7. 1, 1008,

T McDonarp, Auison D. 1964. Intelligence of children of very low
birth weight. Brit. J. of prev. and soc. Med. 18, 59-73.

1 DriLien, C. M. 1961. A longitudinal study of the growth of pre-

maturely and maturely born children. Part VII. Arch. Dis. in
Child 36, 233-240.
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incidence of babies weighing less than 5} lbs. or 2500 gm.
rises from higher to lower social classes.2: 35

On the other hand McDonald showed that of single
children of birth weight 4 lbs. or less—excluding those with
cerebral palsy, blindness or deafness—the proportion of
severely subnormal exceeded that expected in the normal
population, being 18/1000 instead of about 3-7/1000. At
3 1bs. or less the proportion rose to 36/1000. Among singleton
children weighing 4 lbs. or less at birth, with cerebral palsy,
blindness or dealness, the proportion who were severely sub-
normal rose to 144/1000. Of all children (twins and singleton)
under 4 Ibs. (including blind, deaf and cerebral palsied)
26/1000 scored IQs of under 50. Because low birth weight
is more common among lower social class births (Baird 1962) 2
this is one possible cause of the excess of severely subnormal
subjects among children of lower social class families. It is
unlikely in this country to be a numerically important cause
of severe subnormality because only 7/1000 of all live births
weigh less than 3 lbs. 4 oz. and just over one-third of these
(344/1000 in 1962) survive for 28 days (Ministry of Health,
1963)*.

As Dr Fraser Roberts suggests, in the category of very low
birth weight associated with severe subnormality, it is not clear
whether the low birth weight causes the abnormality or whether
the abnormality arises independently and causes the low birth
weight. In considering the contribution of low birth weight
to low intelligence I think it is useful to examine the two grades
of subnormality (severe and mild) and the two ranges of birth
weight (4-5] lbs. and under 4 1bs.) separately. While this is
helpful when looking at large numbers of cases, I am sure that
the problem of individual cases which confronts the clinician
1s much more difficult,
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BIOCHEMICAL ASPECTS OF MENTAL
SUBNORMALITY *

C. E. Dent
University College Hospital Medical School, London

THE study of biochemical abnormalities as a cause of human
disease is a very important subject of theoretical as well as of
practical interest, especially as it so particularly involves the
problem of mental subnormality, this awful dump of human
misery which has been so largely neglected in the past by the
academic research worker. I shall here try to generalize and
bring out what is being learnt about the mechanisms by which

HORMAL
A——b B—-—)-C-—'}D Figure |

MECHANISM OF METABOLIC BLOCK
METABOLIC BLOCK (T Metabolites are shown as letters,

appropriate enzymes by arrows.
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some biochemical abnormalities damage the brain. I shall
try to describe a few general principles concernming these
mechanisms, and in particular how we may hope to be able to
modify them when discovered, and to show how far we have
actually got with treatment, because, of course, it is painfully
obvious that some of our work is purely observational, with no
hope at the moment of useful treatment. Fortunately, how-
ever, there are some happy exceptions.

Figure 1 summarizes the simple diagram for which we have
to thank Garrod who, fifty years ago, coined the term ‘ inborn
error of metabolism *. It shows the mechanism of a particular
kind of metabolic abnormality. Let us assume that in the

* An edited transcript of the verbatim report of Professor Dent’s contribution
to the Symposium.
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course of normal metabolism the primary product is A, inter-
mediary products are B and C, and the end product is D,
probably excreted in the urine. Garrod’s view was that in
certain abnormalities—inborn errors—one of the enzymes
shown by arrows is missing. If it is the arrow after C, it is
obvious that there will be accumulation of the substance
before, namely C, and an absence of the substance afterwards,
D. This diagram represents, but in biochemical terms, a sort
of mass production factory in which, so to speak, at each stage
when one chemical compound is turned into another an
enzyme is present which may be compared with a piece of
machinery in the production line, or with a man using his hands.
Stage by stage in the factory a piece of metal gradually turns
into a motor car. It is the same with these biochemical
mechanisms. The enzyme—the biochemical piece of machinery
—is, like the machine, a highly specific and very complex
substance and very often can do only one, usually simple,
thing—turn B into C or C into D ; and obviously if one of the
biochemical machines breaks down, accumulation of the
immediate precursor is likely to occur. Then embarrassment
is caused to the management, as to the human body, either
because it is an infernal nuisance to have too much of C or
because there is too little of D. In the factory they want the
end product, and it is the absent motor car which is going to
make the firm bankrupt. Ideally, the method of treatment
would be to replace the damaged machine by another similar
one or to try in some other way to substitute for the defect.
It is clear now that in the medical application, with the
corresponding biochemical disorder, D, the end product,
which is something we are throwing away, does not matter
so much as does the motor car in the factory. Very few diseases
—one of these is albinism—are due to the absence of the end
product, in this case the pigment in the skin. More usually
the trouble is that the substance which accumulates, C, is
‘ toxic * using the word in its most general meaning, namely
damaging by too much of it being present. The degree
of abnormality, measured in terms of blood levels, is perhaps
twenty or thirty times normal. This damages tissue growth,
so that treatment must be directed to the artificial decrease

L
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of G, either by iIncreasing its excretion or by lessening its
formation,

How does this damage the tissues and why does this kind of
disordered mechanism produce so many specific and widely
different forms of disease ? One would like to think that this
genetic abnormality would have to be present in all cells,
having arisen from one cell in the first place at conception.
However, with the specialization of tissues which occurs
during normal growth, certain cells may manifest the abnor-
mality more than others and the enzyme in question may
appear to affect, shall we say, only the brain or liver. Thus it is
possible to consider the medical condition as being localized,
with the abnormality in only one part of the body.

The next point I want to make is illustrated in Figure 2,
Suppose that normally tissue A is present in, say, intestinal
mucous membrane, and forms sugars and amino acids from
the diet, then releasing them into the body’s extra-cellular
fluid so as to bathe the other tissues of the body. Let us assume
that tissue B is nutritionally dependent upon tissue A for some
compound that thus reaches it via the blood and circulatory
system. If there is something wrong with tissue A leading to an
accumulation of the metabolite x from the type of disorder
shown in Figure 1, all other functions being normal, two things
can happen. In the first place, this substance x may be of
large molecular weight—e.g, glycogen—in which case it will
stay inside the cell and accumulate there. If it is harmful
it will damage the particular organ which is making it, but
no other organ. The extra-cellular fluid will not show any
particular changes and other tissues will not be affected.
We are in trouble at once with this kind of disorder, not know-
ing what to do about correcting the defect which seems so
inaccesible to us. There are, unfortunately, many diseases
of this kind, usually described as * storage diseases . Another
difficulty is that, as already stated, all inborn errors (as well as
most of our normal physical characteristics) are determined
at the moment of conception though they may not begin to
manifest the disease signs until tissue differentiation takes place
within the next few months. But, since these errors are pre-
natal, some damage must be done in utero and is therefore
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obviously very difficult to prevent. In the present state of
knowledge it is virtually impossible to speculate about how
we could deal with this sort of abnormality.,

Another situation is that shown on the right of Figure 2.
It is one which admits of more hope and can at once consider
as potentially curable. Here the substance accumulated is
represented in the Figure as y instead of x. In this case the
substance is assumed to be of small molecular weight and

Normal IEM of Tissue A which IEM of Tissue A which
overproduces non -  overproduces diffusible
diffusible metabolite x metabolite y
(a) (&) ()
TISSUE A TISSUE B TISSUE A TISSUE B TISSUE A TISSUE B

ECF ECF
A B A B

Result of IEM May be Normal May be May be
damaged damaged  damaged
Dating of tissue May be - May be After
damage before birth before birth birth
Therapeutic Impossible in present Possible Possible

measures state of knowledge

Ficure 2

MECHANISMS OF TISSUE DAMAGE

(a) Normal. (b) Tissue A accumulates blocked metabolite x
which may or may not damage tissue A but can have no effect
elsewhere. (¢) Tissue A forms excessive quantities of blocked
metabolite y which diffuses into body fluids and is therefore less likely
to damage tissue A but may damage tissue B if this more sensitive,
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therefore able to pass through the cell membrane more easily.
It will therefore get out of the cell where it was being produced,
into the body fluid. Our problem then is whether we can get
rid of it ; but it may, while circulating in the blood, thereby
damage another tissue. Therapeutic measures are possible
here because the disordered process is more accessible to
investigation ; the compound can be found in easily obtain-
able body fluids (blood, urine), analysed quantitively, and
measures for getting rid of it can be considered and their
efficacy checked. A further important point must be made
here: the damage from a readily diffusible small molecule
is very likely to begin only after birth, after one has the baby
in one’s hands. The reason is, of course, that a diffusible
substance of this kind formed by the baby is likely to be
excreted through the placenta into the mother’s blood, and
she almost certainly has adequate biochemical machinery for
destroying it. This certainly has been proved to happen in
some metabolic disorders. The mother thus protects the child
in utero and the damage does not start until after the child is
born and has to rely on itself alone. Therapy in this sort of
disordered biochemical mechanism is at once feasible in
a variety of ways,

Another reason why this second type of disorder is much
more likely to be amenable to treatment than the first is, of
course, that we know much more about the chemistry of small
diffusible molecules ; the biochemist has often worked it all
out for us in advance and we can at once start thinking about
what the details of the disorder are, and how to correct it.
On the other hand, if we are dealing with large complicated
molecules such as muco-saccharides, cerebrosides and such
like, we are in difficulty, because the chemistry is not ade-
quately known ; we hardly know any details of their structure,
much less of how they are formed.

Another general principle 1s that the degree of damage to a
tissue, and whether or not it occurs at all owing to the accumu-
lation of a particular toxic metabolite, depends upon the rate
of growth of that particular tissue, which can vary considerably
with age. Figure 3 shows diagrammatically a simple scheme
illustrating growth in rats and what happens if it is interfered
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with. Working with matched white rats is like working with
little bits of precision machinery ; they all grow at almost
exactly the same speed if they are all fed in the same way. If
for any reason—and the lines across the diagram represent
some sort of insult to the animal—the diet is adversely changed,
some vitamin left out or the diet made inadequate in any other
way, growth slows or stops for as long as the insult is continued.
Then, if the rat is put again on a normal diet, it will grow
faster for a time and, depending upon how long the inadequate

INCREASE IN GROWTH —

FERIODS OF TEMPORARY GROWTH ARREST
FROM DISEASE, NUTRITIONAL DEFICIENCY
ETC. SHOWN ———

TIME ——*

Ficure 3

HYPOTHETICAL RAT GROWTH CURVES, NORMAL AND WHEN AFFECTED
ADVERSELY BY SOME DIETARY OR OTHER INADEQUACY FOR THE DURATION
OF THE HORIZONTAL LINE

Similar curves apply to the growth of single organs or tissues but
the time scale will be widely different.
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diet has lasted, its weight will or will not get nearer and nearer
to the original growth line ; so it will probably end up almost
as big as if the check had not happened, though when the check
has lasted a long time, the adult ends up as a small rat. This
latter is what we see, I am sure, with different peoples who have
not been fed adequately in childhood ; even in Britain we see
the difference between Scotland and London, with 5 ft. 1 in.
mothers in Dundee, as Professor Walker has just shown. Once
people have reached adult size, of course, they are far less
sensitive to these influences. Those of us who have seen un-
fortunate concentration-camp victims know that, if a person
who has once reached adult size is starved and becomes a
scarecrow for a time but does not suffer some accident as a
result of the starvation (which often predisposes to tuberculosis,
dysentery and death from other causes) but is rescued and re-fed,
he ends up almost exactly the same as he was before. I have
shown this on the graph; one can temporarily inhibit an
adult person, but he is far less sensitive to permanent growth
damage than the growing child ; which of course is the very
good reason why rationing in war-time was made more liberal
for children.

This refers not only to whole animals but also to particular
tissues. We should be especially interested in the brain, the
organ which grows fastest of all immediately after birth ;
it grows faster for a time than any tumour but rapidly slows
down afterwards. If any metabolic defect is present soon after
birth, it is very likely to damage the brain, even if it does not
appreciably damage the whole body or any other tissues at
the same time. Likewise, at different ages other tissues may be
affected more than the brain, which reaches adult size long
before any other organ and can then be insulted with com-
parative impunity. These points are very relevant in studying
the clinical manifestation of a biochemical defect.

Let us now illustrate these general mechanisms by men-
tioning in more detail four of these diseases. The first one
I will deal with is a terrible, acute disorder of the neonatal
period, the so-called * maple syrup urine * disease from which
children often die at the eighth day of life, or more often
when about a month old ; they hardly ever survive longer,
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but if they do, they are all severely brain-damaged. They are
all, as far as we know, absolutely normal at birth ; it is the
second mechanism, with the diffusible metabolite y in Figure 2,
that is operative in these cases.

The chemistry involves the three aliphatic amino acids
which are unique in possessing branched carbon chains
(leucine, isoleucine and valine). It is called maple syrup
urine disease because of the smell of the urine in the untreated
state. It is the accumulation of these amino acids and break-
down products of metabolism that damages the child. We
were fortunate to be responsible for a new-born infant whose
mother had had a previous affected child, and who gave birth
to the new child in our hospital. This new child appeared
quite normal at birth. The cord blood was obtained and was
normal. The amino acids and everything else were normal,
but nevertheless we watched to see what would happen. In
the next few days the characteristic abnormalities appeared in
the blood and urine and it became obvious that here was
another case of maple syrup urine disease. Fortunately, the
placenta had done its unaccustomed job of preventing any
permanent accumulation of the metabolites until the time
the child was born, and therefore there were strong biochemical
reasons, as well as clinical ones, for expecting the child to be
quite normal at that time.

Chromatograms of blood and urine of the first days of the
baby’s life illustrate graphically exactly how the abnormalities
were developing in this child in the first five days of its life,
the cord blood being at first absolutely normal and then going
wrong because, for dietary reasons, the amino acids were being
supplied in excess and the child could not destroy the extra.
On the fifth day the child started to vomit and go off its food.
We already had the biochemical evidence and were able to
put the child on a diet restricting the quantity of these meta-
bolites so as to make this plasma more normal. Then, after
about another four days, everything went back to normal:
we were producing artificially by diet the same state as the
baby had been in in utero when the mother was doing the job
for it via the placenta. This is the sort of disease where
measuring results of treatment presents no problem ; itissuch a
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grossly abnormal condition that there is no need for control
experiments. One can tell what is happening just by looking
at the child, and nobody could suggest that there was some other
interpretation of its response to the diet than the one we have
given.

At two vyears of age the child showed absolutely normal
development after continuing on a diet of special food supplied
in cartons and bottles to the mother every two-to-three weeks.
The mother adds water to the powders to make up the volume
and the child takes it without hesitation. As to the economics,
the raw material price of this special diet is about 15s.
a day, paid as a matter of routine by the NHS. At the
age of four the child is still perfectly normal, physically and
mentally.

I hesitate to mention this, but here we are, by saving these
children’s lives, encouraging these unfortunate, unpleasant
genes to continue and reproduce themselves in the population
as a whole. We do this shamelessly, even proudly. I can only
say it is awfully nice of the Eugenics Society to invite me to
contribute to this Symposium.

The next disease I will discuss is phenylketonuria. The
chemical abnormality in the blood is readily demonstrated on a
paper chromatogram developed to show the amino acid
composition. It comprises a large spot for the amino acid
phenylalanine, instead of the normal smaller one. Quanti-
tative analysis shows the abnormality to be about 20 times
normal. All the other constituents, however, are normal.
It is interesting to contemplate how simple and specific this
analysis is in the presence of a clinical picture which is not very
specific, and one which had never been distinguished in any
way from other forms of mental deficiency, until the chemistry
was first defined. We know now that the blood of the affected
baby, as in maple syrup urine disease, is normal at birth. The
abnormality develops in the next few days but is not so acutely
harmful as in MSU disease ; so the brain damage develops
more slowly over the next few months. Nevertheless, the sooner
it is diagnosed and treated the better, the principles of treatment
being the same as in MSU disease. There is a great difficulty
here in assessing the results of treatment since inevitably the
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effects of treatment in preventing the brain damage from
occurring are also slower to manifest themselves. This led
originally to some controversy among the original workers
as to its efficacy. An important study by Woolf, Griffiths
and others, shown in Figure 3, illustrates the time scale of the
disease with and without treatment and has produced curves
for mental development rather similar to those shown dia-
grammatically for body growth in rats in Figure 1. The study
shows first that the fall in mental age of untreated phenyl-
ketonurics, compared with normal, is greater the older the
child is ; in other words, progressive slow brain damage has
been occurring. Secondly, from the time that treatment
by diet is begun, the rate of development of mental age in-
creases (arrow A) at at least a normal rate. The diet, however,
was, and still is, a difficult one to keep to and many mothers
defaulted for one reason or another. When this happened
(arrow B) the increase of mental age with chronological age
decreased in rate, to increase again (arrow C) when, on dis-
covery of the situation, more pressure was brought to bear
on the mothers to be meticulous with the diet.

Obviously one of the important things is this question of
how soon treatment is started. The problem of how long it
has to go on (as yet unsettled) depends also on factors of that
kind. Another point is that if something goes wrong with the
diet for a very short time, not very much damage happens to a
phenylketonuric child, a more fortunate situation than in
maple syrup urine disease, but one which may, however,
occasionally tempt the mother to stop the diet altogether. In
contrast, with maple syrup urine disease, transgressions in the
diet, and other circumstances that can make the child ill,
may be so slight that we have not always been able to discover
what has actually gone wrong, although we had no doubt
from the analysis that it must have been due to environmental
factors.

Another disease upon which we have been working,
homocystinuria, is one in which the time scale of events is
even more prolonged. Dietary protein breaks down in the gut
to the amino acids, one of which is methionine. It is interesting
that in the metabolic sequence in the subsequent breakdown
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of methionine in the tissues, two abnormalities have been dis-
covered, both of which produce mental deficiency: cysta-
thioninuria and homocystinuria, the latter comprising a
block in metabolism in which homocystine accumulates in the
tissues, blood and urine. The course of events in the latter
disease is even slower than it is in phenylketonuria ; in fact
we strongly suspect that these children are almost normal for the
first few years of life. In one of our cases, a boy who came
to us at the age of fifteen, we were able to get photographs
of him taken earlier in life. They showed that at the age of
two-and-a-half he certainly looked normal. A few months
later he still looked quite normal. When he later went to
school, he did not do too well and the parents were advised
to send him to a special school. For some years they refused to
accept this opinion and paid for him to go to an ordinary
private school. It was some while before they would accept
their doctor’s opinion that he was somewhat retarded. The
photograph of him at six years of age showed that he was
developing knock-knee and spindly legs; his eyesight was
deteriorating ; yet his abnormality still had not fully de-
veloped. When he presented himself to us at the age of fifteen
years he had very long spindly legs and gross knock-knees
which had recurred following their straightening by osteotomy
a couple of years before. By now he was almost blind owing to
grossly dislocated lenses. Here we see a much longer time
scale, much less acute than the others. At the age of fifteen
years he was not so mentally retarded as would be the average
phenylketonuric, because his brain was not damaged so soon
after birth, when it is so much more sensitive. The toxic
process was present then, but was having a much milder action.
Just as would be expected in this sort of delayed onset disease,
we are noting, now that it is being identified more and more,
that the mental retardation and the other signs of disease that
slowly develop are exceedingly variable in degree from one
case to another. In fact, some cases are being found with fairly
normal IQ) in adult life presumably because of some dietary
peculiarity which lessened the degree of biochemical abnor-
mality in the first ten to twenty years of life. This is where
environment comes into the situation more and more and the
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genetic effect is less prominent, a situation more familiar to
us in our well-known infectious diseases. Older homo-
cystinuric patients with their long limbs and eye abnormality
look superficially like cases of Marfan’s syndrome (arachno-
dactyly) and have obviously been confused with these latter in
the past. McKusick has recently shown that about 5 per cent
of his large series of patients with alleged Marfan’s syndrome
were indeed suffering from homocystinuria. It appears that
homocystinuria is a relatively common cause of mental
retardation—about half as common as phenylketonuria on
first estimate. Most of the other known biochemical causes
of mental deficiency are much rarer than this.

The fourth disease I will mention briefly, Wilson’s disease,
illustrates an even more slowly developing disease process due
to an inborn error of metabolism. Perhaps it is for this reason
that the higher brain centres are hardly damaged at all. In
Wilson’s disease we see a clear instance of the environment
influencing the actual genetic disorder because it is very much
concerned with copper metabolism and inability to protect
the body against the ordinary dietary intake of copper. Al-
though it is still pure speculation, the evidence strongly suggests
that the age of onset of the disease depends upon how much
copper the person has eaten. Likewise, the ensuing clinical
features of the disease depend upon the age of onset. Wilson’s
disease patients, if they grow ill in childhood, mainly show
symptoms related to cirrhosis of the liver. I think the reason
is that at that stage the liver is growing faster than any other
organ and is therefore more sensitive. Later in life other
organs, such as the kidneys, get damaged by Wilson’s disease.
We see a great variation in clinical pictures with such a late
onset disease, which our biochemical theory forces us also to
attribute to the varying environment. It is important to
emphasize that this situation gives us much greater scope for
more simple treatment, since some natural environmental
conditions are here clearly consistent with normal health,
even in the presence of the inborn error. In the case of Wilson’s
disease the evidence indicating that most of the disease mani-
festations are due to poisoning by the normal copper content of
the diet is supported by the results of treatment. Drugs such
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as penicillamine, which can cause a degree of copper depletion,
can cure most of the disease manifestations even when given
to rather well-established cases and in spite of the fact
that no more fundamental attempt to correct the inborn
enzyme defect is made, as is necessary in the cases mentioned
before.

Everything I have said about inborn errors concerned with
specific deficiencies of enzymes may also be mimicked by
diseases of environmental origin. Some toxins such as lead
or phthalidomide, or some deficiencies such as of vitamins
or of atmospheric oxygen, can damage specifically many tissues
and enzymic processes at the same time ; which makes it
rather difficult to give a biochemical interpretation. On
the other hand, drugs are known now which can damage
single enzymes and thus mimic very closely the very specific
metabolic disorder which some people inherit. Really there is
no particular difference in principle between acquired and
environmental conditions ; they may resemble each other
closely, and we must never be defeatist and imagine that an
inherited disorder is some sort of hopeless, miserable curse.
The same general principles apply to environmental disease,
in that the damage depends on age and on rate of growth ;
and which particular body organ is involved in any particular
case very much depends on the nature and rate of metabolism
of that organ and on the state at which it differentiates in the
embryo. We have therefore also in mainly environmental
diseases severe and more homogeneous manifestations and
usually brain damage, when they do their damage to the very
young baby, but when the disease is milder and more delayed
the manifestations are less homogeneous.

In summary we must emphasize that we still are left with
many diseases which we cannot now treat or even speculate
how in the future we may be able to treat, because the sub-
stances formed are intra-cellular and do not diffuse into the
body fluids (xin Figure 2). Then we have a whole host of new
ones, all obviously at sight amenable to treatment ( y in Figure 2)
though the details may not yet be worked out. Just as the
placenta has protected the unborn child from these latter
abnormalities of diffusible substances, so artificial * placentas’
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should be able to do something in later life to protect people
whom we cannot deal with in other ways. I have in mind
here especially organs like the artificial kidney ; for we already
know that, if a person has an abnormality in the blood due to
acute kidney or liver disease, it is possible sometimes to help
such people greatly by washing them out on an artificial
kidney, a procedure which is becoming now quite easy to
perform. I have already twice tried (alas unsuccessfully)
using an artificial kidney on people who were severely mentally
ill, to see if one does wash anything out and make them better,
on the theory that their illness might be due to the presence of
an as yet unidentified substance in their blood which I had
hoped would be freely diffusible. I would recommend
further trials of this sort as an alternative to a study of
diseases in which the biochemical abnormality has already
been discovered by other means. If we can make such people
better with an artificial kidney, then of course the stuff we
wash out is in the bath water and we can find and, I hope,
identify it.

DISCUSSION

Proressor DENnT, when asked whether he himself had done
any chromatograms on pregnant women where metabolic
disorders were expected, and if the increase of amino acid was
enough in comparison with the mother’s secretion to show at
that stage, replied that the one for maple syrup disease had
been done very carefully and, as expected, it had not been
found in the mother’s urine though there might be findings
in some of the other diseases in which the metabolite in question
had a high renal clearance. One would expect to find it in
such a mother’s urine when she was carrying an abnormal
baby, but tests for it had not yet been successful though the
possibility had not been excluded.

Professor Dent agreed with another questioner that the
task of testing all babies was an exacting one—in a large
hospital the nurses carrying out the tests might discover the
phenylketonuric baby once in five years—but he did not think
that many were missed. From the doctor’s point of view, as
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distinct from the research worker’s, it was important to con-
centrate on the search for those abnormalities for which some
treatment could be offered.

With regard to the little girl with maple syrup urine disease,
the speaker was asked about the child’s future prospects. He
replied that she was too young for there to be a final answer ;
she was now four years old, a lovely child, physically and
mentally normal. It might be expected that she would grow
out of it in a few years, because the pathology very much
concerned myelin formation and damage to myelination.
Once all the myelin had been formed, the child should be
much more resistant to the biochemical abnormality. There
was always the hope that better treatment might be discovered
than that of using the complicated diet. The obvious way
would be to increase the excretion of amino acids in the urine
and enable the child to go on a normal diet. But these ques-
tions could not be answered yet. Though the mother was
reasonably well adjusted, there were other family problems.
In one case, although the child’s food had been paid for under
the NHS since birth (which had made it very cheap for the
parents), the father had recently suggested that all clothing
should also be supplied free !
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CHROMOSOMAL ASPECTS OF
MENTAL SUBNORMALITY
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DurinNg the past few years there has been a marked shift of
interest in human genetics towards a direct study of the cell as a
replicating unit. This has been made possible mainly by a
breakthrough in cytogenetical techniques. We are still con-
cerned with deductions in genetics that can be made from the
distribution of traits in populations and in families ; but the
recent advances have added a new dimension and brought us
closer to the chromosomes and their substance, which is the
stuff of heredity itself. In the study of human genetics within
the cell, there is still scope for further work at various levels.
Thus a distinction can be drawn between problems which can
be approached using techniques of chromosomal analysis,
and others which lend themselves to biochemical investigation
or statistical treatment. At our present stage of development
chromosomal techniques are rewarding only when fairly
major changes can be seen under the microscope. Biochemical
methods on the other hand can probe deeper, indicating, for
example, gene-enzyme relationships.

The advances in cytogenetics have been remarkable con-
sidering that before the reported observations of Tjio and
Levan 20 in 1956 even the number of chromosomes in the
human cell was in doubt. Our methods for preparing chromo-
somes for analysis have improved since that time, and although
we have been working all along up to the limits of resolution—
which have been advancing in step with technical progress—
we have now perhaps reached an optimum for a rewarding
observation of the number, size and morphology of the chromo-
somes. This is due only in part to technical limits. It is due
mainly to the properties of the chromosomes themselves:
to the size of the human chromosomes in tissues available for
culture, and to the lack of landmarks upon them. Special
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techniques, such as the autoradiography of chromosomes
cultured with a medium containing labelled thymidine, are
being tried in an effort to identify individual chromosomes,
but this problem of identification still exists, and often it is
not possible even to identify pairs of chromosomes in a normal
karyotype with certainty.

Despite these difficulties numerous findings have been
made ; but in this field we are still very much at the stage of
Gilbert White at Selborne. We are still collecting and record-
ing our observations, and on the basis of our interpretations
we are making attempts at classification. At present these
attempts rely mainly on what we see in the chromosomal
pattern and on clinical signs. They are still largely descriptive,
therefore, and are connected with structure rather than with
dynamics and function.

The time seems to have come when it would be profitable
to stand back and make a fresh evaluation of the significance
of chromosomal abnormalities in connection with the physical
and psychological phenomena associated with them. It is
all too easy to become like a stamp collector, and never look
beyond the fascinating array before one’s eyes. In this frame
of mind it is comfortable to think of abnormalities in the
chromosomal pattern as being of primary aetiological signi-
ficance and to ascribe to them specific individual effects and
constellations of signs. In this way one may be beguiled into
forcing observations into a rigid classification, so that fresh
thinking is discouraged and the collection becomes an end in
itself.

AUTOSOMAL ANOMALIES AND MENTAL SUBNORMALITY

Cytogenetics is of special importance in connection with
mental subnormality, because marked mental defect is an
almost constant concomitant of autosomal anomalies, and
mental impairment of milder degree is not infrequently found
in the presence of sex chromosome anomalies. It is notable
that mongolism was the first human condition to be found in
association with an autosomal defect by Lejeune 12 and his
co-workers in 1959. This is still the most famous and the most
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widely studied of the syndromes associated with a chromosomal
anomaly, no doubt on account of its relatively high incidence
in the general population, a mongol baby being born to one in
probably less than every 666 mothers giving birth to live
or stillborn children.!> 21 The classically accepted chromosomal
defect in mongolism is a triplication of a chromosome in the
G group, the extra chromosome existing separately or a major
part of it being fused to another in the form of a translocation.
Other syndromes, less common than mongolism but exem-
plified by a number of reported cases have been described in
association with specific autosomal defects. These include
trisomy of a chromosome of the E group (first described by
Edwards and his co-workers in 1960 7), trisomy of a chromo-
some of the D group (first described by Patau and his team,
1960 17) and the cri-du-chat syndrome described by Lejeune
and his co-workers,13 which i1s associated, not with extra
chromosomal material, but with a deletion of part of a chromo-
some in the B group.

Besides the chromosomal defects associated with these
syndromes, many anomalies involving other autosomes have
been described. These, however—unlike the repeatedly
recurring conditions such as mongolism—have been sporadic
in incidence. But both with sporadic and with repeatedly
observed examples of autosomal abnormalities, an outstanding
and almost constant concomitant has been mental defect,
often of profound degree. In many cases structural abnor-
malities have been found in the brain on neuropathological
examination.

SEX CHROMOSOME ANOMALIES AND MENTAL
SUBNORMALITY

Turning to abnormalities of the sex chromosomes, we find
that, on the whole, the associated physical defects are milder
than with autosomal anomalies, although there are often
characteristically profound pathological changes in the gonads.
In individuals with autosomal abnormalities it seems that all
tissues in the body are affected, but with sex chromosome
abnormalities the burden of defect seems to lie in the genital
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tract.3 The frequency with which mental defect is associated
with sex chromosome anomalies is open to question and a bias
in favour of the association may have arisen through the number
of sex-chromatin surveys that have been carried out in Insti-
tutions for the mentally subnormal. As Israelson and Taylor 10
pointed out, further studies are needed if the theory that cases
of chromatin-positive Klinefelter’s syndrome (as an example
of the most prevalent type of sex chromosome anomaly) have
their highest incidence in the borderline or low-normal intelli-
gence range 1s to be maintained. Moreover, as these workers
remark, psychometric studies on a larger number of chromatin-
positive cases and their families are needed to provide evidence
of the extent to which the brain can develop and function
normally in the presence of an abnormal sex-chromosome
complement.

It seems clear, however, that the degree of mental impair-
ment, when it does occur in connection with abnormalities
involving the sex chromosomes, is less than when it occurs with
autosomal changes. On the other hand, there is evidence to
suggest an increase of personality disorders amongst people
with abnormalities of the sex-chromosomes. The manifesta-
tions described tend to be non-specific and variable. For
example, Pasqualini and his co-workers 16 remark upon the
schizoid traits liable to be seen amongst individuals with
Klinefelter’s syndrome. Nielsen 14 described a mental hospital’s
patients with Klinefelter’s syndrome as characteristically
immature, sensitive and showing little initiative. He con-
sidered that such individuals were especially sensitive to all
forms of stress, and that consequently they might be expected
to develop mainly affective mental disorders or to be classified
as having character disorders. Kidd and his co-workers 11
report a greater intensity of impairment of interpersonal
relationships and a greater degree of social withdrawal in
triple-x patients as compared with a control group. It is
difficult to speculate upon any likely relationship between the
rather diffuse psychiatric changes described and anomalies
of the sex chromosomes, but as times goes on and more observa-
tions are made, some aetiological connection may emerge,
perhaps, for example, involving the sex hormones.
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THE ERELATIONSHIP OF CLINICAL SIGNS TO
CHEOMOSOMAL ABNORMALITIES

Taking a broad view of the phenotypical features that
accompany chromosomal abnormalities, one is struck by the
recurrence of clinical signs, not only within groups of individuals
with similar chromosomal defects, but between groups with
different kinds of defects affecting different chromosomes.
This applies chiefly to the autosomes, with which the accom-
panying physical signs are more striking than with the sex
chromosomes. Certain organs and regions of the body seem
particularly vulnerable. These include the orbits and peri-
orbital structures, the nasal bridge, the mouth and palate, the
pinnae of the ears, the lower jaw, the neck, the hands and feet,
and the viscera, notably the heart. Moreover, these parts are
seen to be affected in characteristic and unusual ways. For
example, changes in the orbital and periorbital structures often
become manifest as an abnormal slant of the palpebral fissures
and epicanthus ; the hands not infrequently show the striking
sign of a single horizontal palmar crease ; the feet may be
grotesquely deformed with °rocker-bottom ’ soles and pro-
truding heels.

Although these abnormalities are occasionally met with in
people who have no demonstrable chromosomal defects, the
recurrence of the same clinical signs, which are often bizarre,
in patients with different kinds of autosomal abnormality
is suggestive of a degree of non-specificity in their clinical
concomitants. A simple explanation might be sought on
quantitative grounds. For example, one could conjecture
that the extra chromosomal material in a trisomy might
correspond to an imbalance affecting the development of
specifically vulnerable regions of the body irrespective of
which chromosomes were involved. One might go on to
suppose that the constellations of more specific clinical signs
that differentiate the classical trisomies are determined by
gene loci on the extra chromosomes. Such explanations based
on a quantitative hypothesis are, however, inadequate and
altogether too facile, because the same basic bizarre specific
clinical signs are seen to accompany autosomal defects where
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the chromosomal material present in the cell is deficient, not
excessive, In quantity.

As we are here concerned with chromosomal anomalies
in connection with mental subnormality, I would like to discuss
this quantitative effect further in connection with the brain.
It is not surprising that the brain, which is the most complex
organ in the body and consists of the most highly differentiated
tissue, should be especially vulnerable in the course of its
development. Again, however, a particular wvulnerability
is observed—no matter what kind of chromosomal change takes
place, what quantity of chromosomal material is present in the
cell, or which chromosomes are involved—in that the fore-
brain and its adjacent structures seem to be especially prone
to maldevelopment. Thus hypoplasia or agenesis of the
corpus callosum is not infrequently seen in trisomy D (Norman15
and in trisomy E (Edwards ¢), This gross and rather unusual
brain lesion has been found, however, in association with
chromosomal anomalies involving autosomes outside the
groups D and E, in which too little rather than too much
chromatin has been present in the cells examined. Thus
agenesis of the corpus callosum was found subsequent to the
report 5 of a baby with multiple congenital anomalies and an
apparently balanced karyotype carrying a reciprocal D/F
translocation. It was thought that the abnormalities in this
baby could be related to a position effect of translocated
fragments, or to a minute deletion of chromosomal material,
or to a combination of these. From a quantitative point of
view, therefore, this child probably had too little rather than
too much chromosomal material in his cells.

To sum up, a number of basic, often bizarre, clinical signs
are common to a range of chromosomal defects, involving
autosomes of different groups and involving quantitative
changes in both directions. This would suggest that a broader
view should be taken than the conventional one that specific
lestons of chromosomes in specific groups have a causal rela-
tionship with specific clinical and pathological changes. Apart
from these common basic phenotypical changes, however, it
seems likely that characteristic clinical features by which the
classical autosomal syndromes are distinguished, may be
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related to such factors as changes in the specific gene loci
present.

At this stage it would seem more profitable to examine the
clinical and pathological similarities than the differences
between individuals with chromosomal defects. This would
alter our viewpoint and probably bring us nearer to finding
the relationship between chromosomal anomalies and physical
and psychological changes. I think we may eventually come
to see a hierarchy of aetiological phenomena, in which chromo-
somal changes are only one step on the way towards the
shaping of the individual. As Penrose 19 pointed out, referring
to the example of aneuploidy in plants, the distortions to
growth which can follow may simply be a question of water
balance in the cells. A broad biological approach to investi-
gate possible cellular changes accompanying chromosomal
alterations would seem to be a most promising line to follow,
with experimental studies into cellular changes which may
precede chromosomal changes, as well as more observational
studies of cells with chromosome anomalies that have already
occurred.

THE NEED FOR A MULTIDIMENSIONAL APPROACH

At the same time, I feel that our investigation of the
problems associated with human chromosomal anomalies
would be greatly facilitated by a multidimensional approach,
involving close collaboration between the cytogeneticist and
cellular biologist, the embryologist, the clinician, the bio-
chemist, the neuropathologist and the psychologist. It is
valuable to pool all the facts, in order to see the place of each in
the aetiological sequence and allow the emergence of factors
that might otherwise remain hidden. On account of the gene-
enzyme relationship it is likely that the biochemist may be
especially able to help in the intensely complex problem of how
chromosomes influence not only growth and development but
function. This might well have special implications for mental
subnormality. On the whole, biochemical studies in mongolism
have been disappointing, but we should not be put off by this ;
it would be worthwhile to continue them and to make a
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systematic study of other conditions associated with chromo-
somal anomalies. :

Moreover, we should not confine our biochemical and othe
studies exclusively to the individuals with demonstrable
chromosome anomalies ; investigation of their relatives is also
necessary. For instance, many years ago Penrose 18 suggested
that an unusually high proportion of the relatives of mongols
show ¢ microsymptoms ’ of the condition. From time to time
additional evidence 8, 9 has appeared supporting this sugges-
tion, and there are indications of constitutional differences
in mothers who have given birth at an early age to mongols.2
Along these lines there is need of further work which may give
a clue to genetical and constitutional factors predisposing to the
occurrence of chromosomal abnormalities.

The study of relatives can be of very special significance in
cytogenetics for another reason. The problem of identifying
individual chromosomes was mentioned earlier. One of our
handicaps in classifying chromosomal abnormalities results
directly from this. We rely essentially on the size and number
of the chromosomes for interpretation of the karyotype,
unless a carrier is available. Carriers usually have a quanti-
tatively balanced chromosomal complement, but the dis-
position of the components is altered, so that it is possible
to track down the changes that have occurred. For example,
a baby with mongolism, whom we examined recently, appeared
to show a G/G translocation, which is an established variant in
the condition. This would have been our interpretation
had we not examined her father’s chromosomes. We dis-
covered that he carried an F/G translocation. From this the
interpretation was made that in the baby’s case the extra
chromosomal material was derived from an F- rather than a
G-group chromosome.4 If we are right in this interpretation,
the findings show that mongolism can exist without trisomy G.

Family studies may therefore yield information of special
significance. For this reason, advancement in human cyto-
genetics calls for team-work. Without family data and careful
and accurate clinical observations a great deal of vital infor-
mation can be lost. Through necessity and tradition, there is
already much good team-work among those working in the
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field of mental subnormality. This is particularly fortunate
for those concerned with the study of human chromosomal
abnormalities. At the same time, advancement in cytogenetics
has done a great deal to draw attention to the potentialities for
research into mental defect. On account of the close associa-
tion between chromosomal anomalies and mental subnormality,
the intellectually handicapped are of special significance in
human biology. Again, to quote Penrose,!® the mentally
subnormal provide us with an unrivalled opportunity for
examining the mode of evolution of the human race.
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CONCLUSION

Brian H. Kirman
Queen Mary's Hospital for Children, Carshalton

I wiLL not attempt to sum up this session. I think that
would be a quite impossible task.

I do think it is most encouraging to see this assembly under
these auspices. I would like to take up one point at which
Professor Dent hinted: “ What am I doing here ? ** he almost
said. I was asked that question also: why had I consented
to take the chair in this connection, and was it not immoral ?
What has happened, of course, is that over the past fifty years
there has clearly been a very radical change in scientific
outlook on this problem of mental retardation. If not the mem-
bers of the Eugenics Society, then at least people interested in
eugenics, perhaps amateur enthusiasts, early in the century were
pontificating and making statements which have subsequently
proved to be ill-founded. In contrast, to-day we have had
very sophisticated papers presented, I should say, with an
attitude of proper scientific humility, emphasizing both the
questions awaiting answers and our present lack of knowledge.
In spite of all that the speakers have told us, they have raised
many more questions than they have answered ; they have
indicated that we are just beginning to realize the importance
of this field for the future of humanity.

At the same time, I think there has been a very consider-
able change in attitude, a change from pessimism and alarmism
to cautious optimism. That too has emerged at this session.
We do realize how extremely difficult this subject is to tackle
both from the scientific and from the practical angle as regards
doing something about it, but clearly we are optimistic now.
There has been further change, in that we are no longer
primarily concerned with single factors operating in vacuo,
but do now understand a very little of the extremely delicate
dialectics of this problem. We see the nice interrelationship
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of a large number of factors ; and those people who approach
the problem from the point of view of comparative biology
are also aware of the tremendous importance of social organiza-
tion.

Dr Kushlick’s contribution and the contributions of others
have emphasized this. They have shown us that conclusions,
which may have been true in conditions as they were fifty
years ago, are not necessarily true where we have full employ-
ment and the provision of a large measure of social security.
Thus, if the evolution of human society is developing—as it
obviously is—much more rapidly than the evolution of the
human individual at a biological level, we must take this fact
very much into consideration in drawing conclusions as to
what should be done in the way of social provision for the
mentally retarded. From what has been said to-day it is
clearly necessary that we should press for much more of this
work to be done in view of its paramount importance. We
must ask for more resources to be allocated to research into
this problem.









SOCIAL AND ECONOMIC
DIFFERENTIALS IN
FERTILITY

B. BENjAMIN
Statistics Division, Ministry of Health, London.

I~ the years since World War II demography has become a
much more developed science than previously. Not only has
there been accumulated a wealth of information about the
determinants and consequences of population changes and
about the character of these changes in populations at different
stages of economic development, but demographers have
become much better equipped to extract meaning from this
information. As a result some early generalizations have been
shown to be true not at all times but only at certain times in
historical development, and, in any case, to be over-simpli-
fications. This is especially true of the interrelationship of
poverty and large families. While there undoubtedly was a
time when large families helped the poor to become poorer
and when the poor could command few other interests than
procreation, it is no longer so in Britain ; nor does it apply to
any other society in an advanced state of economic develop-
ment. It need not necessarily be true of a developing country,
since it is at least technically possible with modern contra-
ceptive measures to break the vicious circle of high fertility
and a low level of living. Moreover, in speaking of large families
the term ‘large’ has to be related to subjective parental
desires rather than to more objective measures such as replace-
ment levels. As will be shown later, we can now generalize
more accurately by saying that the lowest social classes tend to
have more children than their collectively expressed ideal, while
the highest classes tend to come closer to their ideal family
size, the ideals differing from class to class. More important
still, it will be demonstrated that what happens when fertility
is entirely under voluntary control is very different from what
happens before this condition is reached. In speaking of
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fertility differentials in a society, it will therefore be necessary
to specify the general extent of voluntary fertility control
obtaining in that society.

It will also be necessary to distinguish between economic
differentials in fertility at a point of time when ° ideal * family
sizes can be regarded as stable for particular social strata,
and changes in fertility as associated with economic changes
such as trade cycles or sharp rises in unemployment, when
“ ideals * may change differently for different social strata.

One important assumption can be made. Since there is no
evidence of any real differences in natural fecundity between
social groups, it can be assumed that differences in actual
fertility must arise from amount of exposure to childbearing,
i.e. age at marriage, mortality during the childbearing age,
frequency of coitus, and, especially, the degree of practice of
contraception.

In Great Britain the first detailed fertility inquiry derived
from the 1911 Census (adequate information from vital
registration could not be obtained until the passage of the 1938
Population (Statistics) Act). At this census the Registrar
General introduced the concept of social classes (eight broad
occupational groups). The 1911 Census analysis demonstrated
a marked social class gradient in family size (children born).
For marriages of completed fertility (wives aged forty-five or
over at census) the average family size rose from 3-7 in Class 1
(the ¢ upper and middle class’) to 5-0 for Class III (skilled
workmen) and 5-3 for Class V (unskilled workers). A figure
of 6-3 was shown for miners. These differences were not
greatly affected when account was taken of differences in the
age and marriage duration structure of the groups. The
census inquiry also showed that the differences between the
social classes increased during the latter half of the nineteenth
century. It is assumed that this reflected the fact that the
knowledge of contraceptive methods became accessible to the
better educated and better circumstanced section of society
first. It was suspected, and later became clear, that a decline
in fertility was then occurring in all classes, particularly in the
high fertility classes. We now know that, as a result of legis-
lation against child labour, the latter were finding large families
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more of an economic burden and, as a result of declining infant
mortality, less necessary for the achievement of a desired
number of survivors. The gap between the classes was already
beginning to narrow.*

When the Royal Commission on Population was set up in
1944 there had been no intervening fertility census since 1911
and the comprehensive vital statistics, collected under the
Population (Statistics) Act, dated only from 1938. The Royal
Commission therefore set up an organization to carry out a
family census, on a voluntary basis, in a 10 per cent sample of
married women. In order to examine social and economic
differences, women were divided into nine categories according
to husband’s occupation. For women first married in 1900-09
the number of children born averaged 2:33 for (the wives of )
professional workers, 2-64 for employers, 2-37 for salaried
workers, 2-89 for non-manual wage earners, 3-96 for manual
wage earners and 4-45 for labourers, against an overall average
of 3-53. Thus the largest family size was 26 per cent above and
the lowest 34 per cent below the overall mean,

For marriages of 1920-24 (a marriage cohort later by
15-20 years) the overall average family size had fallen to 2-42,
the spread now extending from salaried employees at 1-65,
through professional workers at 1:75 (no longer the smallest), to
1-97 for non-manual wage earners and 3-5 for labourers. Taken
at its face value this is a relatively wider spread, but, if one has
regard to the two dominant groups of non-manual and manual
wage earners, the range for both marriage cohorts remains the
same, viz. from 20 per cent below the all categories mean for
non-manual to 12 per cent above for manual wage earners.

* In all these calculations childlessness in married couples is taken into account
(i.e. family size zero is included in the average), but not differences in the propor-
tion of women in different social groups who marry (and who appear in the
denominator of the average). This proportion is lower in the lowest social class
than in the highest but not, in the classes used here, substantially so—certainly
not to such an extent as to counter-balance, in terms of reproduction of the group,
the much larger differential in family size. We have been observing (1951) a
family size in the highest social class which is two-thirds that of the lowest, at a
time when, at most, the marriage proportion is only of the order of 10 per cent
higher. Differential marriage incidence is not an important factor in this
particular context. (A short note on this point appeared in The Eugenics Review
1966. 58, 49-50.)
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Because of the shorter durations of more recent marriages
it was not possible for the Family Census Report to carry this
analysis further in terms of completed fertility, but the stat-
istics for ten-year and shorter durations of marriage suggested
that the fall in fertility between World Wars I and II had been
slightly more marked for the manual group. The gap had
narrowed.

The fertility report of the 1951 Census, unfortunately the
most recent available, started from this position, viz. that the
fertility differences between social groups increased during
the second half of the nineteenth century, were stabilized
for several decades and then narrowed for couples married in
the 1930s. The census made it possible to bring into the
analysis some new dimensions, notably education (or more
exactly, the age of cessation of full-time education) and
urbanization, as well as, as in previous analyses, age at mar-
riage. The last two factors had little to contribute to the
persisting pattern of family size increasing from Social Class I
(professional and managerial) to Social Class V (unskilled
workers), though again the gradient was less steep (85 to 125
per cent of overall average) for women of census age under fifty
than for women of census age 45-49 with completed fertility
(75 to 132 per cent of overall average). The gap was still
tending to narrow.

For the more recent fertility experience Social Class I
(professional) appeared relatively more fertile, with current
fertility equal to the mean for all groups combined. The
Report emphasized the significance of the fact that family size
in this class, probably the class which started the historic
decline in fertility, had apparently begun to rise in relation
to the general average, though the available facts, based on a
single year preceding the census, were then inconclusive
and needed to be confirmed. The trend has not yet been
confirmed because the 1961 Census results are not yet available.

When one looked at the picture in greater detail it appeared
that the groups with the largest mean family size and smallest
proportion of infertility were the manual workers, especially
the unskilled and semiskilled, members of the armed forces
(other ranks), and farmers and agricultural workers. At the
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other end of the scale were clerical workers, managerial and
professional workers, traders and shop assistants.

An important new fact, though not an unexpected one,
brought out by the 1951 Census, was that fertility varied
inversely with terminal education age, and this variation was
slightly more consistent than variation of fertility with socio-
economic group. When standardized for marriage age and
socio-economic group, the index of family size decreased
from 101 per cent of the overall mean for those leaving full-
time education at ages under 15 to 89 per cent for those
pursuing full-time education to ages 20 and over. There were
some exceptions, however. For example, for the higher pro-
fessional administrative and managerial occupations the mean
family size of those whose full-time education lasted until
after their twentieth birthday was in fact the greatest.

As regards industrial variation the highest fertility was
that of wives whose husbands were in the mining and quarrying
group, and was associated with their tendency to marry young.
Other high fertility groups were those engaged in building and
contracting, metal manufacture, and agriculture and forestry.

Married women who were themselves gainfully occupied
had lower fertility than those who were not, but of course it is
impossible to say which was the cause and which the effect.

There we must leave Great Britain and, for more recent
Western experience, turn to the United States of America,
where in the last few years there have been many intensive
surveys of the growth of families. The USA has shared
the experience of some other Western countries, Britain in
particular, of an upward fluctuation in numbers of births.
In the USA, as here, this has been mainly the result of a trend
towards earlier marriage and narrower birth spacing (family-
building in shorter time) and, until the marriage cohorts
involved have reached longer durations of marriage, it will
not be known whether this represents a real increase in fertility
as distinct from an alteration in timing. The general impres-
sion is that if there is any increase in fertility it is not a trend
to larger families but a decrease in childlessness and an increase
in families of two, three, and four children. A. A. Campbell
(reporting to the World Population Conference 1965 on

N
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‘ Recent fertility trends in the USA and Canada’) has pre-
ferred to use educational attainment as an indication of socio-
economic level, because this seldom changes after childbearing
has started. He has found that the upward trend in fertility
has been strongest in college graduates as compared with those
not proceeding beyond high school and has narrowed the gap
that previously existed between the two groups. Comparing
marriage cohorts of 1901-05 and those of 1926-30, the ratio
of family size for college graduates as compared with those who
failed to complete elementary school has fallen from 2-4 to
1-4. There has been a change in attitude. Few couples want
a childless marriage and the majority at all educational levels
want to have two to four children. The change is especially
marked in the better educated. This change too has occurred
at a time when surveys have shown that 96 per cent of couples
with normal reproductive capacity have used or intend to
use some method to limit fertility, i.e. when fertility is generally
under voluntary control.

Campbell remarks that this last condition means that
fertility should be more sensitive to social and economic
influences, and he quotes Dudley Kirk * as showing that more
couples marry and more try to have children when economic
conditions are good. Marriages and births are often postponed
when conditions are less favourable. This mainly effects
timing rather than the total number of children.

With regard to the question of voluntary fertility control,
Westoff ? reports that * while most pregnancies in the USA
are unplanned, most couples seem to have the number of
children they want’, because the effectiveness with which
contraception is practised and the proportion practising
contraception both increase dramatically as desired family
size is approached and achieved. In the USA all socio-
economic groups (and religious groups) are in favour of some
control, but family planning attitudes which were previously
differentiated by social factors are now converging. Large
differences no longer exist in income or occupational groups
as such or between urban and rural groups; the main differ-
entiating factors are now education and religion. The less
well educated, however, no longer lack information or interest
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in contraceptive methods. It is true that problems of excess
fertility are still severe at the most deprived social levels, but this
is the only exception to the general narrowing of social and
economic differentials in fertility. With regard to educational
differentials, Westoff states that although women of different
educational accomplishments are similar in the number of
children they desire, they are quite different in the number of
children they have had and in the total number they actually
expect.

In Japan, another country of advanced economic develop-
ment, the same trends are found by Kimura.! Rapid economic
development there has resulted in a decline in the fertility
of groups which have hitherto experienced high fertility. This
trend to lower fertility has been accompanied by a narrowing
of social differentials ; i1n particular there has been little
decline in the fertility of the professional and managerial group,
which was already low. In 1955 the standard deviation of
family size according to occupation of father was 0-90 (average
family size 3-0) ; in 1960 this had contracted to 0-16 (average
family size 2-3). Opinion surveys on fertility show a continuing
decline in the rates of childbearing and a convergence among
the various social and economic strata, the dominant * motives ’
being a desire for higher educational attainment for children,
a desire for a higher level of living, and a desire to protect
maternal health, in that order of priority.

Generally, then, it appears that, while social and economic
fertility differentials persist in developed economies, their
intensity is very much reduced as soon as a state is reached
when fertilityis entirely under voluntary control and when there
is much more correspondence between idealized family size,
which maximizes educational and social opportunity for the
children, and the actual family size achieved. Transient
economic changes themselves affect the timing of marriages
and births but apparently do not affect long-term desires
or their eventual achievement. We can now speak of fertility
much more in terms of people’s desires and motives. Whether
the educational bias in this motivation means that the social
differences in fertility, which are now narrowing, may actually
be reversed we do not yet know.
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DIFFERENTIAL FERTILITY BY
INTELLIGENCE

C. O. CARTER
Clinical Genetics Research Unit, Institute of Child Health, London

THE biologist sees the development of a child’s observed
operational intelligence as due to the interaction of its genetic
endowment and its environment—environment being first
intra-uterine, and later—after birth—including home, neigh-
bourhood, education and other social factors. The bioclogist
knows that the genetic endowment of an individual child
cannot now, and perhaps never will, be precisely measurable
independent of the environment, and that, even if it were
possible to measure a child’s genetic endowment for intelligence
at say age ten, this would probably provide little information
about the genes controlling intellectual development between
the ages of ten and twenty years. He is, however, prepared to
attempt to assess in a particular group of children at say age
ten, or of young adults, at say age twenty, what proportion
of the total variance in the scores they make in a particular
intelligence test is due to additive genetic variance. Mr
Huntley will be discussing some of the methods available in the
next paper of this Symposium. The general concept is that
the total variance in the particular population, that is the
sum of the squares of the deviations of individual scores
from the population mean, is made up of the variance due to
genetic variation plus the variance due to differing environ-
mental experience plus the variance due to genetic-environ-
mental interaction. This may be represented as:

V, = V,4+V,+V.

The interaction term V; is included to allow for the fact,
well known in biology, that a particular difference in environ-
ment may have different effects on different genotypes and
vice versa. Professor Thoday 15 gave some examples at our
Symposium in 1964,

185
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In assessing the significance of a differential fertility, either
positive or negative, by social class or other criteria, the biologist
will probably be most concerned about its implications for the
genetic component in intelligence, that is the contribution
of the differential to the mean level and the variance of this
genetic component in future generations. If the differential
by social class has no significance in terms of the genetic
component for intelligence, those concerned with educational
standards may well welcome a positive differential fertility
by social class, whereby an increasing proportion of children
in each generation are born into homes in which they will
be encouraged to educate themselves to their full academic
potential. But if there is differential fertility in terms of the
genetic component for intelligence this could compensate for a
fall in environmental standards, and —what is more relevant—
could greatly potentiate the effect of a rise in environmental
standards. Many gifted men and women have shown that the
lack of anysecondaryeducation, and the lack of a cultured home
background, is no absolute bar to great artistic, scientific and
managerial achievement.

Before going further it will be helpful to illustrate, in
admittedly over-simplified form, the geneticists’ concept of the
kind of mechanism that underlies the genetic variance in the
population for intellectual development. It is very probable
that the genetic component in the development of operational
intelligence is polygenic, that it depends on many pairs of
gene loci on many different chromosome pairs, and that there
are multiple alleles, i.e. alternative forms of a gene, at most
of these gene loci. A very simple model for the situation at
one of these gene loci is that in which there are three alleles—
the commonest with say a frequency of one half, which tends
to give average intelligence, say an IQ) score of 100 ; another
with frequency of one quarter which tends to give a score
10 points above average intelligence ; the third also with
frequency one quarter which tends to give a score 10 points
below average intelligence. If marriage is not assortative for
intelligence, this would give a population distribution of
intelligence as in Figure 1, one-sixteenth of the population being
very bright or very dull, with scores of 120 and 80 respectively,
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one quarter being moderately bright or moderately dull,
scoring 110 and 90 respectively, and half being at or about
the average score of 100.

Bringing more gene loci with similar effects into the model
spreads the variance and smooths the distribution. Figure 2
shows the distribution given by two gene loci.

Environmental differences would further increase the vari-
ance and further smooth the distribution. The distribution
of the random six-day sample of about 1000 in the 1947
Scottish survey ! is shown in Figure 3.

What we are interested in to-day is the relation between
one generation and the next. If marriage is not assortative
for intelligence, i.e. there is no tendency for like-intelligences
to marry each other, and if there is no differential fertility,
on the one gene locus model the relationship between fathers

Frequency in 16ths.

80 90 100 110 120
Intelligence Quotient

Ficure 1

THE DISTRIBUTION OF INTELLIGENCE PRODUCED BY
3 ALLELES AT A SINGLE GENE LOCUS
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and sons is as shown in Figure 4. These could just as well have
been mothers and sons, or fathers and daughters, or mothers
and daughters,

The mean intelligence of the sons of the bright fathers and
of the dull fathers regresses halfway back to the mean of the
population ; for example, the mean score of the sons of the
fathers of 120 is 110, but the distribution of intelligence test
score in the sons is the same as that in the fathers. To use a
recent dictum of Medawar’s *‘ the population breeds true,
but the individual does not . . .”” If there is no differential
fertility there is no change in the gene frequency between
generations, and so the population distribution does not alter.
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It is worth noting that on this model, only a quarter of the
very bright sons are born to very bright fathers, a half—the
largest proportion—come from the moderately bright fathers,
and a quarter come from fathers who are only average. The
average fathers contribute as many very bright sons as the very
bright fathers, but the proportion of all their sons who are very
bright is only one-sixteenth, whereas a quarter of the sons of
the very bright fathers are also very bright. There are good
genetic reasons for the old observation that the sons of very
bright fathers are seldom as bright as their fathers, and con-
versely that the fathers of very bright sons are seldom as bright
as their sons. On this model, below-average fathers have no
very bright sons, though, of course, both in fact and on more
complex models involving many gene loci and environmental
effects such fathers would have very bright sons, but only in
low proportion.
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If there is differential fertility for the genetic element in
intelligence, then there will be changes in gene frequency
between generations, and both the population mean and the
variance may alter. On the one gene-locus model, if of the
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THE CONSTANCY OF THE DISTRIBUTION OF INTELLIGENCE FROM
ONE GENERATION TO ANOTHER DESPITE FILIAL REGRESSION
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very dull fathers one-sixteenth (6-25 per cent) of the whole,
had no children, and the others had an equal and compen-
satory increase in fertility so that the total number of sons
remains unchanged, there would be 20 per cent fewer very
dull sons than there were very dull fathers ; there would also
be a reduction of 6:66 per cent in the number of moderately
dull sons, a small—2 per cent—rise in average sons and a rise
of 6:66 per cent in the number of both moderately bright
sons and very bright sons. On a model in which many gene
loci of additive effect are involved the effects would be much
the same, though more continuous. If the very bright fathers
had no children, there would be similar changes in the opposite
direction. Since husband and wife almost certainly do tend
to resemble each other in their genetic factors for intelligence,
these changes would be intensified. If neither the very bright
nor the very dull had children, then there would be no change
in average intelligence between fathers and sons, but, at any
rate on this simple model, the variance of the genetic-com-
ponent intelligence would be rather less in the sons than in the
fathers. In our 1964 Symposium Professor Mather® described
such directional and such mobilizing selection and Dr Falconer
will later be describing the kind of factors that would deter-
mine the quantitative effects of a consistent differential fertility
for intelligence.

Consider now the information available as to whether there
is at present any differential fertility for intelligence. First
there i1s the indirect evidence from the massive Census data
for differential fertility by father’s occupation, which Dr
Benjamin has been discussing. He has shown that, while
there has been differential fertility by father’s occupation,
the picture is changing and there are indications that when all
families are planned we may have a positive differential
fertility by social class. The differential might already have
changed further than the Census data suggest, as these are
based on wives and give no information on the men in each
occupation who do not marry. What significance has this
for the genetic component for intelligence ? Certainly there
is a strong correlation between a man’s occupation and his
intelligence test score, and there is also a correlation, less
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marked—as one would expect—because of regression, between
a child’s score and the occupation of his father., On a test
with the mean score 100 and standard deviation 15, one finds
that the scores of children of fathers in Social Class I average
about 120, the children of fathers in Social Class I1 about 112,
the children of fathers in Social Class III about 100, the
children of fathers in Social Class IV about 99, and the children
of fathers in Social Class V about 93. These are big differences
and in part they are environmentally caused ; but in part
too they are genetic. Perhaps the best evidence for environ-
mental causation of such differences comes from studies of
children adopted early in infancy, and where there has been
no deliberate matching of natural and adopting mother.
Differences are found in intelligence test score of the adopted
children by social class of adopting father, and these may be
attributed to environment ; but the variance of intelligence
of these adopted children by social class of adopting father is
much less than that among own children, where both genetic
and environmental differences contribute to the variance.
Studies of twins, particularly monozygotic twins reared apart,81.4
also provide good evidence that the different means and
distributions of intelligence test score by occupation of father
depend both on environmental and on genetic differences.
Monozygotic twins reared apart from infancy show differences
of intelligence test score in the direction to be expected from
the environmental standards of the homes, but these differences
are considerably less than those seen among parents’ own
children.

Scientific evidence apart, it is, I think, inevitable in our
social system that some of the differences in intelligence test
score by social class should be due to genetic variation. Soci-
ologists who doubt this show more ingenuity than judge-
ment. Within a family of brothers and sisters, with polygenic
inheritance there should be much variation in the genetic
component for intellectual development. (With no tendency
for like to marry like for intelligence, the genetic variance
within families should be as much as half the total population
genetic variance.) Very considerable variation in observed
intelligence within families is seen in practice, and the children
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who are much above the family average will tend to move
up the socio-economic scale, and those much below to move
down, though characteristics other than intelligence will
play a part in this. Dr Gibson 16 reported at our Symposium
in 1964 some direct evidence for this process in his pilot survey
from Cambridge. It is probable, then, that a positive differ-
ential fertility by social class is to be welcomed on genetic as
well as purely educational grounds.

But such a differential fertility is not necessarily a fact,
and it would be more informative if we had good data relating
fertility directly to intelligence. There are very good data
relating a child’s intelligence test score to the number of his
(or her) brothers and sisters.1l, 12 These consistently show
quite a strong negative correlation (between —0-2 and —0-3),
and the negative correlation held even with social classes,
except perhaps in Social Class I. It was these findings that led
before the lastwar to the fear of adecline in national intelligence.
There is in fact no direct evidence of such a decline ; the two
Scottish surveys of eleven-year-olds in 1932 and 1947 showed
that there had been a small improvement in mean intelligence
level of eleven-year-olds in Scotland,!3 though this small gain,
in my opinion, was probably not at all genetic, since environ-
mental gains over these fifteen years were known to have led to
increases in height, weight and physical maturity at that age.
One reason why the negative correlation might be misleading
was suggested by Haldane in 1949,11 reviewing for publication
his evidence to the Royal Commission on Population. He
noticed that while one can reasonably draw inferences from
children’s intelligence and the number of their sibs as to the
relationship of fertility and intelligence for those individuals
in the parental generation who have had children, they tell
one nothing about the members of the parental generation who
have had no children at all. In fact there is now evidence
that the marriage rate and the proportion of married with no
children is relatively low for the very dull. Another reason
why caution must be exercised in drawing genetic inferences
from the relationship of a child’s IQ and the number of his
sibs is that very probably membership of a large family de-
presses a child’s intelligence test score for environmental



194 FACTORS IN HUMAN ABILITY

reasons, particularly on the more verbal tests.® What 1s
needed, therefore, is a number of studies which directly relate
an individual’s intelligence test score, preferably estimated
about the age of sixteen, to his or her subsequent reproductive
performance. Some studies of this kind from America, a
generation ago, are interesting because in contrast to the studies
within sibships they show little correlation either way between
an individual’s IQ and his or her fertility ; but these studies
were on a small scale and among selected groups.

TABLE 1

AVERAGE NUMBER oF (JFFSPRING OF 29-YEAR-OLD SWEDES BY
InTELLIGENCE TEST SCORE

PER CENT Mean NumBER

SCORE NUMBER MARRIED orF OFFSPRING
Secondary 356 66-0 0-63
-~ 100 470 71-9 0-69
Primary < 50-99 2077 68-0 0-75
0-49 1135 57-1 0-66
ToTAL SAMPLE 4038 65-2 0-711

More recently Quensel in Sweden 10 used the census of
1953 to measure the reproductive performance at age twenty-
nine years of a little over 2000 national service recruits from
Southern Sweden aged twenty-four when called up in 1944.
Their intelligence was measured at recruitment on a test on
which the average score is about 70. The recruits were placed
in four groups, a dull group scoring 0-49, an average group
scoring 50-99, a bright group scoring 100 or more, with only
primary education, and another bright group who had had
secondary education. The fertility findings are shown in
Table 1.

The greatest number of children per 100 mean at age
twenty-nine were born to the average group, and these also
had the biggest average family size; the dull group had fewer
children than either the average group or the bright group
and this is essentially due to their low marrage rate; the
average family size of the dull individuals who married was



DIFFERENTIAL FERTILITY AND INTELLIGENCE 195

relatively high. The bright group have the highest proportion
married and the highest proportion with at least one child;
their mean family size is smaller than that of the group of
average intelligence, but they married a bit later and appear
to be catching them up. The fourth group, those with selective
secondary education, many of whom were training for the pro-
fessions, at present have relatively small families; they
understandably marry later and start their families later, but
it is known from other studies of Swedish matriculants?
that their proportion ultimately married and their fertility
is higher than the population average. Professor Quensel
hopes to follow this group further when their families are more
complete, but this study already shows clearly the importance
of marriage rate.

Two more recent studies from America deal with completed
or nearly completed families. Higgins, Reed and Reed?
three years ago, from a mass of family data which started with
mentally retarded index patients, analysed the fertility of
those for whom school intelligence test scores could be dis-
covered. They too showed that marriage rate was an important
statistic in estimating fertility by intelligence. Excluding
the immediate family of the index patients and including only
the individuals who had married, they found overall a negative
correlation of intelligence and family size. The very bright
and the moderately bright individuals had larger families
than the average, but the dull and very dull had an even
greater excess of children. However, if one included the
unmarried members of the family, this negative correlation
disappeared and there was a positive relationship of intelli-
gence and family size. The relationship is shown in Table II.
Fertility is highest among the very bright, but there is a second
peak among the dull.

There are inevitably some uncertainties about the study;
there is the question, for example, of the randomness of the
sample for whom intelligence test scores were available, and so,
though the conclusions are probably correct, it is satisfactory
to have some more direct confirmation from the last study
which I wish to quote.

Two years ago, Bajema ! reported from Kalamazoo County
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in Michigan, USA, a study in which he traced alive or dead
over 85 per cent of the 1100-odd white native-born men and
women born between 1916 and 1917, who had attended the
sixth grade of the Public School system, where they all had an
intelligence test at average age of 11} years ; the average score
was 102. The 14 per cent untraced did not differ significantly
in sex ratio or intelligence from those traced. The subjects
themselves showed the usual negative correlation, about
—0:26, between test score and size of their sibship. But

TABLE II

AvErRAGE NuMBER OF OFFSPRING PER INDIVIDUAL IN RELATION TO 10}
Minnesora (Higgins, Reed and Reed, 1962.)

1Q) Rance NuMBER Mean No. oF OFFSPRING
=>130 25 2-96
116-130 269 2-45
101-115 778 2:26
86-100 583 2:16
71-85 208 2-39
56-70 74 2-46
0-55 29 1-38
ToTAL SAMPLE 1966 2:27

between the subject’s test score and their reproductive per-
formance there was a small positive correlation and again a
striking bimodal relationship, with highest fertility among the
very bright and the moderately dull and lowest fertility (apart
from the few wvery dull) among the average group. His
findings are summarized in Table III.

In the survey of Reed and his colleagues,2 which was not
restricted by colour or birthplace, it was the low marriage rate
of the very dull that was responsible for their low fertility. In
Bajema’s series the low average family size of the very dull
was partly due to a low marriage rate, but rather more to a
relatively high proportion of married but childless ; but the
overall picture is essentially similar to that of Reed and his
colleagues.

It would be most helpful to have similar data on a large
scale for Britain. The Scottish 1947 six-day sample would be
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most suitable for a study of this kind. But on the basis of the
more recent social class data for this country and the relatively
high fertility in recent years of selected group of high intelli-
gence, such as women with first class honours degrees from
British Universities 3 or Scholars of Winchester,4 it is probable
that the relationship between fertility and intelligence 1s now
similar to that shown in Reed and Bajema’s studies from
America and has the form of the continuous line shown in
Figure 5.

TABLE III

AvERAGE NuMmpeR oF OFFSPRING PER INDIVIDUAL IN RELATION TO
I1Q—TerMaN Grour Test

KavLamazoo County, Micuigan (C. Bejama, 1963)

1} RANGE NUMBER Mean No. oF OFFSPRING
> 130 23 3-00
120-129 59 2-44
105-119 282 2-24
95-104 318 2:02
80-94 267 2-46
69-79 30 1-50
ToTAL SAMPLE 979 2-24

I think it probable that for deliberately planned children
(planned in the sense of total number planned even if spacing is
not always planned) there is in fact a uniformly direct relation-
ship between observed intelligence and fertility, and that the
second peak at IQ below 95 is due to this dull group still having
a substantial proportion of unplanned and often unwanted
children.

The projected planned fertility for a series such as Bajema’s
is shown in the broken line in Figure 5, and assumes the fertilities
shown in Table III to change to 2-9, 2-4, 2-0, 1-8, 16 and 1-0
in descending order of intelligence. We may reasonably
expect these unplanned children to become progressively
fewer, provided that the dull and the very dull group are given
all necessary help to plan their families. This will give a con-
tinuous positive correlation between intelligence and fertility.

(0]
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Such a relationship is likely to lead to a rise in the average
levels of observed intelligence based probably on both genetic
and environmental advances. The genetic gain would be
slow in sociological perspective but rapid seen on the time scale
or human evolution. In my opinion, this is to be welcomed,
and a wise society will not only provide all the help that it
can to help its duller members to plan the size of their families,
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but will also encourage its most gifted to plan a family size
above replacement rate.

DISCUSSION

Dr CARTER said,in reply to questioners, that there was direct
evidence for the gap between the actual and the desired size
of family by social class. Social Class I's family size was far
nearer to their ideal than that of Social Class IV. By IQ
there was little direct evidence. In a study in Aberdeen,
mothers who were having their first babies were asked how
many they would like to have: though the sample was a small
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one, it was of interest that the more intelligent women wanted
larger families irrespective of the occupations of their husbands.

In the Minnesota Survey, the data were for one parent ;
there was a correlation of about 0-5 between the 1Q) of husband
and wife, and this would increase the effect of any differential
fertility by intelligence.

It was difficult to say to what extent an increase in average
intelligence from one generation to another could be attributed
to genetic changes ; it was of the order of one to two points
per generation, so that if there had been a ten-point rise only a
small part of this could be due to a genetic change.

REFERENCES

1. Bajema, C. J. 1963. Estimation of the direction and intensity of
natural selection in relation to human intelligence by means of the
intrinsic rate of natural increase. Eugen. Quart. 10, 175.

2. Hicecins, J., REEp, E. and Reep, S. 1962, Intelligence and family
size: a paradox resolved. FEugen. Quart. 9, 84.

3. HusBack, J. 1955. The fertility of graduate women. Eugen. Rev.
47, 2,

4. Hutron, K. 1953. Intelligence quotients and differential fertility:
some observations from Winchester College. Eugen. Rev. 44, 205.

5. Leany, A. M. 1935. Nature, nurture and intelligence. Genet.
Psychol. Monogr. 17, 236.

6. Matuer, K. 1965. Medicine and natural selection in man. In
Biological Aspects of Social Problems. (Ed. J. E. Meade and A. S.
Parkes.) Edinburgh. Oliver and Boyd.

7. MoBerG, S. 1950. Marital status and family size among matricu-
lated persons in Sweden. Popul. Stud. 4, 115.

8. Newman, H. H., Freeman, F. N. and HoLzinger, K. J. 1937, Tuwins:
A Study of Heredity and Environment. Chicago. University of
Chicago Press.

9. Niseer, J. D. 1953. Family Environment: A Direct Effect of Family
Size on Intellipence. Occasional Papers on Eugenics, No. 8. London.
Cassell.

10. Quenser, C. T. E. 1957. The interrelationship of marital status,
fertility, family size and intelligence test scores. Popul. Stud. 11, 234.

11. Rovar Commission oN PopuraTion. 1950. Papers. Vol. V. London.
H.M.S.0.

12, Scorrisi CounciL For Researcu IN Epvcation. 1953, Social Tmpli-
cations of the 1947 Scottish Mental Survey. London. University of
London Press.



200 FACTORS IN HUMAN ABILITY

13. Scormisn CounciL FOrR RESEARCH IN Epvcamion. 1949, The Trend of
Scottish Intelligence. London. University of London Press.

14. Smerps, J. 1962. Monozygotic Twins Brought up Apart and Brought up
Together. London., Oxford University Press,

15. THopay, J. M. 1965. Geneticism and environmentalism. In
Biological Aspects of Social Problems. (Ed. J. E. Meade and A. S.
Parkes.) Edinburgh. Oliver and Boyd.

16. Young, M. and Gmsson, J. B. 1965. Social mobility and fertility.
In Biological Aspects of Social Problems. (Ed. J. E. Meade and A. S.
Parkes.) Edinburgh. Oliver and Boyd.



HERITABILITY OF INTELLIGENCE

R. M. C. HuNTLEY
Clinical Genetics Research Unit, Institute of Child Health, London

Tue concept of heritability is not difficult to define, The
difficulties appear when one attempts to estimate it for a
particular characteristic in a population of human beings.

At the beginning of his paper Dr Carter spoke of operational
intelligence as due to the interaction of genetic endowment
and environment, this latter including all kinds of non-genetic
influence—intra-uterine life, the home, education and other
social factors. The genetic endowment cannot be measured
independently of the environment, but it is possible to assess
what proportion of the total variance of the scores on a par-
ticular intelligence test is due to additive genetic variance.
This genetic proportion of the total variance is the heritability
which I am attempting to assess. The ° particular * nature of
it should again be emphasized, lest the title of this paper should
lead to too high expectations of the result. We cannot measure
the heritability of intelligence once and for all. All that can be
offered is an estimate of the heritability of intelligence as
measured from scores obtained on a particular test by a par-
ticular group of people living at a particular time in a particular
area. If any one of these were different the heritability might
be different too.

Like most human characteristics, intelligence varies con-
tinuously in the population. This fact of continuous variation
i1s an indication of a particular mode of inheritance, known
as multifactorial or polygenic, meaning that the character is
determined by a number of gene pairs, individually of small
effect, but added together giving the final expression of the
character in the individual. The same kind of variation
could also be produced by the additive effect of many
small environmental causes. In practice the total variability
will be produced by a combination of both genetic and
environmental causes of wvariability, each contributing a
certain proportion of the total. The proportion which the

201
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additive genetic variance bears to the total variance is the
heritability of the particular character in a population. We
specify additive variance because that is the part of the genetic
variance which contributes to a resemblance between parent
and child, whereas non-additive variance or variance due to
dominance does not. My task is to show how different esti-
mates of heritability can be made, for intelligence, from scores
made on a particular test by a particular group of people.

The approach will be to work from the fact that, in general,
relatives resemble one another more than they resemble other
people to whom they are not related. We shall then consider
the reasons for the observed resemblances between different
relatives by comparing them with resemblances we should
expect to get assuming either genetic or environmental deter-
mination. Finally we shall consider the theory underlying
various methods of estimating heritability and apply the
relevant ones to the observed resemblances between relatives.

First, then, the resemblances we should expect to get,
given continuous variation, and polygenic inheritance, between
various kinds of relative. The theory for this genetic treat-
ment of continuous variation was given by Fisher 7 in 1918,
when he showed that, provided certain assumptions are realized
the resemblances between relatives depend on the number of
genes they share in common. Thus the genetic resemblance
between father and child is a half, because a child receives
half his genes from his father, and so is genetically half like
him.  Similarly, siblings—ordinary brothers and sisters—
also share on average half their genes in common, and so are
half alike. There is a genetic correlation between them of
0-50. Dizygotic (DZ) twins, being genetically no more alike
than ordinary brothers and sisters, will also show a genetic
resemblance of a half. Monozygotic (MZ) twins, on the other
hand, are genetically identical. They share all their genes in
common, so show a genetic resemblance of 1-0.

The assumptions underlying these theoretical resemblances
are (i) that genetic factors alone are responsible, and no
environmental influences are having any effect, (ii) that there
i1s no dominance and (iii) that mating is random, i.e. there
is no tendency for like to marry like, resulting in a correlation
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between husband and wife, called assortative mating. In prac-
tice, of course, these assumptions are probably never all met,
and complications arise in comparing observed resemblances
with those based on the simple model. Dominance may or
may not be involved in the inheritance of intelligence; there
are certainly going to be environmental influences. Assortative
mating, present in most human characteristics, i1s probably
stronger for intelligence than for any other characteristic,
certainly than for any physical one. Furthermore, these other
factors will, if present, not only affect the resemblances on the
simple additive gene model, but affect them in different ways.
Assortative mating raises parent-child, sib-sib and DZ twin
resemblances. Dominance tends to lower resemblances but
does so less for sibs (and DZ twins) than it does for parent and
child. Environmental influences can have both effects. In
general relevant environmental differences between relatives
will lower the resemblance between them expected on genetic
grounds, and so lower the correlation. But this is on the assump-
tion that, everybody, irrespective of whether they are related
or not, has an equal chance on average of experiencing the
various kinds of environmental conditions. Again this 1s an
assumption which may rarely be realized in human popu-
lations. Just as a genetic resemblance between relatives arises
from the fact that relatives share more genes in common than
unrelated people, so, if relatives share environmental conditions
in common, there will be an environmental resemblance
between them which may mimic or be even higher than the
expected genetic ones.

In fact, an environmental hypothesis can be set up along-
side the genetic one. It is probably a reasonable hypothesis
that the environments of twins, although lacking the precision
of the expected genetic resemblances, are not as different
as the environments of different sibs, nor are the environments
of different sibs as different as the environments of parents on
the one hand and their children on the other. Also, both MZ
and DZ twins, to the extent that for both kinds they are two
children of the same age growing up in the same family at the
same time, may be assumed to be subject to much the same
degree of environmental differences and similarities. So,
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whereas for genetic factors DZ twins and sibs share the same
degree of resemblance and are less alike than MZ twins,
for environmental factors the M7 and DZ twins will tend on
the whole to be equally alike or equally different, and more
alike than their sibs.

It is obvious, then, considering all the different influences,
both genetic and non-genetic, which can affect the resemblances
expected on the simple theoretical model, that any observed
correlation between relatives must be interpreted with con-
siderable caution, before using it to estimate the heritability
of a character in the population. For this reason, instead of
considering the correlations for intelligence in isolation, I am
including resemblances obtained from the same relatives in
three other characteristics, in the determination of which
genetic and non-genetic factors may be thought to be playing
different proportionate parts. The heritability of intelligence
will then be seen in relation to the greater or lesser heritabilities
of other human characteristics. These three other characters
are the finger-print ridge count, height and an assessment
of social maturity,

The total finger-ridge count is included because better
than any other human characteristic it meets the requirements
laid down by Fisher for the realization of the theoretical
resemblances. The finger ridges are formed early in preg-
nancy and do not change thereafter. There is no need,
therefore, to make any troublesome allowances for age differ-
ences between subjects. There is a small sex difference in the
number of ridges but allowing for this makes no appreciable
difference to the correlations. No evidence so far has shown
any dominance in the inheritance of finger ridges. It 1s not a
character which causes attraction between the sexes, so there are
no complications arising from assortative mating. S. B. Holt’s
studies 8 have shown how closely the observed correlations in
finger-ridge count {it the theoretical expectations for a character
determined by polygenic inheritance alone. It is therefore a
very useful measure to include with other measures on relatives,
being, as Fraser Roberts 12 has suggested ““ a kind of sheet-
anchor when the inevitable complexities that arise with other
measurements are being analysed.”
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Height is included as a familiar example of a normal
physical measurement, probably largely determined by here-
dity but certainly more complicated to deal with than finger-
ridge counts, since it changes with age, differs between sexes,
will be at least partly dependent on nutritional and climatic
factors and is a character liable to an appreciable degree of
assortative mating.

Intelligence as assessed here is based on a composite
Vocabulary Test, using the four Vocabularies from the Terman-
Merrill, the Wechsler Intelligence Scale for Children, and
Raven’s Mill Hill Vocabulary Forms A and B. These four
scales were used together and standardized by Dunsdon and
Roberts 4: 5 as one test with separate norms for boys and girls
at each age from five years to fourteen years, eleven months.
It is realized that there are objections to using a wholly verbal
test for the assessment of intelligence and for the calculation of
its heritability. However, provided it is borne in mind that it is
a verbal test of intelligence, and that because of this cultural
and environmental factors may influence the scores more than
they would a less verbally biased test, this should not be too
serious an objection.

This measurement was one of many which were taken from
all the members of several hundred families for a twin family
study that Dr Dunsdon and I have been doing. Since these
families ranged in size from a single child to eight children,
it would have been quite impracticable to administer a full-
scale intelligence test in the time available. Discussing this
kind of test, Dunsdon and Roberts 3 say * for the comparison
of large groups vocabulary tests have manifest advantages in
respect of reliability, validity, relative absence of practice
effect and, above all, the amount of information obtained per
unit of testing time.” Such tests give “ 70 per cent of the
information that would be obtained using more extensive
tests in 10 per cent of the testing time.”

If like marries like in terms of stature, the tendency will
probably be even more marked in the case of intelligence.
A range of figures for assortative mating in intelligence has been
reported from about 0-40 (Spuhler'4) to more than 0-70
(see review by Alstrom1). It is probable that in western
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Society the correlation for intelligence between spouses is at
least as high as that between parent-child and sib-sib.

The other characteristic included for comparison with
the correlations in intelligence is an assessment of social
maturity using the Vineland Social Maturity Scale.2 It
assesses the individual’s ability to look after his practical needs
and to take responsibility in relation to his age. A social Age
and Social Quotient are computed for the subject’s record on
the Scale.

The numbers of which the correlations for intelligence are
based are 320 pairs of twins and their available non-twin
siblings, making a total of 108 pairings. The numbers of
sibs for height are higher because the over-fifteens are included,
while for Intelligence and Social Maturity the tested age
range is from five years to fourteen years, eleven months only.
The numbers analysed for the finger-ridge count are smaller
(103 pairs of twins)., These are the three-child families only,
a pair of twins and one sib. The sib has been correlated with
each member of the twin pair giving 206 pairings. Of the 320
pairs of twins, 85 were Monozygotic and 235 Dizygotic;
100 DZ pairs were of unlike sex.

The twin families came from two sources. A first group
was obtained with the help of the Hospital for Sick Children,
Great Ormond Street. One or both twins had been a patient
at the Hospital. The second group, which was needed (a)
to increase the numbers and (b) as a check on whether the
Hospital group was a selected one in any way, was obtained
from volunteers who responded to a Television appeal for twin
families living in the Greater London Area.

A correct diagnosis of zygosity is an essential part of any
twin study. In this study it was carried out in two stages.
An initial diagnosis was made, on the basis of marked simi-
larity in general appearance, and essential identity in a number
of physical features—hair colour, texture and form, eye colour,
shape of nose, lips, ears and chin, teeth formation and types
and proportion of hands and fingers—for a diagnosis of Mono-
zygosity. If there was dissimilarity in any of these the pairs
were classed as DZ. Any cases where there was real doubt
(about forty pairs) were fully blood-grouped, with their
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parents. It was reassuring to find that in only one of these
forty specially difficult cases was a wrong diagnosis demon-
strated, and consequently it seems unlikely that a wrong diag-
nosis has been made in the remainder of the cases.

Table I shows the resemblances obtained in the four
characteristics for the different relationships, together with
the theoretical expected genetic resemblances. The correlations
for DZ twins have been given for like-sex DZ pairs for true
comparability with the inevitably like-sex MZ pairs, and
then for all the DZ pairs (like plus unlike sex) for compar-
ability with the sib pairs who are both like- and unlike-sex
pairs. Husband-wife correlations are given where available.
The parents of these children were measured for finger-ridge
count and height, but not for intelligence or social maturity ;
apart from the difficulties of testing the parents’ intelligence
with any accuracy, it was feared that any attempt to do so
might, in a great many cases, jeopardize their whole co-opera-
tion. The figure inserted for assortative mating for intelligence
is, therefore, an estimate. We do not at all know what degree
of assortative mating there is for social maturity.

The correlations for the MZ twins are all very high. The
ridge-count correlation of 0-96 is not significantly below the
theoretical figure of 1-0, suggesting a high degree of genetic
determination. Height correlation, at 0-90, is slightly lower
and would be expected to be so, with non-genetic factors,
perhaps slight nutritional differences, and some element of
measuring error beginning to intrude. With intelligence the
figure is slightly lower again, suggesting an increase in the
environmental influences that are relevant in causing differ-
ences in verbal intelligence. Some part of the variability in
intelligence will also be caused by measuring error in the form of
unreliability of the test and of the subject measured. We know
that the correlation of a child’s score with his score a year later
is in the region of 0-95, so the unreliability of the test score as a
cause of differences between MZ twins is probably not very
important. Environmental differences, then, do not appear
to be affecting the intelligence scores.

In social maturity, the correlation between the MZ twins
15 very high. In fact at 0-97 it is suspiciously high, being,
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if anything, higher than that for the finger-ridge count. How
could a character which would seem much more likely to be
subject to home, cultural and social pressures produce a
resemblance between MZ twins as high as, or even higher than,
that produced in a character which is highly genetically deter-
mined ? Presumably, by environmental factors which, being
as similar for each member of a twin pair as their similarity
in the number of genes they share in common, will produce
an environmental resemblance which mimics the genetic one.

A high MZ correlation by itself, then, does not prove
genetic determination. More information is needed, in order
to identify the causative factor. The difficulty is partly resolved
by bringing in the other DZ twin and sib correlations for
comparison. On the genetic hypothesis they should be near
0-50 ; on the environmental hypothesis the DZ twins should be
more like the MZ twins, while the sibs would be less alike than
the twins.

The DZ twin correlations for ridge-count are 0-47 and
0-49, for like-sex, and all DZ twins respectively. By their
very significant difference from the MZ correlation they
fully confirm the hypothesis of wholly genetic determination.
The sib-sib correlation is virtually 0-50, showing that the pre-
sumed greater difference of environment of sibs than of twins
is having no effect on the resemblances in this character.
For height, the DZ twin correlation is somewhat higher than
0-50 at 0-57 and 0-58, while the sib correlation is 0-50. That
the sib correlation is lower than the DZ twin one is not sur-
prising ; for, apart from possibly greater relevant environ-
mental differences, the sibs are necessarily of different ages and
at different stages of development, so that the resemblance
between them may well be lower than it would be if they were
all fully grown.

Assortative mating is undoubtedly helping to raise the
correlations above 0-350. For height, the correlations between
spouses is seen to be 0-34, whereas for finger-ridges it was not
significantly different from zero. Similarly for intelligence,
allowance for assortative mating will raise the expected

theoretical correlations of 0-50, so that the observed correla-
tions of 0-66, 0-58 and 0-58, for like-sexed DZ twins, all DZ
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twins, and sibs respectively, do not necessarily indicate non-
genetic determination. However, the MZ correlation has been
lowered by 0-83 by non-genetic factors, and these will also
affect the DZ correlation. Therefore, either powerful in-
fluences arising from assortative mating, or marked similarity
of environment of twin pairs must be tending to raise the
correlations to the levels observed here.

The correlations for social maturity are of a different
order from those for finger-ridges. The DZ like-sex correla-
tion is only a little less than the MZ correlation, while when the
unlike-sex twins are included there is only a small fall—to
0-82. It cannot be assortative mating which causes these very
high DZ twin correlations ; for, if it were, the sib-sib correla-
tion would also be high, whereas it is only 0-32. This char-
acter appears to support the hypothesis of wholly environ-
mental determination nearly as strongly as the ridge-counts
suggest the workings of a wholly genetic determination based
on the simple theoretical model. Height, and especially
intelligence, appear to fall between these two extremes.

We come now to the use of these correlations in the actual
quantitative estimates of heritability—the proportion of the
total population variance which is due to additive genetic
variance.

Heritability estimates are distorted by the effects of assort-
ative mating. However, assortative mating has a measurable
effect on resemblances and can be allowed for. Fisher 7
showed that assortative mating raises parent-child, sib-sib
and DZ twin correlations to §(1-4-m) where m is the degree
of assortative mating. The only difficulty is making allowance
for assortative mating is that of knowing whether the observed
husband-wife correlation is in fact genetic assortative mating,
The mating takes place on a phenotypic level, and this does
not necessarily mean that the phenotype is an accurate por-
trayal of the genotype. In intelligence the actual degree of
assortative mating will certainly only in part be genetic, and
so only a part of it will affect the correlations in the predicted
manner. We are making the assumption that half the pheno-
typic resemblance between parents is genetic, and show in
Table II the correlations again with this effect removed.
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The ridge-count figures are unaffected. The height and
intelligence figures are somewhat lower, and come much closer
to those obtained for the finger-ridges. The MZ correlations
are unaffected by assortative mating. MZ twins, being geneti-
cally identical anyhow, cannot be made more alike by any
genetic similarity between their parents.

From the form in which the correlations appear in Table I1
the heritability estimates can be calculated. The methods
used are two of several suggested by our next contributor,

TABLE 1II

RESEMBLANCES BETWEEN RELATIVES

CORRELATIONS AFTER ALLOWING FOR

EFFECT OF GENETIC ASSORTATIVE MATING
-

i b}
ThHEORETICAL FINGER-PRINT INTELLI- SOCIAL
RELATIONSHIP CORRELATION RIDGE COUNTS HEIGHT GENCE MATURITY
MZ twins 1-0 0-96 0-90 0-83 0-97
DZ twins (like-sex) 0-5 0-47 0-48 0-53 0-89
DZ twins (all). 0-5 0-49 0-49 0-45 0-82
Sibs 0-5 0-51 0-41 0-45 0-32

Dr Falconer,® in his book Introduction to Quantitative Genelics.
He shows how the total variance can be partitioned into the
variance within groups, and the variance between groups,
and the two parts into their genetic and environmental
components.

Thus for MZ twins all the additive genetic variance will
be between pairs, because there are no unshared genes to cause
differences within the pairs. Similarly all variance due to
dominance will be between pairs, because either both twins
will be affected by dominance effects, or neither will. Differ-
ences within the pairs will be environmental differences.
But if these environmental differences within pairs are less than
the total environmental variance in the population, there will
be a portion of this total variance between the pairs—being
that portion of the total variance which is common to members
of the twin pairs and is an additional cause of similarity
between them.
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M7 and DZ twins, by virtue of being two children of the
same age growing up in the same family at the same time, may
be assumed, in general, to be subject to much the same degree of
environmental differences and similarities. Hence in par-
titioning the variance for DZ twins the within-pair environ-
mental variance component and the between-pair common
environmental variance component will be the same as for MZ
twins, However, DZ twins are on average genetically only
half alike ; so half the additive genetic variance will be within

TABLE 1II

CoMpPosiTION OF THE COMPONENTS OF VARIANCE BETWEEN AND WITHIN
Pairs oF Twins

BeETwEEN PaArs WirtHIN Palrs
MZ twins Va + Vot Vee Vew
DZ twins Va+3Vo+ Ve Vat+iVo+ Vew
Difference +Va+§Vp 4Va+4Vp

Va = Additive genetic variance.

Fp = Variance due to dominance.

Vge = Variance due to common environment.

Vew = Variance due to environmental differences within groups.
(from Falconer.6 1964, p. 184.)

pairs, and half between pairs. If there is dominance, the
variance due to it will appear in both components, in unequal
proportions, three-quarters of it causing differences within
pairs, and one-quarter causing differences between pairs.
The difference between the between-pair components for
M7 and DZ twins, which 1s the same as the difference between
the covariances of the two kinds of twins, will be equal to half
the genetic variance in the population, or, if there is dominance,
to half the additive variance plus three-quarters of the domin-
ance variance.

Table IIT shows this partitioning of the components of
variance between and within pairs of twins, and is taken,
with his permission, from Dr Falconer’s book.6

Falconer suggests therefore that the difference between
the correlation coefficients of MZ and DZ twins *““could be taken
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as an estimate of half the heritability if there were no non-
additive variance . . . but since non-additive variance cannot
reasonably be assumed to be absent, the difference can only
be regarded as setting an upper limit to half the heritability.”
If there is variance due to dominance the DZ correlation will
be reduced, thereby increasing the difference between the
MZ and DZ correlations, and so overestimating the herit-
ability.

Two other estimates of heritability can be made from
the DZ twin and sib-sib correlations. For both kinds of
relatives the covariance is made up of half the additive genetic
variance plus a quarter of any dominance variance plus
any variance due to common environment. The correlation
coefficient will therefore estimate half the heritability if there
15 no variance due to common environment or dominance.
If there is variance due to these factors the correlation will
not give a true estimate of the heritability in the population,
since the genetic resemblance is reduced by only a part of the
population environmental variance, and by less than the whole
of the variance due to dominance. The heritability would
therefore be overestimated.

For intelligence and the three other characteristics we can,
then, obtain three estimates of heritability. The first, based
on the difference between MZ and DZ twin correlations,
gives a true estimate, unless there is some variance due to
dominance ; if there is, it will set up an upper limit to the
estimate. The second, based on the DZ twin correlation, will
be an upper limit according to whether it includes variance due
to common environment and dominance or not. Ifitis greater
than the first estimate, and if we assume now that there is no
dominance, this will be an indication of the effect of common
environment. The third estimate, based on the sib-sib
correlation, will be similar to the second except in so far as the
common environment of sibs is less than the common environ-
ment of DZ twins ; this will make the sib estimate lower
than the twin estimate.

The heritability estimates are shown in Table IV, expres-
sing the genetic proportion of the total variance as a percentage
of that total.

P
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All three heritability estimates for the ridge-counts are very
high and consistent with each other. For this character
genetic factors account for nearly all the differences in the
population. Common environmental and dominance effects
are not suggested by any of the estimates.

There is some variation in the estimates of height herit-
ability, but all are high. The discrepancy between the first
and second estimates could be due to the raising of the second
one by common environmental variance. It is also possible
that the assumption that only half the assortative mating for
height was genetic was an underestimate, and that more
should have been allowed for. If it were, the first estimate

TABLE IV

EsTimaTEs oF HERITABILITY

CHARACTERISTICS
A
s il
Finger-print Social
METHOD ridge counts  Height Intelligence  maturity
Per cent Per cent Per cent Per cent
2(rmz—-rpz) 08 84 60 16
2roz <98 < 98 < 90 < 164
2rsins < 102 <82 <90 < 64

would be raised and the second (and third) lowered. The true
heritability for height may be as much as 90 per cent. The
lower heritability for sibs could be due both to their less common
environment and to the fact—mentioned earlier—that being
necessarily of different ages and at different stages of develop-
ment they will probably resemble one another less than if they
were all fully grown, or, like the twins, all of the same age.

For intelligence, there is a heritability of 60 per cent on the
first estimate and a maximum of 90 per cent on each of the
others. The 60 per cent is probably a true estimate and
consistent with a theory that intelligence is a largely inherited
characteristic, but that when, as here, the measure of it is based
on a wholly verbal test, environmental factors will play a
more important part than if the assessment were based on
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a test less dependent on an acquired knowledge and facility
in the handling of words. The high and similar DZ and sib
estimates also suggest a considerable degree of common
environmental effect shedding its influence equally over all
the members of a family, tending to make them all more alike
in verbal IQ than they would be if genetic factors alone were
the controlling factor in differentiating them.

The social maturity estimates are instructive as showing
a character which is at the other extreme from finger-ridges
in terms of genetic determination. Only 16 per cent of the
total variance is due to genetic variation. The character is
almost entirely the product of environmental influences,
and the nonsense figure of 164 per cent for the second herit-
ability estimate shows the very large and predominating effect
of the common environment of DZ twins for this character.
Two children in the same family at the same time will tend to be
very much alike in degree of social maturity, irrespective of
whether they are alike or unlike genetically.

At the beginning of this paper I emphasized that these
heritability estimates of intelligence were based on the results
obtained from a particular group of people living at a par-
ticular time in a particular part of the country and tested
on a particular test, and that if any of these factors were
different, the heritability might be different. This would
seem to make any such particular estimate of very limited
value, since it could have no general validity and comparisons
with estimates from other studies obtained with different
tests on different people would be rather pointless. It is
surprising, however, to find how comparable the results
from various studies are, though not so surprising, perhaps,
in that all those I shall quote are either British or American
studies, and therefore, ‘ western society ’. [Either a striking
similarity is shown in the heritability estimates for intelligence,
or, where there are differences, they are understandable.

Table V shows our estimates compared with four
others,?: 10, 11, 13 calculating the heritability in the same way,
and making the same allowance for assortative mating. The
samples come from pre-war USA and Bath, and from present-
day Greater London and Scotland. The tests are either
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full-scale general intelligence tests combining verbal and non-
verbal tests, or, in this study only, purely verbal. Estimates
from twins give either 60 per cent for verbal intelligence or an
expected higher figure of 76 per cent on the less verbally
biased tests. The estimates from sibs are in general higher,
showing, it is thought, the extra effect of common family
environment, They range from our own 90 per cent or less
where the verbal nature of the test is most subject to common
environmental influences within families, to 82 per cent and

TABLE V

ComparisoN of HEriTABILITY ESTIMATES FOR INTELLIGENCE DERIVED
FrOM VARIOUS STUDIES

HERITABILITY

(h2)
e e
Date Source of Test(s) from from
StTupy reported material used Twins  Siss
Per Per
cent  cent
Dunsdon and 1965 Greater Four 60 <90
Huntley London Vocabulary
Newman, Freeman 1937 U.S.A. Binet 76 —
and Holzinger 10
Roberts 11 1940 Bath Advanced — =82
Otis
Maxwell and 1960 Scotland  Terman-Merrill — =76
Pilliner @ Form L
Shields 13 1962 Greater Yocabulary -+ 76 -—
London Dominoes

76 per cent for the Bath sibs and the Scottish sibs on general
intelligence scales, less likely, probably, to be affected by
common environmental influences.

It would seem, then, that certainly well over half the
variability of this predominantly verbal kind of intelligence
in the population is due to genetic differences between people.
It is probably fair to suggest that for general operational
intelligence genetic differences will be responsible for some-
thing nearer three-quarters, perhaps 70 per cent, of the total
variability.
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DISCUSSION

Mr HuntLEY emphasized that intelligence had been

assessed on the basis of a comprehensive vocabulary test,
and was therefore probably more likely to be influenced by
cultural and environmental factors than a non-verbal test,
and show a lower heritability ; which was in fact the case.
With regard to the findings on the Vineland social maturity
scale, the information was collected from the mothers, who on
the whole were fairly intelligent people who did their best
to discriminate between the twins ; in fact, it was the mothers
who were aware of the differences and in most cases could not
understand why other people thought the twins were alike.

10.

11.
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GENETIC CONSEQUENCES OF
SELECTION PRESSURE

D. S. FALcoNER

Agricultural Research Council, Unit of Animal Genetics,
Institute of Animal Genetics, Edinburgh

My role in this Symposium is to look at the problem of differ-
ential fertility from the point of view of a quantitative geneticist.
As far as the problem of intelligence is concerned I shall have to
keep to a strictly theoretical level because I know little about
the evidence. I shall assume that there really is a fertility
differential for intelligence, and that the problem of what
effect this apparent selection will have on the intelligence
of future generations is a real one. The evidence reviewed by
Dr Carter in his contribution to this Symposium encourages
the belief that the fertility differential is positive, and not nega-
tive as it used to be supposed. What I have to say applies
equally, whether the apparent selection is for increased or for
decreased intelligence.

There can be no doubt that intelligence, however it may be
measured, 1s to some degree inherited, and that most of the
genetically determined variation is multifactorial, i.e. due to
many genes each with small effects. The power of selection
to change almost any characteristic with multifactorial in-
heritance within a few generations has been abundantly
proved by laboratory experiments, and evidence of its efficacy
over longer periods of time can readily be seen in the great
variety among our breeds of domestic animals.

In view of the overpowering evidence of the efficacy of
selection it may seem inevitable that human intelligence must
change as a result of the selection apparently being applied
to it through the differential fertility. This conclusion, however
though possibly true, would not be justified by the evidence
at present available. My object now is to explain why it is
not a valid conclusion, and to show what additional informa-
tion we need in order to predict the change of intelli-
gence resulting from differential fertility, I shall first explain

219
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how the response to artificial selection is predicted, which is
well understood and substantiated by experiment, and then
introduce the modifications needed to predict the response to
natural selection. It will not be possible to explain fully all
the underlying genetical ideas, nor to demonstrate in full the
derivation of all the mathematical expression. Details of
artificial selection will be found in Lerner 7 and Falconer,2
and more sophisticated accounts of the selection process,
including natural selection, are given by Crow and Kimura !
and Kempthorne.5

ARTIFICIAL SELECTION

The prediction that can be made is of the change in the
mean value of the criterion of selection between one generation
and the next. The criterion of selection in a laboratory experi-
ment is usually a measurement, such as weight or test-score,
which is the * character ’ selected. All individuals of a genera-
tion are measured and the best are chosen, on the basis of this
measurement, to be parents of the next generation.

For the prediction of the response only two parameters
are required—the heritability of the character selected, and
the selection differential applied. The heritability, symbolized
as h2, expresses the degree to which the character is inherited,
and is defined as the additive genetic variance, Vg, as a pro-
portion of the total phenotypic variance, Vp, i.e. k2 = Vg[V5.
(The symbol G will be used throughout as a subscript to denote
genetic variance and correlation, though in every case it
refers to the additive, and not to the total, genetic component.)
The heritability is estimated from the degree of resemblance
between relatives.

The selection differential, §, is the mean superiority of the
individuals selected, over the mean of the generation to which
they belong, and is a measure of the intensity of the selection
applied. If the parents differ in their contribution of offspring
to the next generation, as they commonly do through differ-
ences of fertility, allowance must be made for this in calculating
the selection differential. The superiority of each selected
individual is weighted by its relative contribution to the next
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generation, and the selection differential is the weighted mean
superiority, Thus

i
where X is the value of the character in a selected individual,
f is the number of offspring it contributes to the next genera-
tion, f and X the means of f and X in the population, and N
is the number of selected individuals.
The response, R, or the change in the character selected

brought about by one generation of selection, is then equal
to the product of the heritability and the selection differential:

S=d_;rz[fw—~x?)] (1)

R — 2§ 2)

In principle this prediction is valid for only one generation
because the selection itself alters the genetic properties—
specifically the heritability—of the population. In practice,
however, the heritability changes only slowly and the pre-
diction is reliable for up to five or ten generations, or even
longer.

An example of the predicted and observed responses to
artificial selection is illustrated in Figure 1. This shows the
results of selection in mice for increased susceptibility to the
induction of lung tumours by urethane, the criterion of selection
being the number of tumours induced by a standard dose.
Over the whole experiment the prediction was very accurate,
though for any single generation it was less reliable on account
of sampling variation and unavoidable environmental fluctua-
tions,

There is no way of predicting how long the response will
continue, or how great a total change may be produced by
long-continued selection. The experiment illustrated showed
an undiminished response for nine generations, which changed
the character selected by about [-8 standard deviations.
Experiments continued over longer periods commonly show
responses continuing for roughly twenty generations, and
producing a total change of some 5-10 standard deviations.
We can therefore feel confident that any change that may be
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taking place as a result of selection in a human population
will continue for a long time, provided that the conditions
remain the same.

The effect of selection on the variance of the character
selected is also unpredictable from theory, because the rate at
which the genetic parameters change is not known. In most

MEAN ~/TUMOUR NUMBER

1 ] L — i 1
) a4 & a

GENERATIONS OF SELECTION

Ficure 1

OBSERVED AND PREDICTED {TH]N LINE::I RESPONSES TO SELECTION
FOR THE NUMBER OF LUNG TUMOURS INDUCED BY URETHANE
IN MICE

The mean of each generation is shown as the mean of the square roots
of the individual tumour numbers, the scale transformation being necessary
to normalize distribution. (Data from Falconer and Bloom, 1964.3)

laboratory experiments the phenotypic variance remains
substantially unaltered for at least as long as the response
continues at an undiminished rate, and when it does change it
sometimes increases, even though the additive genetic com-
ponent has diminished. We can therefore be sure that there
will be no large change in the variance of intelligence as a

result of differential fertility, though small changes cannot
be ruled out.
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NATURAL SELECTION

In a laboratory experiment precautions are usually taken
to ensure that the environmental circumstances, as they affect
the character selected, remain constant from generation to
generation, so that no regular change in the mean of the
population results from environmental changes. This, of
course, is not true of a natural population and we must recog-
nize the possibility—or, in the case of human intelligence,
the probability—that the mean value is undergoing a change
for environmental reasons. The response to selection predicted
by equation (2) is the genetic change, and if there is any
environmental change this must be added to give the observed
or phenotypic change. In what follows we shall be concerned
only with predicting the genetic change in response to natural
selection, environmental changes being ignored.

At this point it might be thought that the change of intelli-
gence under natural selection could be predicted from equation
(2), since the apparent selection differential could be derived
from equation (1) and the heritability of intelligence can be
estimated. The prediction, however, is not so simple for the
following reason. The ‘character’ selected under natural
selection is not intelligence but © fitness * ; i.e. the individual’s
contribution of offspring to the next generation. Equation (2)
is therefore applicable under natural selection only to fitness,
and not to any other character. To predict the change of
intelligence we have to consider the behaviour of correlated
characters under selection: what change in one character (1)
will result from selection applied to another character (X)?
This introduces the concept of genetic correlation.

When we measure two characters in each of a number of
individuals and work out the correlation between the two
characters, this observed correlation is the ° phenotypic
correlation °, or the correlation between phenotypic values.
It arises, however, from two component causes of correlation,
genetic and environmental. A genetic correlation arises
when some genes affect both characters (or when genes affect-
ing the two characters segregate in linked combinations, as
might happen after recent race-crossing). An environmental
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correlation arises when some environmental differences affect
both characters. The covariance arising from these separate
causes are additive to give the observed phenotypic covari-
ance—

COUp == COVg—+COVg,
whence it can be shown that the three correlations are related
as follows:—

Tp = Tghxhy +ryexey, (3)
where subscripts P, G, and E refer to the phenotypic, genetic,
and environmental correlations respectively, fy and hy, are
the square roots of the heritabilities of the two characters
that are correlated, and ¢2 = 1—A2. The way in which the
two underlying correlations, genetic and environmental,
combine together to produce the observed, phenotypic,
correlation is thus affected by the heritabilities of the two
characters. The important point to be noted is that the
magnitude of the genetic correlation, or even its sign, cannot
be estimated from a knowledge of the phenotypic correlation,
even if the two heritabilities are known. A fuller discussion
of the relationship between the three correlations i1s given
by Searle.10

The genetic change in character ¥, when selection is made
for character X, can be predicted from the regression equa-
tion:

Ry =b {G_}}'IRI: (4)
where b yy 1s the genetic regression of 1 on X, and Ry is the
response of the character directly selected. An equivalent

but more informative way of writing the expected change in
Y is

R S
¥ = f{;ﬁrﬁxi ‘:5}
Ty oy

where oy and ox are the phenotypic standard deviations and
Sx 1s the selection differential on X. Thus when the response
of 1 and the selection differential applied to X are expressed
in phenotypic standard deviation units, the response is equal
to the selection differential multiplied by the product of
the genetic correlation and the square roots of the two herit-
abilities. So, to predict the correlated response, we need to
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know the genetic correlation and the heritabilities of both
characters, as well as the selection differential. Thus the
genetic correlation between intelligence and fitness is of the
utmost importance to the prediction of the change of intelli-
gence under natural selection, because there can be no change
of intelligence unless there is some degree of genetic correlation
between intelligence and fitness ; unless, that is to say, there
are some genes that affect both intelligence and fitness. It is
certainly possible, though perhaps not very likely, that the
phenotypic correlation that gives rise to the differential
fertility is entirely environmental in origin. There is another
important conclusion that is evident from equations (4) and (5),
namely that there can be no change in character 1" unless
character X responds to selection. So intelligence cannot change
unless fitness itself changes under natural selection. We must
therefore consider the expected change of fitness itself under
natural selection.

The expected change of fitness under natural selection can
be deduced in the following way. The working is simpler
if fitness is expressed as relative fitness, and this simplification
does not affect the conclusion. Let f be the number of offspring
that an individual contributes to the next generation, and f
the mean number of offspring contributed by all individuals
in the generation. Then the relative fitness, F, of an individual
is f|f. The weighted selection differential is obtained, as
explained earlier, by multiplying the superiority of each
individual by its relative contribution to the next generation.
The character selected and the weight attached to each indi-
vidual are now the same, namely relative fitness, so the weighted
selection differential proves to be simply the phenotypic
variance of relative fitness. This can be shown as follows.
Putting f/f = F, and X = F in equation (1), the weighted
selection differential on relative fitness becomes

1
r=— X| F(F—F
S N [ ( }:l
1
—W-EF?-—(F)E

= Viryr: (6)
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The expected response of relative fitness, by equation (2) is
RF — hEPS'F

= h2p V:Pm
e chr: (?]

Vigp being the additive genetic variance of relative fitness.
This is Fisher’s “ Fundamental Theorem of Natural Selec-
tion.” 4 It is an easy matter to translate from relative fitness,
F, back into terms of the absolute fitness, or the actual number
of offspring produced, f. The change in absolute fitness, R, is
related to the change in relative fitness, Ry, by

R ZfRF:

where f is the mean absolute fitness in the parent generation.
The variances of fand F are related by

Vr = (f}ZVF'

This is true of both genetic and phenotypic components of
variance, so the heritabilities of f and F are the same.

The response of any character, ¥, other than fitness itself,
under natural selection can be deduced from equation (4)
as follows:

_ Oavr),
V (F
(G)F

= C0Vgyyp- (8)

Thus the expected change of the character 1" is equal to the
additive genetic covariance between the character and relative
fitness. This result is analogous to Fisher’s Fundamental
Theorem (equation 7) and might be called the *° Extension
to Fisher’s Fundamental Theorem ”. It has been stated
previously only, as far as I know, by A. Robertson ¢ in con-
nection with the improvement of milk yield expected from
the selection practised by farmers on the cows in their herds.
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INTELLIGENCE AND FERTILITY

As shown by equation (8), the additive genetic covariance
between intelligence and relative fitness is the only parameter
we need in order to predict the change of intelligence resulting
from natural selection. Can this covariance actually be esti-
mated? I am very doubtful if it can, because there are some
serious difficulties to be overcome. In the first place, fertility,
which we can measure, is not strictly speaking fitness, though I
believe it will not matter very much it we assume that it is.
If fertility can be accepted as a measure of fitness, then, in
principle, the covariance would be estimated in one of two
ways—from the component of covariance between groups
of relatives in an analysis of covariance, or from the covariance
of intelligence in offspring with fertility in parents (or vice
versa). There are three main difficulties that I can see:
1, environmental similarity between relatives will lead to an
overestimate of the genetic covariance and this will certainly
rule out an analysis of covariance based on sibs; 2, the ex-
clusion of individuals with no children will lead to error, and
3, the practical difficulty of measuring both intelligence and
fertility in the same individual may render the analysis of
covariance impracticable with any sort of relatives. I do not
feel competent to make any useful suggestions as to how these
difficulties might be overcome.

Though any prediction of the change of intelligence that
may be made will require the estimation of the genetic co-
variance between intelligence and fertility, it is easier to
appreciate what are the factors on which a change of intelli-
gence depends, if the prediction is expressed in terms of the
genetic correlation, in a manner analogous to equation (5),
instead of the covariance as in equation (8). The expected
change of intelligence is then

RF = rg}!}-.kpﬂfﬂ'p [g':]

where 74 is the genetic correlation between intelligence and
relative fitness, iy and kg are the square roots of the two herit-

abilities, and oy and op are the two phenotypic standard
deviations.
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It may seem surprising that the apparent selection differ-
ential on intelligence, which results from the differential
fertility, does not appear in the prediction of the response of
intelligence. The reason is that the differential fertility is the
expression of a phenotypic correlation between intelligence
and fertility, whereas the response depends on the genetic
correlation. It may, however, be of interest to put the pre-
diction in a form that includes the selection differential, so as
to show what proportion of the selection differential is expected
to appear as a change of intelligence. It can be shown by a
derivation similar to that of equation (8) that the apparent
selection differential on intelligence is equal to the phenotypic
covariance between intelligence and relative fitness. Thus

SF — ﬂﬂﬂ{mff

_— rpﬂ'}rﬂ'p
whence

Substitution for evor in equation (9) leads to
Ry = Syhyhgrelre (10)

In this form the prediction is perhaps rather better adapted
to guessing than in any other forms, so let us look more closely
at equation (10) and see what value for the genetic change of
intelligence might be arrived at by insertion of known or guessed
values for the parameters.

The heritability of intelligence is probably the least trouble-
some factor to estimate. Roberts # concludes that something
between one-half and three-quarters of the variation in IQ)
scores is heritable, and Huntley in this Symposium gives the
heritability of IQ) score as 70 per cent. This is considerably
higher than I would have guessed, but, on the grounds that
an estimate is better than a guess, I shall adopt it. The value
of &y 1s then 0-84.

The heritability of fitness (in the form of its square root, /)
appearsin the equation for the reasonstated earlier, that therecan
be no change of the correlated character (1) unless the character
primarily selected (F) responds to the selection: if the herit-
ability is zero the character will not respond. Now, in the
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case of fitness, this is the situation that might well be expected
in most natural populations. A population subject to natural
selection over a long period of time under constant environ-
mental conditions will come to a genetic equilibrium in which
fitness is maximal. This is the principle of * Genetic Homeo-
stasis* developed by Lerner.® The heritability of fitness is
then zero. A non-zero heritability of fitness will be found
only when the population has been comparatively recently
subject to a change of environment so that it is now moving
toward a new and different genetic equilibrium. This must
certainly be true of advanced human populations, because the
biological basis of fitness has changed markedly in the very
recent past. The number of children in a family is now
largely determined by psychological factors in the parents
instead of by physiological factors in parents and in children.
It will be useless to look primarily for a change in the mean
fitness, because it is the genetic change that we need to know
and this will be obscured by much larger environmentally
caused changes. It may be possible, however, to estimate the
heritability of fertility, and this will provide an upper limit
to the heritability of fitness itself. In view of the radical change
in the biological basis of fitness just mentioned, the heritability
of fitness may be quite high—perhaps about 10-20 per cent.
I shall take 15 per cent as my guess, which makes £ = 0-39,
The last factor to be guessed in equation (10) is the ratio of
the genetic to the phenotypic correlation (rg/rp), and this is
more difficult. The phenotypic correlation can probably
be estimated, but it gives no clue to what the genetic correla-
tion may be, as can be seen by consideration of equation (3).
The genetic correlation may well be zero, in which case there
will be no change of intelligence. Or, the genetic correlation
may even be opposite in sign to the phenotypic correlation,
in which case intelligence will change in the opposite direction
from that indicated by the apparent selection differential.
Any guess that we make of the ratio rg¢fre is dependent on our
Judgement of the relative importance of genetic and environ-
mental factors as causes of association between intelligence and
fertility. If we assume that the degree of association is the
same, no matter what the cause of variation is, whether genetic

Q
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or environmental, then the genetic and environmental corre-
lations will be equal (rg = rz). On this assumption, and with
the values of the two heritabilities known or guessed as above,
the ratio 7g/rp becomes about 1-2. (It may seem surprising
that this ratio can exceed one: Searle,® explains the conditions
under which it can do so.) If we were to assume that the
genetic correlation is only one quarter as great as the environ-
mental correlation (rg; = }rg), then the ratio r4/rp would be
about 0-4. The evidence given by Carter in this Symposium
suggests that r; and 7z may not be very different in magnitude,
so I shall take 1-2 as my guess of the ratio r/rp.

TABLE 1

BaJEMA's DATA, QUOTED BY CARTER IN THIS SYMPOSIUM, FROM WHICH
THE APPARENT SELECTION DIFFERENTIALS WERE CALCULATED

Numeer 18 Mean 1QQ  Fertiurty  FErTILITY

IQ) Rance Grour AsSSUMED {actual) (projected)
=130 23 136 3-00 2-9
120-129 59 125 2-44 2-4
105-119 282 112 2-24 2-0
95-104 318 100 2-02 1-8
80-94 267 87 2-46 16
69-79 30 74 1-50 1-0
Total or mean 979 101-47 2-24 1-84

Inserting these various estimates and guesses in equation (10)
gives the expected genetic change of intelligence as (1-2x
0-84 % 0-39) Sy, or about 40 per cent of the apparent selection
differential. I think that, if estimates can be obtained to replace
the guesses, the change will prove to be less than this. The
point I want to emphasize, however, is the difference between
natural and artificial selection. If artificial selection were
applied to intelligence itself, with a heritability of 70 per cent,
the response would be 70 per cent of the selection differential,
whereas under natural selection the expected change is 40 per
cent, or less, of the apparent selection differential.

Finally, we may look for an estimate of the apparent
selection differential, Sy, itself. Estimates can be obtained
from two sets of data quoted by Carter in this Symposium,
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both referring to populations in the USA. From Carter’s
tabulations (reproduced in Table I here) I calculated the
apparent selection differential to be +0:5 IQ units in the
data of Higgins, Reed and Reed, and 4-0-3 IQ) units in the
data of Bajema. It seems therefore that the selection arising
from the differential fertility in these populations amounts
to very little. The expected genetic change going on at the
time to which the data refer would, according to the calcu-
lations and guesses made above, amount to an increase of one
or two tenths of an IQ unit per generation. As Carter points
out, however, the spread of family planning into the lower
intelligence groups is likely to increase the positive fertility
differential. His suggested distribution of family size by
intelligence, if all families were planned, leads to an apparent
selection differential of 2-1 IQ units. The genetic change
might then amount to nearly one unit per generation.

SUMMARY

If differential fertility gives rise to an apparent selection
pressure on intelligence, this is an expression of phenotypic
correlation between intelligence and fertility. Any genetic
change resulting from the selection, however, depends on the
genetic correlation, and the phenotypic correlation gives no
information about the magnitude or the sign of the genetic
correlation. Consequently the genetic change of intelligence
cannot be predicted from the apparent selection differential,
even if the heritability of intelligence is known.

The predicted genetic change of intelligence in one genera-
tion under natural selection is equal to the additive genetic
covariance between intelligence and relative fitness. ‘The
estimation of this covariance, though possible in principle,
may prove impossible in practice,

Alternative forms of the expression for the predicted change,
showing more clearly on what it depends, are given in equations
(9) and (10). The operative factors are the genetic correlation,
the heritability of intelligence, and the heritability of relative
fitness. Ifany of these is zero there can be no genetic change of
intelligence. From the estimates available, and some guesses,
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it seems that the genetic change of intelligence expected from
the differential fertility in two surveys may amount to an
increase of one or two tenths of an I(Q) unit per generation.
There are, however, grounds for predicting an increase of
nearly one unit per generation if the present planning of families
were extended to all intelligence levels.
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DIFFERENTIAL FERTILITY AND
INTELLIGENCE

CoONCLUSION

J. A. Fraser ROBERTs
Paediatric Research Unit, Guy's Hospital Medical School, London

I Am sure you will agree that this has been a most stimu-
lating afternoon. Four quite splendid papers have followed
each other in logical progression. It makes the sort of dis-
cussions we used to have in the twenties and thirties look a
little naive. There have been advances in the technique
of the collection of information both in its quality and its
volume, but it seems to me there have been even greater
advances in the technique of analysis. That has been shown
very clearly.

I will not refer to the papers in detail, but I am tremend-
ously impressed by Mr Huntley’s results. The heart of the
great R. A. Fisher would have been delighted, I know, to see
a study in which multiple measurements are made on the same
subject. It proved most illuminating. Here we see a coherent
pattern emerging: in this very difficult field of human measure-
ment here is a sensible pattern with reasonable, rational
explanations of what on the whole looks a pretty consistent
body of figures. It is instructive to see from Dr Falconer how
estimates can be made at the sophisticated level: I hope he
will make some more estimates with quite different assump-
tions as to the pattern of differential fertility. Human popu-
lations do not play fair; demographers do their best and pro-
duce beautiful projections, and then the unstable behaviour
of human beings upsets them all because the changes are so
great. It may well be that, given a different set of assump-
tions, the effect of differential fertility even as short a time ago
as, say, fifty years, might have been very different. That is
just an incidental thought.

I will not do more now than thank all the speakers at this
Symposium, and all who have contributed to the discussions.
Let us hope that larger bodies of data and improved methods
will tell us even more in the future.
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