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INTRODUCTION 

THIS series of studies has amongst its objects an investigation of mental characteristics in 
relation to genetic and non -genetic factors, as well as the investigation of the relation 
between mental and physical characteristics. The first step has been to secure a sample of 
children of school age. The sample having been defined, the various physical, mental and 
other observations are all being carried out on the same children. It was decided that the 
sample should be representative of the population, and that all grades of mentality should 
be included without making any attempt to select arbitrary portions of the range. 

The present paper deals with the definition of the sample and the process of its ascertain- 
ment. It was desirable as a first step to make a relatively rapid and complete survey of the 
mentality of all the children in the sample. Accordingly a group intelligence test was 
applied. In this way the children could be arranged in order in a preliminary way, though 
it is recognised that this must be followed by more detailed investigations. This paper 
therefore also gives an analysis of the results of the application of the group test, and upon 
these results is based a method for allowing for differing ages at test, so that the performance 
of children of different ages can be compared. 

THE DEFINITION OF THE SAMPLE 

It is a very difficult task to secure an unbiased sample of school children, particularly in 
relation to the distribution of mental characteristics. There are wide differences between 
school and school, and often the presence of a child at a particular school will depend upon 
its level of intelligence. If a number of schools are selected, questions of convenience and 
co- operation will arise, and the anxiety of the investigator to obtain what he considers a 
representative sample will itself often result in considerable departures from random 
sampling. This is shown by the recent Scottish Survey (1933). In spite of precautions 
much in advance of those usually taken, a sample of 1000 children selected for individual 
testing was found to show a considerable divergence from the total group from which the 
children were chosen. 

A proportion of children in any population are at public and private schools and while 
some of these schools will readily co- operate in a scientific experiment, others will often 
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refuse to do so. It is unlikely that those co- operating will be a reasonable sample of the 
public and private school population, for such schools will tend to be the better and more 
efficient ones and will on the average contain children superior in intelligence to those in 
the schools that refuse. The small but extremely important fraction who do not attend 
school because of physical or mental defect is often omitted. 

Within a single school the children present on a given day are not likely to be representa- 
tive or the whole school, for it is to be expected that, on the average, absentees will show a 

lower distribution of intelligence.: 
A recent paper by Yates (1935) emphasises very clearly the danger of securing biased 

samples when a choice has to be made. The examples quoted by him are drawn from plant 
material, and it is shown, even in these relatively simple cases, how great the bias may b 
In observations on human populations the likelihood of biased sampling, some causes of 
which have been mentioned, is far greater. Yates quotes a paper by Kiser in which it was 

shown that considerable sampling biases arose in a population study simply owing to the 
failure of enumerators to revisit houses at which there was no one present to give the 
information. 

In view of the extreme importance of commencing a series of studies such as this upon a 
sample that should adequately represent the population, and in view of the almost in- 

superable difficulty of obtaining a random sample, it was decided to take a complete cross - 

section of the population within a geographical area. 
After some preliminary experimenting the following criteria for the group were adopted: 

that as far as was possible every child should be ascertained and tested whose home was 
within the boundaries of the city of Bath on July 27, 1934, and whose date of birth fell 

between September 1, 1921 and August 31, 1925 inclusive. This provides a group approach- 
ing 3500. 

We have been extremely fortunate in being able to select so suitable an area. Bath has 
a population of nearly 70,000 and is a city that is entirely surrounded by a rural area. It 
possesses the advantage of a relatively stable population, the amount of migration into and 
out of the city being relatively small. Above all, it possesses the advantage of progressive 
education and health organisations. Our work has been welcomed, and the ready co- opera- 
tion and valuable help that we have received from the -education and health authorities 
and from the schools, both those connected with the Education Authority and the public 
and private schools, has been on a scale that has exceeded all our hopes. 

METHOD OF ASCERTAINMENT 

The ascertainment was carried out at the same time as the application of a group 
intelligence test, the results of which are given later in this paper. In the first place lists 
were prepared showing all the children within the age limits at the various elementary, 
central, secondary and special schools and at the Technical College. Children whose homes 
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lay outside the city boundaries were omitted, as were children living at charitable institu- 
tions, etc., except in the few cases in which they were also Bath children. A large -scale 
map showing the city boundaries and some personal visits cleared up doubtful cases. 

In each case the ascertainment was adjusted to July 27, 1934 (the last day of the 
Education Authority's school year). Schools were revisited after that date, and children 
who had left the city before July 27 were eliminated from the record. Arrivals between the 
date of the first visit and the date of ascertainment were recorded as absentees and noted 
for future testing. 

Needless to say, difficult points of interpretation arose and were settled as far as possible 
with reference to the criterion of "a Bath child ". For example, in a few cases children lived 
with relatives at Bath although their parents lived elsewhere. These were included, one 
reason being that the corresponding fraction of children whose parents lived at Bath but 
who lived themselves with relatives elsewhere could not be ascertained. In one or two 
cases children at residential schools had parents living abroad. They were included if the 
family was a Bath one. 

It was found that in outlying areas of the city a certain number of Bath children 
attended schools outside the boundary. Through the co- operation of the Education 
Authority of the county of Somerset, Somerset schools containing Bath children were 
visited and these children were ascertained and tested. 

Public and private schools presented a more difficult problem, but as far as possible the 
same procedure was adopted. The same criteria were applied and children at residential 
schools were not included unless their homes also proved to be situated within the city 
boundaries. 

During the time occupied by the ascertainment a certain amount of migration took 
place from school to school and between the Education Authority's schools and private 
schools. A card index of children and reference to the date July 27, 1934 -enabled all 
such children to be assigned to the appropriate group and prevented any of them being 
counted twice or omitted from the list. 

COMPLETENESS OF THE ASCERTAINMENT 

As regards children on the books of the various schools connected with the Educatio 
Authority the ascertainment has been made complete, apart from any possible errors 
following the procedure already described. To this group were then added the certified 
physical and mental defectives and also the children at the Orthopaedic Hospital. 

In the case of the public and private schools thirty -four schools at and near Bath were 
approached. This included all the schools within the city boundary that we could discover, 
and this list we believe to be complete. It also included a few schools outside the city at 
which it was thought likely that there might be Bath children. Of these thirty -four schools 
ten proved to contain no children falling within our group. Of the remaining twenty -four, 
twenty have co- operated fully, permitting both ascertainment and test. At one school a 

2I -2 
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list of children of our group was furnished but the test was refused. At three schools all 
co- operation was refused. 

The numbers of children falling within the group are given in Table I. For the sake of 
brevity children at schools associated with the Education Authority together with those 
not attending school will be referred to from now on as the "non- private school fraction ". 
The "private school fraction" includes children that were at public and private schools at 
the date of ascertainment. 

Table I 

Boys Girls Total 

At private schools co- operating 123 136 259 
At school permitting ascertainment only - 5 5 
Estimate for schools refusing co- operation* 10 25 35 

133 166 299 

Non -private school fraction 1632 1483 3115 

1765 1649 3414 

* The numbers given for the schools refusing to co- operate are a rough estimate based on the size of these 
schools. 

A card index has been prepared for all these children, and as the work proceeds it is 

hoped that the ascertainment may improved in detail by the tracing and eliminating óf 
any errors that may have crept in and also by the discovery of any additional children not 
attending school who may have been missed up to the present. In addition it is hoped that 
the few private schools not co- operating may yet be induced to do so. 

THE CHECKING OF DATES OF BIRTH 

Mistakes in recording the ages of children may introduce serious errors. Our experience 
has demonstrated that unless meticulous precautions are taken the proportion of such errors 
may be considerable. Errors of a complete year are not uncommon, and unless some plan 
is adopted for eliminating them, the results are likely to be considerably affected, as big 
errors in age make such a big difference in the assessment óf the results of intelligence tests. 
The only plan that would be reasonably certain would be to double check the dates of birth 
from birth certificates. This is not practicable with so large a number. In almost every case 
the following plan was adopted. The dates of birth were double checked from the school 
admission registers and in addition the children, when completing the group test, were 
asked to write on the forms the date of their birth (day, month and year), and to state how 
many years old they were. Discrepancies were then investigated. It is worth noting that 
the mistakes made even by intelligent children are surprisingly numerous. 

THE ADMINISTRATION OF THE GROUP INTELLIGENCE TEST 

The test used was the Advanced Otis -Form A. The administration of the test was 
combined with the procedure of ascertainment. The testing at the Education Authority's 
schools was carried out between March and July 1934, and apart from absentees was almost 
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complete by the end of that month. It was decided that children of the youngest year of 
life -i.e. those born between September 1, 1924 and August 31, 1925, were too young to be 
tested at that time. The testing was therefore postponed till the summer term of 1935. 

Care was taken to secure conditions as uniform as possible for the administration of the 
test, and the various operations of marking, etc., were made as accurate as possible. 

(1) All tests were administered by one or other of us (except in five cases in which the 
children had been previously tested on the Otis scale). 

(2) We were fortunate in discovering that neither the Otis nor other similar test had been 
applied to the children forming our group apart from the few mentioned above. We believe 
this to be true of the complete group. 

(3) Admirable facilities were provided by the schools as regards accommodation, 
spacing, etc. 

(4) The instructions for the administration of the test were strictly adhered to. Before 
starting the actual testing we carried out timed practices so that the recommended speed 
was closely attained and individual differences between us eliminated. From time to time 
we checked our method of testing, especially as regards speed and uniformity. 

(5) The checking of ages has already been described. 
(6) The marking in every instance was carried out twice, with an interval between the 

original marking and the checking. All other operations such as the adding of the marks 
for each form, the looking up of norms, the calculations of age at test, etc., were carried out 
twice. 

DEFINITION OF THE GROUP FOR ANALYSIS OF THE RESULTS OF 

THE INTELLIGENCE TEST 

It has been mentioned that at the Education Authority's schools the testing of the 
children of the youngest age group was postponed for a year. The present paper therefore deals 
with the results for three age groups only, viz. children born between September 1, 1921 and 
August 31, 1924. The great majority of the group had been tested by the end of July 1934, 

but a number of absentees and Bath children at Somerset schools were tested later. The 
great majority of ages at test ranged from 9 years and 10 months to 12 years and 10 months, 
with a certain scattering down to 9 years and 5 months and up to 13 years and 5 months. 

Defective children were not actually tested. (A Stanford -Binet I.Q. was available for 
nearly all.) This small group was simply ascertained and arbitrarily assigned to the group 
scoring from 0 to 4 marks (grouped figures were used for most calculations). Experience 
has shown that this arbitrary figure of 2 is close to what would be realised in practice, for, on 
the Otis scale, some mental defectives will occasionally score three or four marks by accident 
(for example, by copying the letters in the first few questions in Test 1). The age at test for 
the various calculations was fixed for these children by taking their age at the date of 
ascertainment -July 27, 1934. 

The corresponding private school fraction had to be defined in a more complex manner. 
At only one school had the children been tested by July 1934, and at this large school 
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precisely the same procedure was adopted as for the non -private school fraction, i.e. the 
testing of the youngest group was postponed. The others were visited from December 1934 
to March 1935. All four age groups were tested, and the following procedure adopted in 
defining a group whose ages at test would correspond as closely as possible to the main 
group of three years of life of the non -private fraction. The nearest number of whole 
months was counted from June 1, 1934, to the date of the test in each case. This number 
of months was added on to the date September 1, 1921. Children below and above these 
new dates were omitted from the calculations. For example, at a school visited on 
February 1, 1935, the children included in the group were those born between May 1, 1922 

and April 30, 1925. In this way the public and private schools yielded a sample that 
corresponded in age at test to that in the non -private school group. 

Table II shows the numbers of children ascertained and tested in the group defined in 
this section. 

Table II 
Non private school fraction 

Tested Absentees Total 

Boys 1248 15 1263 
Girls 1114 6 1120 

Total 2362 21* 2383 

* Nine since tested. 

Private school fraction 

Tested Absentees 
At school 

ascertained 
only 

Estimate at 
schools not 

co- operating 
Total 

Boys 
Girls 

88 
103 

7 
6 

- 
2 

8 
20 

103 
131 

Total 191 13* 2 28 234 

* Two since tested. 

The fraction attending schools remote from Bath has not of course been ascertained. It 
is undoubtedly small, particularly at the ages covered by our survey. 

As our study proceeds we hope to add to the group most of those children returned above 
as absentees. A number have already been tested since the figures for this group were 
analysed. As already mentioned, it is hoped to improve the ascertainment in detail as the 
work proceeds, so that the present state of the ascertainment is not regarded as final. It is 
adequate, however, for the analysis of the general results of the group test given in this paper. 

The following sections present an analysis of the Otis results for the part of the group as 
defined above. We have done this in order to establish norms for the test based on our own 
material and to establish suitable age corrections that will make it possible to compare 
children of different ages. 
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The completeness of the group test survey up to date is estimated below (Table III) : 

Table III 
Children at Education Authority's schools, etc. 

Boys 98.8 
Girls 99.5 
Total ... ... 99.1 

Children at public and private schools 

Tested Absentees Estimated not 
avalable 

o 

Boys 
Girls 

85.4 
78.6 

6.8 
4.6 

7.8 
16-8 

Total 81.6 5.6 12.8 

Percentage of absentees in co- operating schools ... ... ... 1.3 
Percentage of children estimated to be at schools refusing to co- operate 1.1 
Percentage tested ... ... ... ... ... ... ... ... 97.6 

SUMMARY OF RESULTS AND ANALYSIS BY SEXES 

The Otis group intelligence scale contains ten tests, the total number of questions being 
230. The score attained is the number of items answered correctly. 

Table IV gives the crude means of age and score, the regressions of score on age, and the 
means and analysis of variance of score at fixed age. 

Table IV* 
Table of means 

No. yrs. gmos. Score 

Boys 1336 11 4.524 85.0689 
Girls 1217 11 4.319 84.5308 

Total 2553 11 4.426 84.8124 

Sums of squares and products 

Degrees of 
freedom 

Sums of squares of deviations Sum of products 
of deviations 
age x score Age (months)2 Score (points)2 

Boys 1335 177413 2075018 237352 
Girls 1216 156798 1681355 218078 

Total within sexes 2551 334211 3756373 455430 
Between sexes 1 27 184 70 

Both sexes 2552 334238 3756557 455500 

* Miss Kam (1934) gives a full explanation of the calculations involved in most of the methods used in this 
paper. 
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Table IV (continued) 
Regression of score on age (points per month) 

Boys ... F33785 
Girls ... F39082 

Total ... ... 1.36280 

Means at age 11 years 4 months 
Boys 84.3679 
Girls 84.0874 

Total 84.2316 

Analysis of variance of score at fixed age 

Degrees of 
freedom Sum of squares Mean square 

Boys 1334 1757477 1317 
Girls 1215 1378047 1134 

Total within sexes 2549 3135524 - 
Variation in regression °1° 227 227 
Variation in mean 1 50 50 

Total (both sexes) 2551 3135801 1229 

Degrees of 
freedom Mean square 1- loge 

Boys 1334 1317 3.5915 
Girls 1215 1134 3.5168 

z=00747 + 00280 

It will be seen that the difference between boys and girls both in mean score and in 
regression of score on age is quite insignificant. On the other hand, the boys are more 
variable than the girls, this difference being highly significant (2.7 times its standard 
deviation). 

A greater variability of boys in regard to mentality has been noted in a number of studies, 
while in many such studies no difference has been found. Winsor (1927) gives a long 
bibliography of the literature on this subject, and in his review concludes that the evidence 
for the sex difference cannot be accepted. The most valuable evidence, however, is that 
provided by the Scottish Survey (1933). In this nation -wide survey no less than 87,000 
children were group tested, and every effort was made to ensure a reasonable degree of 
completeness of ascertainment. The boys proved to be more variable than the girls, the 
difference, on this huge number, being eighteen times its probable error. Individual tests 
on a sample of 1000 gave a similar difference. 

The magnitude of the difference found by us is rather greater than that shown by the 
Scottish results. It would appear that the magnitude of the difference in our results, and 
its significance on such relatively small numbers, is due to the completeness of the ascer 
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tainment. If, in the calculations above, the private school fraction and the defectives are 

omitted, the difference is considerably reduced, and is in fact not much above the level of 

significance. In the case of defectives there were appreciably more males than females. 

The private school fraction comprised 7.5 per cent. of the boys and 10.5 per cent. of the 
girls in the whole group, and the difference in mean score between these fractions and the 
whole group was greater in the case of the boys. The boys also included considerably more 

extreme variants in both directions. If, therefore, our area is typical, considerably more 
girls are at private schools, and on the average these girls are nearer the mean of the whole 

population and much nearer the mean of their own group. 
If our findings apply to other areas it is easy to see why the sex difference in variability 

should be overlooked. So many studies deal with "elementary school children" or with 
some fraction that is even more selected, particularly against the inclusion of extreme 
variants, that it is not surprising that the difference has been so often denied. 

The variability due to age which is eliminated in the last table is of course that accounted 
for by linear regression. It is shown in the next section that linear regression does not 
account for the whole of the association between score and age, the difference being signifi- 

cant. In the calculation of norms advantage has been taken of much published work on 
intelligence testing to secure an improved fit. For the comparison of the sexes, however, it 
seemed preferable to consider linear regression only. Linear regression accounts for the 
great bulk of the variability, and there is no reason to suppose that departures from 
linearity would be different in the two sexes. 

THE FORM OF THE REGRESSION LINE AND THE CALCULATION OF NORMS 

Our purpose in applying the group test was to be able to range the children in the sample 
in order of intelligence as determined by such a test. This classification will itself enable 
certain associations to be measured and also indicates which children should be tested 
individually in order to secure a -reliable grading at the lower end of the scale where the 
group test is not functioning very efficiently. It is therefore necessary to use some system 
of age correction by which the effect of difference in age at test is as far as possible eliminated. 

Methods for estimating the performance of a child in units that are independent of age 
fall into two main groups. The first type of method is the calculation of the mental ratio or 
intelligence quotient. A mental age is assigned to the child, this being the age at which 
the "average child" secures a result equal to that of the child under test. The relation 
between mental age and chronological age gives the I.Q. The second type of method merely 
states the performance of the child in terms of the performance of children of its own age. 
The units that define the difference from the mean may be units of score in the test itself or 
may be units of the standard deviation. In any case this method will . only be valid if the 
increase of variance with age is allowed for. A similar method is to use percentiles, again 
allowing for increased variance with age. A percentile method, however, has the dis- 
advantage of giving a flat distribution. 
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The I.Q. method was originally used for the Binet -Simon scale and undoubtedly works 
well in that case. The calculation of mental ages and I.Q.'s in the case of a group test, how- 
ever, is far less satisfactory. It is frequently found that the variance of I.Q.'s determined 
on a group test is far greater than that given by the Binet scale. A verbal group test is only 
suitable for children within a narrow range of age, and mental ages outside this range are 
fictitious values. 

There is an enormous literature dealing with ingenious and varied methods of calibrating 
scales, and their use in determining various quotients. In all these methods, however, 
various assumptions have to be made, starting with that common to them all, viz. that the 
conception of a mental age is itself valid. The purpose tmderlying all this work is, however, 
for the most part remote from the objects of studies such as ours. Discussions on such 
subjects as "absolute zeros " and "growth curves of absolute mentality" (based of course 
on methods of scale adjustment that assume the perfect normality of the distribution of 
intelligence) may require all these elaborations, but they are quite unnecessary for our 
simple purpose of age correction. 

The difficulties involved in the use of quotient methods are well illustrated by the 
conclusions in a paper by Rand (1925). It is there suggested that if I.Q.'s are to be used for 
any test other than the Binet it will be necessary to calibrate that test against the Binet 
scale and multiply each I.Q. obtained by its use by factors that will ensure a distribution of 
I.Q.'s equivalent to that obtained on the Binet scale. Thomson (1932) in a long and clear 
review of methods of standardisation of group tests states that for age correction, especially 
for scholarship or promotion purposes, when high accuracy is of course essential, he has 
abandoned quotient methods "at least temporarily ". He uses a system of " standard 
scores " obtained by fitting straight lines to percentile points, giving the standard devia- 
tion a value of fifteen units. 

We had little difficulty therefore in deciding that a simple method of the second type 
would be more accurate and more suitable for our purpose. It will be shown later that the 
distribution of scores (after correcting for age) closely approaches the normal. It is 
sufficient therefore to use the deviations of score from the mean score for the appropriate 
age, correcting these deviations for the observed relation between variance and age. 

There are several published tables of norms for the Advanced Otis test, as well as tables 
of results based on large numbers, for the test has been very widely used. We have, how- 
ever, used our own observations throughout. In the first place it was desired to express 
each result in terms of the performance of our own group, and, secondly, it is by no means 
certain that other material collected in different ways would yield comparable results. It 
is the more necessary to adopt this plan because in most published work on intelligence 
testing the question of ascertainment has been so little considered. 

It is first necessary to examine in more detail the relationship of score to age. The sexes 
have not been treated separately, for it was desired to express each score in terms of the 
whole group and also because more adequate numbers would thus be obtained. 
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In order to secure arrays of reasonable size three -monthly age groups have been used 

(though in the calculation of norms, etc., monthly groups have been used). The calculations 

are shown in Table V, and Fig. 1 gives a graphical representation. 

Table V 

yrs. gmos. No. yv Y7, nv (92,- Yv)z 

9 6 28 55.2143 544771 15 

9 9 105 62.9048 58.5345 2005 
10 0 166 63.1747 62.5918 56 
10 3 202 60.4901 66.6491 7663 
10 6 201 67.4229 70.7064 2167 
10 9 186 76.5430 74.7637 589 
11 0 194 81.3814 78.8210 1272 
11 3 200 817750 82.8783 244 
11 6 181 87.0552 86.9444 2 

11 9 138 95.5870 90.9929 2913 
12 0 231 98.0390 95.0502 2064 
12 3 207 1025314 991075 2427 
12 6 255 104.4902 103.1649 448 
12 9 221 100.9819 107.2222 8606 
13 0 33 101.6970 111.2795 3030 
13 3 5 120.0000 115.3368 109 

2553 - - 33610 

x=13643008, S(x-2)2=333836, ÿ=84.81238, S (y-y)2= 3756557, 

Sx (y-ÿ)=451492, b = F352437, Snv (ÿv-ÿ)2=644224, b {Sx (y-ÿ)}=610614. 

Analysis of variance 

Variance Degrees of 
freedom Sum of squares Mean square 

Between arrays 
Within arrays 

15 
2537 

644224 
3112333 

- 
1227 

Total 2552 3756557 - 

Variance between arrays due to Degrees of 
freedom Sum of squares Mean square 

Linear regression 1 610614 - 
Deviations from linear regression 14 33610 2401 

Total 15 644224 - 
Degrees of 

freedom Mean square 1 loge 

14 2401 3.8919 
2537 1227 3.5562 

z= 0.3357 

1 % point approximately 0.364. 5 % point approximately 0.261. 
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Linear regression accounts for the great bulk of the association between age and score, 
but the deviations are clearly significant, the largest contribution being that of the oldest 
children. It is, however, well known that a verbal group test such as the Advanced Otis 
gives a relation of score to age that can be effectively represented by a straight line up to 

O 
U 

9.9 10.0 10.3 10.6 10.9 11.0 11.3 11.6 11.9 12.0 

Age 

Fig. 1. Increase of mean score with age. 

One regression line - - - - - - -. Two regression lines 

12.3 12.6 12.9 

about 12 years. After that age the rate of increase of score falls off sharply. Accordingly it 
seemed justifiable to try the experiment of fitting a straight regression line up to and in- 
cluding the array 12.0, and a second straight line including the arrays 12.0 and upwards. 
The results are shown in Tables VI and VII, and in Fig. 1. 
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Table VI 

yrs. mos. No. yD 
Y9 76y (g yD- I' p)2 

9 6 28 55.2143 52.2793 241 

9 9 105 62_9048 56.7865 3930 
10 0 166 63.1747 61.2936 587 

10 3 202 60.4901 65.8007 5697 
10 6 201 67.4229 703078 1673 
10 9 186 76.5430 748150 555 
11 0 194 813814. 79.3221 823 
11 3 200 81.7750 83.8292 844 
11 6 181 87.0552 88.3364 297 
11 9 138 95.5870 92.8435 1039 
12 0 231 98.0390 97.3506 109 

1832 - - 15795 

2=130.93395, S(x-2)2=132548, ÿ=77.72052, S(y-0=2470449, 
Sx (y-ÿ)=199137, b=1502377, S {nD (ÿ9-ÿ)2}=314974, b {Sx (y-0=299179. 

Analysis of variance 

Variance 
Degrees of 
freedom Sum of squares Mean square 

Between arrays 
Within arrays 

10 
1821 

314974 
2155475 

- 
1184 

Total 1831 2470449 - 
Variance between arrays due to Degrees of 

freedom Sum of squares Mean square 

Linear regression 
Deviations from linear regression 

1 

9 
299179 

15795 
- 

1755 

Total - 10 314974 - 
Degrees of 
freedom Mean square loge 

9 1755 3.7352 
1821 1184 3.5384 

z= 0.1968 

5 % point approximately 0.320. 

Deviations from linear regression in the arrays up to and including 12.0 are no longer 
significant, an improved fit being secured over most of the curve. The non -significant 
residual variance is mainly due to the irregularity of the first four arrays. 

The small number of arrays from 12.0 upwards do not permit a very accurate estimate 
of the second regression, but there is no doubt in the light of previous work, and of the 
improved fit secured by fitting two lines, that this procedure yields a better estimate of 
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mean score at various ages, and that upon it more accurate norms can be based. Monthly 
age grouping has been used for calculating the regression coefficients upon which the 
norms are based. The coefficients are 1.528707 and 0.426682 respectively. 

Table VII 

Age 
yrs. mos. No. ÿD YD nD (gD- 1T202 

` 12 0 231 98.0390 99.7799 700 
12 3 207 102.5314. 100.1500 518 
12 6 255 104.4902 102.1202 1432 

. 12 9 221 100.9819. 103.2904 1178 
13 0 33 1016970 . 104.4605 252 
13 3 5 120.0000 . 105.6307 1032 

952 - - 5112 

x=148.84349, S (x-5)2=12488, ÿ=101.66912, S (y-ÿ)2=1292571, 
Sx (y -ÿ) =4871, b= 0.390054, S {n, (ÿD -ÿ)21 =7012, b {Sx (y -ÿ)} =1900. 

Analysis of variance 

Variance Degrees of - 

freedom Sum of squares Mean square 

Between arrays 
Within arrays 

5 
946 

7012 
1285559 

- 
1359 

Total 951 1292571 - 
Variance between arrays due to Degrees of 

freedom Sum of squares Mean square 

Linear regression 
Deviations from linear regression 

1 
4 

1900 
5112 

- 
1278 

Total 5 7012 - 
Variance within arrays exceeds variance between arrays due to deviations from linear regression. 

Table VIII. Table of norms 

Months 9 years 10 years 11 years 12 years 13 years 

0 - 61 79 98 (105) 
1 - 63 81 99 (105) 
2 - 64 82 100 (106) 
3 - 66 84 101 (106) 
4 - 67 85 101 (106) 
5 (50) 69 87 102 (107) 
6 (52) 70 89 102 - 
7 (53) 72 90 103 - 
8 (55) 73 92 103 - 
9 (56) 75 93 103 - 

10 58 76 95 104 - 
11 59 78 96 (104) - 

The values in brackets are extrapolations to parts of the range in which there are few observations. 
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THE RELATION OF VARIANCE OF SCORE TO AGE 

Table IX gives the figures necessary for the investigation of the relationship. 

Table IX. 

yrs. gmos. No. y Y n9 (y= Y)2 

9 6 28 904.111 974.731 139641 
9 9 105 1002.779 1008.414 3334 

10 0 166 1023.612 1042.098 56728 
10 3 202 1068.726 1075.781 10054 
10 6 201 1166.695 1109.465 658330 
10 9 186 1202.627 1143.148 658022 
11 0 194 1024.487 1176.832 4502546 
11 3 200 1033.492 1210.515 6267429 
11 6 181 1388.333 1244.199 3760204 
11 9 138 1498.168 1277-882 6696577 
12 0 231 1429.130 1311566 3192719 
12 3 207 1298.262 1345.249 457010 
12 6 255 1333.244 1378.933 532309 
12 9 221 1367.709 1412.616 445677 
13 0 33 1443.656 1446.300 231 
13 3 5 920.000 1479.983 1567905 

2553 - - 28948716 

Note: x= age; y= variance of score in an array. 
x= 136.43008, S (x -x)2= .333836, y= 1226.5721, S {(x -x) (n,y) ). = 3748254, 

b= 11.2278304 units per month, S {n, (y -ÿ)2 }= 71033336, b {S (x -x) (ny) }= 42084760. 

In the above calculation the term (no) in the sum of products of deviations is not the 
sum of squares of deviations of score, but is calculated by multiplying the variance in each 
array by the number in the array. In this way the weights in numerator and denominator 
are equal in calculating the regression coefficient. 

It will be noted that the residual variance after deducting that due to linear regression 
does not exactly agree with the figure calculated directly. This is because so many decimal 
places would have been required for some operations to secure an eight -figure check. 

Table X. Analysis of variance 

Variance between arrays due to Sum of squares 

Linear regression 42084760 
Deviations from linear regression 28948576 

Total 71033336 

The residual variance may be compared with an expected value based on the sum of the 
squares of the variances given by the linear formula. This is 

24488260. 
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Apart from the effects of fitting, the expectation should be practically twice this value. 
Two constants have been fitted to 16 values, so 

24488260 xis = 42854455. - 

This exceeds the residual variance so that the deviations from linearity are not significant. 
It is clear that very large numbers would be required to obtain a highly reliable value for 

the regression of variance of score on age. Age corrections for the scores of the children in 
our group will, however, undoubtedly be improved by using the regression coefficient 
obtained above. 

THE ASSIGNING OF A FIGURE FOR THE PERFORMANCE OF A CHILD 

We have followed Otis (1930) in using the deviations from the norms for this purpose 
but have also allowed for the association between variance and age. He calls the figure 
100 + the deviation from the norm the Index of Brightness or I.B. We use the same term 
rather than invent a new one, for our figures are comparable to his, only differing in the 
additional adjustment, apart of course from the use of a table of norms calculated from our 
own results. - 

The procedure for adjusting for variation in variance was as follows. From the expected 
variance for each month of age the reciprocals of the standard deviations were calculated. 
These were all multiplied by a factor which made the figure for 11 years 4 months (close to 
the mean age of the group) unity. A table was then prepared showing the value as at 11 years 
4 months of deviations from the norm ranging from 1 to 110 for each month of age. Though 
of large size such a table is convenient in use. For example, a child of 12 years and 9 months 
scores 43 marks. The norm for that age is 103 and the deviation from the norm is - 60. 

Reference to the second table shows that the value of a deviation of 60 marks at that age is 
equivalent to one of 56 marks as at 11 years 4 months. The performance of the child is 
therefore expressed by the figure 44, i.e. 100 ± the deviation from the norm as at 11 years 
4 months. Or, for example, a child of 9 years and 10 months scores 128 marks. The norm 
for that age is 58, so the deviation is + 70 marks. The value of 70 marks as at 11 years 
4 months is 77, so that the I.B. is 177. 

This second table is not reproduced on account of its size and because anyone wishing 
to use it can so easily calculate it from the figures given in the last section. 

THE FORM OF THE DISTRIBUTION OF SCORE'S 

The distribution of the scores obtained in an intelligence test itself repays study, for 
from it deductions of value can often be made. In the present case there is the added 
consideration that the methods used for age correction result in the performance of a child 
being stated in terms of the performance of the group, deviations being measured in units 
that depend upon the standard deviations being reasonable and applicable values. 
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Before analysing the normality of the dispersion it is necessary to consider certain 

characteristics of the distributions of scores obtained by the use of a verbal group test such 

as the Otis. The frequency curves reproduced in Fig. 2 illustrate the difference in the 
functioning of the test at different ages. In the case of 10- year -old children a verbal group 

test is too difficult to spread out effectively children at the extreme lower end of the scale. 

1 \./ 
0 9 20.29 40.49 60.69 80.89 100.109 120.129 140.149 160.169 180.189 

10.19 30.39 50.59 70.79 90.99 110.119 130.139 150.159 170.179 190.199 

Score 

Fig. 2. Frequency distribution of scores. 

From 10 years 1 month to 11 years 0 months 
From 11 years 1 month to 12 years 0 months 
From 12 years 1 month to 13 years 0 months - - - - -. 

At the age of 10.0 a score of 0 only differs from the mean by about 1.9 times the standard 
deviation. There is thus a lower limit about which are heaped up the individuals who should 
be spread out as the tail of the curve. The actual mechanism involved is often an inability 
to read properly. Amongst 11- year -old children this effect has largely disappeared, and 
now there appears another phenomenon, masked by numbers at 10 years. This is an excess 
of persons of very poor performance, a usual finding, especially if defectives are included. 
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Amongst 12- year -old children another effect is seen, a failure of the high scores to flatten 
out into the usual tail of the normal curve. This is due to the fact that this group test 
cannot sort out effectively very clever 12- year -old children. 

These considerations will affect the calculation of the standard deviation, though not 
sufficiently to mask the fact that the bulk of the distribution is essentially normal, as will 
be shown immediately. 

The LB.'S must be used cautiously in interpreting values far from the norm. For example, 
at 10.0 the lowest possible I.B. is 34, while, of course, much lower values are possible for 
older children. Differences between extremely clever 12- year -old children must also be 
cautiously used. If the limitations of verbal group testing are borne in mind, however, 
especially the fact that very backward children, particularly young ones, cannot be 
efficiently spread out on a group intelligence scale, there should be little risk of drawing 
unwarrantable conclusions. If efficient sorting out is desired of the fraction at the lower 
end of the distribution, supplementaryindividual testing must be carried out. The limitation 
may be emphasised, if it is desired, by not assigning any 1.B. below a certain value. For 
example, appreciably less than 5 per cent. of children will have an I.B. below 35, and 
differences below this value have little meaning. 

The test for the normality of the dispersion is most easily performed by considering the 
s.B.'s, as these are deviations of score corrected for the observed relations between score and 
age. I.B.'S have been calculated for the 2553 children in the group. The mean and standard 
deviation are as follows: 100.081 + 34.985. 

From these values have been calculated the limits of groups such that 10 per cent: of the 
observations should fall in each. The extreme groups at either end have been further 
divided into two, each of which should contain 5 per cent. The result is shown in Table XI. 

Table XI 

Limits of gr . oup Expected 
frequencies 

Observed 
frequencies Xs 

42.54 128 154 5.28 
42.54- 55.25 128 119 0.63 
55.25- 70.64 255 229 2.65 
70.64- 81.74 255 235 1.57 
81.74- 91.22 255 244 0.47 
91.22 - 100.08 255 251 0.06 

100.08- 108.94 255 268 0.66 
108.94- 118.43 255 265 0.39 
118.43- 129.53 255 265 0.39 
129.53- 144.92 255 275 1.57 
144.92- 157.63 128 136 0.50 

157.63 128 112 2.00 

- - - 16.17 

n=11 and P lies between 0.2 and 0.1. 
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Using this grouping therefore, the departures from normality are not significant. It is 

clear that the form of the distribution is sufficiently close to the normal to put no obstacles 

in the way of the method of equalisation for age used in this paper. It may be noted, how- 

ever, that the largest contribution to the value of X2 is that of the lowest 5 per cent. of 

values. The heaping up at the extreme lower end of the curve is typical of the results of 

intelligence testing, but a group test is not a suitable instrument for investigating it. 

SUMMARY AND CONCLUSIONS 

1. A sample of children has been defined as all children whose homes were within the 
city of Bath on July 27, 1934, and whose dates of birth fell between September 1, 1921 and 

August 31, 1925 inclusive. This gives a total of 3500 children. 
2. The process of ascertainment is described. 
3. As a first step in these studies a group intelligence test has been applied, the test used 

being the Advanced Otis scale. 
4. Boys and girls do not differ in mean score nor in regression of score on age. The boys 

are, however, significantly more variable than the girls. 
5. Linear regression accounts for the bulk of the association between age and score, but 

the deviations from linearity are significant. An improved fit is secured by fitting one 

straight regression line up to 12 years 0 months and another straight line from 12 years 
0 months upwards, the deviations no longer being significant. On these two lines is based 
a table of norms. 

6. The increase of variance of score with age can be represented by a straight regression 
line, the deviations from linearity not being significant. 

7. This last finding is used for a correction that equalises deviations from the norm at 
different ages. 

8. The distribution of scores after correcting for the association with age does not differ 
significantly from the normal. 
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INTRODUCTION 

THE first paper of this series dealt with the definition and ascertainment of a population 
of school children. In addition the results were given of an application of the Advanced 
Otis scale. The group was composed of all children whose homes were within the boundaries 
of the City of Bath on 27 July 1934 and whose dates of birth fell between 1 September 1921 

and 31 August 1925 inclusive. The completeness of the ascertainment was assessed in the 
first paper ; since then some improvement has been effected : it is intended to give particulars 
of the state of the ascertainment in the next paper. 

Observations are being made upon the children composing the group and upon several 
special subsamples selected from it. Most of this work involves the measurement of 
the association of other factors with intelligence. Before proceeding to describe the 
results, it is necessary to examine for our own group certain features of the functioning 
of the intelligence tests that we are using. The present paper therefore deals with this 
examination. 

In the first place details are given of a retest of a sample of the children on the Advanced 
Otis scale. It is desirable that the test -retest association should be estimated for the 
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group that is being studied, for it does not follow that retests carried out by others on 
groups differently ascertained would yield applicable results. The Index of Brightness 
deduced from the application of the Otis scale will be used for a variety of purposes and 
a knowledge of the test- retest association for the group will enable appropriate adjustments 
to be made. 

In much of the work on the group the Stanford -Binet scale is being used, so it was felt 
to be necessary to retest a subsample of the children using this scale. In this way the 
relation between Otis and Binet scales could be defined for our own material. In addition, 
as the Binet scale is universally accepted as the standard mental test, it is desirable that 
its relation to others used in studies such as this should be investigated. It was also 
desirable to specify the distribution of our population in terms of the Binet scale. 

Ultimately ,quite a large proportion of the children comprising the group (together with 
the brothers and sisters of many of them) will be individually tested. When so many 
individual tests have to be given any device that can shorten the time taken is of great 
service. Accordingly details are given of the error introduced by the use of a shortened 
Binet scale that we are using for some of the children who are being individually tested. 

A RETEST ON THE ADVANCED OTIS SCALE 

(1) General note 

Much attention has been devoted by educational psychologists to the "validity" and 
"reliability" of mental tests. When use is made of the results of such tests these con- 

siderations are of considerable practical importance, for the magnitude and accuracy of 
many estimates may be appreciably altered by using appropriate adjustments. 

An ordinary mental test is not a single measurement. It is a battery or scale of tests, 
the result being an average or total value. The first question therefore is the extent to 
which the various items are a good sample of the indefinitely large population of tests 
that might be applied to measure the subject's response within a given field of mental 
activity. Estimates of variability in this sense, may be obtained by examining the co- 

variance of two halves of the scale, or by examining that of odd and even items, or of the 
results of applying two separate scales designed to test the same abilities. Such investiga- 
tions belong to the field of educational psychology and are of course of importance in the 
designing of batteries of tests. 

If, however, the results of mental testing are being used for such a purpose, for example, 
as the estimation of the sib -sib correlation of intelligence, it is another aspect of the 
variability of results that is of immediate importance. The measurement is that of the 
subject's response to given stimuli and will vary from day to day for a variety of obvious 
reasons. Ideally we should like to know the sampling error to be attached to the result" 
obtained on a single occasion. Clearly an estimate may be obtained from the association 
of test and retest. Anastasi (1934) draws the distinction between the two aspects of 
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"reliability " as follows " ...individual's responses to the objectively same stimuli on 
different occasions ; in the latter with the individual's response to different stimuli selected 
to sample the same general field of activity ". 

The contrast may be illustrated by a simple analogy. Results are available for the number 
of living full sibs of a group of children all aged 10 years. The observer desires to measure 
the association between fertility and family income. He may, however, consider that 
fertility should be measured by the total number of pregnancies of a woman during the 
reproductive period. His data are thus faulty, for he has no record of stillbirths, early 
deaths, children of previous marriages, etc. Further, in some cases the reproductive period 
of the mother is not over. Similarly his data for family income might refer to a given week, 
whereas what he would really like to know is the average family income over a period of 
years. If, however, the results of other detailed investigations were available, it might be 
possible to estimate "fertility" and "income ", as he would like to define them, from the 
data he has and also to determine the sampling error of his estimates. This corresponds 
to the first consideration discussed above in relation to mental testing. 

On the other hand, the observer might be content to consider simply the data he has, 
without reference to his ideal criteria. He will then only have to take into account the 
accuracy of the information supplied to him. Clearly, errors in determining and recording 
the number of sibs, and the family income for a given week, could be estimated very simply 
by repeating the observations. This corresponds to the estimation of test -retest association 
on an intelligence scale. 

In the case of investigations such as ours, it is to avoid the conclusion that it is 
best to take into account simply the test -retest variability. This can be readily determined 
for the group that is being studied, an important point in view of the great differences in 
methods of ascertainment in different studies. We have chosen a particular test, the 
Advanced Otis, that has been widely applied, and is generally accepted as a good group 
measure. For our purposes we may accept it as the fixed series of objective stimuli to 
which the child makes his measured response. 

The measurement of the test- retest association, however, presents certain difficulties in 
the case of a mental test. If the interval is short there may be a practice effect. If the 
interval is long the practice effect is reduced but an appreciable amount of growth has 
taken place. Actually, however, the question of growth does not seem to raise serious 
difficulty owing to the peculiar relation of original score to increment described in this 
paper. This is at least true as regards our own. material. The interval between test and 
retest, one year, should reduce the practice effect to fairly small limits, so that it seems 
reasonable to accept the test -retest data in estimating variability of response, though of 
course, unlike retests of physical measurements, it cannot supply a criterion that is at 
all perfect. 

The long interval seems to be a positive advantage in another way, for, ideally, we should 
like to know the error of estimate of a response drawn from a population of responses 

EUGENICS VIII, I 2 
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given by . an individual exhibiting various emotional and other differences over a long 
period of time. 

(2) Selection of the subsamples 

It was decided to test the subsample after the lapse of a year, plus or minus 7 days; in 
this way the calculations relating to age at test were greatly simplified. The ideal plan 
would have been to have retested a random sample, but for obvious reasons the practical 
difficulties involved were insuperable; not only would every school have had to be 
revisited in order to test a portion of every class, but all the children at, for example, a 
senior school, who had moved up from various junior schools, would have been tested 
originally on a variety of dates. 

As the specifications of the original complete group were known, it was possible to select 
representative samples as regards the original test results. The original complete group 
comprised four age groups and of these the oldest three were tested in 1934 (apart from 
some private schools) as was described in the first paper of this series. The oldest age group 
was originally tested at senior, secondary schools, etc., so that the great majority were still 
at the same schools in the summer of 1935; similarly the great majority of the third age 
group were still at junior schools : the second age group was not suitable for sampling as 
the children had moved up from the junior schools at the end of the summer term of 1934. 

Two representative samples were therefore chosen, one from the third age group 
(averaging about 10 years 3 months at original test) and one from the oldest age group 
(averaging about 12 years 5 months). . 

In the case of the younger sample a proportion of the junior schools was chosen, so that 
the children within the selected age group gave a distribution corresponding approximately 
to the distribution of scores for the whole age group. Lists were prepared showing the 
children of this age group originally tested at each of the schools, which were then visited 
within 7 days of the dates on which the tests were carried out in 1934. The numbers were 
sufficient to provide a group of at least 250, after allowing for the omission of absentees. 
It was found, however, that owing to the tendency for some of the cleverest children to 
go on to secondary schools before attaining the usual age, there was a deficiency of very 
clever children. This was allowed for by retesting a few very clever children only at one or 
two other junior schools, and also by including a small group tested at nearly the same date 
in 1934, who were at the girls' secondary school in 1935. 

The selection of a subsample of similar size from the oldest age group was simpler. 
By choosing one secondary school, the central school and a proportion of the senior schools, 
a sample was readily selected that corresponded approximately in original scores to the 
distribution of the entire age group. 

Table I gives a comparison between the mean score and the variance of the two sub- 
samples and the expected figures based on the whole group. The latter values are taken 
from Tables VIII and IX of the first paper. 
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Table I 

19 

Subsample No. Mean age 
yrs. mos. 

Mean 
score 

Norm at 
that age Variance Expected 

variance 

Younger 
Older 

258 
274 

10 3 
12 5 

61.6 
103.1 

66 
102 

1066 
1335 

1076 
1368 

The children of the younger subsample fell rather below the expected figure in mean 
score. This, however, was true of most of the group from which they were drawn, as is 

shown in Table VI of the previous paper. 
A more detailed comparison may be made. The actual distribution of scores in broad 

groups is given below in Table II. This is compared with the distribution of scores of 
children of the whole group of ages 9 years 10 months to 10 years 9 months, and 11 years 
11 months to 12 years 10 months, respectively. These figures are taken from the Appendix 
table in the first paper. 

Table II. Younger subsample 
Percentage frequencies: scores 

No. 0-19 20-39 40-59 60-79 80 -99 100 -119 120 -139 140 -159 160 -179 

Whole group 741 9.9 15.5 18.8 19.6 20.5 10.1 4.6 0.8 0.3 
Subsample 258 9.3 19.0 23.6 17.8 15.5 11.2 2.7 0.8 0.0 

Older subsample 
Percentage frequencies: scores 

No. 0-19 20-39 40-59 60 -79 80 -99 100 -119 120 -139 140 -159 160 -179 180 -199 

Whole group 914 3.0 3.2 5.9 12.8 20.0 23.4 16.5 10.7 3.7 0.8 
Subsample 274 1.5 5.1 6.9 10.2 19.0 21.9 18.6 13.1 3.6 0.0 

It will be seen that the two subsamples are fairly closely representative in scores at 
first test of the group from which they were drawn. The subsamples were, of course, not 
necessarily representative in any other way, for example, no private school children were 
included. 

(3) The relation between first and second scores 

Appendix tables I and II show the first and second scores of the children composing the 
younger and older groups respectively. The scores were grouped with a class interval of 
5 units, i.e. approximately one -seventh of the average standard deviation. The loss of 
information due to grouping should thus be very small. 

Tables III and IV show the calculations necessary for the investigation of the relationship. 
The correlations, 0-9345 and 0.9574 respectively, indicate a satisfactorily high test- retest 

association. It will also be noted that the residual variance between arrays after eliminating 
linear regression is not significant in either case. The relationship between first and second 

2 -2 
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Table III. Younger group: first and second scores 

x =first score; y= second score 

x No. gv Yv nv (gv-Yv)2. 

0-4 6 15.3333 27.7681 928 
5-9 6 34.5000 32.9052 15 

10-14 9 32.0000 38.0424 329 
15-19 3 470000 43.1795 44 
20-24 9 52.5556 48.3167 162 
25-29 13 48.1538 53.4538 365 
30-34 12 632500 58.5909 261 
35-39 15 62.0000 637281 45 
40-44 11 71.0909 68.8652 54 
45-49 16 74.1875 74.0023 1 
50-54 12 78.2500 79.1395 9 
55-59 22 86.3182 84.2766 92 - 

60-64 12 92.0000 89.4137 80 
65-69 10 98.5000 94.5509 156 
70-74 8 108.8750 99.6880 675 
75-79 16 105.1250 104.8251 1 

80-84 12 108.2500 109.9623 35 
85-89 16 112.6250 115.0994 98 
90-94 8 124.5000 120.2365 145 
95-99 4 114.5000 125.3737 473 

100-104 9 138.6667 130.5108 599 
105-109 7 138.4286 135.6479 54 
110-114 3 138.6667 140.7851 13 
115-119 10 140.5000 145.9222 294 
120-124 1 142.0000 151.0594 82 
125-129 3 152.0000 156.1965 53 
135-139 3 165.3333 166.4708 4 
145-149 2 157.0000 176.7450 780 

258 - - 5847 

61.61240, S (x -x)2= 274011, ÿ= 89.01550, S (y -y)2= 335652, 
Sx (y -g)= 281527, S {nv (ÿv -y)2 }= 295095, b {Sx (y -ÿ) }= 289248. 

Regression of second score on first score =1.027427. ' 

Regression of first score on second score = 0.838745. 
Correlation coefficient = 0.934481: 

Analysis of variance 

Variation of 
second score 

Degrees of 
freedom 

Sum of 
squares Mean square , 

log, 

Linear regression 1 289248 289248 - 
Remainder between arrays 26 5847 224.9 2.7079 
Within arrays 230 40557 176.3 2.5861 

Total 257 335652 - - 
z=0.1218 

5% point approximately 0.216. 
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Table IV. Older group: first and second scores 

x= first score; y = second score 

x No. YD Y9 nq (g2)- Y9)2 

0-4 1 22.0000 23.0488 1 

10-14 1 320000 32.9648 1 

15-19 2 27.0000 37.9229 239 
20-24 2 37.0000 42.8809 69 
25-29 5 45.0000 47.8390 40 

30-34 6 57.8333 52.7970 152 
35-39 1 42.0000 57.7551 248 
40 11 6 66.1667 62.7131 72 
45-49 4 63.2500 67.6711 78 
50-54 3 63.6667 72.6292 241 
55-59 6 78.6667 77.5872 7 
60-64 9 92.5556 82.5453 902 
65-69 6 93.6667 87.5033 228 
70-74 4 87.0000 92.4614 119 
75-79 9 961111 97.4194 9 
80-84 7 94.8571 102.3774 396 
85-89 12 100.7500 107.3355 520 
90-94 15 116.6667 1122935 287 
95-99 18 114.7778 117.2516 110 

100-104 16 125.1250 122.2096 136 
105-109 14 128.0714 127.1677 11 
110-114 17 131.1177 132.1257 17 
115-119 13 141.6154 137.0837 267 
120-124 13 138.9231 142.0418 126 
125-129 17 150-5294 146.9998 212 
130-134 12 149.0833 151.9579 99 
135-139 9 162.5556 156.9159 286 
140-144 4 157.0000 161.8740 95 
145-149 16 166.0625 166.8320 9 
150-154 10 170.5000 171.7900 17 
155-159 6 177.8333 1767481 7 
160-164 6 178.6667 181.7061 55 
165-169 2 187.0000 186.6642 0 
175-179 2 189.5000 196.5803 100 

274 - - 5159 

= 103.05839, S(x -x)2= 364443, y= 123.25912, S(y -02= 390991, 
Sx (y -y)= 361385, S {ny (y-02}= 363511, b, {Sx (y -y) }= 358352. 

Regression of second score on first score =0.991609. 
Regression of first score on second score =0.924280. 
Correlation coefficient = 0.957353. 

Analysis of variance 

Variation of 
second score 

Degrees of 
freedom 

Sum of 
squares Mean square loge 

Linear regression 1 358352 358352 - 
Remainder between arrays 32 5159 161.2 2.5413 
Within arrays 240 27480 114.5 2.3703 

Total 273 390991 - - 
z =01710 

5% point approximately 0.200. 
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scores is thus of the simplest description and it will be sufficient in making adjustments to 
rely entirely on the linear regression coefficients or upon the correlation coefficient. 

The transformation of ,r to z permits a test to be made of the significance of the difference 
between the correlations in the two subsamples. Table VB in Fisher's Statistical Methods 
for Research Workers gives corresponding values of r and z. The difference is 2.5 times its 
standard error and must be considered significant; the test -retest association of the 
Advanced Otis scale is therefore higher in the case of the older children. 

1 
r z n' -3 (n' -3) z* n,_3 

Younger group 0.9345 1.6931 255 0.003922 431.28 
Older group 0.95735 1.9131 271 0.003690 517.96 
Difference - 0.2200+ 0.0872 0.007612 949.24 

* Allowing for the small positive bias in 'thé value of z (Fisher, 5th ed. p. 192). 

As the two subsamples represent the extreme distribution of ages at test of the complete 
group, a single figure based on the combination of the two values may be considered a 
reasonable estimate to use in making adjustments. Using the figure given above the 
weighted average value of z is 1.8046± 0.0436, and the corresponding value of r is 0.9473. 
The chance is 5 per cent that the value of r lies outside 0.9554 and 0.9378; the chance 
is 1 per cent that the value of r lies outside 0.9577 and 0.9344. If the allowance is made 
in the form of an error variance the figures necessary for the calculation are given in 
Tables III and IV. 

(4) The relation between first and second Indexes of Brightness 

In the first paper of the series a description was given of an equalization for age by the 
transformation of scores into LB.'S. It is to be expected that the association between first 
and second I.B.'s will be somewhat less close than between first and second scores, for 
extremely large numbers wóuld be required to establish an almost perfect age correction. 

Table V. Younger group: first and second I.B.'s 

x= first LB.; y= second I.B.; n =258 
x= 95.81783, S (x -x)2= 305614, ÿ= 104.82946, S (y -ÿ)2= 336635, Sx (y -ÿ)= 297763. 

Regression of second I.B. on first I.B. = 0.974309. 
Regression of first I.B. on second LB. =0.884529. 
Correlation coefficient = 0.928334. 

The comparison of the first and second Lit.'s can only be made in the case of the younger 
group, because the children comprising the older group exceeded in age at second test the 
ages covered by our table of norms. A summary of the result for the younger group is 
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given in Table V. The correlation coefficient of 0.9345 for first and second scores has fallen 
to 0.9283 if first and second z.B.'s are compared. 

1 
r z n'-3 n'-3 

Scores 09345 1.6931 255 0.003922 
i.B.'s 09283 1.6457 255 0.003922 
Difference - 0.0474± 0.0886 0.007844 

The difference is not significant, and its small size may be taken as one indication that 
the method of age correction described in the first paper is working reasonably well. 

It will be noted that there is an apparent increase in average I.B. of about 9 units. This 
is probably to be attributed to a practice effect and is discussed further in a later section. 

(5) A further analysis of the increment of score during a year 

The results of the retesting permit some further examination to be made of the increment 
of score during a year. 

Probably the most important question that can be answered is whether there is a 
relationship between the amount of the score at first test and the amount of the subsequent 
increment. It would not be unreasonable to expect that the increment would, on the 
average, be greater in the case of children securing high scores originally, as compared 
with children securing low scores. 

Tables VI and VII present the results for the two groups. As in these tables, and in the 
remaining tables in this section, no regression is significant, nor any remainder between 
arrays, it is not worth while setting out the fitting in detail; accordingly summaries only 
are given. It is perhaps remarkable that in both groups the increment was apparently 

Table VI. Younger group 
x =first score; y = increment; n=258 

61.61240, S (x -x)2= 274011, ÿ= 27.29070, S (y -M2= 44553, 
Sx (y -ÿ) =7729, S {n, (ÿ9 -ÿ)2} =5394, b {Sx (y -ÿ)} =218. 

Regression of increment on first score =0.028207. 
Regression of first score on increment =0.173480. 
Correlation coefficient = 0.069953. 

Analysis of variance 

Variation of 
increment 

Degrees of 
freedom 

Sum of 
squares Mean square log, 

Linear regression 1 218 218.0 2.6923 Remainder between arrays 26 5176 199.1 2.6469 
Within arrays 230 39159 170.3 2.5688 

Total 257 44553 - - 
Neither difference significant. 
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Table VII. Older group 
x =first score; y= increment; n =274 

= 103.05839, S (x -2)2= 364443, g= 20.24818, S (y -y)2= 32709, 
Sx (y -ÿ)= -967, S {n (ÿ9 -ÿ)2} =5174, b {Sx (y- ÿ) } =2.6. 

Regression of increment on first score= - 0.002653. 
Regression of first score on increment= - 0.029563. 
Correlation coefficient = -0.008857. 

Analysis of variance 

Variation of 
increment 

Degrees of 
freedom 

Sum of 
squares Mean square 4- loge 

Linear regression 1 2.6 2.6 - 
Remainder between arrays 32 5171 161.6 2.5425 
Within arrays 240 27535 114.7 2.3712 

Total 273 32709 - - 
Neither difference significant. 

quite independent of the original score, but there seems to be no room for doubt as the 
numbers are relatively large. A comparison with Table IX in our first paper shows that 
the variance of second scores was approximately that to be expected at the ages then 
attained. - It is clear that if there is no association between original score and increment, 
the variance of second score will be equal to the variance of first score plus the variance 
of the increment. This is illustrated by our figures, if allowance is made for the small 
non -significant product term. 

An examination of the correlation table, in the case of the younger subsample especially, 
suggested that although mean increment was constant in relation to original score, it was 
possible that the increment -became less variable as original score increased. To test this 
point a further regression, was examined, that of the square of the increment on original 
score. A summary is presented in Table VIII. It will be seen that there is no significant 

Table VIII. Younger group 
x= first score; y= square of increment; n =258 

61.61240, S (x -2)2= 274011, ÿ= 917.46899, S (y -y)2= 146661270, 
Sx (y -ÿ)= 35397, S {n (ÿ -ÿ)2 }= 15727063, b (Sr (y -ÿ)} =4573. 

Regression of square of increment on first score =0.129180. 
Regression of first score on square of increment= 0-000241. 
Correlation coefficient =0.005584. 

Analysis of variance 

Variation of square 
of increment 

Degrees of 
freedom 

' Sum of 
squares Mean square 1 

loge 

Linear regression 1 4573 4573 - 
Remainder between arrays 26 15722490 604711 6.6563 
Within arrays 230 130934207 569279 6.6261 

Total 257 146661270 - - 
Neither difference significant. 
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association, so that the variability of the increment also must be considered independent 

of original score, as far as our numbers are adequate for testing this point. 
Age at test is another factor that might be expected to influence the amount of the 

increment. A comparison of the younger and older samples shows that the increment is 

appreciably less in the older group. 

Mean age at 
original test 

yrs. mos. 
Increment 

Younger group 10 3 27.2907+0.8197 
Older group 12 5 20-2482+0.6613 

Difference 2 2 7.0425+1.0532 (6.71) 

The difference is highly significant, so that with an age difference of this size there is 
no doubt that the older children add on fewer marks during the course of a year. 

Analysis of the relation within the groups between age at original test'and increment is 

much less satisfactory. The range in age in each case is only just over a year. Further, the 
samples were not representative as regards age at test ; as was previously explained, it 
was necessary, in the case of the younger group, to test some very clever children at extra 
schools. These children tended to be young. The regressions of original score on age, given' 
in Tables XI and XII, show that these are much too small, being non -significant on our 
numbers in the younger group, and negligible in the older group. 

Tables IX and X give summaries of the relationship between age at test and increment 
for the two groups. Bearing in mind the limitations, mentioned above, it is unlikely that 
there can be any close association, and investigations with numbers such as ours, and 
confined to a narrow age range, are unlikely to disclose any relationship. 

Table IX. Younger group 
x= age at first test (above 9 years); y= increment; n =258 

x= 15.015504, S (x -5)2 =3094, ÿ= 27.290698, S (y -ÿ)2= 44553, 
Sx (y -ÿ)= -886, S {n9 (y-D -ÿ)2} =3597, b {Sx (y -ÿ)} =254. 

Regression of increment on age= - 0.286419. 
Regression of age on increment= - 0.019890. 
Correlation coefficient = - 0.075478. 

Analysis of variance 

Variation of 
increment 

Degrees of 
freedom 

Sum of 
squares Mean square loge 

Linear regression 1 254 254 2.7687 
Remainder between arrays 13 3343 257.2 2.7750 
Within arrays 243 40956 168.5 2.5635 

Total 251 44553 - - 
Neither difference significant. 



26 STUDIES ON A CHILD POPULATION 

Table X. Older group 
x =age at first test (above 11 years); y= increment; n =274 

2= 16.613139, S (x -x)2 =3369, g= 20.248175, S (y -y)2= 32709, 
Sx (y -ÿ) =724, S {nD (ÿ9 -ÿ)2} =1643, b {Sx (y -0=156. 

Regression of increment on age =0-214992. 
Regression of age on increment =0.022144. 
Correlation coefficient = 0.068998. 

Analysis of variance 

Variation of. 
increment 

Degrees of 
freedom 

Sum of 
squares Mean square ¡ log, 

Linear regression 1 156 156 2.5250 
Remainder between arrays 12 1487 123.9 2.4097 
Within arrays 261 31066 119.0 2.3896 

Total 274 32709 - - 
. Neither difference significant. 

This analysis may be completed by giving a summary of the linear relationships between 
the variables, original score, increment and age at original test, for both subsamples, and 
in addition giving the important partial regressions. This is done in Tables XI and XII. 
No simple regression is significant, not even those of first score on age; the partial regressions 
of increment on age and first score, at fixed first score and at fixed age respectively, are 
not significant either. 

Table XI. Younger group 

x =age at first test (above 9 years); y =first score; z= increment 
x= 15.015504, g= 61.612403, "z= 27.290698, n =258. 

Sums of squares and products of deviations: 

x y z 

x 3093.94 2731.55 -886.163 

y - 274011 7729.07 

z - - 44553.2 

Regressions 

y on x= 0.882872+ 0.585583, x on y= 0.009969+0.006612. 
z on x= - 0.286419 ±0.236496, x on z= - 0.019890 ±0.016423. 
z on y= 0.028207 ±0.025140, y on z= 0.173480 ±0.154618. 

Sums of squares and products of deviations at fixed age: 

y z 

y 271600 8511.44 

z = 442994 

Regression of increment on first score at fixed age = 0.031338 ± 0 025215. 
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Table XI (continued) 

Sums of squares and products of deviations at fixed first score: 

x z 

x 3066.71 -963.212 

z - 44335.2 

Regression of increment on age at fixed first score = -0.314087 +0.237291. 

Table XII. Older group 

x =age at first test (above 11 years); y =first score; z= increment 
x = 16.613139, y=103.058394, 2=20-248175, n = 274. 

Sums of squares and products of deviations: 

x y z 

x 3368.99 227.191 724.307 

y - 364443 -966970 

z - - 32709.2 

Regressions 

y on x= 0.067436+0'630625, x on y= 0000623 ± 0005830. 
z on x= 0.214992±0188479, x on z= 0022144±0.019413. 
z on y= -0.002653 +0.018164, y on z= -0.029563+0.202385. 

Sums of squares and products of deviations at fixed age: 

y z 

y 364428 -1015.81 

z - 325534 

Regression of increment on first score at fixed age= -0.002787 +0.018155. 

Sums of squares and products of deviations at fixed first score: 

x z 

x 3368.85 724910 

z - 32706.6 

Regression of increment on age at fixed first score =0.215180 ± 0.188823. 

(6) Discussion and summary 
The object in view in administering the retest was to secure figures for the test -retest 

association shown by the Advanced Otis scale as applied by ourselves to the group of 
children upon which we are carrying out various investigations. In the case of ordinary 
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physical measurements, errors of estimation are usually so small that any correction for 
departures from reliability' could have no appreciable effect upon say a sib correlation. 
This is not the case with mental tests. A correlation coefficient of 0.9 between original test 
results and the results on repetition would be considered reasonable for many of the tests 
commonly employed; this, of course, corresponds to an error variance of 10.5 per cent, 
and it is clear that the value of a sib correlation, for example, would be appreciably affected. 

The children retested were of two groups, each with an age range of approximately 
1 year and with mean ages of 10 years 3 months and 12 years 5 months. They were repre- 
sentative, as regards original score, of those portions of the complete group from which 
they were drawn. The numbers were 258 and 274 respectively. 

The correlations were satisfactorily high, being 0.9345 and 0.9574 respectively. The 
difference is significant, but as these children represent the extreme range of ages at test 
of the complete group, and as the difference is not very large, it seems permissible to use 
an averaged value of 

0.9473. 

The 5 per cent points are 0.9554 and 0.9378 and the 1 percent points 0.9577 and 0.9344, 
so that the coefficient may be regarded as having been determined with some accuracy. 
The figures given in the preceding sections of this paper can thus be used for making 
appropriate adjustments.. - 

Although it was not the purpose of the retesting, it seemed worth while to present the 
data we have accumulated on the characteristics of the increment of score after the lapse 
of 1 year. Briefly, it is shown that in both groups the amount of the increment is quite 
independent of the score at original test, a somewhat surprising result. The variability 
of the increment too is independent of the size of original score. It is also shown that, within 
the limits of age within the two groups, and bearing in mind certain features in their 
selection, it is not possible to demonstrate any relation between the amount of the increment 
and age at original test. The increment over 1 year does however tend to drop as age at 
original test is increased, and this can be demonstrated with. numbers such as our own, 
if the difference in age is sufficiently great. The increment in the case of the younger group 
was 27 marks and in the older group 20 marks, the difference being amply significant. 

The amount of the increment in both groups was large, much larger than would have 
been anticipated 'on the basis of the regression of score on age given in the first paper of 
this series for children up to the, age of 12. In the younger group the expected mean 
increment would be about 18 points. It is possible that the regression of score on age for 
children up to the age of 12 was under -estimated, although, as far as we know, it proved 
to be higher than that given in other studies. The results of the Stanford -Binet retesting 
do suggest a slight under- estimation. There is little doubt that there was a practice effect, 
although it may not have a value as great as 9 points. 

The question of norms for the Advanced Otis scale is discussed at the end of the section 
dealing with the Binet retesting (p. 36). 
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The increment of 20 points in the case of the older children is also high. It is quite 
possible that in the first paper we considerably under- estimated the regression of score on 
age in children over the age of 12. On the other hand, if there is a pronounced practice 
effect, it is not unreasonable to expect that it would be still more pronounced in older 
children. 

One speculation may be worth recording. It is perhaps conceivable that the practice 
effect should differ in some systematic way according to the intelligence of the child. For 
example, the very dull child receiving originally very few marks might fail to profit from 
the experience of a year before. Similarly the very intelligent child would comprehend 
the nature of the tasks so thoroughly, that the previous experience could not add to the 
efficiency with which the second test was completed. On the average it might be expected 
that the child of more moderate performance would profit most. Given some such systematic 
relationship, it might be argued that the apparent lack of association between increment 
and original score was due to a masking of a real association, the practice effect tending to 
equalize the increments. It is difficult, however, to imagine that the practice effect could 
so neatly and precisely neutralize a real association; we are of the opinion therefore that 
this explanation of the lack of association between increment and original score can be 
dismissed. 

For the full investigation of this and other points much more elaborate experiments 
would clearly have to be carried out. We felt, however, that it was desirable to present such 
information as we had incidentally obtained. 

A RETEST ON THE STANFORD -BINET SCALE 

(1) Selection q f the Subsamples 

Much of the work that is being carried out on children drawn from the complete group 
includes individual testing, and in each such case a Stanford -Binet test is being given. 
It was most desirable therefore that the relationship between the results of this test and 
of the Advanced Otis should be investigated for our own material. 

Unlike the retests on the Otis scale, there was in this instance no objection to retesting 
a random sample. The question of the time interval between the two tests could not be 
considered and there was no objection to revisiting every school, as this had to be done 
at various times for other purposes. 

It was decided therefore to select children at random for retesting by choosing all the 
children from the complete group whose dates of birth fell within certain limits. As we have 
previously described, the first three age groups were all group tested together. The group 
testing of the fourth age group was postponed for a year so that the children of this group 
corresponded in age at test to those of the third age group. A subsample for individual 
testing was accordingly chosen from each of the first three age groups. The children included 
were those born in January in 1922, 1923 and 1924. The age group 1921 -2 was, however, 
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so much larger than the others, reflecting as it did the high post -war birth -rate, that it was 
decided roughly to equalize the three groups by including children born from 13 to 
31 January only in 1922. 

The numbers of children in the complete group that fell into the three subsamples were 
as follows: 

No. Tested 
71 65 
62 60 
70 67 

203 192 

It is disappointing that as many as eleven children escaped individual testing. In most 
cases this was due to the children having left the city. In a few cases in the oldest age 
group, children were not available when particular schools were being visited and had 
attained the leaving age before an opportunity had arisen for giving the test. The Otis 
I.B.'S of the eleven children were as follows : 46, 86, 98, 99, 118, 123, 125, 137, 139, 139, 

147; mean 114.27. The chance that a random sample of eleven should have a mean 
differing by this amount from the mean of the entire group (as given in the first paper) is 

more than 1 in 6. There is no indication, therefore, that the loss is not a random one, and 
it is extremely unlikely that the omission of these children could have any appreciable 
effect upon the results. 

Full Binet tests were given, the testing being continued upwards until a complete year 
of tests was failed and downwards until a complete year of tests was passed. In no case 
were less than 3 years of tests given. It would no doubt have been a good plan to have 
retested the children on the Stanford -Binet scale at a short and fixed time interval after 
the Otis test. This was quite impracticable. The variation in age at Otis test was, however, " 

small as regards the majority of the children in each group, though the total range was 
wide, chiefly owing to absentees who were tested at later dates. Similarly, the Binet 
testing was, for the most part, carried out during a comparatively short period, so that 
again the majority of ages fell within relatively narrow limits. The interval between Otis 
and Binet tests was fairly constant for most of the children in each group. A long period, 
however, elapsed between the tests, about a year and a half in the two yoùnger groups, 
but less in the oldest. This was because other urgent work had to be completed first, before 
it was possible to find time for this retesting. 

For these reasons it proved impossible to make any adequate examination of Otis scores 
and Binet mental ages. This investigation is therefore confined to an analysis of Otis I.s.'s 
and Binet I. @.'s. 

The distribution of chronological ages at both tests is shown in Table XIII. 
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Table XIII. Chronological ages at test of three random groups 

Age at Otis test 
(years and months) 

No. 

Children born 

Age at Binet test 
(years and months) 

January 1922 

No. 

12.5 -12.6 51 13.0 -13.4 56 
12.7 -12.10 8 13.5 -13.8 5 

12.11 -13.3 6 13.9 -14.2 4 

Children born January 1923 

11.0 -11.4 16 12.1 -12.3 7 

11.5 33 12.4 -12.9 6 

11.6 -11.7 6 12.10 -12.11 39 
11.8 -12.2 5 13.0 -13.4 8 

Children born January 1924 

10.0 -10.4 21 10.4 -10.5 4 
10.5 29 10.9 -11.5 3 

10.6 -10.8 6 11.10 -11.11 47 
10.9 -11.2 11 12.0 -12.5 13 

(2) The relation between Otis Index of Brightness and Stanford -Binet 
Intelligence Quotient 

The full results are shown in Appendix table III. As a first step the results were analysed 
separately for each of the three groups. It was soon apparent that the differences between 
the regressions and correlatibn coefficients were not significant and that the regressions 
were linear. Accordingly it seems best to present in brief summary form the data for each 
group separately, to demonstrate the lack of significant difference between the groups, 
and then to show the fitting for the pooled results. 

Table XIV. Regression of Binet I.Q. on Otis I.B. (ungrouped data) 

Sums of squares and products of deviations 
Group No. Variation due Regression 

(Otis I.B.)2 (Otis I.B. x Binet r.@.) 
to regression coefficient 

1 65 83006.2 31441.7 11909.7 0.3787874 
2 60 80488.9 33078.6 13594.4 0.4109712 
3 67 82320.7 30583.3 11362.1 0.3715142 

245815.8 95103.6 36866.2 - 
Regression coefficient based on the three groups taken together =0.3868897. 

Degrees of 
freedom 

Sum of 
squares 

Variation due to three regressions independently 3 36866.2 
Variation due to general regression 1 36794.6 

Difference due to heterogeneity of regressions 2 71.6 

Mean square due to heterogeneity =35.8. 

This value may be compared with a residual variance within arrays for the total group of 52.2 (see Table XVI). 
It is thus non -significant. 
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Table XV. Regression of Otis I.B. on Binet I.Q. (ungrouped data) 

Sums of squares and products of deviations 
Group No. Variation due Regression 

(Binet I.Q.)2 (Binet I.Q. x Otis I.B.) to regression . coefficient 

1 65 15173.8 31441.7 65150.7 2.072111 
2 60 15865.0 , 33078.6 68969.0 2.085005 
3 67 14843.1 30583.3 63015.1 2.060443 

45881.9 95103.6 .197134.8 - 
Regression coefficient based on the three groups taken together =2.072791. 

Degrees of 
freedom 

Sum of 
squares 

Variation due to three regressions independently 
Variation due to general regression 

3 
1 

197134.8 
197129.9 

Difference due to heterogeneity of regressions 2 4.9 

Mean square due to heterogeneity =2.5. 

This value may be compared with a residual variance within arrays for the total group of 271.6 (see Table XVII) . 
It is thus non -significant. 

There is thus no reason to suppose that the relation of Otis I.B. and Binet I.Q. differs 
for the three groups as regards the regressions. As would be anticipated a single correlation 
coefficient is also adequate. The individual correlation coefficients were: group 1, 0.8859; 
group 2, 0.9257; group 3, 0-8749; and the adjusted weighted average value was 0.8954. 

The mean I.Q.'s at 100 I.B. may also be investigated. They proved to be: group 1, 

96.5457 ± 1.9121; group 2, 985037 ± 2-1173; group 3, 101.1461 ± 1.8332. The standard 
errors include the small increments due to the fixing of Otis I.B., as the variance of the 
mean at fixed I.B. is increased by the square of the difference between observed mean I.B. 

and 100 I.B., multiplied by the variance of the regression coefficient. 
It is- possible therefore that as age increases mean I.Q. falls in relation to mean I.B. This 

may be due to a defect in our norms but it is equally possible that it results from the 
mechanism of determining the Binet I.Q. at the higher chronological ages. 

In view of the great convenience of using a single value in each case throughout the 
whole group, it seems best to pool the results for the three subsamples. The pooled results 
(ungrouped figures) are as follows : 

Nó. in group = 192 

Mean I.B. = 99.88021 
Variance = 1294.567 

Mean I.Q. = 98.70833 
Variance = 241.4328 
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Regression of I.Q. on I.B. = 0.383173 

Standard error = 0.014451 

Regression of I.B. on I.Q. = 2.054582 

Standard error = 0.077484 

Correlation coefficient = 0.887277 

Tables XVI and XVII show the fitting of the two regression lines. Both regressions 

were linear. 

Table XVI. Regression of Binet I.Q. on Otis I.B. 

x= Otis I.B.; y =Binet T.Q. 

x No. ÿv YD n9 (YD- Y23)2 

10-19 1 62.0000 66.7153 22 
20-29 6 71.0000 70.4864 2 
30-39 5 72.8000 74.2574 11 
40-49 5 80.6000 78.0285 33 
50-59 12 84.7500 81.7995 104 
60-69 12 85.2500 855706 1 

70-79 16 89.1875 89.3416 0 
80-89 15 92.0000 93-1126 19 
90-99 25 952400 96.8837 68 

100-109 14 100.1429 100.6547 4 
110-119 21 104.2857 104.4258 0 
120-129 15 1096000 1081968 30 
130-139 20 113.3000 111.9678 35 
140-149 10 112.7000 1157389 92 
150-159 6 122.5000 119.5099 .. 54 
160-169 5 121.4000 123.2810 18 
170-179 3 132.0000 127.0520 73 
180-189 1 125.0000 130.8231 34 

192 - - 600 

x=99.65625, S (x-x)2=252795, ÿ=98.82813, S (y-ÿ)2=45633, 
Sx (y-ÿ)=95330, S{nD (ÿD-ÿ)2}=36549, b {Sx (y-ÿ)}=35949, b=0.377104. 

Analysis of variance 

Variation of Binet I.Q. Degrees of 
freedom 

Sum of 
squares Mean square 

Linear regression 1 35949 - 
Remainder between arrays 16 600 37.50 
Within arrays 174 9084 52.21 

Total 191 45633 - 
Mean square of remainder between arrays less than mean square within arrays. 

EUGENICS VIII, I 
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Table XVII. Regression of Otis I.B. on Binet I.Q. 

x =Binet i.e.; y= Otis I.B. 

x No. ÿv Y9 n (gv- Y2))2 

61-63 1 14.5000 22.7206 68 
64-66 1 24.5000 28.9877 20 
67-69 3 31-1667 35-2549 50 
70-72 4 29.5000 41-5220 578 
73-75 3 378333 47.7891 297 
76-78 7 54.5000 54.0563 1 

79-81 4 62.0000 60-3234 11 
82-84 13 72.9615 66-5906 528 
85-87 9 65.6111 72.8577 473 
88-90 18 81-1667 79-1248 75 
91-93 10 83.5000 85.3920 36 
94-96 15 94.5000 .91.6591 121 
97-99 10 95.5000 97-9263 59 

4. 100-102 19 105.5526 104-1934 35 
103-105 10 125.5000 110.4605 .2262 
106-108 12 106.1667 116.7277 1339 
109-111 11 130-8636 122.9948 681 
112-114 11 131-7727 129.2620 69 
115-117 7 133.0714 135.5291 42. 
118-120 6 134.5000 141-7962 319 
121-123 6 139. 5000 148.0634 440 
124-126 5 162.5000 154-3305 334 
127-129 . . 3 . 151-1667 160.5977 267 
130-132 1 174-5000 166.8648 58 
133-135 2 159-5000 173.1319 372 
136-138 1 174-5000 179.3991 24 

192 - - 8559 

x=98.82813, S (x-x)2=45633, y=99-65625, S (y-ÿ)2=252795, 
Sx (y-ÿ)=95330,. S{n9 (ÿ9-ÿ)2}=207708, b {Sx (y-ÿ)}=199149, b=2.089047. 

Analysis of variance 

Variation of Otis r.s. Degrees of 
freedom 

Sum of 
squares Mean square logs 

Linear regression 1 199149 - - 
Remainder between arrays 24 8559 356.6 2.9384 
Within arrays 166 45087 271.6 2.8022 

Total 191 252795 - - 
z=0.1362 

5% point approximately 0.229. 

(3) The distribution of Stanford -Binet Intelligence Quotients amongst Bath children 

It is now possible to estimate the mean and variance of Stanford -Binet I.Q.'s for the 
children composing the group. 

The figures for the random group of 192 were 

Mean = 98-708+ 1.121. 

Variance = 241-433 + 24.706. 
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These children were, however, a random sample of 2553 children (the three oldest age 

groups) who were all tested on the Advanced Otis scale. The Otis 1.B.'s for the 192 had 
a slightly lower mean and a greater variance than the 2553 I.B.'s from which they were 
drawn. Owing to the close association between the results of the two tests, it is possible 

to use this knowledge in order to secure improved estimates of the distribution of Stanford - 
Binet I.Q.'s. We are indebted to Prof. R. A. Fisher for his advice on suitable methods for 
making the adjustments. 

Let x = mean Otis 1.B. for the 192 children, x' = mean Otis I.B. for the 2553 children, 
y = mean Binet I.Q. for the 192 children, b = regression coefficient of Binet I.Q. on Otis r.B., 

and V = variance of the quantity following in brackets. 
The adjusted mean I.Q. is simply the I.Q. at I.B. 100.081 (the mean for the 2553 children, 

as compared with 99.880 for the 192). 

The sampling variance of the adjusted mean involves the addition of the usual term to 
the variance of the mean of I.Q.'s 

V (b). 

The value of x', however, is not known with accuracy, being an estimate based on 2553 
results, so that an additional term must be added to the variance of the mean of I.Q.'s. 
This is: 

b2V (æ'). 

The adjusted mean I.Q. thus becomes 

98.785 + 1.152. 

An adjusted value for the variance of I.Q.'s may be obtained by calculating 

b2ax 2+(0.212- b2ax2). 

The sampling variance of this estimate is 

20.x. 4 
+ 4b2a 4V (b) + 

2 
(a 2 - b2ax2)2. 2551 

The adjusted variance thus becomes 

190 

231.065 + 15.388. 

It will be noted that the mean I.Q. is close to 100, from which value it does not differ 
significantly. Similarly the variance is close to 225 (a standard deviation of 15), which 
appears to be accepted as the standard figure in much recent work (Thompson, 1932). 
The estimates for the standard deviation of Binet I.Q.'s of children included in the Scottish 
Survey (1933) were 17 for boys and 16 for girls. 

(4) Discussion and summary 
A random sample of 192 children was chosen by date of birth from the complete group 

and retested on the Stanford -Binet scale. It was composed of three subsamples that 
represented the range of chronological ages at Otis test. It was found that there was no 

3 -2 
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significant difference between the results for the subsamples, so it was possible to pool 
them and consider simply the entire group of 192. The regression coefficients were 

Binet I.Q. on Otis I.B. = 0.3832 ± 0.0145. 
Otis I.B. on Binet i.Q. = 2.0546 ± 0.0775. 

Both regressions were linear. The correlation coefficient was 0.8873, the chance being 
5 per cent that r was outside the range 0.8528 to 0.9141. The 1 per cent points were 0.8402 
and 0.9211. There is thus a satisfactory and simple correspondence, particularly in view 
of the long interval between the two tests -about a year and a half in most cases. 

The results given in the preceding portion of this paper permit some examination to be 
made.-of the norms we arrived at for the Advanced Otis scale (Table VIII in the first 
paper). The rate of increase of score with age was higher than that indicated by the norms 
in the Otis manual. A recent investigation by Gray & Moshinsky (1935), on 10,000 London 
school children, also gave a much lower -value : a table of norms based on their results 
is given on p. 10 of the 1934 reprint of the Otis Manual. It should be noted that the 
effective size of the sample for the calculation of norms, only an incidental feature of their 
study, was far less than 10,000. Proportionately many times more secondary, private 
school children, etc., were included than were elementary school children._ Thus, on 
weighting, there was a loss of some thousands of observations. Their norms were obviously 
based on a linear regression coefficient, as were ours for children up to the age of 12. The 
difference is considerable. 

Norms 

9 yrs. 6 mos. 12.0 yrs. 
Gray & Moshinsky 61 99 
Present study 52 98 

While therefore the two sets of norms are very similar for older children, our figures are 
much lower for younger children. The preceding sections of the paper provide two lines 

of evidence that make it very unlikely that we over- estimated the regression. 
In the first place the retest on the Stanford-Binet scale showed that an 1.B. of 100 

corresponded to an I.Q. of 1011 in the youngest group, 98.5 in the middle group, and 96.6 

in the oldest group. If, therefore, the Binet results were to be accepted as the criterion, 
our norms are actually too high for the younger children and too low for the older. It is 

quite possible, however, that this may be due, at least in part, to the age standardization 
of the Binet scale, rather than to that of the Otis scale. In any case, there is no evidence 
at all that our regression was too high. 

In the second place, if our regression was accurate, the Otis retesting after a year showed 

an expected increase of 18 points, plus a practice effect of 9 points. This is a very high 

value for the practice effect after a year, so that again there is an indication that our 

regression may be somewhat too low. 
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In addition, there is no reason to suppose that our group of Bath children is in any way 
an unusual sample. 

Gray & Moshinsky consider one criterion for assessing age correction, viz. the correlation 
between I.B. and age at test. This does provide a criterion for determining whether there 
is any evidence that norms obtained from one group of children are unsuitable for another 
group. Clearly, norms derived from a group cannot be tested on the same group, for the 
use of the regression in fixing the norms, and the use of the norms in determining I.B.'s, 
have already eliminated, as far as is possible, variability between arrays. Presumably 
therefore the correlations between age and 1.B. given by Gray & Moshinsky in Table III 
in their paper, refer to LB.'S determined on the American norms, and no independent 
evidence is given in their paper to support their own. 

It is difficult to account for the difference between the results of the two investigations. 
One possibility may, perhaps, be very tentatively suggested. Our ascertainment was total, 
whereas that of Gray & Moshinsky was by schools. In the case of older children, these 
are to be found at secondary, central and senior schools for the most part ; in fact, an 
efficient separation, in relation to mentality, has already been carried out. Also, senior 
schools are usually larger than junior schools, and the differences between them much 
smaller. Amongst children of junior school age, the difficulties of selection are far greater; 
the schools are smaller on the average and the differences between junior schools may be 
very great. The mean test results for different junior schools may differ by one, or even 
one and a half, times the standard deviation. It is clear, therefore, that it is a far harder 
task to secure a random sample of test results by schools, amongst children of junior school 
age and bias in selection will nearly always provide a sample that is superior to the general 
population. 

There is one other factor of possibly considerable importance. A proportion of very 
clever children go on to secondary schools a year before the usual time. Clearly, if ascertain- 
ment is by schools, and weighting is proportional to the numbers at schools of the different 
types, this fraction will contribute disproportionately to the results for the younger children. 

This hypothesis as to the difference is only put forward as a suggestion, and it may be 
that in the London survey, these sources of bias were in fact avoided. But whether or not 
a total ascertainment does in fact yield a better sample than does some other form of 
ascertainment, the results are undoubtedly much easier to interpret; a consideration that 
alone may to some extent justify the great amount of extra work involved. 

We do not consider, therefore, that there is any evidence to show that our norms are 
seriously in error, while there is a good deal that suggests that they are reasonable values. 

Utilizing the fact that the 192 children were a random sample of a large group of 
children, all tested on the Advanced Otis scale, the estimated mean Binet I.Q. was 

98.785 ± 1.152, 

and the variance was 231.065 ± 15.388. 
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This result is highly satisfactory. The mean I.Q. does not differ significantly from 100 and 
the variance is very close to the figure of 225 (standard deviation 15) that seems to be 

accepted as the standard figure in much recent work. There is no reason therefore to 
suppose that our group of Bath children differs in its mean level of I.Q., or in the variability 
of I.Q.'s, from what appear to be reasonable estimates for the general population in this 
or other countries. 

NOTES ON THE USE OF A SHORTENED BINET SCALE 

In the preceding section the results refer to the full Binet scale as there defined. More 

than one method of shortening the scale has been employed, and as very many, individual 
tests have to be carried out during our investigations, it was thought desirable to make 
an estimate of the error introduced by the use of one such shortened method. 

In the shortened scale that we are using, if a child passes all but one of a complete year 
of tests it is credited with passes in all tests below that year. If it fails all but one of a 

complete year of tests, it is assumed to have failed all tests above that year. In no case 

would less than 3 years of tests be given. Also, if a child were to pass all but one in 1 year 
and fail all but one in the next year above, the scale would in that case be continued both 
upwards and downwards for at least 1 year. 

In order to determine the effect of shortening the scale in this way, it was ' possible to 
analyse the detailed results for the 192 random children tested on the full scale (less two 
for whom detailed forms were not available) as described in the preceding section. In each 
case a new result was worked out on the basis of the shortened scale, when that was 
applicable. These children were nearly all 11 -14 years old at Binet test and it was desirable 
to extend the analysis by including younger children. At the time that the calculations 
were made, 122 full Binet results were available for children ranging in age from 4 to 10; 

these were brothers and sisters of children in the main group, selected for test for a variety 
of reasons. As regards the distribution of I.Q.'s, the younger group proved to be almost 
identical with the random group. 

Mean Variance 

Random group 98.836 238.772 
Younger group 99.557 238.761 

As the analysis proceeded, it became evident that in every other respect, as far as we 

could discover, there was no appreciable difference between the two groups as regards 
the relation of the shortened to the full scale. Not only, therefore, are the conclusions 
about the use of the shortened scale valid for a very wide age range, but the more adequate 
number of 312 results, apparently forming a random sample, could be subjected to the 
necessary examination. 

In its simplest form the' analysis falls into two parts. First, what proportion of children 
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pass all but one of a complete year of tests, and of these how many will fail in one, two or 

more tests if the scale is extended downwards? Similarly, in the second place, how many 

children fail all but one of a year of tests, and of these how many will pass one, two or 

more additional tests if the scale is extended upwards? 
In both cases the results did not differ appreciably for the random and younger groups, 

so they are taken together. Taking first the extension of the scale downwards, the results 
are shown in Table XVIII. 

Table XVIII 

Cases in which downward extension did not apply 
Cases in which downward extension did apply 

Additional tests failed on downward extension. 
m =0-4046 

No. Percentage 
181 58.0 
131 42.0 
312 

No. of 
tests failed 

Observed 
frequency 

Expected 
frequency X 

2 

0 
1 

2 
3 
4 
5 

88 
34 

8 
1 
0 
0 

87.45 
35.38 
7.16 
0.97 
0.10 
0.01 

0.003 
0.054 

0.070 

131 - 0.127 

n =1 and P lies between 0.70 and 0.80. 

The distribution of additional failures amongst children to whom the shortening was 
applicable reproduces a Poisson series very accurately. 

e 
-m(/ m2 mx 

1, m, xl 
where m is the mean frequency of occurrence. The fitting is shown in the Table and the 
discrepancies are not significant. 

The results of the upward extension of the scale are shown in Table XIX. It will be 
noted that the distribution is not a regular Poisson series in this case. This is due to a few 
children who were able to pass higher tests of a practical type, particularly those involving 
the repetition of numbers, up to a far higher level than the rest of their performance. For 
example, it is possible for a child to pass such tests up to the Superior Adult level, although 
it does not pass any other test above the 12 -year level. But for this peculiarity of the 
Binet scale, which affects only a small proportion of children, it is not unlikely that a 
Poisson series would be applicable in the upward direction also. 

Owing, however, to the complexities of the manner in which I. @.'s are derived, there 
is no way of using this information directly, as long as it is I.Q.'s that are being considered. 
First of all, a single test has a value of 2 months' mental age up to year 10, of 3 months' 
at year 12, of 4 months' at year 14, of 5 months' at Average Adult level, and of 6 months' 
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at Superior Adult level. Except, therefore, in the case of young children, a discrepancy 
in the upward direction will have more effect upon the I.Q. than one in the downward. 
Further, as the divisor in determining I.Q. is the chronological age, the effect of a dis- 
crepancy will fall with age, except that this is balanced to some extent in the upward 
direction, because young children show discrepancies at the levels at which the value of 
a single test is small. 

Table XIX 

Cases in which upward extension did not apply 
Cases in which upward extension did apply 

Additional tests passed on upward extension. 
m=0.3443 

No. Percentage 
190 60.9 
122 39.1 

312 

No. of Observed 
tests passed frequency 

Expected 
frequency 

2 

x 

0 93 86.46 0.495 
1 21 29.77 2.584 
2 3 5.12 
3 5 0.59 } 0.871 
4 0 0.05 JJJ 

122 - 3.950 

n=1 and P lies between 0.05 and 0.02. 

As the preceding sections of this paper deal with Binet results entirely in the form of 
it is perhaps best to examine the effect of using the shortened scale upon the I.Q., 

however inadequately this may represent the true underlying relationship shown in the 
preceding paragraphs. 

The distribution of discrepancies in I.Q. cannot be expected to show a normal, or indeed 
any other regular arrangement; nevertheless it will be seen that for purposes such as 

ours, it can be shown that the error introduced by the use of the shortened scale is so small 
that it can be ignored. 

The distribution of differences in I.Q. is shown in. Table XX. It will of course be realized 
that in a proportion of cases the scale will be shortened in both directions, and so differences 
will entirely or partially cancel each other. Again the random and younger groups did not 
differ appreciably. The mean deviation did not differ significantly from zero, so that there 
is no evidence that plus and minus differences do not cancel each other out on the average, 
if groups are being considered. The large differences in one direction only are of course 
due to the high value in mental age of tests at the higher levels, when there is no corre- 
sponding difference in the other direction in those particular cases. 

The association between, I.Q.'S derived from the full and shortened scales is shown in 
Table XXI. Again the difference between random and younger groups was very small. 
For example, if the difference in correlation coefficients is examined, it will be seen that 
it is not significant. 
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Table XX. Difference between 1.Q.'s on full and shortened scale 

+ indicates that full 1.Q. is greater than shortened I.Q. 

- indicates that it is smaller. 

Difference 
Random 

group 
Younger 

group Total 

+11 . 1 0 1 

+10 1 0 1 

+ 8 1 1 2 
+ 7 0 1 1 

+ 6 0 2 2 

+ 5 1 3 4 
+ 4 3 2 5 
+ 3 7. 1 8 
+ 2 4 1 5 
+ 1 0 0 0 

0 148 96 244 
- 1 10 1 11 
- 2 11 9 20 
- 3 2 4 6 
- 4 1 1 2 

190 122 312 

Table XXI. Association between I.Q.'s on full and shortened scales 

x= full i.Q.; y= shortened I.Q. 

Random group 

n= 190, x= 98.83684, S(x -x)2= 45127.9, 
ÿ= 98.66316, S (y -02= 44054.4, Sx (y -ÿ)= 44331.6. 

Regression of shortened T.Q. on full i.Q.= 0.982353. 
Regression of full 1.Q. on shortened I.Q. = 1.006290. 
Correlation coefficient = 0.994250. 

Younger group 

n= 122, x= 99.55738, S (x -x)2= 28890.1, 
ÿ= 99.40984, S (y -ÿ)2= 28203.5, Sx (y -ÿ)= 28343.1. 

Regression of shortened I.Q. on full i.e. = 0.981067. 
Regression of full I.Q. on shortened i.e. = F004951. 
Correlation coefficient = 0.992937. 

Total 

n= 312, x= 99.11859, S (x -2)2= 74056.6, 
ÿ= 98.95513, S (y -ÿ)2= 72299.4, Sx (y -ÿ)= 72714.7. 

Regression of shortened T.Q. on full 1.Q.= 0.981880. 
Regression of full I.Q. on shortened i.e. = F005744. 
Correlation coefficient = 0.993740. 
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1 
r z n' -3 n' -3 

Random 0.99425 2.9245 187 0.005348 
Younger 0.99294 2.8214 119 0.008403 

Difference - - 0.1031+ 0.1173 0.013751 

One more comparison may be given to illustrate the small effect of age differences on the 
results. Dividing the younger group into two, the mean square difference between the 
pairs of I.Q.'s derived by the two methods was 3.51 for 50 children ranging in age from 
4 to 7 inclusive, and 3.13 for 72 children aged 8. and 9 years. 

Taking the figures in Table XXI at their face value, the error variance due to the use 
of the shortened scale is so small that it may be ignored as being negligible in comparison 
with other errors inherent in studies such as this. Actually, however, the error variance 
has been increased by the high outlying plus values, and also big discrepancies are more 
numerous than they should be, if the distribution of differences were normal. It is, 
however, very arguable that, in these cases of big discrepancies due to an ability to succeed 
at such tasks as repeating numbers, the shortened scale actually gives the better estimate. 
Taking all these considerations together, it seems clear that the use of the shortened scale 
is fully justified when used in ordinary statistical studies, and that any adjustment that 
might be made in consequence is too trivial to be worth while using. 

The extra years of tests necessary for the 312 children, if the full Binet scale were to 
be used, as compared with the shortened scale, was 329. On the average, therefore, 
1.05 years of tests per child would be saved by using the shortened scale. A moderate 
estimate for the time saved per child would be 8 min., a very considerable economy. 

GENERAL SUMMARY 

1. In the previous paper of this series a group of 3400 school children was defined as 
all children whose homes were within the boundaries of the City of Bath on 27 July 1934, 

and whose dates of birth fell between 1 September 1921 and 31 August 1925 inclusive. 
These children have been tested on the Advanced Otis scale. 

2. In the present paper is described a retest of 532 children on the same scale after the 
lapse of 1 year. The subsamples were composed of children drawn from two age groups 
that represented the extreme difference in age at original test. Both were representative 
as regards score at first test. 

3. The correlation coefficient of original and second scores was + 0.9473 (for both groups 
together). Both regressions were linear. 

4. The method of equalization for age differences, elaborated in the first paper, appeared 
to work reasonably well. Some indirect evidence is given that supports the values in our 
table of norms: 
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5. The increment during 1 year was independent of first score, as was also the square 

of the increment. Within each age group the increment was also independent of age at 
first test, but a comparison of the two subsamples, widely separated in age, showed that 
the older children added fewer marks during a year. There was a definite practice effect. 

6. A random sample of 192 children was retested on the Stanford -Binet scale, in most 

cases after an interval of more than a year. The correlation coefficient of Otis I.B.'S and 
Binet I.Q.'s was 0.8873. Both regressions were linear. The range of ages at test within 
the group had no appreciable effect upon the relationship. 

7. The distribution of Binet I.Q.'s for the Bath children was very close to the generally 

accepted standards for an unselected population, i.e. mean 100 and variance 225 (standard 
deviation 15). 

8. The use of a shortened Binet scale has been investigated for 312 children, who 
apparently formed a good random sample. Subject to certain limitations, if a child passes 

all but one of a year of tests, it is credited with passes in all years below. The scale is 

shortened similarly in the upward direction. The distribution of additional failures in 
lower years, amongst children who pass all but one of a year of tests, conforms to a Poisson 
series. In the upward direction there is a divergence from a Poisson series, due to dis- 
proportionate ability to succeed at mechanical tasks. The magnitude of the effect upon 
the I.Q. of using the shortened scale is demonstrated and is shown to be very small. The 
relationship between the full and shortened scales does not vary appreciably over a wide 
range of age. The time saved is about 8 min. per child. 
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APPENDIX TABLE III 
Retest on Stanford -Binet scale 

Binet I.q. 

Otis I.B. 

First group Second group Third group 

61 - 12 - 
65 - 21 - 
67 36 - - 
68 - 28 30 

70 28 - 29 

71 - - 37 

72 34 - - 
74 28 48 - 
75 48 - - 
76 50 - - 
77 62 60 46, 53 

78 22 74 - 
81 82 56 58, 58 

82 84 56, 62, 79, 83 79 
83 64, 77, 82 45, 86 - 
84 92 67 - 
85 91 - 58,70 
86 65, 75, 76 33 54 

87 68 - - 
88 - 61,67,75,79,88,97 68 

89 80, 110 - 57, 65, 83, 91, 106 

90 - 96 55, 96, 96 

91 72, 91, 129 74, 77, 84 - 
92 92, 98 - 59, 66 

94 115 75, 90 79, 91, 95, 96 

95 80 98, 101 - 
96 96, 108, 146 - 45, 108 

97 118, 121 102 56, 89, 105 

99 106 94, 95 76 
100 79 90, 99, 118 84, 99, 104, 105 

101 103, 113, 118, 119, 141 97, 130 113 

102 - 110 89, 102 

103 115, 131, 139 110, 126 137 

104 - 119 129, 131 

105 - 129 - 
106 - 110 89, 119 

107 102 135 96 

108 91, 111, 115 - 82, 98, 126 

109 134 - 165 

110 113, 124, 129, 140 150 106, 119, 127, 139 

112 145 161 - 
113 147 129,134,145 115 

114 126, 132 - 102, 114 

115 142, 157 - 112, 121 

116 126, 138 132 - 
118 - 137 125, 138 

119 - 133, 144 - 
120 - 130 - 
121 - - 134 

122 - - 133 

123 149 132,136 151 

125 - 150 
126 142, 164 162 181 

127 172 126 - 
128 - - 150 

131 - 170 - 
133 - - 166 

135 156 - - 
138 - - 176 



APPENDIX TABLE I 

Retest on Advanced Otis scale. Younger group: first and second scores 
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APPENDSX TABLE II 
Retest on Advanced Otis scale. Older group: first and second scores 
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A PRELIMINARY NOTE ON THE COMPLETENESS OF THE ASCERTAINMENT 

AND MENTAL TESTING OF THE GROUP 

As was explained in the first paper of this series (1935), these studies are based on a group 
of children that represents, it is hoped, a complete cross -section of the population. The 
sample was composed of all children whose homes were within the boundaries of the City 
of Bath on 27 July 1934, and whose dates of birth fell between 1 September 1921 and 
31 August 1925 inclusive. In the first paper the completeness Of the ascertainment at that 
time was assessed, and particulars were given of the number of children of the first three 
age groups who had been given an intelligence test. The fourth age group was ascertained 
only at that time, the testing being postponed for a year, as the children were too young 
to be tested satisfactorily on the Advanced Otis Scale. 
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Since that time the ascertainment has been improved in detail by the elimination of 

errors and omissions, and the testing has been made more complete by the tracing and 

testing of absentees. 
As regards the ascertainment a few errors were discovered. In a few cases mistakes in 

age had been made. This was nearly always due to real difficulty, for example, parents 
and school being mistaken and the true age only being discovered from a birth certificate. 

In the first paper we described our attempts to reduce errors in age to small proportions, 

but there is no doubt that short of verifying every age from a birth certificate, a small 

proportion of mistakes will remain ; it is to be hoped, however, that these are now extremely 

few in our group. In a very few cases it was decided later that children should not be 

classified as Bath children, or vice versa. 
There was one satisfactory indication that the ascertainment had been thorough. 

During the collection of the family information recorded in this paper, some hundreds óf 
sib pairs were found to be included in the group ; in this way possible omissions could be 

detected for about. 1000 children. Only two omissions were found, both cases in which a 

child had not been included owing to an error regarding the date of birth. 
The private school children, however, provided the most important improvement. We 

previously estimated that three schools at Bath refusing to co- operate contained thirty -five 

children falling within our group. Since that time, one of these schools has closed down, 

apart from its preparatory section, so that all the girls that fell within our age limits went 
to other schools, where they were ascertained and tested. Actually we had considerably 
over -estimated the number at this school that fell within the group. In the case of the 
other relatively large school, a business college, that did not co- operate, it became clear 
that our estimate of children within the age limits was also too high. Altogether, at a 

generous estimate, we have probably lost eight children (four boys and four girls) through 
refusals to co- operate of schools within the city. One small school permitted ascertainment 
only and refused to allow the testing; of the five girls ascertained, one went to another 
school and was then tested. 

The state of the ascertainment (June 1937) is as follows : 

Children at schools co- operating ... ... ... 3389 
Children at school permitting ascertainment only 4 
Estimate for two schools not co- operating ... 8 

3401 

It is impossible to estimate the number of children that we have lost owing to their 
attending public and private schools remote from Bath. It cannot of course be more than 
a very small fraction. Bath contains several preparatory schools, and at the ages covered 
at the time of the ascertainment, we found a considerable number of children that have 
subsequently proceeded to public schools elsewhere. The loss is therefore reduced to some 
extent. We also approached a number of schools outside Bath at which we thought that 
there might be Bath children, and so secured some more of this fraction. As regards 
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children attending Somerset Education Authority schools outside the city boundaries, the 
ascertainment was complete, as was explained in the first paper. 

Every attempt was made to give an intelligence test to as many of the children as 
possible. This involved much enquiry for persistent absentees at the Bath schools. Through 
the kindness of the Education Department, the whereabouts was discovered of as many 
children as possible who had left the city before being tested; where the distance was not 
too great, an attempt was made to trace and test these children. 

In the case of the fourth age group, the testing was postponed till the summer term of 
1935, nearly a year after the date of the ascertainment. This necessarily meant a con- 
siderable loss owing to migration from the city. The figures below therefore show the 
fourth age group separately; it is hoped that the greater loss in that age group, due simply 
to the interval, is not far removed from a random loss. 

Table I 

Tested Absentees Total 

First three age groups 2590 10* 2600 
Fourth age group 771 18 789 

Total 3361 28* 3389 

* One of these children has been tested since the paper was written. 

Of the twenty -eight absentees, two were private school children. The reasons for the 
failure to test the absentees were as follows: 

Left Bath ... ... ... ... ... ... 18 
Long absences from school till leaving age was attained 5 
Deaths ... ... ... ... 3 

Revisit to private school refused 1 

Went to non -co- operating school 1 

28 

The following up of absentees involved the giving of a number of tests to single children. 
In such cases a Stanford -Binet test was given, partly in order to save time, and also 
because a Stanford -Binet result would in any case bé required for other purposes in a 
considerable proportion of cases. Thus, of the children tested, thirty received the Binet 
test and not the Advanced Otis. In one other case the result of a test on another scale was 
provided by a residential institution remote from Bath. 

It would appear that the City of Bath has yielded a reasonable sample of intelligence 
test results. Both in mean and variability, the group is closely similar to other populations 
that have been studied in this country and in America; the evidence for this is presented 
in the second paper of the series (1937). 
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INTRODUCTION 

The association between intelligence and fertility, a subject of much sociological 

importance, has been fairly frequently investigated, though an allied problem, the relation 

of fertility to social status, has received more attention owing to the greater ease with 

which data may be obtained. The simplest and most direct method of investigating the 

association between intelligence and fertility is to give an intelligence test to a group of 

children of school age and to relate the results to the number of sibs that each child 

possesses. This has been the method of most previous investigators, some of whose results 

are discussed later in this paper. 
It seemed profitable to secure the information regarding number of sibs for our group, 

first, because of its considerable size, but also, a much more important reason, because of 

its completeness. It is well known that selection of children may radically alter the 
magnitude of the association, and, in all probability, even the more moderate bias that 
may be present when attempts are made to secure a random sample may be sufficient to 
make an appreciable difference. 

Our data also permit more detailed analysis in several directions. In the first place, 
nearly all studies on this subject have utilized the results of group intelligence tests. The 
use of group tests for this purpose has been criticized, as will be discussed later. At the 
time that the figures in this paper were analysed, 1271 children included in the group had 
been tested on the Stanford -Binet Scale as well as upon the Advanced Otis Scale; it is 

therefore possible to make a direct comparison, on the same children, of the use of the 
two types of test in relation to studies on family size. 

Another advantage of our group was the possibility of splitting it up into smaller groups. 
At the time when the family information was obtained . the children composing the three 
oldest age groups had passed the promotion age. In the case of the youngest age group it 
was easy to reclassify the children after they had passed that age (August 1936). It was, 
therefore, possible to consider separately special fractions, for example, special place 
secondary school children, central school children, private school children, knowing the 
results for the complete population from which they were drawn. 

One additional enquiry that would have been of the greatest value, we had reluctantly 
to decide, could not be carried out. This would have been a simultaneous classification of 
the same children for paternal occupation. The investigation of family size and intelligence 
was not amongst the main objects of our studies, and it was thought that the attempt to 
obtain particulars of paternal occupation in all cases might have endangered the co- 

operation of a few schools. One of the serious difficulties of working on a complete group 
such ' as ours is that, in the interests of completeness, it "may be impossible to secure 
information that would readily be provided by the great majority of schools, because of 
the danger of refusals from a few. It is hoped, however, in a further paper to give results 
for at least portions of the range. 
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The method of age correction used for the Advanced Otis scores was established for our 
own group. Details will be found in the first paper of this series (1935). In the second 
paper (1937) the test- retest association was examined so that appropriate adjustments 
could be made when it was thought desirable to do so. In addition, the second paper gave 
the results of a retest on the Stanford -Binet Scale of a random subsample, so that a basis 
has already been provided for the analysis of the results using both scales which forms 
a part of the present paper. 

THE MEASUREMENT OF FAMILY SIZE 

The particulars of brothers and sisters had to be obtained in most cases from the children 
themselves. It was therefore necessary to make the procedure as simple as possible Only 
living sibs were included, for although it would have been useful to have obtained particulars 
of those that had died, it was certain that the information would not be complete in many 
cases. For the same reason step -sibs were excluded, only full brothers and sisters being 
counted. An attempt was made, however, to secure particulars of step -sibs in as many 
cases as possible, though this information has not been used in the present paper. 

In the case of the oldest age group only (excluding casual absentees and private school 
children), the information was obtained by ourselves from the children when they were 
being seen individually for another purpose. This was done in the early part of 1935. In 
the case of the remainder convenient printed cards were prepared, the names were entered 
on them and the schools were offered the choice of filling in the cards themselves, or of 
allowing us to do so if they preferred it. In nearly every case the schools chose to undertake 
the work themselves. The cards were filled in in the early part of 1936, except for absentees, 
whose cards have continued to come in in decreasing numbers almost up to the present 
time, a year later. No school that had allowed the original ascertainment and testing 
refused this further request ; we are most grateful for this ready co- operation and for the 
great care that was shown in ensuring the accuracy of the information. 

The ages of the children at the time of obtaining the information ranged from about 
10 years 6 months to 13 years 6 months. There was some spread above 13 years 6 months, 
however, in the case of absentees amongst the older children for whom the information 
was obtained later. 

We were fortunately able to assess the proportion of errors in sib number. For another 
purpose, the names, approximate ages and schools of sibs of school age were also recorded; 
this enabled us to identify nearly 500 sib pairs within the whole group. The proportion 
of discrepancies in the number of sibs showed no appreciable difference between the cards 
filled in by ourselves and those filled in by the schools. Amongst children with five or 
fewer sibs, the proportion of discrepancies was 4 per cent, indicating presumably a 

percentage of errórs of a little over 2. It was noted that many of these discrepancies were 
due to real difficulty; for example, an older sib living in another city, or a sib living with 
relatives elsewhere, would be omitted. In other cases the child would be unaware that an 
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older sib was a step -sib. Illegitimacy caused some difficulties; ordinarily, once the fact 
was realized, the child was simply entered as having no sibs. In a few families, however, 
the interrelations were so inextricable, that the true number of living full sibs could only 
be estimated as well as possible. A few families of this kind are certain to appear in any 
large study and the correct details must remain doubtful, for not even the persons most 
concerned can elucidate them. 

Amongst the children with six or more sibs the proportion of discrepancies was far 
greater; both the cards filled in by ourselves and those filled in by the schools showed 

discrepancies in rather more than 20 per cent of pairs. This was usually a discrepancy of 1, 

and seemed to be due to the tendency for children, eyen intelligent children, to forget 
about one sib when the family was a very large one. 

The following procedure was adopted in order to reduce the errors as far as possible. 
Where the comparison of the cards of sib pairs had revealed discrepancies, these were 
investigated, both in the case of small and of large families. Also, in view of the high 
proportion of discrepancies in cases where there were six or more sibs, the information 
was checked in all cases where the child was still available, that is, in the great 
majority. 

It is not possible to estimate the proportion of errors remaining in the material after 
the checking had been carried out, but it may be hoped that the percentage of errors was 
reduced to below 2 per cent. 

THE COMPLETENESS AND CHARACTERISTICS OF THE GROUP AVAILABLE 

FOR THE STUDY OF FAMILY SIZE 

In the first section of this paper it was noted that 3361 children had been ascertained 
and tested. Thirty of these children were tested on the Stanford -Binet Scale only. As 
completeness was important, and in view of the close association between the Binet and 
Advanced Otis results disclosed in the second paper of this series, it seemed justifiable to 
use an estimated I.B. for these children. This was calculated from the means on the two 
scales and the regression of Otis I.B. on Binet I.Q., as given in the second paper. In case, 
however, it might be preferable to omit these children for any purpose, full particulars 
are given in the Appendix Table, so that the appropriate deductions can easily be made 
from the whole group, or from the subgroups subsequently discussed. 

In one case the only result available was obtained on another scale, so this child has 
been omitted altogether. 

A considerable interval had elapsed between the ascertainment and testing of the 
children and the collection of the information on number of sibs. Some children had 
therefore left the city or were otherwise unavailable. Efforts were made to trace as many 
of these children as possible. The information was not obtained in fifty -five cases, so the 
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total group available for the purposes of this paper is 3305. The reasons for the failure to 
secure information in the fifty -five cases were as follows: 

Left Bath and not traced 50 
Deaths ... ... ... ... 3 

Went to non -co- operating school 2 

55 

The mean I.B. and variance of the 3360 results (including the thirty estimated from the 
Binet I.Q.) were as follows: 

Mean = 99.986± 0-599, 

Variance = 1206.15 + 29.43. 

Table II gives a comparison of the means and variances of the I.B.'s of the fifty -five 

children for whom family information was not obtained with those of the remainder. 

Table II. Comparison with the remainder of tested children for whom family 
information was not obtained 

Mean 

Number Mean 

Information not obtained 55 114.455 
Information obtained 3305 99.745 

Difference - 14.710 + 4.009 

Variance 

Degrees of 
freedom Mean square loge 

Information not obtained 54 864.1 3.3809 
Information obtained 3304 1209 3.5487 

z =0-1678 
5% point approximately 0.146. 1% point approximately 0.249. 

It will be seen that the missing children had a significantly higher mean performance and 
were significantly less variable, though not highly so. We have noted during the course 
of our studies on this group that there does seem to be a tendency for migrants into and 
out of the city to have somewhat higher I.B.'s than the remainder. We do not wish, however, 
to stress this point, as it may well be that on the average it proved easier to trace children 
of lower intelligence who had left the city. 

It is difficult to see that the omission of fifty -five children (1.6 per cent of those tested) 
could have any appreciable effect upon the results given in this paper, and the analysis 
of the remainder may be taken to refer to a cross -section of the population that is effectively 
complete, apart from a small loss, much of which is random. 

The Otis Index of Brightness used throughout this paper is simply 100 plus or minus 
the deviation of score from the norm for a given age. An adjustment, however, is made 
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to allow for the increase of variance with age. The norms were calculated from the results 

for our own group, as were also the tables used for making the adjustment. Full details 

were given in the first paper of this series. Those who are accustomed to thinking in terms 

of Binet I.Q.'s may find it helpful to remember that the standard deviation of Otis I.B. is 

about double that of Binet I.Q. Thus, a rough estimate of the I.Q. may be obtained by 

halving the difference between the I.B. and 100. For example, an Otis I.B. of 160 corresponds 

approximately to a Binet I.Q. of 130. 

THE RELATION BETWEEN NUMBER OF SIBS AND OTIS INDEX OF 

BRIGHTNESS FOR THE COMPLETE GROUP 

As explained in the preceding section, 3305 results were available, including the thirty 
I.B.'s estimated from Binet I.Q.'s, the contribution of which can be readily distinguished 

from the Appendix Table. The number of sibs is the number of living full sibs at the time 

the information was obtained. Table III presents a correlation table showing number of 

sibs and I.B. (in relatively broad groups). For the purpose of curve fitting the data of 

Table III. Complete group. Correlation table showing sib number and Otis I.B. 
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No. 

0 2 4 5 8 14 14 28 20 42 39 48 53 43 44 32 26 23 8 4 . 457 
1 1 2 6 13 16 37 39 46 61 71 114 120 89 68 60 51 16 13 5 1 829 
2 5 5 6 8 24 25 31 61 70 62 69 71 61 54 41 16 11 8 3 1 . 632 
3 8 1 7 12 20 22 30 39 52 60 62 46 47 28 22 8 11 3 2 3 . 483 
4 1 1 5 8 9 23 21 34 31 43 25 35 21 23 9 3 6 1 1 1 . 301 
5 2 4 9 17 21 15 28 39 31 27 21 18 11 8 7 4 . 262 
6 2 1 2 5 7 10 15 15 9 16 12 12 9 3 3 . 1 1 . . 123 

7 1 1 3 8 3 8 12 8 16 13 13 8 5 5 3 1 108 
8 . 1 1 3 1 5 5 7 7 11 7 3 5 2 2 1 61 
9 . 1 1 3 2 2 1 4 1 . 1 1 1 . . . . 18 

10 . . 1 2 2 1 5 1 1 1 1 1 16 

11 . . . 2 . . 1 . 2 .......... s 
12 . . . . . . 1 . 1 2 1 . 3, 1 . . . . . . . 9 
13 1 1 

No. 20 19 41 81 115 166 205 260 333 350 381 370 302 239 181 114 72 34 16 5 1 3305 

Table III were used, and the results for the two regression lines are shown in Tables IV 
and V. It seemed worth while, however, to utilize the information more completely by 
using ungrouped I.E.'S to secure estimates of the regression and correlation coefficients, etc. 
Accordingly the results for ungrouped figures are given in Table VI and are used for later 
comparisons. The negative association between number of sibs and performance on the 
Advanced Otis Scale is highly significant and accounts for about 5 per cent of the variability 
in I.B.'s. Linear regression accounts for the great bulk of the association in both cases. 



Table IV. Complete group. Regression of Otis I.B. on sib number 

x =sib number; y =i.B. 

x No. y97 179 n9 (g2)-172))2 

0 457 107-8698 - 1090024 586-2 
1 829 108-1068 105-4269 5953-8 
2 632 1009715 101.8514 489-3 
3 483 96.6739 982759 1239-6 
4 301 93-9352 947004 1762 
5 262 89-5382 91.1249 659.6 
6 123 845813 87.5494 1083.6 
7 108 83.7593 83-9739 5.0 
8 61 87.6148 80-3984 3176.7 
9 18 745000 76-8229 971 

10 16 65-7500 73-2474 899-4 
11 5 68-5000 696719 6.9 
12 9 105.6111 66-0964 14052-7 
13 1 945000 62-5209 1022-7 

3305 - - 29448-8 

=2582753, S (x-x)2=1577562, ÿ=99.76778, S (y-ÿ)2=4024588, 
Sx (y-ÿ)= -56405.74, b= -3.575501, S{n9 (ÿD-y-)21=2311276, b {Sx (y-ÿ)}=2016788. 

Analysis of variance 

Variation of LB. 
Degrees of 
freedom 

Sum of 
squares Mean square I- loge 

Linear regression 1 201679 201679 - 
Remainder between arrays 12 29449 2454 3.9028 
Within arrays 3291 3793460 1153 3.5251 

Total 3304 4024588 - - 
5% point approximately 0-281. 1% point approximately 0-392. 

Table V. Complete group. Regression of sib number on Otis I.B. 

x =i.B.; y =sib number 

z =0.3777 

x No. gv 179 n9 (gv-17ro)2 

0-9 20 2.9000 3-9180 20-73 
10-19 19 - 3-1053 - 3-7778 8-59 
20-29 41 3-3902 3-6377 2-51 
30-39 . 81 . 3.9630 - 

. 3-4975 17-55 
40-49 115 . 3-0783 3.3573 - 8.95 
50-59 166 - 3-1084 3-2172 1-97 
60-69 205 3-1951 3-0770 2-86 
70-79 260 3.0077 2-9369 1-30 
80-89 333 2-8709 2-7967 1-83 
90-99 350 2-9257 2-6566 25-34 

100-109 381 2-4541 2-5164 1-48 
110-119 370 2-1811 2-3763 1410 
120-129 302 2-3212 2-2361 2-19 
130-139 239 2-0418 2-0960 070 
140-149 181 1.9227 1.9558 0-20 
150-159 114 1-5614 1-8157 7-37 
160-169 72 1-7222 1-6755 0.16 
170-179 34 1-4118 1-5354 0.52 
180-189 16 1-6875 1.3952 1-37 
190-199 5 3-0000 1-2551 15-22 
200-209 1 1-0000 1-1149 0.01 

3305 - - - 134-95 

x=9976778, S (x-2)2=4024588, ÿ=2.582753, S (y-ÿ)2=1577562, 
Sx (y-ÿ)= -56405.74, b= -0.01401528, S {n9 (179-ÿ)2}=925.49, b {Sx (y-ÿ)}=79054. 
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Table V (continued) 

Analysis of variance 

187 

Variation of 
sib number 

Degrees of 
freedofn 

Sum of 
squares Mean square I. loge 

Linear regression 1 790.54 790.54 - 
Remainder between arrays 19 134.95 7.103 0.9803 
Within arrays 3284 14850.13 4.522 0.7545 

Total 3304 15775.62 - - 
5% point approximately 0.228. z =0.2258 

In the case of the regression of i.B. on sib number the discrepancies are clearly significant. 
Reference to Table IV will show that nearly half the discrepancy is due to nine children 
with twelve sibs each, and whose mean I.B. was above 100. As already explained, owing 
to the spread of 4 years in dates of birth, some families appear more than once in the record. 
There are a large number of sib pairs, a considerable number of sets of three and a very 
few sets of four. This will inevitably overweight some of the larger families and so affect 
the test of significance. There is no simple way of allowing for this, but it is reasonable 
to suppose that some part at least of the departure from linearity is due to this cause. 
Actually the nine children with twelve sibs each and the one with thirteen were drawn 
from six families. The child with thirteen sibs was sib to one of those with twelve, the 
discrepancy being due to the death of a young child in the interval between the filling in 
of the two cards. The thirty -nine children with nine, ten and eleven sibs, who gave the 
expected low mean i.B.'s, were drawn from twenty -four families. It is quite possible, 
however, that much of the discrepancy in regard to linearity is due to the six largest 
families just happening to include three that provided relatively able. children. 

In the case of the regression of sib number on LB. the departure from linearity is just 
below the level of significance. Here there is perhaps a suggestion that as intelligence 
falls to low levels, say below 70 Y.B., there is no longer such a rapid increase in sib number. 

It does not appear that any simple type of curve would secure an appreciably improved 
fit in either case. The great bulk of the association is adequately expressed as a linear 
relationship. If, therefore, a sample of 3300 cannot disclose any appreciable or systematic 
departure from linearity, it seems safe to conclude that for all practical sociological 
purposes the assumption of simple straight -line relationships between intelligence and 
family size will not lead to any important error. 

Graphical representations of the two regressions are given in Figs. 1 and 2. 

As has already been mentioned, it seemed worth while to recalculate the results using 
ungrouped r.B.'s in order to utilize all the available information. Table VI gives these results. 

In the second paper of this series (1937) it was shown that the test -retest association 
after the lapse of 1 year could be expressed as a correlation coefficient of 0.9473. We 
suggested in that paper that in studies such as that of the present paper it was this "error 
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of measurement" only that should be considered in making any adjustments, and that the 
test -retest association after a considerable interval provided a reasonable estimate. Using 
the figure quoted above for Spearman's (1904) correction for attenuation, the correlation 
coefficient between sib number and Otis I.B. is increased from - 0.224 to - 0.230. The 
adjustment, therefore, has only a very small effect on the result. 

Table VI. Complete group -sib number and Otis I.B. Ungrouped figures 
x =sib number; y =r.B. 

n=3305, S (x) = 8536, x = 2.582753, S (x2)=37822, 
S (x -x)2= 15775.62, S (y)= 329658, ÿ= 99.74523, S (y2)= 36874902, 

S (y -ÿ)2= 3993087, S (xy)= 795297, Sx (y -ÿ)= - 56128.32. 
Regression of I.B. on sib number= -3.55792+0.26982. 
Regression of sib number on 1.B.= - 0.0140564 ±0.00106597. 
Correlation coefficient = -0.22363. 

THE RESULTS OBTAINED FROM A SUBSAMPLE TESTED ON BOTH THE ADVANCED OTIS 

AND STANFORD -BINET SCALES 

(1) General note and description of the sample 
Nearly every investigator of the relationship between intelligence and number of sibs 

has used a group test. The reason is obvious, for relatively very large numbers are required 
for any useful analysis, and the time that would be taken in giving such a large number 
of individual tests would be very great and could hardly be justified if the study of 
intelligence in relation to family size were the only purpose. 

The use of group tests has been criticized in relation to studies on family size, perhaps 
because it is felt that in comparison with an individual test a verbal group test might 
show a certain social bias, and it is possible that fertility is more closely associated with 
social status than with intelligence. Shepherd Dawson (1932) says : "Group tests, however, 
have been looked on with some suspicion, for they are largely scholastic and they measure 
intelligence in bulk, as it were. My apology for presenting this paper is that in Glasgow 
we have, in the course of other enquiries, applied individual Binet tests to over a thousand 
children and have fairly accurate information regarding the families from which these 
children come." 

At the time that the calculations were being made for this paper, 1271 children falling 
within our group had been tested both on the Advanced Otis Scale and on the Stanford - 
Binet Scale. The reasons for the individual testing were varied and the sample was very 
far from being either random or representative of the group. It is necessary, therefore, 
before discussing the results, to explain how these children were selected. In round 
numbers they were made up as follows : 

1. Random group described in the second paper ... 
2. All children in the entire group who had an I.B. of 75 or less (less a few unavailable) ... 
3. A group of children with median i.B.'s ... ... ... ... 
4. A group of children with the highest LB.'S (some of the children of group 1 appeared again 

190 
760 
120 

120 
5. Sibs of children of groups 2.-4 (plus 110 already included in one or more of groups 1 -4) ... 80 
6. Children tested for other purposes ... ... ... ... ... ... ... 50 

13-2 
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The results may be compared, as regards the relationship between I.B. and I.Q., with those 
for the random group of 192 described in the second paper. As regards the relationship 
of I.B. and sib number, the results may be compared with those for the complete group 
described in the preceding section of this paper. If, as is shown below, there is no 
significant difference in either case, it seems quite permissible, in spite of the irregular 
selection of I:B.'s, to use the group of 1271 children for a comparison of Otis and Binet 
scales as measures of the association between intelligence and family size. 

(2) The relationship between Otis I.B., Binet I.Q. and sib number. 
The fitting of the regression lines 

Taking first the relationship of I.B. and I.Q., Table VII gives the results in broad groups. 
As there is a significant departure from linearity, the fitting is shown in some detail in 
Tables VIII and IX. 
_ The departure from linearity in the case of the regression of I.Q. on I.B. is significant and 

in the case of I.B. on I.Q. highly so. The smaller random sample described in the second 
paper showed no significant departure in either case. In the case of a mùch larger random 
sample, it is likely, and in the case of this selected sample, it is inevitable, that the regression 
of I.B. on I.Q. should show a non -linear fraction. Very low I.Q.'s run off the zero end of the 
Advanced Otis Scale, as they would correspond to relatively large negative scores. As the 

Table VII. Group tested on Otis and Binet Scales. Correlation table 
showing Otis I.B. and Binet I.Q. 
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0-9 1 3 1 1 2 1 5 2 1 17 
10-19 . 1 . 1 1 7 `2 3 1 1 17 
20-29 . . . 1 15 16 6 1 39 

30-39 1 . . 3 3 13 18 19 13 7 1 1 1 80 
40-49 . 2 . . . 7 18 33 27 17 7 1 . . . . . . . . . . . . 112 
50-59 . . . . 1 5 11 33 51 33 13 10 1 158 
60-69 2 3 9 39 57 41 33 12 3 2 ......... 201 
70-79 . . . . . . . 2 17 39 44 31 11 6 5 2 1 1 159 
80-89 1 10 8 6 5 3 3 36 
90-99 2 7 26 21 19 7 4 1 . . . . . 87 

100-109 10 18 35 16 18 10 7 2 116 
110-119 1 4 7 11 8 8 3 1 43 
120-129 3 2 4 4 6 3 . 1 ..... 23 

130-139 8 6 4 10 6 2 1 . . 37 

140-149 1 2 . 6 4 2 1 1 . . . 17 

150-159 2 6 3 5 1 1 . 1 . 19 

160-169 2 4 6 17 15 9 3 1 2 1 60 
170-179 2 3 11 6 6 1 1 . 30 
180-189 1 3 3 3 1 2 1 . 14 

190-199 1 3 . 1 . 5 

200-209 1 1 

No. 2 6 1 3 6 14 50 80 149 201 168 142 106 74 55 46 43 38 40 23 12 5 6 1 1271 
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present sample included all the children from the whole group with I.B.'S of 75 or less, very 

low I.Q.'s were disproportionately numerous. It will be seen, however, that although the 

departure from linearity is highly significant, its actual contribution is very small compared 

with that of the regression. 

Table VIII. Group tested on Otis and Binet Scales. Regression of 
Binet I.Q. on Otis I.B. 

x=LB.; y=LQ. 

. x No. ÿ Y n (iv- 4)2 

0-9 17 58.4706 618228 191.0 
10-19 17 64-3529 657295 32.2 
20-29 39 70.5897 69.6361 35.5 
30-39 80 74-8750 735427 142.0 
40-49 112 78.7857 77.4494 200.0 
50-59 158 82.6013 81.3560 245.0 
60-69 201 84.2637 85.2627 200.6 
70-79 159 88.1006 89.1693 181.6 
80-89 36 903333 93.0759 270.8 
90-99 87 97.2874 96.9826 8.1 

100-109 116 100.5345 1008892 14.6 
110-119 43 104.2093 104.7959 148 
120-129 23 106.7826 108.7025 84.8 
130-139 37 113.3514 112.6091 20.4 
140-149 17 114.6471 116.5158 59.4 
150-159 19 123.3158 120.4224 159.1 
160-169 60 125.5000 124.3291 
170-179 30 130.0000 128.2357 93.4 
180-189 14 130.5714 132.1423 34.5 
190-199 5 134. 0000 136-0490 21.0 
200-209 1 142.0000 139.9556 4.2 

1271 - - 2095.3 

x=80.92014, S (x-x)2=2153212, ÿ=91.67742, S (y-02=415018, 

Sx (y-ÿ)=841182, b=0.3906640, S {n (ÿ-ÿ)2}=330714.1, b {Sx (y-ÿ)}=328619.6. 

Analysis of variance 

Variation of I.Q. 
Degrees 
free om 

of 
squares Mean square 2 loge 

Linear regression 1 328619 328619 - 
Remainder between arrays 19 2095 110.3 2.3516 
Within arrays 1250 84304 67.44 2.1057 

Total 1270 415018 - - 
z=0.2459 

5% point approximately 0.230. 1% point approximately 0.321. 
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Table IX. Group tested on Otis and Binet Scales. Regression of Otis I.B. on Binet I.Q. 

x No. JP Y1) 929> (y11 - Y1,)2 

35-39 2 195000 -29.9033 4881 
40-44 6 19.5000 -19.7690 9252 
45-49 1 4.5000 - 9.6347 200 
50-54 3 14.5000 0.4996 588 
55-59 6 211667 10.6339 666 
60-64 14 280714 20.7682 747 
65-69 50 32.9000 30.9025 200 
70-74 80 41.0000 41.0368 0 
75-79 149 52.8221 51.1711 406 
80-84 201 60.1219 61.3054 281 
85-89 168 66.7619 71.4397 3676 
90-94 142 78.6549 81.5740 1210 
95-99 106 89.4057 91.7083 562 

100-104 74 102.3378 101.8426 18 
105-109 55 106.3182 111.9769 1761 
110-114 46 1218913 122.1112 2 
115-119 43 137.0581 132.2455 996 
120-124 38 153.4474 142. 3798 4655 
125-129 40 163-5000 152.5141 4828 
130-134 23 171. 8913 162. 6483 1965 
135-139 12 168.6667 1727826 203 
140-144 5 182.5000 182.9169 1 

145-149 6 172.8333 1930512 2453 
150-154 1 164.5000 203.1855 1497 

1271 - - 41048 

x=91.67742, S (x-x)2=415018, y=80.92014, S (y-y)2=2153212, 
Sx (y-ÿ)=841182, b=2.026859, S{n1, (g1,-ÿ)2}=1746006, b {Sx (y-17)}=1704958. 

Analysis of variance 

Variation of LB. 
Degrees of 
freedom 

Sum of 
squares Mean square 1 ¡log, 

Linear,regression 1 1704958 1704958 
Remainder between arrays 22 41048 1866 3.7658 
Within arrays 1247 407206 326.5 2.8942 

Total 1270 2153212 - - 
z =0.8716 

1% point approximately 0.304. 

Table X shows I.B. and sib number for the group of 1271. In this case, as the two linear 
regressions account for all the association, the fitting is shown in summary form only in 

Table XI. Table XII shows Stanford -Binet I.Q. and sib number for the same group. In 
this instance also, all the association is accounted for by the two linear regressions. 
Table XIII presents a summary of the fitting. 
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Table X. Group tested on Otis, and Binet Scales. Correlation table 
showing sib number and Otis I.B. 
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0 2 4 4 8 12 12 27 10 . 11 9 4 2 4 6 22 7 4 . 148 

1 1 2 6 13 16 36 37 26 4 15 36 10 3 6 5 10 12 11 4 1 254 
2 4 4 6 8 24 25 31 36 9 11 25 7 7 15 5 1 9 8 2 1 . 238 
3 6 1 7 11 19 21 30 29 9 23 15 10 3 2 5 9 3 2 3 . 208 
4 1 1 5 8 9 20 20 20 5 10 8 4 2 7 . 2 5 . 11.129 
5 1 4 9 17 21 15 15 4 7 9 4 2 2 1 . 2 . .. . 113 

6 2 1 1 5 7 9 15 11 1 3 3 1 1 . . . 1 1 . . 62 
7 1 1 3 8 3 8 12 7 3 3 8 1 2 1 61 
8 . 1 1 3 1 5 5 3 1 3 2 2 1 28 
9 . 1 1 3 2 . 2 1 ...... 1 . 1 . . . . 12 

10 . . 1 2 2 1 5 1 1 13 
11 . . . 2 . . 1 . . 1 . . . . . . . . . . 4 
12 1 1 

No. 17 17 39 80 112 158 201 159 36 87 116 43 23 37 17 19 60 30 14 5 1 1271 

Table XI. Group tested on Otis and Binet Scales. Regression of Otis I.B. 

on sib number and sib number on Otis I.B. 

x= sib number; y =I.B.; n =1271 
x= 2.952006, S (x -x)2= 6804.07, ÿ= 80.92014, S (y -9)2= 2153212, 

Sx (y -ÿ)= -25718.4, bl (I.B. on sib number)= - 3.779850, 
b2 (sib no. on I.B.)= -0.0119442, S {n, (yD -ÿ)2 }= 103096, 

b, {Sx (y -ÿ)= 97211, S {n, (22,-x)2 }= 433.2, b2 {Sx (y -ÿ) }= 307.2. 

Analysis of variance. Regression of I.B. on sib number 

Variation of I.B. 
D 

frreeees 
of 

eedom 
Sum of 
squares Mean square 

Linear regression 1 97211 97211 
Remainder between arrays 11 5885 535.0 
Within arrays 1258 2050116 1630 

Total 1270 2153212 - 
Variance within arrays exceeds remainder between arrays. 

Analysis of variance. Regression of sib number on I.B. 

Variation of 
sib number 

Degrees of 
freedom 

Sum of 
squares Mean square ¡ loge 

Linear regression 1 307.2 307.2 - 
Remainder between arrays 19 126.0 6.632 0.9460 
Within arrays 1250 6370.9 5.097 0.8144 

Total 1270 6804.1 - - 
z = 0.1316 

5% point approximately 0.230. 
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Table XII. Group tested on Otis and Binet Scales.' Correlation table 

showing sib number and Binet I.Q. 
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1 . . 1' 2 8 13 18 31 30 35 22 22 17 LO 9 9 12 6 5 3 1 . 254 
2 . 2 . 1 1 2 11 15 21 36 23 29 17 13 14 15 16 11 3 4 3 . 1 . 238 
3 . 1 2 8 15 32 33 24 25 24 10 7 7 4 5 4 5 1 . 1 . 208 
4 1 1 . 2 1 1 2 6 13 28 26 12 10 8 3 4 3 4 2 2 . . . . 129 
5 . 1 . . . 4 5 9 17 18 17 14 9 . 7 4 1 4 1 2 . . . . . 113 
6 . 1 . . . . 2 4 15 14 11 3 6 1 1 1 1 . 1 . . . 1 . 62 
7 1 . . . . . 3 8 6 11 11 6 7 1 6 1 61 
8 2 9 5 2 3 2 3 1 1 28 
9 . 1 . . . . 3 2 1 2 1 . . . 1 . . . . . 1 . . 12 

10 . . . . . . 4 1 1 4 3 13 
11 . . . . . . . 1 . . 1 1 1 4 
12 1 1 

No. 2 6 1 3 6 14 50 80 149 201 168 142-106 74 55 46 43 38 40 23 12 5 6 1 1271 

Table XIII. Group tested on Otis and Binet Scales. Regression of Binet I.Q. 

on sib number and sib number on Binet I.Q. 

x =sib number; y =I.Q.; n =1271 
2.952006, S (x -x)2= 6804.07, ÿ= 91.67742, S (y -02= 415017.7, 

Sx (y-7)= - 12454.7, bl (I.Q. on sib number) = - 1.830474, 

b2 (sib number on I.Q.)= - 0.0300100, S {n2, (ÿ -ÿ)a }= 24897.6, 
b, {Sx (y -ÿ) }= 22798.0, S {nq (x,_ 7)2 }= 505.72, b2 {Sx (y -ÿ) }= 373.76. 

Analysis of variance. Regression of I.Q. on sib number 

Variation of I.Q. 
Degrees of 
freedom 

Sum es 
squares Mean square 

Linear regression 1 22798.0 22798.0 
Remainder between arrays 11 2099.6 190.9 
Within arrays 1258 390120.1 310.1 

Total 1270 415017.7 - 
Variance within arrays exceeds remainder between arrays. 

Analysis of variance. Regression of sib number on I.Q. 

Variation of 
sib number 

Degrees of 
freedom 

Sum of 
squares Mean square loge 

Linear regression 1 373.76 373.76 - 
Remainder between arrays 22 131.96 5.998 0.8957 
Within, arrays 1247 6298-35 5.051 0.8098 

Total 1270 6804.07 - - 
z =0.0859 

5% point approximately 0.218. 
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(3) The ungrouped results and a comparison with unbiased samples 

As before it seemed desirable to calculate the ungrouped values. Table XIV presents 
the results for the three variables and for their interrelationships. The first comparison 
is that between this group and the random group of 192 described in the second paper in 

Table XIV. Group tested on Otis and Binet Scales. Ungrouped figures 
x= Otis I.s.; y =Binet I.Q.; Z= sib number; n=1271 

S (x) =102652 S (y) =116461 S (z) =3752 
=80.76475 g =91.62943 z =2.952006 

S (x2) =10429208 S (y2) =11087747 S (z2) =17880 
S (xy) =10249924 S (=)= 277293 S (yz)= 331356 

x 

y 

z 

Sums of squares and products of deviations 
x y z 

2138545 843980 - 25736.4 

- 416492 - 12437.6 

- - 6804.07 

Regressions 
y on x= 0.394652 ±0.005544 
z on x= -0.0120345+0.0015470 
z on y= -0.0298627±0.0034887 

x on y= 2.02640±0.02847 
x on z= -3.78249 +0.48621 
y on z= -1.82796+0.21355 

Correlation coefficients 
rte,= 0.8943 r, = - 0.2134 r,= - 0.2336 

Sums of squares and products of deviations at fixed I.B. 
y z 

y 

z 

83414 -2280-7 

6494.35 

Regression of I.Q. on sib number at fixed I.B. = -0.35118 ±0.10016 
Regression of sib number on i.q. at fixed I.B. = -0-027342 +0.007798 
Partial correlation, r.. = - 0.0980 

Sums of squares and products of deviations at fixed I.Q. 

x 

z 

x z 

428304 -532.8 

6432-65 

Regression of I.B. on sib number at fixed i.e. = 0.082826 +0.229139 
Regression of sib number on I.B. at fixed I.Q. = - 0.0012440 ±0.0034414 
Partial correlation, r ,q, _ -0.0102 
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regard to the association between I.B. and I.Q. This is given in Table XV. The figures for 
the present group are taken from Table XIV above and those for the random group from 
§ 3 in the second paper. It will be seen that there is no significant difference in the case of 
either regression. 

Similarly a comparison can be made as regards I.B. and sib number between the present 
group and the complete group of 3305 described in § 6 of this paper. The results are given 
in Table XVI. Once again there is no significant difference as regards either regression. 

Table XV. Random group of 192 and larger group of 1271 tested on 

Otis and Binet Scales. Comparison of regressions 

Regression of I.Q. on I.B. 

Random group 0.383173 ± 0.014451 
Larger group 0.394652 +0.005544 
Difference 0.011479 +0.015478 

Regression of I.B. on I.Q. 

Random group 2.05458 + 0.07748 
Larger group 2.02640 + 0.02847 
Difference 0.02818 +0.08255 

Table XVI. Complete group of 3305 and group of 1271. Otis LB. and 
sib number. Comparison of regressions 

Regression of I.B. on sib number 

Complete group -3.55792 + 0.26982 
Group of 1271 - 3.78249 + 0.48621 
Difference 0.22457 + 0.55606' 

Regression of sib number ori I.B. 

Complete group 
Group of 1271 
Difference 

-0.014056±0001066 
-0.012035+0001547 

0.002021 +0001879 

It would appear, therefore, that in spite of the selection of I.B.'s in the group of 1271 

children tested on both scales, this selection has not significantly affected any of the 
regressions. In view of this result it seems quite legitimate to utilize the group for com- 

paring the use of Binet and Otis Scales for the measurement of the association between 
intelligence and family size. 

(4) A comparison of the two tests 

The necessary calculations are shown in Table XIV. It will be seen that Binet I.Q. has 

a larger negative association with sib number than has Otis I.B. The respective correlation 
coefficients are - 0.2336 and - 0.2134. The difference is significant. The partial regressions 
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of sib number on I.Q. and I.Q. on sib number, at fixed I.B., are 3.51 times their standard 
errors, so that the differences from zero are highly significant. On the other hand, the 
partial regressions of I.B. on sib number and sib number on I.B., at fixed I.Q., do not differ 

significantly from zero, being only 0.36 time their standard errors. 
At fixed I.Q., therefore, there is no remaining association between I.B. and sib number, 

whereas at fixed I.B. there is still a significant association between I.Q. and sib number, 
amounting to about 18 per cent of the direct association between I.Q. and sib number. 
It may be conclhded that the verbal group test, as contrasted with the individual test, 
has not introduced an extra artificial negative association between intelligence and family 
size. On the other hand, the individual test clearly shows its superiority for the measure- 
ment of the association; this result might well have been expected, for there can be no 
doubt about the superiority of the Binet test to a verbal group test as a measure of general 
intelligence. 

A SUBDIVISION OF THE GROUP ACCORDING TO TYPE OF SCHOOL 

(1) Preliminary note 

At the time when the family cards were filled in, the children composing the first three 
age groups had passed the promotion age. As a certain amount of migration continually 
takes place between post -primary schools of the different types, it was decided to classify 
the children according to the school they were attending at the time of the filling in of 
the card. In the case of the youngest age group, these children had passed the promotion 
age by August 1936; they were therefore reclassified according to the schools they were 
attending during the autumn term of that year. Eighteen children could not be classified, 
either because they belonged to the youngest age group and had left Bath before the autumn 
term of 1936, or, in three or four cases, because the cards were not received until after the 
analysis of the groups had been completed. The eighteen children are shown separately 
in the tables in this section of the paper. 

It is perhaps desirable to explain the system by which City children at about the age 
of 11 plus are selected for the various schools for post -primary education. The large majority 
of these children are at this age in attendance at junior elementary schools. The selection 
is made by a twofold examination. The first examination is called the promotion examina- 
tion. This is taken by all children attending junior schools and working in standard IV or 
its modern equivalent. On the result of this examination between 300 and 400 children 
are selected to take the competitive examination. Other children may, however, take the 
competitive examination simply on the recommendation of the headmaster or head- 
mistress. A few nominated candidates enter each year from junior schools, senior schools, 
private schools and secondary schools. All the candidates selected on the promotion 
examination together with all nominated candidates then sit the competitive examination, 
an examination which incorporates a system of age allowances. A quota of admissions to 
special places at the secondary schools having been fixed, the children highest on the list 
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are offered these places. In the case of a proportion of border -line children an additional 
oral examination is given and the position on the list is settled by the combined result. 
A further quota is fixed for the central school, and the children next on the list are offered 
free places at that school. A certain amount of reshuffling now goes on. For example, some 
parents may refuse a special place at a secondary school, but accept one at the central 
school, or refuse the central school place also ; this frees some extra special places at the 
secondary schools, which are offered in turn to the children next on the list, and so on. 

It will be obvious that some children may reach standard IV in the` junior schools at 
a much younger age than 11 years, and thus if they are sufficiently successful in the 
promotion and competitive examinations, their age of admission to secondary or central 
schools will be lower than the average. 

For special place holders at the secondary schools fees are remitted wholly or in part 
if the financial circumstances of the family warrant it. Otherwise parents of the special 
place holders are called upon to pay the full fee. 

The special place quota having been filled, the secondary schools now accept a number 
of fee -paying pupils. These include some . children from junior, senior, or private schools 
who sat the competitive examination but did not succeed in securing one of the limited 
number of special places. Non -special place fee -payers are admitted to the secondary - 
schools only if they attain a minimum standard on the competitive examination, or in 
the case of those who did not take the competitive examination, a sufficiently high standard 
in an entrance examination set by the heads of the secondary schools. 

The central school children do not pay fees, and there is no avenue of entry except by 
securing one of the free places on the results of the scholarship examination. 

The remaining children who do not secure, or do not accept, places at either type of 
school, and whose parents do not enter them as fee -payers at the secondary schools or at 
a private school, pass on to the senior elementary schools. 

For the purpose of this study it seemed desirable in the first place to divide the children 
into four groups. These were defined as follows : 

(1) Special place secondary school group. The group also includes a small proportion 
of children securing special places offered at private and public schools on the results of 
the same examination. 

(2) Central school group. 
(3) Private school group. This group includes children who were attending public and 

private schools when the cards were filled in, excluding those special place children 
mentioned as belonging to group 1. It also includes the non -special place fee -paying 
children at the secondary schools. 

(4) The remainder. The great majority of these were at senior elementary schools, but 
the small proportion at the special school, etc., are also included. 

In the next section of this paper some further subdivision is attempted of the private 
school group. 
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(2) The special place group 

Sib numbers and Otis I.B.'S for the 396 children in this group are shown in Table XVII. 
The means of arrays are also shown. As neither linear regression is significant and neither 
remainder between arrays, the curve fitting is shown in summary form only in Table XVIII. 
The regressions are still negative, but are greatly reduced and do not differ significantly 
from zero. The mean number of sibs is only 1.8157 compared with 2.5828 for the complete 
group of 3305. Ungrouped figures for this and the other subgroups are given in Table XXVII. 

Table XVII. Special place group. Correlation table showing sib number and Otis I.B. 
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No. Mean I.B. 

0 2 3 4 10 13 13 16 15 4 4 84 145.3 
1 1 4 6 16 25 28 32 11 6 2 1 132 143.7 
2 1 2 6 7 20 19 10 6 6 3 1 . 81 143.5 
3 2 8 10 9 6 5 3 2 2 . 47 146.8 
4 1 1 . 3 7 3 1 5 . . 1 . 22 1418 
5 1 1 . 4 3 3 . . . . . 12 137.0 
6 . 1 1 1 1 . . . 1 1 . . 6 1395 
7 . . . 3 1 1 1 . . . . . 6 134.5 
8 1 1 2 134.5 
9 1 1 2 154.5 

12 1 1 2 129.5 

No. 6 11 20 , 50 82 78 69 43 20 12 4 1 396 143.8 

Mean 
sib no. 

2.00 1.64 1.75 2.26 2.05 1.85 1.39 1.56 1.65 1.67 3.00 1.00 . 1.82 

Table XVIII. Special place group. Regression of Otis I.B. on sib number 
and sib number on Otis I.B. 

x= sib number; y =i.n.; n =396 
x= 1.815657, S (x -x)2= 1313.54, y= 143.81818, S (y -y)2= 153515.9, 

Sx (y -ii)= - 1069.77, bi (x.B. on sib number) = - 0.814418, 
b2 (sib number on I.B.) = - 0.0069685, S {n (ÿp- ÿ)2 }= 2725.2, 

b, {Sx (y -ÿ) }= 871.2, S {n2 (x -x)2 }= 37.42, b2 {Sx (y -ÿ)} =7.45. 

Analysis of variance. Regression of I.B. on sib number 

Variation of I.B. 
Degrees of 
freedom 

Sum of 
squares Mean square 4 loge 

Linear regression 1 871.2 8712 3.3850 
Remainder between arrays 9 1854.0 206.0 - 
Within arrays 385 150790.7 391.7 2.9853 

Total 395 153515.9 - - 
z = 0.3997 

Linear regression: 5% point approximately 0.676. Variance within arrays exceeds remainder between arrays. 
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Table XVIII (continued) 

Analysis of variance. Regression of sib number on I.B. 

Variation of 
sib number 

Degrees of 
freedom 

Sum of 
squares Mean square loge 

Linear regression 1 7.45 7.45 1.0041 
Remainder between arrays 10 29.97 2.997 - 
Within arrays 384 1276.12 3.323 0.6005 

Total 395 1313.54 - - 
z=0.4036 

Linear regression: 5% point approximately 0.676. Variance within arrays exceeds remainder between arrays. 

(3) The central school group 

Sib numbers and Otis I.B.'s for these 307 children are shown in Table XIX. The mean 
r.B.'s for the different sib numbers are also shown. 

In this case also, though the regressions are still negative, they are greatly reduced and 
do not differ significantly from zero. The remainder between arrays is not significant in 

the case of the regression of I.B. on sib number. The fitting is shown in summary form 

in Table XX. In the case of the regression of sib number on I.B., the remainder between 
arrays is significant, so the fitting is shown in more detail in Table XXI. The discrepancy 
is entirely who I.B.'S and who form the first 
two arrays. These children have considerably more sibs than the rest, between whom there 
is little difference in sib number as I.B. increases. The mean sib number is 2.1694 compared 
with 2.5828 for the complete group. 

Table XIX. Central school group. Correlation table showing sib number and Otis I.B. 
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No. 
Mean 

I.B. 

O . . 7 9 12 12 6 3 2 . 51 128.0 
1 . 1 11 22 27 13 14 7 . 3 . 98 1276 
2 . 2 6 12 13 12 10 2 1 . . 58 126.6 
3 1 4 4 5 8 4 4 . 3 . . 33 123.0 
4 . 4 1 5 8 7 3 1 . 1 30 125.5 
5 . . 2 3 3 4 3 1. 1 . . 17 130.4 
6 . 2 . 2 . . . . 4 134.5 
7 . 1 1 2 1 4 . . . . . 9 121.2 
8 . 1 1 . 2 . 1 . . . . 5 118.5 
9 1 . . . . . . . . . 1 84.5 

12 . . . . 1 . . . . . . 1 1245 

No. 2 13 33 58 77 56 43 14 7 3 1 307 126.5 
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Table XX. Central school group. Regression of Otis I.B. on sib number 

x= sib number; y =I.B.; n =307 
2.169381, S (x -2)2= 1217.19, g= 126.51954, S (y -02= 90348, 
Sx (y -y)= - 905.02, b= - 0.743528, S {n, (gD -y)2} =3524, 

b {Sx (y -y)} =673 

Analysis of variance 

Variation of I.B. 
Degrees of 
freedom 

Sums of 
squares Mean square t log, 

Linear regression 1 673 673 3.2559 
Remainder between arrays 9 2851 316.8 2.8792 
Within arrays 296 86824 293.3 2.8406 

Total 306 90348 - - 
Linear regression, z =0.4153: 5% point approximately 0.677. 
Remainder between arrays, z =0.0386: 5% point approximately 0.306. 

Table XXI. Central school group. Regression pf sib number on, Otis I.B. 

x =I.B.; y =sib number 

x No. gD YD ?2:9(9.7,- YD)2 

80-89 2 6.0000 25903 23.25 
90-99 13 3.6923 2.4901 18.79 

100-109 33 19394 23900 6.70 
110-119 58 1.8966 2.2898 8.97 
120-129 77 2.2208 2.1896 007 
130-139 56 2.2321 2.0894 1.14 
140-149 43 2.1628 1.9893 1.29 
150-159 14 14286 1.8891 2.97 
160-169 7 2.2857 1.7889 1.73 
170-179 3 1.0000 1.6888 142 
180-189 1 4.0000 1.5886 581 

307 - - 72.14 

2=126.51954, S(x-x)2=90348, g=2.169381, S(y-02=1217.19, 
Sx (y-g)= -905.02, b= -0.0100170, S {nD (yD-02}=81.21, b {Sx (y-g)}=907 

Analysis of variance 

Variation of 
sib number 

Degrees of 
freedom 

Sum of 
squares Mean square log, 

Linear regression 1 9.07 9.07 1.1025 
Remainder between arrays 9 72.14. 8.016 1.0408 
Within arrays 296 1135.98 3.838 0.6725 

Total 306 1217.19 - - 
Linear regression, z =0.4300: 5% point approximately 0.677. Remainder between arrays, z =0.3683: 5% 

point approximately 0.306, 1% point approximately 0.427. 
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(4) The private school group 

Sib numbers and LB.'S are given in Table XXII. Once again neither regression is 

significant and neither remainder between arrays. The fitting is shown in Table XXIII. 
The mean sib number is only 1.4315. 

Table XXII. Private school group. Correlation table showing sib number and Otis I.B. 

I.B. 

No. of 
sibs é 
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CM rn ° r-~i 

ó ó ó ó ó ó ° 
co co a r, 

0 CM 
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N o 

Mean 

0 . 1 . . 1 1 6 6 10 8 9 8 9 6 6 4 . 75 1238 
1 . 1 1 1 1 3 4 3 6 7 12 18 16 13 7 8 4 4 3 . 112 1174 
2 1 . . . 1 1 1 4 2 5 7 5 9. 3 5 3 3 1 51 113.5 
3 . . . . 4 2 8 3 3 2 3 1 3 . 1 30 1208 
4 . . . . . 1 2 1 1 : 3 . 1 1 1 1 1 . . 13 116.0 
5 . . . . . 1 . 1 1 . . . . 1 . 1 2 . . . 7 1188 
6 1 . . 1 645 
7 1 1 1 3 94-5 

No. 1 2 1 1 2 6 8 11 20 21 38 38 37 28 25 20 19 10 3 1 292 118.3 

Mean 200 050 1-00 1.00 1.50 167 2.88 2.18 1.55 1.29 1.50 1.47 1.16 1.21 120 130 1.74 100 1.00 3.00 143 
sib no. - 

Table XXIII. Private school group. Regression of Otis I.B. on 
sib number and sib number on Otis I.B. 

x=sib number; y= LB.; n=292 
0=1431507, S (x-x)2=553.630, ÿ=118.26712, S (y-ÿ)2=315656, 

Sx (y-ÿ)= -1274.66, bl (I.B. on sib number) = -2.30236, 
b2 (sib number on I.B.)= -0.0040381, S {n (ÿ-ÿ)2}=8417, 

bl {Sx (y-ÿ)=2935, S {n (2-2)2}=38.8, b2 {Sx (y-ÿ)}=5.1 

Analysis of variance. Regression of I.B. on sib number 

Variation of I.B. 
Degrees of 

freedom 
Sum es 
squares Mean square I loge 

Linear regression 1 2935. 2935 3.9923 
Remainder between arrays 6 5482 913.7 - 
Within arrays 284 307239 1082 3.4934 

Total 291 315656 - - 
z = 0.4989 

Linear regression: 5% point approximately 0.677. Variance within arrays exceeds remainder between arrays. 
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Table XXIII (continued) 

Analysis of variance. Regression of sib number on I.B. 
i 

Variation of 
sib number 

Degrees of 
freedom 

Sum of 
squares Mean square f loge 

Linear regression 1 5.1 5.1 0.8146 
Remainder between arrays 18 33.8 1.878 - 
Within arrays 272 514.7 1.892 0.3189 

Total 291 553.6 - - 
z =0-4957 

Linear regression: 5% point approximately 0.677. Variance within arrays exceeds remainder between arrays. 

(5) The remainder (senior schools, etc.) 

Sib numbers and Otis LB.'S for the 2292 children are shown in Table XXIV. The 
regressions are considerably reduced as compared with the entire group, but on the large 
number are amply significant. The fitting is shown in Tables XXV and XXVI. The 
regression of Otis I.B. on sib number shows a significant departure from linearity, the 
greatest discrepancies being due to the children with none, one and with twelve sibs. 
The relatively high mean I.B. of the nine children with twelve sibs each has already been 
discussed in connexion with the results for the whole group. 

Table XXIV. Remainder (senior schools, etc.). Correlation table showing 

sib number and Otis I.B. 

I.B. 
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0 2 3 5 8 14 13 28 19 36 31 28 32 12 11 4 1 . . 247 

1 1 1 5 12 15 34 35 43 52 62 85 74 30 17 9 3 1 . 479 
2 4 5 6 8 23 24 30 57 68 52 54 48 32 19 7 1 1 1 440 
3 8 1 7 12 20 22 30 ` 38 46 54 50 35 26 12 6 1 . . 368 
4 1 1 5 8 9 23 19 32 30 37 23 26 10 8 2 . . 234 
5 2 4 9 17 20 15 27 38 30 24 17 15 2 2 2 1 . 225 
6 2 1 2 5 7 10 14 15 9 16 11 11 6 2 1 . . . 112 
7 1 1 3 8 3 8 11 8 16 12 11 5 1 2 . . . 90 
8 . 1 1 3 1 5 5 7 7 10 6 3 2 2 . 1 . . 54 
9 . 1 1 3 2 . 2 1 3 . 1 . . . . 1 . . 15 

10 . . 1 2 2 1 5 1 1 1 1 1 . . . . . 16 
11 2 1 2 5 

12 . . . . . . 1 . 1 2 1 . 1 . . . . 6 
13 1 1 

No. 19 17 40 80 113 160 196 248 307 308 296 252 136 73 33 10 3 1 2292 

Mean 
sib no. 

2.95 3.41 3.45 4.00 3.11 3.16 3.20 3.04 2.95 3.03 2.67 2.38 2.71 2.21 2.39 3.50 2.67 2.00 2.92 

EUGENICS VIII, 2 14 
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Table XXV. Remainder (senior schools, etc.). Regression of Otis I.B. on sib number 

x =sib number; y =Ls. 

x No. gv Py 129 (g2)- P9)2 

0 247 86.1194 - 91.0206 5933 
1 479 92.0574 89.3599 3485 
2 440 883409 876991 181 
3 368 85.8315 86.0384 16 
4 234 84.2009 84.3777 7 
5 225 829114 82.7170 12 
6 112 80.0357 81.0563 117 
7 90 76.2778 79.3956 875 
8 54 830185 77.7349 1507 
9 15 63.1667 76.0741 2499 

10 16 65.7500 74.4134 1201 
11 5 68.5000 72.7527 90 
12 6 94.5000 71.0920 3288 
13 1 94.5000 69.4313 628 

. 2292 - 19839 

æ-2.920157, S (x-x)2=11726.4, ÿ=86.17103, S (y-02=1941700, 
Sx(y-ÿ)=-194742, b=-1.66072, S{n9(ÿD-ÿ)2}=52180, b{Sx(y-ÿ)}=32341 

Analysis of variance 

Variation of Ls. Degrees of 
freedom 

Sum of 
squares Mean square s log, 

Linear regression 1 32341 32341 - 
Remainder between arrays 12 19839 1653 3.7052 
Within arrays 2278 1889520 829.5 3.3604 

Total 2291 1941700 - - 
z=0.3448 

5% point approximately 0.282. 1% point approximately 0.393. 

Table XXVI. Remainder (senior schools, etc.). Regression of sib number on Otis I.B. 

y =sib number; n =2292 
2= 86.17103, S (x -0 = 1941700, ÿ= 2.920157, S (y -ÿ)2= 11726.4, 

Sx(y -ÿ) =- 19474.2, b =- 0.0100295, S {n(y3 -ÿ)2 }= 296.1, b {Sx(y -ii)} =195.3 

Analysis of variance 

Variation of 
sib number 

Degrees of 
freedom 

Sum of 
squares Mean square ¡ log, 

Linear regression 1 195.3 195.3 - 
Remainder between arrays 16 100.8 6.300 0.9203 
Within arrays 2274 11430.3 5.027 0.8074 

Total 2291 11726.4 - - 
z=0.1129 

5% point approximately 0.246. 
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In the analysis of the whole group, as shown in Table IV, it will be seen that the mean 
I.B. for children with no sibs is slightly less than for children with one sib. In the present 
group the discrepancy is considerably increased, the respective means being 86.1 and 92.1. 

It is probable that much of this discrepancy is due to illegitimate children, who have, of 
course, been returned in most cases as having no full sibs. The subtraction from the whole 

group of special place, central school and private school children, has magnified the effect 

amongst the remainder. It is possible that part of the discrepancy may be due to the slight 
disadvantage, physical and mental, of being a first -born child, but there is little doubt 
that illegitimacy is the more important factor. 

The regression of sib number on Otis I.B. does not differ significantly from linearity. 
The mean number of sibs is 2.9202. 

(6) Ungrouped figures for the four types of school and a comparison of the results 

Table XXVII shows the ungrouped figures for the four types of school and shows 
separately the few unclassified children; the totals are also shown. A comparison of the 
four groups with the total shows that the correlation coefficients, though still negative, are 
all reduced when the whole group is split up. Except in the case of the remainder, they 
are no longer significant on our numbers. The regressions for the first three subgroups are 
not significant but it may be worth noting that they are unequally increased algebraically. 

Table XXVII, Ungrouped figures for the four types of school 

x= sib number; y= Otis I.B. 

Special 
place 
group 

Central 
school 
group 

Private 
school 
group 

Remainder 
(senior 

schools, etc.) 
Unclassified Total 

n 396 307. 292 2292 18 3305 

S(x) 719 666 418 6693 40 8536 
x 1.8157 2.1694 1.4315 2.9202 - 2.5828 
8(x2) 2619 2662 1152 31271 118 37822 
S (x- -X)2 1313.5 1217.2 553.6 11726.4 - 15775.6 
Qx 1.8236 1.9944 1.3793 2.2624 - 2.1851 
SE (mean) 0.0916 0.1138 0.0807 0.0473' - 0.0380 
8(y) 57024 38795 34484 197449 1906 329658 
ÿ 144.000 126.368 118.096 86.147 - 99.745 
S(y2) 8355822 4990859 4383672 18932223 212326 36874902 
S (y -ÿ)2 144366 88409 311253 1922577 - 3993087 
O 19.118 16.998 32.705 28.969 - 34.764 
SE (mean) 0.961 0.970 1.914 0.605 - 0.605 
S(xy) 102587 83410 48105 557075 4120 795297 
Sx(y -9) -949.0 -751.1 - 1259.1 - 19507.1 - - 56128.3 
bl (y on x) -0.7225 -0.6171 -2.2742 - 1.6635 - -3-5579 
± 0.5269 0.4867 1.3859 0.2653 - 0.2698 
b2 (x on y) -0.006574 -0.008496 -0.004045 -0.010146 - -0.014056 
± 0.004794 0006701 0.002465 0.001618 - 0.001066 r - 0.0689 - 0.0724 - 0.0959 -0.1299 - - 0.2236 

14-2 
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The special place group, the central school group and.the private school group show an 
average number of sibs smaller than that of the complete group. Is this reduction of the 
order of magnitude that would be expected on the basis of the mean I.B.'S for these groups 
and the negative regression of family size on intelligence? A comparison is given in 
Table XXVIII. It will be seen that in all three selected groups the mean number of sibs 

Table XXVIII. Comparison of observed and expected mean sib number 
for the four types of school 

Special place secondary school group 

Observed 
Expected 

1.816+ 0.092 
1.961 ±0.060 

Difference -0445 +0.110 

Private school group 

Observed 
Expected 

1.432 + 0.081 
2.325+0.042 

Difference -0.893+0.091 

Central school group 

Observed 2.169 +0.114 
Expected 2.209 T-0.047 

Difference -0.040 +0.123 

Remainder (senior schools, etc.) 

Observed 2.920+0.047 
Expected 2.774 ±0.040 

Difference +0.146+0.062 

is smaller than that expected on the basis of the observed association with Otis I.B. In the 
special place and central school groups the difference is non -significant in both groups 
separately and also if they are added together. The private school group, however, shows 
a mean number of sibs that is far lower, and significantly so, than would be expected on 

the basis of the superiority in intelligence of this group to the whole population. Clearly, 
therefore, at fixed intelligence (as measured by this test) there is still a considerable 
remaining negative association between social class and family size. 

A FURTHER SUBDIVISION OF THE PRIVATE SCHOOLCHILDREN 

In the preceding section, the private school group, as there defined, was a very hetero- 
geneous one. Any further subdivision gives very small groups that can only show suggestive 
rather than significant differences. The differences seem important, however; and we also 

hope that possibly our figures might be useful if they could be added to those obtained for 
similar groups in other investigations. Four subgroups were defined as follows: 

(1) Children at the secondary schools who sat the scholarship examination but did not 
succeed in gaining a special place. These children, . having attained a sufficiently high 
standard on the competitive examination, were then entered as fee- payers. Presumably 
they would all have accepted special places had they won them. The great majority of this 
subgroup came from junior elementary schools, but a few came from private schools. 

(2) Children at the secondary schools . who did not sit the scholarship examination. 
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Nearly all of them came from private schools. Their entry was subject to the results of 
a school examination. 

(3) Grade A. Public and private schools. 
(4) Grade B. Private schools. 

The division of schools into these last two groups was necessarily arbitrary, and for 
obvious reasons we cannot give any details. We were satisfied, however, that these very 
heterogeneous schools did fall naturally into two fairly definite groups. 

The results for the subgroups are shown in Table XXIX, together with some figures 
previously given for the complete private school group and for the entire group. Only 
thirty -six children fell into the first subgroup -those who sat the scholarship examination 
but did not gain a special place and were subsequently admitted to the secondary schools 
as fee -payers. The small number of sibs is, however, striking, and for the first time the 
regressions are positive, although, of course, not significant on so small a number. 

Table XXIX. Further subdivision of private school group. Ungrouped figures 
x= sib number; y= Otis ï.s. 

Non -special 
place children 

who sat 
scholarship 
examination 

Non -special 
place children 
who did not 

sit scholarship 
examination 

Grade A 
schools 

Grade B 
schools 

All private 
school - 
children 

All 
children 

n 36 45 148 63 292 3305 

S (x) 46 48 218 106 --- - 
x 1.2778 1.0667 1.4730 1.6825 1.4315 2.5828 
S (x2) 110 102 556 384 - - 
S (x -x)2 51.2 50.8 2319 205.7 - - 
ax 1.2097 1.0745 1.2641 1.8212 1.3793 2.1851 
SE (mean) 0.2016 0.1602 0.1039 0.2295 0.0807 0.0380 - 

S (y) 4329 5308 18705 6142 - - 
g 120.250 117.956 126.385 97.492 118.096 99.745 
5(y2) 531869 .658948 2504319 688536 - - 
S (y -ÿ)2 11307 " 32840 140285 89740 - - 
ay 17.974 27.320 30.892 38.045 32.705 34.764 
SE (mean) 2.996 4.073 2.539 4.793 1.914 0.605 
S(xy) 5625 5490. 27368 9622 - - 
Sx(y -ÿ) +93.5 -171.9 -184.0 -712.2 - - 
bl. (y on x) + F8254 -3.3832 - 0.7832 - 3.4630 -2.2742 -3.5579 
+ 2.5287 3.8429 2.0215 2.6376 1.3859 0.2698 
b2 (x on y) +0.008269 -0.005233 -0.001311 -0.007936 -0.004045 -0.014056 
+ 0.011456 0.005945 0.003385 0.006044 0.002465 0.001066 

rxv +01229 -0.1331 - 0.0320 -01658 -0.0959 -0.2236 

The fee -payers at the secondary schools who did not sit the promotion examination have 
the smallest number of sibs of any group, but the regressions are still negative. 

The division of the public and private schools into two groups emphasizes a contrast. 
Grade B schools, which accept children who are, in all probability, not greatly different 
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in social class from elementary school children, show reduced fertility, with only F7 sibs, 
and regressions of considerable size, which, however, could not . be significant with only 
sixty- three. observations. The mean I.B. for this group is close to that of the general 
population, with a slightly higher variance. It is tempting to add together subgroups 2 

and 3. The 108 children have a mean I.B. of 106, a mean sib number of F4 and a significant 
negative association between the two variables. The correlation coefficient is - 0.204, 

which does not differ greatly from that for the whole population. It is doubtful, however, 
whether these two groups can be added in this way so as to give a group possessing a real 
unity, although it is true that a fair proportion of the fee -payers at the secondary schools 
who have come from private schools, do come from those private schools that we have 
put in Grade B. 

The Grade A public and private schools yield a group of 148 children with a mean I.B. 

of 126 and a mean sib number of 1.5. The regressions are negative, but are quite close to 
zero. The 5 per cent fiducial limits of the correlation coefficient of - 0.03 are as wide as 

- 0.19 and + 0.13, so that the numbers are hardly sufficient to establish with any high 
degree of likelihood the hypothesis that in this group there is practically no differential 
fertility. 

DISCUSSION AND CONCLUSIONS 

Differential fertility amongst human beings in civilized commùnities is so apparent even 

upon casual observation, and its practical importance is so obvious, that the literature 
dealing with the subject is naturally extensive. A bibliography down to 1930 has been 
published by Moore (1933). It has not been difficult to secure figures from Official records 

that demonstrate a negative association with occupation and social status. Researches 
on these lines, together with special investigations, have elucidated the facts relatively 
thoroughly, even if the underlying causes are still a subject for legitimate debate. 

The relation between fertility and intelligence has not formed the subject of nearly so 

many researches. It is very generally agreed that the application of intelligence tests to 

adults is an unsatisfactory procedure, but the difficulty of securing a sample of adults 
that will not be grossly biased is even more serious ; it is natural, therefore; that nearly all 

studies have been based on groups of children of school age, and the measure of fertility 
has been the number of sibs. Amongst studies in this country, that have been carried out 

on reasonably large numbers, may be mentioned those of Sutherland & Thomson (1926), 

Shepherd Dawson (1932) and Cattell (1936, 1937). All these observers found a significant 

negative association between intelligence and number of sibs. Sutherland & Thomson, 

allowing for certain features in the selection of their children, state that the correlation 

coefficient was about - 0.2. Dawson's data were especially complete, as a Binet test was 

used for the 1239 children and the family history was known with great accuracy. He gives 

a coefficient of - 0.19, including all children born alive, but, it is interesting to note, this 

falls to - 0.12 if living sibs only are included. His children, however, were not representative 

4 
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of the population, for their mean I.Q. was only 91, and, as the present paper indicates, 

selection of that kind will almost certainly lower the association. Cattell's recent work has 

included large numbers (an urban group of 2873 and a rural- group of 861). He does not 

give figures that allow a comparison to be made, but he does give histograms that clearly 

indicate a considerable and significant association ; inspection of these diagrams does not, 

however, seem to point to so large a negative association as we have found, at least in his 

urban group. 
American investigations seem to yield higher negative correlation coefficients, of the 

order of - 0.3 or slightly more. For example, Lentz (1927) found a correlation of - 0.304 

for a group of 4330 children drawn from a number of cities and tested on one of several 

group scales. It is not unlikely that differential fertility in regard to intelligence is more 

marked in the United States than in this country, for greater racial heterogeneity might 

well lead to greater variability in family size, and perhaps in intelligence also ; further, 
American social conditions might be even more conducive to differential fertility than 
those of this country. One possible source of a spurious association might be the inclusion 

of racial groups of high fertility, whose children were handicapped in the intelligence 

testing by language difficulties. This factor, however, could hardly have an appreciable 
effect on the magnitude of the association, for the inclusion of any considerable proportion 
of such children would be very obvious to the investigator and would be allowed for in 

some way. Chapman & Wiggins (1925), for example, whose paper is mentioned below, 

dealt with this point in some detail, and were able to show that the effect on the magnitude 
of the association was trivial. 

Our correlation coefficient for the Otis results of the entire group was - 0.224. If 
Spearman's correction for attenuation is applied, using the figure we have previously 
obtained for the test -retest association, the coefficient is raised to - 0.230. 

The results of investigations of this kind have been subjected to two criticisms. The first, 
which is not so often made, but which we consider much the more important, concerns 
the nature of the sampling. The magnitude of the association is very sensitive to bias in 
the choice of samples, and we have previously (1935) discussed some of the factors that 
make it a matter of great difficulty to secure a sample of schoolchildren that will be random 
for intelligence test results. It would clearly be unsafe to make important general pro- 
nouncements on `the basis of samples that have yielded results that might be erroneous 
when applied to the general population. 

The second criticism, which is more frequently made, but which we consider less 
important, concerns the nature of the tests. Group tests have usually been employed, and 
the doubt has been expressed whether these, especially verbal group tests, might not have 
a social bias that might appreciably affect the result if, as is possible, fertility is more 
closely related to social class than to intelligence. The remarks of Shepherd Dawson (1932) 
have already been quoted on p. 189. The second criticism seems to amount to this : might 
not a test that were a true measure of general intelligence (if that were possible) yield 
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a negative association that would be smaller than that obtained on the tests that have 
actually been employed ? . 

The present investigation to some extent meets both criticisms, especially the first, and 
goes some way, we hope, to show that the scepticism or reserve with which previous work 
has sometimes been treated was unnecessarily cautious, and that, in fact, any sources 
of bias in estimation in previous work have tended to minimize the magnitude of the 
assòciation. 

As we have shown in the first paper of this series (1935) and in the first section of this - 
paper, our group represents an almost complete sampling, by age only, of the entire 
population of a complete city. It was also shown in the second paper of the series (1937) 

that the group yielded a mean I.Q. that did not differ significantly from.100, and that the 
variance was also of the size that now seems to be generally accepted as the standard 
for a complete population; there is no reason to suppose, therefore, that as regards 
intelligence test results, the population of Bath differs at least from that of other urban 
areas. The magnitude of the association (r = - 0.224) would seem to be greater than that 
found in most studies in this country. Shepherd Dawson's figures (1932) indicate how 

much greater the association is likely to be if all sibs born alive are included, as against 
only living full sibs, as in this paper. 

The sub- division of the children is also instructive. Every subgroup. 'gives a lower 
association than the complete. group. It is -difficult, in fact, to imagine any rational 
selection that could increase the association; on the other hand, any marked selection 
will almost certainly make it smaller. . 

The double testing, Otis and Stanford -Binet, of 1271 of the children meets, to some 

extent at least; the second criticism. Although neither representative nor random, the 
smaller group gave regressions that did not differ significantly as regards Otis I.B. and 
Binet I.Q. from those given by a random sample, and regressions as regards sib number 
and Otis I.B. that did not differ significantly from those for the complete group. The 

association between sib number and Binet I.Q. was significantly higher than in the case of 

sib number and Otis I.B. So far, therefore, from the verbal group test giving an unduly 
high association, its necessarily more limited accuracy as a measure of general intelligence 

has given too low a figure as compared with the Binet test, whose superiority in the case 

of children of school age would be practically universally admitted. To the extent, therefore, 
that any test, especially a group test, is an inadequate measure of general intelligence, it is 

likely that too low an association will be obtained, and it is probable that criticisms of 

the tests used by previous investigators and, of course, by ourselves, would only be justified 

in so far as the estimated association is too small. 
The method of this and of most previous studies can only yield somewhat indirect 

information on differential fertility in relation to intelligence. Various writers have been 

concerned about the incompleteness of some of their "families, but the question of the 

survival of the individuals enumerated and the complications of remarriage and illegitimate 
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births would seem to be at least as important ; further, no information at all is given as 
to celibacy and childless marriages. In fact, however, studies such as this cannot alone 
yield full information as to what is happening to a population, though it cannot be denied 
that the information that they do yield is quite sufficient to establish the existence of this 
type of differential fertility and to give at least an approximate measure of its extent. 
It would appear that the undue simplification of studies such as this would almost always 
tend to lower estimates affecting differential fertility. The one striking exception is the 
question of survival. What is important socially is the recruitment into the adult population, 
and the higher mortality amongst groups of lower intelligence would of course lower an 
association calculated on, say, complete numbers of births. For the formulation of precise 
estimates that would adequately describe the changing population of the country other 
data would be required, and it is likely that this would be a task beyond the resources of 
private investigators, a task that could only be accomplished with official support. This 
study therefore deals with the number of living full sibs of-children who ranged in age 
from about 10 years 6 months to about 13 years 6 months at the time when the family 
information was obtained, and we do not propose to consider further how far our estimates 
might be modified by adjustments that obviously cannot be made by the use of the results 
themselves. 

The findings in our study, apart from those already discussed, may be briefly sum- 
marized. A complete group has yielded a considerable and highly significant negative 
association. One regression is linear. The very small non -linear contribution in the casé 
of the other has already been discussed and is probably due to unavoidable bias in making 
the test of significance. For all practical purposes, therefore, the regressions can be 
considered to be linear. Intelligence falls steadily as the number of sibs increases from O. 

Similarly, the number of sibs falls steadily as intelligence increases from the lowest levels 
to the highest. There is no indication, therefore, on a number as large as 3300, of anything 
other than the simplest straight line relations. It is tempting to speculate that at the 
lowest levels of intelligence there may be some decline in fertility as against those somewhat 
less low, and it may well be that much larger numbers might reveal such a phenomenon. 
But if this effect cannot be demonstrated on a sample of 3300, it is difficult to see that it 
could be of any great general social importance, though it might have some bearing on 
the incidence of frank mental deficiency. 

The diverging paths of opportunity presented to the school child may usefully be 
studied in relation to intelligence and to fertility. Our results indicate that the number 
of sibs of special place secondary schoolchildren and of central schoolchildren is slightly 
less, though not significantly so, than would be expected inevitably from the inverse 
relation of fertility to intelligence in the whole population. There does not seem to be any 
evidence, in this city, that these children, selected for special opportunities in education, 
are affected to any marked degree by a further bias in favour of the small family. It is a 
group of low fertility, but, as far as can be judged on our numbers, only to the extent 
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that selection of clever children inevitably tends to choose those with few sibs, and the 
small number of sibs is simply a reflexion of the importance of differential fertility in 

relation to intelligence in the general population. There is, however, evidence that fee - 

paying children who failed to secure special places at the secondary schools form a group 

of particularly low fertility. 
Public and private schools contain children whose average number of sibs is very small, 

indicating a reproductive rate far too low to ensure the survival of the section of the 
population from which they are drawn. Further, the number is far smaller than would 

be expected on the basis of their superiority in intelligence to the general population. There 

is thus the clearest indication that at fixed intelligence there is still a considerable association 

between fertility and social class. 
The converse relationship is well illustrated in an interesting paper by Sutherland (1929). 

A group intelligence test was given to 60,000 Yorkshire children. The number of sibs was 

determined for those whose fathers were miners, a group of 3096. Within this specially 
homogeneous social group the correlation coefficient was - 0428. In the United States 
Chapman & Wiggins (1925) found for a group of 632 children a correlation of - 0.33 

between intelligence and family size, of - 0.27 between family size and socio- economic 

state, and of +0.32 between intelligence and socio- economic state. Thus the partial 
correlation between intelligence and family size at fixed social conditions would be - 0.27, 

and between family size and social conditions at fixed intelligence - 0.18. 

A further subdivision of the private school group provides suggestive rather than 
conclusive information, for our numbers are small. It is likely that the children of lower 

social status within this group still show a marked negative association between fertility 
and intelligence but at a distinctly lower level of fertility. 

The children attending the public and private schools that we have called "Grade A" 
have a mean sib number of only 1.5 and show practically no association between the 
variables. We are tempted to suggest that these children, representing perhaps the highest 
5 per cent of the population in social status, come from a section of the population within 
which differential fertility in regard to intelligence has practically ceased . to operate, 
a group that has become stabilized, though at too low a level of fertility to secure its 
survival. We can only put this suggestion forward very tentatively, however, for our 
figures are too small to exclude the possibility that the apparent lack of association may 
be due in part to the accidents of sampling. 

It will of course be realized that in comparing the results for the different subgroups it 
is not possible in most cases simply to equate type of school to social status. For example, 
some special place children come from more prosperous homes than some private school 
children, and in this respect the special place group is, on the average, distinctly above 
the remainder of the elementary school population. We feel it desirable to give what is 

probably a superfluous warning, because, if this consideration were not appreciated, our 
figures might be made the basis for generalizations that they could not possibly support. 
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Apart from the relation to family size, it is hoped that the distribution of intelligence 
test results for the complete population and for the subdivisions that have been made on 

the basis of educational opportunity, as represented by schools of the different types, will 

be of interest to educational psychologists. - 
We hope in a future paper to publish some further data on differential fertility within 

the group. In particular, we hope to have fairly complete family and social particulars 
for selected portions of the range. We have also recorded the number of sibs of children 
forming another complete group (though from junior elementary schools only), these 
children having been tested on the Advanced Otis and Stanford -Binet Scales, and also on 
a battery of performance tests. 

SUMMARY 

1. In the first paper of this series a group of 3400 children of school age was defined as 
all children whose homes were within the boundaries of the City of Bath on 27 July 1934, 

and whose dates of birth fell between 1 September 1921 and 31 August 1925 inclusive. 
These children have been tested on the Advanced Otis Scale. The completeness of the 
ascertainment and of the testing up to June 1937 is assessed in the first section of this paper. 

2. Data are given for the association between Otis Index of Brightness and number of 
living full sibs. The correlation coefficient was - 0.224. The regression of sib number on 
I.B. was linear, but the regression of I.B. on sib number showed a small but significant 
non -linear fraction. The departure from linearity, however, is not of practical importance. 
The mean Otis I.B. was 100, and the mean sib number 2.6. 

3. 1271 of the children were also tested on the Stanford -Binet Scale. This group was 
neither random nor representative, but as the regressions in the case of Binet I.Q. and 
Otis I.B. did not differ significantly from those given by a random group, and as the 
regressions in the case of Otis I.B. and sib number did not differ significantly from those 
given by the complete group, it is justifiable to use the results for a comparison of the 
two tests. Binet I.Q. showed a significantly higher association with sib number than did 
Otis I.B. There is thus no suggestion that the verbal group test has given too . high an 
estimate because of a possible social bias. On the other hand, it has given too low an 
estimate when compared with a better measure of general intelligence. 

4. The children were divided into four subgroups. Special place secondary school 
children gave a mean Otis I.B. of 144 and a mean sib number of 1.8; the regressions were 
negative but were very small and were not significant : the mean number of sibs was not 
significantly lower than the expectation at an I.B. of 144. The central school group, with 
a mean I.B. of 126 and a mean sib number of 2.2, gave similar results. The public and private 
school group, with a mean I.B. of 118 and a mean sib number of 1.4, gave fairly large 
negative regressions which did not, however, on so small a number, quite reach the level 
of significance. The mean sib number was far smaller than the expectation at an I.B. of 118, 

indicating a marked residual negative association between fertility and social status at 
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fixed intelligence. The remainder, after deducting the three preceding groups, gave much 
lower, though still significant, regressions. 

5. A further subdivision of the heterogeneous private school group yielded results that 
could only be suggestive rather than significant on such small numbers. Fee -paying pupils 
at the secondary schools who had failed to obtain special places proved to be a group of 
specially low fertility, and in this case the regressions were actually positive, though not 
significantly so. Children at Grade B schools (a classification indicated in the text) showed 
a considerable negative association between the two variables, but at a much lower level 
of fertility than that of the complete population. Children at Grade A schools, with a 
mean LB. of 126 and a mean sib number of 1.5, gave regressions that were almost zero; 
there is thus a suggestion that within the highest 5 per cent of the population, from the 
point of view of social status, differential fertility in regard to intelligence has almost 
ceased to operate, though at a low level of fertility. 

6. Previous investigations on the same lines have been criticized because of the possi- 
bility that the samples were not representative, and also because of the nature of the 
intelligence tests employed. For these reasons there has sometimes been reluctance to 
accept such evidence as a clear indication that the population of the country shows a 

marked differential fertility in relation to intelligence. Our results go some way to meeting 
these criticisms, for they indicate that almost all sources of bias or of error of these types 
would lead to estimates of the association that would be too low. 

ACKNOWLEDGEMENTS 

Once again we wish to express our great indebtedness to the Health and Education 
Authorities of the City of Bath: especially to Dr J. F. Blackett, Medical Officer of Health, 
Dr R. E. Thomas, Deputy Medical Officer, Mr A. W. Hoyle, Director of Education, and 
to Miss G. Greenall, Organizing Care Secretary. We wish also to express our gratitude to 

the head teachers and other teachers at the schools for so generously continuing -to provide 
such admirable facilities, and for all the help they have given us in obtaining ,. the data 
for this paper. We have taken full advantage of the kindness of Prof. R. A. Fisher in 
allowing us at all times to discuss with him the progress and interpretation of these studies, 
and once again we wish to express our thanks for all his help. 

Much of the individual testinglas been carried out by Miss I. M. Langan during a year's 
work as assistant to the Burden Mental Research Trust, and we wish to record our 
indebtedness to her for the care and accuracy with which that work was performed. 



J. A. FRASER ROBERTS AND OTHERS 215 

Appendix Table. Children tested on Stanford -Binet Scale only -estimated Otis I.B. 

Group Binet i.Q. Estimated 
Otis 1.B. 

N. of 
sibs 

Remainder 58 16 2 
72 45 0 
73 47 0 
76 53 6 

,, 78 57 3 
Private (subgroup 4) 83 68 1 

Remainder 84 70 2 
86 74 0 
88 78 2 
89 80 2 
91 84 1 

Unclassified 92 86 3 
Remainder 95 92 0 

96 94 8 
Unclassified 97 96 2 

9, 101 105 1 

Remainder 103 109 3 
Private (subgroup 3) 103 109 1 

Unclassified 104 111 3 
Private (subgroup 2) 105 113 1 

(subgroup 3) 110 123 1 

Remainder 111 125 1 

Private (subgroup 2) 112 127 2 
Remainder 113 129 2 

116 135 3 
Private (subgroup 3) 120 144 3 
Special place 124 152 1 

Private (subgroup 2) 134 172 1 

( subgròup 3) 135 174 1 

(subgroup 3) 137 179 0 
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INTRODUCTION 

THIS series of papers is based on observations made on a sample composed of all children 
whose homes were within the boundaries of the City of Bath on 27 July 1934, and whose 
dates of birth fell between 1 September 1921 and 31 August 1925 inclusive. In the third 
paper of this series (1938) a full account was given of the completeness of the ascertain- 
ment and of the mental testing of the children up to July 1937. Up to the present time 
(February 1938) two or three further changes have been made in the classification of the 
children. The present state of the ascertainment is as follows: 

Children at schools co- operating ... ... 3386 
Children at school permitting ascertainment only 4 
Estimate for two schools not co- operating 8 

Total 3398 

The completeness of the mental testing is as follows: 

Tested ... 3361 
Absentees ... ... 25 

Total 3386. 

One of the main objects of these studies is to obtain family and social information about 
children falling within selected portions of the range of mentality. The first of these 
selected groups is composed of the children securing the lowest 8% of intelligence test 
results, the others being a median group of 4% and a group composed of the highest 4% 
of test results. 

It was decided that the selection and classification of the children composing the lowest 
group must be based upon a Binet test. This has given us the opportunity in the present 
paper of determining the proportions of children in the total group of 3361 falling below 
certain limits on the scale of Stanford -Binet I.Q.'s, and thus of examining the normality 
or otherwise of the lower end of the distribution. In a later section we are also able to 
present some indirect but apparently convincing evidence on the tendency for children 
securing low I.Q.'s to show a fall of I.Q. as chronological age increases, 

EUGENICS VIII, 4 2I 
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THE FORM OF THE LOWER END OF THE FREQUENCY DISTRIBUTION 

OF STANFORD -BINET I.Q.'S 

It is generally accepted that over the greater part of the range the frequency distri- 
bution of Binet I.Q.'s is normal, but that the extreme minus end of the distribution is not 
normal, there being an excess of individuals with very low I.Q.'S. This was pointed out as 

long ago as 1914 by Pearson & Jaederholm. Working with years and months of mental age 

as units of advancement or retardation, they showed that there was a significant excess of 
large minus values. They were careful to point out that in their sample the absolute 
numbers in this portion of the range were small, but they considered that the discrepancy 
was a real one, a conclusion that has been amply confirmed by subsequent observations. 

It is clear that any relatively precise examination of the extreme end of the curve 
requires not only a large sample but also a sample that is at worst only very slightly 
biased. It is just at this part of the distribution that bias in sampling is most likely to 

occur ; a fact that has been recognized by workers who have carried out extensive obser- 

vations but who have refrained because of this doubt from using their data for an examina- 
tion such as is now presented. For example, the Scottish Survey (1933) included a re- 

latively complete sampling by age of 87,000 children who were group tested and this was 

followed by Binet tests on a subsample of 1000. The authors state that the subsample was 

certainly -biased, and although the distribution of Binet I.Q.'s proved to differ significantly 
from the normal, they were unable to draw any conclusion as to the form of the curve. 
The present sample, however, being relatively complete, in the sense of being selected by 
age only from a defined area, appears to be suitable for analysis. 

The children were originally group tested on the Advanced Otis Scale, and the deter- 
mination of the lowest 8 % of Stanford -Binet I.Q.'s was carried out by giving the individual 
test to all the children with an Otis I.B. of 75 or less, a total of 772 children, 23 % of those 
group tested. In addition, a few children (of all levels of mentality) received the Binet test 
only. One child secured an I.Q. of 96 upon another scale and so could safely be considered 
not to fall within the lowest 8 % of Binet I.Q.'s. 

For the purpose of fitting, the mean and standard deviation of I.Q.'s used were taken from 
the second paper of this series (1937). These estimates were based upon the testing on the 
Binet Scale of a random sample of 192 children drawn from the first three of the four age 

groups. Increased accuracy was obtained by making use of the fact that the 192 children 
were a random sample of the larger group of group- tested children. The mean and standard 
deviation were 

98.785 + 15.201. 

Limits were calculated for the lower values of I.Q.'S, from tables of the probability integral, 
such that for the most part equal numbers would be expected to fall into each frequency 
class. The limits of the frequency classes are shown in column 2 of Table III. 
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In view of the definite tendency of low I.Q.'s to fall further with increasing chronological 
age, as is discussed in a subsequent section, it is important to compare the ages at Binet 
test of the 192 children upon whom the values for the mean and standard deviation of 
I.Q.'s were based with the age at test of the 772 backward children. Fortunately the differ- 

ence was very small: 

Random group 
Backward group 

Mean age at Binet test 
12 years 7.2 months 
12 years 4.2 months 

Eighteen children with Otis I.B.'s of 75 or less were not available for individual testing, 
eleven because they had left Bath during the interval, four because they had left school, 
two because they had gone to a non -co- operating school and one on account of death. As 

their Otis I.B.'s were known, it was possible to estimate to the nearest tenth the numbers 
that would be expected to fall within the selected ranges shown in column 2 of Table III. 
The choice of values for the calculations is discussed below. 

An Otis I.B. of 75 was selected as the upper limit for the individual testing of backward 
children because trials had indicated that at that level practically all the lowest 8 % 
would be secured. Close though the association is, however, between Otis I.B. and Binet I.Q. 

(r = 0.89 as shown in the second paper), it would be necessary to test half the group on the 
Binet Scale in order to reduce to 0.1 the expectation of omitted values of Binet I.Q. falling 
within the lowest 8 % of values. A few children therefore with Otis I.B.'s above 75 would 
certainly fall within the desired range, and some addition on this account must be made to 
the observed numbers shown in Table III. 

It would have been possible to use the means and regressions given in the second paper 
for making the estimates, but it seemed preferable to examine first the relationship of 
Otis I.B. and Binet I.Q. for the 772 children with I.B.'s of 75 or less. Table I presents a 
correlation table. Table II gives the results for the backward group of 772, for the 484 

children with I.B.'s of 51 -75 inclusive, and also the values previously obtained for the 
random group. The regressions in the case of the random group and the whole backward 
group do not differ significantly, the difference being 0.02323 ± 0.02360. Similarly, the 
difference in mean I.Q. at 75 I.B. is only 0.4287 ± 0.8162. This very satisfactory corre- 
spondence does not extend to the variance at fixed t.B., which is considerably greater in 
the case of the backward group, a result that was not unexpected because the Advanced 
Otis Scale cannot sort out efficiently very backward children. 

For the immediate purpose of obtaining the anticipated additional frequencies to add 
to the observed I.Q.'s that fell below the 8 % point of the theoretical curve, there was 
little difficulty as regards the mean I.Q. to be assigned to the I.B. frequency classes above 75, 

for as the means and regressions do not differ significantly, either value might have been 
used. A choice had, however, to be made in selecting the value for the standard deviation 
for the arrays of I.B.'s. It was thought that the standard deviation at fixed I.B. for the 
whole backward group would probably be too large when applied to the I,B. arrays 76 +, 

3I-2 
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Table I. Correlation table showing Otis I.B. and Binet I.Q. for children with 
r.B.'s of less than 76 
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1-5 . . . 1 1 2 1 2 2 2 2 . 1 14 59.00 
6-10 . . 1 . 2 . 1 . . 1 1 1 1 . ... . . . 8 53.38 

11-15 1 1 2 2 . 2 1 . 9 60.67 
16-20 . 1 1 1 .3 1 1 8 62.75 
21-25 . . . . 1 . 1 . . . 3 2 3 1 3 . ' 14 67.36 
26-30 1 . . . . 1 . . 7 5 10 2 4 1 1 1 1 34 69.24 
31-35 2 2 5 4 5 7 5 3 2 1 1 37 72.54 
36-40 . . . 1 . . . . 1 . 1 4 7 5 7 11 4 3 1 . 1 . . . . 46 76.09 
41-45 2 5 5 13 11 9 4 3 4 1 57 80.05 
46-50 1 3 4 7 13 6 7 5 10 2 2 1 61 80.74 
51-55 3 2 3 5 7 17 16 11 10 1 1 3 1 . . . . 80 81.99 
56-60 1 2 8 12 16 11 11 5 5 3 4 78 82.65 
61-65 1 2 1 4 19 11 19 14 13 10 5 4 1. .. 104 83.92 
66-70 1 1 3 6 6 15 19 11 14 14 8 6 . 2 2 . . 108 85.92 

71-75 - . . . 4 8 14 19 19 19 9 7 1 4 4 1 4 1 114 8782 

No. 1 1 1 2 4 4 3 3 6 7 26 29 50 54 99 106 105 80 77 46 28 19 7 6 3 4 1 772 80.69 

Table II. Relationship of Binet I.Q. and Otis I.B. 

x = Otis I.B. y = Binet I.Q. 

Random sample p 
Backward group 

(I.B.< 76) 
Backward group 

(I.B. 51 -75) 

n 192 772 484 

X 99.8802 53.0712 64.0124 
S(x -æ)2 247262 223871 23554 

y 98.7083 80.6917 84.7603 
S(y -02 46114 96921 31782 

Sx(y -0 94744 90982 147.4 

b(y on x) 0.383173 0.406403 0.303451 
b {Sx(y -ÿ)} 36303 36975 2168.9 

Mean I.Q. at 75 I.B. 89.1749 89-6036 88.0945 
Standard error 0.6310 0.5178 0.6127 

V(y) at fixed x 51.6325 77.8509 61.4384 
ay at fixed x 7-1856 8-8233 7.8384 

and that for the random group too small; accordingly the calculations shown in Table II 
were made for the range 51 -75, which provided an intermediate value. The expectations 
for the frequency classes of Table III to the nearest 0.1 were calculated for the arrays of 
LB.'S 76-80 to 96-100 (which last array provided a total expectation of 04). The numbers 
that would be expected to fall within each frequency class are shown in column 6 of 
Table III. 

In the case of the eighteen children with I.B.'s below 76 who had not been individually 
tested, the expectations were calculated using the figures for the I.B. range 51 -75 for the 
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fifteen who fell within these limits, and those for the whole backward group for the three 
who fell below it. The expectations are shown in column 5 of Table III. 

The additional number of low I.Q.'s provided by children with LB.'S above 75 was 
relatively small, the calculated total being 14.2; similarly, the children not individually 
tested provided only 4.2. Had other values been selected for the calculations the effect on 
the fitting would have been very trivial, but it seemed desirable to use those of the values 
available that were likely to give the best approximation. 

Table III. Observed and expected numbers of Binet I.Q.'s 

Percentile 
range 

Range of 
I.Q.'s 

Expected 
frequencies 

Observed frequencies 

X 

2 

Binet 
tested 

Estimate 
for children 

with I.B. 
only 

Estimate 
for children 
with LB.'S 

of 76 + 

Total 

> 8 >77.43 3092.1 - - - 3075.4 0.09 
8 -7 77.43 -76.35 33.6 42.4 0.8 4.1 47.3 5.59 
7 -6 76.35 -75.15 33.6 39.1 0.5 3.3 42.9 2.57 
6-5 75.15 -73.78 33.6 26.4 0.6 2.6 29.6 0.48 
5-4 73.78 -72.17 33.6 27.4 0.6 1.9 29.9 0.41 
4-3 72.17 -70.20 33.6 35.1 0.6 1.2 36.9 0.32 
3 -2 70.20 -67.57 33.6 26.9 0.4 0.8 28.1 0.90 
2 -1 67.57 -63.42 33.6 37.2 0.4 0.3 37.9 0.55 
<1 <63.42 33.6 32.7 0.3 0.0 33.0 0.01 

3360.9 267.2 4.2 14.2 3361.0 10.92 

n = 6, P lies between 0.10 and 0.05 being close to the former value 

>1.0 > 63.42 3327.4 - - - 3328.0 0.00 
1.0 -0.8 63.42 -62.17 6.7 3.7 0.1 - 3.8 1.26 
0.8 -0.6 62.17 -60.60 6.7 2.7 0.1 - 2.8 2.27 
0.6-0.4 60.60 -58.47 6.7 3.4 0.1 - 3.5 1.53 
0.4-0.2 58.47 -55.03 6.7 5.3 0.0 - 5.3 0.29 
<0.2 <55.03 6.7 17.6 0-0 - 17.6 17-73 

- 3360.9 
n = 

32-7 

3, P is less 
0.3 

than 0.0001 
- 3361.0 23.08 

0.2-0.05 55.03 -48.77 5.0 4.6 I - I - 4.6 0.03 
<0.05 <48.77 1.7 13.0 

1 

- 
1 

- - - 
Ignoring portion below 48.77 r.Q., x2 = 5.38, n = 3, P lies between 0.20 and 0.10 

Observed frequencies 

Below Expected Estimate Estimate 
percentile Below i.e. frequencies Binet for children for children 

point tested with I.B. 
only 

with LB.'S 
of 76+ 

Total 

0.02 44.97 0-7 12-5 - - 12.5 
0.01 42.25 0.3 8.8 - - 8.8 
0.005 39.65 0-2 5.3 - - 5.3 

The first part of Table III gives a comparison of the observed and expected frequencies 
above the point on the theoretical normal curve of I.Q.'s that should cut off the lowest 
8% of values; below this point the limits of I.Q. are given that would be expected to include 
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successive portions of 1 %. The fit is a good one ; so that down to the 1 % point, 
corresponding to an I.Q. of 63.4, the distribution shows no significant excess of low 

values. 
The second part of Table III gives a comparison of frequencies above the 1 % point, 

and below that by successive steps of 0.2 % , the' smallest frequency classes that give 
sufficiently large expected numbers. It will be noted that the departure from normality 
is very marked and is due to a big excess of observations below the 0.2 % point, corre- 
sponding to an I.Q. of 55.0. If, however, for the lowest frequency class there is substituted 
the percentile range 0.2 -0.05 and if the values below this are ignored, the fit is excellent 
and there isno indication of any excess above this point, - 3.3 times the standard deviation, 
corresponding to an I.Q. of 48.8. 

Naturally on numbers such as ours it is impossible to fix at all precisely the point 
below which the excess occurs, but the last part of Table III indicates that as regards our 
group the curve is normal down to the 0.02 % point, - 3.5a and an I.Q. of 45.0, but not 
down to the 0.01 % point, -3.7 a and an I.Q. of 42.3. 

It should perhaps be noted that it is difficult to decide precisely with how many degrees 
of freedom to enter the table of x2. Had all the 3361 children been individually tested and 
the mean and standard deviation been calculated from the total result in the usual way, 
the number of degrees of freedom would be three less than the number of frequency classes. 
These are the numbers used in Table III. Actually however, the mean and standard 
deviation were derived from a random sample of three out of the four age groups, the 
estimates being improved by making use of the group test results for those age groups. 
The backward children observed were of course individually tested, so that although 
there is an association between the estimates used and the observed low I.Q.'s, it is not 
complete. The subtraction of 3 degrees of freedom is therefore likely to lead to values of P 
that are slightly too low. Fortunately, however, this cannot affect any of the deductions 
made from Table. III. 

The curve is normal, as far as our observations go, to just about the level of Binet I.Q. 

that separates approximately the feeble -minded and imbecile classes of mental defectives. 
It may be concluded, therefore, that persons composing the legal feeble -minded group 
form part of the tail of the normal curve, and any excess at this level of mentality can at 
best be very slight. Imbeciles and idiots, however, are far more numerous than would 
be expected if the frequency curve of Binet I.Q.'s were normal at those levels. Taking an 
I.Q. of 45, which may be accepted as separating off very roughly the imbeciles and idiots, 
the expected frequency below that point in our group is 0.7 and the observed frequency 
12.5. 

No child with an extremely low I.Q. happened to fall into the random group of 192 

described in the second paper, the lowest I.Q. in that group being 61. The values for the 
mean and standard deviation, therefore, used in this section of the paper, have not been 
affected by the excess. 
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THE FALL OF LOW STANFORD -BINET I.Q.'S WITH ADVANCING CHRONOLOGICAL AGE 

During the years when the Binet Scale was first being used the result was expressed as 
the number of years and months by which the mental age exceeded or fell short of the 
chronological age. The obvious convenience of a figure that would eliminate chronological 
age led to the I.Q., calculated by dividing mental age by chronological age and multiplying 
by 100. For 20 years the device of using I.Q.'s has been firmly established, a considerable 
misfortune from the scientific point of view. 

The usefulness of the I.Q. depends upon its constancy for a given individual in the sense 
that at different levels of mentality it should show no systematic tendency to increase or 
decrease with advancing chronological age. This can only be true if the variability of I.Q.'S 

is independent of chronological age, which means that the variability of mental age is 
proportional to chronological age. There seems to be no a priori reason for regarding this 
rigid assumption as axiomatic, and it has obviously been felt that experimental demon- 
stration was required, for a very large number of investigations have been carried out to 
test the constancy of the I.Q. It should be noted that most of them have been carried out 
to investigate other points as well; for example, the error variance of a given I.Q., which is 
practically equivalent to testing the error variance of mental ages and is not really con- 
cerned with the I.Q. as such any more than with any other unit in which the result might 
be expressed. Clearly, too, if a random group is studied, it could not be expected that the 
mean I.Q. would change with chronological age even if the assumption underlying the I.Q. 

technique were erroneous ; a change would only indicate defects in the construction of the 
scale itself. The only simple way in which the results of retesting could be used for the 
purpose under discussion would be to see if there was any systematic rise or fall in the 
mean I.Q. at different levels of the range of mentality. Some papers an the constancy of 
the I.Q. omit this information so that they are not relevant to a discussion of the I.Q. 

technique itself. 
In general the results of retests do appear to indicate that the assumption of a pro- 

portionate increase in variability with advancing chronological age is not seriously in 
error, at least in the sense that any discrepancy is not large enough to produce a marked 
effect in the central portion of the range -say an I.Q. of 80 or 85 to 115 or 120. Many 
investigations have been carried out in America and some in this country, including those 
of Gray & Marsden (1923, 1924, 1926). 

Random samples, however, unless they are very large will contain few observations 
outside the range of say 80 -120, and so these general researches throw little light on 
whether there is any appreciable change in the mean outside these limits. Special investi- 
gations have been carried out on very bright children, but most observers have not found 
an increase with age. It must be remembered, however, that the Binet Scale is artificial 
in its upper ranges, and also that very bright children, unless they are young, say under 
the age of 10 years, are not able to exhibit their full potentialities. 
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The point that vitally concerns us in this paper, whether children very low in the scale 

of mentality show a systematic fall in I.Q. with age, can be more easily studied. Terman 
himself (1921) reviews some results of Doll on the retesting of mental defectives and states: 
"While it is true that the I.Q.'s for these subjects tend to decrease, as is generally admitted 
to be the case in feeble -minded subjects this does not interfere with the use of the I.Q. for 

purposes of prediction." He suggests a drop of 8 points in 3 years. Henmon & Burns (1923) 

retested fifty -nine individuals at an interval ranging from 9 months to 4 years and found 
a mean drop of 0.9 points. Poull (1921) retested 124 defectives ranging from 6 months to 
3 years and found a mean increase of F28 points. As, however, an unstated number of 
the defectives were adults, some as old as 28 years, the relevant results are diluted by 
irrelevant material. Burt (1927, p. 185) retested seventy -two special schoolchildren after 
the lapse of 1 year. The average fall was F1 points, but taking only the thirty -eight children 
of 10 -14 years at first test, the fall was 1.9 points. Cattell (1931), retesting at an interval 
of from 3 to 6 years, found a fall in the median of 7.0 points in fifteen cases with original 
I.Q.'s below 70, of 3.5 points in forty -one cases with original I.Q.'s of 70-79, and of 3.3 in 
110 cases originally 80 -89. Anderson (1923) gave repeated tests to 200 special school- 
children over a period of 8 years, using the Goddard revision till 1918 and the Stanford 
revision afterwards. Those with I.Q.'s originally below 50 showed little loss, but in the group 
50 -59 there was a median drop of 8 points in 5 years ; in the group 60-69 of 8 points in a 

similar period; and in the group 70-79, 17 points. Kuhlman (1921) in a group of 639 found 
a yearly drop of 2.19 points in border -line cases, of 1.21 in morons, of 1.04 in imbeciles, 
and of 0.37 in idiots. Taking children of 10 -14 years only, the yearly fall in the four classes 
as shown by his figures is 1.9, 1.3, 1.4, and 0.2. Gordon & Thomas (1930) used the Stanford 
revision for repeated tests at yearly intervals of a group of eighty -two special school- 
children (omitting imbeciles). The ages at test ranged from 7 years to 15+, and the 
average number tested at each yearly interval was 39, so that many of the children appeared 
in most age groups. The mean 1.Q. fell from 66.0 at age 7 -8 years to 53.4. at 15 + . Over the 
range with which we are specially concerned in this paper, 10 -14 years, the average yearly 
fall was 2.5 points. 

There is therefore good evidence that in backward and feeble -minded children the 
Stanford I.Q. does fall with chronological age and that the amount of the fall is of the 
order of 2 points a year, at least during the years 10 -14. 

Our own evidence is indirect, for it does not depend on retesting. The total group of 
children was composed of four age groups, 1921 -2, 1922 -3, 1923 -4 and 1924 -5; and quite 
early in the work of testing the backward children on the Stanford -Binet Scale it became 
evident that the proportions falling below given I.Q. levels were greatest in the oldest age 

group and fell steadily down to the youngest. For example, the lowest 8 % of results just 
included all the children with an I.Q. of 75 in the oldest.age group but included practically 
all those with an I.Q. of 80 in the youngest. The I.Q.'s corresponding to the 8 lowest per- 
centile points for each age group are shown in Table IV, which also gives the total number 
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Table IV. Stanford -Binet 1.Q.'s corresponding to the lowest 8 percentile points for the 

four age groups ( unsmoothed figures) 

Age group 1 2 3 4 

Number of children 949 840 799 773 

Mean age at Binet test 13 yr. 3.9 mth. 12 yr. 10.1 mth. 11 yr. 9.4 mth. 11 yr. 2.3 mth. 

Percentile point Stanford -Binet I.Q. 

8 75.4 76.8 78.3 80.5 
7 74.2 75.9 77.1 79.8 
6 72.6 74.9 76.3 78.7 
5 71.3 73.2 75.6 77.6 
4 70.3 72.0 74.1 76.1 
3 68.0 701 71.2 74.6 
2 66.5 65.4 69.0 69.8 
1 6F0 59.9 65.9 62.2 

in each age group and the average age at Binet test. In this section calculated I.Q.'s have 
been used for the eighteen children not individually tested which brings three of them 
within the range, but no allowance has been made for any expectation due to children with 
I.B.'S of 76 + . Fig. 1 shows the difference graphically ; the ordinates are the 8 percentile 
points and the abscissae give the corresponding I.Q.'s. The percentile points were calculated 
directly without any smoothing. . 

It is perfectly clear that there must be a considerable fall in I.Q. at these levels as age at 
test increases. All that can be obtained from the results, however, is a single mean figure 
representing the average fall per unit of time. Taking the six possible comparisons between 
the four age groups and dividing the mean difference in I.Q. at the 8 percentile levels by 
the number of months difference in age at test, the mean fall in I.Q. is 2.338 points per 
year, which is very close to the convenient figure of 2.4 or 0.2 points per month. 

Each I.Q. was now adjusted, to the nearest whole number, by adding 0.2 points for each 
month by which the age at test exceeded 10.0 years. The I.Q.'s as at age 10.0 corresponding 
to the lowest 8 percentile points are shown in Table V, for the four age groups. The fit is 

Table V. Stanford -Binet I.Q.'s (adjusted to age 10.0 at test) corresponding to the lowest 

8 percentile points for the four age groups (unsmoothed figures) 

Percentile 
point Age group 1 Age group 2 Age group 3 Age group 4 

8 83.3 83.3 82.3 83.3 
7 82.2 82.6 81.3 82.5 
6 80.8 81.6 80.6 81.8 
5 79.1 80.2 79.2 80.2 
4 77.7 78.7 77.3 78.9 
3 76.2 76.5 75.7 76.9 
2 74.0 72.4 I 73.5 73.4 
1 67.0 66.3 L 69.7 63.3 

now very good apart from some irregularity at the lowest two percentile points, which is 
not surprising on numbers such as ours. An allowance therefore of 2.4 points fall per year 
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over the age of 10.0, in a group ranging in age at test from 10 to 14 years with very few 

exceptions, eliminates any appreciable or systematic difference between the four age groups. 

Fig. 2 gives a graphical representation. 

8 

7 

6 

3 

2 

1 

60 62 64 66 68 70 72 

Binet i.Q. 

Fig 1. Percentile points and corresponding Binet r.Q. s for the four age groups. 

74 76 78 80 

Key for Figs. 1. and 2. 

First age group (mean 13 years, 3.9 months). 
Second age group (mean 12 years, 10.1 months). 
Third age group (mean 11 years, 9.4 months). - Fourth age group (mean 11 years, 2.3 months). 

82 84 

We are encouraged to believe that our estimate of the fall in these backward and 

defective children is a reasonable value as it is so similar to the figures obtained by several 

of the observers whose results have been quoted. The adjustment will apply best to the 
backward, border -line and feeble- minded children and may well be too big for imbeciles 
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and idiots as is shown by some of the results already quoted. Practically, however, the 
most important part of the range is the border -line of mental deficiency, of feeble- minded- 
ness. 

8 

7 

6 

t 4 

3 

62 64 66 68 70 72 74 76 

Adjusted Binet I.Q. 

Fig. 2. Percentile points and corresponding Binet I.Q.'s, adjusted to 10.0 years, 
for the four age groups. 

78 80 82 84 

DISCUSSION 

The individual testing of the backward children enables the numbers of low I.Q.'s to be 

determined in a complete population of 3361 children, and as we have previously shown 
there are good reasons for supposing that sampling by age and geographical area only has 
yielded a good representative sample. It has been shown in the first part of this paper 
that there is a departure from normality due to an excess of very low I.Q.'s, but that the 
curve is normal down to about - 3.5a, a point that would cut off 0.02 % of the theoretical 
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curve, and which corresponds at the age at which the testing was carried out to an I.Q. of 
45.0. In view of the fall of low z.Q.'s with advancing age at test, also shown in this paper, 
it is fortunate that there was a difference of only 3 months in mean age at test between 
the random group, upon which were based the values for the mean and standard deviation, 
and the mean age at test of the backward children. A residual association, therefore, at 
these levels between I.Q. and chronological age should not affect the fitting appreciably. 

This result agrees entirely with the ideas put forward by Lewis (1929) in his account of 
his work in connexion with the Wood Report, and later amplified by him (1933). Lewis 
holds that a distinction should be drawn between a "subcultural" group that may be 
regarded as the tail of the normal curve and a "pathological" group that is responsible 
for the excess of persons of very low mentality. Needless to say the distinction is not 
absolute and a single individual might be held to fall into both groups ; nevertheless, it is 

a most important one and should prove very useful as one of the basic hypotheses in the 
study of mental deficiency. We have had the opportunity of discussing this paper with 
Dr Lewis, and he is of the opinion that the word pathological might be misleading. He 
would now prefer to lay more emphasis on prenatal and especially genetic factors in the 
production of low -grade mental deficiency. The distinction is between the subcultural 
cases that fall within the ordinary range of variation of mental ability and those cases in 
which special influences are responsible for gross aberrations. It is probable that the special 
influences are much more frequently genetic than was formerly supposed. 

In the case-of the subcultural group an analogy may be drawn with stature and, as in - 

the case of stature, it is to be expected that to the extent that genetic factors are responsible 
for observed differences, the type of inheritance will prove to be multi -factorial. Most 
high -grade mental defectives are no more "pathological" than are very short persons; 
they create a social problem because modern conditions, especially modern urban con- 

ditions, are too complex for the mentally undersized. 
The, results given in this paper indicate that the line between the subcultural and 

pathological groups should be drawn roughly at an I.Q. of about 45 (at an age at test of 

about 13 years). Conveniently, this is about the level that experience has shown marks 
the difference between the legal classes of feeble- minded and imbeciles, defined in the 
Mental Deficiency Acts as follows: 

1. Imbeciles, that is to say, persons in whose case there exists mental defectiveness, which, 
though not amounting to idiocy, is yet so pronounced that they are incapable of managing 
themselves or their affairs or, in the case of children, of being taught to do so. 

3. Feeble -minded persons, that is to say, persons in whose case there exists mental defective- 
ness, which, though not amounting to imbecility, is yet so pronounced that they require care, 
supervision and control for their own protection or for the protection of others, or in the case of 
children, that they appear to be permanently incapable by reason of such defectiveness of 
receiving proper benefit from the instruction in ordinary schools. 

In the opinion of Lewis (1929) this border -line corresponds approximately to a Stanford - 
Binet I.Q. of 45 -50 in children and 40 -45 in adults. 

Y 
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The proportions of children that we have found securing very low I.Q.'s may be com- 
pared with the incidence of mental deficiency found by Lewis in the areas investigated by 
him. Our group of 3361 contained eleven children that we classified as imbeciles and two 
that we classified as idiots, 3.27 and 0.60 per thousand respectively. Our numbers are far 
too small for anything but the roughest estimate of the incidence and, in addition, while 
there is reason to suppose that the ascertainment of imbeciles and,idiots was complete as 
regards the section of the population from which the elementary schoolchildren were 
drawn, it was not necessarily complete for the section contributing the private school 
fraction. Nevertheless, it is interesting to note that the figures are of the same order of 
magnitude as those of Lewis (1929, p. 186) for urban areas, 3.02 imbeciles and 0.74 idiots 
per thousand children between 7 and 14 years. 

In the case of the feeble -minded group no direct comparison can be made as our children 
were classified only by Binet I.Q. Lewis found 17.14 feeble -minded per thousand children 
of 7 -14 years in the urban areas. A proportion of 17.14 per thousand in our group would 
indicate that the average border -line between feeble -mindedness and backwardness should 
be drawn at an I.Q. of about 74 at age 10.0 or 64 at age 14.0, again showing substantial 
agreement with Lewis's findings. 

The disadvantages of the quotient method of expressing test results are illustrated by 
our experience, for classification by I.Q.'S entirely failed in regard to a simple and practical 
requirement. We wished to ascertain the proportions of children falling below certain 
limits and conversely the limits that would separate given fractions of the population. 
So far is the I.Q. from being independent of age at test at these low levels, that in two 
age groups that differed on the average by only 26 months, those children with an I.Q. 

of 74 or less comprise about 7 % of the older group and only 3 % of the younger. In fixing 
limits for groups of backward and defective children, even if only in an approximate and 
statistical sense, the 1.Q. means little unless the age at test is also stated. Between the 
ages of 10-14 years the estimated fall in I.Q. is about 2.4 points per year, a figure that 
agrees quite well with many previously published results, so that the child who at the 
age of 10 has an I.Q. of 70 may be expected to have an 1.Q. of about 60 at the age of 14. 

The Departmental Committee on Sterilization (1933) carried out an enquiry on the 
children of mental defectives and found the clearest evidence of increasing discrimination 
with advancing age as evidenced by a shift towards lower categories. In broad groups their 
results stated in percentages were as follows : 

Age Mentally 
defective 

Retarded Normal Superior 

0 -6 
7 -13 

Over 13 

3 
14 
37 

23 
31 
12 

73 
52 
51 

1 

3 
0 

While this marked change may be largely due to reluctance to place young children 
definitely in a low category, it is possible that part of the effect may be due to the fall of I.Q. 
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It may well be that the discrepancy would be less in the case of the new revision of the 
Binet Scale recently published by Terman & Merrill (1937). They state that the variability 
of 1.Q. is in fact practically independent of age and suggest that I.Q.'S may be converted 
directly into standard scores, i.e. units of ,the standard deviation. This may be true, but 
it begs the question, and it is difficult not to think that, for many purposes it would be 
preferable to use mental ages as scores (though scores based upon much more than an 
empirical scale), and to eliminate the effect of chronological age upon mean and variability 
by simple curve fitting. In their manual Terman & Merrill give a very useful table of triple 
entry from which any I.Q. may be read off directly given the chronological and mental 
ages. A similar table could easily be prepared that would give, in any suitable units, a 
measure of score independent of age that does not involve any assumptions as to the 
nature of mental growth. The position of the child would indicate its performance in 
terms simply of the performance of other children of its own age. 

It may be pointed out in parenthesis that if periodical revisions of the Binet Scale are 
to be made, these will always be adjusted to the mean of the existing population, and a 
change in mean intelligence that might take place over a considerable period of time would 
not be detected. . 

Tables VI and VII show for our group the Stanford I.Q.'s corresponding to given per- 
centile points at different ages and conversely the proportions of observations lying below 
certain values of the I.Q. The second column in Table VI shows the percentile points 
calculated from the mean and standard deviation, while the third column shows un- 
sxnoothed observed values, adjusted by the allowance of 0.2 points per month" for all 

Table VI. Stanford -Binet I.Q.'s corresponding to given percentile points at various ages 

Percentile 
points 

12 yr. 7 mth. 
(calculated) 

12 yr. 7 mth. 
(observed) 100 yr. 11-0 yr. 12.0 yr. 13.0 yr. 14.0 yr. 

8 77.4 76.9 83-1 80.7 78.3 75.9 73.5 
7 76.4 76-0 82.2 79.8 774 75.0 72.6 
6 75-2 74.9 51.1 78.7 76-3 73-9 71.5 
5 73-8 73.4 796 77.2 74.8 72.4 70-0 
4 72-2 72.0 78.2 75.8 73.4 7F0 68.6 
3 70-2 70-1 76.3 739 71.5 69.1 66-7 
2 67-6 67.2 734 71.0 68.6 66.2 63.8 
1 63-4 61-4 67.6 65.2 62-8 60-4 58.0 

Table VII. Percentages of children at various ages with Binet i.Q.'s 
of less than given amounts 

I.Q. Age at test (years) 
below 10.0 11.0 12.0 13.0 14.0 

75 2.38 3.34 4.78 6-58 9-07 
73 1.84 2.51 3.59 5.05 6.93 
70 1.22 1.65 2.31 3.22 4.62 
65 0.62 0.93 1.20 1.58 - 2.24 
60 0-54 0.60 0.62 0.91 1.18 
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individuals to the mean age at test of the random group from which the mean and standard 
deviation were calculated. The correspondence is good and would be still better if allow- 
ance were made for the expectation of the few low I.Q.'s amongst children with Otis I.B.'s 
of 76 + . The remaining columns in Table VI therefore show the percentile points at various 
ages calculated from the unsmoothed observed values simply by making the adjustment 
for age at test. The same procedure has been followed in Table VII. These tables emphasize, 
if emphasis is needed, the impossibility of grouping backward and defective children by 
Stanford -Binet I.Q. alone without also specifying the age at test. 

It has been pointed out, for example by Terman himself (1921), that a diagnosis of 
mental deficiency or of grade of mental deficiency cannot be made solely on the basis of 
the result of a Binet test ; nevertheless, statements continue to appear that seem tacitly 
to assume that it is possible to do so. For example, in the account of that most important 
research, the Scottish Survey (1933), it is stated on p. 107 that ".there were actually found, 
among the 1000 Binet pupils, six below 70 i.e., i.e. six unascertained defectives ". In the 
first place an arbitrary line of this kind could at best only be drawn in a statistical sense. 
If children of about this level of intelligence were immediately retested (ignoring the practice 
effect), the median difference of I.Q. would be at least 2 or 3 points ; thus an appreciable 
proportion of children classified as mentally defective on the first occasion would be classi- 
fied as normal on the second and vice versa. In the second place a number of individuals 
with I.Q.'s above 70 must be considered mentally defective so that a dividing line at 70 I.Q. 

could only indicate that for every person with an 1.Q. above 70 and considered to be mentally 
defective there was a corresponding person with an I.Q. below that level classified as normal. 
Even a statistical line, however, not applicable to single individuals, becomes impossible 
to draw in view of the marked fall of I.Q. at these levels with advancing chronological age. 
If our group of children is representative, 1.2 % fall below 70 I.Q. at 10 years and 4.6 % at 
14 years. 

The certification of adults under the Mental Deficiency Acts depends to a considerable 
extent upon criteria that are based on temperamental qualities, essentially the ability of 
the individual to adjust himself to his environment. In the case of children certified under 
the Mental Deficiency Acts, or more especially if certified under the Education Acts, the 
criteria are more purely intellectual, but even in children temperamental abnormalities are 
of importance in many cases and may sometimes prove decisive. In this connexion the 
assessment of temperamental abnormalities cannot be accurately made by means of 
objective tests. It will also be realized that there are people who are clinically mentally 
defective who do not require to be dealt with under the Acts. The only reasonable basis for 
certification is that fully expounded by Lewis (1929) in the Wood Report; and this is 
equally true of any attempt to assess the proportion of mental defectives in the population. 
Many clear cases present little difficulty and a low Binet result may alone be conclusive, 
but in the necessarily large fraction of border -line cases the decision must depend upon the 
judgement of the skilled observer; that judgement will give full weight to available 
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measurable criteria, of which the most important single item of information is the result of 
a Binet test, but it will also be based upon the opinion formed by the observer from what 
he notes himself, and from the history given by others, as to the success or otherwise with 
which the subject has adapted himself to his surroundings. 

SUMMARY 

1. An almost complete sample of 3361 schoolchildren, selected by age and geographical 
area only, has been tested on the Advanced Otis Scale. 772 children securing the lowest 
results on the Otis Scale have been retested on the Stanford -Binet Scale in order to 
ascertain the lowest 8 % of Stanford -Binet I.Q.'s. Allowance has been made for a few 

children not available for Binet testing and for the small expectation due to children 
testing higher on the Otis Scale. 

2. The frequency distribution of Binet I.Q.'s is normal down to about - 3.5 a, which 
cuts off 0.02 % of the theoretical curve and corresponds to an I.Q. of 45.0. Below this 
point there is a highly significant excess of very low values. The mean age at test of the 
random group (described in the second paper of this series) from which the mean and 
standard deviation were estimated, and of the backward group, differed by only 3 months. 

3. The proportions of feeble -minded, imbeciles and idiots were of the same order of 
magnitude as -was found by Lewis in the urban areas included in his survey for the Wood 
Report. 

4. There was clear evidence that very low Stanford -Binet I.Q.'s tend to fall with in- 
creasing chronological age, the average amount being about 2.4 points, per year, or 0.2 points 
per month, between the ages of 10 and 14. 

5. The relation between Binet I.Q. and the diagnosis of mental deficiency is discussed. 

ACKNOWLEDGEMENTS 

We wish to express our indebtedness to those whose assistance we have acknowledged in 
previous papers; and especially to Dr J. F. Blackett, Medical Officer of Health to the City 
of Bath ; Dr R. E. Thomas, Deputy Medical Officer; Mr A. W. Hoyle, Director of Education; 
and to the head teachers and other teachers at the schools. We are also indebted to Dr 
E. O. Lewis for his advice in regard to a number of points discussed in this paper. 



J. A. FRASER ROBERTS AND OTHERS 335 

APPENDIX 

On the correction of certain values given in the second paper of this series (1937) 

It was discovered, too late for correction, that four standard errors given in the second 
paper had been wrongly calculated. Three refer to the mean Binet I.Q.'s at 100 Otis I.B. 

given in the second paragraph on p. 32. 

Group Mean LQ. at 
100 I.B. 

Incorrect standard 
error previously given 

Correct standard 
error 

1 

2 
3 

96.5457 
98.5037 

101.1461 

1.9121 
2.1173 
1.8332 

0.8975 
0.8085 
0.8963 

The figures that should have been given, as correctly stated in the text, were the standard 
errors of the mean I.Q.'s at fixed I.B. (increased by the adjustment due to the difference 
between mean I.B. and 100 I.B.), but on the working sheets the figures transferred were 
those relating to the original mean I.Q.'s. 

The same mistake was made in regard to the standard error of the mean I.Q. of the 
whole group. This was given on p. 35 as ± 1.152; the correct figure is ± 0.583. The same 
wrong figure was repeated at the foot of p. 37. 

It will be noted that using the correct standard errors the difference between the middle 
random group retested on the Binet Scale and the youngest group is now significant ; and 
there is little doubt that there is a real tendency for mean Binet i.e., adjusted to fixed LB., 

to fall with increasing age. The age corrections used for transforming Otis scores into 
I.B.'s were established on the group itself, so it was thought that it should now be possible, 
even on a number as small as 192 children tested on the Binet Scale, to show that on the 
Stanford revision there was a small mean fall of I.Q. with advancing age. Further, since 
the second paper was written, Terman & Merrill (1937) have published their new revision 
and state (p. 51) that "the old Stanford -Binet, as judged by standardization of the new 
revision, yields mental ages slightly too high at the younger ages and somewhat too low at 
the older levels ". 

It would be anticipated that Otis I.B. and chronological age at test would not show any 
association, though there was perhaps the possibility of a residual association because 
two regression lines were used for estimating the rate of increase of score with age. An 
examination of the data showed that there was no significant association. Théee was a 

significant association between Binet I.Q. and age at test, but this was non -linear, the 
variation due to linear regression not being significant. In view of this finding and of the 
complexities of the data, it did not seem worth while pursuing further in our small group 
this point in regard to the age standardization of the Stanford revision. 
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INTRODUCTION 

Tus series of papers is based on observations made on a sample composed of all children 
whose homes were within the boundaries of the City of Bath on 27 July 1934, and whose 
dates of birth fell between 1 September 1921 and 31 August 1925 inclusive. The ascertain- 
ment was almost complete, and nearly all the children were given a mental test. Full 
details are given in the introduction to the third and fourth papers of this series (1938a, 
1938 b). Since the fourth paper was written one child has been added and the present 
state of the ascertainment is as follows: 

Children at schools co- operating 3,387 
Children at school permitting ascertainment only 4 
Estimate for two schools not co- operating 8 

3,399 
The completeness of the mental testing is: 

Tested 3,362 
Absentees 25 

3,387 

As was explained in the previous papers, most of the absentees belonged to the youngest 
age group and represent a more or less random loss; for in this age group the administration 
of the verbal group test had to be postponed for a year for reason of age, and during the 
interval some of the children had left Bath and could not be traced. 

20 -2 
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The children composing the group included a number of sets of sibs. In addition, certain 
special subgroups, brightest, median and dullest, together with their available sibs, i.e. those 
of school age, were tested on the Stanford -Binet Scale. It is therefore possible to investigate 
questions of sib resemblance at the extreme ends of the distribution of intelligence, where, 
if anywhere, irregularities or special features might be expected to occur. The complete 
group has the advantage of being representative, and the subgroups have been selected 
from it in a rigid and simple way. 

THE RESEMBLANCE IN OTIS INDEX OF BRIGHTNESS BETWEEN SIBS 

INCLUDED IN THE WHOLE GROUP 

Nearly all the 3362 tested children were tested on the Advanced Otis Scale and have been 
assigned an Index of Brightness, or I.B., which eliminates as far as possible differences in 
age at test. This age correction was established on the group itself, as explained in the 
first and second papers of this series (1935, 1937). In the case of thirty children a Stanford - 
Binet result alone was available. In view, however, of the close association between Otis I.B. 

and Binet I.Q. (r = 0.89 in the present material), it seems justifiable to use the regression 
coefficient for calculating an estimated I.B. for the thirty children. (See the third paper, 
1938a, p. 183; full details are given in the appendix table to that paper on p. 215.) One 
child, however, was tested upon another scale and so has been omitted altogether, leaving 
3361 children.' 

The group included 2198 children who were the only representatives of their fraternities; 
504 fraternities were represented by two sibs each ; forty -nine fraternities by three ; and 
two fraternities by four. The basic data are given in Table 1. The sum of squares between 
fraternities can now be calculated. This is done in Table 2. The total sum of squares of 
deviations from the general mean is given by S(y2), shown in Table 1, less the correction 
term S(y) y (or S2(y) -n), used in Table 2. The difference between the total sum of squares of 
deviations and the sum of squares of deviations between fraternities gives the sum of squares 
of deviations within fraternities. The analysis of variance can now be completed, and, if 
desired, the sib -sib correlation coefficient calculated. The total number of degrees of 
freedom is 3360, and, as there are 2753 separate fraternities, there are 2752 degrees of 
freedom for the variation between fraternities, leaving 608 for the variation within 
fraternities. The analysis is shown in Table 3. 

It should be noted that owing to a difference in weighting the coefficient E in Table 3 

is not the intra -class correlation coefficient. In calculating the latter the contribution of 
each fraternity is weighted according to the number of entries it provides for the sym- 
metrical correlation table, i.e. k(k -1), where k is the number in the fraternity. In the 
case of the coefficient E of Table 3 and succeeding tables in this paper, the contribution of 
each fraternity has a weight of k only. It seemed preferable to use the weight k instead of 
k(k - 1) because otherwise in a small sample a few very large fraternities may contribute 
so greatly. This does not arise in Table 3, but in Table 10 (group 2), for example, four very 
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Table 1. Sums and sums of squares of Otis i.B.'s for fraternities of different sizes 
k = no. in fraternity, y = Otis I.B. in units of grouping of 5 points. First group: o-4 = 1. S[E2(y)] is 

the sum of the squares of the total scores of fraternities. 

k=1 k=2 k=3 k=4 Total 

No. of fraternities 2,198 504 49 2 2,753 
n 2,198 1,008 147 8 3,361 

8(y) 46,570 19,853 2,595 184 69,202 
8(y ) 1,094,604 435,709 52,669 4,590 1,587,572 

S[E2(y)] 1,094,604 850,597 151,503 17,440 - 
Table 2. Calculation of sum of squares of deviations between fraternities 

k S[E2(y)] S[Ea(y)] _ k 

I 1,094,604 1,094,604 
2 850,597 425,298'5 
3 151,503 50,501 
4 17,440 4,360 

1,574,763'5 
Minus S(y)g 1,424,848.8 

Sum of squares of deviations between fraternities 149,914'7 

Table 3. Sib resemblance in intelligence -analysis of variance 

Variation of I.B. 
Degrees 

of 
freedom 

Sum of 
squares 

Mean 
square 

Within fraternities 
Between fraternities 

6o8 
2,752 

12,8o8.5 
149,914'7 

21.067 
54'475 - 

Total 3,36o 162,723.2 48'430 

(1 -E) = 21o67= 48.43o; E = ó565+ 

large fraternities would, if k(k -1) were used, contribute almost as much as all the rest put 
together. After the calculations of this paper were completed a paper by Gini (1940) 
appeared in which he examines methods for expressing the relative importance of here- 
ditary and non -hereditary factors in determining the heterogeneity of a generation. The 
coefficient used in Table 3 and certain later tables corresponds to Gini's method VI (except 
that I have sometimes included fraternities of one). He explains the relation of E to an 
ordinary fraternal correlation coefficient; and I am following him in denoting it by the 
same symbol. 

It is well known that intelligence and family size are negatively associated; the results 
for the present group were presented in the third paper (1938a). It is not surprising to find, 
therefore, that the fraternities which contribute more than one child are somewhat lower 
in the scale of intelligence than those contributing one only. In the present group, using 
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the figures of Table 1, and converting from units of grouping to actual I.B.'s, the difference 
is as follows : 

Mean I.B. of all children 99'95 
Mean I.B. of children from fraternities contributing a single child 1o2 945 

I.B. of children from fraternities contributing more than one child 94.30 

Difference 864± 1 24 

The difference is large and highly significant, being 7.0. times its standard error. 
There is a difference in variability àlso, the standard deviations being: 

Standard deviation of all children 34.80 
Standard deviation of children from fraternities contributing a single child 35'04 
Standard deviation of children from fraternities contributing more than 

one child 33.62 

Difference r42 ± o87 

As might be expected, the children of lower average intelligence who make up fraternities 
contributing more than one sib are less variable, though in this case the difference is not 
significant, being only 1.6 times its standard error. It is to be expected, however, that a 
truer measure of sib resemblance will be obtained by comparing with the variance within 
fraternities the variance between fraternities contributing more than one child to the 
group. This alternative analysis, omitting the single children, can be taken directly from 
Table 1 and is given in Table 4. 

Table 4. Sib resemblance in intelligence- analysis of variance 
(omitting fraternities containing a single child) 

Variation of Z.B. 
Degrees 

of 
freedom 

Sum of 
squares 

Mean 
square 

Within fraternities 
Between fraternities 

6o8 
554 

Iz,8o8 g 

39,740'4 
21 067 
7P734 

Total 1,162 52,548'9 45'223 

(1 - E) = 2 1 . 0 6 7 ÷ 4 5 ' 2 2 3 ; E = 0'534 r = o535 + 

As might be anticipated, the difference between the coefficients of Tables 3 and 4 is not 
significant; but the lower value of 0.534 is undoubtedly the better estimate to use. 

The difference in weighting in the calculation of E and of r does not make any appre- 
ciable difference in this case. 

THREE SPECIAL GROUPS AND THEIR SIBS 

One of the main purposes of these investigations was to make a detailed family and 
social study of certain children composing subgroups of the total sample. It was decided 
that these children should be: 

(1) The brightest 4 %c of the whole group. 
(2) The median 4 % of the whole group. 
(3) The dullest 8 % of the whole group. 
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It was clear that however these children were selected they would in any case require 
a Binet test. To give one important reason, it was intended to test all the available sibs, 

and only an individual test could cover so great a range of ages. In the case of the dullest 
group the selection itself was based upon Binet testing. As has been more fully explained 
in the fourth paper of this series (1938 b), children with I.B.'S of 75 or less (23 % of the whole 
group) were retested on the Binet Scale. This was sufficient to ensure a high efficiency in 
selection. Very few children with Otis i.B.'s above 76 could have Binet r.Q.'s falling below 
those selected as the lowest 8 % on the latter scale. One point should, however, be men- 
tioned. Eighteen children with N.B.'s below 76 were not available for subsequent testing, 
in nearly every case because they had left the City ; the selection was made from the 
remainder, the eighteen children being ignored. 

The total group comprised four age groups of one year each. Owing to the failure of 
the I.Q. technique to eliminate efficiently the whole effect of age differences at test, it was 
decided that the selection would be improved if it were made separately for each age 
group. This topic is fully discussed in the fourth paper, in which it is shown that in the 
case of children very low in the scale of intelligence the average fall in i.e. between the 
ages of 10 and 14 is about 0.2 point per month. It must be explained, however, that this 
correction was not available when the earlier members of the dullest group were selected. 
In planning a scheme involving many different measurements and observations on school 
children the time during which these can be carried out is limited ; once the children leave 
school they are usually lost to the investigator. There is no time for the completion of each 
step in logical order. Many steps must be taken before the preceding one is finished, and 
always with particular attention to the older children. Many children who clearly fell into 
the lowest 8 %, for example, had been fully investigated, their sibs tested, etc., long before 
the last member of the group had been tested and added to the list. Correction simply by 
selecting the children separately in each group was, therefore, the only method available 
at the time the first part of each list had to be made up. It did in fact notably improve 
the efficiency of selection as is shown in Tables 5 and 6. Table 5 shows how differently 
situated on the I.Q. Scale were the 8 % points. Table 6 shows that when the simple cor- 

rection of the fourth paper is applied most of the difference between the age groups is 

Table 5. Binet I.Q.'s of children composing dullest 8 % of each age group 

Frequency Percentage frequency 
Age group 

I 2 3. 4 I 2 3 4 

Binet I.Q. 
<67 18 18 Io II 24 26 16 i8 

67-69 14 7 7 4 18 ro II 6 
70-72 22 15 IO 5 29 22 16 8 

73 -75 22. 15 12 5 29 22 '19 8 
76-78 - 13 24 19 - 19 38 31 

79-81 - - - i8 - - - 29 

Total 76 68 63 62 100 99 100 100 
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Table 6. Binet I.Q.'S of children composing dullest 8 % of each age group, adjusted 
to chronological age 14 by subtraction of 0.2 point per month of age 

below 14.0 down to 10.0 

Age group 
Frequency Percentage frequency 

I 2 3 4 I 2 3 4 

Binet I.Q. 
<61 12 14 8 13 16 21 13 21 

61-63 5 5 7 2 7 7 II 3, 
64 -66 13 7 12 7 17 ro 19 II 
67 -69 21 13 14 14 28 19 22 23 
70-72 16 r6 19 16 21 24 30 z6 
73-75 9 13 3' IO 12 19 5 16 

Total 76 68 63 62 Io1 loo loo loo 

eliminated. Selection in each age group separately did yield, therefore, a much better 
sample than if all had been taken together. 

In the case of the other groups, the brightest 4 % and the median 4 %, it was decided 
to make the selection on the basis of the Otis I.B. The children selected were, however, 
retested on the Stanford -Binet Scale. Once again, the selection was made separately in 
each age group, this time to minimize any lack of efficiency in the age correction effected 
by means of the I.B. technique (first paper, 1935). 

Close though the association is between Binet I.Q. and Otis I.B., the Binet I.Q.'S of the 
brightest and_median groups show considerable variation. Actually, the variability is 

close to what might have been anticipated. Table 7 shows the frequency distribution of 
Binet I.Q.'S in the two groups. 

The available sibs of all the children composing the, three groups were tested on the 
Binet Scale. Those available were, of course, those of school age. Apart from this, there 
was no selection. It was found, however, that certain older sibs had to be eliminated. 
This was because children who were still at school after the normal leaving age proved to 
be a very unrepresentative sample of the school -child population. Many had remained at 
the secondary schools, for example, because they were particularly bright scholarship 
children; while a smaller number were still available because of their excessive dullness, 
being at the special school or otherwise under observation. Similarly, a number of Binet 
I.Q.'S were available for older sibs, these tests having been carried out by the School 
Medical Department. But in many cases the reason why the test was carried out was the 
dullness of the child, so these results too could not be used. With regret, I have had to 
eliminate in this paper all results for sibs born before 1 September 1921, the date of birth 
of the oldest children in the main group. The great majority of sibs whose results have 
been used were available and were tested before they left school. In cases where they had 
left an Otis result was available in connexion with the main survey. This will explain why 
some totals are smaller than those given in a brief preliminary paper (1939), in which not 
all these extra sibs had been eliminated. 
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Table 7. Binet I.Q.'S of children forming brightest and median 4 % 
(selected on advanced Otis Scale) 

Binet I.Q.'S Group 2 
(median) 

Group 1 

(brightest) 

82- 84 I - 
85- 87 7 - 
88- 90 Io - 
91- 93 12 - 
94- 96 19 - 
97- 99 25 - 

100 -102 23 - 
103 -105 6 - 
io6-io8 I2 - 
109 -III 6 5 
112 -114 5 3 
115 -117 6 7 
I18 -I2o 2 II 
121 -I23 - 19 
124 -126 - 25 
127 -I29 I 18 
130 -132 - 16 
133 -135 - II 
136 -138 - 6 
139 -141 - 4 
142 -144 - 3 
145 -147 
148 -150 

- - 6 - 
151 -153 - I 

Total 135 135 

As has just been mentioned, a few children had Otis I.B.'S only. This applied to a few of 
the children in groups 2 and 3 and to a few of the sibs of all groups. In view of the close 
association between Otis I.B. and Binet I.Q. (r = 0.89) it seemed justifiable, as before, to 
use for these children an estimated I.Q. 

Every effort was made to test all sibs whose date of birth was later than 31 August 
1921 except for those who were not yet attending school. Very few children escaped 
testing. Where they were missed this was nearly always because the family had left the 
city. 

THE EXCLUSION OF IDIOTS AND IMBECILES FROM THE CALCULATIONS 

It was shown in the fourth paper of this series (1938) that the distribution of Binet 
I.Q.'S is normal down to about - 3.5 a, an I.Q. of about 45 in children of the ages at test of 
our group. Below this point there is a large excess of very low values. This point on the 
curve corresponds very well to the dividing line between those legally classified as feeble- 
minded and those classified as imbeciles. While, therefore, feeble -minded persons may be 
regarded as forming part of the tail of the normal curve, this is not true of idiots and im- 
beciles, or at least of the great majority of them. In harmony with this it is found that family 
resemblance presents different phenomena in the two groups. Briefly, feeble -minded persons 
are examples of extreme variation in a graded character, and to the extent that heredity is 
involved, it appears to be multifactor. Families containing low -grade defectives, on the 
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other hand, display segregation and the picture, whether causation is genetic or not, is one 

of discontinuity. 
It was not difficult to decide, therefore, that low -grade defectives, idiots and imbeciles, 

should not be included, whether as propositi or sibs, in the calculations of this paper. 
There is the clearest indication for rejecting these outlying values, with a great gain in 
simplicity. 

The group comprising the dullest 8 % of children included thirteen persons classified as 

low -grade defectives, the highest I.Q. amongst them being 45. They had seventeen brothers 
and sisters within the age limits available for testing. The seventeen I.Q.'s were : 

88, 88, 90, 93, 94, 95, 95, 98, 99, 100, 101, 106, 108, 108, 108, 111, 117; Mean 99.9. 

Even with such small numbers the indication of discontinuity is clear. No sib within the 
specified age limits happened to be a low -grade defective, though one of the sibs excluded 
as being above the age limit was mentally defective. The I.Q.'s of the seventeen sibs are 
not a bad sample of I.Q.'s in the general population. 

In the same way idiots and imbeciles have been excluded from amongst the sibs of the 
children composing the three special groups. There were only three of these. This is close 

to the expectation amongst 623 children: the number of sibs tested who fell within the 
prescribed age limits. Two of these low -grade defectives were sibs of children falling into 
the brightest group, and one was a sib of a child belonging to the dullest group. 

Thus the thirteen idiots and imbeciles included in the dullest group, their seventeen sibs, 

and the three idiot or imbecile sibs of children of groups 1 and 3 have been excluded from 
all the subsequent calculations of this paper and are not mentioned again. 

THE STANFORD -BINET I.Q.'S OF THE CHILDREN COMPOSING THE THREE 

SPECIAL GROUPS AND OF THEIR SIBS 

The mean Binet I.Q. of the children composing the three widely separated groups, 
together with the mean I.Q.'s of their sibs, furnish two estimates of the sib -sib regression. 
A comparison with estimates based On more usual observations, such as that given at the 
beginning of this paper, is of value, because the brightest and dullest groups represent 
the extremes in range of variation. Should there be any departure from ordinary linear 
and normal relationships it is to be expected that the extreme ends of the distribution 
would most clearly reveal it. 

In Table 8 the propositi of each of the three groups are those who contributed sibs ; the 
number of times each such propositús has been counted is, of course, determined by the 
number of its tested sibs. By comparing groups 1 and 3 with group 2 two estimates of the 
regression are obtained. They are : 

(1) (118-79- 100.78) _ (125.67- 100.63) = 0.719, 

(2) (100-78- 88-21)-:- (100.63- 72.14) = 0.441. 

The first estimate of the sib -sib correlation is. impossibly high; while the second is 
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distinctly low if compared with the figures given in the second section of this paper. If 
these figures had to be accepted without modification there would be good reason for 
believing that there was something peculiar about the degree of resemblance between 
very dull children and their sibs, and between very bright children and their sibs. The 
figures of Table 8, however, do require substantial modification, the reason being the 
failure of the I.Q. method of expressing results to eliminate efficiently differences in age 
at test, especially in the extreme portions of the range. 

Table 8. Mean Binet I.Q. of children composing three special groups, 
together with mean I.Q. of their sibs 

Group i 
(brightest) 

Group 2 
(median) 

Group 3 
(dullest) 

No. of sibs 
Mean 1.9. of propositi 
Mean I.Q. of sibs 

96 
1z5.67 
118.79 

158 
xoo 63 
xoo 78 

366 
7v14 
88z1 

In the case of the very bright children of group 1, age at Binet test ranged from 10 years 
3 months to 15 years 3 months. The mean age at test was 12 years 10 months (18 children 
who were over 14 years 5 months being counted as falling into the group 14 years 0 months - 
14 years 5 months). The Stanford revision is not highly efficient for sorting out very clever 
children at these ages ; they are approaching the ceiling of the test. An examination of 
the relation between age at test and Binet I.Q. in this group showed that there was a marked 
fall as chronological age advances. The regression coefficient indicated a fall of 0.2298 
point per month. Deviations from simple linear regression in the analysis of variance 
were non -significant. It was found that there was no significant association between age 
at test and I.Q. amongst the 38 children of 14 years or more ; hence the justification for 
placing all those above 14 in the group 14.0 -14.5. 

The sibs of the brightest children were, on the average, much younger at test. The 
mean age was 9 years 6 months. Also, of course, they were not as bright as the propositi. 
In this case the association between age at test and I.Q. was almost zero and quite non- 
significant. 

It is evident that had the propositi been tested at the same age as their sibs their. per- 
formance would have been markedly higher than that indicated in Table 8. If, using the 
regression obtained above, the age at test of the propositi is adjusted to 10 years 3 months, 
the age of the youngest child in the group, the mean I.Q. is changed from 125.7 to 134.3. 

This seems a reasonable figure to use in order to obtain an approximate estimate of the 
sib -sib regression, for it brings the age at test of the propositi fairly close to the age at test 
of their sibs. The figure for the sibs requires no adjustment, the 1.Q. technique appearing 
to work satisfactorily in this case. This adjustment yields a sib -sib regression of 0.53. 

There is one other circumstance also which might make the mean I.Q. for propositi of 
group 1 too low compared with that of their sibs. The propositi were selected because they 
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secured the best performances on the Advanced Otis Scale. To the extent, therefore, that 
extremely high performance on the latter scale might be estimating some degree of extra 
general intelligence, it might be expected that the Binet I.Q.'s of these children would not 
do them full justice and this might be reflected in the Binet r.Q.'s of their sibs. It is im- 

possible to estimate the extent of this effect ; but it is probably negligible compared with 
the age correction made above. 

Just as in the case of the brightest children, though for a different reason, the I.Q. 

technique fails notably to eliminate age differences in the dullest children. It was shown 

in the fourth paper of this series (1938 b) that amongst dull children the average fall in I.Q. 

between the ages of 10 arïd 14 was about 0.2 point per month. This figure is a better one to 

use than any which could be derived from the group 3 propositi alone. Owing to the 
method of selection of the lowest 8 %, i.e. independently in each of the four age groups, 

much of the association between age at test and I.Q. has already been eliminated. Actually 
the regression is - 0.08 point per month instead of - 0.2. This partial correction, however, 
i.e. selecting in each age group, only applies to the correlation table and the calculation 
yielding the regression of -0.08; it has not affected the amount of the correction to be 

made when the propositi are compared with sibs. In other words, the selection of propositi 
was made in such a way as to prevent, to a considerable extent, children being excluded 
because they were young or included because they were old ; but that has not altered the 
extent to which an older propositus is assigned too low an I.Q. compared with his younger 
sib. (There is no corresponding effect in group 1 as selection was based on the Otis test.) 

The relation between age at test and I.Q. in the case of the sibs was not negligible as it 
was in the case of the sibs of children of group 1. The regression of I.Q. on age was significant 
though, as might be expected, it was far smaller than in the case of the propositi. The 

value was - 0.0197 point per month. There was, in addition, a significant non -linear 
remainder, which did not appear amenable to any relatively simple curve fitting. 

The adjustments to be made in the case of the dullest group affect both propositi and 
sibs. In the case of the propositi it seems reasonable to adjust to a chronological age of 

10 years, using the figure of 0.2 point per month up to 14 as deduced in the fourth paper 
(1938 b). This raises the mean I.Q. of 72.1, as shown in Table 8, to 77.4. Any adjustment of 

the figure for sibs, however, must be very trifling, as the regression is so small; and, in 

any case, the mean age at test is not far from 10.0 years, being 9 years and 8.28 months. 
In view of the small adjustment of age at test the non -linear residue cannot be of appre- 
ciable importance. The effect of using the linear regression is merely to alter the mean I.Q. 

of sibs from 88.2 to 88.1. Using the new figures the estimated sib -sib regression coefficient 

becomes 0.55. The figures relating to both estimates are given in Table 9. Thus it will be 

seen that when quite straightforward adjustments due to age differences are made, these 
adjustments being based on the data relating to the three groups, or to the total group 
from which they are drawn, the two estimated values of the regression coefficient are very 
similar, and also very similar to the expected value, i.e. a figure rather greater than 0.5. 
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It may be concluded, therefore, that an examination of the most extreme fractions and of 
their sibs does not indicate any departure from simple linear and normal relationships. 

Table 9. Mean Binet I.Q.'S (adjusted for age differences) of children composing the 
three special groups, together with mean I.Q. of their sibs 

Group 1 

(brightest) 
Group z 
(median) 

Group 3 
(dullest) 

No. of sibs 
Mean I.Q. of propositi 
Mean I.Q. of sibs 

96 
134.3 
118.8 

158 
ioo6 
Ioo8 

366 
77.4 
88.1 

THE VARIATION IN INTELLIGENCE AMONGST THE SIBS OF THE CHILDREN 

COMPOSING THE THREE SPECIAL GROUPS 

There is, then, no reason to suspect anything peculiar about the relationship of the 
mean performance of these children to the mean performance of their sibs. A further 
question can, however, be examined. Is there any peculiarity about the distribution of 
I.Q.'S within the fraternities of the propositi; and in those of group 3 especially? For 
example, casual examination of the records seemed to suggest that two kinds of fraternities 
were unduly frequent amongst the sibs of the dullest children: either fraternities composed 
of children who were more or less normal ; or fraternities in which most or all of the sibs 
were very dull. If such tendencies really exist, they might cancel each other out as regards 
a mean figure for the group ; but they would, of course, be very important in relation to 
the recognition of the factors determining very low levels of mental ability. Such general 
impressions are not, however, to be trusted, and, fortunately, can be put to the test. The 
variation within and between fraternities composed of sibs of the very dull children can 
be compared with similar figures for the sibs of the median children. If the general im- 
pression just mentioned were correct the comparison would demonstrate its truth, for the 
variance within fraternities of sibs of children of group 3 would be unduly low. 

In the same way the variation amongst the sibs of the brightest children can be analysed 
and compared with the median group (except that the numbers are very small). 

Another point, covered by the same data, is the magnitude of the regression of the I.Q. 

of sibs on that of propositi within the three groups. 
The basic data, sums, sums of squares, sums of products, and sums of squares of sums, 

are presented in Table 10; all the calculations can be made from these figures. 
To deal with the lesser point first, the regression of I.Q. of sibs upon I.Q. of propositi in 

each of the three groups is given by 
S(xy) - {S(x) S(y) _ n} 

S(x2) - {S2(x) = n} 
The three regression coefficients are : 

Group 1 (brightest) 0.3289; Group 2 (median) 0.4199; Group 3 (dullest) 0.4942. 
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These are lower than the regression for the whole population, especially in the case of 
group 1. Lower values are to be expected however. In the case of groups 1 and 3, parti- 
cularly in the former, the residual association between I.Q. and age at test leads to a less 

efficient sorting out of propositi and would therefore reduce the regression coefficient. In 
the case of group 2 the selection of children upon the basis of the Advanced Otis test 
must tend to yield a sample somewhat less variable than the Binet I.Q.'S would indicate, 
thus reducing the value of the regression in this group too. In the case of group 3 it is 

perhaps permissible to give an alternative figure based on the application of the adjust- 
ment of 0.2 point per month, as previously discussed, for the I.Q.'S of propositi. I am 
doubtful whether this procedure is justifiable, as no adjustment is made in the case of the 
sibs, though any possible adjustment in their case would be much smaller. Using the 
adjusted I.Q.'s for propositi, the regression of I.Q. of sibs becomes 0.6988. This is a high 
value, and, if accepted, might be held to indicate the existence of special influences tending 
to make sib resemblance disproportionately close in the case of very dull children. This 
point is discussed later. 

An examination of variance within and between fraternities of sibs of the propositi of 
the three groups is easily made from the data of Table 10. The total sum of squares of 
deviations is given by 

S(y2) - {22(y) _ n }, 

and the sum of squares of deviations between fraternities by the sum of the terms 
S[E2(y)] _ k, less the correction term S2(y) =n. The sum of squares of deviations within 
fraternities is given by the difference. The analysis of variance for each of the three groups 
is shown in Table 11. In the case of group 1 the variance within fraternities actually 
exceeds the variance between fraternities. But the numbers are very small. The standard 
deviation of z is no less than 0.149, which does not exclude a normal relationship like that 
found in the other groups. 

The interesting comparison is thatof group 3 with group 2. It is to be expected that the 
total variance in the median group would be higher than in the dullest group, and thus 
that the variance both within and between fraternities would be greater too. This is so, 

but it will be noted that the ratio of these two variances is practically identical for the 
two groups. The quantity E is 0.243 and-0.240 respectively in the two groups. In view of 

the difference in total variance, this affords a better comparison than testing the signifi- 

cance of the difference between the two within- fraternities variances and the two between- 
fraternities variances. Actually, however, both these differences are non -significant. 

The efficiency of the comparison can, perhaps, be increased by one final test. The children 
composing groups 2 and 3 cover a considerable range of I.Q. ; those of group 3 especially 
are widely distributed owing to that group being 8 % of the total, and, furthermore, 8 % 

taken from one end of the frequency curve. It is easy to eliminate from the variance 
between fraternities of I.Q.'S of sibs that portion which is due to the linear regression of 
I.Q. of sibs upon I.Q. of propositi. This is done in Table 12. The effect of this adjustment is 
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not great. The variance between fraternities is reduced in group 2 from 249.8 to 229.4, and 
in group 3 from 236.4 to 223.0. Omitting the variation due to linear regression from the 
total variance, the value for E is changed from 0.243 to 0.200 in group 2 and from 0.240 

to 0.214 in group 3. The ratio is not appreciably changed. 

Table 10. Basic data. Binet I.Q.'S of propositi of the three groups and of their sibs. 

(Each propositus appears as many times as the number of its sibs) 

x = Binet I.Q. of propositus. y = Binet I.Q. of sib. k = Number of sibs of propositus. 
S[E2(y)] = sum of squares of the total i.q.'s of fraternities of sibs. 

k=i k=z ! k=3 k=4 I k=5 k=6 k=7 I Total 

Group z (brightest) 

No. of fraternities 3o 21 8 - - - - 59 
n 3o 42 24 - - - - 96 
S(x) 3,842 5,216 3,006 - - - - 12,064 
S(x2) 494,218 650,800 377,268 - - - - 1,522,286 
S(y) 3,572 5,099 2,733 - - - - 11,404 
,S(y2) 432,872 628,467 . 317,273 . - - - - 1,378,612 
S(xy) 458,805 633,917 342,434 - - - - 1,435,156 
SLE2(y)] 432,872 1,245,413 939,429 - - - - - 

Group z (median) 

No. of fraternities 47 20 9 5 2 - 2 85 
n 47 40 27 20 20 - 14 158 
S(x) 4,770 4,054 2,682 2,084 930 - 1,379 15,899 
S(x2) 487362 413,586 266,778 220,732 86,58o - 135,863 1,610,901 
S(y) 4,899 4,066 z,600 2,128 I,o16 - 1,215 15,924 
2(y2) 520,135 422,202 251,784 231,384 104,358 - 107,427 2,637,280 
S(xy) 499,057 413,922 258,067 221,923 94,470 - 119,574 1,607,013 
SLE2(y)] 520,235 838,588 752,246 906,898 516,146 - 740,493 - 

Group 3 (dullest) 

No. of fraternities 68 45 28 io 8 5 2 166 
n 68 90 84 40 40 3o 14 366 
S(x) 4,923 6,504 6,069 2,896 2,935 2,200 987 26,404 
S(x2) 356,967 472,320 441,375 211,136 216,235 147,168 69,587 2,914,788 
S(y) 5,894 8,125 7,273 3,552 3,646 2,62o 1,275 32,285 
S(y2) 524,882 746,455 630,797 320,924 339,222 234,880 117,552 2,914,701 
S(xy) 427,006 587,988 520,490 257,457 267,759 283,402 89,922 2,334,024 
SLE2(y)] 524,882 1,483,899 1,866,467 1,272,684 2,668,688 1,377,128 815,193 - 
It is clear, therefore, that as far as these numbers are adequate for testing the point, 

the variances within and between fraternities amongst the sibs of the dullest children are 

quite unexceptional and do not differ appreciably in actual size or in the ratio between 
them from those given by the sibs of children of median intelligence. There is no support 
for such speculations as the general impression mentioned at the beginning of this section; 
apparently the variability of sibs of very dull children, both within single fraternities, 
and between fraternities, is only what is to be expected from the magnitude in the whole 

population of sib resemblance in intelligence. 



Table 11. Analysis of variance. Binet I.Q.'s of sibs of children composing 
the three special groups 

Group i 

Degrees 
of of Mean Variation of I.Q. 

freedom squares square I lob, 

Within fraternities 37 9,890.5 z67.3 2'7942 Between fraternities 58 14,021'3 241'7 2'7439 

' Total 95 23,911.8 251'7 

Z= 0.0503 ±0.149 
Variance within fraternities exceeds variance between fraternities. 

Group z 

Variation of I.Q. 
Degrees 

of 
freedom 

of 
squares 

Mean 
square f loge 

Within fraternities 
Between fraternities 

73 
84 

1 1,397'3 
zo,985'4 

156.1 
249'8 

2'5253 
2.76o4 

Total 157 32,382'7 zo6.3 

(I -E) = 156.1 - 206.3. E= oz43. 
Group 3 

Z=0.2351±0113 

Variation of I.Q. 
Degrees 

of 
freedom 

Sum of 
squares 

Mean 
qua e f loge 

Within_fraternities 
Between fraternities 

Zoo 
165 

27,827.8 
39,001o 

139.1 
236.4 

2.4676 
2.7328 

Total 365 66,828.8 183.1 

(I -E) = 139.1= 183.1. E= oz4o. 

Table 12. Analysis of variance. Binet I.Q.'s of sibs of children composing the special 
groups 2 and 3. The linear regression is that of I.Q. of sibs upon I.Q. of propositi 

Group 2 

z=oz652±0.074 

Variation of I.Q. 
Degrees 

of 
freedom 

Sum of 
squares 

Mean 
square 

Within fraternities 73 11,397'3 156'1 Linear regression I 1,946'4 1,946'4 Between fraternities having 
propositi of fixed I.Q. 

83 19,o39o 229'4 

Total 157 32,382'7 zo6'3 

Group 3 

Variation of I.Q. 
Degrees 

of 
freedom 

Sum of 
squares 

Mean 
square 

Within fraternities zoo 27,827.8 139.1 
Linear regression I 2,43o2 2,430'2 
Between fraternities having 
propositi of fixed I.Q. 

164 36,57o8 223.o 

Total 365 66,8z8.8 183.1 
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A NOTE ON FIRST COUSINS OF THE CHILDREN OF THE THREE SPECIAL GROUPS 

It was intended, when family and social information was being obtained from the 
mothers of the children of the three special groups, to discover in each case the available 
first cousins of the children, i.e. those of school age living at Bath. It was thought that 
it would be valuable to compare the resemblance between propositi and cousins with that 
between propositi and sibs. It proved difficult, however, to obtain particulars about 
cousins. Many mothers who readily answered intimate questions about themselves, their 
husbands and their children resented enquiries about other relatives, and sometimes 
became suspicious, for the first time, about the questions as a whole. As other items of 
information were regarded as much more important, no attempt was made, therefore, 
to press enquiries about cousins of the children. Thus the number of cousins of suitable 
age ascertained was disappointing. The numbers tested (on the Binet Scale, as in the case 
of sibs) was : 12 in group 1; 35 in group 2; and 115 in group 3. The results are as follows: 

Group No. of 
cousins 

Mean I.Q. of 
propositi 

Mean I.Q. of 
cousins 

I 
2 
3 

12 
35 

115 

I27'5 
984 
7o. I 

I07'8 
89'7 
931 

The numbers in group 1 are too small to be of any use. Those in group 3 are adequate 
for an approximate estimate of the regression: 

(100- 93-7)4- (100- 70.1) = 0.21. 

If, as before, the I.Q.'s of the propositi are adjusted to 10.0 years, the mean I.Q. is changed 
from 70.1 to 75.4, and the estimated regression becomes 0.26. The expected value corre- 
sponding to the multifactorial sib -sib value of 0.5 is 0.125, and in view of the fact that the 
sib correlation in this material is somewhat more than 0.5, a topic discussed in the next 
section, the figure for cousins, though rather high, is not an unreasonable one. 

Unfortunately, however, the results for group 2 cast considerable doubt on the validity 
of the figures of group 3 also. It is, of course, inconceivable that cousins of median children 
could yield a mean far from 100 for any reason other than bad sampling. There are only 
thirty -five cousins of children of group 2, but the impossible figure of 89.7 indicates a 
highly significant departure from the expected 100 or so. The tested cousins were only a 
relatively small part of those theoretically available, and it must have happened, at least 
in the median group, that fraternities of low average intelligence were ascertained as 
cousins with undue frequency. It is not difficult to understand how this may have hap- 
pened. There is a tendency for groups of families rather low in the social scale, and con- 
taining children of low average mentality, to be known to the health and education 
authorities. Some of the relationships of these family groups would be already known to a 
social investigator. Furthermore, people belonging to such families are often familiar with 
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questionings by a variety of public and philanthropic bodies, and so would tend on the 
average to resent cross- examination less than would the person to whom it was a new 

experience. 
It is likely that the same bias would be present in the selection of the cousins of the 

dullest children also. In fact, there can be little doubt that the figure for mean I.Q. of 

cousins in this case too is too low; though it is impossible to estimate how much too low 

it is. It can perhaps safely be concluded that as the cousin regression given above is 

certainly too high, the present material does riot indicate any undue tendency for cousins 

of the dull children to be dull themselves. I should prefer, however, not to lay much stress 

on the cousin findings. The method of selection was quite different from that of the 
children required for other purposes in these studies. In all other cases every attempt was 

made to make a complete ascertainment ; the anomalies of the cousin data serve to em- 

phasize the value of this procedure. 

DISCUSSION 

The results of this investigation have turned out to be very simple, and lengthy dis- 

cussion is unnecessary. The sib -sib correlation in intelligence, as estimated upon the 
Advanced Otis Scale, is 0.535. It is unlikely that results based upon the Binet Scale would 
yield an appreciably different figure ; though the greater efficiency of the latter test as a 

measure of general intelligence might give a slightly higher value. The estimate is con- 

firmed by the results given by the three special groups, in the case of which Binet 
testing was carried out. 

The figure of 0.53 or so may seem high. It is, of course, true that as an instrument of 

measurement an intelligence scale cannot be compared with those used in making good 

physical measurements ; such errors of measurement would, of course, lower the corre- 

lation. There is, however, one factor which tends considerably to raise it. This is the strong 
tendency as regards intelligence for like to marry like. This subject has been examined by 
Penrose (1933). He showed that if h represents the interparental correlation, the figure of 

0.5 for the sib -sib correlation which is to be expected on the basis of single- factor inter- 
mediate inheritance (and therefore in the case of multifactor inheritance also) becomes 

1Eh 
2 +h. 

In his own material, the parents of mental defectives, the interparental correlation was 

0.44. He quotes similar and even higher figures obtained by other investigators. Given an 
interparental correlation of 0.44, an expected sib -sib correlation of 0.5 becomes 0.59. 

Even allowing, therefore, for a considerable error variance, there is nothing surprising 
about a fraternal correlation in intelligence of 0.53. 

Estimates of the fraternal correlation in regard to intelligence test results have differed 
considerably. A good many investigations have yielded a lower figure than that of the 
present paper. Thorndike, however (quoted by Penrose in the paper just mentioned), 
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found a fraternal correlation of 0.60 in American children. Two reasons may account for 
the present estimate being higher than that of some previous investigators. In the first 
place the age corrections were made on the group itself, thus minimizing the portion of the 

.variance due to differences in age at test. But much more important is the fact that the 
present group is complete, including, in their correct proportions, children of all grades 
of mentality. 

It is of importance to see whether the single figure adequately represents the relation- 
ship over the entire range of mentality. If there is a departure it is to be expected that 
it would be shown at the extreme ends of the distribution. The question of the relation 
between the intelligence of very backward children and the intelligence of their sibs is 

particularly important. Here, if anywhere, disturbing factors should be found, and the 
inferences to be drawn regarding the determination of feeble -mindedness and pronounced 
dullness are clearly of great practical importance. 

As regards the very extreme end of the distribution, the 0.4 % or so of idiots and imbe- 
ciles, there is no doubt at all. The relation between the intelligence of these children and 
that of their sibs does not conform to the observed fraternal correlation. Causation must 
be different from the determination of level of mental ability in other parts of the range. 
As was explained, idiots and imbeciles have been excluded from the analyses of this 
paper. 

It has been demonstrated in this paper that the relations of the mean I.Q. of the brightest 
children to the mean I.Q. of their sibs, and of the mean I.Q. of the dullest children to the 
mean I.Q. of their sibs, are both unexceptional; they are simply the relationships to be 
expected from the general regression. 

The regression of I.Q. of sibs upon I.Q. of propositi within the three narrow parts of the 
range also correspond well enough to the general regression. It is true that if a certain 
further age adjustment is made in the case of the very backward children, the regression 
for this part of the range is raised to the high figure of 0.70. It may be that these sibs 
tend to resemble the propositi to an unusually high degree, though this suggestion is not 
borne out by the other results. If the tendency does exist, it might be that the inter - 
parental association is particularly strong amongst dull persons. Variations in this factor 
might be responsible for some differences in the value of the regression when different 
sections of the range of mentality are considered. I am doubtful, however, whether the 
age adjustment that produces the high figure is really permissible and so am not inclined 
to attach much weight to this one possibly anomalous result. 

The first cousins (who were, however, unlike the propositi and sibs, not well selected) 
of children of the dullest group yield a regression of 0.21, or, if the I.Q.'s of the propositi 
are adjusted for varying age at test, of 0.26. As there was almost certainly a tendency to 
select fraternities of cousins of low average mentality, there is no indication that the 
cousins of very dull children tend to resemble them to an undue extent. 

A closer examination of the relationship at the extreme ends of the range can be made by 
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examining the variation of L. amongst the sibs of the children of the special groups, 

Unfortunately, the numbers in the case of the brightest group are insufficient to support 
any conclusion. In the case of the dullest group, however, it is shown that the variances 
within and between fraternities of sibs are remarkably similar to those found amongst the 
sibs of the median children. There is no tendency, for example, for families to occur unduly 
frequently in which all or nearly all the children are very dull, or for families to be unduly 
frequent in which a single child only is very dull. The distribution of intelligence levels 

amongst the sibs of very dull and feeble- minded children is just what would be expected 
from the operation of the degree of likeness which is adequately expressed by the simple 

sib -sib regression. 
It can be concluded, therefore, that the degree of resemblance between sibs is of a simple, 

normal and linear character, and, provided that idiots and imbeciles are excluded, this is 

true from one end of the range of mentality to the other. There is no indication that 
special factors are operating at any particular level. 

It is unnecessary to enter on a discussion as to whether heredity or environment is 

chiefly responsible for determining the level of general intelligence, a characteristic which 

can be measured so successfully, provided the subjects are children, upon a good scale 

such as the Binet. Other investigations are needed for this purpose; it is hoped to carry 
out some of them on this group by the use of further data which await analysis. General 
intelligence certainly behaves as though it were a graded character, determined largely 

by the operation of multifactor inheritance. The results of this paper are fully consistent 
with that view. Of course it is open to anyone to argue that environmental influences may 
also be of great importance. But if this argument is advanced the important environmental 
influences invoked must be operating in such a way as to lead to resemblances between 
relatives, both in the mass and in detail, both in mean figures and in variability, such as 

would result from the operation of multifactor inheritance, so conveniently equivalent, 
mathematically, to a simple, single, intermediate gene pair. 

SUMMARY 

1. This series of studies is based upon a sample composed of all children whose homes 

were within the boundaries of the City of Bath on 27 July 1934, and whose dates of birth 
fell between 1 September 1921 and 31 August 1925, inclusive : a group of some 3400 

children. Ascertainment, and testing on the Advanced Otis Scale, were almost complete. 
2. The group included 504 sets of two sibs, forty -nine sets of three, and two sets of four 

sibs. The sib -sib correlation coefficient is. 0.535. 
3. Three special groups have been selected for special family and social study. They are: 

group 1, the brightest 4 % 135 children (retested on the Stanford -Binet Scale); group 2, the 
median 4 %, 135 children (retested on the Binet Scale) ; group 3, the dullest 8 %, 269 children 
(selected on the basis of the Binet Scale). Their available sibs, i.e. those of school age, 

were also tested on the Binet Scale. 
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4. For the purposes of this paper thirteen idiots and imbeciles have been omitted from 
group 3, together with three from amongst the 623 tested sibs. 

5. When suitable age adjustments are made the mean I.Q.'s of propositi and sibs in 
groups 1 and 3, compared with the mean I.Q.'s of propositi and sibs of group 2, yield 
estimates of the sib regression of the same order as that given above. 

6. The variances within and between fraternities of sibs of children of group 3 are in 
the same ratio as the corresponding variances in group 2. (The figures for group 1 are too 
small to be used.) 

7. First cousins of children of group 3 do not yield an unduly high regression. 
8. The effect of high interparental correlation in intelligence in raising the fraternal 

correlation is discussed. 
9. It is concluded that the fraternal correlation is of the order to be expected if multi - 

factor inheritance is largely responsible for the determination of level of general intelligence. 
It is also concluded that (with one possible exception, which is discussed) the results for 
the dullest group show that the I.Q.'s of the sibs of children of this group are distributed as 
would be expected given the general regression. The same is true for the brightest children 
and their sibs; but in this case the numbers are insufficient for some calculations. No 
direct evidence is presented in this paper as to the relative importance of heredity and 
environment in determining the level of general intelligence. If, however, environmental 
influences are in fact responsible to any considerable extent they must operate in such a 
way as to produce just the same degrees of resemblance between sibs, both in the mass 
and in detail, as would multifactor inheritance. 

Once again I wish to express my indebtedness to those whose co- operation, acknowledged 
in previous papers, has made these studies possible. I should like also to take this oppor- 
tunity of expressing my gratitude to my former colleague Dr Ruth Griffiths. I find it 
difficult to acknowledge adequately her full co- operation and helpful suggestions; her 
indefatigable efforts to discover, trace and test every child whose inclusion was indicated 
by the plan; and the accuracy of the individual testing, all of which was under her super- 
vision And most of which was actually done by her. I am much indebted to Miss G. 
Greenall, Organizing Care Secretary in the Health Department of the City of Bath, for 
her help in tracing relatives of the children in the main and special groups. 

I feel that this is the appropriate place to say how illuminating and helpful I have 
found a paper by Prof. R. A. Fisher and Dr H. Gray (1937) on the application of the 
method of analysis of variance to problems of resemblances between relatives. The account 
there given of the application of new and straightforward methods to questions con- 
siderably more complex than the simple ones of the present paper should prove of great 
assistance to those interested in this type of biometrical work. 
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SEX -LINKED MICROPHTHALMIA SOME- 
TIMES ASSOCIATED WITH MENTAL 

DEFICIENCY 
BY 

J. A. FRASER ROBERTS, M.A., M.B., D.Sc., 
F.R.S.Ed. 

Principal Investigator to the Burden Mental Research Trust, 
Stoke Park Colony, Bristol 

In 1935 two blind and mentally defective brothers were 
admitted to Stoke Park Colony. The family history then 
supplied was strongly suggestive of recessive sex -linked 
inheritance. This was confirmed when a fuller history was 
obtained. A search of the literature soon revealed the 
fact that this particular family had been previously 
described by Ash (1922). Since 1922, however, several 
more children have been born, and it also proved possible 
to extend the pedigree. 

It seems desirable, for several reasons, to give some 
further account of this family. In the first place, although 
Ash stated that the condition was microphthalmia, he did 
not describe' the appearance of the eyes. Further, he- 

obtained his information from one family, DII 10-18 in 
the pedigree, and saw only three blind individuals (DII 10, 

11, 14), who were then young. Therefore, although it was 
noted that DII 10 was an epileptic, it was hardly possible 
for Ash to discover from the persons he saw that the eye 
defect in this family group was sometimes associated with 
varying "degrees of mental deficiency. As far as I can 
discover, this is the only certain example of sex -linked 
microphthalmia that has been described, so on that 
account, and because of the remarkable variability in the 
effects of the genetic factor, the family merits a fuller 
description. 

1519/371 



2 

The Inheritance of the Defect 

The defect is clearly due to a recessive sex -linked factor, 
and the pedigree shows no anomaly of any kind. There 
is no suggestion that any male who receives the factor is 
not born blind, and certainly none that the heterozygous 
females are not entirely normal. The defect has appeared 
in four generations, and there is some evidence that it 
can be traced for six, for I 7 informed me that her mother 
often told her that her (the mother's) grandmother cer- 
tainly had one, and possibly two, blind boys. The six 
generations would cover a period of about 200 years. 

Description of the Eye 

Six blind males from three different families have been 
personally examined. They are DII 21, 22, DIII 1, DII 10, 
11, 14. These are all that could be traced of those still 
alive, the remaining eight blind males shown in the 
pedigree being now dead. 

DII 21. AGED 17 YEARS 

Both eyes sunken in sockets, cornea normal in diameter. 
Intraocular tension minus. Nystagmus not observed. 

Right Eye. -Cornea shows dense leucoma adherens -no 
vascularity. Anterior chamber shallow. Pupil drawn up and 
very small. Lens not seen. 

Left Eye.- Opaque cornea (ground -glass appearance) with 
vessels from ciliary zone. Iris adherent to cornea. 

DII 22. AGED 6 YEARS 7 MONTHS 

Both eyes slightly sunken in sockets, cornea normal in 
diameter. Intraocular pressure minus. Nystagmus. 

Right Eye. -Cornea clear, anterior chamber normal, pupil 
moderately dilated. Iris blackish brown and tremulous. Lens 
light yellow, soft in appearance, and dislocated downwards 
and outwards. Fringes of iris pigment adherent to lens. 

Left Eye. -Cornea shows leucomata. Newly formed vessels 
are to be seen running from iris down and out over the lens 
capsule. Anterior chamber rather shallow. Fully dilated 
pupil. Lens subluxated forwards- greyish and soft in 
appearance. 

DIII 1. AGED 4 YEARS 10 MONTHS 

Both eyes sunken in sockets. Cornea of normal size and 
entirely clear. Curvature accentuated, giving deep anterior 
chamber. Iris bluish grey, with a rather dull, structureless, 
and homogeneous appearance. Intraocular tension minus. 
Rapid, rather coarse nystagmus on turning eyes to either side. 

Right Eye.-Pupil fixed, about 3 mm. in diameter, with 
slightly irregular margin. Lens shows streaky white opacities. 
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Left Eye.-Pupil smaller than in right eye, about 2 mm. in 
diameter. Lens completely opaque and whitish grey. 

DII 10. AGED 29 YEARS 

Both eyes much sunken in sockets. Intraocular tension 
minus. Nystagmus similar to DIII 1. 

Right Eye. -Cornea normal in size ; white opaque patches 
all over. Lens not seen. 

Left Eye. -Cornea small ; white patches all over. Narrow 
fringe of iris. Pupil about 8 mm. in diameter, with ragged 
edge. Lens yellowish white, and soft in appearance. 

DII 11. AGED 26 YEARS 

Both eyes much sunken, with everted lower lids. Both 
corneae small. Intraocular tension minus. Nystagmus 
similar to DIII 1. 

Right Eye. -Cornea shows white patches. Lens not seen. 
Left Eye. -Cornea completely opaque ; ground -glass appear- 

ance. Very similar to left eye of DII 21. Lens not seen. 

DII 14. AGED 21 YEARS 

Both eyes somewhat sunken in sockets. Intraocular tension 
minus. Nystagmus similar to DIII 1. 

Right Eye. -Cornea normal in size. Dense white patches 
render it almost completely opaque. Lens not seen. 

Left Eye. -Cornea smaller than normal. Opacities, espe- 
cially a dense central patch, but cornea not as opaque as in 
right eye. Pupil about 3 mm. in diameter, with slightly 
irregular margin. Lens opaque and yellowish white. 

The mothers of all these boys were seen. All stated 
that the abnormality could be detected immediately after 
birth. In the case of the five in which there are corneal 
opacities both mothers stated definitely that the whitish 
appearance of the front of the eye was present at birth, 
and that, as far as they knew, there had been no change 
in the appearance of the eyes since that time. 

The Nature of the Eye Condition 

Waardenburg (1932) quotes van Duyse, who, in the 
French Encyclopaedia of Teratology (Ophthalmological) 
divides microphthalmia into three groups. The first is 
true or simple microphthalmia ; the second is microph- 
thalmia associated with coloboma ; the third is microph- 
thalmia without coloboma but associated with various 
other abnormalities, such as opacities of the cornea, 
aniridia, smallness or absence of the lens, and opacities 
of the lens. This classification seems to be generally 
accepted. 
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The cases here described fall into the third somewhat 
heterogeneous group. That it should be heterogeneous 
is perhaps not surprising, for in this family; for example, 
there are considerable differences not only between affected 
individuals but also between the eyes of the same indi- 
vidual. Smallness at least of the cornea is itself a feature 
not always present. 

The Mental Condition 

Two of the six patients examined may confidently be 
said to be of normal mentality. These are DII 11 and 
DIII 1. DII 11, aged 26, is well above average intelli- 
gence. The little boy, DIII 1, is only 4 years and 
10 months, but he, too, is above the average in mentality 
for a child of his age. He talks freely and intelligently, 
and showed much interest in and knowledge of the things 
around him. He correctly repeated songs and recitations 
that he had memorized and performed gymnastic exercises 
that would have been remarkably good for an ordinary 
boy of his age. 

The elder of the two boys at Stoke Park Colony (DII 21) 
must be classified as an imbecile. He can talk, repeat 
rhymes, etc., can count his fingers, and is continent, but 
he needs help in order to dress and to feed himself. He 
shows little understanding of what is said to him, and 
his speech includes much meaningless repetition. His 
brother (DII 22) is an idiot, able to walk but unable to 
talk or to dress himself. He is incontinent ; his activities 
are purposeless ; and he is subject to violent outbursts of 
temper. 

DII 10, aged 29, is an imbecile, though not of as low 
a grade as DII 21. He walks and talks, but for the most 
part sits silent. From time to time, however, he is able 
to express himself coherently when a subject is mentioned 
that interests him. He can dress and feed but not shave 
himself. At the age of 7, following an attack of measles, 
he had epileptic fits which continued till he was 17. 
After a period of remission lasting four years the fits 
recommenced and now occur about once a week. 

The third surviving blind boy in this family (DII 14) 
must be classified as feebleminded. He went to the Blind 
School and learnt to read and copy braille. He copies very 
slowly, however. His mentality appears to be of about 
a 10 -year level. He is docile and cheerful and can 
look after himself generally, dressing, washing, and feed- 
ing, but not shaving himself. One of his great pleasures 
is the constant repetition of stories by his elder blind 
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brother about such things as events at the Blind School. 
Thus of the six males personally examined two are of 
normal mentality, one is feebleminded, two are imbeciles, 
and one is an idiot. 

It is possible from the very clear information given by 
their relatives to make some estimate of the mentality of 
a few of the other affected males who are now dead. The 
mother of the three boys DII 3, 5, 6 stated that the eldest, 
who died at the age of 5, could talk and play the piano. 
So far as she could tell he was quite normal mentally. He 
died following an epileptic fit, his first. The second boy 
was an idiot who was unable to talk, or even to walk un- 
assisted. He commenced to have epileptic fits for the 
first time at the age of 16, and died at the age of 18, 
following fits. The third boy apparently exhibited the 
most extreme degree of idiocy in the whole. series. He 
was unable to walk or talk and could not even stand. He 
was fed by means of a bottle till his death at the age 
of 14. He did not have any fits. The fourth blind male 
(DII 13) in family DII 10-18 died at the age of 1 year 
and 8 months, so no statement can be made regarding 
his mentality. 

As regards the earlier generations the only information 
available is. that All 5, who died at the age of 47, was 
mentally defective. This was definitely stated to be so by 
his nieces. 

Notes on Other Persons shown in the Pedigree Chart 
All 3. -The rest of the family have now lost touch with 

All 3, but state that she had thirteen children, all normal, 
and that her daughters have several sons, also all normal. 

All 7.-Died aged 9 years. Blind. Mental state unknown. 
Sibship I 8-13.-Birth order and sex of some individuals 

uncertain, though it seems fairly certain that the total number 
was 12, including two blind males. Several other children 
died in infancy before the birth of my informants, I 12 and 
I 13, who were themselves the youngest in the family. I 9 
and I 10 were both blind and died young, before the birth 
ofI12 and T13. 

DII .16. -Died aged 1 month. Eyes normal. 
DII 17. -Died aged 6 months. Eyes normal. 

Discussion 

Inherited microphthalmia 
regard to microphthalmia 
recessive this family group 
doubted case yet described. 

is a rare condition, but in 
inherited as a sex -linked 

appears to be the only un- 
Waardenburg (1932) in his 
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invaluable book on hereditary diseases of the eye considers 
it possible that this type of inheritance may have some- 
times been overlooked, but quotes Ash's pedigree as the 
only clear example. I am not aware of any other pub- 
lished since 1932. Apart from this, however, there are 
several features to be noted. In the first place the appear- 
ance of the eyes varies very considerably in different 
persons, and the two eyes in a single individual may be 
strikingly different. A somewhat heterogeneous group of 
maldeveloped eyes has usually been accepted as forming 
an entity, and there would seem to be at least a genetical 
justification for this course. Another point is that the 
appearance of the cornea in some cases could easily be 
mistaken for the end -result of an ordinary inflammatory 
process ; yet the condition is strictly an inherited one, the 
cornea is apparently opaque at birth, and there is no 
suggestion of post -natal inflammation, a point about which 
I was careful to inquire. The condition therefore would 
seem to be yet another example of an abiotrophy closely 
simulating the end -results of an infective process. 

Perhaps the most remarkable feature is the association 
with mental deficiency. The blindness is compatible with 
normal mentality, as in two of the cases personally 
examined, but in other instances there may be any grade 
of mental deficiency, ranging from feeblemindedness to the 
most extreme. idiocy. There is no suggestion of any 
mental deficiency in the family apart from the blindness. 
The numerous normal members that I have seen are 
entirely normal, and would as a group have to be classed 
as of above average intelligence. Nor could any history 
be obtained of mental deficiency apart from blindness in 
those members of the family that I did not see. The persons 
who provided the information were unusually objective in 
their statements, and had formed an accurate estimate of 
the mentality of the blind males ; had any persons not 
blind been mentally defective I am sure that the fact would 
have been appreciated and that I should have been 
informed. 

It has been noted by several writers that microphthalmia 
may be associated with mental impairment. For example, 
Ramsey (1898) states that it is occasionally related to 
defective mental development, and Parsons (1904) states 
that there is sometimes .an association with brain mal- 
formations and idiocy. Kubik (1923) described a 12 -day 
rabbit embryo with complete bilateral anophthalmia and 
aplasia of the fore -brain and mid -brain. The father of 
this rabbit had microphthalrnia with coloboma. Kubik 
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considers that the condition ranges from the slightest 
colobomata through microphthalmia, cyclopia, and 
anophthalmia, to cases in which there is more or less 
extensive aplasia of the sections of the brain from which 
the eye is developed. In papers dealing with hereditary 
microphthalmia in man, however, there is seldom any 
reference to impaired mental development. Usher (1921) 
described a family group containing eleven affected 
persons, and stated that one of these " was mentally 
affected and died in an asylum " ; but such instances would 
seem to be rare. 

In the case of the family described in this paper it is 
impossible to say, in the absence of the examination of a 
brain, whether the mental deficiency, when present, is due 
to specific malformations of the type described by Kubik 
or whether the entire brain would show the under- 
development and maldevelopment that is so characteristic 
of the brains of ordinary mental defectives. The blind 
and mentally defective persons do not show any abnormal 
neurological signs of note, and apart from the blindness 
would fall into the large group of mental . defectives of 
no particular type, so it is perhaps unlikely that the 
mental impairment is due to cerebral aplasia of a limited 
and special kind. 

The genetic factor in this family group produces very 
diverse effects and is constant only in producing blindness 
of microphthalmic type. It is unprofitable to speculate as 
to the additional influences that determine such big differ- 
ences in . the mentality of affected persons. They are 
perhaps unlikely to be genetic, in view of the wide range of 
the effects and in view of the occurrence of very different 
mentalities in affected persons in the same sibship. It 
may be more reasonable to conclude that the Organism 
during critical stages of its development is for genetic 
reasons abnormally sensitive to non -genetic influences and 
that these, entirely trivial in the case of normal persons, 
are on occasion capable of modifying the development of 
the brain and so of profoundly affecting its ultimate 
structure. - 

Summary 

1. A family group is described in which microphthalmia 
is inherited as a sex - linked recessive condition. 

2. The appearance of the eyes in six affected persons 
shows much variation. 

3. The blind males may be of normal mentality or may 
exhibit any grade of mental deficiency from feeble- 
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mindedness to profound idiocy. There is no mental 
deficiency in the family group apart from the blindness. 

I am greatly indebted to Mr. A. E. Iles, consulting ophthal- 
mologist to Stoke Park Colony, for the description given 
above of the eyes of the two patients at that institution 
(DII 21, 22) and for his advice on the examination of the other 
blind persons and on the preparation of this paper. 
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Introduction 

It has long been recognized that acute rheumatism shows 
a very marked social and geographical incidence, and in 
an attempt to elucidate some of the factors responsible for 
this striking fact an inquiry into the " environment under 
which rheumatic heart disease arose " was conducted 
during the period October, 1927, to September, 1930, in 
Gloucestershire, Somersetshire, and Wiltshire. This area 
was chosen for several reasons, one being that it com- 
prised rural and urban districts and a wide variety of 
geographical formations varying from the flat low -lying 
moors of Somerset to the heights of the Wiltshire Downs 
and the Cotswolds. In order to confine the investigation 
to genuine cases of acute rheumatism only those suffering 
from rheumatic heart disease were studied, this being 
considered the hall -mark of the disease known as acute 
rheumatism. Such heart disease was defined as : 

1. Heart disease arising in connexion with rheumatism, 
chorea, or scarlet fever in a child between the ages of 5 and 
14 inclusive. 

2. Heart disease which, though not arising in connexion 
with rheumatism, chorea, or scarlet fever, is nevertheless 
rheumatic in type -that is, ventricular enlargement with 
mitral incompetence or acute pericarditis arising in a child 
between the ages of 5 and 14 inclusive. 

Private practitioners were invited to notify all such cases, 
and the school medical officers did the same, all doubtful 
cases being examined by a pane}, o physicians. The 

[423.37] 
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results of this investigation were reported by Savage 
(1931), and Table I shows the findings in the various 
counties and towns. 

TABLE I 

Number of Cases Esti- - Esti- Cases per 
Reported mated Cases mated 1,000 of 

Area Popu- 
lation, 
1929 

per 
1,000 

School 
Popu- 
lation 

School 
Popu - 
lation School Private Total 

Bath .. 9 6 15 69,240 0.21 7,800 1.28 

Bristol .. 417 337 754 -391,300 1.90 54,673 7.72 

Gloucestershire 55 34 89 329,346 0.27 53;501 1.03 

Somerset .. 93 65 '158 406,560 0.39 42,804 2.17 

Wiltshire .. 63 23 86 308,950 0.27 44,398 1.5 

These figures showed a very striking difference . in the 
incidence of the disease in Bristol and in the surrounding 
counties. That this was not entirely due to the difference 
between rural and urban conditions was proved by the 
low incidence of the disease in Swindon and Bath (0.20 
and 0.21 per 1,000 of the population respectively). A 
close study of the housing conditions showed that damp- 
ness of the house had very slight . if any effect on the 
incidence of rheumatic heart disease. Defective light and 
sunlight and a low -lying site were present slightly - more 
often in the rheumatic houses than in the controls. 
Finally, the rheumatic families were found to be over- 
crowded slightly more frequently than the controls (Bristol 
3.5 per cent., Bath 6.7 per cent., Gloucestershire 3.7 per 
cent., Somersetshire 0.1 per cent., Wiltshire 10 per cent.; 
and Swindon 21.1 per cent. The number of cases in- 
vestigated in Swindon was perhaps too small to be of 
any significance.). It was concluded that the influence of 
the various factors studied was too slight to be of any 
serious importance in the aetiology of the disease. 

A More Detailed Investigation for the City of Bristol 

The very high incidence of the disease in Bristol re- 
vealed by this investigation prompted a further study of 
the distribution of the cases within the city itself. For 
this purpose a spot map of all the cases was prepared by 
the school medical department. This showed little except 
that the cases tended to occur for the most part in the 
more populous and poorer quarters of the city. The 
incidence of rheumatic heart disease in the city wards 
was next determined and the incidence per 100,000 of the 
population calculated for each ward. This showed 
(Table II) that there was a greater variation in the inci- 
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dence of the disease within the city itself than between 
the city and the surrounding counties. The city wards 
are far from ideal units, varying as they do considerably 
in size, each ward also containing several very different 
types of dwelling. .However, these were the only units 
on which any information as to the size of the population 
was available. For control purposes the incidence of 
scarlet fever was determined for each of these wards over 
the same period of time, and it was found that the differ- 
ences between the wards were very much smaller than 
those for rheumatism. It was further shown that there 
was no parallel between the scarlet fever incidence and 
that of acute rheumatism. It is now well recognized that 
infection with a haemolytic streptococcus is a very im- 
portant factor in the production of acute rheumatism 
and of rheumatic relapses, and it was felt that if the 
streptococcal infection was the all- important deciding 
factor then the incidence of scarlet fever should vary 
in much the same way as that of rheumatism. However, 
this was obviously not so, and the actual figures support 
the clinical impression that streptococcal sore throats are 
quite common in all parts of the city. All the other in- 
formation with regard to the city wards that was avail- 
able was studied, and it was found that there was no 
correlation between any of these facts and the incidence 
of rheumatic carditis with the exception of density of 
population expressed as persons per room. 

A Statistical Examination of the Results 

Table II shows the results for the twenty -three wards, 
giving population, density of persons per room, number 
of cases of rheumatic heart disease, and incidence per 
100,000. It should be explained that the figures for 
population and density were estimated by simple propor- 
tion from the Census figures for 1921 and 1931. In 
addition the table shows the number of cases of scarlet 
fever occurring in each ward and the incidence per 10,000 
population. The wards are arranged in ascending order 
of density of population. 

The computations involved in the investigation of the 
relations revealed by Table II are presented below in 
some detail, as it was considered desirable that those 
who may wish to examine them critically should have 
sufficient data presented for this to be possible. The 
conclusions are, however, very simple ; and it is of course 
quite unnecessary to follow the steps of the calculations 
in order to appreciate them. Nevertheless, the meaning 
of the important operations is explained, so that it is 
hoped that those who are unfamiliar with statistical 
methods will be able to follow the rationale of the pro- 
cedure should they wish to do so. 
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TABLE II.- Rheumatic Heart Disease and Scarlet Fever 
in the Twenty -three Bristol City Wards During the 

Three -Year Period 1927 -30 

Population 
Density of 

Persons per 
Room x 100 

Rheumatic Heart Disease Scarlet Fever 

No. of 
Cases 

Incidence 
per 100,000 

No. of 
Cases 

Incidence 
per 10,000 

13,426 55 2 15 88 66 

8,222 58 3 36 56 68 

11,389 68 15 132 85 75 

9,280 69 13 140 55 59 

17,062 70 18 105 128 75 

22,966 71 16 70 149 65 

25,173 74 30 119 251 100 

26,650 75 65 244 296 111 

32,693 79 35 107 3X,90 119 

17,903 85 39 218 156 87 

21,299 - 86 35 164 190 89 

9,790 87 18 184 74 76 

25,816 90 56 217 257 100 

20,016 93 46 230 154 77 

25,846 94 87 337 208 80 

1,079 94 3 278 12 111 

21,366 97 52 243 191 89 

15,513 98 43 277 130 84 

6,982 102 27 387 56 80 

16,039 103 35 218 107 67 

20,702 103 49 237 175 85 

3,177 104 9 283 19 60 

17,864 107 58 325 174 97 

390,253 - 754 193 3,401 87 

The most important relation to investigate is that 
between the density of persons per room and the inci- 
dence of rheumatic heart disease. The incidence in the 
various wards shows- a certain variability, and this can be 
divided into two portions, the first being that part of the 
variability that is associated with the density of persons 
per room and the second part the remaining variability 
that might be presumed to exist among wards between 
which there was no difference in average density of 
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population. It is clear that a comparison of these two 
portions will give a measure of the importance of the 
association for the wards of this particular city during 
the period under review. 

The fundamental equation (or rather identity, for it is 
true for all values of the symbols) is as follows : 

i 
Sw(h- h)2 =Sw (h- h)- b(d -a) 

2 S2f 
w(d -71)h} 

Sw(d -d)2 

w represents the number of rooms in a ward, d the 
density of persons per room, and h the incidence of 
rheumatic heart disease. The meaning of b (the regres- 
sion coefficient) is explained later. 

The first term is the sum of the squares of the devia- 
tions of incidences from the weighted mean incidence h, 
each being multiplied by a figure proportional to the 
number of rooms in the ward : it is a measure of the 
variability between wards in the incidence of rheumatic 
heart disease. The third term is a measure of that part 
of the variability of incidences that may be regarded as 
dependent upon the density of persons per room and 
that would be eliminated if the density were fixed. The 
second term, therefore, is the variability that would still 
remain if the density of persons per room were constant. 

The introduction of w, the number of rooms in a 
ward, is necessary because the wards are of very unequal 
size, and, of course, the evidence contributed by a large 
ward is of more value than that contributed by a small 
one. The figures are therefore weighted throughout by 
multiplying by numbers proportional to the number of 
rooms in the ward. 

Precisely the same analysis applies to the two other 
investigations that are of importance -namely, the asso- 
ciation between the incidence of scarlet fever and the 
density of persons per room ; and, secondly, the associa- 
tion between the incidences of rheumatic fever and of 
scarlet fever. 

Persons per Room and the Incidence of Rheumatic 
Heart Disease 

Table III shows the results of the analysis of the three 
associations. Considering first the association between in- 
cidence of rheumatic heart disease and density of persons 
per room, the total variability between wards is the first 
term of the equation. The variability due to linear 
regression, the third term in the equation, is that portion 
of the variability due to the association with density of 
persons per room. The remainder, the second term in 
the equation, is the variability remaining at fixed density. 
The meaning of the term " degrees of freedom " may be 
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indicated by a comparison. In the case of a total we 
divide by the number of observations in order to obtain 
the average. A figure representing variability may also 
be regarded as the sum of a number of " observations." 
In comparing variabilities, therefore, each is first divided 
by an appropriate number, called the degree of freedom, 
and the mean square deviation, or variance, is thus 
obtained. 

TALE III 

(a) Regression of Incidence of Rheumatic Heart Disease on 
Density of Persons per Room 

Regression coefficient = 5.52860 ± 0.77377. 
Correlation coefficient = 0:8417 

Variation in Incidence 
due to 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Linear regression .. .. .. 1 132591 132591 

Remainder .. .. .. .. 21 54541 2597 

Total .. .. .. .. 22 187132 - 
(b) Regression of Incidence of Scarlet Fever on Density of 

Persons per Room 
Regression coefficient = 0.16963 ± 0.26567 
Correlation coefficient = 0.1380 

Variation in Incidence 
due to 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Linear regression .. .. .. 1 125 125 

Remainder .. .. .. .. 21 6429 306 

Total .. .. .. .. 22 6554 - 
(c) Regression of Incidence of Rheumatic Heart Disease on 

Incidence of Scarlet Fever 

Regression coefficient = 1.01795 ± 1.14465 
Correlation coefficient = 0.1905 

Variation in Incidence of 
Rheumatic Heart Disease due to 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Linear regression .. .. .. 1 6792 6792 

Remainder .. .. 21 180340 8588 

Total .. .. .. .. 22 187132 
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In the case of the association between the incidence of 
rheumatic heart disease and the density of persons per 
room, we see from Table III that the equation becomes 

187132 = 54541 + 132591 
132591 _ 187132 = 0.71, so that we can say that no less 
than 71 per cent. of the total variability in incidence is 
accounted for by the association with density of persons 
per room. In the city of Bristol, therefore, if the mean 
density per ward could be fixed we should expect the 
variability in incidence between wards to be reduced to 
rather less than one -third of its former value. 

The association is highly significant. This can be tested 
by comparing the values given for the mean squares in 
the table, the mean squares being simply the second and 
third terms of the equation, each divided by the appro- 
priate number of degrees of freedom. Half the differ- 
ence between the natural logarithms gives " z," and refer- 
ence to the table of z in Fisher's Statistical Methods 
(1934) shows that a difference of this size would be 
expected by chance far less often than once in a hundred 
trials. 

The regression coefficient (b in the equation) measures 
the rate of increase of incidence as density rises. b 
5.5 ; so we may say, in more convenient units, that on 
the average the incidence of rheumatic heart disease 
rises by 55 per 100,000 for each increase of 0.1 in the 
density of persons per room. b is 7.1 times its standard 
error, and thus differs very significantly from zero. This 
is another way of arriving at the result given in the last 
paragraph. 

It is possible to go further than the statement that the 
association is highly significant. We can estimate the 
likelihood (fiducial probability) that the magnitude of the 
association is not less than certain predetermined amounts. 
From the values given in Table III the chance is one in 
twenty that less than 48 per cent. of the total variability 
in incidence is accounted for by the association with 
density, and only one in a hundred that it is less than 
37 per cent. 

Fig. 3 gives a graphic representation of the association, 
and the regression line is also shown. The size of the 
circles is proportional to the number of rooms in each 
ward. 

The regression line is the best fitting straight line, and, 
as has been pointed out above, 71 per cent. of the 
variability in incidence is thus accounted for. It may 
be asked, however, whether a more complex curve might 
not fit the data better and show an increased association 
between the two variables. It was immediately clear, by 
inspection, that a logarithmic curve would not secure an 
improved fit, but it seemed worth while finding whether 
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the introduction of higher powers of the density might 
not do so. Introducing the square of the density as a 
second independent variant the multiple regression ex- 
pression gave no significant improvement in fit. Thus 
there seems to be no reason for supposing that a straight 
line does not adequately represent the association of the 
variables. This is an important conclusion, for it indi- 
cates that the relation is of the simplest description. On 
the average the incidence of rheumatic heart disease per 
ward rises steadily in a linear manner as the density of 
persons per room increases. 

Persons per Room and the Incidence of Scarlet Fever 

The second part of Table III shows the association 
between the incidence of scarlet fever and the density of 
persons per room. There is no significant association at 
all. The equation is 

6554 = 6429 + 125 
Dividing the remainder, the second term, by 21, the 
available degrees of freedom, the mean square is seen to 
be 306. This actually exceeds the figure representing 
the association, which is only 125. The lack of signi- 
ficant association is indicated in another way, for the 
regression coefficient is smaller than its standard error. 
It is clear, therefore, that the variability between wards 
in the incidence of scarlet fever is not associated with 
the density of persons per room. 

It will be noted that Table II shows that the variability 
in the incidence of scarlet fever is much less than in the 
case of rheumatic heart disease, but there are, however, 
quite considerable differences between wards. It is of 
some interest, therefore, to ask a further question. Does 
the figure for the whole city represent a uniform incidence, 
the differences between the wards being only chance 
fluctuations? This question may be answered by apply- 
ing a test of homogeneity. 

Using the figures given in Table II for the number of 
cases of scarlet fever in each ward and for the estimated 
population of the ward, a 2 x n comparison gives 

f = 122.801 

There are twenty -two available degrees of freedom, so 
the likelihood that the differences between wards are 
due to chance fluctuations is much less than one in a 
hundred. The difference between wards is therefore too 
great to be ascribed to chance, although, as already pointed 
out, none of it is accounted for by association with 
density. The map showing the distribution of incidences 
of scarlet fever suggests another explanation. During so 
short a period as three years it is to be expected that 
epidemics will occur unequally in different portions of 



12 

the city, and so some wards will be more affected than 
others. The map does appear to indicate that there is 
a tendency for adjacent wards to show similar incidences. 

The Incidence of Rheumatic Heart Disease and the 
Incidence of Scarlet Fever 

The third portion of Table III may be briefly dismissed. 
There is no significant association between the incidence 
of rheumatic heart disease and that of scarlet fever. The 
equation is 

187132 = 180340 + 6792 

Dividing the remainder by the twenty -one degrees of 
freedom, we obtain 8588, which is larger than the figure 
representing the association. The regression coefficient 
is again less than its standard error. 

Discussion 

It may be concluded that there is a significant and 
large association between the proportion of cases of 
rheumatic heart disease occurring in a ward during this 
three -year period and the density of persons per room 
in the ward. On the other hand, the occurrence of cases 
of scarlet fever during the same period shows no such 
association. The control finding makes it possible to 
dismiss at once one factor that otherwise might have 
been held to be affecting the rheumatism figures. There is 
no doubt that the age distribution of the population 
differs in the different wards, and that the poorer ones 
with higher densities of population have a higher propor- 
tion of children, and thus of persons of susceptible age. 
If this factor were of importance, however, it should have 
an influence on the scarlet fever figures also, so it may 
be concluded that the effect of this factor is at best 
slight -too slight to make any significant impression on 
the results. 

Density of persons per room is obviously an expression 
of many other things besides overcrowding -for instance, 
it must be a fairly accurate index of the degree of poverty. 
It is interesting to note, however, that Dudley (1926) 
showed that, on a training -ship, pneumonia, sore throats, 
and acute rheumatism were all greatly increased with 
overcrowded sleeping quarters. With regard to poverty 
and all that it stands for, Glover (1930) is of the opinion 
that the incidence of acute rheumatism is directly related 
to poverty and bad housing. On the other hand the 
investigation into social conditions and acute rheumatism 
conducted by the Child Life Committee of the Medical 
Research Council (1927) has been held to show that the 
incidence of rheumatism is greatest not among the very 
poor and destitute but among the artisan class. This 
study also showed that there was no evidence for over- 
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crowding as an aetiological factor in rheumatic carditis, 
but it must be remembered that the control families were 
all drawn from hospital patients, among whom acute 
rheumatism was likely to occur. 

With regard to the present investigation caution is 
necessary in interpreting the findings given above. In the 
first place there is no indication that it is the physical 
factor of overcrowding that is responsible for increased 
incidence. As has been pointed out, overcrowding in a 
ward is obviously associated with many other social factors 
-undernutrition, poor clothing, crowded sleeping quarters, 
etc. -and it would be perfectly open to anyone to argue 
that it might be any or several of these other factors that 
stand in causal relation to the incidence of rheumatic 
heart disease. It might even be argued that the persons 
tending to live in overcrowded wards were those with 
an inherited or acquired susceptibility to acute rheumatism, 
though the well -known fact that acute rheumatism is rare 
under institutional conditions of various kinds makes such 
a hypothesis very unlikely as a complete explanation. 

More broadly, it is impossible to argue from observed 
associations to actual causation. The results of this in- 
-vestigation show no less and no more than has already 
been stated -namely, that in a given city (with a high 
incidence of rheumatic heart disease), during a given 
period, the proportion of cases occurring in different 
wards showed a close association with the average 
number of persons per room in those wards, and that 
control observations on scarlet fever showed no signi- 
ficant association. For instance, it could not be deduced 
from these results that a similar association would neces- 
sarily be found in other areas ; nor that the association 
would be found if the total incidence were much lower ; 

nor that a substantial improvement in social conditions 
would greatly reduce the incidence of the disease. These 
and other hypotheses might be legitimate speculations, and 
might be regarded as likely to be true (especially the last), 
but they are uncertain inferences that require the intro- 
duction of assumptions in addition to a knowledge of the 
mere observed association. As in all other cases, an 
observed association is the starting -point and not the end 
of research ; and it is to be hoped that researches de- 
signed to investigate such relations as that revealed in 
this paper may be fruitful in elucidating the aetiology of 
rheumatic heart disease and in discovering means for its 
prevention. 

Summary 

1. In 1931 a report was published on the incidence of 
rheumatic heart disease in childhood in Gloucestershire, 
Somersetshire, and Wiltshire. A more detailed analysis is 
now presented of the figures for the city of Bristol. 



14 

2. There was a large and highly significant association 
between the density of persons per room in the various 
city wards and the incidence of rheumatic heart disease 
in these wards. The correlation coefficient was 0.84. 

3. A control investigation of the incidence of scarlet 
fever showed no such association ; neither was there any 
significant correlation between the incidences of rheum- 
atic heart disease and of scarlet fever. 
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In dealing with a living organism, for example man, a 
great deal of what concerns us depends on the differences 
between individuals. We are interested in the reasons for the 
difference between tall and short individuals, normal and 
colour -blind, those who get pneumonia and those who do not. 

It is a truism to say that any difference must be the result 
of the interaction of heredity and environment. An animal 
without a heredity is as unthinkable as one without an environ- 
ment, and when a developmental difference is being con- 
sidered, the result depends on the expression of inborn 
hereditary potentialities under the impact of environmental 
stimuli. Similarly the reaction of an organism to a particular 
influence at any time will depend, not only upon the nature 
of that influence, but also upon what the organism is as a 
result of its hereditary constitution and its previous pre -natal 
and post -natal life- history. 

While, however, it is true that heredity and environment 
are co- operating in every case, it may be found in a particular 
instance that for practical purposes the difference is effectively 
determined wholly by one or wholly by the other; or, much 
more commonly, by both, though there may be a difference 
in relative importance. For example, eye -colour, or blood - 
groups, are effectively determined solely by heredity. What 
is meant by this is that although these genetic potentialities 
are being expressed in an environment that is free to vary in 
a host of ways, no variation that has yet been discovered, 
compatible with life, is able to affect the end- result. 

* Annual address read to the Newcastle and Northern Counties Medical 
Society, December 2nd, 1937. 
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It is more difficult to choose an example of a difference 
effectively determined by environment alone. It is quite possible, 
however, to imagine that, in certain instances, whether a person 
will contract a particular disease or not might depend entirely, 
or almost entirely, upon whether he receives a sufficiently 
massive infection, and, in the second place upon the state of 
his defence mechanisms, these being in our imaginary instance 
independent, or almost independent, of his genetic con- 
stitution. It is probable, however, that most infections, any - 
way, do not behave like this, and that genetic constitution 
will usually be found to play some part. 

Genetic differences between individuals are due to the 
factors or genes that are carried upon the chromosomes. 
Although it is only at certain stages that the chromosomes 
can be distinguished under the microscope, it is known that 
they are there at other times also, and that they preserve their 
individuality as the cell -generations succeed each other. In 
a given species each cell- nucleus contains a characteristic 
number of chromosome pairs; in man the number is 24. 

We shall naturally obtain the - clearest picture of what is 

happening to the chromosomes and to the genetic factors they 
carry if we study, in the first instance, those cases in which 
environmental differences play no effective part, and so we 
come to simple single- factor inheritance- simple Mendelism. 

I do not know whether any of you have been puzzled at 
times by Mendelian ratios. I certainly was when - I com- 
menced to study genetics -and for some time afterwards. The 
ratios may .appear arbitrary, or the reader may master them 
upon one occasion only to find sometime later that he has 
forgotten them again. - Suppose the following question is 

' suddenly asked -given that ordinary colour -blindness is a sex - 
linked recessive, what types of offspring, and in what pro- 
portions, would result from matings between colour -blind 
men and carrier- women -how many people, even with a fair 
acquaintance with the subject, could give the answer straight 
off, or work it out quickly in their heads. 

What I want to show is that if one remembers the facts of 
cell- division one need not remember any ratios, but instead 

116 



THE PLACE OF GENETICS IN THE PRACTICE OF MEDICINE 

one can immediately work out the result of any mating. So 
I hope that you will forgive me if to begin with I remind you 
of some very elementary facts. 

Each ordinary human body -cell contains 24 pairs of 
chromosomes, and each time it divides the chromosomes all 
split longitudinally so that each daughter cell contains the 

PARENTS 

GAMETES 

OFFSPRING 

FIG. I.- Cllromosonles in reduction division and fertilization. 

same 24 pairs. When, however, the gametes, the ovum and 
the spermatozoon are formed, a division of a special type 
occurs; this is called the reduction division, in which the 
members of each pair separate, so that each gamete contains 
only 24 single chromosomes, one member of each pair. When 
fertilization takes place, the corresponding single chromo- 
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somes derived from the two parents respectively, pair up 
again, once more restoring the full somatic number of 48, 
24 pairs. Diagram t shows the behaviour of a single pair. 

AFFECTED NORMAL 

AFFECTED NORMAL 

FiG. 2.- Dominant inheritance. Affected x Normal. 

PARENTS 

GAMETES 

OFFSPRING 

A hereditary factor or gene is carried on a chromosome at 
particular point along its length, and as the chromosomes are 
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paired, each hereditary character depends upon a pair of factors 
carried upon a pair of chromosomes. 

Let us take Osler's disease, multiple telangiectasia, as an 
example. 

An affected person carries the corresponding gene upon one 
of the chromosomes of a particular pair. Although the other 
chromosome carries the corresponding " normal " gene, the 
person is affected because the condition behaves as a dominant. 
This simply means that if one chromosome only carries the 
abnormal factor, it is expressed whether the other one carries 
it or not. 

When the affected individual forms his or her gametes, the 
chromosomes composing this particular pair separate and so 
two sorts of gametes are formed in equal numbers. Half the 

FIG. 3.- Pedigree of dominant Epidermolysis Bullosa Dystrophica. 

gametes contain the chromosome bearing the abnormal factor, 
half that bearing the normal factor. If the affected person 
marries someone not affected by Osler's disease, as will almost 
invariably happen, there is an equal chance that an abnormal 
gamete or a normal gamete will unite with one carrying the 
normal factor. The result will be, on the average, that half 
the offspring will be affected and half normal. 

Here is a pedigree of epidermolysis bullosa, inherited in 
this case as a dominant. The very simple consequences of 
dominant inheritance are clearly shown. Each affected person 
has an affected parent, because no one can carry the con- 
dition in a hidden form without exhibiting it. Affected 
persons have affected and normal offspring in roughly equal 
proportions. 
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If we were conducting a laboratory experiment we should 
of course immediately mate affected to affected, but in a human 
population this will practically never occur, for these simply 
inherited abnormalities, though numerous in the aggregate, 
are individually rare. Still, it will be useful to consider what 
would happen if such a mating were made. 

AFFECTED AFFECTED AFFECTED NORMAL 

FIG. 4.- Dominant inheritance. Affected x Affected. 

PARENTS 

GAMETES 

OFFSPRING 

Here we see that both affected individuals will produce 
two sorts of gametes in equal numbers, those with, and those 
without, the abnormal factor. The result, then, upon the 
average, will be three affected to one normal, the familiar 
3 :1 ratio. 

The three affected individuals are not the same, however ; 

two are like the parents, and will themselves give a i : i ratio 
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if mated to normals, or a 3 :I ratio again, if mated to indi- 
viduals like themselves. The other carries the abnormal factor 
on both chromosomes of the pair. It is easy to see that such 
an individual can only form one kind of gamete, for all will 
carry the factor. Mated to a normal, therefore, all the off- 
spring would be affected. 

Affected individuals with the abnormal factor on both 
chromosomes will be very rare or quite unknown in practice, 
for they can only appear if two affected persons marry. We 
cannot say therefore that such a person might not exhibit the 
trait in a more extreme form. In the case of brachyphalany 
there is evidence that a person with two abnormal factors is 
grossly deformed. 

It is true that in the ordinary pedigree each affected person 
has an affected parent, but the defect must have arisen in that 
family at some time. The abnormal factor arises de novo by 
the process called mutation, the causes of which are unknown 
except that radium and X -rays increase its frequency. In the 
case of rare defects, the mutation rate may be appreciable in 
comparison with the total incidence, so pedigrees will be found 
in which affected children are born of normal parents and the 
trait is thereafter handed on in the usual regular way. An 
apparently sporadic case may be encountered of a condition 
usually inherited as a dominant. The genetic probabilities 
can then only be estimated from a knowledge of the literature. 

Apart from the occurrence of mutation, a pedigree showing 
simple dominant inheritance is highly characteristic. As long 
as we are dealing with, for example, a rare structural 
abnormality, and see that direct transmission has occurred 
through three or more generations ; if also each affected person 
has an affected parent and if affected persons have affected 
and normal offspring in approximately equal proportions, we 
can be certain about the type of inheritance, even if this is 
the only instance known to us. In the case of alkaptonuria, 
one pedigree only of this kind has ever been reported. In 
all other instances alkaptonuria is inherited as a recessive, but 
in spite of this, we can say, with confidence, that the gene is 
a different one in this particular family, although it has pro- 
duced an end- result indistinguishable from the others. 
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Let us now consider recessive inheritance. In principle 
the only difference is a very simple one. The abnormal gene, 
present on one member of the chromosome pair only, produces 
no effect, because it is recessive to the normal gene, which is 
dominant. An affected individual can only appear if both 
chromosomes carry the abnormal factor. Simple though this 

FIG. 5.- Recessive inheritance. Carrier x Carrier. 
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difference is in principle, the effect as it may be observed in 
a . human population is totally different from the effect of a 
dominant gene. Let us take albinism as an example. 

In order that an albino may appear as the child of normal 
parents it is necessary that both parents shall carry the 
abnormal factor. They will only carry one each and so will 
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themselves be normal in appearance. Each produces gametes 
of two kinds and the possibilities are shown in the diagram. 
On the average one child in four will be an albino. 

AFFECTED CARRIER 

AFFECTED CARRIER 

6.- Recessive inheritance. Affected X Carrier: 

PARENTS 

GAMETES 

OFFSPRING 

An albino mated to a normal will give nothing but normal 
offspring, though all will be carriers. 

An albino mated to a carrier will give half normals and 
half carriers. An albino mated to an albino can give nothing 
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but albinos, provided the factor concerned is the same, for 
both can only produce gametes containing the chromosome 
bearing the factor. 

The consequences in. a human population of recessive 
inheritance are quite different from those of other types. First 
of all, the great majority of affected will be born as the result 
of matings of carriers who are normal in appearance, and the 
expected proportion is one in four. It is impossible to demon- 
strate this ratio from a single family, arid so pooled results 
for many families must be considered. This introduces com- 
plications and at present an extensive mathematical literature is 
growing that deals with methods for detecting with precision 
this type of inheritance. 

Another consequence is that, if the condition is rare, as 
almost all such things are, the chance of a carrier marrying 
another carrier is -small, but is much greater if a carrier 
marries a cousin. A considerable proportion of albinos there- 
fore, actually abóut 15 per cent., are the offspring of first 
cousins. The proportion of affected whose parents are cousins 
depends upon the rarity of the condition. In the case of an 
extremely rare condition like alkaptonuria about 4o per cent. 
of the parents are cousins. 

Further, it is easy to see that the chance of an albino 
marrying a carrier is very small, so that the great majority of 
albinos will have only normal children. 

A recessive factor may thus be handed down for many 
generations without ever showing itself, for only when a 
carrier happens to marry another carrier can it appear. 

Recessive inheritance therefore can never, or hardly ever, 
be deduced with any certainty from a single pedigree. The 
points mentioned, a cousin marriage possibly, and a familial 
incidence, that is, more than one child affected, may make it 
likely, but it would be difficult to pronounce an opinion with- 
out a knowledge of the literature. 

The third and last type of single factor inheritance is sex - 
linked inheritance. 

Here again the results of any possible mating can be 
worked out in a moment if the behaviour of the sex- chromo- 
somes in cell -division is recalled. The female possesses one 
particular pair of chromosomes called the X- chromosomes. 
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The male on the other hand possesses an unequal pair, one 
chromosome being an X, as in the case of the female, the other, 
the Y, being smaller. The female therefore produces gametes 
all of which contain an X- chromosome, while the male pro- 
duces two sorts of sperm in approximately equal numbers, 

d 9 
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GAMETES 

OFFSPRING 

FIG. 7. -Sex chromosomes in reduction division and fertilization. 

X- bearing and Y- bearing respectively. If an X- bearing sperm 
fertilizes the ovum the result is XX, a female; if a Y- bearing 
sperm does so the result is XY, a male. This is, of course, 
the basis of sex -determination. 
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The X- chromosomes carry genetic factors just like other 
chromosomes, but in ordinary cases the Y does not. In the 
male therefore a sex -linked factor -one. carried upon the X- 
chromosome -is single and has no opposite number on the Y. 
If a male bears the factor for hæmophilia on his X- chromo- 

d 9 

9 9 
CARRIER NORMAL AFFECTED NORMAL 
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FIG. 8. -Sex -linked inheritance. Normal male X Carrier female. 

some, he is a hæmophilic, if he does not, he is normal. He 
cannot be a carrier, as of course the female can. 

The carrier female produces two sorts of gametes, one con- 
taining an X- chromosome bearing the abnormal factor, the 
other an X- chromosome bearing the normal factor. A normal 
male produces two sorts of sperm, bearing an X and a Y- 
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chromosome respectively. There are thus four possibilities 
as regards the offspring and the result of such matings is 
affected and normal males in equal proportions. In the case of 
the females, all appear normal, but half are carriers like their 
mother. This is the common type of mating found in 
pedigrees of such conditions as hæmophilia, ordinary colour - 
blindness, Leber's optic atrophy, and so forth. 

This pedigree shows microphthalmia inherited in this way, 
the only undoubted case on record. The type of inheritance 
is clearly illustrated. Only males are affected : females having 
affected sons may have normal sons also. The sisters of 
affected males may themselves have affected sons, or equally 
often such sisters have only normal offspring. 

So, just as in the case of dominant inheritance, a single 
pedigree can be conclusive (apart from the very unlikely 
possibility of simple dominance with complete limitation to 
the male sex). 

We are now ready to see whether in the case of an ordinary 
recessive sex -linked defect, it is possible to get affected females. 
At the same time, having followed the behaviour of the 
chromosomes up to this point we are ready to answer the test 
question propounded earlier, namely, whether from a know- 
ledge of chromosome behaviour in cell- division, and without 
remembering any ratios, we can state the results of a mating 
between an affected male and a carrier female. 

Once again there are four possibilities and the result will 
be, on the average, affected males, normal- males, affected 
females and carrier females in equal proportions. It is per- 
fectly possible, therefore, to get an affected female, but if the 
condition is very rare, the mating of an affected male and a 
carrier female is naturally an extremely rare event. Actually 
in the case of haemophilia, there is good evidence that the 
affected female does not appear, even in appropriate matings. 
Two doses of the- factor are incompatible with life. In the 
case of colour -blindness, however, a comparatively common 
condition, affected females can readily be found, though they 
are much less common than colour -blind males. 

T have dwelt at some length on simple single factor in- 
heritance, effectively independent of environmental differences, 
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because it gives us a picture of the behaviour of the chromo- 
somes and of the genes they bear. A dominant or sex -linked 
pedigree particularly reveals this behaviour to us as clearly 
as if we could see the evolution of the chromosomes them- 
selves, dividing, separating, uniting ; and could see at points 

AFFECTED CARRIER AFFECTED NORMAL 
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FIG. to.-Sex-linked inheritance. Affected male X Carrier female. 

upon their length the genes that determine whether each 
individual shall stiffer or not from an inherited defect. 

Even very simple cases may have their complications, and 
for this reason alone no pedigrees are unworthy of study and 
record. I will mention only one or two such complications. 
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Congenital stationary night blindness may be inherited as 
a dominant, a recessive, a sex- linked character, or may not 
be inherited at all. This is true of many others. Clearly one 
clinical entity may be the result of the indistinguishable effect 
of any one of several factors. The practitioner confronted 
with an instance of a hereditary defect cannot simply say - 
brachydactyly- simple dominant -it may not be so in his case 
-his may, perhaps, be the first case in which it is something 
else. 

Often in a dominant pedigree a defect will skip a genera- 
tion. This may be due to variability in the degree of the 
defect, actually overlapping normal limits. Or other genetic 
factors or environmental influences may, in some cases, prevent 
the defect from appearing. 

I have not time to mention some of the recent discoveries 
in single factor human genetics. Complicated methods are 
usually required and it would take almost the full time of this 
paper to deal with each one. But for those who are interested, 
there is Bell and Haldane's demonstration of genetic linkage 
between hmophilia and colour- blindness, and Haldane's 
discovery of partial sex- linkage. 

I want to turn now for a short while to more complicated 
examples, but though they may be complicated, though some 
genes in their action may modify the effect of others, though 
many genes may be concerned in the production of a single 
effect, though environmental influences may affect the expres- 
sion of _genes, may appear to suppress their effect altogether, 
though we may be, presented with problems of bewildering 
complexity to which we can only make a statistical or bio- 
metrical approach, underneath it all lies the orderly drill- of 
the chromosomes, as simple as in the simplest instance. 

It is common knowledge that stature in man appears to be 
largely an inherited trait- though certainly not a simple one. 
Actually it has been demonstrated that in an ordinary popula- 
tion, such as that of this country, where gross under- nutrition 
hardly occurs, heredity accounts for at least 90 per cent., or 
perhaps 95 per cent., of differences in stature. This is an 
example of inheritance determined by many genes all co- 
operating, and though we cannot sort out the effect of any one, 
it is possible by suitable mathematical technique to make a 
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useful analysis. Given figures for parents, an estimate of 
probabilities can be made for children and so forth. The 
fuller the knowledge available about relatives the better the 
estimate. In parenthesis, one might point out here that the 
common statement that the family history was positive in a 
given proportion of cases is not enough. The relationships 
and the numbers affected and unaffected of each kind are 
essential to useful analysis. It is probable that many other 
instances, for example, resistance to certain infections, fall 
into the same category as stature. 

There was, however, one reservation, and a very important 
one. The much greater effect of heredity was only true of a 
civilised population in which gross under -nutrition was very 
rare. But in a population living under very different con- 
ditions, the effect of nutrition might be very important indeed. 
We can even imagine conditions so bad that the level of 
nutrition might conceivably be more important than hereditary 
constitution. The important point is this, that when heredity 
and environment are both affecting the result, the relative con- 
tributions of each may be quite different in different circum- 
stances. 

For example in a modern civilised community whether a 
person contracts cholera or not depends above all upon the 
efficiency of public health measures. Yet in the midst of an 
outbreak in an uncivilised community, or even in a sudden 
and unexpected one in a civilised community, the striking fact 
may be that of a number of persons exposed to massive 
infection, only some will suffer and the resistance may be, in 
part, genetic. 

Before the discovery of vitamins there was a considerable 
literature on heredity and pellagra, and, in the absence of 
specific treatment, there is no doubt that heredity was a most 
important factor. As in other cases, once an effective specific 
treatment was discovered, no one bothered about heredity any 
more. The emphasis was completely altered. 

Tuberculosis is another example of a change in point of 
view, though of a different kind. Before the days of Koch 
much importance was attached to heredity as an ætiological 
factor. With the discovery of the bacillus there was a com- 
plete change in medical thought. Actually, however, specific 
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treatment has proved disappointing up to the present. What 
was discovered was that tuberculosis, pulmonary tuberculosis 
anyway, was largely controllable by general measures. Good 
food in adequate quantity, fresh air, an ordered regime, were 
found to be highly effective in checking the disease at an early 
stage. It therefore became not so much a question of infection 
as of the resistance of the individual to an infection that was 
almost universal. Mortality has fallen sharply, but, of course, 
still remains considerable. And now unmasked by the 
elimination of the relatively easily curable cases, we see 
emerging the hard core of the highly susceptible cases. Un- 
doubtedly much of this extreme susceptibility is genetic. And 
so we see an example of a disease in which relatively effective 
treatment reduces the total number of cases, but reveals 
heredity as a more and more important factor in the high 
susceptibility of the few. 

Heredity is recognised as an important element in the 
tiology of mental disease. Actually, though simple ratios can- 

not be demonstrated, manic -depressive insanity shows evidence 
of dominant inheritance and schizophrenia of recessive inherit- 
ance. One cannot help feeling, however, that the insistence 
on heredity is largely due to the inadequacy of treatment. If 
effective methods were available, the chromosomes and the 
genes would, of course, still be there and would behave in 
just the same way, but there would be the possibility of 
averting unfavourable effects or of arresting them at an early 
stage. 

High -grade mental deficiency, feeble- mindedness, is no 
more common than would be expected from the normal curve 
of general intelligence, a characteristic that may be regarded 
as varying like stature, and like it chiefly determined by a 
large number of genes. Modern conditions, however, prove 
too much for many of the mentally undersized. 

Low -grade defectives, idiots and imbeciles, are far more 
common than would be expected from the normal curve. The 
great majority are the result of pre -natal causes, quite a number 
possibly of simple Mendelian factors, others of non -genetic 
influences, or of a combination of both. 

I feel that I should apologise at this point for the very brief 
and summary way in which so many important topics have 
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been mentioned. So very much more might have been said 
about each one of them. My excuse must be that it seemed to 
be more useful to take a bird's -eye view of a whole field rather 
than to spend all one's time on the detailed discussion of a 
few points. 

I hardly feel that I need justify a knowledge of genetics as 
essential to the understanding of living processes, and in 
particular to the understanding of the causes of disease, and 
even to the prevention, the arrest, and the cure of disease. As 
we have seen, the recognition of an effective hereditary in- 
fluence is nothing negative, nothing that indicates that no 
more can be done, nothing that contra- indicates research and 
its application in therapeutics. 

It is to be expected that the practitioner will increasingly 
find himself helped by a knowledge of genetics in regard to 
a condition in general and in regard to the individual case 
in particular. To take a concrete instance, should it become 
increasingly the practice to carry out at intervals routine 
examinations, a knowledge of genetic possibilities -and possi- 
bilities in a particular case -should be of value to the prac- 
titioner. It warns him to be specially on the look -out for 
certain things -and it is to be hoped that the many researches 
now in progress will provide him with more and more detailed 
information to apply to his cases. If, for example, he knows 
that there is a specially increased risk of cancer of the stomach, 
and such families do occur, he might feel justified in adding 
special procedures to his routine examination. 

I do not want for a moment to overstress a specialism- 
but actually I do not admit that genetics is a specialism. It is 
an integral part of biology, essential to the study of living 
things, and only divorced in teaching at the moment because 
of certain technicalities. It should fall into its proper place 
in the teaching and practice of medicine. This has been fully 
recognised by the General Medical Council which has recently 
stressed the importance of the teaching of genetics in the 
biology course, and also in connection with anatomy and 
physiology. 

But in medicine such knowledge has to be applied and the 
student is not expected to make that application for himself. 
It is not expected that at a later stage when he is considering 
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malaria, the life - histories of the mosquito and of the parasite 
will leap to his mind with the vividness that should have been 
there at the time of the first M.B. examination. Genetics 
needs to be utilised in the teaching of clinical subjects in 
the final years and also in connection with public health. 
Possibly the silence of the General Medical Council about 
the teaching of genetics at any stage later than the second 
M.B. was due to the belief that it should automatically be 
included in clinical ward teaching.. I quite admit that this 
should be so, but I doubt if at present such a scheme works 
in practice. If for technical reasons the teaching of genetics 
is separated during the teaching of biology, the reasons for 
doing so are surely stronger in clinical medicine and surgery. 

Further, the appearance of good genetic teaching material 
in the wards is capricious. There, is more in out-patient 
departments, where time is more limited, and unquestionably 
the special departments, above all eyes and skins, get more 
than their fair share. Very tentatively I should like to suggest 
that at any teaching hospital it should be possible to arrange 
a few clinical lectures if the various physicians and surgeons 
would allow their cases to be borrowed for the purpose, and 
if to these were added cases specially asked to attend. 

A course of clinical lectures on these lines could be quite 
brief and would, I think, be better than just lectures without 
living illustrations. The student would be reminded of what 
he had already learnt and taught to apply it to his clinical 
studies, and would, I am sure, be helped to a better apprecia- 
tion of his subject, and afterwards, to the more understanding 
practice of his profession. 
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IF the population is classified in various 
ways, for example according to occupa- 
tion, or to intelligence, it is found that 

the rate of reproduction is very different in 
different groups. This whole question of 
differential fertility occupies, probably, more 
space in the EUGENICS REVIEW than any 
other topic ; and it is not very long since 
Dr. Cattell gave a lecture to the Society 
describing an investigation he had carried 
out on fertility and intelligence. However, 
I don't think that I need apologize for 
directing your attention once again to this 
familiar subject, for, if we, as members of the 
Eugenics Society, are apprehensive about the 
future, here is the reason ; if we are anxious 
to learn the results of scientific investiga- 
tions, to initiate researches, and to make 
that knowledge available to as wide an 
audience as possible, this is the main con- 
sideration we have in mind. In a word, the 
existence of differential fertility and the way 
it is operating at present, is, above all else, 
the reason for the existence of our Society. 
The need for vigilance is particularly great 
at the present time, for the perils of a 
declining population to this country and the 
Dominions are becoming widely realized. 
There will be an agitation for remedies, and 
it is to be feared that easy, politically 
popular methods will be advocated. For 
example, family allowances on a flat -rate 
basis, or something like a flat -rate basis, will 
probably be suggested, although the result 
of such measures, when they are not ineffec- 
tive, and therefore wasted, will undoubtedly 
be to hasten the decline in the population of 
those qualities which are universally valued, 
a decline that is taking place around us at 
the present time, and at no inconsiderable 
rate. 

I do not propose to give a general account 
in this paper, but to present the results of a 
particular investigation. As it is a familiar 

° A paper read before the Eugenics Society on 
October 18th, 1938. 

subject, it will be possible to present the 
results as a commentary upon some of the 
aspects of a thesis well known to you, with- 
out it being necessary to attempt the task, 
impossible in a single lecture, of dealing with 
the whole of that thesis. 

Ascertainment of a Representative Sample of 
School Children 
For several years the Burden Mental 

Research Trust, an organization that owes 
its existence to the generosity of Mrs. Burden 
of Clevedon Hall, Somerset, has been con- 
ducting an investigation on school children 
at the city of Bath. I am going to mention 
at once the feature that makes this series 
of studies different from most others -the 
attempt to secure a complete cross -section 
of the population. After a good deal of 
preliminary consideration and experiment 
we decided to try to ascertain, and give 
mental tests to, all the children whose homes 
were within the boundaries of the city of 
Bath on July 27th, 1934, and whose dates of 
birth fell between September 1st, 1921, and 
August 31st, 1925, inclusive. This gave us a 
group of about 3,40o children. 

The criteria were simple, but completing 
the list was far from simple. I doubt whether 
anyone who has not attempted a survey of 
this kind can imagine the troubles encoun- 
tered : and this in spite of the most willing 
co- operation of all concerned. At each school 
lists of children of the appropriate age were 
prepared from the registers, and a scheme 
of checking was applied to eliminate mis- 
takes in age as far as possible. Children 
whose homes were outside the city boundary 
had then to be omitted. And, of course, the 
corresponding fraction whose homes were 
within the city, but who attended schools 
in the surrounding county of Somerset, had 
to be discovered and included. Public and 
private schools also co- operated with only 
three exceptions. Finally, other small groups 
of children had to be added, for example 
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those at the orthopædic hospital, and 
physical and mental defectives. Naturally 
all sorts of difficulties arose in individual 
cases in deciding whether a child was a Bath 
child or not, for example in the case of 
children at residential institutions. Almost 
up to the present time our index has shown 
slight changes in totals and classification as 
further information has been obtained. Had 
anyone examined our index a few months 
ago and again to -day, they would have had 
to conclude that one child had not only come 
to life after having died, but that it had also 
mysteriously vanished. A child in the regis- 
ter at one school was reported to us as 
having died. It is true that at another school 
a child of the same name was tested, but the 
dates of birth were different, and the names 
were common ones. Years later it was dis- 
covered that the date of birth of the supposed 
dead child was really the same as the living 
tested one. Investigation showed that there 
was only one child. The mother, to escape 
temporary embarrassment, had informed the 
first school that the child was dead and had 
then sent it to another school. But I will not 
take up any more of your time with the 
details of this ascertainment. 

The first results I want to show you were 
published early this year, in conjunction 
with my colleagues Dr. Norman and Miss 
Griffiths, in the Annals of Eugenics (Studies 
on a Child Population : III. Intelligence 
and Family Size. Vol. 8. Pp. 178 -215. 1938). 
The presentation was, however, detailed and 
statistical, and it was thought that a less 
technical summary of the conclusions would 
be useful. The second part of this lecture 
gives additional results that have only just 
been worked out. 

Completeness of the Ascertainment and Mental 
Testing 
The completeness of the ascertainment is 

indicated by the following figures 
Children at schools co- operating, etc. 3,387 
Children at school permitting ascertainment 

only 
Estimate for two schools not co- operating 8 

4 

3,399 

Apart from this small loss, two other small 
groups of children have been unavoidably 
omitted. The first consists of a few children 
omitted because mistakes in date of birth 
would have led us to suppose that they did 
not fall into the group ; actually an indirect 
test showed that there were extremely few 
of these, and it is, in any case, a more or less 
random loss. The other group omitted is 
children attending schools remote from 
Bath. It is a small group, and was further 
reduced, because, at the relevant ages, many 
of these children were at the numerous pre- 
paratory schools at Bath, subsequently pro- 
ceeding to public schools elsewhere. Also, 
we approached a number of schools at 
Bristol, and in the Bath district generally, 
and so secured some more of this fraction. 

Of the 3,387 children ascertained and 
available, all except twenty -five received a 
mental test. The number of absentees was 
larger than it would otherwise have been 
because the children composing the youngest 
of the four age -groups were too young for the 
verbal group test, which was accordingly 
postponed for a year. During the interval 
a number of children left Bath and it proved 
impossible to trace and test all of them. The 
numbers tested and the number of absentees 
were as follows : 

Tested Absentees Total 
First three age -groups ... 2,590 9 2,599 
Fourth age -group ... ... 772 i6 788 

Total ... ... 3,362 25 3,387 

A considerable part of the loss, therefore, 
may be regarded as random. 

The reasons for the failure to test the 
twenty -five absentees were as follows : 

Left Bath ... ... ... ... ... 16 
Long absences from school till leaving -age was 

attained ... ... 
Deaths ... ... ... ... 
Revisit to private school refused 
Went to non -co- operating school 

5 
2 
I 
I 

25 

We have been sometimes asked whether 
the city of Bath might not have given a 
sample of children that would not be repre- 
sentative of the country generally. Actually 
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it has given a very good representative 
sample of an English urban population. The 
average Binet I.Q. is 99, which is exactly 
what would be expected, and the range of 
mental ability (a standard deviation of just 
over 15) is again exactly what it should be. 

Determination of Family Size 
There was an unavoidable, and consider- 

able, interval between the intelligence testing 
and the ascertainment of the family particu- 
lars. This meant that a number of children 
had left the city and, in many cases, could 
not be traced. Of the 3,362 children tested 
family particulars could not be obtained in 
56 cases. The reasons for this were : 

Left Bath and not traced 5r 
Deaths ... 3 
Went to non -co- operating school 2 

56 

105 

100 

95 

00 

ó 
85 

80 

75 

70 

65 

In addition one child was tested upon 
another scale and has been omitted from the 
calculations. There is left a group for 
analysis of 3,305 children. 

The mean intelligence (I.B.) of the missing 
56 children was 114 upon the Advanced Otis 
Scale, compared with ioo for the whole 
group. There does seem to be a tendency for 
migrants to show somewhat higher results 
upon the average. In any event the loss of 
these 56 children, largely a random one, 
could not affect the results. 

The figure taken for family size was the 
number of living full sibs (a sib, of course, 
means either a brother or a sister). Step -sibs 
were thus omitted. 

The intelligence test used was the 
Advanced Otis, and the figures used were 
those for the Index of Brightness, or I.B. 
The norms at various ages were determined, 
using our own group, as was fully explained 
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Sib number 
Fig. r. Regression of Otis I.B. on sib number. 

(Reproduced from the Annals of Eugenics, VIII, 2) 
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in the first paper in the series in the Annals 
of Eugenics (Vol. 6. Pp. 319 -38. 1935). 
The mean I.B. for the population is zoo. It 
may be helpful to those who are accustomed 
to thinking in terms of Binet I.Q. to point 
out that a difference from Ioo in I.B. corre- 
sponds roughly to half that difference in 
Binet I.Q. Thus an Otis I.B. of 120 corre- 
sponds roughly to a Binet I.Q. of Ho, and an 
I.B. of 7o to an I.Q. of 85. 

Relationship between Intelligence and Family 
Size for the Whole Group 
Fig. I shows along the horizontal line the 

40 
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accurate curve fitting shows that the rela- 
tionship can be adequately expressed by a 
straight line, and the best -fitting straight 
line is shown in the figure. As far as our 
numbers go, average intelligence falls evenly 
and steadily as the number of sibs increases. 

Fig. 2 shows the same figures the other 
way round. The children are divided into 
groups according to their intelligence and the 
corresponding average number of sibs shown 
for each group. The dullest children have, 
on the average, about 31 sibs, and there is a 
steady even fall as intelligence increases, the 
brightest children having only about i1 sibs. 

- 

0-19 1 40-59 Ì 80-99 f 120-139 I 160-179 200-219 I 

20-39 60-79 100-119 140-159 180-199 220-239 

Otis I.B. 

Fig. 2. Regression of sib number on Otis I.B. 
(Reproduced from the Annals of Eugenics, VIII, 2) 

number of living full sibs from o to 13 and 
corresponding to each group of specified sib 
number is shown the average I.B. 

There is a steady decline in intelligence as 
the number of sibs rises. The figures corre- 
sponding to 12 and 13 sibs appear to be rela- 
tively high, but they are based on very few 
children, only 6 and I respectively. Actually 

Once again, as far as our results go, a straight 
line fits the results adequately. Expressed 
as a correlation coefficient the figure for the 
association is -o 224. 

I am sure that it is hardly necessary to 
point out that the figures are averages. Of 
course some very bright children come from 
very large families and some very dull 
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Otis I.B. 

Fig. 3. The scatter of intelligence amongst children with various numbers of sibs. 

children are only children, but the opposite 
finding is more usual. Fig. 3 illustrates this 
point. 

The curve represented by the solid line 
shows the percentages of only children 
falling within different limits of intelligence. 
The other curves show the percentages in the 
case of children having 3, 6, and 9 or io sibs. 
Although children with 9 and with io sibs 
have been added together, this group is a 
small one, so the curve is rather irregular. 
The shift to the left as number of sibs 
increases is unmistakable, but there is, of 
course, much overlapping. 

Here are some figures for two special 
groups to be described later. In a group 
composed of the brightest children, 25 per 
cent. were only children ; but in a group of 
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the dullest children only 7 per cent. were 
only children. Thirty -three per cent. of 
the dullest children had six or more 
brothers and sisters. Only 4 per cent. of 
the brightest children had as many as 
this. 

The marked association between intelli- 
gence and infertility revealed in this investi- 
gation is rather greater than has been found 
in most previous studies. We may conclude 
therefore that special precautions to secure 
a good sample shows that the association is, 
if anything, bigger than has usually been 
thought. So far from imperfect selection of 
groups having magnified unduly the rapidity 
of the decline in intelligence in the popula- 
tion, such imperfections have obscured its 
full extent. 
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Possible Effect on the Result of the Nature of 
the Test Employed 
Let us turn to another criticism of some 

previous results. Verbal group tests have 
nearly always been used. Might this have 
introduced an extra social bias and so 
exaggerated the association ? We have a 
result that meets this criticism also. 1,271 
of the children were retested upon the 
individual Binet Scale ; this sub -sample was 
neither representative nor random, but 
examination of the figures shows that it can 
safely be used for a comparison of the two 
kinds of tests. I have not time to give the 
justification for this ; it is fully explained in 
the detailed paper in the Annals of Eugenics. 

The correlation coefficients, using the two 
tests on the same group of children, were as 
follows: 

Otis I.B. and No. of sibs -oz53 
Binet I.Q. and No. of sibs -o 234 

The closer association with Binet I.Q. is 
amply significant, so it may be concluded 
that so far from group tests artificially 
magnifying the estimates for the association, 
their lower accuracy as measures of general 
intelligence yield estimates that are slightly 
too low. So, once again, it is likely that 
criticisms of previous results are only valid 
in the sense that the association between 
intelligence and infertility may have been 
underestimated. 

Later in this lecture I will give some 
results showing that there is another con- 
sideration making it certain that the real 
association is considerably greater than can 
be revealed in any studies of the type so far 
discussed. 

A point of interest in passing is that 
American studies show that in the United 
States differential fertility is more marked 
than in this country. Here the correlation is 
found to be o 2 or rather higher, there o 3 or 
rather higher, so that the decline in fertility 
as intelligence increases is even more marked 
under American conditions. 

Sub -division of the Group according to Type 
of School 
A sub - division according to type of school 

shows the results given in Table I. 

TABLE I 

SUB- DIVISION ACCORDING TO TYPE OF SCHOOL 

No. 
Mean 
Otis 
I.B. 

Mean 
No. of 

sibs 
Correlation 
coefficient 

Secondary school 
scholarship 
(special place) ... 396 544 5.82 -o o69 

Central school ... 307 526 2.57 -0.072 
Private school ... 292 558 I.43 -o o96 
Senior school, etc. 2,292 86 2.92 -o I30 
Unclassified ... 58 - - - 

Total ... 3,305 Ioo 2.58 -0.224 

The general trend is unmistakable. It will 
be noted that all the smaller sub -groups 
show far smaller correlations than the group 
as a whole ; in fact the first three coefficients 
are not significant. This illustrates in another 
way the fact that unrepresentative samples 
would almost certainly indicate too low an 
association ; imperfect sampling could easily 
lead to too low an estimate for the associa- 
tion, but could hardly, in any conceivable 
case, yield too high an estimate. 

It is easy to see that a teacher at a senior 
elementary school might well conclude that 
the association was not particularly striking, 
but a teacher at a junior elementary school, 
containing children of all grades of intelli- 
gence, would have no illusions. Teachers at 
secondary schools, who were thinking of 
their own pupils only, might well conclude 
that there was no association at all. In the 
same way the personal contacts of most 
people are limited and reflection about that 
small circle only would be misleading ; it 
would be very unlikely to give anything like 
a true picture of the variation in the whole 
population, or what is happening to the 
population owing to differential fertility. 

The private school group shown in Table 
I is rather heterogeneous, so Table II shows a 
further division. 

The numbers are very small and could only 
justify tentative conclusions. The fee -payers 
at the secondary schools come from the 
smallest families of all, showing one of the 
economic advantages of belonging to a small 
family. 

Secondary and central school children 
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TABLE II 
FURTHER SUB- DIVISION OF PRIVATE SCHOOL GROUP 

No. 
Mean 
Otis 
I.B. 

Mean 
no. of 
sibs 

Correlation 
coefficient 

Non -special place 
children who sat 
scholarship exam. 36 120 I.28 -I-0.123 

Non -special place 
children who did 
not sit exam. ... 45 118 1.07 -o 133 

Grade A public and 
private schools ... 148 126 1.47 -o 032 

Grade B private 
schools ... 63 97 1.68 -o 166 

All private school 
children ... ... 292 118 I.43 -o o96 

All children ... 3,305 IOO 2.58 -o 224 

have fewer sibs than the average child, 
private school children far fewer. Is this 
reduced number just what would be expected 
from the association between intelligence and 
fertility, because, of course, if we select 
clever children we shall automatically select 
those with fewer sibs on the average ? A 
comparison is given in Table III. 

TABLE III 
COMPARISON BETWEEN OBSERVED AND EXPECTED 

MEAN NUMBER OF SIBS 

Observed Expected Difference 

Secondary school 
(special place) 1.82 I.96 -o 14 ±o I I 

Central school ... 2.17 2.21 -o 04±0.12 
Private schools 1.43 233 -o 90 ±o o9 

The results show that the number of sibs 
of the scholarship and central school children 
is just about what would be expected if they 
were selected on ability alone. They are 
groups of reduced fertility, but only to the 
extent that selection of clever children 
inevitably implies selection of children with 
few sibs. In this case of the private school 
children, however, the number of sibs is far 
lower than would be expected owing to their 
superiority in intelligence to the average for 
the whole population. 

Three Special Sub - groups 
The further results I want to present 

243 

concern three groups selected from the main 
group as follows : 

Group I. The 135 children securing the 
highest results on the Otis Scale, being 4 
per cent. of the whole group. (Retested 
later on the Binet Scale.) 

Group 2. A median group of 135 chil- 
dren. (Also retested later on the Binet 
Scale.) 

Group 3. A quarter of the whole group, 
those securing the lowest results on the 
Otis Scale, were retested on the Binet 
Scale. The 270 children with the lowest 
Binet I.Q's, being 8 per cent. of the whole 
group, form this sub -group. 

Much more detailed information is available 
about these children and their families than 
for the whole group of 3,400. It is only some 
of it that I am able to present to you, 
because these records have only just been 
completed. Actually some of the analyses 
were only made last week, so the results are 
almost as new to me as to you. And I must 
admit that I am surprised by some of them. 
Owing to the very short time available for 
preparation I trust that you will forgive the 
preliminary form in which the figures are 
given. 

First of all, it can be said at once that for 
our present purpose it did not prove helpful 
to sub -divide these groups further according 
to intelligence. In the case of the group 
composed of the dullest children this may 
seem surprising, because the lowest 8 per 
cent. of Binet I.Q's includes a considerable 
range of variation from the mentally defec- 
tive and very backward to those a good deal 
less backward. Actually, however, the num- 
ber of sibs is the same throughout this group. 
This raises a point of importance. Does 
fertility go on increasing right down to the 
lowest levels of intelligence, or does it cease 
to do so after reaching a certain point ? 

Fig. 2 almost suggested that it falls off, but 
our numbers are insufficient for a definite 
statement to be made. It is often asserted 
that mental defectives, or those upon the 
border -line of mental deficiency, form a 
group of specially high fertility as con- 
trasted with the rest of the population. This 
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is true in a sense, but is a misleading state- 
ment. The increase of fertility, or the 
decrease of fertility, is quite even from one 
end of the distribution of intelligence to the 
other. Or actually, if we accept the sugges- 
tion just put forward, the rate of increase of 
fertility may fall off at very low levels of 
intelligence. Thus the high fertility of the 
dullest may not exceed the average for the 
population by quite as much as the very low 
fertility of the most gifted falls short of it. 
In view of the imminent decline in the 
population of this country, it would be fairer 
to emphasize the infertility at one extreme 
even more than the high fertility at the 
other. 

Fertility of Mothers of Children of the Three 
Groups 
Let me give you first a general comparison 

between the three groups, the brightest, the 
average and the dullest. The information is 
much more detailed than for the whole group 
discussed hitherto, and it is now possible to 
take as the measure of fertility the number 
of children born to the mothers, including 
stillborn children and those who died prior 
to the collection of the information. Step - 
sibs on the mother's side are now, therefore, 
included. Table IV shows the average number 
of children born to mothers of the children 
falling into each group. As the mothers were 

TABLE IV 
AVERAGE NUMBER OF OFFSPRING OF MOTHERS OF 

CHILDREN IN THE THREE SPECIAL GROUPS 

Group i 
(brightest) 

Group 2 
(median) 

Group 3 
(dullest) 

Living* ... ... 1.70 2.78 3.72 
Dead ... ... 0.13 o.32 0' 53 
Stillborn... ... 0.03 0 Io 0.17 

Total ... 1.86 3.20 4'42 

* Propositi omitted. 

THE ABOVE FIGURES AS PROPORTIONS 

Group 1 Group 2 Group 3 

Living ... I. 0 I. 6 2. 2 
Dead ... ... 1.0 2.4 4.0 
Stillborn... ... Io 3I 5.6 

ascertained owing to having a child within 
certain age limits, a better comparison will 
be secured if the children themselves who 
brought the family to notice are omitted. 
The death -rate amongst the sibs of the 
dullest children is much greater than 
amongst the sibs of the brightest. If, there- 
fore, we took the number of children born as 
the measure of fertility, we should exaggerate 
somewhat our estimate of differential fer- 
tility, for what is most important practically 
is the recruitment into the adult population. 
This is the one factor which might lead to too 
high an estimate for differential fertility in 
the population. Actually, however, in studies 
such as this, in which the families are brought 
to light through children of fairly advanced 
age, in this case about 12, the higher 
death -rate has to a large extent already pro- 
duced its effect. The remaining effect will 
not be very great, and will be small com- 
pared with other factors operating in the 
opposite way, for example one that will be 
mentioned in a moment. 

I should like to emphasize again that these 
figures are averages ; there is great variation 
in all the groups, though the general ten- 
dency is clear. Table V will serve to illus- 
trate this point. 

TABLE V 
PERCENTAGES OF CHILDREN OF THE THREE GROUPS 

WITH GIVEN NUMBERS OF (LIVING) SIBS 

Percentages 
No. of sibs 

Group I Group 2 Group 3 
(brightest) (median) (dullest) 

o 25 9 7 
30 23 II 

2 14 18 15 
3 16 16 17 

4 -5 12 17 i8 
6-8 3 I2 22 

9 and more I 5 II 

Effects of Incompleteness of many of the 
Families 
An examination of the figures soon 

revealed the fact that while the families 
contributing the brightest children were 
already practically complete at the time the 
information was obtained, the mothers of 
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the dullest group would have a considerable 
number of further children. This expecta- 
tion can easily be deduced from the relation- 
ship within the three groups between age of 
mother and number of children. The asso- 
ciation, expressed in the form of correlation 
coefficients, was as follows : 

Group 1 ... o io 
Group 2 ... 0.21 
Group 3 ... o 38 

It is easy to calculate what the family size 
will be when all the mothers have passed the 
age of 5o. The results are given in Table VI. 

TABLE VI 
AVERAGE NUMBER OF LIVING CHILDREN 

Group i 
(brightest) 

Group 2 
(median) 

Group 3 
(dullest) 

At present ... I.70 278 3.72 
Further children 
who will be born 
to mothers ... o 25 0.76 1.31 

Total when 
mothers have all 
passed 5o years 1.95 3'54 5.03 

We see therefore that the association between 
intelligence and fertility is much closer than 
would be anticipated if we relied for our 
estimate upon the numbers of sibs of chil- 
dren of school age and known intelligence. 
Actually when we allow for extra children 
who will be born later, the correlation coeffi- 
cient is likely to be increased by, say, 
roughly a half, which means that the trend 
is about twice as strong as it would be 
thought to be on the basis of the usual 
unadjusted estimates. 

Early Marriage and Late Child -bearing 
It is well known that one of the more 

obvious factors in the infertility of those of 
superior ability is a relatively late age at 
marriage. The records for the three special 
groups do not include the age of the mother 
at the time of marriage, but they do include 
a related measurement -the age of the 
mother at the time of the birth of the first 
child. The average ages of the mothers in 
the three groups at this time were as follows : 

Group 1 

Group 2 
Group 3 

B 

... 27.4 years 

... 24.8 years 

... 23.9 years 
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I must admit, however, that a further result 
surprised me. The average ages of the 
mothers at the time the information was 
obtained were as follows : 

Group 1 ... 43.6 years 
Group 2 ... 42.7 years 
Group 3 43.5 years 

Mothers of children falling into these three 
entirely different groups, and selected simply 
because they had a child within given age 
limits, show no systematic difference in 
average age at the time the survey was made. 
I had expected that the mothers of the 
dullest children, married, on the average, 
several years earlier than the mothers of the 
brightest children, would prove to be 
younger. This was not the case. We must 
also remember that the mothers of the 
dullest children are going to have a con- 
siderable number of further children, as has 
just been shown. The conclusion to be 
drawn seems to be clear enough. It is 
perfectly true that the mothers of the 
dullest children commence their reproduc- 
tive life much earlier, and this contributes 
extra children ; but they also continue it 
much longer, and this contributes even more 
extra children. Relatively late age at 
marriage is a part of the mechanism pro- 
ducing the infertility of the gifted, but 
cessation of child- bearing at a relatively 
youthful age is even more important. It 
seems to me that this finding is one indica- 
tion that the association between intelli- 
gence and infertility in our population at the 
present time is not just a simple problem in 
economics, to be put right by single or simple 
administrative remedies. It seems rather to 
point to complex underlying causes deeply 
rooted in basic qualities of body and mind. 
The mechanism may often be simple, often 
no more than the practice of contraception, 
but this is only the way in which the result 
is brought about ; the underlying causes are 
far more subtle and will require all the 
resources of science for their elucidation. 

Relation of Fertility to Social Status within 
the Three Groups 
The children composing the three groups 
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have been classified according to the occupa- 
tion of the father as a measure of social 
status. The correlation coefficients between 
fathers' occupation and number of children, 
within the three groups, are as follows : 

Group I ... -F o 05 
Group z ... -0.24 
Group 3 ... -02r 

Taking Groups 2 and 3 first, there is a con- 
siderable association between the occupation 
of the fathers and of the number of children. 
The occupations in Group 3 are, on the 
average, considerably lower in status than 
those in Group 2, but this does not account 
for all the difference in fertility by any 
means. Suppose the occupations of fathers 
of Group 3 children are adjusted to the 
average level of fathers of Group 2 children 
the result is : 

No. of living sibs 
Group 2 ... . , . ... ... 2.78 
Group 3 3 72 
Group 3 (occupation of fathers adjus- 

ted to same level as Group 2) ... 3.37 

Thus, while the increased fertility in Group 
3 may be attributed in a sense and in part 
to an association between fertility and 
occupational status, this only accounts for 
some of the difference from Group 2. In 
other words, at fixed social class there is still 
a marked association between intelligence 
and infertility. 

The correlation coefficient in the case of 
Group i is practically zero, so that in this 
group there is no association between occu- 
pation of father and size of family. This 
seems to me to be another indication of the 
complexity of the problem of differential 
fertility. The occupations of fathers in this 
group, by the way, are particularly well 
assorted, and represent adequately all occu- 
pational classes from the highest to the 
lowest. The very bright child whose father 
is in the lowest occupational group comes 
from just as small a family as does the very 
bright child of prosperous parents. The very 
gifted are, on the average, very infertile, and 
this is true of all social classes. Apparently 
we cannot hope that the dying out of the 
very gifted who belong to the higher social 
categories will be at least partially made up 

by greater fertility amongst the very gifted 
poor. Unfortunately, if our results are 
representative, the very gifted poor are them- 
selves just as infertile. 

As you will have realized, the present 
investigation does not disclose any new 
information of a startling character. It is 
more a matter of dotting i's and crossing t's, 
The results do not suggest that previous 
conclusions about differential fertility were 
unduly alarmist or pessimistic. On the con- 
trary the process is probably even more 
rapid than has been feared. In the second 
place the investigation has yielded yet 
further indications of the complexity of the 
problem. 

Not long ago the Eugenics Society took the 
initiative in founding the Population Investi- 
gation Committee, under the chairmanship 
of Professor Carr -Saunders. I am sure that 
it will be generally agreed that no more 
useful activity could have been undertaken. 
I feel sure also that the committee will 
investigate most thoroughly not only total 
trends in population, but trends in differ- 
ential fertility as well. Detailed and varied 
researches are needed, and it is to be hoped 
that there will ultimately emerge knowledge 
making it possible to maintain, and even to 
increase, the population, not only in quan- 
tity but also in quality. 

Summary 
1. An attempt has been made to secure a 

sample of school children representing a com- 
plete cross -section of the population. The 
group of 3,400 children was composed of all 
the children whose homes were within the 
boundaries of the city of Bath on July 27th, 
1934, and whose dates of birth fell between 
September 1st, 1921, and August 31st, 1925, 
inclusive. The children were tested on the 
Advanced Otis Scale. The completeness of 
the ascertainment and of the mental testing 
is assessed. This lecture gives an account 
of some of the results regarding intelligence 
and family size obtained from the group. 

2. The association between intelligence 
and number of living full sibs, expressed as a 
correlation coefficient, was -o 224. This is 
somewhat higher than has usually been found 
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in this country. Thus it is likely that special 
precautions to obtain a representative sample 
will reveal a higher association, while imper- 
fections in this respect will lead to too low 
an estimate of the association. The relation 
can be expressed by straight lines ; that is, 
intelligence falls off, on the average, evenly 
and steadily as the number of sibs increases ; 

and the number of sibs falls off evenly and 
steadily as intelligence increases. 

3. 1,271 children were tested on the 
Binet Scale as well as on the Otis Scale. The 
Binet results were more closely associated 
with number of sibs, showing that the use of 
the verbal group test had not introduced an 
extra artificial association, but had on the 
contrary, being a less efficient measure of 
general intelligence, minimized it. 

4. The whole group was sub -divided 
according to type of school and the results 
for the different sub -groups are compared. 

5. Three special groups of children were 
selected from the whole sample ; these were 
composed of the brightest children, average 
children and the dullest children. More 
detailed particulars were obtained for these 
special groups. 

6. The death -rate amongst brothers and 
sisters in the dullest group was higher than 
amongst sibs of the brightest children. 
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7. While the families of the brightest 
children were practically complete, the 
mothers of the dullest children will have a 
considerable number of additional children 
before the close of their reproductive life. 
The association between intelligence and 
infertility is thus much closer than would be 
anticipated from the usual unadjusted esti- 
mates based on the sibs of children of school 
age. 

8. The mothers of the dullest children 
commenced childbearing at a considerably 
younger age than the mothers of the bright- 
est, this being responsible for some of the 
extra children ; but they continue child- 
bearing for much longer, this contributing 
even more extra children. 

9. In the average and dullest groups there 
was a marked association between number of 
sibs and occupation of father, so that even at 
fixed intelligence there is still a considerable 
association remaining between fertility and 
social class. In the brightest group there was 
no association ; if this group is representa- 
tive, therefore, the dying out of the very 
gifted in the higher social categories cannot 
be partly compensated by greater fertility 
amongst the very gifted poor, who are them- 
selves just as infertile. 
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IV. PSYCHOLOGY 

OBSERVATIONS ON A REPRESENTATIVE GROUP 
OF CHILDREN OF SCHOOL AGE, WITH AN 

ACCOUNT OF SOME FAMILY AND SOCIAL 

CHARACTERISTICS OF THE BRIGHTEST, 

THE AVERAGE AND THE DULLEST 

By J. A. FRASER ROBERTS 

From the Burden Mental Research Trust, Stoke Park Colony, 
Bristol, England 

My first duty is to convey to you Professor Berry's regrets for 
having had to cancel his visit to the United States and to this 
Congress. He had been looking forward with the greatest pleasure 
to sharing your deliberations and to telling you something of our 
research organization, the Burden Mental Research Trust, of 
which he is Chairman ; and to have to decide at the last moment 
that he could not get away was a great disappointment to him. 

The Burden Mental Research Trust was founded in 1933, by the 
generosity of Mrs. R. G. Burden of Clevedon Hall, Somerset. Its 
purpose is to conduct studies relating to mental deficiency, with 
special emphasis on the genetic aspects of the problem. Its terms 
of reference were, however, wide and elastic, and there has been 
no difficulty about including studies on related, perhaps somewhat 
distantly related, topics. It is to one particular study that this 
paper refers. 

In 1933 Dr. Penrose had already embarked upon a large scale 
family investigation on institutional mental defectives. We were 
anxious, therefore, to plan a scheme that would be complementary, 
and so it was decided to attempt the task of ascertaining, and 
giving a mental test to, a complete cross- section of the population : 

that is, all the children between certain age -limits living in a 
given area. 

It was thought that such a group, if it could be obtained, might 
prove specially valuable. It is so very difficult to secure a good 
sample, either random or representative, in regard to intelligence. 
In fact, without further elaborating this point, doubtless familiar 
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to you, it is probably true to say that it is more difficult to obtain 
a good sample of intelligence test results than of any other human 
measurement. And the possibility of the sample being biased may 
render necessary all sorts of reservations and qualifications, and 
makes it possible for the critic to reject results that otherwise 
would compel general acceptance. It might be, we hoped, that a 
sample such as we planned would serve to elucidate the results of 
bias in regard to a number of important points ; our, sample might, 
we hoped, reveal how far certain conclusions need modification 
when they are based on individuals selected in some less meticulous 
way. Even should it be found that conclusions based upon more 
usual samples did not require modification, we felt that that too 
would be an important service for it would remove some uncer- 
tainties of considerable consequence. 

After preliminary experiments the scheme was started, with the 
collaboration of my colleagues Dr. R. M. Norman and Dr. Ruth 
Griffiths. We decided to ascertain and test, as far as was possible, 
all the children living within the boundaries of the City of Bath 
on July 27th, 1934, and whose dates of birth fell between Septem- 
ber 1st, 1921 and August 31st, 1925, inclusive. This yielded a 
group of about 3,400. 

The City of Bath possessed certain advantages. It is a town 
surrounded by a rural area ; the population is relatively stationary ; 

and, above all, we enjoyed the fullest co- operation of official 
bodies and of the schools. 

It might be asked, however, whether this particular city was 
likely to yield a good representative sample of an English urban 
population. It is a spa, famous for its hot springs; it possesses 
large numbers of hotels ; it is rich in retired colonels ; it is un- 
doubtedly pervaded by a flavor of the 18th Century and of 
Dickens. Actually such factors prove to have little if any asso- 
ciation with the range of intelligence displayed by the school 
children. We found that the mean Stanford -Binet I. Q. was 99, 
with a standard deviation of 15.2. We obtained a sample that is, 
I am convinced, very similar to the sample that would be yielded 
by any relatively large and balanced complete urban area in 
England, and, I have very little doubt, in the United States and 
many other countries too. 

The criteria were simple, but completing the list was far from 
simple. I doubt whether anyone who has not attempted a survey 
of this kind can imagine the troubles encountered : and this in spite 
of the most willing co- operation of all concerned. At each school 
lists of children of the appropriate age were prepared from the 
registers, and a scheme of checking was applied to eliminate mis- 
takes in age as far as possible. Children whose homes were outside 
the city boundary had then to be omitted. And, of course, the 
corresponding fraction whose homes were within the city, but who 
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attended schools in the surrounding county of Somerset, had to be 
discovered and included. Private schools also co- operated with 
only three exceptions. Finally, other small groups of children had 
to be added, for example those at the orthopaedic hospital, and 
physical and mental defectives. 

Naturally many individual cases had to be specially investigated 
before it could be decided whether a child fell within the group or 
not. For example, children at residential institutions required 
special care; the great majority of these, of course, were found to 
fall outside the group. On occasion we had to visit houses in order 
to decide on which side of the city boundary they lay. Almost 
up to the present time our index has shown slight changes in 
totals and classification as further information was received. One 
troublesome little problem, settled quite recently, was due to a 
mother who, to escape temporary embarrassment, had informed 
one school that her child was dead and had then sent it to another. 

The completeness of the ascertainment was as follows : 

Children at schools co- operating, etc. 3387 
Children at school permitting ascertainment only 4 

Estimate for 2 schools not co- operating 8 

Total 3399 

Apart from this small loss, two other small groups of children have 
been unavoidably omitted. The first consists of a few children 
omitted because mistakes in date of birth would have led us to 
suppose that they 'did not fall into the group ; actually an indirect 
test showed that there were extremely few of these, probably not 
more than six to ten, and it is, in any case, a more or less random 
loss. The other group omitted is children attending schools remote 
from Bath. It is a very small group, and was further reduced, 
because, at the relevant ages, many of these children were at the 
numerous preparatory schools at Bath, subsequently proceeding to 
other schools elsewhere. Moreover, we approached a number of 
schools at Bristol, and in the Bath district generally, and so secured 
some more of this fraction. 

Of the 3,387 children ascertained and available, all except 
twenty -five were tested upon the Advanced Otis Scale. The number 
of absentees was larger than it would otherwise have been because 
the children composing the youngest of the four age -groups were 
too young for the verbal group test, which was accordingly post- 
poned for a year. During the interval a number of children left 
Bath and it proved impossible to trace and test all of them. The 
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numbers tested and the number of absentees are shown below, 
together with the reasons for the failure to test the absentees. 

Tested Absentees Total 

First three age -groups 2590 9 2599 
Fourth age -group 772 16 788 

Total 3362 25 3387 

REASONS FOR FAILURE TO TEST ABSENTEES 

Left Bath 16 
Long absences of older children till leaving age was attained 5 
Deaths 2 
Revisit to private school refused 1 

Went to non -co- operating school 1 

Total 25 

Additional information has been obtained and additional meas- 
urements made, in some cases on the whole group, but mostly ou 
selected fractions of it. Although, for example, a group -test was 
applied in the first instance to all the children, a Binet test had 
been given to various groups of children and to the brothers and 
sisters of many of them : a total of about 2,500 Binets. 

The whole group of 3,400 and a number of sub -groups are 
being used for a variety of studies. We have published four papers 
so far, chiefly of a preliminary character and the bulk of the figures 
now await analysis. I have time only to mention one or two ways 
in which the group is being used before saying a few words on 
the figures which I am especially anxious to show you. 

For example, the whole group was used for a study on the rela- 
tion between intelligence and family size. Very briefly, the corre- 
lation coefficient between the intelligence test results and the num- 
ber of living full sibs proved to be -0.224, which is higher than that 
yielded by most studies in England, though lower than that found 
in the United States, where differential fertility appears at the 
present time to be operating even more strongly than in our 
country. Various tests showed that the special precautions to 
secure a complete and representative sample gives a higher figure 
than that yielded by samples obtained in practically any other 
way. Actually bias in the sampling will almost invariably reduce 
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the figure for the association, so that criticism of previous work on 
these grounds is valid only in the sense that the full measure of 
differential fertility is usually underestimated. We were also able 
to show that the use of a group -test does not raise the association 
artificially, as has sometimes been suggested ; on the contrary, 
Binet test results for the same children reveal a significantly 
higher association. 

The group was of course suitable for examining the form of 
the regression lines. 
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FIGURE 1 

J. A. Fraser Roberts and others. Studies on a Child Population. III. 
Intelligence and family size. Annals of Eugenics, Vol. VIII, Pt. II, 
p. 188, 1938. Figure 1. 

This figure shows the fall in Otis I. B. as the number of sibs 
increases. 
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FIGURE 2 
J. A. Fraser Roberts and others. Studies on a Child Population. III. 
Intelligence and family size. Annals of Eugenics, Vol. VIII, Pt. II, 
p. 188, 1938. Figure 2. 

This figure shows the fall in number of sibs as intelligence in- 
creases. Both regressions proved to be linear, so that there is a 
steady, even falling -off in average fertility, without discontinuity, 
as intelligence increases from very low levels to very high levels. 

Another investigation for which the group proved particularly 
suitable was an examination of the normality of the lower end of 
the curve of intelligence -test results ; they are Binet I. Q.'s this 
time. This is a topic of great importance in relation to discussions 
on the causation of mental deficiency. It was found that the curve 
is normal down to an I. Q. of about 45, 31/2 times the standard 
deviation. Below this very low level there was a large excess of 
very low values. 

Three special groups were selected for much more detailed 
family and social investigation. They were composed as follows : 

Group 1. Children securing the highest 4% of results on the 
Otis Scale. One hundred thirty -five children (retested on Binet 
Scale). 
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Group 2. Children securing the middle 4% of results on the Otis 
Scale. One hundred thirty -five children (retested on Binet Scale). 

Group 3. Children securing the lowest 24% of results on the 
Otis Scale were retested on the Binet Scale. Two hundred seventy 
children (8%) with the lowest Binet I. Q.'s form this group. 

These three groups form the material for the most important 
part of our studies. You will notice that the brightest group and 
the median group were selected on the basis of the Advanced Otis 
test, though subsequently they received the Binet test. It seemed 
so important, however, to select the dullest children on the basis 
of an individual test that 800 Binets were given for this purpose. 

We have only just completed the family and social enquiries on 
these children and the great bulk of the information has yet to be 
analyzed. Some figures which I am anxious to show you relate to the 
intelligence of the brothers and sisters of children falling into 
the three groups. All the available sibs, that is, those of school 
age, of all these children were tested on the Binet Scale. The 
figures shown in the tables are not quite complete, because the 
records of a few children had not been finished before the analysis 
was made, but the final figures, which will include the results for 
these last children, cannot differ materially from those now 
presented. 

TABLE I 
Binet I. Q.'s of Children Composing the Three Special Groups 

L Q. 
Group 1 

(Brightest) 
Group 2 
(Median) 

Group 3* 
(Dullest) 

<50 .... 11 
50 -59 .... .... 6 
60-69 .... .... 22 
70-79 124 
80-89 11 104 
90-99 61 (80-84 only) 

100 -109 3 42 .... 
110 -119 20 16 .... 
120 -129 55 2 .... 
130 -139 33 .... .... 
140 -149 10 .... .... 
150 -159 1 .... 
Mean I. Q 127 100 75 

* I. Q.'s in this group (only) adjusted to C. A. = 10 years. 

Table 1 

Table 1 shows the distribution of Binet I. Q.'s of the children 
falling into the three special groups. You will notice that Groups 
1 and 2 show a considerable spread ; this, of course, is due to the 
fact that they were selected on the Advanced Otis Scale, whereas 
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the figures now shown, like those in the remainder of the tables, 
refer ta Binet I. Q.'s. 

The distribution of Binet I. Q.'s of the brothers and sisters of 
these children is shown in Table 2. 

TABLE II 
Binet I. Q.'s of Sibs of Children Composing the Three Special Groups 

P. Q. of Sibs 

Sibs of 

Group 1 
(Brightest) 

Group 2 
(Median) 

Group 3 
(Dullest) 

<50 2 0 2 
50 -59 0 1 8 
60-69 1 1 29 
70 -79 3 6 68 
80-89 1 24 99 
90-99 3 46 92 

100 -109 16 36 60 
110 -119 29 31 22 
120 -129 25 13 3 
130 -139 20 3 0 
140 -149 3 2 0 
150 -159 1 0 0 
160 -169 2 0 0 

Total 106 163 383 

Mean I. Q 119 102 88 

Table 2 

There is a considerable spread amongst the sibs of children of 
all the three groups, but the three groups are very dissimilar; the 
differences are so great that the average I. Q.'s of the three groups 
of sibs are respectively 119, 102 and 88. 

It may be useful to shorten somewhat this last table and to 
present the figures as percentages. This is done in Table 3. 

Table 3 

The strong measure of resemblances between the children of the 
three groups and their sibs is very striking. Only 7% of the 
sibs of the brightest children have I. Q.'s below 90, whereas 55% 
of the sibs of the dullest children fall below this limit. 75% of the 
sibs of the brightest children have I. Q.'s above 109 ; only 7% of 
the sibs of the dullest children fall above this figure. 

This picture of average resemblance, with of course a regression 
to the mean, is typical of the effects of multifactor inheritance. 
There can be no doubt that to the extent that inheritance is in 
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TABLE III 
Binet I. Q.'s of Sibs of Children Composing the Three Special Groups 

I. Q. of Sibs 
Percentages 

Group 1 
(Brightest) 

Group 2 
(Median) 

Group 3 
(Dullest) 

<50 2 0 1 

50-69 1 2 10 

70-89 4 19 44- 

90 -109 18 50 40 

110 -129 51 27 7 

130 -149 22 3 0 

150 -169 3 0 0 

volved in determining the differences in intelligence between people 
who do not fall into the very lowest part of the range, those differ- 
ences are determined to very largely, and in the great majority of 
instances, by the cumulative action of many genes of individually 
small effect. These are the differences between normal people, 
graded characters, due to the genes of small effect, the genes which 
determine the differences between strains and races, the genes 
which are the material entities which underlie evolution. And it 
is at this point that genetics and biometry meet at last. 

You have probably been asking why, so far, I have not shown 
you some subdivision of the dullest group, for the lowest 8% of 
the population includes a considerable range of intelligence from 
the frankly mentally defective, through the very backward, to 
those considerably less backward. Table 4 shows such a subdivision. 

TABLE IV 

Mean Binet I. Q.'s of Sibs of Children of Different Portions 
of the Dullest Group 

I. Q.'s of Children 
of Dullest Group 

Sibs 

Number Mean I. Q. 

<50 

50 -74 

75 -84 

17 

86 

278 

100 

81 

90 



OBSERVATIONS ON A REPRESENTATIVE GROUP OF CHILDREN 

Table 4 

The group included only 13 low -grade mental defectives, actually 
just about the proportion expected, and you will notice that the 
mean I. Q. of their sibs is just 100. Nothing could give a clearer 
indication of the fact . that low -grade defectives owe their state 
to causes different from those operating amongst the rest of the 
population, including high -grade defectives. The other two groups 
present exactly the features that might be expected. The 17 sibs 
of the idiots and imbeciles could, of course, have extremely little 
effect on the figures for the whole 383 sibs of the dullest children, 
so that it is unnecessary to take them out for the purposes of this 
brief discussion. 

TABLE V 

Mean I. Q.'s of Children of the Three Groups and of Their Sibs 

Mean I. Q. of Children 
in Three Groups 

Mean I. Q. of their 
Sibs 

Group 1 (brightest) 127 119 

Group 2 (median) 100 102 

Group 3 (dullest) 75 88 

Table 5 

Table 5 shows, once again, the mean I. Q.'s of the original chil- 
dren composing the three groups, together with the mean I. Q.'s 
of their sibs. That the sibs of the two extreme groups should differ 
from the mean by as much as 0.6 or 0.7 of the amount by which 
the extreme children themselves do so is striking evidence of the 
extent to which heredity determines what is measured by intelli- 
gence tests, provided of course that the children tested are receiv- 
ing sufficient education to enable them to answer the test questions 
if they have reached the appropriate stage of mental development, 
as undoubtedly appears to be the case in any civilized community. 

There is one last result which supports the figures just given. 
The whole group of 3,400 naturally included many brothers and 
sisters, and has yielded a comparison equivalent to about 600 sib 
pairs. The sib -sib correlation coefficient, in respect of Otis I. B. 
this time, was 0.534. This figure is considerably higher than that 
obtained by some other workers. Perhaps two factors in our group 
contribute to the marked nature of the association. In the first 
place our group is complete and represents in proper proportions 
the entire range of mentality. In the second place our Otis I. B.'s 
are based upon age corrections established on our own group, so 
minimizing the proportion of the variance due to age differences. 
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It may be claimed that some environmental factors might behave 
rather like multifactor inheritance. But up to the present it has 
proved very difficult to identify any such environmental factors 
which produce important effects. Of course they must be searched 
for, and diligently. In our own material we are looking forward 
to many analyses along these lines, for we have a considerable 
body of social data to which I have not had time to refer at all 
(except too optimistically, in the title of this paper). In the 
present state of knowledge, however, it seems reasonable to con- 
clude that heredity, in the shape of multif actor inheritance, is 
responsible for the bulk, it may be the very great bulk, of varia- 
bility in general intelligence amongst human beings. But the search 
must go on, and it must not be denied, though it appears unlikely, 
that future researches may reveal a measure of hitherto concealed 
environmental determination. It is a very important problem and 
my colleagues and I will be well satisfied if, when the examination 
of our data is complete, it is found that we have made a small 
contribution towards its solution_ 
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DOES POLIOMYELITIS AFFECT 
INTELLECTUAL CAPACITY ? 

AN INVESTIGATION ON 98 CASES 

BY 

R. G. GORDON, M.D., D.Sc., F.R.C.P.Ed. 
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AND 

RUTH GRIFFITHS, M.A., Ph.D. 
(From the Burden Mental Research Trust, Stoke Park 

Colony, Bristol) 

The question as to how far infections of the central 
nervous system have any influence on basal intelligence is 
one which has not been widely explored. In this country 
Dawson (1931) has investigated a series of cases of chorea 
in which he found no variation from the normal, and 
another of encephalitis lethargica in which he demon- 
strated a progressive deterioration ; but, as far as we can 
discover, no investigation on the effects of anterior polio- 
myelitis has been undertaken, It might be said that 
poliomyelitis, being a disease whose chief incidence falls 
on the anterior horn cells of the spinal cord, was hardly 
likely to affect intelligence, but it should be remembered 
that it is now reasonably certain that the path of invasion 
is by a droplet infection lodging the virus in the post -nasal 
mucous membrane, whence it travels by the perineural 
path through the cribriform plate, and so transcerebrally 
to its subsequent nidus in the anterior horn cells. 
Furthermore, many cases show at least transient initial 
cerebral symptoms, which are sometimes of considerable 
intensity. 

Mollaret (1937) in his chronaxial studies of the nervous 
system sums up certain experimental results on anterior 

282.39 
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poliomyelitis, which included the introduction of the 
.virus by non -cerebral routes (intraperitoneal, etc.). The 
interest of this study is that it suggests the existence of a 
cerebral disturbance occurring before the evident onset of 
symptoms. Moreover, this disturbance is found as con- 
stantly in abortive or asymptomatic cases as in those 
which develop typical paralysis. It bears witness with- 
out doubt to the constancy of a hitherto unsuspected 
early encephalitic dissemination of the virus. For these 
reasons it seemed worth while to attempt to determine 
whether poliomyelitis affects general intelligence, as 
measured by standard tests, especially as it is not un- 
usual for parents or teachers to express anxiety as tp how 
far this disease may affect the intellectual as well as the 
physical integrity of the unfortunate victim. 

Selection and Testing of the Group 

All the cases were derived from those coming under 
the scheme of the Bath and Wessex Orthopaedic Hospital 
and clinics, to the surgical staff of which we wish to 
express our gratitude for allowing us access to them. All 
children between the ages of 4 and 16 who during the 
period of investigation were under treatment at the central 
hospital for the acute stage of poliomyelitis or its residual 
effects were tested on the Stanford -Binet scale. In order 
to increase the numbers, and to include cases the onset 
of whose disease had occurred several years before the 
tests were applied, a further group was examined at some 
of the clinics. The children tested were those who 
happened to attend on the days of the visits of the 
psychologist ; apart from this there was no selection. 

Rather more than a hundred cases were tested, but 
subsequently this number was reduced to ninety -eight 
after a very rigid clinical survey with the object of ex- 
cluding those who did not present unequivocal evidence 
that their disability was due to poliomyelitis. Some of the 
cases came from rural areas, others from urban areas, but 
all were of the economic status represented by the ele- 
mentary school population. Some had been hospitalized 
at the onset of the illness ; others subsequently, for the 
purpose of orthopaedic treatment of residual disabilities, 
whether by operative or other measures ; while some had 
not been hospitalized at all, but had been under observa- 
tion at the clinics. 
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Results 

The following table shows in somewhat condensed 
form the Stanford -Binet I.Qs. of the ninety -eight children. 
The diagram presents the same results graphically. 

Binet I.Q. No. of Cases Binet I.Q. No. of Case> 
50-59. . 1 100 -109 .. .. .. 29 

60-69 .. .. 1 110 -119 .. 15 

70-79. . .. 4 120 -129 .. 12 

80-89. . .. 13 130 -139 .. 4 

90-99 .. .. 18 140 -149 .. 1 

Mean I.Q., 103.91. Standard Deviation, 15.89. (Ungrouped figures.) 
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The problem is this : Does this sample of children yield 
the same average result as would a sample of normal 
children drawn from the general population? Further- 
more, does the variability, the spread, of the results indi- 
cate a range of variation similar to what would be found 
in a representative group of healthy children? 

The Stanford -Binet scale has been very widely used 
over many years, and it has been found that an I.Q. of 
100 is, in fact, very close to the average I.Q. of the 
general population. Thus it is clear that the average 
performance of the present group does not fall below 
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what could confidently be expected from a random group 
of normal children. A more thorough examination of 
this point is, however,.possible. In recent years a survey 
of school children, selected by age only, was made in the 
city of Bath (Roberts and Griffiths, 1937). The city of 
Bath is a part of the area from which were drawn the 
patients included in the present study, ánd represents the 
most considerable urban district within that area. In 
view . of the fact that it is generally recognized that the 
mean intelligence in rural areas is somewhat below that 
in urban areas, it is to be expected that a random sample 
drawn from the whole area covered by the present study 
would certainly not yield a sample superior to the previous 
one. 

The Binet testing was carried out by one of us (Ruth 
Griffiths), who was also responsible for most of the test- 
ing in connexion with the Bath survey ;. such testing in 
that survey as was carried out by others was standardized 
in detail to correspond to hers, so that the figures, for the 
two groups are strictly comparable. The mean I.Q. for 
the Bath school children was 98.8 and the standard devia- 
tion 15.2. It will be seen, therefore, that the present 
group exceeds the Bath group in respect of mean per- 
formance, while in variability, as shown by the standard 
deviation, there is no significant difference. 

Actually the present group is significantly higher in 
mean I.Q. than the previous complete group, but the 
absolute difference is of course small. The discrepancy 
may well be due to a difference in age at test. The chil- 
dren composing the present group were considerably 
younger than those composing the Bath group, and it is 
known that the Stanford revision is slightly too difficult 
at , older ages and slightly too easy at younger ones 
(Terman and Merrill, 1937). Small though this effect is, 
it is probably sufficient to account for the somewhat 
higher figure yielded by the present group, though that 
group is too small to permit a demonstration of the slight 
fall in I.Q. as age increases. 

There is therefore very strong evidence that in mean 
performance a group of children who are suffering from, 
or have suffered from, poliomyelitis do : not fall below the 
performance that would be shown by a random group f 
normal children drawn from the general population. 

It has already been mentioned that in variability of 
results, as measured by the standard deviation, the present 
group does not differ appreciably from the random Bath 
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group or, in fact, from the results obtained by many 
investigators on school children in various parts of the 
world. A more precise examination was, however, 
made, and showed that the distribution of I.Qs., sum- 
marized in the preceding table, did not show any signifi- 
cant departure from what would be expected on the basis 
of the normal curve ; this result, too, is what would be 
yielded by a sample of similar size drawn from the 
general population. It can be concluded, therefore, that 
a comparatively large sample, adequate for this discus- 
sion, shows clearly that children who suffer from polio- 
myelitis give just the same average results as do ordinary 
normal children, and that the variability of the results also, 
their spread, their range, is simply that of a normal 
group. 

In view of the unequivocal nature of the foregoing 
results it is of course very unlikely that any subdivision 
of the children could reveal an association between the 
level of general intelligence and any special factors. This 
proved to be the case in regard to all the analyses we have 
made. The results are set out, accordingly, in very brief 
form. 

1. Sex Distribution. -46 girls : mean I.Q. 102.1. 52 
boys : mean I.Q. 105.5. The difference is not statistically 
significant. 

2. Age at Onset of Disease. -There was no associa- 
tion, as is illustrated by the following table : 

Age at Onset No. of Cases Mean Binet I.Q. 

Less than 4 years 30 104.1 

4-7 years 32 103.8 

8 -14 years 36 103.9 

Total 98 103.9 

3. Interval between Onset of Disease and Performance 
of Test. -Once again there was no association. 

Interval between Onset of 
Disease and Test No. of Cases Mean Binet I.Q. 

0-11 months 21 104.5 

1-4 years 38 103.7 

5 -15 years 39 103.8 

Total 98 103.9 
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Thus there is no evidence either of a depression of intelli- 
gence which passes off or of a depression which is pro- 
duced by the after -effects during the years' of childhood. 

4. Occurrence of Clinically Recognizable Cerebral 
Symptoms at Onset of Disease. -Group 1 : None ; 60 
children. Group 2 : Minor symptoms ; 22 children. 
Group 3 : Pronounced symptoms ; 16 children. 

Group No. of Cases Mean Binet I.Q. 

1 60 103.4 

2 22 105.4 

3 16 103.8 

Total .. .. 98 103.9 

The occurrence of cerebral symptoms is therefore of no 
subsequent significance in regard to the level of general 
intelligence. 

Conclusion 

This study shows that an attack of poliomyelitis does 
not, either at the time or subsequently, depress the level 
of general intelligence as estimated upon the Stanford - 
Binet scale. The anxious parent may therefore be re- 
assured so far as basal intelligence is concerned, but two 
other points must be kept in mind by the physician. In 
the first place the child affected by poliomyelitis may be 
absent from school for long periods ; unless provision 
is made by home tuition or, as is done in orthopaedic 
hospitals, by the provision of special educational facili- 
ties, his educational achievement may be very much 
behind that of his contemporaries, even though his basal 
intelligence is not affected. Secondly, the child crippled 
by poliomyelitis may, unless care is taken, develop emo- 
tional reactions to his environment which may result in 
serious personality maladjustments ; these may determine 
definite educational backwardness simulating true mental 
retardation. 
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Surnames, Intelligence and Fertility 
IN a recent communication', Prof. R. A. Fisher 

and Dr. Janet Vaughan showed that a significant 
racial difference in blood -group frequencies could be 
detected in a sample of Liverpool donors by coin- . 

paring with the whole group those possessing char- 
acteristically Welsh family names. This has prompted 
me to make a similar comparison for intelligence, as 
estimated by a mental test, in the case of a practically 
complete sample of school- children living in the 
city of Bath. The results may be of interest in 'view 
of the scarcity of observations made under conditions 
likely to ensure a fair comparison of racial groups. 
Furthermore, it has sometimes been suggested that 
Welsh immigrants in English cities tend to be of 
lower average intelligence and greater fertility than 
the native populations ; in this connexion see, for 
example, Cattell2. 

The sample of Bath school -children consists of those 
whose dates of birth fell between September 1, 1921, 
and August 31, 1925, inclusive, and who were living 
within the city boundaries on July 27, 1934. Ex- 
tremely few children escaped the ascertainment and 
mental testing ; full details have been published'. 
The scale used was the Advanced Otis and the re- 
sults are expressed in terms of an `Index of Bright- 
ness', or I.B., which is simply a device for adjusting 
scores so as to allow for varying age at test. The 
norms were established on the group itself. - The 
number of children is 3,361. 

For the selection of Welsh family names I am 
much indebted to Mr. B. S. Bramwell, of the Society 
of Genealogists. In a paper' in which he made certain 
interesting racial comparisons he used family names 
for differentiating groups. He gave a list of 33 char- 
acteristically Welsh names. Of these, 24 are represented 
in the index of Bath children : Davies, Edwards, 
Evans, Francis, Harris, Hughes, James, Jenkins, 
Jones, Lewis, Lloyd, Morgan, Morris, Owen, Parry, 
Phillips, Powell, Price, Pritchard, Richards, Roberts, 
Thomas, Williams and Willis. To increase the numbers 
I submitted to Mr. Bramwell a further list of names 
taken from the Bath index. Of these he selected ten : 

Griffiths, Howell, Howells, Humphries, John, Owens, 
Probert, Pugh, Rice and Vaughan. The number of 
children bearing these family names is 213, 6.3 per 
cent of the whole group. 

The difference in mean performance, 3.1, is not 
significant, being only 1.2 times its standard error. 



The difference between the standard deviations is 
not significant either, being less than its standard 
error. The frequency curve for the children with 
Welsh names is closely similar to that for the re- 
mainder, and does not depart significantly from the 
normal form. 
COMII'ARISON WITH THE REMAINDER OF CHILDREN BEARING WELSH 

FAMILY NAMES. 
No. Mean Otis Standard Standard 

I.B. deviation error of mean 
Welsh family names 213 102.9 36.4 2.5 
Remainder 3148 99.8 34.7 0.6 

In regard to fertility, taking as a measure the num- 
ber of living full brothers and sisters (at the time the 
information was obtained), the Welsh children have 
an average of 2.46 sibs, while the remainder have 2.59. 
The difference is not significant. (Full data have 
recently been published5 on the fertility of Welsh 
migrants in the city of Oxford.) 

It can safely be concluded that whatever racial 
characteristics distinguish the Bath citizens who are 
of Welsh origin, a lower average level of general 
intelligence and a higher fertility are not among them. 

J. A. FRASER ROBERTS. 
Burden Mental Research Department, 

Stoke Park Colony, 
Bristol. 
May 7. 
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Inheritance of Mental Deficiency 
By J. A. FRASER ROBERTS, M.A., M.B., D.Sc., F.R.S.E. 

Burden Mental Research Department, Stoke Park Colony, Bristol 

FROM the practical and administrative point of view mental deficiency is primarily 
a social conception : the inability of the individual successfully to adapt himself 
to his environment. It is, however, very closely associated with á measurable 
characteristic, general intelligence, as determined with so much success upon 
a scale such as the Binet. 

General intelligence, in this sense, is a graded character and displays 
continuous variation from one extreme to the other. I believe that if we select 
any human measurement of this kind we can easily perceive certain features 
which are of fundamental genetic importance. First of all, over the great bulk 
of the range, there is no discontinuity ; we are dealing with the infinitely variable 
normal differences which distinguish normal people. A frequency curve is 
found to conform to the normal form. But at the extreme ends of the distribution, 
most certainly at one end, we find variations which are no longer continuous, 
and the curve is no longer normal. 

Stature provides a convenient example. Over the greater part of the range, 
in fact over practically all of it, we find the continuous variation of normal people, 
from the very tall to the very short. But at the lower end of the scale occur 
the dwarfs, the pathological variants. We find cretins, rachitic dwarfs, midgets, 
achondroplastic dwarfs, and others. 

General intelligence reveals a similar phenomenon. Without discontinuity 
anywhere we pass from the brilliant to the superior, the average, the dull, the 
very backward, and finally to the mentally defective. At the very lowest levels, 
however, we find not merely the very backward ; we find gross deviations, the 
idiots and the imbeciles, the dwarfs of mentality. As in the case of stature, 
there is no longer evidence of continuity ; this portion of the curve is far from 
normal, for such individuals are far too numerous. 

The distinction, on the basis of measurement only, is not absolute. Both 
in stature and in intelligence there is doubtless overlapping in this respect, though 
I believe that when other factors are taken into account, and the examination 
becomes precise, the overlapping will be seen to be more a matter of appearance 
than reality. In any event a broad distinction can be drawn. This distinction 
is fundamental genetically. As far as determination is genetic --of course this 
applies to all that follows -we have, on the one hand, multifactor inheritance, 



on the other, the transmission of single genes ; on the one hand, the genes of 
individually small effect, on the other, the gene whose bearer is sharply 
distinguished from the rest of his fellows ; on the one hand, the host of normal 
genes, busily engaged in their task of guiding the normal human being along 
his normal developmental path, and on the other, the single, abnormal gene, 
rendering normal development impossible, despite the efforts of all the other 
genes. 

It is not impossible to mark approximately the line of division between 
the two types of mental defective. On the Binet scale it may be drawn roughly 
at an T.Q. of about 45. Conveniently, this more or less separates those legally 
classified as feeble- minded, the morons, from the imbeciles and the idiots. 

Before considering briefly some genetic aspects of causation in the two groups, 
let us recall for a moment the very important social distinctions. Feeble -minded 
persons must be regarded as abnormal, but this is probably true only against 
the background of our present complex civilization. They are merely the 
extreme minus end of the normal distribution of intelligence ; modern social 
conditions, however, prove too arduous for the mentally undersized. And the 
problems they present are serious. Unless cared for and controlled they drift 
into anti -social activities, and in the present state of differential fertility in regard to 
intelligence there is no group in the population which has a higher reproductive rate. 

Contrast with this the dwarfs of mental growth, the pathological variants. 
Their appearance horrifies the unthinking, but they commit no crimes. They 
are a tragedy, and a problem in the lives of the parents to whom they are born, 
and are far better placed under institutional care. There they absorb the skill 
and devotion of nurses and attendants. They are a burden to the state, but 
not an overwhelming one, for amongst children of school age they are not more 
numerous than, say, 4 in every i000. They are a group of very low fertility, 
and, actually, most of them are quite incapable of reproduction. Their expecta- 
tion of life is far lower than the normal. They provide admirable opportunities 
for scientific observation. The low -grade defective, therefore, may be much 
the more striking, but as a social problem he is negligible compared to those 
of high -grade. 

The causation of high -grade deficiency is a part of the story of the deter- 
mination of intellectual level in general. To the extent that general intelligence 
is genetically determined, and no one can deny that the contribution of heredity 
is a large one, determination is essentially multi- factor, and the methods to be 
employed those of biometry. In a social sense these persons may be mentally 
deficient, but biologically they are the fringe of normality, and properly come 
within the scope of Prof. Hogben's paper and not mine. I propose to devote 
the rest of the time, therefore, to the genetics of low -grade mental deficiency. 

What are the characteristics of the abnormal genes which are concerned 
with the determination of low -grade mental deficiency ? First of all, they are, 
in the aggregate, very numerous. There probably exist hundreds of abnormal 
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genes, any one of which can determine, or help to determine, mental deficiency. 
This proposition is sufficiently obvious, for gross mental deficiency merely 
implies a grossly imperfect central nervous system, and the causes which can 
produce this result are as numerous as those which can impair any other bodily 
system. Where single genes have been identified which are responsible for 
purely genetically determined mental deficiency, each one is found to be responsible 
for a small proportion only of the mental deficiency existing in the population. 
We have only to think of phenylketonuria, infantile amaurotic idiocy, juvenile 
amaurotic idiocy, or the Laurence- Moon -Biedl syndrome. Probably no one 
of these accounts for as much as i per cent of low -grade mental deficiency. 

From another point of view, the gene which seriously lowers the reproductive 
rate is necessarily a rare gene. No such gene, that is, a gene which seriously 
lowers the reproductive rate, has, as far as I know, anything approaching the 
frequency (in the simplex or duplex state, whichever is appropriate) of low -grade 
mental deficiency. 

The second point about these abnormal genes is that the effect upon the 
central nervous system may not be the only result of their presence. Amongst 
simply inherited conditions there are epiloia (tuberose sclerosis), phenylketonuria, 
and the Laurence -Moon -Biedl syndrome, in all of which there are striking 
effects upon other bodily systems. 

We can go much farther than this. It is known that the proportion of 
mental defectives amongst persons suffering from many simply inherited defects, 
for example, albinism, is higher, or much higher, than in the general population. 
Very many of the hundreds of genes which produce human abnormalities cause 
a gross interference with development, and the result may involve the central 
nervous system. 

The nèxt point is that many of these abnormal genes affect the central 
nervous system in a proportion of cases only. This is very obviously true in 
such cases as albinism or Darier's disease, or von Recklinghauser's disease, for 
the presence of the gene is made manifest by its other effects. Undoubtedly, 
however, many genes exist which affect the central nervous system in a certain 
proportion of cases only, but, when the central nervous system escapes, there 
is then no indication that the gene is present at all. It may well be, however, 
that very minute examination of the relatives of low -grade mental defectives 
might sometimes reveal very small signs that they too carry the gene though 
they have escaped the serious consequences. 

The genes of occasional expression, whether they produce other outward 
effects or not, can of course be regarded as one only of the determining causes 
of the mental deficiency. But the gene is responsible in the sense that it is an 
essential factor ; but for its presence the individual concerned would have been 
normal. 

Low -grade mental deficiency, then, may be the result of the action of any 
one of very numerous genes. Few of them, in all probability, are responsible 
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individually for more than, say, i per cent of cases, while many are much rarer 
than this. A few of them are simple in their action, but most are not. Some 
may have other effects. And very many of them are genes of occasional expression, 
producing their effect in some of their bearers only. 

Before considering further the nature of the action of these genes, something 
should be said about other modes of causation of low -grade mental deficiency. 
Purely non- genetic cases do, of course, occur, but it is probably common ground 
that they form a comparatively small group. In a genetical review I need not 
say anything more about them. 

What about more complicated genetic schemes, for example, those postulating 
the co- operation of two or three gene pairs ? I think that such causation is 
likely to be very rare. Even in experimental plants and animals, in instances 
where there are two contrasted phenotypes only, the pathological variant and 
the prevalent type, it is very unusual to find two pairs of complementary factors 
at work. 

Simple systems of interaction do sometimes distinguish strains and races 
of domesticated plants and animals, but we should not be led into drawing too 
facile an analogy. No doubt the stockbreeder has utilized big, genetically simple 
variations which have cropped up as the result of mutation ; he has artificially 
fostered their possessors, and, by encouraging the rapid accumulation of modifiers, 
has been able to rob the mutant genes of many of their harmful manifestations, 
leaving, for the most part, only those which are commercially useful or harmlessly 
picturesque. But, according to present -day theory, what are of fundamental 
evolutionary importance are the numerous genes of small effect, no one of which 
by itself can be very harmful or very beneficial. The startling mutation is of 
infrequent occurrence, and of minor evolutionary importance, in a species such 
as man, practising more or less random mating and living in a more or less normal 
environment. 

It seems to me, therefore, that the most probable view is that the genes 
producing unworkable pathological deviations are by- products of the evolutionary 
scheme, and that each such gene is likely to exist in rarity and loneliness, the 
numerous normal genes, and favourable environmental factors, operating against 
it almost as they would against an external noxious influence. 

The abnormal genes may be dominant or recessive. (Sex -linked inheritance 
i must pass by ; of course it can be responsible for a small proportion of cases 
only.) A number of recessive genes causing mental deficiency are known, and 
others will doubtless be discovered. It is probable, however, that more cases 
are due to dominant genes, or, to put it more strictly, to genes producing in the 
heterozygote the effect which we observe, for the excessively rare homozygote 
might be more severely affected. If such a gene is at all constant in its expression, 
its incidence will not be high in comparison with the mutation rate. Epiloia, 
as was shown by Gunther and Penrose, provides an example. The majority 
of these genes, however, produce their effect in á proportion of cases only, it 
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may be in quite a small proportion. All this fits in well with the conception of 
the greater variability of the heterozygote, an important factor in the mechanism 
of evolution. 

One of the many genes of occasional expression is, of course, one factor 
only in the causation of a condition. The other factors may be other genes, 
or non -genetic influences, or both. In the case of mental deficiency the non - 
genetic factors must necessarily, for the most part, operate before birth. 

I have given a few of the reasons for supposing that one or two other gene 
pairs will very seldom provide the additional genetic factors. When these factors 
are genetic they are likely to be the numerous normal genes of small effect. They 
might be genes which determine the level of general intelligence in the normal 
population, or they might be modifying genes not having this separate effect. 

An important genetic point arises here. There is possibly a connexion 
between high- and low -grade mental deficiency. Penrose has suggested, and 
produced good evidence to demonstrate the point, that sometimes the relatively 
high -grade mental defective might be the heterozygote, while the gross idiot 
is the homozygote. While fully accepting this view, I think it is likely that 
there is a commoner association. A gene determining low -grade mental deficiency 
may well be more frequently expressed in persons very low in the scale of mentality. 
In other words, a concentration of genes producing a somewhat extreme modi- 
fication may be a favourable background from the expression of an abnormal 
gene producing a much more extreme modification in the same direction. 

The other necessary condition for the appearance of low -grade mental 
deficiency will often be, or usually be, pre -natal non -genetic factors. Can we 
hazard a guess as to their mode of action, for actual knowledge is scanty ? A 
consideration of those conditions whose frequency increases with advancing 
maternal age is a helpful example in this connexion. Mongolism is the most 
notable case. This condition exhibits a familial incidence, definite though 
small, and it may be that underlying mongolism as one of the essential factors 
in its causation is a gene of very low frequency of expression. A number of 
other abnormalities too become commoner as maternal age advances. 

Is it possible that this phenomenon, and other similar ones, provides a 
clue ? Laboratory experiments on the effect of parental age yield almost negative 
results when large numbers are studied. May it not be that the effect of many 
abnormal genes is to make the developing embryo unduly sensitive to slight 
variations which would be of no consequence to the normal foetus ? Perhaps 
the margin of safety is reduced, so that the embryo, bearing the single, abnormal, 
mutant gene, instead of being robustly protected against anything less than 
a major disaster, pursues its development, or parts of its development, upon the 
edge of catastrophe ; whether catastrophe actually supervenes or is avoided 
then depends upon the most trivial circumstances. 
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(Reprinted from NATURE, Vol. 149, page 138, January 31, 1942.) 

Surnames and Blood Groups, with a Note 
on a Probable Remarkable Difference 

between North and South Wales 
Two years agog Prof. R. A. Fisher and Dr. Janet 

Vaughan suggested that recent population move- 
ments in Great Britain can lead to significant associa- 
tion between surnames and blood groups. They 
found that out of 11,377 donors resident in the 
Slough area 591 bearing Welsh family .names were - 
significantly lower than the remainder in the fre- 
quency of A. Counts of blood groups donors now in 
progress have yielded striking proof of the value of 
this simple technique ; and incidentally have revealed 
a startling and (tome) unexpected difference between 
North and South Wales. 

Taylor, Race and Fisher2 have given figures which 
illustrate the great variability in the frequency of A 
in the British Isles : Southern England, 0 = 45 per 
cent, A = 43 per cent ; Northern England, 0= 48, 
A = 40 ; Scotland, O = 52, A = 34. Haldane3 gives 
the following figures for an Irish sample : O = 56, 
A = 30. These figures will serve as a standard of 
comparison for those given in the present com- 
munication. 

A sample of 2,550 Welsh donors, drawn from 
Caernarvonshire, Denbighshire and Flintshire, gives : 

O = 48 per cent, A = 40 per cent. When, however, 
the sample is divided into 1,132 donors with Welsh 
family names and 1,418 donors, with non -Welsh 
family names, the Welsh donors give O = 51, A = 36 
the non -Welsh donors give 0 = 45, A = 43. The 
difference is highly significant. (The high proportion 
of non -Welsh names in the sample is largely due to 
the North Welsh coastal area being strongly repre- 
sented.) Here, then, the family name technique has 
unmasked the diluting effect of recent migration and 
has revealed an important difference in blood groups 
between two partially isolated populations inhabiting 
the same area. 

Another positive result was found when donors 
with Highland Scottish and Irish names living in the 
Bristol area were compared with the remainder. 
40,740 donors in this area have given O = 44, 
A = 44. 778 donors with characteristically Highlan 
or, Irish names have given O = 49, A = 38, again 
highly significant difference. 

During the course of this work it became apparen 
that North and South Wales were strangely different. 
The first piece of evidence was that 3,242 donors 



with Welsh names drawn from the Bristol sample 
were as high in A as the remainder. Yet much of 
this immigration must be very recent, for the pro- 
portion of men was considerably higher among the 
Welsh donors. As Welsh names in Bristol must be 
overwhelmingly of South Welsh origin, the North 
Welsh material was re- examined, the Welsh names 
being classified according to their relative frequencies 
in North and South. I relied on Guppy's "The Homes 
of Family Names "4 in making the selection. It was 
found that donors with names more characteristic 
of South Wales were significantly higher in A. Prof. 
Fisher has very kindly provided some figures relating 
to South Wales. 1,765 Cardiff donors give 0 = 45, 
A = 43 ; 537 Swansea donors give 0 = 45, A = 40. 

Further work is in progress, but even on the 
evidence now available it seems probable that while 
the worth Welsh are, as regards blood groups, kin to 
the Highland Scots and the Irish, the Southern 
Welsh are almost indistinguishable from the Southern 
English. Surnames came into common use in Wales 
during Tudor times, so it appears likely that the 
peoples of the North and South who at that time 
adopted the same family names were already very 
different after all, perhaps, not such a surprising 
result in view of the different influences known to 
have affected the two parts of the country and the 
great difficulties of communication between them. 

Fisher and Vaughan' have undoubtedly directed 
attention to a simple and valuable technique, and it 
is much to be hoped that blood group investigators 
will avail themselves of it in connexion with appro- 
priate material. The additional clarification thus made 
possible may often be considerable. The usefulness 
of the method is not, of course, confined to blood 
group studies. 

When these investigations are complete it is in- 
tended to report them fully in the Annals of Eugenics. 
I will then take the opportunity of expressing my 
great indebtedness to all those who have so kindly 
provided the facilities which have made the work 
possible. 

J. A. FRASER ROBERTS. 
Burden Mental Research Department, 

Stoke Park Colony, 
Bristol. 
Jan. 2. 

' NATURE, 144, 1047 (1939). 
' Brit. Med. J., 1, 315 (1941). 

Human Biology, 12, 457 (1940). 
' London, Harrison and Son (1890). 
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BLOOD -GROUP FREQUENCIES IN NORTH WALES 

BY J. A. FRASER ROBERTS 

From the Burden Mental Research Department, Stoke Park Colony, Bristol 

THE distribution of the blood groups in the British Isles is remarkable for wide variations 
in the frequencies of genes O and A, and for the low proportion of A in certain areas. 
Taylor, Race & Fisher (1941) have given figures based on 150,000 donors. The fall in A and 
rise in O from south to north, as shown by the percentage figures for 0 and A, are as follows : 

southern England, 0 = 45, A = 43 ; northern England, 0 = 4 8, A = 40 ; Scotland, 0 = 52, 

A = 34. Ireland too is very low in A, though in this case large numbers are not available. 
Haldane (1940) quotes figurés relating to 784 donors, the percentages of 0 and A being 
respectively 56 and 30. These are similar to the figures for Iceland, for which the per- 
centages given by Haldane, based on 800 donors, are 56 and 32. A simple way of expressing 
the variations is to use the ratio A : 0 + A, i.e. the percentage of A ignoring B and AB. 
The figure is thus 49 for southern England, 45 for northern England and 40 for Scotland. 
The Irish figure is 35. Corresponding changes are found in the ratio AB : B + AB: 

It is clearly of much interest to determine the blood -group proportions in Wales, and 
also in Cornwall, in order to discover whether there is a fall in A as one proceeds from east 
to west, and whether the Welsh and Cornish populations are similar to their supposed 
kindred, the Scots and the Irish. I have been fortunate in securing a sample of donors 
from north Wales. Later I hope to present figures for the south -western counties of England, 
including Cornwall. 

The present paper is based on records relating to 2550 donors, tested in connexion with 
the Emergency Medical Services Blood Transfusion Scheme, and drawn from seventeen 
centres situated in Caernarvonshire, Denbighshire and Flintshire. The records were avail- 
able in detail, thus making possible some further analyses. The most important sub- 
division is based on a separation of donors into those with Welsh and those with non -Welsh 

family names. This method of study was employed in connexion with the blood groups by 
Fisher & Vaughan (1939). Out of 11,377 donors resident at Slough, they found that 591 

with Welsh family names were significantly lower in A than the remainder, the ratio 
A :0 + A being 45.3 and 49.5 in the two groups. It has also been possible to divide the 
donors according to sex, and in the case of women according to whether they are single or 

married. Finally, it has been possible to examine the variation within the three counties. 
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THE TOTAL FIGURES 
These are as follows : 

0 = 1224, A = 1009, B = 234, AB = 83. 

The corresponding percentage frequencies are: 

0 =48.0, A =39.6, B =9.2, AB =3.3. 

The ratio A:0 + A is 45.2. 

The calculated percentage gene frequencies, using Berstein's (1930) method are: 

0 =69.2, A = 24.4, B = 6.4. 

Berstein's test gives x2 = 0.183. There is one degree of freedom and P lies between 0.7 

and 0.5. There is thus excellent agreement between the observed numbers and those 
expected on the generally accepted hypothesis of the inheritance of the blood groups. 

THE CHOICE OF WELSH FAMILY NAMES 

In this task I have found H. B. Guppy's The Homes of Family Names (1890) of the 
greatest value. I am glad of the opportunity of drawing attention to this admirable book, 
which may, perhaps, not be as widely known as it deserves, though Bramwell (1923 -4) 
relied upon it and pointed out its merits in connexion with some interesting observations 
on racial differences. Guppy's plan was simple. He selected the farming community as 
one which is relatively stable, and using Kelly's Post Office Directories determined county 
by county the frequency per 10,000 of all the surnames occurring. The Welsh counties are 
for the most part small, so he grouped them into two areas, north and south. In a few cases 
the smaller English counties were similarly grouped. Scotland was treated more briefly 
in an appendix. The book contains much additional information and analyses of the material, 
but its most valuable feature is an alphabetical index of 8000 family names giving the 
frequency per 10,000 of each name in each county. It should be added that Guppy ignored 
frequencies of less than 6 per 10,000. 

With the help of this valuable and objective guide the selection of Welsh family names 
has not proved a very difficult task, though a decision has not been easy in all cases. It 
has to be borne in mind in making the selection that Monmouthshire is as Welsh as the 
rest of Wales in regard to surnames, and Shropshire and Herefordshire hardly less so. 
Cheshire and Gaoucestershire, on the other hand, do not show a high proportion of Welsh 
names. The family names range from those entirely confined to Wales in Guppy's list, 
through common ones certain to yield by migration a moderate frequency in some English 
counties, to those which though commoner in the Welsh areas than anywhere else, do have 
an independent origin and an appreciable frequency in various English counties. There 
are yet more extreme cases in which names though definitely Welsh are commoner in some 
parts of England than in Wales. In general, I have included most of those names which 
are both English and Welsh. As the donors are resident in Wales the names must indicate 
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a Welsh origin in the great majority of cases. Some of the names selected might, however, 
have to be excluded if Welsh names were being chosen in an English area. 

A few examples may be mentioned to illustrate the more difficult cases. The name Harris 
is very widely spread throughout England and is relatively common in a number of 
counties. It is, however, considerably commoner in south Wales and Monmouthshire than 
anywhere in England; it also occurs in north Wales. The names James and Morris display 
much the same distribution but are more characteristically Welsh. Ellis is a north Welsh 
name, though it is as common, or commoner, in many English counties. Richards and 
Rogers are examples of names which have a wide distribution in England and are com- 
moner in Cornwall than in Wales. Peters is a rare name listed by Guppy as occurring in 
north Wales, but also, with slightly greater frequency, in Cornwall and Somerset. All these 
have been included as Welsh names in Table 1. Certain names have been excluded because 
they are so much more often English than Welsh. Examples are Daniel, Rowland, Perkins 
and Stephens; Stephens is three times commoner in Cornwall than in south Wales. Breeze, 
or Breese, provides a good example of a name having a double origin. In north Wales it is 

doubtless a contraction of ap Rees. But it also occurs in Norfolk and Suffolk, and there 
almost certainly has a different origin. It has been included. 

Any difficulties in selection are, however, confined for the most part to names con- 
tributing very few donors. Twelve names only contribute 83 % of the total, and about them 
as well as a number of others there can be no doubt at all. 

Table 1 

Name No. of 
donors 

Frequency per 1o,000 
(Guppy, í89o) Classification 

North Wales South Wales 

Jones 256 1500 65o N . . 

Williams 153 700 65o . E . 

Roberts 1I2 Soo 110 N . . 

Hughes 8o 35o 76 N . . 

Davies 72 500 600 . E . 

Owen 59 38o 115 N . . 

Evans 52 500 520 . E . 

Edwards 36 15o 140 . E . 

Parry 31 66 22 N . . 

Thomas 31 200 700 . . S 
Lloyd 28 Too 93 . E . 

Griffiths z6 290 220 . E . 

Griffith 14 Included with Griffiths, N . . 

north Welsh form 
Price 14 7o 150. . .. S 

Ellis 13 25 - N . . 

Morris II 8o 76 . E . 

Richards II 7o 93 . E 
Rowlands T o 40 27 . E . 

Lewis 9 Iso 33o . . S 
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Table 1 (continued) 

Pritchard 7 6o - N . 

Rogers 7 I8 32 . E 
Bellis 6 I2 N . 

Elias 6 Not included N . 

James 6 25 185. . . S 

Pierce 6 3o N . 

Charles 5 Not included N . 

Humphreys 5 75 - N . 

Morgan 5 110 38o . . S 

Phillips 5 3o 15o . . S 

Jenkins 4 30 220. . . S 

Peters 4 9 - N . 

Pugh 4 160 22 N . 

Cadwaladr 3 Not included N 
Francis 3 44 . . S 

Harris 3 20 120 . . S 

Humphries 3 Included with Humphreys N . 

Powell 3 20 95 . . S 

Rees 3 5o 33o . . S 

Breeze z 5o - N . 

Ffoulkes 2 Included with Foulkes N . 

George 2 34 . . S 

Probort z 22 . . S 

Prytherch 2 Not included N . 

Vaughan 2 55 II N . 

Bevan i 55 . . S 

Foulkes I 25 - N . 

Harries Included with Harris . . S 

Hopkins I Io8 . . S 

Howell i 15 66 . . S 

Howells I 44 . S 

Hywel I Not included . . S 

Meredith I 15 17 . E . 

Morgans I Included with Morgan, N . 

north Welsh form 
Tudor I 40 - N . . 

Walters I 6o . . S 

Watkins I 18 98 . . S 
Wynn I Not included N . . 

Wynne I 3o - N . . 

Total 1132 

Table 1 gives a list of the names selected as Welsh, together with the number of donors 
contributed by each. The frequencies per 10,000, according to Guppy, in north and in south 
Wales respectively are also shown. The final column is based on these figures, the names 
being divided into those which are commoner in north Wales, those commoner in south 
Wales, and those which occur almost equally in both parts of the country. The names 
Elias, Charles, Cadwaladr and Prytherch are not mentioned by Guppy. The names Ffoulkes, 
Hywel and Wynn are obvious variants of names usually differently spelt. 
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THE RESULTS FOR DONORS BEARING WELSH AND NON -WELSH NAMES, TOGETHER 

WITH A DIVISION INTO MEN, SINGLE WOMEN AND MARRIED WOMEN 

In the great majority of cases donors were clearly distinguished as `Mr', `Mrs' or `Miss'. 
Titles did cause ambiguity in a few cases, however. Women distinguished by Sister' or 
`Nurse' have been included with the single women. The lists showed initials and family 
name only in a few instances; these donors have been included with the men. In the case 

Table 2. Blood -group frequencies amongst donors with Welsh and 
non -Welsh family names 

0 A B AB Total 

1. Welsh family names: 
Men 270 190 51 IO 52I 
Single women 209 1z8 37 14 388 
Married women loi 86 27 9 223 

Total 
z. Non -Welsh family names: 

58o 404 115 33 1132 

Men 238 215 51 12 516 
Single women 270 243 39 23 575 
Married women 136 147 29 15 327 

Total 644 605 119 5o 1418 

Table 3. Percentage frequencies of the blood groups amongst donors with Welsh and 
non -Welsh family names. Also the ratio A:0 + A as a percentage 

Percentage frequencies Ratio 
A:O +A O A B AB 

1. Welsh family names: 
Men 51'8 36'5 9'8 I.9 41'3 
Single women 53'9 330 9'5 3'6 38o 
Men and single women 52'7 35.o 9'7 2'6 39'9 
Married women 45'3 38'6 12'1 4.0 46.0 

Total 5P2 351 10'2 2.9 4P1 

2. Non -Welsh family names: 
Men 46.1 41'7 9'9 2'3 47'5 
Single women 47'0 42'3 68 4'o 47'4 
Married women 4P6 45.0 8.9 4.6 51.9 

Total 45'4 421 ' 8'4 3'5 48'4 

of a few women Christian name and surname only had been entered without prefix; 
these have been included with the single women. The number of cases possibly misclassified 

is very small. 
Table 2 shows the counts for donors with Welsh and non -Welsh family names dis 
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tinguishing between men, single women and married women. Table 3 shows the results 
as percentages and also shows the ratio A:0 + A expressed as a percentage. The difference 
between the Welsh and non -Welsh donors is very striking. Taking the simplest com- 
parison, a 2 x 2 table* showing groups 0 and A only, x2 is 11.813, which for 'one degree of 
freedom gives P = 0.001- 0.0001, so that the difference is highly significant. 

In the case of the non -Welsh names a 3 x 2 table showing numbers of 0 and A for men, 
single women and married women respectively, yields a x2 of 1800. There are two degrees 
of freedom and P lies between 0.5 and 0.3. There is no evidence of heterogeneity, therefore, 
in the relative proportions of 0 and A amongst the three classes of donors. 

The men and single women with Welsh names are very similar in the percentage of 0 
and A. In the fourfold table x2 = 0.763 and P lies between 0.5 and 0.3, so there is no evidence 
of heterogeneity. The married women with Welsh family names are, however, distinctly 
higher in A and lower in 0, as would of course be expected if some of them are English 
women married to Welsh husbands. The fourfold table giving numbers of 0 and A for 
married women and for the remainder gives x2 = 2.076, P lying between 0.2 and 0.1. As, 
however, the deviation is in the expected direction, the difference verges on significance. 

The ratio A:0 + A for the ñon -Welsh donors is 48.4, a figure closely similar to that found 
by Taylor et al. (1941) in southern England. The figure of 41.1 for donors with Welsh family 
names (or 39.9 if married women are excluded) is similar to the 40 found by these observers 
in Scotland. Presumably, however, the figure for Scotland would be still lower if donors 
with English names were eliminated. 

The ratio AB: B + AB confirms the difference between donors with Welsh and English 
family names, the figure .being distinctly lower amongst the former. The donors with 
English names sh-ow 29.6 % and those with Welsh names 22.3 %. 

A FURTHER DIVISION OF THE WELSH FAMILY NAMES 

I have attempted to separate the Welsh names into those which belong predominantly 
to the north, those belonging predominantly to the south, and those of approximately 
equal frequency in both areas. Table 1 shows the frequency per 10,000 (according to Guppy) 
in both areas. Names which are more than twice as common in the north are classified as 
north Welsh names ; those twice as common in the south as south Welsh ; where the differ- 
ence is less than this the names are classified as being of approximately: equal frequency. 
The results are shown in Table le 4. The heterogeneity is highly significant. Comparing 0 
and A for the three types of family name, x2 is 14.105, P for two degrees of freedom lying 
close to 0.001. The magnitude of the difference is somewhat startling. On such numbers 
as these, however, the fiducial limits are wide and some of the effect may be due to chance. 
But there can be no doubt that there is a highly significant difference and that donors 
bearing names characteristic of south Wales are higher in A than those whose names are 
more frequent in the north. 

* Yates' correction has been applied to all 2 x 2 tables. 
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Table 4. Further subdivision of donors with Welsh family names 

I. Numbers' of donors: 0 A B AB Total 
North Welsh names 356 201 48 22 627 
Names of equal frequency 186 161 52 8 ' 407 
South Welsh names 38 42 15 3 98 

2. Percentage frequencies and ratio A :0 + A : 0 A B AB A :0 + A 

North Welsh names 56'8 32'1 7'7 3'5 36'1 
Names of equal frequency 45'7 39'6 12'8 2'0 46'4 
South Welsh names 38'8 42'9 15'3 3'I 52'5 

HETEROGENEITY WITHIN THE THREE COUNTIES 

As already mentioned, the donors were tested at seventeen centres situated in Caernar- 
vonshire, Denbighshire and Flintshire. Table 5 shows the numbers of donors of groups 0 
and A for each centre, distinguishing between Welsh and non -Welsh family names. In the 
case of the donors with non -Welsh family names a 2 x n comparison (adding together the 
figures for Llangwyfan and Llanbedr) gives x2 = 15.261. There are 15 degrees of freedom, 
so P lies between 0.5 and 0.3. Agreement is excellent, so that within this area there is no 
evidence of heterogeneity amongst the non -Welsh donors. 

Table 5. Number of donors of groups 0 and A at seventeen centres, 

distinguishing between Welsh and non -Welsh family names 

Centre 

Welsh 
family names 

Non -Welsh 
family names 

O A O A 

Caernarvonshire: 
Caernarvon. 42 27 17 13 

Portmadoc 8o 56 42 47 
Bangor 67 53 85 81 

Llandudno 41 19 152 125 

Denbighshire: 
Colwyn Bay 28 14 47 62 
Denbigh 22 17 Iz II 
Llangwyfan (Sanatorium) 15 5 6 8 

Llanbedr (Sanatorium) 3 1 6 6 

Ruthin 39 31 23 24 
Wrexham 75 57 79 48 

Flintshire: 
Rhyl 26 24 53 55 
St Asaph ' 39 16 15 16 

Flint 26 II 19 21 
Mold 7 8 i6 9 

Holywell 3 - 7 5 

A works 38 31 36 40 
A factory 29 34 29 34 

Total 58o- 404 644 605 
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In the case of the donors with Welsh family names (adding together the figures for Llan- 
gwyfan and Llanbedr, and also those for Mold and Holywell), x2 = 18.078, so that for 14 

_degrees of freedom P is close to 0.2. If, however, the married women are excluded from 
the comparison, x2 'becomes 24.048, which with 14 degrees of freedom gives P = 0.05 -0.02. 
There is thus some evidence of heterogeneity. It is difficult, however, to discern any 
geographical pattern in the fluctuations. Perhaps the most important point is that varia- 
tions in the proportions of 0 and A throughout the area amongst donors with Welsh names 
are trivial compared with the very large differences between these donors on the one hand 
and those with non -Welsh names on the other. 

DISCUSSION, WITH SOME ADDITIONAL DATA 

The results of this inquiry can be summarized very simply. Donors from these three north 
Welsh counties when taken as a whole show a proportion of gene A similar to that found in 
northern England. When, however, the donors are separated into two groups, those with 
Welsh and English family names respectively, it is found that the former group is very low 
in A, giving a figure similar to the low values found in Scotland and Ireland. Donors with 
English names, on the other hand, are as high in A as the population of southern England. 
The difference is highly significant. Amongst the donors with English names, the classes, 
men, single women and married women prove to be homogeneous in respect of the pro- 
portion of 0 and A; similarly, there is no heterogeneity as between the different centres. 
In the case of donors with Welsh names the men and single womén are equally low in A, 
but the married women, as might be anticipated, are somewhat higher. This difference 
verges on significance. There is also some evidence of variations in the proportion of O 

and A within the area, though this does not seem to fit any simple geographical 
pattern. 

The results already given in the present paper strongly support the finding of Fisher & 

Vaughan (1939), that recent population movements can lead to significant associations 
between surnames and blood groups. I can provide another example from data to be 
published shortly. A count of blood donors in the Bristol area has given the following 
figures: 0 = 17,939, A= 17,984, B= 3,347, AB= 1,470. 

The corresponding percentages are : 

0 =44.0, A =44.1, B =8.2, AB= 3.6. 

The ratio A : 0 + A is 504. - 

Table 6 shows a preliminary selection of donors with Scottish and Irish family names 
included in this material. The ratio A : 0 +A for this selection of Scottish and Irish names 
is 43.5. The difference in proportion of 0 and A between these donors and the rest of the - 

Bristol donors is highly significant. In the fourfold table x2 = 11.569 and P = 0.001- 0.0001. 
Omitting the additional Irish names, which I selected only by the light of nature, .the 
difference is still highly significant, x2 being 9.361. 



i BLOOD - GROUP FREQUENCIES IN NORTH WALES 268 

Table 6. Donors with Scots and Irish family names resident in the Bristol area 

0 A B AB Total 

Names with prefix `Mac' 148 115 22 15 300 
Names with prefix `0' 37 23 5 1 66 
Additional Highland names (Guppy)* 73 55 11 4 143 
Additional Irish namest 126 103 31 9 269 

Total 384 296 69 29 778 
Corresponding percentages 49'4 38.0 8.9 3.7 100.0 

* Taken from Guppy's lists of names characteristic of the area north of the Forth and Clyde, omitting 
names common in England also. t List selected by myself and doubtless of limited accuracy. 

Fisher & Vaughan have undoubtedly called attention to a valuable technique, one, 
moreover, which is particularly easy to apply to large numbers. In any study the surnames 
of human subjects are usually already available, or can easily be recorded, whereas the 
collection of anthropological measurements of comparable value would be a truly formidable 
task. With particular reference to the blood groups the wide variations in the frequency of 
A in the British Isles proves to be even greater than the published figures indicate, for the 
undoubted equalizing effect of recent migration can to some extent be unmasked in this 
simple way. It is desirable that in future studies in appropriate areas a separation according ; 

to surnames should be carried out in addition to the usual geographical analysis. The 
research possibilities are obvious, and they are by no means confined to blood group studies. 

At first sight it may seem surprising that so high a proportion of the north Wales donors, 
no less than 56 %, should bear English family names. This is largely explained by the 
choice of centres. The north Welsh coast has become in recent times a Lancashire suburb 
and dormitory. Llandudno, Colwyn Bay and Rhyl can now hardly be described as Welsh 
towns. There has also been, of course, a considerable movement of population into north 
Wales as the result of the war. In the present material Llandudno makes the largest con- 

tribution of any centre and only 18 % of these 379 donors bear Welsh names. In this area 
of Britain two populations live side by side, still widely separated by language and tradition. 
It is in just such an area that the family name method is likely to reveal the largest 
differences. 

The division of the Welsh names into those commoner in north and south respectively, 
and those of approximately equal frequency in both areas, as shown in Table 4, reveals a 
highly significant difference, and at once raises the question whether the population of 
south Wales shares the low frequency of A found in Scotland, Ireland and north Wales. 
I am greatly indebted to Prof. Fisher for providing me with some hitherto unpublished 
figures from the very extensive collection of material which he is making. A sample of 
donors from Cardiff gives the following result : 

O = 798, A = 750, B = 161, AB = 56. 
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The corresponding percentages are: 

0 = 45.2, A = 42.5, B = 9.1, AB = -3.2. 

The ratio A :0 + A is 48.4. 

A sample from Swansea gives the following figures: 

0 =240, A =214, B =61, AB =22.' 

The percentages are: 

0 =44.7, A =39.9, B =11.4, AB =4.1. 
The ratio A :0 + A is 47.1. 

Certain discrepancies between the sexes, however, in the figures for Swansea make the 
use of these last figures somewhat questionable. These populations are very little lower in 
A than the population of southern England generally, for which the ratio is - 49. It might 
be suggested that the proportion of persons of non -Welsh blood in Cardiff and Swansea is 

now large enough to obscure the low contribution of A made by persons of Welsh blood. 
The family -name technique would be very valuable in this connexion. Pending further 
information, however, I greatly doubt whether the recent English influx into Cardiff and 
Swansea is nearly so great as into north Wales, particularly into the north Welsh coastal 
area, so strongly represented in the figures given in this paper. Yet Cardiff shows signi- 
ficantly more A than the north Welsh matèrial taken as a whole. 

Further evidence is provided by the Bristol material already mentioned in this discussion. 
The great majority of Welsh names in the Bristol area must be derived, recently or remotely, 
from south Wales. Furthermore, owing not only to proximity but to the greater population 
of the southern half of Wales, persons whose surnames are commoner in the north than 
the south will also far more often be of south Welsh origin. Bristol donors with Welsh 
family names give the following figures :* 

0 = 1407, A = 1427, B = 277, AB = 131. 

The percentages are: 

0 =43.4, A =44.0, B =8.5, AB =4.0. 
The ratio A:0 + A is 50.4. 

There is thus no indication whatsoever that these donors are any lower in A than the 
rest of the population of Bristol. (The figures for the whole sample are given on p. 267.) 

Yet in this same material the method has successfully revealed the low A characteristic 
of donors with Highland and Irish names. The numbers just given are relatively large, 
large enough to reveal quite a moderate difference -if it existed. 

It might be argued that a high proportion of persons with Welsh names living at Bristol 
belong to families long resident in the area, so that the original contribution of many 0 
genes by -their ancestors has now been spread throughout the population. The sex ratio, 

* Details of the selection of Welsh family names in this material will be given when the results for 
south -western England are published. 
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however, which reveals a large and significant discrepancy, shows that much of the 
immigration must be very recent. 

Welsh donors 
Non -Welsh donors 

Males per ioo females 
84.1 

74'3 

The results for the Bristol area alone, therefore, make it probable that any difference 
between the inhabitants of south Wales, even those bearing Welsh names, and the in- 
habitants of southern England must be at best quite small. This conclusion is confirmed by 
the figures provided by Prof. Fisher for Cardiff and Swansea and by the difference noted 
in the north Welsh material between donors with north and south Welsh names. Further 
evidence is of course desirable, and several additional points could usefully be investigated. 
In particular it would be interesting to determine the boundaries of the area of low A. 
Even on the evidence now available, however, it seems highly probable that the inhabitants 
of north and south Wales, even those bearing the same names, differ very widely in blood - 
group frequencies. 

This (to me) unexpected result may not after all be so very surprising. It is known that 
different influences have affected the two parts of the country. Furthermore, communica- 
tions between north and south must always have been difficult, as indeed they are to -day. 
A few years ago I heard it said in this connexion that the best meeting place for all Wales 
was Shrewsbury in summer and London in winter. Surnames came into common use in 
Wales during the sixteenth century, so if the difference is confirmed it must follow that the 
peoples who happened at that time to adopt the same family names were already very 
different. From the point of view of blood groups then, and there is no more valuable 
anthropological guide, it is probably not going too far to conclude that while the north 
Welsh are kin to the Highland Scots and the Irish, the south Welsh, either from the period 
of the Saxon invasions or by subsequent infiltration prior to Tudor times, are almost one 
with the southern English. 

SUMMARY 

1. Results are given for a count of 2550 blood donors drawn from 17 centres in 
Caernarvonshire, Denbighshire and Flintshire. 

2. Donors with Welsh family names are as low in A as the Scots and Irish ; those with 
English family names are almost as high in A as the population of southern England. 

3. There is no heterogeneity in the proportion of Ó and A amongst the non -Welsh 

donors, either as between men, single women and married women, or between the different 
centres. Married women with Welsh family names are somewhat higher in A than the men 
and single women. There is also some evidence of heterogeneity within the area amongst 
the Welsh donors. 

4. Amongst the donors with Welsh names, those bearing names cómmoner in north Wales 
are lower in A than those whose names are commoner in the south. Additional material 
from the Bristol area emphasizes the value of the family name technique and, together 
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with samples from Cardiff and Swansea, supports the conclusion that the north and south. 
Welsh are very different in regard to blood group frequencies. While the north Welsh 
resemble the Scots and Irish, the inhabitants of south Wales, even those bearing Welsh 
names, are almost as high in A as the southern English. 
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