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All the kinship correlations (and their sample sizes ) reported over a period of 30
years by Sir Cyril Burt are presented in tabular form. The kinships include
identical twins reared together and apart, fraternal twins, siblings, parent-child,
grandparent-grandchild, cousins, and others, more rare types of relationships.
Burt’s statistical methods and the procedures for testing and obtaining “final
assessments” of mental ability are fully described, and the final assessments for
Burt’s 53 monozygotic twins reared apart are given in full. Misprints and
inconsistencies in some of the data are noted, and recommendations are made
Jor the presentation and preservation of kinship data secured by future
researchers.
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THE BASIC DATA

The late Sir Cyril Burt throughout his long career as a psychologist collected
data on the mental resemblance between persons of various kinships, and he
intermittently published reports of these findings. The reports were often, but
not always, cumulative; that is to say, Burt frequently combined the more
recently acquired data with those of previous reports. Much of the testing was
done by Burt himself, and with the help of his research assistants, in surveys
carried out in the schools of greater London during Burt’s tenure as psychologist
to the London County Council (see Jensen, 1972a2). The quest for the
exceedingly rare and genetically most valuable data on identic twins who were
separated in infancy and reared apart, however, continued successfully into the
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years after Burt’s retirement from his Professorship at University College,
London. In 1955, Burt commented that the quest for separated monozygotic or
one-egg twins had lasted for over 40 years; data on 21 pairs had been collected
up to that time (Burt, 1955, p. 167, footnote 3).

Because various kinship correlations are of considerable value to researchers
in behavioral genetics who wish to test the fit of particular genetic models to
empirical estimates based on mental test data, it seemed worthwhile to bring
together in one set of tables all of the various kinship correlations reported
throughout Burt’s writings, which, on this topic, extend over a period of some
60 years. Reports of his first empirical studies of mental resemblance among
relatives, however, go back only about 30 years.

THE MENTAL MEASUREMENTS

Burt’s kinship studies were based on four types of mental measurements:
group tests of intelligence, individual tests of intelligence, “final assessments,”
and tests of scholastic achievement and “general attainments,” i.e., scholastic
knowledge and skills. Usually he also included in his genetic analyses highly
heritable physical measurements (height, weight, head length and width, and eye
color) as a basis for comparison with the parallel analyses performed on the
mental measurements. .

Burt never gave very detailed descriptions of the specific psychological tests
he used in any given study, but all of the tests he used are presented in two of
Burt’s books on mental and scholastic tests (Burt, 1921, 1923). Briefly, the
intelligence tests are described as “(i) a group test of intelligence containing both
non-verbal and verbal items, (ii) an individual test of intelligence (the London
Revision of the Terman Binet [i.e., Stanford-Binet] Scale) used primarily for
standardization, and for doubtful cases, (iii) a set of performance tests, based on
the Pintner-Paterson tests and standardized by Miss Gaw (1925)”” (Burt, 1966, p.
140).

As for the scholastic measurements, Burt states that “we used the group tests
constructed and standardized for London children” (1966, p. 140). These tests
are to be found in Burt (1921). So much, then, for the group and individual tests
of intelligence, and the scholastic achievement tests. These are quite straight-
forward. However, the data that Burt seemed to put most reliance on, what he
called “final assessments” or “adjusted assessments,” are less clear-cut. There-
fore, a close examination of what Burt’s “final assessments” consisted of, insofar
as one can tell from his writings, is in order.

Final Assessments

First, it should be noted that while Burt was a leading pioneer in
psychometric theory and one of the world’s most sophisticated workers in this
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field right up until the time of his death in his eighty-ninth year, in actuak
practice his approach to psychological testing and assessment was more that of
the clinician than of the psychometric researcher. His thinking on this matter is
best expressed in his own words:

we shall be concerned, not with special abilities, but only with general intelligence.
Here once again it is to be remembered that what the psychologist can directly observe
or measure is only the phenotype, never the genotype. Hence our first aim has been a
practical one—to estimate the relative efficiency of the methods available for
assessing intelligence. We might almost borrow Galileo’s explanation when he
repeated Archimedes’ experiment: “T am not trying to discover how many ounces of
gold there may be in the crown, but simply how much accuracy there is in the
method.” For this purpose we have endeavoured to ascertain the comparative merits
of the two most obvious procedures: first, the use of standardized tests, with the
marks taken just as they stand [i.e., the group and individual tests]; secondly,
checking and correcting the marks so obtained in the light of the available evidence
[i.e., the ““adjusted assessments”]. ... as a means of estimating genotypic differ-
ences, even the most carefully constructed tests are highly fallible instruments, and
their verdicts are far less trustworthy than the judgments of the pupil’s own
teachers; the outstanding merit of the tests is that, unlike the teacher’s judgments,
they are comparable from one school to another. Accordingly, our investigations
have been directed towards discovering, first, how far such tests are likely to be
affected by irrelevant influences, and secondly how far existing methods of
assessment can be improved upon by more comprehensive devices. Most psychol-
ogical investigators have concentrated on the first of these two questions only.
Almost inevitably the investigator who enters the schools from outside is obliged to
confine himself to short and simple procedures—group tests of the usual type. And
here lies the unique advantage of an officially appointed psychologist who is himself
a member of the education authority’s staff: he not only knows at first hand what
are the conditions affecting the examinees in the various schools, but also possesses
the authority to extend or repeat his tests and his interviews, and to require from
teachers the detailed information and the further assistance that he needs.

The data we have used for the purpose of our various analyses have been secured
in this way; and, having satisfied ourselves that by these means we can reduce the
disturbing effects of environment to relatively slight proportions, we have gone on
to enquire whether the data so obtained—the frequency curves, the bivariate
distributions, the correlations between relatives brought up under various conditions
(twins, cousins, children and their parents, siblings living in the same home, in
different homes, in residential institutions, and the like)—are consistent with the
hypothesis of multifactor inheritance. That has formed our chief theoretical
problem. (Burt and Howard, 1957, pp. 38-39)

But what did these “final assessments™ actually consist of? How were they
arrived at? To what extent are the procedures replicable by other investigators?
Unfortunately, there is no sufficiently detailed account in any of Burt’s articles
of precisely how his final assessments were arrived at for us to feel confident
that the procedures could be precisely repeated by other investigators. This is
not to say that the end results of similar procedures might not be much the
same. Probably the fullest description Burt ever gave of his method of arriving at
the final assessments is the following:

To assess intelligence as we have defined the term, it will be unwise to rely
exclusively on formal tests of the usual type, particularly when they consist largely
of verbal group tests and have been applied on a single occasion only. Provided the
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person tested is in good health at the time of the examination, has a strong motive
for doing his best, and is in no way handicapped by special disability, emotional
disturbance, or a lack of the elementary knowledge which the problems presuppose,
then such a test may no doubt furnish a tolerably accurate assessment. But this
cannot be taken on trust; and the only way to be sure that no distorting influences
have affected the results is to submit the marks o some competent observer who has.
enjoyed a first-hand knowledge of the testees. With children this will usually be a
school teacher; and whenever discrepancies appear between the teacher’s verdict and
that of the test, the child must be re-examined individually, preferably with tests of
a non-verbal type.

Such precautions were regularly adopted by the psychologist working in the
London County Council schools, since one of his main duties was concerned with
the ascertainment of possible cases of certifiable deficiency and of scholarship
ability which had been overlooked or questioned. The interview, the use of
non-verbal tests, and the information available about the child’s home circumstances
usually made it practicable to allow for the influence of an exceptionally favorable
or unfavorable cultural environment. Whether the effects of infantile ailments or
irregular growth could always be allowed for is perhaps more questionable. In any
case, when test-results have been systematically checked and adjusted by these
means, the reliability of the final assessments, and their correlation with the pupils’
subsequent achievements, prove to be far higher than those of a single intelligence
test, whether group or individual. (Burt and Howard, 1956, pp. 121-122)

In 1958, Burt stated that “assessments are obtained by submitting the test
scores to the teachers for criticism or correction, and where necessary adjusting
them by the methods described above” (Burt, 1958, p. 9). Namely: “The final
assessments for the children were obtained by submitting the marks from the
group tests to the judgment of the teachers who knew the children best: where
the teacher disagreed with the verdict of the marks, the child was interviewed
personally, and subjected to further tests, often on several successive occasions.
The assessments for the adult members of the family were naturally far less
accurate” (Burt, 1958, p. 8).

Burt added somewhat more information on the final assessments in 1966:

The test-results . . . were submitted to the teachers for comment or criticism;
and, wherever any question arose, the child was re-examined. It was not practicable
for the same person to test every child. I was helped by three principal assistants,
and in a few cases by research-students, all of whom had been trained by me
personally. The methods and standards therefore remained much the same
throughout the inquiry. If any divergence occurred, it would tend to lower rather
than to raise the correlations. The reliability [type of reliability not specified] of the
group test of intelligence was 0.97; of the Stanford Binet 0.95; of the performance
tests 0.87. (Burt, 1966, p. 140)

Itisclear that Burt intended his final assessments to “read through” theeffects
of environment as much as possible. He wrote:

Environment appears to influence the test results chiefly in three ways: (2) the
cultural amenities of the home and the educational opportunities provided by the
school can undoubtedly affect a child’s performance on intelligence tests of the
ordinary type, since so often they demand an acquired facility with abstract and
verbal modes of expression; (b) quite apart from what the child may learn, the
constant presence of an intellectual background may stimulate (or seem to
stimulate) his latent powers by inculcating a keener motivation, a stronger interest in
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intellectual things, and a habit of accurate, speedy, and diligent work; (c) in a few
rare cases illness or malnutrition during the prenatal or early postnatal stages may,
almost from the very start, permanently impair the development of the child’s
central nervous system. The adjusted assessments may do much towards eliminating
the irrelevant effects of the first two conditions; but it is doubtful whether they can
adequately allow for the last. (Burt, 1958, p. 9)

The process Burt described for arriving at “final assessments” is exactly what
a good clinician should do in arriving at judgments or decisions which can
personally affect individuals. But one may question whether the subjective
element in this procedure is one that can be wholeheartedly recommended in
scientific research on the genetics of mental abilities. Since it is not completely
explicit, it cannot be completely objective, and therefore not entirely repeatable
by other investigators.

If all Ss had been given the same set of tests, with the scores combined into a
“final assessment” in some completely specifiable manner, this would be an
altogether different matter, and, in my opinion, much more satisfactory. I made
this point to Burt in the conversations I had with him in the summer of 1970.
He said that for the vast majority of Ss the final assessments involved no
subjective judgments at all, but consisted simply of an average of the IQs
obtained on the group test and the individual test, and in some cases when
teachers completely agreed with the group test scores the final assessments
consisted of no more than the single group test [Qs.

This was not true, however, of the twins in Burt’s analyses. Their greater
rarity and theoretical value caused all of them to be given the “full treatment™;
they were given all the tests in arriving at the final assessments, and in some cases
the final assessments were even revised between one published study and the
next on the basis of further testing to which they had been subjected during the
interim. For example, between 1958 and 1965, a number of the twins who
entered into the 1955, 1956, and 1958 studies were retested by one of Burt’s
principal assistants and the new scores were used to revise the final assessments
on these Ss (Burt, 1966, p. 141, footnote).

THE KINSHIP CORRELATIONS

In presenting all of the kinship correlations that appear anywhere in Burt’s
writings, the guiding principle has been to avoid inferences and interpretation in
the tabular presentation itself but to point out in the text accompanying each
table certain questions to which its contents give rise. In order to avoid inference
and interpretation in my preparation of these tables, I have simply presented
everything I could find in a careful search through Burt’s writing,with the source
of each item clearly identified. I have neither eliminated any data nor combined
any data, but have endeavored to tabulate for the reader simply what exists, to
serve as a completely objective basis for whatever inferences, interpretations, or
uses the reader may wish to make of the basic information. This approach makes
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it necessary to repeat a good deal of the same information which often appears
in more than one of Burt’s articles. But I believe the reader will find that this
form of repeated tabulation gives a clearer and much more comprehensive
picture of the raw sum total of Burt’s empirical legacy to behavioral genetics
than would be given by a more succinct form of summary. It has the added
advantage of turning up possible errors, and inconsistencies can easily go
unnoticed until all the data are brought together in this fashion.

The following tables present the kinship correlations to as many decimal
places as reported by Burt in the reference cited, along with the number of pairs
(), when this was given; a question mark (?) designates those instances where
the NV is not explicitly given in the cited reference. Typographical errors which
occurred in the original articles are always presented in the body of the tables
just as they occurred in the original article, and the corrected values are given in
the footnotes. These corrections, in all cases, were explicitly made by Burt
himself; none is inferred. Where there is a question of other possible misprints or
errors, they are mentioned speculatively in the text and are kept clear of the
tables and footnotes.

The measure of the degree of relationship generally used by Burt is the
intraclass correlation (Burt, 1943, p. 91, footnote 4; Burt and Howard, 1956, p.
124), as advocated by R. A. Fisher (1934, p. 213), and this is correct. The usual
product-moment correlation (Pearson r) assumes that the two correlated
variables, X and Y, can be separated and assigned to two distinct classes of
variable (like height and weight). Thus the Pearson 7 is sometimes referred to as
the interclass correlation. But since there is no basis for assigning each of the
members of a twin pair to one class or another, it is entirely arbitrary whether a
given twin is either X or Y. And since different arbitrary assignments of twins to
X and Y in computing the product-moment correlation will result in different
values of 7, this type of correlation is inappropriate. The intraclass r gets around
this; in effect, it amounts to an unbiased estimate of the mean r in the
population that would be obtained from all possible assignments of twins to the
X and Y variables.

Karl Pearson (1901) was the first to suggest a method for obtaining the
average sample », using the product-moment correlation technique; he used it to
compute correlations between siblings and other kinships. Burt told me in 1970
that he may at times have used Pearson’s method instead of the intraclass 7, but
he clearly preferred the intraclass r, since, unlike Pearson’s 7, it is an unbiased
estimate of p, i.e., the correlation in the population. The results of the two
methods are practically the same when o is large, and they usually differ, if they
differ at all, only in the third decimal place; the larger the N, of course, the
smaller the difference between the results of the two methods. Pearson’s method
is merely the product-moment correlation with double entry of the X and ¥
variables. For example, a pair of twins (or other kins) called 4 and B are entered
into the computations twice, first with 4 assigned to X and B to Y, and then
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with B assigned to X and 4 to Y. This causes the X and Y arrays to have exactly
the same means and standard deviations, and under this condition the
product-moment correlation is nearly equal to the intraclass correlation. But not
quite, unless V is very large, because the X and Y standard deviations that enter
into the product-moment cormrelations are computed with & in the formula,
while the intraclass correlation (which is based on the analysis of variance), being
an unbiased estimate, uses the degrees of freedom (df), i.e., N—1.If one uses V
rather than df in performing the analysis of variance, the intraclass 7 is exactly
the same as the product-moment r obtained by Pearson’s double-entry method.
Of course, the larger the &V, the less difference it makes whether one uses N or
N—1.Very slight variations can result, therefore, depending on the method used
for calculating the correlation.? But a single-entry Pearson 7 is always wrong for
kinship correlations, unless just by chance it happens that X and Y have exactly
the same mean and standard deviation. Newman et al (1937), in their
well-known study of twins, consistently used Pearson’s double-entry method.

Twins

An essential question in all studies of twins is the method for determing
zygosity, i.e., whether a given pair of twins is monozygotic (“identical”) or
dizygotic (“fraternal”). It is commonly believed that this is a difficult
determination to make, but actually for the vast majority of twins it is not. A
simple checklist of ten questions, which can be filled out by the twins
themselves or by an interviewer, has been found to be about 95% as accurate as
the most elaborate and refined method for determining zygosity by means of
blood-group analysis, which can have an error rate of less than one in a million
(see Nichols and Bilbro, 1966; Bulmer, 1970). Burt’s method of determining
zygosity falls somewhere between these extremes. Here is his most complete
description of it:

To determine “zygosity,” i.e., to distinguish “identical” from so-called ““frater-
nal” twins, no one criterion is sufficient. A difference of sex is of course decisive;
such a pair cannot be monozygotic. With the younger children, particularly those
born in the area in which the investigator was working, we were frequently able to
secure detailed records of the mother’s pregnancy and birth; and it is generally
agreed that twins reported as born in a single chorion are monozygotic. When twins
brought up together can be seen side by side, the impressionistic judgment of an
expert observer is likely to be correct in nineteen cases out of twenty; but a few
dizygotic twins are remarkably alike. Height, weight, and right- or left-handedness
are unreliable; hair-color, eye-color, fingerprints and palm prints are more helpful. In
doubtful cases the most valuable check is provided by an investigation of blocd

2 An excellent brief explication of the differences between the interclass correlation and the
intraclass correlation is provided by Mather (1964, Chap. X). The most extensive
exposition is by Haggard (1958).
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groups and serum groups. This had not been introduced when we started our
inquiries; and, though in half-a-dozen of our later cases where slight doubts existed,
it was adopted as an extra precaution, we were unable to carry it out as a routine
procedure. We think it highly unlikely that any misclassifications have been made;
but, if they have, their effect would be to reduce the differences between the
correlations for monozygotic and dizygotic pairs. (Burt, 1966, pp. 141-142)

Monozygotic Twins Reared Together

The correlations for monozygotic twins reared together are given in Table .
In corresponding with Burt about one of my own articles (Jensen, 1968) in
which [ reproduced (in my Table 1) correlations from Burt’s 1955 and 1958
articles, Burt informed me of two errors® in my table, one of them due to a
typographical error in his 1955 article (the correlation of 0.944 which should be
0.904) which was unwittingly transferred into his 1958 article, in which he had
simply reproduced his whole Table 1 from the 1955 article. However, if the
1955 final assessment r is 0,925 for N= 83, does it not seem rather improbable
that the 1966 (and 1972) final assessment should be exactly the same, even
though the sample size has increased from 83 to 95? But I know of no
satisfactory way of determining the probability of obtaining exactly the samer
under such conditions. (We see the same repetition of the r for Arithmetic,
despite the increased N.)

When the various twin pairs (or any other kinship pairs) in a sample differ in
age, part of the correlation can be attributable to the sameness (or similarity) in
age of the members of each pair. How did Burt take this into account? With 1Q
scores there is really no problem, since the IQ is either a ratio of mental
age/chronological age, in which case chronological age is, in a sense, partialed out
of the correlation, or a standard score (with mean = 100, ¢ = 15 within each age
group), in which case age is also partialed out. But what about the physical
measurements and the scholastic measures? At no point is Burt entirely clear on
this. Presumably, the achievement tests, like the intelligence tests, consisted of
standardized scores or age-ratio scores (it is not clear which). As for the physical
measurements, Burt wrote simply: “measurements for height and weight were
corrected for sex and age” (1966, p. 141). How this was done is not specified,

3The other error in my 1968 Table 1 is in giving N = 30 for monozygotic twins reared apart;
it should be N = 21. Burt’s 1958 article did not give the Ns in his Table 1, which he later
informed me was transplanted whole from his 1955 article (in which the Ns are listed
separately in the text). I had inferred an N = 30 from the following statement'in the text
of Burt’s 1958 article, referring to monozygotic twins reared separately: “We have now
collected over 30 such cases” (Burt, 1958, p. 7). Presumably at the time Burt’s 1958
article was written (it was originally the Walter Van Dyke Bingham Memoriai Lecture given
at University College, London, on May 21, 1957), either all 30 of the twin pairs referred to
had not yet been tested or the new data had not yet been completely analyzed, so Burt
used the r based on N = 21 in his 1958 Table 1, which is exactly the same as the 1955
Table 1.
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and nothing at all in this respect is said about the measurements of head length
and breadth.
The most obvious method, and that used in the twin study by Newman et al.

(1937, p. 95), is to obtain the twin (double-entry) correlation based on the raw
measurements as well as the double-entry correlation of age with the raw
measurements and then to compute the partial correlation, i.e., the correlation
between twins with age partialed out. This method, of course, should have no
effect on age-standardized scores such as the IQ, from which the variance due to
age is already removed. If it does have an effeci on IQ correlations, it can only
mean biased sampling of S5, since for a properly standardized test the correlation
between IQ and age should be zero. But when Ss are drawn from any single
grade in school, for example, there is generally found a negative correlation
between [Q and age, since the lower-1Q children are old for their grade in school
and the higher-IQ children are young for their grade. When there has been
unbiased sampling, it is unnecessary to partial out age from IQ scores; but when
there has been biased sampling (as in the school-grade example), it is statistically
improper and only compounds errors to partial out age from IQ data.

Though Burt was not explicit concerning how he handled age in his
correlations, there is no evidence that he made improper use of partial
correlations. Newman et al. (1937), however, do compute partial rs for 1Qs
without issuing the necessary caveat that such correlations, if different from the
nonpartialed rs, should be disregarded and certainly never be used in formulas
for estimating heritability. But I rather doubt that Burt ever used the partial
correlation method for handling age at all, for [ recall from our discussions in
connection with my own research on twin and sibling resemblance that he
expressed dislike of partialing out age as a general procedure, since this method
assumes linear regression of the test variable (or physical measurement) on age,
an assumption which is seldom justified except within a quite limited age range.
Burt clearly favored the use of standardized scores based on as narrow age
groups as the size of the normative sample would reliably permit. Unfortunately,
Burt did not report the ages of his various samples, which makes his findings less
precisely comparable with other studies, since some kinship correlations are
known to vary as a function of age (e.g., Honzik, 1957).

Since in two of his articles Burt quotes the twin correlations of Newman ezt
al. for comparison with his own twin correlations, is there the possibility that we
can infer whether Burt’s correlations are partial rs (i.c., age partialed out) or
simple (zero-order) rs by noting which of the rs from Newman et al. Burt
selected for comparison with his own data? Unfortunately, this line of possible
inference leads to naught, because of the peculiar inconsistencies and, at points,
sheer inaccuracies, in Burt’s tabulation of the correlations from Newman ef al.,
In Table II are shown the twin correlations of Newman et al. as Burt tabulated
them in his 1955 and 1966 articles, and exactly as tabulated in the monograph
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by Newman et al. (1937). All discrepant correlations in Burt’s tabulation are
shown here in italics.

As can be seen, at one time (1955) Burt listed the raw r and at another time
(1966) the partial » given by Newman ef al., but this is not consistent for the
different types of twins. One of the rs (Stanford-Binet IQ for MZ Apart, 1966,
r=0.767)isacorrection of the original correlation for restriction of range. Burt
adopted this correction for restriction of range from McNemar (1938), who
recommended it because the standard deviation of the Newman et al. twins is
only 13.0 as compared with a SD of 14.8 for Burt’s twin sample and of 6= 16
for the general population (see footnote g in Table II). There seems to be no
apparent systematic basis for. Burt’s selection of the Newman eral rs for
comparison with his ownrs. The reason for the seemingly unsystematic
inconsistencies revealed in Table II can now only be a matter for idle
speculation.

Monozygotic Twins Reared Apart

Correlations for monozygotic twins reared apart are shown in Table III. A
striking feature in this table is the invariance of the » = 0.77, despite the
changing sample size.* There are three distinct rs, each with a different N
(presumably cumulative from one study to the next); the first » = 0.77 (based on
the Binet test) and the later two (based on a group test) are both 0.771. (The
1956 and 1958 rs are clearly just a repetition of the 1955 r.) It seems
improbable, to be sure; but this is hard to judge, for two reasons: (1) the 7s are
not a random sample of all possible rs, but a sample of rs where the population
(or “true”) value p is probably very close to 0.77, and in this range of high
correlations the sampling error is much smaller than for low values of p, and (2)
the Ns going from 1943 to 1955 to 1966 are cumulative, so that the added cases
are much less likely to result in variations in the newly computed rs than if the rs
were based on completely independent samples drawn from the same popula-
tion.

It would seem even more improbable that a totally independent sample of
monozygotic twins reared apart would show an intelligence test r of 0.77, and
yet this is precisely the 7 reported by Shields (1962) in his study of 38 pairs of
monozygotic twins reared apart, a study that had no connection whatever with
Burt’s. The correlation between monozygotic twins reared apart may be
regarded as an estimate of the broad heritability, 4* (i.e., the proportion of total
phenotypic variance attributable to genotypic variation). It is therefore

41 believe the first person to point out this invariance of r = 0.77 across changipg N_s was
Dr. Leon Kamin, in a colloquium of the Psychology Department at the University of
Pennsylvania, on September 19, 1972.
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interesting that the estimate of 4% for a group intelligence test (Otis) arrived at
by Newman ef al. on the basis of monozygotic and dizygotic twin correlations is
precisety 0.77 (Newman et al., 1937, Table 39, p. 119). And when the Newman
et al. correlation between monozygotic twins reared apart is corrected for
restriction of range, as was suggested it should be by McNemar (1938), it, too, is
0.77.

Burt’s correlations for the final assessments also changed very little from
1955 (with N = 21) to 1966 (with N = 53). From the final assessments for each
of the 53 sets of twins provided by Burt (see Table IV), his 1966 r = 0.874 is
correct within normal rounding error. (I get r = 0.8749 using Pearson’s
double-entry method for computing r. The unbiased intraclass r = 0.8771.)

Burt never published the data on the individual sets of twins, but he sent a
list of the final assessments, along with the social class ratings, to those who
requested them.® This list, in the form prepared by Burt, is presented in Table
IV. Actually, not all of the twins listed under “Own home” were reared in their
own homes (i.e., by their biological parents, or parent), although the majority
were. A few of the twins in this column were reared by a relative who adopted
them or by what Burt referred to as “the better type of foster-parent” (Burt,
1966, p. 143). Burt also noted that “we included in our group of separated twins
no cases in which both had been brought up by a relative, except for five in
which one relative lived in a town and the other in the country” (p. 143). The
sacial classification was based on the occupational categories of the children’s
parents or foster parents. There is an apparent error in Burt’s Table 1 (1966, p.
143), showing the correlational scatter-diagram table for the occupational levels
of the twins reared by “own parents” (on the ordinate) and of the twins reared
by “foster parents” (on the abscissa); it does not agree completely with the
social class ratings presented in Table IV here.

The correlation (double-entry Pearson r) between the social class rating of
the twins’ homes is—0.084 (omitting cases in residential institutions). The
correlation between social class rating and 1Q (i.e.,final assessments) is —0.314
for twins reared by their “own parents” and +0.009 for twins reared in foster
homes (omitting those in residential institutions).

®The first person to request and receive this list from Burt, as best as I can determine, was
Professor William Shockley. Burt later sent me the list in the course of our
correspondence about one of my articles on twins (Jensen, 1970; 197256, pp. 307-326).
Burt also sent these data to Jencks et al. (1972, p. 317, footnote 10). In my article, which
made use of Burt’s data, I rearranged the order of the twins in each pair so as to make the
means and standard deviations of the two arrays (X and Y) as nearly alike as possible, in
order that my graphic presentation of the data in the form of a bivariate scatter diagram of
the 53 pairs would be as symmetrical as possible, thus better reflecting the properties of
the double-entry or intraclass correlation which was used as the measure of relationship. In
a later discussion with Burt, he agreed this was probably the best way to make a graphic
representation of the twin correlation.
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Table IV. Burt’s Final Assessments (on IQ Scale) of Intelligence of Mono-
zygotic Twins Reared Apart

Reared in Reared in
Own home Foster home Own home Foster home
Case Social Social Case Social Social
No. “IQ” class “IQ” class? No. “IQ” class “IQ” class
1 68 6 63 6 28 97 5 92 1
2 71 4 76 5 29 97 3 95 5
3 73 5 77 5 30 97 5 112 R
4 75 6 72 Rb 31 97 6 113 5
5 78 3 71 6 32 99 5 105 4
6 79 3 75 5 33 100 3 88 3
7 81 5 86 5 34 101 5 115 5
8 82 2 82 R 35 102 5 104 R
9 82 4 93 2 36 103 6 106 5
10 83 4 86 6 37 105 6 109 1
i1 85 5 83 6 38 106 5 107 5
12 86 6 94 6 39 106 6 108 R
i3 87 5 93 1 40 107 5 108 3
14 87 6 97 6 41 107 3 101 2
15 89 6 102 2 42 108 5 95 5
16 90 2 80 2 43 111 6 98 5
17 91 3 82 2 44 112 6 116 5
18 91 2 88 5 45 114 1 104 5
19 92 5 91 6 46 114 5 125 5
20 92 2 96 3 47 115 2 108 6
21 93 6 87 2 48 116 2 116 6
22 93 3 99 4 49 118 2 116 6
23 93 ) 99 3 50 121 1 118 5
24 94 6 94 R 51 125 4 128 5
25 95 6 96 5 52 129 2 117 5
26 96 2 93 R 53 131 1 132 4
27 96 4 109 1

“2Social class 1 = high, 6 = low.
br denotes residential institution.

One may wonder to what extent Burt’s final assessments might differ from
IQs obtained from a single administration of a standard intelligence test.
Unfortunately, we do not have the actual individual test scores on Burt’s twins
(these were reported for only one pair: Burt, 1966, p. 144), so that we could
determine the correlation between the single test scores and the final
assessments.

The most crucial point in twin studies, of course, is the difference in scores
between the members of each twin pair, and we can look to see if these twin
differences for Burt’s final assessments are in any way atypical of the twin
differences in IQ found by other investigators who used only actual test scores
rather than any kind of adjusted assessment. There are only three studies besides
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Burt’s in the literature of monozygotic twins reared apart, totaling 69 pairs,
which we can use as the basis for comparison with Burt’s final assessments.®
Figure 1 shows the frequency distribution of the absolute 1Q differences
between twins in the three studies, along with those of Burt. The question is, do
Burt’s data differ significantly from the data of the three other studies? An
analysis of variance shows that the mean twin differences of the four studies do
not differ significantly (F=0.8732, df = 3/118, p = 0.4572). To test if moments
other than the mean differ between Burt’s and the others’ data, the
Kolmogorov-Smirnov test is the most appropriate. This is a nonparametric test
of whether two independent samples can be regarded as drawn from the same
population or from populations with the same distribution; it is simultaneously
sensitive to any kind of differences in the distributions—central tendency,
dispersion, skewness, etc. When the distribution of Burt’s twin differences is
compared with the distribution of the twin differences in the three other studies
combined, the Kilmogorov-Smirnov test yields a x> value of 1.50 (df = 2), which
is statistically nonsignificant. (With 2 df, a x> value of 5.99 or greater is required
for significance at the 0.05 level.) Therefore, it may be concluded that the
distribution of twin differences in Burt’s sample does not differ significantly from
the distribution of twin differences in the three other studies.

Dizygotic Twins Reared Together

The puzzling point in Table V is the N =172 in 1955 and NV = 127 in 1966.
What became of the other 45 pairs of dizygotic twins? Or is this a misprint, the
127 being merely a reversal of 1727 Since the rs differ from 1955 to 1966,
presumably somewhat different samples are involved. Also, the reprint of the
1966 article given to me by Burt has ameticulously inscribed correction of one
of the rs in Table 2 (p. 146) (see footnote ¢ in Table V), and I note that the
same correction has been made in a reprinted version of the 1966 article (in
Manosevitz et al., 1969, p. 333). If N = 127 had been an error, then it would
presumably have been corrected as well. So it seems more likely that the 1955 N
= 172 is the more questionable. Also, note that the correlations for arithmetic,
general attainments, height, and weight are invariant from 1955 to 1966, despite
the reduction of N from 172 to 127. This would seem to make it extremely
likely that the 1955 N = 172 is in error and should be N = 127. If that is the
case, however, why do four of the correlations not remain invariant from 1955
to 19667 Burt’s writings contain no clue to the answer.

Burt’s 1943 N = 156 makes one wonder if perhaps cases were lost or for
some reason discarded between 1956 and 1966. The fact that Burt (1966) notes

51 have presented elsewhere detailed analyses of the original data from all four major studies
of monozygotic twins reared apart (Jensen, 1970; 1972b, pp. 307-326).
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Fig. 1. Distribution of absolute differences in 1Q between 122 pairs of co-
twins reared apart, in four studies. Twin pairs in the various studies are in-
dicated by the author’s initial.
that N = 7! for the same-sex twins and NV = 56 for different-sex twins is
consistent with the total ¥ = 127.

Full Siblings Reared Together

Table VI presents the same puzzle, i.e., a decrease in N from the 1955 N =
1000 and the 1956 NV = 987 to the 1966 N = 264. The decrease from 1966 to
1972 (Table 1) is less puzzling, since Burt mentions (1972, p. 187) that the r of
Table 5 is based on a larger and more recent sample than the r of Table 1 (which
is the same in the 1966 data). But it seems puzzling that Burt should report
correlations on some 800-1000 siblings in 1955 and 1956 and then report s in
1966 and 1972 based on Ns of only 264 and 231. I wish I had noticed this
peculiarity while Burt was alive so that [ could have asked for an explanation; [
have searched his writings in vain for one. The invariance for final assessment » =
0.507 from the 1955 N = 1000 to the 1956 NV = 987 leaves the question of why
three pairs of sibs were dropped; but the invariance of  is not surprising, since
with ¥ = 1000, the loss of three cases, unless they were extremely atypical,
would not be likely to change the r to the third decimal. The » = 0.568 for
weight is also invariant from the 1955 N = 853 to the 1966 N = 264, which
seems improbable, though of course entirely possible, especially when the 7s vary
only slightly around some central tendency, i.e., the population value, as seems
to be the case in these data. A possible explanation for these discrepancies in Ns
is that in different studies the reported N might be (/) the number of individuals
in the sample, or (2) the number of pairs of siblings entering into the correlation,
or (3) the number of families involved.
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Full Siblings Reared Apart

Table VII shows an increased V but invariant s for the scholastic measures
in 1955 and 1966. One of the Ns (most probably 1966) for the scholastic and
physical measures is certainly in error, since all five rs are invariant from the
1955 N = 131 to the 1966 N = 151. The true N for 1966, at least for the
scholastic and physical measures (height and weight only) is surely better taken
to be 131 instead of 151. Since Burt carefully noted a correction in the reprint
of the 1966 table he sent to me (see present Table V, footnote ¢), why was not
N = 151 also corrected if it was in error? Probably the N = 151 applies only to
the intelligence measures and not to the scholastic and physical measures, for
which the true NV is most probably 131.

Another point of question in Table VII is the 1972 N = 156. Is this just an
addition of five cases to the 1966 N = 1517 It is doubtful that a 3% increase in N
would alter the r by more than 0.10, as is here the case. If the true 1966 N were
131, however, and there were an addition of 25 cases (a 20% increase), the
changed r would not be so improbable.

In Burt’s Table 4 (1966, p. 150), under “other investigators,” Burt gives the
“number of investigations™ of siblings reared apart as 33; I questioned this to
Burt and he said it was a misprint—the correct number is 3.

Unrelated Children Reared Together

Table VIII also presents some difficulties. The 1955 N is not clear, as
indicated in footnote b. Since two of the rs are invariant from 1955 to 1966,
one probably should assume that the 1955 N = 136. The difference in
correlations for the final assessments (0.269 vs. 0.267) is small enough to be
within the range of differences that can result from using different methods for
computing  or by computing r for the combined sexes, in one case, and
computing r for the sexes separately and averaging them, in the other. The
invariance or very close similarity in all the rs for scholastic and physical
measures reinforces the high probability that the 1955 N = 136, although there
is nothing in the 1955 article that gives this information; the only NV mentioned
in the text is 287, but it is not explicit that all of the 287 foster children on
whom data were secured are represented in the correlations presented in Burt’s
Table 1.

Miscellaneous Kinship Correlations

Some of the most interesting and more rarely found kinship correlations,
from a genetic standpoint, are shown in Table IX. Seldom did Burt specify the
particular intelligence measures used in these correlations. I have indicated the
tests in footnotes when they were explicitly indicated by Burt. We again see the
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Table VIII. Unrelated Children Reared Together
1955, p. 168 1958, p.6 1966, p. 146 1966, p. 150

Table 1 Table 1 Table 2 Table 4
N r N r N re N r
Intelligence
Group test 2876 0.281 7 0.281 136 0.281
Individual test 2870 0252 7 0.252 136 0.252
Final assessment 2870 0269 7 0.269 136 0.267
Unspecified 136 0.27
Scholastic
Reading and spelling 2870 0548 7 0.548 136 0.545
Arithmetic 2870 0476 ?  0.476 136 0478
General attainments 2870 0.535 2 0.535 136 0.537
Physical
Height 2870 -0.069 136 -0.069
Weight 2870 0.243 136 0.243
Head length 2 0.116 100 0.110
Head breadth ¢ 0.082 100 0.082
Eye color ¢ 0.104 100 0.104

2Figures for boys and girls have been calculated separately and then averaged.

bThis N is rather ambiguously reported: “‘she [Miss Conway] also secured data
for 287 foster children” (1955, p. 167). Is this then the N for the correlation
between “unrelated children reared together” given in Table 1, p. 168? Or are
“unrelated children reared together” only a subset of the total number of
foster children?

€1955, p. 167, footnote 3 states: ““The figures for head-length, head-breadth,
and eye color are based on much smaller numbers in every batch.”

enigmatic shrinking Ns between 1955 or 1956 and 1966 for some of the
kinships.

The 1955 parent-offspring » = 0.481 with V = 954 is based on test scores for
the children and interview assessments of the intelligence of at least one parent.
Burt (1955, p. 172, footnote 1) states: “For the assessments of the parents we
relied chiefly on personal interviews; but in doubtful or borderline cases [no N
indicated] an open or a camouflaged test was employed.” The rs for reduced Ns
reported subsequently to 1955 might conceivably be for parent-child pairs in
which both parents and children had been tested, but this would seem an
unreasonable kind of sampling if the tested parents were only those who were
“doubtful or borderline cases.”

Was the interview assessment of intelligence (of which the reliability and
validity are not specifically reported) also used in other cross-generational
correlations, e.g., uncle-nephew and grandparent-grandchild?
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Is the 1956 N = 321 (grandparent and grandchild) transposed as the 1966
N =132 for which the r is invariant to two places?

The correlation (0.623, N = 287) between siblings resulting from first-cousin
matings, as far as I can determine, is unique in the genetic literature. (This odd
kinship correlation is not reported but is latent in the massive data secured by
Schull and Neel, 1965, on the offsprings of cousin marriages in Japan.)

CONCLUSION

Unfortunately, since Burt is deceased, it seems highly unlikely that we shall
ever be able to clear up the rather puzzling discrepancies and ambiguities that
were noted in the above tables. Nor shall we be able to determine more exactly
the relationship between the “final assessments” and the actual test scores on
which they were based. The only “scores” on individual sets of relatives that
remain are the final assessments of the monozygotic twins reared apart, which
Burt made available a few years before his death.

But the most serious problems with Burt’s presentation of all these
correlations are the often unknown, ambiguous, or inconsistent sample sizes and
the invariant correlations despite varying Vs from one report to another. I count
altogether no fewer than 20 pairs of invariant correlations for various kinships
with differing Vs in each case. If the Ns are questionable, the standard errors of
the correlations are necessarily in doubt, and without estimates of the standard
error, ipso facto, the correlations are useless for hypothesis testing. Unless new
evidence rectifying the inconsistencies in Burt’s data is turned up, which seems
doubtful at this stage, I see no justifiable alternative conclusion in regard to
many of these correlations. Hypothesis testing depends on data of determinate
reliability. Of this, Burt’s presentation of his own data unfortunately often gives
too little assurance. Any particular instance of an invariant  despite a changed NV
can be rationalized as being not too improbable. But 20 such instances unduly
strain the laws of chance and can only mean error, at least in some of the cases.
But error there surely must be. Usually, we have no sure way to distinguish the
erroneous from the valid NVs. Be conservative and pick whichever NV is smaller?
Perhaps even more disturbing is the doubt that so many questionable and
discrepant points cast on the trustworthiness of the various correlation
coefficients themselves.

In hopes that some of the original data might be recovered after Burt’s quite
sudden death in October 1971, I corresponded with Burt’s personal secretary
about this possibility and also looked into it further when I was in London the
following summer. But by then, alas, nothing remained of Burt’s possessions save
various notes, letters, manuscripts, reprints, and books. I was told that shortly
after Burt’s death many of the books and journals had to be sold and donated to
university libraries, and that many boxes of old data, which Burt had kept for
many years, were disposed of in the course of vacating his flat in Hampstead.
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These boxes, etc., [ was informed, were either poorly labeled or not labeled at
all, so that their exact contents were not apparent to casual inspection. And so,
unfortunately, the original data are lost, and all that remains are the results of
the statistical analyses, which are presented in the foregoing tables as
completely, I believe, as possible.

An item of information that is lacking and would be of value for certain
genetic analyses is the variances (or standard deviations) of the test scores for the
various kinships; with these, along with the correlations, one could compute the
regressions, which are more useful than correlations in certain analyses, for
making correction for restriction of range, and so forth.

The reporting of kinship correlations at times with and at times without
noting the sample size, the rather inconsistent reporting of sample sizes, the
higher than ordinary rate of misprints in Burt’s published tables (several of them
acknowledged by himself), and the quite casual description of the tests and the
exact procedures and methods of data analysis all stand in quite strange and
marked contrast to the theoretical aspects of Burt’s writings in this field, which
were elegantly and meticulously composed, with profound erudition and
impressive technical sophistication. It is almost as if Burt regarded the actual
data as merely an incidental backdrop for the illustration of the theoretical
issues in quantitative genetics, which, to him, seemed always to hold the center
of the stage.

In the theoretical aspects of the applications of quantitative genetics to,
psychometric data, Burt was outstandingly ahead of all others of his time, as he.
was, too, in psychometric theory in general. To read his major articles is indeed
an education in itself. He was undoubtedly the first psychologist to understand
thoroughly, and to use, the important contributions of Fisher, Haldane, and
Mather in biometrical genetics, a complex and difficult science which Burt so
ably explicated in several of his publications, most notably in the extensive 1956
article with Margaret Howard and in one of his last major articles (Burt, 1971),
In behavioral genetics, Burt’s classical theoretical approach has been technically
superseded only by the recent applications of biometrical genetics to humar
behavioral data by the Birmingham group (e.g., Eaves, 1969; Jinks and Fulker,
1970; Mather and Jinks, 1971).

The Newman et al. (1937)7 monograph on twins is an interesting contrast to
Burt’s works. Newman er al. reported all of the basic scores on their twins and

"Newman was principally an embryologist, Freeman a psychologist, and Holzinger a
statistician. It was Holzinger who was responsible for all the quantitative treatment of the
data. He went about this like a good statistician, but without showing the slightest
evidence that he was aware of anything in the field of quantitative genetics, which at that
time was already quite advanced and would have been highly applicable to the excellent
data gathered by Newman et of. It should be noted, too, that this study was conducted at
the University of Chicago at the time that Sewall Wright, a leader in quantitative genetics,
was professor of genetics there; but apparently Wright was not consulted by Newman et al.
This is one of those interesting curiosities in the history of science.
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were thoroughly explicit in all matters of test description, data collection
procedures, and statistical analyses; but the analyses are all so simple and naive
from a genetic standpoint that a reader of Newman ef al. would never guess the
existence of a science of quantitative genetics. Not a single reference is made, for
example, even to the important theoretical and methodological contributions of
Sewall Wright and R. A. Fisher, particularly the latter’s seminal 1918 paper,
“The Correlations Between Relatives on the Supposition of Mendelian Inheri-
tance,” which Burt made so much use of and which has since come to be
generally regarded as one of the cornerstones of quantitative genetics. Newman
et al. seemed unaware of such genetically important considerations and
complications as assortative mating, dominance deviation, and genotype:X
environment interaction and covariance. Moreover, thanks to Holzinger’s simple
and often cited, but theoretically nonsensical, heritability index, all the
heritabilities reported in Newman et al. purely and simply are wrong; i.e., they
do not represent estimates of what any geneticist has ever meant by
“heritability,” viz., the ratio of genotypic variance to phenotypic variance. (For
a formal proof, see Jensen, 1972b, pp. 294-306, especially the footnote on p.
295.)

But there is at least an important lesson in all of this for present and future
researchers. For while Newman efal, even in 1937, were behind the times in
the theoretical treatment of their twin data, their data at least were sufficiently
explicit and fully preserved so that other researchers could use them with
confidence in theoretically more satisfactory ways. On the other hand, Burt,
who collected much more data and a wider variety of data of considerably
greater theoretical value, and treated them in terms of the currently most
sophisticated genetic theory, in a sense may have performed less of a service
strictly to empirical science than did Newman et al., by not taking pains to
report his results in a more complete and accurate form and to insure the
preservation of the original data for the benefit of later investigators.

Quantitative genetics provides the basic methodology for behavioral genetics.
As the theoretical concepts of quantitative genetics advance and change, new or
modified analytical methods can be applied to fundamental problems, and old
data collected in the past and treated with less adequate methods can be
reanalyzed with new and improved methods, or can be combined with data from
other sources in order to increase the statistical reliability of the results. For this’
reason, it is important that investigators preserve for future use the kinds of
kinship data that are often so difficult and costly to obtain.

Especially rare data, such as those of monozygotic twins reared apart,
siblings from cousin matings, double first cousins, and the offspring of two
mated pairs of monozygotic twins (genetically, such offpsring are full siblings
with entirely different parents), should be published in full, along with complete
descriptions of the tests or measurements and procedures. Perhaps this should be
a general requirement for the publication of studies based on such valuable data,
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so that quantitative analytical techniques other than those used by the original
author can be applied to the data by anyone who wishes. Less rare kinship data,
such as ordinary monozygotic and dizygotic twins, siblings, parent-child,
cousins, etc., should probably be submitted complete in some standard form to
the journals publishing the studies based on these data, to be permanently
preserved in the journals’ archives for future workers who may wish to use them.
They should be accompanied by specimen sets of the measuring instruments and
descriptions of the procedures used to obtain the data, along with a full
description of the population sampled and the sampling technique employed. In
the case of twins studies, the methods and data for determining zygosity should
be given.

Ancillary information on every subject, such as age and sex and race, wounld,
of course, be essential; and other information, such as date of testing,
socioeconomic background, educational level, and geographic location also
would be desirable, especially as a basis for decisions about combining data from
various sources.

It would also be wise in all kinship studies routinely to obtain standardized
measurements on each subject of at least one or two highly heritable metric
physical characteristics, such as height, head length and breadth, and fingerprint
ridges, to which one could apply the same analytical methods as were applied to
the behavioral traits in question. As originally suggested by R. A. Fisher, such a
parallel analysis of physical traits that are little influenced by the environment
may serve as a sheet anchor for the quantitative genetic interpretation of the less
heritable behavioral traits under consideration. If the particular genetic analysis
does not make sense for the highly stable physical traits, it is probably also
questionable for the less stable behavioral traits, either because the sampling has
been faulty or because the particular analytical model is inappropriate.

Observance of these recommendations should aid the advancement of
behavioral genetics.
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