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“ .. . the distinctive characters of every race of man were highly variable.”

“The variability of all the characteristic differences between the races . . . indicates that
these differences cannot be of much importance.”

Charles Darwin
The Descent of Man, p. 249
J. Murray, London, 1871






MEN ARE NOT BORN GOOD OR EVIL

It is impossible for man to be endowed by nature from his very birth with either
virtue or vice, just as it is impossible that he should be born skilled by nature in any par-
ticular art. It is possible, however, that through natural causes he may from birth be so
constituted as to have a predilection for a particular virtue or vice, so that he will more
readily practice it than any other. For instance, a man whose natural constitution inclines
toward dryness, whose brain-matter is clear and not overloaded with fluids, finds it much
easier to learn, remember, and understand things than the phlegmatic man whose brain is
encumbered with a great deal of humanity. But if one who inclines constitutionally toward
a certain excellence is left entirely without instruction, and if his faculties are not stimulated,
he will undoubtedly remain ignorant. On the other hand, if one by nature dull and phleg-
matic, possessing an abundance of humidity, is instructed and enlightened, he will, though
of course with difficulty, gradually succeed in acquiring knowledge and understanding.

In exactly the same way, he whose blood is especially warm has the requisite quality
to become a brave man. But another whose heart is colder than it should be, is naturally
inclined toward cowardice and fear, so that if he should be encouraged to be a coward, he
would easily become one. If, however, it be desired to make a brave man of him, he can
without doubt become one, providing he receive the proper training which would require,
of course, great exertion.

I have entered into this subject so that thou mayest not believe the absurd ideas of
astrologers, who falsely assert that the constellation at the time of one's birth determines
whether one is to be virtuous or vicious, the individual being thus necessarily compelled to
follow out a certain line of conduct.

Moses Maimonedes 1135-1204
Commentaries on the Mishna VIII






We are living in a time when genetics has been integrated into many aspects of our
lives. Hardly a week goes by without the newspapers referring to some discovery that
appears to have the potential to influence medicine or the behavioral sciences. Often such
reports attempt to summarize statistical studies of the aggregation within families of traits
like obesity, criminality, alcoholism, divorce, or sexual preference. The non-scientist must
place heavy reliance on the reporter’s ability to interpret the statistical findings or on the
author’s press release. The public’s understanding of such studies may ultimately affect
their continued funding; remember Senator Proxmire's Golden Fleece awards, which were
often based on complete ignorance of the meaning of the science but appealed to the
public’s inability to tell the difference between the significance of different studies. The
very language used to describe the science to the public becomes as important as the science
itself, as can be seen in the advertisement shown in Figure 1.

One word that elicits stark images of genetic determinism is “heritability.” To the
non-geneticist, it might appear that the statement that a trait is heritable refers to an indi-
vidual or says something about the causes of group differences in that trait. This paper will
address the issue of “heritability” — its use and misuse — in the recent history of behav-
ioral genetics, and especially in connection with racial and group differences.

I want to begin with the paper that sparked the enormous controversy of the 1970’s
about race and intelligence, a famous paper authored by Arthur Jensen in the 1969 Harvard
Educational Review. This issue has not really gone away but was to some extent kept in
the background during the 1980’s. With a series of papers by the leading psychologist
Sandra Scarr, culminating in her presidential address to the Society for Research in Chitd
Development, the issue has returned and, in fact, has been joined in the latest (October
1993) issue of Child Development, where two very critical replies to Scarr’s address (and
her rebuttal) have appeared.

Since the arguments of Jensen and Scarr hinge on the magnitude of the number called
heritability, it is important to indicate some key points in the history of this number and to
discuss its meaning in the context of genetic determinism. After all, it is the idea of genetic
determinism that is the foundation for Jensen’s and Scarr’s ideas about the organization of
education in our society.

I'will begin with a discussion of Jensen’s (1969) article “How Much Can We Boost
IQ and Scholastic Achievement?” The article quickly became a standard borne by educa-
tional separatists around the world and by devout racists like William Shockley. In fact,
Shockley and Jensen appeared together in a number of discussions of the race-genetics-IQ
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topic, although it was sometimes difficult to know which one was lending credibility to the
other!

Jensen began with an analysis of the failure of compensatory education, moved to a
discussion of the correlation between occupational attainment and intelligence, and then
addressed the concept of heritability, presenting data on correlations in IQ between relatives
of various kinds. After producing an estimate of about 80 percent for the heritability of IQ,
he then discussed raciél_diffcrcnces, focusing on African Americans, and discoursed on the
remote possibility that environmental alterations can affect IQ. His conclusion was
essentially that the educational system should take account of innately different racial
patterns of ability in our school programs.

My expertise is not in education, nor in intelligence testing, and other authors have
written extensively against some of Jensen’s assumptions concerning these (see, e.g.,
Jencks 1972). Instead, I will examine the logic of the argument that connects heritability of
measured intelligence to the rest of Jensen’s argument that racial differences in IQ are due
to genetic differences between races.

Heritability

The first use of the term “heritability” as a statistical measure occurs in J. L. Lush’s
book Am’mal Breeding Plans, published in 1937. Lush divided the variance of a trait (in
his case, of course, he was referring to a phenotype of some agricultural interest, such as
percentage of butterfat in milk), Vp into two components. The first, Vg, is “that part of the
variance caused by the heredity that different individuals,” and Vg is that part of the vari-
ance caused by differences in the environments under which different individuals devel-
oped.” Thus, Vp = Vg + Vg. The heritability of the trait is simply the fraction of the vari-
ance due to the individual’s genetics: heritability = Vg/(Vg + Vi) = VG/Vp.

This partition of variances actually involves an assumptidn about the way in which
genes and environment combine to produce the phenotype, namely, that the phenotype P is
a linear combination of two independent factors: G, which is genotypic contribution, and
E, which is the environmental contribution to the phenotype. Working with animals, it is
possible to design experiments that come close to the independence assumed here. There is
actually a series of complications involved in the factor G, whose technical names include
dominance and epistasis, that are not key to the main line of my argument, and I will ignore
them in my discussion. What is impossible to ignore in human behavioral genetics is the
independence assumption mentioned above. The raw data for humans consist of pheno-
typic measures in families, and in almost every situation, G and E cannot be regarded as



independent. In other places, the limitations of the assumption of independent action of
genes and environment, as well as the problem of genotype-by-environment correlation,
have been discussed (e.g., Cavalli-Sforza and Feldman, 1973; Feldman and Lewontin,
1975). In fact, the heritability computed in the possible presence of genotype-environment
interaction is usually referred to as “broad-sense” heritability, and it is this value that is
reported for most human quantitative traits involving measured intelligence. This is not the
mcasﬁrc of heritability, “the narrow-sense heritability” that is the foundation of animal
breeding, which consists only of the simplest (so-called additive) contributions to the
genetic determination of the phenotype.

 Inresponse to the discussion that broke out over Jensen’s paper, Cavalli-Sforza and
1 in 1973 proposed a model of genetic and cultural determination of human behavioral
characters that had the effect of revising the simple dichotomous partition described above.
We suggested that cultural transmission from parents to offspring should be included in
any discussion of the heritability of traits like IQ and produced a model that included
explicit interactions between this cultural transmission and the genotype. To my knowl-
edge, this was the first time that a specific model of parent-to-offspring cultural trans-
mission had been included in the dynamics of such behavioral traits. Qur study was a
theoretical one, and we did not attempt to apply our model to existing data sets, but by
simulation studies we showed that the effect of cultural transmission on heritability esti-
mates could be important. Thus, it became clear that for traits in which any familial
transmission might be envisaged, the complexity of the transmission process must be
included before credible inferences could be made.

The basic structure of the model that includes transgenerational cultural transmission
is P = hG + bB + eE, where B is a cultural contribution to the phenotype that is transmitted
from parent to child, but not according to the classical rules of genetics that must be satis-
fied by the genetic component G. In fact, to study this model in detail, each individual
should really be regarded as possessing three values, G, B, and P, all measured on the
scale of the phenotype, P (see, e.g., Cavalli-Sforza and Feldman, 1978; Goldberger, 1978;
Feldman and Cavalli-Sforza, 1979). Models like these are linear; the phenotype is a sum of
fractions due to the genetic, transmitted cultural, and nontransmitted environmental contri-
butions. This is a major assumption because it precludes any sophistication in the descrip-
tion of genotype-environment interactions (Feldman and Lewontin, 1975). The statistical
procedure that produces estimates of &, b, and e is called path analysis, and it was invented
by Sewall Wright, who first applied it in the context of human behavioral genetics in a
famous paper in 1931.

A further important set of assumptions must be made before a detailed analysis of



familial data can be made. This concerns the structure of the assortative mating among
parents of children whose trait values are sampled. Assortative mating occurs when indi-
viduals do not marry at random with respect to one or more of the variables studied. For
example, people with high IQ’s might marry more frequently than their proportions in the
population would indicate. Or individuals in one class of jobs, or going to one kind of
college, or preferring classical music, etc., might marry more often than randomly com-
bining the frequencies of males and females in these groups would suggest. Exactly how
this assorting is modeled also has an effect on the estimated values that emerge from any
statistical analysis (Cavalli-Sforza and Feldman, 1978; Feldman and Cavalli-Sforza, 1979).
(See Figure 2.)

Any interpretation of numerical estimates that are produced from models like those
just described must be conditioned by the credence one has in those models. The models
themselves are rarely, if ever, the subject of scientific evaluation, and when we examine the
numbers in the next section, it will become apparent that these numbers are strongly tied to
the underlying models. Under such uncertain statistical conditions, advocacy of policy and
action suggests more about the prior biases of the investigator than about the validity of the
statistical assumptions.

Estimates of Heritability of Intfellectual Ability

Jensen (1969, p. 48) summarized the results of 124 studies of kinship correlations,
52 of which were taken from Erlenmeyer-Kimling and Jarvik (1963), supplemented by
“certain kinship correlations not includcd in their survey and reported in the literature since
their review (e.g., Burt, 1966, p. 150).” Despite this large number of studies, Jensen
proceeded to use only the data on monozygous twins reared together and apart and
dizygous twins to arrive at “an average heritability of .80 for intelligence test scores” (p.
51). In fact, Jensen placed most emphasis on the twin study reported by Burt (1966) in
which 53 pairs of twins raised apart were described and for which the correlation in IQ was
reported to be 0.86. It is worth quoting Jensen’s description (p. 47) of Burt's studies on
the inheritance of intelligence:

The most satisfactory attempt to estimate the separate variance components is the
work of Sir Cyril Burt (1955, 1958), based on large samples of many kinships
drawn mostly from the school population of London.

Of Burt’s twin studies, on which so much of Jensen’s argument resides, Jensen had the
following to say (p. 52):

The Burt study is pethaps the most interesting, for four reasons: (a) it is based on the
largest sample; (b) the IQ distribution of the sample had a mean of 97.8 and a stan-
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dard deviation of 15.3 — values very close to those of the general population; (c) all
the twin pairs were separated at birth or within their first six months of life; and (d)
most important, the separated twins were spread over the entire range of socioeco-
nomic levels (based on classification in terms of the six socioeconomic categories of -
the English census), and there was a slight, though nonsignificant, negative correla-
tion between the environmental ratings of the separated twin pairs. When the twin
pairs were rated for differences in the cultural conditions of their rearing, these
differences correlated .26 with the differences in their IQs. Differences between the
material conditions of their homes correlated .16 with IQ differences. (The corre-
sponding correlations for a measure of scholastic attainments were .74 and .37,
respectively. The correlation between the twins in scholastic attainments was only
.62, indicating a much lower heritability than for 1Q.)

It is now well known that Burt’s twin studies have been discredited. The subjects
may not have existed, the collaborators may not have existed, and the numbers may have
been created from thin air. It was Leon Kamin who first pointed out the numerical prob-
lems in 1972, and this led to the later investigations and ultimate demise of the Burt twin
work. Kamin gave his paper in 1972 and expanded on the whole subject in his famous
1974 book. It is interesting to follow Jensen’s reaction to Kamin’s original address. In
1974 Jensen published a further article in a journal of far less consequence than the Har-
vard Educational Review, namely, Behavioral Genetics. In this article Jensen said, “it is
highly unlikely that we shall ever be able to clear up the rather puzzling discrepancies and
ambiguities in Burt’s data.” He went on, “unless new evidence rectifying the inconsis-
tencies in Burt’s data is turned up, which is doubtful at this stage, I see no justifiable con-
clusion in regard to many of [Burt’s] correlations. Hypothesis testing depends on data of
determinate reliability. Of this, Burt’s presentation of his own data unfortunately often
gives us too little assurance.” It should be emphasized that this disclaimer by Jensen was
never made more public than in this esoteric journal. No letters to the Harvard Educational
Review were forthcoming, and on Jensen’s lecture circuit he continued to emphasize the
same numbers that he produced in 1969.

It is fair to say that prior to 1974 the accepted estimate, published in many textbooks
of human or behavioral genetics, for the heritability of IQ was 80 percent. Following our
introduction of the notion of cultural transmission into the picture (Cavalli-Sforza and
Feldman, 1973), Morton’s group in Hawaii embarked on a major statistical effort to use
path analysis to estimate the genetically transmitted, culturally transmitted, and nontrans-
mitted environmental components of variability in IQ. In 1976 Rao et al. published an
article modestly entitled “Resolution of cultural and biological inheritance by path analysis.”
Their estimate of the genetic heritability of IQ (k2 in the equation from the previous section)
is 67 percent. Also included is an estimate that can be thought of as the transmitted
environmental component, rather like b2, of 9.4 percent, with 10.1 percent as genotype-



environment covariance. Nontransmitted environment (i.e., E) accounted for 13.5 percent
of variability in this analysis.

In studying the structure of the model used by Morton’s group to obtain these
results, it became clear to us that the precise way in which assortative mating was included
in the analysis could play a key role. It also became clear that by making the model of
cultural transmission more explicit, even in the linear context, different estimates might
result. We proposed such an approach at the Hawaii conference organized by Morton in
1977, and our two papers (Cavalli-Sforza and Feldman, 1978; Feldman and Cavalli-
Sforza, 1979 [actually written in 1977]) expanded mathematically on this issue of assorta-
tive mating.

At the same time, Cloninger’s group at Washington Univérsity used this cultural-
evolutionary framework to produce an extremely detailed analysis of American IQ data.
This landmark paper is far too rarely referred to in subsequent literature. Again, they used
path analysis to estimate the parameters of cultural transmission introduced by Cavalli-
Sforza and me in the context of generalized assortative mating similar to what we suggested
in Hawaii in 1977. The results of the study by Cloninger et al. (1979) are as follows. The
genetic heritability of 1Q, h2, was 32.6 percent, the cultural heritability was 27.2 percent,
the covariance between genetic and cultural factors was 9.3 percent, and the contribution of
nontransmitted environment was 30.9 percent. A new feature of this treatment was an esti-
mate of the correlation between the nontransmitted environmental contributions from MZ
and DZ twins. The former was 1.0, and the latter 0.35. It is worth quoting their conclu-
sion from these estimates:

Available parameter estimates (59% < 1 — h2 < 77%) suggest that social and envi-

ronmental manipulations could greatly influence mean phenotypic values, even

without introducing social or educational programs involving currently novel or rare
experiences. :

One of the most interesting consequences of the study by Cloninger et al. was that it
stimulated a reevaluation by Morton’s group of their previous “resolution” (Rao et al.,
1976). Recall their previous estimate of 67 percent for the heritability of IQ. Rao et al.
(1982) produced two estimates depending on the assumptions about assortative mating: one
of 31 percent for genetic and 42 percent for cultural heritability; and another of 44 percent
for genetic and 33 perécnt for cultural heritability. It is worth mentioning that their 1976
paper does not appear in the bibliography to the 1982 paper.

The two studies just described, those of Cloninger et al. and Rao et al., are undoubt-
edly the most detailed published path analyses of IQ. Yet the numbers they report have not
penetrated the wall of psychological literature. For example, Jensen (1989) claimed that



“the overall average of the best estimates we have for the broad-sense heritability of IQ is
between 0.60 and 0.70.” In 1992, Sandra Scarr, then president of the Society for
Research in Child Development, said that the estimates of heritability lay between 40
percent and 70 percent; on the basis of “a considerable amount of data from families and
twins, the heritability . . . is about 50%.” And, relying on information by psychologists
R. Plomin and J. C. Loehlin, Deborah Franklin wrote in a 1989 New York Times article
that “genes are 50 to 70 percent responsible for an individual’s IQ.” The reporter’s use of
the word “responsible” here is important; it conveys to the uninformed reader a relationship
between the statistical value of the heritability and the extent of individual genetic causation
that is quite erroneous.

Much publicity has surrounded the twins reared apart reported by Bouchard over the
past several years. In 1990 as part of the Human Genome issue of Science magazine,
Bouchard et al. reported on 56 pairs of twins reared apart and, using the correlation in IQ
between these pairs, produced an estimate of 70 percent for the heritability of IQ. In that
paper, neither the Cloninger et al. nor the Rao et al. estimates were cited, but an earlier
paper in Science by Bouchard and McGue (1981) was. In that study, the authors sum-
marized 111 studies of familial resemblance in measured intelligence, although they did not
produce an estimate of heritability. But in the 1990 paper, Bouchard et al. cited their 1981
paper and studies by Loehlin (1989) and Plomin (1989), claiming that the estimate of herit-
ability from these studies varies between 47 percent and 58 percent. There is no indication
of the kind of statistical procedure Bouchard and McGue used to obtain these numbers; it
was not reported in the 1981 Science paper. Nevertheless, in 1990 Bouchard et al. were
prepared to offer the estimate of 70 percent, based on 56 pairs of twins reared apart, as
superior to earlier lower estimates based on thousands of families. Their view of mono- -
zygous twins reared apart parallels that depicted in Figure 3.

My colleagues Sally Otto and Freddy Christiansen and I have recently used the corre-
lations from Bouchard and McGue (1981), augmented by the twin data from Bouchard et
al. (1990), in a detailed path analysis somewhat similar to those of Cloninger-et al. (1979)
- and Rao et al. (1982). Our estimates of genetic heritability, cultural heritability, and non-
transmitted environmental contribution are 33 percent, 27 percent, and 34 percent, respec-
tively. In fact, our 95 percent confidence interval for genetic heritability is 28-38 percent.

I find it surprising that the most careful statistical analyses, albeit of linear models for
the determination of IQ, are ignored in the psychological literature. The kinds of models
used in that literature have far fewer parameters and many more ad hoc assumptions than
those that have produced the lower estimates. Perhaps the answer can be found in the
- dichotomy suggested by Bouchard et al. (1990):



