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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 particular 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 dryneés, 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 ig-
norant. On the other hand, if one by nature is dull and phlegmatic, 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, Eight Chapters VIII.






“We used to think that our fate was in our stars. Now we know, in large part,

that our fate is in our genes.”

James D. Watson, quoted by John Horgan, Scientific American, June 1993






In 1969, Jensen wrote (1) that it was a “not unreasonable hypothesis that genetic
factors are strongly implicated in the average Negro-White intelligence difference”.
As a result, he argued, there was little point in intervening to reduce this average
difference. His argument was based on the high heritability (80% was his estimate)
of I1Q. It was largely in response to this extremely hereditarian explanation of in-
equality in educational achievement that Cavalli-Sforza and Feldman (2) initiated

the quantitative study of gene-culture coevolution.

This research program had two main objectives. The first was to establish an
evolutionary dynamic basis for the proper computation of statistics that are com-
monly used to measure familial aggregation. The second was to develop an analog to
the extremely well studied field of evolutionary population genetics that would apply
to population variability in culturally transmitted traits (3).

The reaction of population geneticists to these endeavors was on the whole fa-
vorable. From anthropologists and other social scientists, on the other hand, there
was almost no response for about 10 years (4). Recent treatments, however, appear
to have addressed in some detail the issues that we first raised in the early 1970’s
(5).

This paper will be partly historical and partly expository. Since many of the
issues that were relevant in our early studies of gene-culture interaction have resur-
faced as a consequence of the publicity surrounding Herrnstein and Murray’s attack
(6) on the feasibility of societal intervention to remedy socio-economic inequality, we
shall discuss the concept of heritability and the evolution of its magnitude over the
past 27 years. The most detailed analyses of the heritability of IQ, those that use
thousands of related individuals rather than the tens of twins studied in the papers
cited by Herrnstein and Murray, are not cited in most of the psychological litera-
ture. This literature, with its focus almost exclusively on twins, produces estimates

substantially higher than studies with more diverse sets of relatives that allow more
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detailed estimation of culturally transmitted components. In fact, cultural and ge-
netic heritability estimates are virtually the same for IQ when more complete models
are used. We discuss some properties of these models as well as the relevance of

measured heritability to inferences about the process of natural selection.

Following this more-or-less classical analysis, we will formulate a general ap-
proach to the joint evolutionary dynamics of genes and culture and show how such
mathematical models are relevant to the problems of familial aggregation. We con-
clude with a review of a recent example of how culturally transmitted human prej-
udice about a biologically determined trait, namely the sex of an offspring, can in-
fluence a population-level variable, the sex ratio. This example pertains to cultural

and socioeconomic inequality of the sexes.

2. The Origins of “Heritability”

The clear distinction between genetic and environmental variation was drawn
by W. Johannsen early in this century, and the principles of genetic analysis of
metric characters were well developed when the word “heritability” first appeared in |
a book by J. L. Lush published in 1937 in an analysis of breeding for agricultural
improvement (7). A character with trait value P (for phenotype) is considered, and
its variance Vp is divided into two parts, usually written Vi and Vg, where Vg in
the words of Lush is “that part of the variance caused by the heredity that different
individuals have” and Vg is “that part of the variance caused by the differences in
the environrﬁents under which different individuals develop.” The heritabi]ity of the
trait, H?, is give by the variance ratio

_ Ve Ve

H?= 2= —=__
Vp Va+ Ve

It is absolutely clear that Johannsen and Lush intended the distinction between

the genetic and the environmental variance to apply to the controlled environments
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possible in animal or plant breeding or experimentation, so that by design correlations

between genotype and environment are absent.

R.A. Fisher (10) partitioned V¢ into components that. represented the effects of
alleles (V4) and how alleles and genes interacted with each other (Vp and V;). Suffice
it to say here that the heritability measure introduced by Lush only represent the
fraction of additive genetic variance V4, and if this fraction is high, artificial selection
will be easy. This fraction of the total phenotypic variance due to additive genetic‘
variance is now called narrow-sense heritability and is most important to animal and
plant breeders. The narrow-sense heritability, which we will denote here by A2, is

_ Va Va

ht=_L= .
Vp (VA+VD+VI)+VE

This heretability is closely related to the hereditary value used by Johannsen which
is simply the parent-offspring regression of trait values. Heritability in this sense
is simply an index of amenability of the character to artificial selection. The above
broad-sense heritability, H?, includes all other genetic effects, and if genotype x envi-
ronmental interactions occur, these will also be included. The broad-sense heritability

seems to have its major use in human behavioral genetics.

A slightly different approach to the etiology of complex traits was introduced
by Wright (8). He developed path analysis to specify the transmission and various
sources of influence on a trait and transmission of these influences. As is common in
heritability studies, Wright also assumed that genotype x environmental interactions
were absent in his analysis of Burks’ data on mental development in humans, even

though such interactions could not in reality be eliminated.

In fact, the term “heritability” applied to human behavior seems to have been
first used by Jensen (1) in his discussion of the “genetics” of IQ. It must be stressed
that both definitions, narrow and broad, say little about the underlying biology and
are purely statistical constructs. As such, heritability is sensitive to the statistical

model that produces it. The best source for more on the genetics of continuously
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varying traits under artificial selection and how heritability is useful in that context
is Falconer’s 1989 book (11).

3. The “Evolution” of the Heritability of 1Q

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%. Fol-
lowing the introduction of cultural transmission into the picture (2), Morton’s group
in Hawaii embarked on a major effort to use path analysis to estimate the genetically
transmitted, culturally transmitted, and nontransmitted environmental components
of variability in IQ. In 1976, Rao et al. published an article modestly entitled, “Res-
olution of cultural and biological inheritance by path analysis” (12). Their estimate
of the genetic heritability of IQ (i.e. h?) was 67%. They also obtained an estimate of
9.4% for a transmitted environmental component, with 10.1% as the genotype x en-
vironment covariance. Nontransmitted environment accounted for 13.5% of the vari-

ance in this analysis.

Soon after this study by Morton’s group, we were fortunate to have Arthur
~ Goldberger visit the Center for Advanced Studies in the Behavioral Sciences at Stan-
ford, and benefitted greatly from discussions with him on the formulation of models
that included cultural transmission and various modes of assortative mating (13).
These discussions and the resulting publications played an important role in the
subsequent analyses by the Washington University group (14) who analysed all the
published U.S. IQ data and estimated the genetic heritability of IQ to be 32.6%, the
cultural heritability at 27.2%, the covariance between cultural and genetic factors
at 9.3%, and the contribution from nontransmitted environmental effects at 30.1%.
A new feature of this treatment was an estimate of 1.0 for the nontransmitted en-
vironmental contribution from MZ twins with 0.35 the corresponding value for DZ

twins.

One of the interesting consequences of the study by Cloninger et al. (14) was
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that it stimulated Morton’s group to reassess their previous “resolution”. Rao et
al. then produced two estimates, depending on the assumptions about assortative
mating: one of 31% for genetic and 42% for cultural heritability and another of 44%
for genetic and 33% for cultural heritability (15). Their earlier 1976 study is not

cited here.

The two studies just described, those of Cloninger et al. and Rao et al., are
undoubtedly the most detailed published path analyses of IQ. Yet the numbers they
report have not penetrated the wall of psychological literature. For example, Jensen
(16) 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 and 70 percent; on the basis of “a considerable amount
of data from families and twins, the heritability. . .is about 50% ” (17). 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” (18). 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 1Q) between these pairs, produced an estimate of 70 percent for
the heritability of IQ (19). In that paper, neither the Cloninger et al. nor the Rao
et al. estimates were cited, but an earlier 1981 paper in Science by Bouchard and
McGue was (20). In that study, the authors summarized 111 studies of familial
resemblance in measured intelligence, although they did not produce an estimate of
heritability. 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,
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estimates based on thousands of families.

It is worth concluding this historical review with the following exerpt from Her-

rnstein and Murray (6, p. 105):

“In fact 1Q is substantially heritable... the genetic component of IQ is
unlikely to be smaller than 40 percent or higher than 80 percent... For
purposes of this discussioﬁ, we will adopt a middling estimate of 60 percent
heritability, which, by extension, means that IQ is about 40 percent a matter
of environment. The balance of the evidence suggests that 60 percent may

err on the low side.”

It is not surprising that in neither Bouchard’s work, nor in Herrnstein and Murray’s

book, is the 1979 paper of Cloninger et al. or the 1982 paper of Rao et al. cited.

4. Some Formal Linear Models of Transmission

One of the major conclusions to come from our recent work on cultural inheri-
tance is that heritability estimates are extremely sensitive to the underlying model
that one invokes for the development and inheritance of a trait. To illustrate this
point, we outline a set of models which we have used to estimate transmission pa-
rameters for I() and personality traits. A word of warning: although these and other
models used to estimate heritability often seem quite complex, they still fail to cap-
ture many of the potential sources of influence on human behavioral traits. Therefore,

all estimates of heritability, including ours, must be treated with circumspection.

The phenotypic value of an individual, denoted by the variable P, is represented
as a deviation from the mean in the population so that its expectation may be set
to zero, E(P) = 0 (by subtracting the population mean value of the trait from the
individual values). Also, the variance of the phenotypic variable is normalized to

unity, Var(P) = 1 (by using the population standard deviation of the trait as the
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unit of measurement). The effect of the genotype of the individual on its phenotype
is denoted by the variable A, with E{A) = 0. The environmental contribution to an
individual’s phenotype will be divided into two parts; an effect influenced by cultural
transmission, B, and a non-transmitted environmental effect, £, dependent only on
the particular environmental experiences of the individual, with E(B) = E(E) = 0.
All variables are assumed to be normally distributed and any collection of variables
follows a multidimensional Gaussian distribution. In addition, the variances of the
variables are all normalized to unity, Var(A) = Var(B) = Var(E) = 1, and we use
the parameters, h, b, and e, to describe the strength of the influence of genes, cultural
environment, and non-transmitted environment, respectively, on the phenotype of an
individual. The phenotype is then specified as a linear combination of the normalized

genotypic and environmental deviations:
P=hA+bB+eFE. (4.1)

The genetic (A) and environmental (B and E) deviations (the “latent” variables)
are measured in such a way that the parameters, &, b, and e are positive and each
is bounded by 0 and 1. In general, a covariance w will exist between the genotypic
deviation and the cultural deviation of the individual, w = Cov(A, B), but we assume
that all transmissible components are independent of the non-transmitted environ-
mental component, i.e. Cov(E, A} = Cov(E,B) = 0. The phenotypic variance is
therefore

Var(P) = h® + b? + €% + 2hbw, (4.2)

and, since Var(P) = 1, the strength of the non-transmitted environmental effects (e)

must satisfy

e=1/1—h? —p? — 2hbw, (4.3)

The principal parameters of the model, 4 and b, depend on the nature of the variation
in the population. In a genetically homogeneous population h would be zero because

genes are unimportant to the observed variation within the population. When the
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genotype and cultural type do not covary (w = 0), we have h?+b%+e? = 1 and h?, b?,
and e2 may be interpreted as the fractions of the variance due to genotypic, culturally
transmitted and non-transmitted environmental variation, respectively. In studies of
quantitative inheritance in which correlations between relatives are analyzed, h? is

the genetic heritability of the studied character.

The above description depends on the state of the population at a specific point
in time. The population changes over time, and in particular, changes in variance
components must be specified in a dynamically consistent manner to obtain a com-
pletely rigorous model (2, 13). Here we make the assumption that the population
has reached an equilibrium so that h,b and w reflect stable characteristics of the
population. This assumption entails that w must be specified as a function of A and

b.

4.1 Genetic transmission

The genotypic variation in the population is assumed to be stable over time and
to originate in allelic variability at a large number of loci not subject to selection.
We assume a fully additive genetic model where the genotypic effect is determined
by summing the effects of each allele at each locus (20a). The mean genotypic value

of an offspring is then simply the a‘}erage of the parental genotypic values:
Gum+Gr

2 ]
where the subscripts, O, M and F, are used to denote the offspring, maternal, and

E(Go|Gm,GF) =

paternal deviations of the relevant variable, here the gendtypic value, G. An ex-
tension of this analysis would include effects of dominance, epistasis, and genotype-
environment interaction (11). The assumption of genetic equilibrium entails that the
variance in the offspring generation equals the variance in the parental generation,
so Var(Gop) = Var(Gy) = Var(Gr) = Vi, say. Assuming that the genotypic values
of the parents are independent, we can write

_Gu+Gr

Go 5

+D, | (4.4)
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where D describes the deviation due to Mendelian segregation, so E(D) = 0,
Cov(D,Gpn) = 0 and Cov(D,Gr) = 0. For the genotypic variance to remain con-
stant over time with value Vg, equation (4.4) implies that Var(D) = $V. In terms
of the normalized genotypic variable A = G//Vg in (4.1) we have

Ap = %AM + -21-Ap +08, (4.5)

where § = D/4/ 3V with E(S) =0, Var(S) =1, and o = 1/v2.

Now consider the effect of a correlation r44 between the genotypic values of
parents. This correlation will be positive when the parents are related or when
there is assortative mating with respect to the quantitative trait. Assuming that the
segregation variance, Vp, remains the same regardless of the value of r4 4, a genetic
correlation between mates augments the genotypic variance. Using equation (4.4),

we see that

1 1 1
Var(Go) = ZV&I‘(GM) + ZVaI(GF) + ETAA\/VM(GM)V&T(GF) + Vp,

which entails that Vo = 2Vp /(1 —raa) at equilibrium.

4.2 Cultural transmission

Whereas Mendelian laws of inheritance may be used to justify assumptions about
the transmission of genes that affect a continuous trait, no such laws exist for cultural
transmission. Rather, the dynamics of cultural transmission will vary depending on
the nature of the character under study (3). Here we will limit our attention to ver-
tical transmission, where only parents contribute to the transmissible environmental
component of an individual as described by the variable B. Two models that differ
in how parents influence the cultural values of their offspring will be examined: an
indirect model in which only the cultural values of the parents have an influence
(B — B) and a direct model in which the phenotypes of the parents determine the
offspring’s cultural value (P — B).
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4.2a. Indirect cultural transmission

The variable B refers to a latent factor that can be transmitted culturally from
generation to generation aﬁd which may include factors such as wealth, education,
and residence. This transmission occurs with some error {or “cultural segregation”)
described by S¢ with E(S¢) = 0 and Var{S¢) = 1. That is, we assume a transmission

equation for culture similar to equation (4.5) for genes,
Bo = B1(Bum + Br) + 65¢, (4.6)

where 1 describes the fidelity with which family environment is transmitted and é
measures the degree of transmission error. The normalization of the variables pro-

duces

6 = \/ 1-— 2,6?(1 + rpp), where rpp is the correlation between the cultural value

of mates; rgp = Cov(Bu, Br).

4.2b. Direct cultural transmission

In this case, the variable B describes the cultural experiences of an offspring,
but is not itself transmitted. Instead, the cultural value of an offsi)ring Bo is influ-
enced by its parents’ phenotypic values and therefore by all of the determinants of
parental phenotype. The maternal and paternal influences are equal and the cultural

transmission occurs with some error, so the cultural value of an offspring is given by:
Bo = fp(Pu + Pr) + 68, (4.7)

where S¢ is a normalized variable describing the random error in the cultural trans-

mission. The correlation between the phenotypic values of mates is mm = Cov( Py, Pr),

and since all the variables have unit variance, § = /1 — 26%(1 + m). When cultural
transmission is perfectly faithful, i.e. § = 0, then 8p equals 1/1/2(1 +m)}, and if
there is error in transmission, i.e. § > 0, then 8p is less than 1/4/2(1 + m).
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4.3. Assortative mating

Empirical studies on human behavioral traits have often revealed strong patterns
of non-random mating. One of the most common forms is assortative mating which
is a departure from random mating in which similar individuals mate with each other
more frequently than would occur at random. Such assortment may be caused by
conscious mate choice or by the ways in which humans meet one another. We con-
sider two types of assortative mating on linear models of quantitative inheritance: the
phenotypic homogamy model, where assortment is based on the phenotype of individ-
uals, and the social homogamy model, where assortment occurs because individuals

belong to the same social group.

4.3a. Phenotypic homogamy

The simplest model assumes that assortment is based on phenotype and this
assortment creates a correlation m = Cov(Pys, Pr) between the phenotypic values of
mated pairs. That is, phenotypic homogamy occurs when individuals tend to choose

mates that have similar trait values.

The model of phenotypic assortment that we consider is equivalent to what Gold-
berger (13; 1978a) calls “Fisher’s model” of assortative mating. Here any correlation
between the latent variables Ap, Br and EF in the female and latent variables Ay,
Bjs and Ejs in the male arise only because of their respective correlations with Pp
and Pps. That is, we assume that Gy givén Py, written (G| Pu), is independent
of (Gr|Pr); (Bm|Pa) is independent of (Bp|Pr); and (Ep|Pas) is independent of
(Er|Pr). These assumptions allow us to derive all of the correlations between the
latent variables Ays, By and Ejs of the mother and A, Br, and EF of the father
as a matrix ©

(h + bw)? (h+bw)(b+ hw) (h+ bw)e
O =m | (h+bw)(b+ hw) (b + hw)? (b + hw)e |}, (4.8)
(h + bw)e (b + hw)e e?

where m = Cov(Py, Pr).
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4.3b. Social homogamy

Non-random mating can also result from assortment on the basis of the cultural
value or the genotype of an individual. Assortment may occur on the basis of social
class, residence, school, church, job, social activities or race. To the extent that
mating occurs among individuals within a group and to the extent that groups differ
in their composition with respect to cultural and genetic variables, group membership
will produce a correlation between the cultural and genotypic values of mates which

will lead, indirectly, to a correlation between the phenotypes of spouses.

Although groups may differ in their genetic and cultural composition, it is as-
sumed that the distribution of non-transmissible environmental experiences is inde-
pendent of the grouping. Specifically, any and all experiences that depend on group
membership will be transmissible to the extent that group membership is inherited,
and these experiences would be included in the cultural value summarized by the
variable B. Therefore, specific environmental experiences summarized in FE, which
by definition are not transmitted from generation to generation, cannot depend on
grouping. Thus, assortment that occurs on the basis of grouping may be specified
by the correlation coefficients r44, r4p and rgp between the variables A and B
of mated pairs, while correlations that involve the specific environmental values of
mates, i.e. TAg, TBE and reg, will all be zero:

raa ta 0

O=|r4ag ™8 01]. (4.9)
0 0 O

This formulation follows that of Goldberger (13; 1978a) and Rao et al. (12).

4.4. Correlations among relatives

Using the theory developed in this section, it is possible to compute expected
correlations between relatives of any degree (21). Otto, Feldman, and Christiansen

(21), focus on three models that incorporate different assumptions about cultural
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transmission and assortative mating as described in Table 1. These models are each
used to compute any familial correlation, #(*), as a function of the transmission and
mating parameters. These expected correlations are compared to observations using
Fisher’s z transform and written zf,xp. From a set of observed correlations among
relatives, the corresponding observed transformed values are zé{'))s. We estimate the
parameters by minimizing the quantity

N

SSD = S (n; — 3) (zf,;',)s - z,g;;{,)z (4.10)

i=1

whose distribution approximates x?\r_p, where n; is the number of observations used
to compute the ith correlation, N is the number of correlations and p the number of

parameters estimated (see Goldberger (13)).

5. Some Results

Here we give two sets of results, one for IQQ and one for some personality traits.
Many more details may be found in (21). For IQ, our parameter estimates are very
close to those obtained by Cloninger et al. (14). In all of our expected correlations,
we have included parameters cy, cps, Cdz, and cm, which specify the correlations
between the non-transmitted environmental contribution to the phenotype between
sibs, halfsibs, DZ twins, and MZ twins, respectively. As will become obvious, these

turn out to be important.

5.1. IQ

Bouchard and McGue (20) summarized several published studies that reported
familial correlations for the intelligence quotient, IQ. Their mean values for the corre-
lations between relatives are given in Table 2. These mean correlations are weighted
averages of correlations from 111 studies on IQ variation. Table 3 records the param-

eter values which best fit these observed correlations for the three models of Table 1.
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95% confidence limits for the estimates of heritability are also given in Table 3 for
each model. The heritability estimate is highest for the IS Model (indirect transmis-
sion, social homogamy), followed by the IP Model (indirect transmission, phenotypic
homogamy), and with the lowest estimate for the DP Model (direct transmission,
phenotypic homogamy). As the x? values show, however, none of the models ade-

quately fits the data.

The two phenotypic homogamy models give very similar estimates for heritabil-
ity, although these differ somewhat from the estimate in the IS Model. The DP Model
and the IS Model even give non-overlapping estimates for heritability. This is not
unexpected. Parameter estimates should depend on the model used and there is no
theoretical reason not to expect different models to give non-overlapping estimates
of heritability. The essential question, to which we do not have an answer, is which
of many possible models best reflects the transmission of IQ. Since heritability esti-
mates are sensitive to the model used, heritability estimated from imperfect models
such as these may tell us little about the heritability estimated from a more accurate
model. We can give a 95% confidence interval for h? using a particular model, but

we cannot give a measure of confidence in the model itself.

Note that the estimates for cprz and cpz are high, while these parameters
are assumed to be zero in even the most detailed twin studies. They suggest that
“twinship” itself is a special relationship and that estimates based on twins that ignore
this specialness should be viewed with circumspection. Similar values for cprz and
cpz were found by Cloninger et al (14) and Rao et al (15). From these high estimates
one might be tempted to infer that twins construct environments for themselves that
differ qualitatively from those of other sibs. The details are, of course, a subject for
further psychological study and not a matter of statistics. Table 4 shows that when
data for twins are removed from the data set of Table 2, the resulting estimates of
h? change very little. Tt is clear that estimates of 60% for the genetic heritability of
IQ are just too high to fit the full spectrum of data available. It is doubtful that an



