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A NOTE ON HOLZINGER’S HERITABILITY COEFFICIENT R

PeTER H. SCHONEMANN

National Taiwan University
Taipei, Taiwan, R.O.C.#

It is shown that the still widely used heritability estimate i de-
veloped by Holzinger (1937) is not valid because Holzinger's deriva-
tion of it was unsound: The variance component model he used to
derive B, together with his claim that it estimates the genetic vari-
ance ratio, imply the counterfactual assertion that dizygotic twins
share no genes. While a competing coefficient, Nichols' HR, does
indeed follow from the conventional variance component model, the
necessary conditions it rests on lack empirical face validity.

1. Introduction
Heritability estimates intended to estimate the genetic variance ratio
vig,e):=var(g)/(var(g)+ var ()] a.1)

— where g is a genetic random variable and e an environmental random variable
which, possibly together with some other variable, are presumed to account for an
observed variable y-—are widely used in behavior genetics. Among other things,
they provide the operational basis for Jensen's (1970) controversial claim that "The
heritability of the IQ ... comes out fo about 80 percent, the average value obtained
from all relevant studies now reported” (p. H6325).

One of the first authors to attempt a psychometrically motivated index of heri-
tability was Holzinger, a coauthor of one of the earliest systematic twin studies
(Newman, Freeman, and Holzinger, 1937). He proposed the coefficient

= (Pm -Pp )/ 1-Pp ) 1.2)

as an index of heritability based on the intraclass correlations @ m for monozygotic
twins raised together (MZs) and Pp for dizygotic twins raised together (DZs), in the
mistaken belief that it equals the heritability ratio (1.1) under some plausible assump-
tions about the genetic variable g and the environmental -variable e.

Holzinger's derivations (pp- 94-116) of this mistaken claim are not easy to follow
because he left several critical covariance assumptions implicit. As a result, "the
precise nature of the inadequacy of the [h?) index have remained conceptually ob-
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scure” (Jensen, 1967, p. 149) for some 30 if not 50 years. However, his endresult, h?
has been criticized by several authors before. In particular, it has been noted re-
peatedly that Holzinger's h? (@) has no provision for measurement error, and (b) in
effect ignores the between sums of squares, since it can be computed solely in terms
of mean squares within for the MZs and DZs.

What has apparently not been noticed before is that Holzinger's model, together
with the assumption that h? = v(g,e), imply the counterfactual condition that dizygot-

ic twins share no genes.
2. Twin data, intraclass correlations, and mean squares

If Y:= (yx) is an N x 2 table of scores for N twin pairs, and y:= T X iyi/2N is
the overall mean, then the coventional sums of squares are given by

SSB = T (yut yuz-2¥7/2

2.1)
SSW = i (yu-yi)?/2

i.e., by half the sums of squares of the row sums and row differences of the devia-
tion score matrix around the grand mean, as was shown in more detail in (Schone-
mann, 1990. Note that the experimental units are twin pairs, not twins. Since SSB
is a quadratic form of rank N-1, the mean square between is MSB = SSB/(N-1).
Similarly, SSW is a quadratic form of rank N so that the mean square within is
MSW = SSW/N. .

In the population, an intraclass correlation can be defined in terms of expected

mean sguares as
p:-EMSB-MSW)/E (MSB+ MSW) 2.2)

This definition is usually employed in twin studies and will t= used throughout
this note. Alternatively, one can define an intraclass corfe]ation in terms of expected
sums of squares. For any reasonable sample size N, the numerical difference between
both definitions is negligible. A (not necessarily best) sample estimate r results on
replacing the expected mean squares by their sample estimates. In Schonemann (1991),
it was shown that a simple transform of r has exact central F-distribution so that,
at least in principle, it is not necessary to invoke Fisher's»z—transform for non-null

tests.
3. Holzinger’s derivation of h?

Although Holzinger's derivation of his heritability ratio h? lacks stringency be-
cause he did not make all his assumptions explicit, they can be inferred from his

conclusions.

He started out by postulating a variance component model for the MZs in terms
of 5 latent variables, a genetic variable g, two environmental variables e1 , ez , and
two measurement variables di, and dz :
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MZs: yi-p=gte+d,

yi-p= g+ et di, 3.1)
where
g: =E(x), E@)=E()=Edk)=0, k=1,2 3.2)
and
Var(g, e , ez , di , do)=diag(var(g),var(e), var(d), var(d)) (3.3)
i.e., all latent variables are uncorrelated, and
var (ex)= var (), var(dk)=var(), k=1, 2. @-4)

At this early stage already, he planted the seed for later troubles: although
Holzinger intended his model "for evaluating the relative influence of nature and nur-
ture for fraternal twins reared together" (p.111), he assigned two different, uncorre-
lated environmental variables, ei , e (B, B' in his notation), to the two twins in
each pair. As a result, var(e) and var(d) become confounded. Presumably for this
reason, Holzinger discarded the measurement error variables dk halfway through his
derivations (p.113) by setting var(d)=0. He, therefore, in effect, worked with the
variance component model

MZs: y1-u=gte , yz-u=-gtez . (3.5)
Since
it yv-2u=2g+teter, yi-y2 = e-ex (3.6)
and (3.1)-@3.4) imply
ELn+ ye-2pP)=dvar @)+ 2var (e), E[(n-y2))= 2var (e) 6.7)
one finds
E(E:(yn+ yu-2y)t)= (N-1){4var (g)+ 2var (e))= 2 (N-1)E(MSB), 3.8)
E( Ti(yn-yi)?)=2N + var (€)= 2N + E(MSB) 3.9)

by (2.1), so that the expected mean squares are

E (MSBM)=2var (g)+ var (e), (3.10)
E(MSWM)= var (e).

By (2.2), the intraclass correlation for the MZs is therefore
Pu=var(g)/[var (g)+ var (e)}. 3.11)

It thus emerges that, under his model, the genetic variahce ratio v(g, e) (.1) is
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simply given by the intraclass correlation of the MZs, a fact Holzinger overlooked.
Instead, he went on to postulate a variance component model for the DZs to arrive
at his definition of h% (1.2). After dropping again the measurement error variables dk
, he deacribed the dizygotic twins with

DZs: yi-p=g1te, yr-p=grtez . 3.12)

His derivations imply that he again assumed all variables on the right of the e-
quality signs to be uncorrelated within twins and e , e; to be uncorrelated between
twins. He also assumed that var(g«)=var(g), and that var(g), var(e) are the same
for both twin types. However, Holzinger did not explictly state the "genetic correla-
tion" between the two genetic variables g1 , g2 . Suppose it is given by

cor(g , g2)=:P12 . 3.13)

Egs. (3.12), (3.13) and the stated covariance assumptions then imply that the
mean squares of the DZs are

EMSBD)= (1 + P12 )+ var{g)+ var(e), (3.14)
EMSWD)= (1-p12 ) » var(g)+ var(e)

and their intraclass correlation is

Pp= P12 var(g)/[var (g)+ var()). 3.15)

4. Counterfactual implication of Holzinger’'s derivations: £1.=0

Theorem: The variance component model 3.4)-@3.5), (3.12) together with the as-
sertion that h?®=v(g, e) imply that the genetic correlation P12 between g1 , g2 is in-
determinate or zero. ,

Proof: By (1.2), 3.11), and (3.15), Holzinger's h? can be expressed in terms of

Pu, Pp, P2 as
h%: = (Pm-Pp/(1-Pp)= (-Prz)var (g)/( (- P12z Ivar(g)+ var(e)). @.1)
On solving the equality
ht=v (g, e): =var(g)/(var(g)+ var(e)) 4.2)
for P12 , one arrives at
P+ var(g)var(e)=0< = >var(g)var(e)=0 or P12=0, qed. 4.3)

By the common elements correlation formula f(e.g., Hogben, 1950, p. 365f), the
condition P 12=0 is equivalent to the counterfactual assertion that dizygotic twins
share no genes. However according to standard genetic theory, such twins share
half the genes on average, so that, in fact, Pi2=1/2.

In passing, note that (4.3) and var{g) - var(e) ¥ 0 imply that under Holzinger's
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assumptions the intraclass correlation Pp (3.15) for dizygotic twins is identically zero
and the denominator of h? (1.2) is identically 1.

5. Related heritability coefficients: Nichols’ HR

Holzinger's coefficient h? is not the only statistic based on intraclass correlations
which has been used in behavior genetics to estimate the genetic ratio v(g, e), but
it is the oldest and by far the most widely used heritability estimate. As a conse-
quence, most assessments of the relative contributions of genetic and environmental
causes to mental performance, including Jensen's 80% figure for IQ, are probably
based on Holzinger's h?

Nichols (1965) has proposed another heritability index HR based on intraclass
correlations,

HR: =2(Pm-Pp)/Pm ©.1)

which, in contrast to Holzinger's h?, can indeed be derived as the heritability ratio v
(g,e) under a suitably chosen variance components model. This model results from
Holzinger's by making two changes: (@) er must be set equal to e , because both
sets of twins are supposed be reared in the same environment, and (b) P12 must be
set to 1/2 to be consistent with standard genetic theory. One thus obtains the re-
vised model

MZs: yi-u=gte+d, yr-p=gtetd, 5.2)
DZs: yi-p=g1+te+d, y-p=grtetd
covigi, g2)=var(g)/,

which implies the expected mean squares

E (MSBM)=2 » var(g)+ 2var (e)+ var (d), E(MSWM)=var(d) 6.3)
E(MSBD)=1.5 « var(g)+ 2var(e)+ var (d),
EMSWD)=.5 + var{g)+ var{(d)

and, thus, the intraclass correlations

pu=(var (g)+ var (e))/(var (g)+ var (e)+ var (d)) ©.4)
Po=(5 - var(g)+var(e))/(var(g)+ var(e)+ var(d)).

On substituting (5.4) into (.1), one finds
HR=var(g, e), ©.5)

so that Nichols' coefficient HR is indeed a valid deduction from the revised variance
component model (.2).

Empirically, one finds that HR is typically much larger than h* and often exceeds
1. TFor example, for the personality data reported by Osborne (1980, P. 127, 135),
74% of 80 HR are inadmissible, 60% exceeding 1. This suggests that the variance
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component model needed to justify HR is often empirically incompatible with the da-
ta.

6. Discussion

As Henderson (1982) has observed, "The assumptions behind an analysis can some-
times have a major impact on the estimation of parameters” {(p.413). It is, therefore,
important that these assumptioﬁs be explicitly stated and empirically tested before
drawing substantive inferences from the parameter estimates. Regrettably, this has
not been the custom in human behavior genetics. This is regrettable, "Because hu-
man behavior studies are perceived to have implications for public policy", as Hender-
son (1982, P. 404) correctly noted. For example, between 1921 and 1964, 33,374 US
citizens were sterilized on the grounds that they were "mentally retarded’, i.e.. be-
cause they scored below 70 on 'intelligence tests” (Robitscher, 1973, p. 123). Presum-
ably, this was done because the authorities trusted the judgment of social scientists,
biologists, and statisticians who told them that ‘intelligence” is 80 percent inherited.

Henderson wonders "where the earlier figure of 80% came from” (p. 409, loc. cit.).
So far as I can tell, it came from twin studies employing heritability coefficients
which have remained ‘"conceptually obscure” for many decades, based on models
which have never been adequately tested. According to Henderson, "“Today an esti-
mate of 50% seems more in vogue" {p. 411). These downward revised estimates are
now obtained with "modelling procedures [which) use some form of maximun likeli-
hood estimation or weighted least squares method" (p. 413). For most social scien-
tists, these supposedly more sophisticated methods are conceptually even more ob-
scure than the simple variance component model underlying Holzinger's coefficient n.

The prepackaged programs used to obtain such MLEs and LSEs deliver global
test of fit criteria which can mask serious and systematic violations of the underly-
ing model. A better strategy would seem to be to study the assumptions of these
models with sufficient care to be able to derive specific predictions which can be
tested individually. To illustrate, a recent reanalysis of the twin data by Shields
(1962) revealed that three types of specific predictions of a model proposed by Jinks
and Fulker (1970) were violated by the data in more than 90% of the cases tested
(Schonemann, 1990). Jinks and Fulker, relying on the overall least squares fit, had
found no reason to reject this model. This is not surprising, because the sample
sizes were much too small to reject it statistically. (See also Schénemann and Schine-
mann, 1991). »

In the present case, we found that Holzinger's h* is theoretically unsound, while
Nichols' HR, though theoretically sound, often conflicts empirically with the data.
Taken together, these two results suggest, at the very least, that past pronounce-
ments about relative contributions of nature and nurture to mental performance, in-
cluding IQ, should be viewed with cadtion.
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