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New questions about old heritability estimates

PETER H. SCHONEMANN
Purdue University, West Lafayette, Indiana

This note summarizes the main results of three recent studies on the heritability of mental
traits: (1) The inferences Jinks and Fulker (1970) derived from Shields’s (1962) twin data are in-
valid since the assumptions of the genetic model are consistently violated by these data. A purely
environmental model fits them better by a factor of 2. (2) Holzinger’s heritability coefficient (4?)
is invalid since his derivations imply that dizygotic twins share no genes. (3) In contrast, Nichols’s
(1965) heritability coefficient (HR) follows from a strictly additive genetic model. (4) However,
the needed assumptions are consistently violated by Osborne’s (1980) personality data, which
produce an excessive number of inadmissible HRs. A purely environmental model fits these data
better by a factor of 14. Jointly, these results suggest that heritability estimates of mental traits
in the literature should be viewed with caution.

The purpose of this advance note is to put some recent
results about the heritability of mental traits on record until
more complete accounts of this work can be published
in the appropriate journals. In the meantime, the reader
is referred to Schénemann (1987, 1988) and Schénemann
and Schénemann (1988) for more detailed empirical evi-
dence and the proofs of formal claims.

IDENTICAL TWINS RAISED TOGETHER
AND APART (SHIELDS’S DATA)

In 1962, Shields published a set of twin data, which
has been reanalyzed by numerous other investigators, in-
cluding Jinks and Fulker (1970) and, more recently,
Farber (1981). Shields recorded the values of various
physical and four psychological variables: the Dominoes
Intelligence Test, a synonyms section of the Mill Hill
Vocabulary Scale, and two self-rating scores for extra-
version and neuroticism. The sample comprised 44 pairs
of monozygotic twins raised apart (MZAs), 44 pairs of
monozygotic twins raised together (MZTs), and 32 pairs
of dizygotic twins raised together (DZTs). On reanalyz-
ing these data, Jinks and Fulker (1970) concluded, among
other things; (1) that *‘it is reassuring to find that [cor-
related environments and genotype-environment inter-
actions] are by no means universal phenomena’’ (p. 347);
(2) **high heritabilities recorded in Table 30" (p. 347)
for the four measures employed by Shields; and (3) that
“‘the high number of genes estimated to be controlling
IQ (> 20 and approximately 100) fully confirms that this
trait is under polygenic control” (p. 348). According to
Eysenck (1973, p. 262), *“The Jinks and Fulker paper ...
is the cornerstone on which any future argument about
heritability must be based.””
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To account for Shields’s (1962) data, Jinks and Fulker
(1970) postulated a variance components model that pro-
vides for four mutually uncorrelated latent variables to
explain the observed variable y:

y—-p.=g|,+gw+e.,+ew,

where p is the population mean of y, gy a between-family
genetic variable, gw a within-family genetic variable, ep
a between-family environmental variable, and ew a within-
family environmental variable. Thus, the model postu-
lates for MZTs

Ni—p=g +gwt et ey (1st twin)

y2—p =g + gut+ e + e, (nd twin),
and for MZAs

Yi —p =8 + 8w+ & T ey,

Y2 — p =80 + 8w + &, + ey,

where the six variables on the right are again uncorrelated,
and now, in addition, var(e,) = var(ep,) = var(es).
As shown in more detail in Schénemann (1987), this
model implies
(a) EMMSBA+MSWA) = E(MSBT+MSWT),
where E(MSBT) and E(MSWT) denote the expected
values of the between and within sums of squares for the

MZTs, and E(MMSBA) and E(MSWA) denote those for
the MZAs, and

(b) EIMMSBA—-MSWA) < E(MSBT-MSWT),
(c) ra—rr = 09

where ra denotes the intraclass correlation (based on mean
squares) for MZAs, and rr denotes the intraclass corre-
lation for MZTs. These predictions are violated by
Shields’s (1962) data (a) in 7 out of 8 cases (88%), (b) in
8 out of 8 cases (100%), and (c) in 7 out of 8 cases (88%).
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To take account of these systematic violations, an al-
ternative correlated environments model was constructed
on the following premises: (1) Jinks and Fulker’s (1970)
assumption ‘‘that separated twins are randomly assigned
across environments’’ (p. 325) is absurd so that an addi-
tional covariance parameter, g,,.e, is needed to account
for correlated environments between MZAs. (2) An ad-
ditional variable s (for separation variable) is needed for
the MZAs to-predict a larger E(MSB + MSW) for the
MZAs and is assumed to vary only between families. A
possible interpretation of s might be length of separation
(see, e.g., Farber, 1981). (3) The observed variables con-
tain no genetic component at all. On fitting to the Shields
data the resulting four-parameter environmental model

MZTs: yy —p=e + 24
y2—p=e+ 2,
MZAs: yy) ~p=e1 +z1 + 5

y: —p=e +2+sys,

with cov(e;,e2) = g, var(e) # 0,

where z; and z2 denote measurement errors, one obtains
positive least-squares estimates for all variances and high
positive environmental correlations for the MZAs:

Neuroticism, g, ., =
Mill Hill,

Hence, the fit will deteriorate only slightly if one fixes
Qe,e, = 1. Thus one arrives at a three-parameter cor-
related environments model (CE3) that contains the same
number of parameters as the genetic model proposed by
Jinks and Fulker (1970), so that the fit of both models
can be compared. The results are as follows:
(1) Qualitatively: Under the genetic model, the least-
squares estimates of the between-family variance com-
ponent, var(ep), are negative in 12 out of 12 cases. Un-
der the purely environmental model, all variance estimates
are positive. (2) Quantitatively: On comparing the fit of
both models in terms of the unweighted residuals (e’e/y’y
= 1 — 7%, where now e is the least-squares error and
y the criterion) and also in terms of the predicted and ob-
served intraclass correlations for the MZTs and MZAs,
the correlated environments model fits roughly twice as
well as the genetic model proposed by Jinks and Fulker
(1970). In terms of the predicted intraclass correlations,
the fit ratio favoring the environmental model is 2.17, and,
in terms of the error measures 1 — »? left by both models
after a least-squares fit, it is 2. 10 for the four larger, pooled
groups. For the eight smaller within-sex analyses, it is 4.54.

Since a purely environmental model fits Shields’s (1962)
data better than the genetic model of Jinks and Fulker
(1970), their claim that performance on the four tests is
largely inherited is unsupported.

.91, Extraversion, g, = .94,

Qee, = .12, Dominoes, .., = 1.04.

HERITABILITY ESTIMATES

This section summarizes some formal arguments de-
veloped more fully by Schénemann (1988).

Holzinger’s Derivation of h?

To derive his heritability ratio A2, Holzinger (Newman,
Freeman, & Holzinger, 1937, pp. 94-116) started out
with a variance component model for the MZs that postu-
lates four latent variables, g (genetic component), ¢; and
e2 (environmental components), and z, and z; (measure-
ment errors):

MZs:yy,—p=g+er+z, m—p=g+e+2z

where p = E(w), E(g) = E(e.) = E(e) = E(z.) = 0,
and var(g, ey, ez, ), 22) = diagonal (i.e., all latent vari-
ables are uncorrelated) and var(z,) = var(z), var(e,) =
var(e). However, halfway through his derivations, Hol-
zinger discarded the measurement error variables by set-
ting var (z) = 0 (p. 113). Therefore, the model Holzinger
actually worked with predicts for the MZs:

E(MSBM) = 2var(g) + var(e),
EMSWM)

var(e),

om = var(g)/[var(g) + var(e)],

so that the genetic variance ratio is simply given by the
intraclass correlation of the MZs.

I

DZs:yy, —p=g1 +e, y2—p =g + ea

Holzinger did not spell out the critical correlation between
the two genetic variables g; and g». Suppose it is given
by @i2. Then,

E(MSBD) = (1+¢i2)var(g) + var(e),
EMSWD) = (1—giz)var(g) + var(e)
op = gnvar(g)/[var(g) + var(e)].
This implies that his heritability coefficient can be written

h* = (em—op/(1-¢p)
= (1—gu2)var(g)/[(1 —gi2)var(g) + var(e)].

On setting h* = var(g)/[var(g) + var(e)], one obtains
oizvar(g)var(e) = 0, so that g2 = 0 if both variances
are nonzero, As a result, gp = 0. The necessary condi-
tion 12 = O violates the basic assumption of genetic the-
ory that dizygotic twins, on average, share half of the
genes.

Nichols’s (1965) Heritability Index
Nichols’s (1965) heritability index

[HR := 2(rm — ra)/ru),

in contrast, can be derived as a valid deduction from a
strictly additive genetic variance component model AG3,
which is a special case of Fisher’s (1918) model when
gene/environment correlation,  interactions, and
dominance are all zero. This model postulates three classes
of latent variables strictly additive genetic variables a, en-
vironmental variables e, and measurement error z. For the

MZs:yy—p=at+et+tz, 2—p=atet2,



with E(a) = E(e) = E(z) = 0 and Var(a, e, 21, 22) =
diagonal.

In contrast to Holzinger’s model, the environmental
variable e is now constant within families (since both twins
are raised together). This model implies the expected mean
squares:

MZs;
E(MSBM) = 2var(a) + 2var(e) + var(z),
EMSWM) = var(z),
om = [var(a) + var(e))/[var(a) + var(e)
+ var(z)],
DZs:
yw—p=art+te+z, pn—p=ate+z,

where the latent variables again have zero means, and
Var(ai, az, e1, €2, 21, z2) = diagonal except for cov(ai,
ay). Since dizygotic twins, on average, share half the
genes, the correlation g2 between a; and a2 is 1/2 by
the correlation formula for common elements (Hogben,
1950, pp. 360f.). Therefore,

E(MSBD) = 1.5var(a) + 2var(e) + var(2),
E(MSWD)

1

Svar(a) + var(z),
[.5var(a) + var(e))/[var(a) + var(e)

I

(0]
+ var(2)],

so that gpm—gp = .5var(a)/[var(a) + var(e) + var(2)}.
Hence,

HR := 2(om — ep)em = var(a)/{var(a) + var(e)]

is indeed the narrow heritability ratio if AG3 fits. In
contrast,

I

h* := (em — ¢p)/(1 — @D)
.Svar(a)/[.Svar(a) + var(z)]

measures nothing of interest, because it does not contain
var(e). For what follows, it should be noted that AG3 im-
plies a number of conditions that should be checked be-
fore relying on HR:

(a) EMSWD — MSWM) = var(a)/2 = 0,
(b) EMSBM + MSWM) = E(MMSBD + MSWD)
(c) E(MSBD — MSWD) — E(MSBM — MSWM)/2

= var(e) = 0,

(d) ep = om/2.

Jensen’s (1967) Index
Jensen’s (1967) index (JHR) is as follows:

JHR := 2(I'M - r[)) =rr™ HR

= var(a)/[var(a) + var(e) + var(z)].
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JHR is not an improvement over Nichols's HR, as some
believe, because the denominator is inflated by the
unknown measurement error variance, var(z). If JHR is
divided by the reliability (= ry under the strictly addi-
tive model AG3), then one arrives again at HR.

IDENTICAL AND FRATERNAL TWINS
(OSBORNE PERSONALITY DATA)

Osborne (1980) reported the h* and HR for two per-
sonality test batteries, Jenkins’s (1959) **How well do you
know yourself”* questionnaire (19 variables, 2 subsam-
ples: male, female), and Cattell’s (1958) *‘High school
personality questionnaire’’ (13 variables, 3 subsamples:
white, black, total). One of Cattell’s variables (B) is sup-
posed to be a power test of intelligence.

Across all studies and variables, 59% of the HRs ex-
ceeded 1 and 14% were negative. Thus, only 28% of the
HRs fell into the admissible range [0,1]. The main qualita-
tive violation of the genetic model underlying HR was
ro < rm/2; that is, monozygotic twins are more similar
than the genetic model predicts. As for the Shields data,
a least-squares fit of the genetic model to these data
produced many (59%) negative variance estimates.

As an alternative, Schonemann and Schénemann (1988)
fitted a purely environmental model E3 for the MZ/DZ
data, which has the same number of free parameters as
the genetic model from which HR was derived: To ob-
tain a model that predicts larger intraclass correlations for
the MZs than for the DZs, we postulated two environ-
mental variables, a baseline variable ep, which enters the
scores of both MZs and DZs, and a second component
em, which contributes only to the scores of the MZs, thus
raising their environmental variance. In addition, the
model E3 postulates a measurement error variable z. Thus,
we postulate:

MZs:
yi—p=em + e+ 2, y2—u=¢em + ep t 2
E(em,ep,21,22) = 0,
Var(em,ep,21,22) = diag, var(zy) = var(z2).
DZs:
yiw—p=ep+2, y2—p=ept2,

with the same stochastic restrictions on the remaining vari-
ables as for the MZs. This model implies

EMSBM + MSWM) = E(MSBD + MSWD),
E(MSBM — MSBD) = 0, EMSWM) = E(MSWD),
1 = om = [var(em) + var(epl/

[var(em) + var(ep) + var(2)}

v

var(ep)/[var(ep) + var(2)]

= gp = 0.
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On comparing the fit of the genetic model AG3 and the
competing environmental model E3, the following results
were obtained: (1) The overall percentage of inadmissi-
ble variance estimates dropped from 25% to 14% and their
average magnitude from 3.68 for the genetic model to
1.17 for the environmental model. (2) Overall, in terms
of sums of squared residuals, the environmental model
fits the Osborne (1980) personality data better by a fac-
tor of 13.9. (See Schénemann & Schénemann, 1988, for
more details.)

On the basis of these results we concluded:
(1) Osborne’s data contain no genetic component at all.
(2) The strongest variance component of the personality
variables is measurement error. (3) The greater similar-
ity of MZs compared with DZs is probably caused by ad-
ditional environmental variance induced by the greater
physical resemblance of the MZs (e.g., Jones, 1949).

DISCUSSION

Taken together, the results of the three interrelated
heritability studies summarized here suggest that past
pronouncements about the presumed heritability of men-
tal traits, including intelligence (e.g., Jensen, 1970),
should be viewed with extreme caution because (1) glaring
statistical and conceptual errors that invalidate previous
empirical inferences went undetected for decades, and
(2) whenever a fair comparison was made between a
genetic model and an environmental model with the same
number of parameters, we found the environmental model
produced fewer inadmissible parameter estimates and a
better fit.
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