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This paper has three aims: (1) to present a new formula for extracting herita-
bility estimates from twin data; (2) to show the results of the application of the
formula to data from past studies of the heritability of intelligence, scholastic
achievement, personality traits, and physical characteristics; and (3) to urge that
heritability estimates be obtained in all large-scale educational testing programs,
in the standardization of intelligence, aptitude, and educational achievement tests,
and in the Selective Service and Armed Forces qualification tests.

Previous Estimates of Heritability.—Although the twin method in itself does not
provide sufficient information for testing detailed genetic models, it provides both
the most efficient and the least ambiguous basis for an over-all estimate of herita-
bility of quantitative traits.! Heritability (h?) is defined here as the proportion of
phenotypic variance attributable to genotypic variance, i.e., h? = o¢*/op®. The
comparison of monozygotic (MZ) twins reared together and dizygotic (DZ) twins
reared together is much more feasible and has been a much more common practice
than the study of MZ twins reared apart. MZ twins reared apart are rare and diffi-
cult to find.2- 3 Estimating heritability from MZ twins reared apart has the one
advantage that it presents little theoretical difficulty, provided one can assume zero
correlation between the relevant environmental effects acting on the separated
twins, in which case h? = r,,, the intraclass correlation between MZ twins.

The prevailing method of estimating heritability from MZ and DZ twins has been
by means of the H index devised by Holzinger.'* That Holzinger’s H index isnot a
satisfactory estimate of h? is now generally recognized in behavior genetics, but the
precise nature of the inadequacy of the H index and the problem of estimating h?
from MZ and DZ twin data have remained conceptually obscure.!: 4—¢ Nichols?
proposed an improvement on the H index, called the HR index, but it, too, is un-
satisfactory as an index of h2. One serious criticism of H and HR is that one isnot a
monotonic function of the other, and neither is a monotonie function of h2. Vanden-
berg! has proposed using F (the variance ratio) as a test of the significance of cw,,?/
ow,,? (DZ within-pair variance/MZ within-pair variance), but this is as
faulty as an index of heritability as the H index itself, since F is a linear function of
H.?# Determining the variance ratio F, however, is an essential step prior to com-
puting h?; if F is not statistically significant, h? cannot be presumed to differ sig-
nificantly from zero.?: 1

A New Formula for h2.—The rationale of the new formula for h? based on the comparison of
MZ and DZ twins is developed in the following 13 points. (In all cases, the correlations are cor-
rected for unreliability. Also, if h? is to be generalized to a population, it should be established
that the total variances for either halves of the MZ and DZ pairs do not differ significantly from

an estimate of the population variance.)
(1) Total true-score phenotypic variance (i.e., total variance — error variance):

op? = o¢® + og? + o/, (1)
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where op? = phenotypic variance, o¢? = hereditary (genotypic) variance, og? = systematic
environmental variance (between families), ¢.2 = unsystematic or random environmental variance
(within families).

(2) Dividing equation (1) by op*:

1.00 = h? + E? + ¢?,

where h? = g4?/op? = heritability (the proportion of total variance due to heredity).

E? = og?/ap? = systematic environmental effects (proportion of total variance due to en-
vironmental differences between families (or conversely, environmental
variance common to members of the same family).

e? = ¢,2/op? = unsystematic or random environmental effects (proportion of within

) family environmental variance).

(3) Holzinger’s H index: o= Mz~ TPz
1 —rpz

i ’ i 2rmMz — rp2z)

(4) Nichols’ HR index: HR = 2tz — rpz)

™z

(5) H, HR, and h? are not monotonic functions of one another. For example:

T™MZ Dz H HR h?

1.00 0.50 1.00 1.00 1.00
0.40 0.20 0.25 1.00 0.40
0.90 0.80 0.50 0.22 0.20
1.00 0.99 1.00 0.02 0.02

(6) Correlation (r) between sets of individuals, A and B, on a given trait:
748 = paaph® + pEapE?,

where PGaB = genetic correlation between A and B.?
PEAB = correlation between relevant effects in environments of A and B (i.e., degree of
environmental similarity).
(7) Generalized formula for h? based on comparison of two groups of paired individuals (AB
and CD) such that pesp > pecp:

pz = TAB T Tep — E? (prap — pECD)

PGAB — PGCD

(8) Correlations between MZ twins reared together (MZT) and reared apart (MZA), with
assumption that for MZT, pg = 1 and for MZA, pg = 0. For both p¢ = 1. (@) rmzr = (1)h* +
(1)E2. (b) rmza = (1)h? + (0)E? = h2

(9) Correlation between DZ twins reared together:

rpzr = poh? + (1)E?,

where p., = the genetic correlation between offspring (siblings).
(10) Estimation of h? from comparison of MZ and DZ twins, with assumption that peyz; =
TMZ — TDZ
pepz. (@) ruz — rpz = (h* + E?) — (puh? + E?). (b) h* = ____“l —.
(11) Proportion of total variance due to systematic (between families) environmental dif-
ferences:
TDZ — PoTMZ

E? =
1 — po

(12) Proportion of total variance due to unsystematic (within families) environmental variance:

02=1—h2"E2=1—TM2.
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(13) po (the genetic correlation between siblings or DZ twins) derived from the genetic corre-
lation between noninbred parents (ppp):!!

1 1+ ppp
= —  .1/01 = .
1T Varer /A1 + ppp) S+ orp

In terms of the traditional variance components model, the proposed formula yields a true
estimate of h? within the limits of sampling error, although it should be pointed out that this esti-
mate of h? also contains any variance attributable to the interaction of genotype and environ-
ment. However, the formula apparently yields the maximum amount of information concern-
ing variance components that can be obtained from 7z and rpz. Furthermore, the new formula
for h? has the advantage of taking account of the genetic effects of assortative mating. The
parameter p. (genetic correlation between siblings) may be estimated for a given trait from
theoretical or empirical considerations or both.2” Taking account of p, the genetic correlation
between siblings, permits greater precision in estimating h? when there is some basis for deter-
mining the degree of assortative mating for the trait in question. In lieu of a precise estimate of
assortative mating, one can obtain the extreme limits of A2 for a given set of data from some con-
sideration of the reasonable bounds of assortative mating. For most traits, especially those in
the abilities domain, the extreme limits would be p., = 0.50 (for siblings resulting from random
mating) to p» = 0.66 (for siblings resulting, theoretically of course, from a self-mated mother).
For some traits in which there might be negative assortative mating, po could take values less
than 0.50. Negative assortative mating may occur for traits in the personality domain, where
certain traits may be complementary in marital couples and thus negatively correlated, such as
dominance-submissiveness.

Results.—Heritability estimates based on the various formulas are shown in
Table 1. The first part of the table shows results from a number of studies,? 7+ 12-18
using a variety of intelligence tests in different populations. The most extreme
limits of A? to be found in this table summarizing all the major twin studies using
intelligence tests range from 0.42 (Swedish Military Induction Test) to 0.93 (Otis
1Q test).!® In considering this wide range of values, it should be kept in mind that
heritability estimates are specific both to the population from which the twin sam-
ples are drawn and to the particular test used for measuring intelligence.

The most representative estimates are those based on the data summarized
by Erlenmeyer-Kimling and Jarvick,!® which represent the median values of all the
twin studies reported in the literature up to 1963. We see that for these data the
extreme lower and upper limits of A% (going from random-mating to self-mating)
are 0.72 and 0.90. Since there is known to be assortative mating for intelligence,
the best estimates of A% would be obtained from values of p. (sibling genetic cor-
relation) close to 0.55, resulting from a genetic correlation of 0.25 between parents.
This yields 2 = 0.80, E2 = 0.12, and ¢2 = 0.08. Thus, according to these data—
the average of all the major twin studies—four times as much of the variance in
measured intelligence is attributable to heredity as to environment.

This statement can be expressed, also, in terms of the average difference in 1Q
between persons paired at random from the population.?® Given an intelligence
test like the Stanford-Binet, with a standard deviation of 16 IQ points in the white
population of the United States, the average difference among such persons would be
18 IQ points. If everyone inherited the same genotype for intelligence (i.e., h =
0), but all nongenetic environmental variance (i.e., E2 4+ €?) remained as is, people
would differ, on the average, by 8 IQ points. On the other hand, if hereditary
variance remained as is, but there were no environmental variation between families
(i.e., E2 = 0), the average difference among people would be 17 IQ points. If all
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nongenetic sources of individual differences were removed (i.e., E2 + e = 0),
the average intellectual difference among people would be 16 IQ points. (Error
in measurement has been subtracted from all these figures.) These results de-
cidedly contradict the popular notion that the environment is of predominant im-
portance as a cause of individual differences in measured intelligence in our present
society. The results show, furthermore, that current IQ tests certainly do reflect
innate intellectual potential (to a degree indicated by A2), and that biological in-
heritance is far more important than the social-psychological environment in de-
termining differences in IQ’s. This is not to say, however, that as yet undiscovered
biological, chemical, or psychological forms of intervention in the genetic or develop-
mental processes could not diminish the relative importance of heredity as a de-
terminant of intellectual differences.

Scholastic achievement: The middle section of Table 1 summarizes studies based
on tests of scholastic achievement. In general, individual differences in scholastic
performance are determined less than half as much by heredity than are individual
differences in intelligence.?* The largest source of individual differences in school
achievement is the environmental differences between families. Variance in achieve-
ment due to differential environmental effects within families is extremely small.

The fact that school achievement is highly susceptible to environmental in-
fluences, while intelligence apparently is not, suggests important implications for
education that have not yet been explored.

Physical characteristics: The third section of Table 1 is interesting for compara-
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TABLE
HERITABILITY OF
Correlationst
Personality scales M DZ H HR
MMPI}

Social introversion 45 12 37 147
Depression 44 14 35 136
Psychaesthenia 41 11 34 146
Psychopathic deviate 48 27 28 88
Schizophrenia 44 24 27 91
Paranoia 27 08 21 141
Hysteria 37 23 19 76
Hypochondriasis 41 28 17 63
Hypomania 32 18 17 88
Masculinci;; if§emininity 41 35 09 29
Self-control 56 27 40 105
Rigidity 47 13 39 147
Dominance 58 13 52 155
Responsibility 57 29 39 98
Intellectual efficiency 59 27 43 107

* Decimals omitted.
1 Not corrected for attenuation. Decimals omitted.

tive purposes, showing results for highly heritable physical characteristics. (Since
for these there is probably little assortative mating, the most plausible values of
p would lie between 0.50 and 0.55.) It can be seen that over-all the heritability of
intelligence is closer to that for physical characteristics such as height, weight, and
head length than to scholastic achievement.

Figure 1 presents these results graphically. The shaded area is the range of pos-
sible values of k% when p., varies between 0.50 and 0.66. This form of graphic pre-
sentation may be useful for comparing various tests given to the same population
or for comparing various subgroups in the population on a particular test. For
statistical purposes, confidence bands?? can be placed around the lines separating
h?, E?, and e2.

Personality traits: Table 2 summarizes the heritability estimates for a number
of personality scales.?*: 2¢ For most of these personality traits ‘‘impossible’”’ values
of h? and E? result when ppp > 0, that is, when there is positive assortative mating.
It may well be that this genetic additive model is grossly inappropriate for dealing
with heritability of personality traits. The personality measures differ most con-
spicuously from intelligence, scholastic achievement, and physical traits in yield-
ing large values of ¢? (within family environmental variance) as compared with E?
(between family of environmental variance). Also, h? shows much greater sex
differences for personality traits than for abilities. In terms of the present form-
ulation of h2, there are obviously serious difficulties in making sense out of the twin
data on personality scales. Precisely where the trouble lies is not understood, but
the present formulation at least highlights the problem.

Further applications of h?: Finally, because the estimation of heritability pro-
vides important information concerning sources of variance in our tests, I would
urge that provision for assessing heritability become a routine part of large-scale
educational testing programs, test standardization, and ability testing in the Armed
Forces. Modern data-processing techniques now make this entirely feasible. The
practice would require that testees carefully identify all their blood relations who
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2
PErsoNaLITY TRAITS

Hgléitability Estimates*

ppp = —1.00 ppp = —0. ppp = 0.00 ppp = 1.00

P = 0.00 P = 0.25 P = 0.50 P = 0.66
h2 E2 R E2 B2 E? h2 E? et
33 12 44 01 (66) (—21) (99) (—54) 55
30 14 40 04 (60) (—16) (90) (—46) 56
30 11 40 01 (60) (—19) (90) (—49) 59
21 27 28 20 42 (63 (—15) 52
20 24 27 17 40 04 (60) (—16) 56
19 08 25 02 (38) (—11) (57) (—30) 73
14 23 19 18 28 (32) (—05) 63
13 28 17 24 26 15 39 02 59
14 18 19 13 28 04 (42) (—10) 68
06 35 08 33 12 29 18 23 59
29 27 38 18 (58) 02 (87) (—13) 44
34 13 45 02 (68) (—21) (102) (—55) 53
45 13 (60) (—02) (90) (—32) (135) (=77) 42
28 29 37 20 56 01 (84) (—27) 43
32 27 43 16 (64) (—05) (96) (—37) 41

1 Minnesota Multiphasic Personality Inventory data (N = 120 MZ, 132 DZ pairs) from Van-
denberg?: (1966).
a gﬁﬁg)alifomia Personality Inventory data (males only, N = 207 MZ, 120 DZ pairs) from Nichols?4

are likely to be in the tested population: parents, siblings, half siblings, cousins,
and especially twins. The zygosity of twins can now be determined with better
than 90 per cent accuracy by means of a brief questionnaire.?® We know that tests
of ability differ widely in the degree to which they reflect innate factors on the one
hand, or social, cultural, and educational influences on the other. Heritability
estimates thus can provide important information concerning major classes of
variables determining individual differences on a given test.

One criterion of a ‘“‘culture-free’” or ‘“culture-fair’’ test is the degree to which it
yields high estimates of A% in a population in which there is actually a wide range of
environmental variation. Do culturally or economically disadvantaged minority
groups within our population show lower heritability than more advantaged groups
in test scores used for job placement, for educational selection, and for determining
qualification for the Armed Services? Although h? has no necessary connection
with a test’s validity for predicting some criterion, such as suitability for the Armed
Forces or success in college, h? should be of great interest to educators, since 1 — h?
is an indication of the proportion of variance in abilities we potentially can influence
by educational and social-psychological means. Large-scale testing programs should
try to account for as many of the major sources of variance in test scores as pos-
sible. Three of these sources are defined by h2, E?, and e2.

* On leave (1966-1967) from the University of California, Berkeley.
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