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INTRODUCTION !

has been one of the oldest and most persistent

concerns 1n the attempt to understand individual
differences 1n human behavior. Experience offers per-
suasive evidence for both sides of the argument.

On the one hand the observer is struck by the great
plasticity and adaptability of human beings to a wide
variety of environmental pressures. Consider the variety
of primitive societies, each somehow molding the be-
havior of new generations to perpetuate extremely di-
verse social patterns. Or within our own culture con-
sider the pervasive effects of sex role, socioeconomic
status and racial or ethnic group membership on the
behavior of individuals. How can one doubt that the
environment molds behavior and that as the twig is
bent so 1s the tree inclined?

THE RELATIVE IMPORTANCE of nature and nurture

' Invited address presented at the American Psychological Association
meeting, Washington, D. C., September 4, 1976.
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2 HEREDITY AND ENVIRONMENT

On the other hand the observer is struck by the in-
domitable human spirit rising above environmental ad-
versity to express its inner individuality. The long his-
tory of man’s inhumanity to man shows that barbarous
psychological and physical hardships can be endured
and the human personality will again express itself
when given half a chance. The human psyche must
clearly be made of very tough and durable stufl or
else the species could not have survived. Also a long
list of anecdotes testifies to the fact that behavioral
tendencies run in families much as do skin complexion
and body size and shape. How can one doubt that
each personality is in many ways a chip off the old
block and that blood will tell?

Thus, it seems at the outset that human personality

1s responsive to the environment, yet has an inherent
internal consistency that 1s resistant to environmental
modification. However, as psychologists we would like
more detailed and quantitative evidence for this asser-
tion.
There are several lines of evidence that allow the
separation of the effects of heredity and environment
on behavior. These include studies of the behavioral
similarity of relatives, adopted children, separated i1den-
tical twins, and unrelated persons reared together as
well as comparison of the relative similarity of fraternal
and 1dentical twins. In studies of animals there are
also inbred strain comparisons and selective breeding
experiments.

In this paper I will concentrate on the comparison
of identical and fraternal twins reared together. How-

ever, to my knowledge none of the conclusions to be
derived from twin comparisons are contradicted by the

other lines of evidence.
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THE TWIN METHOD

WINS FORM a natural experiment that among
Caucasian Americans occurs at a rate of about
one set of twins in every. 100 births. About a
third of these are identical twins with identical genetic
material, and two-thirds are fraternal twins with the
same genetic relationship as ordinary siblings, (i.e.,
about half their genes in common). Since half the frater-
nal twins are of opposite sex, there are about equal
numbers of 1dentical and same-sex fraternal twins,
which are the groups usually studied. The zygosity of
twins, whether they are identical or fraternal, can be
diagnosed with good accuracy from readily observable
physical characteristics such as height, the color, tex-
ture and pattern of growth of hair, eye color, ear lobe

attachment, facial physigonomy, etc. If the twins of a
set are alike on all of these genetically determined fea-

tures the probability is high that they are identical
twins. If they are definitely different on one or more,
they are fraternal. An added degree of precision can

3



4 HEREDITY AND ENVIRONMENT

be achieved by also considering a number of indepen-
dently inherited blood types.

Twins raised together in the same family are exposed
to pretty much the same environment whether they
are identical or fraternal. Thus, if identical twins are
more alike on some psychological trait than are frater-
nal twins, this may, with some assumptions, be attrib-
uted to their greater genetic similarity.

Most psychological traits are continuously variable,
rather than categorical. The index of twin similarity
that is used with such variables is the intraclass correla-
tion, which in a large sample is usually numerically
identical to the product moment correlation between
twins. The intraclass correlation, like a reliability coeth-
cient, is the proportion of the variance of the trait 1n
the sample that is common to the twins of a set. The
major results of a twin study, then, are the intraclass
correlations for identical and fraternal twins for each
trait that 1s studied.

Since identical twins have all their genes in common
and fraternal twins have half their genes 1n common,
the difference between the intraclass correlations for
identical and fraternal twins is the proportion of vari-
ance attributable to half the genetic influence on the
trait. Thus, if we double the difference between the
intraclass correlations, it would seem that we have the
heritability, the proportion of variance in the trait at-
tributable to heredity. There are, of course, a number
of complicating factors that can distort this seductive
simplicity. These will be discussed later in the paper.

In addition to the degree of hereditary influence on

a trait that is indicated by the difference between the
correlations, the size of the correlations can also tell
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us something about the nature of the environmental
Influences on the trait. If the salient environmental in-
fluences vary from family to family but tend to be the
same for the children within a family—such as charac-

teristics of the parents, the home, and the community—
the correlations will tend to be relatively higher. This
1s because the common environmental influence on both
twins of a set will tend to make them similar and thus
Increase the correlations for both identical and fraternal
twins. On the other hand, if the salient environmental
influences affect the twins within the same family differ-
ently the correlations for both identical and fraternal
twins will tend to be relatively lower.
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THE TWIN LITERATURE

look at the sort of twin correlations that are

typically found. Since Galton’s pioneering twin
study in 1875 there have been over 100 published stud-
ies comparing the relative similarity of 1dentical and
fraternal twins on a great variety of psychological traits.
A former student of mine, Dr. Nancy Breland, reviewed
this twin literature up to 1971 and extracted 756 pairs
of intraclass correlations,? (Breland, 1972). With some
advice from colleagues, Nancy and I sorted the correla-
tions according to the trait measured into the broad
domains of ability, personality and interest. Within
each domain we further classified them according to
the specific trait. In those instances in which a test
was used that was not known to us or in which the

KEEPING THESE THOUGHTS IN MIND let us now

2 A list of these correlations with references to the articles from which

they were obtained is available from the author on request. The correla-
tions were recorded as presented in the article. About 20 percent had
been corrected for attenuation; the rest were observed correlations.

6



HEREDITY AND ENVIRONMENT 7

trait could not be unambiguously grouped with other
studies of the same trait, the correlations were tempo-
rarily discarded. This provided a way of organizing a
large body of data, although tests with similar names,
which we grouped together, were no doubt in many
Instances measuring quite different traits.

The results for the ability domain are shown in F 18-
ure 1. This figure shows considerable variation among
studies, which 1s a fact of life that psychologists have
had to learn to live with. But there is also a striking
overall consistency. The correlations were predomi-
nantly high and positive, showing that twins tend to
be quite alike 1n a variety of abilities. Moreover, identi-
cal twins tended to be more similar than were fraternal
twins on all 12 traits of ability. If we consider the
weighted averages represented by arrows to be one large
composite twin study based on several thousand sets
of twins of each kind, the difference between identical
and fraternal intraclass correlations ranged from .25
tor general intelligence to .11 for divergent thinking.

Figure 2 shows the analogous results for the interest
domain, and the picture is quite similar to that for
abilities, except that the correlations were somewhat
lower. The difference between weighted averages for
identical and fraternal twins ranged from .22 for artistic
interests to .11 for business or enterprising interests.

Figure 3 shows analogous results for the personality
domain, which are similar to those for interests except
that the horizontal lines tend to be somewhat longer,
indicating greater variation among studies. The differ-
ence between weighted averages for identical and frater-
nal twins ranged from .27 for extroversion to .19 for
masculinity-femininity.
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Trait intraclass correlation
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Confronted with the remarkable similarity of results
for ability, interests and personality as well as for the
more specific traits within the three domains, one might
next ask whether this survey of the twin literature re-

veals any significant difference between traits or be-
tween domains.

The weighted composite results of all twin studies
are not appropriate for answering this question because
the different traits were investigated by different studies

using different samples of twins. Thus, the large differ-
ences we have noted between different studies of the

same trait could produce spurious differences between
composite results for different traits. The best evidence
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FiGURE 3 INTRACLASS CORRELATIONS FROM TWIN STUDIES OF VARI-
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STUDY FOR MZ AND DZ TWINS ARE INDICATED BY DOTS; THE MEAN
CORRELATION, WEIGHTED BY THE NUMBER OF CASES, IS INDICATED
BY AN ARROW BELOW THE HORIZONTAL LINE REPRESENTING THE
RANGE OF CORRELATIONS FOR EACH TRAIT.

we have on this issue then, comes from considering
each study as an independent attempt to estimate popu-
lation values for a given trait. We can then ask whether
studies of different traits produce results that cannot
reasonably be attributed to the variation among studies
that is observed when they investigate the same trait.

For this analysis each study was an equal unit and
was not weighted by its sample size.
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Table 1 shows the unweighted mean correlations for
the various traits that were shown in the previous three
figures. The basic data are the same as in the figures,
but the results are slightly different because the studies
were given equal weight regardless of sample size. We
can now ask whether the observed variation among
traits 1n the average difference between identical and
fraternal correlations can be attributed to chance. A
one-way analysis of variance showed the differences
among the traits in the ability domain to be not signifi-
cant at the five percent level. Similar analyses in the
Interest and personality domains showed even greater
likelihood that the observed differences among traits
are due to chance. Thus, the difference in similarity
between the two kinds of twins does not differ signifi-
cantly among traits within the three domains. We are
now back to the mean difference between identical and
fraternal correlations for the three domains, which for
ability, personality and interests respectively were .21,
.19 and .18. These three numbers are clearly not signifi-
cantly different from one another. Thus, we must con-
clude that a twin study is likely to find a difference
between identical and fraternal correlations of about
.20 regardless of the domain or the trait that is being
investigated!

The tendency for both the identical and fraternal
correlations to be higher in the ability domain than
in the personality and interest domains was highly sig-
nificant statistically. The average correlation involving
an ability measure was higher by about .25 than that
involving an interest or personality measure.

Without attempting to interpret these correlations
precisely at this point, I will merely state what seems
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Table 1
Mean Intraclass Correlations from Twin Studies of Various Traits
Mean Difference
Intraclass Fmz—rY pz
Number Cor. —
of " Stand.
Trait Studies ryz rpz Mean Dev.
Ability
General Intelligence 30 82 .59 22 10
Verbal Comprehension 27 78 .59 19 14
Number and Mathematics 27 78 .59 19 12
Spacial Visualization 31 65 41 23 16
Memory 16 52 .36 16 16
Reasoning 16 T4 .50 24 17
Clerical Speed and Acc. 15 70 47 22 15
Verbal Fluency 12 67 .52 15 14
Divergent Thinking 10 61 .50 11 15
[Language Achievement 28 81 .58 23 11
Social Studies Achievement 7 85 .61 24 .10
Natural Science Ach. 14 79 .64 15 13
All abilities 211 T4 .54 21 14
Interests
Practical Interest 20 S0 .37 13 15
Science Interest 15 54 .29 25 11
Business Interest 22 45 .30 15 14
Clerical Interest 10 44 .26 18 .09
Helping Interest 18 48 .30 .18 14
Artistic Interest 16 S50 .32 18 13
All interests 116 48 .30 18 13
Personality
Extraversion-Introversion 30 52 .25 27 14
Neuroticism 23 S1 .22 29 21
Socialization 6 49 .23 27 17
Dominance 13 53 31 23 18
Masculinity-Femininity 7 43 .17 27 21
Hypochondriasis 9 37 .19 18 28
Conformity 5 41 .20 22 15
Flexibility 7 46 .27 .19 27
Impulsiveness 6 48 .29 19 12
All personality 106 48 .29 19 12

Note: Mean correlations are unweighted averages of the studies 1n-
volved. Because most twin studies employ multiple measures, the same
twin sample may be represented in several traits.
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their most obvious implication: individual differences
In all traits of behavior, from general intelligence to
fingernail biting, are due in roughly equal parts to ge-
netic differences and to environmental differences. The
environmental factors that influence abilities tend to
affect members of the same family in the same way,
while the environmental factors that influence personal-
ity and interests tend to affect members of the same
family differently.



IV

THE NATIONAL MERIT TWIN STUDY

from twin data that I was mainly responsible tor
collecting.® Although the data were collected over
ten years ago, some of the results are, in fact, new.
Personal and organizational factors delayed the analy-
sis. The book containing a fairly complete report of
the entire study was published only a few months ago
(Loehlin and Nichols, 1976).

During the 1960’s the National Merit Scholarship
Corporation conducted an annual, nationwide testing
program in which each spring a three hour test of edu-
cational development was given to selected eleventh
grade students in most high schools in the United
States. Thanks to the support for research provided
by John M. Stalnaker, then President of National Mertt,

I WOULD NOW LIKE TO DISCUSS some new results

3 These data were collected as part of the research program of the
National Merit Scholarship Corporation, which was supported by grants

from the Ford Foundation, the Carnegie Corporation of New York, and
the National Science Foundation.

14
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we were able to ask on the test form whether or not
each of the roughly 600,000 students who took the
test in 1962 was a twin.

By pairing twins who attended the same school and
who had the same last name and home address we
identified about 1500 sets of same-sex twins. These
twins were each sent a questionnaire asking for detailed
reports on a number of hereditary physical characteris-
tics, which were used for diagnosis of zygosity. Subse-
quently, blood samples were obtained from 124 sets
of these twins, and the questionnaire diagnosis agreed
with the diagnosis based on extensive blood typing in
93 percent of the cases (Nichols and Bilbro, 1966).
Usable questionnaires were received from about 1200
sets.

These twins were then each sent an additional packet
of questionnaires concerning their behavior, attitudes,
goals, interests and personality and a separate question-
naire to be completed by a parent. The packet contained
the California Psychological Inventory and a long ques-
tionnaire developed specifically for the study that to-
gether required about three hours for each twin to an-
swer. Complete data were obtained from 850 sets of
twins, of which 60 percent were diagnosed identical
and 42 percent were male. ,

This procedure yielded data on a large number of
sets of same-sex twins, all about the same age with
each set raised together in the same family. These twins
are, of course, not representative of any specific group
to which statistical generalizations might be made.
However, comparison with available norms suggests
that they are not particularly unusual in any respect
except for being twins and for being National Merit
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test takers. Like other National Merit test participants,
they averaged about one standard deviation above high
school students in general on measures of scholastic
aptitude. They showed about the same variability as
students in general on tests of ability, personality and
interests. Except for the ability tests all data were ob-
tained via mailed questionnaires. Checks of internal
consistency of the questionnaire responses and compar-
ison of reports of the same information by the two
twins and their parent indicate that the questionnaires
were carefully completed. The data appear to be about
the same quality as is usually obtained in group testing
of college students.

Three years later, in 1965, a second twin sample
was obtained. The twins among the almost 300,000
participants in the 1965 National Merit testing program
were identified as part of a broader question about birth
order. The same-sex twins from this testing were sent
a revised form of the physical similarity questionnaire
from which 1300 identical sets and 864 fraternal sets
of twins were diagnosed. About two years later David
P. Campbell, then at the University of Minnesota,
mailed these twins the form of the Strong Vocational
Interest Blank appropriate for their sex. Usable Strong
tests were obtained from 669 male and 949 female sets
of twins of which 61 percent were diagnosed identical.
As in the 1962 sample, females and identical twins
were somewhat more cooperative in providing data
than were males and fraternal twins.

The diverse data on these two large twin samples
lend themselves to a number of different analyses. But

here we will limit our attention to the relative similarity
of identical and fraternal twins on the various measures.
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All told, data were available on the 1962 sample for
over 1600 test scores and questionnaire items, and the

computer obediently spewed out intraclass correlations
for all of them.
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DIFFERENCES AMONG TRAITS

EN THE CORRELATIONS for the major scores

\) \/ representing ability, personality and interest are

plotted on the figures showing the results of

past studies they blend right in, and the present investi-

gation could well serve as the model twin study. Our

attention was then directed to a more detailed investiga-

tion of the striking implication of the literature that

the difference between identical and fraternal correla-

tions, and thus the heritability, is about the same for
all psychological traits.

To study this question, John Loehlin performed a
series of analyses that took advantage of the relatively
large sample of twins and the diversity of variables
in this study. John’s innovative method was to compute
correlations for a variety of variables separately 1n ran-
dom halves of the twins of each sex and to look for
agreement between random halves and between sexes

in the rank order of differences between the correlations
for the two kinds of twins. In this way, any tendency

18
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for some traits to show consistently larger differences
between identical and fraternal correlations than do
other traits could be detected. Traits with high herita-
bilities should show large differences and those with
low heritabilities should show small differences 1n both
random half-samples.

This method cannot simply be applied to the entire
list of 1600 variables, because of the large differences
among them in reliability. Unreliable variables would
tend to have consistently low correlations with corre-
spondingly small differences between them simply be-
cause of their low rehability.

The first application of the random-half method,
then, was to the 18 standard scales of the California
Psychological Inventory, which do not differ greatly
in reliability. The scales were ranked in terms of the
size of the difference between identical and fraternal
correlations 1n random half-samples of each sex. There
was no agreement in these ranks between sexes or be-
tween random half-samples. The average Spearman
rank correlation was —.05. There was also no agreement
between the rank order of the CPI scales in this study
with that reported in a previous twin study of the CPI
conducted by Irving Gottesman (Gottesman, 1966;
Nichols, 1966).

Using the 1965 sample, a similar random-half analy-
s1s was done using 88 Strong Vocational Interest Blank
scales for males and 69 scales for females. Again there
was no agreement between random halves in the rank

order of the scales in terms of the difference between
identical and fraternal correlations.

There was also no agreement between the rank order
of identical-fraternal differences for the five subtests
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of the National Merit Scholarship Qualifying Test ei-
ther for the two sexes or for the 1962 and 19635 samples.
However, this may not be especially surprising, since
these subtests are highly intercorrelated.

To give any differences among traits the maximum
chance to show themselves, one should use as diverse
a set of variables as possible. For this purpose John
Loehlin performed a series of cluster analyses on all
of the 1500 or so questionnaire items available on the
1962 sample to develop a set of diverse clusters, each
with reasonable internal consistency. This process
yielded 70 clusters in which no variable was in more
than one cluster and every variable 1n a cluster corre-
lated at least .30 with every other. The number of varia-
bles in the clusters ranged from 3 to 13 with a median
of 4. Although the clusters were formed on an entirely
statistical basis, in almost all cases the content was
fairly homogeneous and readily interpretable. There
was great diversity of content among the 70 clusters,
which included abilities, interests, life goals, self-con-
cept ratings, ideal-self ratings, activities, descriptive ad-
jectives, physical complaints, attitudes and CPI items.

Differences between identical and fraternal intraclass
correlations were computed for the 70 clusters tor ran-
dom half-samples of males and females. There was no
agreement between sexes or random half-samples 1n
the rank order of these differences. The average Spear-
man rank order correlation was .02.

Thus, it seems that it 1s quite difficult to find evidence
of greater genetic involvement with some psychological
traits than with others, even with the relatively large

sample of twins available for this study.
In a final attempt to find such evidence we looked
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at differences between 1dentical and fraternal twin cor-
relations of individual CPI items in random half-sam-
ples. To avoid the difficulties presented by low item
reliability, we selected only those CPI items that could
stand alone psychometrically. Goldberg and Rorer
(1964) obtained 3- to 4-week test-retest data for the
CPI 1tem pool for three samples of college students
ranging in size from 95 to 179. We retained only those
items that had test-retest reliability coefficients of at
least «50 1n each of the three samples. There were 179
such highly dependable items.

Next, we sorted out from among these reliable items
those 1n which the intraclass correlation between identi-
cal twins was at least «20 higher than that between
fraternal twins (‘““high-difference’ items) and those 1n
which either the correlation between identicals was no
more than .02 above that between fraternals or the
fraternal correlation was higher (“low-difference”
items). This procedure was carried out separately in
the two random halves of the total sample. The question
was simply: “Are high and low i1dentical-fraternal dif-
ferences consistent properties of particular items, or
are we screening chance sampling fluctuation?”

There were 55 and 54 items meeting the criterion
of high difference in the two half-samples and 38 and
31 items meeting the criterion of low difference. There
was a significant tendency for the low-difference items
to be the same 1n the two half-samples. However, there
was no such tendency for the high-difference items.
Eleven items had low differences in both half samples,
and only 6.6 would be expected by chance.

Among the eleven items showing a low difference
in both half samples were several expressing social atti-
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tudes. This content did not occur among the high-dif-
ference items. These items were: ““A person who doesn’t
vote 1s not a good citizen,” ‘I do not like to see people
carelessly dressed,” “I believe women should have as
much sexual freedom as men,” and ‘“‘People have a
real duty to take care of their aged parents, even if it
means making some pretty big sacrifices.”

With this hint we noticed that elsewhere in the ques-
tionnaire individual items concerned with attitudes to-
ward racial integration and federal welfare programs
and with belief in God also showed low differences.

Thus, there 1s some evidence that specific social atti-
tudes are less dependent on the genes than are most
other psychological traits. It 1s somewhat reassuring
to find that 1dentical twins were not consistently more
similar than were fraternal twins on everything. Other-
wise we might have to entertain a hypothesis about
some special ESP or perhaps collusion on question-
naires among identical twins. In this vein we might
note with some feeling of relief that the 1dentical twins
were not noticeably more alike than the fraternals on
such 1tems as reports of the size of their high school
class, the size and urbanization of their home towns,
or the presence of various items in their home.

Although there were practically no dependable dif-
ferences among psychological traits in the difference
between i1dentical and fraternal correlations, the size
of the correlations did differ reliably among trait do-
mains. As 1n previous studies, correlations tended to
be higher for abilities than for personality and interests.
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INTERPRETATION OF TWIN
CORRELATIONS

ABLE 2 SHOWS THE MEDIAN CORRELATIONS
TOBTAINED for several major groups of variables.

A random half-sample analysis showed that the
difference between identical and fraternal correlations
for the various classes of variables was not dependably
different, although the varying size of the correlations,
(e.g., the mean correlation for the two kinds of twins)
was dependable. We may now attempt to interpret these
correlations 1n more detail.

First we should adjust the correlations for two
known sources of error in the study—the variables were
not measured with complete reliability and the zygosity
of the twins was not diagnosed with complete accuracy.
Table 3 shows the correlations corrected for these atten-
uating influences. The reliability estimates used for
these corrections are shown in the first column of the
table. The best estimate from the blood studies men-
tioned above is that about seven percent of the twins
of each kind were misdiagnosed. The correlations were

23
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Table 2
Median Intraclass Correlations for Various Trait Domains

Intraclass Correlation

Iden- Fra- Difference

Trait tical ternal (I — F)

General Ability .86 .62 24
(NMSQT total score)

Special Abilities .74 52 22
(5 NMSQT subtests)

Activities .64 49 15
(17 activities clusters)

Interests 53 27 26
(88 Strong scales, male)
(69 Strong scales, female)

Personality .50 28 22
(27 CPI scales)

Goals and Ideals 37 .20 17

(31 clusters of life goal,
ideal-self and interest items)

Self Concept 34 .10 22
(15 clusters of self
concept ratings)

a NMSQT is National Merit Scholarship Qualifying Test.

adjusted for the effect of these errors in diagnosis of
zygosity. The effect of both of these corrections was
to increase the observed correlations. The difterence
between the corrected identical and fraternal correla-
tions is now about .30, which implies a heritability of
about .60. Because the heritability estimate 1s subject
to sampling fluctuation and is fairly sensitive to the
estimate of the reliability of the test, we should probably
not state this more precisely than to say that about
half the variance in these traits seems to be attributable
to genetic differences.
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Table 3

Median Intraclass Correlations for Various Trait Domains Corrected
for Unreliability of Measurement and Errors of Diagnosis

Reli- Intraclass
ability Correlation
of e
Measure-  Iden- Fra- Difference
Trait ment 2 tical ternal (I — F)
General Ability 95 92 .63 29
(NMSQT total score)
Special Abilities .88 .86 57 29
(5 NMSQT subtests)
Activities .70 93 .68 25
(17 activities clusters)
Interests 85 .64 29 35
(88 Strong scales, male)
(69 Strong scales, female)
Personality .80 .65 33 32
(27 CPI scales)
Goals and Ideals .65 .59 29 .30
(31 clusters of life goal,
1deal-self and interest
items)
Self Concept .65 .55 13 42

(15 clusters of self
concept ratings)

a Median test-retest reliabilities estimated from data provided in the
test Manual, when available, or from internal consistency reliability calcu-
lations. These values were used in correcting the intraclass correlations
for attenuation.

Additional correction for assortative mating would
not change very much the heritability estimate for per-
sonality and interest measures, where quite low positive

correlations between spouses are typically found. How-
ever, husband-wife correlations on the order of .40 to
.0 are generally reported for general intelligence (Van-



26 HEREDITY AND ENVIRONMENT

denberg, 1972). Allowance for this would increase the
heritability estimate for abilities to about .70.%

There are additional qualifications that should be
placed on heritability calculated from twin correlations.
Non-additive genetic effects (dominance and epistasis)
are included in the heritability figure. Thus, 1t 1s often
described as ‘“‘heritability in the broad sense,” the total
genetic effect, in contrast to “‘heritability in the narrow
sense,” which is the heritability that would be realized
in selective breeding. Variance attributable to the corre-
lation of genetic and environmental influences 1s also
included in the heritability figure. This correlation
might be either positive (those with the more favorable
genes are exposed to the more favorable environment),

¢+ The correction for unreliability of measurement 1is

I'o
r.=—>
I'tt
where r. is the corrected correlation, r, 1s the observed correlation and
r; 1S the reliability coefficient.

The correction for misdiagnosis 1s

rmz — (Ipz emz)
_— T/

I'eMz — 1 o
- CMZ

where r.uz is the corrected correlation for identical twins, ryz 1s the
correlation for identical twins (corrected for attenuation), rpz 1S the corre-
lation for fraternal twins (corrected for attenuation), and emz 1s the propor-
tion of fraternal twins that are erronenously diagnosed as identical. The
comparable formula for the fraternal correlation may be obtained by
reversing the MZ and DZ subscripts.

The heritability (h?) 1s

h2 — I'mMmz = I'Dz
l —rg

?

where r, is the genetic correlation between fraternal twins, which 1s as-
sumed to be .50 if there is no assortative mating. With a correlation
between spouses of .50 and a heritability of .70, rg becomes .57 (Jensen,

1967).



HEREDITY AND ENVIRONMENT 27

negative or curvilinear (those genetically extreme on
a trait are influenced by the environment to be less
extreme). Other complications, such as differences in
the intrauterine environment for the two kinds of twins,
have also been suggested.

Some observers have cautioned that the greater be-
havioral similarity of identical twins may be due in
part to a greater similarity of their environment rather
than of their genes. Reports by the twins and their
parents indicate that identical twins do in fact spend
more time together, have more similar early experi-
ences, and are treated somewhat more alike by parents
than are fraternal twins. However, this does not seem
to be a reasonable explanation for their greater psycho-
logical similarity. Within twins of the same type, greater
similarity of experience was not associated with greater
similarity on the psychological traits with which we
are concerned. In other words, the difference 1n similar-
ity of environment that has been noted for the two
kinds of twins does not appear to result in correspond-
ing differences 1n psychological similarity. Thus, the
best explanation for the twin data in our study and
In the literature 1s that about half of the variation among
people 1n a broad spectrum of psychological traits is
due to differences among the people in genetic charac-
teristics.

There 1s at least one theory which suggests that under
long-term evolutionary conditions one might expect
traits to tend toward roughly equal (and moderate)
heritabilities. The theory derives from arguments out-
lined by Allen (1970). It holds that, if the heritability
of a trait 1s low, gene mutations affecting the trait will
tend to accumulate, increasing its genetic variance.
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Once the genetic variance becomes large enough rela-
tive to environmental variation so that the heritability
of the trait 1s appreciable, stabilizing natural selection
will begin to operate on the trait to slow and eventually
to stop further increase in its genetic variability and
hence to hold heritability at a stable level. If relevant
environmental variation were to decrease, the trait her-
itability would temporarily rise, permitting selection
to act more effectively on the genetic variation of the
trait, bringing the genetic variation (and thus the herita-
bility) back down again. Generally speaking, then, un-
der this hypothesis all traits tend toward moderate lev-
els of heritability because the genetic component of
variation of any trait tends to increase until the process
of natural selection can “‘see 1t”’ against the background
of environmental variation present and hold it stable.
This suggests that differences in the importance of dif-
ferent traits for reproductive fitness will principally be
reflected in the total amount of variation present, rather
than in the relative proportions of this variation that
are genetic and environmental. A trait that is critically
important for reproduction will show little variation

among individuals and a trivial trait will show a lot,
but their heritabilities will be about the same.?

For this mechanism to work, the general level of
environmental influence on any given trait must remain
fairly constant on the scale of tens of thousands or
hundreds of thousands of years on which human biolog-
ical evolution takes place. The specific environmental
influences need not always be the same, but their gen-
eral level of impact must remain fairly constant. On

5 Perhaps this is why sexual libido and love of children are so wide-
spread while love of statistics 1s only as strong in a few of us.
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the face of 1t, this does not seem very reasonable. The
tremendous changes in the human environment that
industrialization has produced over the past several
hundred years must certainly have changed the envi-
ronmental impact on human behavior, if only by reduc-
ing the privations and noxious circumstances that
would seem to characterize life in the wild. But we
must remember that we do not know what the major
environmental events that produce differences in hu-
man personality are. If the critical events are prenatal
biological factors, or basic parent-child emotional rela-
tionships, or the like, or if they occur in some relatively
short critical period it may be reasonable to assume
that their impact has remained fairly constant over
the millennia.®

It has been customary for those discussing the herita-
bility of human behavior to point out that the heritabil-
ity coefficient 1s a population statistic that 1s specific
to a given group at a given time. It has also been sug-
gested that heritability may vary widely even among
sub-cultures 1n the United States. The current line of
argument, on the other hand, implies that the genetic
and environmental factors responsible for individual
differences are rather basic properties of the human
condition, and that one would expect to find roughly
similar heritabilities over a fairly wide range of circum-
stances.

¢ If any trait has a higher heritability than most others it would seem
from the accumulated evidence, to be intelligence. Since selection for a
trait reduces heritability, it has been argued that its high heritability
indicates that intelligence, as currently measured, has not been subject
to strong natural selection in man’s evolutionary past (McClearn and
DekFries, 1973, p. 254). A more likely explanation i1s that the variation
in environmental influences on intelligence has been greatly reduced in
recent times.
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NOTHER PERSPECTIVE on the character of rele-

ENVIRONMENTAL INFLUENCES
Avant environmental factors may be obtained by
considering the different levels of twin correla-

tion prevailing in different trait domains. Assuming
that the degree of genetic influence causing twins to
be alike is roughly the same for all trait domains, the
differences in the level of correlation (the average of
the correlations for both kinds of twins) in the various
domains can be attributed to differences in the similar-
ity of environmental influences on the twins of a set.
Thus, although we do not know specifically what the
environmental factors are, we can say something about
the degree to which they affect twins raised together
in the same family in the same way. More precisely,
if we know the heritability, we can calculate the correla-
tion between twins of the salient environmental influ-
ences that are implied by the intraclass correlations.’

7 Under certain simple assumptions, the phenotypic (observed) correla-
tion (rp) is the sum of the genetic (rg) and environmental (re) correlations,
weighted by the heritability (h?):

30
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Table 4
Correlation of Twin Enviroments Implied by the Corrected Intraclass
Correlations Shown in Table 3

Environmental Correlation

Iden- Fra- Average
Trait tical ternal (I+ F)/2
General Ability 73 17 75
(NMSQT total score)
Special Abilities .65 .68 .66
(5 NMSQT subtests)
Activities .83 95 .89
(17 activities clusters)
Interests .10 —.02 .06
(88 Strong scales, male)
(69 Strong scales, female)
Personality 13 .08 .10
(27 CPI scales)
Goals and Ideals —.02 —.02 —.02

(31 clusters of life goal,
ideal-self and interest 1items)

Selt Concept —.12 —.42 —.27
(15 clusters of self
concept ratings)

Note: Environmental correlations were calculated from the corrected
intraclass correlations in Table 3 using the formula in footnote 7. The
calculation for general ability assumed a heritability of .70 and a genetic
correlation for fraternal twins of .57. The calculation for all other traits
assumed a heritability of .60 and a genetic correlation for fraternal twins

of .50.

These environmental correlations for the various do-
mains are shown in Table 4. Separate estimates of the
same environmental correlation were obtained from the
intraclass correlations for identical and fraternal twins.

rp = h?rg + (1 — h? r,,
and therefore,

— hZ2
rp, —h°rg

| — h?

I'e —
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The third column in the Table shows the average of
these two estimates. These environmental correlations
indicate the degree to which the environmental influ-
ences that produce individual differences in the trait,
whatever they may be, have the same effect on both
twins of a set.

These environmental correlations are subject to sam-
pling fluctuation, as 1s shown by the different estimates
obtained from the two kinds of twins, and they are
also somewhat sensitive to the estimate of reliability
that was used in correcting the correlations for attenua-
tion. Thus, small differences between traits should not
be taken too seriously. There was a very clear tendency,
however, for abilities and activities to have high envi-
ronmental correlations and for personality and interests
to have low environmental correlations, a finding that
1S consistent with previous twin studies.

It is not difficult to accept the high environmental
correlation for abilities and activities, since one might
reasonably expect that the relevant environmental 1n-
puts would be associated with the characteristics of
the parents, the home, the school and the community,
all of which are the same for both twins of a set.

But what about the very low or even negative correla-
tion between twins in the environmental influences on
personality and interests? Can this possibly be true?
Surely such factors as the parents’ child-rearing philos-
ophies, and the psychological ambience of the commu-

nity and the home have some influence on the develop-
ment of personality; and these things are the same for
twins reared together. In fact, almost all of the environ-
mental antecedents of individual differences in person-
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ality that have been suggested by psychologists and
others are the same for twins reared together.

One possible explanation of this paradox lies in the
special environmental situation of twins and 1n our reli-
ance on self-report measures of personality. Each twin
has the other twin as a major part of his environment,
and this may lead to competition or to contrast eftects
between them. If a twin’s reference point for self-defini-
tion is the other twin, and if others around him are
continually contrasting the pair members, 1t seems
plausible that they might end up seeing themselves as
much less similar in personality and interests than they
actually are. Since our personality and interest mea-
sures were all based on some form of self-report, such
a contrast effect could mask the similarity produced
by the common environment. This hypothesis obtains
some support from the fact that the somewhat indirect
self-report measures, such as the CPI and Strong scales,
show low positive environmental correlations, while
the more direct ratings of self concept show negative
environmental correlations.

There are, however, at least three arguments against
this explanation. 1) Some twelve twin studies in the
literature have used non-self-report-measures of person-
ality such as hypnotic susceptibility, musical prefer-
ences, flicker fusion, auto-kinetic movement, speed of
decision, free association, social intelligence, and color-
form movement. The unweighted average intraclass
correlations for the more objective personality mea-
sures from these studies were .47 and .30. These correla-

tions show the usual difference between correlations
for identical and fraternal twins near .20, but yield
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near zero estimates of environmental correlation. 2)
One would expect that the contrast effect would vary
In some systematic way across personality traits and
for the two sexes, but no such pattern was observed.
3) The degree to which twins of the same kind tended
to associate with each other was unrelated to personal-
ity differences between the twins, although one might
expect a strong contrast effect to be sensitive to the
amount of contact between the twins.

Another possible explanation for the low environ-
mental correlation is that environmental influences on
personality are actually highly variable situational fac-
tors. If the ways in which environment affects personal-
ity are sufficiently complex, contingent and subtle, they
could appear random in their effects on twins within
a family, which is how they, in fact, do seem to appear.

The present state of psychological research is such
that 1t is difficult to find uncontested evidence showing
substantial, enduring effects of major environmental
variables on personality and interests that can counter
the impression from twin studies that such environmen-
tal inputs are highly specific, if not actually trivial,
events. I have also not been able to find good studies
of the similarity in personality of unrelated children
raised together and of twins or ordinary siblings raised
apart, which might help resolve the issue. Studies of
family resemblance have in the past been mainly the
tool of those interested in genetic influences. However,
resolution of the current paradox might throw new
light on the nature of environmental influences as well.




V11l

SOCIAL IMPLICATIONS

data, tradition now entitles me to make some

considerably less rigorous comments on their
broader implications. From the many implications that
deserve comment I will select two.

First, if we are to understand human individual dit-
ferences and perhaps aspire to predict and control them,
we must not ignore the genetic mechanisms. Psycholo-
gists have tended in recent years to prefer environmen-
tal explanations for individual differences. Most of our
research and applied attempts to change behavior have
been directed toward the environment. However, the
data seem to indicate that this excessive environmental-
ism is ignoring at least half of the problem. Thus, I
suggest that increases in understanding of individual
differences will be more rapid if genetic hypotheses

receive roughly equal time.
To take a concrete example, let us look at attempts

to explain the recent decline in average student aptitude

HAVING ASSEMBLED AND REPORTED all of these

35
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test scores. The average score on the Scholastic Apti-
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tude Test and the American College Testmg Program
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test has been declining steadily for over ten years, and
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the accumulated decline 1is substantlal—-—a quarter of
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a standard deviation or more (Munday, 1976). Public
attention was first attracted to the decline in scores
on the SAT, but subsequent reports have shown that
the lower average scores are very widespread. They
are found i in most state testing programs in elementary
and secondary schools, in both suburban and inner
city areas (Armbruster, 1975). A decline has also been
observed 1n some tests of the National Assessment of
Educational Progress and in Canada (Munday, 1976).

The decline, which apparently cannot be accounted
for by artifacts of the tests or by changes in the pool
of students tested, has already had important practical
consequences. Colleges have lowered their admissions

standards and remedial _programs a? ?ﬁeﬂ SS"ii"ége*ie“vel
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are on the 1ncrease. 8 But there is a more basic psycho-
loglcal question. Does the score decline represent a
national decline in intelligence? If so, what is causing
1t, how long is 1t likely to continue, and what, if any-
thing, can be done to change it?

A great variety of explanatory factors have been pro-
posed. These include characteristics of the schools, such
as changed curricular emphasis and increased permis-
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S1Veness; characteristics of the society, such as telev131on_
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and the increasing use of drugs; and characteristics
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of the home such as ohangmg 81b11ng configurations
and the increase in workmg mothers (Harnischfeger

and Wlley, 1976 Zajonc, 1976). These explanations

8 New York Times, March 7, 1976.
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have two things in common: 1) they are all environmen-
tal; and 2) they are, with the exception of sibling con-
figuration, unaccompanied by evidence that differences
in the proposed explanatory factor are related to indi-
vidual differences in intelligence. This 1s a good example
of the current environmentalist bias—a tendency to

prefer ¢ env1r0nmental explanatlons and to argue persua-
sively for them in the absence of ‘strong evidence, I
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am sure that some researchers ngq considered genetlc
explanations, but I have not encountered them in the
sample of the psychological and educational literature
or in the popular articles that I have read.

There i1s, however, a long history of research on intel-
ligence and family size that has been largely 1gnored
in discussions of the current decline in test scores. One
reason for this oversight may be that the decline has
been observed and discussed primarily in an educa-

tional context, and, as a result, 1t has often not been
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seen as a decline 1n intelligence. Most discussions have

been in terms of 0 eratlonal euphemlsms such as aca-

demic performance readlng skills, mathematical abil-

ity, vocabulary levgl and the 11ke But the large com-

mon element in all of these measures is what
psychologists call intelligence.
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Intelligence likely has the highest heritability of any
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bsychological trait. It should, therefore, be sensitive

to selectlve matmg A correlation between intelligence
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and number of siblings on the order of —,20 has been
reported by a number of investigators in the United
States and Europe over the last 50 years or so. And
a similar result was found in the National Merit testing
from which the 1965 sample of twins was selected.
Thus, those families that tend to produce higher scoring
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children tend to produce fewer of them,and those that
tend to produce lower scoring children tend to produce
more of them. From this, one would expect average
test scores to decline. Yet up until about 1960 average
scores were increasing. It was argued that urbanization,
the lengthemng of formal education and increased pene-
tration of the communication media were masking a
genetic decline. However, a more widely accepted ex-
planation of the paradoxically rising scores came at
about the time the scores were reaching their peak.
Articles published 1in 1962 and 1963 reported that when
a total population was studied, including those with
childless marriages and individuals never marrying,
there was actually a slight positive correlation between
intelligence and number of children produced (Bajema,
1963; Higgins, et al, 1962; Waller, 1971).

This positive correlation between intelligence and
fertility ® was observed 1n samples of several hundred
people in Minnesota and in Michigan whose families
were complete before the onset of the current decline.
Since then we have seen the post-war baby boom, the
advent of oral contraceptives and legal abortion, and
the current declining birth rates. With these upheavals
in birth patterns it is possible that the correlation of
intelligence with fertility has changed from positive to
negative, and 1s the major factor responsible for the

current decline of average test scores.9

> A biologist reviewer advised that “fecundity” is the preferred term
for number of children produced, since ‘‘fertility” implies the capa cu
to have children. “Fertility” is used here for consistency with usage in

the literature and by the U. S. Census.
9 Another genetic mechanism that probably affects intelligence is heter-

os1s, the increase observed in traits that have been subject to evolutionary
selection when different strains are mated. The panmixia resulting from
the increased immigration of diverse groups into the U. S. around the
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To test this hypothesis we would like to have recent
data on intelligence and number of children produced
for a representative sample of the population. These
data are not currently available. However, the U. S.
census publishes data showing education and number
of children. For group comparisons years-of-education-
completed can serve as an indicator of intelligence. In
its own right, education-of-mother 1s substantially cor-
related with measured-intelligence-of-child whether or
not the mother actually raised the child (Honzik, 1957).
Of the age groups used 1n the census reports, the range
35 to 44 i1s most appropriate for our purposes, since
the families of women this age are practically complete
and typically contain children in their late teens where
the score decline has been most clearly observed. Table
5 shows birth rates by education for women of this
age for 1960, a year near the test score peak, and tfor
1974, the latest year available. In 1960 there was a
pronounced tendency for women with more education
to have fewer children than did those with less educa-
tion. Birth rates increased for all educational levels
from 1960 to 1974, reflecting the higher post-war birth
rates, but the largest increases were among the lower
educational levels. With the exception of the relatively
small groups with eight or less years of education, the
change 1n birth rate decreased monotonically with 1n-
creasing education. Thus, the negative correlation of
education with fertility observed in 1960 was more pro-

turn of the century may be largely responsible for the large increase in
intelligence that occured here between the two world wars (Tuddenham,
1948). Since heterosis 1s the cause of the increase in average height ob-

served in recent times, it may be possible to use changes in height as
an 1ndicator of the heterosis effects to be expected 1n intelligence.




IX

SUMMARY

REVIEW OF THE TWIN LITERATURE and anal-
A yses of two large twin samples found identical

twin correlations higher than fraternal twin cor-
relations by about .20 for a variety of traits of ability,
personality and interests. This was interpreted as indi-
cating that about half of the variation among people
in a broad spectrum of psychological traits is due to
differences among the people in genetic characteristics.
The data also suggest that the environmental influences
on ability affect twins raised together in the same way,
while the environmental influences on personality and
interests affect twins in the same family differently.
The implications of these findings for psychological
theory, the explanation of the recent national decline
1in aptitude test scores, and for future human evolution
were discussed.
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PREJUDICE, by Charles C. Josey.

2. SELECTIVE ASSOCIATION OF ETHNIC 1.00
GROUPS IN A HIGH SCHOOL, by George
A. Lundberg and Lenore Dickson.

3. RACIAL DIFFERENCE IN MENTAL 1.00
GROWTH AND SCHOOL ACHIEVE-
MENT, by R. Travis Osborne.

4. THE RACES AND PEOPLES OF EUROPE, 2.00
by Bertil J. Lundman.

J. RACE DIFFERENCES—TWENTY YEARS 2.00
LATER, by Frank C. J. McGurk.

6. HEREDITY AND ENVIRONMENT: MAJOR 2.00

FINDINGS FROM TWIN STUDIES OF

ABILITY, PERSONALITY AND INTER-

ESTS, by Robert C. Nichols.
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STATEMENT OF AIMS AND
OBJECTIVES

The International Association for the Advancement
of Ethnology and Eugenics is dedicated to the further-
ance of the sciences of ethnology and eugenics, includ-
ing the related disciplines of physical and cultural
anthropology, sociology, psychology, raciology, ar-
chaeology, linguistics, physiology, genetics, ecology,
and demography. The Association 1s also interested
in encouraging a free flow of information between schol-
ars in the above disciplines in the United States and
in the other countries of the Western World and 1in
restoring freedom of inquiry to those areas (particularly
the study of race and race relations) where extraneous
political and philosophical predispositions have fre-
quently terminated discussions to the general detriment
of the social and biological sciences.

PROGRAMS AND POLICIES

- To service the above stated aims. THE INTERNA -
TIONAL ASSOCIATION FOR THE ADVANCE-

MENT OF ETHNOLOGY AND EUGENICS under-
takes the following programs:

(1) RESEARCH: The Association 1s currently en-

gaged In an extensive research program in the fields
of social biology, physical anthropology, differential

psychology, and behavioral genetics. Reports on differ-
ent aspects of this research are presented in various

professional journals and in Association publications.
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(2) EDUCATIONAL PROGRAMS: The Associa-
tion publishes books, monographs, and reprints of arti-
cles presenting the results of original research and sum-
marizing the state of contemporary scientific opinion
In the areas of its principal interests. From time to
time, special projects will be undertaken to inform
academicians, educators, and the general public of de-
velopments in the sciences of ethnology and eugenics
and related disciplines.

The ILA.A.E.E. is a tax-free educational organization
chartered in the State of Maryland. All gifts and dona-
tions, which are tax-deductible, should be addressed
to the Treasurer, International Association for the Ad-

vancement of Ethnology and Eugenics;: P.O. Box
3495—Grand Central Station; New York City, N.Y.

10017; U.S.A.



