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Preface

In this brief note we would like to indicate our respective involvements in this
book and to acknowledge the help of some of the many others who have con-
tributed in one way or another to it.

The study was originally planned and the data gathered under the super-
vision of Nichols at the National Merit Scholarship Corporation while he was
a member of its research staff. The two authors first met at a conference on
Methods and Goals in Human Behavior Genetics held in Louisville, Kentucky,
in the spring of 1963, at which time Nichols reported the selection of the twin
sample and the plans for the questionnaire study and Loehlin presented some

ideas for analyzing twin data. Subsequently, Loehlin was invited to come to
the National Merit Scholarship Corporation in Evanston, Illinois, for two

months in the summer of 1967 as a consultant. During that period Nichols
and Loehlin planned the present book, which was to be jointly written with

Nichols as senior author. In addition, Loehlin carried out some of the analy-
ses that are reported in its pages. Several basic analyses of the data had earlier
been made by Nichols and have been reported in other publications (Nichols
1965; 1966). A later dissertation by N. S. Breland (1972) has independently
analyzed some of these same data.

As it turned out, conflicting obligations arose for Nichols: Loehlin wound
up writing the book and shares responsibility with various computers for the
particular data analyses reported in it. Nichols read the draft manuscript and
contributed a number of suggestions and corrections. ‘‘Nichols and Loehlin”’
turned into ‘“Loehlin and Nichols,”” but Loehlin reminds the reader that
Nichols, not Loehlin, should receive full credit for the design and execution
of the research, even though Loehlin must take most of the responsibility for
the particular form in which it is reported here.

[t is with pleasure that we jointly acknowledge the many contributions
that others have made to this enterprise. John M. Stalnaker, as president of
the National Merit Scholarship Corporation, was always supportive of the en-
tire research operation, and he encourgged the use of the National Merit data
for basic research as well as for studies more relevant to the day-to-day opera-
tion of the scholarship program. It was his broad intellectual approach that
made possible the collection of twin-study data within the framework of an
action program. Alexander W. Astin participated in the early planning of the
study and contributed to the questionnaire design. Sally Carson, Virginia
Chalmers, Henri Fellner, and Mary Alice Mevyer did most of the work involved
in mailing, editing, coding, and preparation of nearly error free computer
tapes.

The National Merit research program, within which these data were col-
lected, was supported by grants from the National Science Foundation, the
Carnegie Corporation of New York, and the Ford Foundation. Support for a
number of the data analyses was provided by the Computation Center of the
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University of Texas at Austin and by NSF Grant GU-1598. The writing of the
initial draft of the book during the summer of 1970 was greatly facilitated by
access to Steven G. Vandenberg’s extensive personal library on twin research.
The final manuscript was capably typed by Marilyn Hatfield.

But, most of all, we are indebted to the twins, who devoted about three
hours each (for a total of 5,100 hours) to completing questionnaires. Without
them, this research would obviously have been impossible.



Chapterl

Introduction

1. References are in a sin-
gle list at the end of the

book, preceding the Index.

They will normally be
cited in the text by author

and year, e.q., ‘‘Galton
(1875).”

Since 1875, when Galton published an article entitled *“The History of Twins,
as a Criterion of the Relative Powers of Nature and Nurture,”’! the study of
twins has been actively pursued by psychologists and biologists seeking to
learn how heredity and environment influence the development of the bio-
logical and psychological characteristics of individuals. While there sometimes
has been confusion on this point, it is now clear that the conventional com-
parison of identical and fraternal twins provides information concerning the
relative influence of heredity and environment in accounting for the differ-
ences among the individuals in a population rather than direct information

concerning the development of traits as such. The inferences to develop-
mental processes from such studies are necessarily indirect, and genetic (or

environmental) factors operating uniformly for all members of the population
will not be detected by them. Two-leggedness in humans is highly genetically

determined, but differences in leggedness among humans are mostly due to
environmental accident. A conventional twin study will detect the latter, not
the former, fact.

Individual differences in psychological traits are, however, of great interest
to parents, teachers, and society in general, as well as to scientists attempting
to understand psychological development. It is a common observation that
people differ widely in abilities, personality characteristics, and interests. To
some extent, these differences may reflect genetic differences among the indi-
viduals concerned. To some extent, they may reflect differences in the envi-
ronmental influences to which the individuals have been exposed. A sufficient-
ly sensitive analysis of individual differences on any behavioral trait would
undoubtedly discover that both kinds of factors are reflected to some degree.
T'he obvious next question, and the one the twin study has typically attempted
to answer, 1s, How much of each? Are the differences among individuals on
one trait (say, intelligence) more closely associated with genetic differences
among the individuals concerned, and less closely associated with environ-
mental ditfferences, than are the differences among individuals on some other
trait (say, honesty)? We can always give a simple answer to the question ‘‘Are
poets (or quarterbacks, or whatever) born or made?’’ since the answer is
clearly “Both.”” But it is likely to make a considerable practical and theoreti-
cal difference whether the influences of heredity and environment on differ-
ences in performance in a given population are in the proportions 90%:10%
or 10%:90%.

T'he key to the ability of the twin-study method to tackle this kind of ques-
tion lies in the existence of two kinds of twins: (1) identical, or monozygotic,
twins, who originate from the splitting of a single fertilized ovum and often
show striking resemblances in appearance and behavior, and (2) fraternal, or
dizygotic, twins, who originate from the separate fertilization of two ova and
typically show only the ordinary family resemblances of brothers and sisters.

[t we know the average degree of genetic resemblance for the two sorts of
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twins (deducible from genetic theory) and know—or guess—the average degree
of environmental resemblance (often, but not necessarily, taken to be the
same for both), then it is possible to infer from the observed resemblance
what the relative contributions of genes and environment are in accounting

for differences in the trait. There are some additional complexities in applying
this general formulation to the actual estimation of trait heritabilities, but

this is the central notion: how does the observed difference in degree of resem-
blance between the two kinds of twins compare to the differences expected

on genetic and environmental hypotheses?

[t has not always been fully appreciated in the past that even moderately
accurate estimates of this type require quite large samples of twins. To illus-
trate, if identical twins are correlated .50 on a personality trait, and fraternal
twins .50, a rough estimate would be that around 40% of the variation of this
trait is genetic. If this estimate were based on, say, 50 pairs of each type, its
standard error would be approximately 33%:; that is, there would be only
about two chances out of three that the true value in the population lay with-
in the range 7% to 73%.* With 200 pairs of each kind, the error would be
about £17% for a corresponding range of 23% to 57%. With 400 pairs of each

kind of twin, the standard error would be about £12%, giving two chances
out of three of the population figure being located within the limits 28% to

527%. While this is still hardly precise, it is perhaps enough to let one begin to
make rough distinctions among the heritabilities of different traits. With this
level of accuracy one could, for example, be reasonably confident (i.e., 19
chances out of 20) that a trait with an estimate of 60% genetic variance based
on correlations of .60 and .30 was indeed higher in heritability than one with
an estimate of 25% genetic variance based on correlations of .40 and .275. If
one wished to estimate heritabilities fairly closely (for example, to the nearest
5%), he would need much larger samples than 400 pairs—on the order of tens
of thousands of pairs.

Most twin studies of psychological traits have used far fewer than 400 pairs
of twins of each kind. Newman, Freeman, and Holzinger’s classic 1937 study
used 50 pairs of each kind. Gottesman’s 1963 Minnesota study of twin per-

2. The figures should not be taken as exact, especially at the high end. They are based on
a heritability estimate via I F (Jensen 1967) whose standard error may be given as ap-
proximately 1

‘ (1 - 1‘;)2 (1 - r;)2
W . Y T

I F I F
where ry and ry are the observed 1dentical and fraternal correlations .50 and .30, and o T
and pr- are the theoretical genetic correlations 1.0 and .5 (the latter assumes zero correla-
tion between the spouses for the trait and purely additive genetic variance—or at least as-

sumes that departures from these conditions tend to cancel each other out).



3

Introduction

sonality used 34 pairs in each group, and his 1966 Boston study had 79 and
68 pairs. Vandenberg’s Louisville studies have typically involved twin groups

in the 30 to 110-pair range (Vandenberg, Stafford, and Brown 1968). The rea-

sons for this are not hard to understand: if there are only two or three twin
pairs in the desired age range in a given school, the recruiting of even 100
pairs of twins for a study will require substantial effort. Unfortunately, it re-

mains the case that, while studies on this scale are capable of detecting signifi-
cant departures from 0% or 100% of genetic (or environmental) variation,
they cannot make meaningful estimates of genetic and environmental influ-
ence in the middle range.

A few studies using psychological measurements have managed to reach con-
siderably larger samples of twins. Most of them have done this by identifying
twins in mass testings being carried out for other purposes. Nearly all such
studies have involved some form of intelligence testing. An early study of this
type was one by Byrns and Healy (1936), which located 412 twin pairs among
119,850 Wisconsin high school seniors who had been given the Henmon-
Nelson intelligence test in a state-wide testing program in 1933-1935. Another
was the well-known Scottish study. Mehrotra and Maxwell (1949) report data
on 525 twin pairs from among the 75,451 children in the 1947 intelligence
testing of all 11-year-old schoolchildren in Scotland. In France, Tabah and
Sutter (1954) located 375 twin pairs in a representative sample of 95,000
schoolchildren given a nonverbal test of reasoning. And in Sweden, Husén
(1959) obtained induction test data on 904 pairs of twins from among youths
registering for compulsory national service in 1948-1952. from a total of
196,000 registrants, constituting nearly all the male population of Sweden
reaching the age of 19 during that period.

In two more recently completed studies along similar lines, Record,
McKeown, and Edwards (1970) reported data on a verbal-reasoning test from
the British Eleven-plus examination for 963 twin pairs born between 1950
and 1957 in Birmingham, England, and Schoenfeldt (1968) obtained a sample
of 524 twin pairs from among the 400,000 U.S. high school students in the
nationwide Project TALENT sample. This last study was unique in having
scores on personality and interest measures available in addition to ability
measures.

In addition to studies that have taken advantage of mass testing, some Scan-
dinavian investigators have studied large groups of twins traced from birth
records and tested via mailed questionnaires. A Swedish study of smoking
habits (see Cederldf et al. 1961) tested about 520 pairs, and a Finnish study
of drinking behavior (Partanen, Bruun, and Markkanen 1966) tested 346
pairs. kxisting U.S. social records probably would not permit such a study for
the whole U.S. population, although it may be feasible to trace twins from
special subpopulations, as evidenced by the group of over 15,000 twin pairs
identified among U.S. military veterans (Jablon et al. 1967).

The study to be described in the present book began with twins identified
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in the large group of high school juniors who took the National Merit Scholar-
ship Qualifying Test (NMSQT) in the spring of 1962. This test, administered
annually to some 600,000 to 300,000 students in a large proportion of U.S.
high schools, was used to identify academically talented students for recogni-

tion in the National Merit Scholarship Program and for guidance in the local
schools.

For a group of twins identified from among NMSQT participants, scores
for the five NMSQT subtests were automatically available. In addition, a bat-

tery of personality and interest questionnaires was mailed to the twins; to
their parents, a questionnaire inquiring about the twins’ early experiences;
and to teachers and friends of the twins, brief questionnaires and rating scales.
Since most of these questionnaires had previously been sent to a random sam-
ple of students taking the NMSQT, a control group of nontwin National Merit
participants was available with which to compare the twins. Finally, for the
diagnosis of the twins as identical or fraternal, a mail questionnaire was de-
veloped along the lines of those used in the Scandinavian studies (Cederldf et
al. 1961: Sammalisto 1961).

The present book reports a number of analyses of the data from the 850
twin pairs, 514 identical and 336 fraternal, who formed the final sample in
this study. The plan of the book may be outlined briefly as follows: In the
next chapter, we describe in more detail the design and procedures of the
study, describe the twin diagnosis, and discuss the sampling and the quality of
the data. In chapters 3 to 6 we report various analyses and results. Chapter 3
focuses on the twins as individuals, comparing the two twin types to each
other and to the members of the nontwin sample. Chapter 4 considers the
twins as pairs and examines the differential resemblance of the two types of
twins on measures of personality, abilities, and interests. Chapter 5 reports
the data from the parent questionnaire and relates it to the present resem-
blances between the twins. Chapter 6 contains several special analyses focused
on points of theoretical interest: the twinship itself, left- and right-handedness,
the covariation of traits within and between pairs, and the form of the distri-
bution of twin differences. Finally, in chapter 7 the main empirical conclu-
sions of the study are discussed in the light of the broad question toward which
the study was directed: what are the respective contributions of heredity and
environment to individual differences in personality, ability, and interests? We
will not attempt here to anticipate our conclusions, except to note that some
of our findings provide challenges to conventional views of the influences im-
portant in the development of personality.



Chapter 2

Design of
the Study

In this chapter we will describe some cf the details of how the twin sample was
derived, how the questionnaire data were gathered, and how the twins were
diagnosed as identical or fraternal. In addition, we will comment on the biases
inherent in the method of sampling and present some information concerning
the quality of the data.

As the reader will recall from the previous chapter, the study basically in-
volved the gathering of personality and interest data by mail from a large group
of twins identified among U.S. high school students taking the nationwide
National Merit Scholarship Qualifying Test. Data on ability, in the form of
subtest and total scores on the NMSQT, were therefore available for the sam-
pled twins. In addition, the design of the study called for supplementary infor-
mation from parents, teachers, and friends of the twins, but of these only the
parent data are reasonably complete and will be reported here.

PROCEDURE

In 1962, the National Merit Scholarship test was administered to just under
600,000 U.S. high school juniors—596,241 to be precise. On the answer sheet
of the questionnaire, among a number of other information items, was a set
of three answer spaces labeled ‘‘single,”” ‘““twin,”” and ‘‘triplet.”’” The test ad-
ministrator, when this part of the face sheet was reached, read the following
instruction: “In the final column with the three ovals, you are to indicate
whether you are a triplet, a twin, or neither. If you are neither a twin nor a
triplet, blacken the oval above the word ‘single’ in the grid. If you are a twin,
blacken the oval above the word ‘twin’ in the grid. And if you are a triplet,
blacken the oval above the word ‘triplet’ in the grid.”’ (The instructions to
the administrator added, “If there are any students who are of a multiple
birth greater than triplets taking the test, ask them to mark the oval above
the word ‘triplet’ in the grid.”’)

When the tests were scored by computer, a card was punched for all stu-
dents who indicated that they were a twin. These cards were sorted in order
by high school and last name, and all sets of two or more individuals in the
same school with the same last name were tentatively identified as twin
pairs. Since the scope of the present study included only same-sex twins, all
opposite-sex pairs were dropped at this point. The test answer sheets con-
taining the students’ home addresses were retrieved, and the few pairs with
different home addresses were discarded.

T'he names and addresses of 1,507 prospective same-sex twin pairs were ob-

tained by this procedure. Each of the individual twins was sent a four-page

questionnaire (reproduced in Appendix A) designed to yield information per-
mitting the diagnosis of the twin pair as identical (monozygotic) or fraternal

(dizygotic) and to solicit further participation of the twins in the study. The
last item of this questionnaire read:
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16. Your responses to the above questions will be helpful in determining
the factors which influence students’ scores on the National Merit
FExamination, and we greatly appreciate your cooperation. We now
have another favor to ask you. We are conducting a large study of
twins in which we would like for you and your twin to participate.
It you agree we will send you a questionnaire which will take from
two to three hours to complete. We think you will find this ques-
tionnaire interesting and when some results are available we will send
you a newsletter describing the findings. Your help in this research
will make a valuable contribution to knowledge about the factors
which determine human behavior.

Will you participate in the larger study? (Check one)
__ Yes, Please send the questionnaire.

_ No, I do not want to participate.

This questionnaire was mailed out in May of 1963, slightly more than a
year after the twins had taken the NMSQT and toward the end of their senior
year in high school. Of the 1,507 presumed twin pairs who were sent question-
naires, both twins returned the questionnaires in 1,188 cases, a response rate
of 79%. (In a few additional cases, one twin responded but not both.) This
exceptionally high level of response to a mailed questionnaire was in part due
to effective follow-up of the original request by postcard and letter, in part
to the fact that the population of students that take the NMSQT is above
average in ability and academic achievement, and in part, undoubtedly, to the
generally good reputation and prestige enjoyed by the National Merit Scholar-
ship program. Virtually all those returning questionnaires agreed to partici-
pate further, and to these were mailed a battery of personality and interest
tests, including the California Psychological Inventory (CPI), the Holland
Vocational Preference Inventory (VPI), an experimental Objective Behavior
Inventory (OBI), an Adjective Check List (ACL), and a number of other,
briefer self-rating scales, attitude measures, and other items. In addition, a
parent was asked to fill out a questionnaire describing the early experiences
and home environment of the twins. Other brief questionnaires were sent to
teachers and friends, asking them to rate the twins on a number of personali-
ty traits; because these ratings were available for only part of our basic sam-
ple, they have not been analyzed in detail and will not be discussed further
in this book. (The parent and twin questionnaires, except for the CPI, are re-

produced in Appendix A.)
The test battery was, with minor exceptions, the same as one that had pre-

viously been mailed to a random sample of all the students who had taken the
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Table 2-1. Final Twin Sample, by Sex and Zygosity

Males Females Total
Type of Twin  Pairs % Pairs % Pairs 70
Identical 217 61.3 297 59.9 514 60.5
Fraternal 137 38.7 199 40.1 336 39.5
Total 354 100.0 496 100.0 350 100.0
% of total 41.6 58.4 100.0

NMSQT the previous year, which will be referred to in this book as the non-
twin sample. The chief difference between the two batteries was that the ques-
tionnaire sent to the twins included some items that referred specifically to
the twin relationship itself.

Reasonably complete data from both members of the twin pair plus a filled-
out parent questionnaire was in due course received for 850 sets of twins.
This represented about 72% of the 1,188 pairs who responded to the first
questionnaire, or about 56% of the twin pairs initially matched by the com-
puter. The response rate for the nontwin sample, who received essentially the
same follow-up procedures as did the twins, was 64%. The somewhat lower
overall response rate for twins than for nontwins is presumably due to losses
in the two-stage questionnaire procedure used for twins and to the fact that
responses from both twins of a set were required for a twin response to be
counted.

T'’he composition of the twin sample in terms of sex and zygosity is shown

in table 2-1. As is evident from the table, there were more female than male

twin pairs in the final sample and more identical than fraternal pairs—about
60%:40% in each instance. The numbers of pairs in the four major subgroups
range from a low of 137 for fraternal-twin males to a high of 297 for identical-
twin females. The proportion of identicals and fraternals is about the same
for both sexes. Since there are roughly equal numbers of identical- and same-
sex fraternal-twin pairs born in the United States in a given year, about half
male and half female, this suggests that females and identical-twin pairs are

overrepresented in our sample. We will pursue this matter in more detail in
the next section.

SAMPLING CONSIDERATIONS

In 1945, the year in which the majority of 1962 high school juniors were
born, 2,735,456 live births were registered in the United States. These in-
cluded 27,393 sets of twins in which both partners were born alive (U.S.
Public Health Service 1947). Almost exactly one-third of these, 9,132 sets,
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were of unlike sex, leaving 9,286 male and 8,975 female pairs, or 36,522 indi-
viduals who were members of intact like-sex pairs at birth; this would repre-
sent 1.34% of the total newborn population.

But twin mortality rates during the first weeks of life are considerably
higher than those of nontwins, due to birth difficulties and the higher pre-
maturity rate of twins, so the proportion of intact pairs to be expected later
in life would be less than this. Probably the most satisfactory estimates of

early twin mortality for our purposes are those of Barr and Stevenson (1961)
based on a study of all live births in England and Wales in 1949-1950. In

their data, 84.2% of male twin pairs born alive were intact at the end of the
first year of life, and 89.1% of female pairs. Applied to our figures, this would
represent about 7,820 male and 8,000 female pairs at age 1. Barr and Steven-
son’s corresponding survival figure for singleborns at the end of the first year
is 96.8%, so members of intact same-sex twin pairs at this age would represent
about 1.19% of the population.

After the first year of life, the mortality rate among twins is not thought to
differ appreciably from that of nontwins (Allen 1955). Such mortality as
does occur between the ages of 1 and 17 would tend to decrease intact pairs
at a greater rate than individuals, but, because of the low overall death rate in
the United States during this period (about 1.3%), the effect on the propor-
tion of paired same-sex twins in the population would be slight—reducing it
to perhaps 1.18%.

If we estimate that there were about 2,600,000 17-year-olds in the United
States in 1962, this would mean about 30,300 individuals in intact same-sex
pairs, or 15,400 pairs. Our group of 850 pairs thus represents about a 5.9%
sample of the U.S. same-sex twins of that age.

[t is not, however, an unbiased sample. First, National Merit Scholarship
test participants tend to be above average in academic achievement. The aver-
age score for NMSQT participants is about one standard deviation above the
mean for all eleventh-grade students. In some high schools, the test is adminis-
tered to all students, but, in most, participation is voluntary, and typically the
test is taken by students who are planning to go on to a four-year college. Sec-
ond, as we have noted, the sample contains an excess of females and of identi-
cal twins. The figures cited above would suggest that only slightly over halt
the surviving same-sex pairs should be female (50.6% at age 1, and not much
change from that should occ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>