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55 were 68 pairs of adolescent {wins from the public schools of an urban area.
They comprised 60% of the same-sexed twin population. Zygzosity diagnosis
was determined by bisod grouping for 9 groups; hzlf of the sample was identi-
; cal (MZ) and half was fraternal (DZ). Personzlity was assessed by the MMPI
and Cattelt's HSPQ. 24 standard scales were analyzed by infraciass correla-
tions (R) and heritability indexes (H). Holistic analyses of MMPI profile
similarity were done clinically and statistically. & personality scales had signifi-
cant genetic components as vevealed by higher MZ Rs. 11 scales had apprecia-
ble hereditary variance. Pooled accuracy of profile similarity judgments match-
ing zygosity was 68% {p = 005). The generzl idea that psychepathology
in man has a substantial genetic component, especialiy the psychoses, was sup-
ported, A dimension of iniroversion was the most heavily nfuenced by

genetic factors.

ANKIND in general and Efe scientists in
particular have long been curious

about the basic nature of man. In recent years
curiosity and speculation have given way to
experimentation and controlied observation.
One of the eventual outcomes of such research
will be a knowledge of the sources of the in-
dividual differences in human behavior so that
the variation may be explained, predicted, or
confrolled. The genetic source of variation in
buman personality is the focal concern of the
present research, Genetic is used in the strict
sense to refer to that science launched by
Mendel's work with peas and not, as is com-
mon in psychology, as an abbreviation for
ontogenctic, Although it is axiomatic thaf the
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phenotypic expression of a trait is dependent
upon the resultant of interaction between geno-
type and environment, much heat and little
light has been generated by attempis to an.
swer the guestion, “How much of Trait X is
due to beredity and how much to environ-
ment?” Since neither agent alone can produce
the observed behavior, the question as stated
is meaningless, The question has precise mean.
ing only when framed in terms of the variation
between individuals. Twe answerable ques-
tions should be posed in the nature-nugture
issue: (g) How much of the variability ob-
served within a group of individuals in a speci-
fied environment on a specific measure of a
specific trait is attributable to genetic factors?
{&) How modifiable by systematic environ-
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mental manipulation is the phenotypic expres-
sion of each genotype? The answers to these
questions will vary according to age, sex, cul-
ture, trait, and method of assessment. The
importance of genetic factors will range from
almost none to overwheiming for those indi-
viduals who have been found to have either
more or less than 46 chromosomes (Lejeune &
Turpin, 1961).

The genes exert their influence on behavior
through their effects at thé molecular level of
organization. Enzymes, hormones, and neu-
rons may be considered as the sequence of
complex path markers between the genes and
the aspects of behavior termed personality.
The inability of behavieral genetics to demon-
strate this type of reduction at the present
#ime need be no more embarrassing than the
lack of information concerning the biochemi-
cal changes associated with habit formation
is to the psychology of learning. It may be
that measures of behavior qua behavior are
the only reliable indicators of certain kinds of
genetic differences (Fuller, 1957; Fuller &
Thompson, 1960). For our purposes the best
way to conceptualize the contribution of he-
redity to a persomality trait is in terms of
heredity’s determining a norm of reaction
{Dobzhansky, 1955} or of fixing a reaction
range {Gottesman, 1963). Within this frame-
work a genotype determines an indefinite but
circumseribed assortment of phenotypes, each
of which corresponds to one of the possible
environments to which the genotype may be
exposed. Allen (1961) pointed out that the
most probable phenotype of some genotypes
may be such a deviant one that even the most
favorable of currently known environments
would not suffice to bring it within the normal
range.

Within the broad context of evolution the
demonstration of heritable components for
personality traits involves more than an aca-
demic exercise. The one nonrandom genetic
process which accounts for the adaptive orien-
tation of evelution is differential success in
reproduction. If there are heritable aspects to
some personality traits and if there is assorta-
tive mating for these traits, the frequencies of
the associated genes will increase in the gene
pool of the population, Tryon {1957} has
proposed a behavior genetics model of soclety

which suggests that relative reproductive iso-
lation between social strata plus secial mo-
bility could account for some of the class
differences ohserved in achievement and
personality.

T the brief history of contemporary psy-
chology the search for genetic aspects of per-
sonality has been dominated by an usder-
standable emphasis on mental fllness and
mental deficiency (Allen, 1958; Kallmann,
1059), Almost all of such research has oc-
curre¢ within a context of classical Men-
delian major gene mechanisms. The inappro-
priateness of this model for the observed
quantitative variation in normal personality
traits has been one of the inhibitors to inves-
tigations by psychologists. Although the clas-
sical study by Newman, Freeman, and
Holzinger {(1937) focused on intelligence and
achievement, a number of the personality
tests then available were included in the
battery administered to their large sample of
twins, From their results the authors con-
cluded,

The only group of traits in which identical twins
are not much more alike consists of those commenly
dlassed under the head of personality [p. 3521

With very few exceptions (Cattell, Blewett, &
Beloff, 1955; Vandenberg, 1962) this conclu-
sion appears o have been accepted as a valid
statement of the relationship of genetics to
normal personality. Improvements in per-
sonality measurement (Crombach, 1960} and
a new era of sophistication about the comstruc-
tion and application of psychometric devices
(Cronbach & Meehl, 1955; Loevinger, 1957)
make it pessible for us to re-examine the
relationship in question, This study is an
effort in this direction.

The present research attempted to improve
upon the methodology of previous twin studies
by incorporating a mumber of refinements.
The sample was selected after the entire
population of same-sex twins had been
enumerated in a large area; the represent.
ativeness of the sample to the population was
then ascertained. Accuracy and objectivity of
zygosity diagnosis were ensured by means of
serological tests for 46 different phenotypes
in nine different blood group systems and by
the use of fingerprints, height, and photo-
graphs. Two types of objectively scored
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personality inventories were used, each pur-
porting to be comprehensive but parsimonious
in its characterization of the personality de-
main. Unlike the tests which histericaily have
been used in an effort to elucidate the “nature
and nurtare” of personality, both types of tests
in the present research have a recognized
claim on construct validity (Cronbach, 1960,
p. 122}, One test depends upon the process
of factor analysis for the derivation of “pure”
trait measures while the other stems from item
analyses which separate criterion groups on
various empirical dimensions.

‘A primary goal of the present research is
to answer the first guestion posed above about
how muck of the varfability on various traits
for a specified sample reared in a particular
environment is attributable to genetic factors
and how much {o eavironmental. Earlier
criticisms of this strategy {Anastasi, 1958;
Loevinger, 1943) are well taken but do not
render it obsolete. Fuller {1960) has noted
thit, while the question has no significance
for an individual, the contribution of heredity
1o total variance in & popualation

is stifl a usefu! oblect of inquiry, though with in-
creased sophisticalion we have come to see that the
answer $o “HHow much?™ is not a universal constant
ip. 43%

PROCEDURE

This section gives the detajls of twin selection as
well as 5 description of the first application in psy-
chelogical research of the Smith and Penrose (1538}
method for the determination of zygosity by ex-
tended blood grouping. The efficiency of this method
s compared with the methods of the past. Only
questionnaire measures of personality were used so
as to facilitate the handling of scale scores within
the context of guantitative genetics; the tests and
their validity and reliability are described. A brief
rationale of the twin method is presented followed
by a description of the scheme of duta analysis,

Selection of the Twin Semple

In sound iwin methodology, it is essential that the
sampie be a mindatare of the population of twins.
This ensures proportional representation of the two
kinds of twins (identical or MZ and fraternal or D2}
and allows accurate genefic gnalysis with the com-
puted heritability indexes or eoncordance rales, ftis
also essential that the two groups of twins in the
sample be maiched on as many variables as possible
so that differences in variznce cannot be attributed
to differences in age, sex, intelligence, socioeconomic

status, or other factors which may influence person-
ality other than the independent varizble, gemotype.

All class cards for the over 31000 children in
public school Grades 9 through 12 in the cities of
Minneapolis, Saint Paul, and Robbinsdale, Minne-
sota, were examined. All pairs of children with the
same last name, same sex, same address, and same
birthdate were recognized as the twin population
available. Oppesite-sexed fraternai twins were not
included in the study in order to eliminate the
questionable procedure of compating a boy with a
girl on the same personality traits,

The best data available to date sbout the incidence
of twin births in the United States “white” popuia-
fion are those of Strandskov and Edelen (1946)
who reported that L129% of all births are twin
births, Of these, one third are opposite-sexed fra-
ternals, one third are same-sexed fraternals, and
one third are identicals. The best known twin studies
{Kallmenn, 1946; Newman et al, 1937) assumed
that only ene fourth of ali twins are identical.

A total of 163 pairs of same-sex twins were lo-
cated in the schools” files of 31,307 children. Based
on the incidence of twin births, 1.129%, the expected
incidence of same-sex twins would have been 237
pairs, After calculating neonatal mortality, however,
Aller (1955} found that the incidence of twins at
1 month of age had slready been lowered fo .BY
pairs per 100 children (87%). Based upon this in-
cidence, the expected number of same-sex twin peirs
in the entire populatior weuld have been 182. After
t month of age, the mortality of twins is the same
as that of single born survivors., By subtracting the
known moriality rate in the general population for
children reaching the age of 15 {3%), the final ex-

- pected number of same-sex twin pairs was 1738 At

the time the present study was conducted, there were
o adolescent twins in either the correctional or
mental institutions {not counting the twe housing
mental defective apd brain damaged cases) of the
state, It would appear that virtually the entire
popuiation of same-sex adolescent twins in the
public high schools of the three communities was
enumerated.

The parents of all pairs in Minneapolis and Rob-
binsdale and of those in the largest high schooi in
Saint Paul were sent a letter describing the project
and a return posteard on which was printed a medi-
cal release authorizing bleod typing. After 10 days,
telephone calls were made fo those who had not
returned the card indicating the voluntary partici-
pation of their children. After another 16 days, a
second and last, hopefully persuasive, telephone call
was made, These efforts secured the initial coopera-
tiors of 26 pairs of boys and 48 pairs of girls. By
the end of the study 6 pairs of twins had defauited
for various reasons: 1 palr was lost as a result of
fear of the intravenous removal of the bleod speci-
mer, ohe member of another pair had cerebral palsy
and could not take the personality tests in the stand-

3 fvaluation of the sampling adequacy was sug-
gested by and facilitated by E. Anderson.
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ard manger, and 4 pairs were unavaflable at the
times provided for the tests which were Saturday
afternoons and mornings,

The final study sample, then, consisted of 23 pairs
of boys and 45 pairs of girls, These 68 pairs, dis-
vegarding sex, represented 60.2% of the total possible
113 pairs in the schools sampied. The sample con-
tained, respectively, 43.4% and 75.0% of the male
and female twin pairs. The sample of the present
study cotnpares favorably in size with the majority
of twin studies reported in the psychological litera-
ture. In representativeness, it is superior to the ma-
jority. ‘The simplest explanstion for the preponder-
ance of girls over boys is the refuctance of adolescent
boys to velunieer their spare time for taking paper-
and-pencil tests, especially on Saturdays. The children
came from 13 different high schools (all that were
sampled), some of which included a ninth grade,
and 5 different junfor high schools. Participation
tanged from 8 out of 8 pairs to 3 out of 8 in the
high schools, There was 2 tendency toward better
participation a5 the economic level of the neighbes-
hood increased.

After the parents of a twin pair had returned the
signed authorization for participation and blood
{yping, an appoittment was made fo drive the pair
to the Minneapolis War Memorial Blood Bank, An
appointment was then made for the personality tests.
The children were tested in smali groups ranging up
to 12 pairs. At the time of testing, the childrer filed
out & personal history data sheet, the Minnesota
Muiltiphasic Personality Inventory (MMPI), aad the
High School Personality Questionnaire (HSPQ;
Cattell, Beloff, & Coan, 1958); they were weighed,
measured for height, fingerprinted, and photo-
graphed, ‘The entire procedure usually took between
3 and 4 hours for each group.

Jobn D. Douthit, Identification Officer with the
Minnesota Bureau of Criminal Apprehension, finger-
printed about half of the twins and, after being
tutored in the techaigue, the author fngerprinted
the rest. The Faurot inkless method was used with
sceeptable results and & considerable saving of time.
Tt makes use of & colorless fluid and chemically
sensitive paper. An osdinary bathroom scale was
used for weighing. Height measurement is estimated
to be correct within 3 millimeters. Photography was
done by the author with a 3% mm. camera; both
s front view znd a profile were shot of the head
and shoulders.

Some descriptive characteristics of the sample are
presented in Table 1. By a serological procedure
deseribed in the next section, the 68 pairs of twins
were classified into 34 pajrs of MZ and 34 pairs of
DY. ‘fhat this split corresponds to genetic theery
is a stroke of luck and an iflustration of the rep-
resentativeness of the sampie. About 90% of the
twins reported they were of Scandinavian or Western
Furopean extraction, In addition to obtaining Otis
10s on the sample, the same data were obtained for
30 move pairs of twins who had not veluateersd in
Minneapolis snd Robbinsdale so that any selection
for intelligence might be revealed. It should be noted

that the fotal of 98 pairs accounts for information
ahout the 1Qs of 86.7% of the population of same-
sex twins in the schools used. A sampling biss was
revealed by the fact that the mean IQ of the non-
sample twips was 97, while those of the MZ and
DZ samples were 105 and 108, respectively. A
¢ test for the significance of these differences showed
that both study samples were significantly different
from the nonvolunteers (i==246, p « O1; t==3.66,
P < 00T}

Criteria for the Diagnosis of Zygosity and an
Evaluation of their Relative Efficiencies

One of the most serious criticisms of much twin
research is the inaccuracy of zygosity disgnosis. In
reaching a judgment in the past, reliance has been
placed on an evaluation of the type of birth mem-
brane or the degree of physical resembiance between
the twins. Diagnoses based upon the birth mem-
branes are unreliable because while MZ twins are
always menochorionic {ie., a single membrane sur-
rounding botk fetuses}, the presence of two chorions
is known to occur with both MZ and DZ twins
{Stern, 1950, p. 536}, In addition, when studying
adult or adolescent twing, it is difficult to ohtain ac~
curate Information about the birth membrane. Disg-
nosis by means of the placenta is even more unrelia-
bie. In evaluating the extent of physical resemblance,
geneticists have used such traits as sex, height, weight,

TABLE §
Daserrrrive CHARACTERISTICS OF THE SAMPLE

Charzcter Mz DZ Combined
Pairs of beys 12 11 23
Pairs of girls 22 23 48

Age

14 ] 2z 2
15 i3 4 19
16 g 13 &2
17 7 10 1 ¥
18 3 3 8
Grade

G 7 s 12
i0 15 11 26
ii 7 i 18
12 5 H 12

Level of paternal occupation ®

i and Ii 15 G 24

j331 7 i3 0

V and VI 12 12 4
M Otis IQ H 108 107
IQ SD iz 12 12

* The Minnesota Scafe for Paternal Occupations, Tostituse
of Child Welfare, University of Minnesota,
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eye color, hair color and form, familial appearance,
and various types of fingerprint or palmprint analy-
ses. Although there s an unavoidable subjective
element in evaluaiing wany of these characteristics,
one expert has estimated the error to be no greafer
that 1 in 10 {Newman, 1940). That this estimate
may be i error is demonstrated below.

If twing differ in sex or any other known inherited
characteristic, they cannot be MZ twins, However,
if the characteristics are alike, the possibility stili
remaing that the twing are DZ. Given a number
of simply inherited and widely distributed traits, it
is possible fo state the probabilily of monozygosity
or dizyeosity for a given pair of twins, It is to be
noted, however, that ali such diagnoses of mono-
zygosity, no matter how many charscteristics are
identical, will always be staiements of probability;
that is, the probability of sharing the given number
of trails In commen.

Numercus criteria were examined in this study
with the hope that the various suggestions in the
Hterature for the disgnosis of zygosity might be
objectively evaluated against the recognized best
method of extensive blood typing recently quantified
by Smith and Penrese (1835}, Thus blosd type
alone was compared with blood type combined first
with height, second with a difference in total fnger-
print ridge count, and then with beth beight and
ridge count. The accuracy of fngerprints alone and
height ajome was ascertained. In addition, three
groups of judges, genetivisis, psychologists, and art-
ists, looked at photographs of the twins and made
ancther form of judgment.

Al biood specimens were drawn and typed by the
Minneapolis War Memorial Blood Bank, Incorpo-
rated. The foliowing blood group systems (Race &
Sanger, 1958) were used: ABQ, MNSs, Rk P,
Lutherar: (Lu}, Xell {K), bufly (Fy), Kidd {Jk},
and Lewis (Le}.

Smith and Penrose {1935) tabulated the proba-
bilities used for an objective determination of the
likelihood of dizygosity based on the incidence of
phenotypic sib-sib concordance for the sbove blood
groups. A specific example will fllustrate the basie
principle underiving the origin of the tabulated prob-
abilittes. Blood typing of a large Caucasian pepula-
tion in Great Hritain shows that the frequency of
Fype B blood is 084309 and the frequency of two
sibs belng B is 040062, The probability that if one
of two sibs is B the other is also becomes 040062/
0843509 or 4741, Since DZ same-sex {wins are ge-
netically as shmilar as ordinary sibs, the probability
of DZ twins both being Type B is equaily 4741,
Probabilities derived in this manner are listed in the
upper part of FTable 2 together with the initial preba-
bility that Caucasian, United States twins are DZ
and that of a DZ pair being the same sex, Muliipli-
cation of a¥l these independent probabilities resuits
in the probability of finding twins who are DZ and
slike in afl the gene toci involved, A more extensive
discussion of the Smith and Penrose method {ogether
with the rationale for the derivation of probabilities
for the morphological traits used can be found else-
where (Gottesman, 1960).

TABLE 2

ExsMPLE OF THE Ssmrrs AND Pexrose Megrzop For
Zycosrry DETERMINATION

independent

relative

Character chance
Initial odds 1.5248
{ikeness in sex 5000
1ikeness in ABOQ 6891
Likeness in MNSs A536
Likeness fn Rh Soa
{ikeness in Le B6R1
Likeness in X 94853
Likeness in Fy 2036
Likeness in Jk L8531
Likeness in Lu 9614
Likeness in P 5699
Total relative chance poz (Bood) 470
TFotal chance poz/(L--fnz} 0448
PDifference in ridge count 2288
Total refative chance (biood - ridges) 0107
Total chance L0106
Difference in stature A67E
Total refative chance {blood 4-stature) 0219
Total chance 0214

Total relative chance {al} of above} 005G
Total chanee L0850

As 2 result of the blood typing, 34 pairs of twins
were disgnosed as definitely DZ, that is, they differsd
on at least one of the independently inherited bloed
groups, Using only bicod, the remaining 34 pairs were
diagnosed as MZ with the probability of accuracy
no less than 95 times in I00. Table 3 summarizes
the results of the accuracy for the various combina-
tions of blood and physieal characteristics. It seems
paradoxical that while additional information in-
creased the accuracy of some of the diaghoses, it
was at the expense of serious erross, e.g., using al
the characters resuited in calling 22 pairs MZ af the
01 level or better, but at the expense of 6 pairs fail-
ing to meet the criterion of the .05 level, The primary
reasons for this ave the Inck of cross validation and
the smali samples upon whichk the fngerprint and
height probabilities are calculated, 32 and 30 pairs of
MZ, respectively. This resuited in 2 range of within-
pair differences too narrow to allow for those found
in the present sample of MZ twins. The probability
figure given was too much in the DZ direction to
be overcomme by any amount of additfonal informa-
tion, Eight pairs of MZ twins had differences of
ridge count whick were tabulated at probabilities
greater than 1.0 in favor of the DZ contingency.
Similarly, five pairs were “penalized” for differences
in beight larger thap the tabulated ones for the 50
criterion palrs of MZ twins on which they were
hased, Differential prowth rates during adolescence
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may have been another attenuating factor in the use
of the probebilities attached to differences In height.

Let us fwrn now to fwe different anaiyses of the
fingerprints: one clinical and the other statistical.
Giver the 68 pairs of fingerprints and ne information
as to the base rates, le, incidence of DZ and MZ
twins in the sample, how accurately can an expert
diagnose the two kinds of twins? Douthit undertook
this task and was able te correctly identify 30 MZ
pairs and 23 DZ pairs. Most important in his clinical
decisions ‘were three components (Cummins & Midio,
1943} : differences in pattern slope for the same finger
in & twin pair, similarities in slope but different
patterns, and diffierences in the range of dermal
ridges for paired fngers. Iis decisions were net
purely clinical in the Meeh] {1954) sense of the word
in that he subjectively assigned different weights to
these components, and used the sceres a pair of prints
obtained. The siatistical method used was for the
author to assign what appeared to be the optimum
cutting score {Meekl & Rosen, 1953) to the distri-
bation of differences between tofal ridge count, This
cutting score was then cross validated by applying it
to the original distribution (Smith & Penrose, 1955}
from whick the aforementioned probahilities were
determined, A cutting score of 30 classified 33 of
34 MZ pairs and 20 DZ pairs correctly, This score
correctly classified 51 of the oxiginal 32 MZ pairs at
the expense of misclassifying 3% of 101 (38.6%) like-
sex siblings. The clinieal and statistical methods tied
in their accuracy for disgnosing the entire present
sample with both hitting 78%. Both Newman,
Freeman, and Holzinger {i937) and Slater {1953)
make use of some aspects of fingerprints in their
diagnosis of zygosity.

Judgments of photographs constifuted the final
method of zygosity determination evalwated in this
section, A summary of all the metbods attempted
is then presented. Three groups of judges were ati-
lized ; three geneticists, three child psychologists, and
three artists.* Although the frent and profile pictures
of the head were black and white 38 mm. contact
prints, expressions of dissatisfaction with their
quality were minimal.

It is obvious that previcus estimates (eg., New-
man, 1940) of a 109% error in the diagnosis of
zygosity by general appearance are subiect to doubt,
Jackson's (1960) conitention that he observed =z
“striking difference” between photographs of MZ and
DZ twing in the literature needs fo be re-evaluated.
Even allowing for the quality of photographs and the
absence of the cues from the twing' physical presence,
the median securacy of 729% for all nine judges was
significantly less than an expected 90% (y®=:24.33,
P <« 001}, Poor reliability of judgmenis may be
inferred from the fact that for only 13 MZ paim
and 14 DZ pairs were there one or po inaccurste
judgments, There was 2 total of 84 errors in judging

41 am grateful for the assistance of Vivian Philiips,
Elizabeth Reed, 8. C, Reed, J. B, Andersen, Mildred
€. Templin, R. B, Wirt, Carol Safer, L. Safer, and
Ane Wolfe Graubard.

the M7Z twins and 70 errors in judging the D7 {wins,
Judging the MZ girls seemed to be the most difficult,
To the extent that the data In Table 3 were stuble,
only the geneticisis made sufficient aflowance for
ihe variabllity that existed between MZ twing.

Summary

For the sake of clarity, the accuracy of zyvgesity
determination for all the methods described thus far
is presented in Table 3.

It should be noted that the three colurans cannot
be evaluated independently of one another. A judge
of the photographs or fingerprints could maximize
his accaracy in one calegory at the expense of the
other. It is the final column which conveys the most
meaning. The blanks in the table derive from the
fact that the DZ twins were absolutely removed
from further consideration by the blood typing
methodology in the Smith and Penrose scheme,

Psychometric Devices

Both instruments wsed te measure persopality in
this study come under the category of objective as
conirasted with projective tests. Within the former
group there are two major types of questionnaires:
one is derived empirically from its asbility to dis-
criminate among behavioral phenotypes and the
scafes may be sald te have functional anity, and

_another type is derived by factor anslysis and the

stales may be said to bave siatistical unity. The
MMPT wes selected as an example of the first type
and the HSPQ of the second.

Widespread usage of the MMPI precludes the
necessity for a detailed description (Daklstrom &
Welsk, 1960), The test was constructed to provide,

TABLE 3
Accuracy SumMMary FOrR MEeTHODS oF ZYGOSIty
DErERMINATION
Method MZ% PL% Total%
Biood (p == 05) 100 100 100
Blood + Height 85 - —
Blood + Ridge count 88 - p—
Blood + Height 4 Ridge
count 82 - —
Height -+ Ridge count & i e
Fingerprints
Clinical 88 68 78
Seatistical g7 59 78
Photos
Best geneticist o7 14 85
Best psychologist 8¢ a2 Y1
Best artist 19 43 83
Pooled judges (6/9
agreement) 68 88 78
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in a single instrument, measures of all the more
important phases of personality of Interest to the
paychiatrist. TItems were selected from 26 subject-
matter categories, e.g., genersl heaith, sensory dis-
turbances, family problems, sexual and social ath-
tudes, mascufine and feminine interest patierns, and
schizophrenic thinking disturbances. The 330 items
were answered frue or false. Use of the MMPI with
nermal adolescenis may be questioned, but this
practice i becoming more popular 25 experience
accumuinies with this age group (Hathaway &
Monachesi, 1961; Wirt & Briggs, 1959}, A basic
assumption of the present research was that per-
sonality scales represent dimensions or continua of
behavior, not categories. Such scales thus lend them.
selves to the assomptions of quantiative inheritance
and permit the use of nonpsychiatric subjects. Num-
bers have been assigned to the MMPT scales instend
of their Xracpelinian based names by the developers
of the test so ay to facilitate fresh associations to
the meaning of the scales as personabity constracis,
There is no simple translation from MMPI data into
descriptive terms for mormal populations, but ad-
jectives associated with the behavior of subjects with
different scale patterns are ecasily obiained {eg,
Biack, 19353}, .

‘The group form of the test was used and scored in
the usual fashion for the four validity indicators and
10 clinical scales, i through ¢ {or Hypochondriasis
—Hsthrough Sodal Introversion—Siy. In addi.
tion, & experimental scales (Hathaway & Briggs,
19573, Kgo Strength (Fs}, Anxiety {4), Repression
{®}, Dominance (Do), Dependency {(Py), and
Social Status {5t} were scored and anslyzed. The
5 scales requiring a K correction were analyzed after
the correction had been made,

Test-retest reliability coefficients on the 10 stand-
ard MMPI scales for a sample of 1080 meale and
fernale’ college students after a 1-week interval
(Bahlstrom & Welsh, 1960, p. 472) range from .56
to 90. These particular coefficients were chosen be-
cause they are most comparable fo the circumsiances
under which the HSPQ reliabilities were computed.

The HSP(Q is new to the literature on personality
tests and requires mere exposition than the MMPL
Cattell, Belo#, and Coan {1938) constructed this
instrument by factor analysis especially for adoles.
cents 12 through 17 vears in the tradition of the
Cattell {1946, 1950} laboratory. T Is said to cover
al} the majer dimensions involved in any compre-
hensive view of individual differences in personality
{Catteil ot al, 1958).

it condsts of 280 forced-choice items, all of which
are scores, whick form 14 independent, equal length,
scales. Although printed in two forms of 140 items
each, the authors recommend the use of both to
obtain sufficient reliability, It is also suggested that
raw scores rather than standsrd scores be used for
research purposes and this suggestion was followed.
The scale designations and their #tles are given in

& R. B. Cattell, personal corsmunication, February
1939,

Table 4. Test-retest correlations based on 112 chil-
dren aged I3 through I3 tested 2 weeks apart with
the full test range from 58 to .80

in the opinion of the comstructers, validity for
the 14 scales is satisfactorily established. The main
technique used to demonsiraie this is the computa-
tion of a maltiple correlation from fazctor-item cox-
relations. This gives a median r of B8i. Although
no correction for Test-Taking Attitade is used, there
are equal numbers of “ves” and “no” keyed answers
on each scale,

1t should be obvious that the relishilities of the
MMPI and the HSPQ are on muoch firmer ground
than the wvalidities, Unfortunately, the magnitude
of the test-retest correlations has no direct bearing
on the construct validity of a scale {Loevinger,
1957). An inherent difficulty in measuring person-
ality trafts is the observation that they change with
the passage of time and with intervention. After
the data of the present study are analyzed, there
shoulkl be more evidence for the validity, or lack
thereof, of the various scales. At the least one might
expect significant correistions between MZ twin
siblings. Another speculation would be the absence
of negative correlations between either class of twins
unless there were some parsimonious explanation of
& within-pair interaction on a irait,

Twin Method

- Bacteria, fryit flies, and mice have contributed
greatly {0 the body of genetic knowledge, but the
application of this knowiledpe te the causes of varia-
tlon in human bebavior raises diffculties. Moreover,
relatively few direct methods are available {o the

TABLE &
HSPQ Svapors anp Trreess pox Tesr Dimensiows

Symbal Low score High score

A SuE Aloof Warm, Sociable

B Mental Defect General Intelligence

£ General Neuroticism Ego Strengthk

D Phlegmatic Tempera- Excitability

ment

E  Submissiveness Dominance

F  Sober, Serious Enthusiastic

£ Casaal, Undependable  Super Ego Strength

B Shy, Senstive Adventurous, Thick-
Skinned

I Tough, Realistic Esthetically Sensi-
tive

J  Liking Group Action Fastidiously Indi-
vidualistic

O Confident Adequacy Gailt Proneness

Gy Group Dependency Self-Sufficiency

€ Uncontroled, Lax Cantroiled, Showing
Will Power

. Refaxed Composure Tense, Excitable

¢ A mirture of techaical and popolar terins was used here.
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researcher in bhuman bebavior genetics because of
such problems as those introduced by umcontrolled
mating, small pumbers of offspring, heterogeneous
environments, and the unigqueness of one Individual’s
heredity. Of the available methods, the twin method
approzches the ideal experimental design, Galton
{1873} first calied aftention to the possible usefulness
of twins for casting Light on the nature-nuriure
problem, The underiving principle is shmple and
sound: since MZ twins bave identical genotypes, any
dissimilarity between pairs must be due to the action
of agents in the environment, either postnatally or
intrautering; DZ twins, while differing genetically,
have certain environmental similarities in common
such as birth rank and maternal age, thereby pro-
viding & measure of environmental control not other
wise possible, When both types of twins are studieq,
& method of evalusting cither the effect of different
environments on the same genoiype or the expres-
sion of different genotypes under the same environ-
ment is provided. This means, with respect to any
given gesetically determined trait, that there should
be z greater similarity betwen MZ than between
DZ twins. T both members of & twin pair develop
¢the same phenotype in a given ¢nvironment, they
are called comcordant for the irait ander study;
discordant is the designation for differing phenctypes.
When desling with & single gene difference, such as
Huntington’s chorea, MZ twing should always be
concordant; DZ twins may be either concordant or
discordant, The expected difference in concordance
can then be used te give a messure of heritability
(H) of the trait If the traits are amenable to discrete
classification.

Inasmuck as few tiraits in the normal range of
human personslity are dichotomous, another ap-
proack is needed fo estimate H when traits are con-
tinuous and the genetic component is of the poly-
genic variety. In the present research, H will be
defined as the proportion of total trait wvariance
associated with genetic factors. Holzinger {1929)
suggested that the best comparison to make in evalu.
ating the nztare-nuriure interaction fer a guantita-
tive characteristic is that between the intraciass
correlation coefficients (R} for MZ and like-sexed
DZ twins. Hobinger’s H gives the proportion of
variance produced by genetic differences 1witkin
families. The methbod undersstimates the effects of
heredity in the general population by a factor of
approximately 2. sinee the genelic variance iz esti-
mated from the genetic overlap between DZ twins
which is .5. The index of heritability, 4%, computed
in animal behavior genetics (eg., Falconer, 1960;
McClearn, 1961) is different from H in that it s
an estiroate of the proporiion of trait variance in a
population determined by genotypic variation in that
population. Both between- and within-families varl-
ahce componenis are used to compuie A3,

Holsinger gave itwe formulas for his estimate of
heritability, one based on B and another, statistically
equivalent, based on the within-pair variances..

Ruz— Roz

H o 1 Rox

__ ¥Yor—Vux

By

where,

Ryy w= intraclass correlation between MZ twins

Koz = intraciass correlation between D7 twing

Vup = within-MZ pairs variance estimate {mean
square)

Voz = within-DZ pairs variance estimate (mean
square)

Falconer has suggested that the difference between
the MZ and DZ Rs could be taken as an estimate of
half the heritability if there were no neonadditive
penetic variance; since the latter assumption is preba-
bly not wamanted, the difference can only be
regarded as setting an upper Iimit to half ihe
heritability.

Limitations and Criticisms of the Twin Method

After reviewing probable pafa] and prenatel in-
fluences on fwin development, Price {1950) was will-
ing to conclude,

In all probability the net effect of most twin
studies has heen underestimation of the significance
of heredity in the medical and behavior sciences
Ip. 2931 -

This appears to be the result of biases of two sors,
Inferences drawn from data on fwins are subject to
both statistical and biological bisses. In the first
category, it is basic to the kinds of analyses discassed
shove that the samples be proportionat and therefore
representative of the popuiation of MZ and Lke-
sexed DZ twins before the concordance or fhe vari-
ance used in the formulas can be assumed to be valid
enough te support the inferences. This assumption is
difficuit to meet, Use of the fwin method alse as-
sumes that the within-pair envirenmental variance
is the saroe for the two types of twins. This is not
necessarily true for the perscnality traits ag measured
hy the fests, but one can proceed only on the as-
sumption that such variance is not too different for
the two types of twins. Loevinger (1943} mentioned
some additional difficulties underiving the use of
the variance method, chief among which were the
assumption that influences combine additively and
the assumption that estimates of the error vari-
ance are eliminated from the computation of H. Again
the extent to which these conditions are met is hard
to assess. Cattell (1953) concluded that approxima-
tions of a solution to the mature-nuriure issue, with
an awareness of methodological shoricomings, were
better than postponing ali research in the ares. The
guther is inclined to agree,

Biological biases have been reviewed by Price
(1950) who divided them into natal factors {eg,
position in utero), lateral inversions, and effects of
rautaal dreufation. No attempt to evaluate these fac-
tors will be made since data are not available. Post-
natal biolopical biases are often overlooked on the
apparent asswnption that the general environment
for & pair of twins is the same. Once more the as-
sumption s questionable. Should one of a pair, for




HERSTABILITY GF PERSONALITY 9

example, contract some form of encephalitly with
its well-known sequelze, the results on personality
measurement would be obvious,

The main Hmitations of twin studies were viewsd
in somewhat different terms by Kallmann and Baroff
{1555) as the following:

{¢) twins cannot be separated hefore they are
bors, nor can they be provided with two mothers
of different age, personality, er health status;
(B) two-egg itwins are ne more dissimilar geno.
typically than brothers and sisters and like them,
are rarsly raised in different cultures; therefore,
even fraternal twins ave uniikely to fali into the
extremes of theoretically pessible gepetic and cul-
tural differences; and {¢) the average difference
between one-egg fwin parthers is no precise meas-
are of environmentally preduced variation, mner
does an increase over the average difference be-
tween two-egg fwing represent the exact contribu-
fion of genetic influences even in relatively com-
parable environments {p. 303).

Intraclass Correlgtion Analysis of
Personolity Traits

Following the dingnosis of zygosity and the collec.
tion of the persopality test data, each scale of the
two tests and the IQ from the school records were
analyzed by means of the intraciass correlation co-
efficient, first for the iwo classes of twins and then
for the two sexes within each class. A total of 186
cocflicients was obtained from 186 simple one-way
analyses of variance using T scores for the MMPY,
raw scores for the HSPQ, and Otis IQs.

Haggard’s (1958) book on the intraclass correla-
tion gives a detailed exposition of the method used
here. Although the inidraclass correlation was for.
mearly computed by calculating the interclass correla-
tion after comstructing a symmetrical table with
double entries for a pair of scores and then dividing
hy 2, it now I8 recognized as a simple function of
variances, Haggard (1958, p. 11) gives this formuls
for the compuiation:

R BCMS - WMS
T BCMS+WMS
where,
BCMS = between-classes {twin pairs) mean
sguare
WMS = within-classes (twin pairs) mean
square

This means that the unbiased estimaie of R may be
obtained in terms of the mean squares (lLe, variance
estimates) of the analysis of variance table. This
fermula is the specific ope fo use for pairs of scores,
The relatfonship of F, the varionce ratio, to R is
given by:
B i1—R

The level of statistica! significance of R is identical
with that of the corresponding F {le, BCMS/
WMS). In other words, the hypothesis that an ob-

served K could bave come from a population with
g irue correlation of zero can bhe tested by the ¥
ratio computed from the same mean squares, with
the appropriate degrees of freedom, as were used fo
obtain R.

In order to test the sighificance of the differences
between two independently obtained Rs, they were
converted into Fisher's g (Fisher & Vates, 1940}
whick has an approximstely normal distribution with
variance:

3

Ve e B e-D

where,
& i3 the pumber of individuals within z class, f.e,
2 {MZ or DZ twins}, and ¢ is the number of
classes, Le, 34 {pairsh

The distribution of the difference between the cor-

responding 7 values is approdmately normal with

variance:

By kg

V= 2(es2) By} + a2y {Ba1}

Dividing the difference between s's by the square
root of the above gives a normal deviate, the p value
of which Is found in the usual manner. A one-tailed
test of significance was appropriate and was used,

Recapitulating, the objectives of this intraclass
correlation analysis of tralts are {4) to demonsirate
that the traits arve significantly and positively cor-
related in MZ twins and may or may not be in DZ
twins znd (&) to demonstrate that for any geneti.
cally influenced frait the correlation within MZ
pairs will be significantly greater than thati within
DZ pairs.

Subseguent fo this analysis, the heritability indexes
were compuied as described in the previous section
using the independenily obtained WMS or within
variances, Kt should be noted that the two proce-
dures, intraciass correlation analysis and computation
of heritability indexes, involve simple and complex
assumptions, respectively. The correlation analvsis
is sufficient to show that hesedity has something to
do with individual differences. Estimates of the rela-
five importance of nature and nurture as indicated
by H must be considered as sugpestive rather than
definitive in human behavior genetics.

Configural (Holistic) Analyses of
Personglity Similarity

Following s scale-by-gcale analysts, one of the two
personality tests was selected for holistic profile
analyses. The MMPI was chosen hecause MMPI
configurations have heer treated extensively in the
Lterature. Recent emphasis on the study of profiles
has resulted from the realization that interpretation
of an individual's set of scores must frequently be
based on the paitern of scorss rather than examina-
tion of one scale a2t a time or the use of a Iinear sum
of the scale deviations. General and specific meth.
odologicai difficulties arlse which weaken any con-
fidence that may be atfached fo the guantification
of profile simitarity. Only a few of the difficulties
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noted by students of the problem {(Cronbach &
Gleser, 1953; Osgood & Suci, 1952) wil be discussed.

Similarity as a general guality of persenality is
nebulous but necessary for communication. Cron-
bach ard Gleser {1953} say:

similarity is nol o general quakity. It &5 possible
to discuss similgrity only with respect to specified
dimensions (or complex characteristics). This
means that the investigator who finds that people
are similar in some set of scores cannot assume that
they are similar in general, He could begin to
discuss general similarity only i his original meas-
urement covered ali or & large propertion of the
significant dimensions of personality [p. 457).

Other general methodological difficulties involve the
Joss of information by reducing the relationship be-
tween two configurations fo a single index; jack of
comparability between indexes of similarify; and
viclations of assumptions about ratio scales, uncor-
refated measures, and equal reliability among subtests,

There are two aspects of prefiles which matching
may involve: the shape or configuration of scores
and the general elevation from the mean of the
norm group. It i logical to distinguish between
matching for absofute agreement, in which both
shape and elevation are considered, and relative
agreement, in which only shape is considered. Three
statistical and one clinical indexes of similarity were
computed for the two classes of twins. In addition,
the profile of eack twin was coded according fo the
methods of both Hathaway and Welsh (Dshistrom
& Welsh, 1060} to facilitate further clinical assess-
ment {Gotiesman, 1960).

Statistical Indexes

Ronk-Difference  Correlgtion., This  well-known
measure, Spearman’s tho, was the first index com-
puted. It yielded a nonarbitrary number which re-
flected similarity of shape but disregarded elevation.
One of its disadvantages was that a rho of 1.00 did
not necessarily indicate perfect similarity and another
was that two pairs of profiles with the same coeffi.
cient need not be equally similar, Rho's were calcu-
iated from the Welsh codes; ties were resolved by
using the scales in numerical order.

D Coeficient, This index, sometimes known as
the generalized distance function, was then compated,
Cronbach and (Gleser (1953} devete considerable
agtention to this index which is designed to reflect
botk skape and elevation. The P coefficient is based
on the geometric principle that in & space of N
mutually orthogonal dimensions, the distance be-
tween twe polnts is equal to the square reot of the
sum of the squared differences between the coor-
dinates of the peinis on each dimension. Since pre-
files may be considered as points in N space, where
N eqguals the number of seades (e, 10}, the distance
between them serves as 3 measure of similarity. Note
that erthogonality does not obtain for the MMPL
The D coefficient resuits fr an arbitrary number
whose value depends on the number of scales.

Concordence of Test Behavior {¥1'}. In the con-
text of discovery it was decided to compute the
ahsolute percentage of MMPI items answered in the
seme direction by a pair of twins, ie, one twin’s
answer sheet was used to score the other's. Of course
the MMPI was not designed fo be used this way and
in this instance serves primarily &s an Hem pook
The percentage of agreement for the 566 Hems has
been termed TT7, to signify the comparison of one
twin with his sibling. No provision was made for
the few items which are repeated, but any question
omitted by either twin was subtracied from 566
before the percentage was calculated. ‘This process
was then repeated using only those items appearing
on the 0 clinical scales {337 items).®

Clinical Index

Visugl Judgment. The only quantifiable clinical
index of similarity used was the accuracy of visual
judgment in sorting the profiles into four categories:
Very Similar, Similar, Dissireflar, and Very Dis-
similar. By occuracy was meant the number of MZ
pair prefiles placed in the first two categories and
the number of D2 in the last twa. Three psycholo-
gists ¥ skifled in the use of the MMPI were the
judges. Another indication of similarity was pro-
vided by comparison of the accuracy of visua} judg-
menis in the exireme categories with the overall
accuracy.

Recapitulating, the cbjective of each of the zbove
four procedures was to search for s greater similarity
of personality, as measured by the configural aspects
of the MMPL, for the MZ twins than for the DZ
fwins,

Resurrs

The presentation of the findings is or-
ganized around the two instruments of
assessment; first the MMPI with its 10
clinical scales, 6 experimental scales, and K
{a validity scale thought to have personality
referents); and second the HSPQ with its
14 factored scales. Indexes of H are pre-
sented separately after each correlational
analysis. Results are displayed for the total
sample of 34 pairs each of MZ and DZ twins,

-then for the female subsample (22 MZ and 23

DZ pairs) and then for the male subsample
{12 MZ and 11 DZ pairs}, The results by sex
are provocative but any extensive discussion of

S Hathaway's Hnear statistic ¢'C’ was also calou-
fated with no improvement over any of the statis-
tical metheds reported here. Data are available upon
reguest, .

“Thanks are due fan Duker, H. Gilberstads, and
R. D, Wirt.




A L 8 e e e e

HERITABILITY OF PERSONALITY ¥

FABLE 5

MMPI Intracrass Corezrarions ror MZ awp DZ
Twins 7o Torar Groue, Fesmarrs, anp Mares

Total

Groups' R Males' B

females’ B

Scales MZ  DZ MZ DZ MZI DZ

1Hs 39 21 4 19 a4 25
iD 47%% gy 44% 2% 48% —19
3Hy 4t 4% 3p* E3 L S
4 Pd gyeer 18 45% 5 G6%% —0F
SMf  speer 3z% spée 35k g5 g
6 Pa 44r¢ 18 44* 3 43 w10
7Pt F5%Er 20 g2%h¥ 1] 40 kY3
85S¢ soeex 19 50%*% 12 65%F 10
gMae 24 07 % 28 11 42
0S5i §5*%¢ 08 37% 18 TI%F 04

K 2% 02 36 03 40 26
Hs 25 4 17 49%F  48% 20
4 g5 04 46% 12 42 —35
R g 22 0 15 So* 42
Do 46** 21 22 40* TI¥E .44
Dy gz¥ek 23 S9%%  47v 38 L. 3Y
St ATek G3kex g f3FrE  qaer 24

them is vitiated by the size of the samples.
This section concludes with the resuits of the
configural and helistic MMPI profile analyses.
Thorough discussion of the results is deferred
to the next section.

Minmesota Multiphasic Personality Inventory

The excellent matching of the {wo classes
of twins and their representativeness of ado-
lescents in general were observed on the mean
scores and standard deviations of the 3 va-
lidity scales and the 10 cHnical scales, Iatra-
class correlation coefficients for the fwins are
given in Table 5. Nine of the 10 standard
MMPY scales were significantly different from
zero at the .01 level for the MZ twins, Fifteen
of the 17 MMPI MZ scale correlations were
larger than the corresponding correlations for
DZ twins, 1t should be noted that for 6 of the
8 total MZ scale correlations for which test-
retest reliability data on adolescents were
available, the magnitudes are about the same,

Rozeboom {1960} has reminded us that the
primary aim of a sclentific experiment s not to

precipitate decisions, but fo make an approptiate
adhstiment in the degree to which one accepts, or

believes, the hypothesis or hypotheses being {ested
{p. 420]}.

Since the traditional null hypothesis tests in
paychological research pay no attention to the
utilities of various outcomes, he suggested that
the basic statistical report should be in the
form of a confidence interval whenever possi-
ble. It is obvious, in the case of correlation
coefficients, for example, that the researcher
is concerned with more than the fact that a
particular coefficient is not zero—he hopes he
is in a pesition to account for more than a
trivial amount of variation. In sympathy
with the Rozeboom position, a few of the 90%
confidence limits for the data in Table § wili
be mentioned. For the largest nonzero R in
the total sample of MZ twins, .59 for Schizo-
phrenia (5S¢}, the limits are .35 and .74; for
the smallest nonzero R, 39 for Hs, the limits
are 13 and 61. For the corresponding Rs,
in the sample of DZ twins, .19 for S¢, the
Hinits are —.10 and 44; for Hs, .21, the limits
are .08 and 46,

The results of testing whether or not the
correlation between MZ pairs is significantly
greater than that between DZ are presented
in Table 6. All Rs were first converted to

'FABLE 6

One-Tawep FesT oF Ry DIFFERENCE sErwieny MZ
avp DZ MMPT Scarz INTRACLASS CORRELAIIONS
¥or ‘FToraL Group, Femarrs, Anp Mares

Total group Females Males
Normal Normal Normal
Scale  deviate 7 deviate deviate
1 Hs 79 23 1 AT 32
2D 178 04 69 24 1.56 L6
3 Hy 30 38 e 50 101 6
£ Pd 1.86 03 g3 23 1.88 83
s My 98 16 68 .28 12 24
& Pa 1.16 ¥ 48 33 1.22 i1
7P 166 05 1.97 02 22 A1
8 Se 194 .03 1.37 b8 1.27 10
9 Ma 1.26 A0 1.88 03 w73
0.8 215 02 66 25 213 02
K 140 L8 59 19 1.30 o7
Es 102 — 137 E: 32
4 LR 04 1.2 11 1.77 04
R 30 38 16 43 22 4%
Do .14 A3 w G 3.00 S0
Py 128 10 St 300 147 a7
St - 32 w145 144 08
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Fisher’s #’s. ‘'The MZ twins appeared to he
significantly higher than IDZ on 5 of the 10
standard MMPI scales {(p less than or equal
to the 5% level). The results from the corre-
lational analyses then left § of the 10 standard
scales, 2—Depression (D}, 4—Psychopathic
deviate (Pd), T—Psychasthenia (P}, S
Schizophrenia, ard 0--Social Iniroversion,
which appeared to have significant genetic
(i.e., gene determined) components for the
combired group,

The heritability estimates for the MMPI
scales, which omly utilize within-pair vari-
ances, are presented in Table 7. While there
is no method yet for the computation of con-
fidence limits for H, the suggested way for
testing its significance Is a function. of the
significance of the F ratio formed by the
within-DZ pair variance divided by the
within-MZ pair variance, Even when the
computation of H in the present study showed
that 42% of the chserved within-family vari-
ance for the total group could be accounted
for by genetic factors, the associated F was
not statisticaily significant at the .05 level.
The infrequent reporting of the significance
of H in the literature together with the paucity

TABLE 7

MMPI Seare Hexarapmarsy Inoexss vor Torar
Grove, FEMALES, A¥D Mazes

Total group Females Males

Seale H Fa " Fa H Fa

1 Hs 16 119 25 L33 s 101
ra A5 181 22 128 &5 183
3Hy 00 86 00 56 43 .74
& Pd 50 20t A1 160 7T 435
S MY A5 118 Bty 99 45 183
& Pa 05 108 00 Rt B2 209
TP 37 158 47 189 24 131
& Se 42 171 36 156 S0 200
G Ma A4 132 33 1350 e 81
o8 gt 342 &0 249 £4 614
K 06 106 Ere 08 26 135
Es 04 73 00 6% 00 B4
4 21 .26 22 1.28 a8 122
R 00 B2 L0 18 00 86
Do 00 o3 06 16 33 130
Dy 24 132 03 103 45 182
St 34 152 J4 116 H3 2469

* The three valuss of F ra%uired for significance st the .03
fewel are 178, 104, and 272

of positive results for even intellectual and
psychomotor tasks (Vandenberg, 1962) sug-
gests a need for mathematical clarification of
H. Within the limits of the assumptions for
this kind of analysis, this attempt at quantifi-
cation of the proportion of scale variance ac-
counted for by heredity gave positive results
for the same five scales identified by the corre-
lational analysis. Scales Pt and Sc¢ showed
appreciable variance accounted for hy heredity
but with environment predominating. Scales
D and Pd showed about equal contributions
of heredity and environment. Scale 0, Social
Introversion, showed a predominance of vari-
ance (.71) accounted for by heredity. The
value of H for the §7 scale is of the same mag-
nitude as that found in this study and others
for intelligence as measured by standard IQ
tests,

Catiell's Factored Test

Once again the excelient matching of* the
two classes of twins and their representative-
ness of adelescents in general may be inferred
from the comparison of mean scores on the
14 scales with the normative data. Intraclass
correlation coefficients for the MZ and DZ
twing are giver in Table 8. Eight of the 14
scales had correlations between MZ twins
greater than zero. Two scales, A and J, were
not significantly, different from zero fer both
MZ and DZ twins.

Six of the 14 factors resulted in correlation
coefficients which were not significantly dif-
ferent from zero for the MZ twins. That DZ
should obtain significant correlations on 4 of
these 6 was paradosical. 1t is difficult to rec-
oncile claims of construct validity for these
6 scales with these results. Unless there were
some logical a priori greunds for identical
twins {0 be opposed on some trait, their iden.
tical heredity and/or their very similar en.
vironment would lead us to expect other than
a zero correlation between them for a per-
sonality trait. The factor derivation of all the
scales and their low intercerrelations permit-
ted acceptance and interpretation of the re-
maining eight scales on their own merit, Fac-
tors B, F, G, H, I, 0, Q, and Q, at this peint
in the analysis have the potential for showing
a predominance of genetic variance.

For the largest nonzero R in the total sam-
ple of MZ twins {other than the intelligence
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factor), .60 for Q,, the 90% confidence Hmils
are .38 and .75; for the smallest nonzero R,
3G for Qs, the limits are .02 and .54. For the
corresponding Rs in the sample of DZ twins,
15 for Q. the limits are —.13 and 42; for
Qs, .12, the limits are —.16 and .39.

In Table 9 are presented the results of test-
ing whether or pot the correlation between
MZ pairs is significantly greater than that
between DZ, AN Rs were first converted to
Fisher's #'s.

The MZ twins were significantly higher
than DZ on only one HSPQ factor, Q,. For
8 of the 14 factors the differences were in the
predicted direction. The results from both
the correlation analyses then left only { fac-
tor, Q;—Group Dependency versus Self-Suffi-
ciency, which appeared to have significant
genetic (ie, gene determined) components.

The heritability indexes for the HSPQ
scales, computed only from the within-pair
variances, are presented in Table 10. Within
the limits of the assumptions for this analysis,
this attempt at quantification of the propor-
tion of scale variance accounted for by he-
redity gives positive results for 6 of the 14
factors. Factors E, Submissiveness versus
Dominance; H, Shy, Sensitive versus Ad-
venturous; and J, Liking Group Action versus
Fastidiously Individualistic showed apprecia-

o TABLE &

HSPQ Iwrracrass Cormerations rox MZ anp D7
Twins For Torai Grovr, FEMALES, AND Marzs

Total
groups’ R Females' R Males’ R
Factor MZ D2 MZ Dz MZ  DZ
A 19 27 6 0% .10 03
B 6{}*& [ iia %R Qokdl L oy il
< 28 ag¥ a5 12z 33 T6%*
B 21 47%% 33 G244+ 19 23
E 16 41%F . 06 53k 33 .18
¥ 4% 12 29 16 G4¥* 04
G 4G%E 424k g3 33 TGk Za¥
H 8 42* 34 34 1%
I SEEER 47k g 08 37 14
J 04 2% 0B 4 -3
4] 45%% 3% Sokk  gre 8 {4
Q2 £0%r* 15 S4%%__ (2 33% 42
Q. 30% 12 6% 34 .01 22
10N 27 iz 35 16 12 Tae*

TABLE 9

Owe-Taregp Trsr oF voe DIFFERENCE BETWEEN M7
anp DZ HSPQ Scare Inrraciass CORRETATIONS
ror Torar Grour, Femarzs, avp Marks

Total group Females Males
Normal Normal Normal
Factor deviate 3 deviate » deviate g
A — .34 w30 e 3
B - 03 w35 — 02
C 1 —.23 — 1,45
B we §.21 - }.50 e 07
£ - 1.10 e 2,07 113 A3
F 1.56 06 44 L33 1.56 06
G 36 i 33 g7 22
H JE 22 33 37 1.09 14
I A0 34 86 19 54 29
J 1.20 A1 123 A1 56 29
0 40 B34 -4 53 it
19 213 82 2.00 Ri7] 4 41
Q g4 23 28 .19 46 32
Qs — 25 63 26 —1.78

ble variance accounted for by heredity but
with environment predominating. Factors F,
Sober, Serious versus Happy-Go-Lucky; Q,;
and O, Confident Adequacy versus Guilt
Proneness showed about equal contributions
of hereditary and environmental variance
(.56, .56, and 46).

Results of the Otis 1Q analysis

The results of the school administered in-
telligence test are given at this point because
Factor B of the HSPQ is a brief 20-item
measure of intelligence. Intraclass correlations
for the MZ ard DZ twins were .83 and .59,
respectively, hoth significant at the 001
level with the first significantly greater than
the second at the 02 level. The H value com-
puted from the Otis within variances was .62,
This means that 62% of the within-family
intelligence variance measured by the Otis is
accounted for by hereditary factors in this
sample,

Configural and Holistic Analyses

Rank-Difference Correlations for the Coded
MMPI Profiles

Table 11 shows the distribution of the
Spearman rho’s for the 68 pairs of profiles by
twin type. It is obvious that the overlap is
too great to permit other than chance discrimi-
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TABLE 10 TABLE 12
HEPQ Facrox HEmrApmIy INDEXES FOR TOTAL Drszrmurion or MZ avp DZ MMPI Proreze D
Geoue, FEmazes, anp MaLes COEFSICIENTS
Total group Females Males B MZ Dz

Factor H Fe H Fa H Fa 15-19 i 0

A A6 11T 00 97 24 132 i;‘j“g zg g

B 05 105 .00 96 I8 L2 o34 s e

c 03 103 25 134 00 43 3530 . :

D 000 62 00 31 4z m

B 31 144 00 80 4 384 :‘5}_“13 i ;'

F 86 220 - 45 181 .14 383 so54 : p

G FTC RN S WS W) SR> S 353 o 3

H 38 162 42 173 34 132 : ; .

T o6 107 08 108 a0 1l 2229 ! 0

J 29 1AL .27 137 34 181

O 46 185 22 119 &5 318 10-74 0 1

O 56 228 60 252 A7 189

Qs A2 113 31 144 o0 99

Q o0 5 a8 122 o0 09 median of the combined group as contrasted

» The three valnes of ¥ required for significance gt the .05
Tevel are 1.78, 2,04, and 2.72.

nation (x*=.47, p > .25) between the two
kinds of twihs on the basis of their MMP1
profile rank-difference correlation coefficients,
A cutting score for a rho of 40 and above
would correctly classify $3% of all the twin
pairs.

B Coeficient

Table 12 shows the distribution of the gen-
eralized distance function computed from the
68 pairs of profiles. This index abstracts in-
formation zbout the shape and elevation of
the profile. There was a tendency for the iden-
tical twins to have a lower D, f.e,, be less dis-
similar; 19 of the MZ pairs were below the

with 15 of the DZ pairs (x*=.94, p < .17).
Using the median D as a cutting score resulted
in correct classification of 56% of the profiles.

Concordance of Test Bekavior (T'T)

'The percentage of ali MMPI test items
{566) answered in the same direction for a
pair of twins is given in Table 13. There was
a tendency for the identical twins to have a
greater overlap in their responses to all the
items; 21 of the MZ pairs were above the
median of the combined group as contrasted
with 15 of the DZ pairs {x®*=2.35,p < .06).
Using the median T7" of 72% as a cutting
score resulted in correct classification of 59%
of the profiles, There was some improvement
in the use of this index when only the items
in the 10 clinical scales were used as the de-
nominater (337); 21 of the MZ pairs ex-

TABLE 11
Disrresyrion o MZ axe DZ MMPI Proenx
Cope. Ruo's TABLE 13
DistaipurioN or MZ anp DZ Torar MMPI Tzex
Rho MZ D2 Acrerment PERCENTAGES (TT')
B0-80 2 1 rr MZ § 3.7
F0-79 2 1
H0-69 3 3 85-89 i 3
5059 6 6 8084 6 4
AG-A9 4 4 75-2% 4 3
3039 3 z 70-74 13 3|
2029 3 Z 65-65 7 10
Jo-.19 3 5 60-64 2 2
(09 2 1 55--59 ] z
o 3G 20 - 01 [ g 5054 1 i
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ceeded the median compared to 14 DZ pairs
(x*=2.94, < .05). The cuiting score was
the same and correctly classified 60% of the
profiles.

Clinical Judgment of Profile Similarity

The extent to which the judges’ clinical
assessment of personality similarity agreed
with the zygosity of the twin pairs is given in
Tabie 14, Computing the combined p levels
(Mosteller & Bush, 1934, p. 329) for the ac-
curacy of the three judges on their sorting of
all profiles resulted in a p equal to 003, The
comparable figure for accuracy of judging
the two extreme groups of Very Similar and
Very Dissimilar was .004. By pooling the
ratings for each pair (le., 2 of 3, or 3 of 3
votes) in an effort to correct for the various
sources of attenuation in the “configural pow-
ers” of the clinician, the accuracy of the total
sort increased to 67.6% (z=2.90, p=.005).

Discussron

In the introduction the purpose of the pres-
ent research was said to be to answer this
question—How much of the variability ob-
served within a group of individuals in a
specified environment on a specific measure of
a specific personality trait is attributable to
genetic factors? Tmplicit in the posing of this
question was the assumption, suhsequently
confirmed by the data, that there were meas-
urable genetic influences for at Jeast some of
the aspects of human personality tapped by
the selected personality tests, Since the quan-
tification of genetic variability derived from
the computation of heritabilities by the classi-

TABLE 14

AGREEMENT or CLiNicar JUncMENTS oF MMPI
PROFILE SamILartTy witH Twhy ZyGosry

Extreme
Judge Totalsort 2 p opilesort 2 #
A 64.1% 243 01 676% 206 03
B 61.8% 195 03 7I5% 274 006
C 88% 145 08 58.8% 103 .16
Combined p 003 004

cal twin method, and since this method rests
upon some unproved assumptions, the results
are recognized as suggestive and heuristic
rather than definitive, While the data language
for this research consists of scores on scales of
personality tests, the discussion which follows
is in terms of the underlying biophysical traits
which the scales (read constructs) reflect.

The first section of the discussion deals with
the specific traits and their configurations
demonstrated to have been influenced by he-
reditary factors together with some of the
implications of these data for personality
theory and the etivlegy of mental illness.
This is followed by an attempt to explain the
apparent failure of some of the holistic analy-
ses of personality to support strongly the find-
ings of the trait analyses,

To what extent can the results of the present
study be applied to human behavior in gen-
eral? The representativeness of the twin
sample to Minnesota adolescents in general
suggests that this kind of extrapolation is
fairly safe. There is the possibility that the
twins, preponderantly of Scandinavian extrac-
tion, sample a unique gene pool. Whether
the further extrapolation to adulis can be
safely made is dubious and difficult to assess,
When rate of development enters the picture,
biclogical influences on a trait might be em-
phasized compared to a final adult stage. The
present resuits could be very different if de-
rived from adult twins as suggested by studies
of morphology (Osborne & DeGeorge, 1959).
Another important question is the extent to
which these data from normal nonhospitalized
individuals can be applied to identifiable psy-
chiatrically ill. A basic assumption throughout
this project was that the measured aspects of
personality varied continuously, and that any
underlying genetic mechanisms were polygenic
in pature. The possibility that the extremes
of distributions for some personality char-
acteristics constitute discrete series exists, but
this phenomenon would be masked by the
strategy used. The net effect wouid be the
underestimation of the importance of heredity
since concordances in MZ twins for low inci-
dence Mendelian or polygenic characteristics
would pass unnoticed in the analysis of quan-
titative variability,
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Genetic Aspects of Personality

A total of 6 traits out of the standard 24
in the two tests met a criterion which clas-
sified them as significantly influenced by ge-
netic factors; that is, correlations between the
scores of indentical twins were significantly
higher than those between the scores of fra-
ternal twins. Beyond this, for 23 of the total
31 scales analyzed in the two personality tests,
the differences were in the predicted direc-
tion, Trait Q,, Self-Sufficiency, was the only
survivor of the 14 HSPQ measures. Although
Facter (, is not thought to be clearly estab-
lished, the item content suggests that & person
who is resolute and accustomed to making his
own decisions will obtain 2 high score, while
low scorers would be described as followers
and conformists. A synthesis of this trait and
F, Surgency {(significant at the .06 level), is
provided by Cattell’s large second-order fac-
tor, Extraversion versus Introversion, which
is composed of four factors. Two of the four
are F and @, Tying in neatly with the
MMPY findings which are discussed next is
a study on the construct validity of the adult
form of the HSPQ by Karson and Pool (1957).
These authers found the highest MMPY scale
correlate of Factor F to be Scale 84, Social
Introversion, and the highest correlate of Q.
to be i also with correlations of — 48 and .32,
respectively, Together such results appear to
identify & general dimension closely related to
introversion-extraversion as one which is
heavily influenced by genetic factors. Such a
conclusion has also been reached by Eysenck
(1947, 1936) who isolated introversion-ex-
traversion as one of the two {(now three)
dimensions of personality by a facter analysis
of ratings and personal data on 700 neurotic
soldiers, He considers his findings to repre-
sent & confirmation of the theoretical ideas of
Jung (1933), Genetic factors are given a prom-
inent place in Eysemck’s typology; bis twin
study (Eysenck, 1956) using statistics similar
to those in the present study, yielded a tenta-
tive value for H# on a factored measure of
introversion-extraversion of .62,

The trait of introversion as measured by
the MMPI may also bave implications for one
of the genetic theories of schizophrenia.
Patients with very high scores on Scale §i are

clinically described as “schizoid” and Kall-
mann (1953) and others have suggested that
the schizoid individual may represent the ge-
netic “cartier state” of the recessive schizo-
phrenic gene. In other words, the schizoid
individual may represent the heterozygote and
the schizophrenic may represent the homozy-
gote. If the schizoid carrier can be identified,
Kallmann'’s hypothesis about recessivity is no
Jonger tenable. The mode of inheritance st
then be that of incomplete deminance or poly-
genic, thus better accounting for the high
familial incidence of schizophrenia {cf. Greg-
ory, 1960). The magnitude of the herit
ability for Scale $7 was the largest found in
the present study. The belief in the genetic
coniribution to intelligence has come to have
4 fairly secure status in contemporary psychol-
ogy {Gottesman, 1963); the results of this
investigation indicate that a similar status is
appropriate for the more pure personality frait
of introversion. o

The results concerning the four remaining
MMPT scales, D, Pd, Pt, and Sc, lend sup-
port to the general idea that in human beings
psychopathology, especially psychosis, has a
substantial genetic component. The scoring
keys for these scales were developed for the
purpose of locating patients with respect to
psychiatricaily diagnosed states of depression,
psychopathic personality, psychasthenia, and
schizephrenia, Patients of each iype were
compared, item by item, with a normal group.
Those items which statistically differentiated
z diagnostic group from normals were then
included in the appropriate scale. Taken
singly, these MMPI scales are able to dis-
criminate about 60% of the patients corre-
sponding 1o their label at a cost of 5% false
positives among the pormals; however, the
single scale approach has been largely sup-
planted by the interpretation of the entire
profile with particular attention to the two
or three highest scores. The use of the pattern
types formed by the various combinations of
high scores has led to their establishment as
constructs which can be used in lieu of diag-
nostic classes, Many correlations have been
observed between other variables and the per-
sonality construct patterns. Fer the D-Sc¢
pattern, for example, a majority of the diag-
noses among psychiatric patients obtaining
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such a configuration were psychotic ones,
either depression or schizophrenia.

Heredity, defined here rather crudely simply as psy-
chosis in siblings or parents, tended to be unfavor-

able in these individuals [Hathaway & Meehi, 1936,
p. 143],

Recent research on the D-P¢ type {Gilber-
stadt & Duker, 1960} showed that it could
be analyzed into three subtypes. Among other
important findings, the authors observed that
the D-Pi-Sc type of MMPT profile was char-
acterized hy & diagnosis of chronic undifferen-
tiated schizophrenia and that such patients
had much in common with descriptions in the
literature of pseudoneurotic schizophrenia
{Peterson, 1954). Surveys of the significance
of major configural patterns are available in
Hathaway and Meehl (1951} as well as in
Dahistrom and Welsh (1960},

A discussion of the results of the attempted
quantification of hereditary influence adds
some new information but it is not on the
same firm footing as the correlational results,
Eleven of the 24 traits measured by the two
tests showed at least an appreciable genetic
component. By appreciabie is meant one third
or more of the trait variance accounted fer
relative to the contribution of environmental
factors (this required an H of .25 or more so
that H divided by one minus H equalled one
third). HSPQ factors, F, Q,, and O showed
about-equal roles for heredity and environ.
ment. Factor O in the Karson and Pool
(1957) study correlated most highly, .77,
with MMPI Scale 7 (Psychasthenia) and
.54 with Scale 0 (Social Introversion). Scale 7
was also found to have an appreciable genetic
component in the present study. Three more
HSPQ factors survived the criterion, E, H,

and J. H along with ¥ and Q, formed three

of the four factors in Cattell's second-order
factor Extraversion versus Introversion. In
a study using an early form of the HSPQ
(Cattell et al, 1955) both E and J were
found to have appreciable genetic components.
All five of the MMPT scales surviving the
correlation criterion appeared in the quanti-
tative analysis as having an appreciable ge-
netic component. Only Scale §i, as noted
above, was predominantly genetically de-
termined,

Heritability values given in Tables 7 and

10 as well as those in other twin studies give
the proportion of variance produced hy ge-
netic differences within families and under-
estimate the effects of heredity in the general
population, /f we could assume random mat-
ing for the traits measured, the values in
Tables 7 and 10 would have to be multiplied
by a factor of approximately two to indicate
the true degree of genetic determination. The
values thus obtained are remarkable even
when compared with the results from animal
behavior genetics, McClearn (1961) reported
a value of .69 for activity in strains of mice.
Fuller and Thompson (1960) reported a
heritability of .59 for exploratory behavior
in two strains of mice, In animal breeding
intense selection pressure permits the value of
heritability to become large for such charac-
ters as egg weight and wool length (Falconer,
1960}, An overview of the relative confri-
butions of heredity and enviropment to
within-family variance on the personality
traits measured leads to the observation that
environment is the preponderant influence in
a majority of the traits. Cattell, Stice, and
Kristy (1957} reached a similar conclusion
for both within- and between-family variances.

Sex Differences

It is difficult to evaluate the meaning to
be attached to the observed sex differences
in heritability of the various traits since the
sample sizes are reduced. It is tempting to
speculate about the possible evolutionary ori-
gin of sex differences. Confidence in, and
extension of, the interpretations which follow
must await the completion of an ongoing
study using 180 pairs of twins, To suggest
that variation in a personality trait is more
under genetic control in one sex than the other,
it is only necessary to be reminded of the
range of secondary sex differences already
observed in physical and behavioral characters
in both man and animal. The differentiation
of such traits is brought about by hormones;
the latter are one of the links in the gene to
behavior pathway,

Changing from an expressive environment
to a suppressive one will lower the heritability
of a trait. Suppose, for example, that early
experience in fighting is essentia] for inducing
aggressive behavior, Genetic differences in
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varisbility on the Pd scale will not be detected
in boys reared without this experience. The
process of sex typing in our eulture restricts
certain types of behavior in the two sexes.
Fighting is not tolerated and is suppressed
in little girls so that we might expect the
value of H for females on the Pd scale to be
jess than that for males, The resuits for
Factor E, Sabmissiveness versus Dominance,
and for Surgency reveal the same pattern of
greater heritability for males than females.
This attempt at an environmental explanation
for the sex difference observed in trait herita-
bikity should not be thought of as appropriate
for all the patterns observed,

Factorially Derived Scales versus Empirically
Derived Scales

The positive correlational resulis for the
1 of 14 HSPQ factors could have been at-
tributed to chance. In comparison with the
positive results for 5 of the 10 MMPT scales,
the harvest from the factorially derived per-
sonality test looks poor. ‘The validity of & of
the 14 HSPQ scales was cast into doubt by
finding a zero correlation between identical
twins, Many psychologists (eg., Hall &
Lindzey, 1957} have noted that factors de-
rived by factor analvsis are often not psy-
chologically meaningful and do not agree with
reality. Perhaps the empirical derivation of
the MMPI scales was such as to allow Nature
to he carved, albeit imperiectly, at the joints.
The ease with which MMPI scales can be
factoreé into subscales may mean that the
original scales and those derived in similar
fashion are equivalent fo the large second-
order factors of the factor apalysts. The Si
scale, for example, correlates with 10 of Cat-
tell’s factors (Karson, 1958). Demonstration
of behavioral correlates for factors, such as
Eysenck’s (1950} criterion analysis, could
result in a formidable merger of the ideas of
Cattell, Eysenck, Hathaway, and Meehi,

Fate of Attempls at a Holistic View of
Personality

Although all three stalistical measures of
MMPI profile similarity, rho, D), and TT,
tended to suppor! the hypothesis of greater
personality similarity between isogenic indi-

viduals, only the clinical judgments of simi-
larity gave substantial support. Inasmuch as
the statistical method usually surpasses the
clinical in psychology (Meehl, 1954), these
findings require close attention. Factors fa-
voring successful clinical prediction in a profile
sorting task have been suggested by Meehl
{1959), Perhaps the most directly relevant
{actor he mentioned was the clinician’s ability
to analyze a configural relationship existing
between predictor variables and a criterion,
when the function is not derivable on rational
grounds.

Even casual Inspection of the results of the
chinical judgments of personality similarity are
conducive to accepting the peneral hypoth-
esis of this research—the greater the gene
similarity, the greater the overall personality
simiarity. The judging task required a dis-
crimination between sisters, for example, of
the same sge, with the same parents, sharing
more or less the same environment for their
entire Hves, but who differed in the amount
of genetic overlap by a factor of enly two.
We might speculate that the task would have
been easter had the pairs consisted of un-
related individuals or first cousins of the same
age, sex, and social class background con-
trasted with identical twins. Misjudgments
from the pooled ratings of the judges afford
some insight to the range of heredity-environ-
ment interactions. The amount of variahility
available to the same genotypes is shown by
the fact that 10 of the 34 pairs of identical
twins’ profiles were classified as dissimilar,
Conversely, the lack of variability in per-
sonality available to genotypes with only hal
their genes in common is shown by the fact
that 12 of the 34 fraternal twins’ profiles were
classified as similar,

Summary and Conclusions

The present study was carried out in the
context of behavior genetics, the interdis-
ciplinary science combining the knowledge and
procedures of modern genetics with those of
psychology. By means of the classical twin
method, as it has been recently improved, and
ebjective personality tests, the purpose of the
research was to answer the question, how much
of the variability observed within a group
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of individuals in a specified environment on
specific measures of specific personality traits
s attributable fo genetic factors? It was
recogrized that the genetic variance, herita-
bility {(H}, could wvary according to such
things as age, sex, culture, frait, and method
of trait assessment, _

Among the key constructs from genetics,
reaction range and polygenic inkeritance sre
central to the methodology used and inter-
pretation of results. Heredity fixes g reaction
range; within this framework a genotype de-
termines an indefinite but circumscribed as-
sertment of phenotypes, each of which corre-
sponds to one of the possible environments
to which the genotype may be exposed. The
classical Mendeiian model of dominant and
recessive gene inheritance will not handle
the data on continuous varfation, the kind
observed with human behavior. Polygenic
systems are posited to account for quantita-
tive inheritance, the phenotypic effects being
simply a function of the number of genes
present. Both the twin methed and its limi-
tations were discussed,

Thirty-four pairs each of identical (MZ)
and fraternal (DZ) same-sex adolescent twing
from the public high scheols of Minneapolis,
St. Paul, and Robbinsdale, Minnesota, served
as the sample. The entire population of same-
sex twins among the 31,000 children in the
schools was first enumerated. Forty.five pairs
of girks and 23 pairs of boys volunteered which
represented 75% and 43%, respectively, of
the total pessible twin pairs available in the
selected sample of schools. Disregarding sex,
the twins comprised 609 of the possible 113
pairs,

At the iime of testing, the twins Glled out
a persenal history data sheet, the Minnesota
Multiphasic Personality Inventory (MMPI),
and Cattell’s High School Personality Ques-
tiornaire (HSPQ); they were weighed, meas-
ured for height, fingerprinted, and photo-
graphed. The diagnosis of zygosity was based
upon extensive blood grouping with respect
to nipe blood groups. This resulted in 100%
accuracy in the diagnosis of DZ twins and at
least 95% for MZ twins. A methodological
contribution to twin diagnesis was made by
the comparison of the accuracies of various
methods and their combinations. Blood typing

is necessary and sufficient for the accuracy
required in human behavior genetics research,

Each scale of the two personality tests and
the school recorded Otis IQ were first analyzed
by means of the intraclass correlation coeffi-
cient for the two classes of twins ané for sex
differences. Subsequent to this analysis, the
heritzbility indexes were computed; H is de-
fined as the proportion of personality scale
variance attributable to genetic factors, The
correlation analysis of the 14 HSPQ scales
suggested that two factors {F, Sober, Serious
versus Enthusiastic, Happy-Go.Lucky, and Q.,
Group Dependency versus Sebf-Sufficiency)
had significant genetic (ie, gene determined)
components, The correlation anpalysis of the
10 MMPI scales resulied in five, Scale 2
{Depression), Scale 4 ({Psychopathic Devi-
ate), Scale 7 (Psychasthenis}, Scale 8 {Schizo-
phrenia), and Scale 0 (Secial Introversion),
which appeared to have significant genetic
components.

Within the limits of the assumptions, the
atfempt at quantification of the proportion
of scale variance accounted for by heredity
gave positive results for six of the HSPQ
factors. Factors E, Submissiveness versus
Dominance; H, Shy, Sensitive versus Ad-
venturous; and J, Liking Group Action versus
Fastidiously Individualistic showed appreci-
able variance accounted for by heredity but
with environment predominating, Factors T,
Q., and O, Confident Adequacy versus Guilt
Proneness, showed about equal contri-
butions of heredity and environment. The
same kind of analysis of the MMPI gave
positive results for § of the 16 scales. Seales
7 {Psychasthenia}) and 8 (Schizophrenia)
showed appreciable varlance accounted for
by heredity but with environment predominat-
ing. Scales 2 {Depression) and 4 (Psycho-
pathic Deviate) showed about equal contri-
butions of heredity and environment. Scale §
{Social Introversion) showed a predominance
of variance {H=.71) accounted for by he-
redity, The value of H for the Otis IQ in
this study was .62.

Following the scale-by-scale analysis, three
holistic statistical analyses and one clinical
holistic analysis of the MMPT profiles were
done. The rank-difference correlations (rho}
for the coded MMP] profiles, the generalized
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distance function (D}, and a measure of test
item verbal behavior concordance (771} all
showed a tendency for the MZ profile pairs
{0 be more similar. The tendency was not
strong encugh tfo discriminate between the
two classes of twins on the basis of any of
the three measures, Clinical judgmenis of
profile similarity by three experts supported
the general hypothesis that the greater the
gene similarity, the greater the personality
similarity. The pooled accuracy of the agree-
ment of clinical judgments of MMPI profile
similarity with twin zygosity was 68% (p=
£005),

Elaboration of the various bicchemical or
structurat differences in the gene to behavier
pathway which correspond fo the results re-
ported here might be intellectuanlly satisfying,
but progress in personality genetics need not

await this step, A useful taxonomy of the
aspects of behavior termed personality can be
facilitated by the use of relatively invariant
psychometric configurations to describe be-
havioral phenotypes. An important by-prod-
uct of the study of twins and a concern with
human behavior pgenetics is the emphasis
given to the need for a multidisciplinary
analysis of behavior ranging from biochemistry
through: evolution. Granting that the difficul-
ties in accarately assessing the contribution
of heredity to variation in socially important
behavior are great, such efforts will not have
been in vain H they coniribute to a greater
understanding of the sources of individual
differences. The provision of an optimum
environment for the optimum development
of the varicus aspects of human behavior
should follow such increased understanding.
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