
Behavior Genetics, Vol. 8, No. 4, 1978 

Genetics and Personality Inventories: The Limits of 
Replication with Twin Data 
Gregory Carey, 1 H. Hill Goldsmith, x Auke Tellegen, ~ and 
Irving I. Got te sma#  

Received 18 Aug. 1977--Fina110 Feb. 1978 

The consistency o f  twin data with personality questionnaires is examined 
using all reported twin samples which have been administered the California 
Psychological Inventory. The scale correlations for the M Z  twins are fairly 
consistent across different samples while the correlations for DZ twins fail 
to show as much consistency. Differences, moreover, between M Z  and DZ 
correlations fail to replicate across samples. Sampling error and sampling 
bias are proposed as the major reasons for the inconsistency, and when 
these factors are taken into account the resulting heritabilities suggest that 
the CP1 scales loading on the extraversion-introversion factor are the most 
heritable. The implications o f  sampling error and sampling bias for estimat- 
ing genetic parameters from correlational twin data, for uncovering dif- 
ferential heritability o f  personality traits, and for designing future research 
are discussed. 

KEY WORDS: twins; personality; heritability; genetics; California Psychological Inventory; 
extraversion; introversion; replication. 

INTRODUCTION 

A close examination of the twin literature on genetic aspects of personality 
traits reveals controversial interpretations of the data. Thompson and Wilde 
(1973) reviewed much of the literature and reported that heritabilities for 
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similar measures do not replicate well across different studies. They posit a 
number of explanations for this, most of which assume that environmental 
variance is not equal across different samples; thus the same trait may differ 
in heritability when samples are drawn from different sections of the 
country or from different social classes. This conclusion has important 
implications for genetic research on personality since it should focus atten- 
tion on those particular aspects of the environment which will affect the 
influence of genes. This theme has not been exploited except by a few others 
such as Dworkin et  al. (1976), who focused on the moderating effects of age 
on heritability. With the recent publication of Loehlin and Nichols's (1976) 
analysis of the National Merit Scholarship Qualifying Test twins, another 
opinion emerged. Using a variety of personality measures including the 
California Psychological Inventory (CPI), Loehlin and Nichols randomly 
subdivided their 850 pairs of twins and tested whether the 18 CPI scales 
were Similar in the subsamples in their ordering of the differences between 
monozygotic (MZ) and dizygotic (DZ) correlations. Looking only at the 
differences between MZ and DZ twins, they failed to find any consistency 
either for males or for females. From this, and from the observation that 
MZ twins almost always correlated higher than DZ twins, they concluded 
that MZ correlations tended to be around 0.50 and DZ correlations about 
0.30, with the difference between the two deviating from 0.20 only because 
of sampling error. Thus they argue for a ubiquitous genetic influence on 
personality that is equal in magnitude (although not necessarily qualitatively 
the same) from trait to trait. That is, there is little, if any, di f ferent ial  
heritability of personality traits. The authors treated this lack of differential 
heritability as a fairly general phenomenon and considered it important 
enough to seek an explanation for it in evolutionary theory. 

Implications of the Loehlin and Nichols's (1976) findings and conclu- 
sions are profound for research in heredity and personality. First, they 
imply that with twin data traditional correlational analysis for a given 
sample is unlikely to reveal meaningful differences in heritability between 
traits or between groups. What differences that do appear may be 
equivocally interpreted as sampling fluctuations from the MZ-DZ dif- 
ference of about 0.20 or as substantive differences in the traits or groups of 
interest. Second, anyone doing univariate research with twins must realize 
that there is a very high a pr ior i  probability that the variable will show some 
heritability. (From a Bayesian viewpoint, therefore, it might become more 
interesting to identify substantive personality traits which show no genetic 
influence.) Indeed, Loehlin and Nichols's findings may in part reflect the 
circumstance that the CPI, along with other personality inventories and 
measures, was not designed to measure independent trait dimensions, let 
alone distinguish "heritable" from "'environmental-mold" traits. Further- 
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more, future attempts to sort out highly heritable from highly environ- 
mental traits may be difficult or even fruitless in view of the problems 
discussed in this article and would certainly require personality scales dif- 
ferent from those analyzed by Loehlin and Nichols. 

In this article we will examine the cross-sample consistency of twin 
data with a single personality inventory, the California Personality Inven- 
tory (CPI). Contrary to Thompson and Wilde (1973) and Loehlin and 
Nichols (1976), however, we will look for more consistency to these data 
than previously realized and will suggest that sampling error and sampling 
bias are probably largely responsible for the observed inconsistencies. When 
the data are reanalyzed to take these two sampling variables, into account, a 
more orderly pattern emerges. The heritabilities of the CPI scales parallel 
the factor structure wherein the extraversion factor has the heaviest genetic 
loading. 

THE SAMPLES 

Three separate twin samples have been administered the CPI. Some 
discussion of these samples is necessary since they differ in selection and 
composition. 

The first of these, Gottesman (1966), was ascertained by systematically 
canvassing high school districts in and around the Boston area for twin 
volunteers. The final sample consisted of 79 pairs of MZ twins (34 male and 
45 female) and 68 pairs of same-sexed DZ twins (32 male and 36 female) 
who were personally administered both the Minnesota Multiphasic Per- 
sonality Inventory and the CPI. Of the three samples discussed in this 
article, Gottesman's contains both the fewest and the youngest twins; the 
adolescents in this sample were in grades 9-12. It can be considered a fairly 
representative sample of Caucasian, public school enrolled twins in the 
Boston area. 

In the same year, Nichols (1966) published results for the National 
Merit Scholarship twins and the CPI. His was a nationwide if elite sample, 
starting with all same-sexed pairs in the eleventh grade who both had taken 
the National Merit Scholarship Qualifying Test (NMSQT), attended the 
same high school, and lived at the same address. This gave a starting sample 
of 1507 pairs. Of these, all twins who had completed a reliable and valid 
zygosity questionnaire were mailed a battery of psychometric inventories 
including the CPI. The final sample has been reported in Loehlin and 
Nichols (1976) and numbered 850 pairs who both had completed the 
zygosity questionnaire and the CPI. Of the total, 514 were MZ (217 males, 
297 females) and 336 DZ (137 males, 199 females). Although the sample is 
large, it undoubtedly missed a number of twins who differed enough in 
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intellectual ability, academic achievement, and motivation that only one 
member took the NMSQT; however, this did not result in a drastic reduc- 
tion in either MZ or DZ correlations for NMSQT scores as might have 
been expected from selecting such a narrow range of academic ability 
(Loehlin and Nichols, 1976). The few scales for which the means and stand- 
ard deviations in this sample differ from the CPI normative samples are 
examined by Loehlin and Nichols (1976, Tables 2-3 and 2-4). More relevant 
to the resulting intraclass correlations, the method of sample selection 
might have led to lowered within-pair variance for personality variables 
related to achievement, motivation, and cooperativeness. Since arriving at 
an estimate of an appropriate population value of the within-pair variance is 
one of the purposes of these studies, this last type of sampling bias cannot 
be investigated empirically with the data available. Typical of most samples 
where twins are asked to volunteer for research, the Nichols sample had a 
deficiency of fraternal pairs and males. The sample was also older than 
Gottesman's. They were a single cohort at the college freshman age when 
they completed the CPI, and therefore age differences do not contribute to 
the among-pairs variability. 

The most recent study is that of Horn et al. (1976). The initially 
ascertained sample was the National Academy of Sciences-National 
Research Council twin panel first reported by Jablon et al. (1967). From the 
initial pool of all white male twins born between 1917 and 1927 in 46 states, 
those pairs in which both members survived, served in the armed forces, and 
registered with the Veterans Administration composed the potential sample 
(see Feinleib et al., 1976, for further details of sample composition). Horn's 
data came from a subsample of such registered pairs (99 MZ and 99 DZ) 
who were living in California and formed part of a larger study of per- 
sonality predictors of heart disease. They were administered the CPI at an 
average age of about 48 years. The requirement that both twins be members 
of the armed forces introduces selection into the sample since it constitutes 
a screen for mental and physical health during young adulthood. It is dif- 
ficult to predict how much this would affect cotwin similarity for the CPI 
traits. Since many of the twins were of draft age during World War II, we 
would expect the pairs to be less highly selected than if they had all been 
volunteers. 

Nichols (1966) in comparing his results with Gottesman's claimed that 
the two studies did not agree on the traits for which heredity had a signifi- 
cant influence or for which there were significant heritable differences 
between the sexes. This, and his findings that all scales showed some degree 
of heritability, led Nichols to fault the twin method itself. He hypothesized 
a large covariance factor within twin pairs which affects MZ pairs much 
more than DZ pairs for self-report type questionnaires. However, Horn et 
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al. (1976) reasoned that, if Nichols were correct, then scales in his sample 
where the MZ correlation exceeded twice the DZ correlation by a standard 
error or greater should show the same pattern in Horn's twins. But they do 
not. Of the eight scales which fit this pattern in Horn's data, only two are 
the same as Nichols's scales. 

Like Nichols, Horn et al. (1976) found all the scales, even Commu- 
nality, the validity scale, to be heritable. In order to test whether item 
overlap of the CPI is responsible for this, they "purified" the scales by 
removing all items which were scored on more than one scale. This 
procedure did increase the range of the heritabilities and resulted in 
some scales (Femininity and Responsibility) having zero heritability, but 
without further analysis we cannot determine the degree to which the scale- 
purification process or decreased reliability of some of the shortened scales 
led to this result. At any rate, this result suggests the possibility of dif- 
ferential heritability. 

We will try to demonstrate that the CPI data are replicable and that 
there is one consistent reason for the discrepancies noted above--sampling 
error. Here the term "sampling error" includes two different sources of 
error, both derived from sampling procedures. The first is the usual mean- 
ing referring to the differences observed in a statistic when different samples 
are randomly derived from the same population. Here error depends on the 
size of the statistic and the number of individuals in the sample. 
Gottesman's smaller samples are, of course, most subject to this type of 
error. The second kind of error will arise when samples are drawn not 
randomly, but according to some selection criterion. Here the observed 
statistic will depend on the extent to which the selection criterion biases the 
statistic from the true population value and actual sample size may be of 
minor importance. It is assumed that, of all the studies, Nichols's and 
Horn's samples are most subject to the second type of error, but that the 
bias is not so extreme that it destroys replicability. 

ANALYSIS OF HERITABILITIES 

For each CPI scale for each sample, the Falconer (1960) heritability 
was either taken from the published account or calculated from the raw 
data. The scale heritabilities were then correlated for each pair of samples. 
That is, the Dominance heritability from qne sample was paired with the 
Dominance heritability for another sample, the Capacity for Status 
heritability with the Capacity of Status heritability, and so on. The "sub- 
jects" are the CPI scales themselves, and the "subject's score" is the scale's 
heritability for a given sample; therefore, resulting correlations indicate how 
well the heritabilities for the scales order themselves from one sample to the 
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Table I. Product-Moment Correlations Between the Scale 
Heritabilities for the Five Samples of Twins a 

Gottesman 
Males 
Females 

Nichols 
Males 
Females 

Horn 
Males 

Gottesman Nichols Horn 

Males Females Males Females Males 

0.00 --0.15 0.11 --0.30 
0.17 0.26 0.03 

--0.30 0.26 
0.49 b 

a Values above the diagonal are for Falconer (1960) heritability 
formula: h 2 = 2 (Rr~z - RDZ). 

O p < 0.05. 

next. These correlations are presented in Table I. For Falconer's formula, 
there is only one significant correlation--that  between Nichols's females 
and Horn's  adult males. The rest of the correlations do not even show a 
positive manifold, indicating a marked lack of consistency. 

ANALYSIS OF INTRACLASS CORRELATIONS ACROSS 
STUDIES 

Heritabilities are usually some function of the difference between MZ 
and DZ correlations, and difference scores are particularly sensitive to error 
(see Discussion section). This problem may be avoided by comparing studies 
in terms of the MZ and DZ intraclass correlations, which have substantive 
meaning themselves. The MZ and DZ correlations can be considered dif- 
ferent degrees of "familial-ecological similarity" due to genotype and/or  
common environment (Goldsmith and Gottesman, 1977). Using intraclass 
correlations as a criterion for agreement allows an evaluation of the consis- 
tency of results across studies independently of whether or not the scales 
are, in reality, differentially heritable. 

After z transformation, 2 the scale correlations for the CPI  were corre- 
lated across samples in the manner described above for the heritability 
statistics. The results are reported for both zygosities in Table II. The strik- 
ing finding is the relatively high degree of replicability across samples for 
the MZ scale correlations and its absence for the DZ samples. Indeed, for 

2 In this study, correlations were always transformed to Fisher's z scores before any arithmetic 
operations. Results were converted back to correlations for presentation. 
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the MZ twins, Gottesman's females, Nichols's males and females, and 
Horn's males show a highly significant similarity in their ordering of the 
scale correlations (the only exception being the relationshi p between the two 
sexes in Nichols's sample). Gottesman's male MZ twins do not correlate 
with any of the other groups. They have the smallest number and are among 
the youngest, so perhaps these factors are responsible. The male MZ sam- 
ples correlate with the female MZ samples as do the adolescent samples 
with the adults, who were twice the age of the high school and college sets at 
the time of testing. The reliabilities of the CPI scales are not responsible 
for this replicable ordering of the traits among the MZ samples, for the 
same pattern emerged when the test-retest reliabilities reported by Gough 
(1969) and the internal consistency reliabilities reported by Megargee (1972) 
were partialed out. Communality, Psychological Mindedness, and Femi- 
ninity, however, probably have low correlations across all groups because of 
low reliability. 

The DZ scale correlations (Table II) show no consistency except for 
Horn's males and Nichols's females. That these two groups should show 
similar orderings is not surprising since they revealed similarity for both 
MZ correlations and heritabilities (Table I). 

The DZ scale correlations are not completely unreliable since they cor- 
relate with the MZ scale correlations (Table III). Only one of the DZ sam- 
pies, Nichols's males, fails to show a significant correlation with at least one 
of the MZ groups. Because the DZ samples have both fewer pairs (in the 
Gottesman and Nichols samples) and smaller scale correlations than the 
MZ samples, DZ correlations will have larger standard errors than MZ cot- 

Table II. Product-Moment Correlations Between the Scale 
Intraclass Correlations for All Five Samples ~ 

Gottesman Nichols Horn 

Males Females Males Females Males 

Gottesman 
Males 
Females 0,13 

Nichols 
Males 0,36 
Females 0.25 

Horn 
Males 0.03 

0.28 0.21 0.19 0.37 
0.70 b 0,63 ~ 0.86 c 

-0.22 0.43 0.68 b 
0.21 0.13 0.77 ~ 

0.25 0.17 0,67 b 

Values above the diagonal are for MZ twin groups, and 
values below the diagonal are for DZ twin groups~ 

b p < 0.01 (two-tailed). 
cp  < 0.001 (two-tailed). 
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Table III. Correlations Between the M Z  and the DZ Samples 
for the Scale Intraclass Correlations 

M Z  samples 

Got tesman Nichols Horn  

DZ samples Males Females Males  Females Males  

Got tesman 
Males  0.25 0.17 0.46 ~ 0.16 0.32 
Females 0.23 0.50 ~ 0.26 0.21 0.46 a 

Nichols 
Males 0.29 - 0 . 0 4  0.24 - 0 .04  -0 .01  
Females 0.21 0.66 b 0.74 ~ 0.73 c 0.65 ~ 

Horn 
Males  0.39 0.67 ~ 0.60 ~ 0.29 0.49 ~ 

a p < 0.05 (two-tailed). 
bp  < 0.01 (two-tailed). 
c p < 0.001 (two-tailed). 

relations. Thus it is not surprising that we find little consistency across the 
DZ samples. But when these same samples are correlated with more robust 
criteria (the MZ groups), some consistency is apparent. 

Another possible contributory factor to the lack of consistency in DZ 
scale correlations is differences in sampling of the mean genetic overlap 
within pairs of DZ twins. Only on the average would one expect a sample of 
DZ twins to share 50% of their genes. Small sample sizes or selection bias 
could result in DZ groups which share more or less than 50% of their genes, 
thus attenuating DZ similarities across samples. This, however, should not 
be a major factor if the relevant genes are distributed over many of the 
roughly 50-80 segregating units of the haploid chromosomal complement 
(based on chiasma counts from McDermott, 1973). 

ANALYSIS OF THE COMBINED RESULTS OF ALL SAMPLES 

According to the sampling error hypothesis, the mean MZ and DZ cor, 
relations for each of the CPI scales would be more accurate estimates of the 
true population value than any of the correlations from a single study. 
Therefore, the mean correlation for each CPI scale was calculated for the 
five MZ samples and for the five DZ samples. The results of this procedure 
are reported in Table IV along with the Falconer heritabilities. A scaling 
procedure which weighted the correlations for sample size was also tried, 
but the results did not differ substantially from those reported here. The 
heritabilities given in Table IV are presented as a rough ordering of the 
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Table IV. Mean MZ and Mean DZ Intraclass Correlations and 
Heritabilities for the 18 CPI Scales 

CPI scale MZ R DZ R Falconer h ~ 

Dominance 0.59 0.31 0.56 
Capacity for Status 0.61 0.46 0.30 
Sociability 0.54 0.21 0.66 
Social Presence 0.54 0.28 0.52 
Self-Acceptance 0.51 0.23 0.56 
Welt-Being 0.46 0.31 0.30 
Responsibility 0.49 0.33 0.32 
Socialization 0.47 0.25 0.44 
Self-Control 0.52 0.30 0.44 
Tolerance 0.52 0.32 0,40 
Good Impression 0.48 0.23 0.50 
Communality 0.30 0.12 0.36 
Achievement (Conformance) 0.40 0.25 0,30 
Achievement (Independence) 0.53 0.37 0.32 
Intellectual Efficiency 0.54 0.38 0.32 
Psychological Mindedness 0.43 0.21 0.44 
Flexibility 0.50 0.30 0.40 
Femininity 0.42 0.25 0.34 

t ra i t s  in t e rms  o f  thei r  genet ic  " l o a d i n g , "  not  as po in t  es t imates  o f  the  
var iance  a t t r i bu t ab l e  to  genet ic  sources.  

F o r  every scale the  M Z  cor re la t ion  is higher  than  the DZ,  resul t ing in 
m o d e r a t e  her i tabi l i t ies  for all the t rai ts .  Tha t  this is not  s imply an ar t i fac t  
o f  the sea l ing  p rocedure  but  a rep l ieab le  result  f rom all the individual  
studies is g raph ica l ly  i l lus t ra ted  in Fig. 1 for the  first  five C P I  scales. The  

Dominance 

Capacity 

Sociability 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Social 
Presence ~ ~_ = _~-. 

Self 
Acceptance ~ . . ~  

_L J -~J i 
0 .20 .40 .60 .80 

CORRELATION 

o female MZ sample 
I, femclle DZ s0mple 

mote MZ somple 
A m0~e DZ sa~ple 

Fig. L Plot of the intraclass correlations for the five samples of MZ twins and five samples of 
DZ twins for the first five CPI scales (the factor II or extraversion scales). 
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mean of MZ correlations for each scale is clearly greater than the mean of 
DZ correlations, and for all five scales there are only three cases of overlap 
between the MZ and DZ correlations. 

The most noteworthy feature of Table IV is that the Falconer 
heritabilities are associated with the factor structure of the CPI. Megargee 
(1972) has noted that in all 20 published factor analyses two major factors 
are always extracted which account for the bulk of the common variance in 
the scale correlations. Some of the analyses extract additional smaller fac- 
tors, but they are less stable and are defined by fewer variables than the two 
major factors. The second major factor, marked by the Dominance, 
Capacity for Status, Sociability, Social Presence, and Self-Acceptance 
scales, has been labeled an extraversion factor (Gottesman, 1966) and a 
person-orientation factor (Nichols and Schnell, 1963). The scales loading 
this factor show the highest MZ-DZ differences in Table IV. The sole 
exception is the Capacity for Status scale, and there is a very good reason 
why this scale does not show as high a heritability as the others. This 
particular scale was empirically keyed against a criterion of socioeconomic 
status, and for samples of young twins socioeconomic status will be constant 
within pairs. Thus, while the heritability is low, the Capacity for Status 
scale has the highest mean MZ and the highest mean DZ correlations of all 
the scales. 

Also lending credence to Table IV is the fact that only one scale, Socia- 
bility, has a DZ correlation substantially less than one-half the MZ correla- 
tion. In all three of the single studies, there are a number of cases where 
scales have DZ correlations which are appreciably lower than one-half the 
MZ correlation, a result which is at odds with a simple model postulating 
only additive genetic effects (Falconer, 1960). Moreover, as mentioned pre- 
viously, those scales which show this phenomenon in one study are not the 
same ones which show it in other studies. This observation is in keeping 
with a sampling error hypothesis since extremely low DZ correlations 
should be the result of error which will cancel out in the averaging process. 

The similarity of the two zygosities in their ordering of the CPI scales 
apparent from Table III is maintained in Table IV. The mean MZ and DZ 
scale correlations correlate 0.74 (p < 0.001), again indicating that error in 
the single estimates of the DZ correlations is reduced when the mean is 
taken and also providing justification for the operations performed in 
Table IV. 

SEX EFFECTS 

Female cotwins are more similar than males on a variety of self-report 
personality measures (Gottesman, 1963; Goldsmith and Gottesman, 1977; 
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see Vandenberg, 1967, for review). This general finding holds in the CPI 
data in a weak but consistent fashion. By calculating the mean intraclass 
correlation for the males and females separately in the manner described for 
Table IV, we find that for the MZ pairs the mean intraclass correlation for 
the females is higher for 16 of the 18 scales, while for the DZ pairs the 
females have a higher mean correlation on 12 scales. Still, the ordering of 
the mean scale correlations for the sexes is similar in the MZs (r = 0.70, 
p < 0.01), but less so in the DZs (r = 0.37,p = n.s.). This indicates that for 
the majority of the traits measured by the CPI, familial factors (genetic 
and/or environmental) are slightly more potent in producing similarities in 
female twins. Familial factors may interact with sex to make females more 
alike on some traits and males more alike on others since both Femininity 
and Psychological Mindedness had lower female correlations in both MZ 
and DZ groups. 

AGE EFFECTS 

Dworkin et aL (1976) recontacted a subsample of 25 pairs of MZ and 
17 pairs of DZ twins who had been members of Gottesman's original 
Boston sample. They had a mean age of 27.9 years at the time of follow-up. 
The correlation of the MZ scale correlations of this mixed-sex, adult sample 
with Horn's adult males (r = 0.46) is higher than that with Gottesman's 
adolescent males ( r  = -0.05) and equal to that with Gottesman's adolescent 
females (r = 0.45) even though subject overlap should have spuriously 
inflated the latter two values. 

For each MZ sample, the best consistency with regard to the order of 
scale correlations is attained when the sample is compared to Horn's males. 
A speculative interpretation of the observation (Table II) that Gottesman's 
MZ females show a low correlation of 0.28 with his similarly selected males 
but a correlation of 0.86 with Horn's males (and a similar but less striking 
finding involving Nichols's two samples and Horn's males) is that the 
females have a more "'psychologically mature" personality than their male 
counterparts at a given age during adolescence. While intriguing, such an 
interpretation cannot be strongly supported with the present data. 

DISCUSSION 

Sampling error of statistics and sampling bias seem to be the most 
systematic causes for the above observations. For reasons detailed in the 
text, these two factors can explain why DZ correlations stand a smaller 
chance of replicating than MZ correlations. Also, when error variance due 
to sampling is reduced by taking the mean estimate across samples, the data 
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conform to an additive genetic model and the differences between MZ and 
DZ correlations mirror the factor structure of the CPI. Any other explana- 
tion of the data would have to postulate complex zygosity x sex • age 
interactions. While these interactions cannot be ruled out, sampling bias 
plus random sampling error remains the simplest, most parsimonious expla- 
nation for the observation. 

There are a number of important implications for twin research which 
derive from consideration of sampling error. Heritability estimates from 
correlations usually involve taking the difference between the MZ and DZ 
correlations and then either dividing or multiplying this difference by a 
certain amount. The heritability statistic is thus analogous to a change or 
difference score which retains all of the error variance but only a portion of 
the reliable variance of the two original measures and whose unreliability 
increases when the measures are correlated (Nunnally, 1967). The herit- 
ability statistic suffers from the unreliability of the DZ samples and the 
correlation between MZ and DZ correlations and hence fails to replicate. 
This is not surprising given the large standard errors for heritability esti- 
mates (Cavalli-Sforza and Bodmer, 1971; Klein et ai., 1973; Klein, 1974; 
Loehlin et al., 1975). 

It should be noted that our criticism of heritability estimates applies 
only to correlational data. Other methods of analyzing genetic data may 
uncover more replicable estimates of genetic parameters. 

The unreliability of difference scores may be one of the reasons why 
Loehlin and Nichols (1976) report a lack of consistency in their random 
subsamples of the NMSQT twins while we report consistency across dif- 
ferent samples. They ranked the differences between MZ and DZ correla- 
tions, while our analysis suggests that the consistency is in the correlations 
themselves. Further, the random subdivision of a sample does not, of 
course, guarantee that the subsamples will be exact replicates. The correla- 
tion across scale correlations between the two male MZ subgroups in 
Loehlin and Nichols's study is 0.30, but one of them correlates 0.69 and the 
other 0.33 with Horn's MZs. The two female MZ subsamples show the 
same pattern of resembling Horn's (0.46 and 0.73) more than each other 
(0.38). Thus the Loehlin and Nichols random subsamples are more 
consistent (although not significantly so) with other samples than with each 
other, and this encourages us to implicate sampling fluctuations as a main 
source of variance in the correlations across different studies. 

The data presented here suggest a different emphasis from Loehlin and 
Nichols on personality measures. First, they report a "typical" correlation 
of 0.50 for MZ twins (p. 37 and p. 87); we draw attention to reliable dif- 
ferences among the correlations. Second, in Loehlin and Nichols's dis- 
cussion of differential heritability, they focus on the individual scale scores 
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of the CPI. Our own data shift that emphasis to the factor structure and 
indicate that the extraversion domain of personality may be more heritable 
than the other domains measured by the CPI. 

The reason that individual scale correlations would not show dif- 
ferential heritability can be traced to the development and nature of the CPI 
scales themselves. The majority are empirically keyed and have considerable 
item overlap. On the average, 56% of the items on a scale are shared with 
other scales; this figure ranges from 0% to 96%, with the great majority of 
mutual items being scored in the same direction. Error variance associated 
with these mutual items will also be common to the sc, ales involved. The 
result is that there is little consideration for discriminant validity (Campbell 
and Fiske, 1959), so several scales are likely to measure closely related 
dimensions. The extent to which a single personality factor is measured by a 
number of different scales would result in similar heritabilities for all those 
scales. Thus only two or so distinct traits may be measured by the CPI, and 
differential heritability, or the lack of it, should be examined with these 
traits, not the individual scales. In short, there might be differential 
heritability for personality traits, but attempts to uncover it with an instru- 
ment like the CPI, with small numbers of twins, and/or with a single biased 
sample could be hazardous. Pooling results from different studies may, 
however, reveal a more orderly set of relationships as the present analysis 
suggests. 

The present analysis also has important implications for sampling in 
twin studies. Many studies of large samples of twins like the NMSQT twins 
or the English twins reported by Eaves and Eysenck (1975, 1976) rely on a 
recruitment method which favors the self-selection of twin pairs. Typically 
their samples have too few DZ and too few males to be considered random 
samples from a population of twins. The magnitude of such a bias is 
unknown, but it could be large enough to distort sensitive estimates of 
genetic parameters even with large sample sizes. On the other hand, small- 
scale studies, however carefully designed to minimize self-selection, may not 
yield a large enough number of twins to reduce the standard errors of statis- 
tics sufficiently to allow for accurate estimation. In designing future 
research, sample size considerations should be aimed at DZ twins whose 
correlations are most prone to fluctuation. From the various DZ sample 
sizes reported here, Horn's correlations from 99 pairs replicate while 
Nichols's DZ male correlations from 137 pairs fail to do so. As a "first 
guess," then, as many as 100 carefully ascertained DZ pairs may be needed 
for accurate correlational analysis. 

The relative consistency of the M Z  correlations suggests that their use 
alone will be profitable in certain study designs especially when numbers are 
small. That is, MZ twins yield replicable correlations across different 



312 Carey, Goldsmith, Tellegen, and Gottesman 

measuring scales, and it should be possible to use these as a criterion for 
validating hypotheses about personality. Goldsmith and Gottesman (1977) 
have demonstrated such an approach for the construct validity of per- 
sonality scales, and their criterion of familial, not simply genetic, similarity 
may be powerful for this purpose. Only using MZ correlations in 
multivariate analysis of personality items or scales could provide a more 
robust and replicable criterion for "bootstrapping" (Cronbach and Meehl, 
1955) dimensions of personality than using the difference between MZ and 
DZ correlations. Such data would not uncover "what the genes are up to," 
but the increment in replicability may initially be more important for per- 
sonality research. On the other hand, when samples are large or when data 
from a series of independent studies are available, then inferences about the 
differences between MZ and DZ correlations may be explored for genetic 
reasons. 
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