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Genetics and Personality Temperament: 
or Complexity? 
Gregory Carey I and John Rice ~ 
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Simplicity 

The role of  simplifying assumptions for genetic models of  personality was 
examined for three traits measured by the Differential Personality Ques- 
tionnaire-Social Potency (dominance), Social Closeness, and Impulsiv- 
ity. A new path model, the THETA model, is introduced and applied to 
summary correlations. Results suggest that assumptions about assorta- 
tive mating, genetic dominance variance, equal environmental variance 
for identical twins, and sex differences were crucial for achieving saris- 
factory fits. Moreover, the assumptions important for one trait were not 
always important for another trait. I f  sampling bias in the correlations is 
minimal, then the genetic and environmental architecture of  personality 
traits may be complex and trait specific. 
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INTRODUCTION 

Much of our knowledge about the genetics of personality comes from 
fitting simple models to twin data. Many different studies, using instru- 
ments as diverse as the Minnesota Multiphasic Personality Inventory 
(Gottesman, 1963, 1966), the California Psychological Inventory (Gottes- 
man, 1966; Horn et al., 1976; Loehlin and Nichols, 1976; Nichols, 1966), 
Eysenck's series of questionnaires (Eaves and Eysenck, 1975, 1976; 
Eaves et al., 1978; Jinks and Fulker, 1970), and other scales (Vandenberg, 
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1967), give similar results. As summarized by Loehlin and Nichols (1976), 
there appears to be a modest heritability of about 0.40 for most dimensions 
of normal personality temperament. Moreover, with the exception of so- 
cial attitudes, twin similarity promoted by environmental influences 
seems very slight. 

However, comparatively little research has been done to examine 
agreement between twin-studies data and other types of family data or 
data on biologically related individuals reared apart. An exception is the 
work of Eaves and colleagues using the personality theory and measures 
developed by Eysenck. Perusal through one publication (Eaves et al., 
1978), written mostly to demonstrate the methods of biometrical genetics, 
reveals a variety of different models for personality and attitudes, even 
for twin data themselves. For females, there may be competition effects 
for sexual satisfaction (pp. 270-271). A sibling who frequently tells the 
truth can enhance his or her own sib's truthfulness (pp. 272-273). Ex- 
traversion appears to follow a simple model (pp. 298-300). Neuroticism 
does not; this trait may involve complex nonlinear age relationships (pp. 
299-301). 

Two recent studies, both comparing foster parent-child correlations 
with biological parent-child correlations, also suggest difficulty in gen- 
eralizing from simple models of twin data to other classes of relatives. 
Loehlin et al. (198 I) reported little similarity for either biological parent- 
offspring resemblance or foster parent-offspring resemblance. A subset 
of well-measured children, however, gave biological parent-offspring cor- 
relations that agreed with the conclusions from twin data. Scarr et al. 
(1981) found more evidence for genetic effects than did Loehlin et al. but 
also remarked that the magnitude of the biological parent--offspring cor- 
relation suggested heritabilities about half that implied by twin data. 

There are several possible reasons why twin data may give higher 
heritabilities than estimates from parent-offspring correlations. Herita- 
bilities estimated as twice the difference between identical and fraternal 
correlations may contain components of dominance variance, including 
epistasis involving dominance deviations (Falconer, 1960). The traditional 
assumption of the twin method-- that  the correlation for trait-relevant 
environments is the same for identical and fraternal twins--may be vi- 
olated. Age effects may also moderate the correlation between genotype 
and phenotype. Since parents and offspring are of different generations, 
changes in heritability with age will affect personality data. On the other 
hand, many offspring and twins are measured in adolescence and young 
adulthood, generally before age 25 years, while parents are tested during 
middle age. Lack of a perfect genetic correlation between the genes that 
affect a trait in late adolescence/early adulthood and the genes that affect 
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the same trait in middle age could result in higher estimates of heritability 
from twin data than from parent-offspring data. The effects of gene- 
environment interaction and gene-environment correlation depend on the 
specific model proposed for each (Eaves, 1976; Eaves et  al.,  1977). Cer- 
tain interactions and covariances involving dominance deviations may 
tend to give higher estimates of heritability from twin data when the simple 
model is applied. 

There are few data on personality with which to explore all these 
possibilities. In the present paper, we view the effects of dominance var- 
iance, a special twin environment for identical twins, and age differences 
using path analysis applied to data on twins, intact nuclear families, and 
foster parents and offspring. The first two of these factors also appear 
critical for parameter estimation with data on IQ (Loehlin, 1978), so it 
will be interesting to see if they are also critical assumptions for data on 
personality. To make the analysis similar to that done by Loehlin, an 
assortative mating parameter will also be examined. 

METHODS 

Data on the Social Potency, Social Closeness, and Control vs. Im- 
pulsivity Scales of the Differential Personality Questionnaire (DPQ) (Tel- 
legen, 1978) were taken from three different sources. Twin correlations 
were extracted from the published work of Lykken et  al. (1978). Corre- 
lations on mates, biological nuclear families, foster parent-offspring, and 
foster siblings were taken from Scarr et  al. (1981). Data on nuclear fam- 
ilies, all biologically related and reared together, from G. Carey (unpub- 
lished) were pooled with the appropriate correlations in the sample of 
Scarr et  al. The Carey study was a study of fears, phobias, and personality 
temperament in 159 families, ascertained through individuals attending 
psychology courses at the University of Minnesota. The three particular 
DPQ scales were chosen simply because they were the only three reported 
by Scarr et  al. The pooled correlations are given in Table I, with details 
of the pooling given in the Appendix. 

Since the DPQ is not a widely known instrument and its development 
was somewhat different from that of many other questionnaires, some 
description is necessary. Tellegen (I 978) began with certain focal concepts 
of theoretical and practical interest to personality psychology and set out 
to measure these focal concepts well. Groups of items were administered 
and factor analyzed; from the results, the traits were slightly redefined 
and new items written to measure the constructs. This process was then 
repeated on a new sample, new factor analyses were done, new items 
were generated, etc. At the end of this iterative sequence, the factor 
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Table I. Pooled Correlations for Path Analysis" 

Control vs. 
Social Potency Social Closeness Impulsivity 

Relationship N R N R N R 

Mates 301 - 0.03 303 0.12 305 - 0.03 
Adoptive 

Father -son  85 0.26 85 -0 .03  85 0.06 
Father-daughter  98 0.06 98 0.04 98 - 0.12 
Mother-son 85 0.04 85 0.03 85 - 0.11 
Mother-daughter  98 0.00 98 0.12 98 0.05 
Son-daughter  34 0.02 34 0.11 34 0.58 

Biological 
Father-son 173 0.18 129 0.11 131 0.14 
Father-daughter  233 0.29 167 0.17 215 0.13 
Mother-son 195 0.14 166 0.26 176 0.05 
Mother-daughter  206 0.12 215 0.17 271 0.15 
Son-son  94 0.21 80 0.21 104 0.04 
Son-daughter  183 0.17 202 -0 .01 164 0,17 
Daughter-daughter  158 0.13 136 0.21 154 0.16 
DZ males 34 0.47 34 0.05 34 - 0.24 
DZ females 72 0.00 72 0.54 72 0.15 
MZ males 79 0.46 79 0.45 79 0.52 
MZ females 152 0.69 152 0.49 152 0.37 

a N is an "estimated N "  for all but the twin correlations. See the Appendix. 

structure of the items was continuously replicated, and the traits them- 
selves possess a high internal consistency and a good discriminant valid- 
ity. Of the three scales analyzed here, Social Potency is a measure of 
dominance. People high on the trait consider themselves as strong, force- 
ful personalities who enjoy being in the social spotlight, like to "make 
the decisions," and seek out positions of leadership and responsibility. 
Social Closeness is a measure of sociability but differs in important ways 
from some other measures of the same name. Individuals high on the trait 
receive satisfaction from being in a group of friends, prefer to talk their 
problems over with other people rather than keeping them to themselves, 
and prefer to work with other people rather than work alone. Individuals 
low on the trait describe themselves as aloof and distant and can enjoy 
leisure and work that involve little social interaction. Thus, Social Clo- 
seness measures affiliation, not the "happy party-goer" that characterizes 
Eysenck's social extravert. High scorers on Control-Impulsivity prefer 
to think before they act, are methodical, and like to have detailed plans. 
Individuals low on this trait are more spontaneous and freewheeling and 
prefer to "play things by ear" rather than have detailed expectations. 
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The internal consistency reliabilities of the three measures, in the 
order given above, are 0.88, 0.87, and 0.86 (Tellegen, 1978). For the Carey 
sample, the age-corrected phenotypic intercorrelations for the three scales 
are as follows: Social Potency and Social Closeness, 0.15; Social Potency 
and Control, -0.13; and Social Closeness and Control, 0.05. For the 
sample of Scarf et at., the respective correlations are 0.26, -0.14, and 
- 0.08. Thus, if there are noticeable differences in the genetic architecture 
underlying different traits of personality, they are more likely to be de- 
tected with scales such as these than with scales having a poorer dis- 
criminant validity and lower internal consistencies. 

Figure 1 illustrates the THETA path model which, for concreteness, 
shows the correlation for a pair of opposite-sex dizygotic (DZ) twins. 
Definitions of the symbols are given in Table II and complete details about 
the assumptions of the model, the derivation of structural equations, and 
the method of estimating parameters are given in the Appendix. 

The parameters 6, r, and s always occur as a product of e with the 
kind of data in Table I. Of the several solutions to this, we chose to 
reparameterize by letting 0 = 6e, rl = re, c (for sibs) = e2s2a, C t (for 
twins per se) = e2s213, and cruz [for monozygotic (MZ) twins only] = 
e2s2~. One can thus obtain maximum-likelihood or weighted least-squares 
estimates of m, h, d, 0, z, c, y, ct, and Cruz and derive values for 4), e, r, 
s, a, 13, and % The model is still underidentified with the limited infor- 
mation in Table I. Because the purpose here is to examine specific as- 

r•'/•'• E I~yl el Y2 e2/E 2~'-'"'\r2 
Zlhl ~ m Y/ z2h2  88 

! ~ ~cb~2 0 2 1 J  L ~  ~ I 

~ 

Pol ~ - -  dl d2 - ~ ' ~  Po2 

Fig. 1, The THETA path model for familial resemblance. The dashed arrows between 
parental G's and parental E 's  indicate that the GE correlation is induced by assortative 
mating and the + pathways and is not a free parameter. The path between the phenotypes 
of mates is a copath (Cloninger, 1980) which is represented by a straight line without ar- 
rowheads. 
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Table II. Explanation of Symbols Used in Fig. 1 and Parameters Estimated 

Symbol Definition 

Subscript 
0 
1 
2 

Observed variable 
P 

Latent variable 
G 
E 
D 
S 

Parameter 
h 
e 
d 

s 

m 
r (derived) 

Offspring 
Male 
Female 

Phenotype 

Additive genotype 
Environment 
Dominance genotype (not shown for parents) 
Residual effects on offspring's environment (not shown for 

parents) 

Effect of additive genotype on phenotype 
Effect of all environmental factors on phenotype 
Effect of dominance genotype on phenotype 
Effect of parental phenotype on offspring's environment 
Residual effects (other than parental phenotype) O n offspring's 

environment 
Phenotypic assortative mating coefficient 
Correlation between additive genotype and environment induced 

by m and 6 
Genetic age differences in the phenotype at early and late 

adulthood (see Appendix) 
Environmental age differences in the phenotype at early and late 

adulthood (see Appendix) 
Correlation between the S's of two siblings, including twins 
Excess in the correlation between S's for twins per se; 13 = 0 for 

ordinary sibs 
Excess in the correlation between S's for MZ twins; ~/ = 0 for 

sibs and for DZ twins (not shown in Fig. 1) 

Parameter estimated Equation 

m m 
h h 
d d 
Z Z 
0 +e 
c (for sibs) e2sZoL 
Cmz  e2s2"~ 
"q (derived) re 

sumptions, we have chosen the following tact. Special twin environments 
and environmental effects across time are ignored. We chose four simple 
models to fit the data initially. They were (1) h only; (2) h, 0; (3) h, c; 
and (4) h, 0, c. Each of these four models was then tested against four 
models, each model adding one, and only one, parameter, with a likeli- 
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hood-ratio chi-square value with 1 degree of freedom used as a criterion 
to assess the effect of that parameter. The four parameters were m, d, 
Cruz, and z. Note that combinations of these four extra-parameter models 
were not tested; that is, we did not fit the model involving both assortative 
mating and dominance, or models involving dominance and special MZ- 
twin environments, etc. The 20 models were then tested once again, al- 
lowing for sex differences in all the parameters. 

RESULTS 

Table Ill  shows the raw chi-squares for the 40 models that were fit 
to the Social Potency Scale. The only "simple" model in Table I that 
cannot be rejected is that involving sex differences in the h, 0, and c 
values. Adding an assortative mating parameter does not change the fit 
either with or without sex differences. Both dominance and a special MZ 
environment, on the other hand, more often than not give acceptable fits. 
Age effects are more equivocal. Five of these eight models can be rejected 
at at least the 0.05 level, but six of these eight result in a significant 
improvement in fit over the simple models. 

Several models in Table III gave derived estimates greater than 1.0. 
All of these came about because the derived estimates of the o~ values in 

Table I lL  Effects  of  Assor ta t ive  Mating,  Dominance ,  Special MZ Envi ronments ,  and Age 
Effects  on Social Potency  

No extra  
pa ramete r  )~2 for extra  parameter(s)  

Model df  X 2 m d Cmz Z 

h 16 38.12" 35.55 26.24** 22.94** 32.95** 
h, 0 15 35.71 33.79 22.21"* 20.15"* 32.84 
h, c 15 38.09 35.44 23.25** 22.79** 25.28 **'a 
h, 0, c 14 35.54 33.34 20.37** 20.06** 23.33 **'~ 

m d l  ,d2 Cmzl ,C mz2 Z 1 ,Z2 

hi, h2 15 35.73 33.51 18.78"* 14.08'* 26.53** 
hi, h2, 01t, 012, 021, 022 11 23.88 22.39 t2.89"* 8.69** 23.56 
hi ,  h2, c n ,  c12, c22 12 33.21 31.59 13.05 **'a 12.98"* 10.94 **'a 
hi, h2, 011, 012, 021, 022, e l l ,  C12, 8 13.56 13.03 5.42 **'~ 5.37** 5.53 **'a 

C22 

a Solution gave derived es t imates  > 1.0. 
* Italicized X 2 values  significant,  P < 0.05. 

** Significant im provem en t  in fit vs.  model  with no extra  parameter ,  P < 0.05. 
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Fig. I were greater  than 1.0, and from Table III, one can see that the 
only models at fault all involved the parameter  c. Since in all these models 
at least one estimate of oL was large and negative, the models were rerun, 
this time setting the lower bound on the parameter  c to 0. Of the two 
models involving a dominance parameter ,  a significant dominance effect 
was still maintained for the model involving sex differences in h and c 
values, but for the other,  the model with sex differences in h, 0, and c 
values, no excess  improvement  in fit was evident with the bounded so- 
lution. For  models involving age effects, the parameters  c converged to 
their bound in all cases, resulting in no increased improvement  in fit. 
These  results cast more doubt  on the usefulness of age effects for ex- 
plaining differences between twin data and other  types of data with the 
Social Potency  Scale. 

Sex effects are also evident in Table III. Of the 12 models involving 
extra parameters  that seem to make a difference (i.e., all those with pa- 
rameter  d, Cruz, or Z), 10 exhibit significant improvements  in fit when sex 
differences are added. 

Table IV presents the results from the Social Closeness Scale. Here  
a very  different pat tern emerges from that seen for Social Potency.  None  
of the models fits when one does not consider sex differences. With sex 
differences, however ,  a systematic trend occurs - -a l l  models involving 
sex differences in the c values cannot  be rejected. Neither  special MZ- 

Table IV. Effects of  Assortat ive Mating, Dominance,  Special MZ Environments ,  and Age 
Effects on Social Closeness 

No extra 
parameter  X 2 for extra parameter(s) 

Model df X 2 m d Cruz Z 

h 16 32.17" 28.96 30.20 29.42 31.49 
h, 0 15 32.03 28.60 29.30 28.66 31.42 
h, c 15 32.16 28.79 29.79 29.41 30.53 
h, 0, c 14 32.01 28.57 29.01 28.58 30.18 

rn d l  ,d2 Cmzl ~Cmz2 Z 1 IZ2 

hi, h2 15 29.64 26.12 28.00 25.97 29.09 
hi, h2, 011, 012, 021, 022 11 28.06 24.43 21.86"* 23.16 27.13 
hl ,  h2, Cll, C12, c22 12 19.10 14.51"* 18.28 18.21 17.62 
h i ,  h2 ,011,0tz ,021,02z ,  Cll,ClZ, 8 16.09 11.63"* 15.45 14.97 15.93 

C22 

* Italicized • values significant, P < 0.05. 
** Significant improvement  in fit vs. model with no extra parameter,  P < 0.05. 
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Table V. Effects of  Assortat ive Mating, Dominance,  Special MZ Environments ,  and Age 
Effects on Control vs. Impulsivity 

No extra 
parameter  X 2 for extra parameter(s) 

Model df • m d Cruz Z 

h 16 30.92* 30.15 26.24** 25.21"* 28.69 
h, 0 15 27.04 26.64 26.10 24.95 27.03 
h, c 15 29.12 28.70 26.15 24.11"* 28.64 
h, 0, c 14 26.97 26.59 26.07 24.07 26.71 

m dl,d2 Cmzl ,Cmz2 Zl,Z2 

hi ,  h2 15 30.92 30.15 24.62** 21.97"* 28.59 
hi ,  h2, 011, 012, 021, 022 l l  24.29 23.84 22.38 19.56 24.19 
hi ,  h2, Cll, c12, c22 12 27.07 26.48 15.98"* 15.50'* 23.85 
hi ,  h2, 011, 012, 0z~, 022, c n ,  c21, 8 19.47 18.83 13.46"* 12.99"* 19.08 

C22 

* Italicized X 2 values significant, P < 0.05. 
** Significant improvement  in fit vs. model with no extra parameter,  P < 0.05. 

twin environments nor age effects alter a simple model significantly. Dom- 
inance does in one case, and assortative mating in two cases; for the latter 
parameter, both cases involve models with sex differences in the c values. 
In view of the significant correlation between mates for this trait in Table 
I and the observation that the only time assortative mating adds signifi- 
cantly to one of the simple models in Table IV is when sex differences 
in the c values are added, it seems likely that there is a small but detectable 
effect for assortative mating on Social Closeness. 

Table V presents results from the Control-Impulsivity Scale. Here 
only three models give an adequate fit to the data. Neither age effects 
nor assortative mating alters the simple models. There is some suggestion 
that dominance and a special MZ environment are important, but the case 
is not as strong as it was for Social Potency. The difficulty in fitting a 
model to this scale may not be due to a failure of the assumptions un- 
derlying the path model in Fig. 1. Instead, the culprit may be an irregular 
correlation--that between foster brothers and foster sisters raised to- 
gether. Although this correlation of 0.58 is based on a small sample size, 
it tends to contribute about 13 points to the chi-square values in Table 
V. Hence, even a simple model involving only the parameter h may fit 
the data for this scale were that correlation dropped. In either event, the 
excess in prediction from adding a dominance parameter or a special MZ 
environment parameter could still remain. 
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An attempt was made to find some parsimonious models in order to 
report parameter estimates. Because there are many different ways of 
model reduction, the estimates are not guaranteed to come from the most 
parsimonious of all possible models. For Social Potency, we began with 
a general model in Table III that fit the data (an assortative mating pa- 
rameter and sex differences in the h, 0, c, and Cmz values. Sex differences 
were then tested by seeing if a parameter for males would equal that for 
females. All possible combinations of sex differences were assessed, giv- 
ing a total of 16 models. The results rejected all models that involve the 
hypothesis of no sex differences in the Cruz values, and at the same time 
models with no sex differences in the 0 values were also rejected. In other 
words, one can assume that there are no sex differences for special twin 
environments o r  in parental modeling, but one cannot make the assump- 
tion of no sex differences in both of these parameter types. A second 
attempt at reducing sex differences in a general model was made, but this 
time fitting a dominance parameter instead of special twin environments. 
In this case, the same results were found. Sex differences in either h or 
d values were required, as were sex differences in either d or 0 values. 
Hence, sex differences in the h, d, 0, and Cmz values were maintained. 
Attempts were then made to see if any further reductions toward parsi- 
mony could be made. No significant effect was found for assortative mat- 
ing or for common environmental effects for siblings. Hence, the param- 
eters m and c were set to 0, for models involving both special twin 
environments and dominance. The sex differences in the 0 values seem 
to involve paternal vs. maternal effects, since models assuming that 0~1 
= 012  and 0zl = 022 could not be rejected, assuming either special twin 
environments or dominance. The parameter estimates derived from this 
reduction are shown in columns 1 and 2 in Table VI. 

For Social Closeness, the most general model that fits the data is an 
assortative mating parameter and sex differences in h and c values, with 
the hypothesis that m = 0 being automatically rejected (see Table IV). 
Further reduction was possible since there was no evidence for sex dif- 
ferences in the h values. A test for no sex differences in the c values was 
rejected. Hence, a simple model involving an assortative mating param- 
eter, h, and sex differences in the c values was fit. The results are shown 
in column 3 in Table VI. 

Although the effects of assortative mating are detectable, the mag- 
nitude of its influence is small, judged by the quantity m in Table VI. 
There is a modest amount of heritability and marked sex effects in sibling 
common environments. The negative value for opposite-sex sibling may 
suggest that environmental factors that make females more sociable tend 
to make their brothers less sociable. 
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Table VI. Parameter Estimates for Some Parsimonious Models of the Three DPQ Scales ~ 

Social 
Social Potency C l o s e n e s s  Control-Impulsivity 

Parameter 1 2 3 4 5 6 7 

m - -  - -  0 . 1 2  . . . .  
h i  0 . 4 4  0 . 5 2  0 . 5 7  b 0 . 2 0  0 . 4 6  b 0 . 2 6  0 . 4 4  b 
h2  0 . 1 4  0 . 3 9  0 . 5 7  b 0 . 6 4  0 . 4 6  b 0 . 5 6  0 . 4 4  b 

d j  0 . 4 9  - -  - -  0 . 7 2  0 .51  b - -  - -  
d2  0 . 7 9  - -  - -  0 . 0 0 "  0 . 5 1  b - -  - -  

Ofa c 0 . 1 2  0 . 1 3  . . . . .  
Omo c 0 . 0 6  0 . 0 3  . . . . .  

Cl l  - -  - -  0 . 1 3  d - - 0 . 0 7  d - - 0 . 0 6  d - - 0 . 0 2  d - - 0 . 0 1  d 
Cl2 - -  - -  - - 0 . 1 4  0 . 1 9  0 . 1 0  0 . 1 8  0 . 1 6  
C 2 2  - -  - -  0 , 1 3  d - 0 . 0 7  d - 0 . 0 6  d - 0 . 0 2  d - - 0 . 0 1  d 

Cmzl - -  0 . 1 3  - -  - -  - -  0 . 4 7  0 . 2 4  b 
Cruz2 - -  0 . 4 9  - -  - -  - -  0 . 0 8  0 . 2 4  b 

• 1 3 . 0 4  8 . 7 8  1 6 . 3 4  1 8 . 6 9  2 2 . 7 4  1 5 . 9 6  2 0 . 3 2  
d f  11 11 13 11 13 11 13 
P 0 . 2 9  0 . 6 4  0 . 2 3  0 . 0 7  0 . 0 4  0 . 1 4  0 . 0 9  

a Dashes indicate that a parameter was set to 0; z's and y's = 1.0. 
b Model assumed no sex differences in the parameter. 
c 0fa  = 011 = 012;  0 m o  = 021 = 022.  Note that this model may imply that +1~ r +~z and 

(~21 ~& ~)22. 
d cH constrained to equal czz. 

Attempts to reduce the Cont ro l - Impusiv i ty  Scale could hardly im- 
prove on the most  general model in Table V. The results are shown in 
columns 4 through 7 in Table VI. Analysis of  sex differences suggested 
that there may be some for h (if d were fit) or there may be none for h 
(if Cruz were fit). Only the parameter  c gave evidence of sex differences 
regardless of  other assumptions. Hence,  models with and without sex 
differences were fit. For  models with no sex differences, modest  estimates 
of  heritability result, with the monozygot ic  twin correlation being almost 
doubled due to a special twin environment or dominance. Estimates of 
common environments  for sibs show influence for same-sex sibs. For  
opposite-sex pairs, however,  there appears to be a significant positive 
correlation for common  environments,  but again, most of this estimation 
derives from the high correlation for adopted brothers and adopted sisters. 

DISCUSSION 

Two main conclusions are evident from these results. First, the fact 
that no simple genetic model fit the observed correlations suggests that 
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the assumptions usually made in twin and adoption studies of personality 
are not always true. This comes as little surprise since Loehlin demon- 
strated the critical role of similar assumptions in his analysis of IQ. Sec- 
ond, assumptions important for one trait were not always important for 
another trait. Assortative mating was important for one trait, dominance 
and/or special MZ environments were for two, and sex differences were 
for all three, although the nature of the sex differences varied among 
measures. Age effects were equivocal but may play some role in one trait, 
Social Potency. This "trait specificity" suggests that no single, universal 
model may be applicable to all personality traits. Also, no apparent bias 
in the adoption or twin strategies would hold across all personality meas- 
ures. For example, were it the case that identical twins imitate each other 
more so than DZ twins for personality in general, then a model with special 
MZ environments should fit for all three traits. But our data could not 
confirm this for at least one trait, Social Closeness. In summary, the 
results suggest that the genetic and environmental architecture of per- 
sonality may be complex and trait specific. One may not wish to place a 
great deal of confidence in the actual parameter estimates (our own opin- 
ion of the data in Table VI), but sex differences, dominance, and special 
MZ environments may violate the assumptions of a simple model so much 
that a simple model is useful as only a first approximation toward un- 
derstanding genetic and environmental influences on personality. 

The present data are not the only ones suggesting complexity. As- 
sortative mating for personality, although not as strong as for cognitive 
traits, is still detectable (Price and Vandenberg, 1980). Fulker (1978), 
Loehlin (1982), and Zonderman (1982) all uncovered significant sex dif- 
ferences in twin data with personality. In the Texas Adoption Project 
(Loehlin et  al., 1981), opposite-sexed adoptive siblings correlated less 
than same-sexed pairings. Loehlin et  al. (1982) speculate about genotype- 
environment interaction for emotional stability. Outside of the present 
analysis, Eaves (Eaves and Young, 1981; Eaves et al. ,  1978) report the 
only other model-fitting attempt to extended data sets on personality of 
which we are aware. One trait, extraversion, followed a simple model; 2 

z As an afterthought we realized that the present analysis should bear some similarities to 
the analysis of Eysenck's extraversion scale by Eaves et al. (1978) since the three traits 
studied here are linear contributors to extraversion (Scarr et al., 1981) and since Eaves 
et al. analyzed extended pedigrees. Although Social Potency, Social Closeness, and Con- 
trol are not completely orthogonal, the intercorrelations are so low that an unweighted 
pooling of the three correlations might serve as a crude estimate of what the data in Table 
I would look like for a global measure of Extraversion. Thus, we pooled the correlations 
and, like Eaves et al., found that a simple additive model fit the data (• = 12.09, df = 
17, P > 0.50). In addition to replicating the findings of Eaves et al., this also agrees with 
Loehlin's (1982) conclusion that behavior genetic analysis aimed at detecting trait-to-trait 
differences should use lower-order traits, each measured with good discriminant validity 
rather than broad composite traits. 
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the second, neuroticism, suggested the possibility of dominance variance 
or genotype x age interactions. Why should such complexity arise? We 
can think of two possibilities--one methodological, the other substantive. 

First, sampling bias may affect correlations, especially for important 
groups. Briefly, this notion says that a series of observed correlations 
will deviate more from their respective population parameters than stan- 
dard errors of the correlations will allow. Factors such as volunteer bias 
(Carey et al., 1978; Lykken et al., 1978); slight restrictions in range in 
variances and covariances for critical populations such as adoptees, the 
individuals to whom they are born, and the family that adopts them; pro- 
cedures of ascertainment and test administration; and even such mundane 
factors as keypunching errors, coding errors, arbitrary decisions on miss- 
ing values, and methods of estimating correlations and their standard 
errors all could contribute to differences among studies. The effect would 
be to make it difficult to fit a simple model when in fact a simple model 
applies. The three studies examined here were all based on individuals 
from Minnesota, involved similar age groups, and collected data within 
3 years of one another. The three scales also have similar high reliabilities 
and good discriminant validity. Hence, if one does not accept the pos- 
sibility of significant sampling bias, one would be hard put to find a more 
homogeneous group of studies or better-measured personality traits with 
which to compare trait-to-trait differences in genetic and environmental 
architecture. 

Any sampling bias, however, is not uniform across traits because 
none of the traits fits the same type of complex model. Hence, the bias 
must involve complex trait x study interactions. Furthermore, if one 
accepts a sampling bias hypothesis, one must also be ready to view skept- 
ically many other behavior genetic studies subject to the same biases. 

The substantive interpretation, of course, is that there actually are 
complexities and detectable trait-to-trait differences in these three di- 
mensions of personality. In this view, the most difficult parameter to 
interpret would be special MZ environments. The present analysis sug- 
gests a large effect for some traits and sexes, yet different attempts to 
detect empirically this special source of MZ similarity have been unsuc- 
cessful (Loehlin and Nichols, 1976; Plomin et aI., 1976; Scarr, 1968; Van- 
denberg and Wilson, 1979). In fact, the similar behavior of MZ twin pairs 
may actually elicit similar treatment (Lytton, 1977), a process that should 
be included among genotypic effects (Eaves et al., 1978). Furthermore, 
Shields' (1962) MZ twins raised apart correlate 0.61 on Eysenck's measure 
of extraversion, a linear composite of the three scales analyzed here (Scarf 
et al., 1981; Tellegen, unpublished data). Shields (1978) pointed out that 
these MZA twins were hardly reared in random environments, yet the 
magnitude of their correlation demonstrates that the "microenvironment" 
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provided by day-in, day-out living in the same household is not the sole 
cause for the great similarity evident in MZ twins reared together. If the 
parameter Cmz is interpreted as dealing only with the environment, it must 
be a strange environment indeed. 

One solution to this problem may be in the interpretation of Cruz. This 
parameter will be confounded with epistatic variance and with dominance 
variance when a dominance parameter is not fit. Strictly speaking, then, 
the proper interpretation Of Cmz is "a  residual effect specific to MZ twins," 
with no commitment as to whether this effect is genetic or environmental 
in origin. Small departures from strict additive genetic action could give 
a significant estimate for Cruz. Specifically, any genetic variance com- 
ponent containing r additive effects and s dominance effects, say, Vrs, 
will add ( 89 to the covariance between parent and offspring and 
(!~!~s V ~j t4j ~s to that among siblings but V~s in its entirety to the MZ covar- 
iance (Kempthorne, 1954). It is easy to see how small amounts of dom- 
inance and epistasis will act analogously to "accumulative rounding 
error," affecting an MZ correlation much more than that for first-degree 
relatives. The result could be a correlational pattern that Scarr et al. (1981) 
and Loehlin et al. (1981) puzzled over and an MZA correlation equal to 
an MZT correlation. 

Our results also suggest some directions for future behavior genetic 
research on personality. It is clear that more effort must go into empir- 
ically testing assumptions. To this end, it would be more profitable to 
gather data on critical populations rather than increase our store of data 
on twins and nuclear families. For example, MZA data would better re- 
solve the nature of Cruz in Table VI than a new study of adoptees. More 
DPQ data on foster siblings could help examine sex differences in common 
environment. We must also be wary of treating every personality trait 
the same. There may be important trait-to-trait differences that could be 
blurred by pooling correlations across traits. 

APPENDIX 

Pooling the Data 
Pooling of the data required several arbitrary decisions that are discussed here in detail. 

First, Lykken et al. (1978) reported two sets of correlations--raw correlations and corre- 
lations corrected for possible volunteer bias. The raw correlations were used here. Neither 
the publication of Lykken et  al. nor the work of Scarr et  al. (1981) mentioned a deletion of 
invalid DPQ profiles. Hence, all subjects in the Carey sample were included, even though 
a few had invalid profiles. The offspring in the sample of Scarr et  al. ranged in age from 16 
to 22 years, with a mean age of 18.5 years. The study by Lykken et  al. had a similar age 
stratification, with the majority of twins being in the early college years (Lykken, personal 
communication). The offspring in the Carey sample were more heterogeneous, with an age 
range of from 12 to 54 years, and a mean age of 23 years. Hence, the data for the Carey 
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sample were age corrected prior to analysis by using the residuals from a linear, quadratic, 
and cubic regression of personality scales on age, separately for males and females. Of 
course, only the most parsimonious regression model was used for each scale. 

Pooling of the correlations between the sample of Carey and that of Scarr et al. proved 
difficult for two reasons. First, Scarr et al. did not report either standard errors or sample 
sizes for familial correlations. Second, the correlations for the Carey sample were generated 
by a pedigree analysis (Rice, unpublished) using a procedure advocated by Lange et al. 
(1976) that correctly takes into account the fact that the entire families are sampled. This 
procedure gives the variance-covariance matrix of the estimated correlations and allows 
for the covariance between the correlations which result from the family structure (cf. Elston, 
1975). For the purposes of obtaining weighted least-squares parameter estimates, the stan- 
dard errors for the Carey sample were converted into "effective" N's ,  where N = 3 + 
(l/e) 2. For the sample of Scarf et al., N ' s  were estimated by taking the lowest number of 
mothers, fathers, or male or female offspring for the pairs possibly involved in the mate 
correlation and adoptive parent-offspring correlation. For the biological parent-offspring 
correlation, the N for the sample of Scarf et al. was taken as 120/159 (the number of families 
in the study by Scarr et al. divided by the number in the study by Carey) multiplied by the 
estimated N from the analogous correlation in the Carey sample. Since the adopted siblings 
in the sample of Scarr et al. came from, at most, 68 families that could have two or more 
children, we arbitrarily let 2pq of these families have opposite-sex adopted siblings, where 
p = the probability of being a male adoptee, q = 1 - p. This gives an estimate of 34 families 
for the adopted brother-sis ter  correlation. 3 The pooled correlations for the mates and for 
the biological parent-offspring and sibling combinations between the sample of Scarr et at. 
and that of Carey were all derived by zeta transforming correlations, weighting them by the 
appropriate estimated N 's  as given above, and then transforming the resulting zeta back to 
a correlation. 

The Path Model 
For the path model in Fig. 1, we make the following assumptions. (1) The overt day- 

to-day behavior of a parent contributes directly to the environment of a child. This phen- 
otype-to-environment transmission contrasts with the environment-to-environment trans- 
mission of, say, Rap et al. (1976) or Rice et al. (1978) or the phenotype-to-phenotype trans- 
mission of Cavalli-Sforza and Feldman (1978). (2) The effects of epistasis and gene-  
environment interaction are negligible. (3) The effects of genotype on phenotype and en- 
vironment on phenotype across ages are linear, so that any genotype • age interaction will 
be negligible. 4 (4) Assortative mating is based only on phenotype. (5) The only gene-en- 
vironment (GE) correlation results from assortative mating and by the influence of parental 

3 An anonymous referee pointed out that the sex distribution for two adopted offspring is 
unlikely to follow a binomial expansion since adoptive parents frequently chose opposite- 
sexed children. Thus our estimate of 34 opposite-sexed adoptive sibling pairs is probably 
too low. Since the correlations for these pairs are low for Social Potency and Social Clo- 
seness, the underestimation probably has no effect other than to strengthen the conclusion 
that simple models do not fit. For Impulsivity, on the other, there may be an effect. To 
check this, we reestimated the two models that fit the data for this scale (see Table V) 
using an estimate of 60 opposite-sexed adoptee siblings, based on data of Grotevant et al., 
(1977, personal communication). This chi-square value changed from I5.98 to 17.33 and 
from 15.50 to 16.69 with 10 df. Thus the substantive conclusions remain unchanged. 

4 Eaves (personal communication) clarifies an assumption made in this path model. We 
assume that the same genes produce the trait in both males and females but allow for sex 
differences in the relative contributions of additive, dominance, and environmental vari- 
ance. Such a situation would occur when the environment was more important for one 
sex than for the other in producing the trait. An implicit assumption is no sex x genotype 
interaction. 
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phenotype on offspring environment. (6) GE correlations for the parental generation and 
for the offspring generation are at equilibrium. (7) The effects of selective placement for 
foster children are negligible. (8) Any increase in homozygosity induced by assortative mat- 
ing is so small that it may safely be ignored; hence the correlation between dominance 
variances for offspring will be 0.25. 

The modeling of phenotypic assortative mating requires conventions beyond those given 
in the traditional rules of path analysis. This eliminates the need for "revising" the path 
diagram and using unidirectional arrows (cf. Loehlin, 1978; Rice et al.,  1980). Hence the 
phenotypic assortment corresponds to the assumption of the conditional independence of 
the components of mates (when conditioned on the mate's phenotype). Note, however, that 
assortative mating and the phenotype-to-environment transmission will induce a correlation 
in the next generation. These correlations at equilibrium may then be expressed in terms 
of the other parameter as by Cloninger et  al. (1979). 

From Fig. 1, the correlation between the genotypes of mates will be 

MRG1G2 : m ( z l h l  + r l y j e l ) ( z~h2  + r2y2e2). 

The correlation between environments of two mates will be 

MRE1E2 = m ( y l e l  + r lZ lh l ) (y2e2  + rzz2h2). 

Finally, the correlation between the genotype of mate i and the environment of mate j ,  i 
j ,  will be 

M ~ G i E j  = m(y i e i  + rizihi)(z/hj + rjy/e/). 

Age effects are modeled after Rao et al. (1976), but the interpretations of the parameters 
z and y are slightly different. The relationship can be made explicit by examining the cor- 
relation between two phenotypes over time, given by the path model in Fig. 2. Here, the 
terms tl and t2 refer to time 1 and time 2. Sex differences are ignored. For simplicity's sake, 
let us assume that time 1 represents the additive genotype, environment, and phenotype at 
late adolescence or early adulthood, and time 2 reflects analogous variables in middle age. 
The path coefficients w and v reflect the extent to which the genes in early adulthood 
contribute to the genes in middle age for the trait and the extent to which the environmental 
factors in late adolescence contribute to those responsible for the trait in later adulthood, 
respectively. Thus, h ,  = h in the THETA model given in Fig. 1, en = e, and r ,  = r. From 
the model in Fig. 1, the correlation between the adolescent genotype and the adult phenotype 
equals 

RGtlPt2 = zh  + rye,  

and the correlation between the adolescent environment and the adult phenotype equals 

R E . p t z  = ye  + rzh.  

Fig. 2. 

w '~Gh h ~Gt2 
rh '~Ph fPt2 

E v . E t  2 

A simple path model for correlations between early and late adulthood. 
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From Fig. 2, the respect ive correlations will equal 

RGttPt2 = wht2 + fret2 

and 

REtiPt~ = vet2 + rwht2. 

By substituting the identities of  the above four  equations, ye = vet2 and zh = wh~2. Thus, 
the correct  interpretation of  z is the product of the genetic correlation across time and the 
ratio of  path from genotype to phenotype at late adulthood vs. late adolescence.  Note  that 
if the heritabitities are the same at the two times, then z may be interpreted as the genetic 
correlation across time. On the other  hand, if the genetic correlation across time is 1.0, then 
z may be interpreted as the extent  to which the heritabilities differ at time 1 and time 2. The 
parameter  y may be interpreted analogously for the environment.  Note one drawback in the 
interpretation of z - - i t  may equal 1.0 when the genetic correlation is less than unity but the 
heritability increases over  time. Thus, one further assumption must be built into the model: 
(9) either the heritability may change over  time or the correlation between the genes in late 
adolescence and the genes in middle adulthood may be less than unity. ~f both phenomena 
occur,  the model may not be able to detect  such age differences. A similar assumption (10) 
occurs for the interpretation of  the environmental  correlations over  age.  

Figure 2 also makes explicit one additional assumption: (11) there are no residual effects 
that will induce a further correlation between the genes and the environment in late adulthood 
other  than those arising from the correlation during late adolescence.  If this assumption 
were violated, then one would need some further paths indicating the extra correlation 
between G,2 and Et2 in Fig. 2. 

The structural equations may be derived in the following way. From assumptions 5 and 
6, the gene-env i ronment  correlation among offspring will be equal to that in the parental 
generation, or 

rl =  89 + y l r l e l ) ( cb l l  + mdp2~) + (zzh2 + y~r2ez)(+zj + m~ll)]  (1) 

and 

rz =  89 + yzrze~)(+z2 + mq512) + (z~hl + y ir~e~)(+lz  + mdpz2)]. (2) 

Let  subscript  i represent  the sex of  one parent,  and subscript j the sex of the other, i 
r j .  Let  k and I represent  the sexes for offspring. Let  0ik = +ikek, ~qk = rkek, and Tik = 0ik 
+ m0jk. Multiplying both sides of  Eq. (1) by eT and both sides of  Eq. (2) by ez, solving for 
"qz in (2) and substituting into (1) gives 

rll = [2(zlhl"rH + zzhz'r21) - zlhly2('rii 'r22 - Ti2"r21)]/ 

[(2 - yl'rH)(2 -- yz'rz2) -- yly2"rlz'r2~]. (3) 

The value for Xh may be substituted in (2)~ deriving a value for "q2. 
Let  +;k =  89 + y;q~). Then the correlation between biological parent and offspring 

raised together  is 

BPORik = qJik + m+jk + Tik. (4) 

A foster  parent-offspr ing correlation will be 

FPORik = Tik/X/]- -- 2~qkhk . (5) 

The denominator  in this equation adjusts for the reduced phenotypic variance in foster  
children due to the absence  of  a GE correlation among this class of  relatives. 
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For  DZ twins raised together,  the correlation will be 

DZRk/ = l h~h l  + Oik(~a + Oil) + Oit(+jk + Ojk) 

+ Oi~k + 0~*~ 

-F- m[(L~ik + Oik)(~jl -~- Oil) (6) 

+ (r + 0jk)(r + 0~)] 

+  88 

+ e~etskst(eLkt + ~ l ) .  

This equation also holds for sibs, although by definition, [3kl = 0. Two foster siblings raised 
in the same family will correlate: 

FOORk/ = [Oik~it + Ojk~jt + e k e t s k s l a ~ l ] / ~ / ( l  -- 2"qkh~)(1 - 2"qthl)  9 (7) 

Finally, MZ twins raised together give the following correlation: 

M Z R k k  = h k  2 + 'rik(2t~ik + Oik) + rjk(2+jk + 0j~) (8) 

+ dk 2 + ek2Sk2(O~kk + ~3kk + ~kk) .  

By letting ck~ = eke~skst~k~, ctk~ = e k e l S k S l [ 3 k l ,  and Cmzk~ = e~:Zsk2~k~, one now has Eqs.  
(3) through (8) in terms of  m, h ' s ,  d ' s ,  O's, c ' s ,  c t ' s ,  Cm;S, z 's ,  and y's .  

We chose to iterate on these parameters  and derive ~ and "q2. Estimates of  e~, ez, r~, 
rz, +i~'s, s ' s ,  e~'s, [3's, and "~'s may then be derived from the parameters and -q's since 

o-pl 2 = 1 = hi 2 + d~ ~ + el ~ + 2qqlh~, 

O'p22 = 1 = h22 + 622 - F e z  2 + 2'q2h2, 

r~ = "qk/e~, 

+ik = Oik/ek, 

trek 2 = 1 = Oik 2 -F Ojk 2 q- 2m+il ,+jk  + Sk 2 , 

OLkl = Ckt/(S~Stekel),  etc. 

Measurement  error  may be included in the derivation of  the variables noted above by 
adding the variance due to unreliability of  measurement  to the variances of  the phenotypes.  
The solution used in the present  analysis does not consider measurement  error, thus con- 
founding it with e. 

Note  that all the c parameters  may be confounded when some of  the assumptions 
mentioned above are violated. For  example,  gene-envi ronment  interaction for sibling en- 
vironments  (S's)  and the sibling effects discussed by Eaves (1976) will both be confounded 
with c. Epistasis involving dominance deviations of the alleles contributing to the trait will 
also be confounded with c ' s  and especially with cruz. Thus, a strict interpretation of  the 
parameter  c is that it indicates a residual correlation among siblings not predicted by the 
linear effects o f  additive genotype,  dominance,  and parental modeling. 

There is enough information from the correlations in Table I to estimate the combined 
effects of  dominance and a residual monozygotic  correlation. However ,  with the present  
sample sizes and information, the model is unlikely to resolve the issue of  whether  an 
excessive correlation for monozygotic  twins is due to dominance or something else unique 
to MZ twins. For  example,  assume no sex differences and consider the model m, h, d, 0, 
c, cruz. Parent-offspr ing correlations give estimates of h and 0, and foster siblings give an 
estimate of  c. The only information about the parameter  d will come from biological siblings 
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and DZ twins, but dominance will increase these correlations only by ]a ~. And the average 
standard error for the pooled sib and DZ twin correlations to cross the traits analyzed here 
is approximately 0.044. Thus, the parameter d must be greater than 0.42 simply to boost 
the expected sib and DZ correlations by 1 SD. Given the small number of foster siblings 
with which to estimate c, the model probably lacks power to test for the presence of dom- 
inance variance along with a residual MZ correlation, unless the dominance variance is 
exceptionally large. With sex differences, of course, the power becomes even less. Either 
very large sample sizes will be required or, preferably, different types of information such 
as MZ twins or siblings raised apart will be needed to resolve this issue. Of course, in the 
application of the model, part of the dominance variance will be confounded with the pa- 
rameter Cruz. 

Parameters of the model were estimated using Kaplan and Elston's (1972) MAXLIK 
program. The subroutine, THETA, available upon request, minimized the weighted least- 
squares function ~ ( N  - 3)(Zp - Zo) 2, where Z is Fisher's z transform of the predicted 
(Zp) and observed (Zo) correlations. We recognize that this formula treats all correlations 
as independent when in fact they are not. For instance, many of the fathers involved in a 
biological fa ther-son correlation are also used in estimating the father-daughter correlations. 
The present application follows Rao's observations with path analysis (Rao et al., 1977; 
Rao, personal communication) that the parameter estimates using the present procedure 
deviate only trivially from a procedure that considers the covariances among the correlations. 
We hesitate, however, to make the same claim about the standard errors of the parameter 
estimates. 

Arbitrary starting values of 0.1 were given to all parameters, and except for the h's and 
d's, lower and upper limits were set to - 10.0 and + 10.0. For the h's and d's, the lower 
limits were set at 0.001, since both of these parameters could legitimately take positive or 
negative values in some models. A direct search of the likelihood surface was used, followed 
by at least one Newton-Raphson iteration. If the likelihood was improved following the 
Newton-Raphson procedure, the Newton-Raphson interation was continued until conver- 
gence was obtained. In practice, the Newton-Raphson search did not change the chi-squares 
or the parameter estimates before the fifth decimal place. Convergence to a bound was not 
a problem except for models involving sex differences for c's and d's for the Control Scale. 
Here, d2 converged to a bound and resulted in a negative d2 when the boundary constraint 
was lifted. The chi-squares from the bounded solution were given here. 
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