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The heritability of sensation seeking is investigated in an extended twin design, including
mono- and dizygotic twins and their siblings. Besides a comparison of the phenotypic
resemblance between monozygotic twins and dizygotic twins, the design allows for an explicit
test of the assumption that results from twins may be generalized to the singleton population.
Secondly, the design offers the opportunity to investigate to what extent the influence of
common environment is the same for males and females and for twins and siblings, i.e.
allowing for explicit tests of a special twin environment and of a sex-specific common
environment. The results indicate that individual variation in sensation seeking is heritable,
with few differences between males and females in heritability estimates for the sensation
seeking dimensions. In contrast to prior studies, evidence is found for common environmental
influences for thrill and adventure seeking in males, and experience seeking and boredom
susceptibility in females. Evidence for a special twin environment was limited to boredom
susceptibility in females.

KEY WORDS: Environmental correlation; extended twin design; heritability; sensation seeking; special

twin environment.

INTRODUCTION

Sensation seeking can be defined as an individuals’
need for varied, novel, and complex sensations and
experiences (Zuckerman, 1979). It manifests itself in a
non-conforming lifestyle, in the search for new expe-
riences (Aron and Aron, 1997), the capacity to inhibit
behavior in service of social adaption (Zuckerman,
1993) and engagement in risk full activities. The first
investigations of sensation seeking focused on its
relation to the concept of an optimal level of stimu-
lation and arousal (Berlyne and Madsen, 1973;
Zuckerman, 1969). People differ in their optimal level
of stimulation, and sensation seeking behavior can be
used to increase this level. The idea of an optimal level
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of stimulation and arousal was incorporated in a
theory that attempted to explain individual differences
in response to sensory deprivation (Zuckerman,
1969). Since then, research on sensation seeking found
that the personality trait is associated with lifestyle
factors such as smoking, alcohol consumption, using
other drugs (Zuckerman, 1994), and sports partici-
pation (Franken et al., 1994; Jack and Ronan, 1998).
Potgicter and Bisschoff (1990), for instance, con-
cluded that sensation seeking may serve as a possible
underlying explanation for the motivation of indi-
viduals to participate in high-risk versus low-risk
sports. More specifically, it has been found that sen-
sation seeking is positively related to participation in
high- and medium-risk sports, and negatively with
low-risk sports. Sensation seeking is also associated
with preferences for unfamiliar foods (Pliner and
Melo, 1997), drunk driving (Arnett, 1990), hazardous
sex practices (Kalichman and Rompa, 1995), per-
ceived funniness (Lourey and McLachlan, 2003),
curiosity (Gottfried ef al., 1994) and intelligence
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(Raine et al., 2002). Recently it was found by Joir-
eman et al. (2003) that sensation seeking may predict
the desire to engage in physical and verbal aggression.

In addition to the research on how individual
differences in sensation seeking, and its components,
are correlated with individual differences in other
traits there has been a focus on the determinants of
the interindividual differences in terms of genetic and
biological influences. A large body of research dem-
onstrates that interindividual differences in sensation
seeking have a biological basis (Zuckerman, 2002).
More specifically, genetic analyses (Eysenck, 1983;
Fulker et al., 1980; Hur and Bouchard, 1997; Ko-
opmans et al., 1995) showed that the genetic effects
on sensation seeking are accounting for a large part
of the variance (ranging from 34% to 69%). High
heritability of a personality trait does, however, not
exclude the influence of common environmental fac-
tors. Indeed, biographical factors, religion, parental
stimulation, and other (parental) family characteris-
tics like socio-economic status (SES) have also been
shown to have an effect on sensation seeking (Feij
and Taris, 2005; Zuckerman, 1994).

In genetically informative designs, environmen-
tal factors are usually separated into common envi-
ronmental factors that are shared by all members of a
family (or pedigree) and unique environmental fac-
tors that apply only to a single family member.
Religion and parental SES and rearing style are
usually considered part of the common environment.
Results like those of Zuckerman (1994) and Feij and
Taris (2005), therefore, seem to suggest that common
environmental factors should contribute to interin-
dividual variance in sensation seeking. This is, how-
ever, not supported by the genetic analyses of
Eysenck (1983), Koopmans et al. (1995), and Hur
and Bouchard (1997). These studies found effects of
environmental variables on sensation seeking, but
these were unique to family members, and thus not
due to the common environment. However, even the
sample size of the largest study (Koopmans et al.,
1995) which included 1591 families, is not enough to
detect a small amount (10-20%) of common envi-
ronmental variance with a power of 0.80 under an
MZ/DZ ratio of 1/1 (Posthuma and Boomsma, 2000,
p-157).

In the present study we aim to maximize the
statistical power to detect the influence of common
environment by (1) using a very large sample, and (2)
including non-twin siblings in the design (See Fig-
ure 1). Such an extension of the standard twin design
is not only optimal for future gene detection (Dolan
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et al., 1999), but also for the estimation of the genetic
and environmental influences. More explicitly, Post-
huma and Boomsma (2000) showed that, for finding
a specific amount of common environmental variance
under an MZ/DZ ratio of 1/1 with a statistical power
of 0.80, extending the twin design with one sibling
would require just half the number of complete
families.

In addition to an increase in statistical power,
two important aspects of the extension of the twin
design are that it allows for an explicit test of (1)
whether the twins and singletons come from the same
population, by comparing means and variances of
twins and singletons, and (2) whether there is a spe-
cial twin environment, by comparing the twin—twin
covariance to twin—singleton covariance.

As a main innovation over previous applications
of the extended twin design (Posthuma and Boomsma,
1999, 2000; Posthuma et al., 2000), this study esti-
mates the sex-specific and twin-sib specific common
environmental correlations. The test of sex-specific
common environmental factors is realized by com-
paring common environmental correlation (R.(t3, t%))
in the opposite-sex twins to one. Likewise, if the twin-
sib specific common environmental correlations,
1e. R(t3, s3) and R (t2, s?), differ from one, this
indicates that twins share more of their environment
with each other, than they do with an additional sib.

A potential problem implied by the inclusion of
non-twin siblings is that these additional family
members differ in age from their twin brother(s) or
sister(s). These within family age differences may
consequently confound the tests of the common
environmental correlations. In our sample, most
twins and their siblings have been measured more
than once over time, providing the opportunity to
select a subset from the whole data set in which age
differences between twins and their sibs within fami-
lies are minimized as part of the design.

The main aims of this paper are to first test for
the existence of common environmental influences in
a design with increased statistical power to detect
such influences, and secondly, given common envi-
ronmental influences, to test for the existence of a
(sex-specific) special twin environment.

METHOD
Subjects

The data for this study were taken from the
Netherlands Twin Register (NTR, see Boomsma
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Fig. 1. Extended twin design. Graphical representation of the variance decomposition of the covariance matrix into A, C and E components.
Correlations of A components are constrained to the value of 1 for MZ, and to 0.5 for DZ, and twin-sib pairs. The interindividual correlations
of the C components (R.(t3,t2), R(t3.83), R(t2,8%), R.(t3,s2) and R.(s3,t%)) may be estimated or constrained to 1 for MZ, DZ, and twin-sib
pairs, and the E components are left uncorrelated across family members. The variances of all latent variables are constrained to 1, and the
factor loadings (am, ¢m, em, ar, ¢f and ey) are estimated, and constrained to be equal within males and females. Although means are estimated
they are not included in the figure. Age was included in the model, but is not drawn explicitly, in order to keep the figure orderly.
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et al., 2002, for a detailed description). Participants
were adolescent and adult twins and their siblings.
We selected twin pairs and, if possible one additional
sibling who participated in at least one of the 5
biannual surveys between the years 1991 and 2000.
For the first waves of the NTR data collection twins
and their parents were invited to participate. Starting
at wave 3 and onwards, additional siblings were ap-
proached as well. On each wave the subjects filled out
various items on zygosity, health, alcohol and to-
bacco use, sports participation, and personality. No
items on sensation seeking were administered in the
third wave, so data from wave 1, 2, 4 and 5 were used
in this study.

The criterion for selection of the measurement
occasion that was used for these analyses was to
minimize the age differences within families of the
twins and their sibling. For example, if the age of the
twins and their sibling was for a specific family,
respectively, 24 and 16 years at the first occasion, the
selection resulted in data from the first occasion for
the twins, and data from the fifth occasion for their
sibling. If there were missing data or if the age dif-
ference between twins and their sibling was too large,
so that no ideal selection of the available measure-
ment occasions could be made, measurement occa-
sions were selected that minimized the age
differences. Wherever it was possible, twin data from
the same occasion were selected. Furthermore, if
more than two ‘ideal’ combinations were found, that
combination was chosen for which the age of the
twins was the highest. For example, if the age of the
twins and their sibling was, respectively, 24 years and
18 years at the first occasion, there are two ideal
combinations (twins at the first and sibling at the
fourth occasion versus twins at the second and sibling
at the fifth occasion). Both combinations give a zero
age difference between twins and their sibling. Given
the criterion described before, the last combination
was chosen in these cases.'

Zygosity of the twins was determined using items
about physical similarity and the frequency of con-
fusion of the twins by family and strangers (Gold-
smith et al., 1991; Magnus et al., 1983). For 695
same-sex twin pairs, zygosity was assessed by typing
blood group and/or DNA polymorphisms. It was
found that classification based on these questionnaire

! SPSS-script containing the full selection procedure for our
specific data set and Mx scripts for the models described in this
paper are available at the Mx Scripts Library at: http://
www.psy.vu.nl/mxbib
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data compared with DNA fingerprinting was correct
for more than 96% of the cases.

The resulting sample consists of a total of 9220
individuals: 5391 females and 3829 males from 4281
families. We were able to include one additional non-
twin sibling for 1343 families. There were 726 sisters,
and 617 brothers; half-siblings were not included.
These non-twin siblings increased the number of sib
pairs with 2561 (more than 50%). As a consequence
of the inclusion of additional siblings the monozy-
gotic (MZ)-pair to dizygotic (DZ)-pair ratio de-
creases from 0.80 (1608/2000) to 0.35 (1608/4561).
Table I provides information on the number of dif-
ferent pairs and triplets that could be formed for each
zygosity group. Of the 1343 non-twin siblings, 23%
were younger than the twins, and 77% were older.
Average age of twins was 25.3 years and of their
sibling 29.0 years with standard deviation of respec-
tively, 10.9 and 10.4.

Measures

Sensation seeking is thought to consist of four
separate components each encompassing different
ways of sensation seeking and arousal (Zuckerman,
1979, 1994). The first of the four components, “Thrill
and adventure seeking’ (TAS), is defined as the desire
to engage in various somewhat risky sports or activities
involving speed, adventure, defiance of gravity, or
unusual sensations. The second component, ‘Experi-
ence seeking’ (ES), is defined as the (desired) experience

Table I. The Number of Families in the Sample with a Specific
Family Constitution

Number of additional

siblings
0 1
Male Female

MZM twin families 2 twins 376 94 109
1 twin 75 6 10
MZF twins families 2 twins 702 148 179
1 twin 148 10 13
DZM twins families 2 twins 302 80 79
1 twin 63 2 8
DZF twins families 2 twins 426 96 110
1 twin 99 3 14
DOS twins families 2 twins 572 160 175
1 twin 175 12 23
Families without twins - 6 6

Note: MZM/MZF—monozygotic male/female; DZM/DZF/
DOS—dizygotic male/female/opposite sex.
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through the mind and the senses, through art, travel,
food, dress, and through non-conformist friends and
groups. ‘Disinhibition’ (DIS) is defined as the desire to
find release through other exciting people, disinhibited
parties, and sexual variety; and finally, ‘Boredom
susceptibility’ (BS) is the experienced boredom and an
intolerance for repetition of any kind, monotonous
conditions and boring people, and restlessness when
alone in familiar surroundings. Sensation seeking was
measured with the Dutch translation of Zuckerman’s
Sensation Seeking Scale (SSS), form IV (Feij and
Zuilen, 1984; Zuckerman, 1971). The Dutch ques-
tionnaire consists of 51 forced choice items measuring
TAS, ES, DIS and BS. Each item is measured on a 5-
point Likert scale (ranging from completely agree to
completely disagree), and loads uniquely on one of the
four factors. The four scales of the SSS have a good
factor structure, reasonably high internal consistencies
ranging from 0.72 to 0.81, and good construct validity
(Feij et al., 1997, 1982). The internal consistencies of
sensation seeking in the present data set range from
0.59 for ES to 0.83 for TAS.

Missing Data and Description of Analyses

An essential characteristic of the extended twin-
design is the presence of structural missing data.
Some families consist of twins and an additional
younger or older sibling, while other families consist
of one or two twins. A second source of structural
missing data comes from the use of sex specific
models. Differentiation needs to be made between
male and female non-twin siblings, and given the
design with one non-twin sibling, families can include
only a male or a female non-twin sibling. We used full
information maximum likelihood estimation for raw
data, as implemented in the software package Mx
(Neale et al., 1999), for parameter estimation which
implies the assumption that the underlying missing
data mechanism is Missing At Random (Little and
Rubin, 1987). It is assumed that all families include
four persons, two twins, and a male and female
sibling. For families that do not include non-twin
siblings the corresponding data points are made
missing; for families that include a non-twin sibling,
the male or female sibling data points are made
missing. Since families may include only one
additional sibling (male or female), the covariance
between these entities is non-existent (i.e. there are no
non-twin male and non-twin female pairs). This has
been accounted for in the present analyses by con-
straining the corresponding elements in the covariance
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matrix at zero. All MX-scripts can be downloaded
through the internet (see footnote 1).

The first analysis involved fitting a saturated
model to the raw data in a 6-group model (MZM,
DZM, MZF, DZF, DOSMF, DOSFM, and their
sibs). This saturated model is used to test the stan-
dard assumptions of the twin design. These assump-
tions include equality of means and variances for
males and females, for first and second born twins
and sibs, and for mono- and dizygotic twins (See
Appendix 1). The second step consists of the analyses
of the genetic models. A full decomposition in addi-
tive genetic (A), common environmental (C), and
unique factors (E), as presented in Figure 1 is carried
out.

Including opposite sex pairs in the analysis al-
lows for explicit tests of the hypotheses of whether
the same environmental factors operate in males and
females, and in twins and siblings. In the present
analyses the correlations that are used to test these
hypotheses, R(t3,19), Re(t3,59), R(t253), Ru(t3.53),
R.(t2,89), are estimated. The environmental correla-
tions between same sex twins (R.(t3,t3), R(t2,t9))
are constrained to the value of 1 to identify the
model.

Although within family differences in age are
minimized by the design, between family differences
in age are still present. Because age was expected to
impact on all four variables, these differences in age
may act to increase the estimate of the common
environment. Therefore, between family difference in
age on the mean family score will be accounted for by
including age as a covariate.

Goodness of fit testing was based on the likeli-
hood ratio test. Given the number of nested models
that were tested against each other, and the large N,
we tested each model in the sequence at a significance
level of a=0.01.

RESULTS
Descriptive Statistics and Test of Assumptions

Table II presents descriptive statistics of the four
subscales separately for males and females. Males
score higher than females on all four subscales. On
average, the mean of males was half a standard
deviation higher than the mean of females, with lar-
ger differences for TAS and DIS than for BS and ES.
The last column of Table IT shows the phenotypic
correlations with age. As expected age has a negative
correlation with all four subscales.
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Table II. Descriptive Statistics for Each of the Sensation Seeking Subscales

Male (n=3829) Female (n=5391)
No. of items Min-max Mean SD Mean SD Correlations with age
TAS 12 12-60 40.23 9.95 33.58 10.85 -0.42
DIS 12 12-60 34.92 7.99 29.00 7.52 -0.30
BS 13 13-63 37.65 7.13 35.83 8.06 -0.17
ES 14 14-67 34.96 7.92 32.71 7.72 -0.12

Note: TAS—thrill and adventure seeking; DIS—disinhibition; BS—boredom susceptibility; ES—experience seeking.

The first step in the analysis was to test the correlations, suggest that a reasonably large amount
assumptions of the extended twin design. The results of the individual differences in sensation seeking may
imply that for none of the four scales the assumptions be attributed to additive genetic factors.
of the extended twin design have been violated (See The results of the genetic analyses of the four
Table III). That is, none of the restrictions implied by scales are presented in Table V. The likelihood ratio
these assumptions led to a significant decrease in test (i.e. Ayx®) was used for testing of the genetic
model fit at an a-level of 0.01. So it may be concluded models against the restricted saturated model. In the
that the means and variances within each sex are best fitting model for TAS the estimate of the com-
equal for the different zygosity groups, for first and mon environment for females is not significantly
second-born twins and that no significant differences different from zero, and as a consequence common
exist between the means and variances of twins and environmental correlations containing a female are
singletons. Table IV provides the twin—twin and non-existent. Broad sense heritability of TAS is equal
twin-sibling correlations based on the saturated to 34% for males and to 62% for females. Common
model corrected for age for each scale. environmental influences account for 21% of the

male variance. Based on the perfect correlation be-
tween the environments male twins and their broth-

Heritability of Sensation Seeki : ) . .
eritability ol Sensation Seeking ers, it can be concluded that there is no special twin

The pattern of twin and sibling correlations environment for males.
presented in Table IV, with the MZ correlations The best fitting genetic model for DIS essentially
being approximately twice the DZ, DOS, and TS has all common environmental components con-

Table III. Goodness-of-Fit Indices Results of the Nested Sequence of Saturated Models

TAS DIS BS ES

Ax*(89)=114.5; p=0.04 Ax*(89)=111.3; p=0.06 AY3(89)=94.0; p=0.34 Ax*(89)=101.2; p=0.18

Note: The 89 df are due to equal age effects, equal means and variances for DOS, equal means for male twins and siblings, equal means for
female twins and siblings, equal variances for male twins and siblings, equal variances for female twins and siblings, and equal covariances of
corresponding pairs (See Appendix 1).

Table IV. Twin, and Twin-Sibling Correlations by Zygosity Based on the Restricted Saturated Models

MZM MZF DZM DZF DOS TSM TSF TSMF
TAS 0.58 0.62 0.37 0.32 0.19 0.27 0.32 0.20
DIS 0.59 0.52 0.40 0.31 0.28 0.27 0.24 0.24
BS 0.45 0.47 0.30 0.32 0.24 0.26 0.08 0.19
ES 0.60 0.55 0.38 0.34 0.24 0.24 0.31 0.22

Note: DOS—twin-pair opposite sex; TSM—twin-sib pair male; TSF—twin-sib pair female; TSMF—twin-sib opposite sex pair (male twin and
female sibling or vice versa).
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Table V. Parameter Estimates of the Additive Genetic Models
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TAS

Ay*(5)=8.4;p=0.14

DIS

Ax*(6)=10.8;p=0.09

BS

A (4)=7.5p=0.11

ES
Ax*(5)=8.6;p=0.13

0.48(0.40-0.54)
0.52 (0.46-0.59)

0.29 (0.18-0.41)
0.18 (0.07-0.28)
0.53 (0.48-0.59)

0.00

0.60 (0.54-0.66)
0.40 (0.34-0.46)

0.42 (0.30-0.54)
0.13 (0.02-0.22)
0.45 (0.41-0.51)
Fixed@1

Male

A 0.34 (0.22-47) 0.59 (0.53-0.65)
C 0.21 (0.10-0.31) -

E 0.45 (0.39-0.51) 0.41 (0.35-0.47)
Female

A 0.62 (0.57-0.66) 0.52 (0.47-0.57)
C — —

E 0.38 (0.34-0.43) 0.48 (0.43-0.53)
R(t3.53) Fixed@1 -

Rc(tQaSQ - -

Rc(tgﬂSQ) - -

Rc(t@’tg) - -

Note: 99% Confidence intervals are presented in brackets.

strained to zero. Based on this model, we infer the
heritability for DIS to be 59% for males, and 52% for
females, and no common environmental effects for
either sex.

The results for BS need a little more explanation.
While three of the four common environmental cor-
relations were not significantly different from 1, the
female twin sibling common environmental correla-
tion was estimated as —0.46. This would indicate the
rather strange result that those influences that effect
female twins have an opposite effect on their non-
twin sister. Although this might indeed be the case,
another more plausible explanation for the negative
correlation might be that the model estimates are
overfitting the data (cf. Prescott et al., 2004) because
of the low phenotypic correlation between female
twins and their sister (R.(t%,s%)=0.08, see Table IV).
In order to account for this, R.(t%,s9) is bounded to
be positive in the final model for BS, and is subse-
quently estimated, at its lower bound of zero. In the
final model for BS, the heritability of BS was esti-
mated at 48% for males and 29% for females. There
was no influence of common environment in males,
whereas common environmental effects account for
18% of the total variance in females. The environ-
mental effects in female twins and female singletons
were found to be uncorrelated. More explicitly, given
this model, the common environmental effects were
different for female twins and their non-twin sisters.

The best fitting model for ES is similar to that of
BS, with male C not being significantly different from
zero. However, the female twin sibling environmental
correlation could be constrained to the value of 1.
Based on this final model we report a heritability of

60% for males and 42% for females, with common
environmental effects accounting for 13% of the fe-
male phenotypic variance. Based on the perfect cor-
relation between the environments female twins and
their sister, it can be concluded that no special twin
environment exists for females regarding ES.

DISCUSSION

In this article the heritability of sensation seek-
ing, as measured by the Dutch translation of Zuck-
erman’s Sensation Seeking Scale, is investigated in an
extended twin design. Within both sexes individual
variation in sensation seeking is shown to be heritable
and environmental influences are found to be mainly
individual specific. The highest heritability is found
for male experience seeking and disinhibition
(respectively, 60% and 59%), and the lowest for fe-
male boredom susceptibility (29%) and male thrill
and adventure seeking (34%). In contrast to prior
studies, with much lower statistical power, we find
evidence for common environmental influences for
male thrill and adventure seeking (21% of phenotypic
variance) and female experience seeking and bore-
dom susceptibility (respectively, 13% and 18%).
There is evidence for a special twin environment for
females regarding boredom susceptibility.

The results of our study may have important
implications for conclusions regarding the role of the
shared environment as reported by others (e.g. Feij
and Taris, 2005; Zuckerman, 1994). The recent study
by Feij and Taris (2005), for instance, reported sig-
nificant correlations between disinhibition and fac-
tors that are usually regarded to be part of the
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common environment, like the parental family envi-
ronment and parenting behaviors. Even with its large
statistical power, the current study rejected the
hypothesis of common environmental effects on dis-
inhibition. The correlations reported by Feij and
Taris thus must reflect unique environmental effects.
It has indeed been shown by these authors that par-
enting styles, for example, are differently perceived by
different children of the same family. The combina-
tion of our results with those of Feij and Taris are in
correspondence with the notion of Zuckerman (1994)
that, the lack of influence of a shared environment
does not mean that the parental family environment
cannot have specific effects on siblings in the same
family.

In summary, the results of this study once again
show that sensation seeking belongs to the category
of highly heritable personality characteristics. How-
ever, though small in comparison to genetic influ-
ences, common environment influences also impact
on this trait. Using an extended twin design it has
been found that the common environment contrib-
utes to individual differences between males in thrill
and adventure seeking, and between females in both
boredom susceptibility and experience seeking. This
paper additionally serves as a further illustration of
the benefits of extending the standard twin design
with just one sibling, and it shows how the common
environmental correlations can be used to test the
existence of a sex-specific special twin environment.

APPENDIX 1

The test of the assumptions of the twin design
has 89 degrees freedom divided into the following
nested sequence of models: First it was tested whether
the age effects could be constrained to be equal across
all groups and subject (23 df). Second, the means and
covariances of the two DOS groups were constrained
to be equal (11 df). Third, it was tested whether the
means of male twins and siblings could be con-
strained to be equal within each sex (10 df), and
whether the means of female twins and siblings could
be constrained to be equal within each sex (10 df).
Fourth, it was tested whether the variances of male
and female twins and siblings could be constrained to
be equal within each sex (2 times 9 df). This model
thus estimates, for each scale, just one mean and one
variance for all males, and one mean and variance for
all females. Finally, the covariances of corresponding
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pairs were constrained to be equal (17 df). That is,
this model constrains the same sex male twin-sibling
covariances to be equal, as well as the same sex fe-
male twin-sibling covariances, and the opposite sex
twin-sibling covariances.
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