Person & Ind. Dijf Vol 1, pp 35 to 55
Pergamon Press Ltd.. 1980. Punted I” Great Brltam

INTERGENERATIONAL
STABILITY AND CHANGE
THE CAUSES OF VARIATION IN PERSONALITY

IN

P. A. YOUNG,* L. J. EAVES? and H. J. EYSENCK~
(Receitred 15 July 1979)

Summary-A
combination
of twin and parenttoffspring
data on the EPQ and JEPQ is subjected
to genotype-environmental
analysis by the balanced pedigree method. The method, based upon
Joreskog’s approach to the analysis of covariance structures, employs the principle of maximumlikelihood and permits tests of the model and the extraction
of standard
errors for parameter
estimates. The data for extraversion
and neuroticism
are on the whole consistent with a simple
model which assumes additive gene action, random mating and environmental
effects within
families. For the psychoticism
dimension and the lie scale mating is found to be non-random.
The
stability of personality
expression across generations
is investigated.
With the exception of the
neuroticism
dimension
there is a marked inconsistency
of gene action between juveniles and
adults. For the lie scale social interaction
between juvenile cotwins is detected and the juvenile
scale is suggested as a paradigm
of a trait for which the environmental
interactions
between
relatives have a major role in the causes of individual variability.

I.

INTRODUCTION

Although animal studies of behaviour
have clearly demonstrated
that gene-expression
can change markedly with age (Broadhurst and Jinks, 1966) the analysis of such developmental changes in man is more difficult, because of the expense of longitudinal
studies
and the associated problems of maintaining
the long-term cooperation
of human subjects. The modification
of the effects of genes and environment
during development,
however, remains critical both for our understanding
of behavioural
changes in general
and for the practical application
of psychometric
tests to the long term prediction
of
behavioural
patterns. Using designs based on the classical twin study, Wilson (1972) has
shown how the profiles of twins’ cognitive development
are apparently
under genetical
control. The last two decades have seen much effort expended upon formulating
and
discriminating
between hypotheses about the causes of variation in the normal personality. The majority of such studies have considered adolescents or adults in isolation and
almost all have relied upon the classical twin study experimental
design. The assumption
seems to have been that results obtained at one age will be comparable
with those from
the study of another age group. However, little or no evidence has been provided to
support this often implicit assumption.
It is now almost ten years since it was demonstrated (Rachman,
1969; Eysenck, 1969) that the personality
dimensions
of neuroticism
and extraversion
could be measured in children as young as 7 or 8 and that the factor
structures
so defined showed a high correlation
with those of much older children.
Nevertheless,
few behaviour
genetic studies have addressed
the question
of the age
dependence
of personality.
Although some studies have attempted
to compare results
obtained
from the administration
of the same questionnaire
to separate samples at
different ages (Reznikoff and Honeyman,
1967; Horn rt ul., 1976), and others (e.g. Partanen et (II., 1966; Claridge et al., 1973) have compared
older and younger twins by
splitting their samples at the mean, or some other arbitrary age, few substantive
conclusions have emerged or could be expected to emerge from such crude designs. Dworkin
et ul. (1976, 1977) employing
a retrospective
longitudinal
approach,
present evidence
for significant adolescence to adulthood
change. They reascertained
part of the sample,
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as adults, originally
studied 12 yr earlier, in adolescence,
by Gottesman
(1965. 1966).
Dworkin ct ul. argue for the involvement
of genetic factors not only in the expression
of traits at both ages, but also in the process of change in expression over time. However,
the small size of the sub-sample
participating
at both ages. 42 twin pairs, reflecting
typical sample wastage in longitudinal
studies. obviously
casts doubt upon the importance of the finding that for many scales there was an absence of significant
genetic
variance. Eaves and Eysenck (1976 a) similarly suggest that long-term changes in neurotic
behaviour may be under genetic control. This assertion is based upon the presence of a
significant correlation
between DZ twin intrapair
differences and age. matched by the
lack of such a correlation
for MZ twins.
Prospective
longitudinal
studies (e.g. Vandenberg
rt ul.. 1968: Wilson. 1977) must in
the long run be expected to provide the best description
of personality
change, and the
best source of data to elucidate the cause of change over extended periods of time. so
long as the problems of sample wastage can be overcome. However, very few such studies
concerned
with behavioural
variables are in progress, let alone nearing fruition. Therefore, the cross-sectional
family study is proposed as a viable and attractive alternative.
In
its simplest form the family study would consist of a nucleus of twin families comprising
twins and both parents. This design may be extended by including other types of family
grouping
or persons having different degrees of relationship
to the members
of the
nuclear family.
Implicit in the naming and construction
of the scales of the adult and junior forms of
the Eysenck Personality
Questionnaire
(EPQ) (Eysenck and Eysenck, 1975) is the belief
that the primary dimensions
of variation
in adult personality
have their anteccdcnts
in
juvenile personality
structure. Despite this belief. no previous attempt has been made to
relate the causes of variation
in the respective scales of the two forms of the questionnaire. This aim would seem to be increasingly
desirable. considering
the recent prolifcration of studies attempting
to infer adult behaviour from the personality
and behaviour
of juveniles.
A family study in the sense outlined above, extended by the inclusion of singleton. that
is only-child,
families. was conducted.
The results of this study were then coupled with
data previously collected on a large sample of adult twins. in order to allow the investigation of the causes of variation
and covariation
of the respective scales of the adult and
junior forms of the EPQ.

2. THt?

DATA

The questionnaire
results analysed in this paper were collected from two independent
sources. The juvenile families of twins and singletons
together with their parents were
contacted via appeals in the popular press and on radio programmes.
The families were
mailed copies of the adult and junior versions of the EPQ and asked to complctc them
separately.
The distribution
of the twlin and singleton
families by sex. and the twin
families by zygosity, is summarised
in Table I(i). The ages of the juvenile respondents
lay
between 7 and 17 yr with a mean of 1 1.06. and the mean differences in age. between the
groups represented
in I(i), were not significant. There was some over rcprcsentation
ol
middle class families. as is common in volunteer studies.
The second source of data was the EPQ responses of a large sample of twins who arc
members of the Institute of Psychiatry twin register. The adult twins [Table I(ii)] were a
heterogeneous
group with respect to age. having a mean of 30.50 yr and ranging from 16
to 86 yr. There was a significant difference in mean age between the adult twin group and
the parents of the juvenile families. the mean age of the latter being 41.36 yr. The twins’
zygosities were diagnosed primarily by the responses to the two questions. “In childhood,
were you frequently mistaken by people who knew you‘?” and “Do you differ markedly
(Kasriel and Eaves. 1976). although
in some
in physical appearance
and colouring’?”
casts further information
on physical resemblance
and the results of blood-typing
were
available (Young. 1977).
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SUMMARY

Previous investigations
of the three primary scales of the EPQ (Eaves and Eysenck,
1977; Eaves et al., 1977 p. 26) indicated the possible presence of detectable genotypeenvironmental
interaction
in the present data, resulting from heteroscedasticity
caused by
the choice of scale. The data are consistent with a binomial choice model in the case of
the extraversion,
neuroticism
and lie scales. On the other hand a Poisson model, which
assumed ‘psychotic’ responses
are distributed
as independent
rare events, was more
appropriate
for the P scale. These results, being in agreement with previous studies, were
taken as indications
of appropriate
transformations
to remove the undesirable
effects of
the present scales of measurement.
A modified square-root
transformation
was applied to
the adult and juvenile P scales, whilst an angular transformation
(Mosteller and Youtz,
1961) was used on the remaining scales to secure scales with uniform error variance.
The scores were corrected for their linear dependence upon age by removing the linear
component
of the regression on age, while at the same time the mean was standardised
to
zero. This procedure was applied separately to the two sexes and to all four adult and
juvenile scales.
The covariance
matrices were calculated for each of the seven types of family group
and for the five classes of adult twin. These matrices are presented
separately
in
Tables 2-5 for each of the four scales of the EPQ. Recognising
the symmetry
of the
individual
matrices. the actual covariances
are given above the leading diagonal of each
matrix, while below it are included the corresponding
correlations
which may give a
better intuitive grasp of the properties of the data. For each trait considered
there are
77 independent
statistics: 5 x 10 from the juvenile twin families, 5 x 3 from the adult
twins and 2 x 6 from the singleton families. The intention
is to summarise
these in the
most economical
manner.
Before commencing
with the testing of genotype-environmental
models, an inspection
of the data matrices with the aid of hindsight will throw light upon some of those aspects
of the data that must be taken into account in the models. Considering
the marital
correlations
first, only for the lie scale is there an obvious and significant
covariance
between the parents of the families. In fact, by fitting preliminary
empirical models to the
data. it was found that the covariance between parents for psychoticism
was also significant and positive. However, for extraversion
and neuroticism
there was no detectable
assortative mating. Secondly there is in general significant covariance
between members
of a twin pair. Thus there appear to be some between family effects to explain. In the case
of the adults the covariance
of MZ twins is greater than that of DZ twins for all four
traits, suggesting that gene effects are probably implicated
in all four domains of adult
personality;
for the juvenile scales the same can be said for E and N but the situation is
much less clear for the lie scale and psychoticism.
The correlations
between parents and offspring for all four scales are obviously variable in magnitude and suggest the possibility of sex linkage. If a significant proportion
of
the loci contributing
to the expression of a polygenic trait lie on the X chromosome,
then
we may expect to find differences in the magnitude
of the parent-offspring
correlation,
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Adult twins
Twin I
Twin

2
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0.016
0.003
0.020
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0.012
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46
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0. I62
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0.05x
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0.013
0.077

67

0.062
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dependent upon the sex of the family members considered. Thus restricting the argument
to man. where the female is the homogametic
sex and the male heterogametic,
we expect
in the presence of significant sex linkage (Mather and Jinks, 1971), that
rMother!Son

=

rFdthrr,Daughler

2

rMorllcr~Daughtrr

>

rFalher,‘Son

Although variable. the parent offspring covariances
do not differ significantly
for any
one of the four EPQ traits and those small differences that exist do not follow the
expected pattern for sex-linked inheritance.
Lastly a comparison
of total variances can be
made. There are no obvious differences between the variance of the MZ and DZ juvenile
or adult twins for either of the four traits. Also the variances of the parental groups are
not in any systematic way different from the variances of the adult twins, which provides
some support for the contention
that the twins are not atypical of the general population.
The one notable feature to emerge from an inspection
of the variances, however, is the
difference in variance between singletons and twins for the two traits extraversion
and lie.
This difference suggests, that possibly for these traits, a simple model involving
only
additive environmental
and gene effects will not be suitable.
4.

FITTING

THE

MODEL

In the past. several estimation
procedures have been adopted, ranging from obtaining
the first solution which springs readily to the eye without regard for efficiency, to the
implementation
of the principle of maximum-likelihood
for fitting multifactorial
models
to individual
unreduced
data (e.g. Lange et d., 1976). The former approach has much to
commend
it as a thoughtful
basis for obtaining
trial parameter
values. but cannot be
defended as a definitive solution, because it yields neither tests of the model nor standard
errors for the parameter estimates. The latter approach is necessary. but time consuming,
when thcrc is no clearly defined and consistent
pedigree structure to the data. Between
these two extremes there are a variety of efficient techniques which rely upon prior data
summaries. When the data permit summary in terms of the independent
mean squares of
the analysis of variance, as in the case of the classical twin study. the approach
of
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weighted least squares is simple and yields estimates which approximate
closely to the
maximum-likelihood
estimates. When. as in the present case. the data are more effectively summarised
by covariance
matrices. the method of WLS becomes more tedious
because of the need to specify the covariances
between all the different statistics in the
sample. The availability
of new and powerful computer software for non-linear
optimisation places the application
of the methods of maximum-likelihood
well within the scope
of practical analysis.
Following. for example, Jiircskog (1973) we write
Log L=

-iN

[log/C/

+ tr(S Cm’)]

+ constant

for the log-likelihood
of obtaining
the observed mean products matrix S, where N are
the degrees of freedom of the observed matrix and C is the matrix of expectations.
If
we assume that the observations
are generated by a distribution
which is multivariate
normal, then the log-likelihood
of obtaining
a given set of m independent
observed
covariance matrices, may be obtained from
logL

= -4

f
i-

Ni[loglCil

+ tr(S, CL’)]

1

(omitting the constant term).
Given that the expectations
have been formulated
in terms of p parameters,
we then
require the vector of parameter estimates p that maximises the Log L. Maximising
Log L
is equivalent
to minimising
-Log L = F.
In practice there are many ways of solving numerically
a minimisation
problem of
a
the type proposed
here. We chose. as did Martin and Eaves (1977). to implement
program
of our own, based upon the Numerical
Algorithms
Group (1974) Fortran
subroutine
E04HAF for non-linear
constrained
minimisation.
There was found to be no
need, in practice, for the use of constraints
to obtain solutions as the routine moved fairly
easily and quickly towards the minimum.
The routine
E04HAF
allows a degree of
flexibility in the choice of method used for minimisation.
In all analyses reported below.
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a method employing
first and second derivatives, as well as the actual function values,
was used in a modification
of Newton’s method. The first derivatives
were evaluated
numerically
by the central-difference
method, whilst the numerical approximations
to the
second derivatives were calculated using a forward-difference
formula.
5. TESTING

THE

MODEL

Again following Jijreskog, given our proposed model HI, we may test this against an
alternative
model, a less restricting hypothesis, Ho say, since under HO, twice the difference between the likelihoods of the alternative models, 2(L0 - L,), is distributed
in large
samples as 1’ with degrees of freedom equal to the difference in the number
of parameters estimated under H 1 and H,. The HO used was such as to allow every expected
statistic to take its observed value. Thus the test statistic will summarise how much of the
observed pattern of variances and covariances is left unexplained
by the proposed model.
6. RESULTS
6.1. The simple genotype-environmental

model

The model fitting procedure
will be illustrated
by applying it to the simplest of all
hypotheses that includes both genetical and environmental
causes of variation. Eaves and
Eysenck (1975, 1976. 1977) found that variation within and between pairs of adult twins
for E, N and P was adequately
described by’ reference to only two parameters,
E,, the
result of environmental
effects specific to individuals.
and, D,, the combined
additive
effects of the loci contributing
to variation in that trait. This model was, therefore, chosen
as the first attempt to explain the present data.
The data consist of the responses of juveniles to the junior version of the EPQ and of
adults to the standard
EPQ. How do we treat the relationship
between each trait as
measured on each version of the scale‘? We could hypothesise that exactly the same range
of environments
and gene effects are responsible for determining
the traits as measured at
both stages of development
and would therefore be justified in using the same parameters
to describe variation in the juveniles and adults. The test of the model would then in part
be a test of this hypothesis. However, if the model failed we would have no information
concerning
the degree to which effects expressed during youth may be expected to
continue their expression into adulthood.
For the latter reason, the effects were specified
separately in the two age groups, and the parent-offspring
covariance
was used as a
means of assessing this continuity
of expression.
At least four parameters are required to describe the mean squares and mean products,
two representing
specific environmental
effects in juveniles (ZIJ) and adults (EIA), and
also parameters
representing
the additive effects of genes at both stages of development,
D,, and DRA. Eaves and Eysenck (1975,1977) consider in some detail the specification
of
simple gene-environment
models applicable
to twin data. Mather
and Jinks (1971)
explain the specification
of additive and dominance,
to be encountered
later. genie variation in populations
having unequal frequencies of increasing and decreasing alleles, in
terms of D, and HR respectively. A fifth parameter, D,,,, is also required to represent the
covariance
of the additive genetical effects expressed in the scores of adults on the
standard
EPQ, with those additive genetical effects causing variation
in the scores of
juveniles, on the junior version of the questionnaire.
The assumptions
implied by the five parameter model are:
effects contributing
to variation are specific to individuals.
(i) All environmental
(ii) All gene effects are additive and the loci act independently,
i.e. there is no dominance, epistasis or linkage disequilibrium.
(iii) The effects of interactions
between genotype and environment
are either absent or
confounded
with the environmental
effects specific to individuals.
deviations.
(iv) There is no covariance of genotypic and environmental
(v) Mating is random for the traits considered.
are absent.
(vi) Sex linkage and sex limitation
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These assumptions
may be expressed in terms of precise algebraic expectations
for the
observed variances and covariances
(Table 6).
Next, the five element vector of parameter
estimates
is obtained,
representing
the
maximum
likelihood solution for this model (Table 6). given the observed matrices. A
test of the model may be applied,
I1 “up = 2(L,
with elf’ = 77 - 5 = 72, in order to judge the
In Table 7 are given the maximum-likelihood
errors for the simple genotype-environmental
IUUI trans. rogetner wltn the cm-square values
is the five parameter
model not an adequate
and mean products matrices.
Table
antes

- L,,)

adequacy of the model.
parameter estimates and their standard
model fitted to the summary statistics of all
tor testmg the model. Only for the lie scale
description
of the observed mean squares

6. Expected variances and covariof the simple
five parameter
genotype--environmental
model
Statistic

Expectation

Variances
Juveniles
Adults

f D,, + E,,
) D, + E,,

Covariances
Juvenile MZ twins
Juvenile DZ twins
Adult MZ twins
Adult DZ twins
Parent- offspring
Spouses

t
f
4
:
a
0

DRJ
D.,
0,;

DR.,
DR,J

The covariances
of the parameter estimates are obtained from the inverse of the matrix
of second partial derivatives of the log-likelihood
function with respect to each parameter
in the model. For the purpose of constructing
tests of significance. the ideal method of
differentation
would be algebraic. However, the production
of algebraic solutions for the
second derivatives
of different. many non-linear.
models. would be extremely time consuming and require repetition for each new model considered.
Instead. the feasibility of
numerical differentiation
was explored. The method finally employed is that represented
by formulae
25.3.24 and 25.3.27 in Davis and Polonsky
(1965, p. X84). and required
(p’ + 3p + 1) function evaluations
given a model containing
p parameters.
The square
roots of the elements of the leading diagonal
of the inverse of the matrix of second
derivatives may be taken as approximate
values for the standard errors of the estimates
and used to construct normal deviate tests of the significance of the parameters.
6.2. E.utrwrr.sion
All five parameters
are highly significant and this model provides a good explanation
* - 7 3.80, p = 0.42). The suggestion earlier that
of the observed covariance
matrices (x72
there was no evidence for assortative
marriage for extraversion
has been confirmed
by
the fit of the simple model which specified a null parameter for the parental covariance.
Allowing the parental
covariance
to deviate from zero resulted in only a small and
non-significant
change (JY: = 2.22, 0.2 > p > 0.1) in the x2 testing the goodness of fit of
the model.
However. before accepting this model, the possibility must be explored that the covariante of twins, and that of parents and their offspring, is due to environmental
factors. In
other words. is the family environment,
as opposed to genetic influences, significant
in
the development
of extraversion?
To this end we introduce two parameters. E,, and EIJ.
to represent
the variation
and covariation
of contemporaries,
due to common
family
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Table 7. Estimate of parameters
and chi-square
tests of the model for the simple
genotype-environmental
model fitted to the four scales of the EPQ and JEPQ
Scale
Extraversion

Parameter

0.035 f 0.003
0.073 + 0.007
0.017 & 0.002
0.041 + 0.006
0.024 i 0.006
73.80

Et.4
Dt?A
F>lJ

DR,
Dk%J
x:z

Neuroticism

Lie scale

Psychoticism
0.24 + 0.02
0.46 &- 0.04
0.25 * 0.03
0.36 + 0.06
0.13 f 0.05
70. I I

0.038 + 0.003
0.053 + 0.006
0.036 + 0.004
0.056 i 0.010
0.046 +_ 0.007
87.20

0.021 f 0.001
0.040 * 0.004
0.016 f 0.002
0.044 + 0.005
0.025 + 0.004
145.47+

*/I < 0.001.

influences, in adults and juveniles
respectively.
We also specify E,, to
represent the covariance
of parents and offspring resulting from purely environmental
influences. Under this model the expectation
for the total variance within either generation is E, + E,, the covariance
of MZ and DZ twins is simply E,, and the parentoffspring covariance is E,,. In later model fitting to psychoticism,
this covariance,
EAJ,
will be made more explicit in terms of the regression of the juvenile onto the parental
phenotype. However, the fit of this five parameter ‘environmental’
model to the extraversion data was not good (x Tz = 111 .36 3 p = 0.002) and this model was rejected as an
alternative
explanation
of this data.
The five parameter genotype-environmental
model was therefore accepted as an adequate and parsimonious
explanation
of the data on extraversion.
Nevertheless,
this does
not exclude the possibility that more complicated explanations
may explain slightly more
of the variation than does the present model. For instance, the possibility that siblings
may form part of each other’s developmentally
significant environment
(Eaves, 1976) was
considered, since preliminary
investigations
into the juvenile data alone had suggested
this possibility. The model was developed in terms of regression theory. We may follow
Eaves (1976) and consider the direct and indirect effects of a single locus with alleles A, a.
However, instead of defining separate indirect effects of the locus, we represent
the
indirect effects by their regression onto the direct effects,

environmental

Genotype
Direct effect on phenotype
Indirect effect on sibling

AA
+d,
+hd,

Au
h,
hh,

-;
-bi,,.

Assuming h to be the same at each and every locus, it can be shown that we may replace
Eaves’ parameters
DK, DR by bD, and b2D, respectively. If the estimate of b is positive
cooperation
will be implicated, that is the direct and indirect effects will both be in the
same direction. The reverse will imply the presence of competition
and that the direct
and indirect effects have opposite sign. The expectations
on this model, of the observed
statistics involving juveniles, are given in Table 8. Fitting this model produced a significant improvement
(x: = 6.56, 0.05 > p > 0.01) over the simple five parameter genotypeenvironmental
model. The estimates of the parameters
E,, and DRA did not alter from
Table 8. Expected variances and covariances
of the genetically based
sibling effects model fitted to the Juvenile statistics for extraversion
Statistic
Variances
MZ twins
DZ twins
Singletons
Covariances
MZ twins
DZ twins
Twin with parent
Singleton with parent

Expectation

+D,, + hDpq, + +h’D,,
+DRJ + +hD,,
+ +h’D,,
tD,,

+ E,,

)D,,
$D,,

+ hDR, + )h’D,,
+ hD,, + ahZD,,

tk.,,
GQ.4,

+ khD,,,

+ E,,
+ E,,
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the estimates (Table 7) obtained under simple genotype-environmental
estimates of parameters
in the juvenile model were,
GJ

= 0.0 1.5 * 0.002

6,,

= 0.053 2 0.007

hypothesis.

The

d R.4J = 0.026 f 0.006
r; = - 0.17 k 0.06
The estimate of h was significant and negative, indicating
that the hypothesised
sibling
effects are competitive
in nature. Alleles exerting an increasing effect upon the phenotype
of the individual who carries them have an indirect decreasing effect upon the phenotype
of that individual’s
cotwin. However. this apparent effect of the sibling environment
is
small. and is. as far as we can tell, transitory.
Its effect upon estimates of the proportion
of genetic variance and the genetic correlation
between adults and juveniles is minimal
and not significant.
If the simple model is adequate we may calculate summary statistics. As there is no
substantial
non-additivity
or indication
of the influence of the family environment.
we
estimate the heritability
of extraversion
defined in adults and juveniles as.
I;‘, = ; D,, ($ D,,
1;; = ; D,,.‘($ D,,

+ E,,J) = 0.51 f 0.04,
= 0.54 _+ 0.07.

+ E,,)

Thus approximately
half of the variation in both adults and juveniles may be attributed
to genetic influences. However. are the same genes operative in both adults and juveniles‘? An attempt to answer this question may be made by looking at the estimate of the
covariance
of gent effects in parents and offspring. If we expect the only difference
between the gent effects in adults and juveniles to be a scalar one, then the correlation
D RAJ~(DRA. DRJ)“’ should be unity. On-the other hand. if this coefficient approaches
zero,
the conclusion
would have to be that few of the genes producing
variation
in juvenile
extraversion
are still operative in adulthood.
In practice
I’(, = D,,J:(DR,,.

DRJ)l ’ = 0.44 k 0.1 1.

implying that slightly less than half of the genetic effects on extraversion
are common to
both adults and juveniles.
In deriving the standard errors for the above summary statistics we followed Kendal
and Stuart (1963, p. 231). Given that a function g(x) of variates (.Y,, s2..
xk) each has
mean (I,, then g has mean q(O,, OZ..
Ok),and to the first order we have,

var(g)

=

i
i.j=1

Numerical
extensions
the simple
vindicated
the second,

r
gf,

.
1

$1.COV(.Yi.

.Xj)

I

1

differentiation
was again chosen in preference to algebraic,
in order that
of the method to more complicated
functions would be simpler. In the case of
functions given above, algebraic derivatives were also employed and the result
our choice of the numerical
method, since differences were only apparent in
and often only in the third. significant figure.

We turn now to neuroticism,
the second major dimension
of personality
considered
here. The fit of the five parameter gene -environment
model to the variances and covariantes for neuroticism
was adequate (x+2 = 87.20. 11= 0.1 1). although there was perhaps
some room for improvement.
The estimates
and their standard
errors arc given in
Table 7. As was the case for cxtraversion
no improvement
in the fit of the model was
gained by allowing the parental covariancc
to differ from zero. Therefore. there is no
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evidence for assortative marriage for neuroticism.
When the purely environmental
hypothesis, involving only specific environmental
influences and the effects of the common
family environment,
was put to the test it again failed to account
for the data
(;I;, = 105.74, p = 0.006).
The simple five parameter gene-environment
model has been shown to be adequate
and summary statistics may therefore be calculated. The estimates of the heritability
of
neuroticism
in adults and juveniles, as defined above, are,
h: = 0.41 * 0.04
h^: = 0.44 * 0.07.
That is, approximately
40% of variation
in neuroticism
is due to additive
influences, while the estimate of the genetic correlation
for neuroticism
is,

genetic

*
r’G = 0.84 * 0.14.
Allowing for the size of the standard error associated with this estimate, we may conclude that there is no evidence that the correlation
differs significantly
from unity. This
fact in itself is very interesting
in that it implies that those genes which predispose
children to be neurotic or stable will continue their expression into adulthood,
and will
therefore lend support to the clinician who attempts prediction of adult behaviour
from
that of the child. Although we have accepted the above five parameter model as adequate,
Eaves et al. (1978) had noted some non-additivity
in the adult neuroticism
data and
proposed two possible explanations,
although
were unable to adequately
differentiate
between them. The present data summary does not allow the consequences
of age differences within groups to be examined, by the estimation
of y x age interactions,
because
model fitting to the raw data is required. However, it is possible to test their second
suggestion, which was that the non-additivity
might be due to genetic dominance.
Since
dominance
does not contribute
to parent-offspring
covariance, and we have excluded the
involvement
of the family environment,
and further the genetic correlation,
rG, does not
differ significantly
from unity, we may replace lIRAJ in the expectations
by ,/(D,,.D,,).
The estimates of additive and dominance
variation derived from twin studies are usually
highly negatively correlated and the effects difficult to separate, by virtue of the fact that
they share much of the same information.
However, by including
an estimate of the
parent-offspring
covariance, which depends only on D,, it is possible to achieve a better
resolution
of these two hypothetical
sources of variation.
The model actually fitted
contained six parameters, EIA and E,, for specific environmental
variation;
HRA and H,,
for dominance
variation;
and finally ,/(DRA) and J(DRJ), thus forcing D,, and D,, to
be non-negative.
The exact specification
of H, when allele frequencies are unequal may
be found in Mather and Jinks (1971). Fitting the model (Table 9) produced a marginally
significant (XT = 3.86, p z 0.05) increase in the log-likelihood,
although the improvement
was wholly confined to the adults. The estimates of \i(DRA) and J(DRJ) yield values for
D,, and D,, of 0.0016 and 0.08 respectively. Thus the estimate of d’(DRA) is unacceptably
small and that of H,,. being negative, also points to failure of the model. The model is
therefore inappropriate
for the present data, although indicating
that in more extensive
data, a significant contribution
due to non-additive
gene effects may be found.
6.4. Psychoticism
The third dimension in the Eysenckian theory of personality
structure is Psychoticism.
Referring again to Table 7, the simple gene-environment
model apparently
provides
quite an adequate explanation
of the data (x :2 = 70 . 11, p = 0.54). However, the fixing of
the parental covariance parameter to zero is quite unacceptable
as we have already noted
that there is a significant marital correlation
for psychoticism
in the present data. Phenotypic assortative mating for a genetically controlled
metrical character implies genetical
covariance between spouses. Sustained assortation
will result in an increase in genetical
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variation between families as a result of the linkage disequilibrium
generated. It is possible to consider more than one mechanism
for assortation.
Fisher (1918) considered
three, distinguished
by which of the three spousal covariances,
phenotypic,
genetic or
additive genetic, was assumed to be primary. The first mechanism
is usually considered
to be the most probable, at least for man, and will be employed here as a first approximation. Following
Fisher, if we consider the marital correlation,
,LL,to be primary, then
the genetical correlation
between spouses, A, given additivity,
is h2p, where 17’ is the
heritability.
The genetic variance
of individuals,
i DR, is increased
by an amount
to the covariancc
of twins reared together.
t IA/(1 - A)1 DR.all of which contributes
Table 9. Expected variances,
expected covariances
and parameter cstimatcs of the genetical domtnance
model for the neuroticism
scale
Statistic

Expectation

Variances
Adults
Juveniles
Covarianccs
Adult MZ twins
Adult DZ twins
Juvenile MZ twins
Juvenile DZ twins
Parent offspring
Parameter

Et,,
\ PR4)
HR4
FAlJ
\ @RI)
[1R.,

0.037 i_ 0.003
0.041 * 0.010
0. I ox f 0.0 I z
0.037 If- 0.005
0.283 * 0.067
- 0.052 _t 0.08 I

There is one further complication
that must be considered before the model is complete.
That is, the extent to which genes passed from parents to offspring, and contributing
to
the expression of the trait in the latter, may be regarded as also in a state of linkage
disequilibrium.
The situation was resolved by specifying two ‘parameters’ to describe the
additive genetic variation in juveniles. The first represented
the effects of genes specifically expressed in juveniles, D,,, the other ‘D,,,’ was used to describe the effects of genes
also expressed in adtilthood
and which would therefore be in linkage disequilibrium
due
to the assortative
mating of the parents. It was assumed that the only difference in
magnitude,
of these common gene effects in adults and juveniles, would be a scalar one.
Therefore, the relation DRc = (DRA. D,,,)1,2 was assumed to hold, where D,, was the
covariance of these gene effects in parents and offspring. This assumption
was put to the
by (D,J2/DR,.
The six parameter
genetical
test by replacing ‘DRJc ’ in the expectations
model embodied
in the first half of Table IO was fitted to the mean squares and mean
products matrices for psychoticism.
The decision to allow a non-zero
parental
covariance
was justified
by the highly
significant
change in the log-likelihood
(xf = 15.44, p < 0.001) on fitting the six parameter model. The fit of the latter genetical model. as to be expected. was exceptionally
2 = 54 67 3 p = 0,92)+perhaps
too good -reflecting
inspection
of the data. The
good (j/,1
parameter estimates are given in the first part of Table 11.
As yet, in the consideration
of psychoticism.
the purely environmental
hypothesis has
not been examined. The presence of a marital correlation
for psychoticism
necessitated
the extension
of the basic environmental
hypothesis. A regression model approach
was
employed
in this instance,
similar to that developed
by Cavalli-Sforza
and Feldman
(1973). The covariance
of juveniles
was conceptualised
as being partly due to their
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and covariances
of alternative
genetical and environmental
separately for the adult and juvenile statistics

models

specified

Expectations
Genetical

Environmental

model

model

Adult statistics
Total variance

(VP)*

El/1 + EL,

E2.4

Covarlance

of MZ twins

Covariance

of DZ twins

Covariance

of spouses (C,)

PVP

Juvenile statistics

El,

Total variance

EzJ + 2z2(1 + p)Vp + E,,

Covariance

of MZ twins

E2,

Covariance

of DZ twins

Ez_, + 2z2(1 + p)V,

Covariance

of parent-child-i

z(l + g)V,

* Some expectations
i-MU = C,/V,.

are shown for clarity in terms of VP, however,

+ 2z2(1 + p)V,

VP was not estimated

explicitly.

regression onto the phenotypes
of their parents and partly due to other factors uncorrelated with the parental psychoticism
scores. If, for the moment, we ignore the sources of
variation in the parents and concentrate
on the parental phenotypes,
P, and P2, which
are correlated
to the extent, p, we may visualise (Fig. 1) that variation
in juvenile
psychoticism
scores is partly the result of environmental
influences of the parental psychoticism phenotype, with regression coefficient z, partly the result of other environmental influences, EC, shared by siblings but uncorrelated
with the parental
psychoticism
phenotype,
with variance
E,,, and thirdly
resulting
from specific environmental
influences, E,, with variance E,,. Now, if we represent the variance of the parental (adult)
phenotype by VP, we may then derive expectations
for the juvenile variance and covariantes, which are presented in the second part of Table 10.
At no time in the formulation
of the above environmental
model for juvenile .variation
and covariation
was any assumption
made about the causes of variation in the psychoticism scores of the adults. Eaves and Eysenck (1977), in a prior analysis of a subset of this
data, were able to reject a purely environmentally
based model for the adult scores in
Table

I I. Estimates

of parameters
for alternative
genetical
models fitted to psychoticism

Parameter
Adult model

E,,
D RA
A

Juvenile

model

E,,
DRC

DRS

Genetic model
Estimate
0.25
0.42
0.09
0.25
0.12
0.33

*
_t
+
f
f
+

0.02
0.04
0.02
0.03
0.04
0.07

and

environmental

Environmental
model
Parameter
Estimate
E 1.4

E,,
p
E1.l
E 25

3

0.30
0.18
0.18
0.30
0.13
0.07

f
*
&
i
+
*

0.02
0.02
0.04
0.02
0.03
0.03
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favour of the simple genotypeeenvironmental
hypothesis. Nevertheless,
the two alternatives for the adult variation
were fitted, together with the environmentally
based model
for the juvenile scores. The expectations
relating to the alternative
models for the adult
variation are given in the upper part of Table 11. The estimates of the parameters
of the
environmental
model for juvenile variation and covariation
were unaffected by the model
fitted to the adults and similarly the estimates of the parameters of the genotype- environmental model fitted to the adults were unaffected by the model fitted to the juveniles. The
estimates of parameters
not previously fitted are therefore presented in Table 11. alongside those of the six parameter
genotypeeenvironmental
model considered
earlier. The
likelihood ratio tests for the two alternative
models yielded chi-squares for 71 ~I/‘of 65.56
and 55.17 respectively. Thus at least three models provide very good explanations
of the
observed variances and covariances
and there is no wholly satisfactory method of decidmodel
ing between them. However, adding EZA to the five parameter gene-environment

Fig. I. Rcgrcssion

model for Juvenile

psychotlcism

scores.

I. Twn

l‘amlly. 2. Singleton

family

does not produce a significant
reduction
in x1 (xf = 0.01. p > 0.0). or a significant
parameter
estimate, but adding D,, to the environmental
model produces both results
(e.g. xf = 10.4. p z 0.001).
Therefore, two alternative
explanations
are tentatively
proposed for the variation
and
covariation
of juvenile and adult psychoticism
scores, acknowledging
that we are unable,
with the present data, to distinguish between the alternatives.
Variation in adult scores is
most likely to be the result of specific environmental
influences and additive gene action,
superimposed
upon which are manifestations
of the linkage disequilibrium
resulting from
the assortative
mating (b = 0.18 i 0.04). The estimated
heritability
of psychoticism
in
adults is. therefore,
hi = v,,i(V,;,

+ E,,)

= 0.48 & 0.04, where

CL, = i(l:l

- A) DR.,,.

Considering
firstly the purely environmental
model for juvenile variation,
slightly more
than two-thirds of this variation may be related to specific environmental
experiences not
shared by members of a sibship. i.e.
[E,I’(Ez., + 2z’(l

+ p) VP + E,.A]

Further, of the covariance
of members of a twin pair only 4”,, may be traced
influences of the parents’ psychoticism
scores, i.e.
[2zz(1 + p) C;.I(El, + 2?(1

to the

+ /A) Lb)].

providing
littie support for the contention
that parental
psychotic behaviour
may be
passed environmentally
to adolescent children. However. this finding does not imply that
other independent
aspects of the parental phenotype are not developmentally
significant.
Such effects would of course contribute
to the estimate of EzJ and are inseparable
from
those effects contributing
to twin covariation,
but which are unrelated to parental behaviour. Neither does it imply that the regression
of parental
phenotype
onto the udult
phenotype of the offspring may not be greater.
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The genotype-environmental
model for juvenile psychoticism
scores may be summarised firstly by estimating
the proportion
of the expected variation
attributable
to gene
effects,
1;; = VcJ/(VG, + EiJ) = 0.42 + 0.07, where V,, = +(I/1 - A)(D&/DRA)

+ )D,s,

on the assumption
that this model is correct and recognising
that at this time it is only
an assumption.
Secondly, only about 10% of the expected juvenile variation apparently
due to additive gene action, is the result of genes that in adulthood
also contribute
to
variation in psychoticism
scores, i.e.

Thus. whether or not genes are involved in variation
in juvenile
psychoticism
those scores will not be very good predictors of the later adult phenotype.

scores,

The lie scale was originally included in the EPQ to provide a measure of dissimulation
that could be used to check the validity of scores obtained on the other scales. However.
Eysenck and Wilson (1978) argue that the scale is also a measure of conformity.
The lie
scale provides the exception
in this investigation,
in that the simple five parameter
genotype-environmental
model (Tables 6 and 7) fails utterly to account for the observed
variances and covariances (~$2 = 145.47, p < 0.001).
In an earlier section a highly significant marital correlation
was described for the lie
scale. However,
although
leading to a significant
improvement
in fit (xt = 44.36,
p Q O.OOl), allowing the marital correlation
to be greater than zero still does not yield an
six parameter
environmental
adequate model (x :, = 101 f 10> p = 0.01). The equivalent
model that allows for both specific environmental
influences
(E,) and environmental
influences shared by siblings (E,) is no better (x:, = 102.23. p = 0.01). A combination
of
these two models still did not fit (xC9
* - 91 .66 , p = 0.035) but showed that for the purpose
of explaining the adult variation the contribution
of additive genetic effects (DR) was far
more significant than those effects of the family environment
(E2). On the other hand, the
reverse seemed to be the case for the juvenile variation
where common environmental
influences, or influences simulating
these. appeared to play a somewhat greater role.
In preliminary
investigations
of the juvenile scales (Eaves et al., 1978) the possibility
that sibling cooperation
might be influencing
juvenile lie scale scores was considered.
Sibling cooperation
implies that the phenotype
of each member of a sibship has an
increasing effect upon the phenotype of the other members. The specification
of cooperation. and the converse effect which we call competition,
against a geneticul background
is considered by Eaves (1976) who illustrates the approach with adult psychoticism
data
obtained on an earlier scale than that used in the present study. We now develop a model
in which the primary sources of variation
are environmental,
instead of genetical, and
include the environmental
influences of the parental phenotype. Upon those sources are
superimposed
the effects of juvenile cooperation.
Leaving aside the sources of adult variation
for the moment, and proceeding
in a
manner similar to that taken for psychoticism,
we let the parents have phenotype, P, with
variance VPand further let this have an effect environmentally
upon the phenotype of the
offspring, with regression coefficient Z. Also let there be environmental
sources (E,) of
juvenile twin covariation
that are not correlated with the adult lie scale scores, represented by parameter E,,. and a source (E,) of environmental
variation specific to individuals. represented by the parameter E,,. Thus far, the model is the same as one specified
for juvenile psychoticism.
However, now let the sum of the environmental
influences
upon one twin (ET) have not only a direct effect upon that twin’s own phenotype but also
an indirect effect upon that of his cotwin with regression
coefficient c. There are of
course, by definition, no sibling influences upon the phenotype of singletons. The model
is represented diagramatically
in Fig. 2. It may be shown by standard rules of regression
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12. Expected variances. expected covariances
and parameter
estimates
envlronmrntal
cooperation
model for the lie scale scores of juveniles

Statistic

of the

Expectation

Variances
Singletons
MZ and DZ twins
Covariances
MZ and DZ twins
Singleton with parent
Twin with parent

E,, + EzJ + ?‘(I
+ p)l,
(I + C’) E,,, + (I + #bIZ.,
ZCE,, + (I + c.?Ez., + 231
:(I + ,l,vp
:(I + C)(l + p)L,
Full model
Estimate

Parameter

+ 2?(1
+ #(I

+ (,I? (I + p)C,
+ p,I,

Adapted model
Estimate

theory that the appropriate
expectations
for the juvenile variation
and covariation
are
those of Table 12.
The model so far has been independent
of the sources of variation in the adult lie scale
scores. In the first instance let us consider a model specifying only environmental
variation specific to individuals,
E,,; additive gene action, D,,; and the genetic correlation
between spouses, A. This model for the adult variation
and covariation
is the basic
genotype-environmental
model with assortation
previously considered for adult psychoticism (Table 10). The combination
of this model for the adult scores and the full model
of Table 12 for the juvenile scores was fitted to the mean squares and mean products
matrices for the lie scale. The estimates of parameters
of the full juvenile model are given
in Table 12. whilst the estimates from the adult model were,

E
B

IA

=

RA

=

0.021 * 0.001

0.033 * 0.003

R = 0. I6 _t 0.02
The model provided
an adequate,
although
perhaps
not good, explanation
of the
observed matrices (x:, = X7,78. p = 0.07). However. the estimate of E,, is obviously not

‘2

z

t
1

ET2

T,
Fig. 2. Regression

model for juvenile

t

t

he scale scores.

t

S

I. Twin family. 2. Singleton

family
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significant
and was discarded
from the model, the remaining
parameters
being reestimated (Table 12). The estimates of parameters
contributing
to adult variation
and
covariation
did not alter. The fit of the resultant model (x:, = 88.08, p = 0.08) was no
worse for the dropping of the superfluous parameter. Allowing for environmental
sources
of twin covariation
in the adults, by fitting an E ZA parameter, did not produce a signihcant improvement
in fit and the resulting parameter estimate was small and not significant.
The possibility that this apparent sibling cooperation
could be genetically based was
also considered. However, a suitable model had to account for three important
aspects of
the data: (i) additive gene action in the adults; (ii) a non-zero marital correlation;
(iii) a
correlation
between juvenile and adult genetic expression in the range 0 < rG d 1. The
model specified contained
elements of two previous models considered
with respect to
extraversion
and psychoticism.
The sibling effects were specified by means of the parameter, h, employed in the investigation
of extraversion.
This model was combined
with
the basic genotype-environmental
model with assortation
previously considered for adult
psychoticism
(Table 10) and with the associated model for juveniles in which the additive
genetical variation was separated into that also having expression in adulthood
and that
genetical variation
specific to adolescence.
The resultant
model contained
seven parenvironmental
variation
specific to individuals
in
ameters, E,, and E,, representing
in adults; D,,, the
adults and juveniles
respectively;
D,,, additive genetic variation
covariance of gene effects in adults and juveniles; DRS, the genetical variation specific to
juveniles;
A, the additive genetic correlation
between spouses; and b, to represent the
effects of sibling cooperation.
The expectations
for the juvenile variation and covariation
are presented in Table 13, whilst the expectations
for the adult statistics have already
been presented (Table 10). The fit of the model was quite good (I:, = 84.55, p = 0.11).
However, two of the estimates (Table 14) were not significant,
the sibling effects parameter, h, and the parameter
estimating
the juvenile specific genetical variation,
D,,.
When fitting the environmental
sibling effects model there was no evidence for twin
covariation
that could not be related to the parents. Therefore, D,, was dropped from

Table

13. Expected

variances

and covariances

of the genetical
of juveniles

Statistic

cooperation

model

for the lie scale

Expectation

Variances
Singletons

MZ twins

(1 + b)Z

GC
l-1
+ :DRS
2(l - A) DRA

1

+ E,J

++D,,

DZ twins

+ ;tD,s

+ E,,
1

MZ twins

(1 + b)2

+ tD,,

DZ twins

Singleton

with parent*

Twin with parent*

* Where 11is the expected

phenotypic

correlation

between

spouses.

scores
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Tahlc 14. Estimates of parametrrs
of the gcnctical cooperation
model for the lie scale scores of juveniles
Full model
Estimate

Parameter

Adapted model
Estimate

the present model. This action resulted in a significant estimate of h (Table 14). but also
failure of the model (x$, = 93.38. p = 0.04) both at the SY;, significance level. Thus, while
the evidence is by no means conclusive,
the environmentally
based explanation
is an
acceptable provisional
hypothesis for the variation and covariation
in adult and juvenile
lie scale scores.
Several summary
statistics might be derived from the environmental
sibling effects
model. Thus it was found: (i) that the expected variance of twins is approximately
IO”;,
greater than that of singletons, i.c.
[(I

+ ?)E,,

+ 2z2(1

(ii) that of the expected
[(l

variance

+ c’)E,,],“[(I

may be ultimately
larly for singletons,

+ C)’ (1 + /L)V,]I[E,,
of twins 92”/,,, i.e.

+ c~)E,,

+ 2:‘(1

traced to environmental
94”b, i.e.
E,,/[E,,

+ 2271 + /L)V,] = 1.09 + 0.02;

+ c.)‘(l + p)V,,] = 0.92 k 0.03

influences

specific

to individuals.

and simi-

+ 2z2(1 + /l)VP] = 0.94 * 0.02

may be traced to the same source; (iii) that the covariance
of twins and their parents is
approximately
2S0< greater than that of singletons and their parents. due to the ‘cooperative’ effects, i.e.
[:(l

+ c)(l

(iv) finally, that of the covariance
influences of their parents, i.e.
[2?(1

+ /~,V,,]:[z(l

+ /I)V,] = 1.24 + 0.03;

of twins only about

+ C)? (1 + /1)VP]/[2CE,,, + 2?(1

15”,, may be traced

to the shared

+ (.)‘(I + /L)V’] = 0.16 + 0.05.

the remainder being the result of each twins’ specific environmental
circumstances
having
an indirect ‘cooperative’ effect upon their cotwin. Nevertheless,
the most important
finding is the lack of evidence for primary sources of juvenile twin covariation
(EzJ) that are
not traceable to the environmental
influences of the parental ‘lie’ behaviour.
The sources of variation in the adult lie scale scores seem to bc clearer than those for
the juvenile scores. As in the case of psychoticism
the most important effects appear to be
those due to specific environmental
influences, contributing
to El, and additive gene
action, D,, , (hf, = 0.48 &- 0.04). We also recognise a fairly large spousal correlation
(p = 0.34 + 0.04), which might suggest that the aspect of self-effacement
measured by the
adult lie scale may be important
in consideration
of a marriage partner.

7.

DISCUSSION

AND

CONCLUSIONS

With the demise of conventional
behaviour genetic studies, in which the emphasis is on
estimation
of the parameters
of untested models from one or two different degrees of
relationship,
we would expect the search for paradigms
of different mechanisms
of
determination,
to focus on a few traits which reflect consistent
and different causal
mechanisms,
rather than on a morass of traits chosen for little other reason than the fact
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that someone has claimed they can be measured.
Furthermore,
the emphasis
of the
greater part of the model-fitting
effort on the analysis and reanalysis
of cognitive variation has perhaps obscured the great diversity of causal mechanisms
which are awaiting
discovery and analysis in man. The above analysis, albeit indecisive in many respects, has
demonstrated
how the model-fitting
approach,
far from being a sterile exercise in the
juggling of numbers, may enliven the discussion of causal mechanisms
in man by bringing
to our attention many of the anomalies which can become the points of departure for a
new and more flexible understanding
of the significance of human variation.
In this paper a general model-fitting
approach to the analysis of structured
pedigree
data, “the balanced pedigree method” (Eaves et al., 1978), has been outlined. The application of the method to a particular
data set should not be allowed to detract from its
generality.
There would appear to be a need in human behaviour
genetics, with the
collection
of extended data sets becoming
more common,
for a maximum-likelihood
method for the fitting of clearly defined expectations
to a set of statistics irrespective
of
their independence.
In summarising
the results of the model fitting to the EPQ data, the tentative nature
of many of the conclusions
must be stressed. Any hypothesis needs to be tested by the
collection of fresh and more extensive data. The three major dimensions of the Eysenckian
theory of personality
appear on the whole, with the one possible exception of psychoticism in juveniles, to be characterised
by variation resulting from specific life experiences
and the additive effects of genetical polymorphism.
The effects of test unreliability
contribute to our estimate of the importance
of the individual
environmental
experiences.
The covariance of genetical effects as expressed in juveniles and adults has been shown to
be reasonably
high for extraversion
and neuroticism,
especially so in the latter case, for
which trait there is a surprising degree of inter-generational
consistency.
However, in the
case of psychoticism
the covariance
of parents and offspring is low, irrespective
of its
basis, genetical or environmental.
These results suggest that the prediction
of adult
temperament
in childhood may be quite successful along the dimension
of anxiety-stability. However, the success of such prediction is not expected to be so great, if interest is in
or related to the extraversion-introversion
dimension,
while the indications
for the psychoticism dimension
perhaps reflect its weaker theoretical basis, and the poor discriminating power in the normal range of variation
of the present scales employed
in its
measurement.
The findings for the lie scale represent a striking departure from those expected on the
basis of a simple genotype-environmental
model, and suggest that social interactions
between parents and offspring, reinforced by the interaction
of siblings in the case of twin
pairs, may play an important
role in the manifestation
of ‘honesty’ in juveniles,
as
measured
by the lie scale of the JEPQ. It is remarkable
that there is absolutely
no
evidence that the similarity of twins depends on any environmental
factors which are not
assessed by the lie scores of their immediate
relatives. The possible detection
of social
interaction
effects in the juvenile scores and the presence of a relatively high phenotypic
correlation
between spouses (p = 0.34) for the lie scale suggests that whether the junior
version of the scale is measuring
actual deceit, lack of insight, or genuine variation
in
“approved behaviour” (Eysenck et ul., 1971), the trait may well repay further examination
as a paradigm of a trait for which social interactions,
rather than genetical differences,
are paramount
determinants
of individual
variability.
The inclusion of singleton families in the study has highlighted the increased power of
this design for detecting certain types of social interaction.
This increase in power is
witnessed by the detection
of apparent
transitory
sibling effects in the variation
and
covariation
of juvenile lie scale, and possibly extraversion,
scores. The consequences
of
sibling effects could not be adequately
specified in the parental
generation
since the
characteristics
of the families in which the parents were reared were unknown.
The
collection of such information
and the data to estimate the variance of adult singleton
scores would be desirable. In this treatment
of sibling effects we have obviously
only
touched the surface of the subject. It would be interesting to test our models against data
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collected on, say, unrelated individuals
reared together or siblings raised in sibships of
sizes greater than two. Factors in addition to sibship size such as birth interval, which
collectively may be called “family density” effects (Eaves rt al., 1978), might also prove to
be important.
This paper extends two basic concepts in the quantitative
analysis of human personality. Firstly. the interaction
of gene expression with age differences, and in addition, the
formulation
of explicit models for the influence of social interactions
upon personality
development.
Although the idea that gene expression and interaction
may be modified
with age is largely accepted in the animal literature (e.g. Broadhurst
and Jinks, 1966). its
rigorous analysis in man is still far from realisation.
The present experimental
design has
been able to show that a simple model which assumes consistency of gene action between
adults and juveniles measured on similar personality
scales cannot account for the degree
of similarity
between relatives. It is therefore quite likely that the traits measured
in
adults and juveniles differ in their causes
of variation.
at least in part, so that genetic
cffccts manifest in juveniles
are not expressed in the same individuals
as adults and
vice-versa. The fact that somewhat different scales were used in the assessment of adults
and juveniles
dots not alter the general conclusion,
since the scales were designed
expressly to measure those aspects of behaviour
which were factorially
consistent
in
adults and juveniles. Other explanations
of the data for the three primary dimensions
of
personality,
extraversion.
neuroticism
and psychoticism,
would have to invoke a substantial amount of genetical non-additivity
to explain the findings, and would not be consistent with the general findings for infra-human
genetical systems (e.g. Mather and Jinks.
1971). The inability
of parental data to predict the findings for offspring. therefore, is
perhaps more likely to be attributable
to the interaction
of genetical differences with age.
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