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ABSTRACT How are retrospective accounts of family rearing envir-
onments linked to adult personality? We addressed this question by
measuring both domains in a sample of 180 reared-apart twins. Twins
completed extensive measures of rearing environments (the Minnesota-
Briggs History Record, the Block Environmental Questionnaire, the
Family Environment Scale, and the Physical Facilities Questionnaire)
and an omnibus measure of adult personality (the Multidimensional
Personality Questionnaire). Retrospective accounts of family environ-
ments were partially heritable and all the heritable variance in
environmental measures could be accounted for by heritable variance
in personality. In addition, differences between twins in their accounts of
their rearing environments (nonshared environmental factors) were not
significantly linked to differences between twins in their personalities.
Hence, family environmental measures appear to be heritable because
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personality genes influence the way people shape and recall their rearing
environments. In addition, differences in reared-apart twins’ retro-
spectively recalled rearing environments appear to have little impact on
differences in their personalities in adulthood.

How are childhood family environments and personality related?
Classical answers to this question focused on the potential causal

role of the childhood family environment in shaping personality.
For example, parenting style was often described as a family-wide

environment with important implications for personality develop-
ment (Halverson & Wampler, 1997). More recently, however,
findings from behavior genetic research have provided a different

perspective. Such research indicates that personality can be traced
primarily to genetic influences, and to nonshared environments—

environments that make persons growing up in the same family
different, rather than similar (for a quantitative review, see Loehlin,

1992). Still, behavior genetic research has been criticized for often
neglecting to measure the environment directly (Collins, Maccoby,

Steinberg, Hetherington & Bornstein, 2000; Hoffman, 1991; Wachs,
1993). In many behavior genetic studies, environmental effects are
inferred, rather than being linked to specific, measured environ-

mental variables.
In the research reported herein, our goal was to better understand

the relationship between retrospectively recalled childhood family
environments and adult personality by linking measures of

environments and personality in a study of twins reared apart. We
begin by reviewing what genetically informative studies have taught

us about the family environment.

What Have We Learned From Genetically Informative Studies of

Family Environmental Measures?

One of the more fundamental findings from genetically informative
research is that measures of family environments are often heritable

(Plomin & Bergeman, 1991; Plomin, 1994). That is, a portion of the
variance in such ‘‘environmental’’ measures is actually genetic,

rather than environmental. Rowe (1981, 1983) reported the seminal
work in this area, showing that adolescent twins’ reports of

acceptance versus rejection by their parents were under genetic
influence, whereas twins’ reports of parental control showed no
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genetic influence. These results were extended to older adult twins

reared apart and together by Plomin and his colleagues (Plomin,
McClearn, Pedersen, Nesselroade, & Bergeman, 1988). Plomin et al.

(1988) reported on data collected on twins’ retrospective accounts of
the family environments in which they were reared. Similar to

Rowe’s (1981, 1983) findings, reports of warmth and personal
growth showed greater genetic influence than reports of parental

control. Bouchard and colleagues (Bouchard & McGue, 1990; Hur
& Bouchard, 1995) have also reported similar results. In a sample of

adult twins reared apart, Bouchard and McGue (1990) reported
significant genetic contributions to retrospectively recalled reports of
family cohesion and encouragement of individual growth, but not

positive constraint (family organization and moral-religious orienta-
tion). Hur and Bouchard (1995) extended the Bouchard and McGue

(1990) report to a larger reared-apart twin sample assessed on a
wider array of environmental measures. Hur and Bouchard (1995)

found greater genetic influence on retrospectively recalled reports of
support in twins’ rearing families, whereas genetic influences on an

organization and cultural orientation factor were smaller. Thus,
evidence for genetic contributions to the family environment is not
limited to only a few specific measures. This was also illustrated by

Plomin, Reiss, Hetherington, and Howe (1994), who extended the
finding of significant heritability of family environments to a very

wide variety of measures taken on participants in the Nonshared
Environment in Adolescent Development (NEAD) project. Fifteen

of 18 composite measures showed significant genetic influence, with
an average heritability of 27%.

Adult twins’ accounts of their current family environments (as
opposed to the family environments in which they were raised) are

also heritable. In a sample of adult twins reared apart and together,
Plomin, McClearn, Pedersen, Nesselroade, and Bergeman (1989)
reported that, on average, genetic influences accounted for 24% of

the variance in eight indices of current family environment. Adult
twins’ parenting practices—an aspect of their current family

environments—are also heritable (Kendler, 1996; Losoya, Callor,
Rowe, & Goldsmith, 1997; Perusse, Neale, Heath, & Eaves, 1994).

Nevertheless, an exception to the general finding of genetic
contributions to measures of the family environment was provided

by Vernon, Jang, Harris, and McCarthy (1997). Vernon et al. (1997)
reported no genetic influence on measures of the family environment

Environment and Personality 811



in twins reared together; in their best-fitting models for factors

derived from the Family Environment Scale (FES), heritabilities
were estimated at zero. Still, the finding of significant genetic

contributions to measures of the family environment is generally
robust. Indeed, such evidence is not limited to the studies of self-

report measures in twins described above. Observational indices of
the family environments of adolescents also show genetic influence

(O’Connor, Hetherington, Reiss, & Plomin, 1995), as do adoption
studies of measures of family environments in early adolescence

(Deater-Deckard, Fulker, & Plomin, 1999).

Can the Heritability of Personality Help Explain the Heritability

of Measures of the Family Environment?

Although a number of methodologically diverse studies point to
genetic influences on perceptions of the family environment, the

current literature is missing a clear explanation of why measures of
the family environment are heritable. One key possibility is that

genetic influences on measures of family environments reflect genetic
influences on personality. Personality genes may influence more than

characteristic styles of affect, behavior, and cognition because the
specific affects, behaviors, and cognitions that uniquely characterize
a person have implications for that person’s impact on and

understanding of his or her family environment. Consider the
example of a person who is generally calm and tends to control her

impulses. Such a person might have a positive impact on her family
environment, increasing cohesion among family members because

she is pleasant and easy to get along with.
Little research has investigated the possibility that genetic effects

on adult personality account for genetic effects on family environ-
mental measures. However, a pioneering study along these lines was

reported by Chipuer, Plomin, Pedersen, McClearn, & Nesselroade
(1993). Chipuer et al. (1993) investigated the extent to which genetic
influences on the personality traits of extraversion and neuroticism

could account for genetic influences on reports of current family
environments made by older adult twins. Although genetic

influences on extraversion and neuroticism accounted for some of
the genetic influence on environmental reports, a significant portion

of the genetic influence on reports of the environment was
independent of personality. Nevertheless, an important shortcoming
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of this study was its limitation to only two personality traits, which

may explain why Chipuer et al. (1993) were only partially successful
in accounting for the heritability of environmental measures using

personality measures. Similarly, Jang, Vernon, and Livesley (2000)
present moderate genetic correlations between indices of personality

pathology and factors derived from the family environment scales
(FES), but their analytic approach was limited to estimating

bivariate correlations between specific FES factors and specific
personality pathology indices, rather than simultaneous multivariate

modeling of multiple FES variables along with multiple personality
traits.

Along these lines, Saudino, Pedersen, Lichtenstein, McClearn, and

Plomin (1997) presented multivariate analyses showing that genetic
variance in neuroticism, extraversion, and openness to experience

accounted for all the genetic variance in life events in a sample of
female twins. Although life events measures are not measures of the

family environment (cf. Billig, Hershberger, Iacono, &McGue, 1996),
the Saudino et al. (1997) study suggests the possibility that

multivariate modeling of more extensive measures of personality
may be useful in studies attempting to understand the heritability of
family environmental measures using personality measures.

Hence, in reviewing research on genetic contributions to
environmental measures, Rowe (1997) suggested further examina-

tion of the question of ‘‘whether genetic variation in measures of
‘environment’ represents gene effects shared with known personality

traits’’ (p. 383). The research reported herein represents such an
investigation. We investigated the genetic overlap between measures

of recalled rearing environments and personality in the Minnesota
Study of Twins Reared Apart (MISTRA), a comprehensive

investigation of adult twins separated very early in life (at an
average age of one year old) and reunited as adults. The current
report extends previous reports on environmental measures from

MISTRA (Bouchard & McGue, 1990; Hur & Bouchard, 1995) by
modeling the full range of environmental measures available in

MISTRA and personality simultaneously. In addition to investigat-
ing a possible genetic account of the connection between measures of

the family environment and personality, we also investigated the
possibility of a nonshared environmental connection between family

environment measures and personality measures, a topic to which
we now turn.
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Do Differences Between Twins’ Accounts of Their Rearing

Environments Predict Personality Differences in Adulthood?

As noted above, our twin participants were reared apart, having

been separated at a very early age. Hence, they were reared in
different family environments, and they reported on these different

rearing environments as adults. The design of our study therefore
allowed us to evaluate the possibility that differences in the family-
rearing environments of our twins might predict differences between

them in their personalities as adults. In most twin studies, the
participants are reared together, and their early rearing environ-

ments therefore fall into the category of ‘‘shared family environ-
ments.’’ However, because our twins were reared apart, their rearing

environments are not shared; in behavior genetic parlance, their
rearing environments would be characterized as ‘‘nonshared

environments’’ (see also Turkheimer & Waldron, 2000, for a review
of the concept of nonshared environment).

Our reared-apart twins, therefore, provide a very unique
opportunity to examine the link between distinctive family rearing
environments and personality in adulthood. Genetically informative

studies from other research groups have attempted to identify
measured environments that predict differences between family

members’ personalities (Baker & Daniels, 1990; Vernon et al., 1997),
but these studies are distinct from our study because they involved

participants reared together, that is, participants who shared their
family rearing environments. That is, these studies are unable to

address the possibility that adults’ perceptions of the different family
environments in which they were reared might explain differences in
their personalities, taking into account genetic influences on

personality. Hence, we examined not only the possibility of genetic
connections between recalled family environments and personality,

but also the possibility that differences in the rearing environments
of our twins, as reported in adulthood, might predict differences in

their personalities as adults.

METHODS

Research Participants

Participants in the present study were adult (mean age5 42, SD 5 13)
monozygotic and dizygotic twin pairs from the Minnesota Study of
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Twins Reared Apart (MISTRA) who had been tested by July 2000. Data
from other members of the twins’ families and their friends were also used
in some analyses, where noted. Participants were ascertained from a
number of countries, through media accounts, professional referral, and
various other methods. Zygosity was determined by blood and serum
assays and physical similarity measures (estimated probability of
misclassification o.001). Procedures regarding ascertainment and screen-
ing have been described in a number of other sources (e.g., Bouchard,
1994; DiLalla, Carey, Gottesman, & Bouchard, 1996; Tellegen et al.,
1988).

Data from a total of 90 twin pairs were available for the present study:
52 monozygotic pairs (35 female, 17 male) and 38 dizygotic pairs (19
female same-sex DZ pairs, 9 male same-sex DZ pairs, and 10 opposite-sex
DZ pairs). Opposite-sex and same-sex DZ pairs were included together in
analyses, given the relatively small number of opposite-sex DZ pairs. This
is consistent with previously published analyses of MISTRA data, which
suggest that any bias introduced by combining opposite-sex and same-sex
twin pairs is small to negligible (DiLalla et al., 1996).

Measures

Personality. Personality was measured using the Multidimensional
Personality Questionnaire (MPQ; Tellegen, 2000). The MPQ is a self-
report inventory, designed through iterative factor analysis and item
selection as a comprehensive measure of normal personality functioning.
The MPQ comprises 11 primary scales which can be scored as three
factor-analytically derived higher-order scales: Positive Emotionality,
Negative Emotionality, and Constraint (Krueger, 2000; Tellegen, 1985).
Only the higher-order scales were included in the present analyses. The
external and internal validity of the MPQ has been demonstrated in a
number of settings (e.g., Caspi et al., 1997; Harkness, Tellegen, & Waller,
1995; Krueger et al., 1996; Markon, Krueger, Bouchard, & Gottesman,
2002; Waller, Benet, & Farney, 1994; White & Depue, 1999); detailed
characteristics of the scales and their constituent items are provided by
Tellegen and Waller (in press).

Family environment. Retrospectively recalled childhood family environ-
ment was measured using four sets of self-report measures. The first set
comprised the 6 Family Scales of the Minnesota-Briggs History Record
(MBHR). The MBHR is an inventory developed by Briggs, Rouzer,
Hamberg, and Holman (1972) to record life histories of research
participants efficiently. The Family Scales, based on factor analyses in
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the MISTRA sample, are comparable to those published by Briggs et al.
(1972) and include those items relating to parental behavior and
characteristics. The Family Scales include Parental Conflict (e.g., ‘‘In
my childhood home, there were daily quarrels between my parents’’;
a5 .83), Parental Control (e.g., ‘‘As a child and adolescent my parents
were very strict with me, and I was frequently punished’’; a5 .67),
Parental Acceptance-Rejection (e.g., ‘‘I was much wanted by my
parents’’; a5 .71), Family Cohesion (e.g., ‘‘My parents never, to my
knowledge, considered divorce’’; a5 .63), Parental Drinking (e.g., ‘‘My
mother drank alcoholic beverages almost daily and always to excess’’;
a5 .65), and Family Income (e.g., ‘‘The earned income in my parents’
family was or has been steady and enough’’; a5 .75).

The second set of environmental measures included the Block
Environmental Questionnaire (BEQ), a 101-item inventory measuring
maternal and paternal behavioral characteristics and family environment.
The BEQ was derived from Block’s (1971) 92-item Environmental Q-Sort
by changing the response format to a 9-point Likert rating scale, adding
nine items reflecting issues important to adoptees, and rewording some
items for clarity. The BEQ comprises six primary scales, developed
through factor analysis and a reliability considerations: Maternal
Acceptance-Rejection (a5 .88), Paternal Acceptance-Rejection
(a5 .85), Family Cohesion (a5 .89), Maternal Intellectual-Cultural
Orientation (a5 .68), Paternal Intellectual-Cultural Orientation
(a5 .70), and Family Organization (a5 .73). Constituent items and
details regarding scale construction are described in Hur and Bouchard
(1995).

The Family Environment Scale (FES; Moos and Moos, 1986) is a
widely used measure of general family environment. The 90 items of the
FES are scored as 10 scales: Cohesion (a5 .82), Expressiveness (a5 .68),
Conflict (a5 .83), Independence (a5 .55), Active-Recreational Orienta-
tion (a5 .70), Achievement Orientation (a5 .66), Intellectual-Cultural
Orientation (a5 .74), Moral-Religious Orientation (a5 .72), Organiza-
tion (a5 .70), and Control (a5 .67).

The final set of family environmental measures included the scales of
the Physical Facilities Questionnaire (PFQ), a 41-item retrospective
measure of material possessions present in the home. Individuals
completing the PFQ were asked to indicate whether or not they could
recall each of 41 objects being present in the home. Items of the PFQ can
be organized into four scales indicated by factor analyses: Material
Possessions (e.g., stereo, tape recorder; a5 .88), Cultural Possessions
(e.g., art reproductions, world atlas; a5 .75), Mechanical Possessions
(e.g., automotive tools, carpentry tools; a5 .66), and Scientific-Technical
Possessions (e.g., electronic or chemical lab equipment; a5 .71).
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Statistical Analyses

To correct for potential biases in model fitting, environmental and MPQ
higher-order factor scores were first adjusted for effects of age and sex
(McGue & Bouchard, 1984). Each scale was regressed on age, sex, the
interaction between age and sex, and age squared, using data from family
members in addition to twin data when available (N for environmental
measures5 294; for the MPQ, N5 363). Standardized residuals from
these regressions were used in subsequent analyses. For biometric
analyses, data were then double-entered, with df in all modeling analyses
adjusted appropriately.

P-values were calculated for phenotypic correlations between MPQ
and environmental factors by means of bias-corrected and accelerated
bootstrap confidence intervals (Efron & Tibshirani, 1998). Each
confidence interval was based on 10,000 bootstrap samples with twin
pair taken as the sampling unit to correct for dependent observations
within pairs. The p-value for a correlation estimate was calculated by
finding a such that the (1-a)% confidence interval did not contain zero.

MZ and DZ covariance matrices were estimated using the em.norm
routine of the R statistical language (Ihaka & Gentleman, 1996). This
routine performs maximum-likelihood EM estimation of multivariate
normal parameters in the presence of randomly missing values (7 MZ and
10 DZ pairs had at least one member with a missing value on one of the
multiple variables involved in our analyses). In the EM algorithm,
missing values, the covariance matrix, and other parameters of the
population multivariate distribution are estimated jointly, in an iterative
procedure whereby the expected likelihood of the observed data—given
estimated parameters—is calculated (E-step) and maximized (M-step).
EM estimation of covariance matrices is less biased and more efficient
than other methods, such as pairwise or listwise deletion (Dempster,
Laird, & Rubin, 1977). Nevertheless, in our sample, the EM-estimated
covariance matrices did not differ significantly from estimates based on
listwise deletion (w25 2.99, df5 10, p5 .98).

Genetic and environmental relationships between the personality and
environmental variables were estimated by fitting the multivariate model
shown in Figure 1 to the MZ and DZ phenotypic covariance matrices via
maximum likelihood using the computer program Mx (Neale, Boker,
Xie, & Maes, 1999). The model shown in Figure 1 contains three types of
factors: genetic factors linking the three personality and two environ-
mental variables on the Figure, environmental factors linking the
personality and environmental variables, and genetic and environmental
factors unique to each of the environmental variables. Five genetic
factors and five environmental factors were modeled. Three of the genetic
factors each load on a personality factor and both of the environmental
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factors: a factor representing genetic links between Positive Emotionality,
Cohesion, and Status (G1), a factor representing genetic links between
Negative Emotionality, Cohesion, and Status (G2), and a factor
representing genetic links between Constraint, Cohesion, and Status
(G3). Analogously, three environmental factors, each representing

PEM NEM CON COH STA

G1 G2 G3 G4 G5

E1 E2 E3 E4 E5

g44g22 g33g11

e11 e22 e33 e44 e55

g55

g41

g51

g42

g52

g43

g53

e41

e51

e42

e52

e43

e53

Figure1
Initial multivariate model of the association between factors of
personality and environmental factors. G5additive genetic effects,
E5nonshared environmental effects. PEM5positive emotionality,
NEM5negative emotionality, CON5 constraint, COH5 cohesion,

STA5 status.
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environmental links between a personality variable and the two
environmental variables, were also modeled (E1, E2, and E3). Finally,
four factors representing genetic (G4, G5) and environmental variance
(E4, E5) unique to the two environmental variables were modeled.

Model fit was evaluated using Akaike’s Information Criterion (AIC;
Akaike, 1987), in conjunction with the Root Mean Square Error of
Approximation (RMSEA; Browne & Cudeck, 1993). Our goal was to
find the model that best explained the observed data while invoking as
few unknown parameters as possible (i.e., the model that achieved the
smallest w2 while allowing the largest number of degrees of freedom). As
such, we sought the model with the most negative AIC value
(AIC5 w2� 2 df) that also maintained good fit in an absolute sense
(i.e., an RMSEA o .05).

For simplicity, the model is shown only for one twin in Figure 1. In
actuality, each of the genetic and environmental factors shown in Figure
1 were modeled for each of the twins in a pair. Genetic and
environmental factors were modeled as correlated between twins to the
extent that twins share effects represented by the factors. For example,
the genetic factors shown were modeled as correlated between twins to
the extent that they share independently segregating genes—.5 for DZ
pairs, and 1.0 for MZ pairs (i.e., all genetic effects were modeled as
additive). Similarly, as all the twins were reared apart, environmental
effects were modeled as nonshared, and, therefore, environmental factors
were uncorrelated between twins.

In addition to estimating model parameters, we also reexpressed those
parameters as genetic and environmental correlations. Genetic and
environmental correlations are particularly useful representations of
genetic and environmental relationships between variables and were
calculated for the best-fitting model. The genetic correlation can be
thought of as the correlation between genetic influences on two variables;
the environmental correlation, similarly, can be thought of as the
correlation between environmental influences on two variables. Genetic
or environmental correlations can be derived by dividing the genetic or
environmental covariance between two variables by the square root of
the product of the genetic or environmental variances of the two
variables. Genetic or environmental covariances can be obtained
relatively easily by tracing through relevant paths in a path diagram. In
Figure 1, for example, the genetic covariance between Negative
Emotionality and Cohesion would be estimated as (g22)(g42). In addition,
the statistical significance of the paths in our best-fitting model was
determined using the likelihood-based approach described by Neale and
Miller (1997).
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RESULTS

Factor Analysis of Environmental Measures

To facilitate interpretation of results, higher-order factors were

derived from scales of the four sets of environmental measures—the
MBHR, BEQ, FES, and PFQ scales—by means of factor analysis.

Factor analysis was conducted by means of initial principal
components analysis, followed by maximum-likelihood estimation
and VARIMAX rotation for estimation of factor loadings and

factor scores. Data from family members and friends of twins as well
as the twins themselves (N5 373) were used in factor analyses and

factor score estimation.
Screeplots suggested that two or possibly three factors accounted

for much of the variance in the environmental scales. Two factors
were extracted because the two-factor solution resembles other

environmental factor models often published in the literature (e.g.,
Fowler, 1981; Hur & Bouchard, 1995; Rowe, 1983), providing

theoretical and empirical consistency with a larger body of work.1

The maximum-likelihood estimated, varimax-rotated loadings for
the two-factor solution are displayed in Table 1. The first factor,

with large positive loadings on the BEQ and FES cohesion and
acceptance scales and large negative loadings on the FES and

MBHR control and conflict scales, is readily interpretable as a factor
reflecting perceived cohesion versus conflict in the family environ-

1. Biometric analyses also supported the choice of a two-factor over a three-

factor solution. When we examined genetic correlations among the estimated

factor scores in the twin data, we found little evidence that the three factors were

distinct at an etiologic level. These results were obtained in spite of the fact that

the scores used in these analyses were derived from orthogonal varimax-rotated

solutions, estimated on data from the entire sample, which included both twins

and other participants. Specifically, the genetic correlation between the first and

third factors of a three-factor solution was .8, and the genetic correlation between

the second and third factors was .4. However, the genetic correlation between the

first and second factors was only .1, and in a two-factor solution, the first and

second factors were also etiologically distinct, with an estimated genetic

correlation of .2. Thus, the two-factor phenotypic solution appears to converge

on etiologically distinct dimensions of variation, whereas the three-factor solution

does not. Along with considerations of consistency with the existing literature,

these findings also support adoption of a two-factor solution in an investigation

of the underlying etiologic sources of the relationship between personality and

recalled family environment.
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ment. For this reason, we have labeled the first factor Cohesion. The
second factor, with large positive loadings on the PFQ material and

cultural possession scales and BEQ family organization, maternal,
and paternal intellectual orientation scales, reflects organized,

intellectual, high-socioeconomic-status family environments. We
labeled this second factor Status, as a shorthand for socioeconomic

Table 1
Loadings of Environmental Scales on Cohesion and Status Factors

Cohesion Status

BEQ Family Cohesion 0.90 0.20

BEQ Maternal Acceptance 0.81 0.14

FES Cohesion 0.76 0.17

BEQ Paternal Acceptance 0.70 0.16

MBHR Acceptance 0.70 0.28

FES Expressiveness 0.58 0.07

FES Independence 0.39 0.12

MBHR Cohesion 0.35 0.09

MBHR Drinking � 0.15 0.01

FES Control � 0.48 0.13

FES Conflict � 0.59 � 0.04

MBHR Conflict � 0.61 � 0.11

MBHR Control � 0.69 0.19

PFQ Cultural Possessions 0.04 0.68

PFQ Material Possessions 0.00 0.67

BEQ Family Organization 0.21 0.65

BEQ Maternal Intellectual-Cultural Orientation 0.19 0.64

BEQ Paternal Intellectual-Cultural Orientation 0.04 0.62

FES Intellectual-Cultural Orientation 0.20 0.59

FES Active-Recreational Orientation 0.29 0.49

PFQ Scientific Possessions � 0.04 0.48

MBHR Family Income 0.04 0.46

FES Organization 0.12 0.41

FES Achievement Orientation � 0.16 0.39

PFQ Mechanical Possessions 0.02 0.35

FES Moral-Religious Orientation 0.23 0.24

Note. MBHR5Minnesota Briggs History Record; BEQ5Block Environmental

Questionnaire; FES5Family Environment Scale; PFQ5Physical Facilities Ques-

tionnaire.
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and intellectual-cultural status. Estimated factor scores for each of
these higher-order environmental factors were estimated by the

regression method and used in the biometric modeling described
below.

Phenotypic Correlations Between MPQ and Environmental

Factors

Phenotypic correlations between the MPQ and environmental
higher-order factors are shown in Table 2. Of the six correlations,

three were zero or near zero: the correlations between Positive
Emotionality and Cohesion (r5 0.00, bootstrap derived p5 .980),
between Negative Emotionality and Status (r5 0.00, p5 .974), and

between Constraint and Status (r5 � 0.03, p5 .658). The remaining
three correlations were larger: a negative correlation between

Negative Emotionality and Cohesion (r5 � 0.17, p5 .020), a
positive correlation between Constraint and Cohesion (r5 0.16,

p5 .062), and a positive correlation between Positive Emotionality
and Status (r5 0.16, p5 .034).

Model-Fitting Analyses

To determine the most parsimonious model of genetic and

environmental relationships between personality and recalled family
environment, a series of multivariate models, all variants of the

Table 2
Phenotypic Correlations and Best-Fitting Model Estimates of Genetic

and Environmental Correlations

Environmental Factor

Cohesion Status

MPQ Factor rp rg re rp rg re

Positive Emotionality 0.00 0 0 .16 1.00 0

Negative Emotionality � 0.17 � .77 0 0.00 0 0

Constraint 0.16 .64 0 � 0.03 0 0

Note. Values given in single digits were fixed at zero in the best fitting model;

rp5phenotypic correlation; rg5 genetic correlation; re5 nonshared environmental

correlation.
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model in Figure 1, were fit. These models all derived from the initial

model in that one or more paths were set to zero. In this sense, the
model in Figure 1 provided a baseline measure of fit (w2 (38)5 62.1,

p5 .01; AIC5 � 13.9; RMSEA5 .02), which we sought to improve
upon by maintaining fit while removing parameters from the model.

That is, we sought the model with the most negative AIC value that
also maintained an RMSEA o .05.

The first two models tested reflected the general hypotheses that
relationships between personality and recalled environment are

mediated entirely genetically or entirely environmentally. In the first
model, all genetic paths linking personality and environmental
variables (i.e., g41,g51,g42,g52,g43, and g53) were set equal to zero.

This model, reflecting the hypothesis that relationships between
personality and family environment are mediated entirely by

nonshared environment, resulted in a poorer fit than the baseline
(w2 (44)5 79.55, p5 .001; AIC5 � 8.4; RMSEA5 .03). In the

second model all environmental paths linking personality and environ-
mental variables (i.e., e41,e51,e42,e52,e43, and e53) were set equal to

zero. This model, reflecting the hypothesis that relationships
between personality and family environment are mediated entirely
by genetic effects, had an improved fit relative to baseline (w2

(44)5 67.9, p5 .012; AIC5 � 20.1; RMSEA5 .02).
To further improve parsimony, additional paths reflecting small

or nonexistent effects were removed. All paths in the best-fitting
model not significant at p o .05 were set equal to zero. Eliminated

were those paths reflecting unique genetic effects on Cohesion and
Status (g44 and g55), paths reflecting genetic variance in common

between Constraint and Status (g53), paths reflecting genetic
variance in common between Negative Emotionality and Status

(g52), and paths reflecting genetic variance in common between
Positive Emotionality and Cohesion (g41). Retained were all unique
nonshared environmental effects (e11, e22, e33, e44, and e55), genetic

effects in common between Negative Emotionality and Cohesion,
genetic effects in common between Constraint and Cohesion, and

genetic effects in common between Positive Emotionality and
Status.

This final model, shown in Figure 2, provided the best fit of any
tested (w2 (49)5 73.7, p5 .013; AIC5 � 24.3; RMSEA5 .02). All

parameter estimates reported on Figure 2 were significant at
po.05. In the model in Figure 2, three relationships between
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personality and family environment were identified, each mediated

entirely genetically: a negative relationship between Negative
Emotionality and Cohesion, a positive relationship between Con-
straint and Cohesion, and a positive relationship between Positive

PEM NEM CON COH STA

G1 G2 G3

E1 E2 E3 E4 E5

0.690.61

0.79 0.72 0.63 0.92 0.96

0.28

-0.31 0.26

0.78

Figure2
Best-fitting, multivariate model of the association between factors of
personality and environmental factors. Coefficients on the diagram
are standardized and significant at p o .05. G5additive genetic
effects, E5nonshared environmental effects. PEM5positive emotion-
ality, NEM5negative emotionality, CON5constraint, COH5cohe-
sion, STA5 status. The percentage of variance a given variable
accounts for in another variable can be determined by squaring the
path coefficient on the path connecting the first to the second

variable.
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Emotionality and Status. Table 2 expresses these relationships

between MPQ and environmental factors from the model in Figure 2
as genetic and environmental correlations.

Most of the variance in each of the two environmental variables
(.9225 84% of the variance in Cohesion, and .9625 92% of the

variance in Status) was due to unique nonshared environmental
factors, the remaining variance being due to genetic factors shared

with the personality scales (16% for cohesion, and 8% for Status).
Approximately 60% (� .312/.16) of the heritable variance of

Cohesion was shared with Negative Emotionality (genetic correla-
tion, or rg5 � .77), the other approximately 40% (.262/.16) of the
heritable variance being shared with Constraint (rg5 .64). All of the

heritable variance in Status was shared with Positive Emotionality
(rg5 1.00). The estimated heritability of Positive Emotionality was

37% (.612), the estimated heritability of Negative Emotionality
was 48% (.692), and the estimated heritability of Constraint was

61% (.782). Nonshared environmental variance in each of the
personality factors was unique to that factor.

DISCUSSION

One fundamental finding from behavior genetic research has been

that measures of family environments are heritable (Plomin &
Bergeman, 1991; Plomin, 1994). However, the meaning of this

finding has been less clear. What does the observation that genes
influence the way people describe their family environments mean?

In our study, reared-apart twins completed extensive measures of
their recall of the family environments in which they were raised, as

well as an omnibus measure of adult personality (the MPQ).
According to our results, the connections between these measures

were genetically mediated, thereby explaining the meaning of the
heritability of measures of the family environment. In other words,
the heritability of family environmental measures was due to the

heritability of personality. Genotypes that led to individual
differences in adult personality extended beyond traditional

personality measures, into indices of the way people remember
their family rearing environments.

More specifically, genetic influences on recall of a cohesive family
environment were accounted for by genetic influences on constraint

Environment and Personality 825



and a lack of negative emotionality. Genetic effects on both

constraint and a lack of negative emotionality made similar
contributions to explaining the heritability of cohesion, accounting

for 40% and 60% of the heritable variance in cohesion, respectively.
In addition, the personality factor of positive emotionality

accounted for 100% of the genetic influence on recall of family
environments high in socioeconomic, intellectual, and cultural

status. In sum, the genetic factors that lead adults to constrain
their expression of affect and impulse and to lack a propensity

toward experiencing negative emotions appear to be the same
genetic factors that lead adults to recall a cohesive family rearing
environment. Similarly, the genetic factors that lead adults to

experience frequent positive emotions appear to be the same genetic
factors that lead adults to recall a family rearing environment high

in socioeconomic, intellectual, and cultural status.
In considering these results, some key issues regarding the design

of the study should be borne in mind. The reared-apart status of our
twins is one such issue. One potential weakness of the reared-apart

twin design concerns limitations on tractable sample sizes, due to the
rareness of twins being reared apart. Owing to our modest sample
size, we limited our analyses to the three higher-order factors of the

MPQ, rather than the eleven primary MPQ scales. Future research
could endeavor to document genetic and environmental connections

between personality and recalled family environments at a more
fine-grained level of the personality trait hierarchy in larger, reared-

together twin samples.
Nevertheless, the reared-apart status of our twins is also a

strength of our design in terms of conceptual clarity. That is, our
twins reported on the different family environments in which they

were raised. Along these lines, it is interesting to note that the
majority of the variance in our ‘‘environmental’’ measures was, in
fact, traceable to the nonshared environments of the twins (see

Figure 2). This means that, to a large extent, twins reported to us
that they were raised in different family environments, a point we

will return to later. Nevertheless, to the extent that twins’ reports
were similar, within pairs, the degree of similarity was predicted by

the genetic relationship between the twins (i.e., family environmental
reports were heritable).

This raises another issue that must also be carefully considered:
The retrospective nature of our twins’ accounts of their family
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rearing environments. Clearly, the precise veridicality of retro-

spective recall of family environments can be questioned (Halverson,
1988). It is likely that what our participants reported about their

family-rearing circumstances contained a mixture of both objective
and subjective elements. Hence, our results are consistent with two

interpretations. First, if twins’ reports of their rearing circumstances
are more subjective, the ability of genetic effects on personality to

account for genetic effects on family environment measures might
reflect the way adult personality colors the way we remember how

we were raised. Second, to the extent that twins’ reports of their
rearing circumstances are more objective, the ability of genetic
effects on personality to account for genetic effects on family

environment measures might reflect genotype–environment correla-
tions. From this perspective, the actual, experienced environments of

the twins might have been influenced by their personalities. For
example, persons who are genetically predisposed towards having

calm, controlled personalities may promote cohesion among family
members, thereby explaining why genetic effects on negative

emotionality and constraint account for genetic effects on recalled
family cohesion.

The ideal experiment to compare these two interpretations is not

ethical to conduct; one cannot rear infant twins apart in system-
atically different circumstances, measure those circumstances as they

occur, and follow the twins to adulthood. Nevertheless, our results
do advance the current literature because, to date, it has remained

unclear why measures of the family environment are heritable. Our
results solve this puzzle by indicating that genetic influences on

measures of recalled family environment can be accounted for by
genetic influences on personality. Yet, as alluded to above, the

results leave another parallel puzzle unsolved: What is the meaning
of the nonshared environmental variance in personality? Our twins
were reared in different family environments, and the majority of the

variance in our environmental measures was, in fact, nonshared.
That is, the twins reported significant differences in their rearing

family environments. Yet the nonshared environmental variance in
the environmental measures did not predict nonshared environ-

mental variance in personality. The differences in the twins’
accounts of their rearing environments did not predict differences

in their personalities. So where, then, do these apparent personality
differences come from?
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This is a fundamental question, but answers to this question

remain elusive. In addition to the current research, other studies
have also attempted to identify the source of the nonshared

environmental variance in outcomes such as personality. Yet a
recent meta-analytic review of these studies concluded that the

median effect size for studies attempting to link measured nonshared
environmental variables to measured outcomes was extremely small

(Turkheimer & Waldron, 2000). It may be that a permanent causal
impact of objectively non-shared environmental events on person-

ality is weak or nonexistent; this possibility is compatible with the
findings reported here.

In interpreting the null findings of their meta-analysis, Turkhei-

mer and Waldron (2000) offer the explanation that complex,
nonlinear processes may be responsible for the differences in

outcome currently categorized as nonshared environment. Certainly,
this is a possibility that should be considered, but other possibilities

also exist. For example, nonshared environmental effects are
reduced, and genetic effects increased, when data from multiple

reporters (e.g., both self and peers) are modeled simultaneously
(Bouchard & Loehlin, 2001; Heath, Neale, Kessler, Eaves, &
Kendler, 1992; Reiss, Neiderhiser, Hetherington, & Plomin, 2000;

Riemann, Angleitner, & Strelau, 1997). It may be that the nonshared
environment reflects specificity of viewpoint, rather than persistent

individual differences in personality.
We suggest another related possibility that might be considered in

future research on the link between environments and personality.
Perhaps, in addition to specificity of viewpoint, the nonshared

environmental variance in personality reflects temporary fluctuation
in personality around a heritable set-point (cf. Dickens & Flynn,

2001). From this perspective, differences between twins’ personal-
ities measured at a specific point in time might reflect the impact of
uncontrollable aspects of proximal environments on personality.

Along these lines, although measures of more controllable life events
are heritable, measures of less controllable life events are less

heritable (Kendler, Neale, Kessler, Heath, & Eaves, 1993; McGue,
Bouchard, Lykken, & Finkel, 1991; Plomin, Lichtenstein, Pedersen,

McClearn, & Nesselroade, 1990). Instead, measures of less
controllable life events consist primarily of nonshared environ-

mental variance (i.e., unlike genes and shared family environments,
they are unique to specific persons). Future research might examine
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the extent to which the nonshared environmental variance in recent

and less controllable life events is correlated with the nonshared
environmental variance in personality measured at a specific point in

time.
In sum, psychologists have often conceived of the environment as

having an indelible impact on people. The finding that many adult
outcomes are weakly influenced by environmental factors shared

among persons reared in the same families represents a fundamental
challenge to this viewpoint (Rowe, 1994). This finding has led to a

search for other kinds of environmental factors—those not shared
among family members—that are also presumed to have relatively
indelible impacts on individual differences. Yet, as described above,

this research has produced little in the way of specific, measured,
nonshared environmental events that predict the nonshared

environmental part of personality.
Perhaps these findings can be understood by conceiving of people

as more flexible and more responsive to the proximal environment
than traditionally thought. Although the neural systems that

undergird personality are built using the information encoded in
our genes (Krueger & Markon, 2002), these systems are not designed
to produce behavioral stereotypy. Indeed, behavioral inflexibility

suggests that something is wrong with the way these systems are
functioning (i.e., that a person’s personality has become disordered;

cf. Depue & Lenzenweger, 2001). Future research might therefore
focus on a conception of the environment as proximal and

temporary in its effects in attempting to solve the puzzle of
nonshared environmental variance in adult personality.
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