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Gene-environment correlations have been studied in behavior genetics since
the beginning of the 1980s, including genetic effect on the perceived family
environment; however, the majority of studies have been based on retrospec-
tive self-reports. The current study is meant to analyze the sources of variance
(complementary genetic factors, shared and non-shared environmental variance)
in perceived family environment with Russian adolescent twins. Perception of
family environment was measured with the Russian version of Family Environ-
ment Scale (Moos & Moos, 1981). The structural equation model in “Mx” (Neale,
Boker, Xie, & Maes, 2004) was employed to estimate the influence of genetic and
environmental factors on adolescents’ self-reports. The environmental variance
components are prevalent for most FES scales (6 of 10). The shared environment
was significant for 3 primary grades and the Organization factor, the complemen-
tary genetic variance was revealed for 2 primary grades and the Expressiveness-
Control super-order factor. These results are generally consistent with previously
reported moderate heritability of FES scales, although the heritabilities for the
Conflict scale and the Structure super-order factor appear to be relatively high.
The gene-environment correlation might be a possible explanation for these
findings.
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The study of family environment is a rapidly developing cross-dis-
ciplinary area that combines research in developmental psychology and
behavior genetics (Neiderhiser, Reiss & Hetherington, 2007; Plomin, As-
bury, & Dunn, 2001; Turkheimer & Waldron, 2000). Behavior genetics
is likely to be “the best available” approach for studying environmental
influences on development (Plomin & Caspi, 1999, p. 251) because it
allows partition of phenotypic variance into genetic and environmental
components, when environmental components are free from any genet-
ic influences. Behavior genetics impels different kinds of environment
studies: a) the estimation of summary contribution of environmental
variance to phenotypic variance of a trait, where the real environmental
effect is not measured but estimated as a residual of variance that is not
accounted for by genetic variance; b) the studies of perceived environ-
ment, where reports on different aspects of the environment are consid-
ered to be phenotypes and contributions of genetic and environmental
variance to this phenotype are estimated; and c) the studies of an objec-
tively measured environment, where measured environmental variables
are analyzed along with genetically informative data.

The first approach previously mentioned to studying environmental
factors as residuals from heritability in behavior genetics is the oldest,
simplest, and the least informative method. Present-day estimations of
heritability coefficients and residuals are often used as proxies in more
complex multivariate research designs. The objective measurement of
environmental variables is a labor-intensive and sometimes empirically
unfeasible enterprise. Yet studies of the environment as perceived by
family members and other experts are relatively easy to conduct and they
can yield quite informative data.

During the last two decades, not only have empirical studies of the
environment expanded and developed in behavior genetics (Barsky,
2007; Rutter, 2007; Turkheimer & Waldron, 2000), but theories of in-
teractions between genes and the environment have also been reconsid-
ered and redefined (Belsky, Bakermans-Kranenburg, & van Ijzendoorn,
2007; Cole, 2009; Champagne & Mashoodh, 2009; Kim-Cohen & Gold,
2009; Rutter, 2006). Behavior genetics has evolved into the study of
gene-environment interplay instead of separate segregating genetic and
environmental variance components for specific traits (Moffitt, Caspi,
& Rutter, 2006; Rutter, 2007). According to Rutter, Mofhitt, and Caspi
(2006), four kinds of gene-environment interplay can be distinguished:
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a) epigenetic processes, in which environmental factors effect gene ex-
pression; b) the influence of the environment on the level of heritability;
c) gene-environment correlation; and d) the interaction of specific genes
and specific environments. The gene-environment correlation (Plomin,
Defries, & Loehlin, 1977) is one of the most widely studied forms of
gene-environment interplay in behavior genetics. The simplest way of
estimating the gene-environment correlations in people, when direct ex-
perimentation is unfeasible, is via implementing a quasi-experimental
design of quantitative (biometrical) genetics. Typically, self-reports or
observations of specific aspects of environments are measured like any
other kinds of phenotypes, and the data are subsequently subjected to
genetic model-fitting analyses. Gene-environment correlations are now
generally accepted as not being exceptional (as it was assumed several
decades ago), but rather universal phenomena (e.g., Rutter, 2006).

Empirical studies of gene-environment correlations generally focus
on self-reports of different dimensions of family relationships: parent-
child relationships, within-pair siblings’ and twin relationships; and,
sometimes, peer, school and other kinds of extra-familial relationships.
Using observational methods is still rare (O’Connor, Hetherington, Re-
iss, & Plomin, 1995); indeed, the most widely used approach for obtain-
ing data on environment is still based on twins’ retrospective self-reports
(Chipuer & Villegas, 2001). Like any other method, studies of perceived
environment (Herndon, McGue, Krueger, & Iacono, 2005; Moos, 1975)
have their own strong and weak points. On the one hand, the answers to
questionnaires are subjective evaluations because they are heavily influ-
enced by informants’ personal experiences (Plomin & Bergeman, 1991).
Yet who - if not the very informants — can evaluate the most important
aspects and impressions of their own lives in their environment? Mean-
while, despite the individuality of each person’s experience, it is reason-
able to assume that standardized questionnaires allow - to a certain ex-
tent — the unification of characteristics of interests.

One of the most popular instruments for assessing family environ-
ments is the Family Environment Scale (FES) (Moos, 1974; Moos & Moos,
1994). Using expert opinions, Moos (1974) selected three primary dimen-
sions of social climate in various social institutions, such as family, class,
therapeutic group, workgroup, and other communities — primary dimen-
sions come as the following: Relationships, Personal Growth, and System
Maintenance dimensions. According to Moos, family can be sufficiently
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characterized by specifying the kind of prevailing personal relationships,
description of the encouraged ways in personal growth, and through dis-
covering its organizational structure. The Relationships dimension deter-
mines the extent to which family members feel their belonging to the
family and are proud of it, the extent of freedom of self-expression in the
family, and the conflict level among the family members. The Personal
Growth dimension reflects prevailing areas of personality development
in the family (e.g., independence, achievements, intellectual and cultural
activities, moral-religious attitudes, and various forms of recreational ac-
tivities). Finally, the System Maintenance dimension includes informa-
tion on the importance of structure and organization in the family, to
which extent the centralized control is sustained in the family, and how
flexible the family reactions are to life challenges and changes.

Despite the fact that several hundred studies have been conducted
employing FES during the last 35 years, the debates on validity of the
technique remain urgent (Boyd, Gullone, Needleman, & Burt, 1997;
Munet-Vilaro & Egan, 1990; Roosa & Beals, 1990; Sanford, Bingham, &
Zucker, 1999; Waldron, Sabatelli, & Anderson, 1990). The relatively low
internal consistency of the original questionnaire has been criticized by
adherents of precise psychometrics (Boyd et al., 1997; Loveland-Cherry,
Youngblut, & Kline-Leidy, 1989; Roosa & Beals, 1990; Sanford, Bingham
& Zucker, 1999). Yet Moos (1990) emphasizes that the psychometric
weakness is the reverse-side of the strong basis of the method - that is,
its wide coverage of different aspects of family life (Moos, 1990). The fac-
tor-analytical studies of the questionnaire have also yielded ambiguous
results: Some authors reported two factors with relatively similar content
(Boake & Salmon, 1983; Chipuer & Villegas, 2001; Fowler, 1981; Hur &
Bouchard, 1995; Loveland-Cherry et al., 1989; Oliver, May, & Handal,
1988; Rowe, 1983), while others commented on three factors that some-
times confirmed the original dimensional structure proposed by Moos
(Bloom, 1985; Bloom & Naar, 1994), or — more often - failed to confirm
it (Bouchard & McGue, 1990; Gondoli & Jacob, 1993; Halloran, Ross, &
Carey, 2002; Kronenberger & Thompson, 1990; Saucier, Wilson, & War-
ka, 2007). In general, the original three dimensions, as Moos planned
were not reproduced in most of factor-analytical studies of FES. Nev-
ertheless, the questionnaire is still one of the most widely used instru-
ments in clinical practice as well as in fundamental research, including
behavior genetics (e.g., Bouchard & McGue, 1990; Herndon et al., 2005;
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Jang, Vernon, Livesley, Stein, & Wolf, 2001; Plomin & Bergeman, 1991;
Plomin, Loehlin, & DeFries, 1985; Rowe, 1983; Vernon et al., 1997).

Rowe (1981; 1983) conducted the first studies of family environ-
ment in the field of behavior genetics. Rowe found that monozygotic
(MZ) adolescent twins tend to report much more similar evaluations
of parental “warmth” than dizygotic (DZ) twins, but they did not differ
in their evaluations of parental “control” This difference in MZ and DZ
coordination could be interpreted as an indication of genetic influence
on the individual differences in the parental warmth dimension of per-
ceived family environment. Results submitted by the Colorado Adoption
Project (Daniels & Plomin, 1985; Deater-Deckard, Fulker, & Plomin,
1999; Plomin, Loehlin, & DeFries, 1985), the Swedish Adoption / Twin
Study of Aging (Plomin, McClearn, Pedersen, Nesselroade, & Bergeman,
1988), Minnesota Study of Twins Reared Apart (Bouchard & McGue,
1990; Krueger, Markon, & Bouchard, 2003), the Western Ontario Twin
Project (Vernon et al., 1997), and the large-scale family longitude Non-
shared Environment in Adolescent Development (Plomin, Reiss, Het-
herington, & Howe, 1994; Reiss, Neiderhiser, Hetherington, & Plomin,
2000) agree on the fact that a noticeable portion of individual differences
in perceived environment can be correlated with children’s genetic dif-
ferences. As Plomin and Bergeman (1991) emphasized in their review, it
is not correct to declare that a variable is environmental until the sources
of its variance are revealed using behavior genetics methods. Plomin and
Bergeman suggested that subjective reports on environment - as in any
other questionnaire data — must reflect to a certain extent informants’
personality traits as at least a portion of variance in personality is associ-
ated with genetic differences. This hypothesis has received limited sup-
port from empirical studies as the results from research that addressed
correlations of personality traits and perceived environment are ambigu-
ous (e.g., Krueger et al., 2003; Vernon et al., 1997).

Another circumstance complicates the situation even further: most
of the behavior genetic studies of perceived environment, with some ex-
ceptions (Herndon et al., 2005; Plomin et al., 1989; Rowe, 1983), analyzed
retrospective data in that the questionnaires asked adults and seniors to
recall their experiences from childhood and adolescent years. Thus, it
is very likely that their recollections were “filtered through” their per-
sonalities, as Plomin and Bergeman (1991) put it, although it is still not
clear whether the same would be true for reports on their present lives.
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Herndon et al. (2005) addressed this question by studying genetic and
environmental influences on adolescent male twins’ perceptions of their
current family environment using the FES questionnaire. In contrast
to the results of previous studies, Herndon et al. reported comparable
moderate heritability for all FES scales and for both factors that emerged
from analysis - that is, “acceptance / support” and “control / structure.”
Yet, conclusions drawn from the study from Minnesota in the United
States are somewhat limited as they were based on a male-only sample
with a rather narrow age limits (17 years old only). Taking into account
the well-known differences in gender role models - not to mention the
biological factors directly related to genes - the study of genetic and en-
vironmental factors in the current environment as perceived by adoles-
cents of both sexes is necessary.

The aim of the current study is to investigate the genetic and envi-
ronmental etiology of individual differences in adolescents’ perceptions
of family environment. As noted by Herndon and his colleagues (2005),
the upper limit of 17 years of age (with a wider range) is chosen because
adolescents tend to leave home after this point and start experiencing
rapid life changes (e.g., entering college); meanwhile, children still living
in the same family, are expected to rate more or less the same objective
events. The lower age point (the start of teenage years) in our study is
based on children’s development of general cognitive ability, which al-
lows for the use of paper-and-pencil questionnaires.

Methods

Participants

Our sample comprised 450 male (52%) and female (48%) twins from
11 to 17-year-old (M = 14, SD = 2) from Izhevsk, Moscow and St. Peters-
burg in the Russian Federation. The entire sample is Caucasian, of either
Russian or Udmurtian ethnicity, which is representative of the general
population of the regions studied. Zygosity was diagnosed using a modi-
fied version of Nichols and Bilbro’s (1966) questionnaire, which has a
reported accuracy of more than 90%. We have identified 75 pairs of MZ
twins, 63 pairs of same-sex DZ twins, and 66 pairs of different-sex DZ
twins. We were unable to identify the zygosity of 21 twin pairs; their data
were included only in the common psychometric analyses, but not in
genetic analyses. Overall, we had 204 twin pairs eligible for quantitative
genetic analysis.
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Measures

The Russian version of the FES (Moos, 1974; Moos & Moos, 1981;
1994) questionnaire, adapted by S. Kupriyanov (Eidemiller, Dobryakov,
& Nikolskaya, 2003), was used to assess the perceptions of current family
environment. The original version of FES had two forms - R (Real) and
I (Ideal), for assessment of the real and ideal wishful family characteris-
tics, respectively. We used only the R form in our study. FES consists of
10 nine-item scales (every item is scored “true / false”), each designed to
measure a separate aspect of family environment: Cohesion, Expressive-
ness, Conflict, Independence, Achievement Orientation, Intellectual-
Cultural Orientation, Moral-Religious Orientation, Organization, and
Control. Each participant completed the questionnaire using a paper-
and-pencil format.

Statistical analyses

Reliability, factor analysis, correlations and regressions were comput-
ed using SPSS 13. The within-pair correspondence was assessed through
Fisher’s intraclass correlation coefficient. The influence of sex and age
in the variation of scales and factor scores was controlled by correcting
the scores on age and sex using regression, as suggested by McGue and
Bouchard (1984).

The “Mx” computer program (Neale et al., 2004) was employed for
biometrical model-fitting. Model-fitting (or structural equation model-
ing) is a statistical technique for testing complex hypotheses about vari-
ance structure (Loehlin, 2004). The method is based on mathematical
algorithms, which allow the comparison of theoretical variance compo-
nents to empirical data. “Mx” allows for the variance in each FES scale
to be decomposed into that due to genetic (A), shared environment (C),
and nonshared environment (E) sources of variation according to stan-
dard biometrical methods. The full model (i.e., the one specifying that
they are affexted from A, C, and E) was first fit the data for each scale and
factor and then modified, with a series of reduced models tested. The AE
model tested no effect of shared environment, the CE model tested no
genetic effect, and the E model tested no effect of either shared environ-
ment or genetics. In order to use all available information and minimize
bias due to none-response, analyses were conducted using the raw data
option in “Mx” A variant of maximum-likelihood approach (full-infor-
mation maximum likelihood) was used for model-fitting with the raw
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data. The fit of nested models was evaluated using a -2*log-likelihood
(a x* equivalent) and the Akaike Information Criterion (AIC) (Akaike,
1987). A more negative AIC value indicates a better fit.

Results

Measures’ reliability

The initial psychometric analysis of FES included several stages: reli-
ability analyses, factor analysis, and correction of data for the influence
of age and sex.

The internal consistency of the FES scales was assessed using Cron-
bach’s alpha. The scales were modified by deleting items with negative
item-scale correlations after the initial assessment, except for Intellec-
tual-Cultural Orientation, which could not be corrected. The results of
reliability analyses and correction are presented in Table 1.

Table 1
Reliabilities of FES scales before and after correction

Cronbach’s a | Number of | Cronbach’s a| Number of

Scale before cor- | items before | after correc- | items after

rection correction tion correction
1) Cohesion 23 9 .56 6
2) Expressiveness 17 9 .38 6
3) Conflict 44 9 .58 8
4) Independence .16 9 .36 6
5) Achievement 13 9 45 5
6) Intellectual-Cultural .54 9 - -
7) Active-Recreational .60 9 .62 8
8) Moral-Religious 41 9 .56 7
9) Organization .56 9 .59 8
10) Control .31 9 42 5

As Table 1 indicates, hardly any of the FES scales displayed a suf-
ficiently high alpha coefficient. After the deletion of uncorrelated items,
it became possible to reach 0.6 for 5 scales (Cohesion, Conflict, Active-
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Recreational, Moral-Religious, and Organization), but the alphas for the
remaining 4 scales were still unsatisfactory. Nevertheless, the informa-
tive value of the scales is important, and we included them in further
analyses, although we cautiously interpreted the results — especially for
Expressiveness, Independence, and Achievement.

Factor analysis

An exploratory principal components factor analysis of FES scales
was conducted using Varimax rotation on the scales after carrying out
corrections for internal consistency. The rotation yielded an interpreta-
ble three-factor solution (see Table 2). The first Structure factor included
Organization, Cohesion, Conflict, and Independence, with significant
loadings for Achievement Orientation. The second Expressiveness-Con-
trol factor included Expressiveness, Moral-Religious Orientation, Con-
trol and Achievement Orientation. The third Activities factor was clearly
interpretable; it included Intellectual-Cultural Orientation and Active-
Recreational Orientation scaled with exclusively high loadings. Overall,
three factors explained 54% of the variance. The solution obtained re-
sembles the results of Oliver, May, and Handal’s (1988) study, although
the factor loadings are different — the last being not at all unexpected.

Table 2
Varimax-rotated factor loadings for 10 FES scales
for the combined sample of twins
Scale names Components
1 2 3

Conflict 794
Organization 702
Independence .569
Cohesion .566 .330
Expressiveness .679
Moral-Religious .600
Control .381 .582
Achievement 470 .566
Intellectual-Cultural .819
Active-Recreational .814
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Descriptive statistics

Mean and standard deviations for the MZ and DZ twins are presen-
ted in the Table 3. The significance of mean differences between MZ and
DZ groups was assessed using t-tests (see p-values in Table 3). The dif-
ferences in means were statistically significant for 2 of 10 scales (Expres-
siveness and Achievement Orientation) and one factor (Expressiveness-
Control). With regard to the fact that no significant differences existed
for the remaining 8 scales and 2 factors and that the found mean dif-
ferences did not exceed 10%, we do not consider that obtained values
should prevent further analyses.

In comparison with the obtained means from Herndon and col-
leagues’ (2005) study, which - as reported by the authors - correspond
well to normative data (Moos & Moos, 1981), the means for eight scales
in our data are of comparable value whereas but two scales differ. The
mean for the Conflict scale in the sample of Russian twins is noticeably
higher than in the American sample while the mean for Moral-Religious
Orientation is noticeably lower.

Table 3

Means and standard deviations for MZ and DZ twins on FES
primary scales and factors

Scale (factor) MZ DZ p

1) Cohesion .64 (.19) .64 (.18) .90

2) Expressiveness .48 (.25) .58 (.25) .00

3) Conflict 71 (.21) .69 (.24) .62

4) Independence 74 (.21) .71 (.20) 23

5) Achievement .69 (.26) 77 (.22) .00

6) Intellectual-Cultural 48 (.22) 49 (.23) .66
7) Active-Recreational 47 (.24) 49 (.23) 46
8) Moral-Religious .35 (.21) .40 (.25) .08
9) Organization .66 (.23) .66 (.25) 91
10) Control .57 (.25) .63 (.29) .06
Factor I — Structure .05 (1.0) -.02 (1.0) .52
Factor II - Expressiveness -25(1.0) .19 (1.0) .00
Factor III - Activities -.03 (1.0) -.01 (1.0) .87
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Twin correlations

The twin intra-class correlations for 10 scales and 3 least-squares
estimated factor scales are presented in Table 4 (note: N represents the
number of pairs, not persons). For 3 of the 10 scales (Achievement Orien-
tation, Moral-Religious Orientation, and Control) as well as for the Ex-
pressiveness-Control factor, MZ correlations exceeded those of DZ twins.
Although these differences were not that big, they are in a range that could
be well considered a chance finding for this sample size (.06-.14).

Table 4
Twin correlations for FES scales and factor scores
Scale (factor) MZ N=75 DZ N=63
1) Cohesiveness .55 .40
2) Expressiveness .60 .55
3) Conflict .75 48
4) Independence .63 .51
5) Achievement .63 .75
6) Intellectual-Cultural .69 .57
7) Active-Recreational 74 .63
8) Moral-Religious .64 .76
9) Organization 72 .66
10) Control .32 .46
Factor I - Structure .84 .54
Factor II — Expressiveness .61 .67
Factor III - Activities .78 .67
Model Fitting

Biometric models were fit for the 10 primary FES scales and 3 fac-
tor scores. For all scales and factors, the ACE model provided a good fit
for the twin data and fit significantly better than the E model, indicat-
ing the need to model effects to account for twin similarities. Parameter
estimates and associated 95% confidence intervals are reported in Table
5. The full ACE model provided the best fit for four scales (Cohesion,
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Independence, Intellectual-Cultural Orientation, Organization) and
the Activities factor. The AE model (additive genetic effects and non-
shared environment) fit best for two scales (Conflict and Control) and
the Structure factor. The additive genetic factors component (A) was sig-
nificant for all three (the confidence intervals did not include zero). The
environmental CE model appeared to fit best for the other four scales
(Expressiveness, Achievement Orientation, Active-Recreational Orien-
tation, Moral-Religious Orientation) and the Expressiveness-Control
factor. The shared environment variance component (C) was shown to
be significant for three scales and the last named factor.

Table 5
Standardized variance estimates and model fit statistics
for FES primary scales and factor scores

Scale (factor) A C E -2LnL | df | AIC
1) Cohesion 22 (.00-.54) | .15 (.00-.45) | .62 (.45-.82) | 751.255 | 265 |221.255
2) Expressi-veness — 41 (.26-.54) | .59 (.46-.54) | 723.819| 266 [191.819
3) Conflict 62 (47-.73) — 38(.27-.53) | 719.312| 268 [183.312
4) Indepen- 21 (.00-.60) | .25 (.00-.53) | .55 (.39-.72) | 698.591 | 265 |168.591

dence
5) Achievement — 51 (.37-.62) | .49 (.38-.63) | 731.208 | 266 |199.208
6) Intellectual-

ot 25 (.00-.64) | .28 (.00-.57) | 47 (.34-.64) | 744.835 | 269 |206.835
7) Active- — 54 (.00-.66) | .46 (.35-.59) | 731.153 | 270 {191.153

Recreational
8) Moral- — 55 (42-.65) | .45 (:34-.57) | 715.920 | 270 |{175.920

Religious

9) Organization |.19 (.00-.64) |.38 (.00-.63) | .43 (.30-.58) | 736.792 | 267 (202.792

10) Control .26 (.06-.44) — .74 (.55-.93) [ 752.097 | 268 [216.097

I - Structure .73 (.62-.81) — .27 (.18-.37) | 714.602 | 270 [174.602

IT - Expressi-
veness

IIT - Activities .21 (.00-.65) | .41 (.00-.66) | .38 (.26-.52) | 738.170 | 269 |200.170

— 47 (.33-.59) | .53 (.40-.66) | 722.625 | 266 |190.625

A, C, E - standardized variance components, -2InL - fit index, df - degrees of freedom
for -2LnL
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Discussion

The psychometrical properties of FES in our study will demand
particular caution, when interpreting the results. The internal consis-
tency is relatively acceptable for only 6 of the 10 scales. Nevertheless,
our results are consistent with several previously published studies of
the questionnaire’s reliability. Chipuer and Villegas (2001) administered
FES to a sample of adults of both sexes and reported low Chronbach’s
alphas for Expressiveness and Independence scales, as in our study. The
same scales were found to have low internal consistency in the Gon-
doli and Jacob’s (1993) study and even lower consistency in the cross
cultural study of FES on a Chinese sample (Ma & Leung, 1990). Boyd
and colleagues (1997) conducted a study of validity of FES on a large
sample of adolescents, concluding that reliability of most of the scales
was found to be lower than acceptable. Sanford, Bingham, and Zucker
(1999) examined the validity of FES using a sample of alcoholic families
and found that only six scales corresponded to the standards of psy-
chometrics: Expressiveness, Independence, Achievement Orientation,
and Control scales had an unacceptable level of internal consistency —
almost the same as in our study. As it has been noted above, the original
questionnaire’s author (Moos, 1990) did not consider its rather modest
psychometric properties as a crucial obstacle for using FES in research
and clinical contexts.

The results of model-fitting display a differentiated picture of genet-
ic and environmental factors that affect the variance of FES scales and
super-order factors. Overall, environmental influences are prevalent,
with the none-shared environment (that would include all environmen-
tal factors which make siblings differ from one another) being the most
important kind of variance. The influence of the shared environment
(environmental effect that make siblings more similar) was found to be
significant for three scales (Expressiveness, Achievement Orientation,
and Moral-Religious Orientation) as well as the Expressiveness-Control
super-order factor. The complementary genetic effects were significant
for two scales (Conflict and Control) and the Organization factor. The
heritabilities on all other scales were in the low to modest range (around
.22 on average). These findings come in tune with the results of previous-
ly published studies (Herndon et al., 2005; Hur & Bouchard, 1995; Rowe,
1983). However, it is important to note that the statistical power of our
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study is not high enough to discern between complementary genetic and
shared environment components for most of the scales, as well in choos-
ing the right model. At the same time, the heritabilities for the two scales
and one super-order factor from our study were found to be statistically
significant, and, as such, deserve a more detailed discussion.

We've suggested a few hypotheses based on publications on behav-
ior genetics of perceived family environment to interpret our findings.
To begin with, we may presume that children’s reports on the family
environment do not reflect anything relevant, but are the “imprints” of
personality traits — at least some of which appear to develop under ge-
netic influence. In other words, as Plomin and Bergeman (1991) stated,
reports on the environment might be reflecting projections of geneti-
cally influenced dispositions. The results from several studies (Chipuer,
Plomin, Pedersen, McClearn, & Nesselroade, 1993; Krueger, Markon, &
Bouchard, 2003; Saudino, Pedersen, Lichtenstein, McClearn, & Plomin,
1997; Spotts et al., 2001) provide rather limited support for this hypoth-
esis. An alternative (and more environmental) explanation could be a
situation in which the pairs of MZ twins systematically develop a more
coherent picture — a “scheme” of their environment - than DZ twins. If
proven, we would conclude that violation of the equal environments as-
sumption (which forms the basis for the analysis of variance in behavior
genetics) occurred in the studied phenotype. So far, we do not have the
relevant data to prove or refute this hypothesis. Indirect evidence related
to this topic comes from studies of within-pair differences in twins’ and
siblings’ perceptions of the environment (Feinberg, Neiderhiser, Howe,
& Hetherington, 2001; Pike, Manke, Reiss, & Plomin, 2000; Reiss et al.,
2000). The level of within-pair agreement, as it has been revealed, was
relatively low for all kinds of twins and siblings, and the similarities of
reports are not due to a commonly developed cognitive scheme, but are
to some extent correlated with the objective differences found by exter-
nal observers.

Besides, we may assume, that the assessments given to the family
by each of the twins are relevant - i.e., they reflect some really impor-
tant characteristics of family relationships for each member of the pair
from his/her individual perspective. In this case, certain forms of the
gene-environment correlation can be regarded as interpretations. As
proposed by Plomin, Defries, and Loehlin (1977), three types of gene-
environment correlation can exist: passive (children receive a special
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kind of environment from parents due to common genes), active (chil-
dren actively select the environments in correspondence with their ge-
netic predispositions), and evocative (children provoke other people to
reactin a certain way to the genetically influenced patterns of behavior).
For example, parents of MZ twins could treat them in a more similar
manner because of the children’s similarities in temperament and / or
other genetically influenced personality traits. As it was roughly outlaid
by Scarr and McCartney (1983), people may actively construct envi-
ronments consistent with their genetic predispositions. Although we
consider such statements to be overly general and primitive, we believe
that more empirical studies are needed to discover the concrete types
of gene-environment correlation at work, if any exists. This problem
could be solved only by means of a longitudinal design (e.g., McGue
et al., 2005) that allows the investigation of time-ordered sequences of
parents’ and their children’s behavior.

Conclusions

Our study has revealed a differential picture of genetic and envi-
ronmental effects on the variance of perceived family environment in
Russian adolescent twins. The environmental variance components are
prevalent for the most (6 of 10) of the FES scales. The shared environ-
ment was significant for three primary scales and the Structure factor,
while the complementary genetic variance was significant for two pri-
mary scales and the Expressiveness-Control super-order factor. The re-
sults obtained herein are generally consistent with previously reported
moderate heritability of FES scales, although the heritabilities for the
Conflict scale and the Expressiveness-Control super-order factor appear
to be relatively higher than those previously exposed. The gene-environ-
ment correlation might be a possible interpretation for our findings; lon-
gitudinal designs are required to pursue this hypothesis further.
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