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Nonshared Environment: A Theoretical, Methodological,
and Quantitative Review _

Eric Turkheimer and Mary Waldron
University of Virginia

Whengenetic similarity is controlled, siblings often appear no more alike than individuals selected at
random from the population. Since R. Plomin and D. Daniels’ seminal 1987 review,it has become widely
accepted that the source ofthis dissimilarity is a variance componentcalled nonshared environment. The
authors review the conceptual foundations of nonshared environment, with emphasis on distinctions
between components of environmental variance and causal properties of environmental events and
between the effective and objective aspects of the environment. A statistical model of shared and
nonshared environmental variables is developed. A quantitative review shows that measured nonshared
environmental variables do not accountfor a substantial portion of the nonshared variability posited by
biometric studies of behavior. Other explanations of the preponderance of nonshared environmental
variability are suggested.

WhyAre Children in the Same Family So Different?

In what may have been the most influential article ever written
in the field of developmental behavior genetics, Plomin and
Daniels (1987) reviewed evidencethat a substantial portion ofthe
variability in behavioral outcomes could not be explained by the
additive effects of genotype or the environmental influences of
families. They suggested that this residual term, which they called
the nonshared environment, had been neglected by environmen-
tally oriented researchers who assumed that the most important
mechanisms of environmental action involved familial variables,
like socioeconomic status and parenting styles, that are shared by
siblings raised in the same homeand serve to make siblings more
similar to each other. Indeed, Plomin and Daniels argued, once
genetic relatedness has been taken into account, siblings seem to
be hardly more similar than children chosen at random from the
population.

An importantindicator of the influence of Plomin and Daniels’
(1987) article is that an entire field of empirical research was
generated in an attempt to answer the question posedinitstitle:
Whyare children in the same family so different? The content of
this research was strongly influenced by Plomin and Daniels,
building on earlier theoretical work by Rowe and Plomin (1981),
who suggested that the causes of outcome differences among
siblings were to be found in differences in the environments they
experienced. In a number of related publications, Plomin and
colleagues (e.g., Plomin, 1994a, 1994b; Reisset al., 1994: Rende
& Plomin, 1995; hereafter, we attribute the proposal to Plomin) set
out a three- or four-step program of empirical research to investi-
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gate the origins of nonshared environmental variance. The follow-
ing is typical:

Research on nonshared environment can be categorized into (a) anal-
yses of the magnitude of the nonshared environment component of
variance, (b) attempts to identify specific nonshared factors that are
experienced differently by siblings in a family, and (c) explorations of
associations between nonshared factors and behavior. (Rende & Plo-
min, 1995, p. 308)

It is importantto note that the Plomin and Daniels (1987) review
consisted of an observation of an empirical phenomenon (much of
the variability in developmental outcomes is not explained by
genotype or shared environment) and a hypothesis aboutthe cause
of the phenomenon (nongenetic sibling differences are caused by
differences in their rearing environments). Once Plomin and
Daniels called attention to it, the observation about variance com-
ponents was uncontroversial. The causal hypothesis required em-
pirical verification, and the purpose of the current article is to
review studies that have attempted to provideit.

Nonshared Environment: Objective Versus Effective

When Plomin andcolleagues specified the kinds of research that
might be conducted under the banner of nonshared environment,
they focused exclusively on nonshared events:

What runsin families is DNA, not experiences shared in the home.
However, environmental factors are very important even though
experiences sharedby siblings are not {italics added]. The significant
environmental variation lies in experiences not{italics in original]
shared bysiblings. (Plomin & Rende, 1991, p. 180)

So often we have assumed that the key influences on children’s
developmentare shared. . . . Yet to the extent that these influences are
shared by children growing up in the same family, they cannot
account for the differences we observed in children’s development
[italics added]. ... The message is not that family experiences are
unimportant, but rather that the relevant environmental influences are
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specific to each child, not general to an entire family. (Plomin, 1994a,
p. 826)

One direction for research in this area is to identify specific non-

shared environmentalfactors by examining differential experiences of

siblings [italics added]. . .. The point of such nonshared environmen-

tal analyses is to find those influences that are specific to each child

within a family, because such nonshared influences are most impor-

tant for the developmentof individual differences for all children, not

just for siblings. (Plomin, Manke, & Pike, 1996, pp. 85-86)

Shared factors such as socioeconomicstatus, child rearing prac-

tices, and marital quality were assumed to affect siblings similarly

and therefore to have little causal importance:

One implication of our conclusion concerning the importance of

nonshared environmentis that environmental factors shared by both

children in a family are unlikely to be important sources of environ-

mental influence {italics added}. (Plomin & Daniels, 1987, p. 9)

The importance of nonshared environmental factors suggests a recon-

ceptualization of environmental influences that focuses on experien-

tial differences between children in the same family. That is, many

environmental factors differ across families; these include socioeco-

nomic status, parental education, and child rearing practices. How-

ever, to the extent that these environmental factors do not differ

between children growing up in the samefamily, they do notinfluence

behavioral development [italics added]. (Plomin, 1989, p. 109)

It is clear from these quotations that Plomin and his colleagues
hypothesize that environmental differences amongsiblings are the
most important cause of nonshared environmental variance in

behavioral outcomes. Just as clear, however, is the necessity of

distinguishing between objective and effective environments

(Goldsmith, 1993). Objective environments refer to environmental

events as they might be observed by a researcher, as opposed to

how they affect family members. Therefore, the question of

whether objective environments are shared or nonshared refers

only to whether or not they constitute the environment of more

than one sibling in the family, regardless of whether their effects
serve to make siblings more alike or more different. Many tradi-

tional between-family environmental variables, like socioeco-

nomic status and marital discord, are objectively shared in this
sense. Objectively nonshared events are those, like peer relation-

ships and birth order, that constitute the environmentof only one
sibling, again regardless of whether they work to make siblings
alike or different.

Effective environments are defined by the outcomes they pro-

duce. The estimate of shared environmental variation that results
from biometric studies refers to the effect of environments in

creating sibling resemblance, regardless of whether the objective
environments were shared or nonshared. Thus, if an objectively
shared environmental variable results in nonshared effects, the
effective contribution of the objectively shared event is included
with the nonshared rather then the shared componentof variance.

Consider, for example, parental divorce. Like most other tradi-

tional between-family environmental variables, parental divorceis

usually an objectively shared event. It is possible, however,that
objectively shared events may have different effects on siblings
(McCall, 1983; Wachs, 1983). If divorce works to make siblingsin
the same family different rather than similar, the effective contri-

bution of parental divorce would be nonshared rather than shared

(Turkheimer & Gottesman, 1996). However, according to Plomin

(1994a), “Assessed in a family-general manner, divorce cannot be

a source ofdifferences in siblings’ outcomes because it does not

differ for two. children in the same family” (p. 827).

If the distinction between objective and effective environments

is not maintained, Plomin and Daniels’ provocative hypothesis that
nonshared environmental events are the cause of nonshared envi-

ronmental variance loses muchofits force. If nonshared environ-

ment refers to nothing more specific than everything about the

environment that ends up making siblings different, Plomin and

Daniels’ article is reduced to a thorough review of an already
well-known phenomenon (Jinks & Fulker, 1970: Loehlin & Ni-

chols, 1976; McCall, 1983; Rowe & Plomin, 1981), that is, a

substantial portion of the variability in behavioral outcomes is

nonshared. Evidence for Plomin and Daniels’ strong empirical

hypothesis about nonshared environmental causes of nonshared

variance in outcome cannot be found in traditional biometric

analyses of twins and families, which demonstrate the importance

of nonshared environmental variance but do not establish associ-

ations between objectively nonshared events and specific devel-

opmental outcomes. To document the importance of objectively

nonshared environmental events for nonshared variability in outcome,
one must obtain measures of actual environmental variables from

multiple siblings (Wachs, 1992). In accordance with Plomin’s pro-

posed research program, investigations of environmental influences

that make siblings different have focused primarily on events that
siblings do not share, including differences in family constellation,

differential parenting, and differences in sibling, peer, and teacher

relationships. The currentarticle reviews studiesof this type.

Methodological Review

Research Designs

Differences models. Several designs have been used to exam-

ine the relationship between nonshared environmental events and

sibling outcome. One of the earliest and most frequently used is

what Plomin et al. (1996) termed a simple differences model, in

which sibling difference scores are created by subtracting one

sibling’s score on a measure from the other sibling’s on the same
measure (Rovine, 1994). Simple differences models involve relat-

ing sibling differences on an environmental measure to sibling

differences in outcome or to the outcome of a single sibling. For -

example, associations between sibling differences in maternal
treatment and sibling differences in depression or one sibling’s
depression score might be examined. Therelation between differ-

ence score correlations and variance accounted for by nonshared
environmentis actually quite complex, as is demonstrated below.

Difference scores can be computed in several different ways
(Rovine, 1994). Relative differences are computed as signed dif-
ferences between siblings, such as older sibling minus younger

sibling. Absolute differences are the absolute value of relative

differences and can be computed when no ordering ofthe siblings
is available or desirable. An alternative approach to assessing

environmental differences is to ask siblings to rate how different
their environments are instead of obtaining environmental scores
for each sibling and subtracting. The Sibling Inventory of Differ-
ential Experience (SIDE; Daniels & Plomin, 1985) asks siblings to

compare their experiences to those of their sibling in the domains
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of parental treatment, sibling interaction, and peer characteristics.
Siblings are asked to respondto statements or adjectives describ-
ing differences in experience on a 5-point scale indicating both the
amount and the direction of difference between themselves and
their sibling. As with the simple differences model, relative dif-
ferences in environment as reported on the SIDE can then be
related to a single sibling’s outcome or to sibling differences in
outcome.

Residualized models. Like simple differences models, residu-
alized models (Plomin et al., 1996) are designed to examine the
relation between nonshared environmental events andsibling out-
come. Residualized models, however, use linear regression to
estimate the relation between an environmental variable describing
a child to the same child’s outcome, conditional on his or her
sibling’s score on the environmental variable. In Reiss et al.
(1995), for example, regression analyses were used to estimate the
relationship between parenting ofa child and that child’s outcome,
controlling for parenting directed toward the child’s sibling. Reiss
et al. (1995) termed the residualized effect of parentingspecific in
that only variance that is specific to the target child is related to the
variance in that child’s symptoms. Cross effects are regression
coefficients that measurethe indirect relationship between parent-
ing toward a sibling with outcomesin the target child.
A slightly different approachto residualized scores was adopted

by Anderson, Hetherington, Reiss, and Howe (1994). These au-
thors were interested in whether any additional variance is ex-
plained whenparenting ofa sibling is added to a regression model,
including parenting of the child in the prediction of the child’s
outcome. Using a regression modelidentical to that used by Reiss
et al. (1995), Anderson etal. estimated squared semipartial corre-
lations between the environmental measuresof the child and the
sibling and the outcome measure of the child. The squared semi-
partial correlations were taken as estimates of the amount of
unique variance explained by eachpredictor: nonshared parenting
of the child and parenting shared with the sibling. Once again,
relations among standardized regression coefficients, semipartial
correlations, and proportions of variance accounted for by shared
and nonshared environment turn out to be more complex than has
generally been acknowledged. Wereview statistical approaches to
studies of nonshared environment in a subsequentsection.

Genetic and longitudinal models. The simple difference de-
sign has two major methodological shortcomings. Although the
conceptof nonshared environmenthas its origins in developmental
behavior genetics, the majority of studies of specific environmen-
tal sources of nonshared variance continue to ignore the fact that
children are related to their parents through heredity as well as
environment. An importantreason why children raised in the same
family are so different is that, with the exception of monozygotic
twins, siblings share no more than half of their genes. Genetic
differences between siblings are very easily confounded with en-
vironmental differences (Plomin & Bergeman, 1991). The other
major shortcomingofthe simple difference design involves direc-
tion of causal effects. Suppose a study using the simple difference
design reports a correlation between differences in maternal neg-
ativity directed at siblings and differences between the siblings’
acting out behavior. In the absence of other information, it is
equally plausible that the negativity is causing the acting out (as
hypothesized by the study) or that the acting out is causing the

negativity. It is also possible that these influences are bidirectional _ :
(Bell & Harper, 1980).

Fortunately, several large studies have used genetically infor-
mative, longitudinal designs to examine nonshared environment.
The largest of these is the Nonshared Environment and Adolescent
Development (NEAD)project (Reiss et al., 1994), a genetically
informative, longitudinal study of family and peer influences on
the development of competence and psychopathology during ad-
olescence. The NEAD design includes 720 two-parent families
with two adolescent siblings no more than 4 years apart in age,
ranging from 9 to 18 years at Wave 1 of data collection. The
sibling pairs have varying degrees of genetic relatedness—
monozygotic (MZ) twins, dizygotic (DZ) twins, and full siblings
from nondivorced families, and full, half, and unrelated siblings
from “blended”or stepfamilies. Wave 2 data were collected 2
years later.

Three genetically informative studies have been reported from
the NEAD project. In the first of these studies, an MZ-difference
model was used in which differences in parental hegativity were
related to differences in the adjustment of identical twins (Pike,
Reiss, Hetherington, & Plomin, 1996). The MZ-difference model
is similar to the simple differences models in analytic strategy (i.e.,
differences in environmentare related to differences in outcome),
but confounds with genetic differences are controlled. That is,
because MZ twins are identical genetically, differences in envi-
ronment cannot be caused by genetic differences, and the associ-
ation between MZ-twin differences on environmental measures
and differences in outcome cannot be mediated by genetic effects.
A second report of a genetically informative design from the
NEAD (Pike, McGuire, Hetherington, Reiss, & Plomin, 1996)
used biometric path models to decompose correlations between
parental variables and child outcomeinto genetic, shared environ-
mental, and nonshared environmental components. Finally, Nei-
derhiser (1994) used multivariate path models to describe geneti-
cally informative and longitudinal aspects of the data.

Anothersourceof genetically informative data about nonshared
environment is DF analysis, which is based on a regression meth-
odology developed by DeFries and Fulker (1985). In DF analysis,
genetically informative samples of siblings and twins are double
entered, and the score of each sibling is regressed on the other in
a model including a term for degree of genetic relatedness. Rowe
and Waldman (1993) and J. M. Rodgers, Rowe, and Li (1994)
have shown howextensions of the basic DF model can be used to
estimate contributions of specific nonshared variables to sibling
differences in outcome.

Causation and Variance in the Nonshared Environment

Like any other area of developmental research, the goal of
studies of nonshared environmentis to discover causesof variation
in human behavioral phenotypes. Because experimental methods
for demonstrating causation in natural families are not always
feasible, researchers have used quasi-experimental and correla-
tional designs in the hope of converging on specific causes of
nonshared environmental variance. In the simple difference de-
sign, which we consider at somelength, measures of an environ-
mental variable and a child-outcome variable are simultaneously
obtained for each of twosiblings in a biological family.
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The statistical methods that are used for analysis of the basic

design range from simple examination of correlation matrices

through a variety of regression models to latent variable path

analysis; what they have in commonis that the parameters that are

estimatedandinterpreted are standardized, in the form of correla-

tions and standardized regression or path coefficients. Standard-

ized coefficients are variance components, and the emphasis on

variance partitioning in the nonshared environmentliterature is in

keeping with its origins in biometric studies of families (Jinks &

Fulker, 1970). But relations among causal properties of biological

systems, the unstandardized regression coefficients that can be

used to estimate them, and the standardized variance components

to which standardized parameters can be transformed have always

been a source of controversy (Lewontin, 1974; Turkheimer, 1991),

and they are especially problematic here. Studies of the nonshared

environment, asillustrated by the example below, require partic-

ularly careful attention to the methodological andstatistical issues

that are raised when standardized coefficients are used to describe

the causal properties of developmental systems in nonexperimental

contexts.

It is useful to begin discussion of this issue with a concrete

biological example. Consider a sample of genetically identical rat

pups that happen to display a highly structured relation between

their food intake and weight:

50 + 3.0(cal) qd)

Weights and food intake for 20 hypothetical pups are given in

Table 1. Unrealistically, no error has been included in the model,

to eliminate sampling error and force estimates to reproduce pop-

ulation values exactly. Regressing weight on caloric intake repro-

duces Equation 1.

Now suppose that the same pups are arbitrarily separated into

sibling pairs, and each pair is raised by a mother rat. The pups’

food intake, however, remains under the control of the experi-

menter, and indeed eachrat is given precisely the same amountof

 

 

Table 1

Rat Pup Experiment

Pup Intake (cal.) Weight (g) Mother! Mother 2 Mother 3

1 15 95 1 1 1
2 15 95 1 2 1
3 16 98 2 3 3
4 16 98 2 4 4
5 17 101 3 5 5
6 17 101 3 6 5
7 18 104 4 7 7
8 18 104 4 8 8
9 19 107 5 9 9
10 19 107 5 10 9
i 21 113 6 10 10
12 21 113 6 9 10
13 22 116 7 8. 8
14 22 116 7 7 7
15 23 119 8 6 6
16 23 119 8 5 6
17 24 122 9 3 4
18 24 122 9 4° 3
19 25 125 10 2 2
20 25 125 10 1 2
 

food as in the previous example. The sibling pairings, shownin the

column of Table 1 labeled Mother I, were designed so that pups

raised by the same motherreceive the same amount of food, that

is, the intraclass correlation for siblings is 1.0, and all of the

variation in food intake is between mothers rather than within

them. We can conduct a repeated measures analysis of variance

(ANOVA)onthese data, expressing feeding and weight as the sum

of a family mean (the between component) and eachsibling's

deviation from the family mean (the within component,in this case

always 0), resulting in the estimated regression equation,

50 + 3.0 cal(between) + 3.0 cal{within) (2)

The unstandardized regression coefficient describing the relation

between differences among maternal feeding means and pup

weightis still equal to 3.0, as indeed it must be—they’re the same

rats. Because all of the variability in feeding is between mothers

and weight is completely determined by feeding, the within com-

ponent is 0 for all pups and does not centribute to the mean or

variance of pup weight.

In the next column of Table 1, labeled Mother 2, the samerats

have been reassigned so pairs raised by the same mother are no

more similar than pairs of rats chosen at random, and the average

amountof food provided to each pair is the same across pairs: All

of the variability in feeding is now within pairs, and none ofit

between. A repeated measures ANOVAstill results in Equation 2,

but now the between componenthas no variance, being equal to 20

for all pups. The variance explained by the model is now entirely

within mothers, that is, nonshared by siblings. Finally, in the

column of Table 1 labeled Mother3, the pups have been assigned

to mothers so that the variability in food intake is partly between

mothers and partly within. This pairing still results in Equation 2,
but because there is variability both betweeu and within mothers,

the explained variation in weight is equally divided into between

and within portions.

The moral of this story is that variability in behavior can be

partitioned into shared and nonshared portions, but causes of

behavior cannot (Turkheimer, 1991). The equation specifying rat

weightas a function ofcaloric intake is a biological property of the
rats and does not depend on how they happen to be divided into

families. Although the proportion of weight variance accounted for
by between and within components offeeding behavior differed in
the three examples, this variation is not the result of changes in the

causal pathway between feeding and weight—there is only one
causal pathway between feeding and weight in these rats—butis

instead a reflection of changes in the feeding behavior of the

mothers.

It would be misleading to use Pairing 1 as a basis for concluding

that the relation between food intake and weight appears to be

mediated by the shared environment, because to do so would

confound the causal effect of food intake on weight, which is

neither shared nor nonshared, with the partitioning of feeding
variance, which is shared in this case but could easily be otherwise,

as demonstrated in Pairings 2 and 3. By the same token, a theory
of pup weight that accounted for sibling differences in weight by

pointing to within-mother differences in feeding would also have
to expect between-motherdifferences if mothers varied in their

feeding behavior. Unless some other causal factor is added to the

system, it is not possible for the causal relation between feeding
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and weight to exist only within families, if there is also detectable
variation in feeding between families. .
The relevance of this example to the matter at hand is made

plain by changing feeding to maternal negativity, and weight to
externalizing behavior. From a structural point of view, maternal
negativity either causes externalizing behavior or it doesn’t. If it
does, and if such causal forces are brought to bear within mothers
to explain sibling differences in externalizing, and if mothers differ
in the average level of negativity they display to their children,
then it is difficult to understand why the between-mother varia-
tion in negativity doesn’t cause between-family variation in
externalizing.

This analysis has important consequencesforstudies attempting
to identify causal relations between nonshared environmental
events and outcomesin children. The search for such causes began
with the observation that most important behavioral outcomes vary
almost exclusively within families once genetic variation is taken
into account. If one takesthis finding seriously (and not everyone
does, ¢.g., Stoolmiller, 1998), then it is difficult to see how
parental characteristics that vary both within families and between
them might cause the phenomenon. If differences in maternal
negativity cause externalizing differences in siblings, and if moth-
ers differ in their average level of negativity, as they certainly do,
then why isn’t there systematic between-family variation in
extemalizing?

Several alternative explanations are more plausible than the
suggestion that parental behavior somehow exerts its effects on
children only within families. It might be that the relevant causal
factors do vary only within families and not between them,al-
though it is hard to think what such factors might be, other than
birth order. Another possibility is that behavior genetic designs,
especially adoption studies, may systematically underestimate
shared environmental effects because ofrestriction of environmen-
tal variance in adoptive homes (Stoolmiller, 1998). As mentioned
above, there might also be additional causal factors operating
within families. The usual candidate is a cross-sibling effect,
whereby the environmentofone sibling has a causal effect on the
other (Reiss et al., 1995). In the next section, we develop path
models to explore relations among shared and nonshared variance
on the one hand anddirect andindirect causal effects on the other.

Models for Studies of Nonshared Environment

Basic model. The research design usedin studies of nonshared
environmental variables is fairly simple and does not vary greatly
among studies: Measures of environment and outcome are ob-
tained from pairs of siblings. Genetically informative samples of
family members or longitudinal data collection schemes compli-
cate the analysis but do not alter the basic design. Thestatistical
models that have been used in analyzing these studies are quite
various, however, and before embarking on a quantitative review
of the studies’ results, it is necessary to consider the statistical
methodsin detail so the studies can be meaningfully compared.
We begin with the straightforward regression model used by

Reiss et al. (1995), in which the outcomeofeach child is regressed
on his or her own environmental measure and that of his or her
sibling. There are only two causal effects in this model, as illus-
trated in Figure 1: b,, the specific (Reiss et al., 1995) effect of
environment on a child, and b,, the cross-effect of the environment

 

  

 
Figure 1. Simple regression model for analysis of sibling differences.

of one sibling on the behavior of the other.' Substantive examples
of specific and cross-effects can be found in Reisset al. (1995).
The correlation between the environments of the siblings is de-
noted r,. Two characteristics of this model are crucial in compar-
ing it to the models that follow: (a) the explicit inclusion of
cross-paths, which are parameterized out of some other models,
and (b) the structural effects in the model are phenotypic,thatis,
the causal pathways from environment to outcome originate in the
full observed environmental variance, not in the shared or non-
shared components ofit.

The NEAD study has used the model in Figure 1 to estimate b,
and b, directly (Reiss et al., 1995). This approach has much to
recommendit because the causal effects of environment on child
behavior are what the studies were designed to estimate, but it
should be noted that the magnitudeofthese coefficients, as was the
case in the rat pups, is independent of whether the environment or
its effects are shared or nonshared. The effect of environment on
child outcomeis just that; inclusion of the sibling’s environmentin
the regression model meansthat b, estimates the effect of envi-

' Throughoutthe discussion of path models,the siblings are considered
to be equivalent, that is, we do not distinguish between older and younger
siblings. In this and subsequent path diagrams, we use standard drawing
rules: Observed variables are denoted as rectangles and unobserved(latent)
variables are circles. Regression paths are shown by single-headed arrows
from the independentto the dependent variable. Correlations and covari-
ances are represented by curved two-headed arrows. Variancesof variables
are indicated by smal] two-headed arrows from a variable to itself. All
observed variables in the diagrams and accompanying equations are stan-
dardized, but latent variables are not. For a complete introduction to path
diagrams and tracing rules, the reader is referred to Loehlin (1992).
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Figure 2. Reparameterized regression model showing contribution of objective shared and nonshared envi-
ronment to sibling differences.

ronmenton a child conditional on the environmentofthe sibling,

but it does not make b, an estimate of shared or nonshared effects.

Specifying the role of shared and nonshared environmental vari-
ability in the regression of child outcome on environment requires

specific models of the objective and effective environments,as is

demonstrated below.
Objective model. In Figure 2, we have reparameterized the

model!in Figure 1 to clarify the role of objectively shared and

nonshared environmental variance in phenotypic causal effects
of environment on outcome. Thevariability of the environmen-
tal variables has been partitioned into three parts: a shared
portion with variance equal to r,, and two nonshared portions

unique to each sibling, with variances equal to 1 — r,. The
regression of the outcomeof one child on the shared component
of environmentoccurs along two paths, a specific path through

the child’s phenotype and a cross-path through the sibling’s
phenotype, for a total regression of b, + b,. The nonshared
components have a specific effect on the sibling to whom they

"are unique anda cross-effect on the other. The residual variance
in outcome has also been partitioned into shared (r,) and
nonshared (r,) components. Note that the model in Figure 2 is

simply a reparameterization of Reiss et al.’s (1995) model in

Figure 1, in that it makes precisely the same predictions about

the correlations among the siblings’ observed environments and

outcomes.
The objective environment model in Figure 2 has some coun-

terintuitive properties as a model for nonshared environmental
effects. In particular, nonshared variability in the environment of
onesibling is allowed to relate to variability in the outcome of the
other sibling, which appears to violate the meaning of nonshared

environment. The distinction between objective and effective en-
vironment clarifies the difficulty. In an objective model, shared

and nonshared environmentare defined only in termsofvariability
shared or not shared between the environmental measures, regard-
less of the effect they may have on outcome. Because the regres-

sion paths originate in the observed environmental variability, they

apply to objectively nonshared environmental variance just as
- much as objectively shared variance. So the Reiss et al. (1995)

model and our reparameterization of it are models of objective
shared and nonshared effects. They answer the question, How
muchofthe variability in outcome is accounted for by objectively
nonshared variability in environment?
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The modelin Figure 2 makes it clear that cross- and specific.

regression coefficients are not the same as the proportions of
variance in child outcome attributableto objectively shared and , .
nonshared environment. The proportion of variance in outcome
accounted for by shared variance in environmentis given by

r{b, + b.)?, QB)

and the proportion of variance in outcome explained by nonshared
variation in environmentis given by

(1 — 7,)(bF + 62). . (4)
Thelatter quantity, which we refer to as objective r2,, is equal to
the proportion of variability in outcome that is explained by
objectively nonshared environmental variance.

Effective model. Figure 3 is another parameterization of Fig-
ure 1, with shared and nonshared environmental variance repre-
sented in terms of the effective environment. Outcome variance.
has beenpartitioned into shared and nonshared components. Non-
shared variance in outcomeis only regressed on nonshared vari-
ance in environment, because a path between shared environmen-
tal variance and nonshared outcome variance would allow the
nonshared outcome components to correlate. Shared variance in
outcome can only be regressed on shared environmental variance
for the same reason. For convenience, we have expressed the
parameters of the model in termsof Figure 1. The effective model
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‘answers the question, To what extent does variation in environ-
mentcontribute to nonshared variability in outcome?
Inthe effective model, the amountof nonshared outcomevari-
ance accounted for by the environmentis equal to .

(1 — 7,)(b, - 6)’, (5)

a quantity that we refer to as effective r2,, Note that objective and
effective rs, will be equal only when b, equals zero, that is, when
there are no cross-effects between the environment on one sibling
and the outcome of the other. When there are cross-effects,it is
instructive to considerthe relative consequences for objective and
effective nonshared environmental effects. Suppose there is a
cross-effect of the same magnitude and sign as the specific effect,
and substantial objective nonshared environmental variance. Un-
der these conditions, outcomes are influenced by objectively non-
shared variance in the environment, but because the nonshared
environment of one child has the same effect on the sibling (the
cross-effect) as it does on the child (the specific effect), objectively
nonshared environmenthas the effect of making outcomessimilar
rather than dissimilar.

Cholesky models and difference scores. Several recent studies
have used Cholesky decomposition to analyze nonshared environ-
mental effects. Cholesky decomposition is a form of multivariate
biometric analysis in which outcome variables in family members
are regressed onto biometric variance components in predictors;
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Figure 3. Reparameterized regression model showing contribution of effective shared and nonshared envi-
ronmentto sibling differences.
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residual variance in the outcomes can then be further decomposed

(Loehlin, 1996; Neale & Cardon, 1992). Cholesky decompositions

are usually used in studies using genetically informative designs,

and although the consequences of omitting genetic pathways from

such designs is an important topic, we focus on the shared and

nonshared environmental components in this article. The effective

environmental model in Figure 3 can be rearranged to be equiva-

lent to a Cholesky model (e.g., Pike, McGuire, et al., 1996) by

fixing the variances of the shared and nonshared components to

unity, rather than fixing the paths to the environmental variance,

and collapsing the paths through the shared and nonshared com-
ponents of outcome. A typical Cholesky parameterization of the

modelis given in Figure 4, once again with coefficients expressed

in terms of Figure 1. Cholesky decompositions are models of the
effective environment.

Moststudies of specific measures of nonshared environment do

not use the regression-based statistical procedures discussed

above. Instead, they use difference scores, computing the differ-

ence between siblings on an environmental measure and correlat-

ing the environmental difference with either the sibling difference

on an outcome measure or with the outcomeof a single sibling.

The relations between correlations among differences and the

structural parameters b,, b., and r, are a little more complex but

can also be expressed in terms of Figure 1.

First, consider the correlation rp, between an environmental

difference score, e, — €2, and an outcomedifference score 0, — 03.
When standard formulas for the correlation between difference

scores (Tejerina-Allen, Wagner, & Cohen, 1994; derivation in

Appendix A) are used, it can be shown that

(1 7 r)(b, 7 b)°

rbp =—t-n (6)

in which r,, b,, and b, are defined as in Figure 2 and r, is the
correlation between the children’s outcomes. This shows that

 

 

Environment. .

   

Set 

squared correlations between difference scores estimate a new

quantity: the proportion of nonshared variance in outcomethatis

explained by the environment. Multiplying squared difference

correlations by (1 — 7,) will estimate the effective contribution of
the environment as described above.

Similarly, the correlation between an environmental difference

score and a single sibling’s outcome (73,,) equals

l-r,

2
 "by = (b, — b,)?. (7)

This showsthat the squared correlation between an environmental
difference and a single child’s outcome estimates one half of the

effective environmental contribution. (It would probably be sen-

sible to orthonormalize the difference by dividing the difference by

the squarerootof two, in which case the squared correlation would
estimate the effective contribution directly.)

The differences among the various approaches may be best

appreciated by way of a concrete example. Table 2 shows hypo-

thetical scores for 20 pairs of siblings on an environmental mea-
sure and an outcome measure. When the data are double entered

(to ensure that correlations between environment and outcomewill

be equivalent in pairs of siblings), the correlation betweensibling
environments is .51, and the correlation between their outcomesis
.39. Regressing the outcome of Sibling 1! on the environments of

Sibling 1 and Sibling 2 results in b, = .26, b. = .16. The model
accounts for 14% of the variance in outcome, with 5% accounted
for by the objectively shared environment and 9% accounted for

by the objectively nonshared environment. In contrast, the effec-

tive contribution of the nonshared environmentis only 0.5% be-
cause of the positive cross-effect. The squared correlation between

the environmental difference and one child’s outcome, 74,, is
equal to half of the effective nonshared contribution, or 0.25%.

The correlation between the environmental difference and the

outcome difference, r3,,, is equal to the proportion of the total
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nonshared outcome variance explained by the environment,
or 0.8%. The appropriate conclusion from this study would be that
nonshared environment contributes to child outcome, but because
of positive cross-paths, the effect of the objectively nonshared
environmentis to make siblings similar as well as dissimilar. One
could also conclude that the measured environmental variable does
not appear to be the explanation of nonshared variability in
outcome.

Summary

Given the wide variety ofstatistical procedures that have been
used to measure the effects of specific nonshared environmental
variables on behavioral outcome, what is the best choice for a
standardized measure? Most investigators, we believe, are attempt-
ing to estimate effective rz, the nonshared outcome variance
accounted for by nonshared variance in the environment. As we
have shown,effective r2, is a function ofthe structural parameters
6, and b,, and the environmental correlation between siblings,r,.
In considering reported values of ry, however, one must bear in
mind that they are in large part a function of r,. More often than
not, large values of r;, occur for variables with small values for ley
that is, those for which most of the environmental variability is
nonshared.

It is also important to rememberthat effective and objective 72,
will not be the same when there are cross-effects. The difference
between objective andeffective r2, will depend on the sign of b..
Effective r4, is a function of (b, — b,)?, whereas objective 72, is a
function of b? + 6. Therefore, when b, is not equal to zero,
objective and effective 77, will differ by an amount equal to
—2r,b,b,. Assuming r, is positive, when b, and b, have the same
sign,effective rx, will be larger than objective 72; when they have
opposite signs, it will be smaller.

Quantitative Review

Literature Search

Criteria for inclusion.

_A

literature search was first conducted to
identify all empirical studies examining effects of specific nonshared
environmental measures. Reviews of published data were excluded,
as were studies that only partitioned genetic and environmental vari-
ance without examining specific nonshared variables (e.g., measured
differences in maternal negativity), studies providing graphical repre-
sentation ofresults only (e.g., Braungart, 1994), studies that included
a sibling with a physical disability (e.g., McHale, Crouter, McGuire,
& Updegraff, 1995; McHale & Pawletko, 1992), and studies in which
sibling relationship quality was used as the only outcome measure
(e.g., Brody, Stoneman, & McCoy, 1994; Brody, Stoneman, McCoy,
& Forehand, 1992). Results from unpublisheddissertations and theses
were included.

Search strategy. Theliterature search entailed two steps. First,
a computerized literature search of PsycLIT was conducted with
the key words nonshared, unshared, within-family differences,
sibling differences, and twin differences. The time period covered
1967 through November 1997. This search resulted in 271 studies,
of which 21 metthecriteria for inclusion. The same procedure was
conducted for searches using Dissertation Abstracts, resulting in
nine unpublished dissertations that metinclusion criteria. Second,
examination ofthe reference lists of these articles and theses was
completed to identify any references that may have been missed in
the computerized literature search, resulting in an additional nine
studies. Thus, the total numberof studies included in the review
is 43. A completelist of studies is provided in Appendix B.

Coding of Studies

For each study, we recorded the total number of sibling pairs,
age, gender composition (e.g., same- and opposite-sex dyads), and
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genetic relatedness(e.g., MZ twin, DZ twin, full, half-, and unre-

lated sibling dyads). Analyses were classified into one of four

developmental periods on the basis of the age of the participants:

childhood (0-11 years), adolescence (12-18 years), adulthood

(>18 years), or some combination. If a study explicitly identified

itself as a study of adolescents, it was included as such regardless

of the actual age of the participants (e.g. the NEADstudy, which

included participants from 10-18 years of age). Analyses were

also classified as either genetically or not genetically informative

on the basis of whether genetic effects were controlied.

The environmental and outcome measures used and the partic-

ipant providing data (e.g., mothers, fathers, direct observation of

siblings) for each measure were also recorded. Environmental

measures were categorized into one of six hypothesized nonshared

environmental influences (Plomin & Daniels, 1987, Rowe & Plo-

min, 1981): differential parenting, differential peer relationships,

differential sibling interaction, differential teacher relationships,

family constellation (e.g., birth order, age, age spacing, gender

differences), or some combination of these influences. Outcome

measures were categorized into domainsreflecting adjustment,

personality/temperament, or cognitive ability. Reporters were clas-

sified into one of five respondent types: child, parent, teacher,

observer, or a combination of reporter types.

The analytic design andstatistical method used by each study

were recorded. Studies were classified as longitudinal or cross-

sectional and genetically informative or nongenetically informa-

tive. Statistical methods included simple differences (correlations

of sibling environmental differences with either sibling outcome

differences or outcome ofa single sibling) and residualized (re-

gressions in which the environmental score of one sibling is

partialled from the environmental score of the other). Information

recorded to code each study is also provided in Appendix B.

Computation of Effect Sizes

Weread all studies and extractedstatistics describing the rela-

tion between specific nonshared variables and sibling outcome. To

whatever extent possible, results reported by the studies were

transformed to valuesof effective 77,. Computation of effect sizes

for each of the statistical methods is described below.

For studies using a simple differences model in which differ-

ences on an environmental measure were correlated with the

outcomeof one sibling only, we used the formula

effective r}, = 2riy. (8)

s
a
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~ For studies using a simple differences model in which sibling

differences on an environmental measure are correlated with sib-

ling differences in outcome, we assumed that b, equaled 0 and

* inspected the studiesto arrive at informed guess of r, = .25, under

_ which conditions

   
  

 

  
   

 

  

effective 7, = .75rp- - (9)

: Forthe studies using residualized models (models in which an

E environmental variable for one sibling is related to that sibling's

Foutcome, independentofthe other sibling’s score on that environ-

mental variable), both specific-(b,) and cross (b,) effects were

  

recorded and used to compute both objective and effective rx. In

Reiss et al. (1995) and O’Connor (1995), 6,, b., and r, were

reported directly. In Anderson etal. (1994), b, and b, were esti-

mated from reported squared semipartial correlations.

Amongstudies using a genetically informative design, the sim-

plest(e.g., Pike, Reiss,et al., 1996) correlated MZ twin differences

on an environmental measure with MZ twin differences in out-

come. All reported correlations were squared to estimate effective

ry. Other studies (e.g., Braungart, Fulker, & Plomin, 1992: Pike,

McGuire, et al., 1996) reported multivariate genetic analyses,

resulting in path models decomposing correlations between envi-

ronmental and outcome measuresinto genetic, shared environmen-

tal, and nonshared environmental components. For these studies,

the reported results were combined with standardpath tracing rules

to estimate r,, the correlation between a child’s environment and

his or her own outcome(r,,), and the correlation between a child’s

environmentand his or sibling’s outcome(r,,). Standard regres-

sion formulas were then used to compute b, and b,, and Equa-

tions 4 and 5 were used to compute objective and effective ry. For

DF analyses, regression coefficients corresponding to nonshared

effects of specific variables (e.g., J. M. Rodgers, Rowe, & May,

1994) were used as estimates of effective r,.

Meta-Analytic Procedures

Wetake a descriptive approach to analysis of effect sizes. In

particular, we do not include measures of statistical significance in

our analyses. We agree with the growing consensus that signifi-

cance testing is a hindrance to theory developmentin the behav-

ioral sciences generally (Cohen, 1994; Schmidt, 1996). Our goal in

the meta-analysis is to estimate the magnitude of the effect of

measured nonshared environmental variables, not to test the un-

controversial null hypothesis that it differs from zero. Wehave

included standard error bars in the graphical presentations of the

results so the reader may judge the role played by sampling error

in our conclusions.

Most studies includedin the review reported more than a single

effect size, but in the following tables each study only appears

once in a particular category. If a study reported more than one

effect size relevant to a particular analysis, the median or mean of

all relevant effect sizes from the study is included as a single

observation. We conducted analyses by using both unweighted

medians and means weighted by the square rootof the number of

sibling pairs per study.

Results

Effect sizes, 7, and r3, were tabulated according to statistical

method, study design, measures of environmental influences and

outcome, type of reporter, developmental period, gender compo-

sition of the siblings, and publication type (i.e., published chapter

or peer-reviewed article vs. unpublished dissertation or thesis). It

was also noted whether studies reported results for all measures

administered to participants, as opposed to studies only reporting

results for measures producing significant results. For the nine

studies that only reported significant results, only the reported

results were included in our analysis, that is, we did not assign an

effect size of zero to the omitted nonsignificant results. We

adopted this strategy because it was often difficult to determine

  


