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SHARED ENVIRONMENT

Shared Environment

Primary Disciplinary Field(s): Behavioral Genetics, Quantitative Genetics, Developmental
Psychology

1. Core Definition and Differentiation

The concept of the shared environment (often abbreviated as C, or $C"2$ in statistical modeling)
is fundamental to the field of behavioral genetics, serving as one of the three primary components--

alongside additive genetics (A) and the non-shared environment (E)--used to decompose the
variance of a phenotypic trait within a population. It systematically refers to those environmental
influences that are experienced by two or more individuals living within the same household or
immediate social setting, and crucially, these experiences act to make those individuals more alike.
Unlike genetic factors, which rely on the biological inheritance of DNA, the shared environment
encompasses external factors common to siblings, adoptive relatives, or twins raised together.
These commonalities are hypothesized to contribute directly to the observed resemblance between
family members, explaining covariance above and beyond their genetic similarity.

A defining characteristic of the shared environment is its systematic effect on similarity. If two
siblings share a particular environmental influence--such as parental income level, neighborhood
quality, or access to educational resources--and this influence contributes to their shared outcome
(e.g., both having high academic achievement), then that influence is classified as a shared
environmental factor. The shared environment ensures that individuals reared together, regardless
of their genetic relationship, are exposed to common stimuli and resources that shape their
development in parallel ways. This classification is primarily a statistical construct, derived from
variance decomposition models used in quantitative genetics rather than a direct measurement of
specific environmental variables, though specific environmental factors are often hypothesized to
load onto the C component.

It is essential to distinguish the shared environment from the non-shared environment, its
conceptual complement. While the shared environment accounts for factors that increase sibling
similarity, the non-shared environment (E) encompasses environmental factors that are unique to
each individual, thereby contributing to differences between siblings raised in the same home.
Examples of non-shared influences include differential treatment by parents, distinct peer groups,
or unique experiences of illness or injury. The distinction highlights the nuance that the
environmental influence of a household is not monolithic; while some aspects are universally
shared (like the presence of books), others are highly individualized (like a specific teacher or
mentor). The analytic utility of the shared environment lies in quantifying the proportion of variance
in a trait that can be statistically attributed to these shared, similarity-inducing influences.
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2. Theoretical Context: The Foundational Model of Variance

The understanding and quantification of the shared environment is inextricably linked to the
primary methodology of behavioral genetics: the quantitative genetic model, often summarized by
the ACE model (A = Additive Genetics, C = Shared Environment, E = Non-shared Environment).
This model posits that the total phenotypic variance ($V_P$) observed in a population for any
measurable trait--be it intelligence, personality, or psychopathology--can be partitioned into these
three distinct, non-overlapping sources of variance. Early behavioral genetic research was largely
driven by the ambition to determine the relative contribution of each factor, thereby moving the
nature-nurture debate from philosophical speculation to empirical estimation based on observed
familial correlations. The rigor introduced by the ACE framework allowed researchers to statistically
guantify the proportion of trait variation attributable to shared experiences versus inherited
differences.

Historically, sociological and psychological models prior to the advent of rigorous behavioral
genetics often assumed that the familial environment was overwhelmingly shared and that parental
practices dictated children's outcomes uniformly. This perspective held that socioeconomic status,
cultural capital, and unified parenting styles were the dominant forces explaining similarity among
siblings and the passage of traits from one generation to the next. The statistical measurement of
the shared environment, therefore, acted as a critical empirical test for these traditional
environmentalist theories. If the shared environment component (C) was found to be large, it would
validate the importance of the family unit's unified impact; if it was small, it would necessitate a
fundamental rethinking of familial influence and emphasize individualized environmental paths. The
magnitude of the C estimate provides a direct measure of the extent to which growing up together
affects subsequent similarity in a particular trait.

The robust quantification of environmental effects became possible through the comparison of
individuals with varying degrees of genetic and environmental relatedness, such as Monozygotic
(MZ) twins (100% shared genes) and Dizygotic (DZ) twins (50% shared genes). The shared
environment component is estimated mathematically by comparing the difference in correlation
between MZ twins and DZ twins raised together. Specifically, if MZ twins are more alike than DZ
twins, the difference is attributed to genetics (A). Crucially, the presence of C is inferred when the
correlation for DZ twins is greater than half the correlation for MZ twins, as this "excess" similarity
cannot be explained by shared genes alone and is therefore attributed to the shared environment
(C). This methodological rigor established shared environment as a quantifiable, testable
parameter within the broader paradigm of quantitative genetic modeling.

3. Etymology and Historical Development

The conceptual roots of partitioning environmental variance date back to early twentieth-century
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statistics and biometrics, particularly the work of Sir Ronald Fisher and Sewall Wright, who laid the
groundwork for variance decomposition methodologies used in agricultural and animal breeding
studies. However, the specific application and empirical focus on the shared environment as a
measurable factor in human psychology gained prominence in the latter half of the century,
coinciding with the rise of widespread twin studies and adoption studies pioneered by researchers
like Loehlin, Nichols, and Plomin. These initial studies, particularly those focused on general
cognitive ability (1Q), sought to systematically separate the effects of heredity from the effects of
upbringing with mathematical precision.

In the early decades of behavioral genetics (1960s-1980s), the expectation, particularly concerning
traits like scholastic achievement, religious affiliation, and juvenile delinquency, was that the
shared environment would account for a substantial proportion of the variance. This expectation
was based on prevailing sociological theories emphasizing the power of the macro-environment--
the home, the school, the community--to mold developing children uniformly. Early findings did, in
fact, show significant shared environmental effects for certain traits, especially during childhood.
For instance, studies on children's academic performance often yielded C estimates suggesting
that shared familial factors were responsible for 20% to 30% of the variance, confirming the
intuitive appeal of "nurture” theories during this developmental period.

The historical trajectory of the shared environment concept is marked by a dramatic shift in
empirical findings rather than a change in definition. As methodology improved and studies tracked
individuals across the lifespan, the role attributed to the shared environment began to shrink
unexpectedly. The influential book The Nonshared Environment: Individual Differences in
Development (Plomin & Daniels, 1987) cemented this shift, arguing that environmental influences
are primarily non-shared, meaning that even environments shared by siblings tend to make them
different, not similar. This challenged decades of psychological theory and forced the field to
redefine the most powerful mechanisms of environmental influence, suggesting that environmental
factors operate far more individually than collectively and leading to the eventual consensus that
the shared environment plays a relatively minor role in explaining adult personality and intelligence
variance.

4. Methodological Framework: Estimation via Classic Designs

The measurement of the shared environment relies almost entirely on the Classic Twin Design
(CTD) and the Adoption Design, which utilize naturally occurring genetic and environmental
differences to separate the components of variance. In the CTD, the comparison between the
correlation ($r$) of MZ twins ($r_{MZ}$) and DZ twins ($r_{DZ}$) raised together is the core
mechanism. MZ twins share 100% of their genes and 100% of their shared environment, while DZ
twins share 50% of their segregating genes and 100% of their shared environment. By subtracting
the correlation difference ($r_{MZ} - r_{DZ}$), we estimate the genetic influence (A). If the
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correlation of DZ twins ($r_{DZ}$) is substantially higher than half the correlation of MZ twins
(which would be expected if only genetics and non-shared environment were operating), the
excess similarity is statistically attributed to the shared environment (C). The Falconer formula
provides a simplified, though sometimes biased, estimate: Shared Environment ($C$) $approx
2r {DZ} - r_{MZ}$.

Adoption studies provide an even clearer, though often logistically challenging, separation of
genetic and environmental influences. By comparing traits in non-biological siblings raised in the
same adoptive home, researchers can isolate the effects of the shared environment almost purely,
as these individuals share 0% of their segregating genes but 100% of their immediate rearing
environment. If the correlation between unrelated siblings is significantly greater than zero for a
given trait, this correlation provides a direct, unconfounded estimate of the shared environmental
influence (C). Similarly, adoption studies comparing the adopted child's trait correlation with the
biological parents (shared genes, non-shared environment) versus the adoptive parents (non-
shared genes, shared environment) are crucial for triangulating the C effect, often confirming the
relatively small magnitude found in twin studies for many complex traits.

However, these classic designs are subject to assumptions that can potentially bias the estimate of
C. The core assumption of the CTD is the Equal Environments Assumption (EEA), which posits
that MZ twins are not treated any more similarly by parents or the wider world, due to their greater
genetic similarity, than DZ twins are treated due to their lesser genetic similarity. If the EEA is
violated--for instance, if parents actively try to make MZ twins dress alike or pursue similar
activities, thereby increasing their environmental similarity that is purely based on their identical
genetics--the shared environment component might be artificially manipulated. While some initial
concerns about EEA violation were raised, robust research across numerous studies generally
supports the validity of the EEA for most psychological traits, confirming that the estimates derived
for C are statistically meaningful within the limits of the models.

5. Empirical Findings and the Fading Influence

One of the most robust and paradigm-shifting findings in behavioral genetics across the late 20th
and early 21st centuries is the observation that the influence of the shared environment often
diminishes, or "washes out," as individuals transition from childhood into adolescence and young
adulthood. For many complex traits, particularly personality, psychopathology risks, and even IQ
later in life, the C component is significant in early childhood (e.g., ages 4-8) but often approaches
zero or becomes statistically negligible by the time individuals reach maturity (age 18+). This
phenomenon suggests that while shared factors like parental teaching or household structure
strongly influence young children who have limited autonomy, their impact wanes as individuals
gain independence and begin to select or create their own environments outside the immediate
family influence.
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The traits for which the shared environment remains consistently important across the lifespan are
typically those that are immediately and deeply regulated by the family unit or socioeconomic
status, such as political attitudes, religious beliefs, and certain aspects of antisocial behavior
(specifically, juvenile delinquency). For core psychological traits, however, such as the Big Five
personality dimensions (e.g., neuroticism or conscientiousness) or most measures of general
psychopathology (e.g., major depressive disorder risk), the variance partitioning consistently
reveals that genetics (A) and the non-shared environment (E) are the dominant factors. The
environment that truly matters in shaping unique adult personality appears to be the environment
unique to the individual, not the one shared with siblings, supporting the prominence of the non-
shared environment component.

The diminishing role of C is often interpreted through the lens of Gene-Environment correlation
($rGES$), specifically active $rGE$. As children grow older, their genetically influenced
predispositions increasingly guide their choices of friends, schools, hobbies, and lifestyles. They
actively seek out environments compatible with their innate tendencies--a process known as niche
picking. This active selection mechanism gradually erodes the homogenizing influence of the
shared home environment, replacing it with unique, genetically mediated, non-shared
environmental influences (which are statistically absorbed into the A or E components of the
variance model). Thus, the family environment, though shared in name, becomes highly
individualized in its impact over time, making environmental effects non-shared by definition in later
developmental stages.

6. Specific Manifestations and Examples

The shared environment manifests through concrete, measurable aspects of the familial and social
setting. These include the socioeconomic status (SES) of the household, the educational
resources available (books, computers, high-quality preschool access), the structure and general
atmosphere of the home, and broad neighborhood effects such as crime rates or school quality.
For example, siblings raised in a low-SES home share the financial stress and limited resources
associated with that environment, which can contribute to their shared lower educational
attainment or increased stress levels, thus increasing their resemblance in these traits compared to
siblings raised in high-SES homes. The shared environment serves as the statistical proxy for the
cumulative impact of these common macro-level factors.

Parenting style is a complex environmental factor that can be simultaneously shared and non-
shared. While parents may employ a generally authoritative or permissive style for the entire
family--a shared environmental aspect captured by C--they also interact with each child uniquely
based on the child's temperament, gender, and birth order. The degree to which parenting is
shared versus non-shared is highly debated. Early psychological models emphasized the shared
influence of global parenting practices, whereas behavioral genetics research suggests that the
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differential treatment (non-shared aspect) or the child's genetically driven response to the
parenting (Gene-Environment Interaction) often explains more variance than the shared, general
style. This complex interplay limits the extent to which global parenting measures contribute to the
measured C component.

Furthermore, environmental factors that operate outside the immediate home but affect all
household members equally, such as the cultural climate, major changes in public policy (e.qg.,
mandatory schooling age), or catastrophic external events (e.g., a community disaster, economic
depression), are also classified as shared environmental influences. These macro-level factors
contribute to the overall homogeneity of the family unit's experiences and outlooks. However, the
exact measurement and isolation of which specific environmental variables constitute the
measured C component remain a challenge, as the statistical estimate C is an aggregate of all
unmeasured, shared influences, making it difficult to pinpoint specific causal mechanisms without
specialized multivariate analysis or controlled experimental designs.

7. Debates, Criticisms, and Modern Perspectives

Contemporary behavioral genetics largely views the distinction between shared and non-shared
environments as statistically useful for variance decomposition but mechanistically insufficient,
especially when considering the complex interplay between genes and environment. The most
significant debate centers on Gene-Environment Interaction ($G times E$) and Gene-Environment
Correlation ($rGES$), which profoundly complicate the simple partitioning of variance. For instance,
if a shared resource, like a comprehensive home library, benefits one child (who is genetically
predisposed to reading) significantly more than another (who is genetically inclined toward
athletics), the shared environment is interacting with genetics, and the resulting phenotypic
variance is not purely environmental but rather a product of the specific genetic sensitivity to that
shared input.

Critics argue that the ACE model often serves as a "black box" where the estimated C component
merely represents the residual similarity that cannot be accounted for by the assumed linear
structure of the model, particularly if that similarity is due to complex, non-additive genetic effects
that are misclassified. Furthermore, the classical twin model typically assumes that A, C, and E are
independent, an assumption violated by $rGES$. If, for example, parents who are genetically
musical create a musical home environment (a form of passive $rGES$), the resulting musical ability
in their children is driven by both shared genes and a shared environment that is correlated with
those genes. In standard ACE models, this correlation often inflates the A component, potentially
leading to an underestimation of the true, independent influence of C, requiring more sophisticated
models like the correlated factors model to disentangle.

The application of sophisticated molecular genetic methods, such as Genome-Wide Association
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Studies (GWAS) and polygenic scoring, offers new avenues to refine the understanding of
environmental influence. By using polygenic scores to account for specific additive genetic
contributions, researchers can potentially isolate environmental factors with greater precision. This
modern perspective aims to move beyond aggregate variance partitioning and toward identifying
specific, measured environmental factors that truly contribute to sibling similarity (measured
environment), linking macro-level shared environmental variables (like SES) directly to
developmental outcomes while controlling for complex genetic influences. This shift promises a
more nuanced understanding of how environmental factors operate, moving from simply
quantifying 'C' to identifying the concrete shared mechanisms underlying sibling resemblance.
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