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Abstract

Empirical studies of cognitive ability and personality have tended to operate in isolation of one another. We suggest that
returning to a unified approach to considering the development of individual differences in both cognition and personality
can enrich our understanding of human development. We draw on previous meta-analyses of longitudinal, behavior genetic
studies of cognition and personality across the life span, focusing particular attention on age trends in heritability and
differential stability. Both cognition and personality are moderately heritable and exhibit large increases in stability with age;
however, marked differences are evident. First, the heritability of cognition increases substantially with child age, while the
heritability of personality decreases modestly with age. Second, increasing stability of cognition with age is overwhelmingly
mediated by genetic factors, whereas increasing stability of personality with age is entirely mediated by environmental
factors. Third, the maturational time-course of stability differs: Stability of cognition nears its asymptote by the end of the
first decade of life, whereas stability of personality takes three decades to near its asymptote. We discuss how proximal
gene—environment dynamics, developmental processes, broad social contexts, and evolutionary pressures may intersect to

give rise to these divergent patterns.

Individual differences in cognitive ability and personality funda-
mentally affect how people interact with the world around them,
impacting outcomes as diverse as interpersonal relationships,
educational achievement, occupational success, income, happi-
ness, health, and longevity (Deary, Weiss, & Batty, 2010; Mof-
fitt et al., 2011; Ozer & Benet-Martinez, 2006; Roberts, Kuncel,
Shiner, Caspi, & Goldberg, 2007; Schmidt & Hunter, 1988).
Both cognition and personality are well known for their high dif-
ferential stabilities over time (Conley, 1984)—individuals tend
to maintain their relative standing compared to others across the
life span.' In fact, the impressive associations between these
psychological differences and important life outcomes may be
due, in part, to their relatively high differential stabilities over
time and context: small, seemingly inconsequential instances of
thinking, feeling, and behaving when repeatedly and systemati-
cally experienced over time may aggregate to profoundly shape
individuals’ life paths. How, then, do these consequential psy-
chological differences emerge over development, and what
accounts for the differential stability of these characteristics over
tremendous spans of time?

In the current article, we describe our recent meta-analytic
work on how genetic and environmental influences on cognition
and personality change across nearly the entire life span (Briley
& Tucker-Drob, 2013, 2014; Tucker-Drob & Briley, 2014;

Tucker-Drob, Briley, & Harden, 2013). We suggest that similar-
ities and differences in the empirical patterns of genetic and
environmental contributions to stability between cognition and
personality may offer insights into how processes of gene—envi-
ronment correlation and interaction intersect with the develop-
mental, social, and evolutionary pressures that underlie
cognition and personality. Thus, on the one hand, gene—environ-
ment correlation and interaction may serve as a common set of
mechanisms guiding developmental stability of both personality
and cognition. On the other hand, differences in the directional-
ity and systematicity of developmental, social, and evolutionary
pressures can be used as a framework by which to understand
unique trends across traits. We use this dual backdrop to com-
pare and contrast the life-span trends in genetic and environmen-
tal sources of variation and stability for personality and
cognitive ability.
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GENE-ENVIRONMENT INTERPLAY AS A
GUIDING FRAMEWORK FOR STUDYING
DEVELOPMENT

Gene—environment interplay is a general term that refers to the
multiple ways in which genetic and environmental influences on
development depend on one another. The necessity of consider-
ing gene—environment interplay is widely recognized in the liter-
ature on cognitive ability (Collins, Macoby, Steinberg,
Hetherington, & Bornstein, 2000; Dickens, Turkheimer, &
Beam, 2011; Tucker-Drob et al., 2013), personality (e.g., Blei-
dom, Kandler, & Caspi, 2014; Roberts & Jackson, 2008), and
psychological development more generally (e.g., Bronfenbren-
ner & Ceci, 1994; Johnson, Penke, & Spinath, 2011; Scarr &
McCartney, 1983; Tabery, 2007). Genetic and environmental
effects may depend on one another by way of gene—environment
correlation, in which individuals come to be nonrandomly
exposed to different environments as a function of genetically
influenced individual differences, and gene X environment
interaction, in which environmental experiences affect individu-
als differently as a function of genetically influenced individual
differences (Plomin, DeFries, & Loehlin, 1977).

Gene—environment correlations can emerge through passive,
evocative, and active mechanisms. Passive gene—environment
correlation occurs when the genes that parents pass on to their
children also influence the type of rearing environment that they
provide to those children. Evocative gene—environment correla-
tion occurs when individuals evoke different experiences from
their surroundings on the basis of their genetically influenced
characteristics. Active gene—environment correlation occurs
when people actively seek out or create environmental experien-
ces on the basis of their genetically influenced characteristics
(e.g., abilities, preferences, or proclivities). When these environ-
ments, in turn, have causal effects on psychological develop-
ment, dynamic bidirectional processes of gene—environment
transactions result (Bronfenbrenner & Ceci, 1994; Scarr &
McCartney, 1983; Tucker-Drob et al., 2013; Tucker-Drob &
Harden, 2012a). In other words, gene—environment transactions
occur when certain individuals are more likely to experience
specific environments based on their genotype, and those envi-
ronments have causal impacts on their development. When these
same processes occur systematically over prolonged periods of
development, the effects of gene—environment transactions
aggregate, such that genetic effects become reinforced and
amplified (Beam & Turkheimer, 2013; Dickens & Flynn, 2001).
This amplification may be further accelerated as children are
given increasing opportunities for active and evocative gene—
environment correlation with age (Scarr & McCartney, 1983;
Tucker-Drob et al., 2013).

Uneven opportunities for gene—environment correlations
within a society may be mechanisms of social inequalities in life
outcomes (Tucker-Drob et al., 2013). Socioeconomic advantage
is tightly linked with access to enriching curricular and extracur-
ricular educational experiences (Duncan & Murnane, 2011) that
children may seek out and evoke on the basis of genetically

influenced motivational factors (Tucker-Drob & Harden,
2012a). Under conditions of socioeconomic disadvantage, even
children with high natural levels of intellectual interest and
achievement motivation are afforded only minimal opportunities
to seek out and evoke such enriching experiences. Moreover,
parents with greater socioeconomic and interpersonal resources
are better able to actively monitor and regulate their adolescent
children’s activities and whereabouts (McLoyd, 1998), which
diminishes opportunities for gene—environment correlations
with respect to interactions with delinquent peers (Dick, Viken,
Purcell, Kaprio, Pulkkinen, & Rose, 2007; Mann, Kretsch,
Tackett, Harden, & Tucker-Drob, 2015). Thus, social policies
that promote opportunities to engage in positive experiences
may help to reduce social inequality by promoting gene—envi-
ronment correlations, and those that restrict opportunities to
engage in risky or deleterious experience may help to reduce
social inequality by restricting gene—environment correlations.
Indeed, key components of efforts to increase academic devel-
opment involve expanding early educational opportunities and
disseminating to parents information about the educational sys-
tem (Arnold & Doctoroff, 2003; Lareau, 2002; Magnuson &
Waldfogel, 2005; Payne & Knowles, 2009). Such policies may
enrich gene—environment correlations by arming disadvantaged
children with the skills and their parents with the social capital
necessary to navigate the complex educational institution.

The second primary mechanism of gene—environment inter-
play, gene X environment interaction, can also occur through a
variety of pathways. Individuals may respond differentially to
shared, family-level environments (e.g., parenting, socioeco-
nomic status) based on their genotype. For example, genetic
influences on cognitive development may be especially strong
in family-level environments that support cognitive develop-
ment (Harden, Turkheimer, & Loehlin, 2007; Rhemtulla &
Tucker-Drob, 2012; Rowe, Jacobson, & van den Oord, 1999;
Scarr-Salapatek, 1971; Taylor, Roehrig, Soden-Hensler, Con-
nor, & Schatschneider, 2010; Tucker-Drob, Rhemtulla, Harden,
Turkheimer, & Fask, 2011; Turkheimer, Haley, Waldron,
D’Onofrio, & Gottesman, 2003). Additionally, individuals may
differ in their potential responses to unique environments and
experiences (e.g., peer groups, stressful life events, any experi-
ence not necessarily shared with other members of their family)
on the basis of their genotypes. For example, the experience of
antisocial peer groups, parent—child relationship problems, and
low academic achievement in adolescence may accentuate
genetic influences on externalizing behavior (Hicks, South,
DiRago, lacono, & McGue, 2009). If environmental disadvant-
age prevents the expression of genetic potentials for positive
psychological outcomes and/or magnifies the expression of
genetic risks for maladaptive psychological outcomes, social
inequality may be exacerbated.

Gene X environment interaction has important implications
for behavior genetic models. When genotypes respond differ-
ently to family-level environments, this effect will lead more
genetically similar individuals reared together to resemble one
another to a greater extent. Put differently, this effect will
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differentiate individuals that do not share identical genotypes,
resulting in phenotypic variation becoming linked to additive
genetic effects. When genotypes respond differentially to unique
life experiences, this effect differentiates even genetically identi-
cal individuals because they do not share their unique life expe-
riences. This process links phenotypic variation with nonshared
environmental effects.

Typically, the effects of gene—environment interplay are
investigated at single points in time yet these mechanisms may
play a role in establishing the stability of psychological charac-
teristics. Gene—environment correlation may build across devel-
opment. Early genetically influenced differences between
individuals, be they small, may influence the manner in which
they move through the environment and thus amplify over time.
Gene X environment interactions may generate individual dif-
ferences and lead individuals toward different life trajectories.
These processes may also combine. For example, some individ-
uals may respond differentially to the same educational environ-
ment. Teachers may pick up on these individual differences and
provide student-specific feedback. This combined process of
gene—environment interplay may lead to the stability of individ-
ual differences. Depending on whether the environmental effects
are shared across members of the same family, or unique of each
family member, the differential stability of personality and cog-
nition may become linked to genetic or environmental mecha-
nisms. Mechanisms of gene—environment interplay may
connect patterns of behavior with consequential outcomes by
guiding the development of individual differences. Next, we
consider pressures on behavior and how these pressures might
explain the role that cognition and personality play in life
opportunity.

DEVELOPMENTAL, SOCIAL, AND
EVOLUTIONARY PRESSURES ON TRAIT
DEVELOPMENT

High levels of cognitive ability are adaptive for individuals and
for societies, both with respect to modern life (Deary et al.,
2010) and with respect to human evolutionary history (Penke,
Denissen, & Miller, 2007). Reasoning and knowledge build
cumulatively over development, with more complex capacities
building upon more basic foundational skills (Duncan et al.,
2007; Knudsen, Heckman, Cameron, & Shonkoff, 2006; Sie-
gler, 1998), a process facilitated by both person-driven and
context-driven learning processes (Bouchard, 1997; Tucker-
Drob, Cheung, & Briley, 2014). Modern societies have institu-
tionalized strong, directional social scaffolds, e.g., formal educa-
tion, for continuous and sustained learning over nearly the
entirety of infant, child, and adolescent development. One possi-
ble result of these strong directional pressures for learning and
cognitive development, when combined with active and evoca-
tive selection processes, is the rapid stratification (i.e., inequal-
ity) of children’s experiences based on early genetically

influenced variation, and thus the early canalization of their tra-
jectories of cognitive development.

The developmental, social, and evolutionary pressures that
have been hypothesized to act on personality are quite different.
Although higher levels of cognitive ability are considered uni-
versally adaptive, adaptive levels of specific personality traits
might depend on context and might vary across the life span
(Caspi, Roberts, & Shiner, 2006; Nettle, 2007). For example,
being less agreeable in childhood and adolescence may encour-
age individuals to invest in themselves in order to ensure a stable
and prosperous future, whereas being more agreeable may be
increasingly adaptive in adulthood as social contexts become
more stable (increasing the likelihood that kind acts are later
reciprocated) and pair bonds and families form. Moreover, the
progression of personality development over the life span does
not follow the same sort of increasingly directional path as cog-
nitive development. Average levels of personality change over
the life span (Roberts, Walton, & Viechtbauer, 2006), but these
changes are not mutually interdependent (Mottus, Johnson,
Starr, & Deary, 2012) as is the case for cognitive abilities
(Rhemtulla & Tucker-Drob, 2011; Tucker-Drob, 2011). That is,
while reading mastery may promote more general reasoning
development (Ritchie, Bates, & Plomin, 2014), becoming more
neurotic does not necessarily entail a linked change in agreeable-
ness. Nor is it clear that personality changes are cumulative, in
the sense that one must master average openness before graduat-
ing to high openness, in contrast to cognitive development.
Indeed, the shifting life roles that individuals adopt over devel-
opment likely shift the optimal profile of personality, with some
periods of the life span necessitating risk-taking and others secu-
rity (Roberts et al., 2006). Thus, social forces on personality are
strong, but mutate across childhood and early adulthood, and are
less institutionalized, allowing individuals to explore identity
development over a protracted period of time. Because adaptive
profiles of personality shift with fluctuating social roles, evolu-
tionary pressures may have equipped humans with protracted
developmental periods of personality plasticity. A plausible
effect of these developmental, social, and evolutionary pres-
sures, when combined with active and evocative processes, may
be that trajectories of personality development canalize rela-
tively late in development and respond to idiosyncratically and
arbitrarily experienced environments, superimposed on a back-
drop of genetically influenced tendencies.

SIMILARITIES AND DIFFERENCES
BETWEEN PERSONALITY AND
COGNITION

Following from Cronbach’s (1949) distinction between
“maximal” performance and “typical” behavior, the field of dif-
ferential psychology has largely explored cognitive and person-
ality development in isolation. Many findings from these
parallel lines of research are, however, remarkably similar. Both
cognitive ability and personality are hierarchically organized



Briley & Tucker-Drob

(Deary, 2001; John, Naumann, & Soto, 2008; McCrae & Costa,
2008; Spearman, 1904), follow consistent life-span patterns of
mean-level development (McArdle, Ferrer-Caja, Hamagami, &
Woodcock, 2002; Roberts et al., 2006), and become increas-
ingly stable across the life span (Bayley, 1949; Roberts & Del V-
ecchio, 2000). Many of these empirical results hold across
cultures (Georgas, Weiss, van de Vijver, & Saklofske, 2003;
McCrae et al., 1999) and in nonhuman populations (Gosling,
2001; Herrmann, Hernandez-Lloreda, Call, Hare, & Tomasello,
2010; Weiss & King, 2015). In modern societies, both cognitive
ability and personality have implications for social disparities in
life opportunity (Damian, Su, Shanahan, Trautwein, & Roberts,
2014; Shanahan, Bauldry, Roberts, Macmillan, & Russo, 2014).

At the same time, behavior—genetic research on the factor
structure of cognition and personality hint at potential differences
between the two domains. Variation shared by diverse measures
of cognitive ability result largely from pleiotropic genetic effects
(Alarcon, Plomin, Fulker, Corley, & DeFries, 1999; Casto,
DeFries, & Fulker, 1995; Rijsdijk, Vernon, & Boomsma, 2002).
Based on this evidence, the “generalist genes” hypothesis pre-
dicts that the same genes affect a wide variety of cognitive abil-
ities and disabilities, resulting in the positive manifold (Kovas &
Plomin, 2006; Plomin & Kovas, 2005). From a developmental
perspective, these results are consistent with models in which the
emergence of the general factor of ability results from reciprocal
gene—environment transactions: Initial genetic effects are narrow
and specific to individual abilities; these abilities lead to exposure
to higher quality environments; these environments improve all
abilities in concert (Dickens, 2007; van der Maas et al., 2006).

In contrast, facet-level analyses of personality indicate that
multiple, distinguishable sets of genetic and environmental influ-
ences are necessary to explain personality dimensions (Briley &
Tucker-Drob, 2012; Frani¢, Borsboom, Dolan, & Boomsma,
2014; Jng, Livesley, Angleitner, Riemann, & Vernon, 2002;
Jang, McCrae, Angleitner, Riemann, & Livesley, 1998; Johnson
& Krueger, 2004; McCrae, Jang, Livesley, Riemann, & Angleit-
ner, 2001). This is no strong evidence for “generalist” genes for
personality: the Big Five tap heterogeneous and relatively inde-
pendent sets of etiological influences. The developmental pres-
sures on personality traits do not appear to follow the same
pattern of mutually reinforcing cumulative growth at a highly
general level that is seen with cognitive abilities. In summary,
genes have a widespread effect on broad cognitive measures but
more limited effects on narrow and distinct personality facets. It
is possible that these features of personality and cognition
emerge as individuals mature, gene—environment interplay accu-
mulates, and patterns of behavior solidify (Cheung, Harden, &
Tucker-Drob, 2015; van der Maas et al., 2006).

LIFE-SPAN TRENDS IN GENETIC AND
ENVIRONMENTAL INFLUENCES

Cognitive ability and personality are well known for
being among the most (differentially) stable psychological

characteristics (Conley, 1984). However, the stability of these
traits is not uniform over development. Rather, cognition and
personality increase in their differential stabilities with age.
Measures of cognitive ability in infancy and very early child-
hood are only weakly predictive of later ability (Lewis &
McGurk, 1972). Yet, across the first decade of life, the predic-
tive validity of measures of cognition for later assessments dra-
matically increases (Bayley, 1949). The level of stability found
in adolescence persists across the majority of the life span. Gow
and colleagues (2011) found that measures of cognition at age
11 substantially predict ability at age 87. Similarly, Larsen, Hart-
mann, and Nyborg (2008) found minimal evidence of ability
reordering across nearly 20 years in midlife. In the personality
domain, measures of infant and young child temperament are
predictive of later personality (Caspi et al., 2003). Despite this
slightly more stable starting point, the stability of personality
increases from a stability coefficient of approximately .3 to .7 by
middle adulthood (Roberts & DelVecchio, 2000). Correcting
stability estimates for the effect of measurement error, there is
minimal evidence of reordering over relatively long periods of
time in adulthood (Ferguson, 2010). Thus the stability of indi-
vidual differences in personality follows a similar life-span trend
as cognitive ability, but the increase in stability occurs over the
first three decades of life rather than only the first. In this section,
we provide a review of our meta-analytic work on the genetic
and environmental mechanisms underlying these dramatic
developmental increases in stability. We first describe the meta-
analytic dataset and discuss empirical work on age trends in the
genetic and environmental contributions to cognition and per-
sonality variation at single points in time.

Meta-Analytic Dataset

Complete details concerning the source of the meta-analytic
data are extensively discussed in previous publications (Briley
& Tucker-Drob, 2014; Tucker-Drob & Briley, 2014). To sum-
marize, our dataset contains parameters from longitudinal,
behavior genetic studies of personality and cognition. For cogni-
tion, this included 21 articles or chapters based on 15 independ-
ent samples composed of 12,721 sibling pairs of various types
(e.g., monozygotic twins, dizygotic twins, adoptive siblings,
etc.). Behavior genetic parameters were estimated for 150 pairs
of time points and measures, with baseline ages ranging from
.5 years to 72.7 years. The average test-retest interval was 5.9
years (SD = 5.5). The majority of data points were clustered
over the first 20 years of the life span. Considerable data was
also available for late adulthood, with relatively few studies
focusing on midlife. Effect sizes were coded based on whether
general intelligence (62.3% of effect sizes), fluid intelligence
(37.7%), or crystallized intelligence (16.2%) was under investi-
gation. Results differed minimally across measures of ability,
and we therefore focus on trends for all measures of cognition
(see Tucker-Drob & Briley, 2014, for additional details).
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For personality, the meta-analytic data was drawn from 24
articles based on 21 independent samples composed of 21,057
sibling pairs. Behavior genetic parameters were estimated for
251 combinations of time points and measures, with baseline
ages ranging from 1.0 year to 84.3 years. The average test—retest
interval was 5.4 years (SD = 2.9). In contrast to cognition, data
density for personality was high across the life span. Effect sizes
were coded based on Big Five trait, report format (self- vs.
informant report), and trait generality (broad vs. narrow). Extra-
version and neuroticism were the most studied traits, with more
than 90 associated effect sizes each. Openness, the least studied
trait, was represented by 30 effect sizes. Results were remark-
ably similar across each of the Big Five. Informant reports made
up 23.3% of the total dataset. Results also did not differ substan-
tially by report format, and sensitivity analyses focusing only on
self-reports or informant reports uncovered largely similar trends
(see Briley & Tucker-Drob, 2014, for additional details). Life-
span trends in genetic and environmental stability for personality
are not obscured by differences in report format and the associ-
ated potential influence of method bias. Broad and narrow meas-
ures of personality were represented nearly equally, and again,
results were very consistent across trait generality. For these rea-
sons, we focus on trends for all measures of personality.

Heritability and Environmentality

Univariate behavior genetic methodology typically decomposes
variance into additive genetic effects (which serve to make more
genetically related individuals more similar on the phenotype),
shared environmental effects (which serve to make individuals
raised together more similar on the phenotype, regardless of
genetic relatedness), and nonshared environmental effects
(which serve to differentiate individuals raised together, even
genetically identical individuals, i.e., monozygotic twins,
and may include measurement error). This decomposition is

accomplished by comparing the phenotypic resemblance of pairs
of individuals who vary in their degree of genetic relatedness
(e.g., monozygotic twins share 100% of their genes, whereas
dizygotic twins share approximately 50% of their segregating
genes, on average) and/or shared rearing experience (e.g., geneti-
cally unrelated adopted siblings raised together, monozygotic
twins raised apart). (See Johnson et al., 2011, for a more com-
plete description of the nuances of behavior genetic models.?)

Figure 1 displays life-span trends in the proportion of varia-
tion in cognitive ability and personality associated with genetic
and environmental effects. Genetic influences on cognitive abil-
ity increase dramatically over the first two decades of life (Briley
& Tucker-Drob, 2013). In early childhood, approximately 20%
of the variation in cognitive ability is associated with genetic
variation, but this increases to nearly 70% by late adolescence.
In parallel, shared environmental effects on cognition decrease
from explaining the majority of variation in ability to having
minimal or no effect. Nonshared environmental influences
explain approximately 20% of the variation in ability regardless
of developmental period. The decline in shared environmental
influences primarily results from decay processes, meaning that
early shared environmental effects (e.g., effects of family-of-
origin socioeconomic status and parenting that serve to make
children raised together more similar to one another in their cog-
nitive abilities), do not persist at full strength across time. The
increase in genetic influences, on the other hand, is primarily
due to amplification effects, in that early genetic effects explain
greater amounts of variability at later ages.

Variation in personality is attributable to genetic and non-
shared environmental effects in relatively equal proportion
(Briley & Tucker-Drob, 2014). Shared environmental effects
were not consistently observed at any point in the life span based
on the studies included in the meta-analysis (cf. Buchanan,
McGue, Keyes, & lacono, 2009). Genetic influences may be
slightly larger in infancy and very early childhood, but it is not
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entirely clear whether this trend depends on method effects (i.e.,
contrast effects due to reliance on parent reports). Even if not
due to method effects, the decline in genetic effects on personal-
ity is modest, particularly compared to the increase in heritability
for cognition. The least conservative estimate of the decline in
genetic effects on personality implies a decrease of only approx-
imately 20%, from explaining 75% of the variation to 55% over
the first 20 years of life.

Taken together, the life-span trends in heritability and envi-
ronmentality imply drastically different developmental patterns.
Genetic influences on cognitive ability increase substantially
over early life, and in contrast, genetic influences on personality
decrease modestly over early life, adolescence, and into
adulthood.

Genetic and Environmental Stability

Longitudinal behavior genetic models decompose the stability
of phenotypes into additive genetic, shared environmental, and
nonshared environmental pathways. Conceptually, these models

ask whether the genetic or environmental factors that influence a
phenotype at one point in time also influence the phenotype at a
later point in time. For example, a longitudinal correlated factors
model (Neale & Maes, 2005) decomposes variation in a pheno-
type at multiple points in time into genetic and environmental
effects and estimates the correlation between these factors. In
this context, genetic stability refers to the correlation between
genetic effects at an initial time point and effects at a later time
point. Do the genetic effects that make some individuals extra-
verted or bright in adolescence also make them extraverted and
bright in adulthood? Similarly, do the same family-level or
individual-level environmental experiences impact personality
and cognition at different points in time?

Figure 2 displays life-span trends in the stability of genetic,
shared environmental, and nonshared environmental effects on
cognition and personality. Genetic effects on cognition are not
at all stable in very early life, but genetic stability increases dra-
matically over the first decade of life (Tucker-Drob & Briley,
2014). Beginning around age 10, perfect stability of genetic
effects is observed. Put differently, the genes that matter for cog-
nition in late childhood are the same genes that matter in
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Figure 3 Genetic, shared environmental, and nonshared environmental contributions to stability in raw correlation units assuming approximately a 6-year

test—retest interval. Based on data from Briley and Tucker-Drob (2014) and Tucker-Drob and Briley (2014). Shared environmental contributions for per-
sonality are undefined because shared environmental effects account for no variation in personality.

adolescence, adulthood, and old age. The shared environmental
influences that lead children to perform better on cognitive tasks
in early childhood also lead to better performance in adoles-
cence. The stability of shared environmental effects increases
from a stability coefficient of approximately .4 to .8 over the first
decade of life. Nonshared environmental effects on cognition do
not persist across time in childhood, but nonshared environment
stability increases linearly across the life span. In adulthood and
old age, the unique life experiences that influence ability exhibit
stability coefficients of approximately .4 and .6, respectively.
The genetic and nonshared environmental influences on per-
sonality also increase in stability across the life span, but the
details differ from cognition. Genetic influences on personality
are already fairly stable in infancy (stability coefficient of .5),
but perfect stability is not reached until mid-adulthood, much
slower than the trend observed for cognition. Because the shared
environment does not affect personality, shared environmental
stability is undefined. The increase in stability of nonshared
environmental effects is compressed compared to cognition.

Whereas the stability of nonshared environmental effects on
cognition increase linearly across the life span, increasing even
from adulthood to old age, nonshared environmental effects
increase only across the first 30 years of life for personality fol-
lowed by a plateau near a stability coefficient of .5.

Genetic and Environmental Contributions
to Stability

The magnitude of genetic and environmental effects is an empir-
ically distinct question from the stability of those effects. Effects
can be highly stable, but not matter much for the phenotype, or
effects can be relatively unstable across time, but explain the
majority of variation in the phenotype at any given age. The con-
tribution to stability combines these sources of information.
How much of the observed stability coefficient in raw correla-
tion units is attributable to genetic and environmental sources?
Figure 3 highlights life-span trends in the genetic and
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Figure 4 Proportional contribution to observed stability from genetic, shared environmental, and nonshared environmental sources on cognitive ability
and personality assuming approximately a 6-year test-retest interval. Based on data from Briley and Tucker-Drob (2014) and Tucker-Drob and Briley

(2014).

environmental contributions to stability. For cognitive ability,
genetic influences increase in both magnitude and stability; as a
result, genetic effects increasingly contribute to phenotypic sta-
bility with child development (Tucker-Drob & Briley, 2014).
By early adulthood, genes contribute approximately .6 correla-
tion units to the observed stability. Further, the increase in phe-
notypic stability is almost entirely due to genetic effects, as
shared environmental contributions fade out and nonshared
environmental contributions are relatively flat across the life
span. Therefore, although both environmental sources of varia-
tion do increase in stability, neither shared nor unshared environ-
mental influences contribute much to the increasing phenotypic
stability of cognition, because the shared environment accounts
for little variance in cognition after children leave the home
environment, and the nonshared environment accounts for only
modest portions variation and is only modestly stable.

Despite the phenotypic similarities between cognition and
personality, the results for genetic and environmental contribu-
tions to stability are entirely different between the two domains.
Genes contribute about .35 correlation units to the stability of
personality at all ages of the life span (Briley & Tucker-Drob,
2014). As a result of the countervailing trends of decreasing her-
itability and increasing genetic stability, no age trends in the
genetic contribution emerge across the life span. This means that
genes are a crucial stabilizing force for personality and are the
primary stabilizing force at all ages, but genetic effects are
unable to explain the increasing phenotypic stability of personal-
ity across the life span. Nonshared environmental contributions
to stability are essentially zero in early childhood, but increasing
contributions from the nonshared environment entirely explain
the increase in phenotypic stability. The nonshared environmen-
tal contribution to stability plateaus in midlife at a level of
approximately .33 correlation units.

The results presented in Figure 3 demonstrate the absolute
genetic and environmental contributions to stability with age.
Because phenotypic stability itself changes with age, it is also
useful to consider the proportional contributions to stability
attributable to genetic and environmental sources. Figure 4
presents this information and highlights the striking differences
between cognition and personality. In early life, shared environ-
mental effects are the major stabilizing force for cognition. Over
the first decade of life, the proportional contribution of genetic
effects increases from approximately 10% to approximately
70% in the first decade of life, and largely remains at that level
for the remainder of the life span. The proportional contribution
of the nonshared environmental effect gradually increases from
nearly 0% to about 20% by late life. In sharp contrast, genetic
effects explain nearly 100% of the stability of personality in
early life, but this proportion is slowly shaved away as the non-
shared environmental contribution increases across the life span.
By late adulthood, just over 50% of the stability of personality is
attributable to genetic factors, with the remaining proportion
attributable to nonshared environmental factors. Whereas genet-
ically linked processes guide the stabilization of cognition,
unique life experiences guide the stabilization of personality
across the life span.

IMPLICATIONS: ARE ALL PHENOTYPES
THE SAME?

In genetics research, it is common to discuss “model
phenotypes,” such as height (e.g., Lettre et al., 2008). Model
phenotypes are easy to measure with reliable, valid, and quick
methods allowing for massive consortia on a given topic. This
empirical step is necessary to explore and test novel genetic
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theories and rapidly advancing technologies. An implicit or
explicit assumption that sometimes follows from this work is
that complex psychological phenotypes will display the same
pattern of results, albeit linked to different genetic polymor-
phisms. From this point of view, insights into the structure of
genetic effects, such as infinitesimal models of pleiotropic
genetic influences, should hold as general biological truths.
However, the biological and social mechanisms guiding psycho-
logical development may be more complicated than with height.
Indeed, as we have highlighted in this article, complex psycho-
logical phenotypes even differ from one another in the empirical
patterns of genetic and environmental mechanisms of develop-
ment (cf. Harden et al., 2015).

Our meta-analytic work indicates that genetic influences on
cognition and its differential stability increase dramatically over
child development, whereas genetic influences on personality
and its stability are relatively uniform over development, with
the increasing stability of personality over childhood through
middle adulthood primarily attributable to nonshared environ-
mental mechanisms. This occurs in spite of relatively similar
age trends in the observed stabilities of cognition and personal-
ity. How can we understand these differing trends in light of
how gene—environment interaction and correlation intersect
with the differing developmental, social, and evolutionary pres-
sures on cognition and personality?

A key point of contrast lies in the fact that cognitive develop-
ment occurs via a cumulative directional process (e.g., Siegler,
1998), whereas personality development occurs over a gradually
stabilizing fluctuating process (e.g., Nettle, 2007; Caspi et al.,
2005). Through universal education, cognitive development is
promoted continuously over child and adolescent development
(Knudsen et al., 2006). If early genetically influenced traits
affect how children progress through directed schooling, how-
ever subtly, then variation in cognitive ability will become
increasingly tied to genotypic variation (Bouchard, 1997). In
other words, gene—environment transactions with the educa-
tional environment may result in a genetic multiplier effect for
cognition (Dickens & Flynn, 2001). Potentially small initial dif-
ferences in ability may be identified and reinforced by teachers,
parents, and peers, which amplify genetic influences on cogni-
tion. Objectively shared environmental supports for cognitive
development (e.g., stimulating family-level resources or parent-
ing practices) may also give children a head start for academic
growth. These supports, however, may not have uniform effects
across individuals. Rather, high-resource environments may
promote genetic potentials for cognitive development and at the
same time reduce effective estimates of shared environmentality
(Rhemtulla & Tucker-Drob, 2012; Tucker-Drob, 2012; Tucker-
Drob et al., 2011). This may occur because higher opportunity
macroenvironments facilitate the processes by which children
select and evoke learning experiences on the basis of their genet-
ically influenced “noncognitive” traits. For example, we have
found that genetic variance in motivational factors, such as intel-
lectual interest, is more strongly predictive of knowledge and
academic achievement among children and adolescents raised in

higher socioeconomic status circumstances, where opportunities
for learning are more plentiful (Tucker-Drob & Briley, 2012;
Tucker-Drob & Harden, 2012a, 2012b; Tucker-Drob et al.,
2014).

Individuals are not “trained” toward certain personalities to
the same extent or with the same consistency as with cognition.
Rather, they can freely explore a variety of different identities
and relationship patterns (Caspi et al., 2005; McAdams &
Olson, 2010).> Early genetic influences on personality may not
have a large, propulsive effect on reinforcing and amplifying
growth. Rather, genetic influences on personality are moderately
maintained over development. Our results indicate that, against
a backdrop of relatively constant heritability and relatively con-
stant genetic contributions to overall stability, personality stabil-
ity increases because individuals encounter novel social
experiences, and these unique environments become more stable
as individuals progress through infancy, childhood, adoles-
cence, and young adulthood. That is, variation in personality
becomes increasingly linked to unique life experiences as dispo-
sitions are molded to meet the demands of slowly building social
responsibilities (e.g., Specht et al., 2014). This might, in part,
reflect the slow increase in the repercussions of people’s
personality-relevant life decisions: For example, childhood peer
groups may only last a year, a university experience is typically
four years, but the choice of a career or spouse (or a mortgage)
may last decades. By the time people reach age 30, when the
nonshared environmental stability plateaus, many of the major
life decisions regarding adult social roles—whom to marry (or
whether to marry at all), whether to have children and how
many, where to live, what to do for work—have been or are
nearly cemented.

While the types of life experiences that have a lasting impact
on personality slowly come to be realized over the first approxi-
mately 30 years of life (e.g., family formation; Hutteman et al.,
2014), the social and institutional structures that guide cognitive
development crystallize extremely early in development (Dun-
can et al., 2007). Cognitive development depends on enriching
and demanding experiences, and children are tracked based on
their ability by schools and also based on socioeconomic resour-
ces (i.e., neighborhood-level resources affect school quality;
Duncan & Murnane, 2011). Taken together, the development,
social, and institutional pressures on cognition identify, mag-
nify, and stratify levels of ability in the population such that
genetically linked mechanisms primarily explain the life course
trajectories of cognition. By way of gene—environment transac-
tions and gene X environment interactions, these sources of
genetic variation are dependent on the existence of social scaf-
folds guiding development. Indeed, it has been suggested that
identifying and adjusting these scaffolds to enrich positive per-
son—environment transactions across socioeconomic strata may
be important for addressing social inequality (Bronfrenbrenner
& Ceci, 1994).

Personality development may be sensitive to social, occupa-
tional, and romantic roles (Roberts, Wood, & Smith, 2005) or
major life events (e.g., “snares,” such as teen pregnancy or
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incarceration; Moffitt et al., 2011), and individuals form these
roles over an extended period of time. But, in contrast to cogni-
tion, the developmental, social, and institutional pressures on
personality unfold slowly over development. Individuals with
specific constellations of traits follow diverse pathways to adult-
hood, and individuals may differentially respond to such unique
life experiences on the basis of genetically influenced character-
istics. For example, people may navigate the demands of highly
competitive occupations (e.g., lawyer) based on their genetically
influenced characteristics and proceed along pathways that align
with their personality (i.e., choosing corporate law vs. commu-
nity law). These mechanisms of gene—environment interplay
may guide initially random or fluctuating environmental inputs
toward increasingly sustained environmental experiences in
which developmental trajectories are stabilized.

Finally, many of these same types of processes may have
resulted in differing evolutionary pressures on cognition and
personality in ancestral populations, resulting in different
genetic architectures and life-span trends in psychological devel-
opment (see Buss & Penke, 2014; Penke et al., 2007). Cogni-
tion, as a dimension with clear adaptive and maladaptive ends,
may have faced selection pressures promoting early plasticity
and rapid canalization. This observation is consistent with the
rapid increase in genetic stability of cognition over the first dec-
ade of life. Personality, as several dimensions with adaptive
effects that may vary across social or physical context (Nettle,
2007), may have faced selection pressures promoting extended
plasticity as organisms explore and conform to uncertain envi-
ronmental pressures. This may help to explain why genetic con-
tributions to personality stability are constant, rather than
increasing, over development.

CONCLUSION: TOWARD A MORE
UNIFIED DIFFERENTIAL PSYCHOLOGY

As laid out by Cronbach (1949), a number of features unify the
study of maximal performance and typical behavior. Psycho-
metric methods are used to assess individual differences reliably
and to discern the mechanisms guiding those differences. How-
ever, these mechanisms appear very different for two of the pil-
lars of differential psychology, cognitive ability and personality.
Broadening the study of personality and cognitive ability to con-
sider how research in each domain can inform the other can
stimulate progress in understanding both domains. An important
goal of such cross-domain research is to understand more fully
the mechanisms of gene—environment interplay that guide psy-
chological development and link individual differences with
important life outcomes.
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Notes

1. Differential stability (i.e., the stability of individual differences in
reference to a population) is also often referred to as rank-order sta-
bility (i.e., the stability of one’s ranking relative to others) and is
empirically assessed with a test-retest correlation (i.e., how well do
scores at an initial time point predict scores in a longitudinal follow-
up?).

2. Behavior genetic decompositions can be corrected for the effects
of measurement error (unreliability) when information about test reli-
ability is available. Correcting for unreliability reduces the nonshared
environmentality estimate and increase nonshared environmental sta-
bility. Importantly, our previous analyses indicated that, while cor-
rections for measurement error affected the overall magnitudes of
nonshared environmentality and nonshared environmental stability,
such corrections did not dramatically alter the age trends (see Briley
& Tucker-Drob, 2014; Tucker-Drob & Briley, 2014).

3. Some have suggested that, because personality is predictive of
important life outcomes, interventions targeting personality training
“are promising avenues for addressing poverty and disadvantage”
(Almlund, Duckworth, Heckman, & Kautz, 2011, p. 3). In fact, one
might expect that if such interventions are effective and universally
implemented over the entirety of childhood and adolescent develop-
ment, then the developmental genetics of the targeted personality
traits may come to more closely resemble those observed for cogni-
tive ability and academic achievement.
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