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Abstract

This study examined gene—environment correlation (*GE) in intellectual and
academic development in 561 U.S.-based adoptees (57% male; 56% non-Latinx
White, 19% multiracial, 13% Black or African American, 11% Latinx) and their
birth and adoptive parents between 2003 and 2017. Birth mother intellectual and
academic performance predicted adoptive mother warmth at child age 6 (f=.14,
p=.038) and 7 (f=.12, p=.040) but not 4.5years, and adoptive father warmth at
7 (p=.18, p=.007) but not 4.5 or 6years. These rGE effects were not mediated
by children's language. Contrary to theory that rGE accounts for increasing
heritability of intellectual ability, parenting did not mediate genetic effects on
children's language or academic performance.

Abbreviations: CHAOS, Chaos, Hubbub, and Order Scale; CLPM, cross-lagged panel model; DIBELS, Dynamic Indicators of Basic Early Literacy Skills;
EduYears, years of education; EFA, exploratory factor analysis; EGDS, Early Growth and Development Study; E-Risk, Environmental Risk; FIML, full
information maximum likelihood; HLE, Home Literacy Environment; IOWA, Towa Family Interaction Rating Scales; ISF, Initial Sound Fluency; LNF, Letter
Naming Fluency; MAR, missing at random; MCAR, missing completely at random; NWF, Nonsense Word Fluency; rGE, gene—environment correlation; RI,
random-intercept; RI-CLPM, random intercept cross-lagged panel model; SEM, structural equation modeling; SES, socioeconomic status; TOPEL, Test of

Preschool Early Literacy.
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Intellectual and academic performance are power-
ful predictors of health and success across the lifespan
(Deary et al., 2010; Hummer & Hernandez, 2013; Kosik
et al., 2018). They are both moderately to highly herita-
ble (Bouchard & McGue, 1981; de Zeeuw et al., 2015;
Haworth et al., 2010; Kovas et al., 2013), and there is
high genetic overlap between them (Davis et al., 2009;
Plomin & Kovas, 2005). Although the literature is some-
what mixed as to whether the heritability of intellectual
and academic performance increases, decreases or re-
mains stable across childhood, in part because of wide
and overlapping heritability estimates at different age
ranges (e.g., Kovas et al., 2013), overall, there appears
to be a general increase in the heritability of academic
performance from early to middle childhood (Andreola
et al., 2021; Austerberry, Mateen, et al., 2022; de Zeeuw
et al., 2015; Verhoef et al., 2021). For example, meta-
analysis of twin studies indicates that language is approx-
imately 24% heritable in infancy (Austerberry, Mateen,
et al., 2022), whereas from middle childhood onwards,
pooled heritability estimates from meta-analyses of lan-
guage, literacy and other academic skills range from
34% to 80% (Andreola et al., 2021; de Zeeuw et al., 2015).
There is also strong and replicable evidence of a linear
increase in the heritability of general intellectual ability
across the lifespan (Bouchard & McGue, 1981; Haworth
et al., 2010). Based on the stability of the genome, this
increasing heritability seems somewhat paradoxical.
However, a plausible explanation for increasing herita-
bility—which we aimed to examine in early intellectual
and academic development—is that genetic differences
are amplified across time as individuals influence, select
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and evoke differences in their environments that are cor-
related with their genotype (Plomin et al., 1977; Scarr
& McCartney, 1983). Three main forms of gene—envi-
ronment correlation (rGE) have been defined in the lit-
erature (Plomin et al., 1977; Scarr & McCartney, 1983):
active, evocative (also known as reactive), and passive
rGE—for definitions and examples of each, see Table 1.

As young children have limited opportunities to se-
lect their environments, the form of rGE that may be
particularly relevant during early childhood is evoca-
tive rGE, which occurs when an individual's genetically
influenced characteristics systematically evoke differ-
ences in their environment (Plomin et al., 1977; Scarr
& McCartney, 1983). In the context of intellectual and
academic development, children's education-associated
genetic differences may underlie early behavioral differ-
ences (e.g., vocabulary and interest in toys and books)
that systematically elicit differences in the caregiving en-
vironment (e.g., warm and responsive parenting) and me-
diate genetic effects on academic outcomes, potentially
amplifying initial genetic differences via environmental
mechanisms. Furthermore, although active selection of
the environment may be more limited in childhood than
in adolescence and adulthood, to a certain extent young
children's genetic propensities may also lead them to ac-
tively select environmental exposures (active *GE) that
may be advantageous or detrimental for intellectual and
academic development (e.g., seeking out books to read or
showing interest in television or video games). As these
evoked or selected environmental mechanisms would be
correlated with genetic differences, they could plausibly
be masked by heritability estimates. This hypothesis is

TABLE 1 Definitions and examples of rGE.
Type of rGE Definition Example
Evocative Occurs when an individual's genetically A child with a genetic propensity toward high academic
influenced behaviors evoke or elicit specific achievement may display traits and behaviors that evoke
responses from their environment more cognitive stimulation from their parents (e.g., reading to
the child and helping them with homework more frequently),
thereby creating an environment that is conducive to learning
Active Occurs when an individual's genetically A child with a genetic propensity toward high academic
influenced traits or behaviors lead them achievement might choose to read more or participate in
to actively select or seek out certain extracurricular activities, thereby placing themselves in
environments environments that enhance their academic skills
Passive Occurs when a parent's genetically influenced A parent with a genetic propensity toward high academic

traits or behaviors shape the environment
their child is exposed to. Because the parent

and child share genes, this environment

(which is correlated with the parent's genes)

will be correlated with the child's genes.
Unlike the other two forms of rGE, the
correlation between the child's genes and

their environment does not reflect a causal
link directly between the child's genes and

the environment they are exposed to, but

rather between the parents' genes and the

environment they create for the child

achievement may create an academically enriched
environment at home. Although the child's genetic propensity
toward academic achievement is correlated with this
environment, their exposure to it is not due to their own
genetic predispositions or actions but rather those of their
parent

Abbreviations: rGE, gene—environment correlation.
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described in depth by Dickens and Flynn (2001), who
explore the possibility that this amplification process ac-
counts for rising levels of intelligence across the lifespan
(and in successive cohorts of children and adults). They
suggest that initially small genetic differences may be-
come more potent over time through a multiplier effect
produced by mechanisms of reciprocal causation between
individuals' genotypes and the environmental influences
they seek out or evoke. This explanation is challenging to
test because it requires a genetically sensitive design and
extensive longitudinal data. Consequently, to our knowl-
edge, the Dickens and Flynn (2001) hypothesis has never
been empirically tested in intellectual and academic
development. However, there is good reason to believe
that children's early characteristics can elicit responses
in the caregiving environment, evidenced by a robust
body of literature supporting the existence of interplay
between child traits and the home and parenting envi-
ronment. This includes decades of evidence from phe-
notypic research of bidirectional effects between parents
and children (Hipwell et al., 2008; Lugo-Gil & Tamis-
LeMonda, 2008; Pardini et al., 2008) and the potential
influence of child characteristics on parenting behavior
(Bell, 1968). Furthermore, behavioral genetics research
provides evidence of possible evocative and active influ-
ences of children's genes on parenting and the home en-
vironment. For example, there is a substantial literature
from twin and parent-offspring adoption studies (e.g.,
the Twins Early Development Study, Quebec Newborn
Twin Study, and Early Growth and Development Study
[EGDS]) demonstrating possible evocative effects of
children's genes on differences in parenting, including in
early childhood (Boivin et al., 2005; Cheung et al., 2023;
Elam et al., 2014; Fearon et al., 2015; Harold et al., 2013;
Knafo & Plomin, 2006; Plomin & Bergeman, 1991).
However, only a small subset of this literature (outlined
below) is specifically focused on evocative or active ef-
fects of genetic influences underlying intellectual and
academic development.

Some phenotypic evidence suggests that children's
intellectual differences may evoke differences in par-
enting. For example, there is evidence of longitudinal
bidirectional associations between children's intellec-
tual performance and parental responsiveness, cogni-
tive stimulation and sensitivity between 14 months and
Syears of age from two studies of children and their par-
ents—the Family Life Project (N=1292) and the Early
Head Start Research and Evaluation Study (N=2089)
(Blair et al., 2014; Lugo-Gil & Tamis-LeMonda, 2008).
Furthermore, some genetically informative literature
demonstrates that child — parent (or child — household
environment) effects in intellectual development may
be partly genetically driven. For example, using lon-
gitudinal data from a sample of 650 monozygotic and
dizygotic twins, Tucker-Drob and Harden (2012) found
that, after controlling for parental cognitive stimula-
tion at age 2years, children's intellectual performance (a

composite of verbal and nonverbal cognitive ability) at
age 2 predicted cognitively stimulating parenting at age
4years. This association was predominantly mediated by
genetic variation, indicating that genetically influenced
differences in the child may evoke responses from their
caregivers. Additionally, using data from 860 mothers
and children in the Environmental Risk (E-Risk) Study,
Wertz et al. (2020) found that children's polygenic scores
for years of education (EduYears) predicted maternal
positive parenting (cognitive stimulation, warmth and
sensitivity), and home chaos when children were between
5 and 10years of age, after controlling for the direct ef-
fect of mothers' EduYears polygenic scores. There is also
evidence from unrelated individuals in the Twins Early
Development Study that children's education polygenic
scores were associated with aspects of their early care-
giving, such as breastfeeding duration, whether the TV is
usually onin the home, parental smacking, and number of
books in the home (Krapohl et al., 2017). However, as the
study did not control for parental genetics, it was not pos-
sible to rule out the likelihood that passive rGE (defined
in Table 1) partly contributed to these associations.

The adoption design is ideally suited to investigate
evocative and active rGE as, unlike all previous studies
of evocative or active *GE in cognitive and academic
development, it eliminates passive rGE while also being
able to test the role of genetically mediated traits in evok-
ing or selecting different responses within the family
home. However, evocative and active rGE in intellectual
and academic development have never been examined
using an adoption design. The present analyses aimed to
address this gap in the literature by using a prospective
parent—offspring adoption study to examine whether
genetic influences that contribute to the development
of children's intellectual ability lead children to evoke
or actively select differences in their early caregiving
environment.

We also aimed to test the Dickens and Flynn (2001) hy-
pothesis by examining whether any observed differences
in the caregiving environment would mediate genetic
effects on later academic performance. To our knowl-
edge, no previous research has tested whether observed
evocative or active effects on the caregiving environment
predict subsequent intellectual or academic outcomes.
However, developmental research has uncovered several
features of the rearing environment in childhood and
adolescence that predict subsequent intellectual and ac-
ademic development in childhood and adolescence. One
of the most well-established constructs is positive parent-
ing, which includes parental involvement, proactive an-
ticipation of children's needs, responsivity, and warmth
(Fan & Chen, 2001; Lugo-Gil & Tamis-LeMonda, 2008;
Madigan et al., 2019). For example, in a meta-analysis
of 37 cross-sectional and longitudinal studies of par-
enting and early childhood language (M=33.5months;
range=12-71 months), the pooled effect sizes were pos-
itive for the association between sensitive-responsive
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parenting and child language (rpooled:.27) and warm
parenting and child language (rpooled:.16) (Madigan
et al., 2019). Additionally, in a meta-analysis of 92 cross-
sectional and longitudinal studies of parenting and ac-
ademic performance in childhood and adolescence,
there was a positive association (rpooled:.ZS) between
parental involvement and academic performance (Fan
& Chen, 2001). Other potentially important mechanisms
include opportunities for learning and reading (Taylor
et al.,, 2004) and low levels of family chaos (Johnson
et al., 2008; Petrill et al., 2004). For example, in a sam-
ple of n=2337 twins from the Twins Early Development
Study, family chaos and children's academic achieve-
ment were significantly negatively associated (r=-.26),
and this association appeared to be partly (37%) ex-
plained by genetic factors (Hanscombe et al., 2011). Use
of screen media in the home, including television, the
internet and video games, also appears to be negatively
associated with intellectual and academic performance
(Ribner et al., 2017; Shin, 2004). It is worth noting that
the literature on screen use is somewhat mixed compared
to the literature on the promotive effects on intellectual
and academic development of positive and cognitively
stimulating parenting. Two large meta-analyses found
that screen time in general tends to be negatively associ-
ated (r=-—.29 and r=-.14, respectively) with language and
academic performance in childhood and adolescence

AP
Warmth

CHILD DEVELOPMENT

(Adelantado-Renau et al., 2019; Madigan et al., 2020).
However, one of these meta-analyses also found that
early childhood language was positively associated with
higher-quality (r__ .,=-13) and parent-monitored screen
time (rpooled:.16§ (Madigan et al., 2020). Based on this
literature, we chose to focus our analyses primarily on
positive parenting and secondarily on less widely re-
searched or more mixed dimensions of the caregiving
environment, such as household chaos and screen time.

Finally, we aimed to examine which genetically influ-
enced child characteristics might lead children to evoke
or select differences in the caregiving environment. In
prior research, children's language performance at 4.5
and 6years of age appeared to be an early manifesta-
tion of genetic influences on intellectual and academic
abilities at age 7years and potentially also in adulthood
(as adoptee language at 4.5 and 6years was associated
with their adult birth parent's intellectual and academic
performance) (Austerberry, Fearon, et al., 2022). This
research identifying early language as a likely media-
tor of genetic influences on later intellectual outcomes
informed our decision to examine whether children's
language-mediated associations between genetic influ-
ences on children and their caregiving environment.

We addressed our aims by testing the following
three hypotheses in longitudinal cross-lagged panel
models (CLPM) with the paths displayed in Figure 1.

4.5yrs.

BP
Intellectual

Child

Child Child

Language
4.5 yrs.

FIGURE 1

Academic
7 yrs.

Language
6 yrs.

Paths in cross-lagged panel model. Hypothesis 1 will be tested by examining the direct effects of birth parent intellectual

performance on adoptive parent warmth (paths a, b, and ¢), the indirect effects of birth parent intellectual performance on adoptive parent
warmth (paths ag, agh, and bh) and the total effects of birth parent intellectual performance on adoptive parent warmth (paths b+ag+dm, and
ctagh+akn+bh+dmh+din+en). Hypothesis 2 will be tested by examining the indirect effects of birth parent intellectual performance on child
language and academic performance via parental warmth (paths ak, akj, bl, agl, and (b+ag+dm)l). Hypothesis 3 will be tested by examining
the indirect effects of birth parent intellectual performance on parental warmth via child language (dm, dmh, en, din, and (e+di+ak)n). AP,

adoptive parent; BP, birth parent.
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First, we tested the hypothesis that genetic influences
contributing to children's intellectual and academic
performance would have evocative effects on the par-
enting warmth they received in early childhood and,
in exploratory analyses, evocative or active effects on
the levels of household chaos and household and child
screen media use. Specifically, we expected that birth
parent intellectual and academic performance (used as
a proxy for genetic influences on children's intellectual
and academic performance) would predict parenting
warmth when children were 4.5, 6, and 7years of age
(and in the Supporting Information, negatively predict
household chaos and screen media use). Second, we
tested the Dicken's and Flynn theory by examining the
hypothesis that evocative effects on parenting warmth
(and evocative or active effects on home chaos and
screen media use) would mediate genetic effects on in-
tellectual and academic performance. Specifically, we
expected that adoptive parent warmth (and explorato-
rily, household chaos and screen media use) when chil-
dren were 4.5 or 6 years of age, or both, would mediate
positive associations between birth parent intellectual
performance and children's language at 6or 7 years
of age, or both. Third, we tested the hypothesis that
children's early language performance at 4.5 or 6 years,
or both, would mediate the associations between birth
parent intellectual performance and adoptive par-
ent warmth (and household chaos and screen media
use) when children were 6or 7 years of age, or both.
Although this is the first research to test Hypotheses 2
and 3, and the first to test hypothesis 1 using an adop-
tion design, on a continuum from exploratory to con-
firmatory, our hypotheses are largely confirmatory
because they are directional and grounded in converg-
ing bodies of robust literature.

METHOD
Participants

Participants were 561 linked sets of adopted children
and their birth mothers (2=554), birth fathers (n=210),
and adoptive parents (562 adoptive fathers and 569
adoptive mothers) from the EGDS, a U.S.-based, longi-
tudinal, prospective parent—child adoption study (Leve
et al., 2013, 2019). The numbers of adoptive mothers and
fathers do not sum to 561 because the sample includes
41 same-sex parent families and 15 additional adoptive
parents who entered the family after the original couple
adopted the child.

Participants were recruited through 45 adoption
agencies in 15 states across the United States (Leve
et al., 2019) in two cohorts: First, in 2003-2013, a sam-
ple of 361 adopted children and their birth and adop-
tive families and, second, in 2007-2017, 200 children and
their families. EGDS assessments occurred in intervals

of 9months to 2years and are still ongoing. We used data
collected from birth parents at 9months, 18 months, and
4.5years postpartum and from adoptive parents and
adoptees when adoptees were 9, 18, and 27 months of age,
and 4.5, 6 and 7years of age. At each of these time points,
two adoptive parents were invited to participate. As
Adoptive Parent 1 was most often the adoptive mother
(96.6%) and Adoptive Parent 2 was most often the adop-
tive father (95.8%), Adoptive Parent 1 will be referred to
from now on as adoptive mother and Adoptive Parent 2
as adoptive father.

The adopted children in the sample were 57% male.
Adoptees were 56% non-Latinx White, 19% multiracial,
13% Black or African American, 11% Hispanic or Latinx
and <1% “other” (including Asian, American Indian,
and unknown ethnicity). The mean age at which the
children were placed for adoption was 5.58days post-
partum (SD=12.4; median=2; range=0-91). Adoptive
parents were predominantly non-Latinx White (adop-
tive mothers: 92%,; adoptive fathers: 90%). The remain-
der were Black or African American (adoptive mothers:
4%; adoptive fathers: 5%), Hispanic or Latinx (adoptive
mothers: 2%; adoptive fathers: 2%), multiracial (adoptive
mothers: 1%; adoptive fathers: 1%), and “other” (adop-
tive mothers: 1%; adoptive fathers: 2%). When the adop-
tion took place, adoptive parents tended to be in their
late thirties (adoptive mothers: M=37.4years, SD=5.6;
adoptive fathers: M=38.3years, SD=5.8), married or
cohabiting (adoptive mothers: 98%, adoptive fathers:
100%), college educated (adoptive mothers: 87%; adop-
tive fathers: 81%), and with a combined median income
above $100,000. Most of the birth parents were non-
Latinx White (birth mothers: 70%; birth fathers: 70%).
The remainder were Black or African American (birth
mothers: 13%; birth fathers: 12%), Hispanic or Latinx
(birth mothers: 7%; birth fathers: 10%), multiracial
(birth mothers: 5%; birth fathers: 5%), and “other” (birth
mothers: 5%; birth fathers: 4%). When the adoption took
place, birth parents had a median household income of
below $25,000, tended to be in their mid-twenties (birth
mothers: M=24.4 years, SD=6.0; birth fathers: M=26.1
years, SD=7.8), not married or cohabiting (birth moth-
ers: 6.1%; birth fathers: 14.0%), and not college educated
(birth mothers: 75%; birth fathers: 84%). There is no evi-
dence of selective placement in EGDS (Leve et al., 2019).
Additional information about the recruitment, composi-
tion and representativeness of the study is reported else-
where (Leve et al., 2019).

Ethics

Ethical approval was obtained from institutional review
boards at the University of Oregon (Protocol number:
0304201400) and the Pennsylvania State University
(Submission ID: CR00007591). Informed consent was
obtained from all adult participants before research
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participation, and assent was obtained from children be-
ginning at age 7 years.

Measures

Birth parent general intellectual and academic
performance

As a proxy for genetic influences on adopted children's
intellectual and academic development, we created the
same five-indicator latent variables of birth mother
and birth father general intellectual and academic per-
formance used in Austerberry, Fearon, et al. (2022).
The rationale for combining these items was based on
the generalist genes literature, which demonstrates
high genetic overlap between intellectual and academic
abilities and disabilities (Davis et al., 2009; Plomin &
Kovas, 2005), as well as the internal consistency (birth
mother ap=.84; birth father ap=.85) and bivariate
correlations among measures of birth parent intellec-
tual and academic performance in the EGDS sample
(range: r=.35-.70, full results reported in Austerberry,
Mateen, et al., 2022). The first item was a standardized
total score on the 28-item Information subtest of the
Wechsler Adult Intelligence Scale (Wechsler, 1997), ad-
ministered to birth parents at 18 months postpartum.
It is considered to be a representative measure of g (g
loading=.79). The remaining four indicators were 7-
scores from subtests of the Woodcock—Johnson Tests of
Achievement III (Woodcock et al., 2001), administered
to birth parents at 4.5years postpartum: (1) 76-item
Letter-Word Identification, measuring reading decod-
ing; (2) 32-item Word Attack, capturing decoding and
phonetic coding; (3) 98-item Reading Fluency, measur-
ing reading speed and semantic processing speed; (4)
160-item Math Fluency, indexing math, and numerical
performance. Previous research suggests that the read-
ing and math subscales are well correlated with other
established measures of intellectual ability and have
split-half reliability and internal consistency of above .80
(often above .90) (Timothy & Donald, 2003; Woodcock
et al., 2001). The internal consistency of the five indica-
tors in the EGDS sample was good (birth mother a=.84;
birth father a=.85).

Child language

We created the same latent variables measuring language
at 4.5and 6years of age as were used in Austerberry,
Fearon, et al. (2022). The latent variable at age 4.5 years
had three indicators, each of which was a subscale from
the Test of Preschool Early Literacy (TOPEL) (Lonigan
et al., 2011): (I) 36-item Print Knowledge, measuring
knowledge of the alphabet, written language conventions
and written form; (2) 35-item Definitional Vocabulary,

assessing definitional and single-word oral vocabulary;
(3) 27-item Phonological Awareness, measuring word eli-
sion and blending. Standard scores were used, derived
from the distribution of the raw scores. Previous research
suggests that the TOPEL has high internal consist-
ency (¢=.86-.96) and test-retest reliability (r=.81-.89),
moderate predictive validity (r=.40-.62), and moder-
ate to high concurrent validity (r=.59-.77) (Lonigan
et al., 2011). In the EGDS sample the internal consist-
ency of the three indicators was acceptable (a¢=.62). The
latent variable at age 6years had five indicators, one of
which was a standardized score from the vocabulary as-
sessment of the Wechsler Preschool and Primary Scale of
Intelligence I1I (Wechsler, 2002), and four of which were
assessments from the Dynamic Indicators of Basic Early
Literacy Skills (DIBELS) (Good & Kaminski, 2002): (1)
16-item Initial Sound Fluency (ISF), measuring pho-
nemic awareness; (2) Letter Naming Fluency (LNF),
capturing proficiency in naming upper- and lower-
case letters, using a list of 110 letters; (3) Phoneme
Segmentation Fluency, assessing proficiency in fluently
segmenting three- and four-phoneme words into their in-
dividual phonemes, using a list of 24 words; (4) Nonsense
Word Fluency (NWF), testing understanding of the al-
phabetic principle, including letter-sound correspond-
ence, using a list of 50 nonsense words. Previous research
has found that ISF and LNF have good test-retest re-
liability (r=.88-.93) and robustly predict later reading
performance (Kaminski & Good, 1996). Raw scores
(representing the number of correct answers in 1 min)
were converted to percentiles, reflecting performance
relative to same grade-level peers, based on nationally
standardized normed scores (Good & Kaminski, 2002).
The internal consistency of the five indicators in the
EGDS sample was good (a=.76). Additional information
on the rationale for combining these items is reported in
Austerberry, Fearon, et al. (2022).

Child academic test performance

We created the same latent variable to estimate child
academic test performance at age 7 years as Austerberry,
Fearon, et al. (2022), drawing on four indicators of
reading and math performance that were administered
to birth parents from the Woodcock-Johnson Tests of
Achievement III (Woodcock et al., 2001). The internal
consistency of the four indicators in the EGDS sample
was good (a=.88). Additional information on the ration-
ale for combining these items is reported in Austerberry,
Fearon, et al. (2022).

Caregiving environment

Prior to hypothesis testing, we conducted a split-
half exploratory factor analysis (EFA) of items from
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questionnaires on positive parenting, the home learn-
ing environment, and household chaos, administered
to adoptive parents when the children were 4.5, 6, and
7years of age. Results from the EFA are reported in the
Supporting Information. Based on the factor structure
of the items, we constructed the following three latent
variables in our main analyses (as well as latent variables
on chaos and screen use in exploratory analyses reported
in the Supporting Information):

Parenting warmth

For use in our main analyses, we created a latent vari-
able measuring parenting warmth at 4.5, 6, and 7 years of
age using the six self-report indicators from the Warmth
subscale of the Iowa Family Interaction Rating Scales
(IOWA) (Melby & Conger, 2001), administered to adop-
tive mothers and fathers. Each item was scored on a
7-point scale from 1 (Never) to 7 (Always). The psycho-
metric information for the IOWA is reported by Melby
and Conger (2001). The internal consistency of the
items in our sample was good (a=.87, .86, .88, for adop-
tive mother ratings at 4.5, 6, and 7years, respectively;
a=.85, .87, and .87, for adoptive father ratings).

Household chaos

For use in the exploratory analyses reported in the
Supporting Information, we constructed a latent vari-
able measuring household chaos when children were
aged 4.5, 6, and 7years of age using three indicators
from the Chaos, Hubbub, and Order Scale (CHAOS)
(Matheny et al., 1995): (1) “You can't hear yourself think
in our home,” (2) “It's a real zoo in our home,” and (3)
“The atmosphere in our house is calm” (reverse scored).
Each item was rated on a 5-point scale from 1 (Definitely
Untrue) to 5 (Definitely True). The psychometric in-
formation for the CHAOS is provided by Matheny
et al. (1995). Adoptive mother and adoptive father re-
sponses to each of the three items were correlated at
all time points (r range: .31-.52, p<.001). Consequently,
when data were available from both adoptive parents a
mean score was used. The internal consistency of the
three adoptive parent composite items in the sample was
good at each timepoint (@=.84, .86, and .86 at 4.5, 6, and
7years, respectively).

Screen media use

For use in the exploratory analyses reported in the
Supporting Information, we created a latent variable
measuring household and child screen media use when
children were aged 4.5, 6, and 7years of age using four
adoptive parent-rated indicators. Three items were from
the Home Literacy Environment (HLE) questionnaire
(Niklas & Schneider, 2013): “On average, how many
hours per day does your child watch television or play
video games?” on (1) “Weekdays,” (2) “Saturday,” (3)
“Sunday.” One indicator was from the CHAOS Matheny
et al. (1995): “There is usually a television turned on

somewhere in our home,” rated on a 5-point scale from
1 (Definitely Untrue) to 5 (definitely true). The psycho-
metric information for the HLE is reported by Niklas
and Schneider (2013) and the psychometric information
for the CHAOS is reported by Matheny et al. (1995).
Adoptive mother and adoptive father responses to each
of the three items were correlated at all timepoints (r
range: .39-.73, p<.001). Consequently, when data were
available from both adoptive parents, a mean score
was used. The internal consistency of the four adoptive
parent composite items in the sample was good at each
timepoint (¢=.86, .83, .87 at 4.5, 6 and 7years of age,
respectively).

Covariates

Adoption openness, child sex, and prenatal risk were
included as covariates. Adoption openness, which re-
flects ongoing contact between birth parents, adop-
tive parents, and the adoptee, was measured using a
4-item measure (Ge et al., 2008) averaged across rat-
ings provided at 9, 18, and 27 months postpartum by
birth mothers and adoptive parents. Openness is im-
portant to control for in adoption studies because
ongoing contact between birth parents and adoptees
may increase similarities between birth parents and
adoptees via environmental mechanisms, resulting in
overestimates of heritability. As well as controlling for
adoption openness by including it as a covariate in the
analyses, we also conducted a sensitivity analysis that
included the interaction term (birth parent intellectual
ability x openness), testing whether birth parent effects
were the same in open adoptions as in relatively closed
ones. Prenatal risk (e.g., neonatal complications, pre-
natal drug use, prenatal exposure to toxins) was meas-
ured using a weighted total score derived from birth
mother reports at Smonths postpartum and medical
record data. Prenatal risk is important to control for in
adoption studies because it can result in overestimated
heritability if it leads to similarities between birth
mother and adoptee due to the prenatal environment.

Data analysis

The analyses were preregistered with the Open Science
Framework in March 2021 (https:/osf.io/pz67m). We
conducted longitudinal CLPM in the lavaan package
(Rosseel, 2012) in R 4.1.2, using structural equation mod-
eling (SEM). SEM combines a measurement model, also
known as confirmatory factor analysis, with a structural
model testing the proposed causal relations. The full
CLPM (displayed in Figure 1) was built in several steps,
described in the Supporting Information. In recent years,
the CLPM has received criticism for failing to distinguish
within-person processes from stable between-person
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differences, and it has been suggested that this issue can
be addressed by including a random intercept (Hamaker
et al., 2015). Although the RI-CLPM is more suitable for
testing some hypotheses, the traditional CLPM was better
able to test the hypotheses of the present study than the
random-intercept model (RI-CLPM) for several reasons.
First, we were examining the mediated effects of a stable,
time-invariant, and trait-like, predictor (the genetic influ-
ences) on the cross-lagged outcomes (parenting and child
language and academic test performance). However, the
variations of the RI-CLPM that incorporate time-invariant
predictors, either predicting the observed variables or ran-
dom intercepts, are not able to examine the mediated effects
of a time-invariant predictor on the cross-lagged outcomes
because they isolate the within-person process from the
between-person process (Mulder & Hamaker, 2021; Rohrer
& Murayama, 2023). Second, we were interested in exam-
ining the cascading transfer of effects of the stable, time-
invariant, genetic predictor, via the auto-regressive and
cross-lagged paths. However, the auto-regressive paths in
the RI-CLPM represent short-term associations between
one time point and the next, independent of trait-like sta-
bility. Consequently, the RI-CLPM does not allow for the
effect of a stable predictor at baseline to cascade to later
timepoints through the auto-regressive paths, or from one
trait to another via the cross-lagged paths.

The main analysis was on parental warmth.
Exploratory analyses were also conducted on home chaos
and screen media use, the results of which are reported in
the Supporting Information. Separate models were run on
parental warmth data from adoptive mothers and adop-
tive fathers. Primary analyses were conducted using data
from birth mothers because it is a larger sample than the
sample of birth fathers. We conducted semi-independent
replications of these models using the smaller sample of
birth fathers, providing an estimate of genetic effects that
was not confounded by prenatal effects. Although the
birth father sample is the largest ever recruited in a pro-
spective parent—offspring adoption study, it has reduced
statistical power compared to birth mother analyses.
Although determining sample size requirements for com-
plex structural equation models is not straightforward,
generally a minimum sample size of 200 (Kline, 2016),
or a sample size of five to 10 times the number of ob-
served variables, is considered to be acceptable (Bentler
& Chou, 1987; Nunnally, 1967). Our main analyses con-
tained 29 observed variables, suggesting a sample size of
>145-290. Thus, we anticipated that comparisons between
results from birth mothers (2=325) and birth fathers
(n=109) would be more focused on the magnitude of the
path coefficients than on p-values or confidence intervals.
Based on recommendations by (Hu & Bentler, 1999), we
used a combination rule according to which model fit was
considered adequate if standardized root mean squared
residual <.09 and root mean squared error of approxima-
tion <.06. The indirect effects were estimated using boot-
strapping with 5000 repetitions (Bollen & Stine, 1990).

Missing data

Sample sizes for the variables used in the main analyses
are reported in Table 2. The primary source of missing
data in models using birth mother data was children's
phonological awareness subscale scores at age 6years,
measured using the TOPEL (available data for that sub-
scale, n=137). In birth father models, the primary source
of missing data was missing information on birth father
verbal 1Q, measured using the WAIS information sub-
scale (available data for that measure, n=102). The data
were not missing completely at random (MCAR [Little's
MCAR 4*(5635)=6857, p<.01]). MCAR occurs when the
probability of being missing is the same for all cases, and
there is no systematic association between the missingness
of the data and any other (observed or missing) values.
As the data were not MCAR, we ran an attrition analysis
using the Missing Value Analysis function in SPSS, which
uses the #-test procedure to compare group means and
patterns of missingness in the data. This analysis revealed
that the patterns of missingness for almost all (97%) of
the variables used in our analyses were related to the ob-
served values of other variables in the dataset. It was not
possible to completely rule out the possibility that the
data were missing not at random because that would re-
quire measuring the missing data (e.g., through following
up non-respondents). However, the observed patterns of
missingness were consistent with the data being missing
at random (MAR), which occurs when the missingness
of a variable is systematically related to the observed but
not unobserved data. Missing data were handled using
full information maximum likelihood (FIML), which is
suitable for data that are MAR and is of comparable per-
formance to multiple imputation (Allison, 2003).

RESULTS

Descriptive statistics (sample sizes, means, and standard
deviations) for the variables used in the main analyses
are presented in Table 2 and for the exploratory analy-
ses are presented in Table S2. Birth parent scores on the
Woodcock—Johnson test of achievement tended to be
below the normative average of 50 (with the mean birth
mother scores on the four subscales ranging from 46.87 to
49.80, and mean birth father scores ranging from 41.95 to
47.29), whereas adopted children had normed scores that
tended to be higher than birth parent normed scores, and
higher than the normative average of 50 (range of mean
scores: 49.66-56.29). Mean scores of adopted child lan-
guage at age 4.5 years, measured using the TOPEL, were
close to the normative mean of 100 (ranging from 97.76
to 106.80), suggesting that their performance was close
to the expected average for their age. Mean percentile
scores at age 6years on the DIBELS ranged from 33.84
to 58.25, which was within expected average range of 25—
74. The adoptive parent self-reported items on parental
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TABLE 2 Means, standard deviations, and sample sizes of study variables.

Birth parent general intellectual performance

Birth mother Birth father
Variable n M SD n M SD
Wechsler Adult Intelligence Scale-111, Information 323 9.56 2.59 102 10.65 2.88
Woodcock-Johnson Tests of Achievement 111, Letter-Word Frequency 325 4789 585 109 4729  7.67
Woodcock-Johnson Tests of Achievement IT1, Word Attack 325 4980 7.53 109 46.60 7.80
Woodcock-Johnson Tests of Achievement 111, Reading Fluency 325 46.87 6.73 109 4694 8.40
Woodcock-Johnson Tests of Achievement 111, Math Fluency 325 44.04 8.86 109 4195 10.01

Adoptive parent warmth

Adoptive mother Adoptive father
n M SD n M SD

4.5years Let him/her know you really care about him/her 414 6.57 0.65 374 641 0.70
4.5years Act loving and affectionate toward him/her 414 6.55 0.71 374 647  0.61
4.5years Let your child know that you appreciate him/her, his/her ideas, or things he/she does 414 6.40 083 374 625 0.83
4.5years Help him/her do something that was important to him/her 414 6.14 098 374 6.03 0.85
4.5years Act supportive and understanding toward him/her 414 6.32 0.83 374 6.31 0.75
4.5years Tell him/her you love him/her 399 6.79 0.56 361 6.71 0.61
6years Let him/her know you really care about him/her 403 6.50 0.81 362 635 078
6years Act loving and affectionate toward him/her 403 6.54 0.69 362 638 0.76
6years Let your child know that you appreciate him/her, his/her ideas, or things he/she does 403 6.41 077 362 619 0.85
6years Help him/her do something that was important to him/her 403 6.17 0.82 362 597 092
6years Act supportive and understanding toward him/her 403 6.38 0.69 362 626 0.71
6years Tell him/her you love him/her 403 6.78 0.57 362 6.63 0.68
7years Let him/her know you really care about him/her 307 6.48 0.71 273 624  0.86
7years Act loving and affectionate toward him/her 307 6.46 0.68 273 629 0.78
7years Let your child know that you appreciate him/her, his/her ideas, or things he/she does 306 6.30 0.80 273  6.09 094
7years Help him/her do something that was important to him/her 307 6.02 0.88 273 579 092
7years Act supportive and understanding toward him/her 307 6.33 0.71 273 612  0.83
7years Tell him/her you love him/her 307 6.75 0.54 273  6.56 0.76

Child language and academic

performance

n M SD
4.5years Test of Preschool Early Literacy, Print Knowledge 291 106.80 13.39
4.5years Test of Preschool Early Literacy, Definitional Vocabulary 288 104.30 9.94
4.5years Test of Preschool Early Literacy, Phonological Awareness 137 97.76 15.66
6years Wechsler Preschool and Primary Scale of Intelligence I11 288 10.31 2.28
6years Dynamic Indicators of Basic Early Literacy Skills, Initial Sound Fluency 141 58.48 30.22
6years Dynamic Indicators of Basic Early Literacy Skills, Letter Naming Fluency 288 52.18 31.68
6years Dynamic Indicators of Basic Early Literacy Skills, Phoneme Segmentation Fluency 293 33.84 27.87
6years Dynamic Indicators of Basic Early Literacy Skills, Nonsense Word Fluency 293 46.19 32.58
7years Woodcock-Johnson Tests of Achieve Achievement III, Letter-Word Frequency 336 56.29 9.23
7years Woodcock-Johnson Tests of Achieve Achievement III, Word Attack 334 53.91 10.80
7years Woodcock-Johnson Tests of Achieve Achievement III, Reading Fluency 334 55.22 7.51

7years Woodcock-Johnson Tests of Achieve Achievement 111, Math Fluency 334 49.66 10.15




EVOCATIVE EFFECTS OF GENETIC FACTORS LINKED TO INTELLECT

2091

warmth were high: mean total scores (on a Likert scale
from I to 7) ranged from 6.02 to 6.79 across all items and
timepoints in the adoptive mother sample and ranged
from 5.79 to 6.71 in the adoptive father sample.

Direct and indirect effects of birth mother
intellectual performance on adoptive parent
warmth and children's language and academic
performance

Adoptive mother

Evocative effects of birth mother intellectual
performance on adoptive mother warmth

As displayed in Figure 2, there was a significant direct
effect of birth mother intellectual performance (a proxy
for genetic influences on children's intellectual and aca-
demic performance) on adoptive mother warmth when
children were age 6 years (f=.14, 95% CI [.01, .27], p=.038)
but not 4.5years (f=-.12, 95% CI [-.26, .01], p=.063) or
Tyears (f=—.06, 95% CI [-.17, .06], p=.361). The indirect
effect of birth mother intellectual performance on adop-
tive mother warmth when children were age 7years via
warmth at 6years was statistically significant (f=.12,
95% CI [.01, .23], p=.040). None of the other indirect or
total effects of birth mother intellectual performance on
adoptive mother warmth were statistically significant
(see Table 3). The model accounted for 3% of the vari-
ance in adoptive mother warmth at 4.5years, 73% of the
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variance at 6years and 72% of the variance at 7years.
The large increase in the R? accounted for by the model
at Ages 6 and 7 is primarily due to the high stability of
adoptive mother warmth over time.

Mediation of birth mother effects on child language and
academic performance via adoptive mother warmth
None of the cross-lagged associations between adoptive
mother warmth and child language or academic perfor-
mance were statistically significant (see Figure 2). Nor
were there any statistically significant indirect effects of
birth mother intellectual performance on child language
or academic performance, mediated via adoptive mother
warmth (see Table 3).

Mediation of birth mother effects on adoptive mother
warmth via child language

None of the indirect effects of birth mother intellectual
performance on adoptive mother warmth, via child lan-
guage, were statistically significant (see Table 3).

Adoptive father

Evocative effects of birth mother intellectual
performance on adoptive father warmth

As displayed in Figure 3, there was a significant direct ef-
fect of birth mother intellectual performance on adoptive
father warmth when children were 7years of age (f=.18,
95% CI .05, .31], p=.007). The direct effect of birth mother
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FIGURE 2 Longitudinal structural equation model examining the effects of birth mother intellectual performance on, and cross-lagged
associations between, adoptive mother warmth and Children's Language and Academic Performance. Model fit: /(630): 1346, p<.001,
comparative fit index=.88, root mean squared error of approximation=.05, standardized root mean squared residual=.07. Standardized
estimates reported. Adoption openness, child sex, and prenatal risk were included as covariates in the model. AM, adoptive mother; BM, birth

mother. ¥¥p<.001. *p<.05. (p<.1.™p>.1.
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TABLE 3 Direct and indirect effects from the structural equation model displayed in Figure 2.

Test Predictor Outcome Mediator/s Paths p y/

H1 BM intellectual AM warmth 4.5years ~ N/A —.12[-.26, .01] .063

H1 BMintellectual ~ AM warmth 6years N/A 14 .01, .27] .038

H1 BMintellectual ~ AM warmth 6years AM warmth 4.5years ag -11[-.22,.01] .069

H1  BMintellectual ~ AM warmth 6years AM warmth 4.5years, child b+ag+dm .06 [-.09, .21] 445
language 4.5years

H1  BMintellectual ~ AM warmth 7years N/A ¢ —.06[-.17, .06] .361

H1 BMintellectual ~ AM warmth 7years AM warmth 4.5years, AM warmth agh —.09 [-.18, .01] .068
6years

H1 BMintellectual ~ AM warmth 7years AM warmth 6years bh 12[.01, .23] .040

H1 BMintellectual ~ AM warmth 7years AM warmth 4.5years, AM warmth c+agh+akn+bh+dmh =01 [-.15, .14] 938
6years, child language 4.5years, +din+en
child language 6years

H2 BMintellectual  Child language 6years AM warmth 4.5years ak .01 [-.01, .03] .304

H2 BMintellectual  Child academic 7years AM warmth 4.5years, child akj .01 [-.01, .02] .305
language 6years

H2 BMintellectual  Child academic 7years AM warmth 6years bl .00 [-.02, .01] 784

H2 BMintellectual  Child academic 7years AM warmth 4.5years, AM warmth ag/ .00 [-.01, .01] 783
6years

H2 BMintellectual  Child academic 7years AM warmth 4.5years, AM warmth (b+ag+dm)! .00 [-.01, .01] 797
6years, child language 4.5years

H3 BMintellectual ~ AM warmth 6years Child language 4.5years dm .02[-.03, .08] 418

H3 BMintellectual ~ AM warmth 7years Child language 4.5 years, AM dmh .02[-.03,.07] 418
warmth 6years

H3 BMintellectual ~ AM warmth 7years Child language 6 years en .00 [.00, .00] 979

H3 BMintellectual ~ AM warmth 7years Child language 4.5years, child din .00 [-.04, .04] 979
language 6years

H3 BMintellectual ~ AM warmth 7years Child language 4.5years, child (e+di+ak)n .00 [-.03, .03] 979

language 6 years, AM warmth

4.5years

Note: Values in square brackets indicate the 95% confidence intervals for the beta coefficients.
Abbreviations: AM, adoptive mother; BM, birth mother; H1, Hypothesis 1; H2, Hypothesis 2; H3, Hypothesis 3.

intellectual performance on adoptive father warmth was
not statistically significant at age 4.5years (f=.13, 95% CI
[-.02, .28], p=.087) or 6years (f=-.03, 95% CI [-.18, .11],
p=.661). The total effect of birth mother intellectual per-
formance on adoptive father warmth at age 7years was
statistically significant (f=.21, 95% CI [.06, .36], p=.006).
None of the other indirect or total effects of birth mother
intellectual performance on adoptive father warmth were
statistically significant (see Table 4). The model accounted
for 4% of the variance in adoptive father warmth at age
4.5years, 66% of the variance in warmth at 6 years and 68%
of the variance in warmth at 7years. The large increase in
the R* accounted for by the model at ages 6 and 7 is pri-
marily due to the high stability of adoptive father warmth
over time.

Mediation of birth mother effects on child language and
academic performance via adoptive father warmth

None of the cross-lagged associations between adoptive
father warmth and child language or academic perfor-
mance were statistically significant (see Figure 3). Nor
were there any statistically significant indirect effects of
birth mother intellectual performance on child language

or academic performance, mediated via adoptive father
warmth (see Table 4).

Mediation of birth mother effects on adoptive father
warmth via child language

None of the indirect effects of birth mother intellectual
performance on adoptive father warmth, via child lan-
guage, were statistically significant (see Table 4).

Direct and indirect effects of birth father
intellectual performance on adoptive parent
warmth and children's language and academic
performance

Adoptive mother

Evocative effects of birth father intellectual
performance on adoptive mother warmth

In the semi-independent replication using birth father
intellectual ability as a proxy for genetic influences,
the positive effect on adoptive mother warmth when
children were 6years of age (which was significant in
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FIGURE 3 Longitudinal structural equation model examining the effects of birth mother intellectual performance on, and cross-
lagged associations between, adoptive father warmth and children's language and academic performance. Model fit: y*(630)=1284, p<.001,
comparative fit index=.88, root mean squared error of approximation=.05, standardized root mean squared residual=.07. Standardized
estimates reported. Adoption openness, child sex, and prenatal risk were included as covariates in the model. AF, adoptive father; BM, birth

mother. ¥¥p<.001. *p<.05. (p<.1.™p>.1.

the birth mother model in Figure 2 was not significant,
p=.07,95% CI [-.15, .28], p=.530). As in the birth mother
model, the direct effect of birth father intellectual per-
formance on adoptive mother warmth was not signifi-
cant at age 4.5years (f=.10, 95% CI [-.18, .38], p=.473)
or 7years ($=.00, 95% CI [-.25, .25], p=.988). None of
the other indirect or total effects of birth mother intel-
lectual performance on adoptive father warmth were
statistically significant. The model accounted for 3% of
the variance in adoptive mother warmth at age 4.5 years,
72% of the variance in warmth at 6 years and 71% of the
variance in warmth at 7years. The large increase in the
R? accounted for by the model at ages 6 and 7 is primar-
ily due to the high stability of adoptive mother warmth
over time.

Mediation of birth father effects on child language and
academic performance via adoptive mother warmth

As in the birth mother model (displayed in Figure 2), in
the birth father replication, none of the cross-lagged as-
sociations between adoptive mother warmth and child
language or academic performance were statistically
significant. Nor were there any statistically significant
indirect effects of birth father intellectual performance
on child language or academic performance, mediated
via adoptive mother warmth.

Mediation of birth father effects on adoptive mother
warmth via child language

None of the indirect effects of birth father intellectual
performance on adoptive mother warmth, via child lan-
guage, were statistically significant.

Adoptive father

Evocative effects of birth father intellectual
performance on adoptive father warmth

In the birth father replication, the effect on adoptive mother
warmth when children were age 7years, which was signifi-
cant in the birth mother model (Figure 3), was not statistically
significant (f=.14, 95% CI [-.08, .36], p=.224). As in the birth
mother model (Figure 3), in the birth father model the effects
on warmth at ages 4.5 (f=-.01, 95% CI [-.30, .28], p=.949)
and 6years (f=—22, 95% CI [-.53, .08], p=.151) were not sig-
nificant. None of the other indirect or total effects of birth
father intellectual performance on adoptive father warmth
were statistically significant. The model accounted for 2% of
the variance in adoptive father warmth at age 4.5years, 69%
of the variance in warmth at 6years and 66% of the variance
in warmth at 7years. The large increase in the R” accounted
for by the model at ages 6 and 7 is primarily due to the high
stability of adoptive father warmth over time.



2094 = AUSTERBERRY ET AL.
CHILD DEVELOPMENT | K§
TABLE 4 Direct and indirect effects from the structural equation model displayed in Figure 3.

Test  Predictor Outcome Mediator/s Paths p P

H1 BM intellectual AF warmth 4.5years N/A 13 [-.02, .28] .087

H1 BM intellectual AF warmth 6years N/A —.03[-.18, .11] .661

H1 BM intellectual AF warmth 6years AF warmth 4.5years ag A1 [-.02, .23] .092

HI BM intellectual ~ AF warmth 6years AF warmth 4.5years, child b+ag+dm .07 [-.08, .22] .340
language 4.5years

H1 BM intellectual AF warmth 7years N/A ¢ 18 .05, .31] .007

HI BM intellectual AF warmth 7years AF warmth 4.5years, AF agh .08 [-.01, .18] .088
warmth 6years

H1 BM intellectual AF warmth 7years AF warmth 6years bh -.03[-.14,.09] .661

H1 BM intellectual AF warmth 7years AF warmth 4.5years, AF ctagh+akn+bh+dmh+ .21 .06, .36] .006
warmth 6years, child language din+en
4.5years, child language 6 years

H2 BM intellectual Child language 6years ~ AF warmth 4.5years ak .01 [-.01, .03] .560

H2 BM intellectual Child academic 7years ~ AF warmth 4.5years, child akj .00 [-.01, .02] .560
language 6years

H2 BM intellectual Child academic 7years ~ AF warmth 6years bl .00 [.00, .00] .887

H2 BM intellectual Child academic 7years ~ AF warmth 4.5years, AF agl .00 [-.01, .01] .881
warmth 6years

H2 BM intellectual Child academic 7years ~ AF warmth 4.5years, AF (b+ag+dm)l .00 [-.01, .01] .882
warmth 6years, child language
4.5years

H3 BM intellectual AF warmth 6years Child language 4.5years dm .00 [-.06, .06] 944

H3 BM intellectual AF warmth 7years Child language 4.5years, AF dmbh .00 [-.05, .05] 944
warmth 6years

H3 BM intellectual AF warmth 7years Child language 6 years en .00 [-.01, .02] 872

H3 BM intellectual AF warmth 7years Child language 4.5years, child din -.03[-.07,.01] 178
language 6years

H3 BM intellectual AF warmth 7years Child language 4.5years, child (e+di+ak)n -.03[-.07,.01] 185

language 6years, AF warmth
4.5years

Note: Values in square brackets indicate the 95% confidence intervals for the beta coefficients.
Abbreviations: AF, adoptive father; BM, birth mother; H1, Hypothesis 1; H2, Hypothesis 2; H3, Hypothesis 3.

Mediation of birth father effects on child language
and academic performance via adoptive father
warmth

As in the birth mother model (displayed in Figure 3),
in the birth father replication, none of the cross-lagged
associations between adoptive father warmth and child
language or academic performance were statistically
significant. Nor were there any statistically significant
indirect effects of birth father intellectual performance
on child language or academic performance, mediated
via adoptive father warmth.

Mediation of birth father effects on adoptive father
warmth via child language

None of the indirect effects of birth father intellectual
performance on adoptive father warmth, via child lan-
guage, were statistically significant.

Exploratory analyses on household chaos and
screen media use

Results from exploratory analyses examining household
chaos and screen media use are reported in the Supporting
Information. There was no evidence of evocative effects of
genetic influences underlying children's intellectual perfor-
mance on household chaos or screen media use. There were
no significant indirect effects of birth parent intellectual abil-
ity on child language or academic performance via adop-
tive parent warmth or of birth parent intellectual ability on
adoptive parent warmth via child language. However, there
was an expected statistically significant negative association
between children's verbal performance at age 4.5years and
screen media use at 6years, as well as an unexpected statisti-
cally significant positive association between screen media
use at age 4.5years and children's language at age 6years.
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Adoption openness sensitivity analysis

We conducted a sensitivity analysis, including the interac-
tion term (birth parent intellectual ability x adoption open-
ness) in the SEMs. As reported in detail in the Supporting
Information, the results remained largely unchanged.

DISCUSSION

This study leveraged the parent-offspring adoption de-
sign to examine the potential role of *GE in the devel-
opment of children's intellectual and academic abilities.
The results demonstrated that birth mother intellectual
performance (used as a proxy for genetic influences
on children's intellectual and academic outcomes) pre-
dicted adoptive mother warmth when children were 6
and 7years of age, but not 4.5 years, and adoptive father
warmth at age 7years, but not 4.5 or 6 years. These find-
ings are partially consistent with the first hypothesis
that there would be evocative or active effects on the
caregiving environment of genetic influences underly-
ing children's academic ability, and evidence from twin
and polygenic score research of evocative rGE in early
cognitive development (Tucker-Drob & Harden, 2012;
Wertz et al.,, 2020). However, results from the birth
mother models were not fully replicated in the analyses
using data from birth fathers as the proxy for genetic
influences.

Contrary to the second and third hypotheses that evoc-
ative or active effects on the caregiving environment would
mediate genetic effects on academic outcomes and that
language would be a mechanism through which genetic
influences would evoke parenting differences, there was
no evidence of bidirectional associations between adop-
tive parent warmth and children's language and academic
outcomes or indirect effects via parenting or child lan-
guage, respectively. Although these findings indicate that
adoptive parents might parent their children differently
depending on their children's intellectual and academic
performance-associated genetics, they do not demonstrate
a mediating influence of these parenting differences on
children's academic test performance in middle childhood.
The only statistically significant effects on children's lan-
guage and academic test outcomes were the effects of birth
parent intellectual performance reported in earlier work
(Austerberry, Fearon, et al., 2022). Furthermore, despite
this earlier work indicating that language appears to be an
early manifestation of genetic influences on later academic
outcomes, our findings do not indicate that early language
evokes differences in parental warmth. Consequently, the
present findings failed to uncover evidence to support the
Dickens and Flynn (2001) hypothesis that increasing her-
itability of intellectual performance across the lifespan is
produced through a process of amplification via mech-
anisms of reciprocal causation between an individual's
genetics and the environmental influences they evoke or
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actively select over time, or the hypothesis that early lan-
guage is a mechanism that evokes differences in parenting.

Based on the well-established associations between
positive parenting and children's intellectual and aca-
demic outcomes (Fan & Chen, 2001; Lugo-Gil & Tamis-
LeMonda, 2008; Madigan et al., 2019; Wertz et al., 2020),
it is surprising that parental warmth did not predict
children's language or academic performance. This lack
of association suggests that previous findings may be
attributable to passive rGE. Indeed, Wertz et al. (2020)
demonstrated in the E-Risk Study, first, that parent
and child education polygenic scores were each pleio-
tropic: associated with positive parenting and children's
academic performance. Second, when they partialled
out the effects of children's polygenic scores, the asso-
ciation between parenting and children's educational
attainment became attenuated, indicating some genetic
confounding. In contrast to our findings, although the
association reduced in size, it remained statistically sig-
nificant after the polygenic score was partialled out.
However, as Wertz et al. (2020) discuss, based on the
limitations of polygenic scores discussed in greater de-
tail below, unlike the adoption design, their methods
do not rule out the possibility of passive *GE and likely
only control for a small proportion of the genetic con-
founding. Another possible explanation for the lack of
association between parental warmth and academic test
performance is that warmth may be less important for
academic performance than other dimensions of positive
parenting, particularly as children begin formal school-
ing. Indeed, Lugo-Gil and Tamis-LeMonda (2008) and
Wertz et al. (2020) both used more global measures of
positive parenting, the former combining measures of
maternal supportiveness, sensitivity, positive regard, and
cognitive stimulation and the latter combining measures
of warmth, sensitivity and reverse-coded negative par-
enting. Furthermore, the meta-analysis of parenting and
academic achievement in childhood and adolescence
by Fan and Chen (2001) found that parental involve-
ment was associated with children's academic achieve-
ment (r=.30) and that within the domain of parental
involvement the subdomain with the largest effect size
was parents' aspiration and expectation for children's
educational achievement (r=.40). In the series of meta-
analyses by Madigan et al. (2019), the pooled effect was
larger for the association between sensitive-responsive
parenting and child language (r=.27) than for the as-
sociation between parental warmth and child language
(r=.16). Consequently, the lack of association between
parenting and language or academic performance may
represent an inappropriate choice of parenting measure.
It may also reflect limited generalizability of the present
findings due to use of an unrepresentative sample, which
is discussed in the limitations section below.

In exploratory analyses of home chaos and screen
media use, there were no significant effects of birth
parent intellectual performance on household chaos
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or children's screen media use, the latter based on a
composite of items on television watching and video
gaming. In other words, there was no evidence of
evocative or active rGE in these analyses. Nor were
there any significant cross-lagged associations be-
tween household chaos and children's language or
academic test performance. However, there were two
(out of four) significant cross-lagged associations in
the model examining screen media use: as hypothe-
sized, children's language at age 4.5years was nega-
tively associated with screen media use at age 6years;
unexpectedly, screen media use at age 4.5years was
positively associated with language performance at
age 6years. Although this latter finding runs counter
to the general trend in the literature that screen time
is negatively associated with intellectual and academic
performance throughout childhood and adolescence
(Adelantado-Renau et al., 2019), evidence also suggests
that high-quality and parent-monitored screen time
is positively associated with language and academic
outcomes (Adelantado-Renau et al., 2019; Madigan
et al., 2020). Consequently, this negative association in
our sample may reflect the possibility that a high so-
cioeconomic status (SES) sample of parents who have
had to pass stringent tests determining their suitability
to adopt are more likely to monitor the types of screen
time their children are exposed to than a representative
sample would. Screen use was also relatively low in the
EGDS sample (M range: 1.4 and 2.4 h per day of televi-
sion watching or computer games), potentially limiting
generalizability of our findings. Finally, although our
findings indicate that screen media use at age 4.5 years
may positively influence language performance, they
do not suggest that screen media use in the home medi-
ates genetic influences on academic test performance.
As in the analyses of parental warmth and household
chaos, analyses of screen media use yielded no evidence
to support the Dickens and Flynn (2001) hypothesis
that evocative or active rGE influences the develop-
ment of intellectual and academic skills.

Limitations and future directions

Our research is the first to examine evocative effects of
genetic factors associated with intellectual or academic
development using data from an adoption study, provid-
ing a powerful control against passive *GE, which is the
phenomenon that occurs when the genes children inherit
from their biological parents are correlated with the en-
vironment they are raised in, making it challenging to
disentangle genetic from environmental effects when
studying biological families (Plomin et al., 1977; Scarr
& McCartney, 1983). The assumption that passive rGE
is ruled out by the adoption design depends on the en-
vironments of adoptees not being influenced by their
birth parents. Early placement of EGDS adoptees (on

average 6days postpartum) reduced the likelihood of
this assumption being violated. However, there are two
potential threats to this presumption that are important
to consider. First, any ongoing contact between adop-
tees and their birth parents introduces the possibility
of birth parents influencing adoptees' environments.
We attempted to control for this potential confound by
including a composite of birth and adoptive parent rat-
ings of adoption openness as a covariate in our analyses,
as well as the interaction term (birth parent intellectual
ability xadoption openness) in additional sensitivity
analyses. The second potential threat to the assumption
that the adoption design rules out passive rGE is that
passive rGE could occur if any aspects of the prenatal
environment are correlated with the genes that birth par-
ents pass on to their children. We controlled for this po-
tential confound by including a measure of prenatal risk
as a covariate in our models and replicating our analy-
ses in the birth father sample. Birth father analyses are
a robust control for prenatal effects only if birth fathers
do not indirectly affect the prenatal environment by, for
example, contributing to home dynamics or stress levels
of the mother. The low rates of birth mother cohabita-
tion (6.1%) in our sample plausibly reduce the chances of
indirect effects of birth fathers on the fetal environment
(Leve et al., 2019).

Overall, it is a strength of the present study that we
were able to run two sets of analyses: the main analysis
in a sample of birth mothers and a quasi-independent
replication in a sample of birth fathers. This feature is
a particular strength as fathers are so under-researched
relative to mothers in developmental research. However,
the birth father analyses were not fully independent be-
cause most measures of birth mother and birth father
intellectual performance were associated, suggesting the
possibility of assortative mating, confounding, or part-
ner interaction effects (Austerberry, Fearon, et al., 2022).
Despite being the largest sample of birth fathers ever
recruited in a prospective parent—offspring adoption
study, the birth father analyses were limited by their
small sample size, resulting in a lack of statistical power
to accurately estimate the influence of birth father in-
tellectual performance. This lack of power may explain
why the findings from the birth mother models were not
fully replicated in the birth father analyses. However, we
were not able to rule out the possibility that the lack of
robust replication signaled either spurious results in the
birth mother models, or prenatal (rather than genetic) ef-
fects being detected in associations between birth mother
intellectual performance and adoptive parent parenting.
Although the likelihood of the latter is probably reduced
by the inclusion of a prenatal risk covariate, replication
of our methods using larger samples of birth fathers is
needed before decisive conclusions can be drawn.

Although the adoption design has notable strengths,
an inherent limitation is that there is relatively little
variation in family income and parental education in
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adoptive families compared to the general population.
The adoptive families in our sample had a higher SES
than the birth parents in the study and the general popu-
lation of the United States, potentially biasing the results
(Leve et al., 2013). Thus, it remains to be seen whether
our findings would replicate in lower SES families. SES
may causally influence parenting (Akee et al., 2010) and
appears to moderate genetic effects on academic out-
comes, enhancing the expression of genetic contributions
in higher SES samples at the expense of environmental
effects and enhancing the expression of environmental
contributions in lower SES samples at the expense of
genetic effects (Scarr-Salapatek, 1971; Tucker-Drob &
Bates, 2015; Turkheimer et al., 2003). Research suggests
that adoptees in the United States and United Kingdom
perform better than expected academically based on
their preadoption intelligence scores, education poly-
genic scores or comparisons with their biological rela-
tives after being adopted (Cheesman et al., 2020; Duyme
et al., 1999; Kendler et al., 2015), indicating mediation or
moderation of genetic effects on academic performance
by differences in caregiving environments (or the wider
social conditions that are associated with them).

There is also evidence from the United States and
United Kingdom that trajectories of language and aca-
demic development are not the same for different ethnic
groups, and this effect may be explained by differences in
psychosocial, family, and home environments (Saccuzzo
etal., 1992; Zilanawala et al., 2016). Although almost half of
the adoptees in the EGDS sample were multiracial, Black
or African American, or Latinx, over 90% of the adoptive
parents in the study were non-Latinx White and the study
was U.S.-based, adding to the literature on samples from
Western, educated, industrialized, rich, and democratic
populations, who, despite making up approximately 12%
of the world's population, are the subject of the vast major-
ity of findings published in top psychology research jour-
nals (Arnett, 2008). Replication of our methods in different
populations is needed to address this stark inequity and
before we can assume that our results generalize.

Finally, there are three potential limitations con-
cerning measurement and the operationalization of the
analyzed constructs. First, there may be limits to the
extent to which the measures analyzed were suitable
for testing the Dickens and Flynn (2001) hypothesis.
We focused the analyses primarily on parental warmth
on the basis that prior research had demonstrated not
only that parental positivity and warmth appear to
predict better intellectual and academic outcomes in
children but also that children's intellectual abilities,
or genetic propensities linked to intellectual and aca-
demic abilities, appear to positively predict the warmth
and positivity of the parenting they receive (Lugo-Gil
& Tamis-LeMonda, 2008; Madigan et al., 2019; Wertz
et al., 2020). However, another dimension of parenting
that prior evidence suggests may be evoked by children's
cognition and education linked to genetic propensities
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is cognitively stimulating parenting (Tucker-Drob &
Harden, 2012; Wertz et al., 2020), which (as discussed
in detail above) may also be important for children's
educational development. There were no suitable data
available in the pre-existing dataset used for the present
analyses to test the Dickens and Flynn (2001) hypoth-
esis using measures of parental cognitive stimulation
at 4.5-7years. However, it would be of interest for fu-
ture work to incorporate such measures. Furthermore,
Dickens and Flynn (2001) describe a multiplicity of
many individual and social factors evoked or selected
over time, including activities undertaken during lei-
sure time, intellectual quality of social interactions,
intellectual demands at school, and intellectual com-
plexity of work. Individually, these factors do not nec-
essarily exert a large effect but cumulatively may result
in substantial change in intellectual ability across de-
velopment. Consequently, a fairer test of the Dickens
and Flynn (2001) hypothesis would incorporate many
varied measures over time, rather than focus specifi-
cally on parenting during a narrow age range. Second,
as our results rely on self-reports by parents of their
parenting and the caregiving environment, they are
vulnerable to reporter bias and ceiling effects, which
occur when a large proportion of respondents score
near the upper limit of a scale so that variance is not
measured above a certain level. In the present sample,
most adoptive parents rated their parenting as “almost
always” or “always” warm, resulting in low variability
in the responses. Consequently, future research should
incorporate observational measurement to potentially
increase variability and reduce both informant and
method bias. Third, we did not use direct genetic mea-
sures and instead relied on measures of birth parent
traits as indirect proxies for the genetic influences.
However, it remains open for debate which behavior
genetic methods best capture the full contribution of
genetic influences, as there is a discrepancy (known
as “missing” heritability) between estimates from
genome-wide analyses and those relying on family data
such as adoption or, more commonly, twin studies.
For example, in the most recently published genome-
wide association study of educational attainment, a
polygenic index explained 12%-16% of the variance in
educational attainment (Okbay et al., 2022)—around
one-third of the size of the 43% heritability estimate
reported in a recent analysis of a pooled sample of 28
twin cohorts (Silventoinen et al., 2020). Consequently,
it remains helpful to continue triangulating findings
from studies using different research designs and meth-
ods. Our work contributes to this effort as evocative or
active rGE in intellectual development had only ever
been examined using the twin design and genome-wide
polygenic scores, and our research is the first to ex-
amine these mechanisms in intellectual and academic
development using an adoption study and birth parent
trait status as a proxy for genetic influences.
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CONCLUSION

In this first empirical test of the Dickens and Flynn (2001)
hypothesis and examination of evocative or active rGE in
academic development in an adoption sample, we found
no evidence to support the Dickens and Flynn (2001) hy-
pothesis but some evidence of evocative effects of genetic
influences underlying children's intellectual and academic
development on parental warmth. While these effects did
not seem to be evoked by differences in early language
performance and did not mediate associations between
genetic influences and middle-childhood academic out-
comes, they nonetheless converge with findings from twin
and polygenic score research in suggesting that parents
may parent their children differently depending on their
children's genetic predispositions for academic attainment.
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