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Reading exposure: a (largely) environmental
risk factor with environmentally-mediated
effects on reading performance in the
primary school years
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Background: It is widely believed that there are reciprocal links between reading achievement
and reading exposure: children who read more do better at reading, and reading achievement itself
promotes reading. We tested the hypotheses that these links arise because children’s genetically influ-
enced reading performance is correlated with their leisure-time reading exposure, and reading exposure,
in turn, may have an environmentally mediated effect on later reading performance. Method: The
sample consisted of 3039 twin pairs from the UK Twins Early Development Study (TEDS). Reading
exposure was assessed at age 10 using the Author Recognition Test (ART). Reading performance was
assessed at ages 7 and 12 using the Test of Word Reading Efficiency (TOWRE). Results: ART scores were
moderately correlated with TOWRE scores at ages 7 and 12. Shared environmental variance in 7-year
TOWRE performance accounted for most of the contribution made by 7-year TOWRE scores to the
prediction of 10-year ART scores. Genetic influences on ART scores were modest, but this genetic vari-
ance almost completely reflected genetic variance in 7-year TOWRE scores. After controlling for genetic
and environmental influences that overlapped between 7-year TOWRE and 10-year ART scores, there
was evidence for a separate link between 10-year ART and 12-year TOWRE that was due to shared
environmental influences. Conclusions: Genetic influences on early reading achievement contribute to
later propensities to seek out reading experiences that might, in turn, reciprocally influence reading
achievement through shared environmental paths. Keywords: Reading exposure, reading achieve-
ment, twins, genetics, environmental factors. Abbreviations: ART, Author Recognition Test; TOWRE,
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Test of Word Reading Efficiency; TEDS, Twins Early Development Study.

It is widely believed that in order to become a fluent
and proficient reader, children need extended read-
ing practice (Stanovich, 1986). Exposure to books
and reading is a key part of educational curricula
and remedial literacy programmes (e.g., the UK
National Literacy Strategy), as well as wider social
initiatives that try to instil interest and engagement
in reading among children (e.g., The Big Read, Brit-
ish Broadcasting Corporation, 2003). The current
study examined the relationship between reading
achievement and reading exposure in the primary
school years, using a genetically sensitive design.
The association between reading achievement and
reading exposure has been scrutinised from several
angles. One is that reading achievement encourages
more reading. On this view, the development of flu-
ent and efficient reading facilitates the accumulation
of reading practice, whereas reading difficulties are
more likely to result in unrewarding early reading
experiences that lead to less involvement in reading-
related activities (Stanovich, 1986). A complementary
view is that greater reading experience facilitates the
development of reading (Leppdnen, Kaisa, & Nurmi,
2005). For example, a substantial amount of reading
practice is required to develop automatised word-
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level skills, which in turn facilitate fluent and
efficient reading. Longitudinal studies have demon-
strated the importance of both directional links (e.g.,
Cipielewski & Stanovich, 1992; Cunningham &
Stanovich, 1997; Oakhill & Cain, 2003; Organisa-
tion for Economic Co-operation and Development,
2003), with one study, using a cross-lagged design,
suggesting that reading achievement has temporal
precedence over reading exposure during the early
school years (Leppédnen etal., 2005). That is,
children’s reading skills contribute to their sub-
sequent out-of-school reading habits, rather than
vice versa.

One neglected factor in previous research is the
potential contribution of genes and environmental
factors to the links between reading achievement
and reading exposure. There is robust evidence from
both twin and adoption studies that individual
differences in reading abilities are substantially
heritable (Pennington & Olson, 2005). Less well
known, but of special interest to this study, is that
indices of reading experience are also partly due to
genetic influences. For example, in the Colorado
Learning Disabilities Research Center (CLDRC)
sample of 8- to 18-year-old twins, reading exposure
was assessed using a Title Recognition measure that
required participants to identify popular book titles
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that were randomly interspersed with foils (made-up
title names) (Olson & Byrne, 2005). The correlation
between Title Recognition scores for monozygotic
(MZ) twins (rnvz = .55) was approximately double the
correlation between scores for dizygotic (DZ) twins
(roz = .24). Because MZ twins are genetically
identical, this finding implies that genetic influences
contribute to individual differences in reading expos-
ure, as assessed by Title Recognition, whereas
shared environmental influences are minimal.

The evidence for genetic and environmental influ-
ences on reading exposure provides a window on the
links between reading exposure and achievement. It
is implausible that genes code for children’s reports
of their reading experience in any direct manner.
However, it could be the case that genetic influences
on individual differences in reading exposure reflect
genetic influences on other aspects of development,
including reading ability. For example, children who
are at genetic risk for reading difficulties may be less
likely to engage in reading outside school, creating
an association between reading exposure and read-
ing achievement at a phenotypic level.

Environmental factors may also contribute to the
association between reading exposure and reading
achievement. One scenario is that reading exposure
and reading achievement reflect a common set of
environmental risk factors. The extent to which a
child reads is likely to depend, inter alia, on their
access to reading materials, the extent to which
these materials are developmentally appropriate,
and attitudes towards reading in the home — factors
that may also be correlated with reading achieve-
ment. Another possibility is that reading exposure
has an environmentally mediated effect on reading
achievement. That is, reading exposure influences
reading performance independent of children’s
heritable characteristics, for reasons due to factors
external to the child (e.g., family or school influ-
ences).

No published study, to our knowledge, has exam-
ined the relationship between reading exposure and
reading achievement in a genetically informative
design. The goals of the present study were two-fold.
First, we examined the genetic and environmental
influences contributing to the association between
reading achievement assessed at age 7, and later
reading exposure, assessed at age 10. We had no
previous studies to guide us, but we hypothesised
that the genetic influences on early reading also
contributed to variance in later reading exposure.
Second, we studied the genetic and environmental
relationships between reading exposure at age 10
and later reading achievement at age 12. We were
particularly interested in determining whether
reading exposure predicts later reading achievement
independent of the child’s early reading achieve-
ment, and whether this link is environmental in
nature. Evidence for an environmental link between
reading experience and later reading achievement is
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consistent with an interpretation that environmental
influences that contribute to variance in reading
exposure partly explain later variance in reading
achievement, independent of genotypic factors that
influence reading.

Method
Sample

Analyses were based on 3039 twin pairs: 1116 MZ pairs
(470 male, 646 female), 968 same-sex dizygotic DZ
pairs (449 male, 519 female) and 955 opposite-sex DZ
pairs. These twins were a subsample of the Twins Early
Development Study (TEDS), a longitudinal study of
twins ascertained from population records of live twin
births in England and Wales (Oliver & Plomin, 2007).
Zygosity was determined using polymorphic DNA
markers (Freeman etal.,, 2003) or a parent-report
measure of twin similarity (Price et al., 2000). Informed
consent was obtained from all families at each wave of
assessment.

Measures

Reading exposure. Reading exposure was assessed
using an online adaptation of the Author Recognition
Test (ART; Stanovich & West, 1989). Children were
shown a series of names and asked to identify the
names of people who wrote books for children by
checking Yes’ or ‘No’. Instructions were presented in
both text and audio forms. To circumvent the problem
of respondents making socially desirable responses, we
used the same method as Stanovich and West (1989) of
mixing equal numbers of foils with real titles and
authors. Respondents who are unfamiliar with the data
would be expected to make more false positive
responses.

In total, there were 21 ‘real’ author names and 21
foils (listed in the Appendix). Real author names were
taken from online lists of popular authors for children
between 6 and 13 years. Foil names were taken at
random from a register of children who were in the same
class as the first author in the sixth grade. Scoring was
determined by taking the proportion of author names
checked and subtracting the proportion of foils
checked. ART scores were normally distributed. Test—
retest reliability of the ART across two weeks in a sub-
sample of 37 twin pairs in TEDS was .96.

Reading ability. Reading ability was assessed by a
telephone adaptation of the Test of Word Reading
Efficiency (TOWRE; Torgesen, Wagner, & Rashotte,
1999) at ages 7 and 12. The TOWRE is a timed
measure of fluency and accuracy in word reading, as
assessed by reading aloud real words and pro-
nounceable nonwords. Raw scores were summed and
standardised on the basis of scores from the whole
sample. TOWRE scores were normally distributed at
both waves of assessment.

Mathematics. Mathematics was assessed at age 12
using a web-based adaptation of the National Founda-
tion for Educational Research (NFER) Mathematics
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Series (Clausen-May, Vappula, & Ruddock, 1999), a
series of graded tests of numerical and non-numerical
skills that tie in with the UK National Curriculum
guidelines for mathematics (see Kovas, Haworth, Petrill,
& Plomin, in press, for more details). Raw scores were
summed and standardised on the basis of scores from
the whole sample. Mathematics scores were normally
distributed.

Analyses

Our analyses were based on standard quantitative
genetic principles for twin data. The phenotypic
(observed) variance within each variable and the
covariance between variables can be attributed to
additive genetic variance and environmental variance.
Additive genetic (A) variance reflects variation in geno-
types transmitted from parents to offspring. Environ-
mental variance is divided into two parts: shared
environmental variance (C), reflecting variation in non-
genetic influences that affect all persons within a family
to the same degree (e.g., family socioeconomic status
(SES)), and nonshared environmental variance (E) (e.g.,
differential educational experiences), reflecting varia-
tion in environment influences that cause individual
family members to differ from one another. These three
variance sources can be separately estimated because
shared environmental influences that contribute to
familial resemblance are assumed to affect MZ and DZ
twins equally, whereas resemblance due to genetic
influences varies as a function of zygosity. That is, MZ
twins are genetically identical; DZ twins share on
average 50% of their segregating alleles (Plomin,
DeFries, McClearn, & McGuffin, 2001).

Our analyses used a Cholesky decomposition
framework. This approach may be regarded as factor
model, in which each of the observed variables Pj, j =
1...m has a corresponding factor Fj. Each factor Fj
may influence only variables Pj to Pm (Neale & Car-
don, 1992). When genetically sensitive designs are
used (as in the current study), it is possible not only to
examine the phenotypic contribution of a predictor,
but also the genetic and environmental contributions.
In the current analyses, 7-year TOWRE, 10-year ART,
and 12-year TOWRE were entered sequentially. Vari-
ance—covariance matrices derived from raw age- and
sex-corrected (McGue & Bouchard, 1984) data were
used in these analyses. We estimated model parame-
ters and 95% confidence intervals (CI) in the computer
program Mx(Neale, Boker, Xie, & Maes, 2002).
Parameter estimates and confidence intervals were
estimated by full-information maximum likelihood
(FIML), which minimises bias resulting from missing
data.

Results
Phenotypic links

At a phenotypic level, 10-year ART scores were
moderately correlated with TOWRE scores at age 7
(rp, = .40; CI: .36-.45) and at age 12 (r, = .33; CL:
.28-.37). TOWRE scores showed strong stability
from 7 to 12 years (r, = .67; CI: .64-.69).

Twin correlations

Cross-twin, within-trait (intraclass) correlations pro-
vide a preliminary impression of the relative import-
ance of genetic and environmental influences to the
variance in a phenotype. For ART scores, the average
MZ and DZ correlations were highly similar (nyz =
.58, CI: .54-.62; rpz = .53, CI: .48-.57), indicating
that that heritability of ART scores is relatively modest
whereas shared environmental influences are sub-
stantial. The TOWRE at ages 7 and 12 showed a dif-
ferent pattern: MZ twins consistently resembled each
other to a greater extent than DZ twins (ryz = .75 and
.78 at ages 7 and 12; rpz = .42 and .43), providing
evidence for genetic influences. Nevertheless, the DZ
correlations were greater than half the MZ correla-
tions. This pattern indicates that genetic influences
do not account completely for twin similarity among
DZ twins, and implies that twin resemblance (both in
MZ and DZ pairs) must also partly reflect shared
environmental influences. Further analyses compar-
ing male and female twin correlations and same-sex
DZ and opposite-sex DZ correlations provided no
evidence for either qualitative or quantitative sex
differences in the trends described above (details
available from the corresponding author); therefore,
all analyses were based on the full sample.

To what extent do individual differences in ART and
TOWRE scores reflect genetic and environmental
factors?

In a second stage of analysis, we examined the data
using a genetic Cholesky decomposition model. In
this model, shown in Figure 1 for one member of a
twin pair, latent factors represent additive genetic
(A), shared environmental (C), and nonshared envir-
onmental (E) influences on NC scores at age 7 and
ART and Mathematics scores at age 10. The first set
of latent factors, A;, C;, E;, represent A, C and E
effects that contribute to the total phenotypic vari-
ance in 7-year TOWRE scores, as well as A, C and E
effects that contribute to the shared variance
between 7-year TOWRE, 10-year ART, and 12-year
TOWRE scores. The second set of latent factors, A,,
C,, E,, represent A, C and E effects that contribute to
variance in 10-yr ART scores and the covariance
between 10-yr ART scores and 12-yr TOWRE scores,
independent of A, C, and E effects that influence 7-yr
TOWRE scores. The third set of latent factors, Aj, Cs,
E3, represent residual A, C, and E effects on 12-year
TOWRE scores. A similar trivariate model was used
to examine the relationships between NC scores at
age 7 and ART and Mathematics scores at age 10.
When the path coefficients in the Cholesky
decomposition model are standardised, the propor-
tion of the total phenotypic variance in each measure
that is due to genetic influences can be estimated by
summing the squared path coefficients from the
latent genetic factors loading on that measure. Thus,
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Figure 1 Standardised path coefficients (unsquared)
from trivariate Cholesky decomposition of TOWRE
scores at 7, ART scores at 9, and TOWRE scores at 12

for example, the heritability of ART scores is .10 (CI:
.05-.19), which is the sum of the squared path
coefficients for A; (.28% = .08) and A, (.13% = .02).
Similar calculations can be used to estimate the
proportion of phenotypic variance in each measure
due to shared environmental influences and non-
shared environmental influences; thus, .49 (CI:
.42-.53) of the variance in ART scores is due to
shared environmental influences, and .41 (CI:
.38-.45) is due to nonshared environmental influ-
ences and measurement error. For TOWRE scores,
there was evidence for substantial heritability at both
age7 (.75, Cl: .68-.83) and atage 12 (.67, CI: .59-.72).
Shared environmental influences were modest but
significant (.10; CI: .05-.19 atage 7;.10,CI: .05-.17 at
age 12), and nonshared environmental influences,
including measurement error, were moderate (.15;
.14-.17 at age 7; .24, CI: .22-.26 at age 12).

Does the variance in 10-year ART scores partly
reflect genetic and environmental influences
on 7-year TOWRE scores?

Our first aim was to examine the extent to which
genetic and environmental influences contribute to
the association between reading achievement at age
7 and reading exposure at age 10. The key data come
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from the loadings of 10-year ART scores on the first
set of latent factors, A;, C;, E;, which link 10-year
ART scores to 7-year TOWRE scores. As shown in
Figure 1, the path from genetic influences on 7-year
TOWRE scores (A;) to ART scores is significantly
greater than zero (.28; CI: .22-.34), indicating that
the heritability of ART scores partly reflects genetic
effects that influence earlier reading achievement.
Shared environmental influences affecting 7-year
TOWRE scores also contribute to variance in 10-year
ART scores (.57; CI: .41-.69). The covariation of
nonshared environmental influences on 7-year
TOWRE scores and 10-year ART scores is weaker but
significantly greater than zero (.06; CI: .03-.11).

After accounting for variance shared with 7-year
TOWRE scores, do genetic and environmental
influences on 10-year ART scores contribute

to variance in 12-year TOWRE scores?

Our second aim was to examine the genetic and
environmental links between 10-year ART and 12-
year TOWRE scores independent of their genetic and
environmental links with 7-year TOWRE scores.
Data on this issue are provided by the loadings of
A,, C,, E; in Figure 2. The loadings of A; on 10-year
ART (.13, CI: .00-.33) and 12-year TOWRE (.00, CI:
.00-.52) scores are not significantly greater than
zero, indicating that there are no significant genetic
sources of variance on 10-year ART scores or
the covariance between 10-year ART and 12-year
TOWRE scores after the genetic overlap between
these measures with 7-year TOWRE scores has been
taken into account. In contrast, the second shared
environmental factor (C,;) shows moderate and
significant loadings on 10-year ART scores (.40,
Cl: .14-.54) and 12-year TOWRE scores (.29, CI:
.13-.35). The second nonshared environmental fac-
tor loadings from E,; has significant and moderate
loadings on 10-year ART scores (.64, CI: .62-.66),
but small and insignificant loadings on 12-year
TOWRE scores (.05, CI: .00-.12).

These results can be re-expressed in terms of the
proportion of variance shared between measures
and specific to each measure. The squared path
estimates are listed in Table 1. The first column
indicates the total proportion of variance due to A, C
or E, for each measure. The subsequent columns
show, for each source of variance, how this variance
is split into: (1) influences contributing to 7-year
TOWRE assessments that also affect 10-year ART
scores and 12-year TOWRE (A;, C;, E;1); (2) influ-
ences shared between 10-year ART and 12-year
TOWRE scores independent of 7-year TOWRE scores
(Az, Cy, Ej); and (3) influences specific to 12-year
TOWRE scores (A3, C3, Ej3).

As shown in the top panel of Table 1, genetic
influences that account for variance in 7-year
TOWRE scores account for almost all of the genetic
variance in 10-year ART scores and 12-year TOWRE
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Figure 2 Standardised path coefficients (unsquared)
from trivariate Cholesky decomposition of TOWRE
scores at 7, ART scores at 9, and Mathematics scores
at 12

scores. Specifically, genetic influences on 7-year
TOWRE scores account for .08, or 80% of the total
genetic variance in 10-year ART scores (a® = .10),
and .44, or 66% of the total genetic variance in 12-yr
TOWRE scores (a’ = .67). Genetic variance in
10-year ART scores that is independent of genetic
variance in 7-year TOWRE scores is not significantly
greater than zero, and this source of variance does
not contribute significantly to genetic variance in
12-year NC scores. Additionally, there is no evidence
for a significant residual source of genetic variance
on 12-year TOWRE, independent of genetic variance
in 7-year TOWRE and 10-year ART scores.

Shared environmental influences (middle panel of
Table 1) show a different picture. Of the shared
environmental contribution to 10-year ART scores
(02 = .49), .33, or 67%, reflects shared environmen-
tal influences that contribute to variance in 7-year
TOWRE scores. In contrast, shared environmental
influences on 7-year TOWRE scores only account for
.01, or 10%, of the total shared environmental vari-
ance in 12-yr TOWRE scores (c® = .10). Although
there is significant overlap between the shared
environmental factors on 7-year TOWRE and
10-year ART scores, .16, or 33%, of the shared
environmental variance in 10-year ART scores is
independent of 7-year TOWRE, and this second
source of shared environmental influence on 10-year
ART scores contributes significantly to the variance
in 12-year TOWRE scores. Specifically, .09, or 90%,
of the shared environmental variance in 12-year
TOWRE scores reflects shared environmental

Table 1 Squared path coefficients from trivariate Cholesky decomposition of 7-year TOWRE scores, 10-year ART scores and 12-year
TOWRE scores (total % of variance explained by A, C, and E in first column; these can be calculated by summing the values in each

row)
A, As
Influences A, Influences
Additive shared between Influences independent of
genetic all three independent of 7-year TOWRE and
influences a? measures 7-year TOWRE 10-year ART
7-yr TOWRE .65 (.68-.80) .75 (.68-.89)
10-yr ART .10 (.05-.19) .08 (.05-.12) .02 (.00-.10)
12-yr TOWRE .67 (.59-.72) .44 (.37-.49) .13 (.00-.29) .10 (.00-.27)
Cy Cs
Influences Cs, Influences
Shared shared between Influences independent of
environmental all three independent of 7-year TOWRE and
influences c? measures 7-year TOWRE 10-year ART
7-yr TOWRE .09 (.05-.16) .09 (.05-.16)
10-yr ART .49 (.42-.53) .33 (.17-.48) .16 (.03-.30)
12-yr TOWRE .10 (.05-.17) .01 (.00-.06) .09 (.01-.13) .00 (.00-.10)
E; Es
Influences E, Influences
Nonshared shared between Influences independent of
environmental all three independent of 7-year TOWRE and
influences e? measures 7-year TOWRE 10-year ART
7-yr TOWRE .15 (.14-.17) .15 (.14-.17)
10-yr ART 41 (.38-.45) .00 (.00-.01) 41 (.38-.44)
12-yr TOWRE .23 (.25-.29) .03 (.02-.04) .00 (.00-.01) .221 (.19-.23)
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influences on 10-year ART scores. There is no evid-
ence for a significant residual source of shared
environmental variance on 12-year TOWRE that is
independent of shared environmental variance in 7-
year TOWRE and 10-year ART scores.

Estimates for nonshared environmental influ-
ences, including measurement error, are given in the
lower panel in Table 1. The results indicate that
nonshared environmental influences are largely
measure-specific.

In a final analysis, we examined the specificity of
the genetic and environmental links between reading
exposure and later reading achievement. This step
may be revealing because neither genes nor environ-
mental influences on reading and literacy experiences
are likely to operate independently. Reading
achievement at age 12 was substituted with our
measure of mathematics ability at 12 years. Results
from a Cholesky decomposition analysis of 7-year
TOWRE, 10-year ART, and the 12-year measure of
Mathematics are shown in Figure 2. The key features
of this analysis are the genetic and environmental
factor loadings on 12-year Mathematics. Similar to
the findings for 12-year TOWRE scores (Figure 1),
genetic and nonshared environmental influences on
7-year TOWRE scores make a significant contribution
to the variance in 12-year Mathematics (.34; CI: .28-
.39, and .08; CI: .05-.11, from E{, respectively). There
is also significant overlap between shared environ-
mental influences on 7-year TOWRE and 12-year
Mathematics (.20; CI: .06-.36). Independent of the
genetic influences on 7-year TOWRE there is evidence
for a second genetic factor that loads significantly on
12-year Mathematics but not 10-year ART. Con-
versely, independent of the shared environmental
influences on 7-year TOWRE, there is evidence for a
second shared environmental factor that loads sig-
nificantly on 10-year ART but not 12-year Mathe-
matics. Nonshared environmental influences
independent of 7-year TOWRE are measure-specific.

Discussion

Anecdotal and empirical evidence suggest that
reading exposure both predicts and is predicted by
reading performance. This study extends previous
work by bringing a genetic perspective to bear on the
relationships between reading exposure and reading
achievement.

Our first set of findings concerned the links between
7-year word recognition performance and 10-year
reading exposure and links between 10-year reading
exposure and 12-year word recognition performance.
TOWRE scores at age 7 were moderately correlated
(rp, = .40) with 10-year ART scores, indicating that
better word recognition performance predicts greater
exposure to books and reading in the elementary
school years. We predicted that this relationship
would be due to genetic influences, reasoning that
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children who are at genetic risk for reading difficulties
may be less likely to engage in reading outside school.
Our results partly confirmed this hypothesis. First,
genetic influences accounted for approximately 10%
of the variance in ART scores, suggesting that herit-
able characteristics of the child influence the child’s
reading exposure, and second, breaking down the
heritability of ART scores into genetic influences
shared with 7-year TOWRE and those specific to the
ART shows that 80% of the heritability of the ART was
attributable to genetic effects that also influence
7-year TOWRE. That is, genes affect reading exposure
indirectly, via reading achievement.

The genetically mediated effects of 7-year TOWRE
on 10-year ART may arise due to active gene—envir-
onment processes, whereby an individual’s (genetic-
ally influenced) traits are associated with the
environmental niches selected by the individual. For
example, individuals who have difficulties in learn-
ing to read may read less compared to a child with a
higher proportion of genes that positively influenced
reading skill. In turn, their lack of exposure to
reading materials may further interfere with their
acquisition of reading skills. Another way in which
genetic variation on earlier reading achievement may
influence subsequent reading experience is through
evocative gene—environment processes, referring to
the tendency for individuals to evoke reinforcing
reactions from others in response to the individual’s
genetic predispositions. For example, a child who
enjoys and excels at reading may be more likely to
receive books from parents and relatives. These
transactional processes, in isolation or combination,
could contribute to the genetic links between early
reading achievement and subsequent reading expos-
ure and reading achievement.

Notwithstanding this finding, it should be noted
that the heritability of ART scores is modest and most
of the variance in 10-year ART accounted for by
7-year TOWRE scores (.16) was due to shared envir-
onmental influences (.33, or 11%, of the variance in
ART). That is, the extent to which children engage in
reading largely reflects variation in the environments
they experience, and at least some of this environ-
mental variance reflects environmental influences on
earlier word recognition. For example, children
attending a poor or ‘underperforming’ school may be
less likely to receive high-quality reading instruction
and to receive fewer opportunities to engage in
extended reading practice. That is, some pervasive
risk factor or set of risk factors shapes both the
child’s reading performance and their subsequent
reading experiences, independent of the child’s
genetic propensities. This finding is consistent with
an emerging literature indicating that shared envir-
onmental influences are consequential for children’s
reading development (e.g., Petrill, Deater-Deckard,
Schatschneider, & Davis, 2005; Petrill et al., 2000).

The finding that the heritability of 10-year ART is
relatively modest is noteworthy in itself, as it implies
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that reading exposure at 10, as assessed by the ART,
is primarily an environmental risk factor. Specific-
ally, approximately 50% of the variation in ART
scores was due to shared environmental factors, and
a further 40% was due to nonshared environmental
factors (and measurement error). In this regard, the
results differ from the CLDRC sample (Olson &
Byrne, 2005). The Title Recognition test used in the
CLDRC was similar in format to the ART, but the
twin correlations from the CLDRC suggest that
approximately two-thirds of the variance in a Title
Recognition test was due to additive genetic influ-
ences. Age differences may be one factor that con-
tributed to the discrepancies in results between
studies. The current study examined reading ex-
perience in participants at 10 years, with only mini-
mal spread around this age. In contrast, the CLDRC
sample ranged in age from 8 to 18 years. The finding
that reading experience shows higher heritability in
the older CLDRC sample is consistent with life-span
theories which predict that individuals actively seek
out experiences that are correlated with their geno-
types, and that this propensity increases from early
childhood through adulthood (Scarr & McCartney,
1983). For example, as children get older they are
more likely to choose whether or not to borrow books
from the library or to spend their pocket-money on
books as compared with younger children, whose
reading experience may be constrained more
strongly by parental literacy practices and attitudes.
After taking into account the effects of genetic and
environmental influences that were common to
7-year TOWRE performance and scores on the ART at
age 10 and the TOWRE at age 12, there was evidence
for a separate link between 10-year ART and 12-year
TOWRE that was due to shared environmental
influences. That is, independent of genetic and
environmental influences on children’s genetic pro-
pensities that contribute to individual differences in
early word recognition performance, reading experi-
ence, as assessed by the ART, exerts an environ-
mentally mediated effect on later word recognition
performance. Furthermore, this shared environ-
mental link was specific to the relationship between
10-year ART and 12-year TOWRE performance: there
was no evidence for a similar shared environmental
link between 10-year ART and 12-year Mathematics.
This finding suggests that reading exposure partly
contributes to children’s reading development via
environmentally mediated processes, and that this
effect is specific to reading or word recognition, rather
than to children’s general academic development.
Limitations of our measures should be noted. The
ART is a relatively indirect measure of reading
exposure, and we cannot rule out that children were
able to correctly identify some authors on the basis
of their general world knowledge rather than through
reading experience. Replication of the current find-
ings using multiple measures of reading experience
(e.g., questionnaires, self-report diaries), and for

multiple aspects of reading (e.g., reading compre-
hension, spelling), is desirable.

Thinking about reading achievement and reading
experience also raises a ‘chicken-or-egg’ question:
does reading achievement initially foster greater
reading experience (i.e., achievement — reading
exposure) or does extended reading practice initially
facilitate the development of reading skill (i.e.,
reading exposure — achievement)? As noted in the
introduction, there is preliminary evidence that the
predictive relationship between reading achievement
and subsequent reading exposure in the early years
of school is stronger than the predictive relationship
between reading exposure and subsequent reading
achievement (Leppénen et al., 2005). In this study,
we did not have a measure of reading exposure at age
7. Had we done so, it would have been interesting to
examine the cross-lag effects of reading exposure
and reading achievement at age 7 on our 10- and 12-
year measures in order to gain insight into the causal
ordering of achievement and reading exposure in
early reading development.

Notwithstanding these caveats, the current find-
ings have theoretical and practical implications.
Children with early reading difficulties and delays
often have continued difficulties in reading, whereas
children who do better in reading tend to maintain
this advantage (Scarborough, 2001). Our findings
suggest that this stability partly reflects genetic vari-
ation on early reading achievement that lead some
children to read more and perform better, and others
to be less likely to engage in out-of-school reading and
perform less well. Additionally, our findings docu-
ment that reading exposure has environmentally
mediated effects on children’s later reading perfor-
mance beyond genetic transmission. From a practical
standpoint, these findings suggest, first, that
improving levels of early reading achievement may go
some way towards fostering both engagement in
reading and subsequent reading achievement, and,
second, that fostering engagement in reading may
weaken the cycle of poor reading achievement that
can arise when children do not spend time reading.
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Appendix
Appendix: Author Recognition Test (ART)
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