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Abstract
Objective—Dyslexia is a prominent focus of practitioners, educators, and researchers due to the
myriad consequences of failing to read proficiently. The aim of the current study was to provide a
brief overview of how twin studies can offer insight on the etiology of many human behaviors and
disorders including dyslexia, discuss common misconceptions regarding findings from behavioral
genetic studies, briefly review the evidence on the relationship between genes, environment, and
dyslexia, and finally present some findings from a large-scale twin study on reading and dyslexia.

Method—Participants were twins from a large ethnically and socioeconomically diverse twin
sample in an ongoing longitudinal study of reading and dyslexia. Heritabilities of reading ability and
dyslexia were calculated for 1,024 first grade twins on a standardized reading measure. Children
were identified as dyslexic if they scored at the fifteenth percentile or below on a reading measure.

Results—Relatively high heritabilities were observed for both reading ability and dyslexia
indicating substantial genetic influences. Further, results indicated some overlap of genetic factors
influencing reading ability and dyslexia.

Conclusions—Behavioral genetic studies offer a means of understanding the etiology of dyslexia.
The current study extended research to a more diverse sample than extant studies and found lower
heritability estimates of reading ability and dyslexia, but a similar pattern of results indicating genetic
overlap. Twin studies provide perspective for discoveries of specific genes involved in dyslexia by
quantifying the amount of variance waiting to be accounted for by genes while simultaneously
providing an impetus to continue working on efforts for environmental intervention.
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Dyslexia, or specific reading disability, is often defined as an unexpected problem with learning
to recognize printed words (1) that is not due to general intellectual impairments, sensory
impairments, or lack of opportunity to learn from competent instruction (2). Current definitions
of dyslexia assume that the disorder is neurobiological in origin. Though once thought to be
primarily due to deficits in the visual system, there appears to be a consensus that the signs and
symptoms of dyslexia are caused by a deficit in a specific language skill that is responsible for
the processing of phonological information (1). Most estimates of the prevalence rate of
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dyslexia in school-age children range between 7% to 15% (3,4,5), and the negative correlates
of the disorder extend well beyond childhood. For instance, a 20-year follow-up of students
diagnosed with dyslexia found that these individuals achieved a lower socioeconomic status
(SES) than their parents had and an increased proportion of them reported a diagnosis of a
mental illness compared to their non-disabled peers (6). A review of the literature on long term
outcomes for students diagnosed with learning disabilities concluded that these students are
less likely to receive or complete postsecondary education than their counterparts without
disabilities and that employment rates are lower for persons with learning disabilities than for
those without a learning disability (7).

There have been numerous studies of reading and dyslexia that have used many different
methods to investigate both normal reading development and disorder. Brain imaging studies
have used positron emission topography (PET), functional magnetic resonance imaging
(fMRI), and magnetoencephalography (MEG) to investigate brain activation profiles of
children with dyslexia (8,9,10). Eye tracking studies (11), cognitive neuroscience studies
(12), individual differences studies (13) and sociocultural studies (14) have all provided a
different framework for investigating reading and reading problems. An additional approach
is behavioral genetics, the focus of this paper. Behavioral genetics is the field that examines
the relative contributions that genes and environments make in explaining differences in
behavior. One particularly powerful method in behavioral genetics is the study of twins (15).
In this paper, we provide a brief overview of how the study of twins can shed light on the
etiology of many human behaviors and disorders including dyslexia, discuss common
misconceptions regarding findings from behavior genetics studies, briefly review the evidence
on the relationship between genes, environment, and dyslexia, and finally present some
findings from a large-scale twin study on reading and reading problems.

Overview of Twin Methodology
Twins can be thought of as a naturally occurring experiment (16) that offers a unique and
informative means by which to study phenomena such as reading and dyslexia. By taking
advantage of the fact that monozygotic (MZ) twins share virtually all of their genes while
dizygotic (DZ) twins share about half their segregating genes on average, the relative influences
of genes and environment upon behavior can be estimated. By comparing the similarities within
MZ and DZ twin pairs, the observed variability in a given behavior can be decomposed into
additive genetic (A), shared or common environment (C), and non-shared or specific
environment (E) components. An additional source of variance is non-additive genetic effects
which reflect the interactions among genes, however, those are effects not typically found in
studies of reading. Shared environmental factors are those which twin pairs have in common
and can include variables such as books in the home, socioeconomic status, and school
environment. Non-shared environmental factors are unique to individuals such as injuries,
different friends, different classrooms within a school, or other experiences not shared with
the cotwin. Twin studies offer a means of estimating the magnitude of environmental and
genetic influences associated with individual differences in a behavior. The magnitude of the
genetic influence, or heritability, is the proportion of total observed variance due to genetic
factors. Estimates of heritability can be computed by inspecting the differences in MZ and DZ
correlations. Similarities in MZ twins are due to shared genes and shared environment while
similarities in DZ twins are due to only about half shared genes and shared environment. Hence,
doubling the difference in similarities (correlations) between MZ and DZ twins results in an
estimate of heritability. Estimates of shared environment and non-shared environment can also
be obtained from these observed MZ and DZ correlations. Shared environment is calculated
by doubling the DZ correlation and then subtracting the MZ correlation. Non-shared
environment, which causes twins to be dissimilar, is the proportion of variability not accounted
for by either genes or shared environment and also includes measurement error. While these
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computations are illustrative and often quite accurate, more sophisticated structural equation
model-fitting techniques offer opportunities for more complex modeling and increased
precision of estimates. Each one of these estimates (A, C & E) can range from 0, meaning no
influence, to 1.0, meaning 100% of the variation seen in the behavior is due to either genes or
environmental influences, but estimates of 0 or 1.0 are relatively rare because both genes and
environment contribute to complex behaviors like reading and dyslexia.

Behavioral genetics includes analytic techniques to assess the proportions of the genetic and
environmental influences across the continuum of normally distributed traits such as reading
ability. These sorts of analyses offer insights into the relative influences of genes and
environment across the broad range of the trait. However, in contrast to continuously measured
traits, disorders are typically viewed as either being present or absent rather than measured on
a continuum. Concordance rates of affected twins and their cotwins can be calculated for
dichotomous diagnoses to gauge the similarity of MZ and DZ twins and the extent to which
genetic factors may affect the disorder. When a disorder is conceptualized as an extreme end
of a continuous trait as is the case for dyslexia, group heritability can be calculated. Group
heritability is estimated using DeFries-Fulker extremes analysis (DF; 17,18) which
simultaneously considers dichotomously measured diagnoses and continuously measured traits
to assess the extent to which genetic factors influence proband group membership.

While each of these heritability estimates is informative in and of themselves, taken together
they can answer another question. It is possible that reading ability is influenced by a particular
set of genes while dyslexia is affected by different genetic factors. Conversely, the same genetic
factors may be at play across the spectrum of reading ability, including dyslexia. A group
heritability estimate (from DF) comparable in magnitude to an individual differences
heritability estimate can indicate substantial genetic overlap of reading and dyslexia (19).

Twin studies can go beyond answering the question of how much genetics plays a part in a
particular disorder or skill such as reading. Genetically sensitive designs are able to explore
how genetics and environments influence multiple skills concurrently and longitudinally.
Multivariate extensions of the above described twin analyses allow for assessment of overlap
in genetic and environmental factors on multiple skills. As an example, analyses of reading-
related skills including phoneme awareness, word recognition, phonological decoding, and
orthographic coding demonstrated bivariate overlap of genetic influences on these skills
ranging from .55–.97 (20). In addition to genetic overlap across skills, genetic overlap within
a trait can be assessed. Ability across the range of skill can be investigated to determine whether
disabled individuals represent extremes of normal variation or whether disability is
etiologically distinct. Researchers have begun to explore genetic overlap both between and
within learning abilities, finding substantial overlap but independence as well (19).

Genetically sensitive longitudinal studies offer opportunities to investigate the shifts and
stability in genetic and environmental influences as reading skills develop over time. A
longitudinal study of 8–16 year old twins (mean age 10.3) at initial testing and follow-up five
years later has found both genetic stability and common genetic influences for reading (21)
and dyslexia (22). Currently, there is a large International Longitudinal Twin Study (ILTS) of
preschoolers investigating prereading skills and continuing into early school years with the
goal of better understanding the etiology of the development of prereading to reading skills as
children learn to read (23). The Florida Twin Project on Reading (FTP-R) is a new study based
on a large ethnically and socioeconomically diverse twin sample of kindergarten through fifth
graders. Ongoing collection of data each academic year offers opportunities to analyze
continuity and change in genetic and environmental influences.
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Beyond parsing proportions of variance into genetic and environmental influences, advances
in behavioral genetic methodology are allowing study of gene x environment interactions. It
is clear that reading and reading difficulties are highly heritable (16), however it is less clear
how environmental factors moderate genetic effects on reading. Identifying moderating
environmental effects offers sources of variability that can potentially be manipulated and
impact reading outcomes. For example, a recent study of the role of teachers found that higher
quality teachers allowed students to more fully realize their genetic potential in early reading
(Taylor JE, Roehrig AD, Soden Hensler B, et al. submitted manuscript, 2009).

Studies employing genetically sensitive designs can lead to a more complete understanding of
the etiology of learning ability and disability as well as other disorders. An important
implication of genetic research is to offer etiological evidence to support diagnostic
classifications rather than reliance on presentation of symptoms alone. More sophisticated
understanding of genetic vulnerability to learning difficulties can inform optimal treatments
and ultimately maximally positive outcomes.

Misconceptions about Behavioral Genetic Research on Reading and Dyslexia
Although behavioral genetic research can offer much insight into the etiology of dyslexia, this
evidence has not been uniformly welcomed by the educational field. This is in large part due
to a number of misconceptions regarding the sort of evidence offered by behavioral genetics
research and the conclusions that can be drawn. It is interesting to note that although the nature
versus nurture debate has long been considered settled – we are neither tabla rasa nor
predetermined by our genes, rather the interplay between nature and nurture contributes to
variability in nearly every aspect of life – there seems to be a delayed acceptance of the role
of genetics in academic achievement and learning disabilities (24).

A potential reason for this delay might stem from the misunderstanding of behavioral genetic
research findings. One common misconception is that heritability and environmental estimates
apply to specific individuals. This is incorrect. These values are estimates from a sample that
apply to the population from which they were obtained. For example, a heritability estimate
of .50 for a particular reading assessment implies that on average approximately half of the
variability seen among people in that population in that reading task is due to genetic factors.
It does not mean we can attribute genes or environment as the reason why any one person in
the sample is reading differently from another. Estimates of heritability and environmental
influence are estimates for a population, not estimates for a given person.

Another related misconception is that a high heritability estimate for a given behavior means
that the behavior is hardwired and unchangeable. Estimates of the relative influence of genes
and environments provide a snapshot at any one particular time. These snapshots can differ
across samples drawn from different populations or from samples drawn within a single
population over very long periods of time. Because the estimates of genetic and environmental
influences must sum to (and cannot exceed) 100%, changes in the environment can influence
estimates of heritability. High estimates of heritability for a given behavior should not be taken
to mean that the environment can have little influence on that behavior (16). For example,
estimates of important prereading skills such as phonological awareness and phonological
decoding have shown a relatively high level of heritability in recent studies (25,26) yet there
have been many interventions that have been developed that successfully improve these skills
(27,28). Estimates of heritability and environmental influence are dependent upon what is
happening at that particular point in time for a specific population. If there is little relevant
environmental variation influencing a given behavior (e.g., when the sample is drawn from a
single city or province and the education for reading is highly similar for members of the
sample), then an increasing portion of the variability will be attributed to genetic factors.
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Conversely, if a sample is highly variable in relevant environmental factors (e.g., when the
sample is drawn from multiple cities or locales that differ widely in the quality and/or type of
education for reading), then the proportion of variability accounted for by genetic factors will
be lower.

Behavioral Genetic Studies of Reading and Dyslexia
Past behavioral genetic studies investigating reading and reading-related skills have shown that
both reading and dyslexia are highly heritable. Twin studies have demonstrated high
heritabilities of reading ability across developmental stages. A recent international study of
preschoolers has shown that genetic influences on prereading skills such as phonological
awareness are heritable (h2 = .61) (29). Follow up of the same children in kindergarten revealed
that phonological awareness continued to show substantial genetic influence (h2 = .63) and
further that early reading is highly heritable (h2 = .70). As these children continued on to second
grade, word reading (h2 = .84) and phonological decoding (h2 = .74) were found to be highly
heritable along with reading comprehension (h2 = .67) (30). Similarly, high heritabilities were
found in a study of 7-year old twins in the UK on word reading (h2 = .63–.74) and teacher-
assessed literacy (h2 = .65–.66) (31). Additionally, relatively comparable genetic estimates
were reported for a similarly aged US sample for reading comprehension (h2 = .76) but a
slightly lower estimate for phonological decoding (h2 = .51) and much lower estimate for
phonological awareness (h2 = .14) (32). Reading continues to have substantial genetic influence
in later school years as an older US sample (mean age 10.3) demonstrated on word reading
(h2 = .76) and reading comprehension (h2 = .67) and again at a five-year follow-up on the same
measures (word reading, h2 = .68; reading comprehension h2 = .60) (21). Lower estimates of
heritability were found for a 13-year old UK sample on word reading (h2 = .19) and reading
comprehension (h2 = .44) (32).

Estimates of genetic influences on dyslexia are high as well. Seven-year olds in the lowest 10%
on a reading composite of word recognition and phonological decoding showed group
heritabilities between .50–.67 (34) and heritabilities of liability on the lowest 13.4% on the
same measures between .42–.56 (31). Group heritability of dyslexia for an older group of
dyslexic children (mean age 12, ranging 8–20) ascertained for reading difficulties was
comparable in magnitude on a reading composite (h2

g = .51–.65) (35,36). Much lower group
heritabilities were reported for a different adolescent sample on word recognition (h2

g = .03),
phonological coding (h2

g = .41), and a reading composite (h2
g = .21) (37).

As stated previously, heritability and environmental estimates are sample estimates of
population parameters that are designed to draw inferences about the population from which
the sample is drawn. One limitation of the existing behavioral genetic studies of reading and
dyslexia is that the samples used in these studies are primarily from middle- and upper-SES
families and are predominantly white (23,34,32,26). It is currently unknown whether the
estimates of genetic influence on reading and dyslexia will hold in an ethnically and
socioeconomically diverse sample. To illustrate the utility of twin methodology for
understanding the etiology of dyslexia, data from first grade twins participating in the FTP-R
study are presented.

METHOD
Participants

Florida Twin Project on Reading—The Florida Twin Project on Reading (FTP-R) is a
recently established longitudinal twin study that is part of the Learning Disabilities Center at
Florida State University and the Florida Center for Reading Research. A strength of the FTP-
R sample is that it is ethnically and socioeconomically diverse. As such, it has the potential to
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test and extend many behavioral genetic findings of academic achievement such as dyslexia
that have previously only been tested on largely white and middle-class twins. The diversity
in the FTP-R sample is a result of the means by which twins were recruited.

All FTP-R study members were initially identified as potential twin pairs/multiples based on
a match of children with the same last name, birth date, and school from Florida’s Progress
Monitoring and Reporting Network (PMRN). Recruitment was carried out through a
combination of direct mailings to parents and/or mailings sent to schools to be carried home
by a randomly selected member of the potential twin pair. Along with a cover letter explaining
the study, the parent mailing included a questionnaire consisting of five questions regarding
the similarity of the twins that has been used in previous twin studies and shown to determine
zygosity with an accuracy rate of over 95% when compared to DNA tests (38). Recruitment
is ongoing and at the time of this report 5,716 twins/multiples have been identified as potential
twins/multiples, of which 2,466 (43%) responded. Nearly all (95%) those who responded
(4,345; 1,425 MZ and 2,920 DZ) have agreed to be included in the study.

Data collection occurs via the PMRN, a database containing both longitudinal progress
monitoring and achievement data for reading collected by trained testers on nearly two million
students attending schools in both rural and urban areas throughout the state of Florida in
kindergarten through 12th grade. The PMRN was initially designed for use by schools
participating in Reading First, a national program aimed at raising the reading achievement of
at-risk and low-achieving students. However, the use of the PMRN was subsequently adopted
by many non-Reading First schools and this has resulted in a diverse group of participating
schools ranging from extremely low performing schools in economically disadvantaged areas
of Florida to some of the best public schools in Florida in affluent areas of the state.

Consequently, the FTP-R study contains a racially/ethnically and socioeconomically diverse
twin sample that is reflective of the larger PMRN sample. Less than half of the sample is self-
identified by parent report as White (47.2%), approximately one quarter Hispanic (25.6%), and
one fifth African American (20.1%), with the remaining (7.1%) self-identified as Asian,
American Indian, or Mixed race. Socioeconomic status can be measured by qualification rates
of free- or reduced-price lunch through the schools. Each year of data collection, at least 53%
of twins in the sample qualified for the free- or reduced-price lunch program. The FTP-R may
also represent a more diverse sample of twins than other studies since participation in the FTP-
R required minimal investment of time or energy on the behalf of the twin families to be
included. Since all achievement data were already collected as part of normal school
attendance, there was no need for parents to have transportation or make time for participation
in testing, a potential burden to many low-SES families which might prevent volunteering in
studies.

Participants examined in this report were 1,024 (382 MZ and 642 DZ) students for whom
SAT-10 Reading scores were available for both twins completing first grade at the same time.
The mean age of the sample was 7.17 (SD = .50). Approximately half of the students were
female (50.4%). Self-identified ethnicity representation was 36.2% African-American, 34.1%
White, 22.0% Hispanic, 5.6% Mixed ethnicities, 0.6% Asian. Nearly three quarters (73.6%)
of the children qualified for free or reduced-priced lunch during the year of data collection.
Data were collected during the spring of first grade in 2003–2004 through 2008–2009 school
years. For cases of grade retention, data were used the first year of first grade and only when
first grade was completed at the same time.

Measure
Stanford Achievement Test-Reading subtest (10th edition; SAT-10)—SAT-10
(39) is a standardized and nationally norm-referenced measure of reading comprehension.
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Classroom teachers administered this untimed test in a group format. Students answered
multiple choice items that assess initial understanding, interpretation, critical analysis, and
awareness and usage of reading strategies after reading literary, informational, and functional
text passages. The reported reliability coefficient for SAT-10 reading comprehension is .91.
Considerable evidence of content, criterion-related, and construct validity is available for the
test (39).

RESULTS
Intraclass correlations on SAT-10 Reading were .79 for MZ and .53 for DZ twins. The
heritability for SAT-10 Reading in this sample was .53 indicating that 53% of the variability
in first grade reading was due to genetic factors. Shared environmental influence accounted
for 25% of differences in SAT-10 Reading scores, while non-shared environment explained
21% of the variability in these scores.

Although understanding the relative proportion of variability due to genetics across the range
of reading ability is interesting and informative, it does not necessarily generalize to the
dyslexia population, a focus of this paper. Group heritability for dyslexia addresses that
question. In order to estimate the role of genetics in dyslexia, dyslexic students were identified
from the 512 twin pairs. Though there has been much debate about the best classification
definition of dyslexia which has historically been defined a variety of ways (e.g., 40), this topic
is beyond the scope of this paper and a straightforward cut-point definition of dyslexia will be
used here. Dyslexia was defined as students performing at the 15th percentile or below on
SAT-10 Reading, a cut-point within the range of other behavioral genetic studies (19) that
provided an adequate sample of children who are clearly experiencing reading difficulties (see
Table 1). Given this dyslexia definition, 159 of 1,024 individual twins (72 MZ and 87 DZ)
were identified as dyslexic. Probandwise concordance rates, the most appropriate concordance
rates for generalizing findings to the greater population (41), were .58 for MZ twins and .32
for DZ twins. The greater probandwise concordance rates of MZ versus DZ twins suggests
genetic influences on dyslexia.

While the individual differences heritability demonstrates genetic influences on reading and
probandwise concordance rates suggest genetic influences on dyslexia, modeling the two
simultaneously via DF extremes analysis tests whether a particular set of genes is affecting
reading ability while a different set of genes is impacting dyslexia. Though DF extremes
analysis was designed to assess the heritable influences that explain mean differences of those
with dyslexia and the unselected population, other researchers have used the technique as a
means of assessing whether the same genetic factors are responsible for variability in
continuously measured ability and dichotomously assessed dyslexia since both are used in
estimating group heritability (19). In DF analysis cotwins’ scores are predicted from proband
twins’ scores and the coefficient of relationship (1.0 for MZ and 0.5 for DZ). The extent to
which DZ cotwins regress to the unselected population mean more so than MZ cotwins
provides an index of heritable influences on proband (dyslexic) group membership, or group
heritability. Group heritability was estimated at .59 indicating that genetic factors account for
59% of mean differences between those with dyslexia and the unselected population (i.e.,
normal variation). Group shared environment was .19 and group non-shared environment was .
23.

Both heritability estimates were fairly comparable and provide unique information about the
extent to which genetic influences are responsible for variability in both reading ability and
dyslexia. Overall, these analyses suggest that genetic factors play a substantial role in early
reading (see Figure 1). These data further suggest that at least to some extent that there is
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overlap of genetic factors across the range of ability, including the low end of the continuum.
Importantly, reading is also influenced to a large extent by environmental factors.

DISCUSSION
The purpose of this article is to provide an overview and illustration of twin methodology as
a tool in uncovering the etiological architecture of dyslexia. The current study investigated the
etiology of reading ability and dyslexia in a diverse sample of first grade twins and found
substantial estimates of heritability for both reading and dyslexia. Past studies of reading ability
using similarly aged twin samples showed higher individual differences heritabilities (h2 = .
63–.84) (30,31,32). The lower heritabilities found in the present study could be due to the
increased variability in the environments of the current sample as compared to other twin
samples. Another plausible explanation is the differences in measures used in the current study
versus those of the other research groups. Either way, the discrepancy in results highlights the
fact that estimates of heritability are sample statistics and will vary based on the level of
environmental variability in the population under study.

Previous studies of reading ability and dyslexia investigating individual differences and group
heritabilities on the same sample have found patterns of results indicating genetic overlap
across the range of ability (34,19). To test the generalizability of this finding, the current study
analyzed heritability of reading and dyslexia in a diverse twin sample. While a different
observed pattern of results may have indicated that different genetic factors affect reading and
dyslexia, the current study also found a pattern of results demonstrating evidence of genetic
overlap of reading and dyslexia. However, it is interesting to note the lower magnitudes of the
heritability estimates in the current study as compared to those of the previous studies. Lower
heritability for dyslexia may be due to differences in severity of reading difficulties due to both
overall study sample abilities and choices of cut-points identifying dyslexia. Alternatively, it
may be the case that more variable environments in the FTP-R sample resulted in relatively
higher proportions of variability due to environmental factors as discussed for reading ability
above. Further study of the FTP-R sample will investigate whether this pattern of results holds
across other measures and during different developmental stages.

A limitation of this twin study and, to our knowledge, all of the cited past studies on dyslexia
and reading ability in this report relied on assumptions of the twin study method. As such, the
estimates of genetic and environmental influences were calculated based on the assumption
that MZ twins are genetic controls in order to estimate heritability and environmental
influences. However, recent studies of epigenetic effects and other molecular mechanisms are
challenging this convention by showing evidence that MZ twins can show phenotypic
differences that are not accounted for by chromosomal genotype or environment (e.g., 42,43,
44,45). While these new findings challenge some core assumptions of the twin study method,
even critics acknowledge that twin studies have allowed for the new discoveries and continue
to be worthwhile to confirm the presence of genetic variation in guiding future research (42).
There are a variety of methodological techniques to evaluate twin data and twin studies such
as the current one are the starting point and a necessary foundation from which to build and
inform more sophisticated and in-depth analyses such as gene x environment interactions to
identify causal environmental effects and identification of specific genes (46,42).

Future Directions in Behavioral Genetic Studies of Dyslexia
Learning disabilities in general, and dyslexia in particular, are a prominent focus of educators,
physicians, and researchers alike. The use of genetically informative research designs such as
twin studies provides a means of defining the underlying etiological architecture of dyslexia.
Over the past decades behavioral genetic research has added much to our understanding of
genetic influences on reading and dyslexia, yet there are still many questions left unanswered.
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While past studies have contributed tremendously to the knowledge base, as in all research,
generalization of findings are limited by the samples studied. There are a few notable gaps in
the extant research that we feel are crucial next steps in understanding the etiology of reading
and dyslexia: representativeness of samples, longitudinal studies, and gene x environment
interactions.

We know of no twin studies of academic achievement data that include substantial
representation of ethnic minorities or low socioeconomic status families. Yet, there is evidence
to suggest that SES affects heritability estimates via gene x environment interactions on
intelligence tests and standardized academic achievement measures (47,48). The FTP-R
sample is ethnically and socioeconomically diverse as described earlier and emerging reports
using the sample show promise in filling this gap and will add greatly to the existing literature.

Longitudinal studies offer much more explanatory power regarding the relative influences of
genetic factors over time. In addition to demonstrating the relative proportions of genetic and
environmental influences, the stability of particular genetic factors as well as whether new
genetic influences come online can be tested. Multivariate studies can disentangle whether the
same genetic factors that impacted particular prereading skills later impact skills such as
reading comprehension. Studies of this design have the potential to identify optimal windows
for intervention. The use of twin samples allows measurement of genetic influences at various
developmental stages, of especial interest are the phases of reading acquisition and the
transitional time between “learning to read” and “reading to learn.” Collapsing across age
groups and variables of interest may be obscuring important distinctions. Several ongoing
longitudinal twin studies are beginning to shed light on these sorts of questions including the
ILTS mentioned previously, Western Reserve Reading Project (WRRP; e.g., 32), and Twins
Early Development Study (TEDS; e.g., 34,49). The FTP-R study provides a critical
complement to these other studies through the examination of a large and diverse twin sample
that covers both the “learning to read” period (which is less well covered by other twin studies)
and the “reading to learn” period. Longitudinal twin studies will provide a blueprint of the
etiological architecture of reading ability and dyslexia and will reveal the extent to which genes
and environment interact to produce the wide variability in children’s reading achievement.
Twin studies will continue to provide perspective for discoveries of specific genes involved in
dyslexia by quantifying the amount of variance waiting to be accounted for by genes while
simultaneously providing an impetus to continue working on efforts for environmental
intervention.
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Figure 1.
Additive genetic (A), Shared environmental (C), and Non-shared environmental influences on
variance in SAT-10 Reading for unselected and proband (dyslexic) First Graders.
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