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Abstract

In this article, we critically review the evidence for overlap among three
developmental disorders, namely speech sound disorder (SSD), lan-
guage impairment (LI), and reading disability (RD), at three levels of
analysis: diagnostic, cognitive, and etiological. We find that while over-
lap exists at all three levels, it varies by comorbidity subtype, and the
relations among these three disorders are complex and not fully un-
derstood. We evaluate which comorbidity models can be rejected or
supported as explanations for why and how these three disorders over-
lap and what new data are needed to better define their relations.
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INTRODUCTION

A fundamental question to be addressed by
psychologists is how atypical development re-
lates to typical development. An adequate the-
ory must account for both human universals
and individual differences, preferably with the
same underlying mechanisms. Every example
of atypical development poses both a challenge
and an opportunity for developmental theory.
In this review, we focus on a pervasive charac-
teristic of atypical development, co-occurrence
or comorbidity among behavioral disorders,
specifically speech, language, and literacy disor-
ders. Understanding this comorbidity has im-
plications for the genetics, neuropsychology,
prevention, and treatment of these disorders as
well as for our understanding of the develop-
ment of language. Historically, theorists have
focused on explaining individual disorders (e.g.,
Morton & Frith 1995) and have viewed their
co-occurrence as a peripheral issue. However,
in recent years theorists have increasingly rec-
ognized that comorbidity is of interestin its own
right. We argue that placing comorbidity at the
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center of inquiry leads to a new perspective on
theoretical models of disorders.

In this review, we first define speech, lan-
guage, and reading disorders and critically re-
view the evidence for their overlap at three
levels of analysis: (#) diagnostic, (b) cognitive
or neuropsychological, and (¢) etiological. Be-
cause overlap exists at all three levels of anal-
ysis, we consider and evaluate which models
of comorbidity can be rejected by current evi-
dence, which are supported, and what new data
are needed to distinguish among currently sup-
ported models. We conclude with a discussion
of broader implications and future directions
for research.

DIAGNOSTIC DEFINITIONS
AND EPIDEMIOLOGY

The essential defining characteristics of the
three disorders are summarized in Table 1. In
each case, the disorder involves an unexpected
difficulty in one aspect of development that can-
not readily be explained by such factors as low
intelligence or sensorimotor impairment. All
three disorders lack a sharp dividing line be-
tween impairment and normality; thus, diag-
nosis involves setting an arbitrary threshold on
what are essentially continua.

It has been customary in language impair-
ment (LI) and reading disability (RD) to focus
on specific developmental disorders, i.e., those
where a significant discrepancy exists between
language or literacy and general intelligence.
However, such definitions have been criticized
on both logical and practical grounds. In the
field of reading disability, it is now broadly ac-
cepted that it is not valid to distinguish be-
tween children who have a large discrepancy
between poor reading and IQ, and those who
do not. Both types of poor reader have sim-
ilar underlying deficits in phonological pro-
cessing and both respond to similar kinds of
treatment (see review in Fletcher et al. 1999).
Analogous arguments have been advanced for
LI (e.g., Bishop & Snowling 2004). Although
the focus here is on children of broadly nor-
mal nonverbal ability, we use the terms RD
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Table 1 Basic characteristics of language impairment, reading disability, and speech sound disorder

Language impairment (LT) Reading disability (RD) Speech sound disorder (SSD)
Synonyms Developmental dysphasia Developmental dyslexia Phonological disorder
Developmental language disorder Articulation disorder
Defining Expressive and/or receptive Child has significant difficulty Child substitutes or omits sounds
characteristics language development is impaired learning to read accurately and from words more than do
in the context of otherwise normal | fluently despite intelligence same-aged peers; speech
development (i.e., nonverbal 1Q within normal limits and adequate production errors interfere with
and self-help skills) opportunity to learn intelligibility of speech
Language impairment interferes
with activities of daily living
and/or academic achievement
Exclusionary Severe neglect Inadequate educational Structural or neurological
criteria Acquired brain damage opportunity abnormality of articulators
Significant hearing impairment Acquired brain damage Significant hearing impairment
Known syndrome, such as autistic Significant hearing impairment 1Q <70
disorder Known syndrome, such as autistic
disorder
Prevalence Depends on cutoff used Depends on cutoff used; typical 2%—-13% (mean = 8.2%)
Epidemiological study (Tomblin value is around 9% (Shriberg et al. 1999)
etal. 1997): 7.4% (CI 6.3-8.5%)
of 6-year-olds met psychometric
criterion
Odds ratio M:F 3 in referred sample (Broomfield & | 1.9 to 3.3 in 4 epidemiological 1.5 to 2.4 (mean = 1.8)
Dodd 2004); 1.5 in studies (reviewed by Rutter et al. (Shriberg et al. 1999)
epidemiological sample (Tomblin 2004)
etal. 1997)
Risk factors Family history has significant effect | Parental education No effect of race, SES, or otitis
No effect of parental education; Home literacy environment media history, but significant
slight effect of birth order Bioenvironmental risk factors, such effects of gender, family history,
(later-born at more risk) (Tomblin as lead poisoning and head injuries and low maternal education
etal. 1991) (Campbell et al. 2003)

and LI without the “specific” prefix rather than
adopt a discrepancy-based definition of these
disorders.

When dealing in particular with LI, the
question arises as to whether the child’s socio-
cultural background might affect performance
on language measures and hence liability to
be diagnosed with disorder. In general, that
should not be the case, provided one is sen-
sitive to the possibility that some nonstandard
dialects may have grammatical and vocabulary
differences from the standard. Tests of language
processing, rather than linguistic knowledge,
are largely immune to cultural influence and
are sensitive indicators of LI (Campbell et al.

1997).

EVIDENCE FOR COMORBIDITY

Any attempt to summarize the evidence for
comorbidity between speech sound disorder
(SSD), LI, and RD will be tentative, not least
because the prevalence of these disorders is age
dependent. Clearly, RD cannot be identified
until children have been exposed to reading in-
struction. On the other hand, SSD is typically
most apparent in the preschool years, and it of-
ten resolves by the time the child starts to learn
to read. LI also declines in prevalence with age,
with many children having an early delay in lan-
guage development that subsequently resolves
(Bishop & Edmundson 1986). Another prob-
lem for this field is that no study has evaluated
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prevalence of SSD, LI, and RD in the same chil-
dren; most comorbidity studies examine only
two disorders. A third point is that sampling
bias in clinical samples may artifactually inflate
comorbidity. Berkson (1946) showed that ap-
parent comorbidities between otherwise inde-
pendent disorders will arise in referred samples
if the probability for referral of either or both
disorders is less than one. In this case, comor-
bid individuals will be overrepresented because
their probability of being referred is a com-
bined function of the referral rates of each of
their disorders. Berkson’s bias does not imply
any overt bias to select comorbid cases; the bias
is simply the result of the compounding of in-
dependent probabilities. The effect would be
magnified if the concerns of parents or teachers
resulted in an additional bias to refer comorbid
cases. Epidemiological data are needed for un-
biased estimates of comorbidity rates. However,
few investigators have published epidemiolog-
ical studies of the comorbidity among pairs of
these disorders, and their three-way morbidity
is touched upon only in unpublished epidemi-
ological data.

Table 2 summarizes existing data on comor-
bidity among SSD, LI, and RD expressed as
relative risks (i.e., rate in the group with the
risk diagnosis/rate in the group without the
risk diagnosis; for studies that did not have a
control group, we used the population rate as
denominator). So a relative risk of 2.0 means
that those in the risk group (e.g., with SSD)
are twice as likely to have a comorbid diagno-
sis (e.g., LI) as those without the risk diagnosis
(e.g., non-SSD controls or the general popu-
lation). For a common multifactorial disorder,
these two methods of calculating relative risk
should yield roughly similar estimates. The ta-
ble is divided into data from epidemiological
versus referred samples, and it illustrates that
more variation exists among individual studies
within each type of sample than across sam-
ple types. Thus, Berkson’s and other referral
biases do not appear to play a major role. Gen-
uine comorbidity exists among these conditions
because the pairwise comorbidities are signifi-
cantly greater than chance in both types of sam-
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ples. However, except for the Iowa sample (14),
the risk for later RD in SSD and LI is almost
entirely restricted to SSD+LI (RR = 4.6-8.9),
whereas the rate of later RD in SSD without LI
is negligible (RR = 0.9-1.6, all ns). More data
are needed to specify the risk for later RD in LI
without SSD because the two values in the table
(3.2-3.6 for Iowa and 0.5 for the Longitudinal
Twin Study) do not agree.

The convergent results for elevated rates of
later RD in SSD+LI could reflect that SSD+LI
is an etiological and/or cognitive subtype, or
that etiological and/or cognitive risk factors in
SSD and LI interact synergistically to greatly
increase risk for later RD. If the latter is true, it
implies that the developing reader may com-
pensate for the cognitive risk factors posed
by SSD or even LI alone by using alternative
strategies, but the combination of their cog-
nitive risk factors makes compensation much
more difficult.

In studies specifically concerned with SSD
and LI, comorbidity varies with age. Broom-
field & Dodd (2004) categorized all new re-
ferrals to pediatric speech and language ther-
apy services in a British Primary Care Trust
and found robust bidirectional comorbidity be-
tween SSD and LI (entry 6 in Table 2). In
contrast, Shriberg et al. (1999) found a lower
comorbidity rate in an epidemiological study
of 6-year-olds in the United States (entry 1a
in Table 2). Although different modes of sam-
pling may have caused the differences in the two
studies (clinical sample in the U.K. study and
an epidemiological sample in the U.S. study),
it is also likely that the degree of comorbid-
ity varies with age: Only 15% of children in
the study by Broomfield & Dodd (2004) were
over age 6. Bishop & Edmundson (1987) noted
thatalthough preschool children appeared to be
more vulnerable to speech than language prob-
lems, speech problems resolved more readily. In
their clinically identified sample, many children
who presented with both speech and language
problems at age 4 had only residual language
difficulties when seen 18 months later.

The best evidence for the comorbidity
of LI and RD comes from the same Iowa
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Table 2 Comorbidity rates among speech sound disorder (SSD), language impairment (LI), and reading disability (RD)

(relative risks)

RD
Sample SSD LIin in RD in RD in RD in
sizes inLI | SSD RD in LI SSD SSD+LI SSD-LI LI-SSD
Epidemiological | 1328 la" | 33 23 - - - - -
570* 1b* | - - 6.2 (second), - - - -
6.9 (fourth)
527 IcP | - - 1.9-2.2 - - - -
(second,
fourth, eighth)
604 1d" | - - 2.8 (second), - 3.9 (second), | 2.2 (second), | 3.2 (second),
3.1 (eighth) 4.9 (eighth) 2.3 (eighth) 3.6 (eighth)
453 2r 22 23 1.9 2.6 6.0 1.6+ 0.5+
925-955 | 3* - - 4.4 (7y), 4.9 - - - -
(%), 5.1(11y)
1655 4 6.1 6.1 - - - - -
Referred 277 5p - 9.1 - 1.6 8.1 1.6+ -
936 6P 5.7 6.9 - - - - -
123 7P - 4.0 - 2.5 7.4 L1+ -
110 8p - - 5.7 - - - -
82 9p - - 2.3 - - - -
+ = NS.

* = defined RD as 1 SD below weighted mean on reading comprehension composite.

Key: relative risk = rate in risk group/population rate (p) or rate in risk 4+ group/rate in risk — group (r).
1: Towa sample. 1a, Shriberg et al. (1999); 1b, Catts et al. (2002); Ic, Catts et al. (2005); 1d, Tomblin (unpublished).

2: Colorado Longitudinal Twin Sample, R.L. Peterson, B.F. Pennington, L.D. Shriberg, & R. Boada (manuscript under review).

3: Silva et al. (1987).
4: Beitchman et al. (1986).

5: Cleveland SSD sample, B.A. Lewis & L.A. Freebairn (unpublished).

6: Broomfield & Dodd (2004).

7: Denver SSD sample, Raitano et al. (2004), R.L. Peterson, B.F. Pennington, L.D. Shriberg, & R. Boada (manuscript under review).

8: McArthur et al. (2000).
9: Bishop & Adams (1990).

epidemiological sample that was studied by
Shriberg et al. (1999). Catts et al. (2002) fol-
lowed up children who had been identified with
specific language impairment (SLI) at 6 years of
age and found a relative risk of about 3. In a later
follow-up of the Iowa sample to eighth grade
(Catts et al. 2005), the comorbidity rates be-
tween LI and RD were lower butstill significant
(Table 2). Interestingly, this study also found
that the LI without RD group performed sig-
nificantly better than either the RD or the co-
morbid groups on both phonological awareness
and nonword repetition. Of these two phono-

logical measures, the LI without RD group was
worse than controls only on nonword repeti-
tion, not on phonological awareness. Whether
a similar cognitive profile would be found in LI
without SSD is not known.

However, because LI and SSD are com-
monly comorbid, it can be difficult to estab-
lish whether associations with RD are specific
to one of these disorders. Several prospective
studies of smaller referred samples of children
with SSD have found an increased rate of later
RD (Bishop & Adams 1990, Catts 1993, Nathan
et al. 2004, Snowling et al. 2000), although
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Connectionist Model
Speech Development

Figure 1

Acoustic Features

.&

Phonology

Articulatory Features

Connectionist models of speech development. Adapted from Guenther (1995),
Joanisse (2000), Westerman & Miranda (2004).

Reading Development

several studies have found that the association
is most robust for children with SSD+LI and is
not found for children with isolated SSD (Bird
et al. 1995, Larrivee & Catts 1999, Leitao &
Fletcher 2004, Lewis & Freebairn 1992). New
unpublished data from three prospective studies
with large samples of children with SSD have
resolved this issue. As mentioned above, in all
three studies the risk for later RD in SSD is
mediated by comorbid LI and this risk is sub-
stantial (4.3-8.9). In contrast, the risk is neg-
ligible for later RD in SSD without LI or, in
one case, LI without SSD. This pattern for RD
risk in SSS+/-LI was found across referred and
epidemiological samples; thus, it is not due to a
referral artifact. But more research is needed to
understand the conflicting findings for RD risk
in LI without SSD.

In summary, population samples have estab-
lished that SSD and LI are comorbid, although
the rates vary with age, and that LT and later RD
are comorbid, but we lack published population

Connectionist Model

Figure 2

Orthography

Phonology

Connectionist model of reading development. From Harm & Seidenberg

(1999).
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data on the comorbidity between SSD and later
RD. However, SSD+LI carries most of the risk
for later RD, and the risk posed by SSD only,
or sometimes LI only, appears to be negligible.
Overlap among pairs of these three disorders
sometimes varies as a function of comorbidity
with the third disorder. This complex pattern
of comorbidity makes it unlikely that all three
disorders are pleiotropic manifestations of the
same underlying cognitive or genetic liability
(e.g., generalist genes for a general verbal trait;
Plomin & Kovas 2005). This raises the question
of whether the cognitive overlap of the three
disorders mirrors the diagnostic overlap. That
is, is the cognitive profile in SSD+LI (and later
RD) distinct from that in either SSD without
LI or LI without SSD?

COGNITIVE MODELS OF
LANGUAGE IMPAIRMENT,
READING DISABILITY, AND
SPEECH SOUND DISORDER

It is useful to consider cognitive models of
LI, RD, and SSD in the context of typical
development and in relation to each other.
Figures 1 and 2 depict typical development
of speech, language, and literacy, with writ-
ten language skills building on earlier develop-
ing oral language skills. In developing an oral
language, one of the first tasks an infant must
master is the perception and production of the
speech sounds specific to the native language
(Kuhl 2004). Although innate constraints influ-
ence some aspects of human language acquisi-
tion (e.g., Pinker 1991), mastering a particular
oral, and especially written, language requires
extensive learning, much of it implicit statisti-
cal learning (Saffran et al. 1996). Consequently,
connectionist models, which implement statis-
tical learning of speech, language, and reading,
provide a useful framework for thinking about
relations among LI, RD, and SSD at the cog-
nitive level.

Figure 1 depicts a simplified connectionist
model of speech development (adapted from
Guenther 1995, Joanisse 2000, Westermann
& Miranda 2004) and Figure 2 depicts a
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connectionist model of single-word reading de-
velopment (Harm & Seidenberg 1999). Two
key components are shared by both models:
phonology and semantics. These models illus-
trate thata problem in developing phonological
representations could affect speech, language,
and reading development, and indeed, as re-
viewed below, evidence does exist for phonolog-
ical impairment in SSD, LI, and RD. However,
these models also illustrate that development
in each of these three domains is affected in
multiple ways, and some of these ways have not
been considered in cognitive models of these
disorders.

The development of speech production
has been depicted in several computational
models (Guenther 1995; Joanisse 2000, 2004,
2007; Joanisse & Seidenberg 2003; Markey
1994; Menn et al. 1993; Plaut & Kello 1999;
Westermann & Miranda 2004). The difficult
developmental task these models address is how
young children learn the complex mapping be-
tween acoustic features and articulatory ges-
tures, particularly when important aspects of
the articulatory gestures made by adult mod-
els are not observable. Babbling almost cer-
tainly supplements imitation in learning these
mappings. In these models, hidden units learn
the particular abstract mapping between acous-
tic features and articulatory gestures that sig-
nal meaning differences for that child, and
the representations of these abstract mappings
are phonological representations. However,
these models do not explain clinical cases where
phonological representations develop without
speech (e.g., anarthric children with oral read-
ing skills; Bishop 1985).

Lexical semantics is intimately involved in
the determination of which acoustic and artic-
ulatory features are counted as relevant for a
young child’s particular lexicon in a particular
language. As the child’s vocabulary increases,
the nature of her phonological representations
also changes. Consequently, the development
of phonological representations is protracted,
and the weighting given to different acoustic
features in speech perception changes with de-
velopment (Nittrouer 1999).

These computational models demonstrate
that a problem in speech production such as
that found in SSD could have several causes,
including a bottom-up problem in processing
acoustic features, a motor problem in planning
and producing articulatory gestures, a prob-
lem learning the mapping between the two, a
problem identifying which phonetic differences
signal differences in meaning and which are
equivalent (i.e., in learning phonological rep-
resentations, a top-down problem in learning
semantic representations that impedes the dif-
ferentiation of phonological representations),
or some combination of these problems. Simi-
larly, these models suggest that there could be
bottom-up auditory, representational (phonol-
ogy in RD and syntax in LI), top-down seman-
tic, learning, and multiple deficit theories of
RD and LI. As we discuss below, existing cog-
nitive models of these disorders have focused
on single cognitive deficits and have tended to
be static rather than developmental. That is,
they have posited a congenital deficit in ei-
ther a bottom-up auditory skill or a particu-
lar kind of representation (phonology or syn-
tax) and have not considered the possibilities
of how deficits might emerge from a develop-
mental process or how deficient learning of new
mappings between representations could cause
disorders.

Language Impairment

A broad distinction can be drawn between
two classes of LI model: those that regard the
language difficulties as secondary to more gen-
eral nonlinguistic deficits, and those that pos-
tulate a specifically linguistic deficit. The best-
known example of the first type of model is
the rapid temporal processing (RTP) theory of
‘Tallal and colleagues, which maintains that lan-
guage learning is handicapped because of poor
temporal resolution of perceptual systems. This
bottom-up auditory model of LI has also been
applied to RD and SSD.

The first evidence for the RTP theory came
from a study where children were required to
match the order of two tones (Tallal & Piercy
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1973). When tones were rapid or brief, children
with LI had problems in correctly identifying
them, even though they were readily discrim-
inable at slow presentation rates. The theory
has continued to develop over the years, and
‘Tallal (2004) proposed a neural basis in the form
of spike-timing-dependent learning. Tallal ar-
gued that although the underlying mechanism
affected all auditory stimuli, its effects were
particularly detrimental to language learning
because development of neural representations
of phonemes depends on fine-grained tempo-
ral analysis. Children who have poor tempo-
ral resolution will chunk incoming speech in
blocks of hundreds of milliseconds rather than
tens of milliseconds, and this will affect speech
perception and hence on aspects of language
learning.

Another theoretical account that stresses
nonlinguistic temporal processing has been
proposed by Miller et al. (2001), who showed
that children with LI had slower reaction times
than did control children matched on nonver-
bal IQ on a range of cognitive tasks, including
some, such as mental rotation, that involved no
language. Unlike the RTP theory, this account
focuses on slowing of cognition rather than
perception.

A more specialized theory is the phono-
logical short-term memory deficit account of
SLI by Gathercole & Baddeley (1990a). These
authors noted that many children with SLI
are poor at repeating polysyllabic nonwords, a
deficit that has been confirmed in many sub-
sequent studies (Graf Estes et al. 2007). This
deficit has been interpreted as indicating a lim-
itation in a phonological short-term memory
system that is important for learning new vo-
cabulary (Gathercole & Baddeley 1990b) and
syntax. This theory, like the more specifically
linguistic theories, places the core deficit in a
system that is specialized for language process-
ing, but the system is for memory and learning
rather than for linguistic representations per se.

More recently, Ullman & Pierpont (2005)
proposed a theory that encompasses both short-
term memory and syntactic deficits under the
umbrella of “procedural learning,” which is
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contrasted with a declarative learning system
that is involved in learning new verbal informa-
tion. They argue that LI is nota specifically lin-
guistic disorder but s rather the consequence of
an impaired system that will also affect learning
of other procedural operations, such as motor
skills.

Many authors, such as Bates (2004), have
argued that domain-general deficits in cogni-
tive and perceptual systems are sufficient to
account for LI. This position differs radically
from linguistic accounts of LI, which maintain
that humans have evolved specialized language-
learning mechanisms and that LI results when
these fail to develop on the normal schedule.
Thus, language-specific representational theo-
ries of LI coexist with similar linguistic theories
of RD and SSD that focus on phonological rep-
resentations. A range of theories of this type for
LI focus on the syntactic difficulties that are a
core feature of many children with LI. Children
with LI tend to have problems in using verb
inflections that mark tense, so they might say
“yesterday I walk to school” rather than “yes-
terday I walked to school.” Different linguistic
accounts of the specific nature of such prob-
lems all maintain that the deficit is located in
a domain-specific system that handles syntactic
operations and is not a secondary consequence
of a more general cognitive processing deficit
(see, e.g., Rice & Wexler 1996, van der Lely
1994).

Although these theories focus on different
perceptual, cognitive, and linguistic deficits,
they are nonetheless hard to choose between for
several reasons. First, the theories do not nec-
essarily predict pure deficits in just one area—
for instance, the RTP theory predicts that
children with SLI will have phonological and
syntactic problems, but the theory regards these
as secondary to the basic perceptual deficit.
Even where a domain-specific linguistic deficit
is postulated, it could be argued that other more
general deficits may coexist, perhaps because
of pleiotropic effects of genes. Second, it is of-
ten easy to explain away a failure to find a pre-
dicted deficit on the grounds that the child has
grown out of the deficit (which nevertheless has
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affected language acquisition) or that the deficit
applies only to a subgroup of children with
SLI

Studies that examine deficits predicted by
different theories in the same children aid
in disentangling different theoretical accounts.
The results of such studies can be illuminating.
Bishop et al. (1999) studied a sample of twin
children, many of whom met criteria for LI
These children were given a battery of tests,
including a measure of auditory processing, de-
rived from the RTP theory, and a measure
of phonological short-term memory, nonword
repetition. Children with LI did worse than
controls did on both measures, but some chil-
dren have normal language despite poor scores
on the tests of RTP or nonword repetition. The
intercorrelation between the measures, though
significant, was low (around 0.3). Furthermore,
genetic analysis suggested different etiologies
for the auditory deficit, which appeared envi-
ronmental in origin, and the nonword repeti-
tion deficit, which was heritable. One might
wonder whether these deficits identify different
subgroups of children with LI, but the results
indicated rather that the two deficits interacted
and that children with a double deficit were the
most severely affected. A similar pattern of re-
sults was obtained in a later twin study in which
children were assessed on a test of nonword
repetition and on a test of productive verb mor-
phology (Bishop et al. 2006). Both measures re-
vealed deficits in children with LI, and in this
case, both were heritable, yet the intercorrela-
tion between these measures was low (though
significant) and there was no evidence that com-
mon genes were implicated. Once again, chil-
dren with both deficits had the most severe
problems, and some children with normal lan-
guage scored in the impaired range on one of
the measures of underlying deficit.

These two studies raise some general points
that also apply to other developmental disor-
ders:

a) Any theory that postulates a single under-
lying deficit is inadequate to account for
the disorder: several distinct deficits seem

implicated, none of which is necessary or
sufficient on its own for causing LI.

b) Although the different deficits can be dis-
sociated and appear to have distinct eti-
ologies, they tend to co-occur at above-
chance levels.

c) It is possible to have a single deficit—
e.g., in auditory processing or phonolog-
ical short-term memory—without neces-
sarily showing LI

d) Children with LI typically show more
than one deficit.

Reading Disability

A cognitive model of RD has greater consen-
sus than does a model of LI. Figure 3 depicts
the processes involved in extracting meaning
from written text. This figure shows that read-
ing comprehension can be first broken down
into cognitive components and then into de-
velopmental precursors of these cognitive com-
ponents. One key component is fluent printed
word recognition, which is highly predictive
of reading comprehension, especially in the
early years of reading instruction (Curtis 1980).
The other key component is listening compre-
hension, that is, oral language comprehension
(Hoover & Gough 1990).

The terms “developmental dyslexia” or
“reading disability” have traditionally been re-
served for children who have difficulties with
basic printed word recognition. Itis possible for
a child to have reading comprehension prob-
lems despite adequate printed word recogni-
tion, but this is not counted as dyslexia. Instead,
individuals with such problems are described as
poor comprehenders, and the cognitive causes
of their reading comprehension problems are
distinct from those that interfere with word
recognition (Nation 2005).

Printed word recognition can be broken into
two component written language skills, phono-
logical and orthographic coding (Figure 3).
Phonological coding refers to the ability to use
knowledge of rule-like letter-sound correspon-
dences to pronounce words that have never
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The processes involved in extracting meaning from written text.

been seen before (usually measured by pseu-
doword reading); orthographic coding refers to
the use of word-specific patterns to aid in word
recognition and pronunciation. Words that do
notfollow typical letter-sound correspondences
(e.g., have or yacht) must rely, at least in part,
on orthographic coding to be recognized, as do
homophones (e.g., rows versus rose).

A large body of work has shown that most
children with RD have disproportionate prob-
lems with pseudoword reading and that this
deficitin phonological coding is related to poor
phonological awareness. Phonological aware-
ness is measured by tasks that require ma-
nipulation of the sound structure of spoken
words (e.g., “what is cat without the /k/?”).
Despite agreement about the importance of
phoneme awareness deficits in RD, there is
disagreement about whether these difficulties
are themselves caused by lower-level processing
deficits. Phoneme awareness is a complex meta-
linguistic skill that clearly involves multiple
components. One argument is that phoneme
awareness deficits arise from impaired phono-
logical representations (Fowler 1991a, Swan
& Goswami 1997a). Another argument postu-
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lates that the central deficit is not specific to
language, but rather is a consequence of the
same RTP deficit proposed as an explanation
for SLI (Tallal 1980). However, evidence for
the RTP hypothesis for RD is patchy at best
(see McArthur & Bishop 2001 for a review).

A parsimonious explanation for current data
is that deficits in phonological representations
lead to both phoneme awareness and phonolog-
ical coding difficulties in RD. The phonological
representations hypothesis is appealing because
it helps explain why RD is associated not only
with deficits in phoneme awareness, but also
with impairments on a wide variety of phono-
logical tasks, including phonological memory
(Byrne & Shea 1979, Shankweiler et al. 1979)
and picture naming (Fowler & Swainson 2004,
Swan & Goswami 1997b).

An important caveat is that the relation-
ship between phoneme awareness and read-
ing is bidirectional, so that over time, poor
reading also causes poor phoneme aware-
ness (Morais et al. 1979, Perfetti et al. 1987,
Wagner et al. 1994). Another caveat is that the
evidence for the emergence of phoneme aware-
ness being a necessary precursor for reading
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development is not airtight (Castles &
Coltheart 2004) because longitudinal studies
supporting this claim have not completely elim-
inated the confound of preschoolers already
having some reading skill at time one. A recent
study found that children with chance-level per-
formance on phoneme awareness tasks could
nonetheless use letter names to learn letter
sounds and thus begin to decode printed words
(Treiman et al. 2008). So explicit phoneme
awareness may not be necessary for learning to
read, butitseems clear that appropriately struc-
tured phonological representations are needed.
The exact meaning of “appropriately struc-
tured” is still unclear in the context of read-
ing development. As discussed above, phono-
logical representations develop and can develop
atypically in a variety of ways. The nature of
the underlying phonological deficit in RD is
the subject of several hypotheses, including that
children with RD (#) lack segmental phono-
logical representations (Boada & Pennington
2006, Fowler 1991), (b) have problems detect-
ing suprasegmental information in phonologi-
cal representations (Goswami etal. 2002), (¢) re-
tain allophonic representations (Serniclaes etal.
2004), or (d) have less-distinct phonological
representations (Elbro et al. 1998). More re-
search is needed to test these hypotheses not
only in RD, but also across all three disorders
considered here (e.g., Corriveau etal. 2007 have
recently extended Goswami’s suprasegmented
theory to LI). These three disorders possibly
share deficits on broad phonological measures,
such as phonological awareness or nonword
repetition, but they differ in how their phono-
logical representations are deficient.

Because RD is often comorbid with LI, the
question is raised as to the extent to which RD is
associated with broader language deficits, e.g.,
as measured by tests of vocabulary and syn-
tax. Although the phonological deficit hypoth-
esis stresses children’s difficulties in learning
letter-sound mappings, poor general language
skills could also handicap reading acquisition
because one can use linguistic context to in-
fer meaning of a novel word (e.g., Cain et al.
2004). On IQ tests, children with RD tend to

underperform relative to their typically devel-
oping counterparts not only on phonological
tasks, such as digit span, but also on all ver-
bal subtests (D’Angiulli & Siegel 2003). Some
of this performance deficit likely resulted from
RD, since children with reading difficulties
have impoverished opportunities to learn from
print (e.g., Stanovich 1986; cf. Scarborough &
Parker 2003), but some may well reflect subtle,
wide-ranging language impairments. The evi-
dence on this point from predyslexic children
is particularly compelling, because deficits on a
wide range of language skills are evident before
they learn to read (Pennington & Lefly 2001,
Scarborough 1990).

The presence of comorbid language prob-
lems in RD raises doubts that a phonolog-
ical deficit is sufficient to cause RD. More-
over, as is discussed below, children with SSD
have phonological deficits similar to those
found in RD, but they usually do not develop
RD unless they have comorbid LI It appears
that normal performance on rapid serial nam-
ing (RSN) tasks is a protective factor (R.L.
Peterson, B.F. Pennington, L.D. Shriberg, & R.
Boada, manuscript under review; Raitano et al.
2004). RSN is impaired in both RD and at-
tention deficit/hyperactivity disorder (ADHD)
(Shanahan et al. 2008), so RSN appears to be a
cognitive risk factor shared by RD and ADHD.
Moreover, because nonlinguistic processing-
speed measures such as perceptual speed tasks
(Wechsler Symbol Search) played a role simi-
lar to that of RSN as a cognitive risk factor for
both RD and ADHD, it does notappear that the
RSN problem is just a by-product of phonolog-
ical or name-retrieval problems. We recently
tested the hypothesis that processing or per-
ceptual speed is a shared risk factor for RD
and ADHD using structural equation modeling
(L. McGrath, B.K. Pennington, R.K. Olson, &
E.G. Willcutt, manuscript under review). We
found that processing speed (i.e., latent traits
composed of RSN and nonlinguistic perceptual
speed tasks) was a unique predictor of both RD
and ADHD symptoms and reduced the corre-
lation between them to a nonsignificant value.
Phoneme awareness and language skill were
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unique predictors of RD symptoms, and inhi-
bition was a unique predictor of ADHD symp-
toms. These results support a multiple-deficit
model of both RD and ADHD. The total vari-
ance explained in RD symptoms by phoneme
awareness, language skill, and processing speed
was more than 80%. Thus, the best current
understanding of the neuropsychology of RD
indicates that at least three cognitive risk fac-
tors are involved, which is consistent with a
multiple-deficit model.

At least one of these underlying deficits, de-
ficient phonological representations, overlaps
with deficits that are found in studies of LI.
However, rather surprisingly, a deficit in RSN
is not characteristic of children with LI un-
less they also have reading impairment (D.V.M.
Bishop, D. McDonald, & S. Bird, manuscript
under review). Furthermore, although children
with RD tend to have lower scores on language
tests, they typically do not show the kinds of
grammatical limitation seen in LI (Bishop &
Snowling 2004). Overall, multiple underlying
deficits appear to exist in RD, as in LI, with the
most serious problems being found in children
who have two or more of the disorders. Of par-
ticular interest is the indication that at least one
underlying deficit, poor phonological process-
ing, is common to both RD and LI

The procedural learning account of LI is
relatively new, and few studies have tested its
predictions. Nevertheless, it is noteworthy that
it overlaps with the automatization deficit ac-
count of dyslexia (Nicolson & Fawcett 1990).
Both theories maintain that specific brain cir-
cuitry involving the cerebellum is involved in
the poor learning of reading or rule-governed
aspects of language, especially phonology and
syntax, and in both cases it is argued that associ-
ated motor impairments are another symptom
of this neurobiological deficit (Nicolson et al.
2001, Ullman & Pierpont 2005). The autom-
atization deficit account of dyslexia has been
challenged as a general account of this disorder
by findings that motor impairments are seen in
only a subset of cases (e.g., Ramus 2003). Nev-
ertheless, as we have argued for LI, this does
not necessarily mean that these deficits are ir-
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relevant to the causation of the disorder; they
may have their effect only when in combination
with other deficits.

Speech Sound Disorder

SSD was originally considered a disorder of
generating oral-motor programs, and children
with speech sound impairments were said to
have functional articulation disorder (Bishop
1997). However, a careful analysis of error pat-
terns has rendered a pure motor deficit unlikely
as a full explanation for the disorder. For exam-
ple, children with SSD sometimes produce a
sound correctly in one context but incorrectly
in another. If children were unable to execute
particular motor programs, then we might ex-
pect that most of their errors would take the
form of phonetic distortions arising from an
approximation of that motor program. How-
ever, the most common errors in children with
SSD are substitutions of phonemes, not dis-
tortions (Leonard 1995). Moreover, a growing
body of research demonstrates that individu-
als with SSD often show deficits on a range
of phonological tasks, including speech per-
ception, phoneme awareness, and phonological
memory (Bird & Bishop 1992, Kenney et al.
2006, Leitao et al. 1997, Raitano et al. 2004).
Though it remains possible that a subgroup of
children have SSD primarily because of motor
impairments, itnow seems likely that the major-
ity of children with SSD have a type of language
disorder that primarily affects phonological de-
velopment. Interestingly, RSN is not impaired
in SSD (Raitano et al. 2004), and SSD children
can have persisting phoneme awareness prob-
lems but normal reading development (R.L.
Peterson, B.F. Pennington, L.D. Shriberg, &
R. Boada, manuscript under review). Thus, in-
tact RSN appears to be a protective factor in
these children.

EVIDENCE FOR COGNITIVE
OVERLAP

This brief review of cognitive models of disor-
ders indicates that some close similarities ex-
ist in the theories that have been advanced to
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account for LI, RD, and SSD. For all three
disorders, phonological deficits, possibly due to
auditory perceptual problems, have been pro-
posed as a core underlying cause. Although this
overlap may help explain why the disorders are
often comorbid, it leaves us with the puzzle
of phenotypic variation between disorders. In
short, if the same theoretical account applies to
all disorders, why do they involve different be-
havioral deficits? And why, for instance, do we
find children with SSD who have poor phono-
logical skills yet do not have reading problems?
An answer is suggested by our analysis of RD
and LI as disorders that involve multiple cog-
nitive deficits. A phonological deficit may be a
key feature of all three disorders, yet its spe-
cific manifestation will depend on the pres-
ence of other deficits. This kind of model is
implicit in the analysis by Bishop & Snowling
(2004), who argue that LI is not just a more
severe form of RD—rather, RD and LI both
usually involve poor phonological processing,
but LI is seen when this deficit is accompa-
nied by broader difficulties affecting aspects of
language such as syntax. The finding (by R.L.
Peterson, B.F. Pennington, L.D. Shriberg, &
R. Boada, manuscript under review) that chil-
dren with SSD often read well despite poor
phonological skills indicates that phonological
deficit alone will not usually lead to later read-
ing problems—it does so when it is accompa-
nied by poor RSN. A closely similar conclusion
was reached (by D.V.M. Bishop, D. McDon-
ald, & S. Bird, manuscript under review) in a
study of comorbidity between RD and LI. The
study found that children who had LI without
RD performed normally on tests of RSN. Both
these studies suggest that although phonologi-
cal deficit is a risk factor for RD, good RSN can
act as a protective factor. This evidence for in-
teraction between deficits has implications for
how we model comorbidity between disorders
(discussed below).

In summary, although cognitive overlap ex-
ists among these three disorders (i.e., phono-
logical deficits), the cognitive profile varies as a
function of comorbidity. Moreover, these cog-
nitive profile differences appear to map onto the

comorbidity patterns reviewed above. That is,
the presence or absence of RSN deficits in SSD
and LI relates to their comorbidity with later
RD. But more systematic research is needed to
test how cognitive profiles vary by comorbidity
subtypes. This research will require large sam-
ples that have been followed longitudinally.

EVIDENCE FOR ETIOLOGICAL
OVERLAP

Strong evidence demonstrates that LI, RD, and
SSD are genetically influenced. That evidence
is summarized in Table 3, which shows that
each disorder is familial, moderately herita-
ble, and has several replicated linkages to spe-
cific chromosome locations (for reviews, see
Fisher & Francks 2006, Lewis et al. 2000,
McGrath et al. 2006, Paracchini et al. 2007).
Table 3 also contains a footnote that explains
the nomenclature for chromosome locations
and loci associated with disorders. The RD loci
have replicated across languages and cultures,
including Swahili-speaking children in Tanza-
nia (Grigorenko et al. 2007). For both RD and
SSD, several candidate genes have been identi-
fied, and several of these are candidates for both
disorders.

Twin studies have also been used to exam-
ine relations among these disorders. Most twin
studies have found high h?, (0.6 or above)'
for LI. However, a recent analysis by Bishop
& Hayiou-Thomas (2008) found that this de-
pended on whether children with SSD were in-
cluded in the sample. For 4-year-olds who had
LI without SSD, genes did not seem implicated
in the etiology. Few twin studies have looked at
both LI and RD in the same children, although
in two separate samples Bishop and colleagues
reported that RD was heritable only when

I'The term h’g refers to the heritability of the extreme
group’s deficit. Unlike h?, which estimates what proportion
of the phenotypic variance across the whole distribution is
attributable to genetic influence, h’g estimates the magni-
tude of genetic influences on the low (or high) tail of the
distribution. Unless they are completely categorical, h’g is
the appropriate heritability for disorders.

www.annualreviews.org o Relations Among Speech, Language, and Reading Disorders



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org

by UNIVERSITY OF DENVER on 01/14/09. For personal use only.

296

Table 3 Summary of genetic studies of speech sound disorder (§SD), language impairment (LI),

and reading disability (RD)

SSD LI RD
Familiality (relative risk) ~6? 2-42 4-gd
Heritability* ~0.80-1.00*P 0.36-0.96"¢ 0.58
Chromosome regions®8 1p34-36 (DYXS8) 13q21 (SLI3) 1p34-36 (DYX8)**
3pl2-q13 (DYX5) 16924 (SLI1) 2p15-16 (DYX3)

6p22 (DYX2)

19q13 (SLI2)

3pl2-q13 (DYXS)

15q21 (DYX1)

6p22 (DYX2)
15921 (DYX1)
18p11 (DYXG6)
Xq27.3 (DYX9)

Candidate genes®f FOXP2
ROBOI
DCDC2
KIAA0319
DYXCl1

ROBO1
DCDC2
KIAA0319
DYX1Cl1
MRPL19
C20RF3

*Estimates based on twin concordance data (double difference between monozygotic and dizygotic) or from group
heritability computed using DeFries-Fulker method (DeFries & Fulker 1985).
**Nonsex chromosomes are numbered according to their size, so chromosome 1 is the largest and chromosome 22 (or

possibly 21) is the smallest. Each chromosome has two arms, one short (p) and one long (q). Morphologically defined
regions within each arm are denoted by a number, counting outward from the centromere that lies between the two arms
(e.g., pl, p2, p3, and ql, q2, q3), and these regions are subdivided into bands (p11) and subbands (p11.1) and sub-subbands

(p11.11). So the term “1p34-p36” means a location on the short arm of chromosome 1 including regions 34, 35, and 36. The

names of loci associated with a disorder are capitalized and numbered according to order of discovery (DYX1 means the first

dyslexia locus discovered, DYX2 means the second, and so on).

Lewis et al. (2006).

YViding et al. (2004).

“Bishop & Hayiou-Thomas (2008).
dPennington & Olson (2005).
¢McGrath et al. (2006).

fAnthoni et al. (2007).

gNewbury & Monaco (2008).

accompanied by poor nonword repetition
(Bishop 2001, Bishop et al. 2004).

A multivariate analysis of reading skill in
twins (Tiu et al. 2004) supported the multiple-
deficit model (L. McGrath, B.K. Pennington,
R.K. Olson, & E.G. Willcutt, manuscript un-
der review) discussed above, in which phoneme
awareness, RSN, and language skill indepen-
dently contributed to predicting reading skill.
Tiu et al. (2004) found that phoneme aware-
ness, RSN, and full-scale IQ each made inde-
pendent phenotypic contributions to reading
skill and, in the etiological model based on the
twin design, each construct had both shared
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and independent genetic relations to reading
skills. More work of this kind is needed to test
multiple-deficit models of each disorder and
how both familiality and heritability vary by co-
morbidity subtypes.

Family and twin studies can provide evi-
dence for genetic influences on disorders and
their relations, but to identify the genes in-
volved we need to use methods of molecular ge-
netic analysis. Linkage analysis identifies chro-
mosomal regions that are likely to harbor genes
involved in etiology of disorder. This method
capitalizes on the fact that genes close together
on a chromosome tend to be inherited together.
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Thus, the method involves looking for chromo-
somal regions that are co-inherited at above-
chance levels in affected family members. It is
important to recognize that discovering link-
age is not the same as finding a gene—there
may be many genes in the linkage region, and
it can be a painstaking task to identify which
are implicated. Furthermore, it is unusual to
find genetic variants that are perfectly associ-
ated with disorder; the famous case of a muta-
tion in the FOXP2 gene that was found in all af-
fected members and no unaffected members of
a family with LI and SSD is the exception rather
than the rule. In general, where a disorder has a
complex, multifactorial etiology, the genes in-
volved will have only a probabilistic influence
on disorder—i.e., they act as quantitative trait
loci (QTLs) rather than as major genes that
cause disorder. Furthermore, any one linkage
analysis is likely to turn up some spurious link-
ages that arise by chance, purely because many
statistical comparisons are conducted. Molecu-
lar geneticists in this field are rightly cautious
aboutinterpreting linkages until they have been
replicated in an independent sample (Newbury
& Monaco 2008).

Initially, there was surprise that RD and LI
linkages did not overlap, but it has become
clear that the most powerful way to demon-
strate common linkage is to study two disor-
ders together; when this is done, there is ev-
idence that some linkage regions affect more
than one disorder (Monaco 2007). As shown in
Table 3, SSD shows linkage to known RD risk
loci (Smith et al. 2005, Stein et al. 2004). Re-
cent attempts to replicate the 6p22 and 15q21
loci in an independent SSD sample have been
partially successful (Stein et al. 2006).

Once linkage has been established, the next
step is to identify a specific gene and under-
stand its mode of action. So far, the greatest
success for this approach in speech and lan-
guage disorders, or even behaviorally defined
disorders generally, has been with the FOXP2
gene, whose effects in brain and whose roles
in the evolution of vocal communication across
species have been studied extensively (Fisher
2007).

As shown in Table 3, the linkage studies of
RD have been followed by the initial identifi-
cation of six candidate genes in four of these
linkage regions. The names of genes can be
acronyms for the gene product (DCDC2 means
“doublecortin doublecortin 2”) but can also re-
fer to the disorder they help cause (in the name
DYX1C1, C1 means the first candidate for the
first dyslexia risk locus, DYX1) or to other
things. All these candidate genes for RD are
involved in brain development, either in neu-
ronal migration or in axon guidance. Their role
in neuronal migration is consistent with that
found in the pioneering work of Galaburda etal.
(1985), who discovered ectopias (i.e., neurons
that end up in the wrong location, such as in
white instead of gray matter, because of migra-
tional errors) in the brains of deceased dyslexics
(most of whom had comorbid LI).

Although considerable progress has been
made in specifying the genetic causes of these
disorders, we should not forget that the heri-
tability of these disorders is generally signifi-
cantly less than 100%, so environmental vari-
ables must play a role in their development (see
risk factors in Table 1). Even when heritabili-
ties are higher, as they are for SSD, the environ-
ment can affect the phenotype. Such environ-
mental variables are likely to include the home
language environment and instructional qual-
ity (especially for RD), as well as environmental
events that have a more direct effect on biology
(e.g., maternal health during pregnancy, lead
poisoning, or head injury). Unfortunately, few
studies investigating main effects of such envi-
ronmental variables on language development
have used genetically sensitive designs.

In addition to main effects of environment,
itis likely that the disorders considered here are
influenced by gene-by-environment (G x E)
interactions. A G x E interaction is identi-
fied when the impact of a given environment
depends on the genotype of the individual.
G x E interaction has been clearly demon-
strated in selective breeding experiments with
animals and plants, but is much harder to
demonstrate in humans, where control over
genotype is not possible. If candidate genes are
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identified, one can then see whether a measured
environmental factor interacts with genotype in
determining the phenotype (Rutter 2006).

A recent study investigated G x E inter-
action using SSD/RD linkage peaks with
the strongest evidence of linkage to speech
phenotypes, 6p22 and 15g21, and measures of
the home language/literacy environment in a
sample of children with SSD and their siblings.
Results showed four significant and trend-level
G x E interactions at both the 6p22 and
15921 locations across several phenotypes and
home environmental measures (McGrath et al.
2007). The direction of the interactions was
such that, in relatively enriched environments,
genetic risk factors substantially influenced the
phenotype, whereas in less-optimal environ-
ments, genetic risk factors had less influence
on phenotype. This directionality of the in-
teractions is consistent with the bioecological
model of G xE (Bronfenbrenner & Ceci
1994). This work is preliminary because these
linkage-based methods are a step away from
the ideal of using identified risk alleles to test
for G x E (Rutter 2006).

In summary, evidence indicates that LI, RD,
and SSD are familial, heritable, and linked to
QTLs in certain chromosomal regions. One
genetic mutation in FOXP2 has been shown
to have a clear role in causing a rare form of
speech dyspraxia associated with LI, and several
candidate genes have been identified that act as
QTL:s for RD. Preliminary evidence suggests
that some of these QTLs are pleiotropic and
affect both RD and SSD, whereas less evidence
exists for QTLs shared by LI and RD. Since
the heritability of these disorders is less than
100%), environmental factors also play a role in
their etiology, and it is likely that G-E correla-
tionsand G x E interactions also exist in their
etiology.

WHICH COMORBIDITY MODELS
ARE SUPPORTED?

Models of comorbidity have been proposed
by Klein & Riso (1993), quantified by Neale
& Kendler (1995), and applied to the disor-
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ders considered here by D.V.M. Bishop, D.
McDonald, & S. Bird (manuscript under re-
view) and Pennington et al. (2005). Space does
not permit a full description of these comorbid-
ity models; instead, we focus on which comor-
bidity models can be rejected as explanations for
the comorbidity among SSD, LI, and RD based
on the data reviewed in the previous sections.
Summarizing these data briefly, we found ro-
bust comorbidity among pairs of the three dis-
orders (Table 2) but not perfect overlap. Cog-
nitive and genetic risk factors (Table 3) are also
shared by LI, RD, and SSD.

First, we can conclude that the comorbidity
between SSD and LIand LIand RD isnotan ar-
tifact of selection, population stratification, def-
initional overlap, or rater biases. These comor-
bidities have been found in population samples
(Table 2). Their diagnostic definitions do not
overlap (Table 1) and depend on objective tests,
not raters.

Turning to nonartifactual explanations,
Neale & Kendler (1995) differentiated three
broad types: alternate forms, multiformity, and
correlated liabilities. All three types of comor-
bidity models are versions of the continuous
liability threshold model, which assumes that
there is a continuous liability distribution of
multifactorial causes (genetic and/or environ-
mental causes) for a disorder, and that the sum
total of their influences can be represented as a
continuous liability distribution; a disorder oc-
curs if an individual crosses a particular thresh-
old on that liability distribution (see Figure 4).

The simplest kind of model proposes a sin-
gle underlying liability distribution—in effect,
the risk factors for all three comorbid disor-
ders are seen as identical, but the manifesta-
tion of that risk can vary. This kind of model is
suggested by research by Lewis and colleagues,
who in a series of studies have noted that rela-
tives of children with SSD are at increased risk
of LTand RD as well as SSD (Lewis etal. 2007).
This finding is compatible with the notion that
the same heritable liability increases risk for all
three disorders, although these authors hypoth-
esized disorder-specific genes as well. So the
single-liability model suggests that “generalist
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Figure 4

Continuous liability distribution. RD, reading
disability; LI, language impairment; SSD, speech
sound disorder.

genes” (Plomin & Kovas 2005) may exist for a
general verbal trait, the low extreme of which
underlies these disorders. In its simplest form,
this corresponds to Neale & Kendler’s (1995)
alternate forms model, which hypothesized that
individuals who cross a particular threshold on a
liability distribution have the probability of p of
having a disorder A and the probability r of hav-
ing a disorder B. This means that both disorders
share a single liability, yet whether the person
manifests disorder A or B depends on chance
or risk factors that vary across individuals. This
model raises the question of why the same li-
ability should manifest differently in different
people: It seems unlikely that this would be en-
tirely due to chance; rather, it seems plausible
that different environmental or genetic risks in
the individual child interact with the underlying
liability to determine the outcome.

Age is one systematic factor that has been
proposed as influencing outcome. Scarborough
& Dobrich (1990) suggested that the same risk
factors that led to LI in a preschool child could
lead to RD in a school-aged child. They talked
of “illusory recovery,” in which the problems of
a child with LI appeared to resolve only to be
replaced later by literacy problems. Subsequent
research, however, suggests that LI does not
disappear in children with LI who then develop

RD, although LI may become less overt (Bishop
& Adams 1990, Catts et al. 1999). A variant of
this model treats RD as a condition that is both
later in onset and less severe than SSD or LI,
according to such a severity model, a child with
a moderate liability may present only with RD
in middle childhood, whereas one with a higher
liability will be identified with SSD and/or LI
in preschool and with RD a few years later.

Although a model with a single-liability di-
mension is parsimonious, most experts in this
field would regard it as unlikely on the grounds
that all three disorders—SSD, LI, and RD—
appear heterogeneous. Although agreement is
lacking about the best way of subtyping these
disorders, quite marked phenotypic and etio-
logic differences can exist within each category,
as we have shown. Furthermore, some children
with severe LI do not have RD, which is in-
consistent with a model that treats LI as indica-
tive of a more severe liability. In addition, some
children with SSD do not have RD, which also
rejects this severity hypothesis for the relation
between SSD and RD.

These results suggest that a better kind of
model may be one that allows for separate lia-
bilities for the different disorders, but where at
least one of the liabilities can lead to a comor-
bid form. This corresponds to a multiformity
model (Neal & Kendler 1995). Pennington
et al. (1993) considered this kind of model
when investigating comorbidity between RD
and ADHD, and suggested that RD might lead
to the phenotypic manifestation of ADHD in
the absence of etiological influences typically
associate with ADHD in isolation. One can
readily imagine that a child might appear to be
inattentive or hyperactive in the classroom be-
cause of the frustration elicited by difficulties
with reading rather than as a consequence of
the neurocognitive difficulties that are typically
associated with ADHD in the absence of RD.
The multiformity model usually describes each
disorder as having its own distinct etiology, but
there are cases where the etiology for disorder A
can lead to comorbid A+B. However, if rates of
comorbidity are high, the multiformity model
can also be seen as an extension of the alternate
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forms model, whereby A and B usually have the
same underlying cause (but with different lia-
bility thresholds), but subtypes of either A or B
exist with separate etiological pathways.

A more extreme view of subtypes is to
treat the comorbid disorder as etiologically dis-
tinct from either disorder occurring alone. This
model of three independent disorders might
postulate, for instance, that SSD with LI is eti-
ologically distinct from pure SSD or pure LI,
requiring three separate liability distributions
to account for the patterns of co-occurrence
between these two disorders. The comorbidity
and genetic results presented here are consis-
tent with this model, but the cognitive results
are not consistent because SSD+LI overlaps
cognitively with both SD and LI

Neale & Kendler (1995) also postulated cor-
related liabilities models. In these models, each
disorder has its own liability, a continuous rela-
tion exists between the liability to one disorder
and the liability to the second disorder. An in-
crease in liability for one disorder is correlated
with the increase in liability for the second dis-
order. The relationship between the liability of
the two disorders occurs via a significant corre-
lation between the risk factors (correlated lia-
bilities) or a direct causal relationship between
the manifest phenotypes of the two disorders (A
causes B, B causes A, or reciprocal causation).
If the relationship is between manifest pheno-
types, this actually becomes the multiformity
model. In contrast, if the liabilities themselves
are correlated, even at subthreshold levels, then
subclinical comorbidity will occur even if one
diagnostic phenotype is not expressed.

Our review of the etiology of LI, RD, and
SSD indicates that some support exists for
the correlated liabilities model of the relation
between SSD and RD because both disorders
are linked to some of the same QTLs. But this
finding is also somewhat puzzling because SSD
without LI does not pose much risk for later
RD. So this finding needs to be tested in larger
samples to determine whether the linkage of
SSD to RD loci is mainly due to SSD+LI. An-
other puzzle is the robust comorbidity between
SSD and LI and between LI (even without
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SSD) and RD in some studies, but so far, no
QTLs have been discovered that are shared in
either case. Clearly, more work is needed to test
how well the correlated liabilities model (i.e.,
shared genetic and possibly environmental risk
factors) accounts for the comorbidity among
SSD, L1, and RD.

Although the Neale & Kendler (1995) mod-
els are a major contribution to the comorbidity
literature because they are the most complete
set of models yet proposed and because they are
specified quantitatively, they nonetheless have
some limitations. Specifically, they do not in-
clude either a neural or a cognitive level, they
are not explicitly developmental, and they only
deal with pairwise comorbidities. The main way
of testing between them involves considering
family or twin data to see how far a given disor-
der, or a comorbid form, breeds true, but even
with ideal (simulated) data sets, some of the
models can be difficult to distinguish empiri-
cally (Rhee et al. 2004).

The specific developmental disorders that
we consider here, however, provide an alter-
native route to testing between models, pro-
vided one is willing to make the assumption that
disorders caused by different liabilities might
have different cognitive profiles. For instance,
to test the three independent disorders model
to explain comorbidity between RD and LI, we
might predict that the cognitive profile in co-
morbid RD+LI would differ from that in pure
RD or pure LI. Because the phenotype of each
of the disorders considered here can be quite
variable, and well-articulated models elucidate
the underlying cognitive deficits associated with
these disorders, this seems a promising ap-
proach. Contrary to the three independent dis-
orders model, cognitive deficits characteristic
of SSD, LI, and RD overlap to some extent.

In summary, the comorbidity observed
among LI, RD, and SSD in not readily ex-
plained by any of the Neale and Kendler mod-
els but rather may require a model in which
multiple cognitive deficits interact. Models of
this type have been proposed by Bishop &
Snowling (2004), Bishop (2006), and Penning-
ton (2006), and a specific version to account for
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comorbidity between LI and RD was formally
specified and tested by D.V.M. Bishop, D. Mc-
Donald, & S. Bird (manuscript under review).

The multiple overlapping risk factors
model of developmental disorders proposed
by D.V.M. Bishop, D. McDonald, & S. Bird
(manuscript under review) differs from the
Neale and Kendler models in that it does not
have a separate liability for each disorder, nor
does it attempt to account for two disorders
in terms of a single liability. Rather, it postu-
lates several independent liability distributions,
each of which determines a specific underlying
deficit, and the disorder that is observed de-
pends on the combination of liabilities that are
suprathreshold. Some liabilities, such as that for
phonological processing deficit, are implicated
in SSD, LI, and RD. Others, such as liability
for RSN deficit, appear to be specific to RD
(although they might turn out to be implicated
in other neurodevelopmental disorders such as
ADHD; see Shanahan et al. 2008).

The multiple overlapping risk factors model
can account for several features of the data re-
viewed here. In particular, it predicts that we
should find some risk factors that are general
to the three disorders of SSD, LI, and RD, and
others that are specific. Furthermore, it pre-
dicts that a deficit in one underlying cognitive
skill will not lead to overt disorder unless other
deficits are also present.

CONCLUDING COMMENTS

LI, RD, and SSD are conditions that have tra-
ditionally been viewed as separate, and indeed,
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searchers to look for a single underlying cause
for each disorder, both at the cognitive level and
at the etiological level. Insofar as single cause
explanations do not work, the alternative ap-
proach has been to look for subtypes that have
a single cause. The research reviewed here sug-
gests that such an approach is doomed to fail-
ure. LI, RD, and SSD are complex multifac-
torial disorders, not only in terms of their ge-
netic and environmental etiology, but also in
terms of their cognitive underpinnings. Each
disorder appears to arise as the consequence of
a specific constellation of underlying deficits.
Each individual deficit may be common in the
general population and may only assume clin-
ical significance when combined with another
deficit. Some deficits, especially those affecting
phonological processing, appear to play a part
in all three disorders; others are specific to one
of the disorders.

We have shown that some evidence exists
for similar patterns of relations among the
three disorders at the three levels of analy-
sis considered here: diagnostic, cognitive, and
etiological. But more systematic research is
needed to test these patterns and define the
relations among these three communication
disorders.

In the past, researchers often either ignored
comorbidity or strenuously attempted to avoid
it by studying “pure” groups. We argue that this
is the wrong approach, and that to understand
these disorders fully, we need to consider the
relationships between them, both cognitive and
etiological.

The preparation of this article was supported by NIH grants HD27802 and HD049027 (to BFP)
and a Wellcome Trust Principal Research Fellowship (to DVMB). Barbara Lewis, Richard Olson,
and Bruce Tomblin very generously provided unpublished data from their longitudinal samples
for Table 2. Irina Kaminer and Jenni Rosenberg helped prepare this table and Suzanne Miller

helped prepare the manuscript.

LITERATURE CITED

Anthoni H, Zucchelli M, Matsson H, Muller-Myhsok B, Fransson I, et al. 2007. A locus on 2p12 containing
the coregulated MRPL19 and C2ORF3 genes is associated to dyslexia. Hum. Mol. Genet. 16:667-77

www.annualreviews.org o Relations Among Speech, Language, and Reading Disorders

301



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF DENVER on 01/14/09. For personal use only.

Bates EA. 2004. Explaining and interpreting deficits in language development across clinical groups: Where
do we go from here? Brain Lang. 88:248-53

Beitchman JH, Nair R, Clegg M, Ferguson B, Patel PG. 1986. Prevalence of psychiatric disorders in children
with speech and language disorders. 7. Am. Acad. Child Psychiatry 25(4):528-35

Berkson J. 1946. Limitations of the application of fourfold table analysis to hospital data. Biometrics 2:47-51

Bird J, Bishop DV. 1992. Perception and awareness of phonemes in phonologically impaired children. Eur.
7 Disord. Commun. 27:289-311

Bird J, Bishop DV, Freeman NH. 1995. Phonological awareness and literacy development in children with
expressive phonological impairments. 7. Speech Hear. Res. 38:446-62

Bishop DV. 1997. Uncommon Understanding: Development and Disorders of Language Comprebension in Children.
Hove, UK: Psychol. Press

Bishop DV. 2001. Genetic influences on language impairment and literacy problems in children: same or
different? 7. Child Psychol. Psychiatry 42:189-98

Bishop DV. 2006. Developmental cognitive genetics: how psychology can inform genetics and vice versa.
Q. 7 Exp. Psychol. 59:1153-68

Bishop DV, Adams C. 1990. A prospective study of the relationship between specific language impairment,
phonological disorders and reading retardation. 7. Child Psychol. Psychiatry 31:1027-50

Bishop DV, Adams CV, Norbury CF. 2004. Using nonword repetition to distinguish genetic and environ-
mental influences on early literacy development: a study of 6-year-old twins. Genes Brain Bebhav. 5:158-69

Bishop DV, Adams CV, Norbury CF. 2006. Distinct genetic influences on grammar and phonological short-
term memory deficits: evidence from 6-year-old twins. Genes Brain Bebav. 5:158-69

Bishop DV, Bishop SJ, Bright P, James C, Delaney T, Tallal P. 1999. Different origin of auditory and
phonological processing problems in children with language impairment: evidence from a twin study.
J- Speech Lang. Hear: Res. 42:155-68

Bishop DV, Edmundson A. 1986. Is otitis media a major cause of specific developmental language disorders?
Br: 7. Disord. Commun. 21:321-38

Bishop DV, Edmundson A. 1987. Language-impaired 4-year-olds: distinguishing transient from persistent
impairment. 7. Speech Hear: Dis. 52:156-73

Bishop DV, Haylou-Thomas ME. 2008. Heritability of specific language impairment depends on diagnostic
criteria. Genes Brain Bebav. In press

Bishop DV, Snowling MJ. 2004. Developmental dyslexia and specific language impairment: same or different?
Psychol. Buil. 130:858-86

Bishop DVM. 1985. Spelling ability in congenital dysarthria: evidence against articulatory coding in translating
between graphemes and phonemes. Cogn. Neuropsychol. 2:229-51

Bishop DVM, Hayiou-Thomas ME. 2008. Heritability of specific language impairment depends on diagnostic
criteria. Genes Brain Bebav. 7(3):365-72

Boada R, Pennington BF. 2006. Deficient implicit phonological representations in children with dyslexia.
7. Exp. Child Psychol. 95:153-93

Bronfenbrenner U, Ceci SJ. 1994. Nature-nurture reconceptualized in developmental perspective: a bioeco-
logical model. Psychol. Rev. 101:568-86

Broomfield J, Dodd B. 2004. Children with speech and language disability: caseload characteristics. Int. 7.
Lang. Comm. Dis. 39(3):303-24

Byrne B, Shea P. 1979. Semantic and phonetic memory codes in beginning readers. Mem. Cogn. 7:333-38

Cain K, Oakhill J, Lemmon K. 2004. Individual differences in the inference of word meanings from context.
J- Educ. Psychol. 96:671-81

Campbell T, Dollaghan C, Needleman H, Janosky J. 1997. Reducing bias in language assessment: processing-
dependent measures. 7. Speech Lang. Hear. Res. 40:519-25

Campbell T, Dollaghan C, Rockette H, Paradise JL, Feldman HM, et al. 2003. Risk factors for speech delay
of unknown origin in 3-year-old children. Child. Dev. 74(2):346-57

Castles A, Coltheart M. 2004. Ts there a causal link from phonological awareness to success in learning to
read? Cognition 91:77-111

Catts HW. 1993. The relationship between speech-language impairments and reading disabilities. 7. Speech
Hear. Res. 36:948-58

Pennington o Bishop



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF DENVER on 01/14/09. For personal use only.

Catts HW, Adlof SM, Hogan TP, Weismer SE. 2005. Are specific language impairment and dyslexia distinct
disorders? 7. Speech Lang. Hear: Res. 48:1378-96

Catts HW, Fey ME, Tomblin JB, Zhang X. 1999. Language basis of reading and reading disabilities. Sci. Stud.
Reading 3:331-61

Catts HW, Fey ME, Tomblin JB, Zhang X. 2002. A longitudinal investigation of reading outcomes in children
with language impairments. 7. Speech Lang. Hear: Res. 45:1142-57

Corriveau K, Pasquini E, Goswami U. 2007. Basic auditory processing skills and specific language impairment:
a new look at an old hypothesis. 7. Speech Lang. Hear. Res. 50:647-66

Curtis ME. 1980. Development of components of reading skill. 7. Educ. Psychol. 72:656-69

D’Angiulli A, Siegel LS. 2003. Cognitive functioning as measured by the WISC-R: Do children with learning
disabilities have distinctive patterns of performance? 7. Learn. Disabil. 36:48-58

DeFries JC, Fulker DW. 1985. Multiple regression analysis of twin data. Behav. Genet. 15:467-73

Elbro C, Borstrom I, Petersen D. 1998. Predicting dyslexia from kindergarten: the importance of distinctness
of phonological representations of lexical items. Read. Res. Q. 33:36-60

Fisher SE. 2007. Molecular windows into speech and language disorders. Folia Phoniatrica et Logopaedica
59:130-40

Fisher SE, Francks C. 2006. Genes, cognition and dyslexia: learning to read the genome. Tiends Cogn. Sci.
10:250-57

Fletcher JM, Foorman BR, Shaywitz SE, Shaywitz BA. 1999. Conceptual and methodological issues in dyslexia
research: a lesson for developmental disorders. In Neurodevelopmental Disorders, ed. H Tager-Flusberg,
pp- 271-305. Cambridge, MA: MIT Press

Fowler A. 1991. How early phonological development might set the stage for phoneme awareness. In Phono-
logical Processes in Literacy: A Tribute to Isabelle Y. Liberman, ed. SA Brady, DP Shankweiler, pp. 97-117.
Hillsdale, NJ: Erlbaum

Fowler AE, Swainson B. 2004. Relationships of naming skills to reading, memory, and receptive vocabulary:
evidence for imprecise phonological representations of words by poor readers. Ann. Dyslexia 54:247-80

Galaburda AM, Sherman GF, Rosen GD, Aboitiz F, Geschwind N. 1985. Developmental dyslexia: four
consecutive cases with cortical anomalies. Ann. Neurol. 18:222-33

Gathercole SE, Baddeley AD. 1990a. Phonological memory deficits in language disordered children: Is there
a causal connection? 7. Mem. Lang. 29(3):336

Gathercole SE, Baddeley AD. 1990b. The role of phonological memory in vocabulary acquisition: a study of
young children learning new names. B 7. Dev. Psychol. 81:439-54

Goswami U, Thomson J, Richardson U, Stainthorp R, Hughes D, et al. 2002. Amplitude envelope onsets and
developmental dyslexia: a new hypothesis. Proc. Natl. Acad. Sci. USA 99:10911-16

Graf Estes K, Evans JL, Else-Quest NM. 2007. Differences in the nonword repetition performance of children
with and without specific language impairment: a meta-analysis. 7. Speech Lang. Hear. Res. 50:177-95

Grigorenko EL, Naples A, Chang J, Romano C, Ngorosho D, et al. 2007. Back to Africa: tracing dyslexia
genes in east Africa. Read. Writ. 20:27-49

Guenther FH. 1995. Speech sound acquisition, coarticulation, and rate effects in a neural network model of
speech production. Psychol. Rev. 102:594-621

Harm MW, Seidenberg MS. 1999. Phonology, reading acquisition, and dyslexia: insights from connectionist
models. Psychol. Rev. 106:491-528

Hoover WA, Gough PB. 1990. The simple view of reading. Read. Writ. 2:127-60

Joanisse MF. 2000. Connectionist phonology. Ph.D. thesis. Univ. South. Calif., Los Angeles

Joanisse MF. 2004. Specific language impairments in children: phonology, semantics, and the English past
tense. Curr. Dir. Psychol. Sci. 13:156-60

Joanisse MF. 2007. Phonological deficits and developmental language impairments: evidence from connec-
tionist models. In Neuroconstructivism: Perspectives and Prospects, ed. D Mareschal, S Sirois, G Westermann,
MH Johnson, pp. 205-29. Oxford, UK: Oxford Univ. Press

Joanisse MF, Seidenberg MS. 2003. Phonology and syntax in specific language impairment: evidence from a
connectionist model. Brain Lang. 86:40-56

Kenney MK, Barac-Cikoja D, Finnegan K| Jeffries N, Ludlow CL. 2006. Speech perception and short-term
memory deficits in persistent developmental speech disorder. Brain Lang. 96:178-90

www.annualreviews.org o Relations Among Speech, Language, and Reading Disorders

303



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF DENVER on 01/14/09. For personal use only.

304

Klein DN, Riso LP. 1993. Psychiatric disorders: problems of boundaries and comorbidity. In Basic Issues in
Psychopathology, ed. CG Costello, pp. 19-66. New York: Guilford

Kuhl PK. 2004. Early language acquisition: cracking the speech code. Nat. Rev. Neurosci. 5:831-43

Larrivee LS, Catts HW. 1999. Early reading achievement in children with expressive phonological disorders.
Am. J. Speech Lang. Pathbol. 8:118-28

Leitao S, Fletcher J. 2004. Literacy outcomes for students with speech impairment: long-term follow-up.
Int. J. Lang. Commun. Dis. 39:245

Leitao S, Hogben J, Fletcher J. 1997. Phonological processing skills in speech and language impaired children.
Eur. 7. Disord. Commun. 32:91-111

Leonard LB. 1995. Phonological impairment. In The Handbook of Child Language, ed. P Fletcher, B
MacWhinney, pp. 573-602. Oxford, UK: Blackwell

Lewis BA, Freebairn LA. 1992. Residual effects of preschool phonology disorders in grade school, adolescence,
and adulthood. 7. Speech Hear: Res. 35:819-31

Lewis BA, Freebairn LA, Hansen AJ, Miscimarra L, Iyengar SK, Taylor HG. 2007. Speech and language skills
of parents of children with speech sound disorders. Am. 7. Speech Lang. Pathol. 16:108-18

Lewis BA, Freebairn LA, Hansen AJ, Stein CM, Shriberg LD, et al. 2006. Dimensions of early speech sound
disorders: a factor analytic study. 7. Commun. Dis. 39:139-57

Lewis BA, Freebairn LA, Taylor HG. 2000. Follow-up of children with early expressive phonology disorders.
F. Learn. Disabil. 33:433

Markey KL. 1994. The sensorimotor foundations of phonology: a computational model of early childbood articulatory
and phonetic development. Ph.D. thesis. Univ. Colorado, Boulder

McArthur GM, Bishop DV. 2001. Auditory perceptual processing in people with reading and oral language
impairments: current issues and recommendations. Dyslexia 7(3):150-70

MecArthur GM, Hogben JH, Edwards VT, Heath SM, Mengler ED. 2000. On the “specifics” of specific
reading disability and specific language impairment. 7. Child Psychol. Psychiatry 41:869-74

McGrath LM, Hutaff-Lee C, Scott A, Boada R, Shriberg LD, Pennington BF. 2007. Children with co-
morbid speech sound disorder and specific language impairment have increased rates of attention
deficithyperactivity disorder. 7. Abnorm. Child Psychol. 36:151-63

McGrath LM, Pennington BF, Willcutt EG, Boada R, Shriberg LD, Smith SD. 2007. Gene x environ-
ment interactions in speech sound disorder predict language and preliteracy outcomes. Dev. Psychopathol.
19:1047-72

McGrath LM, Smith SD, Pennington BF. 2006. Breakthroughs in the search for dyslexia candidate genes.
Trends Mol. Med. 12:333-41

Menn L, Markey KL, Mozer M, Lewis C. 1993. Connectionist modeling and the microstructure of phono-
logical development: a progress report. In Developmental Neurocognition: Speech and Face Processing in the
First Year of Life, ed. B. de Boysson-Bardies, pp. 421-33. Dordrecht, The Netherlands: Kluwer Acad.

Miller CA, Kail R, Leonard LB, Tomblin JB. 2001. Speed of processing in children with specific language
impairment. 7. Speech Lang. Hear. Res. 44(2):416-33

Monaco AP. 2007. Multivariate linkage analysis of specific language impairment (SLI). Ann. Hum. Genet.
71:660-73

Morais J, Cary L, Alegria ], Bertelson P. 1979. Does awareness of speech as a sequence of phones arise
spontaneously? Cognition 7:323-31

Morton J, Frith U. 1995. Causal modeling: structural approach to developmental psychopathology. In Devel-
opmental Psychopathology, ed. D Cicchetti, DJ Cohen, pp. 357-90. New York: Wiley

Nathan L, Stackhouse J, Goulandris N, Snowling MJ. 2004. The development of early literacy skills among
children with speech difficulties: a test of the “Critical Age Hypothesis.” 7. Speech Lang. Hear. Res. 47:377—
91

Nation K. 2005. Children’s reading comprehension difficulties. In The Science of Reading, ed. MJ Snowling,
C Hulme, pp. 248-65. Oxford, UK: Blackwell Sci.

Neale MC, Kendler KS. 1995. Models of comorbidity for multifactorial disorders. An. 7. Hum. Genet. 57:935—
53

Pennington o Bishop



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF DENVER on 01/14/09. For personal use only.

Newbury DF, Monaco AP. 2008. The application of molecular genetics to the study of language impairments.
In Understanding Developmental Language Disorders, ed. CF Norbury, JB Tomblin, DVM Bishop. Hove,
UK: Psychol. Press

Nicolson RI, Fawcett AJ. 1990. Automaticity: a new framework for dyslexia research? Cognition 35:159-82

Nicolson RI, Fawcett AJ, Dean P. 2001. Developmental dyslexia: the cerebellar deficit hypothesis. Tiends
Neurosci. 24:508-11

Nittrouer S. 1999. Do temporal processing deficits cause phonological processing problems? 7. Speech Lang.
Hear: Res. 42:925-42

Paracchini S, Scerri T, Monaco AP. 2007. The genetic lexicon of dyslexia. Annu. Rev. Genom. Hum. Genet.
8:57-79

Pennington BF. 2006. From single to multiple deficit models of developmental disorders. Cognition 101:385—
413

Pennington BF, Groisser D, Welsh MC. 1993. Contrasting cognitive deficits in attention deficit hyperactivity
disorder versus reading disability. Dev. Psychol. 29:511-23

Pennington BF, Lefly DL. 2001. Early reading development in children at family risk for dyslexia. Child Dev.
72:816-33

Pennington BF, Olson RK. 2005. Genetics of dyslexia. In The Science of Reading: A Handbook, ed. M Snowling,
C Hulme, pp. 453-72. Oxford, UK: Blackwell Sci.

Pennington BF, Willcutt EG, Rhee SH. 2005. Analyzing comorbidity. In Advances in Child Development and
Bebavior, ed. RV Kail, pp. 263-304. Oxford, UK: Elsevier

Perfetti CA, Beck I, Bell LC, Hughes C. 1987. Phonemic knowledge and learning to read are reciprocal: a
longitudinal study of first grade children. Mervill-Palmer Q. 33:283-319

Pinker S. 1991. Rules of language. Science 253:530-35

Plaut DC, Kello CT. 1999. The emergence of phonology from the interplay of speech comprehension and
production: a distributed connectionist approach. In The Emergence of Language, ed. B MacWhinney,
pp- 381-415. Hillsdale, NJ: Erlbaum

Plomin R, Kovas Y. 2005. Generalist genes and learning disabilities. Psychol. Buil. 131:592-617

Raitano NA, Pennington BF, Tunick RA, Boada R, Shriberg LD. 2004. Pre-literacy skills of subgroups of
children with speech sound disorders. 7. Child Psychol. Psychiatry 45:821-35

Ramus F. 2003. Developmental dyslexia: specific phonological deficit or general sensorimotor dysfunction?
Curr. Opin. Neurobiol. 13(2):212-18

Rhee SH, Hewitt JK, Lessem JM, Stallings MC, Corley RP, Neale MC. 2004. The validity of the Neale and
Kendler model-fitting approach in examining the etiology of comorbidity. Behav. Genet. 34:251-65

Rice ML, Wexler K. 1996. Toward tense as a clinical marker of specific language impairment in English-
speaking children. 7. Speech Hear. Res. 39:1239-57

Rutter M. 2006. Genes and Bebavior: Nature-Nurture Interplay Explained. Oxford, UK: Blackwell Sci.

Rutter M, Caspi A, Fergusson DM, Horwood L], Goodman R, et al. 2004. Gender differences in reading
difficulties: findings from four epidemiological studies. 7AMA 291:2007-12

Saffran JR, Aslin RN, Newport EL. 1996. Statistical learning by 8-month-old infants. Science 274:1926-28

Scarborough HS. 1990. Very early language deficits in dyslexic children. Child Dev. 61:1728-43

Scarborough HS, Dobrich W. 1990. Development of children with early language delay. 7. Speech Hear: Res.
33(1):70-83

Scarborough HS, Parker JD. 2003. Matthew effects in children with learning disabilities: development of
reading, IQ, and psychosocial problems from grade 2 to grade 8. Ann. Dyslexia 53:47-71

Serniclaes W, Van Heghe S, Mousty P, Carre R, Sprenger-Charolles L. 2004. Allophonic mode of speech
perception in dyslexia. 7. Exp. Child Psychol. 87:336-61

Shanahan M, Yerys B, Scott A, Willcutt E, DeFries JC, etal. 2006. Processing speed deficits in attention deficit
hyperactivity disorder and reading disability. 7. Abnorm. Child Psychol. 34(5):585-602

Shankweiler DP, Liberman IY, Mark LS, Fowler CA, Fischer FW. 1979. The speech code and learning to
read. 7. Exp. Psychol.: Hum. Learn. Memory 5:531-45

Shriberg LD, Tomblin JB, McSweeny JL. 1999. Prevalence of speech delay in 6-year-old children and comor-
bidity with language impairment. 7. Speech Lang. Hear: Res. 42:1461-81

www.annualreviews.org o Relations Among Speech, Language, and Reading Disorders

305



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF DENVER on 01/14/09. For personal use only.

306

Silva PA, Williams S, McGee R. 1987. A longitudinal study of children with developmental language delay at
age three: later intelligence, reading and behaviour problems. Dev. Med. Child Neurol. 29(5):630-40
Smith SD, Pennington BF, Boada R, Shriberg LD. 2005. Linkage of speech sound disorder to reading disability
loci. 7. Child Psychol. Psychiatry 46:1045-56

Snowling M, Bishop DV, Stothard SE. 2000. Is preschool language impairment a risk factor for dyslexia in
adolescence? 7. Child Psychol. Psychiatry 41:587-600

Stanovich KE. 1986. Matthew effects in reading: some consequences of individual differences in the acquisition
of literacy. Read. Res. Q. 21:360-406

Stein CM, Millard C, Kluge A, Miscimarra LE, Cartier KC, et al. 2006. Speech sound disorder influenced by
a locus in 15q14 region. Bebav. Genet. 36:858-68

Stein CM, Schick JH, Taylor H, Shriberg LD, Millard C, et al. 2004. Pleiotropic effects of a chromosome 3
locus on speech-sound disorder and reading. Am. J. Hum. Genet. 74:283-97

Swan D, Goswami U. 1997a. Phonological awareness deficits in developmental dyslexia and the phonological
representations hypothesis. 7. Exp. Child Psychol. 66:18-41

Swan D, Goswami U. 1997b. Picture naming deficits in developmental dyslexia: the phonological represen-
tations hypothesis. Brain Lang. 56:334-53

Tallal P. 1980. Auditory temporal perception, phonics, and reading disabilities in children. Brain Lang. 9:182—
98

Tallal P. 2004. Improving language and literacy is a matter of time. Nat. Rev. Neurosci. 5:721-28

Tallal P, Piercy M. 1973. Developmental aphasia: impaired rate of nonverbal processing as a function of
sensory modality. Neuropsychologia 11:389-98

Tiu RD Jr, Wadsworth SJ, Olson RK, DeFries JC. 2004. Causal models of reading disability: a twin study.
Twin Res. 7:275-83

Tomblin JB, Hardy JC, Hein HA. 1991. Predicting poor-communication status in preschool children using
risk factors present at birth. 7. Speech Hear. Res. 34(5):1096-105

Tomblin JB, Records NL, Buckwalter P, Zhang X, Smith E, O’Brien M. 1997. Prevalence of specific language
impairment in kindergarten children. 7. Speech Lang. Hear: Res. 40(6):1245-60

Treiman R, Pennington BF, Shriberg LD, Boada R. 2008. Which children benefit from letter names in learning
letter sounds? Cognition 106(3):1322-38

Ullman MT, Pierpont EIL. 2005. Specific language impairment is not specific to language: the procedural
deficit hypothesis. Cortex 41:399-433

van der Lely HK. 1994. Canonical linking rules: forward versus reverse linking in normally developing and
specifically language-impaired children. Cognition 51:29-72

Viding E, Spinath FM, Price TS, Bishop DV, Dale PS, Plomin R. 2004. Genetic and environmental influ-
ence on language impairment in 4-year-old same-sex and opposite-sex twins. 7. Child Psychol. Psychiatry
45:315-25

Wagner RK, Torgesen JK, Rashotte CA. 1994. Development of reading-related phonological processing
abilities: new evidence of bidirectional causality from a latent variable longitudinal study. Dev. Psychol.
30:73-87

Westermann G, Miranda ER. 2004. A new model of sensorimotor coupling in the development of speech.
Brain Lang. 89:393-400

Pennington o Bishop



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF DENVER on 01/14/09. For personal use only

Contents

Prefatory

Emotion Theory and Research: Highlights, Unanswered Questions,
and Emerging Issues
Carroll E. Izard ......... ... ... ... 1

Concepts and Categories

Concepts and Categories: A Cognitive Neuropsychological Perspective
Bradford Z. Mabon and Alfonso Caramazza ...............................cccciiiii.. 27

Judgment and Decision Making

Mindful Judgment and Decision Making
Elke U. Weber and Eric J. Fobnson ...............c.cccioiiiiiiiiiiiiiiiiii, 53

Comparative Psychology

Comparative Social Cognition
Nathan . Emery and Nicola S. Clayton .......................cciiiiiii, 87

Development: Learning, Cognition, and Perception

Learning from Others: Children’s Construction of Concepts
Susan A. Gelman .................. .. ... 115

Early and Middle Childhood

Social Withdrawal in Childhood
Kenneth H. Rubin, Robert 7. Coplan, and Julie C. Bowker ............................... 141

Adulthood and Aging

The Adaptive Brain: Aging and Neurocognitive Scaffolding
Denise C. Park and Patricia Reuter-Lorenz ..........................ccciiiiiii, 173

Substance Abuse Disorders

A Tale of Two Systems: Co-Occurring Mental Health and Substance
Abuse Disorders Treatment for Adolescents
Elizabeth H. Hawkins .......... ..., 197

i
Annual Review of

Psychology

Volume 60, 2009

vii



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF DENVER on 01/14/09. For personal use only

viil

Therapy for Specific Problems
Therapy for Specific Problems: Youth Tobacco Cessation

Susan J. Curry, Robin 7. Mermelstein, and Amy K. Sporer .........................

Adult Clinical Neuropsychology

Neuropsychological Assessment of Dementia

David P. Salmon and Mark W. Bondi ......... ... . . ...

Child Clinical Neuropsychology
Relations Among Speech, Language, and Reading Disorders

Bruce F. Pennington and Dorothy V.M. Bishop ...........................ococ.

Attitude Structure

Political Ideology: Its Structure, Functions, and Elective Affinities

Jobn T Fost, Christopher M. Federico, and faime L. Napier ........................

Intergroup relations, stigma, stereotyping, prejudice, discrimination

Prejudice Reduction: What Works? A Review and Assessment
of Research and Practice

Elizabeth Levy Paluck and Donald P. Green ..........................cccccciae.

Cultural Influences

Personality: The Universal and the Culturally Specific

Steven F. Heine and Emma E. Buchtel ..............................................

Community Psychology

Community Psychology: Individuals and Interventions in Community
Context

Edison J. Trickett ...

Leadership

Leadership: Current Theories, Research, and Future Directions

Bruce 7. Avolio, Fred O. Walumbwa, and Todd J. Weber ............................

Training and Development

Benefits of Training and Development for Individuals and Teams,
Organizations, and Society

Herman Aguinis and Kurt Kraiger ........................ccccciiiiiiii.

Marketing and Consumer Behavior

Conceptual Consumption

Dan Ariely and Michael 1. Novton ...................c.cccoiiiiiiiiiii

Contents



Annu. Rev. Psychol. 2009.60:283-306. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF DENVER on 01/14/09. For personal use only

Psychobiological Mechanisms

Health Psychology: Developing Biologically Plausible Models Linking
the Social World and Physical Health
Gregory E. Miller; Edith Chen, and Steve Cole ........................ccccciiiii.. 501

Health and Social Systems

The Case for Cultural Competency in Psychotherapeutic Interventions

Stanley Sue, Nolan Zane, Gordon C. Nagayama Hall, and Lauren K. Berger.......... 525
Research Methodology
Missing Data Analysis: Making It Work in the Real World

Jobn W Grabam ...t 549

Psychometrics: Analysis of Latent Variables and Hypothetical Constructs

Latent Variable Modeling of Differences and Changes with
Longitudinal Data
Jobn F. McArdle ... ... . 577

Evaluation

The Renaissance of Field Experimentation in Evaluating Interventions

William R. Shadish and Thomas D. Cook ..............................ccciiiiiiiin . 607
Timely Topics
Adolescent Romantic Relationships

W. Andrew Collins, Deborab P. Welsh, and Wyndol Furman ............................ 631
Imitation, Empathy, and Mirror Neurons

Marco Tacobomi ... 653
Predicting Workplace Aggression and Violence

Fulian Barling, Kathryne E. Dupreé, and E. Kevin Kelloway ............................. 671
The Social Brain: Neural Basis of Social Knowledge

Ralph Adolphs .......... .. 693
Workplace Victimization: Aggression from the Target’s Perspective

Karl Aquino and Stefan Tham .........................iiiiiiiiiii 717
Indexes
Cumulative Index of Contributing Authors, Volumes 50-60 ........................... 743
Cumulative Index of Chapter Titles, Volumes 5060 ................................... 748
Errata

An online log of corrections to Annual Review of Psychology articles may be found at
http://psych.annualreviews.org/errata.shtml

Contents

24



	Annual Reviews Online
	Search Annual Reviews Online
	Annual Review of Psychology Online
	Most Downloaded Psychology Reviews
	Most Cited Psychology Reviews
	Annual Review of Psychology Errata
	View Current Editorial Committee

	All Articles in the Annual Review of Psychology, Vol. 60
	Emotion Theory and Research: Highlights, Unanswered Questions, and Emerging Issues
	Concepts and Categories: A Cognitive Neuropsychological Perspective
	Mindful Judgment and Decision Making
	Comparative Social Cognition
	Learning from Others: Children’s Construction of Concepts
	Social Withdrawal in Childhood
	The Adaptive Brain: Aging and Neurocognitive Scaffolding
	A Tale of Two Systems: Co-Occurring Mental Health and Substance Abuse Disorders Treatment for Adolescents
	Therapy for Specific Problems: Youth Tobacco Cessation
	Neuropsychological Assessment of Dementia
	Relations Among Speech, Language, and Reading Disorders
	Political Ideology: Its Structure, Functions, and Elective Affinities
	Prejudice Reduction: What Works? A Review and Assessment of Research and Practice
	Personality: The Universal and the Culturally Specific
	Community Psychology: Individuals and Interventions in Community Context
	Leadership: Current Theories, Research, and Future Directions
	Benefits of Training and Development for Individuals and Teams, Organizations, and Society
	Conceptual Consumption
	Health Psychology: Developing Biologically Plausible Models Linking the Social World and Physical Health
	The Case for Cultural Competency in Psychotherapeutic Interventions
	Missing Data Analysis: Making It Work in the Real World
	Latent Variable Modeling of Differences and Changes with Longitudinal Data
	The Renaissance of Field Experimentation in Evaluating Interventions
	Adolescent Romantic Relationships
	Imitation, Empathy, and Mirror Neurons
	Predicting Workplace Aggression and Violence
	The Social Brain: Neural Basis of Social Knowledge
	Workplace Victimization: Aggression from the Target’s Perspective




