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Abstract

Purpose—The relationship between phonological awareness, overall language, vocabulary, and
nonlinguistic cognitive skills to decoding and reading comprehension was examined for students
at 3 stages of literacy development (i.e., early elementary school, middle school, and high school).
Students with histories of speech sound disorders (SSD) with and without language impairment
(L1) were compared to students without histories of SSD or LI (typical language; TL).

Method—In a cross-sectional design, students ages 7;0 (years; months) to 17;9 completed tests
that measured reading, language, and nonlinguistic cognitive skills.

Results—For the TL group, phonological awareness predicted decoding at early elementary
school, and overall language predicted reading comprehension at early elementary school and both
decoding and reading comprehension at middle school and high school. For the SSD-only group,
vocabulary predicted both decoding and reading comprehension at early elementary school, and
overall language predicted both decoding and reading comprehension at middle school and
decoding at high school. For the SSD and LI group, overall language predicted decoding at all 3
literacy stages and reading comprehension at early elementary school and middle school, and
vocabulary predicted reading comprehension at high school.

Conclusion—Although similar skills contribute to reading across the age span, the relative

importance of these skills changes with children’s literacy stages.
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Speech-language pathologists (SLPs) have become increasingly involved in the prevention
and remediation of reading disorders (RD) due to the link between RD and oral language
skills (Catts, Fey, Zhang, & Tomblin, 2001; Fallon & Katz, 2011). It is well established that
students with language impairment (LI) are at risk for RD (Bishop & Adams, 1990; Raitano,
Pennington, Tunick, Boada, & Shriberg, 2004; Snowling, Bishop, & Stothard, 2000).
Studies have also suggested that students with speech sound disorders (SSD) are at risk for
RD (Foy & Mann, 2012; Lewis, Freebairn, & Taylor, 2000; Peterson, Pennington, Shriberg,
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& Boada, 2009). However, there is little information concerning the developmental factors
that predict reading ability at different ages and the impact of SSD on reading skills at
various ages. The purpose of the present study was to determine which linguistic and
nonlinguistic cognitive factors are related to reading skills for students with a history of SSD
only, students with SSD and LI, and students with no history of SSD at three stages of
literacy development.

Stages of Literacy Development

Decoding

Stage theories have commonly been used to describe the process of literacy development,
although the required number of stages needed to attain proficiency in reading differs
according to the theorist. Chall’s (1983) stages of reading development describe how
reading develops across the life span. According to Chall, pre-reading, or Stage 0 (ages birth
to 6 years and prior to first grade), refers to emergent literacy during which students are
exposed to print, learn graphemes, and memaorize labels and signs in the environment. The
decoding stage, or Stage 1 (ages 6 to 7 years; first grade and the beginning of second grade),
includes the development of letter-sound correspondence rules and use of the alphabetic
principle. The next stage, confirmation and fluency, or Stage 2 (ages 7-9 years; second and
third grades), involves fluency and speed. The child now uses familiar context and semantic
knowledge along with decoding skills to identify unfamiliar words and gain fluency and
speed. Phonological awareness may predict reading fluency at this stage. Learning the new,
or Stage 3 (ages 10-12 years; fourth through eighth grades), incorporates the transition from
learning to read to reading to learn. In this stage, students are able to use reading as a tool
for learning new information. According to Chall, there is a growing importance of word
meaning and prior knowledge in Stage 3. A student’s vocabulary may be predictive of
reading in Stage 3. Multiple viewpoints, or Stage 4 (ages 14-18 years; ninth through 12th
grades), describes the refining of students’ reading skills as students become able to read and
comprehend complex information. Complex language skills are required to understand
multiple viewpoints and increased depth of material. Overall language may predict reading
at Stage 4. Finally, construction and reconstruction, or Stage 5 (college and beyond),
describes the attainment of adult reading skills. The ability to master these five stages of
literacy development depends on individual and environmental factors, including education,
home, and community influences (Chall, 1987). In the current study, we examined the
prediction of reading skills in students who represent Chall’s Stages 2, 3, and 4 based on
their ages. We chose to focus on these stages because they span the school-age years that are
a period of rapid literacy and cognitive growth. Further, different predictor variables are
hypothesized for each literacy age group based on the focus of each stage.

and Reading Comprehension

In our study, we examined predictors of two components of reading: decoding and reading
comprehension. One popular theory of reading development, known as the simple view of
reading, divides reading into two processes: decoding and linguistic comprehension (Hoover
& Gough, 1990). Decoding refers to the process of translating printed words into sounds,
whereas linguistic comprehension refers to the process of extracting meaning from lexical
information, sentences, and discourse (Gough & Tunmer, 1986; Kamhi & Catts, 2012).
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Decoding targets a specific set of skills such as letter recognition, phoneme awareness,
alphabetic knowledge, and word-level reading (Kamhi, 2012). In addition to linguistic skill
in decoding, vocabulary, morphosyntax, syntactic parsing, and social communication,
linguistic comprehension requires higher level thinking and reasoning processes, including
integrating background knowledge, synthesizing, problem solving, and interpretation (Catts,
2009; Kamhi & Catts, 2012; Paris, 2005; Perfetti, 1985).

If a student is an accurate but slow decoder, he or she might use cognitive resources needed
for reading comprehension to decode text, resulting in a bottleneck that may negatively
influence his or her reading comprehension (Shankweiler et al., 1999). The reliance of
reading comprehension on accurate and rapid decoding may confound the assessment of
reading comprehension. Although decoding is mastered early in literacy development,
reading comprehension continues to develop into adulthood. In the current study, we
examined the predictors of decoding and reading comprehension at three stages of literacy
development (i.e., early elementary school, middle school, and high school). Given the
different skills that contribute to decoding versus reading comprehension, we expected that
the predictors of each would differ, and that as literacy develops across the school-age years,
the relative importance of these predictors would change. This view is supported by Paris
(2005), who argued that some skills, such as decoding, are acquired in a brief period of time
(constrained), whereas others, such as reading comprehension, have a protracted
development (unconstrained).

Predictors of Reading

Many researchers have examined predictors of reading ability (Al Otaiba & Fuchs, 2006;
Apel & Lawrence, 2011; Bird, Bishop, & Freeman, 1995; Catts et al., 2001; Fletcher et al.,
2002). The focus of these studies has been primarily on the prediction of early reading skills,
with few studies extending into the later school-age years and beyond (Scarborough, 1989,
2005; Schatschneider, Fletcher, Francis, Carlson, & Foorman, 2004). Al Otaiba and Fuchs
(2006) examined indicators of poor response to literacy intervention, including phonological
awareness, verbal memory, rapid naming, vocabulary, verbal ability, 1Q, attention or
behavior problems, orthographic awareness, and socioeconomic status (SES). In the present
study, we chose to focus on phonological awareness, overall language, vocabulary, and
nonlinguistic cognitive skills as assessed by performance 1Q (P1Q) as predictors of decoding
and reading comprehension because these variables relate to Chall’s (1983, 1987) stages of
reading development and may differentially predict each literacy group.

Phonological awareness—One of the most commonly examined skills used to predict
early reading skills is phonological awareness (Catts, Fey, Zhang, & Tomblin, 1999; Justice,
Bowles, & Skibbe, 2006; Nathan, Stackhouse, Goulandris, & Snowling, 2004; Scarborough,
1989; Webster, Plante, & Couvillion, 1997). Phonological awareness has been demonstrated
to best predict reading comprehension in first and second grades, but at third and fourth
grades, oral language skills such as vocabulary and narrative comprehension were found to
be the strongest predictors (Storch & Whitehurst, 2002). The decreasing role of
phonological awareness as children develop is supported by Hogan, Catts, and Little (2005),
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who found that in second grade, phonological awareness skills predicted word reading, but
by fourth grade, the reverse was true: Word reading predicted phonological awareness skills.

Phonological awareness may play a bigger role in reading competence when reading skills
are first emerging, but after students learn to read, reading skills influence phonological
awareness skills (Hogan et al., 2005). However, the view that early reading skills are
predicted by phonological awareness and later reading skills by other linguistic and
cognitive skills may be too simplistic. Some studies have documented the continued
importance of phonological awareness skills throughout elementary and middle school
(Roman, Kirby, Parrila, Wade-Wooley, & Deacon, 2009). More skilled readers may
continue to use phonological awareness skills to access low-frequency words. However,
phoneme awareness skills may best predict literacy at early elementary school, Chall’s Stage
2 (1983).

Overall language—Overall language may provide support for decoding as well as reading
comprehension. One skill, morphological awareness, may assist in the identification of
unknown words in text and improve decoding speed as “chunks” of words rather than single
letters are identified (Al Otaiba, Kosanovich, & Torgesen, 2012). Skill in understanding
syntactic structure may also aid in the decoding of words as it allows the student to guess the
word from the context. Grammatical morphemes, function words, and syntactic structure all
provide cues for sentence comprehension (Catts, 1993; Kamhi & Catts, 2012; Nation &
Snowling, 2004). Both expressive language (Lombardino, Riccio, Hynd, & Pinheiro, 1997)
and conversational language skills in children with L1 (DeThorne, Petrill, Schatschneider, &
Cutting, 2010) have been found to predict reading comprehension. These and other studies
confirm that overall language predicts reading skills, and in particular, reading
comprehension, in both typical students and students with SSD, LI, and/or RD. However,
what is not as well documented is how these component language skills differentially impact
reading across the developmental trajectory. Language skills are thought to account for more
of the variance in older readers than in younger readers as the complexity of text increases
(Catts, Hogan, & Fey, 2003).

Vocabulary—Expressive and receptive vocabulary skills are also predictive of decoding
and reading comprehension. VVocabulary can assist in the decoding of unknown words by the
making of analogies to known words (Al Otaiba et al., 2012). Nation and Snowling (2004)
studied students ages 8;4 (years; months) to 13.0 and found that their oral language skills
contributed to their vocabulary development as well as their reading comprehension
abilities. In a longitudinal study of Dutch children from first through sixth grade, vocabulary
skills combined with listening comprehension skills influenced students’ ability to create
models of text during reading comprehension, with first-grade skills being highly predictive
of later reading competence (Verhoeven & Van Leeuwe, 2008). Vocabulary skills may be
predictive of reading at middle school, Chall’s Stage 3, when, according to Chall (1983),
students are achieving reading fluency and speed.

Nonlinguistic cognitive skills—Nonlinguistic cognitive skills such as those assessed by
a P1Q test may influence literacy development, especially reading comprehension (Fuchs &
Young, 2006 ). These nonlinguistic cognitive skills may include working memory, executive
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function, processing speed, inhibition, and attention. Studies of children with SSD and LI
have reported that children with low P1Q have poorer literacy outcomes than children with
normal P1Q (Bishop & Adams, 1990; Catts, Fey, Tomblin, & Zhang, 2002; Peterson et al.,
2009). However, children with LI also may have lower 1Qs when compared to children
without LI (Catts et al., 1999; Fletcher et al., 2002). The relationships among 1Q, language,
and literacy are not clear. Although poor language skills may influence literacy
development, non-linguistic cognitive skills associated with literacy development may also
influence language skills. Most studies have assessed full-scale 1Q, and therefore are
confounded by the verbal component of 1Q measures (Fletcher et al., 2002).

The shift in the type of reading material from narrative in early elementary school to
expository in middle school and high school may account for some differences reported in
the cognitive skills employed in reading (Nippold, 2007). Older students rely on a variety of
skills, including oral language, working memory, executive function, and processing speed,
to read efficiently. Reading comprehension is not simply remembering the content of text
but combining it with past knowledge to form a durable representation of the information
(Catts, 2009). These higher level nonlinguistic cognitive skills needed to comprehend
complex written text may be related to overall intelligence and may predict reading at high
school, Chall’s Stage 4 (1983).

Phonological awareness, overall language, vocabulary, and PIQ have been shown to predict
decoding and reading comprehension in both typical students and students with LI and RD.
However, few studies have examined how these predictors impact students with SSD.
Further, students with SSD are a heterogeneous group, with some students presenting with
comorbid LI and RD. The following section summarizes the literature on reading skills and
students with SSD.

Reading Skills and Students With SSD

Some students with SSD demonstrate phonological processing deficits that may involve
phonological awareness, phonological memory, rapid automatized naming, and
phonological production (Kamhi & Catts, 2012). These students may have difficulty
forming the phonological representations needed to acquire the speech sound system for
spoken language and later for decoding (Lewis, Avrich, Freebairn, Hansen, et al., 2011).
Phonological processing deficits may account for poor phonological awareness skills, poor
verbal short-term memory, and slow lexical retrieval, which are all necessary for the
development of strong literacy skills (Wagner & Torgesen, 1987). Ramus and Szenkovits
(2009) offered two possibilities to explain the relationship of SSD to reading. First,
phonological representations may be degraded, fuzzy, and underspecified, which results in a
loss of some phonetic features before they are compared or repeated, resulting in poor
decoding skills. An alternative explanation is that phonological representations of students
with SSD are intact and phonetic features are correctly encoded, but short-term memory
processes are limited (Ramus & Szenkovits, 2009). According to Baddeley’s model of
working memory (Gathercole & Baddeley, 1990), deficits in phonological short-term
memory may interfere with the transfer of information into working memory that is
necessary for both listening and reading comprehension.
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Studies of reading ability in children with SSD indicate that only a subset of these children
have reading difficulties. Peterson and colleagues (2009) reported RD in only 22% of
children with SSD at 7-9 years of age, although many students with SSD but without RD
had deficient phonological skills. Anthony et al. (2011) found that students with SSD scored
less well than their peers with normal language skills on measures of both phonological
awareness and single-word reading. Anthony et al. proposed that a phonological core deficit
characterized by the quality and accessibility of phonological representations may explain
these findings. There is some evidence to suggest that students with non-developmental
phonological process errors are more at risk for RD than students who follow a typical
developmental trajectory (Foy & Mann, 2012; Leitdo & Fletcher, 2004). Nondevelopmental
phonological processes are those that are not observed in the speech of typical younger
students, including the use of nonnative language phonemes and sound preferences. Students
who employ nondevelopmental phonological processes are considered to have a breakdown
in speech processing rather than more global language deficits and may present with
decoding difficulties (Leitdo & Fletcher, 2004). However, contrary to this explanation, our
previous studies have indicated that comorbid LI rather than SSD only places a student at
risk for reading disability (Lewis et al., 2000). Studies to date have only examined children
with SSD in early elementary school and have not examined older children with a history of
SSD. In the present study, we examined students with SSD in three literacy stages.

The present study extends the work of previous research in several ways. First, the present
study examined the impact of SSD on literacy acquisition. There is a growing body of
research that indicates that students with SSD are at risk for literacy difficulties due to poor
phonological skills (Lewis, Avrich, Freebairn, Taylor, et al., 2011; Ramus & Szenkovits,
2009; Webster et al., 1997). It is not known, however, whether or not students with early
SSD follow a similar developmental trajectory in literacy acquisition as typical students
without a history of SSD or LI. Second, the current study examined the effect of comorbid
LI with SSD on literacy acquisition. Finally, our study examined predictors of literacy in
older students. Some studies have suggested that the linguistic skills essential to proficient
reading change as literacy skills are acquired (Hogan et al., 2005; Storch & Whitehurst,
2002), whereas other studies have suggested that certain linguistic skills, such as
phonological awareness, are used by all readers (Roman et al., 2009). The purpose of the
present study was to determine which linguistic and nonlinguistic cognitive skills are related
to decoding and reading comprehension at different ages for typical students with no history
of SSD and for students with a history of early SSD only or students with SSD and L.

Two research questions were addressed.

»  For students with typically developing language, what linguistic skills
(phonological awareness, overall language, vocabulary) and/or nonlinguistic
cognitive skills (P1Q) predict reading (decoding and reading comprehension) at
three stages of literacy development (i.e., early elementary school, middle school,
high school)? Based on the literature reviewed earlier (Foster & Miller, 2007;
Scarborough, 2005; Storch & Whitehurst, 2002), we hypothesized that different
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linguistic and non-linguistic cognitive skills would predict reading outcomes at
each of the three literacy stages. Specifically, we anticipated that the skills most
closely related to reading ability would be phonological awareness for the early
elementary school literacy group (Chall’s Stage 2; 1983), vocabulary for the middle
school group (Chall’s Stage 3; 1983), and overall language and nonlinguistic
cognitive skills for the high school group (Chall’s Stage 4; 1983).

*  Would the pattern of these associations differ for students with SSD only and
students with SSD and LI? For students with SSD only, we hypothesized that the
predictors of reading for students with early SSD would change with age in the
same way as for students with typically developing language, although students
with SSD may be delayed in achieving mature reading skills. For students with
combined SSD and LI, we hypothesized a different pattern of association, with the
poorer language skills of this group predicting both decoding and reading
comprehension.

Method

Participants

The participants were enrolled in an ongoing longitudinal family study of the genetics of
SSD (see Lewis & Freebairn, 1998; Lewis et al., 2006; Sices, Taylor, Freebairn, Hansen, &
Lewis, 2007). Test data for the present study were drawn from the longitudinal database.
Families were recruited through a proband child who was enrolled in speech and language
therapy for SSD in early childhood (ages 3—6 years). The proband child was diagnosed with
moderate to severe SSD, as determined by a score <10th percentile on the Sounds in Words
subtest of the Goldman-Fristoe Test of Articulation (GFTA; Goldman & Fristoe, 1986) and
production of three or more types of phonological errors on the Khan-Lewis Phonological
Analysis (KLPA; Khan & Lewis, 1986). Two hundred thirty-four families participated in the
current study.

All available siblings of the probands were also enrolled in the study and received the same
test battery as the probands. Probands and siblings were required to meet the following
criteria: (a) Standard American English as their first language; (b) normal hearing, as
defined by passing a pure-tone hearing screening at 25 dB HL and <6 episodes of otitis
media before the age of 3; (c) a normal oral mechanism, as defined by the Oral and Speech
Motor Control Protocol (Robbins & Klee, 1987); (d) a PIQ =80 on the Wechsler Preschool
and Primary Scale of Intelligence—Revised (WPPSI-R; Wechsler, 1989); and (e) no history
of neurological or developmental disorders according to parent report. A total of 461
students (probands and siblings) met the criteria and participated in the study.

Participants were grouped by literacy level. A total of 170 participants were in Chall’s Stage
2 (ages 7;0-8;11) and will hereafter be referred to as the early elementary school group. A
total of 196 participants were in Chall’s Stage 3 (ages 10;1-12;11) and will hereafter be
referred to as the middle school group. A total of 95 participants were in Chall’s Stage 4
(ages 14;0-17;11) and will hereafter be referred to as the high school group.
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Within each literacy group (i.e., early elementary school, middle school, and high school),
there were three clinical groups, including students with a history of SSD without comorbid
LI (SSD only), students with a history of SSD and LI (SSD+L1I), and students with no
history of SSD or LI (typical language; TL). Students who were currently enrolled in or had
a history of receiving therapy for SSD comprised the SSD group. Participants in the SSD
group had been diagnosed with moderate to severe SSD at ages 3-6 years. The SSD group
was divided into two groups based on whether or not the child had comorbid LI (SSD-only
and SSD+LI groups). Comorbid LI was determined by Tomblin and colleagues’ (1997)
criterion of a score >1.25 s below the mean on two subtests of the Clinical Evaluation of
Language Fundamentals, Third Edition (CELF-3; Semel, Wiig, & Secord, 1995). The TL
group consisted of siblings who did not meet the criteria for SSD or L1I.

Parents were asked to complete a history questionnaire on each child, and the family’s SES
was rated on the Hollingshead Four Factor Index of Social Class (Hollingshead, 1975).
Ratings ranged from 1 to 5, with 1 representing low SES and 5 representing high SES.
Detailed demographic data for each of the literacy and clinical groups are presented in Table
1.

Linguistic and Nonlinguistic Cognitive Measures

Speech sound development: The GFTA was administered to determine the presence of
speech sound errors. The GFTA uses 35 picture plates and 44 target words to elicit
consonants in the initial, medial, and final position of words as well as 12 consonant clusters
(blends) in the initial position. Responses were audio recorded, phonetically transcribed, and
plotted on the consonant error matrix. Age-adjusted percentile scores are reported in Table
1.

Phonological awareness: The Elision subtest of the Comprehensive Test of Phonological
Processing (CTOPP; Wagner, Torgesen, & Rashotte, 1999) was used to assess the
participants’ phonological awareness. Z scores were used in the analyses.

Overall language: The CELF-3 was used to assess the participants’ receptive and
expressive language skills. The CELF-3 measures syntax, morphology, and semantics. The
total language standard scores were used in the analyses.

Vocabulary: The Peabody Picture Vocabulary Test—Third Edition (PPVT-III; Dunn &
Dunn, 1997) and the Expressive One Word Picture Vocabulary Test, Revised (EOWPVT-R;
Gardner, 1990) were used to assess the participants’ receptive and expressive vocabulary
skills, respectively. Because the PPVT-I11 and EOWPVT-R scores were highly correlated (r
= 0.634. p <.0001), these scores were converted to z scores and were combined into a single
factor score based on our previous factor analysis (Lewis, Avrich, Freebairn, Hansen, et al.,
2011; Stein et al., 2004). This reduced the number of variables in the analyses.

P1Q: The Wechsler Intelligence Scale for Children, Third Edition (WISC-III; Wechsler,
1991) or the Wechsler Adult Intelligence Scale—Revised (WAIS-R; Wechsler, 1981) was
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used to assess the participants’ PIQ depending on the age of the participant. The subtests of
the WISC-III are Picture Completion, Coding, Picture Arrangement, Block Design, and
Object Assembly. The WAIS-R also includes Picture Completion, Picture Arrangement,
Block Design, and Object Assembly as well as Digit Symbol, which is similar to the Coding
subtest of the WISC-III. These tests measure nonlinguistic cognitive skills such as problem
solving, spatial perception, working memory, and visual-motor coordination. Subtest scores
were combined to form a PIQ score that was used in the analyses.

Reading Outcome Measures

Word-level reading: The Word Identification (WI) and Word Attack (WA) subtests of the
Woodcock Reading Mastery Tests—Revised (WRMT-R; Woodcock, 1987) were used to
assess the participants’ decoding of real and nonsense words (nonwords). The reading of
real words (WI) may use phonological decoding skills as well as sight vocabulary. Nonword
decoding (WA) presumably taps phonological skills because nonwords are novel to the
reader and are not in his or her sight vocabulary. Standard scores were used in the analyses.

Reading comprehension: The Reading Comprehension subtest of the Wechsler Individual
Achievement Test (WIAT; Wechsler, 1992) was used to assess the participants’
comprehension of written passages. Standard scores were used in the data analyses.

The participants were tested individually in two sessions. Tests were administered and
scored by two licensed SLPs according to the instructions in the test manuals. Testing was
carried out in a speech research laboratory at Case Western Reserve University or, at the
parent’s request, in a quiet and adequately lit room in the family’s home. The speech
productions from the GFTA were audio recorded. Responses were initially transcribed
online using phonetic transcription. Ten percent of the responses were transcribed by a
second SLP. Interrater reliability was >90%. The present study was approved by the Human
Subjects Committee of University Hospitals Case Medical Center of Cleveland, OH.
Informed consent was obtained from parents, and assent was obtained from participants
prior to testing.

Design and Analyses

Using a cross-sectional design, an analysis of variance (ANOVA) was conducted to compare
the TL, SSD-only, and SSD+LI groups on the predictor (Table 2) and reading outcome
measures (Table 3) at each of the three literacy stages. To examine the influence of the
predictor variables on the reading outcome measures, we conducted linear regressions.
Regressions were conducted in a backward-stepwise fashion such that all variables were in
the starting model, and variables were taken out one at a time, starting with the highest p
values. At each iteration, the R? values were checked to make sure the highest possible R
value was used with the lowest p values for each variable in the model. The final models
included only significant variables (p < 0.05). Age, gender, and SES were employed as
covariates in the analyses. Regression analyses were conducted for each group (TL, SSD
only, and SSD+LI) within each of the three literacy stages (early elementary school, middle
school, and high school). The results of the regression analyses are presented in Table 4.
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In the present study, we examined whether the measures varied by literacy group (n = 3) and
by clinical group (n = 3). Thus, to account for multiple testing, we corrected for six groups
of statistical tests. For an overall a = 0.05, statistical significance could be declared at a* =
0.05/6 = 0.0083.

Participant Demographics

Demographics for the early elementary school, middle school, and high school literacy
groups are presented in Table 1. The early elementary literacy group consisted of 170
students between the ages of 7;0 and 8;9. At early elementary school age, there were more
males than females in both groups with SSD, ¥2(2, 169) = 25.68, p < .001. All three early
elementary groups (TL, SSD only, SSD+LI) differed on their scores on the GFTA, with the
SSD+LI group scoring most poorly, followed by the SSD-only group, F(2, 161) = 26.86, p <
0.001. The SSD+LI group reported a lower SES than the TL group or the SSD-only group,
x2(8, 162) = 28.37, p = .001. As seen by the range of scores in the TL group, two students
scored below the 50th percentile on the GFTA.

The middle school literacy group consisted of 196 students between the ages of 10;0 and
12;9. The middle school TL group and SSD-only group were older than the SSD+LI group,
F(2, 195) = 4.85, p =.009. There were more males than females in the middle school SSD
+LI group compared to the TL group, x2(2, 195) = 11.61, p = .003. The middle school TL
group also differed from the SSD-only and SSD+ LI groups on SES, x2(8, 189) = 23.06, p
=.003. The middle school TL and SSD-only groups scored higher on the GFTA than the
SSD+LI group, F(2, 152) = 10.96, p < .001. Four students in the TL group scored below the
50th percentile on the GFTA.

The high school literacy group consisted of 95 students between the ages of 14;0 and 17;9.
No significant differences were observed in age, gender, SES, or GFTA scores for the high
school literacy group. However, at high school, 25% of the students in the SSD-only group
and 29% of the students in the SSD+LI group made errors on the GFTA; no errors were
observed for students in the TL group.

Group Comparisons on Measures

As shown in Table 2, significant group differences were observed on all of the predictor
measures at the p < 0.001 significance level. The SSD+LI group performed significantly
more poorly than the TL or SSD-only groups in all three literacy stages. No significant
differences were found between the TL and SSD-only groups.

As shown in Table 3, significant group differences were observed on all of the reading
outcome measures at the p < 0.001 significance level. The SSD+LI group performed more
poorly than the TL or SSD-only groups in all three literacy stages. At middle school, the TL
group performed significantly better than the SSD-only and SSD+LI groups on reading
comprehension. However, none of the group means was 1 SD below the test mean,
suggesting that these differences were not indicative of reading disability.
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Regression Analyses

TL group: At early elementary school, performance on the phonological awareness
measure accounted for 30.4% of the variance in the decoding of nonwords, and performance
on the phonological awareness and vocabulary measures accounted for 41.4% of the
variance in the decoding of real words. The overall language and vocabulary measures
accounted for 48.6% of the variance in reading comprehension. At middle school,
performance on the overall language measure accounted for 15.5% of the variance in
nonword decoding and 36.0% in real word decoding, and performance on the vocabulary
measure accounted for 44.5% of the variance in reading comprehension. At high school, no
predictors reached significance for nonword decoding, and performance on the vocabulary
measure accounted for 39.4% of the variance in real word decoding. The overall language
measure accounted for 29.3% of the variance in reading comprehension. A summary of the
data obtained from the regression analyses for TL students is presented in Table 4.

SSD-only group: At early elementary school, performance on the vocabulary measure
accounted for 12.1% of the variance in nonword decoding, 9.8% of the variance in real word
decoding, and 20.6% of the variance in reading comprehension. At middle school,
performance on the overall language measure accounted for some of the variance in all of
the reading skills (23.7 % of the variance in nonword decoding, 33.9% in the variance in real
word decoding, and 39.0% of the variance in reading comprehension). At high school,
performance on the overall language measure accounted for 23.2% of the variance in
nonword decoding, and vocabulary accounted for 43.6 % of the variance in real word
decoding. No significant predictors of reading comprehension were found for high school
students with a history of SSD only.

SSD+LI group: At early elementary school, performance on the overall language measure
accounted for 29.1% of the variance in nonword decoding, 45.1% of the variance in real
word decoding, and 60.5% of the variance in reading comprehension. At middle school,
performance on the overall language and phonological awareness measures accounted for
36.4% of the variance in nonword decoding and 39.1% of the variance in real word
decoding. Performance on the overall language measure also explained 55.3% of the
variance in reading comprehension. At high school, performance on the overall language
measure accounted for 42.5% of the variance in nonword decoding and 55.5% of the
variance in real word decoding, and performance on the vocabulary measure accounted for
63.8% of the variance in reading comprehension.

Discussion

The present study addressed two research questions. First, what linguistic and/or
nonlinguistic cognitive skills of students with typically developing language predict reading
(decoding and reading comprehension) at three stages during literacy development: early
elementary school (Chall’s Stage 2), middle school (Chall’s Stage 3), and high school
(Chall’s Stage 4)? Second, would the pattern of these associations differ for students with
SSD only and SSD and LI? Predictors included measures that were reported in the literature
to be related to literacy skills: phonological awareness, overall language, vocabulary, and
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nonlinguistic cognitive skills (P1Q). Outcome measures were decoding and reading
comprehension. Our findings are somewhat consistent with the simple view of reading as
predictors of decoding and reading comprehension differed for children with typical speech
and language skills at early elementary school. At middle school and high school,
unconstrained linguistic skills such as overall language and vocabulary predicted both
decoding and reading comprehension. Our findings also demonstrated that some predictors
such as overall language were consistent across literacy age groups, and other predictors
such as phonological awareness and PI1Q differed across literacy age groups. However, when
predictors were common across the literacy age groups, they explained significantly
different amounts of variance in the participants’ literacy abilities. Similar to our previous
reports and those of others (Bird et al., 1995; Lewis et al., 2000; Raitano et al., 2004),
students with combined SSD+LI were at greater risk for reading difficulties than students
with SSD only. SSD-only students were more similar to the TL students. Findings are
discussed for each group separately, followed by an overall summary of major findings and
implications.

Prediction of Reading in the TL Group

Early elementary school group: As expected, at early elementary school, the decoding of
nonwords and real words was predicted by participants’ phonological awareness skills. This
is in agreement with previous reports that phonological awareness skills are used in order to
decode unfamiliar words (Catts & Kambhi, 2005; Chall, 1983; Ehri, 1991; Hogan et al.,
2005). Our findings are also consistent with the work of Lombardino et al. (1997), who
found that scores on the CTOPP Elision subtest were most strongly related to performance
on nonword reading in students with reading disabilities. In the present study, the student’s
vocabulary also predicted decoding of real words similar to other studies that have reported
a relationship between vocabulary and real word reading abilities (Nation & Snowling,
2004; Wise, Sevcik, Morris, Lovett, & Wolf, 2007). It appears that at early elementary
school, students are using both their semantic and phonological pathways to recognize
words (Plaut, McClelland, Seidenberg, & Patterson, 1996). Reading comprehension scores
were found to be predicted by vocabulary and overall language for the early elementary
literacy group. Based on previous reports, overall language and vocabulary skills were
expected to predict reading comprehension, as knowledge in the areas of receptive and
expressive syntax, morphology, and semantics aid in the comprehension of text (Catts, 1993;
Storch & Whitehurst, 2002).

Middle school group: At middle school, we found that overall language was the best
predictor of decoding of both nonwords and real words. It was expected that vocabulary and
other language skills may play a role in the decoding of real words. However, it was
surprising that overall language and not phonological awareness predicted the decoding of
nonwords (Hogan et al., 2005). One explanation is that when students reach the
orthographic/automatic word recognition stage of reading development, they have mastered
phonological decoding and instead use semantic memory to read (Ehri, 1991). It is possible
that by middle school, students have stored letter and word patterns in their semantic
memories and employ these patterns to assist them in the decoding of new real words.
Nonwords may not be distinguished from unfamiliar real words as the nonwords were
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patterned after real words, and therefore the child employs similar decoding strategies used
in the identification of new words. Students might search for an analogy of the nonword in
their lexicon that aids in decoding (Ehri & McCormick, 1998).

Vocabulary skills and P1Q predicted reading comprehension for the middle school group.
The nonlinguistic cognitive skills such as reasoning, problem solving, and abstract thinking
measured by PIQ may play more of a role for the middle school group as students at this age
are beginning to be exposed to more abstract curricular materials, and they are expected to
read to learn. Unlike previous studies that employed a full-scale 1Q measure consisting of
both verbal and performance subtests (Catts et al., 1999), in our study, only the PIQ subscale
was used. As expected, P1Q was predictive of reading comprehension, suggesting that
reading comprehension may be influenced by nonverbal skills such as memory, inference
making, planning, and organization.

High school group: None of the predictors reached significance for the decoding of
nonwords for the high school group. It may be that high school students employed different
skills when decoding nonwords than those that we measured. For example, older students
may rely more on morphology to decode nonwords. Another explanation may be that
individual high school students differ in the skills they employ to decode nonwords, and thus
a single predictor of nonword decoding was not identified at high school. As expected, the
decoding of real words was best predicted by vocabulary, suggesting that high school
students employ semantic pathways when reading single real words. Overall language
predicted reading comprehension skills for the high school group, suggesting that as the
complexity of text increases, unconstrained linguistic skills continue to be vital to reading
comprehension abilities.

Prediction of Reading in the SSD-Only Group

Early elementary school group: At early elementary school, unlike with TL students,
phonological awareness skills did not predict the decoding of nonwords and real words for
students with isolated SSD; rather, vocabulary predicted decoding and reading
comprehension for these students. A recent study by Overby, Trainin, Smit, Bernthal, and
Nelson (2012) reported that phonological awareness skills mediated the effects of poor
kindergarten speech sound production on reading and spelling skills in first grade, second
grade, and third grade, yet vocabulary skills did not account for any of the variance.
Although the SSD-only group did not differ significantly from the TL group on the CTOPP
Elision subtest, the mean score was lower for the SSD-only group. In the present study, we
did not distinguish between articulation disorders and phonological disorders. It is possible
that students with phonological disorders had weaker phonological awareness skills than
students with articulation disorders. VVocabulary skills may have been more uniform for
students in the SSD-only group regardless of whether they presented with an articulation
disorder or phonology disorder. Therefore, vocabulary skills may have been more predictive
of reading than phonological awareness, as vocabulary skills were more uniform than elision
skills in the SSD-only group.
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Middle school group: For the middle school group, similar to the TL middle school group,
overall language predicted both decoding and reading comprehension for students with a
history of SSD only. However, unlike with the TL middle school group, PIQ was not
predictive of reading comprehension for the students with isolated SSD. Students with SSD
only scored significantly poorer on reading comprehension, but not on decoding, than TL
students at middle school (see Table 3). This suggests that although middle school students
with SSD may use language skills for reading comprehension, they may not be using higher
cognitive skills such as executive functioning to aid reading comprehension. Alternatively,
students with SSD only may have weaker language skills and vocabulary than TL students
that resulted in poor reading comprehension. Students with SSD only scored lower than TL
students on the language measures, although these differences did not reach significance.
Overall, the SSD-only group was more similar to the TL group than different. Further
research is needed to tease out the factors that influence reading comprehension for middle
school students with a history of SSD.

High school group: At high school, the overall language measure predicted nonword
decoding, and the vocabulary measures predicted real word decoding, whereas no significant
predictors were identified for reading comprehension. Thus, similar to the TL high school
students, vocabulary skills predicted real word decoding. High school students with SSD
were similar to TL middle school students in predictors of nonword decoding. The lack of
predictors for reading comprehension in the SSD-only group may be due to the
heterogeneity of skills within this group.

Prediction of Reading in the SSD+LI Group

Early elementary school group: For early elementary students with combined SSD+LI,
overall language predicted both decoding and reading comprehension. It appears that for
students with LI, limitations in language skills impact reading more than limitations in
phonological awareness skills. Students with combined SSD+L1 scored significantly poorer
on all measures (phonological awareness, overall language, vocabulary, PIQ, decoding, and
reading comprehension) than both the TL students and the SSD-only students in all three
literacy groups. This is in agreement with our previous reports and those of others (Bird et
al., 1995; Lewis et al., 2000; Raitano et al., 2004) that students with combined SSD+L1I are
at greater risk for reading difficulties than students with isolated SSD.

Middle school group: At middle school, phonological awareness skills in addition to
overall language contributed to the decoding of real words and nonwords. It is possible that
middle school students with combined SSD+LI employed strategies for decoding that were
similar to those used by younger TL early elementary students. Reading comprehension was
predicted by overall language similar to the SSD-only group. The SSD-only group had
significantly better overall language compared to the SSD+LI group, and therefore not
surprisingly, significantly better reading comprehension scores. It appears that although the
overall language skills of the SSD+LI group were poorer than those of the TL and SSD-only
groups, students with SSD+L1 still rely on language skills for reading comprehension.
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High school group: Similar to the early elementary school and middle school SSD +LI
groups, overall language predicted decoding for high school students with a history of
combined SSD+LI, with vocabulary as the strongest predictor of reading comprehension.
Little information is available on the literacy skills of high school students with a history of
SSD with or without LI. Similar to TL high school students, overall language skills
including vocabulary were strong predictors of decoding and reading comprehension for
students with SSD. It is likely that many skills, verbal and nonverbal, contribute to literacy
performance in adolescents. High school students are expected to read and comprehend
technical material with complex vocabulary and to integrate material from multiple sources,
make inferences, and synthesize material (Nippold, 2007).

Summary of Findings

The development of literacy relies on many skills; it is multifactorial and complex. Although
similar skills contribute to reading proficiency across the age span, the relative importance
of these skills changes with development. TL children use phonological awareness skills to
decode real and nonwords and language and vocabulary skills for reading comprehension
during early reading acquisition. Later, in middle school, students rely more on overall
language and vocabulary for both decoding and reading comprehension. As reading skills
mature, other factors such as nonlinguistic cognitive skills (PIQ) play a role. Students with
SSD only may rely on vocabulary and overall language abilities for both decoding and
reading comprehension. Students with combined SSD+LI may present with a double deficit
as they have both limited phonological awareness skills and overall language essential for
reading. Students with combined SSD+LI may also attempt to use their language skills for
reading; however, due to their language deficits, they may fail to achieve expected literacy
skills.

Clinical Implications

The prevention and treatment of literacy problems in children and adolescents has become a
critical scope of the SLP’s practice as he or she serves students with speech and language
disorders that place them at risk for RD (American Speech-Language-Hearing Association,
2010). However, many school-based SLPs are not consistently providing written language
services to students with poor literacy skills (Fallon & Katz, 2011). SLPs have the expertise
to provide foundational language skills, such as vocabulary and oral language skills, and to
implement strategies for reading for the older child and adolescent who struggles with
literacy skills. Although most SLPs are aware of the relationships between speech and
language deficits and reading skills, it is important to recognize that these skills change as
students mature. It is critical for SLPs to have knowledge of the developmental trajectory of
literacy skills from early elementary school to high school, the changing demands placed on
literacy skills as students progress through school, and the skills required for competent
reading at each level.

The present study has highlighted the contributions of phonological awareness, overall
language, vocabulary, and nonlinguistic cognitive skills to decoding and reading
comprehension at three stages of literacy development. In addition, the present study has
provided evidence that students with SSD+LI differ in predictors of literacy skills from
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SSD-only and TL students. Students with SSD with and without LI should be evaluated
periodically to determine how their changing speech and language skills are impacting their
reading development. For younger students, building vocabulary may aid in both decoding
and reading comprehension skills. Older children and adolescents may need explicit
instruction on text construction and linguistic cues for reading comprehension (Kambhi,
2012). Other non-linguistic cognitive skills, as demonstrated in the present study, also aid
comprehension. The multifaceted nature of reading comprehension requires that SLPs be
aware that nonlinguistic cognitive skills may also contribute to students’ reading
comprehension.

Limitations and Future Directions

Several limitations of the present study should be noted. The cross-sectional design did not
allow the plotting of individual student’s reading development trajectory. Future research
may examine the predictive factors longitudinally for students with SSD to determine
various developmental trajectories of literacy acquisition in this population. Articulation and
phonological disorders were not differentiated. Furthermore, the severity of the SSD and the
persistence or recovery of the SSD were not considered. A student whose SSD resolves by
age 7 may differ from students whose SSD persists past the age of literacy acquisition
(Bishop & Adams, 1990; Leitdo & Fletcher, 2004; Lewis, Freebairn, & Taylor, 2002;
Nathan et al., 2004).

Another limitation was the use of composite language scores rather than specific language
skills as a predictor of reading. Specific language subsystems such as syntax or morphology
skills may differentially predict reading outcomes. For example, students with SSD may
present with morphological awareness deficits that impact reading skills. Apel and
Lawrence (2011) examined 88 first graders (44 with and 44 without a history of SSD).
Students with SSD scored lower than TL students on morphological awareness, phoneme
awareness, word reading, and spelling. Morphological awareness predicted unique variance
in spelling for both SSD groups and word-level reading for the TL group. Thus, a
phonological deficit alone does not explain RD in students with SSD. Rather, the literacy
skills of students with SSD are best explained by multiple linguistic and nonlinguistic
cognitive variables.

We were not able to control for all of the factors that contribute to reading comprehension.
Other nonlinguistic cognitive skills that influence literacy such as memory were not
considered. Finally, the present study was unable to control for the effects of speech and
language therapy or reading instruction, which may have affected the participants’ literacy
skills. Future studies should consider additional predictors, especially higher level linguistic
and nonlinguistic cognitive skills, for high school students.

Acknowledgments

The original study was supported by Grant DC000528 from the National Institute on Deafness and Other
Communication Disorders, awarded to Barbara A. Lewis (Principal Investigator), and was conducted in conjunction
with the Case Western Reserve University, Department of Psychological Sciences. We wish to thank all of the
families who participated in the study and all of the talented researchers who participated in the collection and
analysis of data.

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Skebo et al. Page 17

References

Al Otaiba S, Fuchs D. Who are the young children for whom the best practices in reading are
ineffective? An experimental and longitudinal study. Journal of Learning Disabilities. 2006;
39:414-431. [PubMed: 17004674]

Al Otaiba, S.; Kosanovich, ML.; Torgesen, JK. Assessment and instruction for phonemic awareness
and word recognition skills. In: Kamhi, AG.; Catts, HW., editors. Language and reading disabilities.
3. New York, NY: Pearson; 2012. p. 112-140.

American Speech-Language-Hearing Association. Roles and responsibilities of speech-language
pathologists in schools. 2010. [Professional Issues Statement]. Available at www.asha.org/policy

Anthony JL, Aghara RG, Dunkelberger MJ, Anthony TI, Williams JM, Zhang Z. What factors place
children with speech sound disorder at risk for reading problems? American Journal of Speech-
Language Pathology. 2011; 20:146-160. [PubMed: 21478282]

Apel K, Lawrence J. Contribution of morphological awareness skills to word-level reading and
spelling in first-grade children with and without speech sound disorders. Journal of Speech,
Language, and Hearing Research. 2011; 54:1312-1327.

Bird J, Bishop DVM, Freeman NH. Phonological awareness and literacy development in children with
expressive phonological impairments. Journal of Speech and Hearing Research. 1995; 31:446-462.
[PubMed: 7596110]

Bishop DV, Adams CA. A prospective study of the relationship between specific language
impairment, phonological disorders and reading retardation. Journal of Child Psychology and
Psychiatry. 1990; 31:1027-1050. [PubMed: 2289942]

Catts HW. The relationship between speech-language impairments and reading disabilities. Journal of
Speech and Hearing Research. 1993; 36:948-958. [PubMed: 8246483]

Catts HW. The narrow view of reading promotes a broad view of comprehension. Language, Speech,
and Hearing Services in Schools. 2009; 40:178-183.

Catts HW, Fey ME, Tomblin JB, Zhang X. A longitudinal investigation of reading outcomes in
children with language impairments. Journal of Speech and Hearing Research. 2002; 45:1142—
1147.

Catts HW, Fey ME, Zhang X, Tomblin JB. Language basis of reading and reading disabilities:
Evidence from a longitudinal investigation. Scientific Studies of Reading. 1999; 3:331-362.

Catts HW, Fey ME, Zhang X, Tomblin JB. Estimating the risk of future reading difficulties in
kindergarten children: A research-based model and its clinical implementation. Language, Speech,
and Hearing Services in Schools. 2001; 32:38-50.

Catts HW, Hogan TP, Fey ME. Subgrouping poor readers on the basis of individual differences on
reading-related abilities. Journal of Learning Disabilities. 2003; 36:151-164. [PubMed: 15493430]

Catts, HW.; Kamhi, AG. Language and reading disabilities. 2. Boston, MA: Allyn & Bacon; 2005.

Chall, JS. Stages of reading development. New York, NY: McGraw-Hill; 1983.

Chall JS. Reading development in adults. Annals of Dyslexia. 1987; 37:240-251. [PubMed:
24234998]

DeThorne LS, Petrill SA, Schatschneider C, Cutting L. Conversational language use as a predictor of
early reading development: Language history as a moderating variable. Journal of Speech,
Language, and Hearing Research. 2010; 53:209-223.

Dunn, LM.; Dunn, LM. Peabody Picture Vocabulary Test. 3. Circle Pines, MN: AGS; 1997.

Ehri, L. Development of the ability to read words. In: Barr, R.; Kamil, M.; Mosenthal, P.; Pearson, P.,
editors. Handbook of reading research. Vol. 2. White Plains, NY: Longman; 1991. p. 383-417.

Ehri LC, McCormick S. Phases of word learning: Implications for instruction with delayed and
disabled readers. Reading and Writing Quarterly. 1998; 14:135-163.

Fallon KA, Katz LA. Providing written language services in the schools: The time is now. Language,
Speech, and Hearing Services in Schools. 2011; 42:3-17.

Fletcher JM, Foorman BR, Boudousquie A, Barnes MA, Schatschneider C, Francis DJ. Assessment of
reading and learning disabilities: A research-based intervention-oriented approach. Journal of
School Psychology. 2002; 40(1):7-63.

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Skebo et al.

Page 18

Foster WA, Miller M. Development of the literacy achievement gap: A longitudinal study of
kindergarten through third grade. Language, Speech, and Hearing Services in Schools. 2007;
38:173-181.

Foy JG, Mann VA. Speech production deficits in early readers: Predictors of risk. Reading and
Writing. 2012; 25:799-830. [PubMed: 22448102]

Fuchs D, Young C. On the irrelevance of intelligence in predicting responsiveness to reading
instruction. Exceptional Children. 2006; 73:8-30.

Gardner, MF. Expressive One-Word Picture Vocabulary Test. Novato, CA: Academic Therapy
Publications; 1990. Revised

Gathercole SE, Baddeley AD. Phonological memory deficits in language disordered children—Is there
a causal connection? Journal of Memory and Language. 1990; 29:336-360.

Goldman, R.; Fristoe, M. The Goldman-Fristoe Test of Articulation. Circle Pines, MN: AGS; 1986.

Gough P, Tunmer W. Decoding, reading, and reading disability. Remedial and Special Education.
1986; 7:6-10.

Hogan TP, Catts HW, Little TD. The relationship between phonological awareness and reading:
Implications for the assessment of phonological awareness. Language, Speech, and Hearing
Services in Schools. 2005; 36:285-293.

Hollingshead, AB. Four Factor Index of Social Class. New Haven, CT: Yale University; 1975.

Hoover WA, Gough PB. The simple view of reading. Reading and Writing: An Interdisciplinary
Journal. 1990; 2:127-160.

Justice LM, Bowles RP, Skibbe LE. Measuring preschool attainment of print concept knowledge: A
study of typical and at-risk 3- to 5-year-old children using item response theory. Language,
Speech, and Hearing Services in Schools. 2006; 37:224-235.

Kamhi, AG. Perspectives on assessing and improving reading comprehension. In: Kamhi, AG.; Catts,
HW., editors. Language and reading disabilities. 3. New York, NY: Pearson; 2012. p. 146-162.

Kamhi, AG.; Catts, HW. Language and reading disabilities. 3. New York, NY: Pearson; 2012.

Khan, L.; Lewis, N. Khan-Lewis Phonological Analysis. Circle Pines, MN: AGS; 1986.

Leitdo S, Fletcher J. Literacy outcomes for students with speech impairment: Long-term follow-up.
International Journal of Language and Communication Disorders. 2004; 39(2):245-256. [PubMed:
15204454]

Lewis B, Avrich A, Freebairn L, Hansen A, Sucheston L, Kuo I, Stein C. Outcomes of children with
speech sound disorders: Impact of endophenotypes. Journal of Speech, Language, and Hearing
Research. 2011; 54:1628-1643.

Lewis BA, Avrich AA, Freebairn LA, Taylor HG, lyengar SK, Stein CM. Subtyping children with
speech sound disorders by endophenotypes. Topics in Language Disorders. 2011; 31(2):112-127.
[PubMed: 22844175]

Lewis BA, Freebairn LA. Speech production skills of nuclear family members of children with
phonology disorders. Language and Speech. 1998; 41:45-61. [PubMed: 9692321]

Lewis BA, Freebairn LA, Hansen AJ, Stein CM, Shriberg LD, lyengar SK, Taylor HG. Dimensions of
early speech sound disorders: A factor analytic study. Journal of Communication Disorders. 2006;
39:139-157. [PubMed: 16386753]

Lewis BA, Freebairn LA, Taylor HG. Predicting school-age outcomes for children with histories of
speech sound disorders. Journal of Communication Disorders. 2000; 33:11-30. [PubMed:
10665511]

Lewis BA, Freebairn LA, Taylor HG. Correlates of spelling abilities in children with early speech
disorders. Reading and Writing: An Interdisciplinary Journal. 2002; 15:389-407.

Lombardino LJ, Riccio CA, Hynd GW, Pinheiro SB. Linguistic deficits in children with reading
disabilities. American Journal of Speech-Language Pathology. 1997; 6:71-78.

Nathan L, Stackhouse J, Goulandris N, Snowling MJ. The development of early literacy skills among
children with speech difficulties: A test of the “critical age” hypothesis. Journal of Speech,
Language, and Hearing Research. 2004; 47:377-391.

Nation K, Snowling MJ. Beyond phonological skills: Broader language skills contribute to the
development of reading. Journal of Research in Reading. 2004; 4:342-356.

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Skebo et al.

Page 19

Nippold, M. Later language development: School-age children, adolescents, and young adults. 3.
Austin, TX: Pro-Ed; 2007.

Overby MS, Trainin G, Smit AB, Bernthal JE, Nelson R. Preliteracy speech sound production skill and
literacy outcomes: A study using the Templin archive. Language, Speech, and Hearing Services in
Schools. 2012; 43:97-115.

Paris SG. Reinterpreting the development of reading skills. Reading Research Quarterly. 2005;
40:184-202.

Perfetti, C. Reading ability. New York, NY: Oxford University Press; 1985.

Peterson RL, Pennington BF, Shriberg LD, Boada R. What influences literacy outcome in children
with speech sound disorder? Journal of Speech, Language, and Hearing Research. 2009; 52:1175—
1188.

Plaut DC, McClelland JL, Seidenberg MS, Patterson K. Understanding normal and impaired word
reading: Computational principles in quasi-regular domains. Psychological Review. 1996; 103:56—
115. [PubMed: 8650300]

Raitano NA, Pennington BF, Tunick RA, Boada R, Shriberg LD. Pre-literacy skills of subgroups of
children with phonological disorder. Journal of Child Psychology and Psychiatry. 2004; 45:821—
835. [PubMed: 15056313]

Ramus, F.; Szenkovits, G. Understanding the nature of the phonological deficit. In: Pugh, K.;
McCardle, P., editors. How children learn to read: Current issues and new directions in the
integration of cognition, neurobiology and genetics of reading and dyslexia research and practice.
Taylor and Francis Group; New York, NY: Psychology Press; 2009. p. 153-169.

Robbins J, Klee T. Clinical assessment of oropharyngeal motor development in young children.
Journal of Speech and Hearing Disorders. 1987; 52:271-277. [PubMed: 3455449]

Roman AA, Kirby JR, Parrila RK, Wade-Wooley L, Deacon SH. Toward a comprehensive view of the
skills involved in word reading in grades 4, 6, and 8. Journal of Experimental Child Psychology.
2009; 102:96-113. [PubMed: 18329037]

Scarborough HS. Prediction of reading disability from familial and individual differences. Journal of
Educational Psychology. 1989; 81:101-108.

Scarborough, HS. Developmental relationships between language and reading: Reconciling a beautiful
hypothesis with some ugly facts. In: Catts, HW.; Kamhi, AG., editors. The connections between
language and reading disabilities. Mahwah, NJ: Erlbaum; 2005. p. 3-24.

Schatschneider C, Fletcher JM, Francis DJ, Carlson CD, Foorman BR. Kindergarten prediction of
reading skills: A longitudinal comparative analysis. Journal of Educational Psychology. 2004;
96(2):265-282.

Semel, E.; Wiig, EH.; Secord, WA. Clinical Evaluation of Language Fundamentals. 3. San Antonio,
TX: The Psychological Corporation; 1995.

Shankweiler D, Lundquist E, Katz L, Stuebing K, Fletcher J, Brady S, Shaywitz B. Comprehension
and decoding: Patterns of association in children with reading difficulties. Scientific Studies of
Reading. 1999; 3:95-112.

Sices L, Taylor HG, Freebairn L, Hansen A, Lewis B. Relationship between speech-sound disorders
and early literacy skills in preschool-age children: Impact of comorbid language impairment.
Journal of Developmental and Behavioral Pediatrics. 2007; 28:438-447. [PubMed: 18091088]

Snowling M, Bishop DVM, Stothard SE. Is preschool language impairment a risk factor for dyslexia in
adolescence? Journal of Child Psychology and Psychiatry. 2000; 41:587-600. [PubMed:
10946751]

Stein CM, Schick JH, Taylor HG, Shriberg LD, Millard C, Kundtz-Kluge A, lyengar SK. Pleiotropic
effects of a chromosome 3 locus on speech-sound disorder and reading. American Journal of
Human Genetics. 2004; 74:283-297. [PubMed: 14740317]

Storch SA, Whitehurst GJ. Oral language and code-related precursors to reading: Evidence from a
longitudinal structural model. Developmental Psychology. 2002; 38:934-947. [PubMed:
12428705]

Tomblin JB, Records NL, Buckwalter P, Zhang X, Smith E, O’Brien M. Prevalence of specific
language impairments in kindergarten children. Journal of Speech, Language, and Hearing
Research. 1997; 40:1245-1260.

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Skebo et al.

Page 20

Verhoeven L, Van Leeuwe J. Prediction of the development of reading comprehension: A longitudinal
study. Applied Cognitive Psychology. 2008; 22:407-423.

Wagner RK, Torgesen JK. The nature of phonological awareness and its causal role in the acquisition
of reading skills. Psychological Bulletin. 1987; 101:192-212.

Wagner, R.; Torgesen, J.; Rashotte, C. Comprehensive Test of Phonological Processing. San Antonio,
TX: The Psychological Corporation; 1999.

Webster PE, Plante AS, Couvillion LM. Phonological impairment and prereading: Update on a
longitudinal study. Journal of Learning Disabilities. 1997; 30:365-375. [PubMed: 9220704]

Wechsler, D. Wechsler Adult Intelligence Scale—Revised. San Antonio, TX: The Psychological
Corporation; 1981.

Wechsler, D. Wechsler Preschool and Primary Scale of Intelligence—Revised. San Antonio, TX: The
Psychological Corporation; 1989.

Wechsler, D. Wechsler Intelligence Scale for Children, Third Edition. San Antonio, TX: The
Psychological Corporation; 1991.

Wechsler, D. Wechsler Individual Achievement Test. San Antonio, TX: The Psychological
Corporation; 1992.

Wise JC, Sevcik RA, Morris RD, Lovett MW, Wolf M. The relationship among receptive and
expressive vocabulary, listening comprehension, pre-reading skills, word identification skills, and
reading comprehension by children with reading disabilities. Journal of Speech, Language, and
Hearing Research. 2007; 50:1093-1109.

Woodcock, R. Woodcock Reading Mastery Tests—Revised. Circle Pines, MN: AGS; 1987.

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



Page 21

Skebo et al.

0z L L £
9 € ot z
€00°  68T'8 90°€Z 9 0 4 1
(&) oigBupiuel s3s
€00 S6T'Z T9TT  6T/ES 02/0€ ovIE (%) gsoreway/saew Jo 0N
T6Z1-000T  26'2T-80°0T  26'2T-00°0T abuey
820 18°0 £6°0 2q®
600" S6T‘C S8 80'TT €511 T s1eak uy abe Ueaj
ZL 08 1A sjuedionued Jo sequinN

abe 100y2s 3|PPIN

0'66-0'T 066-0T  066-0'GZ abuey

9v'se vZ'9g 6€'9T oqed®

100> 1912 1892 199y v0'€9 2606 21095 9]11UA213d /1 49 UES
L 5z 61 5

0z 8T 12 v

LT ot 9 3

8 4 5 z

5 0 0 1

1000 29T'8 LE'ST (&) orgbuniuel s3s
100> 69T°C TT'9Z vy vzIve LE/ST (%) qresoreway/sofew Jo ‘0N
£8'8-00.  ¢6'8-00.  T68-00'L abuey

150 50 650 @&

1860 69T 100 £0'8 £0'8 66'L sseak uj abe uesy
09 89 4] sjuedionued Jo JequinN

abe [ooyds Asejuswiala Ajue3

d p 4 171+Ass Kjuo ass L onsisoeIRYD O1ydesbowsq

dnoab [eatund

‘(Jooyas ybiy pue ‘|ooyas ajppiw ‘jooyds Arejuawale Aies “a'1) sabels Aoelail| aa1yr ayl 1e ([17+ass] wawredwi
abenbue| pue ass pue ‘[Ajuo ass] Ajuo siapiosip punos yaasads ‘[7.1] abenbue) [ea1dA a'1) sdnoub [ealul}d saayl ays oy salydesbowsp juedionied

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



Page 22

Skebo et al.

Author Manuscript

'G0" > d Je dnoub | 7+asSsS ayr wouy siapip dnoib Ajuo-ass mc._.o

'G0" > d ye dnoib |7+ASS ayr woly siapip dnolb 1 8yl

q

'G0" > d ye dnoub Ajuo-ass ayr woly siayip dnolb 1 mc._d

*(986T ‘2015114 79 URWIP|OD) LONEINOILY 10 153 301SLIH-URLLP|0S) = 149 ‘SNJE]S 21WOoU301d0S = SIS 810N

650° 67 ‘c  10€

GE9’ 16'8 119

69T v6‘c  95¢€

066—0'T 0'66—0'¢ 0'66
1507 L5'8E 0
6T'V. €8'LL 066

8 11 1T
0T 11 €T
L € L
€ 4 4
€ 0 T
€T/0¢ T1/91 et

abuey

as
81095 8]11UddIad W 149 ues |\

z
T
(%) Bupjuel 535

(£X) saeway/safew Jo "ON

05'LT-80%T 0S2T-00VT 26°L1-00%T abuey
S0'T 9T'T €T'T as
G6C  ¢SsT'T veT 05'ST 8G'ST 06'ST steak ur abe uealy
€e X4 Ge syuedionued Jo JaquinN
abe jooyos ybiH
066-0'T 0'66-0'C 066-0'7T abuey
99°0% 96'2E £8°02 oq®
100> 2ST'C  96°0T 20°€9 ANA: 9226 21005 3|HUB0IRd V149 UBSN
T 6T 1z g
9z 2 514 v
d p E| 17+ass Ajuo ass L anstsioeIRy d1ydelbowsaq

dnoab [eaiund

Author Manuscript

Author Manuscript

Author Manuscript

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



Page 23

Skebo et al.

'G0" >d 1e dnolb | 7+ass ay) wouy stayip dnoib Ajuo-ass mc._.o

‘G0’ > d e dnoub |71+ASS ayr wouy siapip dnoab 11 mc._d

"(186T '19]SU29/\\) PasInay—aleas adusbijaiul JNPY J3ISYIaM Y1 0 (TE6T ‘I3ISYISAN) UoIpT pAIYL ‘UaipliyD Joj aeas aousbijaiul Jajsysspn ayl Aq passasse se O] aouewiopad = Ol1d {(266T ‘uung

7® uunQ) uonIp3 palyL—Isa ) Are|ngeooA aimold Apogead = [11-LAdd ‘(066T ‘1eupieD) pasinsy ‘s AieIngeaoA 8inold PIOM BUQ aAIssaIdxT = H—LAJMO3 (S66T ‘PI02ss % ‘Bl ‘|swas) uonip3
pJiy1—sjeluswepund abenbue Jo uonenjeas [ealuld = £-4130 (666T ‘@noysey % ‘uasablio] ‘1aubepn ‘ddO1D) Buissadold [ea1bojouoyd 40 1591 aAIsSuayaldwo) ay 40 1s81gns UoIsI|3 = UoIsI|3 910N

100> /§'C SETT TZLT ¥6'88  89GT LO60T €8ET ¢80TT odO_n_
—1Add/d4-1LAdMO3

100> /8'7 €I¥T 9L T€.- €S €T- S5L €02
100> L'z 1981 62TZ €88 296 v6'E0T £6'6  G8/0T 0'q€~130
100> 29'z €06 L9 €6Z- 2¢9¢ 88T 98T  29¢ o')qUostI3
abe jooyds ybiH
100> 8yT'z 882 T16GT G096  €9€T PLOTT LEET LOETT 2'qOld
100> €.T'Z 9922 G€0T 992- 069 166  zv. 8r9  oqllmLAdd~IAIMO3
100> G8T'Z TT'S. 2¢v9T /808 8ZST 86'90T 06VT OvTIT 2}q€~4130
100> ovT'z 8Tz 86v 692~ SOE vz LT 0T o'qUoIsli3
abe Jooyds a|ppPIA

T00° 9€T'T ¥SL 8LET 69TOT 6GET 99TIT GOTT <260TT o,no_a
—1Add/4—-LAdMO3

100> OvI'z llCC TLL 08T- ¥99 09  2€9  9L9
700> 99T'Z vZ6y TE9T 60G8  VETT 6SY0T Lv'OT 19°L0T 2'g€~4130

700> 621'C €20T [€€ ¥TT- 8TC L[0T vez Tl 5'quUOIsIIa

abe Jooyds Arejuswiale Aje3

d P4 as N as N as N ansesin

Aluo ass 171+dss L

dnoJb [eaiun)

‘safeis AoeJall| 984yl Y3 Je sainseaw Jolaipald ayr uo aouewopisd dnoib eatuld

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



Page 24

Skebo et al.

Author Manuscript

‘60" >d e dnoub |7 +Aass sy woly siayip dnoab Ajuo-ass m_ﬁo

'G0" >d 1e dnotb |7+QSS ay3 wouy siayip dnosb 71 syl

q

'G0" > d ye dnoub Ajuo-ass ayp woly siayip dnolb 1 mg._d

"(266T “49]SY29/N) 1531 1UBWIBABILDY [eNPIAIPU] J3ISYIaAA aY1 JO 1sa1gNns
uoisusyaidwiod Buipesy = OH- LVIM  LINHM 34} JO 1S81gns LOITEdNNUaP] PIOM = IM-LINYM ‘(Z86T 209p00An) 1591 AlsiselNl Buipeay 5009p00AA 84} JO 1S81GNS HIeNY PIOM = Y- LINYM 910N

T00> ¥6'7 YS6T 66LT GE98 LGZT ¥620T 9y'zT 002TT  9gOdLVIM
T00> ¥6'z 1€2Z YY6T €L¥8 E€T0T 2020 vZTT €z.0T  o'qiM-LANEM
T00> ¥6'z 29'9T O0L'8T 9¢'88 2v'6 SYTOT €§TT G0T oqVM-LANEM
abe jooyos ybiH
T00> [9T'Z 8§25 OTYT 1268 2Ll 2S90T 122l O0L€TT 9'qedd lvIM
T00> T6T'Z 666F 8SST €TS8 €891 Zv'e0l T00T 180T  9qiM-LNEM
T00> 88T'Z 0605 ¢80Z €I¥8 99TT GSE0T LGTT 68607 OqVMLNEM
abe [00yds a|ppIN
100> €17 GLTZ L€ST 86T6 GST2T OT'90T GOTT 85807  9'god-LVIM
T00> 89T'Z 1662 .Lv'ST 8968 LTYT 1690 o€l cTTIT  oqiMLNEM
T00> 89T'Z 8205 VPS'ST 2’8 ISYT LSTOT 1620 Lz'L0T o'qVM-LANEM
abe jooyos Arejuswia|a Aleg
d 4 as W as N as N aanses|y
11+ass Aluo ass AL

dnoJb [eaiun)

"sabe)s AJeIall| 931y] ay] Je Sainseaw awodino Bulpeal ayy uo sduewlopad dnoib fesiuld

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



Page 25

Skebo et al.

‘sabels Aoeuall] a4yl sy 1e sdnoub [eatuljd 8a4yl 8y 1o} sswoaino Buipeal Bunoipaid suoissalfial asimdsis-pleamydeq o Alewwng

Author Manuscript

v alqel

Author Manuscript

9EV'0 T00™> 6¢°0 02T  HI—LAdd/d—1AdMO3T IM-LNIM
[45Al] V0 [44] 6v°0 €-4730 VM-LNIM
abe jooyds ybiH
06€°0 T00™> 434 190 €-47130 J4-1VIM
6€€°0 T00™> 800 6€°0 €-47130 IM-LINIM
LEC0 T00> 01’0 L€°0 €-4730 VM-LNYM
abe |00y2s a|ppIN
9020 T00™> 174\ €80 II—LAdd/d—1AdMO3T J4-1VIM
8600 120 8¢°0 790  1I—LAdd/d—1AdMO3 IM-LINIM
T¢T0 €10 0€0 920  HI—LAdd/4—IAdMOT  VM-LINIM
abe |ooyds Areluawals Ajue3
dnoub Ajuo-ass
€6¢°0 200 0¢0 890 €-47130 J4-1VIM
¥6€0 T00™> 0¢0 180  II—LAdd/d—1AdMO3T IM-LINIM
0000 100>  — — $I10001paId ON VM- LINEM
abe [ooyds ybiH
170 LE°0 old
Svy0 T00™> 020 090  HI—LAdd/d—1AdMO3T J4-1VIM
09€°0 100> L0°0 0v'0 €-47130 IM-LNIM
SST°0 T00° 600 T€0 €-4730 VM-LNIM
abe |0oyds aIppIN
€¢0 €90  HI—LAdd/d—-1AdMO3T
987°0 T00™> ST°0 ¥5°0 €-47130 J4-1VIM
8¢0 790  1I—LAdd/d—-1AdMO3T
414 100> S0 TL¢ uoisi|g IM-LNIM
¥0€'0 T00° €L°0 €8¢ uoisl]s  vM-LNIM
abe |ooyds Areruswala Ajre3
dnoub 71
Mol d @s)a d Jopipaid aInsea

Author Manuscript

Author Manuscript

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



Page 26

Skebo et al.

Author Manuscript

Author Manuscript

8€9°0 T00™> ¥€0 €6'T 11=LAdd/LAdMO3 J4-1VIM
§55°0 T00> ST°0 IZA0] €-47130 IM-LNIM
Gev'o T00° €10 €90 €-4730 VM-LNIM
abe jooyds ybiH
€55°0 100> L0°0 €90 €-47130 J4-1VIM
o0  ¥6°0 uoisi|3
T6€°0 T00> 4] 250 €-47130 IM-LINIM
¢S50 LeT uoisi|3
¥9€0 T00™> 910 190 €-4730 VM-LNIM
abe |00yds a|ppIN
5090 T00> 800 €L°0 €-47130 J4-1VIM
TS7°0 T00™> 170 S0 €-47130 IM-LINIM
1620 100> €10 090 €-4730 VM-LNYM
abe |ooyds Areyuswala Ajue3
dnoJb |7+Ass
0000 100>  — — siopipaid oN  DY-LVIM
MleoL d 3s)a d Jop1paid aunsealy

Author Manuscript

Author Manuscript

Lang Speech Hear Serv Sch. Author manuscript; available in PMC 2015 April 11.



