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Abstract

We examined how children (N = 448) with separate or co-occurring developmental language disorder (DLD) and dyslexia
performed on school-based measures of academic functioning between second and fourth grades. Children were recruited
from | school district in the U.S. state of South Carolina via classroom screenings and met common research criteria for
DLD and dyslexia. Growth curve models were used to examine the overall form of growth and differences between groups.
Children with DLD and/or dyslexia in second grade showed early and persistent deficits on school-administered measures
of reading and math. In second grade, children with typical development (TD) scored significantly higher than children with
dyslexia-only and DLD-only, who did not differ from each other. Children with DLD+dyslexia scored significantly lower
than all other groups. Only small differences in growth rates were observed, and gaps in second grade did not close. Despite
lower academic performance, few children (20%—27%) with dyslexia and/or DLD had received specialized support services.
Children with DLD-only received services at less than half the rate of dyslexia-only or DLD +dyslexia despite similar impacts
on academic performance. Evidence of significant and persistent functional impacts in the context of low rates of support

services in these children—especially those with DLD-only—highlights the need to raise awareness of these disorders.
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Dyslexia and developmental language disorder (DLD) are
highly prevalent, language-based learning disorders that
place children at risk for poor reading comprehension and
broader academic difficulties. Children with dyslexia have
significant difficulties reading and spelling words that are
not explained by general intellectual disability or lack of
formal reading instruction (Kearns et al., 2019; Lyon et al.,
2003; Miciak & Fletcher, 2020). In contrast, children with
developmental language disorder (DLD; see also specific
language impairment!) have persistent language difficulties
that affect communication or learning, are unlikely to be
resolved by age 5, and are not associated with a known bio-
medical condition (Bishop et al., 2016). DLD is defined in
terms of oral language skill, which can include semantics,
syntax, morphology, and/or discourse level skills such as
conversation or understanding and telling stories (Bishop
et al., 2016; Tomblin et al., 1997). DLD and dyslexia are
different disorders, which frequently co-occur (Catts et al.,
2005; McArthur et al., 2000); however, few studies of either
disorder account for this overlap.

Epidemiological studies show that most children with
DLD—whether it occurs alone or in combination with word
reading difficulties—have not been identified prior to the
study and have not received speech language services
(Norbury et al., 2016; Tomblin et al., 1997). Similar argu-
ments have been made related to the under-identification of
children with dyslexia (Phillips & Odegard, 2017). It might
seem intuitively clear that such children should be identi-
fied and provided with academic and/or clinical support.
However, this is premised on the notion that these unidenti-
fied children are, in fact, experiencing difficulty in school.
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In the United States, eligibility for special education ser-
vices depends on the presence of a disability in 1 of 13 cat-
egories covered by the Individuals with Disabilities
Education Act and on evidence that they need special edu-
cation supports to make appropriate progress in school.
Although DLD and dyslexia fall under different eligibility
categories—dyslexia is one of multiple categories of “spe-
cific learning disability” and DLD is one of multiple com-
munication disorders that fall under the eligibility category
of “speech or language impairment”—the disorders often
co-occur, and evidence suggests that the same children
often move between these two eligibility categories (Sun &
Wallach, 2014).

Existing research on functional outcomes typically relies
on samples of individuals who have already been identified
(e.g., Conti-Ramsden et al., 2018; Olofsson et al., 2015) and
therefore can’t address this issue. Furthermore, children
with comorbid DLD and dyslexia are overrepresented in
clinical contexts, relative to those with only one disorder
(Catts et al., 2005), and those with comorbid DLD and dys-
lexia may be expected to experience more significant effects
on academic performance (Snowling et al., 2019). As a
result, we cannot rule out the possibility that although many
children meet criteria that researchers often use to identify
DLD or dyslexia, these children are not, in fact, facing
meaningful academic challenges even though they might in
the future. This leaves a critical gap. Specifically, we don’t
know whether additional support is merited for the group of
children who meet criteria for one or both disorders but are
not currently identified as such.

In this study, we examined functional academic perfor-
mance for children with dyslexia and DLD, taking advan-
tage of measures of academic achievement that are used and
administered by school systems and that align with state
curricular expectations for reading and math. We recruited
children following class-wide screenings to reduce the pos-
sibility that clinical referrals would bias the sample. We
classified children with dyslexia and/or DLD using criteria
commonly found in the research literature, which are often
more inclusive than the criteria used by schools to identify
children. Finally, we specifically considered the impact of
dyslexia and DLD both separately and when they co-
occurred. This approach allows us to address the critical
question about the extent to which DLD and dyslexia, sepa-
rately or comorbidly, have adverse effects on academic
performance.

DLD and Dyslexia: Theoretical Context

As predicted by the simple view of reading (SVR; Hoover
& Gough, 1990; Hoover & Tunmer, 2022), both DLD and
dyslexia convey risk to the development of reading compre-
hension skills, which relies on strong word reading abilities

(a problem for children with dyslexia) and strong linguistic
comprehension skills (a problem for children with DLD).
The SVR also suggests that children with weak skills in
both domains (i.e., children with combined DLD+dyslexia)
will usually experience the greatest impact on reading com-
prehension. However, the impact of DLD and dyslexia on
overall reading performance may be realized to differing
extents across reading development, given the changing
influence of word reading and oral language skills on read-
ing comprehension. In the early school years, word reading
makes the largest contribution to reading comprehension,
whereas in later school years, after most children have
developed fluent word reading abilities and the texts used
for instruction are more complex, broader language skills
account for more variance in reading comprehension (Adlof
et al., 2006; Foorman et al., 2018). To illustrate, Foorman
and colleagues reported that the unique contribution of
decoding to reading comprehension dropped from 14% in
first grade to 9% in third grade. Across the same time
period, the unique effect of language skill increased from
8% to 37%. Practically speaking, the focus of reading
instruction and assessment also shifts across grades. In the
carly grades, the focus of instruction is on word reading,
and assessments to measure progress in building founda-
tional reading skills and word reading fluency are common.
Before children are fluent readers, comprehension is sup-
ported through oral language activities. As children establish
reading fluency, comprehension of complex texts becomes
the primary focus of instruction and assessment. Thus, the
reading difficulties experienced by children with dyslexia
may be observable in the early grades as they struggle to
build fluency. In contrast, although weak oral language skills
may be present in early grades, resulting difficulties with
reading comprehension may not be observable until later
(Catts et al., 2012; Fong & Ho, 2019; Lipka et al., 2006; see
also Psyridou et al., 2020). For example, Catts et al. (2012)
reported that 70% of students with a kindergarten diagnosis
of DLD experienced reading difficulties by 10th grade but
40% of those emerged in fourth grade or later. Children
whose reading difficulties emerged by second grade gener-
ally struggled with word reading. Finally, during later school
years, much of the language is learned by reading. Therefore,
any disorder that affects reading could impact the rate of
growth of language skills such as vocabulary (Duff et al.,
2015; Hoover & Tunmer, 2022).

Although DLD and dyslexia are distinct disorders, they
often co-occur (Catts et al., 2005; McArthur et al., 2000;
Snowling et al., 2019). That is, within samples of children
identified as dyslexic, some, but not all, children can be
identified as having co-occurring language impairment;
likewise, within samples of children with DLD, a wide
range of word reading abilities can be observed, ranging
from impaired to above average. The rate of co-occurrence
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has varied across studies, with higher rates of co-occurrence
typically found in studies that recruit from pre-existing
caseloads than in community-based samples (Dewey,
2021). Thus far, most research focused on the comorbidity
of DLD and dyslexia has addressed theoretical questions
about the cognitive underpinnings of DLD and dyslexia
(see Adlof, 2020 for review). For example, many studies
have examined whether these groups can be distinguished
based on cognitive factors such as phonological processing
(Bishop & Snowling, 2004; Bishop et al., 2009; Catts et al.,
2005; Ramus et al., 2013; Snowling et al., 2019). Only a
few of these studies have used a longitudinal design.
Overall, these longitudinal studies find that in preschool
and primary grades, children with dyslexia-only and chil-
dren with DLD-only show similar levels of phonological
deficit relative to TD controls, but the DLD-only group
shows improved phonological processing over time,
whereas the dyslexia-only group does not (Bishop et al.,
2009; Catts et al., 2005; Snowling et al., 2019). At this time,
the causal mechanisms that distinguish the DLD and dys-
lexia subgroups remain unclear, and there is growing recog-
nition that these profiles arise from multiple interacting
factors (Astle & Fletcher-Watson, 2020; Catts & Kambhi,
2017; Snowling et al., 2019).

Functional Impacts of DLD and Dyslexia

Insights about the nature of DLD and dyslexia have not
been matched to date by similar gains in understanding of
the functional impact of separate versus co-occurring
DLD and dyslexia, including impacts on academic perfor-
mance. This is important because negative effects on func-
tional outcomes are important to determining whether
dyslexia and/or DLD are associated with adverse impacts
on academic performance, and if so, to what extent.
Furthermore, it is not clear what the prognosis would be
for a child who meets criteria for one or both of these dis-
orders in the early school years. Understanding functional
academic impacts is also crucial to the rationale for further
research about these populations. Many studies report aca-
demic, social, and vocational impacts for either DLD
(Brownlie et al., 2007; Conti-Ramsden & Durkin, 2012;
Conti-Ramsden et al., 2009, 2013, 2018; Durkin et al.,
2009; Snow, 2019; Snowling et al., 2001; Tomblin, 2014;
Voci et al., 2006) or dyslexia (Daniel et al., 2006; Eloranta
et al., 2019; McGee et al., 2002; Olofsson et al., 2015;
Richardson, 2015; Willcutt et al., 2007), but these studies
have not accounted for the frequent co-occurrence of the
disorders. This means that conclusions drawn about one
disorder may be affected by the presence of children in the
study who also have the other disorder. Moreover, the
existing research on functional impacts of DLD or dys-
lexia has usually involved children who have already been
identified by schools or private clinics. This approach is

likely to overrepresent children who meet criteria for both
subgroups (Catts et al., 2005), which could lead to a dis-
torted view of academic outcomes for children with only
one disorder.

A recent example of a study that did consider comorbid-
ity of DLD and dyslexia in relation to academic outcomes
comes from Snowling and colleagues (2020), who exam-
ined reading comprehension performance in 8- and 9-year-
old children with dyslexia-only, DLD-only, DLD +dyslexia,
or TD. The children in the disorder groups had been
recruited to the study at 3.5 years of age on the basis of a
family history of dyslexia or low preschool oral language
skills, and reclassification of groups as having DLD or dys-
lexia was determined on the basis of composite scores on
standardized word reading and language assessments
administered by the researchers at the §-year-old assess-
ment point. Reading comprehension at age 8 and 9 years
was assessed with a researcher-designed task (Snowling
et al., 2009). The mean reading comprehension scores of
children with dyslexia-only were moderately but not sig-
nificantly different from the TD group (d = 0.51 and .60 at
8 and 9 years, respectively). The DLD-only group had sig-
nificantly worse reading comprehension than both the TD
and dyslexia-only groups. The reading comprehension
scores of the DLD+dyslexia group (d = 1.79 compared to
TD at age 8, and 2.06 at age 9) were marginally worse than
those of the DLD-only group (d = 1.56 compared to TD at
both time points), and at age 9 years, their deficits began to
approximate an additive combination of the deficits of the
dyslexia-only and DLD-only groups. The current study
builds on this evidence base by using school-administered
measures of both reading and math achievement examined
from second through fourth grades (when students are
approximately 8—10 years of age) in a large, community-
based sample.

Dyslexia and DLD Defined in Research
and Educational Contexts

Studies investigating the nature of DLD and dyslexia have
identified children based on criteria that are often more
inclusive than the group of children who are identified by
schools as needing educational supports. This is evidenced
by very low rates of academic identification and clinical
referral for children with DLD in disorder prevalence stud-
ies, which reported rates of service ranging between 17.7%
(Zhang & Tomblin, 2000) and 39% (Norbury et al., 2016).
This may, in part, be because schools often rely on referral
models for identification of DLD (where symptoms must be
noticed before an evaluation is initiated) and use arbitrary
test score cutoffs that are more stringent than those used in
research contexts (Adlof, 2020; Fulcher-Rood et al., 2018;
Spaulding et al., 2012). It is possible that children who
would meet the criteria for dyslexia or DLD using the more
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inclusive, research-based criteria are having academic dif-
ficulties that are not being recognized. Alternatively, it may
be that these students, while they meet criteria for DLD or
dyslexia used in research contexts, are not facing substan-
tial academic challenges. To date, most studies of academic
outcomes use samples of children who have been clinically
referred or school identified. Children are presumably more
likely to be flagged as needing additional support if they are
having functional difficulties in academic or social con-
texts. This introduces a circularity when evaluating whether
DLD and/or dyslexia impact academic outcomes; those
with academic difficulties will be oversampled if study
recruitment focuses on children who are already receiving
services. In addition to differences in cutoffs, researchers
often use different measures than those used by schools to
measure academic progress, which may or may not align
with current curricular expectations. The advantage of
school-based measures is their ecological validity: They are
designed to evaluate student performance relative to current
curricular expectations on skills valued by the schools. Our
study assessed reading and math performance on a school-
administered assessment, the Measures of Academic
Progress (MAP; Northwest Evaluation Association
[NWEA], 2013), from second through fourth grades. The
MAP is widely administered in the United States; the manu-
facturer reports that norms include data from 24,500 schools
in 5,800 districts (NWEA, 2021). It is administered by
schools to assess student progress on aspects of academic
performance that are defined as functionally important by
schools. For example, a recent survey of teachers indicated
that many of them use MAP reading assessment data to pro-
vide differentiated instruction to individual students and to
plan classroom reading instruction (January & Ardoin,
2015). More recently, analyses of MAP data were used to
project the impact of school closures on academic achieve-
ment during the COVID-19 pandemic (Kuhfield &
Tarasawa, 2020).

Impact of DLD and Dyslexia Across the
Curriculum

Given the importance of language across a range of aca-
demic skills, one might expect that children with language-
based disorders of dyslexia and/or DLD would experience
difficulty across the curriculum. Supporting this idea, previ-
ous studies of children with DLD or dyslexia have shown
difficulties in curricular areas including English, math, and
science as well as overall grade point average (Conti-
Ramsden et al., 2002; Willcutt et al., 2007), but again, these
studies have not considered comorbidities. In this study, we
considered the impact of DLD and dyslexia on reading and
math outcomes. Practically speaking, reading and math are
the first academic outcomes assessed in many regions,

including the state where this study was conducted. In fact,
there is reason to believe that math abilities are affected in
both dyslexia and DLD. Previous studies of children with
dyslexia have observed deficits in counting and number fact
fluency (Boets & De Smedt, 2010; Moll et al., 2015;
Vukovic et al., 2010). Those with comorbid reading and
math disorder have particular difficulties with phonological
storage that are not found in the math disorder only group
(Peng et al., 2012). Similarly, children with DLD have also
demonstrated difficulties with mathematics (Alt et al.,
2014; Cross et al., 2019; Durkin et al., 2015; Fazio, 1996;
Snowling et al., 2021), including difficulties with counting
and number facts (Cowan et al., 2005; Fazio, 1996; Nys
et al., 2013; but see Kleemans et al., 2011) as well as math-
ematical problem solving when problems are embedded in
narrative contexts (Bjork & Bowyer-Crane, 2013; Cowan
et al., 2005; Pimperton & Nation, 2010). Language-based
interventions support the development of word problem
skill (Fuchs et al., 2020, 2021), which is consistent with
other evidence that language supports mathematical devel-
opment over time (Peng et al., 2020; Spencer et al., 2020).
In this study, math scores on the MAP served as a second
measure of academic achievement that is important to over-
all academic success. Although not examined in this study,
we would also anticipate that DLD and/or dyslexia would
impact other curricular areas, including social studies and
science.

Study Purpose and Design

The current study aims to address gaps in the existing litera-
ture about academic growth in children with dyslexia and/
or DLD. Several unique features allow us to make a novel
contribution to the literature about outcomes for children
with these disorders. First, this study utilized classroom-
wide screenings to recruit a representative sample that also
accounts for the co-occurrence of dyslexia and DLD.
Second, our study uses the Measures of Academic Progress
(MAP; NWEA, 2013) to measure academic progress. The
MAP is a computer adaptive test administered by schools to
benchmark students’ level of achievement in reading and
math. MAP scores are reported in equal interval units that
allow comparison of student performance within and
between grades (January & Ardoin, 2015). Third, the cur-
rent study analyzes longitudinal data from the MAP between
second through fourth grades, a critical period in which the
academic demands shift. To our knowledge, no previous
published studies have considered reading or math out-
comes for children with separate versus co-occurring DLD
on school-administered measures. Our study addresses two
questions using growth curve models to examine differ-
ences between groups in second grade and the overall form
of growth between second and fourth grades.
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RQI1. Do children with DLD and/or dyslexia experience
academic deficits in second grade that are evident
on a global, school-based measure of academic per-
formance, that is, the MAP? We specifically ask:
Are there intergroup differences in (a) reading and
(b) math at the intercept?

RQ2. Do children with DLD and/or dyslexia experience
differences in patterns of growth on a global, school-
based measure of academic performance, such as
the MAP? We specifically ask: Are there intergroup
differences in form of growth of: (a) reading and (b)
math between second and fourth grades?

We ran analyses both with and without a nonverbal 1Q
covariate included in the models. In the past, clinical and
research identification of language or reading impairment
has required 1Q scores that were within normal limits (Catts
etal., 2005; Gallinat & Spaulding, 2014; Miciak & Fletcher,
2020). Yet, children with DLD or dyslexia continue to score
significantly lower than control groups on measures of non-
verbal 1Q even when their scores are within normal limits.
This may be particularly relevant to the study of math
because nonverbal 1Q has been found to be a significant
predictor of mathematical performance (Hornung et al.,
2014; Jogi & Kikas, 2016; Peng et al., 2019). Durkin et al.
(2015) found that nonverbal 1Q, rather than language skill,
predicted mathematics performance in children with SLI.
Additionally, nonverbal 1Q has been found to be a signifi-
cant early predictor of future reading comprehension (Adlof
et al.,, 2010; Fuchs et al., 2012; Hayiou-Thomas et al.,
2021), perhaps because of the increasing importance of rea-
soning skills for drawing inferences and comprehending
complex texts (Tighe & Schatschneider, 2014). Therefore,
it is of interest whether potential group differences are
maintained for reading and math after controlling for non-
verbal 1Q. The findings were similar across both analyses.
The results reported in the main manuscript include the
nonverbal 1Q covariate; models without the nonverbal 1Q
covariate are included in the supplemental materials.
Regarding reading, we predicted that participants with
dyslexia-only would exhibit lower reading scores at the
intercept compared to students with DLD-only due to the
instructional focus on developing word reading skills in
the ecarly grades (Foorman et al., 2018), which are
impaired in dyslexia. We also hypothesized that students
with DLD would show a lower rate of reading growth
than students with dyslexia-only or typical development
(TD) because of the increasing reliance on language abil-
ity in reading comprehension (e.g., Adlof et al., 2006;
Foorman et al., 2018; Kent et al., 2017). Thus, the devel-
opmental shift from “learning to read” to “reading to
learn” was predicted to have different impacts on the
dyslexia-only and DLD-only groups. Regarding math,
we hypothesized that TD students would perform the

highest on math at all time points, followed by students
with either dyslexia-only or DLD-only, and that students
with both DLD and dyslexia (DLD+dyslexia) would
have the lowest scores across grades. We made no pre-
dictions about group differences in rate of growth in
math.

Method

All procedures were reviewed and approved by the
University of South Carolina Institutional Review Board.
Upon enrollment, students completed background assess-
ments of language, word reading, reading fluency, vocabu-
lary, and nonverbal cognition. Prior to conducting these
assessments, all research assistants received training in the
administration of standardized assessments and were
observed by a project coordinator who was a clinical psy-
chologist or certified speech-language pathologist. Schools
provided reports of participant performance on MAP read-
ing and math assessments twice annually from fall of sec-
ond grade through spring of fourth grade in the years 2013
to 2016.

Participants

Participants (V = 448) were in second grade at the time of
enrollment and were enrolled in the study in waves each
year for 3 years beginning in Fall 2013 and ending in Spring
2016. Participants had been part of a larger project examin-
ing language and reading development in children with
DLD and/or dyslexia. All children were recruited from one
school district located in South Carolina in which the
median household income of families in the district is
slightly lower than that of the United States overall ($65,000
vs. $67,500), and most students reside in households with
two adults (70%) who have at least some college education
(64%). Second-grade students in the district were screened
using a classroom-based procedure which identified chil-
dren to be tested for inclusion in one of the study subgroups
(Adlof et al., 2017). All students in each second-grade
classroom were screened at the same time. Trained research
assistants administered the Listening Comprehension sub-
test of the Group Reading Assessment and Diagnostic
Evaluation (Williams, 2001) as a screen of language abili-
ties and the Test of Silent Word Reading Fluency (Mather
et al., 2004) as a screen of word reading abilities. Students
with low scores on either or both assessments were priori-
tized for invitation in follow-up assessments; see Adlof
et al. (2017) for more details. The analyses in this study
involved children with dyslexia-only (n = 45), DLD-only
(n = 91), DLD+dyslexia (n = 78), or TD (n = 234) whose
parents provided informed consent, who met criteria for
study subgroups, and for whom the school district had MAP
data available on at least one measure.
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All participants were monolingual English speakers
without hearing loss, motor disorder, or other diagnosed
physical or medical problems that would interfere with
speech or language development. Information on students’
eligibility status in the National School Lunch program was
available for 411 participants. In the United States, children
are eligible for partial or complete funding of lunch meals if
their family income is low relative to the poverty level or if
they are eligible for other federal programs intended to
reduce poverty. As such, it serves as a proxy measure of
socioeconomic status. Of the 411 students, 234 were eligi-
ble for free meals, 24 were eligible for reduced-price meals,
and 153 received full price meals. Parent-reported informa-
tion about race was provided for 422 participants: 1 was
American Indian (0.2%), 1 was Asian (0.2%), 132 were
Black/African American (29.5%), 271 were White (60.5%),
1 was Native Hawaiian/Pacific Islander (0.2%), 6 were two
or more races (1.3%), and 10 were described as “Other”
(2.2%). Ethnicity was provided for only 291 participants, 7
of whom identified as Hispanic/Latino and 284 of whom
identified as not Hispanic/Latino. The sample included 205
(45.8%) males and 232 (51.8%) females, with gender infor-
mation not reported for 11 (2.5%) participants. The average
age of the participants upon entry to the study in second
grade was 7.98 years (SD = 0.40).

Subgrouping Measures and Criteria

Participants were classified into language/reading impair-
ment subgroups in second grade. The Core Language Score
from the Clinical Evaluation of Language Fundamentals—
Fourth Edition (CELF-4; Semel et al., 2003), which pro-
vides an omnibus measure of language ability including
both receptive and expressive language, was used to assess
language ability. Participants with a standard score of 85 or
lower on the CELF-4 Core Language composite were clas-
sified as DLD. According to the CELF-4 test manual, the
internal consistency reliability of the Core Language score
ranges from .94 to .95 for the ages represented in our study,
and the selected cut score of 85 yields 100% sensitivity and
82% specificity for classification accuracy (Semel et al.,
2003). Because this study was conducted in a region of the
country where nonmainstream dialects of American English
(NMAE) are common, we also administered the Diagnostic
Evaluation of Language Fundamentals-Screening Test
(DELV-ST; Seymour et al., 2003) to ensure that children
who spoke a NMAE dialect were not incorrectly classified
as having DLD on the basis of dialectal mismatch with the
CELF-4 (cf. Adlof et al., 2017). Specifically, children who
exhibited “some” or “strong” variation from mainstream
American English on the DELV-ST also had to be classified
by the DELV-ST as showing “medium-high” to “highest”
risk of language impairment to remain in the DLD group for

analysis. Speakers of NMAE whose DELV-ST risk status
did not match their CELF-4 Core Language score were
excluded from analyses.

The Basic Skills Cluster of the Woodcock Reading
Mastery Tests, Third Edition (WRMT-III; Woodcock,
2011) was used to assess word reading ability. The Basic
Skills Cluster includes the Word Identification subtest,
which requires students to read real English words of
increasing difficulty, and the Word Attack subtest, which
requires them to decode English pseudowords. According
to the test manual, the Basic Skills cluster reliability is .96
for second-grade students. Participants who received a
standard score of 85 or lower on the WRMT-III Basic
Skills Cluster were classified as meeting criteria for dys-
lexia. This cutoff is comparable to other studies that have
used the WRMT-III (or previous versions) for identifying
dyslexia (e.g., Catts et al., 2005; Joanisse et al., 2000;
Siegel, 2008).

Participants who received a standard score of 85 or lower
on both the CELF-4 and the WRMT-III were classified as
DLD+dyslexia. Participants who scored above 85 on both
assessments were classified as TD. Based on these classifi-
cations, for the CELF-4 Core Language score, the DLD-
only group mean was 78.44 (SD = 6.31), the dyslexia-only
group mean was 96.04 (SD = 6.39), the DLD+dyslexia
group mean was 74.79 (SD = 8.49), and the TD group mean
was 101.61 (SD = 9.70). For the WRMT-III Basic Skills
Cluster score, the DLD-only group mean was 96.01 (SD =
8.56), the dyslexia-only group mean was 79.67 (SD =
3.68), the DLD+dyslexia group mean was 75.13 (SD =
6.65), and the TD group mean was 103.74 (SD = 10.96).
The full sample mean was 91.62 (SD = 14.64) for the
CELF-4 Core Language score and 94.77 (SD = 14.80) for
the WRMT-III Basic Skills Cluster score.

Descriptive Measures

In addition to the subgroup classification measures, other
norm-referenced assessments were administered to further
characterize the subgroups in second grade. These assess-
ments included the Expressive Vocabulary Test-2 (EVT-2;
Williams, 2007), the Peabody Picture Vocabulary Test-4
(PPVT-4; Dunn & Dunn, 2007), the Test of Word Reading
Efficiency-2 (TOWRE-2; Torgesen et al., 2012), and the
Test of Nonverbal Intelligence-4 (TONI-4, Brown et al.,
2010). We also obtained data from parents and schools on
receipt of speech, language, reading, or other special educa-
tion services. Parents provided this information as part of
the intake questionnaire completed when students enrolled
in the study in second grade. The school district provided
this information based on whether the student had an
Individualized Education Program (IEP) or not in the fall
following the third cohort’s study enrollment (Fall 2016).
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Scoring Reliability

All assessments for the first cohort were double scored by
trained research assistants to ensure reliability, with dis-
agreements reconciled through discussion. For the second
and third cohorts, 20% of the assessments were blind dou-
ble-scored using blank protocols and audio and video
recordings. Reliability was assessed as by-item agreement
between scorers and was high for all assessments: 93.5%
for CELF-4, 92% for DELV-ST, 96.8% for WRMT-III,
97.0% for TOWRE-2, 99.5% for EVT-2, 99.8% for PPVT-
4, and 95.7% for TONI-4.

Outcome Measures: Reading and Math
Measures of Academic Progress

Participating students completed the MAP Reading and
Math growth assessments (NWEA, 2013), in fall and
spring of each academic year they were enrolled in the
study. The MAP is a computer adaptive assessment admin-
istered as part of the school district’s monitoring plan. As
a benchmark test, the MAP is intended to reflect likely
performance on external measures such as state-wide pro-
ficiency tests (Cordray et al., 2012), and in third grade,
MAP scores account for 75% of variance on the Iowa Test
of Basic Skills (January & Ardoin, 2015). The MAP
Reading assessment measures foundational reading skills
(e.g., phonics, word recognition, context clues) and com-
prehension and analysis of literary and informational
texts. The number of items testing each skill will vary
depending on each student’s current level of ability. The
MAP Math assessment measures number sense and opera-
tions, algebraic thinking, geometry, and measurement.
Although there are different subtests/domains within each
MAP test, the premise of the MAP is that scores measure
a single underlying construct (i.e., reading achievement or
math achievement), which reflects coordinated engage-
ment of multiple cognitive processes. Corresponding to
this premise, total scores for the MAP were used as the
outcome variables in this study. These scores were com-
puted through a Rasch item response model framework,
which yields a predicted ability score based on students’
responses to items of varying difficulty. Thus, scores are
vertically scaled across grades to allow comparison of stu-
dent performance both within and across grade levels. The
test-retest reliability for the MAP is » = .78 to .83
(Reading) and » = 0.77 to 0.89 (Math) for tests adminis-
tered in consecutive semesters (NWEA, 2011). The inter-
nal consistency reliability (marginal reliability coefficient)
was 0.96 (Reading) and 0.92 (Math; NWEA, 2011). The
MAP was administered by teachers and other educational
professional at the students’ school under typical testing
conditions.

Analytic Approach

Growth curve modeling was used to examine the rate and
form of students’ change in performance on the measures
of reading and math from the fall of second grade to the
spring of fourth grade. Rasch scores from the MAP assess-
ments were used in all analyses. Following recommenda-
tions for growth curve modeling presented by O’Connell
et al. (2013), data were first examined for evidence of non-
normality and missing data patterns that would affect the
robustness of parameter estimates. Next, unconditional
growth models were constructed separately for MAP
Reading and MAP Math to determine the optimal form of
growth to describe change in students’ scores. Linear and
quadratic forms were evaluated. Conditional growth was
then examined, including main effects for diagnostic clas-
sification and including nonverbal IQ (i.e., TONI-4 Index
Score) as a covariate. To assess hypotheses regarding dif-
ferences in growth trajectories between the TD, DLD-only,
and dyslexia-only groups, interactions between diagnostic
classification and growth were examined. Statistically sig-
nificant interactions would indicate that growth trajectories
were not consistent across the groups.

Time was centered at the first time point so that the inter-
cept indicated students’ predicted scores in the fall of sec-
ond grade. Each one-unit change in time was scaled to
correspond with a MAP testing window (0 = Fall Second
Grade, 1 = Spring Second Grade, etc.). The dyslexia-only
group was selected as the reference group for the reported
conditional models to allow for direct comparison between
the dyslexia-only group and the other diagnostic groups
(also see Tables S3 and S4 in the online supplemental mate-
rials for group comparisons against the DLD-only diagnos-
tic groups).

All modeling was conducted in the R environment (R
Core Team, 2019) using the lme4 package (Bates et al.,
2015), consistent with a mixed-effect regression approach
to growth modeling (McNeish & Matta, 2018). Model fit
was evaluated considering (a) normality of residuals, (b)
chi-square difference testing among nested models, and
(c) compatibility between visualization of modeled growth
and individual student growth (O’Connell et al., 2013;
Raudenbush & Bryk, 2002). Syntax used for data prepara-
tion and analysis is available at https://osf.io/zuxf7.

Nesting of time points (i = 2,554) within students (j =
448) within teachers (n = 55) within schools (k = 11) was
examined in each model. First, intraclass correlation coef-
ficients obtained from unconditional models were exam-
ined for evidence of substantial variation (i.e., nearing ICC
= (.10) at each level of nesting. Then, levels that appeared
to contribute to predicting variability in the outcome were
included in the modeling structure and reevaluated in the
conditional framework.
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Results

Descriptive Statistics

Group performance on background descriptive measures is
provided in Table 1. Overall, students classified as TD had
the highest average scores on all descriptive measures,
while the children classified as having DLD+dyslexia
achieved the lowest average scores. Students classified as
dyslexia-only scored in the normal range on average on all
descriptive measures except the word reading fluency mea-
sure (M = 80.47, SD = 7.50). Students classified as DLD-
only achieved lower average scores on the vocabulary
measures compared to the children classified as dyslexia-
only but scored higher on word reading fluency (M =
95.68, SD = 11.04). Overall, this pattern of performance is
consistent with that observed for the subgrouping assess-
ments. Finally, all group means were well within the aver-
age range on the measure of nonverbal intelligence, and
most children classified as DLD (90.7% DLD-only, and
93.2% DLD + dyslexia) scored within one standard devia-
tion of the normative mean, thus meeting common research
criteria for SLI.

Of children categorized as typically developing, 47%
received a free or reduced-price lunch. These rates were
49%, 75%, and 73% for the dyslexia-only, DLD-only, and
DLD-and-dyslexia groups respectively. According to par-
ent report regarding students’ receipt of supplemental edu-
cational services to date in second grade (Table 1), only
18% (n = 80) of the sample had been referred for services.
Of the 214 students classified as having DLD and/or dys-
lexia according to study criteria, 27.1% (n = 58) were
reported to have received services. The proportion of chil-
dren in the dyslexia-only and DLD+dyslexia groups who
had received supplemental educational services was over
twice that of children in the DLD-only group (33% and
37% vs. 15%, respectively). Some parents who responded
positively to this question included explanations that
referred to response to intervention. Student enrollment in
special education classrooms showed similar trends. Less
than 20% (n = 38) of students classified as having DLD
and/or dyslexia were receiving special education services,
according to school report. Taken together, these descrip-
tive results for the DLD group are similar to past epide-
miologic studies of children with DLD (Norbury et al.,
2016; Tomblin et al., 1997), but these prior studies did not
consider whether DLD occurred alone or in combination
with word reading difficulties.

Scores for MAP Reading and Math by time point and
diagnostic classification are shown in Table 2. Overall, stu-
dent scores increased each semester, though less change
was evident from each spring to fall compared to fall to
spring. Students classified as TD had the highest average
scores across all time points compared to students classified
with DLD and/or dyslexia. Students classified as having

both DLD and dyslexia had the lowest average scores both
for Reading and Math.

Missing Data and Model Considerations

Student scores for both MAP Reading and Math were nor-
mally distributed. Missing data were observed at a rate of
9.4% for Reading and 8.5% for Math across all 3 years,
with more data missing in years 2 and 3 compared to year 1.
For nonverbal 1Q, missing data occurred at a rate of 10.5%
(n = 47). No additional patterns of missing data were iden-
tified through examination of missingness by performance
on background measures and classification status. Given
that the missing-at-random (MAR) assumption was plausi-
ble, we used restricted maximum likelihood (REML) esti-
mation to fit the models. REML is preferred to maximum
likelihood (ML) to generate less biased estimates of vari-
ance parameters (Raudenbush & Bryk, 2002). For model
comparisons, ML estimation was used to facilitate chi-
square difference testing. With larger sample sizes and more
clusters (i.e., students and schools), the difference between
REML and ML is negligible (Snijders & Bosker, 2012).
Some administration errors (n = 25 out of 2240 data-
points) were noted in the dataset. Errors included basal and
ceiling violations. Scores with violations were flagged
according to the type of administration error. A best esti-
mate for the score was then reported whenever possible,
using available data. To assess the impact of including these
scores in the analyses, sensitivity analyses were conducted
with these values excluded. No substantial differences were
identified in any of the reported results. Consequently, all
data are included in the results reported in this manuscript.

Growth Analysis—Reading

The observed change in students” MAP Reading scores from
fall of second grade through spring of fourth grade was best
described as quadratic (see Table 3 and Figure 1A). Students
tended to increase their scores by approximately 7.84 points
each semester (95% CI = [7.21, 8.48], p < .001), though
this rate of growth decreased (-0.51, 95% CI = [-0.63,
-0.39], p < .001) over time. Significant differences in per-
formance on MAP Reading were identified between the
groups at intercept. Compared to students classified as hav-
ing dyslexia-only, typically developing students scored
approximately 11.69 points higher (95% CI = [8.36, 15.02],
p <.001) onreading in the fall of second grade after account-
ing for scores on nonverbal IQ. Students identified as having
dyslexia and DLD scored approximately 6.32 points lower
(95% CI = [-10.09, -2.56], p = .001) than those with dys-
lexia-only. No significant differences in MAP Reading
scores were observed between children classified as having
dyslexia-only and those classified as having DLD-only
(0.89, 95% CI = [-2.74,4.51], p = .632).
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Table 3. Growth in MAP Reading Controlling for Nonverbal 1Q.

Main effects

Model including interactions

Predictors Estimates 95% Cl Lower 95% Cl Upper  p-value  Estimates 95% Cl Lower 95% Cl Upper p-value
(Intercept — Dyslexia only) 171.17 168.10 174.24 <.001 169.34 165.84 172.84 <.001
Time (semester/grade) 7.84 7.21 8.48 <.001 8.55 7.64 9.47 <.001
Time? -0.51 =0.63 -0.39 <.001 -0.51 =0.63 -0.39 <.001
Classification: DLD Only 0.89 -2.74 451 .632 322 -1.01 7.45 .136
Classification: DLD+dyslexia -6.32 -10.09 -2.56 .001 -5.69 -10.07 -1.32 .01l
Classification: Typical 11.69 8.36 15.02 <.001 14.12 10.26 17.98 <.001
TONI: Centered at 100 0.20 0.09 0.31 <.001 0.20 0.09 0.31 <.001
Interaction: DLD*Time =091 -1.76 =0.07 .035
Interaction: DLD +dyslexia*Time -0.25 -1.12 0.63 .580
Interaction: Typical*time =-0.95 =-1.72 -0.18 015
Random effects
N gougents = 401 c? =52.68 o2 =52.65
Observations = 2,287 Too = 10140 ¢ e Too = 100.89 ¢\ jene
TI | =1.88 Student / Semester Grade TII =18l Student / Semester Grade
Por = 7041 g gene Por = 7041 g gene
Adj. ICC =0.63 Adj. ICC =0.63
Cond ICC =03l Cond ICC =10.30
Marginal R¥Conditional R? = .516/.822 Marginal R¥Conditional R = .519 / .823

Note. Significant results are in bold. Estimates are provided based on the Dyslexia-only group as the reference. Cl = confidence interval; IQ =
intelligence quotient; ICC = intraclass correlation coefficient; DLD = developmental language disorder; TONI = test of nonverbal intelligence.

There was some evidence of interaction effects consis-
tent with hypotheses. Students with DLD-only exhibited a
slightly slower growth in their reading scores compared to
students with dyslexia-only (-0.91, 95% CI = [-1.76, -0.07],
p = .035). There was also an interaction between TD status
and growth, indicating that students with TD grew at a
slower rate compared to students with dyslexia-only (-0.95,
95% CI = [-1.72, -0.18], p = .015). No interaction was
observed between time and DLD+dyslexia status.

The best-fitting random effects structure for reading
accounted for student-level nesting but not nesting within
teachers or schools. Both teacher-level and school-level ran-
dom effects accounted for less than 1% of the variance in
reading scores. Random effects for student by semester were
identified, suggesting that individual students grew at differ-
ent rates between each of the included time points. Overall,
a slight negative association was observed between students’
reading scores in fall of second grade and their growth over
the 3 years of the study (p,, = -0.41). The models accounted
for 82.3% of the variation in students’ MAP Reading scores
from fall of second grade through spring of fourth grade.
The fixed effects alone explained 51.9% of the variation in
students’ scores. Models not including nonverbal 1Q as a
covariate are provided in Table S2, and models with children
with DLD-only as the reference group are available in
Table S3 in the online supplemental materials.

Growth Analysis: Math

Similar to MAP Reading, the change in students’ MAP
Math scores from fall of second grade through spring of
fourth grade was best described as quadratic (see Table 4,
Figure 1B). Students’ scores increased by approximately
7.84 points each semester (95% CI [7.22, 8.46], p <.001).
The rate of growth again decreased over time (-0.36, 95%
CI = [-0.45, -0.27], p < .001). Significant differences by
group were observed at intercept, as participants classified
as typically developing scored approximately 7.13 points
higher (95% CI = [4.51, 9.75], p < .001) on math than
participants with dyslexia-only, after accounting for non-
verbal 1Q. Students classified as having both dyslexia and
DLD scored approximately 3.44 points lower (95% CI =
[-6.41, -0.46], p = .024) than those with dyslexia-only.
There were no significant differences in math performance
between students identified as having DLD-only compared
to those with dyslexia-only (-0.33, 95% CI = [-3.20, 2.54],
p = .822).

Only one potential interaction effect was observed.
Students with DLD-only exhibited a slightly slower rate of
growth in math across the duration of the study compared to
students with dyslexia-only (-0.69, 95% CI = [-1.27,-0.11],
p = .021). There was no evidence of interactions among
any of the other groups.
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Figure 1. Growth curves depicting students’ predicted MAP scores in (A) reading and (B) math from second to fourth grades by

classification group.

Note. MAP = Measures of Academic Progress; DLD = Developmental Language Disorder.

The best-fitting random effects structure for math
accounted for both student-level nesting and school nesting,
as significant variation in math scores was attributable to
both student variability and to school variability. Nesting of
students within teachers’ classrooms did not contribute sub-
stantially to differences in students” math scores (ICC <
0.01). Random effects for student by semester were

identified, suggesting again that individual students grew at
different rates between each of the included time points
even after accounting for school-level variation. The fixed
effects alone explained 61.6% of the variation in students’
MAP Math scores from fall of second grade through spring
of fourth grade, with the full models accounting for 86.3%
of the variation in scores. Models not including nonverbal
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1Q are provided in Table S2, and models with children with
DLD-only as the reference group are available in Table S4
in the online supplemental materials.

Discussion

Existing research indicates that there are many children
who meet criteria for DLD or dyslexia but do not receive
formal academic or clinical supports (Norbury et al., 2016;
Phillips & Odegard, 2017; Zhang & Tomblin, 2000). Prior
to this study, however, there has been no data published that
speaks to the question of whether such children experience
functional difficulties in academic contexts. Moreover, dys-
lexia and DLD frequently co-occur, but neither studies on
functional outcomes nor studies reporting under-identifica-
tion for each disorder have considered separate versus co-
occurring dyslexia and DLD dyslexia. The results of this
study are generalizable to just such children, namely those
who meet research criteria for dyslexia-only, DLD-only, or
both disorders yet do not seem to have been identified by
schools or clinicians as needing support.

In this study, we examined functional measures of aca-
demic performance in children who met research-based cri-
teria for dyslexia and/or DLD between second and fourth
grades. Our approach was novel because we used a commu-
nity-based sample rather than recruiting primarily from
those who were clinically referred or at risk because of fam-
ily history. Overall academic performance was measured
with reading and math achievement scores on the MAP, a
widely used computer adaptive test of academic progress
administered by schools to benchmark student achievement
on curricular standards. Data were analyzed using a mixed-
effects modeling approach to examine both initial perfor-
mance in second grade and patterns of growth between
second and fourth grades. We found that children with
either DLD or dyslexia in second grade exhibited signifi-
cantly lower performance than their typically developing
peers in both reading and math achievement. Students who
met criteria for both disorders showed significantly poorer
performance than children with one disorder. Furthermore,
growth rates were generally similar across groups, and dif-
ferences in academic performance persisted through fourth
grade. Regarding group differences and growth rates, simi-
lar results were obtained when nonverbal 1Q was included
in the model and when it was not.

The findings from this study thus provide unique evi-
dence that children with both DLD and dyslexia who are
not identified from clinical samples do exhibit lower aca-
demic achievement than their peers on measures adminis-
tered by schools. Furthermore, their difficulties are not
restricted to reading-related skills but also extend to another
curricular areas, namely math. Academic impacts of DLD
and dyslexia compound, such that the most significant
effects are experienced by children who meet criteria for

both disorders. These difficulties persisted across all time
points in this study, from second through fourth grade.
Taken together, these novel findings underscore the impor-
tance of research about identification and appropriate aca-
demic supports for students with separate and co-occurring
DLD and/or dyslexia.

Longitudinal Impacts of DLD Versus Dyslexia
on Overall Reading Achievement

A strength of this study is the use of the MAP to measure
overall reading achievement longitudinally during a time in
development when children are expected to shift from
“learning to read” (i.e., to decode words) to “reading to
learn.” To our knowledge, no prior studies have examined
reading achievement in children with separate versus co-
occurring DLD and dyslexia on school-administered mea-
sures. The MAP is a widely used, school-administered test
which measures overall reading achievement for students
across grade levels. Items are aligned with state content stan-
dards to measure foundational skills, including phonics and
word reading, as well as higher level skills such as compre-
hension and analysis of literary and informational texts. As a
computer adaptive test, the proportion of items of each type
that each student receives will depend on their performance.
The test is vertically scaled to allow for the estimation of
growth over time; thus the overall reading score reflects stu-
dents’ overall progress on curricular standards in reading.
Based on the SVR (Hoover & Gough, 1990), we expected
that children with combined dyslexia and DLD, who by def-
inition struggle with both word reading and oral language,
would experience the greatest impact on reading compre-
hension, which would be reflected in MAP reading achieve-
ment scores. Indeed, we found robust evidence for an
additive effect, such that children who met criteria for both
dyslexia and DLD had lower performance than groups of
children who had only one of these disorders. Our results
build on those of Snowling et al. (2020), who examined
reading comprehension of 8- to 9-year-old children who had
a history of preschool language difficulties or a family his-
tory of dyslexia. Snowling et al. (2020) found that children
with DLD-only performed worse than children with dys-
lexia-only or TD on a researcher-designed measure of read-
ing comprehension, but only marginal differences between
the DLD-only and DLD+dyslexia group and nonsignificant
differences between dyslexia-only and TD. The participants
in the current study were also approximately 8 years old at
the first measurement point. Our results indicate that when
progress on overall reading standards is considered, both the
dyslexia-only and the DLD-only groups exhibit deficits rela-
tive to TD, and the DLD+dyslexia group shows signifi-
cantly greater impact than dyslexia-only and DLD-only.

We found that gaps in reading performance between dis-
ordered and typically developing groups in the fall of second
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grade persisted through the spring of fourth grade. As shown
in Figure 1A, the mean MAP reading scores of the DLD-
only and dyslexia-only groups in fall of third grade were
similar to those of the TD group in the fall of second grade.
In the DLD+dyslexia group, which had more severe reading
deficits, the MAP reading scores in spring of third grade
were similar to those of the TD group in the fall of second
grade. Thus, the reading deficits observed in the disorder
groups were educationally meaningful. Our findings for the
DLD-only group extend those of Tomblin (2014), who also
found a difference of approximately 1 year between children
with a kindergarten history of DLD or TD language on a
global reading measure administered by schools in third and
fourth grades. However, Tomblin’s (2014) analysis did not
differentiate between DLD-only and DLD +dyslexia.

Although we hypothesized slower growth rates in read-
ing for the DLD-only group, we found that growth rates
were mostly similar across groups. We did find that children
with dyslexia-only had slightly higher growth rates in MAP
reading scores than children with DLD-only, but these dif-
ferences were very small and not sufficient to close gaps
present in second grade. This finding may be attributable to
the use of an omnibus measure of reading skill, which
meant that while the reasons for difficulty (i.e., word read-
ing vs. oral language) may be different, the impact of these
distinct disorders on overall reading performance remained
relatively constant between second and fourth grades.
However, based on previous research on late-emerging poor
readers and poor comprehenders (Catts et al., 2012;
Psyridou et al., 2020), we would expect gaps in comprehen-
sion—and therefore overall reading achievement—to widen
for children with DLD-only and dyslexia-only at older ages.
This is a question for future research.

Impact of DLD and Dyslexia Across the
Curriculum

No previous studies have examined the impact of separate
versus co-occurring dyslexia and DLD on academic achieve-
ment beyond reading per se. We predicted that children with
DLD-only and dyslexia-only would experience additional
academic challenges; therefore, we examined math scores as
an available example of the effect of language-based disor-
ders on academic performance beyond reading. We found
that in fall of second grade, children with dyslexia-only and
children with DLD-only had lower math performance on the
MAP than their TD peers, with little difference between the
dyslexia-only and DLD-only groups. The DLD+dyslexia
group had lower scores than the DLD-only and dyslexia-
only groups. These results parallel the finding for the MAP
reading test and suggests that the deficits associated with
dyslexia and DLD may have additive effects on math out-
comes. However, the raw score differences for math were

somewhat smaller than for reading. As shown in Figure 1B,
the DLD-only and dyslexia-only groups were approximately
1.5 semesters behind the TD group in MAP math scores,
whereas the DLD+dyslexia were approximately 1 year
behind. In terms of growth rates for math skills, children
with dyslexia-only had a slightly higher growth rate for
MAP math than did children with DLD-only. No additional
between-group differences were observed, and the gaps that
existed in second grade for all groups with disorders per-
sisted through fourth grade.

Importantly, while the groups differed in nonverbal 1Q
scores, results regarding academic performance were not
solely explained by nonverbal 1Q differences. In line with
previous studies, nonverbal intelligence was a significant
covariate in both the reading (Hayiou-Thomas et al., 2021)
and math (Peng et al., 2019) models. The finding that
group differences were significant both with and without
the nonverbal 1Q covariate in the model indicates that dys-
lexia and DLD contribute to academic performance in
reading and math above and beyond contributions of non-
verbal intelligence.

The MAP generates global measures that include a range
of tasks, and the current data do not allow us to comment on
whether there were different reasons for low math achieve-
ment across groups. There may be different cognitive paths
that lead to similar outcomes for the DLD-only and dys-
lexia-only groups on a global measure of math performance.
Whatever the cognitive mechanisms involved, a key take-
away from these data is that DLD and/or dyslexia have
functional academic impacts that extend beyond content
areas that are designated as “reading.” Furthermore, these
deficits persist over time.

Research vs. Clinical Categorization of DLD and
Dyslexia

A critical feature of this study was community-based
recruitment; participants were recruited following class-
room-wide screenings. Previous studies on academic per-
formance in children with dyslexia or DLD have generally
used samples of children who are clinically referred or at-
risk based on family history. However, previous research
shows that most children who meet research criteria for
dyslexia or DLD are not identified by schools as in need of
service (Norbury et al., 2016; Zhang & Tomblin, 2000),
which could affect validity of conclusions in this line of
research about functional impacts. In the current sample,
less than 40% of children in any of these groups had
received any type of supplemental educational services
based on parent report; a similar pattern, with lower overall
proportions, was observed for school reports of special edu-
cation services. We do not have data from schools about
whether students received other supports, such as Response
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to Intervention (RTI) services, so reported service rates may
not reflect all academic supports offered to students.
Another limitation of our data is that we don’t have detailed
information about the specific types or amount of services
children received. For this reason, we did not compare aca-
demic performance between children who were reportedly
receiving services and those who were not. This is a research
question for future studies. Nonetheless, despite these limi-
tations, we are reassured that between parent-reported and
school-reported data, we were successful in recruiting chil-
dren who were not formally identified by schools as being
in need of additional academic supports. This addresses
limitations of previous studies about functional impacts of
DLD and dyslexia because we are able to draw conclusions
about outcomes for a range of children who meet common
research criteria for DLD and/or dyslexia, not only those
receiving formal academic or clinical supports. In this
inclusive sample, we found evidence of meaningful inter-
group differences in academic performance.

It is noteworthy that the school-reported rate of special
education services was different between groups. Children
who had characteristics of both dyslexia and DLD had the
highest reported rates of service although even in this group,
the majority did not seem to be receiving supplemental sup-
port. Parents reported similar rates of specialized services
for children with dyslexia-only and DLD+dyslexia, and
students with DLD-only were the least likely to have
received any services. Thus, in this sample, children with
dyslexia seemed to be more likely to receive support than
children with DLD despite similar levels of impact on aca-
demic performance. Because the current study was not
designed to address this question specifically, further stud-
ies are needed to confirm these findings. The pattern of
results in this sample, in which children with DLD seem to
be receiving lower levels of specialized support than chil-
dren with dyslexia despite similar academic impacts, is in
line with recent calls to raise awareness of DLD and its
impacts (McGregor, 2020) and for schools to systematically
monitor oral language development in similar ways as read-
ing and math skills are monitored (Adlof & Hogan, 2019).
Other research suggests that many parents and teachers
have low knowledge about language disorders, decreasing
the likelihood of referral (Friberg, 2006; Skeat et al., 2010).
Once referred, system-wide constraints may affect whether
children with DLD receive services (Fulcher-Rood et al.,
2018; Selin et al., 2018). Additionally, other variables
including gender, geographic location, minority status, the
presence of co-occurring speech disorders, and socioeco-
nomic status (see review by McGregor, 2020) affect the
probability that children with DLD will receive services.
Notably, these variables are not intrinsically related to the
functional significance of the language disorder itself. Thus,
our findings are consistent with other literature, which dem-
onstrates low levels of specialized support for children with

DLD (Norbury et al., 2016; Zhang & Tomblin, 2000), and
highlight a need to raise awareness of DLD and its impacts
on academic progress. It might be assumed that low referral
rates are because children with DLD and/or dyslexia
(defined in ways common to researchers) were not mean-
ingfully affected in real world academic performance. Data
from this study would strongly argue against this interpreta-
tion and would rather lend support to the idea that children
with DLD and/or dyslexia should be identified and pro-
vided with adequate supports.

Conclusion

Children who met standard research criteria for dyslexia or
DLD in second grade exhibited significantly lower perfor-
mance than TD peers on school-administered, global mea-
sures of reading and math achievement, which persisted
from fall of second grade through the spring of fourth grade.
Children who met criteria for both disorders showed the
lowest level of performance across all measures and time
points. These findings of significant functional impacts on
academic achievement support the validity of standard
research criteria for dyslexia and DLD. However, the major-
ity of children with dyslexia and/or DLD identified by the
researchers had not received special education services,
according to both parent and school reports. Children with
DLD-only were least likely to have received services
despite similar levels of academic performance relative to
the dyslexia-only group in second grade. This highlights a
continued need to raise awareness of this disorder and its
impacts within both research and school settings. We
believe that all who are interested in children with learning
disabilities—researchers, practitioners, and parents—need
to be aware of the role of oral language skills and the impact
of DLD on academic progress.

Authors’ Note

The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes
of Health. Preliminary results of this study were presented at the
2018 meeting of the Society for the Scientific Study of Reading in
Brighton, England.

Acknowledgments

We thank the children who participated in this study, as well as
their parents and the teachers and schools who assisted with the
study and provided MAP data. We thank project coordinators
Joanna Scoggins and Allison Brazendale and all members of the
SC Research on Language and Literacy (SCROLL) Lab who
assisted with data collection and processing.

Author Contributions

Study conception and design: S.M.A., A.E.H., and D.M.D. Data
acquisition and management: S.M.A., A.E.H. Data analysis and



Duff et al.

387

interpretation: L.F., SM.A., and D.M.D. Manuscript drafting:
D.M.D., A.EH., LF., and S.M.A. All authors contributed to criti-
cal revisions of the manuscript and approved the final submitted
version.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

This research was supported by grants from the National Institute
of Deafness and Other Communication Disorders of the National
Institutes of Health under award numbers RO3DCO013399 (PI:
Adlof) and RO1DCO017156 (PI: Adlof).

ORCID iDs

Lisa Fitton https://orcid.org/0000-0003-0524-7339
Suzanne M. Adlof (|2} https://orcid.org/0000-0002-0156-7231

Supplemental Material

Supplemental material for this article is available on the Journal of
Learning Disabilities website at with the online version of this
article.

Note

1. The DLD label was recently proposed as an alternative to
the term specific language impairment (SLI; Bishop et al.,
2016). SLI is defined similarly as DLD, that is, significant
difficulty understanding and producing spoken language
despite normal hearing and normal intellectual abilities
(National Institute on Deafness and Other Communication
Disorders (NIDCD), 2019), but studies of SLI have tradition-
ally required nonverbal 1Q scores to fall within normal limits
(Leonard, 2014). Such studies of children with SLI can be
considered to represent a subset of children with DLD.
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