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Abstract

In this large-scale study of students from Title 1 schools (N = 14,773), we used multiple-group 

latent change score (LCS) modeling to investigate the developmental relations between vocabulary 

knowledge and reading comprehension in students with a school-identified learning disability 

(LD, n = 627) and typically developing students (n = 14,146). Students were tested for their 

vocabulary breadth and passage comprehension skills in Kindergarten through fourth grade. For 

typically developing students, there were bidirectional influences between their vocabulary 

knowledge and reading comprehension skills. There were no cross-lagged influences across 

constructs for students with an LD. We find evidence for a developmental delay, such that students 

with an LD had similar levels and gains in their vocabulary knowledge relative to typically 

developing students, but these students started much lower in their reading comprehension skills 

and did not catch up to their typically developing peers. We discuss the implications for children 

with learning disabilities and the development of their reading comprehension skills.
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Reading comprehension is a vital skill for successful educational attainment, yet only 36% 

of 4th grade students and 34% of 8th grade students in the United States are proficient in 

reading comprehension according to a national reading assessment (National Assessment of 

Educational Progress, 2015). Five to 17 percent of the population of children are identified 

as having a learning disability (LD), approximately 80% of which have specific problems 

with word reading and comprehension of written text (Shaywitz & Shaywitz, 2003). 

Students who exhibit severe difficulties with reading in the primary grades are likely to 

continue to struggle with reading throughout school (Foorman, Francis, Shaywitz, Shaywitz, 

& Fletcher, 1997) and are at a higher risk for dropping out of school, experiencing 

unemployment, and being incarcerated (Newman et al., 2010).

Reading comprehension is a complex process, but is largely driven by two necessary but not 

singularly sufficient elements: word reading and linguistic comprehension (Gough & 

Tunmer, 1986; Hoover & Gough, 1990). For children with an LD, deficits in either 

component can lead to problems with reading comprehension. Difficulties with phonological 

awareness can lead to deficits in decoding, a hallmark of dyslexia or reading disabilities 

(Vellutino & Fletcher, 2005), and these decoding deficiencies affect a student’s ability to 

comprehend written text (Gough & Tunmer, 1986). Students who have normal decoding 

skills, but have poor language skills or specific language impairments, are also more likely 

to have problems with reading comprehension (Catts, Adlof, & Ellis-Weismer, 2006; Catts, 

Fey, Tomblin, & Zhang, 2002).

Although decoding is a stronger predictor of reading comprehension in the early years of 

elementary school when reading instruction begins (e.g., Hoover & Gough, 1990; Ouellette 

& Beers, 2010; Tilstra, McMaster, Van den Broek, Kendeou, & Rapp, 2009; Verhoeven & 

van Leeuwe, 2008), language skills, particularly vocabulary knowledge, become 

increasingly important to reading comprehension in the late elementary years in both 

monolingual and bilingual populations (Geva & Farnia, 2012; Kim & Wagner, 2015; Kim, 

Wagner, & Lopez, 2012; Ouellette & Beers, 2010; Van Gelderen, Schooen, Stoel, De 

Glopper, & Hulstijn, 2007; Verhoeven & van Leeuwe, 2008, 2012).

Relations between Vocabulary Knowledge and Reading Comprehension

According to the report of the National Reading Panel (NRP), “reading comprehension… 

cannot be understood without examining the critical role of vocabulary learning and 

instruction and its development.” (p. 4–1, National Institute of Child Health and Human 

Development, 2000). Research has supported vocabulary knowledge as one of the best 

predictors of reading comprehension (e.g., Beck & McKeown, 1981; Cain & Oakhill, 2011; 

McKeown, Beck, Omanson, & Perfetti, 1983; Quinn, Wagner, Petscher, & Lopez, 2015; 

Torgesen, Wagner, Rashotte, Burgess, & Hecht, 1997), such that, “vocabulary provides the 

foundation for grammatical knowledge, definitional vocabulary, and listening 
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comprehension.” (NELP, 2008, p. 75). There are a few plausible hypotheses for the basis of 

this relation between vocabulary and reading comprehension.

Aptitude hypothesis

Anderson and Freebody (1979) posited that vocabulary knowledge and reading 

comprehension share a joint association with verbal aptitude. According to this hypothesis, 

children who perform better on vocabulary tests do so because their verbal aptitude is better, 

and verbal aptitude is implicated in better text comprehension (Anderson & Freebody, 

1981). To this end, the best indicator of verbal ability is typically vocabulary knowledge, and 

verbal ability in turn predicts growth in reading comprehension (Oakhill, Cain, & Bryant, 

2003; Sattler, 2001; Stage, Abbott, Jenkins, & Berninger, 2003; Sternberg & Powell, 1983; 

Woodcock, McGrew, & Mather, 2007).

Instrumental hypothesis

A second explanation is that one must understand the words in a passage to grasp the 

intended meaning of that passage (Anderson & Freebody, 1979, 1981). Anderson and 

Freebody named this the instrumental hypothesis—that is, vocabulary knowledge is 

instrumental to successful comprehension of written text. Indeed, children with a smaller 

vocabularies are more likely to have difficulties with text comprehension and recall (Perfetti, 

Landi, & Oakhill, 2005). Relatedly, Perfetti’s (2007) lexical quality hypothesis posits that 

when the lexical representation of a word is high in quality, the reader can more quickly 

access semantic information about that word, expediting their comprehension of written 

words in context through more fluent and automatic reading (Perfetti & Hart, 2001).

Knowledge hypothesis

Anderson and Freebody (1979) suggested that in addition to an instrumental and an aptitude 

relation, there is a third hypothesis, the knowledge hypothesis, whereby vocabulary and 

reading comprehension are said to be indirectly related through general knowledge or 

background knowledge on the topic. Background knowledge is directly implicated in 

reading comprehension, as having prior knowledge on the topic of the text is useful for 

drawing inferences and imputing missing information (Anderson & Pearson, 1984). Nagy 

(2007) extended this knowledge hypothesis and proposed that vocabulary and reading 

comprehension are correlated by virtue of their joint association with metalinguistic 

awareness. Morphological awareness is a specific form of metalinguistic awareness that 

facilitates acquisition of new vocabulary words (Carlisle, 2007; Spencer et al., 2015; Tighe 

& Schatschneider, 2015). Broadly, metalinguistic awareness facilitates comprehension 

monitoring-the active process of monitoring one’s comprehension of written text- and 

comprehension monitoring has a direct effect on reading comprehension (Cain, Oakhill, & 

Bryant, 2004; Perfetti, Marron, & Foltz, 1996; Wagoner, 1983).

Reciprocal hypothesis

The previously mentioned theories posit that vocabulary influences reading comprehension, 

but the reciprocal hypothesis states that individual differences in reading comprehension 

may in turn influence vocabulary growth (Elleman, Lindo, Morphy, & Compton, 2009). 
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Being better at reading comprehension may help not only in inferring the meanings of new 

words but also in sharpening and extending the meanings of already known words. Indeed, 

much of a child’s vocabulary is acquired by inferring the meanings of words encountered in 

conversation and in context as opposed to being directly taught and learned (e.g., Cain, 

2007; Cunningham & Stanovich, 1991; Nagy, Herman, & Anderson, 1985; Nagy & Scott, 

2000; Perfetti et al., 2005; Sternberg, 1987). Through multiple exposures of words in spoken 

and written forms, children incrementally gain deep knowledge of the definitions and usages 

of those words (Elleman et al., 2009). Children are thus better situated to read complex 

passages, which in turn increases text exposure, which further deepens and broadens a 

child’s lexicon of known words through a phenomenon known as the “Matthew Effect” 

(Stanovich, 1986).

Longitudinal Relations between Vocabulary Knowledge and Reading 

Comprehension

After controlling for the effects of word identification skills, intelligence, linguistic skills, 

and inference-making skills, the relation between vocabulary knowledge and reading 

comprehension holds across the early elementary grades (e.g., Muter, Hulme, Snowling, & 

Stevenson, 2004; Verhoeven, van Leeuwe, & Vermeer, 2011). Results from path-analytic 

studies that included autoregressive effects (Gollob & Reichardt, 1987) indicated that 

vocabulary knowledge predicted performance on reading comprehension tasks 

independently of previous levels of reading comprehension (de Jong & van der Leij, 2002; 

Verhoeven & van Leeuwe, 2008; Verhoeven et al., 2011). Correlations between vocabulary 

and reading comprehension from Kindergarten to grade 2 are moderate when measured with 

receptive tasks (.38 ≤ rs ≤ .44) and moderate to large when measured with expressive tasks 

(.53 ≤ rs ≤ .70; c.f. Ouellette, 2006). In addition to a longitudinal instrumental relation, 

research has supported reciprocal longitudinal relations between vocabulary knowledge and 

reading comprehension after accounting for word decoding between first and third grade 

(Verhoeven et al., 2011) and after accounting for self-regulation between first to second 

grade (Connor et al., 2016). From grade 1 to grade 2, the correlation between vocabulary 

knowledge and reading comprehension increased from r = .34 in fall of grade 1 to r = .51 

spring of grade 2 (Connor et al.), consistent with findings from other longitudinal studies of 

elementary school children (e.g., Ouellette, 2006; Quinn, Wagner, Petscher, Lopez, 2015; 

Reynolds & Turek, 2012).

The previously reported studies used cross-lagged panel modeling (Verhoeven et al., 2011)

—a method which has been criticized (Hamaker, Kuiper, & Grasman, 2015)—and structural 

equation modeling (Connor et al., 2016)—which does not account for individual differences 

in growth (Ferrer & McArdle, 2010; McArdle, 2009). Latent change score (LCS) modeling 

combines the advantages of cross-lagged panel models and parallel process growth models 

to explain both within person and between person differences in the co-development of 

related processes (Ferrer & McArdle, 2010; McArdle, 2009).

LCS modeling was recently used to support the unidirectional instrumental hypothesis 

(Quinn et al., 2015; Reynolds & Turek, 2012), such that vocabulary was a leading indicator 
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of change in reading comprehension. LCS modeling was also used to estimate bidirectional 

relations between verbal IQ and reading (e.g., Ferrer et al., 2007) and between full-scale IQ 

and reading (Ferrer et al. 2010), supporting a modified reciprocal aptitude hypothesis. In the 

latter study, Ferrer et al. (2010) discovered differential reciprocal relations regarding 

students with and without reading problems. The authors suggested that these differential 

results may have occurred because struggling readers tend to read less than their typically 

developing peers, and are therefore exposed to fewer vocabulary words and world 

knowledge through repeated reading. The authors also posited that readers with dyslexia are 

at a large disadvantage at such an early grade because there is a dissociation between their 

reading and their IQ, or that a reciprocal relation could have existed between factors outside 

of the scope of their study.

The Development of Reading in Students with Learning Disabilities

In 2013, 5.7 million children received special education services under Individuals with 

Disabilities Education Act (IDEA; DePaoli et al., 2015). With an average of 10% of the 

population having a learning disability, it is imperative we understand any differences in the 

development and growth of language and literacy skills for children with and without an LD.

Developmental differences between typical students and students with an LD

Students with an LD have more difficulties than typically developing students on measures 

of reading (Wanzek, Otaiba, & Petscher, 2014). In their large scale study of over a hundred 

thousand students in second and third grade, Wanzek et al. (2014) estimated that of students 

identified as having a learning disability (n = 10,339), over 50% of these students scored 

below the 20th percentile on a measure of reading comprehension, compared to just 17% of 

the typically developing students. Additionally, students with an LD started with lower oral 

reading fluency skills and made less progress over time, never catching up to their typically 

developing peers (Wanzek et al.).

There are two developmental theories that may underlie why children with an LD show 

differential growth in reading from their peers without an LD: the developmental lag model 

and the developmental deficit model. The developmental lag model posits that children with 

an LD start out lower in reading than their peers without an LD, but grow much faster in 

their reading to catch up over time (Francis, Shaywitz, Stuebing, Shaywitz, & Fletcher, 

1996; Stanovich, Nathan, & Zolman, 1988). In early longitudinal work, Satz and colleagues 

(1978) hypothesized that developmental dyslexia is a result of lagging brain maturation, thus 

slowing the process of learning to read by way of differential delays in the development in 

the skills necessary for sufficient reading. Reading growth can also be accelerated for 

students with a language-based difficulties when language interventions are provided early 

(e.g., Skibbe et al., 2008), so it would follow that instruction focused on language 

components, specifically grammar, syntax, and vocabulary, would have a positive impact on 

reading comprehension for struggling students (NELP, 2009).

The developmental deficit model posits that children with an LD, especially an LD that is 

reading-based, are poor readers because of a deficit in a skill that does not properly develop 

(Cromer, 1970; Francis et al., 1996). Candidate skills might be related to their word reading 
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skills (e.g., phonological awareness or decoding; Gough & Tunmer, 1986) or related to their 

linguistic comprehension skills (e.g., vocabulary knowledge or background knowledge, 

Gersten, Fuchs, Williams, & Baker, 2001). According to recent work, Spencer and 

colleagues (2018; 2019) discovered that for children with specific reading comprehension 

difficulties, or those students with reading comprehension problems although they have 

appropriate decoding skills, their oral language weaknesses were best indicated as a 

developmental lag rather than a developmental deficit. This is an important distinction, as a 

developmental deficit might be an important factor in the development of reading problems 

(Spencer & Wagner, 2018; Spencer, Wagner, & Petscher, 2019).

The Present Study

Investigating the co-development of language and literacy is especially important for a 

special population such as students with a school-identified LD. In a study on the 

environmental effects of poverty for children 1 or 2 years old, by age 3, children from 

wealthier families knew more words than children from middle class families, and knew 

even more words than children from low-income families (Hart & Risley, 1995). If children 

from low income families start preschool knowing fewer words and these children are more 

likely to have a learning disability, and if we know that vocabulary knowledge is vital to the 

development of reading comprehension, it is imperative to study the co-development of 

these skills in a sample of students, both with and without an LD, from a high-risk 

population of proportionally lower income students.

With the reauthorization of IDEA in 2004, the Department of Education set out to fund low-

performing schools with at-risk students through the Reading First initiative. This initiative 

was designed to improve the reading performance of students who were at risk for reading 

problems based largely on higher levels of poverty. In concordance with Reading First, 

states introduced progress monitoring networks to track the progress and development of 

important early academic skills necessary for educational attainment. Further, states also 

updated the identification procedures for classifying students with learning disabilities.

The present study sought to examine the co-development of vocabulary knowledge and 

reading comprehension in a sample from largely Reading First schools using a progress 

monitoring database from Florida in the US. These at-risk schools have a larger sample of 

students school-identified as having a learning disability, as rates of LD identification are 

higher in households with lower socioeconomic status (Shifrer, Muller, & Callahan, 2011). 

We used multiple group latent change score modeling to investigate the co-development of 

vocabulary knowledge and reading comprehension from kindergarten through fourth grade 

for students with and without a school-identified LD. The LCS models helped to answer the 

following research questions:

1. Is vocabulary knowledge a leading indicator of change in reading comprehension 

(in support of a instrumental hypothesis)?

2. Is reading comprehension a leading indicator of change in vocabulary knowledge 

(in support of a reverse instrumental hypothesis)?
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3. Are there bidirectional relations between vocabulary knowledge and reading 

comprehension (in support of a bidirectional instrumental hypothesis)?

4. Or, do vocabulary knowledge and reading comprehension grow together, and 

there are no direct influences (in support of an aptitude or knowledge 

hypothesis)?

5. Are there differential developmental relations for students with an LD relative to 

their typically developing peers? Can these differential relations be described as 

a developmental lag or developmental deficit?

Method

Participants

The analyses in this study were performed on secondary data. The participants for this study 

(N = 14,773, 51% female) came from 440 primarily lower-performing schools with Title I 

designations from 47 districts in Florida, United States. Data were collected from the 2003–

2004 school year (Kindergarten) to the 2007–2008 school year (fourth grade) and were 

recorded in a large state database housed at the Florida Center for Reading Research called 

the Progress Monitoring and Reporting Network (PMRN). The PMRN database was created 

to monitor the performance of students in Reading First schools in concordance with the 

2004 reauthorization of the Individuals with Disabilities Education Act (IDEA). Reading 

First was a federally funded initiative designed to improve the reading performance of 

students who were at risk for reading problems based largely on higher levels of poverty. 

Although the database included primarily Reading First schools, a small number of non-

Reading First schools opted to be included in the database (however, we do not have access 

to information on which of the 440 schools were or were not designated as Reading First). 

The total sample demographics were diverse: 51% female, 49.0% White, 26.5% Black, 

18.7% Hispanic, 1.4% Mixed ethnicity, 4.2% Asian/Pacific Islander, and 0.3% American 

Indian. Sixty-five percent of the students in year 1 of data collection were eligible for free or 

reduced-price lunch or attended a USDA-approved Provision 2 school, which provided 

meals for free to eligible students.

LD sample—Students were school-identified as having an LD in concordance with the 

reauthorization of the Individuals with Disabilities Education Act in 2004. Adopted in 

September 2004, Rule 6A-6.0331 of the Florida Administrative Codes stated that for 

students in kindergarten through grade twelve, the following activities must be completed 

prior to referral for learning disabilities: (1) conferences between the caretakers and teacher 

to address problem areas, (2) at least two observations of student behavior by separate 

people, (3) evaluation of medical and educational records, (4) review of attendance records, 

(5) screening for vision, speech, language, and hearing to rule out sensory deficits, and (6) 

two attempts at intervention (i.e. increased instruction, change in schedule, etc.). If a student 

required further evaluation after meeting the above criteria, the referral process began by 

writing a formal request for evaluation of a student’s eligibility for education services. After 

parental consent was given, the evaluation began with standardized tests validated for the 
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intended use of diagnosis, and no single assessment was used as the sole criterion for 

eligibility for extended services.

The sample from the present study were from a new cohort of students that started 

Kindergarten during the 2003–2004 school year. Because these students belong to over 400 

distinct schools from Florida, it was impossible to determine how quickly or how 

consistently the new IDEA 2004 criteria were applied when identifying students as having a 

learning disability. In order to have a better chance at proper state-wide implementation of 

the new statutes, we used the 2006–2007 LD identification status as the student’s 

classification in the present analysis.

Using the school-based indicator from the database, four percent of the students (n = 627) 

were school identified as having a learning disability in Grade 4. The ethnicities of these 

students were similar to the total sample: 48.2% White, 27.0% Black, 20.3% Hispanic, 1.0% 

Mixed ethnicity, 3.0% Asian/Pacific Islander, 0.6% American Indian; however the 

percentage of male students was larger (67.1% male in the LD sample versus 48% male in 

the non-LD sample), and a larger proportion of children were eligible for free or reduced-

price lunch (77.1% eligible versus 65% for the typically developing children).

Measures

One measure each of vocabulary knowledge and reading comprehension were administered 

in the spring of each school year (between the middle of February to the end of the school 

year).

Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 1997)—This measure 

tests breadth of receptive vocabulary knowledge, and requires pointing to one of four 

pictures that represents the target word. Scores were reported as standard scores with a mean 

of 100 and a standard deviation of 15. Alternative form reliability exceeds 0.88; criterion-

related validity coefficients with reading ability range from 0.69 to 0.91 (Williams & Wang, 

1997). The PPVT was administered individually. Data were available annually from 

Kindergarten through 3rd grade.

Stanford Achievement Test – 9: Reading Comprehension (SAT-9; Harcourt 
Brace Educational Measurement, 1996)—The SAT-9 measured reading 

comprehension through the two Reading Comprehension subtests from the Primary 1 and 

Primary 2 forms. These forms administered to first grade students and second grade 

students, respectively. Primary 1 includes riddles with missing components that a child uses 

pictures to solve, modified cloze-style short passages, and a reading passage with questions 

for inferencing. Primary 2 assess reading comprehension through passages that increase in 

length and difficulty, and include progressively more difficult questions about inferencing 

and knowledge. Internal consistency reliability exceeds 0.87, concurrent validity coefficients 

with a state-mandated test of reading comprehension range from 0.78 to 0.84 (Florida 

Department of Education, 2007). The SAT-9 was administered in groups; data were available 

for 1st and 2nd grade. The scores on the SAT-9 are presented as scaled scores, a conversion 

of the students’ raw scores, where a difference in scores is the same across the range of 

abilities and is comparable across ages and grades.
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Stanford Achievement Test – 10: Reading Comprehension (SAT-10; Harcourt 
Brace Educational Measurement, 2003)—In 2005, school districts switched to the 

10th version of the SAT to address the out-of-date norms of the previous version. SAT-10 

contains the same format of questions for the reading comprehension portion of the SAT-9, 

but includes more valid and reliable items based on the latest norms of the K-12 population 

for that period of time. Internal consistency and validity coefficients were similar to the 

SAT-9 (Florida Department of Education, 2007). The SAT-10 was administered in groups; 

data were available for 3rd and 4th grade. The scores on the SAT-10 are presented as scaled 

scores, a conversion of the students’ raw scores, where a difference in scores is the same 

across the range of abilities and is comparable across ages and grades.

Methodology

Bivariate latent change score (LCS) models—Bivariate latent change score (LCS) 

models make use of longitudinal data to define the nature of dynamic relations between two 

variables over time. In bivariate LCS models, change is informed by three components (see 

Online Supplemental Materials I, Figure S1a, for a generic figure). The first component 

serves as a function of constant yearly change (α ∗ η), where α is set to 1 for each 

measurement to assume equally spaced occasions of measurement, and η is the resulting 

estimated yearly change coefficient. The second component represents the change 

proportional to the previous level of that variable, representing the autoregressive nature of 

the models (β). The third component represents change relative to the previous level of the 

second variable, or the cross-lagged relation (γ). This cross-lagged parameter estimates 

whether one construct is a leading indicator of change in the second construct. These three 

parameters may each independently account for variance in the latent change scores, which 

represent how much change is expected from time t to time t + 1. Additionally, each 

parameter has an associated variance component to determine if there are individual 

differences in growth and change.

Change scores are calculated as the combination of the above three sources of individual 

differences in change:

Δyti = αy ∗ η1yi + βy ∗ y(t − 1)i + γyxx(t − 1)i , and
Δxti = αx ∗ η1xi + βx ∗ x(t − 1)i + γxyy(t − 1)i

where Δyti refers to the change in construct y for individual i at time t (for a detailed 

description, see McArdle, 2009; Petscher, Quinn, & Wagner, 2016).

Multiple model constraints are imposed for both invariance testing and model identification 

purposes. Measurement error terms are set to equivalence to establish longitudinal 

measurement invariance. The single-indicator factor loadings for each latent variable at each 

time point are set to 1 for model identification purposes. The models also assume equally 

spaced measurement occasions. These models were fit using Mplus 8 (Muthén and Muthén, 

1998–2017).

Competing bivariate LCS models were fit to the data for students without an LD and for 

students with an LD. Four models were tested in each group to determine the developmental 
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dynamics of vocabulary and reading comprehension: 1) A bidirectional cross-lagged model, 

where vocabulary is posited to be a leading indicator of change in reading comprehension 

and reading comprehension is posited to be a leading indicator of change in vocabulary, 2) a 

unidirectional model where reading comprehension was a leading indicator of change in 

vocabulary knowledge, 3) a second unidirectional model where vocabulary was a leading 

indicator of change in reading comprehension, and 4) a model where there were no cross-

lagged influences between reading comprehension and vocabulary. Models 1, 2, and 3 

posited alternative views of the instrumental hypothesis, such that vocabulary is instrumental 

in improving reading comprehension (Models 1 and 3), and that reading comprehension is 

instrumental in improving vocabulary knowledge (Models 1 and 2). Model 4 tested the 

hypothesis that the intercepts and slopes of vocabulary and reading comprehension were 

correlated, but there were no cross-lagged direct influences between the two variables, 

analogous to a parallel-process growth model, and most closely related to the aptitude or 

knowledge hypothesis.

Group differences—Once the dynamics of growth were determined for the groups in 

separate LCS models, a multiple group analysis was performed in Mplus 8. These models 

estimated any differences in the growth within and relations between vocabulary knowledge 

and reading comprehension. Two models were compared with and without constraints on the 

auto-regressive parameters, cross-lagged parameters, intercepts, slopes, and residual 

variances. These constraints were tested using MODEL TEST in Mplus, which computes a 

Wald Test on the constrained parameters and provides a statistic compared against a chi-

squared distribution.

Nesting of Students

Students were nested in classrooms, classrooms were nested within schools, and schools 

were nested within school districts in the state of Florida. Accounting for cross-classification 

when children move across clustering units is especially complex due to the longitudinal 

nature of these data. The Huber-White sandwich estimator was chosen as a method to 

cluster-correct model standard errors in Mplus. This procedure uses an upper-level clustering 

unit (we chose the student’s school at the 2003–2004 measurement of PPVT as the 

clustering unit) to correct for heteroscedastic errors or disturbances. This nesting procedure 

was chosen because of the aforementioned difficulty in estimating cross-classified data with 

longitudinal measurement, and because the prediction of upper-level variances was outside 

of the scope of the present study.

Model Fit and Model Comparison

Model fit was assessed using the Satorra-Bentler adjusted robust Chi-Square test of model 

fit (χ
2), the Root Mean Squared Error of Approximation (RMSEA) and its 90% confidence 

interval, the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI), and the sample-

sized adjusted Bayesian Information Criteria (nBIC). Lower values of the Chi-Square test 

with a non-significant p-value are preferred, however; given the large sample size used in 

this study, we expected large values of this fit statistic with significant p-values. This metric 

was considered in combination with the other model fit statistics, such that models with 

higher values of the CFI and TLI (>.90 preferred) and lower values of the RMSEA (<.08 
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preferred) and the nBIC (closer to negative infinity) were preferred and were used to 

establish better fitting models (Kline, 2016).

To compare nested models, the chi-square difference test was computed using the Satorra-

Bentler adjusted chi-square and the scaling correction factor. In certain cases, the MLR 

difference test can result in a negative, uninterpretable value. Where necessary, the MODEL 

TEST command in Mplus 8 was used to compute a Wald Test statistic to test nested models 

with negative chi-square difference tests. This Wald Test constrains hypothesized pathways 

to zero and computes a statistic with associated degree(s) of freedom that are compared 

against a chi-square distribution.

Data Management

Missing data—Missing data were handled with Mplus 8 (Muthén and Muthén, 19982017) 

using full-information maximum likelihood (FIML; Anderson, 1957) estimation. This 

procedure has been found to outperform other ad hoc procedures such as list-wise and pair-

wise deletion when handling missing data (Enders & Bandalos, 2001).

Staggered time points and z-scoring—Prior to fitting the models, measures were z-

scored using a method similar to Ferrer et al. (2007) to place the constructs on the same 

scale in order to improve the interpretability of parameter estimates. Because vocabulary 

knowledge was measured starting in Kindergarten, and reading comprehension was 

measured starting in first grade, z-scores were centered at first grade for both measures and 

the resulting parameter estimates reflect this approach to standardization (See Table 1). 

Further, PPVT scores were originally entered as standard scores in the dataset, and no raw 

scores were available. We calculated estimated raw scores per grade level with a function in 

R version 3.3.3 (R Core Team, 2017) by reversing the raw to standard score conversion table 

in the PPVT norms booklet. As multiple raw scores have the same equivalent standard score, 

particularly at the upper and lower tails (e.g. raw scores between 156 to 204 at age 6 receive 

a standard score of 160), we approximated those with standard scores that covered a range of 

raw scores as having the average of those raw scores (e.g., 160 standard score became 180 

raw score). We anticipated this method was valid, given that it is difficult to achieve a score 

considered to be at the ceiling or floor of the PPVT in this age range. The estimated PPVT 

raw scores were then converted to developmental z-scores to place the comprehension and 

vocabulary measures on the same scale. The resulting model parameters are interpretable as 

standardized units of measurement.

Results

Sample Statistics

Correlations and descriptive statistics including means, standard deviations, and ranges for 

the measured variables are presented in Table 1. Tables containing these sample statistics 

broken down by students with and without an LD are presented in Table 2 and Table 3. The 

SAT scaled scores indicated that students performed in the average range and experienced 

positive change in reading comprehension over time. Standard scores for vocabulary 

knowledge indicate the sample scored similarly to national averages, as these scores were 
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standardized with a mean of 100 and a standard deviation of 15. Accordingly, the 

developmentally scaled z-scores for PPVT show an increase in vocabulary knowledge over 

time. The standard deviations and minimum and maximum values suggest considerable 

individual differences across years and measures. Correlations were significant and positive, 

ranging from moderate between measures to high within measures (rs = .354 – .755).

Comparing Table 2 and Table 3, there are clear differences in the scale scores for SAT 9/10 

and the standard scores for PPVT between students with and without a learning disability. 

Beginning with the scale scores for SAT, students without an LD scored an average of 566 in 

first grade, as compared to an average of 509 for students with an LD. This score difference 

of about 40–50 points persisted at all four time points. For the standard scores of PPVT, 

students without a LD scored at the normative average (96 – 101) at all time points. 

However, for students with an LD, they scored about 10 points below the normative average 

(88 – 91) from kindergarten through third grade. The skewness and kurtosis values are 

largely comparable and are between 0 and 1, indicative of normally distributed variables. 

The two exceptions are Grade 3 PPVT for the non-LD students (kurtosis = 1.67) and for 

Kindergarten PPVT for the LD students (kurtosis = 1.45), where these distributions are 

slightly leptokurtic.

Latent Change Score Modeling

We fit four bivariate LCS models to each sample to determine the functional forms of 

growth and dynamic relations between vocabulary and reading comprehension: 1) a 

bidirectional model, where vocabulary was a leading indicator of change in reading 

comprehension and reading comprehension was a leading indicator of change in vocabulary, 

2) a unidirectional model (reading comprehension was a leading indicator of change in 

vocabulary knowledge), 3) a second unidirectional model (vocabulary as a leading indicator 

of change in reading comprehension), and 4) a model where there were no cross-lagged 

influences between reading comprehension and vocabulary.

Non-LD Sample—The bivariate, bidirectional model fit the data well (See Table 4; Model 

1A, χ2(22) = 1232.58, p < .001, RMSEA = .062 (90% CI .059 − .065), CFI = .984, TLI 
= .980, SRMR = .06, nBIC = 176600). Due to the large sample size (n = 14,140), the chi-

square test of model fit was significant and large, but all other fit statistics indicated a good 

fitting model. Removing the cross-lagged pathways from vocabulary knowledge to change 

in reading comprehension (by constraining the pathway to zero) significantly degraded 

model fit (Model 1B as compared to Model 1A: negative Satorra-Bentler Δχ2; Wald (1) = 

24.53, p < .001). In addition, removing the pathways from reading comprehension to change 

in vocabulary knowledge (by constraining the estimate to zero) resulted in a poorer fitting 

model (Model 1C as compared to Model 1A: Satorra-Bentler Δχ2(1) = 90.23, p < .001, 

Wald(1) = 53.53, p < .001). Removing all cross-lagged pathways resulted in the worst fitting 

model (Model 1D, as compared to Model 1A: Satorra-Bentler Δχ2(2) = 54.92, p < .001, 

Wald(2) = 55.63, p < .001 ). The results indicated that there were bidirectional influences 

between vocabulary knowledge and reading comprehension for typically developing 

students, and that these leading influences existed after accounting for the effects of the 

slope parameters and the auto-regressive change parameters.
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LD Sample—The bivariate, bidirectional model fit the data excellently (See Table 4; 

Model 2A, χ2(22) = 49.60, p < .001, RMSEA = .045 (90% CI .028 − .061), CFI = .98, TLI 
= .97, SRMR = .04, nBIC = 7682.38). However, removing the cross-lagged pathways from 

vocabulary knowledge to change in reading comprehension (Model 2B) did not result in a 

significant change in model fit (Model 2B as compared to Model 2A, Satorra-Bentler 

Δχ2(1) = 0.30, p = .583; Wald(1) = .713, p = .398). Similarly, removing the cross-lagged 

pathways from reading comprehension to change in vocabulary knowledge did not degrade 

model fit (Model 2C as compared to Model 2A, Satorra-Bentler Δχ2(1) = 1.69, p = .194; 

Wald(1) = .231, p = .631). A model where all cross-lagged pathways were removed was not 

significantly worse fitting than the original bidirectional model (Model 2D as compared to 

Model 2A, Satorra-Bentler Δχ2(2) = 0.68, p = .411; Wald(2) = .757, p = .685). These 

pathways were eliminated in the final model for model parsimony. For students with an LD, 

above and beyond the effect of the constant slope and proportional change parameters, there 

were no significant direct cross-lagged pathways between vocabulary knowledge and 

reading comprehension (Model 2D preferred: χ2(24) = 47.27, p < .001, RMSEA = .039 

(90% CI .022 − .056), CFI = .99, TLI = .98, SRMR = .04, nBIC = 7677.31). For students 

with an LD, vocabulary knowledge and reading comprehension grew together, but did not 

have reciprocal or direct relations over time.

Multiple group model—After fitting individual group models to determine the functional 

forms of growth and dynamic relations, a multiple group model was fit that imposed 

measurement invariance and parameter invariance across children with and without an LD. 

Using the dynamic relations from the separate models (bidirectional influences for students 

without an LD, no coupling for students with an LD), the first model imposed strict 

measurement invariance (constrained latent and observed intercepts and residual variances), 

constrained the means and variances of the intercepts and slopes in vocabulary and reading 

comprehension across groups, and constrained the covariances between intercepts and 

slopes across groups. This model fit the data poorly (χ2[64] = 2728.86, p < .001, RMSEA 
= .075 [90% CI .073 − .078], CFI = .95, TLI = .96, SRMR = .12, nBIC = 185927.10).

In the second model, the following parameters were freed for the LD group: the proportional 

change parameters for vocabulary and reading comprehension (df = 2), the means of the 

intercepts and slopes (df = 4), the variances of the intercepts and slopes (df = 4), and the 

covariances between intercepts and slopes (df = 6). This final model fit the data well, χ2(48) 

= 1341.75, p < .001, RMSEA = .060 (90% CI .058 − .063), CFI = .98, TLI = .97, SRMR 
= .06, nBIC = 184337.98. Model estimated intercepts, slopes, growth parameter covariances, 

and auto-regressive pathways were significantly different for students with an LD compared 

to those students without an LD. The parameters of each model are presented in Table 5 and 

are discussed further below. Separate path diagrams for each group are presented in the 

Online Supplemental Materials II (see Figure S2a and Figure S2b).

Model Estimated Change Score Equations—The model-estimated growth 

parameters are presented in Table 5. However, the individual parameters from the model are 

only part of an equation for estimating individual differences in change. The parameters 

must be interpreted within the context of these change score equations. Conveniently, these 
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change score values (within rounding errors) can be extracted from the output file of the 

final model by requesting the Technical 4 output in Mplus. One can also compute by hand 

the change score equations using the model-estimated parameters.

The final change score equation for vocabulary knowledge for students without an LD was 

computed as:

ΔPPV TNoLD = 0.89 + −0.03 ∗ PPV Tt − 1, NoLD + −0.11 ∗ SATt − 1, NoLD .

For students with an LD, the equation was:

ΔPPV TLD = 0.70 + −0.11 ∗ PPV Tt − 1, LD + 0 ∗ SATt − 1, LD .

The equations for change in vocabulary knowledge show that for each year, the predicted 

latent change score increased by 0.89 standard deviation units for children without an LD, 

and 0.70 standard deviation units for children with an LD. Change proportionally decreased 

relative to previous PPVT scores for children without an LD (−0.03) and to a larger degree 

for students with an LD (−0.11). Change in PPVT scores also decreased proportionally by 

0.11 points relative to the SAT score at the previous time point, but only for students without 

an LD. This does not mean that SAT negatively predicts PPVT; its interpretation is that with 

increasing scores on the SAT, its contribution to growth in PPVT decreases, such that 

children with higher SAT change less in vocabulary knowledge than students with lower 

SAT.

The final change score equation for reading comprehension for students without an LD was:

ΔSATNoLD = 1.05 + −0.60 ∗ SATt − 1, NoLD + 0.17 ∗ PPV Tt − 1, NoLD .

For students with an LD was:

ΔSATLD = 0.65 + −0.38 ∗ SATt − 1, LD + 0 ∗ PPV Tt − 1, LD .

The average slope parameter for children without an LD (1.05) was one third of a standard 

deviation higher than the slope parameter for students with an LD (0.65). Change in reading 

comprehension proportionally decreased relative to previous reading comprehension scores 

for children without an LD (−0.60) and with an LD (−0.38). Previous PPVT scores 

positively predicted change in reading comprehension for students without an LD, but this 

parameter was not significantly different from zero for students with an LD.

Since the individual parameters in a LCS model should not be interpreted in isolation (as 

seen above with the negative cross-lagged parameter for SAT to change in PPVT for 

students without an LD), we can calculate an average change score with a given starting 

value. Given a child without an LD who has average vocabulary and average reading 

comprehension scores at Kindergarten, the following change is estimated:
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No LDΔVocK 10.92 = 0.89 + ( − 0.03 ∗ − 0.91) + ( − 0.11 ∗ 0)

An individual, who is average at vocabulary in Kindergarten, increases by nearly a full 

standard deviation in their vocabulary knowledge between Kindergarten and first grade 

(provided they do not have an LD). The other change equations for the following years are 

calculated as follows when the average scores for each variable are entered:

No LDΔVoc1 2:0.88 = 0.89 + ( − 0.03 ∗ 0.01) + ( − 0.11 ∗ 0.05)
No LDΔVoc2 3:0.76 = 0.89 + ( − 0.03 ∗ 0.84) + ( − 0.11 ∗ 0.98)

Over time, vocabulary knowledge gains decelerate but remain positive and strong from 

Kindergarten through third grade. However, for children with an LD, the following 

equations are estimated:

LDΔVocK 1:0.80 = 0.69 + ( − 0.11 ∗ − 1.03) + (0 ∗ 0.00)
LDΔVoc1 2:0.71 = 0.69 + ( − 0.11 ∗ − 0.20) + (0 ∗ − 1.21)
LDΔVoc2 3:0.64 = 0.69 + ( − 0.11 ∗ 0.44) + (0 ∗ − 0.12)

Children with an LD start with slightly lower average scores in vocabulary (−1.03 versus 

−0.9 for students without an LD), and they tend to have slightly lower change scores than an 

average child without an LD. Students without an LD make more gains on average in the 

vocabulary breadth from Kindergarten to third grade.

For reading comprehension, the following change scores were estimated for children without 

an LD who had average vocabulary and reading comprehension scores:

No LDΔRC1 2:1.02 = 1.05 + ( − 0.63 ∗ 0.054) + (0.20 ∗ 0.01)
No LDΔRC2 3:0.60 = 1.05 + ( − 0.63 ∗ 0.978) + (0.20 ∗ 0.84)
No LDΔRC3 4:0.32 = 1.05 + ( − 0.63 ∗ 1.678) + (0.20 ∗ 1.62)

Reading comprehension gains decelerated quickly over time from a one standard deviation 

increase between first grade and second grade to about one third of a standard deviation 

increase between third grade and fourth grade. For children with an LD who have average 

vocabulary and reading comprehension scores:

LDΔRC1 2:1.11 = 0.65 + ( − 0.38 ∗ − 1.21) + (0 ∗ − 0.20)
LDΔRC2 3:0.70 = 0.65 + ( − 0.38 ∗ − 0.12) + (0 ∗ 0.44)
LDΔRC3 4:0.38 = 0.65 + ( − 0.38 ∗ 0.72) + (0 ∗ 1.15)

Children with an LD had higher estimated change scores between all three sets of grades. 

However, these students start over one standard deviation below the mean of reading 

comprehension of students without an LD. They do not “catch up” to their peers by the time 

the reach Grade 4.
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Growth trajectories and split violin plots—The results of the models indicated that 

students without an LD started significantly higher in reading comprehension (about 1 SD 

higher) and somewhat higher (about 0.1 SD higher) in vocabulary knowledge. According to 

the estimated change scores, students without an LD grew somewhat more in vocabulary but 

grew somewhat less in reading comprehension than students with an LD. To visualize these 

differences, Figure 1 presents split violin plots generated with ggplot2 (Wickham, 2009). 

These plots present average growth lines as estimated by the LCS model and show split 

distributions of scores for a randomly selected subset of 200 students (100 per group). For 

vocabulary knowledge (Figure 1, top), students with or without an LD started with similar 

levels of vocabulary. The average growth lines split somewhat over time, but the 

distributions of vocabulary scores largely overlap at each time point.

For reading comprehension, there were noticeable differences in the intercepts and slopes 

between groups (Figure 1, bottom). Students with an LD (light blue) started over a standard 

deviation lower in reading comprehension on average in grade 1. Further, the average growth 

lines were far apart, and did not converge by fourth grade. There was little overlap between 

the distributions of scores for the students without an LD (salmon colored side) and students 

with an LD (light blue colored side).

The estimated growth trajectories for those same randomly selected students (100 students 

without an LD and 100 students with an LD) were created in ggplot2 (Wickham, 2009) and 

are presented in Figure 2. The salmon colored lines, representing students without an LD, 

are more towards the top of the figure, indicative of higher scores in reading comprehension. 

More light blue lines are represented in the bottom half of the figure, indicative of lower 

scores in reading comprehension. Over time and on average, the children represented in this 

figure who have an LD do not catch up to their peers in reading comprehension. Students 

with and without an LD have similarly shaped growth trajectories, indicative of relatively 

similar gains in vocabulary knowledge over time.

In order to describe average 1-year change in both vocabulary and reading comprehension 

depending on starting values, presented in Figure 3 is a vector plot grouped by LD status: 

expected growth for students without an LD are represented in salmon, expected growth for 

students with an LD are represented in light blue. Also pictured are actual estimates of 

vocabulary and reading comprehension skills for the randomly selected subset of students. 

According to the overlap across the x-axis, students with and without an LD largely overlap 

with their vocabulary knowledge. However, students without an LD extend farther up the y-

axis of the figure, indicative of higher average reading comprehension scores. The light blue 

and salmon colored ellipses represent the 90% confidence ellipse for each group, such that 

90% of students within each group should fall into those ranges. The salmon colored ellipse 

ranges farther up the y-axis than the light blue ellipse, i.e., students with an LD are more 

likely to have problems with reading comprehension. Regarding the differences in trajectory 

lines, for children who start with high vocabulary knowledge but low reading comprehension 

skills, students who do not have an LD are expected to grow nearly twice as much in reading 

comprehension as compared to students who have an LD (see the bottom right portion of 

Figure 3). For most points in the figure, students without an LD have more change than 

students without an LD. For the points where students with an LD are said to outgain 
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students without an LD (e.g., the top left portion of the graph), it is unlikely that a student 

with an LD will score in this range (see 90% confidence ellipse).

Discussion

The present study investigated the developmental relations between vocabulary knowledge 

and reading comprehension in children with and without a school-identified learning 

disability using multiple group bivariate LCS modeling. The first goal was to investigate the 

developmental dynamics between vocabulary knowledge and reading comprehension 

separately for students with and without an LD. The second goal was to determine whether 

the developmental dynamics and growth of reading comprehension and vocabulary are 

different in students with and without a learning disability. We discuss results relevant to 

each goal in turn.

Developmental Influences between Vocabulary Knowledge and Reading Comprehension

The results of the LCS models supported bidirectional influences between vocabulary 

knowledge and reading comprehension over time, consistent with Ferrer et al. (2007). 

However, this effect was only present for children without a learning disability. For the 

students without an LD, we attribute our detecting the significant effect of reading 

comprehension on subsequent development of vocabulary when other studies have not 

(Ferrer et al., 2010; Quinn et al., 2015; Reynolds & Turek, 2012) to the greater sensitivity 

afforded by our large sample size, which reduced the standard errors of model estimates and 

increased our power to detect smaller effects.

From a methodological perspective, the bidirectional influences found with LCS modeling 

would not have been detected using latent growth curve modeling, including a parallel 

process growth curve model that modeled growth in both constructs simultaneously. LCS 

models have a parallel process growth curve model embedded in them, which allows for 

testing of bidirectional influences between two constructs above and beyond the influence of 

correlated intercepts and slopes and proportional change parameters.

Does the development within and between reading comprehension and vocabulary 
knowledge differ between students with and without a learning disability?

Yes. There were large differences in intercept values of reading comprehension between 

children with an LD and typically developing children. Typically developing children on 

average began over a standard deviation higher on reading comprehension μRNoLD = 0.04

than their peers with an LD μRLD = − 1.24 . The intercept values for vocabulary were 

similar for students without an LD μV NoLD = − 0.91  and students with an LD

μV LD = − 1.07 . The slopes for reading comprehension and for vocabulary were higher for 

students without an LD ηRNoLD = 1.05, ηV NoLD = 0.89  than for students with an LD

ηRLD = 0.65, ηV LD = 0.69 .

There were bidirectional cross-construct influences for students without an LD, such that 

vocabulary was a leading indicator of change in reading comprehension, and reading 

Quinn et al. Page 17

J Educ Psychol. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



comprehension was a leading indicator of change in vocabulary. For children with an LD, 

there were no significant cross-lagged pathways, indicating that although these constructs 

have correlated growth, there are no direct, instrumental relations between vocabulary and 

reading comprehension. One reason for the lack of a bidirectional influence is that students 

with an LD typically bring less of their vocabulary knowledge to text comprehension tasks, 

and their reading comprehension growth lags behind (Gersten, Fuchs, Williams, & Baker, 

2001).

Developmental Lag versus Developmental Deficit?

Our results indicated that students not only started lower in reading comprehension when 

they had a school-identified LD, but they also did not catch up to their typically developing 

peers in reading comprehension by grade 4. This is indicative of a development deficit, as 

they were not nearing the average reading comprehension skills of their typically developing 

peers. However, reading comprehension change scores for students with an LD were 

somewhat higher than for students without an LD, indicating that our model may have 

looked at too narrow of a developmental period for a catch-up effect to manifest.

Lower performing students with a school-identified LD—The change score 

equations from the results section used average levels of reading comprehension and 

vocabulary for each group of students. When the equations for change in reading 

comprehension are calculated again with reading comprehension scores one standard 

deviation below the mean (using the mean minus the standard deviation from Table 3), it 

results in the following change scores:

1.41 = 0.65 + ( − 0.38 ∗ − 2.00) + (0 ∗ − 0.20)
1.01 = 0.65 + ( − 0.38 ∗ − 0.94) + (0 ∗ 0.44)
0.70 = 0.65 + − 0.38 ∗ − 0.13 + 0 ∗ 1.15

Children with an LD who start with worse reading comprehension grow more than students 

with an LD who start with average reading comprehension. Although the population of 

students with an LD on average do not catch up to the population of students without an LD 

on average, lower performing students with a school-identified LD may eventually catch up 

to their higher-performing peers with a school-identified LD. This gain may be in vain, 

however, if students with an LD still lag behind their typically developing peers throughout 

primary and secondary school. It is also unclear if these lowest performing students with a 

school-identified LD had the largest gains in reading comprehension because of regression 

to the mean or if these students had more targeted instruction or were in specialized 

intervention programs. Because we do not have detailed information on the educational 

contexts of these students, we were unable to answer this question.

The Importance of Educational Contexts and Home Environment

We studied development as it occurred in the context of the instructional practices that were 

used in the schools from which our participants were drawn. We have no indication of 

curriculum, classroom, or district level differences in instructional practices or learning 

environments. Instructional practices can particularly influence performance, especially in 

the early elementary years (Cameron, Connor, & Morrison, 2005; Creemers & Reezigt, 
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1966; Rimm-Kaufman, La Paro, Downer, & Pianta, 2005). The results of a developmental 

study such as ours do not imply what would happen if either construct were targeted for 

more intense instruction or intervention. We also cannot determine how classroom, school or 

district-level differences affected the learning of students with school-identified learning 

disabilities.

Further, our results indicated that students with an LD started much lower than their peers 

without an LD on our test of reading comprehension. These students did not catch up to their 

typically developing peers by fourth grade. This same pattern of reading struggles has been 

shown in students described as “garden variety” low achievers (Francis et al., 1996; Gough 

& Tunmer, 1986; Share, 1996; Stanovich, 1988). This similarity between students with an 

LD and garden-variety poor readers begs the question, “Do students with an LD and garden 

variety poor readers differ in ways that matter within a learning or educational context?” We 

are not able to determine whether there are discernible differences between these 

subpopulations of students from the present study, but a previous meta-analysis indicated 

that students with an LD have more pronounced difficulties with reading than do struggling 

readers not identified as LD (Fuchs, Fuchs, Mathes, & Lipsey, 2000). Knowing from the 

results of our study that a student with an LD starts with very low levels of reading 

comprehension on average, these models may help to inform the literature on garden-variety 

struggling readers at the lowest end of the distribution as compared to their peers without 

reading struggles.

In addition to classroom contexts, it is important to also consider the impact of home 

environments on language and literacy outcomes. Hart and Risley’s seminal investigation 

(1995) on the stark class differences in vocabulary exposure found that children in higher-

income households learned far more words due to more overall exposure and through rich 

conversations with their caretakers. Within the present study, the sample chosen from Title-I 

schools had a large proportion of children eligible for free- and reduced-price lunch. 

Although this metric is not an accurate portrayal of students who come from low income 

families, it serves as a useful proxy measure in this case. Of students eligible for FRL in 

Kindergarten, these students scored 16 standard points lower on the PPVT (mean = 87) 

compared to students who were not eligible for FRL (mean = 103), regardless of LD status. 

Table 2 and 3 also show this difference for students with an LD, whereby they scored 12 

points below students without an LD on average in Kindergarten and remain behind through 

third grade. A further breakdown of FRL status versus LD status reveals striking trends (see 

Table S1 in supplemental materials): students with and without an LD have much lower 

scores entering Kindergarten when they are eligible for free or reduced-price lunch in their 

school relative to similar peers who are ineligible for FRL.

Limitations and Future Directions

Third variable relations—For students without an LD, we found similar parameter 

estimates of the leading influence of vocabulary knowledge on reading comprehension as 

compared to previous studies (e.g., Reynolds & Turek, 2012) and found the additional 

leading influence of reading comprehension to changes in vocabulary knowledge as seen in 

Ferrer et al. (2007). However, other important predictors of these relations were not tested, 
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which should be considered a limitation of our study. For example, an effect of vocabulary 

knowledge on reading comprehension might be mediated by word decoding skills. Decoding 

is both a critical determinant of reading comprehension (see García and Cain, 2014, for a 

meta-analysis on the relations between decoding and reading comprehension), and may be 

related to vocabulary knowledge during this developmental period (e.g., Chiappe, Chiappe, 

& Gottardo, 2004; see also the lexical restructuring model, Metsala & Walley, 1998). It is 

easier for a child to decode real words than it is non-words, especially if these words are in 

the child’s spoken lexicon (Lonigan, 2007; Lonigan, Burgess, & Anthony, 2000; Verhoeven, 

Van Leeuwe, & Vermeer, 2011), and word decoding has been found to predict the 

development of vocabulary knowledge in later elementary years (Verhoeven et al. 2011).

In addition to decoding, reading fluency is increasingly important to reading comprehension 

over the elementary years, especially fluency for reading connected text (Geva & Farnia, 

2012; Kim, 2015a; Little, Hart, Quinn, Tucker-Drob, Taylor, & Schatschneider, 2017; 

Petscher et al., 2016). Further, vocabulary knowledge is highly correlated with and can be 

influenced by other oral language skills such as grammatical knowledge in both monolingual 

populations (e.g., Kim, 2015b; Uccelli, Galloway, Barr, Meneses, & Dobb, 2015) and in 

bilingual populations (Hoff, Quinn, & Giguere, 2018). Our results do not rule out variables 

that could have mediated, moderated, or accounted for the present cross-construct relations 

(for students without an LD) or absent cross-construct relations (for students with an LD).

Limitations of measurement—Our measure of vocabulary knowledge is a widely used 

standardized measure of receptive vocabulary skills with a large validation range of ages. 

Even so, that this measure was the only one available can be seen as a limitation. The 

National Early Literacy Panel (2008) reported that measures of receptive vocabulary are 

only weakly correlated with reading comprehension outcomes (r = .25), and that vocabulary 

knowledge is more likely to be an important indicator of vital oral language skills such as 

grammatical and syntactical knowledge (NELP, 2008). The results of our study reported that 

PPVT in Kindergarten was correlated with SAT-9 in Grade 1 at r = .36. This correlation was 

smaller for children with a school-identified LD (r = .28), but is comparable to the 

correlation described in the NELP report. Over time, the concurrent correlation between 

PPVT and SAT increased for children without a school-identified LD (grade 1 r = .41; grade 

2 r = .52; grade 3 r = .55) and for children with a school-identified LD (grade 1 r = .23; 

grade 2 r = .30; grade 3 r = .48).

Regarding our chosen measure of reading comprehension, the SAT-9/10 included 

increasingly difficult questions starting with the Primary 1 form in Grade 1. This form used 

three formats that featured increasingly longer texts. It began with two-sentence riddles in 

which a child selects a picture that best describes the riddle, then shifted to short modified 

cloze passages with one to three words missing, and finally finished with a short reading 

passage with multiple choice questions. The criticism with cloze-style comprehension tests 

is that they are more dependent on word decoding and are less related to oral language, 

especially in the younger years (Keenan, Betjemann, & Olson, 2008). The increasing 

correlations between PPVT and SAT-9/10, which evolves in its task style through Primary 1 

and Primary 2 and beyond, is evident for the decreasing role of decoding and the increasing 

role of language in the comprehension of text passages.
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Methods for identifying students with learning disabilities—Identification 

methods for classifying students with learning disabilities have been heavily criticized. 

There are excellent, recent publications with in-depth discussions of the existing problems 

with these classification methods, with response to intervention (RTI) methods appearing to 

be the most reliable methods available (Fletcher & Miciak, 2019; Maki & Adams, in press). 

With the reauthorization of IDEA in 2004, a discrepancy between IQ and ability can no 

longer be the sole method for identification purposes, a method which has also been heavily 

criticisms as inaccurate and problematic (Francis et al., 2005; Stuebing et al., 2002).

As stated in the methods section, the present study included a new cohort of students starting 

Kindergarten during the 2003–2004 school year, right as IDEA 2004 was being passed by 

the US Department of Education and being passed and implemented through state-level 

governments. It is not possible to see if the new criteria were accurately and consistently 

being applied in the identification of students with an LD. In using Grade 4 identification 

status, we had the best chance to have enough time for state-wide implementation of the new 

guidelines. However, it may be possible these new standards had not yet been properly 

implemented across all of the school districts, so the results need to be considered limited in 

regards to proper identification of students with an LD. Still, these students were far behind 

their peers without a school-identified LD with regards to reading comprehension initial 

status and growth.

Our decision to compare students with and without a school-identified LD instead of using 

researcher-based criteria typically seen in the literature might be viewed as an additional 

limitation. One reason we decided to focus on school-identified students was that these were 

the students who were theoretically receiving specialized services in the form of 

Individualized Education Programs (IEPs) or other services aimed at ensuring their 

educational success.

Another reason we used school-defined LD status was that researchers have suggested that 

when identifying students with an unobservable, latent trait such as having a learning 

disability, it is imperative to use multiple measures to avoid inaccurate and invalid 

identification due to measurement error (Fletcher & Miciak, 2019; Francis et al., 2005). 

Although school-identification procedures have been criticized, these methods are largely 

based on multiple criteria. Researcher-based identification using single measures can have 

poor overlap, leading to inaccurate identification. Keenan and colleagues (2014) showed that 

only half of the time does a student who performs poorly on a measure of reading 

comprehension (i.e., below the 25th percentile) also perform poorly on another measure of 

reading comprehension. This poor overlap has been shown in multiple publications, such as 

the poor overlap seen between students identified using researcher-based criteria and 

students with school-identified LDs (Quinn & Wagner, 2015), low longitudinal stability of 

classifying students with a reading disability (Schatschneider, Wagner, Hart, & Tighe, 2016), 

and poor agreement among differing definitions of response to intervention (Barth et al., 

2008).

As a test of our own data, we looked at the level of overlap between students with a school-

identified LD and students who were below the 20th percentile in SAT-9/10 reading 
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comprehension (see Online Supplemental Materials V for details and additional cross-

tabulations). Among the 627 students with a school-identified LD, 364 of those students 

were below the 20th percentile on SAT 9 in Grade 1 and 366 were below the 20th percentile 

on SAT-10 in Grade 4. That corresponds to about one-half of the students who met 

researcher-based criteria and who were also school-identified as having a learning disability. 

The children identified using researcher-based criteria were largely different from the 

students identified using school-based criteria (kappa estimates of agreement ranged 

from .041 ≤ κ ≤ .283). Students below the 20th percentile on SAT who did not have a school-

identified LD maintained lower reading scores than SLD-only students and had lower 

vocabulary scores in Kindergarten and maintained lower average vocabulary scores through 

3rd grade (See Online Supplemental Materials VI). As a model comparison, a multiple group 

LCS model was fit comparing the sample of students with an LD (n = 627) to a sample of 

students persistently below the 20th percentile on SAT who did not have an LD (n = 331; see 

Online Supplemental Materials VII). The persistently poor readers started with slightly 

lower initial mean status in RC, but started a half standard deviation below the mean of 

vocabulary (μ0v = −1.57) relative to students with an LD (μ0v = −1.07). The model also 

showed that both students with an LD and the persistently low achievers did not have 

significant cross-lagged co-development, such that there were no direct relations between 

vocabulary knowledge and change in their reading comprehension or vice versa. The 

students with an LD had a similar co-developmental pattern for their vocabulary knowledge 

and reading comprehension as compared to students who could be considered “garden 

variety poor readers” (Stanovich, 1988); however, these persistently poor readers also started 

with lower vocabulary knowledge than students with an LD. Further research is needed to 

understand the differences and similarities in the co-development of these important literacy 

skills in poor readers and students with learning disabilities.

Sample limitations—Additional limitations of the study are that the sample, although 

large and relatively representative of the Southeastern United States, was drawn primarily 

from Title 1 schools with a larger portion of at-risk youth and our sampling was limited to 

the early to middle elementary grades. We also did not have the opportunity to disaggregate 

data according to Title 1 schools compared to non-Title I schools. For the students in the 

present sample during this developmental period (K- 4th grade), it was clear that vocabulary 

knowledge is important for the development of reading comprehension skills. However, the 

results could be different for other populations of students, especially students with more 

advanced in reading skills. Previous research has suggested that learning vocabulary words 

or inferring meaning from context is an easier task for more skilled comprehenders than it is 

for less skilled comprehenders (e.g., Cain, Oakhill, & Lemmon, 2004).

Relatedly, although 80% of students with learning disabilities have specific struggles with 

reading (Shaywitz & Shaywitz, 2003), we could not disaggregate our sample to determine if 

the students school-identified as having an LD had problems with reading or if they had 

general struggles with learning not specific to reading. These students on average scored 

very low on reading comprehension compared to their typically developing peers, but there 

was a large range of ability in year 1 (scale score range: 437 – 643). Future studies should 

consider outcomes for children with differing kinds of learning disabilities.
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The sample of school-identified students was small (n = 627) relative to the sample of 

typically developing students (n = 14,146). As a result, the power to detect significant effects 

is significantly higher in the non-LD sample of students. The standard errors are much 

smaller, and the t-values of estimates are more likely to be significant as a result. It is 

unlikely that power explains why there were no bidirectional relations for students with a 

school-identified LD. For the pathway of reading comprehension to change in vocabulary 

knowledge, the estimated parameter was quite small (0.036; see Figure S2a in the 

Supplemental Materials), and was not significantly different from zero (se = 0.043, p 
= .399). For the estimated pathway from vocabulary to change in reading comprehension, 

the pathway parameter is more substantial (−0.301), but the standard error is very large (se = 

0.631, p = .633). Further, the sign of this pathway would suggest that students with larger 

vocabularies grow less in reading comprehension over time

Lastly, our models were estimated using data that was collected through Grade 4. Although 

we found proximal evidence for a model that supports a developmental deficit in reading 

comprehension for these students with an LD, we cannot rule out the existence of a 

developmental lag when our data do not go beyond fourth grade. Because children with 

lower reading comprehension grow more than children with higher reading comprehension 

grow, these lower-performing students may “catch up” to their typically developing peers if 

given enough time. This would be indicative of a developmental lag. Future studies should 

investigate if these developmental differences persist into middle and high school to 

determine whether students with an LD will catch up to their typically developing peers.

Implications for students with a school-identified LD in low performing schools

According to our model, the worse a child’s starting level of reading comprehension, the 

more opportunity they have for growth. However, it is unlikely that having larger change 

scores would help the lowest performing children with an LD in the short run (i.e., through 

grade 4), as they started two standard deviations lower in reading comprehension in grade 1 

than typically developing children with average reading comprehension in grade 1.

With regards to evidence for a developmental delay, it would be important to determine if 

this developmental delay occurs in the presence of a problem with decoding or in the 

absence of a problem with decoding. This distinction is important, especially with regards to 

children with specific reading comprehension problems, as children with comprehension 

problems despite adequate decoding skills are usually the product of a developmental delay 

(Spencer & Wagner, 2018; Spencer et al., 2019). For the present sample, we did find support 

for a developmental delay for both language and comprehension. Since we do not know the 

decoding skills of the included sample, we were unable to determine if children with an LD 

had problems with comprehension that were specific to or independent of their decoding. 

This has implications for instruction and targeted interventions, as students with LD might 

benefit more from decoding-focused programs, since we did not find evidence that their 

vocabulary knowledge was related to growth in their reading comprehension skills.

Students with an LD in this sample may have had learning disabilities not specific to reading 

(as discussed in the limitations section above). It is difficult to disentangle differential 

growth patterns between different types of learning disabilities, because this disaggregation 
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did not exist in our database. Outside of this fact, our model estimated individual differences 

in change for both students with and without an LD. Future studies that incorporate 

interventions for students with learning disabilities should consider methods that assess 

individual change for progress monitoring purposes.

For students who do not catch up to their peers by the fourth grade, interventions aimed at 

improving the reading comprehension skills for late elementary and middle school students 

with learning disabilities or broad struggles with reading have been successful (see 

Scammacca; Solis, Ciullo, Vaughn, Pyle, Hassaram, & Leroux, 2012; Wanzek, Wexler, 

Vaughn, & Ciullo, 2010). These interventions were the most impactful for proximal 

measures of reading comprehension created by the research team, but were less impactful 

for distal measures such as standardized reading comprehension tests.

There is limited evidence that vocabulary interventions improve vocabulary knowledge and 

also distally improve reading comprehension. If direct teaching of vocabulary is largely 

ineffective, or only effective with proximal measures, then most word learning must occur 

incidentally through exposure to new words in differing contexts (Cunningham & Stanovich, 

1991; Nagy, Herman, & Anderson, 1985; Nagy & Scott, 2000). However, it is apparent that 

when prior exposure to unknown words is high, incidental word learning is increased, and 

reading comprehension is improved (Jenkins, Stein, & Wysocki, 1984). For students with 

specific reading comprehension impairments, interventions with specific reading 

comprehension components and specific oral language components are effective, as well as 

combined text/oral language programs (Clarke, Snowling, Truelove & Hulme, 2010).

Conclusions

In summary, vocabulary knowledge and reading comprehension exhibited bidirectional 

influences over time for children without an LD, but there were no cross-lagged influences 

for children with an LD. Children with an LD started with similar levels of vocabulary 

knowledge in Kindergarten as compared to their typically developing peers, but started much 

lower in reading comprehension in Grade 1 and did not catch up to their typically 

developing peers by Grade 4. The results of the present study demonstrate the importance of 

studying the co-development of related constructs through using a sophisticated statistical 

method, and that through using LCS modeling, we found evidence for a developmental 

delay in reading comprehension, whereby students with an LD do not catch up to their peers 

by fourth grade.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Educational Impact and Implications Statement

The present study suggests that for students with a school-identified learning disability 

(LD), the amount of vocabulary words a student with an LD knows does not have a direct 

impact on their growth in reading comprehension skills. This may have implications for 

language-based interventions of reading problems for these children with LD, as we find 

little evidence that improvements in language will transfer to their reading 

comprehension delays. This further emphasizes the importance creating individual 

education plans as a way to stimulate growth in reading comprehension for students with 

an LD in at-risk environments.
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Figure 1. 
Split-Violin Plot for Vocabulary Knowledge (top) and Reading comprehension (bottom). 

This plot shows the distributions for vocabulary knowledge and reading comprehension at 

each time point for a random subset of 100 students per group. Also pictured is the average 

growth in each group specified with thick lines. Values on the y-axis are in developmental z-

scored units scaled at first grade. Light Blue = students with an LD, Salmon = students with 

no LD.
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Figure 2. 
Estimated developmental trajectories for a random sample of 100 students with LD and 100 

students without an LD. This figure shows the expected trajectories estimated by the LCS 

modeling technique. The LD sample is in light blue, the non-LD sample is in salmon. The 

four dots on each line represent the four time points.
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Figure 3. 
Vector plot by subgroup. This vector plot shows the expected 1-year growth in reading 

comprehension and vocabulary knowledge based on a grid of hypothetical starting values, 

grouped by students with an LD (light blue) and students without an LD (salmon/pink). 

Overlaid are a random subset of 100 students with an LD (light blue dots) and 100 students 

without an LD (salmon/pinkish dots). The dotted circles represent the 90% confidence 

ellipses per group.
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Table 4

Model fit statistics for the Bivariate Latent Change Score Models

Model χ2 df SCR RMSEA 90% CI CFI TLI SRMR nBIC

Non-LD Students

Model 1A 1232.58 22 1.35 .062 .059 –.065 0.98 0.98 0.06 176600.34

Model 1B 1215.92 23 1.42 .061 .058 –.063 0.98 0.98 0.07 176652.80

Model 1C 1312.04 23 1.33 .063 .060 –.066 0.98 0.98 0.06 176674.71

Model 1D 1261.98 24 1.40 .060 .058 –.063 0.98 0.98 0.07 176698.74

LD Students

Model 2A 49.60 22 1.13 .045 .028 –.061 .98 .97 .04 7682.38

Model 2B 46.56 23 1.22 .040 .023 –.057 .99 .98 .04 7680.12

Model 2C 51.62 23 1.10 .045 .028 –.061 .98 .98 .04 7679.92

Model 2D 47.27 24 1.21 .039 .022 –.056 .99 .98 .04 7677.31

Note. χ2 = Chi-Square test of model fit; df = degrees of freedom. SCR = scaling correction factor for Satorra-Bentler chi-square difference testing; 
RMSEA = Root Mean-Squared Error of Approximation. CI = Confidence interval. CFI = Comparative Fit Index. TLI = Tucker-Lewis Index. 
SRMR = standardized root mean square residual; nBIC = Sample size adjusted Bayesian information criteria.
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Table 5.

Parameters for the multiple group LCS model

Without an LD With an LD

Parameter Vocab RC Vocab RC

Initial mean status, μintercept −0.91*** 0.04*** −1.07*** −1.24***

Linear slope, ηslope 0.89*** 1.05*** 0.69*** 0.65***

Auto-Regression,β −0.03** −0.60*** −0.11** −0.38***

Cross-lagged effects,γ

 RC → Δ Vocab −0.11*** 0

 Vocab → Δ RC 0.20*** 0

Variances:

 Intercepts, σ0
2 0.77*** 0.73*** 0.79*** 0.42***

 Slopes, σs2 0.03*** 0.10*** 0.04*** 0.11***

 Residual Errors, σe2 0.24*** 0.21*** 0.24*** 0.21***

Covariances:

 Vocab μintercept↔ Vocab μslope 01
ns .36*

 Vocab μintercept↔ RC μintercept 49*** .34***

 Vocab μintercept↔ RC μslope .28*** .32***

 RC μintercept↔ RC μslope .60*** .53***

 RC μintercept↔ Vocab μslope .53*** .19*

 RC μintercept↔ Vocab μslope .51*** .51***

Note. Vocab= PPVT vocabulary; RC = SAT reading comprehension.

ns
= not significant

***
= p < .001

**
= p < .01

*
= p < .05.

Residual variances were fixed across groups; all other parameters were freely estimated across groups.
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