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Research Article

Decades of research have shown that young children 
demonstrate varied reading abilities in the early primary 
grades and that these variations are predictive of later 
reading achievement (Francis et al., 1996; Nation et al., 
2010; Roth et al., 2002; Storch & Whitehurst, 2002; 
Torgesen et al., 2001; Wagner et al., 1997; Wagner & 
Torgesen, 1987). Extant data also demonstrate that these 
variations in reading ability remain relatively stable over 
time (Skibbe et al., 2008), such that children who are 
struggling with reading early tend to struggle across ele-
mentary school and beyond, highlighting the importance 
of early identification and intervention for children who 
have impairments in reading skills. Converging evidence 
suggests that early identification and remediation of 
reading difficulties is essential for successful reading 
achievement across the life span. Research from the 
National Reading Panel (NICHD, 2000) demonstrates 
that waiting to identify and initiate supplemental reading 
instruction for struggling readers at the age of 9 years 
results in the majority of these struggling readers experi-
encing ongoing reading difficulties. Approximately, 75% 
of struggling readers who do not learn to read adequately 

in the early grades have persistent reading difficulties 
(Francis et al., 1996; Juel & Leavell, 1988; Torgesen & 
Burgess, 1998).

To adequately address the instructional needs of children 
who demonstrate difficulties in early reading, it is important 
to understand the heterogeneous nature of early reading 
abilities and specific skill deficits that may impact reading 
comprehension development and performance. Many stud-
ies have reported findings based on average reading trajec-
tories (e.g., Francis et al., 1996; Nation et al., 2010; Storch 
& Whitehurst, 2002); however, it is estimated that between 
5% and 10% of the student population do not perform at the 
average level and struggle with at least one aspect of read-
ing development (Fletcher & Vaughn, 2009). Less is known 
about the reading development in this population of 
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students, especially in the area of reading comprehension in 
the early primary grades. Most developmental reading stud-
ies have investigated early reading subcomponent skills 
based on whole sample means and have rarely investigated 
distinct subgroups of children within a sample. Broad read-
ing studies that analyze sample means are informative to the 
field and inform the developmental science of reading; 
however, they do not provide a nuanced view of reading 
development that can inform the instructional needs of 
readers who are at risk for reading difficulties and disabili-
ties. Importantly, very few studies have investigated the dif-
ferences between subgroups of readers in their early reading 
comprehension performance and how subcomponent skills 
of reading comprehension may differ across the profiles of 
readers. This study investigates a broad range of subcom-
ponent skills, including word level and meaning-related 
skills to add to the current literature base on early read-
ing comprehension development. Investigations of this 
nature have important implications for early targeted read-
ing intervention for students who are at risk for reading 
difficulties and disability.

Reading Comprehension and Underlying 
Component Skills

Ample studies have investigated reading comprehension 
and many have empirically demonstrated the importance of 
several early component skills and their essential contribu-
tions to its development. The Simple View of Reading 
(Gough & Tunmer, 1986; Hoover & Gough, 1990) postu-
lates that reading comprehension is an interaction between 
two broad component skills: decoding and linguistic com-
prehension. The component skill of decoding refers to an 
individual’s ability to automatically understand the written 
code of language to allow for successful word reading. In 
order for young students to decode accurately, they must 
first acquire the subcomponent skill of phonological aware-
ness or an understanding that spoken and written words are 
made up of smaller elements of speech and that these sounds 
are represented by symbols in written text in a systematic 
way. Targeted intervention studies that center on enhancing 
word-level decoding skills have shown that when the gap 
between average readers and students at risk for reading dif-
ficulties is addressed aggressively in the early grades, later-
developing reading problems may be prevented and, 
consequently, their severity reduced (Mathes & Denton, 
2002; Vellutino et al., 2000). Converging evidence suggests 
that while decoding in essential for reading comprehen-
sion, its influence decreases across development (Garcia & 
Cain, 2014). Decoding is known to be an essential skill for 
adequate reading comprehension development; however, it 
is not sufficient as reading comprehension includes the 
complex integration of many other component and subcom-
ponent skills (e.g., linguistic comprehension). Linguistic 

comprehension refers to an individual’s ability to compre-
hend spoken language. This includes both lower order lan-
guage skills such as single-word vocabulary and higher 
order skills such as syntax. The component skills (decod-
ing and linguistic comprehension) and their subcomponent 
skills (e.g., phonological awareness and listening compre-
hension) begin to develop at an early age; for successful 
reading comprehension, both skills sets are required.

The Simple View was originally conceived to explain 
the reading comprehension development of students in later 
primary grades (third and fourth); however, various 
researchers have utilized it to investigate earlier reading 
development (e.g., Catts et al., 2003; Kendeou et al., 2009a; 
Oakhill & Bryant, 2003; Solari et al., 2018). Importantly, 
the original Simple View investigations (Hoover & Gough, 
1990) contend that linguistic comprehension becomes more 
essential for reading comprehension performance as chil-
dren reach middle elementary school; decoding skills are 
the most salient skill related to reading comprehension in 
the early elementary years, but their impact declines over 
time (Kendeou et al., 2009a; Kendeou, Savage, & van den 
Broek, 2009b; Kershaw & Schatschneider, 2012; Storch & 
Whitehurst, 2002). The framework has been used to 
describe variance in reading development in multiple age 
groups (Adlof et al., 2006, 2010; Kendeou et al., 2009a; 
Kershaw & Schatschneider, 2012; Nation et al., 2010; 
Tunmer & Chapman, 2012) and to describe subgroups of 
children who struggle with reading development (Catts 
et al., 2003, 2006; Grimm et al., 2018; Nation et al., 2010; 
Solari et al., 2018). Although not articulated in the Simple 
View, subsequent research has also demonstrated the unique 
contribution of reading fluency to the prediction of reading 
comprehension outcomes both in studies that investigate 
sample means (Adlof et al., 2006; Kim et al., 2010; 
Silverman et al., 2013; Tilstra et al., 2009) and those that 
specifically investigate at-risk samples (Chard et al., 2002; 
Eason et al., 2013).

Considerable research has been conducted on the devel-
opment of early decoding and word reading skills during 
the early elementary years, including consequential inter-
vention work that demonstrates that between 75% and 98% 
of first-grade students can acquire adequate word reading 
skills when they receive evidence-based reading instruc-
tion, including targeted supplemental reading interventions 
for the students who are most at risk (e.g., Mathes et al., 
2005; McMaster et al., 2005). However, some intervention 
studies have shown that even when young students are suc-
cessfully taught to decode words in the early grades, some 
of them fall behind in the later grades in reading compre-
hension (Catts et al., 2012; Compton et al., 2008; Slavin 
et al., 1996). Causal studies have demonstrated that, in 
addition to phonological abilities and decoding skills, 
reading comprehension is predicted by broader language 
assessments (Catts et al., 1999, 2001, 2006; Hogan et al., 
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2014; Scarborough, 1990). Therefore, although word read-
ing and decoding skills are essential components of suc-
cessful reading comprehension, these word-level skills are 
not sufficient alone to comprehend written text. Yet it is 
unclear whether the Simple View of Reading framework 
functions differently across subgroups of early readers with 
varying skill levels. This study includes measures of phono-
logical awareness, decoding, linguistic comprehension, and 
oral reading fluency to identify significant differences 
among subgroups of first graders who differ in terms of 
early reading comprehension development. Some studies 
have suggested that many students demonstrate risk for 
both word reading and reading comprehension–related 
skills (Catts et al., 2003; Grimm et al., 2018; Solari et al., 
2018). However, considerably less attention has been paid 
to early linguistic comprehension difficulties. The atten-
tion paid to early decoding skills is important but may not 
be singularly responsible for early reading comprehension 
difficulties. To better understand the full picture of early 
reading risk in young elementary-age children, we must 
have a greater awareness of how decoding and linguistic 
comprehension develop across subgroups of readers. It is 
important to have a solid understanding of how these skills 
begin to develop in the early elementary years to develop 
adequate and efficient early reading interventions.

Use of Growth Mixture Modeling (GMM) in the 
Context of This Study

Although longitudinal studies of reading comprehension 
development and the influences of its subcomponent skills 
are not uncommon in the literature, there are few studies 
that utilized GMM as an analytic approach (e.g., Boscardin 
et al., 2008). GMM provides specific advantages compared 
with techniques that analyze sample means. First, sub-
groups within a given sample are empirically identified and 
the data are used to differentiate participants instead of 
researcher-imposed cutoff scores. Francis et al. (2005) 
argued such cutoff scores could lead to instability as stu-
dents who have scores that hover near the cutoff boundary 
may switch subgroups. Conversely, the data-driven 
approach used in GMM classifies students into relatively 
homogeneous subgroups based on similar patterns of 
development over time. If conceptually meaningful, such 
subgroups can be reflective of important differences 
within a sample that may be obfuscated when analyses are 
restricted to sample means. Furthermore, while reading 
comprehension development can be modeled as a contin-
uum, identifying and examining subgroups can provide 
teachers with a practical heuristic that aligns well with 
teaching practices, especially in early elementary years. It 
is not uncommon for early elementary teachers to differ-
entiate reading instruction by dividing their classrooms 

into groups of students with similar skill profiles. Therefore, 
empirically identifying subgroups may help teachers target 
instruction more efficiently and accurately.

A second advantage of GMM concerns specific aspects 
of the modeling process. GMM is a model-based approach, 
meaning that models can be replicated with independent 
samples and results can be compared to confirm or reject 
results. Related, model fit statistics are provided, which 
allows multiple competing GMMs to be analyzed to iden-
tify the preferred model. In addition, as with other analyses 
such as latent growth curve modeling, auxiliary variables 
can be included in GMMs, but these effects are examined 
within each subgroup (and comparisons can be made across 
subgroups) rather than the sample as a whole. This provides 
more nuanced information with respect to the effects of the 
auxiliary variable. For example, these variables might dem-
onstrate significant effects for one subgroup, but not others. 
Such a nuanced understanding would help teachers tailor 
instruction and allocate resources efficiently.

Current Study

Early identification of subgroups of at-risk readers can be 
challenging, especially when considering variables beyond 
early word reading. Furthermore, the majority of previous 
work has relied upon arbitrary decisions of cutoff scores 
groups instead of utilizing empirically based procedures. 
This study expands on this literature in two ways. First, we 
use statistical techniques to empirically identify categori-
cally distinct developmental trajectories of reading com-
prehension in first-grade students. Second, we compare 
performance between the latent classes on subcomponent 
skills of reading to determine which of these skills signifi-
cantly differ across latent classes. Whereas prior research 
has examined early predictors of reading comprehension, a 
unique aspect of this study is that it investigates whether 
these predictors have differential impacts on reading com-
prehension development, depending on subgroup status. 
That is, although the students in this sample are of similar 
ages, the predictive capacity of reading subskills may 
vary, depending on a student’s level of reading compre-
hension. While the trajectories of typically developing 
students would likely show average or above average 
scores in reading comprehension throughout the year, we 
expect that subgroups of readers who are struggling with 
reading comprehension at the beginning of the year will 
continue to struggle as they may not be receiving the tar-
geted instruction in listening comprehension skills needed 
to boost overall reading comprehension achievement. This 
study provides a more nuanced understanding of the roles 
of reading comprehension subskills because it explicitly 
accounts for sample heterogeneity while modeling the rela-
tionships between the predictors and reading comprehension 
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development. To this end, this study asks the following 
research questions:

Research Question 1 (RQ1): How many categorically 
distinct reading profiles emerged from this sample of 
first graders?
Research Question 2 (RQ2): Were there significant dif-
ferences on reading comprehension between the distinct 
profiles at each of the three timepoints?
Research Question 3 (RQ3): Did the reading profiles 
differ in terms of early subcomponent skills of reading 
(phonological processing, word reading, decoding, lin-
guistic comp, and reading fluency)?

Method

Setting and Participants

The sample for this study comes from a larger randomized 
control trial in which the treatment group received inten-
sive reading intervention. For the purposes of this article, 
included in these analyses is the untreated randomly 
assigned control sample; therefore, children in these analy-
ses did not receive specialized reading intervention but only 
the reading instruction that the school normally provided. 
Children came from 64 first-grade classrooms located in 
two states, California and Texas. The 64 classrooms were 
situated in 25 schools; all classrooms provided all instruc-
tion in English only. The student sample (N = 300) was 
randomly selected from the participating classrooms; parent 
consent was obtained in accordance with university institu-
tional review board (IRB) procedures. Fifty-six percent of 
the sample were female and 61.6% qualified for free or 
reduced-price lunch status. Forty-two percent identified as 
Latinx, 27.6% as Black or African American, 14.6% as 
White, 4.7% as Asian, and 9.6% as mixed or Other, with 
1.7% missing. Finally, 18.3% of the sample was classified 
as English language learners by their schools.

Assessment Procedures

Assessments occurred at three timepoints across their first-
grade school year, once in the fall (September), at mid-year 
(January), and at end of year (May). The second author 
trained the data collectors; initial training took place across 
2 days and provided an overview of the assessments, guid-
ance on giving the assessments, and practice with peers and 
trainers. Assessors further practiced administering assess-
ments and participated in a “check-out” session with the 
second author in which a scripted check-out protocol was 
utilized to determine whether each assessor was prepared to 
work directly with students. All assessors met a minimum 
threshold of 90% accuracy on each assessment. In addition, 
the second author double-checked all assessments in the 

field during testing sessions and corrected any mistakes 
before the students returned to class.

Measures

Phonological awareness. This study used two subtests from 
the Comprehensive Test of Phonological Processing–Sec-
ond Edition (CTOPP-2; Wagner et al., 2013) to assess pho-
nological awareness: Elision and Blending. The elision 
subtest requires individuals to repeat a verbally presented 
word while omitting a specified sound (e.g., “say bold. Now 
say bold without /b/”). Blending requires students to com-
bine separate sounds into a word. For example, the student 
may be presented with, “What word do these sounds make: 
t- oi?” The correct response would be toy. The examiner’s 
manual reports a test–retest reliability of .88 for both sub-
tests with this age group.

Word reading. This study assessed word reading and decod-
ing skills using the Letter Word Identification (LWID) and 
Word Attack (WA) subtests of the Woodcock Johnson–IV 
(WJ-IV; Mather & Jaffe, 2016). The LWID subtest assesses 
the ability to identify letters and read words presented in a 
list format. The WA subtest measures phonological decod-
ing through pseudoword reading. Both subtests are untimed; 
administration ends when the student misses six responses. 
Reliability coefficients for the LWID for the age range in 
this study are between .96 and .98; for the WA they are .94 
and .96.

This study also administered the Test for Word Reading 
Efficiency–Second Edition (TOWRE-2; Torgesen et al., 
2012), which consists of Sight Word Efficiency (SWE) and 
Phonemic Decoding Efficiency (PDE). For each subtest, 
individuals are presented with a list of real words (SWE) or 
pseudowords (PDE) that get progressively more difficult 
and are asked to read as many words as they can in 45 s. 
Their score, for each subtest, is the total correct in the allot-
ted time.

Fluency. We administered two measures of fluency. First, 
we used the Gray Oral Reading Test–Fifth Edition (GORT-
5; (Wiederholt & Bryant, 2012) rate subscale to measure 
fluency of reading connected text. The rate score is normed 
based on the number of seconds it took the student to read 
the passage. The examiner’s manual reports a Cronbach’s 
alpha value of .86.

Second, we administered the oral reading fluency subtest 
of Dynamic Indicators of Basic Early Literacy Skills 
(DIBELS), which is an individually administered test of 
fluent reading in connected text. Students’ fluency is evalu-
ated on 1-min timed reading samples. The number of cor-
rect words per minute for each passage is recorded. Errors 
are defined as mispronunciations, omissions, substitutions, 
reversals, and hesitations longer than 3 s. At each timepoint, 
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students read two passages, yielding a total of six different 
passages across first grade. We calculated all possible per-
mutations of the presentation order of the passages and ran-
domly assigned permutations to students; no student in this 
study received the same order of passages as any other stu-
dent. Reliability coefficients ranged from .66 to .97.

Linguistic comprehension. We used two measures of listening 
comprehension. First, we used the Understanding Spoken 
Paragraphs (USP) subtest from the Clinical Evaluation of 
Language Fundamentals (CELF; Semel-Mintz et al., 2003). 
This subtest assesses a student’s ability to interpret factual 
and inferential information presented orally. The test man-
ual reports a reliability using Cronbach’s alpha of .69 and 
.65, and a reliability using the split-half method of .74 and 
.73, for 6-year-olds. Second, we used the Qualitative Read-
ing Inventory–Fifth Edition (QRI-5; Leslie & Caldwell, 
2011). Assessors read a passage to students and asked them 
six comprehension questions regarding implicit and explicit 
details. We used the total number of comprehension ques-
tions answered correctly as this assessment is non-normed. 
Cronbach’s alpha was calculated to be .65 for the study 
sample.

Reading comprehension. This study used the GORT-5 
(Gcomp) reading comprehension subscale to assess reading 
comprehension. This assessment comprises 16 progres-
sively more difficult reading passages. The passages are 
read aloud by a child and are followed by five open-ended 
comprehension questions. The test was discontinued when 
a student was deemed unable to read a passage fluently 
based on the test’s stopping criterion. The technical manual 
reports Cronbach’s alpha of .92 for the age range in the 
study.

Data Analysis Plan

We used GMM (Muthén & Shedden, 1999) to empirically 
identify discernible latent classes of longitudinal reading 
comprehension development from fall through spring of 
first grade. Mplus syntax for the final model in this study 
is available in online supplemental Figures S1 and S2. 
GMM is an iterative technique and this study began by 
fitting a model with one latent class, and then increasing 
the number of latent classes by one in subsequent models. 
Latent classes are identified by heterogeneity in the inter-
cept (i.e., the average GORT-5 comprehension score at the 
first timepoint) and slope parameters (i.e., shape of the 
developmental trajectory). That is, each latent class has its 
own estimates of average intercept and slope parameters. 
GMM assigns individuals to the latent class for which they 
have the highest posterior probability of membership. As 
in other mixture models, the latent classes were consid-
ered mutually exclusive and exhaustive. All models were 

conducted in Mplus 8.1, using full information maximum 
likelihood estimation with robust standard errors. This 
estimator included students in the GMM as long as they 
had a score on the GORT reading comprehension measure 
for at least one timepoint. For the auxiliary variable analy-
ses (see the following), students were excluded if they 
were missing scores only on the particular variable being 
analyzed. The greatest amount of missing data occurred 
with GORT-5 reading comprehension at Timepoint 3, with 
5.1% of the full sample missing scores on that measure 
(see Table 1). This study clustered students at the class-
room level to account for nesting.

In addition to varying the numbers of latent classes, this 
study also examined two other types of model specifica-
tions. First, this study examined different developmental 
trajectories to best depict the shape of reading comprehen-
sion development for the full sample; both linear and latent 
basis (Raykov & Marcoulides, 2006) models were con-
ducted. Second, as GORT reading comprehension was a 
continuous variable, this study examined different vari-
ance–covariance structures as recommended by Masyn 
(2013). Masyn refers to the most restrictive structure as 
“class-invariant, diagonal,” which constrains the within-
class indicator covariances to 0 and holds the variances of 
each indicator to be equal across latent classes. This is the 
default specification in Mplus. The second structure, “class-
varying, diagonal,” also fixes the within-class indicator 
covariances to 0, but allows the indicator variances to be 
freely estimated and differ across latent classes. The “class-
invariant, unrestricted” structure allows both the indicator 
covariances and indicator variances to be estimated, but 
they are constrained to equality across latent classes. 
Finally, the least restrictive structure, “class-varying, unre-
stricted,” freely estimates indicator covariances and vari-
ances, and allows them to differ across the latent classes. 
Utilizing different structures has the potential to alter the 
number and shapes of the latent classes, which can affect 
their substantive interpretation and inform considerations 
regarding parsimony of the competing models. We refer the 
reader to Masyn (2013) for additional details. We conducted 
a set of six GMM latent classes, using each of the develop-
mental trajectory specifications and Masyn’s variance–
covariance specifications. Therefore, five latent classes by 
two developmental trajectory specifications by four vari-
ance–covariance structures yielded 48 models that were 
compared. However, for brevity, this study only presents 
the fit statistics of the set of models utilizing the linear 
developmental trajectories and the diagonal, class-invari-
ant specifications as these were chosen as the final set of 
specifications.

Among all models, fit statistics, as well as substantive 
interpretation, for each model were compared to identify 
the preferred unconditional model (i.e., without auxiliary 
variables). The Bayesian information criterion (BIC; 
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Schwartz, 1978), which is currently the most trusted fit 
index of mixture models (Nylund et al., 2007) and the 
adjusted BIC (ABIC) are both interpreted as the minimum 
value indicating the preferred model. This study also utilized 
the Lo–Mendell–Rubin (LMR) test to examine whether the 
addition of another latent class resulted in a significant 
improvement in model fit. That is, the LMR compares a 
model with k classes and a model with k – 1 classes. The 
model with k – 1 classes is preferred if the p value for the 
model with k classes is nonsignificant (i.e., the model with 
one additional class did not significantly improve the fit of 
the model). We also examined the Bayes Factor (BF; Masyn, 
2013) and correct model probability (cmP; Maysn, 2013). 
The BF compares a model with k classes with a model with 
k – 1 classes and ranges of values provide degrees of the 
strength of evidence for the k – 1 class model; values between 
1 and 3 are weak evidence, values between 3 and 10 are 
moderate evidence, and values greater than 10 are strong 
evidence. The cmP provides the probability of each model 
being preferred against the full set of models under consid-
eration, with the highest probability indicating the pre-
ferred model. While not a fit statistic, this study also 
examined the entropy values for all models, which sum-
marizes how well individuals are assigned to latent classes. 
Entropy values range from 0 to 1, and values above .80 
are considered indicative of strong classification (Clark & 
Muthén, 2009).

After we identified the preferred model, we added auxil-
iary variables using the BCH approach (Asparouhov & 
Muthén, 2014; Bakk et al., 2013; Bolck et al., 2004), so they 
would not influence class enumeration (Bakk & Vermunt, 
2016). The auxiliary variables were phonological aware-
ness, word reading, decoding, linguistic comprehension, 

and reading fluency measured at the first timepoint. This 
study included these variables to identify skills in the begin-
ning of first grade, which were related to overall develop-
ment of reading comprehension during the entirety of the 
school year. This approach applies weights to each individ-
ual based on their posterior probabilities of latent class 
membership, which reduces bias when estimating class-
specific means of auxiliary variables. Once the auxiliary 
variables were included, the BCH approach estimated and 
compared class-specific means as a multiple group analy-
sis, with the latent classes treated as observed subgroups. 
We examined all pairwise comparisons for significant dif-
ferences across auxiliary variables, using a series of Wald 
tests provided by the BCH approach. We used standard 
scores for each variable except DIBELS and QRI that are 
non-normed; thus, raw scores were used for those two 
variables.

Results

Descriptive Statistics

Descriptive statistics for the GORT-5 reading comprehen-
sion measure from all three timepoints, as well as the covari-
ate results from the first timepoint, are presented in Table 1. 
GORT-5 reading comprehension scores are non-normed to 
capture growth, whereas covariate scores are normed 
(except DIBELS and QRI that are non-normed measures) 
to describe the sample relative to the population.

GORT-5 reading comprehension scores increased 
approximately 3 points between each timepoint, suggesting 
linear growth. The mean scores for the normed variables 
were within the average range. However, analysis of mean 

Table 1. Descriptive Statistics of GORT-5 at All Timepoints and Subcomponent Skills From the First Timepoint.

Variable n M SD Minimum Maximum Skewness Kurtosis

GORT Timepoint 1 300 5.39 6.21 0 24 1.00 −0.02
GORT Timepoint 2 290 7.67 6.55 0 24 0.48 −0.92
GORT Timepoint 3 284 10.88 7.56 0 29 0.08 −1.03
WJ letter word ID 299 88.90 18.04 40 138 −0.02 0.31
WJ word attack 299 95.48 19.05 40 132 −0.77 0.42
TOWRE SWE 299 90.39 18.14 55 142 0.75 0.37
TOWRE PDE 298 88.70 16.52 55 145 0.64 −0.05
GORT fluency 299 7.11 2.81 1 15 0.67 −0.30
DIBELS ORF 300 121.50 25.25 0 121.5 1.68 2.27
CTOPP phonological processing 298 96.44 16.13 55 145 0.20 0.40
CELF USP 298 8.18 3.69 1 15 −0.38 −0.77
QRI listening comprehension 300 2.92 1.62 0 6 −0.12 −0.77

Note. GORT scores are unstandardized to capture growth. All other measures are standard scores except DIBELS and QRI, which are non-normed 
measures. GORT-5 = Gray Oral Reading Test–Fifth Edition; WJ = Woodcock Johnson; TOWRE = Test for Word Reading Efficiency; SWE = sight 
word efficiency; PDE = phonemic decoding efficiency; DIBELS ORF = Dynamic Indicators of Basic Early Literacy Skills–Oral Reading Fluency; CTOPP 
phonological processing = phonological processing composite; CELF USP = Clinical Evaluation of Language Fundamentals–Understanding Spoken 
Paragraphs subtest; QRI = Qualitative Reading Inventory–5.
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scores may obfuscate struggles experienced by students 
who deviate from the average; thus, this study utilized 
GMM to empirically identify these students.

Identifying the Number of Latent Classes

Linear models of growth consistently provided good fit to 
the data and this was consistent with the change in mean 
GORT-5 scores over time. The latent basis models also 
demonstrated near-linear growth, although the class-spe-
cific mean GORT-5 scores at the middle timepoint were 
freely estimated instead of fixed (as in the linear models). 
Moreover, the fit statistics for linear and latent basis models 
with corresponding numbers of latent classes were nearly or 
exactly identical depending on the number of classes. Thus, 
due to similar fit statistics and parsimony considerations, 
the linear specification was chosen. Next, using the linear 
specification, four sets of models using different variance–
covariance structures were conducted. Two of the four 
structures, which Masyn (2013) refers to as “class-varying, 
unrestricted” and “class-varying, diagonal” experienced 
convergence problems and were removed from consider-
ation. The model using the “class-invariant, unrestricted” 
structure had errors with models consisting of three or more 
classes. Thus, this study used the “class-invariant, diago-
nal” structure, which fixes the covariance between the inter-
cept and slope to 0 and constrains their variances to equality 
across latent classes. When comparing GMMs utilizing the 
linear and latent basis specifications of the growth trajec-
tory, the linear models consistently showed better fit than 
the latent basis models. The final set of specifications was 
narrowed down to linear GMMs with class-invariant, diag-
onal variance–covariance structures. Finally, the intercept 
variances were negative across latent classes (as they were 
constrained to equality across classes), but the estimates 
were nonsignificant, so they were fixed at 0 in the final 
models.

Fit statistics for the GMMs with one to six latent classes 
using these specifications are presented in Table 2. The 
LMR supported the four-class model. In addition, there 
was no overlap among classes and they appeared to be 

well-separated. The entropy value for this model was .94, 
which is considered high.

As only one of the fit statistics provided clear evidence 
of a model, this study also examined each model for sub-
stantive considerations to ensure that the latent classes were 
conceptually viable and not redundant. The three-class 
model consisted of a class performing well below average 
across all three timepoints, a class performing in the aver-
age range, and a class performing well above average. The 
four-class model provided a more nuanced picture of strug-
gling students as there were two classes performing below 
average. Moreover, the fourth class was further validated by 
the covariate results (see the following) as there were sig-
nificant differences between all four classes. Given that the 
four-class model had some statistical support from the fit 
indexes and enjoyed substantive validation, it was chosen 
as the preferred unconditional model.

Figure 1 provides a visual depiction of the four-class 
model. To label the latent classes, the class-specific mean 
GORT-5 comprehension raw scores at each timepoint were 
matched with corresponding scale scores. This allowed the 
classes to be labeled in reference to test norms. The class at 
the top of the plot consistently performed above average 
throughout the year although they showed no growth. This 
class was called Above Average and consisted of 5.1% of 
the sample. The class beneath it, with diamond markers, 
consisted of 17.9% of the sample and was labeled Average. 
The third class from the top, with square markers, was 
termed Low Average and made up 25.7% of the sample. 
Finally, the class at the bottom was labeled Low and was the 
largest class with 51.3% of the sample. The class-specific 
GORT means can be seen in Table 3.

Relating Latent Classes to Subcomponent 
Reading Skills

Multiple auxiliary variables of phonological awareness, 
word reading, reading fluency, and linguistic comprehen-
sion were subsequently added to the GMM to identify 
which variables from the beginning of first grade would be 
significantly different between pairs of latent classes and 

Table 2. Fit Statistics of the GMMs With a Linear Growth Trajectory and the Class-Invariant, Diagonal Structure.

No. of 
profiles

No. of 
param LL BIC ABIC

LMR
p value BF cmP

1 6 −2745.70 5525.63 5506.60 N/A <.01 <.01
2 9 −2567.46 5186.26 5157.72 <.001 <.01 <.01
3 12 −2490.69 5049.82 5011.76 <.001 <.01 <.01
4 15 −2452.48 4990.52 4942.95 .002 <.01 <.01
5 18 −2422.81 4948.28 4891.19 .185 <.01 <.01
6 21 −2393.95 4905.67 4839.07 .082 N/A .99

Note. The value in boldface represents a preferred model for a given fit index. GMM = growth mixture modeling; LL = log-likelihood; BIC = Bayesian 
information criterion; ABIC = adjusted BIC; LMR = Lo–Mendell–Rubin Likelihood Ratio Test; BF = Bayes factor; cmP = correct model probability.
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thus provide information as to which skills would be related 
to differences among students. This was accomplished 
using the BCH approach described above, which provided 
class-specific means for each variable and tests of statisti-
cally significant differences for all pairwise comparisons of 
latent classes. Results are presented in Table 4.

All pairwise comparisons for all auxiliary variables were 
statistically significant except for three instances and these 
three instances all occurred when comparing the Average 
and Above Average classes. The Average and Above Average 
classes were not significantly different on PDE, phonologi-
cal processing, and QRI. In all other cases, the class-spe-
cific means were ordered as would be intuitively expected.

The Low class had the lowest means for all auxiliary 
variables and all standard scores were below the average 
range except phonological processing, but this was nearly 
below average. The Low Average class had significantly 
greater scores than the Low class, but remained below the 
Average and Above Average classes. The Low Average class 
scored within the average range on standardized variables, 
but, except for WA, all standard scores were below the 
mean score (i.e., 10 or 100 depending on the assessment). 

The Average class scored above the mean score on stan-
dardized variables, but within the average range. Finally, 
the Above Average class scored approximately 1 SD or 
greater than the mean score on all standardized assessments, 
except PDE and phonological processing, which were both 
on the high end of the average range. As these results were 
consistent with practical expectations and aligned well with 
the rank order of the latent classes, these findings were 
interpreted as providing conceptual validation to the latent 
classes.

Discussion

The main goal of this article was to investigate trajectories 
of reading comprehension development across the first-
grade year; the data in this study were analyzed to enable a 
more nuanced understanding of the heterogeneous nature 
of reading comprehension development during first grade. 
The sample means and standard deviations indicated aver-
age range performance across all reading measures; 
however, results of the GMM indicated that four distinct 
trajectories of reading comprehension development were 
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Figure 1. Plot of the final four-class model depicting heterogeneous growth patterns of GORT-5 reading comprehension across fall, 
winter, and spring of first grade.
Note. GORT-5 = Gray Oral Reading Test–Fifth Edition.

Table 3. Class-Specific Means of GORT Comprehension at Each Timepoint.

Latent class Low Low-average Average Above average

GORT Timepoint 1 0.49 6.33 13.45 20.10
GORT Timepoint 2 2.77 10.06 16.17 20.06
GORT Timepoint 3 5.05 13.79 18.89 20.02

Note. GORT = Gray Oral Reading Test.
All pairwise comparisons at all timepoints were significantly different at p < .001.
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evident. This highlights the importance of investigating 
data sets beyond sample-level means as a more nuanced 
understanding of the heterogeneity of the sample has 
important implications for targeted reading instruction. 
Once the distinct reading trajectories were established, they 
were further analyzed to determine whether subcomponent 
skills of reading comprehension differentiated the groups. 
Significant differences were noted across the majority of 
the subcomponent skills—both code- and meaning-related 

skills—across groups. These findings are discussed in the 
following in more detail, as well as their implications for 
instructional practice.

Growth in Reading Comprehension by Latent 
Class

Four distinct groups of students were identified based on their 
reading comprehension trajectories during the first-grade 

Table 4. Differences Between All Pairwise Comparisons of Subcomponent Reading Skills.

Growth class Subcomponent skills M

Mean differences (row minus column)

Low Low-average Average

Low (51.3%) WJ letter identification 77.43  
WJ word attack 84.08  
TOWRE SWE 78.28  
TOWRE PDE 78.60  
GORT fluency 4.96  
DIBELS ORF 7.81  
CTOPP phonological 87.80  
CELF USP 6.72  
QRI listening comp 2.39  

Low-average (25.7%) WJ letter identification 92.71 15.28  
WJ word attack 101.50 17.42  
TOWRE SWE 93.57 15.29  
TOWRE PDE 91.67 13.07  
GORT fluency 8.08 3.12  
DIBELS ORF 27.62 19.81  
CTOPP phonological 99.00 11.20  
CELF USP 8.50 1.78  
QRI listening comp 3.06 0.67  

Average (17.9%) WJ letter identification 107.79 30.36 15.08  
WJ word attack 112.61 28.53 11.11  
TOWRE SWE 111.61 33.33 18.04  
TOWRE PDE 106.42 27.82 14.75  
GORT fluency 10.39 5.43 2.31  
DIBELS ORF 55.82 48.01 28.20  
CTOPP phonological 111.69 23.89 12.69  
CELF USP 10.69 3.97 2.19  
QRI listening comp 3.99 1.60 0.93  

Above average (5.1%) WJ letter identification 117.81 40.38 25.10 10.02
WJ word attack 118.76 34.68 17.26 6.15
TOWRE SWE 120.59 42.31 27.02 8.98
TOWRE PDE 113.46 34.86 21.79 7.04a

GORT fluency 12.10 7.14 4.02 1.71
DIBELS ORF 81.42 73.61 53.80 25.60
CTOPP phonological 111.55 23.75 12.55 −0.14a

CELF USP 12.34 5.62 3.84 1.65
QRI listening comp 3.93 1.54 0.87 −0.06a

Note. WJ = Woodcock Johnson; TOWRE = Test for Word Reading Efficiency; SWE = sight word efficiency; PDE = phonemic decoding efficiency; 
GORT = Gray Oral Reading Test; DIBELS ORF = Dynamic Indicators of Basic Early Literacy Skills–Oral Reading Fluency; CTOPP phonological = 
phonological processing composite; CELF USP = Clinical Evaluation of Language Fundamentals–Understanding Spoken Paragraphs subtest; QRI = 
Qualitative Reading Inventory–5.
All differences significant at p < .05 except a ns.
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year. Growth across the first-grade year occurred for all 
groups except the Above Average group; however, the rank 
order of the groups remained the same from fall to spring. 
That is, no group surpassed any other group between fall 
and spring in terms of reading comprehension. Yet there 
was a notable finding regarding the Average and Above 
Average groups. The Average group scored similarly to the 
Above Average group by spring although it scored substan-
tially lower in fall. The raw GORT reading comprehension 
scores for each of these two groups corresponded to scaled 
scores in the average range. Together, these groups may 
represent different levels of typical development. It should 
be noted that, even in the fall of the first-grade year, the 
Above Average group, representing just 5% of the sample, 
was performing approximately 1 SD above average on the 
reading comprehension measure, but this did not continue 
into spring; their spring score corresponded to average 
performance. The Average group, on the contrary, scored 
approximately average in fall and was also average in 
spring. This might suggest that the Above Average group 
regressed to the mean by spring. Alternatively, it may 
be that teachers did not provide any specialized or tar-
geted instruction to the Above Average group as they did 
not appear to be experiencing any risk based on fall 
performance.

By spring testing, three of the four groups reached at 
least the average range on the reading comprehension 
assessment; combined, this represented 49% of the sample 
scoring in the average range compared with 75% at the 
beginning of the school year. The Low group, which 
accounted for 51% of the sample, did not reach the average 
range on reading comprehension and remained between 1 
and 2 SDs below average at the end of first grade. It is 
cause for concern that just more than one half of the sample 
scored below average at the end of first grade. Previous 
literature indicates that the first-grade year is extremely 
important for long-term attainment in reading (Cunningham 
& Stanovich, 1997). Thus, the Low group represents a siz-
able proportion of students who may be at long-term risk if 
they do not receive targeted instruction that can dramati-
cally increase their reading comprehension achievement. 
Students in this group should be relatively easy for educa-
tional practitioners to identify as their scores across all sub-
component skills were more than a standard deviation 
below average (except phonological skills, which were 
near the cutoff between average and below average). This 
skill profile suggests instruction that is solely focused on 
word reading, and decoding is likely not sufficient to ame-
liorate later reading comprehension difficulties if this 
group continues to struggle with meaning-related skills. 
Rather, this group appears to require a comprehensive 
curriculum that complements code-related skills with 
meaning-related instruction.

Differences on Subcomponent Skills Across 
Groups

Great variation was seen across groups on the reading sub-
component skills; the Low, Low-Average, and Average 
classes were significantly different on all subcomponent 
skills. In addition, the Low and Low-Average classes were 
also significantly different on all subcomponents compared 
with the Above Average class. This finding supports emerg-
ing literature that have investigated the heterogeneous 
nature of reading development (e.g., Boscardin et al., 2008; 
Grimm et al., 2018) and demonstrates the wide range of 
reading development during the first-grade year. Of particu-
lar importance is the finding that skill development differed 
across both subcomponent skills related to decoding skills 
and those that are more meaning-based such as listening 
comprehension. From an instructional standpoint, these 
findings highlight the wide range of reading instruction 
necessary to adequately address the reading needs of stu-
dents in first grade.

When comparing the Average and Above Average 
groups, significant differences were not noted on phono-
logical skills. From a developmental perspective, this 
makes sense, considering that these students were perform-
ing average on reading comprehension assessments; their 
phonological skills were well-developed to enable more 
accurate decoding and reading fluency. Whereas phono-
logical skills were comparable between these two groups, 
significant differences were noted on three of the four word 
reading measures although the groups were comparable by 
the end of first grade on reading comprehension. That is, 
the differences in word reading measures were likely 
related to differences in reading comprehension in the fall 
of first grade, but not by spring as these two groups’ read-
ing comprehension scores converged by then. This finding 
may indicate that, as students develop more enhanced 
higher order reading skills, such as reading comprehen-
sion, the relation between decoding and comprehension 
may be less impactful. Importantly, the finding converges 
with prior empirical evidence suggesting that word read-
ing skills are constrained in that their effects are greatest 
during early stages of the development of reading com-
prehension and become less pronounced as children 
progress (e.g., Hoover & Gough, 1990; Kershaw & 
Schatschneider, 2012). Significant differences between 
the Average and Above Average groups were not seen on 
the QRI listening comprehension measure. There are two 
important points to make about this finding. First, The 
QRI is not a norm-referenced assessment, so this finding 
may be a reflection of the measure. However, from a skill 
development perspective, it would make sense that stu-
dents who perform equally as well on comprehension 
measures by the end of first grade demonstrate similar 
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strengths in listening comprehension. Yet the fact that the 
Average and Above Average groups scored similarly on 
CELF USP, a different—and standardized—measure of 
linguistic comprehension, cannot be ignored. Table 4 illus-
trates that there was consistency in terms of the differences 
on QRI and CELF USP with respect to the rank-ordering of 
the latent classes. That is, latent classes that demonstrated 
lower reading comprehension achievement also demon-
strated lower linguistic comprehension achievement on 
both measures although the difference in CELF USP was 
nonsignificant between the Above Average and Average 
groups. However, the CELF USP scores are scaled, and a 
close examination reveals that the difference between the 
Above Average and Average groups is only approximately 
one half of a standard deviation. Both groups scored within 
the average range although the scores were statistically sig-
nificantly different. Thus, it is unlikely that this difference 
would raise concerns among educational practitioners.

The results of this study demonstrate a more nuanced 
understanding of early reading comprehension develop-
ment and indicate that reading comprehension is not solely 
driven by word reading and decoding differences, but 
instead by several different subcomponent skills, with sig-
nificant differences noted between most groups across all 
measures. These findings have important implications for 
instructional practice

Implications for Practice

From a broad perspective, the findings in this study high-
light the importance of understanding the nuanced develop-
ment of reading during the first-grade year. A more in-depth 
understanding of reading skill profiles should be utilized to 
inform more effective and targeted reading instruction, 
especially for children whose reading acquisition is 
impaired in the early grades. Although instruction in more 
basic word reading and decoding is essential for students 
who are struggling to develop early reading skills, some 
consideration of how to also enhance meaning-related com-
prehension skills is necessary. General education teachers, 
reading specialists, and special education teachers should 
be made aware of these differences seen across children 
and, when relevant, should allocate some time for develop-
ing meaning-related skills in students performing below 
average in reading comprehension. It is possible that this is 
particularly important for students who come from lower 
SES backgrounds as more than 60% of the sample in this 
study qualified for free and reduced-price lunch.

Sometimes, the most difficult group to make instruc-
tional decisions about are not the lowest performing stu-
dents, who in most cases are very clearly in need of 
supplemental reading instruction, but, instead, the students 
who are performing closer to average but still may warrant 

some additional targeted instruction; in this study, this is the 
Low-Average class. These students, representing just more 
than 25% of the sample, most likely require some addi-
tional targeted instruction tailored to their subcomponent 
skill reading deficits to ameliorate their early reading risk. 
In addition, their progress in these skill areas should be 
regularly monitored to ensure that they are not falling fur-
ther behind the students who are performing at or above 
average.

Limitations and Future Directions

Approximately, half of the sample was classified into the 
lowest performing group, which met criteria for at-risk sta-
tus, and this may be a larger proportion of students than 
expected. However, this may be due to a sampling issue. 
The majority of the sample comprised students from racial 
and ethnic minority and low-SES backgrounds, which are 
known to be risk factors for potential reading difficulties 
(McCoach et al., 2006; Morgan et al., 2008). While the pro-
portion of at-risk students may not align with other research 
samples, the findings highlight the need for reading 
resources to be made available to these populations of 
students.

This study provides multiple avenues for future studies 
to pursue. First, the findings need to be replicated with inde-
pendent samples. Future studies should also investigate the 
stability of these subgroups beyond first grade. The Average 
group nearly caught up with the Above Average group by 
the end of first grade, but it is not clear whether the reading 
performances of the Average and Above Average groups 
further align in later grades. Related, although it was clear 
that the Low-Average and Low groups did not catch up to 
the higher performing groups, further investigation is 
needed to identify which subcomponent skills might be 
most amenable to intervention. Although this study demon-
strated that the latent growth classes could be differentiated 
by subcomponent skills of reading comprehension, it did 
not identify a hierarchy of subcomponent skills in terms of 
their contributions to reading comprehension. However, a 
unique contribution of this study was to identify the impor-
tance of meaning-related skills. While word reading inter-
vention in early elementary years has been identified as 
beneficial, it is not yet clear whether intervention in mean-
ing-related skills in early elementary years can ameliorate 
future reading difficulties. The findings from this study sug-
gest that this may be an important avenue for future reading 
studies.
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