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A B S T R A C T

A major developmental task for young children in the United States involves the acquisition of knowledge about
the letters in the English alphabet. In the current study, we examined the growth trajectories of children's letter
name knowledge (LNK) during pre-kindergarten and kindergarten. A diverse sample of 1015 children was drawn
from the National Center for Early Development and Learning Multi-State Study of Pre-Kindergarten. Latent class
growth analyses were used to identify three heterogeneous classes of children based on their LNK growth tra-
jectories. Children's fall-of-pre-kindergarten language skills were associated with trajectory class membership,
which in turn was associated with children's spring-of-kindergarten literacy skills. We also found that the as-
sociation between children's fall-of-pre-kindergarten language skills and spring-of-kindergarten literacy skills
was partially mediated by trajectory class membership. These findings point to the importance of LNK skill
development as a marker variable to monitor and support children's emergent literacy development.

Introduction

A major developmental task for young children in the United States
involves the acquisition of knowledge about letters in the English al-
phabet. Letter knowledge is broadly defined as the ability to identify
letter names and letter sounds as well as the ability to retrieve this
information quickly and effortlessly (Treiman, 2000). In particular, the
acquisition of letter name knowledge (LNK) is recognized as an im-
portant component of children's emergent literacy skill development
and can serve as a precursor to understanding that spoken words are
represented by sequences of written letters (i.e., the alphabetic principle),
which is a requisite for later reading (Adams, 1990).

Several studies have shown that children's acquisition of LNK is
related to other emergent literacy skills. Language skills have been as-
sociated with higher LNK skills in preschool (Heilmann, Moyle, &
Rueden, 2018), and higher LNK skills have been directly or indirectly
associated with more advanced literacy skills in elementary school
(Clemens, Lai, Burke, & Jiun-Yu, 2017). However, to date, no single
study has documented children's development of LNK during preschool
and kindergarten as well as investigated both predictors and outcomes
of LNK skills. The primary aim of the current study was to examine a
continuum of children's emergent literacy skill development across the
transition from preschool to kindergarten. We began by examining

children's growth trajectories of LNK across a two-year period during
pre-kindergarten (pre–K) and kindergarten using latent class growth
analysis, a group-based approach to analyzing longitudinal data. We
then examined children's fall-of-pre-K language skills (receptive and
expressive vocabulary) as predictors of trajectory class membership,
and we examined children's spring-of-kindergarten emergent literacy
skills (decoding and phonemic awareness) as outcomes of trajectory
class membership. Finally, we examined the mediating role of LNK
trajectory class membership in the association between children's fall-
of-pre-K language skills and spring-of-kindergarten emergent literacy
skills.

Development of LNK during early childhood

Letter knowledge is widely considered by teachers, researchers, and
policymakers to be an important marker of school readiness and a
precursor to later reading success. The acquisition of letter knowledge
often begins prior to age three, as children attend to letters in print, and
then proceeds between three to four years of age as children learn the
names and sounds of selected letters, especially those letters in their
own name (Snow, Burns, & Griffin, 1998). Children are often expected
to know all letter names by the end of kindergarten (National Gover-
nors Association Center for Best Practices & Council of Chief State
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School Officers [NGACBP & CCSSO], 2010). Although the ability to
understand the relationship between letter symbols and sounds is im-
portant for most children in reading and decoding words, studies have
shown that young children typically learn the names of letters before
learning the sounds of letters (Ellefson, Treiman, & Kessler, 2009;
Worden & Boettcher, 1990) and utilize their knowledge of letter names
in learning letter sounds (Foulin, 2005; Huang, Tortorelli, & Invernizzi,
2014; McBride-Chang, 1999; Treiman, Tincoff, Rodriguez, Mouzaki, &
Francis, 2008; Treiman, Weatherston, & Berch, 1994).

To promote children's optimal acquisition of LNK, federal and state
government agencies in the United States have provided benchmarks
for how many letter names young children should be able to identify at
the end of pre-K and kindergarten. For example, the federal Early
Reading First initiative set benchmarks for children in participating
preschool programs to know 16 to 19 letter names by the end of their
pre-K year (U.S. Department of Education, 2009), and the Common
Core State Standards indicated that children were expected to identify
and label all lowercase and uppercase letters by the end of kindergarten
(NGACBP & CCSSO, 2010). Researchers have also used empirical
techniques to determine the optimal LNK benchmark. For example,
Piasta, Petscher, and Justice (2012) examined various LNK benchmarks
at the end of pre-K in relation to children's risk for literacy difficulties at
the end of first grade. The authors identified knowledge of 18 uppercase
and 15 lowercase letter names at the end of pre-K as an optimal
benchmark for children to avoid later difficulties.

Trajectories of LNK acquisition

In addition to documenting children's proficiency at single time
points, Fuchs and Fuchs (1999) noted the need for researchers and
practitioners to consider trajectories of children's growth in emergent
literacy skills over time. One strategy to understand trajectories of LNK
acquisition has been to classify children into distinct developmental
groups. For example, a study by Heilmann et al. (2018) categorized a
sample of Head Start participants into three groups of LNK learners
based on gains made during their pre-K year. Children were categorized
into three groups based on when they could name 10 uppercase letters,
which was a benchmark defined a priori by the authors and re-
commended by the National Head Start Association. This study found
that 15% of children surpassed the benchmark in the fall and continued
to acquire LNK through the spring (described as the High Initial group),
31% percent of children did not surpass the benchmark in fall but did in
the spring (described as the High Growth group), and 53% of children
did not surpass the benchmark in either the fall or spring (described as
the Low Growth group; Heilmann et al., 2018).

One aim of current study was to examine if the three-group classi-
fication system proposed by Heilmann et al. (2018) to describe LNK
acquisition could be validated using an empirically-driven method for
classifying developmental trajectories. To that end, the current study
utilized latent class growth analysis to estimate a series of trajectory
classes to characterize children's growth in LNK during pre-K and kin-
dergarten. Latent class growth analysis is a special type of growth
mixture modeling used to empirically distinguish distinct groups of
individuals who follow homogeneous developmental trajectories based
on categorical latent variables (Jung & Wickrama, 2008; Nagin, 2005).
This approach has been widely used to provide empirical validation of
longstanding theories about group-based development in various fields
of research, with previous studies frequently focusing on the develop-
ment of risk factors associated with depression, inattention/hyper-
activity, and conduct disorders (Nagin & Odgers, 2010). Although la-
tent class analyses have not yet been applied to the study of LNK
acquisition, these methods have been used in two previous studies to
examine group-based classifications of children's growth trajectories in
language during preschool and early elementary school (Klem, Hagtvet,
Hulme, & Gustafsson, 2016; Lei et al., 2011). Both studies advanced an
understanding of early risk for later learning disabilities by

documenting that classes of children who demonstrated the lowest rates
of growth in language during these periods were at greatest risk for
later language and literacy difficulties. Similarly, the current study was
expected to offer practical relevance by identifying classes of children
whose LNK trajectories may be related to subsequent literacy difficul-
ties, enabling educational practitioners to better provide targeted sup-
ports for these children.

LNK as a predictor of later literacy skills

Young children show substantial variability in the developmental
timing of LNK acquisition, and this variability may have implications
for later reading success. Numerous studies have found that children
who demonstrate better LNK skills at a single point in time (usually
during kindergarten) continue to demonstrate higher levels of compe-
tence on more advanced measures of literacy in later childhood
(Adams, 1990; Badian, 1995; Blatchford & Plewis, 1990; Paige, Rupley,
Smith, Olinger, & Leslie, 2018; Piasta et al., 2012; Schatschneider,
Fletcher, Francis, Carlson, & Foorman, 2004). For example, a study by
Schatschneider et al. (2004) examined a wide range of skills during the
beginning, middle, and end of kindergarten in relation to later de-
coding, reading comprehension, and rapid word reading outcomes in
first and second grade. Although they did not consider growth in LNK
during this period, the authors found that children's scores on a LNK
task administered at the beginning of kindergarten, but not at the end of
kindergarten, were uniquely predictive of later literacy outcomes in
first and second grade. This indicated the presence of a ceiling effect
and suggested that LNK became a less useful predictor at the end of
kindergarten because most children in this sample could name all 26
uppercase and lowercase letters of the alphabet.

Although the aforementioned studies utilized cross-sectional de-
signs to examine children's LNK skills at a single point in time, a handful
of studies have investigated the rate at which children acquire LNK
skills over time (i.e., growth and development). Moreover, the studies
that have considered the development of LNK and its relation to more
advanced literacy skills in elementary school have focused exclusively
on the development of LNK during kindergarten. For example, a ret-
rospective study found that children categorized above the criterion for
first grade oral reading fluency demonstrated higher rates of growth in
LNK skills during kindergarten compared to children categorized below
the criterion for first grade oral reading fluency (Clemens, Hilt-
Panahon, Shapiro, & Yoon, 2012). A separate study by Clemens et al.
(2017) also found that initial LNK status at kindergarten entry and
growth in LNK during the fall and spring of kindergarten were uniquely
predictive of first grade oral reading fluency. The magnitude of the
predictive effect was largest for initial status (Effect Size [ES] = 0.57)
and smaller for the fall and spring growth parameters (ES = 0.17 and
0.15, respectively). This study also showed indirect effects of kinder-
garten LNK to second and third grade reading fluency through first
grade reading fluency. The magnitude of those indirect effects were
similar to the direct effects found in relation to first grade reading
fluency, but slightly attenuated.

In contrast to evidence of a positive association between LNK
growth and later literacy skills, two studies provided slightly different
results. A study by Ritchey and Speece (2006) found that quadratic
slope estimates of LNK growth during kindergarten (decelerating rates
of growth) were negatively predictive of word reading, but not spelling
skills, at the end of kindergarten, whereas no reliable effect of initial
LNK status was observed. This negative association indicated that
children with higher baseline LNK skills who reached ceiling levels on
the LNK measure early during the kindergarten year demonstrated
better word reading skills at the end of kindergarten. Additionally, a
study by Al Otaiba et al. (2011) found that LNK status at kindergarten
entry—but not growth in LNK skills during kindergarten—was pre-
dictive of better oral reading fluency outcomes in first grade.

R.C. Carr, et al. Journal of Applied Developmental Psychology 69 (2020) 101141

2



Oral language as a predictor of LNK and later literacy skills

LNK is only one component of children's emergent literacy skill
development, which is multifaceted and begins early in life. Children's
oral language skills and communicative abilities are widely believed to
provide a foundation for literacy skill development (Dickinson &
Tabors, 2001; Snow et al., 1998; Storch & Whitehurst, 2002; Whitehurst
& Lonigan, 1998). Moreover, researchers have described how children's
development of literacy skills is organized through language (Harm &
Seidenberg, 2004). In early childhood classrooms, for example, lan-
guage is the primary mechanism through which literacy instruction is
delivered to and understood by children. Children who demonstrate
stronger language skills may be better able to process and retain
knowledge of letter names and, thus, have stronger subsequent emer-
gent literacy skills.

Several studies provide support for an association between chil-
dren's early language skills and later emergent literacy skills, including
LNK. For example, two separate studies have documented positive as-
sociations between higher receptive vocabulary skills in the fall of the
pre-K and higher LNK during the pre-K year (Heilmann et al., 2018) as
well as higher emergent literacy skills, including LNK, later in kinder-
garten (Hammer, Farkas, & Maczuga, 2010). Another study found that
receptive vocabulary in the fall of pre-K was positively associated with
a composite measure of literacy (i.e., letter name/sound knowledge and
writing ability) at that same time point, but inversely associated with
literacy growth through first grade, indicating that children with lower
pre-K vocabulary skills started with lower literacy skills, but demon-
strated higher rates of literacy growth compared to their peers
(Hindman, Skibbe, Miller, & Zimmerman, 2010). Finally, empirical
studies also provide support for the independent contributions of chil-
dren's language and LNK skills to later literacy skill development. For
example, two studies examined measures of language and LNK in re-
lation to later literacy outcomes, finding that higher levels in both skills
provided unique prediction to later literacy outcomes (Al Otaiba et al.,
2011; Schatschneider et al., 2004). However, to date, no study has
examined the mediating role of LNK skills in the association between
early language skills and later literacy skills.

The current study

In separate studies, prior research provides support for (a) the as-
sociation of oral language to LNK as well as later literacy skills and (b)
the association of LNK to more advanced literacy skills. Among those
studies that examined LNK in relation to more advanced literacy skills,
researchers have examined LNK skills during the preschool period
(Badian, 1995; Blatchford & Plewis, 1990; Foulin, 2005; Piasta et al.,
2012) or the kindergarten period (Ortiz et al., 2012; Paige et al., 2018;
Schatschneider et al., 2004; Walsh, Price, & Gillingham, 1988), but not
during both preschool and kindergarten. Additionally, many of these
studies relied on cross-sectional analyses of children's LNK skills at a
single point in time, rather than growth in children's LNK skills over
time. Of the studies that have considered growth in children's LNK skills
in relation to more advanced literacy skills in elementary school, all
have focused exclusively on growth in LNK during the kindergarten
year (Al Otaiba et al., 2011; Clemens et al., 2012; Clemens et al., 2017;
Ritchey & Speece, 2006). To date, no single study has examined early
language as predictor of children's LNK development across preschool
and kindergarten as well as the later literacy outcomes of children's LNK
developmental trajectories.

To address these shortcomings, this study sought to examine a
continuum of children's emergent literacy skill development during
preschool and kindergarten. We were first interested to examine chil-
dren's development of LNK. Rather than focusing on children's LNK
skills at a single point in time, we considered children's initial level of
LNK in the fall of pre-K (i.e., intercept) and the rate at which children
acquired LNK through the spring of kindergarten (i.e., growth). In our

examination of children's LNK development, we considered if the three-
group classification system proposed by Heilmann et al. (2018) to de-
scribe LNK acquisition could be validated using an empirically-driven
method for classifying developmental trajectories. We then examined
the underlying contribution of language skills to LNK skill development
as well as more advanced emergent literacy skills (i.e., decoding and
phonemic awareness) in the spring of kindergarten. We also examined
how children's acquisition of LNK was related to more advanced
emergent literacy skills. Finally, we sought to understand if children's
development of LNK skills accounted for the contribution of language
skills to more advanced emergent literacy skill development. Through
this study, we sought to better illustrate the process of emergent literacy
development across the transition from preschool to elementary school
and provide early childhood educators, researchers, and policymakers
with useful information needed to intervene in the development of
children who may face subsequent challenges with literacy acquisition.

The following research questions were addressed: (1) Can children's
growth trajectories in LNK during pre-K and kindergarten be char-
acterized by distinct classes?; (2) Are children's early language skills
associated with their LNK growth trajectories and more advanced
emergent literacy skills?; (3) Are children's LNK growth trajectories
associated with more advanced emergent literacy skills?; and (4) Do
LNK growth trajectories mediate the association between children's
early language skills and more advanced literacy skills? Using latent
class growth analysis to examine growth in children's LNK skills, we
hypothesized that three classes of children would be identified. In ad-
dition to the commonly recognized class of children with learning delay
(e.g., Bishop & Snowling, 2004), we hypothesized that classes of typical
and advanced LNK learners would also be identified. This three-class
hypothesis is consistent with prior research on LNK development during
the pre-K year, as described by Heilmann et al. (2018) in the preceding
sections. Additionally, consistent with the “Matthew Effect” hypothesis
that “early achievement spawns faster rates of subsequent achieve-
ment” (Stanovich, 1986, p. 381), we hypothesized a pattern of early
skill proficiency predicting later skill development across language,
LNK, and later emergent literacy, such that young children with more
advanced language skills at pre-K entry would also demonstrate more
advanced patterns of growth in LNK during pre-K and kindergarten.
This, in turn, would lead to more advanced emergent literacy skills in
the spring of kindergarten. Finally, the current study is the first known
study to examine how language indirectly contributes to later emergent
literacy skills through its direct association with LNK. Given prior evi-
dence of the independent contributions of children's language and LNK
skills to later literacy skill development, we expected LNK growth tra-
jectories to partially mediate the association between early language
and later, more advanced emergent literacy skills.

Methods

Sample

Data were drawn from the National Center for Early Development
and Learning (NCEDL) Multi-State Study of Pre-K. This study was in-
itiated during the 2001–02 school year to examine the developmental
competencies and classroom experiences of 4-year-old children enrolled
in center-based pre-K programs within six states (Illinois, Ohio,
Kentucky, Georgia, California, and New York), which were selected on
the basis of having significant pre-K initiatives (Clifford et al., 2005).
All of the pre-K programs included in the NCEDL study were fully or
partially funded and operated by state and/or local education agencies,
and 30% of the participating children were enrolled in programs that
also received funding and oversight from the federal Head Start pro-
gram. In 2001, these states served 43% of all children who participated
in state-funded pre-K programs in the United States and spent 42% of
the funding allocated for state pre-K nationwide (Clifford et al., 2005).

The sampling frame for this study involved random selection of
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early childhood education sites. Pre-K classrooms were then randomly
selected from sites, and four children were randomly selected from each
classroom. Children were eligible for inclusion in the study if (1) they
were old enough for kindergarten the following fall, (2) they did not
have an Individualized Education Plan, and (3) they spoke English or
Spanish well enough to understand simple instructions as reported by
the teacher. A final sample of 1015 children was recruited from 240
pre-K classrooms and served as the analytic sample for the current
study. After their pre-K year, approximately 900 study children were
followed through the spring of kindergarten as children transitioned to
more than 800 different kindergarten classrooms.

Procedures

Parents completed a survey to provide demographic information
about themselves and their children in the fall of pre-K. Observations of
children's classroom literacy engagement were conducted on multiple
occasions during pre-K and kindergarten. Children's developmental
competencies were assessed at four time points during (1) fall of pre-K,
(2) spring of pre-K, (3) fall of kindergarten, and (4) spring of kinder-
garten. Children who spoke a language other than English at home were
given a portion of the preLAS2000 (Simon Says, Art Show, and Human
Body; Duncan & De Avila, 1998) at the beginning of the direct assess-
ment at each time point to screen for English language proficiency.
These subscales required children to respond to a set of instructions
(listening comprehension) and verbally identify pictures (receptive
vocabulary). Children who scored 30 or below (out of 40) on the
preLAS2000 were not assessed in English at that time point, but were
screened again for English proficiency during subsequent assessments.
This system for determining English proficiency was similar to the Oral
Language Development Scale (OLDS) used by the Early Childhood
Longitudinal Study, Kindergarten Class of 1998-99 (U. S. Department of
Education & Education Statistics, 2009). The proportion of children in
the sample who were not assessed in English was 12% in the fall of pre-
K, 9% in the spring of pre-K, 6% in the fall of kindergarten, and 3% in
the spring of kindergarten.

Measures

Letter name knowledge. Children's knowledge of the alphabetic
characters used in English was assessed at all four time points using the
Identifying Letters assessment, which is a criterion-referenced measure
that was designed for the NCEDL study (NCEDL, 2001). In this assess-
ment, children were shown three cards—each with a set of mixed ca-
pital and lowercase letters—and asked to identify as many letters as
they could. The specific combination of 13 uppercase and 13 lowercase
letters was as follows: a, B, C, D, E, f, G, h, I, j, k, L, M, n, O, p, Q, r, s, T,
u, V, w, x, y, Z. A raw score was computed for this scale, which had a
range of 0–26. Cronbach's alpha estimate of internal consistency re-
liability for this measure was high across all the assessment periods for
the ethnically diverse sample of children in the current study
(α = 0.93–0.97) and in combination with an ethnically diverse sample
of 1479 additional children from five other states (α = 0.97; Howes
et al., 2008).

Language at the fall of pre-K. Children's language skills were assessed
in the fall of pre-K using two standardized assessments.

Receptive vocabulary. The Peabody Picture Vocabulary Test, 3rd
Edition (PPVT-3; Dunn & Dunn, 1997) was used to assess children's
receptive vocabulary. During this assessment, children were shown a
set of four pictures on a page and asked to select the picture that best
represents the meaning of a word spoken by the examiner. A raw score
was computed for this scale, and child age at the time of assessment was
considered as a covariate in our statistical analyses. The authors re-
ported a Cronbach's alpha coefficient for this scale that ranged from
α = 0.92–0.98, with a median reliability of α = 0.94 based on a nor-
mative sample of children stratified by gender, race/ethnicity (African

American, Hispanic, White, Other), geographic region, and parent
education level (Dunn & Dunn, 1997).

Expressive language. The Oral Expression Scale from the Oral &
Written Language Scale (OWLS; Carrow-Woolfolk, 1995) was used to
assess children's understanding and use of spoken language. During the
assessment, the examiner read a verbal stimulus aloud while the child
looked at a stimulus board containing one or more pictures. Children
were asked to answer questions, complete sentences, or generate new
sentences. A standard score was computed for this scale (M = 100,
SD = 15). The author reported a test-retest reliability of this measure
for children in the 4- to 5-year-old age range as r = 0.86 based on a
normative sample of children with demographic characteristics similar
to the 1991 U.S. Census data in terms of gender, race, ethnicity, parent
education, and geographic distribution (Carrow-Woolfolk, 1995).

Emergent literacy at the spring of kindergarten. Children's decoding
and phonemic awareness skills were assessed during the spring of
kindergarten using two standardized assessments.

Decoding. The Letter-Word Identification subtest from the
Woodcock-Johnson (WJ) III Tests of Achievement (Woodcock, McGrew,
& Mather, 2001) was used to assess children's decoding skills. During
this assessment, children were initially asked to identify letters; the
remaining items required children to pronounce written words cor-
rectly. A W-score was computed for this scale. The internal consistency
reliability of this measure for children in the 5- to 6-year-old age group
ranged from α = 0.98–0.99 based on a normative sample of children
stratified by gender, race (White; African American; American Indian or
Alaska Native; Asian, Native Hawaiian, or Other Pacific Islander;
Other), ethnicity (Hispanic, Not Hispanic), census region, rurality, im-
migrant status, and parent education level (Woodcock et al., 2001).

Phonemic awareness. The Elision subtest of the Comprehensive Test
of Phonological Processing (CTOPP; Wagner, Torgesen, & Rashotte,
1999) was used to assess children's phonemic awareness (i.e., the
ability to detect individual sounds in written words). During this test,
children were asked to separate compound words and then asked to
remove particular sounds from the words. A raw score was computed
for this scale. Test-retest reliability was reported by the authors as
r = 0.88 for children in the 5- to 7-year age range based on a diverse
normative sample of children across the categories of gender, race/
ethnicity (Native American, Hispanic, Asian, African American, White,
Other), geographic region, urbanicity, family income, and parent edu-
cation (Wagner et al., 1999).

Classroom literacy engagement. The frequency of children's engage-
ment in classroom literacy activities has been related to children's
emergent literacy skills (Bratsch-Hines, Burchinal, Peisner-Feinberg, &
Franco, 2019; Howes et al., 2008). Therefore, in the current study, we
considered individual children's engagement in classroom literacy ac-
tivities during pre-K and kindergarten using an observational measure,
the Emerging Academics Snapshot (EAS; Ritchie, Howes, Kraft-Sayre, &
Weiser, 2002). Specifically, we considered children's engagement in
letter name/sound activities, including practicing vowel sounds, allit-
erations, or rhymes; talking about sound-letter relationships; identi-
fying letters; sounding out words; and practicing the syllabification of
words through clapping games, taking a spelling test, or reading spel-
ling words. EAS observations were conducted during the course of four
days in each pre-K classroom and three days in each kindergarten
classroom. The protocol involved a 20-s observation period, followed
by a 40-s coding period, with each study child being observed in suc-
cession. Items were coded as present or absent within the 20-s ob-
servation period. Observations lasted from the start of class until mid-
day (either naptime for children in full-day classrooms or until class
ended for children in part-day classrooms). Because the total observa-
tion time varied across classrooms, a variable was created to represent
the percent of each child's engagement in letter name/sound activities
during the observation period. Additionally, the scores from all ob-
servation days within each school year were averaged in the current
analyses to create scores representing pre-K and kindergarten classroom
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literacy engagement. On average, study children were observed enga-
ging in letter/sound activities during 3% of the observation period in
pre-K and 10% of the observation period in kindergarten. The Cron-
bach's kappa coefficients for the EAS letter/sound engagement scores in
this sample indicate adequate reliability during pre-K and kindergarten
(κ = 0.75–0.88 and 0.84–0.85, respectively). In previous research with
the EAS measure based on the current study sample in combination
with a sample of children across five additional states, Early et al.
(2010) found no reliable differences between White, African American,
and Latino children in their engagement in classroom language and
literacy activities during the pre-K year, after controlling for the effects
of classroom-level ethnicity and income.

Child and family background characteristics. Our analyses also con-
sidered a wide range of child and family background characteristics as
covariates, including the child's sex (1 = girl, 0 = boy); ethnicity
(binary variables coded as White, African American, Latino, or another
ethnicity; with 1 = yes, 0 = no); if the child's first language was
identified by the parent as a language other than English (1 = yes,
0 = no); a continuous variable indicating the child's age in years at the
fall-of-pre-K assessment; a continuous variable indicating the child's age
in years at the spring-of-kindergarten assessment; poverty status, which
was defined as a family income below 150% of the federal poverty line
(1 = yes, 0 = no); and a continuous variable indicating maternal years
of education.

Data analyses

Latent class growth analyses were undertaken in two phases. To
address the first research question, the first phase of the analyses in-
volved estimating a series of unconditional latent class growth models
to enumerate an increasing number of latent classes that characterized
distinct patterns of growth in children's LNK between the fall of pre-K
and spring of kindergarten. In order to address the remaining research
questions, the second phase of the analyses involved estimating a
conditional latent class growth model to examine the predictive effect
of children's fall-of-pre-K language skills on latent class membership as
well as children's fall-of-kindergarten emergent literacy skills as an
outcome of latent class membership.

Phase 1: Trajectory class enumeration. A series of unconditional latent
class growth models were estimated in Mplus, Version 8.4 (Muthén &
Muthén, 1998–2017) to characterize the development of children's
LNK. Separate models were estimated to enumerate an increasing
number of latent trajectory classes based on the children's LNK skills
assessed during pre-K and kindergarten. For each class, a freed-loading
growth curve model was used to estimate intercept and slope para-
meters. This modeling approach is a flexible way to allow for non-lin-
earity in the growth process (Bollen & Curran, 2006). To parameterize
the freed-loading model, the first time point at which LNK was mea-
sured (fall of pre-K) was scaled to a value of 0 to represent the intercept,
the last time point (spring of kindergarten) was scaled to a value of 1,
while the means for the second (spring of pre-K) and third (fall of
kindergarten) time points were freely estimated. The variance and
covariance terms for the intercept and slope parameters within each
trajectory class were fixed to zero, which is consistent with the as-
sumption of latent class growth analysis that the individual growth
trajectories within each class are homogeneous (Jung & Wickrama,
2008). This phase of the analyses only relied on cases with at least one
LNK assessment (n = 971). To account for missing data, we used the
Full Information Maximum Likelihood (FIML; Arbuckle, 1996). We also
used the maximum likelihood estimation method with robust standard
errors (MLR).

We considered several statistical metrics to assess the number of
latent classes needed to adequately characterize distinct subgroups of
children based on their development of LNK. First, we descriptively
reported indices related to model fit derived from each model, in-
cluding the Akaike information criterion (AIC), Bayesian information

criterion (BIC), and the adjusted Bayesian information criterion (ABIC).
Second, we inspected the accuracy of individuals' assignment to their
respective class in each model by considering entropy values, which
summarized the conditional probabilities of individuals' assignment to
their most likely class. Entropy values range from 0 to 1, with values
greater than 0.80 indexing good classification accuracy and separation
between the latent classes (B. O. Muthén, 2004; Ram & Grimm, 2009).
Finally, we considered the Vuong-Lo-Mendell-Rubin (VLMR) likelihood
ratio test for each model to determine whether a given model provided
better fit to the data compared to the corresponding model with fewer
classes (Nylund, Asparouhov, & Muthén, 2007).

Phase 2: Conditional latent class growth analysis. Once the appropriate
number of latent LNK trajectory classes were identified based on the
unconditional latent class growth analysis, we proceeded with the
second phase of the analyses to estimate a conditional latent class
growth analysis model using Mplus Version 8.4. In this phase of the
analyses, we implemented the three-step method detailed by Nylund-
Gibson et al. (2014). This three-step method involved estimating a
conditional latent class growth analysis model that included predictors
and outcomes of LNK trajectory class membership, while ensuring that
these predictors and outcomes did not influence the assignment of
children to trajectory classes. This method also accounted for mea-
surement error in the assignment of children to their most likely LNK
trajectory class.

Children's language skills in the fall of pre-K were examined as a
predictor of LNK trajectory class membership, and children's emergent
literacy skills in the spring of kindergarten were considered as an out-
come of class membership. Latent variables were estimated for chil-
dren's fall-of-pre-K language skills and spring-of-kindergarten emergent
literacy skills. The latent variable for fall-of-pre-K language skills was
indexed by the PPVT-3 and OWLS measures, whereas the latent vari-
able for spring-of-kindergarten emergent literacy skills was indexed by
the WJ III Letter-Word Identification and CTOPP Elision measures (see
Table 3). Observed child and family demographic covariates and
dummy variables for state of residence were included at each path of
the analyses. Children's age at the fall-of-pre-K assessment was included
as a covariate in paths related to fall-of-pre-K language and trajectory
class membership, whereas children's age at the spring-of-kindergarten
assessment was included as a covariate in paths related to spring-of-
kindergarten emergent literacy. Measures of pre-K and kindergarten
classroom literacy engagement were only included as covariates in
paths related to trajectory class membership and spring-of-kindergarten
emergent literacy, but not fall-of-pre-K language, because classroom
literacy engagement could have logically influenced the former but not
the latter.

We used multinomial logistic regression to estimate the effect of our
covariates on trajectory class membership and standard regression
analyses were used to estimate all other paths. Indirect paths were es-
timated from fall-of-pre-K language skills to spring-of-kindergarten
emergent literacy skills through trajectory class membership using the
multinomial mediation method for nominal variables detailed by B. O.
Muthén (2011). We used the MLR estimation method in these analyses.
In addition to using FIML to account for missing data, we also stated the
variances of the independent variables in these analyses, which allowed
us to retain the full sample of children (N = 1015).

Results

Descriptive results

Descriptive statistics for the background characteristics of children
and families were provided in Table 1. The average age of children in
the sample was 4.56 years (SD = 0.31) at the fall-of-pre-K assessment
and 6.04 years (SD = 0.31) at the spring-of-kindergarten assessment.
About half of the children in the sample were girls (51%). Of the full
sample, 40% of children were identified as White by their parents, 24%
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as African American, 25% as Latino, and 12% as another ethnicity,
which included Asian American and Native American children. At the
spring of pre-K, 25% of children in the sample were identified by their
parents as first learning a language other than English. Based on parent
report of family income, 57% of children in the sample came from fa-
milies categorized as below 150% of the federal poverty line, or
$21,945 for a family of three at the time of assessment. The mothers of
participating children had completed, on average, 12.52 years of
schooling (SD = 2.20).

Correlations between the covariates were reported in Table 2. Learning
a first language other than English was negatively correlated with White
ethnicity (r = −0.42, p < .001) and African American ethnicity
(r = −0.27, p < .001); positively correlated with Latino ethnicity
(r= 0.72, p< .001); and not correlated with another ethnicity (r= 0.05,
p = .12). Statistically significant, but modest, correlations were found to

indicate that African American ethnicity was correlated with higher levels
of classroom literacy engagement in pre-K (r= 0.09, p= .005) and lower
levels in kindergarten (r = −0.09, p = .005); Latino ethnicity was corre-
lated with lower levels of classroom literacy engagement in pre-K
(r = −0.07, p = .02) and higher levels in kindergarten (r = 0.17,
p < .001); learning a first language other than English at home was cor-
related with higher levels of classroom literacy engagement in kindergarten
(r = 0.16, p < .001); and higher levels of maternal education were mod-
estly correlated with lower levels of classroom literacy engagement in
kindergarten (r = −0.08, p = .02).

Trajectory class enumeration

In relation to Research Question 1, we found that a two-class solution
provided a better fit than a one-class solution (p < .001) and a three-class
solution provided a better fit than the two-class solution (p < .001) based
on the VLMR likelihood ratio test (see Table 4). However, a four-class so-
lution did not provide a better fit than the three-class solution (p= .18). Fit
indices also indicated that model fit improved when moving from the two-
class to the three-class solution, but appeared to asymptote when moving
from a three-class to a four-class solution. For the three-class solution, the
entropy value of 0.89 was above the recommended cutoff of 0.80, in-
dicating that the model provided adequate classification of individual
children and separation between the classes (B. O. Muthén, 2004).

Based on inspection of the intercept and slope parameters for the
three-class solution, we assigned qualitative labels to each class (see
Fig. 1). Children in the Early Learners class comprised 21% of the
sample (n= 204). The Early Learners started pre-K with an LNK score of

Table 1
Descriptive statistics for the study sample.

% missing M SD Range

Child and family characteristics
Sex (girl = 1) 0% 0.51 – 0–1
White (yes = 1) 0% 0.40 – 0–1
African American (yes = 1) 0% 0.24 – 0–1
Latino (yes = 1) 0% 0.25 – 0–1
Another ethnicity (yes = 1) 0% 0.12 – 0–1
First language (non-English = 1) 3% 0.25 – 0–1
Age at fall of pre-K (years) 9% 4.56 0.31 3.84–5.34
Age at spring of K (years) 13% 6.04 0.31 5.22–6.98
Poverty status (<150% = 1) 1% 0.57 – 0–1
Maternal education (years) 6% 12.52 2.20 8–20

Letter name knowledge
Fall of pre-K 21% 7.15 8.52 0–26
Spring of pre-K 16% 12.05 9.42 0–26
Fall of K 18% 16.90 8.87 0–26
Spring of K 15% 23.99 4.25 0–26

Language, fall of pre-K
PPVT-3 21% 49.30 16.70 3–106
OWLS 22% 91.08 12.24 52–131

Emergent literacy, spring of K
WJ III Letter-Word Identification 15% 386.41 27.33 293–491
CTOPP Elision 30% 4.67 3.06 0–19

Classroom literacy engagement
EAS letter name/sound, pre-K 0% 0.03 0.04 0.00–0.23
EAS letter name/sound, K 13% 0.10 0.05 0.00–0.31

Note: N = 1015. PPVT = Peabody Picture Vocabulary Test, 3rd edition.
OWLS = Oral and Written Language Scale. WJ = Woodcock Johnson.
CTOPP = Comprehensive Test of Phonological Processing. EAS = Emerging
Academics Snapshot. K = Kindergarten.

Table 2
Correlations between child and family background characteristics and classroom literacy engagement.

1 2 3 4 5 6 7 8 9 10 11 12

Child and family characteristics
1. Sex (girl = 1) 1.00
2. White (yes = 1) −0.02 1.00
3. African American (yes = 1) 0.04 −0.45 1.00
4. Latino (yes = 1) −0.01 −0.46 −0.32 1.00
5. Another ethnicity (yes = 1) −0.02 −0.30 −0.20 −0.21 1.00
6. First language (non-English = 1) −0.01 −0.42 −0.28 0.72 0.05 1.00
7. Age at fall of pre-K (years) 0.00 0.13 −0.03 −0.06 −0.07 −0.07 1.00
8. Age at spring of K (years) −0.01 0.12 −0.01 −0.06 −0.09 −0.08 0.95 1.00
9. Poverty status (<150% = 1) 0.02 −0.25 0.09 0.19 0.02 0.13 0.01 −0.02 1.00
10. Maternal education (years) −0.02 0.16 0.03 −0.24 0.04 −0.16 −0.05 −0.03 −0.39 1.00

Classroom literacy engagement
11. EAS letter name/sound, pre-K 0.00 −0.01 0.09 −0.07 0.00 −0.03 0.02 0.01 0.04 0.03 1.00
12. EAS letter name/sound, K 0.01 −0.06 −0.09 0.17 −0.02 0.16 0.01 0.04 0.06 −0.08 0.01 1.00

Note: N = 1015. All correlations at or above 0.07 are statistically significant beyond the p < .05 level. EAS = Emerging Academics Snapshot. K = Kindergarten.

Table 3
Correlations and standardized factor loadings for variables indexing the lan-
guage and emergent literacy latent constructs.

Language,
Fall of Pre-K

Emergent Literacy,
Spring of K

1 2 3 4

1. PPVT-3 1.00
2. OWLS 0.61 1.00
3. WJ III Letter-Word ID 1.00
4. CTOPP Elision 0.59 1.00

λ 0.97 0.64 0.83 0.54
SE 0.02 0.03 0.05 0.03

Note: N = 1015. All correlations are statistically significant beyond the
p< .001 level. PPVT-3 = Peabody Picture Vocabulary Test. OWLS = Oral and
Written Language Scale. WJ = Woodcock Johnson. CTOPP = Comprehensive
Test of Phonological Processing. K = Kindergarten.
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22.44 on average and gained an average of 3.44 letters during the entire
time period (i.e., fall to spring of pre-K, spring of pre-K to fall of kin-
dergarten, and fall to spring of kindergarten), making their largest gains
(2.14 letters; 62%) during the pre-K year. Children in the Pre-K Gainers
class comprised 39% of the sample (n= 375). The Pre-K Gainers started
pre-K with an LNK score of 5.67 on average and gained an average of
19.44 letters during the entire time period, making their largest gains
(8.89 letters; 46%) during the pre-K year. Children in the Kindergarten
Gainers class comprised 40% of the sample (n= 392). The Kindergarten
Gainers started pre-K with an LNK score of 1.13 on average and gained
an average of 20.69 letters during the entire time period, making their
largest gains (14.94 letters; 72%) during the kindergarten year.

We found that children's most likely class membership was related to
several measures of child and family background characteristics, including
child sex (χ2 [2] = 10.13, p = .006), African American race (χ2

[2] = 6.63, p= .04), if the child learned a first language other than English
(χ2 [2]= 14.82, p< .001), child age at the fall of pre-K (F [2, 886]= 6.70,
p= .001), family poverty status (χ2 [2] = 19.13, p< .001), and maternal
education (χ2 [14] = 88.34, p < .001). Specifically, we found that the
proportion of girls was lower in the Kindergarten Gainers class (45%) com-
pared to the Pre-K Gainers and Early Learners classes (55% and 57%, re-
spectively); the proportion of African American children compared to White
children was lower in the Kindergarten Gainers class (20%) compared to the
Pre-K Gainers and Early Learners classes (27% and 29%, respectively); the
proportion of children who first learned a language other than English was
higher in the Early Learners class (32%) compared to the Pre-K Gainers and
Kindergarten Gainers classes (19% and 19%, respectively); the average age of
children in the Early Learners class (M= 4.63, SD= 0.32) was higher than
the Pre-K Gainers and Kindergarten Gainers classes (M = 4.55, SD = 0.32
and M = 4.53, SD = 0.30, respectively), whereas the Pre-K Gainers and
Kindergarten Gainers classes were not reliably different from one another;
the proportion of children from families with poverty status was higher in
the Kindergarten Gainers class (63%) compared to the Pre-K Gainers and
Early Learners classes (54% and 44%, respectively); the proportion of chil-
dren from mothers with only 12 years of education (i.e., high school gra-
duation) was higher in the Kindergarten Gainers class (50%) compared to the
Pre-K Gainers and Early Learners classes (46% and 36%, respectively). We
also found statistically significant differences between the three classes in
relation to state of residence.1 We found no statistically significant differ-
ences between Latino children and White children, as well as children of
another ethnicity and White children, in relation to class membership. We
also found statistically significant differences between the three classes in

relation to classroom literacy engagement in pre-K (F [2, 963] = 10.09;
p< .001), with the highest rates of engagement observed for children in the
Early Learners class (4%), then the Pre-K Gainers class (3.6%), and then the
Kindergarten Gainers class (2.7%). We found no statistically significant dif-
ferences between the three classes in relation to classroom literacy en-
gagement in kindergarten (F [2, 853] = 0.31, p = .73). Given these ob-
served differences between classes, we included these measures of child and
family background characteristics, state of residence, and classroom literacy
engagement as covariates in our subsequent analyses.

Conditional latent class growth analysis results

Once the appropriate number of latent trajectory classes were identified,
we proceeded with the second phase of the analyses, which involved im-
plementing the three-step method to examine predictors and outcomes of
LNK trajectory class membership (see Fig. 2). We reported standardized
regression coefficients for continuous covariates, which can be interpreted
as effect sizes (Hedges, 2008). The odds ratio (OR) was also reported for
paths where trajectory class membership was the outcome.

In relation to Research Question 2, we found that children's fall-of-pre-K
language skills were associated with LNK trajectory class membership as
well as spring-of-kindergarten emergent literacy skills. Specifically, fall-of-
pre-K language skills were positively associated with membership in the
Early Learners class (β = 0.73, OR = 2.08, p < .001) and negatively as-
sociated with membership in the Kindergarten Gainers class (β = -0.78, OR
= 0.46, p < .001) in comparison to the Pre-K Gainers class. Both of these
associations were large in magnitude and indicated that children with better
fall-of-pre-K language skills were more likely to be in the Early Learners class
in comparison to the Pre-K Gainers class and less likely to be in the
Kindergarten Gainers class in comparison to the Pre-K Gainers class.
Additionally, we found a positive direct association between children's fall-
of-pre-K language skills and spring-of-kindergarten emergent literacy skills,
which was modest in magnitude (β = 0.17, p = .001).

In relation to Research Question 3, we found that trajectory class
membership was associated with children's spring-of-kindergarten
emergent literacy skills. Children in the Early Learners class demon-
strated better emergent literacy skills in comparison to children in the
Pre-K Gainers class and the association was large in magnitude (β =
0.69, p< .001). Alternatively, children in the Kindergarten Gainers class
demonstrated lower levels of emergent literacy skills in comparison to
children the Pre-K Gainers class and the association was large in mag-
nitude (β = -0.73, p < .001). Additionally, children in the Early
Learners class demonstrated better emergent literacy skills in compar-
ison to children in the Kindergarten Gainers class and the association was
large in magnitude (β = 1.41, SE = 0.11, p < .001).

In relation to Research Question 4, we found that trajectory class
membership partially mediated the association between children's fall-
of-pre-K language skills and spring-of-kindergarten emergent literacy
skills. The total indirect effect (β = 0.25, p< .001) suggested that 61%
of the total effect of fall-of-pre-K language skills on spring-of-kinder-
garten emergent literacy skills (β = 0.41, p < .001) was explained by
LNK trajectory class membership (i.e., 0.25/0.41 = 0.61).

Sensitivity analyses

In a series of sensitivity analyses, we examined separate conditional
latent class growth analyses for each of the two observed outcome
measures indexing our latent emergent literacy variable (i.e., WJ III
Letter-Word ID and CTOPP Elision). Our interpretation of the results for
these sensitivity analyses did not differ from our interpretation of the
results for the primary analyses. Therefore, we chose to report only the
results for the primary analyses to provide greater parsimony.2

Table 4
Descriptive and fit statistics for latent class growth analysis with two, three, and
four class solutions.

Two classes Three classes Four classes

Sample size
Nc=1 743 204 118
Nc=2 228 375 327
Nc=3 – 392 397
Nc=4 – – 129

Fit Statistics
# of parameters 11 17 23
AIC 21,296 19,908 19,303
BIC 21,350 19,991 19,415
ABIC 21,315 19,937 19,342
Entropy 0.94 0.89 0.89
VLMR LRT p-value < 0.001 < 0.001 0.18

Note: n = 971. AIC = Akaike information criterion. BIC = Bayesian in-
formation criterion. ABIC = Adjusted Bayesian information criterion. VLMR
LRT = Vuong-Lo-Mendell-Rubin likelihood ratio test.

1 Reporting state-level statistics of any type is prohibited by the data use
agreement for this dataset.

2 The results of these sensitivity analyses can be made available from the
corresponding author upon request.
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Discussion

This study examined a continuum of children's emergent literacy
skill development during the pre-K and kindergarten years. We con-
sidered children's development of LNK during pre-K and kindergarten
using a group-based approach to analyzing longitudinal data. We also
examined predictors of LNK trajectory class membership as well as the
predictive effect of class membership in relation to later, more

advanced emergent literacy skills. Four primary findings emerged: (1)
Three classes of LNK growth trajectories spanned pre-K and kinder-
garten; (2) Children's language skills were associated with both their
LNK growth trajectories and more advanced emergent literacy skills;
(3) LNK growth trajectories were associated with more advanced
emergent literacy skills; and (4) LNK growth trajectories partially
mediated the association between children's language skills and more
advanced emergent literacy skills.

Fig. 2. Predicting spring-of-kindergarten emergent literacy skills from direct and indirect effects of fall-of-pre-K language skills through LNK trajectory class
membership (i.e., the Early Learners and Kindergarten Gainers classes, with the Pre-K Gainers class defined as the reference category; N = 1015).
Note: *p < .05, **p < .01, ***p < .001. K = Kindergarten. AA = African American. PPVT-3 = Peabody Picture Vocabulary Test, 3rd edition. OWLS = Oral and
Written Language Scale. WJ = Woodcock Johnson. CTOPP = Comprehensive Test of Phonological Processing. EAS = Emerging Academics Snapshot measure of
early literacy engagement in pre-K or K classrooms. Dummy variables associated with the state of residence were included in all paths, but were not presented in
Fig. 2 because reporting state-level statistics of any type is prohibited by the data use agreement for this dataset. Correlations between all covariates were modeled in
the analyses but not shown in Fig. 2. Fall-of-Pre-K Language → LNK Trajectory Class Membership → Spring-of-Kindergarten Emergent Literacy: Total effect: 0.41
(0.07)***; Direct effect: 0.17 (0.05)***; Total indirect effect: 0.25 (0.05)***.

Fig. 1. Trajectory classes for letter name knowledge.
Note: n = 971.
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In the first phase of our analyses, latent class growth analyses re-
vealed that a three-class solution best described heterogeneity in chil-
dren's LNK growth trajectories during pre-K and kindergarten. These
findings supported and extended a recent study that categorized chil-
dren into three groups based on whether they met the 10-letter
benchmark in the fall or spring of their preschool year (Heilmann et al.,
2018). The three groups found in our study were consistent with the
three groups reported by Heilmann et al. (2018), such that our Early
Learners class and their High Initial group first surpassed the 10-letter
benchmark in the fall of pre-K; our Pre-K Gainers class and their High
Growth group first surpassed the benchmark in the spring of pre-K; and
our Kindergarten Gainers class and their Low Growth group did not
surpass the benchmark by the spring of pre-K. The current study was
distinct in that we considered children's growth in LNK during kin-
dergarten as well, which enabled us to examine how children continued
to acquire LNK across the transition to elementary school and pro-
gressed toward recommended benchmarks (NGACBP & CCSSO, 2010;
Piasta et al., 2012). Additionally, we validated the three-group cate-
gorization of children's LNK acquisition by using an empirically-driven
approach to trajectory class identification rather than the a priori cri-
teria used by Heilmann et al. (2018). Findings from both studies suggest
that distinct trajectories of LNK acquisition exist. Future work is
therefore needed to understand the extent to which group membership
is malleable, such as through classroom instruction or interventions for
children in pre-K or early kindergarten.

The second phase of our analyses revealed that higher oral language
skills in the fall of pre-K were associated with membership in a more
advanced LNK trajectory class, even after controlling for important
child and family background characteristics. Compared to the Pre-K
Gainers, higher language skills were associated with membership in the
Early Learners, whereas lower language skills were associated with
membership in the Kindergarten Gainers. Additionally, higher oral lan-
guage skills in the fall of pre-K were positively associated with more
advanced emergent literacy skills in the spring of kindergarten.
Children's oral language skills were measured as receptive vocabulary
and expressive language, both of which may have been related to un-
derlying processes that support children's development of LNK and
other emergent literacy skills (e.g., exposure to vocabulary, cognitive
ability; Evans, Bell, Shaw, Moretti, & Page, 2006; Hammer et al., 2010;
Heilmann et al., 2018; Hindman et al., 2010; Kim, Otaiba, Puranik,
Folsom, & Gruelich, 2014). These findings provided additional valida-
tion of work by Heilmann et al. (2018), which documented that higher
receptive vocabulary skills in the fall of pre-K predicted membership in
a more advanced LNK acquisition group. However, these findings also
documented the unique prediction of early language skills to more
advanced emergent literacy skills in the spring of kindergarten, above
and beyond children's LNK trajectory class membership. Decades of
research has documented that good oral language skills provide a
foundation for children's trajectories toward reading (Dickinson &
Tabors, 2001; Snow et al., 1998; Storch & Whitehurst, 2002; Whitehurst
& Lonigan, 1998), including emergent literacy skills such as LNK
(Hammer et al., 2010; Heilmann et al., 2018). Therefore, this study
adds further support for popular efforts such as the Thirty Million Word
Initiative (Suskind, Suskind, & Lewinter-Suskind, 2015) that outline
strategies for families and early childhood professionals to support
young children in establishing strong oral language and vocabulary
skills as a path toward learning to read.

Our analyses also revealed that membership in a more advanced
LNK trajectory class was associated with higher emergent literacy skills
in the spring of kindergarten, as captured by a latent variable that in-
cluded both decoding and phonemic awareness skills. This finding was
evident even after controlling for important child and family back-
ground characteristics. Specifically, as compared to the Pre-K Gainers
class, the Early Learners demonstrated higher emergent literacy levels,
whereas the Kindergarten Gainers demonstrated lower levels. To date,
most studies have utilized cross-sectional approaches to examine

children's LNK skills in relation to later literacy achievement, failing to
account for variability in children's development of LNK skills over time
(Adams, 1990; Badian, 1995; Blatchford & Plewis, 1990; Paige et al.,
2018; Piasta et al., 2012; Schatschneider et al., 2004). In the handful of
studies that have utilized longitudinal analytic approaches to consider
growth in children's LNK skills in relation to later literacy outcomes in
kindergarten through third grade, researchers have focused exclusively
on children's growth in LNK during the kindergarten year (Al Otaiba
et al., 2011; Clemens et al., 2012; Clemens et al., 2017; Ritchey &
Speece, 2006). Thus, our study extended previous research by ex-
amining developmental trajectories of LNK during the pre-K and kin-
dergarten years in relation to later emergent literacy skills in the spring
of kindergarten. Similar to findings from Ritchey and Speece (2006),
who examined growth in LNK during the kindergarten year, we found
that children who had acquired knowledge of most letters by the be-
ginning of their kindergarten year demonstrated better emergent lit-
eracy skills in the spring of kindergarten in comparison to children who
continued to learn new letters during the kindergarten year. We built on
the study by Ritchey and Speece (2006) by documenting large differ-
ences between two classes of children who had acquired knowledge of
most letters by the beginning of their kindergarten year but followed
distinct trajectories to arrive at that point during their pre-K year (i.e.,
the Early Learners outperformed the Pre-K Gainers). Thus, this study, in
combination with previous studies, suggested that children who gain
LNK later (i.e., at the end of pre-K or during kindergarten as compared
to the beginning of pre-K) may face greater difficulties in subsequently
learning key emergent literacy skills. These findings provide further
support for families and early childhood professionals to engage with
young children in learning letter names during early childhood, ideally
in the context of rich oral language environments.

Finally, LNK trajectory class membership was found to mediate 61%
of the association between children's fall-of-pre-K oral language skills
and spring-of-kindergarten emergent literacy skills. Therefore, this
study extends prior research by being the first to document the med-
iating role of LNK growth trajectories in the association between early
oral language skills and later emergent literacy skills. Given evidence of
oral language having both direct and indirect effects on later emergent
literacy skills, these findings suggest that oral language serves as an
important precursor to early literacy skill development as early as pre-K
entry and should be fostered during children's formative early years.

Implications for young learners

Findings from the current study provide some support for the
“Matthew Effect” hypothesis (Stanovich, 1986), such that children with
higher levels of early language skills were more likely to acquire LNK
skills earlier rather than later and, in turn, demonstrated more ad-
vanced emergent literacy skills in the spring of kindergarten. Further-
more, these findings point to the importance of early LNK skill acqui-
sition during the preschool period, which may enable young children to
profit more from literacy-based activities during elementary school. For
example, children who struggle to identify letter names may also
struggle to understand letter-sound correspondences and other emer-
gent literacy skills (Kaye & Lose, 2018). Additionally, LNK skills typi-
cally develop prior to the more advanced emergent literacy skills
measured in the current study (Paige et al., 2018) and represent chil-
dren's abilities to automatically retrieve letters from long-term memory.
Thus, LNK skills may tap into the same central processes that facilitate
the development of later literacy skills such as phonemic awareness and
decoding.

Implications for early childhood education

Parents, early childhood professionals, and policymakers view LNK
as an important indicator of school readiness and precursor to later
reading success. The current study provides support for teachers' efforts
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to monitor the development of children's LNK skills and to target in-
struction in this content area. Indeed, pre-K and kindergarten teachers
often conduct formative assessments of children's emergent literacy
skills, including LNK, to better understand children's current skill levels
and plan for appropriate instruction. In our study, LNK appeared to be
an important marker of more advanced emergent literacy skill devel-
opment. In addition, children's classroom literacy engagement was re-
lated with LNK trajectory classes and emergent literacy outcomes. On
the one hand, higher-levels of classroom literacy engagement during
pre-K—but not kindergarten—were associated with membership in a
more advanced LNK trajectory class (i.e., the Pre-K Gainers class com-
pared to the Kindergarten Gainers class; β = 0.42, p < .001). On the
other hand, higher-levels of classroom literacy engagement during
kindergarten—but not pre-K—were associated with spring-of-kinder-
garten emergent literacy skills (β = 0.12, p < .001). Thus, children
who were actively engaged in letter/sound activities during pre-K ap-
peared to acquire LNK skills at faster rates, which, in turn, may have
spurred the development of more complex emergent literacy skills in
kindergarten.

The findings from our study suggested that efforts to monitor chil-
dren's LNK development should begin in preschool, because children in
our study demonstrated a wide range of variability in LNK skills at the
beginning of the pre-K year, and the pattern of growth in children's LNK
skills during pre-K and kindergarten was found to be consequential for
later emergent literacy development. Nonetheless, given the im-
portance of children's oral language skills in predicting both LNK tra-
jectories and emergent literacy skills, a focus on instruction and mon-
itoring of children's LNK and oral language abilities during pre-K may
prevent the development of later reading difficulties during elementary
school.

Limitations

The current study contributes new evidence to the growing research
base on the importance of oral language and LNK skills during early
childhood and was characterized by many strengths, but the results of
our study should also be viewed in light of certain limitations. Some of
the strengths and limitations center on study design and general-
izability. For instance, although we could not completely address all
potential sources of bias in this study, we sought to isolate the unique
contribution of children's language and LNK development to later
emergent literacy skills by including a range of important socio-
economic, demographic, and classroom covariates in our analyses.
Nonetheless, no causal inferences can be made from the current study
because the research design was correlational in nature. Further, it is
important to note that the generalizability of these findings may be
limited because the sampling frame of the NCEDL study was not in-
tended to be nationally representative and the data were more than a
decade old. However, this large, socioeconomically diverse sample in-
cluded children across six different states. Further, research suggests
that early childhood classrooms placed great emphasis on instruction
related to emergent literacy skills at the time this study was conducted
(Early et al., 2010) and continue to emphasize this content area today
(Bratsch-Hines et al., 2019). Moreover, given the documented shift
toward more complex literacy content in kindergarten classrooms in
recent decades—including a decline in alphabet and letter recognition
instruction (Bassok, Latham, & Rorem, 2016)—findings from the cur-
rent study point to the importance of early academic skill development
prior to kindergarten entry.

Additional strengths and limitations pertain to the measures and
skills under investigation. For example, our measure of LNK captured
children's ability to name all 26 letters in the English alphabet—in-
cluding a mixture of lowercase and uppercase letters—and was similar
to a measure used in previous studies (Schatschneider et al., 2004).
However, the measure was not timed and, therefore, our study was not
able to consider the automaticity of children's LNK, which is an

important component of letter knowledge. Additionally, a potential
strength of our study was that this measure is likely very similar to the
type of formative assessments used by early childhood educators to
monitor children's acquisition of LNK, which may enhance the practical
implications of our results. In this study, we were unable to consider the
development of children's letter sound knowledge, which is a related
skill and known to be an important precursor to the development of
more advanced literacy skills. However, some items on the assessments
of children's spring-of-kindergarten emergent literacy skills did capture
letter sound knowledge—a skill that children typically learn after
learning the letter names (Ellefson et al., 2009; Worden & Boettcher,
1990). We were unable to control for children's fall-of-pre-K decoding
and phonemic awareness skills, given that the WJ III Letter-Word ID
measure was not administered at that time point and the CTOPP was
too difficult for most children to establish a baseline at that time point.
Nonetheless, we considered the effect of LNK on later decoding and
phonemic awareness skills as conditioned on children's early language
skills. Similarly, our analyses focused on a single phonemic awareness
skill (i.e., elision) in combination with decoding as our kindergarten
outcome of interest, but we could not consider the other two skills that
comprise phonemic awareness (i.e., sensitivity to rhyme and blending
ability; Anthony et al., 2002), because a majority of children had
reached ceiling levels on the rhyming measure and a measure of
blending ability was not assessed for the NCEDL study. However, we
believe that the range of emergent literacy skills captured by our
measures of elision and decoding include skills that are critical for
success in the early elementary school classroom. Finally, it is im-
portant to note that the emergent literacy outcomes were not measured
in later grades, when children in the Kindergarten Gainers class might
catch up to a more normative rate of literacy ability.

Conclusion

The current study examined children's growth trajectories in LNK
during pre-K and kindergarten. We then examined LNK growth trajec-
tories in relation to a range of more advanced emergent literacy skills in
the spring of kindergarten and as a mediator of the association between
early language skills and later emergent literacy skills. Our study con-
trolled for a number of important factors that allowed us to estimate
these associations with some confidence and precision. However, due to
the correlational nature of our analyses, no causal conclusions can be
made. The results of our study suggest that children's development of
LNK skills during pre-K and kindergarten may be salient for the de-
velopment of more advanced emergent literacy skills. These findings
contribute to a growing recognition of the importance of emergent
literacy skills across the transition to school. Our findings may be
especially pertinent to early childhood educators, who are responsible
for administering formative assessments to monitor children's devel-
opment of LNK skills.
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