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Schooling Effects on Literacy Skills During the Transition to School
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The current study used a regression discontinuity (RD) design to characterize more precisely the link between schooling and
literacy by examining whether and how different grade-level, practice-as-usual schooling experiences uniquely predict
specific literacy subskills during the transition to school. Data from 334 children revealed moderate positive effects of pre-
kindergarten, kindergarten, and first grade schooling on decoding, while kindergarten and first grade schooling predicted
comprehension skills. There was no significant effect of schooling at any grade level on expressive vocabulary or sound
awareness. Results were robust to different RD estimation methods and highlight the heterogeneity of schooling effects on
early literacy skill development. Implications for understanding early literacy development in the context of regular, public

schooling are discussed.
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Introduction

LEARNING to read is among the most important skills that
children acquire during the early childhood years. Reading
development is a complex and multifaceted process and
involves the acquisition and mastery of many subskills,
including decoding, sound awareness, vocabulary, and com-
prehension. While these skills grow as a function of biologi-
cal development, children also acquire these skills through
multiple, extensive experiences at home and especially in
school. Research has demonstrated that special intervention
programs positively contribute to literacy skills, but less is
known about whether the effects of practice-as-usual liter-
acy instruction vary as a function of grade-level schooling
experiences and different literacy skills important for fluent
reading. In the present study, we aim to characterize more
precisely the link between schooling and literacy by examin-
ing whether and how different grade-level schooling experi-
ences uniquely predict specific literacy subskills. Toward
that end, we used a quasi-experimental method called regres-
sion discontinuity to examine the nature and magnitude of
schooling effects on a range of skills representative of early
literacy during the transition to school.

Development of Early Reading

Fluent reading involves mastery of a variety of literacy
skills during early childhood and elementary school.
Whitehurst and Lonigan (1998) describe emergent literacy as

literacy, decoding, comprehension, early schooling, regression discontinuity

a developmental phenomenon in which meaningful reading
skill acquisition occurs during the preschool years, contrast-
ing with the traditional view that reading skills are largely
learned only when children start formal schooling. Reading
development is shaped by a variety of individual and contex-
tual factors, including the home and parenting environment
(e.g., Roberts, Jurgens, & Burchinal, 2005). Individual differ-
ences in literacy behaviors emerge very early in life and
remain stable throughout early childhood and even beyond
(e.g., Hart & Risley, 1995), but growth in literacy is also
dependent on schooling and can be modified through regular
instruction as well as special intervention programs (e.g.,
Borman et al.,, 2007; Farver, Lonigan, & Eppe, 2009;
Schwartz, 2005; Wilson, Dickinson, & Rowe, 2013).

The current study examined four domains of early liter-
acy skill development: decoding, phonological skills, vocab-
ulary, and comprehension. Decoding involves the ability to
map alphabetic symbols and words with their corresponding
sounds (e.g., Lonigan, Burgess, & Anthony, 2000).
Phonological skills reflect the ability to identify, analyze,
and manipulate sounds in language and include knowledge
of rhyme and syllables (e.g., Whitehurst & Lonigan, 1998).
Vocabulary, or word learning, is often conceptualized as
having two components—receptive vocabulary (recogniz-
ing words) and expressive vocabulary (recalling words)—
and develops rapidly during the preschool years (e.g.,
Sénéchal, 1997). Finally, comprehension, itself a multifac-
eted construct that consists of multiple cognitive processes
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and develops in interaction with instruction, is critical for
fluent reading (e.g., Connor, 2016; Keenan, Betjemann, &
Olson, 2008).

Of particular relevance is the body of evidence demon-
strating that different literacy skills exhibit different devel-
opmental trajectories  (e.g., Dickinson, McCabe,
Anastasopoulos, Peisner-Feinberg, & Poe, 2003; Kendeou,
van den Broek, White, & Lynch, 2009; Lonigan et al., 2000;
National Early Literacy Panel (NELP), 2008), consistent
with the established perspective within the field that early
literacy skills continuously develop during early childhood.
For example, phonological awareness exhibits a develop-
mental continuum that increases in linguistic complexity,
from word and syllable awareness to onset-rime and phone-
mic awareness (Phillips, Clancy-Menchetti, & Lonigan,
2008). What is less well understood is the proper timing and
delivery of instructional practices for targeting different lit-
eracy skill sets. Because literacy development often occurs
in stages, one potential strategy might be to focus a greater
proportion of instructional time on basic, code-focused skills
in the early grades before switching emphasis to more
advanced, meaning-focused skills in later grades. However,
because basic skills continue to develop concurrently with
the acquisition of more complex reading skills, this strategy
oversimplifies the complexity of literacy development and
overlooks the significant individual differences in how chil-
dren acquire literacy skills.

In summary, while the idea of providing age-appropriate
instruction in literacy skills is a popular one, the field still
lacks sufficient evidence regarding how children of different
ages and in different grades experience literacy instruction
and subsequent literacy outcomes. Indeed, one of the recom-
mendations of the National Early Literacy Panel (NELP) is
to conduct direct tests of age differentiation in early literacy
instruction across preschool and kindergarten (NELP, 2008).
The present study seeks to answer this call by examining
whether different grade-level schooling experiences—over
and above the effects of age—Ilead to gains in different lit-
eracy skills during the school transition period.

Schooling and Early Literacy

Reading is a dominant focus of academic instruction dur-
ing the early grades. In prekindergarten and kindergarten
classrooms, more time is spent on literacy-related activities
than on other academic domains (e.g., Kim, Bell, &
Morrison, 2011; Phillips, Gormley, & Lowenstein, 2009).
Recent research has revealed a distinct shift toward more
formal instruction in earlier grades, with one recent piece
suggesting that kindergarten is the new first grade (Bassok,
Latham, & Rorem, 2016). This shift has sparked a growing
interest in the nature of schooling during the transition to
school as well as the unique impact of schooling on early
academic skills, particularly literacy. A better understanding

of which literacy skills are most impacted by schooling—
and at which particular grade levels—would provide impor-
tant insights regarding the nature of reading development
during the school transition period and point to potential
avenues for intervention and improvement.

Evidence regarding the impact of schooling on early lit-
eracy are primarily drawn from two types of early schooling
experiences: (1) literacy intervention programs and (2) prac-
tice-as-usual literacy instruction. This distinction is impor-
tant for our understanding of the trajectories and mechanisms
of literacy skill acquisition, as the method, nature, and tim-
ing of literacy instruction in schools can provide insights
into effective instructional practices in the early grades.

Literacy Intervention Programs. Consistent with work sug-
gesting that relatively intensive and multifaceted interven-
tions have the greatest potential to produce maximal literacy
outcomes (Whitehurst & Lonigan, 1998), a strong body of
empirical evidence demonstrates that such intervention pro-
grams indeed improve early literacy outcomes (e.g., Borman
et al., 2007; Schwartz, 2005; Wilson et al., 2013). These pro-
grams are distinct from core reading curricula in that teach-
ers often receive coaching and specialized professional
development. In addition, these interventions are tradition-
ally implemented on a smaller scale and often target sub-
groups of students with particular learning needs rather than
an entire classroom. However, examining schooling effects
based on literacy intervention programs is likely not repre-
sentative of the majority of classrooms, which do not adopt
a special intervention program to deliver reading instruction
to all students, or lack the resources or supports to ensure
that the program is implemented with a high degree of fidel-
ity. Furthermore, interventions that produced the largest
positive effects on children’s early literacy skills were often
conducted in one-on-one or small-group instructional activi-
ties (NELP, 2008), highlighting the need to better understand
the effects of conventional literacy instruction in general
education classrooms in larger group settings.

Practice-As-Usual Instruction. In contrast to specialized
intervention programs that offer intensive supports to teach-
ers, most classrooms adopt a standard core reading curricu-
lum intended to meet the needs of all students. In
implementing these standard curricula, teachers often have
wide latitude in how they actually deliver literacy instruction
in their classrooms and typically do not receive the intensive
supports that teachers implementing more specialized pro-
grams often receive. Examining the effects of practice-as-
usual instruction is critical to understanding whether and
how “regular” schooling—not just specialized programs—
influences early literacy outcomes.

Exploring practice-as-usual effects has proven challeng-
ing for researchers because schooling is conflated with
age-related changes among students, making it difficult to



pinpoint whether growth in academic skills is due to unique
schooling experiences or maturational and other environ-
mental causes. Because education is compulsory in the
United States, it is impossible to randomly assign same-aged
children to a schooling group and a non-schooling group.
Whereas studies of intervention programs often use experi-
mental designs that randomly assign classrooms to treatment
and control conditions, studies of practice-as-usual effects
often rely on quasi-experimental techniques that can gener-
ate relatively unbiased estimates of the unique impact of
schooling, over and above the effect of age, allowing
researchers to make causal statements regarding the effect of
schooling on a range of child outcomes. Put more simply,
examining practice-as-usual effects is equivalent to investi-
gating whether children who receive typical (non-interven-
tion) literacy classroom instruction experience better
outcomes compared to same-aged children who do not
receive that instruction.

School cutoff and regression discontinuity are two
approaches that have been commonly used to isolate the
effects of schooling on early literacy. In the school cutoff
design (e.g., Morrison, Smith, & Dow-Ehrensberger, 1995),
researchers capitalize on the fact that many school districts
have a cutoff date for school enrollment, such that children
born on or before a given date can enter school (usually kin-
dergarten) for that academic year, but children born after that
date must wait until the following year. Based on this cutoff
date, children are separated into two groups—one that
attends kindergarten and one that does not. Regression dis-
continuity (RD) offers a more flexible approach to the school
cutoff technique. In RD, children are also located at different
points on the date-of-birth continuum, with the cutoft date
for school enrollment separating the two groups. A best-fit
regression line is then fit through the data on either side of
the cutoff, with a “jump” or discontinuity at the cutoff indi-
cating that the difference in outcomes between the two
groups is likely to be due to schooling. Therefore, in both
designs, the “treatment” is receiving standard literacy
instruction in kindergarten (or first grade), while the “con-
trol” or ‘“counterfactual” is receiving standard literacy
instruction in prekindergarten (or kindergarten).

Research examining practice-as-usual literacy instruction
has revealed schooling effects on many, but not all, early lit-
eracy skills. In one of the pioneering studies using a quasi-
experimental design, Cahan and Cohen (1989) found that
schooling had larger effects on verbal skills compared to non-
verbal skills, and the effect of one year of schooling was
larger than the effect of one year of age. Recently, studies
using the school cutoff design have shown positive prekin-
dergarten effects (Burrage et al., 2008) and kindergarten
effects (Burrage et al., 2008; Christian, Morrison, Frazier, &
Massetti, 2000) on decoding skills, as well as first grade
effects on phonemic segmentation skills (Christian et al.,
2000; Morrison et al., 1995). Studies of state pre-K programs
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using an RD design have also shown positive effects on pho-
nemic segmentation (Gormley, Gayer, Phillips, & Dawson,
2005; Weiland & Yoshikawa, 2013). Evidence for schooling
effects on vocabulary development is mixed, with one study
showing a pre-K effect on receptive vocabulary (Weiland &
Yoshikawa, 2013), but other investigations demonstrating
that receptive vocabulary (Christian et al., 2000) and expres-
sive vocabulary (Skibbe, Connor, Morrison, & Jewkes, 2011)
are more sensitive to age-related effects. These mixed find-
ings might be attributable to a lack of consistent and explicit
vocabulary instruction in pre-K and kindergarten (Juel,
Biancarosa, Coker, & Deftes, 2003; Neuman & Dwyer, 2009)
or because family-level characteristics exert stronger influ-
ences than schooling effects on vocabulary outcomes at this
age (Connor, Son, Hindman, & Morrison, 2005), or some
combination of these and other factors. Another study dem-
onstrated both age-related and schooling-related change in
story recall and story production, important prerequisite
skills for comprehension (Varnhagen, Morrison, & Everall,
1994). Schooling effects have also emerged in other literacy
skills including spelling (Gormley et al., 2005) and print
knowledge (Wong, Cook, Barnett, & Jung, 2008).

Contributions of the Present Study

While these studies reveal that schooling is important for
developing literacy skills, much of what we know regarding
the effects of practice-as-usual instruction on early literacy
development come from individual studies—often using
cross-sectional data—that have either examined a schooling
effect at a single grade level or have examined just one or
two literacy skills. While longitudinal designs can provide
useful insights regarding patterns of growth, they are not
appropriate for drawing causal inferences regarding the
unique effect of schooling on academic outcomes, over and
above age-related influences. Recent methodological
advances in RD have made it possible for researchers to
implement this design in broader contexts using increasingly
sophisticated estimation methods. Accordingly, the present
study examines longitudinal data using an RD design to con-
duct a rigorous analysis of multiple grade-level, practice-as-
usual schooling effects on a range of literacy skills that more
fully reflect the complexity of early literacy development,
allowing us to characterize more precisely the link between
schooling and literacy.

Data examined in the present study have been previously
analyzed using other methods, including the school cutoff
design and nonlinear growth curve modeling (e.g., Burrage
et al., 2008; Skibbe et al., 2011; Skibbe, Grimm, Bowles, &
Morrison, 2012; Skibbe, Montroy, Bowles, & Morrison,
2018). Recognizing the increasing awareness and impor-
tance of replicability in the education sciences, the present
study seeks not only to replicate previous findings of school-
ing effects on literacy skills, but to extend this work by
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applying recent advances in the age-cutoff RD design in
order to yield new insights into the developmental trajecto-
ries of the components of emerging literacy and, in particu-
lar, whether and how schooling experiences influence early
literacy outcomes.

Study Aim and Hypotheses

The present study seeks to examine the unique effect of
schooling at three grade levels—prekindergarten, kindergar-
ten, and first grade—on each of four distinct skills represen-
tative of early literacy—decoding, sound awareness,
expressive vocabulary, and comprehension—using an age-
cutoff RD design. Our hypotheses are guided both by our
knowledge of the emergence and developmental trajectories
of various literacy skills in early childhood, as well as recent
findings from quasi-experimental studies of schooling and
literacy. Given previous research, we expected basic, code-
focused skills such as decoding and sound awareness to have
an earlier developmental trajectory, while more advanced,
meaning-focused skills such as vocabulary and comprehen-
sion would emerge later. Accordingly, while we predicted
that schooling would be positively related to children’s
decoding, sound awareness, and comprehension at each
grade level, we also expected a stronger effect of pre-K and
kindergarten on decoding skills and sound awareness com-
pared to first grade. In contrast, we expected a stronger effect
of first grade on comprehension compared to pre-K and kin-
dergarten. However, we predicted that schooling would not
impact children’s expressive vocabulary at any grade level,
given the predominance of evidence indicating that expres-
sive vocabulary is predicted by age-related change rather
than schooling.

Method
Participants

Three hundred thirty-four children (M = 5.64 years, SD =
0.93, Range = 3.75-7.67, 174 girls) were assessed as part of
a longitudinal study of literacy development. Children were
recruited from 16 schools in a single school district in the
Midwestern United States. At the time of assessment, the
district adopted a standard, general education reading cur-
riculum called Open Court, and literacy instruction in these
classrooms was considered to be practice-as-usual. Typical
of core reading curricula, Open Court introduces and rein-
forces a variety of literacy skills at each grade, but the
amount and type of instruction devoted to each skill changes
somewhat over time as a function of children’s developing
knowledge and readiness to acquire new skills. For example,
letter recognition and phonemic awareness are emphasized
in earlier grades, while greater attention is devoted to vocab-
ulary and comprehension as children progress through ele-
mentary school. Nevertheless, basic skills continue to be

reinforced in later grades, while advanced skills such as
comprehension are introduced and taught as early as kinder-
garten, with implementation of instruction depending partly
on the teacher and classroom composition. Previously pub-
lished empirical work using data from the same study indi-
cates that preschool classrooms in the district followed the
same academic calendar as elementary schools and did not
offer summer programming, and that participating children
did not meaningfully differ from children whose parents did
not return a consent form (Connor, Morrison, & Slominski,
2006; Skibbe et al., 2012). The statewide cutoff date for
school entry was December 1, so children who were five
years of age on or before December 1 were eligible to enter
school that academic year, while children who were not yet
five years old on December 1 had to delay enrollment until
the following year. Seventy-eight percent of children were
White/Caucasian, 79.5% of mothers had at least a college
degree, and the median household income was $119,000,
reflecting a relatively racially homogeneous, middle- to
upper-middle socioeconomic status (SES) sample.

Procedure

Parental written consent was obtained and child oral
assent was received prior to data collection. Because of the
structure of recruitment and assessment of children, which
occurred on a rolling basis during a five-year period, two
cohorts of data were available for each grade during years
two, three, and four of the study. For example, pre-K chil-
dren were recruited and assessed in Year 2 (Cohort 1), and a
separate cohort of pre-K children were recruited and assessed
in Year 3 (Cohort 2). Data were pooled across cohorts, as
there were no significant differences between the two cohorts
on key baseline characteristics. (As described in Skibbe
et al. (2012), efforts to minimize attrition included the
recruitment of additional four-year-olds (pre-K children)
during Year 2 and five-year-olds (kindergarten children)
during Year 3.) Because children were assessed in the fall
and spring of each study year, it was possible to estimate
three different schooling effects—pre-K, kindergarten, and
first grade. Importantly, the timing and duration of fall and
spring data collection periods were similar across study
years, reducing the possibility that any observed schooling
effects might be due to differences in the timing of assess-
ment (see Table 2 in Skibbe et al., 2012, for information on
average date of testing for each time point). Detailed infor-
mation on how the data set was constructed for use in the RD
analysis is presented in the Data Structure subsection.

Measures

Measures of early literacy were drawn from the Woodcock
Johnson (W1J) Tests of Achievement I1I (Woodcock, McGrew,
& Mather, 2001), a nationally normed and validated set of
assessments that have been widely and successfully used in



TABLE 1

Descriptives for Woodcock Johnson Outcome Variables

Variables Mean SD Range
Prekindergarten

Letter-word identification 344.61 (116.57) 25.94 (16.31) 270-468
Sound awareness 447.75 (123.87) 17.93 (16.00) 420-492
Picture vocabulary 472.33 (112.35) 11.06 (10.86) 439-502
Passage comprehension 401.13 (118.02) 15.35(10.93) 350477
Kindergarten

Letter-word identification 395.13 (115.42) 43.46 (13.68) 270-528
Sound awareness 475.81 (121.53) 19.11 (14.69) 420-529
Picture vocabulary 482.56 (112.35) 11.90 (11.06) 435-528
Passage comprehension 425.81 (108.54) 31.06 (14.96) 358-512
First grade

Letter-word identification 458.93 (117.24) 27.55 (11.66) 389-528
Sound awareness 493.16 (116.42) 12.63 (13.51) 461-529
Picture vocabulary 489.98 (111.14) 10.29 (10.38) 456-528
Passage comprehension 470.37 (109.83) 16.09 (11.23) 391-515

Descriptives represent W scores (with standard score in parentheses; M = 100, SD = 15). W score is on an equal-interval scale.

this age range. Children were assessed on four subtests, each
reflecting a different aspect of early reading. The Letter-Word
Identification subtest (decoding) required children to identify
and pronounce letters and words. The Sound Awareness sub-
test (sound awareness) assessed skills related to the thyming,
deletion, substitution, and reversal of syllables and pho-
nemes. The Picture Vocabulary subtest (expressive vocabu-
lary) required children to name objects represented by
pictures. The Passage Comprehension subtest (symbolic
understanding and comprehension) required children to
match words with pictures, identify words corresponding to
phrases, and identify words that complete a sentence or pas-
sage. The WI is specifically designed to generate scores that
are comparable across ages, and empirical work has demon-
strated that the basal and ceiling levels that determine the
start and end rules are correctly defined (Watts, Spanier, &
Duncan, 2014).

W scores were obtained using the WJ-III Compuscore
software program. The W score metric is on an equal-inter-
val scale and allows us to directly compare the achieve-
ment of one student against another, regardless of age
(Jaffe, 2009). Sample means for the W] literacy subtests by
grade level are presented in Table 1. The corresponding
standard score means are larger than 100, indicating that
our sample is characterized as relatively high achieving,
but there still exists considerable variability in these means.
Bivariate correlations between the W/ literacy subtests are
presented in Table 2. While there are strong positive cor-
relations between the subtests, the coefficients are not close
to 1, indicating that these literacy skills are distinct from
each other.

RD Specification

The utility of the RD technique to generate relatively
unbiased estimates of a treatment—even in the absence of
randomization—comes with a set of potential threats to inter-
nal validity that must be addressed before valid causal infer-
ences are made. RD can be implemented in a variety of ways,
informed by theory as well as the nature and structure of the
data. Given the relatively small sample size in the present
study, we purposefully adopted a conservative analytical
approach while running a series of robustness checks to sup-
plement the primary analysis. A number of guides and empir-
ical papers provide an excellent, detailed explanation of the
technique as well as its implementation (e.g., Bloom, 2009;
Imbens & Lemieux, 2008; Jacob, Zhu, Somers, & Bloom,
2012; Lipsey, Weiland, Yoshikawa, Wilson, & Hofer, 2015).
This section provides details on the major features of the RD
implementation in the current study, which are based on pre-
vious empirical examples as well as best practices from the
psychology and econometrics literature.

Running Variable. Assignment to treatment (i.e., schooling)
is determined by an individual’s position on a continuous
scale relative to a cutoff point (i.e., cutoff date for school
enrollment based on a child’s date of birth); this scale is
called the running variable (also known as a forcing variable
or a quantitative assignment variable). Consistent with pre-
vious investigations, we allowed each child to have an inte-
ger value on our days from cutoff running variable, where
negative values indicated that the child missed the cutoff for
school entry, and zero and positive values indicated that the
child made the cutoff.



TABLE 2
Bivariate Correlations for Woodcock Johnson Outcome Variables

Variables LW SA PV PC
Letter-word identification (LW) 1.00
Sound awareness (SA) ]9HHE 1.00
Picture vocabulary (PV) Rk T2 EEE 1.00
Passage comprehension (PC) S8HHE LO4%** S5%Hx 1.00
Coefficients represent Pearson correlations using listwise deletion.
##%p < 001,
Pre-K effect K effect First grade effect
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FIGURE 1.

Histograms showing the density of values of the days from cutoff running variable.

Each bin represents approximately 30 days (one month). There is no evidence of treatment manipulation in the children’s enrollment status at the cutoff (i.e.,

where days from cutoff equals zero).

We would expect that children’s birth dates are equally
distributed across the calendar year. However, if parents
make conscious decisions to ensure that their child is born
before (or after) the school enrollment cutoff date, we would
observe clustering of birth dates on one side of the cutoff,
which would potentially threaten the internal validity of the
design. In order to rule out this potential confound, we gen-
erated histograms centered on the DOB (date of birth) cutoff
for each schooling effect in order to examine the density of
data around the cutoff. As shown in Figure 1, there is no
evidence indicating an abnormal cluster of birth dates on one
side of the cutoff or at any other time point for each of the
three schooling effects.

Functional Form. Functional form is a term that describes
the true underlying relation between the running variable
and the outcome. We assumed that the relation between
child age and literacy skills in our relatively protracted time
period was linear. Consistent with best practice, we also gen-
erated quadratic and local linear estimates as a robustness
check, which allow for more flexibility in modeling the rela-
tion between the running variable and the outcome. While
cubic and higher-order polynomials are sometimes used in
RD, these polynomials might introduce unnecessary noise in
the estimates that lead to potentially unreliable estimates
(Gelman & Imbens, 2014).

Covariates. One potential threat to internal validity is the
possibility that any apparent schooling effect might be due

6

not to the treatment, but to some other variable. For exam-
ple, a discontinuity at the cutoff might not be due to school-
ing, but rather because children who made the cutoff for
school entry also had parents who were more highly edu-
cated compared to children who missed the cutoff. Recent
advances in the RD technique have focused on the appropri-
ateness of including covariates in generating treatment esti-
mates. Research indicates that including covariates can
improve precision in the estimates but that they are not
required for obtaining unbiased or consistent estimates
(Jacob et al., 2012). Similarly, under minimal smoothness
assumptions (described in the following paragraph), covari-
ates can improve precision while point estimates remain
stable (Calonico, Cattaneo, Farrell, & Titiunik, 2016).

The selection of covariates depends not only on the theo-
retical link between each covariate and the outcome vari-
able, but also practical considerations associated with
preserving degrees of freedom when sample size is limited.
Our approach was to include a small number of baseline
characteristics related to achievement—child gender, mater-
nal education, and household income—in order to improve
the precision of our RD estimates. Given the limited geo-
graphical region of the schools from which students were
recruited (i.e., a single school district), we chose not to con-
trol for community-level characteristics. We then examined
the degree to which key baseline characteristics were
“smooth through the threshold” to ensure that these other
variables were not driving any observed effect. As shown in
Table S1 (Online Supplemental Material), the two groups



TABLE 3

Analytic Sample Sizes by Schooling Effect and Bandwidth

Variables 12 months 10 months 8 months 6 months 4 months
Pre-K effect 420 350 281 226 154
(missed cutoff / made cutoff) 205 215 165 185 136 145 113 113 71 83
Kindergarten effect 411 342 274 220 149
(missed cutoff / made cutoff) 198 213 160 182 132 142 108 112 67 82
First grade effect 392 326 258 203 141
(missed cutoff / made cutoff) 184 208 147 179 118 140 95 108 64 77

Months represent bandwidths. Preferred bandwidth is six months (180 days). Only children with complete data on all variables are counted. For bandwidths
greater than six months, some children are located on both sides of the cutoff and are thus double counted.

were not significantly different at the cutoff on child age,
child gender, maternal education, and household income.

Finally, because children were drawn from 16 schools, it
is important to assess the degree to which school-level dif-
ferences might be driving any observed schooling effect. For
example, if a school or set of schools is overrepresented on
one side of the cutoff, any effect that we observe might be
due to particular features of specific schools, rather than our
hypothesis that schooling in general is a unique predictor of
children’s literacy growth. Given the lack of detailed infor-
mation available on each of the schools, controlling for pos-
sible school-level differences is especially important. We
found some evidence that certain schools were overrepre-
sented on one side of the cutoff. Because of this, we included
school fixed effects as additional covariates. (Because of the
sheer number of discrete classroom units to which children
were assigned, as well as our relatively small sample size,
we decided to control for variance at the school level rather
than at the classroom level in order to preserve as many
degrees of freedom as possible.) As a robustness check, we
generated estimates based on a restricted sample of children
who were enrolled only in schools that appear on both sides
of the cutoff, as shown in Table S2 (Online Supplemental
Material); estimates on the restricted sample are virtually
identical to those on the full sample.

Bandwidth. Bandwidth is the window around the cutoff that
is used to generate estimates of the treatment. In general, the
narrowest possible bandwidth is preferred, but the choice of
bandwidth ultimately reflects a tradeoff between bias and
variance. Comparing outcomes between children born on
November 30 with children born on December 2 would lead
to the most accurate estimates—as the children are virtually
the same age—but the extremely small number of children
born in such a narrow DOB window would lead to noisy
estimates. On the other hand, a wider window would reduce
noise because more observations are being used to generate
the regression estimates, but children far from the cutoff are
being used to inform the jump at the cutoff, which would
lead to less accurate estimates.

Previous empirical work on schooling effects on literacy
outcomes have used a six-month bandwidth either as a pri-
mary specification or as a robustness check (Gormley et al.,
2005; Weiland & Yoshikawa, 2013; Wong et al., 2008).
However, given the small sample size in the present study,
adopting a 12-month (365 days) bandwidth would allow us
to retain the maximum number of observations for the analy-
sis. Recognizing this tradeoff, we adopted a six-month (180
days) bandwidth in order to maximize the comparability of
our results across similar studies, and then assessed the
degree to which our estimates were sensitive to bandwidths
of four, eight, ten, and 12 months. For bandwidths greater
than six months, it is necessary to cluster standard errors by
child in order to account for the fact that some children will
appear on both sides of the cutoff; we accomplished this by
generating robust standard errors. Figure S1 (Online
Supplemental Material) shows that our estimates are robust
to different bandwidths. When calculating local linear esti-
mates, a data-driven cross-validation method was used to
determine the optimal bandwidth, according to the method
described in Calonico, Cattaneo, and Titiunik (2014). Table 3
presents analytic sample sizes by schooling effect and
bandwidth.

Data Structure. Because of the longitudinal nature of the
study, data from the same children were used to calculate
each grade-level schooling effect. This allowed us to control
for variability within individuals while simultaneously con-
ducting a between-subjects RD analysis. The pre-K effect
was assessed by comparing the outcomes between pre-K
children and kindergarten children assessed in the fall of the
school year. By comparing the outcomes between kindergar-
ten children who just made the cutoff and pre-K children
who just missed the cutoff, the fall assessment for the kin-
dergarten children reflects the schooling they received the
previous year—that is, pre-K. The kindergarten effect was
assessed by comparing the outcomes between the same chil-
dren assessed in the spring of the school year, after kinder-
garten children had experienced a full year of kindergarten.
Finally, the first grade effect was assessed by comparing the



TABLE 4

Cohort Data Collection and Construction of Regression Discontinuity Models

Pre-K effect

Kindergarten (K) effect

1st grade effect

Comparison RD models 1a-1d RD models 2a-2d RD models 3a-3d
Missed cutoff Pre-K (Y2, fall) + Pre-K (Y3, fall) Pre-K (Y2, spring) + Pre-K (Y3, spring) K (Y3, spring) + K (Y4, spring)
Made cutoff K (Y2, fall) + K (Y3, fall) K (Y2, spring) + K (Y3, spring) Ist (Y3, spring) + 1st (Y4, spring)

Data from study years two through four were used in the present analysis, as there were two cohorts of children available in each of those years. Two cohorts
of children were combined to calculate each grade-level effect. Within each grade-level effect, there were a small number of children who appeared on both
sides of the cutoff. For example, in the estimation of the pre-K effect, some pre-K children assessed in the fall of Y2 were kindergarten children assessed
in the fall of Y3. However, by constraining our bandwidth to six months in our primary RD specification, no children appeared on both sides of the cutoff.

outcomes between kindergarten children and first grade chil-
dren assessed in the spring of the school year. Table 4 pres-
ents information on how the RD models were constructed to
assess each of the three grade-level schooling effects.

While it was possible to measure the kindergarten effect
by comparing the outcomes between kindergarten and first
grade children assessed in the fall of the school year, we
chose not to do so for three reasons. First, assessing children
in the spring reduced the impact of attrition between the end
of one school year and the beginning of the next school year,
particularly important in the context of this small-scale RD
design. Second, because we assessed the first grade effect by
examining spring scores, assessing the kindergarten effect
by also examining spring scores permits a more direct com-
parison. Third, it is possible that some families in our sample
sought out and enrolled their children in summer activities.
Participation in these enrichment programs could have miti-
gated fadeout effects for some children but not for others.
Because we did not have access to data on children’s partici-
pation in summer activities, calculating schooling effects
using spring scores for these children eliminated the poten-
tial confound of the subsequent summer months.

Treatment Misallocation. While children may be assigned
to a treatment based on their location on the running vari-
able, these same children may not actually receive the
treatment for a number of reasons. For example, children
born on November 30—while eligible to enroll in school
during that academic year—may not actually enroll due to
parent concerns that the child would be the youngest stu-
dent in the classroom, the child might not be behaviorally
or emotionally ready for school, or some other reason. This
common phenomenon is known as redshirting and is likely
to occur for children who just make the cutoff for school
entry (e.g., Bassok & Reardon, 2013; Lincove & Painter,
2006). While less common, children who are not eligible
for school entry based on their DOB might end up enrolling
in school.

These “crossover” children reflect a potential issue
known as treatment misallocation, where the child’s
expected treatment status is not identical to the child’s actual

treatment status (in our sample, noncompliance rates ranged
from 4.8 to 5.1% across the entire sample, comparable with
previous studies). These cases reflect what is commonly
known as a fuzzy RD, and different estimation methods are
available that account for misallocation. In a treatment on
the treated (TOT) analysis, the estimates of the jump at the
cutoff are rescaled to account for this misallocation, such
that the resulting estimates reflect the treatment effect on
treated individuals. In an intent-to-treat analysis (ITT), no
rescaling occurs; rather, these estimates reflect the treatment
effect while ignoring this misallocation. Accordingly, ITT
estimates tend to be more conservative and reflect the actual
implementation of the school enrollment cutoff in the dis-
trict. Previous empirical studies have adopted a variety of
different approaches, with some focusing on TOT (e.g.,
McEwan & Shapiro, 2008), others that exclude crossovers
entirely (e.g., Gormley et al., 2005), and still others that
present results from multiple estimation methods (e.g.,
Weiland & Yoshikawa, 2013; Wong et al., 2008).

Estimation Method. Given our relatively small sample size,
our preferred approach is to highlight the more conservative
reduced-form ITT estimates. We estimate the following
regression:

_ exp
outcome; = o, + o, dfc; + o, 1" + asdfe,

exp
x T x;

+aycovariates; + ossfe; +g;

where outcome;; is the child’s W score on each of the WJ
literacy subtests, dfc; is the running variable that denotes
days from cutoff based on the child’s DOB, Tx;” is a dummy
variable where a value of 1 indicates that the child made the
cutoff for school enrollment based on the child’s DOB,
dfc; xTx;” is an interaction term that accounts for any
change in the slope of the regression line for children who
made the cutoff relative to those who missed the cutoff,
covariates;; is a vector of covariates that includes baseline
characteristics, sfe_/. are school fixed effects, € is an error
term, subscript i denotes each child, and subscript j denotes
each school.



TABLE 5

ITT Estimates of Schooling Effects on Woodcock Johnson Literacy Subtests

Pre-K effect Kindergarten (K) effect Ist grade effect
(1a) (1b) (le)  (1d) (2a) (2b) (2¢) (2d) (3a) (3b) (3¢) (3d)
Variables LW SA PV PC LW SA PV PC LW SA PV PC
Linear 18.37*  6.10 1.09 7.71 30.84%** 462  4.66 14.81* 28.14*%* 402 —0.65 21.28*%*
(7.63) (4.51) (3.42) (4.96) (8.82) (4.35) (3.08) (6.43) (9.81) (3.44) (3.05) (6.94)
Effect size 0.29 0.17 005 0.20 0.44 0.14  0.20 0.30 0.39 0.15 -0.03 0.39
Local linear 15.72% 941" 266  3.51 26.70* 1537%  6.65" 945 21.11° 1.96 —122  21.38%*%*
(7.36)  (5.31) (3.74) (5.93) (11.42) (6.49) (3.73) (8.40) (11.47) (3.93) (3.26) (7.86)
Quadratic 5.49 5.96 552  0.84 13.04 853  3.39 3.19 15.46 224 248 16.62"
(9.40) (6.60) (4.22) (6.27) (13.19) (6.46) (4.40) (9.45) (14.20) (5.10) (4.48) (9.32)
N (linear, quadratic) 226 226 226 225 220 220 220 220 203 203 203 203
N (local linear) 189 162 136 127 145 116 137 145 145 177 142 141
Optimal bandwidth 149 128 103 98 114 90 108 115 123 157 121 121

(days; local linear)

Robust standard errors are in parentheses. Outcomes are measured in W score units on an equal-interval scale.

LW = letter-word identification; SA = sound awareness; PV = picture vocabulary; PC = passage comprehension.

Bandwidth is 180 days for linear and quadratic estimates. Optimal local linear bandwidth was generated using the method developed by Calonico et al.
(2014). Number of observations is a function of bandwidth selection differences between linear and local linear specifications.

<10, % p<.05, % p< .01, ** p< 001

Presenting results from multiple estimation methods can
provide valuable information indicating the stability and
consistency of our estimates. To that end, we also present
TOT estimates using a method called two-stage least squares
(see McEwan & Shapiro, 2008, for an example), which uses
the child’s expected treatment status (based on the child’s
DOB) as an instrumental variable to predict the child’s actual
treatment status. Specifically, we estimate the following
regression:

T = oy + o, Txg” + a,dfc; + osdfe,

y

exp .
xTx;? + o covariates; + assfe; + ¢,
_ act
outcome;; = B, + BlTxij + Bzdfc,.j + B3dfcl.j

x Ix;"

7+ Bycovariates; +Bssfe, +g;

where Tx' is the child’s actual treatment status where a
value of 1 indicates that the child made the cutoff for school
enrollment, 7x;* is the child’s expected treatment status,
dfc; is the quantitative assignment variable that denotes
days from cutoff based on the child’s DOB, dfc; xTx;” is
an interaction term that accounts for any change in the slope
of the regression line for children who made the cutoff rela-
tive to those who missed the cutoff, covariates; is a vector
of covariates that includes baseline characteristics, sfe; are
school fixed effects, ¢, is an error term, subscript i denotes
each child, and subscript j denotes each school. In the sec-
ond stage, outcome;; is the child’s W score on each of the

W1 literacy subtests, and Tx;" is the predicted value of Tx;"
that was generated from the first stage.

Results
Intent-To-Treat Estimates

Reduced-form ITT estimates of schooling on early liter-
acy are presented in Table 5. We provided estimates from
linear, local linear, and quadratic specifications. The qua-
dratic and local linear point estimates were within the 95%
confidence intervals for the associated linear estimates, sug-
gesting that the estimates were robust to RD specification
and were not significantly different from each other. That
said, nonlinear, higher-order polynomial specifications do
not appear to model our data well, likely due to the substan-
tial noise associated with our relatively small sample; a lin-
ear specification is therefore the preferred approach. Data
indicated that the link between schooling and literacy
depended on grade level and literacy subskill. Consistent
with our original prediction, schooling had moderate posi-
tive effects on decoding at all three grade levels (effect sizes:
pre-K = .29; kindergarten = .44; first grade = .39). However,
differences in the magnitude of the schooling effect on
decoding as a function of grade level were not statistically
significant. Figure 2 presents a graphical representation of
the linear effect of schooling on decoding at each grade
level. Partially confirming our hypothesis, kindergarten and
first grade schooling predicted comprehension skills (effect
sizes: kindergarten = .30, first grade = .39). Differences in
the magnitude of the schooling effect on comprehension as a
function of grade level were not statistically significant.
Schooling was unrelated to expressive vocabulary at any
grade level, consistent with our original prediction. Contrary
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FIGURE 2. Schooling effects (intent-to-treat) on decoding skills.

Number of bins were automatically selected to mimic the variation in the data using the method developed by Calonico, Cattaneo, and Titiunik (2015).
Dots indicate the sample average of the Woodcock Johnson Letter-Word Identification W score within each bin. Solid line represents a linear regression fit.

to our hypothesis, schooling was unrelated to sound aware-
ness at any grade level.

Treatment on the Treated Estimates

TOT estimates of schooling on early literacy are pre-
sented in Table 6. While noncompliance rates were between
4.8% and 5.1% for the entire sample, noncompliance occurs
with greater frequency near the cutoff, which is not surpris-
ing as treatment manipulation would be expected to occur at
or near the cutoff. Accordingly, the TOT estimates were
approximately twice as large as the corresponding ITT esti-
mates, and the pattern of significance was identical to that of
the ITT estimates. The large F-statistics indicate that the
first-stage regression is strong; that is, the child’s expected
treatment status is a relevant instrument for the child’s actual
treatment status. As before, the quadratic and local linear
point estimates were within the 95% confidence intervals for
the associated linear estimates. While effect sizes cannot be
computed in a two-stage least squares regression model, ITT
effect sizes can be used as a reference point for approximat-
ing the corresponding effect sizes for the TOT estimates.

Robustness Checks

In addition to presenting estimates from ITT and TOT
estimation methods, additional robustness checks were con-
ducted in order to assess the degree to which our estimates
were sensitive to different methods of RD implementation.
Given the relatively small sample size in the current investi-
gation, these sensitivity analyses are particularly important
for demonstrating whether the estimates are real or simply
artifacts due to noise. These robustness checks are presented
in the Online Supplemental Material. In Figure S1, we dem-
onstrate that the 95% confidence intervals associated with
each bandwidth—across all grade levels and literacy skills—
overlap with each other, indicating that our estimates are
robust to bandwidth selection. In Table S2, we demonstrate
that the point estimates and pattern of significance are virtu-
ally identical to the main analysis when excluding the small
number of children enrolled in schools that only appear on
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one side of the cutoff. In Table S3, we address potential con-
cerns regarding attrition by demonstrating that the results are
very similar when examining a restricted sample of children
for which data are available at all three time points (pre-K,
kindergarten, and first grade). Finally, in Table S4, we dem-
onstrate that the pattern of significance does not change
when we use the standard score instead of the W score as the
outcome metric.

Discussion

The current study used a regression discontinuity design
to examine the nature and magnitude of the effect of school-
ing on a range of early literacy skills during the transition to
school period. Findings were broadly consistent with earlier
school cutoff and RD investigations of early literacy and
were robust to a series of sensitivity tests. Notably, the lon-
gitudinal data used in the present study allowed us to gener-
ate new insights into the specificity of the link between
schooling and literacy as a function of both grade level and
literacy subskill. Results revealed moderate positive effects
of prekindergarten, kindergarten, and first grade schooling
on decoding, while kindergarten and first grade schooling
predicted comprehension skills. There was no significant
effect of schooling at any grade level on expressive vocabu-
lary and sound awareness.

Schooling Effects on Decoding and Comprehension

Consistent with our original prediction, our results indi-
cate that pre-K, kindergarten, and first grade schooling each
have moderate positive effects on children’s decoding skills,
over and above age-related change. Our results are consis-
tent with earlier findings that demonstrate schooling effects
on decoding skills (Burrage et al., 2008; Christian et al.,
2000; Gormley et al., 2005; Weiland & Yoshikawa, 2013;
Wilson et al., 2013). It is important to note that the treatment
was not a special intervention or enrichment program.
Rather, the treatment was a research-based core literacy cur-
riculum implemented in public schools. The results demon-
strate that the early learning experiences that children
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Kim and Morrison

typically receive in formal public school environments can
significantly promote beginning literacy skills.

Our observed pre-K effect on decoding skills (.29 SD for
ITT) is smaller than those reported in previous studies using
the same decoding measure (.62 SD in Weiland & Yoshikawa,
2013; .79 SD in Gormley et al., 2005). One explanation for
this difference may be due to the fact that schooling effects
may be attenuated in our racially homogeneous and upper-
middle SES sample, compared to the more diverse samples
studied in previous empirical investigations. Indeed, because
our sample was drawn from relatively upper-middle SES
backgrounds, the external validity of our findings is a limita-
tion of the present study. That said, our observed pattern of
positive schooling effects on decoding is identical to that of
previous school cutoff investigations using samples with a
similar sociodemographic profile (e.g., Burrage et al., 2008;
Skibbe et al., 2011), indicating an important degree of repli-
cability across analytical techniques. Nevertheless, previous
RD investigations on public pre-K and Head Start programs
have provided important insights into the effects of school-
ing on socioeconomically diverse populations, and we
believe it is important to continue to explore how schooling
impacts those children who might benefit from formal
instruction the most.

The present study also adds to the literature on early lit-
eracy development by demonstrating that children’s early
comprehension skills were predicted by kindergarten and
first grade schooling but not pre-K. Previous research using
a subset of classroom observation data from the same study
indicates that pre-K and kindergarten children received very
similar amounts of instruction in decoding and comprehen-
sion (Skibbe, Hindman, Connor, Housey, & Morrison,
2013). The fact that we observed a kindergarten effect but
not a pre-K effect on comprehension, despite similar
amounts of instruction in both grades, might be due to differ-
ences in the nature or quality of kindergarten instruction.
Another possibility is that older children are more cogni-
tively mature and thus better able to acquire comprehension
skills compared to younger children, regardless of the nature
or quality of instruction (Del Giudice, 2014).

Because we examined schooling effects at each of three
different grade levels on the same set of literacy subskills,
an important question is whether children’s performance on
a given literacy skill depends on the particular grade level
of schooling. For example, because decoding is an impor-
tant prerequisite skill for fluent comprehension, we might
expect decoding skills to be more strongly emphasized in
the earlier grades (pre-K and kindergarten), and compre-
hension to be shaped more strongly by instruction in first
grade. However, we found that the magnitude of effects
across grade levels were not significantly different from
each other. For example, the effects of first grade on com-
prehension were not statistically larger than the effects of
kindergarten on comprehension.

12

There are several possible explanations as to why we did
not observe any differences in the magnitude of the school-
ing effect as a function of grade level. It is possible that the
relatively small sample size did not provide adequate power
in order to detect such differences. However, it is also pos-
sible that there really are no meaningful differences as a
function of grade level within a particular literacy subskill,
at least in the early elementary grades examined in the pres-
ent study. Such an interpretation would be contrary to our
prediction that the effects of schooling should match the
developmental trajectories of each literacy subskill (e.g.,
larger effects of comprehension in later grades, larger effects
of decoding in earlier grades, etc.), but it might indicate that
early schooling—regardless of grade level—exerts similar
positive effects on children’s performance on discrete
dimensions of early literacy. Future research should seek to
leverage additional sources of classroom- and school-level
data that were not available in the present investigation—
such as amounts and types of literacy instruction as well as
other measures of classroom functioning—in order to assess
the validity of each interpretation.

Null Effects on Expressive Vocabulary and Sound
Awareness

The null effects of schooling on expressive vocabulary
were consistent with our hypothesis and confirm previous
findings demonstrating that age-related change is a stronger
predictor of expressive vocabulary growth than schooling
(Skibbe et al., 2011). Notably, the standard errors associated
with our vocabulary estimates are smaller than those for
decoding, sound awareness, and comprehension across all
three grade levels and both estimation methods, indicating
that these null effects are likely to be real and not simply an
artifact of noise. That said, it is important to note that previ-
ous research using RD has found a significant pre-K effect
on receptive vocabulary (Weiland & Yoshikawa, 2013).
Taken together, these results seem to indicate that the effects
of schooling might depend on the type of vocabulary skill
being taught and assessed. Alternatively, the difference
between our results and findings from previous studies
might reflect the differential emphasis between school dis-
tricts in promoting different aspects of vocabulary during the
early grades.

The null effects we observed on sound awareness were,
however, not consistent with our original prediction and con-
trast with previous school cutoff studies that demonstrated a
positive effect of first grade on phonemic awareness (e.g.,
Christian et al., 2000; Morrison et al., 1995). An alternate
model specification that excluded crossover children yielded
results indicating that pre-K and kindergarten schooling each
had unique positive effects on sound awareness skills.
However, because this result was not robust to the ITT and
TOT specifications more commonly implemented in RD



designs, it is difficult to regard these effects as meaningful in
our sample.

Limitations and Opportunities for Future Research

A general limitation of the present study was the lack of
access to observational data for all classrooms in which stu-
dents received instruction. Because data collection occurred
during the initial years of Reading First and prior to the
implementation of the Common Core State Standards,
observational data would have allowed us to characterize
more precisely the nature of literacy instruction in the
schools and classrooms in our sample in order to facilitate
comparisons with other studies. Individual differences in
teacher expertise in delivering effective literacy instruction
might also have affected the results. In addition, data on
how teachers actually delivered literacy instruction (i.e.,
fidelity of implementation), as well as the extent to which
teachers provided opportunities for children to practice lit-
eracy skills, would help us better understand our findings.
Children receiving instruction that is primarily code-
focused (targeting decoding and sound awareness) experi-
ence a different pattern of literacy outcomes compared to
children receiving meaning-focused instruction (targeting
comprehension and vocabulary) (e.g., Connor, Morrison, &
Katch, 2004; Connor et al., 2006). While we somewhat mit-
igated this limitation by controlling for school fixed effects
in all of our estimated models, a more nuanced exploration
of the specific factors that might be underlying our observed
schooling effects would include an examination of class-
room- and teacher-level data as well as data on implementa-
tion fidelity.

The technical advances in RD in recent years have been
accompanied by a greater awareness of threats to internal
validity in the specific context of early schooling that could
affect the precision and interpretation of RD estimates (e.g.,
Lipsey et al., 2015). One potential source of bias is that the
children who agreed to participate in the study may be quali-
tatively different from children who did not participate.
Therefore, any schooling effect that we observe may under-
state or overstate the true effect, depending on the nature of
the difference (if any) between the two groups. Similarly, dif-
ferential attrition due to children who were enrolled in school
one year but left the sample prior to the next year might also
lead to biased estimates of schooling effects. Table S3 dem-
onstrates that the effects are very similar when examining a
restricted sample of students for whom data were available at
all time points, and frequent interactions with teachers and
children led the study team to conclude that participating
children did not significantly differ from non-participating
children (Connor et al., 2006). Nevertheless, a rigorous anal-
ysis of administrative data would be the preferred approach
for determining more precisely the effects, if any, of differen-
tial attrition.

Schooling Effects on Literacy Skills

The study from which the data were drawn was not origi-
nally designed as a quasi-experimental investigation of
schooling. A retrospective power analysis indicated that our
sample size was sufficient to detect the observed effects on
our decoding and comprehension measures, but might not
have been sufficient to detect more nuanced effects.
However, by adopting the more conservative ITT approach
as well as focusing on just those estimates that were robust
to the largest number of sensitivity analyses, we believe that
we have highlighted the schooling effects that are most
likely to be meaningful in our small-scale RD implementa-
tion. Future investigations should seek to replicate these
findings using a larger and more racially and socioeconomi-
cally diverse sample of children in order to confirm or
extend our observations of the differential impact of school-
ing on literacy development during the school transition
period.

Conclusion

The current study used a regression discontinuity design
to examine the nature and magnitude of schooling effects on
a range of literacy skills during the transition to school.
Results indicated moderate positive effects of prekindergar-
ten, kindergarten, and first grade schooling on decoding,
while kindergarten and first grade schooling predicted com-
prehension skills. There was no significant effect of school-
ing at any grade level on expressive vocabulary and sound
awareness. These findings highlight the heterogeneity of
schooling effects on early literacy skills. Future investiga-
tion of the nature, quality, and quantity of literacy instruction
would provide insights into the precise mechanisms of these
schooling effects, with potential implications for designing
and implementing literacy instruction during the school
transition period.
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