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ABSTRACT

Substantial research has documented that Pre-Kindergarten (Pre-K) programs have important benefits for the school readiness of young children, especially those
from low-income backgrounds. Recent studies in this arena have taken advantage of the Regression Discontinuity (RD) design to evaluate the impacts of Pre-K, due
to ethical and pragmatic issues. In this study, we use an RD approach to evaluate the effects of the Preschool Development Program in Baltimore, MD, a city with a
large proportion of families from socioeconomically and racially marginalized backgrounds who contend with multiple environmental risks. We compared a group
of children who had received Pre-K (n = 554) to a group who had not yet participated in Pre-K (n = 542). Results suggest that the Pre-K experience positively affects
these children in a variety of domains, including language (d = 0.41-0.74), early literacy (d = 0.99-1.36), and early mathematical problem-solving (d = 0.54-0.71),
a pattern of benefits which is consistent with the targets of the Pre-K curriculum in this jurisdiction. However, effects were not robust for executive functioning,
a domain that has had less empirical attention in Pre-K evaluations. Importantly, our study also includes several enhancements to the Pre-K RD design that are
recommended by experts but that have not been used widely in this literature. Thus, this study contributes both to the literature on the benefits for children, from
largely minoritized, low-income backgrounds, of preschool education implemented at scale and to the methodological literature on RD evaluations of Pre-K programs.

1. Introduction

Scholars from a wide array of disciplines have argued that early
childhood education (ECE) is a promising mechanism for promoting the
school readiness of children from low-income backgrounds (Besharov
et al., 2020; Daniel, 2018; Heckan, 2012; McCoy et al., 2017). The re-
sults of studies of ECE programs, designed in the middle of the twentieth
century, have provided empirical evidence of the benefits of ECE, such as
Head Start (Currie & Thomas, 1995), the Perry Preschool (Weikart et al.,
1978), and the Abecedarian Project (Campbell & Ramey, 1994). Many
studies document that attendance in ECE programs that aim to improve
school readiness (e.g., Pianta et al., 2007) increases children’s chances
of success in both Kindergarten and the early school years (Campbell
& Ramey, 1994; McCarton et al., 1997; Reynolds & Temple, 1995;
Weikart et al., 1978). Such studies have led to policies that expanded
ECE efforts across the United States, including public Pre-Kindergarten
(Pre-K) programs.

Recently, there has been increased investment in the accessibility
and affordability of Pre-K in the United States. The 2013 Preschool for
All (PA) initiative called for federal support to expand access to high
quality Pre-K programs for all children in the U.S. (White House, 2013,
2015). Over a four-year period, a total of 167,725 children living at
or below 200% of the federal poverty limit and in high-needs com-

munities attended high quality Pre-K classrooms supported by these
grants (Office of Early Learning, 2019). Today, all but six states in the
United States (including the District of Columbia) offer some form of
state-funded Pre-K (Parker et al., 2018). The 2021 report on the state
of preschool (pre-pandemic) from the National Institute for Early Ed-
ucation Research (NIEER) reveals that 47% of the nation’s 4-year-olds
and 16% of 3-year-olds have been provided early learning opportuni-
ties across all public programs, including preschool general and special
education, as well as federal- and state-funded Head Start (Friedman-
Krauss et al., 2021). The most recent NIEER report documents the effect
of the COVID pandemic on preschool participation; it had decreased
to 29% of 4-year-olds and 5% of 3-year-olds (Friedman-Krauss et al.,
2022).

Multiple studies have documented benefits of Pre-K attendance,
including enhanced Kindergarten readiness, cognitive development,
and physical and mental health outcomes, and in the long term,
higher high school graduation rates, reduced engagement in juvenile
delinquency and crime, increased participation in the workforce, sta-
ble household formation, and higher income in adulthood (Ansari
& Winsler, 2016; Campbell et al., 2002; Council of Economic Advi-
sors, 2015; D’Onise et al., 2010; Gormley et al., 2005; Gray-Lobe et al.,
2021; Ludwig & Miller, 2007; Schweinhart et al., 2005; for reviews,
see Barnett, 1995; Barnett et al., 2018; Currie, 2001; Gormley et al.,
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Table 1
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Sample means (standard deviations) or percentages for child outcomes and covariates.

Full sample

Comparison (Cohort2) Treatment (Cohort 1)

(n=997) (n=529) (n = 468)
Variable M (SD) or% M (SD) or% M (SD) or% % Missing
Outcomes
HTKS score 14.35 (16.84) 6.87 (11.82) 22.75 (17.66) .30
PPVT raw score 69.96 (25.71) 58.63 (23.23) 82.56 (22.25) .90
W-J LW Identification raw score 10.44 (7.18) 6.64 (4.46) 14.71 (7.27) .30
W-J Applied Problems raw score 10.31 (4.39) 8.01 (3.75) 12.90 (3.53) .30
W-J Passage Comp raw score 6.75 (3.07) 5.64 (2.11) 8.00 (3.48) .30
W-J Word Attack raw score 3.84 (2.91) 2.28 (1.69) 5.60 (2.99) .30
Covariates
Child age (in years) at outcome 5.14 (0.58) 4.67 (0.29) 5.68 (0.30) .10
Distance (in days) between test date and 9/1/2017 cutoff 55.15 (18.11) 51.27 (17.63) 59.52 (17.66) .10
Distance (in days) between birthdate and 9/1/2012 cutoff —4.23 (208.79) —172.52 (106.38) 185.99 (108.81) .00
HTKS - child tested on Form B 84.10 72.20 97.40 .30
HTKS - child tested in English 86.70 85.20 88.50 .30
PPVT - child tested on Form B 56.40 55.40 57.50 .20
W-J — child tested on Form B 53.50 53.20 53.80 .30
Child is female 51.30 51.20 51.30 .00
Child is Black 68.80 67.90 69.90 .00
Child is Hispanic 19.60 20.20 18.80 .00
Child usually speaks only English at home 79.50 80.60 78.10 7.92
Parent education is HS or less 64.90 64.00 66.10 9.53
Parent age (in years) 31.48 (7.92) 31.15(8.11) 31.92 (7.66) 12.34
Parent is mother 84.10 85.30 82.60 7.62
Parent is employed fulltime 48.60 46.40 51.40 9.53
Number of adults in home 2.06 (1.06) 2.03 (1.01) 2.10(1.13) 10.83
Number of children in home 2.38 (1.25) 2.38 (1.28) 2.38 (1.20) 9.93
Birth mother lives in home 94.10 94.90 93.20 7.52
Birth father lives in home 45.20 44.40 46.20 8.32
Early care — at home with primary caregiver 47.80 48.40 47.00 8.22
Early care - informal (e.g., relative) care/family daycare 23.70 23.20 24.40 8.22
Early care — Early Head Start 27.70 25.50 30.50 8.22
Early care — center-based 15.30 17.30 12.70 8.22

Note. HTKS = Head-Toes-Knees-Shoulders (Executive Functioning assessment); PPVT = Peabody Picture Vocabulary Test IV (Receptive Vocabulary assessment);
W-J = Woodcock-Johnson Tests of Achievement IV; LW = Letter Word; HS = High School.

2008; Heckman & Masterov, 2007). In their study of early elementary
school students in Baltimore, MD (the setting of the current study),
Williams et al. (2019) found that students who had experienced Head
Start plus public Pre-K had stronger kindergarten readiness skills than
children who had been in informal care and other early childhood pro-
grams.

Most Pre-K evaluations document benefits of program attendance in
key academic areas, such as language, literacy, and math, at least in the
short run (e.g., Barnett et al., 2018; Gormley et al., 2008; Pion & Lipsey,
2021; Lipsey et al., 2011; Weiland & Yoshikawa, 2013). Although the
longitudinal evaluation of the Tennessee public Pre-K program sug-
gested that the long-term benefits of the program are either attenu-
ated or reversed (Durkin et al., 2022; Lipsey et al., 2018), there is evi-
dence that Pre-K confers academic benefits on participant children in the
long-run (Bai, Ladd, Muschkin, & Dodge, 2020; Barnett & Jung, 2021;
Bartik & Hershbein, 2018; Hill et al., 2015). However, there is variability
among studies of public Pre-K regarding its impact on specific academic
outcomes, including some evaluations with non-significant findings (see
supplemental material — S3 Table 1 for summaries of individual Pre-K
evaluations with effect sizes for each academic domain). Notably, stud-
ies of the Boston, Los Angeles, and Tulsa programs have shown large
impacts on language (effect size ranges 0.44-0.76). Impacts on literacy
have tended to be larger (effect size ranges 0.40-1.36); math effects
have been mostly in the 0.40-0.59 range.

There is less evidence about the impact of Pre-K programs on chil-
dren’s social-emotional and self-regulatory processes. Extant studies
have documented limited benefits of Pre-K on children’s social skills
and behavior problems (Bartik, 2013; Peisner-Feinberg et al., 2014). The
findings have been mixed in the few studies that have examined the im-
pact of Pre-K on children’s self-regulatory or executive functioning skills,
with documentation of both benefits of Pre-K (Diamond et al., 2007;

Gaylor et al., 2019; Shah et al., 2017; Weiland & Yoshikawa, 2013) and
null effects (Hofer et al., 2018).

Nevertheless, documented academic benefits are particularly impor-
tant for children in low-income communities, who tend to lag sub-
stantially behind their counterparts from higher-income backgrounds
in domains such as math and reading as early as Kindergarten (e.g.,
Garcia, 2015; Reardon, 2013). In fact, research shows that children in
low-income communities appear to benefit the most from Pre-K pro-
grams, making larger gains in multiple domains than their more ad-
vantaged peers (though children from middle-income households also
benefit; e.g. Gormley et al., 2005, 2008; Loeb et al., 2007; Magnuson
& Shager, 2010; Weiland & Yoshikawa, 2013). Unfortunately, children
from families with low incomes are less likely to attend Pre-K than
children from families with middle- and high-incomes, making invest-
ments in accessibility that much more critical (e.g., Magnuson & Wald-
fogel, 2016).

Although a few recent evaluations of PDG programs exist
(Grindal et al., 2019; Hofer et al., 2018; Montrosse-Moorhead et al.,
2019), rigorous tests continue to be necessary to confirm the effi-
cacy of recent public investments, particularly given that effects of
these large-scale public programs tend to be smaller than those of
research-driven model programs (Camilli et al., 2010; Duncan & Mag-
nuson, 2013). Often, the large scale studies do not include data on
children’s family backgrounds, nor do they address child outcomes be-
yond academic achievement. Moreover, expanding the literature on
the impact of Pre-K with samples comprised largely of children from
minoritized groups (e.g., Black, Hispanic) may be particularly impor-
tant (Iruka et al., 2017; Meek et al., 2020). Equally as important
is to examine Pre-K effects on children from families with low in-
comes who are exposed to high levels of adversity (Phillips, 2016;
Phillips et al., 2017).
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Further, there has been much attention to the methodologies that
have been utilized to evaluate Pre-K impacts. The age cutoff variant of
the regression discontinuity (RD) design has become common when ran-
domized controlled trials (RCTs) are not ethically or logistically possi-
ble, such as when evaluating a state-wide program and specifically when
estimating the effects of PDG investments (Cook et al., 2008; Hofer et al.,
2018; Lee & Lemieux, 2010). Age-cutoff RD is a quasi-experimental de-
sign that relies on pre- and post-intervention measures and the use of
a predetermined threshold (i.e., the age cutoff) that determines who
receives the intervention in a given year. Participants closest to the cut-
off (i.e., those who are the closest in age but who experience the pro-
gram in different years due to their birthdays, relative to the cutoff)
are compared to estimate the average causal treatment effect. RD has
proven to be a useful tool in the education research arsenal to evalu-
ate the short-term effects of Pre-K programs (e.g., Gormley et al., 2008;
Hustedt et al., 2015; Lipsey et al., 2011; Manship et al., 2015; Peisner-
Feinberg & Schaaf, 2011; Weiland & Yoshikawa, 2013; Wong et al.,
2008).

However, more recently, Lipsey et al. (2015) identified potential pit-
falls of prior RD evaluations and called for future RD studies to be im-
plemented with more rigor (see also Barnett et al., 2018). Among other
suggestions, these authors argue that RD evaluations of preschool pro-
grams should include: 1) a test of baseline equivalence of treatment and
comparison groups (i.e., baseline data collection on treatment group);
2) an examination of attrition bias; 3) the same measurement and proce-
dures for treatment and control groups; and 4) the collection of data on
the counterfactual condition (e.g., children’s prior care experiences). As
we detail below, in the present study, we provide additional evidence on
the benefits of public Pre-K for students from urban, minoritized back-
grounds characterized by multiple environmental risks, employing an
RD design that entails enhancements to the more typical methodologi-
cal approaches.

1.1. The current study

The current study addressed several of the gaps in the literature, in-
cluding focusing on children from minoritized, high-risk backgrounds,
collecting data on family demographics and child executive functioning,
and implementing advancements in the RD design. Using Maryland’s
strict age requirement for Pre-K eligibility (i.e., age 4 by September 1
of the Pre-K year), we examined whether attending Pre-K, in a public
school setting that received Maryland’s PDG funds, improved children’s
school readiness in a variety of domains relevant to later school suc-
cess (Barnett et al., 2018; Phillips et al., 2017). Specifically, we esti-
mated how Pre-K influenced children’s abilities in language, early liter-
acy, early numeracy, and executive functioning (i.e., inhibitory control)
at Kindergarten entry, all of which are predictive of success in Kinder-
garten and beyond (e.g., La Paro & Pianta, 2000, Ng et al., 2014).

This evaluation of Baltimore’s Pre-K program advances the literature
on Pre-K impacts in several important ways. First, given the particular
importance of Pre-K for children from families with low-incomes, we
elected to conduct the study in Baltimore City public schools, in which
55% of students are currently counted as low-income. This is likely an
underestimate because the school district does not collect applications
for free and reduced meals, and the estimate is based on enrollment
in programs not available to some families due to immigration status
(City Schools; D.A. Baltimore City Schools, 2019). Moreover, we were
interested in evaluating the impact of Pre-K using a sample that in-
cluded a larger proportion of children from minoritized, low-income
backgrounds than many of the samples in other evaluations of Pre-K.

Specifically, the sample was drawn from a set of Baltimore City pub-
lic schools in which 75.3% of the students are Black. Thus, we could
address the impacts of Pre-K on a group of children who experience
inequities in the early childhood arena (Meek et al., 2020). Further,
Baltimore City is an urban area where violent crime far exceeds the
national average (United States Department of Justice, 2019), which re-
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flects the structural and systemic adversities and inequities prevalent in
the contexts of young children in this city (Ellis & Dietz, 2017). Thus,
Baltimore is distinct from other cities where RD Pre-K evaluations have
been conducted. For example, according to the Uniform Crime Reports
(UCR) in 2017 (United States Department of Justice, 2021), the year of
the current study, there were 12,430 violent crimes in a total popula-
tion of 613,217 in Baltimore, MD. In contrast, during the time of the
Boston study (Weiland & Yoshikawa, 2013), the UCR in 2009 reported
that there were 6192 violent crimes in a total population of 624,222.
Similarly, during the time of the Tulsa study (Gormley et al., 2005), the
UCR for Tulsa County reported that there were 4879 violent crimes for
a total population of 587,353 in 2002. Further, in an examination of
a randomly selected subgroup of parents (n = 269) of children partici-
pating in the current study, 50% of respondents reported being exposed
to community violence as children, 31% reported being exposed to vi-
olence and crime in their lifetimes, and 30% reported that their young
children had been exposed to violence and crime (Jones Harden, 2021;
Lee et al., 2023). These contextual characteristics are critical to con-
sider given the evidence on the negative effects of violence, crime, and
other adverse neighborhood characteristics on young children (Burdick-
Will, 2016; Kohen et al., 2008). Thus, this study addressed an important
research direction for preschool research — examining Pre-K effects on
children from families with low incomes who are exposed to high lev-
els of contextual and structural adversity (Phillips, 2016; Phillips et al.,
2017).

Further, we elected to expand the domains that are typically exam-
ined in Pre-K evaluations, which tend to focus on academic outcomes
such as literacy and math. Specifically, we included a measure of ex-
ecutive functioning (EF), defined as higher order cognitive skills that
includes such processes as working memory, inhibitory control, and se-
lective attention (Blair, 2002). EF has been theorized and documented
to be a critical predictor of school readiness and academic competence
writ large (Fuhs et al., 2015; Perry et al., 2018). Moreover, young chil-
dren’s experience of poverty and material hardship has been found to
negatively impact the development of EF (Raver et al., 2013; Ursache
et al., 2015), both of which are strong predictors of young children’s
school readiness (Perry et al., 2018). Despite this evidence on EF, few
Pre-K evaluations have included it as an outcome. The limited evidence
does suggest that Pre-K participation may enhance children’s executive
functioning (Bai, Ladd, Muschkin, & Dodge, 2020; Diamond et al., 2007;
Shah et al., 2017).

We also had a goal of implementing a more rigorous RD design. To
achieve this goal, we followed several recommendations delineated by
Lipsey et al. (2015). Our methodological enhancements included use of
equivalent measures for both cohorts, the inclusion of carefully chosen
baseline covariates including consideration of the counterfactual con-
dition (i.e., prior-care experiences, demographic characteristics of fam-
ilies), and the use of baseline measures on the experimental cohort to
ensure that groups were equivalent prior to Pre-K entry (Lipsey et al.,
2015). Furthermore, we used measures of classroom quality to describe
the Pre-K experiences of our sample and facilitate interpretation of our
findings within the broader literature. Finally, as is standard in this lit-
erature, we conducted sensitivity analyses to increase confidence in our
results, including varying the bandwidths around which analyses are
conducted and examining multiple functional forms of the relationships
under investigation (Lipsey et al., 2015).

Following this approach, our overarching research question was:
What is the effect of Pre-K on students’ language, literacy, mathematics, and
executive functioning skills? Consistent with the literature on Pre-K ef-
fects, we hypothesized that children in the Pre-K treatment group would
perform better on assessments of language, early literacy, and early
mathematics problem-solving than children in the comparison group.
Because the measurement of executive functioning is less prevalent in
the Pre-K evaluation arena and extant findings are mixed, we wanted
to examine whether there would be impacts on this important develop-
mental domain (Fuhs et al., 2015). Additionally, we wanted to explore
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whether the magnitude of effects documented in other Pre-K evaluations
would hold for this group of children in Baltimore City, who represented
a sample from more diverse and high-risk backgrounds than what is typ-
ically documented in such studies. Although our statistical power was
limited, we also explored whether effects differed by parent education,
child gender, or child race/ethnicity.

2. Method
2.1. Sample and setting

Following the procedures outlined by Lipsey et al. (2015) and
Weiland and Yoshikawa (2013), we recruited two groups of students
using the age-based cutoff specified by the state of Maryland. The set-
ting for this study was Baltimore, MD, specifically 15 schools that had
received Pre-K expansion funds. Students who were born before Septem-
ber 1, 2012 comprised Cohort 1 (the treatment group who received Pre-
K services as a part of the expansion in the fall of 2016). Those born
between September 1, 2012 and August 31, 2013 comprised Cohort 2
(the comparison group who did not receive Pre-K services until fall of
2017).

Cohort 1 (treatment group) consisted of 554 Pre-K students and
Cohort 2 (comparison group) consisted of 542 students, for a total of
1097 students. However, the analytic sample for this study (see results
section) was 997 due to the exclusion of children in Cohort 1 (treat-
ment group) who did not have Pre-K fall baseline and Kindergarten
fall outcome assessments (n = 57), children who were tested outside
of the assessment window (fall of academic year; n = 20), and children
whose birthdays were beyond the 365 day cutoff for eligibility for Pre-
K (n = 18). In addition, five children attended Pre-K in fall 2016 (Co-
hort 1), even though their birthdays were after the cutoff; these children
were also removed from analyses. In our sensitivity analysis, we refit key
models including these students and show that results are stable.

Demographic characteristics of the two cohorts of children are pre-
sented in Table 1. Participant children in the two groups were similar
across all variables apart from child age, as was expected because the
two cohorts were one year apart in age. However, the two cohorts were
virtually the same age at the time of Pre-K eligibility (i.e., Cohort 1’s av-
erage age = 4.51 years (SD = 0.30); Cohort 2’s average age = 4.53 years
(SD = 0.29)). About half of the children were female. The majority of
children were Black and spoke English at home. Approximately 1/5 of
the children were Hispanic. About 2/3 of the parents had a high school
diploma or less.

2.2. Procedures

As in other studies using the age cutoff RD design (e.g., Grehan et al.,
2011; Weiland & Yoshikawa, 2013), we collected data from two cohorts
of children, one serving as the treatment group and the other serving as
the comparison group. Students in Cohort 1 were assessed at the start of
their Pre-K year (fall 2016), which reflects the first of our methodologi-
cal enhancements. Subsequently, both groups were assessed in fall 2017
using the same measures (i.e., at Pre-K entry for the comparison group
and at Kindergarten entry for the treatment group). We used a set of
standardized norm-referenced measures designed to measure early lit-
eracy, language, early numeracy, and executive functioning skills. To
improve precision and to test that the two cohorts were equivalent at
baseline, we also measured many other characteristics of the participat-
ing families via a combination of administrative records and a parent
survey (e.g., child gender and age, home language, race or ethnicity,
caregiver education, and number of siblings).

There was one important school system policy change between the
Pre-K years for the two cohorts. Specifically, the income eligibility re-
quirement was revised for the 2017-2018 school year from 200% to
300% of the federal poverty level or below. To address this potential
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difference, we only sampled students from Cohort 2 that matched stu-
dents from the prior cohort in terms of income. Specifically, we only
included Cohort 2 students if they would have been eligible in the prior
year (i.e., they came from families who reported annual incomes that are
no more than 200% of the federal poverty level or below). We return to
this policy shift when we test for differences in baseline characteristics
by treatment status and in our limitations section.

A total of 15 schools participated in this project (100% of schools
who received requests to participate), with a total of 41 Pre-K classrooms
across the two cohorts. These schools were selected by the Baltimore
City Public Schools (BCPS) Director of Early Learning for inclusion in
our study, given their receipt of PDG expansion funds. The principal
of each school gave us permission to recruit students and identified a
private location for the testing to occur for individual children. Parents
were approached before and after school to request their permission for
their children to participate in the study. If parents did not transport
their children, consent forms were sent home via children’s backpacks,
with a request for parents to return signed forms to school. Only children
whose parents signed consent forms participated in the study. For cohort
1, we were able to obtain consents for 77.93% of children at Time 1,
and 83.69% of children at Time 2. For cohort 2, 81.37% of the parents
consented to their children’s participation.

Data were collected by a team of six full-time post-baccalaureate
research assistants, and 20 temporary research assistants (combination
of undergraduate and graduate students). The post-doctoral researcher,
who coordinated this project, provided intensive training and supervi-
sion of all the research assistants throughout data collection in test ad-
ministration, engaging students, and collaborating with schools. All test-
ing occurred within a three-month window from the start of school in the
fall. Testing was administered to individual children over a 60-minute
period, with breaks given for children who needed them. Children were
given a small toy at the end of testing.

As stated previously, we collected an array of baseline covariates that
we used to assess initial differences between the two cohorts (the sec-
ond methodological enhancement offered by our study). We collected
basic demographic data from a parent survey (e.g., gender, age, race or
ethnicity, family SES). Parents typically completed the survey at school
when they dropped off or picked up their children. If parents did not
transport their children to school, they were sent surveys via their chil-
dren’s backpacks, completed them at home, and returned them via the
same method (which our research team retrieved from teachers). These
surveys were administered around the time of the baseline assessment
(i.e., fall/winter of 2016 for Cohort 1 and 2017 for Cohort 2). Parents
received $10 for completing this survey. For cohort 1, 79.6% of parents
returned the surveys, and 99.3% of parents in cohort 2.

2.3. Assessments and measures

Students from both cohorts were assessed at Pre-Kindergarten entry
(and Cohort 1 at Kindergarten entry) using standardized assessments of
language, literacy, and numeracy skills, described below. English ver-
sions of the language and academic functioning assessments were ad-
ministered to both English and Spanish speaking students, as was re-
quested by the funder. However, we did provide instruction for the be-
havioral self-regulation task (i.e., HTKS) in Spanish. Additionally, for the
first cohort, we used different forms of the measures at pre- and post-
test, so that children would not be exposed to the same test twice. To
repeat the same procedure with cohort two, we varied the forms we used
with children during the pretest as well. Following recommendations by
Lipsey et al. (2015), to reduce the likelihood of differential operational-
ization of measures across the different age ranges, we began testing
on the academic measures with the same item even though, according
to the rules of those assessments, students in Kindergarten would start
at a later item (i.e., the third methodological enhancement). We pro-
vide more detail on the influence of start rules in the robustness check
section.
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We also assessed the classroom quality of the classrooms in the study
for Cohort 1 (children who experienced Pre-K) using the CLASS tool
(Pianta et al., 2008; see below). A trained and Pre-K CLASS certified
post-doctoral researcher conducted the CLASS assessments during the
morning (e.g., 9 AM-12 PM) of the school day. Each classroom was as-
sessed one morning, across four 20-minute cycles of observation. The
assessments were conducted during the late fall of the academic year.

2.3.1. Receptive vocabulary

The Peabody Picture Vocabulary Test, Fourth Edition (PPVT; Dunn &
Dunn, 2007), a widely used assessment of receptive vocabulary, was ad-
ministered to participant children. The examiner orally presents a stimu-
lus word with a set of pictures and the child is asked to select the picture
that best depicts the word. The PPVT has been found to have excellent
psychometric properties, with high reliability (in the 0.90s) and validity
(highly associated with tests of intelligence), and has been used widely
with children from low-income, minoritized backgrounds.

2.3.2. Early literacy

We administered three subtests that traditionally comprise the
Broad and Basic Reading subscales of the Woodcock-Johnson IV (W-
J; Schrank et al., 2014). These subtests have good psychometrics
(Schrank et al., 2014) and have been widely used with popula-
tions of young children from low-income and minoritized backgrounds
(Gormley et al., 2005; Weiland & Yoshikawa, 2013). Administered W-
J subtests were: Letter-Word Identification (children identify letters or
read aloud individual words); Word Attack (children apply phonic and
structural analysis skills to pronounce unfamiliar printed words); and
Passage Comprehension (children use syntactic and semantic clues to
identify a missing word in text).

2.3.3. Early numeracy/mathematics

We also administered the Applied Problems subscale of the W-J,
a numeracy and early mathematics assessment that requires children
to perform relatively simple calculations to analyze and solve arith-
metic problems. The authors report good psychometrics (Schrank et al.,
2014) and this subscale has been widely used with young children from
low-income and diverse backgrounds (Gormley et al., 2005; Weiland &
Yoshikawa, 2013).

2.3.4. Executive functioning

Finally, we administered the Head, Toes, Knees, and Shoulders
(HTKS; Ponitz et al., 2008), a direct assessment of children’s behav-
ioral self-regulation. This assessment includes components of executive
functioning such as ability to focus attention, working memory, and in-
hibitory control. In this 20-item assessment, children are asked to play a
game in which they do the opposite of what the experimenter says. The
authors report good construct and predictive validity for this measure
(Ponitz et al., 2009). Further, multiple studies have documented its util-
ity in studies of children from low-income and minoritized backgrounds
(Caughy et al., 2022; McClelland & Tominey, 2014; Yu et al., 2020).

2.3.5 Classroom quality

Classroom quality was observed and assessed via the Classroom
Assessment Scoring System (CLASS) Preschool version (Pianta et al.,
2008). A trained post-doctoral level researcher conducted observations
of teacher-child interactions and scored them ranging from 1 = low
to 7 = high. There are three domains (and 10 dimensions/subscales)
on the Preschool CLASS: Emotional Support; Classroom Organization;
and Instructional Support. The CLASS has good internal reliability with
dimensions being significantly associated with one another in the ex-
pected ways. The CLASS also exhibits construct validity and is related to
other measures of the quality of early educational settings (e.g., ECERS,
Pianta et al., 2008).

Covariates and care settings before Pre-K. We developed a brief
parent survey for this project to gather demographic and other back-
ground information on participant children (e.g., parent education,
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race/ethnicity, language). We also asked about children’s prior care ex-
perience, specifically the types of settings in which they spent 10 hours
or more per week the year before entering Pre-K (e.g., care by par-
ents/caregivers, relative care, family child care, center-based care,
and Head Start). The survey was translated into Spanish for Spanish-
speaking parents.

2.4. Data analytic strategy

To examine the impacts of this federally funded PDG program, we
used Regression Discontinuity (RD) analyses to measure group differ-
ences in children’s scores on the assessments. We took advantage of
the natural division of children into cohorts based on whether their
birthdates fell before or after the cutoff for Pre-K eligibility. Cohort 1
(treatment group) children turned 4 years old before the September 1,
2016 cutoff, whereas Cohort 2 (comparison group) children did not. Be-
cause the cutoff was a state requirement, we assume that for children
immediately on each side of the cutoff, their assignment to attend the
Pre-K program that year was unrelated to characteristics of the child,
the child’s family, or their circumstances that would also influence chil-
dren’s Kindergarten assessment scores. If this assumption is correct and
the current study meets the requirements of RD, any differences post-
program in assessment scores between children whose birthdates just
fell to one side of the cutoff versus the other provide unbiased estimates
of the causal impact of the PDG program on children’s school readiness.
Using the standard sharp RD approach, data from children whose birth-
dates were further from the cutoff were used to estimate more precisely
the value of each outcome near the cutoff (Imbens & Lemieux, 2008;
Shadish et al., 2002; Weiland et al., 2017).

To implement the RD approach, we began by fitting plots of the re-
lations between children’s age and each outcome variable, using lin-
ear and non-parametric regression. These plots helped us determine the
functional form for each outcome and allowed us to visually inspect
whether there appeared to be a “jump” at the cutoff. We then fit a se-
ries of regression models in which each outcome variable was predicted
by: (a) a dichotomous variable denoting the child’s cohort (i.e., whether
the child was eligible for Pre-K entry in Fall 2016 based on birthdate);
(b) the child’s age centered around the state-determined cutoff point
(i.e., the distance in days between when the child turned 4 years old
and September 1, 2016); and (c) relevant covariates (i.e., school fixed
effects, testing date and form, child sex, whether child is Black, whether
child is Hispanic, whether child speaks only English at home, parent age,
whether parent graduated high school, whether parent is the mother,
whether parent works fulltime, number of adults living at home, num-
ber of children living at home, whether birth mother lives in the home,
whether birth father lives in the home, and four dummy variables indi-
cating all early care settings in which the child spent 10 or more hours
per week before entering Pre-K). The cohort coefficient and its associ-
ated p-value was the parameter of interest for determining the effect of
the PDG program on each outcome.

As stated above, data from children whose birthdates were further
from the cutoff were used to estimate more precisely the value of each
outcome near the cutoff. To do this, we fit each model with different
bandwidths of children (i.e., children with birthdates within 365, 180,
and 90 days on either side of the cutoff, common bandwidths used in
other RD studies; Gormley et al., 2005; Weiland & Yoshikawa, 2013;
Weiland et al., 2017) in order to examine the sensitivity of our results
to choice of bandwidth (Lee & Lemieux, 2010). We examined the sta-
bility of the parameter of interest (i.e., the cohort coefficient and its
associated p-value) across the various bandwidths to determine the ro-
bustness of the results. This approach balances bias (i.e., influence from
children far from the cutoff) with precision (i.e., a larger bandwidth pro-
vides a larger sample; Weiland et al., 2017). The results from models
using all three bandwidths (BWs) are reported in the results section. In
addition, to specify the correct functional form of the relation between
each outcome and child age, we fit a series of additional models for
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Table 2
Classroom assessment scoring system? means, SDS, and ranges for sample class-
rooms.

Domain N = 37 classrooms °
Dimensions M (SD) Range
Emotional Support 5.02 (0.40) 4.13-5.69
Positive Climate 4.92 (0.58) 3.50 - 5.75
Negative Climate 1.43 (0.41) 1.00 - 2.56
Teacher Sensitivity 4.95 (0.59) 4.13-5.75
Regard for Student Perspective 3.64 (0.39) 3.17 -4.25
Classroom Organization 4.77 (0.52) 3.77 - 5.86
Behavior Management 4.81 (0.64) 3.94 - 6.08
Productivity 5.04 (0.59) 4.00 - 6.58
Instructional Learning Formats 4.47 (0.53) 3.38 -4.92
Instructional Support 2.43 (0.29) 1.96 - 3.04
Concept Development 2.04 (0.33) 1.31-2.58
Quality of Feedback 2.54 (0.29) 2.06 -3.13
Language Modeling 2.72 (0.43) 2.08 - 3.75

Note. All scales range from 1 to 7. M = Mean. SD = Standard deviation.
a Pianta et al., 2008.
b Three classrooms not assessed due to failure to obtain consent.

each bandwidth with polynomial specifications and interaction terms.
We compared fit statistics across models and over-specified the models
as a robustness check (Trochim, 1984). Finally, we conducted extensive
sensitivity analyses to determine the sensitivity of findings to alternative
model specifications (see the robustness checks section). Our sensitiv-
ity analysis also included examining robustness of impact estimates to a
data-driven bandwidth selection procedure and non-parametric analytic
approach (i.e., rdrobust; Calonico et al., 2017).

In our exploratory subgroup analyses, we extended our analytic ap-
proach to examine whether effects varied by parent education (high
school or less versus more than high school), child gender, and child
race/ethnicity (Black, Hispanic, Other). We included interaction terms
that allowed us to test whether treatment effects were statistically sig-
nificant different by subgroup. We selected these subgroups based on
power constraints and alignment with prior literature (Gormley et al.,
2005; Weiland & Yoshikawa, 2013). We limited this analysis to band-
widths of 365 and 180, as bandwidths of 90 were too underpowered.

Analyses were conducted using Stata version 16 and SPSS version
24. For all analyses, we used multiple imputation (with 40 imputations)
to account for missing data. (See Table 1 for summary statistics, in-
cluding the percent missing for each outcome). The imputations were
conducted using a parametric model that assumes all variables follow
a multivariate normal distribution. In all regression models, we con-
ducted inference using the multiple imputation small-sample correction
of Barnard and Rubin (1999).

3. Results
3.1. Descriptive statistics

Descriptive statistics, including sample means and standard devia-
tions or percentages for child outcomes and all covariates, are shown
in Table 1. As noted earlier, the sample is majority Black from low-
income backgrounds. We also present CLASS scores for the preschool
classrooms that were part of this study in Table 2. Of the 41 participat-
ing classrooms, we were able to obtain teacher consent and availability
for 37 classroom assessments (i.e., 90% of classrooms). On average, the
domains of Emotional Support and Classroom Organization were scored
in the mid-range (i.e., 5.02 and 4.77 respectively). For the domain of In-
structional Support, the average scores of observed classrooms were in
the low range (i.e., 2.43).

Counterfactual. Parents of children in the comparison group re-
ported the following types of early care settings in which their child
spent 10 or more hours per week the year before entering Pre-K: at home
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with a primary caregiver (48%); informal care (e.g., with a relative or
in family child care homes) (23%); Early Head Start (26%); and other
center-based care settings (17%) (Note: percentages sum to over 100%
due to individual children having multiple child care arrangements).
When we limit the sample just to those who missed entry into Pre-K by
less than one month (a bandwidth of 30 days), the distribution of early
care settings is the following: at home with a primary caregiver (54%);
informal care (6%); Early Head Start (35%); and other center-based care
settings (19%) (see Table 3 for percentages of early care settings for
each bandwidth). Accordingly, across bandwidths, the treatment is be-
ing compared to a counterfactual in which about 43-54% of comparison
children were enrolled in an alternative center-based preschool option.

3.2. Regression discontinuity analyses

3.2.1. Primary results

As explained in our analytic section, we began our analysis by ex-
amining plots of the relations between children’s age and each outcome,
using both linear regression and non-parametric regression. These plots
(see Fig. 1 for two examples and Appendix S1 Figure S2 for all other
plots) helped inform our functional form decisions and also allowed us
to visually inspect whether there was a “jump” (i.e., a treatment effect)
at the cutoff. We then moved to fitting impact models. As shown in
Table 4, we found that the PDG program had a statistically significant
and positive effect on all assessments when the models included a band-
width of 365 days (range in effect sizes of d = 0.36 to 1.10 standard
deviations). However, the cohort (i.e., treatment status) coefficient was
only statistically significant and stable across bandwidths for the PPVT-
IV (receptive vocabulary), W-J-IV Letter-Word Identification (early lit-
eracy), W-J-IV Word Attack (early literacy), and W-J-IV Applied Prob-
lems (early mathematics) assessments, but was not for the HTKS (exec-
utive functioning) and W-J-IV Passage Comprehension (early literacy)
assessments. Effect sizes for the PPVT-IV assessment ranged from 0.41
to 0.74 across bandwidths. For the W-J-IV Letter-Word Identification
assessment, effect sizes ranged from 1.10 to 1.36 across all bandwidths.
Effect sizes for the W-J-IV Word Attack assessment ranged from 0.99 to
1.28 across all bandwidths. Finally, effect sizes for the W-J-IV Applied
Problems assessment were 0.54 to 0.71 across all bandwidths.

3.2.2. Subgroup analysis

For parsimony, we summarize our subgroup findings in Fig. 2; im-
pact estimates and p-values for the 365 and 180 bandwidths are in Ap-
pendix S2 Table 1. We found that Hispanic and other race/ethnicity
children benefitted more on vocabulary and math than Black children
(p < .05). Other tested differences were not statistically significant
and/or were not robust to bandwidth. Again, given our power limita-
tions, we view these findings as limited and suggestive only.

3.2.3 Robustness checks

We conducted extensive robustness checks to examine the inter-
nal validity of our results, as is recommended practice for RD designs
(e.g., Lee & Lemieux, 2010, and the What Works Clearinghouse guide-
lines; Schochet et al., 2010) and following other Pre-K RD studies (e.g.,
Weiland & Yoshikawa, 2013). Threats to the internal validity of our
results could include: (1) treatment misallocation at the cutoff; (2) non-
smooth or discontinuous variation in observed or unobserved child or
parent characteristics around the cutoff; (3) discontinuities in the out-
comes at points other than the cutoff; (4) incorrect specification of the
functional form of the relation between outcome and child age; (5) sen-
sitivity of the results to the choice of bandwidth around the age cutoff;
(6) sensitivity of the results to the choice of covariates included in the
analytic models; (7) sensitivity of the results to a data-driven bandwidth
and parametric versus non-parametric analytic approach; (8) the accu-
mulation of Type I error as a result of multiple tests being conducted; (9)
sensitivity of the results to the use of different start rules on the PPVT-
IV and W-J-1V subtests; (10) sensitivity of the results to the use of raw
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Table 3
Sample means of comparison group children who attended each early care setting by child birthdate (bandwidth around the cut-off).
BW =30 BW =90 BW =180 BW = 365
(N =48) (N =153) (N =277) (N =521)
M M M M
Early care — at home with primary caregiver .54 .49 .46 .48
Early care — informal (e.g., relative) care/family child care homes .06 .18 .20 .23
Early care — Early Head Start .35 .30 31 .26
Early care — center-based .19 .18 .18 .17

Note. BW = bandwidth; column percentages totals are greater than 100% because individual children could have more than one child care arrangement.

scores rather than standardized scores on the PPVT-IV and W-J-IV sub-
tests; and (11) sensitivity of the results to the choice of analytic sample
(i.e., the exclusion of Cohort 1 children who did not have Pre-K fall base-
line and Kindergarten fall outcome assessments, as well as the exclusion
of children who were tested outside of the assessment window).

In addition, our 12th robustness check is, to our knowledge,
the first to implement a version of one of the recommendations of
Lipsey et al. (2015). Specifically, we compared the average pretest scores
in Pre-K fall for both cohorts to examine overall equivalency of the
two cohorts. Note that we could not test for balance in pretest scores
at the cutoff, as treatment-group children had just turned four at the
time of pretest (their Pre-K fall) while comparison-group children had
just turned five at the time of pretest (their Pre-K fall, one year later).
Despite this limitation, this check was useful in examining the overall
comparability of the two cohorts.

Across these checks, we found little evidence of threats to the internal
validity of our results (see Supplemental Material for details). However,
a few findings from these analyses warrant discussion, and are addressed
in the discussion section. Specifically: (a) cohorts differed at the cutoff
point in terms of testing date and executive functioning assessment Form
type, and thus these imbalanced variables were included as covariates
in all models predicting those outcomes; (b) results for the W-J-IV Pas-
sage Comprehension subtest are sensitive to the use of raw scores versus
standardized scores; and (c) pretest scores for the two cohorts are not
balanced on average (though again, we could not test whether they were
balanced at the cutoff).

4. Discussion

This study contributes to the growing evidence base on the impact of
Pre-K programs on young children’s school readiness. Specifically, our
findings provide further evidence that Pre-K experiences can enhance
the academic functioning of children from low-income backgrounds,
particularly in the areas of receptive vocabulary, early literacy (i.e., de-
coding), and early mathematical problem solving. These impacts are
noteworthy given that nearly half of the children in the comparison
group had been exposed to other center-based programs. This “counter-
factual” (i.e., comparison children experiencing other types of center-
based programs) has been found to diminish findings of intervention
effects in other evaluations of preschool programs, including Head Start
(Zhai et al., 2014).

The current study reveals that the PDG program had a statistically
significant and positive effect on all assessments. However, the find-
ings were more robust for receptive language (i.e., PPVT), pre-literacy
skills (i.e., W-J Letter Word Identification and Word Attack), and pre-
numeracy skills (i.e., W-J Applied Problems). Notably, these are skills
that were explicitly targeted by the curriculum used in Baltimore City. In
particular, the curriculum focused on pre-literacy skills, which showed
effect sizes equivalent to about 70-90% of a year’s worth of additional
learning in early reading, based on empirical benchmarks in the field
(Hill et al., 2008). This set of findings align with a preponderance of
evidence of the benefits of Pre-K with respect to both early literacy
and mathematics domains of school readiness (Phillips et al., 2017;
Yoshikawa et al., 2013). Further, these findings are consistent with other

studies of public Pre-K which suggest that these programs tend to have
larger effects on literacy skills and smaller effects on math and language
(see summary of table of Pre-K evaluations in supplemental materials;
S3-Table 1).

A relatively novel feature of the current study was to examine Pre-K
impacts on children’s self-regulation. Our lack of robust findings for ex-
ecutive functioning (i.e., behavioral self-regulation; HTKS) may be due
to the validity of the measure for our study population (e.g., 45% of par-
ticipant children had a score of 0 at baseline; 42% for Cohort 1 children
and 48% for Cohort 2 children). Further, the findings in this area may
be attributable to its relative lower emphasis in the curriculum, which
tended to focus more on literacy development. Extant evidence is in-
consistent regarding the impact of Pre-K programs on executive func-
tioning and other regulatory processes (Gaylor et al., 2019; Hofer et al.,
2018; Weiland & Yoshikawa, 2013). Self-regulation may be enhanced if
there is an explicit focus on children’s social-emotional and regulatory
skill development (e.g., Moore et al., 2015; Yoshikawa et al., 2013). No-
tably, Baltimore City Public Schools is currently placing more emphasis
on social-emotional skills in their early childhood education programs
(D.A. Baltimore City Schools, 2019).

Similarly, the lack of robust findings for Passage Comprehension may
be related to our methodological concern about this subtest for our sam-
ple. As noted previously, this subtest of the W-J is particularly sensitive
to the use of standard scores vs. raw scores (the latter of which were used
in the current study). Further, there is research on elementary aged chil-
dren that suggests that this subtest is especially sensitive to children’s
decoding skills and developmental phase, both of which are obviously in
the lower range for children in Pre-K (Keenan et al., 2008). Additionally,
although there were benefits of Pre-K to passage comprehension in the
Tulsa study (Gormley et al., 2005), this subtest is not commonly used in
Pre-K evaluations. Given the role of Pre-K programs in promoting early
literacy (Yoshikawa et al., 2013) and the importance of comprehension,
future evaluations should explore including other tests of this critical
domain.

Unique to this project, we examined Pre-K impacts on children from
very marginalized backgrounds, unlike the Boston and Tulsa samples,
which included middle-class children (see Gormley et al., 2005; Weiland
& Yoshikawa, 2013). For example, most children in the current sample
had mothers with a high school diploma or less, and less than half of
the mothers were employed. Although we do not have data on other
risk factors for study participants, the PDG funding was only given to
schools that were in very low-income and high-risk neighborhoods that
were characterized by the aforementioned violent crime rates in the city
of Baltimore (Baltimore City Schools Early Learning Division, personal
communication). Using the RD design, the current study extends and
confirms the findings of Williams et al. (2019), which documented the
benefits of Pre-K for children in Baltimore, MD. Such findings suggest
that although early childhood education programs are not designed to
reduce the contextual risks that some participant children experience
(e.g., violence), they may serve as buffers against the adversities that
these children experience (Phillips et al., 2017).

Notably, in our exploratory analysis, we found no evidence of het-
erogeneity by parent education or child gender. The lack of variabil-
ity in our sample (i.e., 2/3 of the parents in the current study had a
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Fig. 1. Example linear and non-parametric plots.

lines = linear regression; dotted lines = non-parametric regression.

high school diploma or less) may have contributed to the lack of het-
erogeneity regarding parent education. The gender findings align with
meta-analytic evidence showing that, on average, boys and girls benefit
equally from preschool (Magnuson et al., 2016). However, some studies
have documented different long-term outcomes based on gender, favor-
ing boys (Hill et al., 2015) as well as girls (Anderson, 2008). There was
heterogeneity by race/ethnicity, in ways that largely also match prior
evidence. That is, Hispanic and other race/ethnicity children benefitted

more on vocabulary and math than their peers, as they have in many
other studies (Mendez Smith et al., 2021). For example, impacts for His-
panic children were greater than for children from other racial/ethnic
groups in vocabulary and math when they attended Head Start (Bloom &
Weiland, 2015; Puma et al., 2010), in literacy and problem-solving skills
when they were enrolled in the Tulsa Pre-K program (Gormley et al.,
2005), and in math when they participated in the Boston Pre-K pro-
gram (Weiland & Yoshikawa, 2013). Although some studies have found
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Fig. 2. Heterogeneity in effect size by parent education, child gender, and child race/ethnicity.
Note: HS = High school. Black-Hispanic differences on vocabulary and math was statistically significant and robust across bandwidth (p < .05). All other subgroup
differences were not statistically significant and/or not robust to choice of bandwidth (see Appendix S2 Table 1).

greater effects for Black children (e.g., Bassok, 2010), there is limited
research that focuses on children from backgrounds with similar risks
as was the focus of the current study. We underscore again, however,
that our subgroup analyses were under-powered and exploratory. More
work is needed on the mechanisms behind why prekindergarten pro-
grams have differential effects (Phillips et al., 2017). Additionally, Pre-
K impacts should be assessed with other measures of child function-
ing that may have more cultural salience for minoritized populations
(Iruka et al., 2017).

Another contribution of the current study is our data on children’s ex-
periences in Pre-K; other studies did not have these data or only obtained
district-wide or control group data on classroom quality (e.g., Weiland
& Yoshikawa, 2013). Although imperfect, having classroom quality data
from the CLASS allows for comparisons of the effects of this program to
other Pre-K programs which have been studied. Specifically, although
there was a standard curriculum across the jurisdiction, we found that
the quality of the Pre-K classrooms was in the low to middle range based
on the CLASS assessment. Our assessment of average classroom quality
showed that the Emotional Support and Classroom Organization evi-
dent in these classrooms were in the middle range. However, consistent
with other research using the CLASS to assess quality of Pre-K class-
rooms (e.g., LoCasale-Crouch et al., 2007), instructional support tended
to be mediocre or low. This finding aligns with other research using the
CLASS that suggests that children from low-income backgrounds are
exposed to lower-quality classroom practices (LoCasale-Crouch et al.,
2007). Although CLASS scores are not consistently related to child out-
comes (Weiland et al., 2013), low levels of instructional support have
been documented to negatively affect children’s cognitive and academic
functioning in Pre-K programs (Johnson et al., 2016; Mashburn et al.,
2008). Our findings of the early academic benefits of Pre-K, in the con-
text of low instructional support scores, suggests that other measures of
classroom quality may be needed, such as those which assess the quality
of instruction in specific content areas (e.g., early literacy, early mathe-
matics; Weiland et al., 2013). Future studies should include measures of
classroom quality that go beyond global measures to include measures
that may be more reflective of the goals of the Pre-K program.

As noted, the current study followed the recommendations of
Lipsey et al. (2015) to improve the rigor of RD studies, such as using
equivalent measures for both measurement cohorts, collecting baseline
measures on the experimental cohort, and conducting multiple robust-
ness checks. Some of our findings illustrate the importance of these
enhancements and the practical difficulties of others. For example, as
explained above, impacts for passage comprehension were not robust
across test score choice. Although we found that there were no differ-
ences in our estimates when we applied standard start rules for assess-
ments versus when we did not, we are also able to rule out this potential
threat through following guidance about how to improve rigor. Regard-

ing difficulties, we collected data on the treatment group’s scores in
their Pre-K fall. Although this represented an advancement, it also al-
lowed for the possibility of two opportunities for refusal for cohort 1.
Further, we were unable practically to identify and test the comparison
group until they entered Pre-K the next fall. Accordingly, we were able
to examine average differences in baseline test scores between the two
cohorts but we were not able to examine balance on baseline scores at
the cutoff (i.e., the test needed to examine potential bias at the cutoff).
Our findings regarding average differences are nonetheless interesting
and suggest some additional caution should be taken in interpreting our
results. They also demonstrated that much larger and longer-term ef-
forts, which are likely to be difficult to mount in field-based studies,
would be needed to fully follow this important recommendation.

Despite the methodological advances of our study, there are other
limitations that should be acknowledged. We discovered that the two
cohorts differed at the cutoff point regarding two methodological is-
sues (i.e., testing date, executive functioning assessment form type). We
included these imbalanced variables as covariates in our analyses. How-
ever, it is important to acknowledge that distinct procedures for the two
cohorts could have influenced test scores and to interpret EF findings in
particular with more caution. Future studies should ensure to the extent
possible that the same procedures are conducted with both cohorts of
children.

In addition, although we had basic demographic and prior care data
on both cohorts, we were unable to collect other data on family risk and
protective factors that may have revealed whether Pre-K experiences
were more or less beneficial for specific groups of children. Because the
school district was interested in how children fared on English reading
skills and due to methodological concerns about using different assess-
ments for children, we did not use Spanish versions of measures (ex-
cept for the HTKS instructions) for the 19.6% of the children who were
from Hispanic households. Clearly, using versions of assessments that
are consistent with children’s preferred language would be critical for
future studies. Further, we only examined outcomes immediately after
the Pre-K experience; longitudinal studies have suggested that some of
the academic benefits of Pre-K may disappear during the early elemen-
tary school years (e.g., Durkin et al., 2022; Lipsey et al., 2018; Weiland
et al., 2020). Thus, follow-up studies of Pre-K programs throughout el-
ementary school and beyond are important to conduct.

Additionally, as explained, we found average group differences be-
tween the two cohorts on key outcome variables at baseline favoring the
treatment group on average. One potential explanation for this finding
is that the school district expanded the income eligibility range for Pre-
K the year we collected baseline data from Cohort 2 (the comparison
group). Although we only recruited children in the sample who were
below 200% according to school personnel, it is possible that this policy
change resulted in distinct Pre-K recruitment strategies overall for Co-
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Table 4
Regression discontinuity analyses: relation between PDG program cohort and
outcomes.

Variable BW = 365 BW =180 BW =90
PPVT

Cohort coefficient 9.61"* 17.14 16.20**

SE (2.43) (4.69) (4.98)

Effect size 41 74 .70
W-J LW Identification

Cohort coefficient 4.92" 6.08" 5.77

SE (0.72) (0.90) (1.14)

Effect size 1.10 1.36 1.29
W-J Word Attack

Cohort coefficient 1.67 1.87* 2.16"

SE (0.29) (0.36) (0.49)

Effect size .99 1.11 1.28
W-J Passage Comprehension

Cohort coefficient .92+ .64 1.12

SE (0.35) (0.44) (0.57)

Effect size 44 .30 .53
W-J Applied Problems

Cohort coefficient 2.04 2.29"" 2.66""

SE (0.43) (0.61) (0.88)

Effect size .54 .61 71
HTKS

Cohort coefficient 4.29" 2.59 .47

SE (1.80) (2.59) (3.81)

Effect size .36 .22 .04

Note. n = 997 children for BW365, n = 501 children for BW180, and n = 280
children for BW90; n = 15 schools for all BWs; RD = regression discontinuity;
BW = bandwidth in days; PPVT = Peabody Picture Vocabulary Test IV (receptive
vocabulary); W-J = Woodcock-Johnson Tests of Achievement IV; LW = Letter
Word; HTKS = Head-Toes-Knees-Shoulders (executive functioning). The func-
tional form of the relation between child age and outcomes was specified as lin-
ear across bandwidths, with a few exceptions. In accordance with our functional
form testing, we included a quadratic child age term for HTKS BW = 365, W-J
LW Identification BW = 365, and W-J Word Attack BW = 365, and a cubic child
age term for PPVT BW = 180. Covariates for all models included school fixed
effects, testing date and form, child sex, whether child is Black, whether child is
Hispanic, whether child speaks only English at home, parent age, whether par-
ent graduated high school, whether parent is the mother, whether parent works
fulltime, number of adults living at home, number of children living at home,
whether birth mother lives in the home, whether birth father lives in the home,
and four dummy variables indicating all early care settings in which the child
spent 10 or more hours per week before entering Pre-K.

* p < .05.

** p<.01.

*** p <.001.

hort 2. In interpreting these findings, it is important to underscore again
that these are average differences across the two cohorts and that the in-
ternal validity of our RD estimates rest on a valid quasi-experiment at the
age cutoff. We did find balance at the cutoff on children’s demographic
characteristics, as described earlier in the paper, suggesting there was
randomization at the cutoff. As the field seeks to improve the application
of Pre-K RD studies, these findings help point the way to one additional
check and added understanding of this context and our estimates.
These limitations notwithstanding, the current study contributes to
the growing literature on the effectiveness of early childhood educa-
tion interventions that are implemented at scale, specifically Pre-K pro-
grams. Building on recommendations to improve the rigor of RD de-
signs through enhanced methodology and extensive robustness checks,
this study documents that Pre-K enhances outcomes for children from
low-income, high risk urban backgrounds across a variety of academic
domains. Most importantly, the current study highlights that Pre-K can
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confer benefits on children from communities beset by multiple risk fac-
tors, suggesting that it may serve as a buffer against some of these ad-
versities. Future research should continue to enhance the rigor of study
methodology, examine links between the implementation of the Pre-K
program and children’s outcomes, and conduct longitudinal studies to
explore the potential long-term effects of Pre-K for similar populations
of children.
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