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Abstract: To ensure all children can be successful in school and beyond, states have 
increasingly supported and expanded pre-kindergarten (pre-k) programs aimed and 
improving student outcomes and reducing disparities. While research has shown generally 
positive short-term outcomes for specific programs, state design and support for pre-k 
programs varies widely across the US, making cross-state comparisons difficult. As a means 
to better inform state policy decisions, this study assesses the relation between structural 
aspects of pre-k programs on fourth-grade student achievement and gaps across all 50 states. 
In assessing the relation of ELA achievement with state funding, standards of quality, and 
scope of access, we find that (1) state funding is associated with both increases in student 
achievement and reduced gaps, (2) the effect of funding is stronger in states that provide 
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targeted pre-k access to low-income/at-risk students, and (3) legislated quality standards only 
improve overall achievement in states that provide universal access to pre-k. These results 
help identify how state policy structure may best be used to leverage achievement benefit s 
for pre-k programs and reduce disparities.  
Keywords: early childhood education; achievement gaps; prekindergarten quality; 
prekindergarten funding 

 
Oportunidades tempranas y éxito en cuarto grado: Financiación estatal de prekínder, 
calidad y acceso al rendimiento estudiantil 
Resumen: Para garantizar que todos los niños puedan tener éxito en la escuela y más allá, 
los estados han apoyado y ampliado cada vez más los programas de prejardín de infantes 
destinados a mejorar los resultados de los estudiantes y reducir las disparidades. Si bien la 
investigación ha mostrado resultados generalmente positivos a corto plazo para programas 
específicos, el diseño y el apoyo estatal para los programas de prekínder varía ampliamente 
en los EE. UU., lo que dificulta las comparaciones entre estados. Como un medio para 
informar mejor las decisiones de política estatal, este estudio evalúa la relación entre los 
aspectos estructurales de los programas de prekínder en el rendimiento de los estudiantes de 
cuarto grado y las brechas en los 50 estados. Al evaluar la relación del rendimiento en ELA 
con el financiamiento estatal, los estándares de calidad y el alcance del acceso, encontramos 
que (1) el financiamiento estatal está asociado con aumentos en el rendimiento estudiantil y  
brechas reducidas, (2) el efecto del financiamiento es más fuerte en estados que brindan 
acceso a prekínder específico para estudiantes de bajos ingresos/en riesgo, y (3) los 
estándares de calidad legislados solo mejoran el rendimiento general en los estados que 
brindan acceso universal a prekínder. Estos resultados ayudan a identificar cómo se puede 
utilizar mejor la estructura de la política estatal para aprovechar los beneficios de logro para 
los programas de prekínder y reducir las disparidades. 
Palabras clave: educación de la primera infancia; brechas de logros; calidad de prekínder; 
financiación de prekínder 
 
Oportunidades iniciais e sucesso na quarta série: Financiamento estadual pré-K, 
qualidade e acesso ao desempenho do aluno 
Resumo: Para garantir que todas as crianças possam ter sucesso na escola e fora dela, os 
estados têm apoiado e expandido cada vez mais programas de pré-escola (pré-K) visando 
melhorar os resultados dos alunos e reduzir as disparidades. Embora a pesquisa tenha 
mostrado resultados de curto prazo geralmente positivos para programas específicos, o 
design e o suporte do estado para programas pré-K variam muito nos EUA, dificultando as 
comparações entre estados. Como forma de informar melhor as decisões políticas estaduais, 
este estudo avalia a relação entre os aspectos estruturais dos programas pré-K no 
desempenho dos alunos da quarta série e as lacunas em todos os 50 estados. Ao avaliar a 
relação do desempenho do ELA com o financiamento estatal, padrões de qualidade e escopo 
de acesso, descobrimos que (1) o financiamento estadual está associado tanto a aumentos no 
desempenho dos alunos quanto à redução de lacunas, (2) o efeito do financiamento é mais 
forte em estados que fornecem acesso pré-escolar direcionado a alunos de baixa renda/em 
risco e (3) padrões de qualidade legislados apenas melhoram o desempenho geral em estados 
que oferecem acesso universal a pré-escola. Esses resultados ajudam a identificar como a 
estrutura da política estadual pode ser melhor usada para alavancar os benefícios de 
conquista para os programas pré-K e reduzir as disparidades. 
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Palavras-chave: educação infantil; lacunas de realização; qualidade de pré-escola; 
financiamento pré-escola 

 

Early Opportunities and Fourth Grade Success: State Pre-K Funding, Quality, 
and Access on Student Achievement 

 
As a primary strategy to improve student outcomes and reduce gaps, states across the US 

have legislated and funded a range of 4-year-old prekindergarten (pre-k) policies aimed at early 
intervention in education. Research has shown that children attending pre-k programs are more 
prepared for school, tend to have higher achievement early on and that gains can be more 
pronounced for historically disadvantaged student groups (see Fischer et al., 2020). However, 
despite some promising evidence, not all programs are equally effective, and consensus on the 
uniform and long-term effects of pre-k programs has remained elusive (Phillips et al., 2017). 

Much of the difficulty in identifying an association between these programs and student 
achievement stems from the wide disparities between pre-k policies and programs (Parker et al., 
2018). Across the US, state policy varies considerably in terms of program spending, standards of 
structural quality, and scope of eligibility and access (Meloy et al., 2019). As a result, for states to 
realize the potential benefits of pre-k interventions, it is imperative to understand how structural 
pre-k policies impact student outcomes.  

This paper thereby aims to assess the impact of state-level policies on primary-school 
academic outcomes. To do so, we combine state longitudinal data on per-pupil spending, a 
structural program quality index, and a scope of access indicator (no state-funded access, targeted 
access, universal access) with fourth-grade student achievement scores from the Stanford Education 
Data Archive (SEDA). Employing district and year fixed effects models, we explore our main 
research question: To what extent are state pre-k policies associated with district-level changes in the fourth-grade 
student achievement and gaps? We estimate the association of funding, quality, and access with lagged 
fourth grade English Language Arts (ELA) scores over an eight-year period from 2008-9 to 2015-16. 
Results indicate spending matters, increasing fourth-grade achievement for all students while 
reducing gaps for Black and Hispanic students. This effect is amplified in states providing targeted 
pre-k program access. However, results also indicate that structural quality standards are not 
associated with increased student achievement. 

We begin with an overview of the recent research on pre-k programs and their effects on 
student achievement. We then explore ways in which state policy context has evolved and continues 
to differ across the US, particularly in terms of funding, quality, and scope of access. Next, we 
present our data and methodological approach, followed by model results. We conclude by 
interpreting these results in the context of state policy programming, identifying recommendations 
for policy development to scale state pre-k programs to provide equitable outcomes for student 
learning.  

Background 

Research on Pre-K Outcomes 

Researchers and policymakers have long agreed that for children to be successful in school 
and beyond, it is critical to lay a strong educational foundation during the early years. Across the US, 
42 states have established pre-k programs as a means to support positive student outcomes, serving 
nearly 30% of the nation’s 4-year-olds (Friedman-Krauss et al., 2020). Amongst the many identified 
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potential benefits of pre-k programs, including socio-emotional growth, school readiness, and 
reductions in developmental gaps (see Conger et al., 2019; Meloy et al., 2019), interest has grown in 
identifying how pre-k programs broadly support academic achievement for students. When it comes 
to academic achievement, however, research has generally shown gains in literacy and numeracy for 
pre-k participants at school entry, but evidence of a longer-term ‘boost’ for academic achievement 
further into the primary school years has remained less conclusive. Several studies note a fadeout 
effect, generally around the third grade, whereby the academic boost of pre-k programs may not be 
sustained amongst differences in the quality of primary education (Bailey et al., 2017; Heckman, 
2006; Hill et al., 2015; Lipsey et al., 2018; Pearman et al., 2020). However, several other studies have 
demonstrated longer-term sustained effects well into the primary years, that include lower grade 
repetition, chronic absenteeism, and special education placement rates, and higher high school 
graduation rates (Bai et al., 2020; McCoy et al., 2017; Phillips et al., 2016; Virginia University 
Research Consortium on Early Childhood, 2015). In a recent literature synthesis, the Education 
Commission of the States found that 68% of studies on the association between pre-k participation 
and long-term academic gains have significant and positive findings for participants (Fischer et al., 
2020; see also Barnett and Camill, 2002).  

In addition, a secondary goal of pre-k programs is to help reduce gaps in student 
achievement.1 Research has often had difficultly separating socioeconomic and linguistic status from 
historical educational debts associated with race in the US (Ladson-Billings, 2006; Phillips et al., 
2017). While there are roughly similar levels of access to pre-k programs and program quality by 
ethnicity/race (Nores & Barnett, 2014), several studies have noted that pre-k may be comparatively 
more effective for Hispanic children (Loeb et al., 2005; Magnuson et al., 2006; Weiland & 
Yoshikawa, 2013), some of whom may benefit from earlier exposure to English language resources 
as dual learners (Han, 2012; Lipsey et al., 2013; Puma et al., 2012; Reardon & Galindo, 2009). 
Research on gains for Black students has been less conclusive, with mixed results on academic gains 
(Gormley et al., 2005; Ladd et al., 2014; Weiland & Yoshikawa, 2013). Some of the difficulty in 
identifying effects by student race/ethnicity may stem from the level of representation by 
socioeconomic status. For example, Bassok (2010) found no racial differences in pre-k effects for 
children living below the poverty line. However, Black children that were above the poverty line did 
benefit more than their Hispanic or White counterparts from pre-k exposure (Bassok, 2010). Much 
of the research on subgroup performance and fade-out has emphasized the difficulties in access to 
comparable primary school learning environments for low-income or minoritized students, which 
are often situated in under-resourced environments less conducive to maintaining pre-k gains 
(Bassok, 2010; Lipsey et al., 2013).  

Policy Differences and Quality 

Differences in pre-k program design, enrollment, and environment have made broad 
conclusions about the relationship between pre-k exposure and later student achievement elusive 
(Meloy et al., 2019; Phillips et al., 2017). Pre-k programs are by no means similar across state 
borders, with the notion of publicly funded pre-k covering a host of programs unique to each state 
setting, including different funding streams, eligibility criteria, oversight structures, standards, and 

                                                
1 The authors would like to acknowledge upfront that deficit-based ideas have been derived from the 
language and research surrounding achievement gaps. We want no part of that. We would like to note that 
our choice to examine gaps is not to emphasize differences, but, following Ladson-Billings (2006), to 
confront the ‘education debt.’ Our goal is to better understand policy options that may help to repay the 
promise of equal educational opportunity to children that have undoubtedly been saddled with historic, 
systematic, and structural biases.  
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more (Atchison & Diffey, 2018; Camilli et al., 2010). While this makes comparisons and cross-state 
studies difficult, research has begun to identify how two general indicators of program quality—
process quality and structural quality—align with pre-k outcomes. Process quality refers to the direct 
child experience within pre-k programs, such as "activities and interactions with teachers, peers, and 
materials” (Slot, 2018, p. 8). Research has shown that elements of process quality, such as teacher-
child interactions and supportive instruction benefits student outcomes (Slot, 2018; Weiland, 2016; 
Yoshikawa et al., 2013). However, for programs to provide a high-quality pre-k experience, 
structural supports such as student access, adequate funding, lower child-to-teacher ratios, higher 
staff qualifications, and curriculum standards need to be present (Fischer et al., 2020; Meloy et al., 
2019; Slot, 2018; Yoshikawa et al., 2013). As policy-level changes, improvements in structural quality 
have great potential to improve the access, experience, and outcomes of pre-k programs across the 
US (Meloy et al., 2019). However, given the distal relationship between program structure and 
student achievement (Slot, 2018), broad conclusions about structural quality and long-term academic 
outcomes are less clear, with researchers calling for further investigation into the relationship 
between the two (Camilli et al., 2010; Meloy et al., 2019; Phillips et al., 2017). Given this call, we 
focus on three policy-level elements of structural quality: state funding, standards of quality, and 
scope of program access. 

State Funding 

The effects of K-12 school resources such as per-pupil spending and other school inputs on 
student outcomes have been extensively studied, though results have been mixed. While some 
studies find positive effects of spending on student outcomes (Card & Payne, 2002; Krueger, 2003; 
Wenglinsky, 1998), others find little to no effects (Downes et al., 1998; Hanushek, 2003). Recently, 
some studies have used more compelling methods to analyze the effects of school finance reforms 
and found positive effects of school spending on long-term educational success and labor outcomes 
(Candelaria & Shores, 2019; Hyman, 2017; Jackson et al., 2016; Lafortune et al., 2018). Research on 
the effects of pre-k spending on student outcomes, however, is quite limited. We know that the 
return on investment for high-quality programs targeted at children ages 0-to-5 may be as high as 
$13.7 for every dollar spent (García et al. 2020). We also know that pre-k is typically funded through 
a combination of federal, state, and local governments, including federal funding from the Head 
Start program and state funding through block grants, general appropriations, and state funding 
formulae (Barnett & Kasmin, 2016; Parker et al., 2019), but the amount of funding allocated to pre-k 
programs varies greatly by state, a few states providing no pre-k state funding (Barnett & Kasmin, 
2016; Parker et al., 2019). 

Structural Quality Standards 

Based on accumulating research on the positive effects of attending high-quality programs 
(Barnett, 2010; Fischer et al., 2020), states have further implemented a broad range of standards set 
at maintaining structural elements such as low child-to-teacher ratios, certified personnel, full-day 
programs, and curriculum supports to ensure positive student outcomes. Studies have shown that 
the regulation of higher quality standards is generally associated with improved program processes, 
specifically in terms of lower class sizes and pre-service training and professional development for 
instructors (Bogard et al., 2008; Hartman et al., 2016; Slot, 2018).  

Program Access 

A major policy aspect of pre-k deals with the scope of students that are provided access to 
state-sponsored programs. States with the most available access are considered to have, or be 
moving towards, universal access for all 4-year-old children in the state. Currently, Florida, Georgia, 

file:///C:/Users/mxs88/Documents/PreK/(https:/www.help.senate.gov/download/barnett)
file:///C:/Users/mxs88/Documents/PreK/(https:/www.help.senate.gov/download/barnett)
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Oklahoma, and the District of Columbia have universal programs, while Illinois, Iowa, 
Massachusetts, New York, Vermont, West Virginia, and Wisconsin are working towards universal 
access (Parker et al., 2018). Still other states provide no funding for pre-k programs, including Idaho, 
Montana, New Hampshire, South Dakota, North Dakota, and Wyoming. The remaining 35 states 
provide targeted access, whereby certain student groups such as low-income, at-risk, and/or special 
needs children are provided access to state-funded programs.  

There is considerable debate about whether universal programs are better equipped to 
increase long-term achievement or reduce gaps than targeted programs. The emerging evidence 
shows that universal pre-k students are at least as well prepared for kindergarten as Head Start 
attendees (Henry et al., 2006) and low socioeconomic status students in rural areas benefit 
academically from access to universal programs (Fitzpatrick, 2008). But the larger question of who 
should have access remains. Some argue that targeted programs allow states to equitably provide 
access for those who would not otherwise attend pre-k, while universal programs use up limited tax 
dollars on children whose parents can afford private programs (Fuller, 2007). However, others argue 
that universal programs are of better overall quality because middle-class parents are more 
demanding and therefore push for quality increases, benefiting all students through ‘spillover’ effects 
(Williams, 2019). By definition, universal programs should be more economically and 
racially/ethnically integrated, but it is unclear if targeted pre-k enrollments are better able to reduce 
long-term achievement gaps, or if universal programs are sufficient to raise overall achievement and 
reduce gaps. 

Given the incomplete understanding of how policies surrounding funding, access, and the 
structural quality of pre-k programs affect later student outcomes, this paper aims to assess the 
extent to which state-level pre-k policies are related to later student achievement and gaps, as a 
means to better identify policy levers for improving student outcomes. Substantial variation in state 
practices over time enables us to examine a range of pre-k policies at the state level and their 
association with district-level changes in overall achievement and the racial/ethnic achievement gaps 
in fourth grade ELA. By constructing a unique state-level dataset on early childhood education 
policies plus district-level achievement outcomes and confounders, this research poses the main 
question: Are changes in state-level early childhood education policies associated with district-level changes in the 
fourth-grade average ELA achievement and gap? We subsequently, propose the following hypotheses: 

• Higher state-level pre-k spending will be associated with increased district-level 
average fourth-grade ELA achievement and lower achievement gaps. 

• A higher number of legislated quality standards of pre-k will be associated with 
increased district-level average achievement and lower achievement gaps. 

• Both increased quality standards and spending will be associated with higher district-
level average achievement and lower gaps regardless of context (e.g., targeted or 
universal). 

Methods 

Data 

We compile data from two sources. First, for academic achievement outcomes, gaps, and 
school control variables, we use district-level data from SEDA for the period of 2008-09 to 2015-16. 
The SEDA dataset includes average test scores in ELA based on state standardized tests for nearly 
all school districts in the United States, as well as academic achievement gaps for Black and Hispanic 
students (Reardon, Kalogrides, & Ho, 2016). We choose to work with district-level data because 
previous research has shown that larger differences in achievement scores arise at the district level 
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rather than at the state level, given that state-level measures tend to aggregate away important 
differences between smaller geographic entities within each state (Reardon, Kalogrides, & Shores, 
2016). For the purpose of this analysis, we use fourth-grade ELA achievement scores, given they are 
the most consistent early achievement measure in the dataset and further represent a primary school 
measure slightly past the typical third-grade “fadeout” period, and thus represent a more 
conservative measure. We additionally use ELA as our indicator of achievement as it is likely to be a 
more sensitive measure to the aforementioned gains for dual language learners, although some of 
the effects of pre-k exposure may not be expressed until later in a student’s development (Han, 
2012; Reardon & Galindo, 2009).2 The SEDA dataset further contains district-level covariates such 
as enrollment, demographics, and socioeconomic status.  

Second, we used State Preschool Yearbooks from the National Institute for Early Education 
Research (NIEER) to construct two pre-k related measures at the state level. Starting in 2003, these 
yearly reports contain detailed information on the conditions of state-funded pre-k programs, 
including an indicator of structural quality and spending per child enrolled. Programs met the 
following criteria to be considered as state-funded: they were funded and controlled by the state, 
targeted at children of preschool age, focused primarily on the provision of early childhood 
education in which children can learn as a group at least twice a week, and differentiated from the 
state’s system for subsidized care. State supplements to Head Start were also considered if the state 
substantially increased children’s enrollment and assumed part of the program’s administrative 
functions.3 In addition, NIEER provides detailed explanations for each state regarding the context 
of pre-k. Through this, we categorized states as having (1) no state-funded pre-k, (2) targeted access 
aimed at specific student subgroups, such as low-income students, or (3) moving towards or 
providing universal access, whereby all students were eligible for state-funded pre-k. For the purpose 
of this analysis, NIEER State Preschool Yearbooks for the period 2004-2011 were used to 
categorize states each year, selected at a five-year lag from the SEDA data given that cohorts passing 
through a pre-k program would be in the fourth grade by the time of assessment (e.g., a student in 
pre-k in 2005 would be in the fourth grade in 2010). 

Measures  

Dependent Variables 

Academic Achievement 

We use SEDA’s ELA average standardized scores of all fourth-grade students at the district 
level. SEDA uses raw test scores from the EdFacts data system at the United States Department of 
Education, which collects aggregated test score data from each state’s standardized testing program 
from the 2008-09 to 2015-16 school years. SEDA then distributes test scores on a common scale 
that allows comparability across school districts, states, and years. In addition to overall 
performance, EdFacts requires states to report information disaggregated by several demographic 
characteristics, including race/ethnicity, which are also included in the SEDA database (Fahle et al., 
2017). For this study, we also report average achievement results for Black, Hispanic, and White 
students. 

                                                
2We focus on ELA scores for simplicity but note that analyses using fourth-grade mathematics scores 
demonstrated substantively similar results.  
3 This excludes state supplements that minimally improve quality, extend days of service, or increases 
enrollment. 
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Achievement Gaps  

We use SEDA’s estimation of fourth-grade White-Black and White-Hispanic achievement 
gaps in ELA. Districts with low numbers of minoritized students were excluded. As described in 
Reardon and Ho (2015), these achievement gap variables are estimated using the V-statistic, which 
measures the non-overlap of two distributions. Achievement gaps were calculated only for districts 
with 20 or more available minority students’ test scores. Thus, from the overall sample of 
approximately 13,000 districts, the White-Black achievement gap was calculated for approximately 
2,600 districts and White-Hispanic achievement gap was calculated for approximately 2,900 districts. 

 
Table 1 
Mean and Standard Deviation for Achievement Outcomes 

  

  Achievement scores samples   Achievement gaps samples 

  All   White   Black   Hispanic   W-B   W-H 

  M SD   M SD   M SD   M SD   M SD   M SD 

Achievement 
outcome 

0.05 
0.3
8 

  0.19 
0.3
3 

  
-

0.39 
0.3
1 

  
-

0.30 
0.3
3 

  0.59 
0.2
8 

  0.49 
0.2
9 

District-year 
observations 

79282   70582   17912   22906   16046   20045 

 

Independent Variables 

Per-Pupil Spending in Pre-K  

We use total state funds spent per child in pre-k programs based on NIEER reported 
sources. This may include some additional funds from federal or local sources. However, our 
measure excludes federal contributions to Head Start. States with no implementation for pre-k 
programs were assigned a $0 per-pupil spending, and per-pupil spending was logarithmically 
transformed. We present the overall funding trends in Figure 1 (See Appendix A for each state by 
year). These demonstrate that over the 10-year period from 2003 to 2013, mean state spending on 
pre-k programs increased from $2,561 to $4,629 (a 71% increase when adjusted for inflation), with 
South Carolina at the low end contributing $1,300 per child, the District of Columbia at the high 
end contributing $16,853 per child, and 10 states contributing zero funds (See Appendix A).  

Pre-K Quality Index  

Our quality index is built as a composite score of nine indicators that represent the minimum 
criteria needed for effective pre-k programs as determined by the National Institute for Early 
Education Research (Friedman-Krauss et al., 2020). It identifies whether a state has a policy in place 
establishing a standard for: 1) policy requirements of comprehensive early learning standards; 2) 
teacher degree of at least bachelor’s degree; 3) teacher specialized pre-service training in early 
childhood; 4) assistant teacher degree of at least Child Development Associate (CDA) or equivalent; 
5) teacher annual in-service professional development and training of at least 15 hours; 6) a 
maximum class size of 20 children; 7) a minimum of 1:10 staff-child ratio; 8) provision for 
screening/referral and family support services, which must include vision, hearing, health, and at 
least one family support service; and 9) at least one meal provided per day. Notably, these are 
structural indicators of policies in place, rather than a measure of the observed quality of a given 
program. Certain indicators, such as pre-service training, may have a greater impact on student 
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outcomes in particular situations than, for example, staff-child ratios. Figure 1 shows that the 
average state quality index, as reported by NIEER, increased by nearly 2 points from 5 to 7 on the 
nine-point scale for states with programs between 2003-2013. 

 
Figure 1 
Pre-k Quality Standards and State Per-Pupil Spending 2003-2013 
 

 

 

Program Access 

To gain further understanding of how structural quality and state funding and their 
association with achievement and the achievement gap, we include an index of program access by 
state. NIEER State Preschool Yearbooks 2003-2013 were used to determine the status of 
implementation of pre-k programs. As noted above, this variable was coded according to three 
categories: 1) no state implementation, in the case of states that do not provide any pre-k funding; 2) 
targeted state implementation, generally in the form of targeted programs for low-income, at-risk, 
and/or special needs children4; and 3) universal implementation, including states moving toward 
universal implementation and states with universal pre-k, where all 4-year-old children are eligible 
for and have access to free pre-k. States were coded according to NIEER reports.  
 
  

                                                
4 The term ‘at-risk’ differs by state but can include students identified as low-income, homeless, in foster care, 
mobile (having missed a substantial portion of the year or moved multiple times), receiving protective 
services, receiving forms of state aid, having a history of or exposure to family substance abuse or violence, 
developmental delays, having parent lacking a high school diploma, having a single or teen parent, migrant 
status, or English Language Learner status.  
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Figure 2 
Pre-K Program Access by State 

 

 

Control Variables 

Finally, we include a set of socioeconomic and school control variables aggregated at the 
district level, as reported in SEDA and originating from the Common Core of Data and the 
American Community Survey. These include racial/ethnic proportions and number of students in 
fourth grade, proportion of free-lunch students in fourth grade, proportion of special education 
students in the district, proportion of English learners in the district, and total number of teachers. 
See Appendix B for time-varying characteristics of the sample. 

 
Table 3 
Mean and Standard Deviation for District Covariates 
 

  Achievement scores samples   
Achievement gaps 

samples 

  All   White   Black   Hispanic   W-B   W-H 

  M SD  M SD   M SD   M SD   M SD   M SD 

Proportion of White students in 
4th grade 

0.7
3 

0.2
8 

  
0.7
8 

0.2
3 

  
0.4
9 

0.2
6 

  0.49 0.27   
0.5
3 

0.2
3 

  
0.5
4 

0.2
4 

Proportion of Black students in 
4th grade 

0.0
8 

0.1
7 

  
0.0
7 

0.1
3 

  
0.2
9 

0.2
5 

  0.11 0.16   
0.2
4 

0.2
0 

  
0.1
2 

0.1
5 

Proportion of Hispanic 
students in 4th grade 

0.1
4 

0.2
1 

  
0.1
1 

0.1
7 

  
0.1
8 

0.2
0 

  0.34 0.27   
0.1
8 

0.2
0 

  
0.2
8 

0.2
2 

Proportion of Asian students in 
4th grade 

0.0
2 

0.0
5 

  
0.0
2 

0.0
5 

  
0.0
4 

0.0
7 

  0.04 0.07   
0.0
4 

0.0
7 

  
0.0
5 

0.0
7 

Proportion of Native American 
students in 4th grade 

0.0
2 

0.1
0 

  
0.0
1 

0.0
5 

  
0.0
1 

0.0
2 

  0.01 0.04   
0.0
1 

0.0
2 

  
0.0
1 

0.0
4 
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  Achievement scores samples   
Achievement gaps 

samples 

  All   White   Black   Hispanic   W-B   W-H 

  M SD  M SD   M SD   M SD   M SD   M SD 
Number of White students in 
4th grade/100 

1.7
8 

3.4
9 

  
1.9
4 

3.5
8 

  
4.1
2 

6.2
9 

  3.60 5.76   
4.5
6 

6.4
8 

  
4.0
6 

5.9
8 

Number of Black students in 
4th grade/100 

0.5
4 

3.0
5 

  
0.5
5 

3.1
5 

  
2.2
4 

6.0
9 

  1.50 5.41   
2.3
3 

6.2
9 

  
1.6
4 

5.6
5 

Number of Hispanic students 
in 4th grade/100 

0.8
3 

5.3
8 

  
0.8
3 

5.6
1 

  
2.6
7 

10.
84 

  2.68 9.73   
2.8
8 

11.
36 

  
2.7
9 

10.
26 

Number of Asian students in 
4th grade/100 

0.1
6 

1.1
7 

  
0.1
8 

1.2
3 

  
0.5
6 

2.3
6 

  0.49 2.12   
0.6
1 

2.4
9 

  
0.5
5 

2.2
6 

Number of Native 
American students in 4th 
grade/100 

0.0
4 

0.1
8 

  
0.0
3 

0.1
7 

  
0.0
6 

0.2
6 

  0.07 0.27   
0.0
7 

0.2
8 

  
0.0
7 

0.2
8 

Proportion of free-lunch 
students in 4th grade 

0.4
1 

0.2
1 

  
0.3
9 

0.2
0 

  
0.5
2 

0.2
2 

  0.47 0.22   
0.4
9 

0.2
1 

  
0.4
4 

0.2
1 

Proportion of Special 
Education students in 
district 

0.1
4 

0.0
5 

  
0.1
4 

0.0
4 

  
0.1
3 

0.0
4 

  0.12 0.04   
0.1
3 

0.0
4 

  
0.1
3 

0.0
4 

District-year observations 79282   70582   17912   22906   16046   20045 

 

Empirical Strategy 

To assess the effect of state-level pre-k policies on academic achievement scores and racial 
achievement gaps, we employ a district and year fixed effects regression model. In this model, state-
level variation in pre-k quality index and per-pupil spending in pre-k programs are regressed on 
academic achievement outcomes, while holding constant any time-invariant unobserved district 
characteristics and any year-specific effect, as well as observed district-level characteristics. Given the 
inclusion of fixed effects, states with no variation over time in the main independent variables were 
excluded from the analyses. The proposed estimation model is represented by the following 
equation: 

ACHdst = β
0
 + β

1
PREKst-5 + β

2
CONdst + δ + γ + εdst 

Where ACHdst represents a given academic achievement outcome (i.e., achievement score 

and racial/ethnic achievement gap in ELA) for district d in state s at year t. PREKst-5 captures state-
level pre-k-related variables at the time fourth-grade students were at pre-k, including pre-k quality 

index and per-pupil spending in pre-k programs. CONdst is a set of control variables that captures 

observed and time-variant demographic and socioeconomic characteristics for district d in state s at 

year t. The terms δ and γ represent year and district fixed effects, respectively, so that comparisons 
are within district-year cells. The estimated effect of each pre-k indicator on a given achievement 

outcome is represented by the OLS estimate of β
1
. Given the possibility of state-level shocks, we 

cluster standard errors at the state level.  

Limitations 

Before proceeding, we note several limitations to our strategy and scope. First, a major 
concern about the validity of our estimations is variable bias, whereby unobserved district, state, and 
national-level characteristics may be simultaneously correlated with pre-k variables and subsequent 
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academic achievement outcomes. For instance, districts with high levels of poverty are more likely to 
have lower academic achievement scores and at the same time may belong to states that first 
adopted policies towards the expansion and high quality of pre-k programs. States with fewer 
financial resources and lower scores may emphasize quality standards in lieu of economic 
investments. Second and related, significant shifts in overall pre-k funding, quality, and enrollment 
may coincide with other environmental changes impacting achievement, such as employment and 
housing stability during the Great Recession (Evans et al., 2019; Frone, 2018). The Great Recession 
led to considerable long-term reductions in pre-k funding, at roughly $1 billion a year overall, and 
many states (e.g., Arkansas, California, North Carolina, and Pennsylvania) enacted large enrollment 
cuts to adjust for budgetary shortfalls (Garver, 2020; Leachman et al., 2015).5 Third, the focus on 
average effects may mask significant heterogeneity in the scope of eligibility, funding, and access to 
pre-k services. For example, several districts are known to have additional tax and enrollment 
supports for pre-k programs that are not captured in our data (Garver, 2021). Fourth, as noted 
above, we do not observe process quality in our data, given standardized national-level 
measurements are not available. Research has shown that process quality may systematically vary 
across racial/ethnic groups—and be specifically detrimental to minoritized children—in terms of 
elements such as treatment, discipline, and curricular relevance (Nxumalo & Adair, 2019; Tobin, 
2005), and may therefore contribute to differences in later student achievement metrics. 

While we cannot control for these issues fully, the two sets of fixed effects included in the 
models absorb some of the unobserved heterogeneity likely to bias estimations. The use of district-
level control variables and fixed effects by district and year help to mitigate potential sources of 
omitted variable bias, particularly those related to time-invariant and district-specific aspects, such as 
differences in district funding. However, this strategy does not entirely rule out this type of bias. 
Thus, we further assess whether the effect of quality standards and spending vary by program access 
(i.e., targeted and universal state programs). Finally, robustness checks with multiple alternative 
specifications were run (e.g., state fixed effects), with little substantive differences across iterations.  

Results 

Do Pre-K Policies Affect Academic Achievement? 

In Table 4 we begin by presenting results of the effects of pre-k policies on future students’ 
academic achievement outcomes. Column 1 shows the simplest specification, where only state pre-k 
variables are included in the model. Column 2 adds district-level control variables. Finally, columns 3 
and 4 add fixed effects by district and year, respectively, to control for unobserved time-invariant 
district and year-specific effects. 

Table 4 shows several trends. First, consistent throughout all specifications, increased state-
level per-pupil pre-k spending is significantly associated with higher increased fourth grade ELA 
achievement. After accounting for year-specific effects, unobserved time-invariant district 
characteristics, and observed time-varying district characteristics, we found that a 10% increase in 
lagged pre-k per-pupil spending increases fourth grade ELA scores by 0.0076 standard deviations, a 
statistically significant result. Second, the pre-k quality index is negatively associated with fourth- 
grade ELA average achievement. In the fully controlled model, we estimate that for each one-point 
increase in the pre-k quality index, ELA scores decrease by 0.0054 standard deviations—although 
this is not a statistically significant reduction. Overall, increasing state pre-k spending is associated 

                                                
5 For an overview of the state % of children enrolled in state-sponsored pre-k or Head Start by year, see 
Appendix C. 
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with increasing ELA test scores several years later but increasing state-level traditional measures of 
quality in pre-k are not related to significant differences in later ELA achievement.  
    

Do Pre-K Policies Affect Achievement Gaps? 

Next, we turn to the separate analyses for Black, Hispanic, and White students as well as 
Black and Hispanic achievement gaps, shown in models 7 and 8 in Table 4. First, after accounting 
for district characteristics and fixed effects by year and district, increasing state per-pupil pre-k 
spending is significantly associated with increasing average fourth-grade ELA achievement separately 
for Black, Hispanic, and White students and a decreasing ELA White-Black achievement gap. The 
decreased White-Black achievement gap is the result of an accelerated rate of growth for Black 
students.  

Second, while increases in the pre-k quality standards index are not significantly associated 
with lower achievement for Hispanic or White students, they are associated with a reduction in 
Black student achievement and a larger White-Black achievement gap. Here, the increase in the gap 
is largely attributable to the reduction in achievement for Black students, rather than an increase in 
achievement for White students.  

Does the Effect of Pre-K Policies Vary by Context? 

To better understand the relationship between pre-k policies and achievement, Table 5 
reports full fixed effects models with indicators for quality and spending interacted with state-level 
access policy (targeted or universal). Beginning with quality standards, Table 5 demonstrates that 
quality standards have a negative relationship with general student achievement in targeted states, 
but a positive relationship in universal states. However, when looking at racial/ethnic subgroups, we 
see that quality standards only affect White student achievement at a statistically significant level. 
The increase in White student achievement in universal states may thereby account for the observed 
increase in both White-Black and White-Hispanic achievement gaps in universal states as well.  

Moving to spending, we see that increased per-pupil spending on pre-k programs is 
associated with a considerable increase in student achievement in targeted states. This effect holds 
racial/ethnic subgroups. We further see that for targeted states, there is a slight reduction in White-
Hispanic achievement gaps, meaning that even though both Hispanic and White students increase 
their achievement with increased targeted pre-k spending, the gains for Hispanic students are 
proportionally greater. Turning to universal states, we only observe a statistically significant increase 
in Black student achievement with increased per-pupil spending, but also see a reduction for both 
White-Black and White-Hispanic achievement gaps. 
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Table 4 
Lagged State Pre-K Indicators and ELA Achievement Scores and Race/Ethnic Achievement Gap, 2009-2016 
 

    Achievement score   Achievement by race/ethnicity   Achievement gap 

    All All All   White Black Hispanic   W-B W-H 

    (1) (2) (3)   (4) (5) (6)   (7) (8) 

                        

Quality standards -0.0065 -0.0063 -0.0054   -0.0038 -0.0100* -0.0082   0.0101** 0.0043 

    (0.0047) (0.0048) (0.0048)   (0.0048) (0.0058) (0.0070)   (0.0038) (0.0049) 

Spending per child (logged) 0.0076*** 0.0075*** 0.0076***   0.0071*** 0.0052** 0.0092**   -0.0041* -0.0072*** 

    (0.0024) (0.0023) (0.0024)   (0.0025) (0.0021) (0.0036)   (0.0020) (0.0022) 

                        

R-squared 0.8208 0.8220 0.8240   0.7537 0.7248 0.7769   0.6401 0.6621 

District-year observations 79,282 79,282 72,262   64,348 16,568 21,628   15,030 18,804 

Year fixed effects Yes Yes Yes   Yes Yes Yes   Yes Yes 

District fixed effects Yes Yes Yes   Yes Yes Yes   Yes Yes 

Time-varying controls No Yes Yes   Yes Yes Yes   Yes Yes 

Notes: state pre-k indicators are lagged by five years. Control variables include racial/ethnic proportions and number of students in fourth grade, 
proportion of free-lunch students in fourth grade, and proportion of Special Education students in the district. Column 1 and 2 include all states 
available in the dataset. Columns 3-8 exclude states categorized as non-sponsored. Robust standard errors in parentheses are clustered by state. * p < 
0.10, ** p < 0.05, *** p < 0.01. 
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Table 5 
Lagged State Pre-K Indicators and ELA Achievement Scores and Race/Ethnic Achievement Gap, by Access 
 

    Achievement score   Achievement gap 

    All White Black Hispanic   W-B W-H 

    (1) (2) (3) (4)   (5) (6) 

                  

Quality standards x partial -0.0094** -0.0081* -0.0099 -0.0100   0.0069 0.0028 

    (0.0045) (0.0043) (0.0068) (0.0079)   (0.0052) (0.0056) 

Quality standards x moving/universal 0.0157*** 0.0181*** -0.0112 0.0008   0.0237*** 0.0128** 

    (0.0048) (0.0058) (0.0069) (0.0056)   (0.0051) (0.0054) 

  F-test partial = moving/universal 12.86 11.74 0.03 1.47   4.79 1.67 

  (p-value) (0.001) (0.001) (0.872) (0.233)   (0.035) (0.204) 

Spending per child x partial 0.0095*** 0.0095*** 0.0070** 0.0120***   -0.0031 -0.0065** 

    (0.0021) (0.0018) (0.0028) (0.0038)   (0.0030) (0.0028) 

Spending per child x moving/universal 0.0017 -0.0024 0.0028* 0.0027   -0.0076*** -0.0098*** 

    (0.0089) (0.0082) (0.0017) (0.0023)   (0.0015) (0.0018) 

  F-test partial = moving/universal 0.73 2.03 1.50 4.42   1.34 0.99 

  (p-value) (0.398) (0.163) (0.228) (0.042)   (0.255) (0.326) 

                  

R-squared 0.8244 0.7543 0.7248 0.7770   0.6404 0.6622 

District-year observations 72,262 64,348 16,568 21,628   15,030 18,804 

Year fixed effects Yes Yes Yes Yes   Yes Yes 

District fixed effects Yes Yes Yes Yes   Yes Yes 

Time-varying controls Yes Yes Yes Yes   Yes Yes 

Notes: state pre-k indicators are lagged by five years. Control variables include racial/ethnic proportions and number of students in fourth grade, 
proportion of free-lunch students in fourth grade, and proportion of Special Education students in the district. All columns exclude states 
categorized as non-sponsored. Robust standard errors in parentheses are clustered by state. * p < 0.10, ** p < 0.05, *** p < 0.01 
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Discussion 

There is little doubt that the expansion of pre-k programs has been largely beneficial to 
children across the US (Fischer et al., 2020; Gormley et al., 2005; Lipsey et al., 2013). However, the 
tremendous variation across states in the implementation of early childhood education policy has left 
policymakers to seek the best way of designing and executing these programs. As noted by Meloy et. 
al. (2019, p. 1) “...the issue is not whether preschool “works,” but how to design and implement 
programs that ensure public preschool investments consistently deliver on their promise.” Given 
these considerations, we have sought to identify structural aspects of pre-k policy that may improve 
later student achievement and reduce racial/ethnic gaps. Our analysis shows that (1) state funding is 
associated with both increases in student achievement and reduction gaps, (2) the effect of funding 
is stronger in states that provide targeted pre-k access to low-income/at-risk students, (3) legislated 
quality standards mainly impact achievement for White students and increase gaps in states that 
provide universal access to all children. Below, we investigate these results further and provide 
policy recommendations.  

Our most consistent result dealt with funding, mainly noting the broad increase in general 
student achievement, increases across racial/ethnic subgroups, and a reduction in racial/ethnic gaps. 
In general, cohorts exposed to higher funded pre-k programs demonstrated significant increases in 
ELA achievement in the fourth grade, ceteris paribus. Supporting the adage that ‘money matters,’ this 
finding supports the notion that spending does matter in pre-k (Johnson & Jackson, 2019). 
However, when looking at the scope of access, we saw that this association was most pronounced in 
states providing targeted access. In universal access states, only Black students increased 
achievement in a significant manner, echoing the results of Bassok (2010), that pre-k benefits all 
racial/ethnic subgroups under the poverty line, but additionally benefits Black students that are not 
living in poverty. Given that most targeted states fund pre-k for low-income, at-risk, or minoritized 
students, our results suggest that a well-funded pre-k program aimed at historically disadvantaged 
students is most effective in attaining the broader goals of improved student achievement and a 
reduction in educational disparities.  

Turning to standards of structural quality, we find what appear to be counterintuitive results. 
While we would be hard-pressed to argue that establishing standards for elements such as educator 
credentials and minimum class sizes would be detrimental to student outcomes (see: Slot, 2018), we 
find that quality standards are at best associated with no change in achievement, and at worst 
associated with increases in achievement gaps. While these results require further investigation, the 
inverse relationship between quality standards and Black student achievement may speak to a highly 
problematic mismatch between the implementation of structural quality and beneficial supports for 
Black children in pre-k (Gutiérrez & Rogoff, 2003; Tobin, 2005). Indeed, when disaggregating by 
access, we find that quality standards are mainly a lever on White student achievement, having the 
largest effect in universal states. As such, policy mandated quality standards tend to not support—or 
even worse may harm—low-income/at-risk/minoritized student achievement. Three speculative 
interpretations may follow, each requiring further inquiry. One interpretation is that legislated quality 
standards may be adopted in lieu of adequate pre-k funding or appropriate oversight, and thereby 
may not be carried out with the fidelity intended. In short, quality standards may be more of a policy 
symbol than policy action (Rosen, 2009). A second interpretation is that, as noted above, pre-k 
process quality has often shown to systematically vary across racial/ethnic groups, often to the 
disadvantage of minoritized groups (Nxumalo & Adair, 2019; Tobin, 2005). It is possible then that 
legislated structural quality standards may serve to intensify certain detrimental practices by, for 
example, restricting highly contextual and/or culturally relevant approaches in areas such as 
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discipline or curriculum. A third interpretation is that high funding exceeds the criteria legislated 
qualitatively. Minimum standards for pre-k teacher credentials may, simply, not be equivalent to the 
ability to recruit and retain a motivated and quality pre-k teacher (Barnett, 2003). Quality standards 
may therefore not be meaningfully independent of funding, or may only function above a threshold 
of funding. This later notion may help explain why quality standards only improved White student 
achievement in the universal context, but more research is needed to investigate these notions. 
Overall, our results suggest that providing adequate funding targeted toward historically 
disadvantaged children may provide broad benefits to all students while reducing educational 
disparities.  

 

References 

Atchison, B., & Diffey, L. (2018). Initiatives from preschool to third grade. Education Commission of the 
States. https://www.ecs.org/wp-content/uploads/Initiatives-From-Preschool-to-Third-
Grade.pdf 

Bai, Y., Ladd, H. F., Muschkin, C. G., & Dodge, K. A. (2020). Long-term effects of early childhood 
programs through eighth grade: Do the effects fade out or grow? Children and Youth Services 
Review, , 1-10. https://doi.org/10.1016/j.childyouth.2020.104890 

Bailey, D., Duncan, G. J., Odgers, C. L., & Yu, W. (2017). Persistence and fadeout in the impacts of 
child and adolescent interventions. Journal of Research on Educational Effectiveness, 10(1), 7-39. 
https://doi.org/19345747.2016.1232459 

Barnett, W. S. (1995). Long-term effects of early childhood programs on cognitive and school 
outcomes. The Future of Children, 5(3), 25–50. https://doi.org/10.2307/1602366 

Barnett, W. S. (2003). Low wages= low quality: Solving the real preschool teacher crisis. Preschool 
Policy Matters, 3(8), 1-8. 

Barnett, W. S. (2010). Universal and targeted approaches to preschool education in the United 
States. International Journal of Child Care and Education Policy, 4(1), 1-12. 
https://doi.org/10.1007/2288-6729-4-1-1 

Barnett, W. S. (2015). Testimony on access to quality prekindergarten and the strong start for America’s Children 
Act. https://www.help.senate.gov/imo/media/doc/Barnett.pdf 

Barnett, W. S., Jung, K., Friedman-Krauss, A., Frede, E. C., Nores, M., Hustedt, J. T., Howes, C., & 
Daniel-Echols, M. (2018). State prekindergarten effects on early learning at kindergarten 
entry: An analysis of eight state programs. AERA Open, 4(2), 1-16. 
https://doi.org/10.1177/2332858418766291 

Barnett, W. S., & Kasmin, R. (2016). Funding landscape for preschool with a highly qualified workforce. 
National Institute for Early Education Research. https://nieer.org/wp-
content/uploads/2018/10/Funding-Landscape-for-Preschool-with-Highly-Qualified-
Workforce_December2016.pdf  

Bassok, D. (2010). Do Black and Hispanic children benefit more from preschool? Understanding 
differences in preschool effects across racial groups. Child Development, 81(6), 1828–1845. 
https://doi.org/10.1111/j.1467-8624.2010.01513.x 

Bauer, L., & Schanzenbach, D. W. (2016). The long-term impact of the Head Start program. 
https://www.hamiltonproject.org/papers/the_long_term_impacts_of_head_start?_ga=2.41
212325.663790176.1567603722-624009605.1567603722 

Bogard, K., Traylor, F., & Takanishi, R. (2008). Teacher education and PK outcomes: Are we asking 
the right questions? Early Childhood Research Quarterly, 23(1), 1-6. 
https://doi.org/10.1016/j.ecresq.2007.08.002 

Borman, G., Stringfield, S., & Rachuba, L. (2000). Advancing minority high achievement: National trends 

https://www.ecs.org/wp-content/uploads/Initiatives-From-Preschool-to-Third-Grade.pdf
https://www.ecs.org/wp-content/uploads/Initiatives-From-Preschool-to-Third-Grade.pdf
https://doi.org/10.1016/j.childyouth.2020.104890
https://doi.org/10.2307/1602366
https://doi.org/10.1007/2288-6729-4-1-1
https://www.help.senate.gov/imo/media/doc/Barnett.pdf
https://doi.org/10.1177/2332858418766291
https://nieer.org/wp-content/uploads/2018/10/Funding-Landscape-for-Preschool-with-Highly-Qualified-Workforce_December2016.pdf
https://nieer.org/wp-content/uploads/2018/10/Funding-Landscape-for-Preschool-with-Highly-Qualified-Workforce_December2016.pdf
https://nieer.org/wp-content/uploads/2018/10/Funding-Landscape-for-Preschool-with-Highly-Qualified-Workforce_December2016.pdf
https://doi.org/10.1111/j.1467-8624.2010.01513.x
https://www.hamiltonproject.org/papers/the_long_term_impacts_of_head_start?_ga=2.41212325.663790176.1567603722-624009605.1567603722
https://www.hamiltonproject.org/papers/the_long_term_impacts_of_head_start?_ga=2.41212325.663790176.1567603722-624009605.1567603722
https://doi.org/10.1016/j.ecresq.2007.08.002


Education Policy Analysis Archives Vol. 30 No. 126  18 
 

and promising programs and practices. College Board. 
https://files.eric.ed.gov/fulltext/ED562588.pdf  

Camilli, G., Vargas, S., Ryan, S., & Barnett, W. S. (2010). Meta-analysis of the effects of early 
education interventions on cognitive and social development. Teachers College Record 
(1970), 112(3), 579. https://doi.org/10.1177/016146811011200303 

Candelaria, C. A., & Shores, K. A. (2019;2017;). Court-ordered finance reforms in the adequacy era: 
Heterogeneous causal effects and sensitivity. Education Finance and Policy, 14(1), 31-60. 
https://doi.org/10.1162/edfp_a_00236 

Card, D., & Payne, A. A. (2002). School finance reform, the distribution of school spending, and the 
distribution of student test scores. Journal of Public Economics, 83(1), 49-82. 
https://doi.org/10.1016/S0047-2727(00)00177-8 

Clotfelter, C. T., Ladd, H. F., & Vigdor, J. L. (2009). The academic achievement gap in grades 3 to 8. 
Review of Economics and Statistics, 91(2), 398-419. https://doi.org/10.1162/rest.91.2.398 

Conger, D., Gibbs, C. R., Uchikoshi, Y., & Winsler, A. (2019). New benefits of public school pre-
kindergarten programs: Early school stability, grade promotion, and exit from ELL services. 
Early Childhood Research Quarterly, 48, 26–35. https://doi.org/10.1016/j.ecresq.2018.10.015  

Coleman, J. S. (1966). Equality of educational opportunity. National Center for Educational Statistics. 
Deming, D. (2009). Early childhood intervention and life-cycle skill development: Evidence from 

Head Start. American Economic Journal: Applied Economics 1(3), 111-134. 
https://doi.org/10.1257/app.1.3.111 

Downes, T. A., Dye, R. F., & McGuire, T. J. (1998). Do limits matter? evidence on the effects of tax 
limitations on student performance. Journal of Urban Economics, 43(3), 401-417. 
https://doi.org/10.1006/juec.1997.2052 

Early, D. M., Maxwell, K. L. Burchinal, M., Bender, R. H., Ebanks, C., Henry, G. T., Howes, C., 
Iriondo-Perez, J., Jeon, H.-J., Mashburn, A. J., Peisner-Feinberg, E., Pianta, R. C., 
Vandergrift, N., & Zill, N. (2007). Teachers’ education, classroom quality, and young 
children’s academic skills: Results from seven studies of preschool programs. Child 
Development, 78(2), 558-580. https://doi.org/10.1111/j.1467-8624.2007.01014.x 

Evans, W., Schwab, R. M., & Wagner, K. L. (2019). The great recession and public education. 
Education Finance and Policy, 14(2), 298–326. https://doi.org/10.1162/edfp_a_00245 

Fischer, A., Keily, T., & Weyer, M. (2020). Exploring new research on Pre-K outcomes. Education 
Commission of the States. https://www.ecs.org/wp-
content/uploads/Exploring_New_Research_on_Pre-K_Outcomes.pdf 

Fahle, E., Shear B., Kalogrides, D., Reardon, S., Chavez, B., & Ho, A (2019). Stanford education 
data archive: Technical documentation (Version 3.0). http://purl.stanford.edu/db586ns4974  

Fitzpatrick, M. D. (2008). Starting school at four: The effect of universal prekindergartenindergarten 
on children’s academic achievement. The B. E. Journal of Economic Analysis & Policy, 8(46), 1-
38. https://doi.org/10.2202/1935-1682.1897 

Friedman-Krauss, A. H., Barnett, W. S., Garver, K. A., Hodges, K. S., Weisenfeld, G. G., Gardiner, 
B. A., & Ed, M. S. (2020). The state of preschool 2019: State preschool yearbook.. National Institute 
for Early Education Research. https://nieer.org/state-preschool-yearbooks/2019-2  

Frone, M. R. (2018). What happened to the employed during the Great Recession? A U.S. 
population study of net change in employee insecurity, health, and organizational 
commitment. Journal of Vocational Behavior, 107, 246–260. 
https://doi.org/10.1016/j.jvb.2018.05.001 

Fryer, R. G., & Levitt, S. D. (2004). Understanding the White-Black test score gap in the first two 
years of school. The Review of Economics and Statistics, LXXXVI(2), 447-464. 
https://doi.org/10.1162/003465304323031049 

https://files.eric.ed.gov/fulltext/ED562588.pdf
https://doi.org/10.1177/016146811011200303
https://doi.org/10.1162/edfp_a_00236
https://doi.org/10.1016/S0047-2727(00)00177-8
https://doi.org/10.1162/rest.91.2.398
https://doi.org/10.1016/j.ecresq.2018.10.015
https://doi.org/10.1257/app.1.3.111
https://doi.org/10.1006/juec.1997.2052
https://doi.org/10.1111/j.1467-8624.2007.01014.x
https://doi.org/10.1162/edfp_a_00245
https://www.ecs.org/wp-content/uploads/Exploring_New_Research_on_Pre-K_Outcomes.pdf
https://www.ecs.org/wp-content/uploads/Exploring_New_Research_on_Pre-K_Outcomes.pdf
http://purl.stanford.edu/db586ns4974
https://doi.org/10.2202/1935-1682.1897
https://nieer.org/state-preschool-yearbooks/2019-2
https://doi.org/10.1016/j.jvb.2018.05.001
https://doi.org/10.1162/003465304323031049


Early Opportunities  19 

 

Fuller, B. (2007). Standardized childhood: The political and cultural struggle over early education. Stanford 
University Press. 

García, J. L., Heckman, J. J., Leaf, D. E., & Prados, M. J. (2020). Quantifying the life-cycle benefits 
of an influential early-childhood program. The Journal of Political Economy, 128(7), 2502-2541. 
https://doi.org/10.1086/705718 

Garver, K. (2020). How will the COVID-19 pandemic impact Pre-K? (p. 3). National Institute for Early 
Education Research. https://nieer.org/wp-content/uploads/2020/11/How-Will-The-
COVID-19-Pandemic-Impact-Pre-K.pdf  

Garver, K. (2021). City funding strategies to support public pre-k programs. National Institute for Early 
Education Research. https://www.cityhealth.org/prek-funding-strategies 

Gormley, W. T. (2008). The effects of Oklahoma’s pre-k program on Hispanic children. Social Science 
Quarterly, 89(4), 916–936. https://doi.org/10.1111/j.1540-6237.2008.00591.x 

Gormley, W. T., Gayer, T., Phillips, D., & Dawson, B. (2005). The effects of universal pre-K on 
cognitive development. Developmental Psychology, 41(6), 872. https://doi.org/10.1037/0012-
1649.41.6.872 

Gutiérrez, K. D., & Rogoff, B. (2003). Cultural ways of learning: Individual traits or repertoires of 
practice. Educational Researcher, 32(5), 19–25. https://doi.org/10.3102/0013189X032005019 

Han, W.-J. (2012). Bilingualism and academic achievement. Child Development, 83(1), 300–321. 
https://doi.org/10.1111/j.1467-8624.2011.01686.x  

Hanushek, E. A. (1989). The impact of differential expenditures on school performance. Educational 
Researcher, 18(4), 45-62. https://doi.org/10.3102/0013189X018004045 

Hanushek, E. (2003). The failure of input-based schooling policies. The Economic Journal, 113(485), 
F64-F98. http://www.jstor.org/stable/3590139 

Hart, B., & Risley, T. R. (1995). Meaningful differences in the everyday experience of young American children. 
Paul H. Brookes Publishing. 

Hartman, S. C., Warash, B. G., Curtis, R., & Day Hirst, J. (2016). Level of structural quality and 
process quality in rural preschool classrooms. Early Child Development and Care, 186(12), 1952-
1960. https://doi.org/10.1080/03004430.2015.1137563 

Heckman, J. J. (2006). Skill formation and the economics of investing in disadvantaged children. 
Science, 312(5782), 1900–1902. https://doi.org/10.1126/science.1128898 

Heckman, J. J. (2017). There’s more to gain by taking a comprehensive approach to early childhood development. 
Heckman Equation Project. 
https://heckmanequation.org/www/assets/2017/01/F_Heckman_CBAOnePager_120516.
pdf 

Hemphill, F. C., & Vanneman, A. (2011). Achievement gaps: How Hispanic and White students in public 
schools perform in mathematics and reading on the National Assessment of Educational Progress (NCES 
2011-459). National Center for Education Statistics. 
https://nces.ed.gov/nationsreportcard/pdf/studies/2011459.pdf  

Henry, G. T., Gordon, C. S., & Rickman, D. K. (2006). Early education policy alternatives: 
Comparing quality and outcomes of Head Start and state prekindergarten. Educational 
Evaluation and Policy Analysis, 28(1), 77-99. https://doi.org/10.3102/01623737028001077 

Hill, C. J., Gormley, W. T., & Adelstein, S. (2015). Do the short-term effects of a high-quality 
preschool program persist? Early Childhood Research Quarterly, 32, 60-79. 
https://doi.org/10.1016/j.ecresq.2014.12.005 

Hyman, J. (2017). Does money matter in the long run? Effects of school spending on educational 
attainment. American Economic Journal: Economic Policy, 9(4), 256-280. 
https://doi.org/10.1257/pol.20150249 

https://doi.org/10.1086/705718
https://nieer.org/wp-content/uploads/2020/11/How-Will-The-COVID-19-Pandemic-Impact-Pre-K.pdf
https://nieer.org/wp-content/uploads/2020/11/How-Will-The-COVID-19-Pandemic-Impact-Pre-K.pdf
https://doi.org/10.1111/j.1540-6237.2008.00591.x
https://doi.org/10.1037/0012-1649.41.6.872
https://doi.org/10.1037/0012-1649.41.6.872
https://doi.org/10.3102/0013189X032005019
https://doi.org/10.1111/j.1467-8624.2011.01686.x
https://doi.org/10.3102/0013189X018004045
http://www.jstor.org/stable/3590139
https://doi.org/10.1080/03004430.2015.1137563
https://doi.org/10.1126/science.1128898
https://heckmanequation.org/www/assets/2017/01/F_Heckman_CBAOnePager_120516.pdf
https://heckmanequation.org/www/assets/2017/01/F_Heckman_CBAOnePager_120516.pdf
https://nces.ed.gov/nationsreportcard/pdf/studies/2011459.pdf
https://doi.org/10.3102/01623737028001077
https://doi.org/10.1016/j.ecresq.2014.12.005
https://doi.org/10.1257/pol.20150249


Education Policy Analysis Archives Vol. 30 No. 126  20 
 

Jackson, C. K., Johnson, R. C., & Persico, C. (2016). The effects of school spending on educational 
and economic outcomes: Evidence from school finance reforms. The Quarterly Journal of 
Economics, 131(1), 157-218. https://doi.org/10.1093/qje/qjv036 

Johnson, R. C., & Jackson, C. K. (2019). Reducing inequality through dynamic complementarity: 
Evidence from Head Start and public school spending. American Economic Journal: Economic 
Policy, 11(4), 310–49. https://doi.org/10.1257/pol.20180510 

Krueger, A. B. (2003). Economic considerations and class size. The Economic Journal, 113(485), F34-
F63. https://doi.org/10.1111/1468-0297.00098 

Ladd, H. F., Muschkin, C. G., & Dodge, K. A. (2014). From birth to school: Early childhood 
initiatives and third-grade outcomes in North Carolina. Journal of Policy Analysis and 
Management, 33(1), 162–187. https://doi.org/10.1002/pam.21734 

Ladson-Billings, G. (2006). From the achievement gap to the education debt: Understanding 
achievement in U.S. schools. Educational Researcher, 35(7), 3–12. 
https://doi.org/10.3102/0013189X035007003  

Lafortune, J., Rothstein, J., & Schanzenbach, D. W. (2018). School finance reform and the 
distribution of student achievement. American Economic Journal. Applied Economics, 10(2), 1-26. 
https://doi.org/10.1257/app.20160567 

Leachman, M., Albares, N., Masterson, K., & Wallace, M. (2015). Most states have cut school funding, and 
some continue cutting. Center on Budget and Policy Priorities. 
http://leaguelafayette.org/files/states_cutting_school_funding12-10-
15.pdf%0Ahttp://www.cbpp.org/research/state-budget-and-tax/most-states-have-cut-
school-funding-and-some-continue-cutting 

Lipsey, M. W., Farran, D. C., & Durkin, K. (2018). Effects of the Tennessee Prekindergarten 
Program on children’s achievement and behavior through third grade. Early Childhood 
Research Quarterly, 45, 155–176. https://doi.org/10.1016/j.ecresq.2018.03.005 

Lipsey, M. W., Hofer, K. G., Dong, N., Farran, D. C., & Bilbrey, C. (2013). Evaluation of the Tennessee 
Voluntary Prekindergarten Program: Kindergarten and first grade follow-up results from the randomized 
control design. Peabody Research Institute. https://cdn.vanderbilt.edu/vu-my/wp-
content/uploads/sites/1147/2013/10/14112806/August2013_PRI_Kand1stFollowup_TN-
VPK_RCT_ProjectResults_FullReport1.pdf  

Loeb, S., & Bassok, D. (2007). Early childhood and the achievement gap. In H. F. Ladd & E. B. 
Fiske (Eds.), Handbook of research in education finance and policy (pp. 517-534). Routledge. 

Loeb, S, Bridges, M., Bassok, D., Fuller, B., & Rumberger, R. (2005). How Much is Too Much? The 
Influence of Preschool Centers on Children's Social and Cognitive Development. NBER Working Paper 
11812. National Bureau of Economic Research. https://doi.org/10.3386/w11812 

Magnuson, K., Lahaie, C., & Waldfogel, J. (2006). Preschool and school readiness of children of 
immigrants. Social Science Quarterly, 87(5), 1241–1262. https://doi.org/10.1111/j.1540-
6237.2006.00426.x 

Meloy, B., Gardner, M., & Darling-Hammond, L. (2019). Untangling the evidence on preschool effectiveness: 
Insights for policymakers. Learning Policy Institute. www.learningpolicyinstitute.org 

McCoy, D. C., Yoshikawa, H., Ziol-Guest, K. M., Duncan, G. J., Schindler, H. S., Magnuson, K., 
Yang, R., Keopp, A., & Shonkoff, J. P. (2017). Impacts of early childhood education on 
medium- and long-term educational outcomes. Educational Researcher, 46(8), 474-487. 
https://doi.org/10.3102/0013189X17737739 

Nores, M., & Barnett, S. (2014). Access to high quality early care and education: Readiness and opportunity gaps 
in America. Center on Enhancing Early Learning Outcomes. http://www.ceelo.org/wp-
content/uploads/2014/05/ceelo_policy_report_access_quality_ece.pdf 

https://doi.org/10.1093/qje/qjv036
https://doi.org/10.1257/pol.20180510
https://doi.org/10.1111/1468-0297.00098
https://doi.org/10.1002/pam.21734
https://doi.org/10.3102/0013189X035007003
https://doi.org/10.1257/app.20160567
https://doi.org/10.1016/j.ecresq.2018.03.005
https://cdn.vanderbilt.edu/vu-my/wp-content/uploads/sites/1147/2013/10/14112806/August2013_PRI_Kand1stFollowup_TN-VPK_RCT_ProjectResults_FullReport1.pdf
https://cdn.vanderbilt.edu/vu-my/wp-content/uploads/sites/1147/2013/10/14112806/August2013_PRI_Kand1stFollowup_TN-VPK_RCT_ProjectResults_FullReport1.pdf
https://cdn.vanderbilt.edu/vu-my/wp-content/uploads/sites/1147/2013/10/14112806/August2013_PRI_Kand1stFollowup_TN-VPK_RCT_ProjectResults_FullReport1.pdf
https://doi.org/10.3386/w11812
https://doi.org/10.1111/j.1540-6237.2006.00426.x
https://doi.org/10.1111/j.1540-6237.2006.00426.x
http://www.learningpolicyinstitute.org/
https://doi.org/10.3102/0013189X17737739
http://www.ceelo.org/wp-content/uploads/2014/05/ceelo_policy_report_access_quality_ece.pdf
http://www.ceelo.org/wp-content/uploads/2014/05/ceelo_policy_report_access_quality_ece.pdf


Early Opportunities  21 

 

Nxumalo, F., & Adair, J. K. (2019). Social justice and equity in early childhood education. In C. 
Brown, M. McMullen, & N. File (Eds.), The Wiley handbook of early childhood care and education 
(pp. 661–681). John Wiley & Sons. https://doi.org/10.1002/9781119148104.ch29  

Parker, E., Diffey, L., & Atchison, B. (2018). How states fund Pre-K: A primer for policymakers. Education 
Commission of the States. https://www.ecs.org/wp-content/uploads/How-States-Fund-
Pre-K_A-Primer-for-Policymakers.pdf 

Parker, E., Keily, T., Atchison, B., & Mullen, J. (2019). Trends in pre-k education funding in 2017-2018 
(Policy Brief). Education Commission of the States. https://www.ecs.org/wp-
content/uploads/Trends-in-Pre-K-Education-Funding-in-2017-18.pdf  

Pearman, F. A., Springer, M. P., Lipsey, M., Lachowicz, M., Swain, W., & Farran, D. (2020). 
Teachers, schools, and pre-K effect persistence: An examination of the sustaining 
environment hypothesis. Journal of Research on Educational Effectiveness, 13(4), 547-573. 
https://doi.org/10.1080/19345747.2020.1749740 

Phillips, D., Gormley, W., & Anderson, S. (2016). The effects of Tulsa's CAP head start program on 
middle-school academic outcomes and progress. Developmental Psychology, 52(8), 1247-1261. 
https://doi.org/10.1037/dev0000151 

Phillips, D., Lipsey, M., Dodge, K., Haskins, R., Bassok, D., Burchinal, M., Duncan, G., Dynarski, 
M., Magnuson, K., & Weiland, C. (2017). The current state of scientific knowledge on pre-kindergarten 
effects. Brookings Institution. https://www.brookings.edu/research/puzzling-it-out-the-
current-state-of-scientific-knowledge-on-pre-kindergarten-effects/  

Puma, M., Bell, S., Cook, R., Heid, C., Broene, P., Jenkins, F., Mashburn, A., & Downer, J. (2012). 
Third grade follow-up to the Head Start impact study final report (OPRE Report No. 2012–45). 
Office of Planning, Research and Evaluation, Administration for Children and Families, U.S. 
Department of Health and Human Services. https://www.acf.hhs.gov/opre/report/third-
grade-follow-head-start-impact-study-final-report  

Reardon, S. F. (2012). The widening academic achievement gap between the rich and the poor. 
Community Investments, 24(2), 19-39. 
https://cepa.stanford.edu/sites/default/files/reardon%20whither%20opportunity%20-
%20chapter%205.pdf  

Reardon, S. F. (2013). The widening income achievement gap. Educational Leadership, 70(8), 10-16. 
https://eric.ed.gov/?id=EJ1029019  

Reardon, S., & Galindo, C. (2006). Patterns of Hispanic students’ math and English literacy test scores in the 
early elementary grades. National Task Force on Early Childhood Education for Hispanics. 
https://lesacreduprintemps19.files.wordpress.com/2012/05/patterns-of-hispanic-students-
math-and-english-literacy-test-scores-in-the-early-elementary-grades.pdf  

Reardon, S., & Galindo, C. (2009). The White-Hispanic achievement gap in math and reading in the 
elementary grades. American Educational Research Journal, 46(3), 853–891. 
https://doi.org/10.3102/0002831209333184 

Reardon, S. F., & Portilla, X. A. (2016). Recent trends in income, racial, and ethnic school readiness 
gaps at kindergarten entry. AERA Open, 2(3), 1-18. 
https://doi.org/10.1177/2332858416657343 

Reardon, S. F., & Ho, A. D. (2015). Practical issues in estimating achievement gaps from coarsened 
data. Journal of Educational and Behavioral Statistics, 40(2), 158-189. 
https://doi.org/10.3102/1076998615570944 

Reardon, S. F., Kalogrides, D., & Ho, A. D. (2016). Linking U.S. school district test score distributions to a 
common scale, 2009-2013 (CEPA Working Paper No. 16-09). 
http://cepa.stanford.edu/sites/default/files/wp16-09-v201604.pdf.  

https://doi.org/10.1002/9781119148104.ch29
https://www.ecs.org/wp-content/uploads/How-States-Fund-Pre-K_A-Primer-for-Policymakers.pdf
https://www.ecs.org/wp-content/uploads/How-States-Fund-Pre-K_A-Primer-for-Policymakers.pdf
https://www.ecs.org/wp-content/uploads/Trends-in-Pre-K-Education-Funding-in-2017-18.pdf
https://www.ecs.org/wp-content/uploads/Trends-in-Pre-K-Education-Funding-in-2017-18.pdf
https://doi.org/10.1080/19345747.2020.1749740
https://doi.org/10.1037/dev0000151
https://www.brookings.edu/research/puzzling-it-out-the-current-state-of-scientific-knowledge-on-pre-kindergarten-effects/
https://www.brookings.edu/research/puzzling-it-out-the-current-state-of-scientific-knowledge-on-pre-kindergarten-effects/
https://www.acf.hhs.gov/opre/report/third-grade-follow-head-start-impact-study-final-report
https://www.acf.hhs.gov/opre/report/third-grade-follow-head-start-impact-study-final-report
https://cepa.stanford.edu/sites/default/files/reardon%20whither%20opportunity%20-%20chapter%205.pdf
https://cepa.stanford.edu/sites/default/files/reardon%20whither%20opportunity%20-%20chapter%205.pdf
https://eric.ed.gov/?id=EJ1029019
https://lesacreduprintemps19.files.wordpress.com/2012/05/patterns-of-hispanic-students-math-and-english-literacy-test-scores-in-the-early-elementary-grades.pdf
https://lesacreduprintemps19.files.wordpress.com/2012/05/patterns-of-hispanic-students-math-and-english-literacy-test-scores-in-the-early-elementary-grades.pdf
https://doi.org/10.3102/0002831209333184
https://doi.org/10.1177/2332858416657343
https://doi.org/10.3102/1076998615570944
http://cepa.stanford.edu/sites/default/files/wp16-09-v201604.pdf


Education Policy Analysis Archives Vol. 30 No. 126  22 
 

Reardon, S. F., Kalogrides, D., & Shores, K. (2016). Summary of data cleaning, estimation, and scaling 
procedures. 
https://cepa.stanford.edu/sites/default/files/SEDA%20data%20construction%20documenta
tion%20v01.docx  

Reardon, S., & Portilla, X. A. (2016). Recent trends in income, racial, and ethnic school readiness 
gaps at kindergarten entry. AERA Open, 2(3), 1–18. 
https://doi.org/10.1177/2332858416657343 

Rosen, L. (2009). Rhetoric and symbolic action in the policy process. In G. Sykes (Ed.), Handbook of 
education policy research (pp. 267–285). Routledge. 

Shonkoff, J. P., & Phillips, D. A. (Eds.). (2000). From neurons to neighborhoods: The science of early childhood 
development. National Academy Press.  

Slot, P. (2018). Structural characteristics and process quality in early childhood education and care: A literature 
review (OECD Education Working Papers No. 176). OECD. 
https://doi.org/10.1787/edaf3793-en 

Tobin, J. (2005). Quality in early childhood education: An anthropologist’s perspective. Early 
Education & Development, 16(4), 421–434. https://doi.org/10.1207/s15566935eed1604_3  

U.S. Department of Education. (2017). NAEP data explorer. National Center for Educational 
Statistics.  

Vanneman, A., Hamilton, L., Baldwin Anderson, J., & Rahman, T. (2009). Achievement gaps: How 
White and Black students in public schools perform in mathematics and reading on the National Assessment 
of Educational Progress (NCES 2009-455). Washington, DC: National Center for Education 
Statistics, Institute of Education Sciences, U.S. Department of Education. 
https://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2009455  

Virginia University Research Consortium on Early Childhood. (2015). Predicting on-time promotion to 
and literacy achievement in eighth grade in relation to public prekindergarten in Virginia. Virginia Early 
Childhood Foundation. 
http://sfc.virginia.gov/pdf/Jt%20Sub%20Education/June%2011%202015/061115_Agenda
%20wpresentations.pdf  

Weiland, C. (2016). Launching preschool 2.0: A road map to high-quality public programs at 
scale. Behavioral Science & Policy, 2(1), 37-46. http://doi:10.1353/bsp.2016.0005  

Weiland, C., & Yoshikawa, H. (2013). Impacts of a prekindergarten program on children's 
mathematics, language, literacy, executive function, and emotional skills. Child 
Development, 84(6), 2112-2130. http://doi:10.1111/cdev.12099  

Wenglinsky, H. (1998). Finance equalization and within-school equity: The relationship between 
education spending and the social distribution of achievement. Educational Evaluation and 
Policy Analysis, 20(4), 269-283. https://doi.org/10.3102/01623737020004269 

Williams, B. J. (2019). The spillover benefits of expanding access to preschool. Economics of Education 
Review, 70, 127–143. https://doi.org/10.1016/j.econedurev.2019.04.002 

Wooldridge, J. M. (2002). Econometric analysis of cross section and panel data. MIT Press. 
Yeung, W. J., & Conley, D. (2008). White-Black achievement gap and family wealth. Child 

Development, 79(2), 303-324. https://doi.org/10.1111/j.1467-8624.2007.01127.x 
Yoshikawa, H., Weiland, C., Brooks-Gunn, J., Burchinal, M. R., Espinosa, L. M., Gormley, W., & 

Zaslow, M. J. (2013). Investing in our future: The evidence base on preschool education. Foundation for 
Child Development, Society for Research in Child Development. https://www.fcd-
us.org/assets/2016/04/Evidence-Base-on-Preschool-Education-FINAL.pdf 

https://doi.org/10.1177/2332858416657343
https://doi.org/10.1787/edaf3793-en
https://doi.org/10.1207/s15566935eed1604_3
https://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2009455
http://sfc.virginia.gov/pdf/Jt%20Sub%20Education/June%2011%202015/061115_Agenda%20wpresentations.pdf
http://sfc.virginia.gov/pdf/Jt%20Sub%20Education/June%2011%202015/061115_Agenda%20wpresentations.pdf
http://doi:10.1353/bsp.2016.0005
http://doi:10.1111/cdev.12099
https://doi.org/10.3102/01623737020004269
https://doi.org/10.1016/j.econedurev.2019.04.002
https://doi.org/10.1111/j.1467-8624.2007.01127.x
https://www.fcd-us.org/assets/2016/04/Evidence-Base-on-Preschool-Education-FINAL.pdf
https://www.fcd-us.org/assets/2016/04/Evidence-Base-on-Preschool-Education-FINAL.pdf


Early Opportunities  23 

 

Appendix A 
Appendix Table A 
Mean for State Pre-K Indicators - By State and Year 

  Quality standards index   Spending per child 

  2004 2005 2006 2007 2008 2009 2010 2011   2004 2005 2006 2007 2008 2009 2010 2011 

Alabama 7.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0   6465 3386 5883 6931 4415 5134 4544 5680 

Alaska 0.0 0.0 0.0 0.0 0.0 0.0 9.0 9.0   0 0 0 0 0 0 8500 6855 

Arizona 4.0 3.0 3.0 3.0 3.0 3.0 2.0 0.0   2432 2283 2296 2379 2316 2247 1093 0 

Arkansas 9.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0   4996 4711 7769 7194 7979 8399 8388 8126 

California 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0   3317 3218 3341 3486 3607 3681 5571 5428 

Colorado 3.0 3.0 3.0 4.0 5.0 5.0 5.0 5.0   2864 3078 3056 3194 3353 3572 3757 3623 

Connecticut 3.0 4.0 5.0 5.0 5.0 5.0 5.0 5.0   7371 8069 8918 9577 9393 10303 10441 10565 

Delaware 6.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0   5287 5816 6261 6745 6795 6795 6795 6795 

District of Columbia 6.0 0.0 7.0 8.0 0.0 7.0 5.5 4.5   8876 0 9445 0 0 11605 11457 11668 

Florida 0.0 0.0 3.0 3.0 3.0 2.0 2.0 2.0   0 0 2163 2335 2500 2448 2514 2422 

Georgia 5.0 7.0 7.0 7.0 7.0 7.0 8.0 9.0   3824 3899 3978 4114 4249 4239 4212 4299 

Illinois 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0   2905 2980 3298 3322 3372 3438 3371 3449 

Iowa 4.0 4.0 4.0 5.0 6.5 6.5 6.5 6.0   2925 3178 8269 8966 4932 4054 3749 3945 

Kansas 3.0 3.0 3.0 3.0 7.0 7.0 7.0 7.0   1721 1686 2554 2596 2843 3026 2490 2640 

Kentucky 6.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0   3916 3697 3652 4637 4860 4941 6290 6718 

Louisiana 6.0 6.3 7.0 6.7 7.0 7.7 8.0 8.0   3922 4535 5012 5275 5997 5403 4804 4768 

Maine 3.0 3.0 4.0 4.0 5.0 5.0 6.0 6.0   4097 4406 3469 3575 3281 2901 3835 4555 

Maryland 7.0 7.0 7.0 7.0 8.0 8.0 8.0 8.0   4067 721 4663 6132 8558 8304 9645 9846 

Massachusetts 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0   5221 5484 3959 3998 3811 5994 3895 3691 

Michigan 4.0 4.0 6.0 6.0 8.0 7.0 7.0 7.0   3306 3366 3934 4167 4230 4286 4405 4453 

Minnesota 7.0 7.0 7.0 7.0 8.0 8.0 8.0 8.0   6672 6929 7203 7251 8310 9994 7301 7475 

Missouri 4.0 5.0 6.0 6.0 6.0 7.0 8.0 8.0   2198 2254 2632 2540 2757 2880 3051 3085 

Nebraska 5.0 5.0 7.0 7.0 7.0 6.0 6.0 6.0   5455 1963 7418 6888 6748 5184 2070 2656 

Nevada 3.0 3.0 6.0 6.0 6.0 6.0 6.0 6.0   3686 2767 3116 3322 3130 2973 2710 3297 

New Jersey 6.0 6.5 6.7 6.7 6.7 7.3 7.3 7.3   8739 9305 9854 10494 10989 11205 11578 11669 

New Mexico 3.0 3.0 3.5 5.5 8.0 7.0 7.0 7.0   1765 2576 2269 2975 3056 3355 3412 3561 

New York 5.5 4.5 5.5 6.0 5.0 5.0 5.0 7.0   3430 3625 3512 3454 3948 3668 3503 3685 

North Carolina 8.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0   4819 4058 3892 7401 6954 7713 7824 7910 

Ohio 5.0 4.0 3.0 3.0 3.0 3.0 2.0 2.0   4514 6325 2345 2515 7260 6904 3902 3942 

Oklahoma 7.0 7.0 8.0 8.0 8.0 8.0 8.0 8.0   2368 2517 6167 6731 7484 7853 7855 7690 

Oregon 5.0 6.0 6.0 6.0 7.0 7.0 7.0 7.0   6525 7624 7932 7853 8337 8020 8435 8454 

Pennsylvania 2.0 2.7 3.7 5.0 5.3 5.0 5.0 5.0   0 2954 5080 5519 6252 5711 5924 5193 

Rhode Island 0.0 0.0 0.0 0.0 0.0 0.0 9.0 9.0   0 0 0 0 0 0 9127 9127 
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  Quality standards index   Spending per child 

  2004 2005 2006 2007 2008 2009 2010 2011   2004 2005 2006 2007 2008 2009 2010 2011 

South Carolina 7.0 7.0 7.0 7.0 7.0 6.0 6.0 6.5   1467 1575 3219 2702 2134 3409 3244 2934 

Tennessee 7.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0   4573 3333 4061 5295 5578 5763 5688 5853 

Texas 2.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0   2746 2707 2653 2836 3581 3790 3686 3761 

Vermont 5.0 6.5 6.5 6.5 6.5 4.5 4.0 4.0   1197 2488 2439 2577 3290 3467 3980 3272 

Virginia 4.0 4.0 6.0 6.0 6.0 7.0 6.0 6.0   3090 5456 5375 5633 5639 6284 6288 5892 

Washington 5.0 5.0 5.0 8.0 8.0 8.0 8.0 8.0   4640 6120 6600 6010 7046 6890 6817 6780 

West Virginia 4.0 6.0 6.0 6.0 6.0 6.0 7.0 7.0   5032 6829 7758 6724 7778 8743 9413 9136 

Wisconsin 3.5 5.0 5.0 5.0 5.5 5.5 5.5 5.5   4138 4167 4590 4665 4737 4725 5038 5424 

Total 4.1 4.4 4.8 5.0 5.3 5.2 5.3 5.4   3243 3489 3995 4181 4552 4639 4543 4552 

Note: non-sponsored states whose pre-k indicators are zero over the sample period are not included in the table: Hawaii, Idaho, Indiana, Mississippi, Montana, 
New Hampshire, North Dakota, South Dakota, Utah, and Wyoming.   

 Appendix B 
Appendix Table B 
Mean and Standard Deviations for Time-Varying District Controls - All students sample, by year 

  2009   2010   2011   2012   2013   2014   2015 

  Mean SD   Mean SD   Mean SD   Mean SD   Mean SD   Mean SD   Mean SD 

Proportion of White students in 4th grade 0.74 0.28   0.74 0.28   0.73 0.28   0.72 0.28   0.72 0.28   0.74 0.27   0.71 0.29 

Proportion of Black students in 4th grade 0.09 0.16   0.08 0.16   0.08 0.16   0.08 0.16   0.08 0.15   0.08 0.17   0.08 0.16 

Proportion of Hispanic students in 4th grade 0.13 0.21   0.13 0.21   0.14 0.21   0.15 0.22   0.16 0.22   0.13 0.19   0.16 0.23 

Proportion of Asian students in 4th grade 0.02 0.05   0.03 0.05   0.02 0.05   0.02 0.05   0.02 0.05   0.02 0.05   0.02 0.05 

Proportion of Native American students in 4th grade 0.02 0.10   0.02 0.10   0.02 0.10   0.02 0.09   0.02 0.09   0.02 0.10   0.02 0.10 

Number of White students in 4th grade/100 1.81 3.59   1.80 3.58   1.78 3.57   1.77 3.60   1.83 3.75   1.75 3.59   1.76 3.44 

Number of Black students in 4th grade/100 0.59 3.88   0.59 3.85   0.57 3.90   0.56 3.78   0.57 3.67   0.58 3.87   0.56 2.99 

Number of Hispanic students in 4th grade/100 0.80 6.08   0.83 6.10   0.88 6.39   0.92 6.34   0.98 6.50   0.76 5.39   1.02 5.95 

Number of Asian students in 4th grade/100 0.18 1.64   0.19 1.75   0.18 1.60   0.18 1.61   0.20 1.71   0.14 1.70   0.19 1.23 

Number of Native American students in 4th grade/100 0.04 0.19   0.04 0.20   0.04 0.19   0.04 0.18   0.04 0.19   0.04 0.20   0.04 0.19 

Proportion of free-lunch students in 4th grade 0.35 0.21   0.39 0.21   0.40 0.21   0.40 0.21   0.43 0.21   0.43 0.21   0.46 0.21 

Proportion of Special Education students in district 0.13 0.06   0.14 0.05   0.14 0.05   0.14 0.05   0.13 0.04   0.14 0.04   0.13 0.04 

Proportion of English Learners in district 0.05 0.09   0.05 0.10   0.03 0.06   0.05 0.09   0.05 0.09   0.03 0.06   0.05 0.10 

Total number of teachers/100 2.84 10.87   2.79 10.56   2.71 10.25   2.73 10.08   2.82 10.04   2.68 10.07   2.51 7.76 

District-year observations 9640   9756   9756   9776   9007   8039   8213 
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Appendix C 

Appendix Table C  
% of state 4-year-old enrollment in pre-k programs 
State 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Alabama 17 18 17 16 16 15 15 16 16 
Alaska  16 16 13 15 16 13 13 13 
Arizona 11 14 13 12 13 12 10 12 13 
Arkansas 17 17 18 15 15 14 13 13 13 
California 11 12 11 10 11 11 11 11 12 
Colorado 9 9 8 7 8 8 7 7 8 
Connecticut 7 8 8 8 8 9 8 8 8 
Delaware 9 10 9 9 9 8 7 5 8 
Florida  10 10 9 9 9 9 9 10 
Georgia 9 9 8 7 7 7 7 7 7 
Hawaii 9 10 10 9 10 11 10 11 10 
Idaho  12 12 12 11 11 10 10 9 
Illinois 10 11 11 10 11 11 11 11 12 
Indiana  8 9 8 9 8 9 10 9 
Iowa 10 11 11 11 11 9 9 20 9 
Kansas 9 10 10 10 9 7 8 9 8 
Kentucky 17 18 17 16 17 16 16 16 16 
Louisiana 16 16 17 14 16 16 15 14 14 
Maine 14 15 13 12 13 14 12 12 11 
Maryland 8 8 6 6 7 7 8 6 6 
Massachusetts 8 8 8 7 8 8 8 8 8 
Michigan 12 14 14 14 17 16 15 16 6 
Minnesota 8 9 9 8 9 8 8 8 8 
Mississippi  38 38 36 36 36 35 34 36 
Missouri 11 11 12 11 12 11 11 11 11 
Montana  22 23 22 20 20 19 19 20 
Nebraska 11 11 11 10 10 10 10 10 10 
Nevada 6 4 5 5 5 5 4 4 5 
New Hampshire  5 6 5 5 5 6 5 7 
New Jersey 6 7 6 6 6 6 6 7 7 
New Mexico 15 18 19 18 17 16 14 15 16 
New York 10 10 9 10 10 10 10 10 11 
North Carolina 10 10 10 9 9 9 8 9 9 
North Dakota  24 24 25 22 23 21 19 24 
Ohio 13 13 13 13 13 12 12 13 13 
Oklahoma 15 18 18 16 17 16 16 15 15 
Oregon 12 11 11 10 13 14 9 9 9 
Pennsylvania 10 11 11 11 13 13 11 11 11 
Rhode Island  16 15 10 12 14 10 11 10 
South Carolina 10 11 10 11 10 20 10 10 10 
South Dakota  19 20 20 20 20 20 19 18 
Tennessee 13 14 14 13 12 12 12 12 12 
Texas 10 11 10 9 10 9 9 9 10 
Utah  9 9 8 8 8 7 8 8 
Vermont 8 10 11 10 10 9 9 10 10 
Virginia 8 8 7 7 7 7 7 7 8 
Washington 8 9 9 9 9 9 9 9 9 
West Virginia 19 20 20 20 21 21 22 23 24 
Wisconsin 9 10 10 9 9 9 9 9 9 
Wyoming   17 18 16 15 13 14 13 12 

Note: Displayed are the percentage of 4-year-old children enrolled in a state pre-k program, pre-k special education, 
or Head Start. Adapted from NIEER Yearbooks, 2003-2011 
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