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ABSTRACT 
 

 While K-12 education is available universally across the United States, educational offerings 

for children prior to kindergarten entry are far more fragmented. States offer a wide variety of 

program structures: while some states do not offer any state-funded preschool programs, others 

offer programs exclusively for particular ages or risk groups (e.g., only four-year-olds, children 

from low-income families) and several offer universal pre-kindergarten with no entry restrictions 

(either to four-year-olds only or both three- and four-year-olds). As a result, a far lesser 

percentage of three- and four-year-olds are enrolled in formal early education programs 

compared to children in K-12 educational programs. Current research shows mixed evidence on 

the effectiveness of early education programs on later academic outcomes. This study pools 

longitudinal state level data on state-funded preschool programs and National Assessment of 

Educational Progress (NAEP) test scores in math and reading in fourth grade. Additionally, this 

study uses fixed effects regression models to examine the impact of state-funded preschool 

programs and program quality for three- and four-year-olds on NAEP scores in math and reading 

in fourth grade, several years following initial enrollment in state-funded preschool programs. 

This analysis finds that while programs serving four-year-olds alone did not have higher 

standardized test scores, the availability of a state-funded preschool program for three-year-olds 

was associated with significantly higher test scores in both reading and mathematics.
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INTRODUCTION 
 
 At both the state and federal levels, governments are facing the worst economic downturn 

since the Great Depression. As a result, there are no sacred cows as policymakers seek to slash 

expenditures in order to reduce deficits. Among the programs at danger of losing funding are 

early childhood education programs, which serve to educate children before the age of formal 

schooling (typically age five for kindergarten entry). Such cuts would be in stark contrast to an 

upward trend of state government investment in early education, which saw expenditures rise 

250 percent in the years between 1990 and 2001, with about 16 percent of the nation’s four-year-

olds enrolled specifically in prekindergarten programs (Magnuson, Ruhm, & Waldfogel, 2005). 

Formal prekindergarten programs “are designed to enhance academic skills and behaviors of 

preschoolers prior to entry to school. Their purpose is to expose four-year-old children to pre-

academic material and school-like activities to enhance school-related achievement skills and 

social-behavioral competence before children enter kindergarten” (Howes, Burchinal, Pianta, 

Bryant, Early, Clifford, & Barbarin, 2007, p. 27). 

 Historically, the United States has not given strong focus to early education, instead focusing 

the bulk of its educational efforts on mandatory primary and secondary education grades K-12. 

As a result, preschool and prekindergarten programs in the United States have fewer children 

enrolled as a percentage of the population than do programs in other developed countries, despite 

some evidence suggesting early education may have long-term benefits. Despite unprecedented 

growth and expansion of early education programs, recent economic turmoil has slowed 

expansion of state-funded preschool programs, and in some states reversed it (Associated Press, 

2012). Still, the United States has increased its preschool offerings for young children — prior to 
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1980, only 10 states had any preschool initiative in place — in 2008, over 30 did, and today, 40 

states have some prekindergarten program in place, spending over $2.5 billion (Ripple, Gilliam, 

Chanana, & Zigler, 1999; Gormley, Gayer, Phillips, & Dawson, 2005; Fitzpatrick, 2008). 

 Perhaps the most well known prekindergarten program in the United States is the Head Start 

program. Founded in 1965 by President Lyndon Johnson, it was designed specifically for 

children from economically disadvantaged families, focusing largely on developing reading and 

math skills to prepare children for formal education (Ludwig & Phillips, 2007). Statistically 

speaking, of these economically disadvantaged children, it is estimated that nearly two-thirds 

will arrive to kindergarten without the basic skills needed to be successful (Ripple, Gilliam, 

Chanana, & Zigler, 1999). Head Start, however, served older prekindergarten students; it was not 

until 1995, after a preponderance of evidence was presented demonstrating the benefit of 

education for children younger than age four, that Early Head Start was created, offering a 

similar, comprehensive program for children aged birth to three (Office of Head Start, n.d.). The 

trend of offering such early education programs to at-risk children continues to this day, with 

many state-funded preschool programs having income restrictions for entry. 

 Though the academic effects of preschool programs are periodically called into question, 

some argue that the effects of preschool should be looked at in a broader sense. Nobel laureate 

James Heckman argues that “[i]nvesting in disadvantaged young children is a rare public policy 

with no equity-efficiency tradeoff. It reduces the inequality associated with the accident of birth 

and at the same time raises the productivity of society at large” (Heckman & Masterov, 2007, p. 

446). 
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  This paper seeks to examine the overall impact of state-funded preschool programs, and 

whether offering and enrollment in these programs has an impact on a state’s biannual National 

Assessment of Educational Progress (NAEP) test scores in math and reading in fourth grade. I 

use data on NAEP test scores and preschool funding and participation to estimate the effect of 

preschool on test scores several years later. This evaluation offers a unique perspective because 

rather than evaluating the effectiveness of specific programs, it looks at state-funded programs in 

general, using a fixed effects model to control for the differences across states over the course of 

time. The purpose is to determine whether states’ investment in early education is associated 

with higher test scores in math and reading several years after enrollment in the program. 

Findings indicate that presence of a state-funded preschool program available to three-year-olds 

is significantly associated with increased NAEP scores in both math and reading, with more 

robust benefits in reading. Furthermore, these findings hold true and increase in magnitude even 

after controlling for a state’s median income and per student spending on K-12 education. 

Additionally, the findings demonstrate that states offering programs to four-year-olds only do not 

have significant effects on NAEP scores in mathematics or reading. Because all states offering 

state-funded preschool programs to three-year-olds offer their programs to four-year-olds as 

well, the findings suggest a possible benefit of an additional year of enrollment in a state-funded 

preschool program.
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LITERATURE REVIEW 
 
 Many early education programs are quite costly, making it difficult for parents and guardians 

to afford formal academic environments for their young children prior to kindergarten 

(Magnuson, Meyers, Ruhm, & Waldfogel, 2004). Director of the National Institute for Early 

Education Research (NIEER), W. Steven Barnett, states that families earning between $40,000 

and $50,000 annually often face the greatest challenges in enrolling their children in early 

education programs – they earn too little to afford high-priced private education, but earn too 

much to be eligible for many public programs (Associated Press, 2012). Furthermore, the costs 

associated with placing young children in care of any kind are tremendously high for parents and 

guardians — even for unlicensed and/or unaccredited centers or family homes. This is in sharp 

contrast to K-12 public education in the United States, to which all children are entitled and 

wherein students will develop skills related, at least, to mathematics and reading. The same 

cannot be readily assumed of informal early childhood care settings, which vary widely in 

quality – often as a function of cost. The wide-ranging quality of child development centers is 

problematic, particularly because early childhood represents among the most critical periods in a 

human life for academic, social, and emotional development (Campbell & Ramey, 1995; 

Scarborough, Dobrich, & Hager, 1991). It is a relatively recent notion that early childhood 

education is not akin to simply babysitting, and that even very young children are capable of, and 

are able to benefit from, a structured learning environment. Even the seemingly more 

rudimentary activities in a child’s life, such as play, have an impact on a child’s cognitive 

development (Diamond, Barnett, Thomas, & Munro, 2007). Despite the high cost of entry into 

many early childhood education programs, attendance of young children has been rising steadily 
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in the United States, with two-thirds of children enrolled in centers or school-based settings in 

2001 (Magnuson, Ruhm, & Waldfogel, 2005). 

 Though federally- and state-funded early education programs offer an affordable early 

education option for parents, such programs are not serving large portions of the eligible 

population. In 1995, only 28 percent of eligible children (622,000) were being served by Head 

Start (Currie & Thomas, 1995). As of 1997, 40 percent of eligible children were being served, 

totaling nearly 800,000 children (Ripple, Gilliam, Chanana, & Zigler, 1999). The number 

enrolled in Head Start was similar in 2004, and the total program cost was around $7 billion 

(Ludwig & Miller, 2005). While federal Head Start/Early Head Start programs may not serve the 

majority of the eligible population, they have filled some of the gaps in access to early education 

by granting access to early education to disadvantaged children in all 50 states. 

 Despite heavy investment in Head Start, data demonstrate mixed effectiveness of the program 

(Gormley, Gayer, Phillips, & Dawson, 2005). It should be noted, however, that Head Start 

represents a program that is less expensive than other often-cited, niche programs such as Perry 

Preschool and Abecedarian (Gormley & Gayer, 2005). However, Head Start does not represent 

the only preschool program funded by the government, and many states offer their own state-

funded preschool programs, beyond Head Start. Oklahoma’s state-funded prekindergarten 

represents one of the most well-researched and well-attended universal prekindergarten programs 

in the United States (Gormley, Gayer, Phillips, & Dawson, 2005). Oklahoma’s state-funded 

prekindergarten program began in 1990 for disadvantaged children and became universal in 

1998, following initiatives that had already been established in Georgia and New York (Gormley 

& Gayer, 2005). The universal model, even today, represents innovation in the field of early 
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education, as many state-funded programs have eligibility requirements which must be met, and 

thus, serve special populations of students. 

 The program in Oklahoma contains many elements associated with high quality programs: 

well-qualified, degreed teachers; high wages for teachers; and small class sizes. One analysis by 

Gormley, Phillips, and Gayer (2008) found that students participating in the Tulsa 

prekindergarten program performed demonstrably better than students in Head Start in letter-

word identification and spelling. These differences were present even when controlling for race, 

and participation in the Tulsa prekindergarten program was stronger than any other factor 

(gender, race, school lunch eligibility, maternal education) as an indicator of performance on 

letter-word identification and spelling tests. While it should be noted that those enrolled in 

universal prekindergarten programs might be systematically different than students in Head Start 

programs — race, socioeconomic status, and access levels may all vary across these student 

populations — these results indicate that well-formed programs may provide academic benefit 

for young children. 

 Though research on outcomes associated with early education programs is relatively minimal 

compared to outcomes associated with K-12 education, many different analyses have indicated 

that contrary to expectations, advantages gained in the federal Head Start program disappear 

after two years of formal education, but found program participation was associated with 

“...fewer retentions in grade, fewer placements into special education, and improved attitudes 

toward education” (Campbell & Ramey, 1995, p. 745). Claims against Head Start’s effectiveness 

have dogged the program nearly since its inception, and critics of the program remain vocal 

against the program 45 years after its founding. For example, one long-term study of Head Start 
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found that from a cost-benefit perspective, Head Start programs are not effective in serving 

African American children, for whom gains achieved after enrollment in Head Start are quickly 

lost (Currie & Thomas, 1995). Despite claims that Head Start’s effectiveness in closing the 

achievement gap is fleeting (Currie & Thomas, 1995), Ludwig and Phillips write that the 

program is, in fact, cost effective and as a result, services should continue to be provided (2007, 

2008). Ludwig and Phillips’ statements are supported by Duncan and Magnuson (2002), who 

suggest that center-based learning for young children has enough short- and long-term benefits 

(cognitive development, social behavior, fewer arrests and delinquent behavior) that early 

education programs, while costly, are well worth the investment. Similar cost-benefit analyses of 

high quality early education programs find economic returns of between $4 and $10 per dollar 

invested (Reynolds & Temple, 2008). 

 Ludwig and Phillips suggest that criticism of programs such as Head Start is limited, stating 

“…that many of the estimated impacts in the recent randomized experimental evaluation of Head 

Start are not statistically significant, and so follow the usual scientific convention of assuming 

that any estimates that cannot be statistically distinguished from zero are zero” (p. 4). The 

researchers’ analysis further suggests that if one recent study, sponsored by the federal 

government, had pooled three- and four-year old samples, that nearly all measured cognitive 

outcomes would have proven to be statistically significant. This suggests that perhaps more 

robust, comprehensive analysis of existing research may demonstrate positive impact of early 

education programs, even where previous researchers had concluded that no such impact existed. 

 Other researchers have found that formal education in a child’s early years has significant 

cognitive benefits. In one study by Diamond, Barnett, Thomas, and Munro (2007), the 



8 
  

researchers found that exposing disadvantaged preschool children to a formal curriculum (Tools 

of the Mind) was associated with improved executive function, functions which are believed to 

be stronger predictors of school readiness than either IQ or reading or math skills. But the 

benefits of early education are not limited to those from disadvantaged families (Howes, 

Burchinal, Pianta, Bryant, Early, Clifford, & Barbarin, 2008). 

 A 1998 review of literature by W. Steven Barnett aligns with other research on the same 

topic: IQ score gains as a result of early childhood education may fade quickly upon a child’s 

transition to elementary school, although this may be because high-risk children who do not 

receive formal early education gain in IQ sharply upon entering formal schooling. Despite the 

fleeting effect of IQ gains, some positive gains in academic success attributed to early education 

do not fade over the course of time.  

 Perhaps equally important (if we are concerned about the investment in early education being 

economically pragmatic) is the effect of early education on other measures of success in formal 

education. Failure of children to thrive in public schools comes with a tremendous financial and 

administrative burden, and evidence demonstrates that early education benefits children in terms 

of grade retention and enrollment in special education programs. Of five long-term studies 

investigated by W. Steven Barnett, participation in early education programs was associated with 

higher graduation rates in all five programs that are statistically significant in three of the five 

programs (Barnett, 1998). Even if effects of early education programs diminish shortly after 

formal education begins, the fact that early education programs help young children be 

kindergarten-ready may prevent them from falling victim to an insurmountable lead that other 
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children would have over them had they not been enrolled in any program (Reynolds, 

Mavrogenes, Bezruczko, & Hagemann, 1996). 

 One of the more famous studies involving early education comes from the Abecedarian 

Project, which observed the long-term outcome of early education on at-risk children. 

Abecedarian remains a unique contribution to the field of early education research because its 

participants were tracked through adulthood. The study found the children who were enrolled in 

early childhood education performed significantly better on tests of Full Scale IQ, broad 

mathematics, and letter-word identification as young adults than did the children included in the 

control group. Moreover, tests of broad reading approached statistical significance. Women with 

preschool treatment received more education than women without it, although men received 

nearly identical amounts of education whether or not they participated in the preschool program. 

The individuals participating in preschool were also more likely to be in school at age 21, and 

attended or were attending college at a rate nearly three times as high as those who did not 

receive preschool education (Campbell, Ramey, Pungello, Sparling, & Miller-Johnson, 2002). 

Other studies found similar beneficial effects of early education on reading and math skills 

(Magnuson, Meyers, Ruhm, & Waldfogel, 2004). 

 Like all educational programs, proponents of high-quality early childhood education are still 

looking for the factors that indicate quality of a program. Certainly, expenditure per student 

alone is not sufficient to determine quality of education. Many programs report high per-student 

costs of attendance in prekindergarten programs, with estimates ranging as high as $41,000 per 

student. Other programs reach more students, but spend far less per student as a result 

(Fitzpatrick, 2008). But the other factors that indicate a high quality educational setting for 
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young children are unclear. Factors that may have a bearing on prekindergarten quality include, 

but are certainly not limited to: class size, teacher degree status, instructional support, emotional 

support, interactive feedback, and student-staff ratio, in conjunction with financial compensation 

of teachers (Magnuson, Ruhm, & Waldfogel, 2005; Howes, Burchinal, Pianta, Bryant, Early, 

Clifford, & Barbarin, 2008; Reynolds & Temple, 2008). If it is to be believed that programs must 

be of high-quality to have positive effects on child outcomes, then it is paramount that research 

explores the factors that are most indicative of high-quality early education so they can be used 

by policymakers to establish high-quality programs. 

 In 2007, researchers found that policies focused entirely on teacher educational attainment did 

not improve classroom quality, but that other factors, such as targeted professional development, 

might (Early, Maxwell, Burchinal, Bender, Bryant, Cai, et al., 2007). Other scholars argue that 

early childhood programs focusing exclusively on basic skills may stifle educational progress of 

young children, arguing that the more traditional, didactic methods used in classrooms for young 

children stifle an interest in learning and ignore “real understanding and problem-solving ability” 

(Stipek, Feiler, Daniels, & Milburn, 1995, p. 209). The study conducted by Stipek et al., 

however, found that children in preschool programs that focused on basic skills using more 

traditional methods performed better on a reading achievement test than children in a more child-

focused program.  

 Current literature lacks information about the relationship between a child’s participation in a 

preschool/prekindergarten program and later test scores, which are often used as a proxy for 

academic success in K-12 education. Such a relationship may suggest some benefits of early 

education beyond kindergarten preparedness. NAEP scores in mathematics and reading are one 
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common measure of student performance, and are useful because other related information such 

as gender, race, and English-language proficiency are available as part of the data (Fitzpatrick, 

2008). This thesis adds to the body of previous literature by utilizing a fixed effects model to 

estimate the impact of state-funded preschool programs and general measures of quality on 

standardized test scores in math and reading. Previous literature has focused largely on the 

cognitive and social impact of smaller-scale individual programs (with the exception of Head 

Start programs), though economic impact studies have suggested broader benefits of early 

childhood education.  
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DATA 
 
 This research uses panel data from several sources – state preschool data are provided by the 

National Institute for Early Education Research (NIEER), and student performance on 

standardized tests in reading and mathematics is provided by the National Assessment of 

Educational Progress (NAEP). State income data were collected from the Census Bureau. Data 

were collected from each respective organization’s website to create a complete data set of the 

variables of interest. 

 

State Preschool 
 

State-funded preschool program data are provided by the National Institute for Early 

Education Research (NIEER)’s The State of Preschool Yearbooks from years 2003, 2004, 2005, 

and 2006. The 2003 Yearbook uses data provided in 2001-2002; the 2004 Yearbook uses data 

provided in 2002-2003; the 2005 Yearbook uses data provided in 2004-2005; and the 2006 

Yearbook uses data provided in 2005-2006. Data in these reports define state preschool programs 

as state-funded initiatives whose primary focus is on education of children of prekindergarten 

age for two or more days a week. By definition, preschool age is most typically 4-year-olds, but 

programs listed in the NIEER reports may include 3-year-olds when such programs offer 

services to 3-year-olds. While programs counted in this report may serve special populations, 

programs whose primary focus was provision of preschool services for children with disabilities 

were not counted as state-funded preschool programs. Lastly, state supplements to the federal 

Head Start program are considered to be state-funded preschool programs if they increased the 

number of children served by the program. State supplements to Head Start were not included in 
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the reports if the supplements were used solely to fund extended days or increase quality without 

expanding the number of children served by the programs (NIEER, 2003). Definitions for state 

preschool programs were nearly identical across all four years being observed for the purposes of 

analysis. In 2005, however, the definition of a state preschool program was expanded further by 

adding that preschool initiatives were different from the state system used for subsidized child 

care; although state-funded preschool programs could be integrated with such a system. 

Data for the 2003 Yearbook were collected from state administrators of prekindergarten 

initiatives who ensured that programs offered fit the aforementioned definition of a state-funded 

preschool program and who provided information on other state-funded initiatives that met the 

definition. After this information was collected, state-level administrators were asked for 

program information from the 2001-2002 school year related to “access, eligibility requirements, 

equity of access, program standards, personnel and resources” (NIEER, 2003, p. 14). Data 

collection processes for the 2004 Yearbook were nearly identical to the procedures used for 2003 

data collection. While many of the elements captured in 2004’s and 2005’s Yearbooks were the 

same as the previous year(s), wording of questions given to state administrators was modified 

slightly in order to make the questions clearer and to obtain more accurate data. New questions 

were added as well during the 2004 Yearbook cycle, and as a result, some items are not directly 

comparable from year to year of the report. Upon finalizing the data from 2004’s and 2005’s 

Yearbooks, state-level administrators were given the opportunity to verify information to ensure 

accuracy. 2005’s Yearbook cycle again represented very similar data collection processes to 

years past, however information was collected for the 2003-2004 school year and then state 

administrators were asked about changes in processes during the 2004-2005 program year. 
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2006’s Yearbook again used a similar data collection process, with the distinction that 

information collected pertained to the 2005-2006 school year. 

 

Academic Outcomes 
 

Academic outcome data were measured using scores in math and reading from the National 

Assessment of Education Progress at Grade 4 (NAEP) in years 2007, 2009, and 2011 collected 

from The Nation’s Report Card. NAEP exams in mathematics and reading occur in the spring 

semester, between the months of January and March. Because grade four typically occurs for 

children between the ages of nine and ten, these scores correspond with a lag time of 

approximately five years of formal schooling following enrollment in a state-funded preschool 

program. 

NAEP assessments have been conducted for over 40 years in a wide array of subjects, such as 

reading, mathematics, writing, American history, and civics. Data are reported at national, state, 

and district levels to provide an overall assessment of education in the United States. NAEP is a 

project of the National Center for Education Statistics.  

 

Reading 
 

The NAEP reading assessment measures student literacy by having students read passages 

and respond to corresponding questions. This framework has been in use for over 25 years, 

though updates have been made. In 2009, the framework underwent revisions, but these changes 

do not change the comparability of scores across years (NAEP, 2009). For the purposes of 

NAEP, the definition of reading includes “developing a general understanding of written texts, 
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interpreting texts, and using texts for different purposes” (NAEP, 2007, p. 4). In 2007, 7,830 

schools (public and private) participated in the NAEP reading assessment, representing 191,000 

4th grade students. In 2009, 9,530 schools and 178,800 4th grade students took the NAEP reading 

assessment. In 2011, 8,500 schools and 213,100 4th grade students took the NAEP reading 

assessment. Results are reported on a 0-500 scale, and students are given an overall reading score 

to show performance trends. 

 

Mathematics 
 
 The NAEP mathematics framework is the basis of assessment for 4th grade students. The 

framework is developed such that input is given by a variety of key stakeholders, including 

teachers, parents, policymakers, and mathematicians. The framework in use for the 2007, 2009, 

and 2011 assessments was developed in 1990, and while updates were made during this time 

period, the content did not change. 

 The mathematics assessment includes content areas such as number properties and operations, 

measurement, geometry, data analysis and probability, and algebra. In 2007, 7,840 schools 

(public and private) participated in the NAEP mathematics assessment, representing 197,700 4th 

grade students.  In 2009, 9,510 schools and 168,800 4th grade students took the NAEP 

mathematics assessment. In 2011, 8,500 schools and 209,000 4th grade students took the NAEP 

mathematics assessment. Results are reported on a 0-500 scale, and students are given an overall 

mathematics score to show performance trends.
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METHODOLOGY 
 

Models 
 
 Because the nature of this paper seeks to establish relationships between state preschool 

access, quality, and eventual academic outcomes, NAEP scores in mathematics and reading 

represent the dependent variables of interest, while figures related to state preschool access are 

the independent variables. 

 

Dependent Variables 
 
 NAEP tests in mathematics and reading are conducted in 4th and 8th grade at public and 

private schools in all states around the country. This analysis uses average state scores for fourth 

grade students in mathematics and reading in the year corresponding with the NIEER Yearbook 

data. For example, for four-year-olds enrolled in state-funded preschool there is a five year lag 

between enrollment and when the NAEP standardized tests would be taken. For three-year-olds, 

that lag would be six years long. 

 

Independent Variables 
 
 Since 2003, NIEER has collected information on various aspects of state-funded preschool 

programs. For the purposes of these analyses, the presence of a state-funded preschool program 

in a state and the number of quality benchmarks met for these programs are the variables of 

interest. 
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Control Variables 
 
 Control variables are used based on state-level data provided in NIEER’s Yearbooks as well 

as the Census Bureau. For each model estimated, I controlled for two factors: median household 

income and per child spending on K-12 education. Because many public pre-K programs cater to 

low-income families and because many high-income families are able to afford private 

preschool, the median household income variable seeks to control for disparate incomes between 

states. Furthermore, because NAEP standardized tests in math and reading are taken in fourth 

grade, I controlled for per child spending, as it may be an indicator of the quality of education in 

a given state. This helps reduce the bias that might occur if children score more highly because 

they have better access to resources once involved in the K-12 educational system. 

 

Model and Methods 
 
 Data were combined from NIEER’s Yearbooks from 2003-2006, totaling four years of data 

from all 50 states. For states with programs, little information was missing across all states. For 

states without programs, large amounts of data were not reported in the 2003 Yearbook, although 

reporting methods were changed for subsequent years, resulting in more complete data even for 

states lacking state-funded preschool programs. While K-12 per child figures were missing from 

states without programs as published in the 2003 Yearbook, alternative versions of the 

regressions are available wherein the next year’s figures were used as K-12 spending figures, 

inflation-adjusted to correspond to 2001-2002, from when the missing data would have been 

taken. In 2003, two states with programs (Minnesota and Pennsylvania) are lacking data for 
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several variables. This is due to a lack of information provided by the state administrator 

responsible for sending data to NIEER. 

 To examine the relationship between state-funded early childhood education programs and 

national standardized test scores in math and reading in fourth grade, I estimated several models 

using math and reading test scores, respectively, as the dependent variable and the availability of 

a state-funded pre-kindergarten program as the independent variable. In another set of models, I 

used the same dependent variables, but instead used the number of quality benchmarks met as 

the independent variable.  

 As a means of establishing relationships between standardized test scores and access to state-

funded preschool programs, several models were estimated using NAEP mathematics and 

reading scores in fourth grade as the dependent variable and spending and enrollment as the 

primary right-hand side variables of interest, both with and without an adjustment for program 

quality. I estimate the equation without adjusting for program quality in the form: 

yst = ProgramOfferedstγ + zst'β + δt + αs + εst (1) 

 In this model, yst  represents a math or reading NAEP score in state s in year t, 

ProgramOfferedst  is a dummy variable representing the availability of a state-funded 

prekindergarten program, zst are state-level covariates such as median household income and per 

student spending on K-12 education, δt are year fixed effects, αs are state fixed effects, and εst is 

the error term. I estimate the equation adjusting for program quality in the form: 

 
yst = QualityStandardsstγ + zst'β + δt + αs + εst (2) 

 In this model, yst  represents a math or reading NAEP score in state s in year t, 

QualityStandardsst  is the number of quality standards met by a state-funded pre-K program from 
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a possible ten (zero benchmarks met is indicative of no program offered, since all states offering 

a program met at least one of NIEER's benchmarks), zst are state-level covariates such as median 

household income and per student spending on K-12 education, δt are year fixed effects, αs are 

state fixed effects, and εst is the error term. Details on the criteria required in order for a program 

to have met the quality standards can be found in Table 1.  

 By using a fixed effects model, which creates dummy variables for state and year, I am able to 

control for the differences across states over time, both observable and unobservable, thus 

reducing omitted variable bias. The use of fixed effects reduces the chance of omitted variable 

bias by accounting for unobservable factors that may be impacting NAEP mathematics and 

reading scores, program availability, program quality, K-12 spending, or household income 

across states and years. One shortcoming, however, is that if a given year and/or state has little 

variation in offering a program and/or program quality, fixed effects estimates may be imprecise. 

Throughout all four Yearbook years observed in this research, only a couple states changed 

program offerings. Hawaii and Pennsylvania began state-funded preschool programs serving 

three-year-olds between the publication of the 2004 and 2005 Yearbooks. Florida began a state-

funded preschool program serving four-year-olds between the publication of the 2003 and 2006 

Yearbooks, while Hawaii terminated its program serving four-year-olds between these years. 

Quality data, however, were more variable across states over time, as many states increased the 

number of quality indicators met during the years observed while only a couple states changed 

the availability of programs. 

 In both models, standard errors were clustered at the state level to account for a falsified sense 

of small standard errors that might occur without taking into account the probable correlation 
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between unobserved factors influencing a state’s test scores over time. Furthermore, weighting 

was used in each regression. Weights were calculated using the reciprocal of the square of NAEP 

standard errors, thus resulting in more weight given to more precise state-level NAEP score data. 

The use of weighting and clustered standard errors allow for more reasonable estimates. 

However, for comparison’s sake, each model is also estimated without clustering standard errors 

and unweighted in order to demonstrate the change made by such statistical modifications.  

 While the relatively small amount of state-level data available does present challenges in 

drawing links between state-funded preschool programs, quality of such programs, and reading 

and mathematics standardized test scores, these analyses represent a unique attempt to draw 

conclusions about state-funded preschool programs in general and standardized testing. Previous 

research has focused primarily on specific preschool programs serving a small population. 

Additionally, the fact that the publication of Yearbooks began in 2003 in conjunction with the lag 

time between pre-K enrollment and taking a standardized test in the 4th grade means that only 

small amounts of data are available from which to draw larger conclusions. 

 

Summary Statistics 
 
 Summary statistics for the data are given in Tables 2, 3 and 4, for all states and all states with 

programs, in Yearbook reporting years 2003-2006. The table includes the sample size, mean, and 

standard deviation for each variable of interest. Enrollment figures are given in percentages 

where available, but in whole numbers when appropriate. Spending amounts are given in total 

USD spent by state, except in cases where the numbers are provided on a per student level. There 

are a maximum of 200 observations in the sample, to represent 50 states over four years. Because 
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data for the District of Columbia were inconsistently provided in Yearbook reports, and because 

of the unique political and economic structure of the District of Columbia, its figures were not 

included as part of the findings in this paper. 

 While the NIEER yearbooks are from 2003, 2004, 2005, and 2006, the data are based on 

information from the 2001-2002, 2002-2003, 2004-2005, and 2005-2006 school years. Because 

NAEP scores in math and reading were taken in 4th grade, 2007 NAEP scores correspond with 4-

year-old information from the 2003 Yearbook; 2009 NAEP scores correspond with 3-year-old 

information from the 2004 Yearbook; and 2011 NAEP scores correspond with 3- and 4-year old 

information in the 2005 and 2006 Yearbooks, respectively. 

 The 2003 Yearbook contains less information than the other yearbooks, as information on 

states without state-funded preschool programs was scarcely provided. Based on data from each 

Yearbook, 11 different states did not fund a preschool program during the school years of 

interest, and within each observed year, 12 states did not offer a program. The states without 

state-funded preschool programs remained the same across all years, with the exception of 2005-

2006, in which Hawaii lost its program and Florida gained a state-funded prekindergarten 

program. Other states not offering programs in any of the observed years include Alaska, Idaho, 

Indiana, Mississippi, Montana, New Hampshire, North Dakota, Rhode Island, South Dakota, 

Utah, and Wyoming. Two states -- Maryland in 2003-2004 and Pennsylvania in 2005-2006 -- 

expanded their four-year-old state-funded preschool programs to include three-year-olds. It 

should also be noted than in 2003, data on multiple variables of interest were not provided for 

states that did not offer a state-funded preschool program. 
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 New Jersey had the highest enrollment level of three-year-olds in its state-funded preschool 

program, serving between 11.2 and 15 percent of the state’s eligible population during the 

observed years. Oklahoma and Georgia had the highest enrollment levels of four-year-olds in 

their state-funded preschool programs, serving over 50 percent of the eligible four-year-old 

population, with Oklahoma serving 70 percent of eligible four-year-olds as of the 2006 

Yearbook. Oklahoma and Georgia, along with New Jersey, spent the most per four-year-old child 

enrolled in a state-funded preschool program. New Jersey was also consistently the state with the 

greatest per-child investment for three-year-old state-funded preschool programs. The number of 

states whose preschool programs had Early Learning Standards in place increased from 25 to 33 

states over the course of the observed years. Furthermore, of the states with Early Learning 

Standards in place, the number rated as being comprehensive increased from 10 states to 28 

states during the observed years. 

 

Quality Standards 
 
 Details on how many quality benchmarks were met by the states, as well as information on six 

of the ten quality standards, can be found in Tables 3 and 4 for four- and three-year olds, 

respectively. Most programs serving both ages had an income requirement for enrollment, and 

most states offering programs had adopted Early Learning Standards. Each state offering 

preschool programs for three- and four-year olds met at least two quality standards of a possible 

ten. Only three states serving four-year-olds met all ten possible quality standards, and only one 

state serving three-year-olds met all ten possible quality standards in the years 2003 through 

2006.  While the majority of teachers were required to attend at least 15 hours of in-service 
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training and have specific pre-K training, it was not the case that most programs required 

teachers in state-funded preschool programs to have a bachelor’s degree. 
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RESULTS 
Regression Outcomes 

 
 Regression analyses demonstrate a positive and significant effect of the availability of state-

funded preschool programs for three-year-olds on NAEP scores in math and reading in fourth 

grade. Conversely, the availability of state-funded preschool programs for four-year-olds was not 

statistically significantly related to NAEP scores in math or reading. For both three- and four-

year-olds, the number of NIEER’s Quality Standards met by state-funded preschool programs 

was not indicative of NAEP test scores in mathematics or reading. 

 

Four-year-old Program Provision 
 
 Without controls, having a state-funded preschool program for four-year-olds was not 

associated with increased NAEP scores in 4th grade in the domains of math or reading. Detailed 

results of these regressions can be found in Tables 5 and 6. Because the 2003 Yearbook did not 

report figures on K-12 spending for states not offering state-funded preschool programs, Tables 

5-2 and 6-2 replaced missing values for 2001-2002 K-12 spending figures using inflation-

adjusted figures from 2002-2003.  

 After adding a control variable for per student spending in K-12 programs, the impact of a 

program remained insignificant for both math and reading. However, the K-12 per child 

spending figure was significantly, positively associated with NAEP scores in reading and math, 

with every $1,000 in K-12 spending per child being associated with 1.263 and 1.119 point 

increases in reading and math, respectively. It should be noted that those findings did not 

incorporate the use of fixed effects for year or state. The positive gains in NAEP scores were 

maintained after the addition of a variable for median household income, which yielded roughly 
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one-fifth of one point increases for each thousand dollars in median household income. This was 

true for both reading and mathematics scores, in models not utilizing fixed effects, and a model 

utilizing fixed effects for year. These gains were demonstrated when using a model weighted 

based on NAEP standard errors and fixed effects for year. Interestingly, the effect of K-12 

spending and median household income were insignificant when using fixed effects for both year 

and state. In the dual fixed effects models, provision of a program was significantly related with 

increased NAEP reading and math scores of 12.57 and 5.754 points respectively, but only when 

using standard errors not clustered at the state level. The use of clustered standard errors at the 

state level yielded insignificant results. Tables 5 and 6 reveal similar trends when using 

unweighted data as well.  

 

Three-year-old Program Provision 
 
 More limited in availability, programs serving three-year-olds told a different story with 

regard to their impact on NAEP scores. As shown in Tables 7 and 8, without controls, having a 

state-funded preschool program for three-year-olds was not significantly associated with NAEP 

scores in reading or math.  However, the K-12 per child spending figure was significantly, 

positively associated with NAEP scores in reading and math (using a weighted model, no fixed 

effects, standard errors clustered at the state level), with every $1,000 in K-12 spending being 

associated with 1.380 and 1.111 point increases in reading and math, respectively. The positive 

gains in NAEP scores were maintained after the addition of a variable for median household 

income, which yielded 0.2156 and 0.2563 point increases in NAEP reading and math scores, 

respectively, for each thousand dollars in median household income. These gains were 



26 
 

demonstrated when using a model weighted based on NAEP standard errors and fixed effects for 

year. Interestingly, the effect of K-12 spending and median household income were insignificant 

when using fixed effects for both year and state. In the dual fixed effects models, provision of a 

program was significantly and positively related with increased NAEP reading and math scores 

of 3.196 and 2.847 points respectively, using a model which incorporated NAEP standard error 

weighting, fixed effects for both the year and state, and standard errors clustered at the state 

level. Tables 7 and 8 reveal similar trends when using unweighted data as well. 

 

Four-year-old Program Quality 
 
 As shown in Tables 9 and 10, for state-funded preschool programs serving four-year-olds, 

programs meeting quality standards were not significantly associated with an increase in NAEP 

scores in mathematics or reading using models incorporating clustered standard errors. However, 

K-12 spending per child and median family income were both significantly, positively associated 

with increased NAEP math and reading test scores both in models not using fixed effects and 

models using year fixed effects. In models using both state and year fixed effects, they were not 

significantly associated with NAEP scores. In one model utilizing weights based on NAEP 

standard errors, year fixed effects, and standard errors clustered at the state level, every $1,000 in 

K-12 per child spending was associated with 1.099 and 0.8306 point increases in NAEP reading 

and math scores respectively.  A more marginal effect was found for median income, where 

every $1,000 in household income was associated with 0.2039 and 0.2031 point increases in 

NAEP reading and math scores, respectively. The number of quality standards met was an 

insignificant predictor of NAEP test scores in the aforementioned models, however they were 
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positively associated with test scores in models not utilizing clustered standard errors. More 

detail on these regressions can be found in Tables 9 and 10.  After imputing K-12 spending 

figures for missing data, no substantive changes were found in these results. 

 

Three-year-old Program Quality 
 
  For state-funded preschool programs serving three-year-olds, programs meeting quality 

standards were not significantly associated with an increase in NAEP scores in mathematics or 

reading using any of the models presented in Tables 11 and 12. However, K-12 spending per 

child and median family income were both significantly, positively associated with increased 

NAEP math and reading test scores both in models not using fixed effects and models using year 

fixed effects. In models using both state and year fixed effects, they were not significantly 

associated with NAEP scores. In one model utilizing weights based on NAEP standard errors, 

year fixed effects, and standard errors clustered at the state level, every $1,000 in K-12 per child 

spending was associated with 1.037 and 0.6764 point increases in NAEP reading and math 

scores respectively.  A more marginal effect was found for median income, where every $1,000 

in household income was associated with a 0.2457 point increase in NAEP math scores. The 

number of quality standards met was a marginally significant predictor of NAEP scores in 

mathematics in several models. Perhaps surprisingly, the number of quality standards met by 

programs in these models was associated with decreases in NAEP mathematics scores of 

between approximately 0.34 and 0.37 points, depending on the model used. More detail on these 

regressions can be found in Tables 11 and 12.   
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POLICY IMPLICATIONS AND FUTURE WORK 
 
 If the results demonstrated here are valid, they only partially support the notion that state-

funded preschool programs are a worthwhile investment for states seeking improved 

mathematics and reading test scores. When using clustered standard errors, such benefits were 

only seen for programs serving three-year-old children, but not for programs serving four-year-

old children. 

 Findings of this research indicated that programs serving four-year-olds were only beneficial 

if models were used that did not cluster standard errors at the state level. Such methods, 

however, would likely artificially deflate the standard errors. Interestingly, the control variables 

of K-12 spending and household income were also significantly associated with NAEP 

mathematics and reading scores in many iterations of the models offered. Their significance, 

however, was limited to models which utilized year-level fixed effects, but not when both year- 

and state-level fixed effects were utilized. While these results do not robustly support the 

provision of state-funded preschool program, it should be noted that they look at a limited scope 

of variables – while many factors may be at play when it comes to a child’s standardized testing 

scores. For example, this analysis did not examine the racial or ethnic breakdown of children 

enrolled in early education programs, nor did it examine the number of English Language 

Learners (ELLs) enrolled in the programs. Other factors, such as family socioeconomic status of 

enrolled children may also be variables of interest. This research also looks only at the effect of 

these programs on mathematics and reading standardized test scores, and it is important to 

consider that there may be benefits to programs serving three- and four-year-olds that are not 

measured in these analyses. 
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 Currently, many states are seeking to cut back spending, and preschool programs represent a 

significant expenditure, especially considering preschool is not currently seen as a universal right 

in the same way K-12 education is. But these results do indicate that perhaps some pre-K 

programs are playing a significant role in preparing children for formal K-12 education, and that 

children would fare worse without the availability of these programs. Furthermore, the evidence 

suggests that factors other than enrollment in or quality of a preschool program are playing a 

significant role in standardized test scores. The data indicate that K-12 spending is positively 

associated with NAEP scores, and that household incomes are as well. As such, it is worthwhile 

to investigate programs to boost investment in K-12 education and to increase household income 

or reduce poverty, as they may have a significant impact on academic outcomes later in life. 

 It should also be noted that these data represent a very limited data set and sample sizes are 

small. As a result, any findings produced are likely to be imprecise, and may fail to reject the 

null hypothesis even if state-funded preschool programs are in fact associated with better fourth 

grade NAEP test scores in mathematics and reading. In coming years, NAEP scores can be 

associated with additional NIEER reports on prekindergarten programs across the United States 

and may yield a clearer picture of the impact of state-funded preschool programs on standardized 

test scores. 

 This research did not examine the impact of individual quality indicators on NAEP scores. 

While the results indicate that meeting quality indicators are largely unrelated with increased 

NAEP reading and mathematics test scores, these analyses do not examine these standards with 

any real specificity. It may be a worthwhile endeavor for future researchers to examine these 

quality indicators in more depth and to determine which indicators, or which groups of 
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indicators, are the most beneficial to children. For example, it could be that the quality standards 

indicative of teacher quality are more important than those indicative of classroom environment. 

Or perhaps both are equally important. Future research should examine specific dimensions of 

quality to investigate their impact on student math and reading achievement. 

 While the results did not produce an indication that programs serving four-year-olds are 

universally beneficial for increasing NAEP mathematics and reading scores, it is worthwhile to 

investigate how programs serving four-year-olds are similar and dissimilar from those serving 

three-year-olds, and in what ways these programs might be improved to produce results similar 

to those seen in programs serving three-year-olds. Perhaps programs serving three-year-olds 

provide an entrée into the educational world at a more critical period than programs serving four-

year-olds and that educational disadvantage of missing an extra year of schooling cannot be 

overcome. Additionally, assuming three-year-olds enrolled in state-funded preschool programs 

maintain program eligibility and enrollment at age four, these children are receiving an extra 

year of formal school-based learning prior to kindergarten entry, which may provide significant 

educational advantages which may aid in increasing standardized test scores in later years. 

 Lastly, this research is significantly limited in scope. Future scholars may wish to perform 

analyses that look more broadly at the impact of participating in state-funded preschool programs 

compared to students who did not participate in such programs, and whether barriers to entry for 

these programs negatively impact students later in life – and whether the potential negative 

impact can be overcome later in life. In addition, while this research examines the impact of the 

presence of a state-funded preschool program, it may be of interest to examine more thoroughly 

the participation rates of parents and children in these programs. Beyond the presence of such 
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programs, critical information about the impact of these programs might be gleaned from 

information about access to these programs, parental involvement components of these 

programs, as well as detailed information about the curricula used in these programs. 
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CONCLUSION 
 
 This paper adds to the discussion on whether continued investment in early education is a 

worthwhile endeavor. The results indicate that program availability to three-year-olds is related 

to increased NAEP reading and mathematics scores, even after controlling for factors such as K-

12 per child spending and median household income. This is of particular interest because 

programs for three-year-olds are far more limited in their availability to children than state-

funded programs serving four-year-olds. Surprisingly, neither program availability nor program 

quality for four-year-olds were significant predictors for NAEP scores in reading and math in 

models utilizing weighting, year and state fixed effects, and clustered standard errors. 

Meanwhile, in many models, both K-12 spending and median household income were positively 

significant predictors, indicating perhaps that alleviating poverty and increasing K-12 investment 

may yield tangible benefits in an effort to increase standardized test scores later in education.
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Table 1: NIEER's Quality Standards Checklist 
State Pre-K Policy   Benchmark 
   
Early learning standards  Comprehensive (e.g., address motor development, socio-

emotional development, language development, cognitive 
development) 

   
Teacher degree  Bachelors 
   
Teacher specialized training  Specializing in Pre-K 
   
Assistant teacher degree  CDA (Child Development Associate) or equivalent 
   
Teacher in-service training  15 hours per year (minimum) 
   
Maximum class size  20 students (maximum) 
   
Staff-child ratio  1:10 (or better) 
   
Required screening/referral and support 
services 

 Vision, hearing, health; and a minimum of 1 support service 

   
Meals  1 per day (or more) 
   
Required monitoring  Site visits (e.g.. ,by independent evaluators or contractors, 

state program specialists, local education agencies, state 
personnel) 

      
   
Notes: The table shows NIEER's ten quality standards and the criteria used in order for a state-funded prekindergarten 
program as having met the quality standard. 
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Table 2: Summary Statistics, Yearbooks 2003-2006 
  All States States Offering Programs 

 N  Mean  Standard Deviation  N  Mean  Standard Deviation 
Variable (1)   (2)   (3)   (4)   (5)   (6) 
Spending per child enrolled ($) 197  2702.88  2189.10  149  3573.60  1792.69 
            
Spending on 3-year-olds ($) 198  91.58  224.49  101  178.11  289.21 
            
Spending on 4-year-olds ($) 198  414.56  528.35  150  547.21  544.06 
            
Pre-K enrollment 3-year-olds (%) 199  0.0206  0.0354  101  0.0405  0.0408 
            
Federal Head Start enrollment 3- -olds  (%) 188  0.0427  0.0164  101  0.0750  0.0241 
            
Special education enrollment 3-year-olds  (%) 188  0.0427  0.0164  101  0.0431  0.0143 
            
None/other enrollment 3-year-olds  (%) 188  0.8538  0.0557  101  0.8414  0.0571 
            
Pre-K enrollment 4-year-olds  (%) 199  0.1241  0.1499  151  0.1635  0.1522 
            
Federal Head Start enrollment 4-year-olds  (%) 188  0.1213  0.0500  152  0.1119  0.0354 
            
Special education enrollment 4-year-olds  (%) 188  0.0684  0.0249  152  0.0669  0.0246 
            
None/other enrollment 4-year-olds  (%) 188  0.0684  0.1591  152  0.6585  0.1653 
            
Total Federal Head Start enrollment 188  14935  16364  152  16764  17151 
            
Total State Head Start enrollment 198  440  1912  150  563  2183 
            
Federal Head Start spending per child ($) 188  7025.35  776.13  152  7024.72  815.49 
            
K-12 spending per child ($) 188  9569.84  1999.22  152  9656.46  2024.96 
                        
            
Notes: Table shows summary statistics for all states as published in NIEER’s 2003-2006 Yearbooks. The 2003 Yearbook uses data provided in 2001-2002; the 2004 
Yearbook uses data provided in 2002-2003; the 2005 Yearbook uses data provided in 2004-2005; and the 2006 Yearbook uses data provided in 2005-2006. Columns 
(1), (2), and (3) represent summary statistics for all states; while columns (4), (5), and (6) represent summary statistics for all states with programs only.  

34 
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Table 3: Quality and Access Summary Statistics, Programs Serving 4-year-olds 
  N 
Variable Description (1) 
Quality Standards 1 Quality standards met 0 
 2 Quality standards met 4 
 3 Quality standards met 15 
 4 Quality standards met 31 
 5 Quality standards met 21 
 6 Quality standards met 24 
 7 Quality standards met 20 
 8 Quality standards met 21 
 9 Quality standards met 13 
 10 Quality standards met 3 
  152 
   
Income Requirement 1 = Income requirement for enrollment 77 
 0 = No income requirement for enrollment 74 
  151 
   
Early Learning Standards 1 = State has adopted standards 113 
 0 = State has not adopted standards 39 
  152 
   
Comprehensive Early Learning Standards 1 = State's standards are comprehensive 71 
 0 = State's standards are not comprehensive 42 
  113 
   
In-service 1 = 15 hours of in-service required 92 
 0 = 15 hours of in-service not required 54 
  146 
   
Pre-K Training 1 = Pre-K training required for teachers 83 
 0 = Pre-K training not required for teachers 31 
  114 
   
Bachelor 1 = Bachelor's degree required for teachers 74 
 0 = Bachelor's degree not required for teachers 78 
    152 
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Table 4: Quality and Access Summary Statistics, Programs Serving 3-year-olds 

  N 
Variable Description (1) 
Quality Standards 1 Quality standards met 0 
 2 Quality standards met 2 
 3 Quality standards met 8 
 4 Quality standards met 21 
 5 Quality standards met 16 
 6 Quality standards met 21 
 7 Quality standards met 11 
 8 Quality standards met 12 
 9 Quality standards met 9 
 10 Quality standards met 1 
  101 
   
Income Requirement 1 = Income requirement for enrollment 57 
 0 = No income requirement for enrollment 43 
  100 
   
Early Learning Standards 1 = State has adopted standards 76 
 0 = State has not adopted standards 25 
  101 
   
Comprehensive Early Learning Standards 1 = State's standards are comprehensive 46 
 0 = State's standards are not comprehensive 30 
  76 
   
In-service 1 = 15 hours of in-service required 64 
 0 = 15 hours of in-service not required 33 
  97 
   
Pre-K Training 1 = Pre-K training required for teachers 63 
 0 = Pre-K training not required for teachers 15 
  78 
   
Bachelor 1 = Bachelor's degree required for teachers 47 
 0 = Bachelor's degree not required for teachers 54 
    101 
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Table 5: Effect of 4-year-old Preschool Program on NAEP Reading Score 

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

         
Program -1.0676 -0.8633 -0.9092 -1.8262 13.5273 12.5742 
 [1.6526] [1.7231] [1.8595] [1.8690] [15.3019] [14.8529] 
 (1.2262) (1.3677) (1.3098) (1.4491) (3.0097)*** (3.3301)*** 
       
K-12 Spending per Child ($1000s)  1.2630 0.9456 1.1395 -0.0463 0.3971 
  [0.2275]*** [0.2641]*** [0.3050]*** [0.3086] [1.0542] 
  (0.2609)*** (0.2721)*** (0.3020) (0.3214) (0.7176) 
       
Median Income ($1000s)   0.2244 0.2029 0.1491 0.1405 
   [0.1007]* [0.1052]§ [0.3807] [0.3650] 
   (0.0761)** (0.0771)** (0.2227) (0.2247) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0077 0.2184 0.2917 0.3089 0.9159 0.9170 
No. observations 100 88 88 88 88 88 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Program -0.2434 0.8133 1.0340 0.0409 14.7368 14.0201 
 [2.0241] [2.1107] [2.1529] [2.1053] [14.9337] [14.7214] 
 (1.4653) (1.7257) (1.6306) (1.7522) (3.0013)*** (3.3162)*** 
       
K-12 Spending per Child ($1000s)  1.4280 0.9872 1.2047 0.0438 0.3742 
  [0.2481]*** [0.2846]*** [0.3309]*** [0.3374] [1.0320] 
  (0.2768)*** (0.9872)*** (0.3252)*** (0.3204) (0.6983) 
       
Median Income ($1000s)   0.2625 0.2377 0.2009 0.1960 
   [0.0958]** [0.1010]* [0.3881] [0.3795] 
   (0.0779)*** (0.0791)** (0.2252) (0.2277) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0003 0.2394 0.3299 0.3472 0.9180 0.9186 
No. observations 100 88 88 88 88 88 

              
             
Notes: The table shows estimates of equation (1). Analysis was based on program offerings for 4-year-olds only. *, **, and *** indicate significance at the 5%, 1%, 
and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. Parenthetical figures 
represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns (7) through (12) are unweighted. 
Drop in N in columns (2) through (6) and (8) through (12) is the result of K-12 spending figures not published for states without programs in the 2003 Yearbook. These 
states include Alaska, Florida, Idaho, Indiana, Mississippi, Montana, New Hampshire, North Dakota, Rhode Island, South Dakota, Utah, and Wyoming.  
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Table 5-2: Effect of 4-year-old Preschool Program on NAEP Reading Score (Replaced Missing K-12 Spending Values) 
 Weighted 

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

        
Program -1.0676 -1.7622 -1.8784 -2.0033 9.1180 8.4676 
 [1.6526] [1.5310] [1.5774] [1.6063] [10.0505] [8.9929] 
 (1.2262) (1.1255) (1.0906)§ (1.0801)§ (2.1805)*** (2.1926)*** 
       
K-12 Spending per Child ($1000s)  1.1538 0.8729 1.0886 -0.0848 0.6656 
  [0.2314]*** [0.2372]*** [0.2715]*** [0.2037] [0.9793] 
  (0.2493)*** (0.2623)*** (0.2853)*** (0.2808) (0.5656) 
       
Median Income ($1000s)   0.1966 0.1805 -0.0606 -0.0148 
   [0.1028]§ [0.1064]§ [0.2709] [0.2752] 
   (0.0719)** (0.0716)* (0.1828) (0.1828) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0077 0.1872 0.2459 0.2710 0.9023 0.9069 
No. observations 100 100 100 100 100 100 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Program -0.2434 -1.0379 -0.9043 -1.0704 10.0449 9.3173 
 [2.0241] [1.9579] [1.9814] [1.9680] [10.5233] [9.4007] 
 (1.4653) (1.3347) (1.2778) (1.2592) (2.2343)*** (2.2680)*** 
       
K-12 Spending per Child ($1000s)  1.2862 0.8845 1.1733 -0.0083 0.7307 
  [0.2523]*** [0.2582]*** [0.3046]*** [0.25586] [1.0538] 
  (0.2683)*** (0.2866)** (0.3148)*** (0.2941) (0.5937) 
       
Median Income ($1000s)   0.2348 0.2095 -0.0197 0.0174 
   [0.0996]* [0.1041]* [0.2922] [0.2970] 
   (0.0744)** (0.0742)** (0.1912) (0.1909) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0003 0.1917 0.2676 0.2990 0.9035 0.9076 
No. observations 100 100 100 100 100 100 

              
             

Notes: The table shows estimates of equation (1). Analysis was based on program offerings for 4-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. Missing K-12 per child spending figures from the 2003 Yearbook were replaced with inflation-adjusted figures from the 
2004 Yearbook. 
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Table 6: Effect of 4-year-old Preschool Program on NAEP Math Score 

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

       
Program -2.0289 -1.9931 -2.0374 -2.1270 5.5695 5.7538 
 [1.4236] [1.4856] [1.4953] [1.4808] [10.1310]* [10.2076] 
 (1.0895)§ (1.2077) (1.1512)§ (1.2853) (2.4463)* (2.7478)* 
       
K-12 Spending per Child ($1000s)  1.1186 0.8324 0.8498 0.4340 0.3503 
  [0.2589]*** [0.2699]** [0.3017]** [0.3430] [0.8667] 
  (0.2228)*** (0.2317)*** [0.2569]*** (0.2667) (0.6004) 
       
Median Income ($1000s)   0.2075 0.2050 0.2378 0.2409 
   [0.0854]* [0.0865]* [0.3264] [0.3207] 
   (0.0671)** (0.0692)** (0.1894) (0.1930) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0342 0.2527 0.3290 0.3292 0.9240 0.9240 
No. observations 100 88 88 88 88 88 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Program -1.3050 -1.4926 -1.2811 -1.4780 6.7046 6.8025 
 [1.7356] [1.2904] [1.5444] [1.5118] [10.1660] [10.3848] 
 (1.2944) (1.5032) (1.4001) (1.5233) (2.5018)* (2.7755)* 
       
K-12 Spending per Child ($1000s)  1.2904 0.8680 0.9112 0.6134 0.5683 
  [0.2626]*** [0.2608]** [0.2966]** [0.3110]§ [0.7874] 
  (0.2411)*** (0.2510)*** (0.2827)** (0.2671)* (0.5844) 
       
Median Income ($1000s)   0.2515 0.2466 0.1774 0.1780 
   [0.0763]** [0.0780]** [0.2978] [0.2985] 
   (0.0669)*** (0.0688)*** (0.1877) (0.1906) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0103 0.2597 0.3664 0.3673 0.9269 0.9269 
No. observations 100 88 88 88 88 88 

              
             
Notes: The table shows estimates of equation (1). Analysis was based on program offerings for 4-year-olds only. *, **, and *** indicate significance at the 5%, 1%, 
and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. Parenthetical figures 
represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns (7) through (12) are unweighted. 
Drop in N in columns (2) through (6) and (8) through (12) is the result of K-12 spending figures not published for states without programs in the 2003 Yearbook. These 
states include Alaska, Florida, Idaho, Indiana, Mississippi, Montana, New Hampshire, North Dakota, Rhode Island, South Dakota, Utah, and Wyoming. 
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Table 6-2: Effect of 4-year-old Preschool Program on NAEP Math Score  (Replaced Missing K-12 Spending Values) 

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

       
Program -2.0289 -2.5448 -2.6838 -2.7384 3.1876 3.1332 
 [1.4236] [1.3775]§ [1.3749]§ [1.3799]§ [7.5892] [7.3174] 
 (1.0895)§ (0.9831)* (0.9464)** (0.9533)** (1.8682)§ (1.9310) 
       
K-12 Spending per Child ($1000s)  1.0423 0.7779 0.8435 0.3742 0.4311 
  [0.2501]*** [0.2416]** [0.2779]** [0.2652] [0.7677] 
  (0.2096)*** (0.2201)*** (0.2441)*** (0.2339) (0.4853) 
       
Median Income ($1000s)   0.1882 0.1826 0.0945 0.0975 
   [0.0858]* [0.0876]* [0.2371] [0.2415] 
   (0.0630)** (0.6387)** (0.1601) (0.1633) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0342 0.2304 0.2958 0.2988 0.9073 0.9073 
No. observations 100 100 100 100 100 100 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

         
Program -1.3050 -2.0722 -1.9379 -1.9801 3.9429 3.8307 
 [1.7356] [1.6178] [1.5642] [1.5664] [7.9275] [7.6258] 
 (1.2944) (1.1514)§ (1.0817)§ (1.0875)§ (1.9022)* (1.9718)§ 
       
K-12 Spending per Child ($1000s)  1.2419 0.8380 0.9115 0.6031 0.7170 
  [0.2559]*** [0.2357]*** [0.2758]** [0.2573]* [0.7797] 
  (0.2315)*** (0.2426)*** (0.2718)*** (0.2504)* (0.5161) 
       
Median Income ($1000s)   0.2361 0.2296 0.0445 0.0502 
   [0.0780]** [0.0798]** [0.2328] [0.2343] 
   (0.0630)*** (0.0641)*** (0.1628) (0.1660) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0103 0.2367 0.3341 0.3367 0.9112 0.9114 
No. observations 100 100 100 100 100 100 

              
             

Notes: The table shows estimates of equation (1). Analysis was based on program offerings for 4-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. Missing K-12 per child spending figures from the 2003 Yearbook were replaced with inflation-adjusted figures from the 
2004 Yearbook. 
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Table 7: Effect of 3-year-old Preschool Program on NAEP Reading Score 

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

       
Program -0.0430 -1.2961 -1.3848 -1.3765 3.2470 3.1958 
 [1.5998] [1.3852] [1.3159] [1.3312] [1.1823]** [1.2763]* 
 (1.1621) (1.0801) (1.0436) (1.0482) (1.4549)* (1.4842)* 
       
K-12 Spending per Child ($1000s)  1.3798 0.9950 1.0237 -0.1418 -0.0596 
  [0.2993]*** [0.3030]** [0.3178]** [0.3888] [0.6304] 
  (0.2853)*** (0.3073)** (0.3156)** (0.2461) (0.4155) 
       
Median Income ($1000s)   0.2156 0.2125 0.0603 0.0619 
   [0.1266]§ [0.1280] [0.1549] [0.1606] 
   (0.0762)** (0.0769)** (0.0903) (0.0914) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0000 0.1943 0.2562 0.2577 0.9802 0.9802 
No. observations 100 100 100 100 100 100 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Program 0.8719 -0.7301 -0.8313 -0.8510 2.6811 2.5267 
 [1.6865] [1.5733] [1.5517] [1.5628] [1.2899]* [1.3624]§ 
 (1.2377) (1.1741) (1.1310) (1.1341) (1.4082)§ (1.4458)§ 
       
K-12 Spending per Child ($1000s)  1.4904 1.0518 1.1144 0.0841 0.2626 
  [0.3591]*** [0.3376]** [0.3541]** [0.4230] [0.6039] 
  (0.3178)*** (0.3405)** (0.3520)** (0.2583) (0.4143) 
       
Median Income ($1000s)   0.2314 0.2254 0.1439 0.1511 
   [0.1267]§ [0.1281]§ [0.1615] [0.1694] 
   (0.0788)** (0.0794)** (0.0943) (0.0959) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0005 0.1889 0.2558 0.2600 0.9799 0.9801 
No. observations 100 100 100 100 100 100 

              
             

Notes: The table shows estimates of equation (1). Analysis was based on program offerings for 3-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. 
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Table 8: Effect of 3-year-old Preschool Program on NAEP Math Score 

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

       
Program 0.1006 -0.9650 -1.0244 -1.0154 2.3785 2.8468 
 [1.5617] [1.3828] [1.3443] [1.3480] [1.3368]§ [0.8368]*** 
 (1.0384) (0.9906) (0.9311) (0.9364) (1.4549) (1.3519)* 
       
K-12 Spending per Child ($1000s)  1.1112 0.6641 0.6510 0.3389 -0.4603 
  [0.3613]** [0.3553]§ [0.3820]§ [0.3279] [0.4968] 
  (0.2615)*** (0.2736) (0.2803)* (0.2232) (0.3350) 
       
Median Income ($1000s)   0.2563 0.2574 -0.0837 -0.0980 
   [0.1032]* [0.1045]* [0.1192] [0.1071] 
    (0.0694)*** (0.0840) (0.0777) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0001 0.0116 0.0082 0.2637 0.9777 0.9814 
No. observations 100 100 100 100 100 100 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Program 0.9077 -0.5020 -0.6298 -0.6223 1.4448 2.1492 
 [1.5385] [1.3605] [1.2812] [1.2876] [1.4328] [1.0710]* 
 (1.1049) (1.0514) (0.9674) (0.9723) (1.3381) (1.2689)§ 
       
K-12 Spending per Child ($1000s)  1.3115 0.7594 0.7373 0.5720 -0.2423 
  [0.3726]*** [0.3420]* [0.3579]* [0.3509] [0.5454] 
  (0.2846) (0.2912)* (0.3018)* (0.2455)* (0.3636) 
       
Median Income ($1000s)   0.2913 0.2934 -0.0014 -0.0340 
   [0.0932]** [0.0945]** [0.1223] [0.1196] 
   (0.0674)*** (0.0681)*** (0.0896) (0.0841) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0068 0.1852 0.3180 0.3186 0.9773 0.9808 
No. observations 100 100 100 100 100 100 

              
             
Notes: The table shows estimates of equation (1). Analysis was based on program offerings for 3-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. 
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Table 9: Effect of 4-year-old Preschool Program Quality on NAEP Reading Score 

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

        
Quality Benchmarks -0.1511 -0.1589 -0.1267 -0.1613 1.7410 1.7897 
 [0.2284] [0.2100] [0.2271] [0.2242] [1.7784] [1.3825] 
 (0.1814) (0.1891) (0.1817) (0.1841) (0.4520)*** (0.4147)*** 
       
K-12 Spending per Child ($1000s)  1.2732 0.9587 1.0991 -1.1189 0.3828 
  [0.2284]*** [0.2641]*** [0.3007]*** [1.009] [0.9638] 
  (0.2608)*** (0.2728)*** (0.3001)*** (0.4463)** (0.6800) 
       
Median Income ($1000s)   0.2205 0.2039 0.0205 0.0777 
   [0.1020]* [0.1061]§ [0.3076] [0.3287] 
   (0.0763)** (0.0776)** (0.2273) (0.2094) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0070 0.2213 0.2917 0.3022 0.9068 0.9239 
No. observations 100 88 88 88 88 88 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Quality Benchmarks -0.0439 0.0235 0.1309 0.1109 1.8347 1.8939 
 [0.2472] [0.2276] [0.2349] [0.2330] [1.7525] [1.3498] 
 (0.2059) (0.2165) (0.2066) (0.2051) (0.4484)*** (0.4116)*** 
       
K-12 Spending per Child ($1000s)  1.4252 0.9727 1.1889 -1.1420 0.3290 
  [0.2463]*** [0.2765]*** [0.3274]*** [1.0255] [0.9291] 
  (0.2771)*** (0.2932)*** (0.3212)*** (0.4555)* (0.6759) 
       
Median Income ($1000s)   0.2681 0.2444 0.1088 0.1739 
   [0.0930]** [0.0984]* [0.3110] [0.3245] 
   (0.0788)*** (0.0795)** (0.2369) (0.2184) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0005 0.2375 0.3299 0.3495 0.9063 0.9235 
No. observations 100 88 88 88 88 88 

              
             
Notes: The table shows estimates of equation (2). Analysis was based on program quality for 4-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. Drop in N in columns (2) through (6) and (8) through (12) is the result of K-12 spending figures not published for states 
without programs in the 2003 Yearbook. These states include Alaska, Florida, Idaho, Indiana, Mississippi, Montana, New Hampshire, North Dakota, Rhode 
Island, South Dakota, Utah, and Wyoming. 
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Table 9-2: Effect of 4-year-old Preschool Program Quality on NAEP Reading Score (Replaced Missing K-12 Spending Values) 

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

       
Quality Benchmarks -0.1511 -0.2685 -0.2588 -0.2364 1.5045 1.5553 
 [0.2284] [0.2017] [0.2065] [0.2187] [1.4013] [1.1993] 
 (0.1814) (0.1668) (0.1620) (0.1615) (0.3656)*** (0.3445)*** 
       
K-12 Spending per Child ($1000s)  1.1625 0.8869 1.0645 -0.7566 0.4329 
  [0.2320]*** [0.2387]*** [0.2754]*** [0.6144] [0.7731] 
  (0.2498)*** (0.2643)*** (0.2864)*** (0.3458)* (0.5520) 
       
Median Income ($1000s)   0.1891 0.1752 -0.0323 0.0684 
   [0.1044]§ [0.1082] [0.2339] [0.2655] 
   (0.0720)** (0.0721)* (0.1853) (0.1783) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0070 0.1883 0.2427 0.2613 0.9014 0.9146 
No. observations 100 100 100 100 100 100 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Quality Benchmarks -0.0439 -0.1527 -0.0830 -0.0396 1.6549 1.6972 
 [0.2472] [0.2323] [0.2364] [0.2466] [1.4539] [1.2100] 
 (0.2059) (0.1874) (0.1810) (0.1798) (0.3712)*** (0.3479)*** 
       
K-12 Spending per Child ($1000s)  1.2867 0.8806 1.1421 -0.8902 0.3798 
  [0.2532]*** [0.2581]*** [0.3103]*** [0.7435] [0.7886] 
  (0.2681)*** (0.2886)** (0.3141)*** (0.3764)* (0.5803) 
       
Median Income ($1000s)   0.2323 0.2105 0.0355 0.1318 
   [0.0998]* [0.1038]* [0.2301] [0.2593] 
   (0.0751)** (0.0748)** (0.1947) (0.1857) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0005 0.1922 0.2654 0.2940 0.9030 0.9167 
No. observations 100 100 100 100 100 100 

              
             
Notes: The table shows estimates of equation (2). Analysis was based on program quality for 4-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. Missing K-12 per child spending figures from the 2003 Yearbook were replaced with inflation-adjusted figures from the 
2004 Yearbook. 
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Table 10: Effect of 4-year-old Preschool Program Quality on NAEP Math Score 

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

       
Quality Benchmarks -0.2792 -0.2957 -0.2621 -0.2528 1.0787 1.0811 
 [0.1977] [0.1978] [0.2075] [0.2034] [1.0679] [0.9832] 
 (-0.159) (-0.1641)§ (0.1576)§ (0.1605) (0.3458)** (0.3468)** 
       
K-12 Spending per Child ($1000s)  1.1413 0.8681 0.8306 -0.2391 0.1658 
  [0.2613]*** [0.2713]** [0.3000]** [0.6877] [0.7308] 
  (0.2220)*** (0.2322)*** (0.2560)** (0.3361) (0.5610) 
       
Median Income ($1000s)   0.1978 0.2031 0.2148 0.2261 
   [0.0884]* [0.0884]* [0.3172] [0.3269] 
   (0.0674)** (0.0694)** (0.1725) (0.1734) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0305 0.2571 0.3262 0.3272 0.9317 0.9333 
No. observations 100 88 88 88 88 88 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Quality Benchmarks -0.2214 -0.2623 -0.1644 -0.1646 1.0367 1.0578 
 [0.2307] [0.2148] [0.2142] [0.2140] [1.0204] [0.9082] 
 (0.1814) (0.1873) (0.1773) (0.1788) (0.3416)** (0.3400)** 
       
K-12 Spending per Child ($1000s)  1.2987 0.8862 0.8888 -0.0614 0.4629 
  [0.2648]*** [0.2660]** [0.3022]** [0.6741] [0.6862] 
  (0.2398)*** (0.2517)*** (0.2799)** (0.3470)** (0.5583) 
       
Median Income ($1000s)   0.2444 0.2441 0.1642 0.1874 
   [0.0783]** [0.0798]** [0.2924] [0.2980] 
   (0.0676)*** (0.6926)*** (0.1804) (0.1804) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0150 0.2680 0.3666 0.3666 0.9302 0.9330 
No. observations 100 88 88 88 88 88 

              
             
Notes: The table shows estimates of equation (2). Analysis was based on program quality for 4-year-olds only. *, **, and *** indicate significance at the 5%, 1%, 
and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. Parenthetical figures 
represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns (7) through (12) are 
unweighted. Drop in N in columns (2) through (6) and (8) through (12) is the result of K-12 spending figures not published for states without programs in the 2003 
Yearbook. These states include Alaska, Florida, Idaho, Indiana, Mississippi, Montana, New Hampshire, North Dakota, Rhode Island, South Dakota, Utah, and 
Wyoming. 
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Table 10-2: Effect of 4-year-old Preschool Program Quality on NAEP Math Score (Replaced Missing K-12 Spending Values) 

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

        
Quality Benchmarks -0.2792 -0.3747 -0.3652 -0.3634 0.8853 0.8933 
 [0.1977] [0.1885]§ [0.1934]§ [0.1975]§ [0.9375] [0.9194] 
 (0.1590)§ (0.1436)* (0.1389)** (0.1400)* (0.2969)** (0.2991)** 
       
K-12 Spending per Child ($1000s)  1.0574 0.8064 0.8248 -0.0449 0.1971 
  [0.2516]*** [0.2440]** [0.2774]** [0.4238] [0.5692] 
  (0.2101)*** (0.2226)*** (0.2451)*** (0.2702) (0.4653) 
       
Median Income ($1000s)   0.1754 0.1737 0.1462 0.1652 
   [0.0902]§ [0.0917]§ [0.2465] [0.2550] 
   (0.0633)** (0.0643)** (0.1521) (0.1559) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.1643 0.2312 0.2881 0.2883 0.9172 0.9179 
No. observations 100 100 100 100 100 100 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Quality Benchmarks -0.2214 -0.3269 -0.2589 -0.2535 0.8826 0.8943 
 [0.2307] [0.2117] [0.2094] [0.2147] [0.9587] [0.9151] 
 (0.1814) (0.1610)* (0.1533)§ (0.1552) (0.3031)** (0.3042)** 
       
K-12 Spending per Child ($1000s)  1.2468 0.8508 0.8836 0.1080 0.4589 
  [0.2612]*** [0.2454]*** [0.2834]** [0.5077] [0.5827] 
  (0.2304)*** (0.2444)*** (0.2712)** (0.3074) (0.5073) 
       
Median Income ($1000s)   0.2265 0.2237 0.0998 0.1264 
   [0.0812]** [0.0827]** [0.2302] [0.2394] 
   (0.0636)*** (0.0646)*** (0.1590) (0.1623) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0150 0.2434 0.3317 0.3323 0.9179 0.9193 
No. observations 100 100 100 100 100 100 

              
             
Notes: The table shows estimates of equation (2). Analysis was based on program quality for 4-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. Missing K-12 per child spending figures from the 2003 Yearbook were replaced with inflation-adjusted figures from the 
2004 Yearbook. 
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Table 11: Effect of 3-year-old Preschool Program Quality on NAEP Reading Score 

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

       
Quality Benchmarks -0.1693 -0.3027 -0.2848 -0.2887 0.1258 0.1416 
 [0.2303] [0.2081] [0.2084] [0.2104] [0.3937] [0.4044] 
 (0.1826) (0.1661)§ (0.1610)§ (0.1617)§ (0.2759) (0.2792) 
       
K-12 Spending per Child ($1000s)  1.3796 0.9998 1.0370 -0.0057 0.1856 
  [0.3054]*** [0.3079]** [0.3245]** [0.3947] [0.6798] 
  (0.2781)*** (0.3029)*** (0.3117)*** (0.2519) (0.4172) 
       
Median Income ($1000s)   0.2071 0.2032 0.1040 0.1068 
   [0.1262] [0.1276] [0.1632] [0.1706] 
   (0.0757)** (0.0764)** (0.0934) (0.0942) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0087 0.2094 0.2665 0.2688 0.9781 0.9783 
No. observations 100 100 100 100 100 100 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Quality Benchmarks -0.1229 -0.1731 -0.1143 -0.1136 0.2507 0.2738 
 [0.2488] [0.2410] [0.2366] [0.2388] [0.3660] [0.3627] 
 (0.2053) (0.1861) (0.1809) (0.1814) (0.2680) (0.2692) 
       
K-12 Spending per Child ($1000s)  1.4489 1.0114 1.0706 0.2350 0.5281 
  [0.3482]*** [0.3231]** [0.3414]** [0.3847] [0.5554] 
  (0.3038)*** (0.3319)** (0.3431)** (0.2485) (0.3901) 
       
Median Income ($1000s)   0.2239 0.2180 0.1912 0.2003 
   [0.1257]§ [0.1272]§ [0.1561] [0.1637] 
   (0.0793)** (0.0800)** (0.0947)* (0.0952)* 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0036 0.1929 0.2547 0.2586 0.9788 0.9792 
No. observations 100 100 100 100 100 100 

              
             
Notes: The table shows estimates of equation (2). Analysis was based on program quality for 3-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. 
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Table 12: Effect of 3-year-old Preschool Program Quality on NAEP Math Score 

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

       
Quality Benchmarks -0.2902 -0.3738 -0.3424 -0.3418 0.2258 0.1639 
 [0.2215] [0.2098]§ [0.2034]§ [0.2036]§ [0.4061] [0.3996] 
 (0.1591)§ (0.1464)* (0.1383)* (0.1390)* (0.2564) (0.2430) 
       
K-12 Spending per Child ($1000s)  1.1263 0.6891 0.6764 0.3902 -0.2997 
  [0.3650]** [0.3590]§ [0.3847]§ [0.3514] [0.5365] 
  (0.2481)*** (0.2630)** (0.2693)* (0.2251)§ (0.3389) 
       
Median Income ($1000s)   0.2446 0.2457 -0.0595 -0.0695 
   [0.1011]* [0.1025]* [0.1385] [0.1244] 
   (0.0673)*** (0.0678)*** (0.0847) (0.0800) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0328 0.2023 0.2987 0.2992 0.9768 0.9798 
No. observations 100 100 100 100 100 100 
       

 Unweighted 
 (7) (8) (9) (10) (11) (12) 

       
Quality Benchmarks -0.2777 -0.3228 -0.2500 -0.2503 0.2207 0.1692 
 [0.2501] [0.2310] [0.2156] [0.2167] [0.3368] [0.3344] 
 (0.1817) (0.1640)§ (0.1529) (0.1536) (0.2487) (0.2372) 
       
K-12 Spending per Child ($1000s)  1.3018 0.7599 0.7366 0.6398 -0.0127 
  [0.3840]*** [0.3367]* [0.3514]* [0.3222]§ [0.4837] 
  (0.2678)*** (0.2804)** (0.2905)* (0.2305)** (0.3436) 
       
Median Income ($1000s)   0.2773 0.2796 0.0264 0.0060 
   [0.0938]** [0.9511]** [0.1233] [0.1179] 
   (0.0670)*** (0.0677)*** (0.0879) (0.0839) 
       
Year Fixed Effects? No No No Yes No Yes 
       
State Fixed Effects? No No No No Yes Yes 
       
R-squared 0.0233 0.2146 0.3335 0.3343 0.9771 0.9798 
No. observations 100 100 100 100 100 100 

              
             
Notes: The table shows estimates of equation (2). Analysis was based on program quality for 3-year-olds only. *, **, and *** indicate significance at the 
5%, 1%, and 0.1% level, respectively. § indicates significance at the 10% level. Bracketed figures under coefficients represent clustered standard errors. 
Parenthetical figures represent unclustered standard errors. Columns (1) through (6) are weighed by NAEP score standard errors at the state level. Columns 
(7) through (12) are unweighted. 
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