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ABSTRACT 

 In recognition of the potential long-term benefits of early education programs, 

significant public investments have been made in preschool programs such as Head Start, state-

funded pre-kindergarten, and special education preschool. However, there is an active debate 

over the effectiveness of these public, large-scale programs. This study contributes to the 

literature on this topic by using state-year panel data to examine the relationship between the 

percentage of four-year-olds enrolled in publicly funded preschool and average fourth-grade 

National Assessment of Educational Progress math test scores five years later. My findings 

suggest that the relationship between preschool enrollment and test scores varies by type of 

publicly funded preschool. More specifically, I find that enrollment in the two types of 

preschool that typically serve disadvantaged students (Head Start and state-funded pre-

kindergarten) is negatively associated or has no relationship with test scores. On the other hand, 

enrollment in special education preschool (which is available to all children regardless of 

income) has a positive relationship with test scores and this relationship is stronger for low-

income students than for all students. The limitations of this study prevent far-reaching policy 

conclusions but underscore the need for improved data capacity so that future studies can better 

assess the effectiveness of large-scale, publicly funded preschool programs. 
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INTRODUCTION 

 For several decades, federal and state governments have invested significant resources 

in preschool programs. The two largest sources of publicly funded preschool, Head Start and 

state-funded pre-kindergarten programs, spent roughly $11 billion on preschool for three- and 

four-year-olds in 2012 (Barnett, Carolan, Fitzgerald, & Squires, 2012). In the same year, 

publicly funded preschool programs served over two million children, including 

approximately 39% of the four-year-old population (Barnett et al., 2012). Many rigorous 

studies of high quality preschool programs have shown that they enhance school readiness, 

increase academic achievement, and have a positive impact on long-term outcomes such as 

improved high school graduation, reduced juvenile delinquency, and reduced teen pregnancy 

(Magnuson & Shager, 2010). 

 Even with this multi-billion dollar investment, one third of low-income four-year-olds 

are not enrolled in a center-based preschool program (Haskins & Barnett, 2010). Studies have 

shown that economically disadvantaged and minority children enter school six months behind 

other students and remain behind throughout their elementary and secondary school years 

(Magnuson & Shager, 2010). Results of national standardized tests show that significant 

achievement gaps exist between advantaged and disadvantaged children and between 

minority and non-minority children in math and reading test scores in the fourth and eighth 

grades (National Center for Education Statistics, 2011b; 2011c). These gaps are troublesome, 

as poor academic performance is associated with negative outcomes such as high school drop 

out (Finn, Gerber, & Boyd-Zaharis, 2005) and lower adult wages (Chetty, Friedman, & 

Rockoff, 2013). 

In recognition of the benefits of high quality preschool and the persistent achievement 

gap faced by disadvantaged and minority children, President Obama called for enhanced 
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federal support for high quality preschool programs during his 2013 and 2014 State of the 

Union Addresses. He proposed universal preschool access for all four-year-olds whose 

families have incomes at or below 200% of the federal poverty level. The Obama 

administration also developed the Race to the Top—Early Learning Challenge program to 

competitively award federal funds to help states improve the reach and quality of their 

preschool programs (The White House, 2013). 

At the same time that the administration is enhancing support for publicly funded 

preschool, there is an active debate over the effectiveness of such programs (Haskins & 

Barnett, 2010). The effects of preschool programs are difficult to isolate given the various 

factors that contribute to preschool enrollment and academic achievement. A simple 

correlation between publicly funded preschool enrollment and achievement will yield 

downwardly biased results in part because disadvantaged students are, in general, 

overrepresented in the publicly funded preschool population and, on average, achieve at lower 

levels than other children (Haskins & Barnett, 2010). While rigorous evaluations of high 

quality, exemplary preschool programs have demonstrated strong positive short- and long-

term effects on various child outcomes, evaluations of publicly funded preschool programs 

more generally have shown mixed results (Magnuson & Shager, 2010).  

This paper contributes to the existing literature by analyzing how changes in the 

percentage of four-year-olds in publicly funded preschool in each state are related to changes 

in average fourth-grade National Assessment of Educational Progress (NAEP) math test 

scores five years later. I focus on math test scores as opposed to reading or other test scores 

because research has suggested that math scores are relatively more responsive to school-

related factors and relatively less responsive to family or social factors than reading scores 

(Nye, Konstantopoulos, & Hedges, 2004). I use annual state-level data on publicly funded 
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preschool enrollment from the National Institute for Early Education Research (NIEER) State 

Preschool Yearbook series, as well as data from the Individuals with Disabilities Education 

Act (IDEA) Data Accountability Center. Annual state-level data on NAEP test scores are 

obtained from the National Center for Education Statistics. To reduce potential bias, I control 

for state and year fixed effects, and for a variety of time-varying state characteristics.  

My results suggest that enrollment in the two types of preschool that typically serve 

disadvantaged students (Head Start and state-funded pre-kindergarten) is negatively 

associated with test scores or has no relationship with test scores. On the other hand, 

enrollment in special education preschool (which is available to all children regardless of 

income) has a positive relationship with test scores and this relationship is stronger for low-

income students than for all students. The limitations of this study prevent far-reaching policy 

conclusions but underscore the need for improved data capacity so that future studies can 

better assess the effectiveness of large-scale, publicly funded preschool programs. 
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BACKGROUND 

For the purposes of this paper, publicly funded preschool is defined as an educational 

program for four-year-old children that is funded through the federal Head Start program, 

state pre-kindergarten programs, or special education preschool as mandated by the IDEA. 

These three government programs represent the main sources of public preschool support 

(Guernsey & Holt, 2012). The definition of publicly funded preschool used in this paper does 

not include childcare subsidized by federal or state sources, since these subsidies can be used 

for informal care arrangements and center-based programs that do not offer educational 

programming (Haskins & Barnett, 2010). In this section, I provide a brief background on 

these three programs, including an overview of their reported quality since preschool quality 

is associated with child outcomes (National Institute of Child Health and Human 

Development Early Child Care Research Network & Duncan, 2003). In the next section, I 

present an overview of the literature examining the relationship between publicly funded 

preschool and test scores. 

Head Start 

Head Start was developed in 1965 to provide educational programming and 

comprehensive social-emotional and health interventions to three- to five-year-old children at 

or below the federal poverty level (with some exceptions) (Magnuson & Shager, 2010). 

Federal funding is channeled to local grantees at private and nonprofit agencies, about half of 

which provide full-day programs (Magnuson & Shager, 2010). Over the last decade, 

enrollment in Head Start has remained relatively stable at approximately 900,000 children 

each year (Bassok, 2012; Barnett et al., 2012).1 During the 2011-2012 program year,  

                                                
1 As I describe later, I use data from the 2001-2002, 2003-2004, 2005-2006, and 2007-2008 preschool years for 
my analysis. The trends and information provided in this section for 2001 through 2012 are similar to the trends 
and information from the 2001 to 2008 period. 
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the average cost of Head Start was $7,764 per child (Barnett et al., 2012).2 

Studies have found that most Head Start centers have class sizes, student-teacher ratios, 

and classroom characteristics (such as the physical environment, activities, and teacher-child 

interactions) that follow the recommendations of early education experts (Magnuson & 

Shager, 2010). However, the percent of Head Start teachers with a college degree has been 

strikingly low (Center for Law and Social Policy, 2008). As a result, in recent years quality 

improvement has been a major focus of Head Start reform. In particular, the 2007 Head Start 

reauthorization legislation emphasized improving teacher qualifications and other quality 

standards (Improving Head Start for School Readiness Act of 2007). 

State-funded Pre-kindergarten 

 In addition to the federal Head Start program, 40 states funded pre-kindergarten 

programs in 2012 (Barnett et al., 2012). Most of these programs target low-income or 

otherwise at-risk children. The definition of low income varies by state, with some states 

setting the threshold at below 100% of the federal poverty level, and others setting the 

threshold as high as 300% of the federal poverty level. Other states set their income 

requirements as a percentage of state median income (SMI). SMI thresholds range from 

below 50% to 100% of median income (Barnett, Epstein, Friedman, Boyd, & Hustedt, 2008; 

Barnett et al., 2012). Between the 2001-2002 and 2011-2012 school years, nationwide 

enrollment in state-funded pre-kindergarten programs increased from 14% to 28% of four-

year-olds due to more states offering pre-kindergarten programs and increasing enrollment in 

pre-existing programs (Barnett et al., 2012). While total expenditures on pre-kindergarten 

have increased by 48% over the past decade, annual per child expenditures have decreased 

                                                
2 In 2012 dollars. 
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from an average of $5,020 to $3,841 per child (Barnett et al., 2012).3 State-funded pre-

kindergarten programs are delivered in many different settings including public schools, 

private childcare centers, and Head Start locations (Barnett, Robin, Hustedt, & Schulman, 

2003). Some programs operate on a half-day schedule, while others provide full-day services 

(Barnett et al., 2012).4  

NIEER measures the quality of state-funded pre-kindergarten programs by tracking 

proxy measures such as teacher qualifications and curriculum standards. NIEER has found 

that, since the 2001-2002 school year, state programs have improved in quality, although 

variation in program quality remains significant (Barnett et al., 2012). It is important to note 

that the NIEER quality measure does not consider important elements of quality related to the 

effectiveness of preschool programs, particularly the quality of teacher-child interactions 

(Pianta, Barnett, Burchinal, & Thornburg, 2009). 

IDEA, Part B 

 The Individuals with Disabilities Education Act, Part B mandates a “free appropriate 

public education” for all three- to five-year-old children with a disability (Individuals with 

Disabilities Education Improvement Act of 2004). Each year, approximately 250,000 four-

year-olds are served under this Act (Barnett et al., 2012). In 2008, the federal government 

spent $374 million on special education preschool (Haskins & Barnett, 2010). The precise 

level of state spending on special education preschool is unknown, but it is estimated that the 

full cost of special education preschool approaches $6 billion per year (Barnett, Hustedt, 

Robin, & Schulman, 2005). Given this significant public investment, I include special 

education preschool in my analysis.  
                                                
3 In 2012 dollars. This amount represents state funding and funding from the federal Temporary Assistance for 
Needy Families program that states can elect to use for preschool programs. Some states may supplement these 
sources with other local or federal funds that are not reported (Barnett et al., 2012). 
4 See Barnett et al. (2012) for a thorough discussion of the criteria that must be met in order for a program to be 
considered a “state pre-kindergarten program.” 
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Some students benefitting from the IDEA are served within existing preschool venues 

such as public schools and Head Start centers, while others are served in separate special 

education settings (Pierce, n.d.). Therefore, the quality of preschool for many students 

supported by IDEA, Part B is likely similar to the quality of Head Start and state-funded pre-

kindergarten. My review of the relevant literature identified no studies that focus on special 

education preschool quality.  
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LITERATURE REVIEW 

Given the significant public investment in preschool programs, much research 

examines their effectiveness. Studies evaluating the relationship between publicly funded 

preschool and test scores have produced mixed results. Some studies have found evidence of a 

positive statistically significant relationship that persists through late elementary school, even 

though the magnitude of the relationship diminishes over time. Others have found that the 

relationship diminishes to such a degree that by the time children reach third, fourth, or fifth 

grades, any early positive associations are no longer detectable. Below, I provide a review of 

the literature on this topic. I first focus on studies that analyze the relationship between 

preschool and fourth-grade NAEP test scores, my dependent variable of interest. I then 

broaden the review to examine studies using other achievement tests administered in other 

elementary grades. Unless otherwise noted, this review focuses on studies of publicly funded, 

large-scale preschool programs. 

Preschool and NAEP Scores 

To my knowledge, only three studies have investigated the relationship between 

preschool and NAEP scores. Grissmer, Flanagan, Kawata, and Williamson (2000) explored 

this relationship at the state level. After controlling for family and school characteristics, they 

found suggestive evidence that higher rates of public pre-kindergarten enrollment were related 

to higher achievement levels on the fourth-grade NAEP math test, especially among states 

with large numbers of individuals who were of low socio-economic status. However, the 

magnitude of this relationship was small, and its statistical significance varied based on the 

identification strategy used.  

Fitzpatrick (2008b) explored the relationship between access to universal pre-

kindergarten (pre-kindergarten available to all four-year-olds regardless of income) and 
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fourth-grade NAEP scores in Georgia. Using a difference-in-differences approach, she found 

a statistically significant positive relationship between access to universal pre-kindergarten 

and NAEP math test scores among economically advantaged white students residing in urban 

areas, economically advantaged black students residing in rural areas, and all white students 

residing in rural and urban fringe areas.5 The magnitudes of the results were small, which the 

author attributed to the fact that the children in the control group experienced other early 

education programs. When the control group included fewer children that had experienced 

such programs (i.e., children residing in non-urban areas), the magnitudes of her findings 

increased.  

More recently, Cascio and Schanzenbach (2013) used a difference-in-differences 

identification strategy to analyze the relationship between access to universal pre-kindergarten 

in Oklahoma and Georgia and NAEP test scores in the fourth and eighth grades.6 The authors 

found that the introduction of universal pre-kindergarten programs was associated with a 

statistically significant increase in fourth- and eighth-grade NAEP math test scores among 

low-income students. The magnitude of the relationship was greater in the fourth grade, which 

is consistent with other studies finding evidence of fade out over time.  

Preschool and Other Test Scores 

While the number of studies examining the relationship between preschool enrollment 

and NAEP scores is limited, many studies have explored the relationship between publicly 

funded preschool programs and scores on other tests, such as state achievement tests. Most of 

these studies have used individual-level data, with one exception that looks at county-level 

data. Below, I discuss the findings of several meta-analyses that aggregate the findings of the 

                                                
5 This study compared students in Georgia (the treatment group) to two comparison groups: (1) students in all 
other states, and (2) a synthetic control group that was constructed to mirror the trend in NAEP test scores 
experienced by students in Georgia.  
6 This study compared children in Oklahoma and Georgia to children in all other states. 
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substantial literature on this topic. I then describe some of the most important individual 

studies and conclude by reviewing a sample of recent studies not included in the meta-

analyses. 

 

Meta-Analyses 

Gilliam and Zigler (2001; 2004) conducted a meta-analysis that focused exclusively 

on state-funded pre-kindergarten programs. Of the eight state studies included in the meta-

analysis, most found evidence of a statistically significant positive relationship between a 

child’s participation in a state-funded pre-kindergarten program and his or her math test 

scores at some point in elementary school. However, the persistence of the relationship varied. 

Of the eight studies analyzed, the one with the strongest comparison group found a 

statistically significant positive relationship with math test scores in third and sixth grades.7 

Of the two studies that used weaker comparison groups, one found no relationship with math 

scores in the third grade and the other found a positive relationship in the first grade, but did 

not track children in later grades.8 Of the five remaining studies with the weakest comparison 

groups, one found a statistically significant negative relationship with fourth-grade math test 

scores, one found no relationship, and three found a positive relationship in the third or fourth 

grades.9 

Several other meta-analyses also look at early education programs. However, these 

studies have examined model preschool programs alongside publicly funded, large-scale 

programs. One such study found no statistically significant relationship between preschool 

                                                
7 This study used students who were waitlisted, but did not attend the program, as the comparison group. 
8 Studies with weaker comparison groups used a matched comparison group of students who were eligible for 
the program, but did not attend. 
9 The weakest studies used either (1) comparison groups comprised of eligible students who did not attend the 
program and were not matched to attendees, or (2) comparison groups comprised of randomly selected 
classmates. 
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participation and cognitive outcomes (measured from preschool exit to age 10 and above) 

when comparisons were made between children that received a particular preschool 

intervention (e.g., Head Start) and children who might have received other early education 

services (Camilli, Vargas, Ryan, & Barnett, 2010). However, this study found evidence of a 

positive statistically significant relationship when comparisons were made to children not 

enrolled in any preschool program. The findings showed that the magnitude of this 

relationship faded over time but did not reach zero even when the child was over 10 years old. 

In a meta-analysis that only reviewed the most well-designed studies of both model 

and large-scale preschool programs, Gorey (2001) found a strong positive relationship 

between preschool attendance and children’s performance on achievement tests.10 This 

relationship was strongest among the highest intensity preschool programs (e.g., longer day 

programs and programs with more qualified teachers). Gorey found that the relationship faded 

over time, especially for low-intensity programs, but that it remained statistically significant 

into late elementary school. 

In their recent meta-analysis, Duncan and Magnuson (2013) found that the average 

magnitude of the relationship between preschool and cognitive outcomes at the end of the 

preschool year was approximately 0.30 standard deviation units. Their analysis found that this 

relationship diminished by an average of 0.03 standard deviation units per year after the 

preschool intervention, leading to complete fade out 10 years after preschool. They discussed 

this finding in light of the fact that preschool interventions have consistently shown long-term 

benefits (such as improved high school graduation and reduced criminal activity). They 

hypothesized that non-cognitive factors could be responsible for these positive long-term 

outcomes, but they noted that data did not exist to analyze this theory. 

                                                
10 Gorey restricted his analysis to studies that used randomized experiments or quasi-experimental methods with 
control groups that were comparable to treatment groups on observable characteristics. 
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Individual Studies 

While the meta-analyses described above are helpful for synthesizing a large volume 

of research on this topic, it is also important to highlight individual studies that (1) are 

considered seminal entries in this literature, or (2) provide more recent findings. 

Several studies of Head Start are considered seminal pieces. Currie and Thomas 

(1995) studied Head Start using a clever research design in which they compared children 

who attended Head Start to their siblings who did not. Using household fixed effects, they 

found that Head Start attendance was associated with higher vocabulary scores for white and 

black children, but that the relationship only persisted through adolescence for white children. 

This differential influence of preschool on children of different races aligns with the findings 

of Fitzpatrick (2008b), discussed above. Currie and Thomas suggested that this finding could 

be due to the disparity in preschool and K-12 school quality between the two racial groups. 

The authors did not find any statistically significant relationship between Head Start 

attendance and math scores. 

Using a similar approach to the one used by Currie and Thomas (1995), Deming 

(2009) found a statistically significant positive relationship between Head Start attendance 

and a composite test score measure that captured both vocabulary and math achievement. 

These results persisted through late elementary school, and there was suggestive evidence of 

fade out over time, especially for black children and for children of mothers with low 

cognitive skills. Like Duncan and Magnuson (2013), Deming discussed the apparent 

contradiction in his findings that showed fade out of test scores over time but strong long-term 

benefits of Head Start such as high school graduation, reduced crime, improved health, and 

more. He concluded that test scores are only one of many factors that contribute to long-term 
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outcomes and, therefore, cautioned against only using test scores to make judgments about the 

long-term impact of preschool.  

Instead of studying Head Start at the individual level, Ludwig and Miller (2007) 

undertook a county-level analysis using a regression discontinuity design.11 The authors 

showed that there was no statistically significant relationship between Head Start participation 

rates and eighth-grade math test scores. However, they found evidence of a positive 

association with long-term academic attainment. They discussed these findings in light of 

research done by Heckman, Stixrud, and Urzua (2006), who found that minor improvements 

in cognitive and non-cognitive skills are associated with positive long-term outcomes like 

high school graduation. Given the weak statistical power of their findings, Ludwig and Miller 

concluded that there might be small cognitive associations that they were unable to detect and 

that could be driving the longer-term outcomes they observed.  

In addition to these non-experimental studies, a randomized controlled trial of the 

Head Start program has also been conducted. It found no effects on math scores through the 

third grade, but it did find some effects for other cognitive measures (Puma et al., 2012). The 

researchers that conducted this study were careful to point out that many children in the 

control group received other early education services, which impacts the interpretation of their 

findings. 

Additional individual studies that contribute to the literature on this topic include 

recent studies of state-funded pre-kindergarten programs. A study of the Tulsa, Oklahoma 

universal pre-kindergarten program by Hill, Gormley, and Adelstein (2012) found evidence of 

a positive association between pre-kindergarten attendance and math test scores in the third 

                                                
11 The authors were able to use a regression discontinuity design because in the 1960s, some counties below a 
certain poverty threshold were eligible to receive Head Start grant writing assistance, and therefore had higher 
Head Start participation rates than counties just above the poverty threshold. 
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grade, but only among children that attended the pre-kindergarten program after it had been 

well established for several years. In a study of over 200,000 students in Texas, Huston, 

Gupta, and Schexnayder (2012) found that participation in the Texas Public School Pre-

Kindergarten program was associated with higher scores on a standardized state math test in 

the third grade. This relationship was particularly strong for disadvantaged children.  

However, a recent study of the Arkansas state pre-kindergarten program produced a different 

finding (Jung, Barnett, Hustedt, & Francis, 2013). The authors found a positive association 

between pre-kindergarten attendance and math test scores in the first and second grades, but 

these differences in scores ceased to be statistically significant in the third and fourth grades. 

Likewise, a recent randomized controlled study of the Tennessee Voluntary Pre-kindergarten 

Program found that the program had a statistically significant positive effect on cognitive test 

scores at the end of the pre-kindergarten year, but these relationships completely faded out by 

the end of first grade (Lipsey, Hofer, Dong, Farran, & Bilbrey, 2013). 

 

 Clearly, there is mixed evidence regarding the relationship between publicly funded 

preschool and test scores in middle to late elementary school. Most research on this topic has 

been conducted on specific programs within particular states using individual level data. In 

contrast, this paper seeks to contribute to this field of study by analyzing how state-level 

publicly funded preschool enrollment is related to state-level NAEP math test scores in the 

fourth grade. By approaching this question at a higher a level of aggregation, this paper 

provides new evidence to this long-standing debate. 
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CONCEPTUAL FRAMEWORK 

Due to the number of correlates of preschool attendance and test performance, it is 

difficult to identify a causal effect of publicly funded preschool enrollment rates on state-level 

test scores. Figure 1 illustrates the most significant correlates. The figure depicts the 

hypothesized relationship between the key independent and dependent variable, and the 

demographic and family, socio-economic, and policy factors that could be associated with 

both. Figure 1 also suggests that K-12 school factors influence the relationship between 

preschool enrollment rates and NAEP test scores.  I describe all of these relationships in more 

detail below. 

FIGURE 1: CORRELATES OF PRESCHOOL ENROLLMENT RATES AND TEST SCORES 
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K-12 School Factors 

K-12 school quality. Currie and Thomas (2000) showed that black Head Start students 

were generally more likely to attend lower quality K-12 schools than black students that did 

not attend Head Start. In turn, attending a low-quality, poorly resourced school has a negative 

relationship with test scores (Rouse & Barrow, 2006; Grissmer et al., 2000). Researchers have 

hypothesized that these relationships explain why test score gains among students in publicly 

funded preschool tend to fade out over time (Currie & Thomas, 2000; Lee & Loeb, 1995).  

Grade retention and special education. Attendance at a publicly funded preschool is 

associated with a lower likelihood of being retained in grade (Barnett, 1995; Gilliam & Zigler, 

2001) and being placed in K-12 special education programs (Barnett, 1995). Both grade 

retention (Jimerson, 2001) and K-12 special education enrollment (Hanushek, Kain, & Rivkin, 

2002) are negatively associated with test scores.12 

Demographic and Family Factors 

Single-parent households. Some studies have suggested, though they have not 

conclusively demonstrated, that single mothers are more likely than married mothers to enroll 

their children in publicly funded preschool programs (Fitzpatrick, 2008a; Lee, Brooks-Gunn, 

Schnur, & Liaw, 1990). Conversely, other studies have shown that single-parent households 

may be less likely than other households to enroll their child in Head Start since Head Start is 

typically a half-day program and relies on parental involvement, which may pose difficulties 

                                                
12 Since preschool has been shown to reduce grade retention, researchers suggest that disparate grade retention 
rates between preschool participants and non-participants can explain part of the fade out in test scores seen over 
time since the lower-achieving non-participants are held back and are not tested in the same year as participants 
(Barnett, Jung, Youn, & Frede, 2013; Barnett, 2008). I am not able to control for grade retention in my analysis 
due to a lack of data. I am also not able to control for K-12 special education participation due to the poor quality 
of data that is available. Notably, data on the number of children with Individualized Education Programs (which 
are required for all children obtaining special education services) from the National Center for Education 
Statistics suffers from a significant amount of missing and/or suppressed data due to poor data quality. However, 
the use of fixed effects in my model captures national trends in K-12 special education enrollment and grade 
retention, as well as fixed state propensities to enroll students in K-12 special education or retain students in 
grade. See footnote 47 for a discussion of the likely bias these omissions impose. 
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for single parents (Hofferth, 1994). Children in single-parent households also tend to have 

poorer academic performance than children in two-parent households, although the statistical 

significance of this finding varies across studies (Grissmer et al., 2000; Cheadle, 2008; Pong, 

Dronkers, & Hampden-Thompson, 2003).13  

Family size. Studies have also shown that family size is negatively associated with 

children’s academic achievement, primarily because parents in relatively larger families have 

relatively fewer resources for each child (Downey, 1995). There is also some evidence that an 

increase in family size is associated with a decreased likelihood that a child will be placed in 

preschool (Chiswick & DebBurman, 2004). However, these studies do not specifically 

address enrollment in free, publicly funded preschool programs. Since there is no cost to 

enroll, an increase in family size could increase the likelihood of enrolling in publicly funded 

preschool programs due to the need for more childcare. 

Race. Consistent evidence has demonstrated differences among races in preschool 

enrollment. When compared to white children, black children are more likely to enroll in 

center-based childcare programs (such as Head Start), while Hispanic children are less likely 

to enroll (Blau & Currie, 2004). As noted in the Introduction, black and Hispanic students 

tend to perform less well than white students on the NAEP math test (National Center for 

Education Statistics, 2011b; 2011c), and there is also a greater degree of fade out in the effect 

of preschool attendance among black students than among white students (Currie & Thomas, 

2000; Deming, 2009). Currie and Thomas (2000) found that this dynamic could be attributed 

to the poor quality of the K-12 schools that black children are more likely to attend. 

Immigration and English-speaking households. Mothers who do not speak English 

tend to be less likely than other mothers to enroll their children in center-based childcare 

                                                
13 The inconclusive nature of findings for single-parent families is likely due to the correlation between family 
structure and other characteristics, such as income (Grissmer et al., 1994). 
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programs (McCallion, 2006). However, studies have shown that children with limited English 

language proficiency benefit the most from preschool programs (Huston et al., 2012; Currie & 

Thomas, 1999). Even so, being an English Language Learner is associated with poor 

academic performance on a variety of measures, including test scores (Genesee, Lindholm-

Leary, Saunders, & Christian, 2005). At the same time, studies show that children of foreign-

born parents generally tend to achieve at higher levels than native-born children after 

controlling for socio-economic status (Crosnoe & López Turley, 2011). 

Mobility. Some researchers have suggested that mobility in the preschool years can 

reduce enrollment in preschool programs to the extent that such programs are unable to add 

students in the middle of the school year (Barnett, Brown, & Shore, 2004). Studies also show 

that geographic mobility is negatively associated with academic performance (Rumberger, 

2002). 

Children with disabilities. Children with disabilities tend to experience lower levels of 

academic achievement than children without disabilities (Hanushek et al., 2002). Given the 

IDEA legislation previously discussed, it is possible that states with a higher percentage of 

children with disabilities also experience higher rates of publicly funded preschool enrollment. 

Parental involvement and expectations. The degree of parental involvement in, and 

expectations for, a child’s education is associated with the child’s academic success (Jeynes, 

2003). This factor is often cited as an unobservable confounding factor in studies of preschool 

programs because parental involvement could be associated with a child’s later academic 

performance and with the decision to enroll the child in preschool (Gilliam & Zigler, 2001).14 

 

                                                
14 I am not able to control for parental expectations or involvement in my model due to a lack of data. However, 
the use of fixed effects in my model captures any fixed state differences in the average level of parental 
expectations or involvement. In the Discussion section, I discuss the potential bias this may impose on my 
estimates. 
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Socio-economic Factors 

Socio-economic factors have a direct relationship with preschool attendance 

(McCallion, 2006; Haskins & Barnett, 2010) and test scores (Davis-Kean, 2005; Raviv, 

Kessenich, & Morrison, 2004; National Center for Education Statistics, 2011b; National 

Center for Education Statistics, 2011c; Grogger, Karoly, & Klerman, 2002). In addition, given 

the financing structure of public education, socio-economic factors are also related to K-12 

school quality, which is then related to test scores. For instance, it is well understood that low-

income areas tend to have poorer quality K-12 public schools (Grissmer et al., 2000). Three 

key socio-economic factors are parental education, income, and employment.  

Parental education. Research has shown that better educated mothers are more likely 

than more poorly educated mothers to enroll their children in preschool programs (McCallion, 

2006). It is also widely accepted that parental education is positively associated with 

children’s academic performance (Davis-Kean, 2005; Raviv, Kessenich, & Morrison, 2004).  

Income. In general, low-income children are overrepresented in publicly funded 

preschool programs, especially Head Start, given the income requirements of such programs 

(Haskins & Barnett, 2010). As discussed in the Introduction, low-income students also tend to 

perform more poorly than their more advantaged peers on achievement tests (National Center 

for Education Statistics, 2011b; 2011c). 

Employment. Many studies have analyzed the relationship between childcare and/or 

preschool availability and parental employment. For example, studies using data from the 

1950s to 1990s found that access to free kindergarten was associated with an increase in 

maternal labor supply (Gelbach, 2002; Cascio, 2009). In addition, studies using more recent 

data have found a relationship between universal pre-kindergarten and maternal labor supply, 

but these relationships are less pronounced than in the earlier literature (Fitzpatrick, 2008a). 
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Parental employment is also associated with academic achievement through different 

mechanisms. For example, some papers have shown that academic performance can improve 

with greater parental employment due to increases in income, and other findings have shown 

that academic performance can be hindered by limited parental involvement (Grogger, Karoly, 

& Klerman, 2002). 

Policy Factors 

 Preschool quality. Studies have suggested that participation in higher quality 

preschool programs (those with better educated teachers, more positive caregiver-child 

interactions, and smaller group sizes) has a more strongly positive relationship with improved 

cognitive or achievement outcomes than does participation in lower quality programs 

(National Institute of Child Health and Human Development Early Child Care Research 

Network & Duncan, 2003). The level of preschool quality could also plausibly be related to 

preschool enrollment to the extent that parents are more likely to send their children to 

publicly funded preschool programs if those programs are of high quality.15 

Childcare subsidies. As stated above, I do not include public childcare subsidies in the 

definition of publicly funded preschool because subsidies can be used for non-center-based 

programs with no education components. Nonetheless, such subsidies can be used for 

educationally focused programs that can have a positive impact on academic achievement. 

Also, since some publicly funded preschool programs only operate on a half-day schedule, 

some families may use childcare subsidies to cover childcare needs for the remainder of the 

day (Capizzano & Adams, 2000), resulting in subsidy receipt being positively correlated with 

preschool attendance. Subsidy receipt could also be negatively correlated with preschool 

                                                
15 I am not able to control for preschool quality in my model due to a lack of data. In the Discussion section, I 
discuss the potential bias this may impose on my estimates. 
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attendance if parents stop using subsidies once they enroll their child in a program like Head 

Start. 

 Public welfare programs. Participation in a public assistance program such as Food 

Stamps or welfare could increase the likelihood that parents are informed of their children’s 

eligibility for publicly funded preschool (Currie, 2004). Higher participation rates in these 

programs could also improve children’s academic outcomes due to possible improvements in 

health and increases in family income. 

 

Clearly, many factors are associated with preschool enrollment and test scores. I 

hypothesize that once all confounding factors are taken into account, an increase in publicly 

funded preschool enrollment increases NAEP math test scores in the fourth grade. In the next 

section, I describe the data and methods that I use to test this hypothesis. 
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DATA AND METHODS 

This analysis uses data from a variety of sources to create a state-year panel data set. 

The key independent variable is the percent of four-year-olds enrolled in publicly funded 

preschool in each state. To construct this variable, I draw heavily from data contained within 

the NIEER State Preschool Yearbook series (Barnett et al., 2008; Barnett et al., 2005; Barnett 

et al., 2003; Barnett, Hustedt, Hawkinson, & Robin, 2006). NIEER has published Yearbooks 

annually since the 2001-2002 preschool year. Using the NIEER Yearbooks and data from the 

IDEA Data Accountability Center, I add the percentage of four-year-olds in each state 

enrolled in Head Start, state-funded pre-kindergarten, and special education preschool to 

create a variable that measures the percentage of four-year-olds enrolled in publicly funded 

preschool. In some models, I break this variable down into its component parts to analyze 

whether the relationship with test scores varies by type of preschool. See Table 1 and the 

Appendix for more information on the construction of this variable. 

 My analyses focus on two dependent variables. The first is the average fourth-grade 

NAEP math test score among students eligible for the National School Lunch Program 

(NSLP) in each state. The NSLP is a program that provides free or reduced-priced meals to 

students below 185% of the federal poverty level. The second dependent variable is the 

average fourth-grade NAEP math test score among all students. Since 2003, the NAEP math 

test has been administered by the National Center for Education Statistics every other year. In 

each testing year, a sample of public schools is selected for testing, and within those schools, 

a sample of students is tested (National Center for Education Statistics, 2011a). Since states 

exclude English Language Learners and students with disabilities from the NAEP test at 

different rates over time, there is some concern about the comparability of NAEP scores 
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within and across states. However, the results of a sensitivity test I conducted suggest that the 

bias this dynamic could impose on my key results may not be substantial.16 

To concentrate my analysis on the low-income students that are targeted by most 

publicly funded preschool programs, I present results from models in which the dependent 

variable is test scores among students eligible for the NSLP. However, I also present results 

from models in which the dependent variable is test scores among all students since some 

publicly funded preschool programs do not have an income requirement. 

 Combining the NIEER Yearbook data with NAEP test data allows me to include four 

cohorts of children in my analysis sample: (1) children who attended preschool in 2001-2002 

and took the NAEP math test in 2007, (2) children who attended preschool in 2003-2004 and 

took the NAEP math test in 2009, (3) children who attended preschool in 2005-2006 and took 

the NAEP math test in 2011, and (4) children who attended preschool in 2007-2008 and took 

the NAEP math test in 2013. I measure preschool enrollment and NAEP test scores at the 

state level, yielding 204 state-year observations (50 states plus the District of Columbia [DC] 

over four years). 

                                                
16 While the NAEP seeks to include all identified students in testing, states have the option to exclude students 
with disabilities or students who are English Language Learners. Since these two populations of students tend to 
score lower on academic achievement tests, different exclusion rates within states over time calls into question 
the comparability of NAEP test scores within and across states. In fact, when I regressed test scores on the 
exclusion rate, the coefficient on exclusion rate was positive and approaches statistical significance. (When I 
regress test scores among low-income students on exclusion rates, the p-value is 0.16. When I regress test scores 
among all students on exclusion rates, the p-value is 0.24.) Many scholars have studied this issue and have 
proposed methods to address this problem, however, there is no official solution to this potential issue (National 
Center for Education Statistics, 2007). To attempt to address some of the bias that different exclusion rates could 
impose on my key independent variable, I conducted a sensitivity test in which I controlled for exclusion rates in 
each of my models. The exclusion rate is obtained from the National Center for Education Statistics and is 
defined as the number of students with disabilities or English Language Learners excluded as a percentage of all 
students tested. When the exclusion rate was included as a control variable, my results were essentially identical 
to the results presented in Tables 3 to 5, below. One exception is that the coefficient on special education 
preschool in the cross-sectional model focusing on low-income student test scores was more precisely estimated 
when exclusion rates were included as a control (the coefficient became 0.21, p=0.03). While this method does 
not address all of the potential bias from different exclusion rates within states over time, the results of this 
sensitivity test suggest that this bias may not substantial. 
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The use of state-level data has advantages and disadvantages. Most researchers prefer 

to use individual-level data to answer questions about the effectiveness of educational reforms 

on student achievement, as they believe data at lower levels of aggregation will yield less 

biased results (Grissmer et al., 2000). Further, the use of aggregate data does not guarantee 

that appropriate comparisons are being made. For instance, children who attended preschool 

in a given state in the 2001-2002 school year may not be the same children who took the 

NAEP math test in the state five years later. Therefore, using aggregate data introduces some 

noise into my analysis, which makes it more difficult to estimate precise results. However, 

Grissmer et al. (2000) cite several reasons why state-level data may produce less biased 

results than individual data. For instance, with state-level data it is possible to control for a 

variety of family and school characteristics over the relevant time periods (e.g., over a 

cohort’s lifetime or a cohort’s time in school), which is not always possible with individual-

level data. They also suggest that measurement error is less likely a source of bias at higher 

levels of aggregation. These advantages and disadvantages should be considered when 

interpreting the results I present below. 

 I use Ordinary Least Squares regression with state and year fixed effects. The use of 

state fixed effects controls for all unobserved state characteristics that do not vary over time. 

The use of year fixed effects controls for all unobserved characteristics that vary over time 

and are common to all states. To further reduce potential bias, I control for several state-level 

factors that vary over time and are plausibly correlated with preschool enrollment and test 

scores. These controls represent K-12 school factors (student-teacher ratio and per-pupil 

spending), socio-economic factors (per capita income, percent of children living in poverty, 

percent of females employed, unemployment rate, percent of adults with a high school 

diploma, and percent of adults with a bachelor’s degree), demographic and family factors 
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(percent of children in single-parent families, family size, race, level of English language 

proficiency, percent foreign born, and geographic mobility), and policy factors (receipt of 

childcare subsidies, Supplemental Nutrition Assistance Program benefits, Temporary 

Assistance to Needy Families benefits, and Supplemental Security Income benefits).17 I 

follow the approach used by other state-level analyses of preschool programs (Fitzpatrick, 

2008b; Grissmer et al., 2000) by averaging several controls over the lifetime of each cohort 

(up to fourth grade), or over the period each cohort is in school. This averaging is done 

because past and present values of some variables can be associated with my key independent 

or dependent variables. See Table 1 for variable definitions. 

                                                
17 Overall, of the 5,304 data points in my data set (26 variables x 204 observations), 126 data points, or 2.4%, 
were missing. See the subsequent footnotes in this section for a discussion of the way in which missing data 
were handled for each variable. After using the methods described below, no missing data remained. 
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TABLE 1: VARIABLE DEFINITIONS 

Variable Definition 
Average NAEP Math 
Test Score (Among 
Low-income Students / 
Among All Students) 

This continuous variable measures the average fourth-grade NAEP math test 
score among students eligible for the NSLP and among all students in each 
state. The test was administered in the first quarter of 2007, 2009, 2011, and 
2013. These data are collected by the National Center for Education Statistics 
(NCES). 
 

Percent in Publicly 
Funded Preschool 
(Percent in Head Start, 
Percent in State-funded 
Pre-kindergarten, and 
Percent in Special 
Education Preschool) 

This continuous variable measures the percentage of four-year-olds enrolled 
in publicly funded preschool in each state five years before each NAEP test.18 
This variable is the sum of the percentage of four-year-olds enrolled in Head 
Start, state-funded pre-kindergarten, and special education preschool.19 
Enrollment data for Head Start and state-funded pre-kindergarten are obtained 
from the NIEER State Preschool Yearbook series. Enrollment data for special 
education preschool are obtained from the IDEA Data Accountability 
Center.20 More information on how this variable is constructed is available in 
the Appendix. 
 

K-12 School Factors21 
Student-Teacher 
Ratio 

This continuous variable measures the average pre-kindergarten to 12th grade 
student-teacher ratio in public schools in each state, averaged over the time 
each cohort is enrolled in kindergarten through fourth grade.22 These data are 
collected from the NCES Elementary/Secondary Information System. 
 

                                                
18 For example, for the cohort taking the NAEP test in 2007, the percentage of four-year-olds enrolled in publicly 
funded preschool is measured in the 2001-2002 preschool year. 
19 It is possible for a child to be enrolled in more than one of these publicly funded preschool programs. Several 
sources indicate that the amount of overlap between Head Start and state-funded pre-kindergarten is minimal 
(Barnett et al., 2006; Haskins & Barnett, 2010; Capizzano & Adams, 2000). On the other hand, more significant 
overlap is likely between special education preschool and the other programs given the difference between 
NIEER's 2008 unduplicated estimates of special education preschool enrollment and earlier estimates that could 
have included duplicated counts. I conducted a sensitivity test in which I excluded special education preschool 
from all analyses and found that the qualitative interpretation of my results did not change. 
20 I obtained these data before the website (https://www.ideadata.org/) was discontinued in September of 2013. 
Previously, Westat maintained the website with grant support from the Office of Special Education Programs 
within the U.S. Department of Education. 
21 The per-pupil spending and student-teacher ratio variables are measured by averaging values of per-pupil 
spending and student-teacher ratios over the time each cohort is enrolled in kindergarten through fourth grade. 
For example, for the cohort taking the NAEP test in 2013, the values of each variable are averaged over the 2009 
through 2013 fiscal years (FY). Data on per-pupil spending and student-teacher ratios are missing for FY 2012 
and FY 2013. Data for these two years only factor into calculations of average per-pupil spending and student-
teacher ratio for the 2013 cohort. I interpolated missing values for FY 2012 and FY 2013 by assuming that 
within-state trends for per-pupil spending and student-teacher ratio were similar to within-state trends observed 
in previous years. I conducted sensitivity tests in which I excluded these interpolated data to determine whether 
my results changed. When I estimated regressions that excluded average per-pupil spending and average student-
teacher ratio as control variables and maintained 204 state-year observations, my results were similar to those 
presented in Tables 3 through 5, below. However, when I estimated regressions that excluded observations with 
interpolated values for these variables (i.e., excluded all 2013 state-year observations), the coefficient on state-
funded pre-kindergarten in Table 4, regression (3) changed from -0.0001 (p>0.10) to -0.12 (p=0.08), and the 
coefficient on the same variable in regression (6) changed from 0.01 (p>0.10) to -0.08 (p=0.10). These changes 
demonstrate the sensitivity of my results, which I explore in more depth in the Results and Discussion sections. 
22 A measure of student-teacher ratio for kindergarten through fourth grade would be preferred, but is 
unavailable. 
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Per-Pupil Spending This continuous variable measures the per-pupil pre-kindergarten to 12th 
grade public school spending in each state, averaged over the time each 
cohort is enrolled in kindergarten through fourth grade.23 Spending is adjusted 
for inflation and presented in 2012 dollars using the Consumer Price Index for 
All Urban Consumers (Research Series). Data are gathered from the Census 
Bureau’s Public Elementary-Secondary Education Finance Data. 
 

Socio-Economic Factors 
Per Capita Income This continuous variable measures per capita income in each state, averaged 

over the lifetime of each cohort of children. Income is adjusted for inflation 
and presented in 2012 dollars using the Consumer Price Index for All Urban 
Consumers (Research Series). Data are obtained from the U.S. Department of 
Commerce, Bureau of Economic Analysis.24 
 

Percent of Children in 
Poverty 

This continuous variable measures the percent of children under age 18 that 
live in poverty in each state, averaged over the period from the year before 
preschool entry through fourth grade for each cohort of children.25 Data are 
obtained from the Annie E. Casey Foundation’s KIDS COUNT Data Center. 
 

Percent of Females 
Employed 

This continuous variable measures the percent of women in each state that are 
working, averaged over the period from two years before preschool entry 
through fourth grade for each cohort.26 Data are obtained from the U.S. 
Department of Labor, Bureau of Labor Statistics. 
 

Unemployment Rate This continuous variable measures the unemployment rate in each state, 
averaged over the lifetime of each cohort. Data are obtained from the Bureau 
of Labor Statistics. 
 

Percent with a High 
School Diploma 

This continuous variable measures the percent of adults 25 years of age or 
over with at least a high school diploma in each state, averaged over the 
lifetime of each cohort. Data are obtained from the Current Population 
Survey, Annual Social and Economic Supplement for 1997-2006 and from 
the American Community Survey (ACS) for 2007-2012.27 
 

Percent with a 
Bachelor’s Degree 

This continuous variable measures the percent of adults 25 years of age or 
over with at least a bachelor’s degree in each state, averaged over the lifetime 
of each cohort. Data are obtained from the Current Population Survey, 
Annual Social and Economic Supplement for 1997-2006 and from the ACS 
for 2007-2012. 

                                                
23 A measure of per-pupil spending for kindergarten through fourth grade would be preferred, but is unavailable. 
24 Due to recent revisions in income statistics, data from 2001-2012 are not yet completely comparable to income 
data from before 2001. I conducted a sensitivity test in which I excluded per capita income as a control variable 
and found my results were essentially unchanged. 
25 For example, for the cohort of children who took the NAEP test in 2007, data on child poverty are averaged 
over the 2000-2006 period. Data from 2006 are considered the most recent since the NAEP test is administered 
in the first quarter of the year. Ideally, this variable would be averaged over the lifetime of each cohort. However, 
state-level data on the number of children living in poverty are only available from 2000 to present. 
26 For example, for the cohort of children who took the NAEP test in 2007, data on female employment are 
averaged over the 1999-2006 period. Ideally, this variable would be measured over the lifetime of each cohort, 
however data are only available for 1999 to present. 
27 All data from the American Community Survey were obtained through American Fact Finder 
(http://factfinder2.census.gov/). 
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Demographic and Family Factors 
Percent in Single 
Families 

This continuous variable measures the percent of children in each state living 
in a single-parent household. This measure is averaged over the period from 
the year before preschool entry through fourth grade for each cohort.28 These 
data are obtained from the Annie E. Casey Foundation’s KIDS COUNT Data 
Center. 
 

Family Size This continuous variable measures average family size (including adults and 
children) in each state in the year immediately preceding the year the NAEP 
test was administered.29 Data are obtained from the ACS. 
 

Percent Black This continuous variable measures the percentage of five- to nine-year-olds in 
each state who were black in the year immediately preceding the year the 
NAEP test was administered.30 Data are obtained from the ACS. 
 

Percent Other Race31 This continuous variable measures the percentage of five- to nine-year-olds in 
each state who were of a race other than white or black in the year 
immediately preceding the year the NAEP test was administered. Data are 
obtained from the ACS. 
 

Percent Hispanic This continuous variable measures the percentage of five- to nine-year-olds in 
each state who were Hispanic in the year immediately preceding the year the 
NAEP test was administered. Data are obtained from the ACS. 
 

Percent Speaking 
English Less than 
“Very Well” 

This continuous variable measures the percentage of each state’s population 
over five years old that speaks English less than “very well” in the year 
immediately preceding the year the NAEP test was administered.32 Data are 
obtained from the ACS. 
 

Percent Foreign Born This continuous variable measures the percentage of each state’s population 
that was foreign born in the year immediately preceding the year the NAEP 
test was administered. Data are obtained from the ACS. 

                                                
28 Ideally, this variable would be averaged over the lifetime of each cohort. However, state-level data on the 
number of children in single-parent households are only available from 2000 to present. 
29 Since the NAEP test is administered in the first quarter of the year, data on family size are measured in the 
year prior to the test. Ideally, family size would be averaged over the lifetime of each cohort, but state-level 
family size data are not available prior to 2005. 
30 In some years, some rural states are missing one-year ACS estimates for the number of five- to nine-year olds 
who are black. For these states, instead of using ACS’s one-year estimates for the year preceding the year in 
which the NAEP test was administered, I used ACS’s three-year estimates for the year in which the test was 
administered. As of the time of publication, 2013 ACS data were not available, so when data for the last cohort 
of children were missing, I used 2012 three-year estimates. There was no three-year estimate for Wyoming in 
2007.  Therefore, I interpolated that value by projecting that the trend from later cohorts of children applied 
retroactively to the 2007 cohort. I conducted t-tests to compare values that used ACS’s three-year estimates or 
were interpolated to values that used one-year estimates or were not interpolated and found a statistically 
significant difference (p<0.0001). This difference is expected since the data for this variable were missing for 
states with a low proportion of black residents. I conducted a sensitivity test in which I excluded the observations 
that were originally missing data for this variable and found my results were qualitatively similar. 
31 The black and other race variables are mutually exclusive, with the omitted category representing white race. 
The Hispanic variable measures ethnicity and can include individuals who identify as white, black, or other race. 
32 The ACS asks respondents to indicate whether they speak English “very well,” “well,” “not well,” or “not at 
all.” 
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Percent Who Have 
Not Moved in the 
Past Year 

This continuous variable measures the percentage of 5 to 17 year-olds in each 
state who have not moved in the last year. This variable is measured in the 
testing year for the 2007, 2009, and 2011 test years. For the 2013 test year, 
2012 data are used.33 Data are obtained from the ACS. 
 

Policy Factors 
Percent Receiving 
CCDF Subsidy 

This continuous variable measures the average monthly percent of four-year-
olds in each state that received a Child Care Development Fund subsidy in 
fiscal years that correspond to each preschool year (2001-2002, 2003-2004, 
2005-2006, and 2007-2008). The average number of four-year-olds receiving 
childcare subsidies was obtained from the U.S. Department of Health and 
Human Services, Administration for Children and Families, Office of Child 
Care. To calculate a percentage, this figure was divided by the total number 
of four-year-olds as reported in the NIEER Yearbooks.34 
 

Percent Receiving 
SNAP Benefits 

This continuous variable measures the average monthly percentage of each 
state’s population receiving Supplemental Nutrition Assistance Program 
benefits (i.e., food stamps) averaged over the lifetime of each cohort. Data on 
SNAP enrollment are obtained from the U.S. Department of Agriculture. To 
create a percentage, I divide enrollment by the total estimated state population 
obtained from the Census Bureau Population Estimates. 
 

Percent Receiving 
TANF Benefits 

This continuous variable measures the average monthly percentage of each 
state’s child population receiving benefits from Temporary Assistance to 
Needy Families. This variable averages this percentage over the period from 
the year before preschool entry through fourth grade for each cohort of 
children.35 Data on the number of child recipients are obtained from the U.S. 
Department of Health and Human Services, Administration for Children and 
Families, Office of Family Assistance. To create a percentage, I divide the 
number of child recipients by the total estimated child population in each 
state, which is obtained from the Census Bureau Population Estimates. 
 

Percent Receiving 
SSI Benefits 

This continuous variable measures the percentage of children in each state 
receiving Supplemental Security Income benefits averaged over the period 
from the year before preschool entry through fourth grade for each cohort of 
children.36 Data on the number of children receiving SSI benefits are obtained 
from the Social Security Administration. To create a percentage, I divide the 
number of child recipients by the total estimated child population in each 
state, which is obtained from the Census Bureau Population Estimates. 
 

 
 

                                                
33 2012 data are used for the 2013 test year because of the lack of more recent data. 
34 An exception is DC. For the 2001-2002, 2003-2004, and 2005-2006 school years, NIEER does not provide 
census information for DC. Therefore, I use the Census Bureau’s State Intercensal Estimates to obtain the 
number of four-year-olds in each of those years. 
(http://www.census.gov/popest/data/intercensal/state/state2010.html) 
35 Ideally, this variable would be averaged over the lifetime of each cohort. However, state-level data on the 
number of child TANF recipients are only available from 2000 to present. 
36 Ideally, this variable would be averaged over the lifetime of each cohort. However, state-level data on the 
number of children under age 18 are only available from 2000 to present. 
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The general regression model I estimate for this analysis is: 
 

(NAEPscore)it = β0 + β1(PercentPreschool)it + β2(StudentTeacherRatio)it + β3(PerPupilSpending)it + 
β4(PerCapitaIncome)it + β5(PercentChildPoverty)it + β6(FemaleEmployment)it  + 
β7(Unemployment)it + β8(PercentHighSchool)it + β9(PercentBachelors)it + 
β10(PercentSingleFamilies)it + β11(FamilySize)it + β12(PercentBlack)it + 
β13(PercentOtherRace)it + β14(PercentHispanic)it + β15(PercentPoorEnglish)it + 
β16(PercentForeignBorn)it + β17(PercentNonMobile)it + β18(PercentCCDF)it + 
β19(PercentSNAP)it + β20(PercentTANF)it + β21(PercentSSI)it + 
β22(LaggedNAEPscore)it + αi + γt + uit , 

 
where αi represents a set of state fixed-effects dummies, γt represents year fixed-effects 

dummies, and uit represents the error term. I include a lagged NAEP score variable to attempt 

to capture omitted variables that accompanied changes in preschool enrollment and have an 

independent relationship with test scores. 
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RESULTS 

Table 2 provides descriptive statistics for my dependent variables, key independent 

variables, and my control variables.37 As the table shows, for all 50 states and DC the average 

NAEP math test score among low-income fourth graders is 229 out of a possible 500 points. 

Scores range from a minimum of 207 (DC in 2007) to a maximum of 241 (New Hampshire in 

2011). The average NAEP math test score among all students is 240 out of a possible 500 

points. Scores range from a minimum of 214 (DC in 2007) to a maximum of 253 

(Massachusetts in 2011 and 2013, Minnesota in 2013, and New Hampshire in 2013). An 

average of 35.7% of four-year-olds are enrolled in publicly funded preschool, ranging from a 

minimum of 10.4% (New Hampshire in 2001-2002) to a maximum of 94.4% (DC in 2007-

2008). The average within-state coefficient of variation—the ratio of the standard deviation to 

the mean—is 0.01 for both NAEP score variables and 0.12 for the main preschool variable, 

showing there is more variation in the proportion of four-year-olds in publicly funded 

preschool than in NAEP math test scores.38 When the main preschool variable is broken down 

into its component parts (Head Start, state-funded pre-kindergarten, and special education 

preschool), it is apparent that the majority of the variation in the percent of four-year-olds in 

publicly funded preschool is driven by state-funded pre-kindergarten. 

 With respect to the control variables, there are some notable findings. Average per-

pupil spending and the average student-teacher ratio vary considerably across states and years. 

Average per-pupil spending is $10,928, ranging from a minimum of $6,164 (Utah for the  

 

                                                
37 I weight all descriptive statistics by the average state population. I compute the average state population by 
first averaging the state population over the lifetime of each cohort of children (up to fourth grade). This 
produces four values per state—one for each cohort. Then, I take the average of these four values for each state 
to use as the weight. 
38 I compute the average within-state coefficient of variation by calculating the coefficient of variation for each 
variable in each state, and then producing an unweighted average of those values. 
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TABLE 2: DESCRIPTIVE STATISTICS 
 

Variable Mean Standard 
Deviation Minimum Maximum 

Average NAEP math test score among 
low-income students 229 5.1 207 241 

Average NAEP math test score among all 
students 240 5.5 214 253 

Percent in Publicly Funded Preschool 
 35.7 16.9 10.4 94.4 

Percent in Head Start 
 11.0 3.9 4.5 38.1 

Percent in State-funded Pre-
kindergarten 18.5 16.7 0 71.0 

Percent in Special Education 
Preschool 6.2 2.4 1.5 17.0 

K-12 School Factors     
Student-teacher Ratio 
 15.9 2.7 10.8 22.9 

Per-pupil Spending (2012 dollars) 
 $10,928 2,797 6,164 19,951 

Socio-Economic Factors     
Per Capita Income (2012 dollars) 
 $41,734 5,501 29,528 70,208 

Percent of Children in Poverty 
 18.7 4.1 8.3 32.1 

Percent of Females Employed 
 56.0 3.4 47.0 67.5 

Unemployment Rate 
 5.7 1.1 3.2 8.9 

Percent with a High School Diploma 
 84.7 3.5 78.3 92.0 

Percent with a Bachelor’s Degree 
 27.1 4.3 15.8 48.8 

Demographic and Family Factors     
Percent in Single Families 
 32.2 4.1 17.7 64.6 

Family Size 
 3.2 0.2 2.8 3.7 

Percent Black 
 14.3 9.3 0.5 69.6 

Percent Other Race 
 17.4 10.3 3.4 82.7 

Percent Hispanic 
 21.9 16.5 0.9 60.2 

Percent Speaking English Less than “Very 
Well” 8.6 5.8 0.6 20.1 

Percent Foreign Born 
 12.7 8.0 1.2 27.2 

Percent Who Have Not Moved in the Past 
Year 86.3 2.7 75.9 92.1 

Policy Factors     
Percent Receiving CCDF Subsidy 
 5.5 1.8 1.7 21.5 

Percent Receiving SNAP Benefits 
 8.7 2.8 3.5 17.3 

Percent Receiving TANF Benefits 
 4.5 2.7 0.4 27.9 

Percent Receiving SSI Benefits 
 1.5 0.5 0.5 4.2 

n=204 
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2007 cohort) to a maximum of $19,951 (New York for the 2013 cohort). Student-teacher 

ratios range from 10.8 (Vermont for the 2011 cohort) to 22.9 (Utah for the 2009 cohort), with 

an average of 15.9. Given the potential moderating influence of K-12 school factors on the 

relationship between preschool and test scores, this variation is noteworthy. 

The results of my regressions are presented below in Tables 3 through 5. Table 3 

presents the results from regression models with state and year fixed effects. Regressions (1) 

through (3) present results from models in which the dependent variable is defined as the 

average fourth-grade NAEP math test score among low-income students, and regressions (4) 

through (6) present results from models in which the dependent variable is defined as the 

average fourth-grade NAEP math test score among all students. Regressions (1) and (4) 

regress test scores on the percent of four-year-olds enrolled in publicly funded preschool with 

no control variables except for state and year fixed effects. Regressions (2) and (5) add a full 

set of time-varying control variables. Regressions (3) and (6) break the main preschool 

variable into its component parts: Head Start, state-funded pre-kindergarten, and special 

education preschool. In models (2), (3), (5) and (6), I also include a lagged NAEP score 

variable to attempt to capture omitted variables that accompanied changes in preschool 

enrollment and have an independent relationship with test scores.39 I also use population 

weights and estimate robust standard errors for all models, and I estimate standard errors 

clustered at the state level in models with state fixed effects.40  

 The coefficients on the preschool variables in regressions (1) and (2) are negative and 

statistically significant. The results for regression (2) suggest that a one percentage point  

 

                                                
39 The exclusion of the lagged NAEP score variable does not change the qualitative interpretation of my results. 
40 The exclusion of population weights yields qualitatively similar results. The main difference in the findings is 
that the coefficients on the main preschool and state-funded pre-kindergarten variables in Table 3 are not 
statistically significant when population weights are excluded. 
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TABLE 3: RESULTS FROM FIXED EFFECTS MODELS 
  Dependent Variable: NAEP Math Scores 

Among Low-income Students 
Dependent Variable: NAEP Math 

Scores Among All Students 
 (1) (2) (3) (4) (5) (6) 
Percent in Publicly Funded 
Preschool 

-0.06*** 
(0.02) 

-0.07** 
(0.03) 

 -0.05*** 
(0.01) 

-0.04** 
(0.02) 

 

Percent in Head Start   -0.16 
(0.23) 

  -0.45** 
(0.17) 

Percent in State-funded Pre-
kindergarten 

  -0.09*** 
(0.02) 

  -0.05** 
(0.02) 

Percent in Special Education 
Preschool 

  0.52*** 
(0.09) 

  0.26** 
(0.10) 

K-12 School Factors 
Student-teacher Ratio  -0.35 

(0.28) 
-0.47 
(0.29) 

 -0.40 
(0.25) 

-0.46 
(0.28) 

Per-pupil Spending (in 
thousands) 

 -0.53 
(0.41) 

-0.48 
(0.47) 

 -1.21** 
(0.48) 

-1.13** 
(0.52) 

Socio-Economic Factors 
Per Capita Income (in 
thousands) 

 -0.22 
(0.38) 

-0.14 
(0.37) 

 0.22 
(0.43) 

0.21 
(0.42) 

Percent of Children in 
Poverty 

 -0.85* 
(0.43) 

-0.80** 
(0.36) 

 -0.63 
(0.50) 

-0.59 
(0.46) 

Percent of Females 
Employed 

 -0.07 
(0.36) 

-0.07 
(0.35) 

 -0.47 
(0.34) 

-0.46 
(0.34) 

Unemployment Rate  1.26* 
(0.67) 

1.22* 
(0.67) 

 -0.21 
(0.66) 

-0.09 
(0.69) 

Percent with a High School 
Diploma 

 0.36 
(0.59) 

0.70 
(0.48) 

 0.24 
(0.55) 

0.40 
(0.49) 

Percent with a Bachelor’s 
Degree  

 -0.72* 
(0.37) 

-0.78* 
(0.39) 

 -0.67** 
(0.33) 

-0.60* 
(0.32) 

Demographic and Family Factors 
Percent in Single Families  0.37 

(0.55) 
0.08 

(0.46) 
 0.09 

(0.49) 
-0.06 
(0.48) 

Family Size  8.30 
(5.00) 

8.06* 
(4.67) 

 3.78 
(5.64) 

1.53 
(5.18) 

Percent Black  -0.18 
(0.18) 

-0.24 
(0.18) 

 -0.06 
(0.16) 

-0.14 
(0.16) 

Percent Other Race  0.24 
(0.15) 

0.19 
(0.13) 

 0.04 
(0.13) 

0.03 
(0.13) 

Percent Hispanic  -0.44** 
(0.22) 

-0.26 
(0.19) 

 -0.34* 
(0.20) 

-0.32* 
(0.19) 

Percent Speaking English 
Less Than “Very Well” 

 -1.27 
(0.82) 

-1.53* 
(0.84) 

 -1.47* 
(0.76) 

-1.47* 
(0.76) 

Percent Foreign Born  -0.42 
(0.85) 

-0.19 
(0.80) 

 0.86 
(0.79) 

1.06 
(0.78) 

Percent Who Have Not 
Moved in the Past Year 

 0.08 
(0.18) 

0.03 
(0.18) 

 -0.01 
(0.21) 

-0.09 
(0.22) 

Policy Factors 
Percent Receiving CCDF 
Subsidy 

 -0.04 
(0.15) 

-0.07 
(0.14) 

 0.01 
(0.12) 

0.03 
(0.12) 

Percent Receiving SNAP 
Benefits 

 -0.51 
(0.45) 

-0.36 
(0.43) 

 0.09 
(0.40) 

0.11 
(0.38) 

Percent Receiving TANF 
Benefits 

 -0.66* 
(0.34) 

-0.49 
(0.32) 

 -0.68** 
(0.33) 

-0.56 
(0.34) 

Percent Receiving SSI 
Benefits 

 -3.22 
(3.51) 

-3.25 
(3.10) 

 -6.13* 
(3.20) 

-5.76** 
(2.71) 

Lagged NAEP Score  0.11 
(0.09) 

0.06 
(0.08) 

 0.16* 
(0.08) 

0.11 
(0.09) 

State and Year Fixed Effects? Yes Yes Yes Yes Yes Yes 
R2 0.92 0.94 0.95 0.94 0.96 0.96 
Observations 204 204 204 204 204 204 

Robust and clustered standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.10 
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increase in the percent of four-year-olds enrolled in publicly funded preschool is associated 

with a 0.07 point decrease in average NAEP math test scores among low-income students, 

holding constant the variables included in the model, fixed state characteristics, and time-

varying characteristics that are common to all states at any given point in time. Presented in 

standard deviation units, a one standard deviation increase in preschool enrollment (16.9 

percentage points) is associated with a 0.23 standard deviation decrease in test scores (the 

standard deviation of test scores is 5.1 points). To put this in perspective, Chetty et al. (2013) 

showed that increasing test scores by one standard deviation was associated with a 12% 

increase in adult wages. Therefore, the results in Table 3 suggest a non-trivial decrease in test 

scores. 

 Regression (3) provides further insight into these results. In this model, the coefficient 

on Head Start is negative, although it is not significantly different from zero. The coefficient 

on state-funded pre-kindergarten is negative and statistically significant and the coefficient on 

special education preschool is positive and statistically significant. The coefficient on special 

education preschool is statistically significantly different from the coefficients on Head Start 

(p<0.01) and state-funded pre-kindergarten (p<0.01), while the coefficients on Head Start and 

state-funded pre-kindergarten are not statistically significantly different from each other 

(p=0.74). Recall that Head Start targets the most disadvantaged children, state-funded pre-

kindergarten also tends to target disadvantaged children but in many cases is available to 

other children, and special education preschool does not target particular income groups. 

Therefore, the differences between the coefficients on each of these preschool variables 

suggest the possibility of an omitted variable that is associated with disadvantage or some 

other factor, such as quality, that varies between the three types of preschool. 
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 When the dependent variable is changed to NAEP math test scores among all students, 

a similar pattern is found. However, two differences are noteworthy. First, in regression (6), 

the coefficient on Head Start is more strongly negative and is more precisely estimated. In this 

regression, each preschool coefficient is statistically different from the other two.41 Another 

notable difference between regression (3) and regression (6) is that while the coefficient on 

special education preschool in regression (6) remains positive and statistically significant, the 

magnitude of the coefficient drops by half. This suggests that special education preschool has 

a stronger relationship with test scores among low-income students than among the general 

student population. 

 These results contrast with the findings of other studies. To identify an explanation for 

these results, I estimate models that exclude the two states that saw extraordinary increases in 

publicly funded preschool enrollment over the period for which I have data. One of these 

states is Florida, which experienced a 58 percentage point increase in enrollment and a very 

slight decrease in test scores. The second state is Vermont, which experienced a 44 percentage 

point increase in enrollment and a slight increase in test scores. These large increases in 

enrollment were due to expanded access to state-funded pre-kindergarten in both states. It is 

plausible that these dramatic increases in the percent of four-year-olds enrolled in publicly 

funded preschool came at the expense of program quality. It is also plausible that the large 

increases in publicly funded preschool crowded out private preschool options. If public 

options are of lesser quality than private options, an increase in publicly funded preschool 

could decrease test scores. 

                                                
41 More specifically, the p-value from the F-test comparing the coefficients on Head Start and state-funded pre-
kindergarten is 0.03. The p-value from the F-test comparing the coefficients on Head Start and special education 
preschool is 0.01, and the p-value from the F-test comparing the coefficients on state-funded pre-kindergarten 
and special education preschool is 0.01. 
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 Ideally, I would control for these factors, but reliable measures of preschool quality 

and the percent of children enrolled in private preschool programs do not exist. Therefore, in 

Table 4, I present the same models as in Table 3 but exclude Florida and Vermont. Excluding 

these two states diminishes the precision with which the preschool coefficients in regressions 

(1) and (2) are estimated. The coefficient on state-funded pre-kindergarten in regression (3) is 

also less precisely estimated. The magnitude and precision of the coefficients on Head Start 

and special education preschool are the same as in Table 3. This suggests that the negative 

results in Table 3 are driven in part by Florida’s large increase in state-funded pre-

kindergarten and slight decrease in test scores.42 Additionally, as in Table 3, the coefficients 

on Head Start and state-funded pre-kindergarten in regression (3) are not statistically 

significantly different from each other, but the coefficient on special education preschool is 

statistically significantly different from the other two preschool coefficients.43 The 

coefficients on the preschool variables in regressions (4), (5), and (6) reflect a similar pattern. 

However, the coefficient on Head Start in regression (6) is statistically significantly different 

from the other two preschool variables, while the coefficients on state-funded pre-

kindergarten and special education preschool are not statistically significantly different from 

each other.44 

 While there is substantial variation in enrollment in some states like Florida and 

Vermont, there is much more limited variation in other states. Moreover, most changes in the  

                                                
42 Since all models include population weights, Florida exerts much more influence on the results than does 
Vermont (which also saw a dramatic increase in enrollment but, in contrast to Florida, improved test scores). If I 
only exclude Florida, the results are very similar to models in which I exclude both Florida and Vermont. 
43 More specifically, the p-value from the F-test comparing the coefficients on Head Start and state-funded pre-
kindergarten is 0.47. The p-value from the F-test comparing the coefficients on Head Start and special education 
preschool is 0.02, and the p-value from the F-test comparing the coefficients on state-funded pre-kindergarten 
and special education preschool is 0.01. 
44 More specifically, the p-value from the F-test comparing the coefficients on Head Start and state-funded pre-
kindergarten is 0.02. The p-value from the F-test comparing the coefficients on Head Start and special education 
preschool is 0.01, and the p-value from the F-test comparing the coefficients on state-funded pre-kindergarten 
and special education preschool is 0.23. 
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TABLE	  4:	  RESULTS FROM FIXED EFFECTS MODELS, EXCLUDING FLORIDA AND VERMONT 
Dependent Variable: NAEP Math Scores 

Among Low-income Students 
Dependent Variable: NAEP Math 

Scores Among All Students 
 (1) (2) (3) (4) (5) (6) 
Percent in Publicly Funded 
Preschool 

-0.01 
(0.05) 

0.06 
(0.06) 

 -0.05 
(0.05) 

0.01 
(0.04) 

 

Percent in Head Start   -0.17 
(0.23) 

  -0.49*** 
(0.18) 

Percent in State-funded Pre-
kindergarten 

  -0.0001 
(0.06) 

  0.01 
(0.05) 

Percent in Special Education 
Preschool 

  0.46*** 
(0.10) 

  0.16* 
(0.09) 

K-12 School Factors 
Student-teacher Ratio  -0.54* 

(0.30) 
-0.53* 
(0.31) 

 -0.52 
(0.32) 

-0.59* 
(0.33) 

Per-pupil Spending (in 
thousands) 

 -0.83 
(0.51) 

-0.65 
(0.54) 

 -1.26** 
(0.54) 

-1.23** 
(0.58) 

Socio-Economic Factors 
Per Capita Income (in 
thousands) 

 -0.33 
(0.39) 

-0.26 
(0.37) 

 0.11 
(0.46) 

0.08 
(0.42) 

Percent of Children in 
Poverty 

 -0.86** 
(0.37) 

-0.79** 
(0.34) 

 -0.75 
(0.48) 

-0.65 
(0.44) 

Percent of Females 
Employed 

 0.19 
(0.40) 

0.07 
(0.41) 

 -0.30 
(0.41) 

-0.23 
(0.43) 

Unemployment Rate  1.61** 
(0.67) 

1.44** 
(0.69) 

 0.09 
(0.68) 

0.26 
(0.74) 

Percent with a High School 
Diploma 

 0.09 
(0.54) 

0.42 
(0.49) 

 0.12 
(0.50) 

0.18 
(0.45) 

Percent with a Bachelor’s 
Degree  

 -0.80* 
(0.41) 

-0.78* 
(0.41) 

 -0.69** 
(0.33) 

-0.59* 
(0.31) 

Demographic and Family Factors 
Percent in Single Families  0.09 

(0.44) 
-0.04 
(0.43) 

 -0.03 
(0.46) 

-0.16 
(0.45) 

Family Size  11.28** 
(5.26) 

9.13* 
(4.96) 

 6.95 
(6.06) 

4.37 
(5.68) 

Percent Black  0.18 
(0.24) 

-0.01 
(0.23) 

 0.14 
(0.18) 

0.07 
(0.17) 

Percent Other Race  0.20 
(0.14) 

0.17 
(0.16) 

 -0.002 
(0.13) 

-0.01 
(0.13) 

Percent Hispanic  -0.36* 
(0.20) 

-0.27 
(0.19) 

 -0.29 
(0.19) 

-0.32* 
(0.19) 

Percent Speaking English 
Less Than “Very Well” 

 -1.74* 
(0.88) 

-1.73** 
(0.85) 

 -1.63* 
(0.89) 

-1.53* 
(0.82) 

Percent Foreign Born  0.16 
(0.86) 

0.20 
(0.79) 

 1.05 
(0.87) 

1.26 
(0.83) 

Percent Who Have Not 
Moved in the Past Year 

 0.04 
(0.18) 

-0.01 
(0.17) 

 -0.004 
(0.19) 

-0.10 
(0.20) 

Policy Factors 
Percent Receiving CCDF 
Subsidy 

 -0.02 
(0.16) 

-0.05 
(0.15) 

 0.03 
(0.12) 

0.09 
(0.13) 

Percent Receiving SNAP 
Benefits 

 -0.44 
(0.40) 

-0.35 
(0.40) 

 0.12 
(0.38) 

0.13 
(0.36) 

Percent Receiving TANF 
Benefits 

 -0.77** 
(0.32) 

-0.60* 
(0.31) 

 -0.72** 
(0.34) 

-0.63* 
(0.35) 

Percent Receiving SSI 
Benefits 

 -4.47 
(2.89) 

-3.85 
(2.85) 

 -6.92** 
(3.04) 

-6.50** 
(2.46) 

Lagged NAEP Score  0.12 
(0.09) 

0.08 
(0.09) 

 0.17* 
(0.09) 

0.15* 
(0.08) 

State and Year Fixed Effects? Yes Yes Yes Yes Yes Yes 
R2 0.92 0.95 0.95 0.94 0.96 0.97 
Observations 196 196 196 196 196 196 
Robust and clustered standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.10 
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percentage of four-year-olds enrolled in publicly funded preschool are driven by state-funded 

pre-kindergarten; Head Start and special education preschool experience much less variation 

in enrollment from year to year. Since models incorporating state fixed effects base 

coefficient estimates only on changes within a state over time, there is limited variation 

available for the estimation of the preschool coefficients. Therefore, in Table 5, I present 

results from cross-sectional models without state fixed effects. These cross-sectional models 

allow for comparisons to be made across states in order to take advantage of more variation. 

In these models, I include the same control variables as Tables 3 and 4 and retain year fixed 

effects. I also include region dummies to minimize the bias introduced by the exclusion of 

state fixed effects.  

 Results from Table 5 are generally consistent with the results described above, with a 

few exceptions. First, in regressions (2) and (4), the coefficients on special education 

preschool are not statistically significant. However, the coefficient on special education 

preschool from regression (2) approaches statistical significance (p=0.12), while the 

coefficient from regression (4) does not. This again suggests that special education preschool 

has a stronger relationship with test scores among low-income students than among all 

students. Second, in the cross-sectional model focusing on test scores among low-income 

students, the coefficient on Head Start is more precisely estimated than in Tables 3 and 4. 

Finally, in regression (2), all preschool coefficients are statistically significantly different 

from one another.45 In regression (4), the only statistically significant difference between the  

	  
	  
	  

                                                
45 More specifically, the p-value from the F-test comparing the coefficients on Head Start and state-funded pre-
kindergarten is 0.01. The p-value from the F-test comparing the coefficients on Head Start and special education 
preschool is 0.01, and the p-value from the F-test comparing the coefficients on state-funded pre-kindergarten 
and special education preschool is 0.05. 
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TABLE	  5:	  RESULTS FROM CROSS-SECTIONAL MODELS 
Dependent Variable: NAEP Math 

Scores Among Low-income Students 
Dependent Variable: NAEP Math 

Scores Among All Students 
 (1) (2) (3) (4) 
Percent in Publicly Funded Preschool -0.04*** 

(0.01) 
 -0.03** 

(0.01) 
 

Percent in Head Start  -0.18*** 
(0.05) 

 -0.20*** 
(0.05) 

Percent in State-funded Pre-kindergarten  -0.05*** 
(0.01) 

 -0.03** 
(0.01) 

Percent in Special Education Preschool  0.14 
(0.09) 

 -0.04 
(0.09) 

K-12 School Factors 
Student-teacher Ratio -0.20 

(0.18) 
-0.26 
(0.17) 

-0.12 
(0.15) 

-0.13 
(0.15) 

Per-pupil Spending (in thousands) -0.03 
(0.20) 

-0.12 
(0.22) 

-0.17 
(0.17) 

-0.16 
(0.18) 

Socio-Economic Factors 
Per Capita Income (in thousands) -0.10 

(0.10) 
-0.07 
(0.11) 

0.02 
(0.09) 

0.02 
(0.09) 

Percent of Children in Poverty 0.18 
(0.21) 

0.34 
(0.22) 

-0.0003 
(0.17) 

0.18 
(0.19) 

Percent of Females Employed 0.12 
(0.14) 

0.02 
(0.13) 

0.06 
(0.11) 

0.04 
(0.11) 

Unemployment Rate 0.47 
(0.32) 

0.42 
(0.32) 

0.18 
(0.27) 

0.24 
(0.26) 

Percent with a High School 
Diploma 

-0.04 
(0.15) 

0.15 
(0.16) 

-0.10 
(0.14) 

-0.03 
(0.15) 

Percent with a Bachelor’s Degree  0.11 
(0.09) 

0.13 
(0.09) 

0.12 
(0.09) 

0.17* 
(0.09) 

Demographic and Family Factors 
Percent in Single Families 0.23 

(0.15) 
0.26* 
(0.15) 

0.17 
(0.12) 

0.20* 
(0.12) 

Family Size 6.22** 
(2.70) 

6.57** 
(2.69) 

4.19* 
(2.41) 

4.11* 
(2.43) 

Percent Black -0.25*** 
(0.07) 

-0.25*** 
(0.06) 

-0.18*** 
(0.05) 

-0.22*** 
(0.05) 

Percent Other Race -0.01 
(0.03) 

-0.01 
(0.03) 

-0.02 
(0.03) 

-0.02 
(0.03) 

Percent Hispanic -0.01 
(0.05) 

-0.02 
(0.06) 

0.003 
(0.05) 

-0.03 
(0.05) 

Percent Speaking English Less 
Than “Very Well” 

-0.95** 
(0.39) 

-0.62 
(0.42) 

-0.71 
(0.44) 

-0.58 
(0.44) 

Percent Foreign Born 0.55** 
(0.22) 

0.32 
(0.25) 

0.37 
(0.25) 

0.26 
(0.26) 

Percent Who Have Not Moved in 
the Past Year 

-0.03 
(0.13) 

0.01 
(0.13) 

0.05 
(0.12) 

0.09 
(0.12) 

Policy Factors 
Percent Receiving CCDF Subsidy 0.13 

(0.10) 
0.09 

(0.10) 
0.09 

(0.10) 
0.08 

(0.10) 
Percent Receiving SNAP Benefits -0.32** 

(0.16) 
-0.48*** 

(0.18) 
-0.17 
(0.15) 

-0.34** 
(0.17) 

Percent Receiving TANF Benefits -0.23** 
(0.10) 

-0.16 
(0.10) 

-0.17 
(0.11) 

-0.19 
(0.11) 

Percent Receiving SSI Benefits -0.44 
(0.64) 

-0.58 
(0.66) 

-0.35 
(0.73) 

-0.04 
(0.70) 

Lagged NAEP Score 0.70*** 
(0.06) 

0.65*** 
(0.06) 

0.74*** 
(0.05) 

0.67*** 
(0.05) 

Year Fixed Effects & Region Dummies? Yes Yes Yes Yes 
R2 0.88 0.89 0.92 0.93 
Observations 204 204 204 204 
Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.10 
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three preschool variables is between the coefficients on Head Start and state-funded pre-

kindergarten.46 

Despite these differences, the overall pattern of results is similar to the findings 

presented in Table 3 and continues to suggest the omission of a variable associated with 

disadvantage or some other factor that differs between the three types of preschool. It is 

important to note that the models presented in Table 5 are more prone to omitted variable bias 

given the exclusion of state fixed effects. Therefore, the results presented in Tables 3 and 4 

are preferred. 

In summary, these results suggest (1) the possibility of an omitted variable associated 

with disadvantage or some other variable that differs among the three types of preschool, (2) 

that when Florida and Vermont are excluded, state-funded pre-kindergarten has no 

statistically significant relationship with test scores in the models I estimate, and (3) that 

enrollment in special education preschool may have a stronger association with test scores 

among low-income students than among students in general. However, my results are quite 

sensitive to the exclusion of two states and, to some extent, the identification strategy used. 

This sensitivity is likely due to the limited variation in my data. Therefore, these results 

should be interpreted with caution. 

                                                
46 More specifically, the p-value from the F-test comparing the coefficients on Head Start and state-funded pre-
kindergarten is 0.001. The p-value from the F-test comparing the coefficients on Head Start and special 
education preschool is 0.14, and the p-value from the F-test comparing the coefficients on state-funded pre-
kindergarten and special education preschool is 0.93. 
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DISCUSSION 

 This paper has explored the relationship between state-level public preschool 

enrollment and fourth-grade math test scores five years later. My results suggest that increases 

in public preschool enrollment are associated with decreases in math test scores. More 

specifically, I find that a one standard deviation increase in public preschool enrollment is 

associated with a quarter of a standard deviation decrease in test scores. Chetty et al. (2013) 

found that a decrease in test scores of this magnitude was associated with a three percent 

decrease in adult wages. Therefore, my results imply a practically significant negative 

relationship. 

 When I analyze enrollment in each type of publicly funded preschool separately, more 

nuanced results emerge. My results suggest that enrollment in the two types of preschool that 

typically serve disadvantaged students (Head Start and state-funded pre-kindergarten) is 

negatively associated with test scores or has no relationship with test scores. On the other 

hand, enrollment in special education preschool (which is available to all children regardless 

of income) has a positive relationship with test scores and this relationship is stronger for low-

income students than for all students. As I describe below, I hypothesize that these seemingly 

contradictory results may be due to the omission of variables that differ among the three types 

of preschool. 

 While these results are interesting, the present study suffers from substantial 

limitations that prevent any far-reaching policy conclusions. First, there are several omitted 

variables that could be biasing my results. Second, and perhaps most notably, my results are 

extremely sensitive to sample composition and model specification due to the limited 

variation in my data. Other limitations include the disadvantages associated with the use of 
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aggregate data and the possibility that enrollment in some publicly funded preschool was not 

captured in my data. Below, I discuss each of these limitations in turn. 

 The differences in the relationship between enrollment in the three types of preschool 

and test scores suggest the possible omission of a variable associated with disadvantage or 

some other variable that differs among the three types of preschool. For instance, I am unable 

to control for parental involvement or parental expectations in my models. Parental 

involvement and expectations are positively associated with preschool enrollment and 

positively associated with test scores (Jeynes, 2003; Gilliam & Zigler, 2001). My fixed effects 

models capture any fixed state differences in the average level of parental involvement and 

expectations overall, and by each type of preschool program. However, if aggregate measures 

of parental involvement and expectations changed differentially within states over time, 

omitting these variables could bias my results. For example, if parents of children in Head 

Start became less involved with their children than parents of children in special education 

preschool over the period for which I have data, and if these trends differed between states, 

the omission of this variable could help explain why the coefficients on Head Start are 

negative and the coefficients on special education preschool are positive. 

 I also cannot control for the quality of the preschool programs children attend. 

Preschool quality is positively associated with academic outcomes (National Institute of Child 

Health and Human Development Early Child Care Research Network & Duncan, 2003) and 

may vary between different types of preschool programs. If preschool quality changed 

differentially within states over the period for which I have data, the omission of this variable 

likely biases my results. For example, if the quality of Head Start decreased and the quality of 

special education preschool increased, and if these trends differed between states, then this 
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could again help explain why the coefficients on Head Start are negative and the coefficients 

on special education preschool are positive. 

Another omitted variable that could be biasing my coefficients is the percent of four-

year-olds enrolled in private preschool programs. It is likely that private preschool enrollment 

rates are positively associated with test scores. It is also conceivable that as enrollment in 

publicly funded preschool increases, some families withdraw their children from private 

preschool to enroll them in free, or less expensive, public options.  Therefore, if crowd out 

exists, the estimates on my coefficients are likely biased downward. Crowd out may be a 

particularly important issue for states that enroll large percentages of their four-year-old 

populations in publicly funded preschool. Since the states that have high percentages of their 

population in publicly funded preschool obtain such high enrollment levels through state-

funded pre-kindergarten (not Head Start or special education preschool), any bias the 

omission of this variable would exert would be most pronounced for the coefficient on the 

state-funded pre-kindergarten variable.  

Beyond these examples, there are many other omitted variables that could be biasing 

my results.47 Without knowing for certain how enrollment levels for each type of preschool 

are associated with these omitted variables, it is not possible to project what the true 
                                                
47 For example, I indicated previously that I am also unable to control for grade retention rates due to a lack of 
data. Previous studies have shown that preschool attendance is negatively associated with grade retention 
(Barnett, 1995; Gilliam & Zigler, 2001), and that grade retention is negatively associated with test scores 
(Jimerson, 2001). I also cannot control for K-12 special education enrollment due to poor quality data. Preschool 
attendance is negatively associated with K-12 special education enrollment (Barnett, 1995), and K-12 special 
education enrollment is negatively associated with test scores (Hanushek et al., 2002). Again, my fixed effects 
models capture national trends in K-12 special education enrollment and grade retention, as well as fixed state 
propensities to enroll students in K-12 special education or retain students in grade. However, if state level K-12 
special education enrollment and grade retention rates varied differentially within states over the period for 
which I have data, then omitting these variables could bias my results. The direction of the bias depends on the 
relationship between enrollment levels in each type of preschool and grade retention and K-12 special education 
enrollment. If one assumes that enrollment in all types of publicly funded preschool is associated with reduced 
grade retention and K-12 special education enrollment, omitting these variables could bias my results upward. 
However, it is possible that enrollment in Head Start and state-funded pre-kindergarten is positively correlated 
with both grade retention rates and K-12 special education enrollment since those programs target disadvantaged 
students. Likewise, enrollment in special education preschool may be positively correlated with special 
education enrollment in elementary school. If these assumptions hold, then my results could be biased downward. 
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coefficients on the preschool variables would be if I were able to include all of these variables 

in my models. However, it is possible that the coefficients on the two preschool programs 

targeting economically disadvantaged students (Head Start and state-funded pre-kindergarten) 

are biased downward to a greater degree than the coefficients on special education preschool. 

It is also possible that the coefficients on special education preschool are biased upward. 

 Beyond these omitted variable issues, another important limitation of this study is 

reflected in the sensitivity of the results. As shown in Table 4, when I exclude the two states 

that saw extraordinary increases in public preschool enrollment (Florida and Vermont), the 

interpretation of my results changes meaningfully. Also, when I conducted a sensitivity test in 

which I excluded all 2013 state-year observations, the magnitude and statistical significance 

of some key coefficients changed substantially (see footnote 21). Further, the precision of my 

estimates was reduced when I did not use population weights (see footnote 40). The 

sensitivity of my results is likely due to the limited variation in my data, especially for NAEP 

scores. Recall that the average within-state coefficient of variation for both NAEP score 

variables was just 0.01 showing very limited variation in these variables. Given this 

sensitivity, making far-reaching policy conclusions based on my findings is unwarranted. 

 This study also has two other noteworthy limitations.  First, as was explained earlier, 

the use of aggregate data to study my research question can be beneficial as it allows the 

researcher to control for relevant variables over a cohort’s lifetime. However, using aggregate 

data also has disadvantages. In particular, using aggregate data introduces some noise into my 

analysis, which makes it more difficult to estimate precise results. Second, I am unable to 

ensure that enrollment in all publicly funded preschool is accounted for in my data. For 

instance, some cities and counties fund preschool programs with local funds, which would not 

necessarily be captured in the state-funded pre-kindergarten data that I use.  
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 In general, this paper’s findings contribute to the mixed evidence produced by 

previous researchers. As mentioned in the Literature Review, it appears that only three other 

studies have examined the relationship between preschool enrollment and NAEP test scores. 

Grissmer et al. (2000) found suggestive evidence of a positive relationship between public 

preschool enrollment and fourth-grade NAEP math test scores. The present study also finds 

some evidence of a positive relationship, in particular for special education preschool, but also 

finds evidence of a negative relationship when focusing on other preschool programs. The 

present study also suffers from robustness problems similar to those experienced by Grissmer 

et al. (2000), whose results varied based on the identification strategy used. The two other 

relevant studies showed that universal preschool programs were associated with higher NAEP 

math test scores among those least likely to be enrolled in other preschool programs 

(Fitzpatrick, 2008b), and among low-income students (Cascio & Schanzenbach, 2013). These 

findings align with my results suggesting that enrollment in special education preschool has a 

stronger relationship with test scores among low-income students than among all students, but 

do not align with my negative results for Head Start and state-funded pre-kindergarten.  

While studies that have analyzed the relationship between preschool and NAEP scores 

have generally found positive results, other studies focused on other achievement tests or 

cognitive measures have found more mixed results. As was discussed in the Literature 

Review, some of these other studies found negative or no associations between preschool and 

test scores, while others found positive relationships, including positive relationships that 

faded over time. The fade out phenomenon may also be affecting my results, however it is 

impossible for me to determine whether early positive relationships exist given that NAEP 

tests are first administered in the fourth grade. Further, while some researchers have suggested 

that the relationship between preschool enrollment and test scores varies by the quality of the 
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K-12 school a child later attends (Currie & Thomas, 1995), in other analyses (results not 

presented here), I was unable to find consistent evidence of a moderating influence of K-12 

school quality factors.48 

 Given the limitations of this study and the contradictions between my findings and 

those of previous research, I offer only two rather modest policy suggestions. First, my results 

concerning special education preschool suggest that enrollment in publicly funded preschool 

may have a stronger relationship with test scores among low-income students than among all 

students, which contributes to the active debate over whether publicly funded preschool 

should be targeted to the most disadvantaged children or be made available to all children. 

This finding suggests that while disadvantaged children may benefit more than other children, 

publicly funded preschool may still benefit the student population as a whole. 

 Second, policymakers should work towards improving their early education data and 

linking early education data systems to K-12 data systems so that they are able to monitor the 

effectiveness of early education investments on an ongoing basis. Currently, only one state 

(Pennsylvania) can link data on all early education programs to K-12 data systems (Early 

Childhood Data Collaborative, 2014). Other states and the federal government should follow 

Pennsylvania’s example so that it is possible to obtain the robust data that are needed to 

analyze the effects of preschool programs more fully than this study was able to do. Data 

improvements should seek to capture program details, such as curricula, teacher 

characteristics, and program length, as well as capture data on outcomes besides test scores. 

With these data, researchers will be able to explore on a larger scale what makes certain types 

of preschool programs more or less effective than others. Future research should focus on 
                                                
48 In these analyses, I interacted the preschool variables with each of my two K-12 school quality variables: per-
pupil spending and student-teacher ratio. I experimented with different specifications and different ways of 
constructing the K-12 school quality measures (for example, using a continuous vs. a dummy variable). I was 
unable to find any consistent evidence that the relationship between preschool enrollment and test scores varied 
by per-pupil spending or student-teacher ratio. 
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identifying these “active ingredients” so that the billions of dollars invested in public 

preschool programs each year are leveraged in ways that are best able to improve outcomes 

for the children they serve. 

 In closing, this study suffers from several limitations that prevent far-reaching 

conclusions. These limitations underscore the need for improved data capacity so that future 

studies can better assess the effectiveness of large-scale, publicly funded preschool programs. 

Given the mixed evidence on this topic and calls for increased public spending on preschool, 

it is imperative that additional research be done to determine whether these programs are 

achieving the goals that policymakers expect.  
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APPENDIX 

The key independent variable in this analysis is a sum of the percentage of four-year-

olds enrolled in Head Start, state-funded pre-kindergarten, and special education preschool.  I 

explain here specifically how this variable is constructed. 

Head Start Enrollment 

Data on Head Start enrollment are obtained from the NIEER State Preschool Yearbook 

series. 

• For the 2001-2002 preschool year, the percentage of four-year-olds enrolled in Head 

Start is calculated using the raw data in Appendix B of the 2003 State of Preschool 

Yearbook (Barnett et al., 2003).49 To determine the total enrollment of four-year-olds 

in Head Start, I add federal Head Start enrollment to American Indian/Alaska Native 

and migrant enrollment to be comparable with how Head Start is calculated in later 

NIEER Yearbooks. Where applicable, I also add the number of state-funded Head 

Start slots that are not considered state-funded pre-kindergarten slots by NIEER.50 

Given that state-funded Head Start slots for three- and four-year-olds are reported 

together, I estimate the number of four-year-olds in state-funded Head Start by 

multiplying the total number of state-funded slots by the proportion of four-year-olds 

in the state enrolled in federal Head Start. After adding all relevant Head Start slots 

together, I divide the total by the population of four-year-olds as reported by NIEER. 

• For the 2003-2004 preschool year, the percentage of four-year-olds enrolled in Head 

Start is calculated using the raw data contained in Appendix B of the 2005 Yearbook 

                                                
49 DC is not included in Appendix B, so I take DC’s Head Start enrollment from the pie chart available on DC’s 
profile page.  
50 The NIEER Yearbooks count state-funded Head Start slots as state-funded pre-kindergarten if those slots 
significantly increase the number of children provided with preschool programming (Barnett et al., 2003). If the 
state-funded Head Start slots do not meet this definition, the state-funded slots are counted as part of the federal 
Head Start program. 
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in a manner similar to the way in which 2001-2002 Head Start enrollment is 

calculated (Barnett et al., 2005).51 

• For the 2005-2006 preschool year, the percentage of four-year-olds enrolled in Head 

Start is obtained from Table 7 in the 2006 Yearbook (Barnett et al., 2006).52 

• For the 2007-2008 preschool year, the percentage of four-year-olds enrolled in Head 

Start is obtained from the pie charts available on each state profile page in the 2008 

Yearbook (Barnett et al., 2008).53 

State-funded Pre-kindergarten Enrollment 

I obtain the percentage of four-year-olds enrolled in state-funded pre-kindergarten from 

the 2011 Yearbook and accompanying online spreadsheet (Barnett, Carolan, Fitzgerald, & 

Squires, 2011).54 I use data from this later Yearbook because NIEER adjusted the figures for 

state-funded pre-kindergarten enrollment over time to ensure all data were comparable.55 

State-funded pre-kindergarten includes state-funded Head Start slots if those slots meet the 

definition provided by NIEER (see footnote 50). 

Special Education Preschool 

Since NIEER changed how it calculated special education preschool enrollment in 

2008, I calculate this portion of preschool enrollment using data from the IDEA Data 

                                                
51 An exception is how Head Start enrollment for DC is calculated. For DC, I take the number of four-year-olds 
enrolled in Head Start from Appendix B, and divide it by the total number of four-year-olds in 2003 obtained 
from the Census Bureau’s State Intercensal Estimates 
(http://www.census.gov/popest/data/intercensal/state/state2010.html). This is done because the 2005 NIEER 
Yearbook does not provide census information for DC. 
52 DC is not included in Table 7, so I take DC’s Head Start enrollment from the pie chart available on DC’s 
profile page. 
53 DC does not have a profile page in this Yearbook. Therefore, I take the number of four-year-olds enrolled in 
Head Start from Appendix B and divide that figure by the total number of four-year-olds listed in Appendix D. 
54 Available at: https://docs.google.com/spreadsheet/pub?key=0ApWD2cb39EW9dGZLZDZjSG5Pcn 
lIVXlCT0l6UzJ0OEE&gid=4  
55 An exception is DC, which was listed as having missing data in the 2011 Yearbook. The missing data issue 
was resolved in the 2012 Yearbook (Barnett et al., 2012), therefore, I use data on DC’s state-funded pre-
kindergarten from this later Yearbook. 
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Accountability Center. For each preschool year, I divide the total number of four-year-olds 

served by IDEA, Part B by the total population of four-year-olds as reported by NIEER.56  

                                                
56 In the 2007-2008 preschool year, Vermont did not report special education preschool enrollment. Therefore, 
for this value, I use the estimate used by NIEER in Appendix E of the 2008 Yearbook. Also, for the 2001-2002, 
2003-2004, and 2005-2006 school years, NIEER does not provide census information for DC. Therefore, I use 
the Census Bureau’s State Intercensal Estimates to obtain the number of four-year-olds in DC in each of those 
years. 
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