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ABSTRACT 

Dual language learners (DLLs) – young children whose families speak a language other 

than English at home – are a growing demographic who make up nearly a third of the U.S. public 

preschool population, yet the system remains primarily focused on monolingual, English-

speaking children. Although preschool participation has been found to be at least as supportive 

of school readiness for DLLs as for their English-only peers, a gap remains between these two 

groups in terms of English language and literacy at kindergarten entry. Further, preschool 

programs vary widely, and little is known about which type of preschool best supports DLLs’ 

school readiness. This paper examines differences in school readiness between DLLs who 

participated in two types of publicly funded preschool – Head Start and public school-based pre-

K – among Spanish-speaking DLLs from predominantly low-income families in Tulsa, 

Oklahoma. The results of a difference-in-differences analysis show that students who attended 

public school-based pre-K experienced greater gains in both quantitative reasoning and English 

literacy than their peers who attended Head Start. These findings suggest that public pre-K may 

be more effective than Head Start at supporting DLLs’ academic school readiness.
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INTRODUCTION 

Dual language learners (DLLs) – young children who are learning and developing in two 

languages at once – are a growing subgroup in the U.S., currently composing a third of the child 

population (Child Trends, 2019). DLL status is typically operationalized as child living in a 

household where a language other than English is spoken (Child Trends, 2019). Although often 

overlapping, the term DLL is distinct from related terms such as bilingual, a person who uses 

multiple languages in everyday life (Grosjean, 2013), and English language learner (ELL), a 

student with difficulty speaking English because it is not their primary language (McFarland et 

al., 2019). For example, a child may not struggle with English despite speaking a different 

language at home, making them a DLL but not an ELL. Similarly, because they are still 

developing language skills, many DLLs are not necessarily fluent in both languages, making 

them DLLs but not yet bilinguals. Nevertheless, many DLLs go on to become bilingual, which is 

associated with cognitive and social-emotional advantages (Barac, Bialystok, Castro & Sanchez, 

2014; Halle et al. 2014). However, DLLs also face disadvantages: overrepresented in minority 

and poverty populations, many experience systematic challenges arising from a lack of access to 

resources and exposure to racial, ethnic, or linguistic discrimination that could place them at the 

intersection of income and language-based gaps in school readiness (Romo, Thomas, & García, 

2019).  

Children from low-income families typically enter kindergarten behind their higher-

income peers academically (e.g., Duncan & Magnuson, 2005; Reardon, 2011; Reardon & 

Portilla, 2016). For example, on assessments of both literacy and math at kindergarten entry, 

children at the 10th percentile of the income distribution score more than a standard deviation 

lower than children at the 90th percentile (Reardon & Portilla, 2016). Although this disparity 
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expanded in the final decades of the 20th century (Reardon, 2011), more recent evidence suggests 

that the gap decreased between 1998 and 2010, potentially due to a corresponding increase in 

preschool enrollment among children from low-income families (Reardon & Portilla, 2016). 

However, a gap in school readiness also exists for DLLs, irrespective of income, as they 

typically enter kindergarten with lower levels of English language and literacy than their 

monolingual peers (Hoff, 2013). 

Such skills measured at the start of kindergarten are typically referred to as school 

readiness (Duncan et al., 2007). Although often used to describe academic skills, such as English 

literacy and math, definitions of school readiness sometimes also include attention, behavior, and 

social-emotional skills (Duncan et al., 2007). Results of a meta-analytic study indicate that 

academic and attention skills – especially early quantitative reasoning skills – are predictive of 

later academic achievement (Duncan et al., 2007). Further, evidence suggests that school 

readiness is predictive of outcomes beyond K-12 education, including adult earnings, college 

attendance, home ownership, and retirement savings (Chetty et al., 2011).  

Given the relationship between school readiness and later life success, policymakers from 

across the political spectrum have called for early interventions aimed at closing gaps in school 

readiness (e.g., Office of the Press Secretary, 2002; 2013). However, questions remain about 

what types of interventions are best suited to address these disparities. Preschool programs exist 

at the federal, state, and local levels and have a wide variety of priorities, from combatting the 

effects of poverty through the federal Head Start program to preparing children for academic 

success through public pre-K programs (Lynch, 2016).1 Despite extensive evidence to suggest 

 

1 Throughout this paper, the term “preschool” is used to describe education for 4-year-old 

children, and “public pre-K” is used specifically to refer to state-funded, school-based preschool 

programs. 
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that children from low-income families experience gains when they attend preschool (e.g., 

Phillips et al., 2017; Yoshikawa et al., 2013), additional research is needed to identify which 

programs best support these gains.  

Using data from the Tulsa School Experiences and Early Development (SEED) Study, I 

contribute to this literature by estimating a difference-in-differences model to examine the 

relationship between preschool program type and school readiness for DLLs from predominantly 

low-income families. The Tulsa SEED Study dataset, while focused on a specific locality, allows 

me to contrast different early education experiences for DLLs who ultimately matriculate into 

the same public-school system. Specifically, this paper aims to answer the question: Does Head 

Start or public pre-K confer greater advantages for the quantitative reasoning and English 

literacy skills of DLLs at kindergarten entry?   
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BACKGROUND 

Although the U.S. government has instituted a variety of supports for early childhood 

development, including childcare assistance and home visiting programs (Lynch, 2011), the 

current study is focused on programs that provide preschool education for 4-year-olds in low-

income families – specifically, Head Start and public pre-K. Although these programs both 

provide publicly funded preschool for children in low-income families, their structure and 

objectives differ considerably (see Table 1; Friedman-Krauss et al., 2019; Lynch, 2011).   

 

Differences between Head Start and public pre-k 

Importantly, these two programs have distinct goals: Head Start is a targeted program that 

was instituted in 1965 during the War on Poverty with the goal of alleviating the effects of 

poverty by providing young children with developmental supports to which they may not 

otherwise have access (Lynch, 2011). Public pre-K programs, on the other hand, are typically 

based in public schools and were specifically created to support children’s school readiness 

(Friedman-Krauss et al., 2019). Additionally, the two programs have different administrative and 

funding structures (Friedman-Krauss et al., 2019). Head Start is a federal program operated by 

the U.S. Department of Health and Human Services, with funds being provided directly to the 

local grantees that administer programs (Lynch, 2011), whereas public pre-K is a general term to 

describe 61 separate programs across 44 states and D.C., with state governments as the primary 

funding source (Friedman-Krauss et al., 2019).  

Although both program types serve children in low-income families, the children whom 

they serve often look quite different because of differing eligibility requirements (Friedman-

Krauss et al., 2019; Lynch, 2011). Head Start is targeted at low-income families, with a 
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requirement that 90% of the families served by each Head Start program must be at or below the 

Federal Poverty Level (FPL; Lynch, 2011).2 Public pre-K programs, on the other hand, vary in 

their eligibility requirements, with about half of programs being universal rather than means-

tested (Friedman-Krauss et al., 2019). Among programs that do have income eligibility 

requirements, cut-offs range from 100% to 300% of the FPL (Friedman-Krauss et al., 2019). 

Thus, it is not surprising that public pre-K programs, in total, serve more 4-year-olds than Head 

Start programs (Friedman-Krauss et al., 2019; Lynch, 2011). In the 2017-2018 program year, 

Head Start had a funded enrollment of just over 400,000 4-year-olds (OHS, 2018) compared to 

approximately 1.3 million 4-year-olds served by public pre-K programs in 2018 (Friedman-

Krauss et al., 2019). Yet Head Start and public pre-K enroll similar rates of DLLs: 28% of 

preschool-aged Head Start enrollees are DLLs (OHS, 2018), as are 29% of public pre-K 

enrollees (Friedman-Krauss et al., 2018).  

 

 

 

 

 

 

 

 

 

 

2 Children may also qualify for Head Start due to special needs status, regardless of family 

income (Lynch, 2011). 
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Table 1. Summary of differences between Head Start and public pre-K 

 Head Start Public Pre-K 

Goal 

Supporting child development 

to alleviate the effects of 

poverty 

Supporting child development to 

prepare children for school 

Primary funding 

source 

Federal: U.S. Department of 

Health & Human Services 

Primarily state governments, although 

local programs and federal grant money 

(i.e., Preschool Development Grants) 

are available 

Income eligibility 

requirements 

90% of children in an 

individual program must be at 

or below 100% of the Federal 

Poverty Level 

Eligibility requirements vary by 

program, with about half having 

income eligibility requirements ranging 

from 100-300% of FPL and half having 

no income eligibility requirements  

4-year-old 

enrollment (2018) 
404,756* Approximately 1.3 million 

Proportion DLLs 28% 29% 

* Note: This figure represents the total number of funded slots for Head Start participants, but it 

underestimates the actual number of children served due to mid-year turnover.  

Sources: Friedman-Krauss et al., 2018; 2019; Lynch, 2011; OHS, 2018 

 

Preschool in Tulsa, Oklahoma 

 Children in low-income families in Tulsa, Oklahoma have access to a mixed-delivery 

system of publicly funded preschool options for their 4-year-old year, with most participating in 

either Head Start or public pre-K (Gormley, Phillips, Adelstein, & Shaw, 2010). Oklahoma’s 

universal public pre-K program was established in 1998 (Gormley et al., 2010), and by 2018, the 

program operated in 99% of public elementary schools and was serving 74% of 4-year-olds in 

the state (Friedman-Krauss et al., 2019). In addition to the public pre-K program operated 

through Tulsa Public Schools (TPS), many children from low-income families in Tulsa are 

served by the Community Action Program (CAP) of Tulsa Head Start program (Gormley et al., 

2010). CAP Head Start and TPS have a collaboration whereby, when a child attends CAP Head 
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Start for their 4-year-old preschool year rather than attending a TPS pre-K program, 90% of their 

per-pupil funding that would have gone to TPS is instead allocated to CAP Head Start (Gormley 

et al., 2010).  

 Both TPS pre-K and CAP Head Start are considered high-quality preschool programs in 

terms of structural indicators such as student-to-teacher ratios and teacher qualifications and pay 

(Gormley et al., 2010). Specifically, both TPS pre-K and CAP Head Start pay lead teachers the 

same annual salary as teachers in the K-12 TPS system (Gormley et al., 2010), which is notable 

considering that, on average, preschool teachers nationally make just over half as much as 

kindergarten and elementary school teachers ($29,780 and $57,980 per year, respectively; BLS, 

2019a; 2019b). Additionally, both programs require lead teachers to have a BA and certification 

in early childhood education and to maintain 10:1 student-to-teacher ratios (Gormley et al., 

2010). These two indicators are considered sufficient to meet national quality standards set forth 

in the National Institute of Early Education Research (NIEER) State of Preschool report 

(Friedman-Krauss et al,, 2019).3 Similarly, both TPS pre-K and CAP Head Start outperform 

typical preschool classrooms on observational assessments of classroom quality (Phillips, 

Gormley, & Lowenstein, 2009).   

 

3 Of the 61 state-funded public pre-K programs in the U.S., 36 (59%) require lead teachers to 

have a BA and 49 (80%) mandate 10:1 student-to-teacher ratios (Friedman-Krauss et al., 2019).  
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LITERATURE REVIEW 

 An extensive body of research has linked participation in high-quality early care and 

education (ECE) programs such as Head Start or public pre-K to school readiness, both 

nationally (e.g., Heckman, 2011; Phillips et al., 2017; Yoshikawa et al., 2013) and in Tulsa 

(Gormley et al., 2010). In particular, much of this literature has suggested that preschool may be 

especially beneficial for DLLs (Bloom & Weiland, 2015; Cooper & Lanza, 2014; Gormley, 

2008). Although there exists research that examines the relationship between Head Start (e.g., 

Currie & Thomas, 1995; Gormley et al., 2010) or public pre-K (e.g., Phillips et al., 2017; 

Yoshikawa et al., 2013) and school readiness outcomes for both DLLs and monolingual children, 

few studies have been able to directly compare these two program types, and no studies have 

done so with a specific focus on DLLs.  

 

Head Start and school readiness 

  Head Start has consistently been linked to gains in school readiness (e.g., Currie & 

Thomas, 1995; Gormley et al., 2010). In the early 2000s, the U.S. Administration for Children 

and Families conducted the Head Start Impact Study, a randomized controlled trial on the 

effectiveness of Head Start in supporting a diverse set of outcomes, including cognitive skills, 

social-emotional development, health, and parenting practices (Puma, Bell, Cook, & Heid, 

2010). Results indicated that Head Start boosts numerous domains of school readiness, including 

language and literacy skills (Puma et al., 2010). Moreover, DLLs experienced even greater gains 

in these domains than their monolingual peers (Puma et al., 2010). Additionally, in a study 

specific to the Tulsa context, Gormley and colleagues (2010) used a regression discontinuity 

design to examine the effect of participation in the CAP Head Start program on school readiness 
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by comparing the test scores of children who just made and just missed the age cutoff that 

established eligibility to enroll in the program. Consistent with findings from the Head Start 

Impact Study, the authors’ results indicated that participation in Head Start had a positive effect 

on children’s literacy skills at kindergarten entry, as well as on their quantitative reasoning skills 

(Gormley et al., 2010). 

 

Pre-K and school readiness  

 As with Head Start, research indicates a positive relationship between participation in 

academically-focused pre-K and school readiness (Phillips et al., 2017; Yoshikawa et al., 2013). 

This link has been found in large national datasets (e.g., Loeb, Bridges, Bassok, Fuller, & 

Rumberger, 2007; Magnuson, Meyers, Ruhm, & Waldfogel, 2004; Magnuson, Ruhm, & 

Waldfogel, 2007) and in small-scale, randomized controlled trials of programs such as the Perry 

Preschool Project (Heckman, 2006) and the Abecedarian Project (Campbell et al., 2014). 

However, to a greater degree than Head Start, public pre-K programs vary widely across states 

and even cities (Freidman-Krauss et al., 2019). Much of the research documenting positive 

relationships between public pre-K participation and school readiness has focused on specific 

local programs, such as Georgia’s state-funded universal pre-K program (Peisner-Feinberg, 

Schaaf, LaForett, Hildebrandt, & Sideris, 2013) and the Boston Public Schools pre-K program 

(Weiland & Yoshikawa, 2013).   

Of particular interest for the present study is the literature on the effectiveness of the TPS 

pre-K program. Previous research using regression discontinuity designs have compared test 

scores of children whose birthdays fell just above and just below the age eligibility cutoff to 

enroll in TPS pre-K and found that participation in TPS pre-K lead to greater academic skills at 
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kindergarten entry for a racially and economically diverse group of children (Gormley et al., 

2008; Gormley, Gayer, Phillips, & Dawson, 2005). Hispanic students in particular were found to 

especially benefit from participation (Gormley et al., 2005; 2008). To examine this dynamic 

more closely, Gormley (2008) conducted analyses that focused specifically on the Hispanic 

population and examined differences by home language, parent nativity status, income, and 

parental education. The author’s findings indicated that children whose families spoke Spanish at 

home and those whose parents were born in Mexico (as opposed to the United States) 

experienced greater benefits from participation in TPS pre-K (Gormley, 2008). Thus, the results 

of this study indicate that the disproportionate benefits of TPS pre-K participation experienced 

by Hispanic children may be driven by the increased benefits that accrue to children who are 

DLLs and/or children of immigrants (Gormley, 2008).   

 

Comparing across program type 

 Despite the literature’s emphasis on understanding whether preschool promotes school 

readiness, few studies have compared the effects of different preschool program types. While 

this may be due to the fact that most research projects focus on either Head Start or public pre-K 

– but not both – researchers and policymakers should also acknowledge that the “best” program 

type may vary in different communities, for different outcomes, and for different populations of 

children (Gormley, 2017). For example, Gormley and colleagues (2010) examined the 

differential benefits of TPS pre-K vs. Head Start using propensity score matching techniques and 

found that TPS pre-K was more closely linked to English literacy outcomes, but that Head Start 

was more closely linked to health outcomes (Gormley et al., 2010). For quantitative reasoning 

outcomes, the programs were comparable (Gormley et al., 2010).  
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Further, researchers should consider the population of interest when attempting to 

understand which program type works best. In Gormley and colleagues’ (2010) study, the 

benefits of public pre-K for English literacy outcomes were enhanced when their estimates were 

isolated to children from low-income families. This makes sense, considering that children from 

low-income families have been found to benefit more from ECE than their higher-income peers 

(e.g., Gormley et al., 2008; Weiland & Yoshikawa, 2013) and that TPS pre-K serves children of 

all income levels while Head Start primarily serves children from low-income families (Gormley 

et al., 2010).4 Thus, simply comparing across program type without narrowing one’s sample to 

children in low-income families can lead to biased estimates of the two programs’ relative 

performance (Gormley et al., 2010). To fully understand which programs best support multiple 

domains of children’s school readiness, research should consider the needs and characteristics of 

the target children. 

 

The current study 

 Although an extensive body of literature has shown that both Head Start and public pre-K 

are linked to improvements in school readiness (e.g., Phillips et al., 2017; Yoshikawa et al., 

2013), few studies have directly compared Head Start with public pre-K (Gormley et al., 2010). 

Moreover, although evidence suggests that preschool has greater benefits for DLLs than for their 

monolingual peers (Bloom & Weiland, 2015; Cooper & Lanza, 2014; Gormley, 2008), no 

studies have compared the effects of different program types for this population, specifically. 

Building on existing research from the mixed-delivery system for public preschool in Tulsa, 

 

4 Five percent of the Head Start participants in the Gormley et al. (2010) study qualified for Head 

Start due to special education needs rather than income.   
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Oklahoma, I address this gap by examining the differential effects of participation in Head Start 

versus public pre-K on quantitative reasoning and English literacy skills for DLLs at 

kindergarten entry.   



 13 

CONCEPTUAL FRAMEWORK 

Based on previous research showing that, for children in low-income families, 

participation in public pre-K is related to greater gains in literacy than participation in Head Start 

(Gormley et al., 2010), I hypothesize a similar relationship between program type and school 

readiness for Spanish-speaking DLLs from predominantly low-income families. Specifically, I 

expect that children who participated in public pre-K will have higher levels of academic school 

readiness than children who participated in Head Start. However, numerous factors beyond 

preschool program type have the potential to influence school readiness. In Gormley and 

colleagues’ (2010) paper that compared Head Start to public pre-K, the authors controlled for 

sex, race, age, maternal education, whether the child lived with their father, home Internet 

access, and socioeconomic status (SES), because all of these factors are likely to be related to 

both the type of program in which children enroll and their school readiness outcomes. 

Following that model, my conceptual framework (Figure 1) includes all of these control 

variables, as well as additional factors that I suspect may influence school readiness and 

selection into different program types.  

 

 

Figure 1. Factors that influence school readiness for DLLs 
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Child demographics 

 Numerous child demographic factors are likely to be related to school readiness (Reardon 

& Portilla, 2016). As previously mentioned, Gormley and colleagues (2010) controlled for child 

age, sex, and race in their models.5 Additionally, special needs status is a potentially important 

factor to consider because of its relationship to both school readiness and program type. As for 

school readiness, children with special health or learning needs tend to score lower than their 

peers on skill assessments at kindergarten entry (Currie, 2005). Additionally, special needs status 

may relate to program type because parents sometimes choose one program type over another if 

they perceive it to be more supportive of their child’s needs (Weber, 2011).  

 

Family factors 

 Factors related to a child’s family may also influence their school readiness. Gormley and 

colleagues (2010) controlled for family factors such as SES, parent education, family structure, 

and home Internet access because of their potential influence on school readiness and program 

type. In addition to these factors, the conceptual framework for the current study includes family 

size and home language environment. Inclusion of family size is standard practice when using 

income as a measure of SES because it allows for a better understanding of how well a family’s 

income can meet its needs (ASPE, 2019). Additionally, the framework for the current study 

 

5 Race is listed in the conceptual framework as a relevant demographic characteristic. However, 

the available data categorizes race as either: (i) White, (ii) Black, (iii) Hispanic, or (iv) other. In 

my sample of Spanish-speaking DLLs, the majority of responses were split evenly between 

White and Hispanic even though most participants are linguistically considered Hispanic. Due to 

differences in interpretation of the question from the self-reported nature of the survey and 

relative ethnic homogeneity of the sample, race was excluded from the analyses. 
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accounts for the amount of English or Spanish spoken in the home because of its relationship to 

DLLs’ English skills at kindergarten entry (Hoff, 2013).  

 

Early educational experiences 

 Finally, educational experiences prior to preschool have the potential to influence school 

readiness (e.g., NICHD Early Child Care Research Network, 2004; Puma et al., 2010). For 

example, the Head Start Impact Study, a randomized controlled trial, found positive impacts of 

Head Start on academic outcomes not only for children who attended Head Start during their 4-

year-old preschool year, but also for children who participated in Head Start at age 3 (Puma et 

al., 2010). Further, children’s literacy and quantitative reasoning skills at the start of preschool 

are plausibly related to their skills at kindergarten entry and, therefore, should be controlled.  
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DATA AND METHODS 

 Data for the current study is drawn from the Tulsa SEED Study, a longitudinal study of 

publicly funded ECE programs serving children from low-income families in Tulsa, Oklahoma 

(Johnson, Partika, Schochet, & Castle, 2019).6 The Tulsa SEED Study began in 2016, when the 

focal children were three years old, and will continue at least until they complete the fourth 

grade. All Tulsa public schools where at least 80% of students were considered low income (i.e., 

qualify for free or reduced-price lunch) and all CAP Head Start centers were included in the 

sample. Within each school or center, children were randomly selected to participate. The 

analytic sample consists of child-level data across three years: Academic Year (AY) 2016-2017 

(the 3-year-old year); AY 2017-2018 (the preschool year); and AY 2018-2019 (the kindergarten 

year). Within each year, data are drawn from TPS or CAP Head Start administrative data, parent 

surveys, and direct child assessments. The study team collected parent survey data via either 

paper or electronic surveys throughout the spring of each academic year. Additionally, 

participating children were pulled from their classrooms for the administration of the direct 

assessments by a trained assessor at two time points (fall and spring) in each year. 

My analytic sample is limited to the 338 study children who (i) are Spanish-speaking 

DLLs, (ii) were enrolled in TPS kindergarten during AY 2018-2019, (iii) participated in Head 

Start or TPS pre-K during AY 2017-2018, and (iv) had child assessment data for the fall of their 

preschool or kindergarten year.7 In estimating the relationship between participation in Head 

 

6 All factual statements in this paragraph are drawn from Johnson et al. (2019). Refer to this 

paper for more details on the sampling strategy and data collection methodology for the Tulsa 

SEED Study.  

7 Data on home language were acquired through TPS and CAP Head Start administrative data. 

The sample is limited specifically to Spanish-speaking DLLs to reduce the heterogeneity of the 

DLL sample. During AY 2017-2018, 398 Spanish-speaking DLLs participated in the Tulsa 

SEED Study. Of these, 46 (11.6%) attrited from the sample in the kindergarten year. Of the 352 
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Start or public pre-K and school readiness, my key independent variable of interest is a dummy 

variable indicating whether the child was enrolled in TPS pre-K as opposed to Head Start, 

according to program administrative data. My dependent variables are scores on direct 

assessments of children’s quantitative reasoning and English literacy skills taken from the 

Woodcock-Johnson Tests of Achievement (Woodcock, McGrew, & Mather, 2001). Early 

literacy was measured using the Letter-Word Identification subtest, which assesses children’s 

ability to identify progressively more difficult letters and words (Woodcock et al., 2001). 

Quantitative reasoning was measured using the Applied Problems subtest, which requires 

children to solve progressively more difficult computational word problem (e.g., “How many 

flowers are in this picture?” or “I have one cookie and you have two cookies. How many cookies 

do we have?”; Woodcock et al., 2001).  My analyses also include numerous control variables 

gathered from program administrative data and the parent survey. 

Importantly, these same Woodcock-Johnson Tests of Achievement were administered at 

multiple time points, including the start of the preschool year (AY 2017-2018) and the start of 

the kindergarten year (AY 2018-2019).8 This allows me to employ a difference-in-differences 

approach that compares changes in test scores for DLLs who attended Head Start vs. those who 

attended TPS pre-K. This approach allows me to control for all differences between groups (TPS 

pre-K vs. Head Start) that are fixed over time (e.g., family background) and all changes over 

time that are fixed across groups (e.g., any relevant changes in education policy that affect both 

 

remaining, 13 (3.7%) did not attend TPS or CAP Head Start for preschool during AY 2017-2018. 

Of these 13 students, two instead attended charter school pre-K, nine attended Educare, and two 

were missing data on preschool program type. Additionally, one observation was dropped 

because the subject’s reported family income was an outlier ($187,200).  

8 The assessments were also administered during spring of the preschool year, but these data 

were not used for the present analyses since they were collected during the treatment period.  
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groups). The identifying assumption for the difference-in-differences method is that, absent the 

treatment (participation in TPS pre-K instead of Head Start), the treatment (TPS) and control 

(Head Start) groups’ outcomes would have changed in the same way from the pre- to post-

period. This assumption - that the test scores of DLLs who participate in Head Start and TPS pre-

K would have changed in the same way if the TPS students had instead attended Head Start - is 

arguably reasonable. Given that the Tulsa SEED Study focuses on children from low-income 

families, all of the TPS pre-K classrooms included in the study serve almost exclusively 

disadvantaged children (Johnson et al., 2019). In other words, both the children who attend Head 

Start and those who attend TPS pre-K are similarly disadvantaged. Thus, it is plausible that these 

two groups would have followed similar developmental trajectories leading up to kindergarten 

entry, had they had the same type of preschool experience. On the other hand, the presence of 

unobserved characteristics that set these groups on different developmental trajectories would 

threaten the internal validity of my difference-in-differences estimates. I explore the plausibility 

of my identifying assumption empirically in the Descriptive Findings section of this paper. 

To obtain the difference-in-differences estimate (β3), I estimate the following OLS 

regression model at the child level of analysis: 

𝑆𝑐ℎ𝑜𝑜𝑙𝑅𝑒𝑎𝑑𝑖𝑛𝑒𝑠𝑠𝑖𝑡

= 𝛽0 + 𝛽1𝑇𝑃𝑆𝑖 + 𝛽2𝑃𝑜𝑠𝑡𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑡 + 𝛽3𝑇𝑃𝑆 ∗ 𝑃𝑜𝑠𝑡𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖𝑡

+ 𝛽4𝐶ℎ𝑖𝑙𝑑𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠𝑖 + 𝛽5𝐹𝑎𝑚𝑖𝑙𝑦𝐹𝑎𝑐𝑡𝑜𝑟𝑠𝑖  +  𝛽6𝐸𝑎𝑟𝑙𝑦𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝑖

+ 𝜇𝑖𝑡  

where SchoolReadiness represents the outcome of interest in each model (English literacy or 

quantitative reasoning); TPS is a dummy variable indicating whether the child attended TPS pre-

K (with the omitted group corresponding to children who attended Head Start); PostTreatment is 
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a dummy variable indicating that the school readiness variables were collected at the start of 

kindergarten in fall of 2018 (with the omitted group corresponding to observations from the start 

of preschool in fall of 2017); TPS*PostTreatment is an interaction between TPS and 

PostTreatment, allowing us to gauge the difference-in-difference estimate for how the school 

readiness skills of children who attend TPS pre-K vs. Head Start differentially change over time; 

ChildCharacteristics is a vector of control variables relating to individual child-level 

characteristics; FamilyFactors represent a vector of controls measured at the parent- or 

household-level for each child; and EarlyEducation is a vector of dummy variables recording the 

child’s ECE setting, if any, during their 3-year-old year.  

 The ChildCharacteristics vector includes the child’s age, sex, and whether they have 

special needs, collected via administrative data from the child’s preschool. The FamilyFactors 

vector includes the log of family income, the number of people in the family, a dummy variable 

indicating whether the child lives with a single parent, a set of dummy variables indicating the 

primary caregiver’s highest level of education (high school or GED, some college or vocational 

training, or a BA or higher, with the omitted category representing never graduating high 

school), and a set of dummy variables capturing whether the child speaks mostly English or 

Spanish in the home (speaking mostly English or speaking equal amounts of English or Spanish, 

with the omitted category representing families that speak mostly Spanish in the home). Family-

level control data was collected in the spring of the child’s preschool year through a parent 

survey. For more details on the variables included in the analysis, see Table 2.  
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Table 2. Definitions of variables 

 

Variable Definition Source 

Dependent variables 

English literacy 
Score on the Woodcock-Johnson Letter-Word 

Identification test (Fall 2017 & Fall 2018) 

Direct 

assessment 

Quantitative 

reasoning 

Score on the Woodcock-Johnson Applied 

Problems test (Fall 2017 & Fall 2018) 

Direct 

assessment 

Independent variable 

TPS pre-K 

Dummy variable set equal to 1 if the child 

attended TPS pre-K for their preschool year, AY 

2017-2018; set equal to 0 if the child attended 

Head Start  

Program 

administrative 

data 

Control variables9 

Child demographics 

Age Child’s age in months as of 09/15/2017  

Program 

administrative 

data 

Female 
Dummy variable set equal to 1 if the child is 

female; set equal to 0 if the child is male 

Program 

administrative 

data 

Special needs 
Dummy variable set equal to 1 if the child has a 

documented special need 

Program 

administrative 

data 

Family factors 

Family income 
Log of family income as of the spring of the 

child’s preschool year (Spring 2018) 
Parent survey  

Family size 

Number of family members in the child’s 

household as of the spring of the child’s preschool 

year (Spring 2018) 

Parent survey  

Single parent 

household 

Dummy variable set equal to 1 if the child lived 

with a single parent as of the spring of their 

preschool year (Spring 2018) 

Parent survey  

 

9 Note that the timing of data collection for the control variables taken from the parent survey is 

not ideal for a difference-in-differences estimate because the data were collected after the 

treatment period had begun. However, earlier data are unavailable and most of the control 

variables should be largely fixed during this time period, although some of the family factors 

(e.g., family income, single parent household) may have changed for some participants.   



 21 

Variable Definition Source 

Highest level of 

parental education 

A series of dummy variables reflecting the 

primary caregiver’s highest level of education 

completed as of Spring 2018.  

- High school graduate or GED 

- Some college, vocational training, or AA 

degree 

- BA degree or higher 

The omitted category represents primary 

caregivers who did not graduate from high 

school. 

Parent survey  

Home language 

environment 

A series of dummy variables that record the 

balance of Spanish and English in the child’s 

home.  

- Speaks mostly English at home 

- Speaks equal English and Spanish at home 

The omitted category represents households that 

primarily speak Spanish. 

Parent survey  

Internet access 
Dummy variable set equal to 1 if the family has 

access to the internet at all 
Parent survey  

Home Internet access 
Dummy variable set equal to 1 if the family has 

internet access in their home 
Parent survey  

Early education 

ECE setting at age 3 

A series of dummy variables that record the ECE 

setting, if any, that the child was enrolled in 

during their 3-year-old year (AY 2016-2017)  

- Head Start  

- Educare10 

- Other ECE setting (i.e., community-based 

child care center, non-resident home-based 

care, or other care arrangement) 

The omitted category represents no ECE 

experience at age 3 (i.e., the child was in parental 

or relative care).  

Program 

administrative 

data or parent 

survey11 

 

10 Educare is an evidence-based ECE program serving children from low-income families 

(Educare, 2019). 

11 For children who were in the Tulsa SEED Study sample during their 3-year-old year, data for 

this variable were taken from program administrative data. However, for children who joined the 

sample during their preschool year, this variable was created based on parent survey responses. 

For example, a child may not have been in the study sample during their 3-year-old year but may 

have participated in Head Start if they moved to Tulsa from another locality at the start of their 

preschool year. For children in community-based child care, they may have simply been enrolled 

in a center that did not participate in the Tulsa SEED Study, as the study only included a sample 

of centers that received child care subsidies (Johnson et al., 2019).  
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DESCRIPTIVE FINDINGS 

Summary statistics 

Table 3 provides summary statistics on the dependent, key independent, and control 

variables used in the analyses. For the descriptive statistics, the dependent variable is 

disaggregated into pre- and post-treatment. However, all control variables were only collected, 

through parent surveys or program administrative data, at one time point.12 Among the analytic 

sample of Spanish-speaking DLLs attending publicly funded preschool in Tulsa during AY 

2017-2018, 82% attended TPS pre-K and 18% attended Head Start. The sample had a relatively 

even sex distribution (48% female) and few students had documented special needs (8%). 

Although all students in the sample were Spanish-speaking DLLs, 51% identified as Hispanic, 

with the others identifying as White (44%), Black (0.3%), or another race (5%). Additionally, 

most families in the sample reported speaking equal amounts English and Spanish at home 

(57%), though a notable portion reported mostly Spanish (27%) or mostly English (16%).  

 

12 Of the 8,775 cells in the analytic dataset, 1,162 (13%, all from control variables) were missing. 

Missing values for all control variables except age, sex, and race were multiply imputed to 

address item-level non-response. A series of t-tests indicated significant differences in the 

number of missing observations by program type, with more missing data for participants who 

attended TPS pre-K than those who attended Head Start on all imputed variables. This may be 

partially explained by the fact that all Head Start students in the sample had attended Head Start 

and participated in the study during their 3-year-old year. TPS parents, on the other hand, were 

new to the study and the public-school system in general, which may have made them less likely 

to fully complete the parent survey. Multiple imputation in Stata 16 relied on the “ice” command 

to create 25 imputed data sets consisting of imputed values predicted using a chained equations 

approach that accounts for sampling variability and model uncertainty. Estimates were then 

averaged across 25 imputed datasets to create one data point per observation for the descriptive 

analyses. Regression analyses relied on the “mim” command to combine estimates across 

imputed datasets. In some cases, imputed values are significantly different from nonimputed 

values (for income, parent education, single parent, special needs status, and internet access). 

Thus, sensitivity tests were conducted in which observations with imputed data were excluded 

from the analytic sample or in which covariates were excluded if they contain substantial 

amounts of imputed data. Results of regression analyses with and without imputed data were 

unchanged. 
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Around a quarter of students lived in single parent households (24%), and children in the 

sample lived in families with an average income of $26,317. In general, parents of the children in 

our sample had little education, with 57% reporting that they had not graduated from high school 

and just 3% reporting that they had received a BA degree or higher. Finally, most parents 

reported having access to the Internet (97%), although fewer reported Internet access in their 

homes (67%).  
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Table 3. Descriptive statistics 

  Mean/% SD Min Max 

Program Type         

TPS pre-K (%) 81.66 38.76 - - 

Head Start (%) 18.34 38.76 - - 

Academic School Readiness Outcomes         

Quantitative reasoning [post-treatment] 95.15 12.48 41 131 

English literacy [post-treatment] 93.88 12.57 53 151 

Quantitative reasoning [pre-treatment] 90.50 11.90 58 121 

English literacy [pre-treatment] 92.45 11.78 61 143 

Early Educational Experiences         

ECE experience at age 3 (%)         

Head Start 28.31 44.67 - - 

Educare 9.35 28.13 - - 

Other ECE setting 14.77 34.34 - - 

Parental care 47.64 48.87 - - 

Child Demographics         

Age (in months) as of Fall 2017 54.37 3.83 46.92 66.56 

Female (%) 47.63 50.02 - - 

Has documented special needs (%) 7.68 19.13 - - 

Race (%)         

Black 0.30 5.44 - - 

Hispanic 50.89 50.07 - - 

Other Race 5.03 21.89 - - 

White 43.79 49.69 - - 

Family Factors         

Home language environment (%)         

Speaks mostly English at home 16.22 32.39 - - 

Speaks equal English/Spanish 56.58 43.13 - - 

Speaks mostly Spanish at home 27.20 38.78 - - 

Family size 4.71 1.38 2 10 

Family income 26,316.53 10,424.08 0 71,137.94 

Parent's highest level of education (%)         

Less than high school 56.52 43.69 - - 

High school/GED 27.41 39.15 - - 

Some college, AA, vocational training 12.83 28.74 - - 

BA or higher 3.24 13.53 - - 

Single parent household (%) 24.13 33.93 - - 

Any Internet access (%) 97.11 8.93 - - 

Home internet access (%) 67.09 41.06 - - 

N = 338 for all variables except the outcome variables. For post-treatment outcomes, N=324 for 
quantitative reasoning and N=325 for English literacy. For pre-treatment outcomes, N=327 for both 

quantitative reasoning and English literacy.  
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Summary statistics by program type 

Differences between students who attended TPS pre-K versus Head Start are documented 

in Table 4. The two groups had comparable levels of academic school readiness at kindergarten 

entry, but they varied considerably in terms of some of their academic skills at the start of 

preschool and in their earlier educational experiences. In particular, Head Start students scored 

an average of nearly four points higher on the English literacy assessment in the fall of 2017 (p < 

.05), suggesting that they entered preschool with greater English literacy skills than their peers in 

TPS pre-K. However, the two groups did not differ significantly in quantitative reasoning skills 

at the start of preschool. Additionally, all Head Start students attended Head Start at age 3, 

compared with 12% of TPS students (p < .001). Most TPS students were in parental care (58%), 

although some were in Educare (11%) or another ECE setting (18%). TPS pre-K and Head Start 

students differed significantly on a few family characteristics as well. TPS students tended to be 

from larger families than Head Start students (averages of 4 and 5 people, respectively; p < 

.001), and parents of TPS students were more likely to report their highest level of education as 

some college (14%; p < .05) or a BA or higher (4%; p < .001) than parents of Head Start 

students (7% and 0%, respectively). However, Head Start students were in families who reported 

greater incomes, on average ($29,148), than the families of TPS students ($25,681; p < .01).  

 In sum, the sample of DLLs who attended TPS pre-K is modestly less advantaged in 

terms of income than those who attended Head Start. However, they are modestly more 

advantaged in terms of parental education. Although the difference-in-differences estimates 

control for these between group differences, my regression analyses will control for these 

variables to better account for any changes over time that may vary between the two groups.  

  



 26 

Table 4. Program type comparisons13  

  TPS Pre-K Head Start Difference Robust SE 

Academic School Readiness Outcomes         

Quantitative reasoning [post-treatment] 95.65 92.98 2.67 1.79 

English literacy [post-treatment] 93.90 93.82 0.08 1.83 

Quantitative reasoning [pre-treatment] 90.09 92.31 -2.22 1.66 

English literacy [pre-treatment] 91.70 95.70  -4.00* 1.85 

Early Educational Experiences         

ECE experience at age 3 (%)         

Head Start 12.20 100.00  -87.80*** 1.93 

Educare 11.45 0.00 11.45*** 1.85 

Other care 18.09 0.00 18.09*** 2.24 

Parental care 58.35 0.00 58.35*** 2.89 

Child Demographics         

Age (in months) as of Fall 2017 54.37 54.37 0.00 0.50 

Female (%) 49.28 40.32 8.95 6.94 

Has documented special needs (%) 7.74 7.42 0.32 3.33 

Race (%)         

Black 0.36 0.00 0.36 0.36 

Hispanic 52.17 45.16 7.01 7.02 

Other Race 3.62 11.29  -7.67 † 4.19 

White 43.84 43.55 0.29 6.99 

Family Factors         

Home language environment (%)         

Speaks mostly English at home 14.75 22.77 -8.02 5.61 

Speaks equal English/Spanish 56.86 55.35 1.50 6.73 

Speaks mostly Spanish at home 28.39 21.87 6.52 5.66 

Family size 4.84 4.16 0.67*** 0.19 

Family income 25,680.61 29,147.36  -3466.75** 1,301.21 

Parent's highest level of education (%)         

Less than high school 55.35 61.74 -6.39 6.61 

High school/GED 26.51 31.42 -4.91 6.26 

Some college, AA, vocational training 14.20 6.71 7.49* 3.59 

BA or higher 3.94 0.13 3.81*** 0.91 

Single parent household (%) 23.33 27.68 -4.34 5.56 

Any Internet access (%) 97.32 96.19 1.13 2.28 

Home internet access (%) 67.78 64.00 3.78 6.41 

N = 338 for all variables except the outcome variables, since outcome data was not imputed. For post-

treatment outcomes, N=324 for quantitative reasoning and N=325 for English literacy. For pre-

treatment outcomes, N=327 for both quantitative reasoning and English literacy. 

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

 

13 Means are reported for continuous variables; percentages are reported for binary variables. For 

binary variables, percentage point differences are reported. 
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Sample trends on school readiness assessments 

 In order for difference-in-differences to be interpreted as causal, it must hold that, absent 

the treatment, the outcomes for the treatment and control groups would have changed in the same 

way over time. If the two groups’ trends were parallel prior to treatment, one can have greater 

confidence that the identifying assumption holds. Thus, I compared the groups’ changes in test 

scores over time. The same assessment was administered to students in the Tulsa SEED Study 

each fall and spring from the fall of 2016 (when participants were approximately three years old) 

through the fall of 2018 (when participants were in kindergarten). However, because the study 

sample was smaller during AY 2016-2017, trend data are only available for about a third of the 

sample (n = 109). Importantly, the children included in this subsample may differ in meaningful 

ways from the full preschool sample, as it only includes children who were in an ECE setting 

outside the home at age 3 (as opposed to parental or relative care). Therefore, the following 

graphs should be interpreted with caution.  

 For quantitative reasoning skills (Figure 2), the two groups’ trends prior to preschool 

(denoted in the graph using a vertical line) are relatively parallel and suggest that the difference-

in-differences identifying assumption may hold. However, the trends for English literacy skills 

raise some concerns. Although the trends are parallel for the two groups from fall of 2016 to 

spring of 2017, children who will attend TPS pre-K show greater gains from the spring of 2017 

to the start of their preschool year in the fall of 2017. The reasons for these differences are 

unknown and may be attributable to either preschool program factors (e.g., only one of the two 

program types may offer certain supports to DLLs before entering preschool) or other 

unobserved factors that govern selection into different preschool types.  
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Note: Data in this graph only include data for study children who participated in the Tulsa SEED 

Study at age 3 (n = 109) 

 

Figure 2. Trends in quantitative reasoning and English literacy scores  
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RESULTS 

 My primary regression results are reported in Tables 5 and 6. Table 5 presents results for 

English quantitative reasoning skills at kindergarten entry, and Table 6 presents results for 

English literacy at kindergarten entry. In all models, the dependent variables are measured in 

standard deviation units. Thus, any given coefficient in my regression is interpretable as the 

change in the standard deviation units for any given one-unit change in the independent variable.   

In both tables, Model 1 is the bivariate OLS regression of the respective school readiness 

dependent variable on the key independent variable reflecting TPS pre-K participation.14 To 

better account for omitted variable bias, Models 2-4 report difference-in-differences estimates for 

each dependent variable. Model 2 is a simple difference-in-differences specification, where the 

dependent variable is regressed on TPS pre-K, a post-preschool dummy indicating that the score 

is measured after preschool (i.e., assessed at the start of kindergarten), and an interaction 

between these two variables (i.e., the difference-in-difference estimator). Although a difference-

in-differences strategy automatically controls for all differences between groups that are fixed 

over time and all changes over time that are common to both groups, individual differences 

between participants may still bias my estimates. Thus, Model 3 adds child-level control 

variables to the regression, and Model 4 further adds family-level controls. Finally, to examine 

whether my relationship of interest varies for DLLs with different home language environments, 

I also conducted subgroup analyses according to whether the family speaks mostly English, 

 

14 Whereas difference-in-differences compares changes in school readiness from the start of 

preschool to the start of kindergarten by comparing outcome data at each time point, the bivariate 

model only examines the relationship between the key independent variable and kindergarten 

outcomes. Thus, the sample size for Model 1 is smaller than the other models.  
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equal English and Spanish, or mostly Spanish at home using my fully specified difference-in-

differences model (Model 4). Results are reported in Table 7.  

Quantitative reasoning 

 As hypothesized, participation in TPS pre-K is associated with greater gains in 

quantitative reasoning than participation in Head Start (Table 5). Model 1shows that scores are 

an average of .22 standard deviations higher among DLLs who attended TPS pre-K than those 

who attended Head Start. The relationship is both stronger and more precisely estimated in the 

basic difference-in-differences specification (Model 2), which controls for all differences 

between groups that are fixed over time (including academic skills prior to preschool), as well as 

all changes over time that are common to both groups. Specifically, the difference-in-differences 

estimator (the coefficient on the TPS pre-K * post preschool interaction) is significant at the 5% 

level and indicates that TPS pre-K students experienced gains in quantitative reasoning that are 

.39 standard deviations greater than those of students who attended Head Start. The coefficient 

remains essentially unchanged when additional child- and family-level controls are added in 

Models 3 and 4.15  

  

 

15 The coefficient also remains qualitatively unchanged throughout a number of sensitivity tests, 

including tests adding a control for race (see page 14 for the rationale behind excluding this 

variable in the primary analyses), only including one of the Internet access dummies, and 

removing the income covariate since it had the most missing values prior to imputation.  
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Table 5. OLS regression (1) and difference-in-differences estimates (2-4) for quantitative 

reasoning 

  (1)   (2)   (3)   (4) 

Key Independent Variables               

TPS pre-K 
.22* 

(.13) 
  

-.18 

(.14) 
  

.07 

(.21) 
  

.07 

(.21) 

Post preschool     
.05 

(.14) 
  

.05 

(.14) 
  

.05 

(.14) 

TPS pre-K * Post preschool†     
.39** 

(.15) 
  

.39** 

(.15) 
  

.40** 

(.15) 

Child-Level Control Variables               

Attended Head Start at age 3         
.36* 

(.19) 
  

.36* 

(.19) 

Attended Educare at age 3         
.24 

(.15) 
  

.24 

(.18) 

Attended other care setting at age 3         
.08 

(.14) 
  

.08 

(.15) 

Female         
.14 

(.09) 
  

.13 

(.09) 

Has documented special needs         
-.35 

(.27) 
  

-.37 

(.27) 

Family-Level Control Variables               

Family speaks mostly English at home             
.01 

(.16) 

Family speaks equal English/Spanish             
.08 

(.11) 

Parent’s highest level of education: High school/GED             
.01 

(.11) 

Parent’s highest level of education: Some college, AA,  

vocational training 
            

.06 

(.16) 

Parent’s highest level of education: BA or higher             
-.25 

(.3) 

Family size             
.00 

(.04) 

Family income             
.03 

(.04) 

Single parent household             
.03 

(.12) 

Internet access (home or cell)             
-.54 

(.48) 

Home internet access             
.03 

(.12) 

Constant 
.01 

(.11) 
  

-.04 

(.12) 
  

 -.43* 

(.22) 
  

-.26 

(.66) 

Observations 324   651   651   651 

R-squared .01   .04   .07   .08 

Note. Model 1 only includes kindergarten outcome data. Standardized betas and robust standard errors 

(in parentheses) are reported. Robust standard errors are clustered by preschool classroom.   

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

† Difference-in-differences estimate  
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English literacy 

 As with quantitative reasoning, the results reported in Table 6 support my hypothesis that 

DLLs’ participation in TPS pre-K is associated with greater gains in English literacy than is 

participation in Head Start. Although there is a weak and non-significant relationship between 

attending TPS pre-K and English literacy scores at kindergarten entry in Model 1, the difference-

in-differences estimate reported in Model 2 suggest that scores for those who attended TPS pre-

K increased by an average of .33 standard deviations more than for those who attended Head 

Start. This relationship is significant at the 5% level. As with the models for quantitative 

reasoning, my results are largely unchanged when I include child- and family-level controls in 

Models 3 and 4.16   

 

16 As with quantitative reasoning, the coefficient also remains essentially unchanged throughout 

a number of sensitivity tests, including tests adding a control for race (see page 14 for the 

rationale behind excluding this variable in the primary analyses), only including one of the 

Internet access dummies, and removing the income covariate since it had the most missing data 

prior to imputation. 
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Table 6. OLS regression (1) and difference-in-difference estimates (2-4) for English literacy 

  (1)   (2)   (3)   (4) 

Key Independent Variables               

TPS pre-K 
.01 

(.16) 
  

 -.33* 

(.20) 
  

.03 

(.26) 
  

.11 

(.25) 

Post preschool     
-.15 

(.11) 
  

-.16 

(.11) 
  

-.16 

(.12) 

TPS pre-K * Post preschool†     
.33** 

(.14) 
  

.34** 

(.14) 
  

.34** 

(.14) 

Child-Level Control Variables               

Attended Head Start at age 3         
.39** 

(.18) 
  

.42** 

(.19) 

Attended Educare at age 3         
 -.09 

(.18) 
  

-.15 

(.19) 

Attended other care setting at age 3         
-.07 

(.13) 
  

-.09 

(.14) 

Female         
-.17 

(.09) 
  

 -.20** 

(.09) 

Has documented special needs         
 -.39* 

(.24) 
  

 -.50* 

(.25) 

Family-Level Control Variables               

Family speaks mostly English at home             
-.05 

(.17) 

Family speaks equal English/Spanish             
.05 

(.12) 

Parent’s highest level of education: High school/GED             
 -.12** 

(.12) 

Parent’s highest level of education: Some college, AA,  

vocational training  
            

.23 

(.14) 

Parent’s highest level of education: BA or higher             
-.30 

(.29) 

Family size             
-.07 

(.04) 

Family income             
.03 

(.04) 

Single parent household             
-.05 

(.13) 

Internet access (home or cell)             
-.91 

(.56) 

Home internet access             
-.03 

(.11) 

Constant 
.05 

(.14) 
  

.21 

(.18) 
  

 -.08 

(.26) 
  

.85 

(.79) 

Observations 325   652   652   652 

R-squared .00   .01   .04   .08 

Note. Model 1 only includes kindergarten outcome data. Standardized betas and robust standard errors (in 

parentheses) are reported. Robust standard errors are clustered by preschool classroom.   

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

† Difference-in-differences estimate  
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Subgroup analyses: Variation by home language supports 

 Table 7 reports results for three subgroups: (i) DLLs whose families speak mostly 

English at home; (ii) DLLs whose families speak equal English and Spanish at home; and (iii) 

DLLs whose families speak mostly Spanish at home. A fully specified difference-in-differences 

model (Model 4) was estimated for each group separately and results for both quantitative 

reasoning and English literacy are reported. For the coefficients and standard errors of the 

control variable included in these analyses, see Table A.1 in the appendix. 

 For quantitative reasoning, the difference in gains between TPS pre-K versus Head Start 

was greatest among DLLs whose families spoke mostly Spanish at home. For these children, 

attending TPS pre-K was associated with a .58 standard deviation greater increase in quantitative 

reasoning scores than their peers who attended Head Start, controlling for all differences between 

groups that are fixed over time, all changes over time that are common to both groups, and all 

other variables in the model. This relationship is significant at the 10% level. The magnitude of 

the relationship for those who speak mostly English at home is similar (.52 standard deviations), 

yet the relationship is not statistically significant at conventional levels, perhaps due to the small 

number of observations in this regression (n = 97). However, the difference-in-differences 

estimation is much smaller and non-significant for DLLs who spoke equal English and Spanish 

at home.  

 The pattern of results for English literacy is quite different. For this outcome, the 

strongest relationship between attending TPS pre-K and literacy scores was found for those 

children who spoke mostly English at home, as attending TPS pre-K rather than Head Start was 

associated with a .59 standard deviation greater English literacy gains after controlling for all 

covariates and other differences controlled for by the difference-in-differences approach (p < 
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.10). The relationship is smaller but still significant for those who spoke equal English and 

Spanish (.31 standard deviations), and smaller yet and non-significant for those who spoke 

mostly Spanish at home. It is worth pointing out that, for each outcome, the confidence interval 

for even the smallest estimate overlaps with the confidence interval for the largest estimate. 

However, the fact that the relationship between attending TPS pre-K and quantitative reasoning 

us strongest for those who speak mostly Spanish at home, whereas the relationship between 

attending TPS pre-K and English literacy is strongest for those who speak mostly English at 

home is surprising. These findings will be discussed further in the Discussion section. 

 
Table 7. Difference-in-difference analyses disaggregated by home language environment  

(Model 4)  

  Quantitative Reasoning    English Literacy 

  
Mostly 

English 
Equal  

Mostly 

Spanish 
  

Mostly 

English 
Equal 

Mostly 

Spanish 

Key Independent Variables                       

TPS pre-K 
.24 

(.47) 
  

.12 

(.32) 
  

-.14 

(.41) 
  

.56 

(.36) 
  

.04 

(.32) 
  

-.13 

(.58) 

Post preschool 
 -.12 

(.30) 
  

.11 

(.22) 
  

.12 

(.20) 
  

-.17 

(.26) 
  

-.25 

(.15) 
  

.10 

(.27) 

TPS pre-K * Post  

preschool† 

.52 

(.37) 
  

.23 

(.25) 
  

.58* 

(.26) 
  

.59* 

(.35) 
  

.31* 

(.18) 
  

.21 

(.32) 

Constant 
-.41 

(1.26) 
  

-.33 

(.72) 
  

-.81 

(1.32) 
  

-.95 

(1.13) 
  

1.4 

(.83) 
  

-.24 

(1.29) 

Observations 97   356   160   97   356   161 

R-squared .16   .09   .24   .26   .11   .18 

Note. Standardized betas and robust standard errors (in parentheses) are reported. Robust standard 

errors are clustered by preschool classroom.   

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

† Difference-in-differences estimate  
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DISCUSSION 

 Although extensive research shows that early childhood education, including Head Start 

and public pre-K, supports school readiness for children from low-income families and DLLs, 

few studies have been able to compare the effects of these program types, and none have done so 

for DLLs specifically. This study was the first to address the question of whether public pre-K or 

Head Start is more supportive of academic school readiness for DLLs, using newly available 

data on Spanish-speaking DLLs from low-income families in Tulsa, Oklahoma. Findings from a 

difference-in-differences analysis indicate that attending TPS pre-K is associated with greater 

gains than Head Start in terms of both quantitative reasoning and English literacy. Further, 

results of analyses disaggregated by the child’s home language environment (i.e., family speaks 

mostly English, equal English and Spanish, or mostly Spanish at home) revealed that the 

relationship between TPS pre-K attendance (as opposed to Head Start attendance) and 

quantitative reasoning was strongest for children whose families spoke mostly Spanish at home, 

whereas the relationship with English literacy was strongest for families who spoke mostly 

English at home.  

 A prior study by Gormley and colleagues (2010) examined the differential effects of TPS 

pre-K versus Head Start for the general population, as well as for children in low-income 

families, using the same measures of quantitative reasoning and English literacy used in the 

present study (Woodcock-Johnson Applied Problems subtest and Letter Word Identification 

subtest, respectively). Unlike the present study, Gormley and colleagues (2010) found no 

differences in quantitative reasoning gains for children who attended TPS pre-K versus Head 

Start. However, consistent with the present study, they did find that TPS pre-K was associated 

with greater English literacy gains than was Head Start.  
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This discrepancy suggests that the two program types may have differential benefits in 

terms of DLLs’ quantitative reasoning development, even if there are no such differences for the 

general child population. One possible explanation for this difference is that the Woodcock-

Johnson Applied Problems measure of quantitative reasoning - used in this study and in Gormley 

and colleagues’ (2010) study - is a language-based measure in which children must solve word 

problems in English. For Spanish-speaking DLLs, answering these word problems requires not 

only quantitative reasoning skills, but also more sophisticated English oral comprehension skills. 

In fact, there is empirical evidence that the Applied Problems subtest draws on English language 

skills, as a number of recent studies have found that English language skills predict scores on this 

particular measure of quantitative reasoning, especially for DLLs (Foster, Anthony, Zucker, & 

Branum-Martin, 2019; Goodrich & Namkung, 2019; Méndez, Hammer, Lopez, & Blair, 2019). 

This explanation is also consistent with the findings for English literacy, as both the present 

study and Gormley and colleagues’ (2010) study found that attending TPS pre-K was associated 

with greater gains in English literacy than attending Head Start, suggesting that TPS pre-K may 

be more supportive of English language skills.  

Further, subgroup analyses found that the association between TPS pre-K and 

quantitative reasoning gains was strongest for children who spoke mostly Spanish at home. If 

DLL children are exposed to less English at home, they may not have the English comprehension 

skills needed to score well on the quantitative reasoning assessment prior to preschool. However, 

attending TPS pre-K may offer sufficient supports to boost their comprehension and support 

their language-based quantitative reasoning skills, as TPS pre-K is associated with greater gains 

in English literacy than Head Start.  
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Unlike for quantitative reasoning, the relationship between program type and gains in 

English literacy was strongest among DLLs who speak mostly English at home. On one hand, 

these findings are consistent with prior research, as the DLLs whose families speak mostly 

English as home may be more similar - at least in terms of linguistic development - to the general 

low-income child population in Gormley and colleague’s (2010) study, most of whom were from 

English-speaking families. Yet despite the consistency between these results and prior research, 

the weak relationship between program type and English literacy for DLLs whose families speak 

mostly Spanish at home is surprising, especially in light of the fact that the association between 

program type and quantitative reasoning was strongest for this group.  

Although speculative, one possible explanation is that Head Start may lack the academic 

rigor to promote English literacy skills as effectively as TPS pre-K for children who have more 

exposure to English, but for children who are entering preschool with very limited English 

exposure, simply being in the “school” environment and being exposed to English is enough to 

support English literacy. Further, Head Start may be sufficient to promote baseline English 

literacy skills for these children but may not be as effective as TPS in supporting the more 

sophisticated English oral comprehension skills needed to perform well on a language-based 

assessment of quantitative reasoning administered in English, given the documented connection 

between English oral comprehension skills and the Woodcock-Johnson Applied Problems 

subtest (Foster et al., 2019; Goodrich & Namkung, 2019; Méndez et al., 2019). However, the 

subgroup analyses presented in this paper are underpowered, and my findings should be 

interpreted with caution. Future research should aim to examine more closely the ways in which 

early learning experiences in the home and in formal educational settings interact to support 

school readiness for DLLs. 
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Limitations and future directions 

 The present study had a few notable limitations. The difference-in-differences estimation 

controls for all between-group differences in average characteristics that do not change over time 

and for all changes over time that are constant across groups. However, the possibility of omitted 

variable bias remains if there are any variables that are correlated with both preschool program 

type and school readiness that change over time differentially between groups. The trend lines 

previously reported in Figure 2 (which represent just a third of the DLLs in the analytic sample, 

all of whom were in non-parental care at age 3) indicate that the two groups have similar trends 

prior to preschool in terms of quantitative reasoning. However, their pre-treatment trends vary 

somewhat in terms of English literacy, as TPS students improved between the spring of their 3-

year-old year and the fall of their preschool year to a greater degree than did Head Start students.  

If these trends are transferrable to the analytic sample, unobserved omitted variables that 

change over time differentially between groups could be upwardly biasing my estimates, such 

that the true effect of participation in TPS pre-K versus Head Start is smaller than found in this 

study. On the other hand, recall that all of the Head Start students in the analytic sample 

participated in Head Start at age 3, whereas the majority (more than two-thirds) of TPS students 

did not receive any non-parental care at age 3. Although the difference-in-differences estimation 

accounts for any initial changes produced by this difference in ECE experiences, participation in 

Head Start at age 3 may have set such students up on a steeper trajectory than children who were 

in parental care at age 3. If this is the case, my estimates of the true differential effect of 

participation in TPS pre-K versus Head Start would actually be downwardly biased, leading to 

an underestimation of that effect. Given these two scenarios, the overall nature of the bias in my 

estimates is unclear. 
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 Another significant limitation of the present study is the inability to identify the reasons 

why attending TPS pre-K is associated with greater school readiness for DLLs than attending 

Head Start. There are a number of possible mediating factors. For instance, TPS pre-K may 

simply be of higher quality than CAP Head Start. However, Phillips and colleagues (2009) found 

no such difference in classroom quality across program types, and more recent data have actually 

indicated that TPS pre-K classrooms are of lower quality than CAP Head Start classrooms 

(Johnson, Phillips, Schochet, Castle, & Tulsa SEED Study Team, in press).  

However, it is also possible that TPS pre-K is more academically rigorous than Head 

Start, given that public pre-K was designed to support school readiness (Friedman-Krauss et al., 

2017) and Head Start was designed as a poverty alleviation program (Lynch, 2011). In fact, a 

prior study of classroom quality and time allocation in TPS pre-K versus CAP Head Start found 

that TPS pre-K classrooms spent modestly more time on literacy and math, whereas the CAP 

Head Start classrooms spent modestly more time on social studies (Phillips et al., 2009). Thus, it 

seems possible that the more academically-focused curriculum of TPS pre-K would relate to 

greater gains in academic outcomes.  

Finally, simply being exposed to a formal school setting could partially explain this 

relationship. Especially for DLLs, who are learning and developing two languages at once, it 

may important to build relationships with teachers and other children in English and simply gain 

greater exposure to English by interacting with the entire school community rather than with a 

smaller Head Start community consisting primarily of same-aged peers. Future research should 

further examine the possible factors that may mediate the relationship between preschool 

program type and DLLs’ school readiness in order to fully understand this relationship and its 

policy implications. This is especially important given the limited external validity of this study, 
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since it focuses exclusively on Tulsa, Oklahoma. If more is understood about the drivers of this 

relationship in Tulsa, researchers and policymakers can better understand how to extrapolate the 

findings of this study to other preschool contexts.   

 Finally, this study was limited by its exclusive focus on only two school readiness 

outcomes: quantitative reasoning and literacy, both of which were assessed in English. Any 

findings that support public pre-K over Head Start must be considered in light of this limited 

scope. This study found that public pre-K is associated with greater gains in quantitative 

reasoning and English literacy than Head Start, not that Head Start is unsupportive of either 

outcome. Further, findings do not imply that public pre-K is better for DLLs than Head Start 

overall or in terms of any other developmental outcomes not included in the study. Future 

research should expand on the range of developmental outcomes to examine other important 

facets of school readiness and early learning, including home language (e.g., Spanish) skills, self-

regulation, social-emotional skills, and health outcomes, in order to gain a broader understanding 

of the preschool program types that best support DLLs’ development.  

In conclusion, the results of the present study indicate that, for Spanish-speaking DLLs 

from low-income families in Tulsa, Oklahoma, attending public pre-K is associated with greater 

gains in quantitative reasoning and English literacy skills than attending Head Start. In the 

mixed-delivery system of early childhood education - both in Tulsa and in the U.S. writ large - 

multiple funding streams and varied goals often result in a muddled system of policies, each of 

which attempts to support early childhood development in different ways. The findings of this 

study focus on but one specific facet of early childhood development for DLLs - academic 

school readiness within an English-focused education system - and address the question of which 

programs best support those skills. Especially as the U.S. continues to diversify and DLLs 
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compose ever more of the child population, it is of critical importance that policymakers develop 

an understanding of how to best prepare them for school. 
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APPENDIX. SUPPLEMENTARY REGRESSION TABLE 

Table A.1. Full regression results for difference-in-difference analyses disaggregated by 

home language environment (Model 4) 
    

  Quantitative Reasoning    English Literacy 

  
Mostly 

English 
Equal  

Mostly 

Spanish 
  

Mostly 

English 
Equal 

Mostly 

Spanish 

Key Independent Variables                       

TPS pre-K 
.24 

(.47) 
  

.12 

(.32) 
  

-.14 

(.41) 
  

.56 

(.36) 
  

.04 

(.32) 
  

-.13 

(.58) 

Post preschool 
 -.12 

(.30) 
  

.11 

(.22) 
  

.12 

(.20) 
  

-.17 

(.26) 
  

-.25 

(.15) 
  

.10 

(.27) 

TPS pre-K * Post preschool† 
.52 

(.37) 
  

.23 

(.25) 
  

.58* 

(.26) 
  

.59* 

(.35) 
  

.31* 

(.18) 
  

.21 

(.32) 

Child-Level Control Variables                       

Attended Head Start at age 3 
.23 

(.48) 
  

.36 

(.25) 
  

.42 

(.36) 
  

.56 

(.36) 
  

.43* 

(.24) 
  

.13 

(.44) 

Attended Educare at age 3 
.42 

(.54) 
  

.24 

(.25) 
  

.12 

(.39) 
  

.13 

(.47) 
  

-.19 

(.22) 
  

-.12 

(.44) 

Attended other care setting at  

age 3 

.16 

(.31) 
  

.06 

(.21) 
  

-.02 

(.31) 
  

.10 

(.32) 
  

-.02 

(.19) 
  

 -.54* 

(.26) 

Female 
-.12 

(.29) 
  

.31** 

(.13) 
  

-.17 

(.17) 
  

-.16 

(.24) 
  

-.08 

(.12) 
  

 -.45* 

(.22) 

Has documented special needs 
 -.61 

(.60) 
  

-.18 

(.31) 
  

-.75 

(.67) 
  

-.65 

(.51) 
  

 -.83** 

(.32) 
  

0.0 

(.50) 

Family-Level Control Variables                       

Parent education: High  

school/GED 

-.11 

(.36) 
  

-.02 

(.15) 
  

.05 

(.22) 
  

 -.70** 

(.34) 
  

.01 

(.16) 
  

-.13 

(.22) 

Parent education: Some college,  

AA, vocational training 

 -.90* 

(.51) 
  

.20 

(.21) 
  

-.14 

(.34) 
  

.00 

(.53) 
  

.32* 

(.18) 
  

.12 

(.39) 

Parent education: BA or higher 
-.24 

(.73) 
  

-.05 

(.32) 
  

-.58 

(.58) 
  

-.17 

(.49) 
  

.02 

(.32) 
  

-.92 

(.57) 

Family size 
.03 

(.07) 
  

.02 

(.06) 
  

-.06 

(.09) 
  

.03 

(.06) 
  

 -.13** 

(.05) 
  

-.08 

(.09) 

Family income 
-.01 

(.11) 
  

.01 

(.05) 
  

.10 

(.09) 
  

.02 

(.10) 
  

.03 

(.05) 
  

.08 

(.08) 

Single parent household 
.05 

(.33) 
  

.08 

(.16) 
  

-.07 

(.26) 
  

.22 

(.30) 
  

-.02 

(.18) 
  

-.25 

(.27) 

Internet access (home or cell) 
-.09 

(.43) 
  

 -.42 

(.50) 
  

-.12 

(.77) 
  

-.09 

(.37) 
  

 -1.1* 

(.63) 
  

.08 

(.63) 

Home internet access 
.11 

(.31) 
  

-.02 

(.15) 
  

.11 

(.24) 
  

-.04 

(.25) 
  

-.08 

(.14) 
  

.05 

(.26) 

Constant 
-.41 

(1.26) 
  

-.33 

(.72) 
  

-.81 

(1.32) 
  

-.95 

(1.13) 
  

1.4 

(.83) 
  

-.24 

(1.29) 

Observations 97   356   160   97   356   161 

R-squared .16   .09   .24   .26   .11   .18 

Note. Standardized betas and robust standard errors (in parentheses) are reported. Robust standard errors 

are clustered by preschool classroom.   

 * p < .10, ** p < .05, *** p < .01, † Difference-in-differences estimate  
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