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ABSTRACT 

Research has shown that attending a preschool program produces academic, cognitive 

and behavioral benefits, but that these benefits weaken over time and vary by socioeconomic 

status and race. Controlling for a wide range of observable child, family, home and school 

characteristics, this study uses the ECLS-K dataset to evaluate the relationship between Head 

Start or Center-based pre-K program attendance and math test scores among lower 

socioeconomic status children by race. I find that while there are short-term gains in math 

achievement for Black children who attend center based preschool, all benefits that may be 

associated with pre-K fade by the Spring of 3
rd

 grade across all races. However, other factors 

related to the child’s home and school environments, such as the number of siblings in the home, 

parents’ employment levels and high school graduation status, and the percentage of black 

students present in the classroom, are significantly associated with math achievement. 
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Introduction 

 

Over the past 10 years, the demographic composition of the United States population has 

seen dramatic changes. While the total U.S. population increased by 9.7% (27.3M) from 2000 to 

2010, the ‘Black or African American’ population increased by 12.3% (4.3M) and the Hispanic 

population increased by 43% (15.2M) (Humes, et al., 2011).
1
 The U.S. Census Bureau has 

projected that by 2042, minorities, who currently constitute about one third of the U.S. 

population, will be the majority in America (CNN, 2008). Yet, despite the ever-growing minority 

population, socioeconomic and educational disparities between white and minority Americans 

continue to grow (McKinsey & Company, 2009). This socioeconomic and educational 

polarization has been emphasized in recent publications because of its practical impacts on the 

country’s economic standing and social well-being.  

 ‘Racial gaps’ have persisted across social, academic and economic contexts throughout 

the nation. Black and Hispanic students continuously lag behind their white counterparts by two 

to three years in learning (McKinsey & Company, 2009). This racial gap exists regardless of 

how it is measured, including both test and attainment measures (i.e. graduation rate) (Ibid). 

Racial inequities in access to quality teachers, the higher likelihood for minority students  to face 

detrimental peer influences in the classroom, and the lack of positive mentorship within low 

income (predominantly minority) communities are pervasive and lead to a poverty gap (Lee, 

Orfield, 2005). Young people from the bottom half of the income distribution comprise only 9% 

of the students at America’s top universities (McKinsey & Company, 2009). Considering the 

                                                           

1
 “Hispanic or Latino” refers to a person of Cuban, Mexican, Puerto Rican, South or Central American, or other 

Spanish culture or origin regardless of race. “Black or African American” refers to a person having origins in any of 

the Black racial groups of Africa. It includes people who indicated their race(s) as “Black, African Am., or Negro” 

or reported entries such as African American, Kenyan, Nigerian, or Haitian (U.S. Census Bureau).  
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increasing deterioration of academic performance among highly impoverished schools, it is not 

surprising that students attending wealthier schools are populating the top universities (Ibid). 

The link between school performance and future life outcomes for all populations is 

proving strong.  As researchers begin to take a closer look at the effects of various interventions 

and/or early educational programs on student outcomes, evidence shows that entering school 

without the requisite skills and preparedness creates short-term obstacles that could produce 

detrimental long-run economic and social outcomes (McKinsey & Company, 2009). It is 

plausible that failing to level the playing field between disparate income and racial groups could 

not only result in lifetime costs to individual children, but also impact society in general.  

Compared with other children, low income and minority children are more likely to drop out of 

high school, which has been correlated with increased incarceration and teenage pregnancy rates, 

as well as lower lifetime incomes (Barnett, Steven, 1998). Low levels of educational attainment 

are, in turn, correlated with heightened incidences of smoking, obesity and unhealthy lifestyles, 

thereby increasing demands on public health resources (McKinsey & Company, 2009). 

Education levels are also linked to civic engagement, with high school graduates twice as likely 

to vote as people with an eighth grade education or less, and college graduates 50 percent more 

likely to vote than high school graduates (Magnuson, K.A., 2007). 

In today’s world, the United States can only maintain its global competitiveness by 

raising the achievement of lagging socioeconomic and ethnic groups (Magnuson, K.A., 2007). 

Concerns about the economic and educational disadvantage the United States faces compared to 

other developed countries have mobilized more expansive public assistance programs and have 

increased public funding to support low income and minority populations (McKinsey & 

Company, 2009). Attention has been directed towards early childhood programs and, in 
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particular, pre-Kindergarten (pre-K) educational programs designed to improve the academic, 

social and economic outcomes of low income and minority children. 

Understanding the relationship between pre-K attendance and social, emotional and 

cognitive development over time has large implications for children and for the nation as a 

whole. The vast majority of analyses point to positive returns for federal, state and local 

programs investing in human development through targeted early intervention programs 

(Heckman, Masterov, et al., 2007). Although some
 
longitudinal studies find that the personal 

benefits, social benefits and government savings associated with pre-K programs outweigh the 

costs, others question whether the gains attributed to preschool attendance persist through out a 

child’s life. 

In this paper, I study the effectiveness of pre-K programs by estimating the relationship 

between pre-K program attendance and the math achievement of economically disadvantaged 

students, in particular, racial minorities from Kindergarten to 3
rd

 grade. I use data from the Early 

Childhood Longitudinal Study – Kindergarten Class of 1998 – 1999 (ECLS-K), a large 

nationally representative sample of children entering kindergarten. I find that while there are 

short-term gains in math achievement for Black children who attend center-based preschool, all 

benefits that may be associated with pre-K fade by the Spring of 3
rd

 grade across all races. 

However, it is important to note that other factors related to the child’s home and school 

environments, such as the number of siblings in the home, the parent’s language and the 

percentage of black students present in the classroom, are significantly associated with math 

achievement.  
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Background 

 

Policy makers and politicians have increasingly focused their attention on early education 

(Temple, J. A., & Reynolds, A. J., 2007). Congressional advocates of early education programs 

have shown their commitment to improving school readiness by increasing federal support for 

educational programs that have indicated persistent effects on children’s cognitive, academic and 

social development. These funds have been targeted, in particular, towards economically 

disadvantaged and minority students.  Beginning in 1965 with the Title 1 Elementary and 

Secondary Education Act (ESEA), Congress sought to narrow the achievement gap between the 

economically advantaged and disadvantaged by directing funds to low achieving students in 

schools with high proportions of low income students. The legislation deemed these children 

“educationally deprived” relative to other children in their district (Lee, V.E., Loeb, S., & 

Lubeck, S., 1998).  

In the United States, high-quality and accessible pre-K education has been supported 

across party lines since the mid 1960’s and the arrival of the Head Start program (Currie and 

Thomas, 1995).  Created in 1965, Head Start is a federally funded, comprehensive preschool 

program for low-income three-to-five year olds and their parents. Its aim is to enhance the social 

and cognitive development of children with the goal of narrowing educational, nutritional, health 

and social inequities between low and middle to high income families (U.S. Department of 

Health and Human Services, 2011).
  
Head Start has striven to rectify the lack of pre-K services 

for low income families by supplementing state subsidized public preschool with federal funds to 

provide a stable environment for young children during a critical age of their development 

(Barnett, Brown & Shore, 2004). This has protected a large number of our youngest children 

from unstable daytime environments and has allowed parents to work rather than stay at home to 
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care for their children (Barnett, Brown & Shore, 2004). Indeed, 42% of families who reported a 

need for day time, full year early care received this extended care either directly through the 

Head Start Program or through collaborations between Head Start and child care providers 

(Ryan, A., 2007).
 
The National Institute for Early Education Research 2010 Preschool Yearbook 

reports that roughly 38% of the total preschool eligible 4 year old population is enrolled in a 

federal or state funded Head Start
 
program. 

Forty of the fifty states currently offer state-funded preschool, leaving 20% of the states 

with only federally funded pre-K services for the nation’s one to five year old population 

(NIEER 2010 Preschool Yearbook). In the 40 states with state-funded pre-K subsidies, however,  

there is a strong chance that families that need help paying for childcare will not receive any 

financial support, as state-funded childcare subsidies typically only serve 18% of those eligible 

for them (Matthews, D., 2011). To mitigate this, grant competitions are now expanding to 

include early learning programs, providing a state-sponsored vehicle for children to be taken care 

of during traditional work day hours. In 2011, the Department of Education announced the Race 

to the Top – Early Learning Challenge grant competition which focuses on improving early 

learning and development programs for young children by supporting states' efforts to: (1) 

increase the number and percentage of low income and disadvantaged children under 5 years old 

who are enrolled in high-quality early learning programs; (2) design and implement an integrated 

system of high-quality early learning programs and services (U.S. Department of Education, 

2011). This, along with petitions advocating universal access to pre-K programs, has contributed 

to the increasing attention to the short- and long-term benefits of providing educational 

opportunities to the economically disadvantaged prior to Kindergarten (Ackerman, Barnett et al., 

2009).
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Literature Review 

 

Among policy makers and scholars, early childhood programs have been regarded as a 

promising channel to foster school readiness (Gormley, W.T., Gayer, T., 2005).
 
 However, the 

literature on who reaps the greatest benefits from preschool or the most effective mechanisms to 

provide preschool or childcare to children less than five years old remains inconclusive.  Early 

studies show that federal programs created to decrease the opportunity gaps between Black and 

White students have been effective. Currie and Thomas find a large, positive and statistically 

significant association between attending a Head Start program on the academic performance for 

children of all races (Currie, J. & Thomas, D., 1995).
2
 Literatures looking at private preschool, 

such as the Abecedarian Study and the Perry School Study, as well as other state- and local-level 

early childhood programs use Random Assignment methods to find similar effects.
3
 In particular, 

studies that have used Random Assignment and Regression Discontinuity methods looked at the 

effect of preschool in states that have instituted policies that provide universal pre-K in the state 

to all children less than five years old, such as Georgia and Oklahoma, have found that former 

pre-K students are rated average or better on third grade readiness in comparison to national 

norms (Gormley Jr., W. T., Gayer, T., Phillips, D., & Dawson, B., 2005). 

However, while many studies highlight the academic, cognitive and behavioral benefits 

from attending a preschool program, other research often suggests such benefits are short-lived.  

                                                           

2
 The author used a sibling fixed effect model to investigate the impact of participation in Head Start.  

3 
The Perry School Study was a landmark, long-term study in which participants were randomly assigned either to 

receive the HighScope Perry Preschool program or to receive no comparable program and were then tracked 

throughout their lives to age 40.  The Abecedarian Study randomly assigned 112 children, mostly African-

American, who were born between 1972 and 1977 and believed to be at risk of hindered intellectual and social 

development to an early educational intervention group or the control group.  
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Magnuson et al., find that the cognitive gains associated with attending pre-K fade by 70%-80% 

by the spring of 1st grade (Magnuson, K., Ruhm, C., & Waldfogel, J., 2007). The authors also 

find that these gains not only weaken over time, but also weaken differently by socioeconomic 

status and race. The evidence suggests that economically disadvantaged children receive the 

greatest return from attending preschool; however, their returns diminish (Barnett, Steven, 1998). 

Furthermore, despite benefits for children of all races (though a smaller effect is seen on the test 

scores and schooling attainment of Blacks than Whites), White children retain benefits for a 

much longer period than Black children (Currie and Thomas, 1995).  

Studies show that the early environment of poor or socially disadvantaged children might 

not support optimal cognitive development, which could explain why for disadvantaged children 

meaningful differences between Head Start participants and non-Head Start participants fade 

over time (Campbell, F. A., & Ramey, C. T., 1995). In addition, studies seeking to explain the 

Black-White test score gaps point out that Black children, on average, attend lower quality 

schools and suffer worse home and neighborhood environments than White children (Currie and 

Thomas, 1995). Lee, Loeb and Lubeck (1998), using hierarchical linear modeling (HLM), 

evaluated the relationship between the social context in low income classrooms and children’s 

learning. They found that the proportion of Black children in the classroom had a negative 

association with the classroom’s average test scores, suggesting that the racial composition of the 

classroom contributes to the race gap in learning.         

The context of the pre-K classroom, the quality of the program and the subsequent 

Kindergarten schooling environments relate to student performance (Lee, V. E., Loeb, S., & 

Lubeck, S., 1998).
  
Although the role of the school in facilitating student achievement is 

discussed across many studies, most studies do not measure school quality, or the type of 
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preschool a child is participating in (Magnuson, K., 2007).
4
 
 
This leaves questions regarding the 

appropriate weight to assign to schools’ influence on children’s performance if ‘good’ and ‘bad’ 

schools are not defined or differentiated.  External factors, such as cultural influences, 

characteristics of the child’s home, and surrounding neighborhood characteristics contribute to 

the persistence of benefits a child receives from preschool over time (Lee, Orfield, 2005).  

However, the relative importance of each of the aforementioned factors involved in the academic 

success of a child remains unclear.  

Research has shown that preschool attendance raises the English Language proficiency of 

immigrant children, particularly for children whose mothers have less than a high school 

education. However, children whose mothers are born outside of the U.S. are less likely than 

other children to be enrolled in preschool programs, suggesting that cultural factors are 

associated with a child’s likelihood of attending preschool (Magnuson, K., Lahaie, C., & 

Waldfogel, J., 2006). However, in a paper that evaluates research pertaining to the short- and 

long-term relationships of preschool education with young children’s learning and development, 

Barnett (2008) shows that child care centers, specifically, produce small short-term associations 

(0.10 to 0.15 standard deviations) between preschool and cognitive/language skills. This suggests 

pre-K attendance varies by the type of preschool attended. Because associations are small for 

child care centers, Barnett deduces it is a less important factor of later outcomes.   

In a study that supports Barnett’s conclusions, Magnuson et al. use fixed effects at the 

person and year level to estimate the relationship between preschool attendance and academic 

skills. Their findings emphasize the importance of the post pre-K classroom environment in 

                                                           

4
 School quality is a measure that has no standard national, state or local level definition. Because of the complexity 

and uncertainty in defining this measure, it will not be used as a control variable in this study.   
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determining the longer-term influence of preschool attendance. More specifically, they show that 

if the subsequent classroom environment includes a small class size and a heavy reading 

intervention curricula, children who are not enrolled in preschool ‘catch up’ to those who 

participated in a preschool program (Magnuson, K., Ruhm, C., & Waldfogel, J., 2007).  

The present study examines the relationship between the type of pre-K attended and 

student test score growth over time and by race. It expands existing literature by evaluating the 

effects of various types of pre-K programs by race and within the persistently low socioeconomic 

status population (defined as children who remain in “lower socio-economic status” families 

from Kindergarten through 3
rd

 grade). The purpose of this study is to 1) expand research that 

informs existing pre-K program policies for less advantaged populations and to 2) determine 

which type of pre-K programs yields the highest academic gains over time by race for 

disadvantaged children.  Although research has shown that the effects of pre-K most often fade 

by the 3
rd

 grade, by understanding program differentials and their impact on different racial 

groups, policy makers may better understand more effective ways to improve existing programs.   
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Conceptual Framework
5
 

Predicting the fate of a child based upon the environment she lives in during her early 

childhood years is a difficult task, as future successes, failures, opportunities and obstacles are 

shaped by myriad factors. However, it is plausible that certain experiences can contribute more 

significantly to life outcomes than others. As early as 1966, when the landmark Coleman Report 

was released, there was debate about the magnitude of the impact the school system has on an 

individual’s outcomes.
6
 The research shows that internal and external school influences 

contribute substantially to student achievement and future economic prospects.  

As Figure 1.1 displays, child, family, neighborhood and school characteristics serve as 

mutually dependent factors associated with student achievement. A child’s race, ethnicity, family 

structure, family income and parental employment status will likely be key predictors of not only 

whether the child will be placed in a pre-K program at ages 3 or 4, but also indicators of the type 

of program and quality of services they will receive. These elements, in addition to the post pre-

K school environment, will be important factors in determining the academic achievement of low 

socioeconomic status minorities relative to their White peers.  

 

 

                                                           

5
 All information provided within the Conceptual Framework section of this document has been cited in the 

Literature Review in the previous section. 

6
 The Coleman Report (1966) examined the effects of differentiated resources on student achievement with the 

intention of showing that children attending impoverished schools (a disproportionate number of whom were 

African American) would perform badly. This landmark study is among the most influential factors leading to the 

desegregation of the American public school system (i.e. Brown vs. the Board of Education).  

 

 

 



11 

 

 

 

 

 

 

         

Student 
Achievement 
(Test Scores) 

Child Characteristics (Age, 
Gender, ) 

Preschool Type  

Current Schooling 

(% Minority in class, 
School Transfer, Peer 

Effects) Family Characteristics  

(# Siblings, Family 
Structure, Parent 

Employment, Parent 
Education, Home 

Language, SES Status, # 
books in home) 

Neighborhood 
Characteristics 

(Location, Region of 
Country) 

Figure 1.1 - Conceptual Framework 
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As the figure also suggests, the neighborhood a child lives in will determine his/her 

access to enriching learning environments such as museums, cultural events, etc. Additionally, 

and of significant importance, neighborhood dynamics have implications for the range of 

educational choices available to children. As literature has shown, lower income neighborhoods 

have the least amount of access to a pre-K education and are served by the country’s lowest 

performing schools.
 

 

Although there are a multitude of influences in a child’s life that contribute to later 

outcomes, it is possible that providing adequate early childhood educational opportunities to 

disadvantaged children could reduce economic and social outcome disparities among lower 

income children.  I hypothesize that if lower income minorities are given the opportunity to 

attend a “formal” pre-K program, defined by attending a Head Start program or a Center-based 

care, the skill-set they acquire will prepare them better for subsequent schooling environments, 

thereby strengthening their academic performance over time. For the purpose of this study, it was 

important to distinguish between preschool types, as it helped to understand whether having 

income constraints that qualify a child for Head Start and being in a classroom with all lower 

income children (i.e. Head Start) matters. Head Start programs are necessarily comprised of 

students who come from a disadvantaged home, therefore students will be in classrooms with 

disadvantaged peer groups. Additionally, the socioeconomic backgrounds and demographics of 

the two pre-K type populations could vary.  
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Data and Methods 

Data Source and Population 

The ECLS-K panel dataset followed a large, nationally representative sample of children 

from kindergarten into middle school. The survey gathered information for kindergartners, their 

parents, teachers and schools across the United States in seven different rounds. These rounds 

include the Fall and Spring of kindergarten (1998 – 1999), the Fall and Spring of 1
st
 Grade (1999 

– 2000), the Spring of 3
rd

 grade (2003), the Spring of 5
th

 grade (2005) and the Spring of 8
th

 grade 

(2008). The ECLS-K dataset covers 21,409 children across all seven rounds. Because there were 

children who dropped out of the sample population because they moved at some point between 

grades 1 and 8, additional children were sampled to “freshen” the data population. For example, 

the sample of children for Spring-3rd grade consists of all children who were base-year 

respondents and children who were brought into the sample in spring-1st grade through the 

sample freshening procedure.7
  

The present study restricts the ECLS-K sample population in three ways:  

 Exclusion 1: Children who have a socioeconomic status above the 40
th

 percentile between 

the Fall of Kindergarten and the Spring of 3
rd

 Grade have been excluded.
8
 This allows the 

                                                           

7
 In Spring-1

st
 Grade, all children in a random 50 percent subsample of the base year schools in the original sample 

were flagged to be followed for data collection if they transferred from their base-year school. The Fall-1
st
 Grade 

data collection was limited to a 30 percent subsample of schools. In order to maximize the amount of longitudinal 

data, care was taken during Spring-1
st
 Grade sampling to ensure that any child who had been flagged to be followed 

in Fall-1
st
 Grade would continue to be followed. 

 
8
 The 40

th
 percentile was chosen as the cut off percentile to define a child as “lower SES,” as the ECLS-K data have 

pre-constructed SES percentile variables that have aggregated SES values into quintiles. Using the 60% quintile 

cutoff would no longer represent the bottom half of the population, and using a 20% cutoff would eliminate 

observations from the population who may contribute to understanding the relationship between pre-K attendance 

and student test score progression over time.   
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scope of analysis to focus on the effects of pre-K for only those below the median 

socioeconomic status (SES) of the full ECLS-K population.
9
  

 Exclusion 2: Children who have a disability between the Fall of Kindergarten and the 

Spring of the 3rd Grade have been excluded. 10 It is plausible that pre-K has different 

effects for disabled versus non-disabled students. For the purpose of simplicity, I focus 

on the effects of pre-K for non-disabled students. 

 Exclusion 3: All person/year information collected subsequent to the Spring of 3
rd

 Grade 

has been excluded. Research indicates that the effects of pre-K diminish over time and 

that by 3
rd

 Grade, the effects have faded (Currie and Thomas, 1998). I have limited the 

population to look at standardized test scores from pre-K to 3
rd

 grade to analyze which 

race within lower SES populations have the strongest relationship between pre-K 

attendance and test score advancement over time. Limiting the timeframe of analysis 

between pre-K and 3
rd

 Grade results in a manageable framework for analysis.  

Measures 

 In this section I describe the key dependent and independent variables in the model used 

to predict the relationship between preschool attendance and math achievement. Additionally, I 

explain variables correlated with preschool and math scores that are used as covariates in the 

analysis. 

                                                           

9
 The ECLS-K data computed socioeconomic status (SES) at the household level using data for the set of parents 

who completed the parent interview in the fall of 8th grade. The SES variable reflects the socioeconomic status of 

the household at the time of data collection (Fall 2006). The components used to create the SES were as follows: 

father/male guardian’s education; mother/female guardian’s education; father/male guardian’s occupation; 

mother/female guardian’s occupation; and household income. 

10
Sampled children with a disability were identified based on whether they had an Individualized Education Plan 

(IEP), an Individualized Family Service Plan (IFSP), or a 504 plan on file with the school district. 
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Math Scores 

Math scores between Kindergarten and 3
rd

 grade are the primary outcomes of interest. 

Item Response Theory (IRT) scale scores have been transformed into t-scores based upon the 

mean and standard deviation for each round of the final sample population.
11

 T-scores were used 

to measure a child’s performance relative to their peers.
12

 

Preschool 

The ECLS-K surveyed parents and asked if their children had ever been in center-based 

care, Head Start, relative care or non-relative care. For the purposes of this analysis, Head Start 

and Center-based care are the “pre-K type” independent variables of interest. The present study 

redefines relative and non-relative care as ‘child did not participate in a preschool program.’ 

Center-based care and Head Start both represent forms of early education. The two are 

distinguished as Head Start eligibility is based on child and family characteristics that are not 

identical to the characteristics used in the ECLS-K dataset to determine SES status.  Therefore, 

the characteristics of a child eligible to attend Head Start might differ from the characteristics of 

those who come from a family with a SES below the 40
th

 percentile and the relationship between 

pre-K attendance and test scores over time could differ between the two groups.  

 

                                                           

11
 IRT scale scores estimated children’s performance on the whole set of assessment questions, while standardized 

scores (T-scores) reported children’s performance relative to their peers on the content domains. IRT makes it 

possible to calculate scores that can be compared regardless of which second-stage form a child takes. IRT uses the 

pattern of right, wrong, and omitted responses to a series of test questions in conjunction with measures of the 

difficulty, discriminating ability, and “guess-ability” of each item to place each child on a continuous ability scale. 

Broad-based scores using the full set of assessment items in reading, mathematics, and science were calculated using 

IRT procedures in the ECLS-K database.  

12
 Other research, in particular, a paper by Katherine Magnuson et. al (2006) which looks at the effects of classroom 

experiences subsequent to pre-K on the persistence of pre-K effects, uses standardized scores to measure changes in 

skill gaps over time rather than absolute levels of skills.  
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Control Variables 

Most studies that have attempted to find the associations between early education and 

academic achievement over time have contained exhaustive controls for the child, family 

background, classroom contexts and neighborhood characteristics. These include demographics 

such as race/ethnicity, age, gender and family measures, such as number of siblings, mother’s 

and father’s employment status, parent highest level of education, home language spoken and the 

number of books in the house (Magnuson, K.A., 2007). Such variables have been included in 

econometric models because of their association with both the key independent and dependent 

variables. For example, it is plausible that the number of siblings a child has could be correlated 

with math achievement through its indirect relationship with the amount of learning that occurs 

in the home, in addition to whether or not a child attends pre-K. Moreover, having older siblings 

in the house could deter parents from sending their child to a formal preschool program if there 

is a care taker in the home (Magnuson, K.A., 2007).  A variable looking at the number of books a 

child has in their home serves as a proxy for the home learning environment. The number of 

books could signify how much reading reinforcement is occurring outside of the child’s formal 

school environment, which could contribute to higher test scores and pre-K attendance. 

However, those relationships could be confounded if the family is using home learning not as a 

supplement to preschool, but a replacement for it.  

The present study also looks at school characteristics such as percent of minority students 

in the classroom. Research shows that lower SES status children are often placed in high 

minority and low achieving classroom environments, which could be correlated with lower 

performance on test scores and pre-K attendance (Ibid).   Table 2.1 includes a full list of 

variables included in the regression. 
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Table 2.1 - Empirical Model Variables  

Definitions, additional details and notes about covariates used in analysis 

Constructs and Variables Definition, details 

Math Test Score (MATHTEST) Continuous Variable. Math IRT Scale Score (t-value). Dependent 

Variable 

Preschool Type (PREKTYPE) Categorical Variable. Head Start, Center based care, Other, No 

Preschool 

Preschool Attendance (PREKATD) Dummy Variable. Attended Preschool, Did not attend Preschool 

Child Identification Code (CHILDID) Unique Child Identification Number 

Child Gender (GENDER) Dummy Variable:  (Male = 1) 

Child Age (AGE) Continuous Variable. Child age in months 

Child Race/Ethnicity (RACE) Black , Hispanic, Other, White (omitted reference) 

Number of Siblings (SIBLING) Continuous Variable. Number of Siblings in Household 

Location (URBAN) Large and Midsize City, Large and Mid-Size Suburb and Large 

Town, Small Town and Rural 

Family Type (FAMTYPE) 2 parent household, 1 parent household (omitted reference), Other 

Mother Employment Status (MOMEMP) Number of hours of work per week. None, Greater Than 35, Less 

Than 35, No mother in house 

Father Employment Status (DADEMP) Number of hours of work per week. None, Greater Than 35, Less 

Than 35, No mother in house 

Parents Highest Education Level (PARED) Less than HS degree through advanced post graduate degree. 2 

Dummy variables.  

Home Language Not English (HOMELANG) Dummy Variable. Speak Non-English at Home, Speak English at 

Home 

Children's Books in Home (NUMBOOK) Ordinal Variable. Ranges from 0 - 200 

% Blacks in the Classroom (PERBLK) Categorical Variable. Less Than <=25%, >25 

%f Hispanics in the Classroom (PERHIS) Categorical Variable. Less Than <=25%, >25 

School Type (SCHTYPE) Categorical Variable. Private, Public 

% Free and Reduced Lunch in School (FRL) % of School that Received Free and Reduced Lunch (Imputed 

Value). Continuous Variable between 0 and 95 

Child Changed Schools (SCHCHG) Dummy Variable: Child transferred schools between K-3, Child did 

not transfer schools between K-3 
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Data and Methods 

Using multivariate OLS regression, I estimate the association between a child attending a 

formal preschool (defined as attended Head Start or attended a center based program) and the 

child’s math skills measured over time for the specified subpopulation (lower SES, non-disabled) 

by Race.  The OLS regressions have been parsed into two models:  

Model 1:  

By Round: TEST SCOREi = β0 + β1HSi+ β2 CTRi+ β3COVi+ μ 

Model 2: 

By Round: TEST SCOREit = α0 + α1HSi + α2CTRi + α3 BLACKi + α4HISPANICi + α5 

(BLACKi*HSi)    + α6(HISPANICi*HSi)+ α7(BLACKi*CTRi) + α6 

(HISPANICi*CTRi) + COVi  + μ 
 

Model 1 evaluates the relationship between type of pre-K program attended and student test 

scores, in general. Model 2, evaluates the impact of attending a specific type of pre-K program 

on test scores as the child progresses through school.  In all models, TEST SCOREi is a measure 

of the math performance of child i for each “round” of data collection (i.e. Fall-Kindergarten 

(Round 1), Spring-Kindergarten (Round 2), Fall-1
st
 Grade (Round 3), Spring-1

st
 Grade (Round 

4)  and Spring 3
rd

 Grade (Round 5)). Due to missing data issues, analysis was only reported in this 

study for Fall Kindergarten, Spring-1st Grade and Spring-3rd Grade.  The Fall testing rounds of 1st and 

3rd grade were eliminated due to very small populations of Black and Hispanic children, as well as pre-K 

attendees in these rounds.  HSi is a dummy variable indicating whether a child was in Head Start prior 

to the Fall of Kindergarten. CTRi is a dummy variable indicating whether a child was in a Center 

Based preschool program prior to the Fall of Kindergarten. BLACKi and HISPANICi are race 

dummy variables for child i for each “round” of data. COVi  is a set of covariates measuring the 

child’s family, neighborhood, school and demographic characteristics of child i.  
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Assuming that attending preschool is associated with higher skill levels at school entry, I 

look at the persistence of the initial effects of attending preschool over time by analyzing 

whether 1) there is a significant relationship between pre-K attendance and student performance, 

as reflected by math assessment scores; and 2) whether the type of pre-K attended is significantly 

related to math assessment scores. I pay particular attention to the variations in these 

relationships by race.  
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Data Descriptive Statistics 

 The descriptive statistics presented in the following tables demonstrate the general make-

up of the analysis sample. Because regression analysis is performed only on observations that 

have a value for all specified control variables, the sample population used in this study is 

reduced. Table 3 displays the racial descriptive statistics for the sample population. Table 4 

reflects the means and standard errors for the key dependent variables controlled for in the most 

comprehensive regression model. Tables 5, 6 and 7 represent frequencies for the sample’s 

school, family, neighborhood, and home characteristics. 

Table 3 
      

Descriptive statistics for student race by testing round 

  
Fall Kindergarten Spring First Grade Spring 3rd Grade 

(N = 586) (N = 500) (N = 354) 

  N % n % n % 

Child Characteristics             

Race 
      

White 360 61.3 316 63.20 228 64.41 

Black 130 22.1 104 20.80 64 18.08 

Hispanic 96 16.5 80 16.00 62 17.51 

 

Table 3 displays that the lower SES status sample population is comprised of 

approximately 39% minority children across time periods. Because the Black and Hispanic 

populations have disproportionately higher rates of within race poverty, but account for a smaller 

percentage of the total US population living below the poverty line, it is not surprising to see the 

racial distribution presented in Table 3 (US Census, 2010).  
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 Consistent with other research, Table 4 shows that White children in this sample 

population score above the entire Fall Kindergarten population mean in both math and reading 

test scores.
13

 Specifically looking at Math Test Score, we see that White students score, on 

average, .41 standard deviations above the total sample population mean. The largest gap in math 

achievement is between Black and White students, as Black students perform, on average, .1 

standard deviations below the sample population’s mean math test score. The largest gaps in 

reading exist between White and Hispanic students. This could be driven by the population of 

Hispanic children in the sample who do not speak English in their home, as shown in Table 6.  

 

 

 

 

                                                           

 

13
 For the purpose of this study, regression results are only presented for Math Test Scores as the dependent variable. 

Analysis estimating the relationship between pre-K and Reading Test Score was eliminated from reported results in 

an effort to contain the scope of the study.  

Table 4 
Means and standard errors for test scores for study sample by testing round 

  
Fall Kindergarten Spring First Grade Spring 3rd Grade 

(N = 586) (N = 500) (N =  354) 

  M SE M SE M  SE 

Test Scores              

Math Test Score (t-value) 
    

  White Students 0.41 1.01 .400 .995 .416 .907 

Black Students -0.10 0.77 -.138 .761 -.240 .888 

Hispanic Students 0.047 0.91 .009 .908 -.025 1.055 

Reading Test Score (t-value)       

White Students .314 1.078 .334 1.031 .498 .893 

Black Students .080 1.094 -.051 .917 -.268 .896 

Hispanic Students .061 .803 .230 .956 .084 1.018 
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Pre-K is the independent variable of interest for the multivariate regressions in this study. 

Although NIEER reports the national pre-K enrollment rate is 26.7%, Table 5 shows that almost 

40% of the children in this study’s sample population attend preschool.
14

  This disproportionate 

representation of pre-K attendees (when compared to the national average) may be a reflection of 

the recent growth in maternal employment rates. The growth in maternal employment has been 

associated with an increase in the child care demand and therefore the pre-K enrollment among 

lower SES families (Barnett, S. and Yarosz, D., 2007). The high parental employment rates 

presented in Table 7 further support this hypothesis. Interestingly, the data show that more than 

three times the amount of students attended center based pre-K than Head Start. This is not 

surprising given the sample population is comprised of only lower SES status children and Head 

Start eligibility is limited to income thresholds that are likely below the average family income 

levels of those represented in this sample population. More than likely, however, the low Head 

Start participation rate in this sample is largely due to missing data issues. Missing data issues 

and its implications in this study are further discussed in the Results section of this paper.  

Research shows that low income children are often put in classrooms with a higher 

percentage of minority children (Magnuson, 2007). Table 6 reflects this, showing almost 30% of 

                                                           

14
 Attending preschool is defined as having attended a Head Start Program or a center based program 

Table 5 

      Descriptive statistics for sample school characteristics by testing round 

 

Fall Kindergarten Spring First Grade Spring Third Grade 

 

(N = 586) (N = 500) (N = 354) 

  n % n % n % 

Preschool Type
15 

      Did Not Attend Pre-K 358 61.09 382 76.4 262 74.01 

Attended Head Start 49 8.36 2 0.4 2 0.56 

Attended Center Based Care 179 30.55 116 23.2 90 25.42 
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the Fall Kindergarten, Spring 1
st
 Grade and Spring 3

rd
 grade sample population are educated in a 

classroom with more than ‘25% Percent Black in the classroom’. Although the sample 

population shows less prevalence of a classroom setting with a student composition ‘greater than 

25% Hispanic’, when data for Blacks and Whites are aggregated, approximately 43% of the 

sample population for each time period is in a classroom with greater than 25% minority 

students.
15

 

Table 6 

  Descriptive statistics for sample school, neighborhood and home  characteristics by testing round 

 
Fall Kindergarten Spring First Grade Spring 3rd Grade 

  (N = 586) (N = 500) (N = 354) 

  n % n % n % 

School Characteristics             

% Black in Classroom 

      Less than 25% 414 70.65 347 69.4 257 72.6 

25% or more 172 29.35 153 30.6 97 27.4 

% Hispanic in classroom 

      Less than 25% 508 86.69 429 85.8 304 85.88 

25% or more 78 13.31 71 14.2 50 14.12 

School Transfers 
      

                   Changed Schools 53 9.04 1 0.2 60 16.95 

       Did Not Change Schools 519 88.57 105 21 294 83.05 

Missing 14 2.39 394 78.8 N/A N/A 

Kindergarten 
      

First time in Kindergarten 572 97.61 486 97.2 345 97.46 

Not first time in Kindergarten 14 2.39 14 2.8 9 2.54 

School Type 

  
    

  
Public School 586 100 500 100 353 99.72 

Private School 0 0 0 0 1 0.28 

Neighborhood Characteristics              

Home Location 
      

Large and mid-size city 227 38.74 172 34.4 107 30.23 

Large and mid-size suburb/town 198 33.79 183 36.6 127 35.88 

Small and rural town 161 27.47 145 29 120 33.9 

Home Characteristics             

# Of Parents in home 
      

Two parent home 388 66.21 355 71 276 68.15 

Other 198 33.79 145 29 129 31.85 

 

                                                           

15
 Minority student defined as Black or Hispanic 
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 Given that the sample population has been limited to children in lower SES families, the 

distribution of both the mother’s and father’s employment level shown in Table 7 is 

unsurprising. Almost 65% of the sample population has a father who works more than 35 hours a 

week and almost 48% have a mother who works more than 35 hours a week. Also, most children 

in the sample are from a family where the mother resides in the home and a larger portion, 29%, 

do not have a father in the household. This is further confirmed in Table 6, showing 34% of 

children residing in non-two-parent home.
16

  

 

 

                                                           

16
 The sample population is comprised of 66% of children living in a two parent home. This is a surprising result, 

given the prevalence of single parent homes among low income populations. This statistic could be largely driven by 

the fact that the sample population is 61% White. Among the white population, only 24% of the children live in a 

single parent home. Among the Hispanic population in the sample, only 23% live in a single parent home. 

Consistent with other research, Black children have the highest prevalence of single parent family types, with 66% 

of the Black sample population in this group. The high frequency of two parent homes is most attributable to the 

sample being comprised of 78% White and Hispanic children and only 22% Black children.  
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Table 7       
Descriptive statistics for sample home characteristics by testing round 

  
Fall Kindergarten Spring First Grade Spring 3rd Grade 

(N = 586) (N = 500) (N = 405) 

  n % n % n % 

Home Characteristics             

Mother's Employment 
      

Greater than 35 hours/week 279 47.61 286 57.20 191 53.95 

Less than 35 hours/week 123 20.99 73 14.60 76 21.47 

Not in labor force 168 28.67 125 25.00 72 20.34 

No mother in house 16 2.73 16 3.20 15 4.24 

Father's Employment 
      

Greater than 35 hours/week 383 65.36 341 68.20 237 66.95 

Less than 35 hours/week 18 3.07 16 3.20 11 3.11 

Not in labor force 16 2.73 22 4.40 16 4.52 

No father in house 169 28.84 121 24.20 90 25.42 

Parents Highest Education 

      Less than HS diploma 366 62.46 170 34.00     117 33.05 

Greater than HS Diploma  220 37.54 330 66.00 237 66.95 

Home Language 
      

Does Not Speak English at Home  33 5.73 9 1.80 7 1.98 

Speaks English at Home 553 94.37 491 98.20 347 98.02 

Number of Siblings 
      

No siblings 122 20.82 89 17.80 61 17.23 

One sibling 239 40.78 218 43.60 155 43.79 

Two siblings 147 25.09 123 24.60 91 25.71 

Three siblings 58 9.73 56  11.20 36 10.17 

Four siblings 12 2.05 8 1.60 7 1.98 

Five siblings 3 0.51 3 0.60 1 0.28 

Six siblings 5 0.85 3 0.60 3 0.85 

Nine siblings 1 0.17 N/A N/A N/A N/A 

*All “N/A” outputs indicate that no variable existed to perform descriptive statistics on for the time period 

specified 
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Results 

Results are displayed in Table 8, which reflects math assessment score estimates for the 

Fall Kindergarten population. In an effort to provide a model that best represents the association 

between math test scores and attending preschool, multiple OLS models were specified, each 

containing various sets of  independent variables and interactions.
17 

It is important to note that 

Model 1 is purely a correlational model, representing only the direct relationship between 

preschool type and student math score. Models 2, 3 and 4 represent a more accurate relationship 

between preschool type and math scores, as they contain covariates that not only include 

indicators for attending Head Start or center based pre-K, but also control for family, home, 

neighborhood and school circumstances, allowing specific coefficients to vary by race.
18  

In spite 

of differentiating preschool types and adding additional controls and interactions to each model 

specification, by leaving out additional variables correlated with preschool type and math score, 

it is difficult to pin down the causal effect of preschool attendance and math.   

Recall that SES is defined in this study based upon whether or not a child was a member 

of a family living below the 40
th

 percentile of socioeconomic status at some point during the Fall 

                                                           

17
 Due to missing data problems, control variables were limited to those presented in the displayed regression 

models. It is possible that different home, school, family and child characteristics might provide better explanatory 

power in a different model. However, additional covariates were not included in this study in order to preserve 

sample size. The implications of omitting these variables will be further discussed in the section explaining possible 

biases in the analysis.   

18
 Specific control variables in Table 8 have been interacted with race to show that the association between the 

variable of interest and test score may vary depending on the race of the child. For example, Models 3 and 4 interact 

Black and Head Start, Black and Center Based, Hispanic and Head Start, Hispanic and Center Based to determine 

whether the relationship between type of pre-k attended and math test score varies depending on the race of the 

child. Although no aforementioned interaction variable was statistically significant, an F-test was performed to test 

the joint significance of the base coefficient and each race specification interaction. This tests the statistical 

significance of the relationship between preschool type attendance and test scores for the specified race. The F-test 

shows no evidence of a jointly statistically significant relationship during the Fall of Kindergarten.   
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of Kindergarten, Fall of 1st grade, and/or the Spring of 3rd grade. Because of this, it is possible 

that many children in the sample population may not have been eligible for the Head Start 

program when they were of age due to family income ineligibility. To test whether or not a 

child’s socioeconomic status during the Fall of Kindergarten was associated with math test score 

and correlated with other covariates in Table 8, Model 4, a sensitivity analysis was performed 

using an alternative specification. In this specification, a series of dummy variables was added to 

the regression model to control for socioeconomic status by quintile. Because no statistically 

significant changes resulted from controlling for socioeconomic quintile, to preserve degrees of 

freedom in the model, the socioeconomic quintile dummy variables were removed.  

Math test scores are standardized in the data and therefore all Fall Kindergarten 

coefficients in Table 8 can be interpreted in terms of standard deviations.
19

 For example, in 

Model 1 the coefficient on ‘Center Based Pre-K’ implies that children in the sample who 

attended a center based pre-K program perform .206 standard deviations higher than children in 

the sample who did not attend a pre-K program at all.  The coefficient on Head Start is not 

statistically significantly different from zero and therefore, according to the model, there is no 

statistically significant evidence of a relationship between attending Head Start and math 

achievement.  It is possible that because the sample population used for the regression contains 

only 12% Head Start participants, there is a low level of precision in the estimate of the 

relationship between Head Start and math test scores, limiting both the internal and external 

validity of the results. 

                                                           

19
 A standardized score in this analysis is calculated by subtracting a student’s individual test score from the sample 

mean test score and then divides by the total sample test score standard deviation. A negative t-score indicates that 

the score is below the distribution mean. A positive t-score indicates that the score is above the distribution mean.  

The mean of t-scores equals zero and the standard deviation of the t-distribution is one. 
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In Table 8, the Head Start variable remains insignificant across all models. However, the 

addition of control variables to the model changes the magnitude of its coefficient. The center 

based pre-K coefficient, on the other hand, is statistically significant in Model 1 but fails to 

remain so once personal, family, school and neighborhood characteristics are controlled for in 

Models 2 through 4. The inclusion of these additional controls affects the coefficient on the 

center based pre-K variable to the extent that each variable is correlated with center based pre-K 

and math test score. For example, being Black or Hispanic is most likely positively correlated 

with attending center based pre-K but negatively correlated with math test scores. This would 

suggest that if only race controls were included in the model, the coefficient on center based pre-

K should increase in magnitude relative to the coefficient in Model 1. However, we see that the 

relationship between center based pre-K and math score dissipates, reducing it to be statistically 

no different than zero. This is because the correlations between the independent variables and 

math scores ultimately net a positive omitted variable bias.  

Although center based pre-K and Head Start do not have statistically significant 

relationships with math test scores, Table 8, Model 4 reveals some interesting findings.
20

 In the 

Fall of Kindergarten, a child placed in a classroom with ‘greater than 25 percent black students’ 

will, on average and controlling for personal, home, neighborhood, pre-K and school 

characteristics, have a math test score that is .362 standard deviations lower than students placed 

in a classroom with ‘less than 25 percent black’ students. This is statistically significant at the 

                                                           

20
 A high occurrence of missing data across all time periods used in this study may be a possible explanation for 

many coefficients in the OLS model being statistically insignificant. Students with data missing for any one of the 

variables in the regression analysis and within this study’s time frame were dropped. This eliminated roughly 75% 

of the Fall Kindergarten sample population from regression analysis, most notably removing a disproportionally 

high percentage (85%) of the Fall Kindergarten Head Start participants.  
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.001 level. Additionally, a variable measuring the number of siblings in the home has a 

significant relationship with math achievement. As Table 8, Model 4 shows, after controlling for 

personal, home, neighborhood, pre-K and school characteristics, a one unit increase in the 

number of siblings a student has in the house is associated with a decrease in math achievement 

equal to .105 standard deviations (p < .001). This may be contrary to intuition, given that 

research has shown that having siblings and teaching them reinforces school learning. However, 

these dynamics only appear to be relevant to younger siblings (Smith, 1993). Perhaps an increase 

in siblings might add an extra financial and time burden on the parent, leaving less opportunity 

for a parent to be directly involved in each child’s well-being and thereby negatively impacting 

the child’s academic achievement. Further analysis to test this hypothesis would be necessary to 

make conclusions. 

Studies show that the early environment of disadvantaged children might not support 

optimal cognitive development, which could explain why gains associated with pre-K attendance 

fade over time (Campbell, F. A., & Ramey, C. T., 1995). A possible explanation for the 

weakness of meaningful relationships between pre-K attendance and math achievement may be 

related to the capacity of the parent to reinforce school learning. More specifically, a parent’s 

work schedule may influence the amount of time a parent can spend with his/her child. 

Furthermore, it is possible that a non-English speaking parent or a parent who did not graduate 

high school may face language or competency barriers when assisting their child with 

schoolwork. To test these hypotheses, controls were added to several of the regression models to 

look at whether parent’s education, mother’s and father’s employment and home language were 

associated with math achievement. Models 2 through 4 all control for these variables. In Model 

4, specifically, these variables are interacted with race. The variables “Mother’s Employment 
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Level” and “Father’s Employment Level,” included in Table 8, Models 2 and 3, have been 

parsed into a series of individual dummy variables in Model 4 to allow the relationship between 

disparate levels of employment to vary by race. 

As Table 8, Model 4 shows, the relationship between math test scores and mother’s level 

of employment, father’s level of employment and home language spoken does, in fact, vary for 

certain races. Unsurprisingly, the largest frequency of children who live in a non-English 

speaking home is observed among Hispanics in the sample population. It is important to note that 

there are no Black children who live in a non-English speaking home in this sample population. 

Thus, the variable “Language Spoken in the Home” was not interacted with the “Black” race 

variable and the coefficient on “Language Spoken in the Home” represents White children who 

do not speak English in the home compared to White children who do speak English in the home 

and all Black children. Model 4 shows that, irrespective of race, living in a non-English speaking 

home has a statistically significant relationship with math achievement.  For non-Hispanic 

children, living in a non-English speaking home is associated with a .801 standard deviation 

reduction in math achievement. For Hispanic children, living in a non-English speaking home is 

associated with a .069 (-.801+ .732) reduction in math achievement compared to Hispanic 

children who live in an English speaking home. The results of an F-test of joint significance 

show that the base coefficient (“Language Spoken in the Home”) and the interaction (“Language 

Spoken in the Home” * Hispanic) are jointly statistically significant.   

 Although none of the paternal employment coefficients is statistically significant for 

White or Hispanic children, in Table 8, Model 4, one of the three paternal employment 

interaction terms is statistically significant for Black children.  Being a Black child with a father 

out of the labor force is associated with a .53 (.489 +-1.019) decline in math achievement when 
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compared to being a Black child who has a father who works full-time (greater than 35 hours a 

week). The results of an F-test show this is statistically significant. As for mother’s employment, 

none of the coefficients of the maternal employment variables are statistically significant for 

Black and White children. However, for Hispanics, there is a Hispanic-White achievement gap 

associated with having a mother who works part-time (less than 35 hours a week) compared to 

full-time (greater than 35 hours a week). Looking specifically at magnitude, being a White child 

with a mother who works part-time vs. full-time is associated with achievement gains. However, 

the association between a mother who works part-time vs. full-time and math test scores for 

Hispanic children is statistically significantly more negative than it is for White children. The 

difference in achievement, however, may be driven by the correlation between part-time work 

and reduced income in the house. The most notable relationship with math achievement is for 

Hispanic children who do not have a mother present in the home. Table 8, Model 4 displays a 

large difference in the magnitude of the relationship between Hispanic children and White 

children. The coefficient on the “Hispanic* Child Does Not Have a Mother” interaction variable 

is equal to -1.168.  Thus, the association between a Hispanic child not having a mother (vs. 

working more than 35 hours a week) and math test scores is statistically significantly more 

negative than the association between a White child not having a mother (vs. working more than 

35 hours a week) and math test scores.  There is no evidence that this relationship differs for 

Black children vs. White children.  
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Table 8 - Estimates of Variables on Math Test Score  

Fall Kindergarten         

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

VARIABLES 

Base Model Inc. Home, 

School and 

Family 

Characteristics 

Model 2 with 

Pre-K Varying by 

Race 

Model 3 with 

multiple 

interactions 

          

Head Start  -0.201 -0.087 0.121 0.093 

  (0.143) (0.129) (0.244) (0.251) 

Center Based Pre-K 0.156* 0.128 0.105 0.126 

  (0.089) (0.083) (0.108) (0.106) 

Black    -0.148 -0.157 -0.122 

    (0.114) (0.126) (0.186) 

Hispanic   -0.082 -0.061 -0.077 

    (0.134) (0.158) (0.202) 

Gender   -0.056 -0.056 -0.050 

    (0.076) (0.076) (0.076) 

Urban   -0.047 -0.047 -0.052 

    (0.056) (0.055) (0.055) 

Family Type   0.022 0.028 0.020 

    (0.219) (0.216) (0.380) 

Age    0.057*** 0.057*** 0.056*** 

    (0.009) (0.009) (0.009) 

% Free and Reduced Lunch in School   -0.001 -0.001 -0.001 

    (0.002) (0.002) (0.002) 

Number of Books in Home   0.002** 0.002** 0.002** 

    (0.001) (0.001) (0.001) 

% of Class Hispanic   -0.141 -0.139 -0.100 

    (0.155) (0.155) (0.159) 

% of Class Black   -0.352*** -0.344*** -0.362*** 

    (0.116) (0.116) (0.117) 

Had to Repeat Pre-K   -0.026 -0.044 -0.038 

    (0.334) (0.333) (0.339) 

Number of Siblings in Home    -0.098*** -0.096*** -0.105*** 

    (0.034) (0.035) (0.035) 

Parent Less Than HS Degree   0.072 0.080 0.013 

    (0.082) (0.082) (0.109) 

Language Spoken in the Home   -0.193 -0.184 -0.801*** 

    (0.157) (0.164) (0.213) 

Mother's Employment Level
A 

  0.003 0.001 --- 

    (0.045) (0.045) 

 Father's Employment Level
A 

  0.003 -0.001 --- 

    (0.075) (0.074) 

 Black * Head Start     -0.280 -0.237 

      (0.292) (0.297) 

Black * Center-based     0.110 0.111 

      (0.197) (0.209) 

Hispanic * Head Start     -0.457 -0.527 

      (0.336) (0.364) 

Hispanic * Center-based     0.030 0.099 

      (0.229) (0.221) 

Mother Works Less Than 35 Hours       0.125 

        (0.141) 

A “
Mother’s Employment Level” and “Father’s Employment Level” variables are redefined as dummy variables in 

Model 4. Therefore, no coefficient estimates are present.  
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Table 8 - Estimates of Variables on Math Test Score (cont…) 

Fall Kindergarten         

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

VARIABLES 

Base Model Inc. Home, School 

and Family 

Characteristics 

Model 2 with 

Pre-K Varying 

by Race 

Model 3 with 

multiple 

interactions 

Mother Not in the Labor Force       0.001 

        (0.133) 

Child Does Not Have a Mother       0.080 

        (0.539) 

Father Works Less Than 35 Hours       -0.233 

        (0.561) 

Father Not in the Labor Force       0.489 

        (0.504) 

Child Does Not Have a Father       -0.043 

        (0.395) 

Black * Parent Less Than HS Degree       0.421* 

        (0.237) 

Hispanic * Parent Less Than HS Degree       0.041 

        (0.198) 

Black * Mother Works Less Than 35 Hours       0.032 

        (0.229) 

Black * Mother Not in the Labor Force       0.024 

        (0.215) 

Black * Child Does Not Have a Mother       -0.023 

        (0.459) 

Hispanic * Mother Works Less Than 35 

Hours       -0.539** 

        (0.229) 

Hispanic * Mother Not in the Labor Force       -0.092 

        (0.227) 

Hispanic * Child Does Not Have a Mother       -1.168** 

        (0.473) 

Black * Father Works Less Than 35 Hours       -0.511 

        (0.718) 

Black * Father Not in the Labor Force       -1.019* 

        (0.570) 

Black * Child Does Not Have a Father       0.039 

        (0.190) 

Hispanic * Father Works Less Than 35 

Hours       -0.575 

        (0.633) 

Hispanic * Father Not in the Labor Force       -1.212 

        (0.809) 

Hispanic * Child Does Not Have a Father       0.137 

        (0.253) 

Hispanic * Language Spoken in the Home       0.732*** 

        (0.270) 

Constant 0.208*** -3.483*** -3.520*** -3.410*** 

  (0.051) (0.672) (0.681) (0.682) 

Observations 586 586 586 586 

R-squared 0.011 0.175 0.178 0.217 

Robust standard errors in parentheses         

*** p<0.01, ** p<0.05, * p<0.1         
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The Relationship between Pre-K Type and Math Test Scores Over Time  

 Because there are multiple race interactions in Table 8, Model 4, it is difficult to identify 

a meaningful relationship between math achievement and race. Therefore, Table 8, Model 2 was 

used to identify the Black-White and Hispanic-White achievement gap trends over time.  

However, in an effort to determine whether the relationship between pre-K type and math score 

changes over time, Table 8, Model 4 was used.  

Table 9 shows the marginal relationships between race and math achievement between 

the Fall of Kindergarten and the Spring of 3
rd

 grade. For example, using Table 8, Model 2 (Fall 

Kindergarten), the coefficient on the “Black” variable is -.148, suggesting that on average and 

controlling for all covariates in Table 8, Model 2, being a Black child is associated with a .148 

standard deviation reduction in math test score. When the same model is re-estimated, using data 

for the Spring of 1
st
 grade, the relationship between being Black and math achievement is even 

more negative. Specifically, there is an additional reduction in math score equal to -.281. (Thus, 

the total association for Black children is -.429 standard deviations (-.149 + -.281)). Additionally, 

there is a detrimental marginal association between math test scores and being Hispanic. 

Interestingly, trends in Hispanic test scores seem to improve relative to trends in Black test 

scores. This achievement gap is the impetus for many early childhood preschool initiatives 

targeted towards lower income children, in particular Black children. 

 

Table 9 - Marginal Increase in Black-White and Hispanic-White Achievement Gaps 

  (1) (2) (3) 

VARIABLES 

Actual Fall 

Kindergarten 

Coefficient 

Marginal Spring 1st 

Grade 

Marginal Spring 3rd 

Grade 

  
   

Black -0.148 -0.281 -0.163 

Hispanic -0.082 -0.227 0.143 
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As Table 10 shows, the relationship between age and math test score remains statistically 

significant across all time periods in the study. This is an important finding, as even small age 

gaps between students may matter. Additionally, the relationship between a child’s parent’s 

education level (parents are high school drop outs vs. at least one parent is a high school 

graduate) and math achievement is statistically significantly different for Black vs. White 

children and Hispanic vs. White children. Additionally, during the Spring of 1
st
 grade and the 

Spring of 3
rd

 grade there is a statistically significant penalty in math score associated with White 

children whose parents are both high school drop outs vs. White children with at least one parent 

with a high school graduate degree.  Specifically, in the Spring of 1
st
 grade, being a White child 

who lives in a home where the parent(s) are high school dropouts is associated with lower math 

achievement when compared to White children who have at least one parent who is a high school 

graduate (-.251 standard deviations).  Though the increase in magnitude is modest, by the Spring 

of 3
rd

 grade, the association between a White child having a parent without a high school degree 

and math achievement further declines (-.255 standard deviations). This possibly implies a 

negative association between being a White child with parents who did not graduate from high 

school and the parent’s ability to assist his/her child with learning. As for Hispanic and Black 

children, looking at the coefficients on the race and parent’s highest level of education 

interactions, we see that the relationship between having parents with less than a high school 

degree and math achievement is statistically significantly different between Blacks vs. Whites 

and Hispanics vs. Whites in the Fall of Kindergarten and the Spring of 1
st
 grade, respectively. 

Results show the race and parental level of education interaction coefficients are more positive 

than the base coefficient for the ‘Less Than High School’ variable. 
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Although there was no significant relationship between mother’s employment level and 

math achievement for White children in the Fall of Kindergarten, by the Spring of 1
st
 grade 

Table 10 displays that White children see associated benefits from having a mother who works 

less than 35 hours a week compared to working more than 35 hours a week. This is not 

surprising, as research shows that White children have proportionally higher rates of two parent 

households, which means that it is possible that mothers who work part-time are choosing to do 

so because of supplemental income in the house. Additionally, an even larger association 

between math achievement and children who have a father who works less than 35 hours a week 

vs. more than 35 hours a week is shown for White children in Model 2. Interestingly, although 

by the Spring of 1
st
 grade we see that part-time paternal employment (less than 35 hours a week) 

is positively associated with math achievement for White Children, there is a statistically 

significantly negative difference between the coefficients for Hispanic children and White 

children. As the Table 10, Model 2 shows, by the Spring of 1
st
 grade, there is a -.864 standard 

deviation difference between the math achievement and part-time paternal employment 

relationship among White and Hispanic children. It is important to note that it is possible that the 

correlation between hours worked and income generated affects achievement gains for Hispanics 

more so than Whites, as household income is, on average, larger for White families than 

Hispanic families.  Further analysis would have to be performed to draw any conclusions on this 

matter. By the Spring of the 3
rd

 grade, the mother’s employment level has no significant 

relationship with math test scores. 
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Table 10 - Estimates of Variables on Math Test Score  

Fall Kindergarten, Spring 1st Grade, Spring 3rd Grade     

  (1) (2) (3) 

VARIABLES Fall Kindergarten Spring 1st Grade Spring 3rd Grade 

  
   

Head Start  0.093 -0.978 -0.099 

  (0.251) (0.741) (0.586) 

Center Based Pre-K 0.126 -0.170 0.014 

  (0.106) (0.136) (0.145) 

Black  -0.122 -0.539*** -0.817*** 

  (0.186) (0.197) (0.286) 

Hispanic -0.077 -0.590*** -0.299 

  (0.202) (0.215) (0.323) 

Gender -0.050 -0.024 0.076 

  (0.076) (0.090) (0.099) 

Urban -0.052 0.063 -0.020 

  (0.055) (0.063) (0.076) 

Family Type 0.020 -0.389 -0.393 

  (0.380) (0.411) (0.428) 

Age  0.056*** 0.036*** 0.030** 

  (0.009) (0.011) (0.013) 

% Free and Reduced Lunch in School -0.001 0.000 -0.004 

  (0.002) (0.002) (0.003) 

Number of Books in Home 0.002** 0.001* -0.000 

  (0.001) (0.000) (0.000) 

% of Class Hispanic -0.100 -0.102 -0.322 

  (0.159) (0.153) (0.201) 

% of Class Black -0.362*** -0.089 0.114 

  (0.117) (0.125) (0.157) 

Had to Repeat Pre-K -0.038 0.076 0.036 

  (0.339) (0.233) (0.354) 

Number of Siblings in Home  -0.105*** -0.021 -0.063 

  (0.035) (0.046) (0.052) 

Parent Less Than HS Degree 0.013 -0.251** -0.255* 

  (0.109) (0.112) (0.134) 

Language Spoken in the Home -0.801*** -0.178 -0.473 

  (0.213) (0.385) (0.430) 

Black * Head Start -0.237 --- --- 

  (0.297) 

  Black * Center-based 0.111 0.422* 0.464 

  (0.209) (0.256) (0.304) 

Hispanic * Head Start -0.527 --- --- 

  (0.364) 

  Hispanic * Center-based 0.099 0.210 -0.035 

  (0.221) (0.259) (0.292) 

Mother Works Less Than 35 Hours 0.125 0.287* 0.157 

  (0.141) (0.169) (0.146) 

Mother Not in the Labor Force 0.001 0.081 0.162 

  (0.133) (0.132) (0.181) 

Child Does Not Have a Mother 0.080 0.635 -0.002 

  (0.539) (0.546) (0.506) 

Father Works Less Than 35 Hours -0.233 0.537* -0.326 

  (0.561) (0.304) (0.485) 
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Note: “---”reflects variables for which there are not sufficient data to allow for estimates of the coefficient 

 

Table 10 - Estimates of Variables on Math Test Score (cont.…) 

Fall Kindergarten, Spring 1st Grade, Spring 3rd Grade      

  (1) (2) (3) 

VARIABLES Fall Kindergarten Spring 1st Grade Spring 3rd Grade 

    

Father Not in the Labor Force 0.489 -0.140 0.015 

  (0.504) (0.270) (0.311) 

Child Does Not Have a Father -0.043 0.596 0.327 

  (0.395) (0.432) (0.448) 

Black * Parent Less Than HS Degree 0.421* 0.281 -0.230 

  (0.237) (0.248) (0.309) 

Hispanic * Parent Less Than HS Degree 0.041 0.457** 0.080 

  (0.198) (0.224) (0.297) 

Black * Mother Works Less Than 35 Hours 0.032 -0.009 0.261 

  (0.229) (0.314) (0.363) 

Black * Mother Not in the Labor Force 0.024 -0.130 -0.549 

  (0.215) (0.270) (0.339) 

Black * Child Does Not Have a Mother -0.023 -0.336 -0.286 

  (0.459) (0.407) (0.363) 

Hispanic * Mother Works Less Than 35 Hours -0.539** 0.149 0.375 

  (0.229) (0.369) (0.274) 

Hispanic * Mother Not in the Labor Force -0.092 0.383 0.558 

  (0.227) (0.277) (0.383) 

Hispanic * Child Does Not Have a Mother -1.168** -0.455 -0.769 

  (0.473) (0.484) (0.561) 

Black * Father Works Less Than 35 Hours -0.511 -0.618 0.561 

  (0.718) (0.456) (0.581) 

Black * Father Not in the Labor Force -1.019* -0.196 0.775** 

  (0.570) (0.433) (0.379) 

Black * Child Does Not Have a Father 0.039 -0.087 0.343 

  (0.190) (0.223) (0.278) 

Hispanic * Father Works Less Than 35 Hours -0.575 -0.864** -0.810 

  (0.633) (0.394) (0.559) 

Hispanic * Father Not in the Labor Force -1.212 0.349 0.189 

  (0.809) (0.426) (0.521) 

Hispanic * Child Does Not Have a Father 0.137 0.468 0.638* 

  (0.253) (0.344) (0.334) 

Hispanic * Language Spoken in the Home 0.732*** --- --- 

  (0.270) 

  Constant -3.410*** -2.962*** -2.700* 

  (0.682) (1.026) (1.437) 

        

Observations 586 500 354 

R-squared 0.217 0.164 0.234 

Robust standard errors in parentheses       

*** p<0.01, ** p<0.05, * p<0.1       
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Conclusion 

Using the ECLS-K dataset, this study seeks to understand the relationships between 

attending Head Start or a center based early childhood program and math achievement, as well as 

the persistence of these relationships over time.  Currie and Thomas (1999) find that the greatest 

payoffs to early intervention are among the most disadvantaged children. In an effort to expand 

our understanding of who among the disadvantaged benefit and for how long benefits persist, I 

look specifically at children from families below the 40
th

 percentile of SES to determine whether 

the relationship between preschool type and math achievement varies by race between the Spring 

of Kindergarten and the Spring of 3
rd

 grade. Lastly, I also look at whether the relationships 

between math achievement and factors such as parent’s employment, parent’s education and 

language spoken in the home vary by race.   

Previous analyses performed to explain the relationship between early childhood 

education programs and student achievement abound. However, even after controlling for a full 

set of available covariates, explanations for racial gaps in student outcomes continue to fall short. 

The trends of stalled progress and steady gains pertaining to the Black-White test score gap have 

fluctuated over time, but most recently the achievements of Black children are lagging much 

further behind their White peers than ever (Magnuson and Waldfogel, 2010). Supporting the 

trends of a widening achievement gap between White and Black children revealed by Currie and 

Thomas, this study identifies a marginal decline in math achievement for Black children between 

Kindergarten and 3
rd

 grade relative to White children. For Hispanics, however, although math 

achievement continues to be lower, on average, than it is for White children, the Hispanic-White 

achievement gaps begins to shrink by the Spring of 3
rd

 grade. 
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Prior literature has revealed that intervention programs that start early in life have 

significant positive relationships with student achievement and other outcomes (Gormley & 

Gayer, 2008). However, a study that looks closely at cognition finds that programs targeted 

towards disadvantaged children (e.g., Head Start) show improvements only for Black and White 

children, but did not focus on outcomes for any other racial group (Currie and Thomas, 1999).  

Questions remain among researchers and policy makers regarding what may be driving 

diverging trends for Blacks and steady gains for Hispanics, as well as the best mechanisms to 

improve achievement disparities between racial groups. Although this study does not find any 

statistical evidence of associations between math test scores and preschool attendance for Whites 

or Hispanics, short-term math assessment gains do appear to be associated with attending center 

based care for Black children in the Spring of 1
st
 grade. Seeing achievement improvements 

associated with center based preschool for Black children is a possible sign that certain early 

childhood programs may be effective in improving achievement for a targeted group of children. 

However, it is clear from the results in Table 10 that center based pre-K is not a silver bullet for 

Black children, as benefits associated with attending center based pre-K fade for Black students 

by the Spring of 3
rd

 grade, showing that there is no statistically significant difference between the 

relationship between attending center based pre-K and math achievement for Blacks and Whites.  

These findings may help policy makers better understand which early childhood programs are 

most effective and the populations that benefit the most from them. 

 As evidenced by other literature and this study’s findings, factors other than attending 

preschool are associated with math achievement. Research has progressively helped to explain 

the factors beyond individual child characteristics that influence the “fade out” of preschool 

effects. Magnuson et. al (2007) have argued that the quality of instruction, the classroom 
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composition, and the child’s home environment are important dimensions to identifying links to 

student achievement. Although I do not find evidence of a lasting relationship between attending 

preschool and math achievement, there are specific environmental factors that show significance. 

In the Fall of Kindergarten, a child placed in a classroom with greater than 25 percent black 

students is predicted to have a math test score that is .352 standard deviations lower than a child 

placed in a classroom with less than 25 percent black students (p< .001). This outcome remains 

relatively consistent across all time periods. Because income is relevant to many aspects of 

family life, it is possible that because Blacks are disproportionately represented among low 

income populations, and because children who come from disadvantaged Black families may 

have access to fewer resources both inside and outside of the home, children who are in 

classrooms with more than 25% Black students may be exposed to a lower quality school 

environment.
21

 

This study has found interesting relationships between student performance on math tests 

and characteristics of the child’s parents that may provide insight into how policies that seek to 

improve family welfare should be designed.  Between Kindergarten and 3
rd

 grade, this study 

shows that the employment status of a child’s mother and/or father has variant associations with 

math achievement across different racial groups. The most notable finding in this study is the 

racial variation in the relationship between parental employment and test scores. While White 

children see associated increases in math achievement from having a mother who works part-

                                                           

21
 The social consequences of economic inequality and children’s test scores may be driven by low income 

populations receiving poorer health care, a diminished capacity to provide a nurturing home environment to 

children, and/or poorer quality school environments with less effective teachers, etc. (Magnuson and Waldfogel, 

2005). Further discussion pertaining to social outcomes resulting from lower educational achievement of lower 

income populations was beyond the scope of this study.  
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time versus full-time, the relationship between maternal employment and test scores for Hispanic 

children is statistically significantly less positive. It is possible that the achievement penalty 

associated with maternal part-time employment versus full-time employment faced by Hispanic 

children relative to White children may be influenced by the wages earned by the parent, as well 

as likelihood of having additional income sources. These factors are highly correlated with the 

parent’s level of education; more specifically, whether or not the parent has a high school degree.  

Whites, on average, are more likely to graduate from high school than Hispanics, thereby giving 

them an advantage in wages earned and in the likelihood of having a higher total family income. 

The implications of a child’s parent failing to obtain a high school degree extends beyond 

income related matters, as it may also  impose barriers to their ability to provide educational 

support to the child as well. This study finds that for White children, having a parent that did not 

graduate from high school is associated with lower math test scores between the Spring of 1
st
 

grade and the Spring of 3
rd

 grade. However, the difference between Hispanics and Whites, as it 

pertains to the relationship between parental education and math achievement, is 

indistinguishable from zero. This relationship is slightly more negative for Blacks than Whites. 

Although this particular study provides weak evidence to support other research findings that 

suggest the importance of parental education in determining the academic success of the child, it 

does provide some evidence that there are at least mild correlations between parents’ level of 

education and math achievement.  

 Although I hypothesized that a relationship between attending pre-K and math 

achievement would be strong among lower income populations, this study’s inability to find 

empirical backing across races and for the Head Start participants, specifically, may result from 

data and scope limitations.  After excluding children who have a socioeconomic status above the 
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40
th

 percentile, children who have a disability between the Fall of Kindergarten and the Spring of 

3
rd

 Grade, and all person/year information collected subsequent to the Spring of 3
rd

, the number 

of student/years in the Fall Kindergarten sample population is comprised of less than 10% of its 

original total. Furthermore, in order to run an OLS regression analysis, only observations with 

values present across all covariates could be used. This reduced the remaining sample population 

by an additional 80%, leaving just 586 total observations for analysis. Preschool type and race 

were primary variables of interest in this study.  Unfortunately, due to the limited number of 

observations, as Table 11 shows, preschool attendees and racial minorities were severely under 

represented, limiting both the internal and external validity of my results. 

Table 11 
   

 

Descriptive statistics for Race and Pre-K Type for Fall Kindergarten Participants  

 

No Preschool Attended Head Start Attended Center-Based    Total 

Race 

   
 

White Students 221 19 120 360 

Black Students 76 21 33 130 

Hispanic Students 61 9 26  96 

Total 358 49 179 586 

     

As discussed earlier, many factors are associated with preschool type, SES background 

and math achievement that could not be controlled for in this analysis due to data limitations or 

due to general difficulty in measuring them (e.g., student motivation, ability). Any of these 

factors will cause omitted variable bias and reduce the precision of coefficient estimates.  

Given the data issues, there are limitations to what we can draw from the results 

presented in this study. The benefits disadvantaged and minority children receive from attending 

a center based or Head Start preschool program are not found to persist over time for this sample 

population. However, identifying the points in time that positive associations between preschool 

and student achievement fade, as well as the variables that mediate the relationship between 
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preschool attendance and math achievement, helps us to understand more about early childhood 

programs and develop public policies more efficient at improving student outcomes.  
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