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Abstract

Universal Pre-Kindergarten (Pre-K) programs differ from widely known and extensively eval-
vated programs like Head Start and Perry Preschool because access is open to all children of the
appropriate age. To estimate the intent-to-treat effects of these programs on the long term educa-
tional achievement of children, I use a differences-in-differences framework and individual-level
data from the National Assessment of Educational Progress. For disadvantaged children residing
in small towns and rural areas, Universal Pre-K availability increases both reading and mathe-
matics test scores at fourth grade as well as the probability of students being on-grade for their
age. Increases in some measures of achievement also were seen among other groups, though the
patterns were less uniform across outcome measures. The results correspond with other work
showing children living in less densely populated areas are those most likely to enroll in preschool
because of the program’s availability.
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|. Introduction

Publicly subsidized Pre-Kindergarten (Pre-K) programs have reteive
considerable attention in recent years as an avenue for provididgcare and
promoting school readiness. Almost 40 states currently fund Predtgmns;
over 800,000 children were enrolled nationwide in 2004-20@®mpared to just

a decade earlier, this is more than a twofold increase in thbarwhchildren in
state subsidized preschdoMost of the ongoing programs target children in low-
income families. However, three states (Georgia, Oklahoma amld)l have
introduced universal public preschool programs.

The recent expansion of and interest in early childhood education
programs stems largely from the widely advertised success fefvamodel
programs, including the Abecedarian and Perry Preschool studies, which
generally provided large-scale multidimensional packages of@rtgons to very
low-income families. While the long-term success of theservahtions at
improving life outcomes of participating children has been widetgpted, the
programs were costly at anywhere from $16,000 to $41,000 per thidich
costs are too high for state governments to fund similar intemgementions for
all residents. (In contrast, the Georgia Pre-K program spent $dedKdudent in
2007, albeit for a much larger number of childferPolicymakers today therefore
face a trade-off: provide comprehensive intensive early childhood/emtons
targeted at disadvantaged children or institute smaller-sahleaton-based
Universal Pre-K programs.

Crucial to making a correct choice is an understanding of thetéomy-
effects of Universal Pre-K programs. To date, there has litle evidence on
the long-term effects of Universal Pre-K on children's outsprae much of the
discussion of potential benefits has involved extrapolating from estimatefitbene
of the smaller intensive interventions targeted at disadvantageenttuid the
entire population. However, early childhood education opportunities of all
children absent government intervention are not the same and muttte of
expenditure on a universal program is spent on children who would enroll in
preschool or have high-quality at-home-care (Fitzpatrick 2008). thesefore
unlikely that all students will have the same potential to gaim fUniversal Pre-

K programs.

! http://nieer.org/yearbook/pdf/yearbook.pccessed July 25, 2006)

2 http://lwww.ecs.org/html/IssueSection.asp?issueid€s8Quick+Facts (Accessed July 25,
2006)

3 Cost estimates are based on estimates from H@il&7) and have been updated to 2007 U.S.
dollars.

* Cost estimates of Georgia Pre-K expenditures amm fthe Southern Education Foundation,
www.southerneducation.org/pdf/Ga%20Pre-K%20Repurapdf.
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In this analysis, | use individual-level data from the Nationaledssient
of Educational Progress (NAEP) to estimate the effectthefavailability of
Universal Pre-K for four year olds on test scores and progressmumgthschool
as of the fourth grade. Measuring the effects of these grsgon test scores is
important as researchers have shown that higher test score®lated to
increased wages, even after accounting for years of schooling (Musgtaal.
1995). However, researchers also have suggested that high-quadithqmie
programs have positive impacts on longer term outcomes such as wabes a
criminal activity despite their not having permanently incedasest scores
(Schweinhart et al. 1993). Perhaps these programs have effects-ocogndive
as well as cognitive skills. Progression through school may invobre display
of non-cognitive skill than test taking, so | also investigate thdre the
availability of Universal Pre-K in Georgia had any affectgoade retention.
Changes over time (comparison with children from earlier cohlaxtking
universal eligibility) and variation across states (Georgisuse those without
Universal Pre-K) identify the effects of Universal Pre-Rhe key identifying
assumption is that other factors affecting achievement did notgehan
concurrently for students in Georgia relative to other studentsxplore the
robustness of the results to this assumption in a number of spgaif&; such as
including eighth graders as an additional control group. In addition, thgsiana
allows for differential effects of the program on children frorfiedent race and
SOcio-economic status groups.

Though estimates showing statewide gains in math test scoretheand
probability of being on-grade are not robust to specification chdiege tare
gains in the academic achievement of some groups of children. &gbgif
disadvantaged children living in small towns and rural areas shoeases in
math and reading scores of up to 12 percent of a standard deviatiasdeta
Universal Pre-K availability. These children also appear tcsligitly more
likely to be on-grade for their age. Statistically sigrafit gains for other groups
of children also are seen on some, but not all, of the measuresdgnac
achievement, which leads to caution in making any conclusions for thiese
groups. Findings that Universal Pre-K availability increased abademic
achievement of children in urban fringe and rural areas corresporfutiver
research showing that these areas see the largest isareaseschool enroliment
due to the program’s availability.

The next section of the paper describes the Universal Predtgm and
offers a summary of the literature on the effects of eghlidhood interventions
on test scores and grade retention. The empirical stragemytlined in section
lll. Section IV gives an overview of the data used in the arsalyResults are
presented in section V and Section VI concludes.

http://www.bepress.com/bejeap/vol8/issl/art46 2
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Figure 1. Percent of Four Year Olds in Georgia Enrolled inGiergia Pre-K
Program
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Notes: From Brackett et al. (1999). A fiscal yeans from October of the previous year to
September of the year in its name. For exampl@6~Yins from October 1, 1995 to September
30, 1996. Percent of population of four year afdsalculated using the Census Bureau’s Time
Series of State Population Estimates by Age, wharhbe found at
http://www.census.gov/popest/archives/1990s/st_smehtm|

|1. Background and Evidence

I1.a. Georgia Pre-Kindergarten

In 1993, Georgia instituted a lottery which funded a Pre-K prodoarfour year
olds? It was initially available only to low- to middle-income houselsol In the

first year households with income below $66,000 were eligible and isettend

year households with income below $100,000 were eligible. Because of an
unexpected surplus of funds, the program expanded in the Fall of 1995utteincl

all age-eligible state residents. Figure 1 shows the aserén the number of
children enrolled during the program’s early yéar8y the 2007-2008 school-

®> Though part of the same legislation and fundethieysame lottery, Georgia’s HOPE scholarship
program has received considerably more attentian thniversal Pre-K, particularly academic,
and has been the focus of many scholarly artielgs,Dynarksi (2000) and Long (2004).

® Numbers in this section were converted from totalpercents and vice versa using the U.S.
Census Bureau’s population estimates for the cooreding year. These estimates can be found at
http://www.census.gov/popest/estimates.pfaccessed July 25, 2006)
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year, approximately 55 percent (75,299) of four year olds were lethrol
Georgia Pre-Kindergarten (GPK) at a total state cost of $30®mmiwhich
translates to $4,010 per student per year and $3.43 per child per hour’of care.

GPK is voluntary, free, and available to all children who turn foyr
September 1 of the school year, regardless of family income. rdaivere-K
classes are provided by a wide range of approved faciliiekjding public
schools, Head Start centers, private child care centers, fagd-basl other non-
profit centers. Programs run five days a week for the lengtiea$chool year for
the state-mandated 6.5 hour §aff.eachers and classroom assistants are required
to meet different educational requirements than those for non-Resiérs. In
GPK, a minimum staff to child ratio of 1:10 is imposed and a maxirati20
students are allowed to be enrolled in a classroom. In addition, poviges
choose to follow one of several approved curricBlaThe state of Georgia
transfers lottery funds directly to centers.

I1.b. Evidence on Universal Early Childhood I nterventions

While early childhood education has been the focus of much reseaicidingc

that of economists (see Currie and Thomas 1995, 1999; Blau and Currie, 2004;
Magnuson et al. 2004), little evidence has been gathered about how the
availability and take-up of Universal Pre-K programs affetti@iranent. Such
programs are different from regular preschool or day care prognamany ways

that can be expected to influence their effect on children. Famge, as
described above, the Universal Pre-K programs analyzed mgreseé higher
teacher standards, stronger curricula guidelines and lower childftoetios than
typically set by state governments for other licensed child cargers. In
addition, the programs include a broader set of participants than tivabesd in

other widely studied interventions, such as Head Start or the Pegschool
Project. Children from various backgrounds can be expected to respond to a
intervention differently, in part because they would have differene ca

" Cost estimates of Georgia Pre-K expenditures amm fthe Southern Education Foundation,

www.southerneducation.org/pdf/Ga%20Pre-K%20Repurapdf.

8 Centers are encouraged to offer additional céter(set program hours and during the summer).
The cost of this ‘supplemental care’ is not covergdhe state, though it is capped for low-income
participants.

® Non-Pre-K centers include all preschools, nurssriools and child care centers. This is
because, in general, state provisions about quatity use age as the dimension along which to
determine requirements. They do not distinguistween child care (a place that basically just
watches children) and preschool (a place that fxos educational instruction).

1% Rules for centers in Georgia not receiving stav@ey for Pre-K are a staff-child ratio of at least
1:18, maximum group size of 36, and no minimum atlooal requirement for teachers or

assistants.

http://www.bepress.com/bejeap/vol8/issl/art46 4



Fitzpatrick: Starting School at Four

alternatives in the absence of the program. Therefore,ntpgertant to evaluate
the distinct effects of Universal Pre-K on the whole population déirem. In
fact, support for this can be seen in Barnett's reviews (1995, 1998)eof t
literature, in which he finds large public programs generadlyehweaker long
term impacts on children’s academic achievement than smhidgrer quality,
more targeted program.

In 2001, researchers began the Early Childhood Study to examine the
effects of participating in the GPK on the academic outcomesitfren in the
state. In their report from the study, Henry et al. (2003) comgialdren who
attended GPK to those in Georgia Head Start and private preschocdmsog
They find children in GPK show at least as much improvement oveotirse of
the year as those in private preschools and about the same amount of
improvement as children in Georgia’s Head Start programs. i$he strict
comparison of “gains scores”, though, and the results should be interprdted
caution in case there are systematic differences in thecthastics of families
and children attending various types of preschool programs thatoerelated
with their increases in achievement.

Gormley and Gayer (2005) and Gormley et al. (2005) analyzdfduot ef
the Oklahoma Pre-K program on students in Tulsa. They begin ljyacmm test
scores of kindergarteners who participated in Oklahoma PretKose who did
not. However, any analyses of the effects of enrollment mighildgued by
selection bias — those who enroll may be those who will seaurtest benefit to
doing so. In order to control for potential selection bias the au#t®oscompare
test scores of children in kindergarten who participated in the peir tp test
scores of children just beginning their participation in Oklah&raK (who are
arguably similar in both observable and unobservable charactefistitseir
counterparts in the earlier cohort). Their results suggessdests increased by
0.24 to 0.39 standard deviations, depending on the test subject. In addition, they
found the largest gains in test scores were for Hispanics arch#fAmericans,
while white children showed little improvement. The generalizgbdi their
results may be limited, given that their sample only inclugtelsiren in Tulsa.
Additionally, their estimates are of the effects of thattreent on the treated,
while those presented in the current work are intention to trHatte
Understanding program effects for enrolled children is impqrtauit the policy
guestion at hand is whether to make Pre-K programs availabler&sidients, not
whether to lower the compulsory schooling a@geThis paper is therefore better

1t should be noted that although large scale pytibgrams might not have as large effects on
children as targeted programs, they may be morelwijgbpular and therefore more likely survive
the political system.

12 1n most states even the kindergarten programsvalentary, so it seems unlikely that the
compulsory schooling age would jump from wheres ihdw, at six or seven, to four.
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suited to answer the current relevant policy question — whetherttbduction of
voluntary Universal Pre-K programs improves child outcomes.

In some respects, the introduction of Universal Pre-K parallets t
expansion of access to kindergarten in the 1960s and 1970s studied by Cascio
(2004). Using variation in the timing of states' decisions to fundetgarten
programs in a differences-in-differences (D-D) framework, she findgrdwams
decreased grade retention (by high school) among whites by Z2bpetcent and
among minorities of 30 to 40 percent. Cascio finds little effédiraergarten
availability on high school graduation. Though there are siméarlietween the
kindergartens Cascio studies and Pre-K programs today, it iy Nkeinger
children would respond to such programs differently, as a yeaichtasyoung
age can mean quite a bit in terms of the cognitive abilities ciild™® Also,
since the 1960s and 1970s there have been significant changes iniety (8og.
more women in the workforce) that might affect familiesp@nsiveness to child
care subsidies. Additionally, although the effects of preschooraaregmay be
long lasting (as educators hope and politicians promise), it méyebease that
the gains to investing in early childhood education are not entirelye lmrhin
high school graduation rates, as high school graduation happens mua liseer
and is likely the result of a combination of a myriad of factors.

[11. Empirical Strategy

IlIl.a. Test Scores

The goal of this paper is to estimate the average effetheofavailability of
Universal Pre-K on academic achievement measured in fourth. gfadestimate
this intent-to-treat effect, | use a D-D estimation sgggt Table 1 shows the type
of Pre-K available to children in Georgia. The first column shives Pre-K
funding mechanism in place for children in preschool from 1990 to 20059 Usi
the table, cohorts of students can be tracked by following diagoratgsathe
table as the students go from kindergarten through fourth grade.seWveath
column of the table shows the type of Pre-K available in the sfaGeorgia to
children in the fourth grade in the school year specified. Thedfiustents in

3 To illustrate, see the American Association of iReits recommendations for developmental

milestones of four year old and five year old ctéld (2004). For example, while four year olds

are on track if they are just beginning to couite fyear olds should have understanding of
general household items such as food, money, etc.

1% Garces et al. (2002) find that Head Start alsofwstive effects on long-term outcomes for

participating children and their younger siblingBor example, whites who attended Head Start
were significantly more likely to complete high soh

http://www.bepress.com/bejeap/vol8/issl/art46 6
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Table 1: Chronology of Pre-K and NAEP Testing

Type of State Provided Pre-K Available to Childéemrolled in Grade in Particular Year NAEP

School Yeal® Pre-K K 1 2 3 4 Mathematics Reading

1990-1991 None None None None None None

1991-1992 None None None None None None

1992-1993 None None None None None None

1993-1994 Targeted None None None None None X

1994-1995 Targeted Targeted None None None None

1995-1996 Universal Targeted Targeted None None None X

1996-1997 Universal Universal Targeted Targeted None None

1997-1998 Universal Universal Universal Targeted Targeted None X

1998-1999 Universal Universal Universal Universal Targeted Targeted

1999-2000 Universal Universal Universal Universal Universal Targeted X

2000-2001 Universal Universal Universal Universal Universal Universal

2001-2002 Universal Universal Universal Universal Universal Universal X

2002-2003 Universal Universal Universal Universal Universal Universal X X

2003-2004 Universal Universal Universal Universal Universal Universal

2004-2005 Universal Universal Universal Universal Universal Universal X X

!5 The spring of the reported school year correspaadse fiscal year label from other parts of tiaper, i.e. school year 1995-1996 will
overlap FY96. School years typically run from Asgwr September to May or June whereas fiscal yearsrom October 3 through

September 30

Published by The Berkeley Electronic Press, 2008
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Georgia eligible for GPK were age four by September 1, 1995 hatkfore,
would have been in fourth grade in 2001.

The State National Assessments of Educational ProgressERNA
assessment (the only NAEP considered to be appropriate for anat{thesstate
level) is only offered every few years and until 2003 did not operai® regular
schedule. Table 1 also details the NAEP schedule of testiagjred the reader
to see when the NAEP was offered and what type of Pre-Kchiidren in
Georgia who took the NAEP had available to them at the time tleeg age
eligible. Fourth graders in Georgia in the 2002-2003 school-yea the first
group tested in math who had been eligible for Universal Pteefirst eligible
group tested in reading was in fourth grade in Georgia in the 2001-2008l s
year.

The comparison is between fourth graders in Georgia who weyeapro
eligible to those who were not (both in all states and before pnogra
implementation in Georgidf. The most parsimonious version of this linear D-D
framework can be represented as

Yijt =a+ PUPK, + Sate +6, + Eijy- Q)

In (1), Y;, represents the standardized test score of studeisthooj in periodt.

State and year fixed effects are included; in the equation teeepresented by
Sateg and 6, , respectively. UPK,, is a dichotomous variable that takes on a value

of one if the child is a member of a cohort in fourth grade in Gaafier the
2000-2001 school yearg is therefore the estimate of the program effect. The

key assumption is that there were no other concurrent changeficdpeGieorgia
that affected the academic achievement of children other thanttbduction of
Universal Pre-K.

To be clear, the “pre-treatment” school-years in which thewasttaken
were 1995-1996 and 1999-2000 for math and 1993-1994 and 1997-1998 for
reading. The post-treatment school-years are therefore 2001-2802egding),
2002-2003 and 2004-2005. As can be seen in Table 1, children in fourth grade in
the 1999-2000 school-year were exposed to the means-tested versierGHK
program. Because the majority of other states had targetdd gyoggrams and
Head Start has been available nationally for several deaades, of the rest of
the control group also was exposed to some sort of targeted pogHarpr
Therefore, the question answered here is: what is the maefieal of Universal

6 This analysis begins in 1994 because the NAEP nmad®r changes in the treatment of
students, requiring testing accommodations betwl®&2 and later years, rendering scores across
years not as reliably comparable.

http://www.bepress.com/bejeap/vol8/issl/art46 8
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Pre-K on the academic achievement of children over the existihgahildhood
education landscape?

If Georgia experienced changes over the period in the racdlethnic
makeup of its residents, the estimates of equation (1) could be ,bésdest
scores are correlated with race. It is also likely thedesres of children with
disabilities will be lower than those of children without disalediti If the
proportion of children with disabilities changed over the period in Gaotige
estimates of the effects of Universal Pre-K would be confoundedcontrol for
changes in the make up of the test taking population, | will esmate (1)
including controls for student and school characteristics. The equatiorated
in this case is

Yijt =a+ pUPK, + aXijt + 7th + Satg + 6, + Eije- (2)

X;. represents a vector of child characteristics (e.g. gendee, feee and

reduced price lunch eligibility, disability diagnosis and remediaication plan
existence) whileZ is a set of school characteristics, such as the locatioal,(ru

urban fringe, urban area), proportion of free- and reduced-price lundanss
and racial makeup of the children in the schdol.

There also were changes in parental behavior and school spending over
the period that likely affected the academic achievement afrehil In order to
control for some of the changes in home inputs that may have eafftioe
academic achievement of students in Georgia differently thatersts in other
states, | include measures for the average per capita indoenanémployment
rate, the percent of the population age 25 or younger with a tingiolsdiploma
or higher, and the percentage of the population with a Bachelor'se®exy
higher®® Education is a cumulative process where current and past afferts
current achievement, so | average these inputs over the lifetime of the child.

Because of the economic expansion occurring over the period studied,
many states also saw increases in public funds. To the éxatmihese additional
funds were spent on increasing the quantity or quality of schooluness,
academic achievement of children over the period may have inthrdweorder
to proxy for any changes in school resources, | also include nesasiua state’s

7 |deally, one would control for school fixed effedh addition to school characteristics. This is
not possible, however, because the NCES only rigc@nt2003) started to use a unique identifier
for schools across years of testing.

18 Data on the educational attainment of the poparadif a state come from the Census Bureau, as
does the per capita income of a state’s residdoitemployment rates are take from reports of the
Bureau of Labor Statistics as are measures of tes@ner Price Index used to convert all
expenditure and income data to constant 2000 dollar

Published by The Berkeley Electronic Press, 2008 9
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school expenditures per student and the state’s student-to-teaahét ragain
because education is a cumulative process, | average these comtgplthe
period in which the child was likely enrolled (the previous four years).
Additionally, over the period an increasing amount of attention was
focused on school accountability, culminating in the passage of théniNbL@ft
Behind legislation of 2002 (NCLB). Accountability and NCLB likelydha
impacts on children’s test scores, as test scores are \exduddt they were
designed to improve, but such impacts may have occurred throudgtamsros
other than expenditures (e.g. through changes in curricula). ThoQbB Was
national, states began implementing their own accountability systedierent
points over the 1990s. | follow Hanushek and Raymond (2005) and define a state
as having an accountability system beginning in the yearraduated its own
accountability system with consequences for “failing” schools or 20@3year
in which NCLB required states have their plans in place), whetheame first. |
then include controls for both the presence of this type of accountadyisitgm
and the number of years for which the accountability system hasrbptace in
the state.

[11.b. Grade Retention

If Universal Pre-K does indeed increase school-preparednessildt lme argued
that it should affect the number of students being held back. Thisigdents
are better prepared for kindergarten, they are less likehgpeat kindergarten,
potentially less likely to repeat first grade, and so on. Although the NEPdo
not report specifically whether or not a child was held backarat point,
information about age and birth month can be used to determine whetigrao
child is “on-grade” relative to others his/her age.

Specifically, | construct a variable ONGRADE, which takes ealae of
one if a child is at or below the median age for his or hée,st@st year cohort,
grade and birth month or a value of zero if the child is above theamedi¢’
Over the pre-treatment period, between eighty and ninety peftsttdents were
on-grade for their age using this measure (Tables 2 and 3). Beochusd-
shirting — the name given to the deliberate choice to start@iohdchool a year
after he or she is first eligible made by some parentsefréghan by the teacher or
school based on a child’s performance) — when ONGRADE is usetieas t
dependent variable, the estimates produced are attenuated. 2605
estimates about one-fifth of “non-repeaters” are old for ttlass and about one-
tenth of repeaters are not. She shows this measurement ad®rtdeestimates

¥ These data on school resources come from the Con@nee of Data, a product of the National
Center for Education Statistics, availabldtp://nces.ed.gov/ccd/
% The same measure is used in other work, for exa@ptopolous et al. (2006).

http://www.bepress.com/bejeap/vol8/issl/art46 10
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that are biased downward by 35 percent when the measure is udbd as
dependent variable, as it is here. This is due to the fact drat af the children
who appear to have repeated a grade actually have not, so dedredlses
probability of being on-grade due to grade retention will not seerargs Wwhen
compared to the whole population of children relatively old for theidg as they
would when only repeaters are measured. However, | use it becauge best
available measure in the existing data. The regressionsreegliai the previous
section are estimated using ONGRADE as the dependent vatiaBecause the
variable ONGRADE is created in the exact same way fodl taking either
the reading or math NAEP, | have collapsed the two datategesher. This
creates a sample of children with data in seven years (thdrejust the four for
math or five for reading, see Table 1).

V. Data

IV.a. Overview of the NAEP

The data used in this project are the State NAEP in Mathesvaiit Readintf
In addition to test scores, administrators of the NAEP collect atii@rmation
through detailed questionnaires filled out by students, teachwetssehool
administrators. As such, the data include individual-level covariat#sding
gender, race/ethnicity, whether the child has learning needsited English
proficiency, and whether the child is eligible for a freeremtuced-price school
lunch or Title 1 funds. I also include controls at the school levedifa, racial
make-up of the school, and the percent of students who qualify for fredumed
price lunch or Title 1. Lastly, | include a measure of the looatif the school
based on Census definitions as to whether the school is locatecmbral city,
urban fringe/large town or rural area/small tfn.

% The results do not change appreciably if the measfibeing on-grade for your age is defined
at the median prior to the program’s implementation

22 Begun in 1969, the NAEP is the only ongoing natlosurvey of students’ educational ability
and achievement. The NAEP assessments measuaditiies of students ages 9, 13 and 17 in
the spring of the year in which they are given. eThsts include questions testing students’
knowledge of mathematical concepts such as fragtiaee of number patterns, ability to read
graphs and reading skills. The State NAEP is desigto have representative samples of the
children in each state. For more about the deaigh implementation of the assessments see
Rogers and Stoeckel (2004).

% From the Census definitions of locations: Gantral City is a city of 50,000 people or more that
is the largest in its metropolitan area, or carentlise be regarded as “central,” taking into
account such characteristics as commuting pattetirhan Fringe includes all densely settled
places and areas within MSAs that are classifiedraan by the U.S. Census BureaulL#&ge
Town is defined as a place outside MSAs with a poputagjeater than or equal to 25,00Rural
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In order to encourage full participation by students, the NAER ase
system of testing called the “Balanced Incomplete Block BEplethod”. This
method essentially offers only a partial set of the compgéteto each student
being assessed. In effect, each student is only required taridkaur-long test,
but the result is that students’ tests are not accurate measdutheir knowledge
and are not comparable across the population. To address this prdiem, t
NAEP calculates each student’s “plausible values”, which are dfaem a
distribution of test scores for students with the same observhahtaateristics
and pattern of correct responses to answered questions. Bec#usseddcaling
techniques, students’ total raw test scores are biased estiofdtesir ability. |
therefore use plausible scores as the dependent véfiable.

IV.b. Take-Up and Enrollment in Preschool

The issues of take-up and crowd-out are fundamental to my reseastioués
a consequence, there are likely differential treatment efféot different
subgroups of the total population to whom Universal Pre-K was offerete O
reason is different groups had different options available to thewprebdfie
advent of Universal Pre-K. For example, rural areas may hdeesdffewer
child care options because there are fewer children (or perhdysededemand
for child care). Secondly, families who differ by income hav¥idint resources
available to them. Many high-income families were likely segdheir children
to high-quality preschool or day care even before UniversalKPrgas
introduced. When the program began, these families may simply géeéor
what they were paying for themselves. Lastly, there maylitberent labor
supply effects of this subsidy, which in turn may affect edanati outcomes.
Some parents may be induced to work as a result of subsidy redaiptpthers
may not. All of these are reasons why the effects of tbgram may differ
across various socioeconomic characteristics of the farfillies.

One result of the program’s introduction might be that generathprek
enrollment increases because families not previously enrdligig children in
preschool are now sending their child to Pre-K. If take-up ofuhsidy by those

includes all places and areas with a populatioiless than 2,500 that are classified as rural by the
Bureau of Census. Amall Town is defined as a place outside MSAs with a poputatb less
than 25,000 but greater than or equal to 2,500"eRognd Stoeckel (2004).

24 A full explanation of plausible values can be fduin Rogers and Stoeckel (2004) and Horkay
(1999). Most researchers use the plausible vatoees when conducting analyses using the
NAEP. For examples, see Grissmer and Flanagari]2®Biller and Zhang (2007). Although he
does not use the plausible values, Jacob (2007 )ratkudes a discussion of their necessity.

% An analysis of the labor supply effects of thebiddccare subsidies is beyond the scope of the
current paper but is included in Fitzpatrick (2008)
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who were not sending their children to preschool were the onlyt effethe
program, one would expect to see Pre-K enrollment and overall preschool
enrollment (which includes Pre-K enrollment) increase. Hewnesome families

are willing to pay to send their children to preschool in the absanioaiversal
Pre-K. When the state offers to pay for their children tendttPre-K, these
families might just switch the enroliment of their childreonfr regular preschool

to classrooms which are part of the Pre-K sysfénif this type of crowding-out
occurs, Pre-K (government-sponsored preschool) enroliment will ingrbate
overall preschool enrollment may not.

Figure 2 presents descriptive information about patterns of preschool
enrollment of four-year olds in all other states and in Geotgken from the
October Supplement to the Current Population Surveys (CPS), 199%/2001.
Because the sample sizes are small, estimates using @Pfordane age in one
state are particularly noisy. It is apparent that thera nhational trend of
increasing enrollment in preschool over the period. In states meuttieg
Universal Pre-K, enrollment rates rose from 53 to 66 percent gfdpelation of
four year olds. In Georgia, the increase in preschool attendarioarbyear olds
is steeper than in other states. In years after UniversaK introduction (FY96
to FY02) enrollment is higher than in the “baseline” year, FY92, mchv
enrollment is only at 40 percent.

One program very much related to Pre-K is Head Start. Theafddead
Start program provides early childhood education (and other serviogs)den
whose families have income below poverty level. Such programs aftethe
entire year and provide more hours of care than Universal Preei€auBe Head
Start targets some of the same population studied in this analydisthe
empirical strategy assumes there were no concurrent polibghavioral shifts
particular to this population of students in Georgia that might hHigeted test
scores and grade retention, | check that there were no major shardgad Start
enrollment in this population at the time of the introduction of Univd?salK in
Georgia. Figure 3 shows the enrollment of children in Georgia (sscentage
of all four year olds) in Head Start from FY92 to FY02. Over teeog, the
percentage enrolled increased from 9.8 to 10.4 percent. The chgegesato be
unrelated to the timing of Universal Pre-K in Georgia. Tigeré also shows that
the entire U.S. saw similar patterns in Head Start enrollnaged over the period.

% Another dimension along which enrollment behaviwy change is that families might decide
to increase or decrease the number of hours ofbedng purchased.

2" The question asked of parents is whether theitdch attending “nursery school or
kindergarten”.
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Figure 2: Percent of Four Year Olds Enrolled in Any Type of Preschool
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http://www.bepress.com/bejeap/vol8/issl/art46 14



Fitzpatrick: Starting School at Four

Figure 3. Percent of Four Year Olds Enrolled in Head Start Programs
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I'V.c. Descriptive Statistics

Tables 2 and 3 show characteristics of the children by yeastig for Georgia
and the other states, respectivély.Georgia has both more African-American
students than the rest of the U.S. (45 versus 16 percent) and midrercim
fourth grade who are eligible for the National School Lunch ProgkshP), (50
versus 39 percent). Georgia has a slightly smaller proportida fafurth graders
living in central cities and a slightly larger proportion inaaréesignated as urban
fringe than the rest of the country. Fourth graders in Georgialigrely less
likely to have a remedial Education Plan, either Language or Individualized.

Table 2: Descriptive Statistics of Students in Georgia
1994 1996 1998 2000 2002 2003 2005

Standardized Math -0.045 -0.011 0.084 0.101
Score (0.268) (0.264) (0.005) (0.005)
Standardized Reading -0.033 -0.013 0.029 0.027 0.018
Score (0.388) (0.342) (0.326) (0.006) (0.007)
On-grade 0.796 0.828 0.858 0.882 0.834 0.823 0.840
(0.403) (0.378) (0.349) (0.323) (0.372) (0.382) .3@7)
Female 0.524 0.498 0502 0528 0.484 0.486 0.499
(0.500) (0.500) (0.500) (0.499) (0.500) (0.500) .50D)
White 0.626 0.603 0544 0.518 0.547 0.532 0.444
(0.484) (0.489) (0.498) (0.500) (0.498) (0.499) .447)
Black 0.334 0.343 0.403 0.420 0.367 0.483 0.347
(0.472) (0.475) (0.491) (0.494) (0.482) (0.369) .4(®)
Education Plan 0.056 0.065 0.039 0.090 0.122 0.122
(0.229) (0.246) (0.194) (0.286) (0.327) (0.327)
NSLP Eligible 0.355 0.411 0.475 0.420 0.440 0.445 .528
(0.479) (0.492) (0.499) (0.494) (0.496) (0.497) .409)
Disability 0.041 0.051 0.032 0.002 0.045 0.084 8.08

(0.198) (0.220) (0.176) (0.040) (0.208) (0.278) .283)
Note: Based on the author’s calculations usingNbhgonal Assessment of Educational Progress.
To correctly account for the design of the surwegights and jackknife procedures for calculating
sample variance were used. Standard deviationdnaparentheses. Test scores have been
standardized to have mean zero and standard deviafione in 1996 for math and 1994 for
reading. Survey population weights were used.

2 School characteristics can be found in Appendizl@al and 2.
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Table 3: Descriptive Statistics of Students in the Rest of the U.S. (Not &georgi

1994 1996 1998 2000 2002 2003 2005
Standardized 0.002 0.057 0.116  0.142
Score (0.272) (0.249) (0.001)  (0.001)
Standardized 0.001 0.025 0.056 0.054  0.061
Reading Score (0.357) (0.333) (0.320) (0.002) (0.002)
On-grade 0.825 0.853 0.878 0.875 0.852 0.838  0.840
(0.380) (0.354) (0.327) (0.331) (0.355) (0.368) .367)
Female 0.499 0492 0505 0.512 0.494 0492  0.495
(0.500) (0.500) (0.500) (0.500) (0.500) (0.500) .5(D)
White 0.683 0.670 0.653 0.650 0.613 0.603  0.533
(0.465) (0.470) (0.476) (0.477) (0.487) (0.489) .4€D)
Black 0.153 0152 0.164 0.179 0.161 0.159  0.139
(0.360) (0.359) (0.370) (0.383) (0.368) (0.366) .34B)
Education Plan 0.096 0.095 0.091 0.137 0.167  0.176
(0.295) (0.294) (0.288) (0.344) (0.373) (0.381)
NSLP Eligible 0.339 0.366 0.377 0.375 0.394 0.401 .418
(0.473) (0.482) (0.485) (0.484) (0.489) (0.490) .4€3)
Disability 0.050 0.049 0.045 0.001 0061 0082 6.08
(0.218) (0.216) (0.208) (0.026) (0.239) (0.274) .263)

Note: Based on the author’s calculations usingNbdonal Assessment of Educational Progress.
To correctly account for the design of the surwegights and jackknife procedures for calculating
sample variance were used. Standard deviationsnaparentheses. Test scores have been
standardized to have mean zero and standard deviafione in 1996 for math and 1994 for
reading. Survey population weights were used.

V. Results

V.a. Average Statewide Effects

A visual inspection over the period suggests Universal Pre-K had arpasfect

on the average math and reading scores of fourth graders in &ediigiure 4
plots the average standardized fourth grade math (Panel A) atlidgréBanel B)
scores over the period studi€d.The vertical line in each figure represents the
last cohort to not have had access to Universal Pre-K. Averstgectees in both
Georgia and the rest of the U.S. rise over the period, though tregaveath and
reading scores of Georgia are lower than those in the redteotUiS. For
example, the average standardized math score for the studentsgiaGe 1996
was 0.05 standard deviations lower than the average standardizedasctire
rest of the U.S. The narrowing of the distance between thage/ecores in

2 Only tested cohorts for each subject are in therés.
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Figure 4. Standardized'45rade NAEP Scores, Georgia vs. Rest of the U.S.
(Line indicates last pre-program cohort)
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Georgia to those in the rest of U.S. over the period suggests UhiRessid had
a positive impact on the academic achievement of children in Georgia.

Regression estimates serve to quantify the impact of UniversaK in
Georgia on student achievement. Estimates of the effects pifdgeam obtained
using equation (1) are in the first column of Table 4. As notatk sind year
fixed effects are included and standard errors are clustetbd state level. The
estimates presented were obtained using sample weights provittesl WGES*°
Universal Pre-K increased fourth grade math and reading scorebgiblee
children by 2.7 and 0.8 percent of a standard deviation respectively, though only
the estimated effect on math scores is statistically fstgnt. This model also
suggests Universal Pre-K slightly increased (by about one-&iadf-percentage
points) the probability of eligible children being on-grade for tlagje, a result
statistically significant at the five percent level.

The interpretation ofg as the effect of Universal Pre-Kindergarten rests

on the assumption that there were no other concurrent changemgftéebrgia
over the period studied. However, as discussed earlier, therehavaybeen
changes in Georgia that affected academic achievement df fpaders over the
period. The second column of Table 4 reports the estimates of eq(®)tiom
which | include controls for child and school characteristics, scheolurees and
home inputs in an attempt to control for potential confounding factohsamithe
introduction of accountability programs and increases in schoolnditpees.
The inclusion of these controls leaves the estimated effectsiverdal Pre-K
availability on math scores largely unchanged. The effect adingascores,
however, increases to 2.5 percent of a standard deviation and statgstically
significant. Additionally, the coefficient estimate when the depat variable is
ONGRADE changes, becoming a negative 1.2 percentage points (bubat is
longer statistically significant).

In an attempt to further control for confounding factors, | alsinest a
set of regressions including eighth graders during the period. Timeat=l
equation will be the same as (2) but includes not only state andixezheffects,
but also a fourth grade dummy, state-by-year dummies, stdtmiliir grade
dummies, year-by-fourth grade dummies, and state-by-yeawthithf grade
dummies. The estimate of the effect availability of UnivePsalK on academic
achievement is the coefficient on the interaction term for fourtdegs in
Georgia after the program’s introduction. The underlying assampti the

% The estimates presented here were not obtainassing the jackknife estimation procedures

recommended by Rogers and Stoeckel (2004). Wheh mckknife procedures are used the

resulting estimates of the effects of UniversalRrare consistently larger than when they are not
used and are still statistically significant, s@resent the more conservative estimates of the
program’s impact here. Results using the jackkigfdhniques are available from the author upon
request.
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Table 4: Difference-in-Differences Estimates of the &ffef Universal Pre-K in Georgia on Test Scores and
Probability of Being On-Grade

{) (1 (D) (V) (W) (Vi) (vt

Math Score 0.027 0.025 0.017 (-0.007, 0.092) 0.013 0.011 0.008

(0.006) (0.007) (0.006) {0.111} (0.008) (0.006)
Reading Score 0.008 0.025 0.024 (-0.005,0.077) 0.009 0.017 0.013

(0.007) (0.002) (0.020) {0.350} (0.016) (0.012)
On-grade 0.015 -0.012 -0.005 (-0.035, 0.036) 0.008 0.006 0.007

(0.006) (0.007) (0.005) {0.026} (0.007) (0.007)
Specification Details
Observation Level Student Student Student State Student  Student
Grades Included 4 4 4&8 4 4 4&8
Controls Included N Y Y Y Y Y
Clustering State State State n/a State State
Weighting Survey Survey Survey Synthetic Synthetic Synthetic
Number of Observations
Math Score 537,112 537,112 1,013,847 537,112 27 406,914 773,734
Reading Score 714,894 714,894 1,397,312 714,894 20 156,941 269,860
On-grade 1,241,994 1,241,994 2,468,988 1,241,994 29 111,422 218,836

Note: Based on the author’'s calculations usingNI&EP.  All regressions include state and yeardiedfects as well as controls for student and schoo
characteristics. Survey weights were used. SeefR@and Stoeckel (2004) for more information. @apendent variables in the first two sets of ravesan
individual child’s plausible test score on the Matiatics and Reading Assessments, respectively. s@twes have been standardized by the mean and
standard deviation of the first year of data fattbubject. The dependent variable in the thitbteows is a dummy variable for whether the chilals at or
above the median age for his/her state, grade @maiic The estimates in the third row are fronedinprobability models using all years of Mathessgmtnd
Reading data. Standard errors are in parenthdsstimates allow for arbitrary correlation of theoe terms at the state level. The fourth coluriveg the
90% confidence interval range using the methodaildetin Conley and Taber (2006). The last threlirons report results using the synthetic control
methods from Abadie et al. (2007) as detailed entdxt. In the fifth column, the {} contain probahjlvalues of the estimate being within the 95 patc
confidence interval.
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interpretation of this as the effect of Universal Pre-K adlity in this D-D-D
model is that other changes over the period affected the acadehnnevement of
fourth and eighth graders in Georgia similarly. The resulthisfestimation are
in column 11l of Table £' The inclusion of eighth graders in the control group
changes the estimated effect of Universal Pre-K availphbilit math scores,
reading scores and the probability of being on-grade to an inaséaseé percent

of a standard deviation, an increase of 2.4 percent of a standaatiaeand a
decrease of 0.5 percentage points, respectively. Only the estimatedeffieath
test scores is statistically significant.

There has been much discourse in the literature about inferenc®in D
methods, including discussion of the asymptotic distribution of the dstin@ne
issue is whether there exist enough actual treatment and/oolcgrtups in the
data to assume standard asymptotics (whereby the observatiandegrendent
and the number of periods, treatment and control groups approaches #8egy
Moutlon 1990, Donald and Lang 2007). A recent example is Conley and Taber
(2006), in which the authors present an alternative approach to daigulat
confidence intervals when there are a small number of treatmmmgyfsuch as
here, where it is arguable there is only ofie)Jsing this method results in wider
confidence intervals than either of the others discussed (column Vdldé 4).
Even so, the bulk of the intervals for the math and reading scoadgses lie in
the positive rang&®

It may not be reasonable to assume the most appropriate controf@roup
Georgia is the entire set of other states. Specificallynoghbt think Georgia has
more in common, especially educationally and economically, witheighbors
(such as Alabama and Louisiana) than it does with states |deatad@vay and/or
that have very different characteristics (such as Califorema Alaska).
Additionally, Figure 5 suggests that the trend in test performafcturth
graders may have different in Georgia than it was in other $fates.

31 Note that eighth graders in Georgia taking the RAEsts in the spring of 2005 also would have
been exposed to Universal Pre-K in its first yeecause there is only one year of data for treated
eighth graders and the program was not fully imgetad in its first year (see Figure 1), | include
an interaction term for the effect of Universal fiadergarten on eighth graders but do not
present or interpret its results. Results arelavia from the author upon request.

32 Essentially, the Conley and Taber method involi&ag asymptotic approximations that let the
control group grow large while holding the numbémwobservations in the treatment group fixed.
Inference about the effect of treatment is thenariayglin a sense comparing the outcome for the
treatment group to the distribution of the outcdorethe control group.

% Only 7 and 6 percent of the estimated confidenterval for the effect of Universal Pre-K on
math and reading scores, respectively, lies bekrw.z

3 For example, results of a placebo D-D test pladiegtment in 1998 estimates math scores
decreased by 1.7 percent of a standard deviatam 996 to 2000 (relative to scores in other
states).
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Figure 5. Standardized"4Grade NAEP Scores, Georgia vs. Synthetic Control
Group
(Line indicates last pre-program cohort)
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Note: Based on the author’s calculations from $itete NAEP Restricted Use files. Synthetic
controls created using the methods of Abadie, Dradrend Hainmueller (2007) as detailed in the
text. Test scores have been standardized to haaa mego and standard deviation of one in 1996
for math and 1994 for reading. Survey populati@ights were used.
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Abadie et al. (2007) outline a data-driven approach for construating a
appropriate synthetic control group (and making inferences) in -stasiées”
such as this one. In the current context, their method involves geasynthetic
control group using a combination of other states that best mihgasbservable
characteristics and pre-treatment outcomes of Georgia fourttergta Of
particular benefit for this context, the use of the Abadie e{24l07) method
relaxes the D-D assumption that unobserved confounding factors be cawvstant
time by allowing them to vary over the period in question.

Panel A of Figure 5 contains a plot of the standardized mathcess of
Georgia and a synthetic control group | created using the weighted combination of
states that best reproduced the pre-treatment math scoresrgig3e Panel B
does the same for a synthetic control created to match prevtrdatreading
scores. As evident in the figure, this method does an excellemf joleating
synthetic control groups that match the pre-treatment trends irsdests in
Georgia®” Further, both figures suggest Georgia test scores increzlséige to
those of the synthetic control group with the introduction of Universal Pre-K. The
difference in test scores for Georgia and its synthetic contisl1.3 percent of a
standard deviation and 0.009 percent of a standard deviation for math and reading,
respectively (Column VIl of Table 4).

To make statistical inference about these increases, Abadle (€007)
suggest conducting placebo tests which involve creating syntloetiotgroups
for the other states in the sample. One can then compare ¢hef $kee “post-
treatment” gap in test scores for Georgia and its synthetitat to the gap for
other states that did not introduce Universal Pre-K. If the gapoires is in fact
due to the introduction of Universal Pre-K rather than other confoundbgy$a
there should be no gap between the test scores of non-tredate astd their
synthetic controls. Figure 6 plots these gaps in test scoiss asly placebo
tests whose mean squared prediction error was less than a thtosssthat of
Georgia’s synthetic control. Three of the twenty-seven placel® had gaps as
large as or larger than Georgia’s in math scores. The propaiil@stimating a
gap the size of Georgia’s from a random assignment of the intervention in the data
is 3/27, or 0.111; for reading this probability is 0.350. Neither of theésratss

% In practice this involves creating a vector of gigs which sum to one and minimize the
distance between the observable characteristicpamtteatment outcomes of the treatment group
and the synthetic control group. In other wordshdose the combination of other states that best
mimics the test scores (or percent of studentsradegfor their age) of Georgia prior to the
introduction of Universal Pre-K.

% The weights are presented in Appendix Table 3.

3" The mean squared prediction errors (MSPE) forsifiehetic control groups are much smaller
than zero (e.g. for math the MSPE is 0.0000375,red®ethe MSPE in Abadie, Diamond and
Hainmueller [2007] are on the order of 3). MSPé&sdach synthetic control group are available
from the author upon request.

Published by The Berkeley Electronic Press, 2008 23



The B.E. Journal of Economic Analysis & Policy, Vol. 8 [2008], Iss. 1 (Advances), Art. 46

Figure 6. Gaps in Standardizel @rade NAEP Scores for Georgia and Placebo
Treatment States (Line indicates last pre-program cohort)
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Note: Based on the author’s calculations fromS3tete NAEP Restricted Use files. The pink lines
represent the test score gap between Georgia anslyiithetic control using the methods of
Abadie, Diamond and Hainmueller (2007). Grey linegresent the gaps for the placebo groups.
See text for details. Test scores have been gidirdd to have mean zero and standard deviation
of one in 1996 for math and 1994 for reading. Bympopulation weights were used.
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is statistically significant at conventional levels. The psscsas repeated using
the probability of being on-grade for one’s age as the outcome. tHere
estimated effect of Universal Pre-Kindergarten introduction is 0.008hwis
also not statistically significant.

To apply the synthetic control group method to individual data, |
multiplied the sample weights for each student’s observation by the aordasg
weight for the student’s state of residence from the syntloetitrol method.
Results of the D-D and D-D-D estimation using these weightshenchicro-data
are in the sixth and seventh columns of Tabfé 4The estimated effects of
Universal Pre-K availability on test scores and grade letertre positive, but
are not statistically significant, suggesting there weralisoernable effects on
statewide academic achievement.

In summary, estimates of the statewide effects of UnivdPsaeiK in
Georgia generally indicate that the program's availability awgad child
outcomes by as much as one to three percent of a standard deviation but the use of
appropriate control groups and methods of inference renders the tedtima
relationship statistically insignificant. Because of thergiths of the synthetic
control group method, in what follows | replicate this procedure, mibtaistate
weights for synthetic control groups that best match the patrtient outcome of
interest for the group specified and multiplying these staighis by the NCES
sample weights for each observation.

V.b. Heterogeneous Effects

Potentially different effects of Universal Pre-K on differesutogroups of the
population may result from differential opportunities available todoéil and
families prior to the introduction of the program. For examible, population
density of young children in cities is ten times as high asithairal areas (50
children per square mile versus 5). Lack of other young childrely likeans
fewer child care providers. Meanwhile, only 36 percent of women over the age of
16 in rural areas are employed, while in cities over 50 percent la order to
examine whether the effects of Universal Pre-K availabdiffer for different
subgroups of the population, Table 5 presents estimates of the effettwersal
Pre-K availability separately for various subgroups of the total ptipal of
fourth graders: Caucasian students ineligible for NSLP, &fr&merican
students ineligible for NSLP, Caucasian students eligible fdrFAN&d African-
American students eligible for NSLP in columns | through IV, respectively

% As a final check, | also estimated the effectsUmiiversal Pre-K using these weights and
allowing for state specific trends in test scorgsrahe period. The results are similar to those
here in that the estimates of the effects of UmiakPre-K are positive, but not statistically
distinguishable from zero.
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Table 5. Difference-in-Differences Estimates of the EfeddJniversal Pre-K on
Students’ Test Scores and Probability of Being On-Grade of Students barihce
School Lunch Eligibility Status

(1) (1) (1) (V)
Race White Black White Black
School Lunch
Eligible No No Yes Yes
Math Score 0.036 -0.009 0.082 0.000
(0.007) (0.015) (0.008) (0.011)
96,148 17,670 7,738 47,916
Reading Score -0.009 0.018 -0.024 -0.013
(0.007) (0.015) (0.025) (0.019)
204,767 26,979 89,092 67,314
On-grade -0.001 0.060 0.020 0.025
(0.005) (0.022) (0.004) (0.010)
370,227 50,342 22,462 107,371

Note: Based on the author’s calculations using\thonal Assessment of Educational Progress.
Column headers indicate the subgroups of the ptipalancluded in the sample. The first row of
each set represents the coefficient estimatessebend row (in parentheses) reports the standard
error of the estimate above it and the third roworés the number of observations used in
estimation. Test scores have been normalized dyvlerage standard deviation for all plausible
values in the first year of data for that test.| ilgressions include year and state fixed effects.
Controls for student and school characteristicéutted are described in the text. To correctly
account for the design of the survey, weights wesed (Rogers and Stoeckel 2004). Estimates
allow for arbitrary correlation of the error terrasthe state level. Synthetic control groups were
created using the Abdaie, Diamond and Hainmuel07) method as detailed in the text.
Estimates in bold are significant at the five patdevel or lower.

The results in Table 5 show that the math scores of some ohildre
improved because of the introduction of Universal Pre-K in Georgia. nidtk
scores of Caucasian children ineligible for NSLP increase8.®ypercent of a
standard deviation. Similarly, the math scores of NSLP-eligibdsicasian
children increased by 8.2 percentage points. However, the estiofatee
program’s introduction on the math scores of African-Americardidml and on
the reading scores of any of these groups are not statisticallyediffeom zero.

With the exception of Caucasian NSLP-ineligible children, the
introduction of Universal Pre-K produced increases in the probabilifgpurth
graders in Georgia being on-grade for their age. Africareicans who were
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ineligible for NSLP were 6 percentage points and NSLP childseth (African-
American and Caucasian) were about 2 percentage points mdyetdikee on-
grade for their age because of the availability of Universal Pre-Kselihereases
are not trivial given that about 80 percent of children are on-goadbdir age in
Georgia before the program. Since these decreases in the fproxyade
retention are not always accompanied by increases in test scores, ititdgkes
program has effects on skills not measured by test scores.

There is much discussion among researchers about the developmental
differences between boys and girls, with some research shearhgchildhood
interventions may have larger impact on girls than on boys. Fanmea
analysis by Anderson (2005) argues the benefits of Perry PresPhojeict,
Abecedarian and Early Training Projects were accrued byethalé participants.
On average, the math scores of male fourth graders in my esaemgl 0.03
standard deviations higher than those of femakteris paribus. However, there
is no differential effect of Universal Pre-K by gender for afiythe subgroups
discussed abov&.

Fitzpatrick (2008) examines the changes in preschool enroliment behavior
of families in response to Universal Pre-K availability. Shds mothers whose
have at most enrolled in college without receiving a degreenare likely to
enroll their children in preschool because of Universal Pre-K teywould be
in the program’s absence. Additionally, she finds women in ruralusban
fringe (small town) areas are the group induced to make thestartganges in
their enrollment of their four year olds in preschool because of Universal.Pre-K

To see how these changes in enrollment patterns translate imgesha
into children’s achievement, | examine the effects of UnivdPsatK by race,
NSLP eligibility and residential area. The results aes@nted in Table 6; in the
table, the estimates across the columns represent the groups as they did in Table 5,
by race and NSLP-eligibility status, while the blocks of rowport different
coefficients by area of residence. When interpreting the results mesentable
6, it is important to keep in mind that the three residential odat=ydo not
correlate to cities, suburbs and small towns. Rather, aemidsuburbs tend to be
included together in the “urban area” categry.

The results in Table 6 suggest that disadvantaged Caucasiarrchiidr
rural and urban fringe areas are those most likely to gain foiversal Pre-K
availability. The math scores of these children increase toy % percent of a
standard deviation. Their reading scores increase by 3 to 7 pefaestandard
deviation and they are at least 2 percentage points more likbe dm-grade for
their age. Though the effects are not as consistentlgtgtaliy significant, there

% Results are omitted in the interest of brevity, 4ne available from the author upon request.
0 A map showing the precise division of areas ih®three categories can be found in Fitzpatrick
(2008).
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Table 6. Difference-in-Differences Estimates of theeé&ffof Universal Pre-K on
Students’ Test Scores and Probability of Being Ongrade of i8sudy Race, School
Lunch Eligibility Status and Area of Residence

0) (1) (D) (Iv)
Rac¢ White Black White Black
School Lunch Eligible No No Yes Yes
Urban Area
Math Scor 0.024 0.00(¢ 0.01¢ 0.00¢
(0.009) (0.011) (0.013) (0.013)
38,002 8,069 13,983 26,187
Reading Score 0.020 0.087 -0.024 -0.009
(0.027) (0.037) (0.022) (0.026)
52,614 12,132 18,054 35,542
On-grade -0.009 0.068 -0.046 0.074
(0.029) (0.023) (0.038) (0.025)
9,437 3,513 3,281 12,619
Urban Fringe
Math Scor 0.036 0.00¢ 0.091 -0.01z
(0.007) (0.023) (0.002) (0.015)
96,148 12,846 7,738 16,699
Reading Score 0.001 0.017 0.028 -0.002
(0.007) (0.033) (0.013) (0.017)
99,256 9,496 25,245 14,325
On-grade 0.004 0.039 0.017 0.072
0.005 0.025 0.004 0.023
150,032 2,319 36,204 7,463
Rural
Math Scor 0.093 0.048 0.064 0.001
(0.017) (0.019) (0.014) (0.017)
65,504 3,294 27,068 12,297
Reading Score 0.014 -0.042 0.072 0.121
(0.013) (0.060) (0.034) (0.017)
92,837 5,124 44,478 2,901
On-grade 0.007 0.031 0.044 0.053
0.006 0.002 0.012 0.002
142,904 3,761 10,661 49,641

Note: Based on the author’s calculations usingNA&P. The first row of each set represents the
coefficient estimates, the second row (in parem$leseports the standard error of the estimate
above it and the third row reports the number afepbations used in estimation. Test scores have
been normalized by the average standard deviadioalff plausible values in the first year of data
for that test. All regressions include year aratesfixed effects. Controls for student and school
characteristics are included are described in éx¢ t Survey weights were used (Rogers and
Stoeckel 2004). Estimates allow for arbitrary etation of the error terms at the state level.
Synthetic control groups were created using theafddt al. (2007) method as detailed in the text.
Estimates in bold are significant at the five patdevel or lower.
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is also a pattern in the results suggesting that other childremral and urban
fringe areas had improved academic achievement related to the npsogra
availability. The math scores of NSLP-ineligible Caucastadeants went up by
4 to 9 percent of a standard deviation. Rural African-American rstsideho are
ineligible for NSLP score 5 percent of a standard deviation highenath tests.
African-American disadvantaged students in rural areas sk®rpercent of a
standard deviation higher on reading tests in fourth grade becausiee of
program’s availability. Additionally, almost all students in ruseéas are more
likely to be on-grade for their age (the exception is Caucasiduts are not
eligible for NSLP) as are disadvantaged students in urban fringe areas.

Gains in the academic achievement of children living in urbaasalkso
were seen. For example, African-American children in urbaasanéo are
ineligible for the NSLP score 8.7 percent of a standard dewidtigher on
reading tests and are 6.8 percentage points more likely to bedagecause of
Universal Pre-K availability. African-American childrerhavare eligible for the
NSLP in urban areas are also 7 percentage points more likelyao-gpade for
their age. Lastly the test scores of Caucasian childranban areas who are
ineligible for NSLP increased by 2 percent of a standard demiatiowever, it is
difficult to make conclusions from these results for children ibanrareas
because the increases were not more consistent across outcomes.

V.c. Interpretation & Discussion

The estimates in the previous section suggested the math scol8sPfeligible
children in rural and urban fringe areas increased by 6 to 9 p&fcardtandard
deviation and the reading scores increased by 3 to 7 percent ahdarst
deviation. In general, NSLP eligible children score 85 and 74 pedfeat
standard deviation or lower on math and reading tests in fourth tiradeheir
ineligible counterparts. The estimates suggest that this pnogight help chip
away at this gap. To some, the estimated changes in acaagmevement might
seem economically or educationally insignificant. However, evenother
studies most similar to this (e.g. Magnuson et al. 2004, and Goanteysayer,
2005) have shown test scores increase 0.10 to 0.39 standard deviationgar the
following a Pre-K experience. There are at least a coupgaasible reasons for
these estimates to be smaller than those for other preschool interventions.
First, this paper investigates the marginal effects of UravePse-K
availability on academic achievement of children over the iegisearly
childhood education landscape. This existing landscape includes Haad S
which serves about 12 percent of the four year olds in the U.S. Adtitjona
almost 40 other states have targeted pre-kindergarten programisgsan
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additional 15 percent of four year olds in 2001-2602The enroliment rates in
Figure 2 therefore suggest an additional 15 to 35 percent of fouroigsain
Georgia were in non-subsidized preschool programs before the intcodo€t
Universal Pre-K. With so many in the control group participaitngome form
of preschool, it is unlikely that we would see gains as large asivbeuéxpected
with large shifts on the extensive margin of participation. Theeffects are the
most pronounced and consistent in areas seeing the largest presetiopation
increases is suggestive that changes on the extensive margigrbater impact
than increases on the intensive quality margin.

Second, the aforementioned research examined the effectgicipption
in Pre-K. Estimates presented here are intent-to-tresitgf not estimates of the
impact of participation in Universal Pre-K programs. Fitzpkt{2008) shows
Universal Pre-K availability increased enrollment in preschoolcloddren
livening in urban fringe areas by 14 percentage points and in reas &y 12
percentage points. If we assume the only effect of treatradntinduce brand
new enrollment in preschool, we can calculate a Wald estimatbdogffect of
the treatment on the treated that ranges from about one-eightle-twalbrof a
standard deviation in urban fringe and rural areas. On the other ihamel,
assume that the treatment is enrollment in GPK and that eerdlirates of four
year olds in different residential areas are similar tostagewide average, the
Wald estimate of the treatment-on-the-treated effect orsteses is between 5
and 17 percent of a standard deviation. There were quality mandeatdéged
with the Universal Pre-K program, so it is plausible that theityuall preschool
experience improved for many children who would have been enrolled even if
Universal Pre-K did not exist. These treatment on the treatedages are much
more in line with the literature on early childhood interventions.

Before concluding, it is of interest to consider a cost-beaefiysis of
the state’s investment in Universal Pre-K. Such a calcul&idiificult because
the long-term impacts of the program on wages are not yet knowweudr, a
simple back-of-the-envelope calculation can be done by extrapolating the
combination of estimates of the program’s effects on testséama this analysis
with estimates from other research linking increases irsteses to increases in
wages. Murnane et al. (1995) estimate that a standard deviatieasadn math
scores of high school graduates in 1980 led to increases in wages etrmetw
$0.99 and $1.28 (when translated to 2007 dollars). Assuming high school math
scores of students in Georgia maintain the same increasefoséaurth graders
and the wage differential estimated for 1980 holds for the stude@edmgia in
the past decade, this implies an increase in wages of les$aHan(0.09*$1.28)
for each student whose scores increase. | generously assamgeotlp consists

41 http://nieer.orgl/yearbook2003/pdf/yearbook. pdfipddge
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of 40 percent of a cohort (including most of those in rural areas and some in urban
fringe areas). | further assume this increase in wagesiaestfor 50 years (until

the cohort retires) and the discount rate is 0.03. If the futuoene@of exposed
students is taxed at a rate of 30 percent, the value today afttine §ains in tax
revenue would be about $56 milliclf. The costs of the program today ($302
million in 2007-2008) greatly outweigh the benefits in terms of patknti
increased taxable revenue. This is a very simple cost banafitsis and should
therefore be interpreted with caution. However, it is at Isaggestive that the
government’s scare resources would be better spent on more taegebged
childhood interventions that have been shown to be more cost efficient,
particularly if the goal is to increase wages through test stores.

VI. Conclusions

Estimates presented show Universal Pre-K in Georgia lecstimdabenefits on
the academic achievement of children. Most notably, Universal Pre-K alilabi
increased the test scores of disadvantaged (school-lunch-elightligden living

in areas with relatively low levels of population density byragh as12 percent
of a standard deviation. Since the group of disadvantaged childremainor
urban fringe areas makes up about 19 percent of the student population in
Georgia, these results are non-trivial. The probability ofgoemgrade for their
age of these children also increased by as much as 7 percentatye pbie
findings that Universal Pre-K availability increased the acad@chievement of
children in urban fringe and rural areas corresponds with other chsg@ywing
that these areas see the largest increases in preschotthentddlecause of the
program’s availability.

Statistically significant gains for other groups of childrenase seen on
some of the measures of academic achievement but not all, \hddhme to be
cautious in making any conclusions about the effects of the prognathdse
groups. These first estimates of the longer-term effecttimversal Pre-K
support the findings in the literature that gains from Univd?salK programs are
not universal, but are “targeted” within certain groups. The esiilthe study
and its cost benefit analysis indicate scarce public funds maység more
efficiently by implementing targeted strategies in thagtesf Pre-K programs,

2 There were approximately 120,000 four year old§#orgia in 2005. | assume each works
2,000 hours per year and the hourly wage incre&6etll per hour. Even if the state were to be
able to collect the entire amount of such an irexén wages, it would be less than the initial cost
of the program.

3 Estimates place the return to the public of theestment in Perry Preschool at $12.90
(Schweinhart 2007).
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perhaps by using observable characteristics like the incomemitie or the
population density in school districts.

Appendix Table 1: Descriptive Statistics of Schools in Georgia
School Characteristics

1994 1996 1998 2000 2002 2003 2005
Percent of School Black

0 to 10 0.355 0.389 0.308 0.256 0.285 0.324  0.639
(0.228) (0.291) (0.271) (0.320) (0.317) (0.309) .2(7F)
11 to 30 0.264 0.248 0212 0.196 0272 0.154 0.120
(0.322) (0.325) (0.305) (0.291) (0.341) (0.266).28%)
31 to 50 0312 0.284 0193 0.198 0144 0.227 0.077
(0.363) (0.349) (0.273) (0.292) (0.253) (0.315).16D)
51 to 100 0.060 0.078 0287 0.350 0.300 0.295 0.165

(0.254) (0.269) (0.453) (0.477) (0.458) (0.456) .37)
Percent of School Hispanic

0 to 10 1.000 1.000 0965 0.944 0925 0.869 0.915
(0.000) (0.000) (0.133) (0.212) (0.303) (0.311).26%)

11 to 30 0.000 0.000 0028 0.056 0065 0.106 0.061
(0.000) (0.000) (0.083) (0.165) (0.173) (0.222).16®)

31 to 50 0.000 0.000 0.006 0.000 0.008 0.017 0.016
(0.000) (0.000) (0.040) (0.000) (0.045) (0.077).08B)

51 to 100 0.000 0.000 0.000 0.000 0.001 0.007  0.009

(0.000) (0.000) (0.000) (0.000) (0.028) (0.085).002)
Percent of School NSLP Eligible

0 to 10 0.241 0.165 0178 0.165 0282 0.282 0.213
(0.338) (0.176) (0.227) (0.197) (0.237) (0.254) .2(®)

11 to 50 0.420 0.295 0313 0425 -0.305 0.286 0.164
(0.395) (0.347) (0.359) (0.398) (0.358) (0.342) .27@)

51t0 75 0.131 0.165 0262 0.177 0251 0.255 0.141
(0.338) (0.371) (0.440) (0.382) (0.434) (0.436).34®)

76 to 100 0.208 0.375 0247 0.233 0161 0.177  0.483

(0.301) (0.389) (0.280) (0.302) (0.204) (0.229p.441)
Note: Based on the author’s calculations usingNbgonal Assessment of Educational Progress.
To correctly account for the design of the surwegights and jackknife procedures for calculating
sample variance were used. Standard deviationsnaparentheses. Test scores have been
standardized to have mean zero and standard deviafione in 1996 for math and 1994 for
reading. Survey population weights were used.
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Appendix Table 2: Descriptive Statistics of Schools in the Rest of the U.S.
School Characteristics

1994 1996 1998 2000 2002 2003 2005
Percent of School Black

0 to 10 0.691 0.663 0651 0.637 0674 0.676  0.839
(0.276) (0.313) (0.301) (0.295) (0.300) (0.300) .2T)

11 to 30 0.159 0.174 0170 0.169 0.146 0.158  0.087
(0.267) (0.281) (0.277) (0.277) (0.259) (0.266).2(1)

311050 0.060 0.079 0082 0.081 0074 0.069 0.028
(0.170) (0.194) (0.197) (0.196) (0.188) (0.181).1(®)

51 to 100 0.090 0.084 0.097 0.113 0.105 0.098  0.046

(0.286) (0.277) (0.296) (0.316) (0.307) (0.297) .2(W)
Percent of School Hispanic

0to 10 0.751 0727 0714 0720 0.674 0.648 0.816
(0.263) (0.285) (0.304) (0.291) (0.301) (0.292) .2QB)
11 to 30 0.132 0.135 0.150 0.136 0.148 0.151 0.080
(0.244) (0.247) (0.259) (0.251) (0.258) (0.257).1¢®)
31 to 50 0.056 0.067 0.066 0.066 0.070 0.075 0.039
(0.165) (0.179) (0.178) (0.178) (0.183) (0.190).18T)
51 to 100 0.061 0.071 0071 0.078 0.109 0.126 0.065

(0.240) (0.257) (0.256) (0.269) (0.311) (0.332).247)
Percent of School NSLP Eligible

0 to 10 0.268 0.236 0249 0.212 0298 0.259  0.340
(0.299) (0.217) (0.299) (0.292) (0.279) (0.295) .24®)
11 to 50 0.448 0.345 0398 0.443 0355 0.379  0.207
(0.416) (0.375) (0.396) (0.411) (0.379) (0.390).3(®)
51t0 75 0.145 0.178 0.184 0.182 0.169 0.166 0.123
(0.352) (0.382) (0.387) (0.386) (0.374) (0.372).37®)
76 to 100 0.139 0.242 0.168 0.164 0179 0.196  0.329

(0.253) (0.322) (0.243) (0.268) (0.259) (0.269D.371)
Note: Based on the author’s calculations usingNbdonal Assessment of Educational Progress.
To correctly account for the design of the surwegights and jackknife procedures for calculating
sample variance were used. Standard deviationdnaparentheses. Test scores have been
standardized to have mean zero and standard daeviafione in 1996 for math and 1994 for
reading. Survey population weights were used.
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Appendix Table 3: Synthetic Control Weights by State

State FIPS Mathematics Reading On-grade
1 0.029 0 0
4 0.024 0.051 0.042
5 0.027 0 0
6 0.033 0.005 0
8 . . .
9 0.01 0 0
12 . 0 .
15 0.028 0.132 0.021
18 0.01 . .
19 . 0 0
21 0.023 0 0
22 0.037 0.001 0.14
23 0.011 0 0
24 0.022 0 0
25 0.01 0 0
26 0.014 0 0.055
27 0.008 0 0
28 0.373 0.395 0
29 0.015 0 0.233
30 0.013 0 0
31 0.014
32 0.025
33 . 0 .
35 0.03 0 0
36 0.018 0 0
37 0.015 0.19 0
38 0.011
41 0.017 .
44 0.019 0 0
45 0.037 0 0.509
47 0.024 0 0
48 0.011 0 0
49 0.015 0.008 0
50 0.014 .
51 0.017 0.218 0
53 . 0 .
54 0.019 0 0
55 0.012 0 0
56 0.015 0 0

Note: Based on the author’s calculation of a sytitte®ntrol group for Georgia using the method#bédie,
Diamond and Hainmueller (2007) as detailed in éxé. t
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