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Abstract

We develop and estimate a structural model of charter school entry. In this model, charter

schools offer an alternative to neighborhood public schadsprivate schoals
first stage, the potential entrant chooses his/her physical locatiarharatteristics based on the

n

t he

perceived opportunities not exploited by conventional puoiid privateschools. In the second
stage, students choose among the available schools. We estimate the model using data for the

Washington,DC school district. We @&s our parameter estimates to investigate the potential

effects of changes in charter school legislation on charter school entry, and emmtppst
outcomes such as enrollment and achievement.

! We thankDan Ackerberg, David Albouy, Tim Derdenger, Paul Ellicksbennis Epple, Liran Einav, Fernando

Ferreira, Steve Glazerman, Brett Gordon, Lutz Hendricks, Susanna Loeb, Dan McMillen, Alvin Murphy, Aviv

mo d ¢

Nevo, Parag Pathak, Holger Sieg, Alan Sorensen, Chris Taber and Matt Turner for useful conversations and
comments.We benefitted from comments by session participants at the 2009 LACEA conference, the 2010
Regional Science Association meetings, the 2011 AEFA conference, the 2011 SED conference and the 2011 CURE
conference. Jeff Noel and Naomi Rubin DeVeaux from FOQUESnI Allen from 2£' Century School Fund, Steve
Glazerman and the charter principals we interviewed for this study answered many of our questions on charters in
DC. We thank our research assistants Gary Livacari, Sivie Naimer, Hon Ming Quek, and especially Nick DeAngelis
for their help with the data collection. Jeff Reminga assisted us with the computational aspects of the project, and

Bill Buckingham from the Applied Population Lab at the University of Wisconsin provided Arc GIS assistance. All

errors are ours.



1. Introduction

The dismal academic performance of many students in central city school districts has been a
source of growing concern in recent decades as academic achievement and high school
completion have become increasingly important for economic success. Greaterckolwsiias

been advocated by many economists as a mechanism to foster improved achievement, with
educational vouchers being the most prominent such proposal. While educational voucher
programs have made significant inroads in some states and distriathievanitiatives have

faced intense opposition from teachersod organ
box. By contrast, charter schools have received surprisingly widespread acceptesmgaper

studies charter school entry and housél®l6 s c h ool choice, and focuse

Charter schools amon-sectariarpublic schools of choice that operate free from many of
the regulationdacing ordinary public schools.They are publicly funded, cannot select their
students, and cannoharge tuition. Unlike ordinary public schools (henceforth, public schools),
charter schools are independent of the public school districts where they are located. To be
admitted into a public school, a student usually has to reside within the geograyniiabes of
the school s district and/ or attendance zone
requirements. If a charter school is oversubscribed, admission is determined by lottery.

Although charter schools do not enjoy the latitude envisiomsd many voucher
advocates, charter schools have considerable freedom in designing cuendutaanaging
operationsFor instance, they control the recruiting, retention and compensation of their teachers.
Charters areegulated by state laws, and autked by a chartering entithat approves the
s ¢c hool 6-ghe cohtmaestablishinghe school's mission, program, goals, students served,
and teaching philosophf2epending on the state, the chartering entity is the school district, the
state or som specific agencyin exchange for greater autonomy, charter schools are subject to
the same accountability requirements as public schaoladdition to being overseen by the
corresponding chartering entitplthough charter schools receiveparstudentstipend they
rarely receive funding for facilities. Hence, the financial survival of chaiterintimately
connected with their ability to attract and retain students. While some charter schools have

thrived and replicated their model across the nattrers have failed.



The charter school concept emerged in the
by Albert Shankerthen president of the American Federation of Teacl&eginning with
Minnesota in 1991,40 states andhe District of Columbiahave passed charter laws.

The institutional and regulatory environment facing charter schools varies widely across states.
During the school year 2042011,therewereabout5,400 charter schools in the country serving
over 17 million students, or appramately3% o f t h erimarg and secolddamsducation
market® While this aggregate market share for charter schools may seem small, large differences
exist across states and cities in the nation, as explained below.

In order to open a charter schoal prospective charter operator must formulate and
present a proposal to the chartering agency. This proposal sets forth the grade level(s) to be
served and the thematic focus of the schook [HEiterincludes a statement of subject emphasis
(e.g., artslanguage, math and science, core curriculum) and whether a special population is to be
served (e.g., bilingual, disadvantaged, gifted). The proposal also includes a statement of whether
a particular instructional model is to be implemented. For exant@epplicant might propose
to adopt an instructional model t hat i s nfr
developed by the applicant. The proposal also includes anticipated enrollment, the physical
facilities to be occupied, and a financial plammany ways, then, the charter applicant confronts
a decision similar to that of a private firm contemplating eimiity the market.

Most of the existing research on charter scheulslies the effects of charter schools on
the academic achievement dfacter and public school studentShis project in contrastseeks
to studyhow charters come into existence in the first place, and how their presence shapes the
marketplace for education. In particulamr address four questions. The first is what determines
charter entry as well as the pattern of entry in terms of geographic location, curricular program
offered, and grades served on the part of new entrants. These patterns are likely related to each
otheri for instance, in places with highchieving public schools charters may be less likely to

enter, and if entering they may be more likely to focus on a curricular specialization not offered

2 See http://ww.edreform.com/Fast_Facts/K12_Facts/.

% See, for instance, Bettinger (20@ijulco and Ladd (2006), Booker et @007, 2008), Buddin and Zimmer
(2005a, 2005b), Clark (209, Hanushelet al(2007), Holmest al(2003), Hoxby (2004), Hoxby and Rockoff
(2004), Hoxby and Murarka (2009), Imberman (2009, forthcoming), Sass (2006), Weiher andTedin (2002), and
Zimmer and Budin (2003).



by public schoolsOur second research question is how studeht®se among public, charter

and private schools. The set of options available to families differ depending on the age of their
children, and their place of residence and income. It also varies over time as schools open or
close. Even if all families facetthe same options they might make different choices depending

on their preferences, how they expect their child to perform in a given schodQuetthird
research question is how schools affect each
schools may lead to the closing of some incumbent public and/or private sthawigh, in

turn, may further affect the remaining schools, including the new en@amtiourth research
guestion is how charter entr yonswouwdbsafeceedhy choi
changes in the regulatory and institutional landscape for public, private and charter schools.
These counterfactuals are particularly timely given the current emphasis on charter schools in
federal education policyBy modeling he interaction betweerharter entry, school competition,
achievement and parental demawel can provide equilibrium, loagun policy answers. We can

study actual programs and, perhaps more importantly, potential programs as well.

Addressing tis interaction howeverjs quite complex. To see why, consider the entry of
a hypothetical charter. This provides families with a new choice, and some families may join the
new school. In doing so, not only do they shape the composition of the student boglynew
charter but they also affect the composition of the student body of their original schools. This
alters the relative attractiveness of al | sc
parents <care about s ¢ hial @Harsed entsat undse anticipate dheésee s .
effects in order to forecast the number of families that would ultimately attend the school.

This forecast is complicated by the fact that the entrant may not know exactly how good
she is at starting a school froseratch. For instance, she must locate facilities (a particularly
challenging activity in D.C.), hire a principal and teachers, appoint members to the charter school
board, recruit students and parents, possibly request bank loans and make finanaalsdecis
etc. Since these tasks may be considerably more involved than initially expected by the
prospective entrant, she must forecast student demand for its services in the midst of uncertainty

about her capacity to carry out the enterprise. Even aftewtiusrtainty is resolved another

“The feder al i Race t o swithegermissipecchaper legslatarmSeeé avor s st at e
http://www?2.ed.gov/news/pressreleases/2009/06/06082009atbtriurther details.



http://www2.ed.gov/news/pressreleases/2009/06/06082009a.html

source of uncertainty remains for this schobatamely, how the actions of other schools will
affect this particular school 6s demand (si mi/l
particular school will affectitem).

Thus, we develop and estimate equilibrium model of household school cho®arter
school entryand school competitiom a large urban school distridh our model, we view a
charter entry point as a combination of location (neighborhoodyatie focus and grade level.
Since charters must be able to forecast the demand for their services in order to assess their
viability, we model howprospective entrantsredict enrollment and demographic composition
of their student body as a function dfetr geographic location, grades served, and thematic
focus. The prospective entrant enters or not depending on the expected success of its entry and
subsequent viabilitywhich in our framework means maximizing expected net reveWs.
model the entrantsabeing uncertain about its own quality at the entry stage.

We estimate the model using a unique and detailed data set from Washington D.C. from
2003 to 2007. The data set consists of information for all pubicate andcharter schools in
the Washingin, D.C. including enrollment by grade, school demographics, foams]
achievement.Our estimationexploits the variation across neighborhoods and over time in
number types and grade levels s¢hoolsandenrollment and achievememie treat each grade
as a separate markethich hashe benefit of increasing the effective sample size and generating
exogenous variation in choice sets across households depending on the age of theiraclildren
their residential locatiariWe cast the parental school modslan aggregate market share model
and estimate it using an approach similar to Betral (1995) henceforth denoted BLP, and
Nevo (2000, 2001)In the model, school characteristics such as the peer composition of the
student body and aggregate achieceemt depend on househol dsdé cho
sorting across schools. Our estimation strategy captures this aspieich is critical to our

ability to conduct counterfactuals.

> General equilibrium analyses of school choice include Benabou (1996), Caucutt (2002), de Bartolome (1990),
Epple and Romano §88), Fernandez and Rogerson (1998), and Nechyba (1999, 2000). Cadlai2006),

Ferreyra (2007) anBerreyra (200) estimate general equilibrium models. Relative to these prior analyses, our
econometric framework in this paper provides a model oicehamong the entire set of schools within a district as
well as a model of charter school entry. Our framing of peer effects is similar to the local spillovers model in Bayer
and Timming2007), as explained below.



In modeling the charter school entry decisiae have chosen to focus on a single large
urban district. This permits us to study the entry decisions of prospective ertrangs|
confront the same institutional structure, criteria for being granted a charter, reimbursement
(funding) policies, andoublic school organization. Thus, we hold constant institutional structure
in order to focus on the charter entrant and parental choice decision. We have chosen to focus on
the Washington, D.C. school district, for the following reasons. First, thectlibas had a
charter school law in place since 1996, and the law is highly permissive compared to charter
school laws in other states (National Alliance for Public Charter Schools ZfrQhstance, the
perstudent stipend for charter schools is equalthe full perstudent spending in the
Washington, D.C. school district, whereas it is equal to only a fraction of the corresponding
district spending in most statelgloreover,in recent yearsa single entity, the Public Charter
School Board (PCSB) has beessponsible fothe granting of charters. Second, 2010charter
schoolsreacheda student enrollment share of neadly percent ofall students in the public
system (conventional public plus charter schatsaking D.C. the district with the second
largest charter market share in the nation (the first one being New Ofé&rig), the district is
large, providing scope for potential entry of a large number of charter schools as well as
substantial intralistrict variation in population demographicg@s both residential locations
and incumbent public schools. An analysis that includes multiple districts is challenging for a
number of reaso@sone being the challenge of obtaining a sufficiently complete dadaaset
we leave the pursuit of such a mottefuture research.

Charter school entry has been explored befor&lmymm, Harris, and Lo (2005wvho
study charter school location in Michigan and California. They investigate the extent to which
there is greater charter school entry where there &earpopulation heterogeneity. Using public
school districts as the unit of observation, they find, as predicted, that there is more charter
school entry where there is greater diversity in e in adult education levels earlier work,
Downes and Genstein (1996) study private school entry across the 910 public school
elementary districts in California. Rincke (2007) estimates a model of charter school diffusion in
California. A theoretical model of charter school entry is developed by Cardon (2003)

® As of 2010, the districts where thikare surpassed 30 percent were New Orleans, Lou{§iamercent);
Washington, D.C. (38 percent); Detroit, Michig@® percent); and Kansas City, Missouri (32 percent). Source:
http://www.charterschoolcenter.org.



studies strategic quality choice of a charter entrant facing an incumbent public school. We build
on the foundation established in these papers by modelingdistrect charter school entry
decisions, parental choice, and the impact of entranfsubhic and privateschool incumbents.
Perhaps losest to our approach is the work of Imberman (2008p studiesentry intoa single

large urban districtn a reducedorm fashion and Mehta (2011)who estimates a structural
model of charter entry and mpetition between public and charter schools using data from
North Carolina. The most salient differences between our work and deaheathe following: a)

we endogenize school peer characteristics as equilibrium outcomes determined by household
choices;b) we do not model the strategic interaction between charter and public schpas;

our model, all charter schools in the economy are eligible to a given household regardless of its
location, in accordance with the actual absence of residence requisdorecharter schools.

Our work is also related to research on entry in empirical industrial organization. A
recent review of this literature is provided in Draganskal €20@). An important difference
between our model and those found in the elitieyature is that we do not model prospective
entrantsor incumbentsas engaging in a game of strategic behavior. The assumption -of non
strategic charter school entrarged incumbentss consistent with our understanding of the
charter s ¢ hppoodsseddn partewdarr, she primary competitors of charter school
entrants in the district we studjuring our sample periodre typically incumbent publiand
privateschools rather than other charter schools.

Most entry studies rely on reducéatm models of demand for the calculation of profits.

A recent exception is Draganska et al (2009), which incorporates a structural demand into a
model of product choice and pricingpur work differs in that ourdemand igorporates
unobserved product characteristics a8iP. We believe these to be particularly important in

the case of schools, for which parents observe a number of aspects that are unobserved to the
econometriciand.g.,some characteristics of the pripal, teachers and facilities; culture of the
school, etc.)In the model, some of these unobserved characteristics affect household utility

whereas others affect student achievement (and, indirectly, household utility), although the lack

" Between 1992 and 200fhe Districtof Columbia Public SchoolCPS had seven superintendents. This high
turnover, coupled with financial difficulties and instability, suggest that DPCS did not react strategically to charters
during our sample period.



of individuatlevd data leads us to treat them as an aggregate demand shock. Uncertainty over
the permanent component of this shock is a key element facing the entrant at the time of
submitting its application.

The recent entry literature has studied productaghand dferentiation® Our study is
relatedto this literaturebecause itaguresthe variation in entry across locations, focuses and
grade levelsNonethelessit is differentin thatone schoolevel characteristic valued by parents
T namely, the compositioof the student body is the outcome of parental choices and the
resulting student sorting across schools. Althatlnghentrant cannot control parental choices, by
deciding whether to enter or not in its entry point it affects parental choicdkatsin order to
makeits entry decisionthee nt r an't must f or eshald it enfereespenselss 6 r e
that will determine the student body composition of ttews ¢ h o o | and further &
choicesThese endogenous product <c¢har acnhdegenosst i ¢ s
peer quality irschools They are in thepirit of the lccal spillovers irBayer and Timmins (2007)
andthe endogenous neighborhood characteristidBayer et al (2007)both of which are the
aggregateutcome of individualevel choicesWe extend these papers by matching data on the
composition of the student body at the school level, thus exploiting a natural set of
overidentifying conditions that arises from the model.

While much of the entry literature relies on crgsstional data, some recestudies
(Dunneet al 2009, Suzuki 201@)ave drawn on panel dasach as ourOur panelprovides us
with variation over time in entry patterns. Perhaps more importantlyrdwding us with post
entry outcomesthe panel allows ugo learn about thechootspecific quality ofboth entrants
andincumbents.

To estimatehe parameters of household preferences and student achievametgal
dataset would include a panel d@identlevel observations with data dmousehold residential
location, school choice, and achievemdnt.the absence of such data, we rely on detailed
demographics fothe 433block groups in Washington, D.C. For each block group we have
estimated the joit distribution of child age, race, poverty status and family income. In addition,
we observe theneighborhood public schools to which households in each block group are

® See Draganska et al (2009) for pumti choice, and Mazzeo (2002), Seim (2006) and Suzuki (2010) for location
choice, and the references therein.



assigned for each grade lev&his provides us with a reasonable approximatiornhiactual
distribution of choice sets available to househatdslifferent locations, antb households of
different demographic profiles and child agghin a given location. WhileBLP and Petrin
(2002)alsoexploit aggregateCensus datan orderto esimate demandgide parameteysve rely
on Census data aggregated at a much lower level.

We use our parameter estimatesstody the effect of changes in the regulatory,
institutional and demographic environment on charter entry, household sorting atrosis sc
and student achievement. For instance explorewhether more permissive charter legislation
would spur the creation of more charter schools, where these would locate, which students would
attend themand how achievement woudthangeamong the prexisting schools.

The rest of the paper proceeds as follows. Section 2 describes our data sodrsasic
patterns in the data. Section 3 presents our theoretical model. Section 4 describes our estimation
strategy. In Section 5 wprovide some discussiasind describe our intended counterfactuals.

Section 6 concludes.

2. Data

In this section we describe the construction of our datas®tsome salient aspects of the data

and direct readers interested in further detail to Appenddut.dataset consis of information

on every publiccharterand privateschool in Washington, D.C. between 2003 and 20U&.

have 1,243 campugear observationsWe have focused on ¢h20032007 time periodto
maximize the quality and comparability of the data over time and across schools. In addition,
2007 marked the beginning of some important changes in DCPS and hence constitutes a good

endpoint for our window of studf.

2.1 Public and Charter School#h Washington D.C.

%In 2007, Michelle Rhee began her tenure as chancellor of DCPS. She implemented a number of reforms, such as
closing and merging schools, offegispecial programs and changing grade configurations in some schools, etc.



In Washington, D.C., public schools fall under the supervision of the District of Columbia Public
Schools (DCPS)AIlthough there is only one school district in the city, there are many attendance
zonesAs for charters, ntil 2007therewere two authorizers: the Board of Education (BOE) and
PCSB. Since 2007, the PCSB has been the aalyhorizing (andsupervising entity. An
overarching institution at the Astateo | evel
(OSSE), whichamang other rolesgollects some data both for public and charter schools.

The unit of observation in our dataset is a camymas (publicand privateschools have
one campus each, but many charters have multiple camplideste that studerdevel data are
not publicly available. We have 701 observations for public schools, and 230 for charters. For
each school and year we observe address; enrollment by ‘grpdecent ofwhite, black,
hispanic and otheethnicity students; percent of lemcome students @., students who qualify
for free or reduced lunch); reading proficiency rate (i.e., the percent of students who are
proficient in reading based on DC6s own stand
Proficiency rates constitute our measureadaifievementkor the few public schools that closed
or merged during the sample period, we observe the year of closing or fierger.

In addition to the variables listed above, for charter schools we observe the authorizer,
opening year and mission statemddr the charters that closed or merged in or after 2003, we
observe the yeaf and reason for closing or merging.

The starting point for our dataset is the list of audited enroliments by school, year and
grade from OSSEThis list includes public andharter schoolsFrom this list we eliminated
alternative and special education schools, early childhood centers, and schools that offered a

residential prograrm® Since OSSE also reports proficiency rates for each school and year as

oA campus is identified by its name and not its geographic location. For instance, if a campus moves but retains its
name, then it is still considered the same campus. In-gampus charters, each campus has a separate address.

" We do not include adult or ungraded students, who account for less than 0.6% of the enrollment in this dataset.

2Washington, D.C. has a program of public school choice that allows students to esid# ofitheir attendance
zone. Since only 17 percent of students participated in this program during our sample period, we disregard it and
leave its treatment for future extensions.

13 An alternative school is a school for children with behavioral profl€hildren spend either the full year or part
of it there. Sometimes they choose to attemdetschools, but they are often sent th€hese schoolsftenenroll
students aged 1#4. We excluded early childhood centers as long as they never had entifimeggular grades
during the sample period.
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mandated by No Child LeBehind, our achievement data for public and charter schools come
from OSSE. In2003 and2004, proficiency levels were determined according to the Sta#®ford
assessment. To be considered proficient, a student was supposed to score at the rfational 40
percentile or higher. Since2005, proficiency has been determined according to DC
Comprehensive Assessment System. Before 2005, the grades tested were 3, 5, 8 and 10.
Beginning in 2005, the grades tested have begma®igh 8and 10. In compliance with NCLB,

OSSE also reports the percent of White, Black, Hispanic andnlcewne students in the grades
tested.

For public schools, the Common Core of Data (CCD) from the National Center for
Education StatisticNCES)is the main source for school address, ethamoposition and low
income status of the student bod¥hen needed we rel i ed on OSSEOGs r
composition and lowncome status. In addition, we drew on the Common Core of Data, web
searches and phone calls to DCPS to identify year of closingerger.

The fact that some charter schools have multiple campuses posed a major challenge in the
construction of the dataset, as no single data source contains the complete or correct history of
campuses. To reonstruct this history, we drew on OSSHkd#&ed enrollments, School
Performance Repor-duthorizecsdhdtérs yveb searchesPoCcarBent websites
and past Internet archives, charter school lists from Friends of Choice in Urban Schools
(FOCUS), phone calls to charters that are spirg and achievement data at the campus level.
The resulting campdevel data reflect our efforts tdraw together campukevel information
from these different sources, with the greatest weight being given to the OSSE audited
enrollments, the SPRs ancetNCLB achievement data. BOE charters that are no longer open
represented a special challenge, as there is no institutional memory of these schools. Faced with
conflicting information on campuses for these charters, in the absence of better evidende we too
the most recent available addresses and campus configuration data as correct.

For PCSBauthorized charters, ethnic composition and-loeome status come mostly
from the School Performance Reports. For B&horized charters, before 2007 this
information comes from OSSE, and for 2007 from the School Performance Reports. If needed

and possible, we supplemented these sources with the CCD.
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We identified the year of opening based on
identified the year of and reasdar closing mostly based on reports from the Center for
Education Reform and SPROs.

According to grades covered, we have classified schools into the follgnradiglevels:
elementary (if grades covered fall completely within the preseBiBagrade rang), middle (if
grades covered ard"andor 8, high (if grades covered fall completely within th& 912"
grade range), elementary/middle (if grades span both the elementary and middle level),
middle/high (if grades span both the middle and higlel)evand elementary/middle/high (if
grades span the el ementary, mi ddl e and high |
for identifying singlelevel categories (elementary, middle and high schools), and incorporates
mixed-level categories, whh are quite common among charters.

Each charter school has a statement that describes its mission or program focus. Mission
statements come from the schools6é web sites,
classified thematic focusesinto the followirg six categories: arts, civics, core curriculum

(henceforth, core), language, math and science, and vocational.
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2.2. Private Schools in Washington, D.C.

We have 312 schoglear observations for private schools (private schools have one campus
each). br each private school we observe address; enroliment by grade; peMéntepBlack,
Hispanic and otheethnicity studentsschool type (Catholic, other religious, nsectarianjand
tuition by grade Note that we do not observe proficiency rates ocgy@ of lowincome students

for private schools.

With the exception of tuition, our data come from the Private School Survey (PSS) from
NCES. The PSS is a biennial survey of private schools. We used the 2003, 2005 and 2007
waves. We imputed data for éaschool in 2004 by doing linear interpolation of the values of
the corresponding variables between 2003 and 2005, and similarly for 2006. From the universe
of schools surveyed by PSS, we eliminated alternative and special education schools, early
childhoal centers, schools with only ungraded students, and special academies.

We obtained tuition information for many private schools from their web sites. Though
this information is current, in our empirical application we assume that relative tuitions among

private school$iave not changed since 2003.

2.3 Descriptive Statistics

The population in Washington,.O. peaked in the 1950s at about 802,000, and declined steadily
until 2000, when population was approximately equal to 572,000. The last ten years have
witnessed some population gains, as the estimated 2009 population is approximately equal to
600,000. In pdicular, the population is estimated to have grown from 577,000 in 2003 to
586,000 in 2007 although the scho@ge population has actually declined from 82,000 to
76,000 The racial breakdown of the city has changed as well over the last two decandgs, goi
from 28, 65 and 5 percent White, Black and Hispanic in 19903&) 55 and 8 percent

respectively in 2007. Despite these changes, the city remains highly segregated by race and

14 Source: Population Division, U.S. Census Bur&@uhootage population includes children between 5 and 17
years old. An alternative measure of the size of seagelpopulation is total school enrolimenpireschool
through 13' grade, which has also declined from 87,000 to 81,000 students (see Figure 2).
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income. In 2006, median household income was $92,000 for whites, $34,50acks Filardo
et al,2008).

2.3.1. Basic trends

In 2007, B percent of students attended public schools, 22 percent charter school€) and 2
percent private schooltn what followsfit ot a | enr ol |l ment overpublicer s t o
private andcharter schools nd fAt ot al publico refers to enrol
aggregate of public and charter schools).

In national assessments, DC public schools have ranked consistently at thedbdtliem
nationin recent years. For instee, in 2009 the percent of 4r 8" graders who are at or above
the proficiency level in reading according to the National Assessment for Educational Progress
was higher in all 50 states than in DS€infilarly for matl). Perhaps for this reason, charter
schools have grown rapidig DC since their inception in 1996. During our sample peaiode
the number of charter school campuses almost doubled, going from 31 to 59, whereas the
number of publiand privateschool campuses declined slightly agsult of a few closings and
mergers (se€igure 1 and Table)2Over the sample period, 42 percent of private schools are
Catholic, 25 percent are Other Religious, and 33 percent are Nonsectarian (see Table 6a).

Even though total enroliment has declirmebr timeby about6,000 studentsenroliment
in charter schools has risapproximately by the same amousee Figure 2)As a result, the
market share of charter schools has grown from 13 to 22 percent (see FigundcBartershare
relative to totapublic enrollmenhas risen froni6 to 28 percent

As Table & shows,private schools are demographically quite different from public and
charter schools. For instance, 51 percent of private school students are white and 39 percent
black, whereas about &d 83 percent of students in the public system are white and black,
respectively. Moreover, private schools tend to be located in neighborhoods (Census tracts) with
higher household inconmtéan public schoolsThis point is illustrated by Figures 4a thgh 4f,
which depict the geographic location of public, private and charter schools at the beginning and

end of our sample period.
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A comparison of public and charter schools reveals that althBlaglks and Hispanics
account formost of the enrollment ithe public systemcharters tend to enroll proportionately
more Blacks and fewer Hispanics than public schools. They also tend to enroll a higher fraction
of low-income students. Moreover, they tend to locat@anrerneighborhoods. On average,
achievemenis quite similaramongpublic and charter schools.

Public schools are highlyeterogeneous, as are charters and private schools. Table 1b
illustrates the heterogeneity of private schools. Catholic schools tend to locate in poorer
neighborhoods than otheeligious or norsectarian private schools. WhereBtacks and
Hispanics constitute almost 60% of Catholic school enrollment, 60% of the students in other

private schools are white.

2.3.2.Variation by grade level

As column (1)of Table & shows, abotwo thirds of public schools are elementary. In contrast,
43 percent of charter campuses are elementamy 51 percent of private schools are
elementary/middleFurthermore, while only 4 percent of public schools griadelevels, about
a third of charte campusesand three quarters of private schoofsx levels In general,
elementary schools are smaller in terms of enrollment than middle schools, which are in turn
smaller than high schools. Nonetheless, at every level chartessnatier than public $wols,
and private schools are smaller than charters. The exception is high schools, as average
enrollment in public and private schools is very similar yet higher than in charters. Different
private schools, in turn, focus on different grade levels (sé&eT13b). For instance, 77 percent of
Catholic schools offer elementary/middle grades and only 15 percent offer high school grades,
although the latter account for 42 percent of their total enrollment. In contrast, other religious
and nonrsectarian schoolkave very low enrolment in high schools, yet approximately 60
percent of their enroliment pertains to elementary/middle/high schools.

During the sample period, 55 percent of charter enrollment corresponds to preschool
through &' grade, 19 percent to grades 7 and 8, and 26 percent to grades 9 through 12.
Importantly,marketshare for public, private and charter schoadli$fer greatly among individual

grades (see Figwseba, 5b and 5¢ a feature of our data which we intend to lexpin the
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estimation.For instance, private school shares grow steadily from prekindergarten uf to 12
grade, thus peaking for high school grades at about 27 percent. Charter schoglestiafes 7'

grade, followed by Band &' grade. Among the reamning grades, there imather charter share

peak for kindergarten. During our sample periclgartermarket share has grown the most for
early childhood and middle school grad&harter shares peak fol' grade because this is a
natural entry point, sice elementary schools in DCPS offer up tbgsade and hence force
children to switch schools for middle school. Moreover, many charters only take in new students
in 7" grade. Note that the middle school peak for charters seems to absorb mostly shadents
would otherwise attend public schools.

It is quite common for charter schools to add grades over time until completing the grade
coverage stated in the charter. For instance,
school will offer kingergarten through"™grade, yet the school may open with kindergarten and
first grade, add second grade the following year, third grade the year after, and so on. In fact, of
the 30 campuses that entered between 2003 and 2006, 26 added grades durnmgehzesad.

While most additions were at the top (in the example above, adding second grade the second
year of operations), some of them were at the bottom (as it would be the case if in the example
above, the school added prekindergarten).

The variationin marketshare across gradbg school typeaaises the question of whether
the student bodglsovaries across grade levels. The answer to this question is yes, as&able 4
shows.Much of this variation, however, reflects the variation in school typesadevels. For
instance, the high percent of white students in middle/high and elementary/middle/high schools
reflects the fact that thegmixed) levels are mostlyprovidedby private schools. Hence, Table
4b characterizes the student body at each lbyeschool type. Among public schools, high
schools have lower fractions of ledwcome students than other leyElsand niddle and high
schools tend to be located in Census tracts with higher average income than elementary or

elementary/middle schools.

15 This is consistent with the fact that the percentsfgehildren who qualify for freeor reducedlunch falls with
age for D.C. as a whole. Nonetheless, it is interesting that the fraction-agfdome children in charter schools is
not lower for high school than for elementary or middle school.
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Among public schools, eading andmath proficiencydecline with school levelln
contrast, among charters reading and math proficiencysgeakniddle schoolsinterestingly,
whereas public schools surpass charters in reading and math achievement at the elementary level,
the reverse happens at the other levels. The gap between public and charter proficiency is
greatest at the middle school levelvhile 36 percem of middle school students are proficiemt
mathin public schools, 3 percent ar@roficientin mathin charter schools.

Among private schools, almost two thirds of the enrollment in elementary/maddle
middle schools is black, whereas about halftbé enrollment in high schools is white. In
elementary and middle schools Catholic schools have proportionally more black and Hispanic
students than the other private schools, whereas the reverse happens for high school (see Table
6b). The higher the schblevel, the greater the prevalence of white students in all three types of
private schools, which is consistent with the fact that the percent of white students decreases with

school level in the public system.

2.3.3. Variation by charter focus

As columm (1) of Table & shows, over the sample period percent of the campuses
offered a core curriculum. Among the remaining campuses, the most pdpalesesare
language, arts and vocational. However, this pattepragram specializatiodiffers by level
While 56 and 74 percent of elementary and middle schools offer a core curriculum respectively,
only 21 percent of high schools do. Among the mil@ekl charters, elementary/middle and
elementary/middle/high charters are almost exclusively devotedaie aarriculum, but only 2
percent of middle/high schools offer one. Moreover, language and arts are the more popular
focusesafter core among elementary schools, yet vocational and civics play this role among high
schools.

As expected, differentocusesattract different students (see Taldb). For instance,
language charters (usually focused on Spanish) tend to attract more Hispanic students. At the
elementary and middlschoollevel, math and science charters attract lower fractions of low
income studets than the othdiocuses though the reverse happens at the high school lvel.

fact, d the high school levemath and sciendeave the highest fraction of leilmcome students.
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At the middle and high school level, students in rattiscience charteroutperform students

in other charterdoth in math and reading. If one excludes math and science, the highest average
achievement corresponds to core schools at the elementary and-scigoidé level, and both to

core and civics charters at the highcalHevel.

While average achievement guite similar for public and charter schools, the -top
performing public and charter schools are quite different (see Table 9). Tiperfopming
charter schools are located in much poorer Census tracts, enrolt poumlents and are chosen
by much larger fractions of AfricaAmerican students than the tpprforming public schools.

Interestingly, they offer a core curriculum.

2.3.4. Charter relocations, closings and multipteampus charters

A few campuses have relocated during our samp
most of these campuses started out in a temporary location while they were renovating or
preparing their permanent facilities, and then motetheir permanentatilities The median
distance move is 1.91 miles. Nonetheless, charters that plan to relocate usually inform parents of
their plans ahead of time, so that the families can plan accordingly.

Furthermore, six campuses closed during our sample panddix additionalcampuses
from our samplénave closed since 20@8ee Table 2)Of the closings that took place during our
sample period, four were due to mismanagement and correspond to schools authorized by the
Board of Education. The twother closings weredue to academic reasons and correspond to
schoolsauthorized by PCSB.

As Table 8 shows, our sample includes 45 schools and 63 campuses. In general, multi
campus charters run multiple campuses for the sake of serving different grade levels. For
instance, Friendship has two elementary school campuses (Southeast Academy and
Chanberlain), one elementary/middle school campus (Woodridge), one middle school campus
(Blow-Pierce), and one high school campus (College). The 10-oawtpus schools in our
sample accounted for by 26 campuses and 46 percent of the charter enrolimerthdigample
period. Multkcampus schools tend to focus more on a core curriculum (70 percent of them do, v.

54 percent among sing@mpus schools) and to enroll slightly more Afridamericans (89
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percent of their students are AfricAmerican, relative d 82 percent among singt@ampus
schools). A slightly higher fraction of their students is proficient in Reading or Math (39 and 37

percent in singkeampus charters v. 40 and 40 percent respectively in-oaunttpus charters).

2.3.5. Early v. recent entrats

Given our focus on charter entry, an important question is whether the 27 campuses that entered
before our sample period (fearly entrastso) é
that entered during our s aabip10showsethesedveb groups e c e n
are indeed different along a number of dimensions. Recent entrants tend to be smaller and more
concentrated at the elementary or midsttboollevel. They are also more likely to belong to a
multi-campus charter organizeti. They enroll lower fractions of blacks and lawome
students, and their achievement is lower on average. They are also less likely to offer a core
curriculum.

To summarize, our datet is unique and draws from a variety of sources. It has not been
compiled or used by any other researcher befdi@eover, itfeaturesarich variation over time
and across schools that will help us identify the parameters of our notle. next section we

formulate the model.

3. Model

In this sectiorwe develop our model of chartschool entry and equilibrium. In this model, the
economy is Washington, D.C. There are public, private and charter schools in the economy.
Each school serves a different grade level, and there is a finite set of gradgdémlentary,

middle, high, and combinations of these such as elementary/middle). The economy encompasses
multiple neighborhood®r locations At each point in time,ach neighborhootlas a prospective

entrant for each grade level and focus. We use themte ientry pointo to
combination of location, grade level and focus.iAcumbentcharter schootlecides whether to

remain operor exit whereas grospectivecharter school entrant chooses whether to enter or

not. The prospective entrant fa@sts demand and revenuecase of entering in its entry point,
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and enters if the expected net revenue is positifiblic and private schools in the model are
passive; lte prospective entrant takes the locations, grades seawmddfocusof public and
private schools as given (it also takes private school tuitions as given).

The economy is populated by househottat live in different locations and have
children who are eligible for different graddsor a given household, the school choice set
consiss of the public school assigned to the household by virtue of its residential location and
the age of iIts chil d, and all private and <ch
grade, since private and charter schools hawesidence requirem&nFor a given entry point,
the prospective entrant forecasts its revenue based on a model of household chpredithst
the clientele that would be attractiedthat entry pointn competition with the incumbent public
schoolsin that location, andllaprivate and charter school$he prospective entrant confronts
uncertaintyabout its own qualityn the form of an unknown shock that will affect demand if it
should enter.

The model thus has two stages, an entry stage and a household choicBistagbe
latter is used in the former, we begin by presenting the model of household choice of school. Our

school choice frameworttraws fromBayer and Timmins (2007).

3.1 School Choice and Market Equilibrium

The economy includesschools, each one offering at least one grade. The economy is populated
by households that have one child each. Il n wh

and fAstudent 0 i ntisdescribeal byg,OF,b,é¢)wheeSt udent
1 g is the grade of the studer®ur data covers 15 grades: preschool;kimdergarten,

kindergarten, and grade® through 12

1 D is avector describing student demographics. In our empirical application this vector
has 5 rows, each one storing a 0 or 1 depending on whether the housdBlalckjs
White, Hispanicor Asian (default race is Other Races), and-losome (this indicator

equds 1 if the student qualifies for freer reduced lunch, and O otherwise).

18 A potertial extension is to have a charter schaathorizerthat imposes a minimum threshold for net revenue to
internalize the externalities that a failing school imposes on its students.
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T < {l,...,L} is the location of the household in one of thpossibleneighborhoods of

the school district. In our empirical application, each location correspondscensus
block group. The location of a student determines her distance with respect to each
school*’
T lis the i ncome of the studentdés family.
1T eéis a vector that describes the studentods |
We usej andt subscriptgo denote respectively a schbbénd year.Our data includes=281
schools and=5 years(between 2003 and 2007A household s ae ldepends on several
variables that characterize a particular school and that are observed by the household at the time
of making its choice:
T kis the school 6s danotes dhe setl of graaéerved.A halisehold u s
chooses among the set oheols that offer the grade needed by its child.

% reflectsexogenousharacteristics of the match between the household and a school,
such as the distance from the household to the scimowahat follows we refer tog; as
fdi stance. 0
'y, denotes school characteristidsosen by the school, and whose choice we mindel
charter schools On e exampl e i s t h e Hencetorthp fod s t h
presentational clarity, weilkrefer to y; asfifocuso Denote byY the numberof possible

focusesthat charter schools can offer. We assume that public schools only offer one
focus, a core curriculum. Private schoo#s offer one of three focuses (Catholither
Religious, nonsectarian). We do not model focus choice for public or private schools.

T p, denotes school characteristics that we view as exogenous. One example is tuition in

the case of private schools (tuition can vary by gyaBublic and charter schools must

charge zero tuition. In what follows, we referpg as At ui ti on. o

"We assume that a student ds | o choicdobschodl. Sor mddelsofjoina nd does
residential and school choice, see Nechyba (1999, 2000) and Ferreyra (2007, 2009). In our empirical application,
distance is measured as network distance, which can be expressed in miles or minutes (of travel time).

181f the school has only one campiisefers to the school; otherwise it refers to the campus. In this section we use
Aschool 6 and Acampusd interchangeabl y.
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1 II_)jt represents endogenous student peer characteristics sttittent body at thechool

that are a resultf aggregate household choicés our empirical application this vector

has 4 rows which store percent of Black, White, Hispanic students (default race is Other
Races), and percent of lewwcome students respectivelfhese characteristics may
change ovetime, as household choices change.

T Xj. is an unobserved (to us) characteristic of the school and grade. This includes

characteristics of the teacher such as her responsiveness to parents and her enthusiasm in
the classroom; physat characteristics of the classroom, etc.

1 X4is an unobserved (to us) characteristic
achievement (in contraskj, affects household satisfaction with the scheud grade for

reasons other than achievement). Thuégtcaptures elements such as teacher

effectiveness at raising achievement, the usefulness of the grade curricula to enhance
learning, etc.

Whiley;, p,,and Djt all represent schodapecific characteristics, an important

distinction is thaty, and p,, are chosen by the school, wherd§§ results from household

choices.
Since we have enrollment data for each school, grade and year, we define a market as a

grade. The size of the market for grafm yeartis M_ , equal to the number of students who

gt’
are supposed to esirin gradeg at timet.

The householéhdirectutility function is

1 Uijgt =afgt T et
where a?gt is thecommonuitility enjoyed by all the gradg children who enroll in schoqgl at

timet, /ﬁgt is astudentspecific deviationrom the common schograde utility, andg,, is an

individual idiosyncratic preference ford) att. Thecommon utilitydepends on school and peer
characteristics as follows:

2. d,=y, b, ‘a4

jgt Jot
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Here, a and b are vectors of parameters what follows, we refer tox, as apreference

shock for schog] and gradey at timet. At this point, a brief remark on notation may be helpful.
Some components of the above utility function above are denoted with a prime, and some
elements of achievement below are denoted with a double prime. This will permit us to
economize on notationelbow when elements from the two components of the model are
combined.

The householdpecific component of utilitis given by

3. my =E(Ay) DY bBQ " &+ o8l p )
This component of utility depends on the expected achievement of the st@Agt) , which is
explained in greater detail below. It also depends onirttexaction of y; and D,, which

captures the variation in attractiveness tbhé thematic focus across students of different

demographi groups and thenteraction of D. and D, , whichcaptures the potential variation in

it ?
preferences for school peer characteristics across different demographic. ¢gmoagdition, it
depends on the distandteet ween the househol dbés residence
tuition.*®

Student achievement depends on a segomde factor common to all studen®,,, a

student 6s demographi c c¢har actestudest{captured by theh e f i
interaction of student demographics and focus), armkrameanidiosyncratic achievement

shockr,,

4. Ag=Qu W ¥DD f

As with mostempirical analyses of schools, we do not have detailed measures of variables such

which parents do not observe at the time of choosing a school

as parental income, wealth or education. Differences in such variables across racial and ethnic
groups motivate our inclusion of indicators for race andiltsome status (igibility for free or
reduced lunch) in the achievement equation. As detailed belowchioelgradefactor, Q,,

depends on the thematic focus of the school, peer characteristics of the student population, and a

¥ As in BLP, our underlying utility function is Cobbouglas in disposable income after tuitiamcharacteristics of
the school and irexp(«s,’jgt ). Taking logs of this underlying utility yields (1).
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productivity shockxj, for schoolj and gradey at datet. Since peer characteristic measures are

available at the school but not the grade level, below we do not place the supsoript:

5. Qu=yb D a ¥
Substituting (5) into (4), we obtain

6. Ag=Yb D a B wyD byt
Since @rents observexj'gt at the time theghoose a school, their expectation of (6) is:

7. HAJd=yb D a B wyD by,
Substituting(7) into (3), we obtain:

g. Th=Y, b A, aF yH DR x algW B) -
wherew= w . The coefficient of the interactiaof y; and D, is & = "b + /. This interaction
capturesboth the variation in attractiveness ofsac hool 6 s f ocus across st
demographic groupsh ) and the fit between focus and student type in the achievement function
(F7b).

Substitute (2) and (8) into (1) and regroup terms to obtain:
9. Ujp =0y +f7 %

where d.

[ @and m, are defined below in (10) and (12). We now turn to a discussion of these

terms, beginning with the common utility componeh:

10. d,

gt

=y, b, af,
In this expression, the coefficient f captures both household preference for school focus and

impact of focus on achievemet= b + 7. Thus, the modetapturesan interesting potential
tensionbetween school characteristics that enhance productivity and school characteristics that
attract students. For example, a long school day may enhance achievement, but parents and
students may not like the longer d&milarly, the coefficient oijt captures both household
preference for peer characteristics and the impact of peer characteristics on student achievement:

a = a + f. The error term in (10)mpounds both greferenceand a prodctivity shock:
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X = ﬁ + Igt We will refer to this composite shock as a demand shock. Since the demand

shock captures unobserved schgde elements that affect both utility and achievement, it
reflects the same kind of tension described above. For igstpaents may like the atmosphere
created by a teacher in her classroom and the enthusiasm she instills in the students even if these
are not reflected in higher achievement. Following Nevo (2000, 2001), we decompose the
demand shock as follows:

1. Xg = fHg X T Xy

In this decomposition, the schespecific componeni; captures elements that are common to

al |l grades in the school and constant over ti

its facilities (provded facilities do not change over time). The graplecific componentx;

captures elements that are common to a given grade across schools and over time. For instance,

grades have more classrooms in middle than elementary schodaseatiis bigger. The time

specific componenk; captures shocks that are common to all schools and grades and vary over
time, such as changes in accountability or testing requirements. Hgregx +, is the mean

unobserved characteristic for schgaind gradeg at timet, and Dx,, is a deviation from this
mean. This deviation is due, for instance, to changes of teachers over time for a particular grade

and schoolWe assume th&(Dx., )=0.

jat
The householspecific component of (9) is:
12. my =0 wy D 6RO " &+ dog(l R )
Since the household may choose not to send its child to any school, we introduce an
outside goodj€0). The indirect utility from this outside optiast
13.Ujo =/ log(l}) +g& DB W gt
Since we cannot identify,, and usseparately from theq,t er ms of t he fAinsi dec«
w, we apply the following normalizationsg,, =0 and 1, =0.

Let Jgt denote the choice set of schools available to househeddo must send its child

to gradeg, at timet. Note that for a given grade, this choice set differs across households at a

given time because of household residential location. It also differs over time for aogiagon
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because of the entry and exit of schotblat serve that gradéet X; denote the observable

variables that are either specific to the household or the match between the household and the

school:D,I;, ands; A householdhat must send its child to gradeat timet choosesa school

from the setJ;t in order to maximize its utility (it may also choose not to send its child to

school). Assumingthat the idiosyncratic error terms ir®)(and (13)are i.i.d. type | extreme
value, we carexpress the probability that householdhooses schoglin gradeg at datet as

follows:
exp(djgt+ rﬁ?)
exp(j Iog(li))+£_1 expﬁ a, +ik6ﬁ

where ¢° refers to the collection of demasitle parameters to be estimated. bhé¢D, ¢, g) be

14. Pjgt(yi’yj’Dt’Dit Kot o+ Kot o Bt Pige X d)7:

the joint distribution of students over demographics, locations and grades in the economy, and let

h(D,¢|g) be the joint distribution of demographics and location conditional on a particular

grade. Recall that each locatidgnis associated with a distance to each school. Given (14), the

number of students choosing schpahd gradej at timet is equal to:

15. Ny =fj PR)d D] g

(D
Thus, the market share attained by sclhdaoligradeg at timet is equal to:
16 O.D L0y =g
S (Y ¥ B Dy Xs X R s P s °F VIR
gt
Similarly, the equilibrium values of the student peer characteristics are as fllows:

A P PREIIND.L, 9
B o . d (gl kD
17. D, (¥, YD Dy Xy » X Ry + P 3 07 A . h(De, 9

(gl kD

We will discusshow we match the empirical counterparts of the above quantities to those

predicted by the model in Section 4. Note thaequilibrium, the school peer characteristics

%% Although numerator and denominator add over all locatiooe that in the case of public schools, a child who
residesoutsidetrec hool 6 s attendance zone does not count the sch
other words, the child has zero probability of attending that particular public school.
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taking as given by the families when making their school choices are the actual peer
cha acteristics, as determined by familiesd cho
Using the preceding and (6), achievement at the school level is:

18. A =5 D, r ¥R THTHE A
In this equationy =(a + The school fixed effect embodie

and the mean of its graespecific productivity shocks. The time fixed effect captures changes

that affect achievement in all schools and grades, such as modifications to the assessment
instrument. The error term captures school idiosyncratic producthaigks and the mean of the
idiosyncratic components of performance of th
derivation of (18).

3.2 Charter Schools

We distinguish between potential entrant and incumbent charter schools. Apart fraotutle
decision to enter, the main differentiating factor is that entrants are more uncertain about their
demand shocks. Incumbent charters choose whether to remain in the market or exit, and whether
to stay in the same location or move in case of remgimrthe market. We do not model the

entry or exit decisions of public or private schools.

3.2.1 Entrants

A few institutional details about charter school entry will provide a context for our modeling
choices regarding charter entry. If a charter wiglespen in the Fall of year X, then it must

submit its application by February of{)). The Washington, D.C. charter law specifies that the
school 6s application must i nclude a descripti
student population(if any), educational methods, intended location, recruiting methods for
students, and an enrollment projection. The applicant must also file letters of support from the
community, and specify two potent i aditopthe ent s
application must contain a plan for growtiwhat grades will be added, at what pace, etc.
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At the time of submitting its application, the school must provide reasonable evidence
that it will be able to secure a facility. The authorizer evaluates the enrollment projection by
considering the enroliment in nearby public schools, similar incumibemters, the size of the
school 6s intended building, and how many stud
the expected fixed costs.

If the application is approved, the charter receives approval notice in April or May of (X
1) and must startegotiations with the authorizer on a few issues, including the building. At the
time of receiving the approval notice, the school should have secured a building, or else the
negotiations with the authorizer will break down. Provided the school securdsliad) it then
uses the following twelve months to hire and train its prospective leaders, renovate the building
(if needed), recruit students and teachers, and get ready to open its doors.

Charters are very aggressive in their efforts to recruit stad@iney do neighborhood
searches, go to churches, contact parents directly, post flyers at public transportation stops and
local shops, advertise in local newspapers and in schools that are being closed down or
reconstituted, and host open houses. PCSBbal conducts a firecruitment
charters participate in it. Word of mouth among parents also plays an important role. This is
aided by the fact that the board of each charter must include two parents with children in the
school.

Based orits projected enrollment, our hypothetical charter opening in Fall of X receives
its first installmentof fundsin July of X. This means that any previous down payment on the
facilities must be funded through a loan. An enroliment audit is conducted abédaif X, and
installments are adjusted accordingly.

Charters can run surplusishis is the case, for instance, of charters that are planning on
expanding in the future. They can also run deficits, as is the case with schools whose actual
enrolment istoo low relative to their fixed costs. However, PCSB only tolerates temporary
deficits, and only in the case in which the school is meeting its academic targets. Thus, attracting
and retaining students is of utmost importance to chartBetween 2004 and2010, PCSB
received 89 applications, of which 29 were approved.

Having laid down some institutional details of charter school entry, we turn now to the

entry model. Recall that we have defined an entry point for charters as a combination of location
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¢, focusy and grade levek. We assume there is one prospective charter entraedgch entr
point per period. The prospective entrant uses the preceding demand model to forecast its
revenue in case of entering, and enters if theeted profit imon-negative. In thestimationof
the supply sidewe consider aeighborhood clusters a prospective entry locatioh.
Recall thatthe demand shock for schopin gradeg at timet can be decomposed as

Xy = X+, X+ X+, . Theschootspecific component of this shock,, is a permanent shock
and reflects the fAqualityo of the s obefooel . Pro
entering. In contrast, incumbents know theqr, and these are public information. Both
prospective entrants and incumbents obseqy®ecause it is timévariant and common to all

schools that offeg. Similarly, both prospective entrants and incuntbebservex, because it is

common to all schools in periadAt the beginning of, neither entrants nor incumbents observe
Dxq, -
In this oneperiod model, the timing of eventstirs as follows:
1. At the beginning oft, each incumbentharterchooses whether to stay its current
location, move to another locatioor exit from the marketOnce they are made,
i ncumbent sd decisions become public inform
2. The prospective entrant in each entrynpa@hooses whether to enter or nBecall that
when making this decision, the prospective entrant does not obsexyertbx,, .
3. At the end ot, households observe the demand shogksof all schoolsincluding new
entrans and incumbents. Households choose schools based on this information.
We now provide further details on the information structure. As explained above, at the

time of entry the potential entrant does not observedtwas peci f i ¢ xfaqisal i ty,

schoolgradetime specific componentBx.

o - With regards tox;, all the entrant knows is that

X; is drawn from a normal distribution with meam; and standard deviatios, . If the

prospective entrant does indeed enter, it conducts a number of activities that enable ittp learn

2L A neighborhood cluster is a collection of Census tracts thatda afted by DC planning agencies to proxy for a
Ainei ghborhood. 6 While D.C. includes 188 Census tracts,
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- it advertises its services, hosts open houses, hires a principal and teachers, participates in
charter fairs, engages in fundraising, etc. These activities enable both the new charter and the
parents to | earn about t h e to allcphroes théreafterii \Witha | 1 t vy

regards toDx:

i« » all the entrant knows is that it comes from a normal distribution with mgan

and standard deviatios,,. We assume thak; and Dx

« are independent. Thus, at the

beginning of period the prospective entrant perceiveg to be distributed normally with mean

equal to /g + X + X+ , and variancequal tos; + § .

B
When forecasting its market share, the prospective entrant obsgrf@sall other

schools and knows the decisions made by incumbents at the beginningWiiile the

prospective entrant doesot observ®x . for incumbentsij, it evaluates its forecast at

ot
Dx . . We assume that the prospective entrant ignores the effect of other potential entrants
when forecasting its own reventfe.

Prospective entrarjtin location ¢, grade levelk and focusy computes its expected

revenue in case of entering as follows:

19. Egsy [ (6 YK) G AS(Y Y R D g R s N L 4 57 s

Xjot

whereTj indicates all incumbent schools, and,, is evaluated assumingx ;= 0. Similarly,

the prospective entrant forecasts its peer composition as follows:

20. EED, |y, gﬁf)lt(y,yj,fj},bﬁ%t,),g(,p,gt_;"dl\(xﬁg x %21772*}

Xjot

Let R, denote the reimbursement per studengrade g that a charteschoolobtains?® Let V,

denote variable costser student; these may differ by grade le¥el.et z be an entry fee which

#2\We adopt this assumption for two reasons. First, in this relatively early stage of the charter movement charters
were mostly competing with incumbent public (and private) schools, as explained before. Second, entry is
sufficiently rare in the data that ignoring other potential entrants may be a safe assumption.

% For a given year, this reimbursement varies acrossgra . For 2007, the base reimburs
equal to $8002.06, and is adjusted by a gisuiific factor which is highest for high school and preschool. The
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is only paid when entering. Let, denotefixed costswhich nust be paid every year that the

school is open. These may vary by location and time, as the main component of fixédlests
cost of facilitiesi varies across locations and over time.
The expected revenue net of costshagrospective entrarntin location ¢, grade level

k and focusgy is
21 Pl 8) =B MERSL 1.y WeR M) - &L
gl

where g° :{ o 8 oM. SV E, V\} refers to the collection of supplide parameters to be
estimated, andr;,, i s measurement error in the charter
econometrician. The prospective entrant enters if its expected revenuerisgative. In theg®

vector, parametewr denotes relocation costs and isdibelow in our model of incumbents. We

assume that the utility of not entering is equabfo We assume that the error termf, and

ng, are i.i.d. type | extreme value.

In practice, acharter school may serve only a single grade in the first year and grow into
its full grade level over time. For example, a middle school that intends to $&rv/8 &énd &
grade may enter serving onl¥ §rade in its first year, then addinfj gradein its second year
and & grade in its third year. Our characterization(21) assumes that the school decides on
entry based on whether it expects mayative net revenues were it serving its full set of grades
from the beginning of its operations.

3.2.2 Incumbents

Having previously entered, an incumbent school only faces uncertainty over the vag, of

The incumbent knows thdDx:

o« 1S distributed normally with meawmg, and standard deviation

S+ 1N addition, incumbent schools do not change their thematic focus or their grade levels. An

foundation is adjusted by inflation every yelaraddition, darters in D.C. receiva facility allowance per child,
equal to $2,809.59 in 2007.
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incumbent charter school decides whether it will continue opegtion if so, whether to stay
in the currentdcation or move to any of the other locations in the economy. Moving imposes
cost w. When forecasting revenues in the current and alternative locations, the incumbent

evaluatesDx ot

at zero for other incumbents, and ignores the effect of potential erfftaitts.
incumbent also assumes that other incumbents will not move.

An incumbentcharter schooj located in ¢, with focusy and grade levek continues in
operation at its current location, moves to a different location or exits entirely according to the

outcome of the following optimization problem:

é . X i : : ,
TPiisiay = A M gtEgsigJ(c, Y, & @%t -y) + if stays in locatiom
| gl &

22. P ( E;):max{ Woe AMEgs ¢y, ) BR, ¥) B w- ', #if moves to location

| gl k
[ _
Pl = T if exits

where 7, i s measurement error in the incumbentd

econometrician, and the expectations are taken over the distributibw; pf We assume that

1, andn, follow an i.i.d. type | extreme value distribution.

4. Estimation

To estimate the model, we proceed in three stages. First, we estimate heapdrameters

g°. Second, we estimate supjsligle parameterg®. Third, we estimate achievemefuinction

parameters. Below we describe each stage.

4.1 Demand Estimation

*\We make this assumption based on the fact that both incumbens ama/eew entry are relatively infrequent in
the sample.
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We formulatehousehold choice of schoat a discretehoice problem and estimate preference
parametersising an approach based obFAB An important pint of departureelative to BLPis
our inclusion of endogenous peer characteristics of each schoolisehold utility BLP allows
for endogeneity in prices but assumes all other observed product characteristics are exogenous.
In our settingschoolpee characteristics are the result of aggregate student choices, such as the
fraction of a school 6s student body that i s
characteristics are an equilibrium outcome yet simultaneously determine aggregate aimbices
represent an additional source of endogeneity. These endogenous school characteristics are
similar to the local spillovers in the Bayer and Timmins (2007) model of sorting.

Since we view each grade as a markat, @ataconsists ofa panel of marketsTo form
the necessary moment conditions, we must firs
relative to market sizeThe paragraphs that follow describe this calculation and the
computational implementation of the model.

For gradeg and yeat, market sizeM, is the number of children eligible for that grade.

The main difficulty in calculating market size is that we do not have direct information on the
number of children eligible for each grade in each yAppendixIll describesour solution to
this problem and owalculaton of market size and outside good share for each grade and year.

In the model,the economyis a collection of locations. For the sake of our demand
estimation, docation ( consists ofa Census block group (there are 433 block groups in D.C.)
and ech location is populated by househaldat arecharacterized by two features: the grade
that i1its child must attend, and it smintledesogr aph
race (4 categories: White, Black, Hispanic, and Asian), income (16 values for income, each one
representing the midpoint of the corresponding Census income bracket), and poverty status (2
categories: eligible for freeor reducedunch, and not eligle). Thus, we haveM =128
(=4*16*2) household types for each of our 15 grades and 433 locations.

As for the household measuresing 2000 Census data we calculate year2000
number of households with children eligible for grgda location ( that belong to demographic

typem, or m,,, (see AppendirV for further details on the construction of these measures). Note
that m, varies across grades for a given location and demographic type; across demographic

types for a given grade and location, and across locations, grades and demographic types as well.
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Since we do not observe the joint distribution of locatgnade, and demographic type
for our sample perigdin order to obtain the corresponding measures for years 2003 through

2007 we treat the year 200@r, measures as a baseline and adjust them by a (grade, year)

specific factor.This adjustment is meant to reflect the growttthe number of children eligible
for each grad€a growth thapotentially varies by grade and yearhe adjustmentelies on the
assumption that while the marginal distribution of child age may change over time, the
distribution of demographic type and location conditional on (@gegrade)remains constant

(seeAppendix|V for additional details)in what follows we efer torr,,, as yeatb s measur e

students for each location, grade, and demographic type.

As for school choice setsye use attendance zone boundaries in D.C. to determine the
public school to which each locatiohis assigned for public schools at the elementary, middle
and high school level (attendance zones are larger for middle and high schools than for
elementary schools). These boundaries changed once during our sample period (in 2005), mostly
to accommodatethe public school closings and consolidationat ttbok place in previous
years® Thus, for household of demographic typesending its child to gradg andresiding in
location (, at timet the choice set is given by the neighborhood public school offering grade
(identified through attendance zone boundaries as described above), and all private and charter
schools in the economy offering graglat timet.

Aggregating over all householdemographic types fogradeg, we can compute the
predicted number of children enrolled in schipahd gradey at timet as®®

23. lEigt :é:éﬂgﬁﬁ’ yj ! q’bit ’)qgt ’ )ﬁt ’ Ebt ! pjg% ' R&Jt ; d)7Imgt’

where the sefX . includes the variables that characterize households who live in logatoa

Imjt
belong to demographic typein yeart: the race, income and poverty status of householdntype

and the distance from locatiof to schoolj. The set X, . varies over time because changes in

Imijt

the marginal distribution of grade (or age) affect the joint distribution of grade, location, and

*See Appendix IV for further details on the construction of choite se

% Note that for public schoolsne does not need to aggregate over households in all location, given that only
households that reside in the corresponding attendance zone are eligible to attend the schools.
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demographic type. Denote by, the union of althe X, . setsfor timet. Based on the above, the

Imj

predicted enroliment share fqrg) att is equal to:

.
24, ﬁgt:M—Jgt

gt
Aggregating over all household types in schpale obtain the predicted equilibrium peer

characteristics:

L M
- a/.( a @mpjgt(') n?gmt
l ki (4 mE
o5 Iﬁjt _ gkt

NE,
where D, are the demographic characteristics of a householdeafographictype m, and
NE, = a NE.
gl &

We do not expect the model perfectly predict theschoolpeer characteristic Thus, the

following relates the observed and predicted value of peer characterifﬁjpanmlﬁt,

respectively):

2. 5, =D, +,
where u, is estimation error, possibly due to sampling variation or measurement errdr. het
the number of schoglear observations in our datd, be the number of schogradeyear

observations, andD" be the number oftudent bodycharacteristicst the school levelThen,

stacking the estimation error for all schgelar observations and demographic characteristics

yields he (J°3 D) vectoru.
Denote by J” the total number o$chootgradeyear enrollmenshares, and bydx the

correspondingector of J© schootgradeyearspecific deviationsrom mean unobserved utility

As in BLP, we assume the following moment condition:
27. EgI)X|Z“,X g0
whereX is the vertical stacking of alX, matrices, andZ” is a J” 3 Lmatrix of instruments,

with L >dim(q°'), that are assumed to kenditionally independent of th&choolgradetime
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specific deviations from the demand shodlhe instruments in our application are critical
because schools and householddyikdserve numerous factors that influence household school
choice but are uraserved to usWe discuss our instruments in section 4n3addition, we have

the following moment condition on the estimation error of peer characteristics:

28. Egu|Z,X go
where Z' is a (J*3 D*) 3K matrix of instruments. These conditional monsegteld the

following 2K moment conditions:
29. EgZ Dx ﬁto
30. EgZ u go
Denote by J,the number of schools in the data in yeatet &, be the set of grades

covered by schoglin yeart. The sample analogs ofgRand @0) are the following twokK 3 1

vectors:
3L
1 1% -
a) Gs(XZ )_JTa a ,ijgt ngt
t=1 j 29 Ay
T J[-- 1
b) UZ)=-a 87 Y4
t=1 j %

where ngt and ngt are two13 K vectors of instruments.

To estimate the model, we reformulate the problem as a mathematical program with

equilibrium constraints (MPEC). Deébet al(2010, building on Su and Judd (201&how how

to estimate the aggregate demand modeBli® as a constrained optimization problehat
simultaneously calculates the mean utiliteesd estimates thatility preference parameters
Thus a key benefit in followinghe MPEC approach is that we avoidmerically invering the
market shares to obtain the mean utilities within a nestehiaation, which significantly
improves the speed and robustness of estimation. \@#ybdescribe the method below and
direct the reader to Dubé et al (2010) for details.
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Let s be the vector that contains tlatobserved market shes, and letD be the vector

that contains theJ'3 D observed peer characteristics. L&t and§ be their predicted
counterparts. Let] be the 2K vector that stacks the and g, vectors in 81). The MPEC

objective function minimizes an analog of a GMM objectiuaction subject to a set of

constraints:

whereW is a weighing matrix. In contrast to the nested fixed point optimization in BLP, the

MPEC algorithm simultaneously searches over values for the demand shoeksl preference

parametersy®. Given values for these, we can calculate the predicted market shares. The first
constraintof the MPEC problenensures the observed enrollment shamestch the enroliment
shares predicted by the model given values for the n@rede parameters, demand shocks, and
(observed) peer characteristics. The second constraint enforces the necessary equilibrium
condition that observed peer characteristics match expected peer characteristidhaiNtut

calculate the predicted enrollmenth ar es, we evaluate househol dsé

characteristics (namely, in the first constraint we evaldge D rather than 5). Thus, the
second condition searches for parameter values that match the predicted peer characteristics with
their observed counterparts. The third constraint is used to simplify computations by converting
the objective function into a quadratic formein

The decomposition of the demand shock in (11) suggests the inclusion of sgheaaé
and timefixed effects in the utility function. However, a schsplecific dummy variable

captures both the value of school characteristics that do not vary oeery;itn, and the schoel
specific mean of unobserved quality,. To estimateb and x; separately, we apply a minimdam

distance procedure as in Nevo (2000, 20019nd@e byB the J3 lvector of schoebkpecific

dummy variables; by the J3 Yvector of school focuses, and by the J3 lvector of schoal
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specific demand shock. Froi0) and (11),B=yb +.. Assuming thatE(x|y)=0, the

estimates ofband xare IE:(y'VB‘ly)'l y\giE and E=B -y respectively, where is the

vector of school dummy coefficients estimated from GMM, &fdis the varianceovariance

matrix of these estimates.

4.2 Supply Estimation

We estimate the supply side parametgtshrough Maximum Likelihood Estimation. Denote by
[, the information available to the econometrician for events previotisTiois includes entry
and exit episodes, school relocations, and characteristitlseoincumbent schools as of the
beginning of the sample period. The likelihood function is then

33. [(¢)= gOPr( . )Jfll O(B'%cyk 45 [qt dF} 8

tley 1=k

whereT is the number of periods in the dalais the number of incumbents at the beginning of
period t,L is the number of locations, andis the total number of focusehat charters can
choose from (recall that for the sake of supgitje estimation, a location is a neighborhood

cluster).

As for the probabilities inside the likabod, Pr(d, =& |T)is the conditional

probability that incumbentt chooses the actiorEjtthat is observed in the data. Recall that the

number of possible actions for the incumbent is equakily as the incumbent caarfction in

any of thel locations or exit. We assigh=0 to the option of exiting. Thus, the probability that
the incumbent choeslocation & . d B {0,1,2,...13 is given by

jt o Yt

1) _oxp{ple (1)

& oo, (1)

:@ﬂ‘

34, Pr(d
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Where,U‘m (It)is the mean profit of incumbepat time t if it locates in/. The profit is given by
(22). The other probability,F‘ré%I(ky = EW |{ d, :djt?tl 1 , describes entry behavior in each
]:

entry point(¢, y,k). The probability of entering is given by

] -vs . = explpe
35. Pré%lgyk = enterl{ q zﬂ}jzl X 81:‘%%)

where oy, is the mean profit fron21).

43 AchievemengEstimation, and Summary

We estimate the parameters of the achievement fundtioil8) by regressing average
achievement by school and year on school focus, demographics, the interaction between focus
and demographics, and school and time fixed effe&tgpendix Il provides the derivation of

(18)). Since the error ternv, includes an idiosyncratic productivityhich varies by school,

grade and time and @bserved by the households when choosing schools, it is correlated with
the school 6s demographic composition. Thus, w
Since not all the parameters of the model are identffied the discussion below), there
are no gains from estimating the achievement regression jointly with the other equations. We
only use the parameters of the achievement function for our counterfactuals.
To summarize, our estimation approach is as fdldwirst, we match enroliment shares
and student demographics in order to estimate the parameters of household preferences and
unobserved school quality. Second, we match charter decisions in order to estimate the
parameters of charter revenues and thtilligion of unobserved quality of all chartehs.this
stage, we use the firstage parameters to compute charter expected revdies.we estimate

the parameters of the achievement function.

44 ldentification and Instruments
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For theidentificaion of the demandide and achievement parametdin® main concern is the
endogeneity of the student body composition in the utility and achievement functions. Much of
this concern is alleviated by the inclusion of schogtade and timespecific dummyvariables
following the demand shock decomposition in (11). However, the concern remains that when

households choose schools, they observe the sghadétime specific deviatiorDx;, , which

we do not observe. This would induce ctatien between student peer characteristizs,

which are an outcome of household choices, mg

We address this correlation by using the following instrumentﬁ_)ferormulti-campus

charters, we instrument for the student body characteristics of one campus with the student body
characteristics of the other campus/es in the same school. The idea behind this strategy is that
campuses of the same school may be perceive@ dsdongi ng t o t he same bl
composition in one campus does not directly affect the utilityoofseholds in another campus,
particularly in the case of campuses that serve different grade levels. This idea is similar to that
of Nevo (2000, Q01), who instruments for the price of a brand in one market with the price of
the same brand in other markets.

For singlecampus charters, our instrument is the student body characteristics in similar
but geographically di gtoants aohedritnerds ,i nwhteerremsii ¢

level 2

For public schools, our instrument is the study body characteristics in public schools that
serve the same grade level and are located in neighborhoods with similar demographics (for
instance, in tracts wit similar average household income) yet are geographically distant. For
private schools, our instrument is the study body characteristics in similar yet distant private
schools, were similarity is measured in terms of focus (Catholic, religiousCatholc,
nonsectarian), grades served, average tuition, and demographic characteristics of the
neighborhood where they are located.

Assuming that these instruments are valid, ngsv turn to the identification of the

achievement function paramete(g, b, } in equation (18). These are identified by the

variation in schoelevel achievement, focus and demographics. Parantetés the main effect

“'This is also the strategy we use foulti-campus charters for the years in which they have only one campus open.
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of school focus on student achievement while is the effect of the match between student
characteristics and the school focus (i.e., the coefficients of the interactions of school focus and
student demographic characteristid®ecall that7 = & + . Thus r impounds the effects of
student so own d e mo gw'a prid i the eftedtsa of apedar edemographicc s ,
characteristics, &', on achievement. Absent studéewel data, these two effects of

demographics cmot be distinguished. For the purpose of counterfactual policy analysis,

however, knowledge of the combined effect, is sufficient.Having multiple observations per
school identifies schodevel fixed effectS)?j in (18), and having multiple school observations
per year identify the time fixed effecss.

The parameters of theommon component of utility(a , £) in equation {0), are
identified. Parametersa capture both the household preference for peer characteristics and the
impact of peer characteristics on student achievemart: @ + 7. As discussed below,
parameter / is not identified This parameter captures the weight on achievement in the
household utility functionWe noted above thaf™ is not identified. Hence, whilea is
identified, its individual components are not. Parametérscapture both the household
preference for school focus and the impact of focus on achievetnentb + 7. Hence, while
b is identified andb’ is identified (as explined above) b is not identified becausé is not
identified. Again, however, from the perspective of counterfactual analysis of the impact of
policieson school choice, identification of the componesftsa and b is not requiredHaving
multiple observations of enrollment share for each grade and school allows us to identify the

schoot, grade and timefixed effects in the demand shock ( x; and x;, respectively).

The parameter§d, 4 ,g, i of the householdpecific component of utility (equation

12) are identified. These measure respectively the utility fromritezaction of own and peer
demographics, the utility from the interaction of own demographics and school focus, the utility

of exogenous factors affecting the schspécific match (e.g., distance to schothe utility of

the achievement impacts of aist e nt 6 s own demographic characte

consumption of all ot her goods. Recal |l that t
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own demographics isv= w . While wis identified, its components are not. As discussed

above, the lack of individudével achievement data prevents us from identifying the

achievement impact of own demographies. Hence, the weight of achievement on utffitis
not identified either. Recall that the coefficient on the interaction of own demographics and

school focus ish = b + 7. While b is identified by enroliment patterns across different

school focuses, and’ is identified as the achievement effect of focus(and f) are not

identified.
On the supply side, the entry fedas identifiedby the frequency of entry in the data. The

fixed cost F,is identified by the variation in entry patterns across locations and over time,
holding entrant and demand characteristics constant. Variable \¢psase identified by the
pattern of entry by grade level holding other things constant. Moving woste identified by

the frequency of moves. Finally, thearameters of the distribution of demand shocks,

m, S, B psare identified by the fguency of entryexit and moves in the datand by the
distribution of x; for the actual entrants (which we estimate based on desidedixed effects).

Note, however, that we cannot estimaétese parametersolely off the distrilntion of the

estimatedx; 0 sor the actual entrants becaus®se parameters pertain tiee distribution of

unobserved school quality fatl charters, including those that do not enter.

5. Discussionand Intended Counterfactuals

In this section wefirst discuss some aspects of the model théght affect our parameter

estimates, and then enumerate the counterfactual scenarios we will evaluate using our estimates.
For all its richness, our data is limited in some regards. Tliregations, most ofwhich

are due tothe unavailability of the correspondinglata, have forced us to ignore certain

institutional features of charter schools in our moB&kt, we do not observe charter capacity or

effective demand (i.e., the numberstfidents who apply to the school). Thus, our model cannot

capture a distinctive aspect of charter schools, namely that they must randomize access in case of

being oversubscribedsecond, we do not observe the complete set of charter applications; we
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only dbserve the applications thatreapproved and entered the market. During the first part of

our sample period there were two charter school authorizers in D.C., the BOE and the PCSB (see
Section 2). Some have suggested that the BOE tended to authorizeqlahty applicants

(Buckley and Schneider 2007) T hi s, i n turn, mi ght hawe | ed
authorizers at the beginning of the sample period, and could have been reflected in a change in
the distribution of schoedpecific quality whenPCSB became the sole authorizer. Third, in

reality charters choose whether to be single multi-campus organizations, in @oice that
probably resembles a store ¢ MWeaplandGesconduetsomei on t
sensitivity analyses aindeatlearningabout the impact of these constraints.

We plan to use our parameter estimates to conduct some counterfactualsveFt,
study the response of charter entry and student sorting to changesstudent funding for
charter schoolsGiven that real estate is a prime concern for charters, we are particularly
interested in examining the consequences of raising the facilities allowance for charters. On a
related note, we will study the response of greater access to facilities (reptesem@dower
fixed cost in some locations). DCPS has made some vacant public school buildings available for
charters (Filardo et al, 2008). As public school enrollment continues to decline, in part for
reasons unrelated to charters, the supply of fasilfite charters should increase. Moroever, in
recent years charters have had increasing acc
for a few years until moving to their permanent location. We can captargréfater access to
initial facilities through lower entry fees and/or lower fixed costs for certain locations.

While many states provide free transportation for children (even for those attending
private or charter schools), D.C. does not provide any busing for public, private or charbér scho
children. Thus, the provision of publielynded busing could alter household choices
significantly. It could also alter the geographic pattern of charter entry and location.

The charter landscape is heavily influenced by the preferences of the zarthidence,
changes in these preferences are likely to affect charter entry and student sorting. For instance,
some claim that the authorizer today is less interested in approving vocational dharteits
was a few years agdhus, t is of interest tostudy whether students would be less likely to

attend charters if they were not of the exact focus that they prefer.
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DCPS has undergone important changes in recent years. These changes include school
closings, consolidations, 4@nfiguration of gradesand adoption of specialized curricula.
Moreover, publieschool choice (with owbf-boundary enroliment) has become more prevalent.

We will study the effect of these changescharter entry and student sorting.

Washington, D.C. is home to a publidiynded voucher program for private schools.
Since the recipients of these vouchers are demographically similar to the students attending
charters (Filardo et al, 2008), an expansion of the current program is likely to affect charter
schools. Our model allowssuo study this issudinally, one of the main demographic changes
affecting most urban school districts in the United States is the loss of sajeablichildren.

Thus, we will explore the response of charters and household to exogenous demographic shocks
that change the potential enrollment in ity as a wholgor that change the income distribution
of the families with schoehge children

0. Conclusion

In this paper we have developed a model of charter school entry and household choice of school
and have devised a estimation strategy for the m¥delwill estimate the model using a unique
dataset for Washington, D.,@vhich incorporates information on all public, charter and private
schools in D.C. between 2003 and 2007. Since we rely on aibeguil framework, we are able
to capture the fact that the student body composition of each school is actually the outcome of
parental choices, and that parents, in turn, respond to this composition when making Wwices.
model charter entrants as beingcartain about their schaespecific quality, and making their
entry decisions based on their expected revenue given the opportunities available to households.
Understanding the decisions made by charters and households helps us predict their
responses to policy changes. Through our counterfactuals we will analyze alternative policies
facing charter schools. Today, charter schowisonly provide children withdaitional school
choices but also provide researchers with r=wdence on school management methods,
educational curricula, arelnumber ofspects in which charters can diverge from public schools
by virtue of the freedoms that have been granted to tfiéunms, in future research we hope to

explore the innovation and competition induced by charters in the education market.
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TABLE 1a
Demograhics and Ahievement at PublicCharter and PrivateSchools
All Schools Public Schools Charter Schools Private Schools
Av 10th 90th Av 10th 90th Av 10th 90th Av 10th 90th
9- pctile. | pctile. 9. pctile. pctile. 9- pctile. | pctile. 9- pctile. pctile.
Pct. White 14.11 0 69.77 5.60 0 22.50 2.19 0 4.00 51.01 0 85.1
Pct Black 7447 16.04 100 81.82 | 36.79 100 89.03 | 58.00 100 38.98 8.06 99.28
Pct. Hispanic 9.18 0 26.83 | 10.61 0 35.09 7.98 0 26.00 5.74 0 10.89
Pct. Low Income | 66.22 30.01 89.32 65.09 27.44 88.70 70.34 50.00 95.00 n/a n/a n/a
Reading Prof. 41.61 15.84 72.97 41.55 14.70 77.52 41.83 25.32 63.39 n/a n/a n/a
Math Prof. 41.68 13.51 73.98 41.54 12.99 76.10 42.18 21.05 66.78 n/a n/a n/a
Tract Income | $61,500| $28,200| $98,400| $56,000| $29,300| $136,600| $46,000| $25,600| $65,600| $92,000| $33,341| $142,300
Notes: The unit of observation is a camyue a r . AReading Prof.o0o is the percent of students

household income in the Census tract where the school is lo¢ébgghted statistics; weight = Fall enrollmeBRtoficiency data is not available for private

schools.

wh o



Notes: see Table 1a.

TABLE 1b
Demograhics of PrivateSchoolsby Private School Type
Catholic OFh.er Nonsectarian
Religious

Avg. Pct. White| 39.34 59.03 60.99

Avg. PctBlack | 49.13 32.55 29.83
Avg. Pct. 8.47 2.51 452
Hispanic

Tract Income | $77,100| $105,700 $102,200
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TABLE 2
School Openings and Closings
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Public School Campuses Charter School Campuses Private School Campuses
Year Open Closed Merged Open Closed Merged Open Closed Merged
2003 0 0 0 4 (4) 0 0 0 0 0
2004 1(1) 1(1) 0 10 (9 1(1) 0 0 2 0
2005 0 5(5) 0 9 (9) 1(1) 0 2 0 0
2006 0 0 1(1) 8 (7) 1(1) 0 1 4 0
2007 0 0 1(1) 6 (6) 3(1) 0 0 2 0

Notes: each cell indicatemimber of campuses; number of schools is inmtheses. For instance, in 2004 10 charter campusesrawl éharter schools
opened. The three campuses of Washington Academy were taken over by Howard Road in Spring 2008. In this table we coilmétloamauses (and one

school) that close in 2007.
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TABLE 3a
Grade Levels at PublicCharter, and PrivateSchools

Public Schools Charter Schools Private Schools
Percent| Pct. of Avg. Percent| Pct. of Avg. Percent| Pct. of Avg.
Students | Enrollment Students | Enrollment Students | Enrollment

(1) (2) 3) (4) (5) (6) (1) (8) 9)

Elementary 68.62 58.03 315 42.61 30.79 226 16.8 7.79 123
Elementary/Middle| 4.28 4.96 432 20.87 23.17 347 51.12 3543 185
Middle 14.41 15.23 394 11.74 12.56 334 0.64 0.45 39
Middle/High n/a n/a n/a 6.09 6.85 352 5.75 5.29 246
High 12.70 21.78 639 14.78 19.55 413 7.99 18.75 626
Elem./Middle/High n/a n/a n/a 3.91 7.08 566 1757 3265 496

Notes: The unit of observation is a camyyesr. For instance, on average duringghmple period 68.62 percent of public schools are elementary, 4.28 are
elementary/middle, 14.41 are middle, and 12.70 are high schools. Among public school students, on average 58.03 peetemesti@ry schools, 4.96 attend

elementary/middle schooletc.Avg. enrollment is a weighted average; weight = Fall enroliment.



TABLE 3b
Grade Levels at Different Types of Private Schools

Catholic Other Religion Nonsectarian
Percent| Pct. of Avg. Percent| Pct. of Avg. Percent| Pct. of Avg.
Students | Enrollment Students | Enrollment Students | Enrollment

(1) (2) 3) (4) (5) (6) (1) (8) 9)

Elementary 2.27 1.71 132 32.47 17.25 147 24.04 9.50 97
Elementary/Middle| 77.27 53.24 191 36.36 22.49 171 28.85 20.79 178

Middle 1.52 1.00 38.5 0 0 0 0 0 0
Middle/High 3.79 3.47 254 0 0 0 12.50 12.30 242
High 15.15 42.01 768 0 0 0 481 1.13 58
Elem./Middle/High 0 0 0 31.17 60.26 535 29.81 56.28 465

Notes: see Table 3a.
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TABLE 4a
Demographics and Achievemety School Level
All Schools

Elem. E/M Middle M/H High E/M/H
Avg. Pct. White 8.06 17.16 3.99 40.13 | 1242 54.58
Avg. Pct. Black 79.00 | 7413 | 85.21 | 51.49 | 76.04 36.09
Avg. Pct. Hispanic 10.98 6.77 9.13 6.58 9.31 4.00
Avg. Pct. Low Income 68.96 71.14 65.71 68.99 57.61 66.17
Avg. Pct. ProficienReading| 46.18 42.44 39.95 32.89 31.89 41.01
Avg. Pct. Proficient Math 45.29 43.69 38.83 30.27 35.25 34.79
Avg. Tract Hh. Income $54,700| $58,600| $60,000| $66,800] $60,200| $108,567

Notes: The unit of observation is a camyue a r . AEI em. 0 elamedtaryiaBd eMmentdrg/middie school, respectively. Weighted averages; weight
is schoollevel enrollment.



TABLE

4b

Demographics and Achievemeby School Type and Level

Public Schools
Elem. E/M Middle | M/H High | E/M/H
Avg. Pct. White 6.85 1.43 4.38 0 4.07 0
Avg. Pct. Black 79.70 | 91.41 85.19 0 82.92 0
Avg. Pct. Hispanic 11.41 6.74 8.58 0 10.77 0
Avg. Pct. Low Income 68.32 71.31 66.66 0 53.94 0
Avg. Pct. Proficient Readin| 46.86 36.92 37.21 0 31.51 0
Avg. Pct. Proficient Math 46.08 39.51 35.60 0 34.06 0
Avg. Tract Hh. Income $54,600| $39,500| $61,000f 0 | $59,700 0
Charter Schools
Elem. E/M Middle M/H High | E/M/H
Avg. Pct. White 3.15 3.46 2.32 1.29 0.16 0.09
Avg. Pct. Black 85.20 | 89.25 | 85.52 89.24 | 93.97 | 97.37
Avg. Pct. Hispanic 10.55 6.42 11.29 8.84 5.54 1.91
Avg. Pct. Low Income 73.33 71.01 61.63 | 68.99 72.47 | 66.17
Avg. Pct. Proficient Reading 41.48 | 46.75 | 52.03 32.89 | 3344 | 41.01
Avg. Pct. Proficient Math 39.84 | 46.94 | 53.07 30.27 | 40.06 | 34.79
Avg. Tract Hh. Income $50,000| $41,600| $55,500| $37,700| 39,000 $53,100
Private Schools
Elem. E/M Middle M/H High E/M/H
Avg. Pct. White 52.98 31.76 0 83.42 | 53.72 64.76
Avg. Pct. Black 41.64 58.06 58.44 9.43 35.01 24.65
Avg. Pct. Hispanic 2.49 6.98 41.56 4.07 7.39 4.39
Avg. Tract Hh.Income | $73,300| $76,600| $39,600| $99,200| $81,000| $118,900
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Notes:see Table 4a.

TABLE

4b

Demographics and Achievemebty School Type and Level (cont.)

Catholic
Elem. E/M Middle M/H High | E/M/H
Avg. Pct. White 0 26.48 0 82.29 | 53.30 0
Avg. Pct. Black 98.73 | 61.56 | 58.44 9.23 35.35 0
Avg. Pct. Hispanic 72 9.57 41.56 4.18 7.46 0
Avg. Tract Hh. Income $43,100| $74,600| $39,600| $74,600| $81.600 0
Other Religious
Elem. E/M Middle | M/H | Hig E/M/H
Avg. Pct. White 60.04 40.85 0 0 0 65.53
Avg. Pct. Black 35.29 50.61 0 0 0 25.02
Avg. Pct. Hispanic 1.98 1.76 0 0 0 2.95
Avg. Tract Hh. Income $58,400| $82,2000 0 0 0 | $128,000
Nonsectarian
Elem. E/M Middle M/H High E/M/H
Avg. Pct. White 50.94 42.87 0 83.87 75.91 64.08
Avg. Pct. Black 41.95 51.97 0 9.51 16.52 24.32
Avg. Pct.Hispanic 3.54 2.20 0 4.02 3.44 5.67
Avg. Tract Hh. Income $100,800] $78,700 0 $109,100| $47,200| $110,800
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TABLE 5a
ProgramFocusesat Charter Schools
Focus All Levels | Elem. E/M Middle M/H High E/M/H
1) (2) (3) (4) (5) (6) (1)
Core 61.30 56.12 97.92 74.07 21.43 20.59 100
Language 11.30 22.45 2.08 11.11 0 0 0
Arts 9.57 20.41 0 0 14.29 0 0
Vocational 7.83 0 3.70 35.71 35.29 0
Civics 6.52 0 3.70 28.57 29.41 0
Math and Science 3.48 1.02 0 7.41 0 14.71 0
Notes: theunit of observation is a campyse a r . AEl em. 0, AE/ Mo, AM/ HO and AE/ M/ HO

elementary/middle/high school respectively. For instance, among elementary charter campuses, on average 56.12 penceodvfecusriculum, 22.45

percent on language, etc.

denot e
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Charter Schools: Student Demographics and Achievement by Level and Program Focus

TABLE 5b

a. Elementary Schools

57

Arts Core Language | Math and
Science
1) 2) 3) 4)
Avg. Percent White 1.65 4.16 3.50 0
Avg. Percent Black 87.76 88.80 55.65 96.00
Avg. Percent Hispanic 9.12 5.82 39.56 2.00
Avg. Percent Low Income 74.51 69.20 70.34 46.00
Avg. Pct. Proficient in Readin 38.17 44.02 34.20 58.41
Avg. Pct. Proficient in Math 28.26 43.35 36.21 33.63
Avg. Tract Hh. Income $47,900, $47,000] $55,500[ $30,800
b. Middle Schools
Civics Core Language | Math and | Vocational
Science
) 2) 3 (4) 5)
Avg. Percent White A 4.07 0 0 2.77
Avg. Percent Black 73.00 87.77 65.50 96.50 95.92
Percent Hispanic 25.6 6.93 34.25 2.50 .92
Avg. Percent Low Income 81.4 65.94 88.00 54 65.56
Avg. Pct. Proficient Readin 30.53 47.13 26.81 59.19 31.79
Avg. Pct. Proficient Math 32.10 46.14 21.36 57.36 30.83
Avg. Tract Hh. Income $44,900 $51,300] $57,300] $30,800 $36,000
c. High Schools
Civics Core Math and | Vocational
Science
) 2 3) 4)
Avg. Percent White 46 0.03 .30 1.03
Avg. Percent Black 76.00 97.29 99.00 97.32
Avg. Percent Hispanic 22.5 2.11 5 1.45
Avg. Percent Low Incom 72.71 66.09 100 64.93
Pct.Proficient Reading 33.95 35.22 46.29 24.64
Avg. Pct. Proficient Math 41.24 34.43 55.27 23.40
Avg. Tract Hh. Income $37,100] $52,400] $18,000] $52,200
Note: Unit of observation is a campysar. Weighted averagesgight = fall Enroliment.
AEl ementary schoolso includes el ementary
school s; Aimi ddl e school sdo includes middl
el ementary/ middl e/ hi gh; f hh gllmestaynoddlé/hsgh i

schools.
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TABLE 6a
Types of Private School, by Level
Focus All Levels | Elem. E/M Middle M/H High E/M/H
1) (2) (3) (4) (5) (6) (7)
Catholic 42.31| 5.66 64.15 100 27.78 80.00 0
Other Religious 24.68| 47.17 17.61 0 0 0 43.64
Nonsectarian 33.01| 47.17 18.24 0 72.22 20.00 56.36
Note: Unit of observation is a campysari EIl em. 6, AE/ Mo, #fAM/ HO and AE/ M/ HO

elementary/middle, middle/high and elementary/middle/high school respectively.

der



Private SchoolsStudent Demographics by Level and Type

TABLE 6b

d. Elementary Schools

Catholic Other Nonsectarian
Religious
) 2) 3
Avg. Percent White 17.18 35.67 32.00
Avg. Percent Black 69.13 59.16 63.19
Avg. Percent Hispani 11.66 1.63 2.59
e. Middle Schools
Catholic Other Nonsectarian
Religious
() 2) 3)
Avg. Percent White 20.33 33.28 45.31
Avg. Percent Black 65.20 60.51 48.76
Avg. Percent Hispani 12.34 1.78 3.36
f. High Schools
Catholic Other Nonsectarian
Religious
1) 2) 3)
Avg. PercenWhite 58.70 48.92 55.20
Avg. Percent Black 31.45 43.31 37.19
Avg. Percent Hispani 6.37 2.97 4.37

Note: Unit of observation is a campysar.Weighted averages; weight = fall enroliment.
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TABLE 7

Number of Charter Campuses that Move

Year Number of Campuses | Number of Campuses that
Move

2004 39 2

2005 47 6

2006 54 7

2007 59 4

Note: unit of observain is a campus.

2003.

60

For instancepfthe 39 campuses in 2004 have a different location than in



TABLE 8
Number of Campuses pe&harter School

Number of Campuses per Number of Schools
School
1 35
2 4
3 5
5 1
Total 45

Note: unit of observation is a charter school organization. Since the number of campuses changes over time for some
schools, the table depicts information pertairim¢he highest number of campuses that each school has during the
sample period. For instance, 35 charters have one campus, 4 have 2, etc.

TABLE 9
High-Performing Public and ChartersSchools
Public Schools Charters
Avg. Tract Household Income $103,700 $19,600
Avg. Percent White Students 35.56 .36
Avg. Percent Black Students 47.68 98.48
Avg. Percent Hispanic Students 10.44 .57
Avg. Percent Low Income Studer 25.02 74.21

Note: unit of observation is a campysar.
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TABLE 10
Early versusRecent Charter Entrants
Early Entrants Recent Entrants
Number of campuses 27 37
Avg. Enrollment 450 192
Pct. Focused on Core 66.67 56.76
Pct. Elementary 14.81 59.46
Pct. Elementary/Middle 33.33 13.51
Pct. Elementary/Middle/High 11.11 0
Pct. High 22.22 2.70
Pct. Middle 11.11 18.92
Pct. Middle/High 7.41 5.41
Avg. Tract Hh. Income $48,800 $50,500
Pct. belonging to multipte 26 63
campus charters
Pct. White Students 1.07 5.24
Pct. Black Students 92.54 85.05
Pct. Hispanic Students 5.94 8.55
Pct.Low Income Students 73.78 64.95
Pct. Proficient Reading 42.49 40.90
Pct. Proficient Math 40.49 35.55

Note: unit of observation is a campus. Information tabulated here corresponds to the last year that the campus is
observedn the data. Weighted averages; weight is enroliment.
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FIGURE 1
Number of Publi¢ Charter and Private School Campuses
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FIGURE 2
Enrollment in Public, Charter and PrivateSchool Campuses
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FIGURE 3
Enrollment Shares for Public, Charter an@rivate Schools
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FIGURE 4a
Geographic Location of Elementary Schools in DC in 2003
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FIGURE 4b

Geographic Location of Middle Schools in DC in 2003
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FIGURE 4c

Geographic Location of High Schools in DC in 2003
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FIGURE 4d
Geographic Location of Elementary Schools in DC in 2007
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