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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 schools and private schools. In the model’s
first stage, the potential entrant chooses his/her physical location and characteristics based on the
perceived opportunities not exploited by conventional public and private schools. In the second
stage, students choose among the available schools. We estimate the model using data for the
Washington, DC school district. We use our parameter estimates to investigate the potential
effects of changes in charter school legislation on charter school entry, and on post-entry
outcomes such as enrollment and achievement.
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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. Fairly or not, poor
student performance is often attributed to ineffective urban public schools. Greater school
competition has 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 districts,
voucher initiatives have faced intense opposition from teachers’ organizations and have had
limited success at the ballot box. By contrast, charter schools have received surprisingly
widespread acceptance.

Charter schools are nonsectarian public schools of choice that operate with freedom from
many of the regulations that apply to traditional public schools. They are regulated by state laws,
and authorized by a chartering entity which approves the school’s charter — the contract that
establishes the school's mission, program, goals, students served, assessment methods and
teaching philosophy. In exchange for greater autonomy, charter schools are subject to the same
accountability requirements as ordinary public schools. They receive a per-student stipend yet
they rarely receive funding for facilities. Hence, the financial survival of charter schools is
intimately connected with their ability to attract and retain students. While some charter schools
have thrived and replicated their model across the nation, others have failed.

The charter school concept emerged in the late 1980’s. It was embraced at its inception
by Albert Shanker, then president of the American Federation of Teachers. Beginning with
adoption by state of Minnesota in 1991, charter school laws have been adopted by more than 40
states and the District of Columbia. During the school year 2010-2011, there were about 5,400
charter schools in the country serving over 1.7 million students, or approximately 3% of the
nation’s primary and secondary education market.?

While charter schools do not enjoy the latitude envisioned by many voucher advocates,

charter schools nonetheless have considerable freedom in designing curricula and in managing

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



their operations. Charter schools control hiring of their teachers and staff, and they operate
independently of the public school districts in which they locate. In many states, school districts
do not possess the authority to grant a charter to a school. Instead, a separate chartering agency at
the state or local level is charged with deciding whether an application for a charter is granted. In
most instances, this chartering agency also exercises oversight of schools that receive charters
and has the power to rescind a charter.

Charter schools share with public schools the requirement that they be tuition free. Unlike
public schools, which are typically subject to residence requirements and can only enroll children
who live in their attendance zone, charter schools must be open to all students. When
oversubscribed, a charter school is typically required to select by lottery from its applicant pool.
In other words, charters must compete to attract students, but cannot select among them.

In order to open a charter school, a 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 school. The latter includes a statement of subject emphasis
(e.g., arts, language, 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 example, the applicant might propose
to adopt an instructional model that is “franchised” nationwide, or a model that is being
developed by the charter-school applicant. The proposal also includes anticipated enrollment, the
physical facilities to be occupied, and a financial plan. In many ways, then, the charter applicant
confronts a decision similar to that of a private firm contemplating entry to provide a
differentiated product or service. The applicant must choose the form of differentiation of the
planned product or service. In addition, the applicant must forecast demand, identify suitable
facilities, and assess financial viability. If it decides to enter, the applicant must manage the
resulting enterprise and make an ongoing decision about whether to continue operation or exit.

In this paper we develop and estimate an equilibrium model of household school choice
and charter school entry in a large urban school district. We seek to understand what determines
charter entry and choice of location and program offering. This, in turn, allows us to study how
charters affect the school choices available to families, what kind of students are attracted to

them in any given location, and what specific elements determine the attractiveness of charters



relative to public and private


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

sorting across schools. Our estimation strategy captures this aspect,” which is critical to our
ability to conduct counterfactuals.

In modeling the charter school entry decision, we have chosen to focus on a single large
urban district. This permits us to study the entry decisions of prospective entrants that all
confront the same institutional structure, criteria for being granted a charter, reimbursement
(funding) policies, and public 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, the district has 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 2010). For instance, the
per-student stipend for charter schools is equal to the full per-student spending in the
Washington, D.C. school district, whereas it is equal to only a fraction of the corresponding
district spending in most states. Moreover, in recent years a single entity, the Public Charter
School Board (PCSB) has been responsible for the granting of charters. Second, in 2010 charter
schools reached a student enrollment share of nearly 40 percent of all students in the public
system (conventional public plus charter schools), making D.C. the district with the second
largest charter market share in the nation (the first one being New Orleans).® Third, the district is
large, providing scope for potential entry of a large number of charter schools as well as
substantial intra-district variation in population demographics across both residential locations
and incumbent public schools. An analysis that includes multiple districts is challenging for a
number of reasons—one being the challenge of obtaining a sufficiently complete data set—and

we leave the pursuit of such a model to future research.

* General equilibrium analyses of school choice include Benabou (1996), Caucutt (2002), de Bartolome (1990),
Epple and Romano (1998), Fernandez and Rogerson (1998), and Nechyba (1999, 2000). Calabrese et al (2006),
Ferreyra (2007) and Ferreyra (2009) estimate general equilibrium models. Relative to these prior analyses, our
econometric framework in this paper provides a model of choice among 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 Timmins (2007), as explained below.

> As of 2010, the districts where this share surpassed 30 percent were New Orleans, Louisiana (61 percent);
Washington, D.C. (38 percent); Detroit, Michigan (36 percent); and Kansas City, Missouri (32 percent). Source:
http://www.charterschoolcenter.org.



Charter school entry has been explored before by Glomm, Harris, and Lo (2005), who
study charter school location in Michigan and California. They investigate the extent to which
there is greater charter school entry where there is greater population 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 race and in adult education levels. In earlier work,
Downes and Greenstein (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), who
studies strategic quality choice of a charter entrant facing an incumbent public school. We build
on the foundation established in these papers by modeling intra-district charter school entry
decisions, parental choice, and the impact of entrants on public and private school incumbents. In
addition to research on charter school entry, there is also an extensive body of research on the
effects of charter schools on achievement of charter and public school students.® Perhaps closest
to our approach is the work of Imberman (2009), who studies entry into a single large urban
district in a reduced-form fashion, and Mehta (2011), who estimates a structural model of charter
entry and competition between public and charter schools using data from North Carolina. The
most salient differences between our work and Mehta’s are the 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 schools;” c) in 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 requirements for charter schools.

Our work is also related to research on entry in empirical industrial organization. A
recent review of this literature is provided in Draganska et al (2008). An important difference

between our model and those found in the entry literature is that we do not model prospective

® See, for instance, Bettinger (2005) Bifulco and Ladd (2006), Booker et al (2007, 2008), Buddin and Zimmer
(2005a, 2005b), Clark (2009), Hanushek et al (2007), Holmes et al (2003), Hoxby (2004), Hoxby and Rockoff
(2004), Hoxby and Murarka (2009), Imberman (2009, forthcoming), Sass (2006), Weiher andTedin (2002), and
Zimmer and Buddin (2003).

" Between 1992 and 2007, the District of Columbia Public Schools (DCPS) 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.



entrants or incumbents as engaging in a game of strategic behavior. The assumption of non-
strategic charter school entrants and incumbents is consistent with our understanding of the
charter schools’ decision processes. In particular, the primary competitors of charter school
entrants in the district we study during our sample period are typically incumbent public and
private schools rather than other charter schools.

Most entry studies rely on reduced-form 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 pricing. While we also model the choice of product characteristics,
an important difference with respect to their study is that our demand incorporates unobserved
product characteristics as in BLP. 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
econometrician (e.g., some characteristics of the principal, 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
of individual-level 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 product choice and differentiation®. Our study is
related to this literature because it captures the variation in entry across locations, focuses and
grade levels. Nonetheless, it is different in that one school-level characteristic valued by parents
— namely, the composition of the student body — is the outcome of parental choices and the
resulting student sorting across schools. Although the entrant cannot control parental choices, by
deciding whether to enter or not in its entry point it affects parental choice sets. Thus, in order to
make its entry decision, the entrant must forecast parents’ responses should it enter, responses
that will determine the student body composition of the new school and further affect parents’
choices. These endogenous product characteristics are in the spirit of the local spillovers in
Bayer and Timmins (2007) and the endogenous neighborhood characteristics in Bayer et al
(2007), both of which are the aggregate outcome of individual-level choices. We extend these

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



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 cross-sectional data, some recent studies
(Dunne et al 2009, Suzuki 2010) have drawn on panel data such as ours. Our panel provides us
with variation over time in entry patterns. Perhaps more importantly, by providing us with post-
entry outcomes, the panel allows us to learn about the school-specific quality of both entrants
and incumbents.

To estimate the parameters of household preferences and student achievement, an ideal
dataset would include a panel of student-level observations with data on household residential
location, school choice, and achievement. In the absence of such data, we rely on detailed
demographics for the 433 block groups in Washington, D.C. For each block group we have
estimated the joint distribution of child age, race, poverty status and family income. In addition,
we observe the neighborhood public schools to which households in each block group are
assigned for each grade level. This provides us with a reasonable approximation to the actual
distribution of choice sets available to households in different locations, and for different
demographic profiles and child age within a given location. While BLP and Petrin (2002) also
exploit aggregate Census data in order to estimate demand-side parameters, we rely on Census
data aggregated at a much lower level.

We use our parameter estimates to study the effect of changes in the regulatory,
institutional and demographic environment on charter entry, household sorting across schools
and student achievement. For instance, we explore whether more permissive charter legislation
would spur the creation of more charter schools, where these would locate, which students would
attend them, and how achievement would be affected among the pre-existing schools.

The rest of the paper proceeds as follows. Section 2 describes our data sources and basic
patterns in the data. Section 3 presents our theoretical model. Section 4 describes our estimation
strategy. In Section 5 we provide some discussion and describe our intended counterfactuals.

Section 6 concludes.



2. Data

In this section we describe the construction of our dataset and some salient aspects of the data,
and direct readers interested in further detail to Appendix 1. Our data set consists of information
on every public, charter and private school in Washington, D.C. between 2003 and 2007. We
have 1,243 campus-year observations. We have focused on the 2003-2007 time period to
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 study.®

2.1  Public and Charter Schools in Washington D.C.

In Washington, D.C., public schools fall under the supervision of the District of Columbia Public
Schools (DCPS). As for charters, until 2007 there were two authorizers: the Board of Education
(BOE) and PCSB. Since 2007, the PCSB has been the only authorizing (and supervising) entity.
An overarching institution at the “state” level is the Office of State Superintendent of Education
(OSSE), which, among other roles, collects some data both for public and charter schools.

The unit of observation in our dataset is a campus-year (public and private schools have
one campus each, but many charters have multiple campuses).'® Note that student-level 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 grade;'! percent of white, black,
hispanic and other-ethnicity students; percent of low-income students (i.e., students who qualify
for free or reduced lunch); reading proficiency rate (i.e., the percent of students who are

proficient in reading based on DC’s own standards and assessments), and math proficiency rate.

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

1% A 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 multi-campus charters, each campus has a separate address.

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



Proficiency rates constitute our measures of achievement. For the few public schools that closed
or merged during the sample period, we observe the year of closing or merger.*2

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

The starting point for our dataset is the list of audited enrollments by school, year and
grade from OSSE. This list includes public and charter schools. From this list we eliminated
alternative and special education schools, early childhood centers, and schools that offered a
residential program.'® Since OSSE also reports proficiency rates for each school and year as
mandated by No Child Left Behind, our achievement data for public and charter schools come
from OSSE. In 03 and 04, proficiency levels were determined according to the Stanford-9
assessment. To be considered proficient, a student was supposed to score at the national 40"
percentile or higher. Since 05, 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 been 3 through 8 and 10. In compliance with NCLB, OSSE also reports the
percent of White, Black, Hispanic and low-income students in the grades tested.

For public schools, the Common Core of Data (CCD) from the National Center for
Education Statistics (NCES) is the main source for school address, ethnic composition and low-
income status of the student body. When needed, we relied on OSSE’s reporting of ethnic
composition and low-income status. In addition, we drew on the Common Core of Data, web
searches and phone calls to DCPS to identify year of closing or merger.

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 re-construct this history, we drew on OSSE audited enrollments, School

Performance Reports (SPR’s) for PCSB-authorized charters, web searches of current websites

2 Washington, D.C. has a program of public school choice that allows students to enroll outside of their 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.

3 An alternative school is a school for children with behavioral problems. Children spend either the full year or part
of it there. Sometimes they choose to attend these schools, but they are often sent there. These schools often enroll
students aged 16-24. We excluded early childhood centers as long as they never had enrollment in regular grades
during the sample period.
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and past Internet archives, charter school lists from Friends of Choice in Urban Schools
(FOCUS), phone calls to charters that are still open, and achievement data at the campus level.
The resulting campus-level data reflect our efforts to draw together campus-level information
from these different sources, with the greatest weight being given to the OSSE audited
enrollments, the SPRs and the NCLB 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 evidence we took
the most recent available addresses and campus configuration data as correct.

For PCSB-authorized charters, ethnic composition and low-income status come mostly
from the School Performance Reports. For BOE-authorized 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.

We identified the year of opening based on SPR’s, FOCUS listings and web searches. We
identified the year of and reason for closing mostly based on reports from the Center for
Education Reform and SPR’s.

According to grades covered, we have classified schools into the following levels:
elementary (if grades covered fall completely within the preschool-6" grade range), middle (if
grades covered are 7" and/or 8"), high (if grades covered fall completely within the 9™ - 121
grade range), elementary/middle (if grades span both the elementary and middle level),
middle/high (if grades span both the middle and high level), and elementary/middle/high (if
grades span the elementary, middle and high levels). This classification follows DCPS’s criteria
for identifying single-level categories (elementary, middle and high schools), and incorporates
mixed-level categories, which are quite common among charters.

Each charter school has a statement that describes its mission or program focus. Mission
statements come from the schools” web sites, SPR’s, and FOCUS. Based on them we have
classified thematic focuses into the following six categories: arts, civics, core curriculum

(henceforth, core), language, math and science, and vocational.



11

2.2. Private Schools in Washington, D.C.

We have 312 school-year observations for private schools (private schools have one campus
each). For each private school we observe address; enrollment by grade; percent of White, Black,
Hispanic and other-ethnicity students; school type (Catholic, other religious, non-sectarian) and
tuition by grade. Note that we do not observe proficiency rates or percent of low-income 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 each school 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
childhood 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 schools have not changed since 2003.

2.3 Descriptive Statistics

The population in Washington, D.C. 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 particular, the population is estimated to have grown from 577,000 in 2003 to
586,000 in 2007, although the school-age population has actually declined from 82,000 to
76,000.%* The racial breakdown of the city has changed as well over the last two decades, going
from 28, 65 and 5 percent White, Black and Hispanic in 1990 to 32, 55 and 8 percent
respectively in 2007. Despite these changes, the city remains highly segregated by race and

1 Source: Population Division, U.S. Census Bureau. School-age population includes children between 5 and 17
years old. An alternative measure of the size of school-age population is total school enrollment in preschool
through 12" 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, $34,500 for blacks (Filardo
et al, 2008).

2.3.1. Basic trends

In 2007, 58 percent of students attended public schools, 22 percent charter schools, and 20
percent private schools. In what follows “total enrollment” refers to the aggregate over public,
private and charter schools, and “total public” refers to enrollment in the public system (i.e., the
aggregate of public and charter schools).

In national assessments, DC public schools have ranked consistently at the bottom of the
nation in recent years. For instance, in 2009 the percent of 4™ or 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 DC (similarly for math). Perhaps for this reason, charter
schools have grown rapidly in DC since their inception in 1996. During our sample period alone,
the number of charter school campuses almost doubled, going from 31 to 59, whereas the
number of public and private school campuses declined slightly as a result of a few closings and
mergers (see Figure 1 and Table 2). Over 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 enrollment has declined over time by about 7,000 students, enrollment
in charter schools has risen approximately by the same amount (see Figure 2). As a result, the
market share of charter schools has grown from 13 to 22 percent (see Figure 3), and the share
relative to total public enrollment has risen from 16 to 28 percent.

As Table 1a shows, private schools are demographically quite different from public and
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A comparison of public and charter schools reveals that although Blacks and Hispanics
account for most of the enrollment in the public system, charters 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 locate in poorer neighborhoods. On average,
achievement is quite similar among public and charter schools.

Public schools are highly heterogeneous, as are charters and private schools. Table 1b
illustrates the heterogeneity of private schools. Catholic schools tend to locate in poorer
neighborhoods than other religious or non-sectarian private schools. Whereas 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 3a shows, about two thirds of public schools are elementary. In contrast,
43 percent of charter campuses are elementary and 51 percent of private schools are
elementary/middle. Furthermore, while only 4 percent of public schools mix levels, about a third
of charter campuses and three quarters of private schools do so. 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 charters are smaller than public schools, 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 (see Table 3b). 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 non-sectarian
schools have very low enrolment in high schools, yet approximately 60 percent of their
enrollment pertains to elementary/middle/high schools.

During the sample period, 55 percent of charter enrollment corresponds to preschool
through 6™ grade, 19 percent to grades 7 and 8, and 26 percent to grades 9 through 12.
Importantly, market shares for public, private and charter schools differ greatly among individual

grades (see Figures 5a, 5b and 5c), a feature of our data which we intend to exploit in the



14

estimation. For instance, private school shares grow steadily from prekindergarten up to 12"
grade, thus peaking for high school grades at about 27 percent. Charter school shares peak for 7"
grade, followed by 6" and 8" grade. Among the remaining grades, there is another charter share
peak for kindergarten. During our sample period, charter market share has grown the most for
early childhood and middle school grades. Charter shares peak for 7" grade because this is a
natural entry point, since elementary schools in DCPS offer up to 6™ grade 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 students that
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, a school’s charter may state that in a few years the
school will offer kindergarten through 5™ 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 during the sample period.
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 variation in market share across grades by school type raises the question of whether
the student body also varies across grade levels. The answer to this question is yes, as Table 4a
shows. Much of this variation, however, reflects the variation in school type across levels. For
instance, the high percent of white students in middle/high and elementary/middle/high schools
reflects the fact that these (mixed) levels are mostly provided by private schools. Hence, Table
4b characterizes the student body at each level by school type. Among public schools, high
schools have lower fractions of low-income students than other levels, *> and middle and high
schools tend to be located in Census tracts with higher average income than elementary or

elementary/middle schools.

1 This is consistent with the fact that the percentage of children who qualify for free- or reduced- lunch falls with
age for D.C. as a whole. Nonetheless, it is interesting that the fraction of low-income children in charter schools is
not lower for high school than for elementary or middle school.
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Among public schools, reading and math proficiency decline with school level. In
contrast, among charters reading and math proficiency peaks for middle schools, and a full 72
percent of high-school students are low-income (as opposed to only 54 percent among public
school students). Interestingly, 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 level — while 36 percent of middle
school students are proficient in math in public schools, 53 percent are proficient in math in
charter schools.

Among private schools, almost two thirds of the enrollment in elementary/middle schools
is black, whereas about half of the 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
school level, 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 column (1) of Table 5a shows, over the sample period 61 percent of the campuses
offered a core curriculum. Among the remaining campuses, the most popular focuses are
language, arts and vocational. However, this pattern of program specialization differs 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 mixed-level charters, elementary/middle and
elementary/middle/high charters are almost exclusively devoted to a core curriculum, but only 21
percent of middle/high schools offer one. Moreover, language and arts are the more popular
focuses after core among elementary schools, yet vocational and civics play this role among high
schools.

As expected, different focuses attract different students (see Table 5b). For instance,
language charters (usually focused on Spanish) tend to attract more Hispanic students. At the

elementary and middle school level, math and science charters attract lower fractions of low-
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income students than the other focuses, though the reverse happens at the high school level. In
fact, at the high school level, math and science have the highest fraction of low-income students.
At the middle and high school level, students in math-and-science charters outperform students
in other charters, both in math and reading. If one excludes math and science, the highest average
achievement corresponds to core schools at the elementary and middle-school level, and both to
core and civics charters at the high school level.

While average achievement is quite similar for public and charter schools, the top-
performing public and charter schools are quite different (see Table 9). The top-performing
charter schools are located in much poorer Census tracts, enroll poorer students and are chosen
by much larger fractions of African-American students than the top-performing public schools.

Interestingly, they offer a core curriculum.

2.3.4. Charter relocations, closings and multiple-campus charters

A few campuses have relocated during our sample period (see Table 7). According to the SPR’s,
most of these campuses started out in a temporary location while they were renovating or
preparing their permanent facilities, and then moved there. 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 period, and six additional campuses
from our sample have closed since 2008. 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 two other closings were due to academic reasons and correspond to schools
authorized 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
Chamberlain), one elementary/middle school campus (Woodridge), one middle school campus
(Blow-Pierce), and one high school campus (College). The 10 multi-campus schools in our

sample accounted for by 26 campuses and 46 percent of the charter enroliment during the sample
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period. Multi-campus schools tend to focus more on a core curriculum (70 percent of them do, v.
54 percent among single-campus schools) and to enroll slightly more African-Americans (89
percent of their students are African-American, relative to 82 percent among single-campus
schools). A slightly higher fraction of their students is proficient in Reading or Math (39 and 37

percent in single-campus charters v. 40 and 40 percent respectively in multi-campus charters).

2.3.5. Early v. recent entrants

Given our focus on charter entry, an important question is whether the 27 campuses that entered
before our sample period (“early entrants”) are systematically different from the 37 campuses
that entered during our sample period (“recent entrants”). As Table 10 shows, these two groups
are indeed different along a number of dimensions. Recent entrants tend to be smaller and more
concentrated at the elementary or middle school level. They are also more likely to belong to a
multi-campus charter organization. They enroll lower fractions of blacks and low-income
students, and their achievement is lower on average. They are also less likely to offer a core
curriculum.

To summarize, our data set is unique and draws from a variety of sources. It has not been
compiled or used by any other researcher before. Moreover, it features a rich variation over time
and across schools that will help us identify the parameters of our model. In the next section we

formulate the model.

3. Model

In this section we develop our model of charter school 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 grade levels (elementary,
middle, high, and combinations of these such as elementary/middle). The economy encompasses
multiple neighborhoods or locations. At each point in time, each neighborhood has a prospective
entrant for each grade level and focus. We use the term “entry point” to refer to each

combination of location, grade level and focus. An incumbent charter school decides whether to
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remain open or exit, whereas a prospective charter school entrant chooses whether to enter or
not. The prospective entrant forecasts demand and revenue in case of entering in its entry point,
and enters if the expected net revenue is positive.’® Public and private schools in the model are
passive; the prospective entrant takes the locations, grades served, and focus of public and
private schools as given (it also takes private school tuitions as given).

The economy is populated by households that live in different locations and have
children who are eligible for different grades. For a given household, the school choice set
consists of the public school assigned to the household by virtue of its residential location and
the age of its child, and all private and charter schools in the economy that offer the child’s
grade, since private and charter schools have no residence requirements. For a given entry point,
the prospective entrant forecasts its revenue based on a model of household choice that predicts
the clientele that would be attracted in that entry point in competition with the incumbent public
schools in that location, and all private and charter schools. The prospective entrant confronts
uncertainty about its own quality in 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 choice stage. Since the
latter is used in the former, we begin by presenting the model of household choice of school. Our

school choice framework draws from Bayer and Timmins (2007).

3.1 School Choice and Market Equilibrium

The economy includes J schools, each one offering at least one grade. The economy is populated
by households that have one child each. In what follows, we use “household”, “parent”, “child”
and “student” interchangeably. Student i is described by (g,D,/,1,¢), where:
e (g is the grade of the student. Our data covers 15 grades: preschool, pre-kindergarten,
kindergarten, and grades 1% through 12"
e D is a vector describing student demographics. In our empirical application this vector

has 5 rows, each one storing a 0 or 1 depending on whether the household is Black,

18 A potential extension is to have a charter school authorizer that imposes a minimum threshold for net revenue to
internalize the externalities that a failing school imposes on its students.
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White, Hispanic, or Asian (default race is Other Races), and low-income (this indicator

equals 1 if the student qualifies for free- or reduced lunch, and 0 otherwise).

¢ {i...,L} is the location of the household in one of the L possible neighborhoods of

the school district. In our empirical application, each location corresponds to a census
block group. The location of a student determines her distance with respect to each
school.”

I is the income of the student’s family.

£ is a vector that describes the student’s idiosyncratic preference for every school.

We use j and t subscripts to denote respectively a school*® and year. Our data includes J=281

schools and T=5 years (between 2003 and 2007). A household’s choice depends on several

variables that characterize a particular school and that are observed by the household at the time

of making its choice:

K is the school’s grade level, and thus denotes the set of grades served. A household
chooses among the set of schools that offer the grade needed by its child.

x; reflects exogenous characteristics of the match between the household and a school,

such as the distance from the household to the school. In what follows we refer to x; as
“distance.”

y; denotes school characteristics chosen by the school, and whose choice we model for
charter schools. One example is the school’s thematic focus. Henceforth, for
presentational clarity, we will refer to y, as “focus.” Denote by Y the number of possible

focuses that charter schools can offer. We assume that public schools only offer one
focus, a core curriculum. Private schools can offer one of three focuses (Catholic, Other

Religious, nonsectarian). We do not model focus choice for public or private schools.

7 We assume that a student’s location is given and does not depend on her choice of school. For models of joint
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).

18 |f the school has only one campus, j refers to the school; otherwise it refers to the campus. In this section we use
“school” and “campus” interchangeably.
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P, denotes school characteristics that we view as exogenous. One example is tuition in

the case of private schools (tuition can vary by grade). Public and charter schools must

charge zero tuition. In what follows, we refer to p,, as “tuition.”

. [_)J.t represents endogenous student peer characteristics of the student body at the school

that are a result of aggregate household choices. In our empirical application this vector
has 4 rows which store percent of Black, White, Hispanic students (default race is Other
Races), and percent of low-income students respectively. These characteristics may

change over time, as household choices change.

e &, 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; physical characteristics of the classroom, etc.

. Sj'gt is an unobserved (to us) characteristic of the school and grade that affects chidren’s
achievement (in contrast, &, affects household satisfaction with the school and grade for

reasons other than achievement). Thus, Sj'gtcaptures elements such as teacher

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

Whiley;, p;,.and IZ_)jt all represent school-specific characteristics, an important

distinction is that y, and p,, are chosen by the school, whereas 5jt 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 grade g in year tis M, equal to the number of students who

gt’
are supposed to enroll in grade g at time t.

The household indirect utility function is:
1 Uijgt = Jigt + 'uiljgt + gijgt

where J.

it 1s the common utility enjoyed by all the grade g children who enroll in school j at

time t, 44, is a student-specific deviation from the common school-grade utility, and Ejq 1S AN
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individual idiosyncratic preference for (j,g) at t. The common utility depends on school and peer

characteristics as follows:
2. 0y =yB+Da +&
Here, a and S are vectors of parameters. In what follows, we refer to &, as a demand shock

for school j and grade g at time t. 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
notation below when elements from the two components of the model are combined.

The household-specific component of utility is given by:

3. Uiy =E(Ag)@+Dy,B +DDa+xy+¢log(l, - py)
This component of utility depends on the expected achievement of the student, E(A;,), which is
explained in greater detail below. It also depends on the interaction of y, and D;, which

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

demographic groups, and the interaction of D, and D, , which captures the potential variation in

it
preferences for school peer characteristics across different demographic groups. In addition, it
depends on the distance between the household’s residence and the school, and on school
tuition.®

Student achievement depends on a school-grade factor common to all students, Q. ., a

jot*
student’s demographic characteristics, the fit of the thematic focus to the student (captured by the

interaction of student demographics and focus), and an idiosyncratic achievement shock:

4. Ay =Qu *Dw + ijiﬂ * Vijgt
As with most empirical analyses of schools, we do not have detailed measures of variables such
as parental income, wealth or education. Differences in such variables across racial and ethnic
groups motivate our inclusion of indicators for race and low-income status (eligibility for free or

reduced lunch) in the achievement equation. As detailed below, the school-grade factor, Q,,

¥ As in BLP, our underlying utility function is Cobb-Douglas in disposable income after tuition, in characteristics of

the school and in exp(&;;,) - Taking logs of this underlying utility yields (1).
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depends on the thematic focus of the school, peer characteristics of the student population, and a

productivity shock &7, for school j and grade g at date t. Since peer characteristic measures are
available at the school but not the grade level, below we do not place the subscript g on D :

5. Qu=V;8 +Dya +&,
Substituting (5) into (4), we obtain

6. Ay =Y,B +D,a +Dw +y DS +&, +v,
Since parents observe Sj'gt at the time they choose a school, their expectation of (6) is:

7. E[A,l=Y,f +D,a +Dw +y DS +&,

Substituting (7) into (3), we obtain:

g Hig =Y 9+D,ap+ Dw+y DS +DDa+xy+@log(l; — pig)+ 0,
where @ = w'g. The coefficient of the interaction of y, and D, is § = +¢B". This interaction

captures both the variation in attractiveness of a school’s focus across students of different

demographic groups (') and the fit between focus and student type in the achievement function

(9B").

Substitute (2) and (8) into (1) and regroup terms to obtain:
9. Uy =0 t e T €

ijgt ijgt

where 0.

o and g are defined below in (10) and (12). We now turn to a discussion of these

terms, beginning with the common utility component J, :
10. 0, =y,B+D,a+¢&,
In this expression, the coefficient of y; captures both household preference for school focus and

impact of focus on achievement: 3= 8 +¢B . Thus, the model captures an interesting potential

tension between 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 day. Similarly, the coefficient of II_)J.t captures both household

preference for peer characteristics and the impact of peer characteristics on student achievement:
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a =a +g@a . The error term in (10) impounds both a preference and a productivity shock:
& = &g T 0, . We will refer to this composite shock as a demand shock. Since the demand

shock captures unobserved school-grade elements that affect both utility and achievement, it
reflects the same kind of tension described above. For instance, parents 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. 6 =6+ 6 + 4+ A8,
In this decomposition, the school-specific component &; captures elements that are common to

all grades in the school and constant over time, such as the school’s culture and characteristics of

its facilities (provided facilities do not change over time). The grade-specific component &,

captures elements that are common to a given grade across schools and over time. For instance,
grades have more classrooms in middle than elementary schools and are thus bigger. The time-

specific component & captures shocks that are common to all schools and grades and vary over
time, such as changes in accountability or testing requirements. Hence, &, +¢&, + & is the mean
unobserved characteristic for school j and grade g at time t, and A&, is a deviation from this

mean. This deviation is due, for instance, to changes of teachers over time for a particular grade
and school.

The household-specific component of (9) is:
12. fh, =Dw+y,D,B+D,D,a+xy+@log(l, - p,,)
Since the household may choose not to send its child to any school, we introduce an
outside good (j=0). The indirect utility from this outside option is:
13. Up, = @log(l)) + &y + Dy + £
Since we cannot identify &, and «, separately from the &, terms of the “inside” goods or from
@, we apply the following normalizations: &, =0 and @, =0.
Let J;, denote the choice set of schools available to household i, who must send its child

to grade g, at time t. Note that for a given grade, this choice set differs across households at a
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given time because of household residential location. It also differs over time for a given

household because of the entry and exit of schools that serve that grade. Let X denote the

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

and the school: D, I;, and x;. A household that must send its child to grade g at time t chooses a

school from the set J:ﬁ in order to maximize its utility (it may also choose not to send its child to
school). Assuming that the idiosyncratic error terms in (9) and (13) are i.i.d. type | extreme

value, we can express the probability that household i chooses school j in grade g at date t as

follows:

exp (i * i)
) I

exp(;blog(li )) + Z exp(ékgt + ,uikgt)

14. Py (yj,y_,-, Dyt D_jer Eiger & jges Pier P-jgrr X536

where 8° refers to the collection of demand-side parameters to be estimated. Let h(D,¢,g) be

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 location ¢ is associated with a distance to each school. Given (14), the

number of students choosing school j and grade g at time t is equal to:

15. N, —Ilam(mh (D,¢]9)

Thus, the market share attained by school j in grade g at time t is equal to:

_ N .
16. S0 (¥, Y- Dty Do €0 s Piges Pjei 07) :M_Jgt
gt

Similarly, the equilibrium values of the student peer characteristics are as follows: %

!DHMNMDE@

17. Dy (Y12 Y- Dy D jis €0 € g0 P P-jg 6°) !P ()dh(D, ,9)
jgt
(g K;

*® Although numerator and denominator add over all locations, note that in the case of public schools, a child who
resides outside the school’s attendance zone does not count the school in its choice set and hence cannot chose it. In
other words, the child has zero probability of attending that particular public school.
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We will discuss how we match the empirical counterparts of the above quantities to those
predicted by the model in Section 4. Note that in equilibrium, the school peer characteristics
taking as given by the families when making their school choices are the actual peer
characteristics, as determined by families’ choices.

Using the preceding and (6), achievement at the school level is:
18. Ay = yjﬂ" + [_)jtlo+ yj[_)jtﬁ" +<,?j +& +Vy
In this equation, p = (a +w’). The school fixed effect embodies the school’s productivity shock

and the mean of its grade-specific 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 productivity shocks and the mean of the
idiosyncratic components of performance of the school’s students. See Appendix Il for a detailed
derivation of (18).

3.2 Charter Schools

We distinguish between potential entrant and incumbent charter schools. Apart from the actual
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 remaining in the 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 wishes to open in the Fall of year X, then it must
submit its application by February of (X-1). The Washington, D.C. charter law specifies that the
school’s application must include a description of the school’s focus and philosophy, targeted
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
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community, and specify two potential parents who will be on the school’s board. In addition, the
application must contain a plan for growth - what grades will be added, at what pace, etc.

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 enrollment in nearby public schools, similar incumbent charters, the size of the
school’s intended building, and how many students the school needs in order to be viable given
the expected fixed costs.

If the application is approved, the charter receives approval notice in April or May of (X-
1) and must start negotiations 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 secures a building, 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 students. They 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. PCSB also conducts a “recruitment expo” in January, and
charters participate in it. Word of mouth among parents also plays an important role. This is
aided by the fact that at the board of each charter must include two parents with children in the
school.

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

Charters can run surpluses — this 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 is too 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 charters. Between 2004 and 2010, PCSB

received 89 applications, of which 29 were approved.



27

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
¢, focus y and grade level k. We assume there is one prospective charter entrant in each entrant
point per period. The prospective entrant uses the preceding demand model to forecast its
revenue in case of entering, and enters if the expected profit is non-negative. In the estimation,
we consider a neighborhood cluster as a prospective entry location.?

Recall that the demand shock for school j in grade g at time t
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school-grade-time specific components A&, . With regards to &, all the entrant knows is that
¢; is drawn from a normal distribution with mean g, and standard deviation o, . However, if

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

¢; - 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 learn about the school’s “quality,” which is known to all parties thereafter. With

regards to A, , all the entrant knows is that it comes from a normal distribution with mean £/,
and standard deviation o,,. We assume that & and A&, are independent. Thus, at the
beginning of period t the prospective entrant perceives &, to be distributed normally with mean
equal to p, +&, +& + 4, and variance equal to o7 + 0y,

When forecasting its market share, the prospective entrant observes & for all other

schools and knows the decisions made by incumbents at the beginning of t. While the

prospective entrant does not observe A& . for incumbents —j, it evaluates its forecast at

jot
A&, =0. We assume that the prospective entrant ignores the effect of other potential entrants
when forecasting its own revenue.*

Prospective entrant j in location ¢, grade level x and focus y computes its expected
revenue in case of entering as follows:

19. E s, | (4, Y,K) :Jsjgt(y,y_j,ﬁjt,S_jt,éjgt,é_,-gt,p_,-gt;e“)N(uﬁEg+§+ﬂAg,0§+0§g)

jgt

where —j indicates all incumbent schools, and & . is evaluated assuming A& . = 0. Similarly,

jot jot

the prospective entrant forecasts its peer composition as follows:

20. E Dy ly, =J5,-t(y,-,y_,-,ﬁjt,ﬁ_jtlc‘,-gtf_,-gt,p_jgt:ﬁ")N(ﬂﬁEg+§+NM,0§+0',§5)

22 \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.
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Let R, denote the reimbursement per student in grade g that a charter school obtains.” Let V,
denote variable costs per student; these may differ by grade level, . Let ¢ be an entry fee which

is only paid when entering. Let F, denote fixed costs which must be paid every year that the

school is open. These may vary by location and time, as the main component of fixed costs — the
cost of facilities — varies across locations and over time.

The expected revenue net of costs of the prospective entrant in location ¢, grade level

k and focus y is
21. ”jyxt (‘95) = z MgtE S jot | (4,y,K) (Rgt _VK)_Z_ Fy +ny/<t
g K

where &° :{,ug, Os, Hps1 Opsi §\ Vs Fa,w} refers to the collection of supply-side parameters to be
estimated, and v, is measurement error in the charter school’s profits that is unobserved by the

econometrician. The prospective entrant enters if its expected revenue is non-negative. In the 6°

vector, parameter w denotes relocation costs and is used below in our model of incumbents. We

assume that the utility of not entering is equal to vg . We assume that the error terms vy, and

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

In practice, a charter 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 serve 6™, 7" and 8"
grade may enter serving only 6™ grade in its first year, then adding 7" grade in its second year
and 8™ grade in its third year. Our characterization in (21) assumes that the school decides on
entry based on whether it expects non-negative net revenues were it serving its full set of grades

from the beginning of its operations.

3.2.2 Incumbents

% For a given year, this reimbursement varies across grades. For 2007, the base reimbursement (“foundation”) is
equal to $8002.06, and is adjusted by a grade-specific factor which is highest for high school and preschool. The
foundation is adjusted by inflation every year. In addition, charters in D.C. receive a facility allowance per child,
equal to $2,809.59 in 2007.
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Having previously entered, an incumbent school only faces uncertainty over the value of A&, .
The incumbent knows that Aé;, is distributed normally with mean £,, and standard deviation
0, - In addition, incumbent schools do not change their thematic focus or their grade levels. An

incumbent charter school decides whether it will continue operation, and if so, whether to stay in
the current location 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 evaluates

A&, at zero for other incumbents, and ignores the effect of potential entrants.?

An incumbent charter school j located in ¢, with focus y and grade level x continues in
operation at its current location, moves to a different location or exits entirely according to the

outcome of the following optimization problem:
T oy = > ME sy 1(¢,y,K) (Rgt —VK) +F, +V}, if stays in location ¢
g K
22. g (HS) =MaX Ty o = 3 MoE sy [(£Y,K) (Rgt —VK)+ F, —w+Vi,. if moves to location /'
g Kk

i
jto

i
jt,exit

V4 =v if exits

where V;w is measurement error in the incumbent’s profits that is unobserved by the
econometrician, and the expectations are taken over the distribution of A, . We assume that

v}, and v}, follow an i.i.d. type I extreme value distribution.

4. Estimation

To estimate the model, we proceed in three stages. First, we estimate demand-side parameters

6°. Second, we estimate supply-side parameters &°. Third, we estimate achievement-function

parameters. Below we describe each stage.

** \We make this assumption based on the fact that both incumbent moves and new entry are relatively infrequent in
the sample.
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4.1 Demand Estimation

We formulate household choice of school as a discrete choice problem and estimate preference
parameters using an approach based on BLP. An important point of departure relative to BLP is
our inclusion of endogenous peer characteristics of each school in household utility. BLP allows
for endogeneity in prices but assumes all other observed product characteristics are exogenous.
In our setting, school peer characteristics are the result of aggregate student choices, such as the
fraction of a school’s student body that is low income or a particular ethnicity. The peer
characteristics are an equilibrium outcome yet simultaneously determine aggregate choices and
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 market, our data consists of a panel of markets. To form
the necessary moment conditions, we must first calculate a school’s predicted enrollment share
relative to market size. The paragraphs that follow describe this calculation and the
computational implementation of the model.

For grade g and year t, market size M, 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 year. Appendix Il describes our solution to
this problem and our calculation of market size and outside good share for each grade and year.
In the model, the economy is a collection of locations. In our empirical application, a
location /is a Census block group (there are 433 block groups in D.C.), and each location is
populated by households that are characterized by two features: the grade that its child must
attend, and its demographic type. A household’s demographic type m includes 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 free- or reduced-lunch, and not eligible). Thus, we have M =128 (=4*16*2) household types
for each of our 15 grades and 433 locations. Each of these types exists in a certain measure (that
varies across locations and over time), and has a school choice set (that varies across grades and
locations and over time). Thus, we must calculate these measures and construct the

corresponding choice sets.
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As for the household measures, using 2000 Census data we calculate the year-2000
number of households with children eligible for grade g in location / that belong to demographic

type m, or y,,, (see Appendix IV for further details on the construction of these measures). Note
that 4, 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.
Since we do not observe the joint distribution of location, grade, and demographic type
for our sample period, in order to obtain the corresponding measures for years 2003 through

2007, we treat the year 2000 g, measures as a baseline and adjust them by a (grade, year)

specific factor. This adjustment is meant to reflect the growth in the number of children eligible
for each grade (which potentially varies by grade and year). It relies on the assumption that while
the marginal distribution of child age may change over time, the distribution of demographic
type and location conditional on age (or grade) remains constant (see Appendix IV for additional

details). In what follows we refer to 4, as year t’s measure of students for each location, grade,

and demographic type.

As for school choice sets, we use attendance zone boundaries in D.C. to determine the
public school to which each location ¢ is 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 accommodate the public school closings and consolidations that took place in previous
years.?> Thus, for household of demographic type m sending its child to grade g and residing in
location /7, at time t the choice set is given by the neighborhood public school offering grade g
(identified through attendance zone boundaries as described above), and all private and charter
schools in the economy offering grade g at time t.

Aggregating over all household demographic types for grade g, we can compute the
predicted number of children enrolled in school j and grade g at time t as: %

%> See Appendix IV for further details on the construction of choice sets.

*® Note that for public schools, one 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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where the set X, . includes the variables that characterize households who live in location ¢ and

Imjt
belong to demographic type m in year t: the race, income and poverty status of household type m,

and the distance from location /¢ to school j. The set X, . varies over time because changes in

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

demographic type. Denote by X, the union of all the X, . sets for time t. Based on the above, the

Imj

predicted enrollment share for (j,g) at t is equal to:

2.8, =

Aggregating over all household types in school j we obtain the predicted equilibrium peer

characteristics:

L M
DPLEMOH

25 5Jt — g K; m=.

]

=z

jt

where D, are the demographic characteristics of a household of type m, and th = z Njgt :
g Kj

We do not expect the model to perfectly predict the school peer characteristics. Thus, the
following relates the observed and predicted value of peer characteristics ([_)J.tand Sjt,

respectively):

A

26. D, =D, +u

jt
where u; is estimation error, possibly due to sampling variation or measurement error. Let J" be

the number of school-year observations in our data, J~ be the number of school-grade-year

observations, and D" be the number of student body characteristics by school. Then, stacking the

estimation error for all school-year observations and demographic characteristics yields the

(3" xD") x1vector u.
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Denote by J™ the total number of school-grade-year enrollment shares, and by A& the

corresponding vector of J™ school-grade-year specific deviations from mean unobserved utility.

As in BLP, we assume the following moment condition:

27. E A&|Z7,X =0
where X is the vertical stacking of all X, matrices, and Z™ is a J™ x L matrix of instruments,

with L > dim(¢9d ) that are assumed to be conditionally independent of the school-grade-time

specific deviations from the demand shock. The instruments in our application are critical
because schools and households likely observe numerous factors that influence household school
choice but are unobserved to us. We discuss our instruments in section 4.3. In addition, we have

the following moment condition on the estimation error of peer characteristics:
28. E u|Z",X =0
where Z* is a (J*XD*)XLmatrix of instruments. These conditional moments yield the

following 2L moment conditions:

29. E Z"A& =0
30. E Z'u =0

Denote by J,the number of schools in the data in year t. Let & be the set of grades

covered by school j in year t. The sample analogs of (29) and (30) are the following two Lx1
vectors:
31.

s 1 L2 -
Q) o2 )=—= > Zig By

J =1 =19 K

* 1 T J *!
b u,z)=— Z. U.
) qD( ) J ;JZ jot =t

where Z and Z  are two 1x L vectors of instruments.
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To estimate the model, we reformulate the problem as a mathematical program with
equilibrium constraints (MPEC). Dubé et al (2010), building on Su and Judd (2010), show how
to estimate the aggregate demand model in BLP as a constrained optimization problem that
simultaneously calculates the mean utilities and estimates the utility preference parameters.
Thus, a key benefit in following the MPEC approach is that we avoid numerically inverting the
market shares to obtain the mean utilities within a nested optimization, which significantly
improves the speed and robustness of estimation. We briefly describe the method below and
direct the reader to Dubé et al (2010) for details.

Let s be the vector that contains that J™ observed market shares, and let D be the vector

that contains the J"xD"observed peer characteristics. Let § andD be their predicted

counterparts. Let g be the 2L vector that stacks the g,and g, vectors in (31). The MPEC

objective function minimizes an analog of a GMM objective subject to a set of constraints:

min  A'WA
69,82
st. s= §(A$, D,Hd)
32 b=D(a&6")
A =q(Aaé&,u)

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

MPEC algorithm simultaneously searches over values for the demand shocks & and preference

parameters 8°. Given values for these, we can calculate the predicted market shares. The first
constraint of the MPEC problem ensures the observed enrollment shares s match the enrollment
shares predicted by the model given values for the preference parameters, demand shocks, and
(observed) peer characteristics. The second constraint enforces the necessary equilibrium
condition that observed peer characteristics match expected peer characteristics. Note that to

calculate the predicted enrollment shares, we evaluate households’ utilities at the observed peer

characteristics (namely, in the first constraint we evaluate $at D rather than D). 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 form in A.
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The decomposition of the demand shock in (11) suggests the inclusion of school-, grade-
and time-fixed effects in the utility function. However, a school-specific dummy variable

captures both the value of school characteristics that do not vary over time, y; 43, and the school-
specific mean of unobserved quality, &;. To estimate Sand &, separately, we apply a minimum-

distance procedure as in Nevo (2000, 2001). Denote by Q the Jx1vector of school-specific

dummy variables; by y the J xY vector of school focuses, and by & the J x1vector of school-

specific demand shock. From (10) and (11), Q=yB+¢&. Assuming that E(&|y)=0, the

estimates of Band &are B=(y' Q‘ly)_ly'VQ‘lé and &=0Q - ySrespectively, where Q is the
vector of school dummy coefficients estimated from GMM, and V,, is the variance-covariance

matrix of these estimates.
4.2 Supply Estimation

We estimate the supply side parameters &° through Maximum Likelihood Estimation. Denote by
I~tthe information available to the econometrician for events previous to t. This includes entry

and exit episodes, school relocations, and characteristics of the incumbent schools as of the

beginning of the sample period. The likelihood function is then
J o~

2 0)=) [t [P o oo T

where T is the number of periods in the data, J; is the number of incumbents at the beginning of
period t, L is the number of locations, and Y is the total number of focuses that charters can

choose from.

As for the probabilities inside the likelihood, Pr(djt:&jt|l~t)is the conditional

probability that incumbent j chooses the action d i that is observed in the data. Recall that the

number of possible actions for the incumbent is equal to L+1, as the incumbent can function in
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any of the L locations or exit. We assign ¢ =0 to the option of exiting. Thus, the probability that

the incumbent choosing location d ajt {0,1,2,....,L}is given by

it

exp(ﬁ‘jt&jt (It))

L

;exp(ﬁ‘m (It))

it (II) is the mean profit of incumbent j at time t if it locates in ¢. The profit is given by

34. Pr(d, =d, |1,)=

where 7

j=1

(22). The other probability, Pr d,, = &My |{djt = &jt . I, , describes entry behavior in each
-
entry point (6, y,K) . The probability of entering is given by

35. Pr dny = enter |{d it = &jt}jll’ |~t - %
yK

€
where 77,

is the mean profit from (21).

To summarize, our estimation approach is as follows. First, we match enrollment 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 the distribution of unobserved quality of all charters. In this
stage, we use the first-stage parameters to compute charter expected revenues. Third, we estimate
the parameters of the achievement function. Since not all the parameters of the model are
identified (see 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.

4.3 ldentification and Instruments

For the identification of the demand-side and achievement parameters, the 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 school-, grade- and time-specific dummy variables
following the demand shock decomposition in (11). However, the concern remains that when
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households choose schools, they observe the school-grade-time specific deviation A&, , which

gt’

we do not observe. This would induce correlation between student peer characteristics D,

which are an outcome of household choices, and A&, .

We address this correlation by using the following instruments for II_)jt . For multi-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 perceived as belonging to the same “brand,” yet the peer
composition in one campus does not directly affect the utility of households in another campus,
particularly in the case of campuses that serve different grade levels. This idea is similar to that
of Nevo (2000, 2001), who instruments for the price of a brand in one market with the price of
the same brand in other markets.

For single-campus charters, our instrument is the student body characteristics in similar
but geographically distant charters, where “similarity” is defined in terms of focus and grade

level.?’

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 with 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, religious non-Catholic,
nonsectarian), grades served, average tuition, and demographic characteristics of the
neighborhood where they are located.

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

achievement function parameters (o, ,/) in equation (18). These are identified by the
variation in school-level achievement, focus and demographics. Parameter 3 is the main effect
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 characteristics). Recall that p=a +w . Thus p impounds the effects of

%’ This is also the strategy we use for multi-campus charters for the years in which they have only one campus open.
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students’ own demographic characteristics, w", and the effects of peer demographic
characteristics, a’, on achievement. Absent student-level data, these two effects of

demographics cannot be distinguished. For the purpose of counterfactual policy analysis,

however, knowledge of the combined effect, p, is sufficient. Having multiple observations per

school identifies school-level fixed effects
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not identified either. Recall that the coefficient on the interaction of own demographics and

school focus is B = +@B . While £ is identified by enrollment patterns across different

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

identified.
On the supply side, the entry fee ¢is identified by 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 costs V, are identified by the

pattern of entry by grade level holding other things constant. Moving costs w are identified by
the frequency of moves. Finally, the parameters of the distribution of demand shocks,

Ue Og, Ung, 0,5, are identified by the frequency of entry, exit and moves in the data, and by the
distribution of &; for the actual entrants (which we estimate based on demand-side fixed effects).

Note, however, that we cannot estimate these parameters solely off the distribution of the

estimated & for the actual entrants because those parameters pertain to the distribution of

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

5. Discussion and Intended Counterfactuals

In this section we first discuss some aspects of the model that might 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. These limitations, most of which
are due to the unavailability of the corresponding data, have forced us to ignore certain
institutional features of charter schools in our model. First, we do not observe charter capacity or
effective demand (i.e., the number of students 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 oversubscribed. Second, we do not observe the complete set of charter applications; we
only observe the applications that got approved 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 authorize lower-quality applicants

(Buckley and Schneider 2007). This, in turn, might have led prospective entrants to “shop”
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authorizers at the beginning of the sample period, and could have been reflected in a change in
the distribution of school-specific quality when PCSB became the sole authorizer. Third, in
reality charters choose whether to be single- or multi-campus organizations, in a choice that
probably resembles a store chain’s decision to open a new franchise. We plan to conduct some
sensitivity analyses aimed at informing us, in a stylized fashion, about the impact of these
constraints.

We plan to use our parameter estimates to conduct some counterfactuals. First, we will
study the response of charter entry and student sorting to changes in per-student funding for
charter schools. Given 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 (represented as a lower
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 facilities for charters should increase. Moroever, in
recent years charters have had increasing access to “incubator facilities” where they are housed
for a few years until moving to their permanent location. We can capture the greater 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 charter school
children. Thus, the provision of publicly-funded 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 authorizer. Hence,
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 charters than it
was a few years ago. Thus, it is of interest to study whether students would be less likely to
attend charters if they were not of the exact focus that they prefer.

DCPS has undergone important changes in recent years. These changes include school
closings, consolidations, re-configuration of grades, and adoption of specialized curricula.
Moreover, public-school choice (with out-of-boundary enroliment) has become more prevalent.

We will study the effect of these changes on charter entry and student sorting.
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Washington, D.C. is home to a publicly-funded 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 allows us to study this issue. Finally, one of the main demographic changes
affecting most urban school districts in the United States is the loss of school-aged children.
Thus, we will explore the response of charters and household to exogenous demographic shocks
that change the potential enroliment in the city as a whole, or that change the income distribution
of the families with school-age children.

6. 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 model. We will estimate the model using a unique
dataset for Washington, D.C. which incorporates information on all public, charter and private
schools in D.C. between 2003 and 2007. Since we rely on an equilibrium 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 their school
choices. We model charter entrants as being uncertain about their school-specific 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 schools not only provide children with additional school
choices but also provide researchers with new evidence on school management methods,
educational curricula, and a number of aspects in which charters can diverge from public schools
by virtue of the freedoms that have been granted to them. Thus, in future research we hope to

explore the innovation and competition induced by charters in the education market.
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Demographics and Achievement at Public, Charter and Private Schools

TABLE 1la

All Schools Public Schools Charter Schools Private Schools
Av 10th 90th AV 10th 90th Av 10th 90th Av 10th 90th
9. pctile. pctile. g pctile. pctile. g pctile. | pctile. g 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 74.47 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 campus-year. “Reading Prof.” is the percent of students who are proficient in Reading. “Tract income” is the average
household income in the Census tract where the school is located. Weighted statistics; weight = Fall enrollment. Proficiency data is not available for private

schools.
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Notes: see Table 1a.

Demographics of Private Schools by Private School Type

TABLE 1b

Catholic O_th_er Nonsectarian
Religious
Avg. Pct. White 39.34 59.03 60.99
Avyg. Pct Black 49.13 32.55 29.83
Avg. Pct. 8.47 251 452
Hispanic
Tract Income $77,100 $105,700 $102,200
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TABLE 2

School Openings and Closings

49

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 indicates number of campuses; number of schools is in parentheses. For instance, in 2004 10 charter campuses and 9 new charter schools
opened. The three campuses of Washington Academy were taken over by Howard Road in Spring 2008. In this table we count them as three campuses (and one
school) that close in 2007.
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TABLE 3a
Grade Levels at Public, Charter, and Private Schools

Public Schools Charter Schools Private Schools
Percent | Pct. of Avg. Percent | Pct. of Avg. Percent | Pct. of Avg.
Students | Enrollment Students | Enroliment Students | Enrollment
@) (2) 3) 4) (5) (6) () (8) ©)
Elementary 68.62 58.03 315 42.61 30.79 226 16.93 7.79 123
Elementary/Middle 4.28 4.96 432 20.87 23.17 347 51.12 35.43 185
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 17.57 32.65 496

Notes: The unit of observation is a campus-year. For instance, on average during the sample 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 percent attend elementary schools, 4.96 attend
elementary/middle schools, etc. Avg. enrollment is a weighted average; weight = Fall enrollment.



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 | Enroliment Students | Enrollment
@) (2) 3) 4) () (6) () (8) ©)
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.



TABLE 4a
Demographics and Achievement By 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 12.42 54.58
Avg. Pct. Black 79.00 74.13 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. Proficient Reading | 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
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Notes: The unit of observation is a campus-year. “Elem.” and “E/M” denote elementary and elementary/middle school, respectively. Weighted averages; weight

is school-level enrollment.



TABLE 4b

Demographics and Achievement by School Type and Level

Public Schools

Elem. E/M Middle | M/H | High | E/IM/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 Reading | 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 | $61,000 | 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 Achievement by 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
Program Focuses at Charter Schools
Focus All Levels | Elem. E/M Middle M/H High E/M/H
1) (2) (©) (4) () (6) ()
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 0 3.70 35.71 35.29 0
Civics 6.52 0 0 3.70 28.57 29.41 0
Math and Science 3.48 1.02 0 7.41 0 14.71 0

Notes: the unit of observation is a campus-year. “Elem.”, “E/M”, “M/H” and “E/M/H” denote elementary, elementary/middle, middle/high and
elementary/middle/high school respectively. For instance, among elementary charter campuses, on average 56.12 percent focus on a core curriculum, 22.45
percent on language, etc.



TABLE 5b
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Charter Schools: Student Demographics and Achievement by Level and Program Focus

a. Elementary Schools

Arts Core Language | Math and
Science
1) ) (©) (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 Reading 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
1) @) 3) (4) ()
Avg. Percent White ! 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 Reading 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
1) ) ®) (4)
Avg. Percent White 46 0.03 .30 1.03
Avg. Percent Black 76.00 97.29 99.00 97.32
Avg. Percent Hispanic 22.5 211 5 1.45
Avg. Percent Low Income 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 campus-year. Weighted averages; weight = fall Enroliment.

“Elementary schools” includes elementary, elementary/middle and elementary/middle/high
schools; “middle schools” includes middle, elementary/middle, middle/high, and
elementary/middle/high; “high schools” include high, middle/high, elementary/middle/high

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) @) (©) (4) (5) (6) ()
Catholic 4231 | 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 campus-year. “Elem.”, “E/M”, “M/H” and “E/M/H” denote elementary,
elementary/middle, middle/high and elementary/middle/high school respectively.




TABLE 6b
Private Schools: Student Demographics by Level and Type
d. Elementary Schools
Catholic Other Nonsectarian
Religious
1) ) ®)
Avg. Percent White 17.18 35.67 32.00
Avg. Percent Black 69.13 59.16 63.19
Avg. Percent Hispanic 11.66 1.63 2.59

e. Middle Schools

Catholic Other Nonsectarian
Religious
Y ) ®)
Avg. Percent White 20.33 33.28 45.31
Avg. Percent Black 65.20 60.51 48.76
Avg. Percent Hispanic 12.34 1.78 3.36

f. High Schools

Catholic Other Nonsectarian
Religious
1) ) ®)
Avg. Percent White 58.70 48.92 55.20
Avg. Percent Black 31.45 43.31 37.19
Avg. Percent Hispanic 6.37 2.97 4.37

Note: Unit of observation is a campus-year. 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

59

Note: unit of observation is a campus. For instance, 2 of the 39 campuses in 2004 have a different location than in

2003.



TABLE 8
Number of Campuses per Charter 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 pertaining to the 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 Charters Schools

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 Students 25.02 74.21

Note: unit of observation is a campus-year.




TABLE 10
Early versus Recent Charter Entrants
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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 7.41 541
Avg. Tract Hh. Income $48,800 $50,500
Pct. belonging to multiple- 25.93 56.76
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

observed in the data. Weighted averages; weight is enrollment.
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FIGURE 1
Number of Public, Charter and Private School Campuses
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FIGURE 2
Enrollment in Public, Charter and Private School Campuses
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FIGURE 3
Enrollment Shares for Public, Charter and Private Schools
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Notes: percentages calculated relative to total enroliment, where total is the aggregate over public, charter, and
private schools for all grade levels.
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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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FIGURE 4e

Geographic Location of Middle Schools in DC in 2007
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FIGURE 4f
Geographic Location of High Schools in DC in 2007
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Public Schools — Aggregate Enrollment Share by Grade

FIGURE 5a

Charter Schools — Aggregate Enrollment Share by Grade
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Note: shares are calculated relative to the total enrollment per grade, where total = aggregate enrollment over public,

charter and private schools.
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Appendix I: School-Level Data

Public Schools

The starting point for this dataset was audited enrollments from the District of Columbia Office
of State Superintendent of Education (OSSE), available at
http://osse.dc.gov/seo/cwp/view,a,1222,q,552345,seoNav,|31195|.asp. From here we obtained the
list of public schools along with their enrollment for preschool, pre-kindergarten, kindergarten,
each grade between 1 and 12, and enrollment of ungraded and adult students.

Our list only includes regular schools. This means that relative to the original OSSE list, we have
excluded the following:

1. alternative schools
2. special education schools
3. early childhood centers

We excluded schools listed as alternative by the OSSE, schools that report their program as
alternative in the Common Core of Data (CCD), and schools listed as alternative during the
corresponding years by DCPS. We also excluded schools that offer residential programs, such as
Ballou Stay and Spingarn Stay. In total, we eliminated 11 alternative schools from the original
OSSE lists.

We excluded schools listed as special ed by OSSE, and schools that report their own type as
special ed in the CCD. Some schools report their type as special ed only during one or two years
during our sample period, in which case we called the individual schools to gauge their type and
removed them from the data if they were special ed. In total, we eliminated 22 special ed schools
from the original OSSE lists.

Early childhood centers include one or several of the following: pre-school, pre-kindergarten,
and kindergarten, and do not include regular grades. We excluded early childhood centers as
long as they never had enrollment in regular grades during the sample period. For instance, if an
early childhood center added first grade in 07, then the school was included for all 5 years.

Below is the list of information and sources for each school, along with the construction of the
corresponding variables:

Address: geographic address of the school. The main source for this variable was the
CCD. When the address was not consistent over time, we used Google Earth and Google
Maps to see whether the different addresses corresponded to the same geographic
location or not. If not, we consulted the school’s web site, or called the school to track
down the history of its location. In the absence of other information, we used the most
recently reported address. We geocoded all addresses.


http://osse.dc.gov/seo/cwp/view,a,1222,q,552345,seoNav,|31195|.asp
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School enrollment: total school enrollment, excluding ungraded and adult students.
Source: own calculations based on OSSE.

Grade-level enrollment (grades preschool through 12). Source: OSSE.

Percent of white students: percent of White students in the school. Source: own
calculations based on CCD. For the few cases in which the CCD data was not available,
we used the demographics reported to fulfill NCLB requirements (found in
http://www.nclb.osse.dc.gov/). Notice, however, that the NCLB requirements pertain to
the students enrolled in the grades tested for the sake of NCLB accountability, not to the
entire student body. When using the NCLB web site, we computed this percent as the
ratio between the number of white students in the grades tested and the total number of
students in those grades.

Percent of black students, percent of Hispanic students, percent of students of other
ethnicities: constructed similarly to percent of white students.

Percent of Low Income students: calculated as the percent of students who receive
either free or reduced lunch. Source: own calculations based on CCD. For the few cases
in which the CCD data was not available, we used the demographics reported in
fulfillment of NCLB requirements.

Reading proficiency: percent of students who are proficient in Reading. Source:
http://www.nclb.osse.dc.gov/. In 03 and 04, proficiency levels were determined
according to the Stanford-9 assessment. To be considered proficient, a student was
supposed to score at the national 40™ percentile or higher. Since 05, proficiency has been
determined according to DC CAS (Comprehensive Assessment System). See
http://www.nclb.osse.dc.gov/fag.asp for more information.

Prior to 05, the grades tested were 3, 5, 8 and 10 (according to the School Performance
Reports for PCBS-authorized charter schools, and according to our own calculations
comparing grade-level enrollment with number of students tested). Since 05, the grades
tested have been 3, 4, 5, 6, 7, 8 and 10 (according to
http://www.nclb.osse.dc.gov/aboutayp.asp, School Performance Reports and our own
calculations comparing grade-level enroliment with number of students tested).

The achievement website, http://www.nclb.osse.dc.gov/fag.asp , reports proficiency for
elementary and secondary schools. According to http://www.nclb.osse.dc.gov/fag.asp,
schools are classified as elementary or secondary as follows. Since 05, elementary
schools are schools with a 3rd and/or 5th grade. If the school goes above the 6th grade it
must also have a 3rd grade. Secondary schools are schools with no 3¢ and a grade above
6". Prior to 2006, schools with a wide grade range were required to meet both the
elementary and secondary targets. The general rule for most schools was that they were
classified as elementary if they had no grade above 6 and as secondary if they had no



http://www.nclb.osse.dc.gov/
http://www.nclb.osse.dc.gov/
http://www.nclb.osse.dc.gov/faq.asp
http://www.nclb.osse.dc.gov/aboutayp.asp
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grade below 5. Schools that did not meet either of these criteria had to meet the targets at
both levels.

For some schools and years, proficiency data are not available for one of the following
three reasons: 1) the school only includes early childhood enrollment; 2) the school only
includes grades that are not tested (for instance, the school includes kindergarten and first
grade only); 3) the school includes grades that are tested, but enrollment in those grades
is below the minimum threshold for reporting requirements. The last reason is the most
prevalent cause of missing proficiency. See below for the imputations made in those
cases.

Math proficiency: percent of students who are proficient in Math. Constructed similarly
as reading proficiency.

Percent of out-of-boundary enrollment: percent of students enrolled through the out-
of-boundary process for years 04, 05, 06 and 07 (we do not have information for 03).
Source: own calculations based on DCPS data.

Year of Opening: year the school opened, if it was not open in 03. Using the CCD
“status” variable and web searches we verified the school’s initial year. This is the first
year for which we have records.

Year of Closing: year the school closed, if it was not open in 07. The variable stores the
first year that the school was no longer open. We verified the content of this variable
using the CCD *“status” variable and web searches.

Year of Merge: year the school merged with another school. The variable stores the first
year that the school no longer operates separately, which is the first year for which we
have joint records.

Ethnic composition and low-income status of the student body were missing for 2 and 4 (out of
701) observations respectively; these are schools with very low enrollment. Since ethnic
composition varies very little for any given school over time, to the cases of missing ethnic
composition we imputed the school’s average ethnic composition over the years for which we do
have data. Whenever possible, we imputed the predicted value coming from a school-specific
linear trend.

Achievement was missing in 16 out of 701 observations. To these observations, we imputed the
predicted achievement coming from the regression of school-level proficiency rates on year
dummies, ethnic composition variables, percent of low income students, enrollment, and school
fixed effects. In cases in which we had no proficiency data for the school at all, we ran a similar
regression excluding school fixed effects and including dummies for school level, and used the
resulting predicted values for our imputations.
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Charter Schools

As with public schools, the starting point for this dataset was audited enrollments from the
District of Columbia Office of State Superintendent of Education (OSSE), available at
http://osse.dc.gov/seo/cwp/view,a,1222,q,552345,seoNav,|31195|.asp. From here we obtained the
list of public schools along with their enrollment for preschool, pre-kindergarten, kindergarten,
each grade between 1 and 12, and enrollment of ungraded and adult students.

For consistency with public schools, we excluded alternative schools. We identified alternative
schools based on OSSE’s classification, the schools’ mission statements, and the self-reported
program type in the CCD. We excluded schools in which ungraded or adult students constitute
the majority of the student body, and schools with residential programs.

By law, charter schools cannot serve special education students exclusively. However, they can
offer services targeted to specific populations even though their enrollment must be open to all
students. Only one charter school in D.C., St. Coletta, serves special ed students exclusively, and
they made this agreement with the Board of Education (BOE) when they were chartered. We
excluded schools whose services target mostly special ed students. We identified those schools
based on OSSE’s classification, the schools’ mission statements, the self-reported program type
in the CCD, and phone conversations with staff from the Public Charter School Board (PCSB).

We excluded early childhood schools only if they never added regular grades. We also excluded
online campuses.

Some non-early childhood charters opened an early childhood campus during the sample period.
We only included these campuses if at some point they added regular grades. Community
Academy-Amos Il is an early childhood campus that did not include regular grades (at least not
during our sample period) and is hence not included in our data. Similarly, Roots Academy
opened an early childhood campus in 07, which we did not include in the data. KIPP-LEAP is an
early childhood campus that opened in 07 and is not included either. In contrast, E.L. Haynes
opened a campus in 07 for early childhood and first grade; this campus is included in our data.

Below is the list of variables for private schools. With the exception of tuition, all the data comes
from the PSS:

Address: geographic location of the campus. For PCSB schools, the main source was the
SPRs. For BOE schools, the main source was the CCD. We supplemented these sources
with web and Internet archive searches, and phone calls to the individual schools. We
geocoded all addresses.

Several schools moved in the middle of the school year, temporarily relocated, or closed.
We consulted the SPRs and various web sites to handle these cases. If the school moved
in the middle of a school year, the address variable contains the new address. Some


http://osse.dc.gov/seo/cwp/view,a,1222,q,552345,seoNav,|31195|.asp
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schools relocated some students for a few months during renovations. Since this was a
temporary arrangement and parents knew it, we did not consider this a change in address.

School enrollment: total school enrollment, excluding ungraded and adult students.
Source: own calculations based on OSSE.

Grade-level enrollment (grades preschool through 12). Source: OSSE.

Percent of white students: percent of White students in the school. For PCSB charters,
the source is the School Performance Reports (SPRs) when available. Only for one
campus and year (Tri Community in 07), does the SPR not include demographic
information, in which case we use the NCLB data from http://www.nclb.osse.dc.gov/
otherwise.

For BOE charters in 2007, the source is the SPRs (in 2007, the PCSB began including the
BOE-authorized charters in its reports). For BOE charters before 2007, the source is the
NCLB web site. Note that the NCLB information pertains only to students in grades
tested, not to the whole student body of a school. These sources were supplemented by
the CCD when needed.

When the school has multiple campuses but we only have one set of ethnic composition
data, we impute it to all campuses.

Percent of black students, percent of Hispanic students, percent of students of other
ethnicities: constructed similarly to percent of white students.

Percent of Low Income students: percent of low-income students, equal to the fraction
of students on free or reduced lunch. For PCSB charters, the source is the SPRs. For BOE
charters, the source is NCLB information in http://www.nclb.osse.dc.gov/. These sources
were supplemented by the CCD when needed and possible, in which case case pctLowlInc
is the fraction of students with either free or reducedlunch.

When the school has multiple campuses but we only have one set of low-income
variables, we impute it to all campuses.

Reading proficiency: percent of students who are proficient in Reading. See public
schools for sources and construction.

Some charters span elementary and secondary grades, and this affected their reporting.
For instance, Capital City had to meet elementary and secondary targets before 05, and
for those years it reported two sets of scores. Since 05, Capital City has had to meet only
one target, has been considered an elementary school for the sake of reporting, and has
had to report only one set of scores. In general, when the school had only one campus but
separate proficiencies for elementary and secondary students, we combined them into a


http://www.nclb.osse.dc.gov/
http://www.nclb.osse.dc.gov/
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single proficiency indicator for comparability with other years in which we had a single
proficiency indicator.

For multi-campus charters we usually had achievement data for each campus. When we
did not, we imputed the available data to all the campuses.

As with public schools, we did not have proficiency data for some campus and years for
the reasons enumerated above. In the case of many PCSB schools for which the NCLB
web site did not report test scores due to low enrollment, we obtained proficiency rates
from the SPRs. This was not possible for BOE schools with low enrollment since the
SPRs only cover PCSB schools before 07. In cases in which we could not find
proficiency data, we made imputations (see below).

Math proficiency: percent of students who are proficient in Math. Constructed similarly
as reading proficiency.

Year of Opening: year the campus opened. Source: SPRs, FOCUS, web searches. The
variable stores the first Fall that the school is open.

Year of Closing: year the school (as opposed to the campus) closed, even if it closed
after 07. The variable stores the first year that the school is no longer open. The sources
are Center for Education Reform
(http://www.edreform.com/accountability/charters/CER_ClosedCharterSchools2009.pdf),
current SPRs and PCSB listings of charter schools, current NCLB reports, and web
searches.

Note that Washington Academy was taken over by Howard Road in Spring 08 —i.e., in
the middle of school year 07. Hence, the year of closing is 2007 for Washington
Academy because it the first year for which Washington Academy no longer exists. In
fact, for the school year 07/08, data were reported by Howard Road, and the SPRs report
data for Howard Road campuses noting that they were former campuses of Washington
Academy. We chose not to add campuses to Howard Road for 07 because the campuses
did not physically move — they simply changed ownership.

Reason for Closing: reason for closing (academic / financial / mismanagement). Source:
Center for Education Reform, SPRs, web searches.

Statement: the school’s mission statement. Source: schools’ web sites, FOCUS, SPRs.

The percent of low-income students was missing for 9 out of 230 observations respectively. As
in the case of public schools, these schools had low enrollments. In most cases we imputed the
school’s average percent of low-income students, the average calculated over the years for which
the school does have data.


http://www.edreform.com/accountability/charters/CER_ClosedCharterSchools2009.pdf

In the case of missing proficiency rates (36 out of 230 observations), we made imputations
similar to those described for public schools, the only difference being that we used school- (as
opposed to campus-) fixed effects in the predicting regressions.
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Private Schools

The starting point for this dataset was the list of private schools from the Private School Survey
(PSS). Since the PSS is biennial, we included the 2003, 2005 and 2007 waves in our data.

PSS classifies schools as regular, vocational, special ed, and other/alternative. 92 percent of the
schools in our dataset are regular, and the remaining schools are classified as other/alternative.
Although an alternative public school is usually a school for students with behavioral problems,
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Percent of white students: percent of White students in the school. Source: own
calculations based on the reported number of White students and the total enrolment.
Since the number of students for each ethnicity spans grades K through 12, we used K-12
enrollment as well in the denominator.

Percent of black students, percent of Hispanic students, percent of students of other
ethnicities: constructed similarly to percent of white students.

Tuition: annual tuition by grade. These tuition correspond to the 2010/2011 school year
and were obtained from web sites and phone calls to the individual schools. For the cases
in which we did not obtain tuition data, we imputed tuition based on the predicted values
arising from the regression of tuition on grade, school type (based on the nine typologies
used by PSS), average household income of the tract where the school is located, school
enrollment, a quadratic term in school enrollment. Both observed and predicted tuitions
are expressed in dollars of 2000.
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Appendix I1: Achievement Regression

Recall from (6) that achievement at the individual level is defined as follows:
1' Aijgt = yjﬂ + [_)jta“ + Dlw + yj D|B + C:ejlgt + |/ijgt
In this equation, the productivity shock Sj'gt is decomposed as follows:

2§ =&+ HDE,
In order to derive mean achievement in school j at time t, for simplicity we assume a finite

number of students in each school and grade. Recall that N is the number of students in school

jot
J’s grade g at time t, and define N as the number of students in school j at time t. Recall that the
school’s level k; is the set of grades encompassed by the school. Note that school j’s

demographic composition at time t, o, is the average of the demographic characteristics D, of

D.

1
the students who choose to attend school j: o =85 % Thus, average achievement in
jt

school j at time t is equal to the following:
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where p = (a +w'). We can rewrite this equation as follows:
4 A =YB Doty DB +4+ &+
_ z Nigtgg _
Here, & =&+~ ——and & =& . Although the second term of & is not strictly constant

jt
given that the contribution of grade g to school j’s enrollment potentially varies from year to

year, in most of our sample this contribution varies very little over time. Thus, it can be

reasonably approximated by a grade-specific constant, which makes the second term of g?J a
school-specific constant. As a result, ?J embeds both a school fixed effect and a school-specific

weighted average of grade-level fixed effects. The time fixed effect & captures changes in
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achievement that affect all schools and grades (such as the change in assessment instrument that

took place in 2006). Finally, the error term Vv is defined as follows:

Vig D Nig (Af;gt)
_ Tot + 95

Vi N. N

it it

— _ 9 ki

. In other words, the error term embeds the weighted mean of

the school’s grade-specific idiosyncratic productivity shocks and the mean of the idiosyncratic

components of performance of the school’s students. Since parents observe qu'gt when choosing
schools, the school’s demographic composition I3jt is correlated with v, . Thus, the achievement

regression must be estimated using instrumental variables.
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Appendix I11: Market Size and Outside Good

Since each grade is a market, calculating market size amounts to determining the number of
children who are eligible for each grade in Washington, D.C. in each year between 2003 and
2007. Given our data on aggregate enrollment by grade and year, the share of the outside good
for a given grade and year is equal to (market size — aggregate enrollment) / market size.

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 year. In the absence of this information, the
count of children by age and year would be helpful, but we do not have this information either.
Instead, to calculate market size we rely on the following pieces of data:

1. The 2000 count of children by age (see Table Al);

2. The intercensal estimates of the number of children in the below 5, 5-13 and 14-17 year
old brackets (see Table A2);

3. The 2000 count of enrolled and not enrolled children, and the resulting percent of
children who are not enrolled. The latter is our best proxy for the outside good share for
year 2000;

4. Observed enrollment for each grade and year (see Table A4).

To estimate the number of children by age in each year, one could apply the annual rates of
growth implied by Table A2 to the 2000 observed number of children in each age (see Table
Al). Since these rates of growth differ by age groups, one could apply to each age the rate that
corresponds to its age group. In principle, the resulting number of children per age should be at
least as large as the observed enrollment in the corresponding grades (see Table A4). When we
apply this procedure, for grades 4-8 we estimate a number of children (or potential enroliment)
that is lower than the actual enrollment, thus implying a negative share of the outside good. One
possible explanation is the existence of different growth rates within the age group 5-13. For
instance, children who are 5-13 years old in 2003 would have been 2-10 years old in 2000. As
Table 1 shows, there is a fair amount of variation in the number of children in each age between
2 and 10. Thus, it is plausible that each individual age would grow at a different annual rate.
Another possible explanation is the existence of complex patterns of grade retention (i.e.,
children who must repeat a grade).

Since we do not have data to disentangle these possibilities, after evaluating a number of
solutions we opted for inflating the observed enrollment for each grade and year by a factor 3, .

These factors are chosen so that their implied outside good shares match up with 2000 Census
outside good shares (see Table A3). We opted for this solution not only because it was simple,
but also because our most direct evidence on the outside good share comes from the 2000
Census. Thus, we calculate market size for (g, t) as observed aggregate enrollment for (g, t)* 3, .

For the calculation of our adjustment factor, we modified the 2000 Census outside good shares
slightly to accommodate some features of our data. In particular, our enroliment data is based on
regular schools (thus excluding special ed or alternative schools, which are more prevalent in
middle or high than elementary school), and excludes schools that are specialized in early
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childhood (i.e., that do not include grades above kindergarten). Thus, we used an outside good
share of 70% for preschool and 45% for prekindergarten; 3% for grades K through 8
(corresponding to ages 5-14 in the 2000 Census), and 10% for grades 9 through 12
(corresponding to ages 14-17 in the Census).

Our solution has the appealing feature of delivering an estimated number of children whose
annual growth rate is consistent with the growth rates implied by the intercensal Census
estimates (see Table A2). In particular, potential enrollment given our solution grows at the
following rates between 2003 and 2007: 4% for preschool and prekindergarten, -13% for grades
K through 8, and 7% for grades 9 through 12. These rates line up with the Census growth rates
for the corresponding age groups (equal to 7%, -13% and 13%, respectively) for the same period.
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Appendix 1V: Household Types and Choice Sets

In this appendix we first describe the construction of household types for year 2000 and the
adjustments needed for years 2003-2007. Then we describe the construction of choice sets for
households in different locations.

Household Types for Year 2000

The main challenge in measuring the number of households in each (grade, demographic type)
combination at the block group level is the fact that we do not observe the joint distribution of
child age, race, household income and poverty status at the block group level. Instead, the
Census provides us with the following information:

tract-level joint distribution of age and race;

tract-level joint distribution of age bracket, race and poverty status;?
tract-level joint distribution of family income (by brackets) and race;
block group-level joint distribution of age brackets and race.

cooe

Recall that Washington, D.C. includes 433 block groups and 188 Census tracts. The calculations
described below apply to the 185 tracts that do have children aged 0-18 and the corresponding
block groups.

We proceeded as follows:

1. Note that for each block group we observe the joint distribution of age brackets and race,
and at the tract level we observe the joint distribution of individual ages and race. We
assume that for a given age bracket and race, the distribution of individual ages is the
same for all the block groups that belong to a tract. Hence, for each block group, age
bracket and race we imputed the distribution of individual ages of the corresponding tract
and race.

2. For each tract we observe the joint distribution of age brackets, race and poverty status.
We assume that for a given tract, the distribution of race and poverty status is the same
for all individual ages within a given age bracket. We also assume that the joint

%8 Federal guidelines (see http://www.fns.usda.gov/cnd/governance/notices/iegs/iegs.htm) establish eligibility for
free- or reduced-price lunch based on household size and income. To qualify for free (reduced) lunch, a child must
live in a household whose income is below 130 (185) percent of the Federal poverty guidelines for that household
size. We pool children eligible either for free or reduced lunch into a single category. Since the Census reports the
number of children in each age bracket and race whose household income falls below 130%, or between 130% and
185% percent of the poverty guideline given their household size, we can calculate the number of children eligible
for free- or reduced-lunch as the total number of children whose household income falls below 185% of the poverty
guideline. Thus, “poverty status” is a binary variable that describes whether the child is eligible for free- or reduced-
lunch or not. In some parts of the paper, we use “low-income” to describe a child who is eligible for free- or reduced
lunch.
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distribution of age, race, and poverty status is the same for all the block groups located
within a given tract. Hence, for each block group, individual age and race, we imputed
the poverty distribution of the corresponding tract.

3. Based on steps (1) and (2), we calculated the number of children in each (age, race,
poverty status) combination in each block group. For a given block group, denote this
number as narp, Where a=age; r=race; p=poverty status.

4. For each tract we observe the joint distribution of family income and race, but not the
joint distribution of family income, race and poverty status. To determine how many of
the narp children in the corresponding (a, r, p) combination a given block group fall in
each income bracket, we perform an imputation which we can illustrate through the
following example for a hypothetical block group and tract. In this block group, 20% of
5-year old White children are poor, and the remaining 80% are not. In the corresponding
tract, 5% of White families have incomes below $20,000; 15% have incomes between
$20,000 and $40,000, and the remaining 80% have incomes between $40,000 and
$60,000. Thus, we assigned a family income of $10,000 (i.e., the midpoint for the income
bracket between $0 and $20,000) to a quarter of the 5-year old White children, where 1/4
= 5% / 20%. Similarly, we assigned a family income of $30,000 (i.e., the midpoint for the
income bracket between $20,000 and $40,000) to three-quarters of the 5-year old, White
children, where % = 15% / 20%. To the 80% of 5-year old White children who are not
poor, we assigned an income of $50,000 (i.e., the midpoint of the income bracket
between $40,000 and $60,000).

5. Based on step (4), for each block group we calculated the number g, of children of each

age and demographic type m, where the demographic type is given by a (race, income,
poverty status) combination.

6. To calculate the number of children of each grade g and demographic type m, 4., we

calculated the block-group average of the two most frequent ages in the grade, given the
lack of data on the age distribution of children by grade. For instance, for location /and
demographic type m, we calculated the number of children who are eligible for preschool
as the average of the number of 3-year olds; the number of children who are eligible for
prekindergarten as the average of the number of 4- and 5-year olds, and so on until 12"
grade, for which we took the average of 17- and 18-year old children.

Calculating the number of children aged 18-years old in each demographic type and location is
challenging for D.C. because the number of 18-year olds is much higher than the number of 17-
year olds, and the demographics of these two ages are quite different as well. Similarly, the age
bracket 18-24 has different demographics than the age bracket 12-17. We believe this is because
many 18 year olds in D.C. attend college and do not come from D.C. Hence, we determined the
number of 18-year olds at the block group level as the average number of children by age in the
12-17 year old bracket. We assigned to 18-year olds the same demographics as the average of the
12-17 year old bracket.
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Household Types for 2003-2007

We obtained the market size for each grade and year as explained in Appendix Ill. This gave us
the number of children eligible to attend each grade. Under the assumption invoked above that
each grade draws equally from the two most frequent ages in the grade, and only from those ages
(for instance, 50% of second graders are 6 years old, and 50% are 7 years old), we were able to

calculate the number of children of each age in each year. Denote this number as N, . Define
9 =N, /N, fort=2004,...2007, and &, ,y5, = N, 2005/ Na 2000 - Ve then calculated the

al

household type measures y,,., for t=2003, ... 2007 as 4., = M2

}.» Where 4, are the Census
2000 measures whose calculation was described above.

School Choice Sets

The critical issue in the construction of choice sets is determining the public school associated to
each block group for each grade and year. To arrive at this association, we first associated block
groups with attendance zones, and then attendance zones with schools. We have a set of
associations for 2003 and 2004 (prior to the attendance zone boundary changes), and another for
2005-2007. We refer to these as the 2003 and 2005 associations, respectively. The associations
were done using GIS software.

While the task is relatively straightforward for 2005, it is not so for 2003. For instance, some
attendance zones contain no schools, while others contain two; some attendance zones contain a
school within their physical boundary that does not have the same name as the attendance zone;
etc. To fix these problems, we defined the main school and the secondary school when needed
for each attendance zone and school level. For a given attendance zone, the main school is the
school whose name matches the attendance zone’s, or the school that lies within the physical
boundaries of the school and does not have the same name as the attendance zone, but does not
have another attendance zone named after the school. The additional school (when it exists) is
the school that does not have a specific attendance zone associated to it and lies within a zone
that does have a main school. Overall, additional schools are quite rare in the data.

We determined main and additional schools based on conversations with GIS experts from
DCPS. Those conversations also provided a solution to the problem that the attendance zones’
map contains holes — i.e., some block groups are not associated to any attendance zone. We
assigned those block groups to the closest public school for each level.



TABLE Al
Number of children by age

Age Number
0 6306
1 6123
2 6352
3 6332
4 6657
5 6692
6 6985
7 7095
8 7068
9 7069
10 6887
11 6039
12 5674
13 5636
14 5426
15 5469
16 5578
17 5787
18 5595
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Note: data from the 2000 Census. For each age, the count is an aggregate over Census-tract counts. For the
count of 18-year olds, see Appendix V.

TABLE A2
Number of Children by Age Bracket

% Change

2000 2003 2004 2005 2006 2007 | 07 w.r.t 03

Total Population 571,744 | 577,777 | 579,796 | 582,049 | 583,978 | 586,409 1.49%
Children Below 5 yrs. 32,404 | 33,357 | 34,167 | 34,771 | 34,677 | 35794 7.31%
Elem. Sch. Age Children (5-13) 59,746 | 59,561 | 57,186 | 55,078 | 53,873 | 52,068 | -12.58%
High Sch.-Age Children (14-17) 22,504 | 23,145 | 24,534 | 25,156 | 26,049 | 26,198 13.19%

Note: for 2000, counts are from the 2000 Census. For the other years, counts are from Census Bureau estimates.
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TABLE A3
Children Enrolled and Not Enrolled in School, by Age Bracket
Enrolled Not Enrolled Total Pct. Not Enrolled

Age 3-4 9,074 4,426 13,500 33.79%

Age 5-9 33,854 945 34,799 2.72%

Age 10-14 29,916 526 30,442 1.73%

Age 15-17 15,502 1,188 16,690 7.12%

Note: data from the 2000 Census, aggregated over Census tracts.
TABLE A4
Total Enrollment by Grade and Year
% change

Grade 2003 2004 2005 2006 2007 | 07 w.r.t. 03
PS 2,019 2,019 2,144 2,229 2,051 2%
PK 3,642 4,035 3,952 3,946 4,082 12%
K 6,630 6,392 6,558 6,294 5,908 -11%
1 6,923 6,735 6,417 6,606 6,293 -9%
2 6,806 6,419 6,354 6,096 6,121 -10%
3 6,656 6,400 6,032 5,944 5,781 -13%
4 7,002 6,387 6,133 5,780 5,658 -19%
5 7,021 6,647 6,063 5,890 5,567 -21%
6 6,770 6,564 6,343 5,822 5,686 -16%
7 6,504 6,465 6,259 6,079 5,608 -14%
8 5,988 6,075 6,048 5,905 5,795 -3%
9 6,655 7,070 6,882 7,146 6,896 4%
10 5,587 5,844 6,031 5,864 5,992 7%
11 4,711 4,915 4,998 5,079 5,000 6%
12 4,249 4,021 4,269 4,432 4,840 14%
TOTAL PS-12 87,160 | 85983 | 84,480 | 83,110 | 81,277 -71%
Total G1-G8 53,670 | 51,692 | 49,649 | 48,122 | 46,509 -13%
Total G9-G12 21,202 21,850 22,180 22,521 22,728 7%
Census estimates - ages 5-13 59,561 57,186 55,078 53,873 52,068 -13%
Census estimates - ages 14-17 23,145 24,534 25,156 26,049 26,198 13%

Note: enrollment counts are based on our own calculations, aggregating over public, private and charter schools
by grade and year. Rows with Census estimates for ages 5-13 and 14-17 are the same as in Table A2 and have
been inserted here for comparison with enrollment totals for grades 1 through 8, and 9 through 12 respectively.
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