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The rapid expansion of charter schools has fueled concerns about
their impact on traditional public schools. I estimate the e↵ect
of charter openings on traditional public schools in Massachusetts
and North Carolina by comparing schools near actual charter sites
to those near proposed sites that were never occupied. I find charter
openings reduced public school enrollment by around 5 percent and
reduced white enrollment in North Carolina. I find no impact on
student achievement and my 95 % confidence intervals rule out
e↵ects larger than +/- 0.05 standard deviations. I find no e↵ects
on attendance or suspensions.

I. Introduction

In 2016, over three million children attended one of approximately 7,000 charter
schools in the United States (National Center for Education Statistics, 2019). The
share of all public school students enrolled in charters has grown from 1% in school
year (SY) 2000-01 to 7% in SY 2016-17, with much larger shares in many urban
areas (Ibid). Charter schools directly impact the students they serve, and may
also indirectly a↵ect students who remain in the traditional public schools through
the e↵ect of charter expansion on the resources, e�ciency, and demographics of
the traditional public sector. As charter enrollments have grown, concerns about
the indirect e↵ects of charter expansion have taken center stage in debates about
charter policy.
Theory o↵ers competing predictions as to the e↵ects of charters on traditional

public schools. On the one hand, school choice initiatives such as charters have
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been described as a “tide that lifts all boats,” introducing competitive pressure
that pushes all schools to improve (Hoxby, 2003; Friedman, 1962). On the other
hand, charters may harm traditional public schools by draining financial resources,
“cream-skimming” the best and brightest students, and contributing to segrega-
tion (Fiske & Ladd, 2000; Lacireno-Paquet, Holyoke, Moser, & Henig, 2002; Bi-
fulco & Ladd, 2006; Ladd, Clotfelter, & Holbein, 2017). The empirical literature
on the e↵ects of charter competition is expansive, but has not yielded a consensus
finding on the magnitude or direction of the e↵ect. While a number of studies
have found positive e↵ects of charter competition on student test scores (e.g. Ter-
rier & Ridley, 2018; Jinnai, 2014; Booker et al., 2008; Sass, 2006), several others
have found null/negligible impacts (e.g. Winters, 2012; Bettinger 2005; Bifulco
& Ladd, 2006), and a few have found negative e↵ects (e.g. Ni, 2009; Imber-
man, 2011). Di↵erences in findings likely reflect both di↵erences in the charter
sectors under consideration and di↵erences in identification strategies and their
underlying assumptions.
A key challenge to identifying the e↵ects of charters on traditional public schools

is the endogeneity of charter school locations (Betts, 2014). Charter schools do
not locate at random, but instead target specific kinds of communities amenable
to new school options (Glomm, Harris, & Lo, 2004; Henig & MacDonald, 2002;
Singleton, 2019; Bifulco & Buerger, 2015). Most of the prior literature identifies
charter e↵ects by using OLS regressions that include school and student fixed-
e↵ects (e.g. Betts, 2014; Sass, 2006; Arsen & Ni, 2012; Booker et al., 2008;
Bifulco & Ladd, 2006; Jinnai, 2014; Gilraine, Petronovic, & Singleton, 2019).1

Including school fixed-e↵ects in regression models addresses bias due to stable
di↵erences between the traditional public schools that charters locate near and
other traditional public schools, as would be the case if charters sought to open
near persistently low-performing schools. School fixed-e↵ects do not, however,
address time-varying di↵erences across schools exposed to higher or lower levels
of charter competition, as would be the case if charters opened near schools on a
downward performance trajectory or in areas experiencing population growth.
This paper uses a novel identification strategy adapted from Greenstone and

Moretti’s (2003) “runner-up” methodology to identify the e↵ect of charter schools
on traditional public schools in Massachusetts and North Carolina. Greenstone
& Moretti compare “winner” and “runner-up” counties in a competitive bid-
ding process for a large industrial plant to identify the local economic e↵ects of
plant openings. My di↵erence-in-di↵erences approach compares traditional public
schools near charters to those near sites that were proposed by charter operators in
their applications to the state but never ultimately occupied. The key innovation
of this identification strategy is the use of a theoretically-motivated counterfac-
tual to address bias due to time-varying di↵erences between traditional public

1Exceptions to this are Bettinger (2005) and Imberman (2011), who use instrumental variable ap-
proaches to overcome the endogeneity of charter school locations. The IV strategies these authors employ
rely on political/geographic features that are specific to the charter sectors they study and cannot be
applied here.
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schools near charters and those farther away. Using this strategy, I estimate the
grade-level e↵ects of charter school openings on the demographics of traditional
public schools and on student test scores, attendance, and suspensions.

I find that treated grades in traditional public schools experience meaningful
decreases in enrollment when a charter operates nearby, losing about 4.7% of
grade-level enrollment on average. I find that charters decrease the proportion
of white students and increase the proportion of Hispanic students in traditional
public schools in North Carolina, but find no e↵ect of charters on the proportion
of black, white, or Hispanic students in traditional public schools in Massachusetts
in my preferred specification. I find no e↵ect of charters on the achievement of
students in the traditional public schools in either state, with a 95% confidence
interval covering approximately -0.014 to 0.036 � in ELA and -0.014 to 0.052 � in
math, on average. I find no e↵ect on attendance or suspensions. My main results
are robust to the use of alternative radii and treatment specifications. I find some
evidence of positive e↵ects on test scores for academically-focused charters.

My results augment and sometimes contradict the growing literature on charter
schools in these states. Research on the direct e↵ects of charters in Massachusetts,
including lottery-based studies, find positive e↵ects for students attending urban
charters and null or negative e↵ects for students in non-urban charters (Abdulka-
diroglu et al. 2011; Angrist, et al 2016; Angrist, Pathak, & Walters, 2013).
Estimates of the e↵ect of attending a charter in North Carolina are negative or
null (Carruthers, 2012; Bifulco & Ladd, 2006). Several studies have considered
the indirect e↵ects of charter schools in North Carolina.2 Using a fixed-e↵ects
model, Jinnai (2014) finds positive e↵ects of charter competition on test scores
for traditional public school students in overlapping grades but no e↵ect on stu-
dents in grades not also served by the charter. Although I also define treatment at
the grade-level, I fail to find a significant e↵ect. In Table 5, I show that the schools
that charters locate near di↵er significantly from those slightly farther away in
terms of levels and trends in key characteristics. Taken together, these results
suggest that estimates from fixed-e↵ects models may be biased by time-varying
di↵erences between schools that face higher/lower levels of charter exposure.

Using a sample of North Carolina charters that opened in 2012 or 2013, Gilraine,
Petronovic, and Singleton (2019) (hereafter, GPS) compare students who live near
new charter schools to those who live farther away to identify the combined di-
rect and indirect e↵ects of charter expansion.3 The authors find positive e↵ects
for students near charters that focus on academic achievement but no e↵ect for
students near specialized (“horizontally-di↵erentiated”) charters. In contrast, the

2In addition to the papers discussed here, Bifulco & Ladd (2006) find no e↵ect of charter competition
on student achievement using a fixed-e↵ects model for an earlier sample of North Carolina charter
schools. Also in North Carolina, Jackson (2012) finds small decreases in teacher quality at low-income,
high-minority schools due to charter openings.

3Although the authors base their identification strategy on student home addresses instead of school
addresses, given that school assignment is based on student addresses, estimates from this approach may
also be subject to the same bias as those from a conventional fixed-e↵ects models.
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parameter I estimate reflects only the indirect e↵ects of charter expansion on the
traditional public schools, including any e↵ects on resources, school/teacher pro-
ductivity, and peer group composition. My aggregate measure of indirect e↵ects
could reflect both positive and negative e↵ects operating through these channels
if, for instance, negative e↵ects on peer groups were paired with positive e↵ects
on productivity. Nevertheless, my point estimates for academically-focused and
horizontally-di↵erentiated charters are consistent with GPS’s theory of heteroge-
neous e↵ects, though somewhat imprecise.
Studying Massachusetts charter schools, Terrier and Ridley (2018) use an in-

strumental variable strategy based on a change in charter law combined with syn-
thetic controls to identify the e↵ect of district-level charter expansion on spend-
ing and student achievement. The authors find that charter competition shifted
expenditure from support services to salary/instruction and had small positive
e↵ects on student test scores. Unlike my paper and the others highlighted here,
Terrier and Ridley model charter competition at the district (as opposed to school)
level. Our di↵erent conclusions raise questions about which entities within the
public school system are most likely to respond to growth.
A growing body of research considers the e↵ects of charter schools on segre-

gation, including in North Carolina. Examining the movement of students who
transfer into charters, Bifulco and Ladd (2007) find that students gravitate to
charters with higher own-group representation than the schools they left. Ladd,
Clotfelter, and Holbein (2017) find that North Carolina charters have shifted from
serving a disproportionately minority population to serving a disproportionately
white population, and that charters are increasingly likely to be racially imbal-
anced, serving predominantly white or predominantly non-white students. While
these papers focus on the demographics of charter schools, my study addresses the
e↵ect of movement into charters on the representation of students remaining in
the traditional public schools, and is the first I am aware of to tackle this question
in a causal framework. I find evidence that seats vacated by students entering
the charter sector are filled by Hispanic students in North Carolina, increasing
the concentration of Hispanic students and reducing white enrollment in treated
schools.
The remainder of this paper is organized as follows: in section II, I describe the

charter school sectors in both states. In section III, I describe my data sources,
discuss my original dataset of proposed school sites, and compare the baseline
characteristics of actual and proposed charter locations. In section IV, I discuss
my econometric models. In section V, I present my results. I conclude in section
VI.

II. Charter Schools in Massachusetts and North Carolina

Charter schools are public schools that are managed by private organizations.
Massachusetts passed its charter law in 1993, and North Carolina followed suit in
1996. In both states, a single statewide charter school authorizer is responsible for
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approving new charters and overseeing existing schools. Charter schools are open
to any student in the state and seats in oversubscribed charter schools must be
allocated by random lottery.4 Figure 1 shows the growth of the charter sectors in
these states over time. The number of charter schools grew rapidly after legislation
that revised or eliminated caps on charter growth in 2010 (Massachusetts) and
2011 (North Carolina). In 2016, 4.5% of public school students in Massachusetts
and 6.0% in North Carolina attended charter schools (NCES, 2018).
Charter schools compete with traditional public schools for students and re-

sources. Traditional public school districts pay charters a sum roughly equal to
their own per-pupil expenditure for every child who lives in the district’s catch-
ment area but attends a charter school. In Massachusetts, the costs of charter
expansion are partially o↵set by a state tuition reimbursement policy that os-
tensibly covers 100% of annual increases in charter tuition for year one and 25%
of increased payments for six years thereafter.5 Because of this policy, Terrier
and Ridley (2018) find that charter expansion in Massachusetts after 2011 in-
creased per-pupil expenditure in traditional public school districts in the short
term. North Carolina does not have a tuition reimbursement scheme, meaning
the financial impact is more immediate. Ladd and Singleton (2018) find that
districts in North Carolina lose an average of $3,600 per charter student after
accounting for the district’s ability to reduce expenses given reduced enrollment.
Table 1 compares the student and school-level characteristics of charter schools

and traditional public schools in each state. While charter schools in Mas-
sachusetts serve higher proportions of black, Hispanic, and economically disadvan-
taged students than traditional public schools, charter students in North Carolina
are more likely to be white and less likely to be economically disadvantaged than
traditional public school students overall.

III. Data and Descriptive Statistics

A. School- and student-level data

I obtained student-level education records for public school students in the
state of Massachusetts from the Massachusetts Department of Elementary and
Secondary Education for SY 2001-02 to SY 2014-15. I obtained similar records
for students in North Carolina for SY 1997-98 to SY 2014-15 from the North
Carolina Education Research Data Center (NCERDC) at Duke University. Stu-
dent records include enrollment and attendance data, demographic information,
and standardized test scores in math and reading/English language arts (here-
after, ELA).6 I standardize test scores by year, grade, and subject within state.

4In Massachusetts, priority is given to students who live in the district in which the charter is located.
5In practice, districts received less than this. In FY 2019, state funding covered only 66% of total

costs of this initiative. In addition, funding is provided directly to the municipality (instead of the school
district) and may or may not reach district budgets (MA DESE, 2018).

6Test scores for Massachusetts are from the Massachusetts Comprehensive Assessment System
(MCAS) and generally cover grades 3-8 and 10. Test scores in North Carolina come from end-of-grade
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Data on attendance rates and out-of-school suspensions are available for a subset
of years.7 School location data and school- and grade-level demographics come
from the National Center for Education Statistics (NCES) Common Core of Data
(CCD) for SY 1995-96 to SY 2015-16. I cleaned addresses and coordinates re-
ported in the CCD for consistency and to fix obvious errors. (See Appendix A
for details).

B. Applications to open new charter schools

My di↵erence-in-di↵erences identification strategy compares traditional public
schools near charter schools to those near sites that charter schools considered
but never occupied. I identify proposed sites from applications submitted by
the charter school operators to the state charter authorizer before being granted
permission to open a new school, typically 9-18 months before the school opens.8

Securing a facility is one of the biggest hurdles to charter expansion nationwide
(Gill & Maas, 2013). Unlike traditional public schools, charters are typically
responsible for finding and paying for their own facilities.9 The search for a facility
is complicated by the fact that charters need to begin looking for a site before
they have approval to open. In addition, since charters tend to grow by adding
grades over time, some schools may need to locate a temporary (smaller) space
while simultaneously planning for a longer-term location in the area. Prospective
charter operators are not required to sign a lease or purchase land before applying,
but they are asked to describe their intended location or plans to secure one in
their application. A sample response for a charter school in Springfield, MA is as
follows:

“We have identified 3 top choices. . . The three buildings are (1) the
former Wesson Hospital on High Street, (2) the former Springfield
Cinemas and attached stores at Wilbraham Road and Breckwood
Boulevard, and (3) the former Ring Nursing home and a neighbor-
ing building at Ridgewood Terrace and Mulberry Street.” Martin
Luther King, Jr. School of Excellence Charter Application, 2005

This school opened in rented space at a local church near the hospital mentioned
here, where it operated for four years before moving to a new facility. I compiled

exams and cover grades 3-8. The annual assessment used in Massachusetts changed substantially in
spring 2014. See Appendix B for detail.

7In Massachusetts, attendance data cover SY 2003-04 to SY 2014-15 and suspension data cover
SY 2002-03 to SY 2014-15. In North Carolina, attendance data cover SY 2005-06 to SY 2013-14 and
suspension data cover SY 2009-10 to SY 2014-15.

8During this time, applications for schools in North Carolina were generally due in April, about 16
months before the school was set to open in August of the following year. Charter schools in Mas-
sachusetts must open within 18 months of their application being approved. See Appendix Tables A.1
and A.2 for additional detail on the current charter application processes in these states.

9In Massachusetts, charters receive a relatively generous $893 per student in facilities funding, though
many report paying more (Charter School Facilities Initiatives, 2013).



VOL. VOLUME NO. ISSUE CHARTER OPENINGS 7

final applications for independent10 charter schools that opened in North Carolina
and Massachusetts from fall 2000 to fall 2013 and created an original dataset of
proposed charter locations based on details in these applications. I checked the
addresses of proposed sites against the actual locations of charters reported in
the CCD to determine whether proposed sites were ever occupied.

C. Charter school sample

Table 2 summarizes the breakdown of charter openings included/excluded from
my initial sample. To be included, the following conditions applied: (1) the char-
ter’s application needed to provide su�cient detail for me to identify at least one
proposed site (some applications did not specify a location at all, or were too vague
in their description to identify a specific location), and (2) at least one proposed
site needed to di↵er from the actual site(s) the charter school occupied after open-
ing. Of the 45 independent charter schools that opened in Massachusetts from
2000 to 2013, I was able to identify a proposed site for 31, and was able to include
26 in my initial sample.11 Of the 67 charters that opened in North Carolina, I was
able to identify a proposed site for 30, and was able to include 19. In Appendix
C, I present a list of each individual opening included in my initial sample.
Charter schools are motivated to identify a location as soon as possible in or-

der to secure commitments from local families and community members to show
support for the application and help recruit students once the application is ap-
proved. While charters identify particular neighborhoods to serve when planning
a school, idiosyncracies of the local real estate market largely determine where
within an intended community they are able to operate. The intuition behind
my identification strategy is that the sites proposed by charters in these applica-
tions are honestly reported and reflect their true locational priorities, regardless
of whether or not a specific building is ultimately selected. Consistent with this,
I find that charters tend to target a relatively narrow geographic area, with the
average distance between proposed (but never occupied) and actual sites being
2.3 miles (SD=2.9 miles). About 38% (23/60) of charters that included su�cient
information on their application to identify a proposed site ultimately occupied
one of these sites.12 Anecdotal evidence provides a variety of explanations as to
why a proposed building in an otherwise desirable location was not ultimately
be occupied, from a building becoming unavailable by the time a charter is pre-
pared to execute a lease, to the discovery of costly environmental or accessibility

10Massachusetts permits two kinds of charters schools: Commonwealth charter schools, which operate
independently of local school districts, and Horace Mann charter schools, which are approved by the
local school board and teachers’ union. I include only Commonwealth charters in my sample. Similarly,
I exclude conversion charter schools in North Carolina that previously operated as private schools.

11The number of charter openings in each estimation sample varies, as noted below, because I limit
my sample school-by-grade cases with both treatment and control observations at a given radius and also
because student-level outcome data is available for only a subset of years and grades, as discussed. At
the 2-mile radius, this first condition limits my sample to 23 schools in Massachusetts and 13 in North
Carolina.

12One charter school occupied two proposed sites as a first and secondary location.
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retrofitting requirements, to unforeseeable parking or zoning conflicts.
My sample represents a subset of all charters that opened during this period. In

Table 3, I conduct a cross-sectional comparison of the characteristics of charters
included in my initial sample and other charters that opened over this time. Char-
ters included in my sample serve a higher proportion of Hispanic students than
excluded charters but are otherwise comparable, including in terms of average
test scores and a school value-added measure.13

In Appendix Table A3, I compare charters that listed multiple sites on their
applications to those that listed just one. Charters that listed multiple sites serve
a higher proportion of Hispanic students and operate in neighborhoods with a
larger Black population than charters that listed one site, though these di↵erences
are not significant. In Appendix Table A4, I compare charters that operated in a
proposed site to those that did not, finding no notable di↵erences.

D. Balance Tests

Table 4 compares the baseline characteristics of traditional public schools lo-
cated within two miles of an actual (treatment) or proposed-only (control) site
of a charter school in my sample. The school-level characteristics in panels A
and B are defined the year before the charter school opened. The neighborhood-
level characteristics in panel D come from the 2000 Census. Columns (1) and
(2) present the mean of each characteristic for the treatment and control schools,
respectively, weighted to give each charter opening equal weight.14 Column (3)
presents results from a t-test of equivalence for the (weighted) means, with stan-
dard errors clustered at the school level. There are no statistically significant
di↵erences between treatment and control schools for any individual characteris-
tic, including average test scores and changes in test scores over three years. At
the bottom of Table 4, I report results from an F-test of the joint significance for
all variables in Panels A-C, plus indicators for missing test scores. I fail to reject
the null hypothesis.
I present results for balance tests separately for each state in appendix Tables

A5 and A6. I find no significant di↵erences for any individual characteristic. I
fail to reject the null for the F-test in Massachusetts, but reject the null in the
North Carolina sample. This seems to be due to the fact that tracts near actual
sites of charters in North Carolina report higher median incomes than those near
proposed sites. While the comparability of treatment/control sites is reassur-

13Following GPS (2019), I define value-added as the school-year fixed e↵ect in a regression of math
scores on cubic controls for prior scores in both subjects, demographic controls, grade-by-year fixed
e↵ects, and indicators for missing scores or demographic variables. Value-added estimates are calculated
separately for each state using a sample of all students in grades 4-8 and 10 (Massachusetts only) with
a prior year’s test score in the same subject, or a prior same subject score from two years prior in the
case of 10th graders. Value-added measures are normalized to sum to zero across all schools in a state
in a given year.

14Specifically, I weight each observation by the inverse of the number of schools near actual or proposed-
only sites for each charter opening.
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ing, my identification strategy does not require equivalence of treatment/control
schools at baseline and is instead based on an assumption of parallel trends that
I investigate graphically later.

IV. Empirical Strategy

A. Endogeneity of charter school locations

If charters located at random, we could identify the e↵ect of charters on tradi-
tional public schools by comparing schools near charters to those farther away. In
this section, I consider what kinds of schools/communities charters tend to target
in Massachusetts and North Carolina and whether the endogeneity of charter lo-
cations is likely to bias estimates from conventional fixed-e↵ects models. Using a
longitudinal dataset of school-level observations for all traditional public schools
in Massachusetts and North Carolina, I regress the number of charters serving an
overlapping grade within two miles of the school on the characteristics listed in
the first column and dummies for each year. I report the coe�cient on the num-
ber of nearby charters in columns (1) and (2) from separate regressions estimated
in each state subsample. I limit my sample to traditional public schools with at
least one charter within five miles to approximate the comparison groups used in
other studies.
I find strong associations between the number of nearby charters and school-

and neighborhood-level characteristics. There is a positive association between
the number of nearby charters and the proportion of economically disadvantaged
and minority students, and a strong negative association with average test scores,
suggesting that charters tend to open in disadvantaged communities with rel-
atively low-performing schools. I also find significant associations between the
number of nearby charters and trends in population growth (negative in Mas-
sachusetts, positive in North Carolina) and changes in test scores (positive in
Massachusetts). These di↵erences in time-varying characteristics imply that es-
timates from conventional fixed-e↵ects models may be biased by time-varying
di↵erences in school e↵ectiveness and/or peer group composition.

B. Econometric Models

The models I use are adapted from Greenstone and Moretti (2003).15 I be-
gin by estimating the e↵ect of charter openings on grade-level enrollment and
demographics using a longitudinal dataset of school-by-grade observations. I re-
strict my sample to schools (j) that are located within two miles of an actual or
a proposed-only site of a charter (k) included in my sample, and to grades (g)
that are also served by the charter at some point. I require that there be both
a “treatment” and “control” observation for each charter-by-grade combination

15See also Greenstone, Hornbeck, and Moretti (2010).
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within the designated radius. In addition, I require that the traditional public
school exist for at least three years before the charter opens. I drop observations
for Kindergarten and Pre-K because of inconsistencies in reporting over time. I
use a 2-mile radius in my preferred specification because it is within the range of
radii used in the prior literature and maximizes my sample of charter openings.16

I present results using a 1.5-mile and 2.5-mile radius as robustness checks.
I estimate the e↵ect of charter openings on grade-level demographics as follows:

(1)
DEMOgjkt = ⇡SERV ESgkt + �ACTUALgjkxSERV ESgkt + ✓gt + !gjk + ✏gjkt,

where DEMO is a grade-level demographic characteristic, such as total enroll-
ment or proportion of students who are Black, for grade g in year t at traditional
public school j paired to – i.e, within two miles of a proposed-only or actual site
of – charter school k. SERV ES is an indicator variable that is equal to 1 when
charter school k has started serving grade g. ACTUALxSERV ES is an interac-
tion between SERV ES and ACTUAL, an indicator variable that is equal to 1 if
school j is located within two miles of any actual site of charter k and grade g is an
ever-treated grade.17 The model includes school-by-grade-by-charter fixed e↵ects
(⌫gjk) to control for time-invariant di↵erences across treated/untreated grades
within a charter “case” and state-by-grade-by-year fixed e↵ects (✓gt) to account
for di↵erences across cohorts. � is the parameter of interest, representing the
incremental di↵erence in outcomes for grades at treated schools relative to those
at control schools. Standard errors are clustered at the school-by-grade level, the
level at which treatment is defined.18

A few points bear clarification. First, including the school-by-grade-by-charter
“case” e↵ect means that � is calculated from “within-case” variation, comparing
changes in outcomes at schools near actual and proposed-only sites of the same
charter school. Second, I define treatment at the grade-level. Since charters tend
to open a few grades at a time, the first year of treatment does not necessarily
correspond to the year the charter opens. Third, while traditional public schools
rarely move, I observe some secondary mobility of charter schools.19 Since I
define ACTUAL so that it is equal to 1 if traditional public school j is located
within two miles of any actual site of charter k, it is sometimes the case that an
observation is identified as treated when charter k is not currently located within
a 2-mile radius.20

16At smaller radii, there are fewer nearby schools. At larger radii, the “circles” around actual and
proposed-only sites tend overlap more substantially, meaning there are less likely to be “control” sites.

17An “ever-treated” grade is a grade that is served by both charter k and traditional public school j
at some time when charter k is located within two miles of school j.

18Some demographic e↵ects become imprecise when clustering at the school-level. Clustering at the
school-level does not a↵ect inference for my main e↵ects on student outcome; standard errors are prac-
tically indistinguishable clustering at either level.

19Of the 45 schools in my initial sample, I observe 24 in a single site, 18 in two sites, 2 in three sites,
and 1 in four sites.

20This is true for 5% of observations in the estimation sample at the 2-mile radius. Half of these
(2.5%) represent observations that are identified as treated after charter k has moved out of the 2-mile
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Fourth, since charters target relatively small geographic areas, proposed-only
sites are often also in the general vicinity of an actual charter location. As such,
although control schools may experience more pressure from charter openings –
consistent with the marginal enrollment losses I show in the following section –
control schools may also be “treated” to a lesser extent when a charter opens,
contributing to downward bias.21 Finally, following Greenstone and Moretti,
I re-use observations if the same school/grade is treated by multiple charters,
modelling shocks within each charter-by-grade case.22

To evaluate the assumption of parallel trends, I adapt equation (1) by regress-
ing the outcome on charter-by-grade-by-school fixed-e↵ects, state-by-grade-by-
year fixed e↵ects, and event-time indicators for each year relative to the year
the charter starts serving that grade interacted with indicators for being a treat-
ment/control observation, as follows:

(2)

DEMOgjkt = ↵+
10X

p=�10

�ApACTUALgjk +
10X

p=�10

�PpPROPOSEDgjk + ✓gt

+!gjk + ✏igjkt,

where p indexes each event period from 10 years before to 10 years after charter
school k starts serving grade g (at p = 0), ACTUAL is defined as before, and
PROPOSED is an indicator that is equal to 1 if school j is located within two
miles of a proposed but never-occupied site.23 The double subscripts Ap and Pp

are used to distinguish between the period (p) specific coe�cients that pertain
to actual (A) and proposed-only (P ) sites. I focus on event periods p that fall
between p = �10 and p = 10 because values outside this range are particularly
noisy given my unbalanced panel.24 The vectors �Ap and �Pp are the parameters of
interest, representing the (controlled) mean values of each outcome for treatment
and control observations at each period. Using the nlcom command in Stata,
I estimate the di↵erences between the �Ap and �Pp at each period p and the
corresponding �Ap/�Pp defined at period p = �1. These transformed coe�cients
can be interpreted as the di↵erence in the outcome relative to levels in the last

radius of school j, and the other half represent observations at schools within the 2-mile radius of a future
site of charter k. I find similar results if I set observations as missing if a school moves from treated to
untreated status, or if I identify the 2.5% of charters near future sites as untreated until charter k starts
operating nearby.

21It is also sometimes the case that schools treated by charter openings in my sample are near other
charters that open during this time. Thus, my measure of charter competition should be understood as
a measure of incremental charter competition.

22In my preferred specification, 67% of unique school-by-grade observations are used in one charter
case, 22.5% are used in two charter cases, 8.22% are part of three charter cases, and the remaining < 2.5%
are part of more than three cases.

23Since the sample is limited to schools within two miles of an actual or proposed-only site of charter
k, ACTUAL and PROPOSED are mutually exclusive indicators.

24Observations for p > 10 and p < �10 contribute to estimating the intercept (↵) in equation (2).
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pre-period. I plot these transformed coe�cients to examine the assumption of
parallel trends.

To estimate the e↵ect of charter openings on student outcomes, I match student-
level observations to the school-by-grade-by-year dataset to estimate equations (1)
and (2). I estimate the e↵ect of charter openings on student outcomes as follows:
(3)
Yigjtk = �SERV ESgkt+�ACTUALgjkxSERV ESgjkt+Xigt+ ✓gt+!gjk+ ✏igjkt,

where Yigjtk is the outcome (e.g. test score) of student i in year t in grade g at
school j paired to charter k. SERV ES and ACTUALxSERV ES are defined
as before. As in equation (1), grade-by-year-by-state and school-by-grade-by-
charter fixed-e↵ects are included. Xigt is a vector of student-level characteristics
including race/ethnicity gender, economically disadvantaged status, limited En-
glish proficient status, and lagged outcomes.25 The test score sample is limited to
students in grade 4-8 and 10 with a non-missing test score in at least one subject
in the prior year.26 The test score models include cubics of once-lagged and twice-
lagged test scores in both subjects as well as indicators for missing test scores.
The attendance/suspension sample is limited to students in grades 1-12 with a
non-missing annual attendance observation from the prior year and indicators for
missing suspension data. The attendance/suspension models include prior year’s
attendance and an indicator for having an out-of-school suspension in the prior
year.

There are three additional details about equation (3) to consider. First, I
address student selection of traditional public schools after charter openings by
controlling for student covariates and lagged outcomes instead of including stu-
dent fixed-e↵ects, as in some prior studies. Student fixed-e↵ects are extremely
data intensive, requiring that a student be observed twice at the same school in
a tested grade both before and after a charter opens nearby, or under varying
degrees of competition, to contribute to identification. Student fixed-e↵ects are
ill-suited to my “paired” di↵erence-in-di↵erences approach with a binary treat-
ment indicator because my estimation sample includes only grades that are served
by both the charter and traditional public school and it is relatively uncommon
to observe a student in a tested grade before a charter serves that grade and then
also observe that student in a tested grade currently served by the charter given
the charters tend to add grades sequentially.27 Second, I define treatment at the
grade-level. Under this definition, a student is treated if he/she attends a school
located within two miles of an actual site of the charter and the charter currently

25In North Carolina, controls also include gifted status, special education status, and parental educa-
tion levels for some years. In Massachusetts, controls include special education status and an indicator
for being an immigrant. All regressions include indicators for missing values of demographic variables.

26Observations for students in grade 10 are from Massachusetts only. For 10th graders I define once-
lagged scores as 8th grade scores since students are not tested in grade 9.

27For example, if a student is observed in grade 3 before a charter school begins serving grade 3, it
would be unusual for the charter to begin serving grade 4 in the following year.
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serves the student’s grade. This approach is consistent with Jinnai (2014), who
found competitive e↵ects only in overlapping grades. In addition, defining treat-
ment at the grade-level ensures that � captures any e↵ects of charters that stem
from changes in the composition of peer groups (Hoxby, 2000).28 I consider an
alternative specification that defines treatment at the school-level as a robustness
check. Third, I re-use student-level observations if they are paired to more than
one charter-by-grade case, as previously described.
To evaluate the assumption of parallel trends, I adapt equation (3) by regressing

the student outcome on all the fixed e↵ects, student covariates, and lagged out-
comes included in equation (3) as well as on the interacted event-time indicators
included in equation (2), as follows:
(4)

Yigjtk = ↵+
10X

p=�10

�ApACTUALgjk +
10X

p=�10

�PpPROPOSEDgjk +Xigt + ✓gt

+!gjk + ✏igjkt,

where all variables are defined as before. I plot the transformed estimates of �Ap
and �Pp to assess parallel trends.

V. Results

A. Demographics

Enrollment. — The first row of Table 6 presents estimates of the e↵ect of charter
openings on grade-level enrollment. Relative to schools near proposed-only sites,
grades at schools near actual sites of charters lose 4.7 students after a charter
starts serving that grade, or about 4.7% of enrollment in a typical 100-student
grade. Enrollment losses of this magnitude translate into significant financial
losses; based on the average per-pupil revenue and teacher salaries, each treated
grade translates to a loss of about $70,000 in Massachusetts (0.87 FTE) or $80,000
in North Carolina (1.56 FTE).29 Figure 3 plots the transformed coe�cients es-
timated using equation (2) with grade-level enrollment as the outcome. Trends
in grade-level enrollment are similar and fairly flat in the pre-period and decline
sharply at treated schools after the charter serves that grade, as expected.

Racial/Ethnic Composition. — The remaining rows of Table 6 present esti-
mates of the e↵ect on the proportion of white, black, and Hispanic students in

28Since the e↵ect of charter schools on demographics is mediated by the (grade-dependent) movement
into the traditional public schools, and charters tend to grow with a single cohort of students, we do not
expect to find changes in the composition of students in untreated grades.

29In Massachusetts in SY 2016-17, average per-pupil revenue was $19,235 and average teacher salaries
were $80,357. In North Carolina, average per-pupil revenue was $10,570 and average teacher salaries
were $51,231. Source: NEA (2019).
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a grade. At the 2-mile radius, I find no significant e↵ects on the racial/ethnic
composition of traditional public schools in Massachusetts. In North Carolina,
charter openings decrease the proportion of white students in a grade by 5.7 per-
centage points and increase the proportion of Hispanic students by 5.2 percentage
points. During the period of this study, the Hispanic population grew remark-
ably in North Carolina, increasing from 4.4% of all public school students in 2000
to 17.5% in 2017 and driving overall enrollment gains (NCES, 2020).30 In Ap-
pendix Table A.7, I present results using the number of students in a grade by
race/ethnicity as the outcome of interest. The e↵ects on the proportion of white
and Hispanic students appear to reflect both lost white enrollment and relative
increases in the number of Hispanic students. I interpret this as evidence that
seats vacated by students entering the traditional public schools were filled with
students from the growing Hispanic population. Figure 2 presents estimates from
equation (2) for the proportion white, Hispanic, and black students in the pooled
sample. Pre-trends are similar across outcomes. (See appendix Figures A.8-A.10
for figures plotted for each state separately).

Robustness Checks. — In Table 7, I present results using the 1.5-mile and
2.5-mile radii as robustness checks. In North Carolina, estimated e↵ects on the
proportion of Hispanic and white students are similar across specifications. Es-
timates on the proportion of Black students are negative and significant at the
1.5 and 2.5-mile radius. The e↵ect on Black students seems to reflect both the
movement of Black students into charters and increased Hispanic enrollment. In
Massachusetts, I find small significant estimates at the 2.5-mile radius, indicating
a small positive e↵ect on the proportion of white and Hispanic students and a
small negative e↵ect on the proportion of black students. I am hesitant about
these results, however, because of issues with balance in Massachusetts at the
2.5-mile radius, discussed below.

B. Student Outcomes

Test Scores. — Table 8 presents the estimated e↵ect of charter openings on stu-
dent test scores. I find no significant e↵ects of charter schools on student achieve-
ment in either state in any subject using the 2-mile radius. For the pooled sample,
the 95% confidence interval covers -0.014-0.052� in math and -0.014-0.036� in
ELA. I note positive (but imprecise) point estimates in the Massachusetts sam-
ple. Point estimates in North Carolina are smaller in magnitude, negative, and
very imprecise.31 In Figure 5, I plot point estimates generated by equation (4)

30Total enrollment in public schools in North Carolina increased by 18.9% from 2000 to 2015. In
Massachusetts, total enrollment fell by 4.4% over that same period (NCES, 2018).

31In results not reported here, I consider the e↵ect of charter openings on student achievement in
models that do not include student controls. I find negative point estimates that are imprecise, consistent
with small negative e↵ects on average performance in North Carolina. Point estimates for Massachusetts
are close to zero.
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to consider pre-trends for treatment/control observations. I find no evidence of a
violation of parallel trends. (See appendix Figures A4 and A5 for figures plotted
separately for each state).

Attendance and Suspensions. — E↵ects on student behavior could be a lead-
ing indicator for e↵ects on test scores if charters push traditional public schools
to improve attendance and minimize behavioral disruptions.32 Table 9 presents
estimates of the e↵ect of charter openings on annual attendance and an indicator
variable for having any out-of-school suspensions reported in that year. I find
no significant e↵ects on attendance or suspensions. I assess the assumption of
parallel trends in Figure 6. I find no evidence of a violation of parallel trends,
though I note these are particularly noisy given uneven coverage of outcome data
across year/states. (See appendix Figure A6 and A7 for figures plotted separately
for each state).

Robustness Checks. — Table 10 presents results using the 1.5-mile and 2.5-mile
radii as robustness checks. All results are insignificant at the 1.5-mile radius.
At the 2.5-mile radius, I find significant positive e↵ects on math and significant
negative e↵ects on attendance in the Massachusetts and pooled samples. (Es-
timates on ELA and suspensions are not significant). I interpret these results
with caution, however, because the sample of schools at the 2.5-mile radius for
Massachusetts is substantially imbalanced.33

If untreated grades are a↵ected by charter openings before a charter serves
that grade, my approach to assigning treatment when a grade is served by the
charter could underestimate charter e↵ects. In Table 11, I present results using
an alternative specification that defines treatment at the school-level, coinciding
with the year a charter opens.34 My results are insignificant and statistically
indistinguishable from those in Table 8.
Finally, I consider the possibility that traditional public schools respond to

32As Imberman (2011) notes, an e↵ect disciplinary responses could indicate positive behavioral changes
or changes in school responses to behavior.

33At the 2.5-mile radius, schools near actual sites in Massachusetts are significantly lower-performing
in math/ELA and serve a more economically disadvantaged population than schools near proposed-only
sites. This is due, in part, to the fact that treatment and control sites for charters are closer to each other
in Massachusetts than in North Carolina (1.69 miles vs. 4.67 miles, respectively), and Massachusetts
is much denser than North Carolina. As such, there is more overlap in the radii around actual and
proposed-only sites, leaving a narrower slice for defining control schools at this radius.

34This can be expressed as:

(5) Yigjtk = µOPENkt + ⌫ACTUALgjkxOPENjkt +Xigt + ✓gt + !gjk + ✏igjkt,

where OPEN is an indicator that is equal to 1 after charter k begins operating, ACTUAL is defined
as before, and ⌫ is the parameter of interest. The sample is limited to grades that are ever-served by
both the charter and traditional public school and the data are structured in the same way as previously
described for estimating equation (3). Standard errors are clustered a the school-level, the level at which
treatment is assigned.
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charter pressure even before the charter opens.35 The charter application process
is largely public, with applications posted online in recent years. As such, it is
possible that a school near a proposed site would know that a charter intended to
locate nearby at the time the application was submitted. To consider this, I plot
mean test scores for schools near sites proposed by charters in my sample over the
period before and just after the application was submitted. Using a dataset of
student-by-year observations for students at traditional public schools within two
miles of a proposed site, I regress student test scores on event-period dummies
for each period from p = �5 to p = 2, where p = 0 the year the application was
submitted, controlling for state-by-grade-by-year fixed e↵ects.36 I plot these in
Figure A8. I look for breaks in school performance between p = 0 and p = 2,
preceding charter-induced changes in student composition, as an indication of
anticipatory e↵ects.37 I find no evidence of anticipatory behavior.

Heterogeneity. — In Table 12, I present results considering heterogeneity
of e↵ects for di↵erent types of charter schools: urban/non-urban schools and
academically-focused/“horizontally-di↵erentiated” schools. Research on charter
schools in Massachusetts and a national study of charter quality finds that ur-
ban charters tend to outperform their traditional public school counterparts,
though the same may not be true for non-urban charters (Abdulkadiroglu et
al. 2011; Angrist, Pathak, & Walters, 2013; CREDO, 2015). If the e↵ect of char-
ter openings is correlated with relative charter quality, we might expect stronger
e↵ects in urban areas. I also consider heterogeneity of e↵ects for academically-
focused and specialized (“horizontally-di↵erentiated”) charter schools, following
GPS (2019). GPS propose that traditional public schools will respond to compe-
tition from schools that emphasize traditional academics, such as “No Excuses”
charter schools, but will not respond to competition from charters that cater to
special interests, such as Montessori programs or Chinese immersion. I identify
schools as “horizontally-di↵erentiated” based on the description of their program
in their applications. (See Appendix D for details). I find insignificant e↵ects for
urban and non-urban charters. Consistent with GPS (2019), I find insignificant
e↵ects for “horizontally-di↵erentiated” charter openings and evidence of positive
e↵ects for academically-focused charters, with positive point estimates in both

35See Figlio & Hart (2014) for evidence of anticipatory e↵ects of a school choice program before student
transfers take place.

36Here, “proposed sites” include sites that were proposed and occupied and sites that were proposed
but never occupied. As before, I re-use student observations if a traditional public school is near proposed
sites for two di↵erent charters in my initial sample. I adjust the point estimates plotted in Figure A8
by subtracting the value at p = �1 to center the graph at zero the year before the application was
submitted.

37Most of the 43 charters in this estimation sample opened at p = 1 (23/43) or p = 2 (19/43).
One school opened at p = 5. All of the North Carolina charter schools included in the initial sample
submitted their final applications in the spring the year before the charter opened (16 months prior). In
the Massachusetts sample, 19 schools submitted their applications in the fall two years before the charter
opened (22 prior), one school submitted an application in the fall the year before it opened, and one
school submitted its application in the fall 5 years before opening.
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subjects that are statistically significant in ELA.

Comparison to Alternative Estimation Approach. — My identification strat-
egy uses data on proposed charter locations that may not be available for re-
searchers studying charter e↵ects in other contexts. In this section, I consider
whether I would find the same e↵ects of charter openings without information on
proposed locations by comparing traditional public schools near charters to those
slightly farther away. To do this, I construct a simple di↵erences-in-di↵erences
estimator comparing traditional public schools located less than two miles from
a charter school to those slightly farther away (between 2-5 miles). While not
identical, this approach is more comparable to the strategies used elsewhere in
the literature. My sample consists of students with non-missing test scares at
traditional public schools that are ever located within 5 miles of a charter.38 The
model predicting the test score of student i in grade g at traditional public school
j in year t is as follows:

(6)
Yigjt = �1AFTERjt + �2TREATxAFTERjt + ↵Xigt + ✓gt

+gj + ✏igjt,

where TREAT is an indicator variable that is equal to 1 if a charter school ever
operates within two miles of traditional public school j, AFTER is an indicator
that is equal to 1 if a charter has started operating within five miles of school j,
and the interaction term TREATxAFTER is the treatment variable. �2 is the
coe�cient of interest, indicating the incremental change in scores for students in
schools less than two miles from a charter as compared to students in schools 2-5
miles from a charter. The model includes all student-level covariates and lagged
scores included in my main estimates in addition to school by grade fixed e↵ects
(gj), which subsume the main e↵ect of TREAT , and state-specific grade by year
fixed e↵ects (✓gt). Standard errors are clustered at the school level.
Estimates from this approach would not lead to the same conclusions as es-

timates from my main specification. While I find no e↵ects in North Carolina,
in Massachusetts I find significant positive e↵ects in both subjects.39 Although
the 95% confidence intervals of these point estimates overlap those from my main
model, these results suggest that the choice of counterfactual, in addition to other
modelling choices, can be consequential for inference estimating charter e↵ects.

VI. Discussion

I adapt Greenstone and Moretti’s “runner-up” methodology to identify the
e↵ect of charter openings on the demographics and outcomes of students in tra-

38This includes charters that opened after 2002 in Massachusetts and charters that opened after 1997
in North Carolina.

39When I limit my sample to charters also included in my sample, I also find positive and significant
estimates for Massachusetts in math. Estimates in ELA become insignificant.
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ditional public schools in Massachusetts and North Carolina. I find that charter
openings decrease enrollment in overlapping grades at nearby traditional pub-
lic schools by about 4.7%. The e↵ect of charter openings on the racial/ethnic
composition of the traditional public schools varies by sector, with no e↵ect in
Massachusetts but significant (5.7 percentage point) reductions in the propor-
tion of white students and increases of a similar magnitude in the proportion of
Hispanic students in North Carolina. I find no e↵ect of charter openings on the
achievement of traditional public school students in either state, in contrast with
some of the prior literature, and no e↵ects on attendance rates or the probability
of being suspended. I find evidence that academically-focused charters may gen-
erate positive e↵ects on student achievement. My results are robust to the use of
alternative radii and treatment specifications.
While the absence of a negative e↵ect on student outcomes is reassuring, it is

worth considering why I fail to find a positive e↵ect. First, it may be that char-
ter openings a↵ect students in the traditional public sector in multiple, opposing
ways; for example, generating negative impacts on resources and peer group com-
position but positively impacting the productivity of teachers and school leaders.
Second, schools may not face strong incentives to respond to charter competi-
tion. Overcrowded schools in areas with growing populations may be relieved
by charter openings. In Massachusetts, the tuition reimbursement plan generates
short-term increases in per-pupil revenue when charters expand, blunting the fi-
nancial consequences of charter growth. If districts, not schools, are the entities
most a↵ected by charter expansion, approaches to measuring charter e↵ects at
the school-level may su↵er downward bias. Future work in this area could con-
sider how institutional features of the state charter sector a↵ect incentives and
consequences for traditional public schools.
Given the diversity of charter schools across the 43 states with charter laws, it

is unlikely that any single study will provide a convincing and complete account
of the e↵ects of charter expansion on the traditional public schools. This study
highlights how empirical approaches to addressing the endogeneity of charter
locations can be consequential for inference when estimating the e↵ects of charters
on traditional public schools, emphasizing the value of alternative identification
strategies.
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Figure 1. Number of charter schools by year

Source: CCD

(a) Massachusetts (b) North Carolina

Figure 2. Actual and Proposed Sites of Charter Schools

Note: Actual locations reflect first occupied location reported in the CCD.
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Figure 3. Grade-Level Enrollment (Pooled)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (2) with grade-level enrollment
as the outcome for the pooled (multi-state) sample. Coe�cients are transformed to express the di↵erence
in �Ap and �Pp relative to �A�1 and �P�1, respectively. Transformed values of �A0 and �P0 are reported
in Table A8. Dotted lines represent 95% confidence intervals. Source: CCD.
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(a) Proportion White (b) Proportion Black

(c) Proportion Hispanic

Figure 4. Effect of charter openings on proportion students by race/ethnicity (Pooled)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (2) for the proportion of stu-
dents in a grade for each race/ethnicity in the pooled (multi-state) sample. Coe�cients are transformed
to express the di↵erence in �Ap and �Pp relative to �A�1 and �P�1, respectively. Transformed values
of �Ap and �Pp are reported in Table A9-A11. Dotted lines represent 95% confidence intervals. Source:
CCD.
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(a) Math (b) ELA

Figure 5. Effect of charter openings on achievement (Pooled)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (4) for test scores using the
pooled (multi-state) sample. Regressions include student covariates and cubics of once- and twice-lagged
test scores. Coe�cients are transformed to express the di↵erence in �Ap and �Pp relative to �A�1 and
�P�1, respectively. Transformed values of �Ap and �Pp are reported in Table A13 and A14. Dotted lines
represent 95% confidence intervals.

(a) Attendance

(b)

Suspensions

Figure 6. Effect of charter openings on attendance and suspensions (Pooled)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (4) for attendance and
suspensions using the pooled (multi-state) sample. Regressions include student covariates, once- and
twice-lagged attendance, and indicators for having an out-of-school suspension reported one- and two-
years prior. I require one non-missing prior attendance observation for all observations included in the
sample. Coe�cients are transformed to express the di↵erence in �Ap and �Pp relative to �A�1 and
�P�1, respectively. Transformed values of �Ap and �Pp are reported in Table A15 and A16. Dotted lines
represent 95% confidence intervals.
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Table 1—Charter and traditional public schools in Massachusetts and North Carolina

Massachusetts North Carolina
Traditional Charter Traditional Charter

(1) (2) (3) (4)
A. Schools
Number of Schools 1703 82 2333 157
Urban Schools 287 40 573 60
Non-Urban Schools 1416 42 1760 97

B. Students
Number of Students 873,751 40,297 1,453,516 82,260
Proportion White 0.65 0.33 0.50 0.53
Proportion Black 0.08 0.28 0.26 0.30
Proportion Hispanic 0.18 0.31 0.16 0.08
Proportion Asian 0.06 0.04 0.02 0.03
Proportion Disadvantaged 0.40 0.53 0.64 0.35

C. Test Scores
Math 0.02 0.09 -0.00 0.11

(0.99) (0.90) (1.00) (0.90)
[439,451] [16,381] [646,385] [42,524]

ELA 0.02 0.08 -0.01 0.23
(0.99) (0.88) (1.00) (0.88)

[437,934] [16,368] [643,365] [42,494]
Note: Data in panels A and B are from the CCD for fall 2015, except the proportion economically dis-
advantaged students in Massachusetts, which was last available in fall 2014. In all tables, disadvantaged
refers to economically disadvantaged students. Test scores are standardized by grade, year, and subject
within state. Standard deviation for test scores are shown in parentheses; observations are in brackets.
Test scores for North Carolina are end-of-grade scores from spring 2016 for students in grades 3-8 and
10. Test scores for Massachusetts are MCAS test scores for students in grades 3-8 in spring 2014, the
last year this test was o↵ered.
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Table 2—Charter openings included/excluded from initial sample

Actual site was Number of
proposed proposed sites

N Yes No 1 2 3 4+
(1) (2) (3) (4) (5) (6) (7)

A. Massachusetts
Included 26 5 21 7 11 7 1

Excluded
Opened in only proposed site 4 4 0 4 0 0 0

Insu�cient info 13
Missing application 1

Other 1

B. North Carolina
Included 19 3 16 11 4 3 1

Excluded
Opened in only proposed site(s) 11 11 0 10 1 0 0

Insu�cient info 33
Missing application 3

Other 1
Note: Data reflect Commonwealth charter school openings in Massachusetts and non-conversion charter
schools in North Carolina. “Other” schools include one school that focuses on dropout engagement for
over-age students in Massachusetts and one school in North Carolina whose only proposed site was very
far from the addresses reported in the CCD (>17-133 miles) and whose full address history could not be
verified online. I observe a few schools that operated <0.10 mile from a proposed site (possibly within
the same building complex) and count these as operating in actual sites.
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Table 3—Comparison of charter openings included and excluded from initial sample

t-stat
Excluded Included (p-value)

(1) (2) (3)
A. Number of Schools
All 72 45
Urban 33 22
Non-Urban 39 23
Massachusetts 19 26
North Carolina 53 19

B. Students
Average Grade Size 58.36 66.27 1.33

(0.19)
Proportion White 0.43 0.39 -0.69

(0.49)
Proportion Black 0.35 0.28 -1.10

(0.27)
Proportion Hispanic 0.15 0.26 2.34

(0.02)
Proportion Disadvantaged 0.41 0.29 -1.60

(0.11)
C. Test Scores
Average ELA 0.13 0.11 -0.31

(0.76)
Average Math 0.06 0.03 -0.29

(0.77)
School Value-Added -0.02 -0.01 0.21

(0.84)
D. Neighborhood
Proportion White 0.59 0.59 -0.08

(0.94)
Proportion Black 0.27 0.23 -0.64

(0.52)
Proportion Hispanic 0.09 0.13 1.38

(0.17)
Median Income $26,182.00 $26,986 0.45

(0.65)
E. Year Opened
2000-2002 26 7
2003-2005 12 8
2006-2008 8 6
2009-2011 6 7
2012-2013 20 17

Note: All data are defined in SY 2015-16, except for MA test score which are from SY 2013-14. Value-
added measures are calculated as the school-by-year fixed e↵ect in a regression of math scores on cubic
controls for prior scores in both subjects, demographic controls, grade-by-year fixed e↵ects, and indicators
for missing scores or demographic variables. Value-added measures are normalized to sum to zero across
all schools in a state in a given year. (See footnote 13 for detail). Column (3) reports the t-statistic and
p-value of a test of equivalence of means for columns (1) and (2). All data come from the CCD except
test scores and value-added measures.
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Table 4—Balance Tests: Pooled

t-stat
Actual Proposed (p-value) Obs
(1) (2) (3) (4)

A. Student Demographics
Average Grade Size 149.14 140.57 0.55 587

(0.58)
Change in Grade Size (5 years) 0.44 1.83 -0.33 577

(0.74)
Proportion White 0.39 0.39 -0.15 598

(0.88)
Proportion Black 0.28 0.30 -0.56 598

(0.58)
Proportion Hispanic 0.27 0.25 0.50 598

(0.61)
Proportion Disadvantaged 0.59 0.58 0.10 587

(0.92)
B. Test Scores
Average Math -0.22 -0.26 0.24 558

(0.81)
Average ELA -0.24 -0.28 0.28 559

(0.78)
Change in Average Math (3 years) 0.00 0.01 -0.24 462

(0.81)
Change in Average ELA (3 years) -0.00 -0.01 0.27 461

(0.79)
C. Neighborhood Characteristics
Proportion White 0.59 0.62 -0.80 598

(0.43)
Proportion Black 0.21 0.20 0.54 598

(0.59)
Proportion Hispanic 0.14 0.14 0.17 598

(0.87)
Median Household Income $41,742 $42,260 -0.19 598

(0.85)
Change in Population (1990-2000) 425.05 441.12 -0.06 598

(0.95)

F-stat for joint probability test 1.34
P-value for F-test (0.17)
Observations 566

Note: Sample is limited to charters with at least one treatment and control school at the 2-mile radius.
Schools near actual sites are within two miles of any actual site of a charter. Schools near proposed
sites are within two miles of any proposed-only site of a charter (and are not also within two miles
of an actual site). Observations are weighted to give each charter “case” equal weight, as described.
Characteristics are defined in the year before the charter school opens. Column (3) reports results from
a t-test for equivalence of (weighted) means in columns (1) and (2). F-test result are for a regression
predicting being at an actual site with all covariates listed here and indicators for missing test score
values. Standard errors are clustered at the school-level.
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Table 5—Relationship between number of nearby charters and school characteristics

Massachusetts North Carolina
(1) (2)

A. Student Demographics
Average Grade Size -7.6 -16.6

(2.72) (4.4)
[12,603] [11,300]

Change in Grade Size (5 Years) -0.65 -0.65
(0.312) (0.904)
[11,772] [9,925]

Proportion White -0.132 -0.079
(0.007) (0.010)
[12,785] [11,305]

Proportion Disadvantaged 0.107 0.053
(0.008) (0.011)
[11,937] [10,653]

B. Test Scores
Average Math -0.091 -0.086

(0.013) (0.018)
[12,785] [11,305]

Average ELA -0.107 -0.081
(0.013) (0.019)
[12,785] [11,305]

Change in Average Math (3 years) 0.011 0.002
(0.004) (0.004)
[7,508] [9,159]

Change in Average ELA (3 years) 0.007 0.000
(0.003) (0.004)
[7,508] [9,158]

C. Neighborhood Characteristics
Median Household Income -5206.71 -5157.64

(490.960) (956.635)
[12,776] [11,305]

Change in Population (1990-2000) 152.942 -166.077
(32.454) (70.069)
[12,766] [11,305]

Note: Columns (1) and (2) report the coe�cient on the number of charters within a 2-mile radius
in separate regressions predicting each school- or neighborhood-level characteristics listed in the left-
hand column using a panel of traditional public schools located within 5 miles of at least one charter.
Regressions include year fixed e↵ects and are estimated separately for each state subsample. Data cover
SY 1997-98 to 2015-16 for North Carolina and SY 2000-01 to 2015-16 for Massachusett. (Test scores run
until after SY 2013-14 in Massachusetts). Robust standard errors (in parentheses) are clustered at the
school level.
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Table 6—Effect of charter openings on enrollment/demographics

Pooled Massachusetts North Carolina
(1) (2) (3)

Enrollment -4.709 -3.621 -7.521
(1.363) (1.603) (2.632)

Mean 95.8 96.8 91.7

Proportion White -0.009 0.006 -0.057
(0.004) (0.004) (0.011)

Mean 0.276 0.276 0.275

Proportion Black -0.002 -0.003 -0.002
(0.004) (0.004) (0.012)

Mean 0.310 0.251 0.565

Proportion Hispanic 0.010 -0.001 0.052
(0.003) (0.004) (0.007)

Mean 0.352 0.406 0.112

Observations 32539 25379 7160
Charters 36 23 13

Note: Regression coe�cients estimated using equation (1) with a dataset of school-by-grade-by-year
observations for grades that are ever-served by a charter in the estimation sample using a 2-mile radius.
All outcomes defined at the grade-level. Data come from the CCD from SY 1995-96 to SY 2015-16.
Grade-level enrollment is available from SY 1995-96 to SY 2015-16; number and proportion of students
are available from SY 1998-99 to SY 2015-16. Robust standard errors (in parentheses) are clustered at
the school-by-grade level. Mean refers to the mean of schools near proposed-only schools.
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Table 7—Alternative radii, effect of charter openings on enrollment/demographics

Pooled Massachusetts North Carolina
(1) (2) (3)

Panel A. 1.5 Mile Radius
Enrollment (Grade) -2.637 -1.353 -7.083

(1.692) (1.958) (3.310)
Proportion White 0.000 0.003 -0.012

(0.005) (0.005) (0.012)
Proportion Black -0.008 -0.003 -0.035

(0.004) (0.004) (0.013)
Proportion Hispanic 0.007 -0.001 0.044

(0.004) (0.005) (0.009)
Observations 21815 17469 4346
Charters 35 23 12

Panel B. 2.5 Mile Radius
Enrollment (Grade) -2.737 -0.465 -6.754

(1.149) (1.477) (1.941)
Proportion White 0.002 0.011 -0.017

(0.004) (0.004) (0.007)
Proportion Black -0.016 -0.014 -0.030

(0.004) (0.004) (0.008)
Proportion Hispanic 0.017 0.010 0.043

(0.003) (0.004) (0.006)
Observations 41472 30189 11283
Charters 35 21 14

Note: Regression coe�cients estimated using equation (1) with a dataset of school-by-grade-by-year
observations for grades that are ever-served by a charter in the estimation sample using the indicated
radius. All outcomes defined at the grade-level. Data come from the CCD from SY 1995-96 to SY
2015-16. Grade-level enrollment is available from SY 1995-96 to SY 2015-16; number and proportion
of students are available from SY 1998-99 to SY 2015-16. Robust standard errors (in parentheses) are
clustered at the school-by-grade level.
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Table 8—Effect of charter opening on student achievement

Pooled Massachusetts North Carolina
(1) (2) (3)

Math 0.019 0.030 -0.001
(0.017) (0.022) (0.024)

[1,092,499] [758,083] [334,416]
Mean -0.277 -0.333 -0.106

ELA 0.011 0.018 -0.006
(0.013) (0.019) (0.013)

[1,091,735] [758,505] [333,230]
Mean -0.311 -0.376 -0.112

Charters 34 22 12
Years 1997-2015 2002-2013 1997-2015

Note: This table reports estimates of � from equation (3). The estimation sample consists of student-
by-year observations for students in grades served by both the charter and traditional public school at
traditional public schools within two miles of an actual or proposed-only site, as described. Estimates
include controls for student gender, economically disadvantaged status, race/ethnicity, special education
status (Massachusetts), an indicator for being an immigrant (Massachusetts), limited English proficiency
status, parental education levels (North Carolina), disabled and gifted student status (North Carolina)
and once- and twice-lagged test scores in both subjects. All regressions include indicators for missing
values of demographic variables. Once-lagged scores for 10th graders are defined in grade 8. The test
score sample is limited to students in grade 4-8 and grade 10 (Massachusetts only) with at least one
non-missing once-lagged test score.Test score coverage varies by state; see ”Years” row. Test scores are
standardized by year, grade, and subject within state. Standard errors (in parentheses) are clustered
at the grade-by-school level. Number of observations in brackets. Control mean reflects the mean for
schools near proposed-only sites.
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Table 9—Effect of charter openings on annual attendance and suspensions

Pooled Massachusetts North Carolina
(1) (2) (3)

Attendance -0.001 -0.001 -0.001
(0.001) (0.001) (0.001)

[1,940,027] [1,594,079] [345,948]
Mean 0.946 0.943 0.961
Charters 36 23 13
Years 2003-2015 2003-2015 2006-2014

Suspensions 0.003 0.002 0.017
(0.003) (0.003) (0.009)

[1,847,917] [1,603,735] [244,182]
Mean 0.080 0.077 0.109
Charters 36 23 13
Years 2003-2015 2003-2015 2010-2015

Note: This table reports estimates of � from equation (3). The estimation sample consists of student-
by-year observations for students in grades served by both the charter and traditional public school at
traditional public schools within two miles of an actual or proposed-only site, as described. Estimates
include student demographic controls (see Table 9 notes) as well as once-lagged annual attendance and an
indicator for having an out-of-school suspension in the previous year. The sample is limited to students
in grades 1-12 with a non-missing attendance observation in the prior year. Outcome data coverage varies
by state; see ”Years” row. Standard errors (in parentheses) are clustered at the grade-by-school level.
Number of observations in brackets. Control mean reflects the mean for schools near proposed-only sites.
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Table 10—Robustness check: alternative radii

Pooled Massachusetts North Carolina
(1) (2) (3)

Panel A. 1.5 Mile Radius
Math 0.031 0.055 -0.017

(0.022) (0.029) (0.027)
[758,425] [531,886] [226,539]

ELA 0.022 0.042 -0.015
(0.016) (0.022) (0.014)
[756,761] [530,885] [225,876]

Attendance -0.001 -0.001 -0.000
(0.001) (0.001) (0.001)

[1,354,310] [1,136,285] [218,025]
Suspensions -0.001 -0.003 0.016

(0.004) (0.004) (0.013)
[1,295,313] [1,142,941] [152,372]

Panel B. 2.5 Mile Radius
Math 0.052 0.076 0.023

(0.014) (0.021) (0.017)
[1,417,296] [857,414] [5,598,82]

ELA 0.019 0.032 0.004
(0.011) (0.019) (0.010)

[1,412,880] [854,717] [5,581,63]
Attendance -0.002 -0.002 -0.001

(0.000) (0.001) (0.001)
[2,428,287] [1,869,517] [558,770]

Suspensions -0.003 -0.003 0.001
(0.003) (0.003) (0.006)

[2,272,891] [1,882,340] [390,551]
Note: This table reports estimates of � from equation (3) The estimation sample consists of student-
by-year observations for students in grades served by both the charter and traditional public school at
traditional public schools within the specified radius of an actual or proposed-only site, as described. See
notes for Tables 8 and 9 for more detail.
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Table 11—Robustness check: school-level definition of treatment

Pooled Massachusetts North Carolina
(1) (2) (3)

Math -0.001 0.003 -0.012
(0.018) (0.026) (0.024)

[1,232,185] [805,286] [426,899]
35 22 13

ELA -0.002 0.001 -0.008
(0.014) (0.021) (0.012)

[1,231,652] [806,096] [425,556]

Charters 35 22 13
Years 1997-2015 2002-2013 1997-2015

Note: This table reports estimates of ⌫ from equation (5) in footnote 33. Treatment is defined in the
first year the charter opens. The sample is defined and structured in the same way as for Tables 8 and 9
and limited to observations in grades served by both the charter and traditional public school. Standard
errors are clustered at the school-level, the level at which treatment is assigned. See notes for Tables 8
and 9 for additional detail.

Table 12—Heterogeneity of effects on student achievement

Non- Horizontally- Academically-
Urban Urban Di↵erentiated Focused
(1) (2) (3) (4)

Math 0.008 0.015 -0.026 0.040
(0.022) (0.033) (0.025) (0.021)
[847536] [244961] [267818] [824681]

Mean -0.291 -0.229 -0.120 -0.328
Charters 25 9 8 26

ELA 0.011 0.021 -0.012 0.034
(0.015) (0.024) (0.018) (0.017)
[845767] [245967] [268287] [823447]

Mean -0.341 -0.208 -0.129 -0.371
Charters 25 9 8 26

Note: See notes for Tables 8 and 9. Pooled (multi-state) sample. See Appendix D for detail on
designations of “horizontally-di↵erentiated” and “academically-focused” charter schools. Urban schools
refer to schools with a ”city” locale code in the CCD.
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Table 13—Alternative Estimation Approach

Pooled Massachusetts North Carolina
(1) (2) (3)

Panel A. Math
TreatxAfter 0.008 0.143 -0.025

(0.020) (0.048) (0.020)

After -0.006 -0.122 0.015
(0.020) (0.053) (0.019)

[1,861,127] [654,977] [1,206,150]

Panel B. ELA
TreatxAfter 0.019 0.119 -0.001

(0.014) (0.036) (0.011)

After -0.012 -0.102 0.005
(0.013) (0.039) (0.011)

[1,859,996] [657,090] [1,202,906]
Charters 92 47 45

Note: Estimates from alternative specification strategy (see description of equation 6). Includes students
with non-missing scores at schools located within 5 miles of a charter school.



 
Appendix A. School Location Data 

 
School addresses and coordinates were first reported in the CCD for Massachusetts and North 
Carolina in SY 2000-01, with some addresses (but no coordinates) reported for North Carolina in 
SY 1998-99 and 1999-00. I used publicly available CCD files from the National Center for 
Education Statistics for MA. For North Carolina, I used versions of the public CCD data that 
were made available to me by the North Carolina Education Data Research Center (NCERDC). 
The NCERDC versions of the CCD files are attached to internal school identifiers used by 
NCERDC to match data to other sources used for this project and deletes some non-operational 
schools.  
 
I identified the latitude/longitude of each site using the U.S. Census Bureau's online geocoding 
service. I calculated distances between schools/sites using the Stata geodist command. I assigned 
a stable latitude/longitude coordinate for each address. I also reviewed the addresses of charter 
schools individually for consistency and to address errors, as noted in the table below. 

 

State School Name Address Cleaning Notes 
MA Salem Academy Charter School 

 
CCD lists address in 2004-05 as 125 Washington Street. This may refer to 
charter organization's office location; newspaper coverage suggests this 
school opened at 45 Congress Street in Salem, MA (the address reported 
in subsequent years). Address changed to 45 Congress Street for SY 04-
05.  

MA KIPP Academy Boston Charter School 
 

This school appears to have co-located with another charter school in its 
first year (SY 12-13). For SY 15-16, CCD reports address as "Poydras 
Street"; per KIPP accountability report, this seems like a satellite campus 
that only housed grades K-1 and operated at the same time as the main 
campus at 384 Warren Street. I change address to 384 Warren Street for 
SY 15-16.  

NC Piedmont Charter The CCD reports an address for Piedmont Charter in 2000 and 2001 that 
seems to correspond to a bus company with the same name; corrected to 
reflect the address on Second Avenue (reported in SY 02-03). Corrected 
address reported in SY 14-15 to Second Avenue address; reported address 
reflects smaller secondary campus.  

NC Bethany Community Middle School The CCD reports an address on “North Carolina 65” in 2000; this appears 
to be the same as the address on Bethany Road reported in other years. I 
assign to the Bethany Road address.  

NC Henderson Collegiate The CCD reports an address in 2015 that seems to correspond to a second 
campus; I assign the school to the Health Center Road address since that 
appears to have remained occupied.  

NC Uwwharrie Charter School The CCD address for 2015 refers to a secondary campus that housed only 
the high school while elementary school appears to have continued 
operating at 301 Lewallen Road; changed to 301 Lewallen Road. n 

NC Phoenix Academy Inc The CCD reports addresses at Medenhall and Meeting Way; these 
addresses appear to be the same. I assign to the Medenhall address.  

NC Union Academy Address reported on Old Charlotte Road appears to refer to a 
mailing/management address; changed to MLK address.   

 
NC 

Haliwa-Saponi Tribal School The HaliWa Saponi school reports multiple addresses that refer to the 
same location. A mailing address (Box) is reported in 2001; I assign the 
coordinates for the following year.  

NC Artspace Charter I look up the latitude/longitude coordinates of the Brookside Avenue 
address reported for 2001.  

NC Mountain Discovery School I look up the latitude/longitude coordinates of the Highway 19 West 
address reported in 2002 and 2003.  



Appendix B: Test Score Coverage 

The tables below summarize the availability of test scores by state for my sample. I drop observations for 
students taking an exam out-of-grade (for example, students re-taking the 10th grade MCAS). In 
Massachusetts, the MCAS was replaced with an alternative assessment program beginning in SY 2014-
15. In North Carolina, students above grade 8 take “end-of-subject” exams that may not coincide with 
their grade-level.  

Massachusetts Comprehensive Assessment System (MCAS) 

 2001-02 to 2004-05 2005-06 to 2013-14 

Grd 3 ELA ELA + Math 

Grd 4 ELA + Math ELA + Math 

Grd 5 N/A ELA + Math 

Grd 6 Math ELA + Math 

Grd 7 ELA ELA + Math 

Grd 8 Math ELA + Math 

Grd 9 N/A 

Grd 10 ELA + Math 

Grd 11+ N/A 

 

North Carolina End-of-Grade Assessments 

 1996-97 to 2015-16 

Grds 3-8 ELA + Math 

Grd 9+ N/A (End of Subject) 
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Appendix D: Horizontally and Non-Horizontally Differentiated Charter Schools 
 
I identify schools as horizontally-differentiated if they expressed a specific curricular focus (e.g. 
arts, Chinese immersion) or emphasis on project-based or alternative learning approaches in their 
application. I do not consider the “math and science” schools listed here as horizontally-
differentiated because the math and science components of their curriculum appeared to be part 
of a traditional, achievement-focused approach. The column on the far right indicates whether 
the school was part of the Gilraine, Petronijevic, and Singleton (2019) sample. Where this was 
the case, I accept their designation.   
 

State School Horiz- 
Diff 

Reason GPS (2019) 

MA Christa McAuliffe Charter 
Public School Yes 

"Expeditionary Learning design"; "hands-on, 
personalized education" (Application, p. 1) 

No 

MA Sizer School: A North 
Central Charter Yes Sizer/”Essential School” affiliate 

No 

MA Helen Y. Davis Leadership 
Academy No  

No 

MA Boston Preparatory Charter 
Public School No  

No 

MA KIPP Academy Lynn 
Charter School No  

No 

MA Hill View Montessori 
Charter Yes Montessori 

No 

MA Salem Academy Charter 
School No  

No 

MA Advanced Math and Science 
Academy No  

No 

MA Holyoke Community 
Charter School No  

No 

MA Martin Luther King Jr. 
Charter School of 

Excellence No  

No 

MA Pioneer Valley Chinese 
Immersion Charter School Yes Chinese (Mandarin) immersion school 

No 

MA Pioneer Charter School of 
Science No  

No 

MA Dorchester Collegiate 
Academy Charter No  

No 

MA Hampden Charter School of 
Science No  

No 

MA Gloucester Community Arts 
Charter Yes Art-focused 

No 

MA Alma del Mar Charter 
School Yes 

"Expeditionary Learning"; partnership with 
"Expeditionary Learning" (Application, p. 1) 

No 

MA Bridge Boston Charter 
School No  

No 

MA Brooke Charter School 
Mattapan No  

No 

MA Community Day Charter 
Public School - R. Kingman 

Webster No  

No 



MA Veritas Preparatory Charter 
School No  

No 

MA KIPP Academy Boston 
Charter School No  

No 

MA Community Day Charter - 
Gateway No  

No 

MA Brooke Charter School East 
Boston No  

No 

MA Pioneer Charter School of 
Science II No  

No 

MA 

Paulo Freire Social Justice 
Charter School Yes 

Social-justice emphasis; "We achieve 
educational excellence and social responsibility 
for all our students through high expectations 
and a rigorous academic and social justice 
curriculum" (Application, p. 3) 

No 

MA Baystate Academy Charter 
Public School No  

No 

NC Washington Montessori Yes Montessori No 
NC Piedmont Community 

Charter School No  
No 

NC 

Metrolina Regional Scholars 
Academy Yes 

“Exceptionally flexible and challenging 
education in a supportive environment 

designed especially for students with extremely 
high intellectual or academic ability” 

(Application, p. 24); “grade distinctions are not 
age specific" (p. 41) 

No 

NC Union Academy No  No 
NC 

Mountain Discovery Charter 
School Yes 

"Experientially rich, hands-on learning course 
of study developed to maximize each child's 

potential to become a responsible citizen of the 
local and global communities" (Application, p. 

8) 

No 

NC 

Socrates Academy Yes 

"Particular emphasis on proficiency in reading, 
writing, and mathematics both in English and 

Greek through the Socratic method."  
(Application, p. 88) 

 

NC Voyager Academy No  No 
NC Roxboro Community School No  No 
NC Endeavour Charter No  No 
NC Henderson Collegiate No  No 
NC 

North East Carolina Prep Yes 

“teach and inspire through a challenging 
curriculum that integrates technology, 

experiential learning and critical thinking 
skills” (Application, p. 8) 

Yes 

NC College Prep and Leadership 
Academy No  

Yes 

NC Island Montessori Charter 
School Yes Montessori 

Yes 

NC 

Invest Collegiate Transform Yes 

“The entire school community builds upon the 
collaboration across six active domains of 
learning: imagine, nurture, value, engage, 
sustain, and transform” (Application, p. 9) 

Yes 

NC Uwharrie Charter Academy No  No 



NC Oxford Preparatory No  No 
NC Douglass Academy No  Yes 
NC Carbarrus Charter Academy No  Yes 
NC Aristotle Preparatory 

Academy No  
Yes 
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(a) Massachusetts (b) North Carolina

Figure A1. Effect of charter openings on grade-level enrollment

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (2) with grade-level enrollment
as the outcome estimated separately for each state subsample. Coe�cients are transformed to express
the di↵erence in �Ap and �Pp relative to �A�1 and �P�1, respectively. Transformed values of �A0 and
�P0 are reported in Table A7. Dotted lines represent 95% confidence intervals. Source: CCD.
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(a) Proportion White (b) Proportion Black

(c) Proportion Hispanic

Figure A2. Effect of charter openings on proportion students by race/ethnicity (Mas-

sachusetts)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (2) for the proportion of
students in a grade for each race/ethnicity estimated for the Massachusetts subsample. Coe�cients are
transformed to express the di↵erence in �Ap and �Pp relative to �A�1 and �P�1, respectively. Trans-
formed values of �Ap and �Pp are reported in Table A12-A13. Dotted lines represent 95% confidence
intervals. Unbalanced panel. Source: CCD.
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(a) Proportion White (b) Proportion Black

(c) Proportion Hispanic

Figure A3. Effect of charter openings on proportion students by race/ethnicity (North

Carolina)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (2) for the proportion of
students in a grade for each race/ethnicity estimated for the North Carolina subsample. Coe�cients are
transformed to express the di↵erence in �Ap and �Pp relative to �A�1 and �P�1, respectively. Trans-
formed values of �Ap and �Pp are reported in Table A12-A13. Dotted lines represent 95% confidence
intervals. Unbalanced panel. Source: CCD.
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(a) Math (b) ELA

Figure A4. Effect of charter openings on achievement (Massachusetts)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (4) for test scores using the
Massachusetts subsample. Regressions include student covariates and polynomials of once- and twice-
lagged test scores to the third order. I require one non-missing prior score in the tested subject for all
observations included in the sample. Coe�cients are transformed to express the di↵erence in �Ap and
�Pp relative to �A�1 and �P�1, respectively. Transformed values of �Ap and �Pp are reported in Table
A8-A9. Unbalanced panel. Dotted lines represent 95% confidence intervals.

(a) Math (b) ELA

Figure A5. Effect of charter openings on achievement (North Carolina)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (4) for test scores using the
North Carolina subsample. Regressions include student covariates and polynomials of once- and twice-
lagged test scores to the third order. I require one non-missing prior score in the tested subject for all
observations included in the sample. Coe�cients are transformed to express the di↵erence in �Ap and
�Pp relative to �A�1 and �P�1, respectively. Transformed values of �Ap and �Pp are reported in Table
A8-A9. Unbalanced panel. Dotted lines represent 95% confidence intervals.
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(a) Attendance (b) Suspensions

Figure A6. Effect of charter openings on attendance and suspensions (Massachusetts)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (4) for attendance and suspen-
sions using the Massachusetts subsample. Regressions include student covariates, once- and twice-lagged
attendance, and indicators for having an out-of-school suspension reported one- and two-years prior. I
require one non-missing prior attendance observation for all observations included in the sample. Coe�-
cients are transformed to express the di↵erence in �Ap and �Pp relative to �A�1 and �P�1, respectively.
Transformed values of �Ap and �Pp are reported in Table A14-A15. Dotted lines represent 95% confidence
intervals. Unbalanced panel.

(a) Attendance (b) Suspensions

Figure A7. Effect of charter openings on attendance and suspensions (North Carolina)

Note: This figure plots the coe�cients �Ap and �Pp estimated by equation (4) for attendance and
suspensions using the North Carolina subsample. Regressions include student covariates, once- and
twice-lagged attendance, and indicators for having an out-of-school suspension reported one- and two-
years prior. I require one non-missing prior attendance observation for all observations included in the
sample. Coe�cients are transformed to express the di↵erence in �Ap and �Pp relative to �A�1 and �P�1,
respectively. Transformed values of �Ap and �Pp are reported in Table A14-A15. Dotted lines represent
95% confidence intervals. Unbalanced panel.
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(a) Math (b) ELA

Figure A8. Trends in school performance around charter application submission

Note: This figure plots point estimates for mean math and ELA scores at schools within two miles of
proposed sites (actual or proposed-only) of charters included in my initial sample. I generate these by
regressing student test scores on dummy variables for each period from p = �5 to p = 2, where p = 0
in the year the charter submitted its application. Regressions control for state-by-grade-by-year fixed
e↵ects. I adjust point estimates by subtracting the value at p = �1 to center the graph at 0 in the last
year of the pre-period. All but one charter opened at p = 1 or p = 2. Unbalanced panel. Corresponding
point estimates are reported in Table A.15.

Table A1—Timeline for opening a new charter school in North Carolina

June 2019 Application for new schools becomes available online

July 2019 Application for fast-track applications due

August 2019 Application for regular timeline applicants due

October 2019 State Board of Education (SBE) issues decisions on
fast-track applicants

April 2020 SBE issues decisions on regular timeline applicants,
approved applicants begin planning year

August 2020 Fast-track approved charter schools open

August 2021 Regular timeline approved charter schools open
Note: This process reflects the 2019 application process and was adapted from information found on
https://files.nc.gov/dpi/documents/charterschools/applications accessed on May 8, 2020. The fast-track
application process is aimed at operators with a track record of success and was formalized in 2014. Prior
to this, final applications were generally due in April the year before the charter school was set to open
(in August).
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Table A2—Timeline for opening a charter school in Massachusetts

June 2019 Letter of intent due for all charter applicants

July 2019 Prospectus (preliminary application) and “proven
provider”
status request due

September 2019 Commissioner decides on “proven provider” status,
invites selected applicants to submit final applications

October 2019 Final application due

February 2020 Decisions on charter applications issued

August 2020 Some approved charters open

August 2021 Remaining charters open

Note: This process reflects the 2019-20 application process and was adapted from information found
on http://www.doe.mass.edu/charter/new/?section=all accessed on May 8, 2020. Approved charters
in Massachusetts must open within 19 months of charter approval, in general. The “proven provider”
process, created in 2010, is for charter operators with proven track records of success. Charters that
open in the lowest-performing districts in Massachusetts that have met the limit on charter growth must
be from proven-providers.
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Table A3—Charters that listed multiple sites/one site

Number of sites listed
Multiple One t-stat
Sites Site (p-value)
(1) (2) (3)

A. Number of Schools
All 28 32
Urban 11 14
Non-Urban 17 18
Massachusetts 19 11
North Carolina 28 32

B. Students
Grade Size 62.86 68.62 -0.67

(0.50)
Proportion White 0.38 0.48 -1.11

(0.27)
Proportion Black 0.28 0.25 0.32

(0.75)
Proportion Hispanic 0.28 0.17 1.77

(0.08)
Proportion Disadvantaged 0.39 0.30 0.80

(0.43)
C. Test Scores
Average ELA 0.07 0.11 -0.31

(0.76)
Average Math 0.01 0.03 -0.15

(0.88)
School Value-Added -0.07 -0.00 -0.86

(0.40)
D. Neighborhood
Proportion White 0.58 0.63 -0.57

(0.57)
Proportion Black 0.15 0.08 1.74

(0.09)
Proportion Hispanic 0.22 0.23 -0.13

(0.90)
Median Income $25,710 $27,971 -0.97

(0.34)
E. Year Opened
2000-2002 5 10
2003-2005 7 1
2006-2008 3 4
2009-2011 6 3
2012-2013 7 14

Note: Sample includes charter schools that included at least one identifiable proposed site on their
application. See notes for Table 3.
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Table A4—Charters that did/did not operate in a proposed site

Operated in Proposed Site
t-stat

Yes No (p-value)
(1) (2) (3)

A. Number of Schools
All 23 37
Urban 5 20
Non-Urban 18 17
Massachusetts 9 21
North Carolina 23 37

B. Students
Grade Size 61.48 68.51 -0.80

(0.43)
Proportion White 0.48 0.40 0.89

(0.38)
Proportion Black 0.24 0.28 -0.59

(0.56)
Proportion Hispanic 0.19 0.24 -0.62

(0.53)
Proportion Disadvantaged 0.36 0.29 0.65

(0.52)
C. Test Scores
Average ELA 0.03 0.12 -0.86

(0.39)
Average Math -0.05 0.06 -0.82

(0.42)
School Value-Added -0.06 0.00 -1.12

(0.27)
D. Neighborhood
Proportion White 0.62 0.60 0.16

(0.87)
Proportion Black 0.10 0.12 -0.58

(0.56)
Proportion Hispanic 0.23 0.22 0.12

(0.91)
Median Income $26,029 $27,468 -0.62

(0.54)
E. Year Opened
2000-2002 8 7
2003-2005 1 7
2006-2008 2 5
2009-2011 4 5
2012-2013 8 13

Note: Sample includes charter schools that included at least one identifiable proposed site on their
application. See notes for Table 3.
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Table A5—Balance Tests: Massachusetts

t-stat
Actual Proposed (p-value) Obs
(1) (2) (3) (4)

A. Student Demographics
Grade Size 145.83 145.81 0.00 475

(1.00)
Change in Grade Size (5 years) -0.96 0.74 -0.28 469

(0.78)
Proportion White 0.37 0.41 -0.69 486

(0.49)
Proportion Black 0.18 0.20 -0.51 486

(0.61)
Proportion Hispanic 0.37 0.32 1.06 486

(0.29)
Proportion Disadvantaged 0.58 0.56 0.45 485

(0.65)
B. Test Scores
Average Math -0.31 -0.34 0.12 453

(0.91)
Average ELA -0.35 -0.36 0.02 454

(0.98)
Change in Average Math (3 years) -0.00 -0.02 0.60 361

(0.55)
Change in Average ELA (3 years) 0.00 -0.03 1.34 360

(0.18)
C. Neighborhood Characteristics
Proportion White 0.57 0.61 -0.77 486

(0.44)
Proportion Black 0.15 0.14 0.26 486

(0.79)
Proportion Hispanic 0.20 0.18 0.43 486

(0.67)
Median Household Income $40,848 $44,906 -1.09 486

(0.27)
Change in Population (1990- 2000) 29.89 191.95 -0.85 486

(0.39)

F-stat for joint probability test 1.47
P-value for F-test (0.11)
Observations 468

Note: Sample is limited to charters with at least one treatment and control school at the 2-mile radius.
Schools near actual sites are within two miles of any actual site of a charter. Schools near proposed
sites are within two miles of any proposed-only site of a charter (and are not also within two miles
of an actual site). Observations are weighted to give each charter “case” equal weight, as described.
Characteristics are defined in the year before the charter school opens. Column (3) reports results from
a t-test for equivalence of (weighted) means in columns (1) and (2). F-test result are for a regression
predicting being at an actual site with all covariates listed here and indicators for missing test score
values. Standard errors are clustered at the school-level.
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Table A6—Balance Tests: North Carolina

t-stat
Actual Proposed (p-value) Obs
(1) (2) (3) (4)

A. Student Demographics
Grade Size 154.19 131.98 0.90 112

(0.37)
Change in Grade Size (5 years) 2.63 3.58 -0.19 108

(0.85)
Proportion White 0.41 0.37 0.75 112

(0.46)
Proportion Black 0.43 0.46 -0.54 112

(0.59)
Proportion Hispanic 0.10 0.13 -0.96 112

(0.34)
Proportion Disadvantaged 0.59 0.63 -0.67 102

(0.50)
B. Test Scores
Average Math -0.07 -0.11 0.34 105

(0.73)
Average ELA -0.08 -0.14 0.59 105

(0.56)
Change in Average Math (3 years) 0.00 0.05 -0.80 101

(0.42)
Change in Average ELA (3 years) -0.01 0.02 -0.88 101

(0.38)
C. Neighborhood Characteristics
Proportion White 0.61 0.63 -0.30 112

(0.76)
Proportion Black 0.31 0.28 0.46 112

(0.65)
Proportion Hispanic 0.05 0.06 -0.85 112

(0.39)
Median Household Income 43148.69 37912.85 1.35 112

(0.18)
Change in Population (1990-2000) 1046.03 850.47 0.31 112

(0.76)

F-stat for joint probability test 2.98
P-value for F-test (0.00)
Observations 98

Note: Sample is limited to charters with at least one treatment and control school at the 2-mile radius.
Schools near actual sites are within two miles of any actual site of a charter. Schools near proposed
sites are within two miles of any proposed-only site of a charter (and are not also within two miles
of an actual site). Observations are weighted to give each charter “case” equal weight, as described.
Characteristics are defined in the year before the charter school opens. Column (3) reports results from
a t-test for equivalence of (weighted) means in columns (1) and (2). F-test result are for a regression
predicting being at an actual site with all covariates listed here and indicators for missing test score
values. Standard errors are clustered at the school-level.
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Table A7—Effect of charter openings on number of students by race/ethnicity

Pooled Massachusetts North Carolina
(1) (2) (3)

White -5.464 -3.315 -12.746
(0.872) (0.959) (1.951)

Mean 30.230 28.555 38.261

Black -0.408 0.308 -2.887
(0.741) (0.798) (1.837)

Mean 30.196 26.056 50.048

Hispanic 1.609 0.425 6.123
(0.680) (0.830) (0.999)

Mean 30.813 35.411 8.764

Observations 32,539 25,379 7,160
Charters 36 23 13

Note: Regression coe�cients estimated using equation (1) with a dataset of school-by-grade-by-year
observations for grades that are ever-served by a charter in the estimation sample using a 2-mile radius.
All outcomes defined at the grade-level. Grade-level enrollment is available from SY 1995-96 to SY 2015-
16; number and proportion of students are available from SY 1998-99 to SY 2015-16. Robust standard
errors (in parentheses) are clustered at the school-by-grade level. Mean refers to the mean of schools
near proposed-only schools.
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Table A8—Event time period point estimates for total grade-level enrollment

Pooled Massachusetts North Carolina
Event Actual Proposed Actual Proposed Actual Proposed
Period (1) (2) (3) (4) (5) (6)
p=-10 -0.175 1.011 1.1 1.732 -1.983 0.225

(1.179) (1.772) (1.698) (2.385) (2.94) (3.155)
p=-9 0.006 2.347 1.314 2.587 -2.937 2.78

(1.114) (1.566) (1.542) (2.092) (3.008) (2.852)
p=-8 -0.526 0.892 0.593 1.676 -2.886 -0.77

(1.038) (1.487) (1.382) (1.954) (2.618) (2.656)
p=-7 1.296 0.606 2.273 1.607 -0.028 -1.672

(0.956) (1.404) (1.226) (1.78) (2.569) (2.781)
p=-6 0.445 0.464 1.988 2.081 -4.476 -3.526

(0.884) (1.3) (1.076) (1.661) (2.325) (2.373)
p=-5 -0.384 -0.918 1.875 0.563 -7.775 -3.873

(0.866) (1.213) (0.945) (1.528) (2.518) (2.074)
p=-4 -0.33 -1.162 1.544 -0.187 -5.625 -2.577

(0.772) (1.187) (0.817) (1.514) (2.105) (1.728)
p=-3 0.576 -0.263 1.846 0.538 -2.268 -1.245

(0.667) (0.994) (0.745) (1.283) (1.604) (1.359)
p=-2 0.944 0.564 1.404 1.367 0.131 -0.868

(0.53) (0.648) (0.548) (0.751) (1.579) (1.271)
p=-1 0 0 0 0 0 0

n/a n/a n/a n/a n/a n/a
p=0 -2.655 -0.628 -2.552 -0.89 -4.234 -0.6

(0.542) (0.743) (0.558) (0.924) (1.597) (1.217)
p=1 -1.801 -0.136 -2.034 -1.017 -2.342 1.648

(0.751) (0.908) (0.716) (1.084) (2.444) (1.679)
p=2 -1.61 0.937 -1.881 -0.587 -2.364 4.302

(0.831) (1.063) (0.906) (1.3) (2.163) (1.875)
p=3 -3.002 0.524 -1.939 -2.033 -9.146 6.131

(0.944) (1.179) (1.051) (1.421) (2.179) (2.195)
p=4 -4.401 1.756 -3.195 -0.187 -10.2 5.948

(1.108) (1.332) (1.216) (1.638) (2.397) (2.418)
p=5 -3.502 0.997 -2.147 -1.196 -9.464 5.102

(1.251) (1.383) (1.441) (1.767) (2.499) (2.408)
p=6 -1.918 0.852 -1.48 1.036 -6.44 -0.401

(1.403) (1.522) (1.727) (2.039) (2.448) (2.438)
p=7 -5.494 2.696 -5.904 3.572 -9.096 0.274

(1.501) (1.618) (1.829) (2.224) (2.596) (2.538)
p=8 -6.382 1.123 -8.33 1.381 -7.524 -1.111

(1.592) (1.806) (1.981) (2.352) (2.816) (3.158)
p=9 -8.038 2.734 -11.17 1.879 -7.218 3.407

(1.854) (1.978) (2.507) (2.534) (2.867) (3.416)
p=10 -8.472 4.78 -14.41 3.045 -4.778 8.152

(2.161) (2.312) (3.287) (2.832) (2.839) (4.206)
Observations 37243 37243 29002 29002 8241 8241

Note: Estimates in this table are plotted in Figures 3 and A1. Columns (1), (3), and (5) display
the transformed values of �Ap estimated using equation (2) for the indicated sample. Columns (2),
(4), and (6) display the transformed values of �Ap estimated using equation (2) for the indicated sample.
Estimates are defined relative to value of �Ap=�1 or �Pp=�1. Transformed coe�cients can be interpreted
as the di↵erence in the outcome relative to levels in the last pre-period. Data come from the CCD from
SY 1995-96 to SY 2015-16. Grade-level enrollment is available from SY 1995-96 to SY 2015-16; number
and proportion of students are available from SY 1998-99 to SY 2015-16.
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Table A9—Event time period point estimates for proportion white students

Pooled Massachusetts North Carolina
Event Actual Proposed Actual Proposed Actual Proposed
Period (1) (2) (3) (4) (5) (6)
p=-10 -0.024 -0.011 -0.035 -0.006 -0.015 -0.053

(0.004) (0.006) (0.005) (0.007) (0.011) (0.014)
p=-9 -0.019 -0.006 -0.027 0.003 -0.022 -0.055

(0.004) (0.006) (0.005) (0.006) (0.01) (0.013)
p=-8 -0.015 -0.008 -0.02 0.003 -0.026 -0.063

(0.004) (0.005) (0.004) (0.005) (0.009) (0.012)
p=-7 -0.006 -0.01 -0.01 -0.002 -0.014 -0.051

(0.003) (0.005) (0.004) (0.005) (0.009) (0.012)
p=-6 -0.011 -0.006 -0.014 -0.001 -0.026 -0.039

(0.003) (0.004) (0.004) (0.005) (0.008) (0.011)
p=-5 -0.006 -0.007 -0.008 -0.005 -0.02 -0.03

(0.003) (0.004) (0.003) (0.004) (0.009) (0.009)
p=-4 -0.007 -0.005 -0.01 -0.002 -0.016 -0.028

(0.003) (0.004) (0.003) (0.004) (0.008) (0.01)
p=-3 0 -0.003 -0.002 -0.006 0.003 -0.002

(0.002) (0.003) (0.002) (0.003) (0.007) (0.007)
p=-2 -0.004 0.003 -0.006 0.002 0.001 0.003

(0.002) (0.003) (0.002) (0.003) (0.005) (0.005)
p=-1 0 0 0 0 0 0

n/a n/a n/a n/a n/a n/a
p=0 -0.004 0.007 -0.003 0.009 -0.007 0.005

(0.002) (0.003) (0.002) (0.003) (0.005) (0.005)
p=1 -0.002 0.004 0 0.004 -0.004 0.011

(0.002) (0.003) (0.003) (0.003) (0.005) (0.005)
p=2 0.001 0.009 0.004 0.006 -0.001 0.023

(0.003) (0.003) (0.003) (0.004) (0.007) (0.006)
p=3 0 0.007 0.007 0.001 -0.017 0.029

(0.003) (0.004) (0.004) (0.005) (0.008) (0.008)
p=4 -0.008 0.003 0.001 0.001 -0.022 0.016

(0.004) (0.004) (0.004) (0.005) (0.007) (0.009)
p=5 -0.017 0.01 -0.01 0.009 -0.02 0.023

(0.004) (0.005) (0.005) (0.006) (0.008) (0.01)
p=6 -0.027 0.003 -0.021 -0.002 -0.021 0.023

(0.004) (0.005) (0.005) (0.006) (0.009) (0.01)
p=7 -0.031 0.008 -0.02 0.003 -0.032 0.025

(0.005) (0.006) (0.006) (0.006) (0.009) (0.013)
p=8 -0.037 -0.004 -0.033 0.001 -0.025 -0.002

(0.005) (0.006) (0.007) (0.007) (0.009) (0.012)
p=9 -0.032 -0.009 -0.026 -0.006 -0.019 0.004

(0.005) (0.006) (0.008) (0.008) (0.01) (0.011)
p=10 -0.037 -0.011 -0.043 -0.005 -0.005 0.002

(0.007) (0.007) (0.01) (0.008) (0.011) (0.013)
Observations 32539 32539 25379 25379 7160 7160

Note: Estimates in this table are plotted in Figures 4, A2, and A3. Columns (1), (3), and (5) display
the transformed values of �Ap estimated using equation (2) for the indicated sample. Columns (2),
(4), and (6) display the transformed values of �Ap estimated using equation (2) for the indicated sample.
Estimates are defined relative to value of �Ap=�1 or �Pp=�1. Transformed coe�cients can be interpreted
as the di↵erence in the outcome relative to levels in the last pre-period.
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Pooled Massachusetts North Carolina
Event Actual Proposed Actual Proposed Actual Proposed
Period (1) (2) (3) (4) (5) (6)
p=-10 -0.002 0.013 0.015 0.018 -0.014 0.035

(0.004) (0.006) (0.005) (0.006) (0.013) (0.015)
p=-9 0.004 0.009 0.017 0.01 -0.002 0.033

(0.004) (0.006) (0.004) (0.006) (0.011) (0.015)
p=-8 0.005 0.01 0.015 0.005 0.007 0.051

(0.004) (0.006) (0.004) (0.005) (0.01) (0.013)
p=-7 -0.001 0.012 0.008 0.009 0.003 0.045

(0.003) (0.005) (0.003) (0.005) (0.011) (0.013)
p=-6 -0.004 0.005 0.003 0.005 0.012 0.026

(0.003) (0.005) (0.003) (0.004) (0.009) (0.012)
p=-5 -0.009 0 -0.003 -0.002 0.006 0.024

(0.003) (0.004) (0.003) (0.004) (0.009) (0.01)
p=-4 -0.002 0.001 0.004 -0.002 0.005 0.025

(0.003) (0.004) (0.003) (0.004) (0.009) (0.01)
p=-3 -0.005 -0.003 -0.003 -0.003 0.006 0.006

(0.003) (0.003) (0.002) (0.003) (0.008) (0.008)
p=-2 -0.003 0 -0.004 -0.001 0.004 0.007

(0.002) (0.003) (0.002) (0.003) (0.006) (0.006)
p=-1 0 0 0 0 0 0

n/a n/a n/a n/a n/a n/a
p=0 -0.003 0.008 -0.003 0.008 -0.003 0.005

(0.002) (0.003) (0.002) (0.003) (0.005) (0.006)
p=1 0.002 0.004 0.004 0.005 -0.011 -0.004

(0.002) (0.003) (0.003) (0.004) (0.006) (0.007)
p=2 -0.002 -0.001 0.003 0.002 -0.03 -0.016

(0.003) (0.004) (0.003) (0.004) (0.008) (0.008)
p=3 0.001 -0.001 0.006 0.003 -0.028 -0.018

(0.003) (0.004) (0.003) (0.004) (0.009) (0.01)
p=4 0.007 0.008 0.016 0.005 -0.038 0.009

(0.004) (0.005) (0.004) (0.005) (0.008) (0.011)
p=5 0.006 0.007 0.016 0.003 -0.043 0.004

(0.004) (0.005) (0.005) (0.006) (0.009) (0.012)
p=6 0.011 0.024 0.024 0.017 -0.044 0.025

(0.004) (0.005) (0.005) (0.005) (0.01) (0.012)
p=7 0.011 0.015 0.024 0.008 -0.043 0.015

(0.005) (0.006) (0.006) (0.006) (0.01) (0.013)
p=8 0.008 0.018 0.031 0.005 -0.072 0.029

(0.005) (0.007) (0.006) (0.006) (0.012) (0.015)
p=9 0.009 0.02 0.031 0.009 -0.065 0.026

(0.006) (0.007) (0.007) (0.006) (0.011) (0.016)
p=10 0.012 0.017 0.052 -0.001 -0.077 0.041

(0.006) (0.008) (0.006) (0.008) (0.012) (0.018)
Observations 32539 32539 25379 25379 7160 7160

Note: Estimates in this table are plotted in Figures 4, A2, and A3. Columns (1), (3), and (5) display
the transformed values of �Ap estimated using equation (2) for the indicated sample. Columns (2),
(4), and (6) display the transformed values of �Ap estimated using equation (2) for the indicated sample.
Estimates are defined relative to value of �Ap=�1 or �Pp=�1. Transformed coe�cients can be interpreted
as the di↵erence in the outcome relative to levels in the last pre-period. Grade-level enrollment is available
from SY 1995-96 to SY 2015-16; number and proportion of students are available from SY 1998-99 to
SY 2015-16.
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Table A10—Event time period point estimates for proportion Hispanic students

Pooled Massachusetts North Carolina
Event Actual Proposed Actual Proposed Actual Proposed
Period (1) (2) (3) (4) (5) (6)
p=-10 0.025 0.005 0.013 -0.007 0.035 0.014

(0.004) (0.006) (0.005) (0.007) (0.007) (0.01)
p=-9 0.018 0.003 0.008 -0.009 0.026 0.021

(0.004) (0.005) (0.005) (0.007) (0.007) (0.007)
p=-8 0.013 0.003 0.003 -0.007 0.023 0.015

(0.004) (0.005) (0.004) (0.006) (0.007) (0.007)
p=-7 0.01 0.003 0.001 -0.004 0.017 0.01

(0.004) (0.004) (0.004) (0.005) (0.007) (0.006)
p=-6 0.018 0.01 0.011 0.006 0.016 0.011

(0.003) (0.004) (0.004) (0.005) (0.007) (0.006)
p=-5 0.02 0.013 0.015 0.013 0.014 0.007

(0.003) (0.004) (0.003) (0.005) (0.006) (0.005)
p=-4 0.014 0.008 0.009 0.007 0.009 0.007

(0.003) (0.004) (0.003) (0.005) (0.006) (0.005)
p=-3 0.006 0.007 0.004 0.008 -0.007 0

(0.003) (0.003) (0.003) (0.004) (0.005) (0.004)
p=-2 0.005 -0.001 0.008 0.001 -0.007 -0.008

(0.002) (0.003) (0.002) (0.004) (0.004) (0.004)
p=-1 0 0 0 0 0 0

n/a n/a n/a n/a n/a n/a
p=0 0.006 -0.013 0.004 -0.016 0.01 -0.005

(0.002) (0.003) (0.003) (0.004) (0.003) (0.003)
p=1 -0.002 -0.011 -0.006 -0.013 0.014 -0.003

(0.003) (0.003) (0.003) (0.004) (0.004) (0.005)
p=2 -0.003 -0.009 -0.011 -0.008 0.027 -0.006

(0.003) (0.004) (0.004) (0.005) (0.005) (0.005)
p=3 -0.002 -0.007 -0.013 -0.003 0.044 -0.009

(0.004) (0.004) (0.004) (0.005) (0.006) (0.006)
p=4 -0.004 -0.008 -0.018 0.001 0.052 -0.024

(0.004) (0.004) (0.005) (0.006) (0.006) (0.006)
p=5 0.009 -0.009 -0.003 0 0.057 -0.021

(0.004) (0.005) (0.005) (0.007) (0.006) (0.007)
p=6 0.02 -0.013 0.005 0 0.071 -0.033

(0.005) (0.005) (0.006) (0.007) (0.007) (0.007)
p=7 0.02 -0.015 0 -0.002 0.078 -0.027

(0.005) (0.005) (0.007) (0.007) (0.008) (0.007)
p=8 0.029 -0.012 0.008 -0.002 0.096 -0.022

(0.005) (0.006) (0.007) (0.007) (0.009) (0.01)
p=9 0.026 -0.009 0.002 0.003 0.088 -0.025

(0.006) (0.007) (0.008) (0.008) (0.009) (0.011)
p=10 0.024 -0.003 -0.007 0.009 0.085 -0.027

(0.007) (0.007) (0.011) (0.009) (0.01) (0.011)
Observations 32539 32539 25379 25379 7160 7160

Note: Estimates in this table are plotted in Figures 4, A2, and A3. Columns (1), (3), and (5) display
the transformed values of �Ap estimated using equation (2) for the indicated sample. Columns (2),
(4), and (6) display the transformed values of �Ap estimated using equation (2) for the indicated sample.
Estimates are defined relative to value of �Ap=�1 or �Pp=�1. Transformed coe�cients can be interpreted
as the di↵erence in the outcome relative to levels in the last pre-period. Grade-level enrollment is available
from SY 1995-96 to SY 2015-16; number and proportion of students are available from SY 1998-99 to
SY 2015-16.
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Table A11—Event time period point estimates for math scores

Pooled Massachusetts North Carolina
Event Actual Proposed Actual Proposed Actual Proposed
Period (1) (2) (3) (4) (5) (6)
p=-10 -0.008 -0.009 -0.015 0.01 -0.008 -0.029

(0.022) (0.031) (0.044) (0.056) (0.023) (0.028)
p=-9 -0.006 0.025 -0.022 0.043 0.02 0.007

(0.026) (0.027) (0.047) (0.048) (0.027) (0.027)
p=-8 0 -0.022 -0.011 -0.035 0.02 0.002

(0.022) (0.029) (0.038) (0.05) (0.03) (0.029)
p=-7 -0.008 -0.032 -0.012 -0.048 -0.008 0.002

(0.017) (0.023) (0.028) (0.033) (0.03) (0.033)
p=-6 0 -0.017 -0.005 -0.019 0.003 -0.013

(0.018) (0.021) (0.026) (0.031) (0.031) (0.03)
p=-5 -0.005 -0.03 -0.009 -0.03 -0.003 -0.027

(0.015) (0.018) (0.022) (0.026) (0.025) (0.028)
p=-4 -0.007 -0.031 -0.013 -0.029 0.007 -0.032

(0.013) (0.017) (0.017) (0.023) (0.022) (0.022)
p=-3 -0.002 -0.006 -0.002 0 -0.008 -0.021

(0.011) (0.014) (0.015) (0.016) (0.021) (0.03)
p=-2 0.001 0.01 -0.001 0.011 0 0.007

(0.009) (0.011) (0.011) (0.012) (0.02) (0.023)
p=-1 0 0 0 0 0 0

n/a n/a n/a n/a n/a n/a
p=0 0.007 0.007 0.006 0.015 0.012 -0.023

(0.009) (0.017) (0.011) (0.02) (0.02) (0.023)
p=1 0.013 -0.006 0.022 -0.007 -0.007 -0.016

(0.012) (0.017) (0.015) (0.023) (0.02) (0.023)
p=2 0.016 -0.007 0.023 -0.015 0.005 0.005

(0.014) (0.018) (0.019) (0.024) (0.023) (0.023)
p=3 0.03 -0.022 0.037 -0.029 0.013 -0.018

(0.015) (0.018) (0.023) (0.025) (0.026) (0.023)
p=4 0.011 -0.043 0.011 -0.047 0.018 -0.045

(0.016) (0.019) (0.026) (0.028) (0.025) (0.029)
p=5 -0.011 -0.051 -0.021 -0.059 0.019 -0.041

(0.018) (0.019) (0.031) (0.03) (0.029) (0.027)
p=6 -0.004 -0.043 -0.008 -0.059 0.009 -0.011

(0.019) (0.022) (0.036) (0.036) (0.028) (0.033)
p=7 -0.001 -0.046 -0.016 -0.059 0.026 -0.021

(0.02) (0.026) (0.042) (0.042) (0.026) (0.036)
p=8 -0.002 -0.049 0.015 -0.069 -0.026 -0.006

(0.024) (0.025) (0.048) (0.038) (0.032) (0.041)
p=9 -0.024 -0.053 -0.014 -0.093 -0.031 -0.008

(0.025) (0.03) (0.05) (0.044) (0.033) (0.046)
p=10 0.014 -0.025 0.072 -0.098 -0.014 0.017

(0.031) (0.044) (0.048) (0.05) (0.041) (0.067)
Observations 1092499 1092499 758083 758083 334416 334416

Note: Estimates in this table are plotted in Figures 5, A4, and A5. Columns (1), (3), and (5) display
the transformed values of �Ap estimated using equation (4) for the indicated sample. All regressions
include student covariates and cubics of once- and twice-lagged test scores, as in estimates of equation
(3) (see Table 8 notes). Columns (2), (4), and (6) display the transformed values of �Ap estimated using
equation (2) for the indicated sample. Estimates are defined relative to value of �Ap=�1 or �Pp=�1.
Transformed coe�cients can be interpreted as the di↵erence in the outcome relative to levels in the last
pre-period.
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Table A12—Event time period point estimates for ELA scores

Pooled Massachusetts North Carolina
Event Actual Proposed Actual Proposed Actual Proposed
Period (1) (2) (3) (4) (5) (6)

p=-10 0.023 -0.012 0.048 -0.023 -0.012 -0.012
(0.018) (0.021) (0.033) (0.043) (0.019) (0.024)

p=-9 0.022 0.032 0.03 0.052 0.018 0.02
(0.018) (0.026) (0.03) (0.053) (0.021) (0.019)

p=-8 0.02 0.005 0.029 0.019 0.023 -0.002
(0.015) (0.02) (0.022) (0.034) (0.02) (0.023)

p=-7 0.017 -0.003 0.032 0.021 -0.007 -0.03
(0.012) (0.019) (0.018) (0.031) (0.022) (0.023)

p=-6 0.021 0.014 0.032 0.038 0.006 -0.017
(0.012) (0.018) (0.017) (0.028) (0.019) (0.021)

p=-5 0.013 0.027 0.027 0.043 -0.018 0.003
(0.011) (0.016) (0.015) (0.024) (0.016) (0.022)

p=-4 0.016 0.006 0.027 0.015 -0.003 0.001
(0.01) (0.015) (0.013) (0.022) (0.014) (0.017)

p=-3 0.012 0.01 0.019 0.014 0.007 0.009
(0.009) (0.013) (0.011) (0.018) (0.019) (0.021)

p=-2 0.005 -0.002 0.007 0 0.007 -0.002
(0.008) (0.012) (0.009) (0.017) (0.014) (0.015)

p=-1 0 0 0 0 0 0
n/a n/a n/a n/a n/a n/a

p=0 0.008 0.02 0.009 0.026 0.002 -0.001
(0.008) (0.014) (0.009) (0.019) (0.011) (0.019)

p=1 0.003 0.011 0.009 0.011 -0.019 0.003
(0.009) (0.013) (0.012) (0.019) (0.014) (0.016)

p=2 0.014 0.023 0.019 0.019 0.007 0.023
(0.01) (0.014) (0.013) (0.019) (0.014) (0.015)

p=3 0.008 0.016 0.009 0.008 -0.005 0.006
(0.01) (0.014) (0.015) (0.02) (0.018) (0.02)

p=4 -0.001 0.008 -0.007 0 -0.008 -0.008
(0.012) (0.013) (0.017) (0.019) (0.017) (0.019)

p=5 -0.003 0.002 -0.019 -0.009 0.002 -0.007
(0.013) (0.015) (0.02) (0.023) (0.021) (0.02)

p=6 -0.004 0.001 -0.014 -0.011 -0.02 -0.011
(0.013) (0.016) (0.022) (0.024) (0.018) (0.021)

p=7 -0.003 -0.005 -0.011 -0.028 -0.02 -0.008
(0.014) (0.016) (0.025) (0.026) (0.016) (0.02)

p=8 -0.015 -0.01 -0.025 -0.034 -0.041 -0.01
(0.018) (0.017) (0.029) (0.027) (0.023) (0.027)

p=9 -0.018 -0.021 -0.045 -0.065 -0.016 0.006
(0.018) (0.021) (0.027) (0.032) (0.025) (0.028)

p=10 0.05 0.001 0.022 -0.073 0.049 0.034
(0.021) (0.024) (0.036) (0.035) (0.027) (0.03)

Observations 1021173 1021173 669343 669343 331451 331451
Note: Estimates in this table are plotted in Figures 5, A4, and A5. Columns (1), (3), and (5) display
the transformed values of �Ap estimated using equation (4) for the indicated sample. All regressions
include student covariates and cubics of once- and twice-lagged test scores, as in estimates of equation
(3) (see Table 8 notes). Columns (2), (4), and (6) display the transformed values of �Ap estimated using
equation (2) for the indicated sample. Estimates are defined relative to value of �Ap=�1 or �Pp=�1.
Transformed coe�cients can be interpreted as the di↵erence in the outcome relative to levels in the last
pre-period.
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Table A13—Event time period point estimates for attendance

Pooled Massachusetts North Carolina
Event Actual Proposed Actual Proposed Actual Proposed
Period (1) (2) (3) (4) (5) (6)
p=-10 0.006 0.018 -0.002 0.046 -0.011 -0.011

(0.019) (0.026) (0.032) (0.049) (0.019) (0.024)
p=-9 -0.01 0.004 -0.029 -0.009 0.018 0.021

(0.02) (0.032) (0.032) (0.058) (0.021) (0.019)
p=-8 0.005 -0.001 -0.007 -0.004 0.022 0.001

(0.018) (0.024) (0.028) (0.039) (0.021) (0.023)
p=-7 0.013 -0.019 0.013 -0.013 -0.01 -0.03

(0.013) (0.02) (0.019) (0.03) (0.021) (0.023)
p=-6 0.017 0 0.017 0.012 0.005 -0.016

(0.012) (0.02) (0.017) (0.029) (0.019) (0.02)
p=-5 0.006 0.02 0.009 0.031 -0.018 0.004

(0.012) (0.016) (0.016) (0.022) (0.016) (0.021)
p=-4 0.012 0.008 0.016 0.015 -0.004 0

(0.011) (0.014) (0.014) (0.019) (0.015) (0.017)
p=-3 0.002 0.009 0.002 0.013 0.006 0.009

(0.01) (0.014) (0.012) (0.017) (0.019) (0.021)
p=-2 -0.002 0.001 -0.004 0.003 0.005 -0.002

(0.008) (0.012) (0.009) (0.015) (0.014) (0.015)
p=-1 0 0 0 0 0 0

n/a n/a n/a n/a n/a n/a
p=0 0.009 0.024 0.012 0.032 0 -0.002

(0.008) (0.013) (0.01) (0.017) (0.011) (0.018)
p=1 0.011 0.014 0.023 0.016 -0.019 0.003

(0.009) (0.015) (0.012) (0.019) (0.013) (0.016)
p=2 0.025 0.02 0.034 0.017 0.007 0.022

(0.011) (0.017) (0.014) (0.022) (0.014) (0.015)
p=3 0.011 -0.001 0.023 -0.002 -0.007 0.003

(0.012) (0.016) (0.017) (0.022) (0.018) (0.02)
p=4 0 -0.014 0.007 -0.017 -0.009 -0.006

(0.014) (0.015) (0.02) (0.02) (0.017) (0.019)
p=5 -0.003 -0.024 -0.002 -0.03 0.002 -0.007

(0.015) (0.018) (0.023) (0.025) (0.021) (0.02)
p=6 -0.004 -0.028 0.004 -0.039 -0.018 -0.013

(0.015) (0.019) (0.026) (0.026) (0.018) (0.021)
p=7 -0.007 -0.038 0 -0.056 -0.02 -0.009

(0.016) (0.019) (0.029) (0.028) (0.016) (0.02)
p=8 -0.021 -0.044 -0.013 -0.063 -0.043 -0.012

(0.021) (0.021) (0.034) (0.03) (0.024) (0.028)
p=9 -0.03 -0.064 -0.045 -0.108 -0.018 0.003

(0.02) (0.023) (0.033) (0.032) (0.026) (0.028)
p=10 0.038 -0.026 0.011 -0.104 0.048 0.032

(0.023) (0.029) (0.042) (0.043) (0.027) (0.031)
Observations 1091735 1091735 758505 758505 333230 333230

Note: Estimates in this table are plotted in Figures 5, A4, and A5. Columns (1), (3), and (5) display the
transformed values of �Ap estimated using equation (4) for the indicated sample. All regressions include
student covariates and once- and twice-lagged attendance and indicators for any reported suspensions
one- or two-years prior, as in estimates of equation (3) (see Table 9 notes). Columns (2), (4), and (6)
display the transformed values of �Ap estimated using equation (2) for the indicated sample. Estimates
are defined relative to value of �Ap=�1 or �Pp=�1. Transformed coe�cients can be interpreted as the
di↵erence in the outcome relative to levels in the last pre-period.
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Table A14—Event time period point estimates for suspensions

Pooled Massachusetts North Carolina
Event Actual Proposed Actual Proposed Actual Proposed
Period (1) (2) (3) (4) (5) (6)
p=-5 -0.003 -0.011 0 -0.01 -0.055 0.017

(0.003) (0.004) (0.003) (0.004) (0.03) (0.04)
p=-4 -0.001 -0.005 0.001 -0.004 -0.016 0

(0.003) (0.004) (0.003) (0.004) (0.021) (0.023)
p=-3 0.002 0.003 0.003 0.005 -0.006 -0.01

(0.003) (0.004) (0.003) (0.005) (0.014) (0.015)
p=-2 0.003 -0.001 0.004 -0.002 -0.014 0

(0.003) (0.003) (0.003) (0.004) (0.013) (0.013)
p=-1 0 0 0 0 0 0

n/a n/a n/a n/a n/a n/a
p=0 0.001 -0.003 0.002 -0.001 -0.01 -0.016

(0.002) (0.004) (0.002) (0.004) (0.01) (0.011)
p=1 0.004 -0.002 0.005 -0.003 -0.013 0.003

(0.003) (0.004) (0.002) (0.004) (0.014) (0.014)
p=2 0.006 0.002 0.007 0.002 0.002 -0.007

(0.003) (0.004) (0.003) (0.004) (0.015) (0.014)
p=3 0.008 -0.004 0.008 -0.005 0.02 -0.013

(0.003) (0.004) (0.003) (0.004) (0.018) (0.018)
p=4 0.008 -0.004 0.009 -0.004 0.015 -0.019

(0.004) (0.005) (0.004) (0.005) (0.021) (0.019)
p=5 0.005 0 0.004 -0.003 0.028 0.001

(0.004) (0.005) (0.004) (0.005) (0.022) (0.022)
p=6 0.004 0.001 0.002 -0.002 0.026 -0.003

(0.005) (0.005) (0.005) (0.005) (0.023) (0.023)
p=7 0.004 0.003 -0.002 0.003 0.047 -0.016

(0.005) (0.005) (0.005) (0.006) (0.027) (0.027)
p=8 0.003 0 -0.005 0 0.062 -0.034

(0.005) (0.005) (0.005) (0.005) (0.03) (0.029)
p=9 0.002 0.003 -0.007 0.002 0.026 -0.034

(0.006) (0.005) (0.006) (0.005) (0.042) (0.035)
p=10 -0.002 -0.001 0 0.002 -0.026 -0.061

(0.005) (0.005) (0.005) (0.005) (0.046) (0.039)
Observations 1783824 1783824 1615961 1615961 167863 167863

Note: Estimates in this table are plotted in Figures 5, A4, and A5. Columns (1), (3), and (5) display the
transformed values of �Ap estimated using equation (4) for the indicated sample. All regressions include
student covariates and once- and twice-lagged attendance and indicators for any reported suspensions
one- or two-years prior, as in estimates of equation (3) (see Table 9 notes). Columns (2), (4), and (6)
display the transformed values of �Ap estimated using equation (2) for the indicated sample. Estimates
are defined relative to value of �Ap=�1 or �Pp=�1. Transformed coe�cients can be interpreted as the
di↵erence in the outcome relative to levels in the last pre-period.
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Table A15—School-level performance to charter application submission

Event-Time Math ELA
Period (1) (2)
p=-5 -0.0318 -0.0340

(0.0299) (0.0249)
p=-4 -0.0346 -0.0218

(0.0243) (0.0211)
p=-3 -0.0251 -0.0242

(0.0195) (0.0174)
p=-2 -0.0107 -0.000774

(0.0157) (0.0128)
p=-1 0 0

n/a n/a
p=0 -0.00285 0.00541

(0.0127) (0.0105)
p=1 0.0120 -0.00398

(0.0176) (0.0128)
p=2 0.00650 -0.00642

(0.0203) (0.0165)
Observations 1796815 1780498

Note: This table reproduces the point estimates plotted in Table A8.I generate these by regressing
student test scores on dummy variables for each period from p = �5 to p = 2, where p = 0 in the
year the charter submitted its application using a dataset of student-by-year observations for students at
traditional public schools within 2 miles of a proposed site of a charter in my sample. Regressions control
for state-by-grade-by-year fixed e↵ects. I adjust point estimates by subtracting the value at p = �1 to
center the graph at 0 in the last year of the pre-period. All but one charter opened at p = 1 or p = 2.
Unbalanced panel.


