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Abstract

Since their introduction in the 1990s, charter schools have grown from a small-scale

experiment to a ubiquitous feature of the public education landscape. The current

study uses the legislative removal of a cap on the maximum number of charters, and

the weakening of regulations on these new schools, in North Carolina as a natural ex-

periment to assess the intensive impacts of charter school growth on teacher quality

and student composition in traditional public schools (TPS) at different levels of local

market penetration. Using an instrumental variable difference-in-differences approach

to account for endogenous charter demand, we find that intensive local charter entry

reduces the inflow of new teachers at nearby TPS, leading to a more experienced and

credentialed teaching workforce on average. However, we find that the entry of charters

serving predominantly White students leads to reductions in average teacher experi-

ence, effectiveness, and credentials at nearby TPS. Overall these findings suggest that

the composition of the teacher workforce in TPS will continue to change as charter

schools further expand, and that the spillover effects of future charter expansion will

vary by the types of students served by charters.
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1 Introduction

In urban and suburban communities across the country, teachers face an increasing array of

employer options within commuting distance of their residence. The growth and maturation

of charter schools in particular allows teachers to choose from a variety of schools serving

different types of students and using different models of operation. In a similar vein, parents

and students near charters have more options for selecting their peers, teachers, and school

practices. The extent to which this expansion of charters as alternatives to traditional public

schools (TPS) serves to promote the quality of public education – or to interfere with it – is

fiercely contested (Gleason, 2019; Ladd, 2019).

In North Carolina, while the entry of the first charter schools revealed modest effects on

teacher sorting and wages (Jackson, 2012), the number of charters available to teachers and

families within the same community has increased dramatically. In this study, we return

to the question of how continued charter sector growth influences the sorting patterns of

teachers and students. We do so with attention toward how spillover effects of charters may

differ between the extensive margin, when the first charter enters a local education system,

and the intensive margin, when the share of students in the local education system enrolled

in charter schools grows large.

Introducing intra-district competition in the provision of education services has been

a policy tool aimed at improving school performance for many decades (Friedman, 1997).

Generally, the logic that motivates school choice policies posits that increased competition

for students and, indirectly, funding will drive traditional public schools to be more efficient

in their use of resources and thereby more effective in teaching students (Abdulkadiroğlu

and Sönmez, 2003; Hoxby, 2003). Since Minnesota adopted the first policy allowing local

education agencies (LEA) to provide privately operated charter schools public funding, a

large empirical literature aiming to isolate changes in student performance attributable to

charter attendance has arisen (see Hanushek and Rivkin, 2006; Berends, 2015; Betts and

Tang, 2014; Cheng et al., 2017 for reviews) and generally provides mixed evidence of charter
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performance.1

In recent years, as charter schools have grown in number and matured in operations,

scholars have examined their effects on other aspects of the education system, including their

impacts on student sorting across schools (e.g., Dee and Fu, 2004; Buckley and Schneider,

2005; Lacireno-Paquet et al., 2002; Zimmer and Guarino, 2013; Winters, 2015; Winters et al.,

2017; Ladd et al., 2017) and local teacher labor markets (e.g., Carruthers, 2012b,a; Jackson,

2012). Using updated data from North Carolina public schools, we examine the impact

of recent legislative deregulation of the North Carolina charter school sector on charter

expansion. Further, as this legislative change preceded a large increase in charter school

entry and change in the types of charter schools entering, we examine the effects of the

resulting increase in charter school options on nearby traditional public school (TPS) teacher

movement and characteristics. We hypothesize that the general equilibrium effects of growing

charter share on local education systems could be quite different than the marginal effects

of a single charter school entry.

Specifically, this study uses administrative data from North Carolina students, teachers,

and schools, from 2006 to 2016 to assess the continuous effects of charter school entry as

charters move from a small share of public education providers to a more meaningful share

after the removal of a charter cap, particularly in urban and suburban areas of the state.

In these areas, we calculate the count of charters with a 10-mile radius of each traditional

public school in each year, as well as characteristics of the student populations of each charter

1Evidence from lottery assignment of oversubscribed charters in Boston and KIPP schools in New York
City generally demonstrates that some charter schools have large effects on students achievement, particularly
for students of color and economically disadvantaged students (Angrist et al., 2002; Hoxby and Rockoff, 2005;
Abdulkadiroglu et al., 2009; Hoxby et al., 2009; Dobbie and Fryer, 2011; Angrist et al., 2010; Abdulkadiroǧlu
et al., 2011). However, lottery studies using a national sample show considerable variation in the relative
efficacy of charter schools and, in the aggregate, negligible differences Tuttle et al. (2012); Gleason et al.
(2010); Clark et al. (2015) and quasi-experimental evidence is similarly inconclusive (Bifulco and Ladd, 2006;
Sass, 2006; Zimmer et al., 2009, 2012). The weight of evidence does suggest academically focused charters
have large, positive impacts on disadvantaged students (Clark et al., 2015; Cheng et al., 2017; Cohodes,
2018). Prior work shows similarly inconclusive evidence of charter impacts on TPS efficacy (Hoxby, 2003;
Bifulco and Ladd, 2006; Sass, 2006; Booker et al., 2008; Ni, 2009; Zimmer and Buddin, 2009; Imberman,
2011; Winters, 2012; Zimmer et al., 2009).
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within that 10-mile radius.2 We then estimate the effect of increased charter school entry on

TPS teacher and student characteristics using both a conventional difference-in-differences

(DiD) approach and an instrumental variable difference-in-differences (IV-DiD) approach.

Given the potential endogeneity of charter expansion siting decisions, our IV-DiD ap-

proach resembles the approach taken by Ridley and Terrier (2018) in which we use the

interaction of the number of applications for new charters submitted within a 10-mile radius

of a TPS for the first year of the post-period, and a post-period indicator, as an instrument

for the number of charters that ultimately enter. This approach accounts for the endogeneity

of increased exposure in the post-period attributable to latent demand for charters to iden-

tify the local average treatment effect of charter entry and expansion on TPS characteristics.

Since the cap removal expanded both the number of TPS exposed to at least one charter

(extensive margin) and the number of additional charters nearby some TPS (intensive mar-

gin), we estimate the effects of the cap removal on both the extensive and intensive margins

separately.

Our results indicate three general trends resulting from relaxed regulations of the charter

sector. First, we confirm a trend noted in an earlier study (Ladd et al., 2017) that the

number of charter schools in the state grows substantially following cap removal and many

of the entering charter schools serve primarily White and economically-advantaged students,

which could have differential impacts on teachers than found in studies using earlier data

from the state (Carruthers, 2012a; Jackson, 2012).

Second, we show that increases in both the intensity of charter entry and type of char-

ters entering an area demonstrably change the composition of nearby TPS’s students and

2A recent report on commuting times showed average commuting distance in Charlotte as 9.7 miles
and Raleigh as 8.5 miles (Kneebone and Holmes, 2015). As these are the two largest cities in the state,
we interpret these distances as upper bound commutes, justifying a 10-mile radius for teachers working in
urban and suburban areas in North Carolina. We also replicate these calculations, following the choices of
Jackson (2012) and others, with a charter count within 2-mile radius and within 20-mile radius, with results
available in Table A6. Gao and Semykina (2020) also show strong correlation between number of charters
within 30minutes travel time and number of charters within a 10 mile radius. Given the extent of exposure
to at least one charter school within 20 miles before the cap removal, the sample is too small to estimate the
effect of a charter entering a new area at the 20 mile radius after the cap removal. Similarly, very few TPS
are exposed to multiple charters within 2 miles, even after the cap removal.
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teachers. Regarding students, more intensive entry of charters increases total enrollments at

nearby TPS, and may increase the share of students White or economically disadvantaged.

Regarding teachers, we observe patterns that as new charter schools open within 10 miles,

TPS struggle to recruit new teachers. More specifically, each additional charter opening

near a TPS decreases the proportion of rookie teachers entering the school and increases

average teacher experience and the proportion of teachers with an advanced degree. The

gains in average teacher experience at TPS attributable to continued charter entry does not

translate, however, into increases in average teacher effectiveness.

Third, we find that the type of charter entry matters. Nearby charters serving predom-

inantly White students lead to the loss of veteran teachers in nearby TPS and increased

reliance on novice teachers without advanced degrees. In many TPS, the opening of an

predominantly white charter nearby also implies a drop in average teacher effectiveness, as

measured by value-added in reading and math.

Through these patterns, our study provides new evidence on how teachers and students

in TPS respond to not just a single charter school opening nearby, but to the advanced

expansion and diversification of charters in the area. It also shows that spillover effects

from one type of charter do not generalize to other types of charters, and that the entrance

of charter schools targeting whiter students proves especially problematic for existing TPS.

In the following sections, we first summarize the growing literature on charter schools in

Section 2, focusing in particular on spillover effects onto traditional public schools in terms

of students, teachers, or resources. That section also provides contextual details on charter

schools and policy changes in North Carolina during the period of study. We then describe

our data and empirical approach in Sections 3 and 4. Finally, we present results in Section

5 and provide a concluding discussion in Section 6.
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2 Literature Review

2.1 Spillover effects of charter schools

Critics and scholars have raised concerns regarding the impact of charter school introduction

on equity and access for disadvantaged, low-income, and special needs students (Winters,

2015). Here, three different concerns arise regarding charters and equity. First, given the

need for both enrolling students and maintaining positive value-added to continue opera-

tion, charters might face a financial incentive to “cream-skim” (i.e., admit only promising

students) or “push out” (i.e., nudge low achieving, special education, or disadvantaged stu-

dents to exit) students. Indeed, descriptive comparisons of charters nationally often suggest

that charters enrolled fewer special education students than their TPS peers (Cremata et al.,

2013). However, Zimmer et al. (2009) use data from eight different school districts and com-

pare the lagged achievement of students entering charters with their peers to show that

overall, there is no significant difference, which suggests no “cream-skimming” on average.

They note, however, that white students who attend charters do tend to be higher achieving

students. Winters (2015) use data from Denver to examine the possibility of “push out”

among charters. They find no systematic difference in the likelihood of exit among special

education students in charter and TPS schools. Instead, their results suggest that descriptive

differences between charter and TPS in special education enrollments arise through charters’

lower likelihood of classifying students as special education and non-special education stu-

dents entering charter schools at higher rates (see also Winters et al., 2017; Zimmer and

Guarino, 2013).

The differences in enrollment of special education students may reflect charters engaging

in selective enrollments. Bergman and McFarlin Jr (2018) conducted an audit study of

charter schools and TPS districts in 29 states and Washington, D.C. in which they emailed

the schools for enrollment information for a fictional student. In the emails, they randomly

assigned suggestions of behavioral issues (e.g., an IEP reference or reference to bad grades)
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and found that charter schools, including high performing charter schools, were less likely to

respond to requests that referenced an IEP (an effect that was mitigated by funding policies

that reimburse schools for special education costs). Collectively, the evidence suggests that

charters are possibly more likely to engage in opportunistic enrollment behavior, but this

gaming behavior varies by policy context.

Second, the very mechanism of competition for public resources through enrollment

driven funding for charter schools raises concerns that charters may divert resources from

TPS, particularly those serving disadvantaged students, further exacerbating funding in-

equities. The literature investigating this possibility is more limited, but suggests charter

entry carries significant negative impacts on TPS revenues (Dee and Fu, 2004; Bifulco and

Reback, 2014; Ladd and Singleton, 2017). For instance, using school-level data from Arizona,

Dee and Fu (2004) observe an increase in TPS student-teacher ratios associated with charter

entry, suggesting TPS may lose resources to charter schools (see also Bifulco and Reback,

2014 for a detailed description of the fiscal impact in Albany and Buffalo).

More recently, Ladd and Singleton (2017) use detailed line-item expenditure data from

select urban and non-urban districts in North Carolina and estimate a negative fiscal impact

for TPS of about $1,000 per charter student in urban schools and $370 per charter student in

non-urban schools. They note the effects are attributable to a structural difference between

the rate of revenue loss to charter enrollment and rate of expenditure in TPS. Theoretically,

the loss of revenue could motivate TPS districts to reallocate resources toward instruction and

teacher salaries to better compete with charters. However, Arsen and Ni (2012) analyze data

from Michigan and find both that charter entry negatively affects TPS revenues, and that

districts experiencing a loss do not alter their expenditure patterns in response to charters.

Similarly, Cook (2018) uses panel data from Ohio to investigate the impact of charter entry

on TPS resources. Cook finds that charter entry reduces enrollments and property values

in nearby TPS, and TPS respond to the ensuing revenue decline by reducing expenditures

on teaching through layoffs, generally of younger teachers. In a related analysis, Ridley and
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Terrier (2018) exploit the removal of the charter cap in Massachusetts to estimate the fiscal

impact of charter expansion on TPS. As Ridley and Terrier point out, Massachusetts includes

a provision that provides transitional funding to districts that lose enrollment to charters, so

as to mitigate the potential for enrollment-driven fiscal impacts that undermine expenditures

on teaching. They find that charter entry in Massachusetts increases revenue for TPS,

and TPS shift expenditures away from administration and toward instruction and teacher

salaries. Taken together, the results suggest that districts face structural impediments to

adjusting to charter entry that must be accounted for in policies expanding the charter

sector.

Finally, scholars have noted the possibility that bias in parental preferences may lead to

systematic student sorting by race into charter schools in a manner that exacerbates demo-

graphic and socioeconomic segregation of students. Descriptively, drawing on student- and

school-level data from 27 states, Cremata et al. (2013) show charters schools disproportion-

ately serve black and Latinx students and generally have lower proportions of white students

than TPS. Similarly, charters nationally enroll a higher share of economically disadvantaged

students. Indeed, evidence suggests charter entry led to increased racial segregation of schools

in Philadelphia and Texas (Zimmer et al., 2009), Arizona (Dee and Fu, 2004), Michigan (Ni,

2012), and North Carolina (Ladd et al., 2017). Nationally, increased charter penetration in a

district is associated with increased socioeconomic segregation across schools in the district

(Marcotte and Dalane, 2019). Particularly relevant to the current study, Ladd et al. (2017)

examine student demographics across TPS and charter schools after the legislative removal

of the cap on the number of allowable charter schools. They show that charter entry and

expansion has lead, over time, to both the self-segregation of black students (consistent with

prior evidence from Bifulco and Ladd, 2007) and a growth in the number of charter schools

serving primarily high-achieving white students. However, their analytical time frame ends

in 2012, just prior to the full implementation of the cap removal. We aim to extend this work

by including data after the substantial expansion of the charter sector post-cap-removal, and
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by considering causal effects on teacher sorting in particular.

2.2 Charter schools and teacher sorting

Given the early theoretical and rhetorical focus of charter school policies on decreasing stu-

dent achievement gaps and improving school quality, much of the research has examined the

impacts of charter entry and operations on student outcomes (e.g., achievement, graduation,

sorting). However, charter school expansion has also likely shaped how teachers sort across

schools, how they are supported and developed professionally, and which types of teachers

enter and leave the profession.

Among TPS teachers, scholars have long observed that schools serving more advantaged

students have lower teacher turnover (Feng, 2010; Hanushek et al., 2004), teachers with better

credentials and more experience (Clotfelter et al., 2005, 2006), and more effective teachers

(Mansfield, 2015; Sass et al., 2012; Glazerman et al., 2011; Isenberg et al., 2016; Steele

et al., 2015). Moreover, Boyd et al. (2008) show that in New York City, low-performing

schools lose effective teachers to higher-performing schools and Steele et al. (2015), using

data from a large urban district in the south, find that schools serving high proportions

of minority students lose teachers at a higher rate to nearby schools with fewer minority

students. Collectively, the evidence from within- and across-district teacher sorting in TPS

suggests many teachers have preferences for school environments that shape the distribution

of quality teachers across schools. The entry and expansion of charters increases the range of

options teachers face for employment, particularly given the different policy regime governing

charter operations.

A growing body of work has begun to consider the implications of charter sector growth

for teacher labor markets and the distribution of teachers across schools. For instance, using

North Carolina data from 1997 to 2009, Carruthers (2012b) observes that teachers in charter

schools are less likely to hold a graduate degree, come from a competitive college, or have

regular certification, and are more likely to be novice teachers. Moreover, while teachers who
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leave TPS for charters tend to be as or less effective relative to those who stay, more effective

TPS teachers go to higher achieving charter schools. That is, the patterns of teacher sorting

resemble those observed by Boyd et al. (2008) in New York TPS, and may contribute to

inequity in access to quality teachers for disadvantaged students. Further, in a follow-up

study using the same data, Carruthers (2012a) finds that charters experience much higher

turnover than TPS in their early years of operations, and while the gap narrows over time

and charters improve their retention of more experienced teachers, charter teacher turnover

remains much higher than TPS. However, recent evidence from the removal of the charter cap

in Massachusetts suggests that high-performing charters can maintain high performance even

when expanding operations and using a relatively inexperienced workforce (Cohodes et al.,

2019). Finally, Jackson (2012) uses data from North Carolina (1995-2005) to investigate the

impact of charter entry on teacher mobility and wages at the nearest TPS.3 He provides

compelling evidence that although charter entry does not appreciably impact TPS teacher

mobility overall, in schools with high proportions of disadvantaged students, TPS hired fewer

new teachers and saw a modest decrease in teacher quality. He also found that charter entry

induces modest, but significant, increases in salaries for TPS teachers in North Carolina

(Jackson, 2012).

The emerging evidence about charter schools suggests that a large and growing charter

market might further exacerbate within-district trends of schools with relatively advantaged

students attracting and retaining the most qualified and effective teachers, widening inequal-

ity in access to quality teachers across schools. On the one hand, the combined effects of

student and teacher sorting into schools of choice might yield substantial segregation of both

teachers and students. Given the long observed preference for teachers to transfer to schools

serving whiter, more advantaged students, and the growing evidence that charter schools

3A more recent paper (Gao and Semykina, 2020) also examines the effects of charter growth on teachers,
and similar to Jackson (2012) uses data from before the time of the charter cap removal. They instrument
for the current number of charters with the historical number of charters. They find increases in the average
credentials of teachers from increased charter competition, but do not consider heterogeneous effects of
different types of charters.
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often increase racial and economic segregation across schools, the expansion of the charter

sector may be acutely felt by TPS serving disadvantaged students in teacher recruitment

and retention.

On the other hand, the operational autonomy granted charter schools allows for the re-

tention of teachers who do not have regular certification, who are more likely to be black

(Carver-Thomas and Darling-Hammond, 2017) and more likely to exit the profession early

in their careers (Boyd et al., 2006). Given the benefits from diversifying the teacher work-

force (e.g., Dee, 2005; Gershenson et al., 2016; Holt and Gershenson, 2017; Putman et al.,

2016; Gershenson et al., 2018; Vinopal and Holt, 0) and the barriers to entry posed by ex-

pensive certification requirements (Carver-Thomas and Darling-Hammond, 2017), growth in

the charter sector may allow for the development and retention of a more diverse pipeline of

teachers.

We build on this literature by using the cap removal in North Carolina as a natural exper-

iment to investigate the impacts of nearby charter school growth on TPS teacher turnover,

characteristics, and effectiveness, as the local education market moves towards both a much

higher number of, and a different model of, charter schools.

2.3 Charter schools in North Carolina

In North Carolina, the context surrounding the politics and policy of school choice has

been fraught with concern about race-based segregation and discriminatory practices (Ladd

et al., 2017). Charlotte-Mecklenburg, among the largest school districts in North Carolina,

operated under court ordered desegregation of public schools from 1972 to 2002 (Jackson,

2009). Thus, in 1996, when passing legislation that enabled the establishment of charter

schools, in addition to a cap of 100 allowable charter schools, legislators included provisions to

ensure charter schools were demographically representative of their surrounding communities

and disallowed racial discrimination in admissions to assuage fears that the introduction of

choice would undermine efforts toward racial integration in public schools (Ladd et al., 2017).
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In 2011, legislators revisited the laws governing charter school operations in North Car-

olina and removed the cap of 100 allowable charter schools, allowed annual enrollment growth

at existing charters, lowered the required proportion of licensed teachers at charter from 75%

to 50%, and allowed for the creation of charter schools targeting specific subgroups of stu-

dents (McCraw et al., 2011). The Department of Public Instruction also introduced a process

for expedited review of charter applications (called “Fast Track”) to accelerate the timeline

for opening a subset of new charter schools (McCraw et al., 2016). The substantial changes

to the restrictions placed on the charter sector in North Carolina was followed by a notable

increase in the number of applications to open new charter schools in the state (Ladd et al.,

2017), but only in recent years have the changes been in effect for long enough to observe

the opening of new schools and their impacts on teacher and student sorting between TPS

and charters.

<<<Figure 1 about here>>>

<<<Figure 2 about here>>>

Figure 1 and Figure 2 draw on data from the North Carolina Education Research Data

Center (NCERDC) to capture the effect of the legislative removal of the charter cap in North

Carolina on the size of the charter exposure and the extent of charter competition TPS face

over time. As shown in Figure 1, a simple count of the number of charters operating in the

state demonstrates a significant scaling up of the charter sector over time, particularly in

recent years. Between the effective removal of the charter cap in 2012 and 2016, the number

of charters operating in North Carolina increased by 60%, a sizable change in a relatively

short time period. Moreover, focusing on urban and suburban districts, Figure 2 presents

the full distribution of the number of charter schools within 10 miles of each TPS school in

2012 (year of cap removal) shown in black outline and 2016 (four years after cap removal)

shown in light blue fill. This graph illustrates how the cap removal led to dramatic changes in

TPS exposure to nearby charter schools at both the extensive and intensive margins. At the
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extensive margin, the proportion of TPS with no charters within a 10 mile radius decreased

from approximately 25 percent to approximately 15 percent. At the intensive margin, the

proportion of TPS with a large number of charters within a 10 mile radius grew rapidly.

As of 2012, the maximum number of charters within the radius was 10 schools; by 2016 it

was 24 schools. Our research design explicitly uses both the extensive and intensive forms

of variation to identify effects on TPS students and teachers.

<<<Figure 3 about here>>>

As previously noted, the legislation removing the cap on the number of allowable charters

was accompanied by a relaxation of diversity and inclusion requirements, allowing charters to

explicitly target specific subgroups of students, such as gifted, economically disadvantaged,

or special education students. Figure 3 depicts the count of new charters opening each year

by their racial composition. Predominantly White charters are those with more than 80

percent of students White, predominantly non-White charters are those with more than 80

percent of students Black, Hispanic, or other race, and mixed charters are those with any

other student racial composition. Consistent with prior evidence from North Carolina on

the selection patterns of both black and white parents’ preferences for more same-race peers

(e.g., Bifulco and Ladd, 2006), the initial wave of charter openings after cap removal and

relaxing accessibility requirements includes many charters that are predominantly White or

predominantly non-White alongside a large increase of racially mixed charters. 4

Clearly, the descriptive trends outlined here reveal a sizable shift in both the number of

new charters entering North Carolina, their geographic density in proximity to other schools,

and the families to which they cater after the removal of the charter school cap and broader

relaxation of regulations governing charters. For parents and teachers, who may be unable or

4Similar patterns emerge when considering the socioeconomic status of students in entering charters,
as a large number of charters entering after the cap removal serve predominantly economically advantaged
students (Figure A1). However, charter schools are not legally required to participate in the National
School Lunch program, and economic advantage/disadvantage is defined using FRPL eligibility. Thus,
many charters in our data report having no free and reduced-price lunch eligible students, and we cannot
distinguish between true zeroes and missing data. We concentrate instead on charters that serve more
racially homogeneous student bodies in our analysis.
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unwilling to move to a new neighborhood and community to change schools alone, the new

wave of charter entry presents a large variety of options within the same area, reducing the

cost of switching schools. For teachers, each new charter presents a new potential employer,

with different workplace cultures, licensing policies, and student bodies that may appeal to

the preferences of different teachers, all within the commuting radius of their current home.

For students and families, the growth in charter density offers a similarly broad array of

options that vary in peer composition, quality, programming, and focus.

Of course, in light of North Carolina’s history described above, and prior evidence of

difficulty recruiting and retaining teachers at high-needs public schools more broadly (e.g.,

Sass et al., 2012; Steele et al., 2015), biased preferences among both teachers and parents

might lead to systematic sorting that results in racially and socioeconomically segregated

schools. Indeed, the entry of predominantly White and predominantly non-White charter

schools portends precisely such an outcome. We exploit this expansion of different types

of charters, at the extensive and intensive margins, to examine the effects on teacher and

student composition at nearby TPS.

3 Data

Our dataset is composed of a variety of student-level, teacher-level, and school-level adminis-

trative records provided by the North Carolina Education Research Data Center (NCERDC).

We restrict our analytical sample to the 2005-2006 to 2015-2016 school years for which we

have course membership data, which can exactly match students to specific classrooms and

teachers. This eleven-year panel dataset conveniently includes six years of data prior to the

removal of the charter cap in North Carolina, and five years of data after the removal of the

charter cap.

In general, the data reported by charter schools is far less consistent and less compre-

hensive than the data reported by traditional public schools, a fact noted by prior research
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(Carruthers, 2012b; Jackson, 2012). Charter schools are required by law to provide data

on test score proficiency results, but not the more detailed information on teachers and

classrooms. We address this sample selection issue primarily by aggregating data in a way

that focuses our analysis on how charter school entry and prevalence affects the school-level

composition of students and teachers at TPS (for whom we have full information).

We merge all Common Core of Data (CCD) files from NCERDC from school years 2007

to 2016. Important for our purposes, these datasets contain measures of school type (charter

or traditional), school-level, student demographic characteristics, and exact school location.

We restrict the sample to only urban and suburban schools. We do so because the relevant

distance radius to examine charter sector growth will be different for rural areas, as will the

patterns of charter school growth. Since our interest lies in the impact of charter competition

along the intensive margin on TPS student and teacher sorting, we focus our analysis on

urban and suburban schools where such competition is most relevant for influencing teacher

and student behavior. We further restrict the sample to schools that contain at least one

grade level between three and eight, corresponding to grades with End of Grade (EOG)

testing requirements.5

<<<Table 1 about here>>>

Table 1 provides summary statistics of these measures for the full sample of schools

separately by the type of school (TPS or charter) for all urban and suburban schools that

meet our sample criteria previously outlined. Summarizing the schools in North Carolina

shows that charters in North Carolina seem to be smaller (505 students on average versus

579 students) and a higher proportion of students are white in the average charter than

their TPS counterparts (49.9% versus 43.2%). Teachers at charter schools have much higher

5We make this same restriction for TPS and charter schools. In our sample, 72% of charter schools
contain both elementary school (K-5) grades and middle school (6-8) grades, 13% contain only elementary
school grades, 8% contain only middle school grades, and 7% contain neither elementary nor middle school
grades. The most common grade configuration by far is K-8. We therefore consider any charter school with
a tested grade level as a viable teaching alternative to any TPS with a tested grade level. To the extent that
this is not the case, our estimates of charter effects should be downward biased.
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turnover (43.6% versus 30.0%) and lower average levels of experience (10.8 versus 11.9 years).

Notably, charters in North Carolina open in urban areas with higher median incomes and

slightly lower rates of unemployment. As we detail in the following sections, this endogenous

difference in charter siting motivates our identification strategy, as charters do not enter

geographic areas at random and the endogenous demand for charters may be driven by

factors unobserved to researchers that also affect TPS outcomes of interest, such as teacher

recruitment and retention and student body composition.

3.1 Measuring Charter Competition

Of course, as noted previously, the influx of new charters often entered areas where charters

had already been operating. Our main independent variable of interest will be the intensive

margin of charter penetration in a given radius r around a TPS. Conceptually, we are

interested in charter schools that are sufficiently close to a traditional public school so that

teachers and families may be tempted to move over to the charter school. For each traditional

public school, we calculate the mileage distance to the nearest charter school in each year.

We can then calculate the nearby charter count as follows:

CharterCountit =
Jt∑

jt=1

1(Distanceijt ≤ r) (1)

In this formula, Distanceijt represents the geodesic distance from each traditional public

school i to each charter school open in that year jt = 1, ..., Jt. The charter count within that

radius for TPS i then becomes the sum of all charters for which the distance is less than a

specified radius r. We experiment with several different thresholds for this maximum distance

radius r. We prefer a 10 mile radius as it corresponds to average commuting distances in

major North Carolina cities (Kneebone and Holmes, 2015), but have also replicated results

with different thresholds for the maximum distance radius r in Table A6.

Like prior research (Jackson, 2012), we also calculate an indicator variable to represent
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whether any charter exists within such a radius . However, we consider the within-radius

count of schools defined above as equally important as it captures the number of discrete

options available to both teachers and families in a given community, and allows us to study

how the number and types of options may have dynamic effects for both groups over time.

For comparison, we also calculate the share of total student enrollment in a 10 mile radius

enrolled at charter schools as an alternative measure of charter penetration.6

As noted previously, the locations of charter school openings are not random and, as a re-

sult, TPS vary both in their likelihood of exposure to charter competition and their existing

student and teacher populations. We account for the non-random exposure to charter compe-

tition using the number of charter applications submitted within a given geographic radius of

a TPS, interacted with the post-cap-removal period, as an instrument for the current number

of nearby charter schools. To facilitate this approach, we collected data on all approved and

not-approved charter school applications in the first year of the post-cap-removal period from

the North Carolina Department of Public Instruction, and coded their proposed locations.7

There were a total of 91 applications in that year, of which 33 were approved. The number of

applications submitted in each particular geographic area can approximate the local endoge-

nous demand for charter school services. We aggregate applications within each radius using

the same approach as equation (1), but replace CharterCountit with ApplicationCounti for

charter school applications submitted in 2012.

6Table A5 presents the effects of changes in charter share of enrollment, using the same IV-DiD modeling
approach. The results are strikingly similar to those in Table 3. We take the count of charter schools as
our preferred measure of charter competition, for ease of interpretation and since the threshold of additional
students before a new teaching position opens at a charter varies across charters. While a new charter school
may enter at varying sizes, a new school is unlikely to enter with 0 teachers and 0 students.

7Most charter school applications mentioned a specific proposed school building site for which we could
find the exact corresponding latitude and longitude. Some charter school applications did not have a specific
proposed building site, and so we used the latitude and longitude of the school building that eventually
opened. For charter school applications that were not approved, and that did not list a specific proposed
building site, we used the center of the encompassing local school district as a proxy for the application
location. This represented only a small number of cases.
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3.2 Measuring Teacher Sorting and Characteristics

The continuous entry of charter schools could have side-effects on the quality of the po-

tential teacher workforce in that region, many of whom would have otherwise continued

(or started) working at local traditional public schools. Such effects on the composition of

teachers in TPS could be driven by changes in the selection mechanisms for teacher entry, for

teacher “switching”, or for teacher exit. Because not all charter schools in North Carolina

report information on their teachers during this time period, we are limited in our ability to

disentangle these different mechanisms.

We do measure, however, a school-level teacher turnover rate, new-to-teaching rate, and

new-to-school rate, which can illuminate the question of how local charter school expansion

affects teacher sorting in nearby public schools. For TPS i in year t, we calculate the turnover

rate as a function of teachers who have departed since the prior year TeachersLeavingit−1

and the full sample of teachers in the prior year Teachersit−1: Turnoverit = TeachersLeavingit−1

Teachersit−1
.

This variable makes no restriction on why a teacher leaves the school, and makes no distinc-

tion between a teacher leaving the profession or just moving to a different school. As noted

by Papay et al. (2017), counting teachers who leave a school temporarily and return in a

later year in the turnover measure leads to misleadingly high turnover rates.8 Therefore, we

exclude such temporary leavers from the turnover count. We calculate the new-to-teaching

rate as the proportion of teachers with zero experience in the current year (NewTeachersit
Teachersit

),

and the new-to-school rate as the proportion of teachers moving from a different school in

the current year (MovetoSchoolit
Teachersit

).

If charter expansion influences turnover of specific types of teachers from nearby public

schools, or changes teacher recruitment patterns, then this could lead to aggregate changes

in the characteristics of teachers at TPS. We test for this phenomenon using as dependent

variables a variety of measures of teacher qualifications and effectiveness.9 The sample is re-

8This type of departure could represent personal leave or lapses in administrative records, and is likely
to be less disruptive to schools than teachers leaving for good.

9While generally, the effects of more intensive charter competition on teachers’ salaries would be an
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stricted to instructors teaching in either math or English / Language Arts (ELA) classrooms

in fourth through eighth grades each year, to allow for estimation of value-added measures.

We estimate teacher value-added (VA) scores by replicating the methods of Chetty et al.

(2014). Because the step-by-step details of this method are provided in the appendix of their

paper, we will merely summarize the major steps of this estimation process10: (i) Residualize

student test scores with respect to controls and teacher fixed effects; (ii) Identify the teacher

components of variance of residual test scores; and (iii) Construct teacher VA estimates

using leave-year-out teacher mean scores to allow for drift over time. Teacher VA scores are

calculated for reading and math separately.

Our second teacher characteristic measure is years of teaching experience. Because teach-

ers generally become more effective across multiple dimensions as they gain experience (e.g.,

Ladd and Sorensen, 2017; Papay and Kraft, 2015; Wiswall, 2013), schools losing experi-

enced teachers in response to charter entry may exhibit reduced instructional quality, and

schools losing inexperienced teachers in response to charter entry may actually benefit in the

short-term if they can find adequate replacement teachers.

Our third teacher characteristics measure is an indicator of whether the teacher has a

lateral or provisional license. Entering the teaching profession through lateral entry or with

a temporary or provisional license is typically indicative of teachers with lower effectiveness

in the classroom (Clotfelter et al., 2010; Henry et al., 2014). Therefore, particularly in the

North Carolina context, this is a useful indicator of the quality and training of teachers.

And finally, our fourth teacher characteristic measure is an indicator of whether or not

the teacher has attained a master’s or doctoral degree. Once again, teachers entering the

profession with a master’s or other advanced degree have on average higher effectiveness

important outcome to consider, in North Carolina, a statewide salary schedule compresses TPS teacher
salaries and minimizes variation in teacher wages. While some districts do have merit bonuses available to
teachers and, as Jackson (2012) shows, may use them in an effort to retain teachers in response to charter
competition, such bonuses are also constrained in the amount available and the proportion of teachers that
can be made eligible.

10We use Michael Stepner’s Stata module to complete this procedure, available at
https://ideas.repec.org/c/boc/bocode/s457711.html. We residualize by teacher fixed effects and stu-
dent race/ethnicity, gender, and lagged test score, and set the drift limit to 9.
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in the classroom than those who don’t, although these associations likely reflect teacher

selection into advanced degrees rather than returns to the degree itself (Harris and Sass, 2011;

Ladd and Sorensen, 2015). The extent to which increased prevalence of charter schools in

an area affects the composition of teachers in traditional public schools has important policy

and equity implications for the education sector.

4 Methods

We aim to identify the effect of charter schools entering a local labor market on nearby TPS

student and teacher characteristics. To do so, we consider both the first charter school to

enter a geographic area (FirstCharter), and a continuous count of charter schools that enter

the geographic area following the first charter (CharterCount) as different “treatments” to

the TPS external environment. To identify effects of the first charter to open, we restrict

the sample to only TPS that had no charter schools within the defined radius at the time

of the cap removal. To identify the effects of subsequent charters, we restrict the sample

to only TPS which had at least one charter school within the defined radius at the time of

cap removal. As noted previously, we label these as, respectively, the extensive margin and

intensive margin samples.

Due to the non-random location and timing of charter openings, we adopt and compare

two empirical approaches. The first, Model 1, contains school and year fixed effects to control

for time-invariant characteristics of the TPS as well as for any time trends that affect the full

sample of North Carolina public schools. It also adjusts for potential parallel trend violations

by residualizing each outcome from its school-specific linear pretreatment time trend.

Yijt = α(yeart × ρi) + εijt if yeart ≤ 2012

Y R
ijt = Yijt − α̂(yeart × ρi)

(2)

Y R
ijt = βCharterCountij,t−1 + ϕXjt + ρi + τt + εijt (3)
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In the equations above, Y R is the residualized teacher or student outcome, X represents a

vector of time varying characteristics (demographics, income, unemployment) of the counties

j around TPS that might influence charter demand, and ρi and τt are school and year fixed

effects. To estimate this model at the extensive margin, we simply replace the variable

CharterCount with the indicator variable FirstCharter and change the sample of TPS to

the extensive margin sample accordingly.

Model 2, our second and preferred method, is an instrumental variable difference-in-

differences (IV-DiD) approach to account more fully for endogeneity in when and where char-

ter schools open. The intuition behind the instrumental variable is as follows. We acknowl-

edge that the demand for charter schools in a geographic area – measured through number of

nearby charter applications (ApplicationCount) – is not random, and likely reflects underly-

ing educational and community preferences in that area. Similarly, the timing of the charter

cap removal (PostCap) could overlap with other changes happening in the state at the same

time. However, the interaction between these two factors (ApplicationCount × PostCap),

similar to a Treatment× Post interaction in a DiD model, allows us to capture the sudden

growth in charter openings in some areas due to the cap removal.

In the first stage of two-stage least squares, we estimate the number of charters (CharterCount)

nearby TPS i in county j during the prior year (t−1) as a function of the charter cap removal

and latent charter demand:

CharterCountij,t−1 = ϑ(ApplicationCountij,2012 × PostCapt) + ϕXjt + ρi + τt + εijt (4)

We then estimate the second stage as the effect of each additional predicted charter school

opening near a TPS on TPS teacher and student characteristics.

Yijt = β ̂CharterCountij,t−1 + ϕXjt + ρi + τt + εijt (5)

In equation (4), PostCap represents a binary indicator for post-cap-removal years 2013
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to 2016 and ApplicationCount represents the number of charter applications in 2012. The

school fixed effect in this equation obviates the need to control for ApplicationCount directly,

since that variable is time-invariant, and the year fixed effect similarly obviates the need to

control for PostCap directly.

The identifying assumption of this approach is that, conditional on local demand for

charters, local growth in charters following the cap removal independently affects TPS teacher

and student behaviors. Under this assumption, β in equation (5) represents the causal effect

of each additional charter school on nearby TPS average teacher qualifications and student

characteristics, accounting for school-specific effects, county characteristics, and year-specific

effects.

<<<Figure 4 about here>>>

Prior to 2012, the cap effectively constrained the supply of charters even in areas with

high underlying demand. Figure 4 maps all charter schools that existed pre-cap-removal

(light blue) and their proximity to TPS (grey). At the time of the legislative cap removal,

numerous applications poured in proposing new charter schools (black). The map further

indicates that charter schools that actually opened following the cap removal (red) tend to

cluster around charter application sites, but the correspondence is not one-to-one. Although

charter openings frequently occurred in urban areas such as Charlotte, Greensboro, Durham,

and Raleigh, TPS exposure to both charter demand and actual charter competition varies

throughout the state.

Finally, as noted in our descriptive analysis of the post-cap charter market in North

Carolina, newly entering charters seem to serve whiter and more economically advantaged

student bodies. Thus, there may be heterogeneity in the impacts of charters conditional on

the type of charter entering. Following Ladd et al. (2017), we examine the impact of entering

charter schools in which white students make up 80% or more of the student body. Given

established teacher propensity to move to more advantaged schools as they gain experience

(e.g., Feng, 2010; Clotfelter et al., 2006; Steele et al., 2015), charters within the same labor
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market serving predominantly white students might have particularly strong impacts on the

recruitment and retention of teachers in TPS. We investigate possible heterogeneity of effects

by adding the proportion of charter schools within 10 miles that are predominantly white

as an endogenous variable to the model. We instrument for both endogenous charter count

and the share of charter schools serving predominantly white students using: (i) as before,

the interaction of the number of charter applications with a post-cap removal indicator; and

(ii) and the original IV interacted with the proportion of county residents who are Black,

Hispanic, and other race. As with Model 2 above, we estimate the heterogeneity models

using 2SLS with school and year fixed effects and a series of county control variables.

5 Results

5.1 Teacher sorting across TPS and charters

Before directly estimating effects of charter growth on teacher labor markets, it is useful to

understand the more general descriptive patterns of teacher sorting. To do so, we provide a

direct comparison of teacher characteristics across groups of TPS teachers that either move

to charters, move to other TPS, stay in their current TPS, or leave the NC public school

system all together. Carruthers (2012b) explores this comparison in an earlier time period

of data from North Carolina. She concludes that teachers moving to charter schools are less

experienced, less likely to be licensed, less likely to hold graduate degrees, and less effective in

terms of value-added scores than teachers who make similar shifts between traditional public

schools. The first panel of Table 2 presents results for the pre-cap-removal time period and

largely confirms the patterns observed in Carruthers (2012b). It also shows that teachers

from predominantly-white TPS are much less likely to move to charters than teachers from

predominantly-nonwhite TPS.

The second panel presents a comparison of teachers during the post-cap-removal time

period and indicates that sorting mechanisms have changed demonstrably. For example,
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movers to charters are no longer less effective in terms of value-added, and they are much

less experienced and more credentialed on average than prior to the cap removal.

<<< Table 2 about here >>>

Although the teacher data from charter schools underlying these comparative statistics

is imperfect11, we believe these descriptive patterns suggest the presence of either nonlinear

effects of charter sector growth on teacher sorting, or heterogeneous impacts of charter sector

growth that vary by the characteristics of the new charter schools. We explore both potential

mechanisms in detail.

5.2 Impact of charter expansion on TPS teachers

The rollout of charters among existing TPS may alter teachers’ choices within the local labor

market. As charters mature and more niche charters enter, the set of schools within a local

community may shift in terms of their student composition, working conditions, salary, and

so on. For TPS, the coupling of expanded employment options and less stringent licensure

requirements from nearby charters might lead to problems attracting and retaining novice

teachers. It might also lead to either positive or negative selection of their current teachers

who choose to depart for charter schools. Alternatively, charter and TPS teacher labor

markets may develop entirely in parallel, with one having little influence on the other.

<<< Table 3 about here >>>

We test these hypotheses by examining the effects of the charter cap removal on TPS

teachers along extensive and intensive margins of exposure. Table 3 presents the estimated

effect of additional charter competition after the cap removal on measures of teacher recruit-

ment and retention, teachers credentials and effectiveness, and teacher diversity. We present

11In particular, the quality of reporting on teachers working in charter schools declines precipitously
beginning in 2014 when DPI stops collecting school activity report data and following the rapid expansion
of new charters. For this reason, we encourage readers to interpret the “movers to charter” column with
caution.
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both traditional difference-in-difference estimates using two-way fixed effects (TWFE) mod-

els detrended by pre-treatment school time trends and our preferred IV-DiD estimates. The

top panel of Table 3 shows the effect of the first charter entering a 10 mile radius of a TPS

after the cap removal in areas that had zero charters nearby before the cap was removed.

The bottom panel presents the marginal effect of each additional charter in a 10 mile ra-

dius of a TPS in areas that had at least one charter nearby before the cap was removed.

Corresponding first stage models shown in Table A1.

First, regarding teacher recruitment and retention at TPS, our results suggest the charter

cap removal had detrimental effects on recruitment and modest effects on retention, and these

effects primarily occur on the intensive margin of charter competition. For instance, while

our TWFE estimates suggest charter entry reduces nearby TPS hires of rookie teachers

by an average of 2 percentage-points, comparable to the effects documented by Jackson

(2012), accounting for endogenous demand for charters makes the effect less precise and

statistically indistinguishable from zero. This may be attributable to the smaller share of

charters entering entirely new areas of the state after the cap removal.12 However, on the

intensive margin, we see that each additional charter nearby reduces the proportion of new

teachers at a TPS by 1.5 percentage points. While the impacts on the hiring of experienced

teachers and the turnover rate are not statistically meaningful, average teacher experience

increases with continued charter entry, evidence that suggests greater retention of existing

teachers. Extrapolating from the marginal effects of each additional charter opening, our

results suggest that at the sample average of 4 nearby charters in the post-period, TPS

will experience a full reduction in their annual recruitment of new teachers, and a 1.2 year

increase in average teacher experience.

Second, as teacher mobility patterns change so might the characteristics and qualifications

of TPS teachers as the number of nearby charters grows. We look at average teacher value-

added scores and the proportion of teachers with a master’s degree and provisional or lateral

12As Figure 4 shows, many charter applications and new charters after the cap removal appear near extant
charter locations.
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certification as measures of teacher quality. We also examine the effects on teacher diversity

using the proportion of nonwhite teachers at a school. At the extensive margin, we find no

effects of the first charter entry on teacher characteristics. At the intensive margin, while

we find no evidence of overall effects on teacher value-added, we find positive effects on

both the proportion of teachers with a master’s degree and teacher diversity attributable to

continuous charter entry. At the sample average of 4 nearby charters, the average TPS has

a 17% increase in the proportion of teachers with a master’s degree and a 12% increase in

the proportion of nonwhite teachers at the school.

Collectively, these results illustrate that after the cap removal, continued charter entry

into areas with existing charters had a significant impact on the mix of teachers. As the

charter sector near a TPS expands, there appears to be a dual impact on the TPS teacher

workforce. First, the less stringent licensing and educational requirements in charter schools

appears to draw novice teachers from nearby TPS. Second, continued growth in the charter

sector leads to a more diverse teacher workforce in TPS with higher credentials. Finally,

conventional TWFE estimates that do not account for latent endogenous demand for charters

might understate the spillover effects of increased charter competition on the TPS teacher

workforce.

<<< Figure 5 about here >>>

<<< Figure 6 about here >>>

Of course, the type of charters entering might influence the nature of these compositional

changes to teachers in the average urban and suburban TPS. It is possible that continued

entry of “no-excuses” charters and charters aiming to serve predominantly Black or His-

panic students might have a different impact on a nearby TPS teacher workforce than entry

of a charter catering to predominantly White students. For example, the effect of charter

schools serving predominantly white students may have differential effects if teachers have

racially biased preferences or if these charters have additional resources for attracting highly
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effective teachers. As previously described, we investigate the effect of the entry of predom-

inantly White charter schools using a similar IV-DiD identification strategy to estimate the

effect of both the count of charters nearby and the share of additional charters that serve

predominantly white students.

Figure 5 presents the estimated effect of a 100% increase in the share of nearby charters

that serve predominantly white students following the cap removal.13 The results show that

the marginal effect of additional charter competition on nearby TPS’s teaching workforce

differs by the type of charters entering the area. An increase in the share of new charters

serving predominantly white student populations leads to the loss of more effective, more

experienced, and better credentialed teachers at nearby TPS, holding constant overall charter

competition. While the effects appear modest, they reflect changes in school-wide teacher

averages - even small movements in such averages reflect practically substantial changes at

a given school. In areas where all entering charters are predominantly white charter schools,

nearby TPS experience a sizable loss of talented and experienced teachers.

Differentiating results by the racial composition of TPS illuminates these patterns further.

Figure 6 again presents estimated effects on TPS teachers of increases in predominantly-

White charters, now by TPS student composition. At TPS serving mostly Black, Hispanic,

or other race students, increasing the share of nearby charters with mostly White students

has a number of deleterious effects. It increases the rate of new teachers, reduces average

teacher value-added, and reduces the proportion of teachers with master’s degrees. These

adverse effects are not observed, however, in TPS with mostly White students. For this

second group of TPS, the only significant effects of increased predominantly-White charter

share are a reduction in lateral entry and provisionally-licensed teachers and a reduction in

teacher diversity.

Taken together, these findings show that the removal of a cap on charter schools has

significantly altered the teaching workforce at nearby TPS by creating increased charter

13See Table A4 for estimated coefficients.
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competition at the intensive margin. They further demonstrate that effects on the TPS

teacher workforce vary by the type of TPS and type of charters opening nearby. Overall,

increased charter competition makes recruiting new teachers at TPS more difficult, but re-

sults in a TPS workforce of more experienced, credentialed, and diverse teachers, on average.

However, the entry of charter schools serving predominantly White students has the reverse

effect on teacher composition relative to other charters. In place of drawing less experienced

and less credentialed teachers away from TPS, charters with predominantly White students

have negative effects on average TPS teacher effectiveness and qualifications.

5.3 Impact of charter entry on student sorting

To better understand the extent to which teacher choices are driven by changes in student

composition, we conclude our analysis by examining the impact of extensive and intensive

charter entry on the student composition of TPS. On the one hand, growth in charters

may divert students from TPS and lead to declining enrollments, loss of financial resources,

and increased segregation along racial and economic lines. On the other, intensive charter

entry may induce demand for residence in nearby school districts as parents feel they have

additional options. We use the same identification strategy to estimate the effect charter

entry after the cap removal on TPS student populations and present both the TWFE and

IV-DiD estimates in Table 4.

<<< Table 4 about here >>>

The top panel of Table 4 again shows the effect of a new charter in the post-cap period

entering areas that previously did not have a charter nearby. The bottom panel estimates the

effect of each additional charter entering after the cap removal. The results show that charter

expansion on the extensive margin had little significant impact on nearby TPS student

populations. While the point estimates suggest new charter entry may lead to reductions

in nearby TPS enrollments, leaving a larger share of economically disadvantaged students
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at TPS, none of the effects are statistically meaningful. Meanwhile, each additional charter

entering nearby at the intensive margin does lead to an increase in nearby TPS enrollment of

about 2 percentage-points without substantively changing the demographic or socioeconomic

composition of TPS. This may be attributable to a spillover effect from induced residential

demand in school districts as multiple nearby charters enter operation.

Results from the traditional TWFE model in the bottom panel of Table 4 do indicate

that continued charter school entry leads to a TPS student population that is both Whiter

and more economically-disadvantaged. Point estimates are similar or larger in the IV-DiD

model, but not statistically significant. The rise in economically-disadvantaged students

in TPS could reflect charter schools attracting higher-income students to switch from the

public school system, a pattern consistent with the fact that charters overall in North Car-

olina serve far fewer economically-disadvantaged students than TPS (Table 1). Supple-

mental analyses to address whether the racial composition of charters affects the student

population at nearby TPS, similar to Figure 5 and Figure 6, conclude that the opening

of predominantly White charters similarly result in nearby TPS enrolling more White and

economically-disadvantaged students (results available upon request). Overall, our findings

imply that charter schools have not created significant enrollment problems in TPS, but they

have prompted modest changes in the composition of students enrolled at TPS.

5.4 Sensitivity tests

We estimate several alternative models to test the robustness of our main findings. First,

we note that entering charter schools may be of very different sizes, or may incrementally

add grade levels, and therefore affect TPS teachers and students differently. An alternative

measure to the charter count variable would be to calculate the share of total enrollment

within the 10 mile radius enrolled in charter schools. Table A5 shows that using charter share

of student enrollment instead of the count of charter schools generates nearly identical results

for teacher outcomes. Increasing the share of local enrollment in charter schools reduces
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the inflow of new teachers at TPS, increases average teacher experience, and increases the

proportion of teachers with master’s degrees.

Second, although the 10 mile radius is a reasonable geographic boundary for teacher

labor markets based on prior research and commuting patterns (Jackson, 2012; Kneebone

and Holmes, 2015), some teachers may respond only to charters opening very close to their

current school, or they may respond to charters opening even farther from their current

school than expected. Table A6 tests the sensitivity of our results to a 2 mile radius for first

charter entry and to a 20 mile radius for continued charter entry.14 Like the first charter

entry in 10 miles of a TPS (Table 3), the first charter entry in 2 miles of a TPS has primarily

null effects on teacher outcomes in the IV-DiD model. The only exception is that the first

charter entry within 2 miles of a TPS leads to a large but marginally significant increase

in the proportion of teachers at TPS that are lateral entry or provisionally-licensed. For

continued entry of charters at the intensive margin, we observe similar to the 10 mile radius

significant reductions in new teachers, increases in average teacher experience, and increases

in the proportion of teachers with master’s degrees, though the coefficient magnitudes differ

somewhat from our main results. Overall, these results confirm the same overarching effects

of increased charter competition on TPS teachers, although each additional charter entering

within 20 miles of the TPS has marginal effects slightly smaller in magnitude than each

additional charter entering within 10 miles of the TPS.

Finally, we note that particularly in the two-way fixed effects models, there may be

unobservable factors associated with both increased charter competition and the outcome

variables. Even in the IV-DiD model, it is possible that differential time-varying factors

across TPS more and less affected by the charter cap removal could bias results. To better

understand the approximate magnitude of unobservable selection, we test the stability of

14We cannot test the sensitivity of the extensive margin for a 20 mile radius because not enough TPS
had no charters within a 20 mile radius at the time of cap removal, and we cannot test the sensitivity of
the intensive margin for a 2 mile radius because not enough TPS had at least one charter within a 2 mile
radius at the time of cap removal. The first stage F-statistics are also not large enough for reliable IV-DiD
estimation of 2 miles for the intensive margin or 20 miles for the extensive margin (Table A1).
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coefficient estimates by incrementally adding controls. In Table A7, we report results of the

effects of the number of charters within 10 miles on the TPS teacher workforce from four

models: (i) school fixed effects only; (ii) school fixed effects and control variables; (iii) school

fixed effects and control variables, detrended by pre-treatment school time trends (Model

1); and (iv) the instrumental variables estimation (Model 2). Across all of the original

significant outcomes – new teacher rate, new-to-school rate, average teacher experience,

proportion of teachers with master’s degrees, and proportion of teachers nonwhite – the

coefficient estimates actually get larger as we add controls. This would suggest that, if

unobservable confounders create bias in the same direction as observable confounders, our

preferred estimates are actually conservative (Oster, 2019).

6 Concluding Discussion

An impressive body of research has examined how charter school openings shape the dis-

tribution of students and teachers across charters and traditional public schools. Some of

this research has even focused specifically on the role of charter schools operating within

the state of North Carolina (Bifulco and Ladd, 2007; Carruthers, 2012a,b; Jackson, 2012;

Ladd et al., 2017). However, we show in this study that the size and nature of the charter

sector has since changed fundamentally in response to a recent policy shift. The number of

charters increased by 60% in the five years since this policy shift for which we have data.

Moreover, the number of charters serving more racially homogeneous student populations

has continued to grow. The combination of these trends means that teachers and families

selecting a school now face a substantial variety of options within a given community, options

previously unavailable.

Our analysis has documented how the composition and behaviors of teachers (and stu-

dents) change as a result of this unprecedented expansion in charter schools. We find that,

overall, intensive increases in charter competition reduced the inflow of new teachers at
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nearby TPS, leading to a more experienced workforce. However, in areas where the inten-

sive competition comes primarily from the entry of predominantly White charters, nearby

TPS lose more experienced and effective teachers. On the student side, the intensive entry of

charters increases nearby TPS enrollments, possibly through induced residential demand and

spillover enrollments. When considering the effects on the composition of nearby TPS stu-

dent populations, our preferred IV-DiD estimates were less precise than conventional DiD

estimates but pointed toward nearby TPS students becoming Whiter and more economi-

cally disadvantaged. Given extant evidence that economically disadvantaged students are

less likely to transfer to charters (Ni, 2012), these results are consistent with trends observed

elsewhere. The intensive entry of nearby charter schools might lead to spillover increased

enrollments at nearby TPS; however, as students sort into the new charters, a higher share

of students remaining at the TPS will be economically disadvantaged.

We show that the new charters entering since the cap removal are frequently majority-

White and majority-economically-advantaged. Following expansion of these types of char-

ters, teachers in nearby TPS lose their more experienced and more qualified teachers, likely

resulting in an increase in educational inequality for districts with this type of charter ex-

pansion. Traditional public schools that serve mostly Black and Hispanic students are most

directly harmed by the influx of predominantly-White charters, as their average teacher

value-added drops in reaction. These trends suggest that the early studies looking at no-

excuses charter schools opening one or two at a time within metropolitan areas may soon be

less relevant to the current education sector, particularly as more states ease their regulation

of charter schools.

While our study of charter expansion provides a look at the impact on nearby TPS,

our data limited our analysis in important respects that future researchers should revisit.

While North Carolina requires TPS to provide all personnel and student-level data needed

for our analysis, charter schools are exempted from such mandatory reporting. Although

some charter schools report this information regardless, the proportion of charter schools that
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agree to share their information with North Carolina for research purposes varies across years

and decreases noticeably following the policy change. Moreover, the charter schools that do

consistently share their information likely vary in fundamental ways from the unobserved

charters. Consequently, we cannot track teachers into many of the charter schools that enter

in the post-reform period or answer important questions about the types of teachers they

recruit and the proportion that come from nearby TPS. Future researchers with teacher- and

student-level data from all schools, including all charter schools, could build on our work

in this direction. Finally, future research should consider the contribution of systematic

differences between charters and TPS in working conditions, teacher autonomy, and school

leadership to how teachers sort across schools (see Grissom et al., 2016 for a review of the

literature on factors associated with teacher turnover and mobility).

We also note that the policy intervention examined here, a charter cap removal paired

with relaxation of regulations on charter schools, differs from recent cap removals in other

states, such as Massachusetts. While Massachusetts provides some evidence that charter

approaches to education can maintain efficacy at scale (Cohodes et al., 2019) and may in-

centivize shifting TPS resources toward instruction (Ridley and Terrier, 2018), the charter

expansion in Massachusetts appears driven by expanding existing operators with a proven

record of success, includes more substantial regulatory oversight over charters, and provide

TPS with fiscal resources to mitigate the effects of an enrollment shock from charter expan-

sion (Ridley and Terrier, 2018; Cohodes et al., 2019). North Carolina provides an opportunity

to examine a similar rapid scale up of charter schools with fewer restrictions. While our iden-

tification allows for inference regarding the local average treatment effect of charter school

openings following the cap removal in North Carolina, this broader, state-specific policy and

operational context should be taken into account when interpreting the results of our study.

Indeed, while nationally, charters generally serve relative few White students (Epple et al.,

2015), charters in North Carolina serve more White students and a relatively large share of

the charter sector is made up of predominantly White charter schools.
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Our study looks at the unique intersection between state-level policy choices and the

development of charter schools. Seemingly minor policy changes, such as removing a re-

quirement that students in the charter represent the demographics of the population, can

have major implications for the sorting of students and teachers over time. The removal

of a cap on charters likewise had major implications for the operation of traditional public

schools, particularly in urban and suburban areas with high levels of charter expansion. Our

results suggest that although the growth in the number and type of school options in a

concentrated area caries the benefit of choice for individual families and teachers alike, the

collective outcome might be lasting challenges for the recruitment and retention of qualified

teachers at nearby TPS.
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Tables and Figures

Figure 1: Number of Charter Schools in North Carolina 2006-2016

Note. The number of charter schools in the state was capped at 100 prior to removal of the cap in 2012.
The cap is signified by a horizontal dashed line.
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Figure 2: Number of Charters in 10 Mile Radius of TPS Before and After Cap Removal

Note. This graph is two overlapping histogram plots, showing the percent of traditional public schools with
each number of charter schools within a 10 mile radius in 2012, as compared to in 2016.
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Figure 3: Number of Charter Schools by Racial Composition 2006-2016

Note. The removal of the charter cap in 2012 is signified by a vertical dashed line. Predominantly white
charters have greater than 80% white students, predominantly nonwhite charters have less than 20% white,
and mixed race charters have any other student racial composition.
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Figure 4: Geography of Charter School Applications and Growth After Cap Removal

Note. Each light grey dot represents a traditional public school in our sample at any time between 2007 and 2016. Each light blue dot is a charter

school operating in the state anytime between 2007 and 2012; each black dot represents the proposed location of a charter school in one of the charter

school applications for the 2012 school year; and each red dot is a charter school that opened post-2012.
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Table 1: Descriptive Statistics by School Type

(1) (2)
TPS Sample Charter Sample

Elementary school 0.655 0.132***
(0.475) (0.339)

Middle school 0.253 0.076***
(0.435) (0.265)

Other grade range 0.092 0.792***
(0.288) (0.406)

Located in city 0.456 0.567***
(0.498) (0.496)

Located in suburb or town 0.295 0.193***
(0.456) (0.395)

New to teaching (%) 4.444 1.369***
(7.689) (10.900)

New to school (%) 7.817 14.984***
(12.156) (27.217)

Teacher departure (%) 29.963 43.660***
(20.521) (36.977)

Average teacher value-added 0.011 0.006
(0.092) (0.100)

Average teacher experience 11.851 10.789***
(4.235) (8.279)

Percent of teachers lateral/provisional 5.979 5.934
(10.077) (18.605)

Percent of teachers advanced degree 35.054 42.191***
(20.209) (46.205)

Percent of teachers non-White 21.338 29.776***
(23.757) (37.658)

Total student enrollment 578.949 505.067***
(268.632) (372.585)

Full-time-equivalent teachers 39.056 32.088***
(15.117) (22.821)

Percent of students White 43.233 49.880***
(26.566) (36.246)

Percent of students Black 34.106 36.907**
(24.178) (35.459)

Percent students Hispanic 15.340 6.579***
(12.788) (9.063)

Percent students other race 5.473 5.973
(7.801) (13.378)

Percent students economic disadvantage 59.974 38.807***
(43.360) (34.544)

County unemployment rate 7.743 7.527*
(2.601) (2.501)

County median income 58980.924 61690.511***
(9843.132) (10737.609)

Observations 9447 554

Means with standard deviations in parentheses; the sample includes schools with tested grades
(3-8) in urban/suburban areas. The mean differences between TPS and charter samples are tested
with t-tests for continuous variables and Pearson’s chi-squared tests for binary variables.
*p < .10 **p < .05 ***p < .01.

43



Table 2: Comparison of Movers, Stayers, and Leavers by Time Period

(1) (2) (3) (4)
Mover Mover Stayer Leaver

Characteristics (To Charter) (To Other TPS) (At TPS) (At Neither)
Pre-Removal of Charter Cap

Value-Added (SDs) -0.037B -0.003A,B -0.001A,B -0.022B

(0.143) (0.153) (0.153) (0.141)
Years of Experience 10.339 11.686B 11.859B 12.207A,B

(10.084) (8.970) (8.987) (10.364)
Lateral/Provisional License 0.148B 0.066A,B 0.065A,B 0.078A,B

(0.356) (0.249) (0.246) (0.268)
Advanced Degree 0.273 0.303B 0.304B 0.332B

(0.447) (0.459) (0.460) (0.471)
Teacher Nonwhite 0.189 0.172B 0.170B 0.211B

(0.393) (0.378) (0.375) (0.408)
TPS Students Predominantly White 0.383 0.579A,B 0.588A,B 0.517A,B

(0.488) (0.494) (0.492) (0.500)

Observations 149 78,596 72,941 28,319

Post-Removal of Charter Cap

Value-Added (SDs) 0.002 0.027A 0.029A -0.002
(0.119) (0.138) (0.138) (0.124)

Years of Experience 8.569 11.985A 12.216A 11.769A

(6.710) (8.281) (8.319) (9.392)
Lateral/Provisional License 0.068 0.049 0.048 0.062

(0.252) (0.217) (0.214) (0.241)
Advanced Degree 0.319 0.352 0.353 0.379

(0.468) (0.478) (0.478) (0.485)
Teacher Nonwhite 0.287 0.163A 0.158A 0.185A

(0.454) (0.369) (0.365) (0.388)
TPS Students Predominantly White 0.421 0.558A 0.572A 0.489

(0.496) (0.497) (0.495) (0.500)

Observations 133 74,214 68,226 26,827

A = significantly different from “mover to charter” category in same time period (p < 0.05);
B = significantly different from same sorting category in post-charter-cap-removal time period
(p < 0.05). Standard errors in parentheses. Sample includes all teachers with value-added scores
at urban/suburban TPS from 2007-2015. The “mover to charter” category does not contain every
teacher who moves to a charter school since we cannot observe teachers in all charter schools.
Some of these teachers will therefore be incorrectly contained in the “leaver” category.
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Table 3: Effects of Charter Growth on TPS Teacher Sorting and Characteristics

(1) (2) (3) (4) (5) (6) (7) (8)
New Teacher (%) New to School (%) Turnover (%) Teacher V-A Teacher Exper Teacher Lat/Prov Teacher MA Teacher Nonwhite

Extensive Margin: First Charter Entry in 10 Miles

Model 1 (TWFE) -2.3823** 2.8836* 1.9920 -0.0090 0.5204 0.4143 1.9321 1.7802
(0.942) (1.727) (2.313) (0.008) (0.412) (0.894) (2.508) (1.708)

Model 2 (IV-DiD) -3.8443 7.7899 4.1984 0.0053 0.3871 3.6397 3.6424 -1.5169
(3.295) (5.113) (7.048) (0.041) (1.742) (4.098) (8.959) (7.922)

Controls X X X X X X X X
School FE X X X X X X X X
Year FE X X X X X X X X

Observations 1,797 1,797 1,737 1,961 1,960 1,961 1,956 1,960
Model 1 R2 0.203 0.251 0.339 0.276 0.223 0.267 0.206 0.280
First Stage F 36.34 36.34 40.11 40.30 40.37 40.30 39.68 40.30

Intensive Margin: Number of Charters in 10 Miles

Model 1 (TWFE) -0.1817** 0.3133** -0.3103 0.0002 0.1239*** -0.0289 0.5316* 0.3596*
(0.091) (0.155) (0.259) (0.001) (0.047) (0.136) (0.292) (0.212)

Model 2 (IV-DiD) -1.4806*** 0.5889 -0.1746 0.0017 0.3324*** 0.0608 2.0152*** 0.9290*
(0.238) (0.380) (0.695) (0.003) (0.115) (0.375) (0.600) (0.542)

Controls X X X X X X X X
School FE X X X X X X X X
Year FE X X X X X X X X

Observations 5,606 5,606 5,322 6,010 6,001 6,010 5,998 6,009
Model 1 R2 0.225 0.192 0.224 0.250 0.223 0.301 0.215 0.235
First Stage F 505.13 505.13 522.09 867.66 856.73 867.66 856.99 865.22

Robust standard errors in parentheses, clustered by school. TWFE = two-way fixed effects models, detrended by pre-treatment school time trends. IV = instrumental
variables, with the first stage equations for the extensive and intensive margin presented in Table 3. F-statistics are Kleibergen-Paap rk Wald F statistics. Control
variables include county unemployment rate, median income, student enrollment, percent of students by race/ethnicity, and percent of students economically
disadvantaged. Estimated coefficients on controls are presented in Table A3. Teacher sorting models are estimated excluding 2007, because they require a lagged
count of teachers to calculate each dependent variable.
*** p<0.01, ** p<0.05, * p<0.1
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Figure 5: Effects of the Proportion of Nearby Charters with Predominantly White Students

Note. This graph plots a transformation of the estimated coefficient on the measure of the proportion of
nearby charters that are predominantly white (> 80% of students white). It shows the standard devia-
tion change in each outcome due to changing the nearby charter racial composition from none that are
predominantly-white to all that are predominantly-white. The modified Model 2 regression results corre-
sponding to these findings are in Appendix Table A4.
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Figure 6: Effects of the Proportion of Nearby Charters with Predominantly White Students,
by Racial Composition of TPS

Note. This graph plots a transformation of the estimated coefficient on the measure of the proportion of
nearby charters that are predominantly white (> 80% of students white). It shows the standard devia-
tion change in each outcome due to changing the nearby charter racial composition from none that are
predominantly-white to all that are predominantly-white. It does so separately for different types of TPS
by racial composition. Corresponding regression results available upon request.
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Table 4: Effects of Charter Growth on TPS Student Characteristics

(1) (2) (3) (4) (5)
Log Enrollment White (%) Black (%) Hispanic (%) ED (%)

Extensive Margin: First Charter Entry in 10 Miles

Model 1 (TWFE) 0.0082 0.4609 -0.6471 0.2747 0.0649
(0.021) (0.506) (0.536) (0.307) (0.870)

Model 2 (IV-DiD) -0.0961 -1.0188 -0.8624 -0.9188 1.9393
(0.077) (2.493) (2.498) (1.716) (4.281)

Controls X X X X X
School FE X X X X X
Year FE X X X X X

Observations 1,961 1,961 1,961 1,961 1,937
Model 1 R2 0.243 0.305 0.451 0.398 0.481
First Stage F 40.30 40.30 40.30 40.30 40.45

Intensive Margin: Number of Charters in 10 Miles

Model 1 (TWFE) 0.0024 0.1647** -0.1073 -0.0010 0.3779**
(0.003) (0.065) (0.083) (0.066) (0.180)

Model 2 (IV-DiD) 0.0186** 0.1697 -0.0508 -0.2079 1.1336
(0.007) (0.158) (0.231) (0.206) (0.794)

Controls X X X X X
School FE X X X X X
Year FE X X X X X

Observations 6,005 6,010 6,010 6,010 5,827
Model 1 R2 0.277 0.234 0.974 0.283 0.149
First Stage F 874.03 867.66 867.66 867.66 739.92

Robust standard errors in parentheses, clustered by school. TWFE = two-way fixed effects models, detrended
by pre-treatment school time trends. IV = instrumental variables, with the first stage equations for the
extensive and intensive margin presented in Table 3. F-statistics are Kleibergen-Paap rk Wald F statistics.
Control variables include county unemployment rate, median income, student enrollment, percent of students
by race/ethnicity, and percent of students economically disadvantaged.
*** p<0.01, ** p<0.05, * p<0.1
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Appendix

Figure A1: Number of Charter Schools by Economic Disadvantage 2006-2016

Note. ED = economically-disadvantaged students. The removal of the charter cap in 2012 is signified by
a vertical dashed line. Because of irregularities in reporting of free lunch eligibility in 2011, values for that
school year are imputed as the average of 2010 and 2012 values. Predominantly-ED charters have greater
than 80% ED students, predominantly non-ED charters have less than 20% ED students, and mixed-ED
charters have somewhere in the middle. Because charter schools are not forced to participate in the National
School Lunch program, there are also some charter schools with no ED data available.
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Table A1: First Stage Results

Distance (1) (2) (3)
(Radius) First Charter Entry Count of Charters Charter Share Enrolled

2 Miles β 0.0768*** 0.0246 -0.1007
SE (0.016) (0.031) (0.318)
F-stat 22.52 0.64 0.10
R2 0.392 0.752 0.720
N 6,045 1,926 1,926

10 Miles β 0.1286*** 0.2749*** 0.1653***
SE (0.020) (0.009) (0.017)
F-stat 40.30 867.66 92.81
R2 0.413 0.934 0.833
N 1,961 6,010 6,010

20 Miles β 0.1016*** 0.2605*** 0.1295***
SE (0.035) (0.009) (0.006)
F-stat 8.38 848.91 484.88
R2 0.564 0.964 0.891
N 536 7,450 7,450

Control Variables X X X
School Fixed Effects X X X
Year Fixed Effects X X X

Each β coefficient is the estimated coefficient on the instrumental variable (number of pre-cap-removal charter
applications in 10 miles multiplied by a “Post” indicator). Column 1 models are estimated using an extensive
margin sample, which includes all TPS without any charters in x miles by 2012. Columns 2 and 3 models
are estimated using an intensive margin sample which includes all TPS with at least one charter in x miles
by 2012. Robust standard errors are in parentheses, clustered by school. F-statistics are Kleibergen-Paap rk
Wald F statistics. Control variables include county unemployment rate, median income, student enrollment,
percent of students by race/ethnicity, and percent of students economically disadvantaged.
*** p<0.01, ** p<0.05, * p<0.1
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Table A2: Descriptive Statistics of TPS by Number of Charters Within 10 Miles

(1) (2) (3) (4) (5)
0 1 2-3 4-6 7+

Elementary school 0.624 0.642 0.656 0.700 0.681
(0.485) (0.479) (0.475) (0.458) (0.466)

Middle school 0.270 0.269 0.255 0.231 0.227
(0.444) (0.443) (0.436) (0.421) (0.419)

Other grade range 0.106 0.089 0.090 0.070 0.091
(0.308) (0.284) (0.286) (0.254) (0.288)

Located in city 0.146 0.333 0.386 0.735 0.866
(0.353) (0.471) (0.487) (0.441) (0.341)

Located in suburb/town 0.307 0.305 0.448 0.265 0.134
(0.461) (0.460) (0.497) (0.441) (0.341)

Teachers new to teaching (%) 4.870 4.654 3.374 4.301 4.673
(7.704) (8.385) (6.431) (7.315) (7.616)

Teachers new to school (%) 7.005 7.042 6.953 8.049 8.692
(11.584) (11.255) (10.753) (10.610) (11.090)

Teacher turnover (%) 27.888 29.612 28.786 30.721 33.697
(20.009) (20.692) (20.781) (19.846) (20.760)

Teacher value-added -0.004 0.001 0.017 0.024 0.028
(0.091) (0.095) (0.094) (0.086) (0.087)

Teacher experience 12.128 11.992 12.245 11.880 10.929
(4.124) (4.450) (4.010) (4.161) (4.200)

Teacher lateral/provisional 5.791 6.236 5.776 5.607 6.337
(9.830) (10.390) (10.703) (8.797) (10.012)

Teacher advanced degree 30.937 31.180 35.919 38.628 41.725
(19.917) (19.254) (21.088) (18.304) (19.891)

Teacher non-white 15.040 23.308 15.990 25.767 28.735
(20.058) (26.402) (22.339) (23.334) (22.904)

Total student enrollment 504.639 522.332 590.020 651.264 686.488
(214.285) (234.954) (285.637) (279.217) (294.369)

Percent of students white 51.194 43.524 52.354 34.998 29.841
(23.470) (26.659) (25.835) (26.709) (23.029)

Percent of students black 28.710 35.857 28.440 37.709 41.645
(22.024) (26.448) (23.932) (24.438) (20.460)

Percent students Hispanic 13.145 13.277 12.432 18.796 21.073
(10.558) (11.643) (10.225) (15.032) (14.532)

Percent students ED 0.648 0.641 0.535 0.588 0.558
(0.193) (0.222) (0.280) (0.305) (0.884)

County unemployment rate 8.665 8.018 7.710 7.174 6.644
(2.820) (2.656) (2.457) (2.132) (2.189)

County median income 51994.562 54851.895 59533.122 62767.034 70008.778
(7364.825) (9164.808) (7595.077) (6928.866) (5623.066)

Observations 2262 2243 1736 1453 1686

Means, with standard errors in parentheses; sample includes all urban/suburban TPS.
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Table A3: Coefficients on Control Variables from Intensive Margin TWFE Model
(1) (2) (3) (4) (5) (6) (7) (8)

New Teacher (%) New to School (%) Turnover (%) Teacher V-A Teacher Exper Teacher Lat/Prov Teacher MA Teacher Nonwhite

County unemployment rate -0.9100*** 0.5824* -0.8992* 0.0024 0.0549 0.1899 0.7666 0.4395
(0.182) (0.300) (0.538) (0.002) (0.101) (0.249) (0.532) (0.364)

County median income -0.0001 -0.0001 -0.0002 0.0000 0.0001* -0.0000 -0.0001 -0.0000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

County student enrollment 0.0000 0.0001 0.0002 0.0000** -0.0000 0.0000 -0.0002** -0.0002**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

County percent students black -0.1694* 0.0962 0.3486 0.0002 0.1692*** 0.1598 0.1795 0.6951***
(0.090) (0.230) (0.632) (0.001) (0.059) (0.263) (0.274) (0.266)

County students Hispanic 0.0496 -0.1933 0.4650 -0.0047*** -0.0801 0.2285 -0.8412** 0.4840
(0.155) (0.250) (0.668) (0.002) (0.089) (0.246) (0.406) (0.339)

County students other race -0.0536 -0.4301* 0.2020 0.0006 0.1019 -0.3333 -0.5180 0.1783
(0.150) (0.241) (0.462) (0.001) (0.089) (0.228) (0.440) (0.342)

County percent students ED -0.0007 -0.0051 0.0449 0.0003* -0.0012 0.0203 -0.0067 -0.0510
(0.019) (0.031) (0.058) (0.000) (0.009) (0.022) (0.051) (0.038)

Observations 5,606 5,606 5,322 6,010 6,001 6,010 5,998 6,009
R2 0.225 0.192 0.224 0.250 0.223 0.301 0.215 0.235

Robust standard errors in parentheses, clustered by school. These estimated coefficients come from the Model 1 intensive margin regressions in Table 3. ED = economically-disadvantaged; V-A
= value-added; MA = master’s degree.
*** p<0.01, ** p<0.05, * p<0.1

52



Table A4: Effects of Nearby Charter Racial Composition on TPS Teachers
(1) (2) (3) (4) (5) (6) (7) (8)

New Teacher (%) New to School (%) Turnover (%) Teacher V-A Teacher Exper Teacher Lat/Prov Teacher MA Teacher Nonwhite
All TPS

Share of charters predominantly-White 0.2396*** -0.0090 -0.2781* -0.0011** -0.0458* -0.0695 -0.4893*** -0.1791
(0.064) (0.077) (0.149) (0.001) (0.027) (0.069) (0.150) (0.116)

Number of charters in 10 mile radius -0.1134 0.3886* 0.0889 -0.0006 -0.0099 -0.0680 -0.9646** 0.3050
(0.161) (0.229) (0.418) (0.001) (0.069) (0.204) (0.477) (0.302)

Observations 5,275 5,275 5,275 5,424 5,418 5,424 5,416 5,424
First Stage F 19.41 19.41 19.41 19.91 19.70 19.91 19.69 19.91

Predominantly-White TPS
Share of charters predominantly-White 0.0979* 0.1095 0.0419 0.0008 -0.0320 -0.1044** -0.1363 -0.2110**

(0.053) (0.073) (0.138) (0.001) (0.024) (0.051) (0.147) (0.084)
Number of charters in 10 mile radius -0.1941 0.7662 -0.7382 0.000 -0.0306 0.2579 -0.3103 -0.5643

(0.377) (0.592) (1.129) (0.004) (0.191) (0.308) (1.208) (0.603)

Observations 2,001 2,001 2,001 2,062 2,059 2,062 2,058 2,062
First Stage F 5.90 5.90 5.90 6.79 6.76 6.79 6.77 6.79

Predominantly-Nonwhite TPS
Share of charters predominantly-White 0.2636*** -0.0983 -.01561 -0.0018*** -0.0020 -0.0019 -0.5220** 0.0366

(0.081) (0.101) (0.183) (0.001) (0.036) (0.085) (0.206) (0.158)
Number of charters in 10 mile radius -0.2348 0.3109 0.0878 -0.0024 0.0673 -01071 -0.8106 0.3831

(0.189) (0.297) (0.498) (0.002) (0.075) (0.232) (0.570) (0.379)

Observations 3,242 3,242 3,242 3,329 3,326 3,329 3,325 3,329
First Stage F 16.20 16.20 16.20 16.20 16.10 16.20 16.11 16.20

Robust standard errors in parentheses, clustered by school. Proportion of nearby charters predominantly-white equals the proportion of charter schools within 10 miles with at least 80% of
students White (scaled from 0 to 1). F-statistics are Kleibergen-Paap rk Wald F statistics. Control variables include county unemployment rate, median income, student enrollment, percent of
students by race/ethnicity, and percent of students economically disadvantaged.
*** p<0.01, ** p<0.05, * p<0.1
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Table A5: Effect of Charter Growth on TPS Teachers, Alternative Enrollment Share Measure
(1) (2) (3) (4) (5) (6) (7) (8)

New Teacher (%) New to School (%) Turnover (%) Teacher V-A Teacher Exper Teacher Lat/Prov Teacher MA Teacher Nonwhite
Intensive Margin: Charter Share of Total Enrollment in 10 Miles

Model 1 (TWFE) -0.1278** -0.0355 -0.1369 -0.0006 0.1528*** -0.1642** 0.6429*** 0.1042
(0.051) (0.093) (0.196) (0.001) (0.032) (0.074) (0.168) (0.123)

Model 2 (IV-DiD) -2.0891*** 1.0564* 0.5463 0.0040 0.5924*** 0.0181 3.0842*** 1.1782
(0.388) (0.539) (0.951) (0.004) (0.184) (0.653) (1.007) (0.854)

Controls X X X X X X X X
School FE X X X X X X X X
Year FE X X X X X X X X

Observations 5,606 5,606 5,322 6,010 6,001 6,010 5,998 6,009
Model 1 R2 0.225 0.191 0.224 0.250 0.228 0.302 0.217 0.233
First Stage F 100.47 100.47 105.83 92.82 92.11 92.82 91.92 92.75

Robust standard errors in parentheses, clustered by school. TWFE = two-way fixed effects models, detrended by pre-treatment school time trends. IV = instrumental variables, with the first
stage equations for the extensive and intensive margin presented in Table 3. F-statistics are Kleibergen-Paap rk Wald F statistics. Control variables include county unemployment rate, median
income, student enrollment, percent of students by race/ethnicity, and percent of students economically disadvantaged. Teacher sorting models are estimated excluding 2007, because they require
a lagged count of teachers to calculate each dependent variable.
*** p<0.01, ** p<0.05, * p<0.1
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Table A6: Effect of Charter Growth on TPS Teachers, Alternative Radii

(1) (2) (3) (4) (5) (6) (7) (8)
New Teacher (%) New to School (%) Turnover (%) Teacher V-A Teacher Exper Teacher Lat/Prov Teacher MA Teacher Nonwhite

Extensive Margin: First Charter Entry in 2 Miles

Model 1 (TWFE) -0.2810 -0.2317 -2.7604* -0.0093* 0.2050 1.3480** 2.6833 -0.9847
(0.583) (1.111) (1.635) (0.005) (0.318) (0.645) (1.784) (1.346)

Model 2 (IV-DiD) -3.3426 6.2955 4.2816 -0.0255 2.2535 13.1776* 12.9094 -8.1560
(4.354) (5.899) (11.565) (0.039) (1.723) (7.773) (9.669) (8.538)

Controls X X X X X X X X
School FE X X X X X X X X
Year FE X X X X X X X X

Observations 5,608 5,608 5,342 6,045 6,037 6,045 6,031 6,043
Model 1 R2 0.195 0.208 0.253 0.258 0.215 0.293 0.218 0.250
First Stage F 22.63 22.63 22.33 22.52 22.78 22.52 22.76 22.52

Intensive Margin: Number of Charters in 20 Miles

Model 1 (TWFE) -0.0826 0.2205** -0.2492 -0.0006 0.0938*** -0.1120 0.2819* 0.1479
(0.055) (0.098) (0.166) (0.001) (0.026) (0.087) (0.153) (0.119)

Model 2 (IV-DiD) -0.6197*** 0.4906** -0.0748 0.0005 0.1479*** -0.1268 0.7078** 0.2565
(0.160) (0.231) (0.444) (0.001) (0.056) (0.193) (0.310) (0.266)

Controls X X X X X X X X
School FE X X X X X X X X
Year FE X X X X X X X X

Observations 6,923 6,923 6,593 7,450 7,440 7,450 7,434 7,448
Model 1 R2 0.219 0.187 0.217 0.251 0.221 0.293 0.211 0.235
First Stage F 592.72 592.72 523.89 848.92 822.08 848.92 825.20 842.61

Robust standard errors in parentheses, clustered by school. F-statistics are Kleibergen-Paap rk Wald F statistics. FE = fixed effects; IV = instrumental
variable; V-A = value-added; and MA = master’s degree. Control variables include county unemployment rate, median income, student enrollment,
percent of students by race/ethnicity, and percent of students economically disadvantaged.
*** p<0.01, ** p<0.05, * p<0.1
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Table A7: Adding Incremental Controls in 10 Mile Intensive Margin Model
(1) (2) (3) (4) (5) (6) (7) (8)

New Teacher (%) New to School (%) Turnover (%) Teacher V-A Teacher Exper Teacher Lat/Prov Teacher MA Teacher Nonwhite
Intensive Margin: Number of Charters in 10 Miles

School FE Only -0.0893 0.3553*** -0.1145 0.0008 0.0648* -0.0265 0.1570 0.0511
(0.084) (0.126) (0.225) (0.001) (0.039) (0.131) (0.253) (0.181)

School FE and Controls -0.1807** 0.3134** -0.3089 0.0002 0.1229*** -0.0275 0.5312* 0.3640*
(0.091) (0.155) (0.259) (0.001) (0.047) (0.136) (0.292) (0.212)

Model 1 (Detrended) -0.1817** 0.3133** -0.3103 0.0002 0.1239*** -0.0289 0.5316* 0.3596*
(0.091) (0.155) (0.259) (0.001) (0.047) (0.136) (0.292) (0.212)

Model 2 (IV-DiD) -1.4806*** 0.5889 -0.1746 0.0017 0.3324*** 0.0608 2.0152*** 0.9290*
(0.238) (0.380) (0.695) (0.003) (0.115) (0.375) (0.600) (0.542)

Observations 5,606 5,606 5,322 6,010 6,001 6,010 5,998 6,009
Model 1 R2 0.225 0.192 0.224 0.250 0.224 0.301 0.214 0.234
First Stage F 505.13 505.13 522.09 867.66 856.73 867.66 856.99 865.22

Robust standard errors in parentheses, clustered by school. F-statistics are Kleibergen-Paap rk Wald F statistics. FE = fixed effects; IV = instrumental variable; V-A = value-added; and
MA = master’s degree. Control variables include county unemployment rate, median income, student enrollment, percent of students by race/ethnicity, and percent of students economically
disadvantaged.
*** p<0.01, ** p<0.05, * p<0.156
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