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We use student assignment lotteries to estimate the effect of charter school
attendance on student achievement in Boston. We also evaluate a related alterna-
tive, Boston’s pilot schools. Pilot schools have some of the independence of charter
schools but are in the Boston Public School district and are covered by some
collective bargaining provisions. Lottery estimates show large and significant
score gains for charter students in middle and high school. In contrast, lottery
estimates for pilot school students are mostly small and insignificant, with some
significant negative effects. Charter schools with binding assignment lotteries
appear to generate larger gains than other charters. JEL Codes: I21, I22, I28, J24.

I. INTRODUCTION

Charter schools operate with considerably more independence
than traditional public schools. They are free to structure their
curriculum and school environment. Among other things, many
charter schools fit more instructional hours into a year by run-
ning longer school days and providing instruction on weekends
and during the summer (Wilson 2008; Hoxby, Murarka, and Kang
2009; Matthews 2009). Because few charter schools are unionized,
they hire and fire teachers and administrative staffwithout regard
to the collectively bargained seniority and tenure provisions that
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constrain such decisions in many public schools. Although char-
ter students made up only 2.9% of U.S. public school enrollment
in 2008–2009, charter enrollment has grown rapidly and seems
likely to accelerate in the near future (NAPCS 2009). Charter
schools are an active component of the contemporary education re-
form movement’s pursuit of accountability and flexibility in public
education.

Proponents see charter schools’ freedom from regulation as
a source of educational innovation, while also providing competi-
tion that may prompt innovation and improvement in the rest of
the public school system. At the same time, charter schools are
controversial because after a transition period in which the state
provides subsidies, they are typically funded by students’ home
(or “sending”) districts. In Massachusetts, the site of our study,
tuition payments are determined largely by average per-pupil ex-
penditure in sending districts. Not surprisingly, therefore, public
school districts are concerned about the revenue lost when their
students enroll in charter schools.

The purpose of this article is to assess the causal effects of
charter school attendance and a closely related alternative, called
pilot schools, on student achievement. Pilot schools arose in Boston
as a union-supported alternative to charter schools.1 Boston’s
charter schools are constituted by the state as individual school
districts and therefore operate independently of the Boston Pub-
lic Schools (BPS). In contrast, Boston’s pilot schools are part of
the BPS district, and the extent to which they operate outside
collective bargaining provisions is spelled out in school-specific
election-to-work agreements signed by pilot faculty. In addition
to these negotiated exemptions, pilot schools have more flexibility
and decision-making powers over school budgets, academic pro-
grams, and educational policies than do traditional BPS schools.
This freedom includes the opportunity to set school policies
related to student promotion, graduation, discipline, and
attendance.2

1. See Center for Collaborative Education (2006).
2. See the Boston Teachers Union website (http://www.btu.org/leftnavbar/

HP PilotSchools.htm), which also notes: “Pilot schools do not have to purchase
a variety of services provided by the central office, such as substitute teachers,
textbooks, SPED contracted services, and academic coaches. By not purchasing
these services pilot schools ‘save’ , typically, $300 to $400 per year per student.
They are allowed to retain these funds and purchase these services privately if
they wish.”
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In practice, pilot schools occupy a middle ground between
charter schools and traditional public schools. Pilot school teach-
ers are part of the Boston Teachers Union (BTU), with pay,
benefits, and working hours determined by the district-wide BTU
contract. On the other hand, pilot schools are free to set policies
with regard to curriculum, student promotion, and graduation.
They also fit more instructional hours into a school year than do
traditional schools, though the pilot school day is typically shorter
than that at the charter schools in our sample. Accountability
standards bind less strictly for pilot schools than for charter
schools: whereas nine Massachusetts charters have been lost, no
pilot school has yet been closed.

This study contributes to a growing literature that uses
admissions lotteries to measure the effects of charter schools on
student achievement. Recent investigations of a large sample of
schools in New York City and three schools in Chicago find modest
score gains (Hoxby and Rockoff 2005; Hoxby and Murarka 2009).
Two schools in the Harlem Children’s Zone appear to produce
large gains, with math scores increasing by about half a stan-
dard deviation for each year spent in a charter school (Dobbie and
Fryer 2009). A recent analysis by Mathematica Policy Research
uses lotteries to evaluate over-subscribed charter middle schools
in several states, with mixed results (Gleason et al. 2010). An-
grist et al. (2010) evaluate a Knowledge Is Power Program (KIPP)
school in Lynn, Massachusetts. The KIPP results show large pos-
itive effects much like those reported here for Boston charter mid-
dle schools.3

The schools in our study are attended by students who would
otherwise attend traditional Boston public schools. The BPS
system serves a disproportionately black and Hispanic student
population. Like students in many urban schools, BPS students
have lower test scores, lower high school graduation rates, and
are less likely to go to college than students from nearby suburban
districts. Boston’s charter schools also serve a high proportion of

3. Farther afield, Clark (2009) uses a regression-discontinuity design to study
the impact of attendance at Britain’s grant-maintained schools, a charter-like
model. Grant-maintained schools appear to have produced large achievement
gains. Charter evaluations that don’t use lotteries have generally produced more
mixed results. See, for example, Booker et al. (2008) for Chicago and Florida;
Eberts and Hollenbeck (2002) for Michigan; Bifulco and Ladd (2006) for North
Carolina; Berends, Mendiburo, and Nicotera (2008) for a Northwest Urban
District; and CREDO (2009).
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black students, even relative to the majority nonwhite BPS dis-
trict. The effects of charter schools in urban populations are of spe-
cial interest because any gains in this context might help reduce
the black-white achievement gap.

The primary empirical challenge in any study of alternative
school models is selection bias. Students who attend charter and
pilot schools differ in a number of ways from the general pool of
public school students, a fact that may bias naive comparisons.
We can hope to eliminate some of this bias by controlling for stu-
dent characteristics such as free lunch status, but the possibil-
ity remains of bias from unobserved variables such as motivation
or family background. An important aspect of our study, there-
fore, is the use of student admissions lotteries to estimate causal
effects. These lotteries, which admit applicants randomly at over-
subscribed schools, are used to construct a quasi-experimental re-
search design that should generate unbiased estimates of
the causal effects of charter and pilot attendance.

A charter or pilot school contributes application cohorts to
our lottery analysis when the school is over-subscribed and there-
fore runs a lottery, has complete lottery records, and, in the case
of pilots, uses a lottery to select students instead of tests or an
audition.4 In addition, the charter schools in our lottery study
were operating at the time we collected lottery data (closed charter
schools have often been under-subscribed). These selection crite-
ria may have consequences for the external validity of our results.
The over-subscription condition tilts our sample toward charter
and pilot schools that parents find appealing, as does the require-
ment that schools still be open. From a policy perspective, however,
this is an interesting set of schools. As it stands, Massachusetts
currently limits both the number of charter schools and the pro-
portion of a district’s budget that can be lost due to charter en-
rollment. Were the supply of alternative school models allowed
to freely vary, it seems reasonable to expect currently operating
over-subscribed schools to be among the first to expand and for
imitators to open similar schools.5

The requirement that participating schools have complete
lottery records also affects our selection of charter schools for the

4. More precisely, a given school-year-grade cell contributes to the lottery
analysis if entry at that point is over-subscribed and the associated lottery records
are available.

5. Vaznis (2010) discusses proposals for expansion by many of the charter
schools in our sample. Most of these expansions were approved in February 2011.
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lottery study. Specifically, the records requirement tilts the char-
ter lottery sample toward schools that have archived lottery
records. Massachusetts law does not require charter schools to re-
tain lottery data. The net impact of the record-keeping constraint
is unclear. On one hand, poor record-keeping may be a sign of dis-
organization that spills over into teaching. On the other hand,
lottery record-keeping may be a distraction that takes time and
energy away from instructional activity. In some cases, lost records
are also a result of bad luck and the fact that the preservation of
lottery data is not a priority after the school admissions process
is complete. Finally, on the pilot side, not all schools use the cen-
tralized lottery system embedded in the BPS school assignment
mechanism. Some pilot schools opt out of the BPS assignment
mechanism and admit students using tests or auditions. Nonlot-
tery pilots share this feature with Boston’s elite exam schools (the
most famous of which is the Boston Latin School). In contrast,
over-subscribed charters are required to use lotteries to select
students.

Lottery-based estimates show large score gains for students
who spend time at a charter school but zero or even negative ef-
fects of time spent in a pilot school. In an effort to gauge the gen-
erality of these findings, we complement the quasi-experimental
lottery analysis with an observational analysis of the full set of
charter and pilot schools. The observational analysis controls for
demographic and background characteristics as well as students’
lagged test scores (for example, the elementary school scores of
middle school students). This investigation produces estimates
remarkably similar to the lottery-based estimates of charter ef-
fects when carried out in the sample of charter schools that have
lotteries, lending credence to the observational analysis. At the
same time, the observational analysis suggests that the charter
schools in the lottery study are better than others in the sense
of generating larger treatment effects. The schools in the Boston
lottery study generally subscribe to a philosophy and pedagogi-
cal approach know as “No Excuses.” We therefore see our lot-
tery estimates as indicative of what the No Excuses charter model
can accomplish, rather than an overall charter-school treatment
effect.

The next section describes Boston’s charter and pilot schools
in more detail. Section III lays out our lottery-based estimation
framework and Section IV discusses data and descriptive
statistics. Section V presents the main lottery results. Section VI
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discusses attrition and school switching and Section VII reports
results from models allowing for ability interactions and peer ef-
fects. Section VIII reports observational results from a broader
sample and compares these to the lottery estimates. The paper
concludes in Section IX.

II. BACKGROUND

The 1993 Massachusetts Education Reform Act opened the
door to charter schools in Massachusetts. Nonprofit organizations,
universities, teachers, and parents can apply to the state’s Board
of Elementary and Secondary Education for a charter (there are
no for-profit charter schools in Massachusetts). Massachusetts
charter schools are generally managed by a board of trustees and
are independent of local school committees. Charter schools are
funded mostly by sending districts according to formulas set by
the state.

Massachusetts charter schools have a number of organiza-
tional features in common with charter schools in other states.
They are typically outside local collective bargaining agreements
and therefore have more flexibility than traditional public schools
in staffing, compensation, and scheduling. The five Massachusetts
charter schools studied by Merseth et al. (2009), four of which
appear in our study, have a longer school day and year than tradi-
tional public schools. Many charter schools offer extensive tutoring
during and after school. Teachers in charter schools need not hold
an active state license to begin teaching, though they must pass
the Massachusetts Test for Educator Licensure within the first
year of employment.

Wilson (2008) describes seven Boston charters, six of which
are in our study, as well as a KIPP school in Lynn, near Boston.
Wilson identifies school practices prevalent at the schools in
his sample. This collection of practices is sometimes called the No
Excuses model, a term that probably originates with Thernstrom
and Thernstom (2003). No Excuses schools are characterized by
small size, frequent testing, a long school day and year, selective
teacher hiring, and a strong student work ethic. Other features
include an emphasis on discipline and comportment, teacher-led
whole-class instruction, and the absence of computer-aided
instruction. Merseth et al.’s (2009) five Boston-area charters share
these features.
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The first two columns of Table I compare Boston charter
schools and traditional (BPS) public schools. This table shows
student-weighted averages of teacher characteristics and student-
teacher ratios by school type. The student-teacher ratio is lower in
charter schools and charter teachers are less likely to be licensed
or to be “highly qualified” as defined by No Child Left Behind
(NCLB). The latter is likely a consequence of the relative inex-
perience of many charter school teachers, who are substantially
younger than teachers in traditional public schools.6 As shown in
column 7 of Table I, the schools in our lottery study are much like
the larger set described in column 2.

Massachusetts charter schools appear to face more stringent
accountability requirements than do traditional public schools.
The state Charter School Office reviews and makes recommen-
dations on charter applications, reviews the performance of ex-
isting charter schools, and decides whether charters should be
renewed. Charter schools are held accountable via annual reports,
financial audits, and site visits, and are required to file for re-
newal every five years. Renewal applications must show that a
school’s academic program is successful, that the school is a viable
organization, and that it has been faithful to its charter. Since
1994, the state has received a total of 350 charter applications
and has granted 76. Eight of the 76 Massachusetts charters were
surrendered or revoked as of fall 2009 (Massachusetts Depart-
ment of Elementary and Secondary Education 2009b). A ninth
(Uphams Corner Charter School) was revoked later in 2009.7

In the 2009–2010 school year, 26,384 Massachusetts students
attended 62 charter schools, including 16 in Boston (Massachusetts
Department of Elementary and Secondary Education 2009a). State
law caps the number of charter schools and total charter enroll-
ment at a level that is not currently binding. However, a provision
limiting each district’s spending on charter school students gen-
erates binding or near-binding caps in districts (including Boston)
where charter enrollment is relatively high. The question of
whether to lift local caps is the subject of intense debate, fueled in

6. The definition of highly qualified has varied, but typically this designa-
tion is awarded to teachers who have a bachelor’s degree, full state certification
or licensure, and have shown that they know the subject they teach (usually this
requires some additional certification).

7. Four of the eight charter losses through fall 2009 occurred before school
operations began. Two of the remaining four were revocations and two were
nonrenewals.
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part by the availability of federal stimulus money for states that
facilitate new charters (Vaznis 2009).

Pilot schools were developed jointly by BPS and the BTU
as an alternative to both charter schools and traditional public
schools. Pilot schools are created as the result of a planning pro-
cess funded by the Boston Foundation, a private charity, with
technical assistance from the Center for Collaborative Education,
a local nonprofit organization that runs the Boston Pilot Schools
Network. New schools may be granted pilot status, but most are
conversions from traditional BPS schools. Pilot school conversions
must be authorized by a two-thirds vote of the BTU membership
employed at the school in question and authorized by the BTU
Pilot School Steering Committee.8

Like charter schools, pilot schools are answerable to indepen-
dent governing boards. Also like charters, pilot schools determine
their own budgets, staffing, curricula, and scheduling. Unlike
charter schools, however, pilot schools remain part of the Boston
school district and their teachers are BTU members covered by
most contract provisions related to pay and seniority. Pilot school
teachers have no job protection within schools but remain in the
BPS system if they choose to leave a school or are removed by
the principal. Many pilot schools develop and advertise a curricu-
lum with a distinctive emphasis or focus, such as technology or
the arts. In this respect, pilot schools are something like magnet
schools.

Pilot teachers sign an election-to-work agreement that spells
out the extent to which union contract provisions apply. These
agreements vary by school.9 Pilot schools are subject to external
review, but the review process to date appears to be less exten-
sive and structured than state charter reviews. No pilot school has
been closed or converted back to a traditional public school.10 Pilot

8. The pilot school model originated in Boston, but other Massachusetts dis-
tricts have begun to experiment with it. The Massachusetts Board of Elementary
and Secondary Education recently adopted a Commonwealth Pilot School option
for schools that otherwise would have been designated as underperforming un-
der NCLB. Five Commonwealth Pilot Schools operate in Boston, Fitchburg, and
Springfield.

9. See http://www.ccebos.org/pilotschools/resources/index.html for sample
agreements.

10. For more on pilot structure, see http://www.ccebos.org/pilotschools/pilot qa
.doc and http://www.ccebos.org/pilotguides/. The BTU contract in force in 2009
allowed for the creation of up to seven additional pilot schools. In 2007, two pilot
conversions were voted down, while the Boston School committee approved three
new pilots.
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schools are open to all students in the BPS district and operate as
part of the district. In the 2007–2008 school year, 6,337 BPS stu-
dents were enrolled in 20 pilot schools. Assignment to all elemen-
tary and middle pilot schools, and to two of the seven regular pilot
high schools, is through the centralized BPS choice plan, which in-
cludes a lottery when schools are over-subscribed.

Pilot teachers have characteristics between those of teach-
ers working at traditional BPS schools and charter schools, as
can be seen in columns 3 and 8 of Table I. For example, pilot
teachers are younger than traditional BPS teachers but not as
young as charter teachers. Many pilot schools share with charter
schools longer school days and years. But the BTU agreement cov-
ering pilot schools limits uncompensated overtime, as do school-
specific election-to-work agreements. This is reflected in statistics
on hours of instruction that we collected from the schools in the
lottery study. The official BPS school year runs for 180 days, with
a little over 6 hours of instruction per day, for a total of 1,110 an-
nual school hours. Annual school hours at pilot middle and high
school hours run a little longer, but still under 1,200 hours per
year. In contrast, the average charter middle school in our sample
provides 1,500 hours of instruction, whereas charter high schools
provide about 1,400 hours.11

III. EMPIRICAL FRAMEWORK

We are interested in the effects of charter or pilot school at-
tendance on student achievement. Because the effects of atten-
dance at different types of school seem likely to be an increasing
function of the time spent in school, we model score effects as a
function of years in pilot or years in charter. The causal relation
of interest is captured using equations like this one for the scores,
yigt, of student i in grade g, tested in year t:

(1) yigt = αt + βg +
∑

j

δjdij + γ′Xi + ρSigt + εigt.

The variable Sigt is the years spent in a charter or pilot school as
of the test date, counting any repeated grades, and counting time
in all charter and pilot schools, not only the ones in our lottery

11. Data on hours of instruction at charter and pilot schools come from school
websites.
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sample. The estimating equations pool grades within levels (tests
are given in 3rd and 4th grade in elementary school; 6th–8th grade
in middle school; and 10th grade in high school). The causal effect
of Sigt is ρ. The terms αt and βg are year-of-test and grade-of-test
effects, while Xi is a vector of demographic controls with coeffi-
cient γ, and εigt is an error term that reflects random fluctuation
in test scores. The dummies dij are indicators for lottery-specific
risk sets (indexed by j), described shortly.

If Sigt were randomly assigned, ordinary least squares (OLS)
estimates of (1) would capture an average causal effect of years
spent at a charter or pilot school. Because students and parents
selectively chose schools, however, OLS estimates may be biased
by correlation between school choice and unobserved variables re-
lated to ability, motivation, or family background. We therefore
use an instrumental variables (IV) strategy that exploits the par-
tial random assignment of Sigt in school-specific lotteries. Assum-
ing the applicant lotteries are fair, students who win and lose a
given lottery should have similar characteristics.

The first-stage equations for IV estimation take the form:

(2) Sigt = λt + κg +
∑

j

µjdij + Γ ′Xi + πZi + ηigt,

where λt and κg are year-of-test and grade effects. The coefficient,
π, on the instrumental variable, Zi captures the effect of the
instrument on time spent in a charter or pilot school. The instru-
ments are dummy variables indicating applicants who were of-
fered seats in charter or pilot school lotteries. IV estimates of ρ
in equation (1) can be interpreted as the weighted-average causal
response to each year spent in a charter or pilot school, where
the weights are proportional to the effect of the instrument on the
cumulative distribution function of the endogenous variable.12

In practice, the use of lottery instruments is complicated by
the fact that the odds of being offered a seat at a charter or pi-
lot school vary with the number of applications and the extent
to which an applicant’s chosen schools are over-subscribed. We
therefore control for the number and identity of schools to which
an applicant applied; this group of schools is called the applicant
risk set. For a given charter applicant, the charter risk set is the

12. For more on this interpretation, see Angrist and Imbens (1995).
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list of all lotteries to which the student applied in a given year and
entry grade, among the lotteries included in the charter lottery
analysis. Students who did not apply to any of
the charter schools included in the lottery study do not fall into
any charter risk set and are therefore omitted. The pilot estima-
tion sample includes only students who listed a pilot school first
on their BPS assignment form (few students who did not do so
end up in a pilot school). Pilot risk sets are defined by the iden-
tity of this first-choice school and the applicant’s walk-zone status.
Charter and pilot risk sets also vary by grade of entry and year of
application (the entry cohort).13

IV. DATA AND DESCRIPTIVE STATISTICS

The Massachusetts Students Information Management Sys-
tem (SIMS) contains information on all Massachusetts public
school students’ race, ethnicity, sex, reduced-price lunch status,
special education status, English-language learner status, town of
residence, and current school. These data are collected in October
and again at the end of the school year. We worked with SIMS files
for the 2001–2002 through 2008–2009 school years. The SIMS
data were used to determine how many years students spent in
a charter, pilot, or traditional BPS school. A student observed any
time during a school year in a charter or pilot school was classified
as a charter or pilot student for that year. Our analysis file was
constructed using student identifiers to merge SIMS demographic
and school history data with test scores from the Massachusetts
Comprehensive Assessment System (MCAS) database, from
spring 2002–2008. The MCAS database contains raw scores for
math, English language arts (ELA), and writing. MCAS is
administered each spring, typically in grades 3–8 and 10. For the
purposes of our analysis, scores were standardized by subject,
grade, and year to have mean zero and unit variance in
the population of students attending Massachusetts public
schools.

13. Specifically, pilot risk sets are based on the BPS assignment mechanism.
Among first-choice applicants to a given pilot school, admission priority is ran-
domly assigned, with lotteries run separately for students who live inside and
outside the school’s walk-zone. Pilot risk sets are therefore generated by the in-
teraction of the four variables indicating the student’s first-choice pilot school,
walk-zone status for that school, and the year and grade of application.
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IV.A. Lottery Procedures and Sample Coverage

The main data source for this study is our matched sample
linking MCAS and SIMS data to applicant records from charter
school lotteries.14 Each charter school collects applications and
runs an admissions lottery in years in which the school is over-
subscribed. Siblings of students already attending the school are
guaranteed a seat, as are students continuing from earlier grades,
so these groups are omitted from the lottery analysis.

In preparation for this study, we contacted all operating
charter schools in Boston and asked for current and past lottery
records. This resulted in a set of five middle schools and three
high schools with usable records from over-subscribed lotteries.
Online Appendix Table A.1 details the universe of Boston char-
ter schools and the applicant cohorts included in our study, along
with notes explaining why schools or cohorts were omitted. Of the
four charter schools with elementary grades, three had no usable
records. A fourth K–8 school had records for a cohort of sixth-
grade applicants and is included in the middle school sample. Of
10 currently operating charter schools that enroll middle school
students, 5 contribute to the lottery analysis. Two charter mid-
dle schools closed before or while our study was under way; one
was under-subscribed. One of the excluded middle schools was too
new to contribute outcome data, and four had inadequate records.
Two of the omitted middle schools admit primarily in elementary
grades in any case.

Among the four operating charter schools admitting students
at the high school level, three contribute to the lottery analysis.
The fourth, Health Careers Academy (HCA), is omitted because
the lotteries at this school appear to have been substantially
nonrandom, with marked imbalances in baseline scores between
winners and losers. A case could be made for excluding this school
anyway: HCA is a Horace Mann Charter school that operates
under somewhat different rules than regular Massachusetts char-
ters (known as Commonwealth charters) and pilots. (Our working

14. Records were matched using applicants’ names as well as year and grade
of application. Gender, race, town of residence, and date of birth were used to re-
solve ambiguities. We matched 93.0% of charter applicants at the middle school
level (93.6% of those admitted and 92.4% of those not admitted) and 95.8% of ap-
plicants at the high school level (95.8% of those admitted and 95.9% of those not
admitted). Additional information related to the construction of analysis files ap-
pears in the Online Appendix (Appendix Table A.2 spells out our sample selection
criteria).
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paper, Abdulkadiroglu et al. 2009, reports results including HCA
and discusses the difference between Horace Mann and Common-
wealth charter schools.) Two schools with high school grades admit
only in middle school and are therefore included in the middle
school sample. Two charter high schools closed before or during
our study (one was under-subscribed). We also omit charter high
schools that focus on nontraditional, older, or working students.

Students can apply to as many charter schools as they like;
charter school lotteries are statistically and administratively in-
dependent. Applicants may therefore be accepted or wait-listed
at more than one school. When admitted students decline a seat,
slots open up for additional offers farther down the lottery list.
Thus, some students are offered spots immediately, whereas oth-
ers may be offered seats closer to the beginning of the school year.
This fact allows us to construct two charter instruments: initial
offer and ever offer. Initial offer is a dummy set to 1 if a student is
offered a seat at one of the schools in the applicant’s charter risk
set at the time of the lottery, while ever offer also counts offers
made later. Suppose, for example, that 200 applicants apply for
100 seats. All applicants are sequenced in the lottery and the first
100 receive an initial offer in March, the day of or the day after the
lottery. Because some students decline offers or cannot be located,
an additional 50 are offered seats in August. Thus, 150 are coded
as having ever received an offer.

The validity of the offer instruments turns in part on the com-
pleteness of school lottery records. We attempted to recover orig-
inal sequence numbers and initial-offer data as well as ever-offer
data. However, the complete sequence was not always available,
and the initial-offer instrument cannot be constructed for some
cohorts in some schools; see Online Appendix Table A.1 for details.
We cannot be sure that each school’s lottery data are complete or ac-
curate. But the offer variables are highly correlated with eventual
enrollment, while the demographic characteristics and preapplica-
tion test scores of winners and losers are reasonably well balanced,
as we will show. This suggests our charter lottery reconstruction
effort was successful though, for reasons discussed below, we prefer
themorecompleteandpossiblymorereliableever-offerinstrument.
The Online Appendix includes an anonymized school-by-school
lottery audit showing how lottery records were processed.

Students apply to pilot schools as part of the regular BPS as-
signment mechanism. BPS parents submit a rank order list of at
least three schools in January to obtain a seat at a new school
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in September. At each school, admission priority is determined in
part by whether the applicant is a continuing student who is guar-
anteed admission, currently has a sibling at the school, or lives in
the school’s walk-zone. Within these priority groups, students are
selected using an ordering determined by the BPS lottery number.
The BPS mechanism tries to assign as many students as possi-
ble to their top choice, using coarse priority rankings and lottery
numbers when there are more applicants than capacity.15 This
produces a system that induces random assignment with varying
probabilities, conditional on priority groups such as sibling and
walk-zone status.

Students were classified as pilot applicants if they listed a
pilot school that participates in the BPS assignment mechanism
as a first choice. Because most pilot schools are over-subscribed,
students who rank a pilot school as a second or lower choice are
unlikely to be assigned to a pilot. The BPS assignment mechanism
runs in multiple rounds, but we use information only from the first
round. Data on parents’ choices and BPS lottery numbers came
from the BPS applications database. First-choice pilot applicants
were coded as having received a pilot offer if this database shows
they were offered a seat at their first choice school in the first
round of the BPS assignment mechanism.

All elementary and middle school pilots use the BPS assign-
ment mechanism, but only two pilot high schools do so. Four others
use school-specific admissions criteria, such as musical auditions,
to select their students. One of these is a 6–12 school that was
not over-subscribed. Of the seven pilot schools that enroll elemen-
tary school students, five were over-subscribed and contribute to
the lottery study. Of seven pilot middle schools admitting sixth
graders, six were over-subscribed and contribute to the lottery
study. Of the four K–8 pilot schools, our lottery middle school sam-
ple includes kindergarten applicants from three (the kindergarten
entry grade is known as K2, the year after preschool, K1). One K–8
pilot school opened too late to contribute middle school test scores
from K2 applicants.

IV.B. Student Characteristics and Covariate Balance

Table II reports descriptive statistics for students at Boston’s
traditional schools, charter schools, and pilot schools, as well as

15. For details, see Abdulkadiroğlu and Sönmez (2003) and Abdulkadiroglu
et al. (2006).
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separate tabulations for those included in the charter and pilot
lottery samples. The racial and ethnic composition of the student
bodies attending pilot elementary and middle schools is similar
to that at traditional BPS schools: around 45% black and 30%
Hispanic. In contrast, charter schools have a higher proportion
of black students (about 70%) and a lower proportion of Hispanic
students (about 20%). Differences in racial make-up across school
types are similar at the high school level.

Roughly 85% of students at traditional Boston schools are
poor enough to qualify for a free or reduced-price lunch. Char-
ter students are not as poor; about 70% fall into this category.
The pilot school student body at middle and high schools occu-
pies a middle ground, with more poor students than at charter
schools but fewer than at traditional schools. Relatively few En-
glish language learners (also known as limited English proficiency
or LEP students) attend charter schools. For example, just over
7% of charter middle schools students are LEP, whereas the tradi-
tional Boston population is 20% LEP (pilot schools are also at 20%
LEP). Charter schools also enroll fewer special education students
than do traditional and pilot schools. Girls are over-represented
at charter schools and, to a lesser extent, at pilot schools; this is
particularly striking at the high school level, where 60% of charter
school students are female, compared to 52% at the pilot schools
and 50% at traditional schools. Importantly, however, the demo-
graphic make-up of the charter and pilot lottery samples, described
in columns 4–7 of Table II, is similar to that of the total charter
and pilot samples.

Table II also reports baseline (i.e., pre-treatment) test scores,
which are measured in elementary school for the middle school
sample and in middle school for the high school sample. For mid-
dle school students, baseline scores come from tests taken in fourth
grade; for high school students, baseline scores come from tests
taken in eighth grade. There are no baseline scores for elemen-
tary school students, since MCAS testing starts in third grade.
Baseline scores are normalized by year and subject to have zero
mean and unit standard deviation among all test takers in
Massachusetts.

At the middle school level, pilot school students have some-
what lower baseline scores than students at traditional schools,
while the baseline scores of charter students are higher than those
of students in traditional BPS schools. At the high school level,
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charter school students have higher baseline scores, averaging
about 0.5 standard deviations above those of students in tradi-
tional schools and a tenth of a standard deviation above those of
students attending pilot schools. Among charter school students
applying to lotteried middle schools, there is a baseline advan-
tage of about 0.2 standard deviations. This baseline difference
motivates a brief analysis of ability interactions and peer effects,
discussed after presentation of the main results and robustness
checks.

As a measure of lottery quality, Table III reports differences
in demographic characteristics and baseline scores between lot-
tery winners and losers. The numbers reported in the table are
regression-adjusted differences by win/loss status, where a win
means a student was offered a spot in a charter or pilot school in
the relevant risk set (this is the ever-offer instrument). The re-
gressions used to construct these estimates control only for risk
sets (year of application and the set of schools applied to for char-
ters; first-choice school, year of application, and walk-zone status
for pilots). Conditional on these covariates, offers should be
randomly assigned.

With a few exceptions, the differences in Table III are small
and statistically insignificant. There are no significant contrasts
for middle school charter applicants. Among charter high school
applicants, lottery winners are 5 percentage points less likely to
be Hispanic and about 6 percentage points more likely to be black
than losers. These differences are only marginally significant.
Among elementary pilot school applicants, lottery winners are
7 percentage points less likely to be eligible for a subsidized
lunch; among high school applicants, this comparison has the op-
posite sign. These and the other scattered marginally significant
contrasts in the table seem likely to be chance findings, a conclu-
sion supported by the F statistics at the bottom of each column,
which test the joint hypothesis that all differences in baseline
test scores and background characteristics in the column are 0.16

16. We also estimated covariate balance models restricted to students who
have follow-up data. These results, reported in Appendix Table A.5A for ever offer,
are similar to those in Table III. In a school-by-school covariate balance analysis
for lottery applicants, none of the schools included in the study have imbalance
significant at a 10% level using the ever offer instrument. As noted above, one
high school with substantial and significant imbalance at a level that seems very
unlikely to be due to chance was dropped.
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V. LOTTERY ESTIMATES

V.A. Charter School Effects

Charter middle school applicants who were offered a spot at
one of the schools to which they applied spent about a year longer
attending a charter school than applicants who were not offered
a spot. This can be seen in column 1 of Table IV (labeled “first
stage”). With perfect compliance, equal-sized cohorts, and no
dropouts or loss to follow-up, the first stage for the middle school
lotteries would be two years, since this is the average time spent
in middle school as of MCAS exams in sixth, seventh, and eighth
grade. In practice, about a fifth of lottery winners never attend
a charter school, and some lottery losers eventually end up in a
charter school (by entering a future admissions lottery, gaining
sibling preference when a sibling wins the lottery, or moving off a
waitlist after the offers coded by our instrument were made). The
first stage is also affected by the fact that some students who ini-
tially enroll in a charter school later switch, an issue we explore
further later.

Middle-school students who won a charter lottery scored about
0.25 standard deviations (hereafter, σ) higher on ELA and 0.40σ
higher in math, a result shown in column 2 of Table IV (labeled
“reduced form”).17 The two-stage least squares (2SLS) estimate
of the effect of an additional year in a charter school is the ra-
tio of reduced-form estimates to first-stage estimates. Since the
first stage is close to 1, 2SLS estimates (reported in column 3)
are similar to the reduced-form estimates, though their interpre-
tation differs. When estimated without demographic controls, the
2SLS estimates imply that ELA scores increase by about 0.25σ
for each year in a charter, whereas the per-year math effect is
0.42σ. These estimates are reasonably precise, with standard er-
rors around 0.07, showing that our research design has the power
to detect more modest effects as well. The addition of controls for
demographic characteristics and baseline scores has little effect
on the middle school estimates, as can be seen in columns 4
and 5.18

17. The results reported in Table IV and later tables pool grade outcomes
within the relevant level (e.g., grades 6–8 in middle school).

18. Students contribute multiple scores (from tests in different grades) in el-
ementary and middle school, so these standard errors are two-way clustered on
student identifier and grade-by-school-by-year. Standard errors for high school es-
timates are clustered on grade-by-school-by-year only.
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TABLE IV
LOTTERY RESULTS USING EVER OFFER INSTRUMENT

Charter Schools Pilot Schools

Basic controls 2SLS w/Additional controls Basic controls 2SLS w/Additional controls

First Reduced Demographics First Reduced Demographics
Stage Form 2SLS Demographics + Baseline Stage Form 2SLS Demographics + Baseline

Level Subject (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Elementary School ELA — — — — — 2.945*** 0.209** 0.071** 0.062** —
(0.189) (0.084) (0.028) (0.026)

N 1141 1141
Math — — — — — 2.950*** 0.110 0.037 0.033 —

(0.190) (0.085) (0.029) (0.028)
N 1139 1139

Middle School ELA 1.000*** 0.253*** 0.253*** 0.203*** 0.198*** 1.526*** 0.022 0.014 0.010 −0.041
(0.099) (0.066) (0.067) (0.056) (0.047) (0.172) (0.065) (0.042) (0.040) (0.103)

N 3157 3157 3101 4314 4314 3024
Math 0.967*** 0.401*** 0.415*** 0.376*** 0.359*** 1.450*** −0.065 −0.045 −0.041 −0.223**

(0.094) (0.065) (0.067) (0.059) (0.048) (0.167) (0.064) (0.044) (0.041) (0.090)
N 3317 3317 3258 4777 4777 3348

 by guest on September 3, 2011 qje.oxfordjournals.org Downloaded from 

http://qje.oxfordjournals.org/


A
C

C
O

U
N

T
A

B
IL

IT
Y

A
N

D
F

L
E

X
IB

IL
IT

Y
IN

P
U

B
L

IC
S

C
H

O
O

L
S

723

TABLE IV
(CONTINUED)

Charter Schools Pilot Schools

Basic controls 2SLS w/Additional controls Basic controls 2SLS w/Additional controls

First Reduced Demographics First Reduced Demographics
Stage Form 2SLS Demographics + Baseline Stage Form 2SLS Demographics + Baseline

Level Subject (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

High ELA 0.550*** 0.089 0.162 0.178* 0.265*** 0.683*** 0.005 0.007 −0.011 −0.058
School (0.154) (0.072) (0.110) (0.098) (0.076) (0.107) (0.055) (0.079) (0.075) (0.062)

N 1473 1473 1401 1034 1034 978
Math 0.543*** 0.190** 0.350*** 0.368*** 0.364*** 0.680*** 0.007 0.10 −0.033 0.021

(0.152) (0.084) (0.118) (0.114) (0.085) (0.107) (0.069) (0.099) (0.101) (0.067)
N 1455 1455 1432 1022 1022 1009

Writing 0.551*** 0.167* 0.303** 0.319*** 0.349*** 0.674*** 0.126** 0.186** 0.170** 0.158*
Topic (0.155) (0.089) (0.128) (0.120) (0.120) (0.108) (0.058) (0.086) (0.085) (0.081)

N 1461 1461 1386 1023 1023 961
Writing 0.551*** 0.106 0.192 0.214* 0.212** 0.674*** 0.108* 0.161* 0.150 0.138
Composition (0.155) (0.075) (0.116) (0.115) (0.104) (0.108) (0.063) (0.094) (0.093) (0.085)

N 1461 1461 1386 1023 1023 961

Notes. This table reports 2SLS estimates of the effect of years spent in a charter or pilot school. The instrument is an indicator for ever recieving a lottery offer. The sample
includes students with baseline demographic characteristics. All models include year of test and year of birth dummies. Middle school and elementary school models pool grade
outcomes and include dummies for grade level. Charter school models include dummies for (combination of schools applied to)*(year of application) and exclude students with sibling
priority. Pilot school models include dummies for (first choice)*(year of application)*(walk zone status) and exclude students with sibling priority or guaranteed admission. Columns
(4) and (9) report 2SLS estimates from specifications that add demographic controls, which include dummies for female, black, Hispanic, Asian, other race, special education, limited
English proficiency, free/reduced price lunch, and a female*minority interaction. Columns (5) and (10) add controls for baseline test scores. Tests are given in 3rd and 4th grade in
elementary school; 6th, 7th, and 8th grade in middle school; and 10th grade in high school. High school standard errors are clustered on year-by-10th grade school. Elementary and
middle school standard errors are clustered on student and year-by-grade-by-school.
*significant at 10%; **significant at 5%; ***significant at 1%.
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Although the reduced-form estimates for high school math
scores are smaller than the corresponding reduced-form estimates
for middle school, the high school first stage is also smaller. As
a consequence, the math score gains generated by time spent in
charter high schools are estimated to be similar to the correspond-
ing 2SLS estimates for middle school. The 2SLS estimate for high
school ELA without controls is smaller and not quite significant.
With demographic controls the estimate is a marginally signifi-
cant 0.18σ, and when baseline score controls are added, the high
school ELA effect is a fairly precisely estimated 0.27σ. High school
students also take a writing topic and composition test; here the
2SLS estimates show mostly significant gains ranging from 0.19σ
to 0.36σ.

V.B. Pilot School Effects

Our lottery-based analysis of pilot effects looks at elementary-
grade outcomes as well as test scores from middle and high school.
The impact of a pilot school offer on time spent in elementary
school is almost three years, as can be seen at the top of column 6
in Table IV. The relatively large elementary-level pilot first stage
is driven by the fact that elementary school applicants apply to en-
ter in kindergarten and are not tested until third or fourth grade.
The reduced-form effect of a pilot school offer on elementary school
scores is about 0.21σ for ELA, which generates a per-year 2SLS
estimate of 0.07σ, reported in column 8 for models without demo-
graphic controls. The reduced-form math result is smaller and not
significantly different from 0.

The estimated effect of a pilot offer on time spent in high
school is similar to the corresponding first stage for charter ap-
plicants, while the pilot middle school first stage is larger. On the
other hand, the estimated pilot effects on ELA and math scores
with no controls or demographics—both reduced form and 2SLS—
are small and not significantly different from 0. It’s worth point-
ing out that the standard errors are such that modest effects on
the order of 0.1σ would be detectable in middle school, though the
high school design has less power. Like the corresponding pilot es-
timates for middle school, the high school estimates of effects on
math and ELA scores are close to 0, though the high school pilot
results show significant effects on writing.

With addition of controls for baseline scores, the middle school
math effect is significant but negative, at −0.22σ. This is a
puzzling result in view of the fact that there is little relation
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between the pilot lottery instruments and baseline scores, so the
change in middle school math estimates cannot be attributed to
omitted variables bias. Rather, this result stems from the loss of
K–8 pilot schools in the lagged-score sample. We confirmed this
by estimating middle school pilot effects with demographic con-
trols in a sample that includes grade 6–8 middle schools only.
These (unreported) results are similar to those with lagged score
controls. Thus, grade 6–8 pilot schools appear to be weaker than
K–8 schools, at least as measured by their impact on math scores.

V.C. Robustness

As a check on the results using the ever-offer instrument,
Table V reports a similar set of results using initial offer. This is a
check on the consistency of our lottery reconstruction effort since
both instruments should be valid, though the initial offer sample
is smaller. When estimated without baseline scores, the middle
and high school results in Tables IV and V are remarkably sim-
ilar. For example, middle school estimates using the initial offer
instrument with demographic controls come out at 0.21σ for ELA
and 0.37σ for math. The addition of baseline scores pulls the mid-
dle school math effect down to 0.25σ. The initial offer estimates
for high school also come out broadly similar to the ever-offer esti-
mates, though the ELA result without controls is not significantly
different from 0. This sensitivity seems unsurprising given the
smaller initial-offer sample and the fact that covariate balance is
not as good for initial offer in the follow-up sample. This result
also accords with our impression that the reconstruction of ever-
offer status was more successful than our attempt to determine
when offers were made.19

An alternative parameterization of the ever-offer first stage
uses potential years in charter as an instrument. Potential years
counts the grades a lottery winner would spend in a charter school
when an offer is accepted and the student stays in school. A stu-
dent who does not get an offer is coded as having zero poten-
tial years. The potential-years parameterization is useful because
it generates a natural benchmark for charter and pilot student
mobility. Specifically, the potential years first-stage can be

19. Appendix Table A.5B reports covariate balance results for the initial offer
variable. Using all lottery applicants with initial offer data generates balance
results similar to those in Table III. Among charter applicants with follow-up
scores, however, the overall p-values from the joint balance F-tests range from
0.008 to 0.08.

 by guest on Septem
ber 3, 2011

qje.oxfordjournals.org
D

ow
nloaded from

 

http://qje.oxfordjournals.org/


726 QUARTERLY JOURNAL OF ECONOMICS
T

A
B

L
E

V
C

H
A

R
T

E
R

L
O

T
T

E
R

Y
R

E
SU

L
T

S
U

SI
N

G
I N

IT
IA

L
O

F
F

E
R

I N
ST

R
U

M
E

N
T

B
as

ic
C

on
tr

ol
s

2S
L

S
w

/A
dd

it
io

na
lC

on
tr

ol
s

F
ir

st
R

ed
uc

ed
D

em
og

ra
ph

ic
s

St
ag

e
F

or
m

2S
L

S
D

em
og

ra
ph

ic
s

+
B

as
el

in
e

L
ev

el
Su

bj
ec

t
(1

)
(2

)
(3

)
(4

)
(5

)

M
id

dl
e

Sc
ho

ol
E

L
A

0.
69

0*
**

0.
20

9*
**

0.
30

2*
**

0.
20

5*
**

0.
20

8*
**

(0
.0

84
)

(0
.0

60
)

(0
.0

88
)

(0
.0

74
)

(0
.0

66
)

N
26

60
26

60
26

12
M

at
h

0.
68

4*
**

0.
29

8*
**

0.
43

6*
**

0.
36

7*
**

0.
25

0*
**

(0
.0

83
)

(0
.0

61
)

(0
.0

90
)

(0
.0

79
)

(0
.0

59
)

N
27

36
27

36
26

89
H

ig
h

Sc
ho

ol
E

L
A

0.
39

9*
**

0.
04

6
0.

11
6

0.
17

9
0.

32
1*

**
(0

.1
11

)
(0

.0
55

)
(0

.1
29

)
(0

.1
21

)
(0

.1
13

)
N

14
73

14
73

14
01

M
at

h
0.

39
5*

**
0.

10
6

0.
26

8*
0.

34
1*

*
0.

43
6*

**
(0

.1
11

)
(0

.0
67

)
(0

.1
60

)
(0

.1
53

)
(0

.1
37

)
N

14
55

14
55

14
32

W
ri

ti
ng

0.
39

8*
**

0.
09

0
0.

22
7

0.
26

8*
0.

32
9*

*
T

op
ic

(0
.1

11
)

(0
.0

63
)

(0
.1

46
)

(0
.1

45
)

(0
.1

62
)

N
14

61
14

61
13

86
W

ri
ti

ng
0.

39
8*

**
−

0.
00

4
−

0.
00

9
0.

04
0

0.
02

4
C

om
po

si
ti

on
(0

.1
11

)
(0

.0
61

)
(0

.1
51

)
(0

.1
48

)
(0

.1
48

)
N

14
61

14
61

13
86

N
ot

es
.T

hi
s

ta
bl

e
re

po
rt

s
2S

L
S

es
ti

m
at

es
us

in
g

in
it

ia
lo

ff
er

in
st

ru
m

en
ts

.S
ee

al
so

no
te

s
to

T
ab

le
IV

.
*s

ig
ni

fic
an

t
at

10
%

;*
*s

ig
ni

fic
an

t
at

5%
;*

**
si

gn
ifi

ca
nt

at
1%

.

 by guest on Septem
ber 3, 2011

qje.oxfordjournals.org
D

ow
nloaded from

 

http://qje.oxfordjournals.org/


ACCOUNTABILITY AND FLEXIBILITY IN PUBLIC SCHOOLS 727

compared to the expected years spent in any middle or high school
by a typical BPS student.

The potential-years first stage, reported in columns 1 and 6 of
Table VI, shows that a middle school lottery winner spends about
0.42 years in charter for every potential year in a charter school
and 0.40 years in pilot for every potential year in a pilot school.
In high school, a charter lottery winner spends about 0.25 years
in charter for every potential year in a charter school while the
potential-year pilot first stage is 0.32. These first stages are sim-
ilar to a BPS pseudo first stage that links the time spent in any
middle or high school to potential years in that school. Specifically,
the pseudo first stage for BPS middle school is about 0.4 and the
pseudo first stage for BPS high schools is about 0.3. In addition,
Table VI shows that using potential years as an instrument yields
charter and pilot effect estimates remarkably similar to those re-
ported in Table IV.

Figure I provides evidence on the question of whether time
in charter has a cumulative effect, as is implicit in our years-
in-charter/years-in-pilot 2SLS models. These figures plot middle
school reduced-form estimates (using ever offer) by cohort and
grade. The plot starts with estimates for fourth grade, the baseline
comparison, where differences should be small.20 Not surprisingly,
treatment effects estimated at this level of aggregation are fairly
noisy, and few are individually significant. On the other hand,
the mostly increasing middle-school math reduced forms in Panel
A suggest a cumulative effect. It should also be noted that even
a flat reduced form implies an increasing second-stage estimate
because the first stage falls over time.21

Consistent with the smaller pooled estimates for ELA, the
cohort-by-grade ELA estimates in Panel B of Figure I are smaller
and noisier than those in Panel A for math. Here, too, however,
the trend in cohort-specific reduced forms is mostly up or at least

20. The sample used to construct Figure I includes applicants with baseline
scores. The reduced-form estimates plotted in the figure come from models that
include risk set and demographic controls. The Online Appendix includes a similar
plot for initial offer reduced forms.

21. As suggested by the potential years results, the grade-by-grade first stage
declines since some of those offered a seat switch out, while some losers end up
in charters down the road. As a result the first stage for “charter in eighth grade”
is only about half the size if the first stage for “any time in charter.” The same
reasoning applies to a grade-by-grade analysis of pilot reduced forms.
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FIGURE I

Charter Ever Offer Reduced Forms

These figures plot reduced-form ever offer effects by grade and 4th grade cohort
for charter applicants. The estimates in each panel come from a single regression
that includes interactions of cohort, grade and the offer variable. No 7th grade
math test was given to the 2002 cohort; this point is interpolated.

flat, implying increasing second-stage effects as charter exposure
increases. Figure II plots the corresponding cohort-by-grade
reduced-form estimates for pilot schools; these show no evidence
of an effect in any cohort or grade.

We document the impact of individual risk sets on our esti-
mates using a visual representation of IV estimates based on a
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FIGURE II

Pilot Reduced Forms

These figures plot reduced-form offer effects by grade and 4th grade cohort for
pilot 6th grade applicants. The estimates in each panel come from a single regres-
sion that includes interactions of cohort, grade and the offer variable. Regressions
include risk set and demographic controls. No 7th grade math test was given to
the 2002 cohort; this point is interpolated.

version of equations (1) and (2). Averaging equation (1) conditional
on offer status and risk set (and dropping covariates), we have

(3) E[yigt|dij = 1, Zi] = αt + βg + δj + ρE[Sigt|dij = 1, Zi].
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Differencing (3) by offer status within risk sets, this becomes

E[yigt|dij = 1, Zi = 1]− E[yigt|dij = 1, Zi = 0]

= ρ(E[Sigt|dij = 1, Zi = 1]− E[Sigt|dij = 1, Zi = 0]) .(4)

In other words, the slope of the line linking offer-status differences
in test scores within risk sets to the corresponding differences in
average years at a charter or pilot school should be the causal
effect of interest, ρ.

The sample analog of equation (4) for charter applicants’ mid-
dle school math scores appears in Panel A of Figure III. The unit
of observation here is a charter risk set. The plot excludes two
charter risk sets with fewer than five lottery winners and five lot-
tery losers. The regression line through the scatter fits well and
suggests that the charter school effect is not driven by a small
number of risk sets. The slope of the line in the figure is 0.46. The
corresponding 2SLS estimate of ρ using a full set of offer× risk set
dummies as instruments in a model without covariates is 0.45.22

In contrast, the analogous plot for pilot schools, excluding 9 small
risk sets and plotted in Panel B, shows a flatter line, with a slope
of −0.009.23

The strong achievement gains estimated here for charter
schools raise the question of whether charter attendance increases
educational attainment as well as test scores. An Online Appendix
table (A.6) reports charter and pilot effects on high school gradu-
ation rates and the probability of grade repetition. There is no
clear evidence of graduation or repetition effects, but these esti-
mates are limited to one year’s follow-up data for a single high
school cohort. A short horizon for high school graduation is prob-
lematic if charter schools are more likely than traditional public
schools to opt for grade retention when students are struggling.
In future work, we hope to follow more cohorts for a longer period,
tracking postsecondary outcomes like college matriculation and
completion.

22. Generalized least squares (GLS) estimation of the sample analog of equa-
tion (3) can be shown to be the same as 2SLS using a full set of offer × risk set
dummies as instruments (Angrist 1991). OLS estimation of (4) is not exactly 2SLS
because OLS does not weight by the number of observations in each risk set. In
practice, the results here are close to the corresponding 2SLS estimates reported
in Table IV.

23. The pilot x-axis has a wider range than that for charters because applicants
to pilot K–8 schools spend a longer time in a pilot school than applicants to grade
6–8 schools, the typical structure for charter middle schools.
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FIGURE III

VIV Estimates of Middle School Math Effects

This figure plots treatment-control differences in test score means against
treatment-control differences in years in charter (Panel A) or pilot (Panel B). The
unit of observation is a charter or pilot application risk set (N = 19 for charters and
N = 42 for pilots). The charter slope (unweighted) is 0.458, and the corresponding
2SLS estimate is 0.446. The pilot slope (unweighted) is −0.009, while the corre-
sponding 2SLS estimate is −0.007. The charter plot was produced after dropping
two risk sets with less than five students in either treatment or control. The pilot
plot was produced after dropping nine such risk sets.
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VI. THREATS TO VALIDITY

VI.A. Selective Attrition

Lottery winners and losers should be similar at the time the
lotteries are held. Subsequent attrition may lead to differences in
the follow-up sample, however, unless the attrition process itself
is also random. In other words, we worry about differential and
selective attrition by win/loss status. For example, losers may be
less likely to be found than winners, because students who lose
the opportunity to attend a charter or pilot school may be more
likely to leave the public schools altogether. Such differential at-
trition generates selection bias (although those who leave Boston
for another Massachusetts public school district should turn up in
our sample). A simple test for selection bias looks at the impact of
lottery offers on the probability that lottery participants contribute
MCAS scores to our analysis sample. If differences in follow-up
rates are small, selection bias from differential attrition is also
likely to be modest.24

Table VII reports the mean follow-up rate for lottery losers
along with estimates of win-loss differentials. Roughly 80% of
charter and pilot lottery losers contribute a postrandomization
test score. These high follow-up rates are due to the fact that
our analysis is limited to those enrolled in BPS or a Boston-area
charter school at baseline and to our use of a statewide MCAS
data set. Follow-up differentials by win/loss status were estimated
using regression models that parallel the reduced forms reported
in Table IV. Positive coefficients indicate that lottery winners are
more likely to contribute an MCAS score.

The estimated follow-up differentials for charter high school
applicants are virtually 0. Follow-up differentials for charter mid-
dle school outcomes are a little larger, on the order of 3–4 percent-
age points. Selective attrition of this magnitude is unlikely to be
a factor driving the charter results reported in Table IV.

There are virtually no attrition differentials for pilot mid-
dle school applicants. The largest differentials turn up for par-
ticipants in pilot high school lotteries, as can be seen in columns
5 and 6 of Table VII. For example, controlling for demographic

24. More formally, if attrition can be described by a latent-index model of the
sort commonly used to model discrete choice in econometrics, then selection bias
in lottery comparisons arises only if winning the lottery affects the probability of
MCAS participation. See, for example, Angrist (1997).
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characteristics, high school winners are roughly 6 percentage
points more likely to have an ELA test score than losers, a sig-
nificant effect with an estimated standard error of 2.4. But this
seems unlikely to explain our results, which show no effect on
pilot lottery winners in high school. First, the most likely scenario
for selective attrition has relatively high-achieving losers drop-
ping out. Second, the attrition differentials in this case are still
fairly small.25 Nevertheless, as a check on the main findings, we
discarded the most imbalanced cohorts to construct a sample of
charter middle school and pilot high school applicants with close-
to-balanced attrition. We then reestimated treatment effects
using this balanced sample. Attrition differentials for balanced
cohorts are reported in Online Appendix Table A.3, while the
corresponding lottery-based estimates of treatment effects are re-
ported in Online Appendix Table A.4. These results are similar to
those reported in Table IV.

VI.B. School Switching

Charter critics have argued that large achievement gains at
No Excuses charter schools are driven in part by efforts to en-
courage weaker or less committed students to leave. For example,
Ravitch (2010, 156) writes: “Schools of choice may improve their
test scores by counseling disruptive students to transfer to an-
other school or flunking low-performing students, who may then
decide to leave.” A report on charter schools in the San Fran-
cisco Bay area is widely cited as evidence in support of this claim
(Woodworth et al., 2008).

The estimates reported in Tables IV–VI are not directly af-
fected by excess withdrawals since these estimates are driven by
win/loss comparisons (the 2SLS reduced forms), without regard
to whether students enroll or stay in the charter schools where
they received an offer. Thus, the winner group includes students
who switch as well as those who stay. Likewise, the loser group
includes a few highly motivated students who succeed in enrolling
in a charter school at a later date.

At the same time, excess withdrawals by weak or unmoti-
vated students potentially boost our lottery-based estimates if

25. In a school-by-school attrition analysis using the ever-offer instrument, two
schools have marginally significant follow-up differentials of 5–7%, though only
one is significant at the 0.05 level. Three out of eight schools have initial offer
follow-up differentials significant at the 0.05 level, and one of these is significant
at the 0.01 level.
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those who leave would have been disruptive or would have gen-
erated negative peer effects. It therefore makes sense to look for
evidence of excess withdrawals. The withdrawal question is partly
addressed by Table VI, which shows that the ratio of actual to po-
tential time- in-charter is similar to the ratio of actual to potential
time in school for an average BPS student (about 0.4 for middle
school and 0.3 for high school). We add to this evidence here with
a direct look at school switching.

About 47% of charter middle school applicants and 31% of
pilot middle school applicants switch schools at some point after
the lottery in which they participated. This can be seen in the
row labeled “mean switch rate” in Table VIII. This table shows
that charter lottery winners are about 15 percentage points less
likely to switch than losers. This estimate comes from a regres-
sion model that parallels the reduced forms reported in Table IV,
where the dependent variable is an indicator variable equal to 1
if a student switched schools and the instrument is ever offer.

This lower switch rate is partly mechanical, since many char-
ter middle schools start in grade 6 whereas most regular BPS
students switch between grades 5 and 6 when they start middle
school. Some switches are driven by charter applicants who en-
ter one of Boston’s three exam schools in grade 7. Omitting any
grade 5–6 and exam school transitions, charter lottery winners
and losers experience roughly the same switch rate. At pilot mid-
dle schools, winners are less likely to switch than losers, but this
difference is not significantly different from 0.

Among high school applicants, charter lottery winners are
more likely to switch schools than losers, a marginally significant
difference of 5–6 percentage points. Excess switching comes from
a single charter high school; without applicants to this school in
the sample, the differential falls to 1–2 percentage points, while
the estimated charter high school effects are essentially
unchanged. On balance, therefore, we find little evidence to sug-
gest high mobility out of charter schools drives our main findings.

VII. ABILITY INTERACTIONS AND PEER EFFECTS

The fact that charter applicants have baseline scores some-
what higher than the BPS average motivates an analysis of treat-
ment effect heterogeneity. Specifically, we explore treatment
effect interactions with applicants’ own ability and interactions
with the ability of peers. The interaction with own ability
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addresses the question of whether charter schools do well because
they serve a relatively high-ability group. The interaction with
peer ability provides evidence on the extent to which peer effects
might explain our findings. For comparison, we report interaction
models for pilot schools as well as for charters.

The second-stage equation used to estimate models with
own-ability interaction terms looks like this:

(5) yigt = αt + βg +
∑

j

δjdij + γ′Xi + ρ0Sigt + ρ1Sigt( Bi − bg) +εigt,

where Bi is student i’s baseline score and bg is grade-specific aver-
age Bi in the sample, so that the main effect of Sigt, ρ0, is evaluated
at the mean. The vector of covariates, Xi, includes baseline scores.
The coefficient ρ1 tells us whether effects are larger or smaller as
baseline scores increase. The corresponding first-stage equations
are

Sigt = λ1t + κ1g +
∑

j

µ1jdij + Γ ′1Xi + π10Zi + π11BiZi + η1igt(6)

Sigt( Bi − bg) = λ2t + κ2g +
∑

j

µ2jdij + Γ ′2Xi + π20Zi + π21BiZi + η2igt,
(7)

so that equation (5) is identified by adding an interaction between
Bi and Zi to the instrument list.

The effect of attending a charter middle school is larger for
students with lower baseline scores, though the estimated inter-
action terms are small. This can be seen in the second column of
Table IX, which reports 2SLS estimate of ρ0 and ρ1 in equation (5).
For example, the interaction terms in column 2 imply that a lot-
tery applicant with baseline score 0.2σ below the mean is esti-
mated to have an ELA score gain that is 0.025σ higher (−0.123 ∗
−0.2 = 0.025) and a math score gain that is 0.029σ higher (−0.146∗
−0.2) than an applicant with a baseline score at the mean. None
of the estimated own-ability interaction terms for applicants to
charter high school are significantly different from 0. These re-
sults, which are similar to our estimates of own-ability interac-
tions in a KIPP middle school (Angrist et al. 2010), weigh against
the view that charter schools focus on high-achieving applicants.
There are no significant own-ability interactions from the analysis
of treatment effects in pilot schools.
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Estimates of models with peer-ability interactions were
constructed from the following second-stage equation

yigt = αt + βg +
∑

j

δjdij + γ′Xi + ρ0Sigt + ρ1Sigt( b̄(i) − b̄g) +εigt,(8)

where b̄(i) is the mean baseline score (without i) in i’s risk set and
b̄g is the mean of this variable in the sample. Applicants in risk
sets with higher scoring peers are likely to end up in charter or
pilot schools with higher scoring peers if they win the lottery. This
model therefore allows treatment effects to vary as a function of
peer quality. The corresponding first-stage equations are

Sigt = λ1t + κ1g +
∑

j

µ1jdij + Γ ′1Xi + π10Zi + π11b̄(i)Zi + η1igt(9)

Sigt( b̄(i) − b̄g) = λ2t + κ2g +
∑

j

µ2jdij + Γ ′2Xi + π20Zi + π21b̄(i)Zi + η2igt.
(10)

Note that the covariate vector, Xi, includes main effects for appli-
cant risk sets.

Contrary to the usual view of high-achieving peers, Table IX
shows that the score gain from charter middle school attendance
varies inversely with peer means. For example, students who
apply to charter schools in a risk set with peer means 0.1σ be-
low the sample mean are estimated to have an ELA gain that
is roughly 0.08σ higher, and a math gain about 0.1σ higher, for
each year spent in a charter. None of the other peer interactions
reported in Table IX are significantly different from 0, though
it should be noted that the estimated peer interactions for high
school students are not very precise. It’s also worth noting that
the strong, negative peer interactions for middle schools do not im-
ply that low-achieving peers raise other students scores. Rather,
this result tells us something about the type of charter school that
generates the largest gains. The most successful charter middle
schools in our sample serve the most disadvantaged applicants.

VIII. OBSERVATIONAL ESTIMATES

The lottery analysis uses a sample of applicants and schools
for which lotteries are relevant and well documented. We would
like to gauge the external validity of the findings this sample gen-
erates: are effects at other Boston charters and pilots similar?
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To get a handle on external validity, we computed OLS estimates
controlling for student demographics and baseline scores. Statisti-
cal controls do not necessarily eliminate selection bias, but we can
validate the observational strategy by comparing observational
and lottery estimates in the sample where both can be computed.
Where observational and lottery estimates are close, the
observational estimates seem likely to be informative for non–
lottery-sample schools as well.

The data structure for the observational analysis is similar
to that for the quasi-experimental study. Baseline scores and de-
mographics for middle school come from fourth-grade data, while
baseline scores and demographics for high school come from
eighth-grade data. The regressors of interest count years spent at-
tending a charter or pilot school at the relevant level (e.g., years
in a charter middle school), as well as time spent in an exam or
alternative school. Time in charter and pilot schools has different
effects for schools in and out of the lottery study. Specifically, the
observational estimates were constructed by fitting

yigt = αt + βg + γ′Xi + ρlcCligt(11)

+ ρlpPligt + ρncCnigt + ρnpPnigt + ρeEigt + ρaAigt + εigt,

where Cligt and Pligt measure time in lottery-study charter and
pilot schools (with effects ρlc and ρlp), Cnigt and Pnigt measure time
in nonlottery charter and pilot schools (with effects ρnc and ρnp),
and Eigt and Aigt denote years in an exam or alternative school,
with effects ρe and ρa. The sample used to estimate this equa-
tion includes students with complete demographic information,
who attended Boston schools at the time they took baseline and
follow-up tests.26

Observational estimates of the effect of time spent in lottery-
sample schools are similar to the corresponding lottery estimates,
especially for charter schools. This can be seen in Table X, which
reports estimates of charter and pilot effects using the two de-
signs. For example, observational estimates of the effects of at-
tending a charter middle school in the lottery study are 0.17σ for
ELA and 0.32σ for math. These estimates are remarkably close

26. As in the lottery analysis with baseline scores, the observational analysis
omits students who attended elementary grades in a K–8 pilot. The observational
analysis looks at middle and high schools only because there are no baseline score
data for elementary school students.
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to the corresponding lottery estimates with baseline scores (0.20σ
for ELA and 0.36σ for math). The high school estimates are also
a good match: compare, for example, ELA effects of about 0.26σ
using both designs.

The results in Table X support the notion that the observa-
tional study design does a good job of controlling for selection bias
in the evaluation of charter effects (or that there is not much selec-
tion bias in the first place). On the other hand, the table also sug-
gests that the charter schools in our lottery study are among the
best in Boston. Observational estimates of the effect of time spent
in charter schools that were not included in the lottery study are
economically and statistically significant, but only about
half as large as the corresponding estimates for lottery-sample
schools.

The observational and lottery-based analyses of pilot middle
schools both produce negative estimates in the sample that in-
cludes lagged scores. The observational results for pilot ELA are
more negative than the corresponding lottery estimates, while the
opposite is true for math. The match across designs is not as good
for pilot high schools, where the observational analysis for lottery
schools produces substantial and significant positive estimates,
while the lottery results for ELA and math are small and not sig-
nificantly different from 0 (though the match for writing is good).
The variation in pilot results across designs may be due to the fact
that the lottery estimates for pilot high schools are not very pre-
cise. It’s noteworthy, however, that the observational estimates of
pilot high school treatment effects are larger for schools used in
the lottery study than for other pilot schools.

IX. SUMMARY AND CONCLUSIONS

Lottery-based estimates of the impact of charter attendance
on student achievement in Boston show impressive score gains for
students in middle and high school. In contrast, lottery-based esti-
mates for pilot school students are small and mostly insignificant,
sometimes even negative. Although we cannot say for sure why
charter and pilot school effects are so different, a number of factors
seem likely to be important. For one thing, the student-teacher ra-
tio is smaller in charter high schools while the school day and year
are longer in both charter high schools and charter middle schools.
Charter teaching staffare also unusually young. These differences
may originate in collective bargaining agreements that make it
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relatively expensive for pilot schools to expand instructional hours
and staffing and that favor teacher seniority over classroom effec-
tiveness. In addition, most of the charter schools in our lottery
sample embrace elements of the No Excuses model, an instruc-
tional paradigm that is not common in public schools, pilot or
otherwise.

Many of the charter schools in our study aspire to boost minor-
ity achievement, so a natural benchmark for charter effectiveness
is the black-white test score gap. Among students attending reg-
ular BPS middle schools, blacks score about 0.7σ below whites in
language arts and 0.8σ below whites in math. The charter school
effects reported here are therefore large enough to reduce the
black-white reading gap in middle school by two-thirds. The even
larger estimated math gains (about 0.4σ) are more than enough
to eliminate the racial gap in math while students are in middle
school. Effects of roughly 0.2σ estimated for high school ELA and
math are large enough to close the black-white high school gap of
about 0.8σ in both subjects (assuming four years of charter high
school enrollment).

It’s worth emphasizing that the large gains reported here are
generated by charter schools with over-subscribed and well-
documented admissions lotteries. Charter schools with good
records that parents find attractive are likely to be among the
most effective. In an effort to gauge the external validity of our
lottery estimates, we computed observational estimates that rely
solely on statistical controls, with separate effects for schools in
and out of the lottery sample. Lottery and observational estimates
are similar when estimated using the same set of charter schools.
On the other hand, the observational estimates for charter schools
that contribute to the lottery study are larger than the observa-
tional estimates for other charter schools (though the latter are
still positive and significantly different from 0).

There are too few schools in the lottery study to generate an
informative comparison of specific charter models or practices.
On the other hand, the fact that most of the schools in the lot-
tery study embrace key elements of the No Excuses model sug-
gests the lottery results can be seen as particularly informative
for this approach. In line with this finding, our study of a single No
Excuses–style KIPP school also generates evidence of large gains
(Angrist et al. 2010). Likewise, in ongoing work using a larger
sample of schools from around the state, preliminary results point
to larger gains in urban schools, most of which embrace key
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elements of the No Excuses paradigm. Other charter schools seem
to generate insignificant or even negative effects (see also Gleason
et al. 2010 for evidence of heterogeneous charter effects). In fu-
ture work, we hope to provide additional evidence on the relative
effectiveness of alternative charter models.
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