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1. Introduction

Participants in centralized matching markets often have access
to outside options that the market designer cannot control. In mar-
kets that match individuals to public housing, participants may dif-
fer in their access to private housing. In markets that match kidney
recipients to deceased donors, recipients differ in their access to
family or other living donors. In markets that match job seekers
to public-sector jobs, some workers may have access to private-
sector alternatives. And so on. Using economic theory and a unique
empirical setting, this paper shows that market design choices can
exacerbate or mitigate the effect of such pre-existing inequalities
on allocations determined by the centralized system.
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We focus on an application of market design theory in which
equity is an important concern: centralized public school choice.
Students participating in the same school choice system often have
very different options outside the centralized assignment process.
These include the option to pay for and enroll in private schools,
the option to participate in parallel choice systems for different
types of schools, and the option to take a guaranteed spot in a
neighborhood school. To the extent that household income is cor-
related with access to such outside options, heterogeneous outside
options provide a channel through which socioeconomic inequali-
ties can be reflected in school assignment outcomes.

Our central argument is that manipulable mechanisms—those
that reward participants for submitting applications that do not
reflect their true preferences over schools—give participants with
better outside options an advantage inside the centralized system,
while strategy-proof mechanisms do not. We make both theoreti-
cal and empirical contributions that support this argument.

On the theoretical side, we extend the well-known school
choice model of Abdulkadiroglu et al. (2011) to include unequal
outside options. This allows us to provide a novel result about
the welfare implications of a switch from a strategy-proof to a
manipulable mechanism: we show that a student always prefers
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a manipulable mechanism to a strategy-proof mechanism if and
only if the student has an outside option. The underlying intuition
for this result is that, under a manipulable school choice mecha-
nism, access to an outside option allows students to submit appli-
cations which involve greater risks and greater rewards. As a
result, students with an outside option are more likely to attend
the most popular schools.

On the empirical side, we test the proposed relationship
between access to an outside option and manipulability. Our
model predicts that students with an outside option are more
likely to attend the most popular schools under a manipulable
mechanism (relative to strategy-proof mechanisms).

We study a unique quasi-experiment: the change from the
manipulable Boston mechanism to the Deferred Acceptance (DA)
mechanism in the New Haven, Connecticut school district in
2019. The two key features of the New Haven setting that enable
our empirical analysis are (1) that students have heterogeneous
outside options, and we can observe them, and (2) that the change
in assignment mechanism helps us infer how otherwise similar
choice participants with different outside options behave under
different assignment mechanisms. In New Haven, some pre-
Kindergarten schools allow students to continue to elementary
grades without entering the centralized choice process, while
others do not. Students in pre-Kindergartens that do not offer the
outside option to continue are administratively assigned to a
school with excess capacity if they are not placed in the centralized
process. We implement a difference-in-differences design that
compares choice behavior for students with and without the out-
side option both before and after the change from Boston to
Deferred Acceptance.

Consistent with our theoretical predictions, the change in
assignment mechanism closes the gap in rates of application to
high-quality, sought-after schools by outside option access. Under
Boston, applicants with continuation options are 18.5 percentage
points more likely to list a school in the top tercile of the achieve-
ment distribution first on their application, compared to applicants
without the continuation option. Students with the continuation
option listed a first choice school with, on average, a 0.66 SD higher
accountability score than students without the outside option.
Under Deferred Acceptance, we observe no difference in the rate
at which students list top tercile schools first, and the gap in mean
accountability score at the first-ranked school falls to 0.20 SD.
Looking across all application ranks, we find evidence that the
accountability scores of schools at each rank depend less on access
to the outside option under Deferred Acceptance than under Bos-
ton. Gaps in the popularity of first-listed schools by outside option
availability also close under Deferred Acceptance.

Taken together, our theoretical and empirical findings support a
new argument for using strategy-proof mechanisms in school
choice and other settings. Economists often find strategy-proof
mechanisms desirable because they reduce participation costs
and prevent agents from making strategic errors (Abdulkadiroglu
et al., 2006; Pathak and Sonmez, 2008), as well as because the
resulting outcome does not depend on agents’ higher-order beliefs
(Vickrey, 1961; Wilson, 1985; Li, 2017). We show that there is an
additional benefit: strategy-proofness neutralizes the effect of
inequality in outside options. In doing so, it provides market partic-
ipants with an equal opportunity to receive the most popular pub-
lic resources. This benefit of strategy-proofness may accrue even if
participation costs are small, strategic errors are unlikely, and
beliefs are accurate. Given the centrality of equity concerns in
the public education context and the continued widespread use
of manipulable school choice mechanisms around the world
(Neilson et al., 2019) our results constitute a key contribution to
debates over the design of centralized school assignment systems.
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Our paper builds on prior studies that have presented welfare-
and equity-based arguments in favor of certain (classes of) school
choice mechanisms. For example, Abdulkadiroglu et al. (2006) and
Pathak and Sonmez (2008) have argued that Deferred Acceptance
‘levels the playing field,” in the sense that it is less likely to disad-
vantage unsophisticated students.! The results in Ergin and Sénmez
(2006) similarly support Deferred Acceptance, but on efficiency
grounds. Abdulkadiroglu et al. (2011) provide a welfare argument
in favor of the Boston mechanism instead. We contribute to this line
of research by characterizing the welfare implications of unequal
outside options in a more general version of the model in
Abdulkadiroglu et al. (2011). Our main theoretical result shows that
with inequality in outside options their argument in favor of the Bos-
ton mechanism may not hold.?

Our theoretical analysis is related to Calsamiglia et al. (2021)
and Shorrer (2019). Although these papers use different models
and do not characterize welfare consequences, they deliver similar
predictions about application behavior to ours. Calsamiglia et al.
(2021) study how private school options affect sorting under the
Boston mechanism, using a model that endogenizes school quality
as a function of peer quality. They find that the Boston mechanism
leads to increased segregation by private school access, as com-
pared to the Deferred Acceptance mechanism. Shorrer (2019)
develops a search-theoretic framework to study school choice
application behavior and similarly shows that segregation may
arise endogenously under certain manipulable mechanisms. Our
model is different from (and simpler than) both of these studies.
Because we are solely concerned with the role of outside options,
we abstract from the details of education production and search
for schools.

The similarity of predictions on application behavior across the-
oretical frameworks underscores the importance of our second
main contribution, which is to test these predictions empirically.
Our setting for this is ideal. Directly observing a change in assign-
ment mechanism is rare in the empirical literature, despite a large
set of papers that consider the effects of mechanism changes on
welfare using simulation-based approaches (De Haan et al., 2015;
Agarwal and Somaini, 2018; Kapor et al., 2020; Calsamiglia et al.,
2020). We are aware of two papers that report what happened
before and after an observed change in a school assignment mech-
anism. The first is Pathak (2017), which documents changes in
first-place assignment shares following Boston’s 2005 mechanism
change, and also presents descriptive statistics on changes in sub-
mitted applications following a 2009 mid-process change in the
mechanism used to allocate spots in Chicago exam schools. The
second is Terrier et al. (2021), which studies the effects of a mech-
anism change on school enrollment but does not use microdata on
choice applications or outside options.

Other empirical papers study outside options but not mecha-
nism changes. For example, Calsamiglia and Giiell (2018) study
how outside options affect application behavior, focusing on
changes in priority groups within the Boston mechanism. They find
that naive application behavior is associated with richer and better
educated parents. This finding is consistent with the predictions of
our model, since we would generally expect higher-income stu-
dents to have access to private-school outside options. Our focus
on the interaction between outside options and mechanism design
also contrasts with Kapor et al. (2020), which considers the equity
impacts of changes in aftermarket options holding the (strate-

1 Babaioff et al. (2018) show that this result relies on schools’ strict priorities—with
coarse priorities, the results can go either way.

2 We maintain the assumption from Abdulkadiroglu et al. (2011) that schools have
no priorities over students. Troyan (2012) points out that relaxing this assumption
can similarly change the welfare implications of switching between the Boston
mechanism and Deferred Acceptance.
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gyproof) mechanism fixed. Compared to this work, we highlight
the importance of the assignment mechanism itself for determin-
ing the effects of outside options on choice behavior.

Stepping back, our analysis supports a novel and empirically sub-
stantiated equity-based argument in favor of strategy-proof school
choice mechanisms. Like Abdulkadiroglu et al. (2006) and Pathak
and Sonmez (2008), this argument favors Deferred Acceptance.
However, in their models less privileged students are less sophisti-
cated agents, thus they are less likely to strategize. In our model, stu-
dents without the outside option are more likely to strategize, which
is corroborated by the evidence from our empirical setting.

2. A school choice model with unequal outside options

This section lays out a simple model and derives novel theoret-
ical results that motivate our empirical analysis. A simple example
illustrates the key intuition before we state the more general model.

2.1. An illustrative example

Consider a setting with three schools, {s1,5,,53} for which seats
are assigned through a centralized mechanism, and one outside
option school, s,. There is a continuum mass 1 of students, half
of whom have access to s,. Students know their own types, but
have only probabilistic knowledge of others’ types. Each school
in the centralized system has capacity q = 1/4, and ties are broken
uniformly at random. All students agree on the desirability of the
schools in the centralized system. However, students with the out-
side option only prefer s; over being unassigned (their preferences
over assignments are s; = & = s, = s3), while students without an
outside option would prefer s, and s; over being unassigned (their
preferences are s; = s, = s3 = ). We restrict attention to the case
where students without an outside option have the same cardinal
valuations: their valuation of attending s; is z;. We assume
vy =1, v, = v for some v >, and v3 = 0.

Comparing outcomes under two well-known school choice
mechanisms—student-proposing Deferred Acceptance and the
Boston mechanism—illustrates how outside options interact with
manipulability. Under Deferred Acceptance, all students report
truthfully, which leads to the following probability distribution
over outcomes:

School $1 S2 S3 So

Outside 1/4 0 0 3/4
option

No outside 1/4 1/2 1/4 0
option

Under the Boston mechanism, students with the outside option
do not have an incentive to misreport their preferences, but stu-
dents without the outside option do. To see why, suppose everyone
is truthful. Then the utility of a student without an outside option
is 1+2 Then a student without an outside option can report
Sy = S1 = S3 = ¢ as her rank-order list. Since she is the only student
who has done that, she will get admitted to s, with probability one,
and get a utility of v, which is greater than the utility of truthful
reporting since v > 1.

To characterize the Nash equilibrium, note that each student
without the outside option has two pure strategies available to
him: to be truthful and report s; = s, = s3 = ¢, or to be strategic
and report s, = s; = s3 = . Then, solving for the symmetric (Baye-
sian) Nash equilibrium, we can show that the probability of report-
ing truthfully is
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When students without the outside option assign a positive proba-
bility to the non-truthful strategy, they decrease their likelihood of
enrolling in s;, which, in turn, increases the likelihood of students
with the outside option being offered a seat at s;. On the other hand,
in any symmetric equilibrium, students without the outside option
can never increase their likelihood of being accepted to s,, relative
to their likelihood of acceptance under Deferred Acceptance,
because they are not competing for seats with students who have
access to the outside option. As a result, competition among stu-
dents without the outside option only increases their likelihood of
going to s3 at the cost of decreasing their likelihood of going to s;.
Manipulability makes students with the outside option better off,
and students without the outside option worse off, relative to a
strategyproof mechanism.

In this example, the manipulability of the Boston mechanism
makes it more likely that students with the outside option attend
the most popular school, and makes them better off, at the expense
of students without the outside option.

2.2. Model

We now generalize the intuition from the simple example in the
previous section in two ways. First, we consider strategy-proof ver-
sus general manipulable mechanisms, going beyond the compar-
ison between Deferred Acceptance and the Boston mechanism.
Second, we allow for more general preferences over M > 3 schools.
Our model extends the model in Abdulkadiroglu et al. (2011) by
allowing for unequal outside options. We retain their assumption
that students share ordinal preferences over schools. This assump-
tion captures the idea that schools are mainly vertically differenti-
ated, but we note that it is quite restrictive, and, as in
Abdulkadiroglu et al. (2011), our findings need not be robust to
relaxing it.

As in our example, suppose there is a continuum mass 1 of stu-
dents. A student is described by his type

6 € ® = {outside option, no outside option},

distributed according to

o -{1_,

if 0 = has outside option
if 0 = has no outside option

for some 1 > 0 that is common knowledge. For ease of notation, we
use w and w/o to denote students with and without the outside
option, respectively.

There is a set of schools S = {s1,S,,---,Sy} that are part of the
centralized system, where M > 3, and each school j has capacity
0 < g; < 1. There is one school outside of the centralized system,
So, with infinite capacity. We assume schools have no priorities
over students and break ties randomly.

As in Abdulkadiroglu et al. (2011), we assume student i has
VNM utility value 2} when he attends school j, where
v = [V, vh,---, vi,, vl] is the valuation vector of student i. Each
student i draws a valuation vector ' from a finite set
v ={(v1, V2, Vm, U) €0, 1M Ny > vy > 0> U > vy >
--- > vy }. This means that all students agree on their ordinal pref-
erences, but they may have different cardinal preferences. The
probability of a valuation vector 2'e v is f(¢%), where
> ey f(v) =1. We assume f(-) is common knowledge. To make
sure that the least popular school is not irrelevant, we assume
Yjesisy @ < 1. In addition, we assume ;. .q; = 1. We assume
schools have no priorities over students and break ties randomly.
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We impose no assumption on the capacities, except that
Zf:]qj < 1, which ensures that the outside option is not irrelevant.

For a student with access to s,, the truthful rank-order list over
schools inside the centralized system is
S1 =Sy > -+-S = & = S = --- = Sy. For a student without access
to s,, the truthful ranking is s; = s, = --- = sy = .

A strategy is a mapping ¢ : ® x ¥~ — A(II), where IT is the set
of all rank-order lists of S (potentially with truncation) and A(IT)
is the set of probability distributions over I1. We focus on symmet-
ric strategies in which students (of the same type) follow the same
strategy.

An (ex ante) assignment is a matrix X = [X(6,j)], for 6 € ® and
j € S. An assignment describes the allocation of students to schools
in the centralized system. In particular, for any school s it assigns a
probability X(w;,s) to students with the outside option and a prob-
ability X(w/o,s) to students without, which represents the ex ante
probabilities that these two types of students are assigned to
school s. The  capacity constraints require that
nX(w,j) + (1 — m)X(w/o,j) < g; for allj € S. An assignment mecha-
nism (or simply, a mechanism) is a systematic procedure that
results in an assignment.

We consider the class of symmetric and monotone assignment
mechanisms that are non-wasteful, to which we refer as the class
of standard mechanisms. We call a mechanism monotone if ranking
a school higher does not decrease your chance of being admitted
there. We call a mechanism non-wasteful if no student who would
have preferred an unassigned seat from one of the schools in the
centralized system is unassigned to that seat. We call a mechanism
symmetric if it has a symmetric tie-breaking rule (i.e. ties are bro-
ken uniformly at random).

To state the main theorem, we need one more definition.

perINITION 1. A student i always prefers an assignment mechanism
A to an assignment mechanism B if he gets a weakly higher
expected utility under any symmetric equilibrium of mechanism A
than under any symmetric equilibrium of mechanism B.

We are now ready to state the main result. We prove this the-
orem in Appendix A.1.

THEOREM 1. A student i always prefers a manipulable standard
mechanism to strategy-proof mechanisms if and only if he has an
outside option.

Theorem 1 shows that the main result presented in
Abdulkadiroglu et al. (2011)—an unambiguous welfare improve-
ment from the manipulable Boston mechanisms—will not go
through for all students; only students who have an outside option
are guaranteed to be better off under manipulable mechanisms
(and the Boston mechanism, in particular). Our example in. efSec:
illustrative shows that there are plausible cases in which students
without the outside option are strictly worse off under manipula-
ble mechanisms. Is it the case that without the outside option stu-
dents are always worse off under the Boston mechanism? No—we
provide a counterexample in efEx: Boston.

exampLE 1. Suppose there are three schools in the centralized
system, each with capacity 1/3, and suppose all students value
those schools at v; = 1, v; = 0.9 and »3 = 0. Suppose there is also
a school outside the centralized system that students with the
outside option value at »¥ = 0.9 — € for some € > 0. Let = 2/3.
Then, for sufficiently small €, a symmetric equilibrium of the
Boston mechanism is for students with the outside option to report
s1 = S = &, and for students without the outside option to report
Sy = S1 = S3 = (. Note that under these strategies, students with
the outside option go to s; with probability 1/2 and to s, with
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probability 1/2, while students without the outside option go to s,
with probability 1. For sufficiently small €, no deviation can make
any student better off.

On the other hand, under Deferred Acceptance, all students go
to s; with probability 1/3 and to s, with probability 1/3. Students
without the outside option go to s; with probability 1/3, while
students with the outside option go to the outside option school
with probability 1/3. It is easy to check that all students are strictly
better off under the Boston mechanism.

While our opening example in. efSec: illustrative shows that
students without the outside option are strictly worse off under
the Boston mechanism, the previous example shows that this is
not a necessary consequence of manipulability. Whether students
without the outside option prefer Deferred Acceptance over the
Boston mechanism depends on the structure of preferences.
Inequality in access to outside options can therefore change con-
clusions about welfare improvements previously associated with
manipulable school choice mechanisms by, for instance,
Abdulkadiroglu et al. (2011), who show that in a world without
unequal outside options the Boston mechanism makes all students
weakly better off.>

3. Empirical Analysis
3.1. Setting

3.1.1. School choice in New Haven

We focus our empirical analysis on the prediction that access to
an outside option should lead choice participants to list more
desirable schools first under the Boston Mechanism but not under
Deferred Acceptance. We employ a difference-in-differences
approach in which we compare choice behavior for students with
and without an outside option, before and after the change from
Boston to Deferred Acceptance.

We study centralized public school choice in New Haven, Con-
necticut. The New Haven Public School system (henceforth NHPS)
has two features that make our empirical analysis possible. First,
we are able to identify participants in the Kindergarten choice pro-
cess who have access to schooling options outside the centralized
system. Second, we observe choice behavior under both the Boston
and Deferred Acceptance assignment mechanisms. Each of these
features is rare in empirical studies of school choice. Both are crit-
ical for evaluating predictions about behavior that relate to both
the availability of an outside option and the incentive properties
of the centralized assignment mechanism.

3.1.2. The choice mechanism and how it changed

From 2016 through 2018, NHPS assigned students to schools
using the Boston mechanism. Students could list up to four schools
on their application. In 2019, NHPS switched to a Deferred Accep-
tance mechanism.? As part of this change, choice administrators
conducted outreach with the goal of communicating to choice par-
ticipants that, under the new mechanism, the best approach was
to list the schools you like in the order that you like them.

Under both the Boston and Deferred Acceptance mechanisms,
schools had coarse preferences over students determined by neigh-
borhood, sibling, and zip-code priority groups, with ties broken by
random lottery draws. An important feature of the choice process
in elementary grades is that students do not have neighborhood

3 In the appendix, we describe conditions such that students without an outside
option always prefer the Deferred Acceptance mechanism to the Boston mechanism.
4 The change to Deferred Acceptance took place in consultation with researchers
and was based in part on evidence presented in Kapor et al. (2020) that the change
would likely be welfare-improving; see New Haven Independent (2019) for details.
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schools as outside options. Students wanting to attend a school in
their zoned neighborhood must list that school on their choice
application. Students who are not placed are administratively
assigned to schools with excess capacity.

The initial switch to Deferred Acceptance in 2019 did not coin-
cide with other changes to the choice environment. Students used
the same online choice platform, were permitted to rank the same
number of schools, and had access to the same official sources of
information about school attributes and admissions outcomes. In
2020, the second year following the switch to Deferred Acceptance,
there were two meaningful changes in choice policy. First, the num-
ber of schools students were permitted to rank rose from four to six.
Second, NHPS conducted an information intervention that warned
applicants submitting lists for which the predicted risk of non-
placement was high.” To ensure that results we attribute to the mech-
anism change are not caused by these other 2020 policies, we supple-
ment our main analysis of the full 2016-2020 period with additional
specifications that exclude data from the 2020 application cycle.

3.1.3. Outside options and centralized choice

We identify students with options outside the centralized
choice system using a unique feature of the Kindergarten choice
process in New Haven. In New Haven, some elementary schools
start in pre-K, while others start with Kindergarten. There are also
stand-alone preschools that offer pre-K but are not affiliated with
an elementary school. Students enrolled in pre-K at elementary
schools have the option to continue on to Kindergarten at their
school without going through the centralized choice process. Stu-
dents enrolled in standalone NHPS pre-Ks or students entering
NHPS for the first time in Kindergarten do not have this continua-
tion option. If students with the continuation option want to
switch schools—for example, to a school that does not offer pre-
K—they must enter the centralized choice process.

Our empirical analysis compares the Kindergarten choice
behavior of students with and without the option to continue at
their current school, before and after the switch to Deferred Accep-
tance. There are two important things to understand about this
environment. The first is why a family might want their child to
change schools for Kindergarten when that student has the option
to continue at their current school. In New Haven, some of the
most sought-after schools do not enroll students before Kinder-
garten. These schools include the Achievement First charter school
and the zoned neighborhood schools with the highest state
accountability scores.

The second is how our setting relates to the theoretical model
and to other settings in which heterogeneous outside options
might affect choice behavior. We believe the theoretical exposition
carries over well. The option to continue at one’s current school
eliminates the risk of being administratively assigned to a school
with excess capacity (which may be very undesirable) if a student
is not placed through the centralized process. Because this is a pub-
lic outside option, students who have access to it are likely quite
different from students with access to private outside options in
this and other districts. Students with continuation options in
our setting are likely more similar to students with other kinds
of public outside options.

3.1.4. Describing schools

We use state accountability scores to measure vertical differen-
tiation across schools. We focus on the headline school-level
scores, which are weighted averages of a number of academic
and non-academic subscores. We take school score data for the

5 In practice, this intervention caused applicants to add schools to lengthen their
applications, which is not an outcome we study here. See Arteaga et al. (2021) for
details.
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Fig. 1. Share of first choice applications by accountability score. This figure shows
the share of first-choice applications in 2019 (vertical axis) by school-level
accountability scores (horizontal axis). See Section 3.1 for details.

years 2014 through 2018, compute the mean value for each school
over the period, and then standardize values in the sample of
schools offering Kindergarten to have mean zero and standard
deviation one. In some of our analyses we use a binary classifica-
tion of schools as “high achieving,” a designation that includes all
schools in the top tercile of the application-weighted sample of
the school achievement distribution.

The schools identified as high achieving schools via this metric
correspond roughly to those perceived as most desirable by district
families participating in Kindergarten choice. Fig. 1 plots account-
ability scores (on the horizontal access) against the share of first-
choice Kindergarten applications each school receives (on the ver-
tical axis).® The six schools in the high achieving group include the
five schools receiving the most Kindergarten applications. The
schools with the highest accountability scores include the neighbor-
hood schools in the highest-income neighborhoods, and the Achieve-
ment First No Excuses charter school branches.

3.2. Empirical strategy

We use a difference-in-differences approach to evaluate how
the change to a Deferred Acceptance assignment mechanism
affects the gap in application behavior between students who have
outside options and students who do not. Our core specifications
take the form

Yic = Bo + $100; + ,DA; + 500; x DA, + X3, + ey, (1)

where Y, is the outcome of interest for individual i in year t, 00; is
an indicator equal to one if i has an outside option, DA; is an indica-
tor equal to one if the choice mechanism in year t is Deferred Accep-
tance, and x; is a set of predetermined covariates that we allow to
vary across specifications. The coefficient of interest is 5, the effect
of the interaction between the mechanism and outside option avail-
ability. g5 captures the effect of switching from the Boston Mecha-
nism to the Deferred Acceptance for students who have an outside
option. The outcomes we consider are descriptors of achievement
levels at and the popularity of the first-listed school on a student’s
application. We estimate these specifications in the sample of stu-
dents enrolled in NHPS pre-Ks who participate in the Kindergarten
choice process.

8 Application shares reported here are for 2019, the first year of Deferred
Acceptance assignment. Patterns in other years are similar. See Online Appendix B.
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Table 1
Sample descriptives of NH PreK4 students.
Boston DA
All All in K Lottery 0O in K Lottery No OO in K Lottery All All in K Lottery 0O in K Lottery No OO in K Lottery
. Demographics
Tract poverty rate 0249 0.254 0.218 0.257 0.251 0.255 0217 0.259
Female 0477 0476 0.395 0.482 0.489 0.500 0.537 0.496
Black 0452 0437 0.661 0.420 0.417 0.406 0.575 0.388
White 0.105 0.088 0.113 0.086 0.105 0.099 0.163 0.092
Hispanic 0.443 0475 0.226 0.494 0.479 0.495 0.263 0.519
Special education 0.106 0.103 0.129 0.101 0.146 0.124 0.087 0.127
1I. Choice participation
Participate in K lottery 0.666 1.000 1.000 1.000 0.578 1.000 1.000 1.000
Has 00 0.238 0.068 1.000 0.000 0.283 0.094 1.000 0.000
Participate if 0O 0.191 0.192
Participate if No 0O 0.815 0.731
List high scoring school 1% 0.352 0.524 0.339 0.322 0.325 0.322
1%t _listed school quality 0.409 1.024 0.365 0.321 0.499 0.303
15t-listed school demand share 0.041 0.055 0.040 0.042 0.043 0.042
III. Placements
Any placement 0.963 0.879 0.969 0.958 0.887 0.965
Placement at high scoring school 0.278 0.371 0.271 0.295 0.287 0.296
N 2734 1822 124 1698 1471 850 80 770

This sample includes all students that are enrolled in a NHPS Pre-K school and eligible to apply to Kindergarten between 2016 and 2020. The panel includes students who
apply (or could have applied) to Kindergarten between 2016 and 2018, when the Boston mechanism was in place. The DA panel includes students who apply (or could have

applied) between 2019 and 2020. See text for variable definitions.

Our goal is to estimate the differential effect of outside option
availability due to the mechanism change. These specifications
produce unbiased estimates under the assumption that the out-
comes we consider— attributes of applicants’ first-listed schools—
would have evolved in parallel for students with and without out-
side options in the absence of the change. This assumption will be
violated if the characteristics of choice participants with and with-
out outside options changed differentially over time in ways that
affect the attributes of first-listed schools and are not captured
by observable covariates x;. The assumption will also be violated
if other aspects of the choice environment change in ways that dif-
ferentially affect outcomes for students with and without outside
options. We evaluate these assumptions to the extent possible in
our data as part of the analysis below.

3.3. Data

We use data on school enrollment and choice participation
between 2016 and 2020. We focus on families with four-year old
students enrolled in their final year of NHPS pre-K. These students
have the option to participate in the Kindergarten choice process.’
Table 1 presents descriptive statistics for this population. We split
the sample by the mechanism in place when these families make
their Kindergarten choices (if they make them). The left panel,
labeled “Boston,” displays statistics for students enrolled between
2016 and 2018, while the right panel, labeled “DA,” displays statis-
tics for students enrolled in 2019 and 2020.

Panel I describes student demographics. As in many urban dis-
tricts, students in New Haven come from relatively low-income
neighborhoods and are mostly non-white. Students live in Census
tracts where 25% of families are in poverty, well above the nation-
wide rate of 11%. Roughly half of students are female, and nearly
90% are Black or Hispanic, with the Hispanic share rising somewhat
from the Boston period to the Deferred Acceptance period. 10-15%
of students are designated as special education students by the
district.

Panel II describes how students participate in the Kindergarten
choice process. 67% of students participated in centralized choice

7 See Appendix B for details of sample construction.

in the Boston period, with that figure falling to 58% in the DA per-
iod. The second column of each panel shows statistics for partici-
pants in the choice process. Choice participants have similar
demographic characteristics to the full sample in both periods. In
the Boston period, 24% of all students are enrolled in pre-Ks that
give them the outside option to continue through elementary
grades. This figure rises slightly to 28% in the Deferred Acceptance
period. As expected, choice participation is much lower for stu-
dents who have the option to continue at their current school.
Roughly 19% of students with an outside option participate in
the centralized process in both the Boston and Deferred Accep-
tance periods, compared to 81% of other students in the Boston
period and 73% in the Deferred Acceptance period.

Columns three and four of each panel display statistics for stu-
dents with and without an outside option, conditional on choice
participation. In both the Boston and DA periods, choice partici-
pants with an outside option are more likely to be Black and less
likely to be Hispanic than participants without an outside option,
and students with an outside option live in Census tracts with
slightly lower poverty rates. The absence of differential selection
on observable predictors of choice behavior across periods pro-
vides support for the assumption of no differential changes that
underlies the difference-in-differences analysis.

3.4. Results

The last three rows of Panel II of Table 1 describe choice behav-
ior and placement outcomes for choice participants. Our main
difference-in-difference results can be read off of these sample
statistics. Under the Boston mechanism, 52% of choice participants
with an outside option list a high-achieving school first, compared
to 34% of students without an outside option. Under DA, the figure
is 33% for both groups. The gap in rates of listing a high-achieving
school as a first choice that we observe under Boston disappears
under Deferred Acceptance. We obtain similar findings when we
take the achievement z-score of the first-listed school as the out-
come. Under Boston, the gap in our standardized measure of school
quality between students with and without an outside option is
0.66; under DA it is 0.20.

Gaps in the popularity of first-listed schools by outside option
availability also fall. We take the share of first-choice Kindergarten
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Table 2
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Differences in the outside-option effect before and after the mechanism change to DA - K lottery participants.

List high scoring school 1%

Quality of 1st Demand share of 1st

Controls Prediction Actual -listed school -listed school
No controls

Coeff. 0.010 -0.182 -0.463 -0.014
Std. err. (0.019) (0.072) (0.189) (0.004)
Demographics

Coeff. -0.190 -0.468 -0.014
Std. err. (0.073) (0.189) (0.004)
+ school zone

Coeff. -0.195 -0.500 -0.015
Std. err. (0.072) (0.187) (0.004)
N 2672 2672 2667 2643

Results from difference-in-difference estimates of Eq. 1 for the outcome listed in each column. “Prediction” is the predicted value from a regression of an indicator for listing a
high-scoring school first on demographic covariates and school zone indicators. “Actual” is the indicator for listing a high-quality school first. “Quality of 1st-listed school” is
the standardized quality measure for the first-listed school. “Demand share of 1st-listed school” is the share of all 2019 first-choice Kindergarten applications received by the
school the student listed first. The coefficients reported are from the 0O; x DA; interaction term. Sample: students who are enrolled in a NHPS Pre-K and participated in a
kindergarten lottery between 2016 and 2020. Sample counts differ slightly between columns 2 and 3 because one school does not have an accountability score; it is included
in the left columns as a non-high-scoring school. Column 4 excludes 2020 applicants whose first choice school was new in 2020 and therefore does not have a 2019 demand

share. Robust standard errors in parentheses.

applications that each school receives (the vertical axis in Fig. 1) as
a simple measure of popularity. Under Boston, first choice schools
for applicants with an outside option were 1.5 percentage points
(37%) more popular. Under Deferred Acceptance, this gap falls to
0.1 percentage points.

Table 2 presents our difference-in-difference findings using the
regression framework given in Eq. 1. The first column shows the
estimated effect for a linear index of observable predictors of
choice behavior. We regress an indicator for listing a high scoring
school first on demographic controls and school zone indicators,
then put the predicted values from this regression on the left side
of Eq. 1.8 The resulting effect estimates are economically small and
statistically insignificant. Changes in the observable characteristics
of students with and without an outside option before and after
the mechanism change cannot explain changes in choice behavior.

The second and third columns of Table 2 report results for our
leading measures of choice behavior: an indicator for ranking a
high-scoring school first, and the standardized quality measure
for the first-listed school. The first panel of Table 2 reports results
with no controls, reproducing the difference-in-difference findings
we obtained from visual inspection of Table 1. The observed differ-
ences are statistically significant, with t-statistics around 2.5. The
second panel adds controls for gender and race/ethnicity. These
controls do not affect our point estimates or inference. The third
panel adds additional controls for each students’ neighborhood
school zone. These controls also do not affect our findings.

The fourth column of Table 2 reports results for our measure of
first-choice school popularity. Regression results again reproduce
the basic difference-in-difference findings from Table 1 and are
insensitive to controls. t-statistics are around 3.5.

Fig. 2 provides a graphical breakdown of the changing relation-
ship between outside options and choice under the Boston and
Deferred Acceptance mechanisms. The horizontal axis is the posi-
tion on the application rank list. The vertical axis displays the dif-
ference in the share of students who list a high scoring school first
by outside option access. Higher values mean that students with an
outside option are more likely to list a high-quality school at the
given rank under the listed mechanism. Under the Boston mecha-
nism, students with an outside option are 18 percentage points
more likely than other students to list a high-scoring school first
on their application and 8 percentage points more likely to list a

8 We estimate this regression in the same sample as our main difference-in-
difference specifications. The variables used for prediction are indicators for Black,
Hispanic, and female students, as well as for each school zone.
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Fig. 2. Difference in share listing a high scoring school by outside option
availability, split by application rank and choice mechanism. Bar height reflects
the difference in the share of students with an outside option who list a high-
scoring school at the given application rank and the share of students without an
outside option who list a high-scoring school at that rank. Sample: Students
enrolled in PreK4 at a New Haven Public School and participating in the NHPS
Kindergarten lottery in a year in which either the Boston or Deferred Acceptance
mechanism was in place. Under the Boston (Deferred Acceptance) mechanism 124
(80) students have the option to continue Kindergarten without application at their
PreK school and 1698 (770) students don’t have this option.

high-scoring school second. Students with and without an outside
option are similarly likely to list high-scoring schools in the third
and fourth positions. Under Deferred Acceptance, differences in
choice behavior by outside option status are near zero across all
ranks.’

Panel III of Table 1 shows that differences in applications carry
over to differences in placements. Under Boston, 37% of students
with an outside option place at high-achieving schools, compared
to 27% of students without an outside option. Under Deferred
Acceptance, this difference disappears.

9 Both panels include blank student-rank combinations (other than the first rank,
which cannot be left blank). Online Appendix Figure C1 displays rates of non-
application by rank.
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3.5. Discussion and robustness

Our difference-in-difference findings support the theoretical
prediction that, relative to Boston assignment mechanisms,
Deferred Acceptance assignment should reduce the difference
between students with and without an outside option in their
propensity to list sought-after schools at the top of their applica-
tions. Applications from students with and without an outside
option are in fact more similar in terms of school quality across
the full rank list under Deferred Acceptance than under Boston.
We discuss additional results, robustness and limitations in Appen-
dix C. Overall, we conclude that there is nearly-full convergence in
choice behavior between students with and without an outside
option once the mechanism is changed.

4. Conclusion

This paper argues that manipulable mechanisms give partici-
pants with better outside options an advantage inside the central-
ized system, while strategy-proof mechanisms do not. This
argument is supported by our theoretical analysis, which general-
izes a well-known model of school choice to include inequality in
outside options. It is also empirically substantiated, using data
from an empirical setting that has the institutional features we
need to test the proposed relationship between outside options
and manipulability.

We view our theoretical and empirical analyses as comple-
ments. The theoretical framework’s sharp predictions clarify how
to think about the role played by outside options under different
mechanisms, and point to the features needed in an empirical set-
ting to evaluate the role of outside options. However, in making the
assumptions needed to analyze the equilibrium of manipulable
mechanisms, we abstract away from some key aspects of the real
world. One might ask whether our theoretical results are valuable
in understanding the role of outside options in real-world school
choice settings. We therefore test the model’s predictions in the
empirical analysis, and find that in this real-world setting, the evi-
dence is consistent with the model’s predictions on application
behavior when switching from a manipulable to a strategy-proof
mechanism.

Our findings show that unequal access to options outside of a
centralized matching market can have distributional conse-
quences. Hence, in settings where equity concerns play an impor-
tant role, manipulability may be regarded as an undesirable feature
of centralized assignment mechanisms. We show that this is true
not just because there may be different levels of sophistication
among participants, as has previously been pointed out, but that
it is an inherent feature of manipulable designs.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jpubeco.2022.
104644.

References

Abdulkadiroglu, Atila, Pathak, Parag, Roth, Alvin E., Sonmez, Tayfun, 2006.
"Changing the Boston School Choice Mechanism: Strategy-proofness as Equal
Access.” Working paper.

Journal of Public Economics 210 (2022) 104644

Abdulkadiroglu, Atila, Che, Yeon-Koo, Yasuda, Yosuke, 2011. Resolving Conflicting
Preferences in School Choice: The “Boston Mechanism” Reconsidered. Am. Econ.
Rev. 101, 399-410.

Agarwal, Nikhil, Somaini, Paulo, 2018. Demand Analysis using Strategic Reports: An
application to a school choice mechanism. Econometrica 86 (2), 391-444.
Akbarpour, Mohammad, Van Dijk, Winnie, 2018. "School Choice with Unequal

Outside Options.” Working Paper.

Arteaga, Felipe, Kapor, Adam ]., Neilson, Christopher A., Zimmerman, Seth D., 2021.
Forthcoming. "Smart matching platforms and heterogeneous beliefs in
centralized school choice.” Quart. J. Econ..

Babaioff, Moshe, Gonczarowski, Yannai A., Romm, Assaf, 2018. "Playing on a Level
Field: Sincere and Sophisticated Players in the Boston Mechanism with a Coarse
Priority Structure.” arXiv preprint arXiv:1810.06229.

Calsamiglia, Caterina, Giiell, Maia, 2018. Priorities in school choice: The case of the
Boston mechanism in Barcelona. J. Public Econ. 163, 20-36.

Calsamiglia, Caterina, Chao, Fu., Giiell, Maia, 2020. Structural estimation of a model
of school choices: The Boston mechanism versus its alternatives. J. Polit. Econ.
128 (2), 642-680.

Calsamiglia, Caterina, Martinez-Mora, Francisco, Miralles, Antonio, 2021. Random
assignments and outside options. Soc. Choice Welfare, 1-10.

De Haan, Monique, Gautier, Pieter A., Oosterbeek, Hessel, Van der Klaauw, Bas,
2015. “The performance of school assignment mechanisms in practice.” CEPR
Discussion Paper No. DP10656.

Ergin, Haluk, S6nmez, Tayfun, 2006. Games of school choice under the Boston
mechanism. J. Public Econ. 90 (1-2), 215-237.

Kapor, Adam J., Neilson, Christopher A., Zimmerman, Seth D., 2020. Heterogeneous
beliefs and school choice mechanisms. Am. Econ. Rev. 110 (5), 1274-1315.
Kapor, Adam, Karnani, Mohit, Neilson, Christopher, 2020. "Aftermarket Frictions
and the Cost of Off-Platform Options in Centralized Assignment Mechanisms.”

Industrial Relations Working Paper Series, Princeton University 645.

Li, Shengwu, 2017. Obviously strategy-proof mechanisms. Am. Econ. Rev. 107 (11),
3257-3287.

Neilson, Christopher A., 2021. "The Rise of Centralized Mechanisms in Education
Markets Around the World.” January, Manuscript, Presented at Meetings of the
American Economic Association 2021.

New Haven Independent. 2019. "Profs Tapped To Fix School-Choice Lottery.”
https://www.newhavenindependent.org/index.php/archives/entry/
professors_school_choice_lottery/, (accessed, August 13, 2020).

Pathak, Parag A., 2017. What really matters in designing school choice mechanisms.
Adv. Econ. Econ. 1, 176-214.

Pathak, Parag A., Sonmez, Tayfun, 2008. Leveling the Playing Field: Sincere and
Sophisticated Players in the Boston Mechanism. Am. Econ. Rev. 98 (4), 1636-
1652.

Shorrer, Ran I, 2019. Simultaneous search: Beyond independent successes, pp. 347-
348.

Terrier, Camille, Pathak, Parag A, Ren, Kevin, 2021. From Immediate Acceptance to
Deferred Acceptance: Effects on School Admissions and Achievement in
England. National Bureau of Economic Research.

Troyan, Peter, 2012. Comparing school choice mechanisms by interim and ex-ante
welfare. Games Econ. Behav. 75 (2), 936-947.

Vickrey, William, 1961. Counterspeculation, auctions, and competitive sealed
tenders. J. Finance 16 (1), 8-37.

Wilson, Robert, 1985. "Game-Theoretic Analysis of Trading Processes.” DTIC
Document.

Further Reading

Abdulkadiroglu, Atila, Angrist, Joshua D, Narita, Yusuke, Pathak, Parag A., 2017.
Research design meets market design: Using centralized assignment for impact
evaluation. Econometrica 85 (5), 1373-1432.

Abdulkadiroglu, Atila, Pathak, Parag A., Schellenberg, Jonathan, Walters, Christopher
R., 2020. Do parents value school effectiveness? Am. Econ. Rev. 110 (5), 1502-
1539.

Azevedo, Eduardo M., Leshno, Jacob D, 2016. A supply and demand framework for
two-sided matching markets. J. Polit. Econ. 124 (5), 1235-1268.

Bertrand, Marianne, Duflo, Esther, Mullainathan, Sendhil, 2004. How much should
we trust differences-in-differences estimates? Quart. J. Econ. 119 (1), 249-275.

Cameron, A. Colin, Gelbach, Jonah B., Miller, Douglas L., 2008. Bootstrap-based
improvements for inference with clustered errors. Rev. Econ. Stat. 90 (3), 414-
427.

Haeringer, Guillaume, Klijn, Flip, 2009. Constrained school choice. J. Econ. theory
144 (5), 1921-1947.

Kahn-Lang, Ariella, Lang, Kevin, 2020. The promise and pitfalls of differences-in-
differences: Reflections on 16 and pregnant and other applications. J. Bus. Econ.
Stat. 38 (3), 613-620.

MacKinnon, James G., Webb, Matthew D., 2017. Wild bootstrap inference for wildly
different cluster sizes. J. Appl. Econ. 32 (2), 233-254.

Roodman, David, Nielsen, Morten @rregaard, MacKinnon, James G, Webb, Matthew
D, 2019. Fast and wild: Bootstrap inference in Stata using boottest. Stata J. 19
(1), 4-60.

Rosenbaum, Paul R, Rubin, Donald B, 1983. The central role of the propensity score
in observational studies for causal effects. Biometrika 70 (1), 41-55.

Roth, Jonathan, 2018. "Should we adjust for the test for pre-trends in difference-in-
difference designs?” arXiv preprint arXiv:1804.01208.


https://doi.org/10.1016/j.jpubeco.2022.104644
https://doi.org/10.1016/j.jpubeco.2022.104644
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0020
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0020
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0020
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0020
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0025
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0025
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0055
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0055
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0060
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0060
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0060
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0065
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0065
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0085
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0085
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0100
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0100
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0110
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0110
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0130
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0130
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0135
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0135
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0135
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0155
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0155
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0160
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0160
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0160
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0165
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0165
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0170
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0170
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0005
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0005
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0005
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0010
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0010
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0010
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0040
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0040
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0040
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0050
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0050
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0050
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0050
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0075
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0075
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0075
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0075
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0090
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0090
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0095
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0095
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0095
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0095
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0095
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0095
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0115
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0115
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0140
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0140
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0140
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0140
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0145
http://refhub.elsevier.com/S0047-2727(22)00046-9/h0145

	Centralized School choice with unequal outside options
	1 Introduction
	2 A school choice model with unequal outside options
	2.1 An illustrative example
	2.2 Model

	3 Empirical Analysis
	3.1 Setting
	3.1.1 School choice in New Haven
	3.1.2 The choice mechanism and how it changed
	3.1.3 Outside options and centralized choice
	3.1.4 Describing schools

	3.2 Empirical strategy
	3.3 Data
	3.4 Results
	3.5 Discussion and robustness

	4 Conclusion
	Declaration of Competing Interest
	Appendix A Supplementary material
	References
	bibl21
	Further Reading



