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Abstract

Fragmentation of matching markets is a ubiquitous problem across countries and across
applications. In order to study the implications of fragmentation and possibilities for integration,
we first document and discuss a variety of fragmentation cases in practice such as school choice,
medical residency matching, and so forth. Using the real-life dataset of daycare matching
markets in Japan, we then empirically evaluate the impact of interregional transfer of students
by estimating student utility functions under a variety of specifications and then using them for
counterfactual simulation. Our simulation compares a fully integrated market and a partially
integrated one with a “balancedness” constraint—for each region, the inflow of students from the
other regions must be equal to the outflow to the other areas. We find that partial integration
achieves 39.2 to 59.6% of the increase in the child welfare that can be attained under full
integration, which is equivalent to a 3.3 to 4.9% reduction of travel time. The percentage
decrease in the unmatch rate is 40.0 to 52.8% under partial integration compared to the case of
full integration. The results suggest that even in environments where full integration is not a
realistic option, partial integration, i.e., integration that respects the balancedness constraint,

has a potential to recover a nontrivial portion of the loss from fragmentation.
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1 Introduction

Many of the most consequential markets in our societies—school admissions, medical resident match-
ing, daycare placements, kidney exchanges—are matching markets, where centralized mechanisms
are often employed to improve efficiency and fairness. Over the past several decades, the field of
market design has made substantial progress in developing and implementing such mechanisms (e.g.,
Abdulkadiroglu and Sénmez (2003) for school choice, Roth (1984) for medical residency matching,
Kamada and Kojima (2023) for daycare placements, and Roth et al. (2004) for kidney exchanges).
In doing so, it has led economists to assume a dual role as both analysts and engineers (Roth, 2002).

How are those sophisticated mechanisms implemented in practice? Typically, these mechanisms
are run by individual cities, districts or institutions, and the implementation is usually confined to
narrowly defined administrative or political boundaries. These boundaries can reflect long-standing
institutional arrangements, localized funding responsibilities, or jurisdictional autonomy. Regardless
of their origins, the consequence is that agents on different sides of a boundary are matched as if
they participated in entirely separate markets—even when they live mere blocks apart.

The aim of this paper is to study the implications of fragmentation of matching markets and pos-
sibilities for integration. To do so, we begin by offering a detailed descriptive account of fragmented
matching markets in practice. We observe that fragmentation is prevalent across a variety of set-
tings globally, from public school systems and childcare allocation to medical residency assignments,
foster care placements, and public housing markets, among others. We highlight how institutional
boundaries and localized governance create fragmented, parallel markets. Each case underscores the
potential inefficiencies due to constrained choices caused by fragmentation, motivating our inquiry
into mechanisms that can integrate markets effectively.

Against this background, we then investigate public daycare assignment in Japan in detail.
Daycare services in Japan are administered by municipal governments, and children—if they wish
to attend a daycare—are typically required to attend a daycare within their home municipality. This
rule applies even when a facility just across the border is closer, more desirable, or more convenient
for the parents’ commute than any facilities in the home municipality. Although a 2018 amendment
to the Children and Childcare Act encourages intermunicipal admissions—known in Japanese as
ekkyo (literally, “crossing boundaries”) matching—, the provision of this option by municipalities
remains extremely limited. This appears to be an especially problematic feature in large urban

areas such as Tokyo, as it features a highly fragmented municipal structure in which many children



live near administrative borders and most parents commute across municipal borders.

The potential benefits of interregional coordination are easy to imagine: reduced commuting
times, better accommodation of families’ needs and preferences, and fewer unassigned children.
However, integration is not simply a matter of merging databases. Municipal governments face real
constraints—political, legal, and fiscal. In particular, daycare services are financed from municipal
budgets to a large extent, creating strong incentives for municipalities to serve only their own
residents. This fiscal structure would generate resistance to intermunicipal admission, even if such
admission is desirable from the perspective of children or aggregate social welfare. Resistance to
interdistrict transfer is neither unique to the Japanese context nor specific to daycare allocation. In
the context of school choice in the U.S., for instance, schools receive funding based on enrollment,
so school districts are concerned about sending their residents to schools outside. In Hebei province
of China, an intercity high school admission was abolished in 2024 because the system led some
cities to lose high-achieving students to schools in other cities.!

To reconcile the potential for integration with these political realities, Kamada and Kojima
(2025b) propose a new class of mechanisms that satisfy a “balancedness constraint” in a model where
students and schools are partitioned into “regions”. for each region, the number of incoming students
from other regions must equal the number of outgoing students to other regions. In the Japanese
daycare context, for instance, this constraint implies that each municipality’s burden incurred by
children coming from other municipalities would be compensated by the same number of its own
residents taken care of by daycares outside of the municipality. This paper builds on that theoretical
framework and estimates the empirical effects of both unconstrained, or “full,” integration as well
as “partial” integration by balanced matching using real-world data from two distinct geographical
settings, namely Tokyo City and Koriyama City in Japan.

We structurally estimate the preferences of children and use them for counterfactual simulations
of alternative matching mechanisms.? For Tokyo City, we use rank-ordered lists (ROLs) submitted
to Bunkyo Ward—one of the 23 municipalities in Tokyo City—in 2022 and estimate the children’s
preferences over daycare attributes, particularly focusing on the disutility of traveling, under various

behavioral assumptions.® Then, in our counterfactual analysis, we simulate the outcomes of partial

Mnterestingly, the authorities’ concerns about losing students in those two examples are in the opposite direction to
those expressed in the context of Japanese daycare allocation where the concerns are about serving outside students.
However, the balancedness constraint we adopt addresses those concerns just as well as it addresses the concern in
the Japanese daycare context.

2We acknowledge that the preferences are an aggregation of those of the family members in reality, but we use
the term “child” throughout to simplify the exposition.

3By “Tokyo City,” we refer to the collection of 23 special wards of Tokyo (called “Tokyo-to Kubu” or “Tokyo 23



integration by balanced matching. Moreover, we also simulate the outcomes under full integration,
i.e., in case a centralized clearinghouse can match children to daycares in the 23 wards of Tokyo
without the balancedness constraint.

To complement this analysis, we conduct a parallel exercise using data from Koriyama City,
which is administered as a single municipality despite covering a geographic area roughly as large as
Tokyo’s 23 wards combined. Because Koriyama’s current matching process is city-wide, we are able
to observe preferences over all available daycares. This allows us to estimate utility functions with
arguably better precision and to simulate the effects of hypothetical fragmentation—dividing the
city into districts corresponding to municipalities before they merged to form the present Koriyama
City—with separate matching processes. The analyses of Tokyo and Koriyama thus enable a two-
sided investigation: what happens when we integrate a fragmented market, and what happens when
we fragment an integrated one?

Our findings demonstrate that market integration improves outcomes, and a nontrivial portion
of the improvement under full integration can be achieved through partial integration. In Tokyo,
under intermunicipal admissions between wards, partial integration achieves 41.5% of the increase in
the child welfare that can be achieved under full integration. This is equivalent to a 3.5% reduction
in travel time in welfare terms.? Furthermore, the decrease in the unmatch rate under partial
integration is 41.9% of the one under full integration (5.5% compared to 13.1%). For Koriyama, we
run an analogous analysis, considering full and partial integration from the hypothetical status quo
of the fragmented market. We find that partial integration achieves 59.6% of the increase in the
child welfare that can be achieved under full integration, and this is equivalent to 4.9% reduction in
travel time in welfare terms. The decrease in the unmatch rate under partial integration is 52.8%
of the one under full integration (3.7% compared to 7.0%). We also quantify the extent to which
the benefit of integration is concentrated for children living near regional borders. We find that the
welfare gain is not only due to the improvement of children who live close to the boundary, but it
is spread out more widely through the seats freed up by the interregional transfer.

From a broader perspective, this paper contributes to the growing literature on matching with
constraints (Kamada and Kojima, 2015). Recent work has explored how to incorporate distribu-

tional objectives, diversity goals, and policy constraints into matching mechanisms. Our contribu-

ku”) which comprises the central urban part of Tokyo, not the Tokyo Prefecture that contains more regions than the
23 wards. Tokyo City was once a single municipality administering the area now covered by the special wards of
Tokyo, but it was divided into the current 23 wards in 1947.

1We test two specifications for partial integration, which we detail later, and here we report the numbers for one
of such specifications.



tion lies in developing and empirically evaluating a method for achieving interregional integration
in a politically feasible way. We view the balancedness constraint not only as a technical device
but as a formalization of real-world political acceptability. It allows us to design mechanisms that
are not just theoretically optimal under unrealistic assumptions but implementable in environments
where governance is decentralized and local autonomy is paramount.

Our work also contributes to the expanding empirical market design literature that estimates
participants’ underlying preferences from strategically submitted ROLs. In the daycare matching
markets of both Bunkyo Ward and Koriyama City, the number of daycares each child can rank is
capped at five and ten, respectively, as in many school choice applications. Under such constraints,
the employed mechanisms fail to be strategy-proof: children can sometimes improve their chances
of obtaining a more preferred daycare by strategically reporting their preferences. To recover under-
lying utility functions despite this strategic behavior, we utilize the framework of Fack et al. (2019)
that imposes several behavioral assumptions, such as stability of the matching, to generate moment
conditions that identify preferences without requiring a full model of belief formation. In addition to
strict truth-telling, weak truth-telling, and undominated strategies and stability assumptions they
used, we additionally introduce what we call an “optimistic expectation truth-telling” assumption,
under which children optimistically predict the cutoff scores of daycares and exclude those they be-
lieve they cannot possibly gain admission to. Overall, we estimate sixteen candidate models—each
corresponding to a different modeling assumption—to identify children’s utility parameters.> For
our counterfactual exercises, we select the best-fitting specification, which turns out to be one under
optimistic expectation truth-telling.

The remainder of this paper is organized as follows. Section 2 gives a descriptive account of
fragmentation in a variety of matching markets. Section 3 describes the institutional background
of daycare matching in Japan. Section 4 introduces the theoretical model. Section 5 presents the
data and estimation methods. Section 6 discusses empirical results. Section 7 simulates the effects
of various integration scenarios. Section 8 concludes with broader implications and directions for

future research.

SWe have four behavioral assumptions and four utility specifications, resulting in sixteen models.



2 Fragmented Matching Markets in Practice

Matching markets in the real world are often fragmented across multiple jurisdictions or institutions,
which means that separate matching mechanisms operate in parallel rather than through a single
unified clearinghouse. Such fragmentation is prevalent in many domains, leading to constrained
choices for participants and potential inefficiencies. We illustrate this phenomenon with examples
from school admissions, childcare allocation, medical residencies, foster care, and public housing,
among others, drawing on documented cases in various countries. Each example underscores how
limited integration can hinder the efficiency of outcomes and highlights recent developments or
policies in response to these challenges. We also point out that policymakers trying to integrate

matching markets often face resistance which limits the extent of integration.

2.1 School Admissions

Public school choice processes are frequently organized at a local level, with each city or district
running its own admissions system rather than a larger regional or national system (Kamada and
Kojima, 2025b,a). For instance, in the United States, children often must apply separately to
different districts and charter schools due to uncoordinated enrollment systems. In China, high
school admissions are typically administered at the city level with virtually no intercity transfers
allowed; one province (Hebei) even abolished a policy allowing intercity high school choice in 2024
due to concerns that elite students disproportionately left certain cities, thereby shutting down the
gains from a broader market. These cases illustrate how the scope of school choice is artificially
narrowed by jurisdictional boundaries and also how a fully integrated school choice system might
be difficult in practice. Still, integration has been implemented: New Orleans, for instance, runs
a centralized enrollment system called OneApp that allows children to apply to multiple schools,
including not only traditional public schools but also charter schools (Abdulkadiroglu et al., 2017).
Evidence of efficiency gain from integration has been provided by Klein et al. (2024), for instance,
who study integration of school districts in Hungary and find significant welfare improvement for
students.

To partially address fragmentation, many U.S. states have introduced interdistrict open enroll-
ment policies, allowing students to attend public schools outside their residential districts. As of

the early 2020s, 43 states had some form of interdistrict choice in place.® These programs ex-

Shttps://wuw.ecs.org/open-enrollment-policies.
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pand children’s choice sets beyond their residential district, partially integrating otherwise isolated
local matching markets. However, their effectiveness is limited, e.g., in states where open enroll-
ment is voluntary, many districts choose not to accept non-resident students or selectively admit
high-achieving applicants, exacerbating inequalities.”

From a market-design perspective, these interdistrict enrollment systems relate closely to formal
matching theory. Hafalir et al. (2022) provide a theoretical framework for interdistrict school choice,
proposing mechanisms that yield stable student assignments across district borders. They find that
conditions under which such mechanisms exist are quite restrictive. Consistent with their analysis,
interdistrict choice policies currently serve as important but only imperfect solutions to the broader

fragmentation problem in school admissions.

2.2 Childcare and Daycare Allocation

Fragmentation is also pronounced in early childhood education and childcare markets (Kamada
and Kojima, 2025b). In Japan, daycare slots are allocated separately by each municipality: for
example, Tokyo City is divided into 23 wards, each conducting its own matching process for daycare
placements. Under this local residency rule, a child is typically eligible only for daycares in their
home ward. However, many children live near ward boundaries or their parents commute across
them, so their most preferred daycare options may lie outside their residential ward. Although
attending a daycare in a neighboring municipality is legally possible, it is exceedingly rare in practice
under the current system. This means children often cannot access a nearby daycare if it falls under
a different local authority’s domain, leading to inefficient outcomes such as unfilled spots in one ward
and unmet demand in a neighboring ward. The fragmentation of childcare markets is not unique
to Japan. Major Chinese cities run kindergarten admissions at the district level, with some cities
outright prohibiting interdistrict enrollment and others allowing it only in limited circumstances.
In Beijing, for example, each of the 16 districts admits children independently; this uncoordinated
approach can result in the same child receiving multiple offers from different districts while other
children get none, a clear inefficiency of parallel matching processes. A few policymakers have
experimented with partial integration: in one notable case, the adjacent cities of Yokohama and
Kawasaki in Japan opened certain daycares to each other’s residents by reserving a quota of spots

for non-locals. While this arrangement made some intercity matching possible, the fixed quotas

7h1:1:ps ://reason.org/commentary/why-open-enrollment-laws-that-let-public-schools-reject-transfe
r-students-arent-good-enough/ and https://files.eric.ed.gov/fulltext/ED628507.pdf.
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https://reason.org/commentary/why-open-enrollment-laws-that-let-public-schools-reject-transfer-students-arent-good-enough/
https://files.eric.ed.gov/fulltext/ED628507.pdf

created their own imbalances (analogous to the Chinese college admissions quotas discussed below)
and did not fully eliminate inefficiency. Overall, the childcare domain illustrates how fragmenting
a market by locality limits children’s options and can leave capacity underutilized. Consolidating
or coordinating these matching markets—even if only partially—has the potential to improve child

welfare by widening children’s choice sets.

2.3 Medical Residency Matches

The assignment of medical residents to hospitals is another context where multiple matching mar-
kets operate in parallel. In the United States, the National Resident Matching Program (NRMP)
provides a centralized match for most residency positions nationwide. However, several specialties
historically have run matching mechanisms separately, outside of the NRMP. Ophthalmology and
urology are prime examples: rather than participating in the main NRMP system, each uses its
own matching process (the SF Match for ophthalmology and a specialty match for urology) that
runs earlier than the NRMP matching each academic year (Massenzio et al., 2023). As a result,
medical graduates interested in those fields and the fields participating in the NRMP must navi-
gate distinct matching processes with different timelines and rules. Until recently, there was also a
separate match for osteopathic medical residencies in the U.S., run by the American Osteopathic
Association (AOA). This parallel AOA match operated alongside the NRMP match for decades,
meaning osteopathic students and programs matched in a separate pool. In 2020, the two systems
were unified under a single accreditation and matching system, finally ending the split process (Al-
marzooq et al.; 2021). The existence of multiple specialty-specific matches can lead to inefficient
outcomes. For example, applicants who succeeded to match in an early specialty-specific process
might have missed opportunities in the main match because assignment across the two were not
coordinated. Similarly, residency allocation in other countries are also fragmented: for example,
until the early 2010s, the United Kingdom’s postgraduate medical training placements were handled
through regional hiring rather than a unified national match, a practice that was reformed (amid
much controversy) to a centralized nationwide system.® These examples show that even in highly
organized markets like physician labor, fragmentation along specialty or institutional lines can pose
challenges for participants. Recent moves toward integration suggest recognition of the benefits of

a unified matching market in medicine.

8See https://www.medschools.ac.uk/media/2578/aspiring-to-excellence-report.pdf for a failed attempt
at establishing a nationwide matching market in the 2000s. Since the 2010s, the U.K. has been using a national
matching system called Oriel: https://www.nwpgmd.nhs.uk/oriel and https://www.oriel.nhs.uk/Web.


https://www.medschools.ac.uk/media/2578/aspiring-to-excellence-report.pdf
https://www.nwpgmd.nhs.uk/oriel
https://www.oriel.nhs.uk/Web

2.4 Foster Care Placements

Foster care placement systems often exhibit fragmentation at the level of small administrative units.
In Los Angeles County, for instance, placements are managed by nineteen regional offices within the
Department of Children and Family Services. This sub-county fragmentation means that a child
may go unmatched in one region despite the availability of suitable foster homes in neighboring
regions, even within the same county. Such localized matching limits the scope of choice for both
children and prospective foster parents, leading to significant inefficiencies. Robinson-Cortés (2021)
analyzes this structure and finds that assigning placements at the county level, rather than within
individual regions, would successfully decrease the average number of placements per child by 8%
and reduce the average distance between foster homes and children’s schools by 54%. These findings
underscore the potential benefits of integrating placement processes across regional boundaries to
improve outcomes in foster care systems. Recognizing these challenges, some child welfare agencies
have initiated efforts to enhance intercounty cooperation and develop centralized databases of foster
families. For example, the Inter County Transfer (ICT) Protocol in California provides guidelines
to facilitate the transfer of case records for dependents between counties, aiming to streamline
processes and improve placement outcomes.? However, such initiatives are not yet widespread. For
instance, the Interstate Compact on the Placement of Children (ICPC) provides a legal framework
for interjurisdictional placements, but its implementation varies across states and often involves

complex procedures.'?

2.5 Public Housing Allocation

The allocation of public housing and housing vouchers offers another clear example of fragmented
matching in practice. In the United States, rather than a single national or even statewide system,
public housing assistance is administered through hundreds of local housing authorities, each with its
own waiting lists and selection processes: a low-income family seeking housing assistance typically
must apply separately to a waiting lists of each public housing agency (PHA) in each city or county
of interest. These lists are not integrated: a family might be on the waitlist in a city but that has no
bearing on their status in another city. Indeed, even within the same locality, PHAs often maintain

distinct waiting lists for different programs (e.g., one list for public housing units and another for

https://www.calsaws.org/wp-content/uploads/2022/01/CIT-0291-21-ICT-Communication-Protocol-Basel
ine.pdf

Yhttps://www.myflfamilies.com/sites/default/files/2025-04/ICPCY%20-%20A%20Manual%20and%20Instruc
tional’%20Guide’,20for%20Juvenile’,20and’,20Family%20Court%20Judges . pdf
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https://www.calsaws.org/wp-content/uploads/2022/01/CIT-0291-21-ICT-Communication-Protocol-Baseline.pdf
https://www.myflfamilies.com/sites/default/files/2025-04/ICPC%20-%20A%20Manual%20and%20Instructional%20Guide%20for%20Juvenile%20and%20Family%20Court%20Judges.pdf
https://www.myflfamilies.com/sites/default/files/2025-04/ICPC%20-%20A%20Manual%20and%20Instructional%20Guide%20for%20Juvenile%20and%20Family%20Court%20Judges.pdf

Housing Choice Vouchers).!! This fragmented approach can lead to misallocation in several ways.
Families might sit idle on a long waitlist in one city while public housing units remain vacant in
another city for which the family did not or could not submit an application. Applicants bear
greater burdens in managing applications across multiple PHAs or programs, which favors those
with more resources and information, thereby raising concerns about equity. Some regions have
attempted reforms: a few metropolitan areas have created centralized or joint waiting lists that
cover multiple housing authorities, aiming to give applicants a one-stop application for a broader
area. For example, a regional waiting list in the Boston area allows applicants to be considered for
public housing across several neighboring towns.'? However, such initiatives are rather rare. By and
large, public housing allocation markets remain highly fragmented. Official guidelines acknowledge
that a PHA operating across multiple municipalities may keep separate waiting lists for each locality,
though this can raise issues of fragmentation in housing allocations.'® Bloch et al. (2020) propose

mechanisms for integrated public housing assignment across multiple housing authorities.

2.6 Other Contexts

Many other matching markets exhibit similar fragmentation. A notable example is kidney exchange
for transplant patients with incompatible donors. In principle, a single exchange pool yields the
best chance to find compatible kidney donor-recipient matches. In practice, the kidney exchange
market has long been split among multiple programs and hospitals. In the U.S., several indepen-
dent kidney exchange clearinghouses operate concurrently, and numerous hospitals conduct internal
exchanges only among their own patients (Ashlagi and Roth, 2014, Agarwal et al., 2019). This
lack of integration means a patient-donor pair at one hospital might go unmatched even though a
compatible donor exists at another hospital’s registry, simply because the two pools are not merged.
The fragmentation of kidney exchange has been identified as a source of inefficiency and fewer
transplants, and efforts are underway to encourage hospitals to participate in larger nationwide
programs. Kidney exchange markets could be integrated at an international level as well, leading
to the so-called global kidney exchange. The proponents of global kidney exchange such as the
Alliance for Paired Kidney Donation in the U.S. and the European Network for Collaboration on
Kidney Exchange Programmes in Europe point out that it could achieve efficiency gain from kidney

exchanges across national borders, but opponents raise concerns such as the possibility of detracting

"https://www.hud.gov/sites/dfiles/PIH/documents/PHOG_Waiting_List_Chapter.pdf
12h'ctps ://www.section8listmass.org
Bhttps://www.law.cornell.edu/cfr/text/24/982.204
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from the transplantation community’s ethical norm of self-sufficiency (Ambagtsheer et al., 2020).

Exchange markets exist for other organs beyond kidneys such as livers and lungs (Ergin et al.,
2020, 2017). Although theoretical advancement has been made for the possibility of integrating the
markets for different organs (Dickerson and Sandholm, 2017, Watanabe, 2022, Siththaranjan, 2025)
and there are real examples in which a multi-organ exchange took place, these markets have mostly
operated independently and remain fragmented.

Similar issues arise in college admissions as well: in China’s university placement system, each
province runs its own admission quota for local and non-local students, effectively segmenting the
national higher education market by province (Kamada and Kojima, 2025b). This quota system,
while ensuring regional representation, has been noted to cause inefficiencies—some colleges cannot
fill seats with qualified students from one region even as high-scoring candidates from other regions

are rejected due to quota limits.

3 Daycare Matching in Japan

Daycare services in Japan are administered at the municipal level. Children are eligible to attend
daycares from two months old until they enter elementary school at the age of six. Parents who wish
to enroll their children in a licensed daycare—whether public or private—must submit an application
to the centralized municipal matching clearinghouse in their municipality of residence.'® Although
a 2018 amendment to the Children and Childcare Act encourages enrolling children in daycares
outside their home municipality (a practice known as ekkyo matching), most placements still occur
locally. For example, for Bunkyo Ward and Koriyama City, the two municipalities that we analyze,
6.7% and 2.8% of their applicants live outside the respective municipalities.

Each municipality conducts a matching process every month, allocating available daycare seats
to the children who made the applications.'® Yet, the majority of children are placed in one session
7

corresponding to the start date in April, which is the beginning of the academic year in Japan.!

In most municipalities including Bunkyo Ward and Koriyama City, a matching is determined

4See https://www.cmu.edu/news/stories/archives/2019/may/kidney-1liver-swap.html for a real case of a
multi-organ exchange.

5By “licensed daycare” we refer to Ninka Hoiku En, a childcare facility licensed by the prefectural governor under
the Children and Childcare Act. In the formal analysis, we simply use the term “daycare” to mean “licensed daycare.”

161f a child is not matched to any daycare, they remain on a waiting list until the next monthly matching cycle
or until a position opens up. For our analysis, we focus on a single admission process and therefore treat all such
children simply as “unmatched.”

17 Among children enrolling in daycare for the first time at their current facility, 59.2% began in April, with the
next highest month accounting for only 4.6%. See https://www.mhlw.go.jp/content/11900000/000756549.pdf.
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by Serial Dictatorship. In Serial Dictatorship, there is a single priority order over the children
in the municipality, which is strict and based on a score that reflects the family’s need for daycare
services. The child with the highest priority is matched to a daycare (or the outside option) which
she prefers most, the child with the second-highest priority is matched to a daycare (or the outside
option) which she prefers most among those that still have capacity, and so forth. The capacity of
each daycare is set for each age, and the matching process is conducted separately for children at

each age.'®

Table 1: Example of priority scores and priority orders in Bunkyo Ward

Score Breakdown

Priority Score

Order Parent 1 Parent 2 Twins/ Grandparents Residence Suborder
Employment Employment Siblings Nearby
1 31 Full-time Single parent Twins Not Nearby Resident
+10pts +13pts +2pts +1pt +5pts
2 28 Full-time Full-time Siblings in Not Nearby Resident
+10pts +10pts daycares +1pt +5pts
+2pts
3 21 Full-time Part-time (4-6 Resident Resident is
+10pts hours/day, 3 +5pts prioritized
days/week) over
+6pts commuters
1st
(in 21pts)
4 21 Full-time Attending Not Nearby Commuter 2nd
+10pts grad school +1pt +2pts (in 21pts)
+8pts
5 20 Full-time Unemployed Resident
+10pts +5pts +5pts

Notes: This table presents an example of how the priority order is determined for five hypothetical children in
Bunkyo Ward. The priority order is determined first by arranging children in descending order of their scores; if two
or more children have the same score, then a suborder is determined for those children. The suborder is determined
lexicographically using 22 criteria. For example, the first criterion is being a Bunkyo Ward resident; the second is
having no delinquency in daycare fees; the third is receiving public assistance. Additional criteria include several
detailed factors such as the length of the parents’ residency in Bunkyo Ward and the amount of income-based resident
tax paid. In practice, these criteria ensure a strict suborder among all children with the same score.

Priority criteria differ by municipality, but common factors include the parents’ employment
status (defined by hours per day and days per week), the presence of siblings already enrolled
in some facility, and the availability of grandparents who can provide childcare. Many children

19

share the same priority scores.” When multiple children have the same score, the municipality

uses additional child and family characteristics to specify a suborder. These characteristics include

18Tn what follows, when we refer to the age of a child, we consider the age as of the beginning of April.
19Tn both municipalities, more than 20% of the scores are concentrated at a single point mass. See Figure 4 for the
distribution of scores in each municipality.

12



the number of days the parents have lived in the municipality and the amount of income-based
residence tax paid in the previous year, which in practice allows no ties. The suborder based on
those characteristics is combined with the priority score to determine a strict ordering of children.
Table 1 uses a hypothetical example to illustrate how the priority order is determined by the scores
and suborders in Bunkyo Ward. For instance, a child with both parents working full-time and no
grandparents living nearby would usually receive a higher score than a child with parents having
more flexible working arrangements or grandparents available to help.

Our analysis covers two regions: Tokyo City and Koriyama City, whose locations are illustrated
in Figure 1. The two cities have similar sizes in terms of area (Table 2). However, Tokyo City is
a dense urban center, whereas Koriyama City is a less-populated suburban municipality. In the

following subsections, we outline each region’s demographic and institutional characteristics.

Koriyama City

Figure 1: Locations of Tokyo City and Koriyama City. The enlarged maps of Tokyo and Koriyama
are shown at the same scale. Tokyo City is divided into 23 wards, with Bunkyo Ward located
roughly at its center. Koriyama City is a single municipality now, while it used to be organized as
three distinct municipalities; the boundaries illustrated on Koriyama’s map represent the borders
of those former municipalities.
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Table 2: Comparison of Tokyo City and Koriyama City

Tokyo
Koriyama
All Bunkyo
Area (km?) 622.7 11.3 757.2
Population at ages 0-5 413,261 11,839 13,052
Number of daycare users 227,163 6,253 5,533
Number of daycares 2,817 127 89

Notes: The data for Tokyo City (and Bunkyo Ward) are as of 2022. Those in Koriyama City
are as of 2024.

3.1 Tokyo City

Tokyo City—the nation’s capital—is divided into 23 special wards, each operating as an independent
municipality. These wards are relatively small, 27.04 square kilometers on average, and each one
operates its daycare matching system independently. Because each ward is very small, many children
find that their closest daycare lies outside their home ward. The orange regions in Figure 2 highlight
where the nearest daycare falls beyond ward limits. Additionally, since a large number of residents
commute across ward boundaries, there may also be significant demand for intermunicipal matching
by those living far from municipal borders as well.?"

In terms of scale, the 23 wards administer over 2,800 licensed daycares in total, collectively
serving more than 220,000 children. These figures reflect the extensive demand for childcare services
in Tokyo’s urban environment and underscore the potential benefits of reducing administrative
fragmentation to improve overall childcare accessibility.

We obtained the submitted rank-ordered lists (ROLs) from Bunkyo Ward, located at the center
of Tokyo City. While our goal is to assess the impact of integrating multiple daycare markets,
it is difficult to directly observe children’s preferences over daycares outside their municipality
of residence, since such preferences are rarely elicited under the current system. To address this
challenge, we first estimate the underlying utility function using the ROL data obtained from Bunkyo
Ward. We then conduct counterfactual simulations assuming that children are also allowed to apply
to daycares outside their home ward. This enables us to evaluate the potential effects of market

integration.

29For example, in Bunkyo Ward, 65.3% of employed residents commute to jobs outside the ward, while 78.3% of
people working in Bunkyo Ward live elsewhere. Source: 2020 Population Census in Japan (2022).
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Daycares

Areas where the nearest daycare is
outside the resident's home ward

Figure 2: Location of daycares in Tokyo City. Each blue dot represents a daycare. Orange-shaded
areas indicate the places where the nearest daycare is located outside the resident’s home ward,
covering 4.29% of the population at age 0-4. Population figures are drawn from 2020 Population
Census in Japan (2022), in which population data are available only in five-year age bands (such as
ages 0-4, ages 5-9, etc.).

3.2 Koriyama City

Koriyama City is located in Fukushima Prefecture in Northeastern Japan. Its area covers about
757 square kilometers, making it similar in size to Tokyo City, which encompasses about 623 square
kilometers. Unlike Tokyo City, Koriyama City is administered as a single municipality. Thus,
despite its large territory, the city operates a unified daycare matching system under a single local
government. As of 2024, Koriyama City maintains 89 licensed daycares and provides daycare services
to 5,533 children, exhibiting overall scale and distribution very different from those found in Tokyo
City.

To understand the impact of fragmentation on daycare allocation and efficiency, we artificially
divide Koriyama City into three smaller administrative regions, each with its own daycare matching
system, much like Tokyo’s wards. More specifically, we consider a counterfactual situation in which
the city is partitioned into three regions that used to be municipalities on their own.?! Figure 3

maps the distribution of daycares across Koriyama City. The orange regions illustrate areas where

2!The former municipalities were Asaka County, Tamura County, and Koriyama City (which then occupied the
central area shown in Figure 3). These three areas used to be municipalities on their own, while the two counties
were later divided into twelve municipalities. Then in 1965, Koriyama City absorbed those municipalities from Asaka
and Tamura Counties, forming the current Koriyama City.
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e Daycares

Areas where the nearest daycare is outside
the resident's home (former) municipalities

Figure 3: Location of daycares in Koriyama City. Each blue dot represents a daycare. Orange-
shaded areas indicate the places where the nearest daycare is located outside the resident’s home
(former) municipalities, covering 11.67% of the population at age 0-4.

the nearest daycare lies beyond the former municipal boundaries.

We obtained the submitted ROLs from Koriyama City. An advantage of this dataset over Tokyo’s
is that it captures how strongly children prefer daycares outside their former home municipalities
because the city government currently runs a unified daycare matching system throughout the city.
By comparing the results of the simulated fragmentation to those of the current unified system,
it becomes possible to analyze how dividing a large municipality into smaller units affects daycare
accessibility and efficiency. This approach can help policymakers assess the potential benefits or
drawbacks of restructuring daycare admissions and inform decisions on how best to manage childcare

services in large city areas.

4 Model of Daycare Matching

This section outlines the model and the “FIG cycles algorithm” developed by Kamada and Kojima
(2025b), and relates them to our daycare matching market. Following the standard terminology in
the school choice literature, we refer to children (applicants) as “students” and daycares as “schools”

in this section.
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4.1 Model

Let there be a finite set of students I and a finite set of schools S. Each student has a strict
preference relation >=; over the set of schools and the outside option (which she receives if she is
unmatched), denoted ). For any s,s’ € SU {0}, we write s =; s’ if and only if s >=; s’ or s = §'.
Each school s has a strict priority order > over the set of students and leaving a position vacant
(which is denoted by (). For any 4,7 € T U {0}, we write ¢ > ¢ if and only if ¢ >4 i’ or i = ¢’. Each
school s € S is endowed with a capacity ¢s, which is a nonnegative integer.

School s is said to be acceptable to student ¢ if s =; (). Similarly, student ¢ is acceptable to
school s if 7 =4 (). We often write only acceptable partners to denote preferences and priorities. For
example, =;: s, s’ means that school s is the most preferred, s’ is the second most preferred, and s
and s’ are the only acceptable schools under preferences ; of student 7.

A matching p is a mapping that satisfies (i) p; € SU{0} for all i € I, (ii) pus C I and |pus| < gs
for all s € S, and (iii) for any i € [ and s € S, p; = s if and only if ¢ € us. That is, a matching
simply specifies which student is assigned to which school (if any).

A matching is individually rational if no student or school is matched with an unacceptable
partner. Given a matching u, we say that a student ¢ has justified envy to another student j if
there is a school s € S such that (i) u; = s, (ii) s >; pi, and (iii) ¢ >, j. We say that a matching
p is fair if there is no pair of students (i,j) € I? such that i has justified envy to j. Finally, a
matching o weakly Pareto dominates a matching ' if p; =; ) for every i € I, and p Pareto

dominates 1/ if © weakly Pareto dominates p/ and there exists ¢ € I such that u; >=; ).

4.1.1 Regions, Balancedness, and Efficient iBF

Each student and each school belong to exactly one region. Formally, a set of regions R is a partition

of I U S that satisfies the following conditions:
1. Each region r € R is a nonempty subset of 7 U S.
2. Regions are disjoint: 7 N7’ = ) for any r,7’ € R such that r # .

3. All students and schools belong to some region: |J,cpr=1US.
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Definition 1. A matching u is balanced if for each r € R,

Y Nili € psi vyl = {ili € pssi € 7}

ser s¢r

~
inflow to r outflow from r

As its defining equality shows, balancedness means that, for each region r, the number of students
attending a school in region r while not living in region r equals the number of students attending a
school outside region r while living in region r. Note that balancedness is not a “pairwise” concept;
that is, it does not require that for every pair of regions r and r’, the number of students who live
in 7 and are matched to a school in 7’ is the same as the number of students who live in 7’ and
are matched to a school in r. Instead, it allows for more complex exchanges involving more than
two regions. For instance, balancedness permits three-way exchanges, such as the case where two
students from region r4 attend schools in region rp, two students from rp attend schools in region
rc, and two students from r¢ attend schools in r4.

We say that a matching is an iBF if it is individually rational, balanced, and fair.

Definition 2. A matching p is said to be an efficient iBF if y is an iBF and there is no iBF p/

that Pareto dominates u.

The standard environment without the balancedness constraint can be subsumed by our model
as a special case in which there is only one region. In that case, there is a unique efficient iBF,
which corresponds to a “student-optimal stable matching.” In our setting, there may be multiple

efficient iBFs.22

4.2 FIG (Fair Improvement Graph) Cycles

We define a fair improvement graph to define our algorithm. A bipartite directed graph on I and
S, G C (IxS)U((SxI),isaset of ordered pairs of agents in I U.S. An interpretation is that
if (i,s) € G, then there is an arrow pointing from i to s. In this case, we say “i points to s.”
The case of (s,i) € G is analogous. Given a graph G, a cycle in G is any sequence of the form

(i1,81,12,82, - - -, im, Sm) such that for each k € {1,... ,m},
1. i points to sg, i.e., (i, Sx) € G,

2. s points to igy1, i.e., (Sk,ixr1) € G, where we set i,41 := i1,

228ee Example 2 in Kamada and Kojima (2025b).
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3. iy # i for all k¥’ # k, and
4. Sk 7é Skt for all &’ 75 k.

Let DY := {i € I|s =; p;} and, for any nonempty I’ C I, Tops(I') be the student i € I’ who
has the highest priority among those in I’ at .
Now we define a particular type of a graph and a cycle on it. This cycle will be used to

characterize efficient iBF as well as to define our algorithm.

Definition 3. Given a matching p, the fair improvement graph (FIG) for p is a graph such

that, for any i € [ and s € S,
1. student ¢ € I points to school s € S if i = Tops(DY) and i is acceptable to s, and

2. school s € S points to student ¢ € [ if either

(a) pi=s, or

(b) |us| < gs and, [ is in the same region as s and u; = @] or p; is in the same region as s.
A fair improvement graph cycle (FIG cycle) on p is a cycle in the FIG for u.

Given a matching p and a cycle of the form F = (i1, 81,42, 82, .., im, Sm), call i/ the matching

generated by (i, F) if
pi, = s for each k € {1,...,m}, and p; = p; for all j € I'\ {i1,...,im}

Let i1 be an arbitrary iBF (note that the existence of an iBF is guaranteed as, for instance, the

empty matching is an iBF). We define a FIG cycles algorithm starting from i as follows.

FIG Cycles Algorithm on i

Step 0: Let u° = ji and go to Step 1.

Step [ (I > 1): If there is no FIG cycle on p!~!, terminate the algorithm and output pu'~?!.
Otherwise, choose a FIG cycle F on p!~! arbitrarily and let x' be the matching generated by
(u'=1, F), and go to Step [ + 1.

Intuitively, the FIG cycles algorithm works as follows. It starts with an arbitrary iBF, such as
the empty matching. Then, it runs a FIG cycle, which, when implemented, improves the welfare of
the students involved, while preserving the fairness and balancedness and leaving the match of the

other students intact. The algorithm keeps implementing such a cycle until there remains no such
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cycle. Kamada and Kojima (2025b) show that the FIG cycles algorithm starting from any iBF [
runs in polynomial time, and its output is an efficient iBF which weakly Pareto dominates f.
We call a mechanism a FIG cycles mechanism if, for any given student preference profile, it

outputs the outcome of a FIG cycles algorithm on some iBF.

4.3 Relationship to Daycare Matching

In this subsection, we relate the basic model outlined above to the daycare matching market in
Japan.

Let A:=1{0,1,2,3,4,5} denote the set of possible ages. The set of students I is partitioned into
subsets Iy, I, ..., I5, each containing students of the respective age.

Each school has a predetermined capacity for each age a € A. These capacities are exogenous
within the matching process. Importantly, under the current system, schools are not allowed to use
vacant capacity from one age to admit students of another.?? Consequently, we model this situation
by hypothesizing that each school is divided into six distinct schools corresponding to six different
ages.

Formally, we partition the set of schools S into subsets Sy, 51, ..., S5, with each subset including
hypothetical schools specific to their respective ages. Each of those hypothetical schools has the
capacity that the associated original school has determined for the corresponding age. For each

a € A, each student i € I, finds all schools not belonging to S, unacceptable.

4.3.1 Cross-age Regions and Age-specific Regions

In our counterfactual analysis of the Japanese daycare market, we consider two scenarios, corre-
sponding to two political constraints that seem plausible. In one of those scenarios, for each region,
the inflow and outflow of students must be equal to each other for each age, while in the other,
the balance is required only for the students of all ages combined. In this subsection, we describe
how those two scenarios can be mapped to the model we have introduced. Let R denote the set of
regions, where each region is the union of the set of students and schools in a municipality. The
regions in R are called cross-age regions.

In contrast, we also define age-specific regions, where each region is defined as the union of

23While utilization of vacant capacity from a different age group is rarely practiced, it is legally permitted and its
possibility has been explored by Kamada and Kojima (2023).

20



the set of students of a given age and the set of schools corresponding to that age in a municipality:

N

R:{Tﬂ(IaUSa)TER,aEA}.

Regarding balancedness, the age-specific region setting imposes stricter constraints than the
cross-age region setting. For example, an exchange in which two students of age zero from region 74
match with schools in region rp, and simultaneously two students of age one from region rg match
with schools in region r4, is admissible under cross-age regions but disallowed under age-specific
regions. In daycare matching in Japan, the relevant constraint may be imposed over age-specific
regions. This is because per-child cost of care varies significantly depending on the child’s age, and
thus municipalities concerned about budgetary burden may insist on the balance of inflows and out-
flows for each age. Another canonical case is balancedness imposed at the level of cross-age regions.
While this constraint may not exactly balance the budget in the same sense as the balancedness
constraint on age-specific regions does, it might be simpler to understand (and thus accept) for pol-
icymakers and voters. Moreover, the constraint over cross-age regions is more permissive than the
one over age-specific regions, and it may be of interest to quantify welfare improvement caused by
a change in constraint from the latter to the former. Given those considerations, our counterfactual

analysis considers both specifications.

4.3.2 When Locals are Favored

In our application to daycare allocation in Tokyo, a daycare gives a higher priority to residents of
that daycare’s region than non-residents. Formally, in our model, we say that locals are favored
if foreachr € R, ser,ie€r,and j € r, we have i > j.

Kamada and Kojima (2025b) consider a special fair matching, namely the matching that is
produced by running the standard student-proposing Deferred Acceptance mechanism (DA) of Gale
and Shapley (1962), separately in each region. We call such a matching a region-wise student-
optimal stable matching. It is straightforward to check that a region-wise student-optimal stable
matching is an iBF if locals are favored.

When locals are favored, the outcome of a FIG cycles mechanism starting from a region-wise
student-optimal stable matching p is an efficient iBF and weakly Pareto dominates u. We note that
the “unconstrained” student-optimal stable matching (i.e., the region-wise student optimal stable

matching when R = {I U S}) weakly Pareto dominates the following three matchings: the region-
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wise student optimal stable matching, the outcome of the FIG cycles mechanism for the case when
R=R (“age-specific regions”), and the analogous matchings when R = R (“cross-age regions”).
Also, for any outcome of the FIG cycles mechanism for the case when R = R, there is a FIG cycles

mechanism for the case when R = R whose outcome weakly Pareto dominates it.

5 Data

Our dataset consists of the following three components: the data from Bunkyo Ward for the first-
round admission process for the April 2022 intake, the data from Koriyama City for the first-round
admission process for the April 2024 intake, and the data from open sources.?* The data from
open sources include population data of children under six years old by neighborhood, locations
and capacities of daycares within Tokyo City (outside Bunkyo Ward), and distances and travel
times from each neighborhood to each daycare. This section provides an overview of the dataset,

including summary statistics and other relevant details.

5.1 Data from Bunkyo Ward

For Bunkyo Ward, we obtained the ROLs submitted to the first-round admission process for the
April 2022 intake. The dataset records each child’s age, priority score and suborder, residential
area (aggregated into seven zones), the names of daycares in their ROLs, and the locations and
the capacities of daycares. Under Bunkyo Ward’s regulation, children can rank up to five daycares.
Within each age, applicants are placed in a strict priority order. Using the submitted ROLs and
the priority order, Bunkyo Ward uses Serial Dictatorship for children at each age to determine the
matching.

Of the 1,692 children who originally applied, 11 withdrew before matching, leaving 1,681 active
applications against 2,317 total capacities. The information on the residential areas of children
living outside Bunkyo Ward is missing (accounting for 6.7% of the applicants). All other records
are complete. Summary statistics are shown in Table 3: in particular, the overall match rate was

81.4% and the average rank of matched daycares was 1.930.

24 Admission processes of both Bunkyo Ward and Koriyama City consist of multiple rounds, where the first round
matches most of the children.
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Table 3: Summary statistics of children, daycares, and matching outcomes for Bunkyo Ward and
Koriyama City

Bunkyo Koriyama
Number of applicants
Age 0 515 368
Age 1 640 559
Age 2 216 175
Age 3 196 217
Age 4 78 63
Age 5 36 33
Sum 1681 1415
Number of daycares 127 89
Total capacity?
Age 0 713 512
Age 1 563 421
Age 2 213 134
Age 3 217 209
Age 4 347 81
Age 5 264 60
Sum 2317 1417
Maximum allowed ROL length 5 10
Average ROL length 3.795 3.081
Share of max-ranked applicants? 0.572 0.028
Match rate 0.814 0.727
Average rank of matched daycares? 1.930 1.993

L “Total capacity” refers to the total number of vacant seats available for children of each age
across all daycares at the time of matching in our data. It differs from the total of the daycare’s
official enrollment caps, since some seats are already occupied by children matched in earlier
academic years.

2 The “max-ranked applicants” are those children whose ROL reached the maximum length allowed
in the given municipality (five for Bunkyo and ten for Koriyama).

3 The “Average rank of matched daycares” represents the mean position of the daycare to which
each applicant is assigned in their submitted ROL. For unmatched applicants, we assign a rank
of “(ROL length) 4+ 1.” While this approach may slightly underestimate the rank of the outside
option of max-ranked applicants, the impact on the value of the average is negligible given the
low unmatch rate among max-ranked applicants.
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5.2 Data from Koriyama City

For Koriyama City, we obtained the ROLs submitted during the first-round admission process for
the April 2024 intake. The dataset records each child’s age, priority score and suborder, residential
address at the level of a geographic subdivision of a municipality, the names of daycares in their

25 Under Koriyama City’s regulation,

ROLs, and the locations and the capacities of daycares.
children can rank up to ten daycares.

Withdrawals have already been removed from the received data, leaving 1,415 active applications
against a total capacity of 1,417 seats. We note that 2.8% of applicants live outside Koriyama City,
and 8.5% of records (including applications from outside the city) have missing address information.
Summary statistics are shown in Table 3: in particular, the overall match rate was 72.7%, and the

average rank of matched daycares was 1.993. Like Bunkyo Ward, Koriyama City also uses Serial

Dictatorship to assign children based on their submitted ROLs and the priority order.

5.3 Data from open sources

We collected the population data of children by neighborhood from 2020 Population Census in
Japan (2022). We gathered the official address of every daycare in Tokyo City and Koriyama City
from the datasets published by Tokyo Prefecture and Fukushima Prefecture, which Koriyama City
belongs to. We supplemented this with April 2022 vacancy figures for all daycares in Tokyo City
(outside Bunkyo Ward) by scraping individual ward websites.20

To incorporate travel disutility into our utility function, we quantified the distance from each
child’s home to every daycare in two ways: straight line distance and travel time. The straight line
distances were obtained via the Google Maps API by computing the geodesic distance from each
residential zone’s geographic centroid to each daycare’s latitude and longitude.

Travel times were computed differently for Tokyo City and Koriyama City. For Tokyo City—
where car dropoffs and pickups of children are generally prohibited—we estimated travel times
using public transportation. Walking times (from home to the nearest station and from the station
to the daycare) were retrieved via the Google Maps Routes API, and interstation times via the

Ekispert API?" Summing these yields the total public transport travel time; the final travel time

2>Koriyama City has 1,650 such subdivisions, whose average size is 0.459 square kilometers.

26 As we mentioned, the locations and the capacities of daycares in Bunkyo Ward and Koriyama City are obtained
from the data set provided by these respective municipaities.

2"Ekispert is a major consumer service for searching for travel routes via public transportation in Japan. Since
Google does not provide API access for transit time calculations for public transportation in Japan, we used the
Ekispert API instead.
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for each child is then taken as the minimum of this value and the direct walking time, which we
also obtained from the Google Maps Routes API. For Koriyama City, by contrast, we used the
Google Maps Routes API to retrieve automobile driving times and did not adjust these times for

walking-only trips.?

6 Empirical Approaches and Results

Using the submitted ROLs, we estimate children’s preference parameters. We model child ¢’s utility

from being matched with daycare s € S as follows:

Ujs = Uss + €15 = IU(XZS | ﬁ) + asl+ €is,
=U;s

where U, is the average attractiveness of daycare s conditional on the child-daycare characteristics
Xs, and €;5 captures unobserved heterogeneity in preferences. Us;s is decomposed into two compo-
nents: U(- | ), a known parametric function with a parameter vector 3, and ay, an average quality
of daycare s. Following standard assumptions in the literature, we assume that a preference shock
€; = (€;5)ses is independent of exogenous variables X; = (Xjs)ses, i-e., €; L X;, and is independently
and identically distributed across children and daycares according to the Gumbel distribution.?’

We normalize the average utility of the outside option to be U,y = 0 and set u;p = €;5. We

do not assume any particular distribution on €3 at this point, since some strategic assumptions we

introduce do not impose any restrictions on the distribution of ¢;p.

6.1 Strategic Assumptions

In both Bunkyo Ward and Koriyama City, children are assigned to daycares via Serial Dictatorship,
with an upper limit constraint of K on the length of the ROLs. In our applications, there are over
80 daycares in each dataset, yet the length of ROLs is limited to 5 in Bunkyo Ward and 10 in
Koriyama City. While unconstrained Serial Dictatorship is strategy-proof (children do not benefit
from misreporting their preferences), imposing the constraint breaks the property. For instance,

applicants may benefit from omitting daycares where they have little chance of admission.

28 Although children typically attend nearby daycares on foot rather than by car, the driving time retrieved from
Google Maps is generally shorter than the walking time. Therefore, unlike in Tokyo City, we could not define travel
time as the minimum of walking and driving times.

2*The cumulative distribution function (CDF) of the Gumbel distribution is given by F(z) = exp{— exp(—z)}. Its
mean is the Euler constant, v ~ 0.577, and its standard deviation is w/\/é ~ 1.283.
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Moreover, a growing body of empirical evidence demonstrates that many applicants do not
report their preferences truthfully even when the matching mechanism is strategy-proof (e.g., Rees-
Jones (2018), Fack et al. (2019)). This suggests that assuming that all children submit their ROLs
truthfully is too demanding in practice.

To address the issue of misreporting, we impose assumptions on how children report their prefer-
ences and use them to identify the underlying preference parameters. In what follows, we introduce
several strategic assumptions and estimate the parameters under each of them. We select the
best-fitting specification for our counterfactual simulations.

In this section, we describe the assumptions used to estimate the preference parameters based
on observed ROL data. Specifically, we estimate models under four behavioral assumptions: strict
truth-telling (STT), weak truth-telling (WTT), optimistic expectation truth-telling (OETT), and
undominated strategies and stability (USS). Below, we describe the modeling assumptions and the

resulting choice probabilities under each of these frameworks.

6.1.1 Model of Strategic Report

We first present a model of strategic reporting. Each child ¢ in the market has a true utility vector
u; = (uis)sesufpy and private information #;, such as her score, which varies with the estimation
model.

Given u; and t;, child ¢ submits an ROL, R; = (s1, s2, - . -, S|Ri‘), where s, denotes i’s " choice
and |R;| denotes the length of R;. Since all applicants submitted an ROL with length 1 or greater,
we have 1 < |R;| < K. In general, the submitted list R; may not coincide with the top K daycares
in the descending order of u;. We denote by o; a pure strategy of child ¢ that assigns an ROL based
on her true utility and private information; that is, o;(u; | t;) = R;.

When R; = (s1, 52, ... ,S|Ri|) is given, we sometimes abuse notation to denote {sq, sa, ..., S|Ri|}
by R;, that is, we use the same notation R; for the unordered set corresponding to the original
ordered set R;.

Finally, given a child i’s ROL R; and a rank r (1 < r < |R;|), we define the lower-contour set
of i at rank r by LI (R;) == S\ {s1,...,8r—1} for r > 2 and L](R;) := S for r = 1, which is the

collection of all daycares except those that i ranks above s, in R;.
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6.1.2 Strict Truth-Telling (STT)

Our first behavioral assumption is strict truth-telling (STT), under which each child lists all the
daycares that ¢ strictly prefers to the outside option in the descending order of u;, truncated to length
K. This assumption is widely used in empirical studies on school choice (e.g., Abdulkadiroglu et
al. (2017)). In practice, STT would be justified if (i) the maximum length K is sufficiently large
relative to the number of acceptable daycares for each child and (ii) the cost associated with listing
additional daycares is small.

For STT, we additionally assume that €; is independently drawn from the Gumbel distribution.

Formally, STT is characterized by the following conditions.
Assumption 1 (Strict Truth-Telling).

STT 1. R; ranks i’s top |R;| daycares: for all r € {1,...,|R;|} and s € LI(R;) U {0}, we have

Uis, > Ujs.

STT 2. If |R;| < K, then the outside option is the most preferred alternative except for the

daycares listed in R;: for all s € S\ R;, uzg > ws.

Under Assumption 1, the probability that child ¢ submits an ROL R; = (s1,...,5r,|) given X;

and t; is calculated as

Pr(az-(ui | ti) = R; | Xi;ti>

| Rl

exp (Uis, ) 1 LHiril<x}
- X .
w1 2sery(rou(ey P (Uis) 2 sesufop r; P (Uis)

Note that under STT, since o; depends on the private information ¢; only when there are ties in
utilities and such events happen with zero probability, choice probabilities are independent of ¢;.
Using the choice probability, we estimate the model parameters 0 = ((as)ses, 5) with maximum

likelihood estimation. The log-likelihood is given by

| Rl ||
log Lsrr(0) = Z [ Z U, | — Z log< Z exp (Ui5)>
r=1 seL”

iel r=1 7 (R;)U{0}

+1{|Ri|<K}{_log< Z eXp(Uis)>} :

sESU{DI\R;
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6.1.3 Weak Truth-Telling (WTT)

Many empirical studies on matching markets and school choice have demonstrated that students
rarely rank all available alternatives, even when there is no explicit limitation on the length of ROLs
(Abdulkadiroglu et al. (2017), He (2017), and Artemov et al. (2019)). While one possible explanation
is that the number of acceptable daycares is typically small, a more plausible assumption is that
compiling an extensive ROL incurs costs, discouraging children from listing every acceptable option
(Larroucau and Rios (2020)). An alternative assumption accommodating this situation is the weak
truth-telling (WTT) proposed by Fack et al. (2019), that each child lists her most preferred daycares
up to K; (< K). Here, K; is heterogeneous among children and assumed to be independent of the

preferences of the child. Formally, WTT is characterized by the following assumptions.
Assumption 2 (Weak Truth-Telling).

WTT 1. R; ranks i’s top |R;| daycares: for all r € {1,...,|R;|} and s € L] (R;), we have wu;s, >

Ujs-

WTT 2. The number of daycares listed, |R;|, is independent of the true utilities (u;s)ses for all

daycares except the outside option.

Here, the assumption WTT 2 may seem controversial. We do not intend to take any stance on
its validity, but list two data generating processes under which it might be justified. The first data
generation process is as follows. Each child i first draws true utilities (u;s)sesuqpy, inclu ding the
utility for the outside option, just as in STT. Independently, the child draws a list length, K;, from
some distribution. Finally, she submits an ROL of her top K; daycares, even if some of those are
actually ranked below the outside option in her true utilities. The second data generation process
is as follows. Each child ¢ first randomly draws her true utilities (u;s)ses for all daycares except the
outside option, and separately draws the length of an ROL they submit, K, from some distribution,
independently of her utility. Next, the value of the outside option ;3 = €j is independently drawn
from some distribution in such a way that the number of daycares strictly preferred to the outside
option is always no less than K;. Finally, she submits an ROL that lists her top K; daycares in
order, each of which should be preferred to the outside option by construction. In contrast, Fack
et al. (2019) demonstrate that a model in which each additional daycare listed in R; imposes a

constant marginal cost violates WTT 2.
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Under Assumption 2, the probability that child ¢ submits an ROL R; = (s, ..., sk;) given X;

and t; is calculated as

Pr(ai(ui | ti) = RZ

X; ti>

- Pr<|0i(ui )| = K;

Xi ti) X Pr(ai(ui | ti) = Rz Xi,ti, |01(ul | tl)‘ = Kz)

exp (Uis, )
o 2serr(ry) <P (Uis)

= Pr(\oi(ui ‘ t1)| = Kz‘

Xi,tl) X

Here, WTT 2 guarantees that the first factor Pr (|o;(u; | t;)| = K;|Xi,t;) does not depend on true
utilities of daycares. Thus, to estimate the preference parameters of daycares, it suffices to focus
solely on the second factor, using the observed ROL length K; in the dataset. The conditional

log-likelihood function to maximize is given by

K; K;
log Lwrr(0) = Z[ (Z Uis,«) - Zlog( Z €xXp (Uis)) ] .
=1 r=1

iel L \r= seLT(Ry)

6.1.4 Optimistic Expectation Truth-Telling (OETT)

Due to the maximum-length constraint on ROLs, children have an incentive to select daycares where
they realistically expect to be admitted based on their scores. In fact, in real-life daycare matching
markets in Japan, parents often gather information about the cutoff scores (the lowest scores with
which children can be matched to each daycare). Local municipalities, politicians, and anonymous
bloggers provide past data on these cutoff scores, which helps parents focus on the daycares they
can realistically have their children be admitted to.

One approach to formalize the expectation about admission chances in the literature is to obtain
students’ beliefs about their admission probabilities directly through surveys or by constructing them
via bootstrapping from observed ROLs. One would then estimate preference parameters under the
assumption that each student best responds to these beliefs (Agarwal and Somaini (2018), Kapor
et al. (2020)). This approach, however, becomes computationally costly as the number of schools
grows and the set of potential ROLs expands combinatorially. Some studies such as Calsamiglia et
al. (2020) and Lee and Son (2024) avoid computational infeasibility, although doing so necessitates
additional assumptions. In contrast, we take a more direct approach. Building on WTT, we newly

develop the optimistic expectation truth-telling (OETT) assumption: On the one hand, each daycare
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is associated with an exogenously given “benchmark cutoff score,” which for example is based on
the information from last year’s admission cycle. On the other hand, each child is associated with
a “degree of optimism,” which quantifies how optimistic she is about the admission to a daycare
when comparing her own score and the benchmark cutoff score at the daycare. Each child uses
the benchmark cutoff scores and the degree of optimism to form a “choice set,” and ranks only
those daycares in the choice set. Concretely, we assume that each child’s choice set includes all
daycares whose benchmark cutoff scores minus some optimism degree are at or below her own
score.?? In other words, under OETT, children expect cutoff scores, optimistically compared to
the benchmark cutoff scores, and omit any daycare for which they are ineligible even under their
optimistic expectation. Finally, each child submits an ROL of their top K; daycares from this choice

set, given an exogenous ROL length K.
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Figure 4: Scatter plots of each child’s score versus the cutoff score of her first-listed daycare for
(a) Bunkyo Ward and (b) Koriyama City. Color intensity and size denote the number of children
at each coordinate (darker and larger points represent more children), and the solid blue line is
the fitted linear regression (the coefficient of the slope is 0.14 and its p-value is 0.019 for Bunkyo
Ward; they are 0.11 and 0.006, respectively, for Koriyama City). For a daycare whose capacity is
unfilled, the cutoff was set to the minimum observed score in the dataset (16 for Bunkyo Ward; 0 for
Koriyama City). In Bunkyo Ward, we also tested all possible cutoff values between the theoretical
minimum score (10) and 16 and obtained similar coefficients and p-values. We also tested samples
excluding outliers (applicants with scores 16 and 42) and obtained a similar result.

The introduction of both cutoff anticipation and optimism is motivated by our data. Figure 4
plots the relationship between each child’s score and the cutoff score of her first-listed daycare. It

illustrates that a child with a higher score is more likely to list a daycare whose admission cutoff

390ne possible alternative specification would be to allow for children’s pessimism as well. Our result is unlikely
to change significantly, though, as fewer than 2% of the applicants in either Bunkyo Ward or Koriyama City list only
daycares whose cutoff scores are strictly below their own scores.
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is also higher as their first choice. Under WT'T, there should be no correlation between one’s own
score and the cutoff of the first-listed daycare, yet we observe a positive slope. By contrast, under
OETT, children tend not to list daycares whose cutoffs are set too high relative to their own scores.
Moreover, a non-negligible fraction of children list a daycare whose actual cutoff exceeds their own
score, behavior that provides empirical support for incorporating optimism into our model of daycare
choice.

Formally, let e; € R, denote child ¢’s score, and let o; € Ry be child i’s “degree of optimism.”
We also define e, € Ry to be daycare s’s benchmark cutoff score, which is an exogenously given

number. Child ¢’s choice set that consists of “nearly” achievable daycares is:

S(ei,0;) ={s €S |e,—o0; <e}

In this setting, the private information of child ¢ is ¢; = (e;,0;). The OETT assumption can

then be formally characterized by the following conditions.
Assumption 3 (Optimistic Expectation Truth-Telling).

OETT 1. R; C S(e;,0;) holds, and R; ranks i’s top |R;| daycares among the choice set S(e;, 0;):

for all € {1,...,|R;|} and s € L] (R;) N S(es, 0i), we have u;s, > wis.

OETT 2. The score ¢;, the degree of optimism o;, and the true utilities (u;s)ses except for the

outside option are mutually independent.

OETT 3. The number of daycares listed, |R;|, is independent of the degree of optimism o; and

the true utilities (u;s)scs for all daycares except the outside option.

Note that R; C S(ej,0;) in OETT 1 and the independence of |R;| and o; in OETT 3 imply
|R;| < [S(e;,0)|. This restriction is not binding in our data because there are more than 10 daycares
that do not fill their capacities (hence have a cutoff score of 0) while |R;| is at most 10 due to the
length restriction. Note also that our assumption allows |R;| and e; to be correlated. For example,
we allow a correlation such that a child with a higher score tends to have a shorter ROL length, a
pattern that we observe in Koriyama City’s data.

Under Assumption 3, the probability that child i submits ROL R; = (s1, ..., sk;) given X; and
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t; is calculated as:

PI‘(O’i(’U,Z’ | ti) == Rl

X, tl-)

= Pr(\ai(ui ‘ tz)’ = Ki

Xi,ti> X Pr(ai(ui ‘ ti) =R; | X;,t;, |az(uz | tl)‘ = KZ>

K;

exp (Uis,.)
Xiti ) % r )
) ;nli[l ZSELZ(Ri)ﬁS(ei,Oi) exXp (Uls)

= Pr(\oi(ui ‘ tz)| = Kz‘

Similar to WTT, we consider the conditional log-likelihood maximization using only the second
factor given the observed ROL length K; in the dataset. However, because o; is unobservable,
we must specify its distribution and integrate it out to obtain the marginal likelihood. Let F,
denote the distribution of o; parameterized by 1 whose support is unbounded above, and define
€(R;) = maxsep, €, as the highest cutoff score among the daycares in child i’s ROL R;. Taking into
account the constraint that o; must satisfy o; > max{e(R;) — e;,0}, the conditional log likelihood

function to maximize is,

log Logrr(0,4) =Y _log

K
Z eXp (U’isr)
( (U )1{01’25(R1‘)7e¢} dFTZ’) .
el

r=1 ZSELg(Ri)ﬂS(ei,oi) exXp (Uis

In our estimation, we assume that Fy, is a gamma distribution with shape parameter x and scale

parameter \.3! We jointly estimate 1) = (x, \) alongside 6.

6.1.5 Undominated Strategies and Stability (USS)

Fack et al. (2019) propose a GMM estimator under the undominated strategies and stability (USS)
assumption, which is asymptotically weaker than WTT and yet still suffices to identify the preference

32 They conduct Monte Carlo simulations in which ROLs are generated in a Bayes-

parameters.
Nash equilibrium under each of (i) the DA with a maximum-length constraint and (ii) the DA
with application costs, where each additional daycare listed after the first choice incurs a constant

marginal cost. In their simulations, the GMM estimator under the USS assumption successfully

recovers the true preference parameters in both cases, whereas the estimator under WTT fails to

31The density function of the gamma distribution with parameter (x,\) is f(z) = mm“_le_)‘z for x > 0 and O
otherwise, where I' is the gamma function.

32«Undominated strategies” requires that submitted ROLs reveal each child’s true partial order over daycares (i.e.,
no swaps of daycares take place); weak truth-telling is a special case of it. “Stability” demands that each child should
be matched to her most preferred daycare among all ex-post “reachable” daycares. Fack et al. (2019) show that, while
stability need not hold in a finite market even when children are weakly truth-telling, it becomes asymptotically
satisfied as the market size grows large in their setting.
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recover them.
For USS, as with STT, we assume that ¢;p is independently drawn from the Gumbel distribution.

We formally state the assumptions of undominated strategies and stability separately.
Assumption 4 (Undominated Strategies).

USS 1. R; does not reverse the order of a true preference relation: for any r,7" € {1,...,|R;|}

with 7 <7/, we have s, > ;s ,.

Given a matching in the dataset, we say that a daycare s is reachable for child i if either (i) s
has a vacant position or (ii) there exists a child who is currently matched with s and has a priority

no higher than . We denote the set of daycares that are reachable for ¢ by .S;.
Assumption 5 (Stability).

USS 2. Child ¢ is matched with daycare or the outside option § that is most preferred among all

reachable daycares and the outside option: for all s € S; U {0}, we have u;z > u;s.

USS 3. Conditional on the observables X;, child ¢’s error term ¢; and her priority order are

independent.

USS 4. Conditional on the observables X, child ¢’s error term ¢; and her choice set S; are inde-

pendent.??

Assumption 4 generates moment inequalities reflecting the utility ordering of listed daycares,
thus enabling only partial identification. Specifically, for child ¢ whose submitted ROL is R;, the

probability that school s is ranked above school so can be written as the following.

Pr(s; is ranked above sy in R; | X;) = Pr(wis, > uisy, S1,52 € R; | X3)

< Pr(uisl > Usjsg, | Xl)

The inequality defines a lower bound for the conditional probability of w;s, > uis,. Similarly, an

upper bound is given by

Pr(uis, > u;s, | X;3) <1 —Pr(sg is ranked above s1 in R; | X3).

33We note that USS 2 and USS 3 imply USS 4 in our setting since priority orders are identical across all schools.
Nonetheless, we present this condition for better comparison with (Fack et al., 2019). They state the condition in a
setting with possibly heterogeneous priority orders, in which the implication does not necessarily hold.
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These bounds yield the following conditional moment inequalities:

Pr(ui81 > Uisy | XZ) - F [1{31 is ranked above s2 in R;} | Xl] >0,

1-FE [1{52 is ranked above s1 in R;} | XZ] - Pr(uisl > Uisy | XZ) > 0.

Using the observed ROLs (R;);cr, the sample versions of the left-hand sides in the moment inequal-

ities are defined, respectively, as the sample averages of the following values across i € I.

ineq-LB (9) — exXp (Ui81)
1,851,582 ’ exp (Uisl) + exp (Uisg

inca-UB gy ._
hansy (0) =1

) - 1{51 is ranked above s2 in R;}

exp (Uis, )
exp (Uis, ) + exp (Uis,)

- 1{52 is ranked above s1 in R;} —

In contrast, Assumption 5 implies the following conditional probability for child i to be matched

tose SU{0}:

exp (Uis)
s'es;u{p} OXP (Uis')’

Pr(i is matched to s | X, i, i) = Lises,u{0}} > (6.1)

which allows for point-identification of preference parameters (Fack et al., 2019). To combine this
with the previously stated moment inequalities, we reformulate the maximum likelihood estimation

based on Equation (6.1) into the following moment equalities:

exp (Uis)
sesuioy exp (Uis)

exp (Uis) )

eq,1

m; s (0) = lis,=s) — ses; 5 for each s € S

eq, Z Xis (1{51—5} 1{365 }Z

ses ses,ufey €xp (Uis)

where §; is child ¢’s matched daycare.

The objective function for the GMM estimation to be minimized under USS is

_e 2 _ 2 _ ineq- 2 _ ineq- 2
Z quJ(G) + meq,?(e) + Z mSl,gQLB(Q) + mSngUB (‘9)
a_;eq,l (0) &€9,2 (9) ~ineq-LB ~ineq-UB ’

s€S 51,8268 Osrsn (0) 15z (0)
eq,l 2 =ineq-LB _ineq-UB ~ eq,l 2 ~ineq-LB  ~ineq-UB
where [A]_ = min{A, 0}, and (ms ", mP% Mg, g5 ,Ms .05 ) and (Gs =, 0°V%, G, e5 308155 )
s eq,1l eq,2 ineq-LB ineq-UB
are the sample means and standard deviations of (m; >, m; ", m, 1.8 2 M 51 50 ) computed across

all children 7.
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6.2 Estimated Parameters

We begin by specializing the utility functions as in the following two formulations.

(Linear) u;s = a5 — Bdis + €is,

(LOg) Ujs = Qg — 5 IOg dis + €;s.

Here, d;s is our key variable that represents the distance between the place of residence of child ¢
and the location of daycare s.

We use two distance metrics in estimation: straight line distance (km) and travel time (minutes)
between the locations. Travel time is measured using public transportation for Bunkyo Ward, while
it is measured by driving times for Koriyama City, as explained in Section 5.3. Other variables are
as follows: ay is a fixed effect for daycare s that controls the average quality of each daycare; 3
is a coefficient that measures the disutility of distance; and ;5 is an idiosyncratic error term that
follows the Gumbel distribution, independently across both children and daycares. Although we
treat the daycare slots for each age as a separate “daycare,” we nonetheless estimate a single fixed
effect as per facility across all ages, since the small number of applicants at ages 3, 4, and 5 makes
age-specific estimates unreliable. As usual, we impose a location normalization to identify the logit
model. Under STT and USS, we set the outside option fixed effect oy to zero. For WTT and OETT,
which exclude the outside option from the alternatives, we instead normalize the fixed effect of one
daycare (which we label as s1) to zero.

In OETT, we have in mind a situation in which parents collect and use cutoff information from
previous years when forming a choice set, as discussed in the opening paragraph of Section 6.1.4.
However, we do not have cutoff data from the previous years, and thus we use the cutoffs from the
year of the data as a proxy for the cutoffs from previous years. Formally, we define daycare s’s
benchmark cutoff score e, as the lowest score among the children matched to s in the year of the
data if it is at full capacity and zero if it is not.

We estimate 16 models in total, which is a product of the four strategic assumptions (STT,
WTT, OETT, USS), two utility formulations (Linear, Log), and two distance metrics (Straight
Line Distance, Travel Time). We estimate the parameters ((as)ses, 3) via the maximum likelihood
estimation or the generalized method of moments. Table 4 reports the estimation results for Bunkyo
Ward, while Table 5 reports those for Koriyama City. Alongside the estimated distance coefficient

5 , each table shows the scaled fixed effects &/ /3’ , which express the relative importance of average
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Table 4: Estimation Results for Bunkyo Ward

Straight Line Distance

Linear Utility

Log Utility

STT WTT OETT USS STT WTT OETT USS
& (2 3) (4) (5) (6) (M (8)
Panel A: Coefficient B
Distance 3.244 3.395 3.448 3.658
[3.154, 3.333] [3.297, 3.492] [3.348, 3.547] [3.019, 4.325]
log(Distance) 3.314 3.660 3.664 3.548

[3.238, 3.389] [3.567, 3.753] [3.571, 3.757] [2.889, 4.215]

Panel B: Scaled Daycare Fixed Effects ds/ﬁ

Mean —0.252 0.014 —0.092 —0.489 —0.188 0.015 —0.072 —1.027
Std 0.259 0.249 0.258 0.345 0.224 0.236 0.245 0.373
Panel C: Distribution Parameters 7,2)
R 2.922 2.921
A 0.530 0.516
Observations 1568 1568 1568 1568 1568 1568 1568 1568
Number of Parameters 127 126 128 127 127 126 128 127
Travel Time
Linear Utility Log Utility
STT WTT OETT USS STT WTT OETT USS
(9) (10) (11) (12) (13) (14) (15) (16)
Panel A: Coefficient [3’
Travel Time 0.188 0.204 0.208 0.195
[0.183, 0.193] [0.198, 0.210] [0.202, 0.214] [0.165, 0.230]

log(Travel Time) 1.948 3.933 3.945 1.888

[1.888, 2.009] [3.832, 4.033] [3.844, 4.046] [1.737, 2.046]

Panel B: Scaled Daycare Fixed Effects &S/ﬁ

Mean —4.186 0.242 —1.219 —7.978 —0.455 0.020 —0.054 —0.012
Std 4.537 4.213 4.340 6.276 0.439 0.224 0.232 0.597
Panel C: Distribution Parameters @ZA)

I 2.684 2.692

A 0.453 0.454
Observations 1568 1568 1568 1568 1568 1568 1568 1568
Number of Parameters 127 126 128 127 127 126 128 127

Notes: Panel A reports the estimated coefficients, with 95 percent confidence intervals in brackets. Panel
B shows the mean and the standard deviation of the estimated fixed effects, each divided by the estimated
coefficient. For STT and USS, the fixed effects are normalized by subtracting &,, from every &, so that
they are comparable to the WT'T and OETT estimates. Panel C reports the estimated parameters of the
gamma distribution used in OETT. The number of observations equals the count of children included in the

estimation (excluding those with missing addresses).
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Table 5: Estimation Results for Koriyama City

Straight Line Distance

Linear Utility

Log Utility

STT WTT OETT USS STT WTT OETT USS
& (2 3) (4) (5) (6) (M (8)
Panel A: Coefficient B
Distance 0.917 1.021 1.120 1.116
[0.892, 0.943] [0.992, 1.050] [1.087, 1.152] [0.863, 1.436]
log(Distance) 1.745 1.808 1.876 1.875

[1.709, 1.781] [1.768, 1.848] [1.833, 1.919] [1.548, 2.331]

Panel B: Scaled Daycare Fixed Effects ds/ﬁ

Mean 0.102 —0.187 —0.278 —1.244 —0.112 —0.097 —0.171 —1.020
Std 1.013 0.814 1.014 1.216 0.448 0.441 0.453 0.661
Panel C: Distribution Parameters 7,2)
R 248.050 205.532
A 0.452 0.374
Observations 1295 1295 1295 1295 1295 1295 1295 1295
Number of Parameters 89 88 90 89 89 88 90 89
Travel Time
Linear Utility Log Utility
STT WTT OETT USS STT WTT OETT USS
(9) (10) (11) (12) (13) (14) (15) (16)
Panel A: Coefficient [3’
Travel Time 0.345 0.386 0.409 0.368
[0.336, 0.354] [0.376, 0.396] [0.398, 0.420] [0.308, 0.439]

log(Travel Time) 1.920 2.417 2.492 1.945

[1.871, 1.969] [2.362, 2.473] [2.433, 2.551] [1.745, 2.246]

Panel B: Scaled Daycare Fixed Effects &S/ﬁ

Mean —1.954 —0.670 —1.766 0.617 —0.347 —0.099 —0.256 0.250
Std 2.197 2.013 2.238 3.027 0.430 0.325 0.333 0.600
Panel C: Distribution Parameters @ZA)

I 205.464 205.534

A 0.375 0.374
Observations 1295 1295 1295 1295 1295 1295 1295 1295
Number of Parameters 89 88 90 89 89 88 90 89

Notes: Panel A reports the estimated coefficients, with 95 percent confidence intervals in brackets. Panel
B shows the mean and the standard deviation of the estimated fixed effects, each divided by the estimated
coefficient. For STT and USS, the fixed effects are normalized by subtracting &,, from every &, so that
they are comparable to the WT'T and OETT estimates. Panel C reports the estimated parameters of the
gamma distribution used in OETT. The number of observations equals the count of children included in the

estimation (excluding those with missing addresses).
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daycare quality in distance units. Since each model includes a large number of fixed effects, we only
provide the mean and the standard deviation.

We first note that all the estimated coefficients in Panel A are significantly different from zero
at the 95% confidence level. Among these, the confidence interval under USS is wider than those
under STT, WTT, and OETT. This is because USS uses the data in a less informative (although
more robust) manner: it incorporates only the matched daycare into the moment equalities, and
the other daycares listed in the ROL enter through moment inequalities. In contrast, STT, WTT,
and OETT use the full ROL information. Fack et al. (2019) make similar points by reporting that
the confidence interval under USS is wider than that under WTT.

We also highlight a comparison between WTT and OETT. To begin, we observe that WT'T can
be seen as a special case of OETT in which the optimism parameter is so large that all daycares are
in the choice set of each child. Given this observation, it is of interest to compare and interpret the
estimation results from these two models. In Panel B we observe that, across every combination
of a distance measure and a utility specification, the standard deviation of the “school fixed effects
divided by coefficients” under OETT is larger than those under WTT. For instance, in Table 4,
the standard deviation for (Straight Line, Linear, OETT) is 0.258, whereas the corresponding value
is 0.249 under WTT. Thus, under OETT, variation in average quality of daycares is estimated to
matter more (relative to commuting distance) than it does in the other specifications. This pattern is
consistent with a child who prefers higher-quality daycares in her true preference relation but omits
them from her ROLs when admission cutoffs are expected to be high. WTT would misinterpret
such omissions as indicating lower utilities for those daycares, which underestimates the effect of
the average quality.

Finally, we note that our specification of the utility function misses variables that may be
important in practice, primarily due to data limitation. In particular, parents may find it convenient
to have their child matched to a daycare that is close to their workplace, but our specification does
not capture such a consideration. As such, our analysis may underestimate the welfare gains from

integration of daycare matching markets.

6.3 Goodness of fit

Among the estimated models in Section 6.2, we aim to select the one that most accurately repro-
duces the observed matching patterns and use it for our counterfactual simulations. To evaluate

each model’s fit, we simulate the ROLs of the actual children in the dataset using the estimated
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parameters and the estimation model, run Serial Dictatorship with the observed priority order, and
then compare the resulting simulated matching to the actual matching in the data.?*

We quantify goodness of fit by area-level matching differences. Concretely, we partition Bunkyo
Ward into the seven residential areas defined in Section 5.1, and Koriyama City into its three former
municipalities defined in Section 5.2. We call them areas. For each simulated matching, we count
how many children at each age are matched to daycares in each area, compute the absolute difference
from the corresponding counts in the actual matching, and finally take the (unweighted) average of
these absolute differences over all ages and areas.

Specifically, given the estimated parameters (és)ses and 6 (and ) = (R, ;\) for OETT), we

compute the area-level matching differences by the following procedure:

1. Utility generation (daycares). For each child i, we generate i’s utility u; following

(Linear Utility) wu;; = s — Bdis + €,

(Log Utility) w;s = & — Blog ds + €;s,

for each daycare s € S, where €5 is drawn from the Gumbel distribution.

2. Utility generation (outside option). For STT and USS, we also sample each child’s
outside option value w;y = €;5, where €5 is drawn from the Gumbel distribution. For WTT
and OETT, we do not generate outside option values because we do not use them in the ROL

construction explained below.

3. ROL construction. For each child, the daycares and the outside option are sorted according
to the descending order of the utilities (with uniform random tie-breaking). Under STT, we
then truncate this list right below the K™ entry or right above the outside option, whichever
comes first, to form her ROL. Under WTT, we truncate the list right below the top K;
daycares. For OETT, student i’s ROL starts with the daycare with the highest utility among
the set of daycares whose benchmark cutoff score minus i’s optimism degree o; is no greater
than her score, where o; is drawn from F b The ROL is then truncated right below the top

K; daycares in this set. Under USS, we list all the daycares above the outside option.3?

34For each child with a missing address, we randomly sample an address from the empirical distribution of all
observed addresses in the dataset.

35Without truncation, Serial Dictatorship outputs the unique stable matching (under the applicants’ true prefer-
ences).
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4. Matching via Serial Dictatorship. Following the ROLs construted in the previous step
and the priority order observed in the dataset, we run Serial Dictatorship to determine the

simulated matching for children at each age.?¢

5. Goodness of fit computation. For each age a and area, we first calculate (i) the number
of children at age a matched to daycares in that area in the simulated matching and (ii) the
number of children at age a matched to daycares in the area in the dataset. Then, we take
the average of the absolute differences between (i) and (ii) across all ages and areas, weighted

by the population of each age in the dataset.

We performed 100 simulations, and Table 6 reports the goodness of fit rankings for Bunkyo
Ward, while Table 7 does likewise for Koriyama City. In each table, models are sorted in ascending
order of area-level matching differences. We found that the combination of (Travel Time, Log,
OETT) is the best fit for Bunkyo Ward and the second best fit for Koriyama City. Given this
finding, we use (Travel Time, Log, OETT) in our counterfactual analysis in the next section.?”

In the estimation procedure under WT'T and OETT, we normalize the fixed effect of a reference
daycare s instead of that of the outside option, as discussed in Section 6.2. For our counterfactual
simulations, however, we must shift the average quality of daycare s; relative to the average quality
of the outside option, which we normalize to zero. To achieve this, we choose to estimate the average
utility of the outside option using the simulated utilities generated in the 100 previous simulation
runs. Specifically, we assume that the utility of the outside option is given by uj = & + €}, where
the error term € in the m-th simulation run is drawn independently from the Gumbel distribution,
and then estimate & by maximum likelihood estimation. In each run, if child i’s ROL has length

K, the likelihood is constructed under the condition that the outside option is located between the

K;'" most preferred daycare and the (K; + £) ' most preferred daycare:

Pr (ﬂg’;(&) > uyg > ﬂ?;i(KiJré)) =Pr (a;?;i(Ki) — Q> ey > U g0 d) ,

where a7 (k) denotes the simulated utility of the & *® most preferred daycare in the m-th run in

t.38

child ¢’s choice se We maximize the sum of log-likelihoods above over all simulation runs and all

children. We present the result for £ = 5 here, while we confirmed that the results are qualitatively

36 Although we run Serial Dictatorship without any explicit constraint on the ROL length here, note that the length
of each submitted ROL is at most K (as imposed in practice) under STT, WTT, and OETT.

37The best fit for Koriyama City (which is (Travel Time, Linear, OETT)) is in the fifth place for Bunkyo Ward.

38Under WTT, the choice set consists of all the acceptable daycares. For OETT, see Section 6.1.4 for the details
on the construction of the choice set.
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similar for other values of £ = 5.37 After obtaining the estimate &, we shift all daycare fixed effects

by subtracting it, i.e. & < &5 — & for each s € S.

Table 6: Goodness of Fit for Bunkyo Ward (Average Across 100 Simulations)

Average Area-Level Matching

Distance Utility Assumption Differences (Simulated vs. Actual)
Travel Time Log OETT 2.373
Travel Time Log WTT 2.376
Straight Line Log OETT 2.532
Straight Line Log WTT 2.539
Travel Time  Linear OETT 2.641
Travel Time Linear WTT 2.689
Straight Line Linear OETT 2.922
Straight Line  Linear WTT 2.999
Straight Line Log STT 3.013
Straight Line Log USS 3.035
Straight Line  Linear USS 3.128
Travel Time  Linear USS 3.139
Travel Time  Linear STT 3.627
Straight Line Linear STT 3.789
Travel Time Log STT 5.404
Travel Time Log USS 5.414

Notes: We compare the number of matches for each age and area between the actual
data and the simulated data. We run 100 simulations for each combination of distance
metric, utility formulation, and strategic assumption.

Table 7: Goodness of Fit for Koriyama City (Average Across 100 Simulations)

Average Area-Level Matching

Distance Utility Assumption Differences (Simulated vs. Actual)
Travel Time  Linear OETT 14.911
Travel Time Log OETT 14.977
Straight Line Log OETT 15.009
Straight Line Log USS 15.025
Travel Time Linear WTT 15.069
Travel Time Log WTT 15.079
Straight Line Log WTT 15.124
Straight Line Log STT 15.135
Straight Line  Linear USS 15.153
Travel Time  Linear USS 15.199
Straight Line Linear OETT 15.202
Travel Time Linear STT 15.283
Travel Time Log USS 15.317
Straight Line Linear STT 15.381
Straight Line Linear WTT 15.471
Travel Time Log STT 15.537

Notes: We compare the number of matches for each age and area between the actual
data and the simulated data. We run 100 simulations for each combination of distance
metric, utility formulation, and strategic assumption.

39We analyzed the cases of £ = 1,9 in addition to £ = 5. We note that if £ is sufficiently large relative to the sizes
of the choice sets, the lower bound constraints no longer bind, and the estimate & diverges to —oo.
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7 Impact of Integration in Daycare Matching Markets

To assess how market integration influences child welfare, we run counterfactual simulations in two
settings that are currently in contrasting situations. In Tokyo City, the daycare matching market is
fragmented: each of the 23 wards handles its own matching process independently. In Koriyama City,
the daycare matching market is integrated: as a single municipality, it runs one unified matching
process. We consider the outcomes in which the Tokyo City market is hypothetically integrated
and the Koriyama City market is hypothetically fragmented.

As discussed in Section 4.3.1, we consider two different modes of partial integration, namely
cases where balancedness constraints are imposed for cross-age regions and for age-specific regions.
Specifically, for our simulations, we define the cross-age regions R to be the 23 wards for Tokyo
City, and the three former municipalities for Koriyama City. The set of age-specific regions R is
defined accordingly for each city.

As stated in Section 6.3, we use (Travel Time, Log, OETT) to simulate each child’s ROL of
daycares and apply different mechanisms to compare welfare under different degrees of integration.

Specifically, we run the following four mechanisms:

Mechanism 1. Serial Dictatorship conducted separately within each region in R.%0-41

Mechanism 2. FIG cycles mechanism applied after Serial Dictatorship conducted separately in

each region in R (age-specific regions).

Mechanism 3. FIG cycles mechanism applied after Serial Dictatorship conducted separately in

each region in R (cross-age regions).
Mechanism 4. DA conducted across all regions in R.

Here, Mechanism 1 represents complete fragmentation, Mechanism 4 full integration, and Mech-
anisms 2 and 3 partial integration under different notions of balancedness. The difference between
Mechanisms 2 and 3 is that Mechanism 2 requires balancedness at each age, whereas Mechanism 3

requires balancedness only in the total number of matches across all ages.

40The outcome of the mechanism is the same if we use R instead of R here. The same comment applies to
Mechanism 4.

“1n Serial Dictatorship, each child can only be matched to daycares within her own residential region. The
same rule applies to Serial Dictatorship in Mechanisms 2 and 3. Although some children do apply to daycares in
Bunkyo Ward and Koriyama City from outside those areas in our data, we maintain this restriction in counterfactual
simulations so as to precisely identify the difference between the outcomes of fragmentation and integration. We note
that the number of children who live outside of Bunkyo Ward and apply to daycares in Bunkyo Ward is small (6.7%).
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In our counterfactual simulations, we do not impose any maximum-length constraint on the

ROLs and assume that all children submit their preferences truthfully in all mechanisms.*?

7.1 Preference and Priority Generation

7.1.1 Tokyo City

Since the actual matching data are available only for Bunkyo Ward, we estimate the number of
applicants in each of Tokyo’s 23 wards as follows. For ward w and age a € A ={0,1,2,3,4,5}, we

set the number of applicants as follows.
(Total daycare users in ward w) X Ka,

where “total daycare users in ward w” refers to the number of all children enrolled in any daycare
in w as of April 2022, according to the data published by the Tokyo Prefectural Government. The

age-specific scaling constant x, is defined as

Number of applicants at age a of Bunkyo Ward
Kq = .

Total daycare users in Bunkyo Ward

Thus, k. represents the ratio of applicants at age a among all daycare users in Bunkyo Ward, and
we assume the same ratio holds true for other wards as well.

For each ward, we sample children’s residential locations according to the empirical popula-
tion distribution for ages 0-4. Because population counts are only available at every geographic-
subdivision level, we assume each child resides at the centroid of her respective subdivision when
calculating the distance to daycares.

We generate each child’s utility in two steps. First, because we lack data on children’s preferences
over daycares outside Bunkyo Ward, we need to determine each daycare’s average quality in Tokyo
City. To do so, we draw each daycare’s average quality a; at random from the empirical distribution
of the estimated fixed effects (d&s) in Bunkyo Ward. Then, we generate each child #’s utility for being

matched to daycare s by

Ujs = Olg — des + €5,

42We believe this is not a purely theoretical exercise. Indeed, after discussions with us about increasing ROL
lengths, Bunkyo Ward increased the maximum from five (as in our dataset) to ten in 2025.
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where B is the coefficient estimated from the observed data, d;s is the distance between child 7 and
daycare s, and €;5 is drawn i.i.d. from the Gumbel distribution. We normalize the average utility of
the outside option to zero and set w;p = €;9, where €;p also follows the Gumbel distribution. Each
child then constructs their ROL by sorting all daycares in descending order of u;s, listing them down
to the utility of the outside option u;y without a constraint on the ROL length. We randomly break
ties in utility when they occur, although ties rarely arise in our simulation.

Priority orders are constructed as follows. First, we draw a single “master” priority ranking
over all children uniformly at random. To obtain each ward’s priority list, we reorder that master
ranking by moving every child residing in that ward ahead of all non-residents while preserving the
relative order within the resident and non-resident groups. This procedure captures the fact that
all 23 wards rank children based on criteria that are not identical but broadly similar, and that each
ward gives priority to its own residents. In all mechanisms, we use these priorities in which locals

are favored.

7.1.2 Koriyama City

For Koriyama City, we have access to the dataset of the entire market, so we use the actual number of
applicants at each age in our simulations. Some children’s address information is missing as stated
in Section 5.2, and we sample each child’s address from the empirical distribution of residential
locations in the dataset.

We generate each child ¢’s utility function and then her ROL as in Tokyo City, except that we
use the estimated fixed effects directly as the average daycare quality parameters, i.e., &5 = @&; for
each s because, unlike in the Tokyo City case, we have estimated the fixed effect for every daycare
in Koriyama City. Priority orders are also constructed in the same manner as those of Tokyo City,
except that we use the original master ranking directly in Mechanism 4 (in Mechanisms 1, 2, and 3,
we use the region-specific orders). With this configuration, Mechanism 4 mimics Koriyama City’s
current mechanism, which is Serial Dictatorship with a maximum-length constraint (this constraint
rarely binds in our data, as shown in Table 3 in Section 5.2).%3 Since locals are not necessarily
favored under this specification of priorities, Mechanism 4 does not necessarily Pareto dominate the

other mechanisms, in contrast to the Tokyo City case.*4

43Note that Serial Dictatorship is a special case of DA in which there is a master ranking shared by all schools.
44 Although Pareto dominance does not generally hold, Section 7.2.2 shows that children’s utilities improve on
average in our simulation.
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7.2 Simulation Results

We conducted 100 simulation runs for each mechanism. Statistics presented in this section are

averages across those runs.

7.2.1 Tokyo City

Table 8 reports the results for Tokyo City. Recall that the average child utility is normalized so that
the outside option has zero expected value and unobserved shocks follow the Gumbel distribution
whose standard deviation is 7/v/6 (=~ 1.283). The table shows that the full market integration via
Mechanism 4 raises the average child utility by 39.0% relative to the fragmented case (from 0.854 to
1.187) and entails the interregional match rate of 21.5% (where interregional match rate is defined
as the share of children who are matched to the daycares outside their home regions). By contrast,
partial market integration via Mechanism 2 yields a 15.3% increase in average child utility (from
0.854 to 0.985) with a 9.1% interregional match rate, and the one via Mechanism 3 yields a 16.2%
increase (from 0.854 to 0.993) with a 9.5% interregional match rate. Thus, partial integration
under balancedness captures 39.2% and 41.5% of the welfare gains achieved by full integration,
respectively. Table 8 also reports the match rate, which shows that Mechanisms 2, 3, and 4 reduce
the unmatch rate by 5.2, 5.5, and 13.1 percentage points, respectively. Therefore, Mechanisms 2
and 3 achieve 40.0% and 41.9% of the reduction in the unmatch rate of Mechanism 4, respectively.
We also calculate the same statistics among children whose closest daycare lies outside their home
region. These areas are shown in Figure 2 in Section 3.1. Table 8 reports that, among other things,
even under the balancedness constraints (Mechanisms 2 and 3), the average child utility increases by
27.7% (from 0.696 to 0.889) and 29.3% (from 0.696 to 0.899), and 14.3% and 14.9% of the children
are matched to daycares outside their home regions, respectively.

These welfare gains can be interpreted in terms of travel time by dividing them by the coefficient
B = 3.945. The improvements of all children achieved by Mechanisms 2, 3, and 4 relative to
Mechanism 1 correspond to 3.3%, 3.5%, and 8.4% reductions in travel time to daycares, respectively.
For the children whose closest daycare lies outside their home region, the corresponding reductions
are 4.9%, 5.2%, and 12.0%.

As illustrated in Table 8, although the average gains from market integration are modest, the
effects are heterogeneous across children. In particular, the welfare gains by the children around

the borders are higher than the average over all children. Figure 5 further illustrates the welfare
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Table 8: Welfare Comparison of Alternative Mechanisms (Tokyo City)

Fragmented Partially Integrated Fully Integrated
Mechanism 1 Mechanism 2 Mechanism 3 Mechanism 4
(a) All Children (N = 59,767)
Match rate 0.537 0.590 0.592 0.668
Interregional match rate 0.000 0.091 0.095 0.215
Average child match rank 3.753 3.237 3.209 2.533
Average child utility 0.854 0.985 0.993 1.187
Ratio of children whose match becomes
better than under Mechanism 1 — 0.115 0.121 0.263
(b) Children whose Closest Daycare is
Outside Their Region (N = 2,784.7)
Match rate 0.469 0.555 0.558 0.666
Interregional match rate 0.000 0.143 0.149 0.315
Average child match rank 4.722 3.864 3.822 2.826
Average child utility 0.696 0.889 0.899 1.169
Ratio of children whose match becomes
better than under Mechanism 1 — 0.166 0.173 0.355

Notes: We present summary statistics from counterfactual simulations of our four mechanisms for (a) all children and
(b) children whose closest daycare lies outside their home region (highlighted by the orange-shaded areas in Figure 2).
Note that although we only observe child population at the geographic subdivision level in our data, in some cases
within a subdivision, part of it has the closest daycare inside the ward while the rest has the closest daycare outside
the ward. Thus, if % of the areas in a given geographic subdivision has the closest daycare outside of its ward, we
randomly assign 2% of children in that subdivision in category (b). Here, “Interregional match rate” is defined as
the share of children matched to daycares outside their home region, relative to N. In computing the “Average child
match rank,” any child matched to the outside option is given a rank equal to her ROL length plus one. For “Average
child utility,” we report the values under the normalization that the average quality of the outside option is zero and
the error term follows the Gumbel distribution whose standard deviation is 7/+/6 (~ 1.283). Given our utility model,
dividing differences in welfare by B = 3.945 translates those differences into a percentage reduction in travel time.
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Figure b5: Interregional Match Rates and Average Welfare Improvements of Children in Geographical
Subdivisions in Tokyo City under Mechanism 3. Panel (a) shows the share of children in each subdivision
who are matched to daycares outside their home region, with darker blue areas indicating higher interregional
match rates. Panel (b) depicts the percentage increase in average child utility in each subdivision, computed

Average child utility under Mechanism 3 in the subdivision . . . . .
Average child utility under Mechanism 1 in the subdivision 10’ with darker red areas lndlca‘tlng larger relative

welfare gains. Completely white areas denote subdivisions without any children in our simulation (e.g.
parks, rivers, or an airport).
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improvements and the interregional match rates across geographic subdivisions under Mechanism 3.
Interregional match rates tend to be higher in subdivisions near ward borders. While average utility
improvements are also high around the borders, they extend more broadly toward the centers of the

wards, compared to the spatial pattern of interregional matches.

Table 9: Decomposition of Children whose Matches Improve under Mechanism 3 (Tokyo City)

Improvement with Improvement without

Interregional Match Interregional Match Total
Border 5.7% 0.9% 6.6%
Non-Border 66.8% 26.5% 93.4%
Total 72.6% 27.4% 100.0%

Notes: Values are constructed by re-aggregating the data from Table 8. The total number
of children with improved matches is normalized to 100%. “Border” indicates the children
whose closest daycare lies outside their home ward. Note that any child who is matched with
a daycare outside her home region under Mechanism 3 always obtains a better match than
under Mechanism 1.

Additional details of these geographic patterns can be found in Table 9 which decomposes the

characteristics of children whose matches improve under Mechanism 3 relative to Mechanism 1 in

Table 8. Although only 4.7% (25’;%'77 from Table 8) of the children reside in the areas where the

5.7

m) of interregional matches

closest daycares are outside their home ward, they account for 7.9% (
under Mechanism 3. By contrast, 6.6% of the children whose matches improve live in those same
areas, which is lower than their 7.9% share for interregional matches, suggesting that the welfare
gains extend more broadly within each ward. Similar patterns are also found for Mechanisms 2
and 4: compared to the share of children living in border areas among all children, the share is
higher among those who are matched to daycares outside their home ward; however, the share
among those with improved matches is lower than this latter share. One possible explanation for
this last observation is that when children match to daycares outside their home region, they leave
behind vacant daycare seats; those seats are then filled by other local children, producing additional
welfare improvements beyond the interregional matches.

To further clarify this effect, we quantify the “multiplier effect” of interregional matches. Table 9
reveals that 72.6% of the match improvements are attributed directly to interregional matches,
while the remaining 27.4% arise from slots freed up through these interregional matches, implying

an integration multiplier of 1.378 under Mechanism 3. The multipliers under Mechanisms 2 and 4

are 1.368 and 1.311, respectively.
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7.2.2 Koriyama City

Table 10: Welfare Comparison of Alternative Mechanisms (Koriyama City)

Fragmented Partially Integrated Fully Integrated
Mechanism 1 Mechanism 2 Mechanism 3 Mechanism 4
(a) All Children (N = 1,295)
Match rate 0.689 0.722 0.726 0.759
Interregional match rate 0.000 0.068 0.072 0.227
Average child match rank 3.130 2.841 2.801 2.648
Average child utility 1.643 1.750 1.765 1.847
Ratio of children whose match becomes
better than under Mechanism 1 — 0.087 0.098 0.242
(b) Children whose Closest Daycare is
Outside Their Region (N = 149.3)
Match rate 0.515 0.593 0.600 0.763
Interregional match rate 0.000 0.158 0.166 0.503
Average child match rank 4.118 3.428 3.373 2.021
Average child utility 0.898 1.128 1.147 1.754
Ratio of children whose match becomes
better than under Mechanism 1 — 0.173 0.188 0.519

Notes: We present summary statistics from counterfactual simulations of our four mechanisms for (a) all children
and (b) children whose closest daycare lies outside their home region (highlighted by the orange-shaded areas in
Figure 3). Note that although we only observe child population at the geographic subdivision level, in some cases
within a subdivision, part of it has the closest daycare inside the region while the rest has the closest daycare outside
the region. Thus, If 2% of the areas in a given geographic subdivision has the closest daycare outside of its ward,
we assign 2% of children in that subdivision in category (b). Here, “Interregional match rate” is defined as the share
of children matched to daycares outside their home region, relative to N. In computing the “Average child match
rank,” any child matched to the outside option is given a rank equal to her ROL length plus one. For “Average child
utility,” we report the values under the normalization that the average quality of the outside option is zero and the
error term follows the Gumbel distribution whose standard deviation is 7/v/6 (=~ 1.283). Given our utility model,
dividing differences in welfare by B = 2.492 translates those differences into a percentage reduction in travel time.

Table 10 reports the results for Koriyama City. It shows that the full market integration via
Mechanism 4—which corresponds to Koriyama City’s current system—raises the average child utility
by 12.4% relative to the fragmented case (from 1.643 to 1.847) and entails the interregional match
rate of 22.7%. By contrast, partial market integration via Mechanism 2 yields a 6.5% increase
in average child utility (from 1.643 to 1.750) with a 6.8% interregional match rate, and the one
via Mechanism 3 yields a 7.4% increase (from 1.643 to 1.765) with a 7.2% interregional match
rate. Thus, partial integration under the balancedness constraint captures 52.2% and 59.6% of
the welfare gains achieved by full integration, respectively. Table 10 also reports the match rate,
which shows that Mechanisms 2, 3, and 4 reduce the unmatch rate by 3.2, 3.7, and 7.0 percentage
points, respectively. Therefore, Mechanisms 2 and 3 achieve 46.3% and 52.8% of the reduction in
the unmatch rate of Mechanism 4, respectively. As we do for the Tokyo data, we calculate the same
statistics among children whose closest daycare lies outside their home region as well. These areas

are shown in Figure 3 in Section 3.2. Table 10 reports that, among other things, even under the
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balancedness constraints (Mechanisms 2 and 3), the average child utility increases by 25.6% (from
0.898 to 1.128) and 27.7% (from 0.898 to 1.147), and 15.8% and 16.6% of the children are matched
to daycares outside their residential regions, respectively.

These welfare gains can be interpreted in terms of travel time by dividing them by the coefficient
B = 2.492. The improvements of all children achieved by Mechanisms 2, 3, and 4 relative to
Mechanism 1 correspond to 4.3%, 4.9%, and 8.2% reductions in travel time to daycares, respectively.
For the children whose closest daycare lies outside their home region, the corresponding reductions
are 9.2%, 10.0%, and 34.3%.

Heterogeneity in gains from market integration also appears in Koriyama City, as observed in
Table 10. Figure 6 further illustrates the welfare improvements and the interregional match rates
across geographic subdivisions under Mechanism 3. Similar to Tokyo City, geographic subdivisions

with high interregional match rates are concentrated near regional borders, while average utility

improvements extend more broadly toward the centers of regions.
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Figure 6: Interregional Match Rates and Average Welfare Improvements of Children in Geographical
Subdivisions in Koriyama City under Mechanism 3. Panel (a) shows the share of children in each subdivision
who are matched to daycares outside their home region, with darker blue areas indicating higher interregional
match rates. Panel (b) depicts the percentage increase in average child utility in each subdivision, computed

Average child utility under Mechanism 3 in each subdivision 1.0, with darker red areas indicating larger relative

Average child utility under Mechanism 1 in each subdivision
welfare gains. Completely white areas denote subdivisions without any children in our simulation (e.g. parks,

rivers, or mountain areas).

Table 11 decomposes the characteristics of children whose matches improve under Mechanism 3

relative to Mechanism 1 in Table 10. Although only 11.5% (1‘%? from Table 10) of the children reside

in the areas where the closest daycares are outside their home region, they account for 36.3% (%)

of interregional matches under Mechanism 3. By contrast, 22.1% of the children whose matches
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improve live in those same areas, which is lower than their 36.3% share for interregional matches,
suggesting that the welfare gains extend more broadly within each region. A similar pattern is
also found for Mechanism 2, while the same decomposition cannot be made under Mechanism 4
because the matching under that mechanism does not necessarily Pareto dominate the matching
under Mechanism 1 due to the difference in the priority orders used.

We also quantify the “multiplier effect” of interregional matches in Koriyama City. Table 11
reveals that 53.8% of the match improvements are attributed directly to interregional matches,
while the remaining 46.2% arise from slots freed up through these interregional matches, implying

an integration multiplier of 1.859 under Mechanism 3. The multiplier under Mechanism 2 is 1.755.

Table 11: Decomposition of Children whose Matches Improve under Mechanism 3 (Koriyama City)

Improvement with Improvement without

Interregional Match Interregional Match Total
Border 19.5% 2.6% 22.1%
Non-Border 34.3% 43.6% 77.9%
Total 53.8% 46.2% 100.0%

Notes: Values are constructed by re-aggregating the data from Table 10. The total number
of children with improved matches is normalized to 100%. “Border” indicates the children
whose closest daycare lies outside their home region. Note that any child who is matched with
a daycare outside her home region under Mechanism 3 always obtains a better match than
under Mechanism 1.

We finish this section with several remarks. First, our counterfactual analysis found that in-
tegrating matching markets can result in significant welfare gains. Second, we showed that even
partial integration results in nontrivial welfare gains, but the magnitude of the gains is meaning-
fully smaller than that under full integration. Third, we found relatively small difference between
the two versions of partial integration. Finally, our analysis revealed that there is considerable
heterogeneity in welfare gains—more specifically, children living close to regional borders achieve
significantly larger welfare gains than others from both partial and full integration. All in all, our

counterfactual simulations confirm our theoretical predictions while also giving additional insights

into the magnitude and distribution of welfare gains from different methods of integration.
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8 Discussion and Conclusion

8.1 Summary

This paper provided analysis of fragmentation in matching markets. We first documented and
discussed a variety of fragmentation cases in practice such as school choice, medical residency
matching, and so forth. We then examined how integrating fragmented matching markets can
improve outcomes under both full integration and partial integration scenarios. In the full integration
case, there is no constraint on the inflow and outflow of children across regions. In the partial
integration case, by contrast, a balancedness constraint is imposed, that is, each region’s outflow
must equal its inflow, preventing any region from gaining or losing children on net. Following
Kamada and Kojima (2025b), we considered a mechanism that finds a Pareto efficient matching
among those that respect individual rationality, balancedness, and fairness in the sense of no justified
envy among children. Empirically, using real-world data on daycare allocation, we quantified welfare
gains from partial and full integration. In both cases, compared to the status quo of independent
regional matching, many children obtain better placements while no child is made worse off. The
counterfactual simulations suggest that allowing interregional child transfers significantly improves
average child welfare even under balancedness constraints, but it is less efficient than the outcome

under full market integration.

8.2 Related Literature

We review the related literature in some depth to offer our perspective on the current state of
knowledge regarding the fragmentation and integration of matching markets. Our main goal with
this review is to provide a basis for discussing promising directions for future research and practice

in a concluding subsection (Section 8.3).

8.2.1 Fragmentation and Integration in Matching Markets

We study fragmentation and integration in matching markets, and we are not the first to study this
topic. For instance, Ortega (2018) and Klein et al. (2024) explore the welfare impact of consolidating
school choice markets under the standard DA. In the context of interdistrict school choice, Hafalir
et al. (2022) develop a model of student assignment across district lines and identify conditions

under which the outcome of the unconstrained DA satisfies a balancedness condition across dis-
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tricts. Kamada and Kojima (2025a) investigate when merging local markets benefits every student
(i.e., when integration is “monotonic” in terms of welfare) under mechanisms that satisfy several
desirable properties. In contrast to these studies of full integration, Kamada and Kojima (2025b)
take the balancedness constraint as exogenously given—reflecting political and equity requirements
that prevent unrestricted student mobility. They then ask how to efficiently implement partial in-
tegration, i.e., they try to maximize welfare under a constraint on mobility that reflects the reality
shaped by political and equity concerns.?> Those approaches are complementary to each other.
The present paper further develops both lines of literature by quantifying benefits of both partial
and full integration. By doing so, we show that a carefully designed mechanism can achieve some
efficiency gains even under partial integration, while the gains from full integration are significantly
larger.

More specifically, Kamada and Kojima (2025b) and this paper consider partial integration that
is based on a balancedness constraint. The balancedness constraint was first formalized by Dur
and Unver (2019) in a two-sided matching context, inspired by a faculty tuition exchange program
that requires universities to reciprocally exchange students. Subsequent works have applied similar
ideas: Dur et al. (2015) analyze student exchange programs (such as Erasmus in Europe) under
bilateral balanced-exchange quotas, and Dur et al. (2024) study college sports transfers with roster
balance requirements. In those studies, balancedness is enforced at the level of individual institutions
(each school or college must sponsor as many outgoing students as it hosts incoming ones). Our
paper departs from this framework by imposing balancedness at an aggregate regional level. This
generalizes the constraint structure: institution-level balance is a special case (each region containing
a single school), whereas our framework allows multiple institutions per region and focuses on net
flows across regional boundaries. By addressing balanced exchange in a multi-institution regional

setting, our work extends the scope of balanced matching and addresses new practical concerns.

8.2.2 Estimating Preferences from Revealed Preferences

In this section, we relate our paper to the growing empirical market design literature. Our study
involves various assumptions on the behavior in terms of reporting of ROLs. Although assuming

truthful reporting is the simplest way to recover applicants’ underlying utilities from their ROLs,

45See also Bloch et al. (2020) who propose mechanisms for integrating public housing assignment markets under
balancedness.

46We note that, however, the specific problems analyzed and especially the desiderata considered by those papers
are different from ours, so their analysis and ours are logically unrelated.
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both experimental and survey evidence document widespread preference misreporting in matching
markets. Laboratory experiments by Chen and Sénmez (2006), Pais and Pintér (2008), Calsamiglia
et al. (2010), Klijn et al. (2013), and Featherstone and Niederle (2016) demonstrate that a non-
negligible share of participants misreport their preferences in DA. Complementing these experi-
mental results, Hassidim et al. (2017), Rees-Jones (2018), Larroucau and Rios (2020), Hassidim
et al. (2021), and Fabre et al. (2023) use surveys to confirm that real-world applicants similarly
make strategic reports. Especially, Larroucau and Rios (2020) provide evidence in Chilean College
Admissions that even when an applicant submits an ROL shorter than the permitted maximum,
thereby removing any strategic incentive to misreport, they nonetheless tend to omit schools whose
admission probability is too small. A recent review by Rees-Jones and Shorrer (2023) comprehen-
sively catalogs these findings, classifies various patterns of misrepresentation, and relates them to
the broader behavioral economics literature.

Moreover, strategic reporting of preferences may be especially important in this study because
our datasets are elicited under Serial Dictatorship with a maximum length constraint. Such such
a constraint is common in the applications of DA, particularly in school choice.*” For example,
selective enrollment high school choice in Chicago (Pathak and Sénmez, 2013), secondary school
matching in Singapore (Teo et al., 2001), and high school choice in Turkey (Akyol and Krishna,
2017) all employ Serial Dictatorship with a maximum length constraint, much like our daycare
matching markets in Japan.*® Although unconstrained Serial Dictatorship is strategy-proof, impos-
ing a maximum length constraint breaks strategy-proofness, inducing applicants to drop daycares
with little chances of admission.

Broadly speaking, there exist two main streams of estimation methods that address strategic
reports.?® The first stream develops fully specified structural models of strategic reporting, as
explored by Agarwal and Somaini (2018), Luflade (2019), Calsamiglia et al. (2020), Kapor et al.
(2020), and Lee and Son (2024). They simulate applicants’ decision-making environment, such
as (potentially incorrect) beliefs or choice sets in the first stage, and then estimate the preference
parameters, assuming that they take a best response in the environment. In particular, Kuno (2025)

uses this approach to estimate the dynamically evolving preferences of children in the Japanese

47 As mentioned in footnote 43, Serial Dictatorship is a special case of DA in which all schools have identical
priorities over students.

“8See Table 1 in Fack et al. (2019) for a list of real-world DA implementations with limits on the length of
submittable ROLs.

“*The survey by Agarwal and Somaini (2020) gives a detailed introduction to the literature of estimating preferences
from submitted ROLs.
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daycare market.

Our paper belongs to the second stream of estimation methods, which exploits an incomplete
model of applicants’ behavior, as in He (2017), Hwang (2015), and Fack et al. (2019). Rather than
fully modelling how applicants form beliefs, these approaches impose strategic assumptions, such
as truth-telling or stability, to derive either a conditional likelihood or moment (in)equalities that
identify preference parameters.

In particular, our estimation is built on the framework of Fack et al. (2019). We adopt three of
their behavioral assumptions they use, STT, WTT, and USS, while we introduce a novel assumption,
OETT, under which each child predicts at least with some noises, whether they can enter each
daycare. Our OETT assumption captures the strategic behavior in which each child drops from
their ROL those daycares with little chance of acceptance given their score and the past cutoffs,
which is not captured by the STT or WTT assumption. Although USS can accommodate this
behavior, it tends to yield higher parameter variances than our OETT approach as it uses moment

inequalities.

8.2.3 Matching with Constraints

In the present paper, we have been primarily interested in the issue of fragmentation and integra-
tion of matching markets. However, the present analysis can also be situated in another strand
of research, namely the growing literature on matching with constraints, because barriers to full
integration pose constraints on the design of matching mechanisms.

Matching problems with distributional, fairness, and diversity constraints are quite prevalent in
both academic literature and practice. Many matching markets impose restrictions on assignments
to ensure equitable outcomes or diversity in the match. In school choice, the seminal work by Ab-
dulkadiroglu and Sénmez (2003) emphasizes the importance of fairness (eliminating justified envy)
through mechanism design and considers type-specific quotas. Subsequent research incorporates
other diversity goals: for example, Hafalir et al. (2013) and Ehlers et al. (2014) impose hard or
soft quotas on students of specific types (such as minority students) within schools. Echenique and
Yenmez (2015) characterize choice rules for schools that uphold diversity constraints while treating
students as substitutes, thus reconciling affirmative action policies with stability of matching.

Similar issues arise in college admissions and labor market matching as well. Bir6 et al. (2010)
consider university admissions with lower and common quotas, and Goto et al. (2017) propose algo-

rithms for matching medical residents to hospitals under regional placement caps aimed at ensuring
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an equitable geographic distribution of doctors. Kamada and Kojima (2015, 2017, 2018, 2020)
develop general theoretical frameworks for matching with such distributional constraints, in which
they demonstrate that standard stable matchings may not exist, propose stability concepts adapted
to the constraints, and show that new algorithms produce a matching satisfying the novel desidera-
tum. Kamada and Kojima (2015) conduct counterfactual simulations for data on Japanese medical
match, comparing matching mechanisms without the regional cap constraint, the mechanism under
the constraint which is currently used in Japan, and a new and improved mechanism under the
constraint.’® They find that the ongoing mechanism under constraint entails a significantly greater
number of unmatched medical residents compared to the case without constraints, but their pro-
posed mechanism reduces the gap to about one third. Kamada and Kojima (2023) propose a new
mechanism for the environment under a class of constraints called a general upper bound and study
the performance of that mechanism using Japanese daycare matching data. They find that their
proposed mechanism can decrease the number of unmatched children by more than a half compared
to the present practice.

Our contribution to this literature is to study a new type of constraint—balancedness of inflows
and outflows across regional boundaries—and to quantify how much efficiency gain one can achieve
with a mechanism designed optimally in the face of the constraint. In particular, we illustrate that
even when a strict policy constraint (exact balance of flows) is in place, a significant improvement
upon locally constrained outcomes can be made in a way that remains fair to all participants. This
finding suggests that it is possible to strike a balance between fairness and welfare optimization
under constraints, and our our analysis provides a template for other markets where policymakers

seek better outcomes without relaxing constraints.

8.3 Final Remarks

Looking ahead, there are many promising avenues for future research. First, it would be valuable
to investigate other institutional contexts in which the issue of fragmentation and integration is
important. For example, one could study interdistrict school choice programs in different countries
or allocation of resources like teachers and medical residents across regions, possibly with reciprocity

constraints like the balancedness constraint studied here. Each setting may bring its own practical

59Their simulation is based on synthetic data on submitted preferences because the real data were not available,
but their synthetic data were generated in such a manner that the data reproduce many summary statistics that are
publicly available. We were recently granted access to the real data, which we are currently analyzing to conduct a
counterfactual analysis in an ongoing project.
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nuances, and empirical analysis in these contexts can quantify potential welfare gains from partial
and full integration. For instance, medical schools in Japan have “regional commitment track.”
Students admitted through this track are required to work in a specific (typically rural) region of
the country for several years after graduation. This track was introduced to alleviate the problem
of doctor shortages in rural areas of the country, but it makes the market fragmented as well. In our
ongoing work, we design a matching mechanism that integrates the market for the students in the
regional commitment track with the rest of the market, which improves the doctor welfare, while
still addressing the problem of doctor shortage.

From both theoretical and practical perspectives, it may be important to consider generalizations
of the balancedness constraint. Although it is arguably a realistic constraint in various applications
(see our discussion in the Introduction), policymakers in practice might allow some degree of im-
balance, such as permitting a limited net outflow or inflow for each region within a certain bound,
to accommodate fluctuations in demand or capacity. Extending our approach to handle such “soft”
balance constraints or more complex multi-region exchange arrangements poses a challenging yet
important problem. Such generalizations would likely require new algorithmic ideas (for instance,
introducing additional types of cycles or trades) to ensure feasibility and efficiency. Exploring these
extensions, along with more empirical evaluation, will help to broaden the impact of partial in-
tegration in market design practice. At the same time, even though one might think that exact
balance is restrictive, it is noteworthy that our FIG cycles mechanism captures a significant portion
of potential welfare gains in our counterfactual analysis.

In our present context, further empirical investigation may be interesting. For instance, our
empirical analysis does not capture parents’ benefit from being able to have their child matched
to a daycare that is close to their workplaces due to data limitation. Thus, welfare gains from
integration of daycare matching markets in practice may be larger than the one suggested by our
present analysis. A more refined empirical analysis could also take into account other variables such
as daycare space, the number of teachers, and other attributes. Such analysis would be useful for
policymakers.

Finally, there remain many practical issues unexplored in this paper that nevertheless affect
the effectiveness and even the feasibility of integration. In particular, logistical considerations are
important in practice. For instance, transportation of students is a major concern for parents of
children in daycares and schools. Some municipalities provide transportation such as school buses,

but it is often very costly for them (see e.g., Angrist et al. (2022)). In other municipalities, parents

o6



need to take their children by themselves, and it may deter households from utilizing interdistrict
school choice schemes.?® Whether, and if so how, transportation should be facilitated is well beyond
the scope of this paper, but it may be an especially important question in considering geographical
integration of matching markets. Political and policymaking complication is another major issue to
tackle. Our analysis of partial integration addressed a particular form of political concern, namely
districts’ fear of losing students—and the associated funding—or being overwhelmed by outside
demand. But policymakers have other concerns. One concern we heard from officials is privacy,
given that an integrated matching mechanism would presume that information about applicants
from different municipalities can be shared. Another concern is that it is costly and difficult to even
communicate effectively between politicians and officials in multiple municipalities and coordinate
their policies. Those are well outside the scope of the present study, but they may prove crucial for

effective market design and, in our view, warrant further investigations.
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