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Abstract

We study the short- and long-run consequences of decentralized versus centralized
school admissions in higher education. We analyze the world’s first known transi-
tion to nationally-centralized admissions and its subsequent reversals during the early
20th century in Imperial Japan. Both in the short- and long-run, we find an equity-
efficiency tradeoff between meritocracy and equal regional access to schools. In the
short term, in line with theoretical predictions, the centralization led students to ap-
ply to the most prestigious school and make more inter-regional applications. This
greater regional mobility made the school seat allocation more meritocratic, but also
caused high-achieving applicants from urban areas to crowd out rural applicants from
their local schools. These impacts were persistent. Four decades later, compared to the
decentralized system, the centralized admissions increased the number of high-income
earners and elite professionals who were born in urban areas relative to those born in

rural areas.
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1 Introduction

College and school admission processes vary across time and places. One of the big modern
transformations in college admissions is a growing degree of centralization. Today, over 40
countries use regionally- or nationally-integrated, single-application, and single-offer college
admissions. At the end of the 19th century, however, no country used such a centralized
system. How does the tide of centralization affect students’ lives?l

This paper studies the short- and long-run consequences of centralizing school admis-
sions. We do so by combining a series of natural experiments in history, newly assembled
historical data, and a game-theoretic model. Our theoretical and empirical investigations
reveal the pros and cons of centralized admissions, especially an equity-efficiency tradeoff
between meritocracy and equal regional access to school.

Our empirical setting is the first known transition from decentralized to nationally-
centralized school admissions. At the end of the 19th century, to modernize its higher
education system, the Japanese government set up elite national schools that served as an
entry point to the most prestigious tertiary education. The acceptance into these schools
was merit-based, using annual entrance examinations. Initially, the government let each
school run its own exam and admissions, similar to many of today’s decentralized K-12 and
college admissions. The schools typically ran exams on the same day so that each applicant
could apply only for one school. Similar restrictions exist in today’s college admissions in
Italy, Japan, and the UK.

At the turn of the 20th century, the government introduced a centralized system. In
this system, applicants were asked to rank schools in order of their preferences and take a
single unified exam. Given their preferences and exam scores, applicants were then assigned
to a school based on a well-specified computational algorithm. The algorithm was a mix
of the so-called Deferred Acceptance algorithm and the Immediate Acceptance (Boston)
algorithm. To the best of our knowledge, this instance is the first recorded nation-wide use
of a matching aulgorithm.B Even more remarkably, for reasons detailed below, the government
later re-decentralized and re-centralized the system several times, producing multiple natural
experiments for studying the consequences of centralization.

We exploit these unique episodes of bidirectional institutional changes to identify the

!Despite the rich theoretical literature on this question (Chade et al|, 2014; Che and Koh, 2016; Hafalir
et al), 2018), the empirical literature is thin due mainly to the scarcity of variations in college admission
institutions. Carvalho et al| (2014); Machado and Szerman (2017) are recent exceptions discussed below.

2As far as we know, the earliest large-scale use of the Boston algorithm was the assignment of medical
residents to hospitals in New York City in the 1920s (Roth, 1990). The oldest national use of the Deferred
Acceptance algorithm was the National Resident Matching Program (NRMP) in the 1950s (Roth, [1984).
See Abdulkadiroglu and Sonmez (2003) for the details of these algorithms in school admission contexts.



causal impacts of the centralized admission system.E We first use a game-theoretical model
to predict the impacts of the centralization on application behavior i Our model predicts
that the centralization would cause applicants to apply to more prestigious schools and make
more inter-regional applications. These theoretical predictions guide our empirical analysis.

With newly digitalized records of application and enrollment, we first find centralization
has large short-run effects on both application behavior and enrollment outcomes. First,
consistent with the theoretical predictions, the centralization caused stark strategic responses
in application behavior. In particular, strategic incentives in the centralized system led
both urban and rural applicants to more frequently rank the most prestigious urban school
first. Second, the centralized system caused a greater number of high-ability applicants
from urban areas to be admitted to schools in rural areas, often after being rejected by the
most prestigious school. As a result, urban high-achievers crowded out rural applicants; the
number of entrants to any national elite school coming from the urban area increases by 10%
during centralization B

In total, the short-term impacts of the centralization highlight an equity-efficiency ten-
sion. On the one hand, the centralization made the school seat allocation more meritocratic,
as urban applicants with higher scores were more likely to be admitted to some school even
if they failed to enter the most prestigious urban school. On the other hand, this meritoc-
racy comes at the cost of distributional consequences of urban applicants dominating rural
applicants, which upsets rural schools and communities ([Yoshind, 20014).

This equity-efficiency tradeoff compelled the government to go back and forth between

decentralized and centralized systems, finally settling for a decentralized scheme B [ronically,

3This use of bidirectional policy changes echoes other studies with similar identification methods (Niederle
and Roth, 2003; Redding and Sturm, 2008; Ahlfeldt et al), 2015; Nakamura and Steinsson, 2018).

4Our theoretical analysis is based on the observation that the centralized and decentralized systems can
be interpreted as different versions of the same mechanism with different constraints on the number of schools
applicants can rank. This interpretation connects our setting to the literature on constrained school choice
(Haeringer and Kliju, 2009; Calsamiglia et al), 2010; Pathak and Sénmez, 2013; Chen and Kesten, 2017;
Hafalir et al), 2018).

5Tt is also empirically true that the centralized system made rural applicants more often apply to and
enter urban schools. The centralized system thus increased regional mobility across the country. But their
net effect is such that urban high-achievers crowded out rural applicants.

6The government tried to alleviate the distributional consequence by decentralizing admissions
and effectively forcing rural schools to favor local students. This attempt appears to share some
of the spirit with modern affirmative actions (Arcidiacono and Lovenheim, R016).  This event
foreshadows ongoing policy discussions on the distributional effects of meritocratic college admis-
sions. See, for example, discussions in Australia (Marginsor|, 2011), France (“Derriere 'algorithme
de Parcoursup, un choix ideologique,” at https://www.nouvelobs.com/education/20180713.
0BS9643/derriere-1-algorithme-de-parcoursup-un-choix-ideologique.html, retrieved in Au-
gust 2018), and the US (“How merit-based college admissions became so unfair,” at https://www.
washingtonpost.com/opinions/how-merit-based-college-admissions-became-so-unfair/2018/01/
10/45a3007e-£569-11e7-b34a-b85626af34ef _story.html?noredirect=on&utm_term=.e8a24d61bd11,


https://www.nouvelobs.com/education/20180713.OBS9643/derriere-l-algorithme-de-parcoursup-un-choix-ideologique.html
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https://www.washingtonpost.com/opinions/how-merit-based-college-admissions-became-so-unfair/2018/01/10/45a3007e-f569-11e7-b34a-b85626af34ef_story.html?noredirect=on&utm_term=.e8a24d61bd11
https://www.washingtonpost.com/opinions/how-merit-based-college-admissions-became-so-unfair/2018/01/10/45a3007e-f569-11e7-b34a-b85626af34ef_story.html?noredirect=on&utm_term=.e8a24d61bd11

it is this series of bidirectional reforms that allow us to more precisely identify the effects
of centralization than a usual single policy change would permit. These short-run results
complement existing empirical studies on the effects of centralization on application behavior,
regional mobility, and social welfare (INiederle and Rothl, IQOOSI; IAbdulkadiroé;lu et a1.|, |2006|,
lZOOd, }2017b|; |Carvalh0 et al.|, l2014l; IHafalir et alJ, |201é; |Machado and Szerman|, bOl?I; IPallaisL

l2015|; IPatha,kI, |2017|).

Finally, the centralization had lasting impacts on students’ career outcomes. To assess

long-term effects, we use data from the Japanese Personnel Inquiry Records in 1939 that
provides a list of high-income earners and other distinguished professionals. According to our
short-run analysis, urban areas experienced a disproportionate gain in school access relative
to rural areas under the centralized admission system. Based on this result, we compare
career outcomes of urban- and rural-born cohorts reaching an appropriate application age
before and after the admission reforms.

Our differences-in-differences estimates suggest persistent effects of the centralization.
Almost four decades later, the centralized system produced a greater number of high-income
earners, top managers, and professionals who came from urban areas compared to rural
areas. Quantitatively, the number of career elites born in urban areas increased by 10-20%

for the cohorts exposed to the centralized admissions. This paper thereby contributes to

the literature on the long-term effects of economic mechanism design (tBleakley and Ferriel,
) and more generally, the literature that uses historical data to test and refine economic
theory (breiﬂ, |199j; tKranton and Swamyl, |2008|; lBérner and Hatﬁeld|, |2()17|)E|

Section P provides historical backgrounds about school admissions in the world and

Japan. Section H develops theoretical predictions, which we then test in Section E using
data described in Section H Section B analyzes short-term impacts of centralizing admis-
sions while Section H is about its long-term impacts. Finally, Section H summarizes our

findings, discusses their limitations, and outlines future directions.

retrieved in August 2018). See also IKamada and Kojimal (l20151) and () among others for

discussions about regional inequality in other matching markets. In addition to the distributional concerns,
administrative costs of centralization (e.g., coordination and communication among schools) also burdened
the government.

7Our analysis provides evidence about the impacts of different admission systems, thus complementin
the literature on the effects of different schools conditional on a particular admission system (Dale an
Krucgcﬂ, lZOO?I; IAltonii et all, bOlﬂ; Dobbie and Fryer, l2013' IHastin;zs et al bOlSﬂl; Pop-Eleches and Urquiola,
2013; lDeming et all, f2014l; irkeboen et alL l201d; |Abdu1kadiro§;lu et all, fZOl?aI; lZimmerman, forthcoming)).
Our results also relate to empirical studies of the long-term effects of educational institutions and resources
(lDuﬂd, 001 |Meghir and Palmd, l2005|; Oreopoulosi, ZOOd; Pischke and Von Wachterl, M) These studies
focus on the effects of quantitative expansions of resources (such as school constructions and compulsory
schooling extensions) while we investigate the effects of qualitatively different resource allocation mechanisms
conditional on a pool of resources.




2 Background

2.1 College Admissions around the World

College and school admission institutions vary across time and places. Today, over 40 coun-
tries use regionally- or nationally-integrated, single-application, and single-offer college ad-
missions. Figure m depicts countries that adopt some centralized college admissions in dark
red and countries without any centralized college admissions in light yellow, showing that
centralized college admissions are used in all continents except North America.

At the same time, the centralization of college admissions is a relatively new phenomenon
in history. At the end of the 19th century, no country used such a centralized system. Even
today, many countries like the US and Canada keep using decentralized systems. Simi-
lar points apply to K-12 school admissions as well. How does the centralization of college
and school admissions affect students’ application behavior, enrollment results, and future
careers? Understanding the costs and benefits of centralization will have important impli-

cations for policy designs.

2.2 Centralizing Admissions in Imperial Japan

To evaluate the impacts of centralized school admissions, we go back to the world’s first
known implementation of a centralized system at the turn of the 20th century in Imperial
Japan. After the Meiji Restoration of 1868, education reforms were a central part of mod-
ernization efforts by the Japanese government. In 1894, the government launched a new
set of higher education institutions consisting of one Imperial University and five national
Higher Schools. By 1908, it was expanded to four Imperial Universities (Tokyo, Kyoto,
Tohoku, and Kyushu) and eight national Higher Schools (First in Tokyo, Second in Sendai,
Third in Kyoto, Fourth in Kanazawa, Fifth in Kumamoto, Sixth in Okayama, Seventh in
Kagoshima, and Eighth in Nagoya, named after the order in which they were established)
in key locations across Japan as shown in Figure @ Hereafter we refer to the eight national
schools as Schools 1-8 for short.B

These schools served effectively as an entry point to Imperial Universities (the most
prestigious tertiary education) as virtually all graduates of Schools 1-8 were admitted to these

universities without further selection until 1918 if not later. Furthermore, Imperial University

8Schools 1-5 were established in 1894 and Schools 6, 7, and 8 were established in 1900, 1901, and 1908,
respectively. Despite the growing demand for higher education, due to fiscal constraints, the number of
national schools remained constant until 1917. In addition to Schools 1-8, there was a quasi-national school,
Yamaguchi Higher School, which was established in 1894, discontinued in 1904, and re-established in 1918.
The number of higher education institutions increased after 1918, as the government permitted not only
national but also local public and private high schools and universities.



graduates were partially or wholly exempted from the Higher Civil Service Examinations
and other highly selective national qualification exams (Amano, 2007). As a result, entering
Schools 1-8 was considered an equivalent to obtaining a passport into the elite class in
Imperial Japan. To apply to these schools, one must be male aged 17 or older and have
completed a middle school. As Schools 1-8 admitted only about two thousand students each
year, they constituted less than 0.5% of the cohort of male aged 17.

The admissions to Schools 1-8 were merit-based and determined by annual entrance
examinations. Initially, the government let each school administer its own exam and ad-
missions, and the schools typically ran their exams on the same day so that each applicant
could apply to only one school. We call this system “decentralized admissions,” “decentral-
ized applications,” or Dapp for short.

All schools were not created equal, however. Among the eight schools, School 1 in Tokyo
was considered by far the most prestigious due to its capital location and close ties with
Tokyo Imperial University. The next most prestigious was School 3 in Kyoto. By contrast,
located in a remote southwest region, School 5 and School 7 were considered the least pres-
tigious among all. Consequently, the schools differed substantially in their popularity and
selectiveness. For example, in 1901, the rate of acceptance (i.e., the share of admitted appli-
cants in all applicants) was 23% in School 1 (Tokyo), compared to 51% in School 5. In fact,
many highly talented students who applied to School 1 (Tokyo) were rejected and had to
give up or retake the exam in the subsequent year, while less popular schools were admitting
not so talented students. For the government whose goal was to select the best and brightest
and send them to higher education, the decentralized system seemed inefficient.

To remedy this problem, in 1902, the government instituted a centralized system in which
applicants were asked to select multiple schools they would like to enter, rank them in order
of their preferences, and take a single unified entrance exam at the nearest school from their
residence. Applicants were then assigned to a school (or no school if unsuccessful) according
to their exam scores and school preferences, based on a well-specified centralized algorithm
announced ex ante. To the best of our knowledge, this is the world’s first recorded large-

bPANAA

scale use of a matching algorithm. We call this system “centralized admissions,” “centralized
applications,” or Capp for short. In proposing this system, the Higher Education Committee
explained its purpose as to enroll “students of superior academic talents,” placing a clear
emphasis on meritocracy (Yoshing, 2001a, p.53).

This institutional innovation, however, was short-lived. Partly in response to the op-
positions by school principals as discussed later, the government switched back to Dapp
(with a modification of using a unified exam) in 1908. The government continued to oscil-

late between decentralization and centralization, however, reintroducing Capp (with a slight



modification) in 1917, moving back to Dapp (with a unified exam) in 1919, reinstituting
Capp (with major modifications) in 1926, finally settling down to Dapp (returning to its
most decentralized form) in 1928.

In other words, in a space of thirty years, there were three periods of centralized ad-
missions: first in 1902-07, next in 1917-18, and finally in 1926-27. We exploit this series of
bidirectional policy changes to identify the causal impacts of centralization on the selection
of students and their career outcomes.! According to historical studies, these repeated pol-
icy changes were the result of tugs- of- war between the Ministry of Education who pushed
for centralization and meritocracy and the Association of School Principals who preferred
decentralization and regional autonomy (Amano, 2017; Takeuchi, 2011). In the following
empirical analysis, we take the timing of reform as exogenous, namely, we assume that ev-
ery year there was a positive probability that the current system could change, but exactly
when it happens was determined largely by external conditions that affect relative bargaining
power of the two opposing palrties.E

To understand the centralized system and how it operated, we briefly describe the algo-
rithm and assignment results in 1917 (only year in which such data are available; note that
the 1917-18 algorithm is only slightly different from the 1902-07 algorithm). New application
procedures were announced in April, three months before the exam, as a public notice pub-
lished in Government Gazette. The assignment rules were as follows (see Appendix Figure

@ for a reprint of the original notice in Japanese).

(1) First, select the same number of applicants as the sum of each school ca-
pacity in descending order of exam score. If the score is tied, decide by

lottery.

(2) Second, for applicants selected in (1), in descending order of exam score,
assign each applicant to the school of his first choice until the school capacity
is filled. If the score is tied, decide by lottery.

(3) Third, for those applicants who are selected in (1) and not assigned to any
school in (2), in descending order of exam score, assign each applicant to a
school of their second choice until the school capacity is filled. If the score

is tied, decide by lottery.

9These historical episodes are well known among historians of the Japanese education, who provide
detailed institutional accounts (e.g., Yoshing, 20014,b; Takeuchi, 2011; Amand, 2007, 2017). The preceding
studies, however, are mostly descriptive and qualitative. In this study, we combine a formal model and
quasi-experimental empirical methods to analyze the causal effects of centralizing school admissions.

10For example, the second and third introduction of Capp was implemented by the same person who was
named the Minister of Education in 1916 and again in 1924 under the different Cabinets (Amand, 2017,
Chapter 6).



(4) Finally, for those applicants who are selected in (1) and not assigned to
any school in (2) and (3), in descending order of exam score, assign each
applicant to a school of their third choice or below that has an unfilled seat.
If the score is tied, decide by the school preference order. If both the score

and the preference order are the same, decide by lottery.

Written more than a century ago, the rules were described clearly and precisely in an almost
mathematical manner. Observe that the above method imposes meritocracy up front in
which only top-scoring applicants were considered for admission regardless of their school
preference order (Step (1)). Then these applicants are assigned to one of Schools 1-8 using
a mix of the so-called Immediate Acceptance (Boston) algorithm (Steps (2) and (3)) and
the Deferred Acceptance algorithm (Step (4)). In other words, consistent with the stated
purpose, the assignment rules were designed to maximize the lowest score of accepted appli-
cants.

To see whether or not actual school assignments are consistent with the above algorithm,
Appendix Table @ presents the number of admitted applicants (to the Department of
Law and Literature in each school) and their exam scores by their school preference order.
Observe that, in the prestigious School 1 (Tokyo) and School 3 (Kyoto), all seats were filled
with applicants who ranked these schools as their first choice. Both the maximum and
minimum exam scores of School 1 entrants were the highest among all schools, indicating
that School 1 was the most selective, followed by School 3, School 4, and School 2, in that
order. By contrast, Schools 5 and 7 were admitting a fair number of students who ranked the
school as their third choice or below, because they did not have sufficient number of high-
scoring applicants who placed these schools on the top of there preference order. Observe
also that students who were admitted to the school of their third choice or below are not
necessarily low ability students. For example, the highest-score entrant to School 7 (with
the score of 450) was the applicant admitted to his third choice after failing to enter Schools
1 and 3 by a narrow margin.

Finally, consistent with the principle of meritocracy that maximizes the lowest score of
entrants, setting aside Schools 1 and 3, the lowest score was comparable across schools (374
in School 2, 364 in School 4, 362 in School 5, 364 in School 6, 364 in School 7, and 363 in
School 8). In summary, these observations indicate that the centralized admissions system

was carefully designed and well implemented.



3 Theory

To guide our empirical investigation, we develop a game-theoretical model to analyze the
impacts of centralizing school admissions on application behavior. The model has two central
predictions. First, the greater number of applicants will apply to the most prestigious school
under centralized admissions (Capp) than under decentralized admissions (Dapp). Second,
applicants will make more inter-regional applications under Capp relative to Dapp.

We consider the simplest model with two schools S; and Sy with capacities ¢; and ¢o,
respectively, and a fixed set of male applicants I = {1,2,,n} where ¢; +¢2 < n. Each school
can observe an individual’s test score if he applies to the school. We assume applicants with
homogeneous preference: let vy be the utility from school S, and assume v; > vy > 0 for all
applicants. This means that S; is more preferred than Sy for all applicants. If an applicant
does not receive any offer, then his utility is 0. We assume that it is costless to apply to any
school.

Before applicants apply to schools, applicants take a standardized test and receive a
privately known test score: ¢; € [0,1]. Applicants cannot observe others’ test scores and
believe that others’ test score follow a cumulative distribution function, ¢; ~;;q F'(t). This
F(s) is applicants’ common belief about others’ test scores.

Each applicant chooses a strategy that maximizes his expected utility. We assume that
applicants are risk-neutral. The expected utility for applicant j from applying to S; under
Dapp is the following:

EU(S;|t;, Dapp) = v; * Pr(S;|t;, Dapp)

Pr(S;|t;, Dapp) is the probability of being accepted to S; under Dapp conditional on score
t; and applying to S;. Let n; be the number of applicants applying to S;. Since an applicant

must be in the top ¢; among all applicants to be accepted to S; , we have

Pr(Si|t;, Dapp) = 1% Pr(n; < ¢;) + Z Pr(n; = m) i <m - 1) F(t,)™ 11 — F(t)) .

m=q;+1 k=0

The expected utility for applicant j from submitting a preference ranking (S,,S,) (where
x,y € {1,2} and x # y) under Capp is as follows:

EU((Sz, Sy)lt;, Capp) = vg * Pr(S,|t;, Capp) + vy * Pr(S2|t;, Capp)(1 — Pr(S,|t;, Capp))

where Pr(S¥|t;, Capp) is the probability of being accepted to S; with score ¢; when ranking

10



S; k-th under Capp. In order to be accepted to S;, an applicant must be in the top ¢; among

all applicants whose first choice is S;, so that:

n qi—1
Pty Canp) = 1Pt <a)+ Y Prlat =) Y- (") O - Pl

m=q;+1 k=0

where n; is the number of applicants ranking S; first. We also have

qi—1 q;i—m—1 2
c— 1
Pr(S7|t;, Capp) =0 * Pr(n} > q)+ Y Pr(nj=m) »_ (nz I )F(tj)"?_k_l(l — F(t;)*
m=0 k=0

Sl =m) S (" N 1)F<tj>"?-k-1<1 ~ F(ty)!

m=0 k=0
Based on the above model, we obtain the following prediction.

Proposition 1. The number of applicants who apply to the most prestigious school Sy is

weakly larger under centralized admissions than under decentralized admissions.

The intuition for this proposition is that Capp will cause applicants to give a shot at
the most prestigious and selective school since Capp gives applicants a chance of acceptance
by lower-choice schools after rejected by the first-choice school. The predicted increase in
inter-regional applications is even more intuitive and mechanical since centralized admissions

allow applicants to rank and apply to a greater number of schools.

4 Data

For analyzing short-run effects of centralization, we collect data on applications, enrollments,
and other outcomes from several administrative and non-administrative sources.

First, we collect data on the number of applicants by year and the school of their first
choice from 1898 to 1930 for Schools 1-8 from multiple sources: Government Gazettes for
1902; Letters Exchanged between the Ministry of Education and Tokyo Imperial University
for 1903 and 1904; Yoshing (2001a) for 1907; the Investigation Records of Higher School En-
trance Examinations by the Ministry of Education for 1917,1918 and 1927; and the Yearbook
of the Ministry of Education for other years.

Data on applicants’ birth prefectures are available only for 1916 (under Dapp) and 1917
(under Capp) from the Investigation Records of Higher School Entrance Examinations. For
these two years, we collect the number of applicants by first-choice school and prefecture of

the applicant’s middle school. Birth prefecture is defined by the prefecture of legal domicile

11



registered in Japan’s Family Registry. We include applicants born in all 47 prefectures
(excluding colonies) in Japan and exclude foreign-born applicants.

Second, we compile data on the number of entrants (i.e., successfully admitted applicants)
by school, year, and birth prefecture from 1898 to 1930. For this, we use the Higher School
Student Registers published annually by each school to collect the number of freshmen
by birth prefecture. We include only native-born freshman in the university preparatory
division, excluding foreign-born students and students in medical and engineering divisions
which were part of higher schools in early years. Strictly speaking, the number of freshman
may differ from the number of entrants due to dropouts and holdovers. However, because
the number of entrants by birth prefecture is not available, we use the number of freshmen
in place of entrants in the following regression analysis.

Third, we also collect data on the number of middle school graduates by year, school type
(public or private), and prefecture (defined by the location of middle school) from 1897 to
1930, using the Yearbook of the Ministry of Education, to control for the supply of potential
applicants as well as the general education level. We also control for the numbers of national,
public, and private high schools by prefecture that were established in addition to Schools
1-8 after the 1919 reform, using the same source.

Finally, to measure the geographical mobility of applicants and entrants, we compute
distance as follows. Since the finest geographical unit of observation is a prefecture, we
define the distance between an applicant’s birth prefecture and the school of his first choice
by a direct (straight-line) distance between the capital of the birth prefecture and the capital
of the prefecture in which the school was located. Similarly, the distance between an entrant’s
middle school and the higher school he was admitted to is defined by a direct distance between
the two prefectural capitals determined by the prefectural locations of the middle school and
the higher school. The distance data are from the Geospatial Information Authority of Japan
(GSI). Descriptive statistics of main variables are summarized in Appendix Table @

5 Short-run Impacts

5.1 Strategic Responses by Applicants

As an immediate effect, switching back and forth between Capp and Dapp caused stark
strategic responses in application behavior. Figure a shows that the three episodes of Capp
(in 1902-07, 1917-18, and 1926-27) are associated with a sharp increase in the share of
applicants who select the most prestigious School 1 as their first choice. This is consistent

with the theoretical prediction (Proposition m) in Section a

12



Furthermore, such response was present and statistically significant in all geographic
areas. The top panel of Table EI reports the difference in the propensity of applicants to rank
School 1 first between the two years, 1916 (under Dapp) and 1917 (under Capp), using the

following regression:

Yie = a+ B x Capp; + €,

where Y}, is the indicator variable that takes 1 if applicant ¢ in year t selects School 1 as his
first choice and Clapp; is the indicator variable that takes 1 if year ¢ is under Capp. The
first column shows that, at the national level, the share of applicants who rank School 1
first increased by 16 percentage points under Capp. This is about 64% increase compared
to the mean of 25% under Dapp (reported as the estimate of the constant term «). Next,
to observe regional variations, we group applicants into school regions based on which of
Schools 1-8 was the closest to the middle school from which the applicant graduated (see the
map below Table m) and run the same regression for each region. The results indicate that,
in all school regions, the share of applicants selecting School 1 rose substantially (by 11 to
19 percentage points) under Capp.

These strategic responses have heterogeneous effects on application distance (i.e., the
distance between an applicant’s first-choice school and middle school) as the bottom panel
of Table m shows. At the national level, the application distance seems to have changed little
between Dapp and Capp (see the first column). However, at the regional level, there were
major changes. The application distance decreased by 93 km (1 km is 0.62 miles) in the
School 1 region under Capp as more applicants selected the nearest and most prestigious
School 1, whereas it increased by more than 100 km in the School 5 and School 7 regions
located in remote west.

Overall, the results in Table m show that the centralization of school admissions induced
a greater number of applicants around the nation to apply to the most prestigious school in
Tokyo as their first choice and encouraged applicants in remote areas to make more long-
distance applications. As a result, the competition to enter School 1 became more intense
under the centralized system. Appendix Figure @ depicts changes in the competitiveness
of Schools 1-8, measured by the ratio of the number of applicants who select the school as
their first choice (hereafter first-choice applicants) to the number of entrants to the school.
It shows that, during the periods of centralized admissions, the ratio spiked at School 1
(Tokyo), increased modestly at School 3 (Kyoto), and declined sharply at the rest of the
schools. For instance, at the second introduction of Capp in 1917, School 1 attracted 12
times more first-choice applicants (4,428 in total) than its capacity (of 361 seats). This

implies that only a small fraction of the first-choice applicants were admitted to School 1,
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producing hundreds of high-scoring but rejected applicants. These applicants were likely to
be admitted to schools of their second choice and below under the centralized assignment
rules.@

5.2 Regional Mobility in Enrollment

Now we turn to enrollment outcomes and analyze the geographical distribution of successful
applicants admitted to Schools 1-8. Note that the geographical distribution of entrants is
determined by the geographical distributions of applicants as well as their abilities.

Figure H plots the average enrollment distance (i.e., the distance between an entrant’s
birth prefecture and the school he entered) from 1898 to 1900. It shows that the central-
ized system is associated with a sharp and discontinuous increase in enrollment distance,
especially in the first two episodes of Capp.@

This increase in regional mobility happened, to a large extent, through a sharp reduction
in the number of “local” entrants (defined by entrants who were born in the prefecture in

which the school is located). We estimate the following regression for each school s separately:

Yy = 1 x Cappy x 1{school s is located in prefecture p}
+ Bo x Capp; x 1{school s is 1-100 km away from prefecture p}
+ B3 x Capp; x 1{school s is 101-300 km away from prefecture p}
+ Xt + 7+ %+ 6y

where Y, is the number of entrants born in prefecture p who entered school s in year
t. Capp; is the indicator variable that takes 1 if the system was centralized in year t.
1{ school s is 1-100 km away from prefecture p} is the indicator variable that takes 1 if school
s is not located in, but within 100 km from prefecture p. X, controls for observable char-
acteristics of prefecture p and year ¢, including the number of middle school graduates from
prefecture p and the number of higher schools other than School 1-8 in prefecture p. v, and
7p are year and prefecture fixed effects.

According to the results in Table E, the coefficients of 1{school s is located in prefecture p}

are negative and significant for all schools, implying that Capp reduces the number of local

HRecall that, under the meritocratic assignment rules discussed in Section E, schools would reject first-
choice applicants whose score is below a threshold and accept second-choice applicants with a sufficiently
high score.

12The centralized mechanism used in the third episode of Capp in 1926-27 was qualitatively different from
that in the first and second episodes. Because the number of national schools increased to 25 in 1926 from
8 in 1918, the schools were divided into two groups and applicants were allowed to choose and rank at most
two schools from different groups in 1926-27.
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entrants born in the school’s prefecture. The column (1) shows that the number of School
1 entrants born in Tokyo Prefecture declined by 28 under Capp from the average of 103
entrants under Dapp, or a 27% reduction. School 7 was the most affected where the num-
ber of local entrants declined by 48%, while School 8 was least affected with a decline of
17%. Schools 4-7 experienced reductions in the number of entrants born not only from the
school’s prefecture but also from surrounding prefectures. In other words, the centralization
weakened the local monopoly power of each school by creating a national market for higher

education.E

5.3 Meritocracy vs Equal Regional Access

If the centralization reduced the number of local entrants, who replaced them? Which
prefecture gained more school seats under the centralized system? Figure @ plots the change
in the number of entrants to Schools 1-8 from Capp to Dapp by birth prefecture (where blue
colors indicate negative changes and red colors indicate positive changes). It shows that
most of western prefectures and northern most prefectures lost school seats, while Tokyo
Prefecture and its surrounding areas gained school seats under Capp.

Figure @ depicts the time evolution of the share of entrants to Schools 1-8 who were born
in the Tokyo area defined as prefectures located within 100 km from Tokyo (see Appendix
Figure @) It shows that the share of Tokyo-area born entrants rose significantly during
the years of centralization.

More formally, Table B compares the effects of Capp on Tokyo-area born entrants and

locally-born entrants, estimating the following equation for a given school s:

Y,: = 01 x Cappy x 1{prefecture p is Tokyo}
+ By x Capp; x 1{prefecture p is 1-100 km away from Tokyo}
+ B3 x Capp; x 1{prefecture p is 101-300 km away from Tokyo}
+ B4 x Capp; x 1{school s is located in prefecture p}
+ B5 x Capp; x 1{school s is 1-100 km away from prefecture p}
+ B¢ X Capp; x 1{school s is 101-300 km away from prefecture p}
+ Xpt + 7+ %+ 6y

where Y}, is the number of entrants born in prefecture p who entered school s in year t.
The column (1) of Table B shows that the number of Tokyo-area born students admitted

13These results are robust to whether to control for prefecture characteristics (results available upon
request).
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to any of Schools 1-8 increased by 23 under Capp, indicating a 10% increase from the average
of 226 under Dapp. The estimates by school in the columns (2)-(9) reveal that this effect
comes mainly from Tokyo-area born students entering not prestigious urban schools (Schools
1 and 3) but less selective schools (Schools 4—8).@ In other words, the net effect of Capp is
such that the increased inter-regional applications caused high-achieving students residing
mainly in the Tokyo area to crowd out lower-achieving students in remote areas from their
local schools.

To summarize, our analysis of the short-term impacts of the centralization highlights an
equity-efficiency tradeoff. On the one hand, the centralized admissions made the school seat
allocation more meritocratic, enabling high-ability students to enter one of the eight national
schools even if they failed at the most selective one (Figure @) On the other hand, this
meritocracy comes at the expense of equal regional access to education, as high-achieving

urban applicants tended to dominate rural applicants in the competition (Table )

5.4 Other Institutional Changes

We briefly discuss whether changes in other institutional factors could explain the results of
our short-run analysis. First, if there were simultaneous reforms of middle schools, it could
affect higher school application behavior. Appendix Figure @ shows that the number of
middle school graduates changed smoothly around the introductions of Capp. Second, if
there were changes in the number of entrants across years, potentially due to expansions of
school capacities or increases in the number of higher schools, this could affect application
behavior and enrollment outcomes. Appendix Figure @ shows that there were no discon-
tinuous changes in the numbers of applicants and entrants to School 1 before and after the
centralization. These observations give us some confidence that the spikes in Figures H and

@ are the causal effects of Capp.

6 Long-run Impacts

6.1 Long-run Outcome Data

To assess longer-term effects, we use the Japanese Personnel Inquiry Records (JPIR) pub-
lished in 19394, The JPIR select approximately 60,000 distinguished individuals (such as

14 The results remain almost the same whether we control for observable prefecture characteristics or not
(a table available upon request).

15See Tanaka et all (2018) for the details of the JPIR data. Digital images of the JPIR are publicly
available at the National Diet Library Digital Collections.
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nobles, business managers, politicians, high-ranking bureaucrats, professionals, high-income
earners) and provide detailed information for each individual including his or her full name,
birth date, birth prefecture, residing prefecture, final education, occupational titles and po-
sitions, employer’s name if applicable, and the amount of national tax paid.

To capture the effects of the first period of Capp in 1902-1907, we use the cohorts born
in 1882-1894 who became age 17 in 1899-1911 in our regression analysis. The ages of these
cohorts range from 45 to 57 in 1939, the year in which we observe them in the JPIR 4 Ap-
pendix Figure @ shows the total number of individuals listed in the JPIR by cohort. (The
colored segment indicates cohorts who were exposed to the centralized admissions system
at age 17.) The number exhibits an inverse-U shape, because an earlier-born (i.e., older)
cohort is more likely to be dead or retired by 1939, while a later-born (i.e., younger) co-
hort is less likely to be promoted to prominent positions by the same year. These limitations
notwithstanding, we have more than 1,500 observations in each cohort aged 45 to 57 in 1939.
Using the occupational titles, employer’s name, and the payment of income tax, we define
the following (mutually non-exclusive) groups of elites among JPIR-listed individuals: (1)
high-income earners (with more than 1,200 yen of taxable income), (2) managers (employed
in private sector with more than 1,200 yen of taxable income), (3) professionals (doctors,
engineers, lawyers, and scholars), and (4) public officials (politicians and bureaucrats).

To control for demographical changes, we collect prefecture-level data on birth population
for the cohorts born in 1886-1894 from national population census and estimate that for the
cohorts born in 1882-1885 using age-specific population data available in 1876-1894. To
control for economic conditions, we take prefecture-level manufacturing GDP estimates in
1874, 1890, 1909, and 1925 from Tangjun et al| (2009) and interpolate them linearly for each
prefecture.

Finally, to measure the geographical mobility of elites, we observe whether or not their
residing prefecture differs from their birth prefecture. Descriptive statistics of main variables
are presented in Appendix Table @

6.2 Regional Differences in Career Outcomes

A differences-in-differences analysis by cohorts and regions suggests persistent effects of the
centralized school admissions system. The key idea behind our empirical strategy is that
applicants born in the Tokyo area experienced a disproportionate gain in entering Schools
1-8 under Capp relative to Dapp (recall Figure E and Table a) We exploit this differential

gain in school access by comparing the career outcomes of cohorts born inside and outside

16The average life expectancy at age 20 for males born in 1880-1900 was about forty years.
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the Tokyo area who became age 17 during Capp as opposed to Dapp.

First, to check the validity of our JPIR data, Figure B (a) compares the number of
Imperial University graduates who were born inside and outside the Tokyo area by cohorts.
In these and subsequent plots, the colored cohorts indicate those who became age 17 during
the first period of Capp in 1902-1907. Lightly colored cohorts are those who became age 17
before 1902 but might have taken the entrance exam in 1902 under Capp if they failed to
enter any school at age 17 and retook the exam in subsequent years. As a result, in terms
of birth cohorts, we expect a sharp and discontinuous change at the end of Capp in 1908,
but less sharp and more gradual change at the start of Capp in 1902.

Figure B (c) shows that the difference in the number of Imperial University graduates
between the two areas gradually increases with the introduction of Capp and drops sharply
after its abolition. Recall that during these years, all graduates of Schools 1-8 were au-
tomatically admitted to the Imperial Universities. Namely, this pattern is consistent with
the results of our short-run analysis, providing some assurance that our JPIR data contain
meaningful information.

In Figures B (b) and (d), we provide a similar analysis but using an alternative geo-
graphical area of comparison for robustness check. Instead of the Tokyo Area, we identify a
set of prefectures that experienced a net increase in the number of entrants to Schools 1-8
in 1902-1908 under Capp and compare individuals born inside and outside this area. The
results are qualitatively the same.

Our main results are presented in Figures @ and Table @ Figures @ shows differences-
in-differences plots that compares (a) the number of high-income earners, (b) elite managers,
and (c) professionals who were born inside and outside the Tokyo area during and outside
the Capp period. In each category of elites, the figure shows that around the introduction of
Capp, the Tokyo Area began to produce more elites than other areas by a greater margin,
but this discrepancy drops at the end of Capp. Overall, Figures @ suggest that, almost
four decades after its introduction, Capp had persistent effects on the career outcomes of
students.

To quantify the long-run effects, we provide statistical differences-in-differences estimates

in Table @, using the following regression:
Yy = B X Cappy X Urban, + v, + v + €t

where Y, is the number of elites in prefecture p in cohort ¢, Capp; is the indicator variable
that takes 1 if cohort ¢ experienced Capp at age 17, Urban, is the indicator variable that

takes 1 if prefecture p is in the Tokyo area or the area where the number of entrants to
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Schools 1-8 increases under Capp, and v, and v; are prefecture and cohort fixed effects.

The prefecture fixed effects capture any systematic difference in career outcomes across
prefectures. The cohort fixed effects control for common shocks that affect career outcomes
in all prefectures as well as secular time trends. To allow for serial correlation of €, within
prefectures over time (without imposing a particular structure on the form of the serial
correlation), we cluster the standard errors at the prefecture level.@ The key coefficient is
B, which measures the treatment effect of the centralization on career outcomes, and should
be positive if centralization has a long-run impact.

The results in Table @ show that the long-run effects are in fact statistically and econom-
ically significant. Quantitatively, the first row of the upper panel indicates that the number
of high-income earners, managers, and professionals born in the Tokyo areas increases by
18%, 15%, and 20%, respectively, for cohorts exposed to Capp relative to Dapp. The lower
panel of Table @ show that the effects are symmetric with respect to the direction of institu-
tional change, i.e., a change from Dapp to Capp and a change from Capp to Dapp produce
statistically significant and quantitatively similar effects with an opposite sign.

Finally, in the last column of Table @, we test if the centralization, which caused sub-
stantial inter-regional mobility in enrollment outcomes, increased the geographical mobility
of elites. Somewhat surprisingly, the results indicate that it was not the case: the fraction
of elites born in the Tokyo area who live in prefectures outside of their birth prefectures did
not increase under Capp. It might be the case that applicants from the Tokyo area who
entered rural schools in a greater number under Capp eventually returned to the Tokyo area
when pursuing career. The results remain qualitatively the same when we control for time-
varying prefecture characteristics, including each cohort’s population and economic growth
(a table available upon request). Appendix Table @ further verifies that the differences
in pre-event outcome trends between urban and rural areas are small and insignificant; the

pre-event trends are therefore parallel.

7 Conclusion

Natural experiments of history provide us with an opportunity to see how different school
admission institutions impact short- and long-term student outcomes. Especially unusual
natural experiments occurred during the first recorded nation-wide centralization of school

admissions and its later abolitions in Imperial Japan. These policy episodes produced bidi-

17Bertrand et al| (2004) evaluate approaches to deal with serial correlation within each cross-sectional unit
in panel data. They suggest that clustering the standard errors on each cross-section unit performs well in
settings with 50 or more cross-section units, as in our setting.
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rectional event-study variations that allow us to more credibly identify the effects of central-
ization than a usual single policy event would. This use of historical events may be valuable
for measuring the long-term effects of the design of other markets, such as housing, labor,
and health/medical markets.

Substantively, both in the short- and long-run, we find an equity-efficiency tradeoff be-
tween meritocracy and equal regional access to schools. In particular, as is predicted by
theoretical results, the centralization led students to apply to the most prestigious school
and make more inter-regional applications. This greater regional mobility made the school
seat allocation more meritocratic, but also caused high-achieving applicants from urban areas
to crowd out rural applicants from their local schools. These impacts were persistent. Four
decades later, compared to the decentralized system, the centralized admissions increased
the number of high-income earners and elite managers who were born in urban areas relative
to those born in rural areas. The increased meritocracy thus came at the cost of distribu-
tional consequences of urban applicants dominating rural applicants, which motivated rural
schools and communities to organize oppositions to the centralized system.

Perhaps as a result of this bitter-sweet historical experience, today’s national college ad-
missions in Japan are half centralized and half decentralized: The national government runs
a system in which applicants apply to a limited number of colleges. Within the governmental
system, however, each college runs its own exam and admissions. Such a mixture may be a
justifiable response to the tradeoffs between the centralized and decentralized systems.

The bidirectional policy changes in history allow us to relatively credibly measure even
the long-term effects. An unavoidable side effect is the limited quality and quantity of our
historical data, as is often the case for historical studies. The ideal way to alleviate the data
concerns would be to use contemporary administrative data about application, enrollment,
and labor market outcomes. For example, one may imagine linking the US Internal Revenue
Service data on tax returns and school district data to measure the long-term effects of school
choice reforms in the US in the past few decades. Such an ambitious contemporary study

would be a fruitful complement to our historical study reported here.
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Figure 2: Higher Schools in Imperial Japan

(a) Map of Schools 1-8 in Japan (with the US East Coast in Comparison)

Washington D.C. -

Decentralized Centralized Decentralized Centralized Decentralized

Decentralized Centralized
Notes: Panel (a) shows the locations of the eight national higher schools and compares their geographical

distribution to the US east coast in the same scale unit. Panel (b) provides the timeline of key policy changes
in school admissions systems. See Section P for discussions about this figure.
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Figure 3: Centralization Caused Applicants to Apply More Aggressively: First Look

Share of applicants whose first choice is School 1
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Notes: This figure shows the time evolution of the share of applicants who select the most prestigious School
1 (Tokyo) as their first choice. Colored years (1902-07, 1917-18, and 1926-27) indicate the periods of the
centralized school admissions system. No data are available for 1905, 1906, and 1926. Bars show the 99.9
percent confidence intervals. See Section @ for discussions about this figure.

Figure 4: Centralization Increased Regional Mobility in Enrollment: First Look

Enrollment Distance
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Notes: This figure shows the time evolution of the average enrollment distance, i.e., the distance between
an entrant’s birth prefecture and the prefecture of the school he entered (measured by the direct distance
between the two prefectural capitals). Colored years indicate the periods of the centralized school admissions
system. Bars show the 95 percent confidence intervals. See Section for discussions about this figure.
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Table 1: Centralization Caused Applicants Across the Country to Apply More Aggressively

Dependent var Select School 1 as First Choice
Sample region All S1 Region S2 Region S3 Region S4 Region S5 Region S6 Region S7 Region S8 Region

Centralized — 0.159%%%  0.192%FF  0.151%0F  0.146%FF 0128 0.168%%F  0.180%%  0.166%**  0.114%%*
(0.0106)  (0.00924)  (0.0329)  (0.0232)  (0.0646)  (0.0245)  (0.0336)  (0.0136)  (0.00786)

Constant 0.248%FF  0.494%F%  0169%FF  0.0892FF  0.178%F  0.107FFF  0.184%FF  0.0813%F  0.127%
(0.0717)  (0.0437)  (0.0357)  (0.0162)  (0.0373)  (0.0185)  (0.0218)  (0.00991)  (0.0508)

Observations 20,913 6,505 2,555 3,248 1,266 2,730 2,276 615 1,718

Dependent var Application Distance
Sample region All S1 Region S2 Region S3 Region S4 Region S5 Region S6 Region S7 Region S8 Region

Centralized 2534 -92.88%FF 1095 2.080 1574 128.0%FF 46.52%F  145.4%F L2557
(23.22)  (2.888)  (24.65)  (5.482)  (22.92)  (23.11)  (13.91)  (21.27)  (18.64)
Constant 226.2FFF 931 7RRE 9 TREE 15 RFFE  166.TF  252.6%FF 204 1% 218 0% 154.2%

(15.74)  (1643)  (79.51)  (28.11)  (56.94)  (4252)  (51.54)  (70.94)  (48.89)

Observations 20,913 6,505 2,555 3,248 1,266 2,730 2,276 615 1,718

Notes: In this table, we estimate the effects of centralization on the propensity of an applicant to select
the most prestigious school (School 1) as his first choice, using the applicant-level data in 1916 (under the
decentralized system) and 1917 (under the centralized system). The prefecture-level application data are
available only for these two years. We group applicants into “school regions” based on which school (among
Schools 1-8) is nearest to the applicant’s middle school in 1916, where “nearest” is defined by the distance
between the prefectural capitals. Standard errors are clustered at the prefecture level. *** ** and * mean
significance at the 1%, 5%, and 10% levels, respectively. See Section for discussions about this table.

The following map shows the locations of the eight school regions.

27



"2IN8Y SIY} MO SUOISSNOSIP I10] UOI199G 299G “A[9A1300dSdI “S[oAd]
%01 PU® ‘%G ‘0T 8y} 1€ 90UROYIUSIS URSWL , PUR ‘y. ‘y .. [9AS] aInjoejerd 8} 1@ PaIeIsn[o ale SIOLe pIepuels (806T Ul § [00YdS Pu® OT6T-8061
Ul J, [00UDG) Wexs A[IRd Ue P[oy A9Y) UDIYM Ul sIeod o) doIp om ‘g puw ), S[OOYDS IO ‘UOITRZI[RIJUSIOD SULIND oIngoejord 1)Iiq ST WO} WNOQT
UM Q) ‘UL POJRDO] J0U Sem JBY} [00TDS o1} PaIojuo oym d[qerres juopuodop o1) Jo urewt o) smoys (dde ~mp wQT-T Uulyim) rea dop ueojy,,
"UOIRZI[RIIUS09P SULMp a1ngoejord [IIIq SIY Ul PajeIO] [00TDS 9T} Palejue oym d[qeLres juspusdap o1y Jo ueswr oY) smoys (ddeq -mp joid s jooyos)
Tea dop UeSN,, "SUOIIRAISSO IROA-0IN900J01d [[R 10 UOIJRZI[RIIUISP SULIND d[rLIRA juapuadep o) Jo uraw oY) SMOUS , Iea dop ureyy,, ‘oInjoejrd oy
Ul §-T S[OOUDG URY} IS0 S[OOYDs YSIIY JO JoqUINU oY) pue ‘ainjoejoid oY} Ul sojenpelsd [0oyos a[ppru ojesltd pue orqnd jo toquunu poSde] o) ‘S109po
poxy oanjoejold ‘s100fjo poxXy IBAA 10J [OIJU0D DA\ '9INI9JaId [IIIq S,JURIIUD ) WO WY ())E PUe WY ()] Uoom)aq ST UWN[Od 9} Ul PAjeIIPUl [00DS
ot} J1 T soxe]  (ury00e-00T) oIngoojord s,joods 03 (I, "(srendes [emyoojoid om) o) Uoomiaq 9dURISIP oY) A poinsestn) oIngoejord YiIIQ S, JURIIUO
o[} WOIy Wy (0] UIYIM JNg ‘UL POJROO[ JOU ST UWN]OD S} Ul PAJedIPUl [00YDS 913 JI T soxe)  (uj0Q1-1) oIngoeford s,j00yds 04 (I, ‘oInjosjaid yiIq
S,JUBIJUD Y} UI PYBIO] SI UWN[0D S} Ul PIJedIPUI [00YDS Y} JI T Soxe)} ,0In)00joId s JOOTDS Ul UIOg, "Teok [ord Ul UWN]OD 97} Ul PIJRIIPUI [0OTDS 9}
SULIYUS 91N)09JoId [ord Ul UWIO( SHURIIUS JO JIOQUINU dY[) SB S[qeLIRA Juapuadop oY} suyap oM ‘(O€6T-006T Ul BIeP [9AS] IvaA-ainjdajald oy SUls() 970N

0G°GT eee's 6£7'S 067¢ 8897 89°LT 0212 0ST°6 (ddeq mp un{T-T Uunpa) rea dop uea[y
00°LL ¥7'e6 G0'9L 07 €L 06°6G 1£°95 0029 €'e0T1 (ddeq ~mp yoad s jooyos) rea dop ueo]y
9zL°G 6L0°G z0z's G0E9 LL9°G €129 GeG'G Tre°L Tea dop ueopy
m®> mQ\W m®> m®> m@% m®> m®> m®> mm wﬁ.ﬁowwwwﬁm
m®> m@.\ﬂ w®> m®> mm.> w®> m®> w®> mm .Hﬁ®>
7€0°T 6921 €9¢e'1 £9¢'T 0T¥'1 €9e'T 0T%'1 0T¥'1 SUOIRAISS( ()
(to0'1)  (2220)  (9g8°0)  (80670)  (1e¢0)  (6¥¢°0)  (g990)  (09G°0)
OFZ T sx41€0°E"  44GP6'T-  444662°€-  01C0- 09T°0- 70T'0- «P90'T  (WY00E-00T) @an3oopoad s,J00YdS 03 (T X POZIRIIUL))
(zg60)  (e2z0)  (veer)  (e1ee)  (6ere)  (2902)  (ev%2)  (299°0)
€GO T 4x966 T  44998°C  4usnb6 TT- 4xx9TE 6~ x£66°€- T61°¢- 862°0 (W T-1) 9m300501d 8,[00TDS 0} (] X POZI[RIIUD))
(798°0)  (8ge'0)  (g9¢0)  (6810)  (sv¢0)  (¥g90)  (1¥10)  (288°0)
wokkGV T %xx98°GY~  4xxkGO'E€C  %xxEV'8C  %xx80°€C~  «xx€9°CT-  wxx[9LT-  4xx08°LC @HSpO@m@HQ S, [O0TPs Ul UIOoY X PazI[eljus))
{ oG PR IS 9 ‘oS G Yog ¥ oS ¢ g Z UoS T Y28 :0] SHURIYUS JO "ON = O[qeLIRA juapuada(]
(8) (L) (9) () (%) (¢) (2) (1)

uede ssoror A[IQOJA [RUOISOY poseaIdu] pue AJodOUON (€107 oy0Ig UOIjRZI[RIJUS)) :7 9[(R],

28



Figure 5:

Which Regions Win from Centralization? First Look

(a) In Which Prefectures Did Entrants Increase During
Centralization?

Wreesg HEHeaq [CO@ag e Ddes e

(b) Centralization Increased Tokyo Area-born Entrants to
Schools 1-8

Notes: Panel (a) estimates

Tokyo (see Appendix Figure
for discussions about this figure.

Share of entrants born in Tokyo area (<100km)

e B R i e e R R

and visualizes prefecture-specific coefficient 8; in #entrants;; = 5;Capp:+o; X+
e;t, using the 1900-1930 data for each prefecture i, where #entrants;; is the number of entrants in year ¢
who were born in prefecture ¢ and X;; is the number of schools other than Schools 1-8 in prefecture i in
year t. Panel (b) uses the entrant-level data from 1898 to 1930 to show the time evolution of the fraction of
entrants to Schools 1-8 who were born in the Tokyo Area defined as prefectures that are within 100km from
for a map). Bars show the 95 percent confidence intervals. See Section
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Figure 6: Checki of Long-run Outcome Data: Differences-in-Differences
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Notes: This figure shows differences-in-differences plots that compare the number of Imperial University
graduates born in “urban” and “rural” areas by cohorts. The plots use the prefecture-cohort level data of
the number of individuals listed in the Japanese Personnel Inquiry Records (JPIR) in 1939, which includes
cohorts who became age 17 between 1896 and 1910. Darkly colored cohorts indicate those who became age
17 during the first period of Capp in 1902-1907. Lightly colored cohorts are those who became age 17 before
1902 but might have taken the entrance exam in 1902 under Capp if they failed to enter any school at age 17
and retook the exam in subsequent years. Panels (a) and (c) define “urban” area as the Tokyo area, while
panels (b) and (d) define “urban” area as a set of prefectures that experienced a net increase in the number
of entrants to Schools 1-8 during the first period of Capp in 1902-1907. The y axis shows the number of
individuals who were born in the indicated area in the indicated cohort whose final education was one of
Imperial Unjversities.

See Section {j for discussions about this figure.
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Figure A.1: Changes in the Competitiveness of Schools 1-8

Ratio of First-Choice Applicants to Entrants in Schools 1-8
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Notes: This figure shows the changes in the competitiveness of each school (measured by the ratio of the
number of applicants who select the school as their first choice to the number of entrants to the school)
from 1900 to 1930. The number of entrants is the number of applicants who are admitted to the school in
that year and is a proxy for school capacity. No data are available for 1905, 1906, and 1926. Colored years
(1902-07, 1917-18, 1926-27) indicate the periods of the centralized system, while other years were under the
decentralized system. (School 7 in 1901, 1908, 1909, and 1910, and School 8 in 1908 held their exams on
different dates from other schools due to special circumstances, attracting a high number of applicants in
these years.) Under the decentralized system, because an applicant can apply to only one school in principle,
entrants are chosen from the applicants who select the school as their first choice. By contrast, under the
centralized system, because an applicant can apply to multiple schools and is assigned to a school based on
his exam score and school preference order, entrants are not necessarily a subset of the applicants who select
the school as their first choice. See Section 5.1 for discussions.
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Figure A.2: Centralized Assignment Rules of 1903
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Notes: This figure is a reprint of the assignment rules in the centralized admissions system announced in
the public notice of the Ministry of Education No 84 published in Government Gazette No. 5937 p.428, on

E for discussions.

April 21, 1903. See Section
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Figure A.3: Definition of the Tokyo Area

Tokyo area

Notes: This figure shows the Tokyo area (in the dark color, also known as the Kanto area) defined as
prefectures that are within 100 km from Tokyo (Tokyo, Chiba, Kanagawa, Saitama, Ibaraki, Tochigi, and
Gunma) and the Outer Tokyo area (in the medium color) defined as prefectures that are 100-300 km away
from Tokyo. See Section for discussions about this figure.

Table A.3: Parallel Pre-event Trends

(1) ) 3) 4) ®) (6) (7) ®)

Imperial University High incomeearners Managers Professionals
Tokyo area (< 100km) x Time trend 0.261 0.933 0.597 0.254
(0.390) (1.027) (0.681) (0.236)
Area where entrants increased x Time trend 0.211 0.374 0.233 0.160
(0.259) (0.706) (0.469) (0.163)
Observations 658 658 658 658 658 658 658 658
Cohort FE YES YES YES YES YES YES YES YES
Pref FE YES YES YES YES YES YES YES YES
Mean dep var 4.564 4.564 14.52 14.52 9.257  9.257  3.594  3.594
Mean dep var (Treated group dur. Dapp) 5.980 5.617 23.63 17.93 14.51 11.04  4.969  4.481

Notes: This table tests if there are differences in pre-event trends between urban and rural regions in the
differences-in-differences analysis in Section . This table runs the following regression:

Yot = o + oy + B x Timetrend x Urbany, + €y,

where the linear time trend is defined as the cohort’s birth year minus 1870 and other variables are defined in
the same way as in Table H The estimates use the prefecture-cohort level data of the number of individuals
listed in the JPIR in 1939, which includes cohorts who became age 17 in 1871-1884. See Section [ for
discussions about this figure.
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Figure A.4: Admission Outcomes of the Centralized Assignment Algorithm

Exam Scores of Entrants in 1917 Under Centralized Admission System

School Name | School 1 School 2 School 3 School 4 School 5 School 6 School 7 School 8
Location Tokyo Sendai Kyoto Kanazawa Kumamoto Okayama Kagoshima Nagoya
Total no. of entrants 77 29 38 22 68 36 37 64
Entrants Admitted to their 1st Choice
No. of entrants 77 14 38 18 23 18 6 18
Max exam score 548 462 521 496 471 456 415 455
Min exam score 451 374 404 364 363 364 364 363
Entrants Admitted to their 2nd Choice
No. of entrants 15 4 30 18 8 46
Max exam score 450 450 438 433 449 450
Min exam score 442 421 362 369 372 363
Entrants Admitted to their 3rd Choice
No. of entrants 15 3
Max exam score 450 450
Min exam score 393 407
Entrants Admitted to their 4th Choice
No. of entrants 9
Max exam score 400
Min exam score 366
Entrants Admitted to their 5th Choice
No. of entrants 11
Max exam score 444
Min exam score 369

Notes: This figure shows admission outcomes for the Department of Law and Literature in Schools 1-8 in
1917 under the centralized assignment algorithm. See Section @ for discussions about this figure.
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Figure A.5: Smoothness of Other Policy Variables

(a)

Middle school graduates in t-1
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Notes: This figure shows the time evolution of policy variables other than those directly affected by the
admission system we analyze. Colored segments indicate the years under Capp, while the rest of the years
were under Dapp. See Section P for discussions about this figure.

47



Figure A.6: Total Number of Individuals in the JPIR of 1939 by Cohort
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Notes: This figure shows the total number of individuals who are listed in the JPIR published in 1939 by
cohorts. These cohorts were born in 1882-1894 and became age 17 in 1895-1911. Dark colored cohorts
indicate those who became age 17 during the first period of Capp in 1902-1907. Lightly colored cohorts are
those who became age 17 before 1902 but might have taken the entrance exam in 1902 under Capp if they

failed to enter any school at age 17 and retook the exam in subsequent years.
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