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Abstract

We investigate the impacts of centralizing school admissions in higher education. In
doing so, we take advantage of the world’s first known implementation of centralized
admissions and its subsequent reversals in early twentieth-century Japan. This cen-
tralization was designed to make the school seat allocation more meritocratic, but we
find a tradeoff between meritocracy and equal regional access to higher education.
Specifically, in the short run, in line with theoretical predictions, the centralization led
students to apply to more selective schools and make more inter-regional applications.
However, as high ability students were located disproportionately in urban areas, the
centralization caused urban applicants to crowd out rural applicants from advancing to
higher education. Moreover, these impacts were persistent: Four decades later, com-
pared to the decentralized system, the centralized admissions increased the number of
career elites (e.g, high income earners) 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’ livesT]

This paper studies the short- and long-run consequences of centralizing school admissions.
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 a tradeoff between meritocracy and equal
regional access to schools.

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
exclusive 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 process based on exam scores, similar to many
of today’s decentralized K-12 and college admissions. The schools typically held exams on
the same day so that each applicant could apply for only one school. Similar restrictions on
the number of applications 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 order
to improve the quality of admitted students. In the new system, applicants were allowed to
list multiple schools, rank these schools in the order of their preference, and take a single
unified exam. Given their preferences and exam scores, applicants were then assigned to one
school each (or none if unsuccessful) based on a computational algorithm. The algorithm was
a mix of the so-called Immediate Acceptance (Boston) algorithm and Deferred Acceptance
algorithm. To the best of our knowledge, this instance is the first recorded, nation-wide
use of a matching algorithmE] Furthermore, 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.

!Despite the rich theoretical literature on this question (Chade et al., 2014; |Che and Koh, 2016; Hafalir
et all 2018), the empirical literature is thin due mainly to the scarcity of variations in college admission
institutions. |Carvalho et al.| (2019)); Machado and Szerman| (2017)) are recent exceptions discussed below.

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



We exploit these episodes of bidirectional institutional changes to identify the causal
impacts of the centralized admission systemﬁ We first use a game-theoretical model to
predict the impacts of the centralization on application behavior and admissionsﬁ Consistent
with the stated goal of centralization, we show that the centralized system produces more
meritocratic school seat allocations. Our model also predicts that the centralization would
cause applicants to apply to more selective schools and make more inter-regional applications.
These theoretical results guide our empirical analysis.

Using 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 selective urban school
ﬁrstﬂ 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 first
choice schools. 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 about 10%
during centralizationﬁ

In total, the short-term impacts of the centralization highlight an equity-meritocracy
tension. On the one hand, the centralization was designed to make the school seat allocation
more meritocratic, as applicants with higher scores were more likely to be admitted to some
school even if they failed to enter the most prestigious school. On the other hand, this
meritocracy comes at the cost of urban applicants dominating rural applicants.

This distributional consequence upset rural schools and communities. Such rural discon-
tents were a part of the reason why the government went back and forth between decentral-

ized and centralized systems, finally settling for a decentralized schemeﬂ Ironically, it is this

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

*Our 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
(Chade and Smithl 2006; Haeringer and Klijnl |2009; |Calsamiglia et al., |2010; |Pathak and Sonmez, [2013;
Chen and Kesten| 2017} [Hafalir et al., 2018} |Shorrer} 2019).

°We use the nomenclature of “urban” and “rural” schools, but note that “rural” schools were located in
regional cities rather than in the countryside. See Section [2 for more details.

6Tt is also empirically true that the centralized system made a greater number of rural applicants to apply
to and enter urban schools. The centralized system thus increased regional mobility across the country. But
their net effects are such that urban high-achievers crowded out rural applicants.

TYoshino| (2001a,b) provides historical accounts about this series of policy changes. This concern
about equity-meritocracy tradeoff shares much in common with modern affirmative actions (Arcidia-
cono and Lovenheim| 2016) and foreshadows ongoing policy discussions on the distributional effects of
meritocratic college admissions. See, for example, discussions in Australia (Marginson, 2011)), France



series of bidirectional reforms that enable us to identify the causal effects of centralization
more precisely than a usual, single policy change would. These short-run results complement
existing empirical studies on the effects of centralization on application behavior, regional
mobility, and applicants’ welfare (Niederle and Roth} 2003; |Abdulkadiroglu et al., 2006, 2009,
2017b; |Carvalho et al.l |2019; Hafalir et al.; 2018; |Machado and Szerman) 2017} [Pallais| |2015
, . More broadly, our analysis also relates to the literature that uses historical
data to test and refine economic theory (Greif], |1993; Kranton and Swamy), 2008; Borner and|
Hatfield, 2017)

Most importantly, we find that the centralization had lasting impacts on students’ career

outcomes. According to our short-run analysis, urban areas experienced a disproportionate
gain in school access relative to rural areas under centralized admissions. Based on this result,
we compare career outcomes of urban- and rural-born individuals by each cohort’s exposure
to the centralized system. The career outcome data come from the Japanese Personnel
Inquiry Records published in 1939, which provides a list of highly distinguished individuals
and their personal information.

Our difference-in-differences estimates suggest persistent effects of the centralization. Al-
most four decades later, the centralized system relative to the decentralized system produced
a greater number of high-income earners, prestigious medal recipients, and elite 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. The design of admission systems therefore affects the geographical distribution

of highly educated and skilled individuals, which, according to recent studies, is an impor-

tant determinant of economic growth and inequality (Glaeser, 2011; Moretti, [2012; |Autor],
2019). This finding also contributes to the literature on the long-term effects of economic
mechanism design (Bleakley and Ferrie| |2014).

Our analysis sheds light on the impacts of different admission systems on student out-
comes, complementing the literature on the effects of different schools conditional on a par-
ticular admission system (Dale and Krueger} 2002; |Altonji et al., |2012; Dobbie and Fryer,
[2013; |[Hastings et al., [2013; |Pop-Eleches and Urquiolal 2013 [Deming et al.| 2014} Kirkeboen|

[(“Derriere I’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 August 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=.e8a24d61bd1l 1:
retrieved in August 2018). See also [Kamada and Kojima| (2015) and |[Agarwal (2017) 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.
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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
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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

et al., [2016; /Abdulkadiroglu et al., 2017a; Zimmerman, [2019). Our results also relate to
empirical studies of the long-term effects of educational institutions and resources (Duflo|
2001; Meghir and Palme| 2005} |Oreopoulos, |2006; Pischke and Von Wachter] [2008). These
studies focus on the effects of expanding resources (such as school constructions and compul-
sory schooling extensions), while we investigate the effects of changing resource allocation
mechanisms given the fixed amount of resources.

Section [2| provides historical and institutional backgrounds. Using data described in
Section [3] Section [4] analyzes short-term impacts of centralizing admissions while Section
is about its long-term impacts. Finally, Section [6] summarizes our findings, discusses their

limitations, and outlines future directions.

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 (1| 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, including the US and Canada, continue to use decentralized systems.
Similar points apply to K-12 school admissions as well. How does the centralization of
college and school admissions affect students’ application behavior, enrollment outcomes, and
future careers? Understanding the costs and benefits of centralization will have important

implications for policy designs.

2.2 Centralizing Admissions in Imperial Japan

To evaluate the impacts of centralized school admissions, we take advantage of unique histori-
cal episodes in early twentieth-century Japan. After the Meiji Restoration of 1868, education
reforms were a central part of modernization efforts by the Japanese government. In 1894,
the government launched a new set of higher education institutions consisting of one Impe-
rial 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 shortﬁ

These schools served as an exclusive entry point to Imperial Universities (the most pres-
tigious tertiary education), and virtually all graduates of Schools 1-8 were admitted to these
universities without further selection well into the 1920s. Furthermore, Imperial University
graduates were partially or wholly exempted from the Higher Civil Service Examinations
and other highly selective national qualification exams to become higher officials, diplomats,
judges, and physicians (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 admis-
sions, and the schools typically held their exams on the same day so that each applicant
could apply to only one school. Following the convention in the literature (Che and Kohl,
2016; Hafalir et al., |2018), we call this system “decentralized admissions,” “decentralized
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 geographical
proximity to 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 prestigious 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 applicants 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. According to the Education Minister, failing to admit a high ability student was

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 higher schools remained constant until 1918. 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.



“a loss for the country” (Yoshino, 2001b, p.24).

To remedy this problem, in 1902, the government instituted a centralized system in
which applicants were allowed to apply for multiple schools, rank them in order of their
preferences, and take a single unified entrance exam at any school. 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-scale use of a matching algorithm.

RRANA4

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 (Yoshino,
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 outcomesﬂ According to historical studies, these repeated pol-
icy changes were the result of intense bargaining between the Ministry of Education who
pushed for centralization to advance meritocracy and the Association of School Principals
who preferred decentralization to protect school autonomy and regional interests (Amano),
2017} Takeuchi, 2011)). In the following empirical analysis, we take the timing of reform as
exogenous, namely, we assume that every year there was a positive probability that the cur-
rent system could change, but exactly when it happened was determined largely by external

conditions that affect relative bargaining power of the two opposing parties.m

9These historical episodes are well known among historians of the Japanese education, who provide
detailed institutional accounts (e.g., [Yoshino, 2001alb; Takeuchi, 2011; |Amano}, 2007, |2017). The preceding
studies, however, are mostly descriptive and qualitative. An important exception is Miyake, [1998] 1999 who
explores a similar research question and provides descriptive statistics. Building on these studies, we combine
a formal model and rigorous econometric analysis to identify the causal effects of admission reforms.

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

I Applicants had a fair amount of information about how selective each school was. Every year, the
Ministry of Education published a report containing exam questions, exam score distributions, each school’s



To understand the centralized system and how it operated, we describe the algorithm
and present 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). Every year, the
Ministry of Education announced application procedures in April, three months before the
exam, as a public notice in Government Gazette. With some simplification for expositional
purpose, the assignment algorithm reads as follows (see Appendix Figure for a reprint

of the original public 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.

(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.

exam score cutoff, as well as the number of applicants and admitted applicants at each school.



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 sizable 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 their 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 Data

To analyze 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 and the school of their first choice
from 1898 to 1930 from multiple sources: Government Gazettes for 1902; letters exchanged
between the Ministry of Education and the Tokyo Imperial University for 1903 and 1904;
Yoshino| (2001a)) for 1907; the Investigation Records of Higher School Entrance Examinations
by the Ministry of Education for 1917,1918 and 1927; and the Yearbook of the Ministry of
Education for other years. For the years 1916 and 1917, more detailed data on applicants are
available in the Investigation Records of Higher School Entrance Examinations. For these
two years, we collect the number of applicants by their first-choice school, birth prefecture,
and the prefecture of their middle school. Birth prefecture is defined by the prefecture of
legal domicile 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 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 starting in 1919, 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 [A.2]

4 Short-run Impacts

4.1 Strategic Responses by Applicants

As an immediate effect, switching back and forth between the centralized admissions (Capp)
and the decentralized admissions (Dapp) caused stark strategic responses in application
behavior. Figure [3|shows that the three periods 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.

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

Capp), using the following regression:

Yie = a+ B x Capp; + €,

10



where Yj; is the indicator variable that takes 1 if applicant ¢ in year ¢ 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 (1)) 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|l|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 |I] 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,
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?]

12Recall that, under the meritocratic assignment algorithm discussed in Section [2 schools would reject
first-choice applicants whose score is below a certain threshold and accept second-choice applicants with a
sufficiently high score.

11



4.2 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 {4 plots the average enrollment distance (i.e., the distance between an entrant’s
birth prefecture and the school he entered) from 1898 to 1930. It shows that the central-
ized system is associated with a sharp and discontinuous increase in enrollment distance,
especially in the first two periods of Capp.ﬁ

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}
+ Ba 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}
+ Xpt + 7+ %+ 6ty

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 , 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
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

13The centralized mechanism used in the third period of Capp in 1926-27 was qualitatively different from
that in the first and second periods. Because the number of national higher 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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weakened the local monopoly power of each school by creating a national market for higher
education[]

4.3 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[5al plots the change
in the number of entrants to Schools 1-8 from Dapp to Capp 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 area gained school seats under Capp.

Figure[5b|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 (3| compares the effects of Capp on Tokyo-area born entrants and

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

Y, = b1 x Capp, x 1{prefecture p is Tokyo}
+ B 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}
+ X v+ T+ s

where Y),; is the number of entrants born in prefecture p who entered school s in year ¢.
The column (1) of Table |3 shows that the number of Tokyo-area born students admitted
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

4These results are robust to whether to control for prefecture characteristics (results available upon
request).

15The results remain almost the same whether we control for observable prefecture characteristics or not
(a table available upon request).
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mainly in the Tokyo area to crowd out lower-achieving students in remote areas from their

local schools.

4.4 Political Economy of School Admission Reforms

Overall, our analysis of the short-term impacts of the centralization highlights a meritocracy-
equity 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 higher education, as high-achieving urban
applicants tended to dominate rural applicants in the competition (Table |3)).

The distributional consequence appeared to upset rural schools and communities, as
indicated by several historical accounts. For example, in 1906, in the middle of the first period
of centralization, the Association of School Principals submitted the following proposition

to the Education Minister, demanding to re-decentralizing the school admission:

“ (...) Switching back to decentralized admissions would greatly decrease the
number of students who give a long shot at the urban schools and increase the
number of high-achieving students who apply for the rural schools” (“Proposal

for the Higher School Admission Examination System Reform”)ﬁ

The government was also aware of the distributional problem. After the second introduc-
tion of the centralized system in 1917, the Ministry of Education published a special table in
the Investigation Records of the Higher School Entrance Examinations that compared the
admission rate (defined by the share of middle school graduates admitted to Schools 1-8)
by prefecture before and after the centralization. Namely, the government was paying close
attention to how the reform impacted regional disparity in the access to higher education.

A noted education historian observes as follows:

Urban applicants “overwhelm” rural ones by applying for rural schools as fallback

options. Urban applicants rob rural ones of opportunities that were open to rural

16In addition, a broader group of concerned parties presented arguments against Capp:

“Consider students who could not get an admission from the first choice school and end up with a
second or third choice school. After thinking admittees at the first choice school are all superior,
many of these students entering a lower-choice school would depreciate themselves, lack school
spirit toward their school, and end up being servile whatever they do.” (“On the Higher School
Admission System Reform” published by the Journal of School 6 Students and Alumni in May
1908).

That is, this argument was concerned that less selective schools received many “reluctant” students who
failed at their first choice and were left with a sense of inferiority.
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applicants. This ruins the meaning of building schools across the nation. (The
Glory and Baffle of Educational Elites by Hiroshi Takeuchi, p.121)

This equity-meritocracy tradeoff was one of the reasons why the government oscillated be-

tween decentralized and centralized systems, finally settling down to a decentralized scheme.

4.5 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 in middle schools, it could
affect their application behavior. Second, if there were changes in the capacity of higher
schools that were correlated with the admission reforms, it could affect application behavior
and enrollment outcomes. Third, if the share of the capacity of School 1 increased relative to
the capacity of other schools with the admission reforms, this could explain our findings on
application behavior. In the columns (1)-(3) in Appendix Table[A.4] we test and confirm that
across-time changes in the number of middle school graduates, the total number of entrants
to higher schools, and the share of entrants to School 1 in all entrants are not systematically
correlated with introductions of Capp. In the columns (4) and (5), we also examine and
confirm that the total number of applicants as well as the level of competitiveness (measured
by the total number of entrants divided by the total number of applicants) do not move
systematically with introductions of Capp. In addition, if the probability of unsuccessful
applicants retaking the exam in the subsequent years changes with the admission reforms,
this may also affect our results. As shown in the column (6), however, we find that the
average age of entrants do not change systematically with the introductions of Capp.

A potential criticism is that the insignificant results in the columns (1)-(6) could be
due to a small sample size (the number of observations is around 30). Yet, using the same
empirical specification, we find that our main outcome variables (the share of applicants to
School 1, the enrollment distance, and the share of entrants who were born in the Tokyo
area) are significantly correlated with the centralization as shown in the columns (7)-(9) of
Appendix Table[A.4] Taken together, these results show that it is unlikely that our baseline

findings are driven by institutional changes other than the school admission reforms.
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5 Long-run Impacts

5.1 Long-run Outcome Data

To assess longer-term effects, we use the Japanese Personnel Inquiry Records (JPIR) pub-
lished in 1939. The JPIR is an equivalent of Who’s Who in Japan, which compiles a
list of distinguished individuals of Japanese nationals from a variety of sources. It contains
approximately 60,000 individuals (such as the peerage, high-income earners, top business
managers, elite professionals, high-ranking politicians, bureaucrats, and military personnels)
and provide detailed information for each individual, including a full name, birth date, birth
prefecture, residing prefecture, final education, occupational titles and positions, the name
of employer, medals and decorations received, and the amount of national income tax and
corporate tax paid. Note that, because the final education reported in the JPIR is typically
a university, we cannot identify which individuals attended Schools 1-8 from the JPIR.

To capture the effects of the first period of the centralized admission system in 1902-1907,
we use the cohorts born in 1880-1894 who became age 17 in 1897-1911 in the following
regression analysis. The cohorts born in 1880-1894 were 45 to 59 years old in 1939, the year
in which we observe them in the JPIR, and the number of individuals listed in the JPIR in
each of these cohort is more than 1,500]7

Using the personal information, we define the following mutually non-exclusive groups
of elites: (1) top 0.1% income earners (JPIR-listed individuals with more than 15,000 yen
of taxable income) and top 0.01% income earners (JPIR-listed individuals with more than
50,000 yen of taxable income), (2) managers (JPIR-listed individuals employed in a pri-
vate sector with a positive amount of income or corporate tax payment), (3) professionals
(JPIR-listed individuals whose occupation is either physician, engineer, lawyer, or scholar),
(4) professors at Imperial Universities (JPIR-listed individuals whose occupation is either
professor or associate professor at one of the Imperial Universities), and (5) medal recipients
(JPIR-listed individuals who received a decoration of the Order of the Fifth Class or above,
excluding military personnels). Descriptive statistics are presented in Appendix Table .

Because the JPIR does not provide explicit criteria for selecting distinguished individu-
als, we are concerned about potential incomplete sampling and sampling bias. For the top
income earners and Imperial University professors, we can compute the exact sampling rates
by comparing the number of individuals in the JPIR against complete counts reported in

government statistics.@ We find that the sampling rates are decent even by modern stan-

1"Digital images of the JPIR are publicly available at the National Diet Library Digital Collections.
18The average life expectancy at age 20 for males born in 1880-1900 was about forty years.
19The number of high income earners are reported in the Tax Bureau Yearbook and the number of faculty
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dards: that is, 38% for the top 0.1% income earners, 53% for the top 0.01% income earnersPE]
and 70% for Imperial University professors. In our empirical analysis using differences-in-
differences, a sampling bias becomes a problem only in a rare scenario in which the differ-
ence in sampling rates between urban and rural areas changes with the cohort’s exposure
to the centralized admission system. Nevertheless, we further check this concern using the
prefecture-level JPIR sampling rates for the top 0.1% income earners. As Appendix Figure
shows, the number of people listed in the JPIR and the complete count from tax statis-
tics are highly correlated, and the sampling rates are similar across prefectures. Even so, one
potential concern is that Imperial University graduates might have had a higher likelihood
of being sampled by the JPIR even after controlling for the income level. However, we find
no positive correlations between the sampling rates and the number of Imperial University
graduates across prefectures in the JPIR data (see Appendix Table .

In addition, we control for various time-varying prefecture characteristics for a robustness
check. To control for demographical changes, we collect prefecture-level birth population for
the cohorts born in 1886-1894 from the population census and estimate birth population for
the cohorts born in 1880-1885 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. To control for changes in middle schools, we collect the number of middle school

graduates in each prefecture in the year when the cohort became age 16.

5.2 Regional Differences in Career Outcomes

We conduct a differences-in-differences analysis by cohorts and areas to estimate the long-
run impacts of the centralized school admissions (Capp). The key idea behind our empirical
strategy is that applicants born in the Tokyo area experienced a greater gain in entering
Schools 1-8 under Capp relative to Dapp (recall Figure [5| and Table [3). We exploit this
differential gain in school access to compare the career outcomes of individuals born inside
and outside the Tokyo area by the cohort’s exposure to Capp.

Before proceeding to the main analysis, we first check the validity of our JPIR data
by comparing the number of JPIR-listed Imperial University graduates born inside and
outside the Tokyo area by the cohort’s exposure to Capp. Recall that, during our data
period (1896-1911), all graduates from higher schools were automatically admitted to one

of the Imperial Universities. Therefore, we expect that the area that produced more school

members in Imperial Universities are reported in the Ministry of Education Yearbook.
20Consistent with the nature of the JPIR that lists only distinguished individuals, the sampling rate is
increasing with the income level. See Appendix Figure for details.
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entrants would produce more Imperial University graduates, which in turn would result in a
greater number of Imperial University graduates listed in the JPIR. Figure @ (a) compares
the number of Imperial University graduates who were born inside and outside the Tokyo
area by cohorts (represented by their birth year plus 17 on the horizontal axis). In these
and subsequent plots, we color cohorts according to their intensity of exposure to Capp. If
all applicants took the entrance exam only once at age 17, then the only cohorts exposed
to Capp would be those who turned age 17 during the first period of Capp in 1902-1907.
However, the data indicate that a nontrivial number of unsuccessful applicants retook the
exam in the subsequent yearsﬂ Consequently, the cohorts who turned age 17 a few years
before 1902 are partially exposed to Capp (as they might have taken the exam in 1902), and
the cohorts who turned age 17 a few years before 1908 are partially exposed to Dapp (as they
might have taken the exam in 1908). More specifically, the intensity of exposure to Capp
gradually increases from 1899 to 1902, reaches one in 1902-1904, declines moderately from
1905 to 1907, and drops to zero in 1908@ Figure |§| (c) shows that the regional difference in
the number of Imperial University graduates gradually rises as the intensity of exposure to
Capp increases and falls sharply in 1908 after the end of Capp.

For robustness check, we repeat the same analysis, but using an alternative geographical
area of comparison. Instead of the Tokyo area, we identify a set of prefectures that experi-
enced a net increase in the number of entrants to Schools 1-8 in 1902-1907 under Capp and
compare individuals born inside and outside this area. As shown in Figure [6] (b) and (d), the
results are qualitatively the same as the results in (a) and (c). In other words, the observed
pattern is consistent with the results of our short-run analysis, providing some assurance
that our JPIR data contain valuable information for the long-run analysis.

Our main results are presented in Figure [7] and Table il Figure [7] shows differences-in-
differences plots that compares the number of (a) the top 0.1% income earners, (b) profes-
sionals (physicians, engineers, lawyers, and scholars), and (c) medal recipients (the Order of
the Fifth Class and above) who were born inside and outside the Tokyo area by the cohort’s
exposure to Capp. For each category of elites, the plots show that the difference between
the Tokyo area and the rest grows larger as the intensity of exposure to Capp increases, then
it drops sharply in 1908 after the end of Capp. Overall, Figure [7| suggests that, almost four
decades after its implementation, the centralized admission system had lasting effects on the
career outcomes of students. Figure confirms that the results are similar when we use,

in place of the Tokyo area, the area where entrants to Schools 1-8 increased under Capp.

21 According to the limited data available, out of all higher school entrants in 1903, 63% graduated middle
school in the same year, 29% graduated in the previous year, 6% graduated two years before, and 1%
graduated three years before.

22We use the 1903 data and simplifying assumptions to simulate the cohort’s intensity of exposure.
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To quantify the long-run effects, we provide differences-in-differences estimates in Table

[, using the following regression:
Y = 8 x Cappy x Urban, + v, + V¢ + €pt,

where Y}, is the number of elites listed in the JPIR in cohort ¢ born in prefecture p. Capp, is
the indicator variable that takes 1 if the admission system was Capp when cohort ¢t became
age 17 (as a simple proxy for the intensity of exposure to Capp), Urban, is the indicator
variable that takes 1 if prefecture p is in the Tokyo area, or alternatively, if the number
of entrants to Schools 1-8 born in prefecture p increased under Capp. The prefecture fixed
effects v, capture any systematic difference in career outcomes across prefectures that do not
vary across cohorts. The cohort fixed effects 7, control for common shocks that affect career
outcomes in all prefectures as well as secular time trends. To allow for serial correlation of
€t Within prefecture over time (without imposing a particular structure on the form of the
serial correlation), we cluster the standard errors at the prefecture level.@

The results of the columns (2)-(7) in Table |4 show that the long-run effects of the cen-
tralized admissions are statistically and economically significant. Quantitatively, Panel A
indicates that, for the cohorts exposed to Capp relative to Dapp, the number of elites born
inside the Tokyo area (compared to those born outside the Tokyo area) increases by 24% for
the top 0.1% income earners, 37% for the top 0.01% income earners, 22% for managers, and
19% for professionals, 44% for Imperial University professors, and 41% for medal recipients.
Panel B shows that the effects are symmetric with respect to the direction of institutional
change, i.e., a change from Dapp to Capp and a change from Capp to Dapp produce quan-
titatively similar effects with an opposite sign. Panels C and D confirm that the results are
qualitatively the same when we replace the Tokyo area by the area where the number of
entrants to Schools 1-8 increased under Capp.

The results are robust to alternative specifications. First, controlling for time- and
cohort-varying prefecture characteristics (i.e., cohort birth population, the number of pri-
mary schools, the number of middle school graduates, prefecture-level manufacturing GDP
at age 20) do not change the qualitative results (see Appendix table . Second, in the
above regression analysis, we assume that the cohorts who became age 17 in 1902-1908 are
fully exposed to Capp while the rest of the cohorts are fully exposed to Dapp. When we
drop the cohorts who are heavily exposed to both Capp and Dapp (i.e., cohorts who became
age 17 in 1901 and 1907) from the sample, we find qualitatively the same results with higher

Z3Bertrand 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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statistical significance (see Appendix table . We further test if the assumption of parallel
pre-event trends is satisfied. Appendix Table verifies that the differences in pre-event
trends between the areas of comparison are small and statistically insignificant for all of our
outcome variables.

Next, we explore potential pathways through which the centralization affected career
outcomes. First, in columns (1) and (2) of Table[5] we test if the centralization, which caused
substantial inter-regional mobility in the short-run outcomes, increased the geographical
mobility of elites in a long run. Somewhat surprisingly, the results indicate that it did not:
the urban-rural difference in the fraction of elites whose residing prefectures differ from their
birth prefectures did not increase significantly under Capp. We find similar results when
we use the distance between an elite’s birth prefecture and his residing prefecture as an
alternative measure of long-run mobility. It might be the case that, even though a greater
number of students born in the Tokyo area entered rural schools under Capp, most of them
returned to the Tokyo area when pursuing their careers.

Second, we test whether the centralization affected the urban-rural difference in (not only
the quantity but also) the quality of higher school entrants. To measure the quality, we use
the ratio of the number of Imperial University graduates (a proxy for the number of higher
school entrants) listed in the JPIR to the total number of higher school entrants when the
cohort became age 17. We assume that if the quality of entrants is higher, then a greater
fraction of them would become distinguished and selected into the JPIR in their adulthoods.
The estimated coefficients in column (3) are negative and insigniﬁcant@ This result implies
that our main results shown in Table 4] are driven mainly by an increase in the quantity
(but not the quality) of higher school entrants from urban areas (relative to those from rural
areas) under Capp.

Finally, we conduct placebo tests to examine if the results are driven by other factors such
as the sampling design of the JPIR or changes in cohort populations. Among the elites listed
in the JPIR, landlords (defined as individuals whose occupational titles includes landlord,
but excluding managers and professionals) were unlikely to be affected by the introduction
of Capp as receiving higher education was not a typical pathway to become landlords. As
shown in column (4) of Table[5 the estimated effect of Capp on the number of landlords is
small and statistically insignificant. As an additional placebo test, column (5) also confirms
that the urban-rural difference in the cohort’s birth populations do not change significantly

with the cohort’s exposure to Capp.

24We expect the coefficient to be negative if the quality of entrants born inside the Tokyo area declined
relative to that of entrants born outside the Tokyo area under Capp.
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6 Conclusion

We investigated the short- and long-run impacts of centralizing school admissions in higher
education. To do so, we took advantage of the world’s first known implementation of central-
ized admissions and its subsequent reversals in early twentieth-century Japan. The central-
ization was designed to make the school seat allocation more meritocratic, but our analysis
indicates that there was a sharp tradeoff between meritocracy and equal regional access to
higher education. More specifically, in the short run, we find that the centralization led stu-
dents to apply to more selective schools and make more inter-regional applications. As high
ability students were located disproportionately in urban areas, however, the centralization
caused urban applicants to crowd out rural applicants from advancing to higher education.
Moreover, these impacts were persistent: Four decades later, compared to the decentral-
ized system, the centralized admissions increased the number of high income earners, top
managers, and elite professionals born in urban areas relative to those born in rural areas.

Even though our study uses the admission reforms unique to Japan, the implications of
our study might be relevant for other contexts. For instance, distributional consequences
of centralized admissions may be a reason why many countries continue to use seemingly
inefficient decentralized college admissions. Methodologically, the use of natural experiments
in history may be also valuable for studying the long-run effects of market designs in other
areas, such as housing, labor, and health markets.

It is the multiple bidirectional policy changes in history that allow us to measure the long-
run effects. The disadvantage of using historical events, however, is the limited availability
of data. The ideal way to alleviate the data concerns would be to use modern administrative
data. For example, one may imagine linking the US Internal Revenue Service data on tax
returns and school district data to measure the long-run effects of school choice reforms in
the US in the past few decades. Such a contemporary study would be a fruitful complement

to our historical study.
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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 [2| 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 three periods of
the centralized school admission 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 three periods of the centralized school
admission 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%F%  0.192%#*  0.151%**  (.146*** 0.128 0.168%%*  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%%% 0494 0.169%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  10.95 2.080 1574 128.0%FF  46.52%F  1454%F 2557
(23.22)  (2.888)  (24.65)  (5.482)  (22.92)  (23.11)  (13.91)  (21.27)  (18.64)
Constant 226.2FFF 231 7FFF 980 THFE  I5RRFRE 166.7F  252.6%FF  204.1%FF  218.0% 154.2%

(15.74)  (16.43)  (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.
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Figure 5: Which Regions Win from Centralization? First Look

(a) In Which Prefectures Did Entrants Increase during Cen-
tralization?

Weesg EHeaq [CO@ag e Ddes e

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

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

R R R e e e e e e e e R

Notes: Panel (a) estimates and plots the prefecture-specific coefficient 8; in #Entrants;; = B;Capp; +
a; X;t + e+, using the 1900-1930 data for each prefecture i, where #entrants;; is the number of entrants in
year t who were born in prefecture ¢ and X;; is the number of schools other than Schools 1-8 in prefecture ¢
in year ¢. 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 a set of prefectures that are within
100km from Tokyo (see Appendix Figure for a map). Bars show the 95 percent confidence intervals. See
Section for discussions about this figure. 31
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Figure 6: Validity of Long-run Outcome Data: Differences-in-Differences
(a) (b)
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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 are based on the prefecture-cohort level
data compiled from the Japanese Personnel Inquiry Records (JPIR) in 1939, which includes cohorts who
were born in 1879-1894 and became age 17 in 1896-1911. The vertical axis shows the number of individuals
listed in the JPIR who were born in the indicated area in the indicated cohort whose final education was
one of the Imperial Universities. The cohorts are colored according to their intensity of exposure to the
first period of centralized admissions (Capp ) in 1902-1907, where the darker color indicates the higher
intensity of exposure. The intensity gradually increases from the cohort who turned age 17 in 1899 as some
unsuccessful applicants might have retaken the exam in 1902 under Capp. The intensity reaches one for the
cohorts who turned age 17 during 1902-1904 and declines moderately from the cohort who turned age 17 in
1904 as some might have retaken the exam in 1908 under Dapp. The intensity drops to zero for the cohort
who turned age 17 in 1908 as they had no opportunity to take the exam under Capp. 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 under Capp in 1902-1907.

See Section [o| for discussions about this figure.
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Table 4: Long-run Impacts of Centralization: Differences-in-Differences Estimates

(1) 2 ®3) (4) (5) (6) (7)

VARIABLES Tmperial Top 0.1% Top 0.01% Managers Professionals Imperial Medal
Univ. income income Univ. recipients
grads earners earners professors

(Panel A)

Age 17 during Centralization x  3.18%* 1.66* 0.43%* 4.25%* 1.67%* 0.44** 2.87HH*

Tokyo area (<100km) (1.39) (0.87) (0.18) (2.02) (0.79) (0.18) (1.06)

Observations 705 705 705 705 705 705 705

Mean dep var 8.774 5.274 0.963 13.25 6.756 0.810 6.279

Mean dep var (Tokyo area 10.62 6.873 1.159 19.76 8.603 1 6.937

during Dapp)

(Panel B)

Age<17 in 1902 x 3.34 1.91%* 0.65%** 4.95% 1.61 0.36* 2.63%*
Tokyo area (<100km) (2.22)  (0.74) (0.24) (2.48) (1.34) (0.20) (1.03)
Age<17 in 1908 x -2.97H* -1.35 -0.16 -3.37** -1.75%* -0.54%* -3.18%**
Tokyo area (<100km) (0.70) (1.11) (0.25) (1.50) (0.69) (0.21) (1.17)

Observations 705 705 705 705 705 705 705

(Panel C)

Age 17 during Centralization x 2.43%* 1.30%* 0.44%4% 2.77* 1.56%** 0.29* 2.08%*

Area where entrants increased  (0.99) (0.63) (0.13) (1.52) (0.57) (0.15) (0.82)

Observations 705 705 705 705 705 705 705

Mean dep var 8.774 5.274 0.963 13.25 6.756 0.810 6.279

Mean dep var (Area entrants 9.707 5.182 0.859 14.92 7.586 0.919 6.657

increased during Dapp)

(Panel D)

Age<17 in 1902 x 2.25 1.54%%* 0.54%** 3.21% 1.32 0.17 1.47
Area where entrants increased — (1.52) (0.54) (0.18) (1.83) (0.93) (0.18) (0.88)
Age<17 in 1908 X -2.67FF* -1.00 -0.30 -2.23% -1.85%** -0.45%* -2.85%**
Area where entrants increased  (0.59) (0.85) (0.21) (1.24) (0.52) (0.18) (0.82)

Observations 705 705 705 705 705 705 705

Notes: This table shows differences-in-differences estimates of the long-run effects of the centralized admission
system. The estimates are based on the prefecture-cohort level data from the JPIR in 1939, which includes
cohorts who were born in 1880-1894 and became age 17 in 1897-1911. All regressions control for prefecture
fixed effects and cohort fixed effects. All outcome variables below are measured at the prefecture-cohort level.
In (1), “Imperial Univ. grads” is defined as the number of individuals in the JPIR whose final education
is one of the Imperial Universities. In (2) and (3), “Top 0.1% income earners” (or “Top 0.01% income
earners”) is defined as the number of individuals in the JPIR with taxable income above 15,000 yen (or
above 50,000 yen) which corresponds to the top 0.06% (or top 0.01%) of the national income distribution.
In (4), “Managers” is defined as the number of individuals in the JPIR who is employed in a private sector
and pays any positive amount of income or corporate tax. In (5), “Professionals” is defined as the number of
individuals in the JPIR whose occupation is either scholar, physician, lawyer, or engineer. In (6), “Imperial
Univ. professors” is defined as the number of individuals in the JPIR who is a professor or associate professor
at one of the Imperial Universities. In (7), “Medal recipients” is the number of individuals in the JPIR who
received a decoration of the Order of the Fifth Class or above, but excluding military personnels. “Age 17
during Centralization” is the indicator variable that takes 1 if the cohort became age 17 during Capp in 1902-
1907. “Age<17 in 1902” is the indicator variable that takes 1 if the cohort became age 17 in 1902 or later.
“Mean dep var” shows the mean of the dependent variable for all prefecture-cohort observations. “Mean
dep var (Tokyo area or Area entrants increased during Dapp)” shows the mean of the dependent variable in
the Tokyo area (or the area where entrants to Schools 1-8 increased under Capp) during decentralization.
Standard errors are clustered at the prefecture level. See Section [5] for discussions about this table.
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Table 5: Long-run Impacts of Centralization: Pathways and Placebo Tests

(1) (2) (3) (4) (5)

Pathway: Pathway: Pathway: Placebo: Placebo:
VARIABLES Fraction Distance Imperial Univ. Landlords Population
moved moved divided by
School
Entrants

Age 17 during Centralization x -0.013 -4.810 -0.02 0.165 0.624

Tokyo area (<100km) (0.016) (6.622) (0.02) (0.289) (0.435)
Observations 705 705 703 705 657
Cohort FE YES YES YES YES YES
Pref FE YES YES YES YES YES
Mean dep var 0.233 89.73 0.26 1.179 11.55
Mean dep var (Tokyo area 0.241 24.07 0.22 3.286 12.69

during Dapp)
Age 17 during Centralization x 0.005 -4.092 -0.03 -0.060 -0.227

Area where entrants increased  (0.014) (7.136) (0.02) (0.219) (0.714)
Observations 705 705 703 705 657
Cohort FE YES YES YES YES YES
Pref FE YES YES YES YES YES
Mean dep var 0.233 89.73 0.26 1.179 11.55
Mean dep var (Area entrants 0.229 42.06 0.22 2.212 13.69

increased during Dapp)

Notes: This table shows differences-in-differences estimates to explore pathways of the long-run effects and
to provide placebo tests. The estimates are based on the prefecture-cohort level data from the JPIR in
1939, which includes cohorts who were born in 1880-1894 and became age 17 in 1897-1911. All outcome
variables below are measured at the prefecture-cohort level. In (1), “Fraction moved” is defined as the
fraction of individuals in the JPIR whose residing prefecture is different from his birth prefecture. In (2),
“Distance moved” is defined as the average distance between the birth prefecture and the residing prefecture
of individuals in the JPIR. In (3), “Imperial University graduates divided by School Entrants” is defined by
the number of Imperial University graduates in the JPIR divided by the total number of entrants to higher
schools in the year when the cohort became age 17. This variable is a measure for the quality of higher
school entrants. In (4), “Landlords” is defined as the number of individuals in the JPIR whose occupational
titles include landlord, but excluding managers and professionals. In (5), “Population” is the cohort’s birth
population in a given prefecture. “Age 17 during Centralization” is the indicator variable that takes 1 if the
cohort became age 17 during Capp in 1902-1907. “Mean dep var” shows the mean of the dependent variable
for all prefecture-cohort observations. “Mean dep var (Tokyo area or Area entrants increased during Dapp)”
shows the mean of the dependent variable in the Tokyo area (or the area where entrants to Schools 1-8
increased under Capp) during decentralization. Standard errors are clustered at the prefecture level. ***
** and * mean significance at the 1%, 5%, and 10% levels, respectively. See Section [5| 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

N A\ A -
\ AL e

School 4

— —School 6
<

""" School 7

~ —School 8

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

April 21, 1903. See Section [2| for discussions.
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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 called Kanto area in Japanese) 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.
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Table A.3: 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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Table A.5: Parallel Pre-event Trends

VARIABLES Imperial Top 0.1% Top 0.01% Managers Professionals Imperial Medal
Univ. income income Univ. recipients
grads earners earners professors

Tokyo area (< 100km) x 0.189 0.058 -0.039 0.343 0.202 0.019 0.178

Time trend (0.445) (0.311) (0.068) (0.658) (0.239) (0.082) (0.253)

Observations 470 470 470 470 470 470 470

Mean dep var 5.023 4.579 0.938 10.09 3.994 0.381 4.402

Mean dep var (Tokyo area 6.471 6.114 0.957 15.77 5.486 0.500 5.329

during Dapp)

Area where entrants increased x 0.174 -0.076 -0.046 0.076 0.133 0.036 0.177
Time trend (0.297) (0.217) (0.043) (0.446) (0.168) (0.056) (0.180)
Observations 470 470 470 470 470 470 470
Mean dep var 5.023 4.579 0.938 10.09 3.994 0.381 4.402
Mean dep var (Area entrants 6.218 4.827 0.755 11.99 5.064 0.500 5.436

increased during Dapp)

Notes: This table tests if there are differences in pre-event trends between urban and rural areas in the
differences-in-differences analysis in Section 5} The estimates are based on the prefecture-cohort level data
compiled from the JPIR in 1939, which includes cohorts born in 1874-1883 who became age 17 in 1891-1900.
This table runs the following regression:

Yor = ap + oy + B x Timetrend x Urbany, + €pt,

where the linear time trend is defined as the cohort’s birth year minus 1870. All the other variables are
defined in the same way as in Table [d] See Section [5] for discussions about this figure.
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Table A.6: Long-run Impacts of Centralization: Professionals in Details

VARIABLES Professionals: Professionals: Professionals:
Scholars Physicians & Lawyers Engineers
Age 17 during Centralization x Tokyo area (<100km) 1.007** 0.603* 0.801
(0.420) (0.337) (0.674)
Age 17 during Centralization x Area where entrants increased 0.697* 0.648** 0.686
(0.349) (0.280) (0.461)
Observations 705 705 705 705 705 705
Cohort FE YES YES YES YES YES YES
Pref FE YES YES YES YES YES YES
Mean dep var 3.587 3.587  2.959 2.959 2.401 2.401
Mean dep var (Tokyo area or Area entrants increased 4.746 4.242 3.603 3.162 3.016 2.626

during Dapp)

Notes: This table shows differences-in-differences estimates of the long-run effects of the centralized admission
system. The estimates are based on the prefecture-cohort level data from the JPIR in 1939, which includes
cohorts who were born in 1880-1894 and became age 17 in 1897-1911. All regressions control for prefecture
fixed effects and cohort fixed effects. All outcome variables below are measured at the prefecture-cohort level.
“Scholars,” “Physicians & Lawyers,” and “Engineer” are defined as the number of individuals in the JPIR
whose occupation is scholar, physician or lawyer, and engineer, respectively. “Age 17 during Centralization”
takes 1 if the cohort became 17 years old during 1902-1907, and takes 0 otherwise. “Mean dep var” shows
the mean of the dependent variable for all prefecture-cohort observations. “Mean dep var (Tokyo area or
Area entrants increased during Dapp)” shows the mean of the dependent variable in the Tokyo area (or
the area where entrants to Schools 1-8 increased under Capp) during decentralization. Standard errors are
clustered at the prefecture level. See Section [5| for discussions about this figure.
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Table A.7: Long-run Impacts of Centralization: Differences-in-Differences Estimates with
Control Variables

VARIABLES Imperial Top 0.1% Top 0.01% Managers Professionals Imperial Medal
Univ. income income Univ. recipients
grads earners earners professors

Age 17 during Centralization x  2.06%** 1.48%* 0.39* 3.247%H% 0.96* 0.44** 2.40%**

Tokyo area (<100km) (0.55) (0.66) (0.22) (1.12) (0.53) (0.20) (0.72)

Observations 704 704 704 704 704 704 704

Mean dep var 8.777 5.273 0.964 13.25 6.763 0.810 6.280

Mean dep var (Tokyo area 10.62 6.873 1.159 19.76 8.603 1 6.937

during Dapp)

Age<17 in 1902 X 1.66* 1.72%** 0.61%* 3.58%* 0.50 0.34 1.89%**
Tokyo area (<100km) (0.91) (0.63) (0.30) (1.40) (0.60) (0.21) (0.55)
Age<17 in 1908 x -2.50%F* -1.22 -0.13 -2.8THFF* -1.46* -0.54** -2.96%**
Tokyo area (<100km) (0.75) (0.93) (0.24) (0.98) (0.83) (0.22) (0.98)

Observations 704 704 704 704 704 704 704

Age 17 during Centralization x  1.73*** 1.04%* 0.38%* 1.92% 1.15%** 0.29* 1.76%%*

Area where entrants increased  (0.49) (0.50) (0.15) (0.97) (0.42) (0.16) (0.58)

Observations 704 704 704 704 704 704 704

Mean dep var 8.777 5.273 0.964 13.25 6.763 0.810 6.280

Mean dep var (Area entrants 9.707 5.182 0.859 14.92 7.586 0.919 6.657

increased during Dapp)

Age<17 in 1902 x 1.33* 1.12%* 0.47* 2.00* 0.85 0.16 0.98*
Area where entrants increased  (0.78) (0.48) (0.24) (1.16) (0.53) (0.18) (0.58)
Age<17 in 1908 x -2.15%%* -0.95 -0.28 -1.83* -1.49%* -0.43%* -2.62%%*
Area where entrants increased  (0.64) (0.74) (0.21) (0.95) (0.61) (0.19) (0.71)

Observations 704 704 704 704 704 704 704

Notes: In this table, we control for time- and cohort-varying prefecture characteristics, i.e., the number of
primary schools in the prefecture in the year when the cohort became eligible age, the number of middle
school graduates in the prefecture in the year when the cohort became age 17, log of manufacturing GDP of
the prefecture when the cohort became age 20, and birth population of the cohort in the prefecture. All the
other variables are defined in the same way as in Table 4l See Section [5| for discussions about this table.
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Table A.8: Long-run Impacts of Centralization: Differences-in-Differences Estimates exclud-
ing Cohorts who Became Age 17 in 1901 or 1907

VARIABLES Tmperial Top 0.1% Top 0.01% Managers Professionals Imperial Medal
Univ. income income Univ. recipients
grads earners earners professors

Age 17 during Centralization x  3.05%** 1.71%* 0.55%+* 4.83%* 1.63%** 0.48* 2.65%H*

Tokyo area (<100km) (0.97) (0.84) (0.20) (2.12) (0.58) (0.24) (0.93)

Observations 611 611 611 611 611 611 611

Mean dep var 8.684 5.247 0.967 13.14 6.682 0.827 6.152

Mean dep var (Tokyo area 10.38 6.661 1.107 19.16 8.357 1 6.679

during Dapp)

Age 17 during Centralization x  2.64*** 1.13* 0.55%** 2.83* 1.69%** 0.37%* 2.01%%*

Area where entrants increased ~ (0.70) (0.65) (0.15) (1.66) (0.48) (0.18) (0.72)

Observations 611 611 611 611 611 611 611

Mean dep var 8.684 5.247 0.967 13.14 6.682 0.827 6.152

Mean dep var (Area entrants 9.580 5.057 0.818 14.56 7.477 0.932 6.455

increased during Dapp)

Notes: In this table, we repeat the same analysis in Table [d] but excluding the cohorts who became age 17
in 1901 or 1907 from the sample as these cohorts were heavily exposed to both Capp and Dapp. All the
variables are defined in the same way as in Table [4l See Section |5| for discussions about this table.

Figure A.4: Sampling Rates of High Income Earners in the JPIR

F—Q/./.

JPIR Sampling Rate
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0.003%
0.002%

Top Income Percentile

Notes: This figure plots the sampling rate of the high income earners in JPIR (1939) by the income level
expressed as a top percentile of the national income distribution. The sampling rates and the top income
percentiles are computed from income tax statistics in the Tax Bureau Yearbook.
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Figure A.5: Comparison of High Income Earners in JPIR and Income Tax Statistics across

Prefectures

No. persons in top 0.1% income by prefectures (log)

JPIR (1939)

6
Tax Record (1936)

Notes: This figure compares the number of high income earners in each prefecture listed in the JPIR (1939)
and the number of complete counts of the high income earners in each prefecture reported in the tax statistics
in the Tax Bureau Yearbook (1936). The vertical axis is log of the number of individuals in JPIR (1939)
who earned more than 15,000 taxable income (or the top 0.06% income group) in 1938. The horizontal axis
is log of the number of individuals in tax statistics who earned more than 10,000 taxable income (or the top
0.08% income group) in 1936 (the closest year to 1938 for which prefecture-level data are available).
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Table A.9: Correlations between Prefecture-level Sampling Rates and Outcome Variables

VARIABLES Top 0.1% Top 0.01% Top 0.1% Top 0.01%
income income income income
earners earners earners earners

Entrants to higher schools  0.00751 -0.0259
(0.00518)  (0.0214)
Imperial Univ. grads 0.00336  -0.0251**
(0.00240)  (0.0114)

Observations 47 46 47 46
R-squared 0.038 0.006 0.009 0.007
Mean dep var 0.240 1.030 0.240 1.030

Notes: This table tests if the sampling rates of the JPIR (1939) are correlated with our outcome variables
using prefecture-level data. “Top 0.1% income earners” is the sampling rate of the top 0.1% income earners
in the JPIR defined by the number of individuals in the JPIR with more than 15,000 yen of taxable income
in 1938 divided by the complete count of the number of individuals with more than 10,000 yen of taxable
income in 1936. “Top 0.01% income earners” is the sampling rate of the top 0.01% income earners in the
JPIR defined by the number of individuals in the JPIR with more than 50,000 yen of taxable income in 1938
divided by the complete count of the number of individuals with more than 50,000 yen of taxable income in
1936. “Entrants to higher schools” is the number of entrants to Higher Schools during 1900-1911 who were
born in the prefecture (mean =477 and SD= 316). “Imperial Univ. grads” is the total number of individuals
in the JPIR residing in the prefecture in 1938 who graduated from one of the Imperial Universities (mean
=224 and SD= 349). “Entrants to higher schools” and “Imperial Univ. grads” are denominated by 100.
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