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ABSTRACT

This dissertation examines the role of horizontal stratification (qualitative differences within the
same education level) in higher education for social stratification and inequality. Sociological
studies, that have long debated the role of educational expansion for social mobility, have often
assumed that increased access to higher education occurs uniformly. However, the limited focus
on the quantitative increase in the number of highly educated individuals may obscure another
important mechanism, that is, the growth of institutional heterogeneity through the proliferation
of lower-tier institutions. This study examines the case of social mobility, and two critically

related outcomes — assortative mating and gender stratification.
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INTRODUCTION
This dissertation examines three questions regarding the role of horizontal stratification
(qualitative differences within the same education level) in higher education for mobility and
demographic outcomes. Social stratification scholars have long debated the role of educational
expansion for a range of outcomes, including social mobility (Brand and Xie 2010; Breen 2010;
Hout 1988; Rauscher 2016; Torche 2011), assortative mating (Rauscher 2015; Smits 2003), or
female labor force participation (Goldin 2006; Hannum and Buchmann 2003).

While the theoretical expectations of prior studies are varied, these studies have often
assumed that increased access to higher education occurs uniformly. Meanwhile, as access to
higher education has expanded in many countries, there has been increased attention to
horizontal stratification — qualitative differences within the same education level — with respect
to questions about inequality and social mobility (see, e.g., Gerber and Cheung 2008).
Specifically, college expansion is often accompanied by institutional diversification in terms of
selectivity (Arum et al. 2007; Hoxby 2009) and curricular programs (Charles and Bradley 2009).

While sociological studies have long debated the role of educational expansion for social
mobility, most studies have focused on the quantitative increase in the number of highly
educated individuals. This specific focus may obscure another important mechanism, that is, the
growth of institutional heterogeneity. Some studies suggest that this structural change in higher
education may or may not contribute to maintaining existing socioeconomic inequality, but
empirical evidence is still limited. This study contributes to the literature on horizontal
stratification in higher education by examining the case of social mobility, and two critically

related outcomes — assortative mating and gender stratification.



Chapter 1 examines the role of horizontal stratification for social mobility with a genetic
lens.! Scholars have paid increasing attention to qualitative differences within the same
education level as they are impacted by upstream factors such as parental investment and family
resources, and, in turn, as they affect later outcomes such as earnings. In this vein, studies have
investigated whether such differences in “quality” across similar quantities of education serve as
a primary mechanism through which high-SES families transmit advantage dynastically. For
instance, Chetty et al. (2020) claim that college attendance, especially at selective colleges,
eliminates almost all family background effects on earnings—though it remains possible that this
is not a treatment effect of college per se but rather results from a dynamic process whereby the
ability selection gradient for college admissions is steeper for lower-SES students. In this
research tradition, however, few studies have examined the role of genetic inheritance of ability;
here we argue that the recent addition of genetic data to social scientific surveys provides an
important tool with which one can examine how ability inherited through biological mechanisms
is correlated with social origins, on the one hand, and contributes to the creation of horizontal
educational stratification, on the other. Additionally, we examine the role of differences in
college quality as a mediator of genetic effects on labor market outcomes. Results from analysis

of the National Longitudinal Study of Adolescent to Adult Health show the following: First, the

! An earlier version of this paper was presented at the RC28 summer meeting held at University of Turku on
June 2, 2021, American Sociological Association annual meeting (virtual), on August 10, 2021, The
Integrating Genetics and the Social Sciences annual meeting, October 28, 2021, Japanese Association of
Mathematical Sociology spring meeting (virtual), March 12, 2022, and Population Association of America
Annual Meeting, April 4, 2022. We thank Chi Qi for technical assistance on this paper. We also thank
participants at the Princeton biosociology lab for their helpful feedback. This research uses data from Add
Health, a program project directed by Kathleen Mullan Harris and designed by J. Richard Udry, Peter S.
Bearman, and Kathleen Mullan Harris at the University of North Carolina at Chapel Hill, and funded by grant
P01-HD31921 from the Eunice Kennedy Shriver National Institute of Child Health and Human Development,
with cooperative funding from 23 other federal agencies and foundations. Information on how to obtain the
Add Health data files is available on the Add Health website (https://addhealth.cpc.unc.edu/). No direct
support was received from grant PO1-HD31921 for this analysis.

10



genetic potential for educational attainment is positively associated with college degree
attainment, the quality of colleges respondents graduate, and individual earnings in middle age
(overall and net of college degree and college selectivity). Second, we find that lower SES
students evince a higher correlation between the genetic potential and college selectivity, thus
raising questions about the leveling effect of elite college attendance. Third, we find supportive
evidence for the thesis of college completion serving as a great equalizer even after considering
genetic potential, but not for the equalizing role of college selectivity. Last, we do not find
evidence for an interaction between parents’ SES and the genetic measures associated with
individual earnings net of college degree and college selectivity.

Chapter 2 examines the role of horizontal stratification in explaining educational
assortative mating trends.?> Research on educational assortative mating has devoted much
attention to educational expansion but has been less focused on a concurrent trend of importance
— growing differentiation among higher education institutions. In this study, I examine whether
the bifurcation between high- and low-tier institutions in the context of high participation in
tertiary education may help us understand the mixed evidence on educational homogamy trends
across countries. Applying log-linear and log-multiplicative models to analyze trends in
educational assortative mating in Japan, characterized by a clear and widely acknowledged
hierarchy of institutional selectivity, I find that; (1) the odds of homogamy are higher among

graduates of selective universities than among graduates of nonselective universities; (2)

2 An early version of this paper was presented at the RC28 summer meeting held at Princeton University on
August 15-19, 2019. The Japanese Panel Survey of Consumers and the Keio Household Panel Study were
provided by the Panel Data Research Center at Keio University. I thank several anonymous reviewers, Jim
Raymo, Christine Schwartz, Eric Grodsky, Leafia Zi Ye, Kelsey Wright, Noah Hirschl, Sawako Shirahase,
Sho Fujihara, Ryota Mugiyama, Kohei Toyonaga, Akira Igarashi, and seminar participants at the National
Institute of Population and Social Security Research for their helpful comments and suggestions. This research
is supported by the Nakajima Foundation and the Eunice Kennedy Shriver National Institute of Child Health
and Human Development of the National Institutes of Health under grant P2CHD047879. All errors are my
own. Note that this chapter is based on the final proof before publication in Demography (Vol. 59, Issue 6).
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homogamy trends among graduates of selective and nonselective universities have diverged in
recent years; (3) possibly reflecting the more rapid increase in the share of female students
enrolled in less-selective institutions, the opportunity for them to “marry up” has decreased.
Results suggest that close attention should be paid to the important and growing heterogeneity of
institutional characteristics that has been obscured in earlier studies to understand the impact of
educational assortative mating on economic inequality.

Chapter 3 examines the underrepresentation of women in selective colleges in Japan.?
The intersection of gender and higher education is an important source of social change. This is
most compellingly seen in the concurrent trends of women outnumbering men in higher
education attendance and the progress toward gender equality. Meanwhile, women’s
underrepresentation in selective colleges remains in countries characterized by relatively stronger
institutional differentiation in terms of selectivity. Recent studies suggest that high-stakes exams
and the associated risk of exam failure play a critical role in shaping women’s
underrepresentation in selective college attendance. Taking advantage of the unique combination

of college application and outcome available in a longitudinal dataset in Japan, where higher

3 This study was supported by the Japan Society for the Promotion of Science KAKENHI (Grant Number
JP23H05402, JP22H00069, JP19H01637, and JP15H05397), Institute of Social Science at the University of
Tokyo, the Nakajima Foundation and the Friends of University of Tokyo, Inc. Permission to use the panel data
was obtained from the Management Committee of the Japanese Life Course Panel Surveys. An earlier version
of this paper was presented at the Japanese Association for Mathematical Sociology biannual meeting
(September 4, 2021), Tokyo Center for Contemporary Japanese Studies, the University of Tokyo (September
7,2021), the Japan Society of Educational Sociology annual meeting (September 11, 2021), 21st Century
Japan Politics and Society Initiative (21JPSI), Indiana University (September 16, 2021), and Princeton
University Stratification Workshop (October 15, 2021). The data for this secondary analysis, “Japanese
Longitudinal Study of Children and Parents” (Benesse Educational Research and Development Institute), were
provided by the Social Science Japan Data Archive, Center for Social Research and Data Archives, Institute of
Social Science, The University of Tokyo. I thank Mika Akesaka, Ha-Joon Chung, Sho Fujihara, Rama Hagos,
Yuko Hara, Hilary Holbrow, Natsumi Isa, Mei Kagawa, Takuma Kamada, Tate Kihara, Jordan Klein,

Kaori Mitsushima Maruno, Ryota Mugiyama, Eunmi Mun, Yoko Okuyama, Hiroshi Ono, Tamkinat Rauf, Jim
Raymo, Risa Saiki, Ziyao Tian, Kohei Toyonaga, Zoey Wang, and Yu Xie for their helpful comments and
suggestions.
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education is characterized by an extremely low proportion of female students in selective
institutions, the analysis reveals that women are significantly less likely to retake the exam than
men. Further analysis finds that significantly more women than men tend not to retake the exam
when they fail and the gender gap remains even after accounting for likely correlates. These
results suggest that a properly designed admission system that reduces the risk of exam retaking
or the avoidance of these exams may have implications for the gender gap in selective college

attendance in high-stakes exam contexts.
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CHAPTER 1 Horizontal Educational Stratification through a Genetic Lens: Effects of Social

Background and Genetic Endowment on College Selectivity and Earnings

1. Introduction

As access to higher education has expanded in many countries, there has been increased attention
to horizontal stratification — qualitative differences within the same education level — with
respect to questions about inequality and social mobility (see, e.g., Gerber and Cheung 2008).
For instance, stratification research has argued that educational expansion is typically
accompanied by differentiation or, in other words, a growth of institutional heterogeneity
through the proliferation of less-selective institutions (Arum et al. 2007; Hoxby 2009). In this
context, two theoretical perspectives provide important insights into the role of selective colleges
in stratification processes. One perspective, the Effectively Maintained Inequality (EMI)
hypothesis, suggests that selective colleges may play a key role in the dynastic perpetuation of
socioeconomic differences (Lucas 2001). In the expanded higher education context, this
hypothesis implies that parents of high socio-economic status intensively invest in their
children’s human capital to help them to attain advantaged positions within the same levels of
education as their less advantaged peers (Haveman and Smeeding 2006; Jerrim et al. 2015;
Karabel and Astin 1975; Lovenheim and Smith 2022; Roksa et al. 2007). If so, the SES gradient
in admission to selective colleges represents an important pathway through which social
reproduction is maintained in meritocratic societies (Alon 2009; Carnevale and Rose 2003;
Davies and Guppy 1997; Karen 2002; Michelman et al. 2021; Torche 2011; Turley et al. 2007;
Witteveen and Attewell 2020). Another perspective, college as a great equalizer or negative
selection hypothesis, suggests that these highly selective schools can serve as levelers of family
background effects (Brand and Xie 2010; Breen and Jonsson 2007; Breen and Luijkx 2007; Fiel
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2020; Karlson 2019; Hauser and Logan 1992; Hout 1984; 1988; Karlson 2019; Pfeffer and
Hertel 2015; Torche 2011; Vallet 2004). For instance, one recent study that examined over eight
million college-goers born 1980-1982 in the United States (Chetty et al. 2020) claimed that
completing a 4-year college degree substantially eliminated family-of-origin SES effects on
income. They also found that the income correlation between children and parents is even flatter
for students at selective colleges. Similar arguments have been provided by several other
observational (Giani 2016; Klein 2021) as well as natural experiment studies (Black et al. 2020;
Bleemer 2021).

However, such a claim does not fully take into consideration the possibility that the
selection gradient in the admissions process differs for low- and high-SES students. Namely, it
may not be a treatment effect of college degree or highly selective colleges per se that eliminates
any effect of parental SES on later earnings; rather, it may be that lower-SES students who gain
admission to and attend colleges, especially selective colleges, display more positive underlying
characteristics that are rewarded in the labor market than do their higher-SES peers (Dale and
Krueger 2002, 2014; Zhou 2019). The greater level of “ability” to graduate from a (selective)
college from a lower-SES background may, in turn, cancel out the direct, positive effect of
coming from a high-SES family, thus producing the leveling effect observed by Chetty et al.
(2017, 2020) without any actual treatment effect from the colleges themselves. When examining
whether (selective) college attendance contributes to the reproduction of inequality or serves as a
great equalizer, it is thus critical to distinguish between two fundamental sources of origins,
namely, students’ academic potential and parental social class. However, one of the core
empirical challenges is the fact that they are correlated with each other; earlier work in this

domain of scholarship has not addressed the extent to which the influence of parents’
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socioeconomic position represents the social distribution of resources as opposed to the
biological endowments that helped parents achieve such a position and which, in turn, they pass
on genetically to offspring. Therefore, the role of innate endowments in generating those class
differences in vertical as well as horizontal educational outcomes remains unclear.

To this debate about the causes and consequences of (selective) college attendance in
stratification processes, we propose that the deployment of genetic data helps us to measure at
least part of the ability endowment inherited through biological mechanisms from parents so that
we can evaluate how such biological endowments may be associated with social origins, on the
one hand, and contribute to the creation of downstream educational and labor market outcomes,
on the other hand. Results from such analysis will provide intuition as to the degree to which
biological inheritance, differential selectivity, and social inheritance play distinct or interacting
roles in the transmission of educational and labor market advantage.

To this end, we ask two questions. First, we examine whether the relationship between
genetic endowment and educational attainment, including college selectivity, varies by family
background. Specifically, we test the proposition that the findings of Chetty et al. (2017, 2020)
result from differential selection gradients for high and low SES students in college degree,
especially among more selective ones. If the correlations between genetic signatures of
educational (and labor market) success and college selectivity are equal to or higher for lower
SES students than for their higher SES counterparts, it suggests that genetic potential does not
play a major role among higher parental SES groups, consistent with the EMI hypothesis and
that there may indeed be a treatment effect of elite college attendance that mutes the effect of
family background that is observed among non-college graduates. (Those who attend non-elite

colleges show a steeper earnings gradient, but this slope is also muted as compared to non-four-

16



year-college graduates.)* Second, we compare the contribution of family SES, college degree,
and college selectivity to later socioeconomic attainment with and without accounting for genetic
potential for educational attainment. Our focus is to test whether a 4-year college degree,
especially from a selective college, levels the field or not. If this hypothesis is correct, the
positive effect of selective college attendance would be stronger for those from lower parental
SES groups than higher SES groups, even after controlling for academic potential measured as
genetic endowments for educational attainment. If the EMI hypothesis is correct, we expect to
see the genetic gradients in college attendance and selectivity to be much steeper (or flatter) for
those from lower (or higher) parental SES groups, which suggests that the positive effect of
(selective) college attendance on later socioeconomic attainment goes away when controlling for
genetic endowments.

Additionally, this study contributes to updating the general implications of the genetic
perspective for stratification research. Specifically, this study illustrates how the use of genetic
data helps us to address theoretically important but empirically challenging questions, in this
case complicated relationships between social and biological origins, education, and class
destination, by allowing us to partly quantify underlying traits which are prone to higher or lower
educational attainment but difficult to measure (e.g., motivation) in a causally prior manner. This
study also provides important insights into the potential role of horizontal stratification in
contemporary societies (Gerber and Cheung 2008), wherein an increasing number of individuals
enter higher education in many countries, so simply looking at the vertical aspects of educational

attainment obscures a potentially important source of inequality.

* That leveling effect could be due to any number of factors—sheepskin effect (i.e. a signaling effect of the
degree), skill acquisition, social capital, or even self-confidence.
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2. Background
2.1 Horizontal stratification in U.S. higher education

Higher education expansion in the United States has been characterized by the growth of
institutional heterogeneity thanks to the proliferation of lower-tier schools and increasing
selectivity of elite institutions (Hoxby 2009; Roksa et al. 2007). At the lower end of the
distribution, expansion has been driven by an increase in the number of for-profit universities
from the early 1990s until around 2010 (National Center for Education Statistics 2019)—as one
out of seven U.S. college students was enrolled at these for-profit institutions during this period
(Deming et al. 2016). Studies have argued that these colleges target poor and minority students
(Deming et al. 2013) who then end up with heavy student loan debt (Deming et al. 2012) and
almost no economic benefits from their education (Cellini and Turner 2019). Also, since most of
these institutions have open admission policies, it is not surprising that students with lower test
scores are more likely to enter these lower-tier institutions, which, in turn, contributes to the
growing heterogeneity of college students’ skills. Meanwhile, studies have also reported that the
top ten percent most selective colleges (measured by SAT scores of students enrolled) have
increased their selectivity over the half century from 1960s (Bound et al. 2009; Hoxby 2009).

Reflecting this observation of growing heterogeneity in college selectivity, scholars have
paid increased attention to how qualitative aspects of higher education play a role in the human
capital generation processes (see, e.g., Gerber and Cheung 2008; Hout 2012; Hoxby 2009 for
reviews). Prior work has focused on selective colleges to examine heterogeneity within higher
education in terms of both access (Chetty et al. 2017, 2020; Haveman and Smeeding 2006;
Jerrim et al. 2015; Karabel and Astin 1975; Roksa et al. 2007) and returns to higher education

(Astin and Oseguera 2004; Brand and Halaby 2006; Brewer et al. 1999; Chetty et al. 2017, 2020;

18



Haveman and Smeeding 2006; James et al. 1989; Karen 2002; Lovenheim and Smith 2022;
Sekhri 2020; Thomas 2003; Thomas and Zhang 2005), whereas a handful of studies has directly
examined the implication of the proliferation of lower-tier institutions (Deming et al. 2013;
Deming et al. 2016).

Not surprisingly, according to these studies, selective institutions tend to enroll a
disproportionately larger share of students with advantaged backgrounds (Chetty et al. 2017,
2020; Haveman and Smeeding 2006; Jerrim et al. 2015), while lower-tier institutions are
characterized by a greater share of disadvantaged and minority students (Deming et al. 2013).
For example, students from the top 1% of the family income distribution are 77 times more
likely to attend the most selective colleges (Ivy league Plus) in the U.S. than children from the
bottom 20% are (Chetty et al. 2017). As such, studies have argued that meritocratic competition
in the U.S. higher education system often reinforces, rather than attenuates, parents’ social,
economic, and cultural advantages in the process of selection (Armstrong and Hamilton 2013;
Collier and Morgan 2008; Jack 2016; Michelman et al. 2021). Indeed, the EMI hypothesis
argued that intergenerational inequality in education is maintained even when access to higher
education becomes universal because privileged groups seek qualitative advantages within the
same levels of education as their less advantaged peers (Lucas 2001).

Whether there are any returns to attending a selective college, and whether the effect
differs by population subgroups, is another separate, but deeply related, question. First, evidence
on the labor market returns to attending these institutions is less clear. Earlier work has argued
that elite college graduates enjoy higher earnings, and it appears the advantage has increased in
recent cohorts (Astin and Oseguera 2004; Karen 2002; Long 2010). However, Dale and Krueger

(2002, 2014) have argued that the observed returns to attending these selective colleges are
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largely due to selection effects: Namely, students with certain characteristics, such as higher
motivation, better cognitive skills, or advantageous parental backgrounds are more likely to
attend these institutions and succeed in the labor market because of these traits rather than a
treatment effect of the particular college attended. One recent study by Zhou (2019) partly
supports this claim, arguing that the observed equalizing effect of college education, especially
that of nonselective colleges, > is mainly due to the selection of “high-ability, high-motivation
students from low-and moderate-income families into this group” (Zhou 2019: 475). In contrast
to Zhou (2019)’s approach, we explicitly consider the role of selection by adding genetic
correlations of educational attainment to models.

Second, evidence on the heterogeneous returns to selective college attendance is also
mixed. On the one hand, many studies have claimed that elite colleges are a social leveler
(Chetty et al. 2020; Giani 2016; Klein 2021). For instance, several natural experiment studies
took advantage of “top percent” policies, a test-based meritocracy which increased opportunities
for talented students from low SES backgrounds, implemented by some U.S. public universities
to estimate the effects of attending flagship state universities for labor market outcomes.
According to these studies, attending competitive public universities (e.g., the University of
California and the University of Texas systems) helps upward mobility among low SES students,
supporting claims about college as a great equalizer. Dale and Krueger (2002) also argued that
earnings return to selective college attendance are slightly higher (8%) for children from low
SES parents than high SES ones. On the other hand, Zhou (2019) reported that attending

selective colleges does catalyze upward mobility among low SES students, although the effect is

3 A few experimental studies have also examined the benefits of attending lower-tier institutions—measured
by the callback rates from employers—and have found that those who graduated from for-profit universities
experience worse outcomes than non-selective public university graduates (Deming et al. 2016).
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not statistically significant due to the small sample size of low SES students making it to
selective colleges. A few other studies have reported a non-linear relationship between social
class and returns to college selectivity (Manzoni and Streib 2019; Thompson 2019). Overall,
there is no consensus on the role of college selectivity in reinforcing or mitigating the effect of

family background on long term economic outcomes.

2.2. The role of cognitive ability in the context of horizontal educational stratification

As discussed above, unequal access to higher education, especially among selective
institutions, is a likely factor that contributes to the reproduction of inequality in the United
States, while it is equally important to ask how individual traits are rewarded in the meritocratic
selection, particularly cognitive ability, since it likely plays an important role in the selection
process into prestigious colleges (Dale and Krueger 2002, 2014; Davies and Guppy 1997; Zhou
2019). Indeed, myriad studies have shown that the impact of student ability on educational
attainment is comparable to or larger than that of social origins (Jencks 1979; Marks 2013,
2014). Still, difficulties in comparing the impacts of nature and nurture remain by the fact that
these abilities are endogenous to family resources. For instance, prior studies have distinguished
children’s ability from social origins by using some proxies, such as test scores, academic
achievement, or intelligence (Baker and Vélez 1996; Bowen et al. 2005; Grodsky 2007; Hearn
1991; Jencks 1979; Karabel and Astin 1975; Sewell and Shar 1967), but other scholars have
noted that parents’ SES already influences these scores (Farkas 2003; Guo 1998; Heckman 2006;
Turkheimer 1991; Tucker-Drob and Bates 2016).

Here we argue that distinguishing between nature and nurture is crucial; otherwise, the

estimated effects of parental background or children’s abilities are biased. The identification of
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biological contributions to educational attainment also provides important insight into the debate
on the returns to attending selective colleges. As reviewed above, inconsistencies remain in the
literature, with some studies providing evidence of economic returns to college selectivity (Astin
and Oseguera 2004; Black and Smith 2006; Brand and Halaby 2006; Brewer et al. 1999; Chetty
et al. 2017, 2020; Haveman and Smeeding 2006; James et al. 1989; Karen 2002; Monks 2000;
Thomas 2003; Thomas and Zhang 2005) and others questioning this (Dale and Krueger 2002,
2014). Such differences may stem from the extent to which we can adjust for unobserved
characteristics that affect both selective college attendance and higher earnings (Gerber and
Cheung 2008; Hout 2012), namely, student ability. Indeed, earlier work has not paid enough
attention to the role of ability. We, thus, fill this gap in prior work by integrating recent
developments in sociogenomics studies that allow us to partially capture the genetic architecture

that predicts educational attainment.

2.3 Genetic data and social stratification

The recent integration of Genome-Wide Association Studies (GWAS) into the social and
behavioral sciences (see, e.g., Lee et al. 2018; Okbay et al. 2022) helps us to identify (a part of)
genetic endowment. Using sites of common genetic variation across the genome called single
nucleotide polymorphisms (or SNPs), recent studies have constructed polygenic indices (PGIs),
summarizing genetic propensities for given phenotypic traits, which we discuss in more detail
below. These studies have argued that the contribution of genes to years of education is non-
negligible; a meta-analysis twin studies, for instance, estimate the heritability of educational
attainment to be around 40 percent (Branigan and Freese 2014). Meanwhile, the heritability of

education estimated using common SNPs is around 20-30 percent (Krapohl and Plomin 2016;
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Rietveld et al. 2013; Savage et al. 2018). PGIs for years of education, for example, currently
explain approximately 12-16% of the variance in educational attainment (Okbay et al. 2022),
although controlling for parental PGIs reduces the magnitude roughly by half. Thus, PGIs
represent imperfect estimates of genetic propensity and provide lower bound estimate on both
the genetic effects as well as the bias due to genetic confounding in social background variables.
Importantly, they also demonstrate that an individual’s genetic potential for educational
attainment is associated with one’s later socioeconomic outcomes even after adjusting for one’s
realized education (Belsky et al. 2016; Belsky et al. 2018; Conley and Domingue 2016; Conley
et al. 2016; Liu 2018; Lin 2020; Papageorge and Thom 2020).

This suggests that there are at least three potential interpretations regarding the role of
genetics in realizing socioeconomic outcomes. One is that genetic endowments may have a direct
effect on these outcomes net of all measures of schooling even if they were perfectly measured.
This is likely since previous studies have found that a sizable number of talented students missed
opportunities for selective colleges due to limited socioeconomic resources (Hoxby and Avery
2013; Hoxby and Turner 2013, 2015).% Such an undermatch between education potential and
achieved education allows us to hypothesize that this educationally-unrealized part of skill
endowment may partly explain variation in later socioeconomic outcomes that is not accounted
for by either measured quantity or quality of schooling. A second possibility is that genetic traits
are correlated with other education relevant traits that also predict socioeconomic outcomes,
even within the same level of schooling. If the second possibility is the case, we expect to see

that the variation in relevant outcomes, i.e. college selectivity, within the same educational level

® Meanwhile, Chetty et al. (2020: 1572) provide a skeptical view towards Hoxby’s and colleagues’ claims,
arguing that there are much fewer low-income children whose academic achievement gain them entry into
selective colleges.

23



might be partly explained by one’s genetic endowment. By contrast, the third possibility casts a
doubt on the causal effect of genetic traits by arguing that the association is produced through
processes of social transmission. Specifically, by the fact that children share their alleles with
their parents (and/or siblings), the observed genetic effect is partly due to the environment that
parents (and/or siblings) provide that, in turn, stems from the genetic signature they share with
the proband. As such, this genetic measure, when used in cross-family analysis, captures what
are called “genetic nurture” effects (Kong et al. 2018; Wertz et al. 2019). Another problem is
population stratification, wherein the alleles may be correlated with unmeasured environmental
aspects of family background (Mills and Tropf 2020). To the extent that these are pre-treatment,
that is, that they occur causally prior to college, then any genetic nurture or other environmental
confounds of the PGI are still useful in helping to determine the effect of college on earnings.
However, where we are concerned with the effect of family background on college/earnings,
these confounds may bias the parental SES effect. The ideal method is to use family-based data
to capture only the direct effects of genes, net of population structure and genetic nurture. We
show in supplementary analyses using a sibling subsample that results using this within-family

approach largely mirror what we find in the larger sample.

2.4 Gene-environment interaction for socioeconomic attainment

So far, we have treated both parental background and genetic endowments independently,
but there is good reason to believe that they would jointly influence socioeconomic attainment in
a process that is often called a gene-environment interaction (Conley and Fletcher 2017, ch.7;
Plomin 2018, ch.9). In the context of the genetic gradient of educational attainment, for instance,

earlier work by Papageorge and Thom (2020) found evidence of a positive gene-environment
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interaction for educational attainment, meaning that those individuals coming from wealthier
families evince greater returns to genetic endowment than their counterparts from poorer
families. This finding supports the Scarr-Rowe hypothesis, which posits that the heritability of
ability is stronger for children from higher status backgrounds (Baier and Lang 2019;
Gottschling et al. 2019; Rowe et al. 1999; Scarr-Salapatek 1971; Tucker-Drob and Bates 2016;
Turkheimer 1991; Turkheimer et al. 2003). This hypothesis suggests a socio-genetic
reinforcement mechanism, whereby high SES parents invest more in high endowment children
due to the greater availability of educationally relevant resources in these households. As a
result, the more advantaged the families from which children come, the higher chances they
enjoy in realizing their genetic potential by leveraging socioeconomic resources (Turkheimer et
al. 2003). Other research, however, has not necessarily found this effect to hold up (see, e.g.,
Baier et al. 2022; Belsky et al. 2018; Conley et al. 2015).

Although Papageorge and Thom (2020) did not examine whether the positive gene-
environment interaction is observed for horizontal stratification in higher education and labor
market outcomes, we can extend this finding to the selection into selective college attendance.
By directly investigating this question, we provide further evidence on the nature of gene-
environment interaction with respect to socioeconomic attainment. In turn, this study contributes
to the prior literature on the role of college selectivity for intergenerational mobility, by
examining the counter-hypothesis that selection on genetics is different for low and high SES

students, which may explain the apparent leveling effect.

3. Research questions and hypotheses
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In this study, we ask: do children from lower SES families “undermatch” in the
likelihood of attaining a college degree and on college selectivity conditional on college degree
attainment? If so, is college — and selective college in particular — the great equalizer in terms of
muting the association between class background and labor market outcomes? Is this a treatment
effect of college or is it a selection effect based on a steeper genetic gradient for lower SES
offspring to graduate college and in terms of the quality of colleges graduated? Lastly, are the
returns to genetic potential for educational attainment different by class background? To provide
empirical evidence on these questions, the current study draws on data from the National
Longitudinal Study of Adolescent to Adult Health (Add Health) to test the role of genotype on
horizontal stratification and the nature of gene-environment interaction with respect to parental
SES effects on college degree and college selectivity.

Specifically, we test the following hypotheses. First, we hypothesize the positive
correlation between the genetic potential for educational attainment (education PGI) and realized

education (college degree and college selectivity) and individual earnings (Hypothesis 1a-1c).

Hypothesis 1a: genetic potential for educational attainment is positively correlated with college
degree attainment.

Hypothesis 1b: genetic potential for educational attainment is positively correlated with the
quality of college respondents graduated from, conditional on degree attainment.

Hypothesis lc: genetic potential for educational attainment is positively correlated with

individual earnings, net of measures of education.
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Second, we test the two hypotheses regarding the role of college education in
intergenerational mobility. On the one hand, the college as a great equalizer hypothesis posits
that the intergenerational transmission of socioeconomic status is weaker among (selective)
college graduates (Hypothesis 2a), which implicitly assumes that genetic selection into
(selective) college degree should not influence this process since college education has an
independent effect on intergenerational mobility. On the other hand, the EMI hypothesis suggests
that the observed equalizing effect of a college degree is driven by the steeper (or flatter) genetic
gradients in (selective) college attendance among lower (or higher) parental SES groups
(Hypothesis 2b). This hypothesis thus posits that the equalizing effect goes away when we

account for the genetic potential for educational attainment (Hypothesis 2c).

Hypothesis 2a: The correlation between parental SES and individual earnings is weaker among
college graduates, especially selective college graduates.

Hypothesis 2b: The correlation between the genetic potential for educational attainment and
realized education (college degree and college selectivity) is higher for those from lower parental
SES groups than those from higher parental SES groups.

Hypothesis 2¢: The muting effect of a (selective) college degree on the correlation between
parental SES and individual earnings is reduced when we control for genetic potential for

educational attainment.

Last, we examine the gene-environment interaction hypothesis for individual earnings.
Specifically, we test the Scarr-Rowe hypothesis, which expects to see the positive interaction

between the genetic potential for educational attainment and parental SES for status attainment.
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Hypothesis 3: the positive association between the genetic potential for educational attainment
and status attainment (college degree, better college selectivity, and individual earnings) is

stronger for those from higher parental SES groups than those from lower parental SES groups.

4. Data and methods
4.1 Data

The present study uses the National Longitudinal Study of Adolescent to Adult Health
(Add Health), a nationally representative survey of over 20,000 students drawn from a sample of
80 U.S. high schools and 52 U.S. middle schools. This survey provides a unique set of
longitudinal information on social and biological characteristics among U.S. adolescents in
grades 7-12 in 1994-95. We first focus on respondents who have reached ages 18-26 at Wave 3,
which collected detailed education information, including the ranking of colleges respondents
have attended, tuition, or the racial composition of students, surveyed by the Adolescent Health
and Academic Achievement study (AHAA). In the analysis on respondents’ college degree

attainment and individual earnings, we focus on Wave 5 when they are aged 32-42.

4.2 Variables

As a genetic measure, this study uses a polygenic index (PGI) for years of education
(EA4) (Okbay et al. 2022) to characterize respondents’ DNA, which was collected at Wave 4
through saliva samples.” A PGI is a standardized composite index calculated by using genetic

associations uncovered by a genome-wide association study (GWAS). This measure is estimated

" We calculated education PGI by using GWAS summary statistics provided by the Social Science Genetic
Association Consortium (SSGAC) (Becker et al. 2021)
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based on multiple genetic variants associated with an individual’s phenotypic trait (years of
education in this case) in training sample. Conceptually, we can interpret this variable as a noisy
measure of one’s genetic potential for an outcome of interest (see a full explanation in Conley
and Domingue 2016). Unlike Mendelian diseases that are influenced by a single gene, most traits
in which social scientists are interested are complex by nature, implying that many genetic
variants are associated with the outcome, each with a very small effect size (Mills and Tropf
2020), so a PGI is more suitable for these complex traits to detect the additive influences of
multiple genetic variants. This variable is standardized with a mean of 0 and a standard deviation
of 1. Another independent variable of interest is parents’ SES. Specifically, we use parental
socioeconomic status at Wave 1; this measure is based on the first principal component loadings
of four social origin measures (parental education, parental occupation, household income, and
household receipt of public assistance at Wave 1) constructed by Belsky et al. (2020).

We examine three outcomes — college graduation measured at Wave 5, college selectivity
measured at Wave 3, and logged annual individual earnings during middle age measured at
Wave 5. First, college graduation is coded as a dummy variable indicating whether the
respondent had received a bachelor’s degree by Wave 5 when respondents are aged from 32 to
42. Second, we use the academic selectivity of the postsecondary educational institution students
attend (conditional on attendance of any postsecondary schooling). This ranking was scored by
AHAA based on the median SAT score of entering students. The percentile rank is collapsed to
the scores ranging from 1 to 20 by the Wave 3 survey, with lower values indicating higher
ranking. For ease of understanding, we invert and standardized the values so that a higher score
means the institution is more selective. If respondents did not attend a college at Wave 3, we

supplement the Wave 4 measures collected by AHAA. To make the results comparable to the
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analysis on college completion, we only focus on those who completed college by Wave 5.8 Our
third outcome of interest is logged annual individual earnings. This is a single year measure
collected at Wave 5. In analysis, we use the logged form of earnings.

To minimize confounding of genetic measures with environmental conditions, we follow
the norm in the literature and restrict our analysis to non-Hispanic whites. This is also done
because the weights that go into the PGI are based on discovery analysis that is restricted to this
particular ancestral population as well. Of the 5,758 self-reported non-Hispanic whites with the
polygenic index in the original dataset, we omit those without information about relevant
variables, such as parental socioeconomic status or college selectivity. Other control variables
include age, sex, and self-reported health measured at Wave 1.7 The total sample size is 3,464 for
the estimation of college degree, 677 for the estimation of college selectivity, and 3,435 for the
estimation of logged annual individual earnings. We use Add Health Wave 5 cross-sectional
weights to account for differential sample selection and panel attrition. Note that the analysis on
college selectivity limits the sample to those who graduated the post-secondary institutions with
the constructed college selectivity score (public and non-profit private universities), while we
include those who did not graduate these institutions in our estimation of college degree and
individual earnings. Descriptive statistics are shown in Table 1, below.

Simply pruning the sample along these lines is not sufficient to control for environmental
differences that may still be correlated with allele frequencies in the non-Hispanic, white

population. Thus, as controls, we add respondents’ first 20 genetic principal components.

8 This means that our sample excludes those who dropped out of college. The inclusion of those who did not
complete college, including college dropouts, in the sample to estimate college selectivity does not change
results substantially; see Table X in Appendix B that deploys Heckman selection weights.

? Self-reported health is included based on the previous studies showing the robust relationship between child
health status and later socioeconomic attainment (Currie 2009). The same variable was used in earlier studies
that examine genetic gradients in socioeconomic attainment (e.g., Papageorge and Thom 2020).

30



Principal components of the genetic data are typically added to control for ancestry-related
systematic differences in allele frequencies for different subpopulations that could be detected in
GWAS but may function as a confounder between independent variables and outcome of interest
(Price et al. 2006). Principal components are generally considered inadequate as controls for
population stratification, so in sensitivity analyses (Appendix A) we also deploy the within-
family models described earlier that completely purge any confounding with genetic nurture or

population structure.

[Table 1 about here]

4.3 Methods

To estimate the impact of genetic potential and parents’ SES on a college degree, college
selectivity, and labor market outcomes, we estimate the following OLS regressions. First, we
estimate models where the outcome is college degree attainment or college selectivity score. In

the case of the latter outcome, Models 1 and 2 are specified as follows.

K
EdRank; = By + B, X SES; + Z BX: + u; (Model 1)
k=1
K
EdRank; = By + By X SES;+B, X PGI, + Z BX: + u; (Model 2)
k=1

Where SES; represents parental socioeconomic status at Wave 1 while PGI; represents one’s
genetic risk associated with years of education.

In addition to estimating the independent effects of the parental SES and PGI, we also
examine a potential interaction between them. Specifically, we add an interaction variable to the

Models above.
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K
EdRank; = By + By X SES;+B, X PGI; + Bs X SES; X PGI, + Z B.X; + u; (Model 3)
k=1

Next, we estimate correlates of logged individual earnings as follows. We first estimate
Model 1 as a baseline. In the case where we limit the sample to those who graduated college, the
model is expressed as follows.

K
LogEarnings; = By + 1 X EdRank; + 8, X SES; + z B X + u; (Model 1)
k=1

We then add the education PGI and the interaction with college selectivity. By comparing
the two models, we provide estimates of to what extent the genetic contribution to individual
earnings differs by the college selectivity.

LogEarnings; = B, + f; X EdRank; + [, X SES; + B; X PGI; +

K
B, x EdRank; X PGI; + Z BX: + ug (Model 2)
k=1

For Models 3, 4, and 5, we are interested in the role of college degree or college
selectivity as a great equalizer. First, Model 3 estimates the interaction between educational
attainment (college degree or college selectivity) and parental SES, while Model 4 adds
education PGI to examine whether the observed relationship between educational attainment and
parental SES holds even accounting for genetic factors. In the case of college graduates, these
models are expressed as follows.

LogEarnings; = B, + f; X EdRank; + [, X SES; +

K
B, x EdRank; x SES; + Z BX: + ug (Model 3)
k=1
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LogEarnings; = B, + f; X EdRank; + [, X SES; +

K
B, x EdRank; x SES; + B, X PGI; + z BX: + g (Model 4)
k=1

Lastly, we examine the gene-environment interaction for individual earnings by focusing
on the PGI interaction with educational attainment and parental SES.

LogEarnings; = P, + 1 X EdRank; + , X SES; + B3 X EdRank; X SES; +

K
B, X PGI, + Bs X PGI; X EdRank; + B X PGI; X SES; + z BX:,+w;  (Model5)
k=1

Following a suggestion discussed by Domingue et al. (2020) which was originally
pointed out by Keller (2014), we avoid model misspecifications by adding covariate-gene
interactions and covariate-environment interactions to the analysis.

We also perform two sensitivity analyses to test whether our results are robust.
Specifically, we examine (1) models considering selection into college degree attainment and (2)
Mendelian imputation models that impute the missing parental genotypes (Young et al. 2022) in
order to get a causally identified estimate of direct effects of the EA4 PGI on college

completion/quality and earnings.

5. Results
5.1 Descriptive results

We first present descriptive figures to examine whether the association observed above
differs by SES at Wave 1 when respondents were young adolescents. Figure 1 presents fitted
lines describing the relationship of PGI with college degree, college selectivity, and individual
earnings, for children of different parental SES. As we expected, Figure 1 shows that the

education PGI is positively correlated with all three outcomes, but the slope is much steeper for
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low SES children in college selectivity (the correlation coefficient is 0.30 for the 1 tercile and
0.20 for the 3™ tercile, both of which are statistically significant, though the difference between
these two point estimates is not, itself, significant at conventional alpha levels). This result seems
to call into question Chetty et al. (2020)’s claim that selective colleges are an important pathway
for intergenerational upward mobility in the sense that there is a dynamic process that low SES
students are more selective in terms of their genetic endowments than the high SES students.
That said, the correlation of PGI with college degree among low SES children (0.31) is almost
identical to that of high SES children (0.33), while the correlation of PGI with individual

earnings among low SES children (0.18) is higher than that of high SES children (0.13).'°

[Figure 1 about here]

5.2 Regression results: college degree and college selectivity

Descriptive results presented above suggest that the association between respondents’
education PGI, one measure that quantifies some part of “innate” ability inherited (mostly)
through biological mechanisms from parents and later socioeconomic outcomes differ by
parents’ socioeconomic status. We examine whether these results are supported even if we
control likely confounders using OLS regressions. We also examine whether the contribution of
education PGI to individual earnings is partly mediated by including college degree or college
selectivity, which is also correlated with education PGI.

Table 2 presents the regression estimates on college degree (Panel A) and college

selectivity (Panel B), respectively. Since the descriptive results suggest that higher correlation

10 Note that both differences are not statistically significant at the 5% level according to the Fisher’s z
transformation.
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between the PGI and college selectivity is observed for those from the lower SES quartile, we
examined the non-linear relationship by estimating models where we add an interaction between
the education PGI and squared parental SES to examine the non-linear relationship.

First, comparing results from Model 1 and Model 2 in Panel A, we can see that parental
SES is a strong predictor of college degree attainment, but this effect is mitigated by considering
education PGI. As expected, results from Model 2 show that education PGI is positively
associated with one’s college degree attainment. The magnitude of the coefficients (0.13) is is
comparable to that of parental SES (0.13). Looking at Model 3, the interaction term for education
PGI and parental SES is not positive and is statistically insignificant, in contrast to results
reported by Papageorge and Thom (2020) or Belsky et al. (2018). However, while the one-way
interaction is not statistically significant, the two-way interaction (PGI and SES squared) is
statistically significant at the 10% level.

Panel B of Table 2 presents the regression estimates on college selectivity. First, similar
to results predicting college degree attainment, results from Model 1 suggest that parental SES is
positively correlated with college selectivity, but the magnitude decreased from 0.26 in Model 1
to 0.22 in Model 2 where we considered education PGI. Looking at Model 2, we can see that the
education PGI is a strong predictor of academic selectivity of colleges from which respondents
graduate. Specifically, a one standard deviation increase in education PGI is associated with
about a 0.17 standard deviation increase in college selectivity. We also examine the possibility of
gene-environment interaction by adding an interaction variable between education PGI and
parental SES. We see evidence for a gene-environment interaction. According to Model 3, we
can see that the two-way interaction (education PGI and parental SES squared) is positively

correlated with college selectivity and statistically significant at the 5% level.
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Figure 2 presents the predicted college degree and college selectivity (both based on
Model 3) by education PGI and parental SES. For illustration, the figure shows predicted
probabilities if parental SES is either -1 or +1 standard deviation. As presented in Table 2, the
statistically significant interaction between parental SES and education PGI for college
selectivity suggests that the chance of those with higher education PGIs may depend on parental
resources. For example, among those with a -1SD education PGI, their college selectivity is
significantly lower for children of low SES parents than those with high SES parents, while the
gap is smaller for children with a high education PGI. By contrast, we do not observe the same
gradient for college degree. Rather, there is a weak positive interaction between education PGI

and parental SES for this outcome.

[Table 2 about here]

[Figure 2 about here]

5.3 Regression results: the intersection of equalizing effects of college degree and genetics

Next, we examine how the genetic potential for educational attainment, realized
educational attainment (either college degree or college selectivity), and parental SES combine
to influence individual earnings in middle age (age 32-42). Results are shown in Table 3. We
prepared for the two sets of samples, one including all respondents and the other limiting the
sample to college graduates to examine the role of college selectivity. Model 1 is a baseline,
where we can see that educational attainment is positively correlated with individual earnings for
both of the samples. Specifically, a college degree is associated with a 58% increase in

individual earnings, while a one standard deviation increase in the academic quality of college
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respondents graduated is associated with a 18% increase in individual earnings. In Model 2, we
add education PGI and its interaction with educational attainment. Results indicate that education
PGI is positively correlated with individual earnings for both samples, but the statistical
significance is only found for the sample that includes both non-college and college graduates.
For both samples, the inclusion of education PGI reduces the magnitude of college degree or
college selectivity. We also do not find evidence that the effect of educational attainment differs
by genetic potential.

Models 3 to 5 test the thesis on the college as a great equalizer and the gene-environment
interaction for labor market outcomes. First, Model 3 for the entire sample suggests that the
effect of parental SES on individual earnings is muted among those who graduate college by
16%, which is consistent with the equalizer thesis, while we do not find evidence for the
equalizer thesis for college selectivity. Rather, we see a positive interaction between college
selectivity and parental SES, indicating that the parental SES effect on individual earnings is
intensified among those who went to colleges with better quality. In Model 4, we add education
PGI to see if this changes the interaction coefficient size. Results generally do not change when
we include Education PGI in Model 4, although the relationship between college completion and
parental SES is muted as the interaction term coefficients reduced from -0.16 to -0.14.!! Lastly,
Model 5 examines whether the relationship holds even after considering the potential gene-

environment interactions. Looking at the relationship between a college degree and parental SES,

! Coefficients in Model 2 and Model 4 suggest that a one standard deviation increase in education PGI is
associated with about a 9-11% increase in individual earnings for the entire sample. Using the Health and
Retirement Study sample, one earlier study showed that men’s education PGI is associated with an increase
with a log earnings of 0.05 conditional on one’s amount of schooling and parental SES (Papageorge and Thom
2020). Our estimates are higher than the previous study possibly because we used education PGI based on the
EA4, which is estimated by a genome-wide association study (GWAS) of educational attainment in a sample
of more than 3 million genotyped individuals, whereas Papageorge and Thom (2020) used EA3, which is
based on the same GWAS of educational attainment with fewer genotyped individuals, which reduces the
predictive power of the education PGI.
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the magnitude is reduced from -0.14 to -0.10, but it is still statistically significant at a 10% level.
Looking at the interaction between college selectivity and parental SES, the magnitude increases
when we consider the gene-environment interactions (from 0.08 to 0.11), where one standard
deviation increase in parental SES is associated with a 0.11 standard deviation increase in the
size of college selectivity.

Similar to results on college degrees and college selectivity, we visualized the predicted
individual earnings by the two types of educational attainment and parental SES. For illustration,
we show results from Model 5. For college degree attainment, we can see that the flatter
correlation between parental SES and individual earnings among college graduates does not
change even after accounting for genetic correlation with educational attainment. For college
selectivity, the figure shows the correlation between parental SES and individual earnings is
reversed between those who graduated from a college with better quality and those who did not
graduate from such colleges. Specifically, the correlation is positive for those who went to
selective colleges, while it is negative for those who did not—the reverse of what we expected

based on the results from Chetty et al. (2020).

[Table 3 about here]

[Figure 3 about here]

5.4 Supplementary Analysis
To summarize, these results suggest that genetic endowments play an important role in
shaping vertical and horizontal educational stratification and later socioeconomic outcomes.

However, the fact that these results are based on cross-family analysis raises the possibility that
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the observed effect of genetic traits may reflect genetic nurture, as we discussed above (Kong et
al. 2018; Wertz et al. 2019). For example, the parents’ education PGI that is transmitted to
children may also influence children’s educational attainment through parenting, although such
an effect would appear to be small in this context. Estimating sibling fixed effects models
eliminate such indirect genetic effects (Howe et al. 2021; Young et al. 2019), but this method
often suffers from being extremely underpowered due to the small sample size.

In the supplementary analysis, therefore, we provide additional analysis that uses
Mendelian imputation to impute the missing parental genotypes (Young et al. 2022). This
method allows us to address the concern that child’s genotype may be reflecting unmeasured
parental characteristics mentioned above. In order to eliminate the influence caused by the
environment that parents provide, we examine the Mendelian imputation method using SNIPar
(Young et al. 2022). This method can be applied when genotypes are observed for the child and
their sibling. If the observed sibling’s genotype is homozygote (e.g., AA) and the child’s
genotype is heterozygote (e.g., AT), we can infer one-half of the missing parental genotype
exactly, while we can give the expectation of the other half based on the population allele
frequency. The same is the case when the observed sibling’s genotype is heterozygote, and the
child’s genotype is homozygote. In cases where both the child’s and sibling’s genotype are
heterozygote, we can calculate the expectation of the missing parental genotype as the average
over the two inheritance patterns (Young et al. 2022). Results are shown in Appendix Table 1.
Among 3,114 sibling pairs including dizygotic twins in the dataset, the number of individuals
who remained after limiting the sample to non-Hispanic Whites with no missing values is 555
for the analysis of college degree, 134 for the analysis of college selectivity, and 550 for the

analysis of individual earnings. To deal with the limited sample size, we only examined the
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effects of the PGI on a college degree and earnings including non-college graduates. There are
three findings worth reporting. Model 1 for a college degree is identical to Model 3 in Panel A of
Table 2, while Model 1 for earnings is identical to Model 4 in Panel A of Table 3. Results from
the imputation sample without parental PGI is shown in Model 2 and ones with parental PGI are
shown in Model 3. First, similar to the results presented earlier, comparing Model 1 and Model 2
suggests that the education PGI is positively correlated with college completion. Second, for
individual earnings, the effect of education PGI is weaker in Model 2 than in Model 1 and not
statistically significant. Third, the relationship holds even after controlling for the parental
genome. To summarize, we see generally similar results for the imputation analysis, while the
smaller sample size limits our ability to evaluate the association between the education PGI and
college selectivity.

Also, the sample for results predicting college selectivity is limited to those who
completed college, so this excludes someone who did not attend college or dropped out of
school. To examine whether our results are robust when we consider selection into college
completion, Appendix Table 2 compares the estimated results with one using Heckman
correction. Overall, we see similar results between the one that does not include non-college
graduates and the one that considers differential selection, although the size of the coefficients
varies.

Lastly, we also estimated logged annual household income at Wave 5. Results are shown
in Appendix Table 3. Similar to results on annual earnings, both education PGI and college
selectivity are positively associated with higher household income (Models 1 and 2), except for a
null association between education PGI and household income among those who completed

college. We also find some evidence for the equalizer thesis for college completion (Model 3),
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which is muted by considering education PGI (Model 4) and the interaction between education

PGI and parental SES (Model 5).

6. Discussion

Taking advantage of the unique combination of genetic and college selectivity data
available in Add Health, this study is the first attempt to examine the role of genetic endowments
associated with educational attainment on horizontal stratification in higher education. Results
generally support a role for genetics in horizontal educational stratification. Specifically, one’s
genetic risk score for years of education is positively associated not only with college degree
attainment but also with college selectivity, supporting Hypotheses 1a and 1b. We also
considered whether the genetic traits are associated with later labor market outcomes measure by
analyzing individual earnings net of realized education including college selectivity. Results
indicate the impact of education PGI remains even if we consider later life-course outcomes
while controlling for its influence on college degree, supporting Hypothesis 1c. However, that
the effect of the education PGI on individual earnings is not statistically significant when we
limit the sample to those graduate college to examine the role of college selectivity. We should
note here that the analysis including college selectivity is limited to college graduates, so we
cannot directly compare the result with models predicting individual earnings for the entire
sample including non-college goers.

We also tested college as a great equalizer hypothesis. Results from the entire sample
provides supportive evidence for the thesis. As observed by previous studies, we found that the
association between class background and labor market outcomes is weaker among college

graduates. Interestingly, we also find that this equalizing effect remains even accounting for
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genetic potential for educational attainment, thus supporting Hypothesis 2a while rejecting
Hypothesis 2¢. This result can be contrasted with a recent study by Zhou (2019), which argued
that the observed equalizing effect of a college degree is mainly driven by differential selection
into college education by “high-ability, high-motivation” (ibid: 475), especially for children from
low and middle socioeconomic backgrounds. Although we did not find differential genetic
selection into college degree attainment by parental socioeconomic status, the evidence for the
equalizing effect of college education net of genetic propensities for educational attainment
suggests that the observed equalizing effect may not be driven by potential ability variation
predicted by genes. Interestingly, in contrast to the effect of college degree attainment, we found
the opposite interaction effect on individual earnings for college selectivity. Specifically, the
correlation between parental SES and individual earnings is positive for those who went to
selective colleges while the correlation is negative for those who went to non-selective
colleges—the reverse of what Chetty et al (2022) found. Meanwhile, we found there is a sizable
association between education PGI and college selectivity. This is especially the case for lower
SES students, consistent with Hypothesis 2b, which thus raise questions about the leveling effect
of elite college attendance observed by Chetty et al. (2017, 2020).

Lastly, we also tested the gene-environment interaction hypothesis with molecular data
and for horizontal educational outcomes. Specifically, we examined the Scarr-Rowe hypothesis,
which posits a higher heritability of ability among advantaged families. Results on college
degree attainment found weak support for the hypothesis. By contrast, our results do not provide
support for a gene-environment interaction for college selectivity and labor market outcomes, as
children from advantageous families do not necessarily enjoy additional benefits with respect to

college selectivity or labor market outcomes when they enjoy higher genetic endowments.
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Rather, the result is the opposite for college selectivity, as we found that the genetic selection
into better quality colleges is much steeper for children from lower SES backgrounds. Therefore,
these results provide limited support for the Scarr-Rowe hypothesis.

It would be worth discussing the implication of the findings that the GXE interaction is
found for selective college selection but not for the labor market outcomes. At the stage of
college admission, there are two equally important selection mechanisms, genetic endowments
and parental SES. As the descriptive results shown in Figure 1 suggest the ability selection
gradient for highly selective colleges is steeper for lower-SES students, which evinces a skeptical
view towards the argument made by many studies (e.g. Chetty et al. 2020) that access to
selective colleges is an important mechanism for upward social mobility, regression results
indicate that these two sources of selection mechanisms are likely to interactively influence
opportunities for college selectivity.

However, the very selection may not induce an interaction of the education PGI and
parental SES for the labor market outcomes despite the differential genetic selection into
attending selective colleges by parental SES. Rather, results on the effect of college selectivity
on earnings found that economic returns to college selectivity are higher for those from high SES
parents than low SES parents regardless of their genetic potential. This result suggests that the
persistent importance of social origins in shaping children’s socioeconomic success. For
example, one recent qualitative research studying the hiring process of high-paying firms in the
United States argues that when recruiters approach students at elite universities, they do
emphasize students’ social skills or involvements in extracurricular activities, which are
correlated with parental SES (Rivera 2015). Similar findings have been reported by a study using

a historical archive of Harvard graduates during the early 20" century (Michelman et al. 2021),
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arguing that high SES students are more likely to join an exclusive campus club than low SES
students, which raises labor market outcomes during middle age. This suggests that, regardless of
whether students are talented or not, parental SES may enhance the chance for the job market
success by improving the returns to college selectivity.!? As such, genetic endowments may not
play an important role in reducing preexisting inequality, especially at prestigious colleges
(Karabel 2006; Lucas 2001).

This study has made three contributions to the literature on horizontal stratification in
higher education and one contribution to the sociogenomics literature. First, this is the first study
to provide an estimate of the impact of one’s “innate” ability on college selectivity. To quantify
the contribution of parental background to unequal access to selective institutions, earlier work
has measured students’ abilities by using test scores or intelligence test results; however, these
scores are already influenced by parental social backgrounds. By using the genetic measure
presented here that is presumably less influenced by parental backgrounds than those measures,
we believe our results provide less endogenous estimates of both parental social background and
children’s genetic endowments. Second, our results provide new evidence that college selectivity
matters for one’s earnings even if we control for their genetic endowments (as noisily measured
by the EA4 PGI). Earlier work that cast doubt on the “college selectivity effect” has argued that
the positive association between college selectivity and labor market outcomes is spurious by
matching college admission results with earnings data to eliminate selection bias due to
unobserved student abilities (Dale and Krueger 2002; 2014). While such an approach was
considerably different from ours, we also considered conditioning on one’s abilities by using a

genetic measure. Last, to the sociogenomics literature, our analysis contributes by providing the

12 In a similar vein, one study reported a positive interaction between one’s academic achievement and parental
SES for college selectivity (Davies and Guppy 1997).
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first estimate supporting the gene-environment interaction for college selectivity, an important
aspect of educational stratification.

We are aware of this study’s limitations, such as a small sample size, which constrains
our ability to estimate precise results, especially for within-family models, and the limitation of
analysis to non-Hispanic whites, which prohibits the generalization of the results to a wider
population. Another limitation is that our study did not control for indirect genetic effects, or
“genetic nurture.” (Kong et al. 2018; Wertz et al. 2019) except in supplementary analyses. Still,
we believe this study provides an important contribution to human capital and social
stratification literatures by examining the process through which genetic variants contribute to

variation in educational and economic outcomes.
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Table 1 Descriptive Statistics

Mean SD Min Max N
Female 0.57 0.50 0.00 1.00 3464
Age at Wave 5 22.09 1.78 18.00 28.00 3464
Child health at Wave 1 3.91 0.88 1.00 5.00 3464
Constructed SES (std.) 0.00 1.00 -4.11 2.71 3464
EA4 SSGAC residualized (std.) 0.00 1.00 -3.36 3.70 3464
College completion 0.43 0.50 0.00 1.00 3464
College selectivity (std.) 0.00 1.00 -2.43 1.55 677
Logged individual earnings at Wave 5 10.49 1.19 7.82 12.45 3435
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Table 2 OLS Regressions Estimating College Degree and College Selectivity

A. College degree

Model 1 Model 2 Model 3
Female 0.11%** (0.02) 0.10%*** (0.02) 0.10%*** (0.02)
Age at Wave 5 -0.00 (0.01) -0.00 (0.01) 0.00 (0.01)
Child health at Wave 1 0.07*** (0.01) 0.06%*** (0.01) 0.06%*** (0.01)
Constructed SES (Std.) 0.18*** (0.01) 0.13%*** (0.01) 0.17*** (0.01)
Education PGI (Std.) 0.13%*** (0.01) 0.14%** (0.01)
PGI * SES 0.01 (0.01)
SES (squared) 0.03%** (0.01)
PGI * SES (squared) -0.01# (0.00)
Constant 0.10 (0.14) 0.12 (0.13) 0.08 (0.12)
Observations 3464
R2 0.19 0.28 0.31
B. College selectivity

Model 1 Model 2 Model 3
Female -0.06 (0.10) -0.02 (0.10) -0.04 (0.10)
Age at Wave 5 -0.05# (0.03) -0.05# (0.03) -0.04# (0.03)
Child health at Wave 1 0.12# (0.07) 0.12 (0.07) 0.12# (0.06)
Constructed SES (Std.) 0.26%** (0.06) 0.22%** (0.05) 0.25%** (0.07)
Education PGI (Std.) 0.17%* (0.06) 0.23%* (0.08)
PGI * SES -0.10# (0.06)
SES (squared) 0.00 (0.05)
PGI * SES (squared) 0.11* (0.05)
Constant 0.37 (0.73) 0.23 (0.66) 0.17 (0.62)
Observations 677
R2 0.06 0.15 0.27

Standard errors in parentheses

#p<0.1 * p<0.05 ** p<0.01 *** p<0.001
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Table 3 OLS Regressions Estimating Logged Annual Individual Earnings

A. All samples Model 1 Model 2 Model 3 Model 4 Model 5
Female -0.58***  (0.05) -0.58***  (0.05) -0.59%¥**  (0.05) -0.58***  (0.05) -0.57***  (0.05)
Age at Wave 5 0.04**%*  (0.01)  0.04***  (0.01) 0.04***  (0.01) 0.04***  (0.01) 0.04***  (0.01)
Child health at Wave 1 0.08* (0.03) 0.06# (0.03) 0.08* (0.03) 0.07* (0.03) 0.07# (0.03)
College degree 0.58**%*  (0.05) 0.51***  (0.05) 0.60***  (0.05) 0.53***  (0.06) 0.52***  (0.06)
Constructed SES (Std.) 0.17%*%*  (0.03)  0.14***  (0.02) 0.22***  (0.04) 0.19%¥**  (0.03) 0.17***  (0.03)
Education PGI (Std.) 0.10%** (0.04) 0.08%* (0.03) 0.09* (0.04)
College degree * Education

PGI -0.04 (0.05) -0.00 (0.06)
College degree * SES -0.16%* (0.05)  -0.14%* (0.05) -0.10# (0.06)
SES * Education PGI -0.02 (0.03)
Constant 9.30%*%*  (0.31)  9.41***  (0.32)  9.33*%**  (0.30) 9.38***  (0.31) 9.44%**  (0.32)
Observations 3435

R2 0.17 0.21 0.18 0.19 0.21

B. Limited to college

completion Model 1 Model 2 Model 3 Model 4 Model 5
Female -0.66***  (0.10)  -0.61***  (0.09) -0.66%¥**  (0.10) -0.63***  (0.10) -0.60***  (0.10)
Age at Wave 5 0.06* (0.03) 0.07* (0.03) 0.06* (0.03) 0.07* (0.03) 0.07* (0.03)
Child health at Wave 1 -0.03 (0.06) -0.01 (0.06) -0.03 (0.06) -0.00 (0.06) -0.02 (0.07)
College selectivity (Std.) 0.18***  (0.05) 0.14* (0.06) 0.15%* (0.05) 0.14%* (0.05) 0.11 (0.07)
Constructed SES (Std.) -0.01 (0.05) -0.01 (0.05) 0.00 (0.05) 0.01 (0.05) 0.10 (0.08)
Education PGI (Std.) 0.05 (0.06) 0.03 (0.05) 0.03 (0.07)
College selectivity * Education

PGI -0.00 (0.04) -0.03 (0.05)
College selectivity * SES 0.06 (0.04) 0.08# (0.04) 0.11%* (0.05)
SES * Education PGI -0.01 (0.08)
Constant 10.17***  (0.69)  9.78***  (0.70) 10.14***  (0.69)  9.80***  (0.70)  9.84***  (0.69)
Observations 676

R2 0.14 0.25 0.14 0.19 0.29

Standard errors in parentheses

#p<0.1 * p<0.05 ** p<0.01 *** p<0.001

Note: 20 PCs to account for population stratification, interactions between (1) parental SES and PCs and (2) PGI and PCs included.
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A. College degree B. College selectivity C. Logged individual earnings
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Figure 1 Correlation of Education PGI with College Degree, College Selectivity and Individual
Earnings by Parental SES Tercile at Wave 1 with 95% Confidence Intervals

Note: Education PGIs are residualized by subtracting the observed PGI from the PGI predicted
by a linear regression using 20 PCs.
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Figure 2 Predicted College Degree and College Selectivity by Education PGI and Parental SES
with 95% Confidence Intervals
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Figure 3 Predicted Logged Annual Earnings by Educational Attainment and Parental SES with
95% Confidence Intervals
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Appendix for Chapter 1

Table A1 The Comparison between Models with and without Parental Genotype Imputation

A. College degree Model 1 Model 2 Model 3
Female 0.10%** (0.02) 0.04 (0.04) 0.04 (0.04)
Age at Wave 5 0.00 (0.01) -0.00 (0.01) -0.00 (0.01)
Child health at Wave 1 0.06%*** (0.01) 0.05* (0.02) 0.05* (0.02)
Constructed SES (Std.) 0.17%** (0.01) 0.26%** (0.03) 0.26%** (0.03)
Education PGI 0.14%** (0.01) 0.17%** (0.03) 0.17%** (0.03)
PGI * SES 0.01 (0.01) 0.02 (0.03) 0.02 (0.03)
SES (squared) 0.03%*** (0.01) 0.02 (0.03) 0.02 (0.03)
PGI * SES (squared) -0.01# (0.00) -0.02 (0.01) -0.02 (0.01)
Parental PGI 0.10 (0.27)
Constant 0.08 (0.12) 0.19 (0.32) 0.20 (0.31)
Observations 3464 555 555

R2 0.31 0.46 0.46

B. Logged individual earnings Model 1 Model 2 Model 3
Female -0.58%** (0.05) -0.62%%* (0.11) -0.62%** (0.11)
Age at Wave 5 0.04%** (0.01) 0.08* (0.03) 0.08* (0.04)
Child health at Wave 1 0.07* (0.03) -0.02 (0.06) -0.02 (0.06)
College completion 0.53%** (0.06) 0.34%* (0.14) 0.34%* (0.14)
Constructed SES (Std.) 0.19%** (0.03) 0.19* (0.08) 0.20* (0.08)
College degree * SES -0.14** (0.05) -0.10 (0.20) -0.10 (0.20)
Education PGI 0.08** (0.03) 0.05 (0.09) 0.05 (0.08)
Parental PGI 0.24 (0.84)
Constant 9.38%*** (0.31) 9.00%*** (0.77) 9.02%** (0.78)
Observations 3435 550 550

R2 0.19 0.26 0.26

Standard errors in parentheses

#p<0.1 * p<0.05 ** p<0.01 *** p<0.001

Note: 20 PCs to account for population stratification, interactions between (1) parental SES and PCs and (2)

PGI and PCs included.
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Table A2 OLS Regressions Estimating College Selectivity with and without Heckman

Correction
Limited to college degree With Heckman correction
holders

Female -0.04 (0.10) 0.08 (0.25)
Age at Wave 5 -0.04+# (0.03) -0.07 (0.19)
Child health at Wave 1 0.12# (0.06) 0.09# (0.05)
Constructed SES (Std.) 0.25%** (0.07) 0.33 (0.53)
Education PGI 0.23%* (0.08) 0.25 (0.41)
PGI * SES -0.10# (0.06) -0.07 (0.06)
SES (squared) 0.00 (0.05) -0.04 (0.04)
PGI * SES (squared) 0.11%* (0.05) 0.06# (0.04)
Constant 0.17 (0.62) 0.54 (1.41)
Observations 677 3,470

Standard errors in parentheses
# p<0.1 * p<0.05 ** p<0.01 *** p<0.001

Note: 20 PCs to account for population stratification, interactions between (1) parental SES
and PCs and (2) PGI and PCs included. For Heckman selection, college attendance is
estimated by female, age, education PGI, constructed SES, and 20PCs.
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Table A3 OLS Regressions Estimating Logged Annual Household Income

A. All samples Model 1 Model 2 Model 3 Model 4 Model 5
Female -0.16***  (0.04) -0.17***  (0.04) -0.17***  (0.04) -0.17***  (0.04) -0.17***  (0.04)
Age at Wave 5 0.03%* (0.01) 0.02* (0.01) 0.03* (0.01) 0.03* (0.01) 0.02* (0.01)
Child health at Wave 1 0.12%*%*  (0.03)  0.11***  (0.03)  0.12***  (0.03)  O0.11***  (0.03) O.11***  (0.03)
College degree 0.51%*%*  (0.05)  0.45%*%*  (0.05) 0.52***  (0.05) 047***  (0.05) 045*%**  (0.05)
Constructed SES (Std.) 0.22%*%*  (0.03)  0.19%*%*  (0.02)  0.25%*%*  (0.04) 0.22***  (0.03) 0.20***  (0.03)
Education PGI (Std.) 0.08* (0.03) 0.06%* (0.02) 0.08% (0.03)
College degree * Education PGI -0.04 (0.05) -0.03 (0.05)
College degree * SES -0.09# (0.05) -0.07 (0.05) -0.04 (0.05)
SES * Education PGI -0.01 (0.02)
Constant 10.06***  (0.27)  10.26***  (0.26)  10.08***  (0.27) 10.17***  (0.26) 10.27***  (0.26)
Observations 2,985

R2 0.22 0.25 0.22 0.24 0.27

B. Limited to college completion Model 1 Model 2 Model 3 Model 4 Model 5
Female -0.06 (0.06) -0.03 (0.06) -0.07 (0.06) -0.05 (0.06) -0.03 (0.06)
Age at Wave 5 0.06*%**  (0.02) 0.05%* (0.02)  0.06%**  (0.02) 0.06** (0.02) 0.06** (0.02)
Child health at Wave 1 0.04 (0.05) 0.08# (0.04) 0.05 (0.05) 0.05 (0.05) 0.07# (0.04)
College selectivity (Std.) 0.14%*%*  (0.04) 0.07 (0.04) 0.10%** (0.03) 0.08* (0.04) 0.01 (0.04)
Constructed SES (Std.) 0.11%* (0.04) 0.12%* (0.04) 0.11%* (0.03) 0.12%* (0.04) 0.16** (0.05)
Education PGI (Std.) -0.01 (0.05) 0.00 0.04)  -0.00  (0.05)
College selectivity * Education

PGI 0.09* (0.03) 0.08* (0.04)
College selectivity * SES 0.07* (0.03) 0.08* (0.03) 0.10%** (0.03)
SES * Education PGI -0.00 (0.04)
Constant 10.19%**  (0.43)  10.25%**  (0.45) 10.16***  (0.43) 10.29***  (0.44) 10.09***  (0.49)
Observations 591

R2 0.10 0.20 0.11 0.16 0.27

Standard errors in parentheses

# p<0.1 * p<0.05 ** p<0.01 *** p<0.001
Note: 20 PCs to account for population stratification, interactions between (1) parental SES and PCs and (2) PGI and PCs included.
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CHAPTER 2: Explaining Declining Educational Homogamy: The Role of Institutional Changes

in Higher Education in Japan

1. Introduction

The question of who marries whom is of great interest to demographers and stratification
researchers. Research on assortative mating suggests that an increase in educational homogamy
at the top of educational distribution may affect economic inequality (Burtless 1999; Schwartz
2010) and the intergenerational transmission of advantages (Breen and Andersen 2012; Breen
and Salazar 2010; Esping-Andersen 2007; Torche 2010). Of particular theoretical interest to
researchers has been how educational expansion affects educational homogamy trends (Blossfeld
2009; Kalmijn 1998; Schwartz 2013). Explanations vary, with some hypotheses predicting a
positive influence of educational expansion (Blossfeld 2009; Blossfeld and Timm 2003; Kalmijn
1998; Mare 1991; Rauscher 2015) and others predicting the contrary (Smits 2003; Smits and
Park 2009).

Empirical evidence on educational expansion’s effects on educational homogamy is also
inconsistent (Blossfeld 2009; Hout and DiPrete 2006). In absolute terms, with educational
expansion and therefore a greater number of women than men in higher education, educational
hypergamy (women marrying up) is decreasing, whereas both homogamy and hypogamy
(women marrying down) are increasing in many countries (Esteve et al. 2012, 2016; van Bavel et

al. 2018).!* However, after controlling for compositional differences in educational attainment

13 Research on educational assortative mating typically views higher education as a single category for all
types of four-year (and higher) tertiary education.
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across time, research has found that relative trends in educational homogamy vary across
countries (Hout and DiPrete 2006).'4

I argue that those studies have overlooked an important mechanism: the growth in
institutional heterogeneity. Prior studies have argued that the quantitative change in higher
education has transformed the qualitative aspects of higher education. Specifically, education
expansion is accompanied by a growth of institutional heterogeneity through the proliferation of
lower tier institutions (Arum et al. 2007; Hoxby 2009). The impacts of the growth of institutional
heterogeneity could be driven by two mechanisms. First, it could be driven by a compositional
process: the baseline odds of homogamy for graduates of lower tier institutions may differ from
those of higher tier institution graduates, whereas the relative distribution of these graduates has
changed over time. Specifically, the former may be more likely to marry non—college graduates
than are members of the most selective group, who are more likely to marry graduates of equally
selective educational institutions (Arum et al. 2008). If so, the increase in the number of
graduates of lower tier institutions may decrease the odds of homogamy among college
graduates if no compositional adjustment is made. Second, it could be driven by a diverging
process: the odds of homogamy for lower tier and higher tier graduates have changed over time,
net of the compositional changes. If the boundary between selective and less selective groups has
intensified with the increase in the number of lower tier institutions, then recent cohorts of these
graduates of selective universities may be increasingly more likely to marry selective college

graduates.!” If correct, this contributes to mitigating the decline in educational homogamy.

14 Using simple categorical measures of education, prior studies have measured educational assortative mating
in two ways: (1) the overall prevalence of different types of pairings; or (2) the relative likelihood of different
pairings, net of marginal distributions. The current study focuses on the second type of measure.

15 Arum and Roksa (2014) defined U.S. college selectivity based on the SAT percentile scores of college
entrants. The university hierarchy in Japan reflects the difficulty of entrance examinations (Ishida 2007), but
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This study is motivated by the concern that ignoring the growth of within-group variation
in higher education may prevent the accurate evaluation of educational assortative mating trends.
Although previous studies mentioned this growth as a likely explanation of current educational
homogamy trends (Arum et al. 2008; Hersch 2013; Schwartz and Mare 2005), they did not
evaluate this possibility by explicitly modeling the implications of the growing differentiation in
higher education for assortative mating trends. A focus on the growing heterogeneity among
university graduates in terms of their institutional selectivity could help decipher the mixed
evidence on the trends in educational homogamy across countries and provide new insights into
the potential role of educational assortative mating in stratification and inequality.

Another focus of this study is the relative gender difference in the expansion rate.
Previous studies have assumed that the odds of educational homogamy net of compositional
changes are less affected by the different expansion rates by gender. However, the odds of
marrying homogamously are a function of not only one’s educational group size but also the
relative proportions of males and females within one’s educational level. Thus, examining both
the expansion of higher education and gender differences in rates of expansion is critical for
understanding the putative role of educational expansion in generating trends in educational
homogamy. With this consideration in mind, the current study explicitly examines female
hypergamy patterns in university education.

I focus on Japan, which provides an interesting case of potentially broader relevance to
other societies because of its clear and widely acknowledged selectivity-based hierarchy of

higher education institutions. Educational homogamy in Japan has declined continuously since

institutions that require higher entrance examination scores are often historically prestigious. Therefore,
selectivity measures based on entrance examinations and institutional prestige are highly correlated, and I use
selectivity.
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the 1950s (Fujihara and Uchikoshi 2019; Fukuda et al. 2021; Miwa 2007). Increased
postsecondary educational attainment in Japan has been promoted through the growth of private
institutions, including upgrades of private junior colleges, which are seen as lower in the
selectivity hierarchy (Ishida 2007). If this increasing share of private universities has reduced the
relative value of tertiary education in the marriage market in Japan, graduates of these
institutions may be increasingly likely to marry nongraduates, as one recent study speculated
(Fukuda et al. 2020).16

The current study addresses three questions. First, I ask whether the strength of
homogamy among university graduates varies by the selectivity of the institution they attended. I
hypothesize that educational homogamy is stronger for graduates of the most selective
universities and less pronounced for graduates of less selective universities. Second, after
confirming the previously documented decline in homogamy among university graduates, |
examine the extent to which the declining trend reflects a combination of the compositional shift,
especially among graduates of lower tier institutions, and an increasing likelihood of homogamy
among selective college graduates. Third, I evaluate the potential role of relative gender
differences in the rate of higher education by examining the persistence of female educational
hypergamy in university education.

This study contributes by updating the general implications of educational assortative
mating for stratification research. Specifically, the results of this study imply that the mechanism
behind educational assortative mating trends in Japan may also operate in other contexts where

educational expansion is characterized by stratification in higher education through the growth of

16 Of course, younger cohorts in Japan are marrying later and less, and these shifts could influence patterns of
educational assortative mating. Although interesting and important, these aspects are not directly relevant to
the analyses of educational pairing conditional on marriage.
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lower tier institutions (Hoxby 2009; Roksa et al. 2007). This study also provides important
insights into the potential role of horizontal stratification in contemporary societies (Gerber and
Cheung 2008). As an increasing number of individuals enter higher education in many countries,
looking only at the vertical aspects of educational attainment obscures a potentially important

source of inequality.

2. Background
Expansion and Differentiation in Higher Education Institutions

Changes in educational assortative mating depend on how institutional contexts influence
preferences and the opportunity structure in the marriage market (e.g., Blossfeld and Timm 2003;
Rauscher 2015), two components influencing who marries whom (Kalmijn 1998). Among the
possible institutional mechanisms, educational expansion is particularly relevant. Although prior
studies posited varied theoretical expectations, they all assumed that increased access to higher
education occurs uniformly. The limited focus on the quantitative increase in the number of
highly educated individuals (which I call expansion) may obscure another important mechanism
that influences the pattern of educational assortative mating: the growth of variation within
higher education (which I call institutional differentiation) (Arum et al. 2007).

Both opportunity structure and preference perspectives have hypothesized that
educational expansion can increase educational homogamy. On the one hand, structural theory
(Blau and Schwartz 1984), which focuses on the role of opportunity structure, explicitly posits
that educational expansion increases homogamy, especially among the highly educated, because
such expansion increases the possibility of meeting equally educated spouses at the ages when

marriage is most likely to occur (Blossfeld 2009; Mare 1991). On the other hand, preference-
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based hypotheses also predict that educational expansion leads to increased homogamy.
Schwartz and Mare (2005), for example, posited that potential spouses’ preferences for partners
have become more symmetric over time as a result of women’s increasing education and earning
potential (Oppenheimer 1988). Both hypotheses have been supported with data from many
contexts (Han 2010; Hu and Qian 2015; Ravazzini et al. 2017; Wong 2003).

Smits (2003) and Smits and Park (2009), however, predicted an opposite consequence of
educational expansion. Their exclusivity hypothesis suggests that educational homogamy among
college graduates is stronger when their group size is smaller. Their rationale comes from the
theory of status closure or status-group credentialism (Collins 1979), which posits that small,
elite groups are aware of their advantages. This awareness may increase these groups’ motivation
to maintain their social boundaries and exclude out-groups (Parkin 1971). If group size increases,
however, the relative value of higher education decreases, and barriers to mating with members
of elite groups should also decrease. Therefore, this hypothesis predicts that educational
expansion promotes intermarriage between educational elites and others. In line with this
theoretical expectation, educational assortative mating has declined in several countries,
including Japan (Fujihara and Uchikoshi 2019; Fukuda et al. 2021; Miwa 2007), France
(Bouchet-Valat 2014), Denmark (Andrade and Thomsen 2019, Eastern Europe (Katriidk and
Manea 2020), and East Asia (Smits and Park 2009).

The exclusivity hypothesis better aligns with this study’s perspective on the co-
occurrence of expansion and differentiation than other hypotheses stated above because this
hypothesis predicts that a guantitative increase in group size is accompanied by qualitative
changes in the value of higher education in the marriage market. However, even this hypothesis

does not consider the likely heterogeneity among university graduates. The distinction between
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expansion and differentiation provides important insights, especially when the growth of less
selective institutions promotes an increase in the number of people with higher education (Arum
et al. 2007:5). Although they only indirectly addressed the topic, a few studies have found that
college selectivity is associated with marrying spouses from postsecondary institutions with
similar academic selectivity (Arum et al. 2008; Feng 2022; Uchikoshi and Raymo 2021). These
results suggest that graduates of selective institutions are more likely to seek marriage partners
who are college graduates of similarly ranked institutions to maintain social boundaries, which is
consistent with the exclusivity hypothesis.

Arguably, the distinction between educational expansion and differentiation within higher
education is not new in social stratification research. Lucas’ (2001) effectively maintained
inequality (EMI) hypothesis provides relevant insights into my research question. This
hypothesis posits that educational inequality is maintained even when vertical inequality in
educational attainment decreases through improved access to higher education because
privileged groups seek qualitative advantages within a given level of education to maintain their
positions.!” Applying this perspective, I expect that to the extent that the importance of
selectivity within higher education is constant or increases in tandem with the increase in the
number of lower tier private institutions in Japan, the strength of homogamy among graduates of
selective universities will increase.

Importantly, these theories have not adequately addressed the potential role of relative
gender differences in higher education expansion. Indeed, trends in access to higher education

often differ for men and women (DiPrete and Buchmann 2013; Esteve et al. 2012). The gender

17 Attempts to link the EMI hypothesis to educational assortative mating are not new, as Andrade and Thomsen
(2019) mentioned an impact of differentiation in higher education on assortative mating, but their focus was
more on diversification of fields of study.

61



gap in educational expansion has a direct influence on the absolute rate of educational assortative
mating, such as the increasing prevalence of educational hypogamy (Esteve et al. 2012; van
Bavel et al. 2018), and the gender gap also critically influences the relative odds of educational
homogamy. For example, 100 men and 100 women have a university education. If the total
number of university graduates increases by 100 men and 0 women, fewer women per man
would have a university degree. Therefore, it is impossible for homogamy to increase under such
circumstances because no more than one half of the men with a university degree can marry
similarly educated women. This simple example demonstrates the importance of considering
both higher education expansion and the relative gender differences in expansion rates. This
perspective is critical for understanding educational assortative mating in Japan, which is
characterized by a strong preference for female hypergamy (Brinton et al. 2021; Raymo and

Iwasawa 2005).

The Japanese Context
Trends in Educational Assortative Mating

Much evidence suggests that educational homogamy has declined in Japan (Fujihara and
Uchikoshi 2019; Fukuda et al. 2021; Miwa 2007). The overall odds of homogamy, for example,
decreased by approximately 25% between the 1950-1954 and 19751979 birth cohorts (Fujihara
and Uchikoshi 2019). Unfortunately, these studies also treated university degrees and their
granting institutions as homogeneous, which limits our understanding of the plausible impacts of
the growing heterogeneity in higher education on assortative mating. Importantly, however, a
few studies suggested that a closer look at the growth in heterogeneity within higher education

provides important insights into the decline in educational assortative mating in Japan. Japan has
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been characterized by the social norm that encourages women to prefer “marrying up” (female
hypergamy) (Brinton et al. 2021; Raymo and Iwasawa 2005). This hypergamy norm was rooted
in gender-inegalitarian social regimes in which socioeconomic status was systematically lower
among women than among men. In contrast to well-established knowledge, Fukuda et al. (2020)
found an increase in educational hypogamy among university-educated women who married
between 1990 and 2013. They interpreted this finding as suggesting that “the social and
economic boundaries between lower-ranked universities and technical colleges may be declining

among younger cohorts” (Fukuda et al. 2020:1393).

An Overview of Japan’s Higher Education System

Japanese universities are characterized by their position within a clear and widely
acknowledged hierarchy of institutional selectivity (Yonezawa et al. 2002).!® National/public
universities are often perceived to be more selective and of better quality, whereas private
universities (with a few notable, widely recognized exceptions) are generally thought to be in a
lower tier (Ishida 1998; Ono 2008). Importantly, an increase in the number of private institutions
has led to a larger share of graduates of these less selective universities in the pool of college
graduates.

Figure 1 illustrates two stages of educational expansion and upgrades of junior colleges
to four-year universities, which contributed to the growing institutional selectivity. This figure

presents trends in (1) male and female entrance rates into national, public, and private four-year

18 According to Times Higher Education’s Japan University Rankings 2022
(https://japanuniversityrankings.jp/rankings/), 10 of the top 10, 36 of the top 50, and 70 of the top 100
universities are national or public institutions. Because national or public universities account for less than
25% of all four-year universities, the overrepresentation of these universities in the ranking supports the claim
that national or public universities are perceived to be more selective.
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universities (calculated by the total number of enrolled students out of high school graduates)
and (2) the proportion of students enrolled in private universities by gender. During the first
stage of private university expansion, from the late 1950s to the late 1970s, the proportion of
men and women enrolled in private universities continuously increased. This expansion was
driven by newly established private institutions, which are mostly located in the lower ranks of
the hierarchy of selectivity (Ishida 2007). The absolute and relative increases in the
representation of students from these lower tier private universities thus drove the growth in
heterogeneity among university students. This trend continued during the second stage of
expansion, from early 1990s onwards, also prompted by the establishment of new private
universities. As Figure 1 shows, although the proportion of students enrolled in private
institutions slightly decreased during this period for men, it has been stable since 1995, while the
proportion increased for women. As in the first stage of expansion, the private universities that
contributed to the second stage of higher education expansion are still considered less selective
(Ishida 2007).

[Figure 1 about here]

The upgrade of junior colleges to private universities is another mechanism through
which heterogeneity across universities in Japan has grown. According to government statistics
(Ministry of Education, Culture Sports, Science and Technology (MEXT) 2022), most junior
colleges are established by private institutions (84% as of 1995), and they frequently have a high
concentration of female students (almost 90% of the students enrolled in junior colleges from the
1980s). As women’s opportunities to enter occupational careers increased, female students began

to aim for a four-year university (Edwards and Pasquale 2003). Suffering from a shortage of
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applicants, many private junior colleges decided to upgrade to four-year universities. Between
1995 and 2017, the number of junior colleges thus decreased from 596 to 337, whereas the
number of private four-year universities increased from 415 to 604 (MEXT 2019). Importantly,
these upgraded institutions have been less selective in recruiting students, suggesting that private
institutions have become increasingly heterogeneous in terms of school selectivity.

To summarize, men and women in Japan can be expected to have experienced
educational expansion differently in terms of both the timing of expansion and the selectivity of
colleges they attended. This education context points to the value of explicitly examining
potential gender differences in spouse pairing patterns within university education to clarify the
role of educational expansion in assortative mating trends. The more rapid increase in the
proportion of women enrolled in private institutions than men suggests that the relative value of
higher education has become more heterogeneous for women. If the growing heterogeneity is
accompanied by an increase in lower tier private university graduates, women who graduated
from private universities would be increasingly less likely to marry up by partnering with men

who graduated from national/public universities in recent years.

3. Research Questions and Hypotheses

Although the social stratification literature has emphasized the importance of horizontal
stratification in higher education, consideration of how this factor impacts educational assortative
mating has been limited. By linking the growing institutional heterogeneity at the top of
educational distribution to the core of the stratification analytical framework, this study updates

our understanding of the educational assortative mating trend.
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A focus on institutional differentiation in higher education provides several testable
hypotheses to explain declining educational homogamy in Japan. Specifically, I test five
hypotheses—the first two related to patterns of assortative mating, and the last three examining
temporal trends of assortative mating. All five hypothesis tests are based on estimates
conditional on the composition of relevant characteristics (educational attainment and cohorts for
Hypotheses 1 and 2, and educational attainment for Hypotheses 3a, 3b, and 4).

First, drawing on the exclusivity hypothesis, Hypothesis 1 expects that the strength of
homogamy among university graduates differs by the selectivity of their institutions. I
hypothesize that educational homogamy is stronger for the most selective group (national and
public university graduates) and less pronounced among less selective groups (private university
graduates). If supported, this hypothesis would suggest that educational homogamy among
university graduates has declined partly because of the increase in the number of graduates of

less selective universities in recent years.

Hypothesis 1: The odds of homogamy are strongest for national and public university

graduates and lower for those attending a private university.

Second, the preference for female hypergamy (Brinton et al. 2021; Raymo and Iwasawa
2005) suggests that a similar hypergamy pattern may occur within university education.
Hypothesis 2 expects that women’s relative likelihood of marrying up (hypergamy) in terms of

college selectivity is higher than that of marrying down (hypogamy).
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Hypothesis 2: The odds of female hypergamy are stronger than female hypogamy within

university education.

Next, I test whether distinguishing university graduates on the basis of their institutional
selectivity explains the decline in educational assortative mating in Japan. Specifically, I test

whether the direction of change in assortative mating differs by university selectivity.

Hypothesis 3a: Spouses’ educational attainment will be more strongly associated for

national/public university graduates than for private university graduates.

Hypothesis 3b: The likelihood that private university graduates will marry national/public

university graduates will decrease over cohorts.

Finally, I test whether the female hypergamy pattern within university education—
especially female private university graduates marrying national/public university graduates—
has declined. This decline could happen because of the compositional mechanism: the proportion
of students enrolled in private universities has increased more rapidly for women than men.
Alternatively, as the exclusivity hypothesis expects, selective college graduates may respond to
the numerical increase in less selective college graduates by maintaining their advantaged status
via marriage. In either case, women who are graduates of less selective colleges are increasingly

less likely to marry up.
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Hypothesis 4: The likelihood of educational hypergamy between women graduating from

private universities and men graduating from national/public universities will decrease.

4. Data and Methods
Data

For this study, I use all the available years of data from two comparable panel surveys:
the Japanese Panel Survey of Consumers (JPSC) and the Keio Household Panel Study (KHPS).
One reason for the previous literature’s lack of consideration of institutional differentiation is
data limitations. Most surveys do not ask about the characteristics of the spouse’s college (Arum
et al. 2008:110; but see Andrade and Thomsen 2019 for a recent exception). By contrast, the
JPSC and KHPS collect information about the types of schools from which respondents and their
spouses graduated. I combine these two data sets to increase the sample size.

JPSC and KHPS are highly comparative from design to implementation. In terms of
sampling strategy, they employed the same sampling technique: a standard stratified two-stage
sampling in which the first stage is based on census areas and the second stage involves
randomly sampling approximately 10 individuals in each census area. Central Research Services
(Chuo Chosasya) conducted the fieldwork for both surveys. Moreover, the initial response rate
for the two surveys is almost equal, at 41.4% for JPSC and 41.1% for KHPS (Ishii and Nozaki
2014; Sakaguchi 2014); the retention rates are slightly higher for JPSC (94.4-98.3% vs. 82.7—
94.2%). Therefore, in this study, I pool the two samples to form a single data file by extracting

information on gender, year of marriage, and respondent’s and spouse’s education.!® To make
» Y

191 estimated log-linear models separately for the JPSC and KHPS samples. The results are shown in Figures
Al and A2 (see appendix), which replicate Figure 4 in the main text. Substantively, these estimates are
comparable.
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the sample representative of the national population, I construct cross-sectional and longitudinal
weights. Estimated results are based on the weighted sample (see the appendix for details on
constructing the weights).

The 1993 JPSC was the first nationally representative longitudinal survey in Japan to
target young women (aged 24-34), and the survey is conducted annually. Later waves (1997,
2003, 2008, and 2013) incorporated additional cohorts of women in their mid to late 20s. The
first wave of the KHPS was conducted in 2004 with respondents from a nationally representative
sample of 4,000 households. A total of 1,400 households were added in 2007 and 2012.
Reflecting growing privacy concerns in recent years, the KHPS retention rate is lower than that
of the JPSC but is comparable to that of other well-recognized panel studies, such as the Panel

Study of Income Dynamics and the Survey of Income and Program Participation (Naoi 2006).2°

Variables

I use five categories for the husband’s and wife’s educational attainment: high school or
less, including junior high school; junior college, college of technology, or professional training
college; private university; and national or public university.

Given my focus on exclusivity and institutional differentiation, I do not consider
educational attainment beyond an undergraduate university degree. In my sample of university
graduates, 1.5% of respondents also obtained a master’s degree or Ph.D.; I use only their
undergraduate degree in my analysis. I assess respondents’ education provided at the first

interview. To measure spouses’ education, I use the information provided in the first interview if

20 The retention rate could be problematic in my study if there is any selective attrition by education
characteristics, given that I used spouse’s education information that respondents provided after they married if
they were not married at the time of the first interview. I discuss these points in the appendix.
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respondents were already married. Otherwise, I use the information provided at a later wave,
after they married.

After I omit cases with missing educational information, 7,434 couples remain (2,685
cases for the JPSC and 4,749 cases for the KHPS). The year of marriage ranges from 1954 to
2015 in this sample. To minimize the possibility that respondents and their spouses graduated
before the post—-World War II education system reform, I limit the sample to respondents who
married between 1970 and 2015, resulting in the removal of 12% of the observations.?! I then
divide the sample into 15-year marriage cohorts (1970-1984, 1985-1999, and 2000-2015). The
division between the late 1990s and early 2000s is critical to this study because of the upgrading
of many junior colleges to four-year private universities in this period, which likely contributed

to the growth in heterogeneity among four-year universities.

Methods

Assortative mating is formed through at least two mechanisms: preference and
opportunity (Kalmijn 1998). Because the observed marriage patterns include the contribution of
each mechanism, an appropriate method is needed to identify which factor contributes to the
decline in a given marriage pattern, such as educational homogamy. The current study examines
educational homogamy net of marginal distributions of men’s and women’s educational
attainment. Thus, I control for compositional changes in educational attainment between men
and women. I then examine changes in the odds ratio of homogamy conditional on educational

attainment distributions.

21 Unfortunately, these surveys do not distinguish first from later marriages. Because the prevalence of
remarried couples has increased in Japan, the inability to distinguish them from the first-married population
may induce biased results.
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To capture these odds ratios and their changes, which are assumed to capture
preference,?? I apply log-linear and log-multiplicative models. These models have been the gold
standard for describing assortative mating patterns and trends (for a methodological review, see
Lichter and Qian 2019). Suppose we apply this method to three-way tables of the husband’s
educational attainment, H(i = 1, . . . , 4); the wife’s educational attainment, W(j =1, ..., 4); and
the respondent’s marriage cohort, C(k=1, . . ., 3). The baseline model is the conditional
independence model, which assumes the independence of wives’ and husbands’ education:

InFijpe = A+ A7+ 47 + A5 + M55 + A% (0)
where Fjj; is the expected frequency of the (i, j, k) cell, consisting of husbands with education i
and wives with education j who married in cohort k.2 T set this model as the baseline and expand
on it by adding other parameters. Each value for education and cohort corresponds to the
categories that I defined previously. For example, F433 indicates the frequency of couples in
which the husbands are national/public university graduates, the wives are private university
graduates, and the marriage occurred in a year during 2000-2015.

I examine various extensions to the baseline model to test my hypotheses. First, Model 1a
represents the quasi-independence model of homogamy:

InFije = A+ A+ A + A5 + M55+ A%¢ + 837, (1a)
where SZ-W follows Matrix 1. This model estimates the likelihood that homogamy is consistent

across education levels.?* The model also treats marriage between all university graduates

22 For a critique of this interpretation, see Logan (1996).

23 All the models include category / (not shown in the equations), where the cell is distinguished by whether it
comes from JPSC or KHPS.

24 These parameters do not capture homogamy among junior college graduates, given that prior work argued
that trends in homogamy among junior college graduates are stable (Fujihara and Uchikoshi 2019). Because
this study aims to explain the declining trends in educational homogamy, I do not consider homogamy among
junior college graduates in my analysis.
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equally regardless of the selectivity of their institutions. To fit a different parameter for each cell,
I use design matrices (shown in Appendix Table A1). The design matrix for Model 1a, for
example, corresponds to Matrix 1, where homogamy among individuals with a high school
education or less is 1, and university homogamy is expressed as 2; the reference category (=0) is
other types of assortative mating.

Next, to capture a gradient in the odds of homogamy based on institutional selectivity, I
estimate four models (1b—1d) to test Hypothesis 1. Model 1b assumes distinct diagonal
parameters among university graduates but treats off-diagonal cells among graduates equally
(see Matrix 2 in Appendix Table A1), and Model 1c captures the strength of the association for
each cell on the main diagonal in comparison to that for the off-diagonal cells (see Matrix 3 in
Table Al).

Although Models 1a—1c examine homogamy within educational groups, Model 1d
reflects the permeability of barriers to marriage across educational types between spouses. The
equation is defined as follows:

InFijpe = A+ A7 + 4 + A5 + A5 +A0° + v, (1d)
where iV = XL Ly, fori > j,yiY = Zfl;}yq for i < j, and y{}" = 0 for i = j.This
parameter is additive. Thus, for example, the odds ratio for husbands with a national/public
university education crossing barriers and marrying wives with a junior college education is
Yi2 =Yz + Vs

When I discuss the model fit for these models, I also reference the saturated model. This
model provides us with a reference for selecting the best-fitting models. Models with better fit
statistics relative to the saturated model can more parsimoniously capture the association. The

equation for the saturated model is as follows:
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InFijpe = A+ A7+ 07 + A5 + M55 + A5 +pi.

Model 2 is used to test Hypothesis 2 (the persistence of female hypergamy), which
relaxes the quasi-symmetry assumption that characterizes the off-diagonal parameters in Model
1b (see Matrix 4 in Table A1).

Next, [ examine whether the degree of educational assortative mating varies by marriage
cohort. To investigate the trends in educational assortative mating, I use the same model as
Schwartz and Mare (2005) did (Model 3a):

InFijpe = A+ A7+ 07 + A5 + A5 + A0+ A0 + 817C, (3a)

where SZZVC follows Matrix 1. I also apply the log-multiplicative layer effects models (Xie 1992)

to estimate changes in the strength of the associations over time while assuming that the overall
patterns are constant:
InFijpe = A+ A7+ 07 + A5 + A5° + A%C + Brsi”, (3b)

where SZ-W follows Matrix 1.

HW
Here, &;;

indicates the homogamous association between wives’ and husbands’

educational achievement, and B is the log-multiplicative parameter. This model produces a
parsimonious estimation of changes in the strength of the association with flexibility in
specifying the association (Xie 1992). The [3 parameter is set to 1, with the oldest cohort as the
reference. I evaluate changes in the association as the percentage change in this parameter
relative to the value for the reference cohort.

To test Hypothesis 3 (increasing odds of homogamy among selective college graduates
and decreasing likelihood of less-selective college graduates marrying selective college
graduates), I apply Models 3c—3e. These models are changing homogamy or crossing models

based on the models used to test Hypothesis 1. For example, Model 3c is expressed as follows:
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InFijpe = A+ A7+ 07 + A5 + A5 + A0+ A0 + 817C, €9
where 875 ¢ follows Matrix 2.

Finally, to test Hypothesis 4 (changes in the strength of female educational hypergamy), I

apply Model 4. This model uses the same design matrices examined in Model 2 and is expressed

as follows:

InFije = A+ A7+ 07 + A5 + A5 + A0 + A0 + 877C, (4)
where 85 ¢ follows Matrix 4.
5. Results

Descriptive Results

Figure 2 shows the distributions of educational attainment for married men and women
separately using the JPSC and KHPS. Men and women in recent marriage cohorts are more
likely to graduate from four-year universities than those in previous marriage cohorts. Despite
the general rise in educational attainment among women, gender differences in educational
attainment persist among recent cohorts. In terms of heterogeneity by university selectivity, the
proportion of national/public university graduates remains largely the same across cohorts, but
the proportion graduating from private institutions increases. This finding is consistent with the
promotion of women’s access to higher education through an increase in the number of private

institutions, including schools upgraded from junior colleges.

[Figure 2 about here]
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In Figure 3, changes in the observed proportions of educational homogamy, female
hypergamy, and female hypogamy are presented on the left; the expected proportions, calculated
under the assumption that the husband’s and wife’s education levels are independent of each
other, are shown on the right. The observed data reveal that 48% of marriages in the 1970-1984
cohort are homogamous, and homogamy still characterizes more than 37% of the latest cohort. In
contrast, both educational hypergamy and educational hypogamy increase from the oldest cohort
to the latest cohort. Trends for the expected proportions (on the right) are similar to those for the
observed proportions. The proportion of homogamy decreases across cohorts, and the
proportions of hypergamy and hypogamy increase. This result suggests that the observed trends
are largely due to changes in the marginal distributions of men’s and women’s educational
attainment. One interesting finding is that expected educational homogamy is lower than the
observed rate. Intuitively, it is plausible that educational expansion could lead to an increase in
educational homogamy as the distributions of men’s and women’s education become more
similar. However, the figure shows that this is not the case in Japan, which is not surprising
given the studies cited earlier.

[Figure 3 about here]

Log-Linear and Log-Multiplicative Models

To investigate the relative association between wives’ and husbands’ educational
attainment, I estimate log-linear and log-multiplicative layer effects models. Table 1 provides the
goodness-of-fit statistics for the models: the log-likelihood ratio chi-square statistic (G?), the

degrees of freedom (df), the index of dissimilarity (ID), and the Bayesian information criterion
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(BIC).?® The ID is the proportion of misclassified cases in a given model: the smaller the ID, the
better the model fit. The BIC adds a penalty for the number of parameters related to G* in a given
model: the more negative the BIC, the better the model fit. One advantage of referring to the BIC
is that for a fully saturated model, this criterion should be 0 (Raftery 1995). Thus, models with a
BIC lower than 0 are preferred over models with a positive BIC. Throughout the analysis, I
prioritize the BIC.

[Table 1 about here]

Assortative Mating Patterns Within University Education

In the baseline model, Model 0 (for conditional independence), 19% of cases are
misclassified. Model 1a adds homogamy parameters, which improve the model fit relative to
Model 0. I estimate Models 1b—1d to test Hypothesis 1. In Model 1b, which uses Matrix 2, I
define homogamous marriages as the association in each cell on the main diagonal above college
education (3 and 5) and treat the off-diagonal associations among university graduates as a
separate group (4). This model is the best-fitting homogamy model in terms of the BIC.
However, it is slightly worse fitting than the saturated model, which allows for a saturated

association between wives’ and husbands’ educational achievement (IIJZ-W) (—=126.4; results not

shown). This result suggests that the association between husbands’ and wives’ education among
university graduates is heterogeneous in terms of their institutions’ selectivity levels, and
heterogamy based on their selectivity is distinguishable from those on the main diagonals. Model

1d, which adds crossing parameters, also displays an improved fit, suggesting that the crossing

25 The ID is defined as Z|Fl~ ik — fi ]-k| /2n, where fj; denotes the observed frequencies of the (i, j, k) cell. The
BIC is defined as G* — log n x df.
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model is also sufficient to capture patterns of assortative mating parsimoniously, although the
BIC for this model is slightly worse than that for the saturated model.

To test Hypothesis 1 and for descriptive purposes, I present in panel a of Figure 4 the
Model 1b parameter estimates shown in Table 1. The parameters of the diagonal cells that
represent university education types (private university and national/public university) tend to be
larger (1.65, 3.06) than those representing individuals who did not graduate from a university
(i.e., high school graduates; 1.28). Substantively, for example, the odds ratio for homogamy
among national/public university graduates is 21.3 (= exp(3.07)), implying that these university
graduates are 21 times more likely than others to marry spouses with the same type of education.
Additionally, if this parameter is interpreted as homogamy strength, homogamy is strongest
among national/public university graduates (the 95% confidence interval ranges from 2.74 to
3.40) and is weaker among graduates of private universities (from 1.48 to 1.81). Thus,
homogamy strength among university graduates differs based on their institution’s selectivity
under the assumption that the parameters are the same across cohorts, which supports the
exclusivity hypothesis (Hypothesis 1).

The Model 1d crossing parameter estimates shown in panel b of Figure 4 show that
marrying across educational attainment statuses is less likely to occur than marrying within the
same educational level, as expected. Understandably, the crossing parameter is more negative for
marriages between junior college and private university graduates than for marriages between
high school and junior college graduates. Meanwhile, the magnitude of the crossing parameter
for marriages between private university and national/public university graduates is comparable
to that between junior college and private university graduates. This result suggests that the

difficulty of crossing the education boundary is mainly found between educational levels.
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Next, I estimate Model 2a to test Hypothesis 2. These estimates, shown in panel ¢ of
Figure 4, indicate that the relative likelihood of female hypergamy and hypogamy is positive.
However, hypergamy is more likely to occur than hypogamy, net of compositional changes.
Specifically, the odds ratio of hypergamy among university graduates is 4.9 (= exp(1.70), 95%
confidence interval = 1.43 to 1.96), while that of hypogamy is 3.3 (= exp(1.18), 95% confidence
interval = 0.85 to 1.50).

[Figure 4 about here]

Changing Assortative Mating Patterns Within University Education

To describe assortative mating trends by education, I estimate Model 3a, which adds
parameters to estimate changes in each of the educational assortative mating types articulated in
Model 1a. The BIC for this model is lower than that for Model 1a, indicating that the degree of
educational homogamy changes over time.

Panel a of Figure 5 presents changes in homogamy for Model 3a and shows that
homogamy is less likely to occur over time across cohorts relative to the reference cohort. This
result is consistent with those of previous studies suggesting a continuous decline in educational
homogamy in Japan (Fujihara and Uchikoshi 2019; Fukuda et al. 2021; Miwa 2007). To examine
the trend in educational assortative mating using a more parsimonious model, I also apply a log-
multiplicative model (Model 3b). For this model, the BIC is higher than that of the changing
homogamy model. Although the model fit is worse, the log-multiplicative parameters (B%)
estimated in Model 3b suggest that the association between the husband’s and wife’s educational
attainment, measured in terms of log-odds ratios, declines by 26% over the three cohorts (results

not shown).

78



To test Hypothesis 3, I examine Models 3c—3e, which add parameters to estimate changes
in assortative mating among graduates of each educational type. The BIC is lower than 0 across
the models but indicates a poorer fit than the BIC for the reference models (except for the
comparison between Model 1c¢ and Model 3d), suggesting that there is no evidence for cohort
change in assortative mating. Thus, the results should be considered descriptive, although the
chi-square tests of the G statistic between the hierarchical models (between Models 1b and 3c,
and between Models 1d and 3e) reveal that the null hypothesis that these models are the same is
rejected at the 1% level of statistical significance. These results, similar to results from Model 3a,
suggest that educational homogamy has declined overall but that distinguishing between
university graduates by institutional selectivity provides a more nuanced picture of these trends.

Panel b of Figure 5 presents changes in crossing parameters (Model 3e), the BIC of
which is relatively lower than in other competing models (Models 3¢ and 3d). Positive
coefficients on the cohort interaction mean more intermarriage in recent cohorts, whereas
negative coefficients indicate less intermarriage. The results show that the difficulty of crossing
educational attainment boundaries between private and national/public university graduates
increases by 32.0% across the three cohorts, consistent with Hypothesis 3b. In contrast, crossing
boundaries between junior college and private university graduates declines by 12.1%. In terms
of the odds of homogamy, homogamy among national/public university graduates increased,
consistent with Hypothesis 3a and 3b.

Finally, I estimate Model 4 to test Hypothesis 4, which posits that educational hypergamy
among university graduates declines more rapidly than those hypogamy marriages. Because the
model fit statistics for Model 5a are worse than those of the reference model (Model 2a), I

present results for descriptive purposes rather than to detect the best-fitting model. Again,
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though, the chi-square tests of the G statistic between the hierarchical models indicate that I can
reject the null hypothesis that these models are the same at a 1% level of statistical significance.
Panel c of Figure 5 shows that the cohort interaction with hypergamy is negative but that
hypogamy trends are stable, consistent with Hypothesis 4. Specifically, educational hypergamy
decreases by 90% over three marriage cohorts, but educational hypogamy declines modestly (by
26%).

[Figure 5 about here]

A Consideration of Other Potential Explanations for the Diverging Patterns

Because the diverging pattern in educational homogamy by college selectivity is a key
finding, it is worth considering potential explanatory factors other than college expansion.
Supplementary analyses examined two possibilities (see Appendix Table A2). First, those
familiar with the literature on U.S. higher education may wonder if the increasing selectivity of
elite colleges (Hoxby 2009) can explain the diverging pattern. I estimated ordered logit models
separately for men and women and limited the sample to three types of university graduates.
Results did not reveal evidence that the selection into selective colleges, measured by father’s
education, has changed.

Second, the education—income gradient may have changed, similar to the increasing labor
market return to a college degree in the United States (Autor 2010; Goldin and Katz 2009). I
estimated an ordinary least-squares regression for logged hourly wage at age 35, limiting the
sample to men because women’s employment is often interrupted by family events. My analysis
suggests that returns to selective colleges did not change over time, in line with earlier studies

finding that earnings premiums among college graduates have not increased in Japan
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(Kawaguchi and Mori 2016). Ideally, one would examine whether women’s returns to selective
colleges changed because an increase in their returns would indicate that the diverging
homogamy patterns between national/public university and private university graduates may be
driven by the increase in women’s economic potential that makes them more attractive in the
marriage market (from men’s perspective). Perhaps more importantly, the value of women’s
college education in the marriage market has changed not only because of the increase in the
economic return to women’s education but also because of the growing symmetry in men’s and
women’s economic opportunities. Such symmetry is likely to increase men’s emphasis on their
female spouse’s earning role (National Institute of Population and Social Security Research
2017) or change their (stereotypical) views about career-oriented women as potential marital
partners (Wozny 2022). Unfortunately, I cannot directly examine how such changing views of
women’s economic role potentially affect the educational homogamy pattern in Japan while
examining the growth in within-group variation in higher education selectivity. Future studies
should examine this point.

Third, there are good reasons to expect that delayed and fewer marriages among younger
cohorts in Japan (Raymo et al. 2015) will shape assortative mating patterns. For instance, Mare’s
(1991) time gap hypothesis suggests that delayed marriage will decrease educational homogamy
because the time between graduation and marriage will increase exposure to potential partners
with different educational backgrounds. In that sense, the declining trend in educational
homogamy in Japan may reflect delayed marriage. Meanwhile, Oppenheimer’s (1988) classical
theory on marriage timing states that delayed marriage may allow singles to estimate their
potential spouse’s earning potential more accurately, leading to more homogamy. I examined

these speculations using an event-history technique that allowed me to incorporate both the
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timing of marriage and assortative mating patterns. Results from the analysis, shown in the
appendix and fully discussed in Uchikoshi (2018), suggest that the age at marriage does not
change the likelihood of college graduates’ marriage to a similarly educated spouse in Japan.
Rather, the declining educational homogamy among college graduates is far more likely to be
explained by a relative increase in highly educated women, who tend to prefer marrying
similarly educated men (educational homogamy), but a decline in the relative supply of these
men, resulting in so-called marriage market mismatch (Raymo and Iwasawa 2005). In a context
where people are marrying less, the marriage market mismatch is likely more critical for
homogamy among less educated individuals, among whom the declining marriage rate is more
pronounced, especially for men (Fukuda et al. 2020). Although this is not a focus of this article,
future studies should examine whether the lower marriage rate among less educated men affects

assortative mating patterns.

6. Discussion

This study investigates the patterns of educational assortative mating in Japan over time,
focusing on the roles of expansion and institutional differentiation in higher education. This
article’s primary contribution is demonstrating that patterns of educational assortative mating are
dependent on how educational categories are measured in the context of rapid educational
expansion. First, the results from using a finer categorization of university graduates than
previously examined demonstrate that the strength of educational homogamy differs according to
the level of institutional selectivity: the likelihood of homogamy is greater among national/public
university graduates than among private university graduates. These findings are consistent with

the exclusivity hypothesis (Hypothesis 1) and add to our understanding of heterogeneity in
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school selectivity—based assortative mating patterns, which was obscured in earlier studies.
Another interesting finding is that among women, educational hypergamy is more likely to occur
than educational hypogamy, even among university graduates. This result supports Hypothesis 2
and the notion of a strong preference for status hypergamy in Japan (Brinton et al. 2021; Raymo
and Iwasawa 2005).

Second, in addition to the initial difference in homogamy strength across these groups,
there has been a diverging trend in educational homogamy, which declined by approximately
27% over the three marriage cohorts. The tendency to marry similarly educated spouses has
increased among national/public university graduates, whereas private university graduates have
become increasingly less likely to marry these selective university graduates, consistent with the
institutional differentiation hypothesis (Hypotheses 3a and 3b). Further, these less selective
university graduates more frequently marry partners who did not complete college, although this
change is small, at 12% (panel b, Figure 5). This finding was not hypothesized but echoes the
interpretation by Fukuda et al. (2020) that an increase in hypogamy among university-educated
women reflects the declining socioeconomic boundaries between less selective universities and
other postsecondary institutions.

These results suggest that a relative increase in the number of private university graduates
influenced educational homogamy patterns through two processes: (1) a compositional process
in which the relative increase in less selective college graduates decreased the odds of
educational homogamy among college graduates, and (2) a diverging process in which the
increase in odds of homogamy among selective college graduates mitigated the decline in
educational homogamy. Further, aside from theoretical expectations, the slight increase in the

likelihood of intermarriage between less selective college graduates and junior college graduates
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contributed to the decline in educational homogamy among college graduates. This study reveals
such processes by distinguishing college graduates by the selectivity of the institution they
attended.

Finally, consistent with Hypothesis 4, results suggest a decrease in female educational
hypergamy but not necessarily for educational hypogamy. These findings provide important
insights that improve the theoretical framework for the impact of institutional differentiation in
higher education, which has not fully considered the role of relative gender difference in higher
education expansion. Possibly reflecting the more rapid increase in the share of female students
enrolled in private institutions, opportunities to “marry up” for women who graduate from
private institutions decreased, and these women were more likely to marry non—university
graduates. As such, the results of this study imply that it is critical for us to explicitly consider
the role of relative gender differences in the rate of expansion in higher education.

A few limitations of the study are noteworthy. First, the classification of selectivity
among university graduates in this analysis is crude. For example, there are a few recognizable
selective private universities (e.g., Keio or Waseda), whereas earlier work has suggested that the
odds of homogamy among these selective private university graduates are lower than those
among graduates of selective national universities (Uchikoshi and Raymo 2021). Still, future
studies could provide an improved picture by using a finer selectivity classification, such as one
based on school name, rather than the simple national/public—private distinction. Second,
because this study used cross-sectional information on spouse pairing, a potential bias was not
addressed. In particular, given that older cohorts are more likely to appear to marry
homogamously than younger cohorts in cross-sectional data as a result of selective attrition via

divorce (Tzeng 1992), the current study may have overestimated the decline in educational
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assortative mating. Third, this study could not quantify the contribution of the growth of within-
group variation in higher education and assortative mating patterns net of compositional changes
to trends in educational homogamy. Future studies would benefit from applying a decomposition
method to estimate each contribution (e.g., Leesch and Skopek 2023).

Despite these limitations, the findings provide important insights into how horizontal
stratification in higher education impacts educational assortative mating. The perspective on
growing institutional heterogeneity in higher education may be applicable to other contexts. For
example, the facilitation of higher education expansion through institutional differentiation has
also occurred in the United States, where the number of for-profit universities increased from the
early 1990s until 2010 (National Center for Education Statistics 2019). Researchers have argued
that graduates from these colleges end up with heavy student loan debt (Deming et al. 2012) and
almost no economic benefits (Cellini and Turner 2019), suggesting that the proliferation of these
for-profit colleges may have attenuated the increase in educational homogamy among college
graduates (Schwartz and Mare 2005). Thus, future research would also benefit from examining
whether the growth in institutional heterogeneity in higher education is associated with changes
in educational assortative mating in comparative perspective.

To conclude, the bridging of horizontal stratification and assortative mating, two
determinants of social stratification in contemporary societies, provides important insights into
overarching questions about social stratification. As a potential determinant of increasing
economic inequality, assortative mating has drawn enormous attention (Breen and Andersen
2012; Breen and Salazar 2010; Esping-Andersen 2007; Schwartz 2010; Shen 2021; Torche
2010), although evidence for its influence on inequality is mixed (Schwartz 2013). This mixed

evidence might be due to an inappropriate categorization of educational attainment. For example,
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educational homogamy may increase for a particular subgroup (e.g., selective university
graduates) but decrease for other subgroups (e.g., nonselective university graduates). If so, these
groups likely impact growing income inequality differently. Therefore, my results point to the
importance of the growing heterogeneity of institutional characteristics, which was obscured in
earlier studies, for understanding the impact of educational assortative mating on economic

inequality.
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Table 1 Goodness-of-fit statistics for the models

Goodness-of-Fit of Models

ID

Models ¢ 4 (%) BIC
Conditional
0 [HC WC] independence 1,793.2 27 19.1 1,551.9
Models for Hypothesis 1
la [HC wWC 3§ Homogamy (Matrix 1) 219.7 25 4.8 -3.7
Ib  [HC WC &7 Homogamy (Matrix 2) 91.8 23 3.7 -113.7
lc [HC wWC &1 Homogamy (Matrix 3) 2577 23 4.3 52.2
Id [HC WCyHM Crossing 93.8 24 3.8 —120.7
Model for Hypothesis 2
2 [HC WC 3] Homogamy (Matrix 4) 85.8 22 3.7 -110.8
Models for Describing Assortative Mating Trends
3a [HC WC HW Changing homogamy
dHIC] (Matrix 1) 235 14 1.0 -101.6
HWaC Homogamy, LM (Matrix
b [HEWC TR 1) 2066 23 4.2 1.1
Models for Hypotheses 3a and 3b
3c [HC WC HW Changing homogamy
31 (Matrix 2) 11.8 10 0.6 —77.6
3d [HC WC HW Changing homogamy
dHIC] (Matrix 3) 14.0 10 0.6 -75.4
3e LHC W HW Changing crossing
YHIC] 16.6 12 0.8 -90.7
Model for Hypothesis 4
4 [HC WC HW Changing homogamy
dHIC] (Matrix 4) 9.5 8 0.5 —62.0
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Figure 1 Trends in university enrollment in Japan. The entrance rate is calculated as the total
number of high school graduates who are enrolled. Source: School Basic Survey, Ministry of
Education, Culture, Sports, Science and Technology.
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Figure 2 Respondents’ educational attainment, by gender and marriage cohort
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a. Observed b. Expected
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Fig. 3 Observed and expected distributions of homogamy, hypergamy, and hypogamy, by
marriage cohort

90



a. Homogamy parameters b. Crossing parameters
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Figure 4 Parameters of association between husbands’ and wives’ educational attainment. Panel
a is estimated by Model 1b, panel b is estimated by Model 1d, and panel ¢ is estimated by Model
2a. Error bars indicate the 95% confidence intervals.
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Figure 5 Changes in the homogamy and crossing parameters, by marriage cohort. Panel a is
estimated by Model 3a, panel b is estimated by Model 4d, and panel c is estimated by Model 5a.
Coefficients on the y-axis show the degree to which educational assortative mating varies by

marriage cohort, which is expressed as 85,'2” in the equations.
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Appendix for Chapter 2

Table A1 Design matrix
(Row: men’s education, Column: women’s education)

Matrix 1 Matrix 2
112 3] 4 112 3] 4
1| 1{0] 0] 0 1| 10| 0] 0
210121010 2101 2]10]0
31010 3|3 310]0| 3] 4
41 00| 3] 3 41 0| 0| 4] 5
Matrix 3 Matrix 4
112 3] 4 112 3] 4
1 1{0] 0] 0 1| 1]0]0]O0
210121010 2101 2]10]0
3100 3]0 31010] 315
4101 0] 0] 4 41 0|1 0] 4] 6

Note: Row and column numbers correspond to the following educational attainment levels: 1=high
school or less; 2 = junior college, college of technology, or professional training college; 3 = private

university; 4 = national and public universities
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Table A2 Selection into and returns to selective colleges

Panel A: Selection into selective colleges Male Female
Marriage cohort 1985-1999 -0.03 0.03
(0.20) (0.40)
Marriage cohort 2000-2015 -0.22 0.12
(0.26) (0.37)
Father: college educated -0.20 -1.43*
(0.40) (0.71)
1985-1999 # Father: college educated 0.35 0.71
0.47) (0.81)
2000-2015 # Father: college educated 0.76 1.36+
(0.51) (0.74)
Observations 644 526
Log likelihood -597.66 -507.45
Panel B: Returns to selective colleges
Marriage cohort 2000-2015 111.77 (113.05)
High school or less 105.69 (109.20)
2000-2015 # High school or less -95.95 (127.70)
Junior college 6.44 (130.36)
2000-2015 # Junior college -29.77 (163.36)
Private (STEM) 50.72 (151.50)
2000-2015 # Private (STEM) 104.65 (169.14)
National/Public 60.26 (316.89)
2000-2015 # National/Public -85.30 (348.19)
Constant 211.97* (100.21)
Observations 215

Standard errors in parentheses

+p<0.10 * p<0.05 ** p<0.01 *** p<0.001
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Construction of cross-sectional and longitudinal weights

Ishii and Nozaki (2014) discussed how to construct these weights using KHPS, but the weights are not
still publicly available. Therefore, I created both cross-sectional and longitudinal weights for KHPS and
JCPS. Specifically, I used educational attainment, employment, marital status, age, and regions to
estimate the weights to estimate cross-sectional weights by using iterative proportional fitting (I used
Stata command ipfiveight). 1 used census data and Employment Status Survey,” one of the largest
administrative data that has been conducted every five years to construct the weights. The specific data
source I referred to for each survey is shown in Table A3. The proportion of each variable is calculated
separately by each survey and sex, which are shown in Tables A4, A5, and A6. Longitudinal weights
were created based on the cross-sectional weights multiplied by the inverse of the probability of selection.
The probability of selection is estimated by the logit models predicting the risk of attrition in the
following year. Regression results can be found in Table A7. Based on these weights, I calculated the
weighted frequencies that are used in the log-linear models. Substantive results with and without these

weights are similar.

26 T used this survey because census has asked educational attainment only every 10 years.
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Table A3 Data source for creating cross-sectional weights

Employment
Education status Marital status Age group
JPSC1993 ESS1992 Census 1995 Census 1995 Census 1995
JPSC1998 ESS1997 Census 2000 Census 2000 Census 2000
JPSC2003 ESS2002 Census 2005 Census 2005 Census 2005
JPSC2008 ESS2007 Census 2010 Census 2010 Census 2010
JPSC2013 ESS2012 Census 2015 Census 2015 Census 2015
KHPS2004 ESS2002 Census 2005 Census 2005 Census 2005
KHPS2007 ESS2007 Census 2005 Census 2005 Census 2005
KHPS2012 ESS2012 Census 2010 Census 2010 Census 2010

Note: ESS: Employment Status Survey.
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Table A4 Proportional distribution of subgroups based on population census and administrative
data (JPSC)

JPSC1993  JPSC1998  JPSC2003  JPSC2008  JPSC2013

Age
24 0.103 0.234 0.150 0.188 0.190
25 0.100 0.245 0.158 0.197 0.193
26 0.098 0.258 0.163 0.203 0.199
27 0.096 0.263 0.170 0.206 0.206
28 0.096 - 0.176 0.207 0.212
29 0.075 - 0.183 - -
30 0.093 - - - -
31 0.087 - - - -
32 0.086 - - - -
33 0.083 - - - -
34 0.082 - - - -
Marital status
Married 0.586 0.322 0.338 0.303 0.290
Not married 0.414 0.678 0.662 0.697 0.710
Employment status
Working 0.577 0.699 0.684 0.727 0.765
Leaving a job 0.047 0.012 0.016 0.019 0.023
Searching for a job ’ 0.050 0.059 0.060 0.046
Schooling or housework 0.376 0.239 0.241 0.194 0.167
Education
High school or less 0.572 0.508 0.415 0.339 0.388
Junior college 0.305 0.348 0.388 0.381 0.261
University or more 0.122 0.144 0.198 0.279 0.352

Note: JPSC 1993 cannot distinguish those who are leaving for a job and those searching
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Table AS Proportional distribution of subgroups based on population census and administrative
data (KHPS, female)

KHPS female
KHPS2004 KHPS2007 KHPS2012
Age
20-24 0.080 0.080 0.074
25-20 0.091 0.091 0.085
30-34 0.109 0.109 0.098
35-39 0.099 0.099 0.116
40-44 0.094 0.094 0.104
45-49 0.091 0.091 0.096
50-54 0.106 0.106 0.093
55-59 0.126 0.126 0.106
60-64 0.107 0.107 0.124
65-69 0.096 0.096 0.104
Marital status
Married 0.669 0.669 0.638
Not married 0.331 0.331 0.362
Employment status
Working 0.572 0.572 0.596
Leaving a job 0.010 0.010 0.011
Searching for a job 0.030 0.030 0.032
Schooling or 0361
housework 0.388 0.388
Education
High school or less 0.666 0.567 0.572
Junior college 0.232 0.300 0.262
University or more 0.102 0.133 0.165
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Table A6 Proportional distribution of subgroups based on population census and administrative

data (KHPS, male)
KHPS male
KHPS2004 KHPS2007 KHPS2012
Age
20-24 0.085 0.085 0.077
25-20 0.095 0.095 0.087
30-34 0.112 0.112 0.101
35-39 0.102 0.102 0.119
40-44 0.096 0.096 0.106
45-49 0.092 0.092 0.097
50-54 0.105 0.105 0.092
55-59 0.124 0.124 0.104
60-64 0.102 0.102 0.120
65-69 0.088 0.088 0.096
Marital status
Married 0.656 0.656 0.620
Not married 0.344 0.344 0.380
Employment status
Working 0.817 0.817 0.809
Leaving a job 0.011 0.011 0.011
Searching for a job 0.059 0.059 0.066
Schooling or 0.113 0.113 0.114
housework
Education
High school or less 0.636 0.556 0.563
Junior college 0.084 0.126 0.090
University or more 0.281 0.317 0.347
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Table A7 Logit models predicting attrition from the survey

JPSC KHPS
Coef. SE Coef. SE
Age -0.248***  -0.025 Female -0.029 (0.028)
Age squared 0.003%*x* 0.000 Age (ref: 20-24)
Marital status (ref: married) 25-29 -0.279** (0.087)
Not married 0.193*** -0.053 30-34 -0.720%**  (0.088)
Employment (ref: working) 34-39 -1.013***  (0.088)
Leaving a job -0.096 -0.177 40-44 -1.029***  (0.087)
Searching a job 0.098 -0.093 45-49 -1.045%**  (0.088)
Not worked -0.022 -0.058 50-54 -1.042***  (0.088)
Education (ref: High school or less) 55-59 -0.900***  (0.087)
Junior college -0.060 -0.050 60-64 -0.902***  (0.086)
BA+ 0.021 -0.060 65-69 -0.922***  (0.087)
Constant 2.074%** -0.472 70+ -0.724***  (0.085)
Marital status (ref: married)
Not married 0.094** (0.032)
Employment (ref: working)
Leaving a job 0.199* (0.096)
Searching a job 0.093 (0.089)
Not worked 0.131***  (0.035)
Education (ref: High school or less)
Junior college -0.152***  (0.037)
BA+ -0.134***  (0.033)
Constant -1.503***  (0.082)
Observations 48,251 75,478
Log likelihood -8741.947 -21864.341

Standard errors in parentheses

+p<0.10 * p<0.05 ** p<0.01 *** p<0.001
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CHAPTER 3 Gender Differences in Response after Rejection: The Case of Female

Underrepresentation in Selective Colleges in Japan

1. Introduction

In many wealthy countries, women outnumber men in higher education attendance and
completion (DiPrete and Buchmann 2013; van Bavel 2012). Women outperform men on various
indicators of academic success, including school grades or advanced course taking (Buchmann et
al. 2008; Reeves 2022; Spinath et al. 2014). Reflecting the increasing gender gap in both
academic achievement and attainment, recent studies have discussed potential sources and
consequences of challenges faced by boys and men (Reeves 2022).

In this context, limited studies have discussed that women’s underrepresentation in
selective universities®’ is still the case in countries characterized by relatively stronger
institutional differentiation in terms of selectivity (Bielby et al. 2014; Buchmann et al. 2010).
This is surprising given that attending a selective college is linked to various socioeconomic
advantages, especially for women (e.g., Ge et al. 2022). Meanwhile, a handful of studies have
examined institutional mechanisms that favor men over women in admission to selective
colleges. Specifically, psychological and behavioral economics literature argues that men
perform better than women in high-stakes testing (Azmat et al. 2016; Niederle and Vesterlund
2010; Shurchkov 2012), shaping the gender composition of admitted students (Yu and Su 2024).

Motivated by these studies, this paper specifically focuses on the role of the risk of exam
failure that characterized this high-stakes testing form in shaping the gender gap in educational

attainment. Since high-stakes exam-based admission is competitive, a sizable number of

27 Throughout this paper, I discuss the selectivity of colleges based on their admission competitiveness.
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applicants fail admission in this testing system in the absence of a properly designed matching
system based on test scores. This is especially the case when the number of schools a student can
only apply to is limited. In such admission systems, applicants may end up spending an
additional uncertain year to retake the exam (Krishna et al. 2018). Interestingly, studies have
reported that there is a significant gender gap in exam-retaking for selective college applications
in these admission systems characterized by a high prevalence of exam failure (Isa 2021; Kang et
al. 2024; Landaud and Maurin 2020; Yu 2009), suggesting that the gender gap in exam-retaking
is an important source of the gender gap in selective college attendance. However, a plausible
mechanism to explain the gender gap in exam-retaking is still unclear, except for a few studies
pointing out that gender differences in psychological traits such as risk preference may play a
role (Kang et al. 2024; Landaud and Maurin 2020).

This study examines how high-stakes testing settings with a decently high risk of exam
failure in the transition from upper-secondary to higher education can contribute to the gender
gap in selective college attendance. Recognizing that the meaning of selectivity is different
across institutional contexts, this paper refers selectivity to institutional hierarchy explicitly
measured by the standardized rank score in testing. Specifically, I aim to advance the literature
on the implications of the high-stakes exam for gender inequality in three ways. First, I provide
descriptive evidence that women are significantly less likely to retake the exam than men; this is
an important factor in accounting for the gender gap in higher education attendance, especially
attendance to a selective college. Second, I examine the source of the gender gap in exam-
retaking. While I did not find evidence that more women than men are likely to lower their top
choice school from selective to less-selective one before admission, I instead found that

significantly more women than men tend not to retake the exam when they fail the admission.
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Third, I examined whether correlates of the gender differences in educational choice account for
the gendered response to exam failure. Interestingly, results suggest that women’s response to
rejection is still different from men’s net of any likely correlates suggested by previous studies,
including educational aspirations, values to extrinsic and intrinsic rewards, or mother’s
educational expectation.

As an interesting case of potentially broader relevance to other societies, the current study
examines the case of Japan, where (a) women still only account for 20-30% of the undergraduate
student body in the nation’s selective universities (so-called former imperial universities such as
the University of Tokyo or Kyoto University) despite the gender gap convergence in overall
college attendance, as shown in Panel A of Figure 1, (b) many high schoolers fail to pass the
high-stakes entrance exams for college admission, especially admission to selective universities,
and (c) those who fail admission often retake the exam the following year (Tsukada 1991; Yu
2009), as shown in Panel B of Figure 1.2

This study provides important insights into potentially unintended consequences of the
recent educational reforms that increasingly emphasize the high-stakes exams in school
admissions (Furuta et al. 2021). In a sense, objectively measured test scores could be “open
doors for the talented poor” (Cronbach 1975), and exam-retaking may be a fair system because it
allows applicants who are willing to attend their desired school to attempt a second try, although

sociologists have also criticized standardized testing as a gatekeeper that reproduces preexisting

28 College quality in Japan is usually measured by two characteristics, selectivity and prestige. Selectivity is
often made explicit by the standardized rank score (Hensachi), as discussed earlier. Another indicator of
college quality is prestige. This is a less explicit measure based on the year of establishment. For example,
seven schools that were imperial universities before World War II (Tokyo, Kyoto, Tohoku, Kyushu, Hokkaido,
Nagoya, and Osaka) are considered the most prestigious schools in Japan. Importantly, selectivity and prestige
are often correlated. The older a school is, the more selective it is. Therefore, in this study, I use selectivity
rather than prestige.
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social inequality (Alon and Tienda 2007). Studies with mixed arguments regarding the power of
high-stakes exams in the United States, for example, have examined the role of standardized tests
(e.g., the SAT) in relation to class origin or race/ethnicity (Buchmann et al. 2010; Grodsky et al.
2008; Vigdor and Clotfelter 2003). This study adds another aspect, namely, gender, by arguing
that the high-stakes exams may exacerbate gender inequality in some education contexts,
including but not limited to Japan.

[Figure 1 about here]

2. Background
Importance of horizontal stratification in higher education for gender inequality

Reflecting the cooccurrence of college expansion and the growth of institutional
heterogeneity through the proliferation of lower-tier institutions (Arum et al. 2007) and the
increased competitiveness of selective colleges (Bound et al. 2009; Hoxby 2009), scholars have
increasingly paid attention to how qualitative aspects of higher education play a role in status
attainment. Prior work has focused on selective colleges to examine heterogeneity within higher
education in terms of labor market returns to higher education (Astin and Oseguera 2004; Brand
and Halaby 2006; Brewer et al. 1999; Chetty et al. 2020; Ge et al. 2022; Haveman and Smeeding
2006; James et al. 1989; Karen 2002; Sekhri 2020; Thomas 2003; Thomas and Zhang 2005).
Attending selective institutions provides students with social networks or access to relationships
with recruiters from elite firms (Domina et al. 2017) or elite clubs (Khan 2011; Michelman et al.
2021), which can be transformed into economic returns via employment in highly rewarding

occupations.
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In light of the abundant evidence that attending selective colleges provides many
advantages, especially for women (Ge et al. 2022), women’s underrepresentation in these
institutions may be an important mechanism that potentially explains gender inequality in the
labor market. Indeed, women’s underrepresentation in selective institutions varies to a great
degree across countries. Elite schools in English-speaking countries (Ivy League in the US and
Oxbridge in the UK), for example, achieve gender parity; more women than men are enrolled in
Nordic, Dutch, and Irish top universities; and fewer female undergraduate students than male
students are enrolled in other top universities in Switzerland and East Asia.?’ Against this
backdrop, it is surprising that still limited studies have investigated the sources that could
potentially explain the cross-national variation in women’s underrepresentation in selective

institutions and its consequences.

How the risk of exam failure may reinforce gender inequality in selective college attendance

In theory, admission based on objectively measured test scores should not treat applicants
differentially based on their demographic characteristics, but studies suggest that high-stakes
exams, and the risk of exam failure associated with this testing form, are likely to contribute to
women’s underrepresentation in selective institutions.

On the one hand, admission to selective colleges is highly stressful and uncertain, which
is especially the case when there is non-ignorable risk of failure. Studies suggest that such a

stressful and uncertain nature of high-stakes admission may penalize more women than men.

29 College Factual (https://www.collegefactual.com/) for Ivy League colleges, Delaney and Devereux (2021)
for Ireland, and Schubert and Marinica (2018) for top universities in Denmark, Switzerland, United Kingdom,
and Japan. Also see The SNU Diversity Report
(https://en.snu.ac.kr/snunow/snu_media/news?md=v&bbsidx=126626) and Times Higher Education World
University Rankings (https://www.timeshighereducation.com/world-university-rankings/2023/world-ranking).
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This is because, according to previous studies, women prefer less competition (Gneezy et al.
2003; Niederle and Vesterlund 2007; 2011), are more risk averse (Cohen and Einav 2007; Eckel
and Grossman 2008; but see Nelson 2016), or report less confidence in their ability (Ehrlinger
and Dunning 2003; Soll and Klayman 2004; van Houtte 2005). If this is the case, the high-stakes
exam could be an important driver of women’s underrepresentation in selective institutions.
Partially supporting this expectation, a recent study by Yu and Su (2024) found that the transition
from high-stakes exam-based admission to a more holistic admission at the most selective
university in Taiwan benefits female applicants more than male applicants.*°

On the other hand, any observed relationship between high-stakes testing and the gender
gap in selective college attendance could be spurious and driven by common antecedent factors.
One aspect that potentially explains the gender gap in selective college attendance via exam-
retaking is the gender gap in educational aspirations. Studies have shown that, for example, there
is a robust relationship between educational aspirations or expectations and attainment (Kao and
Tienda 1998; Marini and Greenberger 1978; Pinquart Ebeling 2020). While the gender gap in
children’s educational aspirations in terms of educational levels has diminished in the United
States (Watt et al., 2012) as well as in Japan (Ojima and Aramaki 2018), no studies have reported
whether aspirations for selective colleges differ by gender among those who aim to attend
college. If women are less likely to aim to attend a selective college than men, this may explain
the gender difference in exam-retaking.

Additionally, there is good reason to believe that this reflects a gender difference in
expected returns to selective college attendance (Heckert et al. 2002; Hogue et al. 2010; Smith

and Powell 1990). Previous literature also finds that men tend to value extrinsic rewards such as

3% Also in South Korea, women are more likely to be admitted to the nation’s most selective university (Seoul
National University) via holistic admission than high stakes exams (The JoongAng Ilbo 2019).
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economic returns or the prestige of a job, while women tend to place relative emphasis on
intrinsic, social, and altruistic rewards such as helping people (Beutel and Marini 1995; Konrad
et al. 2000; Ma 2009; Zafar 2013). Gender differences in these expectations and values may play
a critical role in explaining the gender gap in selective college attendance in Japan. Previous
studies have found that attending a selective college typically leads graduates to large firms
(Hirasawa 2010; Ishida 1998; Yoshida 2020), but the working conditions in these firms,
including long work hours and frequent relocation to other regions (JILPT 2016; MHLW 2022),
often prevent women from continuing their employment after marriage and childbearing.
Possibly reflecting this gender-unequal labor market structure, men enjoy more economic returns
to elite college education than women do (Li et al. 2023). Studies also show that extrinsic and

intrinsic rewards are the case in Japan (Hara 2023; Shirakawa 2020).

Japanese context
Since Japanese education and admission systems are quite distinctive compared with those in
other rich countries, such as the United States, this section reviews their basic structure. For the

sake of brevity, I limit the explanations to those relevant to my research question and hypotheses.

Secondary and tertiary education in Japan

Secondary education in Japan is characterized by comprehensive education at the lower
level (from 7™ to 9 grades) and hierarchical academic ranking at the upper level (from 10" to
12 grades). The former is similar to secondary education in other countries (e.g., the United
States), while the latter is distinctive in the sense that high schools are differentiated according to

their academic selectivity (Rohlen 1983). Junior high school students are sorted into high schools
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with different selectivity depending on their academic ability, measured by the entrance exam
organized by each high school. Importantly, the school hierarchy is widely shared among people
(LeTendre et al. 2003), at least among those who live in the local areas. As such, Japan’s
distinctiveness in upper secondary education is characterized by between-school tracking, as
opposed to US secondary education, where students are sorted within schools depending on their
academic ability. As a result, it is often the case that the large majority of students in selective
high schools apply to and enter four-year universities.

According to the comparative education policy literature, admission in Japanese
secondary and tertiary education, as in other East Asian countries, is classified into a group of
admissions systems that rely on test scores to select applicants into particular institutions (Helms
2009; Reshetar and Pitts 2020). Studies suggest that such admission systems have mixed
consequences for students’ well-being. On the one hand, the competitive environments pay
because their ranking in high school predicts students’ probability of attending elite colleges net
of student ability (Ono 2001), which in turn leads to economic returns in the labor market,
including higher earnings (Ono 2007), employment in large firms (Hirasawa 2010; Ishida 1998;
Yoshida 2020), or access to managerial positions (Ishida et al. 1997). On the other hand, students
are under high pressure in such high-stakes exams, which may increase students’ emotional
stress (Hogberg and Horn 2022); previous studies have criticized the negative side of this

admission system as “exam hell” (Kariya and Rosenbaum 2003; Rohlen 1983).

Admission system in Japanese higher education

In terms of college admissions, there are three institutional features that help us to

understand the potential gendered consequences of college selectivity and the risk of exam
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failure. First, Japanese universities are ranked within a distinct and widely recognized hierarchy
of institutional selectivity (Yonezawa et al. 2002), where national and public universities are
generally perceived to be more prestigious, more selective, and of better quality, while private
universities (with a few notable, widely recognized exceptions) are in the lower ranks of the
selectivity hierarchy (Ishida 1998; Ono 2008). Second, most students make decisions about their
area of study before entering college, as the entrance examination is typically specific to each
university department (Roth 2019). Therefore, a student’s college major is usually determined
upon entry into college, and transfers between departments are relatively rare (Itd and Hoshi
2020).

Third, and perhaps most importantly, the admission system in Japanese selective higher
education is risky and uncertain. Specifically, admission periods (where exams are conducted)
for national and public universities are controlled by the Ministry of Education and extremely
limited (only one or two periods).?! Applicants can submit their application to only one school
for each period, meaning that they can take one or two exams for admission. Importantly, most
students are admitted to the first period, so the chance of getting admitted through the second
period is extremely limited. This is enough to make students feel stressed, but admission to these
national/public institutions often uses two-stage screening in which students are required to take
a nationwide standardized test as a first stage and, after the nationwide exam, apply to each
school they aim to enter and take the second exam coordinated by each university. Most selective

schools typically establish a cutoff based on the score of the nationwide exam, so it is critical for

31 For example, in the 2020 academic year, national universities had only two periods, one from February 25
and the other from March 12. In addition to the two periods, public universities have another period starting
from March 8. In reality, students, especially those who aim to enter national universities, have only one exam
in the initial time period because most national universities accept a very limited number of students for the
second period.

111



students to carefully choose and apply to schools with a threshold lower than their score on the
nationwide entrance exam.

In contrast, private universities admit prospective students by using exams they design
rather than the nationwide test; thus, they usually have a wide range of admission periods
without multi-screening processes. Additionally, compared with the strict time period for
national/public universities, private universities have more admission periods, so applicants can
take an exam for the same school multiple times. This includes admissions not based on the
high-stakes exam, where students are evaluated based on their grades in school, extracurricular
activities, or interviews with the admission office, similar to US admission to four-year
universities.’> Moreover, their exams are conducted earlier than the nationwide test.

Such risky and uncertain high-stakes exams to make it to national and public universities
have two consequences. One is that students typically take entrance exams for private
universities as a backup, and then take exams for national/public universities. The other is that
not all students in these selective high schools are admitted without interruption. Rather, high

school students often fail the entrance exam and take the same exam the next year.>* Reflecting

32 This admission is called recommendation admission (Suisen) because students need to be recommended by
the principal of their school. There are two types of recommendations, general (Ippan Suisen) and designated
(Shiteikou Suisen). Applicants through the general recommendation must compete with other applicants, while
applicants through the designated recommendation will almost certainly be admitted (Cremonini et al. 2011).
Each year, high schools designated by private universities are given a maximum number of students they can
recommend through the system. Based on school grades or other criteria, high schools recommend a certain
number of students for the designated admission. This admission is efficient for all high schools, universities,
and applicants in the sense that high schools benefit from sending their students to universities, universities can
admit qualified students without an entrance exam and, most importantly, students do not have to risk exam
failure.

33 These students are called Ronin (examination repeaters, literally masterless samurai) (Zeng 1999). A
proximate cause of exam failure is that a sizable number of students who are as competitive candidates as high
schoolers also failed the exam in previous years. Against this backdrop, one may wonder why students fail the
entrance exams because available seats (enrollments) are scarce but, importantly, the acceptance rate to
universities was already high during the 1990s (above 50%). Currently, some low-ranked universities have
adopted a de facto open admission where students are accepted without admission if they apply. This means
that students do not have to spend an additional year to retake the exam. Takeuchi (1997: 185) explains that a

112



the risky admission structure for national/public universities, applying to private universities
even if students’ top choice school is a national/public university is a strategy often suggested by
high schools, which have incentives to lower the risk of students spending an additional year to
retake the exam (JILPT 2017). Meanwhile, it is also the case that applicants who get admitted to
their second choice but not admitted to their top choice school may decide to retake the exam
next year, if they do not necessarily think their admission outcome was successful.
Exam-retaking pays off in Japan. Because exam-retaking students spend a whole year
exclusively on the entrance exam, typically attending a prep school for university admission
(Yobiko) (Tsukada 1991), one year of exam-retaking experience increases their chances of being
admitted to selective universities. By attending selective universities, exam repeaters also tend to

enjoy better socioeconomic attainment in later life (Nishimaru 2006; Ono 2007).

The role of parents

Studies have suggested that parents’ financial support to attend a selective college in
Japan is critical because of the considerably limited public spending on higher education and the
heavy emphasis on supplementary educational activities (the so-called “shadow education”™)
(Hannum et al. 2019; Raymo et al. 2023). The lack of public spending results in children’s heavy
reliance on parents’ financial support to attend a higher education institution. Parents’ role is
further emphasized for admission to selective universities because parents’ investment in shadow

education, including sending their children to a prep school when they retake the exam, is critical

sizable number of high schoolers still fail the exam and spend an additional year retaking the exam. This is
especially the case for selective institutions because the explicit university ranking, which is measured by the
standardized score based on the mock exam by testing companies (Hensachi, the score standardized with a
mean of 50 and a standard deviation of 10), encourages students to aim for a university “one rank higher than
the one he or she is confident of entering.”
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for success in meritocratic selection through high-stakes exams (Stevenson and Baker 1992).
Previous studies suggest that parents still tend to have lower expectations for female children
than for male children (Holloway 2010; Ojima and Aramaki 2018; Yamamoto 2014).

Even if students have the potential to make it to a selective college, parents may have
different gendered expectations of children’s educational attainment. As Yu (2009: 171) notes,
“The importance of individuals’ educational aspirations and their family’s expectations for them,
independent of their abilities, also rose with Japan’s adoption of a two-stage exam system” under
national universities’ admission policy that forces applicants (and their parents) to think carefully
about “how undesirable their situation will be if they fail. Japanese men and women are likely to
have different answers to these questions.” Specifically, Yu (2009) suggests that, although not
directly examined, parents are less likely to support their daughters’ exam-retaking. If this is the
case, even men and women with similar academic profiles may have different responses to the

potential risk of exam failure.

3. Research questions and hypotheses

The literature review above suggests that the macrolevel admission system in higher
education is a critical source of the gender gap in access to selective universities and, in turn, the
substantial gender inequality in the labor market in Japan, arguably one of the most gender-
inegalitarian societies among rich countries (Brinton and Lee 2016; Raymo et al. 2023) despite
women’s rapid improvement in progression to four-year universities over the last three decades

(from 15.2% in 1990 to 50.9% in 2020).3*

34 Japan is among the most gender-inegalitarian countries in the world, which has the third largest gender wage
gap (OECD 2023).
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While the Japanese admission system is classified into a group of admission systems that
rely on high-stakes exams from a comparative perspective, its admission system, especially for
national and public universities, is distinctive in the sense that students often need to take two
high-stakes exams to get into these universities. Importantly, students must choose schools they
apply to based on the first nationwide test score. If they are not admitted, then they might spend
another year to make it to the desired school.

Therefore, those who prefer not to retake the exam for various reasons are likely to lower
their goal before taking the exam and apply to much safer schools, including private universities
that have more holistic admission opportunities. This is possible because students typically take
three to four nationwide mock exams each year, which are arranged by testing service
companies.®® This is an important opportunity for students as mock exams provide not only test
scores but also admission chances to the school students are aiming for. Alternatively, even if
there are no systematic group-level differences in application behaviors, the response afer
rejection may differ between applicant subgroups. Indeed, previous studies have argued that
women are more likely to be admitted to universities without taking the high-stakes exam and
are less likely to retake the exam (Isa 2021; Stevenson and Baker 1992; Yoshihara 1998);
however, the focus of these studies was on college attendance in general and did not pay specific
attention to selective universities. These studies also did not distinguish whether the gender gap
in exam-retaking is due to either more men applying to selective universities relative to women
with similar academic profiles or more men than women being likely to spend another year to

retake the exam after rejection.

35 This is almost mandatory since it is part of the curriculum (the exam fee is covered by high school), so that
high schools can have a better assessment of students’ placement.
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In contrast to these studies, this study pays explicit attention to the “leaky pipeline” into
selective universities as a potential explanation for the gender gap in selective institutions by
focusing on the gender difference in the risk of exam failure and retaking. Specifically, I
examine whether women are less likely to retake the exam than men even if they reported they
were aiming for selective universities in their early stage of high school. The educational
aspirations among students who choose to retake the exam are heterogeneous, but a majority of
these students aim for a national or public university in their third year of high school. Unlike
earlier studies (Stevenson and Baker 1992; Yu 2009), this study is the first to pay explicit
attention to the mechanisms of the gender difference in exam-retaking with important
implications for the gender gap in selective college attendance.

Based on the literature review, I examine the following three hypotheses. First, I examine
whether there are gender differences in application behavior. Specifically, I hypothesize that,
with the intention to avoid the risk of exam failure and retaking, women are more likely to switch
to safer schools than men. This implies that men are likely to face higher rejection rates than
women with similar academic profiles.

Hypothesis 1: Female students are more like to change their top choice to a less selective school
than men before taking the exam.

Next, [ examine whether men and women may have different responses to rejection even
though they apply to schools with similar academic selectivity. Based on the evidence that exam-
retaking experience increases students’ admission chance to selective universities (Nishimaru
2006; Ono 2007), this implies that the gender gap in response after rejection can contribute to

female underrepresentation in selective universities. Specifically, I test the following hypothesis.
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Hypothesis 2: Male students are more likely to retake the exam after getting rejected by their top
choice school.

Third, I examine whether the compositional difference, if any, in academic aspirations,
values to extrinsic and intrinsic rewards, and parental expectations for men and women accounts
for the difference in exam-retaking for the two groups. I also expect that parents tend to have
higher expectations for their sons’ education than their daughters’ education. If there are gender
differences in these characteristics, this could at least partially explain women’s
underrepresentation in selective institutions via the gender gap in exam-retaking. To answer
these questions, Hypothesis 3 tests the following relationship.

Hypothesis 3a: Students with lower academic aspirations are less likely to retake the exam.
Hypothesis 3b: Students who attach greater value to extrinsic (intrinsic) rewards are more (less)
likely to retake the exam.

Hypothesis 3c: Students whose parents have lower educational expectations are less likely to

retake the exam.

4. Data, variables, and method
Data

To answer the research questions discussed above, I use the Japanese Life-course Panel
Survey of Junior High School Students and Mothers (JLPS-J). This is a longitudinal survey
targeting pairs of 9th-grade children (aged 14-15) and their mothers, with detailed information
about their educational experience. The population is based on households sampled by a survey
company from the Basic Resident Register in Japan. After being recruited, they were asked to be

members of an access panel and to participate in several surveys. From the list of all access panel
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members, pairs of 9th-grade children and their mothers were selected and then stratified by
regional blocks, population size, and gender. The initial survey questionnaires were mailed to
4,117 pairs of mothers and students, and answers were received from 1,854 pairs (45.0%) for the
first wave which was conducted from October 2015 to January 2016. Although some populations
are missing (e.g., students who dropped out of junior high school before the survey or single-
father families), the data are nationally representative of junior high school students and their
mothers (Fujihara 2016). When children are in high school, the survey asked about their
educational aspirations and the name of their top choice school after graduating from high school
if any, as well as other relevant questions including their school grades. When students graduated
from high school, an additional survey questionnaire was sent to them asking about their plans
after school graduation (e.g., whether they would attend a university or spend an additional year
to retake the exam). In this study, I used the two waves of the JLPS-J survey (2017 when
children were high school juniors, which is 11th grade, and 2019 when children graduated from
high school) and limited the sample to those who answered both surveys. After omitting missing
cases for the outcome variable, 652 cases remained. The descriptive table can be found in
Appendix Table 1. For cases where predictor variables are missing, I employed multiple
imputations by iterative chained equations (MICE) to create 10 imputed datasets to address the

missing data.>

Variables
To examine my research question, it is critical to distinguish students’ intended schools

based on selectivity. JLPS-J is one of the few surveys that asked respondents the name of the

3¢ Missing is found for five variables, where missing rate ranges from 0.3% (intrinsic and extrinsic values) to
8.4% (parental SES).
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school for three items: the school they aim for, the school they apply for, and the admission
outcomes. Using this rich dataset, I examine the “leaky pipeline” into selective universities. To
that end, I define selective universities in the following way.*’ First, a group of 29 selective
national and public four-year universities is categorized as “Selective National and Public.”
Although a majority (22 out of 29) of these schools are national universities (e.g., former
imperial universities), I also included seven selective public universities.?® Similarly, I also
created a group of 14 selective private universities (“Selective Private).?® Although there is a
qualitative difference in national and public universities with regards to selectivity and school
quality, in general these universities are perceived to be more selective than most private
universities (Ishida 1998; Ono 2008). Therefore, the subsequent analyses also treat these
national/public universities and selective private universities collectively as “selective
universities.”

To test Hypothesis 1, I first utilized students’ educational aspirations in their high school
junior year and the top choice school they applied for in their high school senior year. In the
second wave of the survey, respondents were asked: “Which of the following career paths do you
hope to pursue after graduating from the school you are currently attending?”” While respondents
can raise up to three top choices, I focus on the top choice school (TCS) to generate educational

aspirations. For a college application, I used the question asked in the third wave of the survey

37 This definition of selective universities has been well-established measures (see Toyonaga 2022 for a
detailed literature review).

38 More specifically, selective national and public universities include Tokyo, Kyoto, Tohoku, Kyushu,
Hokkaido, Osaka, Nagoya, Tokyo Institute of Technology, Tokyo Medical and Dental University,
Hitotsubashi, Chiba, Tokyo University of Foreign Studies, Tsukuba, Ochanomizu, Yokohama National,
Niigata, Kanazawa, Okayama, Hiroshima, Nagasaki, and Kumamoto (national universities), Tokyo
Metropolitan, Yokohama City, Nagoya City, Kyoto Prefectural, Osaka City, Osaka Prefectural, and Kobe City
University of Foreign Studies (public universities).

39 This includes Keio, Waseda, Sophia, Tokyo University of Science, Meiji, Aoyama Gakuin, Rikkyo, Chuo,
Hosei, Gakushuin, Kwansei-Gakuin, Kansai, Doshisha, and Ritsumeikan. Note that this is a small fraction of
about 790 private universities in Japan.
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(conducted two years after the second wave), where respondents were asked to answer which
specific school they applied for in their college admission (again up to three top choices). They
both involve measuring vertical levels of education (how far students want to go in terms of
educational attainment) and horizontal levels of education in terms of selectivity defined earlier.
This question was asked of all students regardless of whether they aimed for a university or not.
Sorting universities based on selectivity, I created the following groups: selective national and
public universities, other national and public universities, selective private universities, other
private universities, and non-universities. For those who have an aspiration to attend a four-year
university but do not indicate a specific school, I categorized them as “university (not decided).”

To test Hypothesis 2, I use students’ admission outcomes. In the third wave of the survey,
they were asked if they were admitted to their TCS or not. They were also asked to answer if
they were in school. If so, they were also asked a follow-up question about the name of the
school they are attending. I categorized them similarly to the two variables defined above. I also
added “exam retaking” to this variable if they answered they were preparing for the exam in a
separate question.

To test Hypothesis 3, I use the following variables. First, I use students’ educational
aspirations in their high school junior year (and the TCS they applied for) to see if the gender
differences in aspirations account for the gender differences in exam-retaking. Second, I use
students’ extrinsic and intrinsic rewards. Specifically, I use a series of eight questions asked to
students in the second wave regarding their criteria for occupational choice they would consider
using a four-point scale (strongly agree, somewhat agree, somewhat disagree, strongly disagree).
This includes values related to extrinsic rewards such as prestige, income, and stability, or values

related to intrinsic values such as making one’s dream come true, using skills or talents (a full list
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of variables used to create the indexes are shown in Appendix Table 2). To construct extrinsic
and intrinsic rewards based on these questions, I carried out exploratory factor analysis using
principal component analysis with varimax rotation and the polychoric correlation matrix.*
Third, I used parental educational expectations. This variable was constructed in a similar way to
the student’s educational aspirations.

Since parental socioeconomic status and students’ academic profiles likely influence the
relationship between admission outcomes and exam-retaking, I included parental socioeconomic
status (SES), students’ school grades, and school characteristics. Socioeconomic status is a
standardized composite score based on the following variables: mother and father’s years of
education, logged equivalized household income, and family structure (single mother or two
parents). These SES-related variables were all reported by mothers. For students’ academic
profiles, I used students’ self-reported school grades and the selectivity of high school.*! T also
controlled for the number of applications students submitted to adjust the risk of rejection.
Lastly, I also included the dummy variable which indicates whether the admission type
respondents applied for their TCS was a holistic one, rather than a high-stakes exam, to adjust
the overall risk of exam-retaking. This is because, similar to early action in the United States,
holistic admission takes place much earlier than high-stakes admission, where respondents are
strongly expected to enter the school if they are admitted and their acceptance rates are generally
systematically higher than high-stakes admissions.

In multivariate regressions, I differentiate children’s educational aspirations, the school
they applied for, and their mother’s educational expectations by using a continuous measure of

college selectivity based on admission competitiveness. This is because these predictors are

40 This is an appropriate method given the ordinal nature of these variables (Gauthier et al. 2021).
! This is based on the standardized rank score (Hensachi) of each high school created by a testing company.
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highly correlated with the admission outcome if we treat them categorically and thus there are
few cases for specific combinations (e.g., students aimed for a less selective private university in
their high school junior year but got admitted to a selective national university) or one value of a
predictor is strongly associated with a specific value of the outcome (e.g., applying for a
selective national/public university and getting admitted to these universities). Although
regression results are robust to a different operationalization of these predictors, the main results
are based on the continuous measure of college selectivity. This is called Hensachi, measured by
the standardized score based on the mock exam by testing companies. The selectivity score is
highly correlated with the categorical measure of college selectivity as I described above (See
Appendix Table 3). Since the selectivity score was only assigned to a specific university, |
created a dummy variable which is 1 if the value of these predictors is either “non-university” or
“university (not decided),” while I assigned 0 to each of the selectivity variables if the value is
missing. By doing so I can include cases where the selectivity score is missing (essentially, those
who aim for, applied for, or expected their child to attend a non-university or university without

a specific name).

Method

To better understand mechanisms of gender differences in the “leaky pipeline” out of
selective college attendance, I estimate the following multinomial logistic regressions.
Specifically, I examine how gender shapes the way respondents’ rejection by the TCS is
associated with admission outcomes including exam-retaking. First, I estimate the baseline
model, where I assume gender and rejection by the TCS are independently associated with

admission outcomes with control variables such as parental SES.
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K
In ll fl]p l = Poj + PijFemale; + B,jRejection; + z BijXki + €;j ...(Model 1)
o k=3

where j is a dependent variable that includes Selective National/Public (j=1), Other
National/Public (j=2), Selective Private (j=3), Other Private (j=4, reference category), Non-

pij
1-p

University (j=5), and Exam-retaking (j=6). Thus, the dependent variable In [ ] is the log of

ij
the ratio of the probability of a given admission outcome (j # 1) to the probability of attending a
non-selective private university. f; represents the intercept for outcome j. We chose non-
selective private university as the reference category because they are qualitatively different from
national and public universities and selective universities in terms of their selectivity.

To test Hypothesis 2, we added an interaction variable between the female dummy and

the rejection by the TCS:

K

In ll fi;ijl = Poj + BijFemale; + B,;jRejection; + B3;jFemale X Rejection; + z B jXki

k=4

+ & ...(Model 2)

Finally, to test Hypothesis 3a-3c, we added several potential factors that could explain the
gendered response to the rejection by the TCS. Specifically, I examine respondents’ educational

aspirations, values to extrinsic and intrinsic rewards, and parental educational expectations.
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In ll fl]p l = Poj + BijFemale; + B,jRejection; + B3;Female X Rejection;
ij

+ BijAspiration; + + BsjApplication; + fe;Values; + B, jExpectation;

K
+ z BrjXii + &ij ... (Model 3)
k=8

5. Results
Descriptive results
Trajectories of educational aspirations and admission outcomes

Figure 2 presents the trajectories of male and female high school students’ educational
aspirations and outcomes. The first bar from the left shows their aspirations in their high school
junior year, including educational levels (whether they aim for a university or not) and horizontal
stratification in university education (whether they aim for a national/public or private university
or are undecided). The second bar shows the TCS they applied for, while the third and fourth
bars show their admission outcomes reported immediately after high school graduation and one
year after graduation.

The first two bars show that (1) there are gender differences in the distribution of
aspiration and application, (2) high school students’ aspiration and application are clearly linked,
but not all of them apply for the school they aimed for, and (3) there are very few students who
change their TCS to a more selective one. First, the distribution of educational aspirations and
top choice applications is different for men and women. We can see that, for example, relatively
fewer female students than male students aim for a selective national and public university
(28.8% vs. 19.8%). Second, a sizable number of students applied for a school they aimed for in

their junior year. For example, close to half (44.1%) of men and women who aimed for a
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selective national and public university in their junior year did apply for these universities, but
those who aimed for selective national and public universities eventually switched to applying
for other national and public universities. Third, in contrast, we also see that very few students
move upward in terms of their application behavior. For example, only 10.5% of students who
applied for a selective national and public university aimed for other types of universities in their
junior year. This underscores that aspiration prior to application is a good predictor for future
application behaviors.

Looking at admission outcomes, we can see that there is a sizable gender gap in exam-
retaking. Slightly more than one in six men (17.8%) who applied for a university spend another
year preparing for the entrance exam, while fewer than 7.1% of women do the same. For both
male (85.3%) and female (77.8%) university applicants, a majority of exam retakers applied for a
selective university (national/public universities and selective private universities) as their TCS,
suggesting that the vast majority of them failed the entrance exam for these selective universities
and were likely to retake the entrance exam for these universities in the following year.
Interestingly, there is no major gender difference in attending a selective university upon high
school graduation (26.5% for men and 24.8% for women), but the gap increased to 7.4% points
(33.9% vs. 26.5%). Since one year of exam-retaking experience increases students’ chance of
entering a selective college (Nishimaru 2006; Ono 2007), this result suggests that exam-retaking

is likely an important mechanism explaining the gender gap in selective institutions in Japan.

[Figure 2 about here]

Distributional differences in key predictors
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Earlier results show that men tend to report higher educational aspirations than women do
at vertical and horizontal levels, while the distribution of other key predictor variables may also
be different for men and women. Figure 3 presents the distribution of predictors used in this
study separately by gender (self-reported school grade and the selectivity of high school are
shown for reference). The gender differences are mostly consistent with the previous literature.
For example, men are more likely to emphasize extrinsic rewards than intrinsic rewards for their
occupational choice, while we see that women tend to emphasize intrinsic values than men. Also,
mother’s expectation for children’s education is also higher for sons than daughters. Specifically,
mothers of male children tend to report that they expect their sons to attend a selective national
or public university, while mothers of female children tend to report that they expect their
daughters to attend non-BA institutions. We also see that the self-reported school grades are
higher for women than men. In contrast, we do not see a major difference in school selectivity.

The earlier descriptive figures are consistent with my theoretical expectations. Possibly
reflecting gender differences in educational aspirations, values for occupational choice, or
parental expectations, female students may be less likely to apply to selective national and public
institutions. We also see that women are less likely to retake the exam when they fail, which may
be also explained by gender differences in these characteristics. Meanwhile, there are no gender
differences in switching to less selective institutions, which suggests that women’s lower
prevalence of exam-retaking compared with men is driven by either more men than women
applying to selective national and public universities or by fewer women than men retaking the
exam when they were rejected.

To investigate the second possibility, Figure 4 shows the distribution of admission

outcomes for men and women by whether they were accepted to or rejected by their TCS.
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Looking at those who are admitted, we can see that women are slightly less likely to be accepted
to selective universities, but the distributional difference mainly reflects the gender differences in
application. Meanwhile, we can see a stark gender difference in exam retaking among those who
are rejected. Among those who are rejected by their TCS, approximately 13.7% of female
students choose to spend another year retaking the exam, while 33.7% of male students do so.
Since a large majority of retaking students applied to national and public universities or selective
private universities for both men and women and many, though not all, retakers end up attending
selective universities, it is valuable to examine the sources of the gender gap in exam retaking,

which we examine in the next section.

[Figure 3 about here]

[Figure 4 about here]
Multivariate results

Descriptive results suggest that the gender gap in exam retaking stems from the gender

difference in response after the rejection by their TCS, rather than fewer women aiming for a
selective university. I also do not find evidence that women are more likely to lower their TCS
from selective to less-selective one before admission than men. To make a conclusion robust to
potential confounders, I performed a series of multinomial regression models.

In this analysis, I primarily examine exam-retaking as the outcome of interest since
descriptive figures show that this is a critical source of the gender difference, while I also briefly
discuss other relevant outcomes. Table 1 presents the results of multinomial regression models
predicting respondent’s admission outcomes. In Model 1, I add a female dummy, rejection by

their TCS, and other relevant control variables. The results clearly show that even after
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controlling for covariates such as school grade or high school selectivity, women are less likely
to choose to spend another year to retake the exam compared with attending a non-selective
private university than men, while rejection by the TCS increases one’s odds of exam retaking.

Several results are worth noting. First, we can see that high school selectivity is positively
associated with exam retaking as well as admission to selective universities. This underscores
important contextual characteristics in Japanese college admission, where students are rejected
by their TCS (and thus likely to retake the exam) not because they are less qualified but rather
because they aim high under uncertain situations caused by the risky admission system. Second,
other variables show results that are consistent with my expectations. For example, we can see
that the more applications respondents submitted, the less they are likely to retake the exam.
Somewhat inconsistent with my expectations is the result of the holistic admission. Although I
included this variable to control the overall risk of exam retaking since acceptance rates are
much higher for holistic admission than high-stakes admission, results suggest that the risk of
exam-retaking is not different for those who applied for their TCS via holistic admission and
high-stakes admission.

Looking at Model 2 where I add an interaction between the female dummy and the
rejection by the TCS, we can see that the gender gap is primarily driven by those who were
rejected by their TCS. Specifically, comparing Model 1 and Model 2, women are on average less
likely to retake the exam than men but this is especially the case when they were not admitted to
their TCS. In Model 3, I add key variables that explain the gender gap in exam-retaking. By and
large, adding these variables does not change the relationship, although the distributional

differences in these traits are largely consistent with my expectations.
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Figure 5 presents predicted probabilities of exam-retaking by gender and the admission
outcome for the TCS, based on the multinomial regression models predicting respondents’
admission outcomes. According to Model 2 where I added interaction between gender and
rejection by the TCS, there is little gender gap in exam-retaking when they were admitted to the
TCS (1.7% for men versus 2.8% for women), but the gender gap widens for those who did not
make it to their TCS (21.1% for men versus 8.1% for women). These results are consistent with
Hypothesis 2. Meanwhile, women’s lower likelihood of exam-retaking when they are rejected by
the TCS does not change even after adding key predictors, which is not consistent with any of

Hypothesis 3.

[Table 1 about here]

[Figure 5 about here]

6. Supplementary analysis

The current analysis has a 6-category outcome, while the sample size is not necessarily
large (625 cases). To deal with potential concerns about estimating complicated outcomes with a
smaller sample size, I estimate models based on an alternative outcome specification.
Superficially, I collapsed admission to universities with different selectivity into one category.
This approach allows me to estimate the likelihood of exam retaking in a 3-category outcome
(any university, non-university, and exam retaking).

Results from multinomial regression models are shown in Appendix Table 4. We
generally see similar results to the models with more complicated outcome operationalization.

Looking at Appendix Table 4, we can see that women are less likely to retake the exam than men
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retake the exam (Model 1). We also see that this is especially the case when they are rejected by
their first choice (Model 2). The negative interaction between the female dummy and rejection
by their 1st choice does not change even after controlling for potential confounders (Model 3).
These results are quantitatively and qualitatively similar to Table 1, while I changed the
definition of the reference category.

I also estimate predicted probabilities based on Model 3, which are estimated similarly to
Figure 5. Results suggest that the risk of exam-retaking is 3.3% for women and 1.9% for men if
they are accepted to their first-choice school. Meanwhile, the risk diverges between women and
men when they are rejected by their first-choice school. Specifically, the risk of exam-retaking is
7.9% for women and 19.5% for men. Again, these results are similar to the models with a more

complicated outcome operationalization.

7. Discussion and conclusion

Taking advantage of the unique combination of college application and outcome
available in a longitudinal dataset in Japan, where higher education is characterized by an
extremely low number of female students in selective institutions, this study is the first attempt to
examine the role of high stakes testing associated with gender differences in exam-retaking. The
results of the analysis show the following findings. First, net of academic ability measured as
high school selectivity and school grade, a good proxy of college selectivity in Japan, women are
less likely to choose to retake the exam. Second, the gender gap in exam-retaking is primarily
driven by the fact that fewer women than men retake the exam when they are rejected by their
TCS. Third, I found that likely correlates, including educational aspirations, values of extrinsic

or intrinsic rewards, or parental expectation for children’s education, do not account for the
b

130



gender difference. Although we need to explore mechanisms in future studies, one tentative
conclusion drawn from the set of current analyses is that pathways into exam-retaking are
gendered.

This study made an explicit case selection by choosing the Japanese case, an outlier in
comparative perspective in terms of women’s representation in selective higher education. What
can we learn from this single case study? The gender differences in preferences, values, or
aspirations have been well documented across countries (e.g., Niederle and Vesterlund 2011).
This situation may be even worse in Japan, which is characterized by persistent gender inequality
in the labor market and gender-specific socialization at home. However, the lack of evidence
supporting the explanatory power of these characteristics needs an alternative explanation for
why few women aim for a selective college.

One important insight, although still suggestive, is that academic aspirations are
institutionalized in the transition from secondary to higher education in the sense that students’
attitudes are evaluated in a gendered way. Theoretically, exam-retaking should not occur in
contemporary Japan because the number of applicants to universities is almost the same as the
capacity of universities, but in reality, a sizable number of high school students end up spending
an additional year. This happens because the admission opportunities for selective institutions
are considerably limited and high-stakes, and students must take a risk in making it to their
dream school or failing.

In this context, exam-retaking offers an informal means for a second try, but the results
indicate that men and women do not respond to the opportunity equally. Even if women have
similar academic profiles to men, their aspirations do not necessarily translate into actual

admission outcomes. Specifically, results suggest that female respondents are particularly likely
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to opt out of exam retaking if they are rejected by their TCS. Looking at other admission
outcomes in Model 3, we can see that both men and women who are rejected by the TCS are
equally likely not to make it to selective universities including national and public universities as
well as selective private universities, as the interaction coefficient is not statistically significant.
These results provide important insights into how the high-stakes exams may exacerbate gender
inequality. In the case of Japan, the distinctive admission system with a higher risk of exam
failure contributes to stalled trends in the gender gap in selective college attendance despite the
ongoing gender convergence in four-year university enrollment.

The case of Japan is an illustrative example of how high-stakes exam and associated risk
of exam-failure may penalize women over men. This does not mean, however, that the
implication is limited to Japan because high-stakes exams exist almost everywhere in
contemporary societies (Furuta et al. 2021; Hogberg and Horn 2022; Verger et al. 2019). For
example, although the mechanisms are still unclear, the gender gap in admission and
matriculation for New York City’s Specialized High Schools, which is much larger than the gap
between White and Black or Hispanic students, remains even after controlling for students’ prior
test scores (Corcoran and Baker-Smith 2018). As such, it is likely that we can find similar
institutional mechanisms that unintentionally locate women in a less advantaged position,
especially in gender inegalitarian contexts. As such, this study contributes to reorienting our
focus on gender inequality in higher education, where the existing scholarship has discussed the
sources and consequences of the gender gap reversal in various kinds of academic success
(Buchmann et al. 2008; Reeves 2022; Spinath et al. 2014).

If correct, this speculation provides important social, economic, and political implications

for gender equality. Despite the fact that women now outnumber men in higher education in
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most rich countries (DiPrete and Buchmann 2013; van Bavel 2012), the gender gap in labor
market outcomes remains substantial and has stalled among college graduates (England 2010;
Goldin 2014). A number of studies have suggested that fields of study may be a source of the
gender pay gap (Zafar 2013) because women are less likely than men to specialize in fields
associated with high-paying occupations, most notably STEM majors (Ceci and Williams 2011;
Riegle-Crumb and Peng 2021; Weeden et al. 2020). Even after considering gender differences in
fields of study, however, the gender pay gap remains (Kim et al. 2015; Zafar 2013). Although
this is likely accounted for by gender differences in career interruption after family events, the
remaining gender pay gap net of gender differences in fields of study among university graduates
suggests that women’s underrepresentation in selective institutions may be a critical source of
gender stratification in the labor market. This is particularly the case in Japan, where attending a
selective college is a pipeline to high-stakes positions (e.g., bureaucrats, researchers, and
leadership positions in large firms), suggesting it is critical to further investigate the underlying
mechanisms behind the gender gap in selective universities for gender equality.

In terms of policy interventions, findings from this study suggest that a properly designed
admission system that reduces the risk of exam retaking or the avoidance of these exams may
have implications for the gender gap in selective college attendance in high-stakes exam
contexts. Indeed, one recent study found that the transition from high-stakes exam-based
admission to a holistic one increase the share of female applicants in Taiwan (Yu and Su 2024).
In Japan, it is the case that universities increasingly use holistic admission for admission
(Bastedo 2021). However, most applicants to national and public universities are still admitted

through high-stakes exams, while private universities increasingly admit their applicants through
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holistic admissions (Yonezawa and Akiyama 2015). In this sense, holistic admission is still not a
mainstream way of admission for selective institutions.

Future studies need to identify causal mechanisms that can help us to understand what is
happening during high school years and why more women than men are likely to drop out of the
meritocratic competition for selective universities even if they are equally qualified in terms of
their academic achievements and aspirations. Specifically, future studies would benefit from
using data that include rich information about individuals’ risk preferences, attitudes toward
competition, or confidence in their ability.*? If these attitudes are properly measured, we could
perhaps explain the remaining gender difference in exam-retaking, which would allow us to
distinguish the psychological explanation from a more structural explanation, including female
students being discouraged to retake the exam regardless of their mindset.

For future studies, it should also be noted that school climate, which is missing from
experimental studies, is an important institutional mechanism that reinforces students’ gender
stereotypes (e.g., Nakanishi 1998). It is also necessary to expand the role of high-stakes exams
under high pressure for gender inequality in selective higher education from a comparative
perspective. Reflecting diverse views on what should be counted as merit and what is fair
competition, there is a large between- and within-country variation in admissions (Michel and
Pollard 2020). Although many countries increasingly use national-level high-stakes exams, these
admission systems are also constrained by institutional path dependency and cultural norms in
each country (Furuta et al. 2021; Zwick 2017; Wikstrom and Wikstrom 2020), leading to

speculation that the comparative perspective on meritocratic selection may help in understanding

42 Ideally, it would be preferable if the survey could ask about these psychological attitudes after taking the
nationwide exam since it is likely that students’ risk preference may change depending on the admission
results.
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women’s underrepresentation in elite education across countries. I expect that the high-stakes
exam penalizes women more or less, but this is open to empirical investigation. If we find
consistent patterns, then education policymakers should consider how to reduce gender

inequality due to the potential bias in admission systems.
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Table 1 Multinomial logistic regression results predicting admission outcomes (other private
university as a reference category

Model 1 Model 2 Model 3

Selective national/public Coef. SE Coef. SE Coef. SE
Female -0.76+ 0.46 -0.71 0.51 -0.99+ 0.58
Rejection by 1st choice -2.96%**% - 0.67  -2.97*FF  0.92 -421%¥*F  1.02
Number of applications -0.16 0.29 -0.15 0.29 -0.62+ 0.32
Ist choice rec. -1.32% 0.63 -1.32% 0.63 -1.29+ 0.67
High school selectivity 2.50%*%*  0.38  2.50*%** 038  2.09*%**  0.43
High school grade in junior year 1.37%%* (.28 1.36*** (.28 1.06***  0.31
SES composite score 0.52+ 0.30 0.52+ 0.30 0.37 0.32
Female # Rejection by 1st choice 0.06 1.20 0.58 1.27
Selectivity score of aspiration in HS junior year -0.30 1.16
Aspiration: university not specified or non-university -1.39 2.59
Selectivity score of university applied 6.71%%* 1.40
Applied to non-university 13.65%** 3,17
Intrinsic values 0.09 0.26
Extrinsic values -0.18 0.25
Selectivity score of mother's expectation -0.4 1.24
Expectation: university not specified or non-university -0.88 2.68
Constant 2.18%**%  (0.53 221%F* (.54 -545%**  1.06
Other national/public

Female -0.32 0.29 -0.37 0.35 -0.56 0.37
Rejection by 1st choice -1.37%**% 040  -1.56***  0.57 -1.85%**  0.60
Number of applications -0.29 0.20 -0.29 0.21 -0.47* 0.23
Ist choice rec. -1.10*** 036 -1.08***  0.36  -1.02*%**  0.38
High school selectivity L.16***  0.21 L15***  0.21 1.04*** (.25
High school grade in junior year 0.73*%*  0.16  0.72%**  0.16  0.62***  0.18
SES composite score 0.18 0.16 0.19 0.16 0.07 0.16
Female # Rejection by 1st choice 0.32 0.65 0.46 0.67
Selectivity score of aspiration in HS junior year -0.55 0.64
Aspiration: university not specified or non-university -2.69* 1.36
Selectivity score of university applied 1.75* 0.70
Applied to non-university 3.46* 1.46
Intrinsic values 0.00 0.15
Extrinsic values -0.01 0.16
Selectivity score of mother's expectation 0.24 0.66
Expectation: university not specified or non-university 0.24 1.36
Constant -0.33 0.28 -0.31 0.30 -0.61 0.52
Selective private

Female -0.54 0.36 -0.26 0.48 -0.83 0.59
Rejection by 1st choice -0.73 0.48 -0.37 0.64 -1.81%* 0.80
Number of applications 0.01 0.25 0.01 0.25 -0.53+ 0.30
Ist choice rec. 0.54 0.46 0.54 0.46 0.59 0.60
High school selectivity 2.08**%*  0.29  2.08%** 029  1.30*¥**  0.35
High school grade in junior year 0.80***  0.20  0.81***  0.20 0.18 0.25
SES composite score 0.17 0.19 0.15 0.19 -0.03 0.23
Female # Rejection by 1st choice -0.65 0.73 0.29 0.89
Selectivity score of aspiration in HS junior year -1.86+ 1.04
Aspiration: university not specified or non-university -3.91+ 2.28
Selectivity score of university applied 9.33%&* 1.35
Applied to non-university 19.36*%**  3.07
Intrinsic values 0.13 0.23
Extrinsic values 0.02 0.23
Selectivity score of mother's expectation 2.02%* 1.01
Expectation: university not specified or non-university 4.12+ 2.27
Constant -2.25%%*% 045  -241%FF 049  -8.61F¥t 1.22
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Table 1 Multinomial regression results (cont.)

Model 1 Model 2 Model 3
Non-university Coef. SE Coef. SE Coef. SE
Female -0.12 0.28 -0.12 0.31 -0.34 0.41
Rejection by 1st choice 3.58**F* - 0.52  3.57F*  0.63  3.07***  (0.68
Number of applications -5.10%*%% 049  -5.11%* 049 -2.73%* (.44
1st choice rec. -0.15 0.34 -0.16 0.34 0.29 0.40
High school selectivity -0.40%* 0.18 -0.40%* 0.18 -0.42+ 0.25
High school grade in junior year 0.03 0.14 0.03 0.14 -0.09 0.18
SES composite score 0.21 0.14 0.22 0.14 0.30+ 0.17
Female # Rejection by 1st choice 0.07 0.71 0.25 0.73
Selectivity score of aspiration in HS junior year -0.6 0.77
Aspiration: university not specified or non-university -0.86 1.42
Selectivity score of university applied 1.72* 0.83
Applied to non-university 6.22%** 1.58
Intrinsic values -0.04 0.16
Extrinsic values 0.05 0.17
Selectivity score of mother's expectation -0.60 0.85
Expectation: university not specified or non-university -0.59 1.57
Constant -3.50%**% 048  -3.51%F* 049 -4.03*%** (.73
Exam-retaking
Female -0.97**%*  0.34 0.33 0.73 0.29 0.75
Rejection by 1st choice 1.99*** 0,50  2.88*%**  (0.73  2.501*** (.76
Number of applications -0.84***% 023  -0.84%*%* 023 -0.99*%**  0.25
1st choice rec. -0.98+ 0.54 -1.05+ 0.55 -0.92 0.57
High school selectivity 1.05*** 026  1.04***  0.26  0.85***  0.29
High school grade in junior year 0.09 0.17 0.09 0.17 -0.10 0.19
SES composite score 0.14 0.19 0.11 0.19 0.04 0.20
Female # Rejection by 1st choice -1.70* 0.84 -1.72% 0.86
Selectivity score of aspiration in HS junior year -0.57 0.82
Aspiration: university not specified or non-university -0.78 1.68
Selectivity score of university applied 2.77*%%*  0.89
Applied to non-university 5.43%** 1.92
Intrinsic values -0.02 0.19
Extrinsic values -0.38* 0.19
Selectivity score of mother's expectation 1.13 0.81
Expectation: university not specified or non-university 2.14 1.70
Constant -1.87*%% 044  -2.57F*  0.64 -4.54*** 091
Observations 652
Log Likelihood -1165.45 -1123.30 -1061.04

Standard errors in parentheses. + p<0.10 * p<0.05 ** p<0.01*** p<0.001

137



(A) % female four—year university students

(B) % enrolled students wh

0 experienced exam-retaking

50% -
Privat
P i T:t:l 40% A
40% amrz=
//‘ .
L National| 2
° oo S 30%
1 [o]
g ®
K3 30% Imperial é ~ )
X g ~ L VAN 7N
° W 209, 4 N v\, v ]
* RN \ , Female, Imperial
\ N N
20% 1 UTokyo \ A
\ M
- N
N \\ Female, National
10% A N -
[ /\/
10% ~ N Female, Private
1990 2000 2010 2020 1990 2000 2010 2020
Year Year

Source: School Basic Survey and author's own calculation based on demographic information provided by each university.
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Figure 1 The proportion of female four-year university students and enrolled students who
experienced exam retaking

138




Female

Male
250+
300+
200+
150
. 2004 -
c c
3 3
Q Q
(&) (&)
100+
100+
50+
0- 0-
High schlool junior  First choilce school Admissiur: outcome 1 year aﬁerlgraduation
(2017) (2018) (2019) 202
Wave

High schlool junior  First choilce school Admissiur: outcome 1 year aﬁerlgraduation
(2017) (2018) (2019) 202

Wave
Selective national/public Selective private University (not decided) . Exam-retaking
Other national/public Other private Non-university

Source: the Japanese Life-course Panel Survey of Junior High School Students and Mothers (JLPS-J).

Figure 2 Trajectories of male and female students’ educational aspirations and outcomes
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Figure 3 Gender differences in key individual characteristics
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Figure 4 Admission outcomes by the first choice application result and gender
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Appendix for Chapter 3

Table A1 Descriptive statistics

Mean SD
Admission outcome in HS senior year
Selective national/public 0.05 0.01
Other national/public 0.12 0.01
Selective private 0.08 0.01
Other private 0.37 0.02
Non-university 0.29 0.02
Exam-retaking 0.08 0.01
Female 0.57 0.02
Rejection by top choice school 0.31 0.02
Number of applications 0.00 0.04
Ist choice: holistic admission 0.48 0.02
High school selectivity 0.00 0.04
High school grade in junior year 0.00 0.04
SES composite score 0.00 0.04
Selectivity score of aspiration in HS junior year 0.00 0.04
Aspiration: university not specified or non-university 0.36 0.02
Selectivity score of university applied 0.00 0.04
Applied to non-university 0.31 0.02
Intrinsic values 0.00 0.04
Extrinsic values 0.00 0.04
Selectivity score of mother's expectation 0.00 0.04
Mother’s expectation: university not specified or non-university 0.38 0.02
Observations 652
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Table A2 The list of items for extrinsic and intrinsic values and factor loadings from the

exploratory factor analysis

Item Extrinsic Intrinsic
The company is prestigious 0.773 0.087
The job offers high salary 0.848 -0.027
The job is high status 0.792 0.187
The job is stable and without worry about

bankruptcy 0.715 0.143
The job requires fewer overtime work and

offers more holidays 0.600 0.035
I can use and develop my talent in the job 0.109 0.927
The job makes my dream come true 0.016 0.920
I can use technique or knowledge in the job 0.074 0.917
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Table A3 Selectivity measured by the standardized rank score across different university groups

Selective ) ) Selective Non-selective
national/public National/public private private

Aspirations in the HS
junior year 0.93 0.48 0.97 0.34
Top choice school
applied 0.92 0.58 1.01 0.33
School admitted in the
HS senior year 1.11 0.20 1.30 -0.53
Mother's expectation for
children’s education 0.94 0.02 1.00 -0.07
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Table 4 Multinomial logistic regression results predicting admission outcomes (any university as
a reference category)

Model 1 Model 2 Model 3
Non-university Coef. SE Coef. SE Coef. SE
Female 0.03 0.27 0.02 0.30 -0.18 0.40
Rejection by 1st choice 3.88***  0.51  3.86%**  0.62  3.49%%* (.66
Number of applications -5.00%*%% 048  -5.00%%* 048 -2.54*%** 043
Ist choice rec. 0.04 0.32 0.03 0.32 0.41 0.39
High school selectivity -0.81***  0.17 -0.81*%** 0.17 -0.74*** 0.23
High school grade in junior year -0.18 0.13 -0.18 0.13 -0.20 0.17
SES composite score 0.16 0.14 0.16 0.14 0.27 0.17
Female # Rejection by 1st choice 0.10 0.70 0.28 0.71
Selectivity score of aspiration in HS junior year -0.78 0.75
Aspiration: university not specified or non-university -0.98 1.39
Selectivity score of university applied 0.97 0.77
Applied to non-university 4.95%*% 149
Intrinsic values -0.04 0.16
Extrinsic values 0.03 0.16
Selectivity score of mother's expectation -0.68 0.82
Expectation: university not specified or non-university -0.76 1.52
Constant -4.28%*% 047  -428%F* 047 -438%** (.71
Exam-retaking
Female -0.73* 0.32 0.60 0.71 0.59 0.72
Rejection by 1st choice 2.59%x* 047  348*¥**  0.69 337%* (.71
Number of applications -0.73**% 022  -0.74%%* 022 -0.68%** (.22
Ist choice rec. -0.82 0.52 -0.90+ 0.53 -0.84 0.55
High school selectivity 0.40+ 0.22 0.39+ 0.23 0.31 0.26
High school grade in junior year -0.25 0.16 -0.25 0.16 -0.29+ 0.18
SES composite score 0.08 0.18 0.06 0.18 0.06 0.19
Female # Rejection by 1st choice -1.74* 0.81 -1.82* 0.82
Selectivity score of aspiration in HS junior year -0.49 0.75
Aspiration: university not specified or non-university -0.49 1.54
Selectivity score of university applied 0.82 0.75
Applied to non-university 1.80 1.67
Intrinsic values -0.02 0.18
Extrinsic values -0.40* 0.17
Selectivity score of mother's expectation 0.83 0.74
Expectation: university not specified or non-university 1.63 1.56
Constant -2.83**F% 041  -3.53%F*  0.62 -4.43*%** (.83
Observations 652

Standard errors in parentheses. + p<0.10 * p<0.05 ** p<0.01*** p<0.001
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CONCLUSION

Since I discussed the implications and limitations of each chapter already, I here briefly
conclude this dissertation by discussing (1) a few thoughts on future research on horizontal
stratification and (2) policy implications.

I have two thoughts on the future directions of horizontal social stratification research.
One is that we need to think carefully about the necessity of a comparative measure of horizontal
stratification. If we need the comparative measure, then we also need to discuss how we can
make such a measure. The other is the disconnection between concepts and measurement.

One of the key approaches in social stratification research is a focus on a comparative
perspective (Hout and DiPrete 2006; Treiman and Ganzeboom 2000). This perspective is
important because institutional contexts that differ across societies play a critical role in shaping
inequality-generating processes. In this context, educational expansion is one key institutional
mechanism that could potentially explain variations in inequality and mobility across societies.
Decades of social stratification research have examined how college expansion shapes social
stratification and mobility across different institutional contexts (e.g., Breen 2010; Breen et al.
2009; Hannum et al. 2019; Smits 2003; Smits and Park 2009). This is primarily because, I
believe, the operationalization of college expansion is easier. A college or university is a tertiary
education institution, which is internationally defined by the International Standard
Classification of Education (ISCED) issued by UNESCO. There is a clear distinction between
university and non-university based on degree. In contrast, horizontal stratification in terms of
selectivity is hard to compare across societies. For example, the University of Tokyo (UTokyo)
and Peking University (PKU) are the two most selective Asian universities in the world. Each

university is recognized as the most selective institution in each country. Meanwhile, the former
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is far less competitive to get in than the latter. PKU admits about 11,000 students each year,
while UTokyo admits 3,000 students. Looking at the population who is eligible to apply to these
universities, about 1.3 million students take China’s nationwide entrance exam, meaning that less
than 1 out of 1,000 (0.08%) students who are likely to make it to university can make it to PKU.
Meanwhile, roughly about 630,000 students in Japan entered a university in 2023. This means
that about 5 in 1,000 (0.48%) students who make it to a university attend UTokyo. Does this
mean that PKU is 6 times more selective than UTokyo in a comparative sense? To what extent
are the Ivy League colleges comparable to the former Imperial universities in Japan? There is no
satisfying answer yet.

Second, the last paragraph already suggests that there is no consensus about how to
measure horizontal stratification. One way is to use numerical measures such as acceptance rate.
This is how US universities are differentiated. Meanwhile, we can also rely upon a more
categorical measure, such as vy League colleges. Is either of these more suitable for the
conceptualization of horizontal stratification? This seems a similar debate about how to measure
social class. European tradition focuses more on categorical differences across social classes,
while American tradition focuses on continuous aspects (e.g., socio-economic index).
Unfortunately, in my view, there is no compelling theoretical argument about which direction we
should aim for in horizontal stratification. Without clear theory and concepts, we cannot move
forward to measurement. Future research should discuss more theoretical foundations of
horizontal stratification. How is this similar to vertical stratification (i.e., years of education)? If
different, how can we measure the difference? These are all open questions.

I conclude this dissertation by briefly touching on policy implications. Although these

three dissertation chapters examine different aspects of horizontal stratification in higher
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education, one overreaching policy implication is that we need to carefully think about the
efficiency, equity, and consequences of qualitative diversification of higher education systems.
On the one hand, increasing institutional stratification in higher education in terms of selectivity
is expected to improve the efficiency of educational outcomes because studies suggest that
students will receive a more clear message about their future plans in highly differentiated
educational systems. On the other hand, my dissertation found that access to such selective
colleges is highly unequal, which may contribute to the persistence of inequality across
generations. Thinking about how to make such selective colleges more accessible is critical since
my dissertation also found that attending a selective college is associated with the labor market
and marriage market outcomes. I hope to discuss several potential ways to increase the

accessibility of selective college attendance in my dissertation.
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