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Abstract

Trends in the inequality of educational opportunity have been studied by measuring social origin
through parental socioeconomic positions. However, recent studies suggest that the influences of
grandparents’ socioeconomic resources may have increased, indicating that the parent-child
association does not accurately reflect the influence of parents per se over time. To examine this
change, we demonstrate how associations between parents’ and grandparents’ educational
attainment and their (grand)child’s educational attainment have changed across cohorts by
utilizing three-generation data from multiple nationally representative social surveys in Japan.
The results reveal that the influence of grandparents’ educational attainment has increased across
cohorts for grandsons, indicating that the declining influences of parents’ educational attainment
will be underestimated when the grandparental generation is not considered. No increasing
trends in the grandparent-granddaughter association of educational attainment are found.
Incorporating other familial members into the measurement of social origin allows us to

disentangle the (un)changes in parent-child intergenerational association over time.

Keywords

multigenerational perspectives, inequality of educational opportunity, intergenerational mobility,

trend, Japan



Introduction

Trends in the inequality of educational opportunity by social origin, as measured by parental
socioeconomic positions, have been examined in numerous studies. Educational attainment
mediates people’s social origin and destination in industrial societies (Blau and Duncan 1967),
which also influences the degree of intergenerational mobility (Breen and Jonsson 2005; Beller
and Hout 2006; Breen and Miiller 2020). Studies have shown that the inequality of educational
opportunity by parental class can change across periods. While several studies have suggested
that educational inequality by parental class has decreased across cohorts (Breen et al. 2009,
2010), it is still debated whether the relationship between parental socioeconomic positions and
children’s educational attainment has declined or remained stable, as has been suggested by
many studies (Ballarino et al. 2009; Boliver 2011; Breen and Miiller 2020; Bukodi and
Goldthorpe 2016; Erikson and Jonsson 1996; Fujihara and Ishida 2016; Pfeffer 2008; Reimer
and Pollak 2010; Rotman et al. 2016; Shavit et al. 2007; Torche 2010; Triventi et al. 2016; van
Doorn et al. 2011).

However, these studies have measured social origin based solely on parental attributes,
which is an approach that may have obscured the actual changes in parental influences on their
offspring’s educational attainment. Multigenerational views on intergenerational mobility
suggest that intergenerational associations between parents and children may neglect the
influences of other familial origins (Mare 2011, 2014). Among the other familial origins,
grandparental influences have received much attention. Studies have indicated that grandparents’
resources, in addition to parents’ resources, are associated with their grandchildren’s educational
attainment (Anderson et al. 2018). Moreover, various societal changes, such as prolonged life

expectancy (Bengtson 2001; Song and Mare 2019), increasing grandparental financial resources



(Coall and Hertwig 2010), and an increase in working mothers among the parental generation
(Buchanan and Rotkirch 2018) can also augment the intergenerational relationships of
grandparents with their grandchildren. This suggests that the influences of the socioeconomic
resources of not only parents but also of grandparents on their (grand)child’s educational
attainment have also changed over time.

Introducing grandparental generations provides renewed insights into the trends in two-
generational intergenerational mobility. Figure 1 presents the differences in the model of parent-
child associations (i.e., two-generation model) and of grandparent-parent-child associations (i.e.,
three-generation model). The two-generation model reveals the unconditioned association
between parents’ socioeconomic positions and their child’s attainment (f3,3). In the three-
generation model, the parent-child association is decomposed to the net parent-child association

given grandparental socioeconomic positions (f823(61), plus grandparent-child association given
parental positions (fB;3)62) multiplied by the grandparent-parent association (f;;). Observed

stable trends in the two-generational association do not necessarily indicate that parental
influences have been stable. If the unconditioned parent-child association, as gauged by two-
generation models, remains stable across cohorts, then the trends may be accounted for by a
decreased influence of parents and an increased influence of grandparents, or vice versa. The
three-generation model unveils more detailed pathways that underlie ostensibly observed
stable/changing patterns in inequality of educational opportunity or intergenerational mobility.
In this paper, we demonstrate how the associations of parents’ and grandparents’
educational attainment with their (grand)child’s educational attainment have changed across
cohorts by exploiting three-generation data from nationally representative social surveys

conducted in Japan. Many studies in Japan have reported that the inequality of educational



opportunity by parental class or education has not decreased since the early 20th-century cohorts
for both men and women (Aramaki 2000; Fujihara and Ishida 2016; Hamamoto 2020; Ishida
2007; Nakamura 2022; Treiman and Yamaguchi 1993), which is inconsistent with the trends
found in European countries and the United States (Ballarino et al. 2009; Breen et al. 2009;
Breen and Miiller 2020). During this period, Japan also experienced an increase in life
expectancy, slowed economic growth, and an increase in mothers’ employment rates, all of
which are factors expected to enhance the influences of grandparents on their grandchildren’s
educational attainment. We can suspect that the nondecreasing associations of parental
socioeconomic positions with their child’s educational attainment may result from the offsetting
increasing influences of grandparental socioeconomic positions. While there is some literature
that focuses on direct associations between grandparents’ and their grandchildren’s educational
attainment net of parental generation (Aramaki 2012, 2019), little is known about the changes in
grandparental influences and thus the potential related impacts on trends in parent-child
associations. We reveal how the influence of parents’ and grandparents’ educational attainment,
as a measurement of their socioeconomic positions, on their (grand)children’s educational
attainment changed between the 1950 and 1989 cohorts.

This study contributes to the literature on trends in the inequality of educational
opportunity and intergenerational mobility by unveiling the changing influences of grandparents,
or potentially other familial members, in these trends. Our results show that the increasing cross-
cohort associations between grandparents’ and their grandson’s educational attainment have
masked the decreased direct associations between parents’ and their son’s educational
attainment. Considering that several studies have suggested that the association between

grandparent’s and grandchildren’s educational attainment may have increased in recent years



(Bengtson 2001; Buchanan and Rotkirch 2018; Song and Mare 2019), the results suggest that the
increasing grandparent-grandchild association also augment the parent-child association without
controlling for grandparental factors, which has been stylized as a measurement of
intergenerational mobility. Recent studies conducted in Europe and the United States have found
that the pace of decreasing inequalities by parental class or education in their child’s educational
attainment has slowed in recent cohorts (Barone and Ruggera 2018; Breen and Miiller 2020),
which may be attributable to an increase in influences from other relatives, such as grandparents,
rather than parents. Solely looking at the trends in parent-child associations may overlook the

underlying changes in the sources of social-origin influences.

Literature Review

Theory and trends in the inequality of educational opportunity

There are several theses that propose (un)changes in the inequality of educational opportunity by
social origin. The industrialization thesis (Blau and Duncan 1967; Treiman 1970) and increased
merit selection thesis (Jonsson 1992) insist that individual achievement becomes the dominant
determinant for access to educational institutions, along with cultural changes, intensifying
economic competition, or technological changes. These theses suggest that the association
between social origin and educational attainment becomes weaker over time. Other theories
suggest that the dependence of educational attainment on ascribed status will persist. The
maximally maintained inequality (MMI) thesis argues that social-origin differentials in access to
educational institutions will not decline until the educational aspirations of upper-class

individuals have been saturated (Raftery and Hout 1993). Cultural reproduction theories also



suggest that upper-class individuals retain their advantage of educational achievement by
leveraging their cultural superiority relative to their lower-class counterparts during educational
expansion, which maintains the social-origin differentials in educational attainment (Bourdieu
and Passeron 1977; Collins 1971). Finally, the effectively maintained inequality (EMI) thesis
postulates that upper-class individuals would distinguish themselves from other classes by
enrolling in elite schools or majors that lead to higher socioeconomic status, even if access to
higher education became universal (Lucas, 2001).

Studies have investigated the trends in the association between educational attainment
and parental class or education to test these theoretical expectations. Shavit and Blossfeld (1993)
and Shavit et al. (2007) revealed that the inequality of educational attainment as viewed by
fathers’ class and education has been persistent across cohorts in most countries they examined,
at least until educational expansion reaches a certain point of saturation, which is also known as
MML. In contrast, Breen and colleagues (Breen et al. 2009, 2010) showed that educational
inequality by parental class has decreased across cohorts in eight European countries. Recent
studies analyzing various European countries and the United States have shown that the
inequality of educational opportunity decreased across cohorts in the first half of the 20th century
but stagnated in the latter half (Barone and Ruggera 2018; Breen and Miiller 2020). Other studies
have reported mixed findings by country, cohort coverage or measurement; some have shown
that the inequality of educational opportunities by parental class or education has been stable
over time (Bar Haim and Shavit 2013; Blossfeld et al. 2015; Boliver 2011; Fujihara and Ishida
2016; Gabay-Egozi and Yaish 2021; Pfeffer 2008; Reimer and Pollak 2010; Sartor 2022; Torche
2010), while others have reported decreasing trends (Ballarino et al. 2009; Erikson and Jonsson

1996; Triventi et al. 2016; van Doorn et al. 2011). Another study found that the inequality of



educational opportunity increased under the transition from a state-socialist to a market-based
economy (Betthduser 2019; Bukodi and Goldthorpe 2010; Gerber and Hout 2004; Gruijters et al.
2019; Jackson and Evans 2017).

These studies on trends measure social origin by using parental socioeconomic position;
however, they do not reflect the direct influence of parental socioeconomic positions on
children’s educational attainment. Even if the associations between parental socioeconomic
positions and the child’s educational attainment were to change, we cannot say that the examined
trends indicate solely the influence of such positions because these trends are also affected by
changes related to the influence of other familial members. Individuals are surrounded by broad
kinship networks (Kolk et al. 2023), which will also affect the educational advantages of children
(Mare 2011, 2014). As introduced in the following section, grandparents’ socioeconomic
resources have distinct influences that extend beyond the parental generation. Thus, the exclusive
focus on parental resources as a measurement of social origin may obscure the changes in the

influence of parents on a child’s attainment.

Influences of grandparents and the expected changes

Grandparents’ socioeconomic positions can be associated with their grandchildren’s educational
attainment beyond parental socioeconomic positions. Grandparents may transmit their cultural or
economic resources to their grandchildren in various ways. Grandparents transfer or cultivate
their grandchildren’s cultural resources via social contacts such as chatting, caring, or parenting
(Bengtson 2001; Song and Mare 2019; Zeng and Xie 2014). Economic advantages acquired in

grandparents’ generation may have a persistent impact on their descendants’ status attainment



through cumulative advantages (DiPrete and Eirich 2006; Hillsten and Kolk 2023; Mare 2011),
wealth transmissions or financial support for their descendants’ educational success.

Empirical studies have also found a positive association between grandparents’ resources
and their grandchildren’s educational attainment, even after controlling for parental resources.
As shown by a review study (Anderson et al. 2018), over half of studies regarding three-
generational associations show significantly positive associations between variables related to
grandparents’ socioeconomic background such as education, occupation, income, or wealth and
their grandchildren’s educational attainment net of parental attributes. Such associations have
been found in various social contexts, including Chile (Celhay and Gallegos 2015), China (Li
and Cao 2023; Zeng and Xie 2014), Denmark (Mollegaard and Jeger 2015), Finland (Erola et al.
2018; Lehti et al. 2018), Japan (Aramaki 2012), Sweden (Hillsten and Pfeffer 2017), Taiwan
(Chiang and Park 2015), the United Kingdom (Zhang and Li 2018), the United States (Erola et
al. 2018; Song and Mare 2019), and samples from various European countries (Colagrossi et al.
2020; Deindl and Tieben 2016; Sheppard and Monden 2018).

Moreover, studies have argued that the influence of grandparents may have increased in
recent periods, in line with multiple societal changes. The prolonged life expectancies
experienced throughout the 20th century (Riley 2005) have increased the chance of interaction
between grandparents and their grandchildren (Bengtson 2001). Grandparents with fewer
functional limitations can provide grandchild care (Luo et al. 2012), which enables them to
transmit their cultural resources to their grandchildren. The increase in shared time between
grandparents and grandchildren over periods brought about by longevity can contribute to the
increasing association between grandparents’ and their grandchildren’s educational attainment

(Song and Mare 2019). Moreover, economic growth experienced by grandparental generations



(i.e., around the early to mid-20th century) has increased their financial resources not only for
their own lives but also to invest their descendants (Gale and Scholz 1994; Pfeffer and Schoeni
2016). In fact, grandparents with greater economic resources tend to invest or transmit these
resources to their grandchildren (Coall and Hertwig 2010). Furthermore, among parental
generations, more women with children have become employed in recent years, which also
suggests an increased role of grandparents in childcare and parenting (Buchanan and Rotkirch
2018). Parents’ reduced time for childcare and parenting time due to increased working hours
outside the home is compensated for by increased grandparents’ involvement in many countries
(Bordone et al. 2017; Di Gessa et al. 2016; Geurts et al. 2015; Yoda and Shintani 2018). These
arguments suggest that the role of grandparental socioeconomic resources in educational
attainment has become stronger in more recent cohorts.

There are limited studies that focus on the trends in the association between
grandparents’ socioeconomic positions and their grandchildren’s educational attainment after
industrialization periods. Regarding the trends in preindustrial periods, Knigge (2016) showed
that the influence of grandparents’ resources had been stable, whereas Celhay and Gallegos
(2015) found that the influence has decreased. In more recent periods, Ziefle (2016) compared
the 1973-1982 and 1983—-1992 cohorts in East Germany, while Li and Cao (2023) compared the
mid-1950s and 1980s cohorts in China; the authors found no significant changes. However, these
studies did not simultaneously estimate the trends in parental and grandparental influences on
their (grand)children’s educational attainment. In contrast, we analyze cross-cohort trends in the
association of grandparents’ educational attainment and that of parents with their

(grand)children’s educational attainment in the same model.
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The Japanese Context

Japan experienced rapid educational expansion over the course of decades; while those who
received a tertiary education (i.e., junior college or university) comprised 10% of the same
cohort in 1960, the rate increased to approximately 50% in 2000 (Ministry of Education, Culture,
Sports, Science and Technology-Japan 2021). Reflecting the changes in the composition of
educational degrees, the relative distances between each type of educational institution within the
educational stratification vary by cohort (Fujihara and Ishida 2016). Additionally, the
educational institution and thus the pace of educational expansion is differentiated by gender.
Whereas most men in higher education went on to four-year universities from the 1960s to the
early 1990s, the majority of women in tertiary education went to two-year junior colleges, which
were mainly established to educate women (Brinton and Lee 2001; Ishida 2007). Since the
1990s, the proportion of women going to junior colleges has declined and been replaced by an
increase in the proportion of women going to universities; however, the proportion of women’s
university enrollment is still lower than that of men (Ministry of Education, Culture, Sports,
Science and Technology-Japan 2021).

Studies have not shown clear decreasing trends in the inequality of educational
opportunities over time. Many studies have reported that the inequality of educational
opportunity by parental class or education exhibits stable or trendless fluctuations across 20th-
century cohorts for both men and women (Aramaki 2000; Fujihara and Ishida 2016; Hamamoto
2020; Ishida 2007, 2022; Nakamura 2022; Treiman and Yamaguchi 1993), with the exception of
Kondo and Furuta (2009) showing decreasing trends across cohorts. A recent study even

suggested that the educational inequalities in educational opportunities have increased among

11



men in a very recent cohort (Nakamura 2022). Importantly, all these studies have measured the
social origin of respondents according to their parental socioeconomic positions.

Studies have also reported that grandparents’ socioeconomic positions are positively
associated with their grandchildren’s educational attainment (Aramaki 2012, 2019). This is often
interpreted in the context of extended families in Japan. Many grandparents live with their
children, their spouses, and their grandchildren, which is a popular living arrangement in Japan.
Grandparents provide social or emotional support to both their child and their grandchildren
(Morgan and Hirosima 1983; Yamato 2021). Also, in recent years, married women with children
have tended to live with or live close by their parents or parents-in-law to receive support for
their childrearing (National Institute of Population and Social Security Research 2017).

Japan’s social changes over the late 20th century are consistent with the expectations of
the increased influence of grandparental resources on their grandchildren’s educational
attainment that was noted in the previous section. First, the average life expectancy has
significantly increased over the latter part of the 20th century. Life expectancy has increased
from 59.6 in 1950 to 75.9 in 1990 for men and 63.0 to 81.9 for women, as shown in Figure 1a.
The healthy life expectancy has also increased (Yong and Saito 2009), which allows stable
contacts to extend across generations (Bengtson 2001; Luo et al. 2012). Second, the economy
grew rapidly in the mid-20th century, and the standard of living among older people significantly
improved. Figure 1b shows that the GDP per capita rapidly increased until the 1980s; however,
since then, the speed of this increase has slowed. During this period, economic well-being among
older people has improved over that found in recent decades (Shirahase 2015), which enables
older individuals to transfer their own financial resources to their grandchildren (Gale and Scholz

1994; Pfeffer and Schoeni 2016). Such financial resources can be spent on grandchildren’s

12



educational success, such as meeting expenses for extracurricular activities, supplementary
education, or tuition fees, particularly in Japan, where private education prevails (Dawson 2010).
Third, more mothers have become employed in recent years, which will result in a reduction in
the amount of contact that parents have with their children (see Figure 1¢). While most women
quit their job when they get married or give birth (Brinton 1993), an increasing number of
women have been re-entering the workforce as part-time workers after giving birth (Nishimura
2016; Yu 2002), which contributes to the increased employment rate of married women with
children. Such decreased childcare or parenting time is compensated for by the involvement of
grandparents (Morgan and Hirosima 1983; Yoda and Shintani 2018). These trends are consistent
with the argument of the increasing direct influence of grandparental socioeconomic positions on
their grandchildren’s educational attainment.

To our knowledge, no previous studies have analyzed the cross-cohort trends in
grandparents’ and their grandchildren’s educational attainment simultaneously with parental
educational attainment in Japan.! We expect that these societal changes may have increased the
influences of grandparents’ socioeconomic positions on their grandchildren’s educational
attainment, even when controlling for the influence of the parental generation across cohorts. By
analyzing this relationship, we demonstrate how the changes in the influences of grandparental

socioeconomic positions are confounded with the trends in the parent-child associations.

Methods

Data

' As an exception, Kataoka (1990) suggested that direct association between male grandparents
and grandsons has become weaker in the post-WWII cohort than in the before-WWII cohort, but
this change is not statistically tested.
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We use data derived from multiple nationally representative social surveys in Japan, namely, the
National Family Research of Japan (NFRJ) Survey in 1998 and 2008; the Education, Social
Stratification, and Mobility (ESSM) Survey in 2013; and the Social Stratification and Mobility
(SSM) Survey in 2015. These surveys collect information on the educational attainment of
respondents, their parents, and either their first to third children (NFRJ and ESSM) or first to
fourth children (SSM), enabling us to construct three-generation educational attainment data.
Detailed information on each survey is provided in the Appendix. Using these data, we construct
a three-generation dataset that links the education of grandparents (respondents’ parents; G1),
parents (respondents; G2), and children (respondents’ children; G3). The data are converted to a
format in which multiple children are nested within each respondent.

The analytical sample is restricted to children who were born between 1950 and 1989 and
who were 20 years of age or older at the time of the surveys. Since the surveys do not collect
information regarding whether the children graduated from or dropped out of their last
educational institution, we cannot ascertain whether the children graduated, which may
overestimate the children’s educational attainment. However, the bias would not be significant
due to Japan’s very high school completion rates; nearly all of Japan’s new university entrants
(the highest educational attainment in our analysis) are between the ages of 18 and 19, and more
than 90% of them successfully graduate from university, which is the second highest percentage
found among OECD countries (OECD 2019). Thus, we assume that the individuals’ last
educational institution or enrolled institution as age 20 will, in most cases, be consistent with
their educational attainment.

The sample is separated by gender following previous studies (e.g., Fujihara and Ishida

2016; Kondo and Furuta 2009; Nakamura 2022), which reflects the differential pace of
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educational expansion in Japan (Brinton and Lee 2001; Ishida 2007). The original sample
contains 11,416 sons for 8,114 respondents and 10,571 daughters for 7,694 respondents. Note
that respondents who have both sons and daughters are included in both samples. After the
listwise deletion of the observations with some missing values, the resultant sample size contains

9,384 sons for 6,720 respondents and 8,722 daughters for 6,377 respondents.?

Variables

Children’s (G3) educational attainment. The dependent variable, children’s (G3) educational
attainment, is measured as the last educational institution that the child attended.? The
educational categories are divided into four categories: 1) junior high, 2) high school, 3)
vocational school and junior college (junior college hereafter), and 4) university.* When
estimating linear regression models, discussed later, we code these categories as 9, 12, 14, and
16. The measurement of educational attainment follows that used in previous studies (e.g.,

Fujihara and Ishida 2016).

2 Most of the missing data stems from respondents who did not report their parents’ educational
attainment, which is a common occurrence in social surveys. To assess if the results are affected
by the way of treating missing values, we also employ multiple imputation techniques (the
number of imputations is 20). The results show substantially similar results for the results
presented in this paper; thus, we present the results obtained from listwise deletion. The results
obtained by multiple imputation are available upon request.

3 Since the survey does not collect whether the children graduated from their last educational
institution or not, we could not distinguish if the children graduated from the educational
institution or not, which may overestimate the children’s educational attainment. However, the
bias would not be so significant because of the Japan’s very low high school and college dropout
rates (OECD 2019).

4 In the CASMIN educational classification (Brauns et al. 2003), junior high school corresponds
to 1bc (compulsory education), high school corresponds to 2ab (intermediate education),
vocational school and junior college correspond to 3a (lower tertiary education), and university
corresponds to 3b (higher tertiary education).
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Respondents’ (G2) and parents’ (G1) educational attainment. We use respondents’ and
their parents’ educational attainment as a measure of their child’s social origin. The educational
attainment of the parental generation is measured by the highest educational degrees of the
respondent and their spouses, following a dominance approach (Erikson 1984). If one of the
respondent’s educational attainment values is missing, then the valid response from the other
spouse is used. The educational attainment of the grandparental generation is determined by
either the respondents’ mothers or fathers. If neither is not reported, then valid responses of the
other parents are used. The respondents’ and their parents’ education are classified into primary
(junior high), secondary (high school), and tertiary (junior college, vocational school, and
university), which also follows previous studies (Fujihara and Ishida 2016). We code primary,
secondary, and tertiary to continuous values that range from 1 to 3 to simplify the interpretation
of the results. We confirm that the results obtained from models using categorical measures of
G2 and G1 educational attainment do not substantially vary (see Figure Al and A2 in Appendix).

Children’s (G3) cohort. Trends in intergenerational educational mobility are measured
using a child’s year of birth, which is separated into 10-year intervals: 1950—1959 (1950s),
1960-1969 (1960s), 1970-1979 (1970s), and 1980—-1989 (1980s).

Other controls. Control variables for G3 include the number of siblings and birth order,
as they are associated with educational attainment (Barclay, 2015; Choi et al., 2020; Hauser and
Sewell, 1985). The number of siblings for G3 is measured by the number of children that

respondents (G2) had at the time of the survey. The birth order for children (G3) is also

> The respondents who do not report their fathers’ educational attainment are coded as missing in
the NFRJ1998 since the survey does not collect the respondents’ mother’s educational
attainment.
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introduced, categorized as first, second, third, or fourth.® As control variables for G2, we account
for the respondents’ (G2) number of siblings to address the resource intensification from the G1
to G3 generation across cohorts due to the decrease in sibship size; If the respondent’s sibship
size decreases across cohorts, the grandparents’ resource allocations may become more
concentrated on their smaller number of children and their grandchildren, which would increase
their influence on their grandchildren. The number of siblings for G2 is measured by the
respondents’ number of siblings.” We also control for respondents’ (G2) marital status since the
survey does not collect the respondents’ partner’s educational attainment if the respondents are
divorced or separated at the time of survey, which may underestimate the parental educational
attainment due to the lack of the partner’s educational attainment information. Marital status is
classified into two groups: married or not married at the time of the survey. The respondents’
(G2) gender is also controlled. Finally, survey dummies are introduced to control for the survey-
specific effect.

The descriptive statistics are shown in Table 1.

Analytical strategy
Studies have argued that the trends of inequality of educational opportunity may depend on the
measurement of children’s educational attainment. Human capital theories assume that the value

of educational investment, in terms of status attainment, remains fixed regardless of the societal

® We cannot control for the G2 birth order because the NFRJ1998 does not collect the
respondents’ own birth order among siblings.

7 We note that while the ESSM2013 and SSM2015 ask respondents the number of siblings they
had when they were 15 years old, the NFRJ1998 and NFRJ2008 ask respondents the total
number of siblings they ever had. This indicates that the number of siblings may be larger for the
NFRJ than for the ESSM and SSM.
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distribution of educational degrees (Becker 1964), implying that education has absolute value as
the years of education increase. In contrast, positional value theories assert that the returns to
education depend on the extent to which educational degrees are offered to others in the same
groups, such as cohorts or periods (Hirsch 1977; Serensen 1979; Ultee 1980), suggesting that the
relative distance between educational categories, in terms of leading to higher labor market
status, should change as education expands. Studies have reported that trends in educational
inequality differ when educational attainment is measured in absolute or relative terms (Bukodi
and Goldthorpe 2016; Fujihara and Ishida 2016; Rotman et al. 2016; Triventi et al. 2016). Table
2 shows that the level of child’s (G3) educational attainment has increased across cohorts,
reflecting educational expansion during the periods for both men and women.? Following these
arguments, we examine whether the results are consistent between absolute and relative
measurements of children’s educational attainment.

To gauge the trends in absolute terms, we employ a linear regression model. For a child i
(G3) nested within respondents j, the estimated model is as follows:

YSOrHmHOuS = ¢+ aC; + BLES? + BLEf? X €+ v1EF + v,Ef X C; + 86Xy, (1)

where Yiﬁ""ti"“”“s refers to the years of education of child i (which can take values of 9, 12, 14,
or 16); T refers to an intercept; C; refers to child’s birth cohort; G1; and G2; refer to
grandparents’ and parents’ educational attainment, respectively; and X;; refers to the child’s or

the family’s control variables. To facilitate the observation of how the magnitude of the effect

8 We note that children’s educational attainment between the 1950s and 1960s cohort did not
increase because there were stagnant periods in educational expansion experienced in the late
1970s to the early 1990s (Ministry of Education, Culture, Sports, Science and Technology-Japan
2021).
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changes across the G3 cohorts, we present the coefficients of G1 and G2 education by G3
cohorts in figures.
Furthermore, we use a generalized ordered logit model (Williams 2006) to account for

the changing relative values of education across child cohorts. The estimated models are as

follows:
Pr(yﬂiscrete > k)
; = G2 G2 G1 1
IOg Pr(Y.C?iSCT'ete < k) - TkC + ﬁlE'] + ﬁZE'J X Cl + }/IE] + )/ZEJ X Cl + 6Xl]’
ij =
1' )/lj < T1c
YIQiscrete — 2' T1c < Yij < Tac
Y 3' TZC S Yl] < T3C
4 T < Y]

-

J
where Yl-j-”“rete refers to the educational attainment of child i on a categorical scale (1: junior
high, 2: senior high, 3: vocational school or junior college, 4: university), and 7 refers to
cohort-specific parameters of the threshold between educational categories k and k + 1. By
allowing thresholds to vary by cohort, we can assume that the relative distances between
educational categories, net of independent variables, change across cohorts. The method is
applied to measure the trends in the inequality of educational opportunity in relative terms
(Ballarino et al. 2009; Breen et al. 2009; Fujihara and Ishida 2016; Kondo and Furuta 2009;
Nakamura 2022).°

We estimate two specifications for both linear regression and generalized ordered logit to
illustrate the differences between the two-generation and three-generation models. One does not

include G1 education and the interactions with the child’s cohort (Model 1), while the other

® We confirm that the model fit significantly improved when using generalized ordered logit
models compared to the models that do not allow varying thresholds (see Table A2 in
Appendix).
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introduces G1 education and the interactions with the child’s cohort (Model 2). For all models,

the standard errors are calculated using robust standard errors clustered within respondents.

Results

Trends in associations of parents’ and grandparents’ education with (grand)sons’
educational attainment
Figure 3 presents the estimated trends in the influences of G2 and G1 educational attainment on
educational attainment for G3 men. The first row indicates the results for linear regression
models predicting years of education. Model 1, which estimates the association between G2 and
G3 educational attainment, indicates that the positive association decreased between the 1950s
and 1960s cohorts and then gradually increased afterward (see the upper-left panel), suggesting
that the parent-child associations have not consistently decreased across cohorts. These results
are generally consistent with previous findings that show that the father-son associations of
educational attainment decreased from the early 1900s to around the 1960s cohorts and then
became stable (Fujihara and Ishida, 2016).

In contrast, Model 2 reveals that the association between G3 and G1 education, net of G2
education, has increased across cohorts (see the upper-right panel). In the 1950s cohorts, there
were no significant associations between G1 and G3 educational attainment. However, the

association has become positive and stronger in more recent cohorts.!® Additionally, by

19 We conduct post hoc tests that incorporate the interaction between linearly parameterized
cohort variables (i.e., we code the 1950s as 1, the 1960s as 2, the 1970s as 3, and the 1980s as 4)
and G1 education in the replacement of the interactions with categorical G3 cohorts. The model
fit (AIC and BIC) is better for models that use linearly parameterized cohort variables, which is
reported in Table A4 in the Appendix. This is also true for the generalized ordered logit models.
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controlling for the increasing trends in the grandparental influences, the trends of reduced
associations between G2 and G3 between the 1950s and subsequent cohorts become more
apparent than in Model 1. This indicates that without controlling for the increasing influences of
grandparents, the reduced influences of parents’ educational attainment may be underestimated.

The second row presents the results for generalized ordered logit models predicting
categorical educational attainment. Model 1 reveals stable trends in the G2-G3 association; the
association slightly declined for the 1960s and 1970s cohorts and then increased for the 1980s
cohorts (see the lower-left panel). This increased association is in line with a recent study that
used a relative measure of educational attainment, suggesting that the association between
parental occupational status and men’s educational attainment increased around the 1980s
cohorts (Nakamura 2022).

Model 2, however, suggests that the stable trends in G2-G3 associations can be partially
attributed to the increasing direct associations between G1 and G3 educational attainment (see
the lower-right panel). While the association between G1 and G3, net of G2 educational
attainment, was not statistically significant in the 1950s cohorts, the strength of the association
has been increasing in more recent cohorts. Controlling for the trends in G1-G3 associations
makes the reduced G2-G3 association between the 1950s and the 1960-1970s cohorts statistically
significant (see Table A3 in Online Supplements). In this model, there are no clear increasing
trends in the G2-G3 association.

In summary, regarding the trends of the inequality of (grand)sons’ educational

attainment, both linear regression and generalized ordered logit models reveal similar results.

The coefficient of interaction term is .069 (the standard error is .035) in the linear regression
and .090 (the standard error is .043) in the generalized ordered logit model.
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The reduced direct parent-child associations of educational attainment are masked if the trends in
grandparent-child associations are not introduced due to the increased associations across

cohorts.

Trends in associations of parents’ and grandparents’ education with (grand)daughters’
educational attainment

Figure 4 presents the results for G3 women. When using the absolute measurement, the positive
association between G2 and G3 educational attainment, without introducing G1 educational
attainment, appears to have remained stable across cohorts (see the upper-left panel), which is in
line with previous studies (e.g., Hamamoto 2020; Nakamura 2022). Higher parental educational
attainment is also linked to more years of education for daughters.

Different from the men’s results, Model 2 shows that a positive association between G1
and G3 educational attainment, net of G2 education, was significant in the earliest cohorts and
remained stable throughout the subsequent cohorts (see the upper-right panel). Even after
controlling for G2 educational attainment, a higher grandparent’s educational attainment is found
to be linked to more years of education for granddaughters. Because of the stable trends in G1-
G3 associations, introducing G1 does not change the stable trends of G2-G3 associations
observed in Model 1.

We can also reach the same conclusions when using the relative measurement of
educational attainment. Model 1 in the generalized ordered logit model shows stable trends in the
association between G2 and G3 educational attainment (see the lower-left panel), and these

stable trends are not affected regardless of the introduction of G1 educational attainment (see the
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lower-right panel). There are significant positive associations between G1 and G3 educational
attainment, net of G2 educational attainment, across these cohorts.

There are significant positive associations for both G2-G3 associations of educational
attainment given G1 educational attainment and G1-G3 associations given G2, but no clear
increased or decreased trends are found. The results suggest that omitting G1 educational
attainment may overestimate the influences of parents’ educational attainment. However, the
assessment of the direction of the trends is not affected by including grandparental attributes in

the models.

Discussion and Conclusion

Trends in the inequality of educational opportunity have been studied using parental
socioeconomic positions as the measurement of individuals' social origin. Studies have suggested
that grandparental socioeconomic positions may be confounded with parent-child associations,
and the direct influence of grandparents on the grandchild’s educational attainment may have
increased. If so, we cannot attribute the trends in parent-child associations, which is the stylized
method of analyzing the trends of intergenerational mobility, to changes in parental influences
without controlling for grandparental socioeconomic positions. Thus, we have examined how the
associations between grandparents and the grandchild, as well as between parents’ and the
child’s educational attainment, have changed across 1950—-1989 cohorts in Japan, where the
parent-child educational associations have been reported as stable over time, to assess how the
omission of grandparental socioeconomic positions affects the two-generational trends of

inequality of educational opportunity.
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The results showed that the positive associations between grandparents’ and their
grandson’s educational attainment have become stronger in recent cohorts, regardless of the
measurement of the child’s educational attainment (i.e., in absolute or relative terms). The
association between parents’ and sons’ educational attainment, without introducing
grandparental educational attainment, has exhibited stable trends. However, after controlling for
the increasing grandparent-grandchild associations, the decline in the associations between the
1950s and the subsequent cohorts became more apparent. This suggests that we may overlook
the reduced parent-child associations if we do not account for the grandparental influences over
time. While most previous studies in Japan have suggested that the trends in the inequality of
educational opportunity have not decreased since the latter 20th-century cohorts (Aramaki 2000;
Fujihara and Ishida 2016; Hamamoto 2020; Nakamura 2022), our results suggest that we cannot
regard the stable trends as stable parental influences. Rather, increased grandparent-grandson
associations may have contributed to the stable levels of gross parent-son associations.

We found that there are significant positive associations between grandparents’ and their
granddaughter’s educational attainment evident throughout the cohorts. In contrast to the results
for males, the association for females was already significant in the earliest cohorts (i.e., the
1950s), and the strength did not increase across cohorts. Thus, we interpreted that the positive
grandparent-grandchild association in the earliest cohorts may have been accounted for by the
greater differentials among socioeconomic backgrounds of daughters in the older cohorts.
Families in the older cohorts may have prioritized the educational attainment of their sons,
whose economic returns to educational attainment were seen as greater, rather than that of their
daughters (Brinton 1993; Shavit and Blossfeld 1996); thus, a limited number of upper-class

families could afford to invest in their daughter’s educational attainment. Several studies have
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suggested that the inequality of educational opportunities between service class parents and other
class parents was larger in the older cohorts (Hara and Seiyama 2005; Ojima and Kondo 2000).
Grandparental education differentiates parents with the same levels of education, which are
linked to their daughter’s higher educational attainment. Further research is required in this
regard. Importantly, the stable grandparent-grandchild associations for women across cohorts
indicate that the omission of grandparental socioeconomic positions in the study of trends in the
inequality of educational opportunity does not alter the trends in parent-child association. This is
also unaffected by the measurement of the child’s educational attainment in absolute or relative
terms.

Studies have presumed that the influences of grandparents' socioeconomic resources on
their grandchildren’s educational attainment may have increased in many countries. Drawing on
our results, increased grandparent influences may contribute to the trends of parental class gaps
in educational attainment. Recent studies in the United States have shown that the differences in
a son’s educational attainment by parental class have not decreased; in fact, they have even
increased (Hertel and Pfeffer 2020; Pfeffer and Hertel 2015). This increased educational
inequality may be accounted for by increased grandparental influences over time (Song and
Mare 2019) rather than parental influences per se. Our results corroborate that introducing
grandparent-grandchild associations into two-generational studies on trends in the inequality of
educational opportunity or intergenerational mobility will allows to disaggregate trends beyond
parental generations.

We have also contributed to the literature on multigenerational inequality studies by
providing direct evidence of the increased grandparent-grandchild association of educational

attainment for grandsons. While previous studies have suggested that various societal changes,

25



such as increased longevity, improved economic well-being, or increased mothers’ employment
in recent decades, will enhance the role of grandparents in the process of intergenerational
transmissions of inequality (Bengtson 2001; Buchanan and Rotkirch 2018; Coall and Hertwig
2010; Song and Mare 2019), few studies have explicitly examined these expectations. The
findings related to men’s results in Japan are consistent with these expectations. It would be
worthwhile for future studies to isolate to what extent these societal changes, or other changes,
have contributed to the changes found in the grandparent-grandchild associations.

We acknowledge several limitations. First, due to the relatively small sample size,
particularly in the 1950s cohorts, the observed trends in our analysis may be unstable. Second,
we did not consider the horizontal stratification of education due to the lack of detailed
information on respondents’ child’s attended educational institutions. While horizontal
stratification (Lucas 2001) by school selectivity within universities is an important dimension of
inequality of educational opportunity in Japan (Fujihara and Ishida 2016), we could not
incorporate this dimension. Third, our three-generational dataset was obtained from surviving
parents at the time of the survey, which may have introduced some biases into the estimates. If
lower-educated parents with fewer socioeconomic resources are more likely to cease attending
school than those with greater resources, the coefficients of parents’ and grandparents’
educational attainment may be underestimated. Japan’s relatively longer life expectancies
(OECD 2023) and small socioeconomic gradients in health and mortality (Kagamimori et al.
2009) may mitigate these risks, but the impact of these factors on the results is uncertain.

Despite these limitations, we have contributed to the literature on trends in the inequality
of educational opportunity and intergenerational mobility by introducing a multigenerational

perspective. While social origin has traditionally been measured using parents’ socioeconomic
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positions, the related trends may not necessarily align with the trend of parents’ direct influences
on their children’s attainment. We can broaden our understanding of the changes in the
intergenerational reproduction of inequality by incorporating grandparents and potentially other

kinship members into the measurement of social origin.
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Figure 1. The differences between the two-generation and the three-generation models
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Figure 2. Several trends in Japan are potentially related to the influence of grandparents.

Notes. (a) The values were retrieved from the Complete Life Table (National Institute of
Population and Social Security Research,
https://www.ipss.go.jp/syoushika/tohkei/Popular/Popular2021.asp?chap=0).

(b) The values were retrieved from the World Bank
(https://data.worldbank.org/indicator/NY.GDP.PCAP.KD.ZG?locations=JP).

(c) The values represent the proportion of those who are employed among married women aged
18-49 with children. Self-employed and family workers are not included in the employed group.
The data were retrieved from the National Fertility Survey (National Institute of Population and
Social Security Research 2017).
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Table 1 Descriptive statistics by G3 gender

G3 men G3 women

G3 educational attainment

1 Junior high .026 014

2 High school 335 325

3 Junior college 173 391

4 University 466 269
G3 birth cohorts

1950s .094 .086

1960s 237 235

1970s 396 401

1980s 273 278
G2 educational attainment

1 Junior high 164 161

2 High school 512 518

3 Tertiary education 324 321
G1 educational attainment

1 Junior high .641 .639

2 High school 243 236

3 Tertiary education 116 124
G3 number of siblings 2.458 (.745) 2.485 (.768)
G3 birth order

Ist 492 481

2nd 384 389

3rd 120 125

4th .004 .005
G2 number of siblings 3.332 (2.167) 3.312 (2.177)
G2 not married 129 127
G2 age 62.362 (8.139)  62.173 (8.033)
G2 women 553 546
Survey

NFRJ1998 344 343

NFRJ2008 235 237

ESSM2013 335 335

SSM2015 .086 .086
N 9,384 8,722

Notes: Proportions or means are reported. Standard deviations are in parentheses.
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Table 2 Distributions of G1, G2, and G3 educational attainment by G3 gender and cohort

G3 men G3 women
1950s  1960s 1970s  1980s  1950s 1960s  1970s  1980s
G1 educational attainment
1 Junior high .803 11 .649 S12 .825 741 .630 S10
2 High school 144 186 236 339 .103 161 240 335
3 Tertiary education .054 104 A15 .149 .072 .098 130 155
G2 educational attainment
1 Junior high 476 265 122 .030 473 277 118 027
2 High school 380 521 561 478 374 520 S71 484
3 Tertiary education .144 214 318 492 152 203 310 489
G3 educational attainment
Years of education 13.869 13.986 14.053 14.459 13.246 13.464 13.815 14.283
(2.171) (1.992) (1.940) (1.840) (1.741) (1.575) (1.589) (1.621)
1 Junior high .056 .027 .025 .016 .040 015 012 .009
2 High school 379 .380 347 263 463 416 312 226
3 Junior college 112 152 192 187 311 385 425 373
4 University 453 441 436 533 .186 184 251 391
N 880 2236 3513 1993 751 2057 3320 1891

Notes: Proportions or means are reported. Standard deviations are in parentheses.

42



Linear regression Linear regression

Model 1 Model 2

1.5 +~

1.0 T9----- -7 o S ----9

0.5

00 lr/+___+/+
-0.5

Generalized ordered logit Generalized ordered logit
Model 1 Model 2

15 % + %

1.0 p---- T4---- t-- f

0.5 l/+/+/+

0.0 |
-0.5

1950s 1960s 1970s 1980s 1950s 1960s 1970s 1980s

—e— G1 educational attainment (cont) —e— G2 educational attainment (cont)

Figure 3 Trends in the associations of G2 and G1 educational attainment with G3 educational
attainment across the G3 cohorts for G3 men

Notes. The analytical sample consists of respondents’ sons. OLS or log-odds coefficients and the
95% confidence intervals (calculated by individual-clustered robust standard errors) are shown.
The upper row reports the estimated coefficients of G2 and G1 educational attainment by the G3
cohorts in regression models (Equation 1). The lower row reports the estimated coefficients of
G2 and G1 educational attainment by G3 cohorts in generalized ordered logit models (Equation
2). Model 1 includes G2 educational attainment, G3 cohorts, interaction of G2 educational
attainment with G3 cohorts, G3 number of siblings, G3 birth order, G2 number of siblings, G2
marital status, G2 age, G2 age-squared, G2 gender, and survey dummies. Model 2 includes G1
educational attainment and the interaction with G3 cohorts into Model 1. Thresholds in
generalized ordered logit are varied by G3 birth cohorts. These models’ coefficients and the
standard errors are presented in Table A3 in the Appendix.
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attainment across the G3 cohorts for G3 women

Notes. The analytical sample consists of respondents’ daughters. See the details provided in the
notes of Figure 3. The models’ coefficients and the standard errors are presented in Table A5 in

the Appendix.
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Multigenerational Perspective on Trends in the Inequality of Educational
Opportunity in Japan

Online Appendix

Detailed Information on Survey Data

We used three different sources of data, namely, the National Family Research of Japan Survey
(NFRJ), the Education, Social Stratification, and Mobility (ESSM) Survey, and the Social
Stratification and Mobility (SSM) Survey. The NFRJ has been conducted by the Japan Society of
Family Sociology since 1998, and it collects information on respondents’ family-related
attributes. The ESSM was conducted by the Survey of Education, Social Stratification, and
Social Mobility in Japan 2013 Research Project. In both of the utilized surveys, the respondents
were recruited by two-stage stratified sampling, and the responses were collected by a self-
administered questionnaire. The questionnaires were distributed to respondents and then
collected by interviewers. The SSM was conducted by the 2015 SSM Survey Management
Committee. The respondents were recruited by two-stage stratified sampling, and the responses
were collected by interviews and self-administered questionnaires. While the SSM survey has
been conducted every 10 years since 1955, the question regarding both male and female
respondents’ child’s educational attainment was first asked in the 2015 survey. Thus, we did not
utilize the surveys conducted before 2005. All these surveys well represent the composition of
the population; for more detail, see Inaba et al. (2016) for the NFRJ, Nakamura et al. (2018) for
the ESSM, and Shirahase (2018) for the SSM. Table Al shows detailed information on each

survey.
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Supplementary Tables and Figures

Table A1 List of surveys

Analytical ~ Analytical

Respondents’ Respondents’ Response Original sample size sample size
Survey . o sample

age range birth cohort  rate (%) . per per

size .
respondents children

NFRJ1998  28-77 1921-1970 66.5 6985 3227 6218
NFRJ2008  28-72 1936-1980 55.4 5203 2102 4265
ESSM2013  30-64 1949-1973 60.3 2893 814 1555
SSM2015 20-79 1935-1994 50.1 7801 2908 6068

Notes: NFRI refers to the National Family Research in Japan Survey, SSM refers to the Social
Stratification and Mobility Survey of Japan, and ESSM refers to the Education, Social
Stratification, and Mobility Survey of Japan.
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Table A2 Model comparison between proportional odds ordered logit models and models

with varied thresholds by G3 cohorts

Log likelihood df. 4 AIC BIC
G3 men (N =9,384)
Model 1
Proportional odds -9560.19 22 19164.37 19321.60
Varied thresholds by G3 cohorts -9534.39 28 0.000 19124.77 19324.88
Model 2
Proportional odds -9531.48 26 19114.96 19300.78
Varied thresholds by G3 cohorts -9504.96 32 0.000 19073.91 19302.61
G3 women (N = 8,722)
Model 1
Proportional odds -8991.61 22 18027.21 18182.83
Varied thresholds by G3 cohorts -8977.19 28 0.000 18010.38 18208.44
Model 2
Proportional odds -8950.09 26 17952.17 18136.09
Varied thresholds by G3 cohorts -8935.64 32 0.000 17935.28 18161.63

Notes: A indicates p values of the likelihood ratio tests between proportional odds model and
model with varied thresholds by G3 birth cohorts.
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Table A3 Models predicting G3 educational attainment in terms of absolute and relative
terms of education for G3 men

Linear regression Generalized ordered logit

Model 1 Model 2 Model 1 Model 2
G2 educational attainment 1.315%** 1.326%** 1.397%*** 1.389%**
(0.087) (0.095) (0.118) (0.123)
x 1960s (ref: 1950s) -0.259* -0.326** -0.265 -0.319*
(0.101) (0.113) (0.136) (0.143)
x 1970s (ref: 1950s) -0.225%* -0.307** -0.212 -0.282%*
(0.099) (0.108) (0.132) (0.138)
x 1980s (ref: 1950s) -0.122 -0.247* -0.033 -0.163
(0.109) (0.118) (0.144) (0.150)
G1 educational attainment -0.031 0.031
(0.136) (0.176)
x 1960s (ref: 1950s) 0.187 0.148
(0.150) (0.189)
x 1970s (ref: 1950s) 0.225 0.198
(0.144) (0.184)
x 1980s (ref: 1950s) 0.285* 0.310
(0.145) (0.187)
G3 number of siblings -0.212%%* -0.215%** -0.232%** (. 237%**
(0.031) (0.031) (0.034) (0.034)
G3 birth order (ref: 1st)
2nd -0.187%%* -0.179%** -0.225%** (.21 7%**
(0.037) (0.037) (0.042) (0.042)
3rd -0.270%** -0.266%** -0.296%**  _(.202%%*
(0.066) (0.066) (0.072) (0.072)
4th -0.493 -0.498 -0.610 -0.621
(0.286) (0.284) (0.342) (0.343)
G2 number of siblings -0.031** -0.025* -0.038** -0.031*
(0.011) (0.012) (0.012) (0.012)
G2 not married -0.54 1%** -0.554%** -0.586%***  -0.602%**
(0.068) (0.068) (0.073) (0.073)
G2 age 0.110%* 0.109%* 0.126%** 0.126%**
(0.034) (0.033) (0.037) (0.037)
(G2 age squared -0.001* -0.001* -0.001* -0.001*
(0.000) (0.000) (0.000) (0.000)
G2 women 0.167%** 0.155%** 0.189%** 0.179%**
(0.044) (0.044) (0.050) (0.050)
Survey dummy (ref: NFRJ1998)
NFRJ2008 -0.159* -0.158* -0.201* -0.201*
(0.076) (0.076) (0.084) (0.084)
SSM2015 -0.307** -0.311** -0.394%**  _0.406%**
(0.096) (0.095) (0.105) (0.106)
ESSM2013 -0.257* -0.234%* -0.327** -0.310*
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(0.107) (0.107) (0.122) (0.123)
G3 cohorts (ref: 1950s)

1960s 0.384 0.258 0.954** 0.856**
(0.217) (0.241) (0.296) (0.332)
1970s 0.311 0.161 0.872%* 0.742%*
(0.229) (0.253) (0.302) (0.338)
1980s 0.347 0.193 0.818%* 0.657
(0.279) (0.299) (0.369) (0.401)
Constant 7.858%** 7.927%** -3.499** -3.532%*
(1.066) (1.069) (1.181) (1.194)
Threshold: 2
1960s 0.400 0.303
(0.251) (0.295)
1970s 0.399 0.271
(0.262) (0.304)
1980s 0.347 0.178
(0.317) (0.355)
Constant -6.430***  _6.464%**
(1.170) (1.183)
Threshold: 3
1960s 0.245 0.146
(0.261) (0.304)
1970s 0.058 -0.074
(0.271) (0.314)
1980s -0.038 -0.215
(0.326) (0.365)
Constant -6.997*** 7 (32%**
(1.171) (1.185)
N 9384 9384 9384 9384
R?/Pseudo R® 0.187 0.191 0.094 0.097
Log likelihood -18654.940 -18630.284 -9534.386  -9504.956

Note: * p <.05; ** p <.01; *** p <.001 (two-tailed tests). Linear regression columns report
the estimated coefficients in regression models (equation 1). Generalized ordered logit
models report estimated log-odds coefficients (equation 2). Individual-clustered robust
standard errors in parentheses.

49



Table A4 Model comparison between categorical and continuous trend of the effect of G1

education for G3 men

Model N Log likelihood  d.ff AIC BIC
Linear regression, Model 2
Categorical trend of G1 education 9,384 -18630.3 24 37308.6 37480.1
Continuous trend of G1 education 9,384 -18630.7 22 373054 37462.6
Generalized ordered logit, Model 2
Categorical trend of G1 education 9,384 -9504.96 32 19073.9 19302.6
Continuous trend of G1 education 9,384 -9505.09 30 19070.2 19284.6
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Table AS Models predicting G3 educational attainment in terms of absolute and relative
terms of education for G3 women

Linear regression Generalized ordered logit
Model 1 Model 2 Model 1 Model 2
(G2 educational attainment 1.005%** 0.910%** 1.230%** 1.119%**
(0.084) (0.095) (0.118) (0.129)
x 1960s (ref: 1950s) -0.180 -0.181 -0.129 -0.139
(0.095) (0.107) (0.137) (0.147)
x 1970s (ref: 1950s) -0.051 -0.013 0.023 0.059
(0.093) (0.104) (0.133) (0.143)
x 1980s (ref: 1950s) -0.084 -0.081 -0.089 -0.100
(0.103) (0.115) (0.142) (0.153)
G1 educational attainment 0.247* 0.313*
(0.120) (0.159)
x 1960s (ref: 1950s) 0.031 0.063
(0.130) (0.171)
x 1970s (ref: 1950s) -0.089 -0.088
(0.127) (0.167)
x 1980s (ref: 1950s) -0.042 -0.017
(0.129) (0.170)
G3 number of siblings -0.198%** -0.198%** -0.260%** -0.263%**
(0.025) (0.025) (0.034) (0.034)
G3 birth order (ref: 1st)
2nd -0.155%%* -0.157%** -0.208%** -0.213%**
(0.033) (0.033) (0.043) (0.043)
3rd -0.246%** -0.249%** -0.331%** -0.333%**
(0.055) (0.055) (0.072) (0.072)
4th -0.701%** -0.705%* -0.873%* -0.884**
(0.243) (0.245) (0.315) (0.321)
G2 number of siblings -0.025%* -0.018* -0.036** -0.026*
(0.009) (0.009) (0.012) (0.012)
G2 not married -0.352%** -0.373%** -0.446%** -0.478%**
(0.058) (0.058) (0.078) (0.078)
G2 age 0.128%** 0.126%** 0.147%** 0.145%**
(0.031) (0.031) (0.039) (0.039)
(G2 age squared -0.001** -0.001** -0.001** -0.001**
(0.000) (0.000) (0.000) (0.000)
G2 women 0.131%** 0.127%** 0.161%* 0.156**
(0.037) (0.037) (0.049) (0.049)
Survey dummy (ref: NFRJ1998)
NFRJ2008 -0.156* -0.159* -0.203* -0.210%*
(0.062) (0.062) (0.082) (0.083)
SSM2015 -0.237** -0.251%* -0.307** -0.330%*
(0.079) (0.079) (0.106) (0.106)
ESSM2013 -0.219* -0.215%* -0.283* -0.278%*
(0.091) (0.091) (0.120) (0.121)
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G3 cohorts (ref: 1950s)

1960s 0.428%* 0.393 1.068** 1.014%*
(0.185) (0.201) (0.350) (0.369)
1970s 0.461%* 0.512%* 0.876** 0.937**
(0.194) (0.208) (0.340) (0.358)
1980s 0.928%*** 0.989%*** 1.220%* 1.288%**
(0.245) (0.256) (0.412) (0.427)
Constant 7.162%** 7.046%** -3.551** -3.714%*
(0.961) (0.960) (1.239) (1.245)
Threshold: 2
1960s 0.396 0.332
(0.266) (0.288)
1970s 0.528 0.581%*
(0.274) (0.295)
1980s 1.147%%* 1.208%**
(0.329) (0.346)
Constant -7.104%** -7.261%**
(1.232) (1.237)
Threshold: 3
1960s 0.149 0.071
(0.309) (0.334)
1970s 0.189 0.242
(0.312) (0.334)
1980s 1.108** 1.167**
(0.362) (0.381)
Constant -8.893%** -0.063%**
(1.240) (1.246)
N 8722 8722 8722 8722
R?/Pseudo R’ 0.208 0.214 0.102 0.107
Log likelihood -15696.518  -15660.018  -8977.190 -8935.639

Note: * p <.05; ** p <.01; *** p <.001 (two-tailed tests). Linear regression columns report
the estimated coefficients in regression models (equation 1). Generalized ordered logit
models report estimated log-odds coefficients (equation 2). Individual-clustered robust
standard errors in parentheses.
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Figure A1 Trends in the associations of G2 and G1 educational attainment with G3 educational
attainment across the G3 cohorts for G3 men

Notes. OLS or log-odds coefficients and the 95% confidence intervals (calculated by individual-
clustered robust standard errors) are shown. Rows denoted as “Absolute (years of education)”
report the estimated coefficients of G2 and G1 educational attainment by G3 cohorts in
regression models (equation 1). Rows denoted as “Relative (log-odds)” report the estimated
coefficients of G2 and G1 educational attainment by G3 cohorts in generalized ordered logit
models (equation 2). Model 1 includes G2 educational attainment, G3 cohorts, interaction of G2
educational attainment with G3 cohorts, G3 number of siblings, G3 birth order, G2 number of
siblings, G2 marital status, G2 age, G2 age-squared, G2 gender, and survey dummies. Model 2
includes G1 educational attainment and the interaction with G3 cohorts in the previous model.
Thresholds in generalized ordered logit are varied by G3 birth cohorts.
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Figure A2 Trends in the associations of G2 and G1 educational attainment with G3 educational
attainment across the G3 cohorts for G3 women

Notes. OLS or log-odds coefficients and the 95% confidence intervals (calculated by individual-
clustered robust standard errors) are shown. Rows denoted as “Absolute (years of education)”
report the estimated coefficients of G2 and G1 educational attainment by G3 cohorts in
regression models (equation 1). Rows denoted as “Relative (log-odds)” report the estimated
coefficients of G2 and G1 educational attainment by G3 cohorts in generalized ordered logit
models (equation 2). Model 1 includes G2 educational attainment, G3 cohorts, interaction of G2
educational attainment with G3 cohorts, G3 number of siblings, G3 birth order, G2 number of
siblings, G2 marital status, G2 age, G2 age-squared, G2 gender, and survey dummies. Model 2
includes G1 educational attainment and the interaction with G3 cohorts into Model 1. Thresholds
in generalized ordered logit are varied by G3 birth cohorts.
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