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Education, elderly health, and differential population aging in South Korea:  

A demographic approach 

 

Abstract 

We examine how changes in educational attainment affect the joint distribution of elderly health 

and educational attainment of their offspring generation in South Korea. Improvements in 

educational attainment lead to changes in demographic behaviors such as assortative mating, 

fertility, and the intergenerational transmission of education. These changes affect the health of 

the elderly and education of their offspring generation. In this study, we propose a demographic 

model to examine such a jointly changing process. Our results point to three conclusions. First, 

improvements in education lead to improvements in health among the elderly. Intermediate 

demographic factors make positive contributions to this improvement. Second, improvements in 

education lead to a decline in the ratios of offspring to the elderly because better-educated people 

have fewer children; however, this decrease is not substantial. Third, improvements in education 

increase the ratios of the college-educated offspring to the unhealthy elderly because of 

improvements in both offspring’s education and elderly health. The results suggest that 

improvements in education change configurations of the elderly and their offspring’s generations, 

mitigating the negative consequences of population aging such as decreasing productivity and 

increasing burdens of elderly support.  
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Introduction 

This study examines how changes in educational attainment affect the joint distribution 

of elderly health and educational attainment of their offspring generation in South Korea. 

Population aging is a worldwide phenomenon, with the median age of the world population 

forecast to rise to 38.1 years in 2050 from 26.7 years in 2000 (Goldstein 2009). Population aging 

has important socioeconomic consequences because the age structure of a population determines 

the ratio of net producers to net consumers in a population. Hence, most industrialized countries 

are concerned about consequences such as decreasing productivity and increasing burdens of 

elderly support. These countries have attempted to develop policies (e.g., pronatal policies) that 

balance the population’s age structure (Kalwij 2010; McDonald 2002). Population aging, 

however, also occurs in tandem with other socioeconomic changes such as educational 

expansion and improvements in health, which may mitigate the consequences of rising 

dependency ratios (Goldstein 2009). For example, there is evidence that increasing human 

capital per capita may offset the loss of total economic product due to fertility decline in a 

population level (Lee and Mason 2010) and the cost of supporting an elderly population may be 

reduced as the health of the elderly has continued to improve over decades (Martin et al. 2010). 

In other words, “population aging is intrinsic to the processes that bring us a highly educated 

population and comfortable standards of living” (Lee and Mason 2010: 179). In this sense, 

changes in educational attainment should be taken into account in the study of population aging. 

Although increases in education accelerate population aging because education reduces fertility 

and mortality, it also yields a healthier elderly population and better-educated offspring. Such a 

change in the configuration of the elderly and the offspring generation may offset to some extent 

the negative consequences of accelerated population aging. 
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The joint distribution of elderly health and offspring’s education has important 

implications for population aging because this distribution will determine the average burden that 

a successive generation will bear to support its parental generation. First, health among the 

elderly directly influences the cost of supporting them: the unhealthier elderly request more 

socioeconomic resources from their offspring’s generation than do the healthier elderly. 

Therefore, improvements in health among the elderly should mitigate to some extent the problem 

of population aging. Second, education of the offspring generation affects their capacity to 

support the elderly: better-educated offspring possess more resources to support the elderly than 

do their less-educated counterparts. Hence, educational upgrading among the offspring’s 

generation will make the support for the elderly less burdensome.  

Accounting for the changing configurations of the elderly and the offspring generation is 

thus important in population aging. This has been largely overlooked, however, in previous 

research. Earlier studies found that the better-educated enjoy better health and survival chances 

in later life than do the less educated (e.g., Cutler and Lleras-Muney 2008; Elo and Preston 1996). 

Based on this positive educational gradient in health and survival chances, recent studies have 

used educational attainment in projecting the size of the elderly population in the future (Batljan 

et al. 2009; Batljan and Thorslund 2009; Joung et al. 2000; Lutz 2009). These studies have 

examined how the expected change in the educational composition among the elderly may affect 

the size of the elderly population and the prevalence of serious illness among them. Although 

these studies provide better estimates of the size and the composition of the elderly population 

than do conventional projection models based on age and sex, they do not account for the fact 

that changes in the educational composition in one generation also lead to changes in educational 

attainment of the next generation, who will provide the elderly with the support. Another line of 
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studies have examined how the changing age structure affects the economy. Age structure is 

important because it determines the burden of the next generation (e.g., Lee and Tuljapurkar 

1997). This line of research, however, does not account for the changes in the characteristics of 

the elderly and the young people that proceed in tandem with the changes in age structure.  

Studies of social stratification and mobility show that there is a strong positive 

intergenerational association in educational attainment (Mare 1981; Shavit and Blossfeld 1993). 

In addition, changes in education also lead to changes in demographic behaviors that affect the 

educational composition of the next generation (Mare and Maralani 2006). Hence, improvements 

in educational attainment in one generation will affect the socioeconomic compositions of the 

next generation and affect how many healthy and unhealthy elderly people survive. Extending 

Mare and Maralani’s (2006) recursive demographic model, we propose a new model that 

examines the implications of education for population aging by accounting for jointly changing 

configurations of elderly health and educational attainment of the offspring generation.  

 

Education and elderly health: Demographic pathways 

Researchers have studied the relationship between education and health in a variety of 

ways. First, studies have documented the positive association between education on one hand 

and health and survival chances on the other (e.g., Elo and Preston 1996). Recent studies have 

found significant causal effects of education on health and mortality in the United States and 

Scandinavian countries by using natural experiments induced by institutional changes (Arendt 

2005; Lleras-Muney 2005; Oreopoulos 2007; Spasojevic 2011). These studies commonly exploit 

the fact that compulsory schooling laws typically impose the restrictions on school-leaving ages. 

These laws were introduced in varying times and places.  These differences create exogenous 
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variations in school-leaving ages across birth cohorts and places, leading to differences in 

educational attainment across cohorts and places. These studies used such variations as an 

instrument to estimate causal effects of education on health and mortality. Second, another line 

of research studies mediating mechanisms such as health-related behaviors and social, 

psychological, and economic resources (Ben-Shlomo and Kuh 2002; Chandola et al. 2006; Ross 

and Wu 1995). These studies show that better-educated people enjoy better health and survival 

chances than the less-educated because they are less like to engage in risky behaviors and to 

possess more socioeconomic resources. Third, recent studies have used educational attainment to 

project the size of the elderly population in the future (Batljan et al. 2009; Baltjan and Thorslund 

2009; Joung et al. 2000; Lutz 2009). These projection studies show that improvements in 

education among the elderly would mitigate the problems of population aging because education 

improves elderly health. Despite their difference in methods and focuses, all of these studies 

suggest that improvements in education will lead to better health among the elderly, mitigating 

the socioeconomic pressure of population aging to some extent.  

We should be cautious, however, in interpreting the implications of improvements in 

education on population aging. Whereas improvements in education lead to better health among 

the elderly, they also lead to changes in intervening demographic processes. First, educational 

expansion will lead to fertility decline, given the negative relationship between education and 

fertility (Bongaarts 2003; Jejeebhoy 1995; Skirbekk 2008).1 Hence, educational expansion may 

 
1 The causality of this relationship remains controversial. For example, Monstad et al. (2008) 

showed no causal effect of education on the level of fertility by using the change in the legal age 

of compulsory education in Norway as an instrument. A recent study also suggests that reverse 
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accelerate population aging by further unbalancing the age structure of the population. However, 

improvements in education and the subsequent reduction in fertility are likely to lead to better 

educational outcomes among offspring. This positive intergenerational association in educational 

attainment has been found consistently (e.g., Mare 1981; Shavit and Blossfeld 1993).  Recent 

studies have documented that the relationship between mother’s education and children’s 

education is indeed causal in the United States by using the variations in school-leaving ages as 

an instrument (Oreopoulos et al. 2006). The higher levels of education in the offspring’s 

generation may also lessen the negative socioeconomic consequences of population aging. 

Second, studies on educational assortative mating consistently found a strong association 

between husband’s and wife’s education in the United States (Mare 1991; Schwartz and Mare 

2005) and in other countries (Park and Smits 2005). This strong pattern of educational 

assortative mating suggests that improvements in educational attainment also lead to changes in 

spousal educational attainment, which, in turn, affect the level of fertility and offspring’s 

educational outcomes.  

These intervening demographic variables, such as spousal education, level of fertility, 

and children’s education, are also associated with health and mortality. First, spouse’s education 

is positively associated with an individual’s self-reported health (Huijts et al. 2010; Monden et al. 

2003) and survival chances (Bosma et al. 1995) in various European countries: having a better-

 
causation is more plausible because the level of fertility does not vary across educational levels if 

childbearing has no effect on educational progressions (Cohen et al. 2011). The bulk of evidence, 

however, suggests that there is a negative relationship between education and fertility. See 

Skirbekk (2008) for a review of this literature.  
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educated spouse enhances one’s own health. Second, children’s education is positively 

associated with the health and survival chances of the elderly because better-educated children 

provide their parents with more support than do their less-educated counterparts (Friedman and 

Mare 2010; Zimmer et al. 2002). 

Third, family size is also associated with health in later life, although this relationship is 

complicated. On one hand, evolutionary biology suggests a negative association between family 

size and health because of the trade-off between investment of resources in somatic maintenance 

and reproduction (Westendorp and Kirkwood 1998). In other words, if a woman produces too 

many children, this excessive reproduction may harm her health. Similarly, having and raising a 

child may lead to economic strain, role overload, and stress, leading to worse health (Hank 2010). 

On the other hand, parenthood can also improve health due to more involvement in community 

activities and support from children in later life (Hank 2010). In this sense, the association 

between family size and health depends on the relative importance of these competing biological 

and social factors. There is mixed empirical evidence. Among women born in the early twentieth 

century in England and Wales, childless women and women with more than five children had 

higher mortality rates than the others, suggesting a non-monotonic relationship (Grundy and 

Tomassini 2005). Engeleman et al. (2010) also found a positive association between family size 

and difficulty with activities of daily living (ADLs) in Egypt. Further, the relationship between 

family size and health also depends on the socio-economic context. There is positive association 

between family size and self-rated health among the West German women age 50+, but because 

of differences in labor market participation this relationship is reversed in East Germany (Hank 

2010). In sum, multiple demographic factors, including assortative mating, differential fertility, 
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and the intergenerational transmission of education contribute to the relationship between 

education and elderly health. 

Previous studies, however, did not examine this joint process as a whole.  The model 

proposed in this study complements previous research by providing a framework that integrates 

demographic elements into research on elderly health disparity and population aging. This 

demographic approach first appeared in Mare and Maralani (2006), which examined the 

intergenerational effect of education in Indonesia.  In subsequent research, Mare and his 

colleagues applied this approach to different societal contexts (e.g., Maralani and Mare 2008; 

Choi and Mare 2010; Kye and Mare 2009). The current study extends this approach to studying 

implications of educational differentials in elderly health on population aging. Such an extension 

has crucial implications. Scholarly and policy discussions about support for the elderly have 

focused on the age structure of the population because it is an important element to consider in 

developing the elderly support system. Yet health differences among the elderly population and 

educational differences among the offspring generation should also be taken into account 

because these differences will determine how much the elderly generation will need to maintain 

an adequate quality of life and how much the offspring generation can contribute to supporting 

their parental generation.  

 

Research Questions 

We examine how changes in educational attainment lead to changes in the distribution of 

elderly health and the distribution of the offspring generation’s educational attainment in South 

Korea by focusing on demographic processes. Specifically, we examine the following research 

questions: 



 

9 

 

1. How do changes in the distribution of educational attainment lead to changes in the 

distribution of health among the elderly in South Korea?  

2. How do assortative mating, differential fertility, and the intergenerational transmission of 

education mediate the relationship between education and elderly health in South Korea?  

3. How do changes in the distribution of educational attainment affect the joint distribution 

of the elderly health and the offspring generation’s education in South Korea?  

 

Population aging and socioeconomic development in South Korea 

South Korea is one of the most rapidly aging countries in the world (Organisation for 

Economic Co-operation and Development [OECD] 2011). The elderly support ratio in South 

Korea—defined as the number of people of working age (20-64) per person 65 and older—was 

6.3 in 2009, above the OECD average of 4.2. South Korea’s elderly support ratio, however, is 

projected to be 1.5 in 2050, lower than the OECD average of 2.1. Rapid increases in life 

expectancy and decreases in the fertility rate are responsible for this rapid population aging. In 

South Korea, life expectancy at birth was 77.9 years in 2008, a 12.5 year increase from 1983 

(OECD 2011), and the total fertility rate decreased from 6.0 to 1.2 in less than 50 years since 

1960 (Jun 2004). South Korea has not yet developed old-age pension programs to cope with this 

rapidly aging population. For example, the percentage of gross domestic product (GDP) spent on 

publicly funded old-age survivor benefits in South Korea is the lowest among the OECD 

countries (Kapteyn 2010). This lack of public support for the elderly, combined with the 

increasing prevalence of the nuclear family that may reduce the total amount of familial support 

for the elderly on average (De Vos and Lee 1993), raises concerns about the deterioration of 

quality of life in old age. 
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South Korea also experienced rapid educational expansion in tandem with demographic 

changes. In South Korea, less than 5 percent of women born in the 1920s had ever attended 

college, but more than 50 percent of women born in the 1970s did so (Korea National Statistical 

Office 2010). Such a dramatic increase in educational attainment is likely to have important 

implications for population aging given strong educational gradients in health. Khang et al. 

(2004) showed persistent educational differentials in elderly health and mortality in South Korea. 

Hence, rapid educational expansion should contribute to improvements in elderly health. At the 

same time, educational expansion also makes the population older due to subsequent reductions 

in fertility and improved survival chances, as noted above.  

The rapid socioeconomic and demographic changes make South Korea well-suited to 

examine the implications of improvement of education for population aging. Population aging 

and educational expansion are worldwide phenomena, but the pace of changes in South Korea is 

exceptionally fast. Chang (2010) characterized this rapid socioeconomic and demographic 

transformation as “compressed modernization”. While industrialization and demographic 

transition took more than a century in Western countries, South Korea have completed both in 

less than a half century. This compressed process accompanied unexpected and undesirable 

consequences, including overly rapid population aging. The policies that promoted development, 

ironically, also contributed to furthering population aging in South Korea. Strong 

implementations of family planning program contributed to fertility decline (Choe and Park 

2006).2 The rapid educational expansion also would have been impossible if there had been no 

 
2 Reduction in family size was claimed to help invest more resources on individuals, which is 

conducive to economic development in the 1970s. See Hodgson (1988) for a critical review on 
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policy effort to promote more schooling. The very family and education policies, which 

promoted economic development, accelerated population aging in turn. These policy 

interventions succeeded in achieving the intended goals, but furthered population aging. These 

policies, however, affected the composition of educational attainment and health as well as age 

structure of population. Therefore, it is interesting to examine the implications of changing 

educational attainment on population aging in South Korea.  

 

Data 

 We use the Korean Longitudinal Study of Aging (KLoSA), a biannual longitudinal 

survey of the non-institutionalized Korean population age 45 and older in 2006. The KLoSA 

collected data about socio-demographic characteristics, income, assets, family composition, 

health, employment, and life satisfaction. The KLoSA is a stratified multi-stage probability 

sample. First, it stratified 15 cities and provinces. Each city and province is first stratified by type 

of area (urban and rural), and then by type of housing (apartment complex and single family 

homes). There are 60 possible strata (15×2×2). Eight of the cities do not have rural areas, 

however, resulting in 52 strata. Out of 52 strata, 1,000 enumeration districts were selected, and 

between 1 and 12 households were interviewed in each enumeration district. 

 The analytic samples are based on ever-married women who were 60 years or older in 

2006, the baseline survey year. We analyze the female sample only because men’s report of 

demographic behaviors is often not as reliable as women’s (Rendall et al. 1999). For each ever-

married woman, we assemble information on women’s education, husband’s education, number 

 
this topic.  
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of children, the schooling level of each living child age 20 and older, self-reported health, and 

two measures of functional limitations in everyday life. We classify educational attainment of 

women and husbands into four categories: no schooling, elementary education (1 to 6 years of 

schooling), secondary and some high school (7 to 11 years), and high school graduates and 

above (12+ years). The educational attainment of the offspring also has four categories, but 

captures a higher educational attainment for the offspring’s generation: no schooling or 

elementary school (0 to 6 years), junior high school (7 to 9 years), high school (10 to 12 years) 

and some college and above (13+ years). The survey collected information on the total number 

of surviving children only rather than the number of total births. Because child mortality is 

negatively associated with maternal education in South Korea (Choe 1987; Kim 1988), using the 

number of surviving children would underestimate the educational differentials in fertility and 

sibship size. However, mortality rates among children and young adults are fairly low in South 

Korea (Kim 2004), suggesting that this data limitation will not seriously bias our results.   

 We use three different measures of health outcomes: self-reported health, difficulty with 

activities of daily living (ADLs), and difficulty with instrumental activities of daily living 

(IADLs). Data for self-reported health was originally collected in five categories: “very good”, 

“good”, “fair”, “poor”, and “very poor”.  In this study, we use a dichotomized variable: good 

health (“good” and “very good”) and other (“fair”, “poor”, and “very poor”). We also use two 

measures of functional limitations: difficulty with ADLs and IADLs. The ADLs items include 

dressing, washing, bathing, eating, getting out of bed, using toilets, and urinating. We classify 

respondents as “functionally limited in ADLs” if they report a limitation in any of these seven 

items. The IADLs items include brushing hair, cleaning home, preparing meal, washing clothing, 

going out a close distance without using transportation, going out using transportation, shopping, 



 

13 

 

managing money, making a telephone call, and taking medicine. We classify respondents as 

“functionally limited in IADLs” if they report a limitation in any of these ten items. These two 

measures of functional limitations complement self-reported health in that they capture more 

objective health conditions of respondents and measure different aspects of independent living 

among the elderly (Wiener et al. 1990).  

 We construct two analytic samples: a marriage/fertility/health sample and a transmission 

sample. The marriage/fertility/health sample is used to estimate the equations for assortative 

mating, fertility, and health outcomes. The unit of analysis in this sample is an elderly woman 

age 60 and older. The transmission sample is used to estimate the equation for children’s 

education. The unit of analysis in this sample is offspring of the marriage/fertility/health sample 

aged 20 and older.  

 

Methods: A recursive demographic model for education and elderly health 

Basic model 

 Mare and Maralani (2006) examined how changes in the distribution of women’s 

educational attainment affect the distribution of educational attainment in the next generation. 

Departing from the conventional approach in social mobility research, they assessed the 

implications of differential demographic behaviors such as assortative mating and differential 

fertility for the reproduction of social inequality in Indonesia. In the current study, we extend 

their model and apply it to examining health disparity by education. In this model, the 

distribution of elderly women’s health is jointly determined by educational attainment, 

assortative mating, differential fertility, and children’s education. The demographic processes 

that generate health disparity by education can be modeled as follows:  



H
ikrjl

O
ikrjik

S
ikikrjl pprph |||| =         (1)  

where i: woman’s education, k: husband’s education, j: children’s education, l: health 
outcomes  
 

 The i  represents the joint distribution of husband’s education, number of children, 

offspring’s education, and health outcomes given woman’s educational attainment. The  

represents the probability distribution of husband’s educational attainment conditional on 

woman’s educational attainment. The  is the expected number of children born to couples with 

woman’s education i and husband’s education k. The  is the probability distribution of 

offspring’s educational attainment conditional on woman’s education i, husband’s education k, 

and the number of siblings r for children of these couples. Finally, the  is the distribution of 

health outcomes (e.g., self-reported health, ADLs, and IADLs) conditional on woman’s 

education i, husband’s education k, the number of children r, and children’s education j. 

krjlh |

S
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O
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H
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 We estimate the four equations separately: we use ordinal logistic regression models for 

husband’s education ( ) and offspring’s education ( ), Poisson regression for the number 

of children ( ), and binary logistic regression for the health outcomes ( ).We use the 

transmission sample for offspring’s education ( ), and the marriage/fertility/health sample 

for other equations. The estimated parameters are used to estimate each conditional probability in 

equation (1). Using the estimated  and observed marginal distribution of women’s 

educational attainment, the expected marginal distribution of women’s health outcomes in old 

age is estimated in the following way:  

S
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O
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O
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where  is the distribution of expected elderly health and  are marginal distributions 
of own educational attainment respectively. 

lĤ iW

 
 In the model of health ( ) in equation (1), children’s education is used as a covariate 

to predict elderly health. Each individual has a different number of children, and there should be 

multiple ways to include this measure in the model, such as the highest, mean, or lowest level 

attained by the children. In this study, we use the percentage of children in each education 

category to capture the level of children’s education. Because this model also includes the 

number of children as another covariate, we can distinguish the impact of the number of children 

on women’s elderly health from the level of children’s education. Childless women have missing 

data for children’s education. In this study, we set childless women’s value for children’s 

education category to zero. This specification is equivalent to a “dummy variable adjustment” 

method in handling missing data.

H
ikrjlp |

3 This choice does not affect the coefficients of children’s 

educational attainment, and assumes a linear relationship between the number of children and the 

logit of being healthy. 
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3 Suppose that some data are missing on a variable X. Then, we create a dummy indicator for 

missing (D) and a new variable (X*) that equals values of X if data are not missing and that 

equals to any constant (c) if data are missing. Then, the coefficients of X* capture the expected 

changes in an outcome variable associated with one unit change in X when data are not missing 

regardless of the choice of c and the coefficient of D captures the expected difference in outcome 

between the missing cases and the non-missing cases that have value of c in X (Allison 2001: 9-

11). 
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Simulation 

 Using the parameters estimated from the above equations, we simulate how the 

distribution of elderly health responds to changes in distribution of education. Changes in 

educational attainment will change health outcomes in later life in multiple ways. First, 

improvements in education will enhance health independently of subsequent changes in 

demographic behaviors because education improves economic conditions, provides more social-

psychological resources, and encourages a healthier lifestyle (e.g., Ross and Wu 1995). But 

demographic elements also affect changes in elderly health. Increases in education will affect the 

choice of spouse4, as well as the quantity of children and their education level. By conducting 

simulations in which each element changes or is held constant according to changes in education, 

we can quantify the contribution of each element to the health in later life. 

 After simulating the health distribution, we compute two different ratios. First, we 

compute the ratios of the simulated proportion healthy (or functionally not limited) to the 

baseline (observed) proportion healthy. If the ratios are greater than 1, this means that 

improvements in educational attainment lead to improvements of health among the elderly. 

These ratios, computed in various conditions in which intervening demographic mechanisms are 

 
4 This study assumes that husband’s education is determined by wife’s education. Hence, 

upgrading of women’s education leads to the equivalent amount of upgrading of husband’s 

education. However, this may not reflect the historical reality because women’s education 

increased more rapidly than men’s education in South Korea, similar to most other industrialized 

countries. In this sense, this study may overstate to some extent the influences of assortative 

marriage on children’s education and health of the elderly.  
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present or absent, show the proportional changes in the share of the healthy elderly and the 

contribution of demographic elements to such changes. 

 Second, we compute the generational support ratios. The measure proposed here is the 

ratio of the number of offspring to the number of the female elderly over age 60. This measure 

captures how many people in the offspring’s generation will support an elderly woman in the 

parental generation.5 By computing the ratios of simulated generational support ratios to baseline 

generational support ratios, we can assess the relationship between education and generational 

support ratios. We also compute this measure by elderly health status and offspring’s educational 

attainment. By comparing the joint distributions of elderly health and children’s education before 

and after the simulations, we can see how changes in educational attainment in one generation 

lead to changes in the generational support structure in the population by accounting for 

heterogeneity in elderly health and the offspring generation’s education. In the Results section, 

we report four different ratios of simulated generational support ratios to baseline generational 

support ratios: 1) educated offspring per all elderly, 2) college-educated offspring per unhealthy 

elderly, 3) all offspring per all elderly, and 4) all offspring per unhealthy elderly. 

 Because our sample only includes female respondents, the results cannot be generalized 

to the entire population without making additional assumptions. First, we need to assume that 

improvements in elderly health among men due to upgrading education are the same as women’s 

 
5 This generational support ratio is different from the typical support ratio, which refers to the 

ratio of the number of working age people (age 20-64) to the number of pension-age people (age 

65+). These two measures deviate from each other primarily due to variations in fertility timing 

and different age ranges.  
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improvements. Second, we need to assume that the simulated changes in education do not lead to 

changes in the sex ratios among the elderly. Under these two assumptions, the proportional 

changes in percent healthy and generational support ratios can be applied to the entire population. 

How realistic are these assumptions? We do not have evidence against or for them. However, 

huge gender differences in the improvement of health and survival chances due to education are 

unlikely to exist. For simplicity, we interpret the results as if such assumptions hold. 

Because key measures in our simulation analyses are based on the parameter estimates 

from four different regression analyses, it is difficult to assess sampling variability analytically. 

Hence, we use a bootstrapping method to compute standard errors (Efron and Tibshirani 1993). 

We account for the KLoSA’s stratified multi-stage sample design in computing bootstrap 

standard errors (Lee and Forthofer 2006). First, we resample 1,000 bootstrap samples with 

replacements from the original data set because 1,000 replications are sufficient to compute a 

reliable confidence interval (Efron and Tibshirani 1993). Each bootstrap sample is composed of 

strata that include the same number of primary sampling units as the original data. Second, we 

compute 1) the ratios of simulated proportion healthy to baseline proportion healthy and 2) 

measures of generational support ratios described above for each bootstrap sample. Finally, we 

estimate standard errors of estimates by computing the standard deviations of these ratios. 

 

Exogeneity of education and age structure of population 

 On the individual level, we assume that education is exogenous to all other variables in 

the model. In other words, husband’s education, the number of children, offspring’s educational 

attainment, and women’s health status are assumed to be determined endogenously. This strong 

assumption may not reflect the reality for several reasons. First, the relationship between 
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women’s and their husbands’ education is reciprocal rather than causal (Logan et al. 2008). 

Second, the statistical association between women’s education and level of fertility may not be 

causal, either. For example, risk-taking tendency, often unobservable, explains variations in 

education and the timing of first marriage and childbearing (Schmidt 2008). Studies relying on 

natural experiments also suggest that unobserved confounders could seriously bias the estimate 

of effect (Monstad et al. 2008; Skirbekk et al. 2004). Finally, there is evidence that education is 

causally linked to children’s education (Oreopoulos et al. 2006) and a person’s own health and 

mortality (Arendt 2005; Lleras-Muney 2005; Oreopoulos 2007; Spasojevic 2011). Such causal 

effects apply to sub-populations who comply with policy interventions or institutional changes 

(e.g., laws in compulsory schooling and child labor). However, they may not be generalized to 

the entire population (Angrist and Pischke 2009). Not everybody changes educational attainment 

by responding to such institutional changes. For example, most college-educated individuals may 

not be affected by changes in compulsory schooling because they would progress further than 

compulsory schooling in any case. Historical evidence suggests that educational expansion in the 

United States is primarily driven by changes in demand for highly educated workers, not by 

changes in the law (Goldin and Katz 2008). Due to the lack of causal estimates in the population 

level, we cannot determine whether or not each relationship is causal. Nevertheless, our analysis 

proceeds as if education is exogenous to all other variables to illustrate demographic pathways 

through which education differentials are accrued throughout the life course while avoiding 

overly complicated data analysis. 

 On the population level, we assume that changes in the distribution of educational 

attainment affect the age distribution and the health of the population: educational expansion 

accelerates population aging, improves elderly health, and provides better-educated offspring. 
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However, the relationship between education, on one hand, and age structure and health, on the 

other, is complex. The life cycle wealth model for population aging, for example, shows that 

countries with lower fertility are spending more on human capital per child (Lee and Mason 

2010: 178).6 Life cycle wealth, which affects investment on children’s education, is assumed to 

respond to population aging. In this sense, changes in age structure of population may affect the 

distribution of educational attainment in population level. Classical Malthusian framework also 

suggests a complex relationship between population growth and socioeconomic development 

(Schofield 1989). Because age structure of the population determines population growth rates 

and the level of education is an important indicator of socioeconomic development in 

industrialized countries, assuming a simple causal relationship is not appropriate. Nevertheless, 

the simulation analysis in this study assumes the exogeneity of education in the population level. 

In other words, we examine how changes in the distribution of educational attainment lead to 

changes in (education- and health status-specific) support ratios in population. The purpose of 

this paper is not to establish causality between education and the age structure of a population. 

Instead, we aim to describe how differential demographic behaviors intersect educational 

expansion and population aging, the two most important phenomena that occur in tandem in 

industrialized countries.  

 

 
6 Life cycle wealth is defined as “a desire for claims on future output to support consumption in 

old age” (Lee et al. 2000: 194). This form of wealth increases, following rising longevity and 

decreasing fertility. This suggests that saving behaviors respond to the changing age structure of 

the population.  
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Differential mortality 

 There are substantial educational differentials in survival chances (Elo and Preston 1996; 

Lleras-Muney 2005). We also have evidence for educational differentials in adult mortality and 

maternal educational differentials in child mortality in South Korea (Choe 1987; Kim 1988; Kim 

2004). Hence, improvements in educational attainment should increase the number of survivors 

in old age and the number of surviving offspring. Because child mortality in South Korea is 

fairly low, we expect that educational differentials in adult mortality will matter more than 

maternal educational differentials in child mortality. In other words, educational upgrading 

makes the population older as well as healthier. Increasing longevity eventually increases the 

number of less healthy or vulnerable people in the population. To fully account for the 

implications of changing survival chances, we need information on the joint distribution of 

survival probability, health status, own and spousal education, and the number and educational 

attainment of offspring. Unfortunately, such data do not exist for South Korea. Instead, we 

address the implications of differential mortality by using information available from period life 

tables by education. 

 Here, we present a supplementary analysis to assess the implications of differential 

mortality by using bivariate relationships between education and mortality on the aggregate level. 

The Korea National Statistical Office provides period life table estimates, including 5-year 

interval age-specific mortality rates (ASMRs) between 1970 and 2009. Kim (2004) provides 

mortality ratios by education for men and women age 25-64 for 1970, 1980, 1990, and 2000. 

Combing these two sources of data, we compute hypothetical survival probabilities by education. 

To do this we make two assumptions. First, we assume that differential mortality by education 

only exists between age 25 and 64 and not other parts of the age distribution. Our second 
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assumption is that individuals in the sample are subject to average differential mortality available 

in the data. We compute the average ASMRs by education using these two data sources7, and 

use them to construct separate life tables by educatio

 Table 1 shows life table estimates of survival probabilities where the radix is set to 1 at 

age 25 (l25=1). We can see a clear educational gradient in survival chances. Whereas 75 percent 

of women with college education at age 25 would survive up to age 75, this figure is only 60 

percent for women with no schooling. However, this computation also shows that the differential 

survival chance would not seriously distort the analyses. For example, let us consider the 

following change in women’s education: 5 percent of women change from no schooling to 13+ 

years of schooling. This is a more drastic change than those considered in the simulation 

analyses below. The assumed change in this scenario would lead to 0.75 percent increase (.05 

x .15) in female survivors at age 75. We made the same computation for other ages (see the last 

column of Table 1), which shows a less than 1 percent increase in the size of surviving women 

due to a 5 percent change from no schooling to 13+ years.  

<Table 1> about here 

 To address the implications of differential mortality for differential population aging, we 

assume that the simulated changes in women’s education lead to a 1 percent increase in elderly 

population. Because this increase is larger than those shown in Table 1, the sizes of elderly 

 
7 The ASMR for older ages are averages of more period data than the younger ages. For example, 

the youngest women in the sample (born in 1946) are age 24 in 1970. Hence, the ASMRs of age 

20-24 after 1970 do not represent the experience of the analytic sample. By contrast, the ASMRs 

for older age groups (e.g., age 60-64) are available for more years.  
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population in simulation analyses are likely to be overestimated, yielding underestimation of 

changes in generational support ratios. We also assume that distribution of health among these 

additional survivors is the same as the women in the sample. They may be less healthy than the 

sample of women, and this assumption may lead to underestimation of unhealthy elderly. 

However, given the small size of these additional survivors and the overestimation of the size of 

total elderly after simulation, the distortion should not be substantial.  

 

Results 

Descriptive results 

 Table 2 shows summary statistics for variables of interest. In addition to health outcomes 

and key covariates, we present the distribution of two control variables: age and rural residence. 

Age is an important confounder given the educational expansion, fertility decline, improvements 

in health conditions over time, and the deterioration of health conditions as individuals age. If we 

do not control for age, we might mistakenly attribute changes due to age and birth cohort to 

education. Rural residence is also an important confounder due to the long-standing rural-urban 

inequality in various socioeconomic outcomes in South Korea.8 We present the weighted percent, 

mean, and standard deviation, and the unweighted number of observations. 

<Table 2> about here 

 
8 Previous studies have documented rural-urban differences in sex ratios among individuals in 

their 20s (Kim 1996), fertility (Kim et al. 2006), chance of transitioning to upper levels of school 

(Phang and Kim 2002), and longevity (Yoon 2010).  
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 Several patterns are noteworthy. First, individuals’ educational attainment is fairly low. 

Less than 20 percent of women in the sample have attended junior high school. More than 40 

percent of women have no formal schooling, and slightly less than 40 percent have no education 

beyond elementary school. Second, husbands’ educational attainment is higher than their wives, 

reflecting a gender gap in educational opportunity in the past. More than 40 percent of husbands 

have attended junior high school, and a quarter of husbands have earned a high school diploma. 

Third, women in the sample have 3.71 surviving children on average. Because not every child 

survived at the time of the survey, this number somewhat underestimates the level of fertility. 

Fourth, whereas only 17.6 percent of elderly women report that their health conditions are 

“good” or “very good”, a majority of women report no functional limitations in ADLs and 

IADLs. In particular, more than 90 percent of women have no problem in ADLs. Compared with 

studies in Canada and the United States (Menec et al. 2007; Glymour et al. 2010), the 

discrepancy between the subjective and objective measures of health is more substantial in South 

Korea. This discrepancy may reflect cross-national differences in reporting health-related 

measures, a subject for future research. Finally, offspring’s educational attainment is much 

higher than their parents. Slightly less than 80 percent of offspring attained a high school 

diploma, and 35 percent have received some college education. In addition, Table 2 shows that 

the distributions of variables for mothers of the transmission sample (which consists of the 

elderly women’s offspring) are different than those in the marriage/fertility/health sample (which 

consists of the elderly women). The elderly women with more surviving children are represented 

in greater numbers in the transmission sample, making the distributions different. The mothers of 

the transmission sample on average are slightly older, more likely to live in rural areas, less 
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educated, more likely to have less-educated husbands, and less healthy than those in the 

marriage/fertility/health sample.   

 Table 3 presents the bivariate relationships between women’s education and other 

variables. We present the weighted percentage, mean, and standard deviation, and the 

unweighted number of observations. First, educational homogamy is strong. A substantial 

number of couples fall in the diagonal cells, particularly for highly educated women. Ninety-

three percent of women with high school diplomas married husbands in the same category. 

Second, women tend to marry “up”. This is particularly the case for women with some secondary 

schooling: 63 percent of women in this category married husbands with a high school diploma. 

Third, we can see the negative relationship between women’s education and the level of fertility: 

whereas women with no formal schooling have 4.1 surviving children on average, this number is 

2.9 among women with a high school diploma. Fourth, we can see strong upward 

intergenerational mobility and a strong intergenerational association of education. For example, 

60 percent of offspring whose mothers had no schooling completed at least high school. This 

figure is close to 90 percent among those whose mothers had attended only elementary school. 

Almost all offspring of women with a junior high school education and above earned a high 

school diploma. Finally, the last panel of Table 3 shows the relationship between education and 

three health outcomes. We can see educational gradients in self-reported health and IADLs. 

Whereas 12 percent of women with no schooling reported “good” health conditions and 69 

percent of such women reported no functional limitations in IADLs, the corresponding figures 

are 33 percent and 94 percent among women with a high school diploma. By contrast, there is no 

such association between education and ADLs.  

<Table 3 > about here 
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Regression analyses 

 Table 4 presents the estimates of regression analyses for husband’s education, fertility, 

offspring’s education, and three health outcomes. Coefficients along with t-ratios are reported. 

These estimates are obtained using STATA 11’s survey estimation commands that account for 

the complex survey design of the KLoSA. We interpret that the coefficients are significantly 

different from zero if the t-ratios are greater than 2. In all regressions, we control for age and 

rural residence because these two variables confound the relationships of interest in the current 

study.  

<Table 4> about here 

 The results show that older women are more likely to marry less-educated husbands, have 

more children, have less-educated children, and be less healthy. Rural residents tend to marry 

less-educated husbands, have more children, and have less-educated children. Rural residence, 

however, is not significantly associated with subjective and objective health conditions.  

 The results point to several other conclusions about the relationship between women’s 

education and outcome variables. First, there is a strong association between women’s education 

and husbands’ education: better-educated women married better-educated husbands. This strong 

assortative mating pattern suggests that marriage may contribute to widening health disparity by 

education. Second, there is a negative relationship between education and the level of fertility. 

Husbands’ education has a non-monotonic relationship with the level of fertility. Men with some 

secondary schooling have the same indistinguishable level of fertility as those with no schooling. 

Men with a high school diploma have higher level of fertility than men with no schooling, but 

this difference is not statistically significant. 
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 Third, offspring’s educational attainment is strongly associated with parental education. 

The influence of mother’s education on offspring’s education is about the same as father’s 

education. The number of siblings is negatively associated with children’s educational 

attainment: Having one more sibling is associated with a 13 percent [100× (1-e-.14)] decrease in 

the odds of advancing one category of education (e.g., from 7-11 years to 12 years). Finally, the 

relationship between health and other covariates depends on the measures of health outcomes. 

Women’s education is significantly associated with self-reported health and IADLs but not with 

ADLs. Offspring’s education is significantly associated with only self-reported health. Other 

covariates have no significant association with any of the health outcomes used in the current 

study. Women with a high school diploma have 10 percent higher odds of reporting good health 

and about 50 percent higher odds of reporting no limitations in IADLs than women with some 

secondary education (7-11 years of schooling). A 10 percent increase in the share of college-

educated offspring from women with a high school diploma will raise the odds of reporting good 

health by 6 percent [100×(e10(.012-.006)-1)]. This positive relationship between health and 

offspring’s education is consistent with the findings of previous studies (Friedman and Mare 

2010 and Zimmer et al. 2002). This relationship, however, between children’s education and 

health of the elderly depends on the measures of health outcomes. The current study shows no 

association between offspring’s education and ADLs and IADLs.  

 Based on the parameter estimates, we can conjecture how changes in education affect the 

health of the elderly population through demographic mechanisms. Consider the expectations 

based on the results for self-reported health. First, strong assortative mating suggests that 

upgrading women’s education will lead to higher levels of husband’s education. Because 

husband’s education is not strongly associated with women’s health in old age, the subsequent 
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changes in husband’s education may not be important for female elderly health. Husband’s 

education, however, is a strong predictor of offspring’s education, which is itself strongly 

associated with women’s self-reported health in old age. This pathway may be important. Second, 

women’s education is strongly associated with the level of fertility, which is negatively 

correlated with offspring’s education but not with elderly women’s health. Hence, upgrading 

women’s education may not affect elderly health through family size. Improvements of women’s 

education, however, may lead to changes in the configuration of the offspring’s generation 

through reductions in sibship size and improvement in educational attainment. Third, children’s 

education may have substantial effects. Parental education is positively associated with 

children’s education, and children’s education has a strong relationship with elderly women’s 

self-reported health. Hence, the pathway through children’s education should be important, 

though not for functional limitations since offspring’s education is not significantly associated 

with functional limitation measures.  

 From the regression results, we can also conjecture the following with regard to the 

changes in generational support ratios induced by changes in the distribution of educational 

attainment. The most important patterns found in the regression analysis are 1) a positive 

association between education and health, 2) a negative relationship between women’s education 

and fertility, and 3) a positive relationship between education and children’s education. This 

suggests that upgrading educational attainment results in a healthier elderly population, as well 

as fewer but better-educated offspring. Hence, we should expect that the generational support 

ratios for the entire elderly by all offspring should decrease. By contrast, the generational support 

ratios for the unhealthy elderly by college-educated offspring are likely to increase. The other 

two support ratios (generational support ratios for the entire elderly by college-educated 
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offspring and generational support ratios for the unhealthy elderly by all offspring) are subject to 

the relative strength of improvements in health, the decrease in the size of offspring, and the 

increase of college-educated offspring. 

 

Simulation: Changes in proportion healthy elderly 

 As discussed above, we adjust for educational differentials in mortality in the following 

simulation analyses. In other words, we assume that simulated changes in educational attainment 

that lead to the 1 percent increase in the elderly population and health status of these “additional 

survivors” is the same as the original sample. Because women’s education is not significantly 

associated with the ADLs, we conduct simulation analyses for self-reported health and the 

IADLs. In simulation analyses, the distributions of age and rural residence are fixed to mirror the 

sample distributions shown in Table 2.  

 Figure 1 shows the ratios of the simulated proportions healthy to the baseline proportion 

healthy when we change 5 percent of women’s educational attainment from lower categories to 

higher ones according to a couple of scenarios. As indicated at the bottom of Figure 1, M 

represents assortative marriage, F is differential fertility, and T is intergenerational transmission. 

N indicates the absence of respective elements. For example, M_F_T simulation assumes that 

changes in women’s education lead to subsequent changes in husband’s education, number of 

children, and children’s education. By contrast, in NM_NF_NT simulation, none of these changes 

occur. In all simulations, the relationships between health outcomes and all covariates, presented 

in Table 4, are assumed to be present as estimated. We present the results of 2 different 

scenarios: a 5 percent change in women’s schooling 1) from zero to 12+ years and 2) from 7-11 

to 12+ years. If the ratios are greater than 1, it indicates that the simulated changes in educational 
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attainment lead to an increase in proportion healthy in terms of self-reported health or IADLs. 

Box plots are presented to show the point estimates along with sampling variability, which is 

estimated by a bootstrap method. The box plots show the medians (lines in the middle), the 25 

percentiles and the 75 percentiles (boxes), and 1.5 time interquartile ranges (outer lines). In the 

following discussion, we define the proportional changes as statistically significant if the 

interquartile ranges do not include 1.   

<Figure 1> about here 

 Not surprisingly, more drastic changes in the distribution of women’s educational 

attainment lead to greater improvements in elderly health. For example, in the M_F_T simulation,  

the proportion reporting good health increases by 5.4 percent in Figure 1-A (where the 5 percent 

change occurs from zero to 12 + years), but the increase is just 1.4 percent in Figure 1-C (where 

change occurs from 7-11 to 12 + years). The interquartile range in Figure 1-C includes 1. This 

means that 5 percent change of women from 7-11 to 12 + years of schooling does not 

significantly improve elderly health. 

 The results also show that the intermediating demographic variables contribute to the 

improvement of self-reported health. For simplicity, let us focus on the first scenario for self-

reported health, where 5 percent of women are moved from zero to 12+ years of schooling. The 

difference between M_F_T and NM_NF_NT is 2.7 percentage points. Given that a 5.4 percent 

increase in proportion reporting good health is expected in M_F_T simulation, this means that 

about a half of such improvement comes from changes in subsequent demographic behaviors. In 

other words, changes in the proportion reporting good health would be halved without 

subsequent changes in demographic behaviors. Children’s education appears to be the most 

important factor. If changes in women’s education do not lead to changes in offspring’s 
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education, then improvement in elderly health would be substantially reduced (See M_F_NT). 

Assortative marriage and differential fertility also make some positive contributions, but the 

magnitude appears much smaller than intergenerational transmission of education (See NM_F_T 

and M_NF_T). 

 For the IADLs, there is little contribution of the demographic elements. In both scenarios, 

changes in the proportion not functionally limited in the IADLs are almost identical for all 

simulations. In other words, the absence or presence of the relationship between women’s 

education and demographic behaviors does not make any difference in the proportion healthy in 

terms of IADLs. This is the case because intermediate demographic variables are not 

significantly associated with the IADLs, as shown in Table 4. The magnitudes of changes driven 

by changes in education are also much smaller than those in the self-reported health. For 

example, a change of 5 percent of women from no schooling to 12 + years leads to a less than 1 

percent change in the percentage not functionally limited in the IADLs for all simulations, 

although these are statistically significant.  

 

Simulation: Changes in the generational support ratios 

 Figure 2 presents the ratios of the simulated support ratios to the baseline support ratios. 

We present the results from one scenario: 5 percent change in women’s schooling, from zero to 

12+ years. We present the following four different ratios:  

a)  simulated all offspring/all elderly 
 baseline all offspring/all elderly 

b) simulated all offspring/unhealthy elderly 
 baseline all offspring/unhealthy elderly 
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c) simulated college-educated offspring/all elderly 
 baseline college-educated/all elderly 

d) simulated college-educated/unhealthy elderly 
 baseline college-educated/unhealthy elderly 

<Figure 2> about here 

 These ratios represent the proportional changes in generational support ratios induced by 

educational upgrading. If the ratios are greater than 1, it indicates that the simulated changes in 

the distribution of educational attainment lead to an improvement in support ratios (i.e., more 

offspring per elderly). The graphs displayed on the left of Figure 2 shows the proportional 

changes in support ratios for all offspring (A, B and C), and those on the right display the 

proportional changes in the support ratios for college-educated offspring (D, E, and F). 

 First, upgrading women’s education slightly worsens the overall generational support 

ratios when education affects fertility (Figure 2-A). In other words, the improvement in women’s 

educational attainment leads to a slight decrease in the number of offspring per elderly. When 

fertility does not respond to changes in educational attainment, the overall support ratios change 

slightly. Even when this relationship exists, the magnitude of change is not great. A change of 5 

percent of women’s education from zero to 12+ years in the M_F_T simulation reduces the 

number of offspring per elderly by 1.2 percent. This analysis shows that the influences of 

educational differentials in fertility are not large enough to worsen the generational support ratios 

substantially. Hence, educational upgrading may not make the population substantially older in 

South Korea. 

 Second, upgrading women’s education leads to an increase in the number of college-

educated offspring per elderly (Figure 2-D). In the M_F_T simulation, we can expect a 6.8 

percent increase in the college-educated offspring per elderly. We also can see that educational 
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assortative mating and intergenerational transmission of education contribute to the improvement 

in the ratios of college-educated offspring to the elderly. These two contribute to the 

improvement of generational support ratios because they lead to the improvement in offspring’s 

education. For example, a 4.1 percent increase in this support ratio is expected in the NM_F_T 

simulation where marriage does not change according to education, which is lower than the 

expected change in the M_F_T simulation. By contrast, differential fertility worsens generational 

support ratios. For example, a 9.3 percent increase in college-educated offspring per elderly is 

expected in the M_NF_T simulation where differential fertility by education is absent, which is 

larger than the expected change in the M_F_T simulation. The negative contribution of 

differential fertility suggests that the reduction in the number of offspring is more important than 

the improvement of offspring’s education. In other words, whereas offspring’s education 

improves due to a smaller family size among better-educated families, this improvement does not 

fully offset the reduction in the size of offspring that leads to the subsequent reduction in college-

educated offspring. 

 Third, upgrading women’s education leads to an increase in the number of offspring per 

unhealthy elderly in terms of IADLs (Figure 2-C), but no change in terms of self-reported health 

(Figure 2-B). There is a significant and substantial increase in the number of offspring per 

unhealthy elderly in terms of IADLs. In the M_F_T simulation, we can expect a 3.1 percent 

increase in the number of total offspring per unhealthy elderly. This increase is statistically 

significant. Intergenerational transmission does not make any difference because children’s 

education is not significantly associated with the functional limitations in the IADLs. Differential 

fertility worsens this support ratio because although the number of offspring shrinks, the smaller 
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family size does not lead to improvements in functional limitations in the IADLs. Assortative 

mating appears to make a modest difference.  

 Fourth, upgrading women’s education leads to a substantial increase in the number of 

college-educated offspring per unhealthy elderly. This is the case for both health outcomes, and 

these changes are statistically significant. We can expect an 8.0 percent increase in the number of 

college-educated offspring per unhealthy elderly in terms of self-reported health in the M_F_T 

simulation (Figure 2-E). Interestingly, we can see that demographic elements are important in 

such a substantial change. Without subsequent changes in demographic behaviors, the increase 

of this support ratio is just 0.7 percent (NM_NF_NT simulation). Assortative mating and 

intergenerational transmission help boost the support ratio, whereas differential fertility works in 

the opposite direction. The absence of an intergenerational transmission of education (M_F_NT) 

leads to a 3.8 percentage point reduction (8.0 minus 4.2) in the increase of support ratios of 

college-educated offspring to unhealthy elderly. This is the case because women’s education is 

positively associated with children’s education, and children’s education is in turn positively 

associated with women’s self-reported health. The simulation with no assortative mating 

(NM_F_T) yields a slightly smaller reduction (3.0 percentage points). Because husband’s 

education is not significantly associated with women’s self-reported health, this positive 

contribution is due to the positive relationship between father’s education and children’s 

education. Differential fertility negatively affects this support ratio. Without differential fertility, 

the improvement of the support ratio would be substantially larger, 10.4 percent (M_NF_T 

simulation). This is the case because differential fertility reduces the size of the offspring’s 

generation; the reduced family size, however, does not improve self-reported healthy. This also 

implies that benefits from reduced family size for children’s education are not large enough to 
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fully offset the impact of an overall reduction in the size of the offspring’s generation. For the 

IADLs, we can see similar but larger changes (Figure 2-F). In the M_F_ T simulation, an 11.4 

percent change in the support ratio is expected when we use the IADLs as health outcomes. Such 

a substantial improvement is also largely driven by changes in demographic behaviors, without 

which (e.g., NM_NF_NT simulation) the improvement in this support ratio is just 3.3 percent. 

Because the IADLs are not significantly associated with any intermediate demographic variables, 

such findings exemplify the importance of accounting for changes in the configuration of the 

offspring’s generation as well as the elderly. Assortative mating, differential fertility, and 

intergenerational transmission of education do matter for the elderly support structure even if 

they are not associated with elderly health because they influence the configurations of the 

offspring’s generation. 

 Finally, it is important to note that the greater changes in the support ratios for the IADLS 

than the ratios for self-reported health are in part due to differences in baseline distributions of 

the two health outcomes. As shown in Table 2, approximately 80 percent of women in the 

sample assessed their health conditions as “unhealthy” whereas about 20 percent of women 

reported at least one function limitation in the IADLs. Consider a 4 percent decrease in the 

percent unhealthy, for example. Whereas this change means a 5 percent decrease in the 

unhealthy in terms of self-reported health, this amounts to 20 percent decrease in terms of IADLs. 

Hence, the difference in the size of changes across outcomes may not be completely comparable 

with each other.  
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Projections of generational support ratios 

 The analyses presented so far examined the implications of hypothetical changes in 

educational attainment for the joint distribution of elderly health and offspring’s education. The 

magnitude of redistribution, 5 percent change, is chosen to illustrate how this model works. It 

represents an arbitrary unit, analogous to focusing on the effect of a “one unit” change in a 

typical regression model.  The simulations show the implications of differential demographic 

behaviors for joint configuration of elderly health and offspring’s education. These simulations, 

however, do not provide information about what the joint configurations look like in the future. 

In this section, we present such projections.  

 Projections require two types of information: educational attainment in the future and the 

relationships among the variables of interest. First, we use the 2005 Korean census data to 

generate projections of educational attainment of elderly women (age 60+) in the future. We 

group women into 5-year age intervals; those older than age 85 are grouped as age 85+. For 2010, 

we assume that the elderly women’s educational attainment is the same as the educational 

attainment of women aged 55-80 in 2005. We project the elderly women’s educational 

attainment in the same way up to 2040. This assumption is not perfect because not all women 

over age 85 die in 5 years, and someone aged 55-80 could die within the next 5 years. 

Nevertheless, this should be quite close to the true educational attainment of the elderly because 

1) those aged over 85 are relatively small, 2) their mortality rate is high, and 3) educational 

differentials in mortality in old age are relatively small in South Korea (Kim 2004). The 

hypothetical educational attainment among the elderly women is presented in Figure 3-A. We 

can see that educational attainment among the Korean elderly women is likely to increase rapidly 

over time. 
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<Figure 3> about here 

 Next, we assume that the relationships among the variables of interest, shown in Table 4, 

remain constant in the future. Obviously, this assumption is not realistic either. For example, the 

intergenerational association of education became weaker in South Korea as educational 

opportunity expanded (e.g., Park 2004; 2007). Nonetheless, this assumption is useful to see the 

implications of distributional changes in educational attainment holding constant the relationship 

among the variables. In projections, we also assume that changes in women’s education lead to 

subsequent changes in husband’s education, number of children, children’s education, and health. 

This is equivalent to the M_F_T simulation presented previously. Hence, the projection predicts 

the joint configurations of elderly health and offspring’s education in the future perfectly if these 

two assumptions are true. This is very unlikely to be the case. While imperfect, this projection 

provides useful information about the joint configurations, particularly as compared to model-

based abstract simulations presented in the previous sections. 

 Figures 3-B, 3-C, and 3-D show the projected generational support ratios relative to those 

of 2005. If the ratio is greater than 1, there is improvement in the generational support ratios; a 

ratio smaller than 1 means the opposite. As before, we rely on the bootstrap method to assess 

sampling variability. The solid lines are medians, and the dotted lines represent 95 percent 

confidence intervals. First, Figure 3-B shows changes in the ratio of all offspring to all elderly if 

we change elderly women’s educational attainment according to Figure 3-A using the 

relationships among the variables shown in Table 4. This graph clearly shows that the overall 

generational support structure will become worse. For example, there would be a 13.0 percent 

decrease of the number of offspring per elderly in 2040 as compared with 2005. This is a 

substantial decrease that would be cause for concern. However, as we emphasized before, such 
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changes come along with improvements in elderly health and offspring’s education. This is 

illustrated well in Figure 3-C and Figure 3-D. From these graphs, we can clearly see that the 

ratios of college-educated offspring to the unhealthy elderly would improve in terms of both self-

reported health and IADLs. These ratios would more than double in terms of self-reported health 

and more than triple in terms of IADLs. Hence, such joint changes should substantially mitigate 

the burden of population aging. 

 

Summary and discussion 

 This study examines how changes in educational attainment in one generation lead to 

changes in the joint distribution of elderly health and education of the offspring generation, 

which has important implications for population aging. The elderly population’s health, which is 

heterogeneous, determines the amount of support they need to maintain an adequate quality of 

life. The offspring generation is also heterogeneous in their capacity to support the parental 

generation. Educational attainment is strongly associated with both elderly health and offspring’s 

education, so it is important to examine the implications of changes in education for the support 

of the elderly. Because education is also closely related with intermediate demographic variables 

such as marriage, fertility, and the intergenerational transmission of education, we applied a 

demographic model to account for these demographic elements. The primary findings are as 

follows.  

 First, educational upgrading leads to improvements in health among the elderly. 

Intermediate demographic factors such as assortative mating, differential fertility, and 

intergenerational transmission of education make positive contributions to this improvement. If 

the relationship between education and demographic variables were completely spurious, then 
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improvements of health associated with educational upgrading would be substantially reduced. 

Second, educational upgrading leads to declines in the ratios of offspring to the elderly due to the 

negative association between education and fertility. This decrease, however, is small. For 

example, a 5 percent change of women’s education from no schooling to high school graduate 

and above would lead to a 1.2 percent decrease in the ratio of offspring to the elderly when all 

intermediate demographic variables change according to changes in educational attainment 

(M_F_T simulation in Figure 2-A). In other words, educational upgrading may make the 

population only slightly older. Third, educational upgrading increases the ratio of offspring to the 

unhealthy elderly because of improvements in health among the elderly. For example, a 5 

percent change of women’s education from no schooling to high school graduate and above 

would lead to a 3.4 percent increase in the ratio of offspring to the unhealthy elderly in the 

M_F_T simulation in terms of IADLs (Figure 2-C). Finally, educational upgrading increases the 

ratio of the college-educated offspring to all elderly and unhealthy elderly because of 

improvements in both offspring’s education and elderly health. This may mitigate the negative 

consequences of population aging to some extent. 

 These findings suggest that population heterogeneity by education and health should be 

taken into account when studying population aging. On one hand, improvements in education 

lead to fertility decline, unbalancing the age structure of the population. Such an impact, 

however, is just modest in South Korea. On the other hand, educational upgrading leads to 

changes in joint configuration of elderly health and offspring’s education: improvements in 

elderly health and offspring’s education. These changes may mitigate the problem of population 

aging because they should improve socioeconomic capacity of the offspring’s generation and 

reduce the cost for supporting the elderly. In this sense, projection models based solely on gender 
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and age are likely to exaggerate the negative consequences of population aging because 

population aging progresses in tandem with other socioeconomic development such as 

educational upgrading (Lee and Mason 2010). Previous projection models that account for 

educational upgrading in the population (Batljan et al. 2009; Baltjan and Thorslund 2009; Joung 

et al. 2000; Lutz 2009) may not fix such problems completely because these models do not 

account for changes in configurations of the offspring’s generation. The present study suggests 

that educational upgrading may mitigate the problems of population aging more than previous 

studies have suggested. 

 Family size is another important issue, with different implications for the population as a 

whole and as an individual family. A smaller family size on average makes the population older. 

It is well-known that this population aging leads to reduced productivity and increased burden to 

support the elderly in population level. Many policies have been proposed and implemented to 

handle this issue (Uhlenberg 1992; van de Kaa 2006; Gauthier 2007). However, smaller family 

size is beneficial for individual families because it allows for more investment in the children. 

The negative association between family size and children’s socioeconomic outcomes, shown in 

the current and previous studies (e.g., Guo and VanWey 1999), suggests strong incentives on the 

individual level to having a small family. Because of strong parental interest in children’s 

success, boosting fertility should be very difficult without changing the relationship between 

family size and children’s educational outcomes. The current study, however, also shows that the 

reduction in fertility following educational upgrading worsens all generational support ratios 

considered. For example, absence of differential fertility (M_NF_T simulation) leads to a 10.4 

percent increase in college-educated offspring per unhealthy elderly (with self-reported health as 

the outcome). This is 2.3 percentage points larger than the expected change in the M_F_T 
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simulation. This difference shows the benefits on the population level of maintaining a large 

family. However, given the strong incentive to reduce family size on the individual level, it 

should be very challenging to effectively encourage individual families to increase family size. 

This challenge also emphasizes the importance of accounting for population heterogeneity by 

education and health in coping with population aging. 
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Table 1 Survival probabilities by education, women* 

Age 
1)  

No schooling 
2) 

1-6 years 
3) 

7-12 years 
4) 

13+ years .05*(4-1) 
25 1.00 1.00 1.00 1.00 - 
30 0.97 0.98 0.99 1.00 0.001 
35 0.90 0.97 0.99 0.99 0.005 
40 0.87 0.95 0.98 0.99 0.005 
45 0.83 0.93 0.97 0.98 0.007 
50 0.81 0.91 0.96 0.97 0.007 
55 0.79 0.88 0.95 0.95 0.008 
60 0.76 0.85 0.93 0.94 0.008 
65 0.73 0.80 0.89 0.91 0.008 
70 0.68 0.75 0.83 0.85 0.008 
75 0.60 0.66 0.74 0.75 0.007 
80 0.48 0.53 0.59 0.60 0.006 

* Data: period life tables (www.kosis.kr) and Kim (2004) 
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Table 2 Descriptive statistics* 

  
Marriage/Fertility/

Health Sample   
Transmission 

Sample** 
Age (%) 
  60-64 32.1 27.0 
  65-69 23.5 23.6 
  70-74 17.8 19.7 
  75-79 14.5 16.4 
  80+ 12.2 13.2 
  Total 100.0 100.0 
Rural (%) 31.2 36.0 
Women’s  education (%) 
   0 41.8 46.4 
  1-6 38.7 37.4 
  7-11 10.7 9.5 
  12+ 8.8 6.7 
  Total 100.0 100.0 
Husband's education (%) 
   0 29.2 31.8 
  1-6 30.3 31.8 
  7-11 15.3 14.1 
  12+ 25.2 22.3 
  Total 100.0 100.0 
# of children (s.d.) 3.71(1.68) - 
# of siblings (s.d.) - 5.48 (1.62) 
Children's education (%) 
   0-6 - 10.9 
  7-11 - 11.5 
  12 - 42.8 
  13+ - 34.9 
  Total - 100.0 
Health (%) 
  SRH=good 17.6 16.3 
  No ADLs 92.1 91.7 
  No IADLs 80.3 78.9 
Observations (n) 3,006   11,286 

* Weighted percent, mean and standard deviation, and unweighted number of observations 
** We report mother’s age, education, health, and father’s education for this sample.  
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Table 3 Distribution of outcomes by women's educational 
attainment* 

Husband's education (%) 
Women's Education 0 1-6 7-11 12+ Total 
   0 61.6 25.9 7.4 5.0 100.0 
  1-6 8.0 48.0 22.8 21.2 100.0 
  7-11 2.0 6.2 28.6 63.2 100.0 
  12+ 1.3 1.9 3.7 93.1 100.0 
Total 29.2 30.3 15.3 25.2 100.0 
Observations (n) 3,006 

# of children 
Women's Education   Mean S.D.     
   0 4.12 1.87 
  1-6 3.59 1.53 
  7-11 3.30 1.37 
  12+ 2.85 1.12 
Total 3.71 1.68 
Observations (n) 3,006 

Offspring's education (%) 
Women's Education 0-6 7-11 12 13+ Total 
   0 20.3 17.9 44.9 16.8 100.0 
  1-6 3.7 8.0 47.5 40.8 100.0 
  7-11 0.5 1.4 33.3 64.8 100.0 
  12+ 0.3 0.5 14.9 84.3 100.0 
Total 10.9 11.5 42.8 34.9 100.0 
Observations (n) 11,286 

Health outcomes 

Women's Education 
% Good 
health   

% No 
ADLs   

% No 
IADLs 

   0 12.1 87.1 68.6 
  1-6 17.1 95.0 87.0 
  7-11 29.0 96.4 90.9 
  12+ 32.7 97.7 93.9 
Total 17.6 92.1 80.3 
Observations (n) 3,006 

* Weighted percent, mean and standard deviation, and unweighted number of observations 

 

 



β t β t β t β t β t β t
Age
  60-64
  65-59 -0.10 -0.90 0.14 7.19 -0.16 -1.88 -0.32 -2.33 -0.35 -1.04 -0.36 -1.75
  70-74 -0.50 -4.12 0.23 10.24 -0.32 -3.40 -0.41 -2.58 -0.83 -2.48 -1.04 -5.19
  75-79 -0.81 -6.60 0.24 8.38 -0.59 -5.55 -0.70 -3.75 -1.37 -4.19 -1.61 -7.71
  80+ -1.40 10.40 0.19 5.63 -0.81 -6.56 -0.29 -1.44 -2.33 -7.41 -2.51 -11.81
Rural -0.46 -5.07 0.17 9.14 -0.24 -3.12 0.13 0.95 0.31 1.68 -0.23 -1.60
Women's
education
   0
  1-6 2.01 18.11 -0.09 -4.19 0.62 8.10 0.08 0.50 0.24 1.07 0.40 2.71
  7-11 3.80 23.57 -0.10 -2.93 1.08 8.76 0.53 2.54 0.36 0.95 0.38 1.57
  12+ 5.78 19.97 -0.25 -6.68 1.80 10.36 0.63 2.29 0.88 1.67 0.78 2.42
Husband's
education
   0
  1-6 0.07 3.13 0.70 8.18 -0.08 -0.46 0.46 2.12 0.21 1.41
  7-11 0.00 0.09 0.93 8.45 0.02 0.11 0.01 0.05 0.15 0.71
  12+ 0.04 1.44 1.70 14.56 -0.11 -0.49 0.27 0.89 0.40 1.81
# of Siblings -0.14 -6.18
# of kids -0.05 -1.16 0.02 0.50 0.03 0.86
Offspring's
education
  % 0-6
  % 7-11 0.002 0.36 0.00 -0.66 0.00 -1.33
  % 12 0.006 2.01 0.00 1.27 0.00 -0.12
  % 13+ 0.012 3.93 0.00 0.99 0.00 0.14
Constant 1.14 42.46 -2.03 -7.06 2.77 6.76 2.10 7.22
Cut points
  cut point 1 -0.40 -3.20 -2.31 -19.81
  cut point 2 1.71 11.85 -1.29 -11.74
  cut point 3 2.90 18.88 1.16 10.68
Observations

IADLs
(Logit)

Table 4 Parameter Estimates for Regression Analysis*

* Standard errors are adjusted for strata and cluster in survey design. 

Husband 
Education
(Ologit)

Fertility
(Poission) 

Self-reported 
health
(Logit)

Offspring 
Education
(Ologit)

11,2863,006 3,006

ADLs
(Logit)
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Figure 1 Ratios of the simulated proportion healthy to baseline proportion healthy 

                 5% change from 0 to 12+ yrs                       5% change from 7-11 to 12+ yrs 
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* N: No effect, M: Assortative Marriage, F: Differential Fertility, T: Intergenerational Transmission
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Figure 2 Ratios of simulated generational support ratios to baseline generational support      
ratios (5% change from 0 to 12+ yrs) 

                    All offspring per elderly                               Offspring (13+yrs) per elderly 
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* N: No effect, M: Assortative Marriage, F: Differential Fertility, T: Intergenerational Transmission
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Figure 3 Projected GSRs under M_F_T model 
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