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Abstract 
Population aging affects the structure of government expenditure in various ways.  In 
addition to the effects on the aggregate expenditure of age-related government 
expenditure, population aging also affects the per capita expenditure for age-related 
government expenditure such as education and social welfare by a change in political 
power.  If the elderly have selfish and shortsighted preferences, they may use their 
political power to reduce the expenditure on compulsory education that is not directly 
related to benefits for themselves.  On the other hand, the elderly may support the 
maintenance of government expenditure on compulsory education if they are altruistic 
or long-term decision makers.  Using the prefectural panel data from 1975 to 2005, we 
analyzed the relationship between the age structure of the population and public 
expenditure on compulsory education.  Estimated results indicate that the share of the 
elderly population had positive effects on the per student government expenditure on 
compulsory education in the 1970s and 1980s.  This relationship has reversed in the 
1990s.  Since the elderly began to live independently from children old enough to 
receive compulsory education, they may have become less concerned about public 
expenditure on compulsory education.  However, the reversal cannot be explained by 
the change in the living arrangements of the elderly in our analysis.  We speculate that 
the change was caused by the change in the subsidy system on compulsory education 
from the national government to the local governments. 
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1. Introduction 
Many developed countries are experiencing the population aging.  Japan is one of the 

countries experiencing such aging at the most rapid pace.  According to the Japanese 
census, the percentage of elderly over the age of 65 increased to 17.3 percent in 2000 
from 7.1 percent in 1970.  Furthermore, the Institute for Social Security and 
Population Research estimated that the ratio would reach 31.8 percent in 2030. 

How does population aging affect the structure of government expenditure? Median 
voter theory indicates that the preference of the median voter determines the size of 
government expenditure.  If the elderly become median voters, government 
expenditure such as social security and medical services, which is directly related to the 
elderly, will be increased. On the other hand, government expenditure such as education, 
which is not directly related to the elderly, will be decreased by the aging of median 
voters.  In particular, the local governments in Japan will be affected by this problem 
since the share of their expenditure on education as well as medical and social welfare is 
high.  Thus, it is expected that the government expenditure on education will be 
decreased by the increase in the share of the elderly in the population. 

However, the elderly may support the government’s decision to increase expenditure 
on education.  Poterba（1997, 1998）pointed out several possibilities.  First, the elderly 
may have a long time horizon with regard to decision making and voting.  Expenditure 
on education is beneficial to the old as well as the young generations in the long run, 
because monetary transfer from the young to the old generations may be increased by 
the growth in productivity caused by the increase in educational investment. 

Second, the elderly may have an altruistic preference.  The utility of the elderly will 
be increased by the increase in investment on education to their (grand) children or by 
the increase in consumption of their (grand) children by productivity growth caused by 
investment on education if they have an altruistic preference toward their children.  

Third, an increase in government expenditure on education may indirectly benefit the 
elderly.  The increase in expenditure on education by a local government may raise the 
land prices in that area because the quality of education would be higher in that area.  
If most of the elderly own real estate, they would benefit from the increase in land 
prices.  Moreover, the elderly may be benefited by the reduction in the crime rate 
caused by the socialization effects of better education. 

Fourth, Tiebout sorting (voting by foot) also affects the relationship between 
population aging and education expenditure by the government.  If a local government 
imposes higher taxes for better education, the elderly who oppose the increase in taxes 
would shift to other areas.  In this sense, the share of the elderly and education 
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expenditure in the local area are simultaneously determined.  Thus, the effects of aging 
on the change in government expenditure on compulsory education can be regarded as 
an empirical problem. 

Although issues on education have recently attracted public attention in Japan, most 
of the discussions are not based on empirical research.  It is important to analyze the 
effects of population aging on public expenditure on compulsory education in order to 
discuss the role of the government in providing education.  In particular, this analysis 
is important in Japan because Japan is the most rapidly aging society.  Figure 1 shows 
the time series change in the ratio of people over the age of 65 in selected countries.  
Among the developed countries, although the ratio of the elderly in Japan was relatively 
low in the 1980s, it rapidly increased from the late 1980s to the 1990s.  In 2000, the 
ratio of the elderly in Japan was the highest among four countries.  It is expected that 
Japanese society will face a higher rate of population aging in the future. 

Citing the results of Hoxby (1998), Poterba (1998) pointed that the correlation 
between the ratio of the elderly and government education expenditure, which was 
positive in the early 1900s, has recently become negative.  However, Poterba (1998) 
did not empirically test the hypothesis and merely speculated that this change in the sign 
of the relationship had been caused by the increase in nuclear families. 

Japan is an ideal testing field for conducting empirical research on the relationship 
between population aging and public education expenditure.  This is because the 
country recently experienced rapid population aging and a drastic change in household 
structures—namely from extended families to nuclear families. 
 In this paper, we analyze the effects of population aging on the public expenditure on 
compulsory education using prefectural panel data from 1975 to 2005 in Japan.  The 
results of the paper are summarized as follows.  The higher ratio of the elderly 
increased the per student public expenditure on compulsory education before the 1980s; 
however, it decreased the per student public expenditure on compulsory education after 
the 1990s.  Since the elderly began to live independently from their children old 
enough to receive compulsory education, they may have become less concerned about 
public expenditure on compulsory education. However, the reversal cannot be explained 
by the change in the living arrangements of the elderly in our analysis.  We speculate 
that the change was caused by the change in the subsidy system on compulsory 
education from the national government to the local governments.  

This paper is structured as follows.  In section 2, we review previous research.  In 
section 3, we describe the estimation models and the data for empirical analysis.  The 
estimation results and the explanation that the aging population had different effects on 
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the expenditure on compulsory education between the 1980s and the 1990s are 
presented in Section 4.  In section 5, we examine the effects of the changes in the 
living arrangements of the elderly on the level of public expenditure on compulsory 
education both in the 1980s and 1990s.  In section 6, we summarize the results and 
note the problems for future research. 

 
2. Previous Research 

First, we review the theoretical background on the relationship between population 
aging and the size of government expenditure on compulsory education.  According to 
the median voter theory, the size of government expenditure is determined by the 
preference of median voters.  Person and Tabellini (2000) and Gradstein, Justman, and 
Meier (2005) show that the preference for public expenditure on the education of voters 
should be single-peaked with income for the existence of a voting equilibrium.  
Intuitively, this condition implies that the demand for public expenditure on education 
monotonically increases with an increase in income (Oberndorfer and Steiner 2006).  
The aging of median voters increases the public expenditure on goods and services that 
are demanded by the elderly.  If the elderly do not wish to support an increase in public 
expenditure on compulsory education, population aging decreases the government 
expenditure on education.1 

Poterba (1997, 1998) pointed the possibility of a positive correlation between the size 
of public expenditure on compulsory education and population aging.  The elderly 
support the increase in government expenditure on compulsory education if they are 
altruistic toward the younger generation or if they are indirectly benefited by the 
appreciation of land prices, reduction in the crime rate, and increase in future 
productivity owing to an increase in the expenditure on compulsory education.  Thus, 
because of theoretical ambiguity, the relationship between population aging and 
expenditure on compulsory education is an empirical problem. 

In Europe and the US, empirical research on the relationship between population 
aging and government expenditure on compulsory education has been accumulated.  
Poterba (1997, 1998) analyzed the impact of population aging on government 
expenditure on compulsory education (K-12) using state-level panel data from 1961 to 
1991 in the US.  According to his estimation results, a one percent increase in the ratio 

                                                  
1 Even Parents of school-age kids be against public expenditure if the private sector can do it better.  This might be 
true for high income parents who send their kids to private school.  However, the percentage of pupils in private 
school in compulsory education is very low in Japan.  99.0 percent of elementary school pupils went to public 
school and 93.5 percent of junior high school students went to public school in 2004.   
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of the elderly—aged at least 65 years—reduces the per student public expenditure on 
education by about 0.26 percent. 

Harris, Evans, and Schwab (2001) estimated the relation using school district-level 
data for 1972, 1982, and 1992 because the population structure and education 
expenditure changed in school districts even if they were located in the same state.  
The estimated negative effects of the ratio of the elderly on education expenditure are 
smaller than those obtained by Poterba—there is a negative correlation between 
population aging and education expenditure. 

Ladd and Murray (2001) conducted research using the county-level data for 1970, 
1980, and 1990 in the US.  Their results reveal that the impact of the ratio of the 
elderly on education expenditure by the government is not statistically significant. 

Using individual cross-section data, Rubinfeld (1977) indicated that the elderly do 
not tend to vote for policies that increase the expenditure on education.  Based on 
household data, Brunner and Balsdon (2004) examined whether respondents agree with 
hypothetical educational policies at the national and regional levels.  They reveal that 
the elderly tend to support an increase in government expenditure on education at the 
regional rather than the national level.  However, they do not identify the reason for the 
preference of the elderly for local government education expenditure—whether the 
elderly wish to raise the local land price or they have an altruistic preference toward the 
young generation. 

Using the state-level data from 1990 to 2002 in Switzerland, Grob and Wolter (2005) 
found that an increase in the ratio of the elderly (retired) decreases the per student 
expenditure on compulsory education (elementary and junior high school).  They also 
showed that the effects of the decrease in public expenditure on education caused by the 
increase in the ratio of the elderly are greater than those caused by the decrease in the 
number of students.2 

By contrast, no study has been conducted on the relationship between population 
aging and government expenditure on education in Japan.  Although Doi (1998) 
empirically examined the median voting theory using Japanese data, he analyzed the 
determinants of the size of overall public expenditure rather than categorizing public 
expenditure such as education. 

This paper is the first attempt to examine the effects of aging on government 
expenditure on education in Japan.  Japan is an ideal testing field for analyzing this 
problem because it has experienced a rapid change in both population and household 

                                                  
2 Oberndorfer and Steiner (2006) examined the effects of political variables on higher education in Germany. They 
found that leftist governments increase education expenditure. 
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structures in the last three decades. 
Hoxby (1998) indicated a positive correlation between the ratio of the elderly and 

government expenditure in the early 1900s in the US.  She also revealed that the 
correlation gradually changed from positive to negative in the nineteenth century.  
Goldin and Katz (1998) showed the same change of correlation between population 
aging and public expenditure on higher education. 

Poterba (1998) conjectured that the change of correlation between the elderly and 
public expenditure on education was caused by the trend toward nuclear families, 
although he did not empirically examine the hypothesis. 

Since there is a growing trend toward nuclear families in the last three decades in 
Japan as well as a rapid increase in the ratio of the elderly, we are able to test the effects 
of population aging as well as the change in the household structure on public 
expenditure on education. 
 
3. Empirical Analysis 

3.1. The Fiscal System of Public Education in Japan 
 In Japan, there is a substantial variation in the per student government expenditure on 
compulsory education among local governments because the cost of compulsory 
education is borne both by the central and local governments.  The subsidy system 
from the national government to local governments for the costs of compulsory 
education is as follows. 

The number of classes and teachers are determined by the Compulsory Education 
Standards Law.  The law stipulates the maximum number of students per class as 40 
from 1998 (45 from 1968 to 1997).  The national treasury burdens of compulsory 
education costs subsidizes local governments for the half the cost of the compensations 
for teachers including lump sum retirement allowance, mutual aid benefit (social 
security benefit for teachers), travel expenses, and education materials if the number of 
teachers is determined by the Compulsory Education Standards Law.  After the 
introduction of this subsidy system in 1952, the Japanese government increased the 
amount of subsidy to local governments for compulsory education costs in order to 
equalize the national level of the quality of education.  The Japanese government’s 
equalization policy for the quality of education changed the relationship between per 
pupil education costs and the financial capability of the local government.  According 
to Kariya (2006), a positive correlation existed between the per pupil costs of public 
elementary school and the financial capability index of the local governments in 1965; 
however, this correlation changed to negative in 2003. 
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  However, from 1985, the subsidy for compensation for teachers has been gradually 
reduced.  In 1985, the Japanese government discontinued subsidies to the local 
governments for the costs of education material and travel expenses.  From 1986, the 
subsidies for the costs of social security benefits and the lump sum retirement allowance 
for teachers have been gradually reduced.  The subsidy for the costs of lump sum 
retirement allowance was abolished in 1993, and the subsidy for the costs of social 
security benefits for teachers was abolished in 2003.  From 2006, the subsidy for the 
salary of teachers from the national government to local governments was reduced from 
one-half to one-third of the total salary of the teachers. 
  At the same time, the discretionary power of local governments on compulsory 
education has been increased.  Until 2003, the local governments were not able to 
reduce the class size below 40 students per class.  Although this restriction was lifted 
in 2003, the national government did not subsidize the salaries of teachers that exceeded 
the standard number of teachers determined by the standard class size of 40 pupils. 
  Prefectural governments have discretionary power on hiring of teachers.  Municipal 
governments were not able to hire fulltime teachers for municipal elementary and junior 
high schools by their own financial resources because the prefectural boards of 
education appointed teachers for municipal schools and prefectures bore the salary for 
the teachers of municipal schools3 .  Except for the hiring of the teachers, municipal 
governments can determine the size of expenditure on educational costs such as costs 
for educational materials, library and travel in municipal schools from 19854.      
  There are large differentials between standard financial needs for compulsory 
education which determine the size of the local allocation tax grant for prefectures and 
actual expenditure on the compulsory education by the prefectures.  For example, the 
maximum value of the ratio of actual expenditure on educational materials for 
compulsory schools to the standard financial needs in the local allocation tax grant for 
prefectures was 163.7 percent in Tokyo and the minimum value of the ratio was 35.6 
percent in Tokushima in 2003 (the average value was 75.7 percent).   
  As shown in Figure 2, the subsidies for local governments on compulsory education 
had decreased in the 1980s and had been stable in the 1990s.  On the contrary, by 1995, 
the expenditure of local governments on compulsory education continued to increase.  
Figure 3 shows the change in the educational costs per pupil by the national and local 

                                                  
3 This regulation was relaxed in the special zone for structural reform from 2002. 
4 Although municipal level analysis would be desirable if municipal level data were available, we were not able to 
get municipal level data in this analysis. Thus we use prefectural level data in this paper.  Prefectural level analysis 
can be justified because the share of labor cost is very high (about 75 percent from 1997 to 2005) in educational 
expenditure. 
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governments.  From 1985, the per student educational costs by local governments has 
been increasing.  However, the subsidy from the national government gradually 
increased in the same period. 
  These changes in the fiscal system of compulsory education in Japan might have 
affected the expenditure of local governments on public education.  As local 
governments increased the discretional power for determining the expenditure on 
compulsory education, the level of education costs was determined by political pressure. 
 
  3.2  Estimation Model 
Similar to Poterba (1997, 1998), we estimate the following model to test the effects of 
population aging. 

itititit

ititititit

uUrbanHouseUnemp
AidIncomeKIDOLDEduc
++++

+++=

765

4321

βββ
ββββ

 

              itititu εατ ++=  
 The subscripts i and t stand for prefecture and time, respectively.  Educit represents 
the per student compulsory education costs of prefecture i at time t.  Similarly, OLD is 
the percentage of the elderly who are 65 years or above, and KID is the percentage of 
people old enough to receive compulsory school education in prefecture i at time t.  
These variables capture the demographic effects on public education costs. 
  In order to control for the effects of the subsidy from the central government, we 
added the per student subsidy from the central government to the local government 
(Aid) to the estimation model.  House is the house ownership rate and it controls for 
the difference in the preference with regard to public expenditure on education between 
households with and without ownership of their houses.  Income is the per capita 
prefectural income; Unemp, the unemployment rate; and Urban, the percentage of 
people who live in urban areas.  These variables capture the information on the income 
distribution of the prefectures.  itu  is the error term and it is assumed that the error 
term is decomposed to time effect ( tτ ), individual effect ( iα ), and the idiosyncratic 
error ( itε ) with mean 0 and constant variance. 
 We are most interested in the coefficient of OLD in the estimation.  If this 
coefficient is negative, we can interpret the situation as follows: the elderly support 
policies that directly benefit them because of their selfishness or shortsightedness.  On 
the other hand, if the coefficient of OLD is positive, we interpret the situation as 
follows: the elderly support the increase in public education either because they 
recognize the benefit of public education—since they are altruistic or long-term 
decision makers—or because their welfare will be raised by the decrease in crime rate 
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and increase of land prices.  However, we cannot identify the reasons that the elderly 
support the increase of public expenditure on compulsory education when the 
coefficient of OLD is positive in the estimation. 
 Let us explain the other explanatory variables.  The coefficient of KID is expected to 
be negative because the per student public education costs would be reduced by an 
increase in the per capita number of children if the total government expenditure on 
education does not increase along with the number of children.  The coefficient of 
House is expected to be positive because homeowners will benefit from the increase in 
land prices due to an increase in the quality of education.  The coefficient of Income is 
expected to be positive since a higher income household would demand a higher level 
of education.  The coefficient of Unemp is expected to be negative because people may 
prefer the strengthening of measures for unemployment to increasing the education 
quality when the unemployment rate is high.  Urban is expected to have a negative 
coefficient since people living in urban areas, where private schools are located, may 
prefer private schools to public ones. 
  We use the panel estimation method with prefectural fixed effects.  This estimation 
method provides a consistent estimator when the unobserved prefectural factors are 
correlated with both education costs and demographic change. 
 Harris, Evans, and Schwab (2001) and Ladd and Murray (2001) pointed that the ratio 
of the elderly might be endogenously determined.  Under Tiebout sorting, if the elderly 
are selfish or shortsighted, they may shift from the high-quality education area because 
of higher taxes.  In this case, the estimated coefficients by ordinary least squares (OLS) 
are biased because the expenditure on compulsory education and the ratio of the elderly 
are simultaneously determined.  To avoid this bias, we use the ratio of the elderly five 
years ago as an instrumental variable (IV).  This variable is adequate as an IV because 
we can consider that the ratio of the elderly five years ago is independent from the 
current level of government expenditure on education.5 
 
 3.3  Data 
 We use prefectural panel data from 1975 to 2005 to estimate the model.  Since we 
use the census survey that is conducted every five years, we use the prefectural panel 
data with a five-year interval.  The definitions and sources of the data are as follows. 

The amount of government expenditure on compulsory education is obtained from the 
“Survey of the Educational Costs by the Local Governments” (Ministry of Education, 

                                                  
5 Harris, Evans, and Schwab(2001) and Ladd and Murray (2001) reported that the estimation results by OLS and IV 
are similar. 
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Culture, Sports, Science and Technology (MEXT)).  The costs include the 
expenditures on elementary and junior high schools paid by prefectures and 
municipalities.  The numbers of students are obtained from the “Basic Survey on 
Schools” (MEXT).  The per student education costs are obtained by dividing the total 
expenditure on compulsory education by the number of students. 

The ratio of the elderly aged 65 years or above (OLD) and the ratio of young people 
aged between 5 and 14 years (KID) are calculated from “the Population Census” 
(Ministry of Internal Affairs and Communications(MIC)). 

The per student subsidy from the central government (AID) is the amount of subsidy 
for compulsory education from the central government divided by the number of 
students (“Survey of the Educational Costs by the Local Governments”).  

The per capita prefectural income (INCOME) is the prefectural income (“Annual 
Report on Prefectural Accounts” (Cabinet Office)) divided by the prefectural population.  
The Prefectural Unemployment rates (UNEMP) are calculated from the Population 
Census. 
  The house ownership rate (HOUSE) is taken from “The Housing and Land Survey” 
(MIC).  This survey was conducted two years before the Population Census, which we 
use for the other variables.  We use the ratio of population in a densely inhabited 
district from the Population Census for the proxy of the degree of urbanization.  We 
realized monetary variables by the consumer price index (CPI) in 2000.  Since all the 
variables are logarithmically transformed, as in the previous research, the estimated 
coefficient implies elasticity.  Table 1 shows the descriptive statistics of the variables.  
  Figure 4 shows the scatter plot between the per student education costs (Educ) and 
the ratio of the elderly aged 65 years or above (OLD).  Although there is positive 
correlation between Educ and OLD, this correlation might be caused by the other 
variables.  For example, the prefectures which have higher ratio of young people aged 
between 5 and 14 years (KID) show the higher Educ because there is scale economy due 
to fixed costs in educational expenditure as shown in Figure 5. 
 

 
 
4. Estimation Results 

4.1. Base Model 
Let us examine the estimation results of the effects of population aging on the per 

student compulsory education costs.  Table 2 reports the benchmark estimation results.  
Columns (1) to (3) in Table 2 show the estimation results by OLS in specifications with 
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and without the variables of unemployment rate and the ratio of population in a densely 
inhabited district. 

The estimated coefficients of the ratio of the elderly by OLS are not statistically 
significant, although they are positive.  However, the estimation results by OLS might 
be biased if the unobserved fixed effects are correlated with the explanatory variables.  
In order to check this possibility, we conducted the Breusch-Pagan and Hausman tests.  
First, the random effect model is supported between OLS and the random effect model 
by the Breusch-Pagan test.  Second, the fixed effect model is supported between the 
fixed effect model and the random effect model by the Hausman test.  Thus, we use the 
fixed effect model for estimation. 

Figures in columns (4) to (6) in Table 2 report the estimation results by the fixed 
effect model and show that the percentage of people aged 65 years or above 
significantly reduces affect the per student public education costs. 

Let us focus on other variables.  The coefficient of the ratio of people below 15 years 
of age is significantly negative.  This implies that the increase in the ratio of people old 
enough to receive compulsory school education decreases the per student compulsory 
education costs.  The coefficient of per capita prefectural income, which denotes the 
income level of a household, is significantly positive.  The amount of per student 
subsidy for compulsory schools from the central government has a significant positive 
effect on the per student compulsory school costs paid by the local governments.  The 
estimated coefficient of the house ownership rate is significantly negative in the OLS; 
however, it is not significantly positive in the fixed effect estimation.  The 
unemployment rate is not significant in the fixed effect estimation when we control the 
ratio of population in a densely inhabited district.  The estimated coefficient of the 
ratio of population in a densely inhabited district is not significantly negative. 

As shown in Figure 1, Japan experienced rapid population aging in the 1990s, leading 
to the possibility of structural change in the relationship between population aging and 
the per student education costs.  Thus, we conducted the Chow test to test the stability 
of coefficients in the estimation period.  Concretely speaking, we conducted the test 
for the structural change that occurred in the following years—1980, 1985, 1990, 1995, 
and 2000.  The results are shown in Table 3.  According to this table, the null 
hypothesis of no structural change is rejected at the five percent significance level.  We 
also conducted a sequential test for structural change using the yearly panel data from 
1975 to 2005, eliminating those variables that are only available at five-year 
intervals—for instance, the housing ownership and unemployment rates.  In the 
sequential test for structural change, we test the possibility of structural change for 
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every year.  First, we conduct the Chow test to test the structural change that occurred 
between the first and second years.  Second, we examine the change that occurred 
between the second and third years, and so on.  We infer that the structural change 
occurred in the year that takes the maximum value of F (test statistic).  According to 
Figures A1 and A2, which present the results of the sequential tests for structural change 
(Chow tests and cumulative sum (CUSUM) test, respectively), we can infer that the 
structural change occurred around 1993.  We estimated the model using a separated 
sample period because the effect of population aging on public education costs may 
have changed between the 1980s and 1990s according to the results of the structural 
change. 
 Table 4 reports the results of the fixed effect estimation using the separated sample 
periods—the sample before 1985 and that after 1990.  Table 4 shows that the estimated 
coefficients of the ratio of the elderly are significantly positive when we use the sample 
before 1985.  The coefficient changes to significantly negative when we use the 
sample of the 1990s.  The estimated coefficients of other variables do not change 
between the 1980s and 1990s. 
  Figure 6 plots the relationship between the log of the per student education costs 
(ECOST) and the ratio of the elderly aged 65 years or above (OLD), after adjusting for 
KID, AID, INCOME, UNEMP, HOUSE and prefectural fixed effects from 1975 to 2005.  
There is negative relationship between ECOST and OLD if we adjust other explanatory 
variables as shown in column (1) of Table 4.  Figure 7 and 8 are scatter plots for 
divided samples for 1975-1985 and 1990-2005 corresponding to columns (2) and (3) of 
Table 4.  These Figures show the relationship between ECOS and OLD changed from 
negative to positive after 1990. In sum, similar to the case observed by Poterba (1997) 
in the US, population aging decreased the per student compulsory education costs in the 
1990s in Japan. 
 
 4.2. Estimation Results by IV 
 If voting by foot works, the elderly would shift from the regions where they have to 
pay higher taxes to finance higher costs for public education.  In this case, the ratio of 
the elderly and the public education costs are simultaneously determined and the ratio of 
the elderly should be considered as an endogenous variable in the estimation.  Harris, 
Evans, and Schwab (2001) and Ladd and Murray (2001) used the ratio of the elderly in 
previous census as an IV for the current ratio of the elderly.  Since the current level of 
government expenditure on compulsory education does not affect the percentage of the 
elderly 5years earlier, the ratio satisfies the conditions of an IV.  Therefore, we use the 
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ratio of the elderly 5 years earlier as an IV.  Moreover, we estimate the model using the 
divided samples of the 1980s and 1990s. 
  Estimation results by IV are shown in Table 5.  The ratio of the elderly does not 
have a significant effect on the per student government expenditure on compulsory 
education neither in the entire sample period nor in the 1980s.  However, similar to the 
OLS results in Table 4, the ratio of the elderly significantly decreases the per student 
compulsory education costs in the sample of the 1990s when we use the IV method that 
provides the consistent estimator shown in Table 5. 

These results imply that the elderly in Japan have either become selfish or 
shortsighted since the 1990s and that population aging decreases the per student 
compulsory school costs.  The results obtained in Japan in the 1990s are similar to 
those obtained by Poterba (1997) and Harris, Evans, and Schwab (2001) in the US and 
by Grob and Wolter (2005) in Switzerland. 

Demographic change has both negative and positive effects on public education costs.  
The increase in the ratio of the elderly population decreases the per student public 
education costs because of political pressure from the elderly.  On the other hand, the 
decrease in the ratio of children old enough to receive compulsory education increases 
the per student public education costs because of the adjustment costs for changing the 
number of teachers and consolidating schools.  What are the net effects of the 
demographic change on public education costs? 

According to Table 5, the 1 percent increase in the ratio of the elderly decreases the 
per student education costs by around 0.6 percent.  The 1 percent decrease in the ratio 
of children old enough to receive compulsory education increases the per student 
education costs by around 0.8 percent.  According to the population projections by the 
National Institute of Population and Social Security Research of the Japanese 
government, the ratio of the population of children old enough to receive compulsory 
school attendance will decrease by 29.7 percent from 2005 to 2030, and the ratio of the 
population of the elderly who are 65 years or above will increase by 57.4 in the same 
period.  Consequently, the net effect of the demographic change will be a 10.2 percent 
decrease in the per student public education costs: per student education costs will be 
increased by 23.8 percent through the decrease in the number of children and will be 
decreased by 34.4 percent through the increase in the population of the elderly. 
 
5. Why did the effects of demographics on public education change in the 1990s? 

What caused the change from no correlation in the 1980s to a negative relation in the 
1990s in the effects of the ratio of the elderly on the per student compulsory education 
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costs?  Let us examine the several possibilities. 
First, the disposition of the elderly in Japan might have changed from altruistic to 

selfish or from being shortsighted decision makers to long-term decision makers around 
the 1990s.  However, the following question then arises: Why did the preferences of 
the elderly change in the 1990s? 

Second, the change in the voting rates might have affected the relationship between 
the ratio of the elderly and public education costs.  Recently, voting rates have been 
decreasing in Japan.  Moreover, the percentage of young voters has dropped although 
that of the elderly is stable.  Thus, the political power of the elderly has been 
strengthened more than expected as a result of the demographic change.  This change 
in voting behavior by age group might have enabled the elderly to acquire political 
power and implement policies that are beneficial to them.  

Third, the change in the household structure might cause the change in the effects of 
population aging on public education costs.  It is expected that elderly people became 
selfish and no longer focused on children and grand children because the percentage of 
the elderly living independently from their children increased, while the percentage of 
the elderly living with their children and grand children as extended family members 
decreased. The estimation results of Hoxby (1998) also indicate that the effects of aging 
on public education changed from positive in the early 1900 to negative in the 1990s.  
Poterba (1998) speculated that this reversal of the effects of population aging on public 
education costs was caused by the increase in the ratio of the elderly who lived 
independently.  If the elderly have children or grandchildren old enough to receive 
compulsory education within the same household, they are interested in public 
education and understand its importance.  However, they would prefer policies that are 
more directly beneficial to them than to public education if they live independently from 
their children. 

Fourth, the change in the effects of the coefficient of the ratio of the elderly on public 
education costs might not be caused by the change in the preference of the elderly with 
regard to education.  Rather, it might be caused by the change in the public finance 
system of local governments, as explained in section 3.1. 

In Japan, the ratio of three-generation families has been decreasing, while the ratio of 
single-member families of the elderly has been increasing.  These changes in the 
family structure might affect the attitudes of the elderly toward public education. 
 In this section, we analyze the effects of the change in the family structure on 
compulsory education.  We used the ratios of three-generation families, nuclear 
families, and single-member families from the census as the explanatory variables of 
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household structure.  Table 6 presents the change in the ratios of the family structure 
variables.  During the last three decades, the percentage of single-member families of 
the elderly has been increasing, while that of three-generation families has been 
decreasing, as shown in Table 6.  Thus, the Japanese elderly began to live 
independently from their children when they were old enough to receive compulsory 
education. 
  Table 7 provides the estimation results for the models, including the share of 
single-member households of the elderly as an explanatory variable to test the effect of 
the change in the living arrangements of the elderly on public education.  Columns (1) 
to (3) show the results of the fixed effect models for the entire sample, the sample of the 
1980s, and the sample of the 1990s, respectively.  Columns (4) to (6) show the results 
of IV estimation for the same sample periods.  The inclusion of the share of 
single-member households as explanatory variables does not change the estimated 
coefficients of the population share of the elderly.  To examine the effect of the living 
arrangement on the public educational spending, we use the other types of variables 
different from the previous estimation.  The other types of variables such as the share 
of elderly households or the share of households with their children living nearby are obtained 

from the “National Livelihood Survey” conducted by the Health, Labour, and Welfare 
Ministry6.  The sample periods are from 1986 to 2004 because of data availability.  
The estimation results of regressions for several specifications are reported in Table 8.  
Column (1) shows the benchmark result.  Columns (2) to (4) show the results of 
adding the living arrangement variables.  The negative coefficient of the share of the 
elderly does not change when the living arrangement variables are included in the 
explanatory variables. 
  The hypothesis that the change in the living arrangements of the elderly in Japan 
caused the change in the preference for public education among the elderly was not 
accepted. 
 We speculate that the change in the subsidy system for compulsory education from the 
national to the local governments affected the change in the estimation results between 
the 1980s and 1990s.  From 1985, the subsidy from the national government for the 
salary of teachers has been gradually reduced.  Thus, the burden of the local 
governments with regard to public education has been increased in the last two decades.  
This change is shown in Table 5.  Although the elasticity of the subsidy for per student 
education costs was about 0.3 in the 1980s, it became about 0.1 in the 1990s.  
                                                  
6 National Livelihood Survey is conducted at intervals of three years. It is available from 1986. Total number of 
observation is 329 (= 47x7 waves), but the figure of Hyogo at 1994 is not available because of Hansin-Awaji 
earthquake. 
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  As the discretionary power and the fiscal burden of the local governments with regard 
to compulsory education increased, the local governments began to be affected by 
political pressure from the elderly voters who were less supportive in terms of 
increasing the public education costs. 

 
 
 

6.  Conclusion 
This paper examined the effects of demographic change on compulsory education 

costs using prefectural panel data from 1975 to 2005 in Japan.  If the elderly are selfish 
and shortsighted decision makers, they would try to reduce government expenditure on 
compulsory education.  On the other hand, the elderly would try to increase public 
education costs if they are altruistic or long-term decision makers.   

Our estimation results indicate that the higher share of the elderly increased the 
expenditure on compulsory education per student by local governments in the 1980s; 
however, this relationship was reversed in the 1990s. 

We did not find evidence that this change was caused by the change in the living 
arrangements of the elderly in Japan.  Thus, we suspect that the change in the 
relationship between public education costs and population aging was caused by the 
changes in the fiscal system, which increased the discretionary power of the local 
governments in determining public education costs. 

Three issues are pointed out for future research.  First, we need a detailed analysis of 
the effects of the changes in the subsidy system on compulsory education and on the 
relationship between population aging and public education costs.  Second, a 
municipal level analysis would be more useful since there are many more variations in 
both demographic and education costs.  Third, the quality of education and 
demographic change should be analyzed directly. 
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Table 1 Descriptive Statistics 

1975-2005
Variable Obs Mean Std. Dev. Min Max

per pupil local educational expenditure 329 499.43 152.91 267.74 930.95
population share of old (%) 329 14.53 5.00 5.27 27.09
population share of kid (%) 329 13.11 2.60 7.54 20.55

per pupil subsidy 329 2525.79 555.96 1484.60 4884.71
per capita income 329 235.27 42.77 147.62 377.58

unemployment rate (%) 329 3.64 1.64 1.23 11.85
house occpation rate (%) 329 67.83 8.89 39.44 85.73
population density index 329 47.75 18.61 21.85 98.03

1975-1985
Variable Obs Mean Std. Dev. Min Max

per pupil local educational expenditure 141 358.29 40.14 267.74 547.24
population share of old (%) 141 10.29 2.10 5.27 15.32
population share of kid (%) 141 15.60 1.10 12.72 20.55

per pupil subsidy 141 2078.50 351.43 1484.60 3743.86
per capita income 141 215.40 34.50 147.62 298.64

unemployment rate (%) 141 2.70 1.17 1.23 8.09
house occpation rate (%) 141 68.66 9.76 39.44 85.73
population density index 141 44.74 18.31 21.85 97.21

1990-2005
Variable Obs Mean Std. Dev. Min Max

per pupil local educational expenditure 188 605.27 116.29 411.65 930.95
population share of old (%) 188 17.71 4.10 8.28 27.09
population share of kid (%) 188 11.24 1.66 7.54 16.93

per pupil subsidy 188 2861.26 430.92 2066.31 4884.71
per capita income 188 250.17 42.38 171.84 377.58

unemployment rate (%) 188 4.36 1.59 1.73 11.85
house occpation rate (%) 188 67.21 8.16 39.59 84.88
population density index 188 50.01 18.56 24.16 98.03  

Note: "the Population Census" (Ministry of Internal Affairs and Communications)  
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Table 2  Estimation Results of the Effects of the Aging on Per Student Public Education Costs 

(1) (2) (3) (4) (5) (6)
1975-2005 1975-2005 1975-2005 1975-2005 1975-2005 1975-2005

log(per pupil educational cost) POOL POOL POOL FE FE FE
log(Population share of old) 0.0526 0.0394 0.00481 -0.118** -0.119** -0.129**

(0.0336) (0.0338) (0.0376) (0.0597) (0.0599) (0.0601)
log(Population share of kid) -0.566*** -0.563*** -0.597*** -0.544*** -0.549*** -0.542***

(0.0621) (0.0628) (0.0653) (0.0700) (0.0714) (0.0714)
log(per capita income) 0.274*** 0.213*** 0.211*** 0.132** 0.134** 0.140**

(0.0531) (0.0587) (0.0575) (0.0587) (0.0592) (0.0591)
log(per pupil subsidy) 0.574*** 0.585*** 0.574*** 0.194*** 0.194*** 0.186***

(0.0399) (0.0394) (0.0381) (0.0464) (0.0466) (0.0468)
log(Unemployment rate) -0.197*** -0.266*** -0.313*** 0.0292 0.0278 0.00374

(0.0379) (0.0427) (0.0517) (0.0807) (0.0809) (0.0822)
log(House Occupation Rate) -0.0478*** -0.0436*** -0.00795 -0.00429

(0.0160) (0.0164) (0.0246) (0.0246)
log(Population Density Index) -0.0419** -0.0856

(0.0192) (0.0547)
Constant 2.958*** 3.707*** 4.299*** 5.417*** 5.424*** 5.842***

(0.634) (0.690) (0.715) (0.699) (0.701) (0.748)
Observations 329 329 329 329 329 329

R-squared 0.964 0.964 0.965 0.984 0.984 0.984
Number of pref 47 47 47

year effect yes yes yes yes yes yes  
Note: Figures in parentheses are standard errors.  ***, **, and * show significance levels 1%, 

5%  and 10％, respectively. 
 
 

 

Table 3 Tests for Structural Change 

Structual Break Point F-statistics P-value
1980 1.06 0.39
1985 1.73 0.08
1990 2.09 0.03
1995 3.35 >0.001
2000 4.82 >0.001  

Note: The Chow test to test the structural change that occurred between the first and 
second years -statistics  
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Table 4  Estimation Results of the Effects of the Aging on Per Student Public Education Costs 

based on the Divided Sample Periods 

(1) (2) (3)
1975-2005 1975-1985 1990-2005

log(per pupil educational cost) FE FE FE
log(Population share of old) -0.129** 0.315* -0.495***

(0.0601) (0.174) (0.116)
log(Population share of kid) -0.542*** -0.593*** -0.775***

(0.0714) (0.126) (0.167)
log(per capita income) 0.140** 0.255** 0.151*

(0.0591) (0.112) (0.0895)
log(per pupil subsidy) 0.186*** 0.332*** 0.124**

(0.0468) (0.0972) (0.0565)
log(Unemployment rate) 0.00374 0.212 -0.0717

(0.0822) (0.133) (0.197)
log(House Occupation Rate) -0.00429 -0.0789 0.0255

(0.0246) (0.0581) (0.0440)
log(Population Density Index) -0.0856 -0.0523 -0.0681

(0.0547) (0.118) (0.114)
Constant 5.842*** 2.423* 8.527***

(0.748) (1.387) (1.407)
Observations 329 141 188

Number of pref 47 47 47
R-squared 0.984 0.770 0.963
year effect yes yes yes  

Note: Figures in parentheses are standard errors.  ***, **, and * show significance levels 1%, 

5%  and 10％, respectively. 
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Table 5  Estimation Results using IV 
(1) (2) (3)

1975-2005 1975-1985 1990-2005
log(per pupil educational cost) FEIV FEIV FEIV
log(Population share of old) -0.0421 0.321 -0.599***

(0.0700) (0.246) (0.150)
log(Population share of kid) -0.514*** -0.592*** -0.795***

(0.0725) (0.128) (0.169)
log(per capita income) 0.148** 0.255** 0.125

(0.0595) (0.112) (0.0929)
log(per pupil subsidy) 0.192*** 0.331*** 0.117**

(0.0470) (0.101) (0.0570)
log(Unemployment rate) -0.0373 0.210 0.0133

(0.0841) (0.142) (0.212)
log(House Occupation Rate) -0.00313 -0.0794 0.0209

(0.0247) (0.0596) (0.0444)
log(Population Density Index) -0.0767 -0.0513 -0.0746

(0.0550) (0.121) (0.114)
Constant 5.619*** 2.419* 8.504***

(0.756) (1.393) (1.428)

log(Population share of old 5yr ago) 0.832*** 0.623*** 0.981***
(0.030) (0.068) (0.070)

F Statistics 776.76 84.84 196.83
Partial R-squared 0.743 0.500 0.600

Observations 329 141 188
Number of pref 47 47 47

year effect yes yes yes

First Stage

 
Note: Figures in parentheses are standard errors.  ***, **, and * show significance levels 1%, 

5%  and 10％, respectively.  
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Table 6 Change of Household Structure (National Average: %) 

population
share of old

household share of
three-generation

family

household share of
nuclear family

household share of
elderly family

1975 9.05 21.99 67.48 5.92
1980 10.25 18.68 58.21 5.84
1985 11.56 17.82 57.95 7.46
1990 13.58 15.95 57.72 9.68
1995 16.31 13.80 57.08 12.33
2000 19.15 11.41 57.26 15.27
2005 21.79 9.45 57.11 18.41  

Note: "The Population Census" (Ministry of Internal Affairs and Communications)  
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Table 7 The Effects of Elderly Single Member households on Public Education 

(1) (2) (3) (4) (5) (6)
1975-2005 1975-1985 1990-2005 1975-2005 1975-1985 1990-2005

log(per pupil educational cost) FE FE FE FEIV FEIV FEIV
log(Population share of old) -0.0104 0.680** -0.379* 0.156 0.943** -0.707**

(0.105) (0.261) (0.198) (0.130) (0.441) (0.276)
log(Proportion of old family) -0.0606 -0.200* -0.0681 -0.0953* -0.291* 0.0601

(0.0440) (0.107) (0.0937) (0.0497) (0.150) (0.113)
log(Population share of kid) -0.540*** -0.573*** -0.774*** -0.507*** -0.553*** -0.797***

(0.0713) (0.125) (0.167) (0.0710) (0.123) (0.164)
log(per capita income) 0.160*** 0.310*** 0.162* 0.181*** 0.332*** 0.114

(0.0607) (0.114) (0.0909) (0.0606) (0.112) (0.0943)
log(per pupil subsidy) 0.180*** 0.319*** 0.128** 0.184*** 0.298*** 0.113**

(0.0469) (0.0961) (0.0569) (0.0460) (0.0977) (0.0561)
log(Unemployment rate) 0.00128 0.248* -0.0791 -0.0463 0.237* 0.0246

(0.0820) (0.133) (0.198) (0.0824) (0.132) (0.210)
log(House Occupation Rate) 0.0213 -0.0310 0.0448 0.0374 -0.0162 0.00359

(0.0308) (0.0628) (0.0515) (0.0321) (0.0624) (0.0549)
log(Population Density Index) -0.0941* -0.0369 -0.0687 -0.0888* -0.0153 -0.0745

(0.0549) (0.117) (0.114) (0.0539) (0.117) (0.111)
Constant 5.239*** 0.201 7.883*** 4.654*** 5.675*** 3.346***

(0.866) (1.817) (1.665) (0.472) (1.303) (0.775)

log(Population share of old 5yr ago) 0.694*** 0.418*** 0.700***
(0.051) (0.104) (0.109)

log(Proportion of old family 5yr ago) 0.068*** 0.107** 0.129***
(0.020) (0.419) (0.039)

F Statistics 409.03 48.41 111.12
Partial R-squared 0.626 0.316 0.484

log(Population share of old 5yr ago) -0.197* -0.322* -0.372**
(0.075) (0.172) (0.152)

log(Proportion of old family 5yr ago) 0.933*** 0.862*** 0.982***
(0.030) (0.070) (0.055)

F Statistics 1314.11 151.88 336.80
Partial R-squared 0.755 0.462 0.643

Observations 329 141 188 329 141 188
Number of pref 47 47 47 47 47 47

R-squared 0.984 0.779 0.964 0.984 0.776 0.963
year effect yes yes yes yes yes yes

First Stage
log(Population share of old)

log(Proportion of old family)

 
Note: Figures in parentheses are standard errors.  ***, **, and * show significance levels 1%, 

5%  and 10％, respectively. 
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Table 8  The Effects of Living Arrangements of Elderly on Public Education Costs (1986 to 2004) 

(1) (2) (3) (4)
log(per pupil educational cost) FE FE FE FE
log(Population share of old) -0.487*** -0.480*** -0.470*** -0.486***

(0.0633) (0.0683) (0.0694) (0.0699)
log(Share of elderly households) 0.0332 0.0608 -0.115

(0.0298) (0.0447) (0.222)
log(Share of elderly households without children) -0.0340** -0.0410**

(0.0149) (0.0172)
log(Share of households with children living nearby) -0.0190 0.0412

(0.0230) (0.0723)
log(Share of households without children) 0.0706

(0.149)
log(Population share of kid) -0.708*** -0.733*** -0.733*** -0.715***

(0.0743) (0.0748) (0.0749) (0.0755)
log(per capita income) 0.0711** 0.0680* 0.0698* 0.0699*

(0.0361) (0.0361) (0.0361) (0.0365)
log(per pupil subsidy) 0.167*** 0.155** 0.150** 0.164**

(0.0636) (0.0635) (0.0637) (0.0645)
Constant 7.745*** 7.845*** 7.807*** 7.867***

(0.684) (0.683) (0.685) (0.724)
Observations 328 328 328 328

Number of pref 47 47 47 47
R-squared 0.979 0.979 0.979 0.979
year effect yes yes yes yes  

Note: Living arrangement variables such as share of elderly households are obtained from the 
“National Livelihood Survey (Health, Labour and Welfare Ministry)”. National Livelihood 
Survey is conducted at intervals of three years. It is available from 1986. Total number of 
observation is 329 (= 47x7 waves), but the figure of Hyogo at 1994 is not available because 
of Hansin-Awaji earthquake. Figures in parentheses are standard errors.  ***, **, and * show 

significance levels 1%, 5%  and 10％, respectively. 
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Figure 1  Share of People at the Age of 65 and over in Selected Countries 

Source: “Population Statistics 2007” National Institute of Population and Social Security Research 
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Figure 2  Total expenditure on compulsory educational by national and local governments  
Note: Deflated by CPI at 2000 
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Figure 3  Per Pupil Educational Expense by National and Local Governments 
Note: Deflated by CPI at 2000 
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Note: This figure plots the relationship between the per student education costs (Educ) and the ratio 

of the elderly aged 65 years or above (OLD) from 1975 to 2005. 

 

Figure 4.  Scatter plot between Educ and OLD 
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Note: This figure plots the relationship between the per student education costs (Educ) and the ratio of 

young people aged between 5 and 14 years (KID) from 1975 to 2005. 

 

Figure 5.  Scatter plot between Educ and KID 
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Note: This figure plots the relationship between the per student education costs (Educ) and the ratio of the 

elderly aged 65 years or above (OLD), after adjusting for KID, AID, INCOME, UNEMP, HOUSE and 

prefectural fixed effects from 1975 to 2005. 

 
Figure 6  Scatter plot between Educ and OLD after regression adjusted from 1975 to 

2005 
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Note: This figure plots the relationship between the per student education costs (Educ) and the ratio 

of the elderly aged 65 years or above (OLD), after adjusting for KID, AID, INCOME, UNEMP, 

HOUSE and prefectural fixed effects from 1975 to 1985. 

 

Figure 7  Scatter plot between Educ and OLD after regression adjusted from 1975 to 
1985 
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Note: This figure plots the relationship between the per student education costs (Educ) and the ratio of the 

elderly aged 65 years or above (OLD), after adjusting for KID, AID, INCOME, UNEMP, HOUSE and 

prefectural fixed effects from 1990 to 2005. 

 
Figure 8  Scatter plot between Educ and OLD after regression adjusted from 1990 to 

2005 
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Figure A1 Test for Structural Change (SupF Test) 
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Figure A2  Test for Structural Change (CUSUM Test) 


