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Abstract
This paper develops a model wherein parents choose the number of children, enroll
some children in school at indivisible education costs, and receive supplemental
earnings from uneducated children. The model accounts for the positive relation-
ship between enrollment ratios and parental earnings and the N-shaped relationship
between fertility and parental earnings in Brazil and Indonesia. When children’s liv-
ing costs are high (low) relative to education costs and children’s earnings, fertility
increases (decreases) with parental earnings due to a dominant income (substitution)
effect. A decline in the ratio of child earnings to parental earnings or a rise in education
subsidy rates can increase enrollment ratios and decrease fertility. Under progressive
income taxes and favorable education subsidies for poor families, educated parents’
fertility could be higher than that of illiterate parents’ when incomes are low. However,
the relationship will be reversed partially because of the rising education subsidy.
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1 Introduction

During the period 1950 to 1980, many developing countries had high illiteracy rates,
high fertility rates, and substantial differences in fertility and children’s school enroll-
ment ratios between educated and illiterate parents. Conventional views hold that,
when illiterate parents have higher fertility than literate parents, this fertility differen-
tial reduces average education for the next generation and impedes the demographic
transition and economic growth. However, Brazil achieved faster increases in school
enrollment ratios and steeper declines in average fertility than Indonesia even though
illiterate parents’ fertility was 2.5 times as high as educated parents’ fertility in Brazil
but beloweducated parents’ fertility in Indonesia in 1960–1980. In developed countries
with a high human development index (HDI), fertility increaseswith parental earnings,
as in Myrskylä et al. (2009) and Bar et al. (2018). This paper explores fertility rates
and school enrollment ratios between educated and illiterate parents (mothers) in a
single gender model as well as the role of education subsidies in promoting education
and reducing fertility for development.

To motivate the study, this paper first presents some relevant facts in two large
developing countries, Brazil and Indonesia, using multiple rounds of census data in
1960–2010 for fertility rates and school enrollment ratios among families (mothers).
Previous empirical studies on fertility and school enrollment ratios are mostly based
on cross sectional variation.1 Using census data with a large sample size and a long
sample period helps us observe the puzzling evolution of the fertility distribution and
changes in education status across generations. The data suggest a positive relationship
between school enrollment ratios and parental education and overall positive trends
of school enrollment ratios in all parental groups. The data also show that more than
one-third of households enrolled only some rather than all children in school in the
1970s.

The decline in parental illiteracy rates played an important role in reducing average
fertility in Brazil because illiterate parents had higher fertility than educated parents.
In Indonesia, however, average fertility increased over 1960 to 1980 despite falling
illiteracy rates because illiterate parents had lower fertility than educated parents. After
the 1980s, educated parents’ fertility fell below illiterate parents’ fertility in Indonesia
and average fertility started to decline.

Voluminous studies have explored fertility and child education and their relation-
ships with parental earnings. From the Malthus theory (e.g., Malthus 1872), fertility
increases with parental earnings due to subsistence costs for children (e.g., Boyer
1989; de la Croix et al. 2019).2 Conversely, from the quantity-quality theory (Becker
1960), fertility decreases with parental earnings/education due to the opportunity costs
of time spent on child rearing (e.g., Kremer and Chen 2002; de la Croix and Doepke

1 Vogl (2016) uses data from the Demographic and Health Survey (DHS). The advantage of DHS data is
that it contains fertility information in 48 developing countries, whereas the disadvantage is its relatively
small sample size and short sample period.
2 Similar to the subsistence cost for children, Baudin et al. (2015, 2020) assume a minimum level of
consumption below which parents cannot give birth to any children in a unified model of childlessness,
fertility, and marriage for agents with different education levels.
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2003, 2004; Fan and Zhang 2013; Yasui 2017; Bar et al. 2018; Raute 2019).3 Using
US data, Bar et al. (2018) show a typical negative correlation between fertility and
parental income in 1980 but an N-shaped relationship between fertility and parental
income in 2010. They attribute the eventual positive relationship between fertility and
parental income for rich households to the marketization of parental time costs at
home.

In de la Croix and Doepke (2003), with unequal initial parental human capital, poor
families have more children and invest little in education, and this fertility-differential
effect accounts for most of the empirical relationship between inequality and growth.
When inequality is high, public education yields higher growth by reducing fertility
differentials (de la Croix and Doepke 2004). Using micro-data, Vogl (2016) finds
that the relationship between fertility and parental socioeconomic status flipped from
positive at the early stage of the demographic transition to negative. The reason for
the flip in Vogl (2016) is a corner solution in which low-skill parents forgo investment
in children as in a dynastic model of Becker et al. (1990). However, even illiterate
parents enroll a fraction of their children in school in the Indonesia census data prior
to the flip of fertility differential.

In thesemodels, rearing children costs parents time and educating themcosts parents
money. In addition, Vogl (2016) assumes a living cost for a child and a subsistence
constraint on consumption that creates a threshold level for human capital abovewhich
parents cease to be subsistence-constrained when making decisions on fertility. A
common assumption in previous models is that a parent chooses equal or no education
investment in children. This model allows parents constrained by children’s education
and living costs to choose the number of children and the fraction of children who
receive education, with the other children working.4 The earnings of working children
weaken the incentive for education and strengthen the incentive for more children,
particularly in poor families. This model also assumes a progressive labor-income tax
to finance education subsidies that may be higher for children in poor households. The
taxes reduce the opportunity cost of time rearing children and the subsidies reduce
the private cost of school enrollment. Thus, progressive income taxes and favorable
education subsidies for poor householdsmay cause higher fertility for educated parents
than for illiterate parents. A partial catch-up rise in education subsidies for educated
parents enlarges the decline in their fertility and thus may induce the flip of the fertility
differential when illiterate parents also enroll some children in school.

We show that the implications of this mechanism can account for the patterns of
enrollment ratios and fertility in relation to parental education attainments in the data
and the roles of progressive labor-income taxes and education subsidies in the demo-
graphic transition and development. Our first contribution is to account for the positive
relationship between school enrollment ratios and parental education or earnings in the

3 Many studies use this theory to explain the rise in education investment and demographic transition from
the Malthusian regime (e.g., Becker et al. 1990; Galor and Weil 2000; Galor and Moav 2002; Greenwood
and Seshadri 2002; Choi et al. 2020). Among these studies, Galor and Moav (2002) propose an overlapping
generations model with heterogeneous tastes for the quantity and quality of children and fixed land inputs
to develop a unified theory of the evolution of population, technology, and growth.
4 The education system is typically structured as fixed bundles, such as primary, secondary, or tertiary
education, rather than continuously divisible subjects assumed in related models.
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census. When the opportunity costs of children’s education (e.g., education spending
and child earnings) are high relative to the forgone earnings of rearing children and
living costs, parents have as many children as possible and no incentive for children’s
education.When income grows relative to the education costs, parents enroll a fraction
of children in school. Thus, identical children at birth in a family become educated or
illiterate workers. The enrollment ratio increases with the returns to education, forgone
earnings of rearing children, and living costs but decreases with the education costs
and child earnings.

Our second contribution is to account for the N-shaped relation between fertility
and parental earnings in the data. When children’s living costs are high relative to
children’s education costs, fertility increases with parental earnings due to a dominant
income effect and thus fertility is higher for educated parents than for illiterate parents.
When the living costs are low relative to the education costs, fertility decreases with
parental earnings due to a dominant substitution effect and thus fertility is lower for
educated parents than for illiterate parents. A restriction on child labor can reduce
fertility and increase enrollment ratios.

Third, the illiteracy rate of an economy converges to a steady state—a poverty
trap for illiterate parents when child earnings and the costs of education and living
increase proportionately with parental earnings for stationary education subsidy rates.
This motivates a rise in education subsidy rates in the attempt to reduce illiteracy for
prosperity.5 The decline in illiteracy rates may raise average fertility in the economy
when illiterate parents have lower fertility than educated parents as in Indonesia until
1990. Conversely, the rise in education subsidy rates is particularly effective in reduc-
ing illiteracy rates and average fertility when illiterate parents have higher fertility
than educated parents.

The results help explain the Brazil-Indonesia comparison with their, respectively,
high and low education subsidies. In particular, rising education subsidies in favor of
poor families financed by progressive labor-income taxes can initially generate higher
enrollment ratios and fertility for rich families than for poor families at low average
income. Then, a partial catch-up rise in education subsidy rates for other families can
enlarge the decline in their fertility and thus yield the flip of the fertility differential
as observed in Indonesia. When all children complete education, fertility may relate
positively to parental earnings again as in developed countries with high HDI (e.g.,
Myrskylä et al. 2009; Bar et al. 2018; Vogl 2020).6

The rest of this paper proceeds as follows. Section2 provides facts in the census
data. Section3 proposes the model. Section4 presents equilibrium analyses. Section5
provides quantitative results. Section6 gives the conclusion.

5 Empirical evidence indicates positive effects of education subsidies on school enrollment ratios from
micro-data in developing countries (e.g., Attanasio et al. 2010; Duflo et al. 2015; Ravallion and Wodon
2000; Wang 2018) and in developed countries (e.g., Mitch 1986), as well as from cross-country data (e.g.,
Casagrande and Zhang 1998).
6 When the child subsistence cost is high in Becker et al. (1990), parents make no investment in children
and fertility relates positively to parental earnings. When the subsistence cost is negligible, parents invest
the same education time in children and fertility declines. This inverted-U pattern differs from the N-shaped
pattern here.
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2 Facts in census data from Brazil and Indonesia

We focus on census data from Brazil and Indonesia to motivate our paper for the
following reasons. First, both countries have the most extended sample coverage in
developing countries, which helps observe declining fertility rates and rising school
enrollment ratios.7 Second, Brazil has one of the highest ratios of illiterate parents’
fertility to educated parents’ fertility in the world but Indonesia has one of the lowest
ratios as noted by Kremer and Chen (2002). Thus, a comparison between these two
countries may shed light on the distribution and evolution of fertility and school
enrollment ratios across parental groups and over time.

We extract data from the Integrated Public Use Microdata Series (IPUMS). We use
actual fertility at the survey time and restrict our sample to focus on parents (women)
aged 40 to 49 in the census year because the number of children born over parents’
lifetime can only be accurately constructed for those at the end of their reproductive
cycle.8 As a result, we observe the fertility and child school enrollment of six birth
cohorts in Brazil and seven in Indonesia.9 Since one can only match parents with their
children if they lived in the same household, we focus on the education outcomes of
school-aged children between 7 and 15 to avoid over-representing children’s sample
by children who left home at older ages.10 We measure child education by school
enrollment status because many children in this age group have not completed their
education yet.

Table 1 reports the descriptive statistics of the key variables. To check whether
changes in school enrollment ratios differ between genders, we report school enroll-
ment ratios for boys and girls separately. Both countries’ demographic transition in
the sample period had similar average fertility rates and comparable fertility trends.
For example, on average, the sampled parents born in the 1920s had 5.5 children in
Brazil and 5.2 children in Indonesia. The respective numbers declined to 2.4 and 3.0
for parents born in the 1960s.

7 The Brazilian education system consists of five years of elementary I, four years of elementary II, three
years of upper secondary school, and three to six years of tertiary education. By the 1934 constitution, the
first four years of primary education are mandatory and free. The 1967 constitution expanded compulsory
schooling to 8 years. However, due to inadequate investment in teacher training and school infrastructure,
primary school enrollment ratios were still lower than 70% even in the 1980s. By the 2009 amendment,
school education is mandatory and free from the age of 4 to 17 (2-year pre-school education and 12-year
primary and secondary education). The Indonesian system consists of 6-year primary education, 3-year
junior high school, 3-year high school, and 3- or 4-year tertiary education. Children generally start their
primary education at the age of six or seven. By the 1973 Decree, the 6-year primary education was
compulsory, and by 1994, it was extended for children aged 13–15.
8 The inclusion of younger parents would cause a downward bias because they may continue to give births
at an older age.
9 We exclude parents with missing fertility information and use the number of survival children rather than
the number of live births as the measure for fertility. All of our conclusions are insensitive to which measure
is used in the analysis.
10 The proportions of 15-year-old living with their parents are 83% and 87% in the 1990 Indonesian Census
and 1991 Brazilian Census, respectively. The corresponding numbers are 79% and 84% for the 16-year-old,
and 68% and 75% for the 18-year-old. These restrictions lead to the use of an approximately 5% samples
of the censuses in these two countries. We skip the 2005 Indonesia census due to missing information on
fertility.
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Parental education attainments and school enrollment ratios of both boys and girls
increased considerably over time. Real GDP per capita in Brazil was more than twice
as that in Indonesia and increased substantially in both countries. The 10-year aver-
age annual growth rates peaked first at 6% in 1970–1980 and again at 2% and 3.7%,
respectively, in 2000–2010 in Brazil and Indonesia, following surging school enroll-
ment ratios in the preceding decades. Public education spending was below 1% of
national income (GNI) in Indonesia until 2000, but 4% in Brazil throughout the sam-
ple period. At the end of the sample period, public education spending as a share of
GNI in Indonesia was comparable to that in Brazil.

To check whether parents enroll a fraction of children in schools, we focus on
children aged 7–15 whose school enrollment is still mostly their parents’ decision.
Figure1(a) plots the share of households who only enroll some of their children in
schools, and Fig. 1(b) plots the share of households who enroll all their children in
schools. The figures show that more than 30% of households only enroll some of their
children to schools in the 1970s in both Indonesia and Brazil.

Figure1(a) shows that this ratio increased in Indonesia from the 1970s to 1980s
and then declined monotonically, suggesting a possibility that the initial increase in
school enrollment is because more parents send at least one child in schools. Even
at the end of the sample period, a considerable number of households still did not
enroll all of their children in schools, particularly in Indonesia. Figure1(b) shows that
while the proportion of households who enrolled all of their children is lower in Brazil
than in Indonesia before 1990, it is higher in Brazil afterwards. In 2010, about 93%
of Brazilian households enrolled all of their children to schools, which is about 10
percentage points higher than that in Indonesia.

The figure clearly shows that allowing parents to enroll only some of their children
could help us understand the demographic transition process. However, the enrollment
data in the figure consist of all education levels.When focusing on secondary education
that matters to parental choices between schooling and working for children, school

1970 1980 1990 2000 2010

0.1

0.2

0.3

0.4

Year
(a) Only some children were enrolled

Sh
ar
e
of

ho
us
eh
ol
ds

Indonesia Brazil

1970 1980 1990 2000 2010

0.4

0.6

0.8

Year
(b) All children were enrolled

Sh
ar
e
of

ho
us
eh
ol
ds

Indonesia Brazil

Fig. 1 Share of households by children’s enrollment status. Data source: Various years of Brazil and
Indonesia census
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enrollment ratios in developing countries would bemuch lower than the ratios in Fig. 1
(World Bank data, various years). Consequently, the proportion of families that enroll
only a fraction of children in secondary school would be much higher than the ratios
in the figure.

In Table 2, we further divide our sample by the older sibling’s enrollment status.
Column (1) reports the unconditional school enrollment ratio of the youngest child,
P(Sy = 1), where Sy = 1 if the youngest child is enrolled in school and 0 otherwise.
This ratio P(Sy = 1) increased from 50.3% in 1960 to 97.14% in 2010 for Brazilian
boys and from 50.2% to 97.7% for Brazilian girls. The increase in school enrollment
ratio in Indonesia is in a similar order, from 66.6% in 1971 to 94.1% in 2010 for
boys and from 65.6% to 84.8% for girls. Column (2) reports the conditional school
enrollment ratio P(Sy = 1|So = 1), where So = 1 if the oldest child had been enrolled
in school and 0 otherwise. This ratio can only serve as an upper bound because younger
children frompoor families havemore years of schooling and higher school enrollment
ratios than their older siblings, as noted by Parish and Willis (1993). For comparison,
we also report P(Sy = 1|So = 0). The steady upward trend in P(Sy = 1|So = 0)
suggests an increasing probability of sending at least one child to school over time.

Figure2 plots school enrollment ratios of children aged 7–15 by parents’ education
attainments in four groups: illiterate; incomplete primary education; completed pri-
mary education; and completed secondary education. It shows a positive relationship
between school enrollment ratios and parental education attainments in both coun-
tries. School enrollment ratios were lower for children born to parents with some or
completed primary education in Indonesia than in Brazil. School enrollment ratios of
illiterate parent increased faster in Brazil than in Indonesia despite a much higher ratio
of illiterate parents’ fertility to educated parents’ fertility in Brazil. This may arise
from the much higher education subsidies in Brazil than in Indonesia from Table 1.
Nevertheless, the data suggest that a higher ratio of illiterate parents’ fertility to edu-
cated parents’ fertility does not necessarily imply slower human capital accumulation
during the demographic transition.

It shouldbenoted that the upward trend revealed inFig. 2might bebiasedby changes
in the age composition of sampled children. Because parents’ age at childbirth might
have increased with their education attainments over time, the average age of sampled
children could differ systematically across census years. Given that many children
dropped out of school after completing primary education, changes in the age profile
of the sampled children could cause year to year variations in school enrollment ratios
even if age-specific school enrollment ratios do not change. To control for the impact
of changes in the age profile of sampled children on school enrollment ratios, we run
the following logit regression

P(Eit = 1) = F(γ0 + γ1Mi +
a=15∑

a=8

γaDai +
j=4∑

j=1

∑

t

Z jCtδ j t ), (1)

where Eit = 1 if child i is enrolled in school at time t ; Mi = 1 if child i is a male; Da

is a series of age dummies; Z j is a series of parents’ education attainment dummies;
and Ct is a series of census year dummies.
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Fig. 2 Child school enrollment ratios by maternal education. Data source: Various years of Brazil and
Indonesia census
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Table 3 reports estimation results. Columns (1)–(4) are the coefficients on the inter-
actionbetween the parental educationdummyand the census year dummy, δ̂ j t ,whereas
columns (5)–(8) are the marginal effects of these interaction terms. For the sake of
brevity, the coefficients on the gender dummy and age dummies are not reported. We
use children of illiterate parents in the 1960 Brazilian census (1971 Indonesian cen-
sus) as the reference group. Consequently, the marginal effect of the interaction term
captures the difference in school enrollment ratios between children in the reference
group and children in a concerned census year whose parent belonged to the given
education group, when evaluated at the sample mean. The vertical reading reveals the
time trend of school enrollment ratios for a given level of parental education, while
the horizontal reading shows the impact of parental education on school enrollment
ratios at any given time.

Parental education has strong positive effects on school enrollment ratios. In Brazil,
for instance, the school enrollment ratio of children from parents with secondary edu-
cation was 54.7 percentage points higher than that of children from illiterate parents
in 1960. The difference in school enrollment ratios of children across parental educa-
tion attainments in Indonesia was smaller than that in Brazil. In 1980, for instance, the
school enrollment ratio of children from parents with at least secondary education was
33.6 percentage points higher than that of children from illiterate parents in Indonesia
and 59.7 percentage points in Brazil.

Table 4 Population shares by
maternal education attainment

Census year E1 E2 E3 E4
(1) (2) (3) (4)

Panel A: Brazil

1960 (born in 1911–1920) 0.566 0.387 0.035 0.012

1970 (born in 1921–1930) 0.472 0.445 0.041 0.042

1980 (born in 1931–1940) 0.368 0.489 0.064 0.079

1991 (born in 1942–1951) 0.240 0.487 0.092 0.180

2000 (born in 1951–1960) 0.114 0.434 0.155 0.298

2010 (born in 1961–1970) 0.009 0.330 0.215 0.447

Panel B: Indonesia

1971 (born in 1922–1931) 0.795 0.118 0.072 0.014

1976 (born in 1927–1936) 0.691 0.217 0.065 0.026

1980 (born in 1931–1940) 0.626 0.241 0.089 0.044

1990 (born in 1941–1950) 0.360 0.290 0.229 0.121

1995 (born in 1946–1955) 0.198 0.304 0.313 0.185

2000 (born in 1951–1960) – 0.337 0.454 0.209

2010 (born in 1961–1970) 0.102 0.098 0.441 0.360

Notes: The sample consists of women ages 40–49 in the census year.
E1 refers to illiterate women, E2 refers to women with some primary
school education, E3 refers to women who completed primary school,
and E4 refers to women who graduated from secondary school. Illiter-
ate women and those who did not graduate from primary school were
grouped together in the 2000 Indonesia census
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The estimation results also show that school enrollment ratios increased over time
regardless of parental education even after controlling for children’s age. For children
in the 1960 versus 2010 Brazilian censuses, school enrollment ratios increased by 47.1
percentage points for illiterate parents and by 11 percentage points for middle school
graduates. As a result, the difference in child school enrollment ratios between illiterate
parents and parents with secondary education narrowed from 54.7 percentage points
in 1960 to 18.7 percentage points in 2010. Thus, the population share of less educated
parents decreased, as shown in Table 4. The least educated parents’ population share
decreased from 47.2% for the 1920s cohort to 0.9% for the 1960s cohort in Brazil and
from 79.5% to 10.2% in Indonesia.

Table 5 presents fertility rates by parental education with downward trends. The
ratio of illiterate parents’ fertility to that of parentswho completed secondary education
was 2.5 from the cohort born in 1911–1920 to the cohort born in 1951–1960 in Brazil
but 0.9 in Indonesia. Such opposite fertility differentials may explain why average
parental schooling years increased slightly slower in Brazil than in Indonesia. Yet,
school enrollment ratios grew faster and fertility declined more sharply in Brazil than
in Indonesia in contrast to the conventional view that economies with higher fertility
from illiterate parents than from educated parents tend to have lower education for
the next generation and higher average fertility. These challenging facts motivate our
theoretical investigation.

Table 5 Fertility rates by maternal education

Census year μ E1 E2 E3 E4
(1) (2) (3) (4) (5)

Panel A: Brazil

1960 (born in 1911–1920) 2.742 6.663 5.205 2.845 2.430

1970 (born in 1921–1930) 2.555 6.428 4.991 2.929 2.515

1980 (born in 1931–1940) 2.572 6.355 4.889 3.104 2.471

1991 (born in 1942–1951) 2.664 5.852 4.177 2.903 2.197

2000 (born in 1951–1960) 2.540 5.012 3.618 2.678 1.973

2010 (born in 1961–1970) 1.967 3.516 3.050 2.410 1.787

Panel B: Indonesia

1971 (born in 1922–1931) 0.901 5.019 5.995 6.188 5.568

1976 (born in 1927–1936) 0.960 5.038 5.784 6.001 5.249

1980 (born in 1931–1940) 0.952 5.101 5.939 5.967 5.358

1990 (born in 1941–1950) 1.062 4.596 5.088 4.977 4.329

1995 (born in 1946–1955) 1.134 4.062 4.393 4.242 3.583

2000 (born in 1951–1960) – – 4.038 3.830 3.303

2010 (born in 1961–1970) 1.198 3.181 3.434 3.125 2.655

Notes: The sample consists of women ages 40–49 in the census year.μ is themeasure of fertility differential,
defined the as the ratio of illiterate women’s fertility to that of secondary school graduates. E1 refers
to illiterate women, E2 refers to women with some primary school education, E3 refers to women who
completed primary school, and E4 refers to women who graduated from secondary school. Illiterate women
and those who did not graduate from primary school were grouped together in the 2000 Indonesia census
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3 Themodel

Consider a quality-quantity model with infinite discrete time and two-period lived
agents, children and parents. There are two types of parents in period t : illiterate (or
less educated) parents with human capital hLt and literate parents with human capital
hH
t > hLt . A child who is not enrolled in school has a lower level of human capital

hCt < hLt than an illiterate parent does. Children are identical at birth within a family
but may grow up as different workers with or without education.

The production of a single final good uses effective labor lkt h
k
t for k = H , L:

ykt = lkt h
k
t . (2)

The wage rates of parents are equal to their own human capital Wk
t = hkt and thus

WH
t > WL

t . Similarly, the wage rates for children are WC
t = hCt .

The cost and level of education are externally structured to parents. The education
cost, such as a tuition fee, is proportional to the human capital of literate adults,
et = ξt hH

t where ξt ∈ (0, 1) as the bulk of the cost is the implicit cost of teachers. The
adulthood human capital of children from schooling depends positively on education
investment received in period t

hH
t+1 = A(ψ + Bξt )

φhH
t ; (3)

and the adulthood human capital of children without schooling is

hLt+1 = AψφhH
t , (4)

where A > 0 is the efficiency parameter; B > 0 is the relative advantage of schooling;
ψ > 0 captures the spillovers from the human capital of literate parents to all chil-
dren;11 and 0 < φ < 1 measures the degree of returns to human capital accumulation.
When compulsory education at the primary level is implemented, it can be represented
by ψ when children at this school age are too young to work; and accordingly parents
choose secondary school enrollment for children.

From (3) and (4), the return to education ωt+1 ≡ hH
t+1/h

L
t+1 is determined by

ωt+1 = hH
t+1

hLt+1

=
(

ψ + Bξt

ψ

)φ

≡ ω(ξt ) > 1. (5)

Since 0 < φ < 1, ωt+1 increases with ξt , at a diminishing rate: ω′(ξt ) > 0 and
ω′′(ξt ) < 0. It is straightforward to extend this case to more education levels.

11 Borjas (1995) finds evidence that the socioeconomic performance of workers depends on the average
skills of the parents’ generation in their ethnic groups and neighborhoods as assumed in de la Croix and
Doepke (2003). Lei (2022) finds evidence for the effects of exposure to peers from disrupted families.
Moretti (2004) also finds evidence for the spillovers of workers’ education on productivity in production
firms. Short-term job training and learning-by-doing are usual venues that allow workers without formal
education to obtain certain skills for production from workers with education and skills as assumed in (4).
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A parent allocates one unit of time endowment to labor or childcare. As in Becker
et al. (1990), rearing a child needs v ∈ (0, 1) units of time. A type-k parent chooses the
number of children, nkt ∈ [0, 1/v], and a fraction of them for education, λkt ∈ [0, 1],
taking the cost and structure of education as given. Thus, vnkt is the units of time for
child rearing and the remaining time 1 − vnkt = lkt is labor. The average adulthood
human capital of children in the family is equal to h̄kt+1 ≡ λkt h

H
t+1 + (1 − λkt )h

L
t+1.

Parents derive utility from their own consumption ckt , the number of children nkt ,
and the average human capital of children h̄kt+1 as follows:

Uk
t =

(
ckt

)1−σ −1

1−σ
+ β

[(
nkt

)α (
h̄kt+1

)η
]1−γ −1

1−γ
, (6)

where 1 > β > 0 indicates the taste for utility from children; 1 > α > 0 or 1 > η > 0
indicates the relative role of the number or average human capital of children; 1/σ > 0
or 1/γ > 0 indicates the elasticity of intergenerational substitution.

A type-k parent pays an income tax at rate τ kt ∈ [0, 1) and receives an education
subsidy at rate skt ∈ [0, 1). As seen in Fig. 2, a common problem in developing
countries is low school enrollment in poor families which motivates various public
programs tomitigate poverty and low school enrollment in poor families. For instance,
Morley and Coady (2003) study targeted education subsidies in the form of cash or
food conditional on keeping children in school inmany developing countries including
Brazil. Given progressive income taxes and targeted education subsidies in developing
countries, we expect that τ H

t ≥ τ L
t and sHt ≤ sLt . From Table 1, the ratios of public

education spending to GDP increased in both countries in 1970–2010 with declines
only during times of rapid GDP growth, suggesting a positive trend in education
subsidy rates for improvements in enrollment ratios.

Child earnings are supplemental income in parental budget constraints as inDoepke
and Zilibotti (2005). The living cost per child exceeds a subsistence level dt ≥ d̃ . Both
the education cost and child living cost are externally given to families. The budget
constraint of a type-k parent is given by

ckt = (1 − τ kt )Wk
t (1 − vnkt ) + WC

t (1 − λkt )n
k
t − dtn

k
t − (1 − skt )etλ

k
t n

k
t . (7)

Since the budget-feasible set is non-convex due to the product of choice variables
λkt n

k
t , we need the following restriction as in Ehrlich and Lui (1991):

Assumption 1 1 > α > η > 0.

This restrictionmeans that the number of children ismore important than the quality
of children in parental preference. A parent maximizes utility in (6) by choosing the
number of children nkt ∈ [0, 1/v] and school enrollment ratio λkt ∈ [0, 1] subject
to (7). Given education costs, if parents cannot afford education for all children, then
enrolling a fraction of them in school may be more favorable than enrolling none. This
partial enrollment ratio is consistent with the evidence in Parish andWillis (1993) and
in Brazil and Indonesia. From the partial school enrollment ratio, inequality arises not
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only among children across families as in the literature (e.g., Córdoba et al. 2016) but
also among identical siblings.

Overall, the assumption of enrolling a fraction of children in school is based on the
low enrollment ratios and high illiteracy rates in 1960–1970 in the data. In contrast, the
conventional assumption of equal investment in all children implies either full or zero
illiteracy rates. In this model high illiteracy means persistent inequality and poverty
for illiterate parents due to low school enrollment ratios, thus motivating relatively
high education subsidy rates for low income families in developing countries as noted
in Morley and Coady (2003).

The first-order condition with respect to the number of children is

∂Uk
t

∂nkt
=−(ckt )

−σ [(1 − τ kt )Wk
t v + dt + (1 − skt )etλ

k
t − WC

t (1 − λkt )]

+αβ(nkt )
α(1−γ )−1(h̄kt+1)

η(1−γ ) = 0 for nkt ∈ (0, 1/v);
∂Uk

t

∂nkt
< 0 for nkt = 0; ∂Uk

t

∂nkt
> 0 for nkt = 1

v
. (8)

The first term in the netmarginal benefit of having a child is the forgonemarginal utility
through the time cost (1 − τ kt )Wk

t v, living cost dt , and education cost (1 − skt )etλ
k
t ,

net of child earningsWC
t (1−λkt ). The second term is the marginal utility gained from

having an additional child. If child earnings are no less than the time and living costs,
WC

t ≥ (1 − τ kt )Wk
t v + dt , then the net marginal benefit of having a child ∂Uk

t /∂nkt
will be positive at λkt = 0. This implies that parents may choose maximum fertility
nkt = 1/v and no school enrollment for children. Since WH

t > WL
t , it is possible that

illiterate parents choose maximum fertility while literate parents choose lower fertility
and enroll a fraction of children in school.

The first-order condition with respect to the school enrollment ratio is

∂Uk
t

∂λkt
= −(ckt )

−σnkt [(1 − skt )et + WC
t ]

+βη(hH
t+1 − hLt+1)(n

k
t )

α(1−γ )(h̄kt+1)
η(1−γ )−1 = 0 for λkt ∈ (0, 1);

∂Uk
t

∂λkt
< 0 for λkt = 0; ∂Uk

t

∂λkt
> 0 for λkt = 1. (9)

The first term in the net marginal benefit of enrolling a child in school is the forgone
marginal utility of direct education cost (1− skt )etn

k
t as well as forgone child earnings

nkt W
C
t . The second term is the marginal utility from increasing average human capital

through education hH
t+1 − hLt+1 > 0.

Let Nk
t be the number of type k (k = H , L) parents in period t . The government

runs a balanced budget:

NH
t (1−vnH

t )WH
t τ H

t +NL
t (1−vnLt )WL

t τ L
t = NH

t λH
t et s

H
t +NL

t λL
t et s

L
t +Gt , (10)

where Gt is government spending exclusive of education subsidies.
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4 Equilibrium analysis

In equilibrium, et = ξt hH
t , WH

t = hH
t , WL

t = hLt , and WC
t = hCt where earnings are

equal to human capital. Substituting a given state (hH
t , hLt , hCt , dt , ξt ) and ω(ξt ) =

hH
t+1/h

L
t+1 into (8) and (9), the unique interior solution to these two equations, denoted

�k
t , is as follows:

�k
t ≡ η(ω(ξt )−1)[(1−τ kt )hkt v+dt−hCt ]−α[(1−skt )ξt h

H
t +hCt ]

(α − η)(ω(ξt ) − 1)[(1 − skt )ξt h
H
t + hCt ] .

Sinceω(ξt > 1, the necessary condition for�k
t > 0 is (1−τ kt )hkt v+dt >hCt . Combining

it with 0 ≤ λkt ≤ 1, the equilibrium school enrollment ratio for type-k parents is

λkt =
{
min

{
1,max

{
0,�k

t

}}
if (1−τ kt )hkt v+dt >hCt ,

0 otherwise.
(11)

In (11), parents enroll a fraction of children in school only if forgone parental
earnings for child rearing plus the living cost per child are greater than child earnings,
(1 − τ kt )hkt v + dt > hCt . Otherwise, parents would not enroll any child in school and
would choose the maximum number of children nkt = 1/v in (8). Notably, the rate of
return to education ω(ξt ) − 1 = (hH

t+1 − hLt+1)/h
L
t+1 = (WH

t+1 − WL
t+1)/W

L
t+1 must

be high enough, relative to the opportunity costs of education (1−skt )ξt h
H
t +hCt , to

motivate parents to enroll a fraction of children in school.
Figure3(a) illustrates the relationships between school enrollment ratios and

parental earnings under the conditions for school enrollment by numerically solv-
ing (11). In doing so, we set the living cost as 7.7% of illiterate parents’ earnings in
every period, the education cost as 3% of educated parents’ earnings in every period,
and child earnings as 4% of illiterate parents’ earnings in the initial period. At a first
glance, we also set an equal subsidy 56% on education spending for both types of
parents financed by a 20% tax on educated parents’ earnings and a 3% tax on illit-
erate parents’ earnings in all periods.12 We will discuss unequal education subsidies
in favor of children of illiterate parents and the parameter values in the calibration
for the simulation in Section5. For illustration, we increase parental earnings by 10%
in each period. In Fig. 3, the enrollment ratio for children of educated parents starts
low in period 0 and grows to 100% in period 4. By contrast, the enrollment ratio for
children of illiterate parents remains zero until period 4, and reaches 100% in period
8. Formally, we link school enrollment ratios to parental earnings and other factors
below.

Proposition 1 If η(ω(ξt ) − 1)[(1− τ kt )hkt v + dt ] > α(1− skt )ξt h
H
t + [α + η(ω(ξt ) −

1)]hCt , then school enrollment ratios are positive, increasing with returns to education
ω(ξt ), forgone earnings hkt v for rearinga child, and child living costs dt , but decreasing

12 The individual income tax rates are 0, 7.5%, 15%, 22.5%, and 27.5% at different income brackets in
Brazil (Federal TaxRevenueAuthority) and 5%–30%or zero below a low income level in Indonesia (Arnold
2012). Illiterate parents are most likely subject to the low tax rates, while the shares of parents completing
secondary education, who are likely subject to the top tax rates, were very low in 1960–1980 in Table 4
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Fig. 3 School enrollment ratios
and fertility vs parental earnings.
Parameters: β = 3, γ = 1,
sH = sL = 0.56, τH = 0.2,
τ L = 0.03, HL

0 = 1,

HH /HL = 1.6803,
d = 0.077HL , HC = 0.04HL

0 .

HL grows by 10% per period.
Other parameter values are in
Table 6

with education costs (1 − skt )ξt H
H
t , income taxes τ kt , and child earnings hCt . If the

growth rates of parental earnings, child earnings, and the costs of living and education
are equal, then school enrollment ratios are constant over time for stationary rates of
taxes and subsidies.

Proof See Appendix A. ��

These results differ from those in the related literaturewith equal or no education for
children. Subsidizing education increases school enrollment ratios by decreasing direct
education costs, thereby raising upward intergenerational mobility for all families. If
tax and subsidy rates are equal, then school enrollment ratios increase with parental
education or earnings because v(hH

t − hLt ) > 0. Thus, literate parents have higher
school enrollment ratios than illiterate parents for λH

t ∈ (0, 1), due to the difference
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in their forgone earnings of rearing a child. The positive relationship between school
enrollment ratios and maternal education is observed in Fig. 2.13

The positive impact of rising child living costs on school enrollment ratios differs
from those in the literature such as Becker et al. (1990). The intuition will become
clear when we examine the impacts of child living costs on fertility. When child living
costs increase proportionately with income, economies with higher income may not
have higher school enrollment ratios unless they have higher education subsidies or
lower child earnings than others. Unlike education subsidies, child earnings decrease
enrollment ratios by increasing the opportunity cost of schooling.When child earnings
increase proportionately with parental earnings, their opposite effects on enrollment
ratios cancel out. When child earnings remain constant as in Fig. 3, the increase in
parental earnings drives up enrollment ratios.

Equations (7), (8) and (11) yield an explicit solution for fertility in a special case
with logarithmic utility σ = γ = 1:

nkt =

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

1
v

if (1−τ kt )hkt v+dt ≤hCt ;
else if σ = γ = 1 :

αβ(1−τ kt )hkt
(1+αβ)[(1−τ kt )hkt v+dt−hCt ] , ∀ λkt = 0;

(α−η)β(1−τ kt )hkt (ω(ξt )−1)
(1+αβ){[(1−τ kt )hkt v+dt−hCt ](ω(ξt )−1)−(1−skt )ξt hHt −hCt } , ∀λkt ∈(0, 1);

αβ(1−τ kt )hkt
(1+αβ)[(1−τ kt )hkt v+dt+(1−skt )ξt hHt ] , ∀ λkt = 1.

(12)

Figure3(b) depicts the relationships between fertility rates and parental earnings
in (12) when the living cost grows proportionately with parental earnings. At low
income levels, educated parents initially have higher fertility than illiterate parents. As
parental earnings and the living cost grow, fertility rates decline. The decline in fertility
is relatively slow at zero school enrollment for children of illiterate parents. Thus, at
higher levels of parental earnings, the fertility rate of educated parents falls below the
fertility rate of illiterate parents. When the enrollment ratio reaches 100% for children
of educated parents, the fertility rate of educated parents becomes constant, while the
fertility rate of illiterate parents continues to fall as they increase the enrollment ratio
for their children. Eventually, when the enrollment ratio reaches 100% for all types
of children, the fertility rate is higher again for educated parented than for illiterate
parents. Formally, we link fertility to parental earnings and other factors as follows:

Proposition 2 Under (1− τ kt )hkt v + dt > hCt with σ = γ = 1, fertility increases with
parental earnings if dt > hCt at λkt = 0, or dt > [(1− skt )et + hCt ω(ξt )]/(ω(ξt ) − 1)
at λ ∈ (0, 1), or λ = 1; however, fertility decreases with parental earnings if dt <

[(1 − skt )et + hCt ω(ξt )]/(ω(ξt ) − 1) at λ ∈ (0, 1). Fertility also increases with child
earnings at λ ∈ [0, 1), or with education costs at λ ∈ (0, 1), but decreases with child
living costs at λ ∈ [0, 1], returns to education at λ ∈ (0, 1), and education costs at

13 There is overwhelming evidence on this positive relationship; see Haveman and Wolfe (1995) for a
review on this issue based on the US data. Using data in Australia, Arnup et al. (2022) also find evidence
that economically disadvantaged children are more likely than other children to experience worse cognitive
outcomes.
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λ = 1. If the growth rates of parental earnings, child earnings, and the costs of living
and education are equal, then fertility is constant for stationary rates of taxes and
subsidies.

Proof See Appendix B. ��
The conditions signing the effects of parental earnings on fertility are complemen-

tary to those in the literature. In the extreme case when parental education is so low that
school enrollment ratios are zero (λk = 0), fertility increases with parental earnings
if child living costs are greater than child earnings as the (Malthusian) income effect
dominates the (Beckerian) substitution effect. A rise in child living costs strengthens
the income effect, whereas a rise in child earnings weakens it. When these two fac-
tors offset dt = hCt , logarithmic utility would imply that the income and substitution
effects of parental earnings should cancel out.

When parental earnings are high enough such that enrollment ratios are positive
and below 100%, the impact of parental earnings on fertility is positive if child living
costs are high relative to education costs and child earnings, dt > [(1 − skt )et +
hCt ω(ξt )]/(ω(ξt )−1), and negative otherwise. Thus, this model can generate a hump-
shaped relationship between fertility and parental skills or education with positive
investment in child education in contrast to the corner solution in Becker et al. (1990)
and Vogl (2016) at low human capital or skill.14 A rise in education costs tips the
quality-quantity tradeoff in favor of the latter, whereas a rise in returns to education
tips the tradeoff against the latter. Subsidizing education reduces the education cost
for λk ∈ (0, 1), thus reducing fertility.

When parental education is so high that school enrollment ratios are 100% (λk = 1),
children do not work and thus fertility increases with parental earnings as opposed to
theBeckerian theory since now the income effect dominates as inBar et al. (2018). This
N-shaped relationship between fertility and parental education or earnings extends the
hump-shaped relation in previous models. When all children are enrolled in school,
a rise in education costs reduces fertility and thus subsidizing education may raise
fertility by reducing education costs.

In all cases, fertility decreases with child living costs, explaining why school enroll-
ment ratios increase with child living costs. If the growth rates of parental earnings,
child earnings, and the costs of living and education are equal, then their effects on fer-
tility completely cancel out with logarithmic utility and thus fertility remains constant.
In Fig. 3, due to the constant child earnings, fertility rates decline when the living and
the direct education costs grow proportionately with parental earnings. This is because
the constant child earnings strength the negative substitution effect of rising parental
earnings on fertility.

When the rates of taxes and subsidies are equal for all parents, fertility is higher for
literate parents than for illiterate parents under the conditions for a positive relationship
between fertility and parental earnings. If these conditions are reversed, fertility is
lower for parents with higher education attainments. The mixed results for fertility

14 Vogl (2016) also finds a positive relationship between fertility and parental human capital with positive
investment in children’s education when the goods cost for children and subsistence consumption are
sufficiently high relative to the endowed human capital.
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differentials are consistent with the mixed observations of fertility differentials in
Brazil and Indonesia.

The predictions for partial school enrollment ratios are comparable to those
observed in Brazil and Indonesia in Tables 2 and 3. In these two countries, the majority
of parents were illiterate or had some incomplete primary education in census years in
1960–1990, as shown in Table 4. From Table 5, fertility rates decreased with parental
education in Brazil, but increasedwith parental education in Indonesia except for those
who completed secondary education in census years in 1970–1990. The contrasting
patterns can be explained by Proposition 2 with λk ∈ (0, 1) if parental earnings were
much higher in Brazil than in Indonesia relative to subsistence costs for children in
these years.

This argumentmay be relevant as real GDP per capita adjusted by purchasing power
parity in Brazil was more than three times as that in Indonesia in these years in Table
1. The low income in Indonesia means that subsistence costs were high relative to
income, especially in the 1960s. When income per capita in Indonesia reached the
1960s level of Brazil after the 1990s, the majority of sampled parents in Indonesia
completed primary education and fertility decreased with parental education. As a
result, the fertility differential in Indonesia flipped in Table 5 when reaching the 1960
income per capita in Brazil (2,469 dollars at 2005 price).

Propositions 1 and 2 help explain the demographic transition, the change in school
enrollment ratios, as well as the evidence on the flip of fertility differentials in Vogl
(2016) across nations. In the early development stage when parental earnings are low
relative to child living costs, illiterate parents have fewer children and lower school
enrollment ratios for children than literate parents. Rising parental earnings during
early development may induce higher fertility but little change in school enrollment
ratios, unless governments subsidize education. As income grows, parental earnings
and education costs are high relative to child living costs, and thus fertility is higher
for illiterate parents than for literate parents. Now, a rise in parental earnings decreases
fertility and increases school enrollment ratios.

Eventually, when most children complete all levels of education, fertility increases
with parental earnings again in contrast to a downward trend to low fertility in mod-
els with equal investment in siblings. According to Myrskylä et al. (2009), developed
countrieswith the human development index (HDI) value exceeding 0.9 have observed
increases in fertility along with increases in HDI in the previous decade. These coun-
tries have very high tertiary education enrollment ratios, e.g., over 80% in Australia
and over 90% in the US.

We explore the equilibrium transition for the model economy as follows. The num-
ber of type-L parents in generation t + 1 is determined by

NL
t+1 = NL

t n
L
t (1 − λL

t ) + NH
t nH

t (1 − λH
t ). (13)

Similarly, the number of type-H parents in generation t + 1 is determined by

NH
t+1 = NL

t n
L
t λL

t + NH
t nH

t λH
t . (14)
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Let ρt ≡ NL
t /NH

t be the ratio of illiterate to literate parents and μt ≡ nLt /nH
t be

the ratio of illiterate parents’ fertility to literate parents’ fertility. Here, ρt magnifies
illiteracy rates to the range (0,∞)monotonically.Dividing (13) and (14) by the number
of children of literate parents NH

t nH
t gives

NL
t+1

NH
t nH

t
= ρtμt (1 − λL

t ) + (1 − λH
t ), (15)

NH
t+1

NH
t nH

t
= ρtμtλ

L
t + λH

t . (16)

Thus, the transition equation of the ratio of illiterate to literate parents is

ρt+1 = ρtμt (1 − λL
t ) + (1 − λH

t )

ρtμtλ
L
t + λH

t
. (17)

The evolution of this ratio has the following properties:

Proposition 3 The ratio of illiterate to literate parents in the next periodρt+1 increases
with its current ratio ρt and the ratio of illiterate parents’ fertility to literate parents’
fertility μt but decreases with school enrollment ratios λkt .

Proof See Appendix C. ��
The positive relationship between the future and current ratios of illiterate to literate

parents suggests the difficulty in improving the education status of the population or
reducing illiteracy rates for development. High ratios of illiterate parents’ fertility to
literate parents’ fertility also impede the reduction in illiteracy rates. Education sub-
sidies can improve parental education status across generations by increasing school
enrollment ratios and reducing fertility.

From (13) and (14), the average fertility is determined by

Nt+1

Nt
= nH

t (1 + ρtμt )

1 + ρt
. (18)

The average fertility increases with the fertility rates of all parents or the ratio of
illiterate parents’ fertility to literate parents’ fertility; however, its relationship with
the illiteracy rate depends on fertility differentials as follows:

Proposition 4 If illiterate parents have higher fertility than literate parents μt >

1, then average fertility increases with the ratio of illiterate to literate parents ρt ;
otherwise, average fertility decreases with ρt .

Proof See Appendix D. ��
This result has novel implications. When illiterate parents have higher fertility than

literate parents, falling illiteracy rates will decrease average fertility. Conversely, when
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literate parents have higher fertility than illiterate parents, falling illiteracy rates will
increase average fertility. Thus, education subsidies are particularly effective to reduce
illiteracy rates and average fertility in countries with higher fertility from illiterate
parents than from literate parents. As noted in Tables 1 and 5, Brazil with relatively
high fertility from illiterate parents and a high ratio of public education spending to
GDP attained a larger rise in school enrollment ratios and a sharper decline in average
fertility than Indonesia did.

The growth rate of average output in the economy from period t to t + 1 is

gt+1 ≡ NH
t+1(1 − vnH

t+1)h
H
t+1 + NL

t+1(1 − vnLt+1)h
L
t+1

NH
t (1 − vnH

t )hH
t + NL

t (1 − vnLt )hLt
. (19)

Given a state (NL
t , NH

t , hLt , hH
t , hCt ), the growth rate of average output (gt+1)

increases if fertility rates fall over time (lower nkt+1) or if school enrollment ratios
rise (higher NH

t+1). The growth rate also increases with current fertility (n
k
t ) since high

nkt means low labor (hence low income) given the time cost of child rearing.
From (17) and (19), the long-run equilibrium is as follows:

Proposition 5 For stationary (ξ, τ L , τ H , sL , sH , dt/hkt , h
C
t /hkt ) and σ = γ = 1, the

economy converges to a unique steady-state growth path with

ρ∗ = μ(1 − λL) − λH + √[μ(1 − λL) − λH ]2 + 4μλL(1 − λH )

2μλL
≥ 0, (20)

g∗ = A(ψ + Bξ)φ
[
ω(ρ∗nLλL + nHλH ) + ρ∗nL(1 − λL) + nH (1 − λH )

ω(1 − vnH ) + ρ∗(1 − vnL)

]
. (21)

Proof See Appendix E. ��
The convergent and stable illiteracy rate creates a poverty trap, calling for rises

in education subsidy rates. A permanent rise in education subsidy rates raises school
enrollment ratios of all children, leading to a lower illiteracy rate and a higher growth
rate of average output in the long run.However, the steady state applies to a special case
with stationary education subsidy rates, stationary ratios of the living cost, education
cost and child earnings to parental earnings, and logarithmic utility.

In Fig. 3, the rise in school enrollment ratios and decline in fertility rates in the
process of rising parental earnings arise fromconstant child earnings under the assump-
tions of stationary education subsidy rates and stationary ratios of the living and
education costs to parental earnings. Although the illustrated numerical results match
the observed trends of enrollment ratios and fertility, child earnings and education
subsidy rates may rise over time, education subsidy rates may favor children of poor
parents, and the utility function may be more general than logarithmic. The illustrated
numerical results also have limitations: The fertility rates at high enrollment ratios are
still higher than the observed levels in the data; the gap in enrollment ratios for chil-
dren across families is larger than observed in the early stage; the first flip of fertility
differentials occurs when poor parents forgo investment in education for children as
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in the literature. As shown numerically in Greenwood et al. (2005), if γ > σ = 1
(relatively inelastic fertility), then fertility may decline when income increases. We
consider this scenario and more realistic education subsidy rates and child earnings
for quantitative implications next.

5 Quantitative implications

We now simulate the equilibrium path with 1/γ < 1 for quantitative implications to
account for the patterns of fertility rates and school enrollment ratios in the data of
Brazil and Indonesia. Table 6 presents the parameter values for simulations in Cases
I and II for Brazil and Indonesia, respectively. One period of the model is 20 years.
In de la Croix and Doepke (2003) and Vogl (2016) with logarithmic utility from
consumption and fertility, the fraction of parental time for rearing a child is set at
7.5%. Vogl (2016) also sets the living cost per child at 7.7% of median full income.
Given that 80% of parents are illiterate in 1971 in Indonesia in Table 4 (57% in 1960
in Brazil), we use the time cost in their studies and the living cost per child as 7.7%
of an illiterate parent’s earnings in both cases.

As noted in Table 1, the ratios of public education spending to GNI were as high
as 4.3% in both countries. Thus, we assume the parameter values for the education
technology (ξ = 0.03, A = 7.5, B = 2.6, φ = 0.9, and ψ = 0.1) such that the
return to education spending is ω(ξ) = 1.6803 and that education spending per child
is ξHH/HL =5.05% of an illiterate parent’s earnings. From Assumption 1, we set
the relative roles of the number and average quality of children in the utility function
at α = 0.6 and η = 0.4 to permit plausible values for the enrollment ratios in equation
(11) in both countries with different tax rates and education subsidies.

From the progressive income tax rates in Indonesia and Brazil in footnote 12, the
respective income tax rates for educated and illiterate parents are 20% and 3% in Case
II as used for Fig. 3. Since the top tax rate is lower but the bottom rate is higher in
Brazil, we set the respective tax rates at 18% and 5% in Case I. As per capita GDP in
Indonesia was between a quarter and one-third of that in Brazil in the 1960s in Table
1, the initial levels of human capital or earnings in Cases I and II of Table 6 reflect the
gap in initial income levels in these two countries.

The remaining parameter values to account for the enrollment ratios in Fig. 2 are
child earnings and education subsidies. From Fig. 2 and Table 1, the enrollment ratios
of children in families with illiterate parents were lower in 1960 in Brazil despite
a higher ratio of public education spending to GDP than in Indonesia, suggesting
that child earnings were higher in Brazil. Thus, we set child earnings as 3.8% of an
illiterate parent’s earnings in Case I and 2% in Case II. Since child earnings and the
costs of living and education are all proportional to parental earnings in Table 6, school
enrollment ratios should remain constant over time by Proposition 1 unless education
subsidy rates rise as observed in the data.

As in Fig. 3, equal subsidy rates for all families yield a much larger gap in enroll-
ment ratios across families than the observed gap. Although the census data has no
information about education subsidy rates for each type of family, education subsidy
rates are higher for poor families in developing countries as noted by Morley and
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Coady (2003). From Table 1, public spending on education subsidies in Indonesia
started at much lower levels (0.767% of GDP) than in Brazil (3.599%) in 1970–1980
but caught up (to 4.328%) in 2010. Both Brazil and Indonesia have been hit by several
political or economic shocks relating to education policy or funding. Brazil passed a
new federal constitution in 1988 that expanded the rights and resources in the field
of education (Weller et al. 2020). In Indonesia, the government doubled the expendi-
tures on regional development in 1973–1980, particularly for school construction or
funding, following the oil boom (Duflo 2001). Yet, the lower education subsidies in
Indonesia in 1970–1980 supported a higher enrollment ratio for children of illiterate
parents in Fig. 2, who accounted for nearly 80% of the parent population in Table 4,
than that in Brazil even though Brazil also had higher GDP per capita and lower illit-
eracy in 1960. The comparisons suggest a possibility that education subsidies were
highly in favor of poor families in Indonesia initially and became more equal over
time.

Specifically, we assume that education subsidies begin at respective rates 67.5%
and 82% for children of educated parents and children of illiterate parents and grow
respectively at 1.6% and 1.5%per period inCase I to account for the rises in enrollment
ratios in Brazil in Fig. 2. In Case II, the respective subsidy rates begin at low rates
16% and 35%, and grow respectively at 2.3% and 2% in the first two periods (1.5%
and 1.8% afterwards) to account for the rises in enrollment ratios in Indonesia.

From Table 1, the fertility rate in 1960 was much higher in Brazil than in Indonesia
despite a much higher income level in Brazil, suggesting stronger taste for utility
from children in Brazil. Fertility rates also declined dramatically to the replacement
level in both countries in 2010, suggesting an inelastic preference for the number of
children relative to consumption. The decline in fertility in data is much larger than
the illustrated level in Fig. 3 that arises from the constancy of child earnings and
education subsidy rates. To match the patterns of fertility rates in different families in
Table 5, we set the taste for utility from children’s quantity and quality at β = 26 in
Case I and 10.5 in Case II, the elasticity of substitution with respect to consumption
at 1/σ = 1 (logarithmic utility), and the elasticity of substitution with respect to
fertility at 1/γ = 1/2.8. In Greenwood et al. (2005), the elasticity of substitution with
respect to consumption is 1/σ = 1 and the elasticity of substitution with respect to
fertility is 1/γ = 1/1.2 that reduces fertility over time when income increases. The
reason for the lower elasticity of substitution for fertility than in their model is rising
child earnings in this model that induce parents to have high fertility. If child earnings
increase at a lower rate than parental earnings, then fertility can fall as in Fig. 3 and
thus the elasticity of substitution for fertility can be higher than 1/2.8 to match the
observed decline in fertility. However, the census data has no information about child
earnings.

Figures 4 and 5 present simulation results in Cases I and II in 8 periods based on
parameter values in Table 6. Each figure has four panels. Figures4(a) and 5(a) show
that educated parents always have higher school enrollment ratios for children than
illiterate parents. Both enrollment ratios increase over time until reaching 100% due to
rising education subsidy rateswhen child earnings and the costs of living and education
grow proportionately with parental earnings. From the higher education subsidy rates
for children of illiterate parents, enrollment ratios are positive for all children in all
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Fig. 4 Fertility, school enrollment and economic growth I

periods as in the data and the gap in the enrollment ratios across families is much
smaller than in Fig. 3 and closer to the observed level.

In Figs. 4(b) and 5(b), the simulated fertility rates have a downward trend due
to rising parental income, rising subsidy rates, and inelastic preference for fertility
1/γ < 1. In Fig. 4, the fertility rate is lower for educated than for illiterate parents in
all periods as in Brazil. In Fig. 5, the fertility rate of educated parents starts higher but
decreases more rapidly than that of illiterate parents as in Indonesia. Consequently,
the fertility differential flips to a lower fertility rate of educated parents than that of
illiterate parents in the first three periods as observed in Indonesian. The difference
between the two figures are due to higher earnings and education subsidies in Fig. 4
than in Fig. 5.

The flip of the fertility differential in Fig. 5 arises from the difference in education
subsidy rates for children in different families at low income levels under progressive
taxes. On the one hand, the higher subsidy rate for children of illiterate parents induces
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Fig. 5 Fertility, school enrollment and economic growth II

the parents to have higher enrollment ratios and lower fertility than they would have
otherwise. On the other hand, the partial catch-up rise in education subsidy rates
for children of educated parents in the first two periods yields a sharper decline in the
fertility of educated parents than that of illiterate parents. The high tax rate for educated
parents also induces educated parents for high fertility, particularly in the initial period
or early development when income is low. The flip in the fertility differential occurs
when the enrollment ratios are positive for children in all types of families in contrast
to Fig. 3where illiterate parents forgo investment in children’s education at the flipping
point as in the aforementioned literature.

Figures 4(c) and 5(c) plot the growth rate of average output and average fertility.
Average fertility declines from above five to the replacement level of two as observed
in Table 1. The growth rate displays large swings due to the uneven paces of changes
in school enrollment ratios and fertility rates over time and across different groups
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of families. By contrast, changes in growth rates are relatively small in models with
equal and divisible education investment for all children within families.

In Figs. 4(d) and 5(d), the share of educated parents in parental population or the
literacy rate starts from a low level, and initially declines in Case I but rises slowly
in Case II due to the opposing effects of rising school enrollment ratios but rapidly
falling fertility of educated parents. The opposite fertility differentials in Cases I and
II are harmful for the average education attainment in Case I but conducive in Case II,
while the larger increases in education subsidy rates in Case II are also conducive to the
average education attainment. When the school enrollment ratios increase and fertility
rates decline further for all families, the share of educated parents rises rapidly above
80%. Overall, the simulated results capture the patterns of the movements observed
in Brazil and Indonesia in Table 1 and Fig. 2. In particular, the rise in education
subsidy promotes development by accelerating human capital accumulation and the
demographic transition.

When accounting for the stylized facts, both the endogenous dynamics and the
exogenous rises in education subsidies play important roles. Education is a driving
force for growth in parental earnings that, in turn, decreases fertility in this endogenous
growthmodel with the choices of school enrollment and fertility. However, when child
earnings, the cost of living, and the cost of education increase proportionately with
parental earnings, enrollment ratios would remain constant for stationary education
subsidy rates by Proposition 1. Thus, restricting child labor or raising the education
subsidy rate is important to increase enrollment ratios and decrease illiteracy rates as
in Figs. 3 and 4.

At the early development stage with low average earnings but high fertility and
illiteracy rates, differentiated education subsidies in favor of children of illiterate par-
ents are useful to induce them to enroll at least some children in school. Otherwise,
illiterate parents may have little incentive for children’s education because child earn-
ings are particularly important for illiterate parents with low earnings. Sufficiently
favorable education subsidies for children of illiterate families can also yield lower
fertility for illiterate parents than for educated parents under progressive labor-income
tax rates that reduce the opportunity cost of time for rearing children. In this case, a
partial catch-up rise in the education subsidy rate for children of educated parents can
enlarge the decrease in their fertility for the observed flip of the fertility differential in
early development with positive school enrollment ratios in all families as in Fig. 5.

6 Conclusion

This paper explored differential fertility rates and school enrollment ratios among
parents with different education attainments. In this model parents constrained by
children’s education and living costs choose the number of children, a fraction of
children for education, and the remaining children for supplemental income. This
distinct mechanism yields rich implications to account for the observed patterns.

When the opportunity costs of enrolling children in school are high relative to the
forgone earnings of rearing children and living costs, parents have as many children
as possible and no incentive for children’s education. When income grows relative
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to the subsidized education costs, parents enroll a fraction of children in school. The
enrollment ratio increases with the returns to education, forgone earnings of rearing
children, and living costs but decreases with the subsidized education costs and child
earnings. The positive relationship between enrollment ratios and parental education
or earnings matches the pattern in the census data of Brazil and Indonesia.

The model also accounts for the N-shaped relation between fertility and parental
earnings in the data. When children’s living costs are high relative to children’s edu-
cation costs, fertility increases with parental earnings due to a dominant income effect
and thus fertility is higher for parents with higher education attainments as in the
data of Indonesia before 1990. When the living costs are low relative to the education
costs, fertility decreases with parental earnings due to a dominant substitution effect
and thus fertility is lower for parents with higher education attainments as observed
in Indonesia after 1990 and in other countries.

When child earnings and the costs of education and living increase with parental
earnings, school enrollment ratios remain constant and the illiteracy rate of the econ-
omy is convergent and stable for stationary education subsidy rates, creating a hurdle
for development. An increase in education subsidy rates raises school enrollment ratios
and reduces fertility, thus reducing illiteracy rates. However, the decline in illiteracy
rates may raise the average fertility in the economy when illiterate parents have lower
fertility than educated parents, especially under progressive income taxes and favor-
able education subsidies for poor families, as observed in Indonesia in 1960–1990. A
partial catch-up rise in education subsidies for children of literate parents can enlarge
the decrease in their fertility to flip the fertility differential. Conversely, when literate
parents have lower fertility than illiterate parents, the decline in illiteracy rates reduces
average fertility and an increase in education subsidy rates is particularly effective to
reduce average fertility and illiteracy rates for development as in Brazil. When most
children complete all education levels, fertility may relate positively with parental
earnings again as observed in developed countries with high tertiary enrollment ratios.
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