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1. Introduction

Becker’s (1965, 1991) seminal contribution to the theory of household
behavior treats the family as a monolithic unit that acts as a single decision
maker. Recently, several authors challenged this view by pointing out the
limitations of the "unitary" model and proposed alternative "collective"
approaches to the analysis of household behavior.! A particularly successful
line of research initiated by Manser and Brown (1980) and McElroy and Horney
(1981) models the process of intrahousehold decision making as a bargaining
problem.2 This framework has been extended by Chiappori (1992), Lundberg and
Pollak (1993), Ulph (1988), and Woolley (1993), among others.3 All these
models, however, are static models of.marriage that take family composition as
given and focus on the way in which income is produced and allocated within
the family. Hence, they are ill equipped to study household decisions about
fertility and investments in future generationé.

In this paper, we extend the work of Manser and Brown.(1980) and McElroy
and Horney (1981) to a dynamic environment to provide a new framework for the
analysis of the process of intrahousehold decision making in an
intergénerational setting. We study a two-sex overlapping generations model
where men and women of each generation bargain over consumption, number of

children, and investment in the education of their children conditional on

1 For a critical survey of existing theories of the family see Bergstrom
(1994).

2 Manser and Brown (1980) and McElroy and Horney (1981) consider cooperative
game—theoretic models in which husband and wife bargain over the surplus
generated by marriage over and above the utility they can achieve by staying
single or by getting divorced.

3 Lundberg and Pollak (1993) maintain the cooperative approach but reinterpret
disagreement as a noncooperative equilibrium within marriage. Chiappori
(1992) assumes that household decisions are Pareto efficient but abstracts
from the details of the bargaining process. Ulph (1988) and Woolley (1993)
model the intrahousehold decision making process as a noncooperative game.
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gender. Our model is dynamic.in the sense that altruism toward children and
concern for their future as adults link the decisions of each generation into
an intergenerational sequence of bargaining problems.

We use our model to explore the issue of gender differences in
education. Empirical evidence for a number of developing and developed
countries to date suggests that women receive less education than men
(Figure 1).% Within the context of a pure investment model, Becker (1991,
ch. 2) shows that systematic gender differences in human capital investments
may arise as an optimal response to biological differences between men and
women. By imposing a constraint on the allocation of women’s time, ceteris
paribus, child bearing lowers the returns from the investment in the education
of girls relative to boys. In our model, however, parents take into account
the marriage market consequences of their investment decisions. In
particular, as adults, their children will also face a bargaining problem, and
the education they receive affects both the amount of resources they will
bargain over and their equilibrium share. As a consequence, the difference in
the education levels of boys and girls implied by our model is smaller than
what is consistent with a pure investment model.S

Econometric studies of gender differences in human capital investments
in specific countries typically emphasize parental responses to labor market

gender wage differentials (see, e.g., Rosenzweig and Schultz 1982 for India)

4 Figure 1 depicts gender differences in the average number of years of
schooling per person age 25 and over in 1992 for 146 countries (United Nations
1994). The gender gap in education levels is larger in developing countries,
where the average gap is 1.16 years, than in developed countries, where the
average gap is 0.53 years.

S Other models where parents take into account marriage market outcomes when
choosing how much to invest in their children are those of Behrman, Pollak and
Taubman (1986), Boulier and Rosenzweig (1984), and Cole, Mailath and
Postlewaite (1992). None of these models, however, consider the game between
husband and wife that determines the intrahousehold allocation of income.
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and/or to gender biases in parental preferences (see, e.g., Behrman, Pollak
and Taubman 1986 for the United States). These interpretations are, however,
difficult to generalize to all countries.® One of the questions we try to
answer in this paper is whether abstracting from gender discrimination in both
the labor market and the household, and focusing exclusively on biological
differences, is sufficient to provide a reasonable explanation for the general
phenomenon illustrated in Figure 1. Although highly stylized, the model we
propose allows us to construct a measure of the cost to women of having
children. We find that the average cost per child implied by our model in
order to fit the data summarized in Figure 1, once we control for cross-
couﬁtry differgnces in fertility and infant mortality rates, is 5-6% of the
working lifetime of a woman. We argue that this is a reasonable estimate once
we take into account all the components of this cost.

In the next three sections, we describe and solve two versions of our
model that abstract from fertility decisions. In Section S, we extend the
domain of the intrafamily bargaining to include the number of children and
explore some of the quantitative implications of our model. We conclude in

Section 6 with some comments and directions for future research.

2. The Basic Model

We study an overlapping generations model with two types of individuals,
men and women, who live one period as children and one period as adults and

are altruistic toward their children. Men and women are assumed to be

6 Schultz (1993), for example, notes that empirical studies that estimate
returns to schooling in a number of developing countries provide no clear
evidence that they differ systematically by gender, and Behrman and Deolalikar
(1990) find higher returns to schooling for females than for males in
Indonesia. The empirical evidence on parental gender discrimination is also
mixed (see, e.g., Das Gupta 1987 and Thomas 1994).
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identical except for the fact that women bear children. We assume that men
and women have the same preferences over their own consumption and over the
utility of their progeny and face the same wage schedule conditional on
education (i.e., we assume no gender wage differential). We also assume that
parental preferences. are neutral between boys and girls.

When people are young, they simply receive the education their parents
chobse for them, and we normalize their consumption level to zero. When
people are adults, they decide whether to get married, work, and receive a
wage, which is a function of their education. We assume that children are the
only public good inside the marriage and that people are not altruistic toward
their partners.? If individuals get married, we initially assume they have
two children, a boy and a girl, and the intrafamily allocation of their
combined income is determined through bargaining. If they stay single, they
consume their labor income.

Except for possible gender differences in education, the first
generation is assumed to be homogeneous (i.e., in the first period, people of
the same gender have the same level of education). As shown below, in
equilibrium, all future generations are also homogeneous. Hence, assortative
mating is not an issue. Without loss of generality, we assume that each
person has only one chance of getting married and that matching is random.

Child bearing has implications on the allocation of women’s time. We
initially assume that if a woman gets married she has to devote an exogenously
given fraction of her working lifetime to bearing two children. This fraction
could be small, but it is strictly positive and represents the biological

difference between men and women. The time cost associated with child bearing

7 The analysis could be easily extended to the case of many public goods as
well as to allow for some degree of altruism between spouses.
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we refer to here is meant to capture not only the actual time a woman cannot
work during pregnancy, recovery from delivery, or lactation, but also all the
factors connected with child bearing that affect a woman’s earnings profile,
such as physical and psychological consequences of child bearing that affect
her productivity.® To keep the model simple, we abstract from labor supply
decisions and household production.®

To decide whether to get married, men and women of each generation
bargain over the terms of binding prenuptial agreements specifying their
individual consumption within the marriage and the amount of education to give
to each of their children conditional on each child’s gender. The utility
individuals can achieve staying single represents their threat point. This is
a one-time bargain we model as a Nash-bargaining problem.19

The welfare of the members of each generation depends upon the level of
educatioﬂ that their parents choose for them, which affects both their threat
point and the amount of resources they will bargain over. To choose the level
of education to provide for their children, parents need to solve the
bargaining problem that their children will face, which also depends upon the
education choices of the parents of their children’s spouses. This defines a
game between the families of the groom and the bride. Altruism toward

children links the sequence of bargaining problems for each dynasty, and

8 A detailed list can be found in any popular book about pregnancy, such as,
for example, the best-seller What to Expect When You’re Expecting, by
Eisenberg, Murkoff and Hathaway (1991).

® Rupert, Rogerson and Wright (1995) consider household production in a model
where the family objective function can be interpreted as a reduced form for a
household bargaining problem.

10 Although we are aware that different specifications of the threat point as
well as different solution concepts may induce differences in the equilibrium
outcomes (see, e.g., Manser and Brown 1980 and Lundberg and Pollak 1993), the
extension of the dynamic framework to allow for such possibilities involves
complications that are outside the scope of this paper. They are therefore
not explored here.



children’s marriages combine the bargaining problems of pairs of families in
each generation.

Formally, we assume that in the initial period there is a continuum of
individuals, half of which are men and half of which are women. The von
Neumann—ﬁorgenstern preferences of the representative individuals in period t
are of tﬁe form
Cit * B (Uppyr + Ugpyq) 1if married

Uje = ' ce s

Cit if single
where c;, is the consumption of an adult of sex i, i = m,f, and 8 € (0,0.5)
denotes the degree of altruism per child.l! This specification of preferences
allows us to derive an analytic solution.

We normalize the labor endowment to be one unit of time. Men
inelastically supply one unit of labor regardléss of their marital status.
Women supply one unit of labof if they stay single and only (1 - «) units if
they get married, where « € (0,1) represents the time a woman has to devote to
child pearing. Let ey ,epy € [0,0) denote the levels of education of adults
in period t. The wage rate is an increasing and strictly concave (time
invariant) function of education, wyy = wle;), w’ > 0, w" < 0, i = m,f. The
price of education is assumed to Be constant at p.

Using a recursive formulation, letting e} and ey denote the education
choices for the next generation, and given their education levels e, and eg,

each couple in any given period solves the following Nash-bargaining problem:

11 If all one’s descendants marry, Uj, = cjy + 0.5 Spoq(2 B)T (cpp + cpg)-
The assumption that B < 0.5 guarantees that the utility function is bounded.
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(A) Max [c, + B (V®(e,8L) + VE(e},8))) - wie,)] »

{cm,cf,el’n,ei}
[ce + B (V™(el,8:) + VE(el,8L)) - wlep)]
s. t.

Co * Co +p (e, +ep) =wley) + (1 - a) wleg)

where, for i =m,f,

Viley,ep) = ciley,e0) + B (Ve (ey,e0),81) + VE(eh(e,, e0),82))

is the utility a person of sex i obtains within marriage, given their own and
their partner’s level of education.!? A solution to problem (A) is a pair of
such functions V® and Vf. We write Vi(e;,é3) to indicate that when choosing
the level of education of their children, e}, parents take the behavior of the
parents of their children’s future spouses, é}, as given and select a best
response to it.1® Uniqueness of the equilibrium to the game between the
families of the groom and the bride is a necessary condition for existence of

a solution to (A).

3. Solution
The assumption of linear preferences simplifies the solution of our
model in two important ways. First, the decisions about investment in

education are independent of the bargaining over the allocation of

12 An implicit condition for this problem to be well defined is that there
exists some agreement preferred by both partners to the disagreement outcone.
This condition needs to be verified in equilibrium.

13 To be more precise, we should write E[Vi(e},E},E},M)], where E;, and Ej
denote distributions of education levels in the population and M denotes the
matching function characterizing the marriage market. As we show below,
however, the equilibrium distributions are degenerate so the more parsimonious
notation we adopt does not imply any loss of generality.
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consumption. Second, the optimal human capital investment of each family does
not depend upon other families’ decisions.

Assumihg an interior solution, the first order conditions for (A) imply

o wies) + p (ef + ep)
(1) ¢, = wle,) - AL £

and

o wiep) + p (e + ef)
2

The spouse with the highest level of education has the highest level of
consumption, and consumption levels are equal only when the levels of
education are the same. This result follows naturally from the Nash-
bargaining specification. Note that ﬁusbands partially compensate wives for
the income loss associated with having children, aw(e,;). In fact, regardless
of their relative income, each parent pays half of the cost of having children
and half of the cost of their children’s education. This is a consequence of
the fact that children are local public goods inside the family, and parental
preferences are identical.

From the system of first order conditions for (A) we also obtain

(3) 2 B Vi(el,&)) = p
and
(4) 2B Vile;, &) =p

where V;(°) denotes the derivative of V' with respect to e}, 1 = m,f. These
conditions simply state that parents invest in the education of their children

up to the point where the marginal return to their investment equals the



marginal cost. Using the envelope theorem provides

(5) L Vilel,8R) = w (e))
and

(2 - a) w (e})
6) vier,8s) = bl L

2

By substituting (5) and (6) into (3) and (4), we obtain the following

conditions:
? 2 — p
(7) W (em) = ﬁ
and
* ? . p
(8) W (ef) = m.

Note that (7) and (8) do not depend on the human capital investment that other
families choose for their children. The uniqueness (in dominant strategies)
of the equilibrium to the game between the family of the bride and the family
of the groom follows trivially. An implication of this result is that in
equilibrium all parents behave in the same way. Hence, in each generation,
individuals of the same gender have the same level of education. In Appendix
1, we derive V® and Vf and show that problem (A) has a unique solution.

Given the assumption of diminishing returns to education, conditions (7)
and (8) imply that boys receive more education than girls. However, the
difference in the levels of education of boys and girls is smaller than the
one that would result from a pure investment model. Consider, for instance,
the following problem that could be interpreted as the one a benevolent

patriarch in the Beckerian tradition would solve:
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Max Upo + Ugg
{cnerCrtsCmte1r Creet?
s. t.

Cat * Cet + P (Epper + €ppqq) = Wlege) + (1 - @) wleg), Vt =0,1,2,...

This problem reduces to

- 00 t
Max Zi=0(2 B (cp + cgy)d
{CntsCeesCmtets Cresrt

s.t.

Cut + Crt + P (egiyg + €ppeq) = wWleg) + (1 - @) wleg), Vt =0,1,2,...

and the first order conditions with respect to education imply

(9) W (ey) = 21';3
and
(10) w’ (eft) = z—rig—arﬁ, Vt= 1,2,3,...

Note that while (7) and (9) coincide, (10) implies a lower level of education
for girls than (8) does. The magnitude of such a difference depends on the
parameter «. This result derives from the fact that in our model, parents
internalize the marriage market consequences of their investment decisions.
In particular, they take into account that in equilibrium husbands partially
compensate wives for the income loss suffered as a consequence of child
bearing,'which increases the returns from the investment in women’s education.
This implication of our model is consistent with the empirical findings
of Beﬁrman, Pollak and Taubman (1986). Behrman et al. (1986) study the

investment decisions in the education of their children of a sample of parents
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in the United States who have only two children, a boy and a girl. They find
that the level of education that the girls in the sample receive is higher
than what is consistent with an investment model. They conclude that parents
slightly favor girls. In contrast, our model explains this finding without

relying on gender biases in parental preferences.

4. A Simple Extension

Before turning our attention to a more general version of our model that
incorporates fertility decisions, we briefly consider a simple extension of
the basic framework. The two components of the cost of children considered
thus far are the time cost of bearing children, «, which is exogenous to the
model and borne by the mother, and the cost of educating them, p (e + eg),
which is determined endogenously through bargaining. Another component of
this cost we may want to consider, however, is the cost of rearing children.
Assume that child rearing is provided within the household and can be provided
by either parent. If the time cost associated with this activity, y € (0,1),
is exogenously given, we can easily modify problem (A) above to' incorporate
decisions about the fraction of ¥ that each parent spends rearing their
children. We solve this generalization of problem (A) in Appendix 2. We find
that in equilibrium the time cost of bearing and rearing children, « + %, is
entirely borne by women.14

For the case in which ¥ < «, the intuition behind this re;ult is
straightforward. If « > ¥, then it is optimal for parents to invest less in
the education of girls than in the education of boys, even if the time cost of

rearing children were entirely borne by men. But if women have less education

14 Tt is still true that husbands partially compensate wives for the income
loss, (a + 7) w(eg).
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than men, then it is optimal for a couple to have the woman do all the

rearing, since the opportunity cost of her time is lower than that of the man.
This, in turn, reduces the equilibrium level of education that parents choose
for their daughtérsf The equiiibrium conditions that determine the education

levels of boys and girls are

sy . P
(11) w (ey) = 3B
and
(12) w (e;) = P

2-a-7)8

Although less intuitive, this holds even'for ¥ > o« in the unique Nash
equilibrium to the game between the families of the bride and the groom. The
formal argument is presented in Appendix 2.

There are interesting'conclusions we caﬂ draw from this analysis. As
long as the time cost associated with bearing children is positive, if child
rearing is provided within the household, then women also bear the entire time
cost associated with child rearing, even assuming they do not have any
intrinsic comparative advantage in this activity. As a consequence, the cost
to a woman of having a child is given by a combination of these two factors
(child bearing and child rearing), which are related to each other and
difficult to disentangle, although only one of them (child bearing) represents
the biological difference between men and women. In particular, even if the
cost to women of bearing children were small compared to the cost of rearing
children, we would still observe relatively big differences in the education
levels of men and women, and women rearing their children. Because of lack of

identification, in the remainder of the paper we summarize the time cost
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associated with child bearing and rearing into a single parameter «.

5. Endogenous Fertility

In this section, we extend our model to incorporate fertility decisions.
We then use our model to construct a measure of the cost to a woman of having
a child and to interpret the empirical evidence summarized in Figure 1.

To keep the analysis simple, we assume that every pregnancy yields a
pair of children, one boy and one girl, and let n denote the number of
children. The main implication of endogenizing fertility decisions is that
the tiﬁe a woman devotes to child bearing and rearing, «a(n), depends on the
number of children. We assume that a:R, » [0,1] is an. increasing function of
n with «(0) = 0. To guarantee existence of a solution, we also assume that
the degree of altruism per child, B(n), is a decreasing function of n.15

The Nash-bargaining problem faced by coubles in each generation becomes

(n) (Vvm(e),81) + VE(eL,82))
(B) Max [c, + Fln) n °m i; ce%l wiey)l -
{eprcprenrep,nd

B(n) n (VW(e’

2283) + VE(er,8l))

2

[Cf + - W(ef)]

= wley) + (1 - a(n)) wie,)

15 More precisely, it has to be true that 0 < B(n) < n™!, for every n. See
footnote 11.
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Viley,ep) = cyley,ep) +

B(n(ey,ep)) nley,ep) (Vm(ep(ey,ep),8;) + VE(er(e,,ep),8)))
> .

From the first order conditions for problem (B), we obtain the following

system of equations.

b + ?
aln) wleg) + np (e, + eg)

2
(13) cp = wley) - >
(el + e})
a(n) wiey) + ZP e; it
(15) w (e)) = E‘é%ﬁT
(16) W (el) = P
£ 2 - aln’)) B(n)
( 2 + ’)
(17) «’ (n) wiep) + E__e.'.'é_ef_ =

(B(n) + n B’ (n)) (Vm(e,,8:) + Vf(er,&2)).

Restricting our attention to the role played by fertility, note that
investment in education of both males and females decreases with the number of
siblings. Also, the amount of education that girls receive is inversely
related to the number of children they will have (n’). Hence, although it is
still true that boys receive mofe education than girls, the gap increases with

fertility. Finally, note that for the equilibrium number of children to be
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positive it has to be the case that (B{n) + nB’(n)) > 0 and B" < 0, which
implies that parents’ utility is increasing and concave in the number of
children.16

To investigate the quantitative implications of our model, we restrict
our attention to steady state equilibria and make the following additional
assumptions.l?” We assume that wages are a logarithmic function of education,
that is, w(e;) = 6lIn(e;j), 6 > 0, i = m,f, and that the time cost associated
with having children is a linear function of the number of children, that is,
a(n) = an.1® Under these assumptions, we combine (15) and (16) to obtain an
expression for «, the cost per child, that depends only on the percentage
gendér gap in education levels and on fertility (which are both endogenous to

our model) and that is independent of the other parameters in the model:

2 (e - o)
(18) u=_e_ef.
n e,

We exploit (18) to obtain a measure of the cost to a woman of having a
child for each of the 146 countries depicted in Figure 1 using data on mean
years of schooling by gender and fertility rates contained in the 1994 Human
Development Report published by the United Nations (the data refer to 1992).
Figure 2 displays a histogram of the values of a we computed, which are
reported in Appendix 3. This measure is noisy for a variety of reasons. In

particular, aggregate education and fertility are likely to be measured with

16 See, e.g., Becker and Barro (1988).

17 The dynamics of the model with endogenous fertility are more complicated
than those of the model in Section 2, as we can see by comparing equations
(15) and (16) to equations (7) and (8) (see Appendix 1).

18 The assumption that earnings are a logarithmic function of education is
quite standard in the literature on the returns to education (see, e.g.,
Mincer 1974). The assumption that a(n) is linear in n may be more
controversial, but it represents an obvious starting point given the lack of
empirical evidence in support of any particular specification.
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error, and years of formal schooling represent an imperfect measure of total
education in many developing countries (see, e.g., King and Hill 1993). The
mean (standard deviation) in the sample is 0.134 (0.115), and a chi-square
test of normality of the distribution does not reject the null hypothesis at
conventional significance levels (P—valﬁe 0.144). Once we separate the
developing and developed countries in our sample into two subsamples, we find
that the average value of « for developing countries is 0.151 versus 0.066 for
developed countries.? A t-test of équality of the two means rejects the null
hypothesis at conventional significance levels (P-value 0.000).

Although our model abstracts from infant mortality, « represents the cost
of "producing” a surviving child. Hence, « should be positively correlated
with infant mortality, which affects the number of pregnancies and births that
are necessary to produce a surviving child. We test the plausibility of the
measures that we constructed by regressing « on a constant, infant mortality
rates (IMR), and a dummy variable (D) that takes the value one for developing

countries and zero for developed countries:20

(19) o = 0.059 + 0.050 D + 0.620 IMR, R2 = 0.128
(0.016)  (0.028) (0.268)

where the numbers in parentheses are heteroskedasticity-consistent standard
errors (White 1980).
Several results are noteworthy. The coefficient associated with infant

mortality is positive and significant at conventional levels. This suggests

19 The classification of countries into developing and developed countries that
we use is taken from United Nations (1994).

20 Infant mortality rates for the developing countries in the sample are
obtained from United Nations (1994). Infant mortality rates for the developed
countries in the sample are from United Nations (1993).
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that our measure captures the fact that a higher infant mortality rate implies
a higher cost of producing a surviving child. The coefficient associated with
the dummy variable for developing countries, instead, is not significantly
different from zero at the 5% level. This result implies that once we control
for differences across countries in infant mortality rates, the mean values of
o for developing and developéd countries are no longer statistically different
from each other. Thus, the estimate of the intercept in our linear regression
can be interpreted as an estimate of the fundamental cost to a woman of having
a child. The point estimate we obtain indicates that such cost amounts to
about 6% of the working lifetime of a woman, with a 95% confidence interval of
(2.8%, 9%).
To evaluate the influence of outliers on the least squares estimates we

obtained, we also present the results of a robust regression (Huber 1973) of «

on IMR and D:21

(20) a = 0,050 + 0.025 D + 0.997 IMR.
(0.018)  (0.024) (0.222)

Note that all our previous findings are confirmed. The estimate of the
coefficient associated with infant mortality is still positive and significant
at conventional levels. The estimate of the difference between the mean
values of « for developing and developed countries is not significantly
different from zero at conventional levels. The point estimate of the average
cost to a woman of having a child amounts to 5% of her working lifetime (or

equivalently, 5% of her lifetime earnings), and its 95% confidence interval is

21 The technique proposed by Huber is an iterative weighted least squares
procedure aimed at reducing the influence of outliers (see, e.g., Rousseeuw
and Leroy 1987).
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(1.4%, 8.5%).

Since « represents a composite measure that is meant to capture a variety
of factors related to child bearing and rearing, we think our estimates are
reasonable. Also, although not directly comparable, our estimates are in line
with the findings of microeconometric studies investigating the effects of
motherhood on female earnings in the United States and Canada. For example,
using the 1982 wave of the U.S. National Longitudinal Survey of Young Women,
Korenman and Neumark (1992) find that "children lower wages ‘directly,’ and
women respond to these lower wages by curtailing their labor suppiy and hence
the accumulation of labor market experience and tenure" (p. 254). They
estimate a direct negative effect of children on wages of 4% for one child and
19% for two or more children. For a sample of Canadian women in 1980, Smith
and Stelcner (1988) report a decrease in hours worked of 16% for each pre-
schooler at home and a permanent decrease in the hourly wage rate offered of
3.9% for each child ever born. Since the effect on wages is interpreted as a
consequence of lost working experience, it can be considered as part of our
measure of the cost to women of having children.

The main implication of our findings is that relatively small differences
between men and women are enough to understand relatively large differences in
the levels of education of men and women. This result is consistent with
Becker’s (1991) view that "small biological differences between men and women
can cause huge differences in the activities of husbands and wives" (p. 4).
This does not imply, however, that discrimination is not an important factor
in many countries. In fact, we believe discrimination may very well explain
variations in the data that a highly stylized model such as ours cannot

possibly explain.
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6.I Concluding Remérks

In this paper, we have interpreted observed gender differences in
education as the equilibrium outcome of a two-sex overlapping generations
model in which men and women of each generation bargain not only over their
own consumption but also over the number of children and the investment in
their children’s education. This model represents a new framework for the
analysis of the process of intrahousehold decision making in an
intergenerational setting.

Abstracting from gender discrimination in both the labor market and the
household, we have assumed that men and women are identical except for the
fact that women bear children. Hence, gender differences in education emerge
in equilibrium as a consequence of this basic difference between men and
women. However, the diffefenee in the levels of education of boys and girls
implied by our model is smaller than what is cbnsistent with a pure investment
model. This result derives from the fact that parents take into account that
husbands partially compensate wives for the income loss suffered as a
consequence of child bearing, which increases the returns from the investment
in women’s education.

We have shown that incorporating the time cost of child rearing--
understood as care that is provided inside the household--into the analysis
reinforces our results. Even if this cost can be borne by either parent, as
long as the time cost associated with bearing children is positive, our model
predicts that women also bear the entire time cost associated with child
rearing. Thus, the cost to a woman of having children is a combination of
child bearing and child rearing, and these two components cannot be identified

separately.
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Since the time cost to women of having children increases with the
number of children, the gender gap in education levels increases with
fertility. We have exploited the simple structure of our model to construct a
measure of the cost to a womén of having a child in 146 countries, using
aggregate data on fertility rates and mean years of schooling by gender. The
measure we have obtained indicates that this cost is higher on average in
developing countries than in developed countries. Our measure is also
positively correlated with infant mortality, which affects the number of
pregnancies and births that are necessary to produce a surviving child. Once
we control for cross—country differences in infant mortality rates, however,
the difference between developing and déveloped countries is no longer
statistically significant. Thus, we have interpreted the intercept in a
linear regression of our constructed measure of the cost to a woman of having
a child on infant mortality and a dummy variable for developing countries as
an estimate of the fundamental cost associated with having a child. Thé
estimate we have obtained indicates that such cost amounts to 5-6% of the
working lifetime of a woman, a number we believe to be reasonable. Since this
estimate includes the.time cost of rearing children, we conclude that a
relativély small biological difference between men and women is enough to
understand relatively large differences in the levels of education of men and
women.

The stylized model studied here can be extended in a number of
directions. Two generalizations that are currently on our research agenda
consist of'allowing for more general specificatiéns of preferences and
eﬁdogenizing labor supply decisions. One of the results we expect to obtain

by allowing a more general specification of preferences is to provide an
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explanation for the existence of dowries in the form of transfers from the
family of the bride to the family of the groom.22 To illustrate the logic,
consider the basic model presented in Section 2 but assume that individuals
are risk averée and each child is either a boy or a girl with probability one-
half. Since boys receive more education than girls, then total consumption of
families withvtwo boys is lower than that of families with one boy and one
girl, that in turn is lower than the total consumption of families with two
girls. By transferring income from families with.girls to families with boys,
dowries provide a way of smoothing consumption across states of nature. Ex
ante, risk averse parents would then be willing to enter such a Pareto
improving contract. This provides an insurance explanation for the existence
of dowries that complements the one proposed by Becker (1991) based 05

marriage market imperfections.23

22 guch an institution plays an important role in many developing countries
and, in particular, in India.
23 We thank Ken Wolpin for pointing out this implication of our model.

21



References

Becker, Gary S. "A Theory of the Allocation of Time." Economic Journal 75
(September 1965): 493-517.

Becker, Gary S. A Treatise on the Family. Cambridge: Harvard University
Press, 1991.

Becker,'Gary S.; and Barro, Robert J. "A Reformulation of the Economic Theory
of Fertility." Quarterly Journal of Economics 103 (February 1988): 1-25.

Behrman, Jere R.; and Deolalikar, Anil B. "Are There Differential Returns to
Schooling by Gender? The Case of Indonesian Labor Markets." Working
Paper. Philadelphia: University of Pennsylvania, 1990.

Behrman, Jere R.; Pollak, Robert A.; and Taubman, Paul. "Do Parents Favor
Boys?" International Economic Review 27 (February 1986): 33-54.

Bergstrom, Theodore C. "A Survey of Theories of the Family." Working Paper
no. 94-13. Ann Arbor: University of Michigan, 1994.

Boulier, Bryan L.; and Rosenzweig, Mark R. "Schooling, Search, and Spouse
Selection: Testing Economic Theories of Marriage and Household Behavior."
Journal of Political Economy 92 (August 1984): 712-732.

Chiappori, Pierre-André. "“Collective Labor Supply and Welfare." Journal of
Political Economy 100 (June 1992): 437-467.

Cole, Harold L.; Mailath, George J.; and Postlewaite, Andrew. "Social Norms,
Savings Behavior, and Growth." Journal of Political Economy 100
(December 1992): 1092-1125.

Das Gupta, Monica. "Selective Discrimination against Female Children in Rural
Punjab, India." Population and Development Review 13 (March 1987): 77—
100.

Eisenberg, Arlene; Murkoff, Heidi E.; and Hathaway, Sandee E. What to Expect
When You’re Expecting. New York: Workman, 1991.

Huber, Peter J. "Robust Regression: Asymptotics, Conjectures and Monte
Carlo." Annals of Statistics 1 (1973): 799-821.

King, Elizabeth M.; and Hill, Anne M. “Women’s Education in Developing
Countries: An Overview," in Women’s Education in Developing Countries:
Barriers, Benefits and Policy edited by Elizabeth M. King and Anne M.
Hill. Baltimore: Johns Hopkins University Press, 1993.

Korenman, Sanders; and Neumark, David. “Marriage, Motherhood and Wages."
Journal of Human Resources 25 (Spring 1992): 233-255.

Lundberg, Shelly; and Pollak, Robert A. “Separate Spheres and the Marriage
Market." Journal of Political Economy 101 (December 1993): 988-1010.

22



Manser, Marilyn; and Brown, Murray. "Marriage and Household Decision-Making: A

Bargaining Analysis." International Economic Review 21 (February 1980):
31-44.
McElroy, Marjorie B.; and Horney, Mary Jean. "Nash-Bargained Household

Decisions: Toward A Generalization of the Theory of Demand."
International Economic Review 22 {June 1981): 333-349.

Mincer, Jacob. Schooling, Experience and Earnings. New York: Columbia
University Press, 1974.

Rosenzweig, Mark R.; and Schultz, T. Paul. "Market Opportunities, Genetic
Endowments, and Intrafamily Resource Distribution: Child Survival in
Rural India." American Economic Review 72 (September 1982): 803-815.

Rousseeuw, Peter J.; and Leroy, Annick M. Robust Regression and Outlier
Detection. New York: John Wiley & Sons, 1987.

Rupert, Peter; Rogerson, Richard; and Wright, Randall. "Estimating
Substitution Elasticities in Household Production Models." Working
Paper. Minneapolis: Federal Reserve Bank of Minneapolis, 1995.

Schultz, T. Paul. "Returns to Women’s Education,” in Women’s Education in
Developing Countries: Barriers, Benefits and Policy edited by Elizabeth
M. King and Anne M. Hill. Baltimore: Johns Hopkins University Press,
1993.

Smith, Barry J.; and Stelcner, Morton. "Labour Supply of Married Women in
Canada, 1980." Canadian Journal of Economics 21 (November 1988): 857-
870. ’

Thomas, Duncan. "Like Father, Like Son; Like Mother, Like Daughter: Parental
Resources and Child Height." Journal of Human Resources 29 (Fall 1994):
950-988.

Ulph, David. "A General Non-Cooperative Nash Model of Household Consumption
Behavior." Working Paper. Bristol: University of Bristol, 1988.

United Nations. The State of the World’s Children. New York: Oxford
University Press, 1993. '

United Nations. Human Dévelopment Report 1994. New York: Oxford University

Press, 1994.

White, Halbert. "A Heteroscedasticity-Consistent Covariance Matrix Estimator
and A Direct Test for Heteroscedasticity." Econometrica 48 (1980): 817-
838.

Woolley, Frances. "A Cournot-Nash Model of Family Decision Making." Working
Paper. Ottawa: Carleton University, 1993'.

23



Appendix 1
As we can see from equations (7) and (8), the state variables of our
econony depend only on the parameters of the model. Therefore, if in the
initial pefiod the levels of education are not -those corresponding to the
steady state, the s.teady state will be reached in one period. Hence,

a wie) + p (e + e})
2

Viley,ep) = wie,) — + B (V(ey,e;) + Vi(e],e};))

o« wieg) + p (e + ef)

= wle,) - 5

5.2 B)° (wley) + (1 - a) wiel) + p (e + eb))

m

o wie,) + (e} + e})
= wle,) - d Z Tm T %,

B (wley) + (1 - a) wier) + p (e} + e}))
(1 -208)

and similarly,

a wieg) + p (e + e;)

VE(ey,ep) = wiep) -

2
B (wley) + (1 - a) w(ep) + p (el + e}))
(1 - 2R) ?
where e’ = w’ P and e! = w’-1 —r _ The conditions we impose on
m Z R £ Z - o) B|° p

the wage function guarantee that there is a unique solution to (1)-(2), (7)-
(8). Therefore, V® and Vf exist and are unique.

To guarantee that marriages occur in every period, it has to be true
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that the utility level people attain by marrying is greater than the one they
can achieve if they remain single, that is, V(e,,e.) = w(e,) and
Vf(e,,e;) = wle,). These conditions imply

2 B (wley) + (1 - ) w(eg) - p (e + eg))

T =28 z o wieg) + p (e + ez).

The left-hand side of this expression represents the utility from having

children, and the right-hand side represents the cost of having them.
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Appendix 2
Consider the generalization of the basic model presented in Section 4,
where we extend the domain of the intrafamily bargaining to incorporate
decisions about the fraction of the time cost associated with rearing children
borne by each parent. If we let ¥y denote such (fixed) total time cost, and
let ¥, and 7, denote, respectively, the time spent by the father and by the
mother rearing their children, the Nash-bargaining problem faced by couples in

each generation becomes

(A’) Max [cy, + B (VR(e,,81) + Vi(e},82)) - wie,)] -
{oprCpsepser; Yy ¥gd

[cy + B (V™(eq,8;) + VE(ef,8))) - wiep)]
s.t.
Cp + Cp +p (ef +ep) = (1 - 7m) w(em) + (1 -« - 7)) wieg),
and

Tn * %6 = 7.

From the system of first order conditions for (A’), we obtain

2 -7 o+ Y
(1°) ¢, 5 wle,) - £

5— wieg) - g (e, + e})

2 - o -7 1
(2')  ep = ——5—wley) - F wle,) - B ey + op)
» =1 p

(3) ey =w (7‘:'7;—]-3'
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(¢’) er = W 2 - a - 7;) B

0 if e; > e,
(5%) Zm = g if ey = e;
' if e, < ef

.

r
o if ep > ¢
(6’) e =14 7 - € 1if ep = ¢,
¥ if ep < g

.

where £ € [0,y], and 7; and 7; denote decisions about the allocation of the
time cost associated with child rearing between husband and wife of the next
generation.

To decide how much education to provide for their children, parents take
into account the amount of time that their daughter and their son will devote
to child rearing, which depends upon the education that they and their spouses

receive:

0 if ey > &;
(7)) ¥ (en,8) =4 & if e} = 8&;

¥ if e, < &;
and

0 if e} > &
(8”) v (leg,8y) =1 v - § 1f e; = &

7 if e < &,.

Consider, for instance, a representative couple that must decide how much to

invest in the education of their son. Using (7°) and (8’), note that his
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consumption will be

¢

wieg) - %a_’ w(gg) - % (ep + eg) if e > &;

(9)  culen8) =1 2o wey) - 28 i) S P oo o) if e =

2 -
2

wiep) - Zw(dy) - & (en + ef) if e < &

which, for any given level of education of his spouse, is increasing in his

1

education.2? Using (3’), we have that for any given &, < w’~ EBE , it is a
best response for the parents of the boy to choose e, = wt EEE , While if
8. z w '|-E_|, then their best response is e’ = w ‘|-t _ |.

£ 3k m 2 -972)8

Analogously, if we consider a representative couple that must decide how

much to invest in the education of their daughter, we have that their best

-1 . -1 . .
? is ep =W -———EL———-, while if

(2 -a) B

response to any given &, < w

S L
(2 - ) B

,-1 p
(2 - a) B}’

1 p

their best response is e} = w’~ =% =7 8|

Combining the two problems we obtain that the unique Nash equilibrium to the
game between the families of the bride and the groom is characterized by the

following conditions:

= »~1| P

(10’) e W 6

>
m

24 Je are assuming here that an interior solution to problem (A’) exists at any
date. Because of the linearity of preferences, this implies that the optimal
investment decisions of parents do not depend on their income.
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and

> ~y » =1 p
(11’) &; =w = 37 Bl

A graphical illustration of the equilibrium is presented in Figure 3.
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Country

Afghanistan
Algeria
Angola
Argentina
Bahamas
Bahrain
Bangladesh
Barbados
Benin
Bhutan
Bolivia
Botswana
Brazil
Brunei Darussalam
Burkina Faso
Burundi
Cambodia
Cameroon
Cape Verde

Central African Rep.

Chad

Chile

China
Colombia
Comoros

Congo

Costa Rica
Cote d’ Ivoire
Cuba

Cyprus
Djibouti
Dominican Rep.
Ecuador

Egypt

El Salvador
Equatorial Guinea
Ethiopia

Fiji

Gabon

Gambia

Ghana
Guatemala
Guinea
Guinea-Bissau
Guyana

Haiti

Appendix 3

Developing Countries

Alpha Country Alpha
0.254 Honduras 0.029
0.325 Hong Kong 0.536
0.139 India 0.329
~0.040 Indonesia 0.259
0.060 Iran, Islamic Rep. of 0.107
0.162 Iraq 0.111
0.296 Jamaica 0.015
0.073 Jordan 0.115
0.205 Kenya 0.181
0.203 Korea, Dem. Rep. of 0.315
0.170 Korea, Rep. of 0.456
0.015 Kuwait 0.112
0.034 Lao People’s Dem. Rep. 0.124
0.114 Lebanon 0.212
0.103 Lesotho -0.193
0.168 Liberia 0.223
0.116 Libyan Arab Jamahiri 0.232
0.239 Madagascar 0.105
0.270 Malawi 0.143
0.222 Malaysia 0.064
0.203 Maldives 0.075
0.064 Mali 0.241
0.345 Mauritania 0.264
-0.041 Mauritius 0.327
0.094 Mexico 0.024
0.20S5 Mongolia 0.023
0.022 Morocco 0.283
0.186 Mozambique 0.140
-0.027 Myanmar 0.140
0.126 Namibia 0.000
0.173 Nepal 0.246
0.075 Nicaragua -0.036
0.045 Niger 0.141
0.283 Nigeria 0.214
0.043 Oman 0.231
0.261 Pakistan 0.241
0.152 ' Panama -0.040
0.119 Papua New Guinea 0.185
0.256 Paraguay 0.052
0.251 Peru 0.111
0.1381 Philippines 0.050
0.050 Qatar 0.030
0.229 Rwanda 0.157
0.296 Saudi Arabia 0.230
0.071 Senegal 0.215
0.000

0.143 Sierra Leone
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Developing Countries

Country

Sri Lanka

Sudan

Suriname

Swaziland

Syrian Arab Rep.
Tanzania, U. Rep. of
Thailand

Togo

Trinidad and Tobago
Tunisia

Turkey

Uganda

United Arab Emirates
Uruguay

Venezuela

Viet Nam

Yemen

Zaire

Zambia

Zimbabwe

|;>
-
=y
W]

OC000O0D0OO0O0OO0OOOOOOOODOOO

.170
.161
. 050
.068
.128

158

.198
.202

009

.341
.283

171

.008
. 097
.019
.210
.237
.199
.166
.218
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Developed Countries

Country

Bulgaria
Canada
Czechoslovakia
Denmark
Finland
France
Germany
Greece
Hungary
Ireland
Israel
Italy

Japan
Netherlands
New Zealand
Norway
Poland
Portugal
Romania
Spain
Sweden
Switzerland
USA

USSR*
United Kingdom
Yugoslavia*

¥ Data refer to 1990.



Figure 1: Mean Years of Schooling
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Figure 3: Nash Equilibrium
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