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background has bigger influence than school characteristics and quality on adolescents’ math,
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and increasing effect, when controlling for assortative mating. Their added value peaks at
intermediate levels of education, but declines afterwards, when controlling for educational
homogamy. A model with households’ collective bargaining, warm glow preferences and human
capital accumulation can rationalize the evidence. Through the lens of the model, mothers’ higher
impact is due either to higher devotion to child-rearing, which increases in presence of a gender
wage gap, or to a within-household bargaining that raises in education, or else the empowerment
externality.
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1 Introduction

Understanding the determinants of educational inequality is valuable, at the least so since
this is a predominant part of income inequality, one of the most worrisome recent trends!.
Family background can influence educational attainments on top and above school systems,
making it hard for a society to foster inter-generational mobility and revert inequality trends.
Additionally, there is evidence of a correlation between mothers” and children’s educational
attainments, though causality hasn’t been proven yet?. Appraising the role of family, relatively
to schools, and of women empowerment, in affecting children’s educational attainment is the
aim of this paper.

An accurate answer to such a question requires data with enough cross-sectional and
time-series variation. A cross-country perspective is essential to avoid conditionality onto
institutional and cultural backgrounds. And a comprehensive account requires data that allows
the researcher to control for other likely determinants. Such requirements are comfortably
satisfied by the PISA survey data set. This includes the coverage of up to 73 countries,
several waves and numerous variables on family, school and other backgrounds. Not less
important, PISA provides comparable, across countries and regions, scores in math, reading
and science for adolescents. At last, the break up, for some key variables such as education,
between mothers and fathers allows me to quantify the added contribution of the first, while

controlling for assortative mating.

Results show that family cultural and economic background influences children’s attain-

3. An exception is teachers’ quality.

ments significantly more than school characteristics
Family cultural background counts more than the economic one. Results are robust to the
inclusion of either family income or wealth. Riveting is the fact that books and art imprints

are more important than ICT devices. Furthermore, I find robust evidence that mothers’

education, a widely agreed proxy for their empowerment, has an additional impact relatively

1See OECD[45], Becker and Chiswick[%]. Educational inequality raises income inequality when its returns
exponentially raise with it, see Goldin and Katz[34]
2See OECDI16]. Experimental evidence on this link is in Decker et. al. [23]

3Given the extensive availability of variables in the surveys, regressors are selected through principal
component analysis to jointly minimize omitted variable bias and multi-collinearity.
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to the fathers’ one*. Unsurprisingly, mothers’ impact raises with their education. In the
baseline OLS specification it is possible that mothers’ additional effect is confounded by the
sorting of high income and high education couples. However, most compelling is the fact
that mothers’ impact is still significant even when controlling for assortative mating through
the use of propensity score matching®. In a further specification I control specifically for
educational homogamy, by including interaction dummies constructed by combining the six
levels of parents’ education. In this case mothers’ additional effect peaks at intermediate
levels and declines afterwards. This suggests that, when controlling for educational sorting,

traditional channels such as higher mothers’ devotion to child rearing might be predominant.

The results above can be rationalized through the lens of an OLG model where households’
decisions are collectively bargained, in which parents hold warm glow preferences and invest
in their children’s education, and in which future generations’” human capital depends upon
their parents’ one®. The last assumption provides the link between children’s attainments
and family background. The collective bargaining allows me to disentangle the separate
role of women empowerment onto the educational investment decision for their children,
particularly so in a specification where I allow for women’s bargaining to depend upon their
education 7. The model also includes the traditional trade-off between work-time, with
market wages increasing with education, and child-rearing time, whose returns manifest in
future generations’ utility. This is important as this trade-off changes at different levels of

mothers’ education and implies that child-rearing devotion peaks at intermediate levels of
education.

Analytically and numerically, it is shown that parents’ education is a major determinant
of their children’s one. Higher labour earnings translate into higher investment in education,
hence into higher human capital for future generations. In the model, mothers’ human capital

counts relatively more due to either higher devotion to child-rearing, an effect which is even

4Possible non linear effects are accounted for by refining parents educational background in six different
levels.

®Abadie and Imbens][!]

5The model follows the tradition of Becker and Barro [7] and Barro and Becker [6].

"The endogenous bargaining follows the specification of de la Croix and Donckt [27]
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higher in presence of gender wage gap, or when women’s bargaining power increases with
their education. In the devotion channel mothers’ impact raises with education because of
improved quality-time, but declines beyond a certain threshold when wages include a market
premium for education®. The wage premium steepens the trade-off between working and
child-rearing time. When women’s bargaining depends on their education, the empowerment
channel, mothers’ added value comes from their ability to influence households’ decisions,
which includes investments in children’s education. As the value functions of different genders
in future generations are weighted by the genders’ bargaining weights, mothers internalize
the effects of the educational choices on female off-springs, who are themselves in charge
of the child rearing. This gives raise to an empowerment externality. This second effect is
however quantitatively small ¥, to the extent that no additional preference weight is given to

different genders in future generations and in presence of a wage gender gap '°

The rest of the paper proceeds as follows. Section 2 reviews the literature. Section 3
presents the data, empirical specifications, and their results. Section 4 presents the model

and its results. Section 5 concludes.

2 Literature Review

Empirically the paper is linked to a group of papers addressing the determinants of educational
attainments. Several papers study the link between educational attainments and parental
income or wealth. Many focus on individual countries, by exploiting exogenous changes
in regulations or other quasi-natural experiments!!. Interestingly, many find little role for
economic background and conjecture that other inherited'? or cultural characteristics might

play a role. While the use of exogenous changes in regulations is compelling, the limit of

8The importance of parental time is uncovered in time-use surveys, see Aguiar and Hurst[3], and especially
for highly educated mothers, see Bianchi et. al.[l1] and McLanahan[41]

9Mothers’ added value might likely come from additional channels, such as role models or other cultural
transmissions. Those are not considered in my model since they are not quantifiable through the variables
available in the PISA survey

10Ag standard in two sexes OLG models, parents invest less in their daughters’ education since women devote
less time to the labour market and this reduces the returns to girls’ education

H"See Black, Devereux, and Salvanes[!3], Bleakley and Ferrie[1], Chevalier, Denny, and McMahon[!7], Dahl
and Lochner[22], Hertz et al[37] or Rothstein and Wozny[52].

12Krapohl et. al.[11].
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the single country perspective prevents to reach conclusions which are independent from the
institutional or societal background. Separately other authors have examined the role of
schools '3 or of local social networks 4. Contrary to all of those, this paper takes a cross-
country perspective, confronts parental cultural'® and economic background and compares
the roles of family and school. Moreover, it interacts and compares gender roles in family

achievements. All of the aforementioned analyses are possible by using the PISA data.

Past empirical evidence exists on the positive correlation between mothers’ and children’s
education and cultural values '¢. This includes mostly field experiments '7. The cases are
usually again country-specific. The break down, available in the PISA data, between mothers’

and fathers” education allows me to identify their separate roles for the largest set of countries.

Theoretically, the paper is related to the literature that builds on the altruistic parents
models from Becker and Barro[7] and Barro and Becker[(] and studies the consequences of
intra-households’ decisions for future generations. The model is extended also to account for
women’s bargaining power to depend upon their education level, an empowerment channel,
that helps to account for mothers’ added value to children’s education (The specification with
endogenous bargaining follows de la Croix and Donckt[27].). The collective bargaining set-up
makes the model immune to the criticism surrounding the unitary decisions set-up'® and it
allows me to separately identify the power of mothers and fathers in households’ decisions!?.

It also seems appropriate for joint decisions, such as children’s education?.

3 Empirical Analysis

The first goal of the empirical analysis is to assess the role of the family cultural and economic

background against the role of school characteristics. The answer has important policy

13See Ellison and Swanson[31] among others
M Currie and Moretti[21]
15See Giuliano et al.[33] for the importance of cultural attitudes.
16See OECD[16]
"Decker et. al.[23] or Dohmen et. al.[20]
18see Chiappori [15], [19] and Knowles[10] and Kalai[39)]
9The importance of women’s empowerment for intra-household allocations is examined in Edlund and
Lagerlof[30]and Miller[412] and in Doepke and Tertilt[24]for the choice of empowered political regimes.
20See Pollack[19)].
)



implications as it addresses the ability of societies in reverting inherited inequality trends.
The second goal is to assess the additional contribution of mothers to children’s education,
after controlling for assortative mating. This control is important to rule out the possibility
that the higher correlation between mothers’ and off-springs’ education is driven by parents’

assortative mating or more specifically by their educational homogamy.

3.1 Data and Econometric Specification

The data for the analysis is collected from PISA - the Program for International Student

Assessment?!

, which has been conducting tests on students aged between 15.3 and 16.2
and surveys of students, families and schools since 2003. Students are assessed in science,
mathematics, reading, collaborative problem solving and financial literacy. I focus on the first
three scores. The data set has several advantages. It is the only comparable cross-country
data set on educational attainments, hence its use makes results unconditional on institutional
or societal background. It provides temporal variation through many waves. And the three
joint questionnaires on students, families, and schools provide a very broad range of possible
scores’ determinants, hence minimizing the risk of unobserved heterogeneity. For instance,
variables on family characteristics include economic background, as well as cultural and
other households’ resources, parents’ education, occupation and time devoted to children.
School variables include information on infrastructure, teachers’ quality, etc. Since several
variables might provide overlapping information and to avoid multi-collinearity, regressors
are selected based on a principal component analysis??. The extracted factors explain more
than half of the variation in the group. A final advantage, particularly of the PISA score, is
their comparability across countries and school systems. The scores are based on a two-hour
computer- or paper-based test. Different groups of students answer different, yet overlapping,

sets of items. This serves the purpose of adapting questions to different countries and

institutional contexts. Furthermore, to obtain maximum comparability, the data is adjusted

21Gee https://www.oecd.org/pisa/pisaproducts/.
22Combinations of related characteristics are subject to factor analysis with varimax rotation.
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by computing multiple imputations, using so called plausible values 2. Details on this are in

Appendix A.

The baseline econometric specification regresses math, reading and science scores at a time
on family and school factors, controlling for country fixed effects®* and for the children’s

gender and reads as follows?":
Yi = W + 50 + 51]\4.E.l)Z + 52FED1 + Hle + HgHome,- + HgSChOOli +&; (]_)

where the index ¢ indicates the household, y; is the PISA score of student 7 , and can
alternatively be the math, the science or the reading score. Regressions are run either by
pooling observations for all surveys from 2003 to 2013, which contain the same set of variables,
or for the 2015 survey alone, which contains an expanded set of variables. The advantage of
the pooling is the extensive temporal and cross-sectional variation. The advantage of using
the 2015 survey is its expanded set of controls. The regressors include the variables M ED;
and F'ED;, which are dummies for mother’s education and father’s education, respectively.
To allow for non-linear effects, six different education levels for each parent are considered.
The group of regressors labelled as Home; contains variables related to domestic resources
and family educational choices. To avoid multi-collinearity the set of regressors is selected
through a principal component analysis (see Appendix A)?®. In the benchmark econometric
specification family financial background is measured through wealth, as it is available for all
countries. For robustness, regressions with income, instead of wealth, are also estimated. In
this case the sample is limited to the set of reporting countries. (See Table 1 in Appendix

A). The regressors labelled School; represent factors for school characteristics and quality 7

23For robustness the regressions below are estimated on both imputed and non-imputed values. No significant
difference emerges. See also Dustmann et. al.[29].

24Gince PISA scores have been made comparable across systems, country fixed effects capture the residual
variation, such as local networks (see Currie and Moretti[21]).

2>The data are re-scaled and adjusted using REPEST STATA. See Appendix A.

Z6Factors for the surveys pooled from 2003 to 2013 include cultural possessions at home, home educa-
tional resources, ICT resources, home possessions. For the 2015 survey additional factors are parents’
communication, support in science, choice of school based on performance, on costs, on religion or
teaching/pedagogical approaches.

2TThose include teacher /student ratio, percent of certified teachers, and with graduate degree, inadequacy of
administrative stuff or of teaching stuff. The 2015 survey also includes school infrastructure, percentage
of teachers with master or bachelor, total number of all teachers at school, class size, whether the school
is public or not and the percentage of school funds coming from government.
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Finally, the set of controls, X;, includes student gender, student age, and whether he/she is
native or not. In this and the following specifications robust standard errors are clustered at

the school level.

Beyond the baseline specification two others are considered. Both allow me to separately
identify the added value of mothers and to control for assortative mating or educational
homogamy. The first, which controls for assortative mating in general, is two-stage procedure
based on propensity score matching analysis. The second, which is more targeted to control for
educational homogamy, includes in the baseline specifications interaction dummies obtained
from combining the the parents’ six education levels. Results are presented next and in

sequence.
3.1.1 Results Benchmark Specification

The results for the benchmark specification and for the pooled waves 2003-2013 are reported
in Table 3. Results are reported separately for math, science and reading. Each sub-column
presents results for alternative measures of family economic background, namely wealth,
income and home resources. Results for the 2015 wave are in Table 6. Therein financial

background is measured by income. Results are as follows.

First, family characteristics, especially income, wealth, cultural possessions and educa-
tional resources have a bigger impact on children’s educational attainments than school
characteristics. Parents’ education is generally significant and positive. The coefficients on
school characteristics are very small and in many cases insignificant. This is even more
so if the regressions include income or resources. Only exceptions are for the 2003-2013
sample, whereby the teacher/student ratio seems to be occasionally significant, and for the
2015 sample, whereby the total number of teachers, their graduate degree and the class size
seem to play a role. Interestingly, for the 2015 sample, public schools have a negative and
significant coefficient.

As for family variables, in the 2015 sample, cultural possessions are significant, while home
possessions are not, an indication that cultural transmission is stronger. In both data samples,

ICT resources are either insignificant or have a negative impact, possibly another indication
8



of the importance of cultural in-heritage. Finally, coefficients on wealth and income are
positive and significant for the 2003-2013 sample. Wealth becomes insignificant for the 2015

wave, hence Table 6 reports results only for income?®.

Next, I examine the separate roles of mothers’ and fathers’ education. For the pooled
regression, the mothers’ effect is larger in most of the cases. The fathers’ effect falls mildly

when income or resources are included in the regression®.

This is likely due to a larger
correlation between fathers’ education and job-status. In the 2015 wave regression the impact
of fathers’ education becomes insignificant. In this case it seems that the "time spent in
child rearing” (communication, parents’ support in sciences, etc.) is absorbing the fathers’
contribution. Unfortunately, the survey does not specify the exact share of child-rearing per
parent. To fully assess the added value of mothers, however, regressions should control for

assortative mating or for educational homogamy, something that I will describe in the next

section.

Furthermore, it is of interest to highlight additional results. Native and older students do
better, female students tend to do better in reading, while males do better in math 3° and
the time that parents spend in general communication with their children produces better
results than helping with science, the latter being a sign that independent learning has a
value. Finally, the choice of school based on academic performance is more beneficial than

the one based on economic reasons or religious beliefs.

3.2 Propensity Score Matching Estimator

Mothers’ education might matter more since highly educated mothers tend to assort with
highly educated and highly earning fathers. This might be due either to assortative mating
along several dimensions, like, e.g., education, income, wealth or to just educational homogamy.
Next, I therefore quantify mothers” added value controlling for both. I start with assortative

mating in general through propensity score matching techniques. The latter allows researchers

28When more variables are included in the specifications, these seem to capture most of the effects channelled
through wealth

29Results are less significant for income due to more limited sample size.

30See Guiso, Monte, Sapienza and Zingales[35] among others for similar results on this.



to control for possible confounding factors, including assortative mating. For the propensity
score matching the control and the treatment group are divided into bins which share certain
characteristics. The treatment group in our case consists of mothers with high education,
the control group is identified by fathers’ education levels. Treatment and control groups
are linked based on shared characteristics. The estimator of the treatment effect for every
bin is then simply the difference between the outcome variable for that bin and the outcome
variable for its matched counter-part. The global estimator for the average treatment effect
(ATE) is the sample average of the treatment effect, hence in this case all couples in which
the mother has a high education 3'.

With potentially many confounding factors, the curse of dimensionality typically compli-
cates the construction of bins, which is based on the choice of covariates. I follow the method
in Rosenbaum and Rubin [53], which uses a unified distance function, namely the propensity
score. The latter is defined as the conditional probability of receiving a treatment, in this
case mothers having a better education, given a set of explanatory variables. Implementation
takes place through a two-stage procedure (see Cameron and Triverdi[15]). In the first step,
a logit model for the treatment, mother’s education, as the outcome variable is estimated
using fathers’ education, wealth and country fixed effects as counfounders. This parsimonious
specification controls for assortative mating and possibly other major confounding factors,
while limiting the bias due to arbitrary choices of the covariates. The fitted values from the
first stage characterize the propensity score, which summarizes the pre-treatment controls.

In the second stage, the following econometric specification is estimated with OLS??:
Yi = W4 + 50 + ﬂlMEDl + ﬁzPSCOREZ + Hle + HgHome,- + HgSChOOli +&; (2)

This second stage regression includes mothers’ education, school variables and the previous
controls, while the impact of other family variables is captured by the propensity score. Table

5 and 8 show results for the pooled regression and for the 2015 one, respectively. Both Tables

31The estimator exists and is consistent under certain conditions, which are the ignorability assumption, the
overlap assumption and random sampling. See Abadie and Imbens|[!].
32Estimators are carried on a random choice of the imputed values.
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unequivocally exhibit a higher coefficient on mothers’ education for the math and science

scores, the only exception being the coefficient on the reading score for the pooled regression.

3.3 Interaction Dummies for Assortative Mating

To make the above results independent from specific techniques, this section adopts an
alternative specification, which consists in the inclusion of interaction dummies in the
baseline regression, given by the combinations of the six education levels for mothers and
fathers®3. This specification is also more directly tailored to control for educational homogamy.
Table 4 and 7 show results for the usual samples. As before, mothers’ contribution seems to
prevail and increase with education levels. This time however, the pooled regression also
shows that the effect of mothers’ education peaks at intermediate levels. This puts forward
two explanations. The first is a compositional effect, as females’ presence in the highest
levels of education is thin. The second is that mothers contribute more to child-rearing time,
relatively to fathers. If so, this effect is more likely to emerge at intermediate levels. Females
at the highest level of education face a steeper trade-off between the wage premium and the

benefits of child rearing and they might marginally reduce the latter.

4 An OLG Model with Children’s Education
Investment and Empowered Women

Two main results emerge from the evidence above. Family variables have bigger influence
than school ones; mothers’ education adds value on the margin. In this section, I show
that an OLG model with warm glow preferences, human capital accumulation and collective
bargaining for households’ decisions can rationalize and replicate both patterns®*. Warm glow
preferences provide an incentive for parents’ investment in education, as the latter affects
future generations’ utility. Human capital accumulation provides the link between parents’
and children’s education levels. Children’s human capital depends on parents’ education

and on a production function that depends upon child-rearing time. It is assumed that

33The omitted category in this setting is both parents having low education.
34The model follows the tradition of Becker and Barro [6] and Barro and Becker [7]



mothers spend relatively more time than fathers in children’s education®®. This is the first
channel capturing mothers’ added value. The collective bargaining® allows me to separate
the role of mothers’ bargaining power into children’s education investment decisions. In
an extension of the model, women’s bargaining power is endogenized with respect to their
human capital®, i.e. more educated women are more empowered. As mothers’ bargaining
power raises, relatively to fathers’, so does the weight that they put on female off-springs,
who are themselves in charge of child-rearing. Internalizing this intra-generational externality,
mothers bargain more strongly for investment in children’s education, which in turn results
into higher future generations’ human capital. In the model, fertility and education decisions
are endogenous in a way that embeds the traditional quantity-quality trade-off and a market
wage, increasing with education, captures the classical work-time versus child-rearing time
trade-off. The last two elements capture the non-linear nature through which mothers, at
different levels of education, differently substitute child-rearing with work time, an effect

uncovered in the regressions presented in section 3.3.
4.1 Value Functions and Resource Allocation

Each individual lives for two periods. In the first period they only accumulate human
capital, while in the second men and women are randomly matched and form married couples
that jointly choose the family consumption, the number of children and the off-springs’
educational investment subject to the household’s resource constraint. Due to collective
bargaining, household members pool resources, but have separate value functions. Hence
during adulthood, individuals allocate their time endowment between child-rearing and the

labour market. Wages are set in a competitive labour market and increase with human

35Gee Doepke and Tertilt[21] and others for a similar assumption. The realm of this assumption is confirmed
even in recent studies, see Bianchi [10] and Bianchi, Robinson, and Milkie[l1]

361t has been argued that the non-unitary bargaining model is better suited to capture intra-households
decisions, see Chiappori [18], [19], Knowles[40]. The collective-bargaining is the most reasonable for
common households’ decisions, such as children’s education

37T follow the formulation indicated in De la Croix and Donckt[27].
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capital. Individual value functions read as follows:

(3)

. ) 1 —pm Vf m Y m
Vi = u(cy) + prylEy { ( ) t;l + M1 Vi }

where ¢ = f,m is the index for the female or male individual, § captures the degree of
altruism towards future generations, ¢! is individual consumption, n; is the family’s number
of children. Parents derive utility also from their off-springs’ value function. The weights on
the future value functions derive from population size, which is assumed to be half for each
gender, and by the respective gender’s bargaining coefficients®®. No exogenous disparity is
introduced among genders, meaning that male and female off-springs are equally weighted.
This assumption allows me to isolate the impact of mothers’ bargaining power on future
generations welfare. Men inelastically supply all their time in the labour market, namely
t™ = 1, while women bear the child-rearing®. Given a fixed time cost per child, ¢, women’s
time allocation at any time ¢ is as follows: t] 4 ¢n, + é(e] +e*) < 1, where ¢(ef + €l) is the
time cost for educating daughters and sons and where ef and e} is the choice of educational

investment*’. The remaining time is devoted to labour.

f

7hyt and wy

Labour earnings are: wj t{ h{ , where " = 1. Wages are set in a competitive
market and are a function of work-time and human capital. Firms hire both male and female
workers in a competitive labour market and merge their labour supply into a Cobb-Douglas

production function, Y; = A(hy)'=*(t/ hl)®, implying that:
wi = aAy (W) ()T w = (1 — a) A(hy) " (# h])° (4)

The wage’s dependence on human capital provides incentives to invest in it, but also creates

a trade-off between child-rearing and working time.

38These assumptions also make the value function recursive.

39This follows various studies in the literature cited above and has supportive evidence in Bianchi [10]. The
extension to the case in which both parents bear part of child-rearing would not change the main channels
of the model.

40 An equivalent formulation would have ¢(e{ +e€}*) as a financial cost entering households’ budget constraint.



Households choose {c;”, c{ g, el e{ } to maximize the aggregate household’s value func-

tion at every period t:
V(R hy) = o V™ (b h) + (L= )V (B i) (5)
which recursively reads as:

VO = e {nz”u<cz”> (L= )+

m f m
{er.cl nee™,

1 m m m m /l%
éﬁntEt N V™ (hiy h{H) +(1— 77t+1)vf(h{+1= ht+1)] }

and where htf and hg” denote the average human capital in the population®!, subject to the

the following budget constraint:
¢ + ¢ S w"th{" + wi by (1 — ény — o(e; + ")) (6)

and male and female human capital accumulation, which depends upon parents’ human

capital and upon educational investment through a Cobb-Douglas specification:*?
Wy = (Bel YY) iy = (Bl () %

v
where 0 < 7 < 1, B and § affect the returns to education, namely 2 t“ = 6B(Bel )= (nl )1 (hm)t-
Wt
and 2 ”1 = §B(Bel )1 (h] )7 (hi")'=7. Note that, in parallel with the empirical specification,

the technology for human capital accumulation is positively assortative 43.

41Sons and daughters randomly marry children from other families, hence the average level of the human

capital for spouses enters the future value function. See also Doepke and Tertilt[24] for a characterization
of parents’ optimization as a Nash game in which other parents’ choices are taken as given.

42Gee Ben-Porath [J], Heckman [36], Rosen [51]or Garcia and Heckman [32].

43 0%h!

ahfét)zl = (Bel)oy(1 =) (AL (h7)=7 > 0,, which implies that hte technology is super-modular with

respect to education levels
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4.2 Empowering Channel

In the benchmark model, bargaining weights are set exogenously. In an extended version of
the model bargaining power is set as a function of human capital. I adopt the functional

form proposed by de la Croix and Donckt[27], which reads as follows:

. ()"

U?:(l—g)ﬁf”r@m (8)

The term (1 — C)nf” captures the component assigned by the society to men, while the
second term captures the dependence of women’s bargaining power upon their education.
Women with higher education, by possessing higher critical understanding and psychological
self esteem, also possess higher ability to negotiate and to affect households’ decisions (see

Kabeer[358] and more recently Murphy-Graham[13]).

4.1 Optimality and Equilibrium Conditions

The set of equilibrium conditions is derived for a general specification of the bargaining
weight, which will be later specified as either exogenous or endogenous. Under a CES utility

with an elasticity o, the optimality condition for consumption sharing reads as follows:

0 (c])” = (L= ") (). 9)

Consumption functions are obtained by merging 9 with the budget constraint, 6**:
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Upon defining \; = as the Lagrange multiplier on the budget constraint, 6, the first

order conditions with respect to the two education levels read as follows:

mo Y ov™(h ,h;
o [+ S | 2G| a2
t t t
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o [ran] + 1 = s, | TR (13
t t t
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Using the envelope theorem, by which [ o
t

. Ohl . .
] = )\tw,ﬁﬂﬁ, substituting for w;,
from 4 and noting that it 5(Be§+1)5*1(h{)7(hi)1*7, the above conditions can be expressed

Oei

as a function of the states. At last, the fertility choice is given by:
"

(c)°
s

- §Et {Vh(hi;p hﬁﬁ}

(A= (b0 = b= male] + ) (6 + e + )] (14

where E, {Vh(hf+1, h;’jrl)} = E, {nﬁlvm( mohl) A+ (= )V (R, ;;;1)} . The full

list of first order conditions is in appendix B.

4.2 An Analytically Tractable Version of the Model

The model above can be solved analytically under logarithmic utility and by assuming a
separable specification for the number of children®®. All together this results in the following

recursive utility specification:
ST 1 - _
Vi(hy, hf) = In(c)") + sdn(ng) + o BBy ™V (k" h) + (L= 0™V (R B | (15)

One implication of the model solution is the following.
Proposition 1. Investment in children’s education raises with the fraction of time that
mothers devote to child-rearing, captured by the cost ¢. Higher education levels and higher

human capital of parents, both increase human capital for future generations through the

accumulation equation.

45Specifically, it is assumed that the utility reads as follows: In(c?) + In(ny).
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Proof. See Appendix C for the model solution in terms of the policy functions. The
latter, 39, and 40, imply that the cost ¢ increases education levels for both daughters and
sons for any level of the other parameters.

The model implications outlined in proposition 1 are well in line with the evidence in section
3, which links children’s educational attainments to parents’ education and the family’s
cultural background. In the model, this is so for two reasons. First, parents’ education
enters the human capital accumulation, which also embeds an assortative mating component.
Second, parents with higher human capital earn higher wage premia, hence also invest more
in education. The magnitude of this effect also depends upon the size of §, which, by affecting
the returns to education, determines the incentives to invest in it. This can be clearly seen
from equations 39, and 40 showing that off-springs’ educatiion raises with §. This second
channel is consistent with the link uncovered in the data between family wealth and/or

income and children’s educational attainments.

In the model with exogenous bargaining, the added value of mothers is channelled solely
through the extra time spent in child-rearing. In the next section I relax some of the
assumptions and solve the model numerically. This also allows me to give further insights in

the mothers’ added value.

4.3 Quantitative Results

Simulations of the extended model are used here to plot the policy function of children’s
human capital with respect to both parents’ human capital separately. The calibration is
chosen partly from past literature?® and partly to match facts on education ratios. One
period is taken to be 30 years. The parameters, B, and «, are set to 23.38 and 0.345,
respectively. Jointly these values determine, for given values of ¢ and ~, the gender wage
gap, which from Bureau of Labor Statistics data, is w{ = 0.8wy", and the ratio of education
expenditure to GDP, which in most countries is around 0.06. The parameter v in the human
capital accumulation is set equally for both spouses to make sure that their innate abilities to

transmit human capital are the same. The parameter § and the time cost parameter ¢ are set

46Mostly de La Croix and Doepke[25] or de La Croix and Donckt[27]
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Exogenous Bargaining power. Baseline calibration

fpm
h‘. h‘

Figure 1
Policy function of future generation human capital against parents’ human capital
separately. Case with exogenous bargaining power and baseline calibration

following de la Croix and Doepke [25]. The consumption elasticity of substitution, o, is set
to 1. Following Becker and Barro[7] and Barro and Becker[0], a parameter on consumption,
1 — o, larger than the parameter on the number of children, guarantees a positive number
of children in equilibrium. In the benchmark simulation I set 7" = 0.5. The case with
symmetric bargaining power allows me at first to isolate the mothers’ added value through
child-rearing time. In the case with an endogenous bargaining weight, the parameter p is
set equal to 2 as in de La Croix and Donckt[27]. At last, aggregate productivity, A;, follows
an AR(1) process with persistence of 0.95. This is well in line with the RBC and growth

literature.

Figure 1 shows the policy function of future generations’ human capital plotted against the
two endogenous state variables, namely the human capital of both parents separately. The
figure clearly shows that future generations’ human capital raises with both parents human
capital. Furthermore, the contribution of the mother’s human capital to children’s education
is higher than that of the father. Given the symmetry in preferences and bargaining power,
the sole channel responsible for this is the relatively higher mothers’ child-rearing time. Next,
I examine the effects of the endogenous bargaining specifications. Figure 2 shows the results.

As before, human capital of future generations depends positively upon both parents’ levels
18



Endogenous Bargaining power. Baseline calibration

fpm
h‘. h‘

Figure 2
Policy function of future generation human capital against parents’ human capital
separately. Case with endogenous bargaining power and baseline calibration

and mothers’ human capital counts more. In this case, mothers’” human capital induces a
slightly steeper gradient. The latter is induced by the increasing weight on female future
generations. As the value functions of different genders in future generations are weighted by
the genders’ bargaining weights, mothers internalize the effects of the educational choices on
female off-springs, who are themselves in charge of the child rearing. This gives raise to an
empowerment externality. This second effect is however quantitatively small in the model,
at least to the extent that no additional preference weight is given to different genders in
future generations and in presence of a gender wage gap. Indeed, incentives to invest in
daughters education are dampened by the lower labour market returns of women education.
It is possible that women empowerement transmits into children education through additional
channels, such as role models or other cultural transmissions. Those are not considered in
my model since they are not quantifiable through the variables available in the PISA survey.

At last, I examine the impact of the wage gap, by changing the « at all education levels.
An increase in wages steepens the trade-off between the cost of child-rearing and the wage
premium. Figure 3 shows the results. The substitution between child-rearing and working

time results in a reduction of children’s education attainments.
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Exogenous Bargaining power. Higher Wages

fpm
h‘. h‘

Figure 3
Policy function of future generation human capital against parents’ human capital
separately. Case with exogenous bargaining power and wage gap

4.4 Non-Linear Effects of Human Capital

The regression presented in Table 4, shows that mothers’ added value peaks at intermediate
levels. Through the lens of the model this result can be rationalized as follows. Mothers are
aware that their human capital improves the quality of time devoted to children. At the same
time highly educated women forego a much larger wage premium. The two effects combined
might explain the decline in the amount of time spent in child-rearing. To appreciate the
non-linear effects of the wage premium, Figure 4 plots the usual policy function by assuming
a jump in mothers’ wage premium from 0.345 to 0.45 from a certain education threshold
onward. Mothers’ added value is still positive, however, it declines above the threshold, the
reason being that mothers in this quantile reduce their child-rearing time. If the latter is not

substituted by fathers, as assumed here, children’s educational attainments decline.

5 Conclusions

Using the PISA data for all 72 countries and all past waves, this paper finds that family
cultural and financial background counts more than school characteristics for children’s

educational attainments. A result that highlights the obstacles to reverse inter-generational
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Exogenous Bargaining power

Figure 4
Policy function of future generation human capital against parents’ human capital
separately. Case with exogenous bargaining power and wage gap rising at specific
education level

inequality. Mothers seem to have a separate added value, even when controlling for assortative
mating or educational homogamy. Empirical results can be rationalized through an OLG
model with warm glow preferences, collective bargaining in households’ decisions and human
capital accumulation. The model captures well the qualitative channels behind the empirical

facts.
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