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Abstract

Does growing up in a large family affect people’s educational chances? Previous studies on the
argument proved the dilution effect theory validity: the higher the number of siblings, the less the
parental resource availability for each child and —extending to educational opportunities- the less the
probability that each child will carry on successfully his/her educational career. The paper investigate
the dilution effect in two European countries — Italy and France - for which family policies are very
different but comparable data are available. We assume (1) a stronger impact of dilution effect in Italy
than in France, (2) an absence of the negative effect among wealthier families and (3) birth order
differentials in terms of educational chances. For this purpose, we analyze the probability of achieving
high levels of education by means of a simple logistic model. We find a negative correlation between
family size and human capital and a higher probability for firstborns and only children in both countries,
but when we include the interaction with the parents’ occupations, it consistently weakens among
French upper classes. However, when we use the siblings’ sex composition as an instrument people
belonging to a larger family have higher probabilities to achieve secondary school and university
degrees.
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1. Introduction

Investigations on the determinants of educational attainment, occupation and income usually
consider the familiar background as a general effect. Less attention, on the other hand, has been paid
to investigating family size as an independent effect. In this research project, the attention is focused on
a set of fundamental questions relative to social inequalities that may be linked with family background
characteristics, especially with family size. Based on the dilution effect theory, the assumptions are that
the higher the number of siblings, the less the possibility for an individual to achieve the top levels of
education. Does growing up in large families affect people educational chances? If so, does the
negative effect of a large family size on educational attainment decrease among the more advantaged
social classes? Has the negative effect of large family size on educational attainment changed over the
course of the 20t century? Are there any significant educational and life chances differences between
first and lastborns?

Large families often mean a dilution of resources available for each child. This research aims
therefore at investigating, in light of national family policies, whether the “dilution effect” differs between
countries. We approach this issue by concentrating our analysis on two European countries — ltaly and
France — for which family policies are very different but comparable data are available.

Under another point of view, some unobserved factors could play a role in both influencing
family size and children outcomes. Criticisms from the literature (e.g. Angrist & Evans, 1998) argue that
one possible source of unobserved heterogeneity might be linked to the parent's preference for the
quality of each child. In fact, couples who have a strong proneness for their children’s outcomes would
try to keep the family size small in order to allow each child to reach a high level of education. Hence,
the endogeneity issue should be taken into account when the frue causal effect of family size on
education has to be evaluated. In this research, an instrumental variable approach will be applied, using
the sibling sex composition as an exogenous determinant of family size variation (Conley, Glauber,
2004).

The paper is organized as follows. The next section summarizes briefly the current literature
debate on the subject of interest and discusses the main hypothesis of the project. Section 3 describes
the datasets and the methods used for the purposes of the analysis. Afterwards, section 4 illustrates the
set of variables included in the analysis together with some descriptive statistics on the relationship



between the variables. In section 5 the main results are presented. Section 6 introduces the issue of
assessment causality and in section 7 results of the whole analysis are interpreted. Finally, section 8
concludes and suggests directions for further work.

2. Background and hypotheses

Scholars’ interest on the topic under analysis has increased in the last decades and one common
observed pattern in the literature is that as the number of sibling increases the children educational
achievement is weakened.

Many authors have detected the relationship between quality and quantity of children, but Judith
Blake primarily assessed the question we currently deal with in her book “Family Size and
Achievement”. She was the first scholar who coined the term dilution effect, referring to the increasing
disadvantages an individual encounter in growing up in large family size. The basic idea is that since the
amount of the family’s material and non-material resources is limited, children reared in larger families
are more likely to suffer from its reduction. Further the differential allocation among each child might
affect educational outcomes as well as intellectual development. The total amount of resources
depends in turn on the number of children and in how they are spread out in age. In her book she
presents results for the US, using a number of longitudinal and cross-sectional surveys, on the
relationship between educational attainment and number of siblings as well as ethnicity, religion and
social status. Moreover, she detects the association between sibship size and intelligence as well as the
effect of birth order on educational outcomes and intellectual ability. She concludes that the reduction of
family sizes that US is experiencing in the last decades can only improve opportunities for individuals to
proceed in their education. In fact, evidence shows that even after controlling for major parental
background characteristics, the larger the sibship size, the lower the probability for children to achieve
high levels of education, the higher the tendency of dropping school and the lower the children’s 1Q.

Besides family size, one should take into account another crucial characteristic of the siblings
group, namely the birth order. Evidence from literature shows no general impact of birth order on
educational attainment arguing that firstborns and lastborns can both benefit from their rank position. On
the one hand, some authors conclude that firstborn children are advantaged with respect to their later
born siblings because of their priority in obtaining parental time, energy, and interest on children’s lives.
On the other hand, these benefits do not generally extend to economic resources. In fact, later born
children are more likely than the firstborn to have older parents, who in turn are more likely to be in a
better financial position to support their children. In addition, they could exploit their older siblings’
knowledge for being helped in homework, consequently increasing their probability of succeeding at
school. Recognizing their disadvantageous position in the family hierarchy, later born children also
develop alternative strategies of survival that often entail risk-taking and daring behaviour (Black,
Devereux, Salvanes, 2005). Other scholars (Gary-Bobo, Prieto, Picard, 2006) on the contrary, found a
significant and negative impact of child rank on educational achievement. These negative impacts
remain also after controlling for father's occupational status.

Nowadays, families may vary more in the age spacing than in the number of siblings. Scholars
(Blake J., 1980) generally agree in saying that longer intervals allow parents to recover economic losses
before the next child requires further investments. Relative to sibling’s sex-composition, evidence shows
a wide and inconsistent set of findings. Different effects for boys and girls might exist if one analyzes
sex differences according to father's occupation. As a matter of fact, for some professions and in
particular the self employed ones, fathers would rather be more orientated in encouraging their children
towards the conduction of their own activity (Zarca 1995a,1995b)

Nonetheless, in the last decades there has been an increasing concern of scholars towards the
question of whether the association between family size and children’s outcomes could represent a real



causal influence. Criticism mainly derives from the fact that the observed relationship could be spurious
because of the simultaneous determination of outcome and “treatment”. Specifically, a considerable
source of unobserved heterogeneity might arise from the parent’s preference for each child’'s quality. In
fact, couples who are strongly concerned with their children’s education would try to keep the family size
small in order to allow each child to reach a high level of education.

In light of the common research direction, the key hypothesis which has been developed
concerns the negative impact of large family sizes on children’s educational attainment. As the number
of siblings increases, the individual’'s opportunities of achieving high levels of education decrease. The
so called dilution effect is a concept very close to the one of children’s quantity-quality trade off. The so
called dilution effect is assumed to be more intense in Italy than in France because families with many
children are less frequent. Furthermore, in France the instrument of “quotient familial” (i.e. a coefficient
which operates in reducing household’s income taxation accounting for the number of children) works
as a financial incentive for increasing births and at the same time for indirectly decreasing the
educational expenses burden.

The second assumption is based on the observed strong impact of socio-economic background
characteristics on people’s chances to reach the top educational degrees. As a matter of fact, children’s
education involves a large amount of direct and indirect expenses which rise more than proportionally
as advanced educational levels are considered (it implies indeed a later entering in the labour market).
Hence, children reared in favourable socio-economic conditions are assumed to be more likely to reach
university and secondary school degrees whereas, on the contrary, those who have grown up in less
advantaged families might face much more difficulties in achieving the desired educational goals.

Further, over the last century Western countries have experienced a progressive expansion of
participation into the school system. Consequently, a growing number of people have reached a
secondary school or a university degree. Therefore, the expected negative impact of family size is
assumed to weaken for the youngest cohorts.

Finally, the last hypothesis concerns the differential advantages and drawbacks of birth order.
As previously said, evidence from literature does not seem to support preferences for any specific
position. However, in this research project the birth ranking is supposed to act negatively. In other
words, following Zarca’s findings on intergenerational mobility, it is assumed that firstborns are more
likely to achieve top education then second-borns, which in turn have more chances than the third-
borns, and so forth (Zarca, 1995a, 1995b).

3. Data and Methods

Data

Data for Italy come from the Indagine Multiscopo sulle famiglie: Famiglia e soggetti sociali
(2003) (The Multipurpose Survey on the Family), a representative national survey conducted by the
ltalian National Statistics Institute (Istat) on a sample of 24,000 Italian families and 50,000 individuals.
Data for France have been borrowed from the Etude de I'Histoire Familiale (1999) (the Family History
Survey), a representative national survey conducted by the French National Institute of Statistics and
Economic Studies (Insee) and the French National Institute for Demographic Studies (INED) on a
sample of 380,000 respondents. Despite differences between the two surveys, a weighty
correspondence has been maintained, allowing for strong comparability in terms of topics and observed
time period.

Additionally, both surveys include detailed information on individual education, i.e. the response
variable, as well as on the number and birth order of siblings, i.e. the main covariates. Data allowed also
creating homogeneous categories concerning the socio-economic background of the family, based on
parents’ occupation and mother’s activity status.



Methods

Several logistic regression models have been employed in order to analyze the impact of the
number of siblings and birth order on the probability of achieving at least a secondary school (or
university) degree, controlling for other covariates.

Henceforth, results displayed in the next pages are obtained by means of a logistic model for the
dummy response variable which juxtaposes high and low educational levels: the “success” is to have
completed at least the secondary school. The logistic regression’s function is specified as follows:

Logitl(3] = £+ 3 %3

. _ 71(X)
where Logit[77(x)] =In L_ o

of success and the probability of failure, given the set of q covariates X. The probability that Y takes the

} denotes the natural logarithm of the ratio between the probability

g
value 1 can be written as a logistic function: 77(x):e—x and hence the ratio 1) can be
1+ 1- 71(X)
interpreted as a measure of the risk of success. The latter is commonly called odds ratio and it is equal
to the exponential of 8 in the logistic regression.

4. Variables and sample description

Dependent variable

Since the objective of the study is to model people’s chance to obtain high levels of education
according to their family dimension by comparing two countries, it is crucial to handle a standard
outcome variable, which can be easily applied to both the contexts. Hence, the educational level has
been divided into four categories based on the last degree achieved: (1) university degree, (2) upper
secondary school degree, (3) lower secondary school degree and (4) primary degree. Despite the
different educational system characterizing France and Italy, the latter classification keeps strong links
with national-specific levels. Additionally, when the analysis concerns the probability of reaching a
university degree, only individuals aged over 25 years are considered whereas, when modeling the
probability of achieving an upper secondary degree, the whole over 18 years sample is inspected. The
following graph depicts the frequency distribution of school degrees comparing the two countries.

Figure 1: Educational degrees’ frequency distribution, Italy and France
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The main difference is found in the highest levels of education: in France the proportion of those
who achieved a university degree is double the Italian one, while in Italy upper secondary degrees’
frequency is twice the French one.

Covariates

The principal explanatory variable related to the sibling’s characteristics is the family size,
meant as the total amount of brothers and sisters. As it can be seen in the table 1, the distribution of
large and small families has changed considerably over the last century towards a prevalence of the
smaller one in the youngest cohort. The latter trend implies the mandatory inclusion of age classes
when investigating the effect of number of siblings on educational achievement.

Table 1: Frequency distribution of family sizes according to age, Italy and France (%)

Ages Mean (all ages) 18-24 25-44 45-64 65 and more
(cohorts) (ITA:1979-1985) (ITA:1959-1978) (ITA:1939-1958) (ITA:1901-1938)

(FRA: 1975-1981)  (FRA: 1955-1974) (FRA: 1935-1954) (FRA: 1900-1934)

N. of siblings Italy  France ltaly France Italy France Italy France Italy France
Only Child 1.7 111 13.3 10.8 11.9 9.0 12.0 10.7 10.3 15.9
1 sibling 29.6 22.8 51.2 35.9 36.9 241 244 18.6 15.6 205
2 siblings 21.8 21.6 251 284 249 235 20.6 19.4 171 18.2
3 siblings 13.3 14.3 7.3 11.7 12.1 14.8 15.2 15.0 15.2 13.4
4 siblings 8.0 95 1.8 5.6 6.0 9.3 91 10.9 12.5 9.7
5 and more 15.6 20.7 14 7.7 8.3 19.4 18.7 254 29.3 223
Total 100 100 100 100 100 100 100 100 100 100

N 41559 366 231 4378 34898 15280 140798 12529 113393 9372 77142

Further, a measure of the socio-economic background of the family has been included in the
model as a necessary control covariate, since children’s educational attainment is known to be strongly
affected by parent's financial constraints. In this analysis, parents’ occupation has been used as a proxy
of socio-economic conditions. The variable has been created combining father's and mother’s jobs,
considering the most remunerable between the two as indicator of the general family situation.
Specifically, occupations have been grouped into four categories, distinguishing (1) upper class, (2)
white collars, (3) self employers, (4) blue collars and unemployed. The rational decision for analyzing
separately the self employers’ category relies on the common strength of the intergenerational
transmission of that particular profession: there are reasons to believe that the sons of self employers
are likely to keep parent's activity (Zarca B., 1995a). This in turn could indirectly affect children’s
educational process in the direction of driving them to leave school earlier for taking part in the activity
or, on the contrary, encouraging their permanence into the school system in order to acquire the
knowledge required for a specific occupation.

Table 2 shows the distribution of educational levels of individuals for each parent's socio-
economic category. In the two countries about 2/3 of people belonging to upper classes achieve at least
a secondary school degree; in ltaly the same pattern holds for those whose parent’s were white collars,
while in France only about the half of whose belong to this category achieve at least a secondary school
degree. Concerning self-employers and blue collars categories in Italy, only about 1/3 of people achieve
the two top levels of education. In France 40% of individuals whose parents were self-employers reach
high levels of education, while only 20% of sons of blue collars or unemployed people succeed in that
goal.



Table 2: Frequency distribution of levels of education according to socio-economic origin, Italy and France (%)

Parents’ job Upper Class White Collars Self-Employers Blue Collars
Education Italy France Italy France Italy France Italy France
University Degree ~ 27.65 52.66 2112 27.42 6.18 19.64 3.79 8.83
Upper Secondary Degree 4470 21.06 52.26 20.07 2743 19.21 24.99 11.03
Lower Secondary Degree  16.84 20.75 18.92 37.97 26.45 36.94 32.54 39.06
Primary Degree  10.81 5.52 7.70 14.54 39.94 24.2 38.68 41.08

Moreover, models include a variable expressing the mother’s activity status, for better
characterizing the socio-economic background as well as the presence of parents at home. Indeed, in a
study on the effects of number of siblings, birth order and social origin on children’s educational
outcomes Gary-Bobo et al. found that having a retired father increases the children’s educational
success (Gary-Bobo et al., 2006). This is probably linked to the additional support available for children
at home, which in the present analysis is considered as the mother’s one.

Besides the family size, the birth order is another important variable related to the sibship

composition and strictly connected to the number of siblings. As it has been pointed out in the literature
review, evidence shows its controversial role on children outcomes and it is thus worthy to be taken into
account. In this article, it will be included in model 4 in interaction with family size in order to investigate
how children’s opportunities change according to different sub-groups.
As far as demographic characteristics are concerned, age and gender were also included. The age has
been centered to its median value to obtain more reliable estimates. The units of analysis are
individuals over the age of 18, when the outcome represents the secondary school achievement, and
people aged over 25 when the university degree achievement is detected.

The last tables of this section aim in completing the data description. The frequency distribution
of the main variables has been summarized for particular sub-populations. Specifically, educational
degrees, parent’s occupation and mother’s activity categories are classified for each age class, gender
and family size. The latter was divided into (1) 2 siblings and less and (2) 3 siblings and more in order to
discriminate between small and large sizes.

Table 3: Some socio-economic characteristics according to age classes, sex and family size. Italy %

ltaly % 25-44 years old 45-64 years old 65 and more years old
Males Females Males Females Males Females
2 3 2 3 2 3 2 3 2 3 2 3
siblingssiblings siblingssiblings siblingssiblings siblingssiblings siblingssiblings siblingssiblings
or less ormore orless or more orless ormore orless ormore orless or more orless or more
Education
University Degree 131 6.3 16.6 76 12.8 5.6 1.7 43 75 3.9 33 13
Upper Secondary Degree  50.2 313 53.6 33.0 36.1 19.8 321 17.0 18.3 9.1 12.9 5.6
Lower Secondary Degree ~ 34.1 514 273 4841 319 337 28.0 26.7 19.7 121 14.2 76
Primary Degree 26 111 25 114 19.2 40.9 281 52.0 54.5 749 69.7 85.6
Parents’ occupation
Upper Class 15.2 9.6 13.9 8.7 9.8 71 8.7 6.4 72 5.9 7.6 5.1
White-Collars 210 11.8 234 13.2 136 7.9 15.8 8.3 9.7 46 8.9 56
Self-Employers 20.2 228 20.7 213 241 28.0 23.8 253 28.6 35.2 284 313
Blue-Collars 436 55.8 421 56.8 52.6 751 51.8 60.0 545 54.3 55.1 58.0
Mother's activity
Non-Active 59.0 749 57.8 64.1 67.5 75.2 64.1 741 66.3 69.8 67.8 69.2
Active 41.0 251 422 359 325 248 35.9 259 33.7 30.3 322 308




Table 4: Some socio-economic characteristics according to age classes. sex and family size. France %

France % 25-44 years old 45-64 years old 65 and more years old
Males Females Males Females Males Females
2 3 2 3 2 3 2 3 2 3 2 3
siblingssiblings siblingssiblings siblingssiblings siblingssiblings siblingssiblings siblingssiblings
or less ormore orless or more orless ormore orless ormore orless or more orless or more
Education
University Degree 36.7 19.3 425 19.6 235 13.8 26.2 104 124 6.5 49 25
Upper Secondary Degree  18.6 139 219 18.6 18.0 114 341 136 1.7 6.8 12.0 6.7
Lower Secondary Degree ~ 41.1 5738 322 512 35.1 36.6 213 322 247 18.6 26.6 174
Primary Degree 35 9.1 33 10.6 235 381 18.4 440 513 68.1 56.5 734
Parents’ occupation
Upper Class 18.1 9.0 18.7 9.0 1.7 7.8 11.8 75 79 47 7.0 44
White-Collars 418 217 42.0 284 29.0 214 294 217 226 14.3 211 15.2
Self-Employers 9.0 8.0 9.6 8.0 12.6 9.4 12.9 9.2 14.9 12.2 15.5 11.6
Blue-Collars 31.2 554 29.7 54.6 46.7 61.3 45.9 615 54.7 68.9 55.4 68.8
Mother's activity
Non-Active 36.2 60.3 35.2 59.9 52.7 65.7 511 64.8 55.7 61.7 55.2 60.9
Active 63.8 39.7 64.8 40.2 473 34.3 48.9 35.2 443 38.3 448 391

From the descriptive analysis, the dilution effect seems to work in the two countries: proportions
of individuals who achieve secondary school and university degrees are always higher among those
with 2 siblings or less than among those with more than 3 siblings. Further, females appear to advance
more than males in education, at least concerning the youngest cohorts. As far as socio-economic
background is concerned, larger families sizes are more common among white collars and unemployed
parents and inactive mothers, which are supposed to be the less advantaged socio-economic
categories.

5. Results

This section describes the results of the logistic regression models transformed in odds ratios,
referring to the next section for discussion. Firstly, relative risks of achieving university and secondary
school degrees will be presented without including any interaction, comparing France and ltaly (model
1). Afterwards, the probability of reaching the two considered levels will be analyzed including
interactions with parent's occupation categories (model 2) and age classes (model 3). Lastly, an
interaction between the family size and birth order will be included into the basic model (model 4).

Model 1

Table 5 displays the probabilities of achieving university and secondary school degrees
according to different family sizes, controlling for parents’ occupation, mother’s activity, sex, and year of
birth (model 1). In both Italy and France, there are no significant differences between only children and
people with one sibling. On the contrary, people who have two siblings or more are clearly penalized.
Despite expectations, there is a strong negative effect of family size in France, although it is weaker
than in Italy. People who have experienced a disadvantaged socio-economic background show lower
probabilities to achieve high levels of education in France and in Italy. Further, the mother’s activity



seems to work negatively towards children’s education, following the initial assumptions. Finally, sex
differences, where they exist, are not much important in determining people opportunities.

Table 5: Effects of family size and other covariates on the probability of achieving university and secondary
school education

University degree Secondary degree
Italy France Italy France
exp(f) exp(B) exp(B) exp(B)

Number of siblings
0 100 ns. 09 ** 099 ns. 097 *
1 (Ref) 1 1 1 1
2 075 b 082 * 067 b 078  *
3 062 b 064 * 050 b 0.61 b
4 042 b 053 ™ 033 b 050
S5andmore  0.29 b 038 ™ 022 b 036
Paerents' Occupation
Upper Class ~ 9.34 b 9.00 ™ 5.92 b 917
White-collars ~ 5.59 b 287 ™ 463 b 278 ™
Self-Employers ~ 2.00 b 255 1.52 b 255
Blue-Collars(Ref) 1 1 1 1
Mother Activity
Active  0.90 * 089 * 08 ns. 08
Sex
Males 100 ns. 091 099 113
Age 0.99 b 096 ™ 09% ™ 096 ™

n.s. p>0.10; * 0.05<p<0.10: ** 0.01<p<0.05; *** p<0.01

Model 2

The next two tables (table 6 and 7) show estimates obtained from model 2. The probability of
achieving university and secondary school degrees lowers significantly as the family enlarges, but the
decrease is slower in France for almost all the socio-economic groups. Nonetheless, an interesting
result could be found among people belonging to the large families at the top socio-economic group: in
France, those who have 5 siblings or more have “only” 40% and half the probability of achieving high
education (respectively for university and high school degree) than the reference group, while in all the
other categories and also in ltaly the same chance to reach top degrees is about 80% less likely.
Moreover, there are no significant differences between only children and people with one sibling and
this holds true for both countries, with the exceptions (1) of French only children whose parents’
occupation belongs to the blue collar category, which seem to be less likely to reach top levels than the
reference group and (2) of French persons belonging to self employers group, which turn out to be more
advantaged than the reference.



Table 6: Effect of family size on educational outcomes by socio-economic origin, Italy and France, university degrees

University degree
Upper Class White Collars Self-Employers Blue Collars
 ltaly _France Italy France  Italy France ~ ltaly France

exp(f) exp(B) exp(p) exp(B)  exp(f) exp(p) exp(p) exp(p)

Number of siblings
0 101 ns. 092 * 117 ns. 097 ns 097 ns. 097 ns. 087 ns. 083 **
1(Ref) 1 1 1 1 1 1 1 1
2 080 * 097 ns. 082 * 075 * 077 * 087 ** 070 ** 080 ***
3 070 * 089 ** 083 ns. 055 ** 062 ** 073 *** 044 * 062 **
4 050 ** 083 * 050 ** 044 * 036 * 057 * 039 ** 050 ***
5andmore 022 ** 059 ** 030 ** 033 ** 027 ** 047 ** 032 * 036 ™
Sex
Males 100 ** 092 ** 110 * 107 ** 105 * 079 * 08 ** 100 **

Age 101 ns. 098 * 101 ns. 097 ** 099 ns. 097 * 099 ns. 095 ns.
n.s. p>0.10; * 0.05<p<0.10; ** 0.01<p<0.05; *** p<0.01

Table 7: Effect of family size on educational outcomes by socio-economic origin, Italy and France, secondary school degree

Secondary School Degree
Upper Class White Collars Self-Employers Blue Collars
Italy France Italy France Italy France Italy France

exp(B) exp(B) exp(B) exp(B) exp(B) exp(B) exp(B) exp(B)

Number of siblings
0 095 ns. 096 ns. 103 ns. 102 ns 101 ns. 110 * 098 ns. 089 **
1(Ref) 1 1 1 1 1 1 1 1
2 073 * 08 *** 076 ** 074 * 070 ** 089 * 063 = 078 **
3 05 * 077 ** 060 ** 054 ** 053 ** 074 * 046 ™ 062 **
4 031 * 074 ** 036 ** 045 * 038 ** 054 ** 032 * 050 **
5andmore 0.19 ** 050 ** 018 ** 032 ** 025 ** 044 ** 023 ** 037 **
Sex
Males 1.02 ** 101 ** 123 ** 118 * 109 ** 099 ** 087 ™ 117 **
Age 098 ns. 098 ns. 097 * 097 ™ 095 * 097 ns. 096 * 096 **

n.s. p>0.10; * 0.05<p<0.10; ** 0.01<p<0.05; *** p<0.01

Model 3

The relationship between family size and education found before could be only indicative; for
example, it could simply embody cohort effects, as family sizes have declined over time as educational
attainment has increased (Black et al. 2005). The inclusion of an interaction with age group in modelling
education of children on family size aims in better controlling the different cohort effects, which are
anyhow taken into account in the previous models thought the age variable.

In Tables 8 and 9, the dilution effect by individual’s year of birth group is presented. In both
countries, the impact of large family size is negative throughout the 20t century, despite tremendous
changes in the educational systems and the diffusion of secondary education. This remains true even
when controlling for father's occupation, mother’s activity status, sex, and year of birth and for every
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level of education which has been analyzed. As previously noted, however, the dilution effect is stronger
in Italy than in France; this holds true for each cohort group considered.

Such stability is noticeably evident in light of other fundamental changes. For example, cohort
after cohort, the relative impact of father’'s occupation becomes less and less important in determining
children’s educational outcomes. Moreover, the impact of mother's occupation and sex have reversed
over time: girls with working mothers born in the second half of 20t century more frequently succeed in
school.

Table 8: Effect of family size on educational outcomes by age classes, Italy and France, university degree

University degree

Age class 25-44 45-64 65 and more
(COHORT) (ITA:1959-1978) (ITA:1939-1958) (ITA:1901-1938)
(FRA: 1955-1974) (FRA: 1935-1954) (FRA: 1900-1934)
Italy France Italy France Italy France

exp(p) exp(B) exp(f) exp(p) exp(p) exp()

Number of siblings
0 095 ns. 094 * 110 ns. 098 ns. 095 ns. 108 ns.
1(Ref) 1 1 1 1 1 1
2 074 ™ 079 *™ 075 * 08 ™ 073 ns. 087 **
3 061 * 060 ** 055 * 071 * 067 * 078
4 051 * 046 * 033 * 063 ™ 035 ** 065
5andmore 020 ** 035 ** 030 ** 044 ** 037 * 042
Father's Occupation
UpperClass 820 ** 677 ** 1027 ** 1129 ** 1588 ** 1927 **
White-collars 504  ** 238 ** 651 * 328 * §52 ** 475
Self-Employers 216  ** 210 ** 193 ** 306 ** 177 * 391
Blue-Collars (Ref) 1 1 1 1 1 1
Mother Activity
Actve 109 ns. 09 * 076 * 090 ** 069 * 064
Sex
Males 133 ** 120 ** 084 ** 070 ** 035 * 034 ™
Age 1.02 ™ 095 ™ 09 ™ 095 ™ 098 * 099 *
n.s. p>0.10; * 0.05<p<0.10; ** 0.01<p<0.05; *** p<0.01
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Table 9: Effect of family size on educational outcomes by cohorts, Italy and France, secondary school degree

Secondary School Degree

Age class 25-44 45-64 65 and more
(COHORT) (ITA:1959-1978) (ITA:1939-1958) (ITA:1901-1938)
(FRA: 1955-1974) (FRA: 1935-1954) (FRA: 1900-1934)
Italy France Italy France Italy France

exp(p) exp(B) exp(f) exp(p) exp(f) exp(p)

Number of siblings
0 088 * 092 * 117 * 101 ns. 107 ns. 116 ***
1(Ref) 1 1 1 1 1 1
2 065 ™ 076 ™ 068 * 08 ™ 064 ™ 08 ™
3 048 = 057 ™ 047 ™ 065 ™™™ 059 ™ 071
4 030 *™ 044 ™ 034 * 054 * 033 ™ 061
5and more 017 ™ 033 ** (022 * 037 * 027 * 042 ™
Father's Occupation
UpperClass 503 ™ 693 ™ 726 ™ 1076 * 1244 ™ 1694 ™
White-collars 427 ™+ 232 * 63 ™™ 311 ™ 676 ™ 419
Self-Employers 155  ** 216 ** 173 * 296 ** 145 ™ 361
Blue-Collars (Ref) 1 1 1 1 1 1
Mother Activity
Active 103 ns. 09 * 075 ** 08 * 053 ** (054 =
Sex
Males 133 ™= 14 ™ 077 ™ 092 ™ 049 ™ 063 ™
Age 09 ™ 09 ™ 092 ™ 09 ™ 09% ™ 099 ™
n.s. p>0.10; * 0.05<p<0.10; ** 0.01<p<0.05; *** p<0.01

Model 4

The last model that will be presented includes the interaction between the number of siblings
and birth order. This enables to investigate whether there are differences in educational outcomes
according to birth position within same-size families. Firstborns in two sibling families are used as the
reference category. Except for only children and second-borns of two, all of the positions are
significantly disadvantaged in terms of educational achievement.

A further check on possible birth order disparities within each family size has been performed,
always taking firstborns as the reference category. It has been tested whether differences between pairs
of coefficients were significant (analytical results not shown). In Italy, within families of three or four
children, only the firstborn have greater probabilities of obtaining high levels of education. On the other
hand, in France, the effect of birth order is strong and regular, regardless of family size: the firstborn is
favored, the lastborn is penalized, and those in the middle are in an intermediate position.
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Table 10: Odds Ratios of achieving high levels of education, model with interaction between family size and birth order.

Secondary School
University Degree Degree
Italy France Italy France

exp(B) exp(B) exp(B) exp(B)

Siblings*Birth Order
Only Child 096 ns. 097 ns. 094 ns. 095 *
1st between 2 (Ref) 1 1 1 1
2ndof2 090 ns. 085 ** 089 ns. 084 **
1stof3 086 * 08 ** 070 ** 081 **
2ndof3 063 ** 071 ** 058 ** 067 **
3rdof3 069 ™ 069 ** 068 ™ 064 ™
1stof4 081 ns. 070 ** 055 ™ 067 **
2ndof4 053 ™ 058 ™ 044 = 052 **
drdof4 054 ** 055 ** 047 ** 051 **
4thof4 051 *=* 053 ** 047 ** 049 =
Father's Occupation
UpperClass 9.38 ** 809 ™ 591 ™ 846 **
White-collars 558 ** 280 ** 464 ™ 277 **
Self-Employers  2.06 ** 243 ** 150 ** 247 **
Blue-Collars (Ref) 1 1 1 1
Mother Activity
Active 093 ns. 087 ** 087 = 080 **
Sex
Males 104 ns. 096 ** 103 ns. 118 **

Age 0.99 b 0.96 e 0.96 b 0.96 o
n.s. p>0.10; * 0.05<p<0.10; ** 0.01<p<0.05; *** p<0.01

6. The issue of assessment causality

The estimation of the probability of achieving a secondary school (and university) education by
means of a logit model shows that as the family size increases, the children’s opportunity of reaching
high levels of education -dilution effect- decreases in Italy and in France, after controlling for both socio-
economic backgrounds factors and demographic variables.

However, the model as it has been identified so far does not solve the issue of causality.
Indeed, the observed dilution effect could be biased from unobserved heterogeneity. In particular,
parental preferences towards their children education could jointly affect the number of children they
decide to have and their children’s future education. In other words, couples who are strongly prone
towards having “high quality” children would try to keep the family size small in order to ensure to each
of them the required amount of material and non-material resources. On the contrary, those who carry
on having many children might be characterized by less interest towards their children education.
Consequently, the presence of a parental heterogeneous preference needs additional “adjustments” in
order to estimate the effect of family size correctly.

In this study the issue finds a solution in the use of an instrumental variable (V) which
exogenously accounts for family size variation. Among the set of possible instruments that might be
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used for this purpose?, the only one which is available from the data is the same sex of the two eldest
children. Unfortunately, it can only be derived for families who have 2 or 3 children; for those
characterized of more than 3 children, data do not allow for a distinction of sex composition.

In both countries’ data, couples with two same sex children (either 2 boys or 2 girls) are more
likely to move to a third child than those who already have 2 opposite sex children. Specifically, the
proportion of the former exceeds the one for the latter of 7.8 and 8.2 percentage points, for Italy and
France respectively.

Table 11: Proportion of families progressing from 2 to 3 offspring,

according to the sex of the two oldest children

Italy (%) France (%)
(a) 2 boys 414 54.3
(b) 2 girls 43.2 49.7
Same-sex
42.3 52.0
(average of a & b)
Mix-sex 34.5 438

Additionally, the selected variable fulfills the main conditions for instrument validity: (1) it must
be correlated with the “treatment” (i.e. having a 3-children family) and (2) it must have an effect on the
outcome only through the “treatment’. These assumptions seem to be reasonable both under
theoretical and empirical grounds: (1) if parents with two same sex children are more likely to have a
third one than those who already have children with mixed sex composition, the transition from 2 to 3
children is for them more probable; (2) the parental preference for children with mixed sex composition
does not have any impact on the children educational attainment by itself, but only by increasing the
family size.

The appendix explains in details how the instrumental variable has been constructed and the
empirical proof of its statistical validity; in this section, only 2SLS estimates of the dummy endogenous
variable model will be showed.

As mentioned above, the instrument has been practically created as an indicator of whether the
first 2 children among families of 2 or 3 children were of the same sex; it has been applied to the
variable which discriminates between families with 2 or 3 children. The following table (Table 12)
presents a comparison of logit and 2SLS results for the probability of achieving, respectively, a
university or a secondary school degree of education.

Table 12: Logit and 2SLS estimates of the effect of family size on university and secondary degrees achievement

A. with covariates

Italy France
Dependent variable logit I\ logit I\
University Degree -0.30 b -0.21 n.s. -0.21 b 0.13 *
se.  (0.0597) (0.2631) (0.0158) (0.0543)
Secondary Degree -0.40 b 0.30 ns. -0.26 b 0.22 b
se.  (0.0376) (0.3750) (0.0136) (0.0567)
B. without covariates
University Degree -0.44 b -0.30 ns. -0.25 b 0.27 b
se.  (0.0570) (0.2529) (0.0142) (0.0637)
Secondary Degree -0.56 b 0.14 n.s. -0.29 b 0.38 i
se.  (0.0338) (0.3841) (0.0119) (0.0684)

1 A common variable that has been used in the present field of research is the twin variable (Black, Devereux, Salvanes
2005, Angrist Lavy Schlosser, 2006). Other authors (Merlier, Monso 2007 and Maurin, Moschion) proposed also the use of
age distance between parents or the TFR of the mother’s birth cohort.
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The parameters estimates of the “true” effect of moving from 2 to 3 children on the probability of
achieving a university or secondary school degree turn out to be non significant in Italian case. In the
French context an increase of family size due to siblings’ sex composition raises children’s probability of
achieving the analyzed levels of education.

7. Discussion and conclusions

The findings of the present analysis show that in Italy and in France being an only child or
having only one sibling is associated with greater probabilities of obtaining at least a high school
education, even when controlling for parent’s occupation, mother's working status, sex, and year of
birth. This result continues to hold when different social strata are considered separately, with the
exception of the French bourgeois with four children or less. Moreover, in France the effect of birth order
is stronger than in Italy, and lastborns are more strongly penalized. Finally, the interaction with cohort
groups results in an unchanged pattern of the dilution effect over the course of the 20t century.

However, the risk of spuriousness in the relationship between family size and educational
achievement is embodied in the fact that parental preferences for their children future education are
heterogeneous. In fact, if parents are strongly interested in having “high quality” children, they will try to
keep the family size relatively small in order to ensure to each of them enough resources for their
studies. If, on the contrary, parents are not interested in their children “quality”, they will have as many
children as they desire, without considering any educational constraint.

Once the siblings’ sex composition instrument is introduced by means of the dummy
endogenous variable model, in ltaly the negative effects of family size on education are not significant
anymore. Therefore, the causal inference on the effect of moving from 2 to 3 children is in this case
supporting an absence of any dilution effect. Therefore, people whose parents decided to have an
additional child after having the first 2 children of the same sex are no more disadvantaged in terms of
probability of achieving high levels of education.

Things are different in France, where an increase from 2 to 3 children when the eldest two are
of the same sex?, leads to higher probabilities of achieving university and secondary school degrees
(the effects become positive). In particular, when the instrument is introduced, moving from 2 to 3
children increases siblings’ probability of achieving a university degree by 13 percentage points and a
secondary school degree by 22 percentage points. The new “true” effect is “depurated” from the
sources of heterogeneity linked to parental preferences towards their children education, and it can
derive from the positive impact of a family-friendly policy as well as from other external factors which all
contribute in improving people’s educational chances. In this context, stating an absence of dilution
effect in France (at least for families with 3 children) and conversely a presence of educational
advantages is not hazardous. Finally, the positive relationship can be strictly related to the financial help
that French families receive from government (“quotient familial”).

The use of an instrumental variable aims in keeping under control a possible source of bias
derived from the presence of unobserved heterogeneity in the issue of assessing causality. Causality
evaluation in turn distinguishes different effects, allowing for a precise intervention in terms of policy
decision. The present results suggest, on the one hand, that policies simply aiming in discouraging
fertility over a certain threshold without intervening in changing parental constraints towards fertility will
not increase children’s probability of achieving high levels of education. On the other hand, policies
helping financially families with children would have first the effect of further encouraging fertility;

2 The parameter estimates apply only to families who move to an additional child because the eldest 2 children are of the
same sex (local average treatment). Thus, there is a lack of information for families with only two children and for those who
move to 3 but having already two children of different sex.
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subsequently, couples interested in their children education will have more resources to invest on each
child schooling, whereas those who are not interested will just invest in having more children.

This investigation leaves some issues open to further consideration. (1) Which government
policies should be implemented to reduce the negative effect of both family size and socio-economic
inequalities in accessing higher education? (2) Are our results confirmed if we consider individual
occupation as a response variable, rather than educational achievement? (3) Are there other
determinants of dilution effect, others then family size (i.e. parental divorce, parentless condition)?
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Appendix: Instrumental variable construction and validity

1. The construction of the instrumental variable

Practically, the instrumental variable “same sex of the two eldest children” has been created as
an indicator of whether the first 2 children of a family of 2 or 3 children were of the same sex.

The construction of the instrument is quite straightforward in the situation of families composed
of 2 children. Indeed, the possible combinations of sibling’s compositions by sex and birth order are 8
(=2x22), 4 for each considered birth order. Specifically, the information on siblings is collected at the
individual level and for each person data on the number of brothers and sisters as well as on the birth
order is available. Moreover, since the individual who has been interviewed can either be the first or the
second-born, 2 different cases are possible for each composition in this case. Comparing for instance
case 3_1st with case 4_2nd, the group is always composed of a girl and a boy, but in case 3 the
information is available for the firstoorn girl, while in case 4 the information regards the second-born
boy.

Table 2: Possible siblings sex compositions and instrumental variable value among
2-children families?

Firstborns Second-borns
case yA z
( 1 st) (2nd)
L GG ! GG !
2 BB ! BB !
3 GB 0 BG 0
4 BG 0 GB 0

Concerning the 3 children families, the number of different combinations becomes 24 (3x22), 8 for
each birth order.

Table 3: Possible siblings sex compositions and instrumental variable value among 3-children families*

Firstborns Second-borns Third-borns
case Z Z Z
(1st) (znd) (3rd)
1 GGG 1 GGG 1 GGG 1
2 BBB 1 BBB 1 BBB 1
3 GBB 0 BGB 0 BBG 1
4 BGG 0 GBG 0 GGB 1
5 i_ GBG i 0 i- BGG _i 0 i_ BGG 'i 0
6 1 GGB 1 GGB 1 GBG I 0
T e e I e !
7 I BGB I 0 I GBB I 0 I GBB I 0
8 | BBG P BBG T BGB o0
| ——— ] S ———— — | —— o

% Z=instrumental variable: same sex of the two ol dest children; G=girl; B=boy
% Z=instrumental variable: same sex of the two ol dest children; G=girl; B=boy
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In this case, some combinations are impossible to be distinguished. Looking for instance at cases 5_1st
and 6_1st the situation is the following: the reference individual is a firstoorn girl, who has a brother and
a sister. Since the information on the birth order of next children is missed, the case 5_1st in which she
has a brother right after her and then a sister (i.e. the 2 oldest children are of mixed sex) cannot be
distinguished from the case 6_1st in which she has first a sister and then a brother (i.e. the 2 oldest
children are of the same sex). The same issue remains valid when the observed individual is a firstborn
boy with one brother and one sister (7_1stand 8_1st) as well as when he/she is the second-born with a
brother and a sister (cases 5/6/7/8_2nd). The situation is different when the third-born is observed: even
if the 4 cases are not completely identifiable, they all take the value zero with regards to the
instrumental variable. Nonetheless, French data enable to identify one of the three groups that are
counted together and namely that regarding the second-born. Indeed, the French questionnaire does
not ask to the respondent directly for his/her birth order, but for the number of brothers or sisters born
before him/her. Thus, if the individual is the second born and he/she has 1 brother and 1 sister a
distinction between the case when the instrument is zero or one is possible (i.e. cases 5, 6, 7 and 8 are
all identifiable for the second-born).

However, this does not help in distinguishing the “mixed” category among firstborns (cases 5/6/7/8_1)
neither to solve the problem for the Italian data. Thus, the solution here proposed assumes the
followings:

(1) As far as ltalian data are concerned, the distribution of each birth order among families with 3
children of the same sex can be assumed as equal to the distribution of each birth order among families
in which the first 2 children are of the same sex and the third is different. In other words, the hypothesis
is that the total number of GGGs (no matter the birth order) equals the sum of GGBs (cases 1_1st +
1_2nd +1_3rd = 6_1st + 6_2nd + 4_3d), Since the three GGG's cases are countable, it is easy to obtain
each GGG’s birth order proportion on the sum of GGGs. Further, knowing the GGB_3 number (case
4_39), only two cases remain undefined. Thus, in order to establish the proportion of the unknown
GGB_1st and GGB_2, the assumption which assigns the (known) proportion of GGG_1st to that
(unknown) of GGB_1st (and the one of GGG_2" to that of GGB_2d) does not seem to be too
dangerous. Similarly, the same holds true when boys are examined.

(2) For French dataset, the solution becomes even easier to find. Indeed, maintaining the identity
between the frequency of the same sex 3-children families and the number of families with same sex of
first 2 children, the unknown cases collapse into 1. In other words, assuming that 1_1st+1_2nd + 1_3rd =
6_1st + 6_2nd + 4 31, only case 6_1st has to be estimated and it can be simply derived from the
algebraic sum of the known terms. Likewise, the same procedure can be applied to boys’ cases.
Henceforth, the combinations for which the 2 oldest siblings of the same sex instrument takes the value
1 can be randomly imputed in each sibling’s group, following the distribution obtained in the previous
stages.

2. Statistical validity of the instrument

In this section, the proof of the instrument validity under a firm statistical point of view will be
described. In practice, once one wants to assess the causal effect of the family size on educational
outcomes, the use of a dummy endogenous variable model is required. Here the Agrist et al.’s approach
is replicated (Angrist et al.,1996). If for each individual i, Y;is the observed educational outcome, D, is
the observed “treatment” (i.e. belonging to a 2- or 3-children family) and Z,is the (hypothesized)
instruments as it has been above defined, the model specification would be the following:

Y =5+ABID +¢ @
D =a,+a,[Z +v (2
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1)

2)

3)

1if D' >0
D = o (©)
0if D <0

In this model B, (i.e. the parameter relative to the treatment) simply represents the causal
effect of D on Y. In order to correctly identify /3, and thus to obtain an unbiased estimation of the causal

effect, three main assumptions must hold true:

The covariance between the correct instrument and the instrumented covariate must differ
from 0. In principle, this is straightforward: the parity progression to a third child obviously increases the
family size. This condition is verified empirically looking at the coefficient of the first stage regression: for
both Italian and French data &, turns out to be different from 0.

Any effect of Z on Y must be through an effect of Z on D. This means, together with the
absence of Z in Equation (1), that Z is uncorrelated with error terms & andu. (orthogonal error

process):
E[z 1g]=0, E[z 1v]=0

Theoretical justification of the instrument choice. This instrument exploits the widely
observed phenomenon of parental preferences for a mixed siblings-sex composition. In particular,
parents of same-sex siblings are significantly more likely to carry on having an additional child. Because
sex mix is almost randomly assigned, a dummy for whether the sex of the first two children matches
provides a plausible instrument for further childbearing among women with at least two children (Angrist,
Evans, 1998). If the coefficients related to the family size will change to positive after the inclusion of the
instrument in the model, it will mean that the educative advantage of being reared in a small family is
not related to the family size in itself but to some other unobserved characteristics which distinguish this
kind of children from those who were reared in a bigger family.
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