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Abstract

This paper provides estimates of the causal effect of living in an overcrowded home on

performance at school in France. Our identification strategy relies on the fact that the size and

housing conditions of families vary with the sex composition of the siblings. In particular, large

families in which the two youngest children are (by descending age) a boy and a girl tend to live less

often in overcrowded housing than the other families. French parents seem to be more reluctant

about bringing up their children in the same room when they are not of the same sex, especially when

the youngest one is a girl. We build on these results to develop several econometric analyses of the

effect of overcrowding on schooling outcomes using variables describing the sex composition of the

siblings as instrumental variables. These different strategies reveal that the very strong statistical

relationship between housing conditions and academic failure is plausibly one of cause and effect.

Children in large families perform much less well than children in small families, but our IV

estimates suggest that this is mostly due to the fact that they live in more overcrowded homes.
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1. Introduction

Children from poor families do not do as well and leave school earlier than children

from rich families. These are well-known facts that no longer need to be validated. The

interpretation of these facts, however, is still the subject of great controversy.

Consequently, public policies that could help reduce inequalities in educational

opportunities remain poorly defined.

One basic issue is whether increasing financial aid to the poorest families represents a

good means for improving their children’s performance at school. A number of studies

argue that parental income, as such, does not have any impact on children’s performance at

school. According to these studies, the link between poverty and academic failure is not

one of cause and effect. They stress that increasing financial aid to poor families would

have no effect on the inequalities between children from rich and poor families.1

Another important issue concerns the impact of targeted aid, aimed to directly improve

the living conditions of poor children. Even if financially assisting the parents of the

poorest families would not have any effect on their children’s schooling, aid aimed at

specifically improving children’s access to medical care or quality of housing could have a

very important and positive effect on children’s development and performances at school.2

In this paper we try to contribute to this second debate. We focus on one aspect of

children’s living conditions, which we suspect to be of particular importance—the amount

of personal space they have at home for their activities. More specifically, we try to

evaluate the impact of the number of persons per room on the probability of being held

back in primary or junior high school. This does not mean measuring the overall effects of

parental income, but the effects of a very particular potential use of parental income—the

spending allotted for housing so that children do not have to live in an overcrowded space.

The underlying issue is to understand whether public policies favoring quality housing for

low-income families could also serve as a vehicle for improving the performances of their

children and equal opportunities at school.

To shed light on this issue, we have used the French Labor Force surveys, which were

conducted each year by the French National Institute for Statistics and Economic Studies

(hereafter, INSEE) between t=1990 and t=2000. These surveys have provided us with

large samples of 15-year-olds (i.e., born at t�15) with information on whether they have

been held back a grade in elementary school or in junior high school,3 as well as on their

family size and on how many people there are per room in their home. This data set makes

possible to analyze the impact that overcrowded housing has on adolescents’ situation at
1 See Mayer (1997), Blau (1999) and Shea (2000).
2 The absence of a direct effect of parental income on children’s performance does not imply that an

improvement in poor children’s living conditions would not have a positive effect on their success at school. The

absence of an income effect can just as well mean that the parents receiving an income supplement have other

priorities than to improve the conditions related to their children’s success at school.
3 To repeat a grade is plausibly one of the most direct indicator of performance at school in France. The recent

Program for International Student Assessment (PISA) conducted by the OECD shows that the 15-year-old French

adolescents who are late at school obtain much lower scores in math, reading or science than normal-age

adolescents. The difference represents about 1.14 standard deviation of the score in math, 1.26 SD in reading,

1.17 SD in science (see Murat and Rocher, 2003).
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school using very large samples of 15-year-old adolescents. Given that only one-third of

the LFS samples are renewed each year, we can also construct subsamples of adolescents

born at t�15 with information on their situation at school at t and t+1. Hence, our data set

also makes possible to evaluate the impact of housing conditions at t on the probability of

moving up to the next grade at t+1.

To identify the causal effect of the housing conditions, we have consecutively used

two different sets of instruments. The first set is constructed from the available

information on the sex composition of the siblings. Families in which the two oldest

children are the same sex are more likely to have a third child than the other families.

In addition, conditional on having a third child, families in which the two youngest

children are (by descending age) a boy and a girl tend to live less often in

overcrowded housing than the other families. There exists no significant correlation

between the sex of the two youngest siblings and the final size of families with three

children or more, however. All in all, the sex composition of the two oldest children

may be interpreted as a random shock affecting the probability of having a third child,

while the sex composition of the two youngest children in large families may be

considered as a random shock affecting the subsequent housing conditions of these

families. These findings plausibly reflects that French parents (a) prefer large or mixed-

gender families to small, same-sex ones but, (b) are more reluctant about bringing up

their children in the same room when they are not the same sex, especially when the

youngest one is a girl. Given these facts, we have focused on families with two or

more children and constructed two basic instrumental variables. The first one S0 is a

dummy indicating that the two oldest children are the same sex. The second one S1 is

a dummy which is defined on the subsample of large families and which indicates that

the two youngest children are (by descending age) a boy and a girl. First-stage

regressions confirm that S0 affects significantly family size while S1 affects

significantly overcrowding in families with three or more children. Our basic

identification assumption is that this is the main channel through which the sex

composition of the siblings (as described by S0 and S1) affects performances at school.4

Within this framework, we have developed several strategies for identifying the effect of

overcrowding on educational outcomes. The most basic strategy focuses on the subsample

of families with three or more children and identifies the effect of overcrowding using S1
as an instrumental variable. Another basic strategy uses the full sample of families with

two or more children and identifies jointly the effects of family size and overcrowded

housing using jointly S0 and S1 as instrumental variables.5 The second strategy relies on

the sex composition of the youngest and the oldest children to identify the effect of

housing conditions while the first strategy relies on the sex composition of the youngest

children only. Comfortingly, the different strategies provide very similar estimates of the

effect of overcrowding on educational outcomes.
4 As discussed below, sex differences between the oldest children have already been used in other contexts,

most notably for estimating the impact of family size on mothers’ labour supply (see Angrist and Evans, 1998 or

Rosenzweig and Wolpin, 2000).
5 When we work on the full sample of families with two or more children, we have to redefine S1 by

standardizing it and interacting it with a dummy indicating that the family has three or more children.
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The second set of instruments is constructed from the available information on the

parents’ place of birth. Our data show that parents’ places of birth affect the housing

conditions of families even after controlling for the socioeconomic level of parents.

Specifically, it is possible to divide metropolitan France into large areas such that (a) the

average socioeconomic level of parents does not vary with respect to the areas where they

were born, but such that (b) the average number of persons per room varies significantly

with respect to the areas where the parents were born. Generally speaking, parents born in

urban areas tend—ceteris paribus—to live in more overcrowded housing than parents born

in nonurban areas. We have constructed dummies indicating the areas where the parents

were born and we have used these dummies as instrumental variables. The identification

assumption is that this is the main channel through which parents’ place of birth affects

school performances.

To anticipate the rest of the paper, our main empirical findings may be summarized as

follows. First, a very significant correlation exists between children’s situation at school

and housing conditions, even after controlling for family size or family socioeconomic

status. The median of the distribution of the number of persons per room is 1. About 59%

of the adolescents living in families above this median are late at school, a proportion that

is about 30 percent points higher than it is for adolescents living in families below the

median. In addition, regarding the 15-year-olds who are still normal age, those who are

living in the more overcrowded housing are much less likely to move up to the next grade

than the other normal-age children. About 37% of the normal-age adolescents living in the

more overcrowded housing (i.e., above the median) do not move up to the next grade

against only about 21% of those living in the less overcrowded housing (i.e., below the

median).

Second, the causal effect of overcrowding is probably even larger than what the raw

correlation suggests. The IV estimates of overcrowding effect are significantly greater than

the OLS estimates regardless of whether we use instruments built from the information on

the sex composition of the siblings or on the parents’ place of birth and regardless of

whether we assume that family size is exogenous or endogenous. In addition, the results

remain very much the same when we add a measurement of family permanent income as a

supplementary control variable. Our data only provide an indirect and potentially rough

measurement for housing conditions. The downward biases which affect the OLS

estimates plausibly correspond to biases that arise from measurement errors. All in all, our

data provide an array of findings that suggest that overcrowded housing is an important

way in which parental poverty affects children’s outcomes. Children in large families

perform much less well than children in small families, but our IV estimates suggest that

this is mostly due to the fact that they live in more overcrowded homes.

The paper is organized in the following way. In the next section, we present an

overview of medical, sociological and sociopsychological literature, which describes the

impact of overcrowded housing on the health and behavior of individuals. In Section 3,

we develop a model for parental behavior, making it possible to define what is meant

by the causal impact of overcrowding on school performance, as well as the

econometric strategies that make it possible to identify that impact. In Sections 4 and

5, we describe the data and methods used, and the econometric results are presented in

Section 6.
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2. The effects of overcrowded housing: an overview of the literature

The sociological and social psychological literature has long been interested in the

problems caused by overcrowded housing.6 Empirically, the degree of overcrowding is

measured by the number of persons per room. Theoretically, the problems caused by lack

of living space are conceptualized as the consequences (a) of an excess of interactions,

stimulations and demands from the people living in the immediate area, and (b) of a lack

of intimacy and the possibility of being alone. People who live in overcrowded housing

suffer from not being able to control outside demands. It is impossible for them to have the

necessary minimum amount of quiet time they need for their personal development. One

of the most convincing sociological studies on this subject is perhaps that of Gove et al.

(1979). Using American data, the authors establish the existence of a very clear correlation

between the number of persons per room and individuals’ mental and physical health.7

Medical literature has also shown great interest in the health of people living in

overcrowded conditions, i.e., in houses and/or apartments that are too small for their

families. It has been well established that individuals living or having lived in such

conditions are sick more often than others, particularly due to respiratory insufficiency and

pulmonary problems8 (Britten et al., 1987, Rasmussen et al., 1978, Mann et al., 1992). In

general, people who grow up in overcrowded housing die at a younger age than others

(Coggon et al., 1993, Deadman et al., 2001), most notably of cancer (Barker et al., 1990).

The medical literature gives many reasons for these health problems and their

persistence. Living in an overcrowded space is a source of stress and favors illnesses

linked to anxiety. The members of a family living in a crowded space also transmit their

infections to one another more easily, weakening their immune systems. Living in an

overcrowded space puts people at greater risk to problems linked to poor ventilation and

hygiene conditions, such as poisoning caused by the smoking of one or more family

members (see the survey by Prescott and Vestbo, 1999).

With overcrowded housing, occupants’ health at greater risk and their capacity for

intellectual concentration being decreased, it is clear that a lack of space is a potentially

unfavorable factor for children’s success at school. To our knowledge, however, no study

that analyzes the nature and intensity of the links between available living space and

children’s success at school exists in the economic literature. The work published in the
6 Since the 1960s, experiments carried out on groups of rats have brought to light the very serious behavioral

and social problems that occur in animals when the size of their vital living space is modified.
7 In addition, the authors establish that the number of persons per room is a good measurement for feelings of

excessive outside demands and lack of private time. They also show that the quality of care given to children, and

more generally, the quality of the relationship between parents and their children, tends to deteriorate when the

number of individuals per room increases. Gove et al.’s (1979) results are obtained from American data, but they

compare rather well with Chombart de Lauwe’s (1956) seminal results based on French data, which also establish

a statistical relationship between the number of persons per room and the frequency of social pathologies.
8 At greater risk due to unhygienic conditions, they suffer more often than others from appendicitis

inflammation. According to Coggon et al. (1991), the drop in appendicitis inflammation cases observed since the

beginning of the 1960s in Anglesey is linked more to the decrease in the number of overcrowded housing than to

the improvement in the housing’s modern conveniences. In addition, Fuller et al. (1993) established a link

between the degree of overcrowded housing and the probability of mental health problems through analyzing data

from Thailand.
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sociological and medical literature corresponds essentially to the analysis of statistical

correlations. Given that housing and health problems probably share common unmeasured

determinants, these statistical correlations do not necessarily correspond to relations of

cause and effect. The meaning of the results obtained from this literature is unclear.

In the next section, we will develop an economic model of family behavior that makes

it possible to define what we mean by the causal effect of overcrowding on children’s

performance at school. This model will also help us to define econometric strategies that

make it possible to identify this effect.
3. Theoretical framework and econometric model

In this section, we develop a model for family behavior that describes the simultaneous

determination of the number of persons per room and the probability of academic failure.

Our purpose is to define what is meant by the effects of overcrowding on schooling and to

clarify the conditions that make it possible to econometrically identify this effect. Our

model is based on the following assumptions:

(H1). The academic abilities of a child (noted Qi for the child i) depend on the exogenous

characteristics of the child measured in the survey (xi), the characteristics unmeasured in

the survey (ui), but also on the total number of children in the family (Ni) as well as the

amount of space available for each member in the family home (Li). The underlying

assumption is that children do better at school when (1) they have a quiet room for

studying, and (2) have parents who do not have to divide their resources between too many

children. To stay within a simple framework, we assume that Qi can be log-linearly

decomposed,

lnQi ¼ alnLi þ bNi þ cxi þ ui: ð3:1Þ

(H2). A child experiences academic failure and repeats a grade in elementary school and/

or middle school if his/her scholastic abilities Qi are lower than a minimum aptitude

threshold, which depends only on his/her relative age within his/her age group9 (written

ai). The assumption is that at a given level of ability, a child is more vulnerable to being

held back if he/she was born at the end of the year, meaning that he/she is among the

youngest of his/her age group. In noting Ei as the dummy variable with a value of 1 when

the child i is failing, we postulate that there exists an intercept Q0 and a parameter h, such
that we can write:

Ei ¼ 1ZlnQi þ haibQ0: ð3:2Þ

(H3). The final number of children (Ni) and the available space for each children (Li) in

the family home are chosen sequentially by parents, in the spirit of Rosenzweig and

Wolpin (2000). The corresponding two-period model is developed in Appendix A. At the
9 In france, two children belong to the same age group(i.e., are in the same year of school) if they were born

in the same year.
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beginning of the first period, each family consists in two parents and N0 children, N0 being

exogenously determined by parents’ preferences. It corresponds to the minimum number

of children that they want. In the empirical application, we assume N0=2. During the first

period, the parents chose the final size of the family in light of the characteristics (denoted

S0) of their N0 first children. For instance, parents with two girls and with strong

preferences for mix-gender families are—ceteris paribus—more likely to have a third child

than parents who do not care about the sex composition of their children. During the

second period, the parents chose the space available for each child in light of the final size

of family and of the final characteristics of children10 (S1). They compare the costs of a

larger house with the benefits of having a separate room for each child. Assuming for

instance that parents are less reluctant about bringing up two children in the same room

when the youngest one is a girl and the oldest one is a boy, the number of room per

persons should be on average less important in families where the last children are a boy

and a girl than in other families.

Within this framework, the decisions made by the parents lead them (1) to chose a

final number of children N=N(R,q,S0) as a function of income R, prices q and oldest

children’s characteristics S0 and (2) to express a housing demand L=L(R,q,S0,S1) as a

function of income, prices, and children’s characteristics. With these notations, our

purpose is to determine the impact a of Li on academic failure Ei when Ni, xi, ai and

ui are kept constant. Using Eqs. (3.1) and (3.2), the corresponding model can be written

as:

Ei ¼ 1ZalnLi þ bNi þ cxi þ ai þ uib0: ð3:3Þ

where the coefficients are normalized so that the impact of the relative age is equal to 1

(i.e., h=1). By convention, the intercept Q0 is included in the group of exogenous variables

xi.

If the unobserved factors of academic failure ui could be assumed independent from

Li and Ni, the identification of a would not cause any particular problem. The problem

is that these factors may be correlated with family resources (most notably, R) and,

consequently, with Ni and Li. In this scenario, it is unclear whether the correlations

observed between Ei and Li reflect the causal effect of Li on Ei, or the fact that the two

variables Li and Ei both vary simultaneously with ui. To avoid this kind of problem, it is

necessary to observe instrumental variables that affect academic failure Ei only insofar

as they affect the size of the family and its housing conditions. Within our theoretical

framework, such instruments typically correspond to variables11 describing S0 and/or S1.

Assuming that these two variables affect schooling only insofar as they affect

overcrowding and family size, they provide us with plausible instrumental variables for

identifying the effect of L and N on E.
11 Any variable determining the preferences for kids and uncorrelated with R may provide alternative

plausible instrumental variables.

10 Notice that, by construction, S1=S0 when the parents chose not to have a third child, while S1 can be

written S(S0,s) when there is a third child, where s denotes the characteristics of the third child. During the first

period, the parents make their decision based on expectations about the potential realization of s.
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4. Data and variables

The data used come from the French annual Labor Force Surveys that were carried out

between 1990 and 2000 by the French Statistical Office (INSEE). Each survey

corresponds to a sample of about 80,000 households, representative of the population

of French households (sampling rate 1/300). Each member of the household who is 15 or

older is surveyed, with the cut-off age being December 31, of the year preceding the one

the survey is conducted. These surveys make it possible to construct a large sample of 15-

year-olds (i.e., responding in t, born in t�15), and to analyze the links that exist between

their housing conditions and situations at school.

Specifically, our analysis will be carried out using the sample representative of those

individuals who were born in t�15, observed in the Labor Force Surveys conducted in

t=1990,. . .,2000, living in two-parent families with at least two children. This sample

contains about 19,000 observations.

An interesting feature of the French Labor Force Surveys is that only one-third of the

sample is renewed each year. For each t, we can construct a subsample of adolescents born

in t�15 with information on their situation at school at t and t+1. This subsample

(N=5793) makes possible to analyze the links between the housing conditions at t and the

probability of repeating a grade at t+1 (i.e., being in the same grade at t and t+1).

For each 15-year-old respondent, the Labor Force Survey gives (a) their sex, date of

birth and the grade they are in at the time of the survey; (b) the number of persons and the

number of rooms in their home; (c) their parents’ wages and occupations (which makes it

possible to code their families’ socioeconomic level using the French Occupational

Prestige Scale); (d) their parents’ places of birth and (e) the number, sex and birth date of

the other children living in the home.

Respondents of year t born in t�15 are in at least the ninth grade if they have not

repeated a year. Thus, our measurement for bhaving repeated a grade in elementary school

and/or middle schoolQ is simply a dummy variable that equals 1 if they are not yet in the

ninth grade. For respondents that are tracked for 2 years, our measurement for brepeating a
gradeQ equals 1 if they are in the same grade at t and t+1.
Table 1

The Labour Force Surveys’ samples: descriptive statistics

Variables Families with two children or more Families with three children or more

Mean Standard deviation Mean Standard deviation

Being held back 0.43 0.50 0.50 0.50

No. of persons/room 1.09 0.45 1.24 0.50

Three or more children 0.54 0.50 – –

Father SES �0.09 0.94 �0.24 0.96

Boy 0.52 0.50 0.52 0.50

No. of observations 19,499 10,570

Source: Labour Force Surveys, 1990–2000, INSEE.

Field: Children who were born in t�15 and surveyed in t living in an intact family.

Note: Father’s socioeconomic status (SES) corresponds to father’s position on the French occupational prestige

scale (Chambaz et al., 1998).
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Knowing the number of rooms (NR) and the number of persons (NP), it is possible to

evaluate the number of children per room (NP/NR) for each home. Our econometric work

has mostly consisted in regressing our dummy variable for academic failure on this

measurement of the space per person in the home, using family size and family income as

control variables. Table 1 provides standard descriptive statistics.
5. Instrumental variables and estimation method

For the rest of this paper, our purpose will be to identify the parameter a that appears in

Eq. (3.3). The basic issue is to find instrumental variables which affect the performance at

school only insofar as they affect overcrowding. We have used in turn two different sets of

instruments.

The first set is constructed from the information available on the sex differences

between the siblings.12 Table 2 shows the mean number of persons per room by family

size and sex composition of the siblings.13 It reveals that the proportion of large families

(i.e., with three or more children) is significantly more important in families where the two

oldest children are the same sex. Furthermore, for the group of families with three or more

children, the mean number of persons per room is significantly less important in families

where the two youngest children are a boy and a girl (by descending age) than in other

families. In contrast, for the group of families with three children or more, the final number

of children does not vary significantly with the sex composition of the youngest children.

These findings plausibly reflect that parents (a) prefer large or mixed-gender families to

small and same-sex ones and (b) are more reluctant about bringing up two children in the

same room when they are not the same sex and when the youngest is a girl. In addition,

these results are consistent with our theoretical framework when S0 is interpreted as a

dummy indicating whether the two oldest children are the same sex and S1 is interpreted as

a dummy indicating that the two youngest children are a boy and a girl (by descending

age). Table 3 shows the corresponding first-stage regressions which confirm what raw

statistics suggest. Specifically, S1 has a significant impact on the number of persons per
12 There is controversy in the literature about whether sex composition has, as such, an effect on

education (see Butcher and Case, 1994, Hauser and Kuo, 1998, Kaestner, 1997, Conley, 2000, Rosenzweig

and Wolpin, 2000). Butcher and Case (1994) argue that, for girls, the presence of any sisters reduces

educational attainment, while they find no effect of sex composition among boys. Hauser and Kuo (1998)

argue that Butcher and Case overinterpret weak evidence and state that there is no convincing support for any

hypothesis suggesting an effect of the gender composition of the sibship. Notice that if sex composition

matters only for girls, then sex composition should be a valid instrument in a sample of boys. As discussed

below, our IV estimates are very similar regardless of whether we focus on the sample of boys or on the total

sample.
13 The survey on Formation et Qualification Professionnelle conducted in 2003 by the French statistical office

provides an information for each French women on the number, sex and date-of-birth of her children. We have

checked that when we focus on women aged 40 or more (i.e., having finished having children) and with two

children or more, we obtain almost exactly the same proportion of families where the two oldest children are two

boys, a boy and a girl, etc. as in our Table 2. Boys are more likely than girls and also we have checked that a

second birth is slightly more likely when the first one is a boy.



Table 2

Overcrowded housing by family size and sex composition of the siblings

Sex of the

siblings

Families with two or more children Families with three or more children

Fraction

of sample

Mean no. of

persons per

room

Fraction with

three or more

children

Fraction of

sample

Mean no. of

persons per

room

Mean no.

of children

Two oldest siblings:

Boy–boy 0.280 (0.002) 1.101 (0.006) 0.587 (0.005) 0.299 (0.003) 1.228 (0.008) 3.72 (0.025)

Girl–girl 0.231 (0.002) 1.101 (0.006) 0.582 (0.006) 0.243 (0.003) 1.241 (0.009) 3.75 (0.025)

Girl–boy 0.238 (0.002) 1.078 (0.007) 0.514 (0.005) 0.222 (0.003) 1.241 (0.011) 3.77 (0.025)

Boy–Girl 0.251 (0.002) 1.078 (0.007) 0.524 (0.005) 0.238 (0.003) 1.242 (0.011) 3.73 (0.025)

Two youngest siblings:

Boy–boy 0.261 (0.002) 1.101 (0.006) 0.556 (0.005) 0.263 (0.003) 1.246 (0.009) 3.74 (0.025)

Girl–girl 0.226 (0.002) 1.098 (0.007) 0.573 (0.005) 0.234 (0.003) 1.243 (0.010) 3.77 (0.025)

Girl–boy 0.256 (0.002) 1.094 (0.006) 0.548 (0.005) 0.253 (0.003) 1.249 (0.010) 3.76 (0.025)

Boy–girl 0.257 (0.002) 1.067 (0.006) 0.536 (0.005) 0.250 (0.003) 1.213 (0.009) 3.70 (0.025)

Source: Labour Force Surveys, 1990–2000, INSEE.

Interpretation: For the group of families with two or more children, the mean of the number of persons per room is

1.101 when the two oldest children are two boys.
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room in large families,14 while S0 has a significant impact on the probability of having a

third child. Our basic identifying assumptions is that it is the only channel through which

the sex composition (as measured by S1 and S0) affects the probability of being held back a

grade. A reduced-form regression confirms that the probability of being held back a grade

is less important in large families where the two last children are (by descending age) a

boy and a girl than in other families (Table 3, column 2). Comfortingly, the dummies

describing the sex composition of the two youngest children have the same effects on

overcrowding as on performance at school.

Within this framework, two basic strategies may be adopted to identify the effect of

overcrowded housing. The first one focuses on large families and uses S1 as an

instrumental variable. The second one considers all families and uses jointly S0 and S1 to

identify jointly the effect of family size and the effect of overcrowding. The first strategy

relies on S1 only to identify the effect of housing conditions, while the second one relies on

S0 and S1. As discussed below, the two strategies provide similar results.

Angrist and Evans (1998) have already used the same-sex instrument (i.e., S0) in order

to identify the effect of family size on labor supply in the United States. They find that

family size has a significant negative impact on the time spent at work by mothers and

their IV estimates are smaller than their OLS estimates.15 The downward bias which

affects their OLS estimates suggests that—holding family size constant—the same-sex

instrument is correlated with the time spent at work by mothers. Assuming that the time

spent at work by mothers affects schooling outcomes, this finding is potentially
15 From a statistical viewpoint, the difference between their OLS and IV impacts is not significant at standard

level, however.

14 When we work on the full sample of families with two children or more, we use a standardized version of

S1 (i.e., zero mean) interacted with a dummy indicating that the family is large (i.e., three children or more).



Table 3

First stage regressions: the impact of the differences in sex between the siblings on overcrowded housing and

family size

Families with three or more children Families with two or more children

No. of persons

per room

Being held back No. of persons

per room

No. of persons

per room

(No. of childrenN2)

Sex composition of the two youngest siblings

Boy–girl �0.034 (0.001) �0.024 (0.012) �0.027 (0.010) �0.023 (0.008) 0.002 (0.019)

Girl–boy �0.001 (0.014) �0.005 (0.013) �0.003 (0.010) �0.007 (0.008) 0.001 (0.014)

Girl–girl �0.009 (0.015) �0.011 (0.014) �0.002 (0.012) �0.013 (0.009) 0.001 (0.015)

Boy–boy Ref. Ref. Ref. Ref. Ref.

(No. of

childrenN2)

– – 0.193 (0.002)

Sex composition of the two oldest siblings

Boy–girl – – �0.017 (0.010) – �0.067 (0.011)

Girl–boy – – �0.028 (0.010) – �0.079 (0.010)

Girl–girl – – �0.010 (0.013) – �0.014 (0.013)

Boy–boy – – Ref. – –

No. of

observations

10,570 10,570 19,499 19,499 19,499

Source: Labour Force Surveys, 1990–2000, INSEE.

Field: Children who were born in t�15 and surveyed in t living in an intact family.

Note: All models include an intercept, 10-year dummies and a dummy indicating the sex of the child as

supplementary independent variables. Models are estimated using OLS. When we work on the sample of families

with two or more children (three last columns), the dummies indicating the sex composition of the two youngest

children are standardized (zero mean) and interacted with a dummy indicating that the number of children is

greater than 2.
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problematic for us, especially when we rely on both S0 and S1 to identify the effect of

overcrowding.

To further explore this issue, we have examined the links between our same-sex

instrument and different measurement of mothers’ labor supply. We found that—holding

family size constant—the sex composition of the sibship has no significant effect on the

probability of being out of the labor force nor on the number of hours spent at work by

mothers. Raw statistics show that the proportion of mothers’ out of the labor force is

actually almost exactly the same in same-sex and mixed-gender families (about 45% in

two children families and 73.5% in larger families). As it turns out, our basic instrumental

variable is not correlated with this potential component of the residual.16 In addition, we

have checked that our basic IV estimates are unaffected by the introduction of a dummy
16 The difference between the correlations observed in France and the United States plausibly reflects the

institutional differences between the two countries. In the US case, the downward bias, which affects the OLS

impact of family size on labor supply plausibly, reflects the fact that labor-supply and family-size decisions both

depend on the ability to earn high wages. American women have no statutory paid parental leave and are

guaranteed the right to return to employment following a birth for only a relatively short period of employment

interruption compared to their European counterpart. In France, given the employment protection rules and the

proportion of jobs available in the public sector, the family-size decisions are plausibly much less correlated with

the ability to perform well on the labor market.
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indicating that the mother is in the labor force as a supplementary control variable (the

regressions are available on request).

The second set of instruments has been constructed from the available information on

the mothers’ and fathers’ place of birth. French metropolitan area is divided into 96

elementary administrative subdivisions (départements). For each household, the survey

provides us with the département where the different members of the household were

born. Table 4 provides the corresponding first stage regressions. Our groups are defined

so as to be uncorrelated with our measurement of father’s socioeconomic status. We end

up with four groups of départements for the mothers’ place of birth and four groups for

the fathers’. They confirm that significant differences in family size and housing

conditions exist according to these variables. For instance, parents born in the Parisian

region or in one of the large French cities tend ceteris paribus to live in more

overcrowded housing than parents born in less urban areas. We interpret parents’ place

of birth as proxies for the housing conditions that parents’ have experienced during their

early childhood. We interpret the correlation between the parents’ place of birth and

current housing conditions as reflecting the fact that decisions on housing conditions are

to some extent determined by early childhood experience. The identifying assumption is
Table 4

First stage regressions: the impact of parents’ places of birth on overcrowding and family size

Independent variables Dependent variables

No. of persons per room (No. of childrenN2)

Father’s place of birth

Reference (Parisian suburbs) Ref. Ref.

Paris and large cities �0.03 (0.01) 0.013 (0.015)

Regions P2 �0.08 (0.01) �0.001 (0.014)

Regions P3 �0.03 (0.01) �0.031 (0.011)

Mother’s place of birth

Reference (Parisian suburbs) Ref. Ref.

Paris and large cities 0.01 (0.01) 0.043 (0.015)

Regions M2 0.01 (0.01) �0.001 (0.015)

Regions M3 �0.04 (0.01) �0.034 (0.009)

No. of observations 14,599 14,599

R2 0.02 0.01

Source: Labour Force Surveys, 1990–2000, INSEE.

Field: Children who were born in t�15 and surveyed in t living in an intact family such that the information on

parents’ place of birth is available.

Note: All models include an intercept, 10-year dummies and a dummy indicating the sex of the child as

supplementary independent variables. All models are estimated using OLS.

Definition of the dummies indicating mother’s place of birth: Reference regions correspond to departments 92,

91, 78, 93, 94, 95, 77, 06, 11, 14, 20, 24, 28, 32, 37, 41, 52, 53, 55, 58, 62, 76, 80, 83, 89, 97, 01, 29, 40, 43, 51,

54, 73, 82, 81, Paris and large cities correspond to departments 75, 59, 60, 13, Regions M2 correspond to

departments 04, 15, 16, 23, 33, 35, 46, 61, 72, 74, 79, 84, Regions M3 correspond to the remaining departments.

Definition of the dummies indicating father’s places of birth: Reference regions correspond to departments 92, 91,

78, 93, 94, 95, 77, 05, 06, 11, 24, 28, 47, 52, 53, 62, 68, 80, 89, 97, Paris and large cities correspond to

departments 75, 59, 60, 13, Regions P2 correspond to departments 01, 07, 18, 25, 26, 29, 31, 42, 4, 47, 50, 51, 56,

85, and Regions P3 to remaining departments.
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that this is the main channel through which parents’ place of birth affects children’s

performances.

5.1. Estimation method

For the sake of simplicity, this paper relies on linear probability models only. In

Appendix B, we build on Lewbel (2000) to state conditions under which such linear

probability models provide consistent estimates for the structural parameters of binary

response models.17 One such condition is the existence of a continuous, exogenous and

uniformly distributed explanatory variable (denoted v). Once such a regressor exists, the

structural parameters of interest (here, a) may be estimated through the linear regression of

the binary dependent variable on all the other regressors.

For our case, a natural candidate for v is the relative age of the adolescent in his/her age

group, i.e., within the cohort of adolescents who were born the same year as he/she was.

This variable is continuous and it is reasonable to assume that it satisfies the exogenous

conditions introduced by Lewbel. As shown in Maurin (2002), this variable is definitely a

factor of being held back a year at school: children born at the end of the year—the

youngest in their age group—are clearly held back much more often than children born at

the beginning of the year. Regarding our sample, about 48.5% of the 15-year-olds who

were born during the last quarter of the year (i.e., October, November or December) have

been held back a grade, a proportion that is about 11 percent points larger than it is for

adolescents born during the first quarter of the year.
6. Results

Before moving on to the more sophisticated analysis, we will show our basic findings

through a simple tabulation. More specifically, Table 5 shows that the probability of being

held back a grade increases very significantly with the number of children per room,

regardless of the size and the socioeconomic level of the families under consideration.

The median of the distribution of the number of persons per room is 1. About 59% of

the adolescents living in families above this median have been held back a grade, a

proportion that is more than 29 points higher than it is for adolescents living in families

below the median. Generally speaking, there exist much more differences in the

probability of being held back between overcrowded and nonovercrowded families than

between large and small families.

6.1. Overcrowding and the probability of being held back: a causal analysis

The rest of this section discusses IV and OLS estimates of linear regression models

relating the probability of being held back a grade to the number of persons per room.

Table 6 focuses on families with three or more children. Model (1) shows the basic OLS
17 Angrist (2001) provides other strategies for accommodating binary endogenous regressors.



Table 5

Fraction of 15-year-olds who have been held back a grade and probability of repeating a grade at age 15, by

family size, father’s socioeconomic status and number of persons per room

Types of

families

Proportion of 15-year-olds who have been

held back (in %)

Probability of repeating a grade at age 15

(in %)

More than one

person per room

Less than one

person per room

More than one

person per room

Less than one

person per room

Family size

Two children 48.6 (1.6) 29.4 (0.7) 34.1 (3.0) 21.2 (1.0)

Three or more 60.4 (0.6) 29.8 (1.0) 37.7 (1.4) 20.4 (1.5)

Family income

Low 63.9 (0.7) 41.9 (1.0) 41.6 (1.6) 27.1 (1.5)

High 46.8 (1.1) 23.3 (0.6) 26.9 (2.1) 17.3 (0.9)

All families 58.7 (0.6) 29.6 (0.6) 37.1 (1.3) 20.9 (0.8)

Source: Labour Force Surveys, 1990–2000, INSEE.

Field: Children who were born in t�15 and surveyed in t living in an intact family with two or more children.

Note: Relatively rich (poor) families are families which socioeconomic level is above (below) the median of the

distribution. Relatively small (large) families are families with two (more than two) children. The value of 0.5

represents the median of the distribution of the number of children per room.

Interpretation: The probability of being held back is 63.9% in relatively poor and overcrowded families.
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estimate (â=0.20). It is significant at standard levels and quite consistent with raw

statistics. According to this OLS estimate, a one standard deviation (SD) increase in the

number of persons per room yields an increase of about 18% of a SD of our measurement

of educational outcomes. This result is valid under the assumption that errors in our

measurement of the space available for each person are negligible and that no unmeasured

factors simultaneously explain the number of persons per room and the probability of

being held back at school. Model (2) corresponds to the reestimation of the OLS models

when the number of persons per room is considered endogenous, and when its effect is

identified using the sex of the two youngest siblings (as described by S1) as instrumental
Table 6

The impact of the number of persons per room on the probability of being held back a grade: the case of large

families

Independent variables Dependent variable: to have been held back a grade

All children Boys only

OLS (1) IV (2) OLS (3) IV (4)

No. of persons per room 0.20 (0.01) 0.63 (0.39) 0.19 (0.01) 0.38 (0.15)

Male 0.11 (0.01) 0.11 (0.01) – –

No. of observations 10,570 10,570 5473 5473

R2 0.06 0.02 0.04 0.01

Source: Labour Force Surveys, 1990–2000, INSEE.

Field: Children born in t�15, surveyed at t, living in an intact family with at least three children.

Note: The dependent variable corresponds to a dummy variable with value 1 when the child is behind at school.

In models (2) and (4), the number of persons per room is assumed endogenous. The instruments are dummies

indicating the sex composition of the two youngest children. All models include an intercept and a set of year

dummies.
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variable. This IV model provides an estimate (â=0.63) which is less well estimated (i.e.,

significant at the 9% level only), but larger than the OLS estimate.

As discussed above, there exists controversy about whether the sex composition of the

siblings affects the educational attainment of girls (see, e.g., Butcher and Case, 1994,

Hauser and Kuo, 1998). To address this issue, we have reestimated models (1) and (2) on

the subsample of boys [Table 6, models (3) and (4)]. Comfortingly, we obtained

qualitatively similar results. The IV effect (â=0.38) is not as large, but better estimated on

the subsample of boys than on the full sample (i.e., significant at the 2% level).

Our IV estimates are about 0.5. How large these coefficients are? One way to answer

this question is to compute the fraction of the educational performance gap between

children in small and large families that can be explained (according to our IV estimates)

by overcrowded housing per se. The average number of children per room is 0.91 in two

children families and 1.24 in families with three children or more. Given this fact, the

difference in the probability of being held back a grade between children in large and small

families (i.e., 15 percent points) mostly reflect the impact of the differences in housing

conditions [i.e., 0.5�(1.24–0.91)]. To put it differently, a 1 SD increase in the proportion

of overcrowded housing (i.e., 0.45) would ceteris paribus lead to an increase of about 45%

(i.e., 0.45�0.5/0.5) of an SD of the proportion of children behind at school.

Generally speaking, the downward biases that affect the OLS effect of overcrowding

suggest that some unobserved factors simultaneously explain the number of persons per

room and the performance at school. In addition, our data only provide an indirect and

potentially rough measurement for the housing conditions that children have experienced

during their early childhood. The downward biases that affect the OLS estimates may

correspond to biases that arose from measurement errors.

To probe the robustness of our results, we have reestimated these models on the full

sample of families with a measurement of family size as a supplementary explanatory

factor (Table 7). Section (a) considers jointly boys and girls, while section (b) focuses on

the subsample of boys. Models (1) and (2) show the basic OLS estimates. Comfortingly,

they are very similar to the OLS estimates in Table 6, regardless of whether we control for

family size or not. Model (3) shows the IV estimate when family size is assumed

exogenous and when the effect of the number of persons per room is identified using

dummies indicating the sex of the two youngest children.18 Unsurprisingly, the estimate

obtained with this instrument is very close to the IV estimate in Table 6. The source of

identification is the same. Model (4) shows the IVestimates when the space per person and

the size of the family are both assumed endogenous. We use dummies indicating whether

the two oldest children are the same sex as supplementary instrumental variables.

Interestingly, the IV impact of the number of persons per room remain large (â=0.60) and
significantly different from zero at standard level. In addition, the effect of family size in

model (4) is now very small and not significantly different from zero, which suggests that

most of its positive OLS effect is due to its correlation with the space per person in the

home and with the omitted determinant of performance at school.
18 Given that we work on the full sample of families, the dummy is standardized (zero mean) and interacted

with a dummy indicating that the family is large (i.e., three children or more).



Table 7

The impact of the number of persons per room on the probability of being held back a grade

Independent variables Dependent variable: to have been held back a grade

OLS (1) OLS (2) IV (3) IV (4)

Section (a): all children

No. of persons per room 0.23 (0.01) 0.19 (0.01) 0.60 (0.35) 0.60 (0.36)

No. of siblings N2 – 0.08 (0.01) �0.04 (0.11) �0.04 (0.07)

Male 0.11 (0.01) 0.11 (0.01) 0.11 (0.01) 0.11 (0.01)

No. of observations 19,499 19,499 19,499 19,499

R2 0.06 0.07 0.04 0.03

Section (b): boys only

No. of persons per room 0.21 (0.01) 0.18 (0.01) 0.38 (0.15) 0.40 (0.14)

No. of siblings N2 – 0.09 (0.01) 0.02 (0.05) 0.01 (0.05)

No. of observations 10,079 10,079 10,079 10,079

R2 0.04 0.05 0.03 0.01

Source: Labour Force Surveys, 1990–2000, INSEE.

Field: Children born in t�15, surveyed at t, living in an intact family with at least two children.

Note: The dependent variable corresponds to a dummy variable with value 1 when the child is behind at school.

In model (3), the number of persons per room is assumed endogenous and its effect is identified using the same

instrument as in Table 6, i.e., dummies indicating the sex composition of the youngest children. Given that we

work on the full sample of adolescents, this dummy is standardized (zero mean) and interacted with a dummy

indicating that the number of children is greater than 2. In model (4), the number of persons per room and the

dummy with value 1 when the number of children is greater or equal to 3 are both assumed endogenous. We use

dummies indicating whether the two oldest children are two boys or two girls as supplementary instrumental

variables. All models include an intercept and a set of year dummies.
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The section (b) of Table 7 shows the reestimation of models (1)–(4) on the subsample

of boys. The results are very similar to the results obtained in section (a) (or in the two last

columns of Table 6). The IVeffect of overcrowding in the model (5) of section (b) is not as

large as in section (a), but better estimated.

All in all, we end up with the same basic diagnosis when we use jointly S1 and S0 as

instrumental variables as when we use S0 only: the space per person has a very significant

impact on performance at school.

6.2. An alternative set of instrumental variables

Table 8 proposes a reestimation of models (4) and (5) in Table 7 using a completely

different set of instruments for identifying the impacts of family size and overcrowded

housing. The new instruments are constructed from the available information on the

fathers’ and mothers’ place of birth.

Most interestingly, the IV estimates obtained using these new instruments are

significantly larger than the OLS estimates and very close to (and not statistically

different from) the IV estimates obtained using the first set of instruments.19
19 We have checked that the results are not affected by the introduction of the current region of residence as a

supplementary control variable.



Table 8

The impact of the number of persons per room on the probability of being held back a grade: an alternative set of

instruments

Independent variables Dependent variable: to have been held back a grade

IV (1) IV (2)

Section (a): all children

No. of children per room 0.41 (0.13) 0.62 (0.16)

No. of childrenN2 0.03 (0.03) �0.47 (0.16)

Male 0.12 (0.01) 0.12 (0.01)

No. of observations 14,599 14,599

R2 0.04 0.02

Section (b):boys only

No. of children per room 0.41 (0.17) 0.53 (0.20)

No. of childrenN2 0.03 (0.04) �0.30 (0.20)

No. of observations 7568 7568

R2 0.04 0.01

Section (c)

No. of children per room 0.41 (0.11) 0.39 (0.12)

No. of childrenN2 0.01 (0.03) �0.01 (0.03)

Male 0.12 (0.01) 0.12 (0.01)

Father’s SES �0.11 (0.01) �0.12 (0.01)

No. of observations 19,499 19,499

R2 0.11 0.10

Source: Labour Force Surveys, 1990–2000, INSEE.

Field: Children born in t�15, surveyed at t, living in an intact family with at least two children and such that the

information on parents’ place of birth is available.

Note: The dependent variable corresponds to a dummy variable with value 1 when the child is behind at school.

In model (1), the number of persons per room is assumed endogenous. In model (2), the dummy with value 1

when the number of children is greater or equal to 3 and the number of persons per room is both assumed

endogenous. In both cases, we use a set of dummies indicating parents’ place of birth as instrumental variables. In

section (c), we use a set of dummies indicating the sex composition of the two oldest and two youngest siblings

(same as in Table 7) as supplementary instrumental variables. All models include an intercept and a set of year

dummies.
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The section (c) of Table 8 corresponds to the case where we introduce a measurement

of family permanent income as a supplementary control variable. The measurement of

parental income corresponds to the position of the father’s occupation on the French

Occupational Prestige Scale.20 We have used the two sets of instruments jointly in order to

improve the precision of our estimates.21 The results remain very similar to those from

section (a), which is consistent with the fact that our instruments are not significantly

correlated with income.
21 The results are very similar when we use separately the sex of the children (or the places of birth of

parents) as instrumental variables, but the effects are less well estimated.

20 For more details on the construction of this variable and on its strong correlation with family income, see

Chambaz et al. (1998) and Maurin (2002). In Goux and Maurin (2001), we provide additional regressions using

more direct measurement for family income. In addition, we develop two-sample instrumental variable techniques

(in the spirit of Angrist and Krueger, 1992, or Currie and Yelowitz, 2000) to better estimate its effect. With the

results obtained being very close to the results in Table 5, we do not report these analyses.



Table 9

An alternative dependent variable: the impact of overcrowded housing on the probability of repeating a grade

Independent variables Dependent variable: to repeat a grade

OLS (1) IV (2) IV (3)

No. of children per room 0.17 (0.02) 0.28 (0.08) 0.20 (0.08)

No. of siblingsN2 0.02 (0.01) �0.01 (0.02) �0.00 (0.02)

Male 0.06 (0.01) 0.06 (0.01) 0.06 (0.01)

Month of birth �0.04 (0.02) �0.04 (0.02) �0.02 (0.02)

Father SES – – �0.08 (0.01)

No. of observations 5793 5793 5793

R2 0.02 0.01 0.05

Source: Labour Force Surveys, 1990–2000, INSEE.

Field: Children born in t�15, surveyed at t and t+1, on time at school and in an intact family with at least two

children at t.

Note: The dependent variable is bto be in the same grade at t and t+1Q. Both family size and overcrowding are

considered endogenous in models (2) and (3). The set of instruments corresponds to the reunion of the sets used in

Tables 6 and 7 (i.e., dummies indicating the sex composition of the siblings and dummies indicating parents’

places of birth).
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6.3. An alternative dependent variable

The dependent variable analyzed in the previous subsections is whether a 15-year-old

child has ever been held back a grade. This is a cumulative outcome, but the regressors are

measured as of the survey date. This raises measurement error problems, which are

perhaps only partially overcome by our IV estimation strategy. In this subsection, we

consider the subsample of adolescents who are on time at t and for which we have

information on their grade at t and t+1. We focus on the probability of repeating a grade at

t+1, i.e., being in the same grade at t+1 and t. The interesting feature of this outcome is

that it is noncumulative and measured after the regressors.

To begin with, the two last columns of Table 5 confirms that the probability of repeating

a grade is significantly more important in families above the median of the distribution of

the number of persons per room than in families below the median (i.e., 1). Table 9 goes a

step further and presents an econometric evaluation of the causal effect of the number of

children per room at t on the probability of repeating a grade22 at t+1.

The subsample of 15-year-olds that are on time is not representative of the total

population of 15-year-olds, and we have to control for the biases that could arise from

endogenous selection. The simplest method is to introduce a supplementary control

variable, which is correlated with the probability of being on time at 15, but uncorrelated

with the current probability of moving up to the next grade.23 To address this issue, we
23 An alternative strategy is to consider all adolescents surveyed at t and t+1, to add a dummy indicating

whether they are on time at t as a supplementary explanatory variable and to use the date-of-birth within the year

as an instrumental variable for identifying the effects of being on time at t. This strategy provides us with similar

estimates of the overcrowding effect. The drawback of this approach is that it assumes that the effects of

overcrowding are the same for children who have already been held back as they are for those who have not.

22 The minimum age for leaving school being 16, our dependent variable may slightly underestimate the

actual proportion of adolescents who do not move up to the next grade. Generally speaking, it is because of this

age limit that our paper focuses on 15-year-olds.
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have used the date-of-birth within the year as a supplementary control variable. The

underlying assumption is that the date-of-birth within the year affects the probability of

repeating a grade at early stages in schooling only.24

The OLS specification in Table 9 confirms that adolescents who live in overcrowded

homes are much less likely to move up to the next grade than other adolescents, even after

controlling for family size. Model (2) proposes a reestimation of model (1) using jointly

the sex of the siblings and the place of birth of parents as instrumental variables.25 The IV

overcrowding effect is significant at standard level and close to the OLS effect. Model (3)

shows that the result still holds true when we control for family permanent income.

According to these estimates, a 1 SD increase (i.e., 0.35) in the proportion of adolescents

aged 15 living in an overcrowded housing would ceteris paribus lead to an increase of

about 16% (i.e., 0.35�0.2/0.44) of an SD of the proportion of adolescents aged 15 who do

not move up to the next grade. All in all, we come to the same conclusion regardless of

whether we focus on a cumulative or noncumulative outcome. The space available for

each child in the home is an important factor of performance at school at each stage of the

schooling career.
7. Single room and diploma

To probe the robustness of our results, we have also used a retrospective survey

conducted in 1997 by the French National Statistical Office in addition to the LFS.

The sample of this retrospective survey consists of about 1000 individuals,

representative of the French male population, aged 20–40. The respondents describe

their schooling career as well as their housing conditions during childhood.

Specifically, they indicate, (1) whether they dropped out of school before earning a

diploma, and (2) whether they had their own room at the age of 11. The advantage

of this survey is that it gives more direct information on respondents’ housing

conditions during their childhood and makes it possible to identify the potential long-

term effects on educational achievement. The disadvantage of this survey is that it is

much smaller than the Labor Force Surveys and does not allow for as precise an

identification of the structural parameters. When we restrict the analysis to the

individuals who had at least one brother or sister, the sample only contains a little

over 600 individuals.

Table 10 presents the distribution of the respondents from the 1997 retrospective survey

according to family size, year of birth, father’s occupation and housing conditions during

childhood. The table also describes the variations in the probability of leaving school

without a diploma according to the same criteria. These simple tabulations confirm that the

probability of dropping out from school without a diploma is greater for older generations
25 The estimated impact are larger when we use only the dummies indicating the sex composition of the

siblings as instrumental variables, but the estimates are less well estimated (i.e., significant at the 10% level).

24 As shown in Maurin (2002), the date of birth within the year has a very strong effect on the probability of

being held back in primary school. In this section, we assume that this variable influences schooling transitions in

primary school only.



Table 10

The impact of overcrowding on the probability of dropping out of school without a diploma

No. of observations Fraction without diploma Net effects

Family size:

Three or more children 359 32.6 0.45 (0.19)

1 or 2 276 18.9 Ref

Date of birth:

Born after 1964 357 23.5 0.76 (0.19)

Born before 1964 258 31.8 Ref

Father’s occupation:

Manual worker 279 33.8 0.54 (0.20)

Nonmanual worker 356 21.6 Ref

Overcrowding:

Own room at 11 274 18.9 �0.58 (0.20)

No own room at 11 341 33.4 Ref

Source: Survey on Educational and Occupational Career, 1997, INSEE.

Note: The third column provides the results of a probit regression where the dependent variable is bTo have

dropped from school without a diplomaQ and where the independent variables are an intercept, a dummy for bown
room at age 11Q, a dummy for bThree of more childrenQ, a dummy for bFather manual workerQ and date of birth.
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than for recent generations, for large families than for those with only one or two children,

and finally, for blue-collar families than for white-collar families. The correlation is also

very clear between the housing conditions during childhood and the probability of

dropping out of school before earning a diploma. Close to 56% of the respondents said that

they did not grow up having their own room. One-third of these individuals dropped out of

school before earning a diploma, meaning a rate of academic failure twice that of other

children.

A multivariate regression confirms that individuals who have their own room during

childhood had ceteris paribus a much smaller probability than the others of dropping out of

school before earning a diploma, even after controlling for the father’s occupation and the

number of siblings (Table 10, third column). Generally speaking, these supplementary

investigations tend to confirm the diagnosis obtained using the Labor Force Surveys.26
8. Conclusion

Several results have come from our analysis. First, we found a very clear correlation

between housing conditions during childhood and early performance at school.

Specifically, the probability of being held back a grade in primary or junior high

school increases very significantly with the number of persons per room in the home.
26 We reestimated the effect of overcrowding using the sex composition of the siblings as instrumental

variables. We obtained very imprecise results, which is not surprising given the small size of the sample.
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The result holds true regardless of the size of the family or the socioeconomic status of

the parents. Second, we found that the sex composition of the two oldest siblings

influences the final size of the family while the sex composition of the youngest siblings

in large families influences the subsequent housing conditions in these families. We

build on these results to develop an econometric analysis of the effect of overcrowding

on schooling outcomes using variables describing the sex composition of the siblings as

instrumental variables. These different analyses reveal that the statistical relationships

between housing conditions and academic failure are plausibly one of cause and effect.

Altogether, we have an array of findings that indicate that public policy favoring the

access of modest households to larger dwellings could have a substantial effect on

educational outcomes. Further research is necessary to really define a housing policy that

could affect the poorest children’s school performance. This research must rely on in-

depth analysis of the effects of existing public policies that favor the housing of low-

income families.
Appendix A

We assume that parents make their decisions on the final size of the family (N1) and on

overcrowding (L) in two steps. At the beginning of the first period, they have N0 children

whose characteristics are S0. N0 and S0 are assumed exogenous. During this first period,

parents chose the final size of the family in light of S0. During the second period, parents

chose whether each child has his own room (L=1) in light of the final number and

characteristics of their siblings (i.e., N1 and S1). Notice that, by construction, S1=S0 if

N1=N0, and S1=(S0,s) otherwise, where s denotes the characteristics of the children born

during the first period.

Let U2(C2,L; S1,N1) denote parental utility during the second period, where C2

represent family consumption. During the second period, parents maximize U2 with

respect to L and C2 subject to the budget constraint: C2+qL+pN1=R, where p captures the

cost of a supplementary child and q the cost of a larger house. Within this framework, we

observe L=1, if and only if,

U2 R� q� pN1; 1; S1;N1ð ÞNU2 R� pN1; 0; S1;N1ð Þ;

meaning if and only if the welfare gain due to L=1 is greater than the welfare loss due to

the cost of increasing the number of rooms. Let us denote L(S1,N1,R,q,p) the

corresponding optimal dummy variable and U2*(S1,N1,R,q,p) the corresponding indirect

utility.

If U1(C1,N1;S0,N0) denotes the one-period flow of utility during the first period, then

parents chose N1 and C1 in order to maximise the expected discounted flows of utility,

U1(C1,N1;S0,N0)+dEs[U2*(S0,s,N1,R,q,p)], where d is the discount rate, subject to

C2+pN1=R. The optimal number of children can be written N1(S0,R,q,p). All in all, we

end up with a model where family size depends on the characteristics of the oldest

siblings while overcrowding depends on family size and on the characteristics of all the

siblings.
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Appendix B

Consider the following binary response model,

y ¼ a0 þ a1xþ vþ eN0ð Þ

where y is a binary dependent variable (typically bto have repeated a gradeQ), x a

potentially endogenous regressor (bovercrowded housingQ), v a continuous, exogenous

regressor (bdate of birth within the yearQ) and e an error term. a0 is an intercept and a1 the

parameter of interest. The coefficient of v is normalized to 1. Within this framework,

assume (1) that there exist an instrumental variable z which is correlated with x, but

uncorrelated with the error term e [i.e., E(ze)=0] and (2) that v is large support {i.e.,

Supp(v)=[vL,vH]mSupp(�xb-e)} and uniformly distributed conditional on x and z [i.e.,

fv(v |x,z)=1], (3) the conditional distribution of e does not depend on v [i.e.,

fe(e|x,z,v)=fe(e|x,z)].
This setting corresponds to a straightforward adaptation of the setting introduced by

Lewbel (2000), and we know from Lewbel (2000) that a1 can be consistently estimated

though a simple linear regression of y on x using z as an instrumental variable.

Specifically, we have,

E yjx; zð Þ ¼
Z
�ejx;z

Z vH

vL

yfe ejx; zð Þdedv ¼
Z
�ejx;z

fe ejx; zð Þ
Z vH

� aþxbþeð Þ
dv

 !

¼
Z
�ejx;z

vH þ a0 þ a1xþ eð Þfe ejx; zð Þde ¼ vH þ a0 þ a1xþ E ejx; zð Þ;

which implies that

E zyð Þ ¼ E z vH þ a0 þ a1xð Þð

which proves that a1 (and vH+a0) can be defined as the probability limit of the IV

regression of y on x. Put differently, once there exists an exogenous, large-support,

continuous regressor the parameters of the standard binary response model can be

estimated through straightforward linear regression. In a recent contribution, Magnac and

Maurin (2002) have shown that the large-support assumption can be replaced by a

symmetry assumption on the tail of the conditional distribution of e.
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