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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Abstract: The aim of this work is to test if family size is correlated with educational outcomes of pupils, analyzing data from the survey INVALSI 2011 on the 5th grade of Italian  primary school. Using a multilevel regression model we verified that children with only one sibling get math scores slightly  higher than only children, even with the same other observable characteristics, while children of large families (three or more siblings) obtain significantly worse average results. Furthermore, we also found the presence of a contextual effect that leads to worse scores for students attending classes with many children from large families.
Abstract : L'obiettivo di questo studio è quello di verificare se la dimensione familiare è correlata con il livello di apprendimento dei bambini, utilizzando i dati della rilevazione INVALSI 2011 sulla V primaria italiana. Tramite un modello di regressione multilivello si è verificato che, bambini con un solo fratello ottengono punteggi in matematica leggermente migliori rispetto ai figli unici, anche a parità di altre caratteristiche osservabili, mentre bambini provenienti da famiglie molto numerose (tre fratelli o più) ottengono in media risultati decisamente peggiori. Inoltre, è stato riscontrata anche la presenza di un effetto di contesto che porta a punteggi peggiori per gli alunni  frequentanti classi con tanti bambini provenienti da famiglie molto numerose.
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Introduction
Social and economic theories suggest that family size may affect the levels of children's learning and that, usually,  there is a trade-off  between quantity and "quality" of children (Becker and Lewis, 1973) where the latter is meant as academic performance. Some practical considerations suggest that large family size may have a negative effect on academic performance. Indeed, family resources are limited, especially in this time of crisis, and they must be divided among family members. In addition, in large families, children could be more committed to helping parents in the housework reducing, as a consequence, their time for studying. Family size is also related to birth order (Booth and Kee, 2005): the first born in any family always has a higher probability of being in a small family than those children born later in the birth order. This implies that children of large families may be positively affected by having older siblings who help them in studying or by having older parents with greater prior experience in children's education. By contrast, the older siblings of these families might be prematurely "overlooked" by parents or neglect the study to help  brothers and sisters. These issues highlight the need to test empirically the relationship between family size and level of children's learning.
This work, based on survey data INVALSI 2011, allows to highlight the relationship between family size and math score. We use a two levels random effects model to take into account the correlation between students attending the same class.
 It's important to emphasize that family size is endogenously chosen by parents and hence may be related to other, unobservable, parental characteristics that affect child outcomes. In order to deal with this estimation problem, some authors (Black et al, 2004) use “twin births” as instrumental variables to isolate causality, but unfortunately these informations are unavailable in our dataset. In this work we evaluate negligible the endogeneity problems at the individual level, and we solve the ones at the class level using a multilevel contextual model.
Data and preliminary analysis
In this study we use data from the survey conducted by the Italian national institute for the evaluation of the school system (INVALSI) in 2011 for children attending the 5th grade primary school. Although survey is census, we use only a sample of 1762 classes (32615 pupils[footnoteRef:2]) in which the evaluation tests of mathematics and Italian were administered by external staff. In addition, each student has compiled a questionnaire to collect individual information and socio-economic family information. Other variables were collected by school secretaries. Some of this information have been used by INVALSI to calculate the synthetic indicator ESCS[footnoteRef:3] (Economic, Social and Cultural Status). Variables considered in this work refer mostly to the pupils since the dataset does not include any school feature (e.g. public/private, urban/rural, etc) but only geographical area[footnoteRef:4]; then school hours and some individual variables aggregation were used as class variables. The focus of the study is to analyze the influence of the number of siblings on math score. [2:  	Some subsequent elaborations have smaller sample size for the presence of missing data. We 	consider consistent estimates under the assumption "missing at random".]  [3: 	ESCS is calculated by INVALSI through method of principal components.]  [4: 	The geographical division is conform with the definition adopted by PISA survey.] 

Some key statistics about the pupils are as follows: 50.6% are males, 93.8% were
born in Italy, 16.2% is only child, 55.7% has one sibling, 20.3% has two siblings, 4.8% has three siblings and 3.0% has four or more siblings ; 18.45% attend a school in North-West, 21.66% in North-East, 21.16% in Center, 20.47% in South and 18.27% in South-Isles. Math score is measured from 0 to 100 with mean 69.15.
Some variables of the questionnaire (e.g. homework) are intentionally omitted in our models to ensure that the estimate of the number of siblings effect on math score also captures any changes related to these omitted characteristics. 
The number of siblings distribution is different among geographical areas. Southern families are on the average larger than  northern ones. This highlights the need to perform assessments on family size effect on math score taking into account the geographical distribution of the sample (Table 1).


Table 1: Mean and standard deviation of math score by geographical area and number of siblings
	Geographical 
area
	
	Number of siblings
	 
	

	
	
	None
	One
	Two
	Three
	Four 
or more
	Total
	Sig.[footnoteRef:5] [5:  	Test by row. Kruskal-Wallis test for means and Bartlett test for standard deviations.] 


	North-West
	mean
	70.30
	70.60
	68.21
	66.85
	60.64
	69.64
	0.000

	
	s.d.
	15.29
	15.41
	16.26
	16.41
	17.68
	15.78
	0.000

	North-East
	mean
	70.17
	71.05
	69.03
	66.37
	60.64
	70.01
	0.000

	
	s.d.
	15.80
	15.22
	16.22
	16.89
	18.22
	15.80
	0.000

	Center
	mean
	70.35
	70.46
	69.40
	66.37
	63.70
	69.89
	0.000

	
	s.d.
	15.30
	15.35
	16.42
	16.26
	17.50
	15.69
	0.000

	South
	mean
	68.68
	69.24
	67.61
	66.82
	61.48
	68.41
	0.000

	
	s.d.
	16.74
	16.58
	17.98
	18.13
	20.58
	17.22
	0.000

	South-Isles
	mean
	67.70
	68.47
	66.99
	65.05
	60.85
	67.60
	0.000

	
	s.d.
	17.29
	16.75
	18.05
	18.64
	20.14
	17.41
	0.000

	Total
	mean
	69.70
	70.01
	68.18
	66.28
	61.47
	69.15
	0.000

	
	s.d.
	15.93
	15.88
	17.12
	17.34
	18.87
	16.40
	0.000




Scores are on the average better in  northern and central regions; however, in all geographical areas, children with one sibling have levels of learning on the average better than only children. Instead, children with more than one sibling, have worse scores on the average than those in smaller families and in particular children of large families (four or more sibling) have very low average scores. Furthermore, southern children and those from larger families have scores with greater dispersion.
These differences could be due to other confounding variables, e.g. ESCS. In order to control the several observed factors that affect this relationship we use a multilevel model considering also the presence of heteroskedasticity.
Multilevel analysis
1.1 Data modeling
We use a random intercept two-levels linear model with pupils at level 1 and classes at level 2, to accounting for the correlation of the pupils of the same class (Snijder and Bosker, 2011). We stratify the errors at both levels to consider the presence of  heteroskedasticity. The model can be written as:

where:  is the math score for the i-th pupil in the j-th class,  are the individual explanatory variables,  are the class explanatory variables,  are the class errors (with k strata of level 2 units) and  are the individual errors (with m strata of level 1 units); errors are assumed to follow a normal distribution; the covariates include both continuous variables and dummy variables. The variable "number of siblings" is coded as dummies, being aggregated information for the category "Four or more". This allows to take into account a possible non-linear relationship with the outcome variable. The importance of the hierarchical structure is synthesized by ICC (intraclass correlation coefficient) that measures the proportion of residual variance explained by the composition in classes. The inclusion of aggregate class variables about "number of siblings" allows to separate within and between effects: individual coefficients are interpreted as within class effect, while coefficients of the aggregate variables are interpreted as contextual effect. Unfortunately, available data do not contain information about the birth order. Estimates of the effect of  "number of siblings" take into account also the influence of this variable that can't be isolated. 
The model was fitted with Maximum Likelihood. The statistical significance was established using the Wald test for the regression parameters and the Likelihood Ratio test for the variances (Snijder and Bosker, 2011).
1.2 Results
We first consider an empty model (estimates not reported), with only intercept and homoskedastic errors. This model provides an ICC equal to 0.28. Thus, 28% of the variance of math score is due to the classes, justifying the use of multilevel model. The residuals analysis at both levels highlights the presence of heteroskedasticity.  Residuals at level 2 have greater dispersion in southern regions, whereas residuals at level 1 have greater dispersion if ESCS<0. 
The estimates for the subsequent models are reported in Table 2.


Table 2: Multilevel linear models with heteroskedastic errors. Response variable: math score. P-value in brackets.
	Variables
	Model 1
	Model 2
	Model 3

	Number of sibling (rif: none)
	 
	 
	 
	 
	 
	 

	One
	 
	 
	0.83
	(0.000)
	0.85
	(0.000)

	Two
	 
	 
	0.10
	(0.706)
	0.22
	(0.412)

	Three
	 
	 
	-1.11
	(0.008)
	-1.02
	(0.016)

	Four or more
	 
	 
	-3.86
	(0.000)
	-3.61
	(0.000)

	Female
	 
	 
	-2.13
	(0.000)
	-2.12
	(0.000)

	Foreigner
	 
	 
	-4.31
	(0.000)
	-4.36
	(0.000)

	ESCS
	 
	 
	3.52
	(0.000)
	3.50
	(0.000)

	Areageo (rif: North-West)
	 
	 
	
	
	
	

	North-East
	 
	 
	
	
	0.89
	(0.077)

	Center
	 
	 
	
	
	-0.88
	(0.105)

	South
	 
	 
	
	
	-1.08
	(0.144)

	South-Isles
	 
	 
	
	
	-2.51
	(0.001)

	Rel. Freq. one sibling
	 
	 
	
	
	1.56
	(0.432)

	Rel. Freq. two siblings
	 
	 
	
	
	-3.95
	(0.082)

	Rel. Freq. three siblings
	 
	 
	
	
	-0.32
	(0.930)

	Rel. Freq. four or more siblings
	 
	 
	
	
	-12.11
	(0.005)

	Intercept
	69.45
	(0.000)
	59.11
	(0.000)
	59.35
	(0.000)

	Other individual variables
	NO
	YES
	YES

	Other class variables
	NO
	NO
	YES

	Individual random effects
	 
	 
	
	
	
	

	sd(ESCS<0)
	14.55
	13.54
	13.55

	sd(ESCS>0)
	13.48
	12.69
	12.68

	Class random effects
	 
	 
	
	
	
	

	sd (North-West)
	6.70
	6.06
	5.81

	sd(North-East)
	6.11
	5.57
	5.21

	sd(Center)
	7.06
	6.42
	6.25

	sd(South)
	11.03
	10.60
	10.39

	sd(South-Isles)
	11.47
	10.41
	9.89

	AIC
	259661.81
	230004.34
	229918.82




The estimation of empty model with heteroskedastic errors (Model 1) confirms an higher standard deviation at level 1  if ESCS<0 and higher standard deviations at level 2 for southern regions.
The model with only individual variables (Model 2) shows that, ceteris paribus, worst results are achieved by females than males, by foreigners than Italians and that ESCS has a positive effect on math scores. In particular, the number of siblings’ estimates shows that children with one sibling get on the average 0.83 points higher compared to only children, while children with two siblings get the same results as only children. With the increase of the number of siblings the expected outcome becomes significantly worse, in particular 1.11 points lower for children with three siblings and even 3.86 points lower for children with four or more siblings.
The model with class variables (model 3) shows outcome significantly worse in the South-Isles. The class relative frequencies about number of siblings allows us to separate within and contextual effects. If the class has an high percentage of children who come from very large families (four or more siblings), individual math scores are worse. In this model, the coefficients of the individual variables are purged to the contextual effect: we observe that, children with three or more siblings continue to have worse outcomes than only children even in the same class context, although with slightly smaller differences compared to the previous model. Children with only one sibling continue to have better outcome than only children.
Conclusions
The results of these analysis show  that the average levels of learning in mathematics are not immune to influences due to family composition, but are partly unexpected. Children with only one sibling, in fact, obtain better results than only children. Probably the second son of a family with two children is positively affected by the help and influence of his older sibling which, for his part, is  not negatively affected by the attention that parents give to the younger sibling. When, instead, the family is very large, educational outcomes are significantly worse: family resources should be divided by a larger number of children who get so low pro-capita share. In particular minor children get a residual share of these resources, but on the other hand, major children are more often engaged in helping parents in housework and in the care of younger siblings and are prematurely overlooked. In general, we found a non linear relation between number of siblings and educational outcomes. Estimated effects take into account also the influence of birth order that can't be isolated.
We have also observed that part of the effect of family size is due to the common context in which larger families live, not very favorable to the improvement of learning levels.
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