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Introduction

by Patrizia Falzetti

Agenda 2030 for Sustainable Development is a shared action plan for
people, for the planet and for prosperity, adopted in September 2015 by the
193 United Nations (UN) Member States. The guidelines of this journey are
summarized by 17 Sustainable Development Goals (SDGs) and the associ-
ated 169 Targets approved by the UN, with the shared aim to reach them by
2030.

The SDGs take into account, in a well-balanced way, the three funda-
mental dimensions of sustainable development: economic growth, social in-
clusion and environmental protection. The wish is that the goals setting and
achievement can promote interventions in these areas and ensure a better
present and future for our planet and for all the people that live on it.

The SDGs are deeply interconnected: ensure inclusive and equitable
quality education for all (Goal 4) means to offer equal opportunities to wom-
en and men (Goal 5); to ensure healthy lives and promote well-being (Goal
3) requires a healthy planet (Goal 6, 13, 14 and 15); decent work for all (Goal
8) needs to reduce the inequality (Goal 10). This volume, composed of 7
chapters, discusses 3 of the SDGs: to ensure inclusive and equitable quali-
ty education, to achieve gender equality and to reduce economic inequality
within and across national borders.

To study these phenomena, the authors of the volume, that work all for
the INVALSI Statistical Office, have exploited the databases of the Institute.
The INVALSI national and international surveys provide a valuable resource
to investigate the characteristics of the Italian school system, to define the
potential support and development interventions and they allow comparing
the students’ achievement and the learning context of several Countries.

The first two chapters are tied to Goal 10. In the first chapter, the inequal-
ities in the Italian educational field are described; these inequalities result

7
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in an unequal distribution in the Italian territory of the possibility to reach
an adequate learning level. In the second chapter, the social and economic
differences are analysed in relation to a topic as current as ever: the Covid-19
pandemic. The emergency situation has highlighted how the above-men-
tioned differences are not restricted to the healthcare system but they affect
many other aspects of human life, including education.

The third and fourth chapter focuses on Goal 5 (achieve gender equality
and empower all women and girls). In the third chapter, the gender gap is
studied analysing the trend of student’s academic performance from the first
to the second cycle of education; in the fourth chapter, the same theme is in-
vestigated analysing the results in Maths with respect to the socio-economic
background in order to verify if better conditions lead to a wider gap.

The fifth and the sixth chapter (Goal 4) analyses the academic achieve-
ment of the foreign students. The extended literature on this topic shows
that performances are poorer for immigrant students than their native peers.
In chapter five, it is exploited the data from the international survey, OECD
PISA 2018, whereas, in the following chapter the learning differences be-
tween the two groups are studied using the data from the national survey of
the scholastic year 2018/2019. The seventh and last chapter (Goal 4) investi-
gates a problem that requires an appropriate and effective political response:
the school dropout. The phenomenon is itself complex and it is characterized
by the combination of personal, social, economic, and educational factors,
usually associated with a condition of socio-economic disadvantage. The
chapter allows monitoring the transition of the students between the lower
and the upper secondary school, a delicate and fundamental step of the stu-
dent’s life in which dropout prevention programs are essential.

Aware that ensuring inclusive and equitable quality education for all is
fundamental to improve the lives of people, we wish the volume reading
encourages the discussion about possible ameliorative interventions and it is
a starting point to measure potential progress.

8
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1. Territorial inequalities in education:
some aspects related to the territory

by Emiliano Campodifiori, Patrizia Falzetti, Michele Marsili

This work aims to describe the existence of inequalities in Italy’s educa-
tional field, which translate, in practice, into an unequally distributed possi-
bility of achieving an adequate level of learning. Alongside the description
of the phenomenon by means of cartograms that illustrate the regional per-
centage distribution of students in difficulty or in implicit drop-out' in the
last year of upper secondary school, a research is conducted on the potential
determinants of these territorial inequalities; for this purpose, multiple and
logistic regression models are used to evaluate the impact on the proficiency
level of a series of variables related to students (socio-economic cultural
background, origin of the student etc.) and to the municipal area of the high
school attended (unemployment rate, size of the Municipality, etc.). The pro-
ficiency level is measured by standardized test carried out by INVALSI (The
Italian National Institute for the Evaluation of the Education and Training).
The study ends with a cluster analysis in order to group the Italian munici-
palities by similar territorial characteristics and to highlight any associations
with the percentage of students in difficulty. In the analyses presented, we
went beyond the regional average, using variables at the municipal level in
order to intercept determinants related to the sub-regional territory that have
proved to be significant for the students’ achievement; regression models
suggest that municipal territorial characteristics such as the youth unemploy-
ment rate and the demographic size of the municipality have a significant
impact on the level of learning achieved and/or on the probability of reaching
the end of the upper secondary school without repetition; the cluster analysis

! By “students in difficulty” we mean those who do not reach the expected proficiency
level in Italian or Mathematics at the end of the upper secondary school; with “students in
implicit drop-out” we intend here those who do not reach the expected proficiency level at the
end of the upper secondary school in any of the subjects covered by the INVALSI assessment.

9
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finally made it possible to identify territorial realities in contrast with the
regional averages, “excellent” contexts within regions or macro-areas char-
acterized by a low level of learning.

1. Literature

On September 25, 2015, the United Nations approved the 2030 Agenda for
sustainable development and the 17 Sustainable Development Goals (SDGs
in the English acronym), divided into 169 targets to be reached by 2030.

The document expresses a clear opinion on the unsustainability of the
current development model on different levels, environmental, economic
and social. All countries are called to participate, each according to the lev-
el of development achieved. In essence, each country is asked to define a
sustainable development strategy that allows reaching the SDGs, account-
ing for the results obtained through a process coordinated by the UN. In
order to achieve the objectives, it is necessary to involve all components of
society from businesses to the public sector, from civil society to philan-
thropic institutions, from universities and research centers to information
and culture operators.

In the list of 17 Sustainable Development Goals (SDGs), objective 10,
Reducing inequality within and among nations is the one taken into consid-
eration in this work.

2. Objective

The object of this work is to identify the existence of educational ine-
qualities within Italy. A targeted study will show the situation throughout
the national territory, demonstrating that access to education is not equally
distributed throughout the national territory as well as the achievement of
adequate levels of functional learning to the pursuit of active citizenship.

After the description of the aforementioned phenomena, the work con-
tinues by analyzing some of the potential determinants of this inequality in
order to be able to get ideas for intervention policies, also going to “isolate”
or circumscribe geographic environments characterized by common aspects
that lead to educational failure. The whole study focuses on the identification
of areas of the country characterized by the phenomenon of inequality in or-
der to verify in the following years its reduction as foreseen in the objectives
of Agenda 2030.

10
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3. Research hypotheses

The regional differences in Italy have been studied and are evident (IN-
VALSI, 2019) as shown in Figures 1, 2 and 3. The first two figures shows,
differentiating by school subject, the percentage of students in difficulty in
the last year of upper secondary school, i.e. students who do not reach ex-
pected proficiency level® in Italian literacy or Mathematics at the end of the
upper secondary school (Loth, 2019).

Figure 3 shows an even more worrying overview as it represents the dis-
tribution of the so-called “implicit drop-out” (Ricci, 2019b) phenomenon,
that is when a student do not reach the expected proficiency level at the end
of the upper secondary school in Italian literacy, Mathematic and English
Language (Reading and Listening).

Part Studsrti In 5

Fig. 1 — Percentage of students in difficulty in Italian literacy in the last year of the
upper secondary school by region. The center value of the green (less critical) -red
(more critical) diverging colour palette is 33%

2 The proficiency level in a given subject is the level assigned to the student based on the
score obtained in the standardized test administered by INVALSI, the National Institution that
carries out the learnings assessment in Italy. Each proficiency level is associated with a de-
scription of the specific skills student has acquired in that subject; this classification includes 5
levels in Italian literacy and Mathematics (1 is the lowest proficiency level, 5 the highest) and
3 in English (Pre-B1, B1 and B2 with B2 the highest proficiency level); the expected level of
competence is the level corresponding to the set of skills considered minimum or sufficient:
level 3 in Italian literacy and Mathematics, level B1 in English.

1
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Fig. 2 — Percentage of students in difficulty in Mathematics in the last year of the
upper secondary school by region. The center value of the green (less critical) -red
(more critical) diverging colour palette is 33%

Fig. 3 — Percentage of students in implicit drop-out in the last year of the upper
secondary school by region. The center value of the green (less critical) -red (more
critical) diverging colour palette is 33%

The geographical differences are very clear if we consider the regional
territories. The present work tries to find which characteristics can have more
or less impact on the inequalities highlighted starting from a geographical
breakdown at the municipal level, finer than regional data.

12
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4. Data

INVALSI periodically detects students’ learning at the end of certain spe-
cific school grades.

In particular, in primary school, the survey, in paper format, takes place
in grades® 2 and 5; in lower secondary school, it takes place in grade 8, up to
the school year 2016/17 in paper form and by the SY 2017/18 in Computer
Based Test (CBT) mode; in upper secondary school from the SY 2017/18
in CBT mode (previously on paper) involves grade 10 and, from the SY
2018/19 in CBT mode, also grade 13 (INVALSI, 2019).

The data used take into account all the cohort that in the SY 2013/14
completes grade 9 and which should therefore have reached the end of the
SY 2018/19 in the fifth year of the upper secondary school.

The 2013/14 school cohort at 8" grade (III class of lower secondary
school) is equal to 515,543 students, of whom about 67% take the grade 13
(last year of the upper secondary school) test in 2019, i.e. without having
repeated a single year throughout the secondary school cycle. In 2016, 11%
of students repeat grade 9, a slice is the one that goes to vocational training,
the rest either repeats the years during the upper secondary school or leaves
school*.

The test taken by students in 8" grade in 2014 is paper-based, the one
taken by students in grade 13 in 2019 is in CBT format. A clarification on the
two types of models is due: the first in paper format must take into account
the so-called cheating effect, the second instead is not affected by any type
of external disturbance (Ricci, 2019a).

Cheating is a phenomenon that spread like wildfire for the first years of
administration of the INVALSI tests and in some regions in particular; it is
an opportunistic behaviour held in class by students (student cheating) or
by the teacher (teacher cheating) that affects the result of some schools that
find themselves having overestimated results compared to the real situation.
Student cheating is the action of students to copy from other students or from
books or other sources; teacher cheating is an action conducted by teachers,
intended to provide answers to students, or to let students do student cheat-
ing (Agasisti, Falzetti and Freddano, 2015).

3 By school “grades” we mean the year of schooling attended by the student: in primary
school we have the first 5 grades, in lower secondary school we have grade 6 7 and 8 and
finally in upper secondary school we have grades from 9 to 13.

* Obviously there is a small missing portion due to mismatch of SIDI codes (serial num-
ber attributed to the student upon entering the school system) of the student; private students
and those who have not voluntarily taken the test must also be considered missing.

13
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To deal with this problem, INVALSI uses a procedure for identifying the
so-called “propensity” to cheating index which is used to correct the ob-
served score obtained by students (Longobardi, Falzetti and Pagliuca, 2018).
Therefore, the student scores obtained in 2014 are re-modulated according to
the procedure described above.

5. Methods

We used for this analisys two kind of models: a regession analysis (linear
and logistic) and a cluster analisys (Anderson, 2003).

The first aspect analyzed was the effect on the dependet variable (the
score in Italian literacy and in Mathematics at the end of the upper secondary
school) of some individual and geographical variables.

This effect has been studied through a multivariate linear regression mod-
el, such as the one indicated below:

Yi:a+leil+BZXi2+"'+anin+8i [1]5

The second aspect addressed is the analysis of the student’s probability to
reach the last year of the upper secondary school without repetition.

Logistic regression® (Mccullagh and Nelder, 1989) is used when the de-
pendent variable Y is categorical. In the specific case of this work, the de-
pendent variable is dichotomous, that is, it assumes only two values: it will

5 Where:
Y, = performance of the “i” student for i=1,..,m;
a = the intercept, i.e. the average value assumed by Y when {X,, ..., X } = 0;
B, = the first linear regression coefficient that expresses the average variation of the variable
Y for a unit variation of the variable X1;
B, = n-th linear regression coefficient that expresses the average variation of the variable Y for
a unit variation of the variable X ;
X,, = first explanatory variable, for example the “i” student’s entry score;
X,, = n-th explanatory variable, for example the “i”” student’s socio-economic cultural back-
ground,
¢, = is the error term, i.e. the difference between the Y value actually observed and the theoret-
ical value predicted by (1). This difference represents the part of data variability that the set of
explanatory variables cannot explain.

¢ Logit models take a general form of:

eu
1+e"

where is the classic linear regression
u=A+BX +BX,+...+BX,

POY=1[X}, ..., X,) =

14
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be “1” when the student has reached grade 13 without losing any year during
the 5 years of upper secondary school, “0” in the remaining cases.

With this method it is possible to calculate the probability that the de-
pendent variable is equal to 1 conditional on different explanatory variables
inserted in the models.

The third and final aspect dealt with the identification of groups of similar
schools by profile through cluster analysis.

Cluster analysis is an unsupervised data mining technique that “learns”
from the available data without receiving examples from already labelled
data.

A clustering algorithm’ is able to group together objects having similar
characteristics, therefore clustering means the segmentation of a heterogene-
ous group into homogeneous subgroups (clusters).

6. Results and discussion

The first approach presented in this paper is the one that takes into ac-
count the Rasch scale score (Bond and Fox, 2007) obtained at the end of
upper secondary school as a dependent variable and a set of explanatory
variables expression of student characteristics (entry score, origin of the stu-
dent, etc.) or characteristics of the high school attended (type of high school,
private or public school) or, finally, of the municipality of the high school
(unemployment rate, municipality size, etc.) (ISTAT, 2011).

It should be noted that in these models only students who arrive in 13t
grade and without any missing values on all variables are taken into considera-
tion, in particular, the score at the 8 grade INVALSI tests in 2014. This means
that the target population is the students reaching 13 grade without repeating.

In particular, the model 1 involves only two explanatory variables at the
student level: the score at the grade INVALSI tests and the socio-economic

with the constant A, coefficients B; and predictors X.. The coefficients can be estimated via
maximum likelihood estimation; the aim is to find the best linear combination of predictors
that maximizes the likelihood of obtaining the frequencies of the observed results.

" The clustering algorithms can be divided into two group according on the technique the
clusters are generated: agglomerative clustering algorithms that begin by placing each object
in its own cluster and then group iteratively until a specific condition is reached and divisive
clustering algorithms that begin by inserting all the objects in the collection into a single clus-
ter and then iteratively separate it into smaller clusters until a specific condition is reached.
In both cases, the result is a set of clusters containing one or more objects. Regardless of the
approach used, the clustering algorithms are all based on a purely geometric metric, which
allows you to identify how similar two objects are to each other.

15
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background, ESCS index (Campodifiori et al., 2010). In the following model
other variables are included, some of them related to students and others to
the school type; in the third model, the variable entered relates only to the
municipality size to which the school attended belongs; finally, in the fourth
model, the variables connected to the socio-economic aspects of the munici-
palities themselves are included.

We conducted two different analyses, one for each INVALSI test subject
(Italian literacy and Mathematics) and results are shown below.

In Table 1 (Italian literacy test) the RZ adjusted increases from the Model 1
to the model 4. If we consider the first two explanatory variables, the 8" grade
score and the family background we have R2 value equal to 0,34, it means that
the model explain the 34% of the variability of the dependent variable.

Tab. 1 — Results of the OLS regression model applied to Italian Literacy test data for
students in grade 13

Variables Model 1 Model 2 Model 3 Model 4
Beta Sig. Beta Sig. Beta Sig. Beta Sig.
Grade 8 Mathematics entry score 0.53 0.00 0.45 0.00 0.45 0.00 0.41 0.00
Grade 13 student ESCS index 0.16 0.00 0.09 0.00 0.09 0.00 0.07 0.00
Foreign student 0.01 0.00 0.01 0.00 -0.02 0.00
Repeating student at fower:secondary 20.04 0.00 -0.04 0.00 -0.04 0.00
High school type: Lyceum 0.18 0.00 0.18 0.00 0.20 0.00
High school type: Vocational Institute -0.13 0.00 -0.13 0.00 -0.13 0.00
Attending a private school at grade 8 0.05 0.00 0.05 0.00 0.03 0.00
Attending a private school at grade 13 -0.06 0.00 -0.06 0.00 -0.06 0.00

Change of the municipality from grade 8 0.02 0.00 0.03 000 -0.01 0.00
school to grade 13 school

Municipality with more than 100,000 in-

habitants* 0.04 0.00 0.03 0.00

Youth unemployment rate* -0.14 0.00
Number of museums or similar institu-

tions per square km of the municipality* 0.040.00
Numbfer of a}ctive No-Profit lgc.al upits per 0.06 0.00
1,000 inhabitants of the municipality™

Percentage of single-parent families™ 0.01 0.00
Percentage of employees in the industry* 0.05 0.00
Adjusted R-squared 0.34 0.40 0.40 0.43

Note: * 2011 Population census data (ISTAT).
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In the next two models the variability explained by the model increases to
40%. We observed a small impact of the variable added from the second to
the third model; in the fourth model, the addition of a set of variables related
to the social and economic aspects of the municipality increase the explained

variability to 43%.

Regarding the Mathematics’ model (Table 2), we did not find a large dif-
ference. The most important differences are in of the first model, which is
higher for Mathematics than Italian literacy and in the coefficients of the first
two explanatory variables: the 8t grade score than the family background.

Tab. 2 — Results of the OLS regression model applied to Mathematics test data for

students in grade 13

Variables Model 1 Model 2 Model 3 Model 4
Beta Sig. Beta Sig. Beta Sig. Beta Sig.
Grade 8 Mathematics entry score 0.57 0.00 0.53 0.00 0.53 0.00 0.49 0.00
Grade 13 student ESCS index 0.12 0.00 0.08 0.00 0.08 0.00 0.06 0.00
Foreign student 0.02 0.00 0.02 0.00 0.00 0.03
Sepeating student at lower secondary 0.03 0.00 -0.03 0.00 -0.03 0.00
High school type: Lyceum 0.03 0.00 0.03 0.00 0.04 0.00
High school type: Vocational Institute -0.17 0.00 -0.17 0.00 -0.17 0.00
Attending a private school at grade 8 0.04 0.00 0.04 0.00 0.02 0.00
Attending a private school at grade 13 -0.04 0.00 -0.05 0.00 -0.05 0.00
gls‘iﬁfilotztgfac‘{;ugcégﬁgz from grade 0.02 0.00 0.03 0.00 -0.01 0.00
i\r/llllll:é?tl:;ttiy with more than 100,000 0.02 0.00 0.03 0.00
Youth unemployment rate* -0.12 0.00
Naber of s s
Number Qf act‘ive No-Profit l().C?.ll upits 0.05 0.00
per 1,000 inhabitants of the municipality*
Percentage of single-parent families* 0.00 0.13
Percentage of employees in the industry* 0.06 0.00
Adjusted R-squared 0.36 0.40 0.40 0.43

Note: * 2011 Population census data (ISTAT).
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Generally, the Model 4 suggests that the most important positive factors
for both the subjects in grade 13 students’ score are their social, economic
and cultural background, the 8t grade score, the high school type (Lyceum
vs Vocational Institute), while the youth unemployment rate of the munic-
ipality has a negative impact; also other territorial characteristics such as
the municipality size, the number of the museums or no-profit associations,
the percentage of the industry sector employees are significant but have a
smaller positive impact.

The next logistic regression (Agresti, 2018) shows the factors related to
the territorial level on learning in order to evaluate the impact on the achieve-
ments of the 13t grade not repeating students. The dependent variable used
is being or not in 13 grade in 2019 and the explanatory variables concerns
the individual characteristics of the students, such as elements relating to the
student’s family and others relating to the municipal area of belonging.

The strong negative impact of being a repeating students at lower sec-
ondary school is very clear: the estimated odds is 0.2 times that of students
not repeating. Being a foreigner also has a negative impact: for every native
student who reaches the last year of high school, only 0.48 foreign students
are able to do that; the other fundamental variable is having had low scores
in Italian literacy and Mathematics at INVALSI test at the end of the low
secondary school, these scores prove to be particularly predictive of the stu-
dent’s subsequent academic success. Students with a top quartile score in
both subjects in 8th grade tests in 2014 are less likely to reach grade 13 on
schedule.

The variables at the municipal level which appear most relevant in a pos-
itive way are the size of the municipality, the percentage of employees in the
industry sector and the greater presence of museums.

All the other variables have a lower incidence, but are statistically signif-
icant, with the exception of the greater presence of hotels.

Before proceeding to the cluster analysis we observe on maps the dis-
tribution of the above mentioned phenomena, considering the municipality
classified according to the number of their students. The images below are
to be compared to the above mentioned regional maps (Figure 1, 2 and 3).
Below there are the distribution of the low-performing students on the whole
territory. This distribution considers only the student’s cohort that has per-
formed the 8™ grade test in 2014 and the 13t grade test in 2019. For this
reason, Figures 4 to 11 show only the municipalities with students belonging
to the cohort defined before (1,060 municipalities). The first graphs of Italian
(Figure 4) and Mathematics (Figure 8), shows the distribution of all the mu-
nicipalities. The next three graphs (Figures 5, 6 e 7 for Italian, Figures 9, 10 e
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11 for Mathematics) divide the municipalities into three categories according
to the amount of the residing students. The three categories are:

1) up to 100 students;

2) between 101 and 250 students;

3) more then 250 students.

Fig. 4 — Distribution of students in difficulty in Italian literacy the last year of upper
secondary school for all municipalities. The center value of the green (less critical)
-red (more critical) diverging colour palette is 33%

As we can see from the graph above, the distribution is not homogeneous
across the regions if we consider categories of students.

This means that even within areas with a low “level” of inequality, there
are some municipalities that instead show strong differences compared to
their surrounding context.

Both in Italian and Mathematics, for example, there are groups of neigh-
bouring municipalities between Puglia and Basilicata which have relative-
ly small percentages of low-performing students. In Puglia they are mainly
concentrated in the provinces of Bari, Taranto, Barletta-Andria-Trani and
Lecce, in Basilicata they are concentrated in the province of Matera. This
group mainly concerns municipalities with a student population which do
not exceed 250 students (Figures 5-6, 9-10), including some provincial cap-
itals. In particular, in Italian literacy the municipalities of Matera, Trani and
Barletta show low percentages of low-performing students (Figure 7). Simi-
lar groups are not observed in other southern regions. All provincial capitals
have more than a third of students which are low performing in both subjects.
The exceptions are Cagliari, Nuoro and Ragusa in Italian literacy and only
Ragusa in Mathematics.
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Fig. 5 — Distribution of students in difficulty in Italian literacy in the last year of
upper secondary school for all municipalities with 1 to 100 students. The center
value of the green (less critical) -red (more critical) diverging colour palette is 33%

Fig. 6 — Distribution of students in difficulty in Italian literacy in the last year of
upper secondary school for all municipalities with 101 to 250 student. The center
value of the green (less critical) -red (more critical) diverging colour palette is 33%

22

ISBN 9788835123330




o
S "Ll;"’:. .
Rk S
. s e Aty
S Vg
e (- -u%
F o
' . 9& oy
P -
ﬁﬁﬂml‘
.Q’ oty
= :?:"na%
e F Ql-, o ’&%
- .
Y =
v -
- B P
Do oy b
&
"\aﬂ‘:&?;

Fig. 7— Distribution of students in difficulty in Italian literacy in the last year of up-
per secondary school for all municipalities with more than 250 students. The center
value of the green (less critical) -red (more critical) diverging colour palette is 33%

Fig. 8 — Distribution of students in difficulty in Mathematics in the last year of upper
secondary school for all municipalities. The center value of the green (less critical)
-red (more critical) diverging colour palette is 33%
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Fig. 9— Distribution of students in difficulty in Mathematics in the last year of upper
secondary school for all municipalities with I to 100 students. The center value of
the green (less critical) -red (more critical) diverging colour palette is 33%

Fig. 10 — Distribution of students in difficulty in Mathematics in the last year of
upper secondary school for all municipalities with 101 to 250 students. The center
value of the green (less critical) -red (more critical) diverging colour palette is 33%
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Fig. 11 — Distribution of students in difficulty in Mathematics in the last year of up-
per secondary school for all municipalities with more than 250 students. The center
value of the green (less critical) -red (more critical) diverging colour palette is 33%

Another aspect observed at the regional level (Figure 3) is the so-called
implicit drop-out of students in the last year of secondary school (SY. 2018-
19). In this case, all outgoing students are considered, including those who
have repeated several years in secondary school. For this reason figures 12
to 15 shows only the municipalities with at least one upper secondary school
(1,437 municipalities).

In the first graph (Figure 12) all the municipalities are mapped, in the oth-
ers (Figures 13, 14 and 15) the classification of the municipalities indicated
above is used.

As can be seen from the figures below (Figures 12, 13, 14 and 15) the
differences between macro-areas are quite clear, with the south having the
highest percentages of implicit drop-out regardless of the municipal size tak-
en into consideration.

In particular, in Puglia in the provinces of Taranto and Foggia, in Calabria
in the provinces of Cosenza and Crotone and in Sicily in the province of Agri-
gento. Even in municipalities with a larger student population, the share of stu-
dents who do not reach the minimum proficiency levels is greater than a third.

Most of the municipalities in central and northern Italy have percentages
of less than 10%. Exceptions are some groups of municipalities between
Tuscany and Liguria, some of the largest municipalities in the province of
Rome (Figure 15), groups of municipalities between the province of Frosi-
none and that of Latina and some small or medium-sized municipalities in
Umbria, mainly concentrated in the province of Perugia (Figures 13 and 14).
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As observed in the maps of the distribution of students in difficulty, even
in the case of implicit drop-out it is possible to identify groups of munici-
palities in the south with values in contrast with the regional data. This is
the case of the province of Lecce, Bari and Barletta-Andria-Trani in Puglia,
the province of Palermo and Ragusa in Sicily and some small neighbouring
municipalities in the provinces of Salerno and Avellino (Figures 13 and 14).

Fig. 12 — Implicit drop-out distribution in the last year of upper secondary school
for all municipalities. The center value of the green (less critical) -red (more critical)
diverging colour palette is 10%

Fig. 13 —Implicit drop-out distribution in the last year of upper secondary school for
all municipalities with 1 to 100 students. The center value of the green (less critical)
-red (more critical) diverging colour palette is 10%
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Fig. 14 — Implicit drop-out distribution in the last year of upper secondary school
for all municipalities with 101 to 250 students. The center value of the green (less
critical) -red (more critical) diverging colour palette is 10%

Fig. 15— Implicit drop-out distribution in the last year of upper secondary school for
all municipalities with more than 250 students. The center value of the green (less
critical) -red (more critical) diverging colour palette is 10%

The last analysis performed, the cluster analysis, attempted to group the
municipalities by similar characteristics and highlight any associations with
the phenomena of interest studied so far, that is, percentage of students who do
not reach the last year of upper secondary school without repeating a school
year, percentage of students in difficulty in Italian literacy or in Mathematics.

In particular, two distinct cluster analysis were carried out using the mu-
nicipalities as units; for the first clustering the following variables were used:
number of hotels, museums per inhabitant, employees in the industrial sector,
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percentage of commuters, youth unemployment rate and percentage of stu-
dents in difficulty in Italian (Figures 16-19); for the second clustering were
used: number of hotels, museums per inhabitant, employees in the industrial
sector, percentage of commuters, youth unemployment rate and percentage
of students in difficulty in Mathematics (Figures 20-23).

Below we show some exemplificative images of how the regional reali-
ties in some cases are “bypassed” and mixed environments are created.

As highlighted by the cartograms below (Figures 16-17), the municipali-
ties of Cluster 1 are mainly located in the south (in more than 90% of cases),
the municipalities of Cluster 2 and Cluster 3, on the other hand, are mainly
located in the Center-North.

The largest municipalities belong to Cluster 3, including all the metropol-
itan cities of the Center-North.

The municipalities of Cluster 2 are on average smaller in size, with an
average population per municipality of about 20 thousand inhabitants.

The municipalities of Lazio mainly belong to Cluster 1 and Cluster 3 (the
municipalities of the province of Latina and Frosinone). Some municipalities
such as Cisterna di Latina and Aprilia are exceptions, characterized by many
residents employed in the industry sector, which belong to Cluster 2.

In the south, the only provincial capital that does not belong to Cluster
1 is Ragusa. As previously mentioned, membership in Cluster 3 in this case
is partially justified by relatively low percentages of students in difficulty in
the two subjects.

oem

Fig. 16 — Percentage of students in difficulty in Italian literacy in the last year of
upper secondary school divided into clusters represented throughout the national
territory
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Fig. 17 — Percentage of students in difficulty in Italian literacy in the last year of
upper secondary school belonging to cluster 1
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Fig. 18 — Percentage of students in difficulty in Italian literacy in the last year of
upper secondary school belonging to cluster 2

29

ISBN 9788835123330



X [ Cluster 3

L2

Fig. 19 — Percentage of students in difficulty in Italian literacy in the last year of
upper secondary school belonging to cluster 3

oEm

Fig. 20— Percentage of students in difficulty in Mathematics in the last year of upper
secondary school divided into clusters represented throughout the national territory
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Fig. 21 — Percentage of students in difficulty in Mathematics in the last year of upper
secondary school belonging to cluster 1

1 Ot 2

Fig. 22 — Percentage of students in difficulty in Mathematics in the last year of upper
secondary school belonging to cluster 2
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Fig. 23 — Percentage of students in difficulty in Mathematics in the last year of upper
secondary school belonging to cluster 3

Table 4 shows the averages of the variables within each group. In this way
it is possible to understand the characteristics of the units within each group.

Tab. 4 — Averages of the variables within each cluster

Variables Cluster
1 2 3

Number of hotels and accommodation facilities per 1,000 in-

habitants of the municipality 112 0.77 6.04

Number of museums or similar institutions per 1,000 inhabit-

ants of the municipality 0.06 0.06 0.16

Percentage of employees in the industry 11.61 31.07 12.63
Percentage of commuters for work reasons 2523  36.62 3443
Percentage of low-performing students (Italian) 4236 1933 21.11
Youth unemployment rate 47.40  25.01 26.94

Cluster 1 includes municipalities with a low number of hotels, a low num-
ber of museums per inhabitant, a low percentage of employees in the indus-
trial sector, a low percentage of commuters, high rates of youth unemploy-
ment and a high percentage of students in difficulty in both subjects.

Cluster 2 includes municipalities with a low number of hotels, a low num-
ber of museums per inhabitant, a high percentage of employees in the indus-
trial sector, a high percentage of commuters, low youth unemployment rates
and a low percentage of students in difficulty in both subjects.
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Finally, Cluster 3 includes municipalities with a high number of hotels, a
high number of museums per inhabitant, a low percentage of employees in
the industrial sector, a high percentage of commuters, low rates of youth un-
employment and a low percentage of students in difficulty in both subjects.

Cluster 1 is further away than Cluster 2 and Cluster 3 (Table 4). The
greatest distance is observed between Cluster 1 and Cluster 2 (Euclidean
distance 39.24), while Cluster 2 and Cluster 3 are much closer (Euclidean
distance 19.48).

7. Conclusions

The complete regression model (Model 4) achieves a good level of varia-
bility explained and highlights a significant impact of variables related to the
municipal territorial reality on the students’ final score achieved: the youth
unemployment rate first, but also other municipal characteristics, although
with a weaker impact such as the number of inhabitants of the municipality,
the more or less accentuated presence of museum institutes and/or local units
of no-profit organizations and the percentage of industrial workers. In sum-
mary, the regression confirms the presence of a significant link between the
student’s performance in Italian and Mathematics and the socio-economic
characteristics of the municipality of residence of the high school attended.

The logistic model has highlighted that, in addition to individual factors,
also the variables at the territorial context have a significant impact on the
probability of reaching the last year of upper secondary school within the
foreseen times. In particular, the variables on the employment context and
the demographic ones seem to be the most relevant.

The analyses conducted show profound inequalities at territorial level.
The following cluster analysis allow us to better identify the differences be-
tween the municipalities.

In particular, the Cluster Analysis made it possible to “isolate” three ge-
ographic environments characterized by common aspects. Although the mu-
nicipalities with the most difficult schools are almost exclusively concentrat-
ed in the south, some territorial realities emerge that seem to go against the
trend, mainly in Puglia.

In central Italy, on the other hand, the municipalities of "lower” Lazio are
in contrast with the rest of the municipalities in the macro-area. More than
half of these municipalities, in fact, belong to the Southern School Cluster.

In Italy, in order to satisfy the Goal 10 of the Agenda 2030, with the aim
of monitoring the inequalities, it is necessary to reduce to a minimum territo-
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rial breakdown. It is also one of the principles of Agenda 2030: “no leaving
one behind”. A municipal-level analysis in the educational outcome is capa-
ble of facing this challenge.
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2. Doing school but not at school:
territorial peculiarities and socio-economic
inequalities in access to distance learning

by Cecilia Bagnarol, Silvia Donno, Veronica Riccardi

Covid-19 pandemic has strongly highlighted how social and economic
differences among and within countries can contribute to increase many in-
equalities in health care and also in many other aspects of people’s lives,
including education.

This study aims to investigate, within the Italian national territory, how
the transfer of all educational activities in the digital classroom affected home
as the only physical learning environment. In fact, domestic environment,
characterized by possession of adequate technological spaces and tools, can
be discriminatory for certain sections of the population.

Census data from the INVALSI 5th grade Student Questionnaire for the
academic year 2018/2019 are used. Through georeferencing of schools, we
brought to light some territorial peculiarities, not always predictable, based
on socio-economic and cultural background of students. To deepen the size
and dimension of these differences can be useful for setting the prospective
strategies of action.

1. Home as a learning environment

Attention to the learning space has prompted reflections, pedagogical and
beyond, for some decades already. If we consider that the founding fathers of
pedagogical activism, putting the student in the foreground, clearly identified
a key role of the context in the teaching and learning processes, we can say
that school environment is one of the undisputed protagonists of research,
experimentation and clashes of ideas by philosophers, psychologists, peda-
gogists and architects for more than a century.
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To define the learning environment, it is useful to resort to the construc-
tivist paradigm that defines it as the place “where students can work together
and help each other to learn how to use a multiplicity of tools and information
resources in the common pursuit of learning objectives and problem-solving
activities” (Wilson, 1996, p. 5). The space is therefore considered as a “third
educator” (Malaguzzi, 2010) and plays a decisive role in determining the
quality of learning: classrooms, laboratories, corridors, architectural form of
the building, colors of the walls, furnishings, teaching materials. All this, and
much more, creates the context in which students live, learn, experience, and
enter into relationship with others (Mocini¢ and Moscarda, 2016).

Thinking about the Italian context, to which this study is dedicated, it is
important to note that in the National Guidelines for the curriculum of the
pre-primary school and the first cycle of school education (MIUR, 2012),
it is argued that “a good primary and secondary school is a suitable context
to promote meaningful learning and to guarantee the educational success of
all students”. In the paragraph concerning the learning environment, a spe-
cific space was dedicated to the implementation of adequate interventions
regarding diversity (in particular teaching of Italian Language to students
with non-Italian citizenship and integration of students with disabilities), to
ensure that diversity does not become inequality. We will avoid entering in
specific features that characterize the National Guidelines on this specific
topic, for each segment of education, but it is worth underlining and high-
light how the learning space, if properly thought out and structured, can be a
tool for inclusion and educational success for all students, without exception.
Class and school, therefore, are perceived as a privileged space (to think,
plan, structure) where specific responses to the educational needs of the stu-
dents are found. So, it is important searching strategies to hinder inequalities
—whether they are related to the social and family context where the students
come from or to specific situations of disability — and to value differences.
Teachers and school managers paid great attention to these aspects and strive
daily to improve learning spaces even more, also through specific projects,
studies, didactic experiments and the use of new technologies.

March 5, 2020: in Italy, the school (intended as face-to-face classroom
teaching) shut. Covid-19 has forced political decision-makers to interrupt all
activities in the country, including schools, to face the spread of the virus.
For a few weeks, homes became the only living environment and, at school
level, the only way to “go to school”, but “not at school” (note MIUR n. 388,
of 17 March 2020), keeping the school community alive by totally shifting
the learning environments from the physical class to the virtual class. The
rules of the game have totally changed: for this period, teachers could not

36

ISBN 9788835123330



benefit from the teaching resources present at school, but they had to rely,
almost totally, on the computer as a mediator of their work and student ac-
tivities. In this context, the danger was that the differences, especially those
related to the social and family environment of the students, could become
more and more discriminating and that the poorest, in terms of the material
and cultural resources of the family, could be left behind.

The study of the influence of socio-cultural factors on school learning is
a rather classic topic in pedagogical, sociological and economic literature.
There is a substantial agreement that the family environment is one of the
main factors involved in determining interpersonal differences in learning
achievement: in fact, more educated parents can more effectively follow their
children’s school activities, also having available more economic resources
to be allocated to them too (Cappellari, 2006; Checchi, 2010; Checchi, Fiorio
and Leonardi, 2006; Parziale, 2016). However, academic degree of parents
and their economic possibilities are not the only matter, but we consider how
these factors translate into the living conditions that the student experiences
in their lives. Holding a quiet place to study, a desk, a computer, and an In-
ternet connection can be granted for some students and much less for others,
especially in a pandemic period. This is precisely the object of this study:
through territorial comparisons, it intends to examine the domestic environ-
ment as a “new learning environment”, investigating the nature and extent
of the distance existing between those who have, in their own home, all the
resources suitable for promoting distance learning and those who, on the
other hand, are excluded, partially or totally. We will move in two directions:
on one hand we investigate domestic environment as a place where learning
takes place (therefore the presence or absence of appropriate spaces) and,
on the other, the possession of some digital devices (mainly the computer
and the Internet connection) as essential tools for the distance learning. We
decided to carry out territorial analyses to verify whether the territorial du-
alism (Centre-North vs South) characterizing Italy on many aspects related
to the education system (student learning levels, school choices, etc.) is also
detectable on our investigation topic.

2. Data and Methods
2.1. Data

The dataset realized for the analysis contains the answers provided by all
the national student population of 5% grade of primary school to the Student
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Questionnaire arranged by INVALSI for the academic year 2018/2019. Due to
the health emergency caused by Covid-19 pandemic, in fact, the INVALSI Na-
tional Survey for the academic year 2019/2020 was suspended, so the data from
the previous school year are used as a proxy for the data of non-recognition.

In particular, the dataset refers to students who have carried out at least
one of the INVALSI tests of Italian Language and Mathematics and who
have provided a valid answer to the Q4 question battery of Student Ques-
tionnaire, which investigates the possession of some tools at home: a total
of 480,474 students were examined. This dataset has been linked to addi-
tional information: some of a socio-economic and cultural nature, related
to individual students such as the profession and the qualifications of both
parents; others of a territorial type such as the address, the municipality and
the province of the schools that students have attended, necessary for the
geo-referencing procedure of schools.

In order to study the material and technological equipment of the stu-
dents, two synthetic indicators have been calculated: the indicator relating
to the learning environment (hereinafter referred to as AA) and the indicator
relating to the possession of digital devices (hereinafter referred to as DD).

To calculate the AA indicator, Q4A and Q4C questions were taken into
consideration, asking the student respectively “At home you have: a quiet
place to study” and “At home you have: a desk to do homework”. The indi-
cator takes value 1 when the student has at least one of the options, a quiet
place to study or a desk to do homework, vice versa it takes value 0.

To calculate the DD indicator, Q4B and Q4E questions were taken into
consideration, asking the student respectively “At home you have: a com-
puter that you can use to study” and “At home you have: an Internet con-
nection”. The indicator takes value 1 when the student has at least one of the
options, a computer for study and an Internet connection, vice versa it takes
value 0.

In addition, for the purposes of the survey, some socio-economic and
cultural variables have been recoded and included in the analyses. The first
calculated variable, StudioGenitori, is an indicator that recodes the variable
INVALSI “academic degree” of father and mother, and it is worth 1 when
at least one parent of the student has a higher academic degree than the di-
ploma, while it is worth 0 in other cases. The academic degree reached by
parents is, in fact, the most used indicator to capture the cultural background
of students (Triventi, 2014).

To calculate the second variable, DigitalGenitori, the variables INVALSI
“father and mother profession” were considered, taking the categories “Man-
ager, university professor, civil servant or military officer”, “Entrepreneur/
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agricultural owner”, “Professional employee or freelancer” and “Teacher,
military employee etc” as professions potentially related to the use of dig-
ital devices, while the categories “Unemployed”, “Homeowner”, “Self-em-
ployed worker (trader, direct farmer, artisan, mechanic, etc.)”, “Worker, ser-
vices/cooperative member” and “Pensioner” as professions not bound by the
use of digital devices.

The new indicator takes value 1 when at least one parent of the student
has a profession that involves the use of digital devices while assuming val-
ue 0 in other cases. Although research shows that over the years, especially
regarding the use of digital devices and the Internet, the differences between
managers, entrepreneurs freelance professionals and workers are gradually
becoming blurred (ISTAT, 2019), we decided to include an indicator of this
type because it can be crucial to understand whether parents are familiar with
technologies, not just for recreational or social use.

All the selected information were aggregated at school level, then it was
applied a data-cleaning procedure for the removal of non-representative
schools (schools with less than 20 students) and schools located on small
islands. These schools, due to their distance from the mainland, could have
a distortive effect in the calculation of the distance measure. Altogether the
dataset has 6,026 schools distributed throughout the national territory.

The variables used in the study are:

— the percentage of students with a value of 1 for the AA indicator;

— the percentage of students with a value of 1 for the DD indicator;

— the percentage of students with a value of 1 for the StudioGenitori indi-
cator;

— the percentage of students with a value of 1 for the DigitalGenitori indi-
cator.

2.2. Notes on the Univariate and Bivariate Global and Local Spatial
Autocorrelation Indices

Spatial autocorrelation (or spatial association) is a concept that derives from
the consideration that the values assumed by a variable under study are not
distributed independently over the territory but, on the contrary, tend to con-
centrate in certain areas (Demarinis ef al., 2011). In particular, we talk about:
— positive spatial autocorrelation when similar values of a variable tend to

group close to each other;

— negative spatial autocorrelation when dissimilar values of a variable tend
to group close to each other;
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— absence of spatial autocorrelation (or spatial independence) when the
values of a variable are distributed randomly over the territory.

Among spatial autocorrelation techniques, we differentiate the methods
for measuring on the entire set of localities (global measures) and the methods
for measuring on a spatially delimited subset of localities (local measures).

The most frequently used measure to test the degree of global spatial au-
tocorrelation for a dataset is the Moran'’s I statistic (Moran, 1948), expressed
by the formula:

= N X 2w (g - f)(xj - x)
Dz 2(x; — x)?

where:
— N is the number of observations (i.e. localities or geographical units);
— Xx;is the value of the observed variable in locality i;
— xjis the value of the observed variable in the locality j;
— X is the sample mean;
— (x;-X) represents the deviation from the average of the observed variable;
— wyis a weight assigned to the relationship between locality i and locality j.

Moran’s I statistic is structurally similar to the correlation coefficient and
assumes values between -1 and +1.

The Moran’s I can be extended to the multivariate case: in this way the
index represents the systematic association between the values of a variable
observed x in a given area of interest and the values of another variable y
observed in neighbouring areas.

The bivariate Moran index of x with respect to y is thus obtained:

N N
Zi=1 Z,f =1 Wij Z;Vj

P EL I wy) Y, 2D /
N

I

Local measures, statistics for measuring spatial autocorrelation at the
local level, allow us to identify the contribution of each location on global
pattern and therefore allow to study the variations of spatial autocorrelation
within the territory. By focusing on each location, these techniques can be
used to identify the presence of spatial clusters.

The most frequently used Local Indicator of Spatial Association (LISA)
is represented by the local version of Moran’s I index and it is expressed by
the following formula:
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Positive values of local index indicate the presence of clusters in which
the observations have similar intensities (i.e. they all have high values or low
values). On the contrary, negative values indicate the presence of clusters in
which the observations have different intensities (i.e. the observations with
high values are located close to observations with low intensity or vice ver-
sa). Finally, when combining the significance information provided by the
LISA in a map, we obtain the Moran Significance Map, that reports areas
with significant LISAs associated with the relative positive or negative local
spatial autocorrelation value and the Moran Cluster Map, that show areas
with significant LISAs and relative indication of spatial association type.
Areas are distributed in four different group of observations: a statistically
significant cluster of high- values (High-High), a cluster of low values (Low-
Low), an outlier in which a high value is surrounded primarily by low values
(High-Low), and an outlier in which a low value is surrounded primarily by
high values (Low-High) (Anselin, 1995).

3. Results
3.1. Descriptive Statistics

About learning environment and digital devices, PISA data (collected be-
fore the health crisis) shown that, in Italy, 90% of 15-year-old students have
a computer to do homework and 91% of them have a quiet place to study
at home. These values, which are similar to the OECD media, have strong
variations based on the social and economic background of families (OECD,
2020; Palmerio and Caponera, 2020).

A general overview of our data, involving students of 5™ grade of prima-
ry school, shows that 8% of students (about 38,300 students) have neither
a computer to study or an Internet connection, while 5.2% (about 25,097
students) don’t have a quiet place to study or a desk to do homework at their
homes. In addition, only 25.2% of students have at least one parent with a
higher academic degree, less than 10% have both parents graduates while
53.5% don’t have neither parent who work with technological devices.

The distribution of the variables at regional level offers interesting points
of reflection: the highest percentages of the AA index equal to 0 (percentage
greater or equal to 6%) are found in the regions of Northern Italy (Valle
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D’ Aosta, Veneto and Friuli-Venezia Giulia), while the highest percentages of
the DD index equal to 0 (higher or equal to 9%) are found in Friuli-Venezia
Giulia, Puglia, Calabria, Sicily and Sardinia.

Looking at the distribution of the StudioGenitori indicator it is possible to
notice that less than 25% of students in Campania, Puglia, Calabria, Basilica-
ta, Sicily and Sardinia have at least one parent with higher education than the
diploma. Moreover, in Campania and Sicily, less than 40% of scholars have
at least one parent working with technological devices. The regional details
of the two indicators are given in Table 1.

Tab. 1 — Percentage distribution of AA, DD, StudioGenitori e DigitalGenitori by
region

AA DD StudioGenitori DigitalGenitori
0 1 0 1 0 1 0 1
Valle D" Aosta 60 940 88 912 71.1 289 445 555
Piedmont 47 953 80 920 740 260 504 49.6
Liguria 5.1 949 86 914 719 281 50.0 50.0
Lombardy 50 950 6.8 932 713 287 470 53.0
Veneto 60 940 89 91.1 734 266 482 518
Friuli-Venezia Giulia 64 936 92 908 700 300 46.1 539
Emilia-Romagna 5.1 949 79 921 690 31.0 484 516
Tuscany 54 946 80 920 749 251 566 434
Umbria 42 958 73 927 676 324 481 519
Marche 5.3 947 77 923 713 287 51.8 482
Lazio 5.1 949 7.0 93.0 734 266 53.1 469
Abruzzo 48 952 77 923 677 323 495 505
Molise 40 960 73 927 722 278 547 453
Campania 55 945 73 927 80.8 192 627 373
Puglia 56 944 93 90.7 78.6 214 578 422
Basilicata 46 954 88 912 77.0 230 591 409
Calabria 40 960 9.0 910 774 226 593 40.7
Sicily 54 946 95 9.5 829 171 617 383
Sardinia 50 950 92 908 79.0 210 565 435
Aut. Prov. Bolzano (I.it.) 4.5 95.5 8.2 91.8 673 327 432 568
Aut. Prov. Trento 60 940 89 91.1 738 262 499 50.1
Italy 52 948 80 920 748 252 535 465
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3.2. Spatial autocorrelation analysis: Moran’s | and LISA Cluster
Map

The Italian country, because of its breadth, complexity and heterogeneity,
may not allow descriptive analysis to bring out different territorial realities,
catchment areas of equally different educational institutions. For this reason,
we considered appropriate to deepen the investigation through the spatial
autocorrelation method. We applied Moran’s I index, Moran’s Scatterplot
(Anselin, 1996) and Local Indicator of Spatial Association (LISA) (Anselin,
1995), using GeoDa, a software for analysis of spatial data (Anselin, 2003)
and Tableau software (v. 2020.1) for graphical representation on map.

Moran'’s I provides an indication of the degree of linear association be-
tween the observed values of the study variable and the spatially delayed val-
ues. This type of spatial autocorrelation measures requires the construction
of the weight matrix that defines a neighbourhood for each geographical unit.
The value of the study variable for each unit is compared with the average
weight of the values of the neighbouring units.

To construct the matrix of weights, based on the spatial distances between
two points expressed in terms of latitude and longitude, the great circle dis-
tance or arc-distance were used, taking into account the terrain curvature.
The average number of analysed “neighbours” was 165, the median 93.

The univariate Global Moran’s I revealed the presence of spatial autocor-
relation in the distribution of AA scores (I = 0.035), DD scores (I = 0.058),
StudioGenitori (1= 0.114) and DigitalGenitori (1= 0.125), in all of cases the
index was significant (the pseudo p-value is < 0.001).

As previously mentioned, based on the assumption that in a given geo-
graphical unit the values of the observed variable show a systematic asso-
ciation with another observed variable in adjacent geographical units, the
bivariate Moran’s I was used to explore and analyze the spatial dependence
between the AA (and DD) score and the StudioGenitori and DigitalGenitori
indicators.

The bivariate Global Moran’s I was significant (the pseudo p-value is <
0.001) for each couple of indicators and revealed the presence of spatial de-
pendence of negative sign (I = -0.010 for AA and SG; I = 0.000 for AA and
DG; 1=-0.041 for DD and SG; I = -0.035 for DD and DG).

However, the Moran’s [ index does not allow to verify whether spatial
dependence generates clusters of schools by level of educational perfor-
mance, nor to identify geographical boundaries of these clusters. In order
to overcome these limits, the Moran’s Scatterplot and local autocorrelation
measures were applied.
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To measure the interdependence with other schools and to indicate the
type of the observed spatial dependence and its significance the bivariate
Local Indicator of Spatial Association (LISA) was calculated.

This type of analysis makes it possible to provide research with a deeper
level of geographical detail and to make both the administrative geographical
boundaries and the morphological characteristics of a territory more flexible.

The results of the bivariate LISA indicator were displayed in the map
named cluster map (Fig. 1A-4A), in which 4 different clusters of educational
institutions were identified:

— the first cluster (High-High, it is red in the maps) is composed by scho-
ols that had AA (or DD) scores above the national average and are sur-
rounded by institutions whose StudioGenitori (or Digital Genitori) is abo-
ve the average. This type of cluster is present in the Centre-North of Italy;

— the second cluster (Low-Low, blue in the maps) is made up by schools
that register AA (or DD) scores lower than the national average and are
adjacent to schools with the StudioGenitori (or DigitalGenitori) lower
than the national average; primarily it includes the regions of Southern
Italy and the Islands;

— the outlier group in purple in the map (Low-High) is composed by scho-
ols with AA (or DD) scores lower than the national average that seem to
not benefit from their geographical location. In fact, they are surrounded
by schools with average higher values of the StudioGenitori (or Digital-
Genitori);,

— the last High-Low outliers group (pink in the map), is formed by schools
with AA (or DD) scores above the national average that are surrounded
by schools with StudioGenitori (or DigitalGenitori) values below the na-
tional average;

— schools with not significant LISA are showed in grey in the map.
Cartograms shown in Figures 1B-4B, called significance map represent

localization of institutions with significant LISA in different shades of green,

depending on the level of significance.

In Figure 1, it is immediately evident that, by relating the Digital Device
(DD) and StudioGenitori (SG) indicators, there is a strong concentration of
significant LISAs in correspondence with large cities and regional and pro-
vincial capitals (e.g. Milan, Rome, Naples).

The cluster map shows a clear division of Italy into two sections: in the
Centre-North regions the High-High (H-H) cluster and the Low-High (L-H)
outlier are more present, while in the South, the Low-Low (L-L) cluster and
High-Low (H-L) outliers.
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Fig. 1 — Bivariate LISA cluster map and significance map: Digital Device (DD) and
StudioGenitori (SG)

In particular, the H-H and L-H clusters are present in Valle d”Aosta, in
north-eastern Piedmont (especially in the province of Turin), in some mu-
nicipalities in the provinces of Biella and Novara on the boundary with
western Lombardy and the provinces of Milan and Pavia, then continue in
the provinces of Bergamo, Monza-Brianza, Como, Lecco, Lodi. The same
group of schools also includes some institutes in the province of Brescia
and Mantua on the border with Veneto, mainly Verona. The provinces of
Padua, Venice and Vicenza are affected in Veneto. H-H and L-H clusters
also include a group of schools along the Emilian Apennines (provinces of
Modena, Reggio-Emilia and Bologna), along the Adriatic coast of Emilia,
some institutes in the provinces of Ravenna, Forli-Cesena and Rimini, in the
northern Marche in the province of Ancona and Pesaro-Urbino and finally in
the Abruzzo provinces of Pescara, Chieti and Teramo.

Along the western axis, the mentioned clusters are present in the prov-
ince of Genoa, in the Tuscan provinces of Florence, Arezzo and Siena, and
in the province of Perugia. Lazio region is clearly divided into two: the H-H
and L-H clusters characterize the province of Rome while the L-L and H-L
clusters characterize the provinces of Frosinone and Latina. In some region
of Northern Italy, however, there are clusters of L-L and H-L schools that
are typical of the South: some schools in the province of Bolzano, others in
the province of Trento and Belluno on the boundary with Bolzano; and in
Tuscany, some institutes in Lucca-Pisa-Pistoia triangle.
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In the South, the L-L and H-L clusters are present in: Campania, mostly
on the Tyrrhenian coast (Caserta, Naples and Salerno); Puglia, in Brindisi,
Taranto and Barletta-Andria-Trani provinces, some schools in the province
of Foggia and a group of schools in southern Salento; Calabria, the province
of Reggio Calabria, schools on the Tyrrhenian coast in Vibo Valentia and
on the Ionian coast as Cosenza and Crotone; some Basilicata schools on the
boundary with Campania, Calabria and Puglia are also affected too. In Sicily,
the most important concentrations are present in the provinces of Palermo
and Catania, but the two clusters are widespread throughout the region, as
well as in Sardinia.

Fig. 2 — Bivariate LISA cluster map and significance map: Digital Device (DD) and
DigitalGenitori (DG)

In Figure 2, which represents the relationship between the Digital Device
(DD) and DigitalGenitori (DG) indicators, there is also a strong concentra-
tion of significant LISAs in correspondence with large cities and regional
and provincial capitals, as well as a clear division of the Centre-North and
South of Italy. In this case, the H-H and L-H clusters in the North are char-
acterized by a certain continuity, creating an almost unicum between Valle
d’Aosta, north-eastern Piedmont (especially the province of Turin), some
municipalities in the provinces of Biella and Novara on the boundary with
western Lombardy and the provinces of Milan and Pavia, then continuing in
the provinces of Bergamo, Monza-Brianza, Como, Cremona, Lecco, Lodi.
Some schools in the province of Brescia and Mantua on the boundary with
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Verona act as a bridge between Lombardy and Veneto. In Veneto the men-
tioned clusters are highly dense, affecting the provinces of Padua, Venice,
Vicenza, Treviso and Belluno. It also includes a group of schools along the
Emilia Apennines (provinces of Modena, Reggio-Emilia, Bologna), the
Adriatic coast of Emilia in the provinces of Ravenna, Forli-Cesena and Ri-
mini and the northern Marche in the province of Pesaro-Urbino. In Abruzzo
the two clusters are represented by some schools in the coasting areas of the
provinces of Pescara, Chieti and Teramo.

In the western regions, the clusters are present in the province of Genoa
and La Spezia, in the Tuscan provinces of Arezzo and Siena, on the boundary
with the province of Perugia in Umbria. Lazio is again clearly divided into
two: the H-H and L-H clusters characterize the province of Rome, the L-L
and H-L clusters are present in the provinces of Frosinone and Latina.

The same clusters, typical of the southern regions, are present once again
in the northern regions in some schools in the province of Bolzano and Tren-
to on the boundary with Bolzano; in Tuscany, in the provinces of Florence,
Lucca, Prato and Pistoia. In the South, the L-L and H-L clusters are present
in Campania, mostly on the central and northern Tyrrhenian coast: Caser-
ta, Naples and Salerno. In Puglia the clusters are present in the provinces
of Brindisi and Taranto, Barletta-Andria-Trani and in some schools in the
province of Foggia; in Calabria, in the province of Reggio Calabria, in some
schools on the Tyrrhenian coast of Vibo Valentia and on the lonian coast
of Cosenza and Crotone. Basilicata is present only for some schools on the
boundary with Campania, Calabria and Puglia. In Sicily, there are concen-
trations mainly in the provinces of Palermo and Catania, but clusters are
widespread throughout the region. Sardinia does not seem to be affected by
any significant cluster.

In Figure 3, linking the indicators AA and StudioGenitori (SG), is clearly
visible a pattern similar to that already observed in Figure 1, as well as in
Figure 4, which shows the relationship between the indicator AA and Digi-
talGenitori (DG) similar to Figure 2.
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Fig. 3 — Bivariate LISA cluster map and significance map: Ambiente di Apprendi-
mento (AA) e StudioGenitori (SG)

Fig. 4 — Bivariate LISA cluster map and significance map: Ambiente di Apprendi-
mento (AA) and DigitalGenitori (DG)

48

ISBN 9788835123330



4. Discussion

Taken together, our data show that, considering the four indicators, Italy
appears divided into two, but not in a clear way as could be expected at a
theoretical level. On the one hand, in fact, research confirms that there is a
certain territorial dualism between Centre-North (characterized by cluster
H-H) and South (characterized by cluster L-L), on the other hand, instead,
the boundaries between these two zones are not always so clear and there are
territories of one zone that show typical behaviors of the other.

For example, the provinces of Trento and Bolzano which, although in the
North, show clusters similar to the schools of the South for all the indicators
considered. Within these two macro-zones (Centre-North and South), more-
over, it is evident the presence of outliers (cluster L-H for the Centre-North
and H-L for the South) and this shows that Italy has four different speeds:
in the Centre-North there are clusters of schools in which students do not
have an adequate learning environment and a good supply of digital devices
(below average), surrounded by schools attended by students with highly ed-
ucated parents with satisfying digital skills (above average). Vice versa in the
South there are clusters of schools with students who have an adequate learn-
ing environment, equipped with digital devices (above average), surrounded
by schools attended by students whose parents have a level of education and
digital skills lower than average.

It is important to note that, in addition to the North-South contrast, there
are strong differences between cities of different demographic size. This can
be easily explained, especially as regards access to the network, through
some infrastructure differences that characterize the country: in metropolitan
areas broadband access rates reach 78.1% while in municipalities up to 2,000
inhabitants this share drops to 68.0% (ISTAT, 2019). Moreover, since the
cost of living in metropolitan areas is higher than in small countries (ISTAT,
2017), it is also likely that more wealthy families, formed by well-educated
people with a good job, will be concentrated there.

Parent’s profession, in any case, confirms to be a fundamental indicator
on the possession of material and technological goods. Indeed, the territorial
distribution of the relationship between AA and DigitalGenitori is very sim-
ilar to the one between DD and DigiftalGenitori. This evidence can be attrib-
uted to the different distribution of productive activities/services on the na-
tional territory and to the different employment situation. Overall, we can say
that in the Centre-North of Italy the weight of highly skilled occupations is
growing, part-time can often represent a free choice of the worker and there
are increasing economic well-being and employment rate, while the South
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is characterized by a significant process of general job de-qualification, dif-
ficulty in finding full-time jobs and a decrease in economic well-being and
employment rate (CNEL, 2019).

The educational level and the profession are closely linked. Participation
in the labour market is increasingly reserved for those who have a high level
of education, which in recent years has been a guarantee against the crisis
that has hit the markets (Loriga ef al., 2017).

However, the fact that in our study the indicators relating to the qualifi-
cation and profession of parents, related to AA and DD, provide very similar
results confirms that they are both very influential indicators in defining the
social and economic background of the families in which Italian students
grow up (Campodifiori et al., 2010; Ballarino and Schadee, 2006). Parents
with a high level of education and good employment can provide their chil-
dren with a comfortable home environment, equipped with digital devices,
and help them interact with these tools.

Children and adults are in fact accustomed to a radically opposite use of
the computer: fun/expressive/recreational aid normally reserved for leisure
time for the first one (video games, download and listening to music, down-
load and video viewing), the computer is instead linked to the work environ-
ment for parents, but not for all parents in the same way and in equal measure,
just because they have different professions (Feola, 2015) and qualifications.

Parents with a qualified profession and a high academic degree, who are
familiar with the network and good computer skills, can more easily help
their children in the digital activities (Murru, 2012; Livingstone and Helsper,
2008). On the other hand, in the most disadvantaged families, parents tend
to use the Internet sporadically or to use it only for entertainment, they have
fewer skills and, consequently, are less able to help and guide their children
(De Almeida, Nuno De Almeida and Carvalho, 2011; Aroldi, 2012). These
data confirm what emerged in the ISTAT 2020 Report, according to which
the digital gap between households is due to social and territorial factors:
the probability that there is at least one member with high digital skills in a
family is eight times higher if there is a graduate member in the family than
those in which the highest qualification is at most the lower secondary school
education license. The probability is double in families where the head of the
household is an entrepreneur manager or freelancer compared to those where
the head of household is a worker (ISTAT, 2020).

Nevertheless, recalling the four different speeds mentioned at the begin-
ning of this paragraph, we can say that, in the two areas of the country, the
cultural and economic status of families is not always an infallible predic-
tor of a certain level of possession of goods. In particular, in the South, the
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widespread presence of H-L outliers indicates that, although the social and
geographical context in which these schools are located, families formed by
people with low educational qualifications and low-skilled occupations are
able to guarantee their children a serene domestic environment and the pos-
session of some material goods, including technological ones.

5. Conclusions

Home and technology were certainly the two words that characterized the
quarantine period due to COVID-19 medical emergency for all Italian fami-
lies. House is often considered as a place to rest, to refresh yourself but for a
few months it became the only living space for the whole family. Furthermore,
technologies have been literally “invaded by reality” playing a substantial role
in maintaining the essential functions of society and sociality: home working,
online teaching, all kinds of care services carried out through telematic means,
communication through social channels, online payments and fundraising
campaigns through digital platforms, etc. In essence, the essentials of the eco-
nomic, working, relational and educational activities of our societies have been
transferred to the network (Benanti, Darnis and Sciarrone Alibrandi, 2020).

Changes that have taken place (and still existing) should risk to amplify
the already existing inequalities. School, which clearly has a primary role in
tackling any kind of inequalities, and in guaranteeing the educational success
of all students has demonstrated the full height of a completely new and un-
predictable challenge in this occasion as well. Moving into the houses, how-
ever, school had to deal more than ever with the living conditions of students
and with their material difficulties.

This study has shown, for example, that almost 40 thousand students in
the fifth grade of primary school, with significant territorial differences, may
have encountered difficulties with distance learning due to the lack of indis-
pensable tools (DD = 0). We use a hypothetical sentence because dataset of
this study was collected at the end of 2018/19 school year, therefore several
months before the start of the health emergency, and this is undoubtedly a
limit. Another limitation is linked to the fact that, with the data at our dispos-
al, we have been able to investigate only the possession of a PC and the use
of the latter for the study, neglecting all the other technological devices that
may be available to students (in first of all cell phones and tablets).

One of the peculiarities of this study was the investigated school grade
(5th grade), since research of this type has often focused on older students
(Micheli, 2015; Gui and Argentin, 2011).

51

ISBN 9788835123330



Possible developments could therefore be linked to similar analyses but
carried out on students attending higher school grades. It should also be not-
ed that the Italian government, in this period of health emergency, has allo-
cated several million euros to make available to the poorest students, on loan
free of charge, individual digital devices and even households have clearly
activated in this sense: an additional research trail could be obtained by re-
peating the analyses one or two years later to study the outcome of these
processes.

At a time like the present, when economic and cultural differences could
threat the effective right to education (compulsory and free of charge) en-
shrined in the Constitution, it is crucial and undoubtedly urgent to study the
impact of the policies implemented, also in relation to the transnational ob-
jectives that Italy shares, such as the reduction of disparities related to in-
come, sex, age, disability, race, religion, economic status included as goal 10
within the 2030 Agenda.
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3. Gender asymmetries:
an analysis of the trend from I to Il cycle
of education

by Andrea Bendinelli, Michele Cardone, Patrizia Falzetti

Based on the 17 Sustainable Development Goals (SDGs), this work fo-
cuses on Goal 5: “Achieving gender equality, for the empowerment of all
women and girls”, deepening the gender differences in the high school
segment. Using INVALSI data, the students in the 8t grade of 2014 were
matched with those in the 13t grade 0f 2019, considering three dichotomous
as output variables: the completion of the last school year without repeating,
the achievement of a level of competence attributed by INVALSI above/
below “3 out of 5 which represents the threshold of sufficiency, or above/
below “4 out of 5 which represents the threshold of the top performers).
Using these three dichotomous variables, three logistic regression models
were constructed respectively, using as predictors some students’ charac-
teristics: socio-demographics (gender, origin, geographical area and family
background), school performance (repetition at the low secondary school
and score at the INVALSI 8t grade tests of Italian language and Mathemat-
ics) and the desired educational qualification.

The models built on the levels of competence show a better representa-
tiveness than the first one based on the achievement of grade 13, which we
intend to re-evaluate in the future.

The results in part confirm what has already emerged in literature, in part
they provide some new food for thought. From literature we know that fe-
males obtain better results in literary subjects and males in Mathematics and
the gap in favour of females is reduced considering the top performers. We
also know that the geographical area, the origin of the pupil and the family
background are main factors on performance: all these assumptions are al-
ready confirmed by the descriptive statistics provided. The proposed models,
that is when we check on the basis of the proposed explanatory variables,
however, also suggest other reflections: the geographic area remains influen-
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tial but the north-south gap drops considering the top performers; the family
background has a lower effect, the family origin the pupil becomes almost
irrelevant when we exclude repeating and drop out students, while the de-
sired qualification and 8™ grade test score have the most influential odds
ratios of all.

Regarding gender, an interesting result also emerges: if we check with
respect to the other predictor variables, the effect in favour of females in
Italian language almost disappears (odds ratio around 1), while that in fa-
vour of males in Mathematics remains strong. In other words, considering
those students reaching the last high school year without repeating, with the
same demographic and social conditions, same school results in grade 8t
and same qualification desired, a male student is twice as likely to reach a
level at least equal to “3” (sufficient) or at least equal to “4” (top performer)
in Mathematics.

1. Theoretical framework and Literature

On September 25, 2015, the United Nations approved the 2030 Agen-
da' for Sustainable Development and the 17 Sustainable Development Goals
(SDGs), divided into 169 Targets to be achieved by 2030. The document ex-
presses a clear judgment on the unsustainability of the current development
model on different levels, environmental, economic and social. All coun-
tries are called to participate, each according to the level of development
achieved. In essence, each country is asked to define a sustainable devel-
opment strategy that allows reaching the SDGs, accounting for the results
obtained through a process coordinated by the UN. In order to achieve the
objectives it is necessary to involve all components of society, from busi-
nesses to the public sector, from civil society to philanthropic institutions,
from universities and research centers to information and culture operators.

In the list of 17 SDGs, the Goal 5: “Achieving gender equality, for the
empowerment of all women and girls” is what this work focuses on. As well
as access to work, we wonder what access to education is for girls, consider-
ing an entire segment that goes beyond compulsory school, the so called in
Italy “second cycle” (high school).

This intent is inscribed in the vast literature on the subject focused on
comparative international research promoted mainly by the OECD (Organi-
zation for Economic Cooperation and Development) and by the IEA (Inter-

! https://unric.org/it/wp-content/uploads/sites/3/2019/11/Agenda-2030-Onu-italia.pdf.
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national Association for the Evaluation of Educational Achievement), which
show how the best results tend to be associated with males when the subject
regards scientific-mathematical skills, with females when, instead, the sub-
ject regards literary skills.

In the field of educational research, the topic of gender differences in
school learning has been widely studied in recent decades (among all Sam-
mons, 1995; Fryer Jr. and Levitt, 2009; Stoet and Geary, 2013). The studies
conducted so far agree that males achieve better school performance in the
mathematical-scientific sphere, while females in the linguistic sphere. Gen-
der differences in school results are the subject of different interpretations
which on the one hand involve individual factors, on the other factors af-
fecting the social and family context and the socialization processes through
which they are conveyed. In the case of individual variables, in addition to
the different intellectual maturation process that affects males and females
(Cicero, 2004), the interest and the way of approaching the subjects of study
are fundamental. Male pupils show a safer attitude and lower anxiety levels
towards mathematical and spatial skills (Poliandri ef al., 2001); they also
show greater self-control in dealing with particularly stressful and unexpect-
ed situations: an interpretation is that boys achieve higher scores in standard-
ized tests because they have always been more used to competitions (Steele,
1997). Conversely, female pupils appear more predisposed for the sphere
of language, facing problematic situations with greater stress and concern
(Else-Quest, Hyde and Linn, 2010; Zaniello, 2012). These propensities can
in turn be influenced by aspects that materialize in the educational models
that structure gender identity and, not least, in the transmission of the rela-
tive stereotypes. For example, the attitude through which parents implicit-
ly communicate their beliefs about their children’s school skills affects not
only their immediate performance, but also guides future ones, representing
a predictor of subsequent study and career choices. In fact, the association,
even implicit and symbolic, between gender and school subjects intervenes
in the acquisition of skills and competences, and also structures the percep-
tion of their achievement (Bleeker and Jacobs, 2004; Tomasetto, Alparone
and Cadinu, 2011; Tomasetto, 2013). Other interpretations f the same kind
are a) standardized tools adapt with more difficulty to the “feminine” style
which requires to argue one’s own answers without the typical restrictions
of closed-response modes (Sternberg and Williams, 1995); b) the stress gen-
erated by gender stereotypes in Mathematics is added to the “competition”
stress (Davies and Spencer, 2005).

The empirical evidence about gender differences is also confirmed by
international surveys on learning. The PISA (Program for International Stu-
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dent Assessment) survey promoted by OECD and conducted on samples of
fifteen-years-old students from different countries, shows the specificity of
the patterns deriving from the gender effect in Mathematics and Reading
results®. In particular, in Italy these gaps between females and males were all
statistically significant, both in Reading and Mathematics, in the last three
PISA editions®. The situation is similar for Science, where about two out of
three top performer students are boys (INVALSI, 2016c¢).

The IEA PIRLS (Progress in International Reading Literacy Study) and
TIMSS (Trends in International Mathematics and Science Study) surveys
also highlight specific dynamics affecting gender factors. The PIRLS 2016
results confirm those of other previous surveys on Reading: the average dif-
ference in scores on the overall scale is in favour of females, settling, for
Italian students of the 4t grade of schooling, at 7 points compared to 19
points in the participating countries. This trend is confirmed by the scores
on the partial scales that follow the international reference averages for Italy,
but with slightly lower values (INVALSI, 2017). The data of the IEA-TIMSS
survey over time do not show any particular changes for the results of Math-
ematics at the 4th grade, but the advantage of males over females in the last
year of survey appears to be significant in Italy, the largest among all coun-
tries involved (INVALSI, 2016a). This trend is also found for the 8t grade,
both as regards the mathematical and scientific fields (INVALSI, 2016b).

Interesting effects on the performance of boys and girls can also be ob-
served by studying the relationship between social origin and academic per-
formance. In addition to the main finding showing how students who come
from families with a low level of socio-economic-cultural status (ESCS)
achieve more modest academic results than students with a higher back-
ground (Sirin, 2005; Eurydice, 2010), the interaction between these variables
and gender highlights specific behaviour patterns. In general, the influence of
socio-economic-cultural status appears more marked in a positive sense for
males than females because the former are more sensitive to resources pres-
ent in the family and learning context. This gap tends to decrease for lower
ESCS levels (Legewie and Di Prete, 2012).

2 In particular, according to PISA 2018, in 36 over 36 OECD countries females scores
better than males in Reading, with 34 differences statistically significant, while males scores
better than females in 31 OECD countries over 37, but with only 8 of those differences are
statistically significant (our elaboration of PISA data).

3 The gap in favor of females in Reading was +39 (2012), +16 (2015), +25 (2018); the
gap in favor of males in Mathematics was +18 (2012), +20 (2015), +15 (2018). PISA scores
are on a scale of 500.
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2. Research hypotheses

A longitudinal analysis of the results obtained by the students of the sec-
ondary school — those who in 2014 took the state exam in grade § and in
2019 took the final exam — showed that 1 out of 5 pupils did not managed to
complete his studies at the year expected, because he repeated one or more
years, or even dropped out, abandoning the training experience ahead of time
and never returning to it*.

The hypothesis behind this research work is that gender differences in
the segment related to the first cycle of education see girls ahead of men in
the comprehension tests. This advantage tends to decrease with the progress
of the school path up to almost zero at the end of the second cycle of edu-
cation. The situation partly changes when considering Mathematics tests:
differences are moderate in the first cycle of education, which sees males
slightly ahead of females, then diverge in favour of males reaching important
differences at the end of the school course.

The aim of this work is to verify gender differences in the second cycle of
the school curriculum (high school), considering 8 grade male and female
students reaching 13t grade without repeating, and comparing their level of
competence achieved at the end of the cycle, taking into account different
characteristics such as demographics (gender, italian origin or not, ESCS
and geographic area), related to school performance (repetition at lower sec-
ondary school and 8th grade INVALSI test scores) and personal aspiration
(desired educational qualification).

3. Data, methods and assumptions

The data used for this study are those of the national learning assessment
administered by INVALSI to all the students of the grades concerned. The
dataset is structured with a starting year coinciding with the tests adminis-
tered at the end of the first cycle of education (8™ grade) in 2014 and ends
with the tests taken at the end of the second cycle in 2019 (13t grade). The
connection of single students in the cohorts was made possible thanks to the
unique SIDI code provided by the Ministry of Education, in particular this
code allows each student to be traced anonymously longitudinally during the
various surveys. In the case of this work, the pupils participating in the 2014

4 https://www.invalsiopen.it/wp-content/uploads/2019/11/Editoriale2_mediamaturi-
ta%CC%80.pdf.
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8th grade test (all of them) were linked via SIDI to the pupils who took the

10th grade test in 2016 and the 13t grade test in 2019 (therefore in order with

the course of studies).

Of the initial 8th grade cohort only a part performed the 13t grade test;
the absence of the data may have occurred for one or more of the following
reasons:

— repeating pupils between grade 9 and grade 12 (repeating students take
the13t™ grade test at least in the 2019/20 school year);

— pupils who have not taken the INVALSI test at the end of grade 13 in
2019 by choice or for personal reasons;

— pupils enrolled in vocational training, who took a different test;

— private students, not included in the data used;

— dropout pupils and pupils whose SIDI for some reason does not coincide
between the two surveys.

The outcome variables considered are:

— Y1: dependent variable built on the entire population of 8t grade 2014
pupils, which assumes a value of 1 if the student has reached the 13th
grade final exam in 2019, “0” if not;

— Y2: dependent variable constructed on the population of 13th grade pupils
with an assigned level of competence at the 13t grade test in 2019, which
assumes value “1” if the student has obtained a competence level equal
or higher than level 3 (level 3 is considered the level of “sufficient”), “0”
if lower than 3;

— Y3: dependent variable constructed on the population of 13th grade pupils
with an assigned level of competence at the 13t grade test in 2019, which
assumes value “1” if the student has obtained a competence level equal
or higher than level 4 (level 4 is considered the threshold of high perfor-
mers), “0” if lower than 4.

These dependent variables, considered as “response” in the models pro-
posed further on, are built by connecting pupils between 8t grade 2014 and
13th grade of 2019, and are affected by the physiological discrepancy (for
the reasons mentioned before) between the population of 8™ grade pupils
in 2014 and the part of them actually matched through SIDI code to the
13th grade 5 years after. This discrepancy was quantified in Tab. 1, which
shows also the amount of students taken into account in each context. Here
it’s useful to remember that a) the discrepancy mainly affects the response
variable Y1, for which with “0” (no grade 13 test taken) we encode several
other realities, previously described; and b) the data used for model 2 and
model 3 decreases because we include only those students with no missing
in any variable.
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Tab. 1 — Data and dependent variables used

Context Students % DV
Total pupils 8™ grade 2014: 515,543 100.0 -
of which matched with 13" grade 2019* 344,459 66.8 -
of which used for model 1 283,890 55.1 Y1
of which used for model 2 242,042 46.9 Y2
of which used for model 3 242,042 46.9 Y3

* This percentage refers to a data match which can fail for different reason, so it’s not an
indication of the effective school dropout.

The independent variables considered (i.e. predictors in the models), dis-
played in Tab. 2 can be grouped in two aspects.
Socio-demographics:

— “family origin” indicator (based on the place of birth of the pupil and
parents): native, first generation foreigner, second generation foreigner;

— ESCS socio-economic cultural background index detected at 10th grade:
categorized in quartiles, from the lowest to the highest;

— geographical area: North-West, North-East, Centre, South, South-Islands?;
— desired qualification (from the student questionnaire at 10th grade 2016)°:
categorized in “no university degree”, “university degree or similar”.

Related to school performance:

— “career regularity” indicator at the 15t school cycle (low secondary scho-
ol): non repeating, repeating;

— 8th grade 2014 test score in Italian language and Mathematics: categori-
zed in quartiles from lowest to highest: they represent the level of entry
competence.

Two important considerations arise from the descriptive statistics of Tab.

2. The first is that the variables “desired qualification” and “ESCS”, since

they are detected during the grade 10 test, which in 2016 was less “participat-

ed” than in the last few years, reduce the study population by 344,459 pupils

(i.e. successful match based on the SIDI code) to less than 290,000 used in

the proposed models, but it was still chosen to include them as deemed im-

portant as predictors.

5 This classification guarantees a balanced distribution of the pupils in 5 almost equal
parts (around 20%).

¢ The question administered was: “Q12 — What is the qualification you intend to achieve?”.
A dichotomous recoding of the various options was carried out.

61

ISBN 9788835123330



Tab. 2 — Descriptive statistics of the predictors with respect to gender (8™ grade
students 2014) — In bold the predictors more characterized by gender

Predictors Gender
Male  Female Total
Row %
Italian native 50.2 49.8 100.0 461,695
. L Foreigner I g. 50.4 49.6 100.0 26,647
Family origin indicator .
Foreigner II g. 50.2 49.8 100.0 24,108
Total 50.2 49.8 100.0 512,450
1° quartile 47.6 524 100.0 72,480
2° quartile 47.7 523 100.0 72,218
ESCS 3° quartile 48.7 51.3 100.0 69,021
4° quartile 49.9 50.1 100.0 75,673
Total 48.5 51.5 100.0 289,392
North-West 50.0 50.0 100.0 124,014
North-East 50.0 50.0 100.0 91,967
. Centre 50.4 49.6 100.0 94,467
Geographical area
South 50.4 49.6 100.0 117,081
South-Island 50.3 49.7 100.0 85,655
Total 50.2 49.8 100.0 513,184
Desired qualifica No Univ. degree 57.8 422 100.0 116,808
esired qualification .
(IOth Grade Qst) Univ. degree/ more 42.0 58.0 100.0 168,654
Total 48.4 51.6 100.0 285,462
R ) q ) Not repeating 49.1 50.9 100.0 466,413
cpeating student atlower  p o ting 609 391 1000 46,651
secondary school
Total 50.2 49.8 100.0 513,064
1° quartile 56.2 43.8 100.0 128,246
5014 8 grade INVALSI 2° quartile 52.1 47.9 100.0 128,233
o srade 3° quartile 48.8 512 1000 129,193
Italian language test score .
4° quartile 43.7 56.3 100.0 127,512
Total 50.2 49.8 100.0 513,184
1° quartile 474 52.6 100.0 128,261
5014 & grade INVALSI 2° quartile 48.3 51.7 100.0 128,236
grade 3° quartile 49.7 503 100.0 133,962
Mathematics test score ]
4° quartile 55.6 444 100.0 122,725
Total 50.2 49.8 100.0 513,184

The second consideration is that among the six predictors proposed are
three (values highlighted in bold) those most characterized by gender: one
is always the desired qualification, with females more eager of a “Degree or
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similar” than males (16 percentage points above); another is the score in the
2014 8" grade test, which is very characterized both by gender and by disci-
pline: in particular, observing the two extreme bands (15t and 4th quartiles),
the percentages are diametrically opposite between the subjects: as regards
Italian language test, in the best quartile females are 56.3% (against 43.7% of
males) and, on the contrary, in the worst quartile males are 56.2% (compared
to 43.8% of females); the opposite occurs for the Math test. The last predictor
characterized by gender is Repeating student at lower secondary school, with
61% males repeating against 31% females. It is clear that when commenting
the models’ coefficients, this relationship must be taken into account.

Regarding the analysis, as a first step of results we produce descriptive
statistics of all the (independent) variables crossed with the three outcome
variables (Y1, Y2 and Y3) displayed from Tab. 4 to Tab. 8: a specific focus is
dedicated to gender, computing its odds ratio for all the crossings and com-
paring them. As a second step we use regression models with Y1, Y2 and Y3
as DV and the other as predictors, in order to check if the gender odds ratio
change net for the other IV considered (Tab. 9 to Tab. 13).

The model considered is the logistic regression models: this model is
used in phenomena in which the response variable is a dichotomous varia-
ble. In the present study, the response variable is a binary variable, that is, it
assumes two values: 0 or 1 in terms of absence/presence of the characteristic
in question. As highlighted before, a first model was constructed considering
whether or not a student reaches the final exam of the 13™ grade (dependent
variable Y1); in the second instance, a second formulation of the same model
was built considering only the students who obtained or not at least a level of
competence of “3” assigned by INVALSI according to national indications
(dependent variable Y2). A final formulation of the model instead focused
on excellence, skill levels “4” and “5” according to national indications (de-
pendent variable Y3).

The data used for the models proposed are therefore a part of the 2014
students’ cohort, and meet the requirements for the use of logistic regression:
— Ratio of cases to variables and missing data. The data does not have any

of the critical issues regarding the ratio of cases to variables. As regards

the missing data in one or more predictors (missing), the default option
has been left (Exclude), therefore the cases that have not enhanced all the

variables of the model are excluded. So, the different models work on a

slightly different number of pupils as explained in Tab. 1;

— Adequacy of expected frequencies. Goodness of fit statistics may have
little power if expected frequencies are too small. When using tests based
on the chi-square, it is best if all expected frequencies are greater than
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one, and that no more than 20% are less than five. The inverse risk which

will be taken into account in the rest of this work is that each model is

always significant by adding any variable;

— Absence of outliers in the solution (if fit inadequate): outlier values, which
can affect the model fit, are not present in the database used since the pre-
dictors are all discrete or categorized (ESCS and test score);

— Multicollinearity: logistic regression, like all varieties of multiple regres-
sion, is sensitive to extremely high correlations among predictor variables,
signalled by exceedingly large standard errors for parameter estimates.
Among the predictors used in the models, there are non-continuous varia-
bles; moreover, given that we find very small standard errors (< 0,041), we
can assume absence of multicollinearity;

— Linearity in the logit: since continuous predictors are not taken into ac-
count, the assumption is not violated;

— Independence of errors: it is assumed that the answers of the different ca-
ses (pupils) are independent of each other, i.e. each answer comes from an
independent case. The present data can be considered independent becau-
se they’re scores coming from independent (but equivalent) standardized
tests administered individually to each pupil.

Not having specific hypotheses on the order of importance of predictors
in the model, the “direct” or standard insertion method is used, i.e. each pre-
dictor is evaluated as if it entered the equation of the model last.

The Omnibus test compares the complete model compared to the one
with the constant only: in all models the test is positive, that is, the models
proposed are significantly better than those with the constant only. However,
it should be considered that the fact of having such large “n” cases tends to
make any modification to the model significant in terms of added predictors’.
Therefore, for the verification of the goodness of the model (effect size) other
measures will also be observed:

— the pseudo R-squares: Cox-Snell, and Nagelkerke (an adjusted Cox-Snell
that can reach 1);

— classification tables will be used but only in terms of comparison between
the models, since the approach of this work is causal and not predictive?;

7 «Sample size also is relevant because if sample size is very large, almost any difference
between models is likely to be statistically significant even if the difference has no practical
importance and classification is wonderful with either model» (Tabacknick-Fidell, 2007, p.
456).

8 That is, the aim is not to create a predictive model to anticipate where to which group
the students will take part, but to analyse the influence of certain variables on the response
variable.
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— finally, the models will be evaluated based on the “strength” of the indi-
vidual coefficients, based on how much the respective odds-ratios differ
from 1.

The predictors included in the model reported in Tab. 3 with their respec-
tive “contrast” variable used for the analysis.

Tab. 3 — Categorical variables coding in the models (the “contrast” categories in
bold)

Variable Categories Parameter codes
North-West
North-East
Geographical area Centre
South
South-Islands
1° quartile

[w]
o

—_ 0 O O O

0 2° quartile
2014 8™ grade INVALSI test score o .
3° quartile

4° quartile

1° quartile
2° quartile
ESCS )

3° quartile

—_ o O Ol O O oo - O O

4° quartile

Italian native

Family origin indicator Foreigner [ g.

—_ 0 OO = O OO = O OO0 O o ~

Foreigner II g.

No Univ. degree

Desired qualification (10" Grade Qst) Univ. degree/more

Repeating student at lower secondary ~ Not repeating
school Repeating
Male
Female

—_ O O OO0 B OO0 O = OO0 O~ OO0 O O O ~

Gender

4. Results

The following tables provide the crosstabs of the independent variables
(predictors in the logistic regressions) crossed with the three dependent var-
iables Y1, Y2 and Y3.
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Tab. 4 — Descriptive statistics of the predictors with respect to the dependent vari-
able Y1

Predictors Y1: 13" grade 2019 exam reached
No after 5 years (without repeating)
Yes Total
Male 38.4% 61.6% 100.0%
Gender Female 27.9% 72.1% 100.0%
Female odds ratio 1.61
Italian native 30.2% 69.8% 100.0%
Family origin indicator Foreigner I g. 66.3% 33.7% 100.0%
Foreigner II g. 52.5% 47.5% 100.0%
Repeating student at lower Not repeating 28.8% 71.2% 100.0%
secondary school Repeating 78.3% 21.7% 100.0%
Desired qualification No Univ. degree 22.9% 77.1% 100.0%
(10th Grade Qst) Univ.degree/more 8.9% 91.1% 100.0%
North-West 37.6% 62.4% 100.0%
North-East 34.3% 65.7% 100.0%
Geographical area Centre 30.6% 69.4% 100.0%
South 29.1% 70.9% 100.0%
South-Island 33.9% 66.1% 100.0%
1° quartile 53.0% 47.0% 100.0%
ESCS 2° quartile 39.4% 60.6% 100.0%
3° quartile 26.5% 73.5% 100.0%
4° quartile 13.6% 86.4% 100.0%
1° quartile 54.2% 45.8% 100.0%
2014 8t grade INVALSI ~ 2° quartile 40.2% 59.8% 100.0%
Italian language test score  3° quartile 25.8% 74.2% 100.0%
4° quartile 12.3% 87.7% 100.0%
1° quartile 53.0% 47.0% 100.0%
2014 gth grade INVALSI  2° quartile 39.4% 60.6% 100.0%
Mathematics test score  3° quartile 26.5% 73.5% 100.0%
4° quartile 13.6% 86.4% 100.0%

Tab. 4, which considers cases of reaching the finale high school exam
without having repeated a school year, shows that females are 10 percentage
points above males or, considering the odds ratio, they're 61% more likely
than males to reach the final exam after 5 years (from grade 9 to 13 with-
out repeating). We remind, again, that the code “No” of Y1, meaning “Not
reached the 13t grade 2019 final exam” include all SIDI mismatch, all drop-
out or rejected students from grade 9 2014/15 onwards.
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Tab. 5 — Descriptive statistics of the predictors with respect to the dependent varia-
ble Y2 (not sufficient/sufficient competence level) — Italian language

Predictors Assigned competence level in 13"
< “3” grade 2018-19 Italian language test
>=“3” Total
Male 33.2% 66.8% 100.0%
Gender Female 26.6% 73.4% 100.0%
Female odds ratio 1.37
Italian native 29.1% 70.9% 100.0%
Family origin indicator Foreigner I g. 43.7% 56.3% 100.0%
Foreigner II g. 32.6% 67.4% 100.0%
Repeating student at lower Not repeating 28.7% 71.3% 100.0%
secondary school Repeating 61.0% 39.0% 100.0%
Desired qualification No Univ. degree 43.0% 57.0% 100.0%
(10th Grade Qst) Univ. degree/more 15.4% 84.6% 100.0%
North-West 17.4% 82.6% 100.0%
North-East 18.2% 81.8% 100.0%
Geographical area Centre 28.4% 71.6% 100.0%
South 40.0% 60.0% 100.0%
South-Island 44.7% 55.3% 100.0%
1° quartile 63.6% 36.4% 100.0%
2014 8t grade INVALSI 2° quartile 45.5% 54.5% 100.0%
Italian language test score 3° quartile 22.3% 77.7% 100.0%
4° quartile 7.2% 92.8% 100.0%
1° quartile 67.6% 32.4% 100.0%
ESCS 2° quartile 50.2% 49.8% 100.0%
3° quartile 28.1% 71.9% 100.0%
4° quartile 9.0% 91.0% 100.0%

If we consider the subset of those students (still without ever repeating a
school years in the period under investigation) obtaining a competence level
at least equal to “3” in the 13th grade Italian language test (Tab. 5), there is
a reduction of the gap from 10 (in the previous table) to 7 percentage points
still in favour of females. In terms of odds ratio, the decrease is from 1.61 to
1.37, i.e. females are 37% more likely than males to reach a competence lev-
el at least of “3”. As underlined by the vast literature on the subject, females
achieve sufficient marks to a greater extent than their male colleagues.
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Tab. 6 — Descriptive statistics of the predictors with respect to the dependent varia-
ble Y2 (not sufficient/sufficient competence level) — Mathematics

Predictors Assigned competence level in 1 3th grade
< “3” 2018-19 Math test
>=“3” Total
Male 28.6% 71.4% 100.0%
Gender Female 38.9% 61.1% 100.0%
Female odds ratio 0.63
Italian native 33.9% 66.1% 100.0%
Family origin indicator Foreigner I g. 42.3% 57.7% 100.0%
Foreigner II g. 34.1% 65.9% 100.0%
Repeating student at lower Not repeating 33.3% 66.7% 100.0%
secondary school Repeating 60.2% 39.8% 100.0%
Desired qualification No Univ. degree 42.7% 57.3% 100.0%
(10th Grade Qst) Univ. degree/more 21.3% 78.7% 100.0%
North-West 20.5% 79.5% 100.0%
North-East 19.7% 80.3% 100.0%
Geographical area Centre 34.5% 65.5% 100.0%
South 45.0% 55.0% 100.0%
South-Island 51.9% 48.1% 100.0%
1° quartile 67.6% 32.4% 100.0%
2014 8" grade INVALSI 2° quartile 50.2% 49.8% 100.0%
Math test score 3° quartile 28.1% 71.9% 100.0%
4° quartile 9.0% 91.0% 100.0%
1° quartile 41.6% 58.4% 100.0%
ESCS 2° quartile 30.5% 69.5% 100.0%
3° quartile 25.7% 74.3% 100.0%
4° quartile 20.7% 79.3% 100.0%

The situation varies depending on the subject. Tab. 6 repeats the descrip-
tive statistics commented on for the previous table but considering in this
case the Math test. This subject sees a gap in favour of males: 10 percent-
age points more than females obtaining a result at least equal to sufficiency
(competence level “3”). The result is in fact completely reversed, looking at
the odds ratio: females are 37% less likely than males to reach a competence
level at least of “3”.
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Tab. 7 — Descriptive statistics of the predictors with respect to the dependent varia-
ble Y3 (low performers/high performers) — Italian language

Predictors Assigned competence level in 1 3th grade
< “4” 2018-19 Italian language test
>= 4" Total
Male 61.6% 38.4% 100.0%
Gender Female 57.0% 43.0% 100.0%
Female odds ratio 1.21
Italian native 58.5% 41.5% 100.0%
Family origin indicator Foreigner I g. 74.7% 25.3% 100.0%
Foreigner II g. 64.1% 35.9% 100.0%
Repeating student at lower ~Not repeating 58.3% 41.7% 100.0%
secondary school Repeating 85.5% 14.5% 100.0%
Desired qualification No Univ. degree 75.1% 24.9% 100.0%
(10th Grade Qst) Univ. degree/more 43.3% 56.7% 100.0%
North-West 46.0% 54.0% 100.0%
North-East 47.0% 53.0% 100.0%
Geographical area Centre 59.1% 40.9% 100.0%
South 70.2% 29.8% 100.0%
South-Island 73.7% 26.3% 100.0%
1° quartile 86.6% 13.4% 100.0%
2014 8" grade INVALSI 2° quartile 82.5% 17.5% 100.0%
Italian language test score  3° quartile 60.9% 39.1% 100.0%
4° quartile 27.2% 72.8% 100.0%
1° quartile 85.5% 14.5% 100.0%
ESCS 2° quartile 77.2% 22.8% 100.0%
3° quartile 55.6% 44.4% 100.0%
4° quartile 22.9% 77.1% 100.0%

If we analyse the distribution of students who reach a high level of com-
petence (at least level “4”), for Italian language (Tab. 7) it can be seen that
the positive gap in favour of females, which was 10 percentage points for
Y1 and 7 for Y2, it decreases again to 5.4 percentage points for Y3. In other
words, females are 21% more likely than males to reach a competence level
at least of “4”. As literature says about it, the positive gap in favour of fe-
males in linguistic subjects decrease when considering higher results.
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Tab. 8 — Descriptive statistics of the predictors with respect to the dependent varia-
ble Y3 (low performers/high performers) — Mathematics

Predictors Assigned competence level in 1 3th
< “4” grade 2018-19 Math test
>= 4" Total
Male 48.1% 51.9% 100.0%
Gender Female 62.1% 37.9% 100.0%
Female odds ratio 0.57
Italian native 55.3% 44.7% 100.0%
Family origin indicator Foreigner I g. 65.9% 34.1% 100.0%
Foreigner II g. 56.7% 43.3% 100.0%
Repeating student at lower ~ Not repeating 54.9% 45.1% 100.0%
secondary school Repeating 79.3% 20.7% 100.0%
Desired qualification No Univ. degree 65.9% 34.1% 100.0%
(10th Grade Qst) Univ. degree/more 41.5% 58.5% 100.0%
North-West 41.7% 58.3% 100.0%
North-East 40.7% 59.3% 100.0%
Geographical area Centre 56.4% 43.6% 100.0%
South 67.0% 33.0% 100.0%
South-Island 73.1% 26.9% 100.0%
1° quartile 85.5% 14.5% 100.0%
2014 8t grade INVALSI 2° quartile 77.2% 22.8% 100.0%
Math test score 3° quartile 55.6% 44.4% 100.0%
4° quartile 22.9% 77.1% 100.0%
1° quartile 64.0% 36.0% 100.0%
ESCS 2° quartile 52.8% 47.2% 100.0%
3° quartile 47.0% 53.0% 100.0%
4° quartile 40.3% 59.7% 100.0%

The situation again is reversed when we analyse the distribution of stu-
dents who reach a high level of competence in the Math test (Tab. 8). While
for the Italian language test the gap in favour of females tends to decrease
considering the higher levels of competence, for Math the gap in favour of
males increases to 14 percentage points (from 10 detected in model 2). In
other words, females are 43% less likely than males to reach a competence
level at least of “4”.

In summary, it can be stated that, considering grade 8 as the starting point,
females reach the 13t grade test after 5 years (thus without dropping out
or repeating) to a greater extent than males (10 percentage points more, as
showed in Tab. 4), but when we go to detail the phenomenon according to the
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levels of competence the results change. In fact, the gap in favour of females
remains only for Italian, actually reducing if we consider the achievement of
a competence level at least equal to “3” (‘sufficient’) or at least equal to “4”
(respectively +7 and +5 percentage points, displayed in Tab. 5 and Tab. 7).
On the other hand, males are less likely to reach grade 13 without dropping
out or repeating, but then, contrary to what happens for Italian language with
females, for Maths the gap in favour of males tends to increase as the level
of competence obtained increases (+10 and +14 percentage points more re-
spectively showed in Tab. 6 and Tab. 8).

These results obtained by descriptive statistics, will be now checked by
controlling for the predictors included in the logistic regressions.

On the basis of the tables further on above, we proceed to an examination
of the three models proposed by considering first of all the pseudo-R?: the
first model reports unsatisfactory values of the pseudo-R2, lower than 0.3
(Tab. 9), considered a threshold of acceptability of these measures in logistic
regression. The fact that all the coefficients are significant is not necessarily
an indication of a good model since, as already mentioned, for very large
“n” statistics based on the chi-square tend to always be significant. The little
strength (or “effect size”) of this model is also represented by the odds-ratio
values: many of them deviate little from “1” (no influence) and, in general,
are of lesser extent than those found in the following models with other re-
sponse variables.

The two subsequent models, in fact, have satisfactory pseudo-R? values,
as they are around or higher than 0.3. Moreover, in these models the coeffi-
cients are all significant, with the exception of the pupil’s origin indicator, in
fact this predictor is not significant in both models of Mathematics, and also
for Italian it does not appear to have much effect, with odds ratio close to 1: it
could therefore be eliminated from the model without major losses in repre-
sentativeness. In these 2 models, several coefficients present odds-ratios very
different from “1”, a signal of influence on the response variable.

Although the approach of this work is not of a predictive type, the clas-
sification tables of the three models (Tab. 10) were considered only to add
some reflection on the difference between the models: the first model, if used
with a predictive approach, would classify only about 5% of pupils who fail
to complete the 13t grade test correctly, raising doubts about the reliability
of the response variable thus calculated. The other two models would work
much better in a predictive approach, in particular model 3, which correctly
classifies 3 out of 4 pupils in general, well distributed among top-performers
and lower levels.
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Tab. 9 — Model summary of the three logistic regression models

Model summary

-2 Log likelihood 213,868.4
Model 1 Cox & Snell 0.08
R-square 0.14
Italian language Mathematics
-2 Log likelihood 203,256.5 222,533.1
Model 2 Cox & Snell 0.26 0.26
R-square 0.38 0.36
-2 Log likelihood 249,878.1 253,052.2
Model 3 Cox & Snell 0.29 0.29
R-square 0.39 0.39

Note: ** p-value < 0.01.

Tab. 10 — Classification tables of the three logistic regression models

Model proposed % correct
Italian language Math
Reaches 13" grade exam without repeating 99.3%
Model 1 (Y1) Reaches 13™ grade exam repeating or drop out 4.7%
Average 85.4%
Competence level 1, 2 46.4% 48.8%
Model 2 (Y2)  Competence level 3, 4, 5 91.9% 89.2%
Average 80.3% 77.4%
Competence level 1, 2, 3 79.4% 67.8%
Model 3 (Y3) Competence level 4, 5 69.5% 84.5%
Average 75.0% 77.8%

Division value: 0.5.

At this point, we can move on to the interpretation of the coefficients
obtained by considering, in addition to the odds ratios. As regards model 1
(Tab. 11), considering the odds ratio column (exp (B)) for the gender, which
is 1.63 (underlined in the table), we can say that the possibility that a fe-
male, compared to a male, took the 13" grade test, is 63% more likely than
a male student. Another relevant issue that emerges from the analyses is the
geographical distribution of students. In particular, it is known that a student
from the South or South and Islands, compared to a student from the Centre,
has respectively 17 and 12 percent more opportunities to participate in the
2019 grade 13 test, thus not repeating any year in the period considered. On
the other hand, a North-East or North-West student, compared to a student
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from the Centre, has respectively 9 and 18 percent less chance to participate
in the Grade 13 test. The major hypothesis around the latter evidences is that
southern regions could be less strict with their students, so that they’re more
likely to reach grade 13 without being rejected.

Tab. 11 — Model 1. Logistic regression coefficients with Y1 outcome variable: 13
grade final exam reached without repeating

Variable Categories B s.e. (B) Exp(B)= T
odds ratio
Constant 0.66%*  0.02 1.94 0.66
North-West -0.20%*  0.02 0.82 0.61
North-East -0.09*%*  0.02 0.92 0.64
Geographical area Centre 1.00
South 0.16%*  0.02 1.17 0.69
South-Islands 0.11**  0.02 1.12 0.68
1° quartile 1.00
2014 8 grade INVALSI ~ 2° quartile 0.22%%  0.02 1.25 0.71
test score 3° quartile 0.59*%*  0.02 1.80 0.78
4° quartile 1.14*%*  0.02 3.12 0.86
1° quartile 1.00
2° quartile 0.19¥*  0.02 1.21 0.70
ESCS .
3° quartile 0.28**  0.02 1.32 0.72
4° quartile 0.29%*  0.02 1.33 0.72
[talian native 1.00
Family origin indicator Foreigner I g. -0.42*¥*  0.03 0.66 0.56
Foreigner II g. -0.57** 0.02 0.57 0.52
Desired qualification No Univ. degree 1.00
(10th Grade Qst) Univ. degree/more 0.69*%*  0.01 1.98 0.79
Repeating student at lower Not repeating 1.00
secondary school Repeating -0.85%*  0.02 0.43 0.45
Male 1.00
Gender
Female 0.49**  0.01 1.63 0.76

Turning to Tab. 12, as a “success” event it is considered the achievement
of a competence level at least equal to “3” (out of 5), considered as “suffi-
cient”. In this case, net of the other variables of the model, the possibility
that a sufficient competence level was obtained from a female, compared
to a male is only 10% higher at the Italian language test, while 46% less
in Mathematics test (odds ratio 1.11 and 0.54 underlined in the table). The
gender gap still changes in favour of males in the third model (Tab. 13)
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in which the dependent variable discriminates between top performers and
others, i.e. takes on a value of 1 if the student reaches the test in grade 13
obtaining a level of competence at least equal to “4” (out of 5). The positive
gap in favour of females in Italian language is disappeared, while the one in
favour of males in Mathematics increase (female odds ratio is 0.97 and 0.44
respectively).

There are some other results involving the other predictors of the models.
For the geographical area, southern pupils seem to have more probability
than northern to reach grade 13 without being rejected, probably an evidence
of a lesser tendency in southern schools to reject pupils (model 1 in Tab. 11).
Then, looking at models 2 and 3, even net of the other predictors considered,
the well-known highest relationship of the regions of Northern Italy with the
best results is confirmed, but the effect slightly drops when we consider the
top performers (Tab. 12 and Tab. 13). More in details; looking at model 2,
northern pupil, controlling with all other variables, has twice the chance of
obtaining a sufficient level of competence compared to a pupil of the Centre
and about triple that of one in Southern Italy. This proportion decrease when
we consider a competence level at least ok “4”.

Other general interesting results regards pupils’ origin and background.
After having purified the effect of the other variables, pupil’s origin has
significative odds-ratios for the 15t model, while for the 22 and 34 model
they ‘re significative only related to Italian language. That is, compared to na-
tive students, I and II generation foreigners are on average 34% and 43% less
likely to reach grade 13 without being rejected (from grade 10 grade 13) but
then, if the career is regular, they have the same probability to reach a good
competence level in Mathematics, and they ‘re only slightly less likely to get
a good competence level in Italian language (in particular for the II genera-
tion students, their probability of getting a “top” competence level in Italian
language is only 14% less than native ones). The regularity of the course of
study (in lower secondary school) shows an odds-ratio of repeating students
which is half that of regular students, and constitutes an important variable in
the model as it allows us to evaluate the other predictors net of any repetition
of school year in middle school (an event generally linked to very complex
situations). The family background, has pretty similar odds-ratios in both
models, so the effect doesn’t change considering a threshold competence lev-
el of “3” or “4”; its values, although significant, are not the strongest "effect’
that we usually find in in other analyses related to competences. It should
also be emphasized, again with reference to the ESCS, that its influence in
both models is greater in Italian language than in Mathematics.
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The most influential variables of model 2 and 3, that is, with the highest
odds-ratios, even more than the ESCS, are the “desired qualification” expressed
in grade 10 tests, the 8t grade test score before entering the high school and the
dummy indicating a repeating student at lower secondary school (as indeed it
was emerged in Tab. 2 descriptive statistics with respect to gender): their effect
could be observed by the odds ratios or looking at the Beta coefficients which
are the biggest. A student who declares at grade 10 test that he/she wants to
achieve at least a tertiary degree has more than twice the chance of achieving
a level of competence in Maths at least sufficient or among the best compared
to those declaring a lower qualification (odds-ratio equal to 2.3 in both model
1 and model 2), even almost triple if we consider Italian language (odds-ra-
tios 2.8 and 2.6 respectively). The 8th grade test score, on the other hand, for
model 2, confirms that a pupil with a score in the second quartile has almost
double the chances of achieving a sufficient level of competence compared to
pupils with a score in the first quartile (odds-ratio 1.8 for both Italian language
and Mathematics); this effect stands but it is much lower considering model
3 (odds-ratios 1.1 and 1.5 respectively). Considering the subsequent quartiles,
the values are even much higher. It is a sign that a good score in the 8t grade
test is an excellent indicator of the level of competence that a pupil can achieve
after 5 years (not repeating any school year), and this result is also interesting
if we keep in mind the different construction of the INVALSI tests between the
two administrations considered: the grade 8 test of 2014 was paper & pencil
and built differently than that of grade 13 of 2019, actually the second year
of the CBT (Computer Based Test) technique. Last of the three main effect is
having repeated a year in the lower secondary school, which has similar odds
in both model 2 and 3 and both subjects (Italian or Maths).

5. Conclusions and discussion

The important conclusion that emerges from this work with respect to
gender is the following: starting from the descriptive statistics that confirm
the best performance of females in Italian language and of males in Maths,
when we get into the model to check the effect controlling for other variables,
the higher effect of females in Italian language almost disappears, while that
in favour of males in Mathematics remains strong: after controlling for the
other 6 variables of the model, the probability for a male student to achieve
a level of competence in Math at least sufficient or at least equal to “4” is
double that of females. The odds ratio reported in the crosstabs and in the
models are here synthesized in Tab. 14.

77

ISBN 9788835123330



Tab. 14 — Comparison between crosstabs and logistic models odds ratios

Dependent Odds ratio Conclusions from the models

variable Crosstabs ~ Models

Y1 1.61 1.63  Positive gap in favour of females

Y2 ITA 1.37 1.11  Decrease to a slight positive gap in favour of females
Y2 MAT 0.63 0.54  Increase of the positive gap in favour of males

Y3 ITA 1.21 0.97  Decrease to a no difference between males and females
Y3 MAT 0.57 0.48 Increase of the positive gap in favour of males

As an interpretation of these results, when we considered Y1, females are
at least 60% more likely than males to reach from grade 8 the grade 13 with-
out repeating or dropping out. When we consider only the subset of students
reaching grade 13 in 5 years, females are 37% more likely to get a compe-
tence level “3” in Italian language and 21% more likely to get a level “4”.
On the other hand, they are 37% less likely to get a competence level “3” in
Mathematics and 43% less likely to get a level “4” (“crosstabs” column in
the table). These values change while we obtain odds ratios from logistic re-
gression net of all the other predictors included: for Italian language the pre-
vious the 37% more likely decrease becomes an 11% and the 21% becomes
a 3% less likely, while for Mathematics the gap increase in favour of males.

There’re some other results emerged about the other predictors. About
the geographical area, students from the south are more likely to reach the
13th grade without repeating or dropping out; but when we consider only
those reaching the last grade regularly in five years, the highest competence
of students from the north emerged, even net of the other predictors included
in the models.

Students with a foreign family origin are less likely to reach grade 13
without being rejected or dropped out but then, if we consider only those
with a regular career, they have the same probability to reach a sufficient or
high competence level in Mathematics, and they 're only slightly less likely
to get a sufficient/high competence level in Italian language.

The ESCS indicator has a slight positive effect in reaching the 13t grade
with a regular career of five years. Its effect, despite higher when we consider
as a response the competence level, is not strong as expected and anyway
lower than other predictors with the highest coefficients, which are the “de-
sired qualification” expressed in grade 10 tests, the 8t grade test score before
entering the high school and the dummy indicating a repeating student at
lower secondary school.

The desired qualification express at the 10t grade questionnaire, has a
really high coefficient for those students declaring a tertiary degree: the asso-
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ciation is stronger in particular with the Italian language competence level.
Finally, the 8th grade score test is the predictor showing the strongest associ-
ation with the competence level at the 13t grade test (which was in a CBT
format): it’s also a proof of the reliability of the test INVALSI carried out
since many years. Last, the variable indicating a repeating student at lower
secondary school, involves only a little part of the students and has a strong
negative effect.

Finally, it is interesting to consider that the three aforementioned vari-
ables that have the greatest effect in the three models are aspects related to
the performance or aspirations of the pupils, while all the others are personal
“attributes” (gender), or of the family context (ESCS and origin) and ter-
ritorial (Geographical area). These most influential variables in the model
are, however, the most differentiated with respect to gender, so we can pre-
sume that, at least for Italian language, the gender gap is reduced because a
large part of this variability is absorbed by the presence in the model of the
“desired educational qualification”, the “8th grade test score” and the dum-
my “repeating student at lower secondary school”, three variables that are
highly characterized by gender, as described at the bottom of Tab. 2. On the
contrary, in Math, this effect of cancelling the gap is not noticed: males, net
of the score in the 8t grade test and their conviction on the qualification to
be achieved, still reach levels of better grade competence (the odds ratio of
females in Mathematics is in fact equal to 0.5 in both models 2 and 3).

These results are to be considered with some considerations and warn-
ings. First of all, the validity of the dependent variables while Y2 and Y3
are a precise measure of the competence level, that is over or under an exact
competence level in the Italian and Mathematics test, Y1 is more ambiguous,
because the “not success” option (i.e. grade 13 test not reached) includes
different situations (rejected students, drop out, private and vocation training
students) which can influence data. That could be the reason why for the
model 1 the R-square is not sufficient and the percentage of correct clas-
sification is very poor for those students not reaching the 13th grade exam
without repeating (as showed in Tab. 9 and Tab. 10).

Another limit of these results is that the three models (as showed in Tab.
1) they are based on a portion of the 8t grade students of 2013-14, respec-
tively 55,1% for model 1 and 46,9% for models 2 and 3, and that’s a warning
to be always reported when showing these results.

Further possible developments of this work may be the following:

— in the case of models 2 and 3, since the test scores are continuous varia-
bles, we could consider the Probit model, which requires the normality
of the distribution of the dependent variable, and which therefore would
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consider the whole range of response values, taking into account more in-
formation detailed with respect to the dichotomous variables considered
here; it would also be possible to insert ESCS and scores on the test of
GO08 as continuous explanatory variables;

— again in the case of models 2 and 3, considering the levels of competence
(from 1 to 5, therefore ordinal and not dichotomous), a “variable propor-
tional odd model for ordinal response” could be set, thus exploiting the
entire scale of competences for each student;

— for a better analysis on the possibility of the 8t grade 2014 students’
cohort to finish regularly the high school carrier (i.e. the aim of model 1),
one could try to identify the individual reasons for mismatch and create
a cleaner dichotomous dependent variable, excluding vocational training
and other confounding cases;

— to separate the analysis according to the school type: high schools, tech-
nical institutes and vocational institutes;

— to repeat the same models using the new data available after the 2021
INVALSI tests.
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4. Math gender gap according
to socio-economic background in Italy:
the better the conditions the larger the gap?

by Patrizia Giannantoni, Veronica Pastori, Cecilia Bagnarol

Most of the studies on disadvantaged categories and their educational
achievements focus the attention on students’ gender and socio-economic
background taken separately. In line with some researchers (Tinklin et al.,
2003; Strand, 2014) our aim is to consider these two sources of inequality
together.

In particular, the research questions are: 1) does gender gap increase in low
SES (socio-economic status) families and decrease in more favourable social
context? 2) if it is so, is this effect constant over time? 3) how much does the
family economic and educational status worsen the basic gender gap?

We used INVALSI data of Mathematics for students in 5t grade of the
Italian school system.

In the first part of the paper, we analysed the gender gap over time consid-
ering the last ten school years (from 2009/2010 to 2018/2019, the last avail-
able) and focus our attention on SES, mothers’ education, cognitive “Parts”
of INVALSI test (partitions of the whole test pertaining to the same cognitive
domain: Numbers, Statistics, Shapes and Figures, Relations and Functions)
and geographical macro-area where the schools are located.

The second part of our study was centred on 2017/2018 data with the
aim to deepen the study of gender gap considering other variables that could
influence achievement, as nursery school frequency, anxiety before test and
Math score in 27 grade.

The main result, observed in descriptive analysis and corroborated in
nested regression models, can be summarized by the expression “the better
the conditions the larger the gap”. In fact, it seems that the gender gap is
wider where the conditions are more favourable (high socio-economic level,
Norther regions in Italy, nursery school frequency) while in disadvantaged
conditions the gap between girls and boys decreases.

82

ISBN 9788835123330



1. Theoretical framework

Educational studies have extensively documented the existence of several
factors that continue to determine persistent inequalities in school perfor-
mances and learning trajectories. There is a large chunk of disadvantaged
pupils that do not perform academically as well as their advantaged peers
(Reardon, 2011). The term “disadvantaged” includes many aspects re-call-
ing a variety of situations; disadvantage factors studied by social scientists
are: socio-economic status (parental income, educational level and family re-
sources available), parental involvement in academic achievement, teacher’s
expectations, living area and neighbourhood, ethnicity minority status,
speaking school language as a second language, immigrant status, perceived
discrimination, self-concept, motivation (Banerjee, 2016).

A consistent part of these studies focused the attention on another impor-
tant characteristic: student’s gender. Together with the other factors named
above, some researchers (Fryer and Levitt, 2010) have highlighted disadvan-
tages between boys and girls at the end of primary school: in particular, in
Reading for boys and in Mathematics for girls. These inequalities are con-
sistent across countries and over time (EACEA P9 Eurydice, 2010).

The literature on the subject have proposed many explanations about gen-
der gap in achievement.

A first strand is oriented to biological factors, which cannot be affected
by societal and cultural factors (Naour, 2001). Another group of explanations
emphasizes psychological and societal factors. Boys and girls grow up in
structured sets of beliefs about personal attributes that characterized them:
for example, Math is not important, useful, doable, or part of the identity of a
girl (Wilder and Powell, 1989). The acquisition of so-called “gender-appro-
priate” preferences, skills, personality, attributes, behaviours and self-con-
cepts depend on the process of gender typing (Kollmayer, Schober and Spiel,
2016). Together with social and cultural factors, attitude, self-confidence,
anxiety, self-esteem, motivation, interest in matter, stereotypes and the ex-
pectations of parents and teachers (Lubienski et al., 2013) are also widely
considered as potentially important in determining school results, especially
in the perspective of gender gap.

The gender attitudes and expectations stem not only from society as a whole,
but especially from the most important socializing agent: parents. Parents influ-
ence gender schemas and gender-stereotyped cognitions, but they act also as
models. In this way, they, with their examples, can encourage to do better.

Parent’s expectations are strictly linked with family resources. Socio-eco-
nomic background is probably the most important agent in determining stu-
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dents” achievement at school. However, when it comes to gender differences,
the role of familiar cultural and economic resources is still unclear. Some
studies (Entwisle, Alexander and Highes, 2007) showed how cultural and
economic context can have an effect both in terms of stronger parental sup-
port and expectations, and in terms of less gender stereotypes. Other research
found out an opposite, counter-intuitive effect, of economic and cultural re-
sources on gender gap, showing that inequalities increase as the SES lev-
el improves (Contini, Di Tommaso and Mendolia, 2017; Lubienski ef al.,
2013). A deeper analysis of these aspects is needed especially in Italy, one
of the OECD countries displaying the largest differentials between boys and
girls, according to PISA assessment (OECD, 2015).

Beyond social justice, the study of gender together with socio-economic
background, is important if we think about cumulative advantage. In litera-
ture, this term is used to indicate that an advantage of one individual or group
over another accumulates over time (DiPrete and Eirich, 2006): a cumulative
advantage process can «magnifying small differences over time and makes it
difficult for an individual or group that is behind at a point in time in educa-
tional development, income or other measures to catch up» (272).

Talking about inequalities, several scholars and researchers (Tinklin et
al.,2003; Strand, 2014) argue about the need to consider not only one source
of inequality because it doesn’t allow to have a complete vision about the
phenomenon. Low performances do not associate with a single student’s
characteristics: it is rather the combination and accumulation of factors and
experiences lived by students (OECD, 2016).

Our paper contributes to the existing literature showing over the entire Ital-
ian population of 5t grade and in a time interval of ten years the interaction
of socio-economic background and gender in determining Math achievement.
Furthermore, this research takes into account other external “beneficial” fac-
tors that can affect Math performance, observing a general phenomenon that
we synthetized as “the better the conditions, the larger the gender gap”.

2. Design of research
2.1. Objectives and hypotheses

Starting from the importance to analyse more than one source of ine-
quality, our research was directed to explore differences in gender gap in 5t

grade of primary school in Italy, according to the different socio-economic
background of students.

84

ISBN 9788835123330



We wanted to test whether the gap between boys and girls could be larger
for students coming from low SES, as they experience a lack of home sup-
port and stronger cultural influences reinforcing gender stereotypes or, on
the contrary, it could be larger for students with a high SES for reasons that
literature has not clearly identified yet.

Furthermore, we observed the trend of these differences over a long-time
interval, the decade from 2009/2010 to 2018/2019, to detect whether the
trend is directed towards a reduction of these gaps or rather to an increase.

We finally aimed at gaining a better understanding of the effect of family
resources in moderating the disadvantage of gender.

Research questions we intended to answer are:

— does gender gap increase in low SES families and decrease in more fa-
vourable social contexts?

— if it is so, is this effect constant over time?

— how much does the family economic and educational status worsen the
basic gender gap?

2.2. Data

We used INVALSI population data in Math test (both percentage and
WLE'! scores) for students in 5th grade of Italian school system in order to
estimate the gap in performance between girls and boys. INVALSI database
of standardized tests for 5t grade includes always information about so-
cio-economic status (SES) of students based on ESCS index? and mother’s
educational attainment.

We performed a classification of students according to SES status based
on two indicators: quartiles of index ESCS and alternatively mother’s ed-
ucational attainment grouped into three categories: lower secondary/high
school/ university or higher.

With the aim to identifying whether there is a trend over the time, in the
first part of analysis, we covered the period from academic year 2009/2010
to 2018/2019, while in the second part we focused our attention on the year
2017/2018 because it is the year with the largest differences between girls
and boys in Mathematical results.

! Percentage score corresponds to the percentage of correct answers over total items of
the tests; WLE score is built on the basis of Rasch’s Model taking into account students’
ability and difficulty of items.

2 The index is built considering educational level and occupational condition of parents
and some family’s resources available (Campodifiori et al., 2010).
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Percentage scores are available over the whole decade, whereas WLE
scores have been calculated by INVALSI since school year 2011/2012. Thus,
the temporal trend has been observed with a different starting year for the
two indicators. Both scores have been corrected for cheating®.

For each school year in the analysis we created an “ad hoc” dataset with
specific data cleaning procedure composed of these steps:

— exclusion of all students with missing gender variable;

— exclusion of students with missing scores (either percentage or WLE);

— exclusion of students with missing ESCS or mother’s educational at-
tainment variables.

Eventually, in order to create a homogeneous reference population, we
selected only native* students with a regular course of studying.

Tab. 1 reports percentage reduction of reference population after da-
ta-cleaning procedure, which is always about 30%° of original population.
However, giving the census nature of the data the overall size of population
after cleaning procedure is always large enough for statistical analysis.

Tab. 1 — Total population and percentage reduction after data-cleaning procedure
for different years of interest

Year of interest Before data-cleaning  After data-cleaning  Lost of information (%)
2009/2010 498,382 333,127 33
2010/2011 515,104 336,334 35
2011/2012 489,581 297,565 39
2012/2013 483,921 323,410 33
2013/2014 477,944 331,612 31
2014/2015 412,743 286,642 30
2015/2016 482,761 354,151 27
2016/2017 489,343 346,332 29
2017/2018 499,353 355,336 29
2018/2019 489,189 344,377 30

3 Cheating, defined as set of anomalies that alter the test results, has been identified ac-
cording to the procedure of Quintano, Castellano and Longobardi (2009). The procedure is a
multistage method, combining the factorial analysis with a fuzzy clustering approach. This
procedure estimates the cheating considering the following items: percentage of correct an-
swers, variability within the class, index of answers’ homogeneity and class non-response rate.

* Native students are defined as: born in Italy from parents born in Italy.

5 The high percentage for the school year 2011/2012 is due a high rate of invalid or miss-
ing responses related to the mother’s education.

86

ISBN 9788835123330



In the year 2017/2018, where we performed a more in-depth analysis
of gender gap, we used also a geographical variable: region and province
where school attended by student is located. In addition, only for 2017/2018
we matched Mathematical test data with INVALSI Student’s questionnaire
data. This questionnaire collects information about students and their family
background together with questions about approach to school and study (e.g.
feeling anxiety before Math test, self- confidence in learning skills) as well
as parental support.

In the development of this work we considered the following variables
taken from INVALSI Student’s questionnaire: attending nursery school (yes/
no) and feeling anxiety before Math test (A lot/Enough/Few/ Not at all).

Finally, as INVALSI data have a longitudinal key (variable: SIDI INVAL-
SI) to follow the students over time, the final dataset was also linked with
previous scores of the same students in INVALSI Math test three years be-
fore, in 27 grade of school in the year 2014/2015. This kind of information
allowed us to take into account the “baseline Math skills” of the students, in
order to perform a more accurate analysis comparing students with the same
“starting ability” in Math. Including this information in the analysis means
that we could look more specifically to what operates on gender gap in the
period between grade 2" and 5th, net from the gap already existent at the
beginning of primary school.

2.3. Methodological choices

The attention on 5th grade students was motivated by the presence of dif-
ferences in gender-oriented self-concepts and attitudes since primary school
(Becker and McElvany, 2018). At the beginning of primary school, the dif-
ferences between boys and girls would seem not to emerge, but at the end
the gap is more evident. These results appear moderated by socio-economic
status, in particular into low status group (Entwisle, Alexander and Olson,
2007).

In this way, the situation in 5% grade can became important consider-
ing the cumulative advantage process above cited. In fact, the results can
constitute a red flag for policy makers interested in contrasting educational
inequalities.

As indicator of socio-economic background we considered the index
ESCS, but also one of its components, the variable mother’s educational lev-
el, which has been shown as a very important factors explaining inequalities
in school attainment for children (Checchi, Fiorio and Leonardi, 2007).
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In the last sixty years, the relationship between parents’ educational level
and student’s achievement remained stable and as a result of a strong corre-
lation between the first one and family income (Reardon, 2011), the choice
to consider also educational level as an alternative to the complex index are
justified.

The reason of our focus also on mother’s educational attainment (sep-
arately from the family one) is motivated by the fact that mother is yet the
main caregiver in Italy.

Mothers’ education is positively associated with some personality’s char-
acteristics that emerge as significant factors of advantage in achievements,
as openness and extroversion. In addition, these variable influences expecta-
tions of children’s educational attainment at the beginning of school and this
may contribute to a virtuous circle at later stages (Parveen and Alam, 2008).

Several studies highlight that the academic performances of students
whose mothers have higher educational level is better than the students
whose mothers are less educated or uneducated and that this trend increases
with the increasing of mother’s educational qualification (Englund et al.,
2004). Harding, Morris and Highes (2015) compare mother’s educational
attainment to a “black box” because it’s useful to understand the complexity
of the statistical positive relationship with achievements. Educational level is
associated to the income that, in turn, guarantees several resources (in terms
of cultural, social and economic availabilities).

2.4. Methods

This research followed different steps of analysis.

Gender gap in Math was always calculated as difference between girls and
boys average scores both using percentage and WLE scores of INVALSI test.

In the first part we outlined temporal trend of gender gap in Math over the
decade from 2009/2010 to 2018/2019.

Temporal trend was then observed according to a stratification of students
in groups based on their socio-economic status. Stratification was created by
means of two indicators: ESCS index and mother’s educational attainment.
Category of ESCS were divided into quartiles (< 25%, 25-50%, 50-75%, >
75%) whereas mother’s educational attainment was categorized as follows:
lower secondary/high school/university or more.

As we found a persistent increase in gender gap as ESCS increases, which
was counter-intuitive with respect to our hypothesis, we decided to develop
the research in different directions to shed more light on this result.

88

ISBN 9788835123330



The results from temporal trend by socio-economic conditions seemed to
indicate that consistently over time the better the socio-economic resources
the larger the girls” disadvantage. This result can be the effect of either:

— cultural factors that operate in a opposite direction with respect to what
initially expected (e.g. the influence of the cultural stereotype that sees
girls “not suited” for mathematics could be stronger at high levels of
ESCS, where higher results can be reached but with the requirement of
more motivation and self-esteem;

— or that biological/cognitive factors (i.e. cognitive strategies and process
and mental approach between boys and girls) have an effect, that become
more and more evident as the student’s environment conditions improve.
We decided to deep the analyses into different directions considering the

following aspects: “Parts” of Math test (partitions of the whole test pertain-

ing to the same cognitive domain), geographical areas (region and province)
and some students’ characteristics.

The study of gender gap by Parts is intended to answer to this research
hypothesis: if cultural factors play the major role in determining gender gaps,
then different Parts of Math test should all show the same magnitude in gender
gap, because cultural factors operate indistinctly on all the mathematical skills.

On the contrary if different cognitive strategies between boys and girls
have the highest influence on gender gap, this will be reflected in varying
levels of gender gap according to different Parts that activate different cog-
nitive domains.

The temporal trend of gender gap by Parts was built up with difference of
mean scores between girls and boys, calculated and plotted separately for:

— Numbers;

— Statistics;

— Shapes and Figures;

— Relations and Functions.

Parts were included in INVALSI Math scores since school year 2015/2016.

The study of geographical trend was projected with the aim to test the fol-
lowing hypothesis: if it is true that biological/cognitive differences exist and
enhance in context with more favourable conditions (higher mean scores),
we should observe a reversed trend in gender gap also at territorial level
(higher differences in more favourable conditions, such as North East, lower
gender gap in South).

Geographical analysis was built up estimating gender differences in mean
scores at provincial and regional levels, represented in a chart with different
intensity or colouring a different magnitude of gender gap using Tableau
software (v. 2020.1).
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Nested regression models allowed us to verify the hypothesis of “the bet-
ter the conditions the larger the gap™: girls’ disadvantage in Math perfor-
mance increases in the conditions of highest advantage, for example among
students of well-educated groups in northern regions.

The models referred only to year 2017/2018, because it is the year where
the maximum gender gap was observed.

The outcome variable for all the models was WLE scores. We selected
WLE scores because they consider jointly the ability of the student and the
difficulty of the items, thus they represent a more sophisticated measure of
Math skills.

Gender is the first covariate in the model. Successively, by means of nest-
ed models, we introduced all the other covariates one by one, studying both
the effect of the new variable variation of the coefficient of all the other var-
iables already included in the model.

Furthermore, introducing both primary (simple) and secondary (interac-
tion with gender) effects of all the confounders we could distinguish the pos-
itive direct effect of the covariates (e.g. higher ESCS higher score) from the
lowering or even the reverse effect of these same variables when they refer to
girls (positive effect of ESCS is gradually lower for girls, and it is minimum
for girls in the top category of ESCS).

3. Results

Observing the gender gap over the time (Fig. 1), we noted a consistent
disadvantage for girls over the whole time-period: the vertical axes repre-
sents the difference between the average score of boys and the average score
of girls, for each school year. The two scores, percentage and WLE®, have the
same trend, but differences more pronounced when we consider jointly the
ability of students and difficulty of items (WLE score). In fact, focusing the
attention on WLE score, we found in 2012/2013, 2014/2015 and especially
in 2017/2018 the highest differences between girls and boys. In the last year,
2018/2019, there is a drastic reduction even if the average score in Math is
still about 5 points lower for girls.

¢ WLE score wasn’t calculated by INVALSI in the first two years (2009/2010 and
2010/2011).
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& B Percentage score
B WLE score

Diff, seore (M-F)

2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019

Fig. 1 — Gender Gap in Mathematics from 2009/2010 to 2018/2019 (percentage
score and WLE score)

After these general results, we decided to study in-depth gender differ-
ences considering family’s resources. In contrast to our original hypothesis
data showed that the gender gap increases with the better conditions’ (Fig.
2). The trend was directly proportional: the more the increase of ESCS and
mother’s education the higher the differences between boys and girls, and
this result is consistent over the entire decade.

Basically, the results from descriptive analysis seem to indicate that boys
take advantages from favourable conditions more than girls.

We looked whether this result was confirmed also at territorial level, with
higher gender differences in regions more economically developed and with
better school outcomes, traditionally in the North of Italy.

Furthermore, geographical area is an important and discriminant varia-
ble to study gender gap. In international research, as well as PISA tests, the
hypothesis is that differences in achievements could decrease in countries
characterized by a better gender equality system.

7 For 2009/2010 and 2010/2011 information about ESCS and mother’s education weren’t
recorded.
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ESCS quartiles
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M Band 2: 25%¢ ESCS <507
B Band 3: 50°< ESCS <a75*
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Mother’s education
B Lower schoal
W High school

W University Degree

DAY WL ware (M -F)

R WLE smen (M -F)

2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019

Fig. 2 — Gender Gap by ESCS quartiles and Mother’s education from 2011/2012 to
2018/2019 (WLE score)

Fig. 3 — Female disadvantage by Regions and Provinces in 2017/2018 (WLE score)
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Again, our results went against the common belief (Fig. 3). In fact, in
2017/2018% we observed a counter-intuitive gender gap trend in more advan-
taged areas and, in general, in the North Italy.

In terms of mean scores, the substantial gender gap in more favourable
conditions was found both if we consider socio-cultural-economic aspects
and geographical ones.

In better contexts and whatever the advantage conditions, the differences
between boys and girls increases.

With the aim to deepen this hypothesis, we analysed the gender gap by
Parts of test’ (Fig. 4) and the results corroborate the existence of difficulties
related to specific competences in Mathematics. In fact, we noted a clear
gender gap in Numbers and Relations/Functions parts and a lower one in
Statistics and, especially, in Shapes/Figures parts (in this last case the differ-
ence is near to 0).

[Parts

W Numbers

W Statistics

B Shapes and Figures

M Rolations and Functions

DY, scee (M- F)

2015-2016 2016-2017 2017-2018 2018-2019

Fig. 4— Gender Gap by Parts from 2015/2016 to 2018/2019 (percentage scores)

In this way, it seems that differences in performance are influenced also
by the type of mathematical requested activity and by cognitive strategies
used by boys and girls.

8 Our decision to considering 2017/2018 is justified by the higher differences that charac-
terize this school year. Robustness check was performed using year 2018/2019 with the same
results (not shown).

® We considered from school year 2015/2016 because only since this year onwards the
Parts of INVALSI test remained with this fixed structure.
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In a final step of analysis of this study, we elaborated nested linear re-
gression models for WLE scores in year 2017/2018 with the intention of
better understanding and reinforcing the results observed in the descriptive
analysis. Gender is the key independent variable in these models, thus the
coefficient associated with “female” is the reduction in WLE scores for girls
with respect to boys.

This approach allowed us to evaluate the robustness of the main result of
this work, i.e. the observation that “the better the conditions the larger the
gender gap”, net from possible confounding factors.

In addition, this analysis consented to look at the effect of each factors
(ESCS, macro-area, nursery school, anxiety) separated between boys and
girls. All the results are summarized in Tab. 2.

For each covariate with an interaction effect the interpretation of coeffi-
cient is as follows: the general effect is estimated only among boys, whereas
the effect of the interaction (e.g. ESCS * Female) is the variation of the effect
for girls.

For each factor of advantage (e.g. ESCS, geographical area, etc.) the pos-
itive effect observed for boys (primary effect) is decreasing for girls (sec-
ondary/interaction effects) as we move from less advantaged categories to
the most advantaged ones. The gender gap in fact has its maximum within
the top categories: highest quartile of ESCS, North-East regions, attended
nursery school.

In Model 1, for example, being in the second quartile of ESCS increases
WLE scores of 11.8 for boys and 10.3 for girls (coefficient of girls is ob-
tained as 11.8-1.5 of the interaction effect); being in the upper quartile of
ESCS increases WLE scores of 23.7 points for boys, but only 20.6 (23.7-3.1)
for girls. The same trend is observed for geographical area where the school
is located, with the highest difference in the effects observed in the North-
East regions. The same trend is also found for the variable “have attended
nursery school”.

The regression results confirm what has already been shown in the first
section of descriptive analysis. It seems that girls experience a sort of plateau
in their performance, beyond which they cannot rise (a sort of “glass ceil-
ing”), whereas boys reach more easily the top performances.
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To go more in-depth on these results we inserted in Model 4 the variable
“WLE Math score at grade 2" obtained by linking for each student his/her
score three years before, in grade 2" in the year 2014-2015. This variable
allowed us to capture the basic skills in Math at the beginning of primary
school. The hypothesis here was that if a “cognitive” difference exists be-
tween boys and girls, we should see this difference already in grade 27 and,
after the introduction of WLE score in grade 2" in Model 4 the significance
of coefficient of gender in grade 5t should decrease.

Results of Model 4 with basic ability in Math in grade 2" show that the
coefficient of the females drops again of 1 point passing from -3.4 to -2.4
(demonstrating that part of the difference was already present in grade 2nd)
however it does not become completely insignificant, indicating that:

— either there are cultural factors that act between grade 2" and grade 5th
(two students, one male and one female, who start from the same level in
grade 2" on average are seen detached in grade 5t for the benefit of the
male student);

— or biological/cognitive factors become more prominent as the test beco-
mes more difficult.

Obviously the two hypotheses can coexist.

We also included anxiety, first as the only primary effect without interac-
tions (Model 5). Subsequently in the last model (Model 6) we kept the same
variable with the addition of interaction effects, i.e. the differential effect of
anxiety on boys and girls.

In Model 5, the overall effect of anxiety does not explain entirely the dif-
ference in Math scores between girls and boys, in fact the gender coefficient
remains significant with a mean reduction of WLE scores of -1.6 points for
girls with respect to boys. If we include also the interaction effects of anx-
iety with gender, in Model 6, we can see the general trend observed for all
the “positive factors” on school achievement, corroborating our hypothesis
“the better the conditions the larger the gender gap”. In fact, we saw one
more time that in the most favourable context (no anxiety) the gap between
boys and girls is the largest (the benefit of +13.6 points shrinks of 5 points
for girls, going to +8 points). Surprisingly, in the last model (Model 6) the
effect of gender, which is calculated for the “reference category” that sum-
marizes all the less favourable conditions (lowest ESCS, school in the South,
no nursery school attendance, high anxiety levels), changes its direction and
becomes for the very first time in favour of girls (+1.78 points of WLE).

Summarizing the main results, it seems that in difficult conditions, girls
perform better than boys, but this advantage reverses as we move to more
favourable conditions, and it worsens gradually reaching the largest gap in
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favour of boys in the best contexts, i.e. when both, male and female students,
have the highest mean scores.

This can be confirmed also by the ratio of male/female students among the
top performers. Although in the original population the ratio of males over
females is perfectly balanced, if we look among the 10% top performing stu-
dents the proportion of male students is 62.8%, over 10 points above the half.

Fig. 5 — Students in the top quartile of ESCS: distribution into WLE levels according
to gender in 2017/2018

Fig. 5 represents the distribution of only students of the highest socio-eco-
nomic level (4th quartile of ESCS) into the four quartiles levels of Math WLE
scores (in blue on the right) according to their gender (in green and orange
on the left). We can have an illustration of the disproportion of boys and girls
coming to the highest socio-economic group into the levels of Math scores
(<25%, 25-50%, 50-75% and > 75%).

Among students with the highest availability of economic and cultural
resources girls” scores are basically equidistributed through the 4 classes of
performance, whereas boys’ scores are more concentrated in the top cate-
gory. In fact, 36 over 100 boys with the highest ESCS status reach the top
quartile of performance (WLE > 75%), whereas only 25 over 100 girls have
the same result. This result seems to corroborate the hypothesis that gen-
der differences are especially pronounced among students that benefit of the
most favourable conditions: in such situations boys outperform girls, reach-
ing top-level results more than girls do.
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4. Discussion

Girls disadvantage in Mathematical results at school has been extensively
documented over time and space (EACEA P9 Eurydice, 2010; Fryer and
Levitt, 2010).

The debate about factors affecting Mathematical gender gap sees the con-
traposition of two perspectives: the “internal” determinants, i.e. biological/
cognitive factors (Naour, 2001) versus “external” determinants, particularly
social/cultural background of the student, that are manly found associated
with gender gap at country level (Guiso et al., 2008). The study of gender
gap according to socio-economic level of the student’s family gives the op-
portunity to have some insight on the prevalence of cultural factors over
biological ones (socio-economic status is strictly linked to cultural implica-
tions) and at the same time it responds to the indications of studying different
sources of inequality jointly (OECD, 2016).

This study adopted the perspective of cumulative disadvantage and is
oriented to gain a better understanding of factors influencing Mathematical
achievement in grade 5% of schooling in Italy, through a population level
analysis over an entire decade, from 2009/2010 to 2018/2019.

The general trend over the decade showed a consistent girls’ disadvantage
in Mathematical performance independently from the scoring method used
(percentage or WLE score), reaching the largest gap in the year 2017/2018.
By looking to the same trend, splitting students into four categories accord-
ing to their socio-economic background we found an increasing differential
between boys and girls as the ESCS conditions improve.

Results of this kind have already been shown in literature (Contini, Di
Tommaso and Mendolia, 2017; Fryer and Levitt, 2010; Lubienski et al.,
2013); however, a clear interpretation of this inverse relationship has not
been found yet.

We decided to better investigate this result by extending the concept of
“favourable conditions”. We looked at territorial differences in gender gap
across Italian macro-areas and found that regions with the highest average
Math scores, traditionally those in the North, showed also the highest level
of gender inequality (Giofre ef al., 2020).

Findings from socio-economic and territorial analyses seemed to give
the same indications: when the external conditions improve the differences
in the performance between boys and girls increase. Thus, we named such
a phenomenon as “the better the conditions the larger the gender gap”. A
possible reason for this effect could lie on different cognitive strategies and
abilities between girls and boys that become more evident when the average
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performance improves, i.e. among top performing students. In such group
boys manage in reaching the highest scores more than girls.

We finalized the research through an analysis with nested linear regres-
sion models, in order to look at our hypothesis in a more systematic way,
considering the effect of all the available potential determinants of gender
inequalities jointly and in interaction with gender. These models highlighted
how girls perform better than boys in difficult conditions, whatever the typol-
ogy of disadvantage (socio-economic, territorial, absence of pre-schooling
activities, etc.), however, this trend reversed as the conditions improve and
worsen gradually until it reaches the maximum disadvantage for girls in the
most favourable conditions.

Contini, Di Tommaso and Mendolia (2017) put forward the hypothesis
that girls benefit less from family resources. However, with our analysis, we
showed that this effect is not limited to family resources, but it spread to oth-
er forms of external advantage (social, territorial, attitudinal). In all of these
“better conditions” girls systematically underperform boys.

A “socio-cultural” interpretation could be that the influence of the cultural
stereotype that sees girls “not suited” for Mathematics, is greater at high lev-
els of performance (which require more motivation and self-efficacy) than at
low-medium levels. In other words, when circumstances make a student in
the condition of reaching high results, boys express more their full potential
than girls restrained by social stereotypes.

Our hypothesis is that if girls benefit less from “favourable conditions” it
could also be because biological characteristics and cognitive strategies are
at work, differentiating boys and girls in specific skills particularly evident at
high level of average performance.

In fact, it has been largely demonstrated in neuroscience literature that
brain development and functioning is different between men and women al-
ready from the first years of life: e.g. girls outperform boys in fine motor co-
ordination, and vice-versa males have superior visuospatial skills, detectable
already among 3-month-old infants (Goldman, 2017).

This hypothesis finds support in results from Cascella, Giberti and Bolo-
ndi (2020) about different performances between males and females accord-
ing to specific items of the INVALSI test. For items that involve either in-
terpreting decimal numbers or estimating a measurement, authors illustrated
the highest differences in percentage of correct answers between boys and
girls, indicating that specific cognitive abilities penalize mostly girls’ perfor-
mance. A similar indication can be derived from our analysis of gender gap
by Parts of the Math test, where specific abilities, such as Relationship and
Functions, seemed to be more discriminating between girls and boys.
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What our results display is, in fact, that girls overperform boys in difficult
conditions, where skills such as precision, perseverance, concentration count
the most. On the contrary, in the most favourable conditions, girls™ perfor-
mance reaches a sort of plateau, while boys in the same condition go beyond
that plateau reaching average scores at the very top levels, probably thanks
to cognitive and meta-cognitive skills such as greater intuition and higher
propensity to new methods and alternative approaches.

Differences between the two groups (boys and girls) are thus mostly
evident in contexts with the most favourable conditions, because there we
find the highest mean scores, where boys show a superiority in reaching top
scores. Thus, gender gap is maximum among the top performers, and, thus,
indirectly among the categories with the most favourable conditions (high so-
cio-economic level, Norther regions in Italy, pre-school attenders, and so on).

This result needs to be further corroborated by future research in different
contexts, however, if it comes out to be reliable, it will indicate that cogni-
tive skills differentiating boys and girls have an important impact on Math
achievement, already in the first years of schooling.

Nevertheless, it does not mean that girls are destined to lower performanc-
es. Although biological factors are innate and immutable, the way in which
mathematical is proposed, the teaching methods, the selection of items for the
test can promote the use of specific cognitive skills, more easy-accessible and
dominant for girls, and consequently reduce the gender gap (Boaler, 2009).

Some studies have shown that when mathematical teaching is centred
upon collaborative work, proactivity, investigative approach and treats mis-
takes as an opportunity for learning (Boaler, 2013) the gender gap decreases.
In a very recent study about Italy, Di Tommaso ef al. (2020) designed and
tested an innovative teaching method promoting the active participation of
students through peer interactions, sharing of ideas and problem posing. The
authors demonstrated that this kind of educational strategy has causal effects
in narrowing gender gaps.

5. Conclusion

The effects of ESCS on gender gap are debated. With this study we con-
firm a counter-intuitive effect of high socio-economic background on gender
gap, with girls disadvantaged particularly at higher level of socio-economic
status. This effect is not limited to ESCS but is observed also with other
external “beneficial” factors, in a wide-spread phenomenon we named “the
better the conditions the larger the gender gap”.
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We tried to give an interpretation to these consistent findings about girls’
disadvantage in more favourable conditions, stressing biological factors and
cognitive strategies that characterized girls and boys. Cognitive strategies in
fact seem to advantage boys especially in the most advantageous conditions,
where they can express their maximum potential, reaching very top levels of
performance.

Part of these differences can be reinforced or weakened based on the edu-
cational methods adopted, changing teaching strategy in a more proactive and
cooperative way opens the field to potential significant reductions of gender
gap and should be encouraged and promoted at all levels of schooling.
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5. Immigrant performance towards reading
in OECD PISA 2018

by Paola Giangiacomo, Valeria F. Tortora

The number of immigrant students has grown considerably in the past 20
years in most countries. According to the OECD, around 4.8 million immi-
grants arrived in OECD countries in 2015, a wave that reinforced a long and
steady upward trend (OECD, 2018). In OECD countries, between 2000 and
2009, the percentage of students of immigrant origin grew by an average of
three percentage points, in Italy the percentage of immigrant students grew by
almost 4.5% (4.1% second generation students, 0.3% first generation students).

The way in which schools and education systems respond to the challeng-
es and opportunities that arise with migratory flows has profound economic
and social implications.

The key to maintaining social cohesion during these population move-
ments is to encourage the integration of immigrants and their families in the
countries of adoption; education can be an important lever to achieve this.

In Italy, since the beginning of the migration phenomenon, the school has
taken shape as a place of integration, of cultural exchange, of meeting with
languages and stories that are worth knowing and enhancing in common edu-
cational spaces. Most of the time, the inclusion of one or more foreign students
has led to a change in the organization of teaching in various aspects; for ex-
ample the preparation of spaces dedicated to language laboratories, the acqui-
sition of specific aids for linguistic needs and information on the origin and
personal and scholastic history of each. In other cases, the school has made use
of external resources, operators organized by the local authority, indigenous
mediators with more or less defined professional skills, adopting response
methods ranging from delegation to other integrations of project resources.

In most countries, as demonstrated by international surveys sponsored by
the OECD and the IEA, native students achieve results well above their first
and second generation immigrant colleagues.
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Through international surveys, a strong correlation between the perfor-
mances of immigrants and their socio-economic conditions has been demon-
strated (OECD, 2019).

1. Introduction

Europe has always underlined the importance of promoting the integra-
tion of children and young people from migrant backgrounds in schools and
facilitating their integration into society through education. There are many
political initiatives that the Union has developed over the years to address
the various challenges, the most recent of which are: the “2016 European
Commission’s Action Plan on the Integration of Third Country Citizens” and
the “Communication on Protection of children in migration” in 2017.

The first document highlights how education and training are among the
most powerful tools for integration; the second suggests actions aimed at the
protection of all migrant children in the various stages of the process, also
including assessing the needs of each in the shortest time possible from the
moment of arrival, and an immediate access to education. Finally, on this
basis is inserted the “2018 Council Recommendation” on the promotion of
common values, inclusive education and a European dimension of teaching
which underlines the importance of ensuring fair and effective access to edu-
cation with the necessary support for all pupils, including those from migrant
backgrounds.

On September 2015, the 193 ONU member countries adopted the 2030
Agenda for sustainable development. The 2030 Agenda represents the new
global reference framework for national and international efforts aimed at
finding common solutions to the great challenges of the planet, such as ex-
treme poverty, climate change, environmental degradation and health crises.
It has been in force since 2016 and has 17 Sustainable Development Goals
(SDGs), ONU member states have declared themselves willing to achieve
these goals together by 2030. The SDG 4 aims to “ensure an inclusive and
equitable quality education and promote lifelong learning opportunities for
all”. Quality education is the basis for improving people’s lives and achiev-
ing sustainable development. Important results have been achieved regard-
ing the increase in access to education at all levels and the increase in enroll-
ment levels in schools.

The way in which schools and educational systems respond to the chal-
lenges and opportunities that arise with migratory flows has profound eco-
nomic and social implications: a well-integrated student, both at school and
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at social level, has more opportunities to achieve their potential and con-
tribute to making the new country more competitive both economically and
socially. The skills acquired by students in the host country will positively
influence his chances of successfully entering as a citizen and worker in that
country, school success can be interpreted as one of the first indicators of the
integration of the immigrant population in the host country.

The key to maintaining social cohesion during population movements is
to encourage, in the best way, the integration of immigrants and their fam-
ilies in the countries of adoption; education can be an important lever to
achieve this. In most school systems, access to education and training, in the
compulsory school age, is the same as that of their native companions, while
in 13 education systems, among which Italy is not included, for young mi-
grants, no longer of compulsory school age, it is possible not to have the right
of access to education (European Commission/EACEA/Eurydice, 2019).

The creation of an egalitarian educational system, able to offer all stu-
dents the same learning opportunities, has always been a central node in
the debates related to the effectiveness of the national school systems of the
OECD countries (Davoli, 2016). In several European countries, where there
is already a stronger history of immigration, a complete integration of stu-
dents of foreign origin into the system has not yet been achieved, as is also
shown in the investigations promoted by the OECD (2020).

In Italy, since the beginning of the migration phenomenon, the school has
taken shape as a place of integration, of cultural exchange, of meeting with
languages and stories that are worth knowing and enhancing in common
educational spaces. Most of the time, the inclusion of one or more foreign
pupils has led to a change in the organization of teaching in various aspects;
for example, the preparation of spaces dedicated to language laboratories,
the acquisition of specific aids for linguistic needs and information on the
origin and personal and scholastic history of each. In other situations, the
small number of foreign pupils has led to underestimate the phenomenon
and to rely only on the children’s ability to adapt. The individual schools and
teachers involved, based on the resources available, the availability of other
bodies, responded differently to the presence of foreign students.

In most countries, as demonstrated by international surveys sponsored by
the OECD and the IEA, native students achieve results well above their first
and second-generation immigrant colleagues. Among the factors tradition-
ally used by international literature to explain the educational disadvantage
of first and second-generation immigrant students, elements of a socio-eco-
nomic, institutional and nature linked to the migratory history of their family
play a fundamental role. Among the most important explanatory factors of
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the school gap between natives and students of immigrant origin, a strong
impact is given by the variable language spoken at home on the performance
of students in general and even more on the performance in reading. In fact
several studies show that speaking a language other than that of the test al-
ways involves, other things being equal, a decrease in the score obtained
(Isphording and Otten, 2014).

The study is articulated in this way: in the following paragraph it illus-
trates the literature characteristis of immigrants, the third paragraph shows
the objective and research hypotheses, the fourth introduces the target pop-
ulation of this study, the data and methodology are present in the fifth para-
graph and the last part is dedicated to the results and discussion.

2. Background

In this perspective, it is of fundamental importance to investigate the dif-
ferences in learning between foreign students, both first and second genera-
tion, and their native counterparts' (INVALSI, 2019). Thus, the analysis of
INVALSI data allows us to shed light on those aspects in which educational
institutions fail in the integration process: knowing where to intervene to
reduce the gap in results means having the opportunity to find solutions.

To integrate fully into the new country, mastery of the language of the
host community is essential if immigrant: it is one of the major challenges
that immigrant students face (Isphording and Otten, 2014) and many immi-
grants never reach an adequate knowledge of the language of the host coun-
try (Isphording, 2015).

The performance and the relationship with socio-economic background
is one of the enduring issues in educational research. Socio-economic back-
ground is usually considered a strong predictor of a student’s score (Agasisti
and Cordero-Ferrera, 2013; Willms, 2006; Woessmann, 2007).

The effects of socio-economic status on student achievement have been
extensively studied and research has shed light on specific mechanisms that
link economic, social and cultural heritage in the family context to student
achievement (Jeger and Breen, 2016). Further studies show that students
whose parents have higher educational levels and more prestigious and bet-

! By Native student we mean a child born in Italy to parents born in Italy, a First-gen-
eration foreign student means a child born in a foreign state and arrived in Italy at school
age, and a Second generation foreign student means a child born in Italy to parents born in a
foreign state.
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ter-paid jobs generally benefit from a wider range of financial (e.g. private
tutoring, computers, books), cultural (e.g. time in active parenting) and so-
cial resources (e.g. networks) that make students’ school success easier, com-
pared to peers who come from families with lower education levels or who
are affected by chronic unemployment, jobs low income or poverty.

3. Objective and Research Hypotheses

The aim of the study was to investigate what reading skills the first and
second-generation immigrant students, who participated in the OECD PISA
2018 international survey, obtained, assessing whether and to what extent the
school participated in integrating them into the school context. Furthermore,
the OECD survey PISA, through a questionnaire completed by the students
participating to the tests, collected data on a large set of characteristics of
the families including the socio-economic and cultural level of the students’
parents, the status of immigrant, the language spoken at home and family
structure. By crossing these data with the results obtained in the tests, an
attempt will be made to analyze their impact on the students’ results. Specif-
ically, it will be interesting to analyze the impact of the language spoken at
home on the results of immigrant students, the involvement of parents and
the disciplinary climate of the class. Being able to arrive to a deeper and
more realistic examination of the factors that influence the levels of compe-
tence of immigrant students is useful for preparing a better development of
intervention tools, both at the level of immigrant management in schools and
more precise school policies.

The research questions of this study are the following: is the language
barrier overcome if the test language is spoken at home? To explain the ed-
ucational disadvantage of first and second-generation immigrant students, is
it necessary to analyse the role played by the socio-economic aspects of par-
ents? Are the territorial gaps also evident between immigrant students from
the North and those from the South?

4. Target population

In order to investigate the integration of immigrant students we used
OECD PISA 2018. The surveyed students are representative samples of the
population of grade 8, 9, 10 and 11 students; 11,785 Italian students partici-
pated in PISA 2018.
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Immigrant students are divided by type of school into Lycei 2.5%
first-generation immigrant and 3.5% second, in technical institute 4.7%
first-generation immigrant and 6.7% second, in vocational institutions 4.7
% of first-generation immigrant and 6.7% of second, and finally vocational
training institution 8.9% of first-generation immigrant and 9.2% of second.
Already within the type of school, there are differences in the choice of the
course of study: the presence of immigrant students within Lycei is clearly
less than that of the natives, on the other hand, in technicians, professionals
and vocational training their presence is decidedly higher. Even among the
15-year-old students present in the secondary school, first generation immi-
grants are definitely more than their second generation immigrant colleagues
(43.1%). These data somehow communicate to us that foreign students pre-
fer vocational courses over more Lyceum ones and, therefore, it seems that
they tend to ensure a school path that can guarantee their insertion into the
world of work.

Taking into account, however, the geographical area and adding the first
and second-generation immigrant students, the percentage rises to 13.7% in
the North West, 16.4 in the North East and 3.7% in the South. As for the type
of school, 9% of foreign students are enrolled in vocational training courses,
a percentage that rises to 11.4% for technical institutes and 18.2% for voca-
tional institutes while it falls to 6% for Lycei. Italian students report average
reading scores significantly 31 points higher than second-generation immi-
grant students and 43 points higher than first-generation immigrant students.

It should be noted that in the analysis data from lower secondary schools
will not be commented on in this analysis because of the high standard errors
indicating inaccurate estimates.

Tab. 1 — Percentage of students per type of schools

Non-immigrant  Second-generation  First-generation

immigrant immigrant
% S.E. % S.E. % S.E.
Lyceum 93.99 0.54 3.52 0.38 2.50 0.33
Technical institute 88.57 0.90 6.70 0.77 4.73 0.40
Vocational institute 81.78 2.05 9.25 1.62 8.96 1.04
Lower secondary education ~ 38.88 7.76 17.99 5.78 43.13 9.33
Vocational training* 90.88 2.04 4.61 0.98 4.50 1.41

* Lower secondary education means Scuole secondarie di I grado and Vocational training
means Center of Vocational Education.

Source: OECD, PISA 2018 database
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This figure is also confirmed by the greater presence in the two Italian
areas of lower unemployment and higher industrialization, North East and
North West (respectively 8.4% of 27 generation and 8% of 1%, and 7.6% and
6% of first-generation immigrant). These data inform us not only that fami-
lies have settled in the places of greatest possibility of employment for them
but also in perspective for their children. In the southern areas the attendance
rates are very low.

Tab. 2 — Percentage of students per Geographic Area

Non-immigrant Second-generation First-generation
immigrant immigrant
% S.E. % S.E. % S.E.
Italy 90.00 0.50 5.50 0.40 4.60 0.30
North West 86.32 1.32 7.64 0.88 6.04 0.73
North East 83.64 1.10 8.38 1.07 7.98 0.63
Center 89.76 1.03 5.48 0.76 4.76 0.62
South 96.34 0.50 2.14 0.40 1.52 0.45
South Islands 94.05 1.07 3.51 0.89 2.44 0.46

Source: OECD, PISA 2018 database

5. Data and methodology

For the purpose of this report, we included some variables of the OECD
reports when presenting and discussing PISA 2018, cross-country differenc-
es and similarities in the performance and characteristics of students with
immigrant background. We included three variables (epistemological be-
liefs, truancy) which have been shown to be major predictors of PISA per-
formance in the recent PISA 2018 round (Hippe, Jakubowski, and Araujo,
2017; OECD, 2016) and which are also susceptible to be relevant drivers of
expected dropout rates.

Economic, Social and Cultural Status (ESCS) is an OECD index meas-
uring student socio-economic background. PISA measures ESCS with an
extensive set of questions related to parent occupation, education and house-
hold cultural, educational and economic resources®. The index is standard-

2 The ESCS index is calculated by the OECD through the use of three indicators: the
highest employment level of parents (HISEI); the highest level of parental education meas-
ured in years of schooling (PARED); home-owned assets (HOMEPOS), which in turn include
all the items of the family wealth indicator (WEALTH), home-owned cultural assets (CULT-

111

ISBN 9788835123330



ised to have a mean of 0 and a standard deviation of 1 across OECD coun-
tries (weighting each country equally).

Immigrant background refers to first or second-generation immigrant
students. As first and second-generation immigrant students have different
immigration backgrounds, the results may, in many cases, vary according to
each group. In consequence, we include this distinction among immigrant
students.

Language spoken at home controls for the fact that the language taught at
school and the language spoken at home may be different. In consequence, a
student may have more difficulty in the subjects at school and in socialising
with schoolmates when the same language is not practiced in both home and
school environments. Thus, not speaking the language at home has also been
shown to be negatively associated with PISA scores. In the questionnaire,
the students have answered the question about language, in particular which
language speak most at home (see Fig. 1). To analyze the students’ answers
to this question, the variables were re-coded in two, language of test and
other language.

5T022
A casa, quale lingua parli per la magglor parte del tempo?
;Sahzw una sola risposta)
Italiano STOR2COITADL
Tedesca 5!0323:1;92
Savena STO2ICOITADS

O

STOZ2COITADS
O

Unaltra kingua ufficialmente riconosciuta in italia {ladino in Alle Adige, francese in Valle &' Acsta)

STO2ICOITADS
Q
C

Un dialetio

STO22COITADE

Un'altra lingua di un Pagse dellUniong Eurcpea @)

STOZ2COITADT

Unvaltra lingua (ad esempic, albaness, arabo, cingse, ecc.) O

Fig. 1 — Question from the Student Questionnaire on the language spoken at home
administrated in Italy

POSS) and owned educational resources (HEDRES), such as possession of books, requested
through four categories: 0-10 books, 11-25 or 26-100 books, 101-200 or 201-500 books, more
than 500 books.
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International surveys such as PISA report student performance through
plausible values.

In order to take into account the evaluation errors deriving from the fact
that not all the questions have been submitted to all the students, a set of ten
plausible values has been calculated for each student with which an estimat-
ed probability is associated. The average of the population of Italian 15-year-
old students is stimulated using the average of ten plausible values. The two
scale marks were standardized with an average of 500 and a standard devia-
tion of 100 (OECD, 2017b).

We have used first of all the simple descriptive analysis of the differences
between native and immigrant students, in order to highlight the extent of the
two groups gap.

Making use of Linear regression models we will be able to understand
how student proficiency is influenced by immigrant and socio-economic sta-
tus, and to estimate to what extent the interaction of these 2 variables has
a cumulative effect. The linear regression used allowed to verify the effect
of a particular predictor (bn), net of the variability share of the dependent
variable explained by the other explanatory variables. Therefore, the partial
regression coefficient associated with each independent variable represents
the average change that we can expect to observe in correspondence to a unit
increase of a predictor, keeping all the other predictors constant.

Data preparation was done with the IEA IDB Analyzer and IBM SPSS
Statistics.

6. Results

PISA 2018 shows that first-generation immigrant students who spent more
time in the destination country tend to perform better than those who spent
less time in the country; whereas second-generation immigrant students tend
to perform better than first-generation immigrant students but worse than
their non-immigrant peers; and that the most vulnerable immigrant students
tend to be those who arrive late at school, who have a limited command of
the evaluation language in the host country and who come from a country
where education standards are weaker (OECD, 2019b).
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6.1. Students’ performance in reading

The results reported in this work concern reading literacy, as the main
domain of PISA 2018.

The Figure 2 shows descriptive statistics, broken down by non-immi-
grant, first and second-generation immigrant and for all students in reading
performance.

Non-immigrant students obtain the best reading score within each geo-
graphical area compared to their immigrant colleagues. But looking at the
graph by analysing the performance of the second-generation immigrant
students, it can be seen that in the North East the second-generation im-
migrant students reach averages statistically significant above those of the
native students in the South and Islands: 462 in the North East compared to
the natives of the South and the islands 445. It is interesting to note, too, that
the “non-immigrant” students of the Northern regions achieve statistically
significant higher results, with deviations of 50 points on average, compared
to students in the areas of Southern Italy (512 in the North East and 445 in
the South and Islands).

Reading performance

550
500
450
400
350 I II
300
Italy North West  North East Center South South Island
B All students ¥ Non-immigrant

m Second generation immigrant m First generation immigrant

Fig. 2 — Performance in reading in PISA 2018

The following graphs show the results of the students (natives, first and
second-generation immigrant students) divided by type of school attended
and by geographical origin. The graphically represented data confirm a clear
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territorial gap and also show how first and second-generation immigrant stu-
dents, in some geographic areas and in the same type of school, perform
better than students without an immigrant background.

In reading the graphs it is immediately deduced that the second-genera-
tion immigrant students who attend Lycei in the North East (543 points on
average) have significantly higher performances than the natives who attend
Lycei in the South and Islands (490 points on average). If the analysis moves
between the first-generation immigrants and the natives, it is interesting to
note that the first-generation immigrant students of the North East achieve
performances of 546 average points compared to the native South colleagues
who instead have 503 points, therefore a difference of 43 points. The data
also show the same trend in the other types of school: in the Southern and is-
lands Technical Institutes, second-generation immigrant students obtain 394
average points, first-generation immigrant students 363 unlike North West
students who obtain 459 average points.

Non immigrant
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Fig. 3 — Performance in reading: students non-immigrant attended the different
types of school and divided by geographical area
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Second generation
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Fig. 4 — Performance in reading: second-generation immigrant attended the differ-
ent types of school and divided by geographical area
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Fig. 5 — Performance in reading: first-generation immigrant attended the different
types of school and divided by geographical area

6.2. Language spoken at home

Through some questions of the student questionnaire it was examined
whether natives and immigrants students routinely used the language of the
test or a different language at home.
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The Table 3 below shows that in Italy 18.5% of students speak at home a
language different from that used in the PISA tests; the percentage rises for
first and second-generation immigrant students respectively 70.4% and 55.4%.

Tab. 3 — Percentage of students who speak mainly another language at home — Italy

Percentage of Percentage of students who speak
immigrant students mainly another language at home
All students Second-generation  First-generation
immigrant immigrant
% S.E. % S.E. % S.E. % S.E.

Ttaly 10.0 (0.5) 18.5 (0.6) 554 (24) 704  (3.1)

If we analyze the impact of the language spoken at home on the results of
students in reading tests, it can be seen that it has a very significant impact.
Students who do not speak, at home, the language spoken at school tend to
have a lower reading performance: the difference in average reading between
immigrant students who speak the test language and those who speak a dif-
ferent language, in Italy, is 44 points and is statistically significant.

Tab. 4 — Average performance in reading of students who speak mainly another
language at home — Italy

Immigrant students Immigrant students Difference in reading
who speak mainly another who speak the language performance between
language at home of assessment at home immigrant students

who speak the language
of assessment at home
and those who do not
Mean score S.E. Mean score S.E. Score dif. S.E.
423 (6.1) 467 (7.3) 44 (9.4)

Note: statistically significant score point differences are marked in a darker tone.

The same data were analyzed by dividing the students by geographical
area; Table 5 presents the data of first and second-generation immigrant,
non-immigrant students, and the result of all students.

The difference between reading performances is significant between
non-immigrant and second-generation immigrant in the North East, i.e. be-
tween the first immigrant students and the second there is a difference of 45
points on average, therefore the possibility of practicing the test language at
home is very important to obtain good results. Furthermore, there is a signif-
icant difference also between non-immigrant and first-generation immigrant
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in the North East and in the Center, with a high difference also in these two
cases, respectively of 43 and 40 points on average.

Tab. 5 — Average performance in reading of students who speak mainly another lan-
guage at home — For Geographic Area

All students Non-immigrant Second-generation First-generation
immigrant immigrant
Media  E.S. Media  E.S. Media  E.S. Media  E.S.
Italy 432 4.2 439 4.9 424 7.5 422 8.1
North West 431 8.1 446 13.4 423 10.0 418 14.9
North East 465 9.5 485 11.2 440 15.0 442 13.6
Center 451 7.8 466 8.4 432 153 426 14.1
South 407 10.0 410 10.7 384 22.6 395 21.5

South Islands 388 10.4 396 10.6 382 26.8 344 31.2

Tab. 6 — Average performance in reading of students who speak mainly language of
test at home — For Geographic Area

All students Non-immigrant Second-generation First-generation
immigrant immigrant
Media  E.S. Media  E.S. Media  E.S. Media  E.S.
Italy 487 2.8 489 2.8 471 8.90 459 12.8
North West 511 6.1 515 6.3 468 15.0 465 21.3
North East 515 5.6 517 5.7 503 17.6 469 24.6
Center 493 49 493 4.9 469 14.5 488 20.4
South 463 4.8 464 4.9 478 21.7 432 30.8

South Islands 450 8.5 454 8.2 415 21.1 408 49.9

Table 7 shows the results of students who speak mainly another language
at home by type of school. The difference is significant between non-immi-
grant and first-generation immigrant students in technical institutes.

Tab. 7 — Average performance in reading of students who speak mainly another lan-
guage at home — For type of school

All students ~ Non-immigrant Second-generation First-generation

immigrant immigrant
Media E.S. Media E.S. Media E.S. Media E.S.
Lyceum 494 5.2 499 6.6 470 15.2 504 12.6

Technical institute ~ 439 5.4 447 5.5 432 10.8 423 10.4
Vocational institute 373 8.1 373 8.1 374 14.6 375 18.8
Vocational training 372 10.9 369 11.2 374 23.5 388 32.8
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Tab. 8 — Average performance in reading of students who speak mainly the language
of test at home — For type of school

All students ~ Non-immigrant Second-generation First-generation

immigrant immigrant
Media E.S. Media E.S. Media E.S. Media E.S.
Lyceum 525 32 525 33 530 9.1 521 13.6

Technical institute 464 4.1 464 42 462 10.6 473 14.3
Vocational institute 406 10.6 408  10.7 434 24.1 398 23.8
Vocational training 418 5.6 422 5.7 358 34.6 341 30.3

6.3. Socio-economic status

The Table 9 shows the mean of index SES, Socio-economic status, and
the belonging to the geographical area of the students.

The PISA socio-economic and cultural status index (ESCS) provides a meas-
ure of the family context and is based on the indices of material well-being
and possession of educational and cultural resources, including the number of
books at home, the occupation of the parents (considering the higher employ-
ment status between the two parents) and the level of education of the parents
(considering the parent with the title of higher study). The value of this index can
be referred to the student, to the school (as an average of the values of the index
of students who attend it) or to the education systems (as an average of values
of the index of all students in the country). The index is standardized with zero
average and standard deviation 1 among the OECD countries. A low index value
corresponds to a disadvantaged socio-economic and cultural situation.

As can be seen in Table 9, Non-immigrant students from the North and
Center have an average level of socio-economic background higher than the na-
tional average, while those of the South and South Islands are below this level.

Tab. 9 — Mean of index of SES for Geographic Area

Non-immigrant students Second-generation First-generation
immigrant students immigrant students
Mean index S.E. Mean index S.E. Mean index S.E.
Italy -0.16 -0.02 -0.68 -0.06 -0.82 -0.06
North West -0.07 0.04 -0.58 0.09 -0.81 0.1
North East -0.04 0.05 -0.68 0.14 -0.8 0.12
Center -0.01 0.05 -0.77 0.08 -0.94 0.14
South -0.33 0.05 -0.66 0.13 -0.49 0.17
South Islands -0.33 0.06 -0.86 0.13 -0.91 0.12
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Second and First generation immigrant students have an average level
of socio-economic and cultural index lower than their non-immigrant col-
leagues.

The regression model presented in Table 10 shows a regression analysis
in which the origin variable and the average score obtained for reading tests
were inserted: the immigrant condition has a significant effect on the results
of students in cognitive tests in reading, in particular being a second genera-
tion immigrant student means having 37 points less in the reading score than
native students and 49 points less for first-generation students. These data
are both significant. The ESCS index was included in the following model,
considered statistically significant both in the literature and in Table 9.

Tab. 10 — Regression model to estimate the effect of immigrant status on reading
performances

CNTRYID EqVar b b.t

Italy (CONSTANT) 482.4 185.5
Italy IMMIG_2_generation -37.4 -6.5
Italy IMMIG _1_generation -49.29 -6.43

In the regression model presented in Table 11, the ESCS index was
inserted to assess its incidence: by introducing the ESCS, the difference in
reading score of 30 points is explained. So, if you consider the ESCS, the
advantage of the natives in the score decreases (22 points for the second
generation students and 29 for the first generation students) but it still re-
mains significant.

Tab. 11— Regression model to estimate the effect of immigrant status and socio-eco-
nomic status on reading performances

CNTRYID EqVar b b.t

Italy (CONSTANT) 487.3 205.6
Italy ESCS 29.8 15.9
Italy IMMIG 2 generation -22.1 -3.9
Italy IMMIG 1 generation -28.9 -3.9

Note: statistically significant score point differences are marked in a darker tone.
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7. Conclusions

With this study we have tried to show how it is possible with appropriate
analysis models and empirical data to get a deeper and more realistic view
of the factors that influence the outcomes of foreign students, also for the
purpose of better development of intervention tools, both at the level of daily
management in schools and in schools general policies

The data from this study show that students with immigrant origins differ
considerably, both by geographic area and by type of school. This work also
confirms some of the difficulties faced by immigrant students while settling
in their new communities and new schools. Speaking a language other than
the test language has a significant negative impact on obtaining a reading
result in accordance with the averages of the native students.

Reading the international data of PISA 2018 it is clear that the educational
success of immigrant students differs so widely between different countries
and countries pursue such different policies and practices in exploiting the
potential of immigrant children. So the data point out that countries among
them can learn a lot from each other.

These results are also mostly in line with the literature. The impact of
immigrant status on PISA scores in Italy was discussed. The results indicate,
also, that students with an immigrant background are often associated to
negative score gaps within the geographic area. Education systems, schools
and teachers have a decisive role in helping students of immigrant origin to
integrate into their own community, overcome language barrier and build
their competencies scholar, social, emotional and motivational.

Further studies show that many of these differences are also related to
students’ perceptions of the disciplinary climate in the classroom and the
support their teachers give them. The data also show that parents help make
a big difference on school outcomes and effective placement in the school
setting. In further study will be interesting to investigate these issues.

To improve the performance of immigrant students it is important to
provide additional support for disadvantaged students and schools, ensure
availability and participation in extracurricular activities, involve parents in
extracurricular activities, make available language training, training a teach-
ing staff aware of the diversity that is able to support everyone the students.

Migration flows have changed a lot in recent years, this makes it absolute-
ly necessary to monitor the integration of non-native students.

It is necessary to have datasets and information on immigrant students
available, the INVALSI and ISTAT data allow us to analyze the situation of
the students in depth.
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The Sustainable Development Goals (SDGs) allow us to have a large
dataset that is constantly updated. This allows to analyze the data in depth
and for each goal of the 2030 agenda to obtain interpretation of the results
useful for the world of school and the scientific community. Specifically for
objective 4, the possibility of integrating data from various sources (as in this
work with the OECD PISA 2018 databases, we refered to student question-
naire and cognitive data) provided a very complete interpretative picture of
the situation of immigrant students in Italy.

The variable examined, the choice of upper secondary school, represents
a crucial step in the Italian educational path, it is strongly associated with
skills and competencies. Furthermore, the national test results (INVALSI,
2019) show that the distribution of students between the different upper sec-
ondary school tracks is decidedly asymmetric: technical institute and voca-
tional institute are characterized by a percentage of presence of immigrant
students to a much greater extent than Lyceum, highlighting a school system
that tends to segregation rather than inclusion.

Unfortunately, OECD-PISA is a cross sectional survey, the individual
context variables still explain a limited portion of the variability in the sec-
ondary school attended.

Having the opportunity to integrate different surveys will allow us to
overcome this limit and deal with the issue of immigrants in depth.
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6. INVALSI tests and the Italian territory:
a comparison between native
and foreign students of grade 8

by Jana Kopecna, Francesca Leggi, Maria Carmela Russo

In September 2015, the governments of the 193 UN member countries
signed an action plan Agenda 2030, adopting a set of 17 goals as the blueprint
for a global sustainable development. Eradicating extreme poverty, fighting
inequalities and injustices are some of the goals that states have committed
to achieve by 2030. Among these, goal number 4 aims to provide quality,
equitable and inclusive education, and lifelong learning opportunities for all.
The goal is then concretized into a sub-goal: to eliminate gender inequalities
in education by 2030 and to ensure equal access to all levels of education and
vocational training of protected groups, including persons with disabilities,
indigenous populations and children in vulnerable situations.

The ISTAT’s monitoring of the Agenda objectives (2020b) places Italy
among the last positions in Europe according to the number of graduates,
dropout rates and skills. The separating line between Southern and Cen-
tral-Northern Italy concerns a wide range of phenomena and represents an
emblematic case throughout the European Union. Undoubtedly, it consti-
tutes a leitmotif of economic and social research in the country.

The INVALSI National Learning Surveys point out that in the South there
are not only less satisfactory results, but also a lower ability to ensure the
same educational opportunities for all students.

The variability of results among schools and between classes, an indi-
cator of the equity of the educational system, is higher in the South and the
Islands since primary school.

In addition to the analyses on the divergence dynamics among the Italian
macro-regions, firstly along the North-South axis and then through analyses
on Third Italy. In recent years, the attention has returned also to the devel-
opment trajectories within each region and macro-region in more analytical
terms.
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In this regard, the concept of inner areas seems to be an effective tool for
understanding territorial differences. These areas represent the part of the
Italian territory that is characterized by the significant distance from the cen-
tres of the essential services supply, and often it is affected by a long process
of demographic decline and economic marginalization.

Within this scenario, the growing presence of foreign students on the na-
tional territory reveals a condition of inequality attributable not only to lin-
guistic difficulties, but also to the socio-economic background of the families
of origin. These differences vary geographically, with a greater incidence of
the foreign population in the most dynamic and developed areas of the coun-
try. Our research focuses on the gap between the learning levels of immi-
grants and Italian students. In this paper, we will study differences between
native and foreign students in the last year of lower secondary school (grade
8) in the 2018/19 academic year with the aim not only to photograph the
phenomenon as a whole, but to highlight the geographical areas of possible
intervention.

1. Introduction

To provide quality, fair and inclusive education, the school system must
be able to provide all students with the same learning opportunities and ben-
efits, regardless of their initial condition.

In contrast, the national and international literature (INVALSI, OECD
PISA, IEA PIRLS) is rich in studies that highlight significant differences in
school results linked to different geographical contexts, gender, ethnicity and
background of students.

Being able to reduce inequalities and provide equal access to educational
services means setting the stage for future citizens who will be able to active-
ly participate in the life of their country.

The school is an agent of socialization in which future citizens acquire
knowledge and skills and education contributes decisively to self-realization
and it is closely related to the national social and economic level (UNESCO,
2015).

In this context, the paper aims to photograph the learning results of for-
eign students, a component that has recently become an important part of the
Italian school system. By analyzing both Italy-born and recently immigrated
students, it highlights the characteristics of the phenomenon on the national
territory. Nevertheless, the distribution of foreign students and the perfor-
mance of the education system appear to vary regionally along the classic
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North-South axis. Thus, it is important to examine the geographical dimen-
sion of learning and its local characteristics.

The migration processes that have affected the country over the past 25
years have brought an exponential increase of students with non-Italian cit-
izenship. The proportion on the total number of students grew from 6.4%
in the academic year 2007/2008 to 9.7% in the academic year 2018/2019
(ISMU, 2019). The latest available data of the Ministry of Education (MIUR,
2019) report 842,000 foreign students enrolled from kindergarten to upper
secondary education.

Hence, the multicultural evolution of the Italian school system is a fertile
and relatively recent field of study to understand the educational experience
of foreign students from both the school performance and integration point
of view. In fact, it can be said that one of the goals for the success of a mi-
gratory process is the success of the young children of immigrants (Crul and
Vermeulen, 2003; Simon, 2003; Zhou, 1997).

For this reason, the analysis focuses on academic results in Italian lan-
guage, available from the INVALSI standardized tests, since the competence
in the language of the host country is fundamental in the perspective of inte-
gration. Mastering the local language does not only mean learning words. It
entails a more important meaning: it allows to have relationships, to orientate
and act effectively in different situations. Moreover, it represents a tool of
meeting with other people to overcome stereotypes and prejudices, and to
actively exercise their citizenship rights.

In the study we used the results of Italian tests carried out by students at the
end of the lower secondary education (hence grade 8). From the school and
social integration point of view, examining grade 8 is particularly significant
because the student has to decide if continue studying or not. An important
decision that will certainly influence his/her future. Not only the academic
future, but also the labour one and the future as a citizen. If it is true that the
family plays a fundamental role in this decision, the achieved academic re-
sults represent one of the starting points for the decision to be taken.

In this perspective, it is important to investigate the learning differences
between foreign students, both first and second generation, and their native
companions' (INVALSI, 2019). Thus, the analysis of INVALSI data allows
us to shed light on those aspects in which educational institutions fail in the

! By Native student we mean a child born in Italy to parents born in Italy, a First-gen-
eration foreign student means a child born in a foreign state and arrived in Italy at school
age, and a Second generation foreign student means a child born in Italy to parents born in a
foreign state.
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integration process. To know where to intervene to reduce the gap in the re-
sults means having the opportunity to find solutions.

The contribution is articulated in this way: the second paragraph illus-
trates the concept of inner areas; the third paragraph allows to explore quan-
titatively and qualitatively the presence of foreign students on the Italian
territory; and the following paragraphs are those dedicated to the part of the
data, the research methods and the results achieved.

2. North-South axis and Inner areas: two territorial reading keys
on students’ learning

The different findings on the Italian education system describe Italy as a
country furrowed by profound geographical differences. The analysis of the
territorial gaps, especially following the comparison between central-north-
ern regions and regions of the South, represents a leitmotiv of the official
statistics related to a variety of socio-economic phenomena. In fact, ISTAT's
monitoring of Objective 4 of the Agenda 2030 (ISTAT, 2020b) places Italy
in the last positions in Europe by the number of graduates, drop-out rates
and mathematical, scientific and reading skills and, in the national context,
highlights wide disparity of success in the educational path. Save the Chil-
dren (2020) highlights that this condition has even worsened following the
effects of the Covid-19 emergency. The analysis of the educational risk index
calculated on the basis of socio-economic and educational development or
deprivation indicators shows a highly bipolarized territorial situation where
the greatest vulnerability affects the South and the Islands (Save the Chil-
dren, 2020).

By monitoring the general trend of the level of performance in Italian
detected by the INVALSI tests, the territorial differences emerge as the
school grade increases. In detail, in the second grade of primary education,
the scores at the regional level are fairly uniform, with the results above the
national average in regions of Valle d’Aosta, Umbria, Marche, Molise and
Basilicata. At grade 5, some differences begin to emerge between the mac-
ro-areas, with the scores above the national average in the North-West and
significantly lower scores in the South and Islands. This results variability
expands further at grade 8, highlighting even more visible regional differ-
ences with positive results for the northern part of the country (especially
for all the regions of the North-East and for the regions of Valle d’Aosta
and Lombardy in the North-West). The negative results are registered in the
southern part of the country, particularly in Campania, Calabria, Sicily and
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Sardinia. At the secondary education level, the regional gap becomes even

sharper, with scores gradually decreasing from North to South at grades 10

and 13. Analyzing the results by type of school, they follow the trend of the

geographical divisions (ibid.).

In the last decade, along with the classic interpretation of the macro-ar-
eas, the interest in the classification of the inner areas in the analysis of the
educational system has increased. Since the Italian territory is highly diversi-
fied geographically, and from the socio-economic and demographic point of
view, the inner areas offer a complementary perspective to the classic North-
Central-South division. Thus, the areas of the country at the greatest risk of
marginalization are identified and concrete actions can be taken.

The Italian inner areas:

— are significantly distant from the main centres offering essential services
(education, health and mobility);

— have important environmental resources (water resources, agricultural
systems, forests, natural landscape and human resources) and cultural
resources (archaeological heritage, historical settlements, abbeys, small
museums and trade centres);

— are a deeply diversified territory, as a result of the dynamics of the various
and differentiated natural systems and the peculiar and century-old pro-
cesses of anthropization (Barca, Casavola and Lucatelli, 2014).

This mapping of the territory is based on the identification of centres of-
fering various services that are surrounded by other areas with different lev-
els of peripherality. Along with the definition of these centres, it is possible
to distinguish four other areas according to the level of accessibility (that are
calculated in terms of travel minutes from the nearest pole centre). Hence,
there are pole belt areas (less than 20 minutes from the nearest pole munic-
ipality), intermediate areas (between 20 and 40 minutes from the pole), pe-
ripheral areas (between 40 and 75 minutes from the pole) and ultra-periph-
eral areas (over 75 minutes from the pole). The last three categories form the
inner areas which represent 53% of Italian municipalities (4,261) and 23% of
the Italian population (approximately 13,540 million inhabitants) distributed
over 60% of the national area (ibid.).

The main demographic dynamics concerned by these areas include the
decrease of the population in the poles (in the peripheral and ultra-peripheral
municipalities) and also the increase of the population over 65 (especially in
the inner areas of the Centre-North). The presence of the foreign population
equalizes these trends, because of their ongoing growth (ibid.; Luisi, 2018).

In this context, a school in the inner areas plays a fundamental role since
it should consolidate its connection with the reality of the territory, respond-
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ing in a targeted manner to the needs of students. Specifically, it is desirable

to implement the inclusive educational strategies, because they can strength-

en the sense of community, and are being particularly important for students

with a migration background (Osservatorio poverta educative, 2019).

This contribution has two main objectives:

— analyze the differences between Italian and foreign students in the results
of the INVALSI Italian tests, in a perspective of the geographical areas,
according to the North-South trajectory;

— investigate these differences by taking into account the classification of
the Inner areas.

3. Foreign students in the Italian school and on the territory

The presence of foreign students in the Italian educational system is a
consolidated, but not one-sided reality (see par. 1). Under the concept of
first- and second-generation immigrants there is not only the different birth-
place, the homeland or the place chosen by their parents, but an experiential
background related also to different scholar needs.

First-generation foreigners are children who often arrive in Italy because
of the family reunion and enter the school system at an advanced age. Lan-
guage is the biggest obstacle they meet, causing the school performance dif-
ferences when compared to their classmates. The data published in the report
of the Ministry of Education Pupils with non-Italian citizenship (MIUR,
2019), referring to the academic year 2017/2018, showed that about 63% of
foreign students were born in Italy belonging, therefore, to the second-gener-
ation foreigners. They are children who speak Italian as their first language,
attend the same educational facilities as their peers, socialize with peers and
live their own experiences. Although, the data relating to school performance
are not reassuring. In fact, the disadvantage of the children of immigrants
compared to natives is widely documented in literature (Heath and Brin-
baum, 2007; Heath, Rothon and Kilpi, 2008; INVALSI, 2019).

The Report of MIUR allows us to frame the phenomenon of the presence
of foreign students living in Italy from two other points of view: the nation-
ality of origin and the distribution on the territory.

From more than 200 present nationalities, most of them come to Italy
from areas of historical emigration such as Romania, Albania and Morocco,
respectively with 18.8%, 13.6% and 12.3% of students with non-Italian citi-
zenship. Over the previous year, Chinese students registered the most signif-
icant increase (+8%).
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However, the distribution of foreign students across the territory is not
uniform. The concentration is very high in the North-West 38.3%, in the
North-East 25.7% and in the Centre 23.1% and drops below the national
average in the South and the Islands with 9% and 3.9%, respectively.

Lombardy is the region with the highest number of non-native students: it
represents a quarter of the total present in Italy (about 213 thousand). Emilia
Romagna, on the other hand, is the one with the highest percentage of foreign
students of the total of the regional school population (16.1%), followed by
Lombardy (15.1%), Tuscany (13.8%), Umbria (13.7%), Veneto (13.3%) and
Piedmont (13.2%). Among the southern regions, the percentages of the pres-
ence of foreign students range from 2.5% in Sardinia to 4.3% in Calabria.

Looking at the provincial data, the highest presence of foreign population
is in Milan with 10.6%, followed by Rome and Turin with 7.4% and 4.7%,
respectively. The top ten provinces collect 41.4% of the total. If we consider
the incidence in relation to the local school population, at the first position is
Prato with 26.1%, followed by the provinces of Piacenza (22.2%), Mantua
(18.4%), Cremona, Brescia, Asti, Parma (17.8%).

The Report suggests that at the municipal level some communities are par-
ticularly rooted in certain areas. In some municipalities of Lazio, such as Ti-
voli and Guidonia, 65-70% of foreign students are students of Romanian citi-
zenship. In some municipalities of Emilia Romagna (Sassuolo, Vignola, Cento
and Imola) the percentage of Moroccan students varies between 24% and 40%
of the total of foreign students. The Chinese are present massively (between
40% and 60% of foreign students) in various Tuscan municipalities, including
Campi Bisenzio, Prato, Fucecchio. Finally, some municipalities in Lombardy
stand out for the strong presence of Egyptian students (Milan, Sesto San Gio-
vanni, Cinisello Balsamo, Vigevano, Pioltello and Cologno Monzese).

Another crucial aspect concerns foreign students’ distribution between
schools, within schools and between classes. MIUR has set the percentage
of students with non-Italian citizenship and with reduced knowledge of the
Italian language enrolled in each class at 30%. However, schools cannot re-
fuse the registration of a minor because of exceeding this quota. Starting
from kindergartens, there are schools exceeding this threshold (mainly in
Lombardy, Emilia Romagna and Veneto); and others, 729, in which foreign
pupils exceed 50%. There is also 18.6% of schools that have no foreign stu-
dent while 60% of schools have a percentage of students with non-Italian
citizenship up to 15%.

At a regional level, the schools that exceed the expected quota are those
that are characterized by the high percentage of foreign presence (Lombardy,
Emilia Romagna and Veneto).
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4. Data and methods

Within the presented scenario, the study was conducted at the national
level. The analysis was based on the results obtained in the Italian test car-
ried out by the student population of grade 8 that participated in the national
surveys INVALSI in the school year 2018/2019. The dataset is composed of
542,626 cases.

The database has been set up to conduct the multinominal logistic regres-
sion at the individual level, and the spatial analysis at the territorial level.

The first analysis measures the effect of each independent variable on
the student’s performance at the standardized test. The independent variable
was the score in Italian Test (WLE ITA)? origin, gender, indicator of the
socio-economic and cultural status of the student — ESCS?®, Geographic area
and Internal areas, used as control variables.

Logistic regression is based on logit, the natural logarithm of the proba-
bility ratio between the two modes of the dependent variable:

Logit(P) = 1In(P/1 - P)
After the logistic transformation the equation becomes:
In(P/1-P)=a+byx, +byx,+... bx;+b,x,

In the models, the change of the logarithm of the probability ratio (logit)
is estimated as a result of the change of a unit in the independent variables.

The change of the logarithm of the probability ratio is equivalent to the
logarithm of the association ratio (odds ratio) (Di Franco, 2017, pp. 242-244).

In this research we used four different techniques of spatial analysis:1)
Multivariate Clustering method; global and local indicators of spatial auto-
correlation, specifically 2) Global Moran’s I and 3) Local indicator of spa-
tial association (LISA); and 4) an Ordinary Least Square (OLS) regression
model.

To introduce the geographical perspective, the k-means clustering meth-
od was applied on the selected characteristics. This method look for a fixed
number of clusters K in a data we aim to analyze. We used the tool of the

2 WLE is a numerical score on a quantitative scale that estimates skills according to the
Rasch model (INVALSI, 2019).

* The calculation of the ESCS is based on discrete indicators such as the level of edu-
cation, the employment of parents and the presence of the material conditions in which the
student lives outside the school (Campodifiori ez al., 2010).
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spatial software package “Multivariate Clustering” that permit us to have a
brighter view on the whole territory.

Global Moran’s I Index is one of the oldest and most widely used in-
dicators of spatial autocorrelation (Moran, 1950). It compares the value of
the variable in one unit with the value in all other units. The formula is as
follows:

oo iz wy - D - 7)
"I B (- 0) x5 (0 )

where:

X; is the value of the observed variable x in unit i;

Vi is the value of the observed variable y in unit j;

Wy is the spatial weight between a unit 7/ and j (a measure of spatial
contiguity between the units i and j);

n 1s the total number of units;

(x; — %) is the deviation of a variable value for unit i from its mean.

The range of values of global Moran’s | is between -1 (perfect dispersion)
and 1 (perfect correlation).

The concept of the bivariate local Moran’s | ;is very similar to its global
counterpart (Anselin, 1995). Essentially, it captures the relationship between
the value for one variable x in unit 7, and the average of the adjacent values
for another variable y (its spatial lag 2;w;;). The statistic is a product of x;
with the spatial lag of y,, with both variables standardized (their means are
zero and variances equal one):

I, = cxizlwijyi

For the correct working of the spatial autocorrelation methods, it is nec-
essary to construct a weight matrix that defines a neighbourhood of the ob-
served unit. We used the arc-distance.

To understand factors associated with spatial clustering of the score in
Italian, we applied OLS regression to explain the global relationship between
dependent and independent variables. The OLS regression model can be ex-
pressed as:

k
Yy =P +Zﬁixi +¢& €~N(0,6%)
i=1
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where:
x;and y; are, respectively, the independent and dependent variables;

k is the number of independent variables;

Bo is the intercept;

B is the parameter estimate (coefficient) for the independent variable
X;

) is the error term.

All analyses and mapping in this study were implemented using ArcGIS
and GeoDa software packages.

5. Data analysis
5.1. Logistic regression

Firstly, we aim to analyze the school performance (based on the INVALSI
Italian tests at grade 8) on an individual level using a logistic regression mod-
el. Four variants of the model have been developed, considering as predictors
both the students’ individual characteristics (gender, origin, ESCS, regularity)
and, subsequently, the territorial variables (classification of the inner areas
and geographical divisions).

In this way, it is possible to observe the relative likelihood of a student
with certain characteristics (included in the model) to get an Italian test score
above or below the national average®.

The overall results of the models confirm findings from the literature
(among all: Heath, Rothon and Kilpi, 2008; Murineddu, Duca and Cornoldi,
2006; Schmid, 2001): between the natives and foreigners persist the constant
disadvantage of the latter in achieving high levels of learning in Italian.

In the first model, we note how the probability of obtaining a better re-
sult in the Italian test is the prerogative of native female students. If we add
the ESCS variable (model 2), the relative advantage of native students get
slightly lower and at the same time, the disadvantage for foreigners of the
first generation decreases.

The indicator of social, economic and cultural status plays an important
role in school performance. To understand how much the school system
helps in achieving certain results, it is necessary to consider the starting point
of the students. Its importance confirms also the decision to implement the

* The national average for grade 8 Italian tests carried out in 2019 is set at 199 (INVALSI,
2019).
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Intervention Plan for the reduction of territorial gaps in education® an in-
tervention program launched by the Ministry of Education in collaboration
with INVALSI, INDIRE, the Offices Regional Scholastics and other local
authorities in January 2020.

The transition from model 2 to model 3 shows the impact of the inner
areas variable: there is a moderate advantage in residing in areas belonging
to the pole or belt, showing almost equal values (around 1.3). It should be
noted again that the weight of the ESCS is considerable, indicating for the
high modality a very high probability of the student obtaining a score above
the national average.

In the last model, in addition to the individual variables, are involved
also the variables related to the territory, inner areas and geographic areas. In
this case, the geographical area variable has a very strong impact, showing
a high probability for North West students to achieve a good performance in
the INVALSI test. At the same time, in terms of advantage, the percentage
difference between a native student and a foreign student of the second gen-
eration increases.

Thus, it can be said that assuming a territorial perspective of interpreta-
tion, a student living in the Inner Areas has a lower probability of having a
score above the national average when compared to the other students living
in less peripheral areas. This disadvantage intensifies moving from North to
South and it is even more evident for foreign students.

Table 1 shows the percentage of correctness and the Nagelkerke R2 of
the four logistic regression models. The first value is a measure of the pre-
dictive capacity of the models, that is, the ability to assign correctly the mo-
dality of the dependent variable assumed by each case. Nagelkerke R2, on
the other hand, is useful for observing the ability to reproduce conditional
probabilities and measure the variance of dependent variables explained by
predictors.

Tab. 1 — Parameters to evaluate models’ quality

Percentage of correctness Nagelkerke R?
Model 1 56.7 0.043
Model 2 63.8 0.139
Model 3 64.2 0.150
Model 4 65.1 0.169

5 In orig. Piano di Intervento per la riduzione dei divari territoriali in istruzione.

136

ISBN 9788835123330



The inclusion of the control variables has produced good results, going
from 56.7% of the first model correctness up to 65.1% of cases classified in
the fourth model.

Table 2 shows the values of the parameter Exp (B) obtained from the
logistic regression models. This parameter can be used for the interpretation
of the relationship between the variables: it expresses the variation of the de-
pendent variable given by the student’s performance in the INVALSI Italian
test, as a function of variations of the independent variables.

Tab. 2 — Multivariate logistic regression analysis

Above the National average

Intercept -,888 -1,471 -1,460 -1,891
Variables Modality Model I~ Model 2 Model 3 Model 4
Female 1.531***  1.563***  1.530%**  [.540%***
Gender
Male
Native 2.242%%%  1.640%F*  1.541%*F* ] 858*H*
Origin Generation I foreigner 0.544%%%  Q.611%*%*  (.758***  (.773%***
Generation Il foreigner
High S5.257*¥%  4.698%**  4282%**
ESCS Medium-high 2.862%%* 589 ¥x D 3QQwHk
Medium-low 2.096%**  1.925%**  1.800%***
Low
. Non regular 0.389***  (.370***
Regularity o
Anticipator/Regular
Pole areas 1.247%%* . 119%**
Urban Belt areas 1.241%%5 105555
classif.
Inner areas
North West Italy 2.020%**
~ North East Italy 1.963%**
gzzgraphlc Central Italy 1.685%**
South Italy 1.095%**
Insular Italy

Note: *** ** or * indicates p-value < 0.01, p-value < 0.05 or p-value < 0.10 respectively;
reference category in italic.

Source: our processing on INVALSI data.
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5.2. Spatial analysis

As shown above, the academic performance of students is influenced by
various factors concerning the individual and family background, the previ-
ous educational experience and the characteristics of the territory in which
they live. In the previous paragraph (see paragraph 5.1), the academic per-
formance in Italian INVALSI test was analyzed from the individual point of
view, that is from the perspective focused on the micro-level. To complete
the picture, we move also to the macro-level, where the territorial dimen-
sion of learning and its local characteristics are investigated. In this section,
therefore, the attention is focused on the context in which students are situat-
ed, and the characteristics on the school level are explored through different
techniques of spatial analysis.

First of all, the k-means clustering was applied, using as entry parameters
the score in Italian test of grade 8, the percentage of total foreign students,
and the ESCS at school level. As a result, four clusters were identified.

Multivariate Clustering Box-Plots

Standardized Values

TH -
C Egg EE.= Hgl "

ESCS. ims Foreign_. WLEITA

Fig. I — The map of Clusters and Box-plot identified by Multivariate Clustering

The first cluster (Cluster 1) is composed of schools with all the values
slightly below the national average, reproducing visually the presence of the
inner areas across the national territory. The second group (Cluster 2) is rep-
resented by schools with rather low ESCS and scores, and with a percentage
of foreign students above the national average. The school belonging to this
cluster are represented especially in northern Italy. The third cluster (Cluster
3) is composed of schools with low ESCS, worse performance in Italian test
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and a low proportion of foreign students, and they are located in the Islands
and southern Italy. The last group (Cluster 4), is composed of schools with a
low percentage of foreign students, and with the ESCS and scores above the
Italian average. These schools are present mainly in the North and Centre of
Italy, but some clusters are identified also in Apulia, Campania.

Consequently, the spatial pattern of the WLE score in Italian test across
the Italian territory was analyzed by using global and local methods of spa-
tial autocorrelation. In particular, we applied Moran’s | Index and LISA. The
univariate global Moran’s I° of the score in Italian was calculated to evaluate
its the spatial distribution, and the value I = 0.359 and Z-score’ of 110.495
confirmed the presence of significant (p-value < 0.001) clustering of positive
values of the score across the Italian territory.

To investigate if exists, for an observed unit (in our case a school unit),
a relationship between the value of one variable and the value of another
variable in an adjacent unit, the bivariate Moran’s I was applied. We ana-
lyzed the spatial dependence between the score and different characteristics
at school level — the ESCS (I = 0.214), the percentage of foreign students
of the first generation (I = 0.167), the percentage of foreign students of the
second generation (I = 0.262), the percentage of regular students (I=-0.057)
and the percentage of females (I = -0.002). The indicator revealed a negative
significant spatial association in the relationship between the score and the
proportion of regular students and females. All other values suggest the ex-
istence of significant and positive spatial autocorrelation.

Since the global Moran’s I does not provide the information on the signif-
icance of the identified spatial clusters, the univariate and the bivariate LISA®
were applied. The results of the LISA analysis, measuring spatial clustering

¢ If the values in the dataset tend to cluster spatially, i.e. high values cluster close to other
high values or low values cluster near other low values, then the global index will be positive
(showing positive spatial autocorrelation). In the case the high values tend to be near low
values, the indicator will be negative (showing negative spatial autocorrelation). Basically, the
spatial distribution of high values and/or low values in the dataset is more spatially clustered
than would be expected if underlying spatial processes were random.

7 The Z-score is used to test the significance of any spatial autocorrelation, and it is sim-
ply a standard deviation. For each unit it is calculated the deviation from the mean and con-
sequently, these deviation values for all adjacent units are multiplied together, resulting in the
formation of a cross-product. Z-score greater than 2.58 and p-value = 0.01 indicate that there
is a less than 1% likelihood that the clustered pattern could be the result of random chance.

8 Spatial clusters identified by bivariate LISA include High-High clusters (high values of
a variable x in a high-value y neighbourhood) and Low-Low clusters (low values of a variable
x in a low-value y neighbourhood). Moreover, LISA can reveal the presence of High-Low/
Low-High outliers — i.e. high/low values of x in a low/high y neighbourh.
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and heterogeneity of one variable (the score) or among the pairs of variables,
are displayed in Figure 2.

Fig. 2 — Univariate LISA Clusters and Outliers of a) the score WLE ITA; and Bivar-
iate LISA Clusters and Outliers of the score WLE and: b) ESCS; c) the percentage
of foreign students of I generation; and d) the percentage of foreign students of 11
generation

Since the values of Global Moran’s I were very low for the pairs includ-
ing the percentage of female and regular students and the results of bivariate
LISA were prevalently not significant, we did not visualize the correspond-
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ing maps. Only the schools that had statistically significant values of spatial
autocorrelation are visualized.

The High-High clusters indicate schools with high values of the score in
Italian which are surrounded by schools whose value of another variable is
above the national average. The Low-Low clusters indicate schools with low
values of the score which are adjacent to schools with the value of another
variable under the average. The Low-High outliers are schools with a low
value of the score surrounded by schools with higher values of another vari-
able. Finally, the High-Low outliers are schools with high values of the score
which are adjacent to schools with the values of another variable below the
national average.

The results confirm the existing territorial division described in detail in
the literature (ibid.). While, in the northern and central Italy is undeniable
the presence of clusters of schools with better performance in Italian test
surrounded by schools with the scores above the national average, in the
South and Islands prevail clusters of school having lower values of the score
in Italian that are adjacent to schools with the scores below the Italian aver-
age. Similarly, the outliers with low values of the score neighbouring with
schools with high values are located mainly in the Centre-North of Italy. On
the other hand, the clusters with low values of the scores neighbouring with
low values of the observed variable, and the outliers with high values of the
score surrounded by schools with low values are situated in the regions of
Southern Italy and Islands.

For the ESCS and the percentage of foreign students of the first and the
second generation, similar patterns to results of spatial autocorrelation of the
score in Italian are detected.

To better understand factors associated with spatial clustering of observed
scores we applied multivariate linear regression to verify the statistical rela-
tionship between dependent variable (the score in Italian test) and selected
independent variables. The calculation of the OLS models was realized by
using the ArcGIS software package. In Model 1 the indicator ESCS, percent-
age of foreign students of I generation and percentage of foreign students of
IT generation were included, and in Model 2 we added also the percentage of
regular students and the percentage of females. The VIF values in both mod-
els vary from 1.032 to 1.790, indicating that OLS estimations are not biased
from multicollinearity. The Model 1 explains 52.502 % of the variance in the
score, and in the second model this value increases to 53.222%, indicating
slightly better goodness of fit.

Tab. 3 shows the results of two global regression models. In the first mod-
el (Model 1) all dependent variables are significant and only the percentage
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of foreign students of first generation has a negative impact on mean score in
Italian. This explanatory variable is also the only one that is not significant in
the Model 2. Except for the percentage of foreign students of I generation, all
the variables result statistically significant. In both models, we can observe
that the ESCS has a great weight, but relatively high is also a weight of the
percentage of foreign students of second generation, indicating highly posi-
tive impact on the mean score.

Tab. 3 — Ordinary least squares (OLS) estimation

Variables Model 1 Model 2
Intercept 197.410%** 182.095%%*%*
ESCS 21.675%** 20.813%***
% of foreign students I generation -14.951%** -8.735

% of foreign students II generation 19.424%*%* 21.306%**
% of female students 12.873%**
% of regular students 10.098***
R-Squared 0.525 0.532
Adjusted R-Squared 0.524 0.532
AlCc 39,665.034 39,584.867

Note: *#* ** or * indicates significance at 1%, 5% or 10% levels respectively; AICc = Akai-
ke Information Criterion.
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Fig. 3 — Residual maps of OLS model
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To visualize spatial clustering of the over- and under-predictions evident
in residuals from the OLS regression, we used the univariate LISA analysis.
Fig. 3 shows the residuals from OLS model (model 2) and the result of the
LISA analysis created by plotting residuals of OLS regression model.

Being a global model, the OLS provides a general view of the relation-
ships between the scores in Italian and other variables. The disadvantage of
its use with the spatial data is that it considers all places with the same weight
as if all places shared the same location. For this reason, we are aware of the
fact that the geographically weighted regression would be a better tool to
deepen the overall view we presented in this paper, but for now, we consider
it as an indication for the future research directions.

6. Conclusions

The results, both of the logistic regression at the student level and the
spatial regression at the school level, confirm what has been highlighted in
the theoretical introduction. As expected, the worse performance results for
the foreign students, who live in Southern Italy and have a low ESCS (the
result of the logistic regression).

The macro-level perspective (the spatial analysis) also shows the penin-
sula cut in half: in the North, there are those schools in which the average
Italian test score is above average, while in the South the most represent-
ative clusters are from schools with a score below the national average. A
photograph that remains unchanged with the different control variables, for
example, the ESCS and the origin.

Undoubtedly, the ESCS has an active role in determining school outcomes.
Although, the results obtained in the logistic regression and the OLS show
that it is not possible to summarize in a single variable the answer to why
students’ results differ or how important for the results’ correct interpretation
is the socio-economic background as well as the geographical residence.

Altogether, these non-cognitive variables are important because they help
contextualise school results and allow to better identify groups for interven-
tion purposes.

The MIUR project (see paragraph 5.1) makes use of this type of studies to
achieve the objective of the equity in the education system and has launched
a plan of interventions that is currently aimed at schools in difficulty in Cal-
abria, Campania, Puglia, Sardinia and Sicily.

The school must be a social lift, regardless of the geographical location
and the type of students enrolled.
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The empirical evidence presented up to this point allows to formulate
some conclusive considerations on the school performance of grade 8 stu-
dents in standardized tests. As we have observed, different factors play a role
in the school performance differences between native and foreign students.
They are related to the student’s educational path, his family of origin, and
the territorial characteristics. It should be emphasized that there is not only
a gap in the INVALSI test scores between Italians and foreigners, but, more
specifically, also a gap between 15t and 2" generation of foreigners. In fact,
the latter have characteristics that make them closer to their Italian peers.

A first dimension that characterizes the difference in school results be-
tween natives and foreigners concerns the language. The linguistic advan-
tage of those born in the host country or who arrived in early childhood
draws a line of distinction compared to those who arrived at school age or in
adolescence. This type of knowledge plays a fundamental role in the educa-
tional path, promoting cultural comparison and personal enrichment (Heath,
Rothon and Kilpi, 2008). In fact, thanks to an unstable identity profile, the
student can adapt the spoken language according to the communicative con-
text in which he/she finds himself (Bolognesi, 2008). Thus, we can speak of
“multiple identities” (Valtolina and Marrazzi, 2006), considering their sense
of belonging on the edge between the culture of the country of origin of the
parents and the culture of the country in which they live.

A second interpretative hypothesis involves the element of stability rep-
resented by the family of origin. It could be assumed that a family unit that
has been living in the host country for some years has consolidated its posi-
tion in the labour market and improved its relationship network, extending
it to subjects of different nationalities respect to the origin (Bertolini, Lalla
and Toscano, 2010). The elements of discontinuity that distinguish the second
from the first generation also bring with them a system of expectations that
differentiates the children of immigrants from their parents. Consequently, on
the one hand, young people can develop desires for social mobility, rejecting
the modalities of subordinate integration to which their parents have often
had to adapt. On the other hand, these ambitions can cause frustration because
they are not always achievable due to the different economic and cultural
endowments of the families of origin (Ambrosini and Molina, 2004). A cen-
tral point for the educational/labour path of foreign students is the families’
investment in their future. It is the secondary school choice that emphasizes
the diversity of orientation respect to Italian students. In fact, while the latter
often proceeds with the choice of high school to continue their studies even in
the presence of not brilliant school performances, the children of foreigners,
on the contrary, enroll in technical or vocational institutes (ISTAT, 2020).
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The issues discussed to date are intertwined with the characteristics of the
school system. As the spatial analysis has shown, there are significant North-
South territorial differences that often interfere with the school’s intention to
be a vehicle for socio-cultural integration (Barban ef al., 2008). Living in a
socio-economically disadvantaged context or a peripheral territory far from
the main services, such as the inner areas, can represent an additional burden
for foreign students to achieve adequate levels of performance. In this con-
text, the Italian school should remove these obstacles and strengthen inclu-
sive education and intercultural learning paths, contributing consequently to
the construction of the additional human capital essential for students from
families with lower socio-economic endowments.
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7. Targeting students with high risk
of dropping out of school: a latent profile analysis

by Giuseppina Le Rose, Chiara Sacco

The Goal 4 of the 2030 Agenda for Sustainable Development launched
by UN Member States in 2015 aims to “ensure an inclusive and equitable
quality education and promote lifelong learning opportunities for all”. In
the last years, a worrying problem that requires an appropriate and effective
political response is the significant number of early school leavers. It is well
known that the transition between lower and upper secondary school is a
difficult and delicate step of the student’s life and it is essential to monitor
the students in this phase in order to prevent the school dropout. Dropout
prevention programs are intervention designed to keep students in school
and encourage them to complete the upper secondary school. Usually these
programs target student at-risk and provide them with several support ser-
vices and activities. An efficient and early identification of the student at-
risk it is necessary to target students destined to dropout prevention pro-
grams. This paper allows monitoring the transition of the students between
the last year of the lower secondary school and the upper secondary school,
using INVALSI data. We focus on the identification of the principal char-
acteristics of the students at high-risk of dropping out, hypothesizing the
presence of several high-risk students’ profiles in terms of self-efficacy, de-
motivation, future expectations, relationship with parents and with peers
and school performance. A latent profile approach is applied to assess and
to model the different student’s profiles and a multinomial model is used to
examine the relationship between the profile membership and some demo-
graphic and socio-economic variables. The findings of this work could be
useful for efficiently targeting students destined to dropout prevention pro-
grams. A wrong characterization of the students at-risk could lead to include
in the intervention programs who would not have dropped out, missing who
eventually do drop out and, so, could benefit of an intervention. For this rea-
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son, the results of this work could be an important help to design effective
dropout prevention programs.

1. Introduction

The present study focuses on Goal 4 of 2030 Agenda for Sustainable De-
velopment launched by UN Member States in 2015. The SDG 4 aims to
“ensure an inclusive and equitable quality education and promote lifelong
learning opportunities for all”. Goal 4 is divided into ten targets that belong
to three dimensions: equal opportunity to access to all levels of instruction
(preprimary, primary, secondary and tertiary), possession of knowledge and
skills for employment and sustainable development, elimination of gender
inequalities, monitoring of school structures, so that they are suitable for
everyone’s needs (ISTAT, 2019).

The process of monitoring and verifying the Development Goals rep-
resents a fundamental phase for the concrete implementation of the 2030
Agenda as it allows transforming SDGs in a national, regional and local
policy management tool. For this reason, the United Nations Statistical
Commission has set up the Inter Agency Expert Group on SDGs (UN-
IAEG-SDGs) with the aim of identifying a common statistical information
framework for all member countries in order to monitor progress towards
Agenda objectives.

In Italy, the Italian National Institute of Statistics (ISTAT) plays a crucial
role as referral agency for the production of the indicators for monitoring the
SDG. In the latest report, ISTAT provided an updated set of 123 UN-IAEG-
SDG indicators composed by 303 national statistical measures, of which 273
are different from the international ones. There is not a univocal correspond-
ence between the indicators defined at international level and the measures
identified for Italy.

In addition to the list of indicators proposed by the UN-IAEG-SDGs,
the Bertelsmann Foundation and the Sustainable Development Solution Net-
work (UN-SDSN) have created the Global SDG Index and the dashboards
to summarizes countries” current performance and trends on the 17 SDGs as
agreed by the international community in 2015. All 17 goals are weighted
equally in the Index: the score identifies the country’s position between the
worst (0) and the best or target (100) outcomes. Italy’s overall Index score
(75.8) suggests that the country is on average at 75.8% of the way to the best
possible outcome across the 17 SDGs (for further details see https://sdsna.
github.i0/2019Globallndex/2019GloballndexRankings.pdf).
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Compared to the average of the other states in the OECD area, Italy has a
2.4% lower score. The SDG dashboards (available at https://dashboards.sdg-
index.org/profiles/ITA) highlight strengths and weaknesses of each country
on the 17 SDGs. They indicate the rating, which is represented by the colour
of the SDGs boxes, and the trend of current Development Goals, which is
depicted by the arrows next to the Objectives. For Italy, the orange colour of
goal 4 boxes indicates that there are still significant challenges to be faced.
The yellow colour of the arrow indicates that the score relative to the indi-
cators of that goal has moderately increased but is still insufficient for its
achievement.

One of the crucial indicators of Goal 4 concerns the proportion of the
early leavers from education and training (ELET), defined as a person aged
18 to 24 who has completed at most lower secondary education and is not
involved in further education or training. In Europe, although the ELET rates
in most member states have dropped since the introduction of the EU 2020
strategy, there remain large disparities between gender, social and ethnic
groups (Nouwen and Clycq, 2020). In Italy, in 2018, the early school leavers
rate is instead gone back to 14.5%, returning to 2015 levels, with marked
territorial differences (ISTAT, 2019).

The first critical element of the Italian school system and of the school
dropout seems to concern the transition from lower secondary school to up-
per secondary school. Among the indicators reached in Goal 4 there is the
lower secondary completion rate, that is about 99.8%. On the other hand,
Ballarino and Schadee (2006) demonstrated that the probability of complet-
ing the lower secondary school is higher than the one of completing the up-
per secondary school.

In this study, we aim to monitor the transition of the students between the
last year of the lower secondary school (8t grade) and the upper secondary
school in order to improve the efficacy of the dropout prevention program.
A crucial question for planning an efficient prevention program is: which
are the characteristics that accurately identify students more likely to drop
out? We exploited the Student’s Questionnaire administered by INVALSI in
the school year 2017/2018 at the end of lower secondary school. The ques-
tionnaire collects information about the student’s cultural background and
explores the relationship of the student with the school from different per-
spectives. To identify the students at risk of dropping out, we combined the
Student’s Questionnaire of grade 8 with the INVALSI administrative data of
student enrolment in the second year of upper secondary school (10t grade)
in the school year 2019/2020. Our hypothesis is that the students that have
compiled the questionnaire of grade 8 in 2017/2018 and are not enrolled on
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the 10t grade in the school year 2019/2020, are those with a higher risk of
dropping out. Moreover, we hypothesized that the students at risk of drop-
ping out are not a homogenous group but is composed by different latent
subpopulations characterized by different profile in terms of self-efficacy,
demotivation, future expectations, relationship with parents and with peers
and school performance. In order to improve the understanding of the phe-
nomenon and to target student at-risk, we identified three different profiles of
students at-risk of dropping out of school using a latent profile analysis. The
cluster membership is examined with respect to different socio-demographic
student’s characteristics.

The efficient and early identification of the student at-risk is a powerful
tool necessary to target students destined to dropout prevention programs.
A wrong characterization of the students at risk could lead to include in the
intervention programs who would not have dropped out, missing who even-
tually do drop out and, so, needs an intervention. For this reason, the findings
of this work could be an important help to design effective dropout preven-
tion programs.

2. Theoretical background

The dropout risk factors, connected to large disparities between gender,
social and ethnic groups, can be found throughout international literature on
ELET (Lamb and Markussen, 2011; Rumberger and Lim, 2008) and their
continuing impact shows how resistant these systematic features seem to be.
Even the few Italian studies that have analyzed this phenomenon highlight
the impact of the socio-economic background factor (Ballarino et al., 2010;
Checchi and Flabbi, 2006; Mocetti, 2012) and the gender difference (Borgna
and Struffolino, 2017). Data from Italian national student registry, collect-
ed annually by the Italian Ministry of Education, University and Research
(MIUR), confirms that male students who live in the South of the country are
at higher risk of dropout. The highest percentage of school dropouts is regis-
tered in the upper secondary school’s study branches called IeFP, vocational
training courses that are organized at regional level and last from two to four
years, followed by vocational education, technical education, and lyceum
(MIUR, 2019).

In addition to these dropout risk factors, called status (i.e. parental ed-
ucation, socioeconomic status, gender, family structure), there are the risk
factors called alterable, such as academic failure, lack of attendance and
motivation, misbehaviour correlated to dropout (Malmberg-Heimone et al.,
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2018). Numerous studies have highlighted that students at high dropout risk
show lack of expectations of staying in school (Esch et al., 2014; Sagatun
et al., 2014; Hawkins et al., 2013; Hascher and Hagenauer, 2010; Hadjar
and Lupatsch, 2010; Finn, 1989; Fine and Rosenberg, 1983); they report
also unsatisfactory relationships with teachers and classmates, expectations
of failure, poor motivation and low commitment (Renaud-Dubé et al., 2015;
Lessard et al., 2014; Fortin et al., 2013). In all the mentioned cases there is a
high proportion of inadequate intrinsic motivation and low profit.

According to these works, in our study we include as status variables the
economic, social and cultural status indicator, the immigrant status and the
gender, and as alterable factors the student’s self-efficacy, the student’s de-
motivation and the student’s future expectation, the parent’s support and the
relation with peers, and the cognitive skills measured using the student’s per-
formance in Italian Language and Mathematics at the INVALSI tests. Stu-
dents differ in their motivations, preferences and perception of their abilities
and, although it is a complex issue, it is important to identify the individual
differences and understand and model the complex interplay of all the vari-
ables. In this work, we tried to outline the profiles of the students at risk of
dropout answering the following research question: which are the character-
istics that accurately identify students more likely to drop out?

3. Methods
3.1. Participants

This study is based on the analysis of data from INVALSI national large-
scale program. INVALSI, yearly, in Italy carries out standardized tests to
measure the student’s achievements at different scholastic grades and in dif-
ferent subjects. In addition, INVALSI required each student to compile a
questionnaire (Student’s Questionnaire) after the standardized tests. The first
part of the questionnaire is administered after the Italian Language tests and
the second part after the Math tests. This survey aims to collect information
about the socio-demographic characteristics of students, such as parental sta-
tus and educational qualification, gender, citizenship. Moreover, annually,
school” secretarial offices provide to INVALSI information about the stu-
dents enrolled in the scholastic grades of INVALSI standardized tests.

In this work, we exploited data obtained by two different sources: the
results at INVALSI test and Student’s Questionnaire administered by IN-
VALSI at the end of lower secondary school (8t grade) in the school year
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2017/2018 and administrative data of the inscription of all the students of
10th grade at the INVALSI test of 2019/2020. The administrative data con-
tains the list of all the students enrolled on a lyceum, a technical institute
or a vocational institute. From 2018, INVALSI standard test is compulso-
ry at the end of the lower secondary school for the students’ admission at
the state final exam. The test compulsoriness allows collecting data on the
entire population. In 2017/2018, INVALSI administered the complete Stu-
dent’s Questionnaire to a population of 51,0821 students in 5,795 schools.
The 2017/2018 Student’s Questionnaire is characterized by the presence of
37 multiple choices that examine in-depth 8 domains of the students’ life: the
student’s motivation for studying Italian Language and Math, the student’s
view of the school, parent’s support, student’s self-efficacy, student’s rela-
tionships with the peers, student’s future expectations and student’s qualifi-
cation expectations (for more information about the theoretical framework
see: https://invalsi-areaprove.cineca.it/docs/file/QdR _Questionari.pdf).

In our study, we focused on the students who compiled the items belong-
ing to 5 out of 8 domains (demotivation, self-efficacy, parent’s support, rela-
tionships with peers and future expectations) and for whom the demographic
and the socio-cultural information are available. Thus, the exploited sample
is composed of 418,861 students.

3.2. Variables

To monitor the students after the lower secondary school, we used the
administrative data of student enrolment at grade 10 to compute the bi-
nary indicator of drop-out risk matching the records at student level. The
dropout risk indicator assumes value 1 if the 8th grade student is enrolled in
2019/2020 on the second year of the upper secondary school and 0 other-
wise. Thus, the group of students identified by the null value of the indicator
of dropout risk are those with a higher risk of dropping out. For sake of
simplicity, we labelled the students with the indicator of dropout risk equal
to 0 “High-risk group” and those with the drop-out risk indicator equal to 1
“Low-risk group”.

To account for the socio-demographic background of the students we in-
clude in our analysis the following variables: the index of economic, social
and cultural status (ESCS) computed by INVALSI following the OECD’s
standard (OECD, 2005); the indicator of the immigrant status (native,
first-generation immigrant or second-generation immigrant); the gender of
the students; a binary indicator of the late-enrolled students (i.e. students
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enrolled at least one year after the age of 6 or repeated one or more years).
The ESCS was coded in a categorical variable with 4 different levels: low,
medium-low, medium-high and high.

The Student’s Questionnaire explores the student’s demotivation through
a set of seven items. All items begin with “Think about your experience at
school...” and are scored using a five-point Likert scale ranging from 1 =
“Definitely False” to 5 = “Definitely True”. Three statements are related to
a negative perception of the school, as a waste of time, an effort or tedium,
two items represent the school as a positive place where the student has the
possibility to do interesting things. The other two items are strictly related to
the student’s demotivation to attend the school and the intention of dropping
out of school as soon as possible. The student’s self-efficacy is characterized
by six items in a six-point agreement Likert scale (from 1 = “Strongly Disa-
gree” to 6 = “Strongly Agree”), investigating the level of the student belief in
his/her ability. In particular, the questionnaire aims to analyse how much the
student believes in his/her ability to think, wondering if he/she is able to think
fast, to have a good idea and if the student has the perception to be smart.
Moreover, to measure the self-efficacy, the questionnaire asks if the student
considers himself/herself able to communicate his/her own opinions and if he/
she puts more effort into dealing with obstacles. To study the parent’s role in
the school life of the student’s, the questionnaire asks the student how much
they are motivated from the parents to be committed to study and how much
they are encouraged from the parents to be confident: four items in a six-point
agreement Likert scale were administered. The relationships with the peers
are investigated, using five items in a six-point Likert scale ranging from 1 =
“Not at all True” to 6 = “Completely True”, from two different points of view:
peers as friends, persons that have your trust, and the class as a safe place
where you have the perception of being accepted for your scholastic skills.
Finally, the future expectations of the students were assessed by a five-item
measure to investigate the degree to which the students believe a series of
statements about the future. Each item is scored using a six-point Likert scale
ranging from 1 = “Definitely False” to 6 = “Definitely True” and asks the
students to “Think about the future...” and to focus on work or educational
attainment, in general on the possibility to realize her/his own wishes.

To account for the cognitive abilities of the students, we used the stu-
dents’ performance at INVALSI tests in Italian Language and Mathemat-
ics at the end of the lower secondary school. The score at INVALSI test is
measured using the Weighted Likelihood Estimation (WLE) estimated by
the Rasch model (for more information a technical report is available on the
official website: http://invalsi-areaprove.cineca.it/).
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3.3. Statistical analyses

An IRT ({tem Response Theory) method called Graded Response Model
(Samejima, 1969; Koch, 1983) for ordered polychotomous scale was applied to
estimate measures of the five latent variables (demotivation, self-efficacy, parent’s
support, relationships with peers and future expectations) from Likert-type scale
data. All the analyses are performed using a unidimensional approach.

A descriptive analysis to compare the characteristics of students at risk and
not at risk of dropping out of school has been performed. For each group has
been computed the students’ proportion with respect to four different categor-
ical variables: ESCS, gender, immigrant status and the late-enrolled indicator.
The Chi Square test is used to study the association between the indicator of
students at risk of dropping out and each categorical variable. For the five
continuous factors, estimated using the Graded Response Model, the perfor-
mance at INVALSI tests the Kruskall-Wallis test has been applied to compare
the distributions of the two groups. The score in Italian Language and Mathe-
matics have been rescaled to have a mean of 0 and a standard deviation of 1.

Focusing on the student classified in the high-risk group, we used a la-
tent profile analysis (LPA) to examine the profile of these students in rela-
tion to seven measurements: demotivation, self-efficacy, parent’s support,
relationships with peers, future expectations, the score in Italian Language
and the score in Math. LPA is a latent variable mixture model, widely used
and known in literature with a variety of names, as finite mixture modelling
(McLachlan and Peel, 2000) and latent class cluster analysis (Vermunt and
Magidson, 2002). The aim of LPA is to analyse heterogeneity in a popula-
tion by identifying a number of existing but unobserved subpopulations of
individuals, which are referred to as latent classes. Unlike the traditional
cluster analysis, the LPA is a model-based method and derives clusters us-
ing a probabilistic model able to describe the data distribution. A detailed
introduction to this technique can be found in Magidson and Vermunt (2002,
2004), Muthén (2001, 2004), Muthén and Muthén (2000) and McLachlan
and Peel (2000). In this work, LPA was conducted on the five measurements
using mclust package (Scrucca et al., 2016) of R software. To determine the
optimal number of latent classes fitting the data, we examined the solutions
containing no more than 3 clusters for different parameterizations of the co-
variance matrix (Fraley ef al., 2012) and we compared all the models based
on the fit statistics using the Bayesian Information Criterion (BIC; Raftery,
1995) to evaluate the model fit. We used a multinomial regression model to
evaluate the effect of the external covariates (ESCS, gender, immigrant sta-
tus and the late-enrolled indicator) on the estimated class membership.
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4. Results

4.1. Descriptive analysis

The data reveal a significant difference in the distribution of the ESCS (p
<2.2E-16), the immigrant status (p < 2.2E-16), the gender (p <2.2E-16) and
the late-enrolled indicator (p < 2.2E-16) between the two groups of students
(High-risk and Low-risk groups). Table 1 shows that 43.50% of the students
classified as at risk for school dropout are characterized by low ESCS where-
as only 10.50% of these have high ESCS. Focusing on the distribution of the
ESCS in the group of students enrolled in grade 10 in 2019-2020, it is evi-
dent that the population is equally distributed in the four ESCS classes. The
20.00% of the students at high risk of dropping out are immigrant of first or
second generation. The 57.10% of the students at high risk of dropping out
are male, whereas the percentage of male in the group of students at low risk
of dropping out is close to 50% (47.90%). Only 3% of the students that are
attending the second year of the upper secondary school are late-enrolled,
whereas this percentage increases to 20.70% for the high-risk group.

Tab. 1 — Results of Chi-Square test on status risk factors: demographic and so-
cio-economic characteristics and late-enrolled indicator

High-risk group Low-risk group P-value
N = 66,604 N =352,257
ESCS <2.2E-16
Low 28,964 43.50% 76,566 21.70%
Medium-Low 17,491 26.30% 86,914 24.70%
Medium-High 13,165 19.80% 98,447 27.90%
High 6,984 10.50% 90,330 25.60%
Immigrant status <2.2E-16
Native 53,287 80.00% 32,7986 93.10%
1% gen. immigrant 5,199 7.81% 7,451 2.12%
2" gen. immigrant 8,118 12.20% 16,820 4.77%
Gender <2.2E-16
Female 28,573 42.90% 183,371 52.10%
Male 38,031 57.10% 168,886 47.90%
Late-enrolled <2.2E-16
No 52,811 79.30% 341,672 97.00%
Yes 13,793 20.70% 10,585 3.00%
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Table 2 shows the median with the 2.5% and the 97.5t percentile for the
alterable risk factors included in the analysis: demotivation, future expecta-
tions, parent’s support, relationships with peers and self-efficacy. There is a
statically significant difference between the two groups for the distributions of
demotivation, future expectations, perception of parents’ support and self-ef-
ficacy. The high-risk group is characterized by high demotivation, low future
expectations, low support and interest of the parents in the student school life
and self-efficacy near the population mean since all these variables for con-
struction are normal distributed with mean 0 and variance equal to 1.

Tab. 2 — Results of Kruskal-Wallis test on the alterable risk factors

High risk group Low risk group P-value
N = 66,604 N =352257
Demotivation 0.33 [-1.72;2.32] -0.10 [-1.72;1.67] <2.2E-16
Future Expectations -0.10 [-1.63;1.80] -0.04 [-1.63;1.80] < 0.001
Parents -0.17 [-1.49;1.48] -0.03 [-1.38;1.48] <0.001
Peers -0.03 [-1.74;1.85] -0.05 [-1.74;1.85] 0.690
Self-Efficacy 0.03 [-1.53;1.65] -0,07 [-1.53;2.06] <0.001

Focusing on the distribution of the alterable factors in Figure 1 it is clear
the central role played by the demotivation in the characterization of the two
groups. It is interesting to notice that the distribution of the self-efficacy of
the two groups is quite similar, and the median of self-efficacy is slightly
higher (p < 0.001) for the students at risk of dropping out.

Tab. 3 — Results of Kruskal-Wallis test on the score at INVALSI test of Italian Lan-
guage and Mathematics

High-Risk Group Low-Risk Group P-value
N = 66,604 N=1352257
Italian Language -0.67 [-2.58; 1.05] 0.12 [-1.71; 1.99] <2.2E-16
Mathematics -0.68 [-2.10; 1.09] 0.08 [-1.64; 2.16] <2.2E-16

Table 3 reports the median with the 2.5 and the 97.5t percentile and the
results of the Kruskal-Wallis tests to compare the distribution of the score at
INVALSI tests in Italian Language and Mathematics for the high-risk and
low-risk groups. A statistically significant difference between the groups is
observed in both subjects. The students in the high-risk group have low-
er performance than those in the low-risk group. The boxplots in Figure 2
represents the distribution of score at INVALSI test for each group in cor-
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respondence of each subject. The 75% of the students at high-risk achieve
a score lower than the median of the score of the low-risk students in both
subjects.
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Fig. 1 — Boxplot of the distribution of the five alterable factors by two groups: stu-
dents at high-risk and students at low-risk of dropping out school
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Fig. 2 — Boxplot of the distribution of the score at INVALSI test in Italian Language
and Mathematics for the high risk group and the low risk group
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4.2. Latent profile analysis

A more detailed characterization of the high-risk group has been obtained
using the LPA. Figure 3 presents the values of the Bayesian Information
Criterion for 1- to 3-class solutions in correspondence of several parametri-
zations of the covariance matrix. A 3-class solution with a VVV (ellipsoidal,
varying volume, shape and orientation) parametrization yielded the best fit
for the data, resulting in the highest BIC.
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Fig. 3 — Bayesian information criterion (BIC) for various model-based clustering
solutions

Figure 4a shows the class-conditional mean profiles of the three classes,
whereas the estimated mean probability of being in each class by the ESCS,
the gender, the immigrant status and the late-enrolled indicator is represented in
Figure 4b, Figure 4c, Figure 4d and Figure 4e, respectively. Class 1 represents
about 53% of the students with high-risk of dropping out of school. This cluster
is characterized by a high mean on demotivation (z = 0.46), a very low mean
on the expectations for the future (z = -0.84), low self-efficacy (z = -0.39) and
a moderately low mean on the school performance (Italian Language: -0.51;
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Mathematics: -0.47). The lowest mean value of self-efficacy is observed in cor-
respondence of the students allocated in the Class 1. From the analysis of the
relation between latent class membership and the predictors, it is clear that the
Class 1 membership in a growing function of the ESCS and of the gender. The
first generation immigrants have on average a lower probability to be allocated
in the Class 1 than the second generation immigrants and the native. The mean
probability of Class 1 is a decreasing function of the late enrolled indicator.
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Fig. 4 — Results of latent profile analysis for 3 classes: a) estimated means of the
seven observed variables with each classes; b) predicted probability of latent class
membership at varying levels of the ESCS; c) predicted probability of latent class
membership at varying levels of the gender indicator,; d) predicted probability of
latent class membership at varying levels of the immigrant indicator; e) predicted
probability of latent class membership at varying levels of the late-enrolled indicator
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Class 2 is composed by about 18% of the students. This group is char-
acterized mainly by four variables: demotivation, self-efficacy and perfor-
mances at INVALSI tests. The students classified in this cluster show on
average a strong demotivation (z = 0.59) and a strong self-efficacy (z = 0.84).
This group have the lowest mean value in correspondence of both measures
of the cognitive skills (Italian Language: z = -1.74; Mathematics: z = -2.06).
The probability to belong to this class is a decreasing function of the ESCS
and shows higher values in correspondence of late-enrolled students and im-
migrant of first-generation, respectively.

The last cluster, Class 3, represents about the 29% of the students with
high-risk of dropping out of school. These students show a particular profile
since they have a very high mean on the future expectations (z = 1.14), a
moderately high mean on parent’s supports (z = 0.39) and on self-efficacy
(z=0.38) and a low mean on Italian Language performance (z = -0.86) and
Maths performance (z = -1.03). The Class 3 membership is an increasing
function of the ESCS; the probability to be classified in this cluster seems to
be constant with respect to the varying of the categories of the gender, the
immigrant status and the late-enrolled indicator.

5. Discussion

In this exploratory study we explored deeply the Goal 4 of the 2030 Agen-
da by investigating the characteristics that accurately identify students more
likely to drop out in the transition between the last year of the lower second-
ary school and the upper secondary school. We compared the characteristics
of students at risk and not at risk of dropping out school and we described the
risk group using Latent Profile Analysis.

The descriptive analysis of the characteristics of the two groups (high-
risk group and low-risk group) confirms the impact of dropout risk factors
related to socio-demographic characteristics as gender, immigrant status and
the socio-economic background. There is also a significant difference in the
distribution of the late-enrolled indicator.

By observing the distribution of the alterable factors it is clear the crucial
role of the demotivation in the characterization of the two groups. This re-
sult agrees with an increasing research activity, which investigates risk fac-
tors related to characteristics at school level and organization at school level
and with theories on the school engagement. In all cases where the school
makes a strong commitment to meet specific needs of students in the family,
community, classmates and school areas, the dropout rate decreases (Wang
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and Eccles, 2012a). The construct of engagement is useful for capturing the
gradual process by which students disconnect from school (Finn, 1989). In
this work, the concept of demotivation is closely linked to how the student
perceives being in school. The student at high-risk of dropping out of school
perceives school as a waste of time, an effort or a boredom, a place where
they do not do interesting things and they would like to stop going to school
as soon as possible.

On the contrary, it is interesting to notice that the distribution of the self-ef-
ficacy of the two groups is quite similar, and the median of self-efficacy is
slightly higher for the students in the high-risk group. If decades of research
suggest that school effort decreases rapidly during secondary school (Wang
and Eccles 2012b, 2012c), general self-efficacy remains moderately stable
from 9t through the 12th grade (Grabowski and Mortimer, 2001). General
self-efficacy is conceptualized as “broad and stable” (Luszczynska et al.,
2005, p. 81) assessments of individuals’ overall beliefs about their abilities
“to perform across a variety of situations” (Judge et al., 1998, p. 170). In this
work, we refer to a general concept of self-efficacy because we investigate
the level of the student believes in his/her ability to think, to communicate
his/her own opinion, the ability to learn new things and to have good ideas.
However, it seems unlikely that general self-efficacy is totally unrelated to
academic experience (Brown et al., 2019).

To shed light on the role of self-efficacy in the group of students at high-
risk and, in general, to test the hypothesis that this group is composed by
different latent subpopulations characterized by different profile in terms of
self-efficacy, demotivation, future expectations, relationship with parents
and with peers and school performance, we used a Latent Profile Analysis.
Latent models provide a powerful tool to classify individual based on a set of
manifest characteristics, identifying latent subgroups of students, and results
useful when the “average” learning pattern does not adequately describe the
phenomenon (Hichendorff et al., 2018). The comparison of the models with
a different number of latent classes corroborate our hypothesis that the pop-
ulation of students at high-risk of dropping out is not homogenous and is
composed by three different subpopulations representing different students’
profiles. The relationship between the class membership and the status var-
iables has been studied using a multinomial regression model and helps to
characterize and better understand the identified student’s profile.

The lowest average self-efficacy value is observed in students assigned to
Class 1, where it is classified the largest group of students at risk of dropping
out of school (about 53%). On the other hand, in the other two groups of
students at risk, the self-efficacy value is above the average value. The Class
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1 is also characterized by a high mean on demotivation, a very low mean
on the expectations for the future, a moderately low mean on the school
performance and the belonging to this class is an increasing function of the
ESCS and gender. This group, which could be called “socially disadvan-
taged students”, has been widely studied in the literature; they usually come
from low-income, low-educated families or single parents and usually have
a lack of expectations of staying at school, unsatisfactory relationships with
teachers and classmates, expectations of failure, poor motivation and low
commitment. However, not all students with socio-economic disadvantages
are equally vulnerable to circumstances. Much of the research examines stu-
dents’ ability to thrive despite negative effects circumstances investigating
the key role played by the character’s strengths, such as trust their academic
skills, assertiveness, ability to work hard, high internal standards motiva-
tion to achieve and ambitious aspirations for their future (Martin and Marsh,
2009). For this group at risk, a possible starting point to reduce the risk of
dropout could be the self-efficacy. Positive general self-efficacy is believed
to contribute to individuals™ overall levels of optimism and adjustment and
their capacity to deal with stressful situations and to produce successful re-
sults (Luszczynska et al., 2005).

A strong role of the school, as previously said, could bring many benefits
especially to students classified in the Class 2 that we name “students with
low confidence in the school”. These students despite having high self-ef-
ficacy, perceive going to school as futile and consequently they have low
performances at INVALSI tests. In fact, students who belong to this class
are more likely to be late-enrolled students or immigrant of first-generation.
Considering the characteristics of this group, the low performance of the
INVALSI tests could be due to a poor commitment in carrying out the test.
To clarify this aspect, it may be useful to measure the student’s effort during
the test using the item response time.

The last cluster identified, Class 3, which we call “low performer”, is
characterized by a low performance at INVALSI tests and by scores above
average in all alterable variables. The probability to be classified in this clus-
ter seems to be constant with respect the varying of the categories of the gen-
der, the immigrant status and the late-enrolled indicator. Probably more than
the other groups, this group is the one that benefits the most from standard
dropout prevention programs, based only on performance. One aspect that
could clarify the characteristics of this group and that we will analyze in the
future concerns the students attending the IeFP. In this work, in the group of
students at risk of dropout there are also those enrolled in these courses that
could fit in this profile. It is possible that these students are addressed to these
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courses because they have low performances and have high expectations for
the future because they hope to enter the work world soon. Future studies
will include the information about IeFP.

In summary, the present study describes the characteristics of students at
high and low risk of dropout in Italy using the INVALSI data. In particular,
this work extends the existing literature analyzing the students at high-risk of
dropping out, using a latent model approach, demonstrating the presence of
different high-risk students’ profiles in terms of self-efficacy, demotivation,
future expectations, relationship with parents and with peers and school per-
formance. The findings of this work could be useful for targeting efficiently
students destined to dropout prevention programs.
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