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Introduction

by Patrizia Falzetti

For several years, in Italian school there are fewer and fewer students;
this trend is offset neither by the increase of schooling nor by the rise of stu-
dents with an immigrant background.

In addition to this issue, there’s also the heavy problem of the school
dropout. The latest data about ELET (Early Leavers from Education and
Training) for Italy show that in 2020 13.1% of young people aged between
18 and 24 (or about 543 thousand) hasn’t earned an upper secondary school
diploma; this figure is lower compared the previous years but still higher
than European Union average (ISTAT, 2020). The situation gets worse if, in
addition to the figure about ELET, the implicit school drop-out is considered.
Thanks to INVALSI data policy makers, researchers and all stakeholders
have the chance to become aware of how many students, despite they go to
school and have obtained their qualifications, do not acquire the required
skills (Ricci, 2019).

Studies and researches on students achievement are therefore highly rel-
evant because they may focus on their difficulties and strengths and could
provide ideas and suggestions to help them.

This book collects six papers submitted during the V edition of the Semi-
nar “INVALSI data: a tool for teaching and scientific research” held in Rome
from 25™ to 28" February 2021, with the aim of detecting which variables
affect are determinant for a proper everybody’s educational achievement
stressing national INVALSI survey and other international ones.

Social-economical-cultural status (ESCS index) combined with emotion-
al aspects are correlated with lower performance (chapter 2); in some cases,
such as the one for the pandemic emergency from Covid-19, this social-eco-
nomical-cultural background may enforce educational inequalities (chapter
3) with different sides in Italian regions (chapter 4).

7
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In chapters 1 and 5 international survey data will be stressed, instead. In
the first chapter, authors will present a study on possible learning improve-
ment with ad additional year of school, analysing OECD-PISA data. In the
fifth chapter, authors will focus on IEA ICILS 2018 data: here, what emerges
is that students, even if they are digital natives, are not mastering digital
skills.

The book ends with chapter 6: some first results of a qualitative research
will be told. Here, the goal is to highlight some factors which are determinant
for building a student perception of difficulty about Maths tasks.

Papers collected in this book are a limited and non-exhaustive example of
the utility of INVALSI data. Year by year, the catalogue of the open-access
series “INVALSI per la ricerca” has been greatly enriched as further con-
firmation of a worthwhile mutual dialogue between academics and school
actors. As Statistical Service we hope this partnership could last and may
generate many other research works.

8
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1. How much do the skills of Italian 15-year-olds
improve over one year of schooling?

by Francesco Avvisati, Nathan Viltard

We provide quasi-experimental measures of the learning gain that results
from an additional year of schooling around the age of 15 in Italy, based on
international metrics for Reading, Mathematics and Science learning estab-
lished by the Programme for International Student Assessment (PISA). We
combine PISA data (about 15-year-olds) for 2015 and 2018 with data about
14- and 16-year-olds in grade 10, collected as part of the Italian national ex-
tension of the PISA study to a grade-based sample. We focus, in particular,
on grade repeaters (15-year-olds in grade 9) and on students with an ear-
ly-school starting age (15-year-olds in grade 11), and compare them to 16-
and 14-year-olds in grade 10. Results show that the grade gain from grade 10
to grade 11 for students ahead of schedule is between 11 and 13 score points
(depending on the subject); while the grade gain from grade 9 to grade 10,
for students one year behind schedule, is about twice as large, between 20
and 26 score points.

Questo contributo propone misure quasi-sperimentali del guadagno di ap-
prendimento che risulta da un anno aggiuntivo di scuola intorno ai 15 anni in
Italia; tale guadagno viene espresso in termini di punteggi OCSE-PISA che
consentono di comparare l’apprendimento della Lettura, della Matematica e
delle Scienze a livello internazionale. I dati PISA (sui 15enni) per il 2015 e il
2018 vengono combinati con i dati sui 14 e 16enni che frequentano il grado
10, raccolti nell ambito dell estensione nazionale italiana dello studio PISA
a un campione basato sul grado. In particolare, i risultati degli studenti ri-
tardatari (15enni che frequentano il grado 9) e anticipatari (15enni in grado
11) vengono confrontati con i risultati dei 16 e 14enni in grado 10. I risultati
mostrano che il guadagno di apprendimento tra il grado 10 e il grado 11 per
gli anticipatari é compreso tra 11 e 13 punti (a seconda della materia);, men-

9
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tre il guadagno di apprendimento tra il grado 9 e il grado 10, per gli studenti
in ritardo di un anno, é circa il doppio, tra 20 e 26 punti.

1. Introduction

Between March 2020 and February 2021, 15-year-olds in Italy have not
been able to attend regular classes in school; due to the enduring Coronavi-
rus public health crisis, schools, instead, have organised remote support for
home-based learning during much of this 12-month period. Several observ-
ers have questioned the effectiveness of these schooling surrogates, either
in general or for particular types of students. The focus on “learning losses”
due to school closures, however, has paid little attention to the fact that the
typical learning progression observed in normal times also differs across stu-
dents and schools, and remains largely unknown.

Comparing the pace of learning — i.e. learning gains associated with one
grade of schooling, or grade gain — across students, regions, or countries,
however, is not simple. Assessments administered to students of different
grades need to be longitudinally linked, and testing conditions must remain
consistent. Previous studies have quantified the average grade gain for a co-
hort of students based on longitudinally-linked assessments, within a single
education system (Prenzel et al., 2006; Nagy et al., 2017; Andrabi et al.,
2011; Chetty, Friedman and Rockoff, 2014; Kane and Staiger, 2008). Only
a few studies have been able to compare the grade gain across countries,
based on international assessments (Singh, 2019; Jones et al., 2014). This
paper tries to address this gap by providing quasi-experimental measures of
the effect of an additional year-of-schooling and year-of-age on performance
based on common metrics for Reading, Mathematics and Science learning
established by the Programme for International Student Assessment (PISA).
We quantify the learning gain that results from an additional year of school-
ing around the age of 15 in Italy, and compare it to published estimates of the
grade gain on PISA tests for Germany.

We combine PISA data for Italy (about 15-year-olds) with data about 14-
and 16-year-olds in grade 10, collected as part of the Italian national extension
of the PISA study to a grade-based sample. We focus, in particular, on grade
repeaters (15-year-olds in grade 9) and on students with an early-school start-
ing age (15-year-olds in grade 11), and compare them to 14- and 16-year-olds
in grade 10. In order to overcome the limitations of a cross-sectional design
and to interpret our estimates as reflecting causality, we use matching methods
(inverse-probability weighting). Results show that the grade gain from grade

10
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10 to grade 11, for students ahead of schedule, is between 11 and 13 score
points (depending on the subject); while the grade gain from grade 9 to grade
10, for students one year behind schedule, is about twice as large, between 20
and 26 score points. We discuss the extent and direction of possible biases that
may affect these estimates due to selection based on unobservables.

This paper is organised as follows. Section 2 introduces the data and sam-
ples used in this study. Section 3 details the identification strategy — i.e. the
regression function that is estimated and the assumptions that allow to in-
terpret one of the estimated parameters as the causal effect of an additional
year of schooling on learning. Section 4 presents the results, and Section 5
discusses the results and compares them to other published results.

2. Data and context

The data used in this paper are based on datasets collected in 2015 and
2018 as part of the Programme for International Student Assessment (PISA),
a large-scale, cross-national assessment of the Reading, Mathematics and
Science performance of 15-year-olds students. PISA has been administered
to samples of 15-year-olds students across almost 100 countries in total,
every three years since 2000 (participation of countries has generally in-
creased over time, but not all countries participated in every assessment cy-
cle since they began taking part in PISA).

The regular PISA samples are representative of students who are enrolled
in grade 7 or above and who are between 15 years and 3 months and 16 years
and 2 months at the time of the assessment administration (generally referred
to as 15-year-olds in this article). Together with regular PISA samples, we
exploit additional samples collected by INVALSI at the same time as the
regular PISA data collection. These “grade-based” samples are designed to
be representative of students in the modal grade for 15-year-olds students
(grade 10 in Italy). Such grade-based samples were collected in order to link
the PISA dataset to a national pupil database.

PISA participants are selected from the population of 15-year-olds stu-
dents in each country according to a two-stage random sampling procedure.
In the first stage, a stratified sample of schools is drawn; in the second stage,
students are selected at random in each sampled school. A similar two-stage
sampling design was also used to draw the additional samples of grade-10
students. All statistical inference accounts for this complex sample design'.

' All estimates are computed using the Stata package repest (Avvisati and Keslair, 2014).

11
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Because of the large overlap between the PISA target population and the
grade-10 target population, the first stage of sampling is common for both pop-
ulations, and only within-school samples differ (although to minimise costs,
the overlap between the two within-school samples is maximised, meaning
that PISA-eligible students in grade 10 are automatically selected for the
grade-10 sample). Different sets of weights are computed for the two samples.

We combine observations from the grade-based sample with observations
from the “regular” PISA sample for the corresponding years, each weighted
according to its own weights. Sample selection rules are further detailed be-
low (Sample selection rules and identification strategy).

In order to match the school identifiers from both datasets, we use the
national version of PISA data. Both datasets (national PISA database and
grade-based database) are available upon request from the national institute
for the evaluation of the education system (INVALSI)2.

Each dataset also includes a set of balanced-repeated-replication (BRR)
weights, for use in the computation of standard errors to account for the two-
stage stratified sampling design. When combining observations from the two
datasets, we recompute the BRR weights in one of the two datasets to match
the Hadamard matrices used for the other database; thereby accounting for the
interdependence between the two samples. In other words, when a school’s
weights are inflated in one sample, we similarly inflate all weights from the
same school in the other sample; and when a school’s weights are deflated, we
similarly deflate all weights from the same school in the other sample.

Students’ results in Reading, Mathematics and Science tests are reported
on the PISA metric, a norm-referenced scale derived using item-response
theory from student responses to the test. For each subject, the test norm
was set to a mean of 500 and a standard deviation of 100 across students
from OECD countries in a baseline year (which varies by subject), and all
later tests have since been reported on the same scale. The data also include
a set of background variables collected through PISA questionnaires and
sampling forms; these include information about students’ age, gender, so-
cio-economic status and family background (e.g. immigrant background).

3. The quasi-experiment

In order to identify the average grade gain from cross-sectional data, we
construct a pseudo-longitudinal dataset by building matched groups of stu-

2 https://invalsi-serviziostatistico.cineca.it/.
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dents who differ only in their age and length of schooling. This is made pos-
sible by the existence of significant variation in the grades of PISA students
within the regular sample: in particular, we focus on students who are not
in their expected grade level at age 15, and on the corresponding types of
students within grade 10.

3.1. The Italian context

In Italy, the variation in grade levels for students with the same year of
birth originates mostly from the practice of early school enrolment, on the
one hand, and of grade repetition, on the other hand.

In particular, students can be one year ahead of their expected grade if
they start primary school in the year they turn 5 (“anticipo scolastico”), a
relatively common practice among students born at the beginning of the year
(who would otherwise be the oldest in their school-starting cohort) and in
some regions of the country. In contrast to other countries, the practice of
skipping grades is virtually non-existent in Italy. Among 15-year-olds stu-
dents surveyed in PISA in 2015 and 2018, 7.2% were found in grade 11 (one
year ahead of schedule). Of these students, 92% were born between January
and April, 79% reported (retrospectively) that they had started first grade at
age 5, and 66.9% were enrolled in schools in Southern regions (compared to
38.4% among all 15-year-olds students).

Students can also fall one or more year behind their expected grade if they
repeat grades. Grade repetition in Italy is very rare in primary school (grades
1 through 5) and relatively uncommon in lower-secondary school (grades 6
through 8), but is common in the first grades of upper-secondary education
(where it may also coincide with a change in programme orientation). Among
students who reached grade 10, the grade-based samples for 2015 and 2018
show that 1.0% of students had repeated one or more grades in primary school,
3.6% of students had repeated one or more grades in lower-secondary school,
and 10.9% in upper-secondary school (based on retrospective self-reports).

3.2. Sample selection rules and identification strategy

The identification of grade effects relies on the construction of matched
groups of students who differ only for being one year of age and one school
grade apart. We construct each set of matching groups using strict selection
rules, and further balance the observable characteristics in the two groups

13
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using inverse-probability weighting. We then use simple mean comparisons
to estimate the difference in performance between the two groups.

The idea behind inverse-probability weights was originally proposed by
Horvitz and Thompson (4 Generalization of Sampling Without Replacement
from a Finite Universe, 1952) in the context of sampling with varying proba-
bilities of selection; it has since been extended to the analysis of causal effects
in Rubin’s potential outcome framework (Rubin, 1974). In this framework,
average treatment effects correspond to the average of individual differences
between a “treatment” and a “no treatment” condition, only one of which is
observed. To identify and estimate causal effects, one must infer the counter-
factual distribution of (potential) outcomes for the “treated” cases — i.e. the
outcomes that would have been observed, had they not been treated — from a
“control group”. Such a control group can be built ex ante, through random
assignment; or, in quasi-experimental methods, by invoking assumptions of
conditional independence, whereby conditional on certain (observable) char-
acteristics, the fact that a case is observed in the “treated” or “not treated”
condition provides no information on any other (unobserved) characteristic
which might be related to the outcome of interest.

In the present study, we estimate the difference in PISA scores between
cases observed at an older age and in a higher grade (treated) and cases ob-
served at a younger age and in a lower grade (not treated). The interpretation
of these differences as reflecting point estimates of the grade gain relies on
the assumption that, among the students who meet the selection rules to be
included in our samples, and conditional on the observable characteristics
used in the computation of inverse-probability weights, the observed perfor-
mance differences between the two groups can be attributed entirely to the
extra year-of-age and year-of-schooling in one of the two groups. This re-
quires, for example, to rule out selection effects whereby particular groups of
low- or high-achieving students (not identified solely by variables included in
the computation of inverse-probability weights) are present only in one of the
two matching groups. It also requires to rule out cohort-specific trends: if the
performance of the group in the lower grade does not reflect the (unobserved)
performance of the group in the upper grade, one year earlier, the estimates
reflect a combination of this trend and of the grade effect. In particular, if
performance at all grade-levels is improving over successive cohorts, then the
estimated difference will under-estimate the real grade gain; if performance is
declining, the estimated difference will over-estimate the grade gain.

In detail, we construct two sets of matching groups, by selecting students
who are exactly one year ahead of schedule (Set 1) and students who are
exactly one year behind schedule (Set 2).

14
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Set 1 (students ahead of schedule) includes all students born in 2000 or in
2003 and enrolled in grade 10 (from the grade-based samples for 2015 and
2018, respectively), as well as all students born in 1999 or in 2002 and en-
rolled in grade 11 (from the corresponding regular PISA datasets). Set 2 (stu-
dents behind schedule) includes all students born in 1999 or in 2002 and en-
rolled in grade 9 (from the regular PISA datasets), as well as all students born
in 1998 or in 2001 and enrolled in grade 10 (from the grade-based datasets).

Table 1 illustrates how the PISA samples and the grade-based samples
contribute to each of the two sets.

Tab. 1 — Sample selection rules

Grade-based samples Regular age-based samples

Grade Year N Grade Year N
of birth of birth
Behind schedule 10 1997/2000 681 8  1999/2002 172 Not used in
(2 years) the analysis
Behind schedule 10 1998/2001 1,957 9 1999/2002 3,468 Set2
(1 year)
On track 10 1999/2002 21,435 10 1999/2002 21,435 Not used in

the analysis”
Ahead of schedule 10 2000/2003 1,006 11 1999/2002 1,224  Set 1
(1 year)

* The same “on-track” students are included in both the grade-based sample and the PISA
sample.

Source: Italian national PISA 2015 and 2018 datasets

Within each dataset (Set 1 and Set 2), we use inverse-probability weights
to balance the two groups defined by their grade (and origin dataset) with
respect to gender, location (5 regional dummies), month of birth, the PISA
index of economic, social and cultural status (ESCS), immigrant background
and curriculum orientation (academic, technical or vocational; 4 dummies).
This results in two distinct estimates of grade effects, both of which may
not be readily generalised to students who are “on track™ or to students in
different grades’.

3 The Stata “teffects ipw” command is used to estimate average treatment effects.
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3.3. Descriptive statistics and balancing tests

In this section we present mean comparisons for background characteris-
tics across students who are born one year apart and are enrolled in contigu-
ous grades. We focus on our two groups of interest: students who are exactly
one year ahead of schedule, and students who are exactly one year behind
schedule.

As explained in the previous section, students who are ahead of schedule
are expected to be a select group of students, who are born mostly in the first
months of the year and in particular regions (mostly in the South)*. However,
there are no particular reasons to expect stark differences between students
who are ahead of schedule by grade 11 (and are included in the regular PISA
sample) and students who are ahead of schedule by grade 10. Students who
start primary education earlier than expected, and remain ahead of schedule
up until 10" grade, are at low risk of repeating grades later on.

Indeed, Table 2 shows that both groups of students have similar charac-
teristics, and few differences are statistically significant (given the number
of characteristics considered, such differences may well reflect the expect-
ed variability across samples). We nevertheless use an inverse-probability
weighting estimator to balance, by appropriately re-weighting the observa-
tions, the characteristics of students in the two groups.

In contrast, we expect somewhat greater differences between students
who are one year behind schedule in grade 9 and students who are one year
behind schedule in grade 10. Indeed, some students in the latter group may
have been “on track” until they reached grade 10, and only repeated the
current grade; other students who were one year behind schedule in grade 9
may have fallen further behind track by the time they reach grade 10. These
two types of students are included only on one side of the comparison, and
as a result, background characteristics may not be well balanced across the
two sides.

4 There are multiple explanations for such regional differences. The demographic decline
in recent decades has been most pronounced in the Southern regions, and has left more room
for admitting 5-year-olds in primary school. At the same time, early childhood and care ser-
vices are less developed in the South, increasing demand for early entry into the (free) pre-
school (scuola dell’infanzia).

16
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Tab. 2 — Characteristics of students ahead of schedule in Italy in grades 10 and 11

Grade 10 Grade 11 Difference
(grade-based (regular PISA
sample) sample)
Mean SE Mean SE Dif. SE

Curriculum
Academic high school (liceo) 0.60 (0.02) 0.69 (0.02) 0.09 (0.02)
Lower secondary school 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Technical high school 0.27 (0.02) 0.20 (0.01) -0.07 (0.02)
Vocational institute 0.11 (0.02) 0.09 (0.01) -0.01 (0.02)
Vocational training 0.01 (0.00) 0.01 (0.00) 0.00 (0.00)
ESCS score 0.14 (0.04) 0.17 (0.04) 0.03 (0.05)
Macro-area
Centre 0.19 (0.02) 0.17 (0.02) -0.02 (0.02)
North-East 0.07 (0.01) 0.07 (0.01) 0.00 (0.01)
North-West 0.08 (0.01) 0.09 (0.01) 0.01 0.01)
South 0.39 (0.02) 0.39 (0.02) 0.01 (0.02)
South and Islands 0.28 (0.02) 0.28 (0.02) 0.00 (0.02)
Sex (girl) 0.52 (0.02) 0.55 (0.02) 0.03 (0.02)
Immigrant background 0.04 (0.01) 0.04 (0.01) -0.01 (0.01)

Month of birth (Jan=1, Dec=12) 221  (0.06) 223  (0.07)  0.02  (0.09)

Grade repetition

at ISCED 1 0.00  (0.00) 0.00  (0.00) 0.00 (0.00)
at ISCED 2 0.00 (0.000  0.00  (0.00) 0.00 (0.00)
at ISCED 3 0.00 (0.000  0.00  (0.00) 0.00 (0.00)
Missing information

Macro-area 0.00 (0.000  0.00  (0.00) 0.00 (0.00)
ESCS score 0.05 (0.01)  0.01 (0.00)  -0.04 (0.01)
Girl dummy 0.00 (0.00)  0.00  (0.00) 0.00 (0.00)
Immigrant background 0.04 (0.01) 0.02 (0.01) -0.02  (0.01)
Month of birth 0.00 (0.000 0.00 (0.00) 0.00 (0.00)
Curriculum 0.01 (0.000 0.00 (0.00) 0.00 (0.01)

Note: Statistically significant differences are marked in bold. No adjustment is included for
multiple-hypothesis testing.

Source: Italian national PISA 2015 and PISA 2018 datasets

Table 3 shows indeed a few more significant differences; students who
are one year behind schedule in grade 9 are more likely to have an immigrant
background, to be born later in the year, and are less likely to have repeated
a grade in high school, compared to students who are one year behind sched-
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ule in grade 10. To account for these differences when estimating the grade
gain for students who are one year behind schedule by grade 9, we use an
inverse-probability weighting estimator.

Tab. 3 — Characteristics of students one year behind schedule in Italy in grades 9
and 10

Grade 10 Grade 11 Difference
(grade-based (regular PISA
sample) sample)
Mean SE Mean SE Mean SE

Curriculum
Academic high school (liceo) 0.22 (0.02) 0.26 (0.02) 0.04 (0.02)
Lower secondary school 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Technical high school 0.37 (0.02) 0.36 (0.02) -0.01 (0.02)
Vocational institute 0.32 (0.02) 0.29 (0.02) -0.04 (0.02)
Vocational training 0.08 (0.01) 0.09 (0.02) 0.01 (0.02)
ESCS score -0.53  (0.02) -0.48  (0.03) 0.04 (0.04)
Macro-area
Centre 0.19 (0.02) 0.17 0.02) -0.02 (0.02)
North-East 0.20 (0.02) 0.25 (0.02) 0.05 (0.02)
North-West 0.29 (0.02) 0.25 (0.02) -0.04 (0.02)
South 0.17 (0.01) 0.16 (0.01) -0.01  (0.01)
South and Islands 0.15 (0.02) 0.17 (0.02) 0.02 (0.02)
Sex (girl) 0.39 (0.02) 0.38 (0.02) -0.01 (0.02)
Immigrant background 0.24 (0.01) 0.20 (0.02) -0.04 (0.02)

Month of birth (Jan=1, Dec=12) 7.26  (0.10) 688  (0.09) -0.38  (0.14)

Grade repetition

at ISCED 1 0.08 (0.01) 0.06 (0.01) -0.02 (0.01)
at ISCED 2 0.34 (0.02) 0.27 (0.02) -0.07 (0.02)
at ISCED 3 0.62 (0.02) 0.75 (0.02) 0.13 (0.02)
Missing information

Macro-area 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
ESCS score 0.02 (0.00) 0.08 (0.01) 0.06 (0.01)
Girl dummy 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Immigrant background 0.04 (0.01) 0.06 (0.01) 0.02 (0.01)
Month of birth 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Curriculum 0.01 (0.00) 0.00 (0.00) 0.00 (0.01)

Note: Statistically significant differences are marked in bold. No adjustment is included for
multiple-hypothesis testing.

Source: Italian national PISA 2015 and PISA 2018 datasets
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4. Results

Results (Table 4) show that the grade gain from grade 10 to grade 11, for
students ahead of schedule, is between 11 and 13 score points (depending
on the subject); while the grade gain from grade 9 to grade 10, for students
one year behind schedule, is about twice as large, between 20 and 26 score
points.

Tab. 4 — Grade and age effects in Italy among students ahead and behind schedule

Group (grade comparison) Grade and age effect Number of

Mathematics  Reading Science ~ Observations

Students one year ahead of sche-
dule (grade 10 to 11)

Students one year behind schedu-
le (grade 9 to 10)

126 (45) 134 (46) 112 (42) 2230

259 (42) 255 (4.5) 201 (4.0) 5425

Note: grade and age effects for each group of students are estimated using separate regres-
sions. Standard errors in parentheses.

Source: Italian national PISA 2015 and PISA 2018 datasets

The statistical uncertainty around these estimates means, however, that it
is not possible to exclude equal effects across both subgroups at conventional
levels. Nevertheless, the pattern suggesting larger grade gains for students
who are lagging behind, compared to students ahead of schedule, invites
some further explanation.

A possible reason behind this pattern may be found in the difference in
the grades considered. Past research has documented that grade gains are
often larger in lower grades, compared to higher grades (Bloom et al., 2008),
perhaps because of some form of decreasing returns to schooling.

A second possible reason may have to do with possible selection effects,
affecting, in particular, the estimate for students behind schedule. Indeed, the
group of 9" grade students in this case comprises also students who will end
up repeating grade 9 or exiting the school system after grade 9; while the
group of 10™ grade students comprises also students who had not repeated
any grade before reaching grade 10. It is plausible that the group of students
who are one year behind schedule in grade 10 differs from the group of stu-
dents who are one year behind schedule in grade 9 in terms of academic
potential, and that our strategy of controlling for observables (through in-
verse-probability weighting) does not sufficiently account for such selection
effects.
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To explore this possibility, we provide, in Table 5, an additional set of
estimates which refer only to students who reported not having repeated any
grade in upper-secondary education. While this may ensure more compara-
ble comparison groups, it also greatly reduces the sample size, and shifts the
attention to an even more a-typical group of students (in Italy it is very rare
to repeat grades before reaching grade 9). The estimated grade gain for this
group of students is somewhat smaller (by about 25%), lending some credi-
bility to the possibility that estimates in Table 4 are biased upward by selec-
tion effects that originate from grade repetition in grade 9 and 10; however,
the large standard errors do not allow strong conclusions.

A further possibility is that the lower grade gain for students ahead of
schedule reflects differences in school productivity between Northern and
Southern Italy. Indeed, in the early 2000s, the practice of early enrolment
was much more common in the Southern regions: as shown in Table 2,
about two thirds of all students ahead of schedule are found in schools in the
South, which represent only about one third of the total student population.
In contrast, the regional distribution of students behind schedule is approxi-
mately proportional to that of the total student population (Table 3). South-
ern regions — Italy’s “Mezzogiorno” — lag behind Northern regions in Italy
not only economically, but also on standardised national (INVALSI, 2019)
and international student assessments (Agasisti and Cordero-Ferrera, 2013;
Hippe, Jakubowski and Araujo, 2018). Unfortunately, splitting the samples
by geographic location results in small samples and low statistical power,
meaning that it is not possible to identify statistically significant variation in
grade effects by geographic area.

Tab. 5 — Grade and age effects in Italy among students who fell behind schedule
before they started upper secondary education

Group (grade comparison) Grade and age effect Number of
Mathematics  Reading Science ~ Observations

Students one year behind schedule
who did not repeat grades inupper  18.3 (7.0) 19.1 (6.4) 144 (5.8) 2,432
secondary education (grade 9 to 10)

Note: Grade and age effects for each group of students are estimated using separate regres-
sions. Standard errors in parentheses.

Source: Italian national PISA 2015 and PISA 2018 datasets
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5. Discussion and interpretation

In this final section, we jointly discuss the estimates of grade gains pre-
sented in previous sections, their interpretation, as well as their implications
for policy and research.

5.1. Interpretation of grade-and-age effects

Throughout this paper, we have referred to our quantity of interest as
the combined effect of being older, by one year, and having completed an
additional grade level. The distinction between age-at-testing effects and the
“pure” effect resulting from additional schooling, however, may be relevant
when discussing the potential impact of school closures, for example. Even
during periods of school closure, in the absence of any form of school in-
struction, maturity effects (which result from physiological ageing and from
the accumulation of out-of-school experiences) would continue to contribute
to skill acquisition.

Previous literature does not provide much guidance regarding the relative
importance of school instruction and out-of-school experiences on skill ac-
quisition. To answer this question, several studies in the United States have
examined seasonal patterns in test scores, and some of these have highlighted
a “summer learning loss”: if test scores fall during the summer, then all test
score gains over the school year must result from the additional schooling,
rather than from maturity effects. However, the finding of an average fall in
test scores during the summer break in elementary school, reported in an in-
fluential meta-analysis of early studies (Cooper et al., 1996), may not reflect
a real loss of skills, but rather the use of different test forms, which are only
imperfectly linked, to measure Reading and Mathematics ability at the end
of a school year and at the beginning of the next school years (von Hippel
and Hamrock, 2019). Indeed, when more comparable tests and better scaling
techniques are used to examine seasonal patterns of learning, the finding
of a “learning loss” during the early school years does not always replicate
(von Hippel and Hamrock, 2019). A more recent study, using a large dataset
spanning eight grades of schooling (grades 1 to 8), has found that test scores
decline during the summer months, but that this average loss is decreasing
as students move from elementary to lower secondary grades (Atteberry and
McEachin, 2020).

This literature, moreover, is largely limited to the United States. But evi-
dence about the elementary-school years in the United States may not apply
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to 15-year-olds students in Italy; and the contribution of school instruction
and out-of-school experiences to the skills measured in a non-curricular test,
such as PISA, may differ from their contribution to learning as measured in
tests more closely aligned to the school curriculum. Finally, even if some test
scores do decline over the summer months, it remains unclear whether this
is driven by a loss in student skills or by differences in student motivation to
take the test.

The interpretation of our estimates must therefore remain tentative. If
school instruction is the most important factor influencing the acquisition
of reading, mathematics and science skills measured by PISA, then our esti-
mates reflect mostly “pure” schooling effects, and periods with no instruction
will likely see a stagnation or even decline in PISA test scores. If, on the
other hand, school instruction complements and adds to other experiences
through which students learn and practice these skills, then our estimates
reflect both schooling and age-at-testing effects, and periods with no instruc-
tion will (at most) see a slowdown in test gains.

5.2. Using grade-gain estimates as a benchmark

The estimates reported in the present paper, based on quasi-experimental
methods, indicate that for 15-year-olds students, the grade gain in Italy is, at
best, around 25 score points, and possibly as low as 11 score points. The av-
erage grade effect estimated in the present paper for particular categories of
students (grade repeaters and students ahead of schedule) can also be used,
with due caution, as a benchmark for assessing the practical significance of
other performance differences observed in PISA. For example, in 2018, the
average proficiency in reading in the North-East of Italy was 62 score points
above the average in the South-Islands region (INVALSI, 2019), a gap that
is significantly wider than this grade gain. This means that it would take
students in the South several years of schooling to reach the current level of
their Northern peers. While tempting, a simple conversion of any difference
to years-of-schooling equivalents should however be avoided; this would
indeed require an extrapolation from the effect of a single grade, around the
age of 15, and for somewhat particular types of students, to the cumulative
effect of multiple years of schooling, for a different group of students.
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5.3. Implications for future research

The present paper quantifies the learning gain that results from an ad-
ditional year of schooling. To our best knowledge, it is the first paper to
provide estimates, for Italy, of schooling and age effects that can credibly be
interpreted as causal, and which can be compared with similar estimates for
other countries. There are, however, important limitations.

A first limitation is that we cannot provide an estimate for a nationally
representative group of students, and instead focus on two groups of students
which are somewhat a-typical, albeit in opposite ways: grade repeaters and
students ahead of schedule.

A second limitation is related to the fact that PISA data were not designed
with the intention of measuring the grade gain; the statistical uncertainty as-
sociated with our estimates is large. This makes it almost impossible to deter-
mine whether learning gains differ in meaningful ways for different types of
students, given that confidence interval for differences in effects will almost
always include 0.

But what is the optimal design of a study whose aim is to quantify learn-
ing gains using the PISA test?

A possible answer to that question would be a longitudinal design which
follows students over a complete year of schooling, and administers students
a second test at one year of interval. Such a design presents an intuitive
appeal, due to its reliance on within-student variation, but also considerable
logistic challenges, and is not exempt from significant threats to validity.
These are related to the possible selection bias that results from attrition in
follow-up waves; to the possible confounding role of test design and test-ad-
ministration conditions, and of student effort and motivation, on measure-
ment invariance and on test results. In fact, such a design has already been
implemented twice in Germany (based on the 2003 and 2012 PISA cohorts)
and once in Poland (based on the 2009 PISA cohort). The first German study
showed that over a one-year period (which corresponds both to a different
age and a different grade) students gained about 25 score points in the PISA
Mathematics test, on average, and progressed by a similar amount (21 points)
in a test of Science (Prenzel et al., 2006) — a result that is broadly in line with
the estimates presented in this paper. The second study however was affect-
ed by selective attrition (Heine et al., 2017) and significant test-motivation
effects, and, after controlling for these (based on strong assumptions), found
much smaller average performance “gains” than in the previous study; in
fact, the learning gains were not significantly different from 0 in reading and
in science (Nagy et al., 2017).
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A better design, in our view, would be one in which the PISA cohort is
extended to encompass two full cohorts (24 months of birth), possibly in con-
junction with an increase in sample size. Or, alternatively, one in which the
PISA sample is extended to cover two contiguous grades. The simultaneous ad-
ministration of PISA to two cohorts would enable greater uniformity of test ad-
ministration conditions and avoid the possible negative effect on motivation of
a repeated administration of a low-stakes test (Demars, 2007); while the larger
size of the comparison groups would reduce the statistical uncertainty and allow
more granular investigations of learning gains (e.g. by school type or region).
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2. Some insights on the relationship
between student performance
and test related emotional aspects

by Mariagiulia Matteucci, Stefania Mignani, Giada Spaccapanico Proietti

Large-scale educational measurement studies usually collect a wide
range of data about students’ achievements and collateral information. In
this study, we investigate the relation between the mathematics performance
of students and background variables, by taking into account the students’
emotional component defined by the test anxiety. INVALSI 2018 data for
grades 5, 8, and 10 are considered. Two different approaches are imple-
mented: a parametric one, the latent regression model, and a non-parametric
one, namely regression trees. The overall results show that the emotional
component plays a key role in explaining the student Mathematics score. In
particular, regression trees show that the groups of students associated to the
lowest mean performance are also characterized by considerable relevant
anxiety levels.

Le indagini su larga scala per la valutazione degli apprendimenti tipi-
camente raccolgono un ricco insieme di dati sia sulla performance degli
studenti sia su informazioni di contesto. L obiettivo di questo lavoro e quello
di studiare la relazione tra la performance in Matematica e le variabili di
contesto, tenendo in considerazione lo stato emotivo vissuto dal rispondente,
in particolare per quel che riguarda [’ansia nei confronti del test. L’ana-
lisi viene realizzata sui dati della prova INVALSI di Matematica del 2018
data per i livelli 5, 8 e 10. Vengono implementati due diversi approcci, uno
parametrico, il latent regression model, e uno non-parametrico, noto come
alberi di regressione. I risultati mostrano che l'impatto dell emozione gioca
un ruolo importante nello spiegare le performance in matematica. In parti-
colare, gli alberi di regressione mostrano che i gruppi di studenti associati
alle performance medie piu basse sono anche caratterizzati da livelli di an-
sia piuttosto considerevoli.
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1. Introduction

The availability of a large amount of data regarding both student perfor-
mance and background information allows studying several aspects that go
beyond the simple analysis of the test results. However, an in-depth anal-
ysis of these relationships may lead to interesting research developments,
which could be beneficial for the continuous improvement of the evaluation
instruments. In a learning analytics perspective, INVALSI makes data avail-
able including not only the test responses, but also a set of variables dealing
with socio-demographic and economic characteristics, the educational path
and, for some grades, student self-reported information about individual and
emotional aspects. In the literature, an interesting issue deals with the emo-
tional aspects induced by the test administration.

Examination stress and test anxiety have become extensive problems in
modern society and the level of test anxiety in both students and teachers has
increased as well. Some studies show indeed how the emotional component
may influence the test performance (Putwain and Best, 2012).

Thus, to keep track of the impact of this emotional trait on test perfor-
mance, national and international institutes for student assessment are in-
cluding in their main tests some items to measure test anxiety (see, e.g.,
OECD, 2017).

In educational studies, it is well known that Mathematics is considered
one of the most difficult and hard school disciplines due to the complex skills
required and also for negative attitudes often associated with its learning.
Such negative attitudes, the so called math anxiety (MA), involve feelings of
worry and apprehension regarding situations involving mathematics compe-
tences (Carey ef al., 2016; Mammarella et al., 2019).

In Italy, the impact of test anxiety on school performance is still scarce-
ly addressed (D’Agostino et al., 2022). Recently, D’ Agostino et al. (2022)
studied the relationship between anxiety and Reading, Science and Mathe-
matics outcomes of 15-year-old Italian students by using OECD PISA data.
However, in-depth studies on INVALSI data are still missing (Falzetti, 2018;
Poliandri et al., 2011).

During the INVALSI test administration, students are asked several ques-
tions about how they experienced the test. Students are required to make a
self-evaluation on an ordinal 4-point scale. From the responses, it is possible
to compute a score expressing the emotional status of the respondents (Pin-
trich and De Groot, 1990; Pintrich ef al., 1991). In this work, we investigate
the relationship between the emotional component and the student perfor-
mance, taking into account the interactions with other background variables,
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such as socio-demographic (gender, geographical area, immigrant status),
economic, and those more related to the educational path (school type, en-
rolment, etc.). These factors are known from literature to influence the test
performance or, in general, the child development of competencies (Bradley
and Corwyn, 2002; Sirin, 2005; Thomson, 2018).

Also, we make an attempt to stratify the students into groups with dif-
ferent mean performances on the basis of their characteristics. The analysis
is conducted on the mathematics test data of the scholastic year 2017-2018.
The focus is on grades 5, 8 and 10, as data about the student self-evaluation
are available only for those classes.

Regarding the statistical methods, two different approaches, parametric
and data-driven, are implemented. In the parametric context, first a grad-
ed item response theory (IRT) model (Samejima, 1969) is implemented to
measure anxiety level towards the mathematics test. Then, a model known
as latent regression model (De Boeck and Wilson, 2013) is applied to simul-
taneously estimate student ability from the response data and the relationship
between the ability and several covariates. Among the independent varia-
bles, it is possible to introduce the emotional component previously estimat-
ed. The investigation of the relation between the mathematics performance
and the explanatory variables is also deepened by using quantile regression
(Koenker and Bassett, 1978).

The data-driven approach involves a supervised method, specifically a
regression tree (Breiman et al., 1984), where the dependent variable is the
estimated Rasch score from the latent regression and the covariates are the
same as in the parametric model. This approach allows to identify groups
of students with similar performance, and to highlight how the covariates
behave in these groups. In particular, by using a recursive procedure, starting
from a group containing all students, at each step, the observations are split
into subgroups (nodes), gradually more homogeneous with respect to the de-
pendent variable (the mathematics ability, in our example). The resulting tree
may confirm or partially disprove what found with the parametric approach.

The main aim of the work is to investigate the effect of the emotional
component on the performance from different points of view, by considering
both an explanatory interpretation with the latent regression model, and an
interpretation on covariates importance and students profiling with the re-
gression tree method.

The work starts, in Section 2, with a description of the data under analysis.
It follows, in Section 3, a theoretical and practical explanation of the employed
statistical methods. In Section 4, the results of the application are discussed. At
the end, Section 5 contains final comments and further developments.
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2. Data

The data used in this work have been collected by INVALSI during the
Italian national assessments in the 2017-2018 scholastic year (INVALSI,
2018). Two distinct datasets based on the nationally representative sample
are used for the statistical analyses. The first dataset contains the responses to
test items on mathematics and the second one collects information on student
characteristics.

2.1. Cognitive test data

The study considers test responses for students in grades 5, 8, and 10.
A different test was administered for each grade. A paper and pencil (P&P)
test composed of 41 items was given to grade 5 students. In contrast, older
students took a computer-based (CB) test, which is built on an item bank of
206 and 143 items, for grades 8 and 10, respectively. Items in the bank were
assigned to students by using an incomplete design.

2.2. Student questionnaire data

The aspects covered in the student questionnaire are functional to the
definition of the contextual factors, as well as to the identification of person-
ality characteristics, other than ability, (e.g., self-regulating learning; Pintrich
and De Groot, 1990) which may influence the pupils testing behaviour and
results. The analysis of the data collected by this survey allows to define and
activate ad-hoc intervention programs by providing individually appropriate
learning environments for all children, with the aim of reducing substantial
disparities. The contextual factors are defined as the intrinsic (i.e., test-re-
lated) or extrinsic determinants of the individual test scores. An example of
extrinsic factor is the social environment (e.g., school, family) in which the
student develops his-her ability and skills.

This work will focus on the following contextual variables at student
level: economic, social and cultural status (ESCS), gender, geographical
area (with categories Center, North-East, North-West, South and Islands),
enrollment (early or regular and late), immigrant status (native, first-genera-
tion immigrant, second-generation immigrant). Furthermore, for students in
grade 10, the school type is available with categories lyceum, technical and
vocational schools.
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On the other hand, personality characteristics involve student moti-
vation and self-regulating learning. The first includes the student beliefs
about his-her performance and it takes into account a variety of concepts
such as perceived competence, self-efficacy, and control beliefs. The latter
is related to the coping emotion-focused methods used by the student to
appraise the environmental pressure that enables appropriate processing of
information and decision making in learning situations (Zimmerman and
Risenberg, 1997). More specifically, self-regulated learning depends on
cognitive and meta-cognitive strategies, such as self-reported anxiety, re-
hearsal, organization, self-monitoring, time management and physical and
social regulations, adopted by the student to deal with the testing challenge
he-she has to tackle or, in general, when he-she has to face a learning task
(Pintrich et al., 1991; Schoenfeld, 1992; Pintrich, 1999; Rheinberg et al.,
2000; Tanner and Jones, 2003).

Since testing becomes more and more widespread, the consequences as-
sociated with test scores, such as the access to higher levels of education, are
increasing. Consequently, examination stress and test anxiety have become
extensive problems in modern society and the level of test anxiety in both
students and teachers has increased as well. Thus, to keep track of the im-
pact of this emotional trait on test performance, national and international
institutes for student assessment are including in their main tests some items
to measure test anxiety (see, e.g., OECD, 2017). These items constitute a
subjective-self-report instrument that is popular in high-stake tests because
they are thought to provide the most direct access to a person’s subjective
experiences in ego-threatening situations. Furthermore, they possess good
psychometric properties, are relatively inexpensive to produce, and are sim-
ple to administer and score (Zeidner, 1998).

Specifically, in the INVALSI student questionnaire, a part of the items
which are intended to measure self-regulation learning refers to the specific
test which is attached to. As an example, students are required to answer
four graded items regarding their own level of anxiety experienced during
the mathematics test. Since the objective of the analysis is to investigate the
effect of test anxiety on performance and achievement, this work focuses on
this particular set of items. These items are based on the motivated strategies
for learning questionnaire (MSLQ) by Pintrich and De Groot (1990). The
four anxiety questions start with “Thinking about the mathematics INVALSI
test...” and ask students the following: “I was worried beforehand the test”,
“I was so nervous during the test that I could not find the answers”, “While
I was taking the test, I had the impression of doing poorly”, “While I was
taking the test, I felt calm”. The answers are expressed on an ordinal 4-points
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intensity scale with categories: “not at all”, “a little”, “somewhat”, and “very
much so”. The last item is reverse-scored with respect to the original.

2.3. Data cleaning and pre-processing

The initial datasets were prepared for the statistical analysis. First of all,
for each grade, the dataset containing the responses to the mathematics test
was merged with the dataset which holds the student questionnaire data.
Secondly, invalid and missing data were treated. In particular, invalid data
was considered as a missing value and, afterwards, examinees who reported
full missing response patterns in mathematics items and partially missing re-
sponses pattern in the covariates were removed. The latter step was required
for running the latent regression and the graded IRT model. The last anxiety
item was reverse-scored to be interpreted in the same direction of the other
items. The resulting datasets had 23,817, 25,377 and 36,342 students, for
grades 5, 8 and 10, respectively.

3. Methods

The statistical methods used in this paper are involved into three differ-
ent steps. In the first step, the graded response model is used to compute an
anxiety score from ordinal polytomous items. In the second step, a latent
regression model is implemented to estimate the item parameters, the math-
ematics Rasch ability scores, and the regression coefficients for the relation
between the Rasch score and the available covariates, including the anxiety
score. The relation between the ability and the covariates is then deepened
at various performance levels by using quantile regression. In the third step,
regression trees are used to profile students. The models and methods are
reviewed in the following.

3.1. Graded response model

The graded response model (GRM) proposed by Samejima (1969) is la-
tent variable model for categorical observed variables (i.e., items) which is
able to deal with graded response categories. The GRM is in fact a gener-
alization of the popular two-parameter logistic (2PL) model for binary data
(Birnbaum, 1968) to polytomous ordinal data.
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Let assume that a set of K ordinal responses are possible for item 7. The
probability of endorsing the response category £, for item , with k=1, ..., K;
conditional to the individual latent ability 6, is defined as

P(Y; :k|9):Pi7c(9)_P;(k+1)(9) (1

Where Y; Y, is the ordinal response variable for item 7 and P;;, (6) describes
the operating characteristic curve as follows

expla; (6 — by)]
1+ expla; (6 — by,)] (2)

P;,(6) = P(Y; > k|0) =

In Equation (2), a; is the discrimination parameter, expressing the ca-
pability of the item to distinguish among subjects with different abilities,
analogously to the meaning in item response theory (IRT) models for binary
data, and the by, for k=1, ..., K;_;, are the difficulty or threshold parame-
ters. The number of difficulty parameters is K;_; as they represent the cut-off
points for the different item steps. In particular, each b;; expresses the ability
level necessary to have a 0.5 probability to endorse category & or higher. An
important feature of the GRM is the possibility to allow for different item
discrimination parameters, despite is kept constant within the same item .
For this reason, the GRM is more general than Rasch-type models for poly-
tomous items.

The GRM is considered an “undirect” IRT model, as the estimation of the
conditional response probabilities requires two steps: the estimation of the
operating characteristic curves in (2) and then the computation by difference
of the category response curves (1). The GRM works under the assumption
of unidimensionality, i.e. the existence of a single latent ability underlying
the response process. However, a multidimensional generalization of the
GRM is also possible.

The parameters of the GRM have been estimated by using marginal max-
imum likelihood (MML) with the EM algorithm in the R (R Core Team,
2019) package mirt (Chalmers, 2012).

3.2. Latent regression
Latent regression IRT models (De Boeck and Wilson, 2013) are based on

the idea of simultaneously estimating student ability from the response data
and the relationship between the ability and several covariates. They can be
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viewed as explanatory IRT models but also as nonlinear mixed models. Be-
sides the item responses, a set of background variables are usually collected
and then incorporated into the IRT model. In this way, not only the usual IRT
model parameters are estimated, such as the item parameters and the indi-
vidual scores, but also the coefficients of the regression of the ability on the
explanatory variables. These models are used to explain person-level ability
differences and are implemented in large-scale educational assessments such
as the National Assessment of Education Progress (NAEP).

The measurement model to be used may be any IRT model, unidimen-
sional or multidimensional, for binary or polytomous data. In our specific
case, we will work with the unidimensional Rasch model (Rasch, 1960),
which can be expressed as

_ _ _exp(6—by)
BE) == 10)= 1+ exp(8 — b;) (3)
where the response variable Y; for item i, may take values 0 or 1 for an in-
correct or a correct response, respectively, 0 is the latent ability and b, is the
difficulty parameter for item i. Besides the IRT model, the following regres-
sion model

Olx; = Bx; + ¢ 4)

is assumed to describe the relation between the ability and a set of covariates
x; for individual j, where £ is the vector of the regression coefficients and
&~N(0; 62). Within this model, it is also possible to allow for random effects,
besides the fixed ones.

In operational large-scale testing, the model parameters are usually esti-
mated in two steps. First, the IRT item parameters are estimated by ignoring
the subjects’ covariates. Then, the remaining parameters are estimated by
assuming the item parameters estimated in the previous step as known with
the EM algorithm (see, e.g., von Davier and Sinharay, 2010). However, it
is also possible to estimate all the model parameters jointly for specific IRT
models and when it is allowed by the size of the problem by using, among
others, stochastic approximations methods such as the Metropolis-Hastings
Robbins-Monro (MH-RM; see Chalmers, 2015). For a review of estimation
procedures and recent proposals see Andersson and Xin (2020). The param-
eters of the latent regression model have been estimated by the package mirt
(Chalmers, 2012).
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In order to investigate further the relation between the ability and the
individual covariates, it is possible to use quantile regression (Koenker and
Bassett, 1978). In fact, quantile regression is used to study the linear relation
between a dependent variable (in this case, the ability given by the Rasch
score) and a set of covariates among the quantiles of the dependent variable.
In this way, the classical estimation of conditional mean models is extended
to the estimation of a set of conditional quantile functions and it is possi-
ble to study the effects of the background variables on the ability at various
performance levels. The quantile regression was implemented by using the
quantreg package (Koenker, 2019).

3.3. Classification and regression trees

Classification and regression trees (CART; Breiman et al., 1984) belong
to recursive partitioning techniques and are used in supervised classifica-
tion and regression problems. Given a set of variables (Y; X), where Y is
the dependent variable (response) and X = (X, X, ..., X,)) are the covari-
ates observed in a sample of dimension n, the CART works by recursively
splitting the sample into two groups (binary partitioning), so that the sub-
sequent groups are more homogeneous than the former ones, with respect
to the response variable Y. The split is done by choosing the covariate and
the specific split point which are able to provide the best fit. This process
is repeated until a stopping criterion, such as a maximum number of final
groups (terminal nodes or leaves), a target fit, etc., is reached. The graphical
representation of this process is made through a tree-based diagram, which
makes the interpretation of the results straightforward.

The distinction between classification and regression problems is thus
fundamental. In the former case, the response variable Y is continuous, while
in the latter one the Y is categorical. In both cases, the covariates may be both
quantitative and qualitative. In order to choose the best split, the regression
tree works by evaluating the sum of squares of the node 7, with n elements,
$Sp = Z":(y,ﬂ -7?, and the sum of squares for the right and left sons, respective-
ly SS Rlénd SS; , for each variable and split point. The splitting criterion to be
maximized is then S;— (SSp + 8S;), and this is equivalent to maximize the
between-groups sum of squares in the analysis of variance. The prevision of
the response variable for each node is simply the mean, while the node error
R(T) is the variance.

In order to choose the proper tree size, a pruning approach may be adopt-
ed. In this case, one lets the tree grow to be as large and complex as possible,
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and then decide where to make a cut. This choice represents a sort of compro-
mise between the performance of the tree and its complexity. To this end, the
following cost-complexity function R (7) = R(T) + «|T] is computed, where a
is a real-valued complexity parameter and |7] is the number of terminal nodes
for node 7. The optimal solution will be the subtree of the full tree with mini-
mal cost, according to the cost-complexity function. It has been demonstrated
that, for each tree size, there is an optimal tree. The choice of « is made by a
cross-validation procedure. Another possibility for choosing the best tree is to
use the 1-SE rule. According to this method, the standard error (SE) of the risk
(error node) by cross-validation is computed. Then, any risk within one SE
of the reached minimum is considered to be equivalent to the minimum risk.
For this reason, the simplest tree among those with minimum risk is chosen.
In this work the focus is not on the predictive power of trees but on their
capability to describe the relation between the response variable and the co-
variates. In fact, a key advantage of CART is its interpretability, as it is able
to stratify the population into strata of high and low outcome (e.g. ability
level or score), on the basis of the respondents’ (students’) characteristics. At
the end of the algorithm, it is possible to obtain a certain number of groups
of students with similar performance characteristics. Each group is charac-
terized by specific values or categories of the covariates. The tree allows to
improve the knowledge about the variables ruling the phenomenon under
study and it allows to establish a hierarchy based on the importance of the
variables and to delete those which are not relevant for making the groups.
Moreover, this method does not require any assumption about the statistical
distribution of the data, variables can be both quantitative and categorical,
and it is possible to deal with large data, both in terms of observations and
number of variables. For more details on trees, see Hastie ez al. (2009).

4. Results
4.1. The GRM results

The aim of the first step of the analysis is to estimate a score based on
the student responses to the four anxiety items (A-D), namely the “anxiety
score”. To this end, tab. 1 shows the estimates of the item parameters ac-
cording to the GRM model for the three grades under consideration. In the
interpretation of the parameters, one should consider that the anxiety is as-
sumed to be a latent variable with a standardized normal distribution, and the
threshold parameters are on the same scale. As can be seen in tab. 1, all items
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show a high discrimination power as the a-estimates are all above 1.5. In par-
ticular, the highest value is observed for item B in grade 10 (a = 3.228). For
example, concerning the interpretation of difficulty parameters, the estimate
of b; =-1.064 for item A in grade 5, means that an anxiety score of -1.064
is necessary to have a 0.5 probability of responding above category 1, i.e. of
giving the answers “a little”, “somewhat”, and “very much so”.

Tab. 1 — Item parameter estimates according to the GRM for the anxiety items
(standard errors in brackets)

Grade 5 Grade 8 Grade 10
Item A 1.745 -1.064 0.253 1.310 1.924 -1.673 -0.293 0.945 2.580 -0.533 0.661 1.757
[worried] (0.025)(0.015) (0.011) (0.017) (0.026) (0.019) (0.011) (0.013) (0.031) (0.009) (0.009) (0.015)
Item B 1.863 -0.062 1.196 2.232 2499 -0.180 1.107 2.203 3.228 0.227 1.293 2.176
[nervous] (0.029) (0.011) (0.016) (0.027) (0.038) (0.010) (0.013) (0.023) (0.049) (0.007) (0.011) (0.018)
Item C 1.929 -1.127 0302 1.330 2.224 -1.394 0.210 1.330 1.745 -1.229 0.305 1.497
[doing
poorly]
Item D 2.367 -1.011 0.164 1.178 2.493 -1.534 0.029 1.196 1.931 -1.197 0.409 1.577

[not calm] (0.037) (0.013) (0.010) (0.014) (0.035) (0.016) (0.009) (0.013) (0.022) (0.013) (0.009) (0.015)

(0.028) (0.015) (0.011) (0.017) (0.030) (0.015) (0.010) (0.015) (0.020) (0.013) (0.009) (0.015)

In tab. 1, the threshold parameters for item B [nervous] are highlighted
in bold as they show a peculiar behavior in comparison to the other items.
In fact, the item B is a rather “extreme” item asking whether the student was
feeling so nervous to not be able of finding the answers. For this item, b; is
close to zero or higher, while for the other items it is usually around -1. Also,
b, and b3 are pretty much higher on item B than for the remaining items. This
means that, for item B, it is less likely to respond in the higher categories
than it is for items A, C, and D. This is clearly shown also in fig. 1, where
the item category characteristic curves are reported for each item based on
grade 10 data.

The plots (fig. 1) show the probability of endorsing each item response
category as a function of the ability, i.e. the anxiety level. For item B, it is
shown than students with an anxiety score lower than 0 are much more likely
to respond “not at all”” (black curve) than the other categories.
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Fig. 1 — Item category characteristic curves for the anxiety items, grade 10 (in the
horizontal axis, ability means the latent variable, i.e. anxiety)

4.2. The latent regression results

In the second step of the analysis, we estimated the parameters of a latent
regression model, by assuming the Rasch model as the measurement model.
Tab. 2 shows some statistics about the estimated difficulty item parameters
and the mathematics ability scores by school grades.
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Tab. 2 — Descriptive statistics on the estimated item difficulty parameters and math-
ematics ability scores according to the Rasch model

Rasch model item difficulty parameters

Grade Min 25" Qu.  Median Mean 75" Qu. Max Sd
5 -2.627 -0.679 -0.091 -0.148 0.578 1.846 0.996
8 -2.916 -0.726 0.082 0.047 0.776 3.372 1.140
10 -3.564 -1.543 -1.013 -1.040 -0.477 1.765 0.942
Math ability scores
Grade Min 25" Qu.  Median Mean 75" Qu. Max Sd
5 -3.306 -0.885 -0.131 -0.101 0.652 3.339 1.094
8 -3.416 -1.004 -0.251 -0.194 0.572 3.416 1.112
10 -4.303 -1.873 -1.093 -0.994 -0.187 2418 1.153

As can be seen, the mean item difficulty and the mean ability are different
from zero that is the usual assumption for IRT models. This difference is due
to the presence of the “latent regression” part in the model, as a linear regres-
sion is used to model the dependency of the Math ability on the covariates
(i.e., the background variables and the anxiety score). For this reason, the
mean ability is shifted from zero and depends on the covariates.

In tab. 3, the estimated coefficients for the latent regression model are re-
ported. With respect to the anxiety, a negative significant effect is found for all
grades, meaning that the mathematics ability is expected to decrease as there
is an increase in the anxiety level. As far as the other covariates are concerned,
consistently with the annual INVALSI findings, the results show a negative
and significant effect for gender in favour of male, by controlling for the other
variables, for grades 5 and 10 on the mathematics performance but not for
grade 8. A negative effect is also reported for having a late enrolment, with
respect to regular or early, in the scholastic career and for being an immigrant
student in comparison to natives (here the only not significant coefficient is
for first generation immigrants of grade 10). An advantage of students living
in the Northern part of the country, especially in the North-East, is observed
with respect to students in the Center and, to a greater extent, to students in
the South and Islands. A positive and significant effect of the ESCS is also
reported. By considering grade 10 only, lyceum students seem to perform
better on average with respect to students in technical and vocational schools.

To deepen the relation between the mathematics ability and the anxiety,
a quantile regression model was used conditioning to all the covariates re-
ported in tab. 3. Fig. 2 shows the plots of the estimates of the regression co-
efficient for anxiety with respect to the mathematics performance quantiles.
The plots clearly show that, for all grades, the negative effect of the anxiety
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score on the mathematics ability increases through quantiles, controlling for
the other variables.

Tab. 3 — Estimated regression coefficients for the latent regression model (standard
errors in brackets)

Grade
5 8 10
Intercept -0.001 0.000 -0.001
(0.019) (0.018) (0.015)
Gender (female) -0.188#** 0.004 -0.285%**
[ref: male] (0.015) (0.014) (0.011)
Enrollment (late) -0.376%** -0.640%** -0.432%%*
[ref: regular or early] (0.054) (0.030) (0.016)
Immigrant status (first gen) -0.290%** -0.244%%%* -0.030
[ref: native] (0.054) (0.041) (0.027)
Immigrant status (second gen) -0.139%** -0.138%** -0.168***
[ref: native] (0.028) (0.029) (0.021)
Geographical area (North-East) 0.052%* 0.134%%* 0.060%**
[ref: North-West] (0.023) (0.022) (0.016)
Geographical area (Center) 0.052* -0.027 -0.297***
[ref: North-West] (0.024) (0.022) (0.017)
Geographical area (South and Islands) -0.066%** -0.475%%* -0.715%**
[ref: North-West] (0.021) (0.019) (0.015)
ESCS 0.270%** 0.338*** 0.09 1 ***
(0.008) (0.008) (0.006)
Anxiety -0.325%** -0.400%** -0.208%**
(0.008) (0.008) (0.006)
School type (technical) - - -0.539%***
[ref: lyceum] (0.013)
School type (vocational) - - -1.1971%%*
[ref: lyceum] (0.016)
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Fig. 2 — Plot of the anxiety regression coefficient for different quantiles of the math-
ematics ability (confidence bands in grey)

4.3. The regression tree results

As a last step in the data analysis, we employed regression trees for in-
vestigating the relation between the Mathematics performance and the co-
variates. As dependent variable, the INVALSI score with mean 200 has been
taken into account. Fig. 3 shows the plot of the regression tree for grade 5.
Six terminal nodes have been chosen by using the CART pruning procedure
based on a cost-complexity function. Among the sequence of optimal trees
identified, the one associated with the lowest cross-validation error (i.e., the
variance) has been chosen. Besides, we also checked that the node dimen-
sion was not less than 10%. Six terminal nodes have been selected for grades
8 and 10 also. In this last case, only one node consists of about the 9% of the
total sample size.
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Fig. 3 — Regression tree plot, grade 5

The most interesting aspect of the tree plot in fig. 3 is that only two vari-
ables, namely anxiety and ESCS, have been chosen by the tree algorithm to
split the nodes. This means that these two are the most important variables
in explaining the variability of the INVALSI mathematics score. In order to
describe the characteristics of the terminal nodes, for an interpretation from
a classification point of view, we recoded both the anxiety score and the
ESCS with categories. Both variables have mean around zero, and we set as
“medium” level values from -0.2 to 0.2. Lower and higher levels have been
defined consequently and by looking at the split values in the tree, as it is
reported in tab. 4.

Tab. 4 — Categorization of the covariates, grade 5

Intervals defined by splits

Anxiety score <-0.16 [-0.16; 0.65 >=0.65
Y very low/low medium/high high/very high
ESCS <-047 [-0.47;-0.19 [-0.19; 0.83 >=0.83
very low low medium/high very high

The results of the tree are reported in tab. 5, ordering the nodes by in-
creasing mean performance. The size of the nodes indicates that the number
of students classified in the group is similar. Clearly, node nr. 4 (on the left
in fig. 3) is associated to the lowest mean mathematics performance (184).
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Students in this node are characterized by medium, high or very high anxiety
levels and very low or low ESCS. On the contrary, node nr. 15 (on the right
in fig. 3) is associated to the highest mean Math score (225) and contains
students with a very low or low anxiety score and very high ESCS.

Tab. 5 — Summary of the characteristics of the tree terminal nodes, grade 5

Node nr. Node size Anxiety score ESCS Mean performance
4 22% Medlum;.hlgh; Very low; low 184
very high
10 13% High; very high Medlum;.hlgh; 193
very high
6 11% Very low; low Very low 199
1 20% Medium; high Medlum;.hlgh; 204
very high
14 21% Very low; low Low; medium; high 213
15 13% Very low; low Very high 225
203
100%

anxiety >= -0.085

ESCS <03

4]
182
29%

geo_area = South and Islands

5
191 201
4% 17%

Fig. 4 — Regression tree plot, grade 8

The same approach has been used for grade 8 results. Again, as can be
seen in fig. 4, the anxiety variable and ESCS have been chosen in the tree. In
addition, the geographical area is used for one split.

The split values have been used to define intervals and interpret the re-
sults (see tab. 6). By looking at tab. 7, it can be noticed that students in node
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nr. 8 have the lowest mean performance (174). They are students again with
a medium, high or very high anxiety score and very low, low or medium
ESCS. Moreover, they are students living in the South and islands only. On
the contrary, students in node nr. 15 have the highest mean Math ability (237)
and are characterized by a very low anxiety and medium, high or very high
ESCS, whatever the geographical area is.

Tab. 6 — Categorization of the covariates, grade 8

Intervals defined by splits

Anxiety <-1 very low [-1;-0.085 [low/medium >=-0.085 mteum/hlgh/
score very high
ESCS <-0.0013 very low/low/ [-0.0013: 0.3 [medium >= (.3 medium/high/very

medium high

Tab. 7 — Summary of the characteristics of the tree terminal nodes, grade 8

Node nr. Node size  Anxiety score ESCS Geo area  Mean performance
3 15% Medlum;.hlgh; Very low; low; South and 174
very high medium Islands
S . . North-East;
9 149, Medium; high; Very low; low; ) (e 191
very high medium
Center
Medium; high; Medium; high;
0,
> 22% very high very high Any 201
6 17% Very low; low; Very low; low; Any 201
medium medium
14 23%  Low; medium Mediums high: Any 218
very high
Medium; high;
0, ] ’
15 9% Very low very high Any 237

With respect to grade 10, the school type seems to be the most important
variable as it is used first in the tree (see fig. 5). Besides the school type, we
find again the anxiety score and the geographical area. The effect of ESCS
seems to be taken up by the school type.
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Fig. 5 — Regression tree plot, gradel(

The only continuous variable, the anxiety score, has been categorized
according to tab. 8.

Tab. 8 — Categorization of the covariates, grade 10

Intervals defined by splits

<-0.23 >=0.23
very low/low medium/high/very high

Anxiety score

As can be seen in the summary of tab. 9, the node nr. 2 with the lowest
mean performance (172) includes students of vocational schools, no matter
the anxiety score or the geographical area. On the other hand, the highest
performing students in node nr. 31 (mean equal to 236) have very low or low
anxiety scores, belong to lyceums, and live in the North or the Center of the
country.
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Tab. 9 — Summary of the characteristics of the tree terminal nodes, grade 10

Node nr. Node size  Anxiety score  School type Geo area  Mean performance
2 22% Any Vocational Any 172
12 19% Medlum;.h1gh; Tecnhical; South and 188
very high Lyceum Islands
Tecnhical; South and
Y . >
14 12% Very low; low Lyceum Islands 205
. . . North-West;
13 23% Mei‘r“”;l’ih;lgh’ Ticfencril’ North-East; 206
very g yeeu Center
North-West;
30 10% Very low; low Technical North-East; 216
Center
North-West;
31 15% Very low; low Lyceum North-East; 236
Center

5. Concluding remarks

The results of this study show that the impact of the emotions on the
performance is relevant; in particular, in the latent regression model, the co-
efficient related to the anxiety score is significant and highlights a negative
impact.

For all grades, the output of the quantile regression analysis along the
ability distribution reveals that the negative effect of the anxiety score on the
mathematics ability increases through the levels of ability, by controlling for
the other variables. The results of the trees confirm that anxiety and ESCS
are the most important aspects in explaining the variability of the INVALSI
mathematics score at grades 5 and 8. With respect to grade 10, the school
type seems to be the most important variable but, again, the anxiety score
has a significant impact. On the other hand, the effect of ESCS seems to be
taken up by the school type.

These analyses point out that it is necessary to account for individual
aspects in order to obtain a more accurate interpretation of the results on the
performance.

The strategy of the analysis involving two different approaches allowed
to explore the multifaceted issues of assessing performances. The parametric
approach based on the latent regression model assured the generalization of
the results but required the assumption of a linear relation that could not be
valid for these complex data. The approach based on regression trees was
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found to be very flexible, as it is not limited to specific assumptions on the
relation between the dependent and the independent variables. Also, the in-
terpretation of the results is straightforward. However, as it is a data-driven
method, the results may be sensitive to the specific dataset. In this sense, a
systematic study for different grades and years is needed.

For both approaches, the main limitation of this study is that the hierar-
chical structure of data is not taken into account. In fact, students are nested
into classes and schools, and it is likely that the results may be affected by
cluster effects. For this reason, future research may use multilevel models.

Further investigations may also consider multidimensional approaches
(e.g. Italian language and Mathematics performances and related anxiety)
and the use of classification trees with the INVALSI proficiency levels as
dependent variable. Besides, a deeper study is needed by taking into account
further information coming from the student questionnaire, such as the at-
titude towards mathematics. Lastly, the interaction of anxiety and gender
certainly deserves attention.

Concluding, the emotional factors seem to show a relevant impact on the
performances, confirming the importance to include a specific section devot-
ed to their measurement in large-scale standardized test surveys.
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3. Territories and educational poverty:
differences and characteristics and new challenges

by Barbara Baldazzi

In Italy, level of education and skills young people are able to achieve
still largely depends on social background, socio-economic context and the
geographical area in which one lives. These findings give rise to two research
questions: What are the main variables that influence inadequate skills of
students? In 2020, there was one of the most profound and sudden transfor-
mations, moving from a totally in-person teaching to a distance teaching for
the last months of the 2019/20 school year and to a mixed teaching in the
first months of the 2020/21 school year. Can some variables more related to
the student’s daily life, and closely linked to the new way of doing school at
home, be protective on the achievement of competences?

Presence of books in the home (more than 100) is associated with a prob-
ability of achieving sufficient competences twice as high. Protective effect
of pre-primary school attendance is weaker but still significant. Speaking
with household in Italian facilitates proficiency. Owning a pc and an internet
connection helps in the development of competencies. Among children who
come from disadvantaged families (ESCS = first quartile) it is interesting
to note that being able to use a PC and an internet connection increases the
probability of having adequate skills.

In the light of what happened in 2020 and in 2021, the result presented is
important. The impact of distance learning and school closures has affected a
population of students already affected by profound inequalities of opportunity
and, despite national and local policies, the efforts of educational institutions,
teachers and families, the effects on skills and school dropout, especially in
the most vulnerable segments of the population, could be particularly serious.

In Italia, il livello di istruzione e le competenze che i giovani riescono
a raggiungere dipendono ancora in gran parte dall’estrazione sociale, dal
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contesto socio-economico e dall’area geografica in cui si vive. Questi ri-
sultati danno origine a due domande di ricerca: Quali sono le principa-
li variabili che influenzano le competenze inadeguate degli studenti? Nel
2020 c’e stata una delle trasformazioni piu profonde e repentine del Sistema
scolastico: si e passati da un insegnamento totalmente in presenza ad un
insegnamento a distanza per gli ultimi mesi dell’anno scolastico 2019/20 e
ad un insegnamento misto (prevalentemente a distanza per gli studenti della
scuola secondaria superiore) nei primi mesi dell’anno scolastico 2020/21.
Alcune variabili piu legate alla vita quotidiana dello studente, e strettamente
connesse al nuovo modo di fare scuola a casa, possono essere protettive sul
raggiungimento delle competenze?

Una buona presenza di libri in casa (piu di 100) é associata a una proba-
bilita doppia di raggiungere competenze sufficienti. L effetto protettivo della
frequenza della scuola pre-primaria é piu debole ma comunque significativo.
Parlare in italiano all’interno della famiglia e possedere un pc e una con-
nessione internet aiutano nello sviluppo delle competenze. Tra i bambini che
provengono da famiglie svantaggiate (ESCS = primo quartile) e interessante
notare che poter utilizzare un PC e una connessione internet aumenta la
probabilita di avere competenze adeguate.

Alla luce di quanto accaduto nel 2020 e anche nel 2021, il risultato
presentato e importante. L’impatto della formazione a distanza e della chiu-
sura delle scuole ha, quindi, colpito una popolazione di studenti gia se-
gnata da profonde disuguaglianze di opportunita e, nonostante le politiche
nazionali e locali, gli sforzi delle istituzioni scolastiche, degli insegnanti
e delle famiglie, gli effetti sulle competenze e sulla dispersione scolastica,
soprattutto nelle fasce piu deboli della popolazione, potrebbero essere par-
ticolarmente gravi.

1. Introduction

In Italy, despite a steady decrease over the last 10 years, the share of
young people leaving the education and training system early remains high
(Baldazzi and Cascioli, 2019). Dropping out of school is only the tip of the
iceberg. The difficulty for some young people to continue successfully in
education and training starts early in school. Skill levels are unequally influ-
enced by gender, citizenship, socio-economic and cultural status of the fam-
ily (Save the Children, 2020). Inadequate competences are perpetuated over
the years and influence school choice, learning and, ultimately, the decision
to leave the school system.
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In literature, economic inequality can be considered from two different an-
gles. “The ex post view looks at differences in individual economic results or
‘outcomes’, like economic well-being, living standards, earnings, income, etc.
The ex ante view looks at how different the circumstances involuntarily inher-
ited or faced by individuals and affecting their economic achievements are. [...]
The ex post view is referred to as inequality of outcome. [...] The ex ante view
is referred to as inequality of opportunity” (Stiglitz et al., 2018, p. 102).

It is important, therefore, to monitor ex ante inequality, also defined as
inequality of opportunity, as a key determinant of ex post inequality. This is
true for example for competencies. It should also be noted that these indi-
vidual characteristics can be seen as circumstances contributing to inequality
in individual outcomes, but also as an outcome of inequality explained by
family-related characteristics.

In the field of education and training, inequality of opportunity is referred
to as educational poverty. Every child and young person has the right to learn,
train, develop his skills, competences and aspirations in the most fruitful way
possible and with the best opportunities; when this right is not guaranteed,
the child is in a condition of educational poverty, suffers from inequality of
opportunity, which strongly and negatively affects their growth (ISTAT, 2019).

These findings give rise to two research questions: What are the main
variables that influence inadequate skills of students? In 2020, there was one
of the most profound and sudden transformations, moving from a totally
in-person teaching to a distance teaching for the last months of the 2019/20
school year and to a mixed teaching in the first months of the 2020/21 school
year. Can some variables more related to the student’s daily life, and closely
linked to the new way of doing school at home, be protective on the achieve-
ment of competences?

2. Data and methods

The Italian National Institute for the Evaluation of the Education and Train-
ing Educational System (INVALSI), annually, carries out standardized tests to
assess the performance of all Italian students at the end of the second year of
upper secondary school, or in other words, after 10 years of school attendance.

The data used concern students in the second year of upper secondary
school for the school year 2018/2019. The 2018/19 school leverage at grade
10 is equal to 485,895 students taking the Reading test and 486,690 taking
the Mathematics test. The first descriptive analyses were done on the two
distinct populations; the subsequent multivariate analysis models were de-
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veloped on a subgroup of 392,206' students who participated in the Reading
and Mathematics tests. All the variables included in the first step and in the
second step are illustrated in the tab. 1.

Tab. 1 — Variables included in the analisys

Variables, variable description and salues

— Inadequate competence in Italian literacy: share of students in grade 10, second year of
upper secondary education, performing below the baseline level of proficiency in literacy
competence (levels 1 e 2 out of 5 levels)

— Inadequate competence in Numeracy literacy: share of students in grade 10, second year
of upper secondary education, performing below the baseline level of proficiency in nu-
meric competence (levels 1 e 2 out of 5 levels)

— Attainment of a sufficient level in both skills: percentage of students in grade 10, second
year of upper secondary education, performing above basic level in numerical and literacy
skills (levels 3, 4 and 5 out of 5 levels)

Explanatory variables and values

— Gender (female, male)

— Geographical area (North, Centre, South and Islands)

— Nationality (Italian, first generation foreigner, second generation foreigner)

— Typology of Institute (high school, technical institute, professional institute)

— Regularity in the school (yes, no = lost at least one year)

— ESCS: Economic Social Cultural Status index, four quartiles (first, second, third, fourth)

— Number of books at home (0 to 25 books, 26 to 100 books, more than 100 books)

— DAD: Having an internet connection and a PC (yes, no)

— Having attended pre-primary school (yes, no)

— Language spoken at home (Italian, other language)

— Mother occupational status (employed, housewife)

The next step in the analysis was to understand if some variables more
related to the daily life of the student, and linked to the new way of doing
school at home, could be protective on the achievement of competences. The
variables analysed, taken from the INVALSI database, are the following:
Number of books at home; Having an internet connection and a PC (a single
variable called DAD); Having attended pre-primary school;, Language spo-
ken at home; Mother occupational status.

The analysis was carried out with a logistic regression model which took
into account the variables illustrated above (Hosmer and Lemeshow, 1990).
The dependent variable is achievement of a sufficient level in both skills and is
worth 1 if the student achieves a sufficient level in Mathematics and Reading,

! The number of observations used for the logistic regression model is smaller than the
number of total observations because students who participated in only one of the two tests
(or only in the Mathematics test, or only in the Reading test) and students who presented a
“non-response” in at least one of the dependent variables were excluded.
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vice versa it is worth 02 In a second step, the interactions between the vari-
ables were assessed which have a protective effect: the interactions between
the DAD variable and other dependent variables were examined (two by two).

The fixed effects estimated in the model are shown in terms of odds ratios
(OR). These represent the ratio between the odds of those exposed to a given
risk factor and those in the target category. In this study the odds are given
by the probability of having at least sufficient competence in Mathematics
and Reading in relation to its complementary probability. In other words, the
OR measures the association between the response variable and the covariate
under examination: it is 1 in the absence of this association, it is greater than
1 when the probability of having at least sufficient competence increases in
the presence of the risk factor; it is less than 1 when it decreases. In the next
figures significant probabilities (OR) are in dark grey and the black line rep-
resents the absence of association.

3. Results

Students of grade 10 in the 2018/2019 school year with inadequate com-
petence in Italian literacy are more numerous among males (39.1%) than
females, among those living in the South and Islands (41.9%), among
first-generation foreigners (54.2%), among students attending vocational or
professional institutes (66.7%), and among those living in lower socioeco-
nomic and cultural level families® (46.5%) (fig. 1).

Students of grade 10 in the 2018/2019 school year with inadequate com-
petence in Numeracy, the percentages track the same categories but are much
higher. Insufficient competence in Numeracy is present for 53.5% of those
living in the South and Islands, 53.6% of first-generation foreigners, 73.4%
for those attending vocational and professional institutes, and 51.7% for stu-
dents living in families with low socioeconomic and cultural level. The only
exception is the higher proportion of girls with inadequate skills compared
to boys 42.2% vs. 33.5% (fig. 2).

2 For the definition of the levels see the National Report Invalsi Tests 2019, https://inval-
si-areaprove.cineca.it/docs/2019/Rapporto_prove INVALSI 2019.pdf.

3 In order to measure the socio-economic and cultural status of students, INVALSI con-
structs, by integrating several variables an indicator called ESCS (Economic Social Cultural
Status index), standardised so that the zero value corresponds to the Italian average and each unit
above or below it to the standard deviation of the distribution of values. The first quartile corre-
sponds to the score below which 25% of the ESCS scores, in ascending order, are located. The
second quartile (or median) is the score below which 50% of the measures are found, and so on.
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South and Islands

First generation foreigner
High school

Technical Institute
Professional institute

Second generation foreigner

Gender Territory Nationality Typology of Institute ESCS

Fig. 1 — Students of grade 10 in 2018/2019, Inadequate competence in Italian lit-
eracy by gender, territory, nationality, tipology of institute, ESCS (Economic Social
Cultural Status Index)
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Fig. 2 —Students of grade 10 in 2018/2019, Inadequate competence in Numeracy by
gender, territory, nationality, tipology of institute, ESCS (Economic Social Cultural
Status Index)
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On a territorial level, students living in the south and islands perform
worse, and even looking at the maps of Italian provinces, it can be observed
that competences in Italian literacy are better than competences in Numeracy
(fig. 3).

It clearly emerges that some structural variables such as gender, national-
ity, socio-economic and cultural status, type of school, territory can be pro-
tective on the achievement of competences.

15,7 S G50 15,7

Fig. 3 — Students of grade 10 in 2018/2019, Inadequate competence in Numeracy
(on the left) and in Italian literacy (on the right) by provinces

Apart from these factors, it is interesting to analyse which other stimuli
can be protective with respect to the risk of not reaching an adequate level of
competence in the two subjects, such as: having books, an internet connec-
tion and a PC in one’s home; having attended pre-school; speaking mainly
Italian at home rather than another language.

The probability of having at least sufficient skills is significantly higher
for those living in the North than for those living in the South and Islands
(3 times more likely); there is a slightly higher probability for boys than for
girls; students who are regular in their studies are about three times more
likely to have sufficient skills than those who have failed (fig. 4). More-
over, first-generation natives are more disadvantaged (significant probabil-
ity less than 1).
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GENDER Male (ref. Female)

NATIONALITY Italian (ref. Second generation foreigner)

NATIONALITY First generation foreigner (ref. Second
generation foreigner)

ESCS Second (ref. First)

ESCS Third (ref. First)

ESCS Fourth (ref. First)

REGULARITY IN SCHOOL Regular (ref. Not regular)

BOOKS AT HOME 26-100 books (ref. 0-25 books)

BOOKS AT HOME >100 books (ref. 0-25 books)

DAD Yes (ref. No)

PRE-PRIMARY SCHOOL Yes (ref. No)

LANGUAGE SPOKEN AT HOME ltalian (ref. Other
language)

MOTHER OCCUPATIONAL STATUS Employed (ref.
Housewife)

GEOGRAPHICAL AREA Centre (ref. South and Islands)

GEOGRAPHICAL AREA North (ref. South and Islands)

Fig. 4— Estimates from the logistic regression model on the probability of students in
grade 10 performing above basic level in Numeracy and Italian literacy skills (levels
3, 4 and 5 out of 5 levels), year 2018/2019, odds ratio (the light coloured bar identify
a value which is not significantly different from 1)

As the socio-economic and cultural level of families increases, the prob-
ability of having good skills in Numeracy and Italian literacy increases. As a
proxy for household cultural level, being able to count on a large presence of
books in the home (more than 100 books), is associated with a probability of
attaining sufficient competences 2.5 times higher than not having books or
having less than 25 books.

The protective effect of attending pre-primary school is weaker but still
significant, with a 34% higher probability among those who went to pre-pri-
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mary school of having adequate competences compared to those who did not
attend. The connection between the mother’s employment status and skills
is less important.

Speaking with household in Italian, even for everyday exchanges, facili-
tates skills (63% more than for those who habitually speak a language other
than Italian).

Owning a personal computer and an Internet connection helps in devel-
oping skills: 59% more likely than those who do not have a connection and
a personal computer.

For the second step of the analysis with the logistic regression model, the in-
teraction between some variables and presence of a PC and internet connection
(DAD) is examined. Associations between socio-economic and cultural level
(ESCS) and presence of a PC and internet connection (DAD) was significant.

Among students with a low socio-economic and cultural level, having
a PC and an internet connection increases the probability of having good
skills, more than for students belonging to families with higher socio-eco-
nomic and cultural levels (fig. 5).

0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 16 1.8 20

ESCS First and DAD=Yes (ref. No)

ESCS Second and DAD=Yes (ref. No)

ESCS Third and DAD=Yes (ref. No)

ESCS Fourth and DAD=Yes (ref. No)

Fig. 5 — Interaction between ESCS and DAD, logistic regression model on the prob-
ability of students in grade 10 performing above basic level in Numeracy and Italian
literacy skills (levels 3, 4 and 5 out of 5 levels), year 2018/2019, odds ratio

4. Conclusions

In the year 2020 the pandemic has brought a change in the forms of teach-
ing and “doing school”. There are still few data that allow to understand what
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has happened: for students’ sociality, for skills (United Nations, 2020). Can
some variables more related to the student’s daily life, and closely linked to
the new way of doing school at home, be protective on the achievement of
competences?

A good presence of books in the home (more than 100) is associated with
a probability of achieving sufficient competences twice as high. Protective
effect of pre-primary school attendance is weaker but still significant (String-
her and Cascella, 2020). Speaking with household in Italian facilitates pro-
ficiency. Owning a pc and an internet connection helps in the development
of competencies. Among children who come from disadvantaged families
(ESCS = first quartile) it is interesting to note that being able to use a PC and
an internet connection increases the probability of having adequate skills.

In the light of what happened in 2020 and in 2021, the result presented is
important. In 2020, there was one of the most profound and sudden transfor-
mations, moving from a totally in-person teaching to a distance teaching for
the last months of the 2019/20 school year and to a mixed teaching (mainly
at a distance for upper secondary school students) in the first months of the
2020/21 school year (UNICEF, 2021).

Therefore, it becomes even more important to have a good connection
and a PC or electronic device to be able to interact with school and teach-
ers. The ISTAT survey on the “Integration of students with disabilities in
schools” (ISTAT, 2020b) showed that educational institutions have equipped
themselves in various forms of distance learning®, but despite the efforts of
institutions, teachers and families, 8% of children and youth in schools of all
levels (23% among students with disabilities) remained excluded from any
form of distance learning and did not take part in video lessons with the class
group. Central regions have the lowest proportion of excluded students (5%),
while in the South and Islands the proportion has almost doubled (9%). In
this very particular phase of learning, having a connection and a PC, besides

* Distance learning (DAD): Distance learning activities involve the reasoned and guided
construction of knowledge through an interaction between teachers and pupils. Whatever the
medium through which didactics is exercised, the aim and the principles do not change. It
takes place through direct or indirect connection, immediate or deferred, by means of video-
conferences, video lessons, group chats; the reasoned transmission of teaching materials, by
uploading them onto digital platforms and the use of class registers in all their communication
and teaching support functions, with subsequent revision and discussion carried out directly
or indirectly with the teacher, interaction on systems and interactive educational applications
that are strictly digital. The mere sending of materials or the mere assignment of tasks, which
are not preceded by an explanation of the content in question or which do not provide for a
subsequent clarification or restitution by the teacher, are devoid of elements that can stimulate
learning and are therefore not considered part of distance learning.
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being a fundamental predictive factor for an adequate development of skills,
becomes a requirement for access to education (ISTAT, 2020a, 2021).

The impact of distance learning and school closures has, therefore, af-
fected a population of students already affected by profound inequalities of
opportunity (OECD, 2020; Ricci, 2019) and, despite national and local poli-
cies, the efforts of educational institutions, teachers and families, the effects
on skills and school dropout, especially in the most vulnerable segments of
the population, could be particularly serious.
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4. The influence of socio-economic-cultural
background on academic results

in the INVALSI tests of Italian and Mathematics
in two Southern regions: Puglia and Abruzzo”

by Sergio Di Sano, Caterina Balenzano

Among the various factors that impact academic performance, the so-
cio-economic-cultural status (ESCS) of the student plays a significant role.
This impact is often intertwined with that of territorial disparities (Bagnarol
and Donno 2020; Russo et al., 2020). In line with previous studies carried
out on specific regions (e.g., Martini, 2020), this work intends to investigate
the relationship between ESCS and academic results, comparing Puglia and
Abruzzo; two Southern regions where the average learning score is slightly
higher than what one might expect from an estimate based on GDP. The
objective of this study is to examine the impact of socio-economic-cultural
status (ESCS) on academic achievement as measured by INVALSI tests in
Italian and Mathematics. Additionally, the study aims to investigate how
this influence may vary based on other factors such as the student’s gender,
origin, delay in schooling, and the average ESCS score of the class. The re-
sults of students in the INVALSI tests of Italian and Mathematics for lower
secondary school (grade 8) for the school year 2018-19 were used. Descrip-
tive statistical analyzes were performed to investigate learning outcomes
and proficiency levels in relation to the ESCS quartile of students. Different
regression analysis models were then applied to see how much the influence
of socio-economic variables on learning outcomes acts independently of the
influence of other variables, such as gender and origin of the student, delay
in the path scholastic and average ESCS of the class. The results confirm the
influence of the ESCS on school results in the INVALSI tests, but also the
contribution of other variables in modifying this influence. The comparison

" The work was conceived and discussed together, even if the drafting of paragraphs 2.2,
4.1, 4.3, 5 must be attributed to Sergio Di Sano, the drafting of paragraphs 2.3, 2.4, 2.5, 3, 4.2
must be attributed to Caterina Balenzano while the drafting of 1, 2.1 and 6 must be attributed
to both.
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between the models and between the relative weights of the predictors in the
two regions is interpreted to provide useful information in defining regional
school policies.

Tra i fattori che influenzano i risultati scolastici, un ruolo centrale é
giocato dallo status socio-economico-culturale (ESCS) dello studente, il
cui impatto a volte si intreccia con ['influenza dei divari territoriali (Ba-
gnarol e Donno, 2020, Russo et al., 2020). In linea con precedenti indagi-
ni, svolte su specifiche regioni (per es., Martini, 2020), il presente lavoro
intende indagare la relazione tra ESCS e risultati scolastici, ponendo a
confronto la Puglia e I’ Abruzzo; due regioni del Sud in cui il punteggio me-
dio di apprendimento risulta di poco superiore a quello prevedibile facen-
do una stima basata sul PIL. L’ obiettivo dello studio é indagare l'influenza
dell’ESCS sui risultati scolastici alle prove INVALSI di Italiano e Mate-
matica ed esaminare come questa influenza si modifichi in base ad altre
variabili: genere e origine dello studente, ritardo nel percorso scolastico,
ESCS medio della classe. Sono stati impiegati i risultati degli studenti alle
prove INVALSI di Italiano e Matematica per la secondaria di primo grado
(grado 8) per I’anno scolastico 2018/19. Sono state svolte analisi stati-
stiche descrittive sui risultati di apprendimento e i livelli di competenza
in relazione al quartile di ESCS degli studenti. Sono stati, poi, applicati
diversi di modelli di analisi della regressione per vedere quanto l’influenza
delle variabili socio-economiche sui risultati di apprendimento agisca in
modo indipendente rispetto all’influenza di altre variabili, quali genere e
origine dello studente, ritardo nel percorso scolastico e ESCS medio della
classe. I risultati confermano l'influenza dell’ESCS sui risultati scolastici
alle prove INVALSI, ma anche il contributo di altre variabili nel modificare
tale influenza. Il confronto tra i modelli e tra i pesi dei predittori nelle due
regioni viene interpretato per fornire indicazioni utili per la definizione di
politiche scolastiche regionali.

1. Introduction

If we examine the INVALSI data, there are many factors that influence
school results and, among these, a central role is played by the socio-econom-
ic-cultural status (ESCS) of the student. The importance of this variable for
understanding inequalities in education has always been a cornerstone of so-
ciological analysis, in which various theories have been proposed (Besozzi,
2017). This issue has also been investigated in the context of school psycho-
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logy, with reference to the “Social Justice” perspective (Shriberg et al., 2020),
which has made an important contribution to the definition of school policies.

Some more recent contributions (Bagnarol and Donno, 2020; Russo et
al., 2020) examining the INVALSI English language test, have underlined
the importance of investigating the relationship between social stratification
and territorial gaps, focusing attention on the need to consider not only the
differences on the North-South axis, but also those between individual re-
gions or specific territories. As Russo and colleagues (2020) note, the gap
between central-northern and Southern students is shorter for socially ad-
vantaged students (high ESCS level), while it widens when you go down the
steps of social stratification.

As Easterbrook and Hadden (2021) point out, we must take the local con-
text seriously if we are to apply effective policies to reduce the effect of
inequalities in education, and in particular the disadvantage of minorities. A
policy that works well in a local context, indeed, may not work as well in a
different context. Therefore, it is important to compare different regions in
terms of the impact of socio-economic-cultural status on academic perfor-
mance, as well as the variables that may be related to this influence.

In line with previous surveys carried out on specific regions (e.g. Martini,
2020b), the purpose of this study is to investigate the influence of the ESCS
on school results in the INVALSI tests of Italian and Mathematics in two
Southern regions, Puglia and Abruzzo, and to examine how this influence is
modified by a number of other variables: gender and origin of the student,
delay in school and average ESCS of the class.

The interest of this comparison is based on the fact that these two regions
have different GDP but the same relationship between GDP and learning
outcomes; in particular, the average academic achievement in both regions
is slightly higher than what would be expected based on an estimate derived
from GDP (Martini, 2020a).

2. A framework for the effect of social inequalities on learning out-
comes

2.1. A multidisciplinary perspective on educational inequalities

Understanding the influence of socio-economic inequalities to undertake
effective change paths requires a multidisciplinary perspective able to exam-
ine the topic at the macro and micro level, thus taking into account both the
social structure and the agency of individuals.
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At the macro level, sociology has developed complex analyses on social
stratification and the reproduction of inequalities, capturing the multiform na-
ture of the conflict between social actors, who pursue different interests. How-
ever, relying only on these types of analysis does not offer transformative per-
spectives if the individual is not considered as endowed with agency, and able
to undertake effective paths of change, through awareness and empowerment.

At the micro-level, psychology, at least starting from the work of Bron-
fenbrenner (1979), has developed in-depth studies of contextual influences at
the proximal and distal level, trying to understand how the individual builds
his own development trajectory, starting from significant social experiences
in specific contexts. But there is still a lack of full awareness of the com-
plex intertwining between psychological variables and processes of social
change, which is essential for undertaking a fight against inequalities. Only
in more recent times, thanks to the contribution of Shriberg (2008), school
psychology has focused attention on social justice as a field of research and
intervention.

Acknowledging both the strengths and limits of sociological and psycho-
logical perspectives, in the following we focus on four interpretative lines,
to be considered as the pieces of a mosaic, which together provide on the
one hand the picture of powerful social forces that tend to reproduce social
stratification, through family and school influences and, on the other, they
open the way to intervention paths in which new social policies are flanked
by psychological work on the individual, which goes in the direction of pro-
moting empowerment, motivation for change and civic engagement.

2.2. The “Social Justice” perspective in school psychology

In the psychological field, there is a growing interest among researchers
in the topic of social inequalities which represents a significant problem in
a world characterized by increasing globalization. In the context of school
psychology, the interest involves three different areas: advocacy for human
rights, multiculturalism and the perspective of social justice.

As for the defense of human rights, it should be remembered that the
UN Convention on the Rights of the Child in Article 28 (right to education),
holds that education must be ensured that is accessible to all and in Article
29 (purposes of education) that education must promote the development
of the child’s potential. More generally, Article 2 reports the commitment
to protect children from all forms of discrimination or sanctions motivated
by social conditions. In this context, an interesting contribution by Nastasi
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and Naser (2020) proposes a vision of the school psychologist as a “human
rights advocate” integrated into an ecological-evolutionary framework in-
spired by the theory of Bronfenbrenner (1979). The idea is that the school
psychologist, in his action to defend the rights of the child, operates at the
level of the mesosystem, that is, the relationship between the microsystems
of the school, the family, the peer group and the community; also considering
indirect influences (which characterize the esosystem). At the same time, the
guiding principles and categories of rights represent a “meta-macrosystem”,
in the sense they influence the macrosystem, made up of society’s culture,
values and norms.

As for multiculturalism, the emphasis is placed on the importance of
recognizing and valuing the differences between students, including their
dimensions of intersection of individual identity and cultural background.
Multiculturalism emphasizes diversity and the wide variety of individual dif-
ferences in relation to aspects such as age, disability, gender, gender identity,
race, ethnicity, national origin, religion, sexual orientation, language, and
socio-economic status (Proctor, 2018). In this context, several scholars have
highlighted the importance of speaking not of “minorities” but of “minoriti-
zation” to refer to individuals and groups that are treated unfairly through
laws, policies and practices that lead to marginalization (Newell et al., 2021).
Speaking of minoritization means shifting the emphasis from a passive iden-
tity, based on the deficit, to the actions that individuals and groups of individ-
uals take to marginalize minorities. The concept of “intersectionality” allows
us to grasp the simultaneous experience of different social categories, such as
race, gender, class, and nationality (Proctor, 2018). Social categories interact
and are the basis of the multiple identity of students, who may perceive that
they are subject to prejudice not based on a single characteristic but on a
specific combination of different aspects of their identity.

As for the perspective of social justice, reference is made to the com-
mitment of school psychologists in the advocacy of students, and of mar-
ginalized students. This perspective is closely connected to multicultural-
ism, as social justice cannot be promoted without multiculturalism (Newell
et al., 2021). Among the aspects that characterize the perspective of social
justice, in the context of school psychology, are the protection of students’
rights and the promotion of opportunities (Grapin and Shriberg, 2020). So-
cial justice involves the promotion of non-discriminatory practices and the
empowerment of families and communities by contributing to schools and
communities characterized by equity. Shriberg et al. (2020) examine some
previous research that investigated social justice from the point of view of
school psychology and found a convergence on three basic ideas: rights, ac-
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cess, and respect. The idea of “rights” refers to the importance of ensuring
compliance with the provisions of the Convention for the rights of the child.
The idea of “access” concerns the importance of guaranteeing all children
the use of society’s resources, such as the access to education. The idea of
“respect” refers to how people are treated, it is not enough to guarantee the
right to go to school and access to school; it is also necessary to ensure that
children are not discriminated against, by promoting their participation and
active involvement.

It therefore becomes important to train school psychologists and teachers
who are competent in terms of multicultural education and education for
social justice. As Proctor (2018) notes, it is not enough to provide culturally
relevant psychological services to provide adequate support to students with
different needs. A broader view of multiculturalism, in the practice of school
psychology and teacher work, involves five distinct aspects: a) examining
and challenging personal attitudes, perceptions and beliefs of different stu-
dents and populations; b) acquiring knowledge on different populations; c)
understanding school issues that impact different student populations (cur-
riculum, assessment policies and practices); d) actively engaging in policies
that promote equity for different student populations; ) acting proactively to
promote the values underlying multiculturalism.

2.3. Sociological theories on inequalities in education

The theme of inequalities in education and training processes represents
a classic field of sociology studies, both in its theoretical dimension, when
exploring the mechanisms through which cultural disadvantages are trans-
mitted on an intergenerational level, and in its dimension of potential social
change, when attempting to use the results of empirical surveys to ensure
equity in educational institutions.

On the theoretical-interpretative level, various explanatory models have
tried to clarify the reasons why students from disadvantaged families have
higher risk of educational poverty, not reaching adequate training standards
and/or adequate levels of higher education. In line with literature according
to which family background (Fitzpatrick and Yoels, 1992) and socio-eco-
nomic context (Vajello and Dooley, 2013) represent primary determinants
for some social groups’ academic success or early school leaving, a first line
of research has hypothesized the idea of a “cognitive disadvantage” for stu-
dents with low socio-economic status. These, compared to their peers from
advantaged social backgrounds, would appear since the beginning of school
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less equipped from a linguistic and cultural point of view, due to a not very
stimulating family environment.

In Bernstein’s hypothesis (Bernstein, 1971), for example, the difference
in academic success between students belonging to lower and upper social
classes would be related to the two different linguistic codes generated by the
different social structures: the “elaborated” code, which is used in education-
al contexts by wealthy classes, and the “restricted” code, used by the lower
classes. These linguistic codes are not defined in terms of vocabulary, but in
terms of the kinds of options speakers take up to organize what they have to
say. According to Bernstein, middle-class children’s success at school would
be due to the use of the “elaborated code” with their parents at home. It is ex-
plicit, “context-independent” and universalistic, so these students are more
able to cope with school tasks. On the contrary, students from lower fami-
lies usually use a restricted code, which is “implicit’, “context-bound”, and
“particularistic”’; so, they find difficulties in coping adequately to the school
demands, which are based on generalizations, classifications and conceptual
abstractions.

A second line of studies focused on the role of inherited “cultural capi-
tal” (Bourdieu, 2015) which translates into certain cultural habits and greater
accessibility to resources (Bourdieu and Passeron, 1971) for students from
upper classes. These factors would help children from families with more
high status in achieving meaningful learning goals and skills more easily.
Specifically, according to theorists studying social and cultural reproduction,
social class impacts school success independently from students’ attitudes,
as the influence of family status on student success appears to be mediated
above all by family cultural capital. It, together with ethos and lifestyle (Ber-
zano and Genova, 2011), directs cultural practices (Bourdieu, 2003), would
explain the intergroup differences in student performance and would act as
a reproductive mechanism of social stratification (Bourdieu and Passeron,
1971; 1972). In this logic, inequalities are reproduced both through the eco-
nomic aspects that determine access to material resources (Schizzerotto and
Barone, 2006), and through weak cultural practices (Devine and Savage,
2000), who increase the risk of educational failure (Suh, Suh and Houston,
2007). A close relationship has been proved, in fact, between the socio-eco-
nomic and cultural status of families and academic performance (Naidoo et
al., 2014), as students who can count on a more stimulating environment
reach, on average, higher levels of ability of those observed in lower-class
children, also in international comparisons.

More specifically, scholars who have studied which mechanisms are in-
volved in the intergenerational transmission of cultural capital highlighted
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the role of several factors. First, the easy access to higher education opportu-
nities for students from advantaged families — e.g. access to extra-scholastic
activities, cultural resources, and tools for learning, but also a differing ways
of spending leisure time (Lareau, 2011). On the contrary, the poor social net-
works and the low probability of participating in extracurricular activities in
disadvantaged families (Ream and Rumberger, 2008) exposes these students
to considerable obstacles in realizing their full potential, and therefore their
chances to achieve better Education and Training. Furthermore, in line with
the hypothesis of Boudon (1979), which adds to the background resources
the importance of aspirations and attitudes dictated by the social models of
reference, also a difference in terms of implicit values and attitudes toward
education was evidenced. While the conception of education as investment in
higher classes increases students’ motivation and engagement, aspirations, de-
sires, and ambitions, and consequently, better chances of achieve good results
(Fiorio and Leonardi, 2010), the values and tacit messages linked to education
in lower classes are consistent with students’ elevated levels of disengage-
ment toward school and education. Specifically, literature has highlighted that
families with medium-high income invest more resources in the education of
their children, and that the more educated parents are able to better support
and monitor the learning processes of their children (Cappellari, 2006), are
more involved in school activities than parents of less well-off and educated
classes who have a more peripheral role in children’s learning (Butler, 2014).

According to this interpretative model, the cultural heritage becomes a
school inheritance not only thanks to the quality of the family environment
(Oseguera, Conchas, and Mosqueda, 2011), but also through an implicit
transmission of the value of education.

2.4. The role of individual and contextual factors in the acquisition
of skills

Beyond the mechanisms hypothesized to explain the relationship be-
tween status and academic performance, the predictive power of students’
socio-economic-cultural background on student performance has been high-
lighted in numerous studies carried out in the Italian context (see Ballarino
and Checchi, 2006; Checchi, 2010; Schizzerotto and Barone, 2006), which
confirm how the advantages of the context of belonging are systematically
transformed into greater educational success (Raimondi et al., 2013). This
characteristic of the student, operationalized by INVALSI with the metric
approach of the Economic Social Cultural Status (ESCS) index, represents
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in fact one of the most significant predictors for the analysis of the results of
the learning tests in all levels of education. However, the research (Thrupp,
1995; Gottfried, 2014) has shown that the educational success of a student is
also influenced by other factors, the consideration of which seems to reduce
the weight of his socio-economic and cultural status index (Economic, So-
cial and Cultural Status, ESCS): a) gender; b) nationality; c) whether or not
they are in good standing in the course of their studies; d) the average status
level of students in the class and school attended (Martini, 2020b).

With respect to the gender dimension, the research found that girls show
greater competence in linguistic tests, unlike their male peers, who obtain bet-
ter results in mathematical-scientific tests (Martini, 2005). Studies also show
that students’ nationality on academic achievement has an effect independent
of status; in fact, the difficulties experienced by immigrant students depend
not only on the scarce family endowment, but above all on linguistic and so-
cial integration difficulties that inevitably hinder their performance (Schnepf,
2007). As expected, being late in one’s studies is also a risk factor that is as-
sociated with poor basic skills (Bertozzi, 2015). Finally, in socio-educational
research, the effect of the learning context is considerable, both about the
characteristics of the territory in which the school operates, and to the char-
acteristics of the school and of the class group (peer effect), in terms of so-
cial-cultural background, skills and motivation (Martini, 2010). The effect of
the context is expressed both through the indirect role of teacher quality and
teaching processes, and through the direct influence of peers, who represent a
model to follow and influence the values and behaviors of students, as a result
of competition (Conti ef al., 2013), and social interactions (Thrupp, 1999).

Argentin et al. (2017) highlighted the existence of a growing level of
segregation from elementary schools to high schools, particularly for teach-
ers of Italian. This segregation refers to the systematic association of teach-
er quality indicators and the student’s social level. Along the same lines, a
subsequent work by Abbiati and Argentin (2019) highlighted “influences on
average of modest entity” of the ascribed characteristics of teachers (gender,
age, social origins) on the learning of their students.

As the variance of the results in the INVALSI tests related to the differ-
ences between schools and classes (between variance) is greater in Southern
Italy (Martini, 2020a), studying the role of context is particularly important
in analyzing the performance of students in the Southern regions, where a
process of segregation is observed. The distribution of pupils in schools and
classes, indeed, appears more unbalanced with respect to individual charac-
teristics that affect learning, as pupils from socio-culturally advantaged or
vulnerable backgrounds are concentrated in different schools and classes.
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Examining the role of all these factors, in combination with the role of
student’s status, is therefore very important. From a theoretical-interpretative
point of view, this approach allows to identify the best set of explanatory var-
iables that best predict students’ performance, while from a planning view, it
can suggest the identification of targeted territorial policies capable of reduc-
ing the gap deriving from gender and family background, through strategies
capable of promoting equity in education systems.

2.5. Social stratification, territorial differences, and educational vul-
nerability

Focusing on the issue of territorial gaps in students’ skills that emerge
from the INVALSI national surveys on learning, the literature debate and
socio-educational research have focused above all on the relationship be-
tween stratification, education, and social vulnerability. Looking at the phe-
nomenon of marginalization through the indicators considered by Save the
Children (2020) to map the educational risk in Italy, the most critical levels
are highlighted in the South, both in the implicit school dropout rates of
14-16-year-olds who do not reach the minimum skills in Italian and Mathe-
matics, and in the percentages of Early school leavers (explicit school drop-
out of 18-24 year olds) and NEET (young 15-24 year olds not employed and
not in education and training).

In line with the numerous studies that have highlighted territorial gaps
in school success (Braga and Checchi, 2010; Falzetti, 2019; Argentin ef al.,
2017; Murrau and Scicchitano, 2008; Donno et al., 2020), data from the
INVALSI National Report (INVALSI, 2019) show that the education sys-
tem in the South would be not only less effective, but also less equitable.
In the South of Italy, in fact, the percentages of pupils with low socio-eco-
nomic status who do not reach adequate levels in the assessment tests of
learning are higher than in the North, suggesting that the national educa-
tion system appears inadequate in ensuring pupils the same educational
opportunities. This lack of equity, since the schools in the South operate in
a poorer socio-economic context (Checchi and Peragine, 2005; Braga and
Checchi, 2010) where lower socio-economic and cultural status levels in
the adult population are observed (Martini, 2020a), tends to amplify in the
higher grades of education (Falzetti, 2019). Furthermore, there are signifi-
cant differences in learning outcomes, not only in the five macro-areas into
which our country is divided, but also among the different regions of these
macro-areas.
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In this sense, in accordance with some recent contributions that have exam-
ined English language skills (Bagnarol and Donno, 2020; Russo et al., 2020),
we believe it is interesting to investigate the relationship between social strati-
fication and territorial gaps, focusing attention on the differences between spe-
cific territories, to explore regional peculiarities that can highlight strengths or
weaknesses that can be used for planning evidence-based school policies.

3. The research question: regional differences in the relationship
between social inequalities and learning

Little is known about regional differences in the relationship between so-
cial inequalities and learning. A first work in this direction was carried out
by Martini (2020b) as far as the Veneto region is concerned. In this research,
the effect of the socio-economic-cultural status index (ESCS) on the results
of the INVALSI tests was investigated, through various regression analyzes,
showing a reduction in the effect of the ESCS when other variables were
gradually considered.

In the logic of this framework, this contribution wants:

— to investigate the influence of the ESCS, intended as a proxy measure of
the student’s social, cultural and economic capital, on school results in
the INVALSI tests of Italian and Mathematics for lower secondary school
(grade 8) in two Southern regions, Puglia and Abruzzo;

— to examine how this influence changes as a function of gender and origin
of the student, delay in schooling, and average class ESCS.

The choice to compare the two specific regions of Southern Italy, Abru-
zzo and Puglia, is based on the consideration of two orders of factors. First,
the two regions have different GDP but the same relationship between GDP
and learning outcomes; in particular, with an average score in the INVALSI
tests which in both regions is slightly higher than what one might expect
based on an estimate based on GDP (Martini, 2020a). Second, the scores of
the individual regions tend to follow those of the macro-area to which they
belong and, among the regions of the South, both Abruzzo and Puglia do not
differ from the national average either for the performances in Italian or in
Mathematics recorded to grade 8. Furthermore, given the high discrepancy
between regions highlighted by various Italian contributions (Bratti et al.,
2007; Agasisti and Vittadini, 2012), focusing the attention on two defined
territorial areas allows us to limit the variability of the data.

This work focuses the attention in particular on grade 8 (third grade of
lower secondary school) for a number of reasons: a) greater reliability of the
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data compared to those of primary school as, unlike the paper tests used for
primary school, Computer Based Tests (CBT) used in secondary schools are
less influenced by the phenomenon of cheating (INVALSI, 2019); b) greater
interpretability than those of upper secondary school because, compared to
the upper secondary school tests, in lower secondary school, there is the
advantage of not having a differentiation by type of school (high schools/“li-
cei”, technical and vocational institutes), which is not easy to interpret; c)
greater territorial variability compared to primary school data: while in pri-
mary school the territorial gap between the geographical areas of the country
does not reach statistical significance, in line with what emerges from inter-
national surveys during the secondary school, both for Italian and Mathe-
matics tests’ results, students from Southern macro-areas show performances
significantly below the national average (Martini, 2020a); d) greater salience
of the issue of equity vs. territorial disparities at this level of education: since
in our country the common trunk of the educational path ends with the mid-
dle school, it should guarantee everyone the same quality of education by
ensuring a uniform base of fundamental skills to guarantee the equality of
educational opportunities (Martini, 2020b). It seems relevant, in this sense,
to compare the two regions in terms of equity.

4. Method and data analysis plan
4.1. Sample

This study is based on secondary data, kindly made available by INVALSI.
Analyses are based on sample data that have been weighted. The students who
participated in the INVALSI grade 8§ tests for the year 2019 numbered 572,229
for 29,231 classes. The students in the sample examined are about 30,994. The
extraction of the sample took place with a two-stage method: in the first the
schools were extracted and in the second the classes (generally, two for each
school sampled). We have chosen to analyze the sample data for their higher
quality, as they are collected in the presence of an external observer who mon-
itored the correctness of the administration procedures.

4.2. Variables, procedure, and methodological choices

The research examined the results of the INVALSI Tests of the National
Survey of Italian and Mathematics learning relating to the 2018/2019 school
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year, i.e., the most recent data available, given that in the year 2019/2020
the tests were not administered, due to the lockdown linked to the pandemic.
The Italian tests examine two types of language skills, among those pro-
vided for by the National Indications and the Guidelines: 1) the ability to
understand an authentic text, thanks to the competence in identifying salient
information, reconstructing the meanings expressed in the text and reflecting
on the content and textual form; 2) the ability to reflect on the language, that
is, the knowledge of grammar necessary to express oneself correctly. The
grade 8 test includes, specifically, a section for reading comprehension of
three texts of various kinds, a vocabulary section, and a grammar section.

The Mathematics test measures some fundamental skills among those
provided by the National Indications and the Guidelines, in different areas.
The questions proposed often start from real world problems and verify the
disciplinary knowledge, the ability to solve problems and reflect on process-
es by arguing the reasons for the choices made. The content domains tested
in the grade 8 test are Numbers, Space and figures, Data and predictions,
Relations and functions.

Specifically, the research examined the scores of the students’ skills in
the tests of Italian (WLE ITA) and Mathematics (WLE MAT), respectively
obtained through the estimate made according to the model of Rasch (1980),
which allows to put on the same continuum the difficulty of the items and the
ability to be measured. These scores, expressed on a scale with mean 200 and
standard deviation 40, were used as dependent variables in the tested models.

The following factors were considered as independent variables:

— the values of the student’s socio-economic and cultural status index

(ESCS-s), a variable constructed by INVALSI based on three indicators:

a) the employment status of the parents; b) the level of education of the

parents; c¢) the availability of a series of home resources, such as a quiet

place to study, a personal desk for doing homework and an internet con-

nection. This index is standardized and has a mean equal to zero and a

standard deviation of 1 (Campodifiori et al., 2010);

— gender: 1 if the student is male, O if she is female;

— regularity in the course of study: 1 if the student has a delay in the
course of study, 0 if not;

— the origin: 1 if the student is immigrant, 0 if is Italian;

— the average ESCS of the class (ESCS-c).

To ensure the generalizability of the results, the data used were prelimi-
narily weighted with the final weight of the student (or sample weight), which
indicates how many pupils not involved in the sample survey are represented
by the pupil participating in the surveys (Falorsi, Falzetti, and Ricci, 2019).
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4.3. Models of analysis

Three types of analyses were carried out. A first descriptive analysis has
computed the average scores in the INVALSI tests for the four quartiles of
the ESCS, comparing the data of Abruzzo and Puglia with each other and
with those of Italy. A second analysis compared the percentages of students
belonging to each of the four quartiles for the five competence levels in the
Italian and Math tests.

A third analysis, based on regression, was applied to investigate the ef-
fect of the ESCS on the results of the INVALSI tests, for the two regions
(Abruzzo and Puglia) considered separately. For the analyses we used the
SPSS statistical software and the ENTER method in multiple regression.
The first model involves only one predictor: student-level ESCS (ESCS-s).
Other multiple regression analysis were then carried out by adding other
independent variables to the ESCS to compare different models (tab. 1). In
the second model we added the variable gender (male/female). In the third
model, we added the immigrant status variable (Italian/immigrant) to the
previous variables. In the fourth model, we added the variable late school-
ing (regular/late schooling) to the previous variables. In the fifth model, we
added the class ESCS variable (ESCS-c) to the above variables.

Tab. 1 — Summary of tested models

Models  Predictor variables

Model 1 Only Student ESCS

Model 2 Student ESCS + Gender (female)

Model 3 Student ESCS + Gender + Origin (immigrant)

Model 4 Student ESCS + Gender + Origin + Regularity in studies (late)

Model 5 Student ESCS + Gender + Origin + Regularity in studies + ESCS at the class level

S. Results
5.1. ESCS and test results
The average scores on the Italian and Mathematics tests, comparing the

students grouped into quartiles of ESCS are reported in tables 2 and 3, re-
spectively.
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Tab. 2 — Score on the Italian test averaged by ESCS quartiles

ESCS
1 quartile 11 quartile 11l quartile 1V quartile
Abruzzo 187 200 204 218
Puglia 182 198 203 216
Italy 181 198 205 218

Tab. 3 — Score on the Math test averaged by ESCS quartiles

ESCS
I quartile 11 quartile 1 quartile 1V quartile
Abruzzo 186 200 201 220
Puglia 182 196 203 213
Italy 183 198 206 218

The results show wide performance variations based on the quartile of
ESCS for both tests and for both regions. The average performance of stu-
dents in the first and fourth quartile of ESCS differs by approximately one
standard deviation, both for the Italian and Math, in Abruzzo and in Puglia.

5.2. Competency level and ESCS quartiles

The comparison between the percentages of students belonging to each of
the four quartiles for the five competence levels in the Italian and Math for the
two regions are shown in the tables 4 and 5. To interpret the results, one must
consider that the competence levels 1 and 2 represent unsatisfactory learning
outcomes, while the levels 4 and 5 represent good or very good results.

As regards the Italian tests (tab. 4), in both the regions, the levels 1 and 2
show an inverse trend compared to levels 3 and 4. The majority of students
with a level 1 in Italian (52% for Abruzzo and 59% for Puglia) fall into
quartile 1 of ESCS, while only about 10% (11% for Abruzzo and 7-8% for
Puglia) fall into quartile 4. This means that an unsatisfactory level of learning
in Italian mainly characterizes students with a low ESCS.

Focusing the attention to the students with a high level of competence, for
example level 5, the analysis evidence that only 8% of the students belong to
first quartile in the ESCS, while 40-50% of them (41% for Abruzzo and 46%
for Puglia) belongs to the fourth quartile of the ESCS. This means that the
achievement of the highest competence levels in the Italian tests is a prerog-
ative of students with high ESCS.
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Tab. 4 — Average percentages of students belonging to each quartile of ESCS, dis-
tributed by competence level in Italian and by region

ESCS (quartiles)

Italian 1 2 3 4 Total

Abruzzo 52.2 17.4 19.0 11.3 100.0
Level 1 .

Puglia 59.2 19.5 13.7 7.6 100.0

Abruzzo 38.2 23.3 26.0 12.4 100.0
Level 2 .

Puglia 422 20.6 22.4 14.8 100.0

Abruzzo 24.4 22.6 31.0 22.0 100.0
Level 3 .

Puglia 25.9 19.8 30.8 234 100.0

Abruzzo 19.6 12.7 26.0 41.7 100.0
Level 4 .

Puglia 19.8 18.4 26.5 353 100.0

Abruzzo 8.3 21.7 29.1 40.9 100.0
Level 5 .

Puglia 8.3 19.3 26.2 46.2 100.0

Tab. 5 — Average percentages of students belonging to each quartile of ESCS, dis-
tributed by competence level in Math and by region

ESCS (quartiles)

Math 1 2 3 4 Total

Abruzzo 494 15.8 26.5 8.3 100.0
Level 1 .

Puglia 543 17.3 16.3 12.1 100.0

Abruzzo 33.0 26.3 26.6 14.2 100.0
Level 2 .

Puglia 36.4 214 254 16.7 100.0

Abruzzo 29.3 18.2 27.9 24.6 100.0
Level 3 .

Puglia 30.5 20.4 253 23.8 100.0

Abruzzo 18.3 16.1 27.8 37.8 100.0
Level 4 .

Puglia 13.5 21.3 31.2 34.0 100.0

Abruzzo 9.9 20.4 25.6 44.2 100.0
Level 5 .

Puglia 15.7 15.5 28.4 40.4 100.0

As for the Math tests (tab. 5), the results are largely like those seen for
the Math tests. In this sense, the diversity in terms of learning opportunities
for students with high ESCS compared to those with low ESCS appears as
strong both for Mathematics and for Italian in both regions.
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5.3. Results of regression models

Tables 6 and 7 illustrate the results of the regression models for Italian
test respectively for Abruzzo and Puglia, while Tables 8 and 9 show the re-
sults for the math test.

For the Italian tests (tables 6 and 7) the linear regression model shows
a relevant effect of ESCS-s, both for Abruzzo (b = 12.6) and for Puglia (b
= 13.7). The inclusion of gender and immigrant status variations does not
reduce the influence of the ESCS in both regions. The inclusion of the late
education variable reduces the influence of ESCS in Abruzzo but not in
Puglia. The further inclusion of the ESCS-c variable reduces the influence of
ESCS-s in both regions, but more in Puglia.

Tab. 6 — Results of the regression models for the Italian test in Abruzzo

Model 1 Model 2 Model 3 Model 4 Model 5

ESCS-s + Gender  + Immigrant + Late school + ESCS-c
Constant 201.6%** 190.2%** 196.2%*%* 207.1%%* 206.7%%*
ESCS-s 12.6%** 12.5%** 12.1%%* 10.6*** 9.6%**
Female 7.8%** 7.8%%* 7.5%%* 7.5%%*
Immigrant -5. 3% -3.9%** -4.0%**
Late schooling -10.6%** -10.5%**
ESCS-c 7.5%%*
R-squared 0.124 0.137 0.138 0.155 0.160
Tab. 7 — Results of the regression models for the Italian test in Puglia

Model 1 Model 2 Model 3 Model 4 Model 5

ESCS-s + Gender  + Immigrant + Late school + ESCS-c
Constant 199.7%** 186.6%** 197.9%** 209.0%** 208.7***
ESCS-s 13.7%%* 13.6%%* 13.4%%* 13.0%%* 11.2%**
Female 8.8*** 8.5k** 8.2%** 8.1***
Immigrant -10.6%** -8.3HHE -8.9%*x
Late schooling -12.6%** -11.3%%*
ESCS-c 8.5k
R-squared 0.154 0.169 0.171 0.174 0.184

For the Mathematical test, the linear regression model shows a relevant
effect of the ESCS-s, both for Abruzzo (b = 13.4) and for Puglia (b = 12.6).
The inclusion of gender and immigrant status variations does not reduce the
influence of the ESCS in both regions. The inclusion of the late education
variable reduces the influence of ESCS in Abruzzo but not in Puglia. The
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addition of the ESCS-c variable further reduces the influence of ESCS-s in

both regions.

Tab. 8 — Results of the regression models for the Math test in Abruzzo

Model 1 Model 2 Model 3 Model 4 Model 5

ESCS-s + Gender  + Immigrant + Late school — + ESCS-c
Constant 201.0%** 208.6%** 215.9%%* 232 3%%* 231.6%%*
ESCS-s 13.4%%%* 13.4%%% [3.2%%* 12.0%** 10.5%**
Female -5.2%%* 5. 7HF* -6.0%** -5.9%%*
Immigrant -6.2%** -3.8%%%* -3.9%%*
Late schooling -17.6%** -17.3%**
ESCS-c 10.3%%*
R-squared 0.132 0.138 0.140 0.151 0.161
Tab. 9 — Results of the regression models for the Math test in Puglia

Model 1 Model 2 Model 3 Model 4 Model 5

ESCS-s + Gender  + Immigrant + Late school + ESCS-c
Constant 198.5%** 206.2%** 214 1%%* 228.3%%* 228.0%%*
ESCS-s 12.6%%* 12.7%%%* 12.5%%* 12.0%** 10.3%%*
Female -5.2%%* -5.4%%* -5.8%%* -5.9%%*
Immigrant -7.3%%* -4 3HH* -4 THHE
Late schooling -16.2%** -15. 1%**
ESCS-c 7.8%**
R-squared 0.118 0.123 0.124 0.128 0.136

6. Conclusions

This study stems from the recognition that socio-economic cultural sta-
tus is the most significant factor differentiating performance on INVALSI
tests. However, its complexity makes it challenging to fully understand and
identify appropriate interventions to mitigate its impact. At the same time,
the variety of regional situations should be taken into consideration when
choosing policy interventions that can be truly effective.

The INVALSI score in the ESCS quartiles shows large differences (one
standard deviation) between the first and the fourth quartile in all groups;
both in Abruzzo and in Puglia. The analysis of the distribution of ESCS quar-
tiles according to skill levels reveals that it is completely inverted when com-
paring levels 1 and 2 on one side with levels 3 and 4 on the other. This applies
to both Italian and Mathematical CBT test scores.
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Our analysis confirm the strong impact of cultural socio-economic status,
for both tests and both regions; even if the problem seems to have a greater
incidence in Puglia than in Abruzzo, in the sense of a stronger performance
gap based on socio-economic-cultural status. This difference could be due to
GDP, since Puglia has a lower GDP than Abruzzo.

Regarding the complex nature of the influence that socio-economic-cul-
tural status has on the results of the INVALSI tests, regression analysis was
carried out to investigate if the weight of the ESCS variable on the results of
the INVALSI tests is reduced when other variables are entered in the multi-
ple regression model. For the Italian tests, the comparison between the two
regions shows the importance in Abruzzo of intervention paths focused on
the problem of late schooling and in Puglia on the segregation and com-
position of classes. For the regression analyzes on mathematical tests, the
results show the importance in Abruzzo of intervention paths focused on the
problem of late schooling and in Puglia on the segregation and composition
of classes.

Overall, these results can be a first step to promote the use of INVALSI
data for the definition of effective regional policies aimed at reducing the
impact of socio-economic-cultural variables on students’ learning outcomes.
INVALSI data, indeed, provide in-depth information on the factors related
to students’ achievement and could be useful to policymakers to inform their
decisions both system-wide and at an individual school level.

However, despite Italy’s extensive participation in most international and
national evaluations, the impact of these data on educational national and re-
gional policies’ planning is weak and often inconsistent (Damiani, 2016). Even
though Italy ranks among the most unequal countries in Europe (Barone and
Ruggera, 2018), reducing inequalities in education has remained a peripheral
goal in educational policies (Pensiero, Giancola and Barone, 2019). To de-
crease the impact of ESCS on learning processes and outcomes, especially in
Southern regions where there is a higher incidence of low-SES families and a
higher risk of student dropout, several system-level structural actions could be
implemented. First, educational policies must be constructed and implemented
together with social and economic policies, including the experimentation of
innovative infrastructure and resources for informal learning. Second, teach-
ers’ pre-service and in-service training programs could be ensured, to provide
lower secondary school teachers some innovative teaching methods to stimu-
late students with lower ESCS motivation and engagement. Finally, both the
number of hours students spend in school and extra-school educational activi-
ties could be increased, as well as the development of extracurricular projects
realized by experts and the involvement of parents in school activities.
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We conclude with the hope that in the future, INVALSI will be able to
gather a significant amount of data on non-cognitive skills and students’ mo-
tivational profile, which could contribute to a deeper understanding of the
processes through which socio-economic factors have an impact, and thus,
enable the formulation of appropriate intervention policies.
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5. Digital and informative skills:
the differences between students
and the role of the school

by Ornella Papa, Rita Marzoli, Sara Manganelli

According to the international survey IEA ICILS 2018 on eighth-grade
students, digital and informative skills are not widespread among Italian
students and are not adequately developed in schools. ICILS results reveal
that most students, although native digital, do not have sophisticated digital
skills; the presence of computer equipment in schools doesn’t seem to im-
prove these skills if they are not adequately integrated into teaching. The
present in-depth study, based on ICILS 2018 Italian data, analyses the stu-
dents’ achievement on Computer information literacy in relation to students’
characteristics (gender, migratory origin, and socio-economic-cultural back-
ground) and school activities that contribute to developing students’ digital
and informative skills. In line with international data, Italian female students
perform better than their male peers. First-generation immigrant students,
like the other students who don’t speak Italian at home, perform worse than
other students. The major differences are associated to the socio-econom-
ic and cultural background of the students; in this context, the presence of
learning resources at home, including the number of computers and internet
access, also appears to be relevant. However, the students achieve better if
they learn and frequently practice ICT tasks at school. These results indi-
cate that the schools have a pivotal role in fostering the development of CIL
and in overcoming the digital divide. A contribution to achieving these aims
could come from Innovative school libraries, as recognized under Action#24
of the current PNSD (School reform, Low 107/2015).

Le competenze digitali e informative sono poco diffuse tra gli studenti ita-
liani e non adeguatamente sviluppate in ambito scolastico, secondo quanto
emerge dall’indagine internazionale IEA ICILS 2018, condotta su studenti
all’ottavo grado di scolarita. I risultati ICILS rivelano che gli studenti, pur
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essendo nativi digitali, non posseggono competenze digitali sofisticate; la
presenza nelle scuole di attrezzature informatiche non é sufficiente a mi-
gliorare queste competenze se non vengono adeguatamente integrate nella
didattica. Questo approfondimento, condotto sui dati italiani di ICILS 2018,
analizza le differenze nelle variabili di outcome, costituite dai plausibile
values in Computer information literacy, in base ad alcune caratteristiche
degli studenti. In linea con i dati internazionali le studentesse italiane conse-
guono risultati migliori dei loro coetanei di genere maschile. Gli studenti im-
migrati di prima generazione, come gli altri studenti che non parlano a casa
la lingua della prova, conseguono risultati peggiori degli altri studenti. Le
maggiori differenze sono associate al background socioeconomico e cultu-
rale degli studenti, in questo ambito appaiono rilevanti anche la presenza a
casa di risorse per ’apprendimento, tra cui il numero di computer e [’acces-
so ad internet. Tuttavia, i punteggi degli studenti sono migliori se in ambito
scolastico hanno appreso e praticano, con frequenza, le competenze digitali
e informative. Questi risultati sostengono il ruolo della scuola nello svilup-
po di tali competenze e nel superamento del divario digitale. Un contributo
per il raggiungimento di questi obiettivi potrebbe giungere dalle Biblioteche
Innovative, come previsto dall’Azione#24 dell’attuale PNSD (Riforma della
scuola, legge 107/2015).

1. Introduction

During COVID-19 pandemic period, digital skills have been crucial in
the knowledge society. The aim of this paper is to understand with which
competences students went through the school changes in this portion of
time, with an in-depth analysis regarding Italian students. In Italy, the switch
over to Distance Learning determined that digital skills were prerequisite for
teaching and learning, without being previously developed. In fact, Italian
students were particularly lacking in digital and informative skills according
to ICILS!' 2018 results (Fraillon et al., 2019b). This survey is carried out
every 5 years by IEA? in collaboration with research national institutes of
participating countries, for Italy INVALSI®. In Section 2 of this chapter, we
give a general overview of the ICILS framework, a detailed description of

! International Computer and Information Literacy Study.

2 International Association for the Evaluation of Educational Achievement.

3 National Institute for the Evaluation of the Educational System of Education and Train-
ing, involved together to other research institutes from participating countries.
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the 2018 cycle features and key findings, in addition to an excursus of the
existing literature on ICILs data. The overall ICILS conclusion was that dig-
ital native students don’t have sophisticated digital skills unless they learn
and practice ICT* tasks in a favourable learning environment. The presence
at school of computer equipment is, of course, necessary but not sufficient to
develop digital and informative skills, in the dearth of teaching and practice
of ICT tasks. The critical results in CIL® can be interpreted in relation to these
disclosures. At international level 70% of students claimed to use digital de-
vices every day for general purposes but only 20% of students claimed to use
them for educational purposes, unfortunately in Italy this percentage is even
lower. It seemed useful to deepen and disseminate Italian results in ICILS
2018, just in view of an expected broader national digitalization school plan.
In section 3 of this chapter, we present the focus of this paper which is an
in-depth analysis on Italian ICILS results by student characteristics and ICT
activities. The variety of ICILS data allowed us to analyse Italian students’
CIL’ scores in relation to several characteristics and ICT activities at home
and at school, to understand the nature and extent of the digital divide as
well as the role of school in reducing it. As already confirmed in the Ital-
ian context, the improvement of digital skills has a positive influence on
overcoming inequalities by raising academic performance of students from
a lower socio-economic background (Pagani et al., 2016). The integration in
school of CIL could be implemented by adequate actions, training for teach-
ers, learning resources and programmes. These improvement actions cannot
ignore the historical link between Information Literacy and School Library.
Authoritative documents, such as IFLA*/UNESCO? “School Libraries Man-
ifesto” (1999) highlighted the role of school libraries to realize “Media and
information skills Programs”. In Italy, the current PNSD? proclaimed the
“Innovative School Library” (Action#24) as a strategic environment to over-
come every educational gap including the digital divide. In section 4 of this
chapter, we give a global overview of international studies and important
insights on this topic, particularly to inform policy and suggesting the inclu-
sion of Innovative School Libraries in every school.

4 Information and Communication Technology.

5 Computer and Information Literacy.

¢ International Federation of Library Associations and Institutions.

7 United Nations Educational, Scientific and Cultural Organization.

$ National Digital School Plan (Law 107/2015), https://www.istruzione.it/scuola_digi-
tale/allegati/Materiali/pnsd-layout-30.10-WEB.pdf.
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2. IEAICILS

Since 2013 the IEA has been promoting ICILS, a computer-based assess-
ment of eighth-grade students focused on Computer and Information Lit-
eracy; the cycles are repeated every five years. As an international survey,
ICILS allows comparison between different educational systems in addition
to investigate the level of digital and informative skills within countries. The
basic aim of ICILS is to provide information and enable understanding of
ICT domain to promote the development of school programs suitable for the
digital age. The definition of CIL is as follows: “an individual’s ability to
use computers to investigate, create and communicate in order to participate
effectively at home, school, workplace and society” (Fraillon et al., 2013,
p. 17). In addition, ICILS detects factors that can influence CIL develop-
ment; students’ characteristic as well as the main learning support contexts
are carefully explored by questionnaires to understand how they relate to
CIL improvement. ICILS 2013 was attended by 21 educational systems from
around the world (Fraillon ef al., 2014) while a reduced number of only 13
educational systems participated in ICILS 2018, including Italy which did
not participated in the precedent cycle. For countries involved in both cycles,
it was possible to make a longitudinal comparison of the results to monitor
changes between the two assessments in teaching and learning contexts as
well as in their students’ scores.

2.1. ICILS 2018

ICILS 2018 involved 12 countries and 2 benchmarking entities’ from 4
continents, in total 46,651 students and 26,530 teachers from 2,226 schools
were assessed. The schools were sampled using the Probability Proportional
to Size method, then 20 students and 15 teachers were randomly extracted
from the target grade of each sampled school. The stated purpose of ICILS
2018 is “to assess systematically the capacities of students to use ICT pro-
ductively for a range of different purposes, in ways that go beyond a basic
use of ICT” (Fraillon et al., 2019a, p. 1). The CIL construct is articulated
in four strands that frame the skills and knowledge: understanding comput-
er use, gathering information, producing information and digital communi-

° Territorial realities — provinces or regions — that took part in the survey for their own
internal comparison objective, but whose data are not considered in the calculation of the
international average.
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cation (Fraillon et al., 2019a). The last ICILS cycle included Computation

Thinking (CT), an optional component assessed in 9 of the 13 education

systems involved; Italy participated only in the main component (CIL) on

which the present study is focused.

In addition to the computer-based test on CIL, consisting of two modules,
the administration provided a variety of questionnaires that collect a rich
amount of information:

— Questionnaire on National Context — to describe the structure of the edu-
cation system, the teaching of digital and informative skills, initiatives
and resources associated with ICT;

— School Principal Questionnaire — to observe the general characteristics
of the school, the guidelines relating to the use of ICT and their perceived
value;

— Teachers Questionnaire — to explore their experiences, the difficulties and
the propensity to use the computer in teaching;

— Coordinator/Digital Animator Questionnaire — to evaluate the ICT infra-
structure and the assistance available to teachers;

— Student Questionnaire, which includes questions about the socio-econo-
mic backgrounds, the use of information technology and the attitude to
computer use.

From the overall results obtained, the IEA concluded that:

— digital native students do not have sophisticated digital skills;

— providing schools with computer equipment is not enough to improve
students’ digital and informative skills;

— variations in student scores are greater within national boundaries than
between nations;

— there is a gap related to students’ socio-economic backgrounds; students
from unfavourable backgrounds have significantly worst scores (on ave-
rage < 30).

In tab. 1 we can see CIL international average and CIL average scores of
participating countries and benchmarking entities.

It should be noted that the administration in Italy was carried out at the
beginning of the school year, unlike in the other participating countries where
the administration took place in the second part of the school year.

Both the lowest average age and school attendance period of Italian stu-
dents slightly disadvantaged them for ICILS results.

While for the United States, whose ICILS sample was not considered
entirely adequate, the issue is different concerning not only comparison with
other countries, but also internal data analysis.
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Tab. 1 —ICILS 2018 average scores

Country CIL average score
Denmark 553 (2.0)
Moscow (benchmarking entity in Russian Federation) 549 2.2)
Korea, Republic of 542 3.1)
Finland 531 3.0)
United States (Not meeting sample participation requirements) 519 (1.9)
Germany 518 2.9)
North Rhine-Westphalia (benchmarking entity in Germany) 515 (2.6)
Portugal 516 (2.6)
France 499 2.3)
Luxembourg 482 (0.8)
Chile 476 3.7
Italy (Testing at the beginning of school year) 461 2.8)
Uruguay 450 4.3)
Kazakhstan 395 5.4)
International CIL average 496 (1.0)

Source: IEA ICILS 2018 International Report (Fraillon et al., 2019b)

As shown in Tab. 1, Denmark ranked 1% with an average score of 553,

followed by Moscow (549), Korea (542) and Finland (531). Among the oth-
er EU countries, also Germany (518) and Portugal (516) reached average
scores significantly higher than the international average, while France (499)
did not deviate significantly from the international average. Luxembourg
reached an average score (482) lower than the international average but bet-
ter than the Italian score (461). Italy is followed in the total ranking only by
Uruguay (450) and Kazakhstan (395).

Beyond the single national averages, the analyses showed a general prob-

lematic situation (Fraillon et al., 2019b) as we can see in detail from the
international percentages of students who reached the different skill levels:

level 4: 2% of students were able to perform checks and make judgments
while searching for information and while creating information products;
level 3: 19% of students were able to work independently in search of
information and with computer management tools;

level 2: 36% of students were able, following the instructions, to use the
computer for the simple collection of information and for the use of basic
management tools;

level 1: 25% of students had only a functional knowledge of using the
computer as a tool;
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— under minimum level: 18% of students were unable to create digital in-
formation products and didn’t have functional knowledge of using the
computer as a tool.

So, at an international level only 2% of students were capable to “critical-
ly evaluate the information” (level 4) and 21% of students were “independent
computer users” (level 3 + level 4). The level 2 of competence — which can
be considered the sufficiency threshold — was reached by 36% of students,
while 43% of students stopped under level 2, placing themselves at the lower
skill levels; they can be referred to as under-performing students because
they failed to understand and perform even the most basic ICT operations.
The percentages of under-performing students in EU participating countries
are shown in fig. 1.

International average

Italy

Luxembourg

France

Portugal

Germany

Finland

Denmark
[ \
0% 10% 20% 30% 40% 50% 60% 70%

Fig. I — Percentages of under-performing students in EU countries

Source: IEA 2019

While wanting to go beyond the logic of ranking, we must take note that
Italian students had more difficulties in CIL than students from all participat-
ing EU countries: in Italy the percentage of under-performing students was
more than 60%. However, except for Denmark, where the percentage of un-
der-performing students was low (17%) and Finland where it was moderate
(28%), in other EU countries the proportion of under-performing students
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ranged from 1 in 3 students to 1 in 2 students. The European Commission,
taking into account ICILS data and considering them to be critical, intro-
duced as an EU target for students’ digital competence to have less than 15%
of under-performing students in CIL by 2030. This target was part of the new
“Digital Education Action Plan (2021-2027): Resetting Education and Train-
ing for the Digital Age”. European Commission also dedicated “A focus on
digital education” in “Education and Training Monitor 2020”. Therefore, we
felt it was necessary to disseminate and deepen this data to promote the edu-
cational changes that effective school digitalization requires.

Many in-depth studies have been published following the release of
ICILS data, to testify the great interest of the whole research community. In
the next subsection we report an excursus of in-depth studies on ICILS data,
to give an idea of topics and countries involved, also to better contextualize
our study. However, as shown in the following subsection, studies on ICILS
2018 are still very few.

2.2. ICILS 2013 and 2018: an excursus of in-depth studies

The aim of this subsection is to draw a map of ICILS data usage and to
give a comprehensive overview of the current literature: most discussed top-
ics and countries involved. Due to the heterogeneity of the topics covered,
discussing the outcomes of each study would lead us far from the focus of
this chapter. The main purpose of this bibliography is:

— to give a state-of-the-art report of the research in this area;
— to show trends and gaps in the research;
— to identify previous studies conducted at national level.

For this literature search the following bibliographic databases were used:
— ERIC (Education Resources Information Centre);

— SCOPUS Elsevier;
— BEI (British Educational Index).

Given that the subject of this research focuses exclusively on studies and
research that have ICILS data as the primary descriptor, the search strategy
was very focused. Therefore, the search, for all databases, is built using the
keyword “ICILS” to identify records. Controlled terms (thesaurus) and exact
descriptors are not the focus in this search strategy.

The tables below show the results of the bibliographic search of studies
on ICILS 2013 data (tabs. 2-4) and on ICILS 2018 data (tab. 5), except for
the IEA ICILS International Reports. The studies on the first cycle are more
numerous so they will be further divided by the countries involved.
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Tab. 2 —ICILS 2013 in depth studies on all participating countries

Author

Title

Source

Alkan and Meinck (2016)

Bundsgaard and Gerick
(2017)

Bundsgaard (2019)

Ercikan, Asil, Grover

(2018)

Gebhardt, Thomson, Ain-
ley, Hillman, IEA (2019)

Ozbasi, Ilgaz (2019)

The relationship between students’ use
of ICT for social communication and
their computer and information liter-
acy

Patterns of students’ computer use and
relations to their computer and infor-
mation literacy: Results of a latent
class analysis and implications for
teaching and learning

DIF as a pedagogical tool: Analysis of
item characteristics in ICILS to under-
stand what students are struggling with

Digital divide: A critical context for
digitally based assessments

Gender differences in computer and
information literacy: An in-depth anal-
ysis of data from ICILS

An examination of educational inputs

with the data envelopment analysis:
The example of ICILS 2013

Large-Scale Assessments in
Education, 4, p. 15, https:/
doi.org/10.1186/s40536-
016-0029-z

Large-Scale Assessments in
Education, 5, p. 16, https://
doi.org/10.1186/s40536-
017-0052-8

Large-Scale Assessments in
Education, 7, p. 9, https://
doi.org/10.1186/s40536-
019-0077-2

Education Policy Analysis
Archives, 26 (51), p. 51,
https://doi.org/10.14507/
epaa.26.3817

IEA Research for Education,
Volume 8

Educational Policy Analysis
and Strategic Research, 14
(3), pp. 129-153

The studies in tab. 2 explore relevant issues on ICILS 2013 international
data: the digital divide, gender differences in CIL, the relation of CIL scores
with student’s patterns of computer use as well as with their ICT use for so-
cial communication. An in-depth study focuses on the characteristic of items
present in ICILS 2013 test. An interesting study comparatively investigates
on how different countries, efficiently use educational inputs to affect infor-
mation and communication technology literacy.

Tab. 3 —ICILS 2013 in depth studies on all participating European countries

Author

Title

Source

Gerick, Eickelmann, Bos
(2017)

Punter, Meelissen, Glas
(2017)

The international computer and infor-
mation literacy study from a European
perspective: Introduction to the special
issue

Gender differences in computer and
information literacy: An exploration
of the performances of girls and boys
in ICILS 2013

European Educational
Research Journal, 16 (6),
pp. 707-715

European Educational
Research Journal, 16 (6),
pp. 762-780
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A study on gender differences was carried out on the 12 European coun-
tries involved in ICILS 2013; the other study provides various secondary
comparative in-depth analyses at a European level (tab. 3). In tab. 4 and tab. 5,
the “country” column shows the geographical areas that the studies explore.

Few studies focus on ICILS 2018 data, with only one in-depth study on
Italy (tab. 5).

As we can see, compared to the studies on ICILS 2013 data, there are
fewer in-depth studies on ICILS 2018 data, including studies that focus on
all educational systems. Exploring the literature, we realised that our re-
search interest had not yet been the subject of any study involving Italy. The
only previous study focused on ICILS 2018 Italian data aimed to investigate
the relationship between teachers’ pedagogical autonomy and students’ CIL
achievement. The results showed that teachers’ pedagogical autonomy, mod-
erated by teachers’ reciprocal professional development in the school con-
text, had a positive correlation to students’ CIL achievement. Based on these
results, the authors recommended “education authorities in Italy to shift more
resources to local schools in addition to providing centralised professional
development training to teachers” (Kameshwara et al., 2020).

In the following section, we present our study in which the Italian ICILS
results are analysed by student characteristics and ICT activities.

3. Italian results in CIL by student characteristics and activities

The subject of this study is the digital and informative skills of Italian
students in relation to their characteristics and the activities carried out. In
particular, student results are studied in relation to:

— students’ characteristics such as gender, migratory origin and socio-eco-
nomic-cultural background;

— school and extracurricular activities that contribute to developing stu-
dents’ digital and informative skills.

The data has been collected by INVALSI in collaboration with IEA, as
part of the ICILS 2018 Project. In Italy the administration took place at the
beginning of the school year, so the average age of Italian students is the
lowest, 13.3 years old, since in the other participating countries the adminis-
tration was conducted in the second part of the school year. The Italian stu-
dents’ sample includes 2,810 students of whom 53.3% are males and 46.7%
females; 10.3% of students share an immigrant background, for 3.1% first
generation and for 7.2% second generation. As already mentioned, 20 stu-
dents were randomly extracted from 150 schools sampled using the Proba-
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bility Proportional to Size method. This study focuses on results of the CIL
test and on information collected through the Student Questionnaire. The
hypothesis investigated is that the data converge to confirm the useful and
necessary inclusion of digital and informative skills at school.

3.1. Analyses and results

Following the IEA recommendations for analysing ICILS data (Fraillon
et al., 2020; Mikheeva and Meyer, 2020), the statistical analyses were con-
ducted using IEA’s International Database (IDB) Analyzer (IEA, 2020) with
SPSS (IBM Corporation, 2016) on the ICILS Italian database. This approach
allowed us to take into consideration the complex sample design (students
nested within schools) and to use the appropriate sample weights and var-
iance estimation techniques (Fraillon et al., 2020; Mikheeva and Meyer,
2020). Differences between students with contrasting characteristics (e.g.,
boys vs. girls; immigrant students vs. native students) were examined by
means of mean difference tests. Differences in ICT resources and activities
between Italy and the ICILS countries were examined by means of differ-
ences in percentages. Finally, correlation coefficients and linear regression
analyses were computed in order to examine the relationships between Ital-
ian results in ICILS and students’ characteristics or ICT activities.

3.1.1. Variation in students’ CIL in relation to their characteristics

The results of our analysis showed (fig. 2) that the average CIL scale
scores of female students were significantly higher than those of male stu-
dents (p <.05).

In the ICILS Italian sample, 10.3% of the students had an immigrant
background, 3.1% of them were first generation students (i.e., foreign-born
students with foreign-born parents), while 7.2% of them were second gen-
eration students (i.e., students born in Italy and with foreign-born parents).
Students with an immigrant background (fig. 2) achieved significantly lower
scores than native students. However, there were important differences be-
tween first generation and second-generation students (fig. 3). Our analyses
showed that first generation students had scores that were significantly lower
than native students, while there were no significant differences between sec-
ond generation and native students. The CIL scores of first-generation stu-
dents were also significantly lower than those of second-generation students.
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Fig. 2 — Average CIL scale scores for boys and girls
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Fig. 3 — Average CIL scale scores for Italian students and students with an immi-
grant background

In the Italian ICILS sample, most of the students (78.6%) speak Italian at
home most of the time, while 15.5% speak a dialect and 5.8% speak another
language. Our analysis showed that there were significant variations in CIL
scores between students speaking Italian and those speaking dialect or anoth-
er language (fig. 4). More specifically, students speaking dialect, or another
language obtained significantly lower scores (p <.05) than students speaking
Italian. There were no statistically significant differences between students
speaking a dialect and students speaking another language.
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Fig. 4 — Average CIL scale score by language spoken at home

In ICILS 2018, the socioeconomic status (SES) of the students’ fami-
lies was measured based on the National Index of Students’ Socioeconom-
ic Background (NISB; Fraillon ef al., 2020). The NISB was derived from
the following three indices: highest occupational status of parents, highest
educational level of parents, and the number of books at home. The NISB
scores consists of factor scores from the principal component analysis con-
ducted on these indices, with an average of 0 and standard deviations of
1. Our analysis showed that the students’ SES had a positive impact on
their CIL scale scores (B = 26.21, p <.05). Therefore, higher SES students
achieved significantly better CIL performances. We computed also the ter-
tiles of the SES scores, in order to distinguish three groups of students:
lower SES (comprising students with SES scores in the first tertile), central
SES (comprising students with SES score in the second tertile), and higher
SES (comprising students with SES score in the third tertile). Then, we
compared the CIL scale scores of these three groups of students (fig. 5). The
results of this analysis showed that the average CIL scores of students in the
“higher” groups were statistically significantly higher than that of students
in the “lower” groups (p < .05).
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Fig. 5 — Average CIL scale scores by socioeconomic status

3.1.2. Variations in students’ CIL in relation to ICT at school

In ICILS 2018, school ICT coordinators were asked about the extent to
which they perceived that in their school the use of ICT for teaching was hin-
dered by different factors, such as insufficient internet bandwidth or speed or
not enough computers for instruction. The results were reported at the level
of students: that is, in percentages of students who were enrolled at schools
where each of the factors was reported as a hindrance to ICT use for teaching
a lot or to some extent. Tab. 6 shows these results for Italy and the ICILS
2018 average.

In Italy, the percentage of students enrolled at schools where the use of
ICT for teaching and learning was hindered by insufficient ICT resources
were significantly higher than the ICLS average in all the factors taken into
consideration (tab. 6). Therefore, Italian schools seem to suffer more than
other ICILS countries for the lack of ICT resources.

In ICILS 2018, students were asked to indicate the extent to which they
had learned how to do various ICT tasks at school, which included, for ex-
ample: provide references to internet resources, work out whether to trust
information from the internet, present information for a given audience or
purpose using ICT. Tab. 7 shows, for each ICT task, the percentages of Ital-
ian students recording that they learned at school about it to a large or mod-
erate extent, together with the ICILS average.
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The percentage of Italian students who learned the ICT tasks at school to
a large or moderate extent was significantly lower than the ICILS average
in most of the tasks. In three tasks (i.e., work out whether to trust informa-
tion from the internet, decide what information obtained from the internet
is relevant to include in schoolwork, and decide where to look for informa-
tion on the internet about an unfamiliar topic) the percentages of Italian stu-
dents were similar to the ICILS average. Therefore, compared to other ICILS
countries, fewer Italian students seem to learn about ICT at school.

A scale was derived from the items of the questionnaires that asked stu-
dents about learning the different tasks of ICT at school (Fraillon et al.,
2020). Higher scores on this scale indicate greater attribution to school-based
CIL learning. We analyzed the correlation between students’ score on this
scale and their CIL scale score. Students’ learning of ICT at school was pos-
itively correlated with their CIL scores (» =.15; p <.05). Therefore, students
had better CIL performances when they have learned about ICT at school
to a greater extent. This suggests that schools can foster students’ computer
information literacy by enhancing their learning of ICT at school.

Students were asked to report how often they used ICT for school-related
purposes that ranged from the conventional to less conventional and includ-
ed for example: prepare reports or essays; use coding software to complete
assignments, work online with other students.

Tab. 8 shows the percentages of Italian students that used ICT on a week-
ly basis for each school-related purpose, together with the ICILS average.

The percentages of Italian students who reported a weekly use of ICT for
school-related purposes were significantly lower than the ICILS average on
most of the tasks. However, the percentages of students were higher than the
ICILS average on two tasks: use the internet to do research and make video
or audio productions.

All the items in this scale were used to derive a scale of students’ use of
ICT for study purposes, where higher scale scores reflect more frequent use
of ICT. We analyzed the correlation between students’ score on this scale and
their CIL scale score. The correlation between the students’ use of ICT for
school related purposes and their CIL scores was not statistically significant.
Therefore, this kind of use of ICT did not seem to be related to students’
CIL. This result was consistent with findings from other ICILS’ countries
(Fraillon et al., 2019b).
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Finally, we focused on the Italian students’ use ICT during lessons. In
ICILS 2018 students were asked how often they used each of 11 listed ICT
tools during lessons. Some of these tools were general applications (produc-
tivity, word processing, and presentation software and computer-based in-
formation resources), while others were specialist applications (multimedia
production, concept mapping, real-world data capture, simulations and mod-
eling software, computer-based information resources, interactive digital
learning resources, and graphing or drawing software). Tabb. 9 and 10 show
the percentages of Italian students who used each of these tools in “most” or
in “every or almost every lesson”, together with the ICILS average.

Tab. 9 — Percentages of students using general ICT applications during most or all
lessons

Percentages of students who reported at least weekly use of ICT
(general applications)

Tutorial or prac- Word-processing  Presentation Spreadsheets
tice software software software
Italy 8(0.6) V 1407) Vv 1507 Vv 10 (0.6) V
ICILS average 13 (0.3) 28 (0.4) 26 (0.4) 16 (0.3)

V significantly below the ICILS 2018 average; ¥ more than 10 percentage points below the ICILS
2018 average

Source: IEA ICILS 2018 International Report (Fraillon et al., 2019b)

Tab. 10 — Percentages of students using specialist ICT applications during most or
all lessons

Percentages of students who reported at least weekly use of ICT (specialist applications)

Multi-  Concept Tools that Simula- Computer Interactive Graph-
media  mapping capture tions and based in-  digital ing or
production software real-world modeling formation learning drawing
tools data  software resources resources software

Ttaly 12(08) 15(0.8) A 10(0.6) 8(0.6) 29(L.1) 14(0.7) 14(07)
ICILS average 11(0.2) 9(0.2)  10(0.2) 8(0.2) 29(0.4) 15(0.3) 14(0.3)

A\ significantly above the ICILS 2018 average
Source: IEA ICILS 2018 International Report (Fraillon et al., 2019b)

The percentages of Italian students who reported using general applica-
tions during most or all lessons (tab. 9) were significantly lower than the
ICILS average of all the different tools taken into consideration. However,
the percentages of Italian students using specialist applications (tab. 10) were
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not statistically different from the ICILS average and were higher for using
concept mapping software.

Two scales were derived from these items (Fraillon et al., 2020), one rep-
resented the extent to which general applications were used in class, while
the second represented the extent to which specialist applications were used
in class. We analyzed the correlations between Italian students’ CIL scores
and each of these two scales. The use of general applications in class was
positively correlated with students’ CIL scores (r = .20; p < .05), while the
use of specialistic applications in class was negatively correlated with stu-
dents’ CIL scores (r = -.09; p <.05). Therefore, students achieved better CIL
performances when general applications were used more frequently during
lessons, but they achieved worse CIL performances when specialistic appli-
cations were used more frequently during lessons. These results are consist-
ent with findings from other ICILS countries and further studies are needed
to understand them (Fraillon ez al., 2019b).

4. CIL and Innovative school library

The spreading of the Innovative School Libraries would make a great
contribution to enhance Italian students’ competences in CIL. In Italy, the
development of the Innovative School Libraries was introduced with Law
107/2015, and specifically with Action #24 of the PNSD. The Plan outlined
the guidelines of the future school towards a path of innovation and digi-
talization. However, investments in learning environments to develop and
practice digital and informative skills do not yet seem adequate; in terms of
policies, it is necessary to overcome a fragmented system whereby invest-
ments are concentrated in a few schools (Fornasari, 2019). Particularly, the
Innovative School Libraries have not been implemented in every school; the
funds allocated for their activation were able to satisfy only a limited number
of schools, participating in a dedicated Project Call; schools without a library
could not participate in such a Call, thus increasing the differences between
schools. Last but not least, the lack of dedicated personnel, i.e., school librar-
ians, adversely interferes with the functioning of school libraries.

The PNSD assigned a key role to Innovative school libraries in overcom-
ing all forms of disadvantages, including the digital divide. In fact, these
advanced school libraries combine the digital aspect with the historical link
between libraries and information literacy.

The expression information literacy was coined in USA within the Infor-
mation Industry Association during 1974; in the same year the concept was
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transposed and applied in library field which remained for decades the most
fertile environment for its development. Fifteen years later, following recom-
mendations from the ALA!'" on information literacy, the NFIL! was created
and currently consists of more than 90 international organizations; it engages
to introduce and develop information literacy in educational and work fields.
Since almost 50 years ago, IASL'? has been organising an annual conference
comparing school librarians, teachers, and researchers on how school librar-
ies can contribute to the development of lifelong learning and information
skills. So, the current concept of information literacy was developed with the
main contribution of library science and partly of psychologys; it relates to the
processes of identifying information needs, researching and locating infor-
mation, evaluating their quality. Twenty-first century literacy passes through
the ability to be “computer information literate™ that is be literate in the
search for information even in a digital environment. In ICILS 2018 (Frail-
lon et al., 2019a) Computer Information Literacy is conceptualized as the set
of skills that an individual must possess to meet the requirements imposed by
the communication society. The strong link between information literacy and
school libraries is supported by influential institutions at international level
as IFLA and UNESCO. Translated into many languages'®, “School Library
Manifesto — Teaching and Learning for all” (IFLA and UNESCO, 1999)!
promotes the school library as part of the educational process and strategic
environment for information literacy; in particular, it recognizes the key role
of school libraries in the development of media and information skill pro-
grams (Grizzle et al., 2013). Equal emphasis on the importance of school li-
braries for information literacy can be found in IFLA “Guidelines for School
Libraries”, published in 2002!* and reviewed in 2015'¢. In addition to these
historical authoritative Institutions, the most recent ENSIL14 documents and
shares experiences of using the school library from an information literacy
perspective; Italy also adheres to this important network. Actually, there is no
shortage of virtuous examples at national level; mainly university libraries
have long included, in their annual work plan, information literacy activities;

10" American Library Association.

! National Forum on Information Literacy.

12 International Association of School Librarianship.

13 Ttalian edition by the Italian Library Association, 1999: Translation by Luisa Marquardt
revised in 2003.

14 Updated edition expected in 2021.

15 Ttalian edition by the National Commission of School Libraries of the Italian Library
Association. Coordination and review by Luisa Marquardt and Paolo Odasso, Rome, AIB, 2004.

16 Ttalian translation by Luisa Marquardt.
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contributions have been given to suggest methods and content of information
education courses in school library (Ballestra, 2011). But the didactic func-
tion assigned to the school librarian in European countries such as Denmark,
Germany, France, England, Norway, and Poland (Bolletti, Lombello and
Marquardt, 2000) reveals a gap for Italy that should be recovered in order to
develop media and information literacy. The Italian education system took
the first steps in this direction during the last school reform (Law 107/2015)
by establishing the “Innovative school libraries”. A subsequent project has
been set up to which a limited number of schools have been able to join and
to develop these advanced digital libraries. The Innovative school libraries
could play an important role in the development of digital and informative
skills, therefore a broader plan for the digitalization of the school should
provide for its diffusion, enhancement, and dedicated library staff. Although
not deepened in ICILS, Denmark — which ranked first in CIL — is the country
where the school libraries are compulsory in all school orders.

The introduction of information literacy as a separate subject raises the
same concerns as the single teaching of digital technologies, which would
have led to a partial failure (Calvani, 2013). Rather, a review of teaching/
learning patterns may be necessary, including the development of these skills
in relation to other areas of competence. For example, the teaching of digital
citizenship (introduced from September 2020) would find a complement in
information literacy and a privileged place of development in Innovative
School Library.

5. Conclusions

Active and conscious participation in the society of the 21% century re-
quires sophisticated digital and informative skills for research, evaluation,
and use of information. It has long been argued that the lack of political
attention and adequate training in digital skills is associated with increasing
levels of inequality (Van Dijk, 2006). ICILS results support the central role
of school in the development of CIL, stating the need to integrate these skills
into teaching and learning. Countries with the best CIL scores have the high-
est percentages of students attending schools where they frequently learn
and practice ICT tasks; in these schools there are adequate infrastructure,
learning materials and professional learning support for teachers. The results
of the study on Italian ICILS data confirm the usefulness and suggest the
urgency of implementing CIL at school to improve achievement and reduce
the digital divide. Actually, Italian students who frequently learn and use

106

Copyright © 2023 by FrancoAngeli s.r.l., Milano, Italy & INVALSI. ISBN 9788835153153



ICT tasks at school achieve better in CIL than those who do not, unfortu-
nately the latter prevail. In Italy, the under-performing students in CIL are
63% of students, many more than on the international average (43%) and
in the other EU countries. The scores of Italian students in CIL give cause
for concern, because of the digital divide within the country and in relation
to other countries. The analyses on CIL in relation to characteristics of Ital-
ian students such as gender, origin and socio-economic-cultural background
confirm the differences found at international level. The analyses conducted
dividing the students into three groups by SES scores show a difference of
more than 50 points between CIL average score of students with high SES
and that of students with low SES. These differences should be better inves-
tigated and faced in relation to the territorial disadvantaged background and
to the “segregation” in schools with few resources and low achievement.
Looking forward to a major national school digitalization plan, it should be
stressed that a change in traditional teaching and learning patterns is just as
necessary. The mere presence at school of computer equipment is not suffi-
cient to develop digital and informative skills in the dearth of teaching and
practice of ICT tasks. The European Commission in “Education and Training
Monitor 2020 — Italy” dedicates a section focused on teaching and learning
in the digital age, highlighting current critical issues, and recommending the
proper changes for improvement. The EU “Digital Education Action Plan
(2021-2027): Resetting Education and Training for the Digital Age”, with
the target of less than 15% of under-performing students in CIL by 2030, is a
major challenge for EU countries but especially for Italy.

The Innovative school libraries have been recognized (PNSD, School
Reform, 2015) as information and documentation centres with a key role in
learning and overcoming any disadvantage, including the digital divide; they
could be a landmark for the development of CIL programs as well as a learn-
ing environment for these skills. The link between library and information
literacy is recalled by the achievement of the best ICILS results in Denmark,
the country where the school libraries are compulsory in all schools. Finland
also has excellent results in CIL and is known for its inclusive digital librar-
ies that support the education system, probably the best in the world and cer-
tainly a virtuous example of innovation. Collaborative teaching, since 2016
introduced in Finnish schools, aims to provide students with the appropriate
skills for life in the knowledge society. A subject is addressed from many
points of view and by various means, including the use of technologies. Par-
ticular attention is paid to the conscious and critical use of technologies that
allows to identify fake news and avoid cyber bullying (Repubblica, 2017).
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6. Difficulty perception in answering argumentative
INVALSI tests: a qualitative study

by Camilla Spagnolo, Marta Saccoletto

The paper shows preliminary results of a qualitative investigation focused
on students’ perceived difficulties after solving INVALSI Math tasks (grade
9 and 10 students). This survey is part of a larger study made up of a first
qualitative phase and a second quantitative phase. The purpose of the first
qualitative phase is to identify the factors that influence students’ perceived
difficulties.

Despite factors that contribute to increasing or decreasing the difficulties
of a task (in an absolute sense) are widely studied in the literature, the stu-
dent’s perceived difficulty relative to a Math task is not.

In order to investigate students’ metacognitive factors, mathematical
competencies (through the resolution of INVALSI tasks), as well as the ex-
plication of difficulties faced in the comprehension and resolution of tasks,
a questionnaire was administered during the qualitative phase. The aim of
this research is to highlight some of the factors that contribute to building
students’ perceived difficulties in relation to Mathematical tasks.

Future phases of the research will allow us to compare students’ perceived
difficulty to that of teachers and to the skill levels constructed by INVALSI.

Mostriamo i primi risultati di un’indagine qualitativa incentrata sulla
percezione di difficolta di studenti (di grado 9 e 10) dopo aver risolto dei
task INVALSI di Matematica. Questa indagine si inserisce in uno studio piu
ampio composto da una prima fase qualitativa e una seconda fase quanti-
tativa. Scopo della prima fase qualitativa é quello di delineare i fattori che
influiscono sulle percezioni di difficolta degli studenti.

In letteratura sono ampiamente studiati i fattori che contribuiscono ad
aumentare o diminuire le difficolta di un task (in senso assoluto), ma non la
percezione di difficolta dello studente relativamente a un task.
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Durante la fase qualitativa é stato somministrato un questionario con lo
scopo di indagare fattori metacognitivi degli studenti, competenze matemati-
che (attraverso la risoluzione di task INVALSI), nonché [’esplicitazione delle
difficolta incontrate nella comprensione e risoluzione dei task. Obiettivo di
questa ricerca é mettere in luce alcuni dei fattori che contribuiscono a costru-
ire la percezione di difficolta degli studenti relativamente a task matematici.

Le fasi successive della ricerca permetteranno di mettere in relazione
la percezione di difficolta degli studenti con quella degli insegnanti e con i
livelli di abilita costruiti da INVALSI.

1. Introduction

For research in Mathematics Education, the topic of difficulties is excep-
tionally extensive and central. Several researchers have considered many of
the aspects related to difficulties (Capozio et al., 2018).

Some studies aim to figure out the causes, to find out different factors that
impact on the issue and to develop — starting from this knowledge — paths of
prevention and getting over difficulties (see for example Baccaglini-Frank et
al., 2018; Zan, 2007).

The main factors that literature has highlighted relate to i) students’ abil-
ities or skills; ii) difficulty of the task in terms of abilities or skills needed
to solve it; iii) affective factors. The factors that are most closely related to
the aim of our research are affective factors, such as beliefs, emotions, and
attitudes (McLeod, 1992).

The aim of our research is to highlight some of the factors related to the
difficulties students perceive when faced with a mathematical task.

In mathematics Education, there is no agreed upon definition of “per-
ceived difficulty” and few surveys have explored factors related to this top-
ic. Therefore, we would try to clarify what we mean here by considering a
specific situation: when a student is solving a math task. In the process of
solving a Mathematics task, a student may stumble across multiple difficul-
ties that may depend both on the student’s own peculiarities (such as his/her
skills and knowledge, beliefs and attitudes) or on peculiarities of the task
(such as the text or the mathematical content involved). These characteristics
of the Mathematical task are the same ones that can also influence his idea of
the task and consequently can influence his perceived difficulties. Therefore,
while closely related, difficulty and perceived difficulty are two different is-
sues. We believe that one of the main differences is that perceived difficulty
influences students’ behaviour in approaching a Math task.
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The perceived difficulty of a student does not necessarily coincide with
the “objective” difficulty of the task (which, for instance, is attributed through
the levels of ability built by INVALSI), or with the teacher’s perceived diffi-
culty of the task. Consequently we think that identifying some factors related
with students’ perceived difficulties could help us understand why some IN-
VALSI tasks have blank answers. In order to do so, we will have to distin-
guish between the perceived difficulty before and after solving a Math task.

In this paper we deal only with the factors that influence the perception of
difficulty after solving the task.

2. Background of the research and statement of the problem

In recent years, several authors have investigated how the variation of
some elements within the questions can impact the students’ behavior and
their perception of difficulty (Vicente et al., 2007).

Among the factors that influence students’ approach to answering a writ-
ten test, the text phrasing is vital: one formulation is not necessarily better or
worse than another, but changing the wording actually changes the problem
(Bagni and D’ Amore, 2005). As pointed out by D’ Amore (2000) and Bolon-
di, Branchetti, and Giberti (2018), text changes, even if minimal, can affect
students’ approach to the problem. The text factors include, for example, ed-
iting, punctuation, syntactic complexity, word density, information order, ex-
plicit declaration of intermediate objects necessary for the solution (Laborde,
1995). However, students’ solution strategies can also be influenced by nu-
merical factors, such as numerical magnitude (Thevenot and Oakhill, 2005).
This result is confirmed and deeply analyzed by De Corte, Verschaffel and
Van Coillie (1988), who studied how the kind of number — such as integer,
decimal greater or smaller than 1 — can affect students’ difficulties.

According with the literature results, we hypothesized and analyzed that,
among the perceived-difficulties-influencing-factors, there may be the “three
components of the difficulty of the WP [Word Problem]” (Daroczy et al.,
2015): the linguistic complexity of the question text, the numerical com-
plexity of the arithmetic problem and the relationship between the linguistic
complexity and the problem numerical complexity. Moreover, we investi-
gated other fundamental aspects, such as students’ attitudes and beliefs in
mathematics.
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3. Inquiring design

As we anticipated before, the study is work in progress. The inquiring
design concerns two phases: a first qualitative phase will be followed by a
second quantitative one. This paper concerns the preliminary results of the
qualitative study, which involved upper secondary students. These results
(emerged from the first qualitative phase) will be used in the large-scale anal-
ysis (phase 2) to better understand their impact.

In the following we present some examples of factors, which emerged
from the preliminary results of the qualitative phase.

This first qualitative phase has been led by quantitative data on a large
scale: the research is qualitative, but the INVALSI tasks that we submit to
students and the questions that we construct for the questionnaire are guided
by the quantitative INVALSI results.

The experimentation involved 79 students: two grade 9 classes and two
grade 10 classes of an Italian High School. Students completed an online
questionnaire which was followed by whole-class focus groups.

3.1. Questionnaire and Focus group

The questionnaire and the focus group allowed us to investigate some of
the factors that contribute to a student’s personal perceived difficulty with
argumentative questions and in particular how much of the perception of
difficulty is related to “constructing an argument” and “recognizing an ar-
gument”.

The questionnaire was composed of four sections:

— Section 1: the goal was to investigate what metacognitive factors and
factors related to students’ attitudes and beliefs might be;

— Sections 2, 3: the goal was to investigate perceived difficulty regarding
two specific INVALSI tasks. Students had to first solve the task and then
answer some questions related to the task and their perceived difficulty;

— Section 4: the goal was to let the student identify the most difficult task,
justifying the answer.

Particularly, the questions in the first section aimed to examine diagnoses
of difficulties related to negative or positive attitudes toward mathematics,
but also about responsibility for learning. Specifically, four questions in this
section were taken from a previously validated questionnaire (Zan and Bac-
caglini-Frank, 2017).

The questionnaire was administered in-person to students and was filled
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out through Google forms. The questionnaire was followed by whole-class
focus groups conducted remotely through Google Classroom (applet Meet).
The focus groups were conducted with the idea of helping categorize some
of the answers given by the students. For this reason, the answers given
by the students were commented on and a discussion with the whole class
followed.

3.2. Choice of the tasks

The questionnaire concerned two INVALSI tasks. The criteria we fol-
lowed to choose these two items are the following. Firstly, we decided to
investigate the perceived difficulties relating to the INVALSI argumentative
questions. Secondly, we paid attention to argumentative questions relating
to the Numbers area. Thirdly, with the help of the teachers of the classes in-
volved in the experimentation, we selected tasks whose content had already
been dealt with. This decision made it possible to exclude that the perception
of difficulty was influenced by the fact that the students did not know the
topic. Fourthly, we chose INVALSI tasks closer to the grades of our stu-
dents’ sample. Due to INVALSI tests being administered to Italian students
of grade 2, 5, 8, 10, 13, we decided to consider grade 8 and 10 tasks. Finally,
we selected tasks with correct response percentages less than 50%, because
we wanted to select tasks with evident difficulties.

The two tasks chosen had both common and different features from a
mathematical perspective. On the one hand, the task chosen for Section 2
was a multiple-choice item that required recognizing a correct argumenta-
tion, while the task chosen for Section 3 was an open-ended item that re-
quired production of argumentation. On the other hand, for both items, focus
of the content involved literal calculus and both tasks could be solved using
the same strategy: proving the falsity of a statement through a counterexam-
ple. In other words, the mathematical content and the solution strategy were
the same, while the requested process was different. Below we report the
selected tasks.

Task 1 belongs to Section 2 of the questionnaire and was submitted to
grade 8 Italian students by INVALSI in 2017.
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n & un numero naturale.

Antonio afferma che “4n-1 & sempre un multiplo di 3”.

Antonio ha ragione?

Nella tabella che segue indica |a_sola argomentazione che giustifica la risposta
corretta.

Antonio ha ragione... Antonio non ha ragione...
A. perché 4n-1=3n C. perché 4n-1 & sempre dispari
B. perché se n=4 allora 4n-1=15| |[D. perché se n=3 allora 4n-1=11

Fig. 1 —Item D25-B, grade 8, Mathematics INVALSI test, 2017"

As mentioned above, the task requires recognizing the correct argumenta-
tion. It also requires being able to identify multiples and divisors of a natural
number and to be able to deal with literal calculation.

National percentages show that 40.3% of students answer correctly (and
thus choose answer D), 50.2% answer incorrectly, and 9.5% do not answer.
Among students who get it wrong, 20.6% choose option A, 8.5% choose
option B, and 21.1% choose option C. The results are summarized in the
graph below.

! The authors translated Task 1 text as follows: “n is a natural number. Anthony affirms
that “4n-1 is always a multiple of 3°. Is Anthony right? In the table below, mark the only
argument that justifies the correct answer. A. Anthony is right because 4n-1=3n. B. Anthony
is right because if n=4 then 4n-1=15. C. Anthony is not right because 4n-1 is always odd. D.
Anthony is not right because if n=3 then 4n-1=11".
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Correct answers (D)
40.3%

Answer B
8.5%

Incorrect answers
50.2%

Answer C
21.1%

Missing answers
9.5%

Fig. 2 — Results of item D25-B, grade 8, Mathematics INVALSI test, 2017

Task 2 belongs to Section 3 of the questionnaire and was submitted to
grade 10 Italian students by INVALSI in 2014:

D6. Marco afferma che, per ogni numero naturale n maggiore di 0, n*+n+1umero primo.
Marco ha ragione?

Scegli una delle due risposte e completa la frase.

O Marco ha ragione, PErché ... i e st s et se s s s s snnnnnene

O Marco non ha FREIONG, PATOINE  cuucssssss isssssvsnssasussusssssnosssssssmssassins ssasssss sidnsss visisss sssasansinns

Fig. 3 — Item D6, grade 10, Mathematics INVALSI test, 2014°

As mentioned above, the task requires validating results through an argu-
mentation. It also requires using the techniques and procedures of arithmetic
and algebraic calculation, and being able to use letters as symbols and variables.

National percentages show that 17.8% of students answer correctly,
55.3% answer incorrectly, and 23.5% do not answer. The results are summa-
rized in the graph below (fig. 4).

2 The authors translated Task 2 text as follows: “Mark states that, for every natural num-
ber n greater than 0, n2+n+1 is a prime number. Is Mark right? Choose one of the two answers
and complete the sentence. Mark is right, because... Mark is not right, because...”.

116

Copyright © 2023 by FrancoAngeli s.r.I., Milano, Italy & INVALSI. ISBN 9788835153153



Not valid
3.4%

Missing answers
23.5%

Incorrect answers
55.3% Correct answers

17.8%

Fig. 4 — Results of item D6, grade 10, Mathematics INVALSI test, 2014

The final questions in Section 2 and 3 respectively are mostly open-ended
questions and are the same for both sections. The purpose of these addition-
al questions was to inquire students’ ideas and to link them — in a strictly
qualitative way — with students’ attitudes, beliefs or peculiar INVALSI item
elements. Particularly, we investigated the relation between the perceived
difficulty and the request to construct or recognize an argument.

4. Data analysis®
4.1. First section questionnaire answers (metacognitive section)

At the beginning of the questionnaire, we asked students: “Write three ad-
jectives that you think describe you properly as a math student”. In order to ob-
tain an immediate and easy to read data representation, we split the adjectives
in positive (black words) and negative (italic grey words) (Capozio, Di Mar-
tino and Passaro, 2018). The words’ size is directly proportional to the words’
frequencies and we combined the synonyms in order to avoid repetitions.

3 The questionnaire was administered in Italian and the students’ answers were also col-
lected in Italian. The texts (provided in English) were translated by the authors.

117

Copyright © 2023 by FrancoAngeli s.r.l., Milano, Italy & INVALSI. ISBN 9788835153153



ANXIOUS
BORED LAZ ""“éOKLlVLEll_)ED

INATTENTIVE

C L EV E R M(ZT\IIY»\\T\E;:) :
o' AT TENTIVE "

NISiicenT UNABLE ™
“"IGNORANT ==

DISTURBED

Fig. 5 — Word cloud with positive and negative adjectives

The word-cloud shows that negative adjectives are more frequent than
positive ones. Furthermore, most of the students specified if they are “Atten-
tive” or “Inattentive” during mathematics class. The more frequent positive
adjectives are “Attentive”, “Interested” and “Diligent” (frequency higher
than 10), followed by “Skilled” (frequency equal to 7) and by other adjec-
tives with frequencies lower than 6. Instead, as far as negative adjectives
are concerned, “Inattentive”, “Unable”, “Lazy”, “Ignorant”, “Anxious” and
“Bored” occur more frequently. It is interesting that all the adjectives that
are linked with emotions (as anxious, nervous, etc.) appear in grey and are
linked to negative emotions. In conclusion, the choice of the adjectives splits
classrooms between attentive, diligent students and inattentive, lazy or bored
students. It seems anyway that most of the students are experiencing some
trouble with mathematics, as only negative emotions appear and the adjec-
tives describing students’ skills and knowledge are mostly negative. With
the aim to deeply inquire about the reasons for students’ mathematics diffi-
culties, from the students’ point of view, we proposed the question: “What
do you think are the reasons for your difficulties in Mathematics?”. This
question was followed by some statements, such as “I am not intelligent
enough”, “The teacher is too demanding” or “My study method is wrong”.
For each statement students were asked to choose an answer from “Not at
all” to “Very much”. The answers are collected in the graph below. Students
describe themselves as interested in Mathematics and state that it is useful.
In fact, only three students claim that their difficulty is linked with the fact
that they make little effort because they are not interested in Mathematics, or
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they think that Mathematics is useless. On the other hand, 57 students, 71%
of the sample, totally disagree with the sentence “I make little effort because
I believe that Mathematics is useless”.

60

50

40

30

20

I make little effort because I am not interested I make little effort because I believe that mathematics is
useless

Not atall = A little ®Rather ®Very much

Fig. 6 — Some of the results of the question “What do you think are the reasons for
your difficulties in Maths?”

These results are in tune with the broad social conviction that Mathemat-
ics is useful, as although most students are unable to explain why and to rec-
ognize whether they are effectively using Mathematical related knowledge
(Niss, 1984). Moreover, 67 students do not attribute their difficulties to a lack
of intelligence, rather to a difficult kind of intelligence.

119

Copyright © 2023 by FrancoAngeli s.r.l., Milano, Italy & INVALSI. ISBN 9788835153153



40

35

30

25

20

15

I am not intelligent enough. T have a different type of intelligence

Not atall = A little = Rather ®Very much

Fig. 7 — Some of the results of the question “What do you think are the reasons for
your difficulties in Maths?”

The statement with the higher frequencies of students answering “Rath-
er” or “Very much” is “I get anxious” (“Mi faccio prendere dall’ansia”). In
fact, 46 students, 58.22% of the sample, answered 31 “Rather” (15 students)
or “Very much” (31 students). This confirms the importance of the metacog-
nitive factors (e.g. Capozio, Di Martino and Passaro, 2018) and supports the
word-cloud inferences.

4.2. Remarks on the results of INVALSI tasks
4.2.1. First INVALSI task

The following graph (see fig. 8) represents how students answered the
first proposed INVALSI task (which is represented in fig. 1).
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Antony is right because if
n=4 then 4n-1=15
5.1%

Antony is right because
4n-1=3n
21.8%

Antony is not right because
4n-1 is always odd
41.0%

Antony is not right because
if n=3 then 4n-1=11
32.1%

Fig. 8 — Sample students answer at the first INVALSI task

Sample students’ answers are quite different from the answers at the na-
tional level, this is probably related with the sample choice. In fact, as stated
before, the classes selected are from a specific High School and share the
same curriculum.

In our case, the percentage of the correct answer is 32.1%, lower than the
correct answer at a national level. Moreover, we can see that 21.8% of the
students answer “Antonio ha ragione perche 4n-1=3n" (“Anthony is right,
because 4n-1=3n"), showing a difficulty with literal calculations. As an ex-
ample, we report a student justification for this answer:

Anthony is right, because n=x, hence 4x-1=3x.

This previous response highlights a lack of control, both in the literal cal-
culation and in the justification production. We can also interpret this answer
as an example of a ritual justification (Harel and Sowder, 1998).

Above all, most of the students, 41.0% of the sample, choose the answer
“Antonio non ha ragione perche¢ 4n-1 ¢ sempre un numero dispari” (“An-
thony is not right, because 4n-1 is always odd”). During the focus groups,
we inquired about the motivation for this high percentage, and we identified
two main reasons related to this kind of answer. The first reason, more wide-
spread and expected, was the fact that students were focused on the state-
ment’s truth and they did not pay attention to the fact that the statement was
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not a valid justification for the answer. The following answer is an example
of this kind of behavior:

I tried to substitute the n with any natural number other than 0. For example,
(4x6)-1 = 24-1 which is an odd number. Done with any other natural number, the
explanation is always the same. (4x8)-1=32-1=31, odd number*.

Though the student chose values for the n, from which follow numbers
that are not multiple of three, his conclusion shows a focus on the parity of
the numbers.

Secondly, some of the students showed difficulty in the interpretation of
“4n-17, which they interpreted as “any odd numbers”. The incorrect interpre-
tation of the literal expression leads them to think “4n-1 is any odd number,
and not all the odd numbers are multiple of three” and therefore to choose
the related answer. In other words, this time we can identify problems related
to the control of algebra expression, rather than difficulty with deductions.

4.2.2. Second INVALSI task

The following graph collects the students’ answers to the second INVALSI
task, the open-ended question represented in fig. 3.

We can observe that the percentage of uncorrected answers is extremely
high (91.0% of the sample). Although approximately half of the students
understand that Mark is not right, they are not able to produce a valid justi-
fication. We recognized two typical incorrect justifications to the statement
“Mark is not right”. The first one is of the kind “No, because no”, as for
example the answer “non ha ragione perché non sempre ¢ un numero primo”
(“He is not right because it is not always a prime number”). The second
argumentation is linked with the fact that n could be any natural number. A
typical response in this case is “dipende che numeri ci sono al posto di n” (““it
depends on which numbers are in substitution of n””).

4 “Ho provato a scambiare la n con un qualsiasi numero naturale diverso da 0. Per esem-
pio (4x6)-1=24-1 che ¢ un numero dispari. Fatto con qualsiasi altro numero naturale la spiega-
zione ¢ sempre uguale. (4x8)-1=32-1= 31, numero dispari” (authors’ translation).
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Correct answers
9.0%

Incorrect answers
91.0%

Fig. 9 — Students’ answer to the second INVALSI task (open-ended question)

4.3. Observations related to the difficulty perception

Following the general presentation of the response at the metacognitive
questions and at the INVALSI tasks, we can discuss the answers to those
questions related to students’ difficulty perception. The following is a three-
step analysis. Firstly, we investigated the difficulty level that students at-
tributed to the single INVALSI task and the difficult comparison of the two
items. Secondly, we compared the difficulty perception levels and the fact
that students answered correctly or incorrectly to the INVALSI tasks. Third-
ly, we investigated the possible relations between the task difficulty percep-
tion and the preparation perception in addressing the specific task.

As far as the first step is concerned, we asked students to assign a difficult
level at the INVALSI tasks after they solved it. The scale was 1 (“Molto
facile” = “Very easy”) to 10 (“Molto difficile” = “Very difficult”). The two
following graphs show students’ answers for the first INVALSI task and the
second one respectively.
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8(10.1%)

2 8(10.1%)
3 7 (8.9%)
4 7 (8.9%)

13 (16.5%)

7 5(6.3%)
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9 6 (7.6%)

9 (11.4%)

o

Fig. 10— Students’ answer to the question “On a scale 1 (very easy) to 10 (very dif-
Sficult) how difficult did you find this task?” related to the first INVALSI task

8 (10.1%)
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Fig. 11 — Students’ answer to the question “On a scale 1 (very easy) to 10 (very
difficult) how difficult did you find this task?” related to the second INVALSI task
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We can observe that there is not such a difference between the two graphs:
students are distributed among all choice options and the answer average is
equal to 5.56 for the first item and 5.58 for the second one. So, although stu-
dents’ answers to the two INVALSI tasks were different in percentage, from
these graphs does not emerge a difference with respect to the difficulty per-
ception. In other words, the students’ difficulty evaluation for each question
(considered separately) do not seem to particularly differ.

Furthermore, at the end of the questionnaire, we asked students to com-
pare the difficulty of the two INVALSI tasks they addressed, asking them di-
rectly which of the INVALSI tasks they had found more difficult. The figure
12 shows the responses to this question.

I found Q1
more difficult
25.6%

They seemed
difficult alike
26.9%

I found Q2
more difficult
47.4%

Fig. 12 — Students’ answer to the question “Which of the two [INVALSI] tasks did
you find more difficult?”

In this case, almost fifty percent of the students stated that they had found
the second INVALSI task more difficult than the first one. Approximately
one student out of four stated that he/she had found the first task more diffi-
cult and approximately one student out of four stated that he/she had found
the two tasks difficult alike. Hence, in this case we reckon a difference be-
tween the difficulty perception of the two INVALSI tasks.
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4.4. Remarks on the difficulty levels assigned to the tasks and com-
parison between the previous questions

Finally, we compared the answers of the three questions:
— (D1) On ascale 1 to 10, how difficult did you find this [first] task?
— (D2) On ascale 1 to 10, how difficult did you find this [second] task?
— (D3) Compare the two tasks you addressed during this test. Which of the

two tasks did you find more difficult?

Investigating the consistency between the higher difficulty level attribut-
ed to the INVALSI tasks answering (D1) and (D2), and the (D3) response.

Figure 13 represents the result of the comparison. In the graph, students’
responses are represented by bubbles. Each bubble is characterized by four fac-
tors: the x and y coordinates in the Cartesian plane, the texture, and the size.
The x-coordinate represents the answer to the question (D1), in other words it
indicates the level of difficulty attributed by a student to the first INVALSI task
(Q1). The y-coordinate represents the answer to question (D2), i.e., the level a
student has attributed to the second INVALSI task (Q2). The texture of the bub-
ble indicates the answer to the question (Q3). The white colour is for students
who responded that they found the first INVALSI task more difficult; the grey is
for students who responded that they found the second INVALSI task more dif-
ficult; the strip-texture for those who responded “They [the two tasks] seemed
difficult alike”. Finally, the size of the bubbles represents the number of students
who gave the same response. The smallest bubbles correspond to a frequency
equal to 1, the largest bubbles to a frequency equal to 4. For example, the bubble
with coordinates (10; 3) and the strip-texture indicates a student who assigned
a difficulty level equal to 10 to the first INVALSI task (Q1), equal to 3 to the
second INVALSI task (Q2) and stated that two tasks were equally difficult.

This graph highlights a behaviour that affects some students: a mismatch
between the level of difficulty chosen during the evaluation of the single task
(answers to D1 and D2) and during their difficulty comparison (answer to D3).
If all the students answered consistently to these three questions, in fact, all the
white bubbles would belong to the x >y half-plane and all the grey dots to the
y > x half-plane, moreover all the strip-texture bubbles would be situated on
the bisector. Looking at the graph we can easily see that this is not the case.
Specifically, the behaviour concerns about half of the students (47.4%). In our
opinion, this could be an indicator of the existence of students’ issues in as-
sessing the difficulty of one or more mathematical tasks. It could also indicate
that the evaluation of tasks changes, depending also on the fact that the Task is
evaluate individually or in comparison with others. Further investigations are
surely needed to inquire deeper about this phenomenon.
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Fig. 13 — Comparison students’ answers to D1, D2 and D3

4.5. Remarks on the possible relationship between correct/incorrect
answers and difficulty perception level

Furthermore, we investigated the relationship between students’ diffi-
culty perception and the fact that they answered correctly or incorrectly to
the two INVALSI tasks. In other words, we tried to inquire (investigate) if
students tend to perceive a task easier if they answer correctly or vice-versa.
In the following graphs, abscissa values are students’ difficulty levels for
the considered INVALSI item (Q1 or Q2). The light grey bars represent the
correct answers for each difficulty level and the dark grey ones the uncor-
rected answers.
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Fig. 14 — Comparison between correct/uncorrected answers and difficulty percep-
tion levels for the first INVALSI task
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Fig. 15 — Comparison between correct/uncorrected answers and difficulty percep-
tion levels for the second INVALSI task
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Examining this graph it seems that there is no correlation between the
difficulty perception level and the fact that the student’s answer is correct or
uncorrected. In other words, from an exclusive qualitative point of view, an-
swering correctly or incorrectly does not influence the difficulty perception
of the student.

4.6. Remarks on the possible relationship between perceived difficul-
ty and perceived preparedness (task 1 and task 2)

On the other hand, we also asked students to attribute a level to their
preparation. That is, we asked them “Do you feel prepared to answer this
question?” from a scale 1 (I am not at all prepared) to 5 (I am fully prepared).

We hence compared the perceived preparation level with the difficulty per-
ception for each student and for each INVALSI task. The following graph
shows the results of such comparison. On the x-axis, we find the difficulty
perception level (one to ten). Each color represents the answer of the prepara-
tion level, the lighter color stands for lower preparation level (1) and the dark-
er color stands for the higher preparation level (5), as shown in the legenda.

RIITIY

7 8 9 10

—_

Difficulty Levels

O Preparation Level 1 O Preparation Level 2 @ Preparation Level 3 B Preparation Level 4 ™ Preparation Level 5

Fig. 16 — Comparison between difficulty levels and preparation levels for the first
INVALSI task
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Fig. 17— Comparison between difficulty levels and preparation levels for the second
INVALSI task

We can hence notice that preparation levels one or two appear more likely
in correspondence to high levels of difficulty perception. On the contrary,
preparation levels equal to four and five decrease for difficulty perception
levels increasing. Finally, we can notice that a preparation perception equal
to three is more or less stable for all the difficulty perception levels.

It seems that, except for some exceptions, students who think not to
be prepared to answer the question find the INVALSI task more difficult,
vice-versa, students who state that they are prepared find the question easier.

5. Discussion and concluding remarks

A first partial, but remarkable conclusion is related to the fact that stu-
dents’ perceived difficulty seems to depend more from metacognitive fac-
tors, rather than being related with the (un) correctness of the answer. We hy-
pothesize that the perceived difficulty is more related to having faced similar
questions in class, and similar to something I’ve seen before doesn’t mean
the student can handle it.
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In assigning a level of perceived difficulty to a question, students may be
influenced by:

— metacognitive aspects: lack of capacity to judge their own skills,
knowledge and abilities;

— factors linked more strictly to the task: elements of the text, elements
of the images, etc.

Specifically, our study revealed more the first ones, and less the second
ones (which there are already results in the literature). We believe, however,
that it may be interesting to investigate the perceived difficulty even before
solving the task and to relate it to the perceived difficulty after solving it.

Next step (always related to the qualitative phase), will consist in identi-
fying categories of factors that influence the perceived difficulty (dependence
on school practice, dependence on the importance of the topic, dependence
on content, etc.). These indicators will be fundamental in the large-scale
analysis (phase 2) to understand the weight of every factor. In fact, starting
from the qualitative phase results, we will build an adaptive questionnaire.
This second phase will take place during this school year. In particular, we
want to investigate how and to what extent the difficulty perceived by stu-
dents is connected to the difficulty that is attributed to the task by the teacher
and any relationship with the ability INVALSI levels. Furthermore, we will
inquire whether it is possible to arrange the question in order of difficulty,
varying some question elements.

In conclusion, phase 2 of our study will clarify some of the open prob-
lems we discussed above:

— to study student perceived difficulty before and after addressing a que-
stion;

— to quantitatively study the perceived difficulty;

— to change the type of questions and choose simpler difficulties;

— to inquire the possibility of sorting questions by perceived difficulty;

— to compare the student’s perceived difficulty level with the INVALSI dif-
ficulty level;

— to compare the student’s perceived difficulty level with the teachers’ per-
ceived difficulty level,

— to investigate whether the construct of students’ perceived difficulty can
give us information about students’ enacted resolution processes (or vice
versa).
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ers’ training. She is an Adjunct professor at the University of Bologna and
member of the Nucleo di Ricerca in Didattica della Matematica (NRD). She
is involved in teacher training courses for all school levels.

Nathan Viltard is a PhD student at the Paris School of Economics
(EHESS) and former intern in the Directorate for Education and Skills at the
OECD.
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For several years, in Italian school there are fewer and fewer
students; this trend is offset neither by the increase of schooling
nor by the rise of students with an immigrant background. In
addition to this issue, there is also the heavy problem of school
dropout. Studies and researches on students achievement are
therefore highly relevant because they may focus on their diffi-
culties and strengths and could provide ideas and suggestions to
help them.

This book collects six papers submitted during the V edition
of the Seminar “"INVALSI data: a tool for teaching and scientific
research” held in Rome from 25th to 28th February 2021, with
the aim of detecting which variables affect are determinant for
a proper everybody’s educational achievement stressing national
INVALSI survey and other international ones.

As Statistical Service we hope this partnership could last and
may generate many other research works.

Patrizia Falzetti, Technologist Director, she is the Head of the IN-
VALSI Area of the Evaluation Research, of the SISTAN Statistical Of-
fice and of the INVALSI Statistical Service which manages data ac-
quisition, analysis and return about both national and international
surveys on learning (OECD and IEA). She coordinates and manages the
process about returning data and statistical analysis to every school
and to the Ministry of Education and Merit.
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