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ABSTRACT: This work investigates upon the determinants of students’ literacy in
mathematics and reading in Italy by analysing data collected in EU15 countries in
three different waves (2006, 2009, 2012) by the Program for International Student As-
sessment ran by OECD. The main aim of our analysis is: (i) to assess the associations
between students’ skills in mathematics and reading and their socio-economics and
cultural background and to investigate how these associations vary across countries
and waves; (ii) to suggest value-added measures of performance at the different levels
of analysis in the time span considered; (iii) to advance a system of indicators at coun-
try level which allows to investigate the performance of different countries in terms
of efficacy (students’ achievement) and equity (low variability in students’ achieve-
ment) in the tree waves. A 4-level multilevel regression model with a bivariate latent
structure and random slopes at country level and school level has been adopted. Im-
plications in terms of trends of efficacy and equity in comparisons across countries are
discussed.
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1 Introduction

Since the year 2000, the OECD carries out its Program for International Stu-
dent Assessment (PISA). It is administered every three years to provide com-
parisons of students’ achievement among the participating countries; it has
completed in 2015 its fifth round. PISA collects information on all three areas
of competencies (mathematics, reading and science) in terms of test scores,
with a focus on one of the three competencies every three years. PISA test
is administered to a group of students who attend the school sampled without
taking into account the class group; in such a way, the PISA survey focuses
more attention on the effective level of achievement gained by the students re-



gardless the content of teaching received. PISA survey targets students aged
between 15.25 and 16.25 years at the time of the survey regardless the type of
school where they are enrolled in. Detailed information on sampling design
and procedures are available in a series of thematic and technical reports at
http://www.pisa.oecd.org.

The aim of this work is to investigate upon the determinants of students’ lit-
eracy in mathematics and reading in Italy by analysing data collected in EU15
countries in three different waves (2006, 2009, 2012) of the PISA survey. To
keep minimal the assessment burden on each student and to avoid that the scal-
ing of achievement would be influenced by the ‘booklet effect’ each student is
asked to handle only a part of the assessment following a systematic book-
let assembly and rotation procedure; for that reason PISA data provides five
Plausible Values (PVs) of achievement both for math and reading for each stu-
dent. The PVs represent the likely distribution of a student’s proficiency and
are provided to take into account the uncertainty associated with the estimates
(Monseur & Adams, 2009; OECD, 2013a).

Four levels of analysis are detectable in the data structure: at level-1 stu-
dents’ PVs (5 for math and 5 for reading); at level-2 students, at level-3 schools
(school-wave combination), and at level-4 countries (country-wave combina-
tion). The main aim of our analysis is: (i) to jointly assess the relationships
between students’ achievement in mathematics and reading and their socio-
economics and cultural background and to investigate how this relationship
varies across countries and waves; (ii) to suggest value-added measures of per-
formance at the different levels of analysis in the time span considered; (iii) to
advance a system of indicators at country level which allows to investigate the
performance of different countries in terms of efficacy and equity in the three
waves. A 4-levels Multilevel Regression (ML) model with a bivariate latent
structure and random slopes at country level and school level has been adopted
to single out the factors which seem to account for the greatest variability in
students’ achievement as well as to jointly model the unobserved heterogeneity
across schools and countries and to detect divergences in the effects of socio-
economics and cultural predictors (Goldestein, 2011; Grilli & Sani 2012; Sulis
& Porcu, 2015).

2 Data description

The PISA survey data collected in the EU15 countries for 2006, 2009 and
2012 waves are considered. Data refer to 1,869,065 students (111,857 in 2006,
129,726 in 2009, 132,211 in 2012), tested in 14,212 schools [school-wave



combination] (4168 in 2006, 4863 in 2009, 5181 in 2012) in the 15 countries
in three waves of PISA survey.

For each wave the metrical indicators of students’ performance in mathe-
matics and reading have been considered, namely students’ performance scores
in maths (MATH) and reading (READ). For each student we consider 5 PVs for
maths and reading. Moreover each wave contains information on the follow-
ing covariates: gender (SEX: 0 = female, 1 = male); non native (NONATIVE:
0 = native, 1 = non native); the country in which the survey has been adminis-
trated (COUNTRIES: AUT = Austria, BEL = Belgium, DNK = Denmark, FIN
= Finland, FRA = France, DEU = Germany, GRC = Greece, IRL = Ireland,
ITA = Italy, LUX = Luxembourg, NLD = Netherlands, PRT = Portugal, ESP =
Spain, SWE = Sweden, GBR = United Kingdom); the index of economic so-
cial and cultural status of the family (ESCS); the index of family possession of
cultural resources (CULTPOSS); the index of family possession of educational
resources (HEDRES); the index of home possessions (HOMEPOSS).

In order to depict differences across countries in the test results, Figure
1 plots the average scores at school level (ȳ j) in math and reading for the
waves 2003, 2006, 2009, 2012 for the EU15 countries (OECD, 2009, 2012,
2013). The analysis highlights that the main differences across countries are
in divergences in the variability between schools, with a polarisation between
countries such as Italy, France, Netherlands, Austria, Germany and Belgium
that are characterised by a high between school variability in the results and
countries such as Ireland, Sweden, Finland and Denmark which are charac-
terised by a low between school variability. This first result would suggest the
presence of relevant differences in efficacy across the schools of the former
group of countries. In order to investigate changes over waves at country and
school levels and their relationship with the determinants of the achievement a
multivariate-multilevel approach is carried out in the following.

Modeling approach

We denote with y(pi jc)(t) the plausible value p (level-1 unit) of the score in
maths or reading of student i (level-2) in school j (level-3) and country c (level-
4) at time t. To jointly model the effect of predictors on both reading and maths
a 4-level ML bivariate model has been specified with random slopes at school
and country level (Leckie & Charlton, 2013; Sulis & Porcu, 2015):

y(d)
(pi jc)(t)

= α
(d)+ x′(d)i jc β

(d)+θ
(d)
0(c)(t)

+η
(d)
0( jc)(t)

+ζ
(d)
0(i jc)(t)

+ ε
(d)
(pi jc)(t)

(1)
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Figure 1. Average score at school level ȳ j by country and wave

where, d indicates which test the score refers to (math or reading) and t stands
for the wave.

The variability in y(pi jc) is split in four components: θθθ(c)t ∼ N(000,ΘΘΘ) the
between-country variability at level-4; ηηη( jc)t ∼ N(000,ΣΣΣ) the between-school
within-country variability at Level-3; ζζζ(i jc)t ∼ N(000,ΦΦΦ) the between-student
within-school variability at level-2 and the εεε(pi jc)t ∼ N(000,ΩΩΩ) the between-
plausible value within-student variability (level-1). In a second step, random
slopes are introduced at level-3 and level-4 to allow the slope of ESCS to vary
across schools and countries in each wave, adding to the predictors of equation
1 the two terms (Leckie & Charlton, 2013)

xi jcθ
(d)
1(c)(t)

+ xi jcη
(d)
1( jc)(t)

. (2)

The posterior estimates at country level of the random intercepts –θ
(d)
0(c)(t)

– and

slopes of ESCS –θ
(d)
1(c)(t)

– allow to make a comparative assessment in terms of

efficacy and equity.

Model Results

Different 4-level univariate ML Models have been run to select relevant covari-
ates (demographic, socio-economic, cultural), levels of analysis, and the effect
of relevant predictors (see Table 1, Models M0−M4). From model comparison
(see Table 1) arises that among the univariate (i.e., modeling reading and maths



separately) models, (i) Model M4 is the championed for analysing differences
in achievement scores; (ii) the effect of socio-economics and cultural covari-
ates does not change significantly in the three waves (model results related to
single wave are not listed here, but are available on request); (iii) the availabil-
ity of material resources conditional upon to other covariates has a negative
effect on both test scores, with a greater penalisation on reading scores; (v)
the availability of cultural resources in the family has a positive influence even
taking into account differences in the ESCS values; (vi) males have better per-
formances than females in maths whereas female performance are higher in
reading; (vii) non native students perform worst in both tests. Looking at the
effect of the ESCS arises that the size of the slopes significantly varies between
schools and countries. The variance of random intercepts and ESCS slopes at
country-level (level-4) and school-level (level-3) are both statistically signif-
icant. The results allow to asses as efficacy and equity vary across countries
and schools in the three PISA waves.

On the basis of this first explorative results a bivariate level-4 models (see
Model M5 Table 1) has been fitted allowing intercepts and slopes to vary across
countries and schools. The posterior predictions of the random slopes and ran-
dom intercepts at country level provide information of change in efficacy and
equity across countries and waves and are used for a comparative analysis.
Results are summarised at country level in Figure 2. Results show the posi-
tion of the country system in the three waves. From Figure 2 clearly arises
the clustering of the countries with respect to their position under or over the
average intercept and slope (both fixed at 0) and the trajectories of these pa-
rameters in the three waves. It is interesting to highlight the position of Italy,
which is characterized by intercepts under the average in the three waves and
a positive path in their values between 2006 and 2009-2012. The flat slopes
of the ESCS index in the three waves denote that Italy with respect to most
of the other countries (13 out 14) is characterized by a higher level of equity
of students’ performances with respect to the influence of the family’s social
economic conditions.

3 Conclusion

The use of Bivariate Mixed Effect Models for analysing PISA data allowed
to assess differences in countries’ performance in mathematics and reading in
terms of efficacy and equity. The works is in still in progress. Specifically
further researchers aim to better shape the analysis of countries trajectories of
performance with respect the two criteria.
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Figure 2. Country Intercept θ0(c) and ESCS Slope θ1(c)
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