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Adjusted indicators of quality and equity for monitor-
ing the education systems over time. Insights on EU15
countries from PISA surveys

Summary. In this work, we investigate how European countries belonging to EU15
are performing in terms of the quality and equity of their educational systems. To
do so, we jointly analysed student competencies in mathematics and reading us-
ing data collected in four different waves (2006, 2009, 2012, 2015) by the Program
for International Student Assessment (PISA) run by the Organisation for Economic
Cooperation and Development (OECD). The aim of this analysis is twofold: (i) to as-
sess the associations between students’ competencies in mathematics and reading
and their socioeconomic status and to investigate how this relationship varies across
countries over time; (ii) to present a batch of adjusted indicators relevant to the in-
vestigation of educational performance over time in terms of quality (average student
competencies) and equity (low association between student achievement and their
socioeconomic backgrounds). We fitted a mixed-effect (multilevel) regression model
with a bivariate latent structure and random intercepts and slopes to assess the effect
of socioeconomic and cultural background on student competencies across countries
over time and to assess the performance trajectories of EU15 countries with respect
to European Commission benchmarks. We present and discuss our main findings
and their implications in terms of the policies of EU15 countries.

Keywords: education, OECD-PISA, multilevel models, adjusted indicators, qual-
ity and equity

1. Introduction

The success of a country’s educational system implies a better educated popula-
tion with more skilled and competent workers, which is strictly connected with the
success of the educational systems whose main purpose is to enhance the worker
skills and to ensure equal opportunities to people with different socioeconomic back-
grounds. Thus, education plays a key role in the lives of individuals and promotes
the economic development of countries by enhancing productivity, improving social
development, and reducing social inequality. We assume the distribution of skills to
be a determinant of inequality, and the relationship between individual skills and
family background as central to social and intergenerational enhancement (OECD,
2012a).

Given this framework, this paper focuses on the assessment of the determinants
of student achievements in mathematics and reading based on an analysis of data
on student competencies collected in EU15 countries in four different waves (2006,
2009, 2012, 2015) by the Program for International Student Assessment (PISA)
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(OECD, 2009, 2011} 2012b} 2016a), as promoted by the Organisation for Economic
Cooperation and Development (OECD). PISA is the main body charged with mon-
itoring how well European countries are progressing with respect to the 2020 Eu-
ropean Union education and training benchmarks, which fix as education agenda
priorities the enhancement of quality and the improvement in equity of European
educational systems (OECD, 2016a). We determined the quality of education sys-
tems by monitoring both the average competency levels in the main academic skill
areas investigated by the PISA surveys (namely, mathematics, reading and science)
and the capabilities of countries and institutions to enhance (or mantain) their aver-
age performances over time. Educational equity concerns the capability of offering
the same opportunities to students from different demographic, ethnic and socio
economic backgrounds. Thus, as argued by |Field et al. (2007)), equity is mainly
concerned with fairness and inclusion (OECD, 2012a). A fair education system en-
sures students of the possibility of achieving their educational potential and removes
any kind of penalisation regarding their opportunities, based on their personal or
social circumstances. Furthermore, it guarantees to all students the acquisition of a
minimum level of skills that is required for successful integration in today’s societies.
It is widely recognised in the literature (Field et al., 2007; OECD, 2012a) that the
best education systems are those that combine high performances in both the qual-
ity and equity domains and which are able to boost students’ resilience (Agasisti
and Longobardi, 2017). Moreover, several recent studies prove as inequalities are
often associated to educational policies at country level such as early tracking and
grade repetition (Duru-Bellat and Suchaut, 2005; Raitano and Vona, 2016)). Other
authors highlight the influence of tracking considering also the effect of sorting poli-
cies that may influence the allocation of educational opportunities (Raitano and
Vona, 2016; |Contini et al., 2017).

Moving from this framework, the main aim of this study is twofold: (i) to jointly
assess the relationships between student achievements in mathematics and reading
and their socioeconomic and cultural backgrounds and to investigate how this rela-
tionship varies across countries, time, and within the same country; (ii) to advance
a set of indicators at the country level that enable the investigation of student per-
formances over time in terms of quality and equity. In the pursuit of these twofold
aim, the PISA data we considered presents a structure with at least three levels
of clustering of the observations: students, schools (namely, school-wave combina-
tion), and country (namely, country-wave combination). Given this data structure,
we fitted a bivariate multilevel model with random effects at the main levels of
interest (e.g. country, school, student) to monitor the PISA learning outcomes in
the EU15 countries overtime, while taking into account differences across waves in
the observed outcomes (i.e., students’ performances in maths and reading) (Sulis
and Porcu, 2015} Grilli et al., 2016). This approach allows us to shed some light
on how the two learning outcomes affect each other at different levels (student,
school, country) and over time. Moreover, the joint use of multilevel and bivariate
methods can highlight peculiarities in achievements across the investigated coun-
tries in these two academic skill areas that are associated with individual, school or
country differences (Aitkin and Longford, 1986; Roscigno and Ainsworth-Darnell,
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1999; [Fuchs and Woessman, 2007)). Conducting the analysis over time proved use-
ful in detecting the effect of policies established to enhance quality and equity in
education outcomes and in assessing the performance trends of the different EU15
countries.

The paper is organised as follows. In Section [2, we discuss the main general
findings arising from the literature in the recent decades, and, more generally,
from large-scale international surveys assessing competencies in education. We also
present the rationales that motivated this research effort. In Section |3| we provide
information on the PISA survey and on the variables considered in the analysis.
Section [4] outlines the methodology applied and advances proposals on how best to
investigate trends in the education performances of countries over time. In Section
we present the main results arising from our data analysis. Sections [6] and
discuss main findings and final remarks, respectively.

2. Theoretical Framework

Worldwide, a broad literature in the field of education and economics is aimed
at investigating the determinants of student achievement and to assess differences
between countries. These studies typically search for empirical support on edu-
cational policies to improve students’ achievement and learning (Sahlberg, 2007)).
As schooling is the main way for young people to accumulate human capital, it is
basic to understand the relative importance of achievement determinants — student
background, household possessions, school quality, community affluence, etc. This
is especially important since social inequalities can reproduce themselves through
educational inequalities (Lauer, 2003|). For example, when in some developing na-
tions or regions school characteristics are found to be more important than the
home resources in promoting student achievement, policies to promote learning can
be applied differently respect to countries or regions, where family resources have
a greater impact on learning than schools and teachers (Heyneman and Loxley,
1983; Hanushek, 1995; Baker et al., 2002). The first major scientific contributions
of Mincer (1958), |Schultz (1961) and [Becker (1964) on the education economics
have encouraged studies about the relationship between education and productiv-
ity, the distribution of wealth and, more generally, the economic and social devel-
opment of countries (Romer, 1990). In short, a more educated population (say,
a higher stock of human capital) enhances social well-being and ensures economic
and social progress (Nelson and Phelps, 1966)). The education of a population is
highly instrumental and necessary for improving a country opportunities and growth
(Schultz, 1971; Sakamota and Powers, 1995; |Psacharopoulos and Woodhall, 1997))
and a higher stock of skilled workers enhances the adoption of new technologies,
increases productivity and generates economic growth and social progress (Mankiw
et al., 1992; Harmon et al., 2001)). Thus, education is a productive investment that
can be considered to be as important as physical capital (Temple, 1999). Higher
education is associated with markedly higher earnings, lower unemployment, higher
labour force participation, lower criminality and better quality of life; and a highly
performing educational system is thought to be fundamental in achieving national
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economic competitiveness (Hanushek and Luque, 2003; |(OECD, 2016a)). Due to the
technological progress, rising skill demands have made qualifications at the upper
secondary level of education (general, technical or vocational) a minimum credential
for successful labour market entry (Rangvid, 2003). Thus, the role of education in
a country’s economic and social development is not a trivial issue. If greater com-
petencies denote greater human capital, then the effectiveness and the efficiency of
education systems become a basic target, although economic and social contexts
where students live and study have the main role (Currie and Moretti, 2003} [Lam
and Duryea, 1999). Generally, human capital is measured through the participation
rate of the population in education and through the number of years of schooling
(Barro, 2001; Barro and Lee, 1993), but the simple consideration that a year of study
and training may not have the same value in all countries, has brought to consider
also measures of human capital quality (Hanushek and Kimko, 2000)). In partic-
ular, [Hanushek and Kimko (2000)) underline that the differences of growth among
countries are significantly affected by human capital and its quality is influenced by
cultural, family and scholastic conditions.

Although the theory is clear, the empirical evidence is less so and sometimes
discordant (Krueger and Lindahl, 2001; |Cohen and Soto, 2007). The unavailability
of comparable statistical evidence and the difficulty in measuring latent variables
such as knowledge make everything more uncertain (Barro and Lee, 1993). For
this reason, among the useful tools for measuring the performance of an education
system, surveys regarding skills, capabilities and competencies seem to be relevant
(Tyler et al., 2000). Specifically, surveys are useful in evaluating the education
systems based on the school performances of their students (the future workers)
(and, in assessing the effect of specific country policies (Hanushek and Womann,
2006))), even if the survey results do not exactly reproduce their attitudes and
motivations. In any case, empirical analysis provides important evidences regarding
the level and quality of school systems in different countries (Afonso and Aubyn,
2005; [Hanushek and Wofimann, 2006; [Agasisti and Longobardi, 2017) and enables
comparisons between them (Ammermiiller, 2004; |Goldstein, 2004; Beese and Liang,
2010; Martins and Veiga, 2010; [Thum et al., 2013) as well as over time (Finnie
et al., 2013; Agasisti et al., 2014; Nagy et al., 2016; [von Maurice et al., 2017)).
Currently, many important surveys measure student knowledge, skills and abilities
in a number of countries, e.g. the International Adult Literacy Survey (IALS)
administered by the OECD and Statistics Canada; the Trends in Maths and Science
Study (TIMSS) and the Progress in International Reading Literacy Study (PIRLS),
both conducted by the International Association for the Evaluation of Educational
Achievement (IEA) through its International Study Centre at Boston College; and,
lastly, since 2000, the Program for International Student Assessment (PISA) by the
OECD. Today, PISA is considered to be the main data source for monitoring the
performance of educational systems in participating countries.

The PISA survey assesses the skills and knowledge in mathematics, reading,
and science of students enrolled in private and public schools. The PISA target
population comprises students aged between 15 and 16 years at the time of the
survey, which is administrated every three years. In 2015, it completed its sixth
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round. The richness of information provided by the PISA surveys enables the
exploration within and especially between countries of the varying and long-term
effects of educational policies developed in recent decades.

One of the main Europe 2020 strategy benchmarks is the reduction of the share
of students classified in PISA surveys as low achievers (OECD, 2016a). The PISA
2015 survey confirms that the socioeconomic status has the highest impact on the
outcomes at individual, school and country levels. The percentage of students
from disadvantaged socioeconomic background is higher among low achievers. This
evidence contributes to the ongoing socioeconomic differences in the educational
outcomes and thus on the degree of equity in the education systems (OECD, 2012b;
Agasisti et al., 2014; (OECD, 2016a).

Given this understanding, it is important to analyse the performances of educa-
tional systems and to monitor the trajectories of educational outcomes in pursuing
benchmarks that combine high quality (student performances) with high degrees of
equity (as measured by the variability of results across student groups). In an equi-
table system, we would expect there to be no divergences in educational outcomes
due to individual, family or territorial factors; observed differences in achievement
would be fully explained by differences in student attitudes and abilities (Field et al.,
2007;|OECD, 2012Db}; [Agasisti et al., 2014} |Borgona and Contini, 2014 |OECD, 2016a;
Contini et al., 2017)).

The availability of PISA data for different years and for the EU15 countries
allows the analysis of student achievement trends between countries over time, the
monitoring of progress made in terms of quality (e.g. increasing the average level
of student competencies in a country) and equity (e.g. decreasing inequality due
to socioeconomic and cultural status) and taking into account the heterogeneity of
the populations surveyed.

3. Data

The PISA survey collects information in three areas of competency (mathematics,
reading and science) based on test scores, with a focus on one of these three compe-
tencies every three years (in the first wave in 2000 the focus was on reading, in 2003
maths and in 2006 sciences). The PISA survey is a self-administered questionnaire
that tests student skills and gathers information on several facets of each student’s
family, home and school background. Students are randomly selected in each sam-
pled school. This study differs from other similar surveys, such as the Progress in
International Reading Literacy Study (PIRLS) or Trends in International Mathe-
matics and Science Study (TIMSS), which focus on classes and on the relationship
between the taught and learned curriculum. PISA focuses on the effective level of
student achievement regardless of the teaching content. To minimise the assessment
load on each student and to avoid influencing the scaling of skills by the booklet ef-
fect, each student is asked to take only a part of the whole assessment following
a systematic booklet assembly and rotation procedure. As such, rather than pro-
viding a single measure of achievement, the PISA database provides five plausible
values (PV) of a student’s score for each topic (reading, math and science). The
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use of PV allows the statistical uncertainty associated with the estimation of each
student’s achievement to be taken into account (Monseur and Adams, 2009; OECD,
2013)) by reproducing the likely distribution of student competencies in each topic.
Detailed information on the sampling design and scaling procedures are available
in thematic and technical reports available at http://www.pisa.oecd.org.

3.1. Dataset description

In this study, we considered the PISA survey data collected in the EU15 countries
during the 2006, 2009, 2012, 2015 waves. For any student in each wave, the PISA
survey uses five metric indicators (PVs) of student competencies in maths (MATH)
and reading (READ) (five PVs for maths and five for reading). In our analysis, the
study data cover a total of 482,004 students in the four waves. Students are clus-
tered in schools belonging to different countries. For each student, we considered
the following information available in the four survey waves: country (COUNTRIES:
Austria - AUT, Belgium - BEL, Germany - DEU, Denmark - DNK, Spain - ESP, Finland
- FIN, France - FRA, Great Britain - GBR, Greece - GRC, Ireland - IRL, Italy - ITA,
Luxembourg - LUX, Netherland - NLD, Portugal - PRT, Sweden - SWE); gender (SEX:
0 =female, 1 =male) and the socioeconomic and cultural status (ESCS) index avail-
able in the PISA databaseqj] We used the ESCS index as a key analysis indicator for
detecting differences across countries in terms of equity and to monitor performance
trajectories over time. Furthermore, we used a school-level compositional variable
to take into account of average differences in socioeconomic and cultural conditions
between schools. Specifically, we calculated the median value of the ESCS index
calculated at school level (SCHESCS(P50)). Tables 1 (pt. A) and 2 (pt. B) in the
Appendix present descriptive statistics calculated at the country level for each wave.
In the following, we placed the PVs as the bottom level of our data structure. As
such, in the analysis, we consider the fourth level of units at the bottom to corre-
spond to the PVs. This data set contains 2,410,020 records and four unit levels: PV
at level-1, student at level-2 (# 482,004 students), school (f 18,054,combination of
schools and waves) at level-3 and country (namely f 60 country-wave combinations)
at level-4.

7The ESCS index is set up (by a Principal Component Analysis) considering three main
features: the highest occupational status of parents, their highest educational level, and the
index of family possessions. This last index is built up by OECD from students’ responses to
a wide range of questions linked to the availability at home of culture-related goods (such as
works of classic literature, books of poetry, or works of art), educational resources (such as a
quiet place to study, a computer for schoolwork, educational software, dictionaries, technical
reference books or books useful to help with schoolwork), and ICT devices (educational
software, a link to the Internet). The index about family possessions is calculated by using
a model-based scaling procedure belonging to the family of Item Response Theory (IRT)
applied to dichotomous or Likert-type responses to questionnaire items (OECD, 2013).
The items composing the student’s family possession change across waves and countries
(comparability of the index across waves and countries is guaranteed)(OECD, 2013|).
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4. Modelling approach and model specifications

We denote with y,c)» the plausible value p (level-1 unit) of the scores in maths
or reading of student i (level-2) in school j (level-3) and country ¢ (level-4) at
time ¢t. To jointly model the effect of predictors on both reading and maths, we
specified a 4-level bivariate model with random slopes at the school and country
levels (Goldstein, 2011; |Grilli and Sani, 2011; Leckie and Charlton, 2013; |Sulis and
Porcu, 2015; |Grilli et al., 2016)

(d) (d) + G 5(d) + Z;(Cd),y(d) (1)

Ywijey» = Ypije ijc

where, d indicates to which skill the score refers to (reading=1 or math=2), yéz;i)i)) ~

N(MB,1I), x refers to a vector of s (s = 1,...,5) predictors at the student level
and z refers to a vector of compositional variables (z = 1,...,Z) at the school level.
The intercept oy is a function of four random components, as follows:
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Specifically, the variability in y(,;jc) is split in four components: 6.y ~ N (0,0) the
between-country(-wave) variability at level-4; n(;.)« ~ N(0,X), the between-school
(-wave) within-country (-wave) variability at level-3; {(;;o)r ~ N (0, ®), the between-
student within-school variability at level-2; €gjc;r ~ N(0,€2), the between-PV
within-student variability (level-1). Each random term has a bivariate normal dis-
tribution with variance-covariance matrix that captures the variances in reading
and math competencies at each level (e.g between countries, within schools in the

same country, between students) as well as they covariances (Grilli and Sani, 2011;
Sulis and Porcu, 2015} |Grilli et al., 2016)).

We introduced random slopes at level-4 and level-3 to allow the ESCS slope to
vary across schools, countries and waves. Thus, the random term o'

(c)
(()C(li)m and a random slope 91(0)(‘)

« in equation
2|is specified as a function of a random intercept 6

of the ESCS index, as follows:

@ _ p@ g
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In a similar way, n((jz)(t) in equation is specified as follows:

(d) (d)

B @
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The vector of random terms 6 at the country-wave level (level-4) is specified to
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follow a multivariate normal (MVN) distribution, where
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oz((]l) + 9(()1) is the intercept for country ¢ at time ¢ with respect to reading com-
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component 9((;2)(0 represents the gap at time ¢ between the EU15 average compe-
(d)

tencies in math or reading in country c¢. The random component 6 (©)®

ESCS slope parameter to vary across countries (for reading and maths). The ESCS

(d)
+0 1)

represents the gap between the slope parameter estimate in country c

+ 9(() v, is the corresponding intercept for maths. The random

allows the

slope for country c is provided by ﬁii))
(d)
1(6)0)
and that of the EU15 average. We set similar distributional assumptions to model
the association between competencies in maths and reading between schools (level-
3) within the same country. The association between quality and equity at country
level on the two dimensions and across them (e.g., quality in reading and equity in
maths and vice versa) is captured by the four covariances terms in the ® matrix.

We specified the vector of random terms 7 at level-3 (schools) to follow a MVN
distribution, as follows:

- The magnitude and the sign of the
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The association between quality and equity at school level on the two dimensions
and across them (e.g., quality in reading and equity in maths and vice versa) is
captured by the four covariances terms in the matrix 3.

We estimated the models by calling the runMLWiIN routine available for STATA
(Leckie and Charlton, 2013). In the estimation process, this routine makes use of
the Iterative Generalised Least Squares (IGLS), which is equivalent to maximum
likelihood whenever a Normality link function is chosen. We estimated the random
terms v = (6,7, 0,() using their posterior predictions in the following step: once
the fixed parameters @&, B, 4 and the variance-covariance matrices of the random
terms are estimated, they are then used to generate the posterior distribution of
the residual terms for the intercepts and slopes, namely v = (6,7,0,(), for all
random effects specified at a given level (level-4 to level-2) using Bayes theorem.
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These posterior estimates are also known as empirical Bayes estimates or the Best
Linear Unbiased Predictions (BLUP) of the random effects. We then summarise
information regarding v = (6y(c), 01(c)> Mo(j): M1(5)) using E(v) and its related sd(v).

: (d)
So, in summary, 90 ©

time ¢ with respect to the learning outcome d, whereas 95

«, Trepresents an adjusted indicator of a country’s quality at
d)

(©® represents the related

adjusted indicator of a country’s equity.

4.1. Assessing differences in equity and quality

We use the expected posterior predictions of the random intercepts and slopes to
test divergences in quality (i.e. differences between intercepts) and equity (i.e.
differences between slopes) between countries in the four waves (Sulis and Capursi,
2013; |Sulis and Porcu, 2015) and to identify countries that perform better or worse
than the EU15 average. The posterior predictions of the random component of the

country intercepts — éé}i) . éé?i)

(1) and maths (2)) account for divergences in the average competency levels in
maths and reading between countries and waves, whereas the posterior predictions
of the random component of the country slopes related to the two skill areas — éig‘)“)
and é%)(t) — account for differences in the effects of the ESCS across countries and
waves.

Tagyo @ Ay
maths and reading to diverge from the average intercepts of EU15 countries. Thus,
they identify the divergences in quality across schools in the same country, whereas

ﬁig)m 2)(0 allow the slope of the ESCS to vary across schools in the same

country; therefore accounting for the gap between the effect of ESCS in school j
with respect to the average effect of ESCS in country c.

The posterior estimates of the random part of the country and school intercepts
G (d)

o) M1 Ty | | )

between schools within the same country, in terms of quality. Specifically, a country

(()((i():)(t> above (or below) the average (i.e., while controlling

for the heterogeneity in the composition of its students) is characterised by better
(worse) performances and thus its educational system presents better (worse) quality
standard.

The sign and the direction of the random components of the ESCS slope — Hic(li)(t)
d

and ni (;)m — allow us to make comparisons between countries and within schools in
the same country in terms of equity. The steeper is the slope at country level, the
higher is the effect of ESCS on the observed outcomes, while controlling for potential
confounding factors that render the results not directly comparable (Draper and
Gittoes, 2004)).

At the country level, we consider the expected posterior predictions of the two
random intercepts in the four waves to be adjusted indicators of country added-

« — related to the two learning outcomes (reading

allow the average competency of the school j in country ¢ in

and ﬁé

w and 1) ,— allow for making adjusted comparisons between countries, and

with the random terms 6
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value with respect to the (dth) academic skill area (i.e., reading or maths). Namely,
they measure the contribution of the country education system with respect to the
average competency levels in maths or reading, while controlling for the effect of
characteristics at the student and school levels (Aitkin and Longford, 1986; |Gold-
stein and Spiegelhalter, 1996; Rasbash et al., 2010; |Goldstein, 2011} |Sulis and Porcu,
2015; |Grilli et al., 2016]).

At the school-level, we used the information provided by the random intercepts
and slopes and the variance and covariance matrix of the random terms has been
used to investigate the within-country between-schools variability in terms of quality
and equity with the main aim to shed some light on the shape of the within country
relationship between quality and equity indicators.

5. Model Results

5.1.  Explorative analysis

To select relevant predictors, we carried out an explorative analysis comprising
three steps. In the first two steps, we conducted separate analyses for maths and
reading. In the Step 1, we adopted a model building procedure (see Table 1, Models
MO-3L:M5-4L) to detect relevant levels of the clustering of the observations and
relevant predictors at the student (level-2) and school levels (level-3), starting with

a variance component model, which considers random intercepts at both levels (see,
MO-3L in Table 1)

’Table 1 approximately here‘

’Table 2 approximately here‘

We then extended Model MO-3L to take into account the clustering of schools in
countries (see model MO-4L Table 1).

The introduction of the students’ level predictors ESCS, SEX in model M1-4L shows
a decrease in variances of the random terms at student, school, and at country levels.
Furthermore, a relevant share of the between-schools residual variability is explained
by considering at the school level (see Model M2-4L Table 1) the median socioe-
conomic and cultural conditions of students at the same schools (SCHESCS (P50))
(Bratti et al., 2007 (Grilli and Sani, 2011; Agasisti et al., 2014; Agasisti, 2014; Sulis
and Porcu, 2015} (Grilli et al., 2016) (see Table 2).

In Step 2, we assessed the invariance of fixed predictors over time by running a
model for each wave. As highlighted by the results shown in Table 2, differences in
achievement between males and females (GENDER) are narrowed in 2015. Specifically,
controlling for the ESCS, the magnitude and the sign of the coefficients indicate a
reduction in inequalities related to gender. Based on these findings, in model M3-4,
we introduced the interaction term- MALEx15, to take into account this difference in
the effect of the predictor across waves.

{Remember that, at the bottom level we have considered the PV that act as level-1
observations.
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Lastly, to characterise the differences across countries and waves with respect
to the effect of socioeconomic and cultural conditions on the two competencies, we
introduced random slopes at the school and country levels (see M4-4L and M5-4L in
Table 1). In that way, the ESCS slope was allowed to vary only at the school level in
model M4-4L (Table 1) and at school and country level in model M5-4L (Table 1).

Comparisons of univariate models (i.e., those considering reading and maths
separately) in terms of their goodness of fit statistics (see AIC and BIC in Table
1) indicate that M5-4L better fits the data. As such, we selected this model for
analysing differences in competencies between countries in the four waves.

We used the main findings from the explorative analysis (see, Steps 1 and 2) in
Step 3 to set up a 4-level bivariate model with random slopes at the country and
the school levels for ESCS (see model M6-4L in Table 3). The model M6-4L results
reveal that males display poorer performances than females in reading (about —30
expected point scores in 2006-2012 and about —17 expected point scores in 2015),
whereas males show better performance in mathematics (about +18 in 2006-2012
and about +14 in 2015) (Matteucci and Mignani, 2011; Sulis and Porcu, 2015;
Grilli et al., 2016). However, as indicated by the coefficients of the interaction
term for 2015, the gender gap narrowed in both tests in 2015 compared to previous
waves (OECD, 2016al). On average the socioeconomic conditions has a significant
positive effect. The median ESCS of the students in the schools has a significant
effect on both skill areas. In summary, regarding the joint effect of socioeconomic
and cultural conditions, we see that female students with a disadvantaged ESCS (1st
quartile of the distribution of ESCS index values) who are enrolled in a school with a
low ESCS index value calculated at the school level (1st quartile of SCHESCS(P50) ),
have an expected reading score that is about -33 point scores under the average (0.35
standard deviations below the average). In contrast, female students with a high
ESCS (ESCS index equals to the 3rd quartile) and who are enrolled in a school with
a high ESCS level (3rd quartile SCHESCS (P50)) have an expected score in reading
about 43 point score over the average (0.45 standard deviations above the average).
So, we can state that a difference of about 0.78 standard deviation in student test
scores in reading is explained by differences in the student characteristics that are
beyond the control of the educational systems. The observed gap in mathematics
between the two profiles of students in disadvantaged and advantaged conditions is
a little bit narrowing.

5.2. Detecting countries’ trajectories of average performance using adjusted in-
dexes of quality and equity
The posterior predictions of random intercepts and slopes at the country level pro-
vide information about shifts in quality and equity over time. We used these two
indicators in a comparative analysis across EU15 countries in the four waves (Aitkin
and Longford, 1986; |Goldstein and Spiegelhalter, 1996; [Bratti et al., 2007; Braga
and Checchi, 2010). Looking at the variance and covariances of the ESCS estimates
at the country and school levels, we see that the size of the slopes varies signifi-
cantly between schools and countries. The variance of the random intercepts and
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ESCS slopes between countries and schools both differ significantly from the average,
whereas their covariances do not significantly differ from 0. The standard deviation
of the distribution of the random slope coefficients for ESCS is about 7.2 at the
country level and about 7.0 at the school level (see Table 1).

Based on these results, we can assess how quality (average level of competencies)
and equity (effect of socioeconomic and cultural conditions) vary across countries
and schools in the four PISA waves considered.

Figure 1 shows a summary of the results at the country level for both skill areas.
Along the z-axis are the posterior prediction estimates of the random component of
the country intercept (labelled in Figure 1 and from here on INTERCEPT) and along
the y-axis are the posterior predictions of the random component of the country
slope (labelled in Figure 1 and from here on SLOPE). We set the axes origin at 0 (the
EU15 average for both the estimated parameters). We divided the resulting plot
into four quadrants to highlight the relative position of those countries that show
indicators with averages higher (high intercepts with high slopes [+quality, —equity]:
1st quadrant) or lower ([—quality, +equity]: 3rd quadrant) than the average to those
of countries that combine high intercepts with flat slopes ([+quality, +equity]: 4th
quadrant) or vice versa ([—quality, —equity]: 2nd quadrant). According to the
EU2020 strategy, countries must promote policies to achieve high quality standards
combined with a high level of equity (OECD, 2016a; Agasisti et al., 2014; |Agasisti,
2014; |Agasisti and Longobardi, 2014). Thus, positive trends would be characterised
by trajectories that move toward the combination of intercept higher than the
average with slope lower than the average, as identified in the 4th quadrant of the
graph characterized by the [+ quality; + equity] pattern.

From Figure 1, we can clearly see the clustering of countries with positions lower
or higher than the average intercept and slope (both fixed equal to 0) and the
trajectories of these parameters in the four waves. With respect to the reading
competencies, Great Britain shows an average relative improvement in terms of eq-
uity between 2006 and 2015, whereas no significant changes occurred in the quality
dimension. We can see a similar outcome for the equity indicator for Greece. How-
ever, the positive performance of the country with respect to the equity benchmark
is not combined with an improvement in the quality indicator, as we see that its
2015 and 2012 levels are among the lowest in the EU15 area. Germany and Por-
tugal, despite starting from different quadrants, experienced improvement in both
indicators in the four waves. Finally, Italy exhibited an improvement in the quality,
which enabled it to enter into the 4th quadrant area in 2015.

In summary, in 2015, Sweden, Denmark, Finland, Ireland and Great Britain were
in the region of worst performance (2nd quadrant), which were less than average
in both dimensions, whereas Italy, the Netherlands, Germany, Portugal and Spain
were in the region of best performance (4th quadrant). In terms of quality Ireland
and Belgium are quite close to the average. France maintains its quality level above
the average but slightly increases inequality. Spain and Portugal outperform in
terms of quality but in terms of equity are close to the EU15 average. With respect
to maths performances, many countries exhibited trends similar to those of reading.
For instance, Italy, in average improved its performance in terms of quality in 2015
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with respect to 2006, with a slight decrease of the equity indicator, whereas Great
Britain improved its performance only in terms of equity. In 2015, Luxemburg,
Sweden and Denmark were in the region of low quality and high inequality for
maths. Great Britain improved its equity indicator and in 2015 reaches a level
close to the average value. Spain and Portugal exhibited an improvement in terms
of quality and maintained their performance in terms of the equity indicators. We
also found the positive reading performance of Germany mirrored in the maths area.

5.2.1. Considering statistical uncertainty

To better characterise countries’ trajectories and strictly focus only on significant
improvements in terms of quality and equity with respect to the EU15 average, Fig-
ures 2, 3, 4, and 5 show plots of the estimates of the intercept and slope by country,
wave and skill area together with the 95% confidence level. Regarding the quality
of reading competencies, Figure 2 shows that in 2015 the performances of Portugal
and Spain were significantly higher than the EU15 average; France and Germany,
even if in some of the previous waves outperform, in 2015 have the lower bound of
their confidence interval just on the EU15 average, whereas Great Britain, Denmark
Greece and Sweden under perform (see Figure 2). Negative trends with respect to
quality were experienced by Finland, Denmark and Sweden, with the three coun-
tries classified in 2015 in the 2nd quadrant (worst performances) in Figure 1. If
we look at the equity of the educational systems (i.e. the slopes of ESCS index), in
2015 Ttaly, the Netherland, Austria, Germany and Greece performed well, showing
slopes of ESCS flatter than the EU15 average, whereas Ireland, Sweden and Fin-
land underperform. Lastly, to detect significant changes between 2006 and 2015,
we built up pairwise confidence intervals (Goldstein, 2011) to make comparisons
between pairs of parameters related to two years and we used it for comparing the
two extreme waves (2015 and 2006) by checking them for any overlap [§l The results
highlight that in the quality dimension, Italy, Spain and Germany showed a signif-
icant improvement between 2006 and 2015 whereas in the equity dimension, Great
Britain, Denmark and Greece showed a significant reduction of the inequalities due
to differences in student socioeconomic and cultural status.

With respect to mathematics (Figure 4 and 5) we observe similar results. Spain
and Germany improve in quality and the countries that significantly reduced its
inequalities related to ESCS were Germany and Great Britain. It is interesting to
note the position of Italy, for which both intercepts are below the average in 2006,
as its path revels an increase in quality in both skill areas, thereby preserving its
performances attained in terms of equity. The flat slopes of the ESCS index in the
four waves indicate that Italy, in comparison to most of the other countries, is char-
acterised by a higher level of equity in its students’ performances with respect to the
influence of the family’s ESCS. If we combine all the empirical findings, we find that
Italy, Portugal, Spain and Germany are the countries that exhibited performances
in 2015 that were average in both skill areas considering both criteria (quality and
equity) and did not worse the scores obtained in 2006. If we look at the correlation

§Results are available on request.
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between country intercepts in 2006 and 2015 on the two domains, the moderate-low
correlation coefficients between the two series, namely 0.64 in reading and 0.67 in
maths, show a regression toward the mean of countries intercepts after the eco-
nomic crises. Weaker is the regression toward the mean of inequalities related to
socioeconomic and cultural differences as it is shown by the values of the correla-
tion coefficients between the series of the slopes coefficient in the two years (0.88
for reading and 0.80 for maths). Moreover the correlation between intercepts and
slopes in 2006 and 2015, even if weaker, shows a change of sign between the two
years: moving from 0.14 to -0.20 for reading and from 0.22 to -0.10 for mathemat-
ics. Thus we may argue that on average the economic crises narrowed differences in
quality between education systems, slightly decreased inequality and the association
between quality and equity.

5.3. Inspecting the within-country variability looking at average differences in the
learning outcomes across schools

Lastly, to better characterise the performances of the EU15 countries, we exam-
ined the between-school within-country variability in terms of quality and equity
indexes to convey the heterogeneous scenarios within the EU15 education systems.
By determining the adjusted indexes of countries’ performances, we can assess only
differences in the averages across countries. It is well known that two distributions
with equal means can be very different in terms of their variability, and thus in terms
of their inequality. Figures 6 and 7 show plots of the posterior predictions of the
school random component of the intercept (labelled INTERCEPT) and of the school
random component of the slope (labelled SLOPE), respectively, for waves, countries
and skills. These plots are shown with the only aim to visually inspect the relation-
ship between quality and equity within countries. The higher is the between-school
variability with respect to quality, the higher is the range of variation in the schools’
intercept on the x-axis, whereas the greater is the between-school variability in terms
of equity, the higher is the range of variation of the slope on the y-axis. Countries
with large differences in quality between schools are characterised by a high level
of variability along the x-axis, whereas countries with large differences in equity
between schools are characterised by a high level of variability along the y-axis.
The shapes of the scatter in the diagram clearly depict differences in variabilities
along both axes. Both figures show that the Netherlands, Germany, Italy, Belgium,
Austria, and France have greater divergences in quality between schools. However,
the 2015 data confirm a reduction in the within-country between-school variability
in quality for Italy and Germany. We note that a high between-school variability
indicates the presence of inequality with respect to school choice in these countries.
Thus, it is an indicator of inequality across education institutions providing stu-
dents with standard levels of competencies. None of the countries exhibit narrower
differences in quality and equity between schools for the time span considered.

’Figure 2 approximately here‘

’Figure 3 approximately here‘
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’Figure 4 approximately here‘

’Figure 5 approximately here‘

’Figure 6 approximately here‘

’ Figure 7 approximately here‘

6. Discussion

As it is well known (OECD, 2016b)) that student skills are closely linked to indi-
viduals’ characteristics, the way resources are allocated in the school systems and
the way the school systems assign students to programmes and classes. Most of the
descriptive analysis and League Tables (Goldstein and Spiegelhalter, 1996) of coun-
tries that share their PISA results are based on unadjusted indexes of student skills
(OECD, 2012al,2016alb). Therefore, they do not take into account that the observed
divergences in skills across countries may be partially related to the heterogeneity of
students, programmes, classes and schools with respect to key characteristics (Gold-
stein and Spiegelhalter, 1996; Leckie and Goldstein, 2009). Moreover, the reading
of unadjusted indexes can lead to misleading conclusions when making interna-
tional comparisons across countries. The main findings suggest a persistence (on
average) of advantages related to sociodemographic and cultural conditions (e.g.,
gender, and socioeconomic conditions) but also confirm that inequalities related to
gender narrowed in the last wave. Moreover, the median of the ESCS of the students
within the schools has a significant effect only with respect to their reading perfor-
mances. The main evidences for this is found by comparing the countries using the
model-based adjusted indexes of quality and equity, as follows: (i) if we consider
only the point estimates in 2015, the countries demonstrating performances higher
than the average in both competencies and according to both criteria are Portugal,
Germany and Spain. (ii) If we consider the uncertainty in the point estimates only
Germany satisfies both conditions on both indicators whereas Italy performs better
than the EU15 average in the two indexes of equity and on the average with respect
to both indexes of quality. By combining reading in the main findings with the
uncertainty measures, we see that in 2015 the countries that performed at least on
the average level in both skill areas according to both criteria (quality and equity)
and performed no worse than they did in 2006 are Italy, Portugal, Spain, Germany,
Netherland and Belgium. (iii) Spain and Portugal also exhibit an improvement
in terms of quality and maintain their performance in terms of equity indicators
between 2006 and 2015. (iv) Great Britain is the only country that significantly
reduced its inequalities related to ESCS. However, since the adjusted quality and eq-
uity indicators at the country level provide information on the average performances
of a country with respect to the two domains, the findings do not capture differences
in the variability of their distributions. Nonetheless, a joint reading of the between-
and within-countries variability of the quality indexes show that the Netherlands
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and Italy also exhibited the highest within-country divergences in skills between
schools. This highlights the fact that in countries with high between-school vari-
ability, the presence of inequality in student opportunities seems to be more related
to school choice (e.g., effectiveness of school management, track field, qualification
of teaching staff, school leadership) and geographical factors (urban vs. rural areas)
than to the disadvantaged conditions of student families.

These findings are based on an analysis that show clusters of EU15 countries
that have been able to combine quality and equity and those that have been able
to reform their educational systems to improve their standards for overcoming ini-
tial disadvantages (see, for instance, Portugal). Although the recent recession had
an impact on the investment in education, most EU15 countries have continued
to implement policies aimed to improve student achievement and reduce the gap
related to disadvantaged students. See for instance the policy implemented in pri-
mary schools in the Netherlands and in the United Kingdom to provide additional
funding to schools that host disadvantaged students (OECD, 2012b). If we look at
the countries that, based on these results, have maintained high performance over
years, or that have shown improvements in their performances, we see a framework
of education policies that contributed to boosting these education systems toward
attaining standards above the average. If we analyse the characteristics of the edu-
cation system in the Netherlands (a high performing country), we find a framework
characterized by centralised policies combined with a high level of school autonomy
OECD (2014b). Over the last decade in the Netherland, educational policies have
been established to (i) increase the percentage of students from disadvantaged back-
grounds in early childhood education programmes, (ii) prevent disparity in school
composition by setting rules at local level with an open school choice system and (iii)
provide guidance and support to students in transition into higher education levels.
Moreover, the Netherland fixed as priorities the recruitment and training of high
quality teachers and the strengthening of school autonomy (OECD, 2014b)). These
factors have led to an education system which is among the higher performing in
OECD countries, and which has maintained its performances in terms of quality and
equity across the four waves. Germany has linked its improvement across the four
waves to policies addressed to (i) the integration of students with disadvantaged and
immigrant backgrounds, (ii) the provision of increased autonomy to school leaders
and (iii) the implementation of external school evaluation policies (OECD, 2014a)).
Spain increased its performance in terms of quality despite the economic crises and
the related budget cuts. This result has been achieved in a centralized system via
the enactment of a new law that set the following priorities (i) more autonomy to
schools, (ii) new diagnostic tests and exit exams and (iii) the introduction of more
vocational programs in the last year of lower secondary education (OECD, 2014d)).
In Great Britain the practice of monitoring schools (http://www.ofsted.gov.uk) via
governmental agencies inspections helped policymakers to implement policies de-
signed to support poorly performing schools by removing barriers related to their
ability to address unstable leadership, high staff turnover and high rates of dis-
advantaged students. To do so, considerable attention has been paid to enhance
practices in schools located in deprived areas. Also, we found the successful per-
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formances of Portugal to be closely linked to its extensive programme of primary
school reforms undertaken in the education system between 2011-2015, in which
the main aims were to change learning outcomes and teaching materials, introduce
specialised teaching methods and strengthen teacher qualifications (OECD, 2014c,
2016al). Another important aspect arising from our analysis is the persistence of a
high level of between-school within-country variability in countries such as Italy and
the Netherlands, even after adjusting for socioeconomic and cultural disadvantages.
Recent studies of the Italian system (see (Grilli and Sani (2011)); |Agasisti and Vitta-
dini (2012); Sulis and Porcu (2015)); Giambona and Porcu (2018)) have highlighted
this finding, which suggests that unobserved factors related to geographical compo-
nent (type of economy, local policies, etc.) and school characteristics (dimension,
student—teacher ratio, digital resources, training of teaching staff, teacher turnover
rate, etc.) may play a key role in these differences across institutions. For in-
stance, in Italy, this variability is mainly due to regional differences, with Northern
regions showing the lowest level of between-school and between-class variabilities
compared with southern regions. Recent reforms implemented in Italy to address
inefficiencies in its education system (e.g., early school-leaving rates, high rate of
grade repetition, etc.) prioritised expanding school autonomy, promoting digital
innovation and promoting teacher recruitment. Moreover, resources have been also
allocated to establish a more competitive system (OECD, 2017)).

7. Conclusions

In this paper, we presented our joint analysis of PISA data for EU15 countries
in the last four waves to identify similarities and differences across education sys-
tems in the pursuit of quality and equity in education. To this end, we used four
model-based indexes to measure the average maths and reading skills of students
and investigated the equity with respect to the influence of socioeconomic and cul-
tural status of their students. In addition, to investigate the capability of the
education system to raise both student skills and equity, we determined the tra-
jectories of each country’s performances in maths and reading with respect to the
EU15 average and between the two extreme waves (2006 versus 2015). Specifically,
we used a bivariate mixed-effect model to analyse data over time, which enabled
a better understanding of the differences between EU15 countries with respect to
student skills. We took into account the heterogeneity in the composition of the
surveyed population between countries and waves due to student characteristics
and other factors related to schools’ socioeconomic compositions. To do so, we
specified random intercepts and random slopes at the country and school level to
set a framework of adjusted indicators related to quality and equity for analysing
between- and within-country performances in the four waves. Our purpose was
twofold: (i) to make a comparative evaluation across countries and identify perfor-
mance trajectories for both evaluation criteria (between-country variability) and (ii)
to investigate the within-country between-school variability in the two skills areas
with respect to the quality and equity criteria. The main value-added component
of the model-based indexes we adopted, as compared with other findings (OECD,
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2012a), 2016alb)), is that they allowed us to make comparative evaluations across
countries while removing the effect of confounding factors due to the clustering of
observations (e.g. country, school, wave) and social composition of the surveyed
populations (e.g., socioeconomic background). We highlight the fact that the com-
plexity and diversity of the education systems of the EU countries considered in the
analysis, with respect to their history and heterogeneity of population composition,
make it challenging to establish a simple framework for pointing out outperforming
countries with respect to multiple criteria and determine the real impact of the
policies and best-practices implemented. Moreover, the uncertainty of the results
requires that caution be exercised in making pairwise comparisons and in detecting
departures from the average. Despite this inherent complexity, in this paper, we
have attempted to shed some light on the limitations of analysing EU15 countries’
performances and improvements in educational outcomes based only on the average
level of student skills, while ignoring other important factors such as the degree
of equity of their education systems, the heterogeneity of subgroups with differ-
ent socioeconomic conditions and geographical factors and the between-school and
within-country variability. In addition, our analysis provides tools for monitoring
the equity and quality of EU15 countries over the last decade while considering the
uncertainty associated with point measures to assess differences between countries.

Appendix

’Table la approximately here‘

’Table 2b approximately here‘
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Abstract: In this work, we investigate how European countries belonging to EU15 are performing
in terms of the quality and equity of their educational systems. To do so, we jointly analysed student
competencies in mathematics and reading using data collected in four different waves (2006, 2009,
2012, 2015) by the Program for International Student Assessment (PISA) run by the Organisation
for Economic Cooperation and Development (OECD). The aim of this analysis is twofold: (i) to
assess the associations between students’ competencies inmathematics and reading and their
socioeconomic status and to investigate how this relationship varies across countries over time; (ii)
to present a batch of adjusted indicators relevant to the investigation of educational performance
over time in terms of quality (average student competencies) and equity (low association between
student achievement and their socioeconomic backgrounds). We fitted a mixed-effect (multilevel)
regression model with a bivariate latent structure and random intercepts and slopes to assess the
effect of socioeconomic and cultural background on student competencies across countries over
time and to assess the performance trajectories of EU15 countries with respect to European
Commission benchmarks. We present and discuss our main findings and their implications in terms
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Figure 2: Reading: Country Intercept residual 6. and 95% confidence intervals
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Table 2: Model Comparisons and results: univariate multilevel regression mod-

els by wave

Variables M2-4 L
read math
2006 2009 2012 2015 2006 2009 2012 2015
CONS 505.2%%* 502.6%** 505.6%** 500.6%** 488.TH** 482.9%** 479 . T*** 482 THF*
(5.022) (4.073) (4.442) (5.828) (4.456) (3.688) (4.741) (4.790)
ESCS 16.59%** 17.43%%* 17.90%** 18.70%** 17.11%%% 17.99%** 18.84%** 18.36%**
(0.255) (0.225) (0.229) (0.273) (0.243) (0.220) (0.229) (0.254)
SEX (=M) -30.99%** -30.02%** -30.66%*** -17.40%** 15.86%** 18.92%** 16.78*** 13.71%**
(0.446) (0.393) (0.394) (0.465) (0.425) (0.385) (0.394) (0.434)
SCHESCS (p50) 62.37*** 58.32%** 58.18%** 57.70%** 57.0T*** 54.37%** 56.02%** 54.16%**
(1.393) (1.114) (1.112) (1.183) (1.257) (1.161) (1.060) (1.098)
Level-4 var(6g) 363.7*** 238.9%** 285.TH** 500.2%** 285.9%** 193.3%** 327.9%** 336.2%**
Level-3 var(nq) 2,120%** 1,550%** 1,706%** 1,388%** 1,696%** 1,723%** 1,516%%* 1,195%%*
Level-2 var(¢) 4,517*** 4,255%** 4,353%** 4,683%** 4,111%%* 4,011%%* 4,420%** 4,068***
Level-1 var(e) 954.3%%* 673.8%** 881.6%** 1,185%%** 837.TH** 965.9%** 602.1%%* 1,064%**
# Level-2 112743 130739 133805 104717 112743 130739 133805 104717
# Level-3 4169 4863 5182 3840 4169 4863 5182 3840
#Level-4 15 15 15 15 15 15 15 15
Observations 563,715 653,695 669,025 523,585 563,715 653,695 669,025 523,585
Number of groups 15 15 15 15 15 15 15 15
time 54.04 63.16 66.22 46.57 52.05 63.38 61.13 46.97
deviance 5839229.7 6579083.4 6881973.2 5517108.9 5769226.5 6762422.1 6677644.6 5457436.9
numlevels 4 4 4 4 4 4 4 4

Standard errors in parentheses
*** p < 0.01, ** p < 0.05, x p < 0.1

Table 3: Results 4-Level Bivariate Models with random slope at Level-4 and

Level-3

BIVARIATE M6-4L

VARIABLES
CONS
ESCS

SEX (M=1)
MALEx15

WAVES
wave-2009

wave 2012
wave-2015

SCHESCS (P50)

var(cons_d1)
cov(cons_dl\escs-d1)
var(escs_dl)
cov(cons_d1\cons_d2)
cov(escs_d1\cons_d2)
var(cons_d2)
cov(cons_dl\escs_d2)
cov(escs-dl\escs-d2)
cov(cons_d2\escs-d2)
var(escs_d2)

deviance

1
#Levels

READING MATH
STUDENT PREDICTORS
503.7%% 486.0%%*
(4.838) (4.391)
19.11%%* 19.49%%*
(0.958) (0.956)
-30.20%%* 17.65%%*
(0.237) (0.229)
13.18%%* -3.574%%*
(0.508) (0.491)
-2.413 -3.295
(6.716) (6.043)
-0.886 -8.953
(6.712) (6.039)

-1.397 -1.827
(6.719) (6.045)
SCHOOL PREDICTORS
60.00%%* 56.41%%%
(0.609) (0.585)
RANDOM TERMS
Level-4 Level-3 Level-2 Level-1
0 n ¢ €
B75.6%F%  1,7AB¥RR 4 35TRFX Q8. 1FR*
(70.49) (20.77) (9.564) (0.925)

-10.60 1.989

(18.86) (5.794)
53.43%%*  52.06%**
(10.73) (3.096)
203.1%%% 1 428%%*  3,606%**  316.7F**
(60.43) (18.51) (8.527) (0.675)
-36.50%* 3.270

(18.07) (5.579)
322.2%F% 1 5OQFRF¥ 4 Q7THF¥*  856.2%**
(60.59) (19.08) (8.954) (0.872)

5.874 26.01%%*

(18.80) (5.677)
50.74%¥*  47.25%%*

(9.766) (2.810)

-20.83 21.96%%*

(17.62) (5.412)
53.31%%*  52.43%%x*

(10.01) (2.949)

48711903
-24355951

4

Standard errors in parentheses
*** p < 0.01, ** p < 0.05, x p < 0.1
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