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Abstract/ Resumo

This research represents an early attempt to
disentangle the role of families, schools and re-
gions characteristics in student performance in
order to support the design of educational-re-
lated policies. Multilevel statistical models ap-
plied to PISA 2015 Portuguese data are used.
The findings reveal the predictive power of soci-
oeconomic variables operating through family
background and the school composition. The re-
gional variance explained by individual or
school composition concerning the socioeco-
nomic status ranges from 20% to 24%. The im-
pact relies mainly on variability across schools.
The variation explained due to region differ-
ences is smaller than 5%. After controlling for
socioeconomic status, some regions present
lower regional variance than the metropolitan re-
gion of Lisboa, showing that their students tend
to achieve higher scores. Some research and pol-
icy implications are discussed. The regional di-
mension allows expanding the avenues to exam-

Esta pesquisa representa uma tentativa inicial
de dissociar o papel das caracteristicas das fami-
lias, escolas e regides no desempenho dos alu-
nos, com vista a apoiar a formulacéo de politicas
educacionais. S&o utilizados modelos estatisti-
cos multinivel para os dados portugueses do
PISA 2015. Os resultados revelam o poder pre-
ditivo das variaveis socioeconoémicas que influ-
enciam o desempenho dos alunos associadas ao
contexto familiar e & composicéo escolar. A va-
riancia regional explicada pela composicéo indi-
vidual ou escolar em relacdo ao nivel socioeco-
némico varia de 20% a 24%. O impacto depende
principalmente da variabilidade entre as escolas.
A variacdo explicada devido as diferengas regi-
onais € menor que 5%. Controlado o nivel soci-
oecondmico, algumas regifes apresentam menor
variancia regional do que a regido metropolitana
de Lisboa, mostrando que o0s seus alunos tendem
a obter pontuacGes mais elevadas. Sao discutidas
algumas implicacdes de investigacéo e de politi-
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channels through which educational resources
exert their impact on student performance. In
turn, the decentralisation of educational policies
seems to be required to pursuit suited local edu-
cational governance structures to address the ef-
fects of disadvantaged backgrounds.

Keywords: family background; school composi-
tion; regional achievement-gaps; educational re-
sources; socioeconomic status and educational-
related policies

JEL Code: 124, 1260

1. INTRODUCTION

A growing body of empirical evidence on
student performance acknowledges that the na-
tional educational landscapes tends to present
remarkable territorial variations in educational
attainment indicators, educational resources and
learning opportunities. This emerging stream of
educational literature goes further, sustaining
that to target educational inequalities research
and educational policies need to take into ac-
count the determinants of regional variations
concerning the level and inequality of students’
performance (see e.g. SMF, 2016; Carnoy et al.,
2015; Agasisti & Cordero-Ferrera, 2013; Agas-
isti & Vittadini, 2012; Pereira & Reis, 2012;
Donato & Ferrer-Esteban, 2012; Bratti, Checchi
& Filipin, 2007; Woessmann, 2007 and
Brasington, 2002).

Based on a survey of selected empirical stud-
ies, Haahr et al. (2005) report that nine tenths of
variation in student’s performance takes place
within countries. Carnoy et al. (2015) sustain
that cross-country studies provide us with lim-
ited insights on the factors behind distribution
of students’ outcomes across countries. The au-
thors suggest that differences in regulation of
education systems, schools’ systems and
teacher labor markets are considered the major
sources of variance in students’ test scores
across countries. Additionaly, other empirical
evidences point out that both centralised and de-
centralised educational systems, namely in
terms of teacher hiring and pay and curricula de-
sign, show significant regional educational
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cas. A dimens&o regional permite ampliar as for-
mas de examinar quais 0s recursos educacionais
que influenciam o desempenho dos alunos. Por
sua vez, a descentralizagdo das politicas educa-
cionais parece ser necessaria na busca de estru-
turas adequadas a governacdo educacional local
para lidar com os efeitos em grupos desfavoreci-
dos.

Palavras chave: contexto familiar; composicéao
escolar; diferencas regionais de desempenho; re-
cursos educacionais; nivel socioeconémico e po-
liticas relacionadas com a educacgéo

Cadigo JEL: 124, 1260

performance inequalities (see. e.g. Agasisti &
Cordero-Ferrera, 2013, Pereira & Reis, 2012;
Donato & Ferrer-Esteban, 2012 and Bratti et al.,
2007). Indeed, the effectiveness of international
comparisons of educational systems is being
guestioned and the regional education compar-
ative studies seem to offer new opportunities to
a better understanding of the links between re-
sources and outcomes associated to schooling
processes.

One can observe that the educational litera-
ture provides two different perspectives on re-
gional distribution of educational results and in-
equalities. The first one addresses the influence
of regional socioeconomic disadvantages or ad-
vantages on educational outcomes and school-
ing process. The studies attempt to clarify to
what extent the family background and school
characteristics, as critical sources of educational
resources, reproduce the existing inequalities
between regions (see e.g. Agasisti & Vittadini,
2012; Pereira & Reis, 2012; Bratti et al., 2007;
and Brasington, 2002). The second one focuses
on the contribution of educational profile to the
development and economic growth of regions.
According to these premises, educational out-
comes tend to reinforce existing economic and
social inequalities between regions. (see e.g.
Agasisti & Cordero-Ferrera, 2013, Checchi &
Peragine, 2010, Rodrigues-Pose & Tselios,
2009, Shapiro, 2006, Arellano & Fullerton,
2005 and Berry & Glaeser, 2005).

In the case of Portuguese experience, we ob-
serve a lack of literature focused on regional
analyses of PISA (The Programme for Interna-
tional Student Assessment) results. To the best
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of our knowledge, there is no contribution be-
yond the research of Pereira & Reis, (2012),
which is based on data from PISA 2009 (The
Programme for International Student Assess-
ment). Despite its centralised nature, the authors
acknowledge that the Portuguese educational
system reveals substantial heterogeneity regard-
ing the level and inequality of student achieve-
ment scores. The indicators of educational
achievement, of students and working-age pop-
ulation, show important territorial variation.
This educational setting is entangled with a high
level of socio-economic inequalities and a sig-
nificant regional variation of human and educa-
tional capital (see Pereira & Reis, 2012 and Car-
neiro 2008). In spite of recent improvement in
PISA ranking, educational and socio-economic
inequalities indicators show that Portugal still
ranks lower than the OECD average, particu-
larly regarding the stock variables (see INE,
2018; OECD, 2018a and OECD 2018b).

It is well established in educational literature
that differences in student achievement and ed-
ucational performance signal the existence of
efficiency and equity problems related with dis-
tribution of learning opportunities (see. e.g.
OECD, 2016, Hanushek, 2016 and Reardon,
2012). High level of educational equity implies
a combination of a high level of school effi-
ciency and effectiveness and a marginal or neu-
tral influence of the family background and
other sources of regional heterogeneity. The
exam of regional educational gaps, and their po-
tential drivers, shed light on the sources of edu-
cational inequalities. Its observation and de-
scriptive analysis are a first step to address the
nature and the importance of regional educa-
tional inequalities.

Based on PISA 2015 data and using a multi-
level model, this paper seeks to examine the re-
gional distribution of student achievement in
Portugal. This is an exploratory approach on the
existence of regional differences in student
achievement scores and whether they are asso-
ciated with regional distribution of family and
public educational resources. By addressing the
role of family and school variables in shaping
inequality within and across regions, we seek to
identify new research questions and areas that
educational policies need focus on.

Therefore, this study takes into account one
measure of educational achievement: standard-
ised test scores, controlling for sociodemo-
graphic features of students and family
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background variables. The main research ques-
tions are:

Q1- What is the percentage of variability of
school results / success due to territorial differ-
ences?

Q2 - What is the percentage of variability in
school results / success due to differences across
schools?

Q3 - How much of this variability is due to
socioeconomic factors?

The remainder of the paper is organised as
follows. The next section addresses previous
contributions to the debate on the drivers of ed-
ucational regional heterogeneity. Section three
presents both the multilevel models and data,
and describe the results of statistical analysis.
Section five reexamines the most important em-
pirical evidences and reflects on their implica-
tions of educational policies. Section six pre-
sents final remarks.

2. IN SEARCHING FOR DRIVERS OF
REGIONAL HETEROGENEITY

Hanushek (2016:3) argues that “The re-
gional (...) disparities of today in education in-
puts are probably quite similar to those Cole-
man reported in 1966”. This statement poses the
relevant question whether ignoring territorial
distribution of educational resources associated
to families, schools and regions significantly
distorts the explanation how educational re-
sources and educational outcomes are corre-
lated.

Overall, the regional focus on educational
performance seeks to find out potential differ-
ences in regional education processes to exam-
ine drivers and how they are associated with stu-
dents’ achievements. In order to approach such
research issues, variables associated with re-
gional backgrounds are integrated as a compo-
nent of the schooling process alongside with
family backgrounds and school characteristics.

A significant part of empirical studies ad-
dressing regional variations of educational per-
formance is being stimulated by PISA periodi-
cal reports, which landscape incorporates a
large number of countries. Consequently, the
studies address a high level of heterogeneity
concerning political, institutional, socioeco-
nomic and cultural settings that frame the
schooling processes at subnational levels. New
levels of education hierarchy and their attributes
are addressed and many other aspects of
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student, family and school enviroments could
be explored.

Given the centralised profile of Portuguese
educational system, Pereira & Reis (2012) ex-
amine the sources of regional heterogeneity of
students’ achievement. Based on PISA 2009 da-
tabase, the study uses a standard education pro-
duction function approach, considering as ex-
planatory variables students’ characteristics,
family background and school resources. They
attempt to quantify the impact on students’
achievement of the student, family and school
variables and determining what remains of re-
gional variance after these variables are con-
trolled for. The findings suggest that family
backgrounds and school variables play an im-
portant role in explaining regional differences,
albeit such differences appear to be more
closely related to families rather than schools.

In order to estimate the impact of regional
background - the regional-effect, the authors re-
gress the remaining of regional variance on re-
gional environment-related variables such as
GDP per capita, regional development index,
teachers experience in the regions, doctors per
habitant, drop-out and literacy rates, divorce
rate and crime rate. The results indicate a low
predictive power of the regional-effect.

Taking into consideration the existing insti-
tutional differences between Spanish and Italian
educational systems in terms of the level of de-
centralization, the similarities in terms of
wealth, levels of educational achievement and
the economic inequalities among regions, Agas-
isti and Cordero-Ferrera (2013) attempt to ex-
plain an observed common feature in the both
countries: the existence of significant regional-
achievement gaps across regions. Using PISA
2006 database and applying a multilevel analy-
sis, the authors seek to explore potential differ-
ences in the regional educational production
processes to explain variations in regional pro-
file of educational students’ achievement
Scores.

Although Spain has a decentralised govern-
ment system, the findings do not support the as-
sumption that regional variables exert a more
relevant role in Spain than in Italy. On the con-
trary, the evidences suggest a more prominent
role of the regional background in Italy setting.
Indeed, the results indicate that the high hetero-
geneity across regions in both countries seems
to be associated to different factors. While in It-
aly most of the regional variance is explained by
differences between-schools (around 40%,) and
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regional backgrounds (10-12%), regional-
achievement gaps in Spain are more correlated
with difference within-schools (80-85%).

In the case of Italy, Agasisti and Cordero-
Ferrera research (2013) shows that most of the
regional variance and of the divergence between
schools appear to be correlated with the tracking
system (school-type differences), school re-
sources, the role of the public investment and
income inequalities across regions. The evi-
dences from Spain demonstrate the relevance of
differences within-schools, which suggest the
potential influence of student and family char-
acteristics on achievement scores. Indeed, the
role of family background is appointed as a
common feature, namely in what concerns im-
migrant status and cultural capital, even if the
impact of these variables could be considered
statistically modest. But these results need a
careful interpretation because it appears to exist
room to the role of family background effects in
both cases. For example, in Italian case, the var-
iance between schools is closely associated to
tracking system. The literature on educational
tracking demonstrates that tracking could in-
crease variance in educational achievement, as
well as that the extent of family background in-
fluence on student achievement tends to be sta-
tistically significant when schooling tracking
takes place at an earlier age (see e.g. Woess-
mann, 2009 and 2007; Brunello and Checchi,
2007 and Hanushek and Woessman, 2006). In
turn, the links between the divergences within-
schools and home educational resources in
Spain seems to be statistically significant.

Woessmann (2007) explores the analysis of
territorial variation of educational performance
in the context of the German federal state. The
relevance of the investigation relies on the ex-
istence of substantial gaps in the level and ine-
quality of student performance, as well as in the
institutional structures of the school systems
across states. Germany presents an institutional
framework traced by a decentralised policy de-
cision making process. Along with the existence
of a national identity, a common language, a
common legal system and a set of other com-
mon institutions, the states and local authorities
share a high level of territorial and sectoral pol-
icy competencies that support different policy
options.

The focus of Woessmann is the analysis of
the correlations between the institutional fea-
tures and the efficiency and equity in educa-
tional outcomes across the sixteen states. The
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author operates an education production func-
tion approach and combines PISA 2003 data
with variables from other sources. From the
point of view of the efficiency, the findings pos-
itively correlate student performance with na-
tional exams, private school operation and so-
cio-economic background. The resource en-
dowment shows a negative association with stu-
dent performance. With regard to the equality of
opportunity the evidences reveal a robust asso-
ciation with delayed and less intensive tracking.
This association is strongly anchored on the de-
pendence of student achievement on their socio-
economic background. Although no signs of ef-
ficiency-equity tradeoffs in educational produc-
tion are observed across states, Woessmann
(2007) points out that socio-economic back-
ground strongly impacts on student outcomes
across German states, in line with the literature
on education production functions. However,
the evidences reveal that the states with higher
average performance present lower levels of in-
equality, and both efficiency and equity are only
achieved by private schools. These results pose
the question concerning potential and unob-
served linkages between family, school and re-
gion characteristics and their effects in predict-
ing student achievement.

Despite the regional empirical studies previ-
ously reported to be associated with substantial
differences in institutional framerworks, the
most important findings suggest a similar path:
the relevance of the predictive power of family
and school backgrounds. Additionaly, we find
other studies exploring regional education func-
tion production devoted to the examination of
the factors behind the regional variance of edu-
cational outcomes. Likewise, their results ap-
pear also to support the observed trend with re-
gard the role of the family, school and regional
drivers.

Using data drawn from PISA 2006, Tomul
and Celik (2009) explore regional variance
across regions in Turkey. They attempt to iden-
tify key explanatory factors of the low levels of
effectiveness and equity demonstrated by the
national education system. As relevant findings,
the authors point out, on the one hand, the im-
pact of the family variables on students’
achievement, even though their influence vary
between the three knowledge fields analysed by
PISA studies. On the other hand, taking into
consideration the regional environment-related
variables, the results show that the predictive
power of family variables is positively
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correlated with the regional development level.
The disadvantaged regions seem to be strongly
associated to low level of student’s proficiency.
This linkage calls into question the role of the
interactions between family characteristics and
regional-environment related variables and the
channels through which they operate. The re-
search of Rodriguez-Pose & Tselios (2009) on
education and income inequality in the regions
of the European Union could provide us with
some insights regarding the links between the
two structures. Using the European Community
Household Panel dataset for 102 regions over
the period 1995-2000 and different static and
dynamic panel data analyses, the authors argue
that high levels of inequality in educational at-
tainment are associated with higher income in-
equality. According to the research, the central-
ity of equity in both public policies agenda and
societal engagement seems to promote a more
effectiveness and equity educational systems,
given the higher overall educational perfor-
mance demonstrate by social-democratic wel-
fare states, Protestant areas, and regions with
Nordic family structures.

Mixing data from PISA 2003 and Italian ter-
ritorial statistical sources, Bratti et al. (2007) ex-
amine the regional variance in students’ mathe-
matical scores. Considering a multilevel analy-
sis based on family background, school types,
resources and territorial features related to la-
bour market, cultural resources and aspirations,
the findings suggest a significant impact of
buildings maintenance and employment proba-
bilities. When regressing for territorial differ-
ences, the large part of North-South divide ex-
planation is due to differences in resource en-
dowments (75%). The school background ac-
count for the remaining of the regional variance.
Continuing to consider Italian educational sys-
tem as case study, Ferrer-Esteban (2011) at-
tempt to examine in what extent the territorial
inequalities affect the trade-off between effec-
tiveness and equity in education system. The au-
thor explores the study of the educational heter-
ogeneity using hierarchical regression models
to approach variable variances at each level, and
a combination of different sources from interna-
tional evaluation surveys. The research con-
firms the observed North-South differences as
adverse effect on students’ scores. The results
also underline the evidence of social heteroge-
neity between classes within schools, social
segregation of schools, and the rate of teachers
in precarious employment as sources of
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educational performance variations across re-
gions. While Bratti et al. (2007) point out the
role of the allocation of resources, Ferrer-
Esteban (2011) emphasises the school composi-
tion effect generated by the allocation of stu-
dents across schools and classrooms. Given the
centralised nature of Italian education system,
its higher level of institutional homogeneity
seems to show increased difficulties to guaran-
tee educational effectiveness, as well as equality
of learning opportunities. An educational ques-
tion arises from such evidences. How important
is the relationships between the level of decen-
tralisation of education systems and educa-
tional-related policies with the educational ef-
fectiveness and equity?

Considering the critical role of educational
equity to improve the overall of the efficiency
of Spain educational system, Sicilia & Siman-
cas (2018) examine, using data from PISA
2015, the correlation between socioeconomic
and cultural variables and high educational per-
formance. Taking into account the Comuni-
dades Auténomas as territorial units, the authors
analyse the achievement gaps observed between
the lower and upper quartiles of the distribution
of socioeconomic status, The Galicia exhibits a
higher level of educational equity express by the
lower level of the influence of socio economic
variables. Castillay Le6n and the Basque Coun-
try follows Galicia. This set of regions presents
a higher level of educational equity than the
OECD and countries such as Finland, Canada or
Norway. The findings shed light on the factors
behind the educational trade-off between effi-
ciency and equity. The most important question
stems from the evidence that regions that stance
in an intermediate level of development seem
reveals a lower socioeconomic-achievement
gap. The results provide room to a proative role
of schools’ influence.

Although the production of education seems
to be similar across regions and significant re-
gional variance of educational performance are

identified, family and school backgrounds con-
tinue to play a critical predictive power. How-
ever, one can observe some differences how
family and school characteristics are associated
to student achievement. The studies analysed
indicate that the relevance of their items appears
to vary.

3. METHODOLOGY

3.1 Rationale for the study and statisti-
cal models

For the purpose of this study, we compare
the results of two multilevel models: Model 1
(M1) is a two level model considering students
(level one units) grouped in schools (level two
units) with fixed effects for regions in the linear
predictor; Model 2 (M2) the same as M1, with
additive terms for student’s socioeconomic
level and socioeconomic school composition. In
other words, M1 allows us to test the hypothesis
of regional differencial fixed effects on student
achievement in maths, science and reading, and
the M2 equates such regional comparison for in-
dividual and school composition socioeco-
nomic factors.

Functional specification of the statistical
model for measuring student achievement in
science, maths and reading, considering both
the hierarchical structure and the regional loca-
tion of schools, controlling for their individual
and composition variables, requires separate
models fitted for each cognitive domain. The to-
tal number of models fitted are six. Thus, we
considered the two-level variance component
model with pupils (indexed by i) at level 1, and
schools (indexed by j) at level 2, where the stu-
dent performance is the response variable (e.g.
yScience). The model 2 we wish to estimate is
written as follows:

yScience;j~N(XB, Q)

yScience;; = Boij + X5tq BpTy + P2sSESij + P26SchoolSES;

(eq. 1)

Boij = Bo + uoj + eoij

u0]~N(O, 0-50)
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e0ij~N(0,0%),

where the response variable yScience;; is
the achievement in science of student i in school
J. The explanatory variables r,, are dummy var-
iables for every Portuguese region with the met-
ropolitan region of Lisboa as baseline, the vari-
able SES represents the student’s socioeco-
nomic status and it is measured by the ESCS?
index, the variable schoolSES is the SES aver-
age per school and represents the socioeco-
nomic school composition.

Equation (eq. 1) is specifyied for model two.
The model one equation is similar but without
the 25" and 26" additive terms. The term wy; is

the school-level random component, while e ;

is pupil-level random error. Both random com-
ponents are assumed to follow normal distribu-
tions.

3.2 Population and sample

The PISA addresses the extent to which stu-
dents near the end of compulsory schooling
have acquired the knowledge and skills that are
essential for full participation in modern socie-
ties. This is a cross-sectional survey involving
multiple-step sampling. The target population
in each of the countries are the 15-year-old stu-
dents who attend school between the 7th and
11th grades (OECD, 2014: 66). Sampling plan-
ning is stratified into two steps in which the pri-
mary sampling is school. Schools are selected
with probability proportional to size. The sec-
ond sampling unit is student. The sample size is
7325 students in 246 schools. The sample de-
sign was incorporated in the modeling through
one of the procedures described in Pfeffermann
etal. (1998) and implemented experimentally in
MLwiN v2.31 (Rashash, Browne, Healy, Cam-
eron, & Charlron, 2014). The variables
W_FSTUWT and W_FSCHWT were consid-
ered for sample expansion. For the assessment
tests in Mathematics, Reading and Science,
which are also applied in the PISA 2015 data-
bases contain the results (plausible values) of
the multiple imputation. For the purpose of this
paper the variables were standardised for the
Portuguese sample. The resulting scores have
mean 0 and standard deviation approximately 1.
For the remaining variables, descriptive statis-
tics are presented in the appendix.

! The PISA Index of Educational, Social and Cultural Status
(ESCS) is a composite score derived from several indicators: pa-
rental education (PARED), highest parental occupation (HISEI),
and home possessions (HOMEPQS). It also includes the number
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4. RESULTS

The models M1 and M2 presented above
were fitted separately for cognitive domains of
science, maths and reading. The variance parti-
tion coefficient based on the null model (with-
out explanatory variables) shows that the varia-
bility across schools is approximately 30% and
within schools is 70%. The Table 1 contains the
results for M1 and in Table 2 for M2.

Regarding M1, the fixed parameters esti-
mates suggest that the students who live in the
regions of Acores and Tamega e Sousa present
on average lower achievements than their peers
who live in Lisboa. This is observed for every
cognitive domain assessed, meaning that stu-
dents in those regions have their performance
reduced more than half a standard deviation, i.e
in Acores the reduction is on average -0.61
(sd=0.11) in science, -0.55 (sd=0.12) in maths,
-0.56 (sd=0.11) in reading, and in Tamega e
Sousa, the reduction is -0.69 (sd=0.19) in sci-
ence, -0.59 (0.20) in maths, and -0.72 (sd=0.19)
in reading. In some regions, the performance re-
duction occurs just in one or two cognitive do-
mains, which is the case of students attending
schools located in the Alentejo Central, Baixo
Alentejo and Alto Tamega. In the remaining re-
gions, there is no difference, statistically signif-
icant at the level of 5%, in comparison to the
Area Metropolitana de Lisboa.

The results of M2 show that the socioeco-
nomic level of the students' family and the
school composition, have a strong predictive
power of the students’ scores in maths, reading
and science. Depending on the domain, the ex-
plained variation ranges between 20% and 24%
(cf. Table 3). In addition, we verified that, after
controlling for socioeconomic differences at the
individual and school level, there are regions
that present on average higher performance than
the Area Metropolitana de Lisboa. Somes ex-
amples are Area Metropolitana do Porto (0.20,
5.d.=0.08 in science; 0.23 s.d.=0.08 in maths;
0.23,5.d.=0.08 in reading), Ave (0.33, 5.d.=0.13
in science, 0.44 s.d.=0.14 in maths, 0.45
s.d.=0.15 in reading), Alentejo Litoral (0.39,
5.d.=0.18 in maths), Beiras e Serra da Estrela
(0.39, s5.d.=0.18 in maths), Céavado (0.35,
5.d.=0.14 in maths), r.a. Acores (0.21, s.d.=0.09
in maths; 0.21, s.d.=0.09 in reading), r.a.

of books at home. It is built via principal component analysis
(PCA). Higher values of ESCS indicate higher socio-economic
status of the students.
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Madeira (0.34, s.d.=0.11). This means that stu- cognitive domain, than they would achieve if
dents attending schools located in such regions their schools were located in the Area Metropol-
tend to achieve higher scores in at least one itana de Lisboa.

Table 1. Estimates of model M1 parameters

Model M1 Science Maths Reading
Fixed Part Estimate S.E. Estimate S.E. Estimate S.E.
Constant 0.12 0.08 0.07 0.08 0.08 0.08
Alentejo Central -0.50 0.25 -0.51 0.26 -0.37 0.29
Alentejo Litoral -0.31 0.26 -0.24 0.27 -0.31 0.40
Algarve -0.39 0.22 -0.32 0.22 -0.31 0.20
Alto Alentejo -0.33 0.28 -0.23 0.29 -0.35 0.18
Alto Minho -0.14 0.24 -0.10 0.24 -0.17 0.31
Alto Tamega -0.90 0.33 -0.61 0.33 -0.92 0.35
Area Metropolitana do Porto -0.10 0.12 -0.08 0.13 -0.09 0.13
Ave -0.36 0.20 -0.25 0.21 -0.25 0.23
Baixo Alentejo -0.55 0.30 -0.48 0.31 -0.52 0.23
Beira Baixa -0.36 0.28 -0.28 0.29 -0.32 0.31
Beiras e Serra da Estrela -0.09 0.27 0.06 0.28 -0.18 0.14
Cévado -0.37 0.20 -0.18 0.21 -0.23 0.22
Douro -0.25 0.25 -0.28 0.26 -0.23 0.31
Leziria do Tejo -0.14 0.25 -0.23 0.26 -0.25 0.23
Médio Tejo -0.32 0.25 -0.18 0.26 -0.28 0.33
Oeste -0.31 0.23 -0.34 0.23 -0.32 0.30
R. A. Madeira -0.43 0.23 -0.32 0.24 -0.33 0.29
R. A. Acores -0.61 0.11 -0.55 0.12 -0.56 0.11
Regido de Aveiro -0.39 0.22 -0.31 0.22 -0.39 0.21
Regido de Coimbra -0.10 0.21 -0.03 0.21 -0.14 0.15
Regido de Leiria -0.18 0.23 -0.08 0.24 -0.18 0.27
Tamega e Sousa -0.69 0.19 -0.59 0.20 -0.72 0.19
Terras de Tras-os-Montes -0.63 0.33 -0.50 0.34 -0.74 0.21
Viseu Déo Lafdes -0.22 0.23 -0.06 0.23 -0.16 0.25
Random Part
School level 0.25 0.03 0.27 0.03 0.28 0.02
Student level 0.74 0.01 0.71 0.01 0.73 0.02
Number of units
School level 246 246 246
Student level 7325 7325 7325
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Table 2. Estimates of model M2 parameters

Model M2 Science Maths Reading
Fixed Part Estimate S.E. Estimate S.E. Estimate S.E.
Constant 0.17 0.05 0.12 0.05 0.13 0.06
Alentejo Central -0.09 0.16 -0.12 0.17 0.04 0.24
Alentejo Litoral 0.31 0.17 0.39 0.18 0.33 0.23
Algarve -0.03 0.14 0.03 0.14 0.04 0.13
Alto Alentejo -0.06 0.18 0.04 0.19 -0.06 0.09
Alto Minho 0.11 0.15 0.15 0.16 0.06 0.26
Alto Tamega 0.05 0.21 0.34 0.22 0.04 0.17
Area Metropolitana do Porto 0.20 0.08 0.23 0.08 0.23 0.08
Ave 0.33 0.13 0.44 0.14 0.45 0.15
Baixo Alentejo -0.15 0.19 -0.06 0.20 -0.10 0.10
Beira Baixa 0.12 0.18 0.18 0.19 0.17 0.18
Beiras e Serra da Estrela 0.24 0.17 0.39 0.18 0.16 0.10
Cévado 0.17 0.13 0.35 0.14 0.31 0.13
Douro 0.15 0.16 0.12 0.17 0.18 0.15
Leziria do Tejo 0.07 0.16 -0.03 0.16 -0.04 0.14
Médio Tejo 0.14 0.16 0.27 0.17 0.19 0.27
Oeste 0.28 0.15 0.27 0.15 0.28 0.22
R. A. Madeira 0.23 0.15 0.34 0.16 0.34 0.11
R. A. Acgores 0.14 0.08 0.21 0.09 0.21 0.09
Regido de Aveiro 0.03 0.14 0.11 0.15 0.04 0.13
Regido de Coimbra 0.19 0.13 0.24 0.14 0.15 0.09
Regido de Leiria 0.12 0.15 0.20 0.15 0.13 0.14
Tamega e Sousa 0.14 0.13 0.24 0.13 0.14 0.14
Terras de Tras-os-Montes -0.13 0.21 0.00 0.22 -0.23 0.07
Viseu Ddo Lafdes 0.05 0.14 0.21 0.15 0.12 0.12
ESCS 0.21 0.01 0.23 0.01 0.19 0.01
School_ESCS 0.54 0.04 0.53 0.04 0.58 0.05
Random Part
School level 0.08 0.01 0.10 0.01 0.10 0.01
Student level 0.70 0.01 0.66 0.01 0.70 0.02
Number of units
School level 246 246 246
Student level 7225 7225 7225

The Table 3 presents the decomposition of
variance results for the six models fitted. The
total amount of variance explained by M1 varies
between 1% and 5% depending on the domain
and it is null at the level of the student. The total
amount of variance explained by M2 ranges
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from 20% to 24%, and is mainly due to the ex-
plained variability at the level of schools (23%
in science, 21% in maths and 23% in reading).
The explained variation increasing from M1 to
M2 is due to the power of individual and school
composition socioeconomic variables.
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Table 3. Analyses of Variance

Science Maths Reading
M1 M2 M1 M2 M1 M2
Variance explained, Total 1% 22% 2% 24% 5% 20%
Variance explained, School 6% 23% 5% 21% 5% 23%
Variance explained, Student 0% 4% 0% 5% 0% 3%

5. DISCUSSION

As the most important findings, the evi-
dences suggest, on the one hand, the predictive
power of socioeconomic variables operating
through family background and the school com-
position. On the other hand, the limited influ-
ence of educational-regional environment. The
results further seem to reinforce the resilience
of regional-achievement gaps associated to dif-
ferences in institutional and socioeconomic set-
tings that frame the schooling processes at the
subnational levels. The findings are in line with
results consistently underscored by a large num-
ber of empirical studies on regional-achieve-
ment, namely previously mentioned. However,
the interpretation of the results implies the con-
sideration of methodological and modeling is-
sues, as well as theoretical and empirical evi-
dences.

With regard to methodological and modeling
issues, some relevant aspects must be taked into
account, given their potential bias effects. One
of them is related with the cross-sectional ap-
proach. Such as the literature reports, most of
what one can explore is the association between
contextual factors and the outcomes based on
the data collected at one point in time. Cross-
sectional studies are not suited to approach
causal inferences (see e.g. Caro, 2015). For in-
stance, both the population mobility, steming
from regional economic dynamics, and stu-
dent’s prior achievement issues are unlikely to
be investigated by PISA 2015 data, since this is
a crossectional survey. Another one limitation
is associated with the application of contextual-
ised results models (OECD, 2008). The com-
parison between contextualised results models
and value added models show that the first ones
tend to overquantify the estimates related to so-
cioeconomic background variables (Ferréo,
Barros, Bof, & Oliveira, 2018; Ferrdo & Couto,
2013). The cautious interpretation of the find-
ings is also justified by unobservable variables
that not only exert influence on test scores, as
well as they could be likely correlated with
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some of regressors. Moreover, regional varia-
tions in achievements could integrate the influ-
ence of unobservable regional-effect variables
(see e.g. Pereira & Reis, 2012). This research
does not consider all controlling variables re-
lated to regional environment, such as, for ex-
ample, regional GDP per capita, population
density and mobility, regional unemployment
rate, occupational structure, and governance
and regional educational policies. Finally, the
schooling process is a complex one (see e.g. Pe-
reira & Reis, 2012 and Buchmann, 2002). It is
characterised by an intricate puzzle of links be-
tween family, school and regional characteris-
tics (observable and unobservable). They inter-
act and might be correlated with each other, giv-
ing raise to problems of endogeneity.

Notwithstanding the above caveats, the find-
ings seem to corroborate one of the most im-
portant stylised facts of educational literature:
the non-neutral role of the family background
(see e.g. Hanushek, 2016, Reardon, 2012 and
Buchmann, 2002). What is more, its influence
is identified beyond the family home environ-
ment, in particular in school through socioeco-
nomic school composition. However, the pre-
dictive power of family and school socioeco-
nomic composition observed, highlighted by
educational empirical studies across countries
and regions, suggests reflexions on its evi-
dences and educational policy implications.

Studies on the impact of the level of devel-
opment on the predictive power of the family
and school variables indicate that in disadvan-
taged socio-economic regions the influence of
family variables on student achievement tends
to be low and the impact of school characteris-
tics much higher. Opposing signals are ob-
served in advantaged regions (see e.g. Tomula
& Celik 2009; OECD 2005; Woessmann, 2004
and Heyneman and Loxley, 1989).

However, the findings indicate, after con-
trolling for socioeconomic economic variables,
that students attending schools located in some
regions that stance in an intermediate level of
development tend to achieve higher scores than
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they would achieved if their schools were lo-
cated in Area Metropolitana de Lisboa. These
evidences are in line with research outcomes of
Pereira & Reis (2012) and Ferrer et al. (2010),
taking into consideration Portuguese and Spain
PISA surveys, respectively. Pereira & Reis
(2012) advance that regions where school con-
tributes to increase achievement-gaps benefit
from better structural educational outcomes,
higher development and higher inequality in
teachers’ experience. The authors consider, de-
spite the incipient development of school choice
in the Portuguese educational system, that the
large number and the higher heterogeneity of
schools in advantage regions, namely in Area
Metropolitana de Lisboa, could explain the ob-
served increase of inequalities in educational
achievement and opportunities. Our findings
are relevant since they can signal a complex
puzzle of educational effects.

In the case of the regions that stance in an
intermediate level of development and exhibits
a higher level of educational equity and
achievement, the results can express a proactive
role of schools’ influence correlated with a
lower socioeconomic-achievement gap. In turn,
the evidences that schools tend to exacerbate
educational achievement-gap call on the family
and socioeconomic factors behind schooling
process, as wel as they pose several challenges
when we infer family and socioeconomic varia-
bles impact.

An important focal point is the role of edu-
cational resources provide by family and public
schools and their interconnectedness. Indeed,
one can observe a trend to consider family and
public educational resources as close substi-
tutes. If this relationship appears to be con-
sistent in more disadvantaged regions (see e.g.
Tomula & Celik 2009); OECD 2005 and
Woessmann, 2004), the question is more prob-
lematic in the context of developed regions.
Some authors have been highlighting two rele-
vant correlations. First, the family investment in
education is positively correlated with the in-
crease of household income. Second, there is a
significant room to a positive correlation be-
tween family educational resources and public
educational resources. According to some au-
thors (Autor, 2014, Byun & Kim, 2010, Car-
neiro, 2008 and Reardon, 2012), the propensity
to invest in education is not constant between
income groups. It varies according to the level
of family income. Thus, even though public in-
vestment benefits all social groups, it tends to
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reinforce the educational resources of the mid-
dle and high-income groups even more
(Busemeyer, 2012; Chiu, 2010 and Chiu &
Khoo, 2005).

Another important focal point is related with
the aggregating impact of family background
structures. We use student socioeconomic status
and it is measured by the ESCS index. This in-
dex integrates parental education, occupation,
income and wealth. It allows us to assess the
agregated association of all socioeconomic di-
mensions. However, burgeoning literature on
social segregation sustains that social back-
ground is not a homogeneous analytical cate-
gory and the different dimensions can exert dif-
ferent impacts (see e.g. Hallsten & Thaning,
2018 and Erikson, 2016). For example, which
of the four dimensions affect the propensity to
invest in education more? Are the different di-
mensions weak or strongly associated? Indeed,
the aggregation procedure may hide some bar-
riers in capture the influence of the different di-
mensions. It further might affect the examina-
tion of the channels through which family vari-
ables exert influence on schooling process and
outcomes.

The review of empirical research literature
on regional student achievement-gaps does not
reveal a clear relationship between the level of
decentralization and the existence of significant
regional-achievement gaps across regions. The
significant regional heterogeneity observed ap-
pears to be a common feature. In fact, the ques-
tion whether more centralised or decentralised
educational governance models could nurture a
more heterogeneous regional educational pro-
file emerges as an open question.

The Portuguese education system is a cen-
tralised one (OECD, 2014), which has been un-
der a reform process. Gradually, it has been in-
creasing decision-making at sub-national levels,
namely both in school governance model and
municipalities responsibilities, from pre-pri-
mary to lower secondary education. Our find-
ings indicate that socioeconomics status of stu-
dents and schools exert significant influence on
student achievement. The educational empirical
literature highlights that the combination of
family educational resources and public school
resources can enhance the effect of schooling.
The question is whether school per si can miti-
gate the power influence of socioeconomics sta-
tus in order to harmonise students’ learning con-
ditions. These findings reinforce the results of
Pereira & Reis, (2012) research and their
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implication policy sugestions that educational
policy in Portugal should be school-family-
community oriented. The design of local educa-
tional policies is a key anchor to address the
identified problems. The decentralisation of ed-
ucational policies oriented to a more prominent
role of schools and local governments can be a
step forward to reshaping and develop suited lo-
cal educational governance structures to address
the effects of disadvantaged backgrounds.

6. CONCLUSION

This study represents an early attempt to un-

derstand and quantify the role of regions on ed-
ucational performance by applying multilevel
statistical models to PISA 2015 Portuguese
data. The research aims at to contribute to dis-
entangle the role of families, schools and char-
acterisitics of the regions on student achieve-
ment in order to support the design of educa-
tional-related policies.
We found that variation explained due to region
differences is smaller than 5%. The regional
variance explained by individual or school com-
position concerning the socioeconomic status
ranges (depending on the domain) from 20% to
24%. This impact relies mainly on variability
across schools. After controlling for socioeco-
nomic status, some regions present higher re-
gional fixed effect than the Area Metropolitana
de Lisboa, showing that their students tend to
achieve higher scores than it would be expected
given their socioeconomic status and the region
where they live.

As the most important evidences, the find-
ings suggest: (1) the importance of the predic-
tive power of socioeconomic variables operat-
ing through family background and the school
composition; and (2) the limited influence of
educational-regional environment. However,
relevant questions stem from the prominent in-
fluence of socioeconomic status of students and
schools on student achievement. In particular,
we debate, on the one hand, the importance of
educational  resources accumulation and
whether the links between family and public re-
sources are rule for assumptions of substitution
effects or complementary effects. On the an-
other hand, we advance some policy implica-
tions, namely the suggestion that in Portugal ed-
ucational policies should be school-family-
community oriented. In turn, we observed that
the decentralisation of educational policies
seems to be required to pursuit suited local edu-
cational governance structures to address the ef-
fects of disadvantaged backgounds.

Despite the extensive literature on the role of
family background and school characteristics,
in much less extent on the region background,
the understanding of exact channels through
which they exert their influence on educational
outcomes remains an open issue. The consider-
ation of regional dimension could provide in-
sights how regional differences concerning eco-
nomic, social and public policies dynamics af-
fect educational resources accumulation. In ad-
dition, it expands the avenues to examine chan-
nels through which educational resources exert
their impact on educational performance.
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APPENDIX
Table Al. Mean and Standard Error of the variables by region
. SES ave- SChOOI.
Regions rage SE. SES esti- S.E.
mate
Alentejo Central -0.14 0.07 -0.14 0.07
Alentejo Litoral -0.46 0.10 -0.47 0.10
Algarve -0.45 0.09 -0.46 0.08
Alto Alentejo -0.30 0.05 -0.30 0.04
Alto Minho -0.28 0.03 -0.28 0.03
Alto Tamega -1.08 0.36 -1.08 0.37
Area Metropolitana de Lisboa -0.07 0.05 -0.07 0.05
Area Metropolitana do Porto -0.40 0.09 -0.40 0.09
Ave -0.92 0.10 -0.92 0.10
Baixo Alentejo -0.38 0.27 -0.39 0.30
Beira Baixa -0.38 0.16 -0.38 0.14
Beiras e Serra da Estrela -0.35 0.30 -0.36 0.29
Cévado -0.72 0.16 -0.72 0.16
Douro -0.34 0.64 -0.34 0.64
Leziria -0.13 0.16 -0.13 0.16
Médio Tejo -0.55 0.13 -0.55 0.12
Oeste -0.75 0.09 -0.75 0.09
R. A. Madeira -0.79 0.15 -0.80 0.16
R. A. Agores -0.84 0.03 -0.83 0.00
Regido de Aveiro -0.44 0.07 -0.44 0.07
Regido de Coimbra -0.36 0.24 -0.36 0.24
Regido de Leiria -0.21 0.11 -0.21 0.11
Tamega e Sousa -1.08 0.09 -1.09 0.08
Terras de Tréas-0s-Montes -0.50 0.16 -0.50 0.18
Viseu Déo Laftes -0.15 0.29 -0.15 0.29
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