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The aim of this paper is to analyse the students’ performance in the mathematical competency aspect of the Programme for
International Student Assessment (PISA) 2015 tests and to compare 5 Spanish regions in this respect — Navarra, Castile-Le6n
and Catalonia, with results above the national average; and Extremadura and Andalusia, with results below the national average
— in order to identify the factors causing these differences. To do so, we computed the degree of association between variables
related to the students and to the schools with the scores obtained in the mathematical tests. The purpose of this analysis was
to better understand the meaning of these scores and their causes and, above all, to propose educational policy actions for
improving the students” mathematical performance. In this study, a 2-level regression model was applied to the data collected
in the PISA 2015 tests. The first level included the factors related to the students and the second was composed of the variables
related to the schools. Our results highlight the significant influence of factors such as immigrant status, grade repetition,
location of the school (rural or urban) and economic and sociocultural status. The relevance of these factors to students’
academic performance has been observed in previous editions of the PISA tests. We emphasise the need for action to improve
students’ mathematical performance and, therefore, their educational success.
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Introduction

The PISA is a macro study that has been conducted by the Organisation for Economic Co-operation and
Development (OECD) every three years since 2000. The results of the PISA tests are used to evaluate the
effectiveness of educational systems and to compare countries in terms of educational success. Three subject areas
— science, reading, and mathematics — are evaluated in each edition.

Attention is usually devoted to the countries where the highest scores are recorded, in order to identify and
incorporate the factors producing these good results. In international comparisons, Spain has experienced
significant stagnation in the three competencies considered. Thus, according to the 2009 and 2012 results, the
scientific, reading and mathematical performance of Spanish students was below the OECD average in every case.
In 2015, only reading skills were (slightly) above the OECD average. The PISA data is disaggregated by region
in some respects, in some countries, but only those for Spain are complete. Within Spain, important differences
between the regions have been detected. For example, the mathematics scores obtained in the 2015 PISA tests by
students from Navarra, Castile-Le6n and Catalonia (518, 506, and 500 points, respectively) are well above those
of students from Extremadura and Andalusia (473 and 466 points, respectively). In fact, the mathematical
performance of the top Spanish students is similar to that of students from Canada, Finland, and Germany (516,
511, and 506 points). At the other end of the scale, the mathematical performance of the students from
Extremadura and Andalusia might be compared with that of students from countries such as Israel, Croatia and
Kazakhstan (470, 464, and 460 points, respectively). This finding suggests that the international differences
highlighted by PISA are reproduced on a small scale between the regions of each country. Therefore, the analysis
of between-country differences in mathematical scores can be reduced to the analysis of regional differences,
which in most cases is a much simpler task. In this regard, Carabafia (2008) argued that the region would be a
more appropriate unit of analysis than the country for the PISA tests, due to the wide regional diversity present in
many countries.

Challenging socio-economic realities in the communities in which learners reside pose a significant
challenge to learning and teaching (Setlhare, Wood & Meyer, 2017). On the equality dimension, stark inequalities
exist in Spain between autonomous communities with respect to population groups, gender and socio-economic
descent, and these inequalities can affect educational outcomes as it happens in other countries like South Africa
(Wolhuter, 2014).

The above considerations motivated the present study, which compares the mathematical scores obtained in
the PISA 2015 tests between various Spanish regions. This study had two main purposes: first, to identify the
factors underlying the differences between regions with scores above the average, such as Navarra, Castile-Leon
and Catalonia, and regions with scores below the average, such as Extremadura and Andalusia. According to the
OECD, this difference is significant, and in the case of Navarra and Andalusia it is nearly equivalent to two
academic years. On the basis of the findings obtained, we propose actions to boost the performance of low-scoring
regions.
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Accordingly, the following research questions
guided this research:

e What proportion of the variance in mathematics per-
formance in each of the analysed regions is situated at
student and school level?

e What is the relationship between variables related to
the students (gender, repeater, pre-primary schooling,
immigrant status, mother and father schooling, inter-
net connection and books at home, and socioeconomic
status) and the students’ mathematical performance in
each of the analysed regions?

e What is the relationship between variables related to
the schools (type of school, school location, student-
teacher ratio, number of students enrolled, and school
responsibility for curriculum, assessment, and re-
source allocation) and the students’ mathematical per-
formance in each of the analysed regions?

e Which actions might be considered to reduce the dif-
ferences arising between regions?

Literature Review
PISA reports often originate major controversy and
intense discussions in the educational environment.
Some critics of the PISA approach argue that it is not
suitable for measuring what it is intended to measure
and criticise the strong efficiency-based conception
of the study (Carabafa, 2008, 2015). Other detrac-
tors highlight important methodological issues in the
design of PISA (Araujo, Saltelli & Schnepf, 2017;
Fernandez-Cano, 2016). On the other hand, support-
ers of the PISA tests cite them as a benchmark for
improving student performance (Mafia Lloria, 2014;
Nufez, 2015; Zayas, 2012). Discussion is especially
heated when a new wave of results is released, which
is when the media, educational experts, and politi-
cians perform detailed analyses of the data, interpret
the results, and propose improvements.
International research has highlighted a num-
ber of factors that influence mathematics perfor-
mance among learners, fundamentally related to
school resources and those arising from home re-
sources (Fardin, Alamolhodaei & Radmehr, 2011).
Gender has been pointed out as one of the main fac-
tors causing the differences in the performance of
the students, with boys outperforming girls in most
studies. Attitudinal and sociocultural issues were
highlighted as some of the reasons of this gap (Fen-
nema, 2000; Niederle & Vesterlund, 2010; Zhu,
2018). Furthermore, students’ socioeconomic status
has been shown to be positively correlated with their
academic performance in countries as diverse as
China (Wang, Li & Li, 2014), Germany (Krieghaum
& Spinath, 2016), or Uganda (Kiwanuka, Van
Damme, Van Den Noortgate, Anumendem & Na-
musisi, 2015). Another factor that has been tradi-
tionally identified as relevant when analysing the
disparities in mathematical literacy is immigrant sta-
tus. Significant differences in the mathematical per-
formance of immigrant students in comparison with
native students have been detected in many coun-
tries (OECD, 2006), although the magnitude of these
differences vary depending on contextual attributes

of host countries, origin countries, and communities
(Levels, Dronkers & Kraaykamp, 2008).

In this study, the factors analysed with respect
to the PISA 2015 test results are those related to the
school, the home and the socioeconomic context of
the students’ families, restricted to the variables con-
sidered relevant by PISA reports and specialised pa-
pers in this field (Jamet, 2006; Molina Marfil, Mar-
cenaro Gutiérrez & Martin Marcos, 2015; Pérez &
Soto, 2011; Sanchez Miguel, Garcia Pérez &
Rosales Pardo, 2010). The study also considers ad-
ditional variables that were incorporated in the 2009
PISA edition, including whether the student had at-
tended pre-school. Cordero Ferrera, Crespo Cebada,
Pedraja Chaparro and Santin Gonzales (2011) and
Cordero Ferrera, Manchdn Lopez and Garcia Vali-
fias (2011) report the noticeably beneficent effect of
pre-primary schooling on students’ subsequent aca-
demic performance. By means of multilevel models,
these variables can be combined to reveal new rela-
tionships among the factors related to students and
schools.

Regression models are commonly used to ex-
plain the relationship between academic perfor-
mance and two or more independent variables.
Visser, Juan and Feza (2015) use multiple regression
analyses Trends in International Mathematics and
Science Study (TIMSS) data to determine the re-
sources factors that influence South African learn-
ers’ performance in Mathematics.

Multilevel regression models are a useful
means of modelling the hierarchical organisation of
the PISA data, because they take into account the
covariance structure. According to Blanco-Blanco,
Lépez Martin and Ruiz de Miguel (2014:142), the
main contribution of multilevel regression models is
“the possibility of studying the correlation between
the dependent variables of the different levels con-
sidered.” These models are built from the “empty”
or “null” model (the one that does not include any
independent variable), which is used as a reference
to test the significance of alternative models. In this
paper, we consider an additive approach according
to which the complexity of the null model is progres-
sively increased by adding independent variables
from the two levels (Dronkers & Robert, 2008).

Method

The study sample was obtained from the 2015 edi-
tion of the PISA study. Multilevel regression models
with two levels (student and school) were applied to
conduct an in-depth analysis of the students’ mathe-
matical performance in various Spanish regions. In-
dependent variables from the two levels were con-
sidered in each model to detect the variables related
to the students and those related to the schools, to
determine their influence on mathematical literacy.
The results compared were obtained from students
in five Spanish regions: Navarra, Castile-Ledn, Cat-
alonia, Extremadura, and Andalusia.
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Values were missing from some of the inde-
pendent variables. Accordingly, the missing data
pattern was analysed for each one, and imputation
techniques were used to complete the values of the
predictors.

The students’ mathematical performance was
estimated using their plausible values in the mathe-
matics test. The 2015 edition of PISA contains 10
plausible values for each student. In our study, these
plausible values were taken as the dependent varia-
bles. Multilevel regression models were then ap-
plied, as indicated by the OECD (2017).

Variables

The variables addressed concern the environment of
the students and of the school, and correspond to
those considered significant in previous research

Table 1 Variables considered

into mathematical literacy (see Table 1). Three types
of wvariables are distinguished: dichotomous
(dummy), discrete, and continuous.

Multilevel regression models were applied to
the data from five of the seventeen Spanish regions
participating in the 2015 edition of PISA: Navarra,
Castile-Leon, Catalonia, Extremadura, and Andalu-
sia. These regions were selected taking into account
the average score obtained in Mathematics by the
Spanish students in this edition of the study (486
points). Regions with results above and below this
average were analysed. Thus, Navarra, Castile-
Ledn, and Catalonia reported above-average scores,
with 518, 506, and 500 points, respectively. Results
for Extremadura and Andalusia were below the na-
tional average, at 473 and 466 points, respectively.

Student variables

School variables

Name Type Name Type
Gender Dummy Stratum Dummy
(0: Male; 1: Female) (0: Private school; 1: Public
school)
Repeat Dummy School location Dummy
(0: No; 1: Yes, one or (0: Town; 1: City)
more)
Pre-primary schooling Dummy Student-teacher ratio Continuous
(0: No; 1: Yes)
Immigrant Dummy Total school enrolment Discrete
(0: No; 1: Yes)
Mother schooling Dummy Index of school Continuous
(0: No; 1: Yes) responsibility for
curriculum and assessment
(RESPCUR)
Father schooling Dummy Index of school Continuous
(0: No; 1: Yes) responsibility for resource
allocation (RESPRES)
Internet at home Dummy
(0: No; 1: Yes)
Books at home Dummy
(0: No; 1: Yes)

Index economic, social, and  Continuous
cultural status (ESCS)

RESPCUR measures the relative level of re-
sponsibility of school staff in issues relating to cur-
riculum and assessment. It is computed taking into
account who has responsibility for the following
four aspects of curriculum and assessment: estab-
lishing student assessment policies, choosing which
textbooks are used, determining course content, and
deciding which courses are offered. Similarly, RE-
SPRES is an index that indicates the relative level of
responsibility of school staff in allocating resources.
To compute this, six items regarding who has re-
sponsibility for tasks related to resource allocation
(namely, selecting teachers for hire, firing teachers,
establishing teachers’ starting salaries, determining
teachers’ salary increases, formulating the school
budget, and deciding on budget allocations within
the school) are considered. Both indices are calcu-
lated on the basis of the ratio of “yes” responses for

school governing board, principal, or teachers in
each item, to “yes” responses for regional/local edu-
cation authority or national educational authority.
Higher values of each index indicate relatively
higher levels of school responsibility in the corre-
sponding area (OECD, 2017).

Sample
The 2015 edition of the PISA study examined the
performance of 565,000 students in 72 countries. In
Spain, this involved over 40,000 students from 1,000
schools located in 17 regions. The sample size in
each region was larger than in previous editions of
PISA to ensure that regional results were representa-
tive.

Our study sample is composed of 9,123 stu-
dents from the following regions: 1,874 from Na-
varra, 1,858 from Castile-Ledn, 1,769 from Catalo-



S4 Lara-Porras, Rueda-Garcia, Molina-Mufoz

nia, 1,809 from Extremadura, and 1,813 from Anda-
lusia. In these regions, the PISA tests were applied
in 268 schools (of which 176 were public schools,
with 6,036 students evaluated and 92 were private
schools, with 3,087 students evaluated). These
schools were distributed by region as follows: 52 in
Navarra (32 public, 20 private), 57 in Castile-Le6n
(35 public, 22 private), 52 in Catalonia (31 public,
21 private), 53 in Extremadura (39 public, 14 pri-
vate) and 54 in Andalusia (39 public, 15 private).

Data Analysis

The PISA data was separated into two levels, student
and school, to facilitate the use of two-level regres-
sion models. Some authors have even considered the
region or the country as a third level for modelling
PISA data (Blanco-Blanco et al., 2014; Ruiz de Mi-
guel, 2009).

Multilevel models are used to explain the max-
imum variance in each of the levels considered. In
this study we first analysed the “empty” or “null”
model (with no independent variables). The com-

Table 2 Comparison of Models A and B

plexity of this null model was then progressively in-
creased by adding variables from the two levels,
considering separately the independent variables
from the student level and those from the school
level. However, a significant number of the be-
tween-school and within-school variances remained
unexplained, and so the variables from both levels
were then included in the model in order to analyse
the relationships among all the predictors, as a
whole, with the students’ performance.

Results

The model parameters were analysed and the main
results obtained are shown in Table 2. The effect of
the school factor was evaluated by comparing the
model that includes this effect (Model A) with the
one that does not (Model B). Table 2 shows the esti-
mation of the parameters associated with the fixed
and the random parts of these models (standard er-
rors in brackets). The -2 log likelihood (-2LL) statis-
tic associated with each model, which is very useful
for such comparisons, is also shown.

Navarra Castile-Ledn Catalonia Extremadura Andalusia
Fixed part Fixed part Fixed part Fixed part Fixed part
Intercept Intercept Intercept Intercept Intercept
518.259 (3.791) 505.926 (3.205) 500.328 (4.508) 473.485 (3.903) 469.587 (3.690)
Random part Random part Random part Random part Random part
Residuals Variance  Residuals  Variance Residuals Variance Residuals Variance Residuals Variance
6215.45 565.77 5830.673 395.29 6142.37 868.32 6293.66 611.16 6326.15 541.69
(205.84) (144.72)  (194.16)  (107.32) (209.88) (207.99)  (212.60)  (162.06) (213.47) (145.11)
-2LL -2LL -2LL -2LL -2LL
Model A Model B Model A Model B Model A ModelB  Model A Model B Model A Model B
21762.01 21853.39 21448.73  21508.20 20541.83 20681.35 2103407 21116.34 21085.89 21115.50

The difference between the values of the -2LL
statistic was significantly distinct from zero in the
five regions; therefore, we reject the hypothesis that
the effect of the school factor is null. The value of
the intercept of each model indicates that the average
score of the students was 518.259 points in Navarra,
505.926 in Castile and Ledn, 500.328 in Catalonia,
473.485 in Extremadura, and 469.587 in Andalusia.
The corresponding standard errors show that the dif-
ferences are statistically significant.

In each model, the variance of the school factor
indicates the differences in the average performance
of the students. Moreover, in each case the variance
of the residuals reflects the differences in the perfor-
mance of students who attend the same school.
These two variances are significant in all five mod-
els, and so we conclude that there is an unexplained
relationship between the average performance of the
students and that of the schools.

The percentage of the total variance attributa-
ble to the school is obtained from the intra-class cor-
relation coefficient, p, which explains the degree of
variability between the schools in comparison with
the variability between students at the same school.
The values of the intra-class correlation coefficients

show that 8.34%, 6.34%, 12.38%, 8.85%, and 7.88%
of the difference in the students’ performance is ex-
plained by the school effect in Navarra, Castile-
Leodn, Catalonia, Extremadura, and Andalusia, re-
spectively. These are fairly low percentages, from
which we deduce that the inequalities in the stu-
dents’ performance arise more from the students’
own characteristics than from those of the schools.

As observed above, there are statistically sig-
nificant differences in the performance of the stu-
dents within each school that are not attributable to
the school itself. Therefore, the variables related to
the students that influence their mathematical per-
formance need to be identified. This justifies our de-
cision to expand the null model by including inde-
pendent variables from the student level. Accord-
ingly, all the variables shown in Table 1 were ana-
lysed, together with the interactions between them,
but focusing on the variables with a significant in-
fluence on the students” mathematical performance.
The parameters associated with these variables are
shown in Table 3.

These results show that the average mathemat-
ical performance of girls was lower than that of boys
in the five regions analysed. The difference, in fa-
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vour of the boys, was -10.417 points in Navarra, -
11.187 points in Castile-Leon, -18.856 points in Cat-

alonia, -9.049 points in Extremadura, and -12.309
points in Andalusia.

Table 3 Models with significant variables for the student level

Coefficients

Variables Navarra Castile-Ledn Catalonia Extremadura Andalusia

Gender -10.417 (3.731) -11.187 (3.557) -18.856 (3.790) -9.049 -12.309 (3.755)
(3.771)

Repeat -91.919 (4.055) -89.975 (3.473) -74.774 (4.738) -96.688 (3.439) -98.820 (3.468)

Pre-primary 22.591 (5.180) 27.912 (5.035) 30.727 (5.551) 47.041 (8.858)

schooling

Immigrant -37.041 (5.129) -14.830 (6.231) -36.847 (4.929)

Mother schooling ~ 15.063 (3.808) 20.070 (3.958) 8.718 (3.299) 11.781 (3.332)

Father schooling 12.642 (3.418) 10.838 (4.064) 11.225 (3.594) 19.274 (3.567)

Internet at home 17.098 (8.360)

Books at home 14.826 (4.009) 7.507 (3.764)

ESCS 14.169 (2.075) 5.121 (2.029) 12.988 (2.238) 14.038 (2.164) 13.715 (2.073)

Gender * Pre- 28.423 (10.606) 27.488 (11.034)

primary

Gender * ESCS 10.186 (3.051)

Repeat * Pre- -21.046 (10.167)

primary

Repeat * 22.891 (9.785) 24.097 (10.429)

Immigrant

Repeat * ESCS -11.517 (3.880) -7.550 (3.364) -9.311 (4.100)

Pre-primary *

35.115 (11.45)

Books
Mother schooling
* ESCS

8.315 (3.522)

Note. The symbol™* represents interaction between variables.

In recent years, reducing the rate of grade rep-
etition has been one of the main goals addressed in
the Spanish education system. The challenge to be
faced is not only the unacceptably high percentage
of grade repetition but also the important differences
in the results obtained by repeater students. When
the variable Repeat is included in our model, the cor-
responding coefficient is negative and significant for
all five regions. These coefficients indicate that, af-
ter controlling for gender, students who had not re-
peated any grade achieved an average performance
that was -91.919, -89.975, -74.774, -96.688, or
-98.820 points better in Navarra, Castile-Ledn, Cat-
alonia, Extremadura, and Andalusia, respectively,
than that of students who had repeated at least one
grade.

The parameter associated with the variable
Pre-primary schooling was positive and significant
for Navarra, Castile-Leon, Catalonia, and Andalu-
sia. Students in these regions who had attended pre-
primary schooling achieved average scores that were
22.591, 27.912, 30.727, and 47.041 points higher,
respectively, than those who had not.

Students’ immigrant status had a significant ef-
fect in Navarra (parameter value: -37.041), in Cas-
tile-Ledn (parameter value: -14.830), and in Catalo-
nia (parameter value: -36.847).

Regarding the parents’ educational back-
ground, the mother’s education had a significant in-
fluence on the students’ performance in all regions
except Castile-Ledn. The parameter associated with
the father’s education was significant in all regions

except Navarra. The highest value of the coefficient
associated with the variable Mother schooling was
recorded for Catalonia (20.070) and that for the var-
iable Father schooling (19.274) was recorded in An-
dalusia.

The variable Internet at home was only signif-
icant for Castile-Leon. Possessing books at home
had a significant effect on the students from Navarra
and Andalusia.

To measure different aspects of the students’
social and family environment, an index of ESCS
was computed, including the parents’ occupational
status and education level, and the household re-
sources available. It is assumed that the less this in-
dex influences the students’ academic performance,
the fairer the educational system. In our study, the
variable ESCS had a positive effect on the students’
performance in the five regions studied. Thus, for
each point of increase in this index, the students’ av-
erage mathematical performance increased, by
14.169, 5.121, 12.998, 14.038, and 13.715 points in
Navarra, Castile-Ledn, Catalonia, Extremadura, and
Andalusia, respectively.

When all the independent variables of the stu-
dent level are included in the model, both the within-
school and the between-school variances signifi-
cantly decrease with respect to the null model. Thus,
the predictors of the student level contribute to ex-
plain the unexplained variance. The intra-class cor-
relation coefficient in Navarra, Castile-Ledn, Cata-
lonia, Extremadura, and Andalusia decreased from
0.0834, 0.0634, 0.1238, 0.0885, and 0.0788 t0 0.019,
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0.039, 0.029, 0.031, and 0.032 with respect to the
null model. This implies that 1.9%, 3.9%, 2.9%,
3.1%, and 3.2% of the total variance of the mathe-
matical performance is due to the variability at stu-
dent level. Moreover, the school effect decreased af-
ter including the predictors of the student level.

Alternative multilevel models were con-
structed, incorporating predictors from the school
level into the null model. As was the case with the
student level, we focused on the predictors that sig-
nificantly influenced performance. These results are
shown in Table 4.

Table 4 Models with significant variables for the school level

Coefficients

Variables Navarra

Castile-Ledn

Catalonia Extremadura Andalusia

Stratum

School location
Student-teacher
ratio

Total school
enrolment
RESPCUR

-33.444 (6.181)

0.036 (0.007)

25.542 (6.395)

-12.426 (5.241)

-38.101 (7.963)  -38.355(6.960)  -19.009 (8.207)

1.971 (0.847)

The differences observed in the mathematical
performance of the students can be explained, in
part, by the type of school. Therefore, we first intro-
duce the variable Stratum to the model. Table 4
shows this parameter had a significant negative
value in all regions except Castile-Ledn. In Navarra,
Catalonia, Extremadura, and Andalusia the average
performance of the students attending private
schools was -33.444, -38.101, -38.355, and -19.009
points higher than that of the students at public
schools. The school location (rural or urban area) in-
fluenced the performance of the students in Castile-
Ledn: the performance of the students attending ur-
ban schools in these regions was 25.542 points
higher than that of those in rural areas.

In the next models, we progressively intro-
duced variables describing characteristics of the
schools, such as School location, Student-teacher
ratio and Total school enrolment. The variable Stu-
dent-teacher ratio was only significant in Extrema-

dura (with a coefficient of 1.971) and that of School
enrolment had a relevant effect only in Navarra
(with a coefficient of 0.036).

The variable RESPCUR had a significant neg-
ative impact on the performance of the students in
Castile-Leon (with a coefficient of -12.426). The in-
crease of the school self-government in issues relat-
ing to curriculum and assessment in this region had
a detrimental effect on the mathematical perfor-
mance of the students and, therefore, more global
policies would be preferable.

The following tables present the results ob-
tained from models that include variables both from
the student level and from the school level. Tables 5,
6 and 7 show the estimated parameters for each var-
iable in each level. For reasons of clarity, standard
errors are not shown. Table 8 shows the estimated
variances, together with the likelihood ratio coeffi-
cient as a goodness-of-fit measure.

Table 5 Final models with significant variables for the student level

Coefficients
Variables Navarra  Castile-Ledn  Catalonia  Extremadura  Andalusia
Gender -15.075 -44.478 -38.768 -16.827 -20.665
Repeat -87.782 -71.653 -75.733 -89.241 -87.278
Pre-primary schooling - 27.704 - - 50.405
Immigrant -35.234 - -37.493 - -
Mother schooling - - - - 9.600
Father schooling - 8.357 - - -
Internet at home - - - - -
Books at home - - - - -
ESCS 15.056 6.873 11.861 8.337 15.589
Gender * Pre-primary - 25.223 21.216 - -
Gender * ESCS - - 9.480 - -
Repeat * Immigrant - - 21.287 - -
Repeat * Pre-primary - -20.969 - - -
Repeat * ESCS -10.997 -7.550 -9.311 - -
Pre-primary * Books 35.115 - - - -
Mother schooling * ESCS - - - 8.315 -

In the model incorporating all the significant
predictors related to the students, the effects of the
variables Gender and Repeat are negative in all five
regions. The lowest value of the coefficient associ-

ated with gender was obtained in Castile-Ledn
(- 44.478) while that of the coefficient regarding stu-
dent repeater status was recorded in Extremadura
(- 89.241). The variable Pre-primary schooling was
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no longer significant in Navarra or Catalonia, but re-
mained significant in Castile-Le6n and in Andalusia,
with similar values of the corresponding coeffi-
cients. The immigrant status of the students contin-
ued to have a negative impact on mathematical per-
formance in Navarra and in Catalonia. These two re-
gions present the highest percentages of immigrant
population (13.33% and 17.24%, respectively). The
coefficient associated with the variable Mother
schooling was significant only in Andalusia and that

S7

related to the variable Father schooling remained
significant only in Castile-Ledn. The ESCS index
was significant in the five regions, with similar val-
ues to those shown in Table 3 (where the predictors
were introduced one by one). The interactions be-
tween variables listed in Table 3 remained signifi-
cant and with similar values of their coefficients,
with the exception of Repeat * Pre-primary school-
ing which was no longer significant in Navarra.

Table 6 Final models with significant variables for the school level

Coefficients
Variables Navarra Castile-Leén  Catalonia  Extremadura  Andalusia
Stratum -19.122 - -38.101 -38.546 -19.009
School location - 29.847 - - -
Student-teacher ratio - - - 1.025 -
Total school enrolment 0.027 - - - -
RESPCUR - -11.164 - - -

In these models, when all the variables of the
student level were included, the variable Stratum re-
mained significant, with a negative coefficient. The
school location had a positive significant effect only
in Castile-Ledn. Furthermore, the student-teacher

ratio was significant only in Extremadura. With re-
spect to the variables Total school enrolment and
RESPCUR, the former was only significant in Na-
varra and the latter, in Castile-Leon.

Table 7 Final models with significant variables for the student level and the school level

Coefficients
Variables Navarra Castile-Ledn Catalonia Extremadura  Andalusia
Gender -15.183 -45.389 -38.623 -16.702 -20.649
Repeat -86.193 -71.649 -75.094 -88.468 -87.278
Pre-primary schooling - 27.702 - 33.285 50.407
Immigrant -35.282 - -37.029 - -
Mother schooling - - - - 9.470
Father schooling - 8.146 - - -
ESCS 13.351 6.117 11.153 7.898 15.881
Gender * Pre-primary - 25.687 21.280 - -
Gender * ESCS - - 9.618 - -
Repeat * Pre-primary - -20.742 - - -
Repeat * Immigrant - - 20.669 - -
Repeat * ESCS -10.149 -6.984 -9.108 - -
Pre-primary * Books 33.686 - - - -
Mother schooling * ESCS - - - 8.215 -
Stratum - - - -11.908 -
School location - 17.010 - - -
Total school enrolment 0.012 - - - -
RESPCUR - -13.134 - - -

Finally, the variables from both levels were in-
cluded in the models in order to analyse the relation-
ship of all the predictors, as a whole, with the stu-
dents’ performance. In the models including individ-
ual characteristics of the students and the character-
istics of the schools (see Table 7), the variable Gen-
der was significant in the five regions. The maxi-
mum values of the coefficients associated with this
variable were obtained for Castile-Ledn and Catalo-
nia, where the average performance of boys was
45.389 and 38.626 points higher than that of girls,
respectively. The coefficient associated with the var-
iable Gender was initially significant and negative
in each of the regions, but the differences between
boys and girls increased considerably when the re-

maining predictors and the significant interactions
were introduced in each model.

The parameter corresponding to the predictor
Repeat was significant and negative in all regions
and its value was almost unchanged from that ob-
tained with the models that only considered varia-
bles for the student level. The maximum and mini-
mum values of this parameter were obtained in Ex-
tremadura (-88.468) and in Castile-Ledn (-71.649).
This means that the students from these regions who
had not repeated any grade achieved an average per-
formance that was -88.468 points and -71.649 points
higher, respectively, than that of the students who
had repeated at least one grade.
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The variable Immigrant had a significant effect
only in Catalonia (with an associated coefficient of -
37.029) and in Navarra (with an associated coeffi-
cient of -35.282). In these regions, the significant in-
fluence of the immigrant population on the students’
performance was due to the large number of immi-
grants resident, in comparison with the other regions
considered.

The variables Mother schooling and Father
schooling were significant only in Andalusia and in
Castile-Leon, with corresponding coefficients of
9.470 and 8.146, respectively. It is important to note
that the parents’ schooling is the parameter that cor-
relates most strongly with the students’ results and
that the percentage of parents with low or medium-
low educational attainment in Spain is three times
that of the European Union.

The students’ cultural and socioeconomic sta-
tus was positively related to academic results, in all
regions. Thus, when the cultural and socioeconomic
status increased by one unit, the students’ average
mathematical performance increased by 13.351, by
6.117, by 11.153, by 7.898, and by 15.881 points in
Navarra, Castile-Leo6n, Catalonia, Extremadura and
Andalusia, respectively.

With respect to interactions between the pre-
dictors, the variable Gender interacted with the var-
iables Pre-primary schooling and ESCS. The former
interaction was significant in Castile-Le6n and in
Catalonia, with coefficients of 25.687 and 21.280,
respectively; the latter had a positive significant ef-
fect in Catalonia (9.618). The predictor Repeat inter-
acted with the variables Pre-primary schooling, Im-

migrant and ESCS. The first of these interactions
was significant in Castile-Ledn (-20.742), the sec-
ond was significant in Catalonia (20.669) and the
third was significant in Navarra (-10.149), in Cas-
tile-Ledn (-6.984) and in Catalonia (-9.108). The in-
teractions Pre-primary schooling * Books at home
and Mother schooling * ESCS were significant in
Navarra (33.686) and in Extremadura (8.215), re-
spectively.

The predictor of the school level Stratum was
significant only in Extremadura, with a coefficient
of -11.908. In the final model considering the pre-
dictors of the school level (Table 6) the effect of the
variable Stratum was significant and negative in Na-
varra, Catalonia, Extremadura, and Andalusia. In the
final model with the variables of the two levels, this
predictor remained significant only in Extremadura.
It would be very interesting to perform a specific
analysis to determine which factors related to the in-
dividual characteristics of the students reverse the
sign of this relationship.

In Navarra, in the final model with variables
for the two levels, the only significant variable for
the school level was Total school enrolment (with a
parameter of 0.012). The effect of this variable was
lower than in the model including only the variable
for the school level (0.027).

The location of the school had a notable effect
only in Castile-Ledn, where the average perfor-
mance of the students attending schools in urban ar-
eas was 17.010 points higher than that of those at-
tending schools in rural areas.

Table 8 Final model (estimation of the covariance parameters and of the likelihood ratio statistics)

Navarra Castile-Ledn Catalonia

Extremadura  Andalusia

Residuals 4580.62 4146.57 4961.47
Variance 42.090 87.87 139.08
-2LL 21130.05 20779.60 20108.02

4325.52 4157.23
108.27 131.85
20311.62 20291.00

Comparison of each of these models (which in-
cludes all the predictors of the student and the school
levels) with the corresponding null model shows that
both the within-school variance and the between-
school variance decreased in all regions. For exam-
ple, in Navarra, the within-school variance de-
creased from 6,215.451 to 4,580.629 and the be-
tween-school variance fell from 565.777 to 42.090.
The joint effect of the student-related and the school-
related variables very largely explains the within-
class and between-class differences observed in the
null model, as evidenced by the significant decrease
in the residual variance.

When both groups of predictors were included,
the p coefficient decreased in all regions in compar-
ison with the null model, from 0.0834, 0.0634,
0.1238, 0.0885, and 0.0788 in the null model to
0.0009, 0.0207, 0.0272, 0.0244, and 0.0307 in the
final model in Navarra, Castile-Ledn, Catalonia, Ex-
tremadura, and Andalusia, respectively.

Finally, we evaluated the goodness of fit of the
proposed models, comparing the likelihood ratio co-
efficient of each final model with its counterpart in
the null model." As an example, and for reasons of
space, Table 9 shows the goodness of fit of the mod-
els corresponding only to Castile-Leon and to Extre-
madura.
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Table 9 Goodness of fit of the models. Likelihood ratio coefficients

Castile-Ledn Extremadura
Models 2LL Difference 2LL  Parameters (n) 2LL Difference 2LL  Parameters (n)
Null 21448.73 21037.077
Student level 20797.18 651.554 8 20318.557 715.52 4
School level  21428.19 20.542 2 21008.309 25.45 2
Both levels 20779.60 669.128 10 20311.627 722.45 6

In both of these regions the three models made
a significantly greater contribution than the null
model. From the results obtained, we conclude that
the model including variables relating both to the
student and to the school is the most appropriate for
explaining the mathematical performance achieved
by the students evaluated in PISA 2015.

Discussion

Our findings contribute to those reported previously
by studies such as Blanco-Blanco et al. (2014) and
Topgu, Arikan and Erbigilin (2015), who show that
multilevel models are an appropriate means of stud-
ying the factors that may be relevant to students’ ac-
ademic performance and of determining the sign of
this influence. Moreover, multilevel models allow us
to study interactions between the variables, and to
clarify the complexity of educational phenomena.

According to the Spanish Ministry of Educa-
tion, Culture and Sport (2016), the relationship be-
tween the socioeconomic and cultural level of the
family and students’ academic performance is often
used as a measure of the fairness of the educational
system. A weak relationship between these two var-
iables may mean that the educational system reduces
the impact of differences in students’ social and fam-
ily environments and therefore reduces the effect of
these differences on academic performance.

In Spain, the average value of the ESCS index
is -0.51, which is lower than that of the European
Union as a whole (-0.07) and of the OECD countries
(-0.04). The correlation between this index and the
average score in Mathematics is positive; thus, the
higher the ESCS, the higher the score obtained in
Mathematics. Figure 1 shows the position of the 17
Spanish regions according to their ESCS and aver-
age mathematical score. Our results reflect the exist-
ence of a significant association between the stu-
dents’ average performance and the ESCS index in
all regions except Castile-Ledn, where the perfor-
mance is better than expected according to the ESCS
for this region (-0.44). In the remaining regions, the
ESCS explains more than 50% of the variability in

Extremadura (-0.79) and in Andalusia (-0.87); in the
regions with higher mathematical scores, such as
Navarra and Catalonia, the value of the ESCS is
- 0.32 and -0.35, respectively. These data are con-
sistent with the regions’ per capita income in 2015,
except, again, Castile-Le6n (21,922 euros): the cor-
responding incomes for the other regions were
28,682 euros in Navarra, 27,663 in Catalonia,
17,263 in Andalusia, and 16,166 in Extremadura.

The results of our analysis indicate that in
Mathematics, the performance of boys is better than
that of girls. These results are similar to those ob-
tained in previous editions of PISA. The differences
between boys and girls increase when the remaining
variables of the student levels are included in the
models.

The behaviour pattern of the variable Pre-pri-
mary schooling was similar to that reported by
Cordero Ferrera, Manchon Lopez, et al. (2011),
which underscores the importance of early schooling
and of early mathematical literacy for successful
mathematical performance in the future. In our anal-
ysis, the highest value of the coefficient associated
with the variable Pre-primary schooling was ob-
tained in Andalusia, the region with the lowest score
in Mathematics, which highlights the relevance of
this variable.

Grade repetition was found to be significant in
all the regions analysed, which is in line with the re-
sults of all the editions of the PISA study. However,
these results should be considered with caution due
to the unequal behaviour of this variable in each re-
gion. Moreover, some studies show that grade repe-
tition is often linked to other predictors related to ac-
ademic failure (available economic and social re-
sources, immigrant origin, the transmission of basic
literacy skills before entering the school or the help
with homework, among others) that should be inves-
tigated in depth (Agasisti & Cordero, 2017). Early
intervention in high-risk students seems to be effec-
tive (Cordero Ferrera, Crespo Cebada & Pedraja
Chaparro, 2013).
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Figure 1 Relationship between the average score obtained for Mathematics in each region and the

In our study, the native-born students recorded
an average score in Mathematics of 492 points,
which was 43 points higher than that of the immi-
grant students. This difference is slightly higher than
that reported by the OECD and the European Union
(EU) (36 and 37 points, respectively). The effect of
immigrant status on academic performance is com-
plex and should be viewed in association with other
factors such as the possession of textbooks and fam-
ily interest in the child’s education, as observed by
Lorenzo-Moledo, Godas-Otero and Santos-Rego
(2017), or the rigidity of the educational system and
problems in adapting to a diversity of languages and
cultures, as indicated by Fernandez Sierra (2017).

In the regions with lowest scores, private
schools achieved better results than state schools,
but the type of school ceases to be significant when
the student-related and the school-related variables
are considered jointly in the model. This is also true
for the variable Student-teacher ratio (which was
also indicated by Topcu et al., 2015 and by Topcu,
Erbilgin & Arikan, 2016) and for the variable Total
school enrolment. The effect of the school location
was only significant in Castile-Leon, which may be
explained by the dispersion of the rural population
in this region and the consequent disappearance of
the “competition between schools” factor.

Our results coincide in part with Visser et al.
(2015) who suggest that it is not only the socio-eco-
nomic factors of schools that impact learners’ math-
ematics performance, but also that higher levels of
parental education have a significant positive influ-
ence.

ESCS

The reduced relevance of the variables of the
school level when the family and socioeconomic
characteristics are considered was previously re-
ported by Cordero Ferrera et al. (2013). Therefore, it
is important to focus on the individual characteris-
tics of the students, since this area is where the great-
est differences in academic performance arise.

This study also has its limitations: the variables
related to schools are focused on the issue of re-
sources at schools as well as school management,
but other important variables were not taken into ac-
count, such as the effect that teacher classroom prac-
tice practices have on learner performance (Arends,
Winnaar & Mosimege, 2017 show that teacher class-
room practices affect learner performance in Mathe-
matics significantly) because these variables are not
available in the PISA survey in Spain.

Conclusion

From an educational standpoint, it is important to
note the potential offered by multilevel regression
models for identifying the factors influencing the
fact that most of the 15-year-old Spanish students in
our study lack the mathematical literacy that is as-
sumed for this age group. This shortcoming may
have important consequences for the students be-
yond academic failure, since substantial mathemati-
cal knowledge is required in daily life.

According to our analysis, repeating one or
more academic years has proven to be the most rel-
evant variable affecting the students’ mathematical
performance in all the regions analysed, with a neg-
ative effect. Usually, the lack of motivation and the
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discouragement are the underlying causes of the
lower performance of the repeater students. High-
lighting the importance of Mathematics and its ap-
plication to everyday life and using properly contex-
tualized mathematical tasks are means to increase
students’ motivation. Teachers should also upgrade
their training and adapt practices and educational
materials in order to incorporate into their teaching
certain aspects that could improve students’ acquisi-
tion of mathematical competence. In that sense, in-
novative teaching strategies such as the technology-
based approach, the gamification or the game-based
methodologies are highly recommended due to their
positive effect on attitudes towards mathematics and
mathematical performance (Divjak & Tomi¢, 2011;
Drijvers, Ball, Barzel, Heid, Cao & Maschietto,
2016; Lister, 2015).

Reducing the gap between girls and boys in
terms of mathematical performance is a complex
challenge, since it implies to eliminate widely-ac-
cepted clichés considering that the mathematical
ability is exclusive to men. Schools may contribute
to this end with activities that raise the role of
women along the history of mathematics and their
contribution to the development of this area. In ad-
dition to including female mathematicians in part of
the classroom learning, having female mentors who
have been successful in mathematics is also benefi-
cial. Teachers need to also examine their own class-
room practices (for example wait time for girls vs.
boys) and practices that promote self-efficacy.

The immigrant status also has a substantial
negative effect on the mathematical performance in
some of the regions analysed. Immigrant students
face personal, social, and cultural changes that may
have an adverse impact on their academic develop-
ment. The most important difficulties usually come
from the language barriers they find when they move
to a new country. Mathematics especially allows for
the use of visual teaching materials that may facili-
tate the learning of mathematical concepts to the im-
migrant students without the need to be proficient in
the language of the host country.

But such measures are not enough. Taking into
account the significant impact of the students’ soci-
oeconomic and cultural characteristics, it is not only
educational policies that should be considered. To
promote mathematical literacy and to improve the
results obtained in the PISA tests, there must be
greater commitment by society at all levels: politi-
cal, economic, and cultural.

Apart from the concerns aroused by the stagna-
tion of the scores obtained by Spanish students in the
PISA tests, it is important to promote the acquisition
of mathematical competency, and not only to im-
prove the test scores obtained. A key point in this
endeavour is to promote fairer educational systems
across the regions in which the effect of the socioec-
onomic and cultural factors on the students’ aca-
demic performance should be negligible. Delineat-

ing those “fairer educational systems” is beyond the
scope of our paper but an area for further research
and action. The unequal behaviour of the variables
analysed in the regions with scores above the aver-
age and in those with scores below the average sug-
gests a further study of the effect on the students’
mathematical literacy of the differentiating charac-
teristics of the regions such as the gross domestic
product or the unemployment rate.
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