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Abstract

Recently published results from PISA 2006 Report show the existence of significant
divergences in test scores among students from different Spanish regions participating in
this evaluation. The aim of this paper is to investigate the potential causes of those
divergences. For this purpose, an efficiency approach is adopted in order to determine in
what extent the students make the most of the resources they have at their disposal.
Subsequently, the effect of multiple variables on results is tested through a two-stage
procedure. Results show that students enrolled in private or subsidized schools have
lower levels of efficiency. In contrast, neither class nor school size has influence on
students” efficiency levels. Galicia and La Rioja are identified as the most efficient
regions, while the Basque Country and Catalonia are considered the most inefficient ones.
However, those divergences cannot be only attributable to schools, which only account
for an average of 15 percent of inefficiency with no significant divergences among
regions.
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1. Introduction

Since their first publication in 2000, the results of the PISA Report, an initiative promoted
by the OECD to evaluate and compare fifteen years-old students’ cognitive abilities
through different countries, have generated deep concern in Spain due to the poor average
scores obtained by students compared to most of EU countries. Those disappointing
results have increased discussions about potential education policies that can lead to
improvements in academic outcomes (Fuentes, 2009). This debate usually becomes
polarized at central government as it is responsible for educational national laws and
curricular teaching organization. Nevertheless, it should be borne in mind that the
Spanish Autonomous Communities (hereafter, the regions) have been fully responsible
for the management of educational resources for the last ten years. Therefore, they should
be the ones most interested in analysing PISA results as a previous step for the
application of more effective educational policies.
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Probably due to this argument, ten Spanish regions decided to take part in PISA 2006
with an extended representative sample of their population': Andalusia, Aragon, Asturias,
Cantabria, Castile-Leon, Catalonia, Galicia, La Rioja, Navarre and the Basque Country.
Table 1 shows the results obtained by students from different regions in three different
tests (Sciences, Maths and Reading) within the rank of OECD countries participating in
the evaluation.

Table 1. Average scores of Spanish regions and OECD countries in PISA 2006

Country/Region Science Country/Region Reading Country/Region Maths
Finland 563 Korea 556 China-Taipei 549
Hong Kong-China 542 Finland 547 Finland 548
Canada 534 Hong Kong-China 536 Hong Kong-China 547
China Tapei 532 Canada 527 Korea 547
Estonia 531 New Zealand 521 Netherlands 531
Japan 531 Ireland 517 Switzerland 530
New Zealand 530 Australia 513 Canada 527
Australia 527 Liechtenstein 510 La Rioja 526
Netherlands 525 Poland 508 Macau-China 525
Liechtenstein 522 Sweden 507 Liechtenstein 525
Korea 522 Netherlands 507 Japan 523
Castile-Leon 520 Belgium 478 New Zealand 522
La Rioja 520 Estonia 492 Belgium 520
Slovenia 519 Switzerland 499 Australia 520
Germany 516 Japan 498 Castile-Leon 515
United Kingdom 515 China Taipei 496 Navarre 515
Aragon 513 United Kingdom 495 Estonia 515
Czech Republic 513 Germany 495 Denmark 513

1 In 2003 three regions took part in evaluation (Castile-Leon, Catalonia and the Basque Country)
with a representative sample. In PISA 2009 the number of regions participating with a
representative sample will increase up to fourteen. Only Extremadura, Castile La Mancha and the
Valencian Community decided not to extend their participation.
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Switzerland 512 Denmark 494 Aragon 513
Navarre 511 Slovenia 494 Czech Republic 510
Macau-China 511 Macau-China 492 Iceland 506
Austria 511 La Rioja 492 Austria 505
Belgium 510 Austria 490 Slovenia 504
Cantabria 509 France 488 Germany 504
Asturias 508 Basque Country 487 Sweden 502
Ireland 508 Iceland 484 Cantabria 502
Galicia 505 Norway 484 Ireland 501
Hungary 504 Aragon 483 Basque Country 501
Sweden 503 Czech Republic 483 Asturias 497
Poland 498 Hungary 482 France 496
Denmark 496 Navarre 481 United Kingdom 495
France 495 Latvia 479 Poland 495
Basque Country 495 Luxembourg 479 Galicia 494
Croatia 493 Galicia 479 Slovakia 492
Catalonia 491 Castile-Leon 478 Hungary 491
Iceland 491 Croatia 477 Luxembourg 490
Latvia 490 Asturias 477 Norway 490
United States 489 Catalonia 477 Catalonia 488
Slovakia 488 Cantabria 475 Lithuania 486
Spain 488 Portugal 472 Latvia 486
Lithuania 488 Lithuania 470 Spain 480
Norway 487 Italy 469 Azerbaijan 476
Luxembourg 486 Slovakia 466 Russia 476
Russia 479 Spain 461 United Status 474
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Italy 475 Greece 460 Croatia 467
Portugal 474 Turkey 447 Portugal 466
Andalusia 474 Andalusia 445 Andalusia 463
Greece 473 Chile 442 Italy 462
Israel 454 Russia 440 Greece 459
Chile 438 Israel 439 Israel 442
Serbia 436 Thailand 417 Serbia 435
Bulgaria 434 Uruguay 413 Uruguay 427
Uruguay 428 Mexico 410 Turkey 424
Turkey 424 Bulgaria 402 Thailand 417
Jordan 422 Serbia 401 Romania 415
Thailand 421 Jordan 401 Bulgaria 413
Romania 418 Romania 396 Chile 411
Montenegro 412 Indonesia 393 Mexico 406
Mexico 410 Brazil 393 Montenegro 399
Indonesia 393 Montenegro 392 Indonesia 391
Argentina 391 Colombia 385 Jordan 384
Brazil 390 Tunisia 380 Argentina 381
Colombia 388 Argentina 374 Colombia 370
Tunisia 386 Azerbaijan 353 Brazil 370
Azerbaijan 382 Qatar 312 Tunisia 365
Qatar 349 Kyrgyzstan 285 Qatar 318
Kyrgyzstan 322 Kyrgyzstan 311
Total 461 Total 446 Total 454
OECD Average 500 OECD Average 492 OECD Average 498
OECD Total 491 OECD Total 484 OECD Total 484

Source: OCDE, 2007.
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According to these data, it is evident that behind the average score for Spain there are
significant divergences across regions. Actually, it can be seen that most of the regions
taking part in the evaluation present better results than the Spanish national average with
the sole exception of Andalusia. Thus, while La Rioja and Castile-Leon have higher
levels than Germany or United Kingdom in Sciences and Maths, Andalusia is placed near
Portugal and Greece?.

Nevertheless, this comparison based only on test scores (outputs) result too simple since
educational achievement in each region depend on multiple variables such as students”
characteristics, school resources or management policies (inputs). Thus, the objective of
this paper is to study in depth the potential influence of those factors through the
exploitation of the great amount of information provided by the PISA 2006 dataset.

There have been other previous works that have used data from PISA studies in an
attempt to address this issue with the majority focused on international comparisons
(Wolter and Vellacott, 2003; Fuch and Woessman, 2007; Jorge and Santin, 2010),
although specific studies for a single country can also be found. For the case of Spain,
Calero and Escardibul (2007) and Perelman and Santin (2008), both based on the 2003
PISA dataset, are the most representative works.

The approach used in our study is based on an efficiency assessment of students, i.e., we
try to measure whether they obtain the most of the resources they have at their disposal.
To perform this evaluation, efficiency is calculated with Data Envelopment Analysis
(DEA), which is frequently used within educational contexts due to its high flexibility
and ability to adapt to the existence of multiple outputs and inputs (Seiford and Thrall,
1990). Subsequently, a two-stage analysis makes possible to identify potential
explanatory factors for inefficient behaviours.

The use of information at student level involves a great advantage over most of the
studies completed within the educational context, which usually use aggregate data at
country (Afonso and StAubyn, 2006), district (McCarthy and Yaisawarng, 1993; Banker
et al., 2005) or school (Mufiiz, 2002; Cordero et al., 2005) level. In addition, to facilitate
the analysis and interpretation of estimates (Hanushek et al., 1996), individual data
provide information on students” efficiency independently of their educational system or
school. Furthermore, the measurement of efficiency at student level allows considering
separately student’s own socioeconomic background and their schoolmates” one (the so-
called peer-group effect), two inputs which cannot be simultaneously included with
aggregated data (Santin, 2006).

The present work is structured in the following manner. Section 2 presents the model of
educational production and the methods used to measure students” efficiency and detect
factors that affect their performance. Section 3 describes the main characteristics of the
dataset and the criteria followed to select the variables included in the analysis, while

2 However, the differences observed among Spanish regions are not as wide as those detected
within Italy, where the distance between northern and southern regions with a representative
sample reach over 100 points.
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Section 4 is devoted to presenting and discussing results. Finally, the article ends with a
summary and the main conclusions.

2. Methodology

Since the main objective of this paper is to establish the existing relationship between
production resources and educational outcomes, we adopt the basic formulation of the
education production function defined by Levin (1974) and Hanushek (1979), which can
be defined on the following way:

Ais =f (Bi51 SiSl Pis: Iis) (1)

where A represents the vector of outputs from the educational process of student i at
school s, usually represented by the results obtained in standardized tests®. This output
depends on a set of factors represented by socioeconomic background (B;s), school inputs
(Sis) such as educational material or infrastructures in schools, influence of classmates or
peer-group effect (P;s), and the student’s innate abilities (Is).

Despite the high amount of studies which have tried to identify and quantify the effect of
these factors on the results of the educational process throughout the last decades,
evidences found are still not solid enough, especially regarding the role of educational
inputs (Hedges et al., 1994; Hanushek, 1997, 2003). Furthermore, it should be taken into
account that there may be inefficient behaviours in the learning process which may be
due to multiple reasons such as the way in which resources are organized and managed,
the motivation of the agents involved in the process or the structure itself of the
educational system (Nechyva, 2000; Woessman, 2001).

In the context of this study, three kinds of variables are considered: test scores obtained
by students in standardized tests (outputs), one vector of educational variables
indispensable for achievement (inputs), whose effect on results must be strictly positive,
i.e., a greater endowment of any of these variables must have a positive impact on results,
and, finally, a set of variables about which it cannot be known a priori if their effect on
educational process is positive, negative or inexistent (explanatory variables of
inefficiency).

Alternative methods can be used to complete efficiency measurement. They can be
classified into two major groups: parametric and non-parametric approaches. The former
ones use econometrics techniques while the latter can be considered as a mathematical
programming approach. Despite the existence of some studies in which parametric
methods are used (Callan and Santerre, 1990; Deller and Rudnicki, 1993; Chakraborty et
al., 2001; Perelman and Santin, 2008), the non-parametric option has been the most
preferred option among researchers in this field since the pioneer studies performed by
Bessent and Bessent (1980), Charnes et al. (1981) or Bessent et al. (1982) with aggregate

® Literature reviews on the estimation of the education production function shows up that over two
thirds of empirical studies use this variable as the only indicator of results (Hanushek, 2003;
Fleischhauler, 2007), while the other third is focused on the amount of education years, school
graduation rates or expected future incomes.
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data. Actually, in some recent articles this approach has also been used with individual
data (Silva and Thanassoulis, 2001; Jorge and Santin, 2010)".

This preference is based on the greater flexibility of this technique, since it does not
require to establishing a particular functional form for the production function. This fact
makes much easier its adaptation to an educational context in which it is difficult to
model the existing relations among variables. Hence, the approach used in this work is
non-parametric, represented by the main exponent of this technique, the Data
Envelopment Analysis (DEA)°.

The efficiency score calculated with this technique provides a measure of the level of use
that each student makes of available factors. However, this measure does not take into
account the effect of variables beyond his/her control that can affect his/her learning
process. These factors, usually known in the literature as ‘exogenous’ or ‘environmental’,
can be included in the analysis using alternative methodological options, although.
However, the most common option is a two-stage model®. This procedure involves the
estimation of a regression in which the values of the dependent variable are the efficiency
scores and the independent variable is the vector representing exogenous variables Z; =

(Zl, Zs..., Zi).

Parameters in this regression are usually estimated through a Tobit regression, since the
dependent variable is censored. The estimated values enable us to identify which
variables affect students’ efficiency level as well as the weight of their impact.
Furthermore, it is possible to provide a prediction on the inefficiency of each student
using the following equation:

6,=1(Z.B)+4 ©)

The main criticism faced by this approach is that errors are not independent, since scores
calculated with DEA are correlated among themselves (Simar and Wilson, 2007). The
most frequent solution to avoid this kind of problems consists on using bootstrap
techniques to obtain confidence intervals and avoid the previously-mentioned bias
problem. However, in this paper, the use of these techniques has been ignored since
available data provide five plausible values extracted from the estimated distribution of
the results of each student instead of one single result (see the explanation of plausible
values in the following section). Therefore, we work with confidence intervals for
efficiency estimations, thus the application of re-sampling methods becomes unnecessary.

Once each student’s inefficiency level has been predicted through Equation 4
considering the features of his/her environment (éi) , the difference between such

value and the efficiency score calculated in the initial stage (éi -6 =¢&,) may be

defined as observed pure inefficiency. This inefficiency may be decomposed into
three components: one attributable to schools, another one explained by the

* See Worthington (2001) for a review of works on the evaluation of efficiency in education.
® The formulation of this program is showed in the Annex.
® For a detailed review on these options see Cordero et al. (2008).
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student’s own inefficiency and a third one related to random factors'.
Decomposition of these three factors may be carried out through an one way
analysis of variance of the term¢,, in which it is assumed that inefficiency

differences among schools are due to inefficiency attributable to schools
(between) while within-school differences (within) are due to students’
inefficiency and random factors®. This analysis allows identifying another
possible origin for inefficiency, since it can separate between the percentage of
inefficiency due to the student him/herself and inefficiency attributable to schools.
Thus, differences in average efficiency among schools are associated to the
characteristics of the teachers, pedagogical methods used, school management or
the existing interrelation between parents and school principals. In contrast,
differences among students within the same centre are only attributable to their
individual dedication and effort.

3. Data and variables.
3.1. Data

The sample used in this research comes from the PISA 2006 study. More precisely, the
dataset is referred to Spanish students who took the test, a total number of 19,605 students
who are distributed across different regions as shown in Table 2. Those students are
enrolled in 685 schools, which can be divided into three groups according to the type of
ownership: public (funded and controlled by the region), semi-private (funded publicly by
regions but run through independent private decision-making processes) and private
(private funding and totally independent from regions).

Table 2. Student and school distribution among Spanish regions

Region Students | Schools Public Semi-Private Private
Andalusia 1,463 51 37 13 1
Aragon 1,526 51 31 16 4
Asturias 1,579 53 31 14 8
Cantabria 1,496 53 31 19 3

"It is assumed that random factors which influence unexplained inefficiency &, are normally

distributed: v~ N (0:6%,). This component shall be considered as a part of student inefficiency
since both, inefficiency and luck, remain unexplained by the model.
& See Perelman and Santin (2008) for details.
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Castile-Leon 1,512 52 31 17 4
Catalonia 1,527 51 29 11 10
Galicia 1,573 53 36 11 6
La Rioja 1,333 45 22 20 3
Navarre 1,590 52 30 19 3
Basque Country 3,929 150 63 83 4
Remainder regions 2,077 74 44 20 10

TOTAL 19,605 685 385 243 57

One of the main advantages of using PISA data is that this study does not evaluate
cognitive abilities or skills through using one single score but each student receives a
score in each test within a continuous scale. In this way, PISA attempts to collect the
effect of particular external conditioning factors not depending on the students when
taking the test, namely being ill, becoming very nervous, among other random factors.
Furthermore, it also involves that measurement error in education is not independent from
the position of the student in the distribution of results. Precisely, students with very low
or high results have higher associated measurement errors and higher asymmetry in error
distribution.

Likewise, given that school factors, home and socioeconomic context have influence on
students’ performance, PISA also collects an extensive dataset on these variables through
two questionnaires: one completed by the students themselves and another one filled in
by principals. From these data, it is possible to extract a great amount of information
referred to the main determining factors of educational performance represented by
variables associated to familiar and educational environments as well as to school
management and educational supply.

3.2. Variables

The results obtained by students in the three competences evaluated in PISA,
mathematics, reading comprehension and sciences, are used as output indicators. These
results are not expressed by only one value but by five denominated plausible values,
because questions on educational knowledge may have different difficulties and therefore
measurement error is not independent from the position of the student in the distribution
of performance results. Thus, students with very low and high results have greater
measurement errors and greater asymmetry in their distribution than students with
average results. For that reason, PISA 2006 used measures based on Rasch model (Rasch,
1960; Wright and Masters, 1982) instead of working with a particular mean value for
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each student’s knowledge. These values are randomly obtained from the distribution
function of test results derived from the answers in each test. They can be interpreted as a
representation of the ability range for each student® (Wu and Adams, 2002).

In our analysis, we use the five plausible values in mathematics, reading comprehension
and sciences. In order to obtain correct results and avoid potential problems of bias, five
different efficiency measures for each trio of plausible values have been calculated.
Subsequently, the five efficiency estimations obtained with DEA are used as dependent
variables in five second-stage regressions. It must be pointed out, that we use this
procedure since bias may be introduced into the estimation if averages of plausible values
were calculated before the analysis was performed (OECD, 2005).

The selection of inputs and environmental variables can be complex and eventually
confusing. Given that the literature does not provide an explicit rule to discriminate
between them, in this study we have based our decision on the following criteria. First,
input variables must fulfil the requirement of isotonicity (i.e., ceteris paribus, more input
implies equal or higher level of output). Thus, the selected input variable should present a
significant positive correlation with the output vector in addition to theoretical support in
previous works. Second, input variables should be objective measures of educational
resources or subjective opinions that could be checked by an external auditor. Third and
finally, categorical and binary variables that divide the sample into different subgroups
are considered as environmental factors to explain efficiency ex-post.

According to these criteria, we have selected three input variables. First, we include a
representative variable of students’ socioeconomic background (ESCS), which is
considered as the main factor to explain achievement in many studies (e.g. Coleman et
al., 1966; Hanushek, 1997 and 2003). This is an indicator of economic, social and cultural
status of students created by PISA analysts from three variables related to family
background from students” questionnaire™. The third variable is an index of educational
possessions related to household economy. Second, a representative indicator of the
quality of school resources has also been included (SCMATEDU). This variable was
computed on the basis of seven items measuring the school principal’s perceptions of
potential factors hindering instruction at school (science laboratory equipment,
instructional materials, computers for instruction, internet connectivity, computer
software for instruction, library materials and audio-visual resources). The items were
inverted for scaling and so, more positive values on this index indicate higher levels of
educational resources. Finally, the variable PEER represents classmates’ background, i.e.,
the so-called peer-group effect. It is defined as the average level in the variable ESCS of
students from the same school of the evaluated student, whose theoretical ground lies in
the fact that the level of knowledge that can be achieved by a student depends directly on

® For a review of plausible values literature see Mislevy et al. (1992). For a concrete Studio of
Rasch model and how obtain feasible values in PISA, see OECD (2005.).

19 The first variable is the higher educational level of any of the student’s parents according to the
International Standard Classification of Education (ISCED, OECD, 1999). The second variable is
the higher labour occupation of any of the student’s parents according to the International Socio-
economic Index of Occupational Status (ISEIl, Ganzeboom et al., 1992). The third variable is an
index of educational possessions related to household economy.
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the characteristics of his/her classmates™. Given that these three variables originally
presented positive and negative values, all of them were rescaled to show positive values,
so that DEA could be correctly run'2.

In addition to inputs variables we have considered other environmental factors related to
the characteristics of schools or students that could affect efficiency ex post (z's
variables):

School ownership. It has been tested whether the public, private or subsidized
nature of the school may affect the level of efficiency of students. Regarding this
issue, in the literature we can find evidence that supports the idea of better
performance in private schools (Chubb and Moe, 1990; Figlio and Stone, 1997;
McEwan, 2001) while others do not find enough evidence to justify this
superiority (Witte, 1992; Goldhaber, 1996; Mancebon and Mufiiz, 2007). In our
case, we have included this information using public school as a reference.
According to this criterion, two dummy variables are defined: PRIVATE, which
has a value of one if the school is private and zero otherwise, and GOVDEP,
which takes the value one if the school is government-dependent and zero
otherwise.

School size (SCHLSIZE), represented by the total number of students in school.
This variable indicates the total number of students in school. The influence of
this variable in the educational process has also been tested in previous studies, in
which we can find results supporting that schools with more students present
higher test scores (Bradley and Taylor, 1998; Barnett et al., 2002), but also other
that conclude that this factor does not affect the results (Hanushek and Luque,
2003).

Classroom size (STRATIO): This variable is a ratio between total number of
students in school (SCHLSIZE) and total number of teachers weighted on their
dedication (part-time teachers contributes 0.5 and full-time teachers 1). This
variable is usually considered as a school input in efficiency analysis according to
the evidence of some studies in which reduced groups obtained better academic
results (Hoxby, 2000; Krueger, 2003). However, other studies conclude that this
variable is not significant (Hanushek, 1997 and 2003; Rivkin et al., 2005). In
view of such criterion disparity and with the aim of avoiding potential bias in the
estimation, we decide to consider this information as an environmental variable
in efficiency analysis, instead of considering it as an input.

Academic year, defined through two dummy variables: REPEATONCE and
REPEATMORE, which indicate whether the student has repeat one course or
more than one. This phenomenon may be rather significant in Spain, since the
‘repetition rate’ is much higher than in other OECD countries (Fuentes, 2009).
There is a vast literature on the effect of grade repetition on academic

1 For a review on the effect of these variables on results, see Betts (2000) or Hanushek et al.

(2001).

12 A property of DEA is that its results are invariant to the unit of measurement.
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performance and self-steem with the majority of educational researchers
concluding that it is negative (Jimerson et al., 2002).

= Immigrant condition. This factor has received increasing attention in literature
within the last years (Gang and Zimmermann, 2000; Cortes, 2006) and it
becomes especially interesting for the Spain case given the huge growth
undergone by immigrant population at school age during the last decade. In view
of this phenomenon, several studies have studied recently the influence of this
factor on the results of Spanish students by using information provided by PISA
database (Salinas and Santin, 2007; Zinovyeva et al., 2008; Calero and Waigrais,
2009). In this study, this factor is incorporated throughout two dummy variables
(IMMIG1 e IMMIG2) that enable us to identify the first (the student and his/her
parents were born abroad) and second order (the student was born in Spain but at
least one of the parents was born abroad) immigrant condition.

= Regions. Under the hypothesis that the students of certain regions may be more
efficient than those from others because of specific regional policies, ten different
dummy variables have been constructed, one for each region with a
representative sample), taking the value one if the student belongs to a particular
region and zero otherwise. According to this criterion, each region is compared
with the sample of students belonging to the remainder regions.

4. Results

In this section, we present the main results obtained after running DEA using the whole
set of available observations and the subsequent two-stage analysis. Firstly, the individual
efficiency scores are calculated through the solution of five different DEA models in
which inputs values are held constant and only outputs vary according to different
plausible values. For the computation of these values, an output orientation DEA model
have been selected, since the objective is to know to what extent the student maximize
their outcomes according to their available resources.

The average efficiency scores for each region reported in Table 3 reveal that differences
among regions in terms of efficiency are much more reduced than those noticed in
Table 1, where only students’ results were reportedl3. However the results derived from
second stage analysis showed in Table 4 are more appealing. In this case, five different
Tobit estimations have been calculated (one for each plausible value)'*. The average of
those estimates was calculated afterwards in order to avoid a potential bias that would
emerge if the regression was obtained from average values of efficiency scores. From
these values (reported in the last column of Table 4) some relevant conclusions may be
drawn, which shall be commented next.

B This lack of significant differences among the different subsamples is confirmed
through the calculation of the Kruskal-Wallis test for each of the five distributions of
values. The coefficients obtained in all cases do not allow us to reject the null hypothesis
that there is a common distribution for all Spanish regions.

4 Estimations of regressions have also been carried out through Tobit, reaching the same
conclusions regarding significance and parameter sign.
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Table 3: Average Efficiency Scores at student level and standard deviation

Regions Students PV1 PVv2 PV3 PVv4 PV5 Average
0.698 0.698 0.721 0.707 0.674 0.700
La Rioja 1,333
(0.099) (0.100) (0.099) (0.100) (0.096) (0.099)
0.687 0.689 0.714 0.698 0.666 0.691
Aragon 1,526
(0.101) (0.103) (0.103) (0.101) (0.098) (0.101)
0.689 0.690 0.708 0.698 0.666 0.691
Galicia 1,573
(0.104) (0.104) (0.105) (0.105) (0.100) (0.103)
0.689 0.688 0.709 0.695 0.664 0.689
Castile-Leon 1,512
(0.096) (0.098) (0.097) (0.097) (0.094) (0.096)
0.684 0.687 0.708 0.694 0.662 0.687
Navarre 1,590
(0.098) (0.098) (0.100) (0.100) (0.097) (0.098)
0.680 0.681 0.700 0.690 0.656 0.681
Cantabria 1,496
(0.097) (0.095) (0.100) (0.097) (0.094) (0.096)
0.677 0.679 0.701 0.687 0.655 0.680
Basque Country 3,929
(0.099) (0.100) (0.104) (0.102) (0.097) (0.100)
0.678 0.676 0.702 0.687 0.654 0.680
Asturias 1,579
(0.093) (0.094) (0.097) (0.095) (0.093) (0.094)
0.667 0.670 0.694 0.678 0.646 0.671
Catalonia 1,527
(0.103) (0.100) (0.106) (0.102) (0.096) (0.101)
0.667 0.666 0.682 0.672 0.643 0.666
Andalusia 1,463
(0.110) (0.107) (0.111) (0.111) (0.104) (0.109)
0.659 0.660 0.681 0.666 0.637 0.661
Remainder Regions 2,077
(0.098) (0.098) (0.102) (0.100) (0.096) (0.099)
0.682 0.681 0.704 0.692 0.658 0.684
Mean
(0.101) (0.101) (0.103) (0.102) (0.098) (0.101)

*Standard Deviations are shown in brackets.

The first relevant conclusion derived from the results of this second-stage analysis is that
neither school nor class size (represented by the student-teacher ratio) has influence on
estimated efficiency. This result bears strong implications for the educational policies
instrumented by many Spanish regional governments generally concerned about reducing
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class size in schools or increasing specialization when the number of total students
enrolled becomes greater.

The second evidence is that variables related to course repetition show a clear negative
relationship with efficiency scores, even higher when the student has repeated more than
one academic year. These results are also relevant from the viewpoint of educational
policy, since it raises certain questions regarding decisions on the convenience of
repetition policies and their conditioning factors. It also remarks the convenience of
focusing on early intervention strategies, especially for students at risk of poor
performance.

Table 4. Results of the Two-Stage Analysis

VARIA

BLES PV1 PV 2 PV 3 PV 4 PV 5 PV Average

Co t Pr | Co t Pr | Co t Pr | Co t Pr | Co t Pr | Co t Pr
eff ob | eff ob | eff ob | eff ob | eff ob | eff ob

Interce | 0. [ 19 (0. [ O (19| 0. (0. |20 0.0 |19 (0 | O [19]0 (0 | 19]0
pt 69 | 83| 00| 70 | 68 |00 | 71 ]20|00 (70 (96 (00| 67 4100|669 | 82|00

Private - - 0. - - 0. - - 0. - - 0. - - 0. - - 0.

Semi- - - 0. - - 0. - - 0. - - 0. - - 0. - - 0.
private [ 0. [ 28 |00 | 0. (32 (00| O. {31 00| 0. | 35| 00| 0. |34]00( 0. ]32]00

imigt | - | - o | -|-]o]|-{-fo]|-|-|o]|-|-|o]-]|-]|o

8 9 0 9 5 8
Inmig2 0. - 0.1 0 [01f0 - - 0. - - 0. - - 0. - - 0.
00 ] 03 (71 00 1 [(91]0 06 (49| 0. (03|69 O 04 |65 0 |[03]69
1 6 7 0 1] 00 9 1 {00 9 6 |00 | 4 8 | 00 6 5

2 1 1 1

School 0.([21)0 |0 )220 )0 51010 [30]0(f0 |07]0 ] 0 |24]0.
Size 00| O [03] 00 1 12600 3 |00( 00 2 |00) 00| 8 |43 00 3 |14

Teacher | 0. |10 0. ] 0. |O5(0. | O (270 (0 |14]0 |0 JO5(0 | O0 [10]O
-St. 00 | 8 [27] 00 2 | 60| 00 2 | 08| 00 6 (14 )00 | 3 [59] 00 6 | 34
Ratio 0 9 1 3 1 5 0 5 0 5 0 1

Repeat - - 0. - - 0. - - 0. - - 0. - - 0. - - 0.
once 0. | 57./]00)| 0. [54.]00]| 0. |62.[00( 0. |59 |00]| O |53 ]00]| 0. |57 |00
0819 0 |08 (|49 | O |08 (|15 0|09 |51 (|0 |08]| 150 |08(30]0
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Repeat | - | - o | - | - o | -|-|o]|-|-|o]|-|-1]o]-1]-1o
more | 0. |52 |00| 0 |50 |00]| 0 |55 00| o0 |53 00| 0 |49.|00] 0 |52 |00
15 94| 0|14 |66 | 0|15 |80 | 0|15 |40 | 0 |14 |48 | 0|15 46] 0

Andalus | 0. [ 67 0. | 0. (640 | 0 (530 |0 |66]0 |0 |61]0 (0 |62]0O0
ia 02 0 (00| 02 3 0001 1 |00 | 02 5 (00 01 9 [00] 01 5 |00

Aragon | 0. | 78| 0. ] 0. |80 0 | 0 J10.]0. (O (890 |0 (8200 |86]020

Asturia | 0. | 36| 0. ] 0. | 240 |0 |48] 0 (0 [40(f 0. |0 (280 | 0 |[35]0
S 01 3 [02] 00 7 101]01 9 | 00 01 8 [00)00| 5 [00] 01 8 | 00

Cantab [ 0. (56 0. |0 (520 |0 (610 ]0 |64]0 |0 |47]0 (0 [56]0
ria 01 6 (00| 01 0 [00 ]| 01 5 [ 00| 02 1 (00|01 9 |00) 01| 4 (00

7 0 6 0 9 0 0 0 5 0 7 0

Catalon | 0. - 0.0 0210|0160 )]0 |07]0 |0 ]00]O0 O [03]0O0
ia 00 |06 (49|00 6 |8 |00 | 3 | 10| 00 1 (47|00 [ 1 |99 | 00| 7 | 58

2 9 0 3 2 5 3 2 0 1 2 3 5

Castile- ( 0. | 78] 0. [0 (72|60 [0 (820 |0 (78|00 |71]0 |0 |76]0.
Leon 02 3 | 00| 02 7 |00 | 02 6 [ 00| 02 2 | 00| 02 3 | 00| 02 6 | 00

Galicia | 0. | 11. | 0. | 0. | 11. ) 0. [ O. |12.| 0. [ O. [22.[O0. | O. [20. (0. | 0 |11. | O.
03 | 40 [0O0 | O3 [ 59 |00 O3 (48 |00 | 03 |51 (00] 03] 9 (00|03 /|79 |00

La 0. [10.]1 0.1 0 |)96]0 )0 J11.f0 |0 [20.)0 O |97]0 | 0 |10 |O.
Rioja 03 | 08 [ 00| 03 0 | 00) 03|45 |00 03] 68 |00](O03 5 00| 03| 31 (00

Navarre | 0. | 39 | O. 0. |47 ] 0. 0. | 53] 0. 0. | 50| O 0. | 43| 0. 0. |47 ] 0.

Basque | 0. (08 0. [ O. 220 (0. |22f0 |0 |13 |0 | 0 [10]O0 (O |13]0.
Countr | 00 1 |41 00 4 |21 00 5 | 03] 00 1 19 | 00 4 129 00 1 |23
y 2 9 3 6 6 1 3 1 3 8 3 1

Units 19,605 19,605 19,605 19,605 19,605 19,605

Thirdly, the immigrant condition also has negative influence on efficiency scores,
although this connection is only significant for first-generation immigrants, being non-
significant for second-generation immigrants’. These results, which agree with those

1> This result is surely conditioned by the reduced number of observations for this variable, given
that in Spain there are still very few fifteen years-old immigrants.
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obtained by Chiswick and Debburman (2004) and Calero and Escardibul (2007) reveal
the need to implement specific policies aimed at improving the academic performance of
these students, such as hiring support teachers, improving teachers’ training to cater for
diversity or strengthening the role of social workers when it comes to make parents aware
of the importance of education.

Fourthly, the two representative variables of school ownership are significant and have a
negative sign. This fact implies that students belonging to a private or semi-private school
obtain worse results in terms of efficiency than those in public centres. This finding,
which is not frequent in the literature, can be explained by the type of variables selected
as inputs. As explained in Section 3.2, selected inputs include the student’s
socioeconomic background, peer effect and principals’ perception on the quality of the
school educational resources. Thus, if we consider that students’ scores in public schools
are not significantly different from those obtained by students from private or semi-
private schools, it should not be shocking that those schools present lower efficient
scores, as they count on better students. This result also agrees with those obtained by
Kirjavainen and Loikkanen (1998) for Finland, Newhouse and Beegle (2006) for
Indonesia and Calero and Escardibul (2007) for Spain using different methods.

Finally, students from all regions (with the exception of Catalonia and Andalusia)
perform better in terms of efficiency than the students belonging the sample of the
remainder Spanish regions. In particular, Galicia and La Rioja are the two regions with
the most efficient educational systems. Thus, a student who belongs to one of these two
regions —assuming that the other variables remain equal— involves an average gain of
around 3.5 % in educational performance over a student from other regions in Spain.

The explanation of the causes behind this evidence would require a specific analysis for
each region, which is out of the purposes of this research, although we do not rule out to
focus on this objective in a future analysis. Recently, Calero et al. (2010) analyzed the
determinants of educational achievement in different regions using the PISA 2006 dataset
and multilevel analysis. According to their results, the variables related to students’
socioeconomic background has a clear effect on achievement in every region while the
influence of school variables present significant divergences across regions.

The final step of the study consists of calculating the percentage of the variation in
student inefficiency that can be directly attributable to schools after controlling for the
effect of the exogenous variables. For this purpose and following Equation 10, we have
completed an analysis of variance of results obtained at student level. This calculation
allows identifying differences in average efficiency for students belonging to different
schools (between-school variance), which can be attributed to school managerial
inefficiency, and the variance among students belonging to the same school (within-
school variance).
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Table 5. Variance variation explained by students and schools

Between Within Observations
Region (school) (student)

Schools Students F test
Andalusia 19.33 80.67 51 1.463 6.840*
Aragon 10.54 89.46 51 1.526 3.576*
Asturias 15.22 84.78 53 1579 5.218*
Cantabria 10.87 89.13 53 1.496 3.198*
Castile-Leon 13.20 86.80 52 1512 4.215*
Catalonia 11.78 88.22 51 1.527 3.889*
Galicia 12.97 87.03 53 1.573 4.321*
La Rioja 18.95 81.05 45 1.333 6.576*
Navarre 17.13 82.87 52 1.590 6.279*
Basque Country 17.64 82.36 150 3.929 5.748*
Remainder regions 14.11 85.89 74 2.077 4.736*

Average 14.70 85.30 685 19.605

*There exists a significant difference of performance among schools belonging to each region.

The results obtained for each region, reported in Table 5, show that most of observed
inefficiency mainly depends on students (85% on average), since inefficiency attributable
to schools never exceeds 20 percent, denoting that schools managerial quality is
reasonably uniform in Spain'®. Nevertheless, some significant divergences among regions
can be detected. Hence, in Andalusia and La Rioja the inefficiency attributable to schools
is close to 20 percent, while Aragon or Cantabria present values slightly over 10 percent.

5. Conclusions

This work analyses the causes of the existing regional differences in the results obtained
by Spanish students in PISA 2006. With this aim, we have implemented an efficiency
analysis using data at student level and considering information about variables that can
have influence on their performance.

18 Jorge and Santin (2010) obtain similar results using this approach, while in other countries like
Austria or Netherlands the variation attributable to schools is above 50 %.
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Given the uncertain specification surrounding the education production function, the
approach used to measure individual efficiency is non-parametric, specifically the Data
Envelopment Analysis. The results derived from such analysis show that divergences in
test scores detected among regions almost disappear when the characteristics of students
and the resources available for each region are taken into account.

Moreover, the results of the second-stage analysis performed in order to test the influence
of exogenous variables on efficiency show that students enrolled in private or subsidized
schools have lower levels of efficiency, as well as first-generation immigrant or those
who repeat some academic year. In contrast, neither class nor school size has influence on
students” efficiency levels.

Regarding divergences across regions, the results suggest that Galicia, La Rioja and
Aragon have the most efficient educational systems, while the Basque Country and
Catalonia seem to be the least efficient ones. However, those divergences cannot be only
attributable to schools, which only account for an average of 15 percent of inefficiency
with no significant divergences among regions.

Although these conclusions should be interpreted cautiously, since they are referred to a
particular context and time, their implications are very relevant for the design of
educational-policy measures, which should be focused on promoting students’ effort and
increase help for socioeconomic disadvantage families in view of the scarce percentage of
variance of inefficiency directly attributable to schools.
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ANNEX
DEA Methodology

The model of education production raised here may be described in the following way:
each student is interested in maximizing his/her academic results Y = (yy, yr, ..., ¥s) in' S
outputs from his/her individual endowment of a vector formed by M inputs X = (X, X...,
xm). Within this context, the measurement of the technical efficiency with which students
perform under variable returns to scale and using an output orientation may be calculated
with a DEA model with the following equation (Banker, Charnes and Cooper, 1984):

Max 6,

N
S.a. Z/?’l yri 2 00 er
i=1

N
Z AiXiq < Xyo

i=1

N

Z =1

i=1

i=1,..N r=1,..,5S k=1,..m
(2)

where k denotes input, r denotes output and i stands for production unit. The previous
model assigns an efficiency score to each student, so if #=1, the student is considered
efficient, since there is no other student who obtains better results with lower resources,
while if &> 1, the student is inefficient, since with his actual input endowment it would
be possible to obtain better results. For the sake of clarity in this paper we invert the
values of @ so that inefficient behaviours corresponds to @< 1 values. Thus, a value 1

means that the student is technically efficient while values near to 0 imply higher levels
of inefficiency.
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