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Abstract: School effectiveness is a topic of interest addressed by numerous research projects focused
on clarifying which variables contribute to the explanation of educational performance. This research
aims to find out to what extent social, cultural, and academic variables at the student and school
levels, as perceived by families, influence performance, and to evaluate the relevance of high residual
and gross score criteria in the selection of effective or ineffective schools. Census data from diagnostic
evaluations of the Mathematical Reasoning and Linguistic Communication of students in a certain
Spanish region, over five academic years, have been used. The multilevel hierarchical analyses carried
out have enabled the detection of centers of high and low efficiency, as well as the identification of
which factors, related to the idiosyncrasy of the students and the educational center they attend,
significantly influence the performance of the students. It was concluded that the socioeconomic and
cultural level of the families, the family expectations, the commitment to reading and the educational
agreement were significant variables in the explanation of the students’ educational performance,
and that the residual score of the educational centers was a valid criterion to estimate their level of
effectiveness once the socio-cultural factors have been controlled.

Keywords: educational efficiency; educational evaluation; educational quality; academic achievement;
student evaluation

1. Introduction

The general purpose of studies on school effectiveness is to contribute to the improve-
ment of school processes in order to optimize educational results and equity. To achieve
this purpose, educational evaluation is indispensable [1–5], especially to identify factors
that influence educational performance [6–9].

International assessments of educational performance have allowed us to use the
results as reference standards [1] that have led to changes in educational policy [1,3,10,11].
The contextualization of these results, obtained through the data provided by the context
questionnaires that accompany the assessment of performance in core skills, has enabled
the development of more accurate and reliable statistical analysis techniques, such as
hierarchical linear models [12–17]. The main contribution of these multilevel designs is
that they consider the nested structure of the data inherent to the educational system [6,18]
and allow us to find out the factors responsible for performance that are attributed to
the personal characteristics of the students (level 1: N1) and those that have an effect
from higher levels of clustering, such as classrooms and centers (level 2: N2). Below are
some research results grouped according to the level of affiliation of the factors that affect
performance. Contextual factors, understood as those sociocultural factors of the individual
and their families, and student characteristics, with reference to the student’s attitudes and
aptitudes, affect academic results, and unlike school-level factors, they tend to be relatively
similar in different countries [19–21], with some variations of cultural origin [22,23].
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In the present article, a multilevel analysis was employed using the results of second-
grade students (7–8 years old) from a Spanish region. This age range is less used in
the international literature because it mainly uses data from the PISA (Programme for
International Student Assessment) or TIMSS (Trends in International Mathematics and
Science Study) assessments, among others [24], which use populations of students aged
15 years or in the fourth or eighth grade of compulsory education, respectively.

1.1. Factors Associated with School Effectiveness N1

This section provides findings from the literature that affect performance distinguished
by economic, social, and cultural status (ESCS); immigration and native language; gender;
and academic factors specified as prior performance, perceived self-efficacy, preschool
attendance, center evaluations, and family support.

1.1.1. Economic, Social, and Cultural Status

ESCS is one of the factors most highlighted for its influence on academic performance in the
scientific literature [5,12,14,25–38]. The influence is found in all educational stages: early child-
hood [5], primary [12,25,27,28,32,34,37] and secondary education [14,25–27,29–31,33,35,36,38],
with the secondary stage being more represented in the literature due to studies originat-
ing from the PISA results [14,26,29–31,33,35,36,38]. It is calculated from the components
associated with the socioeconomic and cultural level of the families, understood as eco-
nomic resources, and the level of schooling or consumption of cultural goods. Some of
the components used for its calculation are as follows: the number of family resources
(e.g., owning a computer or study table) [19,34,39], the level of parental education (level
of education attained) [40], or the number of books owned by the family [19,41]. These
components are usually collected through context questionnaires and synthesized into a
numerical index obtained, generally, through factor analysis techniques, such as Principal
Component Analysis [42,43]. A negative ESCS would increase the likelihood of dropping
out of school [44] and would decrease students’ learning opportunities [45].

1.1.2. Immigration and Native Language

The immigrant status of the students seems to have a negative impact on their school
performance [14,25,27,28,31,32,46]. Not having the same native language in which assess-
ments are conducted [12,22,34,36,45,47] and in which the classes are taught could be one
of the variables related to this lower performance. However, immigration is a complex
phenomenon that would require further review and determination of the influence of other
factors, such as family involvement in education or the influence of ESCS.

1.1.3. Gender

A student’s gender is another factor studied in relation to school effectiveness. In
the early years of schooling, the influence of gender is the object of controversy. There is
research that does not support its influence [28,48] and, on the contrary, there are other
studies that claim better performance in general for girls [5]. However, from secondary
education, there seems to be a clearer relationship. Girls would show better levels than
boys in reading and communication skills, while boys would show better levels than
girls in mathematics and science [14,26,30–32,36,38,39,45,49–51]. This could be due to
the stereotypes associated with gender roles, cultural mechanisms and values that could
negatively impact girls’ self-confidence in mathematics and could be due to extracurricular
factors such as being underrepresented in the media [48]. These cultural mechanisms could
lead to biases in the expectations of female students in mathematics, which would give
more importance to negative expectations than positive ones [52].

1.1.4. Academic Factors

There are other factors of an academic nature that would influence the results at the
student level. Performance in previous courses or tests is positioned as one of the most
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supported factors for the prediction of subsequent performance [5,25,27,49]. Students’
perceived self-efficacy also could influence outcomes [26,31,53], perhaps as a reciprocal
consequence of previous performance. The perception of low self-efficacy and poor prior
performance would explain the association between repetition (re-performing the same
school grade, a characteristic of the Spanish educational system, among others) and poor
performance [12,14]. Preschool attendance may be a factor in improving academic out-
comes, especially for families with low ESCS [12,26,34,54]. Apart from the relationships
mentioned, it seems that students who receive more evaluations of their learning process, ei-
ther with tests after each topic or with corrections and reviews of all the activities performed,
could have better results [28], perhaps by training metacognition. In contrast, receiving
more family support does not seem to correlate significantly with student performance [37].

1.2. Factors Associated with School Effectiveness N2

The influence of the variables associated with the educational center on the academic
results achieved by the students is a reality verified in many studies [2,19,20,33,36,38,55–57].
This influence seems to increase as the education system progresses [5,58]. The use of the
multilevel perspective allows for the aggregation of data from the first level (gender, ESCS,
immigrants, etc.) at the school level. This helps to understand how these variables work at
other levels of the educational system, providing new insights into them. In addition, it also
allows the study of specific N2 variables, such as Subsidized Education (in Spain, “centros
concertados” are schools that operate through both public funding and fees paid by parents,
and therefore have slightly more freedom in their management than public schools) or
educational leadership. For this reason, we provide results from the literature that have
used data from the evaluation of schools. We begin with the relationships found between
educational performance and the socioeconomic composition of the school and continue
with the correlations originating from the different gender configurations of the schools
and the size of the class. This section concludes by arguing for the importance of detecting
the variables that influence educational performance for the promotion of educational
equity, and the concreteness of the approach used and its possibilities, presenting the
research objectives.

1.2.1. ESCS, Gender, and Size of Schools

Segregating students according to their socioeconomic characteristics would widen the
social and academic gap between students [26,56,57,59]. This is a complex phenomenon,
which seems to be determined by contextual characteristics such as location or school
choice policies [59]. Segregation would worsen the results of schools where the concen-
tration of students with a lower ESCS is higher [14,20,32,33,36,51,60] and influences the
climate and discipline, positively impacting the effectiveness of schools with a higher
ESCS [33,53]. The status of schools as Subsidized Education would have no effect when
ESCS is controlled [12,27,38].

According to some research [30], schools with more female students would achieve
better academic results. In contrast, research such as that of Gamazo et al. [14] would not
support this hypothesis. There could also be evidence that centers with a high proportion
of immigrants and repeaters have low levels of school effectiveness [14,25,46].

The influence of school size on student educational performance is unclear [49]. Nev-
ertheless, some authors [27] maintain that it would not significantly affect performance.
The greatest controversy is found in the size of the class group. Some research indicates
that an increase in the ratio would worsen the results [12,61]. Other researchers do not
believe that reducing the ratio would contribute to reducing the academic performance gap
between students [62].
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1.2.2. Evaluation of the Effectiveness of the Centers and Detection of Good
Educational Practices

Knowledge of school characteristics that may contribute to improving academic results
allows for the optimization of the work of educational centers in terms of quality and
equity [44,45,54,63]. The proportion of variance difference between high-efficiency centers
could be greater than between low-efficiency centers [53], which would indicate that in the
latter, the level of performance tends to be more associated with the characteristics of the
students who attend them, while in high-efficiency centers, the variables associated with
the school have a greater impact on academic performance.

Therefore, it is especially important to detect and be aware of centers of very high or
very low efficiency. Those with high effectiveness are those who achieve a high residual
gain; that is, they obtain scores far above what would be expected, taking the levels
they present in predictive variables, such as ESCS, as a reference [25,27,47,64,65]. The
comparative study of this type of centers with those that present a low residual gain allows
us to detect which variables give rise to processes and educational practices with a high
level of achievement. This justifies the evaluation of the criteria relevance in the selection of
high value-added centers, as well as the selection itself, which enables finding centers that
do or do not stand out, in terms of good educational performance, in order to diagnose
their potentials and weaknesses. The selection of centers would make it possible to address
the educational reality from different approaches or paradigms, whether quantitative,
qualitative or critical, in coherence with the demands of the complexity of the educational
reality [25,27,47,64,65].

The combination of the detection of value-added centers and their subsequent in-depth
study from different paradigms have found variables that could explain this added value:

- Shared leadership, characterized by shared responsibility and goal setting, the en-
couragement of individual responsibility and participation in decisions, and the
establishment of good communication channels among the school’s faculty [66–68];

- Continuous training of teachers with experiences such as cascade training [27];
- High levels of emotional involvement with students and their families, which takes

the form of encouraging family participation in the daily life of the school, caring for
socioemotional development and other aspects of development outside of academics,
creating a positive environment, and encouraging family participation in education [64,69];

- Paying special attention to diversity, personalizing curricular adaptations, and opti-
mizing available resources, based on systematized planning [65].

To detect the level of effectiveness of educational centers, value-added measures in
context are of great interest, since they allow the effect of external variables, such as the
ESCS, to be controlled to find out if the center is operating effectively with the resources it
has at its disposal [18,20]. This consideration is made because it is usually assumed that
those centers that are located in less favorable areas will have more difficulty achieving
optimal academic results [47]. We share the methodological approach of Martínez-Abad
et al. [46] and Lizasoain [16] for the detection of high value-added centers, as it implies
the characterization of very high-efficiency centers (CAEF) and very low-efficiency centers
(CBEF), which we consider indispensable. The detection of schools and their subsequent
characterization would serve to find good practices that could be generalized to contribute
to the reduction of the inequality gap between students [45,54,70], as not all education
systems would be able to guarantee equity in all their centers [19,20,45,54,60].

Therefore, the following research questions were addressed:

(1) To what extent do student and family variables contribute to student achievement in
Mathematical Reasoning (MR) and Linguistic Communication (LC)?

(2) Is the use of high residual and gross score criteria relevant in the selection of CAEF
and CBEF?



Educ. Sci. 2022, 12, 59 5 of 18

2. Materials and Methods

In this research, a non-experimental or ex-post facto methodology and a correlational
design have been used. Specifically, multilevel hierarchical regression models have been
used. This study has a double objective:

(1) To find out to what extent social, cultural, and academic variables at the student and
school levels, as perceived by families, influence performance of Mathematical Reasoning
(MR) and Linguistic Communication (LC) skills, through hierarchical linear models;

(2) To evaluate the relevance of high residual and gross score criteria in the selection of
CAEF and CBEF.

2.1. Instruments

Two instruments were used, both designed and administered by Agencia Andaluza
de Evaluación Educativa (Andalusian Agency for Educational Evaluation) (AGAEVE):

• ESCALA (EScritura, CAlculo y Lectura en Andalucía (Writing, Calculation, and Reading
in Andalusia)) test: this test has been carried out annually and evaluates the academic
performance of Andalusian students in the 2nd year of elementary school in MR and LC.
For the preparation of the test, after the design process, a pilot study was carried out with
1000 participants to evaluate the relevance of each question and classify them according
to the degree of difficulty. Once the questions, which have a practical orientation, have
been selected, they are administered to the schools. The tests make it possible to obtain
an evaluation of the students’ development of competencies in each skill, as well as
overall results by class and center. The results are used for information purposes for the
administration, schools, and educational inspection;

• Context questionnaires: this is an instrument administered to families in order to
find out the socioeconomic characteristics of the students. This allows us to know the
evolution and development of the educational centers and the students who attend
them based on their socioeconomic characteristics.

The scores corresponding to the dependent variables were extracted from the ESCALA
tests on MR and LC. Data for the following independent variables were obtained from the
context questionnaires. The processing of variables was a preliminary step in the realization
of multilevel hierarchical models (see Table 1):

Table 1. Selected independent variables, description, and statistical processing.

Variable Name Description Processing

GenderN1 Single dichotomous choice (boy = 0; girl = 1)

ESCSN1

Amount of resources available at home (dichotomous variable yes or
no: room only for your daughter or son, adequate place for study,
internet, educational software on the computer to facilitate learning,
electric dishwasher, dryer, and digital book reader), at work (ordinal
scale: inactive population; domestic work in own household;
specialized personnel in agriculture and fishing, manufacturing
industries, construction, mining, and handicrafts; personnel in
catering, protection, sales, and other services; personnel in basic
positions including security forces; professional support technicians
and technicians; clerical and administrative employees; small
business; professions requiring a university degree, and business
management) and the level of study (ordinary choice: incomplete
primary studies or did not attend school; General Basic Education or
Compulsory Secondary Education Degree; Baccalaureate,
First-Degree Vocational Training, BUP, COU, Intermediate Vocational
Training or Arts; Second-Grade Vocational Training or Higher-Level
Vocational Training or Higher-Level Training Cycles in Vocational
Training or the Arts, and Diploma, Bachelor’s Degree, Degree,
Doctorate) of both parents, attendance at cultural activities
(attendance at cinema, theater, and museums or exhibitions on an
ordinal scale: not at all, a little, quite a lot, or a lot) and number of
books owned.

Factor analysis from which an index with
normal distribution was obtained [42].
It should be noted that the formulation of the
response options changed slightly from one
academic year to the next, including the
variable of attendance at cultural activities in
2014. The criterion followed to order the
professions and the educational levels that
were provided by the AGAEVE.
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Table 1. Cont.

Variable Name Description Processing

BedtimeN1
(BedN1)

Ordinal scale through which the time students go to bed during the
week was evaluated (4 options: before 9pm, 9pm–9:30pm,
9:30pm–10pm, and later than 10pm).

Range 1–4, where 1 was the lowest value and 4
was the highest.

Amount of homework
(AmountHN1)

Likert-type ordinal scale in which the amount of homework was
evaluated (4 options: few, fair, should have less, should not have
any).

Range 1–4, where 1 was the lowest value and 4
was the highest.

Time spent doing
homework
(TimeHN1)

Ordinal scale in which the amount of time the student dedicates to
the accomplishment of homework was evaluated (5 options: none,
15 min, 16–30, 31–60, +60 min).

Reading promotion
(ReadingPN1)

Likert-type ordinal scale (none, little, enough, and a lot) for 4
questions (I read with the student, we usually read at home, shared
reading, or commenting on the reading) that evaluates the
commitment of the reader.

Sum of the scores assigned by the parents.
Range 1–20, where 1 was the lowest value and
20 was the highest (11–12/12–13); Range 1–16,
where 1 was the lowest value and 16 was the
highest (13–14/14–15/16–17).

Extracurricular activities
(ExtracurricularN1)

Single dichotomous choice (yes or no) for 4 types of extracurricular
activities (sports, musical, language, or other).

Sum of the scores obtained. Range 0–4, where
1 was the lowest value and 4 was the highest.

Screen consumption
hours

(ScreenN1)

Likert-type ordinal scale (no time, up to one hour, 1 to 2 h, or more
than two hours) for two different questions (watching TV or
playing games).

Sum of scores achieved on both questions.
Range 1–8.

Family expectations
(FamilyExpN1)

Ordinal scale through which the level of education that the child
will reach was expressed. Both the father and the mother give the
level of studies that they believe the student will complete from 5
options (obligatory studies, medium vocational training, secondary
school, higher vocational training, or university degree).

Sum of the scores assigned by the parents.
Range 1–20, where 1 was the lowest value and
20 was the highest.

Family involvement with
the student

(FamInvStuN1)

Likert-type ordinal scale (never, some days, almost every day, every
day) applied to 5 questions (encourage to study, ask about
homework, check homework, ask about how you have done at
home, and help with homework), through which the involvement
with the student was evaluated.

Sum of the scores reached in the questions and
dichotomization of the variable. Range 1–20,
where 1 was the lowest value and 20 was the
highest.

Involvement of families
with the school
(InvFamSchN1)

Likert-type ordinal scale (none, little, enough, and a lot) for 5
questions (attendance at tutorials, participation in school activities,
relationship with the school’s parent association, relationship with
the parent delegates, and relationship with the School Council) that
evaluate the involvement with the school.

Sum of the scores reached in the questions.
Range 1–20, where 1 was the lowest value and
20 was the highest.

Type of center
(TypeCenterN2)

Nominal variable that describes the type of center (funding): public,
subsidized, or private.

Creation of dummy variables: Subsidized
(0 = no; 1 = yes) and Private (0 = no; 1 = yes).

Center size
(SizeN2) Number of students who performed the ESCALA test in the school. Schools with less than 11 students were not

considered.

Aggregated variables
(AggregatedN2) Average of N1 variables for each center. Average of the scores obtained by the school

for each variable.

GenderN2 Proportion by gender of the center. In the level two aggregate, gender ratios were
used instead of averages.

The context questionnaires varied according to the years; therefore, Table 2 shows the
variables used in each academic year. For the aggregate, that is, the school-level variables,
the available N1 variables were used.
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Table 2. Variables, by academic year, collected in the context questionnaire.

Variables
Academic Year

2011–2012 2012–2013 2013–2014 2014–2015 2016–2017

GenderN1 X X X X X
ReadingPN1 X X X X X
InvFamSchN1 X X X X X
FamilyExpN1 X X X X X

ESCSN1 X X X X X
BedN1 X X X

ScreenN1 X X X
ExtracurricularN1 X X X
FamInvStuN1 X X X
AmountHN1 X X

TimeHN1 X X
TypeCenterN2 X X X X X

SizeN2 X X X X X

2.2. Population

After signing an agreement with the AGAEVE in 2017, the census data obtained
for Andalusian students in the 2nd grade of elementary school (7–8-year-old students),
were used. The results from the 2010–2011 to 2016–2017 school years—except for the
2015–2016 school year, when there were no context questionnaires—were part of the
research. Andalusia is an autonomous community in southern Spain with a population
of 8,427,404, the largest in the country [71]. Performance in international tests, such as
the Programme for International Student Assessment (PISA), was 30 points below the
international average in mathematics [72]. First, cases that did not complete the assessment
of either competency were discarded. After this process, the total number of participants in
the study was 410,030 students (49% female; 51% male). The participating schools varied
by year (see Table 3), with the minimum number of participating schools being 2040 and
the maximum 2138. Table 3 shows the data disaggregated by academic year and gender.
For the detection of the effectiveness of schools, only the schools that participated in all the
evaluations were used, which amounted to 1786.

Table 3. Total data on participating students by academic year, gender, and educational centers.

Academic Year No. of Students
Gender

CentersF% M%

2011–2012 77,828 48.9 51.1 2040
2012–2013 81,903 49.2 50.8 2131
2013–2014 85,736 48.6 51.4 2115
2014–2015 84,757 48.9 51.1 2138
2016–2017 79,806 49.1 50.9 2092

TOTAL 410,030 49 51

2.3. Procedure

First, the variables were adjusted for their use in the models (see Table 1 column 3).
The ESCS variable and the rest of the ordinal covariates remained on their original scale.
Although there are limitations in this decision, in educational sciences, the use of typed
scores is generally accepted because they come from unobservable constructs measured
indirectly [73]. Therefore, the values are interpreted, taking the reference population as a
reference, as increases in standard deviation units [73]. In the case of nominal variables,
dummy variables were created, such as the type of center and gender. Second, subjects
belonging to schools with fewer than 11 students were eliminated because such small
schools are subject to greater sampling variability [18]. Once the aforementioned cases of
each grade were discarded, multilevel regressions were carried out using hierarchical linear
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models [14,27,47,74]. At first, the null model, that is, the model without any covariates [73],
was calculated:

yij = β0 + µ0j + εij

After verifying the existence of significant differences in variance at both levels [73] and
that the Intraclass Correlation Coefficient (ICC) was greater than 10% [14,75], predictive
covariates were added at both levels. This process was done, at first, by including all
the available variables in order to have a preliminary view of the behavior of the model
and the significant or insignificant covariates that it returned. Subsequently, variables
were included and excluded to adjust the model, ensuring that only variables that were
significant at 99% confidence were included. Therefore, the model was considered refined
when the covariates included were significant at 99% confidence and the proportion of
explained variance was greater than the null model. Additionally, with the criterion of the
likelihood ratio [73], significant differences were obtained between the null model and the
refined model. Hence, the second is a better model, as it includes more parameters [73].
All the analyses were carried out using Statistical Package for the Social Sciences (SPSS)
version 25. Once the model is refined, the residual scores N2 (u0j) are calculated for each
of them [74], the residual score being the difference between the expected and achieved
scores. This score allows us to find centers with added value, since they are considered to
be working effectively due to having an empirical or observed score above their expected
score [25,27,47,64,65]. To identify CAEFs and CBEFs, the criteria of Martínez-Abad et al. [46],
which are extreme residual scores (centers with the highest positive or negative average
residual score over 5 years) and extreme scores (centers with the highest or lowest average
score over 5 years), were taken as a reference.

3. Results

First, the descriptive results for the two competencies assessed (see Table 4 and each
of the covariates by course (see Table 5) are presented.

Table 4. Descriptive results of the scores in the different skills by year.

Academic Year Skill Average Standard Deviation Maximum Minimum

2011–2012
MR 503.54 97.41 628.81 218.92
LC 504.20 97.63 647.07 235.82

2012–2013
MR 503.31 97.15 623.04 152.57
LC 504.06 97.14 621.69 200.89

2013–2014
MR 502.82 97.26 609.89 144.45
LC 503.12 97.66 624.78 162.46

2014–2015
MR 502.87 97.01 596.91 79.19
LC 503.22 97.38 615.7 144.44

2016–2017
MR 504.64 96.19 600.07 77.02
LC 505.80 96.11 613.46 129.57

As can be seen in Table 4, the means and standard deviations did not undergo signifi-
cant variations over the years, beyond the changes introduced in the family questionnaire.
The standard deviations of N1 were greater than those of N2, indicating that there is
greater heterogeneity in scores between families than between centers (see Table 5). The
largest standard deviation was found in the size of the center, illustrating the diversity of
Andalusian schools under this criterion.
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Table 5. Descriptive results of the scores in the different covariates by year.

Academic Year Statistics Variable 1

A = ESCS; B = InvFamSch; C = FamilyExp; D = ReadingP; E = Bed; F = Extracurricular; G = Screen; H = FamInvStu; I = AmountH; J = TimeH; K = Size

A B C D E F G H I J K

2011–2012

Average 0.02 10.44 7.95 13.01
SD 2 1 3.38 2.67 5.58
Min −3.92 1 1 1
Max 2.26 20 10 20

2012–2013

Average 0.04 10.63 7.97 8.15
SD 1 3.33 2.66 3.91

Min −3.57 1 1 1
Max 1.94 20 10 20

2013–2014

Average 0.02 10.29 7.99 10.9 2.89 1.34 3.85 18.78
SD 1 3.19 2.67 2.81 0.73 0.87 1.05 1.86

Min 2.75 1 1 1 1 0 1 1
Max 3.07 20 10 16 4 4 8 20

2014–2015

Average 0.04 11.11 8.03 10.42 2.88 1.40 3.85 16.92 2.05 3.79
SD 1 3.32 2.67 2.79 0.74 0.89 1.06 2.98 0.57 0.86

Min −2.73 1 1 1 1 0 1 1 1 1
Max 3.09 20 10 16 4 4 8 20 4 5

2016–2017

Average 0.06 12.2 8.13 10.46 2.91 1.50 4.08 18.41 2.13 3.58
SD 1 3.36 2.59 2.79 0.74 0.88 1.24 2.08 0.64 0.91

Min −2.87 1 1 1 1 0 1 1 1 1
Max 3.06 20 10 16 4 4 8 20 4 5

VariableN2

2011–2012 Average −0.03 10.5 7.89 12.87 40.54
SD 0.55 1.05 0.83 1.64 19.03

Min −2.90 5.75 4.69 5 12
Max 1.56 15.43 9.95 16.94 128

2012–2013 Average −0.011 10.7 7.92 8.15 44.51
SD 0.53 1.02 0.82 0.85 21.02

Min −2.17 7.53 2.52 4.18 12
Max 1.61 14.4 10 16.7 166

2013–2014 Average −0.03 10.37 7.93 10.89 2.9 1.32 3.86 18.77 43.39
SD 0.53 0.98 0.83 0.64 0.21 0.28 0.28 0.56 20.77

Min −2.41 7.6 2.38 5.75 1.95 0.25 2.43 9.8 12
Max 1.55 14 10 13.33 3.90 2.45 5.95 19.9 145

2014–2015 Average −0.01 11.18 7.96 10.39 2.9 1.39 3.86 16.93 2.04 3.79 42.3
SD 0.53 1.06 0.81 0.68 0.21 0.28 0.28 1.49 0.18 0.32 19.74

Min −2.53 8.05 2.04 5.04 2.04 0.13 2.71 11.21 1.24 1.39 12
Max 1.60 15.8 9.87 12.41 3.87 2.38 6.14 19.53 3.35 4.75 120

2016–2017 Average −0.00 12.33 8.05 10.42 2.93 1.44 4.11 18.41 2.12 3.59 40.09
SD 0.51 1.23 0.79 0.68 0.22 0.3 0.35 0.58 0.19 0.34 19.1

Min −2.30 6.58 3.24 6.47 2.00 0.36 2.89 12.53 1.32 2.05 12
Max 1.57 16.32 9.67 12.24 3.73 2.88 6.76 19.73 2.79 4.76 122

Note 1: A = ESCS; B = InvFamSch; C = FamilyExp; D = ReadingP; E = Bed; F = Extracurricular; G = Screen;
H = FamInvStu; I = AmountH; J = TimeH; K = Size; Note 2: Standard Deviation (SD).

Secondly, the results of the multilevel hierarchical regression are shown for the LC
and MR skills. The refined model is presented, consisting of the result of the model with
all the significant variables possible. Table 6 shows the percentages of variance reduction
ratios and variance explained by year and discipline, differentiating between students and
residual scores between schools. The results provided are with the refined model, that is,
with the predictors, included. The ICC indicates the effect of the school on explaining the
results, being higher in RM for all years. On the other hand, the percentage of variance
explained was higher in the case of LC and schools, so the inclusion of predictor variables
allows for a more accurate estimation of the contribution of schools to the development of
competencies. Therefore, the calculation of their effectiveness will be more accurate when
controlling the student characteristics [76].
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Table 6. Proportion of reduction (%) in variance and variance explained by academic year and skill
and ICC for refined model.

Variance Ratio Variance Explained ICC

2011–2012
MR

Between students 89.19 10.81
25.57Residual between schools 87.22 12.78

LC
Between students 86.82 13.18

22.58Residual between schools 76.13 23.87

2012–2013
MR

Between students 89.84 10.16
24.95Residual between schools 86.93 13.07

LC
Between students 86.86 13.14

19.34Residual between schools 73.85 26.15

2013–2014
MR

Between students 88.81 11.19
23.2Residual between schools 85.47 14.53

LC
Between students 87.82 12.18

21.56Residual between schools 79.03 20.97

2014–2015
MR

Between students 87.22 12.78
22.35Residual between schools 83.85 16.15

LC
Between students 83.66 16.34

18.34Residual between schools 74.87 25.13

2016–2017
MR

Between students 86.65 13.35
20.91Residual between schools 84.64 15.36

LC
Between students 84.28 15.72

20.44Residual between schools 76.38 23.62

The covariates were added as a fixed part. The results with the significant covariates
(99% confidence) for each year are presented in Appendices: Table A1 (MR) and Table A2
(LC). The results must be interpreted while taking into account that the values of the
variables are not directly comparable since they have different measurement scales. In
some cases, there are standardized scores (ESCS), ordinal scale scores, and in others, for
example, dichotomous scores (gender). To find out the type of variable, we recommend
referring to Table 1, where the processing is explained, and 6, where the descriptive analyses
are presented. Therefore, taking, as a reference, the results of the MR for the year 2016–2017,
the expected average results, according to the intercept with no more covariates, for boys
of medium ESCS, would be 290.68 with a standard deviation of SD = 23.13. For the female
gender, this would correspond to an increase of 3.03 points in the results for the skill. An
increase of one point in the ESCS would lead to an increase of 15.32 points in MR, while an
increase of one point in the amount of homework would lead to a decrease of 2.57 points in
MR. On the other hand, if the center’s average increases by one point regarding bedtime, it
would be accompanied by an increase of 13.09 points in MR, or if the center’s average in
commitment to reading increases by one point, it would be accompanied by an increase of
6.02 points in MR.

The highest estimates for N1 were ESCS, gender, and homework time in both skills.
In N2, the time spent on homework and the center’s commitment to reading could be
highlighted in both skills as the variables with the highest estimates, even though these
were only used in the last two years. The average score was lower in the case of LC,
being the skill where the least variation was explained by the center according to the ICC.
The direction of the variables was constant for all courses, that is, family expectations
added while an increase in the perception of the number of families subtracted. However,
there were changes in direction between levels. While screen consumption increased the
score at the student level, it subtracted it at the center level. The amount of homework
subtracted at the student level but added at the center level. These changes deserve more
attention as they may be the result of the multicollinearity that we face in research studies.
The discussion section expands on the interpretations. The centers’ average ESCS was
only significant in the 2016–2017 academic year in LC, increasing the result when it was
favorable. Likewise, for this academic year and skill, the results could suggest that centers
that only admit female students may obtain worse results. Figure 1 includes a summary of
the variables associated with performance by competency.
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Thirdly, the centers were selected. The process began by eliminating from the study
those centers that had not participated in all evaluations conducted during the academic
years under study, so as not to lose the longitudinal character of the study. The final number
of participating centers was reduced to 1786. The residual scores were calculated for each
year and skill. The average residual score of the center in both skills was calculated prior to
this. In addition, the average scores of the residual scores in the five analyzed academic
years were calculated. The gross scores were calculated by a process analogous to that for
the residual scores. Finally, 50 CAEF centers (25 centers with the best average score and
25 with the best average residual score) and 50 CBEF centers (25 with the worst average
score and 25 with the worst average residual score) were selected.

Therefore, the correlation between both criteria and the average ESCS of the center
was calculated. Table 7 shows Pearson’s correlation between the average residual score,
the average score, and the average ESCS of the center. The mean residual score and the
mean score had a high and positive relationship (r = 0.87); however, the mean residual
score did not show any relationship with the mean ESCS. In contrast, the mean score did
have a positive mean relationship with the mean ESCS (r = 0.44). These results could be
interpreted as meaning that the centers with high residual scores would have high mean
scores, and vice versa, with the criteria of scores and extreme residual scores being parallel
in our case. However, the criterion of an extreme residual score may control the influence
of the ESCS, so it was ultimately the criterion used for the selection of the 50 CAEFs and
CBEFs, discarding the use of gross scores because they do not control for context effects
measured from the ESCN. In this way, we also ensured that there was no overlap in the
selection of centers.

Finally, the 50 CAEFs and 50 CBEFs were selected. Of the CAEFs, 37 were public,
2 were private, and 11 were subsidized. Of the CBEFs, 33 were public, 2 were private, and
15 were subsidized. Table 8 presents a brief description of them according to their effec-
tiveness category, distinguishing between the aggregate variables common to the 5 years,
the score, and the residual score. In addition, in order to determine possible differences,
a t-test was performed. Among the results, it should be noted that, as expected, there
were differences in the mean score and mean residual score, with the scores being higher
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in the CAEFs; in family expectations (dCohen = −0.46), and in families’ encouragement
of reading (dCohen = −0.58), which was also higher in the CAEFs with moderate effect
size [77]. However, no differences were found in families’ commitment to the center, in
size, or in ESCS.

Table 7. Pearson’s correlation between mean residual score, mean score, and ESCS.

Mean Score ESCS Average

Mean residual score Pearson’s correlation 0.87 0.01
Sig. (bilateral) 0.00 0.86

Mean score Pearson’s correlation 0.46
Sig. (bilateral) 0.00

Table 8. Center descriptions and mean comparison tests between CAEFs and CBEFs.

VariableN2 Selection N Average SD
Levene T Student

F Sig. t Sig.

FamilyExp CAEF 50 7.82 0.63
3.59 0.06 2.26 0.03CBEF 50 7.48 0.84

ReadingP CAEF 50 10.49 0.56
1.73 0.19 2.93 0.00CBEF 50 10.12 0.70

ESCS
CAEF 50 −0.15 0.46

5.74 0.02 1.51 0.13CBEF 50 −0.31 0.59

InvFamSch
CAEF 50 11.25 0.94

0.01 0.93 1.60 0.10CBEF 50 10.95 0.93

Size
CAEF 50 39.68 18.08 0.61 0.44 1.60 0.10
CBEF 50 34.16 15.44

Score
CAEF 50 565.59 14.9 25.21 0.00 54.14 0.00
CBEF 50 417.56 32.86

Residual Score
CAEF 50 58.41 7.97 12.37 0.00

29.01 0.00CBEF 50 −63.37 13.77

4. Discussion

The results of the multilevel hierarchical analysis are mostly consistent with previous
findings in the scientific literature. The ESCS at the student level is the variable that has the
greatest influence on the results for both skills [21,57]. Female students perform better in
both tests in the 2nd year of elementary school [5], meaning there is a gap between these
findings and those obtained in later educational stages, in which male students perform
better in MR [14,25,30–32,36,38,39,45,49–51]. These results reveal a possible gender gap
at these ages which needs to be studied and deepened in order to be solved from the
teaching–learning process.

Coinciding with Wei [37], it has been shown that, at early ages, a high level of student
support, as well as a high level of time spent on homework, is associated with poor
academic results [76]. This could be due to the fact that those students who receive more
help or dedicate more time to schoolwork are also those who need more help and time,
being a direct consequence of their performance capacity. Attendance at extracurricular
activities is positive for performance, so it would be advisable for schools to make the
appropriate efforts to encourage it, although it would be interesting to expand on these
findings to find out if there are differences between recreational or academic extracurricular
activities. However, this may be no more than a spurious correlation mediated by ESCS,
since families with a higher economic and cultural level are those that provide greater
opportunities [45] and resources [19,34,39,78] for this type of activity.



Educ. Sci. 2022, 12, 59 13 of 18

As for school-level variables, it is noteworthy that the school’s ESCS has not been
significant in all academic years, with a greater presence in LC. It is possible that Andalusian
schools compensate for the differences between students at this level, which would explain
why subsidized schools obtain a lower level of performance. The center’s mean ESCS
was only significant in one year, 2016–2017, for the LC competency. Likewise, the results
suggested a decrease in LC in the case of centers with only female students, results similar
to those of López-González et al. [76], in which they also had a change in gender direction
at the center level. Although this could be a model fit, the results may suggest that female
students would benefit from a mixed gender composition in the centers. The increase in
the size of the center, in some years, is associated with a decrease in MR performance,
which contradicts the results obtained in other previous studies [27]. It is remarkable that
an increased use of screens in the center correlates negatively with performance, contrary
to what was happening at the level of the student body. Higher screen consumption
would be associated with worse development [79–81], especially when the use is for
entertainment [82], so this result deserves further investigation. At first, it could be inferred
that it would be evidence of a greater possession of resources, however, students from more
disadvantaged families seem to use devices more, perhaps because their families have
fewer resources and skills to educate or entertain their students, so they would impose
fewer limitations [78,82].

Family expectations have been significant at both levels. The results of the OECD [53]
are confirmed, showing better expectations from families with a higher ESCS. Family
involvement in the school has also been significant at the school level, confirming that
greater family commitment to the school improves educational performance by fostering a
sense of belonging [54]. However, it was only significant in one year, and the direction was
different from the level of the student body, so we believe that future studies should focus
on this issue. Finally, it is striking that the variables referring to the amount of homework
and time spent on it, at the school level, present a significant and positive association with
performance, contrary to what happened at the student level. Schools that demand less
homework seem to be more effective, perhaps because of a better organization of time both
inside and outside the classroom [83]. However, a more in-depth review of this variable
would be necessary to allow for a more realistic interpretation.

With regard to the selection of CAEFs and CBEFs, given the high correlation between
the criteria of scores and residual scores, in both disciplines, it is estimated that it is prefer-
able to use the residual criterion, as this also allows us to control contextual variables [18,20].
The development of these criteria using census data ensures robustness and reliability in
the detection of CAEFs and CBEFs, taking into account both excellence, as centers of proven
effectiveness, and equity, when considering their own context [16]. The procedural model
followed for the selection of centers could facilitate the development of specific interven-
tions aimed at improving the effectiveness of schools [60] and expanding knowledge of the
variables that help explain educational performance [9,25,27,47,64,65]. However, given the
complexity of the educational system and the study of social sciences, it is assumed that
the results are partial when taking the performance in certain competencies as a reference,
with the educational reality being more complex and beyond the results of diagnostic
evaluations [6,76]. Therefore, we believe it is important for educational evaluation and
improvement to create dialogue between paradigms, riding between the macro and micro
scales, as well as the international and the local [73].

4.1. Limitations

Regarding the limitations of the study, we consider that the context questionnaires
that accompany the ESCALA tests do not collect all the contextual variables that may
be affecting the educational performance of students. The variables at the school level,
for the most part, are only the result of the aggregation of variables at the student level.
The anonymous processing of the results did not allow for decisions such as reducing the
sample and expanding the variables associated with the schools by means of questionnaires
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or other tools. In addition, the data analyses used do not allow the establishment of causal
relationships, the search for which we consider interesting as future research. Finally, the
strong collinearity of the constructs with which we work in educational sciences, coming
from indirect measures of measurement and the processes used, are limits that we must
assume and consider for future studies.

4.2. Prospective

In the future, it may be useful to extend the use of the selection of centers with a
qualitative study to find cultural variables that improve the work of the centers. On the
other hand, it may be appropriate for future editions of the instrument to incorporate
questions about child education attendance and immigrant status, in addition to reflecting
on the reformulation of the question regarding the use of screens. Furthermore, the number
of questions about the centers should be increased in order to improve the statistical model
and the knowledge of the variables that could explain school effectiveness. Finally, as
mentioned above, the complexity of the educational system requires a study from different
paradigms that allow for an enrichment of the body of knowledge from different criteria
and points of view.

5. Conclusions

The study of factors associated with school performance and effectiveness allows for
the diagnosis of educational systems to assist in decision making at the macro and micro
levels. In the present research, some factors were found that could be related to educational
performance. Among them, the influence of the ESCS stands out, since it shows that there
is a gap in the equity of the educational system as well as the lower performance of male
students, which could mean a gender gap to be more deeply investigated.

On the other hand, criteria for the selection of high- and low-efficiency centers were
evaluated. The use of residual scores is considered to be an acceptable criterion for the
evaluation of the effectiveness of centers. This score allows the influence of contextual
factors to be controlled. Finally, it should be mentioned that there seems to be a greater
influence of the center on the RM results than on those of LC, which could be a limitation
for the promotion of equity in the centers, since this competency is instrumental in the
development of the other competencies.
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Appendix A

Table A1. Results of the multilevel model with significant variables (p < 0.00) of MR per course.

Parameters
2011–2012 2012–2013 2013–2014 2014–2015 2016–2017

Estimation SD Estimation SD Estimation SD Estimation SD Estimation SD

Intercept 424.84 9.77 418.71 9.21 294.89 31.75 402.54 20.8 290.68 23.13
GenderN1 1.97 0.59 2.32 0.58 1.69 0.6 3.55 0.59 3.03 0.6

ReadingPN1 0.86 0.06 0.46 0.07 0.48 0.11 0.73 0.11 0.51 0.12
ESCSN1 20.2 0.38 21.28 0.37 18.55 0.38 15.94 0.38 15.32 0.39

FamilyExpN1 4.89 0.12 4.91 0.12 5.17 0.12 5.07 0.12 4.71 0.12
InvFamSchN1 0.86 0.09 1.1 0.09 0.48 0.1 0.34 0.09 0.81 0.1

BedN1 2.49 0.43 2.52 0.41 2.89 0.42
ExtracurricularN1 4.89 0.37 5.34 0.35 5.35 0.37

ScreenN1 3.95 0.3 2.48 0.29 1.62 0.25
AmountHN1 −3.18 0.54 −2.57 0.49

TimeHN1 −14.1 0.37 −16.5 0.37
FamInvStuN1 −0.92 0.17 −0.98 0.16

SubsidisedN2 −7.33 2.65 −11.32 2.61 −10.04 2.51
BedN2 13.09 4.61

AmountHN2 27.39 6.27 26.97 5.82
TimeHN2 23.1 3.27 17.03 3.22

ReadingPN2 6.02 1.42
FamInvStuN2 6.2 1.82
FamilyExpN2 3.91 1.28 3.9 1.18 5.05 1.32

ScreenN2 −15.09 3.58
SizeN2 −0.25 0.06 −0.19 0.05

Appendix B

Table A2. Multilevel model results refined with significant variables (p < 0.00) of LC per course.

Parameters
2011–2012 2012–2013 2013–2014 2014–2015 2016–2017

Estimation SD Estimation SD Estimation SD Estimation SD Estimation SD

Intercept 333.89 12.08 372.51 8.07 367.64 25.34 364.96 21.41 256.86 23.7
GenderN1 26.46 0.59 24.33 0.58 19.85 0.6 27.34 0.59 28.28 0.59

ReadingPN1 0.84 0.06 0.58 0.11 0.86 0.11 0.7 0.12
ESCSN1 20.61 0.38 23.19 0.36 1932 0.38 18.3 0.38 14.79 0.38

FamilyExpN1 4.99 0.12 5.52 0.12 5.32 0.12 5.37 0.12 4.74 0.12
InvFamSchN1 0.83 0.09 1.09 0.09 0.38 0.1 0.35 0.09 0.61 0.1

BedN1 2.38 0.43 3.14 0.41 2.23 0.42
ExtracurricularN1 4.63 0.37 4.65 0.35 5.09 0.36

ScreenN1 3 0.3 2.15 0.29 0.94 0.25
AmountHN1 −3.04 0.54 −2.55 0.48

TimeHN1 −16.84 0.37 −17.44 0.36
FamInvStuN1 −0.91 0.17 −0.44 0.16

SubsidisedN2 −8.88 2.6 −7.38 2.31 −7.9 2.5 −12.28 2.28 −7.39 2.45
ESCSN2 13.46 2.62

GenderN2 −23.87 8.84
BedN2 14.61 4.75

AmountHN2 24.11 5.74 23.78 5.91
TimeHN2 21.24 2.95 22.03 3.33

ReadingPN2 5.89 1.7 4.49 1.64
InvFamSchN2 2.94 0.98 2.78 0.77
FamilyExpN2 8.81 1.22 8.31 1.03 5.23 1.32 5.99 1.12

ScreenN2 −9.78 3.66 −14.06 3.34
SizeN2 −0.12 0.05
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