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Abstract:
							                           
In the last few decades, the analysis of school effectiveness has gained increasing importance in the field of education. This current research focuses on studying the factors of school effectiveness associated with high performance in reading comprehension. The sample is comprised of Spanish students who participated in PISA 2018. The dependent variable is high performance in reading comprehension, and a total of 159 predictors related to school effectiveness have been considered. The data were analyzed using the Random Forest algorithm and binary multilevel logistic regression. Among the key findings, it is highlighted that the most important variables are process variables: enjoyment of reading and metacognition: evaluating credibility. Furthermore, the relative importance of context or input factors and process factors explains 41% and 38%, respectively, of the variance of the criterion variable. The final model (comprising both groups of factors) explains approximately 54% of reading success. In this model, the predictor that has the most significant effect is metacognition: evaluating credibility, which refers to the subject’s ability to assess the quality and credibility of a text (for example, whether the information is valid, accurate, and impartial), with its effect being roughly double that of context or input variables. Among the main conclusions, it is highlighted that it is possible to increase the scarce number of high-performing students in the Spanish context through the development of educational policies that promote a love for reading and metacognitive capacity.



Keywords: PISA, high achievement, machine learning, school effectiveness.
		                         


Resumen:
						                           
En las últimas décadas, el análisis de la eficacia escolar ha adquirido una creciente importancia en el ámbito educativo. La presente investigación se centra en estudiar los factores de eficacia escolar asociados al alto rendimiento en la comprensión lectora. La muestra se encuentra conformada por los estudiantes españoles que participaron en PISA 2018. La variable criterio es el alto rendimiento en comprensión lectora y se ha contado con un total de 159 predictores relacionados con la eficacia escolar. Los datos se han analizado con el algoritmo de Random Forest y regresión logística binaria multinivel. Entre los principales resultados se destaca que las variables más importantes son las variables de proceso: placer por la lectura y metacognición: evaluar la credibilidad. Además, se demuestra la importancia relativa que tienen los factores de contexto o entrada y proceso explicando un 41% y 38%, respectivamente, de la varianza de la variable criterio. El modelo final (formado por ambos grupos de factores) explica aproximadamente el 54% del éxito lector. En este modelo, el predictor que tiene un mayor efecto es la metacognición: evaluar la credibilidad, referido a la capacidad del sujeto para evaluar la calidad y credibilidad de un texto (por ejemplo, si la información es válida, precisa e imparcial), siendo su efecto aproximadamente el doble que el de las variables de contexto o entrada. Entre las principales conclusiones se destaca la posibilidad de aumentar el escaso número de estudiantes de alto rendimiento en el contexto español mediante el desarrollo de políticas educativas que fomenten el placer por la lectura y la capacidad metacognitiva.



Palabras clave: PISA, alto rendimiento, machine learning, eficacia escolar.
                                








INTRODUCTION


School effectiveness is a standard issue in educational research (Creemers et al., 2022), to the extent that it is an area of study that has its own place in scientific literature and far from being an outdated tradition, it continues to be a fruitful and necessary field for reflection and research (Scheerens & Creemers, 2022).

Its origins date back to the Coleman Report (1966), which focused on the study of inequality in academic achievements and which highlights that the socio-economic context in educational results is of more significance than school variables (López-González et al., 2021). According to de la Orden et al. (1997), this phenomenon should be expressed by means of indicators that reflect the relationship between the achievements or results of the system and the goals and objectives set by this system. Therefore, school effectiveness does not only involve the level of performance attained by students, classes and individual educational centres (quality), but also the equitable distribution of learning outcomes among students with different background characteristics (equity) (Kyriakides et al., 2019); consequently, as indicated by Hu et al. (2021) it is fundamental to study the peculiarities of the top-performing group, in reference to the students who outperform the rest. Society, including national/state organisations and schools/ teachers, should assume responsibility for offering learning opportunities and additional guidance to the more disadvantaged groups of students, in order to achieve equitable, high-quality education (Creemers et al., 2022). In this way, models of school effectiveness focus on studying the processes implemented by the educational centres that make a significant contribution to students’ academic performance, as these are the basic criteria for judging educational effectiveness. Thus, the identification of educational factors associated with student performance is a key aspect in educational research into school effectiveness (Creemers et el., 2022; Murillo, 2007; Scheerens et al., 2013).

The results of international educational assessments, such the Programme for International Student Assessment (PISA), which assess the performance in competencies of students from different educational backgrounds, act as national indicators of effectiveness (Kyriakides et al., 2019). The questionnaires applied to students, families, teachers and head teachers have made it possible to conduct further in-depth research into school effectiveness, by analysing the school factors with the greatest effect extensively, accurately and rigorously. This may lead to the improvement of educational processes and policies in the different regions assessed (Murillo, 2007), a subject which has not yet been fully explored using this database (Kyriakides et al., 2019). Until now, school effectiveness has been studied by PISA from a dual perspective. Firstly, through research which analyses this phenomenon from the aspect of high and low levels of school effectiveness (Gamazo et al., 2018 and Martínez-Abad et al., 2020). Secondly, through studies that focus on the most significant factors which influence performance in science by high- and low-performing students, such as the study by Hu et el. (2021) who used Creemers & Kyriakides’ (2008) dynamic model of school effectiveness in an international assessment for the first time. However, as of today, there has been no analysis of the school effectiveness factors associated with high-performing students compared to other students, a subject of great interest in enabling strategies to be established to improve the quality of educational systems by increasing the percentages of this type of student.

Of the three core competencies assessed triennially by PISA, reading comprehension is an essential tool in the educational field, as it allows students to access and understand reality by developing meaningful learning. Furthermore, it is an essential skill, as we constantly find ourselves producing and understanding texts; this is an everyday activity in the modern world and the basis of independent learning in the knowledge society (García et al., 2018; Molina, 2020).

In this sense, there seems to be a positive relationship between reading literacy and learning. García et al. (2018) establish a significative, positive correlation between the level of students’ reading comprehension and their performance in four areas (Spanish Language, Mathematics, Social Sciences and Natural Sciences), which is not surprising, since reading skills are an essential tool for building meanings and knowledge (Gómez et al., 2014). Therefore, students with a low level of reading comprehension are usually low achievers since this competence directly affects learning (Viramontes et al., 2019).

In PISA 2018 there are six levels of reading comprehension, which consider students to be “high-performing” if they attain level 5 or 6. They are characterised as readers who can locate, organise and infer information, engage in critical reflection (level 5), make comparisons, fully understand texts, integrate information from different texts and even create abstract categories (level 6) (OECD, 2019). In Spain, the percentage of students in these “high performing” levels in 2018 was 5%, which is consistently below the average for OECD countries (8% in 2018), as shown in the following figure:
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Figure 1



Evolution of the percentage of high-performing students in reading in PISA 2018















Therefore, one of the main problems of the Spanish education system is that there are very few students at the higher levels in this competence. This is a genuine source of concern because it directly affects effectiveness and social equity, so consequently educational systems should be able to increase the percentage of students who attain these higher levels in order to achieve the maximum student performance (Gaviria, 2004).



Effectiveness factors associated with reading performance


The Context, Input, Process, and Output (CIPO) model by Scheerens (1991) synthesises the traditional idea of school effectiveness. There is extensive literature (Gamazo et al., 2018; Martínez-Abad, et al., 2020; Murillo, 2007) that classifies the factors of school effectiveness most commonly associated with student performance into contextual or background factors (student characteristics, teacher characteristics, infrastructures, etc.), process factors (teacher performance in the classroom and tutorials, didactic methodology, etc.) and output factors (academic performance). In turn, these factors can be divided into two levels: students and educational centres.






Contextual or input factors



Among the student contextual factors that are most closely related to high levels of performance in reading comprehension is a favourable socio-economic and cultural environment (Campos and Arantegui, 2022). The research by Franco et al. (2016) emphasises the importance for reading comprehension of the number of books at home, the texts used to perform schoolwork, and parental supervision and support during these tasks.

The variables of student gender and immigration background are also significant. Regarding the former, the research conducted by Frutos and Santaren (2020) reveals greater reading comprehension among female students than among male students, a pattern that is observable in all the PISA and PIRLS reports, although in PISA the gender gap will have narrowed in recent reports. In relation to the latter, this variable has a major impact on reading performance. Specifically, native-born students score higher in reading than first-generation immigrant students (immigrants born in other countries) (Cordero et al., 2013).

As regards the educational centre factors that are most commonly linked to high levels of performance in reading comprehension, school ownership is significant in the area of contextual variables. Asensio-Muñoz et al. (2018) state that it is this educational centre variable that has the closest relationship to reading comprehension performance and that students who come from socio-economically disadvantaged homes have a lower level of performance in this competence. Another important variable is having changed schools two or more times: these student display lower performance in reading compared to those who have not changed schools or who have done so only once (Gamazo et al., 2018).






Process factors



Among the process factors, the student’s academic expectations are of significance (Garrido et el., 2020 and Hu et al., 2021). Students who expect to complete a university degree have a greater chance of being high performers in reading literacy. The research by Franco et al. (2016), as well as that by Herrera et al. (2017) indicate the importance of a positive reading self-concept, as this has a favourable impact on performance. Another variable that is related to academic success is metacognition (Wu et al., 2020). In this sense, greater student metacognitive knowledge leads to higher achievement in reading literacy in the PISA assessment (Artelt and Schneider, 2015). Specifically, Qi (2021) indicates that out of the different metacognitive strategies, those related to the process of summarising texts are the most important. Another extremely important factor is the enjoyment of reading, as students who spend more time on this activity display a higher level of performance in this competence (Akande & Oyedapo, 2018; Molina, 2020).

Regarding the process factors related to the centre, one of the most important variables is the school environment (Linnakyla et al., 2004). Also of significance is the use of ICT, which plays a fundamental role in high levels of proficiency in reading comprehension, since we are currently in the midst of the age of technology and students use these tools to read, so this situation should be exploited to promote reading (Rivera, 2013). Furthermore, Avendaño and Martínez (2013) emphasise the importance of ICT in establishing new scenarios where students can take an innovative approach to texts and interact with them within the framework of the digital age, which aids the development of reading literacy. Finally, another variable which is also noteworthy is teacher feedback (Hu et al., 2021), which is beneficial when it is high-quality, equitable and timely.

Based on the foregoing, the general objective of this research consists of studying the factors (context or background and process) associated with a high level of performance in reading comprehension within the framework of PISA 2018 using the Spanish sample. To achieve this, we formulated the following specific objectives:




	1. 
						Identify the factors with the greatest influence on high levels of reading performance.

	2. 
						Determine the relative contribution of the factors with the most impact on the student’s chances of attaining a high level of achievement in reading literacy, bearing the hierarchical data structure in mind (level 1: student and level 2; school).











METHOD


A secondary analysis was conducted of the PISA 2018 international assessment data. Therefore, this is a quantitative study with a non-experimental design, based on cross-sectional data and limited to ex post facto research. It is worth mentioning that this research used a dual methodological strategy. Firstly, the Random Forest machine learning algorithm was used to conduct descriptive and exploratory analysis. Secondly, a predictive logistic model was run, bearing the hierarchical structure of the educational data in mind (level 1: student and level 2: school) (Lee, 2000).



Muestra


This research used the PISA 2018 database provided by the OECD (https://www.oecd.org/pisa/data/2018database/). A total of 79 countries and approximately 600000 students aged between 15 and 16 years participated in the most recent survey. The study sample is composed of the Spanish students (35943) who participated in the most recent survey of the PISA international assessment, with an average age of 15.836 years (SD = 0.288). In this group of students, 49.957% are female and 50.043% are male. It should be borne in mind that 22265 students (64.7%) attend public educational centres/public centres, 9722 (28.3%) are at privately-owned, publicly funded schools and 2410 (7%) are at private centres, in 17 Autonomous Communities. In the preliminary phase of machine learning, the entire dataset was utilized. Subsequently, during the multilevel logistic regression stage, schools with 20 or fewer students were omitted, resulting in a refined sample of 34,411 students across 976 schools.





Variables


The response variable in the study is Reading Comprehension in PISA 2018, which has been dichotomised (0 = average and low level of performance) and 1 = high level of performance) (see Table 1). A student is considered to be high-performing when they achieve level 5 or 6 in reading literacy in PISA 2018 (OECD, 2019).




Table 1




Number of high-performing Spanish students in reading literacy in PISA 2018




[image: 70681678009_gt8.png]














With reference to the predictor variables, this research is based on a total of 159 predictors (see ANNEX 1), which have been grouped into context or input factors and process factors. Furthermore, these have in turn been grouped into two levels: student (level 1) and school (level 2) (see Figure 2). It is important to note that the predictors are composed of complex indices but that some direct variables from the questionnaire have also been included regarding the student, centre and educational path. The selection of the context or input, and process factors was based on previous studies by Gamazo et al. (2018), Hu et al. (2021) and Martínez-Abad et al. (2020) which address school effectiveness in the PISA international assessment.
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Figura 2



Diagram of the independent variables in the study



















Procedure and data analysis


To meet the first objective, which consisted in identifying the factors most closely related to a high level of reading performance, we used the Random Forest classification algorithm, after conducting data pre-processing (Kassambara, 2018). This supervised machine learning algorithm was chosen for its high accuracy in identifying and ranking key predictor variables, as noted by Sterne (2018). Its implementation necessitates thorough and meticulous data pre-processing before execution, a step underscored by Kassambara (2018) for optimal results. To this purpose, firstly, the missing values in the database were imputed for the student and educational centre. We selected the method of multiple imputation by chained equations, as this is the most suitable method for obtaining accurate estimates (Sterne et al., 2009). The initial dataset of 159 predictor variables was narrowed down to 137 by removing those with over 20% missing data, following the criteria set by Medina and Galván (2007). Exceptions were made for key variables related to learning time: LMMINS (reading), MMINS (mathematics), and SMINS (science), despite their missing data percentages of 24%, 24%, and 25%, respectively. This decision is grounded in the critical importance of learning time as a process variable, a relationship well-documented in the literature (Martinez-Abad et al., 2020; Hu et al., 2021). Secondly, the data were split randomly into two sets; the first set relates to training (60% of the data) and was used to fit the model and, subsequently, the validation sample (40%) was used to test the model performance (Raschka, 2015). Thirdly, the continuous variables were standardised with the purpose of avoiding predictors with a greater magnitude having a major impact on the model (Kassambara, 2018). Finally, we analysed the variance of the predictors, as it was necessary to eliminate the predictors variables with zero or near-zero variance. None were eliminated, as they all contain information, they have variability.

In order to obtain the best model, the hyperparameters were optimised by means of 10-fold cross-validation. This consisted in dividing the training set into subsets of the same size called folds. In the first iteration the model was fitted with all the observations except the first fold, which was used to predict. In the second the model was trained with all the observations except the second fold, which was used to predict and so on until the tenth iteration (Sarkar et al., 2018).

We used the Random Forest technique on each of the 10 plausible values (PV) and selected the one with the largest area under the curve (AUC), as this metric is the most appropriate when the levels of the criterion variable are unbalanced (Bonaccorso, 2017). The most accurate plausible value was nine (0.827), so consequently this PV was used to report the most significant variables. The great limitation of this technique is that there is no cut-off point for selecting the predictors with the greatest influence on the response variable (Sarkar et al., 2018); for this reason, in line with the study by Gorostiaga and Rojo-Álvarez (2016), who recommend that to select the optimum number of variables it is necessary to assess several sets of variables (20 and 30) and select the set with the best performance, we decided to examine the following sets of variables from the 137 predictors: 15, 20, 25, 30 and 35. In doing so, the aim was greater accuracy in indicating the optimal set of variables. The method of relative importance was selected to sort the variables.

The basis of the second objective was to determine the relative contribution of context or input and process factors which most influenced the chances of a student attaining a high level of achievement in reading literacy, considering the hierarchical data structure (level 1: student and level 2; school). As the criterion variable is of a qualitative, nominal and dichotomous nature, with a significant random variance in level 2 (educational centre) and the intraclass correlation coefficient being higher than 10% (Lee, 2000), we used the multilevel binary logistic regression technique. Prior to running the models, the assumption of multicollinearity was checked in two stages. Firstly, we correlated the variables using Spearman’s correlation coefficient, as none of the variables met the assumption of normality. The work by Kassamabara (2018) states that the relationship is considered to be strong when values are larger than 0.7. Table 2 shows that there are two associations with a high magnitude of correlation. Specifically, we eliminated the variables of the index’s parents’ highest occupational status and household possessions, as these have a lower relative importance that the index of economic, social and cultural status.





Table 2




Spearman’s correlation
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Secondly, we checked that the Variance Inflation Factor was lower than 10 and as this was true in all cases, we concluded that the assumption of multicollinearity had been met.

Following this, we eliminated the educational centres with fewer than 20 subjects in order to conduct a multilevel analysis correctly (Gamazo et al., 2018). In particular, a total of 1532 subjects belonging to 133 centres were eliminated, so the final sample consisted of 34411 students. Four models were created, each based on a combination of key contextual (or input) factors and process variables as selected by the machine learning algorithm: model 0 or zero-inflated model, containing no predictors; model 1, composed of the context or input variables; model 2, composed of the process variables; and finally, model 3, composed of all the variables, in order to analyse the contribution of the process variables once the context or input factors had been checked. The odds ratio (Lee, 2000) was used to interpret the coefficients, with reference to the probability of a student having a high level of performance in reading comprehension and the probability of this not occurring. The Percentage of Explained Variance (PEV) was also calculated, which indicates the amount of variance that the model explains (equation 1).
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Finally, to check the fit of the models, we used the AIC and BIC indices, as well as Deviance, in order to compare nested models; the significance of this reduced statistical model was calculated and the percentage of variance reduction was estimated (R2) (Cameron & Windmejier, 1997).

The variables were introduced into the model in the order obtained from the machine learning algorithm, as undertaken in the work by Arroyo et al. (2019), Fernández-Mellizo and Constante-Amores (2020) and Constante-Amores et al. (2021).

All the analyses were conducted using the statistical software R version 4.2.0 (R Core Team, 2022). The mice and lme4 packages were used to implement the method of multiple imputation by chained equations and multilevel binary logistic regression respectively. The Random Forest model was created using the machine learning library H2O, which is written in Java but can be used with the programming language R.







RESULTS


The results are delineated below, organized in alignment with the established objectives.



Specific objective 1: The most significant contextual or background factors


The following table shows how the first set of predictors composed of 15 variables is the set with the highest level of performance (AUC = 0.839), that is to say, the one that best represents the characteristics of high-performing students in reading literacy.




Table 3




Model performance in the validation sample of the five sets of candidate characteristics using random forests.




[image: 70681678009_gt10.png]















Table 4 shows the 15 predictors that are most closely linked to high levels of performance in reading comprehension, selected from a total of 137 contextual or input and process variables. Overall, it can be seen that all these variables are related to student characteristics. In relation to the context or input factors, the most significant variables are: I like or enjoy reading, index of economic, social and cultural status and father’s occupation. Regarding the process variables, the most significant are metacognition: credibility assessment, reading self-concept: perception of proficiency and reading self-concept: perception of difficulty.





Table 4




The most significant variables associated with high levels of performance in reading comprehension.
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Specific objective 2: Probability of attaining a high level of reading performance


Once the most important variables had been identified, we conducted the multilevel binary logistic analysis. Table 5 shows the results of the predictive models. In model 1, which was composed of the context or input variables, it is noticeable that all of them are statistically significant with a positive directionality, and they explain approximately 41% of the variance of the dependent variable. The most significant effect occurs in the predictor I like or enjoy reading. Specifically, for each additional point in this predictor, there is a 100% increase in the probability of attaining a high level of reading performance. In model 2, composed solely of the process variables, as in the previous model, all of them are statistically significant, explaining 38.258% of the high level of performance in reading literacy. The greatest effect appears in the variable metacognition: credibility assessment. In particular, for each additional point in this predictor, there is a 110% increase in the probability of attaining a high level of performance in reading literacy. In model 3 all of the variables are included, with all of them being statistically significant. Furthermore, they move in a positive direction, except in reading self-concept: perception of proficiency, use of ICT outside of school (for school activities) and TIC as a subject in social interaction. The variable with the greatest effect is metacognition: credibility assessment. Once the context or input variables and the process factors have been controlled, the percentage of explained variance increases by around 13% compared to model 1, thereby producing a total explained variance of 54.676%.

Lastly, as regards the model fits, the model with the lowest AIC and BIC score is the model including all the predictors (model 3), where there is significant reduction in the variance, equivalent to R2 11% compared to model 1. The reduction in the variance of model 1 is also significant compared to model 0 (12%) and to model 2 compared to the zero-inflated model (20%).




Table 5




Estimation of fixed effects with robust standard errors using multilevel binary logistic regression (odds ratio)
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DISCUSSION AND CONCLUSIONS


In this study, there has been a deepening in the analysis of the factors (context or input and process) of school effectiveness associated with high performance in reading comprehension within the framework of PISA 2018, which is one of the major problems of the educational system.

Our findings identify 15 variables with a greater influence on high reading performance, among which the most important is the process variable referred to as the enjoyment of reading. These results are also observed in the works carried out by Akande and Oyedapo (2018), Franco et al. (2016), and Molina (2020), indicating the importance of this predictor in academic reading success. In this sense, there is extensive literature (Gil, 2011) indicating the relevance of the family in fostering reading enjoyment. Additionally, the research of Butlen (2005) shows that the school also plays an important role. Therefore, educational measures must be implemented from the school to increase students’ enjoyment of reading (Dezcallar et al., 2014), highlighting the work on students’ reading habits.

It is also observed that the five most important predictors belong to process factors (enjoyment of reading, metacognition: evaluating credibility, reader self-concept understood as perception of competence and perception of difficulty and learning time in science - minutes per week). Therefore, considering these results, it seems that these factors play a very relevant role in high reading comprehension performance. This is contrary to extensive literature that states that high reading performance is primarily explained by context or input factors (Cordero et al., 2013; Franco et al., 2016). Although it coincides with the work of Martínez-Abad et al. (2020), in which the most important variables are related to students.

Likewise, it should be noted that in our study, student gender and immigrant status are not important variables in high reading performance, unlike other studies (de Frutos & Santaren, 2020, and Cordero et al., 2013), even Hu et al. (2021) demonstrate that these predictors are important in discriminating and differentiating between students with high and low scientific performance in PISA 2015.

Regarding the second objective based on determining the relative contribution of the factors that most affect the probability of a student achieving high performance in reading competence, the importance of both context or input factors and process factors in reading performance can be appreciated. Each set of predictors explains a very similar percentage variance of 39% and 36%, respectively. The final model explains approximately 52% of the variability of the criterion variable. These results complement the conclusions of Coleman (1966) who showed the preponderance of context or input factors such as socioeconomic status and ethnicity.

In the final model, the predictor with the largest effect is metacognition (odds ratio = 1.989), referring to the subject’s ability to evaluate the quality and credibility of a text (for example, if the information is valid, accurate, and impartial, etc.) incorporated for the first time in PISA 2018 (OECD, 2019). This predictor has approximately twice the effect of certain context or input variables that have been of great importance in the scientific literature, such as the index of economic, social, and cultural status, father’s occupation, mother’s occupation, and cultural possessions of the home (Barrera et al., 2019).

In fact, the other variable related to metacognition (summarizing) also has a greater effect than this set of predictors.

In this sense, the great importance of metacognition in high reading performance stands out compared to other more socio-economic variables, following the line of Qi (2021) and Wu et al. (2020), which point out the important role played by metacognitive variables in high reading performance. Therefore, it is essential that metacognitive capacity be worked on in schools.

Likewise, as in the research of Franco et al. (2016) and Herrera et al. (2017), it should be emphasized, the relevance of reader self-concept (perception of competences and perception of difficulty) in high reading scores in PISA 2018. Also, the academic and professional educational expectations of students about reading competence play a very important role, as was the case in the study by Hu et al. (2021).

From a methodological point of view, this research not only indicates the most important variables but also carries out a predictive model (multilevel binary logistic regression) exhaustively addressing this educational phenomenon for a specific group, which are the high-achieving students compared to the rest. Also, this study represents a methodological advancement in the phenomenon of school effectiveness factors, as it employs for the first time a machine learning approach in the Spanish context. This is a complementary approach to works that use data mining techniques (Martínez-Abad et al., 2020) and binary logistic regression (Gamazo et al., 2018).

With the desirable goal for the Spanish educational system of increasing the low number of high-performing students, educational policies could be developed that promote reading enjoyment and the learning of metacognitive tools in the field of reading, well-known and necessary tools such as evaluating the credibility of texts and summarizing, accredited by the results of this research. Additionally, it is necessary for schools to work on improving self-concept, as it affects students’ academic expectations and, therefore, the performance of different subjects (Carrillo et al., 2022).

As prospective research, it would be necessary to determine the factors (context or input and process) associated with high reading performance in other countries and contexts, such as some in Southern Europe (Portugal, Italy, France, Cyprus, Greece, and Malta). Regarding the limitations of the study, it should be noted that the results obtained cannot be interpreted in terms of causality; for this, structural equation models or experimental studies would be necessary. Additionally, the PISA evaluation has been methodologically reviewed and criticized, as shown by the work of Fernández-Cano (2016) alluding, among other issues, to problems of validity of measurement instruments and the way of estimating scores on the performance scale. Another problem is the questionnaires used to collect context information (Jornet, 2016), which lack a clear theory to develop the different constructs measured and the lack of information about their psychometric characteristics.
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Level 2 process variables
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