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Introduction

Studying STEM (Science, Technology, Engineering, and Mathematics) from a mathematics education perspective has received an increasing attention from both scholars and teachers. Some of the most frequently asked questions are about the definition of STEM and about the role of math in STEM. For example, is STEM a unique subject that is somehow "more" than just the sum of its components, to be taught as a stand-alone topic? Or is it a "learning context" within which math can be used as a tool to teach S, T and/or E, or is it a "learning context" within which math can be find new perspectives and stimulate new lines of reasoning by interacting with real (scientific, technological, engineering) problems? Moreover, what kind of abilities/skills students need to have or to develop to benefit from such an interdisciplinary or transdisciplinary teaching approach?

Answering these (research) questions is not easy at all and calls for more research, also aimed to understand the possible interaction effects between students' performance in math and their characteristics, such as their reading skills, their personal characteristics and the characteristics of the context students inhabit (here included peers' characteristics). Nonetheless, little research has been carried out to date to understand if (and, if yes, to what extent) the relationship between students' performance in math and their characteristics and skills can interplay with, and thus being (positively or negatively) affected by the characteristics of the school and the classroom attended by students.

The current paper aims to fill this gap.

The relationship between students' characteristics and their performance in math

There are several factors affecting students' performance in math, such as schools' characteristics (facilities, didactical protocols, etc.) (e.g., [START_REF] Fowler | School Size, Characteristics, and Outcomes[END_REF] that can enhance or hindering learning, or students' background characteristics, such as their sex (e.g., [START_REF] Cascella | Intersectional effects of Socioeconomic status, phase, and gender on Math achievement[END_REF], citizenship, [START_REF] Cascella | Beyond text comprehension: exploring items' characteristics and their effect on foreign students' disadvantage in mathematics[END_REF], and socioeconomic status (SES) [START_REF] Coleman | Equality of educational opportunity[END_REF], or other skills, such as reading skills (e.g., [START_REF] Cascella | Exploring the complex relationship between students' reading skills and their performance in mathematics: a population-based study[END_REF]) that can predict their performance in math. In the educational literature, there is a full agreement that students' socioeconomic status (SES) can significantly affect their performance and, in particular, that low-SES students develop performance more slowly compared with higher-SES students, across countries (e.g., Organization for Economic Cooperation and Development, 2019;[START_REF] Reardon | Implications of income-based school assignment policies for racial school segregation[END_REF].

Another background factor significantly associated with students' performance (both in math and reading) is sex: girls outperform boys in reading and text comprehension, in all the countries around the world. Such a superiority in reading counterbalances female relative underachievement in math [START_REF] Ajello | Italian students' results in the PISA math test: does reading competence matter[END_REF], that is sharper in some countries (such as Italy, Spain, etc.) [START_REF] Guiso | Differences in Test Scores Correlated with Indicators of Gender Equality[END_REF].

Similarly, foreign students' performance is different (often, but not always, lower) compared with native students and, according to results from the Programme for International Students Assessment (PISA), their relative disadvantage in math compared with native students is primary due to their disadvantage in reading (Organisation for Economic Co-operation & Development, 2016).

In addition, recent research has shown that all the relations described here above interplay with the characteristics of the learning contexts (schools and classrooms) students live in. Peers' characteristics affect individual academic performance, sometime even more than individual characteristics. Such a phenomenon is more frequent in secondary education [START_REF] Kessels | Fitting into the stereotype: How gender-stereotyped perceptions of prototypic peers relate to liking for school subjects[END_REF]. Previous studies have shown for example that, in secondary schools, "the social composition of the student body is more highly related to performance, independent of the student's own social background, than is any school factor" [START_REF] Coleman | Equality of educational opportunity[END_REF] and, more precisely, that students' individual performance is more strongly associated with classroom and/or school SES than with student's individual SES.

Research aims and questions

Even though previous studies have identified some factors affecting students' performance in math, it seems that these associations can dramatically change depending on the characteristics of the (learning) context students attend. In absence of research aimed at quantifying the effect of external factors, designing innovative teaching approach is taught and may lead to unexpected results.

In the current paper, I investigated the mediating role of students' reading skills on the relationship between students' SES and students' performance in math, and used students' sex, citizenship status, regularity throughout the academic pathway as control variables. Census data collected in Italy at Grade 10 in 2017 have been used to answer the following research question: Does the relationship between students' performance in math and their background factors and skills interplay with the characteristics of the school and the classroom students attend? And, if yes, to what extent?

Methodology Data

In 2017, the Italian national institute for the evaluation of educational system (Tr. Istituto nazionale per la valutazione del Sistema di istruzione e formazione -INVALSI hereafter) administered two achievement tests to the Italian students' population to measure their competence in (i) reading and text comprehension, and in (ii) math.

In this paper, I analyzed data collected at Grade 10 (on average, 15 years old students), at census level (427,465 students in 24,870 classrooms, in 3,986 schools). Italian data are particularly suitable for the purposes of the present study because, at Grade 10, there are three school types (i.e., Lice, Tecnici, and Professionali1 ): all of them are embedded in the same educational system and have the same math curriculum, but they are usually attended by students with very different characteristics in terms of socioeconomic status, gender, citizenship, and regularity of academic pathway. (For a description of the sample analysed, please see the 'Data description' section).

The differences between different school types allowed for the investigation of the possible interaction between personal and contextual factors. Results based on such a sample are thus of help to answer my research questions and can be used as an example -of interest for the international reader -of how the mediating role of reading skills on the relationship between students' performance and students' characteristics change depending on contextual factors.

Analytical strategy

A multilevel model (MLM) of students' performance in math (estimated via the Rasch model - [START_REF] Rasch | Probabilistic models for some intelligence and achievement tests[END_REF]) against students' characteristics (i.e., sex, socioeconomic status, citizenship, regularity throughout the scholastic pathway, reading skills) and contextual factors (peers' socioeconomic status aggregated at classroom and school level), has been estimated by using MLwiN, a software for multilevel analysis [START_REF] Rasbash | A User 's Guide to MLwiN[END_REF], used to account for data hierarchy (i.e., students nested in classrooms and schools).

Multilevel modeling is very adequate for the purposes of the current study as it models the interdependency within levels under the theoretical assumption that students from the same context share something more as compared to students from other contexts [START_REF] Hox | Multilevel Analysis. Techniques and Applications[END_REF].

In the present study, multilevel models have been estimated with random intercepts and fixed slopes [START_REF] Hox | Multilevel Analysis. Techniques and Applications[END_REF]. School type has been added as a predictor to verify that the difference between school types was statistically significant. In order to observe how the relationship between students' characteristics and reading skills and students' performance in math varies by school type, I performed three separate analyses2 : one for Licei (224,791 students), one for Tecnici (132,954 students), and one for Professionali (65,120 students).

Such a decision is statistically robust as the INVALSI national sample is statistically representative of the Italian students' population at regional level and by school type. Moreover, each school type shows unique characteristics: each of them thus represents a unique learning environment (See 'Data description'), and the differences between school type worth a separate analysis.

Results

Before performing the multilevel analysis, in the next sub-section, I presented a description of the data analysed in the present study. Tables and figures have been saved in a separate file, available online3 .

Data description

Students' characteristics sharply vary by 'school type' thus characterizing Licei, Tecnici and Professionali as different, highly segregated learning contexts.

Schools' composition varies in terms of the proportion of enrolled boys and girls, the proportion of enrolled native compared with foreign students, in terms of students' socioeconomic status and performance levels, both in reading and in math, and in terms of the proportion of 'regular' students (i.e., those attending the expected grade) compared with 'retained' and 'in advance' students.

In 2017, at Grade 10, 51.3% of students attending Licei is female. Such a percentage decreases in Tecnici (30.3%), and in Professionali (15%). Moreover, around 85% of students attending Licei are Italian citizens. Such a percentage is slightly lower in Tecnici but drops down to less than 80% in Professionali. In addition, the proportion of retained students over the total is less than 10% in Licei, around 20% in Tecnici and more than 35% in Professionali.

Students' socioeconomic status and students' performance (both in reading and in math) sharply vary by school type. Students' SES is higher in Licei (mean = 0.31, SD = 0.97) than in Tecnici (mean = -0.19, SD = 0.95) and in Professionali (mean = 0.54, SD = 0.96). Students' performance in math is above the national mean in Licei, in line with the national mean in Tecnici, and sharply below the national mean in Professionali. As with it, students' reading skills are above the national mean in Licei, in line with the national mean in Tecnici, and below the national mean in Professionali (Figure 1, in the Supplementary File) [START_REF] Invalsi | Rilevazioni nazionali degli apprendimenti 2016-2017[END_REF].

Multilevel analysis

Before performing the multilevel analysis, I estimated the null-model, i.e. a model without predictors used to calculate the variance of students' performance in math (the dependent variable) at different levels of the data hierarchy. The variance calculated at each hierarchical level is also used to calculate the variance partition coefficient (VPC -Hox, 2010) (Table 1, in the Supplementary File).

The model intercept expresses the overall mean of math performance (measured by using the Rasch model [START_REF] Rasch | Probabilistic models for some intelligence and achievement tests[END_REF] in Licei, Tecnici, and Professionali, and thus serves as a benchmark with which other models are compared with4 .

The proportion of variance in math performance explained by individual factors sharply changes by school type, and it is higher in more disadvantaged contexts (more than 40% in Licei and 50% in Tecnici, and around 60% in Professionali) (Table 2, in the Supplementary File).

To better understand if and, if yes, how the relationship between reading skills and math performance changed depending on the learning context, I analyzed data collected in Licei, Tecnici and Professionali separately, as reported in the next three sections.

Licei

Consistently with previous literature [START_REF] Ding | Interpreting math performance in PISA: Taking account of reading performance[END_REF], the regression analysis indicates that boys outperform girls in math, and that female disadvantage increases after having accounted for reading skills, thus confirming the hypothesis that reading skills mediate the relationship between gender and math performance. As with this, regular students are slightly advantaged compared to 'in advance' students whereas retained students are sharply disadvantaged. Nonetheless, these differences decrease after accounting for reading skills.

Reading skills also mediate the relationship between citizenship and math performance. More precisely, higher reading skills are associated with higher performance in math and, after having accounted for reading skills, the retained students' disadvantage significantly decreases. Such results are stable across hierarchical levels but different in magnitude because the proportion of variance explained by individual factors decreases when the hierarchical data structure is accounted for: at classroom and school level, the magnitude of effects related to individual variables is smaller than that at individual level. Such a result is not surprising as the individual level model does not account for data hierarchy, and thus wrongly attributes to the individual level the variance actually explained by factors at the higher hierarchical levels [START_REF] Hox | Multilevel Analysis. Techniques and Applications[END_REF].

In addition, the effect of individual SES decreases when peers' SES (aggregated at classroom and school level) is added to the model. Reading skills also mediate the effect of peers' SES on individual math performance. In particular, the effect of individual SES is statistically significant but very low, thus confirming that peers' SES affects individual performance in math even more than individual SES [START_REF] Cascella | Intersectional effects of Socioeconomic status, phase, and gender on Math achievement[END_REF][START_REF] Coleman | Equality of educational opportunity[END_REF], and showing that reading skills mediates the effect of both individual and aggregated SES on math text score.

Tecnici

In Tecnici, where students' ability both in text comprehension and in math is lower than in Licei, reading skills explain most of the variance in students' performance in math, thus suggesting that even small increases in reading skills can help students to perform better in math. Moreover, reading skills mediate the effect of all students' background factors and aggregated SES. In contrast with Licei, aggregated SES (and, in particular, classroom SES) explains a low proportion of variance in the dependent variable as shown by its regression coefficient that is statistically significant but low.

Professionali

Reading skills mediates both individual and aggregated SES. Moreover, individual SES effect drops down when aggregated SES is added into the model thus suggesting that peers' SES (aggregated at classroom level) is more strongly associated with individual math performance than individual SES. Such an association is statistically significant but less strong than in Licei. Such a result may suggest that the association between contextual factors is stronger in higher-SES contexts (i.e., Licei) than in low-SES contexts (Professionali).

Conclusion

In the present paper, I presented an empirical study based on Italian data and aimed at investigating how the mediating role of reading skills on the relationship between students' characteristics and their performance in math changes depending on the characteristics of the "learning context" students attend. Therefore, even though I showed that students' reading skills have to be taken as a prerequisite to learn and perform well in math, the results presented in the current paper also suggest that the effect of reading skills on students' performance in math does not work for all students exactly in the same way: the association between contextual factors and individual performance in math is stronger in higher-SES contexts than in low-SES contexts.

So, if by a side the results presented here suggest that teachers and/or researchers, in developing an integrated teaching approach, should not ignore the importance of reading skills but rather should include the improvement of students' reading skills as part of such an integrated approach, on the other side, they should (i) be aware of how the relationship between students' reading skills and their performance in math interplays with the external context, and (ii) work to tailor their teaching approach to their own students.

The study presented in the current paper shows some important limitations. First, I used students' performance in math as measured via INVALSI achievement tests as a proxy of students' attainment in math. As with this, reading skills as measured by INVALSI tests can capture just a part of students' reading skills. More investigation about how and why reading skills can affect students' performance in math is necessary to advance the existing knowledge.

Nonetheless, results based on INVALSI data allowed for a comparative analysis between different school types that represent very different learning environments, suitable to understand how the mediating role of reading skills on the relationship between students' characteristics and their performance in math changes by context.

The current paper can thus contribute to the ongoing debate about the construction of an integrated teaching approach by providing an empirical investigation of the possible intersectionality between the relationship between reading skills and math performan with students', classrooms', and schools' characteristics [START_REF] Aikens | Socioeconomic Differences in Reading Trajectories: The Contribution of Family, Neighborhood, and School Contexts[END_REF][START_REF] Caldas | Effect of school population socioeconomic status on individual academic achievement[END_REF][START_REF] Gary | Explaining socioeconomic inequalities in student achievement: The role of home and school factors[END_REF][START_REF] Perry | School socioeconomic status and student outcomes in reading and mathematics: A comparison of Australia and Canada[END_REF]. Understanding how the effect of factors affecting students' performance change depending on the context students inhabit is necessary in order to design an effective teaching approach.

Although all school types allow access to university, Tecnici and Professionali offer a specific education/training and a direct access to the job market in a variety of sectors that do not require an academic degree (but that are more focused, for example, on technological competences or on the development of manual abilities), whereas Licei offer a broader education preparatory for university.

In each model, all continuous variables (i.e., 1. students' reading skills, 2. individual,

classroom, and 

school SES) were centered on the grand mean[START_REF] Hox | Multilevel Analysis. Techniques and Applications[END_REF]. For categorical variables (i.e, sex, citizenship, regularity, and school type), 'Boy', 'Second generation student', 'In advance' and 'Tecnici' have been used as reference category.3 To view the Supplementary File, please use the following link: https://www.dropbox.com/scl/fi/ds8ysg6tj9qchmbatf0oc/Supplementary-file-CERME-12.docx?dl=0&rlkey=wtz0h0hdv83akomac17th1g87

The difference in the -2*loglikelihood between models, in each school type, is statistically significant -as assessed via a Chi-Square test -, thus confirming that the model accounting for data hierarchy fits better than that does not (i.e., the 1level model): 1-level model captured the variance actually explained by variables at the higher hierarchical level (i.e., at classroom (models 2) and at school (models 3) levels), and thus wrongly attribute such a variance to individual students' characteristics (Table1, in the Supplementary File), biasing results interpretability.