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Introduction

New curricular reforms emphasize statistical reasoning and its role in decision making and professional work (e.g., NCTM, 2000, CCSSI, 2010). Main content in these curricula for high school in Spain [START_REF] Mec | Real Decreto 1467/2007, de 2 de noviembre, por el que se establece la estructura de Bachillerato y se fijan sus enseñanzas mínimas[END_REF][START_REF] Mecd | [END_REF] and other countries are correlation and regression, which are fundamental statistical ideas that expand the previous knowledge about univariate distributions and mathematical functions. They also extend functional dependence to random situations and can be applied in a variety of other school subjects [START_REF] Engel | Correlation and regression in the training of teachers[END_REF].

Previous research is mainly focused on students understanding of correlation [START_REF] Estepa | Concepciones iniciales sobre la asociación estadística[END_REF][START_REF] Estepa | Interpretación de los diagramas de dispersión por estudiantes de Bachillerato[END_REF][START_REF] Zieffler | Modeling the growth of students' covariational reasoning during an introductory statistics course[END_REF] with little attention to teaching materials, and, in particular, to the way the topic is taught or presented in the textbooks, in spite of their role as educational tools. From the official curricular guidelines until the teaching implemented in the classroom, an important step is the written curriculum reflected in the textbooks [START_REF] Herbel | From intended curriculum to written curriculum: Examining the" voice" of a mathematics textbook[END_REF]. The selected textbook is an important part of teaching and learning mathematics, since it provides the main basis why the topic is taught [START_REF] Shield | Assessing the potential of mathematics textbooks to promote deep learning[END_REF]. Moreover, mathematical textbooks receive increasing attention from the international community; see for example [START_REF] Fan | Representation of problem-solving procedures: A comparative look at China, Singapore, and US mathematics textbooks[END_REF].

The aim of this research was to analyse the tasks characterizing the problems used to present correlation and regression in high school Spanish textbooks directed to Social Sciences students. It is part of a wider project, where the way in which correlation and regression are presented in the textbooks in Spain is analysed. Complementary results were published in [START_REF] Gea | Regression in high school: an empirical analysis of Spanish textbooks[END_REF].

Theoretical framework

We base on the Onto-semiotic approach to teaching and learning mathematics [START_REF] Drijvers | One episode, two lenses[END_REF][START_REF] Godino | The onto-semiotic approach to research in mathematics education[END_REF], where mathematical knowledge has a socio-epistemic dimension, since it is linked to the person's activity and depends on the institutional and social context in which it is embedded. In this framework, the meaning of mathematical objects is linked to the mathematical practices carried out by somebody (a person or an institution) to solve specific mathematical problems. Around the mathematical practices linked to these specific problems, different rules (concepts, propositions, procedures) emerge [START_REF] Godino | The onto-semiotic approach to research in mathematics education[END_REF] supported by mathematics language (terms and expressions, symbols, graphs, etc.), which, in turn, is regulated by the rules. All these objects are linked to arguments that serve to communicate the problem solutions, and to validate and generalize them to other contexts and problems.

The authors conceive different types of institutional meanings for a mathematical object (in this case correlation and regression): a) reference meaning (the system of practices used as reference in a particular research); b) intended meaning (the part of the meaning that is planned for teaching; for example, that proposed in the curricular guidelines); c) implemented meaning (what was finally taught to the students); and d) assessed meaning (content of assessment) [START_REF] Godino | The onto-semiotic approach to research in mathematics education[END_REF]. In our research we try to identify the implemented meaning of correlation and regression, as defined by the problems proposed in the textbooks, and to compare it with the intended institutional meaning for these students, as defined in the curricular guidelines [START_REF] Mec | Real Decreto 1467/2007, de 2 de noviembre, por el que se establece la estructura de Bachillerato y se fijan sus enseñanzas mínimas[END_REF][START_REF] Mecd | [END_REF].

Background

In spite of the relevance of these topics, previous research suggests poor results in people's understanding of correlation and regression. For example, [START_REF] Erlick | Perceptual quantification of condicional dependency[END_REF] found that negative correlation is commonly estimated as close to zero. Other authors studied the influence of previous theories about the context of the problem on the accuracy in estimating correlation. In this respect, Chapman and Chapman (1967, p. 194) described "illusory correlation" as "the report by an observer of a correlation between two classes of events which in reality (a) are not correlated, or (b) are correlated to a lesser extent than reported, or (c) are correlated in the opposite direction than that which is reported". The estimates are more accurate if people have no theories about the type of association in the data. If the subject's previous theories agree with the type of association reflected by the empirical data, there is a tendency to overestimate the association coefficient. But when the data do not reflect the results expected by these theories, the subjects are often guided by their theories, rather than by data [START_REF] Jennings | Informal covariation assessment: Data-based versus theory-based judgments[END_REF].

According to [START_REF] Barbancho | Estadística elemental moderna[END_REF], the correlation between variables may be explained by the existence of a unilateral cause -effect relationship (one variable produces the other), but also to interdependence (each variable affects the other), indirect dependence (there is a third variable affecting both variables), concordance (matching in preference by two judges in the same data set) and spurious correlation (or coincidental covariation). In addition to the estimate accuracy, understanding correlation involve the discrimination of these types of relationships between variables. [START_REF] Estepa | Concepciones iniciales sobre la asociación estadística y su evolución como consecuencia de una enseñanza basada en el uso de ordenadores[END_REF] studied the understanding of correlation in a sample of 213 Spanish high school students. The author defined the causal conception according to which the subject only considers correlation between variables, when it can be explained by the presence of a cause -effect relationship. He also described the unidirectional conception, where the student does not accept an inverse association, considering the strength of the association, but not its sign, and assuming independence where there is an inverse association.

As regards research on textbooks, Sánchez Cobo (1999) classified the definitions of concepts presented in 11 textbooks published in the period 1977-1990 as procedural, structural or a mixture of them. [START_REF] Lavalle | Análisis didáctico de regresión y correlación para la enseñanza media[END_REF] analysed the concepts and procedures included in 7 high school textbooks from Argentina. The current paper complements these publications and our previous paper [START_REF] Gea | Regression in high school: an empirical analysis of Spanish textbooks[END_REF], where we analyse the presentation of concepts, properties and procedures in the same textbooks that we are analysing here.

Method and results

The sample was made of eight mathematics high school textbooks (H1 to H8), directed to Spanish Social Sciences students that are listed in the Appendix. They still are used in the schools, and were published by editorials of prestige and wide diffusion in Spain just after the past curricular guidelines were introduced (MEC, 2007). We performed a content analysis [START_REF] Neuendorf | The content analysis guidebook[END_REF] of the chapters devoted to correlation and regression with an inductive and cyclic procedure, and classified all the problems, exercises and examples used in the chapter according the variables described below. The total number of problems analysed were 2166, distributed according Table 1. Main types of problem fields [START_REF] Anthony | Effective pedagogy in mathematics[END_REF] reported on the different types of tasks that have been analysed in mathematics education research, which include problems centred on specific mathematical content; problems that promote mathematical modelling; tasks requiring students to interpret and critique data and those that prompt sense making and justification of thinking. The problems analysed belong to the first category and were classified according the main types of problems identified by [START_REF] Gea | Los problemas de correlación y regresión en los libros de texto españoles de bachillerato[END_REF] in the study of correlation and regression: P0: Organising and summarising bivariate data, which include graphical representation and computation of summaries statistics. P1: Determining the existence of a relationship between the variables, which can be subdivided in four types of problems: (P11) Defining the univariate variables that constitute the bivariate data; (P12) Determining the type of dependence (functional, random or independence); (P13) Determining the strength of the relationship; and (P14) Determining the direction (direct, inverse or nonlinear). P2: Predicting a variable from the other, which can be subdivided in the following types: (P21) Fitting a model to the data (usually, the linear model); and (P22) Making estimations from the model, where we also include assessing the goodness of fit.

All these types of problems appear in the books, with different frequency, as shown in Table 2, with the following distribution: 11% P1, 61% P2 and 28% P3. The most frequent field of problems consisted in identifying the strength of correlation (P13), (with percentages ranging from 19% in H3 to 24% in H2). The textbooks paid less attention to the problem field P0, with the exception of H3, H4 and H7, despite the organisation of data is an important step prior to analysing a relationship between the variables. We also observe that H4 is more balanced as regards the different types of problems, although the percentage in P22 problems is still a little low. 

Strength, sign and shape of association

For each problem analysed, we computed the Pearson's correlation coefficient when the data suggested linear relationship and the square root of the determination coefficient when the dependence was non-linear. We then classified the problems according to the strength of association in the following way: a) independence, if the value of the coefficient was very close to zero; b) low dependence if these coefficients ranged in the interval [0.1; 0.5); c)medium for the interval [0.5; 0.8), d) high for the interval [0.8; 1), and e) functional where there was a perfect fit of the data to a model and r = ±1 or D = 1. In Table 3 we classify the problems according the strength of the dependence in the data suggested by these coefficients.

Strength of association H1 Most commonly the data showed a high association or medium association; there were scarce problems with independent data or corresponding to functional relationships, in agreement with previous results from Sánchez [START_REF] Sánchez Cobo | Significado de la correlación y regresión para los estudiantes universitarios[END_REF]. We remark that most statistical studies in Social Sciences (the speciality that these students intend to follow) deal with moderate correlation, so that we recommend to include more problems with moderate association and a more balanced distribution of this variable in future textbooks.

We also studied the sign of correlation (direct or inverse) in case of linear relationship and found about 60% of problems that used direct correlation, as shown in Table 4. The scarce presence of inverse correlation problems (20% on average), also noticed by Sánchez Cobo (1999), may contribute to the unidirectional conception of correlation [START_REF] Estepa | Concepciones iniciales sobre la asociación estadística y su evolución como consecuencia de una enseñanza basada en el uso de ordenadores[END_REF] where students wrongly identify negative correlation with independence. A third variable analysed, not considered in previous research, was the type of function that fits the data. In order to determine this model, in each problem, we fitted different types of functions to the data and selected the function providing the best fit. Most situations corresponded to linear relationship, as shown Table 5, because this type of function is easier for the students for an introduction for the topic. However, we recommend incorporating some examples of functions well known by the students, for example, quadratic, polynomial or exponential functions to develop their statistical thinking, while avoiding the deterministic conception [START_REF] Estepa | Concepciones iniciales sobre la asociación estadística y su evolución como consecuencia de una enseñanza basada en el uso de ordenadores[END_REF]. We remark that all the books include the least square line, as well as its use for prediction, while only one (H8) includes the Tukey line (2% of problems proposed in the book). 

Data context

The relevance of context in the teaching of statistics has been extensively discussed by different researchers. We analysed the context of the situations proposed to the students in these textbooks and classified them (see 

Discussion and didactic implications

The study suggests important differences in the problems proposed by the different textbooks; for example, H2 and H6 include a lower proportion of problems with no context, although H2 has the highest proportion of high correlation problems and H6 the lowest percentage of problems P0. We also found some biases in the distribution of the variables analysed, in particular there is a tendency towards direct, strong and linear relationship. It is important that teachers complement these types of problems with a wider variety of strength, sign and type of association, as well as with contexts that are interesting for the students, as it is suggested in the curricular guidelines [START_REF] Mecd | [END_REF]: "The teaching of this subject should not be dissociated from its application to social phenomena".

Our results suggest that the institutional intended meanings for correlation and regression and the implemented meaning in the textbooks analysed do not fit appropriately according to the variables analysed. In this sense, these problems should also be complemented with statistical projects in which the students experiment a complete cycle of statistical enquiry and get experience in the different modes of statistical thinking in [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF]'s model (need for data, transnumeration, variation, reasoning with models, integration of statistical and contextual knowledge). Today there are plenty of data available on Internet that can be used to introduce ideas of correlation and regression via projects, as suggested in [START_REF] Batanero | Building high school pre-service teachers' knowledge to teach correlation and regression[END_REF].

  Textbook H1 H2 H3 H4 H5 H6 H7 H8 Number of problems analysed in the book 268 221 258 225 318 176 403 297

Table 1 : Sample of problems analysed

 1 

Table 2 : Classification of activities in the textbooks by problem field
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	Problem field	H1	H2	H3	H4	H5	H6	H7	H8
	P0	6.7	10.9 17.4 16.9	8.8	4.5	17.4	7.7
	P1 P11	10.1 11.8	6.2	20.0	6.6	15.3	8.4	12.8
	P12	14.6 14.0 19.8 11.6 13.8 13.6 11.2 14.8
	P13	20.9 24.0 19.0 20.0 23.9 22.2 22.8 20.5
	P14	19.4	9.5	14.0 12.0 16.0	9.1	13.4 13.5
	P2 P21	16.4 11.8 10.1 11.6 15.7 15.9 14.6 20.2
	P22	11.9 18.1 13.6	8.0	15.1 19.3 12.2 10.4

Table 3 : Percentage of problems, according strength of relationship
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Table 4 : Percentage of problems, according sign of correlation
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		H1	H2	H3	H4	H5	H6	H7	H8
	Independence	0.7	2.3	9.3	5.3	1.6	3.4	7.4	7.1
	Direct	59.7 85.1 47.7 68.0 46.2 61.9 51.6 56.9
	Inverse	22.4 11.8 28.3 20.4 36.2 21.0 22.8 26.3
	Others	0	0	1.6	0	0	0	0.7	0
	No data provided	17.2	0.9	13.2	6.2	16.0 13.6 17.4	9.8

Table 5 : Percentage of problems, according type of function defining the line of best fit
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		H1	H2	H3	H4	H5	H6	H7	H8
	Independence	0.7	2.3	9.3	5.3	1.6	3.4	7.4	7.1
	Linear	4.5	1.8	6.6	6.2	1.9	1.7	7.7	6.1
	Functional								
	Non-linear	1.1	0	2.0	0	0.3	0	1.0	2.0
	Lineal	76.5 57.9 62.0	66.2 76.1 80.1 63.8 62.3
	Random								
	Non-linear	0	37.1	7.0	16.0	4.1	1.1	2.7	10.8
	No data provided	17.2	0.9	13.2	6.2	16.0 13.6 17.4	9.8

Table 6

 6 g., score in two exams in a group of students); f) Sociology (e.g., birth rate and percentage of women at work). Results show a high percentage of problems with no context (students cannot relate their results to a meaningful context) and a similar distribution of other contexts.

	Context	H1	H2	H3	H4	H5	H6	H7	H8
	Biology	8.2 10.9 7.0	4.4 13.8 17.6 6.9 12.5
	Science	13.1 33.0 14.7 13.3 13.2 16.5 9.4	9.1
	Sports	4.5	0	5.4	2.2	2.2	0	0	0
	Economy	14.2 8.1 13.6 5.3	6.9 14.8 3.5 10.1
	Education	10.4 4.5	1.9 14.2 17.0 15.3 5.7 11.8
	Sociology	6.3 17.2 10.9 14.2 9.1 12.5 9.9	9.8
	No context	43.3 26.2 46.5 46.2 37.7 23.3 64.5 46.8

) in the following categories: a) Biology (e.g., parents and children heights); b) Science (e.g., speed and distance); c) Sport (e.g., distance and time spent in a competition); d) Economy (e.g., energy consumption and gross national product); e) Education (e.

Table 6 : Percentage of problems according to context
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