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How secondary school students build frequency tables?
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The ability to build and read statistical tables is part of statistical literacy and its teaching is included in the Spanish curriculum. We present results of an evaluation study carried out with 128 students in the 3 rd grade of Compulsory Secondary Education (14-16 years old) who were asked to construct a distribution table with absolute and relative frequencies from a data list. About half of the sample performs a correct construction and calculation of absolute frequencies and 15% of relative frequencies. Based on the ontosemiotic approach, semiotic conflicts such as confusion of relative, percentage and absolute frequencies and erroneous procedures in the calculation of these frequencies are identified.

Introduction

Statistical tables are an important tool for summarizing and communicating information both in the media [START_REF] Estrella | El formato tabular: Una revisión de literatura [Tabular format: a review of literature[END_REF] and in the scientific field [START_REF] Feinberg | Extracting sunbeams from cucumbers[END_REF]. Consequently, the ability to read, interpret and build statistical tables should be a component of statistical literacy for all citizens [START_REF] Gal | Understanding statistical literacy: About knowledge of contexts and models[END_REF]. Taking into account this goal, different curricular guidelines, including the Spanish documents (MECD, 2014) propose working with statistical tables throughout primary education (6 to 11 year-olds) to record and classify qualitative and quantitative data, as well as to build absolute and relative frequencies tables. Although statistical tables are considered easy by teachers, due to their wide use [START_REF] Koschat | A Case for Simple Tables[END_REF] and their high presence in textbooks [START_REF] Pallauta | Análisis de la complejidad semiótica y el contexto de las tablas estadísticas en los libros de texto españoles de secundaria [Analysis of the semiotic complexity and context of the statistical tables in Spanish secondary school textbooks[END_REF], research shows the need to reinforce its teaching, given that tables require specific cognitive skills for their understanding and construction [START_REF] Martí | Tables as cognitive tools in primary education[END_REF]. The aim of this study is analysing the construction of one-variable distribution table and identifying the semiotic conflicts that may arise in the process of organizing and summarizing a data list in a group of Spanish secondary education 3 rd grade students.

Fundamentals

Theoretical framework

We base on the Onto Semiotic Approach to mathematical knowledge and instruction (OSA; [START_REF] Godino | The onto-semiotic approach to research in mathematics education[END_REF]2019), which assumes that mathematical objects emerge from the mathematical practices (actions or operations) put into play to solve problem-situations. In this theoretical framework, the mathematical object can be considered from an institutional (e.g., a teaching institution) or personal (a person) perspective. The following types of mathematical objects are distinguished: problemsituation, language, concepts, propositions, procedures, and arguments. In the OSA the understanding of a mathematical object involves a synchrony between the institutional and personal meaning attributed to that object, which should be built progressively during the teaching-learning process [START_REF] Godino | Un enfoque ontológico y semiótico de la cognición matemática [An ontological and semiotic approach to mathematical cognition[END_REF]. Furthermore, when there is a discrepancy between both meanings, a semiotic conflict is produced and may be classified according to the type of mathematical object involved. A conflict is conceptual if it refers to a misunderstanding of concepts or properties, and procedural when the students confuse a procedure.

Background

Research analysing the students' performance in the construction of statistical tables is scarce, despite this type of representation is widely used in the classroom [START_REF] Estrella | Representaciones de datos en estadística: De listas a tablas [Statistical data representations: From lists to tables[END_REF]. Such construction, according to [START_REF] Chick | Tools for Transnumeration: Early Stages in the Art of Data Representation[END_REF], among other processes, requires the ordering and classification of data, their grouping and calculation of frequencies, which implies high cognitive demand, especially for elementary school students [START_REF] Nisbet | Children's representation and organisation of data[END_REF]. [START_REF] Pfannkuch | An exploration of students' statistical thinking with given data[END_REF] point out that students are unaware of the need to summarize information, and it is complex for them to establish classification criteria when they analyse a large list of data. In this sense, [START_REF] Marti | The construction of a doubleentry table: A study of primary and secondary school students' difficulties[END_REF] suggest that the construction of tables requires segmentation processes along with deciding the variable(s) to be represented, the frequencies to be computed and adjusting such information in the spatial structure that characterizes the table. Research with primary school children confirms these difficulties: it is not easy for them to translate graphs to frequency tables [START_REF] Díaz-Levicoy | Construcción de tablas estadísticas por estudiantes chilenos de tercero de Educación Primaria [Construction of statistical tables by Chilean students of third grade of Primary Education[END_REF], or find criteria to organize data in tables [START_REF] Estrella | Representaciones de datos en estadística: De listas a tablas [Statistical data representations: From lists to tables[END_REF]. As regards adolescents, Álvarez et al. (2020) conducted an investigation with 100 Colombian students aged 15 to 18 years to analyse their difficulties in constructing frequency tables. The authors observed errors in the construction of tables with grouped data; confusion of different types of frequencies with the variable values and arithmetic errors in compute different types of frequencies. We note that most of research developed with secondary school students has focused on the two-way tables, so our work intends to contribute knowledge of these students' difficulties when constructing a one-dimensional frequency table.

Method

The study involved 128 Spanish students just beginning the 3 rd grade of Compulsory Secondary Education from two schools in the same region, which split in a total of 70 males and 58 females ranging in age from 14 to 16 years. The participants had worked with statistical tables throughout primary education and their knowledge had been reinforced in 1 st and 2 nd grades of secondary education in accordance with a common standard for learning of the Andalusian curricular guidelines: "Organises data, [...] of qualitative or quantitative variables in tables, calculates their absolute and relative frequencies". (Consejería de Educación y Deporte, 2021, p. 785, p. 788). To these students we proposed a situation to be solved individually during the mathematics lesson, with paper and pencil (Figure 1), which is part of a wider questionnaire aiming to analyse the secondary students' knowledge on statistical table and to identify the semiotic conflicts that may arise in their answers. The task was adapted from a textbook [START_REF] Kheong | Texto del estudiante-Matemática 5 o básico[END_REF], and selected by suggestion of a panel of experts among three possible items. This type of table is frequently used in secondary school in Spain. Although the structure of the statistical table is provided in the task, no example was provided to complete it so, firstly, the student must identify the different modalities of the variable; no order of the categories is required because the variable is qualitative. Secondly, he/she had to find the absolute and relative frequencies associated with each modality, and finally calculate the corresponding totals. A similar activity was used by [START_REF] Díaz-Levicoy | Conocimiento sobre tablas estadísticas por estudiantes chilenos de tercer año de Educación Primaria [Knowledge of statistical tables by Chilean students third year of primary education[END_REF] with Chilean primary school students in the 3 rd grade (8 years old), who had to translate a data list to a table, where a column was provided to record the count and absolute frequency of each modality and no relative frequencies were requested.

Claudia is very fond of insects and one morning she made a list of those she could observe in her garden:

ant -butterfly -ant -bee -ant -ant -mosquito -mosquito -bee -mosquito -butterfly -ant -ant -mosquito -ant -ant Complete the table with the data collected by Claudia:

Insect

Absolute frequency Relative frequency

Total A content analysis [START_REF] Bisquerra | Metodología de la investigación educativa[END_REF] was carried out to analyse the students' productions, in which the authors systematically reviewed the categories established in the previous analysis, and in the discordant cases a consensus was reached to ensure the reliability of the coding. Thus, the evaluation of the productions around the construction of the table were discussed in two rounds and were classified into three categories: correct, partially correct and incorrect; and additionally various semiotic conflicts that arose in this process were identified according to our knowledge and results of previous research in three rounds.

Results

This section presents firstly the results of the evaluation of the tables constructed by the students and then the different cognitive semiotic conflicts identified along with their distribution.

Statistical table construction

The criteria for classifying the construction of the table were as follows:

Correct table. The student adequately completes the columns corresponding to the absolute and relative frequency of each modality, using the information given (Figure 2), where the relative frequency can be represented through decimal numbers or fractions (simplified or not). Partially correct table. In this category we classified the answers in which most of the cells were filled in with correct values, but there were some errors or blank cells. An example, with a counting error in one absolute frequency, which affects the calculation of the total, is presented in Figure 3 (left hand side).

Incorrect table.

The table records values that make no sense, showing a lack of knowledge of the concepts of absolute and relative frequency, such as the example shown in Figure 3 (right hand side). The results on the building of the statistical table according to its correctness are presented in Table 1. A high percentage of students incorrectly computed the frequencies (absolute: 23.4%; relative: 62.5%) or did not compute them (absolute or relative: 18.8%). This result indicates that the task of classifying the values of the variable and forming the distribution was not simple. In the study developed by Díaz-Levicoy et al. ( 2020) with primary education 3 rd grade students, most participants computed absolute frequencies correctly (68.4%); however, they were given a column to complete the counting, and the modalities were previously given, which facilitated task. The authors did not ask to complete the total. In our study, a low percentage computed the relative frequencies successfully (14.8%), while results were better for absolute frequencies. 

Semiotic conflicts in the construction of the table

A second analysis of the responses containing partially correct and incorrect construction of the statistical tables led to the identification of some semiotic conflicts, which are described below according to whether a concept o procedure is misunderstood. Some students showed more than one of these conflicts, and consequently the percentages in Table 3 do not add up to 100%. The conflicts were classified as procedural or conceptual.

Procedural semiotic conflicts

• P1. Confused or incorrect classification of values. Some data are classified incorrectly, leading to an error in the calculation of frequencies, as in the example shown in the left-hand side of Figure 3, which alters the total.

• P2. Conflict in the computing relative frequencies, which were classified in three different types:

o P2.1. Inverting the numerator and denominator in the calculation of the relative frequency (Figure 4), which evidences a confusion in the definition of this concept, as well as misunderstanding the part-whole relationship (Álvarez et al., 2020).

o P2.2. Multiplying or dividing by a power of 10 to calculate the relative frequency, instead of using the total number of insects in the sample (Figure 5). An explanation is that the student tries to incorrectly obtain the relative frequencies from the percentage. • P3. Conflict in computing totals (of absolute or relative frequencies). These are the answers in which the total of the frequencies is not calculated, or show confusion in the addition algorithm.

Conceptual semiotic conflicts

• C1. Confusion of different types of frequencies, which found in previous research [START_REF] Álvarez | Taxonomía de errores y dificultades en la construcción e interpretación de tablas de frecuencia [Taxonomy of errors and difficulties when constructing and interpreting frequency tables[END_REF][START_REF] Batanero | Análisis de datos y su didáctica [Data analysis and its didactics[END_REF][START_REF] Fernandes | Escolha e aplicação de métodos estatísticos por futuros professores dos primeiros anos [Choice and application of statistical methods by prospective primary school teachers[END_REF] and can be classified into several types: o C1.1. Confusing absolute and relative frequencies. An example is given in Figure 6 (left hand side), where E23 completed the absolute frequencies using the formula for relative frequencies; this conflict was also presented inversely, that is, some students record absolute frequencies both in the absolute and relative frequencies columns.

o C1.2. Confusing relative and cumulative frequencies. Similar to the conflict described above, some students provided cumulative frequencies in the column of relative frequencies (Álvarez et al., 2020) as can be seen in Figure 6 (centre, answer of E130).

o C1.3. Exchanging relative frequencies and percentages. This response was less common, and includes the students recording percentages instead of relative frequencies for each modality of the variable as can be seen in the response of E248 in Figure 6 (right hand side). • C2. Not understanding the table content and meaning of the concepts involved in its structure.

This type of answer is uncommon and is shown in Figure 3 (right hand side), where the student records in the cells combinations of three insects, instead of computing absolute and relative frequencies. The concepts of variable, modality and frequency are not understood. The semiotic conflicts presented in the construction of the statistical tables according to the content analysis made and whether they refer to absolute or relative frequencies are showed in Table 2. It should be noted that some answers showed more than one conflict (total percentages exceed 100%). 

Discussion

The analysis of students' productions suggests that the process of building a statistical table is not simple, which coincides with other studies [START_REF] Estrella | Representaciones de datos en estadística: De listas a tablas [Statistical data representations: From lists to tables[END_REF][START_REF] Marti | The construction of a doubleentry table: A study of primary and secondary school students' difficulties[END_REF]. It is striking that given the age of the students and their educational career, some of them lack minimal knowledge of the process of building a one-dimensional frequency table. Thus, a wide variety of semiotic conflicts in this process was detected, the most recurrent being the absence or incorrect calculations of the total, followed by the absence of calculation of relative frequency. Other students who tried to complete it, confused frequencies or showed a confusion of the concept manifested in procedural conflicts. These results confirm the need to make the teaching statistical table construction explicit [START_REF] Martí | Tables as cognitive tools in primary education[END_REF], as well as further research within different educational levels and various situations to that described in our study such as showing the structure of the table completely, partially or not at all (e.g., [START_REF] Gea | Construcción y lectura de la tabla de doble entrada por profesores de Educación Primaria en formación [Prospective primary school teachers' reading and building of a two-way tables[END_REF], and the translation between different representations (graphs, statistical measure, etc.), among others.
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 1 Figure 1: Task proposed to the students
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 2 Figure 2: Correct construction of the statistical table (student E16)
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 3 Figure 3: Partially correct and incorrect construction of the statistical tables
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  Figure 4: Construction of the statistical table with conflict P2.1 (student E249)
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 6 Figure 6: Students' construction of the statistical table with conflict C1

Table 1 : Frequency (percentage) of tables according to its correctness and frequencies computed

 1 

	Table	Frequencies computed
		Absolute	Relative
	Correct	63(49.2)	19(14.8)
	Partially correct	11(8.6)	5(3.9)
	Incorrect	30(23.4)	80(62.5)
	Not calculate	24(18.8)	24(18.8)
	Total	128	128

Table 2 : Frequency (percentage) of conflicts in the tables according to the frequencies computed

 2 The most frequent semiotic conflict was P3 (96.1%) consisting of errors or absence of totals, particularly in the relative frequency (65.6%) that may be due to the lack of knowledge in the properties associated with the table (e.g., sum of total relative frequency is 1). It was followed by P2.3 (35.9%) linked to not computing the relative frequencies, giving evidence of the lack of proportional reasoning; then P1 (19.5%) corresponding to misclassification of values; and C2 (10.2%) lack of knowledge in the table structure and the concepts involved in its construction. Infrequent conflicts were P2.2 (8.6%) in which the relative frequency is obtained by dividing or multiplying the absolute frequency by powers of base 10, or C1.1, consisting in exchanging absolute and relative frequencies (7.8%). In absolute frequencies there were few conflicts (P3: 30.5%, P1: 19.5% and C2: 5.5%).

	Type of semiotic conflict	Abs. Freq. Relative Freq. Total (n=128)
	P1. Misclassification of values	25(19.5)		25(19.5)
	P2. Miscomputation of relative frequencies			
	P2.1. Inverting numerator and denominator		8(6.3)	8(6.3)
	P2.2. Dividing or multiplying by 10		11(8.6)	11(8.6)
	P2.3. Not computing the relative frequencies		46(35.9)	46(35.9)
	P3. Incorrect or not computing the total	39(30.5)	84(65.6)	123(96.1)
	C1. Exchanging different frequencies			
	C1.1. Absolute and relative	4(3.1)	6(4.7)	10(7.8)
	C1.2. Relative and cumulative		5(3.9)	5(3.9)
	C1.3. Relative and percentages		1(0.8)	1(0.8)
	C2. Not understanding the table meaning and structure	7(5.5)	6(4.7)	13(10.2)
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