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We analyse Spanish secondary school pupils' building and reading capacity of cumulative frequency tables with 128 students in the 3rd grade of secondary school (14-16 years old). Content analysis of their responses showed that most participants did not complete the cumulative frequencies or completed them incorrectly. Questions such as identifying the mode or reading a cumulative frequency were also very hard for the students. We take from the Ontosemiotic Approach the idea of semiotic conflict to describe the errors in the pupils' answers, that included misinterpreting the table structure, confusing different types of frequencies, and computational conflicts.

Introduction

The amount of quantitative information available through the media is increasing today in society. Thus, citizens need the skills to read and critically interpret data to make better decisions [START_REF] Gal | Welcome to the era of vague news: A study of the demands of statistical and mathematical products in the COVID-19 pandemic media[END_REF]. Consequently, statistics and probability are receiving increased attention at school [START_REF] Watson | COVID-19 and the need for statistical literacy[END_REF] as in the new curricular guidelines for secondary education in Spain [START_REF] Mecd | [END_REF]. This teaching includes statistical tables, frequently used to summarise, and communicate information in everyday life, professional and scientific work [START_REF] Estrella | Representaciones de datos en estadística: De listas a tablas [Statistical data representations: From lists to tables[END_REF]. The time devoted to its teaching is scarce since this is not an easy topic because it involves interpreting the variables and their categories, as well as the information represented [START_REF] Garcia-Mila | Fifth through eighth grade students' difficulties in constructing bar graphs: data organization, Data aggregation, and integration of a second variable[END_REF]. Previous research on students' understanding suggests the difficulty of interpreting and building statistical tables (e.g., [START_REF] Guimarães | What students in the first grades of elementary school know about tables[END_REF][START_REF] Pallauta | Secondary school students' construction and interpretation of statistical tables[END_REF], and has not considered cumulative frequencies. Consequently, this study aims to analyse secondary students' construction and interpretation of cumulative frequency tables and identify the semiotic conflicts that may arise in this process. The specific research questions are: a) How do students build cumulative frequency tables? b) How do they interpret cumulative frequencies? and c) What semiotic conflicts appear in this process?

Fundamentals Semiotic conflict

We base our work 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][START_REF] Godino | The onto-semiotic approach: Implications for the prescriptive character of didactics[END_REF], which assumes that the meaning of mathematical objects emerges from the mathematical practices carried out to solve problems related to these objects. In mathematical practices, objects intervene in semiotic function (correspondence between an expression and a content). Thus, a semiotic conflict occurs when the students' interpretation of mathematical expressions does not agree with what is correct for the teacher or the researcher. These semiotic conflicts produce errors in the students, not due to students' lack of knowledge but because students establish an incorrect correspondence between the two terms in a semiotic function. Semiotic conflicts are conceptual when a concept is misinterpreted, procedural if there is a misunderstanding of a procedure and notational if the confusion is related to mathematical language (symbols, mathematical terms, graphs, or another mathematical language).

Background

Few authors have studied the students' construction and interpretation of statistical tables with cumulative frequencies, despite its wide use in school. Álvarez et al. (2020) analysed the construction and interpretation of tables by Colombian students (11 to 18 years old). The students confused the relative and cumulative frequencies, made mistakes when calculating them, and did not recognise the information provided by the cumulative frequency. [START_REF] González | Características argumentativas de la interpretación de tablas de frecuencia en estudiantes chilenos de segundo año medio [Argumentative charactereristics of the interpretation of frequency tables in Chilean tenth grade students[END_REF] studied the arguments of 10 Chilean secondary school students (15 to 16 years old) in interpreting relative and cumulative frequencies and found difficulties in interpretation and calculation of cumulative frequencies.

In a previous paper, we analysed how secondary school students translated from statistical graphs to absolute frequency tables [START_REF] Pallauta | Secondary school students' construction and interpretation of statistical tables[END_REF]. Most students correctly built a frequency table from a pictogram but only half of them a two-way table from a double bar graph. The main semiotic conflicts were misinterpretation of the icon in the pictogram and incorrect computation of marginal frequencies. About 40% of the sample correctly justified a statement using the data in the graph and then reached the L4 reading level, but only a few of them when requiring knowledge of the context. Our work aims to analyse secondary school students' competence in building and interpreting tables with cumulative frequencies, which involves inequalities handling and is a scarce topic in research.

Method

The sample consisted of 128 Spanish students in the 3 rd grade of secondary education from two schools in Andalusia (ages 14-16), 70 boys and 58 girls. The sample was by convenience because access to educational establishments was particularly complex due to the COVID-19 health crisis. The participants had worked with statistical tables in previous grades according to the curricular guidelines (MECD, 2015). Specifically, the students studied absolute, cumulative and relative frequencies in the 1 st and 2 nd year of secondary education.

In a hotel, the days of accommodation of the guests were recorded. a. Complete the table with the frequencies indicated.

Answer the following questions: b. How many days did most guests stay? c. How many guests stay 4 days or less? We proposed a paper and pencil task individually during the mathematics lesson, which is part of a wider questionnaire. This task assesses the ability to complete and interpret cumulative frequency distribution tables (Figure 1). The task was adapted from a textbook directed to students in the first grade of secondary education [START_REF] Merino | Texto del estudiante Matemática 7 o básico[END_REF] and selected from three possible items upon a suggestion of a panel of experts. From the table of one variable with absolute and cumulative frequencies, the students had to: a) complete the table with cumulative frequencies, b) find the mode, and c) read a cumulative frequency. We systematically reviewed the student' responses using content analysis [START_REF] Drisko | Content analysis[END_REF]. Firstly, we classified the responses according as correct, partially correct, or incorrect. Secondly, we used the results of previous research to identify several semiotic conflicts that arose when completing and interpreting the data presented in the table. In discordant cases, we discussed the evaluation of the responses until we reached a consensus to ensure reliable coding.

Results

In this section, we first describe the categories used in each question, then the results obtained, and finally, the semiotic conflicts identified along with their distribution.

Question (a): Completing a table with cumulative frequencies

The first question asked to complete the table; the students had to apply the concept of cumulative frequency and calculate its values. We classified the responses in the following way:

• Correct tables: the students completed the cells corresponding to each variable value with its absolute and cumulative frequency. • Partially correct tables: the students filled most cells with correct values but included some errors or blank cells. We present an example with a counting error in a cumulative frequency, which affects the following values in Figure 2 (left-hand side). • Incorrect tables recorded values that do not correspond to the requested frequencies, showing a lack of knowledge about cumulative frequency (Figure 2, right-hand side). In the second question, the student must compare all the absolute frequencies and select the value variable with the highest frequency. That response corresponds to the reading between the data level (L2) [START_REF] Curcio | Developing graph comprehension. Elementary and middle School Activities[END_REF][START_REF] Friel | Making sense of graphs: Critical factors influencing comprehension and instructional implications[END_REF]. This level (reading between the data) requires the comparison of data represented in the table or calculations with them; for example, finding the mode.

• A correct response indicates that most guests only stayed one day in the hotel.

• An incorrect response appears when the students incorrectly complete the table, affecting their answer to the second question because they provided other values that do not correspond to the mode. Other students confused absolute and cumulative frequencies and used this to compute the mode. For example, E5 replied: "2 days, and the result is 50 guests".

Question (c): Reading a cumulative frequency

The third question involved determining the number of guests staying less than or equal to the given value. This response requires handling inequalities and corresponds to reading between the data level (L2) [START_REF] Curcio | Developing graph comprehension. Elementary and middle School Activities[END_REF][START_REF] Friel | Making sense of graphs: Critical factors influencing comprehension and instructional implications[END_REF]. The students could either add the absolute frequencies of values smaller or equal to 4 or read the cumulative frequency of this value.

• Correct answers: the student responded that 93 guests stayed 4 days or less, as did E40.

• Partially correct responses: the student indicated part of the values smaller or equal to 4, such as E52, who replied: "20 guests stayed 4 days and 23 guests remained 3 days in the hotel". • Incorrect answers came from incomplete or incorrect tables. For example, E32 obtained the value 71 by adding the absolute frequencies of values smaller than 4; however, he did not include the frequency of the value 2 because it was not provided in the task statement.

Frequency of responses to the different questions

We present the results of the correctness of students' answers to the different questions in Table 1. A high percentage of students did not complete the cumulative frequencies of the table or computed incorrectly the frequencies (question a).

Results in question (a) affected, in general, the correctness of the question b answer because many students confused the absolute and cumulative frequencies and used these to compute the mode. Finally, reading the cumulative frequency of a value of the variable (question c) was also very hard, although the results are slightly better than in question b. 

Semiotic conflicts

To understand better students' difficulties, we performed a second analysis of the partially correct and incorrect answers to each question. In this second study, we identified different types of semiotic conflicts, which we classified as notational, conceptual, and procedural.

Conceptual semiotic conflicts

• C1. Misunderstanding the table structure. In question (a) answers, students usually recorded illogical values in the table cells. In general, they ignored the concepts of absolute and cumulative frequencies in the table structure. We provide an example by E1 in Figure 3 (lefthand side). In question (b), we could not interpret some responses; for example, E258 indicated that the mode was "2 or less". (Álvarez et al., 2020) and has been classified into several types: -C2.1. Cumulative frequency is confused with the product of the variable value by its absolute frequency. We provide an example in Figure 3 (right-hand side) where student E3, in question (a), misunderstood the definition of cumulative frequency and its calculation procedure. This conflict arises because textbooks include in the tables a column to record the product of variable values by their frequencies to facilitate the calculation of the arithmetic mean. Therefore, students could deduce that this calculation corresponded to the cumulative frequency. -C2.2. Confusing absolute and cumulative frequencies. The students recorded identical values for absolute and cumulative frequencies (error identified by Álvarez et al., 2020), such as the answer of student E4 in question (a) shown in Figure 2 (right-hand side). In question (b), E36 answered: "The majority stayed 2 days. In question (c), E155 indicated the absolute frequency instead of the cumulative frequency by answering "20 guests remained 4 days".

• C3. Confusing the variable value and its frequency. This conflict was identified by Álvarez et al., 2020) or [START_REF] Mayén | Students´semiotic conflicts in the concept of median[END_REF] in their study on the media. That happens when the student compares the values of the variable instead of the absolute frequencies. For example, in question (b), E40 indicated that the majority is 5 days. 

Procedural semiotic conflicts

• P1. Conflict in computing cumulative frequencies. This conflict was identified by Álvarez et al. (2020), and consist in misapplication of the addition algorithm. An example in question (a) is reproduced in Figure 2 (left-hand side). Another case is E3's answer to question (c), who responded incorrectly "76 guests stayed 4 days or less, because 28+25+23+20=76".

Notational semiotic conflicts

• N1. Conflict in interpreting the question. This conflict is detected by [START_REF] González | Características argumentativas de la interpretación de tablas de frecuencia en estudiantes chilenos de segundo año medio [Argumentative charactereristics of the interpretation of frequency tables in Chilean tenth grade students[END_REF] and occurs when, despite correctly completing the table, the student's answer shows a lack of understanding of the posed question. For example, in question (b), the students had to find the mode; instead, E57 replied: "guests stayed for more than two days". This student interpreted the term "majority" in a relative way, referring to any part of the sample with a larger number of elements than the remaining sample. In question (c) (reading the cumulative frequency), some answers considered only strict inequality and did not include the frequency of people staying 4 days in the hotel. An example is E46, who answered: "73 guests".

The distribution of the semiotic conflicts identified in the students' answers is summarised in Table 2. The higher percentage of conflicts appear in question (c) (reading the cumulative frequency), where there is a high proportion (30.5%) of procedural conflict P1, linked to the incorrect calculation of cumulative frequencies. There is also a high number of students who exchanged absolute and cumulative frequencies, not only in question (c) (21.9%). This conflict also was visible in the construction of the table (16.4%) and in finding the mode (17.2%). There is also considerable proportion of students who confused value and variable (C3), which appears mainly in question (b) (9.4%). Less frequent, but important in finding the mode was the case of those students who misunderstood the structure of the table.

Discussion and conclusions

Although the Spanish curricular guidelines (MECD, 2015) contemplated the study of cumulative frequencies to obtain position measures from the 3rd year of secondary school onwards, and they appear in textbooks from Grade 1 in secondary education, according to the analyses by Pallauta et al. (2021a), the cumulative frequencies are difficult for students, mainly because they involve order relationships [START_REF] Fernandes | Uso de tabelas de frequências por futuros professores na realização de trabalhos de projeto [Use of frequency tables by prospective teachers to conduct project work[END_REF].

In this section we discuss the main findings of the research and conclude about the initial research questions

• Question a. How do students build cumulative frequency tables? Our results shown that completing and interpreting one variable distribution tables with cumulative frequencies was not easy for the majority of the students in our sample. The majority of students could not complete correctly the cumulative frequencies in the table. This results support that Álvarez et al. (2020), although the authors did not provide the frequency of students who failed in computing cumulative frequencies. conflicts that agree with results from Álvarez et al. (2020) and [START_REF] Mayén | Students´semiotic conflicts in the concept of median[END_REF]. Additionally, we found students who misinterpreted a question concerning the finding of the mode because they did not interpret the term "majority" in an absolute way. Instead, they believed "majority" referred to any part of the sample with a larger number of elements than the remaining sample. We also found students who interpreted inequalities in absolute terms, without including the equality in the computation of cumulative frequencies. Finally, there was misunderstanding of the table structure in some cases.

In summary, cumulative frequencies were not clearly understood by the students in the sample and should be reinforced in the teaching of statistics. The significance of this research deals with revealing the complexity of a topic that usually is considered to be very easy by teachers, as well as providing new information to previous research, in particular, the new semiotic conflicts identified in the study.

Limitations include the number of students in the sample and of questions posed. However, our results can guide other researchers to replicate the study with new students and questions to provide more generalizability to our results.
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  C2. Misunderstanding the concept of cumulative frequency, found in previous research

	Correctness in	Question (a)	Question(b)	Question (c)
	response	Completing table	Finding the mode	Cumulative frequency reading
	Correct	14(10.9)	35(27.3)	11(8.6)
	Partially correct	2(1.6)		31(24.2)
	Incorrect	38(29.7)	59(46.1)	49(38.3)
	No response	74(57.8)	34(26.6)	37(28.9)

Figure 3: Students' completion of the statistical table with conceptual conflict

  

	Guest stays for one week	Guest stays for one week
	Stay in	Absolute	Cumulative	Stay in	Absolute	Cumulative
	days	frequency	frequency	days	frequency	frequency
	1	28	28	1	28	28
	2	25	50	2	25	50
	3	23	61	3	23	69
	4	20	81	4	20	80
	5	15	96	5	15	75
	Conflict C1 (student E1)	Conflict C2.1 (student E3)

Table 2 : Frequency (and percentage) of semiotic conflicts according to question
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  Question b: How do students interpret cumulative frequencies? Although the reading question (b and c) required the L2 level (reading between the data,[START_REF] Friel | Making sense of graphs: Critical factors influencing comprehension and instructional implications[END_REF], these were difficult, despite the students´ age and the years spent at school. Part of the problems were due to the poor results in the construction of the table, that affected the correctness of the computation of the mode, as well as the correctness of interpretation of the table.• Question c: What semiotic conflicts appear in this process? We found different semiotic

	Type of semiotic conflict	Question (a)	Question (b)	Question (c)
	C1. Misunderstanding the table meaning and structure	8(6.3)	22(17.2)	5(3.9)
	C2. Misunderstanding cumulative frequencies			
	C2.1. Multiplying the variable value by its absolute frequency	8(6.3)		
	C2.2. Exchanging absolute and cumulative frequencies	21(16.4)	22(17.2)	28(21.9)
	C3. Confusing variable value and frequency		12(9.4)	4(3.1)
	P1. Incorrectly computing cumulative frequencies	3(2.3)		39(30.5)
	N1. Incorrect interpretation of the question		3(2.3)	4(3.1)
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