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In this paper we analyse the competence in reading pictograms by 140 Chilean students (6th and 7th grades). The written responses to two activities taken from textbooks are used to describe the children's reading levels and strategies to interpret pictograms and translate them to a table. Results suggest that students do not find major difficulties in translating the pictogram to a table; however, few of them reach the upper reading level needed for a critical interpretation of the information displayed in the pictogram.

Introduction

A relevant part of the information we face every day is given in statistical graphs, whose interpretatio n is often needed to make different decisions; therefore there is a need for citizens to achieve enough graphical competence [START_REF] Ridgway | Mapping new statistical literacies and Illiteracies[END_REF]. These reasons led countries like Chile to introduce statistical graphs in the primary education (Díaz-Levicoy, Batanero, Arteaga, & López-Martin, 2015). More specifically, in Chile children are requested to collect and record data to answer statistical questions about themselves and their environment, using bar charts, tables and pictograms, as well as to read and interpret these representations since the 1 st grade [START_REF] Mineduc | Matemática educación básica[END_REF]. There is however no available empirical studies providing evidence that Chilean childre n understand these graphs at the end of primary education. The aim of this paper is to analyse the reading level of the pictograms, reached by Chilean children in the last year of primary school (6th grade) and what they remember a year later (7th grade). Since statistical graphs are included in primary education in many countries, this information may be useful in other contexts. Below we describe the foundations, method and results.

Pictograms are statistical graphs that display information using icons, whose size is proportional to the frequency of each attribute. Each icon represent a fix value, and can be repeated, to achieve the attribute frequency; its iconic character has been considered relevant in conveying recommended modes of behavior [START_REF] Tijus | The design, understanding and usage of pictograms[END_REF], such as helping sick childre n understand a treatment that they are undergoing [START_REF] Hämeen-Anttila | Do pictograms improve children's understanding of medicine leaflet information?[END_REF].

Understanding statistical graphs involve composing individual data values into an aggregate or distribution and perceiving this distribution as a whole; however, some students only perceive graphs as "collections of values" instead [START_REF] Konold | Data seen through different lenses[END_REF]. In our research we are interested in the children competence in interpreting a distribution represented in a pictogram and in the reading level shown in the children responses when reading pictograms. We use [START_REF] Curcio | Developing graph comprehension[END_REF] categorization.

 Level 1. Reading the data. At this level the student can successfully perform a literal reading of the information presented in the graph, but does not succeed in more sophisticated reading, do not provide an interpretation, or carry out additional calculations with the information displayed in the graph.

 Level 2. Reading within the data. In addition to making a literal reading, the student can obtain information that is not explicitly displayed in the graph, with simple mathematical processes, such as arithmetic operations or comparisons.

 Level 3. Reading beyond the data. The student is able to extrapolate or interpolate the data to predict values that are not shown in the graph. He or she is also able to make a critical reading to detect an incorrect interpretation of a graph.

We only found a few investigations related to our study. [START_REF] Cruz | Erros e dificuldades de alunos de 1.º ciclo na representação de dados estatísticos [1rt cycle students errors and difficulties in representing statistical data[END_REF] 

Method

The sample consisted in 140 Chilean Primary Education students from 6th grade (69 students, 11-12 years old) and 7th grade (71 students, 12-13 years old). Two different schools in the city of Osorno took part with collaboration from the schools' principals and of the teachers responsible of these groups, to all of whom we sincerely thank. Although we used a convenience sample, the socioeconomic setting and average mathematical ability of children is varied and represent the situation in Chile.

The questionnaire (Figure 1) included two items taken from Chilean mathematics primary education textbooks. In the pictograms included in the questionnaire each symbol represents a uniform and defined value; therefore, a priori, should be simple for children. In the first adapted from a 3th grade Primary Education textbook (Charles et al., 2014, p. 253) item the student should read the pictogram, where each icon represents 15 statistical units (books). The student has to read two sentences; the first one is false (since there are 30 science fiction books) and the second is true (there are 60 child re n books). To complete the task the student must recognize the row for each value of the variable book type and understand that its frequency is given by the number of icons multiplied 15 (the frequency represented by each icon). Therefore, the student first has to read within the data (Level 2 according to Curcio's, 1989 classification), as he or she has to perform calculations with the values in the graph.

In addition, the student should reason that each statement is true or false; therefore the student has to make a critical reading of the graph and consequently work at Level 3 (reading beyond the data in Curcio's, 1989 classification).

In the second item, adapted from a 4th grade primary education textbook (Batarce, Cáceres & Kükenshöner, 2013, p. 343), the student has to translate information from a pictogram to a table .

Besides reading the number of icons corresponding to each value of the variable, the student has to perform calculations; in this case, two types of icons are used to represent either 10 or 5 hours of light. The student has to reach level 2, reading within the data and complete the table, calculating the total amount of hours the light was turned on. 

Results in item 1

In item 1 we first analyse the percentage of correct responses and then the reading level that the students of our sample reach when providing a justification of their response.

Percentage of correct answers

In Table 1 we present the percentage of correct answers in the questions regarding the truth or falseness of the two statements given in this item. We observe that less than 50% of the students provided a correct response to these claims. The results are apparently worse than those obtained by [START_REF] Cruz | Erros e dificuldades de alunos de 1.º ciclo na representação de dados estatísticos [1rt cycle students errors and difficulties in representing statistical data[END_REF] in reading pictograms, but this author only made questions that involved reading within the data (Level 2) and each icon in his pictograms represented only one unit, while in our item each icon represents 15 units; therefore, our items are comparatively more difficult.

There was a higher level of success in the 6th graders than in the 7th graders, which may be due to the effect of forgetfulness, since pictograms are studied in Chile with more intensity in the first four years of primary education, and in 6th grade some activities related with pictograms are proposed in textbooks [START_REF] Díaz-Levicoy | Análisis de los gráficos estadísticos presentados en libros de texto de Educación Primaria chilena [Analysis of statistica l graphs in primary school Chilean textbooks[END_REF]. On the contrary, pictograms are rarely used in 7th grade. Anyway, the differences were not statistically significant difference in the t-test of difference of proportions (that test the hypothesis of having equal proportion of correct responses in both groups). 

Reading level

We secondly analyse the reading level that the students achieved to decide the truth and falseness of the statements and to justify their response. Their arguments were classified according to [START_REF] Curcio | Developing graph comprehension[END_REF] reading levels, which are interpreted as follows:

 Level 0 is reached if the information requested in the question is not read or the graph reading is incorrect (students do not even read correctly the number of icons).

 The students' justifications are classified in Level 1 if they simply read the number of icons for the variable values indicated in the question without performing any calculations. The student has identified the graph row corresponding to the variable value, and has counted the number of corresponding icons. However, he or he does not take into account that each icon represents 15 books, and does not perform the necessary calculations to determine the frequency corresponding to each category. Some examples are: Overall the most common reading level in both questions was Level 2, which involves comparisons and data operations. The second most frequent was Level 1, where students read literally the information displayed, and very few students reached Level 3, which involves critical reading (a few more in the second statement).

It
6 th grade students 7 th grade students When analysing the results by grade and statement (symbolized by S1 and S2) (Figure 2), 7th grade students more frequently provided Level 1 answers in both statements (63.4% in the first statement and 59, 2% in the second) that the 6th grade students (50.7% in the first statement and 43.5% in the second). These, also had higher percentage at Level 2 (42% in the first statement and 40.6% in the second), while the 7th grade student's percentages at level 2 were 26.8% and 21.1%. Level 3 answers were scarce in both grades; at this level, 7th grade students got better results than 6th grade students, due to their better level of reasoning, but the difference is small. Overall the 6th grade students have better results, since they achieved a higher percentage of responses in Levels 2 and 3.

Results in item 2

In this item we first describe the results achieved in the reading level and then those related to student competence to translate the graph to a table.

Percentage of correct answers

In this item, students should make a translation of the pictogram to a table. The answers given by students are classified according to the following categories:

 Correct table.
When the student has successfully translated all data on the pictogram to the table.

He or she has also correctly calculated the total of the table.

 Partially correct table. The student makes a partially correct translation of the information shown in the pictogram; the table is correct, with some mistake. These errors are: a) taking into account one icon more or less when calculating frequency (12 students); b) wrong calculation of total hours (7 students); c) considering that the icon that represents half bulb is equivalent to 15 hours of consumption, instead of five (1 student); d) considering that one of the icons represents one hour of consumption, while the rest has been translated well for 10 hours (1 student); e) producing some correct rows in the 

Reading level

In this item these levels are interpreted as follows:

 At Level 0 are the students who provided no answer or who fail to read the graph.

 At Level 1 students perform a literal reading of the data (either all or part of the data). For example, some students believe that each bulb represents a unit. An example is given in Figure 3 in which the student considers the bulb as an unit in all the categories, except one.

 At Level 2 are those students who identify the number of icons corresponding to each variable value and multiply this number by 10 or 5 to obtain the corresponding frequency. An example is given in Figure 4. In 

Discussion and conclusions

This study has provided information about the reading levels reached by the students in the sample when reading pictograms and when translating between pictogram and data table, complementing previous work. In relation to the work of [START_REF] Cruz | Erros e dificuldades de alunos de 1.º ciclo na representação de dados estatísticos [1rt cycle students errors and difficulties in representing statistical data[END_REF] we used more complex pictograms, as each icon represents several units, while in those proposed by the author each icon symbolized one unit.

In relation to the work of [START_REF] Evangelista | Atividades de interpretação de gráficos de barras e linhas: O que sabem os alunos do 5º ano?[END_REF] with lines and bar graphs, the results in levels 1 and 2 are somewhat lower than in our work but not too much.

In our first item students can reach up to Level 3 in [START_REF] Curcio | Developing graph comprehension[END_REF] categorization, while Cruz only considered the first and second level. This explains why our results are apparently lower than those in Cruz. However, the second item proposed in our study has been very easy; both in reading the pictogram where our results were better, as in the translation to a table, a task that was not proposed by Cruz. Part of the errors found in the first item, where students are asked to refute or confirm a statement, are due to their lack of critical reading, and argumentations skills. As suggested by [START_REF] Freedman | Toward a model of knowledge-based graph comprehension[END_REF], graph comprehension is influenced not only by the display characteristics of a graph, but also a viewer's domain knowledge, graphical literacy skills, and explanatory and other scientific reasoning skills that these children may lack. In the next step in our research we are expanding the sample of children and schools to confirm the results.
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  Figure 3: Level 1 table(Student 29)
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  The school librarian made an inventory of the library books.Decide if each of the following statements is true or false. Explain your answer.True False 1. There are only two science fiction books. 2. There are 60 children books. Complete the following table with the information displayed in the graph.

	Item 2Number

Item 1.

of hours per week that the light is turned on Place Number of hours

  

	Exercise room
	Dressing room
	Swimming pool
	Tennis court
	Total

Table 1 : Percentage of correct answers according to statements of item 1

 1 

	Thematic Working Group 05

Table 2 : Percentage of reading levels achieved by students in their responses to item 1

 2 It is false; there are 30 science fiction books (Student 21, first question) It is true, one book is 15 and there are 4 books (Student 66, second question)  We consider that a student response reaches Level 3 if the student has performed the calculatio ns required to determine the frequency of the category and interprets correctly the pictogram. In addition, the student reaches a critical reading, because he or she can give an argument that supports the correct or incorrect statement.In Table2we present the distribution of the reading levels achieved by the whole sample, as inferred from the arguments that children provide to express their agreement or disagreement with both statements.

	It is false, because as you can see each icon represents 15 books and there are two icons for
	science fiction books; for this reason if we sum 15+15 the results is 30 books (Student 38, first
	question).

is true, because in the inventory two science fictions books appear (Student 55, first question) It is false, there ae four children books (Student 73, second question)

 Level 2 is reached if the student correctly answers the question and apparently has carried out the calculations required to determine the frequency of a category in multiplying the number of icons by 15. In this case, the student is able to correctly interpret the pictogram but do not sufficie ntly argues the truth or falseness of the claim posed. We have also considered within Level 2 those responses in which students perform an incomplete argument, i.e. they do not explicit the arithmetic operations performed. For example:

  table, but not finishing the table (1 student); f) not calculating the total, although the table is correctly constructed (1 student); g) making two of the above errors (1 student).  Incorrect Table. When all or most of the rows in the table are incorrect, what happens, in particular, to all of the students who only reached the Level 1 when reading the pictogram.  Do not complete the table. When the student does not develop the activity or when students reached Level 1 partially.

Table 3

 3 shows the distribution of the answers given by the students in translating to a table, where most students have completed the task successfully, with a percentage bigger than 76% in each course and globally. The differences were not statistically significant.

	Type of answer	6th grade (n=69) 7th grade (n=71)	Total (n=140)
	Correct	76,8	78,9	77,9
	Partially correct	18,8	15,5	17,1
	Incorrect	0	2,8	1,4
	The task is not completed	4,3	2,8	3,6

Table 3 : Percentage of students by table correctness

 3 

Table 4 : Percentage of students reaching each reading level by course and in total

 4 Table4we present the distribution of the reading levels reached by the students in this item, where the highest percentage of responses are located at Level 2 (reading the data) in both courses. Over 90% of students are able to correctly read the pictogram at level 2 and 7th grade students show better performance levels when the translation is done correctly.

	Level	6th grade (n=69) 7th grade (n=71)	Total (n=140)
	0	0	2.8	1.4
	1	8.7	2.8	5.7
	2	91.3	94.4	92.9
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