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Abstract: Statistics is introduced in primary education in Spain, and its teaching is largely supported
by textbooks, which are freely provided to the children. In this research, we analyse the activities
based on statistical tables included in two complete collections of primary education mathematics
textbooks. These activities are classified according to the type of table, the data presented in them,
the activity requested from the student in relation to the table, and the data context, according to
those suggested in the PISA studies. Using content analysis, we found that tables of distribution
of a variable predominate, mainly with frequencies. The most frequent activity is the reading of
information from the table, while the personal context appears in the majority of the activities. This
analysis serves to highlight how the teaching of statistical tables is developed throughout primary
education and inform the teachers about relevant variables that should be considered in their teaching.
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1. Introduction

Statistical tables constitute an important tool in summarising and communicating
information and are widely used in the media as well as in science and technology [1,2].
According to Postigo and Pozo [3], tables are used in the study of science and social
sciences to construct and communicate abstract concepts as well as to bridge the gap
between experiential data and scientific formalizations.

Consequently, the ability to read, interpret and build statistical tables is a component of
statistical literacy which is today needed for all citizens [4-7] as a prerequisite for ensuring
active participation in social action and public policy [8]. Taking into account these goals,
different curricular guidelines, including the Spanish documents [9,10], propose working
with statistical tables throughout primary education (6 to 11-year-olds) in order to record,
classify and summarise qualitative and quantitative data as well as to read and build tables
with absolute and relative frequencies.

Although statistical tables are considered easy by teachers, due to their wide use [11],
research shows the need to reinforce their teaching, given the cognitive skills involved in
their understanding and construction [12-16].

A resource that influences how the curriculum is reflected in the classroom is the
textbook, which to a large extent guides the teaching and learning process [17], given that it
is widely used by both teachers and students, thereby making it an agent of opportunity in
the classroom [18,19]. From the official curricular guidelines to the teaching implemented
in the classroom, an important step is the written curriculum reflected in textbooks [20].
Teachers in many countries use textbooks to decide what to teach to their students [21,22].
Moreover, textbooks reflect the views of mathematics of those teachers to whom the book
is directed [23]. According to Weiland [19], in the case of statistics, the textbook can have
a notable influence on the curriculum implemented in the classroom, which is mainly
because teachers have less knowledge of statistics than in other areas of mathematics.
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In this sense, the textbooks could become the main access to the didactic-mathematical
knowledge progressively produced by research in mathematics education, so that analysis
of the textbooks plays a key role in improving the didactic-mathematical knowledge and
competencies of the mathematics teacher [24]. According to Font and Godino [24], the
evaluation of the relevance and suitability of the textbooks should be a key component in
mathematics teacher training programs to develop the global competency of analysis and
didactic intervention of the mathematics teacher, with a view to provide quality instruction.

The didactic research on instruction optimization is mainly addressed by two approaches [25]
according to clarifying the instructional principles directly applied in the teaching and
learning process (research-based design) or the mathematical objects and processes involved
in the mathematical practices (descriptive-interpretative). In this last case, textbooks
analysis reports valuable findings to evaluate the representativeness of the meaning of the
mathematical objects intended to be promoted in the school curriculum [24].

However, previous research has mainly examined students” competence to build or
read statistical tables (e.g., [12,15,26]) with little attention paid to how statistical tables
are presented in the textbooks. Consequently, this work aims to analyse the activities
on statistical tables presented in two complete series of Spanish textbooks for primary
education (1st to 6th degrees; 6 to 11-year-olds). This study will allow us to know how the
authors of the textbooks interpret the curricular guidelines and can orient the teacher to
plan his or her teaching throughout these educational stages.

The following sections describe the foundations and background of this work, which
is followed by a detailed description of the methodology used, as well as the results and
the main conclusions.

2. Theoretical Background

This work is based on three different foundations. Firstly, we use Lahanier-Reuter’s [27]
classification of statistical tables and the different complexity levels proposed by Arteaga [28]
for statistical graphs, adapted to tables [29,30]. Secondly, we draw on the importance of
context in mathematics and statistics and on the categories of contexts defined in the PISA
studies [31]. Finally, the paper builds on previous research that analysed statistical tables in
mathematics textbooks.

2.1. Types of Tables and Their Semiotic Complexity
2.1.1. Interpreting Statistical Tables

A statistical table is a complex mathematical object because when working with a table,
the reader has to interpret each component and finally the table as a whole [16]. Bertin [32]
described a series of steps required in the interpretation of statistical graphs, which are also
necessary when dealing with statistical tables:

e  External identification, to find the conceptual and real-world referents which support
the information contained in the table (e.g., variables being represented).

e Internal identification of the relevant dimensions of variation in the table content (e.g.,
values range or intervals of variation for each variable represented).

e  Perception of the correspondence, by which the reader uses the graphical dimensions
levels in the table to draw conclusions about the levels of each conceptual dimension
in the real world.

All this information is encoded in the table and should be interpreted by the reader,
although the difficulty of such interpretation will depend on the number and abstractness
of the underlying mathematical objects, which vary in the type of table, as described below.

2.1.2. Classification of Statistical Tables and Their Semiotic Complexity

We use the classification of statistical tables proposed by Lahanier-Reuter [27], which
considered their content and purpose, and which are described in more detail in the results
section. Moreover, we will assign to each of these types of statistical tables an increasing
level of complexity, which takes into account the mathematical objects involved in its
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interpretation. These levels proposed originally for statistical graphs [28] were later applied
to statistical tables [29,30]. The lack of knowledge regarding part of the objects linked to
each type of table could explain the students’ difficulties and errors. The types of tables
considered in this paper and their semiotic complexity are summarized below, with further
clarifications and examples in Section 4.1:

e Data table. They are used to register the values of one or several variables for each
element of the population or sample, particularly when these values are collected.
Although the idea of a variable and its values are implicitly used, the concepts of
frequency or frequency distribution are not needed to work with these tables. Pallauta
and Arteaga [29] assigned a complexity level C2 to the data tables. The level C1
corresponds to the representation of isolated data [28]: for example, data from only
one student. An example is given in Figure 1.

e  One-variable distribution table. These tables display the frequency distribution of
a statistical variable, which may be categorical or quantitative. In these tables, the
concepts of variable, frequency, and frequency distribution are implicit, and Pallauta
and Arteaga [29] assigned to them a complexity level C3. Furthermore, in our work,
we subdivide these types of tables into three types, which are described in Section 4.1.

e  Two-way tables. They represent the joint distribution of a two-dimensional statistical
variable and can be classified at complexity level C4 [29]. New implicit mathematical
objects appear, such as conditional, compound, and marginal frequencies or statistical
association between the variables.

Aurora’s classmates recorded the average monthly temperatures from the be-

ginning of the school year in this table.

Month Sep | Oct | Nov | Dec | Jan | Feb | Mar
Temperature (*°C) | 24.2 | 197 | 155 | 87 | 98 | 135 | 164

a. Compute the mean of the temperatures recorded in the table.

b. Which is the range? Explain how you found it.

Figure 1. Example of data table (adapted from SM6 [33] (p. 147)).

2.2. The Role of Context in Mathematics and Statistics

There is a growing interest in rich contexts in mathematics education because understanding
and solving contextualised problems is part of scientific culture, that is, the set of knowledge
and skills that citizens need in situations that require scientific knowledge [34]. Contexts
attract students’” attention and connect what they learn at school with society, encouraging
them to continue learning [35].

Researchers such as Wijaya et al. [36] suggest that context can affect the resolution of a
problem, and in some cases, cause difficulties for the students: hence, the need to consider
the context in the teaching and learning of mathematics. Additionally, the context of a
mathematical problem may impact the cognitive processes that are to be brought into play
and arouse the student’s motivation to solve the problems [19,36,37].

Within mathematics, the importance of context has grown due to the PISA tests [31]
that are exerting a notable influence on students” mathematics preparation in most countries.
In these tests, rather than assessing students’ knowledge, their competence to solve
contextualised problems in various types of everyday situations is analysed [38]. The
contexts proposed in these tests are personal, occupational, social, and scientific, which are
described in the results section.

In statistics, context plays an even more relevant role because, as Gattuso and Ottaviani [39]
point out, statistical concepts are often presented to students without any links to the real-
world context, using artificial examples. One of the main differences with other areas of
mathematics is indeed the importance of the context, since the purpose of statistics is to
answer real questions and not to try to fit them into pre-established theories [40].
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2.3. Previous Research

In this section, we summarise studies that have analysed statistical tables in textbooks,
considering different variables and educational levels.

One of the earliest precedents is provided by Diaz-Levicoy et al. [41], who analysed
58 tables included in four Chilean textbooks aimed at the 1st and 2nd grades of primary
education (two books in each grade), considering the type of table, activity proposed to
the students and context (in the PISA classification), among other variables. Their results
indicated a majority of counting tables (74.1%) followed by one-variable distribution tables
with absolute frequencies (19%), while data tables (5.2%) and two-way tables (3.4%) were
scarce. The most common activity was computing from the table (41.4%), completing
missing the information in a table (36.2%) and translating the table to a graph (27.6%).
The most frequent contexts were personal (69%) and social (19%). In another analysis of
three Chilean 3rd grade primary school textbooks [42], the most common activity was
calculating, reading, and justifying (65.9%), which was followed by translating the table to
a graph (42.9%), with the personal context being the most frequent (83.5%); the authors did
not analyse the type of table.

Garcia-Garcia et al. [43] examined 12 Mexican primary school textbooks (1st to 6th grade)
from two different publishers, analysing the table type and context, among other variables.
Although the authors did not report the percentages obtained, they observed a high
prevalence of frequency and data tables, while two-way tables were scarce. The activities
more requested from the student were calculating and completing the table, with the most
common context being personal.

An immediate precedent [44] is the analysis of 990 school tasks related to statistical
tables presented in Chilean school textbooks from grades 5 to 8 (10 to 13 years of age),
where the authors considered, among others, the aforementioned variables. The results
showed a high percentage of one-variable distribution tables with ordinary frequencies
(44.6%) followed by data tables (21.5%). The type of activity most requested from the
student was to compute different measures of centre or probabilities (36.3%) and to read the
information presented in the table (22.1%). In terms of contexts, the one that appeared most
strongly was the personal context (41.7%), which was followed by the occupational context
(16.8%); the authors added random experiments as a new context due to its significant
presence (16.1%) in the activities proposed.

Our work complements this previous research by examining Spanish textbooks
throughout the different grades of primary education, which were only considered by
Pallauta et al. [30] for the last two years of primary education. Furthermore, only the work
by Garcia-Garcia et al. [43] looked at the complete primary education cycle (grades 1 to 6)
in Mexico. In what follows, the method and results of the study are presented, concluding
with a discussion of the results and some implications for teaching.

3. Methods
3.1. Sample of Textbooks and Activities

In Spain, various textbooks publishers for primary education are officially authorised
by some of the different Autonomous Communities in the country, such as Andalusia.
Their books can be chosen by any school and consequently distributed free of cost to
their students. In particular, the Council for Education and Sport in the Autonomous
Community of Andalusia informs the textbooks selected in Andalusian schools for each
subject, level, and educational centre [45]. Thus, to select the textbook series in this study, we
considered recent textbooks from two of the most widely spread and traditional publishers
(in terms of the number of schools who use them) in Spain, which are freely provided
to the children with the aforementioned system in Andalusia. The sample was made
of 12 Spanish textbooks aimed at primary school grades 1 to 6 (6 to 11-year-olds). The
textbooks selected have been published in 2018 and 2019 by two editorials Anaya and SM
(see Appendix A Table A1), and they were fully updated and conformed to the current



Mathematics 2022, 10, 2809

50f17

curricular guidelines [9]. A total of twelve textbooks were analysed, two for each grade
level (1 to 6).

In these textbooks, we reviewed all the tasks (activities) in which a statistical table was
used (explicitly or implicitly), either as an object of study in itself or as a tool to answer
other questions. For this purpose, the entire textbook was reviewed for grades 1 to 2, as the
topic of statistics and probability is distributed throughout the textbook in these grades,
while the statistics and probability unit is dealt with as a separate topic from the remaining
contents in grades 3 to 6. Therefore, for grades 3 to 6, the complete units of statistics and
probability were analysed. A total of 405 activities using statistical tables were analysed,
226 in SM and 179 in Anaya.

3.2. Analysis

We used the content analysis, which is considered as a family of methods created
for making valid and reliable inferences from texts or other tools of communications [46,47].
Systematic stages were followed, where the first step was to identify the book section including
contents of statistics and probability. The second step was to identify the paragraphs presenting
situations in which the statistical table was used (explicitly or implicitly). The content of these
paragraphs was then examined so that, in a cyclically and inductively manner, the variables
of analysis were studied in order to draw up a list of categories. To ensure the reliability of
the coding, continuous revisions of the texts were carried out by the authors, and discordant
cases were discussed together until an agreement was reached. Finally, as a fourth and last
step, summary tables of results were produced to facilitate the drawing of conclusions.

3.3. Categories for the Different Variables

The following dependent variables were considered: type of statistical table, type of
activity, and the context in which the statistical table is used. The independent variables
were the school grade and publisher. In Section 3.3, we present for each of the dependent
variables, firstly, the description of the categories used, including examples found in
the textbooks that serve to clarify these categories, considering the gender equity in the
examples selected.

3.3.1. Type of Tables and Data Represented

We used the classification of tables proposed by Lahanier-Reuter [27], within which
we subdivided the category of frequency distribution table for one variable according to
the types of frequencies represented: counting tables, frequency tables, and grouped data
in intervals tables.

Data table. In these tables, each datum is represented isolated, forming a list, without
combining all the data with similar values. According to Arteaga [28], they correspond to
the semiotic complexity level C2 since the frequency associated with each category of the
variable does not appear and, therefore, the concept of distribution does not emerge, while
the concept of a variable does. The implicit mathematical objects are those of variable and
value, as well as the type of variable (qualitative or quantitative), which depends on the
table. Likewise, in these tables, the children work with different magnitudes and numerical
sets. They correspond to what Estrella and Estrella [48] describe as simple data tables since
they are arranged in rows or columns in which the values of each variable are represented
individually for each element of the data set. These values are recorded numerically,
textually, or symbolically. Figure 1 presents an example, aimed at the 6th grade of primary
education, where the average temperatures in Celsius degrees (a quantitative variable that
takes decimal values) reached along seven months (ordinal variable) are represented. The
student is asked to calculate the mean and range of the data and to explain how he or she
proceeded in the latter case.

One-variable distribution table. In this table, which is associated with a C3 level of
semiotic complexity [28], the frequency distribution of a variable is represented so that
each modality of the variable is linked to one or more types of frequency. Each frequency
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included in the table can be conceived as an application between the set of modalities of
the variable and the numerical set of natural numbers (absolute frequency) or real numbers
(relative or percentage frequency). If the variable is numerical, the numerical order is also
used, since the frequency distribution appears ordered with respect to the modality of the
variable. We distinguish three different types:

Counting tables. In some frequency tables, a column is added to facilitate the calculation
of the absolute frequency, where generally, dashes or other marks are used to represent
each value of the variable collected. In the early grades, this column facilitates the data
organisation, since children still have immature thinking to perform this process by
themselves [49]. They are characterised in that each occurrence of a certain modality or
value of the variable is recorded using a symbol in an additional column and the specific
variable category (row) (see example in Figure 2).

A storcowner wants to know which days of the week he sells more loaves of bread. To

do so, he prepares a table with the following data

Day

Count Total

Monday

Hit HIE A HAF AT

Tuesday

HH HA A 1

Wednes-
day

HH HA

Thursday

HH HH HH A A A

Friday

Hit FHE HH A A

Saturday

HH HH - HEE HH A A A A A

week?

Why?

Complete the table and answer the questions:

a. How many loaves of bread does the storeowner sell each day? And in the whole

b. Which day of the week does he sell more bread? Which day of the week does he
sell the least?

c. Which day is the store closed?

d. [If the storeowner had to stop selling bread one day, what day would he choose?

Figure 2. Example of counting tables (adapted from A3 [50] (p. 61)).

Frequency tables. In addition to or instead of the counting column, frequency tables
usually have different columns in which the absolute frequency, relative frequency, or
percentage of the variable distribution are represented. Figure 3 shows an example
from a 6th grade textbook, which includes the counting column and the absolute and
relative frequency for a qualitative variable. In the relative frequency column, we find
the expression of relative frequencies in fractions and decimal numbers. In the last
row, the totals and their calculation are explained.
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Figure 3. Example of frequency tables (adapted from SM6 [33] (p. 142)).

Season Number of Absolute Relative
votes frequency Frequency
Spring e 10 0 5 036
§_$_'
Summer Y717 4
—=-=0,14
28 7 ’
Autumn - 6 6 3
2 g = 124 =0,21
Winter +H I 8
—===0,29
28 7 ’
Total 28 10+4+6+8 28 1
28 28

e  Frequency tables of data grouped in intervals. In this type of table, the values of
a numerical variable are grouped into class intervals, which implies dealing with
intervals, and their extremes, as well as using approximate values in the calculation of
summary statistics. Figure 4 shows an example used to explain the construction of the
histogram and frequency polygon directed at grade 6.

Lucia collected the age of members in her swimming club in a table

Age (years)

<10 | [11-20]

[21-30] | [31-40]

[41-50]

>50

Number of members

35 40

65 95

60

40

Number of members

100
90
80

<10 [11-20] [21-30] [31-40] [41-50]

Age (years)

>50

The frequency polygon is formed by joining the midpoints of the bars in a bar graph or by plotting the
points representing the frequencies and joining them by segments. Frequency polygons make it possible
to visualize the evolution of a given dat set.

Figure 4. Example of the grouped data table (adapted from A6 [51] (p. 209)).

e  Two-way table. These tables present the cross classification of two statistical variables
and involve a C4 level of semiotic complexity [28]. Three types of frequencies can
be calculated in these tables: joint (compound), marginal to the row or column, and
conditional to the row or column. Therefore, three types of distributions such as joint,
marginal, or conditional are also implicit.

In the example shown in Figure 5, proposed for grade 1, the preferred dinosaur type and
class group are related, and children are asked to read some elements of the table, performing
calculations and interpreting the null frequency. This question is difficult for the children,

who usually would expect a frequency of 0 in the categories with missing data.
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The students in grade 1 vote for their favourite dinosaur. The tyrannosaur was

chosen by 6 children from group A, 7 from group B, and 6 children from group C.

Diplodocus | Tyrannosaurus | Stegosaurus | Triceratops
Group A 7 6 5
Group B 3 7 4
Group C 5 6 8

a. How many children in each group voted for each dinosaur?
b. Which was the preferred dinosaur in each group?

c. Why there is an empty column?

Figure 5. Example of the two-way table (adapted from SM1 [52] (p. 167)).

3.3.2. Activities Proposed to the Students

The activities that the texts propose to work with these tables were classified according
to the categories described by Pallauta et al. [44] and are exemplified and analysed below.

Al. Reading a table. In this activity, the children are asked to obtain information
represented (explicitly or implicitly) in a statistical table, which requires familiarity with its
structure, identifying the variable displayed (which can be deduced from the table title and
labels), and finally, correctly reading the specific values or frequencies requested in the task.
This reading activity may require different reading levels, according to the classification
by Friel et al. [53]. For example, question (a) in the two-way table reproduced in Figure 5
requires only a reading data level (the lower by Friel et al. [53]), as the children are only
asked to read the data values in the table. However, question (b) requires the second
reading between data levels in this classification because it requires making comparisons
with the data in the table to perform the mode.

A2. Completing a table. Sometimes, children are given a table, with some empty cells
to complete, and they are requested to finish the table as an exercise to reinforce their
learning of the different steps required in its construction. These steps are: preparing the
title, deciding the number of rows and columns, as well as its content and labels, and
adequately filling the cells of the table. Generally, some frequencies (at least the absolute
frequencies) have to be computed from a data table or a graph, such as in the example
shown in Figure 6 directed to grade 3.

Look at the pictogram and complete the table. Each rectangle M is worth 10 cards

Manuela Inés Tomas Julio Daniel

Manuela [ Inés | Tomas ] Julio Daniel |
[N° of cards 40 | | | |
a. Who has the most cards?
b. How many cards does Tomas nned toget as many as Inés?
c. How many does Julio need to get the same number as Daniel?

Figure 6. Completing and reading a table (adapted from SM3 [54] (p. 101)).

A3. Building a table. In this case, the student has to build the whole table, sometimes from
data in the form of lists or provided in a short story or problem. This construction involves the
identification of the modalities of the variable, the classification of the data, the counting and
calculation of frequencies. Finally, the modalities of the variable and its frequencies should be
organised in the table (e. g., Figure 7 presents an activity directed to grade 3).
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In Julia's school the children vote their favorite subject. When the votes
are counted, 6 children chose Social Sciences; 7, Natural Sciences; 8,
Mathematics; and another 7, Language.

a. Organize the data in a table.
b. Draw the bar chart.

Figure 7. Building a table (adapted from SM3 [54] (p. 101)).

A4. Computing with the data represented. This task consists of calculating some summary
statistics of central tendency, spread, or position (e.g., the mean or the range) or computing
probabilities. Other times, the table is used to describe how to perform these calculations
and helps developing the students’ algorithmic abilities. The purpose of the table in the
activity is to facilitate the computation of these statistics. An example is shown in Figure 1.

Ab. Translating the table to a graph. Students learn at the same time to construct and
read statistical tables and graphs and, for this reason, activities of translation from these
two data representations are frequent in the books. In this category, we count the activities
where the child should represent graphically the information displayed in a statistical table,
which requires knowledge of the conventions of graph construction; sometimes, it also
involves calculations such as the example suggested for grade 2 shown in Figure 8.

The table displays the number of students absent from each second-
grade group. Complete the pictogram.

Class 2°A | 2°B | 2°C | 2°D | 2°E | 2°F
N. of missing students | 6 0 3 9 9 6

[ 000000
00000
00000

2°A 2°B 2°C 2°D 2°E 2°F

Figure 8. Translating a table (adapted from A2 [55] (p. 189)).

Ab. Inventing a problem or table. In this type of task, the child should create a context
for the information displayed in a statistical table by choosing a variable that makes sense
and is consistent with the information represented (e.g., Figure 9, suggested for grade 3).
We also include in this category those activities where children should create a table that
conforms to given summary statistics, for example, the mean.

Look at the data in the table below. Then write three questions that
can be answered with these data.

shampoo fish | cereals
Supermarket A 3€ 9€ 3€
Supermarket B 2€ 11€ 2€

Figure 9. Inventing questions for a table (adapted from SM3 [54] (p. 87)).

A7. Registering data. When the table is a tool used to record data that have been
previously collected by the students or have been obtained by conducting random experiments
(e.g., the example taken from a grade 1 book in Figure 10).
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In pairs, roll a die twice and record the results in the table.
Your result Your partner's result

First roll
Second roll
Sum of the two rolls

What did you get on the first roll?
What did your partner get on the second roll?
Who got the highest total score?

Figure 10. Registering data (adapted from SM1 [52] (p. 81)).

AS8. Reasoning from the table. When the student is asked to provide some justifications
from the table; for example, he or she should justify the most appropriate graph to represent
the data displayed in the table, explain how changing the frequency of a category affects the
mean, or should use the table to make a decision (e.g., question (b) in Figure 1 or question
(d) in Figure 2, an activity intended for 3rd grade).

3.3.3. Data Contexts

We analysed the context in which the statistical tables are presented in the textbooks,
using the categories proposed in PISA [31] described below, and to which we added
“random experiment” as a new context, due to its use in the textbooks to reinforce different
topics associated with probability.

e  Personal context. Problems classified in this group focus on the child or his/her family,
as well as the peer group’s frequent activities. Examples include (but are not limited
to) those involving the age or physical characteristics of students, personal preferences,
sports, school tasks, or games. For example, the tables displayed in Figure 1, Figure 4,
Figure 5, Figure 6, Figure 7, Figure 8 or Figure 10 were classified in personal contexts.

e  Occupational context. In this category, the context is focused on the world of work.
Examples are shown in Figures 2 and 9. We also found activities linked to production
on a livestock farm, sales in a store, number of animals on a farm, number of excursions
organized by a travel agency, and rooms booked in a hotel.

e  Societal context. Problems framed in situations developed in the local community,
or a wider society, to which the learner has access through different media, or social
networks. One example is presented in Figure 3; others include types of vehicles
observed by the student, types of vehicles in a parking lot, visitors to a museum, the
number of people practicing different sports in a ski resort, the preferred schedules
of children and adults in a swimming pool, destinations of airline passengers, movie
viewers of different film directors, electricity consumption, and abandoned pets picked
up in an animal centre.

e  Scientific context. This context is linked to different applications of mathematics to the
natural world, science, and technology. Common context, both in 5th and 6th grades
in both editorials was meteorology. Another example used in 6th grade in Anaya was
related to endangered species.

Random experiment. There were some situations posed in the context of random
experiments (throwing coins, dice, pins, selecting numbered cards or coloured balls from an
urn, etc.). An example is shown in Figure 11, where the table is used to work the frequentist
meaning of probability.
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In some situations, the probability can be estimated from data collected in previous experiences. Look at
the statistics of three-point shots made by Ana in the first five basketball matches played:

Matches Ist | 2nd | 3rd | 4th | 5th | Total
Successful shots | 10 8 11 8 8 | 45
Trials 13 10 15 | 10 | 12 | 60

With this data we can estimate the probability that she hits the next three-point shot:

N. of successful shots 45
N. of successjul shots _ 45 _ 75

Estimated probability = Nof shots ===

The estimated probability of hitting the next shot is 0.75.
The estimated probability is more reliable when more data are collected.

Figure 11. Random experiment context (adapted from A6 [51] (p. 213)).

4. Results
4.1. Type of Tables and Data Represented

In Table 1, we summarise the type of table presented in the textbooks by grade and can
observe that the total number of activities is smaller in the two first grades and increases
substantially from the third grade onwards. When comparing the type of tables, we see the
predominance of one-variable distribution tables, especially frequency tables. Grouped data in
intervals tables only appear in 4th and 6th grade in a very small proportion, and paradoxically,
two-way tables are more common in the first grades, since they are used to help children
classify some data by two attributes. Another explanation is that this type of table is also
employed to provide data from which students learn to construct two-way bar graphs. That is
a significant difference with the situation in México, because Garcia-Garcia et al. [43] showed
that the relevance of two-way tables in grades 1st, 2nd, and 4th was scarce.

Table 1. Percentage of type of table in the different grades.

Grade Total
ota
Type of Table 1 2 3 4 5 6 1 =405
n=235 n=20 n=_86 n =280 n =103 n=_81
Data table 34.3 5.0 24.4 8.8 175 18.5 18.3
Counting 10.0 244 20.0 3.7 104
One variable distribution Frequency 14.3 20.0 45.3 38.8 82.5 76.5 55.8
Grouped data 3.8 1.2 1.0
Two-way table 51.4 65.0 5.8 28.8 14.6

We also find a proportion of frequency tables similar to that of Diaz-Levicoy et al. [41]
in the first two grades and a much higher presence in higher grades, in particular in 5th
and 6th grades, where students are introduced to relative frequencies and use the tables as
help in computing summary statistics.

As regards the difference in editorials (Table 2), SM includes more data tables, while
Anaya presents more counting tables. The distribution in all the other categories is similar
in both editorials.

Table 2. Percentage of type of table in each editorial.

Editorial Total
ota
Type of Table Anaya SM 1 = 405
n=179 n =226
Data table 12.3 23.0 18.3
Counting 17.9 44 10.4
One variable distribution Frequency 58.1 54.0 55.8
Grouped data 0.6 1.3 1.0

Two-way table 11.2 17.3 14.6
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4.2. Activities Proposed to the Students

The activities included in the textbooks are summarised in Tables 3 and 4, where we
notice a predominance of reading activities, especially in the first two grades, where this
activity is almost exclusive. The results are different from those by Diaz-Levicoy et al. [41]
in Chilean textbooks for 1st and 2nd grade, since in that research, the most common activity
was computing from the table (41.4%), which is very scarce in the Spanish textbooks and
does not appear until 5th grade. We also observe differences with Diaz-Levicoy et al. [41]
in the frequency of activities for completing or building a table (36.2%) and translating
the table to a graph (27.6%). Even when scarce, we value the activities of inventing a
table, registering data, and reasoning, since they contribute to the education of children’s
statistical reasoning.

Table 3. Percentage of activities in the different grades.

Grade
.. Total
Activity Type 1 2 3 4 n5= 6 n = 405
n=35 n=20 n=8 n=80 103 n=_81
Al. Reading 68.6 60.0 53.5 55.0 447 29.6 48.4
A2. Completing 8.6 5.0 9.3 12.5 49 7.4 8.1
A3. Building a table 29 10.0 14.0 11.3 14.6 12.3 12.1
A4. Calculating 10.7 21.0 6.9
Ab. Translating to a graph 57 20.0 11.6 11.3 15.5 16.0 13.3
A6. Inventing 3.5 0.7
A7. Registering data 57 5.0 2.3 5.0 5.8 2.5 4.2
A8. Reasoning 8.6 5.8 5.0 3.9 11.1 6.2
Table 4. Percentages of activities in each editorial.
Editorial :
.. Tota
Activity Type Anaya SM = 405
n=179 n =226
Al. Reading 50.3 46.9 484
A2. Completing 5.6 10.2 8.1
A3. Building a table 13.4 11.1 12.1
A4. Calculating 9.5 49 6.9
Ab. Translating to a graph 12.3 14.2 13.3
A6. Inventing 1.3 0.7
A7. Registering data 1.7 6.2 4.2
A8. Reasoning 7.3 5.3 6.2

The differences between editorials (Table 4) are small, with some more computation
activities in Anaya, which does not include inventing activities, and it proposes fewer
suggestions for collecting data; on the contrary, justification activities are more frequent in
this editorial.

4.3. Data Contexts

The contexts of the activities are summarised in Tables 5 and 6. From Table 5, we
observe that the main context is the personal one, coinciding with Diaz-Levicoy et al. [42]
in Chilean grade 3 texts, as well as Garcia-Garcia et al. [43] in Mexican primary school
texts. No doubt, the authors’ textbooks follow the curricular [9] recommendations of
providing children with situations that interest them and are understood by them. The
high percentage of this context diminishes a little with the grade, so they include other
contexts, the scientific examples being more abundant in 5th and 6th grade. Surprisingly,
the random experiment context appears in 1st grade and then disappears until 5th grade.
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The frequency of the social context has been lower than that reported by Diaz Levicoy
et al. [41] in Chilean textbooks of 1st and 2nd grade.

Table 5. Percentages of contexts in the different grades.

Grade
Total
Context Type 1 2 3 4 n5_ 6 = 405
n=35 n=20 n=8 n=80 103 n=_81
Personal 85.7 95.0 62.8 83.8 65.0 64.2 714
Social 5.0 23.3 11.3 1.9 3.7 8.6
Occupational 14.0 5.0 5.8 9.9 7.4
Scientific 10.7 12.3 5.2
Random experiment 14.3 16.5 99 7.4
Table 6. Percentages of contexts in each editorial.
Editorial :
Tota
Context Type Anaya SM = 405
n=179 n =226
Personal 70.9 71.7 71.4
Social 7.3 9.7 8.6
Occupational 14.5 1.8 7.4
Scientific 3.9 6.2 5.2
Random experiment 34 10.6 7.4

As regards the comparison of editorials (Table 6), the main difference is that Anaya
presents more occupational contexts and fewer random experiment contexts. Anyway,
similar probability ideas are included in both editorials, although SM proposes more
activities to use the statistical tables to present probability.

5. Discussion and Conclusions

The analysis performed of the activities linked to statistical tables in Spanish primary
school textbooks adds new information to existing research, since this is the first analysis
of how statistical tables are considered in the whole primary education grades textbooks
in Spain. Moreover, the list of activities analysed adds some new categories that have not
been considered in previous research, such as inventing a problem or a table and reasoning
from a table. These categories were not found in previous studies of statistical tables in
primary school textbooks from other countries.

The study points to some differences in the way in which statistical tables are worked
within Spain as compared to Mexico and with the first grades of primary education in
Chile. Apart from the new activities described, the most frequent activity in the sample of
textbooks analysed in our study was reading the table, while in [41], in Chilean textbooks
for grades 1 and 2, predominance was given to computing from the table. There were also
fewer activities of building and completing tables in the Spanish textbooks than in [41].
Moreover, more relevance was given to two-way tables in Spain in several grades, and we
also found a small proportion of grouped data in intervals tables in 4th and 6th grades that
were not mentioned in previous studies.

Concerning the PISA contexts [31], we highlight the high frequency of the personal
context in agreement with previous studies [41,43], and as suggested in the curricular
guidelines [9,10] in which the importance of providing close contexts for the student is
highlighted. Furthermore, we also note the use of the random experiment context, in
the study of probability, as the experiences of games of chance are part of the immediate
environment and can allow the teacher to design teaching of statistics based on real data [56]
that can be more meaningful for the student.
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The results presented here may be of interest to the book producers as well as to the
teachers, who can use the variables and categories analysed to organise their teaching plans.
According to the epistemological reflection provided by [25], our descriptive and explanatory
results contribute to developing the prescriptive and evaluative scientific knowledge for
teaching, because effective actions are raised following the analysis performed of the activities
linked to statistical tables in Spanish primary textbooks as part of a particular reality in the
teaching and learning of mathematics, as is the written curriculum reflected in textbooks [20].

These variables and categories analysed may also be used in teacher training programs
as suggested by Font and Godino [24], where the teachers” educator could organise activities
in which the prospective teachers analyse the type of table, activity, and context in given tasks
or vice versa, and the prospective teachers are asked to propose tasks for the students with
a combination of the above variables. This enables teacher trainers to prepare specialised
programs focused on resources directly aimed at the learning of mathematics with an emphasis
on effective teaching [24].

According to Godino et al. [25], the analysis of the meaning of the mathematical objects
and the resources involved in the instructional processes is a powerful tool to establish a
well-founded network of actions named didactic configuration, which identifies the types
of interactions between mathematical knowledge, teacher and students involving three
components (epistemic, instructional, and cognitive—affective). In particular, the epistemic
configuration has proved useful to improve the didactic-mathematical knowledge and
competencies of the mathematics teacher through the analysis of textbooks in the context
of teacher training [24].

As highlighted in the introduction, today; it is ever more important to achieve the statistical
literacy of all students so that they become critical consumers and active citizens [5,7,8]. A recent
example is the number of statistical tables published in the context of uncertainty that
society has faced due to the pandemic generated by COVID-19 and that any competent
citizen needs to interpret in order to understand the related information and make good
decisions [57]. Consequently, we suggest that the scientific community should provide
some recommendations to orient the teaching and learning of statistical tables in particular
and statistics in general at the primary school level.

Finally, we point to the need to continue this research, with the analysis of new
variables that characterise the activity carried out with statistical tables, and with new
editorials that serve to generalise the findings of this research.
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Appendix A

Table Al. Textbooks in the sample.

SM1 Bernabeu, J., Garin, M., & Modrego, R. (2019). Matemdticas 1 primaria. Mds Savia. SM.

Bernabeu, J., Garin, M., Martin G., Herrero, N., Morales, F.,, Vidal ].M., & Pérez M.N. (2019). Matemiticas 2

SM2 primaria. Mds Savia. SM.

Bernabeu, J., Garin, M., de Casacuberta, A., Cuso, M., Pérez M.N., Morales, F., Vidal, ].M., & Valvanera, A.

SM3 (2019). Matemdticas 3 primaria. Mds Savia. SM.

Bernabeu, J., Garin, M., Diaz, ].G., Garcia, M., Pérez M.N., Morales, E,, Vidal, ].M., & Bellido, A. (2019).

SM4 Matematicas 4 primaria. Mds Savia. SM.

Garin, M., Bernabeu, J., Bellido, A., Pérez, M.N., Morales, F., Vidal, ].M, Armas, Z., Gonzalez, Y., Macias, C.,

SM> Pefia, M., & Navarro, A. (2019). Matemiticas 5 primaria. Mds Savia. SM.

Bernabeu, J., Gonzalez, Y., Garin, M., Nieco M., Pérez, B., Garcia, M., Pérez, M.N., Morales, F., Vidal, ]. M., &

SMé Bellido, A. (2019). Matemdticas 6 primaria. Mds Savia. SM.

Al Carvajal, A. I, & de la Rosa, L. I. (2019). Matemdticas 1. Pieza a Pieza. Anaya.

A2 Carvajal, A. I, & de la Rosa, L. I. (2018). Matemadticas 2. Pieza a Pieza. Anaya.

A3 Ferrero, L., Gémez, ]. M., Martin, P, & Quevedo, V. J. (2019). Matemdticas 3. Pieza a Pieza. Anaya.

A4 Carvajal, A. I, Ferrero, L., Gémez, ]. M., Martin, P, & de la Rosa, L. I. (2018). Matemdticas 4. Pieza a Pieza. Anaya.

A5 Ferrero, L., Gémez, ]. M., Martin, P,, & Quevedo, V. J. (2018). Matematicas 5. Pieza a Pieza. Anaya.

A6 Carvajal, A. I, Ferrero, L., Gémez, J. M., Martin, P, & de la Rosa, L. I. (2019). Matemdticas 6. Pieza a Pieza. Anaya.
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