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Abstract: The aim of this paper is to analyze the formative and evaluative activities involving
statistical graphs in the new textbooks for Chilean rural multigrade education. The methodology is
qualitative, at a descriptive level and uses the content analysis technique. The sample is made up of the
six primary education textbooks distributed by the Ministry of Education for rural multigrade schools.
The results show the predominance of the bar chart, semiotic level 3, the task of calculating and the
personal context in both types of activities, although with respect to the reading level, it is evident
that level 4 predominates in the formative activities and level 2 in the evaluative ones. According
to the results, it is recommended to incorporate graphs proposed by the curricular guidelines of
the Ministry of Education, which are absent in textbooks as well as to include evaluative activities
that require reflection on the nature of the data, context, representation and conclusions obtained
from them.

Keywords: rural education; statistic; primary schools; statistics education; textbooks; statistical
graphs; one teacher schools; data visualization

1. Introduction

Currently, there is a growing interest in studying the processes of teaching and learning
statistics in the early years of schooling. This interest is primarily due to the integration
of statistics into the curriculum guidelines of various countries (e.g., [1-5]) and the need
to educate statistically literate citizens. Specifically, it involves the development of skills
in reading, interpreting, and critically evaluating information obtained from statistical
representations [6]. Given that students have access to a wealth of data through the media,
which are mostly presented in statistical graphs [7,8], these graphs are considered elements
of statistical culture [6,9,10].

In the Chilean context, international studies have shown a low proficiency in statistics
among primary education students [11,12], including their ability to work with statistical
graphs, despite efforts to improve teaching. Many of these schools taking this assess-
ment are located in rural areas [13], where a series of factors and characteristics, such as
multigrade classrooms (with students of different ages together in the same classroom),
contribute to lower achievement compared to urban schools [14]. While there have been
research efforts in the field of mathematics education in rural settings [15-20], there are
limited studies that address the current situation in the field of statistics and statistical
graphs in these areas.

On the other hand, the role of textbooks is considered significant as a means to work
with curriculum topics [21,22], as they offer a systematic and continuous approach to
content [23], enabling the implementation of curriculum guidelines in the classroom [24,25].
Textbooks also help reduce the cultural gap [26]. Notably, textbooks propose formative
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activities for in-class work and others intended to assess learning at the end of a unit. There-
fore, it is essential to consider the evaluation process, as it provides valuable information
for both teachers and students [27], allowing the collection of qualitative and quantitative
data to assess their achievements and compliance with curriculum guidelines’ objectives,
thus facilitating teachers” decision making.

In accordance with the above, the following research question arises: What are the
characteristics of the formative and evaluative activities with statistical graphics in the
textbooks proposed by the Chilean Ministry of Education for rural education? From this
question, the general objective of this study emerges, which is to analyze the formative
and evaluative activities that use statistical graphs in textbooks for rural schools with
multigrade classrooms in order to know how the Chilean Ministry of Education proposes
activities with statistical graphics for rural multigrade schools.

1.1. Rural Multigrade Schools and Statistical Graphs

The most important idea to consider when conducting a study in a rural school is
undoubtedly the characteristic of multigrade classrooms [28]. Multigrade classrooms are
understood as the natural way of teaching children of different ages together [29]. These
rural multigrade schools typically have at least one combined classroom with students
ranging from first to sixth grade [30]. Moreover, they tend to be the only schools in
their locality and are usually located in communities with populations of no more than
500 inhabitants [31,32].

The teaching of statistics was integrated into primary education a decade ago [3]. The
curriculum is organized into five thematic areas: (a) numbers and operations, (b) patterns
and algebra, (c) geometry, (d) measurement, and (e) data and probability. The latter includes
the study of statistics and specifies learning objectives related to statistical graphs aligned
with the textbooks for rural education, which are different from those delivered in urban
schools. Table 1 presents the learning objectives for multigrade rural education for each
primary school grade. It shows that the use of these representations begins in first grade
and continues through sixth grade, with the following types of statistical graphs specified:
pictograms (first to fourth grade), bar (second to sixth grade), dot plots (third and sixth
grade), line charts (fifth grade), stem-and-leaf plots (fifth and sixth grade), and pie charts
(sixth grade).

Table 1. Learning objectives for multigrade rural primary courses [33].

Grade

Objective

1st Grade

Collect and record data to answer statistical questions about oneself and the environment, using blocks, tally
charts, and pictograms (p. 7). Construct, read, and interpret pictograms (p. 8).

2nd Grade

Collect and record data to answer statistical questions about games with coins and dice, using blocks, tally charts,
and pictograms (p. 7). Record in tables and simple bar charts the results of random games with dice and coins
(p. 8). Construct, read, and interpret pictograms with a scale and simple bar charts (p. 9).

3rd Grade

Conduct surveys, classify and organize the data obtained in tables, and display them in bar charts (p. 7).
Represent data using dot plots (p. 8). Construct, read, and interpret pictograms and simple bar charts with a scale,
based on collected or given information (p. 9).

4th Grade

Conduct surveys, analyze the data, and compare it with the results of random samples, using tables and graphs
(p. 7). Perform random playful and everyday experiments, and tabulate and represent them through charts
manually and/or with educational software (p. 8). Read and interpret pictograms and simple bar charts with a
scale, and communicate findings (p. 9).

5th Grade

Read, interpret, and complete tables, simple bar charts, and line charts, and communicate findings (p. 7). Use
stem-and-leaf plots to represent data from random samples (p. 9).

6th Grade

Read and interpret double bar and pie charts, and communicate findings (p. 7). Compare distributions of two
groups from random samples, using dot plots and stem-and-leaf plots (p. 9).
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1.2. Reading Levels

The interpretation of statistical graphs is a complex task that involves various mathe-
matical and statistical concepts, making its study quite interesting. Among the contributions
in this field, the work carried out by Curcio and collaborators [34-36] stands out. They
propose and describe different levels of sophistication when it comes to reading a statistical
graph (see Table 2).

Table 2. Descriptions of reading levels on a statistical graph [34-36].

Level Description

Literal reading of the information, which is present in the

Reading the data statistical graph.

Implicit reading of information, obtained from simple

Readi h . . .
eading between the data mathematical calculations or comparisons.

Reading information that is not present in the statistical graph,
Reading beyond the data involves predicting trends or values, taking into consideration the
data shown in it (reasoning based on the information).

Critical evaluation is required of how the data are collected, how
Reading behind the data they are represented, and the conclusions drawn. It demands
reflection on context and mathematical or statistical knowledge.

1.3. Levels of Semiotic Complexity

Another process that involves a variety of mathematical and statistical elements is the
construction of statistical graphs. That is why Arteaga and collaborators [7,37] describe
levels of semiotic complexity (see Table 3).

Table 3. Descriptions of levels of semiotic complexity in a statistical graph [7,37].

Level Description

The graph displays isolated data points. Concepts

R i f individual . .
epresentation of individual data of variable or distribution are not used.

Each data point of a distribution is shown. The
concept of frequency or frequency distribution is
not used, but the concept of variable is.

Representation of a data set, without
summarizing its distribution

The data distribution is shown, which includes the

Representation of a data distribution . .
calculation of frequencies.

Representation of multiple

data distributions Two or more frequency distributions are displayed.

1.4. Background on Activity Analysis with Statistical Graphs in Textbooks

Currently, the analysis of textbooks has become a well-established research area within
the fields of Mathematics Education [38] and Statistics Education [39,40].

Internationally, primary school textbooks have been compared, considering different
mathematical concepts. For example, fourth grade primary textbooks from Indonesia and
Singapore are compared in angle topics [41]. Their results show that Indonesian textbooks
provide greater learning opportunities than Singaporean textbooks, although the latter are
dominated by visual form, as opposed to the former which contains a purely mathematical
form. Furthermore, in the United States, the topic of patterns in K-12 textbooks has been
analyzed [42], stating that most activities are simplistic and there is little variability in
complexity in the materials and structure of the pattern. It is necessary to optimize the tasks
to provide more learning opportunities for students. Also, problem-solving activities are
analyzed considering computational thinking among Chinese and Canadian textbooks [43],
using computational thinking tools broken down into three steps: understanding the prob-
lem, designing and carrying out plans, and looking back. The presence of computational
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thinking is evident in the textbooks of both countries and they require their students to
make generalizations from their knowledge.

On the other hand, text analysis has been carried out, where activities with statistical
graphs are analyzed. It is essential to mention one of the earliest studies in Spanish [44],
where a series of textbooks for primary education were analyzed. The units of analysis in
this study included the type of graph and the required task. The results helped identify
various types of statistical graphs, such as bar charts, pictograms, Cartesian coordinate
diagrams, line charts, histograms, population pyramids, and pie charts. Additionally,
various tasks were identified, including reading, completing, interpreting, constructing,
creating graphs, and writing coordinates, among others.

Another significant study was conducted by [45], who used different units of analysis
to investigate textbooks in a comparative study between Spain and Chile. These units
included the type of graph, type of task, reading level, and semiotic complexity level. They
used these units to analyze textbooks from various countries, including Argentina [46],
Peru [47], and Costa Rica [48]. Their results showed that bar charts and reading level 2 were
predominant in all countries. Concerning the tasks, calculating was the most frequent task
in Chile, Argentina, and Peru, while reading was prominent in Spain, and both reading
and calculating were common in Costa Rica. Regarding semiotic complexity, level 2 was
prevalent in Argentina and Costa Rica, while level 3 was more common in Chile, Spain,
and Peru.

In Chile, especially in textbooks for multigrade rural education, [49] analyzed activities
using units of analysis such as the type of graph, reading level, semiotic complexity level,
type of task, and data context. Their results indicated the dominance of bar charts, reading
level 2, semiotic complexity level 3, calculating tasks, and personal context, respectively.
These results were later confirmed by [50] in their evaluation of activities in textbooks for
multigrade rural education in Chile.

In summary, international research on textbook analysis with statistical graphics shows
the predominance of the bar graph, reading level 2, semiotic complexity level 3, and the
task of calculating, although, occasionally, in some countries, the reading task and semiotic
level 2 predominate.

In 2021, new textbooks were published for multigrade rural education in Chile. How-
ever, according to previous research, there is no evidence of studies that analyze and
compare these new textbooks with the previous ones [33] used in this context.

2. Materials and Methods

This study is of a qualitative nature [51], at a descriptive level [52], and utilizes the
content analysis method [53]. The sample is purposive and consists of the textbooks
recommended for use in 1st to 6th grade multigrade rural primary education courses in
Chile, as presented in Table 4. In the same way;, it is necessary to mention that within the
MINEDUC textbooks, there are activities with different purposes, in the first instance there
are activities to work class by class with a formative purpose and, in the second instance,
there are activities at the end of the unit, which are used to evaluate learning.

In this study, the following units of analysis were considered, which allow us to
characterize the activities with statistical graphs in an exhaustive manner and are the most
relevant to achieving our research objective:

Type of graph: These are the ones specified in the curriculum guidelines of [33].
Reading level: These are described by Curcio and collaborators [34-36], which include
(a) reading the data, (b) reading within the data, (c) reading beyond the data, and
(d) reading behind the data.

Semiotic complexity level: These are proposed by Arteaga and collaborators [7,37].
Type of task: These are described in previous research [39,49], which include tasks
such as (a) reading, (b) calculating, (c) completing, (d) constructing, and (e) justifying,
among others.
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e  Context: These are the contexts described in PISA [54], which are (a) personal, (b) work-
related, (c) social, and (d) scientific.

For the analysis of the categories, all the activities in the textbooks that involved statis-
tical graphics were searched. For each of them, the main author identified the reading level,
level of semiotic complexity, types of tasks and context, being discussed and confirmed
together with the other authors of the study. In addition, it should be noted that in the
case of the reading level, having different questions in the same activity is considered the
highest demanded by the activity.

In some units of analysis, such as type of graph, task, and semiotic level, it is possible
to observe more than one category within the same activity because multiple charts may
appear when conducting an activity. In such cases, all representations are counted, so the
total value of the unit of analysis may be greater than the number of activities.

Table 4. Coding of textbooks for multigrade education analyzed.

Code

Reference

T1

MINEDUC. Cuaderno de trabajo 1° Basico. jLa aventura de aprender!: Unidades 5 y 6 Tiempo y Geometria Estadistica.
Matematica. Médulo didactico para la ensefianza y aprendizaje en escuelas rurales multigrado; MINEDUC: Santiago,
Chile, 2021. [MINEDUC. Workbook for 1st Grade. The Adventure of Learning: Units 5 and 6 Time and Statistical
Geometry. Mathematics. Teaching and learning module for multigrade rural schools; MINEDUC: Santiago, Chile, 2021]

T2

MINEDUC. Cuaderno de trabajo 2° Basico. jLa aventura de aprender!: Unidades 5 y 6 Tiempo y Geometria Estadistica.
Matematica. Médulo didactico para la ensefianza y aprendizaje en escuelas rurales multigrado; MINEDUC: Santiago,
Chile, 2021. [MINEDUC. Workbook for 2nd Grade. The Adventure of Learning: Units 5 and 6 Time and Statistical
Geometry. Mathematics. Teaching and learning module for multigrade rural schools; MINEDUC, Santiago, Chile, 2021]

T3

MINEDUC. Cuaderno de trabajo 3° Basico. jLa aventura de aprender!: Unidades 5 y 6 Tiempo y Geometria Estadistica.
Matematica. Médulo didactico para la ensefianza y aprendizaje en escuelas rurales multigrado. MINEDUC: Santiago,
Chile, 2021. [MINEDUC. Workbook for 3rd Grade. The Adventure of Learning: Units 5 and 6 Time and Statistical
Geometry. Mathematics. Teaching and learning module for multigrade rural schools; MINEDUC: Santiago, Chile, 2021]

T4

MINEDUC. Cuaderno de trabajo 4° Basico. jLa aventura de aprender!: Unidades 5 y 6 Tiempo y Geometria Estadistica.
Matematica. Médulo didactico para la ensefianza y aprendizaje en escuelas rurales multigrado; MINEDUC: Santiago,
Chile, 2021. [MINEDUC. Workbook for 4th Grade. The Adventure of Learning: Units 5 and 6 Time and Statistical
Geometry. Mathematics. Teaching and learning module for multigrade rural schools; MINEDUC: Santiago, Chile, 2021]

T5

MINEDUC. Cuaderno de trabajo 5° Basico. jLa aventura de aprender!: Unidades 5 y 6 Tiempo y Geometria Estadistica.
Matematica. Médulo didactico para la ensefianza y aprendizaje en escuelas rurales multigrado; MINEDUC: Santiago,
Chile, 2021. [MINEDUC. Workbook for 5th Grade. The Adventure of Learning: Units 5 and 6 Time and Statistical
Geometry. Mathematics. Teaching and learning module for multigrade rural schools; MINEDUC: Santiago, Chile, 2021]

T6

MINEDUC. Cuaderno de trabajo 6° Basico. jLa aventura de aprender!: Unidades 5 y 6 Tiempo y Geometria Estadistica.
Matematica. Médulo didactico para la ensefianza y aprendizaje en escuelas rurales multigrado; MINEDUC: Santiago,
Chile, 2021. [MINEDUC. Workbook for 6th Grade. The Adventure of Learning: Units 5 and 6 Time and Statistical
Geometry. Mathematics. Teaching and learning module for multigrade rural schools; MINEDUC: Santiago, Chile, 2021]

3. Results

Table 5 presents the distribution of formative and evaluative activities involving
statistical graphs in textbooks for multigrade rural education from first to sixth grade
of primary education. In the table, a total of 102 activities are shown, with 82 (80.4%)
being formative activities and 20 (19.6%) being evaluative activities. Regarding formative
activities, the highest frequency is in the sixth grade (31.7%), followed by the fifth grade
(18.3%) and the first grade (17.1%). Additionally, there is a significant difference in the
number of activities between the sixth and fourth grades. Concerning evaluative activities,
the majority are in the fifth grade (25%), although the difference is not significant when
compared to the other grades. When considering all activities, there is a predominance
in the sixth grade (29.4%), followed by the fifth grade (16.7%) and the first grade (15.7%).
According to the above, it can be observed that the textbooks propose a reduced number of
evaluative activities, implying that it may not be possible to collect enough information to
evaluate knowledge in order to subsequently make decisions in the teaching process.
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Table 5. Distribution of activities with statistical graphs in textbooks for rural multigrade education
in primary school.

Course Formation Activities Assessment Activities Total

(n=82) (n =20) (n =102)

1 14 (17.1) 2 (10) 16 (15.7)

2 11 (13.4) 3 (15) 14 (13.7)

3 10 (12.2) 4 (20) 14 (13.7)

4 7 (8.5) 4 (20) 11 (10.8)

5 15 (18.3) 2 (10) 17 (16.7)

6 25 (31.7) 5 (25) 30 (29.4)
Total 82 (100) 20 (100) 102 (100)

3.1. Type of Graph

According to the types of graphs observed in the formative and evaluative activities
analyzed, Table 6 shows the predominance of bar charts, corresponding to 34.9% and 40%,
respectively. And, in second place, it is followed by the pictogram with 21% and 25%. In
addition, there are formative activities with statistical graphs that do not appear in the
evaluative activities, as is the case of the bar chart and dots in the fifth grade, and in the
fourth grade, only the pictogram is observed in the evaluative activities. In this case, it is
striking that there are courses that are evaluated through activities with graphs that are
not proposed to work in a formative way (pictogram in fourth), and that also, the work
with all the proposed graphs (bars and points in fifth) is not evaluated. Therefore, it is
evident that there is a contradiction in the Chilean curricular guidelines regarding the use
of pictograms, bar graphs and points, which may cause students to have confusions that
lead them to make mistakes in data analysis and decision making.

Table 6. Distribution of types of statistical graphs present in activities in textbooks for rural multigrade
education in primary.

1st 2nd 3rd 4th 5th 6th Total
Type of Graph (0 =16) (n =16) (n=14) (n=11) (n =18) (n=31) (n = 106)

FA AA FA AA FA AA FA AA FA AA FA AA  FA AA
Pictogram (1130) (1200) (466.2) (331.3) (110) (215) (215) 2244 525
Bars (53?.9) (662.7) (660) (215) (130) (%) (122.6) (3(?.8) (420) 30(349)  8(40)
Points (330) (520) 4 (25) (195.3) (210) 12(14)  3(15)
Line (138) (510) 335  1(5
Stem and leaf (3?3) (510) o 67 0 (210) 12(14)  2(10)
Pie o @ 60 16

Choice (122.6) 2(2.3)
Total (11610) (1200) (11030) (130) (1180) (1%)0) (130) (1%)0) (11060) (1200) (12060) (1%0) 86 (100) (120%)

Note. FA: Formation activities; AA: Assessment activities.

The following is a description of reading levels, levels of semiotic complexity, task
types and context types with examples based on activities from the textbooks analyzed.
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3.2. Reading Levels

In this section, we analyze the reading levels defined by Curcio and colleagues [32-34].
Reading level 1 is exemplified by Figure 1, where the student engages in literal readings
of data. Specifically, the student must read data completed in the table by rolling a die

20 times and transferring them to a pictogram, where each icon represents a roll.

- Lanza el dado 20 veces y anota el nimero que salga en la

Roll the dice 20 times and record the number that comes up on the top

cara superior del dado en cada lanzamiento. face of the die on each roll.
o Face of Number of
Registra la informacién en la ara Dado Di ti
tabla de frecuencia: E (a) Record the information in the fre- 1lce 1me
2
3 quency table: 2
. 3
. 4
. 5
6
O Completa el pictograma oo
con & para mostrar Lot o (b) Complete the pictogram with e to N
s::f @ representa una show the results you obtained. Each
) ® represents one time:
CJCIEJEIEE 1 [2]5 45 I
Figure 1. Example of reading level 1 (T1, p. 75).

An example of reading level 2 is illustrated in Figure 2, where the student is required
to perform simple mathematical calculations to answer questions. In this case, it becomes
evident in question C, as the student needs to add up frequencies to determine the number
of times the coin was tossed.

€) Etsisuiente grafico alafr que obtuvo cara'y 1. The following graph shows the frequency that

sello al lanzar una moneda.

“heads” and “tails” were obtained when tossing a

C. iento de una d ) coin.

Cara del lado

C. ¢Cudntas veces se lanzé la
moneda?

D. ¢Cudl es la frecuencia relativa
de “salié cara”?

E. ¢Cudl es la frecuencia relativa de
“salié sello”?

cociente entre la frecuencia

Coin Toss
Head of the coin

Tails side/Heads side

Relative frequency is the quotient between the
absolute frequency of success and the total number of

(A) How many times did “heads” come up?

o 2 4 & 8 10 2 W 1 ® (B) How many times did “tails” come up?
Wsello Hcara (C) How many times was the coin tossed?
A- ¢Cudntas veces salié “cara” (D) What is the relative frequency of getting
B. ¢Cuéntas veces salié “sello”? “h 79
La frecuencia relativa es e eads”?

absoluta del sucesoy la N (E) What is the relative frequency of getting
cantidad total de veces qué =) "y 1D
se realizo el experimento. V talls H

times the experiment was conducted.

Figure 2. Example of level 2 reading (T6, p. 109).

An example of reading level 4 is illustrated in Figure 3, where the student must provide
reasoning about how the information is organized in the stem-and-leaf plot. This comes

after completing the plot with data provided about the ages of their family members.
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o Al ver la tabla, Gabriela se acuerda que en la clase de
matematica estan estudiando los diagramas de tallo y hojas.

(a) When looking at the table, Gabriela remembers
that in the statistics class they studied the stem-

Decide organizar los datos en un grafico como el que sigue. and-leaf diagrams. Complete the data that are
Completa los datos que faltan: missing from a graph like the one below.

Tallo | Hoja Stem Leaf

1 01225

1 01225 2 03

2 |03 3

3 4

‘5' 5

6 6

7 7

8 8

(b) Explain how the information is organized in this
(D Explica cémo se organiza la informacién en este tipo de type of graph.

graficos: (c) How many relatives between the ages of 40 and

a ¢Cuantos parientes tienen entre 40 y 49 afios (ambas edades

49 years old (both ages included) does Gabriela

inclusive)? have?
) :En qué rango de edad se encuentra la mayor cantidad de (d) In which age range does the largest number of
familiares? relatives fall?
G ¢Cuantos familiares menores de 18 afos tiene Gabriela? (e) How many family members under the age of 18
does Gabriela have?
Figure 3. Example of reading level 4 (T5, p. 95).

Table 7 shows the predominance of reading level 4 in formative activities (68.3%) and
reading level 2 (80%) in evaluative activities. It is also evident that reading level 4 is present
in all primary education courses, but only in formative activities. It is necessary to point
out the difference that exists between the reading levels required in the formative and
evaluative activities. The latter are focused on algorithmic work, evaluating students in
procedures in which they do not need to understand concepts related to the calculations, not
allowing them to evaluate the way in which they obtain conclusions and the effectiveness
in communication. On the other hand, there are no activities at reading level 3, in which
it is required to make predictions from the data, implying that there is not a complete
understanding of statistics, since this process is relevant to allow students to identify
patterns in the data and to extrapolate them to future events, an important aspect to
understand phenomena of everyday life related to statistics.

Table 7. Distribution of reading level present in activities with statistical graphs in textbooks for rural
multigrade education in primary education.
1st 2nd 3rd 4th 5th 6th Total
Reading (n =16) (n=14) (n=14) (n=11) (n=17) (n =30) (n =102)
Level
eve FA AA FA AA FA AA FA AA FA AA FA AA FA  AA
1 2 1 2 1 1 6
! (1) (50) (18.2) (33.3) (20) (25) 125 6.7) (7.3) 4(20)
3 5 2 3 2 2 2 5 20 16
2 14) (50) @455) (66.7) 75 @86 °P 13z o) 2D (00) (a4  ©0)
4 10 4 8 5 12 17 56
(71.4) (36.4) (80) (71.4) (80) (68) (68.3)
14 11 3 10 4 7 4 15 2 25 5 82 20
Total

(100)  (100)

(100)  (100) (100) (100) (100) (100)  (100)  (100)  (100)  (100)  (100)  (100)

Note. FA: Formation activities; AA: Assessment activities.

3.3. Levels of Semiotic Complexity

An example of semiotic level 2 is illustrated in Figure 4, where the variation in tem-
perature for a southern city in the year 2019 is shown. In this graph, temperature data are
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represented, but there is no frequency distribution. The concept of a variable is present, but

there is no distribution of frequencies.

del sur en el aiio 2019. Observa el grafico y responde las R

g El siguiente grafico muestra la temperatura de una ciudad [[] ;cual fue el mes con mayor temperatura?

preguntas ay b:

( Temperatura mensual promedio )

°C
“

the graph and answer questions a and b:

Average Monthly Temperature

B. Febrero.
C. Noviembre.
D.

Diciembre.

12 ‘/‘\\ 2. D ¢Entre qué meses el alza de temperatura fue el mayor?
10
B N A Entre febrero y marzo.
» // B Entre marzo y abril.
: . / C Entre agosto y septiembre.
: — D. Entre octubre y noviembre.
@e‘(o &° P ) F " S
& e qi“& ,}0". )
P - Q'

(2) The following graph shows the average monthly temperature of a city in the south in the year 2019. Observe

(a) Which month had the highest temperature?

= January A. January.

=  February B. February.

* March C. November.

= April D. December.

= May

= June (b) Between which months was the temperature rise
= July the greatest?

* August A. Between February and March.

=  September B. Between March and April.

= October C. Between August and September.
=  November D. Between October and November.
= December

Figure 4. Example of level 2 of semiotic complexity (T5, p. 122).

Semiotic level 3 is exemplified in Figure 5, which displays the percentage frequencies
of distribution regarding customer preferences for types of meat at the “I'm not vegetarian”
restaurant. In this activity, concepts of variables, frequency, and frequency distribution

are involved.

a Observa el siguiente gréfico y responde las preguntas,
sabiendo que los clientes encuestados son 80 y cada uno voté
por una preferencia.

Preferencia del Tipo de Carne Clientes del
Restaurante " No soy vegetariano"

Pollo
B Pescado

Cerdo
W Vacuno

¢Cual es el tipo de carne que mas prefieren los clientes encues-
tados?

¢Cudntas personas escogieron la carne de pollo?

¢Qué representan cada uno de los sectores del grafico?

ht

¢Qué infor on se puede del grafico?

2.0bserve the following graph and answer the ques-
tions, knowing that the surveyed customers are 80
and each voted for a preference.

Preference for Type of Meat Customers of the
Restaurant “I'm not vegetarian”

Chicken
Fish
Pork
Beef

(a) What is the type of meat most preferred by the
surveyed customers?

(b) How many people chose chicken meat?

(c) What does each of the sectors of the graph repre-
sent?

(d) What information can be obtained from the
graph?

Figure 5. Example of level 3 of semiotic complexity, (T6, p. 85).
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Figure 6 exemplifies semiotic level 4, presenting in the stem-and-leaf plot distributions
by class (sixth grade A and sixth grade B) of grades in the subject of Physical Education. In
other words, two distributions are represented in a single statistical graph, allowing for a

comparison of the behavior of both sets of data.

La profesora de Educacién Fisica desea saber qué curso

obtuvo mejores resultados en su asignatura. Para ello, junta

los dos Diagramas de Tallo y Hoja de la siguiente manera.

6. The Physical Education teacher wants to know which
course obtained the best results on average. For this, she
gathers the grades of both courses on the subject of
Physical Education and arranges them in the following

( Calificaciones de dos cursos en la asignatura de Educacién Fisica ) Stem—and—Leaf Diagrams:
Hoja (6°A, 42 estudiantes)| Tallo | Hoja (6°B, 39 estudiantes) Grades of two courses in the subject of Physical
66 1 Education
4431 2 |57
P . : 234 667899 Leaf (6°A, 42 | Stem | Leaf (6°B, 39
7666033210 studen6ts6) - students)
o 4 00237
8775443322 4431 2 56
0 5 135578 2234667899
1356677 86550 3 9
96544210 6 |9
ol 7 looo 7665433218 . 00237
o ¢Cudl de los dos cursos obtuvo mas calificaciones entre 4,0
5,0? Justifica tu respuesta 8775443322
et pussta. 0 5 135578
u ¢En cudl de los dos cursos hay mas estudiantes con 1356677
calificaciones menores que 4,0? Justifica tu respuesta. 96544210 6 9
a En tu opinién, ;cudl de los dos cursos tuvo un mejor 0 7 000
desempeiio, 6° A o0 6° B? ;Por qué? (a) Which of the two courses obtained more grades be-
) :Encudl de las dos maneras es mas facil obtener tween 4.0 and 5.9 Justify your answer.
informacién: los datos originales o los datos en el Diagrama (b) In which of the two courses are there more stu-
de Tallo y Hoja? dents with grades less than 4.0? Justify your an-
swer.

(c) Inyour opinion, which of the two courses had a
better performance, 6°A or 6°B? Why?

(d) Inyour opinion, is it easier to obtain the original
data of the grades in the Stem-and-Leaf Diagram of
6°A or 6°B?

Figure 6. Example of level 4 of semiotic complexity (T6, p. 99).

Among the levels of semiotic complexity in the analyzed activities, Table 8 shows
the predominance of semiotic level 3 in both formative activities (79.5%) and evaluative
activities (80%), appearing in all primary education courses. Conversely, the least frequent
semiotic level in both types of activities is semiotic level 2, with 8.4% and 5%, respectively.
Additionally, semiotic level 4 is only evident in the sixth grade course. In this aspect, by
having this concentration at semiotic level 3, students may be limited by not having the
opportunity to understand the characteristics of other data, such as temporal trends or
patterns. Similarly, there are few activities where data are presented without the use of
frequencies, so it is apparently not as relevant in elementary grades for students to visualize
the relationship between two variables or data trends.

Table 8. Distribution of level of semiotic complexity present in activities with statistical graphs in
textbooks for rural multigrade education in primary education.
o 1st 2nd 3rd 4th 5th 6th Total
Semiotic (n=16) (n=14) (n=14) (n=11) (n=17) (n=31) (n =103)
Level
v FA AA FA AA FA AA FA AA FA AA FA AA FA AA
5
2 1(7.1) 1 (10) 333 160 7(84) 1(5
13 2 11 3 4 7 4 10 16 66
3 ©29 @00y o) 100y 2% o0y ooy o0y 67 OV 15 200 (g5 1660
10 10
4 @385 300 (qpq 305
Total 14 2 11 3 10 4 7 4 15 2 26 5 83 20
0 (100)  (100)  (100)  (100)  (100)  (100)  (100)  (100)  (100)  (100)  (100)  (100)  (100)  (100)

Note. FA: Formation activities; AA: Assessment activities.
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3.4. Task Type

In the reading task, students must engage in a literal reading of data or elements in
the statistical graph, such as the title, axes, scale, and others. An example of this task is
shown in Figure 1, where the question “How many times did ‘heads’ appear?” (question a)
is asked.

The calculating task involves students performing calculations to obtain information
from the graph. This may include comparing data or adding frequencies, among other
calculations. This task is exemplified in Figure 2, where the question “What is the relative
frequency of ‘heads’?” (question d) is asked.

The completing task occurs when students must finish constructing a statistical graph
by assigning missing data, adding titles, labels, or elaborating bars, among other things.
This type of task is exemplified in Figure 3, where, based on data about the ages of their
family members, students must complete the stem-and-leaf plot.

In the constructing task, students are required to create a graph based on data pre-
sented in a table or without the use of a table. They need to determine the scale, general and
axis titles, labels, and other elements. This task is exemplified in Figure 7, where students
are asked to construct a simple bar chart based on data from a table showing favorite trees
(pine, palm, poplar, fig, other) of fourth grade students at Manuel Ventura School.

14. The table shows the favorite trees of the 4th grade

. . students from the “Manuel Ventura” school.
En la tabla se muestran los arboles favoritos de los

estudiantes de 4° basico del colegio “Manuel Ventura”.

Trees Girls
Arboles Nifias Pine [
Pino nunn Palm 1
Palmera T Poplar i
Alamo T Fig T
Higuera TITITIY Other 11
Otro nun With the information from the previous table,

. . . . construct a simple bar graph with a scale:
Con la informacion de la tabla anterior, construye un grafico de

barras simple con escala:

Figure 7. Example of a build task (T4, p. 104).

Regarding the task of justifying, it involves students providing reasoning for cer-
tain situations, explaining processes, or making arguments based on their perspectives.
Figure 8 exemplifies this when asking, “What changes would you make to the pictogram
to transform it into a bar chart?” (question O).

The task of creating questions involves students generating questions to obtain infor-
mation from the data presented in a statistical graph. An example of this task is shown in
Figure 9 because students are asked to invent three questions that can be answered using
the data from the pie chart, which pertains to the team’s performance (games tied, lost,
and won).

The task of comparing involves comparing two graphs to determine which one is
more suitable for representing specific data based on their nature, which one shows the
data more clearly, and so on. This type of task is evident in Figure 8, where the question “In
which statistical graph is it easier to see the number of times ‘heads’ appeared?” (question e)
is asked.

Regarding the tasks in the analyzed activities, Table 9 shows that the calculating task
predominates in both formative and evaluative activities, with 66.6% and 85%, respectively.
The justifying task appears only and in significant numbers in formative activities (57.8%).
Additionally, the tasks of creating questions, comparing graphs, and converting to a table
are not evident in evaluative activities. Furthermore, there is an inconsistency between
formative and evaluative activities, as in all courses, there are tasks proposed for formative
work that are not evaluated, especially tasks related to justifying, generating questions,
comparing, and converting to a table.
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Table 9. Distribution of type of tasks present in activities with statistical graphs in textbooks for rural

multigrade education in primary education.

1st 2nd 3rd 4th 5th 6th Total
Task (n=16) (n=14) (n=14) (n=11) (n=17) (n=31) (n=102)
FA AA FA AA FA AA FA AA FA AA FA AA FA AA
4 8 2 10 2
Read o7 160 oha een 1(25) 125  6(40) Ghs 260 g 709
9 8 3 3 10 20 55
Calculate 63 160 o3y any 560 305 Do 305 g 2000 N 5000 (2 17()
3 2 1 1 4 3 17
Complete e 100 qgyy @3z G0 1@ gy 267) (115) 05 309
Build (1i3) a g.l) 5 (50) ( 42 o 109 300 2(77) (2375) 165)
. 8 4 3 11 15 48
Justify 67.1) (36.4) 7(70) 42.9) 733) 77) (57.8)
. 2 3 2 2 3 13
Create Question ;) 5, ©7.3) 1310 (28.6) 133) 115) (15.7)
Compare a 41‘3) 1(1.2)
Fill in table 1(3,9) 1(12)
14 2 11 3 10 4 7 4 15 2 83 20
Total (100)  (100)  (100)  (100)  (100)  (100)  (00) 00y  (100) 200 o9 504000 (100)

Note. FF: Formation activities; AA: Assessment activities.

Ricardo y Miranda ahora lanzan un dado de 4 caras, como el

de la imagen. Pueden obtener 1,2, 3 o 4:
Y

- Registraron la cara que salié en cada lanzamiento.
- Luego construyeron los siguientes graficos.

Yo construi un
pictograma vertical y
cada [ corresponde a 1
dato.

D HEERF

Dibujé barras
rectangulares y su
longitud representa la
cantidad de datos para la
cara del dado.

AN A A

1. Ricardo and Miranda now throw a 4-sided
die, like the one in the image. They can get 1,
2,3 o0r4:

= They recorded the face that came up on each
throw.
= Then they constructed the following graphs.

I constructed a vertical pictogram and each o
corresponds to 1 data point.

I drew bars representing length and the length rep-
resents the number of data points for the face of the
dice.

u ¢Cual es la cara del dado que salié mas veces?

m ¢Cuantas veces salié esa cara?

B ¢Cual es la cara que salié 5 veces al lanzar el dado?

n ¢Cudntas veces mas salié la cara /) que la 43 cara ? ;Por qué?

n ¢En qué grafico observas mejor las veces que salié una cara?
¢Por qué?

n Antes de realizar los graficos, ;dénde habran registrado la
informacién Miranda y Ricardo?

ﬂ ¢Cudantos lanzamientos realizaron Miranda y Ricardo?
m ¢Cual de los 2 graficos utilizaste para encontrar la

informacién anterior?
n ¢Cuadl es la cara del dado que salié mas veces?

n ¢Habria sido mas rapido o lento, si hubieras utilizado el otro
grafico?

n Si se vuelve a realizar la misma cantidad de lanzamientos, ;se
obtendran los mismos resultados?

n ¢Por qué?

m ¢En qué se parecen los graficos?

n ¢En qué se diferencian los graficos?

n ¢Qué cambios le harias a un pictograma para convertirlo en un
grafico de barras rectangulares?

(a) Which face of the die came up the most times?
(b) How many times did that face come up?

(c) What is the face that came up 5 times when
throwing the die?

(d) How many times did face 6 come up compared
to face 4? Why?

(e) In which graph do you observe better the
number of times a face came up? Why?

(f) Before making the graphs, where would
Miranda and Ricardo have recorded the
information?

(g) How many throws did Miranda and Ricardo
make?

(h) Which of the 2 graphs did you use to find the
previous information?

(i) Which face of the die came up the most times?
(j) Would it have been faster or slower if you had
used the other graph?

(k) If the same number of throws is done again, will
the same results be obtained?

(1) Why?

(m) In what way do the graphs look alike?

(n) In what way do the graphs differ?

(0) What changes would you make to a pictogram
to turn it into a rectangular bar graph?

Figure 8. Example of a compare task (T2, p. 72)
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3. The school’s soccer team has been participating in
an interscholastic championship. The following
graph shows their performance over 25 matches.

8 El equipo de futbol del colegio ha estado participando en
un lar. El siguiente grafico a su

9

p to inter
rendimiento jugados 25 partidos.

Rendimiento del
equipo

Performance of the team

. = Tied
mpatados

W Perdidos - Lost
M Ganado L] Won

From the information in the graph, complete the

following table:
IN° de Partidos|
A partir de la informacién |Gunudos Number of
del gréfico, completa la | Matches
siguiente tabla: Empatados Won
Perdidos Tle d
Lost
Inventa 3 preg que se puedan responder con la a. Invent 3 questions that can be answered with the
informacién del grafico y pidele a tu compafiero o compafiera information from the graph and ask your classmate

que las responda. to answer them.

Figure 9. Example of a question invention task (T6, p. 86).

3.5. Types of Contexts

The personal context is when the student is required to engage in an activity related to
a situation close to them, their family, or peers. This context is identified in Figure 1, where
a game scenario is presented (rolling a die 20 times), which they must record in a table.

The work context becomes evident when the activity is framed within the world of
employment. For example, in Figure 5, the preferences of 80 restaurant customers regarding
the type of meat they prefer (chicken, fish, pork, and beef) are presented.

The social context is considered when the theme involves democratic processes or is
of local, regional, or national interest. Specifically, in Figure 10, a situation is presented
where a vote is conducted with two candidates (Ana and José) to be the class representative,
which must then be represented in a bar chart.

b didat,

Estos sorz lo: v:ttln con los es de los para n ¢Cudntos votos obtuvo Ana?
representante del curso:
B} :Cuantos votos obtuve José?
Candidato  Candidato de votos » .
a ¢Quién gané la votacién?
Ana 16
[ :Por cuéntos votos méas gané?
José 15
B ¢Cudl es la diferencia entre la tabla de frecuencia y el gréafico
Haz un gréfico de barra en tu cuaderno, que presente la de barras? Explica tu respuesta.

informacion de los votos:

. How many votes did Ana get?
. How many votes did José get?

4. These are the votes with the names of the
candidates for course representative:

1
2
3. Who won the election?
4
5

Candidate Number of . By how many more votes did they win?

votes . What is the difference between the frequency table
Ana 16 and the bar graph? Explain your answer.
José 15

(a) Make a bar graph in your notebook that
presents the information of the votes:

Figure 10. Example of social context (T2, p. 83).

The scientific context arises when mathematics is applied in nature, science, technology,
or within the discipline itself. This context is exemplified in Figure 4, where temperatures
(°C) in a city in the year 2019 are presented. In this case, the scientific context becomes
evident as a graphical representation is used to display data from nature.
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Regarding the types of contexts identified in activities with statistical graphs, there is
a predominance of the personal context, both in formative activities (61.5%) and evaluative
ones (75%). In second place, the work context is present with 30.1% and 20%, respectively.
Additionally, the social context is only observed in formative activities and at a very low
frequency (see Table 10). Having most of the activities within the personal context of the
students promotes the importance of the concepts discussed as they are related to everyday
life. However, it can also present limitations by not exploring diverse situations or by not
giving relevance to other contexts, as it can restrict the understanding of the real world—in
this case, the social and scientific context.

Table 10. Distribution of type of context present in activities with statistical graphs in textbooks for
rural multigrade education in primary education.

1st 2nd 3rd 4th 5th 6th Total
Context (n =16) (n=14) (n=14) (n=11) n=17) (n =31) (n =102)
FA AA FA AA FA AA FA AA TFA AA FA AA TFA AA
P . 12 2 10 3 6 3 3 3 6 u0) 16 4 51 15
ersonal @57y (100)  (90.9) (100)  (60)  (75)  (42.9)  (75) (61.5)  (80) (61.5) (75)
Work 1 4 1 4 1 7 1 9 1 25 4
or 7.1) (40) (25 (57.1) (25) (467) (50) (34.6) (20) (30.1)  (20)
Social 1 1 2
ocla (7.1) 9.1) (2.4)
o 2 1 1 3
Scientific (133)  (50) (3.9) (3.6) 1(5)
Total 14 2 11 3 10 4 7 4 15 2 26 5 83 20
ot (100)  (100) (100)  (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)  (100)

Note. FA: Formation activities; AA: Assessment activities.

4. Conclusions

When analyzing formative and evaluative activities with statistical graphs and consid-
ering the units of analysis, the following conclusions can be drawn:

In terms of the types of graphs used, there is a predominance of bar charts, similar
to what was found in the work of [49] for formative activities and [50] for evaluative
activities. Additionally, these results align with studies on activity analysis in textbooks for
countries such as Argentina [46], Peru [47], and Costa Rica [48]. It is worth noting that in
some courses, there is a lack of work with the statistical representations recommended by
MINEDUC for teaching and assessment purposes, such as the absence of bar charts in the
fifth grade course and pictograms in the fourth grade course. Therefore, it is recommended
to integrate these types of representations to ensure consistency between MINEDUC
guidelines and rural multigrade Chilean textbooks, implying that it is necessary to update
the textbooks analyzed so that they do not generate confusion and hinder the learning of
Chilean students.

Regarding reading levels, the predominant level is level 4, in contrast to [49], which
focused on level 2 for formative activities. This implies that current rural education
textbooks aim to encourage students to reflect on data collection, context, methods of
representation, and the conclusions drawn, as opposed to older textbooks that emphasize
algorithmic work. Interestingly, there is a lack of level 4 reading questions in evaluative
activities, even though it is the most frequent level in formative activities. This absence is
also observed in [50], indicating no significant changes in the way activities involving
statistical graphs are evaluated in terms of reading levels. Level 2 reading activities
are predominant, similar to [50], suggesting a lack of consistency in the way statistical
graphs are taught and assessed from one class to another. Therefore, it is recommended to
incorporate evaluative activities with a level 4 reading requirement, in order to develop
critical thinking in students, focusing especially on decision making, allowing them to have
a better understanding of statistical concepts and their link with everyday life. Finally,
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there is a lack of both formative and evaluative activities requiring a level 3 reading. This
means that elementary school students do not make predictions based on data presented in
statistical graphs as part of their learning process. Given its importance, it is recommended
to incorporate this level into both types of activities (formative and assessment activities),
those that include activities to identify patterns, trends, and others that require techniques
to interpret data, which allows understanding real-world situations related to statistical
graphics. In terms of semiotic complexity levels, level 3 predominates, similar to [49]
for formative activities and [50] for evaluative activities in previous rural textbooks and
international research [46—48]. This indicates that most graphs focus on data distribution.
However, unlike previous textbooks [49,50], semiotic level 4 is used for stem-and-leaf plots
and dot plots, implying the representation of more than one data distribution. This level
was previously only evident in the double bar chart. In addition, it is worth mentioning the
importance of graphs where frequencies are not presented and which appear scarcely in the
textbooks analyzed, which allow us to work on the idea of variables, observe relationships
between data, trends or patterns, which are relevant aspects to be able to interpret the data.

The most frequently required task is calculation, which aligns with the findings
of [49,50]. This means that, in the analyzed activities, despite level 4 reading being the
most common, simple calculations are notably included to obtain information within the
various activities. Therefore, it is essential to develop evaluative activities that require
different types of tasks, which allow students to have a better understanding of reading
and construction of statistical graphs and, thus, to guide the teaching process.

Regarding the context of the data, personal context predominates, similar to [49].
However, there is a decrease in the inclusion of social context in the analyzed activities,
with it even being absent in evaluative activities. Therefore, it is recommended to integrate
this type of context, as it is essential for students to be aware of social situations in which
they are involved, whether at a local, regional, or national level. Likewise, focusing on the
situations in the context closest to the students is beneficial for their learning. However, it is
necessary to balance the variation of the other contexts, allowing an integral development
and increasing their understanding of reality given the applicability of statistics in the
different areas of knowledge.

Based on the above study, it is suggested that a future projection could involve com-
paring formative and evaluative activities between rural and urban schools using these
units of analysis to identify differences and similarities, with the purpose of evidencing
if the textbooks and curricular guidelines consider the reality of each type of school in an
adequate manner, and to observe that the activities with statistical graphics are presented
in an equitable manner in relation to their demand and quantity.

Although this research declares novel and relevant information from the analysis
of all the latest textbooks proposed for Chilean rural education, this study is limited to
the description of the most relevant units of analysis, and future complementary research
should use others for a more exhaustive analysis. Another limitation is that, although
this study involves all Chilean rural education, the results are not extrapolable to urban
education because they have different textbooks. Therefore, another project is to make a
comparison between the formative and evaluative activities proposed in rural and urban
schools to show differences and similarities.
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