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FROM A SOURCE OF REAL DATA TO A BRIEF NEWS REPORT: INTRODUCING
FIRST YEAR PRE-SERVICE TEACHERS TO THE BASIC CYCLE OF LEARNING
FROM DATA

Francisca M. Ubilla and Ntria Gorgorid
Department of Didactics of Mathematics
Autonomous University of Barcelona, Catalonia, Spain
francisca.manriquez@e-campus.uab.cat

Statistical data is used in the media and on online platforms, often with an interpretation that serves
some commercial or political purpose. Primary pre-service teachers must be able to understand
statistical data and analyze it critically. Only in this way will they be able to contribute as future
teachers to the development of a critical spirit in the community. We present the process of
construction on a teacher-training program of an activity for first-year students (aged 19) based on
data published by Eurostat. The activity, structured around the basic cycle of learning from data,
provided real data on different topics in the form of tables, graphs and infographics, and its final
goal required students to generate a brief news report based on what they had learned from the data.
Finally, we note that this activity can be used at various levels, from secondary education to the
introductory tertiary.

Keyword: Teaching statistics, pre-service teachers, statistical sense, the basic cycle of learning from
data, real data.

INTRODUCTION

The role of data-based information in the teaching and learning of statistics has changed rapidly over
the years. Future teachers will have to teach statistics in a different way to how they learned it. For
this reason, those responsible for initial teacher training ask themselves what skills future primary
teachers need to develop in this changing world of statistical education. The American Statistical
Association (ASA), through the document Statistical Education of Teachers (SET), suggests that
courses for future primary teachers include activities that they will use with their students in the
future [4]. In particular, they propose the development of educational experiences that involve
formulating questions, collecting and analyzing data, and interpreting results.

We started from the idea that it is not enough for future teachers to be statistically literate. They must
also to be able to reason and think statistically in order to develop statistical literacy in their future
students. Along these lines, we venture that the development of statistical sense in future primary
teachers will help them to better cope with both their role as members of the community and as the
community’s future educators. In this text, we present the fundamentals and design of a classroom
activity based on three pillars: a) real data from Eurostat (the Statistical Office of the European
Union); b) the words associated with evaluating statistical literacy, reasoning and thinking presented
in [9]; and c) the basic cycle of learning from data presented in [10] within the framework of the
IDSSP (International Data Science in Schools Project).

The activity drew on Eurostat data about different topics such as satisfaction with life, education,
work, family, habits and health. The data was presented to the students in tables, charts and
infographics. The activity was used to guide them in the development of the basic cycle of learning
from data. Taking into account that an important activity in the cycle is the communication of new
ideas and results, we required first year students (19 years old) enrolled in a teacher-training program
to formulate questions that could be answered using the data packages they had been given and
generate a brief news report based on the results obtained from their data analysis.

In this article we present the fundamentals and construction of the activity and describe the cycle of
learning from data of two working groups and the news reports they wrote. The activity proved to
be rich in results and possibilities; it enabled future teachers to mobilize not only their statistical
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knowledge but also their own interpretation of statistics learning and their disposition towards the
said discipline. We conclude that real, meaningful data can be useful for teaching and learning
statistics, from the secondary to the introductory tertiary levels.

RATIONALE

We interpret statistical sense as the interaction between the skills known as statistical literacy,
thinking and reasoning [13]. It seems indisputable that teachers should be statistically literate, i.e.
capable of critically interpreting and evaluating statistical information, as well as discussing or
communicating their reactions to this information [6]. Statistical thinking can help them to make
informed decisions about which statistical procedures to use when solving problems [9]. Future
teachers would also be expected to have a grasp of statistical reasoning, being able to explain why
certain results emerge or why certain statistical concepts are used [3].

Although statistical sense suggests an interaction between the concepts of statistical literacy,
reasoning and thinking, [9] places them in a hierarchal order, with statistical thinking on a higher
level. Furthermore, they suggest a list of words that can be associated with the tasks used to evaluate
these three skills. Figure 1 shows the words and the hierarchy put forward by these authors.

FIGURE 1 Typical words associated with different assessment items or tasks [9]. Diagram
prepared by the authors

This list of words or actions not only enables the generation of evaluative instances, but also the
design of classroom activities where students have to deal with problems at different levels. The
ARTIST Project (Assessment Resource Tools for Improving Statistical Thinking) offers a collection
of activities for the assessment of statistical literacy, reasoning and thinking in students from different
disciplines [8]. The assessment activities in the ARTIST project are classified according to the
underlying skill (statistical literacy, reasoning and/or thinking) and the statistical content to be
assessed. The activities in the ARTIST project inspired the learning activity that we carried out with
our students.

On the other hand, [12] states that statistical education presents three challenges related to a) the
purpose - getting students to see why data is important for understanding the world, who uses it and
how; b) motivation - getting students interested in statistical concepts and procedures; c) skill transfer
- ensuring that students are able to apply what they have learned in their activity in the workplace or
in their community activities, drawing on their knowledge to form opinions from the information
that reaches them through the media. Given these goals and also the goal of the development of
statistical sense in future primary teachers, there emerges a challenge for teacher educators: to
generate educational instances that make this possible.

DESIGN OF THE ACTIVITY

When designing a classroom activity to promote the development of statistical sense, it should be
born in mind that problem solving as a basis for statistical education has been studied for over two
decades. Thus, [2] describes statistics as the process of learning from data and proposes three
components for this process: (1) data preparation, which includes the planning, collection,
organization and validation, (2) analysis of the data using models, and (3) the presentation of the data
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in writing, with the aid of graphics or other resources. On similar lines, [14] presents a conceptual
framework that describes statistical thinking on the basis of a study in which they interviewed
statistics students. One of the elements that these authors suggest as part of statistical thinking, based
on [11] is the investigative cycle, known as PPDAC (problem, plan, data, analysis, conclusions),
which includes the five steps that reflect the participants’ way of thinking and acting during the
development of a statistical investigation. A decade later, [1] suggested adding two more components
to the process described by [2] completing it with the formulation of a problem that can be solved
by statistics and research through the interaction between observation, experimentation and theory.

Recently, the International Data Science in Schools Project generated a framework with guidelines
for the organization of introductory courses on statistics, both in the last levels of compulsory
education and the first courses of the various university careers where statistics is taught. Given that
our research was carried out with first-year students pursuing a primary education teaching degree
and in view of our interest in starting from real data, we found the idea of the cycle of learning from
data [10], which follows the line of studies described in the previous paragraphs, particularly

interesting (see Figure 2).
Getting
the data \

Exploring
the data
Problem elicitation
and formulation
Analyzing
the data

Communicating
the resuv
FIGURE 2 The basic cycle of learning from data [10] (p. 8)

This structure facilitates the development of classroom activities that incorporate the use of real data.
In particular, and as suggested in [7], it can foster an understanding of information on demographic
trends, thus fitting in with our purpose. Therefore, the construction of our activity was based on two
ideas taken from statistical education research: the basic cycle of learning from data [10] and the
words/actions associated with tasks used to assess statistical literacy, reasoning and thinking [9].

The design of our activity drew on the basic cycle of learning from data [10], but with the students
starting with second-order data from an existing database, Eurostat. We gave each of the work groups
(3/4 students per group) a dossier with eleven steps or tasks to carry out, which served to assist the
students from the first reading of the data to the writing of the news report. Figure 3 illustrates the
steps involved in the activity.
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ACTIVITY: FROM A DATABASE TO A BRIEF NEWS REPORT

1. Approach
Discuss the data in the table and the graphics you have been provided with. What do they
refer to? What do they suggest to you?

2. |dentification of variables
What variables can you identify in the table and graphs? What are the values of the variables?
What kind of variables are they? Why?

3. Topic
Establish four topics that you can work on with the data provided. Choose one to work on
during practice and justify your choice.

4. Questions
From the chosen topic, make a list of questions that can be answered with the data. Choose
one (or more than one) that goes beyond a direct reading of the data. Justify your choice.

5. Plan
How will you approach the process to answer the guestion asked? Make a list of the steps
you are going to follow, detailing the necessary actions in each step.

6. Data
indicate the variables you will use to answer your question and how they will help answer it.
If you need a new variable, introduce it, define it and indicate what values it has.

7. Analysis
Explain your calculations and why you did them. Draw the necessary graphics and explain
why you chose this type of representation.

8. Results
Write out the partial results of the various steps you took until you found the answer to the
guestion you asked.

5. Conclusions
Interpret the results obtained and write out the conclusions of your research, thus answering
the question asked.

10. Reflection
Reflect on the development of the process. Identify strengths and weaknesses and
suggestions for improvement.

11. News
In the seminar you have to present a news report linked to your practice work. The news
report must include a headline, subtitle, basic ideas box, photographs and accompanying
graphics.

FIGURE 3 Activity: From a database to a brief news report

Table 1 shows the way in which each one of the steps or tasks involved in the activity that we gave
the students was related to the activities in the basic cycle of learning from data and to the words

associated with the development of statistical literacy (SL), reasoning (SR) and thinking (ST).

The basic cycle of
learning from data

Tasks of the activity From a database to a
brief news report

Words/actions associated
with SLRT (see Figure 1)

Problem elicitation and
Sformulation

Tasks 1 and 2 seek an approach to the
context.

SL: describe / read

Tasks 3 and 4 seek to define a topic of
interest, as well as the problems to be
solved based on the data.

SL: identify, describe

ST: evaluate a
problem

Getting the data

None: The students already have the data

Exploring the data

Task 5 aims for students to prepare an
action plan to solve the problem posed.

SR: explain how
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e Task 6 aims for students to identify the
variables to be used to answer the SL: identify, describe
question.

SL: identify, read,

describe, compute,
e Tasks 7 and 8 seek to analyze the data translate

Analyzing the data provided by using statistical concepts and SR: explain wh
procedures. - explain why.
ST: evaluate the use
of concepts
e Tasks 9 and 10 seck the generation of | ¢y . interpret
Communicating the results, conclusions and hypotheses, and _ .
results reflection on the process developed. SR: explain why and how

ST: criticize,

e Task 11 aims to communicate their .
evaluate, generalize.

conclusions through a news report.

TABLE 1  Correspondence between the tasks of the basic cycle of learning from data, the tasks involved
in the activity, and the words associated with statistical sense

It should be pointed out that there is an essential difference between the tasks in the activity given to
our students and those suggested by the basic cycle of learning from data. In our proposal there are
none that correspond to the getting the data task in the basic cycle. There are two reasons for this
decision. First, we think it is essential that our students are capable of working with data from a real
context if they are to teach statistics in a meaningful way. On the other hand, in previous editions of
the course we had asked the students that they pose their research question themselves and build their
own data collection instrument to work with the data they obtained. However, the poor quality of
this data made it impossible to address in depth the following stages of the basic cycle of learning
from data.

Thus, when the activity From a database to a brief news report was handed to the students it was
accompanied by a data package consisting of tables, graphs, and infographics. This data came from
a study titled “La vida de las mujeres y los hombres en Europa” (“The Lives of Women and Men in
Europe”), that compared different aspects of the everyday lives of men and women in Europe based
on Eurostat data and carried out by the National Statistics Institute of Spain (INE). The graphics and
infographics were obtained from the online publication of the INE study
(https://www.ine.es/prodyser/myhuel7/index.html), while the data tables were downloaded from the
Eurostat website and adapted for the students. The different work teams chose one of the following
four topics: a) life satisfaction, b) education and work, ¢) work and family, d) habits and health.

We provided a variety of information for each topic, even running the risk that the students might
feel overwhelmed by the vast amount on receiving it. Our intention was to present the topics broadly
to the students so that the data would suggest multiple problems for solution. In this way we
encouraged everyone to identify thought-provoking questions. Also, when addressing their problem
they were able to look for information complementary to that provided if they considered it
necessary, with the only requirement being that they had to cite the data source and justify why they
considered it a reliable source.

We delivered the data through tables, graphs and infographics so that the students would learn to
understand and become familiar with different ways of representing and communicating information.
If they were to advance in the development of statistical sense, it was necessary for them to learn to
interpret these types of representations, since these are the ways in which the data appears in the
media. Furthermore, as future teachers, they must be able to generate educational instances and
manage activities based on different data formats. For example, infographics have a notable presence
in educational materials in primary education due to their visual format. Their visual load and the
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apparent ease with which they are read also made them attractive to our students. On the other hand,
as future teachers they must know how to use them and understand the advantages and limitations
of their use.

Since the examples presented below are related to the “education and work” topic, here we show part
of the information referring to this topic that appeared in the data tables and in the graphs and
infographics. In this way, the groups that developed this topic had at their disposal data tables that
presented, for the EU and its different member countries: population by gender, Gross Domestic
Product per capita, and region (Figure 4); percentage of population aged 25 to 64 by highest
educational qualifications achieved and percentage of active population unemployed (by age bracket:
15 to 24 and 25 to 74 years old) (Figure 5); population by age bracket (15 to 24 and 25 to 64 years
old) and active population in thousands by age bracket (15 to 24 and 25 to 64 years old) (Figure 6).

248,232,994 260,307,109
5,524,068 5,713,206 118 1
3,502,015 3,700,183 a7 4
5,176,927 5,361,348 87 4
2,811,014 2,848,701 127 2
39,835,457 41,362,080 124 3
614,704 700,166 76 2
2,313,342 2,364,285 178 2
5,268,390 5,589,628 69 3
22,826,546 23,623,019 a1 3

* Gross domestic product {GDP) is a measure of economic activity. It is defined as the value of all goods and services
produced less the value of any goods ar services used in their creation. The volume of GDP per inhabitant in Purchasing
Power Standards [PPS} is expressed in relation to the European Unian [EU2E) with the average set to equal 100. If the index
of & country is higher than 100, this country’s level of GDP per inhabitant is higher than the EU average and vice versa. PPS
{EU2E) = 100

** 1 = Western Europe; 2 = Northern Europe; 3 = Southern Europe; 4 = Eastern Europe

FIGURE 4 A part of the table that, for the different countries, presented population by gender, GDP per
capita, and European region

i 231 23.0 47.9 44.5 28.9 32.5 211 18.5 81 85
Beigium (B! 257 241 40.1 35.0 34.2 40.8 23.8 20.0 1.8 6.8
: : 183 17.2 60.0 45.0 21.7 33.8 212 223 9.0 1.7
recl wi 5.0 8.2 73.1 67.8 21.5 24.1 113 14.4 3.7 5.5
Denmark (D 20.7 17.9 45.9 39.4 334 42.7 11.6 10.0 4.9 5.8
BTG ' 121 149 56.5 59.8 313 25.2 7.9 E.5 4.7 4.0
Estonia (El 14.4 1.5 56.3 44.4 29.3 48.1 13.8 12.2 5.5 5.6
Ireland 21.7 15.6 37.4 35.3 40.9 49.1 23.6 16.3 9.1 7.9
El 298 26.6 41.7 41.5 285 319 452 55.0) 204 27.2

ES 44.3 39.1 227 22.5 33.0 384 48.6 48.0) 18.8 21.8

* Less than primary, primary and lower secondary, * Higher secondary and non-tertiary post secondary. ? Short tertiary education
program, first degree, master's degree, doctorate.

FIGURE 5 A part of the table that showed population aged 25 to 64 by gender and by highest educational
qualifications achieved in the different countries and percentage of active population unemployed (by gender
and by age bracket: 15 to 24 and 25 to 74 years old)
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29,116,411 27,757,839 137,451,938 138,899,428| 12,404 10437|115,692| 99,350

Balgium (B 672,737 651,219 2,996,105 2,975,523 219 176| 2,421 2,105
Bulgaria (E 370,080 348,193 2,035,811 2,009,589 110 72| 1,634] 1,460
echia (CZ) 556,198 530,874 3,021,239] 2,948,513 204 142| 2696 2,159

Denmark (D 373,323 356621 1465571 1,450,424 228 221] 1272 1138
ermany (O 4,452,557| 4,200,559| 22,515,527 22,253,460| 2,192] 1,902| 19,734| 17,289
Eston 72,372 68,398 351,518 366,275 31 25 307 291
aland [IE] 290,959| 279537 1.230,529] 1,270,335 146 125/ 1,060 889
566,197 546583 2889773 3,008474 148 131| 2473 198

: 2,289,512| 2,183,083| 13,205,411| 13,130,466 831 723| 11401 9812

* The active population is defined as the sum of the employed population and the population in
search of work [unemployed)

FIGURE 6 A part of the table that presented population by gender and by age bracket (15 to 24 and 25 to
64 years old) in the different countries and active population in thousands by gender and by age bracket (15
to 24 and 25 to 64 years old)

Those who worked on the “education and work” topic were also given a double bar graph showing
by gender the age of entry into working life in the various EU countries (Figure 7); an infographic
showing the gender pay gap (Figure 8); and a stacked bar graph presenting the distribution of
managerial positions between men and women (Figure 9).

1 9 | ‘R me
w i l | a0 B [ | ' ‘al
L | N B | ! ]
8 I B | B i B | I | 1 I
| | 11 1 _|
I h | i a8 i il
o 2 B 5 8N 2 = 2 5 0 8 N . ..
L mOEL By @ S RO ES HR PL OB 5| FT M OHU O¥ W

H 3 B ES BN BN B OB EE
T E EE Y MY AT B S UX DE DX ML

2 ] - ] )

| i B
& women Mm  Men 00©00

FIGURE 7 Bar graph showing the mean age of entry into working life by gender in the various EU
countries
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FIGURE 8 Infographic showing the gender pay gap in the various EU countries
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Finland
Romania
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Belgium
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Data from 2016

FIGURE 9 Bar graph showing the distribution of managerial positions between men and women in the
various EU countries

DEVELOPMENT OF THE ACTIVITY

We carried out this activity in two class groups with a total of 134 first-year students (19 years old)
pursuing a primary education teaching degree at the Autonomous University of Barcelona (UAB).
The participants’ initial knowledge of statistics depended on their previous education, which, after
compulsory secondary education, may have consisted of either post-compulsory education aimed at
preparing for university or occupational training. Therefore, we could only assume that their common
knowledge of statistics was what they had studied up to the end of compulsory secondary education
(16 years old). The prescribed syllabus for this educational stage consists of the following: design of
statistical studies; samples; experimental randomness; discrete and continuous variables; data tables;
ordinary and accumulated, absolute and relative frequencies; graphs: bar, line and sector graphs,
histograms, boxplots and point clouds; classes and intervals, histograms and frequency polygons;
point clouds and regression lines; measures of centralization, dispersion and position.

The activity was included in the subject of Mathematics for Teachers and implemented during the
six ninety-minute sessions devoted to the study of statistics. Each class group worked with its regular
teacher — in fact the second author of the article was the teacher of one of the groups while the first
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author acted as a participating observer. In the first session, the teacher worked with the students on
a data table where they identified variables and classified them according to their type. This was
followed by a discussion about what information could be obtained from reading the table, and
different types of statistical graphs were analyzed, including their construction and interpretation.
During sessions 2, 3 and 4, the students formed 34 working groups of three or four members. They
themselves freely defined the composition of the groups, most of the time formed simply by affinity.
The majority of the groups were made up of women only, given their majority presence on the teacher
training programs (82%). Each group chose one of the topics presented and developed the activity
proposed in Figure 3. During sessions 5 and 6, the processes followed and the difficulties
encountered were shared and each group presented a news report generated by the activity.

Given that the two groups of students each worked with their teacher, minimum objectives and
assessment criteria were agreed upon for each task. In this way, a blueprint for action was drawn up
(see Figure 10), which the teachers took with them to the classroom as a reminder of the agreements
made.
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\ MY ROLE AS A TEACHER IS TO |
| VALUE THEIR WORK ‘
‘.. ASSIST STUDENTS IN | WHEN
rRefem'ng to the headings of at least one table and the legend A
Describing the information provided by graphs, tables or title of at least one graph or infographic.
Tasks and infographics. | | Identifying at least two quantitative and qualitative variables
1&2 Identifying statistical variables present in graphs, tables | | and giving meaning to their values.
and infographics. Attributing meaning to numerical values that appear in

\_tables, graphs, and infographics.

( The question(s) posed isfare related to the chosen topic

PROBLEM ELICITATION
AND FORMULATION

Tasks Proposing a topic according to the data provided. and can be resolved with the data provided.
3&4 Asking research questions that can be answered with Using the ideas of the “relationship between X and Y™,
the data provided. “X conditions Y", dependence between two variables
|| andsoon. )
E Task Explaining how they will answer the research question. | WA S0k 1 et :ﬂeps s o
= 5 | | answer the research question.
O < \ 7 J
g g ; _
oA ’
E..] Task Identifying the statistical variables to be used to answer | | Identifying and selecting those variables that will
Eé 6 the research question. || enable them to answer their research question.
.‘/.Using statistical measures according to the type of B

Using numerical and graphical representations to variable and calculating them.

=< ropresent data, Usin, hical representations according to the
i:: Tasks Explaining why they choose the representations they [ st atis%isa::]il:;ariablcfmp ressited and grapl?ing fhe it
2 T&8 i . and the statistical measures.
= /| Assessing the relevance of a representation to a data Justifying their use of statistical measures and/or
g i / \_graphs or infographics.
é /" Drawin g conclusions to answer the questions posed. \
A Interpreting the statistical means calculated and the Show‘mg they ane avese of the reasons why some
j Task S questions may ha.vc been left wlvm. .
5 S L ; g | | Avoiding expressions that establish causality or
9 Making inferences about possible explanations of the ; J it ;
; relationship when these conditions do not exist.
sl oblaiadl Deriving the conclusions from the results obtained and
\_not from personal interpretations of the context. K
f 4 }
Evaluating the developed process by identifying Identifying strong and weak points in the developed
Ef' Task weaknesses and strengths. || process.
S 10 Criticizing the developed process and proposing Coming up with ways to improve the activity in case
E improvements if the activity needs redeveloping. they need to tackle it again.
E / “The news report presented:
| Has a title and aspect that can grab the reader’s attention.
] Contains a suggestive caption and image linked to the
E topic at hand.
i;:‘ 4 The topic presented is based on the study under
S Task Communicating their results and conclusions through | deveh?mem wittigil beifig a oLt ki ’ ?
% 1 a brief news report. Presenlmg some of ﬂlEl results obtained using descriptors
of the statistics (essentially frequency and/or measures of
é centralization).
) At least one table and graph or infographic is used to
& support the news story.

| Writing the news report — especially as regards syntax and |
" \_correct spelling. /

A

FIGURE 10  Teacher’s blueprint for action in relation to the goals and assessment criteria of the tasks

The proposed activity was not intended to be an exercise in the application of ideas previously
exposed by the teachers. Rather we wanted it to focus on the development of a project. To bring into
line the teachers’ idiosyncrasies when managing the development of the activity, and with the idea
that the students’ questions would lead to a dialogue that would help them resolve their doubts, three
basic strategies for the management of student demands were agreed upon. First, when students
raised doubts about concepts or calculations, they were advised to search the Internet. The teacher
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helped them if they had difficulties understanding the information they found. Second, when an error
was observed in the interpretation of a concept, they were asked questions that led them to examine
their error. And the third agreed strategy was to suggest that they should simplify the problem when
they had difficulties dealing with it or had made mistakes in interpreting the information. For
example, given the error of calculating the mean age of the inhabitants of a country by adding the
mean age of women and the mean age of men together and dividing the total by two, it was suggested
that they think of a country with a population distribution similar to the class group. Those who still
had trouble understanding this line of reasoning were invited to invent a country with twelve women
and two men, in which the women were all very old.

EXAMPLES OF BASIC CYCLES OF LEARNING FROM DATA

Working with the dossiers handed in by the groups at the end of the activity, we studied the basic
cycle of learning from data as followed by the different teams. Figures 11 and 12 present a summary
of the cycle followed by two of the groups, the first consisting of three women and the second, three
men. In these figures, we summarize what the students did in each of the activities in the cycle and
illustrate it with a unit of meaning from the text of the dossier they handed in.

It is important to remember that in the cycles developed by our students, there was no getting the
data stage. Rather, they started directly on the task of approximation to the data and problem
elicitation, in contrast to the cycle defined in [10] (p. 8). The reason for this was that in the task we
gave the students, we delivered a data package at the beginning and asked them to use this package
to decide what questions they could formulate to obtain an answer from the data. Furthermore, as
indicated in Figure 3, we added an activity of reflection about the process to the basic cycle of
learning, which also appears in Figures 11 and 12.
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REFLECTIONS ABOUT THE PROCESS
" It would be interesting to be able to
compare the data with other countries
that do not belong to the European
Union in order to develop a worldwide

study.

COMMUNICATING THE RESULTS

/ They answer the questions:

[ - The distribution of management |
positions is not equitable, because on
studying the relationship between the
active population and those in
managerial positions, many more
men than women are found in these
positions.

- Gender discrimination is not directly
related to the level of poverty in each

@untry.
K ANALYZING THE DATA

ﬁhey generate new data tables and\
build new charts.

i

¥

ONLY 33% OF MANAGEMENT
POSITIONS ARE OCCUPIED BY
WOMEN,

Wi gt oot

dihitsnhihd

EUROPE IS UNEQUAL:

tics

APPROXIMATION TO THE DATA

. 5
| Lo

Bar graph: mean age of entry into working life by
gender

At first glance it can already be seen
that it is men who start working at a

v

younger age.

AN

THE PAY
GAPIS A
SOCIAL
PROBLEM:

PROBLEM EL[sﬂTION AND
FORMUMhDN
Topic:
Gender discrimination in
employment.
Questions asked:
Can we find gender discrimination
in European management?
Is gender discrimination directly
linked to the poorest countries?/

/

EXPLORING THE DATA

They define variables and
establish what type they are.

N

Women managers and GDP

o

FIGURE 11

Group 1 — basic cycle of learning from data
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APPROXIMATION TO THE DATA _
REFLECTION ABOUT THE PROCESS e esistneaot !

{ (Cadrm gt mose s g \
[

/" In order to improve our results and thus L. -E I
be able to fully verify them, in future —— s
research we could try to analyze the Infographic: the gender pay gap
same issue with all the countries of the In the second graph we observe a
European Union. In this way we would slit-shaped arrangement that
L {ﬂ obtain more accurate data. expresses the gender pay gap.
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PROBLEM ELICI ATION AND
FORMULA ION

e

Distribution of management
positions by gender.
Question asked:

What trends do we observe when
comparing higher education levels

between the level of studies and
management positions, in which
countries the difference by gender
is greater or less.
- The European Union is immersed
in huge inequality that fosters
gender differences, since only
where twice as many women have
the same quaf{ﬁcatfons as men and management positions in EU
women have the possibility of | countries where the difference by
\ occupying some kind of .\ gender is larger, smaller and )
\managerial position. /

similar? | .
\/_ ANALYZING THE DATA 3
‘t\ They calculate the percentage of \\ EXPLORING THE DATA

managers by gender in the total
active population.

Eieus { Doy

They define variables and

establish their type.
Lo

\ /
i o

FIGURE 12 Group 2 — basic cycle of learning from data

EXAMPLES OF NEWS REPORTS

Below, we present the news generated by Group 1 (Figure 13) and Group 2 (Figure 14) with which
they concluded the written part of the activity they were to deliver. Then, in the following class
sessions, the working groups presented their news report to the rest of the class and their presentation
and the documents handed in were discussed to strengthen the statistical concepts involved.



Page 15 of 32

EUROPE IS UNEQUAL:

ONLY 33% OF MANAGEMENT
POSITIONS ARE OCCUPIED BY
WOMEN.

The data proves this. Although the European Union is

based on democratic principles of equality, in reality we

still find many differences between men and women.

In Europe, most managerial positions are occupied by

men.
Specifically, only 33% of these
jobs are done by women. It is
therefore an aspect controlled
by men, where there is a glass
ceiling that hinders women’s
access to certain positions.
Furthermore, this difference
does not depend on the L
economic level of the country.

There is discrimination in all the European Union
countries and the differences do not depend on the
countries’ economies.

As can be seen in the graph, the number of female

it

managers is unrelated to each country's GDP. In Europe

there are more economically advanced countries, but in
some of them we still find social problems such as gender
discrimination in management positions. This is the case
in Luxembourg. Thus, the most developed countries, with
the highest GDP, cannot lay claim to a more egalitarian

society.

Women managers and GDP

Teaching Statistics

THE PAY
GAPISA
SOCIAL
PROBLEM:

Studies show that
the pay gap does
not depend on the
economic level of
a country, but
rather it is a social
phenomenon
present
throughout
Europe.

In addition to the differences identified in management positions, it was
found that the pay gap in Europe is also a social problem present in all
countries, regardless of their economic level. it can be deduced that thisisa
social problem rooted in the Western society we live in. Women's wages do
not vary according to the country's economic level, but rather they depend
on social aspects linked to the ideologies and thinking of society.

Countries and PIB: % gender gap

FIGURE 13 The brief news report prepared by Group 1

BY MEN!

// Le Journal Frangais //

management.

In France, parallel to the European
average, 67% of the senior
management positions are
occupied by men. However, among
the country's active population, we
find that men double women when
it comes to management (4.43%
men vs. 2.2% women).

Percentage of managers in the workforce

SOME 67% OF THE EU IS MANAGED

04/03/2019

+ However, in 27 of the 28 EU countries, there are significantly
more women with higher education qualifications.
+ France, the 14th country with the most inequality in

We are talking about huge inequality in one of the key EU
countries. France is in 14th place on the list of the most unequal
European countries, well below Latvia, the European country with
the greatest equality between men and women.

In Latvia, out of the total
active population, we find
managers of both genders
make up over 4%. There is
a hided explanation. In
Latvia, the number of
women with higher
education

qualifications almost doubles the number of men. Can we then
continue talking about equality if, to achieve it, twice the number of
graduates in a country have to be women?

This is only the most extreme case in a EU where only in
Luxembourg (one country out of 28) are there more male
than female university graduates. However, this is precisely
the country with the highest gender inequality in
management positions (18% women vs. 82% men).

Therefore, the European

Union is immersed in OTHER NEWS REPORTS
conditions of great inequality| Did you know ... only 10% of
that foster gender difference | managers of large European
when it comes to higher companies are women?

management positions

Only in countries where twice as many women have the
highest gualifications are, they more likely to obtain
management positions. So here we are only speaking
about increasing the numbers, but in no way positively
increasing equality.
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FIGURE 14 The brief news report prepared by Group 2
DISCUSSION AND CONCLUSIONS

One of the responsibilities of future primary teachers is to help develop a critical spirit in the
community to contend with the current information circulating in the world and, in particular, to
contribute to make their future students statistically literate. Therefore, future primary teachers must
have a knowledge of statistics that goes beyond the statistics they learned as schoolchildren, which
was limited to calculations and the application of formulas with little point to them. We believe that
future teachers, in addition to being statistically literate, must be able to reason and think statistically.
The use of real data in the activity enabled them to develop basic cycles of learning from data and
give meaning to the study of statistics.

Furthermore, it made them aware of the possibility of working with real data, offering them an
opportunity to discuss social issues, as suggested in [7]. In view of the challenges for statistical
education posed in [12], the examples given above show us how students can find a purpose, by
asking questions and through the need to use data to answer them. In addition, many of the students
commented in the reflection section on the need for other data to expand the study, something that
illustrates their motivation to continue researching into the issue. On the other hand, the development
of a news report requires the ability to select information, as well as understanding the structure of a
news report, skills that they learned in other subjects on the course, this being an example of skill
transfer. We see, therefore, that the type of task presented can constitute a first step towards the
production of classroom activities that address the three challenges of statistical education advocated
in [12].

The activity that we gave our students promoted the development of their statistical sense, understood
as an amalgam of statistical literacy, reasoning and thinking [13]. As regards statistical literacy [6],
we observed that they were able to read and interpret graphs and tables, identify variables, calculate
statistics and construct graphical representations. Furthermore, given that they had to write a report
and a news report, we saw them advance in the development of language skills. We verified their
statistical reasoning when identifying variables and representing them and when they had to choose
which representations to use to present their results. Evidence of their statistical thinking was
provided by their ability to generate research questions and answer them using the data at hand, by
the basic cycle of learning from data that they completed, and by the news reports. The news reports
also showed us that they were able to integrate statistical knowledge and context when interpreting
the data, being critical of the conclusions obtained.

However, the activity was a struggle at some points, both for the students and the teachers. Some
students were disconcerted by this new way of approaching statistics, especially as it was the first
block on a course where they were asked to work with new teaching methodologies. As for the
teachers, they found the lack of time available for the development of the statistics block on the
course rather frustrating. In a scenario with more time available, we would suggest working on each
of the parts of the activity by following the phases thinking - peer feedback - expert feedback, as
suggested by [5] for the development of a project.

Regarding the difficulties with the content, the identification of variables in tables and graphs was a
challenge for the students because they found it difficult to make sense of the already processed
information that appeared in many of the tables. Therefore, in a future edition of the course we would
spend more time discussing what types of data should appear in the tables and identifying variables
and values in tables and graphs. Regarding the type of research questions they asked, we observed
that they mainly posed questions that needed to be answered with a description or by establishing a
relationship between two or more variables. In addition, we observed in their conclusions that they
frequently established cause-effect relationships regardless of the need to validate them statistically,
only relying on “everyday common sense”, and even including their own beliefs about the topic at
hand. Consequently, we now insist in our teaching on the need to distinguish between descriptive
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statistics and inferential statistics and address the lack of validity of interpretations guided only by
common sense.

All said and done, this type of activity promotes the development of statistical sense [13] in future
primary teachers, thus enhancing their role as critical and informed members of the community, as
well as their future role as educators of critical, informed citizens. This concurs with the structure set
out in the SET document [4] for the teaching of future primary teachers through the incorporation of
real data about topics of interests to them, data that may come from any reliable database, from
agencies or institutions. For example, Procivic Statistics (https://iase-web.org/islp/pes/) is a good
resource for working with real data. And in the current context of a pandemic, both the World Health
Organization and the agencies responsible for monitoring SARS-CoV-2 disease around the world
databases (in Spain, https://cnecovid.isciii.es/) provide access to databases that could be interesting
for statistical work in context. Finally, we would like to point out that this type of activity not only
makes sense during initial teacher training but can be carried over to the last years of secondary
school and the introductory tertiary in many subject areas, especially the social sciences.
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Typical words associated with different assessment items or tasks [6]. Diagram prepared by the authors.
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Getting

the data
Exploring
the data

Problem elicitation
and formulation

Analyzing
the data

Communicating
the results

The basic cycle of learning from data [7] (p. 8)
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ACTIVITY: FROM A DATABASE TO A BRIEF NEWS REPORT

1. Approach
Discuss the data in the table and the graphics you have been provided with. What do they
refer to? What do they suggest to you?

2. Identification of variables
What variables can you identify in the table and graphs? What are the values of the variables?
What kind of variables are they? Why?

3. Topic
Establish four topics that you can work on with the data provided. Choose one to work on
during practice and justify your choice.

4. Questions
From the chosen topic, make a list of questions that can be answered with the data. Choose
one {or more than one) that goes beyond a direct reading of the data. Justify your choice.

5. Plan
How will you approach the process to answer the question asked? Make a list of the steps
you are going to follow, detailing the necessary actions in each step.

6. Data
Indicate the variables you will use to answer your question and how they will help answer it.
If you need a new variable, introduce it, define it and indicate what values it has.

7. Analysis
Explain your calculations and why you did them. Draw the necessary graphics and explain
why you chose this type of representation.

8. Results
Write out the partial results of the various steps you took until you found the answer to the
question you asked.

9. Conclusions
Interpret the results obtained and write out the conclusions of your research, thus answering
the question asked.

10. Reflection
Reflect on the development of the process. Identify strengths and weaknesses and
suggestions for improvement.

11. News
In the seminar you have to present a news report linked to your practice work. The news
report must include a headline, subtitle, basic ideas box, photographs and accompanying
graphics.

Activity: From a database to a brief news report
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. Popu ation - GDP per
GEO/SEX Men Women capita in
European Union (EU) 248,232,994 260,307,109 PSS* Region**
Belgium (BE) 5,524,068 5,713,206 118
Bulgaria (BG) 3,502,015 3,700,183 47
Czechia (CZ) 5,176,927 5,361,348 87
Denmark (DK) 2,811,014 2,848,701 127
Germany (DE) 39,835,457 41,362,080 124
Estonia (EE) 614,704 700,166 76
Ireland (IE) 2,313,342 2,364,285 178
Greece (EL) 5,268,390 5,589,628 69
Spain (ES) 22,826,546 23,623,019 91

W W NN PR NGBS

* Gross domestic product (GDP) is a measure of economic activity. It is defined as the value of all goods and services
produced less the value of any goods or services used in their creation. The volume of GDP per inhabitant in Purchasing
Power Standards (PPS) is expressed in relation to the European Union (EU28) with the average set to equal 100. If the index
of a country is higher than 100, this country's level of GDP per inhabitant is higher than the EU average and vice versa. PPS
(EU28) = 100

** 1 = Western Europe; 2 = Northern Europe; 3 = Southern Europe; 4 = Eastern Europe

A part of the table that, for the different countries, presented population by gender; GDP per capita, and
European region
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Highest educational qualifications in the population aged 25  Active population unemployed
to 64 years old (%) (%)
15to 24 years 25 to 74 years
pulsory*  Tertiary education® old old

A

European
Union (EU)
Belgium (BE)

Bulgaria (BG)
Czechia (CZ)
Denmark (DK)
Germany (DE)
Estonia (EE)
Ireland (IE)
Greece (EL)
Spain (ES)

1 Less than primary, primary and lower secondary. 2 Higher secondary and non-tertiary post secondary. ? Short tertiary education
program, first degree, master’s degree, doctorate.

A part of the table that showed population aged 25 to 64 by gender and by highest educational qualifications
achieved in the different countries; and percentage of active population unemployed (by gender and by age
bracket: 15 to 24 and 25 to 74 years old)
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D 24 yea DId D b4 yea Dld 0 4 yea old D b4 years old
o Men | Women Men Women | Men | Women | Men | Women
29,116,411| 27,757,839/ 137,451,938| 138,899,428 12,404 10,437[115,692| 99,350

672,737| 651,219| 2,996,105 2,975,523 219 176| 2,421| 2,105

a (B 370,080] 348,193 2,035,811] 2,009,589 110 72| 1,634] 1,460

echia (C2 556,198| 530,874| 3,021,239 2,948,513 204 142| 2,696| 2,159
Denmark (D 373,323| 356,621| 1,465,571 1,450,424 228 221 1,272 1,138
armany (D 4,452,557| 4,200,559| 22,515,527| 22,253,460 2,192 1,902| 19,734| 17,289
onia 72,372 68,398 351,518 366,275 31 25 307 291
and 290,959 279,537| 1,230,529 1,270,335 146 125 1,060 889
eece 566,197| 546,583| 2,889,773| 3,008,474 148 131| 2,473 1,986
pa 2,289,512| 2,183,083 13,205,411| 13,130,466 831 723| 11,401 9,812

* The active population is defined as the sum of the employed population and the population in
search of work (unemployed)

A part of the table that presented population by gender and by age bracket (15 to 24 and 25 to 64 years
old) in the different countries; and active population in thousands by gender and by age bracket (15 to 24
and 25 to 64 years old)
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i
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Bar graph showing the mean age of entry into working life by gender in the various EU countries
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Mon-EU countries; grey

Infographic showing the gender pay gap in the various EU countries
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0% 2% 50% 75% 100%
Data from 2016

Bar graph showing the distribution of managerial positions between men and women in the various EU
countries
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MY ROLE AS ATEACHER IS TO |
VALUE THEIR WORK ]
ASSIST STUDENTS IN WHEN
"/Refelring to the headings of at least one table and the legend i
Describing the infc ion provided by graphs, tables or title of at lcast one graph or infographic.
Tasks and infographics. Identifying at least two quantitative and qualitative variables
1&2 Identifying statistical variables present in graphs, tables || and giving meaning to their values.

and infagﬂphicsA | Attributing meaning to numerical values that appear in
| \_tables, graphs, and infographics.

The question(s) posed is/are related to the chosen topic

PROBLEM ELICITATION
AND FORMULATION

Proposing a topic ling to the data provided and can be resolved with the data provided.
Asking h ions that can be | with Using the ideas of the “relationship between X and Y™,
the data provided. “X conditions Y, depend: between two vari
| and so on. )
- 4

Task i - , < Writing a list of coherent steps that show the way to
p ‘ Explaining how they will answer the research question. | tha question.

ifying the statistical vari tobeused to answer | | Identifying and sclecting those variables that will
the research question. || enable them to answer their research question.

EXPLORING THE
DATA
1

/ Using statistical measures according to the type of o

Using - ioal aeud graphical rop s 0 variable and calculating them.
= i A ! | | Using graphical rep i ding to the
g Tasks plaining why they choose the representations they | istical variables rep d and graphing the data
o 7&8 il the rel £ i onto 8 dii and the statistical measures.
& set gthe otarep 0 adata Justifying their use of statistical measures and/or
S : _graphs or infographics.
é -/meing lusions to answer the ions posed.
S . - o Showing they are aware of the reasons why some
'ii Task hs used e meeas suid e questions may have been left unresolved.
Z| e boit psiible siplinaioactihe 1| /Avolding ions that establish causality or
< mlmg biained. a ¥ o relationship when these conditions do not exist.
e Deriving the conclusions from the results obtained and
_hot from personal interpretations of the context. /
ol ™\
Evaluating the developed process by identifying Identifying strong and weak points in the developed
7 weaknesses and strengths. | | process.
5 Criticizing the developed process and proposing || Coming up with ways to improve the activity in case
’5 improvements if the activity needs redeveloping. they need to tackle it again.
7\ /
E . //“i;hc news report presented: \‘\\
Has a title and aspect that can grab the reader’s attention. \
¢} Contains a suggestive caption and image linked to the
topic at hand.
é The topic presented is based on the study under
Q st : - development without being a report of it.
Communicating their results and conclusions through 5 z " 2
0 brief news repart. | P‘r_v:enrmg_ some of &e_ results obum:&inuiw; descnpmrsf
0l statistics ‘or 0!
centralization).
) At least one table and graph or infographic is used to
O support the news story.

. Writing the news report — especially as regards syntax and )
. correct spelling. /

Teacher’s blueprint for action in relation to the goals and assessment criteria of the tasks
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APPROXIMATION TO THE DATA
™

REFLECTIONS ABOUT THE PROCESS / "
/" It would be interesting to be able to i | |""I “I""""”“""“
compare the data with other countries NI
that dO not be!ong to the Eumpean Bar graph: mean age of entry into working life by
ender
Union in order to develop a worldwide s

At first glance it can already be seen
. study. that it is men who start working at a

ﬂ 1 younger age.

COMMUNICATING THE RESULTS EH'R;EZE::}::E&?AL
/ They answer the questions: \\ POSITIONS ARE OCCUPIED BY
- The distribution of management

THE PAY
GAPISA
SOCIAL
PROBLEM:

PROBLEM ELICITATION AND

positions is not equitable, because on FORMli'LA 10N
studying the relationship between the Topic:

active population and those in Gender discrimination in
managerial positions, many more employment.

Questions asked:
Can we find gender discrimination
in European management?
Is gender discrimination directly
linked to the poorest countries?

L

ANALYZING THE DATA J

They generate new data tables and EXPLORING THE DATA
build new charts. ‘

il e

men than women are found in these
positions.

- Gender discrimination is not directly
related to the level of poverty in each
country. /

—

bl

They define variables and
establish what type they are.

k Women managers and GDP

Group 1 - basic cycle of learning from data
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APPROXIMATION TO THE DATA

REFLECTION ABOUT THE PROCESS /

In order to improve our results and thus
be able to fully verify them, in future ==

[ ——
(G panen e b oy

research we could try to analyze the Infographic: the gender pay gap
same issue with all the countries of the In the second graph we observe a
European Union. In this way we would slit-shaped arrangement that
obtain more accurate data. \//‘ expresses the gender pay gap.
\ /
COMMUNICATING THE RESULTS \_
R Es = o
They answer the queStlonS: | SOME 67% OF THE EU IS MANAGED i
- We have seen a relationship I | e
between the level of studies and PROBLEM EL[Ch’AﬂON AND
management positions, in which 3 FORMULA\'\'FDN
countries the difference by gender Topic:

is greater or less.
- The European Union is immersed
in huge inequality that fosters
gender differences, since only
where twice as many women have
the same qualifications as men
women have the possibility of EE T
occupying some kind of
wgnagenai position.

ANALYZING THE DATA
‘t They calculate the percentage of \\

Distribution of management
positions by gender.
Question asked:

What trends do we observe when
comparing higher education levels
and management pasitions in EU
countries where the difference by
gender is larger, smaller and

similar? g S

EXPLORING AATA

managers by gender in the total
active population.

Chieain ] Gktien

They define variables and

establish their type. ‘

s -4

Group 2 - basic cycle of learning from data
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EUROPE IS UNEQUAL:

ONLY 33% OF MANAGEMENT
POSITIONS ARE OCCUPIED BY
WOMEN.

The data proves this. Although the European Union is
based on democratic principles of equality, in reality we
still find many differences between men and women.
In Europe, most managerial positions are occupied by

£

jobs are done by women. It is
therefore an aspect controlled
by men, where there is a glass
ceiling that hinders women’s
access to certain positions.
Furthermore, this difference
does not depend on the y y
economic level of the country. N =

Specifically, only 33% of these

There is discrimination in all the European Union
countries and the differences do not depend on the
countries’ economies.

As can be seen in the graph, the number of female
managers is unrelated to each country's GDP. In Europe
there are more economically advanced countries, but in
some of them we still find social problems such as gender
discrimination in i This is the case
in Luxembourg. Thus, the most developed countries, with
the highest GDP, cannot lay claim to a more egalitarian
society.

Women managers and GDP

Teaching Statistics

In addition to the differences i ified in it was
found that the pay gap in Europe is also a social problem present in all

i dless of their ic level. It can be deduced that thisisa
social problem rooted in the Western society we live in. Women's wages do
not vary according to the country's economic level, but rather they depend
on social aspects linked to the ideologies and thinking of society.

THE PAY
GAPISA
SOCIAL
PROBLEM:

Studies show that
the pay gap does
not depend on the
economic level of
a country, but
rather it is a social .
phenomenon
present
throughout
Europe.

Countries and PIB: % gender gap

The brief news report prepared by Group 1
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SOME 67% OF THE EU IS MANAGED
BY MEN!

// Le Journal Frangais // 04/03/2019

- However, in 27 of the 28 EU countries, there are significantly
more women with higher education qualifications.

- France, the 14th country with the most inequality in
management.

In France, parallel to the European

average, 67% of the senior

management positions are

occupied by men. However, among

the country's active population, we

find that men double women when

it comes to management (4.43% o

men vs. 2.2% women).

We are talking about huge inequality in one of the key EU

countries. France is in 14th place on the list of the most unequal

European countries, well below Latvia, the European country with

the greatest equality between men and women.

In Latvia, out of the total

active population, we find

managers of both genders

make up over 4%. There is
a hided explanation. In

I Latvia, the number of
women with higher
education

qualifications almost doubles the number of men. Can we then

continue talking about equality if, to achieve it, twice the number of

graduates in a country have to be women?

Percentage of managers in the workforce

This is only the most extreme case in a EU where only in
Luxembourg (one country out of 28) are there more male
than female university graduates. However, this is precisely
the country with the highest gender inequality in
management positions (18% women vs. 82% men).

Therefore, the European

Union is immersed in ‘ OTHER NEWS REPORTS
conditions of great inequality Did you know ... only 10% of
that foster gender difference | managers of large European
when it comes to higher companies are women?

management positions

Only in countries where twice as many women have the
highest qualifications are, they more likely to obtain
management positions. So here we are only speaking
about increasing the numbers, but in no way positively

increasing equality.

The brief news report prepared by Group 2
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