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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 



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 



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). 

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.



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)

Tasks 1 and 2 seek an approach to the 
context.

SL: describe / read
Problem elicitation and 
formulation 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



Task 6 aims for students to identify the 
variables to be used to answer the 
question.

SL: identify, describe

Analyzing the data Tasks 7 and 8 seek to analyze the data 
provided by using statistical concepts and 
procedures.

SL: identify, read, 
describe, compute, 
translate

SR: explain why.

ST: evaluate the use 
of concepts

Communicating the 
results

Tasks 9 and 10 seek the generation of 
results, conclusions and hypotheses, and 
reflection on the process developed. 

Task 11 aims to communicate their 
conclusions through a news report.

   SL: interpret

SR: explain why and how 

ST: criticize, 
evaluate, generalize.

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/myhue17/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, c) 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 



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).

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

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)



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).

FIGURE 7   Bar graph showing the mean age of entry into working life by gender in the various EU 
countries



 

FIGURE 8    Infographic showing the gender pay gap in the various EU countries



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 



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.



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 



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.



FIGURE 11    Group 1 – basic cycle of learning from data



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.



FIGURE 13    The brief news report prepared by Group 1 



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 



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/pcs/) 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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