Caterina Primi 
  
Aisling Leavy 
  
Pedro Arteaga 
  
Daniel Frischemeier 
  
Orlando González 
  
Sibel Kazak 
  
In 
  
la diffusion de documents scientifiques

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction to the work of TWG5: Probability and Statistics Education

Introduction to the work of TWG5: Probability and Statistics Education

Leaders:

Introduction

The working group gathered 42 participants from 20 countries. 27 papers and 9 posters were accepted. In the first session after the organising team presentation we explained the three Cs of CERME, introduced the aims of the conference and of our TWG. In order to create a collaborative atmosphere, that would support the discussions and feedback over the following days, we started with an ice-breaker activity involving all the participants in a "Bingo" game". Through this activity participants got to know their TG5 colleagues in a low stakes and collaborative context. Following this, the participants were asked to introduce themselves and their expectations for the working group and the conference. Among the expectations communicated were: to receive constructive feedback on their work, to gather new ideas, to get informed and updated on new trends in statistics and probability education, to get better acquainted with emerging research from other countries and develop possible collaborations and networking opportunities.

Participants were introduced to the three subthemes identified as emerging across all submissions. In particular, submissions focused on "Teacher education", "Reasoning about data" and "Statistical and Probabilistic Thinking and Reasoning". However, we remarked that there was some overlap and similarities across subthemes: submissions on Teacher education also focus on subtheme 2 (Reasoning about data) or on subtheme 3 (Statistical and Probabilistic Thinking and Reasoning). Additionally subthemes 2 and 3 are not seen in a disjoint way -which means, in both subthemes 2 and 3 we can of course also find submissions with connections between the "data world" and the "probability world". Following this, participants were split into groups and each group discussed these subthemes. As part of these discussions, the co-leaders introduced and discussed several questions for the discussion in all subthemes during the sessions across the days to follow:

• What experiences can we provide to promote and develop learners understanding when reasoning about data / Statistical and Probabilistic Thinking and Reasoning? • Which (typical) (mis-)conceptions of learners can be identified when reasoning about data / Statistical and Probabilistic Thinking and Reasoning?

• How should tasks and learning environments be designed to enhance reasoning about data / Statistical and Probabilistic Thinking and Reasoning for learners (primary students, high school students, teachers, etc.)? • Which research methods are used / should be used to find about students´ or learners´ reasoning with data / Statistical and Probabilistic Thinking and Reasoning? • How and in which way can we build bridges between data analysis, probability, and inference? Which role does context play? • How and in which ways can the use of digital tools enhance statistical reasoning (reasoning about data and statistical and probability reasoning)? • What about the handling of Big Data in the upcoming Data Science era? How can we (statistics education) profit from the availability of Big and Open Data? Which implications does it have for statistics education?

For all the sessions during the week the participants were split in two groups: TWG5a with Caterina Primi (Leader) and Sibel Kazak and Orlando Rafael Gonzalez (Coleaders) and TWG5b with Aisling Leavy (Leader) and Daniel Frischemeier and Pedro Arteaga (Coleaders).

For each subtheme we organized two sessions managed and chaired by one of the coleaders. We also organized a poster session with all participants (both groups together) where each presenter had 5 minutes to present the poster and the rest of the session had time allocated for the discussion.

The last day we had a culminating session with all participants with the aim being to engage in an in-depth discussion on subthemes and to share the contributions discussed during each session.

Teacher education

From the discussions of various papers addressing pre-and in-service teacher education in our working group, the following ideas and implications emerged, regarding how to prepare teachers to address and foster students' reasoning and thinking about statistics and probability:  to enhance the pedagogical content knowledge facets of statistical knowledge for teaching, and not just focus on the subject matter knowledge facets;  to make teachers familiar with performing statistical tasks and investigations from a procedural, interpretative and contextual perspective, while making connections among fundamental ideas of statistics (e.g., data and randomness), chance, relevant and appealing real-life contexts, software and technology;  to include childhood statistical ideas (both formal and informal) in early years education, and prepare teachers to address and foster them;  to create Professional Learning Communities (i.e., communities of practice within schools and beyond);  to consider the affordances of games, university entrance examination tasks, and real-life problem scenarios as triggers for engaging students in high-quality statistical investigations, grounded on production tasks (as opposed to judgement tasks);

 to develop teachers' statistical reasoning and thinking by engaging them in the interpretation, design, teaching and assessment of stochastical tasks and statistical investigations organized around the three stages of teaching (i.e., lesson design, classroom implementation and reflection);  to develop teachers' assessment skills regarding the most suitable strategies to assess students' statistical reasoning and thinking, in terms of their effectiveness (e.g. peer review among students, projects, written reports);  to raise pre-and in-service teachers' awareness of the importance of providing interdisciplinary experiences to learn statistics (e.g., STEAM);  to raise pre-and in-service teachers' awareness of the importance of providing students with opportunities to work with big data and personalized data; and  to employ qualitative approach (e.g., observations, interviews, analysis of artefacts and final reports), action research, statistical argumentation, and analysis of statistics within social issues as methods to explore teachers statistical and probabilistic knowledge, thinking and reasoning.

Reasoning about data

From the discussions of various papers focusing on the reasoning about data, the following ideas and implications emerged in our working group:

 The Data Science era is emerging: Data are everywhere and the exploration and analysis of Big data and Open data will be a fundamental aspect in reasoning about data. Furthermore, there are other data collection methods which become more relevant (e.g., with Sensors, web scraping, etc.) and which provide new types of data.  The necessity to cooperate with other disciplines like computer science, social science and citizen science is becoming increasingly evident. Especially for Data Science, collaboration with computer science is inevitable.  The use of digital tools when exploring data is fundamental. We need to both consider and make the distinction between educational software tools (like TinkerPlots or Fathom) and professional software tools (like R, Python). Also open source and online tools like Gapminder and CODAP can help develop reasoning about data.  Data competence has to be developed continuously from primary school to adult education. Especially in primary school, data competence and more specifically reasoning about distributions can be enhanced by using pre-formal concepts like modal clumps which offer a pre-stage for the concepts center and spread for example.  The facets data, chance and context are tied strongly together.

Statistical and Probabilistic Thinking and Reasoning

From the discussions of various papers focusing on the statistical and probabilistic thinking and reasoning, the following ideas and implications emerged in our working group:

 The use of context, real problems and visualization tools can support statistical and probabilistic thinking and reasoning in data and chance explorations.

 The focus on interpretation and justification of results is essential to promote statistical and probabilistic thinking and reasoning.  Studies suggest that building on learners' intuitions and emerging conceptions, rather than focusing on their misconceptions, becomes more useful for supporting their thinking and reasoning in data and chance.  The use of real or realistic data can motivate learners to use statistical and probabilistic ideas in their thinking and reasoning.  To move the field forward considering design based research as an additional methodology can inform how to build statistics learning environments that support learners' statistical and probabilistic thinking and reasoning.

Conclusion

The field of statistics and probability education is a fast evolving area and to draw on the words of H.G Wells (cited in Huff, 1954) 'Statistical thinking will one day be as necessary for efficient citizenship as the ability to read and write'. As such, we identified several critical areas of focus for research and practice in statistics and probability education. Firstly, gaining access to the 'big ideas' in statistics and probability is important for effective citizenship. Exposing young children, in the early primary years, to informal ideas of statistics and probability is a critical step in order to develop and lay the foundation upon which formal understandings will be built upon. Related to this is the second recommendation that we establish a trajectory of learning experiences to support the continuous development of statistical and probabilistic reasoning and thinking from early years to adulthood. A guiding signpost for both educators and researchers alike, is provided in the third suggestion, and that is to maintain the important connection between data, chance and context as we move forward in the field. Two emerging areas to keep abreast of as we make advancements are the need to be prepared for Data Science (the implementation of Big Data) and its' implications and also to continue to develop and makes use of appropriate digital tools ( such as Gapminder, CODAP, TinkerPlots, Fathom etc.). Finally, we conclude with a reminder to remain mindful of the need to diversify our research design and approaches to inquiry -incorporating attention to fine-grained studies, eyetracking research, larger cross-comparative studies, experimental design, to name but a few -all in an effort to advance our understandings of the complex and evolving areas of statistics and probability education.