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Abstract

This research focuses on the idea of introducing pupils to randomness in terms of studying, building and sharing models that represent different aspects of the knowledge domain. These models environments we use include programmable ToonTalk microworlds, LEGO robots, and cardboard toys. The use of tangible models allows students to construct and manipulate random variables with their fingers, thereby embodying highly abstract concepts. 

Probability is a young mathematical discipline. Random, one of its basic concepts, is still under debate. One reason for this ambiguity is that mathematical formalizations of randomness are based either on common sense or on ideas derived from different scientific contexts.
Attempts at formalization include notions like: “unpredictability”, “lawlessness”, “incomputability”, “incompressibility”, “indeterminism”, etc. These are not competing notions. Each one characterises one of the key aspects of randomness. The models built, shared and discussed by students are designed to illuminate these various facets.

Randomness plays a key role in some dynamic systems. Modelling such systems provides motivation for using randomness as a system component and a conceptual tool. We have designed activities, and a set of tools to support them, in which students model dynamic systems, specifically ecological systems. This activity also raises specific questions about computer modelling of dynamic systems 

The modelling activity is complemented by collaborative authoring of a WebLabsPedia: an online glossary of terms related to randomness. This verbalization activity aims to help students transform their intuitions into more articulated concepts. 

Here we describe the educational approach and activity sequence that we set up, and provide examples to discuss findings in terms of how the employed technology contributed to reach the individuated educational goals.

Extended abstract

Introduction
Following a socio-cultural perspective, we see artefacts, digital and physical, as embedding knowledge. Our aim is to design and experiment artefacts, to be used as mediators, enhancing the processes of learning concepts of randomness and dynamic systems modelling. The artefacts we have designed includes programmable ToonTalk microworlds, LEGO robots and cardboard toys These artefacts allow pupils to study, build and share models that can mediate different aspects of the knowledge domain.. The use of tangible models allows pupils to physically construct and manipulate random phenomena thereby becoming bodily engaged with phenomena that otherwise are expressed in abstract forms. Hence, a key challenge for us has been to support children in articulating their experiences, through models and in words, so that they can be communicated to others. 

Throughout our research we investigated how the study, construction, and exchange of models in multi-cultural settings contribute to pupils’ learning. In particular, how it may provide new means for children to communicate their knowledge, even though they do not fully share a spoken and written language. 
This paper describes the sequence of activities that we developed, and how the studying, building and sharing of models contributed to pupils developing understandings of concepts of randomness and its relation to dynamic systems modelling. 

Background

Probability is a young mathematical discipline. Random, one of its basic concepts, is still under debate. There is not a universally accepted definition, and questions like the following are still open: What is randomness? What is a random phenomenon? Given a phenomenon how can we judge if it is random or not?

One reason for this ambiguity is that mathematical formalizations of randomness are based either on common sense or on ideas derived from different scientific contexts. Attempts at formalization include notions like: “unpredictability”, “lawlessness”, “incomputability”, “incompressibility”, “indeterminism”, etc. These are not competing notions, instead each characterises the key aspects of randomness. In our research the models built, shared and discussed by pupils are designed to illuminate these various facets.

Randomness plays a key role in many dynamic systems. Therefore, modelling such systems provides a useful starting point for introducing pupils to randomness as a system component and as a conceptual tool. We have designed activities, and accompanying supporting tools, in which students model dynamic systems with random components, specifically ecological systems. The modelling activity is complemented by pupils’ collaborative authoring of a WebLabsPedia: an online glossary of terms related to randomness. This verbalization activity aims to help students transform their intuitions into more articulated concepts. 
Research design

We have iteratively designed and implemented construction tools and an activity sequence for classroom usage. Activities were tested in Italy (23 students, age 12) and Sweden (19 students, age 12). Pupils study and build dynamic models of phenomena, and engage in game like activities where they challenge each other to guess the intention and purposes of each other’s models and the role played by the random components.

The activity sequence is structured in cycles where phenomenological experiences alternate with verbalization activities and social practices. In particular the starting point of each cycle is an experience based activity, e.g. the study or building of a model, and the end point is the editing/updating of a “randomness encyclopaedia”, which is supported through verbalization activities such as class discussions and webreports. Below we present three main cycles that we set up: 

1. Providing pupils with physical experiences concerning randomness. The activities present different situations based on Lego robots that incorporate random elements. The tasks allow pupils to study the phenomenon and discriminate its random components from non random ones.

2. Pupils are presented with a special random generator (the random garden) in ToonTalk, which allows them to modify a sample space and study the resulting extractions. Given a set of extractions, pupils are asked to build a random garden that would produce qualitatively the same results. 

3. Deepening the idea of building models that involve random phenomena. In ToonTalk, and using random garden tools, pupils are allowed to build models representing phenomena from ecological systems, LEGO robots experiments and everyday experiences such as dice throwing. 

Data collection and analysis

Our data includes written protocols, models built by pupils, interviews, webreports and discussions’ transcripts. The data was analysed to assess: learning about the idea of randomness; learning about the idea of modelling; and how the employment of our technology (models, modelling tools, collaboration platform) in a cross-cultural collaborative setting contributed to the educational goals. In particular, we focused on pupils’ ability to decompose complex random phenomena, to detach their random elements, and to employ them as means for building or modifying other models involving random processes. Moreover, the analysis investigated children’s understanding of the idea of representations and their development of meta-cognitive model building practices due to their close connection to the overall learning goals.

In order to study how technology contributed to the educational goals, we focused on how it influenced the ongoing processes of studying/building/sharing models, as well as the ongoing social practices and verbalization activities. In particular we searched for references to the employed technology and to collaboration across sites, to understand how such references contributed to the learning processes.

Results and discussion
Concerning the learning goals related to modelling we found out that shifting between perspectives such as “builder”, “tester”, and “player”, allowed the pupils to foresee and reason about the consequences of particular solutions without having to fully implement them in their models. Moreover, in face-to-face collaboration this provided efficient divisions of labour between the participants. This however, led to different learning trajectories, some oriented towards construction, others towards higher-level analysis. These abilities turned out to have important consequences to the overall goal of learning about randomness. The ability to change standpoints, and to take external standpoints, provided them with insights about the complexity of random phenomena. In particular, it allowed the pupil on the one hand to individuate the random and non-random components of a complex phenomenon and on the other hand to analyse different phenomena by comparing their random components.
