Entry for 1st European Contest of Mathematics Teaching Actions.
Title of the TEACHMATH Action.
Probabilistic Learning Activities Network – http://www.planetqhe.com
Name of the authors or coordinator. Teams will state the names of all of the members.
David Kay Harris

Name of the educational institution where the author(s) works. If the TEACHMATH Action has been the object of an experience in an educational institution and if this institution is not the same as the former, the name of the later will be stated.
I work at the International School of Toulouse. This project was conceived as part of my studies as an M Ed student at the Graduate School of Education at The University of Bristol, England.

Academic level of the students to whom the TEACHMATH Action is addressed, with specification of this level within the education system of the country or region. Special characteristics of the pupils (v. gr.: immigrant, special needs students, etc.) and other aspects concerning the TEACHMATH Action will be specified/explained, if relevant.
Addressed to students following the International Baccalaureate (IB) Diploma, although parts of the Action can be adapted for younger high school students.

Reflection on the mathematical content from a didactical point of view  which might focus in epistemology, history, social issues, etc.
Many would agree that the basic elements of Geometry are points and lines, and those of algebra are numbers. The basic elements of probability are events. Probability is unique as a focus of mathematical study in that it seeks to make sense of a world of random events that are unpredictable and irreversible; computers are ideal tools for the simulation of these events.

Shaugnessy 
(1993) wrote; "Students need to be actively involved in both statistical investigations and probability experiments. A straight lecture approach to probability and statistics is highly inappropriate for our students” This is one response to the huge weight of literature pointing to the difficulties that students of all levels and backgrounds have in learning and understanding the mathematical methods of probability - the subject abounds with counter-intuitive results and cognitive biases. It is counter-intuitive that the lottery selection 1,2,3,4,5,6 is as probable as a more ‘representative’ selection such as 7,15,23,27,31,45 for example. Yet this illusion can be illuminated by application of routine high school mathematics. 

The temptation to resort to a lecture mode of teaching is strong when the teacher expects the student to be able to answer questions such as "You choose the name of a girl from a bag containing 10 girls names and 5 boys names written on pieces of paper. You throw away the paper and choose another from the bag. What is the probability that it is the name of a girl?" But to do so would restrict the learning experience to the thin end of the wedge – fraction forming- and miss the fascinating challenge that the world of random behaviour presents the mathematician. Planetqhe.com aims to give the teacher and student opportunities to understand probability at a deeper level than would be possible without active involvement in probability experiments. 
PLANETQHE stands for Probabilistic Learning Activities NETwork – Question Hypothesis Experiment. This teaching style, described by Hatano and Inagaki 
(1987), in Brown and Campione (1990:115) is as follows;
Students are given a problem with three or four alternative answers. the alternatives include some choices based on common misconceptions or 'bugs'. Students make independent choices, and consider alternatives in whole class discussions. They may change their choices. Finally, students' choices are tested by observing an experiment: After presenting the problem, the teacher's role is to act as a neutral chairperson; the students take control of the discussion and experimentation." Hatano and Inagaki claim that "Peer interaction, or dialogical interaction in general...invites students to 'commit' themselves to some ideas by asking them to state their ideas to others, thereby placing the issue in question in their domains of interest. In addition, the social setting makes the enterprise of comprehension more meaningful." (p115)

With this framework in mind, I created a series of probability simulations to address these didactic themes;

To make a bridge between the experience of collecting (large) amounts of random data and its analysis, and in so doing, help the students gain confidence and ownership of the probability measures they assign to these questions.

To raise awareness amongst (my) students of the counter-intuitive nature of many probability results and to use this fact to motivate the study of the various mathematical methods that I teach them.

To enhance (my) teaching of probability by adopting a more authentic and meaningful domain of study by using technology to simulate random events.

A list of goals/objectives to be reached. They must be explained linked to more general curricula.

Applications of; Union and Intersection of events. complementary events. conditional probability, Bayes Theorem, Use of Venn diagrams, trees and tables to solve problems. Discrete probability distributions, The binomial distribution and counting methods. (All these goals come from IB Higher Level Mathematics curriculum. They include all the objectives of Maths Studies and Maths Methods)

Compare experimental and theoretical probabilities in a range of contexts, appreciating the difference between mathematical explanation and experimental evidence. (National curriculum of England and Wales, Year 9)

This project also intends to work towards meeting these aims of the International Baccalaureate Organisation Group 5 (Mathematics) subjects;

“Develop logical, critical and creative thinking in Mathematics”

“Develop patience and persistence in problem-solving”

“Have an enhanced awareness of, and utilize the potential of, technological developments in a variety of mathematical contexts”

To meet these curriculum objectives, the site is organised into the sections;

Random Behaviour, Experimental vs. Theoretical probability, Compound Events I, Compound Events II, Expectations and Distributions, Probability in the ‘real world’ – Web Links.
Description of the used materials, availability, and classification according to the process followed (v. gr.: initial assessment, classroom presentation, homework, group work, final assessment, etc.)
Each lesson consists of a question and a simulation. 

Put the question to the class and ask the students to individually make their initial hypotheses. 

Then ask each student for their response and collate their answers on the board. This gives the impetus for an initial discussion in which opposing views can be explored and compared. 

Then ask students to run the simulation and collect data, perhaps finding the mean, median and standard deviation or an experimental probability so that their results can be compared with their colleagues. A further discussion can take place and the students can be encouraged to try to find the theoretical probability that answers the question. 

It is often appropriate to ask students to complete this part for homework and/or prepare a presentation for to give in the next lesson. I have attached a sample where a student prepared a powerpoint presentation of her solution to one question.

In case that the TEACHMATH Action has been the object of an experience, description of the TEACHMATH Action as it developed in the time, including classroom management, the use of materials, decisions taken by teachers after partial assessments, assessment, etc; including assesment of reached (or unreached) goals specification achieved (or non / under-achieved) goals, samples of students work, including students comments and proposals for improvement.

Planetqhe is a work in progress. I am currently researching the influence it has on my students’ attitudes towards the study of probability; their constructs of relevance and the qualities of their involvement in particular. I have piloted its use in my own classroom and aim to submit my findings towards my M Ed dissertation in September 2003. Some comments from my students follow;

Student 1; with the game that we did to day, that’s like a real life situation, so you kind of know why you’re doing it, you know.  It’s not just like 2 plus 2 equals 4 and you don’t know why, something like that.  

Student 2; Well I enjoyed these math lessons a lot more than usual because they were interactive, we were doing things to test the maths, and also although normally I wouldn’t see how probability is that useful, these experiments showed me that they can be applied to certain parts of life.  

Student 2; well it was probably more satisfying because you’d seen it from the beginning and you’d worked it out almost on your own.  

Student 3; Um, first of all it becomes frustrating but you try and work around the problem and just take your opinion out of the equation, work out the maths.  It’s difficult to do and if you still come up with the maths that doesn’t agree with your opinion afterwards, after you’ve tried another solution then you really become frustrated, but not just frustrated, you become intrigued to find out the real answer at the end of it.  

Student 4; And it just made me want to figure it out more I’d say, I wanted to know what the actual answer was and why it was like that.

Student 5; You feel relieved that you’ve actually finished the problem because it’s taken you a long time to do and you feel quite pleased with yourself, I mean managing to solve a problem like that is quite impressive.  

Student 6; Well they were similar because we were trying to solve a problem that … well a fictional problem that had been made up, but that actually had a reason that we needed to solve it.  And although it wasn’t actually real or wasn’t going to happen, we had a motivation and a reason for solving them.  

These comments are part of the reason why I feel confident that this project is beginning to enhance my teaching of probability. I have enjoyed the lessons in which I have used the Question Hypothesis Experiment paradigm. 

In the long term, I would like to aim to phase the use of this site into other classes in the 11-16 age group and also, for IB students, to integrate the site more closely with the Theory of Knowledge course. I have started this process myself, touching on cognitive illusions and counter-intuitive probability results when I am teaching symbolic logic and how to recognise valid arguments. There is a brief reading section in planetqhe where students have contributed some of their own anecdotes relating to probability. I feel that this could be a powerful way to enhance the project because it would help the goal of placing probability in a domain of discourse and debate rather than purely calculation – which is exactly where most students (and teachers?) expect it to be. I may extend this idea to a writing competition based on probability for all students.

I also have more work to do on extending the idea of the essential questions as overall linking themes. Navigation and searchability have to be upgraded as well.

Advice for implementation of the TEACHMATH Action. 

As with any new teaching initiative, thorough preparation is essential – especially if you have planned in advance enough to book a computer lab. Make sure you have checked the lab’s machines for compatibility with Java and Microsoft Excel. Further, ensure that the random number generating add-in is installed, as described in the tech help section. You should also make sure that you have tried out the simulations for yourself. 

Ensure that the students know how to calculate mean, median, mode, standard deviation, box and whisker etc. I have also found it best to teach the basics of probability theory before and during using planetqhe; complementary events, venn diagrams, compound events – the intersection and union of events – tree diagrams and tables. All these skills can be useful in the write-up of each question. Your students could use a template to present their work, perhaps under the headings Question, Hypothesis, Experimental Data, then Theoretical Result, in which they write a ‘proof’ of the theoretical result. The attached powerpoint presentation has an example of this strategy.

I have found that a concrete experience is the best way to start the discourse. For example use dice to run the Chevalier de Mere experiment a few times at the start of that lesson. Or ask the class their birthdays at the start of either of the birthday problem lessons. I created a cardboard set of three doors to introduce the monty hall problem.

You may want to prepare students for these sessions by telling them that it is ok to discuss and share methods across groups; in fact they are encouraged and expected to do so. These are not problems where they can seek the answer in the back of their textbook – in fact planetqhe deliberately avoids giving answers. 

Make sure that you are clear on how each student will record and share their data collection – by floppy disc? Email? Network?
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