Lots of Marbles – A Probability Investigation
I have a bag of marbles. The bag contains only red and blue marbles. I draw two marbles from the bag, one after the other. Is it more likely that the marbles are different colours or the same colour?
This probably feels like a question that you cannot answer, but probability can play tricks with our intuition. There is actually quite a lot you can say about this particular scenario! 
To make sure that you understand the question, let us imagine that we know exactly how many of each type of marble are in the bag and work out the probabilities. Let us say we have eight red marbles and fourteen blue marbles.
A good way to calculate probabilities in this case is to draw a tree diagram.
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Using this tree diagram, we can show that the probability that the two marbles are the same colour is equal to:
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In this scenario, it appears that it is slightly more likely that the two selected marbles will be the same colour.
1. Make sure that you understand how the tree diagram above has been calculated and how we have found the final probability. You will need to repeat this calculation many times to understand the problem.
2. Show that if you have twelve red and fifteen blue marbles in the bag, the probability that the two selected marbles are the same colour is approximately 0.487.
Once you have completed this exercise, you will be ready to investigate what is happening in more detail!

3. Work with a friend, or a small group, to determine the probability that the two marbles will be the same colour for as many scenarios as possible. You might like to collect your results in a table like this one.
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4. Are there any patterns you can use to fill in the table with less work?
5. Are there any tools you can use to help you build the table?
Use the information you have collected to decide whether it is more likely to draw two marbles of the same colour or different colours. Make sure that write down any assumptions you have made.
6. If I tell you that there are between 2 and 100 red marbles and between 2 and 100 blue marbles in the bag, is it more likely to draw two matching marbles or two different marbles?
Extension Questions
7. If each of the combinations in question 6 are equally likely to occur, what is the probability that you will have two matching marbles?

Exactly 50:50
In your table, you should have noticed that there were a few times when the probability of getting two matching marbles was exactly 0.5. One of these was when you have 6 red marbles and 10 blue. We are going to investigate these cases.
8. Given that I have 10 blue marbles, there is another number of red marbles that produces a probability of exactly 0.5. Find the second number of red marbles.
The numbers of red and blue marbles that produce probabilities of exactly 50% follow a specific pattern.
9. If you have 66 red marbles, there are two numbers of blue marbles which produce probabilities of exactly 50%. Use any suitable technique to determine the two numbers of blue marbles.

10. Describe the pattern in the numbers of marbles that produce probabilities of exactly 50%


Solutions
Most answers to the questions asked can be seen in this Excel Spreadsheet (double click to view in Excel).


4.	The table is symmetrical. The entry for 4 red and 5 blue is the same as for 5 red and 4 blue.
5.	The use of a spreadsheet is recommended.
6.	In the spreadsheet above, you can clearly see that there are far more possibilities where it is more likely to draw two matching marbles.
7.	The average of all entries in the above spreadsheet is 0.598. This is the expected value for the probability.
8.	15 red marbles.
9.	If you have 66 red marbles, you can have 55 or 78 blue marbles and have an exactly 50% chance of drawing matching marbles.
10.	The number of red and blue marbles must be consecutive triangular numbers.
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		94		0.959		0.939		0.921		0.903		0.886		0.870		0.854		0.839		0.824		0.811		0.797		0.785		0.772		0.760		0.749		0.738		0.728		0.718		0.708		0.699		0.690		0.681		0.673		0.665		0.658		0.650		0.643		0.637		0.630		0.624		0.618		0.612		0.607		0.602		0.596		0.592		0.587		0.582		0.578		0.574		0.570		0.566		0.562		0.559		0.556		0.552		0.549		0.546		0.544		0.541		0.538		0.536		0.533		0.531		0.529		0.527		0.525		0.523		0.521		0.520		0.518		0.516		0.515		0.514		0.512		0.511		0.510		0.509		0.508		0.507		0.506		0.505		0.504		0.503		0.503		0.502		0.501		0.501		0.500		0.500		0.499		0.499		0.499		0.498		0.498		0.498		0.498		0.498		0.498		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.498		0.498		0.498

		95		0.959		0.940		0.922		0.904		0.887		0.871		0.855		0.840		0.826		0.812		0.799		0.786		0.774		0.762		0.751		0.740		0.730		0.720		0.710		0.701		0.692		0.683		0.675		0.667		0.660		0.652		0.645		0.639		0.632		0.626		0.620		0.614		0.609		0.603		0.598		0.593		0.589		0.584		0.580		0.576		0.572		0.568		0.564		0.561		0.557		0.554		0.551		0.548		0.545		0.542		0.540		0.537		0.535		0.532		0.530		0.528		0.526		0.524		0.522		0.521		0.519		0.517		0.516		0.515		0.513		0.512		0.511		0.510		0.508		0.507		0.507		0.506		0.505		0.504		0.503		0.503		0.502		0.501		0.501		0.500		0.500		0.499		0.499		0.499		0.498		0.498		0.498		0.498		0.498		0.498		0.497		0.497		0.497		0.497		0.497		0.497		0.498		0.498		0.498

		96		0.960		0.941		0.922		0.905		0.888		0.872		0.857		0.842		0.827		0.814		0.801		0.788		0.776		0.764		0.753		0.742		0.732		0.722		0.712		0.703		0.694		0.686		0.677		0.669		0.662		0.655		0.648		0.641		0.634		0.628		0.622		0.616		0.611		0.605		0.600		0.595		0.591		0.586		0.582		0.578		0.573		0.570		0.566		0.562		0.559		0.556		0.552		0.549		0.547		0.544		0.541		0.539		0.536		0.534		0.532		0.529		0.527		0.525		0.524		0.522		0.520		0.519		0.517		0.516		0.514		0.513		0.512		0.510		0.509		0.508		0.507		0.506		0.505		0.505		0.504		0.503		0.502		0.502		0.501		0.501		0.500		0.500		0.499		0.499		0.499		0.498		0.498		0.498		0.498		0.498		0.498		0.497		0.497		0.497		0.497		0.497		0.497		0.498		0.498

		97		0.960		0.941		0.923		0.906		0.889		0.873		0.858		0.843		0.829		0.815		0.802		0.790		0.778		0.766		0.755		0.744		0.734		0.724		0.714		0.705		0.696		0.688		0.679		0.671		0.664		0.657		0.650		0.643		0.636		0.630		0.624		0.618		0.613		0.607		0.602		0.597		0.592		0.588		0.584		0.579		0.575		0.571		0.568		0.564		0.561		0.557		0.554		0.551		0.548		0.545		0.543		0.540		0.537		0.535		0.533		0.531		0.529		0.527		0.525		0.523		0.521		0.520		0.518		0.517		0.515		0.514		0.512		0.511		0.510		0.509		0.508		0.507		0.506		0.505		0.505		0.504		0.503		0.502		0.502		0.501		0.501		0.500		0.500		0.499		0.499		0.499		0.498		0.498		0.498		0.498		0.498		0.498		0.497		0.497		0.497		0.497		0.497		0.497		0.498

		98		0.960		0.942		0.924		0.907		0.890		0.874		0.859		0.844		0.830		0.817		0.804		0.791		0.779		0.768		0.757		0.746		0.736		0.726		0.716		0.707		0.698		0.690		0.681		0.673		0.666		0.659		0.652		0.645		0.638		0.632		0.626		0.620		0.615		0.609		0.604		0.599		0.594		0.590		0.585		0.581		0.577		0.573		0.569		0.566		0.562		0.559		0.556		0.553		0.550		0.547		0.544		0.541		0.539		0.536		0.534		0.532		0.530		0.528		0.526		0.524		0.522		0.521		0.519		0.518		0.516		0.515		0.513		0.512		0.511		0.510		0.509		0.508		0.507		0.506		0.505		0.504		0.504		0.503		0.502		0.502		0.501		0.501		0.500		0.500		0.499		0.499		0.499		0.498		0.498		0.498		0.498		0.498		0.498		0.498		0.497		0.497		0.497		0.497		0.498

		99		0.961		0.942		0.925		0.908		0.891		0.875		0.860		0.846		0.832		0.818		0.805		0.793		0.781		0.769		0.758		0.748		0.737		0.728		0.718		0.709		0.700		0.692		0.683		0.675		0.668		0.661		0.654		0.647		0.640		0.634		0.628		0.622		0.617		0.611		0.606		0.601		0.596		0.592		0.587		0.583		0.579		0.575		0.571		0.567		0.564		0.560		0.557		0.554		0.551		0.548		0.545		0.543		0.540		0.538		0.535		0.533		0.531		0.529		0.527		0.525		0.523		0.522		0.520		0.519		0.517		0.516		0.514		0.513		0.512		0.511		0.510		0.509		0.508		0.507		0.506		0.505		0.504		0.504		0.503		0.502		0.502		0.501		0.501		0.500		0.500		0.499		0.499		0.499		0.498		0.498		0.498		0.498		0.498		0.498		0.498		0.497		0.497		0.497		0.497

		100		0.961		0.943		0.925		0.908		0.892		0.877		0.862		0.847		0.833		0.820		0.807		0.795		0.783		0.771		0.760		0.749		0.739		0.729		0.720		0.711		0.702		0.693		0.685		0.677		0.670		0.663		0.656		0.649		0.642		0.636		0.630		0.624		0.618		0.613		0.608		0.603		0.598		0.593		0.589		0.585		0.580		0.576		0.573		0.569		0.565		0.562		0.559		0.556		0.553		0.550		0.547		0.544		0.542		0.539		0.537		0.535		0.532		0.530		0.528		0.526		0.525		0.523		0.521		0.520		0.518		0.517		0.515		0.514		0.513		0.512		0.510		0.509		0.508		0.507		0.506		0.506		0.505		0.504		0.503		0.503		0.502		0.502		0.501		0.501		0.500		0.500		0.499		0.499		0.499		0.498		0.498		0.498		0.498		0.498		0.498		0.498		0.498		0.497		0.497






