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Objective: To study theoretical probability, empirical probability and trial simulation (Monte Carlo method) in the context of equal-odds dice problems.  
Materials:  A lab worksheet, two 4-colored spinners, labeling stickers and some sample dice and a TI-83 calculator.
For this exercise, we will consider what happens when we re-label the sides of a dice with different numbers.  When you roll a pair of dice, consider the sum that comes from adding the values from each die.  We call a re-labeling of the dice equal-odds dice if our re-labeling does not change the frequency at which the various sums appear.  So, for example, with a pair of standard six-sided dice, the sum of 7 is the most frequent outcome.  In fact, it has a 1/6th probability of occurring. There are 6 ways to obtain a 7 when rolling a pair of standard dice: (1,6), (2,5), (3,4), (4,3), (5,2), (6,1) out of a total of 36 possibilities.  In practical terms, this means that with a standard pair of dice you expect to roll a sum of 7, approximately one time for every six rolls you complete.  An equal-odds re-labeling should produce the sum of 7 with a probability of 1/6, as well.
For this lab, you will try and construct an equal-odds re-labeling for pair of tetrahedral dice.  A sample tetrahedral die is included in your kit.  Notice that when it lands there is not a side facing up (as we are used to).  In fact, the value of a roll is noted by the one number that is facing upward on each of the visible faces.  Because tetrahedral dice are not as easily obtained, for the purpose of simulation, we will work with 4-sided spinners in the lab.  That means we are looking to re-label a pair of 4-colored spinners to obtain the same probabilities as a pair of 4-colored spinners each labeled by 1, 2, 3 and 4.
 PART I

1. What are some of the ideas your group thinks are important to consider in formulating a re-labeling?

2. Decide as a group on a re-labeling to test.  What analysis did you do to determine your re-labeling?
3. Label your 4-colored spinners with your suggested new labels.  Remember that 1-2-3-4 are the standard labels, and you are looking for something different.  If you want to make a correction, there are extra labels in your kit.
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4. Spin your spinners 50 times.  Keep track of your outcomes in the table below.  Column 1 should list all of the possible sums from your spinners.  Column 2 is where you keep track of your outcomes.  Column 3 is where you total up your data.
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	Total

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


5. Now compute the empirical probabilities based on your simulation.  To do this, divide the total for each sum by 50 (the total number of trials).
	Sums
	Probability

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


6. Compare your results with the theoretical and empirical results provided by the presenter.  How did your dice compare?  What problems (if any) did your selection have?
WAIT HERE FOR THE GROUPS TO FINISH PART I.

PART II
7. The presenter will show using polynomial factorization that only one such pair of labelings exist.  This pair which has the same probabilities as the standard pair is known as equal-odds or Sicherman dice.  What if 0 was allowed as a label or negative numbers?  How do you think that would affect your analysis?

8. One can use the computer (see a Java simulation posted at http://www.ship.edu/~kjpres/Dice) or a calculator such as the TI-83 to perform simulations for more complicated dice or with a much larger number of trials.  The TI-83 for example, has a random integer feature which will let you generate dice rolls.  Go to the MATH menu and then move right to the PRB (probability) menu.  randInt( is the fifth choice down on the list.  For example, performing randInt(1,6) + randInt(1,6) simulates computing the sum from a roll of two standard dice.
9. Can you determine a labeling (using positive numbers) for a coin and an octahedral die (or 8-colored spinner) which will give equal-odds results with a standard pair of tetrahedral dice?  Is there more than one such labeling possible?  Use your TI-83 or the Java simulator to simulate 100 simulations.



