GOLO: Analyzing the Probabilities of a Dice-Based Golf Game
______________________________________________________________________________
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Background:  GOLO is a probability-based dice game used to simulate playing a round of golf.  Details of the game are listed below: 
· Each “golfer” is given nine 12-sided dice to roll.  There are two par 3 dice, five par 4 dice, and two par 5 dice.

· The dice are placed into the cup, shaken up, and rolled onto a flat surface.

· Each time the dice are rolled the golfer MUST take at least 1 die.  Any dice taken are then set aside and not used in subsequent rolls.

· A player continues to roll until she has used all nine dice and thus has completed nine holes.

· A player’s nine-hole score is the sum of the nine dice.  

· The player with the lowest score wins!

The dice that come with GOLO are described below:
· There are two par 3 dice we call Par 3A and Par 3B.  The twelve equally-likely faces on the die are numbered as follows:

Par 3A – 1, 3, 3, 3, 4, 4, 5, 5, 6, 6, 6, 8

Par 3B – 2, 3, 3, 3, 4, 4, 5, 5, 6, 6, 6, 7

· Eagles are denoted by a star around the score. Birdies are denoted by a circle. Pars are denoted by a box.

· There are five identical par 4 dice.  The twelve equally-likely faces on the die are numbered as follows:

Par 4 – 3, 4, 4, 4, 5, 5, 6, 6, 7, 7, 7, 8

· There are two par 5 dice we call Par 5A and Par 5B.  The twelve equally-likely faces on the die are numbered as follows:

Par 5A – 3, 5, 5, 5, 6, 6, 7, 7, 8, 8, 8, 10

Par 5B – 4, 5, 5, 5, 6, 6, 7, 7, 8, 8, 8, 9

Questions:
The GOLO game often ends by needing to roll exactly one die.  Suppose that you are playing GOLO and have come down to having only one die remaining.  For some inexplicable reason the “golfers” that you are playing against have left the table (obviously assuming that your integrity is unflappable).  Further, you decide that you are going to cheat by rolling the die until a par or better is obtained!  This leads us to what is called the geometric distribution. 

1. Consider the characteristics of the geometric setting.  Explain why this scenario is consistent with the geometric setting. 
1. There are r trials where r is not known beforehand.

2. There are two possible outcomes {par or better vs. bogey or worse}.  
3. The outcomes on each die are independent.

4. The probability of success is the same for each trial.
2. What is the value of p – the probability of success on any trial?

p = 4/12 = 1/3
3. What is the probability that par or better is obtained on the first roll of the die?
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4. What is the probability that the die must be rolled at most twice to get par or better?
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5. What is the probability that the die must be rolled at least twice to get par or better?
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6. What is the probability that the die must be rolled at least 3 times and no more than 5 times to get a par or better?
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7. Find the probability distribution function for the number of rolls of the die until you obtain a par or better.  
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 In our scenario, p = 1/3.

8. Using a single die, repeatedly roll the die until a par or better is obtained. Count the number of attempts that it takes to obtain a par or better. Conduct this experiment 50 times and record the number of attempts for each experiment. Use the outcomes from these 50 experiments to develop an empirical probability distribution function for the outcomes.
Example individual data collection table.  

	Attempt
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	No. of rolls to get par or better (r)
	17
	10
	8
	5
	3
	4
	1
	1
	1
	0


9. Compare the probability distribution function (from #7) and the empirical probability distribution function (from #8).  Is the geomteric model proposed a reasonable model for your data? Explain.

Example comparison of theoretical and empirical cumulative distributions.

	No. of rolls to get par or better (r)
	Theoretical 

Cumulative Distribution 
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	Empirical 

Cumulative Distribution  

(Proportion ≤ r)

	1
	0.3333

	17/50 = 0.34

	2
	0.2222

	10/50 = 0.20

	3
	0.1481

	8/50 = 0.16

	4
	0.0988

	5/50 = 0.10

	5
	0.0658

	3/50 = 0.06

	6


	0.0439

	4/50 = 0.08

	7
	0.0293

	1/50 = 0.02

	8
	0.0195

	1/50 = 0.02

	9
	0.0130

	1/50 = 0.02

	10
	0.0087

	0/50 = 0.00


We find that most values are very close with the biggest difference when x = 6 with the theoretical value of 0.0439 and the empirical value of 0.08.  Thus, it seems that the geometric model with 
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 is a reasonable choice for the number of rolls of a GOLO die until a par or better is achieved.
GOLO Website:  � HYPERLINK "http://www.igolo.com" ��www.igolo.com�
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