Math 247

Experimental and Theoretical Probability

Goals: 

· Get a sense for how close experimental data comes to theoretical expectations (for a number of trials)

· Review and practice calculating experimental probabilities

· Review and practice calculating theoretical probabilities for simple and 2-dice situations

· Collect some experimental data to help us check for reasonableness of calculations when we discuss some 2-step probability situations.

1. Probabilities with a single spinner

Link #1 (Adjustable Spinner): http://www.shodor.org/interactivate/activities/AdjustableSpinner/
A. For the default spinner (4 equal parts), Explain why the theoretical probability of landing on each color is 25%

B. Express 25% as a fraction and a decimal

C. i. Set the number of spins to 50.  Repeatedly press [image: image1.png]


 and then [image: image2.png]New experiment



 and record the experimental probabilities 10 times.

	Experimental Probability 50 spins

	color
	trial 1
	trial 2
	trial 3
	trial 4
	trial 5
	trial 6
	trial 7
	trial 8
	trial 9
	trial 10

	blue
	
	
	
	
	
	
	
	
	
	

	cyan
	
	
	
	
	
	
	
	
	
	

	green
	
	
	
	
	
	
	
	
	
	

	magenta
	
	
	
	
	
	
	
	
	
	


ii. What was the lowest and highest experimental probability you got in your table?

iii. What is the furthest from 25% that you got in any of your experiments?

iv. Use the Count numbers from your last experiment, and show how to calculate one of the experimental probabilities from the count data.

D. i. Set the number of spins to 200.  Repeatedly press [image: image3.png]


 and then [image: image4.png]New experiment



 .  Now that you know what you're looking for, you don't have to record all of your experimental probabilities, just write down the highest and lowest percents that you have gotten so far.

	Experimental Probability 200 spins

	color
	trial 1
	trial 2
	trial 3
	trial 4
	trial 5
	trial 6
	trial 7
	trial 8
	trial 9
	trial 10

	blue
	
	
	
	
	
	
	
	
	
	

	cyan
	
	
	
	
	
	
	
	
	
	

	green
	
	
	
	
	
	
	
	
	
	

	magenta
	
	
	
	
	
	
	
	
	
	


ii. What was the lowest and highest experimental probability you got in your table?

iii. What is the furthest from 25% that you got in any of your experiments?

E. i. Do the same thing with 1000 spins per trial.

	Experimental Probability 1000 spins

	color
	trial 1
	trial 2
	trial 3
	trial 4
	trial 5
	trial 6
	trial 7
	trial 8
	trial 9
	trial 10

	blue
	
	
	
	
	
	
	
	
	
	

	cyan
	
	
	
	
	
	
	
	
	
	

	green
	
	
	
	
	
	
	
	
	
	

	magenta
	
	
	
	
	
	
	
	
	
	


ii. What was the lowest and highest experimental probability you got in your table?

iii. What is the furthest from 25% that you got in any of your experiments?

F. An interesting, but moderately dangerous, experiment is to toss a thumbtack, and see whether it lands point up or point down (It depends on the shape of the thumbtack, BTW).   In my continuing quest for real data, I just did this experiment 50 times.  I got point up 33 times.

i. What is the experimental probability that it will land heads up (from this data)?

ii. Use your info from above to figure out a range (between ___% and ___%) where you expect the "real" probability of a tack landing heads up to be.  Explain how you got/chose your answer.

2. Probabilities with the sum of 2 dice:

Link #2 (Experimental Probability): http://www.shodor.org/interactivate/activities/ExpProbability/
A. Click the Die picture [image: image5.png]


, and then [image: image6.png]


.  In the Pop-up window, set your dice to have faces: 1, 1, 1, 4, 5, 6, and then click OK.  

Make a 2-dice table here, and use it to find the theoretical probabilities of rolling each of the sums: 2-12.  Express each probability as both a fraction and a percent (record in the table in part B).

B. Now roll the dice 200 times, and record the experimental probabilities that you get.  

	Probability of the sum
	Theoretical Prob (as a fraction)
	Theoretical Prob (as a percent)
	Experimental Prob (200 rolls)
	Difference between Theoretical and Experimental Prob

	P(2)=
	
	
	
	

	P(3)=
	
	
	
	

	P(4)=
	
	
	
	

	P(5)=
	
	
	
	

	P(6)=
	
	
	
	

	P(7)=
	
	
	
	

	P(8)=
	
	
	
	

	P(9)=
	
	
	
	

	P(10)=
	
	
	
	

	P(11)=
	
	
	
	

	P(12)=
	
	
	
	


C. How does the maximum difference you got from this experiment compare to your results with the spinners?

3. Think about the Monty Hall Problem:

The probability Monty Hall problem goes like this:  

· Suppose you are choosing between 3 doors.  Behind 2 doors are pigs.  Behind the 3rd door is money.  

· You choose a door.

· Then Monty always opens one of the doors you didn't choose to reveal a pig (Monty knows where the pigs are, so he can always pick one of the doors you didn't pick to reveal a pig).   

· You can choose to stick with the door you have or switch to the door you didn't choose.

Which is better--to stick or to switch?  Or doesn't it matter?  Is it the same probability either way?  There are two arguments:

Pat says: You have a 1/3 chance of picking right the first time.  If Monty opens a door, your chances don't increase--they stay 1/3, so if you switch, the door you switch to has to have a 2/3 chance of being right (probabilities add to 1).  Pat says that the probability of winning if you switch is 2/3.

Robin says: After Monty opens a door, there are 2 doors to choose from, so it doesn't matter whether you stick or switch--it has to be a 50-50 chance either way.  Robin says the probability of winning if you switch is 1/2.

A. Link #3 (Simple Monty Hall): http://www.shodor.org/interactivate/activities/SimpleMontyHall/
Play the game at least 50 times.  Do some where you stay and some where you switch. 

 i. What is the experimental probability of winning if you stay?

ii. What is the experimental probability of winning if you switch?

iii. Does your data agree more with Robin or Pat, or is it too close to tell?

B.  Link # 4 (Generalized Monty Hall): http://www.shodor.org/interactivate/activities/GeneralizedMontyHall/
i. Leave the number of doors as 3, and tell the computer to do 1000 trials where you switch. What is the experimental probability of winning if you switch?

ii.  Change your choice to stay, and tell the computer to do another 1000 trials. What is the experimental probability of winning if you stay?

iii. Does your data agree more with Robin or Pat?

C. Take 3 cards: 1 red, 2 black and a friend.  Your friend has to be Monty Hall.  Play the game using face down cards as doors, and red as winning (Monty gets to peek and turn over cards).  Play at least 10 times each.
