Winter, 2008

Monday, Jan. 14

Stat 321 – Lecture 4
Probability (2.1)

Example 1 (“Monty Hall” Problem): Suppose that on a game show money is hidden behind one door, while pigs are hidden behind two other doors.  A contestant picks a door, and then the host reveals what’s behind a different door that he knows to have a pig.  Then the host asks whether the contestant prefers to stick with the original door or switch to the remaining door.

(a) Prediction: Do you think the probability of winning is different between the “stay” and “switch” strategies?  Explain.

(b) Investigate these strategies by playing the game a total of 20 times, 10 with each strategy, using the site: http://www.shodor.org/interactivate/activities/AdvancedMontyHall/  (Click on a door to start the game; then after the host reveals a pig either click on the same door again (“Stay”) or click on the remaining door (“Switch”).  Then click on “Reset Doors.”)  

Won with switching:




Won with staying:

Lost with switching:




Lost with staying:

(c) In what proportion of games employing the “stay” strategy did the contestant win?  What was this proportion for the “switch” strategy?  Does one strategy appear to be superior to the other?  

(d) Clear the statistics and then specify 1000 runs for the Switch strategy and then 1000 runs for the Stay strategy.  Do you feel the simulation has been run long enough to declare one strategy superior?

Def: The probability of an outcome is the long-run proportion (or relative frequency) of times the outcome would occur if the “experiment” were repeated over and over under identical conditions. One can approximate a probability by simulating the experiment a large number of times.  Simulation leads to an empirical estimate of the probability.

The above simulation allows you to approximate the probabilities for this “experiment” by repeating it over and over.  To improve our approximations, we need to carry out many, many more trials of the simulation.   

Example 2: Explain in your own words what is meant by the following statements.  Hint: Don’t use words like chance, likelihood, odds in your explanation of probability or chance…
(a) The probability that a five-card poker hand contains “four of a kind” is .00024

(b) The probability of obtaining a red M&M candy is 2/10.

(c) There is a 90% chance of rain Friday.
Determining Probabilities: It is often less satisfying to only obtain estimated probabilities and in many situations we can determine the exact probability of an outcome.   The first step is often to consider the sample space (p. 57), the listing of all possible outcomes. In specifying probabilities, only three rules need to be followed:

1) All probabilities are between 0 and 1 (inclusive).
2) The total of the probabilities of all outcomes in the sample space equals 1.
3) The probability of the union of disjoint events is the sum of the probabilities.
Example 1 (cont.): 

(e) Specify a sample space for the location of the money and pigs.
But here, we want to know more than the layout of the prizes.  One way to represent the situation is through a probability table or a two-way table of counts.  To construct the latter, let’s assume the game is played 900 times and consider the possible outcomes and then the host’s choice.  Without loss of generality, let’s assume you always pick door 1. Some questions to consider:
- How often do we predict each arrangement will occur?
- How often do we predict that the host reveals door 1?

- How often do we predict that arrangement 2 occurs and the host reveals door 2?

- When we have arrangement 2, how often will the host reveal door 3?

- When we have arrangement 1, how often will the host reveal door 2?

	
	Reveal Door 1
	Reveal Door 2
	Reveal Door 3
	Total

	$, Pig, Pig
	0
	150 Stay
	150 Stay
	300

	Pig, $, Pig
	0
	0
	300 Switch
	300

	Pig, Pig, $
	0
	300 Switch
	0
	300

	Total
	
	
	
	900


(f) Of the 900 plays, how often do you win with the stay strategy?
(g) Of the 900 plays, how often do you win with the switch strategy?

(h) How do these exact probabilities compare to the empirical probabilities that we found?

Example 3: Suppose you have applied to two graduate schools, A and B.  You believe that the probability of getting accepted by A is .8, by B is .4, and the probability of being rejected by at least one is .65.  
(a) Construct a table to represent 1000 application experiments.

	
	accepted by school A
	denied by school A
	total

	accepted by school B
	
	
	

	denied by school B
	
	
	

	Total
	
	
	


(b) Calculate the probability that you are accepted by either school.
(c) Calculate the probability of being denied by at least one school.

(d) Predict whether your answer to (c) increase or decrease if the answer to (b) is larger.

(e) Determine how the probability in (c) changes in the probability in (b) increases reasoning through the table and /or Venn diagrams.
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