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Question#1 (15 marks)

A random sample of adults was asked how many books they typically read in a year. The following contingency table shows these results along with their age group.

	Number of Books
	Less than 40 Years Old
	40 Years or More

	None
	15
	27

	 1-2
	21
	30

	3-5
	24
	36

	6-10
	18
	33

	11 or more
	42
	54


Total	  	

42

51

60

51
96
				Total 		     120			      180	      300

a) What is the probability that a randomly selected person from this sample typically reads 1-5 books per year? 

Let (1-5) be the event that a person reads 1-5 books per year. 
Total number of adults is equal to the sum of the marginal probabilities: 
 120 + 180 = 300   OR  42 + 51 + 60 + 51 + 96 = 300 
We know that 60 people read 3-5 books per year, and 51 people read 1-2 books per year.
Thus,  60 + 51 = 111 people read 1-5 books a year.
P[(1-5)] = 111/300 = 0.37

b) What is the probability that a randomly selected person from this sample typically reads 6-10 books per year or is 40 years or older? 

Suppose (6-10) is the event that a person reads 6-10 books per year, and (40 +) is the event that a person is 40 years or older.  
P[(6-10) U (40+)] = P[(6-10)] + P[(40+)] – P[(6-10)  (40+)] 
P[(6-10) U (40+)] = (51/300) + (180/300) – (33/300) = 0.88

c) What is the probability that a randomly selected person from this sample typically reads 11 or more books per year and is less than 40 years? 

 Let (11+) be the event that a person reads 11 or more books per year, and let (<40) be the event that a person is less than 40 years old. 
P[(11+)  (< 40)] = 54/300 = 0.18   




d) Given that a randomly selected adult from this sample reads 3-5 books per year, determine the probability that this person is less than 40 years old. 
Let (3-5) be the event that a person reads 3 to 5 books per year, and let (<40) be the event that a person is less than 40 years old. 
P[ (<40) I (3-5)] = P[ (<40)  (3-5)] / P[(3-5)]  = (36/300)/ (60/300)  = 0.6 
e) Given that a randomly selected adult from this sample is 40 years or more, determine the probability that this person reads 6-10 books per year. 
Let (40 +) be the event that a person is 40 years or older, and let (6-10) be the event that a person reads 6 to 10 books per year.
P[(6-10) I (40+)] = P[(6-10)  (40+)]  / P[(40+)]  = (33/300) / (180/300) = 11/60 = 0.1833

Question#2 (12 marks)

A novice investor invests in stocks without being fully informed about all the intricacies of the stock market.  The probability that his first investment in one market sector is a good stock is 1/3 and that his second investment in an unrelated market sector is a good stock is 1/4.  Find the probability that:

a) At least one investment would be a good stock. 
b) Both the investments would be good stocks.
c) Only one investment would be a good stock.
d) None of the investments would be a good stock.

Let A be the event that the first investment is a good stock  P(A) = 1/3
Let B be the event that the second investment is a good stock  P(B) = 1/4
The second investment is in an unrelated market sector, so we assume that A and B are independent. 

a) P(A U B) = P(A) + P(B) – P(AB) = 1/3 + 1/4 –  (1/3 x 1/4) = 1/2
b) P(A  B ) = 1/3 x 1/4 = 1/12
c) P[(A  Bc) U (Ac  B)] = (1/3 x 3/4) + (2/3 x 1/4) – (1/4 x 1/6) = 3/8 
d) P(Ac  Bc) = P[(AUB)c]   DeMorgan’s Law
       =  1 – P[(A U B)] = 1 – ½ = ½ 


Question#3 (13 marks)

Suppose that David can decide to go to work by one of three modes of transportation, car, bus, or commuter train. Because of high traffic, if he decides to go by car, there is a 50% chance he will be late. If he goes by bus, which has special reserved lanes but is sometimes overcrowded, the probability of being late is 20%. The commuter train is almost never late, with a probability of only 1%, but is more expensive than the bus.

a) Suppose that David is late one day, and his boss wishes to estimate the probability that David would choose to drive to work by car. Since David’s boss does not know which mode of transportation David usually uses, he gives a prior probability of 1/3 to each of the three possibilities. What is the boss’ estimate of the probability that David would be late.
i. David would drive to work given that he is late?  
ii. David would take the bus to work given that he is late?  

Let C = the event that David takes a car; let B = the event that David takes a bus; and let T = the event that David takes a train. 
Also, let L = the event that David is late.
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a)  i. P[C I L] = P[C  L] / P[L] 

P[L] = P[C  L] + P[B  L] + P[T  L] 

P[C  L] = P[C] x P[L I C] = 1/3 x 0.5
P[B  L] = P[B] x P[B I C] = 1/3 x 0.2
P[T  L] = P[T] x P[T I C] = 1/3 x 0.01

P[L] = (1/3 x 0.5) + (1/3 x 0.2) + (1/3 x 0.01) = 1/6 + 1/15 + 1/300  = 71/300 = 0.2367

P[C  L] = P[C] x P[L I C] = 1/3 x 0.5 = 1/6 

So  P[C I L] = P[C  L] / P[L] = (1/6) / (71/300) = 50/71

ii. P[B I L] = P [B  L] / P[L]  
P[L] = 71/300 
P[B  L] = P[B] x P[L I B] = 1/3 x 0.2 = 1/15
So  P[B I L] = P [B  L] / P[L]  = (1/3 x 0.2) / (71/300) = 20/71


b) ii. Suppose that a coworker of David’s knows that David almost always takes the commuter train to work and never takes the bus, but some 10% of the times, he does take the car. What is the coworker’s estimate of the probability that David would drive to work that day, given that he is late? 
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P[C I L] = P[C  L] / P[L]  
 
P[L] = P[C  L] + P[T  L]  = (0.10 x 0.5) + (0.9 x 0.01) = 0.05 + 0.009 = 0.059
P[C  L] = 0.05 
So  P[C I L] = P[C  L] / P[L]  = 0.05 / 0.059 = 50/59
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