LSP 121 – Assignment #4
Introduction to Probability and Risk
Due Sunday, June 27th, 11:59 pm

1. (Theoretical vs. Empirical) Feel free to do this with a partner: Toss three coins 10 times and record the outcomes (e.g. HHT, TTT, HTT, etc).  In other words, did the coins land Head / Head / Tail?  Or Tail / Head / Tail?  Or Tail / Tail / Tail? Etc.
a. Theoretically, how many possible different combinations (i.e. outcomes) of heads and tails over 3 coin-flips?  Show your calculation. Then list all possible outcomes.  
b. What is the probability of each combination? E.g. What is the probability of HHH? HHT, HTT? etc
c. Based on your observations, give the empirical (i.e. experimental) probability of your results.  Do the empirical results agree with the theoretical probabilities?  Why should you NOT expect to get the exact theoretical probability over 10 rounds of coin-flips?
2. Suppose that 2% of the students at a particular college are infected with HIV.

a. If a student has ten sexual partners over a period of time, what is the probability that at least one of these partners is infected with HIV?

b. If a student has 20 different sexual partners over a period of time, what is the probability that at least one partner is infected with HIV?

3. (Expected Value) In 1953, French economist Maurice Allais studied how people assess risk.  Here are two survey questions that he used:

Survey Question 1


Option A: 100% chance of gaining $1,000,000

Option B: 10% chance of gaining $2,500,000; 89% chance of gaining $1,000,000; and 1% chance of gaining nothing
Survey Question 2


Option A: 11% chance of gaining $1,000,000 and 89% chance of gaining nothing


Option B: 10% chance of gaining $2,500,000 and 90% chance of gaining nothing

Before doing any math, which option would you select in each Survey Question?
Allais discovered that for Survey Question 1, most people chose option A, while for Survey Question 2, most people chose option B.

a. For each Survey Question, find the expected value of each option.

b. Are the responses given in the surveys consistent with the expected values?

c. Give a possible explanation for the responses in Allais’ surveys.

4. (Expected Value) In the “3 Spot” version of the former California Keno lottery game, the player picked three numbers from 1 to 40.  Ten possible winning numbers were then randomly selected.  It cost $1 to play.  The table shows the possible outcomes.
Number of Matches

Amount Won

Probability


3



$20

0.012


2



$2

0.137


0 or 1



$0

0.851

Compute the expected value for this game.  Describe/explain what you have just calculated.  Don’t forget that you initially lose $1 by buying a ticket.
5. (Possible Outcomes) A telephone number in North America consists of a three-digit area code, followed by a three-digit exchange, followed by a four-digit extension.  The area code cannot start with a 0 or 1, nor can the exchange.  Other than that, any digit 0-9 can be used.

a. How many different seven-digit phone numbers (ignoring the area code) can be formed?  Can a city of 2 million people be served by a single area code?  Explain.

b. How many exchanges are needed to serve a city of 80,000 people?  (Hint: How many extensions in one exchange?)
c. How many area codes are possible?

d. How many 10-digit phone numbers are possible?

e. How many people are there in the U.S.?  Do you believe the statement that we are running out of phone numbers?  Explain.
f. Let’s assume we are running out of area codes (and thus phone numbers).  What can they do to reduce the shortage of phone numbers?

g. Not too long ago, an area code had to have a 0 or 1 in the middle digit (do you remember those days?).  With this additional rule, how many area codes were possible?

6. (Risk) Which do you think has a greater risk of death – Death by shark attack, or death by falling airplane parts?  Why did you answer what you did?  Can you find any evidence on the Internet that would support/refute your claim?
7. (False-Positives)  The numbers for a particular type of cancer are as follows:

· 1 in 1000 tumors are malignant
· A blood test is 90% accurate and is given to 15,000 people with this kind of tumor

Create a matrix (i.e. table) similar to the one in the notes which displays true positives, false positives, false negatives, true negatives, and all totals.  Paste this matrix into your Word document.

What is the chance that a positive blood test really means your patient has cancer?

Assume the blood test results were negative for your patient.  What is the chance that your patient has cancer?
