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Homework -- Probability: Expected Value

Definition: expected value

An expected value is an “average” value, calculated in the following way.
Supposed the possible values of a variable are a, b, ¢, etc., with probabilities P(a), P(b), P(c), etc.

Expected Value=a - P(a)+b - P(b) +c - P(c)+ -

In words: multiply each outcome by its probability, then take those products and add them.

Example of calculating an expected value:

Each night, your best friend phones you either 1, 2, or 3 times. There is a 35% of getting one call, a 40%
chance of getting two calls, and a 25% chance of getting three calls. What is the expected number of
phone calls?

Expected value =1 - P(1 call) +2 - P(2 calls) + 3 - P(3 calls)
=1- 035 +2- 040 +3- 025 =19

So, on average, you can expect to get 1.9 calls per night.

Problems:

1. Consider the number of loudspeaker announcements per day at school. Suppose there’s a 15%
chance of having 0 announcements, a 30% chance of having 1 announcement, a 25% chance of
having 2 announcements, a 20% chance of having 3 announcements, and a 10% chance of having 4
announcements. Find the expected value of the number of announcements per day.
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2. Suppose a coin is flipped 4 times, and let x equal the number of times that the coin is heads. The
table shows the probabilities.

x =# of heads | probability
0 1/16
1 4/16
2 6/16
3 4/16
4 1/16

Calculate the expected value for the number of heads.

Games of chance
One common use for expected value is to understand the outcome of a game in which a player could

either win or lose money. Winning outcomes are considered as positive values, and losing outcomes are
considered as negative values. In this situation, here is how to interpret the expected value:

* Ifthe expected value is positive, the game is favorable to the player.
* Ifthe expected value is negative, the game is unfavorable to the player.
* Ifthe expected value is zero, the game is called a “fair game.”

3. Suppose there’s a game where the player rolls a die, and either wins or loses money according to
these rules.

die roll 1 2 3 4 5 6
outcome | lose $5 | lose $5 | lose $5 | win $1 | win $1 | win $10

a. Letx =the amount of money that a player wins or loses in this game (where a loss is represented
by a negative value of x). Complete this table of probabilities.

X = money won probability
or lost

-5

1

10

b. Calculate the expected value.

c. For the player, is this game favorable, unfavorable, or a “fair game”?
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4. A state runs a lottery called “Pick 6.” A player buys a lottery ticket showing 6 of the numbers
from 1 through 40. Then a set of 6 numbers is chosen as the winning numbers, and anyone whose
ticket matches those numbers wins a prize. (The order of the numbers does not matter.)

a. What is the probability that you pick the winning numbers?

b. What is the probability that you do NOT pick the winning numbers?

Suppose that a lottery ticket costs $1, and the prize for having a winning ticket is $1,000,000.
c. Calculate the expected value for a lottery play.

d. For the player, is this lottery favorable, unfavorable, or a “fair game”?
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5. A “litter” is a set of puppies born from the same mother at the same time. Suppose that a
dog breeder kept track of the sizes of each litter, and recorded this data:

number of puppies how many litters
1 1
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Answer these questions based on the above data.

a. What number of puppies occurred most often? What is the probability that a litter contained that
number of puppies?

b. What is the probability of having 10 or more puppies in a litter?

c. What is the probability of having fewer than 4 puppies in a litter?

d. What is the average number of puppies in a litter? In other words, find the
expected value of the number of puppies.
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ANSWERS:

1.8
2. 2
3. a.
X = money won probability
or lost
-5 3/6=1/2
1 2/6=1/3
10 1/6
b. -0.5

c. game is unfavorable

1
20Cs

4. a.

b. 1- !

40 C6

c. (—1{1— ! )+(1,000,000{ ! )=—.739$
C C

40 ~6

d. unfavorable

5. a. seven, 9/40
b. 3/40
c. 7/40
d. =5.8
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