Section 8-5  Expected Value
Suppose a random experiment has a finite set of outcomes (O1, O2, O3, …,On) each of which is associated with a number. The expected value of this experiment is the sum of the products of each outcome times its corresponding probability:
EV = O1×P(O1) + O2×P(O2) + O3×P(O3) + … + On×P(On)

In practical terms, the expected value represents the average outcome of the experiment over a very large number of trials.

Example 7. The table gives the relative frequency of the number of cavities for two groups of children in a study of two different brands of toothpaste. On average, using which toothpaste results in the fewest number of cavities?

	
	Relative Frequency

	Number of Cavities
	Brand A
	Brand B

	0
	0.3
	0.2

	1
	0.3
	0.3

	2
	0.2
	0.3

	3
	0.1
	0.1

	4
	0.0
	0.1

	5
	0.1
	0.0


	
	Brand A
	Brand B

	n
	P(n)
	n*P(n)
	P(n)
	n*P(n)

	0
	0.3
	0.0
	0.2
	0.0

	1
	0.3
	0.3
	0.3
	0.3

	2
	0.2
	0.4
	0.3
	0.6

	3
	0.1
	0.3
	0.1
	0.3

	4
	0.0
	0.0
	0.1
	0.4

	5
	0.1
	0.5
	0.0
	0.0

	
	
	EV = 1.5
	
	EV = 1.6


The expected number of cavities is slightly lower when children use Brand A toothpaste.
Example 8. Using life insurance tables, a retired man determines that the probability that he will die in the next five years is 0.1. He decides to take out a life insurance policy that will pay $10,000 in the event that he dies in the next five years. How much should he be willing to pay for this policy?
	Outcome
	Dies
	Lives
	

	Value (V)
	10000
	0
	

	Probability (P)
	0.1
	0.9
	Sum = 1

	V * P
	1000
	0
	EV = 1000


He should be willing to pay $1,000. In reality, he will have to pay more because the insurance company has to pay overhead costs and wants to make a profit.

Example 9. Using life insurance tables, a retired couple determines that the probability of living 5 more years is 0.9 for the man and 0.95 for the woman. They decide to take out a life insurance policy that will pay $10,000 if either one of them dies in the next 5 years and $15,000 if they both die during that time. How much should they be willing to pay for this policy assuming that their life spans are independent events?
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The probabilities can also be derived using a tree diagram:
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	Outcome
	Neither Dies
	Only He Dies
	Only She Dies
	Both Die
	

	Value (V)
	$0
	$10,000
	$10,000
	$15,000
	

	Probability (P)
	0.855
	0.095
	0.045
	0.005
	Sum = 1

	V * P
	$0
	$950
	$450
	$75
	EV = $1,475


They should be willing to pay $1,475. In reality, they will have to pay more because the insurance company has to pay overhead costs and wants to make a profit.
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