4.1 Probability Distributions

•A random variable, x, represents a numerical value assigned to an outcome of a probability experiment.

•A random variable is discrete if it has a finite or countable number of possible outcomes that can be listed

•A random variable is continuous if it has an infinite number of possible outcomes, represented by an interval on the number line (measured data with fractions or decimals).

•A discrete probability distribution lists each possible value of x along with its probability

1.  0 ≤ p(x) ≤ 1 (all probabilities are between 0 and 1)


2.  ∑p(x) = 1 (the total of all probabilities is 100%)

Example:


An industrial psychologist administered a personality inventory test for passive-aggressive traits to 150 employees.  Individuals were rated on a scale from 1 to 5, where 1 as extremely passive and 5 extremely aggressive.  The results were displayed in the following frequency distribution.

Score, x
Frequency, f

1

24

2

33

3

42

4

30

5

21
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Probability Distribution

x 
P(x)

1
0.16


2
0.22


3
0.28

4
0.2


5
0.14

Mean of a discrete random variable:

µ = ∑ x p(x)
each value of x is multiplied by its corresponding probability and products are added.

x 
P(x)
xp(x)

1
0.16
1(.16) = .16

2
0.22
2(.22) = .44
3
0.28
3(.28) = .84
4
0.2
4(.20) = .80


5
0.14
5(.14) = .70


∑ x p(x) = 2.94 ( mean

 The variance of a discrete random variable is:
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The standard deviation is :
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Example:

x 
P(x)
(x- µ)
[image: image8.wmf]2



(x- µ)
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p(x)


1
0.16
3.7636

.602176

2
0.22
.8836

.194392

3
0.28
.0036

.001008

4
0.2
1.1236

.22472

5
0.14
4.2436

.594104
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= 1.6164
Standard deviation = 
[image: image11.wmf]1.6164 = 1.27

The expected value of a discrete random variable is equal to the mean.

E(x) = µ = ∑ x p(x)
Example 1: 

You are a salesperson for a wholesale grocer.  After analyzing your five accounts, you come up with the following distribution:

Account
weekly sales

estimated probability of sales being realized

1

$4698


0.61

2

4203


0.82

3

4506


0.59


4

4475


0.51

5

4388


0.46

What is your expected value if you visit all of your accounts this week?

E(x) = 4698*0.61 + 4203*0.82 + 4506*0.59 + 4475*0.51 + 4388*0.46 = 13271.51
This means that on an average week, you will make $13,271.51.

Example 2:


You buy a raffle ticket for $2.  There are four prizes of $500, $250, $150, and $75.  What is your expected value if 1500 tickets are sold?

X

p(x)

500

1/1500

250

1/1500

150

1/1500

75

1/1500

-2

1 
(there’s a 100% chance that you paid $2 for your ticket)

E(x) = 500(1/1500) + 250(1/1500) + 150(1/1500) +75(1/1500) + -2(1) = -$1.35
This means that if you entered this raffle over and over again, you would LOSE an average of $1.35 each time you played.  Conversely, the organization makes an average of $1.35 for each ticket that they sell.
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