
Chapter 6: Random Variables and the Normal 
Distribution  

·6.1 Discrete Random Variables  

 

·6.2 Binomial Probability Distribution  

 

·6.3 Continuous Random Variables and the 
Normal Probability Distribution  

 



6.1 Discrete Random Variables  

Objectives:  

By the end of this section, I will be  

able toé 

 

1) Identify random variables.  

2) Explain what a discrete probability 
distribution is and construct probability 
distribution tables and graphs.  

3) Calculate the mean, variance, and standard 
deviation of a discrete random variable.  



Random Variables  

·A variable whose values are determined by 
chance  

 

·Chance  in the definition of a random variable 
is crucial  



Example 6.2 -  Notation  
for random variables  
 

Suppose our experiment is to toss a single fair  

die, and we are interested in the number  

rolled. We define our random variable X to be  

the outcome of a single die roll.  

a. Why is the variable X a random variable?  

b. What are the possible values that the   

    random variable X can take?  

c. What is the notation used for rolling a 5?  

d. Use random variable notation to express 
the probability of rolling a 5.  



Example 6.2 continued  

Solution  

 

a) We donôt know the value of X before we toss the 
die, which introduces an element of chance into 
the experiment  

 

b) Possible values for X: 1, 2, 3, 4, 5, and 6.  

 

c) When a 5 is rolled, then X equals the outcome 5, 
or X = 5.  

 

d) Probability of rolling a 5 for a fair die is 1/6, thus 
P(X = 5) = 1/6.  



Types of Random Variables  

·Discrete random variable -  either a finite 
number of values or countable number of 
values, where ñcountableò refers to the fact 
that there might be infinitely many values, 
but they result from a counting process  

 

·Continuous random variable infinitely 
many values, and those values can be 
associated with measurements on a 
continuous scale without gaps or 
interruptions  



 Identify each as a discrete or continuous 
random variable. 

(a) Total amount in ounces of soft drinks 
you consumed in the past year. 

(b) The number of cans of soft drinks that 
you consumed in the past year.  

Example 



 ANSWER: 

(a) continuous 

(b) discrete 

Example 



 Identify each as a discrete or continuous 
random variable. 

(a) The number of movies currently playing 
in U.S. theaters. 

(b) The running time of a randomly selected 
movie 

(c) The cost of making a randomly selected 
movie. 

Example 



 ANSWER 

(a) discrete 

(b) continuous 

(c) continuous 

Example 



Discrete Probability Distributions  

·Provides all the possible values that the 
random variable can assume  

 

·Together with the probability associated with 
each value  

 

·Can take the form of a table, graph, or 
formula  

 

·Describe populations, not samples  



The probability distribution table of  

the number of heads observed when  

tossing a fair coin twice  

Table 6.2 in your textbook  

Example 



Probability Distribution of a  
Discrete Random Variable  

 

·The sum of the probabilities of all the 
possible values of a discrete random variable 
must equal 1.  

·That is, ǴP(X) = 1. 

·The probability of each value of X must be 
between 0 and 1, inclusive.  

·That is, 0 Ò P(X ) Ò 1. 



 Let the random variable x represent the 
number of girls in a family of four 
children.  Construct a table describing 
the probability distribution. 

  

Example 



 Determine the outcomes with a tree diagram: 

  

Example 



· Total number of outcomes is 16 

· Total number of ways to have 0 girls is 1 

 

· Total number of ways to have 1 girl is 4 

 

· Total number of ways to have 2 girls is 6 

  

0625.016/1girls) 0(P

2500.016/4girl) 1(P

375.016/6girls) 2(P

Example 



  

· Total number of ways to have 3 girls is 4 

 

· Total number of ways to have 4 girls is 1 

  

2500.016/4girls) 3(P

0625.016/1girls) 4(P

Example 



Example 

 Distribution is: 

 

 

 

 

 

 

NOTE: 

  

x P(x) 

0 0.0625 

1 0.2500 

2 0.3750 

3 0.2500 

4 0.0625 

1)(xP



Mean of a Discrete Random 
Variable  

·The mean ȉ of a discrete random variable 
represents the mean result when the 
experiment is repeated an indefinitely large 
number of times  

 

·Also called the expected value or 
expectation of the random variable X.  

 

·Denoted as E(X ) 

 

·Holds for discrete and continuous random 
variables  

 



Finding the Mean of a Discrete 
Random Variable  

·Multiply each possible value of X by its 
probability.  

 

·Add the resulting products.  

 
X P X



Variability of a Discrete 
Random Variable  
Formulas for the Variance and Standard  

Deviation of a Discrete Random Variable  

22

2

   Definition Formulas

 

 

X P X

X P X

2 2 2

2 2

      Computational Formulas

  

  

X P X

X P X



Example 

  

 

 

 

 

 

  

x P(x) 

0 0.0625 0 0 0 

1 0.2500 0.25 1 0.2500 

2 0.3750 0.75 4 1.5000 

3 0.2500 0.75 9 2.2500 

4 0.0625 0.25 16 1.0000 

0.2)(xxP

)(xPx 2x )(2 xPx



Example 

  

 

 

 

 

 

  

x P(x) 

0 0.0625 0 0 0 

1 0.2500 0.25 1 0.2500 

2 0.3750 0.75 4 1.5000 

3 0.2500 0.75 9 2.2500 

4 0.0625 0.25 16 1.0000 

)(xPx 2x )(2 xPx

0000.10000.40000.5)( 222 xPx

0.10000.1



Discrete Probability Distribution 
as a Graph  
·Graphs show all the information contained in 

probability distribution tables  

· Identify patterns more quickly  

FIGURE 6.1 Graph of probability distribution  
for Kristinôs financial gain. 



Example 

·Page 270  



Example 

·Probability distribution (table) 

 

 

 

 

 

 

·Omit graph 

x P(x) 

0 0.25 

1 0.35 

2 0.25 

3 0.15 



Example 

·Page 270  



Example 

·ANSWER 

 

 

(a) Probability X is fewer than 3 

85.0

25.035.025.0

)2P()1( )0(

)2 1  0(

XXPXP

XXXP

scored goals ofnumber  X



Example 

·ANSWER 

(b) The most likely number of goals is the 

expected value (or mean) of X 

 

 

 

 

 

She will most likely score one goal 

x P(x) 

0 0.25 0 

1 0.35 0.35 

2 0.25 0.50 

3 0.15 0.45 

)(xPx

13.1)(xxP



Example 

·ANSWER 

(c) Probability X is at least one 

75.0

15.025.035.0

)3P()2( )1(

)3 2  1(

XXPXP

XXXP



Summary  

·Section 6.1 introduces the idea of random 
variables, a crucial concept that we will use 
to assess the behavior of variable processes 
for the remainder of the text.  

·Random variables are variables whose value 
is determined at least partly by chance.  

·Discrete random variables take values that 
are either finite or countable and may be put 
in a list.  

·Continuous random variables take an infinite 
number of possible values, represented by 
an interval on the number line.  



Summary  

·Discrete random variables can be described 
using a probability distribution, which 
specifies the probability of observing each 
value of the random variable.  

·Such a distribution can take the form of a 
table, graph or formula.  

·Probability distributions describe 
populations, not samples.  

·We can find the mean ȉ, standard deviation 
ů, and variance ů2 of a discrete random 
variable using formulas.  



 

·6.2 Binomial Probability Distribution  

 



6.2 Binomial Probability 
Distribution  

Objectives:  

By the end of this section, I will be  

able toé 

 

1) Explain what constitutes a binomial 
experiment.  

2) Compute probabilities using the binomial 
probability formula.  

3) Find probabilities using the binomial tables.  

4) Calculate and interpret the mean, variance, 
and standard deviation of the binomial 
random variable.  



Factorial symbol  

·For any integer n Ó 0, the factorial symbol 
n!  is defined as follows:  

 

·0!  = 1  

 

·1!  = 1  

 

·n!  = n(n -  1)(n -  2) · · · 3 · 2 · 1  



 

Find each of the following 

1. 4! 

2. 7! 

 

Example 



 

ANSWER 

 

 

Example 

50401234567!7   .2

241234!4   1.



Factorial on Calculator 

Calculator 

7 MATH PRB  4:! 

which is  

 

Enter gives the result 5040 

!7



Combinations  

An arrangement of items in which  

·  r  items are chosen from n distinct items.  

·  repetition of items is not allowed (each item 
is distinct).  

·  the order of the items is not important.  

 



The number of different possible 5 card 

poker hands.  Verify this is a combination 

by checking each of the three properties.  

Identify r and n. 

Example of a Combination 



 

·Five cards will be drawn at random from a 
deck of cards is depicted below  

 

Example 


