
Chapter 5: Discrete Probability Distributions 

Section 5.1:  Probability Distributions          
            

 
  
 
 
 
 
 
 

Ex: Identify the random variable and sample space.  

 

(a)  Coin toss for Heads                   (b)  An experiment that measures the time between 
𝑋𝑋 =_______________________________________,            arrivals of cars at a drive-through. 
 

the sample space 𝑥𝑥 = ____________________________.                     𝑇𝑇 =___________________________________, 
 

           the sample space 𝑡𝑡____________________________. 

Probability Distributions 

Def A probability distribution is a description that gives the probability for each value of the random 
variable.  It is often expressed in the format of a graph, table, or formula. 

Requirements 

1. ( ) 1P x∑ =    (where x  assumes all possible values.) 

2. 0 ( ) 1P x≤ ≤    (for every individual value of x . ) 

Ex: Are the following a probability distribution? If not, state why.  
 
 
 
 
 
 
 
Ex: A couple plans to have four children.  Let x  be the number of boys the couple will have. 
       Find the probability distribution for the number of boys. 
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Random Variable (𝑋𝑋): is a numerical measure of the outcome 
of a probability ______________________, so its value is 
determined by chance. 

Discrete Random Variable: either finite or 
_________________ number of values.  

Continuous Random Variable: has 
______________ many values.  

A. B. C. 



Mean Value 

Formula:   [ ]( )x P xµ = ∑ ⋅    Note: The Greek letter µ  is read “mu” 

Variance    

Formula:   ( )22 ( )x P xσ µ = ∑ − ⋅    or 2 2 2( )x P xσ µ = ∑ ⋅ −   

Standard Deviation 

Formula:  2 2( )x P xσ µ = ∑ ⋅ −    Note: The Greek letter σ  is read “sigma” 

Round-Off Rule:  Carry one more decimal place than is used for the random variable. 

Ex: In a study of brand recognition, random groups of four people are interviewed. Let x  be the number of 
people who recognize Jeff Bezos when shown a picture. The following probability distribution gives the 
likelihood of the random variable. 

 

 

    

 

 

 

 

(a) What is the probability that more than two people will recognize a picture of Jeff Bezos? 
 

 

(b) What is the probability that at most three people will recognize a picture of Jeff Bezos? 

 
 

(c) Find the mean number of people who recognize a picture of Jeff Bezos. 

 
 

(d) Find the standard deviation of the given probability distribution. 

 
 

 
 
 

x  ( )P x  ( )x P x⋅  2 ( )x P x⋅  

0 0.01   

1 0.10   

2 0.24   

3 0.30   

4 0.35   

 ( )P x∑ =  [ ]( )x P x∑ ⋅ =  2 ( )x P x ∑ ⋅ =   



Expected Value 

Def The expected value (denoted E) of a discrete random variable represents the mean value of the                   
outcomes. 

 Formula:  [ ]( )E x P x= ∑ ⋅  

 
Ex:  There is a game in Vegas where you can win $4 or $9 but it costs $1 to play the game. The probability of winning $4 
is 0.3 and the probability of winning $9 is 0.1. Find the expected value for this game.  
 
 
 
 
 
 
 
Interpretation of 𝝁𝝁: Over the long run (if we play this game MANY times) we expect the mean profit to be $1.50. 
 

 
Ex: When someone buys a life insurance policy, that policy will pay out a sum of money to a benefactor upon the death of the 
policyholder. Suppose a 25-year-old male buys a $150,000 1-year term life insurance policy for $250. The probability that the 
male will not survive the year is 0.0013.  
 

The experiment has two possible outcomes: ________________ or __________________. Let the random variable 𝑋𝑋 represent 
the money lost or gained by the life insurance company for the 25-year-old male after many years. What is the expected value 
for the company? 
 
 
 
 
 
 
 
 
Over 1,000 policies, how much should they expect to make? 
 
 
 
 
Ex: Find the expected value of the random variable. Round to the three decimal places. 
 

A contractor is considering a sale that promises a profit of $29,000 with a probability of 0.7 or a loss (due to bad weather, 
strikes, and such) of $3,000 with a probability of 0.3. What is their expected profit? 
 
A. $19,400 
B. $21,200 
C. $20,300  
D. $22,400 
E. $26,000 
 
 

𝑥𝑥 𝑃𝑃(𝑥𝑥) 
  
  
  

 



Section 5.2:  Binomial Probability Distributions  

 

Binomial Probability Distribution 
Def A binomial probability distribution results from a procedure that meets the given requirements. 

1. The procedure has a fixed number of trials. 

2. The trials must be independent. 

(i.e.  the outcome of an individual trial does not affect the probabilities in other trials.) 

3. Each trial must have all outcomes classified into two categories.   

(often referred to as success and failure) 

4. The probability of a success remains constant in all trials. 

Notation 

 
 
 
 
 
 
 
 
 
 
 
 
Ex: According to Wikipedia, 19% of Mexican residents are vegetarians. If we randomly survey 20 Mexican residents, 
what’s the probability 3 of the Mexicans are vegetarians? Fill in the values given the information presented.  

Two Possible Outcomes: ___________________________________ or ____________________________________. 
 
n = ____________________ p =  __________________   q =____________________ x = ____________________ 
 
TWO Methods to Find Probability of a Specific Value 

 1. Formula:  ( ) x n x
n xP x C p q −= ⋅ ⋅  

 2. Use Graphing Calculator (TI-83 or 84)  

  Instructions: (a) 2nd ⇒  VARS ⇒  DISTR 

    (b) binompdf ( ), ,n p x  

Ex: Use the problem from above (regarding vegetarianism in Mexico) to set up and evaluate using both methods.  

 
 
 
 
 
 
 
 

Symbol Represents 
    n  fixed number of trials 

p  probability of success 

q  probability of failure 

x  specific number of success in n trials 

( )P x  probability of getting exactly x successes 
among the n trials 

  

Graphing Calculator for nCx 

math ⇒PROB ⇒3: nCx 

 



Ex: We survey 5 PCC students and ask “Is this your first year here?” Assume that 20% of all PCC students are in their 
first year.  
 

(a) What is the probability that all 5 students are new?             (b) What is the probability that 2 or 3 will be new? 
 
 
 
 
 
(c) What is the probability that at least one will be new?         (d) Create a probability distribution table for this exercise.  
 
 

 
 
 
(e)  
 
 
 
 
 
 
 

 
*If we surveyed 200 students, and I ask the probability that between 113 and 187 students are new, how would you find 
your answer? 
 
 
Finding a Cumulative Probability 

Use Graphing Calculator (TI-83 or 84) 

Instructions:  (a) 2nd ⇒  VARS ⇒  DISTR  

(b) ( #)P x ≤ =binomcdf ( ), , #n p  

“no more than” or “at most #” or 
“less than or equal to #” 

 

 

 “fewer than #” or “less than #” 

 

 

*Calculator 

“at least” or “no less than” or 
“greater than or equal to” 

 

“more than” or “greater than” *Calculator 

 

 

x  ( )P x  
  
  
  
  
  
  



Ex:  A basketball player makes 75% of the free throws he tries. If the player attempts 10 free throws in a game, find the 
probability that: 
(a) the player will make at most six free throws.  (b) the player will make at least eight free throws. 
 
 
 
 
 
Ex: According to 2017 Washington Post article, approximately 53% of all U.S. households are wireless-only households 
(no landline). In a random sample of 20 households, what is the probability that… 
 

(a) fewer than 6 are wireless only?   (c) more than 13 are wireless only? 
 
 
 
 
 
 
Using Mean and Standard Deviation for Critical Thinking 

Mean Value 

Formula:  n pµ =  

Variance 

Formula:  2 n p qσ =  

Standard Deviation 

 Formula:   n p qσ =  

Round-Off Rule:  Round to the nearest tenth. 

Ex: According to the U.S. Office of Adolescent Health, nearly 90% of adult smokers in America started smoking before 
turning 18 years old.  
 

(a) If 300 adult smokers are randomly selected, how many would we expect to have started smoking before turning 18 
years old? 
 
 
 
 
 
(b) Would it be unusual (significantly high/low) to observe 240 smokers who started smoking before turning 18 years old 
in a random sample of 300 adult smokers? What may this suggest about the population that was observed? 
 

 
 
 
 


