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| Conditions for Binomial Distribution

▪ Each of 𝒏 trials has two possible outcomes. The outcome of interest is 
called a success and the other outcome is called a failure.

▪ Each trial has the same probability of a success. This is denoted by 𝑝, so 
the probability of a success is 𝒑 and the probability of a failure is 1 − 𝑝.

▪ The 𝒏 trials are independent. That is, the result for one trial does not 
depend on the results of other trials.

The binomial random variable X is the number of successes in the 𝒏 trials

𝑋 has the binomial distribution with parameters 𝑛 and 𝑝, denoted 𝑿 ∼
𝑩𝒊𝒏(𝒏, 𝒑).



| Binomial Distribution PMF

▪ If 𝑿~Bin(𝒏, 𝒑), the probability mass function of 𝑿 is

𝒑 𝒙 =
𝒏
𝒙

𝒑𝒙 𝟏 − 𝒑 𝒏−𝒙

▪ 𝒏: # independent Bernoulli Trials

▪ 𝒑: Success probability

▪
𝒏
𝒙

=
𝒏!

𝒙!(𝒏−𝒙)!
binomial coefficient = nCx



| Example - 02

▪ A lot contains several thousand components, 10% of which are 
defective. Seven components are sampled from the lot. Let X
represent the number of defective components in the sample. What 
is the distribution of X?

▪ Since the sample size is small compared to the population (i.e., less 
than 5%), the number of successes in the sample approximately 
follows a binomial distribution. Therefore we model X with the Bin(7, 
0.1) distribution.



| Example - 02

▪ Find the probability mass function of the random variable X if X ∼
Bin(10, 0.4). Find P(X = 5).

▪ 𝒑 𝒙 =
𝟏𝟎
𝒙

𝟎. 𝟒𝒙 𝟎. 𝟔 𝟏𝟎−𝒙

▪ 𝒑 𝟓 =
𝟏𝟎
𝟓

𝟎. 𝟒𝟓 𝟎. 𝟔 𝟓 = 𝟎. 𝟐𝟎𝟎𝟕



| Example - 03

▪ A fair die is rolled eight times. Find the probability that no more than 
2 sixes come up

▪ Each roll of the die is a Bernoulli trial with success probability 1/6

▪ Let X denote the number of sixes in 8 rolls Then X ∼ Bin(8, 1/6).

▪ We need to find P(X ≤ 2). Using the probability mass function

▪ 𝑃(𝑋 ≤ 2) = 𝑃(𝑋 = 0 𝑜𝑟 𝑋 = 1 𝑜𝑟 𝑋 = 2)

▪ 𝑃(𝑋 = 0) + 𝑃(𝑋 = 1) + 𝑃(𝑋 = 2) = 0.8652















| Example - 04

▪ A large industrial firm allows a discount on any invoice that is paid 
within 30 days. Of all invoices, 10% receive the discount. In a 
company audit, 12 invoices are sampled at random. What is the 
probability that fewer than 4 of the 12 sampled invoices receive the 
discount?

▪ Let X represent the number of invoices in the sample that receive 
discounts. Then X ∼ Bin(12, 0.1). The probability that fewer than four 
invoices receive discounts is P(X ≤ 3). We consult Table A.1 with n = 
12, p = 0.1, and x = 3. We find that P(X ≤ 3) = 0.974



| Example: Testing for Gender Bias in Promotions

▪ A group of women employees has claimed that female employees are less 
likely than male employees of similar qualifications to be promoted.

▪ Of 1000 employees, 50% are female.
▪ None of the 10 employees chosen for management training were female.
▪ The probability that no females are chosen is:

▪ It is very unlikely (one chance in a thousand) that none of the 10 selected 
for management training would be female if the employees were chosen 
randomly.

0 1010!
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= =



| Check to See If Binomial Conditions Apply

Before using the binomial distribution, check that its three conditions 
apply:

▪ Binary data (success or failure)

▪ The same probability of success for each trial (denoted by p)

▪ Independent trials



| Example: Testing for Gender Bias in Promotions

Do the Binomial Conditions Apply?

▪ The data are binary (male, female).

▪ If employees are selected randomly, the probability of selecting a 
female on any given trial is 0.50.

▪ With random sampling of 10 employees from a large 

▪ population, the outcome for one trial doesn’t depend on 

▪ the outcome of another trial.
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  P ( X   ≤   2 )   =   P ( X   =   0   o r   X   =   1   o r   X   =   2 )


  P ( X   =   0 )   +   P ( X   =   1 )   +   P ( X   =   2 )

