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Probability Distributions 

• The probability distribution of random variables is a graph, table, or formula used to specify all possible 

values of a random variable along with the respective probabilities.  

 

 

 

 

 

 

 

• Probability Distributions example: 

➢ The following table shows the prevalence of prescription and 

nonprescription drugs use in pregnancy among a population of women 

who were delivered of infants. 

➢ We wish to construct the probability distribution of the variable  

X = number of prescription and nonprescription drugs used by the study 

subjects.  
 

➢ Q1: What is the probability that a randomly selected woman will be one 

who used exactly three prescription and nonprescription drugs? 

P(x=3) = 0.0832 

 

➢ Q2: What is the probability that a randomly selected woman used wither 

one or two drugs? (We use the addition rule for mutually exclusive events) 

P (1 ∪ 2) = P (1) + P (2) = 0.3228 + 0.1895 = 0.5123 

 

➢ Q3: What is the probability that a randomly selected woman used  

two and three drugs? Zero  

 

• Sometimes we may want to work with a cumulative probability 

distribution of a random variable.  

• The cumulative probability distribution is obtained by 

successively adding the probabilities, P(X=x) given in the last 

column of the previous table.  

 

✓ Q3: What is the probability that a woman picked at random  

will be one who used two or fewer drugs? P (x≤2) =0.8528  

 

✓ Q4: What is the probability that a randomly selected woman  

will be one who used fewer than two drugs? P (x<2) = 

0.6633 
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✓ Q5: What is the probability that a randomly selected woman is one who used between three and five 

drugs, inclusive?  

P (x≤5) = 0.9872 is the probability that a woman used between zero and five drugs, inclusive.  

P (x≤2) = 0.8528 is the probability that a woman used between zero and two drugs, inclusive.  

P (3≤x≤5) = P(x≤5) - P (X≤2) = 0.9872 - 0.8528 =0.1344  

 

✓ Q6: What is the probability that a randomly selected woman is one who used at least 11 drugs? 

P (x ≥ 11) = 1 - P (x ≤ 10) = 1 - 0.99976105 = 0.000239 

 

✓ Q7: What is the probability that a randomly selected woman is one who used at 12 drugs? 

P (x=12) = 0.000239 

 

 

• Probability Distributions (Types) 

 

 

 

➢ Binomial Distribution 

✓ One of the most widely encountered discrete distributions in applied statistics. 

✓ It is derived from a process known as the Bernoulli trial (James Bernoulli, 1654-1705). 

✓ When a random process or experiment, called a trial, can result in two mutually exclusive 

outcomes, such as dead or alive, sick 

or well, male or female, the trial is 

called a Bernoulli trial.  

 

➢ Repeated identical trials are called Bernoulli trials if: 

✓ There are two possible mutually exclusive outcomes for each trial, denoted arbitrarily as success 

(s) and failure (f). 

✓ The trials are independent; that is, the outcome of any particular trial is not affected by the 

outcome of any other trial. 

✓ The probability of a success, denoted by p, remains the same from trial to trial.  

✓ The probability of failure, 1-p, is denoted by q. 

➢ Example: 

✓ A drug is known to be 80% effective in curing a certain disease. Suppose that four patients are to 

be given the drug and the cure - no cure results recorded.  

✓ What is the probability of exactly 3 patients will be cured? 

✓ There are two possible outcomes for each trial: Success (cure) or failure (no cure).  

✓ The trials are independent (why?).  

✓ The success probability is p = 0.8 (80%).  

✓ The failure probability is q =1- 0.8 = 0.2 (20%) 

✓ All possible outcomes of the four Bernoulli trials 

(four patients taking the mentioned drug) are: 
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All possible outcomes with their probability                 Probability Distributions Table 

 

 

 

 

 

 

 

 

 

 

✓ Sum of all outcome’s probability is 1, why? 

✓ The probability of each outcome is not necessary the same, why? 

✓ p(sfss) = p(fsss) = p(sssf) = p(sfsf). 

✓ P(sfss) = 0.8 * 0.2 * 0.8 * 0.8 = 0.1024 

✓ Probability of exactly 3 patients will be cured= P (sfss or fsss or sssf or sfsf) = 

P(sfss)+P(fsss)+P(sssf)+P(sfsf) = 0.1024+0.1024+0.1024+0.1024 = 4 * 0.1024= 0.4096      

 

 

 

 

 

• As the size of the sample increases, listing the number of sequences becomes more and more difficult 

and tedious.  

➢ An easy method for counting the number of sequences is provided by means of a counting formula to  

obtain the probability of observing x successes in n trials  

➢ P (x) = (
𝒏
𝒙

) 𝒑𝒙 (𝟏 − 𝒑)𝒏−𝒙 

➢ (
𝑛
𝑥

) is the Binomial coefficient and is equal to 
𝒏!

𝒙!(𝒏 − 𝒙)!
 Or on calculator  

 

 Let’s solve the example above using the equation: 

✓ x = 3, n = 4, p = 0.8, q = 0.2 

✓ P (3) = (
4
3

) 0.83 (1 − 0.8)4−3 = 4 * 0.512 * 0.2 = 0.4096 

✓ Note: (
𝑛

𝑛 − 1
) = n   ,   (

𝑛
1

)= n   ,  0! = 1 

 Example: 

✓ x = 0, n = 4, p = 0.8, q = 0.2 

✓ P (0) = (
4
0

) 0.80 (1 − 0.8)4−0 = 0.0016 
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• Assumptions for using Binomial Distribution Formula: 

➢ n identical trials are to be performed. 

➢ There are two possible outcomes (success and failure) for each trial. 

➢ The trials are independent. 

➢ The success probability, p, remains the same from trial to trial. 

 

• Using Binomial Distribution Formula 

1. Identify a success: (S)  

2. Determine the success probability: (p)  

3. Determine number of trials: (n)  

4. Determine number of successes in n trials: (x) 

 

 Example:  

✓ Suppose that 30% of a certain population are immune to a certain disease. If a random sample of 

size 10 is to be selected from that population.  

✓ What is the probability that it will contain exactly 4 immune persons? 

(S) Immune, (p) 0.3, (n) 10, (x) 4. 

✓ P (4) = (
10
4

) 0.310 (1 − 0.3)10−4 = 0.2001 

 

 

• Probability Distributions 

➢ The calculation of a probability using the previous equation can be a tedious undertaking if the 

sample size is large.  

➢ If he asked for cumulative probability, it becomes hard. 

➢ X≤ 4, n=10, p= 0.3, q= 0.7     p (4) + p (3) + p (2) + p (1) 

➢ Fortunately, probabilities for different values of n, p, and x have been tabulated, so that we need 

only to consult an appropriate table to obtain the desired probability.  

➢ The table gives the probability that x is less than or equal to some specified value. That is, the table 

gives the cumulative probabilities from x = 0 up through some specified value. 

➢ This table shows the probability of x successes in n independent Bernoulli trials, each with 

probability of success P 
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 Example 1: 

✓ Suppose that 30% of a certain population are immune to a certain disease. If a random sample 

of size 10 is to be selected from that population. 

✓ Q: What is the probability that it will contain exactly 4 immune persons?  

In other words: What is the probability that x = 4 when n = 10 and p = 0.3  

Drawing on our knowledge of cumulative probability distributions, we know that P(x = 4) may 

be found by subtracting P(X≤3) from P(X≤4). 

✓ In the binomial distribution table below, we locate P = 0.3 for n = 10, we find that P(X≤4) = 

0.8497 and P(X≤3) = 0.6496. Subtracting the latter from the former gives 0.8497 - 0.6496= 

0.2001, which agrees with our hand calculation (previous lecture).  

 

 

 

 

 

 

 

 Example 2: 

✓ Suppose it is known that in a certain population 10 percent of the population is color blind. If a 

random sample of 25 people is drawn from this population, use the Binomial table to find the 

probability that  

✓ Q1: Five or fewer are color blind. 

1. Identify a success: (S) color blind  

2. Determine the success probability: (p) 0.1  

3. Determine number of trials: (n) 25  

4. Determine number of successes in n trials: (x≤5) This probability is an entry in the table. No 

addition or subtraction is necessary. P(x≤5) = 0.9666  

 

 

 

 

 

 
✓ Q2: Six or more will be color blind 

1. Identify a success: (S) color blind 

2. Determine the success probability: (p) 0.1 

3. Determine number of trials: (n) 25 

4. Determine number of successes in n trials: (x≥6) 

✓ We cannot find this probability directly in the table.  

✓ To find the answer, we use the concept of complementary probabilities. The probability that six 

or more are color blind is the complement of the probability that five or fewer are not color blind.   

✓ P(X≥6) = 1- P(X≤5) = 1 - 0.9666 = 0.0334 
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✓ Q3: Between six and 

nine inclusive will be color blind 

1. Identify a success: (S) color blind 

2. Determine the success probability: (p) 0.1 

3. Determine number of trials: (n) 25 

4. Determine number of successes in n trials: (6≤ x ≤9) 

✓ We find this by subtracting the probability that X is less than or equal to 5 from the probability 

that X is less than or equal to 9.  

 P(6≤X≤9) = P(X≤9) - P(X≤5) = 0.9999 - 0.9666 = 0.0333 

        

 

 

 

 

 

 

 

 

• What about if p >0.5??  

➢ The table usually comes up to 0.5 p 

➢ We will calculate the probability of failure as if the probability of success p >0.5, the probability of 

failure q < 0.5 

➢ Binomial tables do not give probabilities for values of p greater than 0.5.  

➢ We may obtain probabilities from Binomial tables by restating the problem in terms of the 

probability of a failure, q=1 - p, rather than in terms of the probability of a success, p.  

➢ As part of the restatement, we must also think in terms of the number of failures, x`=n - x, rather than 

the number of successes, x.  

➢ For purposes of using the binomial table we treat the probability of a failure as though it were the 

probability of a success. When p is greater than 0.5, we may obtain cumulative probabilities from 

Binomial tables by using the following relationships: 

1. P (X=x, n, p) = P (X=x`, n, q)  

2. P (X≤ x, n, p) = P (X≥ x`, n, q) 

3. P (X≥ x, n, p) = P (X≤ x`, n, q) 

x`= n - x 

q=1 – p 

 

 

 

 

 

 

 

➢ Our class has 70 students, and we selected 5 students randomly. Among the selected students:  
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1.The Probability to have 2 smokers=Probability to have 3 non-smokers  

2. The probability to have less than 2 smokers=Probability to have more than 3 non-smokers  

3. The probability to have more than 2 smokers=Probability to have less than 3 non-smokers  

 

 

 

 Example 1: 

✓ In a certain community, on a given evening, someone is at home in 85 percent of the households. 

A health research team conducting a telephone survey selects a random sample of 12 households. 

Use binomial tables to find the probability that:  

1. The team will find someone at home in exactly 7 households.  

We restate the problem as follows: What is the probability that the team conducting the 

survey gets no answer from exactly 5 calls out of 12, if no one is at home in 15 percent of the 

households?  

✓ We find the answer as follows: P (x=7, n=12, p =0.85) = P (x` = 5, n=12, p = 0.15) =  

P (x` ≤5) - P (x` ≤ 4) = 0.9954 - 0.9761 = 0.019 

 

 

 

 

 

 

 

 

 

 

2. The team will find someone at home in 5 or fewer households.  

Solution: The probability we want is: The team will not find someone at home in 7 or more 

households 

✓ P (x≤5, n=12, p =0.85) = P (x` ≥ 7, n=12, p =0.15) =1-P (x` ≤6, n=12, p =0.15) 

=1 - 0.9993 = 0.0007 

 

 

 

 

 

 

 

 

 

 

3. The team will find someone at home in 8 or more households.  

Solution: The probability we desire is: The team will not find someone at home in 4 or less 

households. P (x≥8, n =12, p =0.85) = P (x`≤ 4, n =12, p =0.15) = 0.9761 
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➢ The binomial distribution has two parameters, n and p 

➢ They are parameters in the sense that they are sufficient to specify a binomial distribution.  

➢ The binomial distribution is really a family of distributions with each possible value of n and p 

designating a different member of the family.  

➢ The mean and variance of the binomial distribution are: 

✓ µ = np 

✓ 2 = n*p*(1 — p) 

✓ SD =√𝑛𝑝(1 − 𝑝) 

 Example: 

If n = 10 trials and the probability of success p = 0.5 then: 

✓ µ= 10* 0.5= 5 

✓ 2 = 10 * 0.5 * (1- 0.5) = 2.5 

✓ SD =√10 ∗ 0.5(1 − 0.5)= 1.58 

• Binomial Distribution (mean/variance) 

➢ Binomial distribution for n = 20 

➢ Higher n or p….> shift to the right with higher mean 

➢ Higher variance….> more spread (variation) 
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