Binomial Experiments

In probability theory and statistics, the binomial distribution is the discrete probability distribution of the number of successes in a sequence of “n” independent yes/no experiments, each of which yields success with probability “p” (also called a Bernoulli experiment). 
To conduct a binomial experiment a random sample (n trials) must be chosen, and the number of successes (x) determined. Then the sample proportion, [image: image1.png]N



,

can be found to predict the population proportion (probability of success, p).

A binomial experiment is a probability experiment that satisfies the following four requirements:

1.  Each trial can have only two outcomes or outcomes that can be reduced to two outcomes.  These outcomes can be considered as either success or failure.

2.  There must be a fixed number of trials.

3.  The outcomes of each trial must be independent of each other.

4.  The probability of a success must remain the same for each trial.

Example: 

A technology store in Halifax would like information on how many families have more than one computer at home in an effort to organize their next sales promotion of laptop computers. For two weeks a written in-store survey was conducted and 630 individual families responded. Of the surveyed families, 504 said they had more than one computer. What is the sample proportion, if having multiple home computers is considered a success?
Solution:
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The fixed number of independent trials (n) is 630. Either the families have more than one computer (success) or do not (failures). The number of successes (those families having more than one computer) is 504. The requirements of a binomial probability distribution experiment are met.
True binomial experiments consist of independent and identical trials.
Examples of a true binomial experiment include:

•  flipping a coin -- heads is success, tails is failure
•  rolling a die -- 3 is success, anything else is failure
•  voting -- votes for candidate A is success, anything else is failure
•  determining eye color -- green eyes is success, anything else is failure
•  spraying crops -- the insects are killed is success, anything else is failure

 

The sampling distribution of the sample proportion can be approximated by a normal distribution.
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The mean of this sampling distribution of the sample proportion is equivalent to the population proportion: 
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The standard deviation of the sample proportion is equivalent to the following:
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These properties are shown here:

Example: 

The provincial government of N.S. declared that 65% of the public use hand held cell phones while they are driving. If a private research group were to collect random samples of size 85 from this population, then the sample proportion,[image: image8.png]N



, would vary with repeated sampling. What would the standard deviation be?

Solution:
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When computing a binomial probability, it is necessary to calculate and multiply three separate factors: 
1.  the number of ways to select exactly r successes,

2.  the probability of success (p) raised to the r power,

3.  the probability of failure (q) raised to the (n - r) power.
Use this formula to find the probability of an event “p”, occurring exactly “r” times:
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 n = number of trials
 r = number of specific events you wish to
       obtain
 p = probability that the event will occur
 q = probability that the event will not occur (q = 1 - p, the complement of  

                               the event)
The permutations for a binomial experiment can be endless so use a graphing calculator.

Example: 
Your science teacher has given you a true or false test with fifteen statements but you did not study so cannot determine any answers without guessing. What is the probability of passing the test with exactly eight questions right?

Solution:

Use the formula:     [image: image13.png]al r n-r
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n = 15                         

r = 8

n – r = 7

p = 0.5

q =  0.5
On a graphing calculator enter the following: 
(To find nCr choose MATH / PRB / nCr (#3))   
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15 nCr 8 x (0.5)8 x (0.5)7 then ENTER
15 nCr 8 x (0.5)8 x (0.5)7 = 0.1963806152 or .20

So the student will pass with exactly eight answers 20% of the time.

Exercise:

1. When rolling a die 100 times, what is the probability of rolling a "4" exactly 25 times?
2.  A test consists of 10 multiple choice questions with five choices for each question.  As 
     an experiment, you GUESS on each and every answer without even reading the    

     questions. What is the probability of getting exactly 6 questions correct on this test?
3. At a certain intersection, the light for eastbound traffic is red for 15 seconds, yellow for  

5 seconds, and green for 30 seconds.  Find the probability that out of the next eight eastbound cars that arrive randomly at the light, exactly three will be stopped by a red light.

4. What are the chances of a heart (suit) being the top card in a standard deck of 52 

    playing cards if the deck is shuffled and the top card revealed each time after 60 trials? 
Answers: 

1.                n = 100
                   r = 25
                   n – r = 75
                   p = 1/6 = probability of rolling a "4"
                   q = 1 - p = 5/6 = probability of not rolling a "4"
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P(rolling a “4”) = 100 nCr  25  x   (1/6)25   x   (5/6)75 = 0.0098
The chance of rolling a four exactly 25 times in a row is slightly less than 1%.
2.                n = 10
                   r = 6
                   n – r = 4
p = 0.20 = probability of guessing the correct answer on a question
q = 1 - p = 0.80 = probability of not guessing the correct answer on a question
  P(guessing 6 correct) = 10 nCr  6  x   (.2)6   x   (.8)4 = 0.00505
The probability of getting exactly six questions correct is 0.5%.                                      

3.                  n = 8
                      r = 3
                      n – r = 5
                      p = 15/50 = probability of a red light
                     q = 1 - p = 35/50 = probability of not a red light
P(a red light) = 8 nCr  3  x   (15/50)3   x   (35/50)5 = 0.2541
The chances that three of eight cars will be stopped by a red light are 25%. 
4. 

n = 60

r = 13 number of hearts in a standard deck

n – r = 47

p = 13/52 chance to reveal a heart

q = 39/52  chance of another suit
P(heart revealed) = 60 nCr  13  x   (13/52)13   x   (39/52)47 = 0.10335
The chances of a heart being the top card each time is 10%.   
Related information:

Binomial probability refers to the probability of getting exactly “n” successes in a specific number of trials.

Cumulative binomial probability refers to the probability of getting at most a specific number of successes in a specific number of trials.

When the number of trials is large and when the probability of success is not extreme, then the normal distribution may be used to very closely approximate results from the binomial distribution.

Confidence intervals can be determined for each sample proportion and plotted to show trends. A confidence interval for a sample proportion is [image: image16.png]N



± the margin of error. 

A sample proportion is called a point estimate because this single number is used as a plausible value of the population proportion.

The binomial distribution is the basis for the popular binomial test of statistical significance. A statistically significant difference occurs by chance and means there is statistical evidence that there is a difference; it does not mean the difference is necessarily large, important, or significant in the common meaning of the word.
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