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MAT 120 SURVIVAL NOTES—BINOMIAL PROBLEMS
How do I recognize a binomial?  (Binomials have 4 characteristics.)

1. Only two outcomes  
This is sometimes called an “either, or” situation.

· When a coin is tossed, either it will result in a head, or it won’t result in a head.

· After being given a certain medication, either a patient is cured of an illness, or he isn’t cured.

2. Fixed number of trials

You must be given the total number of times the experiment is run or the total number of objects that you are considering. The total number of times the experiment is being conducted or the total number of items is n.

· When tossing a coin, how many times is the coin being tossed?   The number of tosses is n.

· When studying the effectiveness of a particular medication, how many patients are receiving the medication?

The number of patients receiving the medication is n.
3. Independent trials 

The chance of success for any one trial has no effect on the chance of success for any other trial.

· When tossing a coin, each toss has no effect on subsequent tosses.  Getting a head on a specific toss does not influence the outcome on any other tosses.

· One patient’s being cured by a medication does not affect another patient’s being cured.

4. Consistent probability 

The probability of success for the first trial is the same as the probability of success for each subsequent trial. This probability is p.

· Suppose there is a 50% chance of getting a head when you toss a specific coin.   No matter how many times you toss the coin, there is still a 50% chance of getting a head on each toss.  p = .50.

· Suppose the cure rate for a certain medication is 80%.  No matter how many patients receive the medication, each one has an 80% chance of being cured.  p = .80.

What information do I need to work a binomial problem?

1. If you are asked to find a binomial probability, you will need to know 

· n, the total number of trials.

· p, the probability of success on any one of the trials.

· q, the complement of p.  Since p is the probability of success on any one trial, q can be thought of as the probability of failure on any one trial.  A patient with an 80% chance of being cured has a 20% chance of not being cured.  Not being cured is the complement of being cured.  The formula to calculate q is q = 1 - p.  In the example of the 80% cure rate, q would be calculated by q = 1 - .80 = .20.  Watch the decimals!  

· x, the number of desired successes.

· 
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, the formula for binomial probabilities.

2. To find the mean, variance, and standard deviation for a binomial distribution, you will need to know 

· n, p, and q.  x, the number of successes, is not needed to find mean, variance, or standard deviation.

· 
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· 
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, the formula for the variance.

· 
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, the formula for the standard deviation.
How do I work a binomial problem?
Suppose 30% of a large restaurant ‘s customers are smokers, and 15 customers are randomly selected.   

(a) What is the probability that exactly 7 of them are smokers?

(b) What is the probability that at least 8 are smokers?

(c) What is the probability that at most 4 are smokers?

(d) What are the mean, variance, and standard deviation for the number of smokers?

· In this problem, success is finding a customer who smokes; failure is finding a customer who does not smoke.

· Each of the 15 customers is a trial, so n = 15.

· 30% of the customers are smokers, so there is a 30% chance that a randomly selected customer is a smoker.    Therefore, p = .30, the probability of success on any given trial.


· The probability of getting a non-smoker is 70%, or q = .70.   (q = 1 – p = 1 - .30 = .70.)
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(a) What is the probability that exactly 7 of them are smokers?

We are looking for exactly 7 smokers or successes.  Therefore, x = 7  The other 8 customers must be non-smokers or failures.  The number of non-smokers is  n – x = 15 – 7 = 8. 
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, the binomial probability formula, becomes 
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	Calculator
	Keystrokes     (The symbol  “x” represents the multiplication sign, not the letter “x”.)
	Ans.

	TI-34 II
	15     PRB     nCr     7      x       .30     ^     7    x   .70       ^      8          ENTER
	.081

	TI-83 Plus or 84
	15      MATH      PRB      3:nCr      7    x    .30      (      7     x    .70      (      8        ENTER
	.081


There are two other possible ways to do this problem.   
	1. If you have a TI-83 Plus or a TI-84 calculator, you can download and run the BINOMIAL program.

      The Learning Center’s MAT 120 tutors can download the program and explain how it works.

	Questions the calculator will ask you
	What it means
	What keys to press

	Probability?
	p
	.30     (Watch the decimal.)    ENTER

	Number of trials?
	n
	15       ENTER

	Minimum number of successes?
	the smallest x
	7         ENTER

	Maximum number of successes?
	the largest x
	7         ENTER

	      At this point, most versions of the BINOMIAL program will give you three answers.  

· .081, the first answer, is the probability.  This is the answer to part (a).

· 4.5, the second answer, is the mean for this probability distribution.  This is part of the answer to part (d).

· 1.775, the third answer, is the standard deviation for the distribution. This is part of the answer to part (d).

	2. You can use the Binomial Distribution table in your textbook.  The Learning Center’s math tutors can explain how to use the table if you need help with it.  When n = 15, x = 7, and p = .30, the table yields an answer of .081.

	


(b) What is the probability that at least 8 are smokers?
n = 15, p = .30  At least 8 means 8 or more, so x = 8, 9, 10, 11, 12, 13, 14, and 15.  Since the problem only considers 15 customers, the x values cannot exceed 15.  x can never be larger than n.  Solving this problem using the binomial formula, would necessitate a separate calculation for each value of x.  A more efficient strategy is to use either the Binomial Distribution table in your textbook or the BINOMIAL program on the TI graphing calculators.

	Using the BINOMIAL program
	
	Using the Binomial Distribution table

	
Probability = .30

Number of trials = 15  

Since the x values now range from 8 to 15, the minimum number of successes = 8, and the maximum number of successes = 15.   

The answer (rounded to 3 decimal places) is .050.
	You may notice that the answer obtained by using the BINOMIAL program is slightly different from the answer obtained from the table.  That is because the probabilities listed in the table have already been rounded to three decimal places.  The differences between the two methods should be very slight.  If you see significant differences, check your work for accuracy.
	n = 15 and p = .30
	Probability

	
	
	X=8
	.035

	
	
	X=9
	.012

	
	
	X=10
	.003

	
	
	X=11
	.001

	
	
	X=12
	.000

	
	
	X=13
	.000

	
	
	X=14
	.000

	
	
	X=15
	.000

	
	
	        The answer is               .051


(c) What is the probability that at most 4 are smokers?

n = 15, p = .30.  At most 4 means 4 or fewer.  Don’t forget to include the possibility that you may have zero smokers. Therefore x = 0, 1, 2, 3, and 4.

· If you run the BINOMIAL program, the minimum number of successes is 0, and the maximum number is 4.The answer obtained from the program is .515.

· If you add up the appropriate probabilities from the table in the textbook, the answer is .517.

 (d)  What are the mean, variance, and standard deviation for the number of smokers?
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Because you are looking for exactly 7 smokers, 7 is both the minimum and the maximum.
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