Chapter 8:  The Binomial and Geometric Distributions

Chapter 8:  The Binomial and Geometric Distributions
Objectives:  Students will:

Explain what is meant by a binomial setting and binomial distribution.

Use technology to solve probability questions in a binomial setting.

Calculate the mean and variance of a binomial random variable.

Solve a binomial probability problem using a Normal approximation.

Explain what is meant by a geometric setting.


Solve probability questions in a geometric setting.


Calculate the mean and variance of a geometric random variable.
AP Outline Fit:
III.  Anticipating Patterns: Exploring random phenomena using probability and simulation (20%–30%)

A. Probability

4. Discrete random variables and their probability distributions, including binomial and geometric

What you will learn:

A. BINOMIAL

1. Identify a random variable as binomial by verifying four conditions: two outcomes (success and failure); fixed number of trials; independent trials; and the same probability of success for each trial.

2. Use technology or the formula to determine binomial probabilities and to construct probability distribution tables and histograms.

3. Calculate cumulative distribution functions for binomial random variables, and construct cumulative distribution tables and histograms.

4. Calculate means (expected values) and standard deviations of binomial random variables.

5. Use a Normal approximation to the binomial distribution to compute probabilities.

B. GEOMETRIC

1. Identify a random variable as geometric by verifying four conditions: two outcomes (success and failure); independent trials; the same probability of success for each trial; and the count of interest is the number of trials required to get the first success.

2. Use formulas or technology to determine geometric probabilities and to construct probability distribution tables and histograms.

3. Calculate cumulative distribution functions for geometric random variables, and construct cumulative distribution tables and histograms.

4. Calculate expected values and standard deviations of geometric random variables.
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•

Each trial either succeeds or fails

•

Each trial is independent

•

Probability of success is constant

Binomial Setting:

•

Fixed number of trials

•

X = # of successes

Geometric Setting:

•

Number of trials to first success

•

X = # of trials


Section 8.1:  The Binomial Distributions
Knowledge Objectives:  Students will: 

Describe the conditions that need to be present to have a binomial setting.

Define a binomial distribution.

Explain when it might be all right to assume a binomial setting even though the independence condition is not satisfied.

Explain what is meant by the sampling distribution of a count.

State the mathematical expression that gives the value of a binomial coefficient. Explain how to find the value of that expression.


State the mathematical expression used to calculate the value of binomial probability.
Construction Objectives:  Students will be able to:

Evaluate a binomial probability by using the mathematical formula for P(X = k).

Explain the difference between binompdf(n, p, X) and  binomcdf(n, p, X).


Use your calculator to help evaluate a binomial probability.


If X is B(n, p), find µx and (x (that is, calculate the mean and variance of a binomial distribution).


Use a Normal approximation for a binomial distribution to solve questions involving binomial probability.
Vocabulary:  

Binomial Setting – random variable meets binomial conditions 
Trial – each repetition of an experiment
Success – one assigned result of a binomial experiment
Failure – the other result of a binomial experiment
PDF – probability distribution function; assigns a probability to each value of X
CDF – cumulative (probability) distribution function; assigns the sum of probabilities less than or equal to X
Binomial Coefficient – combination of k success in n trials
Factorial – n! is n ( (n-1) ( (n-2) ( …  (  2 (  1 
Key Concepts:  
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A random variable is said to be a binomial provided:

1. The experiment is performed a fixed number of times.  Each 

repetition is called a trial.

2. The trials are independent

3. For each trial there are two mutually exclusive (disjoint) 

outcomes:  success or failure

4. The probability of success is the same for each trial of the 

experiment

Most important skill for using binomial distributions is the 

ability to recognize situations to which they do and don’t apply
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Mean and Standard Deviation:
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TI-83 Support:
· For P(X = k) using the calculator:  2nd VARS binompdf(n,p,k) 
· For P(k ≤ X) using the calculator: 2nd VARS binomcdf(n,p,k)
· For P(X ≥ k) use 1 – P(k < X) = 1 – P(k-1 ≤ X) 
Example 1:  Does this setting fit a binomial distribution? Explain
a) NFL kicker has made 80% of his field goal attempts in the past.  This season he attempts 20 field goals.  The attempts differ widely in distance, angle, wind and so on.
b) NBA player has made 80% of his foul shots in the past.  This season he takes 150 free throws.  Basketball free throws are always attempted from 15 ft away with no interference from other players.
Example 2:  In the “Pepsi Challenge” a random sample of 20 subjects are asked to try two unmarked cups of pop (Pepsi and Coke) and choose which one they prefer. If preference is based solely on chance what is the probability that:


a) 6 will prefer Pepsi?


b) 12 will prefer Coke?


c) at least 15 will prefer Pepsi?


d) at most 8 will prefer Coke?

Example 3:  A certain medical test is known to detect 90% of the people who are afflicted with disease Y. If 15 people with the disease are administered the test what is the probability that the test will show that:

a) all 15 have the disease?

b) at least 13 people have the disease?

c) 8 have the disease?
Homework:

Day 1:  pg 516, 8.1-8.6; pg 519-20, 8.7, 8.8, 8.12, pg 524, 8.14
Example 4:  Find the mean and standard deviation of a binomial distribution with n = 10 and p = 0.1
Example 5:  Sample surveys show that fewer people enjoy shopping than in the past.  A survey asked a nationwide random sample of 2500 adults if shopping was often frustrating and time-consuming.  Assume that 60% of all US adults would agree if asked the same question, what is the probability that 1520 or more of the sample would agree?
Example 6:  Each entry in a table of random digits like Table B in our book has a probability of 0.1 of being a zero.
a) Find probability of find exactly 4 zeros in a line 40 digits long.
b) What is the probability that a group of five digits from the table will contain at least 1 zero? 
Example 7:  A university claims that 80% of its basketball players get their degree. An investigation examines the fates of a random sample of 20 players who entered the program over a period of several years.  Of these players, 10 graduated and 10 are no longer in school. If the university's claim is true, what is the probability that exactly 10 out of 20 graduate?  Can you conclude anything about the university's claim?
Homework:

Day 2:  pg 529, pg 535 – 38, 8.27, 8.29, 8.30, 8.32, 8.34, 8.35
Section 8.2:  The Geometric Distributions
Knowledge Objectives:  Students will: 


Describe what is meant by a geometric setting.
Construction Objectives:  Students will be able to:


Given the probability of success,  p, calculate the probability of getting the first success on the nth trial.


Calculate the mean (expected value) and the variance of a geometric random variable.


Calculate the probability that it takes more than n trials to see the first success for a geometric random variable.


Use simulation to solve geometric probability problems.
Vocabulary:  

Geometric Setting – random variable meets geometric conditions 

Trial – each repetition of an experiment

Success – one assigned result of a geometric experiment

Failure – the other result of a geometric experiment

PDF – probability distribution function; assigns a probability to each value of X

CDF – cumulative (probability) distribution function; assigns the sum of probabilities less than or equal to X

Key Concepts:
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An experiment is said to be a geometric experiment provided:

1. Each repetition is called a trial.

2. For each trial there are two mutually exclusive (disjoint) 

outcomes:  success or failure

3. The trials are independent

4. The probability of success is the same for each trial of the 

experiment

5. We repeat the trials until we get a success
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The geometric distribution addresses the number of trials 

necessary 

before the first success

. If the trials are repeated 

k 

times until the first success, we will have had 

k 

– 1 failures. 

If 

p

is the probability for a success and 

q =

(1 – p) the 

probability for a failure, the probability for the first success 

to occur at the 

kth

trial will be (where x = k)

P(x) = p(1 – p)

x-1

,           x = 1, 2, 3, …

even though the geometric distribution is considered discrete, 

the x values can theoretically go to infinity


Mean and Standard Deviation:
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TI-83 Support:
· For P(X = k) using the calculator:  2nd VARS geometpdf(p,k) 
· For P(k ≤ X) using the calculator: 2nd VARS geometcdf(p,k)
· For P(X > k) use 1 – P(k ≤ X) or (1- p)k
Examples of Geometric Probability Distribution:

· First car arriving at a service station that needs brake work

· Flipping a coin until the first tail is observed

· First plane arriving at an airport that needs repair

· Number of house showings before a sale is concluded

· Length of time(in days) between sales of a large computer system
Example 1:  The probability for finding an error by an auditor in a production line is 0.01. What is the probability that the first error is found at the 70 th part audited? 

Example 2:  What is the probability that more than 50 parts need to be audited before the first error is found? 

Homework:

Day 1:  pg 543 – 44, 8.41, 8.42
Example 3:  The drilling records for an oil company suggest that the probability the company will hit oil in productive quantities at a certain offshore location is 0.2.  Suppose the company plans to drill a series of wells.


a)  What is the probability that the 4th well drilled will be productive (or the first success by the 4th)?


b)  What is the probability that the 7th well drilled is productive (or the first success by the 7th)?

c) Is it likely that x could be as large as 15(or the first success by the 15th)?

d)  Find the mean and standard deviation of the number of wells that must be drilled before the company hits its first productive well.

Example 4:  An insurance company expects its salespersons to achieve minimum monthly sales of $50,000.  Suppose that the probability that a particular salesperson sells $50,000 of insurance in any given month is .84.  If the sales in any one-month period are independent of the sales in any other, what is the probability that exactly three months will elapse before the salesperson reaches the acceptable minimum monthly goal?
Example 5:  An automobile assembly plant produces sheet metal door panels. Each panel moves on an assembly line.  As the panel passes a robot, a mechanical arm will perform spot welding at different locations. Each location has a magnetic dot painted where the weld is to be made.  The robot is programmed to locate the dot and perform the weld.  However, experience shows that the robot is only 85% successful at locating the dot. If it cannot locate the dot, it is programmed to try again.  The robot will keep trying until it finds the dot or the panel moves out of range.


a)  What is the probability that the robot's first success will be on attempts n = 1, 2, or 3?

b)  The assembly line moves so fast that the robot only has a maximum of three chances before the door panel is out of reach. What is the probability that the robot is successful in completing the weld before the panel is out of reach?

Homework:

Day 2:  pg 550, 8.48, 8.49; pg 551 – 8.51, 8.53, 8.54, 8.55
Chapter 8:  Review
Objectives:  Students will be able to:  


Summarize the chapter

Define the vocabulary used


Know and be able to discuss all sectional knowledge objectives


Complete all sectional construction objectives


Successfully answer any of the review exercises

Vocabulary:  None new
Homework:  pg 556 – 59; 8.59 - 8.66












Criteria for a Binomial Setting

A random variable is said to be a binomial provided:



The experiment is performed a fixed number of times.  Each repetition is called a trial.



The trials are independent



For each trial there are two mutually exclusive (disjoint) outcomes:  success or failure



The probability of success is the same for each trial of the experiment



Most important skill for using binomial distributions is the ability to recognize situations to which they do and don’t apply
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Geometric Probability Criteria

An experiment is said to be a geometric experiment provided:

Each repetition is called a trial.



For each trial there are two mutually exclusive (disjoint) outcomes:  success or failure



The trials are independent



The probability of success is the same for each trial of the experiment



We repeat the trials until we get a success
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Geometric PDF

The geometric distribution addresses the number of trials necessary before the first success. If the trials are repeated k  times until the first success, we will have had k  – 1 failures. If p  is the probability for a success and q = (1 – p) the probability for a failure, the probability for the first success to occur at the kth  trial will be (where x = k)

 

			P(x) = p(1 – p)x-1,           x = 1, 2, 3, …



even though the geometric distribution is considered discrete, the x values can theoretically go to infinity
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Binomial PDF

The probability of obtaining x successes in n independent trials of a binomial experiment, where the probability of success is p, is given by:

 

	P(x) = nCx px (1 – p)n-x,           x = 0, 1, 2, 3, …, n



nCx is also called a binomial coefficient and is defined by



 combination of n items taken x at a time   or 

 

    where n! is n  (n-1)  (n-2)  …    2   1

n                 n!

        =  --------------

k            k! (n – k)!
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Bernoulli Trials

  Each trial either succeeds or fails

  Each trial is independent

  Probability of success is constant

Binomial Setting:

  Fixed number of trials

  X = # of successes

Geometric Setting:

  Number of trials to first success

  X = # of trials












