

MTL Module 6B Unit 2


Math 490 Module 6B
  Unit 2:  The Central Limit Theorem

Goals: understand Central Limit Theorem; introduce Resampling Stats® software

Read the Chapter or unit on the Central Limit Theorem in your primary AP Statistics textbook, and study 6.2-6.8 in the AMSCO text.

Historical Note: Two mathematicians who contributed to the development of the Central Limit Theorem were Abraham DeMoivre and Pierre Simon Laplace. DeMoivre made a living by consulting on the mathematics of gambling and insurance. Laplace held a government position under Napoleon and later under Louis XVIII.

The Central Limit Theorem (CLT) is the key to understanding Confidence Intervals and Hypothesis Tests (traditional inferential statistics). The following problems should help you distinguish when and when not to use the CLT.

Questions for reflection: Study the following two problems and then compare and contrast the solution process. Assume that women’s weights are normally distributed with a mean given by

µ = 143 lbs. and standard deviation given by  = 29 lbs.

· Problem 1:  If a woman is randomly selected, find the probability that her weight is between 143 lbs. and 155 lbs.

· Problem 2:  If 36 women are randomly selected, find the probability that their mean weight is between 143 lbs. and 155 lbs.

Assignment:

2.1.
Compare & contrast the solution process for the two problems above in your own 
words, i.e., explain why the solutions are different and which one uses the CLT.
Resampling Stats® (www.resample.com) is a simple software package for the “bootstrap method” that you can use to demonstrate the properties of the CLT, as well as other statistical tasks.  You can download a 10-day trial of Resampling Stats as an add-in for Excel. This is a full working copies of the program. Note: Resampling Stats is not available for Mac users.
http://www.resample.com/content/software/excel/index.shtml
Caution:  Do not download unless you have time to complete this unit and part of the next unit in the 10-day trial period.

Look up and read about the “bootstrap method” in your primary text.

Assignment:
2.2.
Describe “bootstrap method” in your own words.
To investigate the CLT, you are going to start with the 10 digits consisting of 0 – 9, and through the bootstrap method, generate a large number (1000+) of samples of size 15 and look at the distribution of sample means. Repeating the process, you will generate a large number (1000+) of samples of size 30 and look at the distribution of samples means.  You will repeat this process using sample sizes of 50, and then 100, and compare the distribution of sample means by comparing the histograms you generate. A similar activity is to draw a large number of samples of the same size n from a population of random digits and find the mean of each sample.   

Use Resampling Stats to do the following problem.  When you have completed the problem, you will be asked to write down your observations/analysis. The code is written out for you, so you can better understand how the software works.  Start the Resampling Stats software, type in the code, then run (execute) the program and observe the results.

REPEAT 1000
    (the large number of trials will be 1000, or more if you wish)


GENERATE 15 0, 9 A   (15 = sample size from the population of digits 0 – 9; result stored in A)


MEAN A M

    (finds the sample mean and calls it M)
SCORE M Z

    (keeps a record or list of the sample means and stores it in Z)
END

MEAN Z mean
    (finds the mean of the distribution of sample means, Z)

MIN Z min

    (finds the min mean in Z)
MAX Z max

    (finds the max mean in Z)

STDEV Z stdev
    (find the standard deviation of the distribution of sample means, Z)
PRINT mean min max stdev

HISTOGRAM Z

After you have typed in the code, execute the program and study the histogram.  Next, change the sample size to 30 (Generate 30 0,9 A), do a “Run, Clear Output” command to empty the results box, then execute the program, and study the histogram. Repeat this process and gradually increase the sample size.  You should take notice of the shape of the distribution, the mean of the distribution, and the standard deviation.  Note: the software may re-scale the histogram; also, the software shows only one histogram at a time.

Assignment:
2.3.
Explain in your own words how the sample size affects the sampling distribution of 
sample means.

Read 6.5 “The Sampling Distribution of a Sample Mean” in the AMSCO text, and the equivalent in your primary text.

Assignment:
2.4.
Briefly comment how your observations are aligned with the three properties of the 
CLT; also discuss the shape of the parent population and the CLT.
Read 6.6 “ the sampling distribution of a sample mean,  unknown” in the AMSCO text, and the equivalent in your primary text.

Assignment:
2.5.
Under what circumstances (i.e., what assumptions) would you use the t-distribution 
instead of the normal distribution?

2.6.
When would you use a finite population correction factor?
Self-test using the review exercises at the end of chapter 6 in the AMSCO text, and practice equivalent problems in your primary text.  You are also encouraged to try some of the sample problems which come with Resampling Stats software.  Also available for teachers upon request are resources for Resampling Stats including:  an Introductory Assignment, an article “What Some Puzzling Problems Teach About the Theory of Simulation and the Use of Resampling,”, and article “Teaching Statistics through Resampling,” and multiple choice questions for Resampling. 

Assignment:
2.7.
Using Resampling Stats software, generate a bootstrap sample consisting of the 
results of tossing 6 coins.  Generate a sampling distribution of sample means and the 
corresponding histogram.  Briefly discuss the result as it relates to the CLT.  Submit 
the computer program and the results. 

2.8.
Using Resampling Stats software and the data set below, generate a sampling distribution of sample means and the corresponding histogram, using a sample size of 12 with replacement.  Generate one single sample of the same size, find the sample mean, and using the results generated, determine the number of standard deviations your sample mean is from the mean of the sampling 
distribution generated.  Submit your program and results, explain why you chose your sample size, and write your conclusion of the results.


Data: A trucking firm is concerned about the reliability of its shipping times. 


It takes a random sample of 20 shipments to a major customer and notes the 


shipping times.  35 32 29 35 37 29 31 31 30 31 34 32 35 28 28 30 32 32 33 29

2.9.
Describe an activity or approach you might use to introduce and explain the CLT to 
a high school class.  You may write your response as a lesson plan, or submit a 
worksheet you have developed, find or write a Resampling Stats program, or submit 
an alternative software application for classroom use.

END OF UNIT 2
