Course schedule –Week 9

3/24-3/27
Monday 3/24: Random variable, Law of large numbers and connection to sampling

 Group homework on lesson 13-14 is due today 3/24.

Pre-class assignment for 3/27: 
Sampling simulation II. (Will be collected on Thursday and you will get a project grade for it.)

We will investigate the following question in class:

What kind of sample means do we get if we take lots of samples of the same size from a normal population? 

(Answer: The sample means vary from sample to sample but their overall distribution is normal with the same mean as the population mean but with a smaller standard deviation. How much smaller is the standard deviation for the sample means depends on the sample size.)
You have to see first what happens if you really took lots of samples from the same population by doing this simulation to be able to understand the mathematical model for the so called "sample mean distribution" that I will explain to you in class. 
Simulate drawing samples from a normal population with µ=20 and σ=5. 

(1) Go to Data Desk. 

(2) Under Manip choose Generate random numbers. Generate 100 variables with 4 cases. (That means 100 samples of size 4 will be taken.) Choose Normal and set mu=20 and sigma=5. (This means samples will be taken from a population with mean 20 and standard deviation 5.)

(3)Now set Calculation options to show nothing but the Mean. Then select all the generated samples and Calculate/Summaries/As variables for all the samples taken.   

(4) Label the Mean variable as Mean(n=4). Click on the Mean variable to have all the 100 sample means in a Summary window. 
(a) What is the mean for your first sample? How about the second, third, fourth and fifth?

(b) How many of the 100 sample means are larger than 25 or smaller than 15? (Answer)

(5) Assume for a second that your 100 sample means have a normal distribution with mean 20 and standard deviation 5 just like the individual elements in the population had. 
(a) How many out of the sample means should be smaller than 15 or larger than 25 in that case? (Answer based on fat that in a normal distribution 32% of the elements are outside the one standard deviation range.)
 (b) Are your answers in 4b and 5a close to each other? (Answer)

(6)  Create a histogram for all the sample mean values. (Print)

(7)(a)Does this histogram look normal?
(b) Let’s check the normality using the normal probability plot. How does the normal probability plot look like? Is it close to a straight line?
(8) Now change Calculation options to show the standard deviation as well as the mean. Select the Mean(n=4) variable and go to Calculate|Report.

(a)What is the mean for the 100 sample means?  Is it close to 20? 
(b)What is the standard deviation for all the 100 sample means? Is it close to 5? (Answers)

 (9) Repeat the entire process (1)-(8) for samples of size 64!

(10)* Compare the distributions of sample means for n=4 and n=64 in terms of normality, mean and standard deviation. 
(a)Which one is more normal: the histogram for the 100 sample means for samples of size 4 or 64?
(b)Was the mean of the means close to the population mean 20 in both cases? 
©In which case, n=4 orn=64, was the standard deviation smaller for the 100 sample means? 
Thursday 3/27  Sampling distributions I.
We will work our way though Lesson 16 together in class. This is a very important class please make every effort to come!! Bring your CD!
16.1.1 What do the line graphs represent?
16.1.2  To take samples we first need to define a population. What kind of distribution does the population have in this case?

Why do we have 25 identical copies of the population distribution on top?
What do we plot using the histogram in the middle?

16.1.3 This window is really complex. Slow down to identify every part of the window: what are the little green normal curves represent? How many we have of them? What are the numbers next to each curve? What is the batch size, bin size and n represent? Each individual sample mean is represented by what in the histogram? 
NOTE:To cut down the standard deviation of the sampling distribution by half we have to quadruple the sample size. That means the standard deviation for the sampling distribution is ………………….. proportional to …………………… .

16.2.1 Here is the mathematical model. Take it or leave it! From all we have seen and all we will see by simulation of different sampling situations the model seems to work well!

16.2.2 This quiz seems harmless but stay awake! A huge change in perspective occurs in it:

So far we took a sample from the population. But any possible sample is really one from the set of all possible samples. The mathematical model for the sampling distribution actually describes the distribution of all possible samples. So from now on when you take a sample you should think of it NOT in terms of it's individual elements, that are coming from the population, but you should think about the sample as a whole and as such this sample is selected from the set of all possible samples that can be drawn from the given population. It's mean is represented somewhere as a value on the x-axis of the sample mean distribution.
 16.2.3 We will do this in class.
Pre-class assignment for Monday 3/31:

I. Lesson 16

16.3.1 What is the central limit theorem?

16.3.2 Answer the questions about the distribution of the means after you have done the simulation.

16.3.3  (a) In the first example: AGES. Set the sample size to n=10. Take five sets of 150 samples! Record the means and standard deviations of 5 sets of 150 samples. Now take

20 sets of 150 samples! How many of the 20 corresponding histograms looked approximately normal?
Now change the sample size to 40 and repeat the above experiments. Answer all the questions again!

What kind of conclusions can you draw? In which case did the histograms for the 150 sample means looked normal more frequently? What can you say about the means of these set of 150 sample means? When were your five recorded values closer to the population mean when n=10 or n=40?  What can you say about the standard deviations for the 150 sample means in case when n=10 versus when n=40?

(b) In the second Example: CHARGES   Answer all the questions asked at the end of the exercise including "Do you need a larger sample size to make CLT work?" 
“Everybody believes in the normal curve, the experimenters because they think it is a mathematical theorem, the mathematicians because they think it is an experimental fact.”







G Lipmann (French physicist, 1845-1921)

“I know of scarcely anything so apt to impress the imagination as the wonderful form of cosmic order expressed by the Law of Frequency of error.(this is called the Central Limit theorem today) The law would have been personified by the Greeks and nnndeified, if they had known of it. It reigns with serenity and in complete selfaffecement amidst the wildest confusion. It is the supreme Law of Unreason. Whenever a large sample a chaotic elements are taken in the order of their magnitude, an unsuspected and most beautiful form of regularity proves to have been latent all along.” 







Galton
II. Print  Chapter 18: Sampling distribution models ( Velleman's Intro Stats book) from SOCS Read the chapter but skip the problems explained step but step within
the text
Sampling simulation III. (Due 3/31)
 I. Simulate drawing samples from a population with 48% Democrat. ( p=.4.) This will count as a project grade. 

 (1) Go to Data Desk. You can get there from any lesson by clicking on the Magnifying glass icon in the toolbar. (O.K. you knew that much by now, sorry.)

(2) Under Manip choose Generate random numbers. Generate 150 variables with 10 cases. (That means 150 samples of size 10 will be taken.) Choose Bernoulli trials and set Prob(success)=.48.(This means samples will be taken  from the population that is 48% Democrat and 52% Republican.)
(3)(a)Now set calculation options to show nothing but the mean and the standard deviation. Then calculate the means using Calculate/Reports As Variables for all the samples taken.
(b) Open up a sample. Your samples consist of 1’s and 0’s actually. Imagine that the 1’s stand for Democrats and 0’s for Republicans. 
In the previous step you have calculated the mean for each sample. Explain how is the calculation of the sample means will actually calculate the percentage of Democrats in each sample. Think about what would be the average of 3 1's and 7 0's?What would be the percentage of ones in this case? Why are these the same?(Hint: Because the other element aero does not change the sum of the elements) (collected) 

(4) You could see all the 150 samples proportions in a Summary window by opening the mean variable. (Print!) Label the mean variable : Proportions(10).(you simply click on the name to edit it)
(5) Using this new variable(a) calculate the mean and standard deviation for all  your sample proportions!(collected)
(b) Create a histogram for all the sample proportions.(Print)

©  Does the histogram look approximately normal? Let’s check the normality using a normal probability plot. 

II. Now repeat the entire process for samples of size 40! Compare the sampling distributions for n=10 and n=40 in terms of normality, means and standard deviations.

