AP Statistics:  Sampling




Name ____________________

One application of statistics is to determine the “readability” of various books and articles.  One simple way to do this is to measure the average word length. 

[image: image1.wmf]Consider one of the most famous speeches of all time, The Gettysburg Address by Abraham Lincoln.

Four score and seven years ago our fathers brought forth upon this continent, a new nation, conceived in Liberty, and dedicated to the proposition that all men are created equal. 

Now we are engaged in a great civil war, testing whether that nation, or any nation so conceived and so dedicated, can long endure. We are met on a great battle-field of that war. We have come to dedicate a portion of that field, as a final resting place for those who here gave their lives that that nation might live. It is altogether fitting and proper that we should do this. 

But, in a larger sense, we can not dedicate -- we can not consecrate -- we can not hallow -- this ground. The brave men, living and dead, who struggled here, have consecrated it, far above our poor power to add or detract. The world will little note, nor long remember what we say here, but it can never forget what they did here. It is for us the living, rather, to be dedicated here to the unfinished work which they who fought here have thus far so nobly advanced. It is rather for us to be here dedicated to the great task remaining before us -- that from these honored dead we take increased devotion to that cause for which they gave the last full measure of devotion -- that we here highly resolve that these dead shall not have died in vain -- that this nation, under God, shall have a new birth of freedom -- and that government of the people, by the people, for the people, shall not perish from the earth. 
a. To estimate the average word length in the Gettysburg Address, select a sample of 5 representative words from this population by circling them in the passage above.  Record the word and the number of letters in each of the five words in your sample.  
	
	1
	2
	3
	4
	5

	word
	
	
	
	
	

	# letters
	
	
	
	
	


b. Do you think the five words in your sample are representative of the lengths of the 268 words in the population?  Explain briefly.

c. Create a dotplot of your sample results (number of letters in each word).  Also indicate what the observational units and variable are in this dotplot.  Is the variable categorical or quantitative?

dotplot:
observational units:



variable:



type:
d.  Determine the average (mean) number of letters in your five words.

e.  Combine your sample average with the rest of the class to produce a well-labeled dotplot.

f.  Indicate what the observational units and variable are in this dotplot.  [Hint:  To identify the observational units are, ask yourself what each dot on the plot represents.  This answer is different than your answer from (c) above.]

Teacher Note:  The conceptual challenge here is realizing that the observational units are no longer the individual words but rather the samples of five words.  Each dot in this plot comes from a sample of five words, not from an individual word.

g.  The average number of letters per word in this population of 268 words is 4.295.  Mark this value on the dotplot in (e).  How many students produced a sample average greater than the actual population average?  What proportion of students is this?

Teacher Note:  When the sampling method produces characteristics of the sample that systematically differ from those characteristics of the population, we say that the sampling method is biased.

h. Would you say that this sampling method (circling five representative words) is biased?  If so, in which direction?  Explain how you can tell from the dotplot.

i. Suggest some reasons why this sampling method turned out to be biased as it did.

j.  Consider a different sampling method:  close your eyes and point to the page five times in order to select the words for your sample.  Would this sampling method also be biased?  Explain.

k.  Would using this same sampling method but with a larger sample size (say, 20 words) eliminate the sampling bias?  Explain.

l.  Suggest how you might employ a different sampling method that would be unbiased. 

You will now use the table of random digits to select a simple random sample of five words from the sampling frame of the Gettysburg address.   Do this by entering the table at any point (it does not have to be at the beginning of a line) and reading off 3-digit numbers between 001 and 268.  Disregard any numbers not in this range and if you happen to get a repeated number, keep going until you have five different 3-digit numbers.  If you finish a line without obtaining unique numbers from 001-268, just continue on to the next line.  
m.  Record the ID numbers that you selected, the corresponding words, and the number of letters in each word.
	
	1
	2
	3
	4
	5

	ID number
	
	
	
	
	

	word
	
	
	
	
	

	# letters
	
	
	
	
	


n.  Determine the average word length in your sample of five words.
o.  Combine your sample mean with the rest of the class to produce a well labeled dotplot.

p.  Comment on how the distribution of sample averages from these random samples compares to that from your “circle five words” samples.

q.  Do the sample averages from the random samples tend to over- or under-estimate the population average, or are they roughly split evenly on both sides?

r.  Using your calculator, select a random sample of 20 words to estimate the average word length.  Record your data in the table.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	ID #
	
	
	
	
	
	
	
	
	
	

	word
	
	
	
	
	
	
	
	
	
	

	# letters
	
	
	
	
	
	
	
	
	
	


	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	ID #
	
	
	
	
	
	
	
	
	
	

	word
	
	
	
	
	
	
	
	
	
	

	# letters
	
	
	
	
	
	
	
	
	
	


s.  Determine the average word length in your sample of twenty words.

t.  Combine your sample mean with the rest of the class to produce a well labeled dotplot.
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To really examine the long-term patterns of this sampling method, we will use technology to take many, many samples.

From the webpage http://www.rossmanchance.com/applets/   select the “Sampling Words” applet.  The information in the top right panels show you the population distributions (including proportion of long words and proportion of nouns) and tell you the average number of letters per word in the population, the population proportion of “long words,” and the population proportion of nouns.  Unclick the boxes next to “Show Long” and “Show Noun” so we can continue to focus on the lengths of words for now.
Specify 5 and the sample size and click Draw Samples.  Note the lengths of the words and the average for the sample of 5 words.  Then click Draw Samples again.  Then change the number of samples (Num samples) from 1 to 98. Click the Draw Samples button.  The applet now takes 98 more simple random samples from the population (for a total of 100 so far) and adds the sample averages to the graph in the lower right panel.  The red arrow indicates the average of the 100 sample averages.

u.  What does this dotplot reveal?

v.  Now change the sample size from 5 to 10.  Click off the Animate button and click on Draw Samples.  Does the sampling method still appear to be unbiased?  What has changed about the type of sample averages that we obtain?  Why does this make sense?

Teacher Note:  Once we have a representative sampling method, we can improve the precision by increasing the sample size.  With larger random samples, the results will tend to fall even closer to the population parameter.
Three caveats about random sampling are in order:

· One still gets the occasional “unlucky” sample whose results are not close to the population even with large sample sizes.

· Second, the sample size means little if the sampling method is not random.  In 1936 the Literary Digest magazine had a huge sample of 2.4 million people, yet their predictions for the Presidential election did not come close to the truth about the population.
· While the role of sample size is crucial in assessing how close the sample results will be to the population results, the size of the population does not affect this.  As long as the population is large relative to the sample size (at least 10 times as large), the precision of the sample statistic depends on the sample size but not the population size! (You can explore this a bit in the applet by using the “address” pull-down menu to select “four addresses.”  This makes the population four times as large, but if you conduct the simulation again you should find a very similar sampling distribution.)

Download this file at:

https://www.dropbox.com/s/xop4f8wn39pmg44/Gettysburg%20Address%20student.doc?dl=0
