Topic 2 

COMPARING TWO MEANS 

	

	Activity 2-1:  Whiskey Prices


A sample of 16 states where liquor stores  are state owned and a sample of 26 states where liquor stores are privately owned was taken.  In each state the average price, in dollars for a fifth of Seagram’s 7 Crown Whiskey was obtained.  The data are shown below, and they are stored in the SPSS file WHISKEY.SAV. 

	State Owned:

	4.65
	4.55
	4.11
	4.15
	4.20
	4.55
	3.80
	4.00
	4.19
	4.75

	4.74
	4.50
	4.10
	4.00
	5.05
	4.20
	
	
	
	


	Privately Owned:

	4.82
	5.29
	4.89
	4.95
	4.55
	4.90
	5.25
	5.30
	4.29
	4.85

	4.54
	4.75
	4.85
	4.85
	4.50
	4.75
	4.79
	4.85
	4.79
	4.95

	4.95
	4.75
	5.20
	5.10
	4.80
	4.29
	
	
	
	


a) Histograms for these data are shown below.  Do the plots indicate that there appears to be a difference in the price of whiskey for the different type of states?
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b) Use SPSS to compute the means and standard deviations for each type of state.  Complete the following table.

	Gender
	Sample

 Size
	Sample 

Mean
	Sample

 Standard Deviation

	State Owned

	20
	4.3643
	.34376

	Privately Owned

	25
	4.838
	.26988


c) Do the statistics computed seem to lead to a conclusion that is consistent with the one you arrived at using the histograms?  If not, what do you think is going on here?

Answers will vary depending on how students answered the question in the Preliminaries.

	Activity 2-2: Whiskey Prices (cont’d)


a) Compute and record below the value for
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b) Let Y designate the privately owned stores.  Compute and record below the value of T.
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c) What is the appropriate alternative hypothesis for testing if states with privately owned stores have higher prices than do states with state run stores?
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d) Compute and record the p-value for this test.

d.f. = 19
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e)  What do you conclude?

There is very strong evidence that the mean price for whiskey is higher in privately owned stores than that of state owned stores.
f) Use SPSS to test whether privately owned stores have higher whiskey prices than do state run stores.    

Record the p-value for your test in the space below.
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How do the SPSS results compare with your hand calculations?

They are comparable to within rounding error.
g) Which of the following statements is a correct interpretation of the p-value for this test?
· The p-value is the probability that states with privately owned stores and states with state run stores have the same prices.  (Incorrect)
· The p-value is the probability of seeing a mean difference in e-mail times as extreme as this when, in fact, the two types of states have the same prices.  (Correct)
· The p-value is the probability that states with privately owned stores have higher prices than do states with state run stores  (Incorrect)
· The p-value is the probability of seeing a mean difference in e-mail times as extreme as this when, in fact, states with privately owned stores have higher prices than do state with state run stores.  (Incorrect)
h) From the information given we know that we have two random samples, but the two samples sizes do not equal or exceed 30.  This means that we need to assess whether it is reasonable to assume that the populations are normal.  The two histograms shown above do not help much.  There is, however, a much more definitive tool available.  It is called a Q-Q plot.  The Q stands for quantile, which is a synonym for percentile.  What it does is compare the spacing of percentiles in a normal distribution with the same percentiles in the data by drawing a scatter plot of the normal percentiles against the sample percentiles.  If the spacings are the same the scatter plot will follow a straight line.  Since we are dealing with sample data, we can only expect that a sample from a normal distribution would result in a plot that follows a straight line approximately.
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The two plots you get follow a straight line reasonably well, indicating that the two populations follow a normal distribution reasonably well.

	Activity 2-3: Investigating the T Test


We wish to investigate the effect of changing the various elements in the test statistic for the two sample t test.  To assist in this we provide an SPSS script TEST2MEAN.SBS.  Its use is self-explanatory.  You enter the two sample means, the two sample standard deviations, the two sample sizes, select the appropriate alternative hypothesis, and click OK.  The results will appear in an output window.
a) What would happen to the p-value for a test of 
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if the difference between sample means is increased?  It will go down

If 10 is added to both sample means?  It will be the same.
b) For each pair of populations compute and the p-values of the test in the space provided.

	
	Sample Mean
	Sample Standard

Deviation
	Sample Size
	p-value

	Population 1
	100
	10
	25
	.08


	Population 2
	105
	10
	25
	

	Population 1
	100
	10
	25
	0

	Population 2
	120
	10
	25
	

	Population 1
	110
	10
	25
	.08

	Population 2
	115
	10
	25
	


Based on what you see comment briefly on the effect of changing the sample means leaving everything else unchanged.  Did the results match your predictions?
Increasing the difference between sample means reduces the p-value while shifting both means by the same amount leaves the p-value unaffected.
c) What would happen to the p-value for a test of 
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if the sample standard deviations are increased?  It will go up.

Decreased?  It will decrease.
d) For each pair of populations compute and record the p-values of the test in the space provided.

	
	Sample Mean
	Sample Standard

Deviation
	Sample Size
	p-value

	Population 1
	100
	15
	10
	.01

	Population 2
	120
	15
	10
	

	Population 1
	100
	25
	10
	.09

	Population 2
	120
	25
	10
	

	Population 1
	100
	5
	10
	0

	Population 2
	120
	5
	10
	


Briefly comment on the effect of changing the sample standard deviation.  Did it match your prediction?
Increasing the standard deviation increases the p-value while decreasing the standard deviation decreases the p-value.
e) What would happen to the p-value for a test of 
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if the sample sizes are increased?  It will go down.

Decreased?  It will go up.
f) For each pair of populations compute and record the p-values of the test in the space provided.

	
	Sample Mean
	Sample Standard

Deviation
	Sample Size
	p-value

	Population 1
	100
	10
	25
	.08

	Population 2
	105
	10
	25
	

	Population 1
	100
	10
	35
	.04

	Population 2
	105
	10
	35
	

	Population 1
	100
	10
	15
	.45

	Population 2
	105
	10
	15
	


Briefly comment on the effect of changing the sample standard size.  Did it match your prediction?
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