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Paired Samples (§§ 10.3 and 11.3)
A gasoline company (let’s call it “Brand Q”) claims that their gas gives better gas mileage than their nearest competitor’s (let’s call it “Brand A”). In order to test this claim ten full size cars of different makes and models are run under similar conditions with first one brand of gasoline and than with the other (the order of the brand used in each car is randomized by a coin flip). 

	A
	Q
	Q – A

	21.4
	22.2
	0.8

	16.4
	17.0
	0.6

	19.1
	19.4
	0.3

	22.5
	22.4
	–0.1

	18.9
	20.0
	1.1

	14.8
	14.6
	–0.2

	17.7
	18.0
	0.3

	19.0
	19.5
	0.5

	17.0
	17.5
	0.5

	21.5
	21.8
	0.3


First Minitab is used to run a two-sample t-test: This is a test of the null hypothesis that there is no difference in gas mileage obtained by the two brands vs the alternative that Brand Q produces better gas mileage.
Two-sample T for Q vs A
       N   Mean  StDev  SE Mean

Q  10  19.24   2.52     0.80

A  10  18.83   2.45     0.78

Difference = mu (Q) - mu (A)

Estimate for difference:  0.410000

95% lower bound for difference:  -1.523365

T-Test of difference = 0 (vs >): T-Value = 0.37  P-Value = 0.358  DF = 17

The conclusion: There is insufficient evidence, in fact almost no evidence, that the mean mpg for Q is greater than that for A. That is to say that the statistical evidence is too weak to support Brand Q’s claim.
But, look what happens when the paired t-test is used.
Paired T for Q - A
             N      Mean     StDev   SE Mean

Q           10   19.2400    2.5185    0.7964

A           10   18.8300    2.4513    0.7752

Difference  10  0.410000  0.387155  0.122429

95% lower bound for mean difference: 0.185574

T-Test of mean difference = 0 (vs > 0): T-Value = 3.35  P-Value = 0.004

The conclusion: There is sufficient evidence, in fact very strong evidence, that the mean mpg for Brand Q gasoline is greater than that for Brand A. Now there is very strong evidence that Brand Q’s claim is true.
What’s going on here? Compute the standard error for the two-sample t-test and compare it with the standard error that is give for the paired t-test (0.122). Why the difference?

