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This is a review of hypothesis testing and analysis.  It is assumed that all students enrolled in ISE 428 or ETM 528 have successfully completed a course in Engineering Statistics.
The 1/22/18 Lecture addresses one-sample t-tests with Minitab output and two-sample t-tests with Excel output and Minitab output.

The 1/24/18 Lecture compares Excel output and Minitab output for the same data and addresses questions about the location of the arrow in the t-test graphic.

Consider the following example from Lesson 1. We will compare the Minitab output with the Excel output for the same data set. 

Two-Sample Hypothesis Test Example (Minitab)

A process engineer is interested in the sodium content (measured in milligrams) of Roundway Corn Flakes.   In June, he collected data from a random sample of 12 boxes.  He compared that data to a random sample of size n = 6 that he had collected the previous January.

Do the data suggest the mean sodium content of Roundway Corn Flakes has changed?  

	Roundway January  (previous)
	Roundway       June   (current)

	211.7

215.5

208.0

209.2

205.0

207.0 


	211.1

212.2

208.1

209.2

215.5

213.1

218.8

212.6

208.6

209.7

215.7

217.0


H0  
µRoundwayJune  =  µRoundwayJanuary
H1 
µRoundwayJune    ≠  µRoundwayJanuary
Minitab output

Two-Sample T-Test and CI: Roundway June, Roundway Jan 

Two-sample T for Roundway June vs Roundway Jan

                N    Mean  StDev  SE Mean

Roundway June  12  212.63   3.50      1.0

Roundway Jan    6  209.40   3.73      1.5

Difference = μ (Roundway June) - μ (Roundway Jan)

Estimate for difference:  3.23

95% CI for difference:  (-0.90, 7.37)

T-Test of difference = 0 (vs ≠): T-Value = 1.77  P-Value = 0.111  DF = 9

What is your decision?     Fail to reject H0
What is your conclusion?       
Based on a p-value of 0.111, we conclude the mean sodium content of Roundway Corn Flakes for June and January are not significantly different.  Therefore, the mean sodium content of Roundway Corn Flakes has not changed.
Excel output

	
	
	
	

	t-Test: Two-Sample Assuming Unequal Variances
	

	
	
	
	

	 
	Roundway January  (previous)
	Roundway       June   (current)
	

	Mean
	209.40
	212.63
	

	Variance
	13.92
	12.24
	

	Observations
	6
	12
	

	Hypothesized Mean Difference
	0
	
	

	df
	10
	
	

	t Stat
	-1.7689
	
	

	P(T<=t) one-tail
	0.0537
	
	

	t Critical one-tail
	1.8125
	
	

	P(T<=t) two-tail
	0.1073
	
	

	t Critical two-tail
	2.2281
	 
	

	
	
	
	


Based on a p-value of 0.1073, we conclude the mean sodium content of Roundway Corn Flakes for June and January are not significantly different.  Therefore, the mean sodium content of Roundway Corn Flakes has not changed.

We can use the Excel output to approximate the location of t critical and t calc on the graphic.

For the two-tail option ( H1: µRoundwayJune    ≠  µRoundwayJanuary  ) t critical is ± 2.2281 and t calculated is -1.7689 .
[image: image1.emf]


For the one-tail alternate hypothesis  (  H1: µRoundwayJanuary <   µRoundwayJune  ),  t critical is -1.8125 and t calculated is still equal to -1.7689.


For the one-tail alternate hypothesis, the new conclusion using Excel output is as follows.  Based on a p-value of 0.0537, we conclude the mean sodium content of Roundway Corn Flakes January is not significantly less than Roundway Corn Flakes June.

***********

Now let’s consider the Minitab output for the one-sided hypothesis test.

Two-Sample T-Test and CI: Roundway Jan, Roundway June 

Two-sample T for Roundway Jan vs Roundway June

                N    Mean  StDev  SE Mean

Roundway Jan    6  209.40   3.73      1.5

Roundway June  12  212.63   3.50      1.0

Difference = μ (Roundway Jan) - μ (Roundway June)

Estimate for difference:  -3.23

95% upper bound for difference:  0.12

T-Test of difference = 0 (vs <): T-Value = -1.77  P-Value = 0.055  DF = 9

For the one-sided test ( H1: µRoundwayJanuary <   µRoundwayJune)  we do not know the value of t critical.  We see that t calculated is  -1.77 and the p-value is 0.055.     Using the Minitab output, we can still draw the graphic showing the relative location of the two t values.

This is a “Fail to reject Ho” graphic.

For the one-tail option, the conclusion using Minitab output is as follows.  Based on a p-value of 0.055, we conclude the mean sodium content of Roundway Corn Flakes January is not significantly less than Roundway Corn Flakes June.

If we had checked the equal variances box in Minitab, the output would be different.  Note the reference to the Pooled StDev.   (Excel includes the Pooled Variance). 
Minitab Output Assuming Equal Variances:  
Two-Sample T-Test and CI: Roundway June, Roundway Jan 

Two-sample T for Roundway June vs Roundway Jan

                N    Mean  StDev  SE Mean

Roundway June  12  212.63   3.50      1.0

Roundway Jan    6  209.40   3.73      1.5

Difference = μ (Roundway June) - μ (Roundway Jan)

Estimate for difference:  3.23

95% CI for difference:  (-0.55, 7.02)

T-Test of difference = 0 (vs ≠): T-Value = 1.81  P-Value = 0.089  DF = 16

Both use Pooled StDev = 3.5734

Compare to the default output in which we do not assume equal variances.
Two-Sample T-Test and CI: Roundway June, Roundway Jan 

Two-sample T for Roundway June vs Roundway Jan

                N    Mean  StDev  SE Mean

Roundway June  12  212.63   3.50      1.0

Roundway Jan    6  209.40   3.73      1.5

Difference = μ (Roundway June) - μ (Roundway Jan)

Estimate for difference:  3.23

95% CI for difference:  (-0.90, 7.37)

T-Test of difference = 0 (vs ≠): T-Value = 1.77  P-Value = 0.111  DF = 9
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