IDM 355   Dr. Joan Burtner                Hypothesis Testing Examples 1                        

Fall 2020      IDM 355    Quality Management
Dr. Joan Burtner,   Emeritus Professor
Review of Basic Hypothesis Testing
This is a review of hypothesis testing and analysis.  It is assumed that all students enrolled in IDM 355 have successfully completed a course in Engineering Statistics. This handout addresses one-sample t-tests with Minitab output and two-sample t-tests with Excel output and Minitab output. 
Single Sample Hypothesis Test Example 1  (small sample 6 items)
A consumer advocate is investigating the sodium content (measured in milligrams) of Safeweigh Corn Flakes.   She collects the following data from a random sample of 6 boxes.  
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Example a) Do the data suggest the mean sodium content is 210 milligrams?  

H0   
µ = 210 mg
H1 
µ ≠ 210 mg
Minitab output

	One-Sample T: sodium (mg) 

Test of μ = 210 vs ≠ 210

Variable     N    Mean  StDev  SE Mean       95% CI          T      P

sodium (mg)  6  210.33   2.94     1.20  (207.24, 213.42)  0.28  0.793




Decision

Fail to reject H0

Conclusion

Based on a p-value of 0.793, we conclude the mean sodium content of Safeweigh Corn Flakes is not significantly different from 210 mg.

Example b) Do the data suggest the mean sodium content is greater than 210 milligrams?  

H0  
µ = 210 mg
H1 
µ > 210 mg
Minitab output

	One-Sample T: sodium (mg) 

Test of μ = 210 vs > 210

Variable     N    Mean  StDev  SE Mean  95% Lower Bound     T      P

sodium (mg)  6  210.33   2.94     1.20           207.91  0.28  0.396




Decision

Fail to reject H0

Conclusion

Based on a p-value of 0.396, we conclude the mean sodium content of Safeweigh Corn Flakes is not greater than 210 mg.
Note that the conclusion must include the following items:

p-value

mean

factor

response

operational expression based on alternate hypothesis

Single Sample Hypothesis Test Example 2  (small sample 12 items sigma unknown)
A process engineer is interested in the sodium content (measured in milligrams) of Roundway Corn Flakes.   In June, he collects the following data from a random sample of 12 boxes.  
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Do the data suggest the mean sodium content of Roundway Corn Flakes is greater than 210 milligrams?  

Minitab output

	One-Sample T: Roundway 

Test of μ = 210 vs > 210

Variable   N    Mean  StDev  SE Mean  95% Lower Bound     T      P

Roundway  12  212.63   3.50     1.01           210.82  2.61  0.012




Decision

Reject H0

Conclusion

Based on a p-value of 0.012, we conclude the mean sodium content of Roundway Corn Flakes is significantly greater than 210 mg.

Note that the conclusion “matches” the alternate hypothesis.

Note that Minitab’s hypothesis statement is incomplete for this course.

Example 3  Two Sample Single Factor Hypothesis Test using Excel
You are comparing the mean assembly times for two workers (Jerome and Bonnie).  For the assembly time response, smaller is better.

Consider the following Excel outputs. One comes from a “assuming equal variances” option; the other comes from a “assuming unequal variances” option.  You should always assume unequal variances for a two-sample t-test unless told otherwise. 
Excel Output Example for Two-Sample T-test  

	
	minutes
	minutes
	
	
	
	minutes
	minutes
	

	 
	Jerome
	Bonnie
	
	
	 
	Jerome
	Bonnie
	

	Mean
	102.4615
	96.46154
	
	
	Mean
	102.4615
	96.46154
	

	Variance
	165.7692
	74.60256
	
	
	Variance
	165.7692
	74.60256
	

	Observations
	13
	13
	
	
	Observations
	13
	13
	

	Pooled Variance
	120.1859
	
	
	
	Hypothesized Mean Difference
	0
	
	

	Hypothesized Mean Difference
	0
	
	
	
	df
	21
	
	

	df
	24
	
	
	
	t Stat
	1.395344
	
	

	t Stat
	1.395344
	
	
	
	P(T<=t) one-tail
	0.088747
	
	

	P(T<=t) one-tail
	0.087845
	
	
	
	t Critical one-tail
	1.720743
	
	

	t Critical one-tail
	1.710882
	
	
	
	P(T<=t) two-tail
	0.177494
	
	

	P(T<=t) two-tail
	0.175691
	
	
	
	t Critical two-tail
	2.079614
	 
	

	t Critical two-tail
	2.063899
	 
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Case 1:  You are conducting a two sample hypothesis test assuming unequal variances.
H0 is minutesJerome  =  minutesBonnie.     H1 is minutesJerome  ≠  minutesBonnie.     
What is the p value?     0.177494
What is your decision?     Fail to reject H0
Case 2:  You are conducting a two sample hypothesis test assuming equal variances.  In this case, Excel calculates a Pooled Variance. 

What is the value of tcalculated?   1.395344
Assume H1 is minutesJerome  > minutesBonnie.     What is the p value?  0.087845
What is your decision?     Fail to reject H0
What is your conclusion?       

Based on a p-value of 0.087845, we conclude Bonnie’s mean assembly time (minutes) is not significantly greater than Jerome’s mean assembly time.
Example 4  Two Sample Single Factor Hypothesis Test using Minitab

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.
Note that the factor is month. The levels are June and January.
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