Module 4 – practice problems:

1. The following independent samples show the delivery times for two suppliers of raw materials (in days).  A company currently uses Supplier A but will switch to Supplier B if its average delivery time is less than that for Supplier A. Use Excel to conduct the appropriate hypothesis test.  Use ( = .10.

	Supplier A
	Supplier B

	10
	12
	3
	6

	13
	13
	15
	4

	12
	14
	7
	6

	14
	10
	2
	4

	14
	8
	18
	16

	12
	8
	20
	18

	10
	12
	9
	4

	
	
	5
	8


2. In order to determine whether or not a driver's education course improves the scores on a driving exam, a sample of 6 students were given the exam before and after taking the course.  The results are shown below.

	Student
	Score Before

the Course
	Score After

the Course

	1
	83
	87

	2
	89
	88

	3
	93
	91

	4
	77
	77

	5
	86
	93

	6
	79
	83



Use ( = 0.1 and test to see if taking the course actually increased scores on the driving exam.

3. Guitars R. US  has three stores located in three different areas.  Random samples of the sales of the three stores (in $1000) are shown below. Note that the sample sizes are not equal
	Store 1
	Store 2
	Store 3

	80
	85
	79

	75
	86
	85

	76
	81
	88

	89
	80
	

	80
	
	



At a .05 level of significance, use Excel to test to see if there is a significant difference in the average sales of the three stores.  

4.Random samples were selected from three populations.  The data obtained are shown below.

	Treatment 1
	Treatment 2
	Treatment 3

	30
	39
	28

	33
	38
	32

	36
	35
	33

	35
	39
	33

	31
	40
	35


At a 5% significance level, test to see if there is a significant difference in the yearly incomes of the three geographical areas.  If  you  find a difference among the treatments, Compute Bonfferoni B and determine which treatments are similar.
ANSWERS:


1) 

[image: image1.emf]F-Test Two-Sample for Variances

Suppl. B Suppl. A

Mean 9.0625 11.57143

Variance 37.79583333 4.263736

Observations 16 14

df 15 13

F 8.864486684

P(F<=f) one-tail 0.000157482

F Critical one-tail 2.533109983

since p-value < alpha, variances are unequal…use t-test with unequal variances

t-Test: Two-Sample Assuming Unequal Variances

Suppl. B Suppl. A

Mean 9.0625 11.57143

Variance 37.79583333 4.263736

Observations 16 14

Hypothesized Mean Difference 0

df 19

t Stat -1.536362546

P(T<=t) one-tail 0.070467782

t Critical one-tail 1.729132792

P(T<=t) two-tail 0.140935564

t Critical two-tail 2.09302405

Reject H

0

;

 there is sufficient evidence at the .10 level of significance to conclude that

 Supplier B’s average delivery time is less than that of Supplier A. 


2.

	t-Test: Paired Two Sample for Means
	

	
	
	

	 
	Score after course
	Score before course

	Mean
	86.5
	84.5

	Variance
	33.5
	36.7

	Observations
	6
	6

	Pearson Correlation
	0.824218593
	 

	Hypothesized Mean Difference
	0
	 

	df
	5
	 

	t Stat
	1.391216687
	 

	P(T<=t) one-tail
	0.111444669
	 

	t Critical one-tail
	2.015048372
	 

	P(T<=t) two-tail
	0.222889337
	 

	t Critical two-tail
	2.570581835
	 


p-value = 0.11144, do not reject Ho and conclude that there is not sufficient evidence to show that the course increased the scores.

3.

	Anova: Single Factor
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Store 1
	5
	400
	80
	30.5
	
	

	Store 2
	4
	332
	83
	8.666666667
	
	

	Store 3
	3
	252
	84
	21
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	36
	2
	18
	0.852631579
	0.4580398
	4.25649

	Within Groups
	190
	9
	21.1111
	
	
	

	
	
	
	
	
	
	

	Total
	226
	11
	 
	 
	 
	 


Do not reject Ho; there is not sufficient evidence at the .05 level of significance to conclude there is a significant difference in the average sales of the three stores

4.


[image: image2.emf]Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance

Column 1 5 165 33 6.5

Column 2 5 191 38.2 3.7

Column 3 5 161 32.2 6.7

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 106.1333 2 53.06667 9.420118343 0.00347 3.885294

Within Groups 67.6 12 5.633333

Total 173.7333 14

Since p-value < alpha reject H

o

 and conclude at least one mean is different from others.

|Trt 1-Trt2|= 5.2

|Trt1-Trt 3|= 0.8

|Trt2-Trt3|= 6

3.15268131=t

B= 4.732524 …any mean difference higher than B is significant

treatments 1 and 3 are the same. The only different is treatment 2
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		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Column 1		5		165		33		6.5

		Column 2		5		191		38.2		3.7

		Column 3		5		161		32.2		6.7

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		106.1333333333		2		53.0666666667		9.4201183432		0.0034704138		3.8852938347

		Within Groups		67.6		12		5.6333333333



		Total		173.7333333333		14

		Since p-value < alpha reject Ho and conclude at least one mean is different from others.

		|Trt 1-Trt2|=		5.2

		|Trt1-Trt 3|=		0.8

		|Trt2-Trt3|=		6

		3.3642034321		=t

		B=		5.0500417686

		treatments 1 and 3 are the same. The only different is treatment 2
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		Suppl. A		Suppl. B				F-Test Two-Sample for Variances

		10		3

		13		15						Suppl. B		Suppl. A

		12		7				Mean		9.0625		11.5714285714

		14		2				Variance		37.7958333333		4.2637362637

		14		18				Observations		16		14

		12		20				df		15		13

		10		9				F		8.8644866838

		12		5				P(F<=f) one-tail		0.0001574821

		13		6				F Critical one-tail		2.5331099834

		14		4				since p-value < alpha, variances are unequal…use t-test with unequal variances

		10		6

		8		4				t-Test: Two-Sample Assuming Unequal Variances

		8		16

		12		18						Suppl. B		Suppl. A

				4				Mean		9.0625		11.5714285714

				8				Variance		37.7958333333		4.2637362637

								Observations		16		14

								Hypothesized Mean Difference		0

								df		19

								t Stat		-1.5363625462

								P(T<=t) one-tail		0.0704677818

								t Critical one-tail		1.7291327925

								P(T<=t) two-tail		0.1409355637

								t Critical two-tail		2.0930240499

								Reject H0; there is sufficient evidence at the .10 level of significance to conclude that

								 Supplier B’s average delivery time is less than that of Supplier A. 
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		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Column 1		5		165		33		6.5

		Column 2		5		191		38.2		3.7

		Column 3		5		161		32.2		6.7

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		106.1333333333		2		53.0666666667		9.4201183432		0.0034704138		3.8852938347

		Within Groups		67.6		12		5.6333333333



		Total		173.7333333333		14

		Since p-value < alpha reject Ho and conclude at least one mean is different from others.

		|Trt 1-Trt2|=		5.2

		|Trt1-Trt 3|=		0.8

		|Trt2-Trt3|=		6

		3.15268131		=t

		B=		4.7325236478				…any mean difference higher than B is significant

		treatments 1 and 3 are the same. The only different is treatment 2
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