Homework Chapter 3 

3.3.
A computer ANOVA output is shown below.  Fill in the blanks.  You may give bounds on the P-value.

	One-way ANOVA

	Source
	DF
	SS
	MS
	F
	P

	Factor
	?
	?
	246.93
	?
	?

	Error
	25
	186.53
	?
	
	

	Total
	29
	1174.24
	
	
	


Completed table is:

	One-way ANOVA

	Source
	DF
	SS
	MS
	F
	P

	Factor
	4
	987.71
	246.93
	33.09
	< 0.0001

	Error
	25
	186.53
	7.46
	
	

	Total
	29
	1174.24
	
	
	


3.5.
A regional opera company has tried three approaches to solicit donations from 24 potential sponsors.  The 24 potential sponsors were randomly divided into three groups of eight, and one approach was used for each group.  The dollar amounts of the resulting contributions are shown in the following table.

	Approach
	Contributions (in $)

	1
	1000
	1500
	1200
	1800
	1600
	1100
	1000
	1250

	2
	1500
	1850
	2000
	1200
	2000
	1700
	1800
	1900

	3
	900
	1000
	1200
	1500
	1200
	1550
	1000
	1100


(a)  Do the data indicate that there is a difference in results obtained from the three different approaches?  Use ( = 0.05.  

Minitab Output

One-way ANOVA: Contribution versus Approach

Analysis of Variance for Contribution
Source     DF        SS        MS        F        P

Approach    2   1395833    697917     9.59    0.001

Error      21   1529063     72813

Total      23   2924896

There is a difference between the approaches.  Tukey’s test will indicate which are different.  Approach 2 is different than approach 1 and approach 3.

Minitab Output

Tukey 95% Simultaneous Confidence Intervals

All Pairwise Comparisons among Levels of Approach

Individual confidence level = 98.00%

Approach = 1 subtracted from:

Approach   Lower  Center  Upper  --------+---------+---------+---------+-

2           97.9   437.5  777.1                      (------*------)

3         -464.6  -125.0  214.6           (-----*------)

                                 --------+---------+---------+---------+-

                                      -500         0       500      1000

Approach = 2 subtracted from:

Approach   Lower  Center   Upper  --------+---------+---------+---------+-

3         -902.1  -562.5  -222.9  (------*------)

                                  --------+---------+---------+---------+-

                                       -500         0       500      1000

 (b)
Analyze the residuals from this experiment and comment on the model adequacy.
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There is nothing unusual about the residuals.

3.7.
The tensile strength of Portland cement is being studied.  Four different mixing techniques can be used economically.  A completely randomized experiment was conducted and the following data were collected.

	Mixing Technique        
	Tensile Strength (lb/in2)

	1
	3129
	3000
	2865
	2890

	2
	3200
	3300
	2975
	3150

	3
	2800
	2900
	2985
	3050

	4
	2600
	2700
	2600
	2765


(a)  Test the hypothesis that mixing techniques affect the strength of the cement.  Use ( = 0.05.

Design Expert Output

Response:
Tensile Strength
in lb/in^2

   ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F



Source
Squares
DF
Square
Value
Prob > F

Model
4.897E+005
3
1.632E+005
12.73
0.0005          significant


A
4.897E+005
3
1.632E+005
12.73 
0.0005


Residual
1.539E+005
12
12825.69


Lack of Fit
0.000
0

Pure Error
1.539E+005
12
12825.69

Cor Total
6.436E+005
15


The Model F-value of 12.73 implies the model is significant.  There is only


a 0.05% chance that a "Model F-Value" this large could occur due to noise.


 Treatment Means (Adjusted, If Necessary)


Estimated

Standard


Mean

Error

 1-1
2971.00

56.63


 2-2
3156.25

56.63


 3-3
2933.75

56.63


 4-4
2666.25

56.63



Mean

Standard
t for H0

Treatment
Difference
DF
Error
Coeff=0
Prob > |t|

  1 vs  2
-185.25
1
80.08
-2.31
0.0392


  1 vs  3
37.25
1
80.08
0.47
0.6501


  1 vs  4
304.75
1
80.08
3.81
0.0025


  2 vs  3
222.50
1
80.08
2.78
0.0167


  2 vs  4
490.00
1
80.08
6.12
< 0.0001


  3 vs  4
267.50
1
80.08
3.34
0.0059
The F-value is 12.73 with a corresponding P-value of .0005.  Mixing technique has an effect.

(b)  .

(c)  Use the Fisher LSD method with =0.05 to make comparisons between pairs of means.
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Treatment 2 vs. Treatment 4 = 3156.250 - 2666.250 = 490.000 > 174.495 

Treatment 2 vs. Treatment 3 = 3156.250 - 2933.750 = 222.500 > 174.495

Treatment 2 vs. Treatment 1 = 3156.250 - 2971.000 = 185.250 > 174.495

Treatment 1 vs. Treatment 4 = 2971.000 - 2666.250 = 304.750 > 174.495

Treatment 1 vs. Treatment 3 = 2971.000 - 2933.750 =   37.250 < 174.495
Treatment 3 vs. Treatment 4 = 2933.750 - 2666.250 = 267.500 > 174.495

The Fisher LSD method is also presented in the Design-Expert computer output above.  The results agree with the graphical method for this experiment.

(d)  Construct a normal probability plot of the residuals.  What conclusion would you draw about the validity of the normality assumption?  

There is nothing unusual about the normal probability plot of residuals.

[image: image4.wmf]Residual

Normal % probability

Normal plot of residuals

-181.25

-96.4375

-11.625

73.1875

158

1

5

10

20

30

50

70

80

90

95

99


(e)  Plot the residuals versus the predicted tensile strength.  Comment on the plot.

There is nothing unusual about this plot.
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(f)  Prepare a scatter plot of the results to aid the interpretation of the results of this experiment.

Design-Expert automatically generates the scatter plot.  The plot below also shows the sample average for each treatment and the 95 percent confidence interval on the treatment mean.
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3.19.
A manufacturer of television sets is interested in the effect of tube conductivity of four different types of coating for color picture tubes.  A completely randomized experiment is conducted and the following conductivity data are obtained:

	Coating Type        
	Conductivity

	1
	143
	141
	150
	146

	2
	152
	149
	137
	143

	3
	134
	136
	132
	127

	4
	129
	127
	132
	129


(a)  Is there a difference in conductivity due to coating type?  Use ( = 0.05.  

Yes, there is a difference in means.  Refer to the Design-Expert output below..

Design Expert Output


        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F



Source
Squares
DF
Square
Value
Prob > F

Model
844.69
3
281.56
14.30
0.0003
significant


A
844.69
3
281.56
14.30
0.0003

Residual
236.25
12
19.69


Lack of Fit
0.000
0

Pure Error
236.25
12
19.69

Cor Total
1080.94
15


The Model F-value of 14.30 implies the model is significant.  There is only


a 0.03% chance that a "Model F-Value" this large could occur due to noise.


 Treatment Means (Adjusted, If Necessary)


Estimated

Standard


Mean

Error

 1-1
145.00

2.22


 2-2
145.25

2.22


 3-3
132.25

2.22


 4-4
129.25

2.22



Mean

Standard
t for H0



Treatment
Difference
DF
Error
Coeff=0
Prob > |t|

  1 vs  2
-0.25
1
3.14
-0.080
0.9378


  1 vs  3
12.75
1
3.14
4.06
0.0016


  1 vs  4
15.75
1
3.14
5.02
0.0003


  2 vs  3
13.00
1
3.14
4.14
0.0014


  2 vs  4
16.00
1
3.14
5.10
0.0003


  3 vs  4
3.00
1
3.14
0.96
0.3578
(b)  Estimate the overall mean and the treatment effects.
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(c)  Compute a 95 percent interval estimate of the mean of coating type 4.  Compute a 99 percent interval estimate of the mean difference between coating types 1 and 4.

Treatment 4: 
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Treatment 1 - Treatment 4: 
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(d)
Test all pairs of means using the Fisher LSD method with (=0.05.

Refer to the Design-Expert output above.  The Fisher LSD procedure is automatically included in the output.

The means of Coating Type 2 and Coating Type 1 are not different. The means of Coating Type 3 and Coating Type 4 are not different.  However, Coating Types 1 and 2 produce higher mean conductivity than does Coating Types 3 and 4. 

(e)  . 
(f)  Assuming that coating type 4 is currently in use, what are your recommendations to the manufacturer?  We wish to minimize conductivity.  

Since coatings 3 and 4 do not differ, and as they both produce the lowest mean values of conductivity, use either coating 3 or 4.  As type 4 is currently being used, there is probably no need to change.

3.21.
The response time in milliseconds was determined for three different types of circuits that could be used in an automatic valve shutoff mechanism.  The results are shown in the following table.

	Circuit Type
	Response Time

	1
	9
	12
	10
	8
	15

	2
	20
	21
	23
	17
	30

	3
	6
	5
	8
	16
	7


(a)  Test the hypothesis that the three circuit types have the same response time.  Use ( = 0.01.  

From the computer printout, F=16.08, so there is at least one circuit type that is different.

Design Expert Output


Response:
Response Time
in ms

        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F



Source
Squares
DF
Square
Value
Prob > F

Model
543.60
2
271.80
16.08
0.0004
significant


A
543.60
2
271.80
16.08
0.0004

Residual
202.80
12
16.90


Lack of Fit
0.000
0

Pure Error
202.80
12
16.90

Cor Total
746.40
14


The Model F-value of 16.08 implies the model is significant.  There is only


a 0.04% chance that a "Model F-Value" this large could occur due to noise.


 Treatment Means (Adjusted, If Necessary)


Estimated

Standard


Mean

Error

 1-1
10.80

1.84


 2-2
22.20

1.84


 3-3
8.40

1.84



Mean

Standard
t for H0



Treatment
Difference
DF
Error
Coeff=0
Prob > |t|

  1 vs  2
-11.40
1
2.60
-4.38
0.0009


  1 vs  3
2.40
1
2.60
0.92
0.3742


  2 vs  3
13.80
1
2.60
5.31
0.0002
(b)  Use Tukey’s test to compare pairs of treatment means.  Use ( = 0.01.
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1 vs. 2:  (10.8-22.2(=11.4 > 9.266

1 vs. 3:  (10.8-8.4(=2.4 < 9.266

2 vs. 3:  (22.2-8.4(=13.8 > 9.266

1 and 2 are different.  2 and 3 are different.

Notice that the results indicate that the mean of treatment 2 differs from the means of both treatments 1 and 3, and that the means for treatments 1 and 3 are the same.  Notice also that the Fisher LSD procedure (see the computer output) gives the same results.

(c)  . 

(d)  Construct a set of orthogonal contrasts, assuming that at the outset of the experiment you suspected the response time of circuit type 2 to be different from the other two.
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Type 2 differs from the average of type 1 and type 3.

(e)  If you were a design engineer and you wished to minimize the response time, which circuit type would you select? 

 Either type 1 or type 3 as they are not different from each other and have the lowest response time.

(f)  Analyze the residuals from this experiment.  Are the basic analysis of variance assumptions satisfied?  

The normal probability plot has some points that do not lie along the line in the upper region.  This may indicate potential outliers in the data.
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