Homework Chapter 4

4.1.
Consider the single-factor completely randomized experiment shown in Exercise 3.3.  Suppose that this experiment had been conducted in a randomized complete block design, and that the sum of squares for blocks was 80.00.  Modify the ANOVA for this experiment to show the correct analysis for the randomized complete block experiment.
The modified ANOVA is shown below:
	Source
	DF
	SS
	MS
	F
	P

	Treatment
	4
	987.71
	246.93
	46.3583
	< 0.00001

	Block
	5
	80.00
	16.00
	
	

	Error
	20
	106.53
	5.33
	
	

	Total
	29
	1174.24
	
	
	


4.3.
An industrial engineer is conducting an experiment on eye focus time.  He is interested in the effect of the distance of the object from the eye on the focus time.  Four different distances are of interest.  He has five subjects available for the experiment.  Because there may be differences among individuals, he decides to conduct the experiment in a randomized block design.  The data obtained follow.  Analyze the data from this experiment (use SYMBOL 97 \f "Symbol" = 0.05) and draw appropriate conclusions.

ro
	
	
	
	Subject
	
	

	Distance (ft)
	1
	2
	3
	4
	5

	4
	10
	6
	6
	6
	7

	6
	7
	6
	6
	1
	6

	8
	5
	3
	3
	2
	5

	10
	6
	4
	4
	2
	3


Design Expert Output


Response
1
Focus time

        ANOVA for selected factorial model

Analysis of variance table [Classical sum of squares - Type II]


Sum of

Mean
F
p-value

Source
Squares
df
Square
Value
Prob > F

Block
36.80
4
9.20


Model
37.00
3
12.33
10.57
0.0011
significant

    A-Distance
37.00
3
12.33
10.57
0.0011

Residual
14.00
12
1.17

Cor Total
87.80
19


The Model F-value of 10.57 implies the model is significant.  There is only

a 0.11% chance that a "Model F-Value" this large could occur due to noise.

Std. Dev.
1.08
R-Squared
0.7255

Mean
4.90
Adj R-Squared
0.6569

C.V. %
22.04
Pred R-Squared
0.2375


PRESS
38.89
Adeq Precision
11.198



 Treatment Means (Adjusted, If Necessary)


Estimated
Standard


Mean
Error

 1-4 ft
7.00
0.48


 2-6 ft
5.20
0.48

 3-8 ft
3.60
0.48

 4-10 ft
3.80
0.48




Mean

Standard
t for H0


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

  1 vs  2
1.80
1
0.68
2.63
0.0218

  1 vs  3
3.40
1
0.68
4.98
0.0003

  1 vs  4
3.20
1
0.68
4.68
0.0005

  2 vs  3
1.60
1
0.68
2.34
0.0372

  2 vs  4
1.40
1
0.68
2.05
0.0629

  3 vs  4
-0.20
1
0.68
-0.29
0.7747


Distance has a statistically significant effect on mean focus time.

4.11.
An article in the Fire Safety Journal (“The Effect of Nozzle Design on the Stability and Performance of Turbulent Water Jets,” Vol. 4, August 1981) describes an experiment in which a shape factor was determined for several different nozzle designs at six levels of jet efflux velocity.  Interest focused on potential differences between nozzle designs, with velocity considered as a nuisance variable.  The data are shown below:

	
	Jet Efflux Velocity (m/s)

	Nozzle Design
	11.73
	14.37
	16.59
	20.43
	23.46
	28.74

	1
	0.78
	0.80
	0.81
	0.75
	0.77
	0.78

	2
	0.85
	0.85
	0.92
	0.86
	0.81
	0.83

	3
	0.93
	0.92
	0.95
	0.89
	0.89
	0.83

	4
	1.14
	0.97
	0.98
	0.88
	0.86
	0.83

	5
	0.97
	0.86
	0.78
	0.76
	0.76
	0.75


(a)  Does nozzle design affect the shape factor?  Compare nozzles with a scatter plot and with an analysis of variance, using SYMBOL 97 \f "Symbol" = 0.05.

Design Expert Output


Response:
Shape

        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F



Source
Squares
DF
Square
Value
Prob > F

Block
0.063
5
0.013


Model
0.10
4
0.026
8.92
0.0003
significant


A
0.10
4
0.026
8.92
0.0003

Residual
0.057
20
2.865E-003


Cor Total
0.22
29


The Model F-value of 8.92 implies the model is significant.  There is only


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


Std. Dev.
0.054

R-Squared
0.6407


Mean
0.86

Adj R-Squared
0.5688


C.V.
6.23

Pred R-Squared
0.1916


PRESS
0.13

Adeq Precision
9.438


 Treatment Means (Adjusted, If Necessary)


Estimated

Standard


Mean

Error

 1-1
0.78

0.022


 2-2
0.85

0.022


 3-3
0.90

0.022


 4-4
0.94

0.022


 5-5
0.81

0.022



Mean

Standard
t for H0



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

  1 vs  2
-0.072
1
0.031
-2.32
0.0311


  1 vs  3
-0.12
1
0.031
-3.88
0.0009


  1 vs  4
-0.16
1
0.031
-5.23
< 0.0001


  1 vs  5
-0.032
1
0.031
-1.02
0.3177


  2 vs  3
-0.048
1
0.031
-1.56
0.1335


  2 vs  4
-0.090
1
0.031
-2.91
0.0086


  2 vs  5
0.040
1
0.031
1.29
0.2103


  3 vs  4
-0.042
1
0.031
-1.35
0.1926


  3 vs  5
0.088
1
0.031
2.86
0.0097


  4 vs  5
0.13
1
0.031
4.21
0.0004

(b)  Analyze the residual from this experiment.

The plots shown below do not give any indication of serious problems.  Thre is some indication of a mild outlier on the normal probability plot and on the plot of residuals versus the predicted velocity.
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(c)  Which nozzle designs are different with respect to shape factor?  Draw a graph of average shape factor for each nozzle type and compare this to a scaled t distribution.  Compare the conclusions that you draw from this plot to those from Duncan’s multiple range test.
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	R2=
	r0.05(2,20) 

=
	(2.95)(0.021852)=
	0.06446

	R3=
	r0.05(3,20) 

=
	(3.10)(0.021852)=
	0.06774

	R4=
	r0.05(4,20) 

=
	(3.18)(0.021852)=
	0.06949

	R5=
	r0.05(5,20) 

=
	(3.25)(0.021852)=
	0.07102


	
	Mean Difference
	
	R
	

	1 vs 4
	0.16167
	>
	0.07102
	different

	1 vs 3
	0.12000
	>
	0.06949
	different

	1 vs 2
	0.07167
	>
	0.06774
	different

	1 vs 5
	0.03167
	<
	0.06446
	

	5 vs 4
	0.13000
	>
	0.06949
	different

	5 vs 3
	0.08833
	>
	0.06774
	different

	5 vs 2
	0.04000
	<
	0.06446
	

	2 vs 4
	0.09000
	>
	0.06774
	different

	2 vs 3
	0.04833
	<
	0.06446
	

	3 vs 4
	0.04167
	<
	0.06446
	


4.21.
An industrial engineer is investigating the effect of four assembly methods (A, B, C, D) on the assembly time for a color television component.  Four operators are selected for the study.  Furthermore, the engineer knows that each assembly method produces such fatigue that the time required for the last assembly may be greater than the time required for the first, regardless of the method.  That is, a trend develops in the required assembly time.  To account for this source of variability, the engineer uses the Latin square design shown below.  Analyze the data from this experiment (SYMBOL 97 \f "Symbol" = 0.05) draw appropriate conclusions.

	Order of
	
	
	Operator
	

	Assembly
	1
	2
	3
	4

	1
	C=10
	D=14
	A=7
	B=8

	2
	B=7
	C=18
	D=11
	A=8

	3
	A=5
	B=10
	C=11
	D=9

	4
	D=10
	A=10
	B=12
	C=14


The Minitab output below identifies assembly method as having a significant effect on assembly time.

Minitab Output

General Linear Model

Factor     Type Levels Values

Order    random      4 1 2 3 4

Operator random      4 1 2 3 4

Method    fixed      4 A B C D

Analysis of Variance for Time, using Adjusted SS for Tests

Source     DF     Seq SS     Adj SS     Adj MS       F      P

Method      3     72.500     72.500     24.167   13.81  0.004

Order       3     18.500     18.500      6.167    3.52  0.089

Operator    3     51.500     51.500     17.167    9.81  0.010

Error       6     10.500     10.500      1.750

Total      15    153.000  

4.28.
Suppose that in Problem 4.20 the engineer suspects that the workplaces used by the four operators may represent an additional source of variation.  A fourth factor, workplace (SYMBOL 97 \f "Symbol", SYMBOL 98 \f "Symbol", SYMBOL 103 \f "Symbol", SYMBOL 100 \f "Symbol") may be introduced and another experiment conducted, yielding the Graeco-Latin square that follows.  Analyze the data from this experiment (use SYMBOL 97 \f "Symbol" = 0.05) and draw conclusions.

	Order of
	
	
	Operator
	

	Assembly
	1
	2
	3
	4

	1
	C=11
	B=10
	D=14
	A=8

	2
	B=8
	C=12
	A=10
	D=12

	3
	A=9
	D=11
	B=7
	C=15

	4
	D=9
	A=8
	C=18
	B=6


Minitab Output

General Linear Model

Factor     Type Levels Values

Method    fixed      4 A B C D

Order    random      4 1 2 3 4

Operator random      4 1 2 3 4

Workplac random      4 a b c d

Analysis of Variance for Time, using Adjusted SS for Tests

Source     DF     Seq SS     Adj SS     Adj MS       F      P

Method      3     95.500     95.500     31.833    3.47  0.167

Order       3      0.500      0.500      0.167    0.02  0.996

Operator    3     19.000     19.000      6.333    0.69  0.616

Workplac    3      7.500      7.500      2.500    0.27  0.843

Error       3     27.500     27.500      9.167

Total      15    150.000  

Method and workplace do not have a significant effect on assembly time. However, there are only three degrees of freedom for error, so the test is not very sensitive.

4.33.
Seven different hardwood concentrations are being studied to determine their effect on the strength of the paper produced.  However the pilot plant can only produce three runs each day.  As days may differ, the analyst uses the balanced incomplete block design that follows.  Analyze this experiment (use SYMBOL 97 \f "Symbol" = 0.05) and draw conclusions.

	Hardwood
	
	
	
	Days
	
	
	

	Concentration (%)
	1
	2
	3
	4
	5
	6
	7

	2
	114
	
	
	
	120
	
	117

	4
	126
	120
	
	
	
	119
	

	6
	
	137
	117
	
	
	
	134

	8
	141
	
	129
	149
	
	
	

	10
	
	145
	
	148
	143
	
	

	12
	
	
	120
	
	118
	123
	

	14
	
	
	
	136
	
	130
	127


There are several computer software packages that can analyze the incomplete block designs discussed in this chapter.  The Minitab General Linear Model procedure is a widely available package with this capability.  The output from this routine for Problem 4.33 follows.  The adjusted sums of squares are the appropriate sums of squares to use for testing the difference between the means of the hardwood concentrations. 

Minitab Output

General Linear Model: Strength versus Hardwood Concentration, Days 
Factor                  Type    Levels  Values

Hardwood Concentration  fixed        7  2, 4, 6, 8, 10, 12, 14

Days                    random       7  1, 2, 3, 4, 5, 6, 7

Analysis of Variance for Strength, using Adjusted SS for Tests

Source                  DF   Seq SS   Adj SS  Adj MS     F      P

Hardwood Concentration   6  1971.90  1295.14  215.86  9.95  0.002

Days                     6   375.81   375.81   62.63  2.89  0.084

Error                    8   173.52   173.52   21.69

Total                   20  2521.24

There is a significant effect on paper strength due to hardwood concentration.
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