
Chapter 13 Solutions

Sig.
0.590
0.000
0.600

F
0.294

64.414
0.515

Base Main Effects Plot

BASE

91.0]90.81
I

9O.8i

!
90.41

90.2

~ 90.0
.9!

:;; 89.8~.. ,
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Analysis of Variance
SS d.f. MS

0.067 1 0.067
29.189 2 14.595
0.233 2 0.117
12.235 54 0.227
41.724 59

Source---
Age
Breed
Interaction
Error
Total

Age BreedRow
Guernsey

Holstein- FresianJerseyEffects
Mature (1",8h1 = -0.067(1",8)12 = 0.083(1",8)13 = -0.017f1 = -0.033

Young
(1",8hl = 0.067(1",8)22 = -0.083(1",8)23 = 0.017f2= 0.033Column Effects ,81 = 0.313132" = -0.967,83 = 0.653

There is no significant interaction effect(P = 0.600). Breed is the only significant main
effect(P = 0.000).

(c)
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Alcohol

Alcohol Main Effects Plot

S2 = s? + s~ + ... + s~ = (0.503)2 + (0.329? + ... + (0.674)2 = 0 22766·

Since there are 10 - 1 = 9 degrees of freedom per group, this estimate of MSE has
9 x 6 = 54 degrees of freedom.

(b) MSE is the weighted average of the within group variances. Since all of the sample sizes
are equal,

Solutions to Section 13.1

13.1 (a) Since y ... = 4.85+3.7~+...+5.34 = 4.637, the estimated effects are:

13.2 (a)



While boa pIoIm *Pi .•. lit •• ' •••• G h. -.IiI:Ie ••• the means oaly ~
between 90 and 91. So die" •••••.• uiaIg •••••••• die eIiect is probablyDOt as •••
as it appears.
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Interaction Plot

931

9J
.-"

Since the lines cross substantially, there appears to be a significant interaction effect.

0.0 .5 1.0 1.5 2.0

Sig.
0.291
0.091
0.013

• 1

• 2

BASE

S1andard"lZed Residual

F
1.321
3.188
5.525

Normal Plot of Residuals
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Analysis of Variance
SS dJ. MS

5.396 2 2.698
6.510 1 6.510
22.566 2 11.283
36.758 18 2.042
71.230 . 23
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90j ...-

~ 89~"""""'/
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- 251-

Alcohol

Source
Alcohol
Base
Interaction
Error
Total

Only the Alcohol X Base interaction effect is significant at a = 0.05.

(c)

Residuals against Fitted Values
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• Present

• Absent
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Main Effects Plot for Tempe,
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The means for cycling do not vary much, and so cycling does not have a large main
However, the means for temperature vary substantially, and this effect is probably
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The normal plot is fairly linear, so the normality assumption is valid. The plot
residuals vs. the fitted values is fairly random, so the assumption of constant
is valid.

The lines are parallel and almost identical, indicating that the interaction effect is
ligible.
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Main Effects Plot for Cycling
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(b)

13.3 (a)



Sig.
0.284
0.000
0.146

TEXTURE

Main Effects Plot for Texture

F
1.199

399.634
1.967

80

90

'00

-253-

A..Jpis cl.Varianre
~ elf. MS

0.667 1 0.667
667.132 3 222.377

3.283 3 1.094
13.355 24 0.556
684.437 31

Source

Cycling
Temperature
Interaction
Error
Total

LIQUID

Main Effects Plot for Liquid

The plot of the residuals against the fitted values appears random and with the same
spread, so the equal variance assumption is reasonable. The normal plot looks linear, so
the assumption of normality is reasonable.

There is no significant interaction effect. Temperature is the only significant main effect.

(c)

Residuals against Fitted Values

Normal Plot of Residuals
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13.4 (a)



Group 2 (Holstein-Fresian) produces significantly lower amounts of butterfat than the other
two breeds of cows.

, -.-...r..-, 8D the mnstaDt

' ••••• __ •••••••• 8D the wwmal assumption•... --

3.90J~·~5:= 1.028.

3.44J ~.~2170 = 0.366.

4.95 - 3.67 ± 0.366 = [0.914, 1.646}

4.95 - 5.29 ± 0.366 = [-0.706,0.026]

3.67 - 5.29 ± 0.366 = [-1.986, -1.254}

21.419 - 11.243 ± 1.028 = [9.148,11.204]

21.419 - 20.454 ± 1.028 = [-0.067,1.993]

21.419 - 12.505 ± 1.028 = [7.882,9.942]

11.243 - 20.454 ± 1.028 = [-10.248, -8.183]

11.243 - 12.505 ± 1.028 == [-2.290, -0.234]

20.454 - 12.505 ± 1.028 = [6.921,8.977]

1 vs. 2

1 vs. 3

2 vs. 3

1 vs. 2

1 vs. 3
1 vs. 4

2 vs. 3

2 vs. 4

3 vs. 4

•• j;+we

isH &

Then the CI's are

Using the critical value Q4,24,O.05 = 3.90 and the MSE estimate of variance 82 = 0.556, the
margin of error is

Then the CI's are

Using the critical value lJ3,54,O.05 = 3.41 and the MSE estimate of variance 82 = 0.227, the
margin of error is

13.6 The general form of the Tukey simultaneous CI is

Yi - Yj ± Qb,v,a8/...;an

13.5 Thegeosal __ ~ tile ~ - b "ftIQS CI is

fii - y; ± qb,v,aS / ...;an

Temperatures 1 and 3 have significantly higher rocket thrust than temperatures 2 and 4.
Temperature 2 has significantly lower thrust than temperature 4.

13.7 (a)
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Welding TIme

Sig.
0.001
0.001
0.001

• 1

• 3
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5

F
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Main Effects Plot for Welding Time
241
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Analysis of Variance
SS d.f. MS

278.600 2 139.300
385.533 4 96.383
597.067 8 74.633
164.000 15 10.933

1425.200 29
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Source
Bar
Time
Interaction
Error
Total

The interaction effect is significant. For bar settings 1 and 2, the time of greatest weld
strength is 3, while for .bar setting 3, the time of greatest weld strength is 4 or 5.

Gage Bar Selling

Main Effects Plot for Gage Bar Setting
20

The lines are parallel except for time 3, where they all move in different directions and
cross. This suggests that there is a significant interaction effect.

Both factors appear to have a sizeable effect on the means.
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Normal Plot of Residuals

(c)

Residuals against Fitted Values
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The plot against the fittedvalues appears random and evenly spread, so the assumption

of constant variance is valid. The normal plot appears linear,so the assumption of

normality isreasonable.

13.8 The regressionoutput isbelow

Regression Analysis

The regression equation is

Y = 15.6 - 3.27 vl - 2.77 v2 + 6.73 v3 - 0.77 v4

+ 1.90 ul+ 2.40u2

- 3.23 ulvl + 2.27 u2vl +
0.27 ulv2 -2.23 u2v2 +1.27ulv3

+ 9.27 u2v3 + 0.27 ulv4 -

4.23 u2v4

Predictor

CoefStDevTP

Constant

15.60000.603725.840.000

vl

-3.2671.207-2.710.016

v2

-2.7671.207-2.290.037

v3

6.7331.2075.580.000

v4

-0.7671.207-0.630.535

ul

1.90000.85372.230.042

u2

2.40000.85372.810.013

ulvl

-3.2331.707-1.890.078

u2vl

2.2671.7071.330.204

ulv2

0.2671.7070.160.878 -;
u2v2

-2.2331.707-1.310.211

ulv3

1.2671.7070.740.470

u2v3

9.2671.7075.430.000

ulv4

0.2671.7070.160.878

u2v4

-4.2331.707-2.480.026



Detergent
Temperature

1234
Low

0.7660.8350.6450.5150.7360.6960.8850.916
High

0.8250.7060.9470.9260.8550.8050.7460.785

p
0.000

F
8.24

Main EffectsPlotforTemperature
.84

Temperature

•• i!.801

£ .781

2'
••

::<
'tl

~ .76
7.i
UJ .74

HIgh

MS

90.09

10.93

R-Sq(adj) = 77.8%

SS

1261.20

164.00

1425.20

DF

14
15

29

R-Sq = 88.5%

Analysis of Variance

S = 3.307

Source

Regression

Residual Error

Total

(b)

Detergent

Both factors appear to have a sizeable effect on the means.
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Main EffectsPlotforDetergent
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13.9 (a) The transformed data are:



13.11 The regression output is shown below

Sig.
0.020
0.270
0.001

• High

• Low

TEMP

4

F
8.440
1.571

16.988

32

Analysis of Variance
SS d.f. MS

0.0226 1 0.0226
0.0127 3 0.0042
0.1370 3 0.0456
0.0215 8 0.0027
0.1930 15

y = fJ. + T1 + {31+ (T{3) 11

y = fJ. + T1 + f32 + (T{3h2

y = fJ. + 71 - {31 - f32 - (T{3)n - (7{3h2

Y = fJ. - 71 + {31 - (T{3)l1

Y = fJ. - 71 + f32 - (T{3h2

Y = fJ. - T1 - {31 - f32 + (T{3)n + (7{3h2

.9

Detergent

'"

~ .8
'"

::i!
OJ

.~ .7
'"

::i!
"t:l

~ .8
E
:;;
w .5

1

Source

Temperature
Detergent
Interaction
Error
Total

1.0
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Interaction Plot

i = l,j = 1
i = l,j = 2

i=l,j=3
i = 2,j = 1
i=2,j=2
i = 2,j = 3

Since the two lines move in opposite directions and cross, the interaction effect appears
to be significant.

The main effect of temperature and the interaction effect are significant.

The overall regression equation is

The models for the six treatment combinations are:

(c)

Regression Analysis



The regression equation is

IQ = 106 - 7.77 u1 - 5.83 vl + 0.23 u1v1

The interactioneffectisnonsignificant.All main effectsare significant.

(b) The regressionoutputs are

Regression Analysis for Full Model

Regression Analysis for Partial Model without Interaction

P

0.001

P

0.003

Sig.
0.001
0.011
0.917

F
7.19

F

9.17

F
13.02
7.31

0.01

P

0.000

T

49.90

MS

1257.0

174.7

MS

0.024576

0.002680

Analysis of Variance

SS d.f. MS
2275.8 1 2275.8
1277.4 1 1277.4

1.9 1 1.9
5941.2 34 174.7
9712.2 37
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StDev

2.120

SS

3771.0

5941.2

9712.2

5S

0.172030

0.021436

0.193466

DF

3
34
37

DF

7
8
15

Source

Biological

Adoptive

Biol*Adopt
Error

Total

Coef.

105.788

Predictor CoefStDevTP
Constant 105.7752.15449.100.000

ul
-7.7752.154-3.610.001

vl -5.8252.154-2.700.011
u1v1

0.2252.1540.100.917

S = 13.22

R-Sq = 38.8%R-Sq(adj) = 33.4%

Analysis of Variance

Source

Regression

Residual Error

Total

The regression equation is

IQ = 106 - 7.79 ul - 5.81 vl

Predictor

Constant

Source

Regression

Residual Error

Total

13.13 (a)



Regression Analysis for Partial Model without Adoptive

Regression Analysis for Partial Model without Biological

The regression equation is

IQ = 106 - 8.12 ul - 0.f2 ulvl

P

0.000

P

0.006

F
6.05

F
11.10

0.001

0.010

P

0.000

0.016

0.786

-3.67

-2.74

T

42.25

-2.52

0.27

MS

1884.6

169.8

MS

1246.8

206.2

R-Sq(adj) = 35.3%

R-Sq(adj) = 10.6'1.
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2.120

2.120

StDev

2.493

2.493

2.493

SS

3769.1

5943.1

9712.2

SS

2493.6

7218.6

9712.2

DF

2

35
37

DF

2

35

37

R-Sq = 15.4'1.

R-Sq = 38.8%

-7.788

-5.812

Coef

105.318

-6.282

0.682

Analysis of Variance

ul

vl

S = 13.03

Source

Regression

Residual Error

Total

Predictor CoefStDevTP

Constant

106.1182.33745.420.000

ul

-8.1182.337-3.470.001

ulvl

-0.1182.337-0.050.960

S = 14.36

R-Sq = 25.7'1.R-Sq(adj) = 21.4%

Analysis of Variance

Source

Regression
Residual Error

Total

Analysis of Variance

The regression equation is

IQ = 105 - 6.28 vl + 0.68 ulvl

S = 15.32

Predictor

Constant

vl

ulvl



13.16

From this output, we know that SSEfull = 5941.2, SSEw / 0 bioI = 8217.0, SSEw / 0 adopt =
7218.6, and SSEw/o interact = 5943.1. Then

SSEbiol = 8217.0 - 5941.2 = 2275.8,

SSEadopt = 7218.6 - 5941.2 = 1277.4,

SSEinteract = 5943.1 - 5941.2 = 1.9.

These match the adjusted SS from part (a).

-263-

-.

P

0.054

Sig.
0.377
0.139
0.016

F
3.18

MS

747.6

234.8

Analysis of Variance
SS d.f. MS F

4.234 2 2.117 1.06
5.026 1 5.026 2.51
23.944 2 11.972 5.98
24.018 12 2.002
57.222 17

SS

1495.2

8217.0

9712.2

DF

2
35

37

Source
Alcohol
Base
Interaction
Error
Total

Source

Regression

Residual Error

Total

Both Alcohol and Base are only significant as interaction effects, at a = 0.05. These results
are similar to the results of Exercise 13.2.

A = (9 - 5) + (15 - 7) = 6
2 '

B = (7 - 5) + (15- 9) = 4,
2

AB = (15 - 7) - (9 - 5) = 2
2 .

(b) The degrees of freedom are 2k(n - 1) = 22(3 - 1) = 8, so the MSE is 82 = SSE/8 =
96/8 = 12.

(c) The F statistics for each effect are

(n2k-2)A2 3 x 62

FA= 82 =~=9,

(n2k-2)B2 3 x 42

FB= 82 =~=4,

(n2k-2)(AB)2 3 x 22

FA = --. -8-2 -- = -1-2- = 1.
Compare each of these to F1,8,O.lO = 3.46, and conclude that the AB interaction is not
significant, but the A and B main effects are significant.

Solutions to Section 13.2

13.15 (a) The effect estimates are

13.14



Then the exact P-value is

Then the approximate P-value is

Chapter 14 Solutions

-12 3 0 1 I- + 0 +
-7 5 3 3

+ + +

37 26 31 35 32 32 27 31 34 36
+ - + + + + - + + +
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895
+ + +

Xi
37263135323227313436

d;.

+7-4+1+5+2+2-3+1+4+6
ri

106.51.583.53.551.56.59

Xi

Sign(Xi- 30)

P ~ 1 - ~(1.58) = 0.057.

z = w+ - n(n + 1)/4 - 1/2 = 43.5 - 27.5 - 0.5 = 1.58.
..)n(n + 1)(2n + 1)/24 ..)10 x 11 x 21/24

w+ = 10 + 1.5 + ... + 9 = 43.5 and w_ = 6.5 + 5 = 11.5.

P = P(W ~ w+) = P(W ~ 43.5) = P(W ~ 44) = 0.053.

s+ - n/2 - 1/2 8 - 5 - 1/2
z = ..ji1J4 = y'I574 = 1.581.

P = P(S ~ 8-) =.P(S ~ 2) = 0.055.

s+ = 8 and s_ = 2. Then the exact P-value is

- P ~ 1 - ~(1.581) = 0.057.

Then the approximate P-value is

To find the large-sample P-value, first compute

To find the large-sample P-value, first compute

The normal approximation is slightly less accurate than with the Sign Test, differingby
about 0.004. The conclusion is the same, namely, do not reject Ho although it is on the
threshold.

The normal approximation is quite accurate, differingby only 0.002. Sinceboth P-values
are> a = 0.05, do not reject Ho (although it is on the threshold).

(b) Using the table below,

Solutions to Section 14.1

14.1 (a) Using the table below,

14.2 (a) Using the table below,



s+ = 9 and s_ = 2. Then the exact P-value is

P = P(S ~ s_) = P(S ~ 2) = 0.0327

Since P < a = 0.10, reject Ho and conclude that vitamin B does improve the rQ.

(b) Using the table below,

~I 6 8 9 5 -7 5 3 3 -12 3 0 ~ I~ 7 9 10 5.5 8 5.5 3 3 11 3 .

w+ = 7 + 9 + ... + 1 = 47 and w_ = 8 + 11 = 19.

Then the exact P-value is

P = P(W ~ w_) = P(W ~ 19) = 0.1201.

The Wilcoxon Signed Rank test is less significant because the ranks associated with
the negative differences are large in absolute value, increasing w_, decreasing w+, and
increasing the P-value of the test.

14.3 For n = 11 and p = 0.5, b = 2 is the lower 0.033 critical point of the binomial distribution.
Then a 93.4% sign cr for jj" using the treatment differencesfrom Exercise 14.2, is given by

For n = 11, w = 13 is the lower 0.0415 critical point for the distribution of the Wilcoxon
signed rank statistic. The table of Walsh averages is below:

-12-7133355689
-12

-12-9.5-5.5-4.5-4.5-4.5-3.5-3.5-3-2-1.5
-7

-7-3-2-2-2-1-1-0.50.51
1

1222333.54.55
3

333444.55.56
3

33444.55.56
3

3444.55.56
5

555.56.57
5

55.56.57
6

677.5
8

88.5
9

9

Then a 91.7% Wilcoxon signed rank cr for jj, is

[X(W+l),X(N-W)] = [X(14),X(53)] = [-2,5.5].

These confidence intervals agree with the results of the hypothesis test. The sign cr does
not contain 0, so the median difference'is significantly greater than O. The Wilcoxon signed
rank cr does contain 0, so the median differenceis not significantly greater than O.

14.4
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Then the exact P-value is

~I-4 -12 8
+

18
+

-12-4-48121618
-12

-12-8-8-2023
-4

-4-42467
-4

-42467
8

8101213
12

121415
16

1617
18

18

[X(b+l),X(n-b)] = [X(l),X(7)] = [-12,18].

For n = 7, W = 2 is the lower 0.0234 critical point for the distribution of the Wi!,
signed rank statistic. The table of Walsh averages is below:

Then a 95.32% Wilcoxon signed rank CI for ji, is

[X(W+l),X(N-W)] = [X(3),X(26)] = [-8,16].

Since P > Cl! = 0.05, the conclusion is the same as in (a), namely that glaucoma
not affect corneal thickness.

P = 2P(W ~ Wmin) = P(W ~ 7.5) = 0.1484.

W+ = 4.5 + 7 + 3 + 6 = 20.5 and w_ = 1.5+ 1.5+ 4.5 = 7.5.

P = 2P(S ~ Smin) = 2P(S ~ 3) = 2 x 0.5 = 1.0

These confidence intervals agree with the results of the hypothesis test. Both confid
intervals contain 0, indicating a nonsignificant result, and that glaucoma does not affi
corneal thickness.

S+ = 4 and s- = 3. Then the exact P-value is

(a) Using the table below,

I ~ 1-4 0 12Sign(c4) - +

Since P > Cl! = 0.05, do not reject Ho and conclude that glaucoma does not affect co
thickness.

(b) Using the table below,

~ -4 0 12 18 -4 -12 8 161Ti 1.5 4.5 7 1.5 4.5 3 6

14.5 For n = 7 and p = 0.5, b = 0 is the lower 0.0078 critical point of the binomial distribu"
Then a 98.44%sign CI for ji" using the treatment differencesfrom Exercise 14.4, is given

14.6
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Then

The large sample P-value is

5 6 8 9 10 11
21

18 20 22 23 24 25

Ranks
3 4
16 19
15 17

2
12.5
14

1
12.5

7Psychotic

Nonpsychotic

z = 'Umax - nln2/2 - 1/2 = 130 - (15)(10)/2 - 1/2 = 3.023.

)n1n2(N+1) )(15)(10)(26)12 12

P = 2(1 - ~(3.023)) = 2 x 0.0013 = 0.0026.

Then

P = P(U ~ 'Ut} = P(U ~ 'U2) = 0.3403.

WI = 13 + 10 + + 7 = 67,

W2 = 15 + 14 + + 11 = 53,

'Ul ~ WI - nl(nl + 1) = 67 _ 10(11) = 12.2 2'

Since the P-value is > a = 0.10, do not reject Ho and conclude that treatment does not
prolong survival.

'Ul = WI - nl(nl + 1) = 72 _ 9(10) = 272 2'

'U2= W2 - n2(n2 + 1) = 64 _ 7(8) = 36.2 2

Then, using nl = 7 and n2 = 9, the P-value is

WI = 1 + 2 + + 21 = 140,

W2 = 7 + 14 + + 25 = 185,

'Ul = WI - nl(nl + 1) = 140 _ 15(16) = 20,
2 2

'U2 = W2 - n2(n: + 1) = 185 _ 1O~11)= 130.

The large sample approximation is

Since the P-value is < a = 0.05, reject Ho and conclude that psychotic and nonpsychotic
patients have significantly different dopamine levels.

14.12 The table of the ranks is given below:

14.13 (a) The table of the ranks is given below:

Ranks of Carbon Measurements
Method 1 13 10 8 6 5 1 2 3 12 7
Method 2 15 14 9 4 11



P = 2P(U ~ Umin) = 2P(U ~ 12) = 2 x 0.0646 = 0.1292.

_ _ n2(Ti2 + 1) _ -3 5(6) - 38
U2-tl12 2 -n --2-- .

Then, using ni = 10 and n2 = 5, the P-value is

12.0318
0.0465
0.0369
0.0333
0.0302
0.0264
0.0257
0.0254
0.0246
0.0241
0.0189

12.0246
0.0393
0.0297
0.0261
0.0230
0.0192
0.0185
0.0182
0.0174
0.0169
0.0117

12.0006
0.0153
0.0057
0.0021

-0.0010
-0.0048
-0.0055
-0.D058
-0.0066
-0.0071
-0.0123

Method I
11.9853
11.9949
11.9985
12.0016
12.0054
12.0061
12.0064
12.0072
12.0077
12.0129

Since the P-value is > a = 0.10, do not reject Ho and conclude that the methods are
not significantly different.

(b) The table of the differences ~j between method II and method I is given below:

Method II
12.0069" 12.0075
0.0216 0.0222
0.0120 0.0126
0.0084 0.0090
0.0053 0.0059
0.0015 0.0021
0.0008 0.0014
0.0005 0.0011

-0.0003 0.0003
-0.0008 -0.0002
-0.0060 -0.0054

For ni = 10 and n2 = 5, U = 11 is the 0.0496 critical point of the Wilcoxon-Mann­
Whitney distribution. Then a 90.08% CI for [J,]] - [J,] is given by

This CI contains 0 and therefore agrees with the hypothesis test in (a).

14.14 The possible outcomes are enumerated below:

Ranks Ranks
1

23456WIul123456WIUI

X

XXYYY60yyyxxx159
x

xyxyy71yyxyxx148
x

xyyxy82yyxxyx137
x

xyyyx93yyxxxy126
x

yxxyy82yxyyxx137
x

yxyxy93yxyxyx126
x

yxyyx104yxyxxy115
x

yyxxy104yxxyyx115
x

yyxyx115yxxyxy104
x

yyyxx126yxxxyy93

Then the distribution of WI and Ul is given in the table below:
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The mean is

14.17

nIn2 1 ./nIn2(N + 1)-2- + 2"+zaV 12

WI UIP(WI = Wr) = P(UI = 'UI)

6

0 0.05

7

1 0.05

8

2 0.10

9

3 0.15

10

4 0.15

11

5 0.15

12

6 0.15

13

7 0.10

14

8 0.05

15

9 0.05

Un1,n2,Q ~

(n1~n2)
orderings (or rankings) of nl x's and n2 y's, the ordering with all of the y's first, followed
by all of the x's, results in the largest value of UI, and hence the smallest P-value. This
minimum P-value is given by

The approximation is only off by 1.

and the variance is

Var(Ur) = [02 x 0.05 + 12 x 0.05 + ... + 92 x 0.05] - (4.5)2 = 5.25.

This agrees with the formulas for the mean and the variance of UI·

E(Ur) = 0 x 0.05 + 1 x 0.05 + ... + 9 x 0.05 = 4.5,

= (8) (10) ~ 1 635J (8)(10)(18 + 1)2 + 2 + . 12

= 58.901 or 59.

1

Pmin = P(U ~ ur) = P(U = umax) = (nl~n2)'

(b) It is not possible to reject Ho since the smallest P-value is
1 1

P = (nl~n2) = (:) = 0.014.

(c) For nl = n2 = 5, the smallest P-value is
1 1

P = (nl~n2) = (~) = 0.004.

So for nl = n2 = 5, rejection at Q = 0.01 is possible.

14.16 For nl = 8, n2 = 10, and a = 0.051, Unl,n2,a = 59. The approximation is

14.15 (a) Out of the


