CHAPTER 10

Section 10.1

a Howill bergjectedif f 3 Fyg,,5 =3.06 (sincel —-1=4,and| (J-1)=(5)3) = 15).
MSTr _ 26733

MSE 1094.2
3 3.06, H, isnot rejected. The data does not indicate a difference in the mean tensile
strengths of the different types of copper wires.

= 2.44. Since2.44 isnot

The computed value of Fis f =

b. Fgsa15 =3.06 and Fy,,5 = 2.36, and our computed value of 2.44 is between those
values, it can be said that .05 < p-value<.10.

2.
Type of Box X s
1 713.00 46.55
2 756.93 40.34
3 698.07 37.20
4 682.02 39.87

Grand mean = 712.51

MSTr = 411 (713.00- 712.51)% +(756.93- 712.51)* +(698.07 - 712.51)*

+(682.02- 712.51)? | =6,223.0604
MSE = %[(46.55)2 +(40.34)% +(37.20)*+ (39.87)2] =1,691.9188
_ MSTr _ 6,223.0604 _

= = =3.678
MSE 1,691.9188
Fos320 =3-10
3.678>3.10, soreject H,. Thereisadifferencein compression strengths among the four box

types.
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Chapter 10: The Andysisof Variance

With M = true average lumen output for brand i bulbs, we wish to test
Ho:m =m, =m, versus H, : at least two M'S are unequal.

591.2 4773.3

MSTr =§ ¢ = === = 295,60, MSE =5, = = 227.30, 0

_ MSTr _ 295.60

MSE 227.30
2and | (J-1) =21 Inthe 2" row and 21% column of Table A.9, we see that

1.30< F,y,, =2.57,sothep-value>.10. Since.10isnot < .05, we cannot reject H.

=1.30 For finding the p-value, we need degrees of freedom | — 1=

There are no differences in the average lumen outputs among the three brands of bulbs.

(166.08)*

x_ =1Jx. =32(5.19)=166.08, so SST =911.91- = 49.95.

SSTr =8|(4.39- 5.19) +... +(6.36 - 5.19)?|=20.38, s0

SSE = 49.95- 20.38= 29.57. Then f = % = 6.43. Since
7/28

6.433% Fs,,5 =295, Hy:m =m, =m, =m, isrejected at level .05. Thereare
differences between at least two average flight times for the four treatments.

M = true mean modulus of elasticity for gradei (i=1,2,3). Wetest Hy:m =m, =m,
vs. H, [ atleasttwo M'S areunequal. RejectH,if f 3 F, ,,, =5.49. Thegrand
mean = 1.5367,

MSTr = 1—;)[(1.63- 1.5367)° +(1.56 - 1.5367)" + (1.42- 1.5367)2] =.1143

MSE = 1[(.27)2 +(.24)” +(.26)* | =.0660, f - MSTr _ 1143 1 73, Failto
3 MSE  .0660
reject Ho. Thethree grades do not appear to differ.
Source Df SS MS F
Treatments 3 509.112 169.707 10.85
Error 36 563.134 15.643

Total 39 1,072.256

Foisas » Foiss0 = 4-51. Thecomputed test statistic value of 10.85 exceeds 4.51, so
reject Hy in favor of Hy: at least two of the four means differ.
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Chapter 10: The Andysisof Variance

Source Df SS MS F
Treatments 3 75,081.72 25,027.24 1.70
Error 16 235419.04 14,713.69

Total 19 310,500.76

Thehypothesesare Hy:m =m, =m, =m, vs. H_ : atleasttwo IM'S areunequal.
1.70<F 43,6 = 2.46, s0p-value> .10, and wefail to reject Ho,

The summary quantitiesare X, = 2332.5, X, =2576.4, X, =2625.9,
X, =2851.5, x, =3060.2, X =13446.5, so CF = 516595321, SST = 75467.58,

SSTr = 43,992.55, SSE = 31,475.03, MSTT = % =10,998.14,
MSE = 3147503 =1049.17 and f = % =10.48. (These values should be

displayed inan ANOVA table asrequested.) Since 10.483 F, ,,, =4.02,

Ho:m =m,=m, =m, =m isrejected. Therearedifferencesin the true average axal
stiffness for the different plate lengths.

The summary quantitiesare X, =34.3, X,. =396, X, =33.0, x, =419,

2
X, =148.8, SSx; =946.68, so CF = @ =922.56,

SST =946.68 - 922.56 = 24.12,
(34.3) +...+(42.9)

SSTr = 5 - 92256 =8.98, S8 E =24.12- 8.98=15.14.
Source Df SS MS F
Treatments 3 8.98 2.9 3.95
Error 20 1514 757
Total 23 24.12

Since 3.10 = F.05,3,zo <395<4.94= F.01,3,201 01l< p- value<.05 andH,is
rejected at level .05.
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Chapter 10: The Andysisof Variance

10.

o ) ER) s
2
b E(X?)=var(X, )+[E(X, J} =2+ o7
2
c. E()T_Z) Var( ) [E()_(__)]2 :F+m2
0. E(ssTr)=Epsx?- 1x2]=08 552 s* 9
: i = é +m = glJ e -
=1s 2+ JSmP-s2- 1M =(1 - s 2+I5(m - M, so
E(MSTr) = (|SST E[osx? - 102 |=s 2+ 0§ M
e. WhenH,istrue, M =...=M =M, so S(m - m)2 =0 and E(MSI'I’)ZS 2,
When H, isfalse, S(m - m)2 >0, so E(I\/ISI'I‘)>S Z (on average, MSTY
overestimates S 2).
Section 10.2
11. Qos 515 =437, w= 4374? =36.09.
3 1 4 2 5
4375 462.0 469.3 512.8 5321

The brands seem to divide into two groups: 1, 3, and 4; and 2 and 5; with no significant
differenceswithin each group but all between group differences are significant.
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Chapter 10: The Andysisof Variance

12.
3 1 4 2 5
4375 462.0 469.3 512.8 5321
Brands 2 and 5 do not differ significantly from one another, but both differ significantly from
brands 1, 3, and 4. Whilebrands 3 and 4 do differ significantly, there is not enough evident
toindicate asignificant difference between 1 and 3 or 1 and 4.
13.

3 1 4 2 5
4275 462.0 469.3 502.8 5321

Brand 1 does not differ significantly from 3 or 4, 2 does not differ significantly from 4 or 5, 3
does not differ significantly from1, 4 does not differ significantly from 1 or 2, 5 does not
differ significantly from 2, but all other differences (e.g., 1 with 2 and 5, 2 with 3, etc.) do
appear to be significant.

1.06
14, 124,028 50 Qg5 » 3.87, W= 3.87, /7 =1.41.

4.39 452 549 6.36

Treatment 4 appearsto differ significantly from both 1 and 2, but there are no other
significant differences.

,15.64
15. Qorazs =475, W=4.75 1—0 =5.94.

2 1 3 4
24.69 26.08 29.95 33.84

Treatment 4 appearsto differ significantly from both 1 and 2, but there are no other
significant differences.
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Chapter 10: The Andysisof Variance

16.
a. Sincethelargest standard deviation (s4 = 44.51) isonly slightly more than twicethe
smallest (s3 = 20.83) it isplausible that the population variances are equal (seetext p.
406).

b. Therelevant hypothesesare Hy:m =m, =m, =m, =m, vs. H, :at least two

m's differ. Withthe given f of 10.48 and associated p-value of 0.000, we can reject H,
and conclude that thereisa difference in axial stiffness for the different plate lengths.

4 6 8 10 12
33321 368.06 375.13 407.36 437.17

Thereisno significant differencein the axia stiffnessfor lengths 4, 6, and 8, and for
lengths 6, 8, and 10, yet 4 and 10 differ significantly. Length 12 differsfrom 4, 6, and 8,
but does not differ from 10.

17. g =Scm wherec, =C, =.5andC; =-1, soqA:.SYL +.5%, - X; =-.396 and
SC,2 =1.50. witht ;s = 2.447 and MSE = 03106, the Cl is (from 10.5 on page 418)

- 396+ (2.447), /—('03102 JL50) __ 396+ .305= (- .701,- .091).

18.
a. Let M = trueaverage growth when hormone #i isapplied. H, : m =...=m, will be
rejected infavor of H, at leasttwo m's differif f 3 F ., ;. =3.06. with
2 2
% = % = 3864.20 and SSX’ = 4280, SST = 41580
2 2 2 2 2 2
S?;' = (51) * (71) * (73) * (46) * (40) =4064.50, so SSTr = 4064.50 —
3864.20 = 200.3, and SSE = 415.80 — 200.30 = 215.50. Thus

MSTr = % =50.075, MSE = % =14.3667 , and

f= 50.075
14.3667

difference in the average growth with the application of the different growth hormones.

= 3.49. Because 3.493 3.06, rgject H,. There appearsto bea



19.

20.

21.

Chapter 10: The Andysisof Variance

fl4.3667
b. Qussis =437, W=4.37 2 = 8.28. Thesamplemeansare, inincreasing

order, 10.00, 11.50, 12.75, 17.50, and 17.75. The most extreme differenceis17.75—
10.00 = 7.75 which doesn’t exceed 8.28, so no differences are judged significant.
Tukey’s method and the F test are at odds.

140 =1680an
SSE/12 SSE

w= Q_05'3121/MJ—SE = 3.771’% = 4867~/ SSE . Thuswewish 156885 >3.89

(significance of f) and .4867~/ SSE > 10 (=20- 10, the difference between the extreme
X,.'S - sono significant differences areidentified). These become 431.88 > SSE and

SSE > 422.16, so SSE = 425 will work.

MSTr =140, error df. =12, 50 f = d Fos,1, =3.89.

1500

Now MSTr=125,s0 f = , W=.4867~/SSE asbefore, and the inequalities

become 385.60 > SSE and SSE > 422.16. Clearly no value of SSE can satisfy both
inequalities.

a.  Grand mean =222.167, MSTr = 38,015.1333, MSE = 1,681.8333, and f = 22.6. The
hypothesesare H, : m =...=m vs. H, :atleasttwo m'S differ. Rgect H, if

f 3 Fg.576 (butsincethereisnotablevaluefor N, =78, use

f3 Fose0 =3.34) With 22.63 3.34, wergect H,. Thedataindicatesthereisa
dependence on injection regimen.

b. Assume t .5 » 2.645
i) Confidenceinterval form - £(m, +m, +m, + m +m,):

- MSE(Sc?
SC,Xi ita/2,|(J-1) f

=-67.4% (2.645)\/1’681'81i3s(1'z) =(- 99.16,-35.64).

ii) Confidenceinterval for%(m2 +m,+m, + ms)- m:
1,681.8333(1.25)
14

=(29.34,94.16)

=6L75+ (2.645)\/
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Section 10.3

22. Summary quantitiesare X, =291.4, X, =221.6, x, =203.4, X, =2271.5,
X. =943.9, CF =49,497.07, SSXi? =50,078.07, fromwhich SST =581,

2 2 2 2
sy = (2914) +(222-6) +(205:’1-4) +(22;'5) - 49,497.07

= 49,953.57 - 49,497.07 = 456.50, and SSE =124.50. Thus

456.50 = 15217, MSE = 124.50

MSTr = =8.89,andf=17.12. Because

17123 Fg5,, =3.34, Hy i m =...=m, isrejected at level .05. Thereisadifference
inyield of tomatoes for the four different levels of salinity.

8

23. Jh=5%=4,%=434=5 X, =58.28, X, =55.

23

. X, =50.85, X, =45.50,

0_ \/889381 10
P Ty

MSE =8.89. With W, = Qe 414 \/

4.>><| 0.?<' wXI L‘||—\

X, - X, +W,, =(2.88)%(5.81); - X, W, = (7.43)% (5.81)*;
X, - X, *W, =(12.78) % (5.48)*; - X, +W,, = (4.55)+ (6.13);
X, - X, +W,, =(9.90)+(5.81)*; >—<3_ - X, *W,, = (5.35)% (5.81);

*|ndicates an interval that doesn’t include zero, corresponding to I S that are judged
significantly different.

This underscoring pattern does not have a very straightforward interpretation.

24.
Source Df SS MS F
Groups 31=2 152.18 76.09 5.56
Error 74-3=71 970.96 13.68
Total 74-1=73 112314

Since 5.563 F,,,, » 4.94, reject Hy :m =m, =m, atlevel .01
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The distributions of the polyunsaturated fat percentages for each of the four regimens
must be normal with equal variances.

We have all the Z. 'S, and we need the grand mean:

< = 8(43.0) +13(42.4) +17(43.1) + 14(435) _ 2236.9
: 52 52

SSTr=8 J,(% - x )? =8(43.0- 43.017)° +13(42.4- 43.017)°

+17(43.1- 43.017)* +13(435- 43017)° =8.334

anaMSTr = 222 = 2778

=43.017

SSTr = g (9 - 162 = 7(1.5) +12(1.3)° +16(1.2)* +13(1.2)* = 77.79 and
MSE = 7779 _ 1621 Then f = MSTr _ 2.778

48 MSE 1621
1.714< F ;5 = 2.20, wecan say that the p-valueis > .10. We do not reject the

null hypothesis at significance level .10 (or any smaller), so we conclude that the data
suggests no difference in the percentages for the different regimens.

=1.714 Since

i 1 2 3 4 5 6
J: 4 5 4 4 5 4
X 1 564 64.0 55.3 524 85.7 724 x . =386.2

i
X.: 1410 128 1383 1310 1714 1810 SS(]-2 =5850.20

Thus SST = 113.64, SSTr = 108.19, SSE = 5.45, MSTr = 21.64, MSE = .273, f =79.3.
Since 79.33 F 5., =4.10, Hy 1 m =...=my isrejected.

The modified Tukey intervalsare asfollows: (Thefirst numberis X;. - )_(J-_ and the

b S 0
secondis W, = Q,, X M*E i+i?.)
) ' 2 J, Jj E,
Pair Interval Pair Interval Pair Interval
1,2 1.30+1.37 23 - 1.03+1.37 35 -3.31+x1.37*
1,3 27+1.44 24 -.30+1.37 36 - 4.27+1.44*

14 1.00+1.44 25 - 434+1.29* 45 - 404+x137*
15 - 3.04+1.37* 26 -530+1.37* 46 - 5.00+1.44*
16 - 4.00+1.44* 34 37+1.44 56 -.96+1.37

Asterisksidentify pairs of meansthat are judged significantly different from one another.
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_ _ _ _ MSE(Sc?
The 99% t confidenceinterval is SCI X. x t'005’I Q)4 = -

Sc?
SGX =4i% +1X, +iX, +14%, - 12X, - 1%, =-4.16, u=.1719,

MSE =.273, t o5, = 2.845. Theresulting interval is
- 416+ (2.845),/(273)(1719) = - 4.16 + .62=(- 4.78- 3.54). Theinterval

in the answer section isa Scheffe’ interval, and is substantially wider than the t interval.

Let M = true average folacin content for specimens of brand I. The hypotheses to be

testedare Hy:m =m, =m, =m, vs. H, :atleasttwo m's differ.

2 2
SSK? =1246.88 and —-- = U684) 116161 0ssT-6527
n
2 2 2 2 2
s _(57.9)° , (375)° , (38.9)° , (349)* _ 1205.10 %
J, 7 5 6 6
SSTr =1205.10- 1181.61 = 23.49.
Source Df SS MS F
Treatments 3 2349 7.83 375
Error 20 41.78 209

Total 23 65.27
With numerator df = 3 and denominator = 20,
Fossz =3.10<3.75<F; ,,, =4.94,50.01< p- value <.05, and sincethe

p-value < .05, wergject Ho. At least one of the pairs of brands of green tea has different
average folacin content.
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b. With X. =8.27, 7.50, 6.35, and 5.82 for | =1, 2, 3, 4, we calculate the residuals

X - X for all observations. A normal probability plot appears below, and indicates

I
that the distribution of residuals could be normal, so the normality assumptionis
plausible.

Normal Probability Plot for ANOVA Residuals

resids
o
1
.

28.

_ 2.09¢ee1 0 o
c. Qusaz =3.96 and W, =3.96% | ——C&—+ -7, so the Modified Tukey
" 2 K3 95
intervals are:

Pair Interval Pair Interval

1,2 g7 2237 23 1.15+2.45

1,3 1.92+2.25 24 1.68+ 2.45

14 245+ 2.25+ 34 53+234

4 3 2 1

Only Brands 1 and 4 are different from each other.

SSTr = §|S(X.
Sl - X FlmsalR - KT -saxt- 2K sak,
=SJ X2-2X X _ +nX?=SJ X -2nX2 +nX? =SJ, X2 - nX2.

- X Fl=s3(

- X J=83,X2- 2% S3 X, + X%,
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=53 Var (%, )+ (E(X, JF |- nvar(x )+(E(x )

-0, 6 ey e+ SUMEY
&, 4 en g

= (l - 1)5 ?+8J, (m+ai)2 - [SJi(m+ai )]2

=(1-1)s2+SIn? +2nBJa, +SJa2- [me3,]° =(1-1s 2+SJa?,from

which E(MSTY) is obtained through division by (I - 1).

E(ssTr) =E(89,X? - nX? )= s,E(X?)- nE(X?)
|

2(02 +02 + (- 27 +1)
1

=4,F =2,

a a,=a,=0,a,=-1,a,=1,0F%=
and from figure (10.5), power » .90.

b. F2=5),s0F = .707«/3 andn, = 4(J - 1). By inspection of figure (10.5), J=
9 looks to be sufficient.

gl

¢ m=m=m=m,m=m+Lsom=m+{a,=a,=a,=a,=-
a,=a p2=2%) 160 F =126, 4.0, = 45. By ingect
4T =—7 b =1.26,n, =4,n, =45. By inspection

of figure (10.6), power » .55.

With S =1 (any other S wouldyieldthesame F ), a, =-1, a, =a,=0,a, =1,

e - 258 1) +5(0)" + Sl0) +5(1)2)=2.5, F =158,n,=3,n, =14, and
1

power » .62 .

With Poisson data, the ANOV A should be done using Yi = \/XT . Thisgives

y, =1543,y, =17.15,y, =1912,y, =20.01, y =71.71,

SSy; = 263.79, CF =257.12, SST = 6,67, SSTr = 2.52, SSE = 4.15, MSTr = 84, MSE =
26,f=323. Since F, 5,6 = 5.29, H, cannot be rejected. The expected number of flaws
per reel does not seem to depend upon the brand of tape.



33.

34.
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g(x) = Xﬁ' f?: nu(l- u) where U =§, so h(x) = (‘[u(l- u)]'llzdu . Froma
e nNg n

. . &[x0
table of integrals, this gives h(x) = arcan («/ u) = arcsm§ — T asthe appropriate
n

transformation.

1 & 1370 n-J
+—gh- —3s2=s+ s2=s’+Js?
5 -1

E(msTr) = -
-1 n

Supplementary Exercises

35.

36.

a Hy:m=m,=m,=m, vs. H, :atleasttwo m's differ;3.68isnot

3 Fois00 = 4.94, thusfail to reject Ho. The means do not appear to differ.

b. Wergject H, when the p-value <apha. Since.029 isnot < .01, we till fail to reject H,,.

a Hy:m =..=m will beregjectedinfavorof H_ :atleasttwo 'S differ if
f 3 Fos440 =261 With X =30.82, straightforward calculation yields

MSTr = 22212 = 55,278, MSE = 2> = 161098, ana

_ 55278
16.1098

among the five teaching methods with respect to true mean exam score.

= 3.43. Because 3.433 2.61,H,isrgected. Thereisadifference

b. Theformat of thistest isidentical to that of parta. The calculated test statistic is

33.12
= 20103 =1.65. Since 1.65< 2.61, H, is not rejected. The data suggests that
with respect to true average retention scores, the five methods are not different from one
another.
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37. Let M = true average amount of motor vibration for each of five bearing brands. Then the
hypothesesare Hy :m =...=m, vs. H, :atleasttwo m'S differ. The ANOVA table
follows:

Source Df SS MS F
Treatments 4 30.855 7.714 844
Error 25 22.838 0914

Total 29 53.6%4

8.44 > F ;4 »5 = 6.49, so p-value<.001, whichisalso < .05, so wergject Ho. At least
two of the means differ from one another. The Tukey multiple comparison is appropriate.
Q 55,25 = 4.15 (from Minitab output. Using Table A.10, approximate with

Qussza = 4.17). W, = 4.15/.914/6 = 1.620.

Pair X. - X;. Pair X. - X,
12 -2.267* 24 1.217
13 0016 25 2.867*
14 -1.050 34 -1.066
15 0,600 35 0584
23 2.283* 45 1.650*

*|ndicates significant pairs.

5 3 1 4 2

38.  x, =1548, x, =15.78, X, =12.78, X, =14.46, x, =14.94 x_=73.44, s
CF =179.78, SST =3.62, SSTr=180.71—179.78 = .93, SSE = 3.62- .93=2.69.

Source Df SS MS F
Treatments 4 93 233 216
Error 25 2.69 108

Total 29 3.62

Fos405 =2.76. Since2.16isnot 3 2.76, do not reject H, at level .05.
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~ + + +
q=258- 263 2'134 241+249 165, 1,5, = 2.060, MSE =.108, and

Sct = (1)2 + (- .25)2 + (- .25)2 + (- .25)2 + (- .25)2 =1.25, s0 a95% confidence

108)([1.25
interval for q is .165 + 2.060; f—(g) =.165+.309 = (- .144,.474). This

interval doesinclude zero, so O isaplausible valuefor ( .

m=m=m,m=n=m-s,som=m- 2s ,a,=a,=a,=4s,
a4:a5:-%S.ThenF2:‘|J—éa—
é 2 - 35 YU
Eé3( 2) + 2( 528) 0=1.632 and F =1.28,n, =4,n, =25. By
5@ S S 0

inspection of figure (10.6), power » .48, s0 b » .52.

Thisisarandom effectssituation. H,, :S 5 = O statesthat variation in laboratories doesn't

contribute to variation in percentage. H, will berejected in favor of Hy if
fs3 F.05,3,8 = 4.07 . SST =86,078.9897 — 86,077.2224 = 1.7673, SSTr = 1.0559, and SSE

1.055!
=.7114. Thus f = ij =3.96, whichisnot 3 4.07, so H, cannot be rejected at level
7R

.05. Variationin laboratories does not appear to be present.

a M = trueaverage CFF for the threeiris colors. Then the hypotheses are
Ho:m =m, =myvs. H, :atleasttwo m'S differ. SST = 13,659.67 — 13,598.36
204.7 134. 1
=6131, SSTR = &€ 0 ) (3 6) (690) - 13,598.36 = 23.00 The

8 5 6 5
ANOVA tablefollows:

Source Df SS MS F
Treatments 2 23.00 11.50 4.803
Error 16 38.31 2.39

Total 18 61.31

Because F;,,4 =3.63<4.803< F,,,; =6.23, .01<p-value< .05, sowe reject

Ho. There aredifferencesin CFF based on iriscolor.
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0
b Qs a1 =3.65 and W = 3.65 x\/z L Ji: so the Modified Tukey
i N
intervalsare:
Pair (Yi, - X;. )iVVi].
12 - 1.33+ 2.27
13 - 258+2.15+
23 -1.25+242
Brown Green Blue
2559 26.92 28.17

The CFF isonly significantly different for Brown and Blueiris color.

MSE) I:05| 1n- |) (2) 239)(3 63) 4.166. For m - m,,c;=1,c,=-

CZ
1,andc3 =0, so ’é_—— % %= .570. Similarly, for m - m,,
C 1 1 o C 1 1
/ G- il s / & ,/—+—=.606, df
J, 8" 6 MMy 3 "5 e

2 2 2 2
oM, +.5m, - m,, éc‘ =\/i+i+(;) = .498.

J Vs 5
Contrast Estimate Interval
m- m, 2559 2692 =-1.33 (- 1.33)+(570)(4.166) = (- 3.701.04)
m- m 2559 28.17=-258 (- 2.58) +(540)(4.166) = (- 4.83,-.33)
m, - m, 2692 2817=-1.25 (- 1.25)+ (606)(4.166) = (- 3.77,1.27)
5m, +.5m, - m, 192 (- 1.92) +(498)(4.166) = (- 3.99,0.15)

The contrast between M and M, since the calculated interval isthe only one that does not

contain the value (0).
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Source Df SS MS F Fos
Treatments 3 24,937.63 831254 1117.8 407
Error 8 59.49 744

Total 11 24,997.12

Because 1117.83 4.07, H,:m =m, =m, =m, isrejected. Q5,5 = 4.53, s0

/7.44
w=453 = = 7.13. Thefour samplemeansare X, =29.92, X, = 33.96,

X, =115.84, and X, =129.30. Only X, - X, < 7.13, soal meansarejudged

significantly different from one another except for M), and M (corresponding to PCM and
OCM).

Yij -Y. = C(Xij - X ) and Y_| -Y. = C()Ti_ - X ) so each sum of squares
involving Y will be the corresponding sum of squaresinvolving X multiplied by ¢ Since F
isaratio of two sums of squares, ¢ appears in both the numerator and denominator so

cancels, and F computed from Yj;’s = F computed from Xj;'s.

The ordered residuals are —6.67, -5.67, -4, -2.67,-1,-1,0,0,0, .33,.33, .33, 1, 1, 2.33, 4, 5.33,
6.33. The corresponding z percentiles are—1.91, -1.38, -1.09, -.86, -.67, -.51, -.36, -.21, -.07,
.07, .21, .36, .51, .67, .86, 1.09, 1.38, and 1.91. The resulting plot of the respective pairs (the
Normal Probability Plot) isreasonably straight, and thus there is no reason to doubt the
normality assumption.
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