
Chapter 6 lOt 

. 
e.1 

Ei9E!nvalues and -eigenvectors of Sd are:"" 

11 • 449.778, !1 • [.333, .943]
 

" 12 • 168.082, !z · [.943, -.333]
 

Ellipse c~ntered at ~I • [-9.36, .13.27J~ Half length of major axis is 

20.57 units. Half length of minor axis is 12.58 units. "Major and minor 

axes lie in !1 and !2 dir~ctions. respectively. 

Yes, the 'test answers the question: Is. 6 • 0 inside the 951 confi­. ."
 
dence ~n ipse? 

6.2 UsiIlf; acritica.l value t,,-l (a/2p) ""tlo(O.Ol~) = 2.6338, 

LOVER UPPER 
Bonferrol1i ..c. I.: -20.57 1.85" 

-2.97 29.52 
Simulta.neous"'C. I.: -22.45 3.73 

-5.70 32.25 

Simultaneous confidence intervals are larger than Bonferroni's confidence intervals. 

6.3 The9S% Bon{erroni intervals are 

LOWER UPPER 
Bonferroni 'C. I.: -21.92 -2.08 

-3.~ 20.S~ 

Simultaneous c. l.: -23.70 -0.30 
-5.50 22.70 

Since the hypothesized vector '6 =0 (denot.ed as • in the plot) is outside the joint confidenoe " 
r.e.gion, we r.eject No : 6 = '0. Bonferroni C.I. a.re consistent with this result. After the 
elimination of the outlier, the difference betWeen pairs became significant. 
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Problem '6.3 

6A 

(a). Hotelling's T' = 10.215. Since the ~ritica.l point with a: = 0.05 is 9..('59, we reject 
Ho : §, =~. 
{b). Lower Uow 

Bonfenoni C. 1.: -"1.09 -o~02 

-0.04 0.64 

T Simultaneous C. L:	 -1.18 0.07
 
-0.10 0.69
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FigUre 1: 95% Confidence Ellipse and"Simultaneous ']'2 bKervals for the Mean 
DiffeI:em:le 



103 

{c)	 The Q-Q plots for In(DiftBOD) and In(DiffSS) are shown below. Marginal 
normality cannot be rejected for either variable. The Z2 plot is not straight 
(with at least one apparent J>ivariate outlier) and, although the sample size 
(n =11) is small, it is difficult to'argue for bivariate nonnality. 
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-1 
6.5 a) . HO: C~. ~ ..where C· ['. 

. 0 1 

55.5 _ [-11.2 ] -32.6·.]ex • • esc' • 
- .. 6.9 [ -32.6 66~4 

Ti • n(Cx)'(CSc')-'(Ci) • 90.4; n· 40; q. ~ ... ... 

11t~ (39)1­
~ Fq_l .n-q+l (.05)· 38 (3.25)· 6.67 

Since TI
• 90.4 > 6.67 reject Ho:~·! 

b) 951 simultaneous confidence intervals: 

)1, - liZ: (46.1 - 57.3) :t 16:61 J5105 • -11.2 :t 3.0 

)12 - )13: '6.9 :t 3.3 

l1l - )1~: -4.3 :t 3.3 

rhemeans are all different from one another. 



lOS 

6.G a) Treatment 2: Sample mean vector [:} sample covariance matriK 

[-3;2 -3~2] 

Treatment 3: Sample mean vector sample covariance matrix [:] : 
[~- -413J4/3 

. SpaaIed = 
.[ ~i~4 I 

T1b) • [Z-3, 4-2] [<1 + l)~.6 .l.~ 3.68. 3 4. -1.4. 2 r [::] • 

Since TZ. 3.88 < 45 do not reject HO=!!2 -!:!3 • ~ at the a ••01 

level. 

c). 991 simultaneausconfi-dence intervals: 

. lIZ2 - lJ32: 2 ± 7.2 

6.7 TI • [74.4 ?01.6] [(Jr +~) [1 0963.! .21505.~]]-1[' 7:4.4] • 1~'1 
4:) :):)' 21505.5 63&61.3 . 201."6 • 

(nl +n2-2)p
 
"l+n -p-l F.p.n +n -p-l (.OS) • 6.26


Z 1 2• 

Sf nee fl. 16.1 > '6.-26 reject HO=!!l - ~2.! ai; the ~ • ..os level. 
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6.8· a) For first variab'~: 

treatment 
observation - ·mean. + ~ effect + r.es1dua1 

4 4 4r 15 4. 7J 4] [2 222 l' [0 -12-2 J3 S2 4 4 + -2 -2 -2 +
., . 

1 -1 0-
2 5 3 2 [: 4 4 4 -1 ~1 -1 -1 ' .-1 2 0·-'
 

. SSobS - 246 ,SS -192 SS -36 ,$Sres .. 11
mean tr 

For second variab1 e: 

7 9 6 9 9] [S. 5 555] [3 333 3] .[., 1-:2 1 1]
3 6 3 • S 5 5 + -1 -1 -1 + -1 2-1[
3 1 1 3 5 S 5 5 -3 -3 ~ -3 . 1 -1 -1 1 

5$obs - 402 SSmean - 300 SS • 84tr 

Cross product contributions: 

275 240 48 ·13 

.) MANOVA table: 

. 
Source of 
Variation SSP d.f. . 

Treatment Cs :]B • 
48 

. Residual rs 
W ­ .,

-13 
-13J 
18 

'5+3+4-3.g 

[: 35]
 11Total (corrected) , 
102 ' 
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.. .' '.. ...
 

'* -.l!L' 155c) A· TBiWT • 42i3 • .{)362 

Usi ng Table 6.3 with p. -l 'and g. 3 

, ~_ @\ (tnl. -9- 1\ • 17:02. 

" IV ) \ 9 -1 ) . ' 

Sinee, F4•1S(.Ol). 4.77 we:(:onclude that treatment d1ff.rences 

exist at ~ ••01 level. 
.
.. 

Alternatively. using Bartlett's proe-dure. 

- (n -1 - tor) )1n A* ~ -(1.2 - 1 -t)l.n( .031i2) ·28.2<)9 

, . 
Since X:(.Ol) ·13.28 we again conclude treatment differences 

exist at ~ ••01 level. 

&.9 for.!!!.t matrix C 

a .1 t d ' • c{l t x ) '. CX 
- ,n _j n - J ­

6.10 (i, 1)' [(~l-i)~l + ••• + (il-i)~gl 

• x[(xl -i)n1' + ••• + (x -i)n] . 
, ,g 9 

• i["lxl + ••• + "gxg-i(nl + •••. + "g)]. 

• x[(nl + ••• + "glx - x(n, + ••• + " )] • 0 . 9 




