Chapter 7
. y v [0 e[z} [-0]  [-.ee7
7.1 B =(1'2)" '2'y = 70 | -1z -
| ~ -10 1|82 19 [1.267
., - e - - -
180 12.000 15 'I‘Z.(J(JO1 3.000
85 5.667 9 5.667 3.333
N . 1123 8.200| . |3 8.200| |-5.200
y=12=75|351 |=|23.400|; €=y-§ =|25]|-|23.4004=| 1.600
- = 199 13,267 - =~ 7 9 13.267| {-6.267
42 . 113 4 .
_'l | LQ 4’67_ L | L.9 467_‘ -3 ‘SBi
Residual sum of squares: §'§ = 101.467
Fitted equation: ¥ = -.667 + 1.267 2,
7.2 Standardized variables
z, z, y
-.292 -1.088 .391 Fitted equation:
-1.166 -.726 -.391
.87 -.726  -1.174 a i
1.283  .363  1.695 y =1.332) - .79,
- 117 726 -.652
1108 1.451 130
Also, prior to standardizing the variables, 21 = 11.667,
z, =5.000 and § =12.000; /5, =5.716, /5, = 2.757
114 2227
» = L] e
and szy 7.667
The fitted equation for the original variables is
~ -11.667 -
y-12 _ 1.33
7.667 5 “5.7116
y = .43 +1.782 - 2.192,
7.3 Follow hint and note that €* = Y* - v = ']/ZY v lzlﬁw and

(n-r-1)o? = €¥'€* is distributed as x2__ ;-
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7.4 a)

b)

c)

7.5

7.6

b)

a) First no*e that A~ =-diag£L{],...,k;

-1 n 3 2y
=(z'2)"2'y = (] 295000 23) .

V=1 =so §
o~ j=] '

vois diagonal with jzﬁ.diagonal element 1/zj so

4 - ] "1 “]
B = 2V2)

Ty = (8 y (T 2y)
1 = . Z.
: Xg gh

-1

v is diagonal with’vjigl diagonal element 1/23 -sdv

n
‘§w = (E'Y-IE)-1E.V-1X = (jZ](yj/zj))/n

Solution follows from Hint.

:w”'"' 0] isa

generalized inverse of A since
- I O - h ‘. ’
M = 1 so AAA = S\ = A
0 0 r]+1
0
0 -0

Since

r%‘F] 1
[ 2 Sl - LI -
(2'7)" = L A; eje; = PATP

with PP' =P'P =

(z'2)(z'z) (72'2)

]
-
-
0

—
O
P4

"
.
<
>
=

'

n
o
>
©

"

By the hint, if Z8 1is the projection, 0 = Z'(y - 28) or
Z'78 = 2'y. In c), we show that Zg is the projection of
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I,» we check that the defining relation holds
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¢) Consider gq; = x;“z Ze, for i=1,2,...,010. Then

~

2(2'7)°7" = 1 zx g2 = L i

The {31} are rT+1 mutual1y perpendicular unit length vectors

vthat span the space of all linear combinations of the columns of

Z. The projection of y is then (see Result 2A.2 and

Definition 2A.12)

ri+l ry ¥l . e , -
L taing; = L gilay) = (1 g9y = 22D Ty

d) See Hint.

7.7 Write B [—B-(-‘-)} and 7 = [z Ez ]
| . ~(2) | I 2"

Recall from Result 7.4 that § =[ ll] = (Z‘Z)']Z'X is distributed
as N +.‘(B,c:xz(Z’Z)") independently of nd% = (n-r-1)s? which is
: N
E 3 'y - 2 2 -

1so’X2 and this is distributed independently of s2. {The latter

AT
N
A d

distributed as o? x

follows because the full. random vectoré is distributed independently
of s2). The result follows from the definition of a F random variable

as the ratio of two independent x* random variables divided by their

degrees of freedom.

7.8 (3) H? = Z(le)-—l Z'Z(Z'Z)-l Z! = Z‘(Z'Z)-l 7' = H.

(b) Since I — H is an idempotent matrix, it is positive semidefinite. Let a be an n x 1 unit
vector with j th element 1. Then 0 < a'(I — H)a = (1 — hj;). That is, k;; < 1. On the
1 eqn s Rji S
other hand, (2’Z)" is posifive definite. Hence hj; = ¥}(Z2'Z)~'b; > 0 where b; is the j
th row of Z.
=1k t"(Z(Z'Z)'l Z") =tr((2'2)12'Z) = tr(In) =7 + L.
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(c) Using

(Z’ )-1 1 [ 2._1 z £.=1 2 }

n E'—l(’zi - 2)2 o...l Z . n
we obtain
b = sz (L)
Z5
n _
= n Z.-1(1, —z)2 (E’ = 2z; ga + nz}’))
1 (25 — %)?

* e— —

n '2?=l(zjb_ 7)2

Hence
(4.8 -3.0]
R 3.9 -1.5
+=28=03.0 0|
2.1 1.5
1.2 3.0
5 -3] (4.8 -3.0 .2 0
. ) 3 - 3.9 -1.5 -9 .5
E=Y-Y=|4 -1]|- (3.0 =11.0 1.0
2 2 21 1.5 -1 .5
1 3] 1.2 3.0 -2 0
YY=1%t+¢e¢
55 -15 53.1 -13.5 1.9 -1.5

+ .
=15 24 -13.5 22.% -1.% 1.5



143

7.10 a) Using Result 7.7, the 95% confidence interval for the mean

reponse is given by

o (2 o717 /4 o\
[, .5] 3.0] + 3.18 ﬁ .s][ ][ ](-3—9> or
[ , o .11l.5

"og
(1.35, 3.75).

b) Using Result 7.8, the 95% prediction interval for the actual Y

is given by

I

-.9

(-.25, 5.35) .

c) Using (7-42) a 95% prediction ellipse for the actual VY's is

given by

. 7.5 7.5 Yor -2.55
[yo] - 2.55’ yoz - 075] !
7.5 9.5 | ygp- .75

< (1 + .2285) <(_z_12(31> (19) = 69.825



7.11

The proof follows the proof of Result 7.10 with = replaced by A.

) |
(F-2)'(-2'8) = ] (1j-82p) (Y82’

and

Il d2(8) = tr[a” (r-28)" (-28)]

Next,
(Y-28)'(Y-28) = (Y-ZB+ZB-2B)" (Y-Zf+zB-28) = '€ +1§-8)'2' 2(B-8)]
so
233:] d3(8) ='tr[A_1€.€] + tr[AT (3—8)f2'2(§-8)]

The first term does not depend on the choice of B. Using Result
2A.12(c)

tr[A"V(8-8)'2' (B-8) = tr[{B-B)'Z'1(E-B)A]

tr{z'z(E-8)A(8-8)"']

tr[z{8-8)A(8-8)'2']
2 c'Ac>0
where ¢ is any non-zero row of Z(f-B). Unless B =g, Ug-8)

will have a non-zero row. Thus ‘5 is the best choice for any posi-

tive definite A.
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7;&2 (a) best linear predictor = -4 + ZZ1 - Z2

¥ ) L, el _
(b) mean square error =0, - 92y tzz 2y 4

[] ']
(c) 0 _[%zy baz 2y
Y(x) ¥V Oyy

(d) Following equation (7-56), we partition } as

= ,745

Wl

44

"

w
nN w
-t

—t

and determine covariance of {‘Y } given 2z, to be
7.
1

- (W™ 0,1l = . Therefore
3 2 1 12 1

. 2 V2
= =% = 707
z,.2,” B L

~
o
(N ]
-

f ~ _1. 3.73
7.13 (@) By Result 7. B = szz Soy o

. 5
' = -S-Z z SZ 4 .s.
(b) Let Zip) = (7573 Rz1(2223).-v/r(2) 1 2)72) 2(2)%

21 2-‘
(352,33 .
ceo1 38 - /8

| Zn)
(c) Partition Z = |—~=| SO
- 3
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5691.34 ( L
!
g | ©00.51 12605 I . z(1) (1)} *Za (1)
B P L] T memememem - —
: . I S l S
A 3.3 230 i B2020y 1 %y

and

. 1 3649.04 380.82
Sz 2z E s; z s; 7. 52,2000
(1) (1) ~°3 (M) 3“3 ~°3°(1) L 380.82 102.42

Thus
. - 380.82 R
292,24 co
172 73 /3649.04 Y102.42
7.14 (a) The large positive correlation between a manager's experience

and achieved rate of return on portfolio indicates an apparent
advantage for manégers with experience. The negative correla-
tion between attitude toward risk and achieved rate of return
jndicates an apparent advantage for conservative managers.

(b)  from (7-57)

- Y% AP
Syz‘l - .
S TZaZ
¥zq°2, - 22
r = = 2 2
yZ,°2 1 = 3 s
172 {syy- , Sz, ¥Zp /[ o3,
yy s 213y s
2% 22%2
vy Ty Tz, 31

f‘ - r‘ Fﬁi- r‘ [ 4
¥z, 212,

Removing "years of experience" from consideration, we now have a

positive correlation between “"attitude toward risk" and "achieved



7.15

7.16

(@)

(b)

()
(d)
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return". After adjusting for years of experience, there is an

apparent advantage -to managers who take riéks.

MINITAB computer output gives: y =11,870 + 263421 + 45.2z,;
residual sum of squares = 204995012 with 17 degrees of freedom.
Thus s = 3473. Now for example, the estimated standard devi;-
tion of By is /T.9961s% = 4906. Similar calculations give
the estimated standard deviations of @1 and §2.

An analysis of the residuals indicate there are no apparent
model inadequacies.

The 95% prediction interval is ($51,228; $66, 239)

-1
Using (7-1%), F = (45.2)(.0067)-"(45.2

12058533 |
Since Fy ]7(.05) = 4,45 we cannot reject HO:BZ = Q. It appears

as if Zz is not needed in the model provided 21 is included

jn the model.

Predictors P=r+1 Co

Z1 2 1.025

Zz _ 2 12.248
21.22 3 | 3




7.17 (a) Minitab outpi.lt for the regression of profits on sales and assets follows.

Profits = 0.01 + 0.0681 Sales + 0.00577 Assets

Predictor coef  SE Coef T P
Constant 0.013 7.641  0.00 0.999
Sales 0.06806 0.02785 2.44 0.045

- Assets 0.005768 0.004946 1.17 0.282
S = 3.86282 R-Sq = 55.7% R-Sq(adj) = 43.0%

Analysis of Variance

Source DF SS MS F P
Regression 2 131.26 65.63 4.40 0.058
Residual Error 7 104.45 14.92

Total 9 235.71

(b) Given the small sample size, the residual plots below are consistent with the

usual regression assumptions. The leverages do not indicate any unusual

observations. All leverages are less than 3p/n=3(3)/10=.9.

esidual Plots for Profits

obability Plot of the Residuals

B0 15 150

3 2125 - 200
‘Fitted Value

Residuals Versus the Order of the Data.

: 50

0.0

. Residuat

b /\/\/\ .

N/

!205
=.0 , -
.71 3 3 4 5 6 7 89 10
©Observation Order
Obs 1 2 3 4 5 6 7 8 9 10
2222 | 2513 | .2746 | 2785 | .3642 | 2029 | .4362

Lev | .6257 | .1011 | .2433

(c) With sales = 100 and assets = 500, a 95% prediction interval for profits is:

(-1.55, 20.95).

(d) The t-value for testing Hy: 5, =0 ist= 1.17 with a p value of .282. We cannot
reject H, at any reasonable significance level. The model should be refit after

dropping assets as a predictor variable. That is, consider the simple linear

regression model relating profits to 'sales.
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7.18 (a) The calculations for the C, plot are given below. Note that p is the number of
model parameters including the intercept.

p (predictor) | 2 (sales) | 2 (assets) | 3 (sales, assets)
C, 2.4 7.0 3.0

(b) The AIC values are shown below.

| p (predictor) | 2 (sales) | 2 (assets) | 3 (sales, assets)
AIC 29.24 33.63 29.46

7.19 (a) The “best” regression equation involving In(y) and Z1, Z2,...,Z5 1S
1i(y) =2.756—.322z, +.114z,

" with s = 1.058 and R? = .60. It may be possible to find a better model
using first and second order predictor variable terms.

(b) A plot of the residuals versus the predicted values indicates no apparent
problems. A Q-0 plot of the residuals is a bit wavy but the sample size is
not large. Perhaps a transformation other than the logarithmic
transformation would produce a better model.



7.20

7.21
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£igenva1ues-ofthe correlation matrix of the predictor variables Zy»
22,...,25 are 1.4465, 1.1435, .8940, .8545, .6615. The correspond-
ing eigenvectors give the coefficients of 2., Zysreeesig ‘in the
principle component. for example, the first principal component,

written in terms of standardized predictor variables, is

* * *

A * *
Xy = .606411 - .390122 ' .635723 - .275524 - .004525 .

A regression of 2&n(y) on the first principle component gives
tn(y) = 1.7371 - .070121

with s = .701 and R®* = .01S5.

A regressionAof tn(y) on the fourth princfp]e component produces
the best of the one principle component predictor variable regressions.
In this case ih(y) =1.7371 + .3604?4 and s = .618 and R% = ,235.
This data set doesn't appear to yield a regression relationship which
explains a large proportion of the variation in the responses.

(a) (i) One reader, starting with a full quadratic model in the

predictors Z, and 2,5 suggested the fitted regression

- equation:
¥ -7.3808 + .528122 - .003822
with s = 3.05 and R? = .22, {Can you do better than
this?)

(ii) A plot of the residuals versus the fitted values suggests
the responée may not have constant variance. Also a Q-Q
plot of the residuals has the following general appear-

ance:



(ii1)

Residuals

151

Normal probability plot
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Therefore the normality assumption may also be suspect.

Perhaps a better regression can be obtained after the

- responses have been transformed or re-expressed in a

different metric.
Using the results in (a)(i), a 95% prediction interval

of Z = 10 (not needed) and z, = 80 is

10.84 * 2.02/7.47 or (5.32,16.37).
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7.22 (a) The full regression model relating the dominant radius bone to the four predictor
variables is shown below along with the “best” model after eliminating non-
significant predictors. A residual analysis for the best model indicates there is
no reason to doubt the standard regression assumptions although observations

19 and 23 have large standardized residuals.
ﬁ) The regression equation is .
DomRadius = 0.103 + 0.276 DomHumerus - 0.165 Humerus + 0.357 DomUlna
" 4+ 0.407 Ulna

Predictor Coef SE Coef T P
Constant 0.1027 0.1064 0.97 0.34%
DomHumerus 0.2756 0.1147 2.40 0.026
Humerus -0.1652 0.1381 -1.20 0.246
DomUlna . 0.3566 0.1985 1.80 0.088
Ulna 0.4068 0.2174 1.87 0.076

s = 0.0663502 R-Sq = 71.8% R-Sq(adj) = 66.1%

The regression equation is
DomRadius = 0.164 + 0.162 DomHumerus + 0.552 DomUlna

Predictor ‘Coef SE Coef T P
Constant 0.1637 0.1035 1.58 0.128
DomHumerus 0.16249 0.05940 2.74 0.012
DomUlna 0.5519 0.1566 3.53 0.002

s = 0.0687763 R-Sg = 66.7% R-Sq(adj) = 63.6%

Analysis of Variance

Source . DF SS ﬁs F P
Reg;ess;on 2 0.20797 0.10399 21.98 0.000
Residual Error 22 0.10406 0.00473

Total 24 0.31204

5 and Dom Ulna Predictors |

(i) Eﬁiﬂﬁ‘afieﬂdtsforbomﬁaﬂiﬁ £ us and-Dom Uin: _
Residuals Versus the Fitted Values

Normal Probability Plot of the Residuals

AY
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oo § 00 '..' * ® e
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= 01 00 . .01 ' o6 . ©07. 08 09 10
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Histogram of the Residuals _ Residuals Versus the Order of the Data
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ATV

2 4 6 B 101214 16 18.20 2 24
‘Observaition On

Resldual
[-]
o




153

(b) The full regression model relating the radius bone to the four predictor variables
is shown below. This fitted model along with the fitted model for the dominant
radius bone using four predictors shown in part (a) (i) and the error sum of
squares and cross products matrix constitute the multivariate multiple regression
model. It appears as if a multivariate regression model with only one or two
predictors will represent the data well. Using Result 7.11, a multivariate
regression model with predictors dominant ulna and ulna may be reasonable.
The results for these predictors follow.

The regression equation is

Radius = 0.114 - 0.0110 DomHumerus +
Predictor coef SE Coef
Constant 0.11423 0.08971
DomHumerus -0.01103 0.09676
Humerus 0.1520 0.1165
DomUlna 0.1976 0.1674
Ulna 0.4625 0.1833
s = 0.0559501 R-Sq = 77.2%

Error sum of squares and cross products matrix:

The regression equation is

DomRadius = 0.223 + 0.564 DomUlna + 0.321 Ulna
predictor Coef SE Coef T P
Constant 0.2235 0.1120 2.00 0.059

DomUlna 0.5645 0.2108 2.68 0.014

Ulna 0.3209 0.2202 1.46 0.159

s = 0.0760309 R-Sq = 59.2% R-Sq(adj) = 55.5%

Analysis of Variance

Source DF ss MS F P
Regression 2 0.184863 0.092431 15.99 0.000
Residual Error 22 0.127175 0.005781

Total © 24 0.312038

Error sum of squares and cross products matrix:

T P
1.27 0.217
-0.11 0.910
0.207
0.252
0.020

1.31
1.18
2.52

R-Sqg(adj) = 72.6%

.088047 .050120
050120 .062608

The regression equation is

Radius = 0.178 + 0.322 DomUlna
Predictor Coef SE Coef
Constant 0.17846 0.08931 2
DomUlna 0.3220 0.1680 1
Ulna 0.5953 0.1755 3
S = 0.0606160 R-Sq = 70.5%

Analysis of Variance

Source DF SS
Regression 2 0.193195
Residual Error 22 0.080835
Total 24 0.274029

127175 ;064903
064903 .080835

0.152 Humerus + 0.198 DomUlna + 0.462 Ulna

+ 0.595 Ulna

- T P VIF
0.058
0.068
0.003

2.1
2.1

R-Sq(adj) = 67.8%

MS F

I

0.096597 26.29 0.00(

0.003674



7.23. (a) Regression analysis using the response Y; = SalePr.

Summary of Backward Elimination Procedure for Dependent Variable X2
’ Variable Number Partial Model
Step  Removed In Rxx2 R*x2 c(p) F  Prob>F
1 X9 7 0.0041 0.5826 7.6697 0.6697 0.4161
2 X3 6 0.0043 0.5782 6.3735 0.7073 0.4033
3 X5 5 0.0127 0.5655 6.4341 2.0795 0.1538
Dependent Variable: X2 SalePr
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 5 16462859.832 3292571.9663" 18.224 0.0001
Error 70 12647164.839 180673.78342
C Total 75 29110024.671
Root MSE 425.05739 R-square 0.5655
Parameter Estimates '
Parameter ‘Standard T for HO:
Variable DF Estimate Error Parameter=0 Prob > |T|
INTERCEP 1 -5605.823664 1929.3986440 -2.905 0.0049
X1 1 -77.633612  22.29880197 -3.482 0.0009
X4 1 -2.332721 0.75490590 -3.090 0.0029
X6 1 389.364490 89.17300145 4.366 0.0001
X7 1 1749.420733 T701.21819165 2.495 0.0150
X8 1 133.177529  46.66673277 2.854 0.0057

The 95% prediction interval for SalePr for 2 is

2o  10(0.025)/ (425.06)2(1 + 24(Z Z)~20).

SalePrefBreed , FtFrBody, Frame, BkFat, SaleHt)

(a) Residual plot

(b) Normal probability plot

- . - .
[=] b=
8 * . 8 E .o(
o - o‘ . u o 0
g8 g 8] o
3 . ‘ . .o. * . "g 2
o« o L - :. ..ﬁ. .. 2w . @« o 4
e .
o o o . .
8 R 8
@ - 1 e
° . e
1000 2000 3000 -2 -1 0 1 2
Predicted Quantiles of Standard Normal

154



155

(b) Regression analysis using the response Y¥; = In(SalePr).

Summary of Backward Elimination Procedure for Dependent Variable LOGX2

Variable Number Partial  Mcdel
Step Removed In R**2 R¥*2 c{p) F  Prob>F
1 X3 7 0.0033 0.6368  7.6121 0.6121 0.4368
2 X7 ] 0.0057 0.6311 6.6655 - 1.0594 0.3070
3 X9 5 0.0122 0.6189 '6.9445 2.2902 0.1348
4 X4 4 0.0081 0.6108 6.4537 1.4890 0.2265
Dependent Variable: LOGX2
Analysis of Variance
Sum of Mean
Source DF ‘Squares Square F Value Prob>F
Model 4 4.02968 1.00742 27.854 '0.0001
Error 71 2.56794 0.03617
C Total 75 6.59762
Root MSE 0.19018 R-square 0.6108
Parameter Estimates
Parameter Standard T for HO:
Variable DF Estimate Error Parameter=0 Prob > |T|
INTERCEP 1 5.235773 0.91286786 5.736 0.0001
X1 1 -0.049418 0.00846029 -5.841 0.0001
X5 1 -0.027613 0.00827438 -3.337 - 0.0013
X6 i 0.183611 0.03992448 4.599 0.0001
X8 1 0.058996 0.01927655 3.060 0.0031

The 95% prediction interval for In{SalePr) for 2y is
26 % 110(0.025)1/(0.1902)2(1 + 2(2Z'Z) o).

The few outliers among these latter residuals are not so pronounced.

In(SalePrrBreed 4 PrctFFB; Frame 5 SaleHt)

(a) Residual plot
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and Z, = FtFrBody.

0.005773

Dependent Variable: X8 SaleHt
Analysis of Variance
' Sum of Mean
- Source DF Squares Square F Value
Model 2 235.74533 117.87267 131.165
Error 73 65.60204 0.89866
C Total 75 . 301.34737
Root MSE 0.94798 R-square 0.7823
Parameter Estimates
Parameter Standard T for HO:
Variable DF Estimate Error Parameter=0
INTERCEP 1 7.846281 3.36221288 2.334
X3 1 0.802235 0.08088562 9.918
X4 1 0.00151072 3.821

The 95% prediction interval for SaleHt for z, = (1,50.5,970) is

7.24. (a) Regression analysis using the response Y; = SaleHt and the predictors Z; = YrHgt

Prob>F
0.0001

Prob > IT|
0.0224
0.0001
0.0003

53.96 = £73(0.025)/0.8987(1.0148) = (52.06, 55.86).

~ (a) Residual plot

Salth:-erHgt, FtFrBody)

{b) Normal probability plot
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(b) Regression analysis using the response Y; = SaleMt and the predictors Z; = YrHgt and

Z, = FtFrBody.

Dependent Variable: X9 SalelWt
Analysis of Variance
Sum of Mean

Source DF Squares Square F Value Prob>F
Model 2 390456.63614 195228.31807 16.319 0.0001
Error 73 873342.99544 11963.60268 ‘
C Total 75 1263799.6316 '

Root MSE 109.37826 R-square 0.3090
Parameter Estimates

Parameter Standard T for HO:

Variable DF Estimate Error Parameter=0 Prob > |IT]
INTERCEP 1 675.316794 387.93499836 1.741 0.0859
X3 1 2.719286 9.33265244 0.291 0.7716
X4 1 0.745610 0.17430765 4,278 0.0001

The 95% prediction interval for SaleWt for zy = (1,50.5,970) is

1535.9 & t73(0.025)1/11963.6(1.0148) = (1316.3,1755.5).

-100

-200

SaleWtaf(Y rHgt , FtFrBody)

(a) Residual plot
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Multivariate regression analysis using the responses Y}
the predictors Z; = YrHgt and Z; = FtFrBody.

Multivariate Test: HO: YrHgt = 0O
Multivariate Statistics and Exact F Statistics
S=1 M=0 =35

Statistic Value F

Wilks’ Lambda 0.38524567 57.4469
Pillai’s Trace . 0.61475433 57.4469
Hotelling-Lawley Trace 1.59574625 57.4469
Roy’s Greatest Root 1.59574625 67.4469

Multivariate Test: HO: FtFrBody = 0
Multivariate Statistics and Exact F Statistics
S=1 M=0 N=35

Statistic ' Value F

Wilks’ Lambda 0.75813396 11.4850
Pillai’s Trace 0.24186604 11.4850
Hotelling-Lawley Trace 0.31902811 11.4850
Roy’s Greatest Root 0.31902811 11.4850
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= SaleHt and Y> = SaleWt and

Num DF Den DF- Pr > F

2 72 0.0001
2 72 0.0001
2 72 0.0001
2 72 0.0001

Num DF Den DF Pr > F

2 72 0.0001
2 72 0.0001
2 72 0.0001
2 72 0.0001

The theory requires using 3 (YrHgt) to predict both SaleHt and SaleWt, even though

this term could be dropped in the prediction equation

for SaleWt. The 95% prediction

ellipse for both SaleHt and SaleWt for z, = (1, 50.5,970) is
1.3498(Yq, — 53.96)2 + 0.0001(Yo, — 1535.9)% — 0.0098(Yo; — 53.96)(Yo: — 1535.9)

. 2(73)
- = 1.0148 =

F12(0.05) = 6.4282.

The 95% prediction ellipse

Chi-square plot of residuals for both SaleHt and SaleWt
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7.25. (a) Regression analysis using the first response Y;. The backward elimination proce-
dure gives Y1 = By + 1121 + P212,. All variables left in the model are significant at
the 0.05 level. (It is possible to drop the intercept but we retain it.)

Dependent Variable: Y1 TOT
Analysis of Variance )
Sum of Mean

Source DF Squares Square F Value Prob>F
Model 2 5905583.8728 2952791.9364 22.962 - 0.0001
Error 14 1800356.3625 128596.88303 '
C Total 16 7705940.2353

Root MSE 358.60408 R-square 0.7664
Parameter Estimates

Parameter Standard T for HO:

Variable DF Estimate Error Parameter=0 Prob > |T|
INTERCEP 1 56.720053 206.70336862 0.274 0.7878
Z1 1 507.073084 193.79082471 2.617 0.0203

z2 1 0.328962 0.04977501 6.609 0.-0001

The 95% prediction interval for ¥; = TOT for 2, = (1,1,1200) is

958.5 + 114(0.025)/128596.9(1.0941) = (154.0,1763.1).

TOTHGEN ; AMT)

(a) Residual plot (b) Normal probability plot
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(b) Regression analysis using the second response Y3. The backward elimination procedure
gives Yy = o2 + Pr2Z1 + Pa2Z,. All variables left in the model are significant at the

0.05 level.

Dependent Variable: Y2 CAMI
Analysis of Variance
: Sum of Mean

Source DF Squares Square F Value Prob>F
Model 2 5989720.5384 2994860.2692 25.871 0.0001
Error 14 1620657.344 115761.23886 '
C Total 16 7610377.8824

Root MSE 340.23703 R-square 0.7870
Parameter Estimates .

, Parameter Standard T for HO:

Variable DF Estimate Error Parameter=0  Prob > |T|
INTERCEP 1  -241.347910 196.11640164 -1.231 0.2387
Z1 1 606.309666 183.86521452 3.298 0.0083
Z2 1 0.324255 0.04722563 6.866 0.0001

The 95% prediction interval for ¥, = AMI for 2z, = (1,1,1200) is

754.1 % £,4(0.025)/115761.2(1.0941) = (—9.234,1517.4).

AMEHGEN, AMT)
(a) Residual plot (b)' Normal probability plot
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Multivariate Test:

Multivariate Statistics and

S=2 M=0 N=4
Statistic

Wilks’ Lambda
Pillai’s Trace
Hotelling-Lawley Trace
Roy’s Greatest Root

Based on Wilks’ Lambda, the three variables Z3, Z; and Zs are not significant. The

{c) Multivariate regression analysis using Y; and Y.

HO: PR=0, DIAP=0, QRS=0

F Approximations

Value
0.44050214
0.60385990
1.16942861
1.07581808

F
1.6890
1.5859
1.7541
3.9447

Num DF

w o,

Den DF
20
.22
18

11

95% prediction ellipse for both TOT and AMI for z, = (1,1,1200) is

4.305 x 1075(Yp; — 958.5)% + 4.782 x 1073(Ypp — 754.1)?

— 8.214 x 107%(Yy;, — 958.5)(Yo2 — 754.1) = 1.0941

Chi-square plot of residuals

Ordered dsq
3

Y02

2(14)

13

The 95% predictioh ellipse
for both TOT and AMI

F313(0.05) =

Pr > F
0.1755
0.1983
0.1657
0.0391

- 8.968.

1000 1500 2000
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7.26 (a) (i) The table below summarizes the results of the “best” individual regressions.
Each predictor variable is significant at the 5% level.

Fitted model R* 5
$, ==70.1+.0593z, +.0555z, +82.53z, 73.6% 1.5192
$, =—21.6—.9640z, +27.04z, 76.5% 3530
‘ 75.4% 3616

$, =—20.92+.0117z, +26.12z,
$, =—43.8+.0288z, +.0282z, +44.59z, 80.7%
$, =—17.0+.0224z, +.0120z, +15.77z, 75.1%

6595
3504

(ii) Observations with large standardized residuals (outliers) include #51, #52
and #56. Observations with high leverage include #57, #58, #60 and #61.

Apart from the outliers, the residuals plots look good.
(iii) 95% prediction interval for Y3 is: ( 1.077, 4.239)

(b) (i) Using all four predictor variables, the estimated coefficient matrix and
estimated error covariance matrix are

[-74232 -24.015 -45.763 -17.727]

-3.120 -1.185 —1.486 -.550
B= .098 .009 .047 .029
.049 .008 025 011

* | 85.076  28.755 45798  16.220 |

2244 398 914 511
398 .118 .193 .089
914 .193 419 210|
| 511 089 210 .122

™M
i

A multivariate regression model using only the three predictors z,, Z3 and z4
will adequately represent the data. .

(ii) The same outliers and leverage points indicated in (a) (ii) are present.
Otherwise the residual analysis suggests the usual regression assumptions

are reasonable.

(iii) The simultaneous prediction interval for Y3 will be wider than the
individual interval in (a) (iii).
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7.27 The table below summarizes the results of the “best” individual regressions.
Each predictor variable is significant at the 5% level. (The levels of Severity are
coded: Low=1, High=2; the levels of Complexity are coded: Simple=1, Complex=2;
the levels of Exper are coded: Novice=1, Guru=2, Experienced=3.) There are no
significant interaction terms in either model. '

_ Fitted model | R )
Assessment =—1.834+1.270Severity +3.003Complexity 74.1% | .9853
Implementation =—4.919+ 3.477Severity +5.827Complexity | 71 9% 2.1364

For the multivariate regression with the two predictor variables Severity and
Complexity, the estimated coefficient matrix and estimated error covariance matrix

are
[—-1.834 —-4.919
B=| 1270 3.477
| 3.003 5.827

$=

[.9707 1.9162
1.9162  4.5643

A residual analysis suggests there is no reason to doubt the standard regression
assumptions.



