CHAPTER 12

Sections 12-1

10 223 553
12-1. a) X'X=|223 52009 12352
5563 12352 31729

1916.0
X'y =| 43550.8
104736.8
171.055
by f=| 3.713 |so §=171.055+3.714x, —1.126X,

~1.126
¢ § =171.055+3.714(18) —1.126(43) = 189.49

122, af=(XX)IXYy
~1.9122
B=| 0.0931
0.2532

b) § = —1.9122 +0.0931x, +0.2532x,
§ = —1.9122 +0.0931(200) + 0.2532(50) = 29.3678

12-3. a) Model 1 Model 2
Xy =2 §=100+2x, +8 § =95+15x; +3(2) + 4%y
§ =108 +2x, § =101+55%,
X, =8 § =100+ 2x; +4(8) y=
§=132+2x; §=119+175x,
MODEL 1
=132+2
160 y
140
120 y=108+2
100
y 80
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40
20
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95+15x, + 3(8) + 16X,
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MODEL 2

y=119+ 17.5x
350
300
250

200
Y 150 _
100 y=101+55x
50

The interaction term in model 2 affects the slope of the regression equation. That is, it modifies the
amount of change per unit of x; on ¥ .

b) x, =5 y =100+ 2x +4(5)
¥ =120+2x,
Then, 2 is the expected change on § per unit of Xx;.

NO, it does not depend on the value of x,, because there is no relationship or interaction between these
two variables in model 1.

©)

Xy = 5 Xy = 2 Xy = 8
§ = 95+ 15%; + 3(5) + 2x41(5) y =101+55x, y=119+175x,;
§ =110 +115x,

Change per 115 55 17.5
unit of Xq

Yes, result does depend on the value of x,, because x, interacts with x;.

The regression equation is

y = - 2.75 + 0.00362 x2 + 0.204 x7 - 0.00467 x8

Predictor Coef SE Coef T P

Constant -2.747 7.823 -0.35 0.729

X2 0.0036229 0.0006868 5.28 0.000

X7 0.20355 0.08677 2.35 0.028

X8 -0.004673 0.001272 -3.67 0.001

S = 1.687 R-Sq = 79.1% R-Sq(adj) = 76.5%

Analysis of Variance

Source DF SS MS F P
Regression 3 258.683 86.228 30.31 0.000
Residual Error 24 68.281 2.845

Total 27 326.964

2) § = —2.747 +0.0036x, + 0.2035X, — 0.0047X,

b) 6° = 2.845

0se(3,) = 7.823, se(3,) =.0006868, se(3,) =.08677 ,and se(f3,) =.001272

d) § =—2.747 +0.0036229(2000) + 0.20355(60) — 0.004673(1800) § =8.3 ~ 8 games.
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12-5. Predictor Coef StDev T P

Constant 33.449 1.576 21.22 0.000
x1 -0.054349 0.006329 -8.59 0.000
X6 1.0782 0.6997 1.54 0.138
S = 2.834 R-Sg = 82.9% R-Sg(adj) = 81.3%
Analysis of Variance
Source DF SS MS F P
Regression 2 856.24 428.12 53.32 0.000
Error 22 176.66 8.03
Total 24 1032.90

a) ¥ =33.4491-0.05435x, +1.07822x,

b) &%=803

) ¥ =33.4491-0.05435(300) +1.07822(2) =19.30 mpg.

12-6 Predictor Coef SE Coef T P
Constant -123.1 157.3 -0.78 0.459
X1 0.7573 0.2791 2.71 0.030
X2 7.519 4.010 1.87 0.103
X3 2.483 1.809 1.37 0.212
X4 -0.4811 0.5552 -0.87 0.415
S =11.79 R-Sq = 85.2% R-Sq(adj) = 76.8%

Analysis of Variance

Source DF SS MS F P
Regression 4 5600.5 1400.1 10.08 0.005
Residual Error 7 972.5 138.9

Total 11 6572.9

a) y=-123.1+0.7573x + 7.519x, + 2.483x, — 0.4811x,

b) &2 =139.00

c) se(,B’O) =157.3, se(,é’l) =0.2791, se(,@’z) =4.010, se(,Bg) =1.809, and se(,5’4) =0.5552
d ¥=-123.1+0.7573(75) + 7.519(24) + 2.483(90) — 0.4811(98) = 290.476

12-7. Predictor Coef SE Coef T P
Constant 383.80 36.22 10.60 0.002
X1 -3.6381 0.5665 -6.42 0.008
X2 -0.11168 0.04338 -2.57 0.082
S =12.35 R-Sq = 98.5% R-Sq(adj) = 97.5%
Analysis of Variance
Source DF SS MS F P
Regression 2 29787 14894 97.59 0.002
Residual Error 3 458 153
Total 5 30245

a) y=383.80-3.6381x, —0.1119x,

b) 62 =153.0, se(3,) =36.22, se(/3,) = 0.5665, and se(/3,) =.04338
¢) § =383.80 — 3.6381(25) - 0.1119 (1000 ) = 180.95

d) Predictor Coef SE Coef T P

Constant 484.0 101.3 4.78 0.041

X1 -7.656 3.846 -1.99 0.185

X2 -0.2221 0.1129 -1.97 0.188

X1*X2 0.004087 0.003871 1.06 0.402

S = 12.12 R-Sq = 99.0% R-Sq(adj) = 97.6%

Analysis of Variance

Source DF SS MS F P
Regression 3 29951 .4 9983.8 67.92 0.015
Residual Error 2 294.0 147.0

Total 5 30245.3

§ = 484 .0 — 7.656 X, — 0.222 X, — 0.0041 X,,
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12-8.

12-9.

12-10.

e 62=147.0, se(B,) =101.3, se(/3,) =3.846, se(/3,) = 0.113 and se(f3,,) = 0.0039
f) § = 484 .0 — 7.656 (25) — 0.222 (1000 ) — 0.0041 (25)(1000 ) = 173 .1

The predicted value is smaller

The regression equation is
y = 7.46 - 0.030 x2 + 0.521 x3 - 0.102 x4 - 2.16 x5

Predictor Coef StDev T P
Constant 7.458 7.226 1.03 0.320

x2 -0.0297 0.2633 -0.11 0.912

x3 0.5205 0.1359 3.83 0.002

x4 -0.10180 0.05339 -1.91 0.077

x5 -2.161 2.395 -0.90 0.382

S = 0.8827 R-Sq = 67.2% R-Sq(adj) = 57.8%
Analysis of Variance

Source DF SS MS F P
Regression 4 22.3119 5.5780 7.16 0.002
Error 14 10.9091 0.7792

Total 18 33.2211

a) y=7.4578-0.0297x, +0.5205x; —0.1018x, — 2.1606x;

b) &2=.7792

©)  se(B,)=7.226, se(f,)=.2633, se(f;)=.1359, se(f3,)=.05339and se(f)=2.395
d) §=7.4578-0.0297(20) + 0.5205(30) — 0.1018(90) — 2.1606(2.0) ¥ =8.996

Predictor Coef SE Coef T P
Constant 47.82 49.94 0.96 0.353
x1 -9.604 3.723 -2.58 0.020
X2 0.4152 0.2261 1.84 0.085
X3 18.294 1.323 13.82 0.000

a) y=47.82-9.604x, +0.44152x, +18.294x,
by 62=12.3
o se(f,)=49.94, se(f,) =3.723, se(B,)=0.2261, and se(f3,) =1.323

d) §=47.82-9.604(14.5) + 0.44152(220) +18.29(5) = 91.38

Predictor Coef SE Coef T P

Constant -0.03023 0.06178 -0.49 0.629

temp 0.00002856 0.00003437 0.83 0.414
soaktime 0.0023182 0.0001737 13.35 0.000

soakpct -0.003029 0.005844 -0.52 0.609
difftime 0.008476 0.001218 6.96 0.000

diffpct -0.002363 0.008078 -0.29 0.772

S = 0.002296 R-Sq = 96.8% R-Sq(adj) = 96.2%

Analysis of Variance

Source DF SS MS F P
Regression 5 0.00418939 0.00083788 158.92 0.000
Residual Error 26 0.00013708 0.00000527

Total 31 0.00432647

a) ¥ =—0.03023 + 0.000029x, + 0.002318x, —0.003029x, + 0.008476x, — 0.002363X,
where X, =TEMP X, = SOAKTIME x, = SOAKPCT x, = DFTIME x; = DIFFPCT

b) &2=527x10"°

c) The standard errors are listed under the StDev column above.
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12-11.

12-12.

d)
§ = —0.03023 + 0.000029(1650) + 0.002318(L) — 0.003029(1.1)

+0.008476(1) — 0.002363(0.80)

¥ =0.02247
Predictor Coef StDev T P
Constant -8.01 16.18 -0.50 0.630
Pts 0.49400 0.04806 10.28 0.000
GF 0.001847 0.006424 0.29 0.779
GA 0.00231 0.02091 0.11 0.914
PPG 0.03830 0.05146 0.74 0.472
PPcT -0.2068 0.2611 -0.79 0.445
SHG -0.01284 0.02562 -0.50 0.626
PPGA 0.03074 0.03802 0.81 0.436
PKPcT 0.0407 0.1483 0.27 0.789
SHGA -0.2083 0.1110 -1.88 0.087
S = 1.523 R-Sg = 98.8% R-Sg(adj) = 97.8%
Analysis of Variance
Source DF SS MS F P
Regression 9 2125.43 236.16 101.79 0.000
Error 11 25.52 2.32
Total 20 2150.95

¥ =-8.0119 + 0.494x, +0.0018x, +0.0023x; +0.0383x, —0.2068x5 —
0.0128x, +0.030x, +0.0407 x5 — 0.2083x,
where
X =Pts X, =GF x3=GA x,=PPG x3=PPct x;=SHG x, =PPGA
g = PKPCT Xy = SHGA
6% =232
The standard errors of the coefficients are listed under the StDev column above.

a) f(ﬁé’ﬂl’ﬂZ) = Z[yi _ﬂ(') _ﬂl (Xil - Y1) _ﬂz (Xi2 - 72)]2

a : = o
é’_ﬂé) = _ZZ[Vi - ﬂo _ﬂl (Xil - Xl) - ﬂz (Xi2 - Xz)]
a : o = o
% = _ZZ[yi - ﬂo - 131 (Xil - Xl) - ﬂz (Xi2 - XZ)](Xil - Xl)
a

é’_ﬂz = _ZZ[Yi - ﬂo - lBl (Xil - Y1) - ﬂz (Xiz - 72)](Xi2 - 72)

Setting the derivatives equal to zero yields

g, = Z Yi

nﬂc') + 5 Z (X = X)* + 5, Z (X = X)(X;, = X;) = z Y (Xq — %)
NGy + B, z (X = %) (Xi, = %) + 3, z (X, — X2)2 = z Yi (X2 = X;)

b) From the first normal equation, ,30 =Y.

¢) Substituting y; —y for Y; in the first normal equation yields ﬂo =0.
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Sections 12-2
12-13. a)n=10,k=2, p=3, o =0.05
Ho:ﬂlzﬂzz---:ﬂkzo

H,:B; #0  foratleastone]

(1916)>

S,, =371595.6 - = 4490

Dy 1916
X'y =] D x,y; |=| 43550.8
D X,y | |104736.8
1916
A'X'y=[171.055 3.713 -1.126] 43550.8 |=371511.9
104736.8

1916°

SS; =371511.9- =4406.3

SSg =S, —SS, = 4490 4406.3=83.7

SSk

f, = Sls< :M =184.25
Se 83717
fo.05,2,7 =4.74
fo > f0.05,2,7
Reject Hy and conclude that the regression model is significant at o = 0.05.
b) 6° =MS, = SSe =11.957
n-p

0) se(f3,) = /62¢,, =+/11.957(0.00439) = 0.229
se(f3,) =/6%c,, =+/11.957(0.00087) = 0.10199

d)HOﬁl:O ﬂzzo
H :p#0 B,#0
t, = Ay t = B,
0~ ~ 0= 2
Se(ﬂl) se(ﬂz)
:ﬂ=16.21 _ -1.126 1104
0.229 0.10199
t01/2,7 = to.025,7 =2.365
Reject Hy Reject Hy

Both regression coefficients significant
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12-14 Syy =742.00

) Hy:p=p,=0
H,:B; #0 foratleastonej
a=0.01

>y’

SS, =;€'X'y——i=1n

220
=(~1.9122 0.0931 0.2532) 36768 |-

9965

220°

= 5525.5548 — 4840
= 685.55
SS. =S, —SS,

vy

=742 -685.55
=56.45

SSg
(o 685.55/2 _ ) o
$e  56.45/7

n-p

foo27 =9.55

f0 > f0.01,2,7
Reject Hy and conclude that the regression model is significant at o = 0.01. P-value = 0.000121
6’ =MS, = SSe :% =8.0643
n-p
se(f3,) = /8.0643(7.9799E —5) = 0.0254

by Hy: 5, =0
H, :p #0
B
, =——L
se(4,)
~0.0931
0.0254
oo = 3.499
| t0 |> t0.005,7

Reject Hp and conclude that ﬂl is significant in the model at o = 0.01
P-value = 2(1 — P(t < ty)) =2(1 - 0.996018) = 0.007964

=3.67
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1215, ayH,: B, =6,=6,=0
H, for at least one f3; # 0

a =0.05
f, = 30.3085

f 45,524 = 3.0088

f0 > f0.05,3,24
Reject Hp and conclude regression model is significant at o = 0.05 P-value < 0.000001

b) 6> = MS, =2.845
se(f3,) = ,/6°c;; =0.0006868
Hy: f, =0
H,:8,#0
o =0.05
t, =5.275

t.025,28—4 = t0.025,24 =2.064
|t0 |> ta/2’24 ) RejECt HO

Hy,: 3, =0 Hy: 5, =0
H :3,#0 H,: 5 %0
a=0.05 o =0.05
t, = 2.346 t, =—3.673
Reject Hg Reject H

Conclude the variables are significant at o = 0.05

1216. &) SS,(B; | By, By, B,) = 38.387
by Hy: B3, =0
H : B #0
o =0.05

¢ _SSa(By| Bo. o )11 _ 38387 _ o 0
0 MS, 2.845

1:0.05,1,24 =4.26

fo > fo.05,1,24
Reject Hy and conclude Xg regressor is significant at o = 0.05
P-value = 0.0012
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1217. ayH,: B, =6, =0
H,: atleastone S #0
f, =53.3162

fa,2,22 = f0.05,2,22 =3.44

fO > f0.05,2,22

Reject Hp and conclude regression model is significant at o = 0.05

by Hy: 3, =0
H,:B,#0
t, =—8.59

t.ozs,zsfs = t.025,22 =2.074

|ty [> to005,22 - Reject Ho and conclude By is significant at o. = 0.05
Hy: B, =0

H, : 5, #0
a=0.05

t, =1.5411

|ty [ to,025,22 - DO not reject Ho, conclude that evidence is not significant to state fg s significant at o = 0.05
No, only X; contributes significantly to the regression.

12-18. a) B, :t, =4.82
B, t,=8.21
Bs 1, =0.98

P-value = 2(4.08 E-5) = 8.16 E-5
P-value = 291.91 E-8) = 3.82 E-8
P-value = 2 (0.1689) = 0.3378
by Hy: B, =0
H,:p,#0
a =0.05
t, =0.98

t0.025,22 =2.074

| to % to025,25
Do not reject Hyy.

1229, ayHo fy=p, == F, =
Hy at leastone f3; # 0

a =0.05
f,=10.08

1:0.05,4,7 =412
1:o > 1:0.05,4,7

Reject Hg P-value = 0.005
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b) a=0.05
Ho:f=0 £,=0  f,=0  f,=0

H :8,#0 p,#0 By %0 B, #0
t,=2.71 t, =1.87 t, =1.37 t, =-0.87
ta/Z,n—p = t0.025,7 =2.365

|ty [# togms: for B,. Byand f3,

Reject H, for f3, .

1220. Y=, + fBX + B,X,, Assume no interaction model.

aHy: B =5=0
H, at leastone f3; # 0
fo =97.59
fo.os,z,z =9.55
fo > fo.05,2,3
Reject Hy P-value = 0.002
by Hy: B, =0 Hy:5,=0
H : 5 #0 Hliﬂzio
t, = -6.42 t, = -2.57
ta/2,3 = t0.025,3 =3.182 ta/z,s = to.ozs,s =3.182
|t0 > to.ozs,s |t0 # to.025,3

Reject Ho for regressor /3, .

0) SSR(ﬂz |ﬂ1rﬂo):1012
Ho :ﬂz =0
H :5,#0
a =0.05
f, =6.629

fo1s= o5 =10.13
fo } f0.05,1,3

Do not reject Hy
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12-21. @) Hy: fpy =, = 1, =0
H, at least one f3; # 0

a =0.05
f, =7.714

fa,3,2 = fo.os,s,z =19.16
fo b f0.05,3,2
Do not reject Hy

b) H 0P =0

H,:pB,#0
a =0.05

SSR (B, | By, B,) = 29951 .4 — 29787 =163.9

. _SSR _1639

0= — 1.1
MS, 147

foos1, =18.51

fO } f0.05,1,2

Do not reject Hy

o) 62 =147.0

&2 (no interaction term) = 153.0

MS E (5‘2) was reduced in the interaction term model due to the addition of this term.

12-22. a) Hy:B; =0forall]
H, @ B; # O for at least one |
f, =7.16
f.05,4,14 =311

fO > f0.05,4,14

Reject Hy and conclude regression is significant at o = 0.05. P-value = 0.0023

b) 6 =0.7792
o=0.05 to2,n-p = to25,14
HO:BZ = O B3 = O
Hy:B, #0 By =0
to = —0.113 to = 3.83
[tol# to/214 [tol> to/2,14
Do not reject Hy Reject Hy

All variables do not contribute to the model.

12-23. a H,:8,=8,=8,=0
HyiBj= 0 for at least one j
f, =828.31

f 5516 =3.34

fo > foosa6

Reject Hp and conclude regression is significant at o = 0.05

[tol# o214
Do not reject Hy

Bs =0

Bs = 0

to = —09
[tol# o214
Do not reject Hy



12-24.

12-25.

b) &2 =12.2856

o =0.05 t(x/2,n—p = t.025,16 = 212

Ho:By =0 B, =0 B3 =0
Hyi:B, =0 B, 0 By =0

t, =—2.58 t, =184 t, =13.82
[to > to 02516 Ity [# to 025,16 [to > to 00516
Reject H Do not reject Hy Reject Hy

a) Hyp:B; =0  forallj
Hy:Bj = 0  foratleastone j
f, =158.9902
f 45,526 = 2.59
fO > fa,S,ZG

Reject Hp and conclude regression is significant at o = 0.05
P-value < 0.000001

b)G:0.05 ta/2,n—p = t.025,26 = 2056
Ho:ﬂlzo B, =0 B =0 Bi=0
H,:8,#0 B, #0 B, #0 B, #0
t, =0.83 t, =12.25 t, =-0.52 t, =6.96
Do not Reject Hy Reject Hg Do not reject Hy  Reject Hy

¢) ¥ =0.010889+ 0.002687x, + 0.009325x,
d) Ho3l3j =0 for all j

Hy:Bj = 0 foratleastonej

f, =308.455

f.05,2,29 =333

fO > f0.05,2,29

Reject Hy and conclude regression is significant at o = 0.05
o =0.05 turamp = Lozs2e = 2.045

Ho:B, =0 B, =0

H,: B, #0 B, #0

t, =18.31 t, = 6.37
lto]> to /2,29 [tol> to/2,20

ﬂs =0
ps#0
t, =-0.29

Do not reject Hy

Reject H, for each regressor variable and conclude that both variables are significant at o = 0.05

e) &pan(d) =6.7E — 6. Partb) is smaller, suggesting a better model.

a) H, :,6’j =0 forallj
H,:B;#0  foratleastonej
f, =101.79
f.05,9,11 =290

fO > f0.05,9,11
Reject Hy and conclude regression is significant at o = 0.05
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b) Hy: ;=0

H,:B;#0
t.025,ll = 2201
PTS: to = 10.28 Reject Hy
GF: tp = 0.29 Do not reject Hy
GA: tp =0.11 Do not reject Hy
PPG : to =0.74 Do not reject Hy
PPcT : ty = —0.79 Do not reject Hy
SHG : to = —0.50 Do not reject Hy
PPGA : ty = 0.81 Do not reject Hy
PKPcT : to = 0.27 Do not reject Hy
SHGA : ty =-1.88 Do not reject H
Nc, only "PTS" (B, ) is significant at . = 0.05

c)
§ =—5.531+0.497x, —0.004x,
f, =510.12
f 05,218~ 3.55
Reject Hy
Ho:p =0 ps=0
H,: 5 #0 B, %0
tg =30.60 tg =-0.165
Reject Hy Do not reject Hy

Sections 12-3 and 12-4

1226, ) f, +t,,,, J6°C,
0.0931 1, , se(3,)

0.0931 + (2.365)(0.0254)
0.0931+0.060071
0.0330 < A, <0.1532
b) X, = 200
X, =50
¥, =29.37
Xy (X' X)X, =0.211088
29.37 +(2.365),/8.0643(0.211088)
29.37 +3.08565
26.28< u,, <32.46
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c)a=0.05
X, = 200
X, =50
¥, =29.37
X, (X'X)™X, =0.211088
Jtt,,,0 G2 L+ X, (X' X)EX,)
29.37 + (2.365),/8.0643(1.211088)
29.37 +7.391
21.98< Yo < 36.76

12-27.  a) —0.00467 < g, <-0.00127
b) {67 Xo (X X)X, =0.4617 = se(fzy,,. )
¢ § = —2.747 +0.003623(2000) + 0.20355(60) — 0.004673(1800) = 8.3
,[lwxO it.025,24 Se(/&v\xo)
8.30+ (2.064)(0.4617)

8.30+1.03
7.35< p,,, <925

12-28. a) —0.07219 < B, < -0.03651
—0.8939 < 3, <3.0504
b) fiylxy = 214572 se(fly|xg ) = 108785

/&Y|x0 £ 005,22 se(/&Y\xo)
21.4572 + (2.819)(L.08785)
18.391< 1, < 24524

¢ § =32.0223—0.064x, +0.01269x, +1.06181x, +0.00069x,,
~0.12973< B, <0.00174
~0.13236 < 3, <0.15774
~1.76898 < f3, <3.89259
~0.00575< B, <0.00713

d) Intervals of larger model are wider (part () intervals are wider). Yes, adding X, and Xqq did not help the
significance of the model, the standard errors increased.

o =0.01
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12-29.  a) 95 % ClI on coefficients
0.0973< 3, <1.4172

—~1.9646 < 3, <17.0026
~1.7953< j3, <6.7613
~1.7941< j3, <0.8319

b) ,[Mxo =290.44 SE(,LAJY‘XO) =7.61 t_025]7 =2.365

/&Y|><0 ito:/Z,n—p Se(/:lleo)
290.44 + (2.365)(7.61)
27244 < p1,, <308.44

$ ~2 ! ’ -1
o Yo ita/Z,n—p\/O- (L+Xxy (X'X)7X,)
290.44 + 2.365(14.038)
257.25 < y, < 323.64

1230, a) —6.9467 < S, <—0.3295
~0.3651< 3, <0.1417
b) —45.8276 < S8, < 30.5156
~1.3426 < j3, < 0.8984
~0.03433< 3, < 0.04251

These part b. intervals are much wider.
Yes, the addition of this term increased the standard error of the regression coefficient estimators.

12-31.  a)—0.595< g, <0.535
0.229< B, <0.812
-0.216 < B, <0.013
—7.2968 < . < 2.9756
b) ﬂv|x0 = 8.99568 se(flyjx,) = 0.472445  tgp5 1, = 2.145
/&Y|x0 Etonp Se(/&ﬂxo)
8.99568 + (2.145)(0.472445)
7.982 < py,, <10.009

¢) Yo = 8.99568 se(yg) =100121
8.99568 + 2.145(1.00121)

6.8481< y, <11.143
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12-32. a) —20.477 < B, <1.269

-0.245< B3, <1.076
14.428 < B, <22.159

b) 42y, =91.372 se(y,) =4.721 t o516 = 2.921
91.372+2.921(4.721)
77.582 <y, <105.162

¢) fy,, =91.372 se(4lyy, ) = 3.163
91.372 £ (2.921)(3.163)
82.133 < py), <100.611

12-33.  a) —0.000042 < S, <0.000099

0.00196 < S, <0.00268

—0.01504 < B, <0.00898

0.00597 < B, <0.010979

—0.01897 < g, <£0.01424

b) sy, =0.022466  se(fz, ) =0.000595 t, ; =2.056

0.0220086 + (2.056)(0.000595)

0.0212 < 1, <0.0237

12-34. a) fiy,, =0.0171 se(ty,, ) =0.000548 ¢, ,, =2.045
0.0171+ (2.045)(0.000548)

0.0159 < 4, <0.0183
b) : width =2.2 E-3
Twidth = 2.4 E-3
The interaction model has a shorter confidence interval. Yes, this suggests the interaction model is preferable.
12-35. a) 0.3882< S, <0.5998
b) ¥ =-5.767703 + 0.496501x,
c) 0.4648 < S, <0.5282

d) The simple linear regression model has the shorter interval. Yes, the simple linear regression model in this case is
preferable.
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Section 12-5

12-36.

Residel

Residel

2
a) R°=79.1%
b) Assumption of normality appears adequate.
Normal Probability Plot of the Resduals
(response is y)
4
*
3 *
*
2 o *
PR
-
g 0 eee*® *
PR R4
1 K
. *
2 *
3 .
T T T T T
2 -1 0 1 2
Normal Score
¢) Model appears adequate. Some suggestion of nonconstant variance in the plot of X.
Resduals Versus X8 Resduals Versus X7
(response is y) (fresponse is y)
4 4
3- . - 3- . .
24 . . . 24 . * .
N : . . . . .
U—-: ----- B G ﬁié ot ---=------ e D x SR
N R . : i . ool
2 - . * * 5] . . .
37 . : 37 : .
T T T T T T T
1500 2000 2500 3000 50 60 70
X8 X7
Residuals Versus x2 Resduals Versusthe Fitted Values
(fresponse is y) (response s y)
4 4
3 . . 3 ’ %
27 . . 2] . N -
B - . B . .
. . ! .
“4------ B o= - - - LR e R R e e Ry R
0 [N . . . g 0 - - - . : .
1 . . . .
2] ’ . .0 o : . .
3 . * 3 M N
T T T T T T T
1500 2000 2500 3000 2 7 12
X2 Fitted Velue

d) No, none of the observations has a Cook’s distance greater than 1.
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12-37.  a) R? =0.9849

b) Normality assumption appears valid.

Normal Probability Plot of the Resduals

Resduals Versusxi

(response is y)
5 ¢ :
g PR
5 * °
T T T T T
2 1 0 1 2
Narmal Score
¢) Assumption of constant variance appears reasonable.
Residuals Versus x6
(response is y) (response is y)
5 4 5]
3 ; ; 3 .
OF-=-=-========= g * - ot - B
BT : : :
o : N, c.
T T T T T T
1 2 3 4 100 200
X6

Resduals Versus the Fited Values

(response is y)

Fitted Value

d) No, none of the Cook’s distance vales are greater than 1.
COOK1

0.000155 0.008206 0.017117 0.039491 0.043651 0.002113 0.160297 0.000034
0.030261 0.329074 0.087966 0.006384 0.006445 0.140511 0.006753 0.005328
0.000583 0.190330 0.001767 0.022620 0.001817 0.116019 0.007782 0.039944

0.030261
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12-38. a) R? =0.852
b) The residual plots look reasonable. This is some increase in variability at the middle of the predicted
values.

Residuals Versus the Fitted Values

(response is y)

10—

Residual

104

T T T T T T T T T
235 245 255 265 275 285 295 305 315

Fitted Value

¢) Normality assumption is reasonable.

Normal Probability Plot of the Residuals

(response is y)

Normal Score
o
|

T T T
-10 0 10

Residual

12-39. a) R?=0.985
b) R? =0.99
R? increases with addition of interaction term. No, adding additional regressor will always increase r?
12-40. a) Some indication of variability increasing with predicted value.

Resduals Versusthe Fitted Values

(response is y)
.
1 .
d . .
.
. . .
g (S Ittt
i o B .
. .
a1 .
.
27 T T T T T T T T T
80 85 920 95 100 105 110 15 120 125
Fitted Value
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b) No, the normality assumption appears reasonable.

Normal Probability Plot of the Resduals

(response is y)
.
1] .
. *
.
R
LR .
g R
.
14 .
.
27 T T T T
2 1 0 1 2
Normd Score

c) No, none of the values are influential. No Cook’s distance is greater than one.

12-41.  a) There is some indication of nonconstant variance since the residuals appear to “fan out” with increasing

values of y.
Residual Plot for y
s -~ et
p=} L]
o
g L] d ° o
(4 . .
Predicted
b)
Source Sum of Squares DF Mean Square F-Ratio P-value
Model 30531.5 3 10177.2 840.546 -0000
Error 193.725 16 12.1078
Total (Corr.) 30725.2 19
R-squared = 0.993695 Stnd. error of est. = 3.47963
R-squared (Adj. for d.f.) = 0.992513 Durbin-Watson statistic = 1.77758
R? = 09937 or 99.37 %;
RAgj = 0.9925 or 99.25%;
c)
Model fitting results for: log(y)
Independent variable coefficient std. error t-value sig.-level
CONSTANT 6.22489 1.124522 5.5356 0.0000
x1 -0.16647 0.083727 -1.9882 0.0642
x2 -0.000228 0.005079 -0.0448 0.9648
x3 0.157312 0.029752 5.2875 0.0001
R-SQ. (ADJ.) = 0.9574 SE= 0.078919 MAE= 0.053775 DurbWat= 2.031
Previously: 0.0000 0.000000 0.000000 0.000
20 observations fitted, forecast(s) computed for 0 missing val. of dep. var.

¥" =6.22489 - 0.16647x4 — 0.000228x, +0157312x5
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d)

Residual Plot for log(y)

0.05 * ]

Residuals
L]

0.1 ]

4 4.3 4.6 4.9 5.2 5.5

Predicted

Plot exhibits curvature

There is curvature in the plot. The plot does not give much more information as to which model is preferable.

e)
Residual Plot for log(y)
0.1 . 7
.0.
.
0.05 | ° !
° .
.
g of— coe f
El . . .
.g .
o -0.05[ 1
011 1
.
.
0.15}° ]
3.3 5.3 7.3 9.3 11.3

x3

Plot exhibits curvature
Variance does not appear constant. Curvature is evident.
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12-42.

f)

Model fitting results for: log(y)

Independent variable coefficient std. error t-value sig.level
CONSTANT 6.222045 0.547157 11.3716 0.0000
x1 -0.198597 0.034022 -5.8374 0.0000
x2 0.009724 0.001864 5.2180 0.0001
1/x3 -4.436229 0.351293 -12.6283 0.0000
R-SQ. (ADJ.) = 0.9893 SE= 0.039499 MAE= 0.028896 DurbWat= 1.869

Analysis of Variance for the Full Regression

Source Sum of Squares DF Mean Square F-Ratio P-value
Model 2.75054 3 0.916847 587.649 .0000
Error 0.0249631 16 0.00156020

Total (Corr.) 2.77550 19

R-squared = 0.991006 Stnd. error of est. = 0.0394993
R-squared (Adj. for d.f.) = 0.98932 Durbin-Watson statistic = 1.86891

Residual Plot for log(y)

Residuals
[ ]
[ ]

Predicted

Using 1/x3

The residual plot indicates better conformance to assumptions.
Curvature is removed when using 1/x3 as the regressor instead of x3 and the log of the response data.

a) R?= 0.969
b) Normality is acceptable

Normmal Probability Plot of the Resduals
(response is PITCH)

0.005 1

Residel
.
.
s
"
.
.
.

0.000 -1 .

-0.005
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c¢) Plot is acceptable.

Resduals Versusthe Fitted Values
(response is PITCH)

0.005
g'§ 0000 =---- kit ataei ittt
*
-0.005 T T T T T T T
0.01 0.02 0.03 0.04 0.05 0.06 0.07
Fitted Value
d) Cook’s distance values

0.0191 0.0003 0.0026 0.0009 0.0293 0.1112 0.1014 0.0131 0.0076 0.0004 0.0109
0.0000 0.0140 0.0039 0.0002 0.0003 0.0079 0.0022 4.5975 0.0033 0.0058 0.1412
0.0161 0.0268 0.0609 0.0016 0.0029 0.3391 0.3918 0.0134 0.0088 0.5063

The 19" observation is influential

12-43.  a) R? = 0.955. Yes, the R? using these two regressors is nearly as large as the R? from the model with

five regressors.
b) Normality is acceptable, but there is some indication of outliers.

Resduals Versusthe Fitted Values Normal Probability Plot of the Residuals
(response is PITCH) (response is PITCH)
0005 0005 -
.
3 . g
§ 0.0(XJ—----}-';--:-'-: --------------------------- 1% 0,000
.....
0,005 T T T T T T T -0.005 T T T T
001 002 003 004 005 006 007 2 1 0 1
Fitted Value: Normal Score

¢) Cook’s distance values

0.0202 0.0008 0.0021 0.0003 0.0050 0.0000 0.0506 0.0175 0.0015 0.0003 0.0087
0.0001 0.0072 0.0126 0.0004 0.0021 0.0051 0.0007 0.0282 0.0072 0.0004 0.1566
0.0267 0.0006 0.0189 0.0179 0.0055 0.1141 0.1520 0.0001 0.0759 2.3550

The last observation is very influential

12-44, y =-5.767703+0.496501x,

a)
b) r* = 0.982637 or 98.26 %
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¢) Model appears adequate.

Residuals Versusthe Ftted Values

(response is Wins)

25— o

20— *

1571

1.0 .
0.5

00+ --=-=--=-=-=-=-=--- D B i R AR

Residual
.
.

054

-154 . * *

20—

Fitted Velue

d) No, the residuals do not seem to be related to PPG. If PPG were significant, we would detect some
nonrandom pattern in this plot.

Resduals Versus PPG
(response is Wins)
25 B
B
20 .
15 .
10 . ¢
T 05
'g 00t ---=---"-“-o0-=o+ PP S — P, S —
0.5 ¢
104 ‘. .
15 o ..
20 hd °
T T T T T T
40 50 60 70 80 90

12-45. a)p=k+1=2+1=3
Average size = p/n = 3/25=0.12
b) Leverage point criteria:

hi >2(p/n)
h, >2(0.12)
h. > 0.24
h, ., =0.2593
hyg.5 =0.2929

Points 17 and 18 are leverage points.

Sections 12-6

12-46. &) § = —26219.15+189.205x — 0.33x°
b) HoB] =0 for a“J
Hy:Bj = 0  foratleastonej

o =0.05
f, =17.2045

fo525 =579

fO > f.05,2,5
Reject H,, and conclude that model is significant at o. = 0.05
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C) HOBll = 0
Hl:Bll * O
o =0.05
t, = —2.45

t = t.ozs,sfs = t.025,5 =2.571

a,n-p

It, | 2.571

Do not reject H, and conclude insufficient evidence to support value of quadratic term in model at o = 0.05

d) One residual is an outlier
Normality assumption appears acceptable
Residuals against fitted values are somewhat unusual, but the impact of the outlier should be considered.

Normal Probability Plot of the Residuals

(response is y)

1.5 o
1.0 A
*
[0
6 0.5 — -
[5)
(%] 3
< 00+
E *
2 0.5 - *
*
-1.0 -
15— _*
T T T T T T T T T T T
50 -40 30 20 10 0 10 20 30 40 50
Residual
Residuals Versus the Fitted Values
(responseis y)
50 — *
w0-
*
30 —
20
© i
5 10
©
B [ R R &
(4]
¥ 10—
*
-20 — .
.30 —
-40 — *
.50 — *
T T T T
500 600 700 800
Fitted Value
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12-47.

a) ¥ = -1.633+1.232x —1.495x°
b) f, = 1.858613, reject Hy
¢) to = —601.64, reject H,

d) Model is acceptable. Observation number 10 has large leverage.

Normal Probability Plot of the Residuals

(response s y)

*
1 -
Q *
3 .
n . .
© 7] *
£
E *
z *
1 — -
*
T T T T T T
-0.004 -0.002 0.000 0.002 0.004 0.006
Residual
Residuals Versus x
(response is y)
0.006 —|
*
0.004 — .
*
© 0.002 —
=}
o
a .
¥ 0000 ——————mmmm
*
*
-0.002 — *
*
* -
-0.004 —
T T T T T T
0.0 0.5 1.0 15 2.0 25
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Residuals Versus the Fitted Values

(response is y)

0.006 —

0.004 —

0.002 —

Residual
*

0000 ———————— e —

0.002 — .

-0.004 —

&
X
& —
&
A
o —
N
-

Fitted Value

12-48.
9 = ﬂg + ﬂl*xl+ﬂ1*1 (XI)Z
§ = 759.395 — 7.607x'-0.331(x")
§ = 759.395 — 7.607(x — 297.125) — 0.331(x — 297.125)?
y =—26202.14 +189.09x — 0.331x*

12-49.  §=759.395—90.783x'-47.166(x')?, where x'= XS‘ X

X

o ax=ams X =221 g g1
11.9336

§ = 759.395 —90.783(~1.106) — 47.166(1.106)* = 802.943 psi

2
v — x—297.125 x—297.125
b) y =759.395 90.783( 119336 ) 47.166( 119336 )

§ = 759.395 — 7.607(X — 297.125) — 0.331(x — 297.125)°
§ = —26204.14 +189.09% — 0.331x

¢) They are the same.
d) ¥'=0.385—-0.847x'-0.440(x')?
-y X=X
y—y and X'=
y Sx
The "proportion"” of total variability explained is the same for both standardized and un-standardized models.
Therefore, R? is the same for both models.

Y= B+ BIXEBLX). where y'=

where y'=

-y X—X
y and X'= ——
X

y

y'=f + X+ LX)
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12-50. a) §J = —4.46+1.38x +1.47x
HO

1B =0 for all j
H,:B; # 0 foratleastonej

o =0.05
f, =1044.99

f o520 =4.26

a)
b)

fo > f0.05,2,9
Reject Hy and conclude regression model is significant at o = 0.05

oo Hy,:p,=0
H,:f,#0 «=005
t, =2.97
t 50 = 2.262

| to > tooms.s
Reject Hp and conclude that (311 is significant at o = 0.05
d) Observation number 9 is an extreme outlier.

Normal Probability Plot of the Residuals

(response s y)

Normal Score
o
]
*

Residual
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Residuals Versus the Fitted Values

(response is y)
1 s . .
z *
0B o e ]
*
1
©
3
& 2
Q
@
.3 -
4 -
*
5
T T T T T T T
25 35 45 55 65 75 85
Fitted Value

e) ¥ =—87.36+48.01x — 7.04x? +0.51x°
Ho: B3 =0
H,: By #0 =005
t, =0.91
tss = 2.306
| tO |} t0.025,8

Do not reject Hy and conclude that cubic term is not significant at oo = 0.05

12-51a) Predictor Coef SE Coef T P
Constant -1.769 1.287 -1.37 0.188
x1 0.4208 0.2942 1.43 0.172
X2 0.2225 0.1307 1.70 0.108
X3 -0.12800 0.07025 -1.82 0.087
X1x2 -0.01988 0.01204 -1.65 0.118
X1x3 0.009151 0.007621 1.20 0.247
X2x3 0.002576 0.007039 0.37 0.719
X1"2 -0.01932 0.01680 -1.15 0.267
X272 -0.00745 0.01205 -0.62 0.545
X373 0.000824 0.001441 0.57 0.575
S = 0.06092 R-Sq = 91.7% R-Sq(adj) = 87.0%
Analysis of Variance
Source DF SS MS F P
Regression 9 0.655671 0.072852 19.63 0.000
Residual Error 16 0.059386 0.003712
Total 25 0.715057

§ = —1.769 + 0.421x, +0.222x, —0.128x, — 0.02x,, + 0.009x,, +
0.003x,, —0.019x,” —0.007x,” +0.001x,’
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b) Ho all /81 ::Bz :/83 :"'ﬂzs =0

Hyat least one f3; # 0
f, =19.628

f.05,9,16 =2.54

fo > f0.05,9,16
Reject Hq and conclude that the model is significant at o = 0.05

¢) Model is acceptable.

Residual

Normal Score

Normal Probability Plot of the Residuals

(response is y)

‘e

s
s L 4
0 R b
*
. *
*
3
1 — A
*
*
2— o
T T T T
-0.05 0.00 0.05 0.10
Residual
Residuals Versus the Fitted Values
(response is y)
*
0.10 H *
0.05 —
*
* *
‘e
000 f———————————————— e -t - — 5
*
*
* *
0.05 — . .
*
T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
Fitted Value
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d) Ho :ﬂll :/822 :/833 :ﬂlZ :ﬂl3 :ﬂzs =0
H, atleastone 8 # 0
0.0359

:SSR(ﬂll’ﬂZZ’ﬁf&S’ﬂlZ’ﬁlS’ﬂ%|ﬂl’ﬁ2’ﬁ3’ﬂ0)/r_ 6 =1.612

f - -
° MS, 0.003712
fossas = 274

f0 } f.05,6,16

Do not reject Hy

SSk (Buuf22 oo PraPas | Bif32 Ba o)
=SS (Bufor o 1o PrsBos P12 Ba | Bo) = SSe (BB | o)

=0.65567068 — 0.619763

=0.0359
Reduced Model: Y = B, + B, X, + [, X, + [3X,

12-52.  a) Use indicator variable for transmission type
0 for manual
X, = ]
" |1 for automatic

b) )7 =32.77-0.06x, +0.05x, +0.12x,,
¢) Hy:py =0

Hl:Bll * 0 o =0.05

t, =0.05

t.025,21 =2.08

| tO |} tal2,21
Do not reject Hy. No evidence that transmission type affects mileage.

1253, Y = Sy + BiXi + BoX, + PiXy,
§ =11.503+0.153%, —6.094x, — 0.031x,,
{0 for tool type 302
where X, =
1 for tool type 416
Test of different slopes:
Ho: f, =0
H :B,#0 «=005
t, =—1.79
o516 = 2.12

|to |3‘ t0.025,16
Do not reject Hy. Conclude that data is insufficient to claim that (2) regression models are needed.

Test of different intercepts and slopes using extra sums of squares:

Ho :ﬂz :ﬂ12 =0

H, at least one is not zero
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12-54.

12-55.

12-56.

Ss(ﬂzv ﬁlz | ;Bo) = Ss(ﬂl’ 132’ ﬂlz | ﬂo) _Ss(ﬂl | ;Bo)
=1013.35995-130.60910

=882.7508
(- SS(Sy. o | )12 _882.750812 oo 4o
MS, 0.4059
Reject Hy.

The default settings for F-to-enter and F-to-remove for Minitab were used. Different settings can change the models
generated by the method.

a) The min. MSg equation is: X2, X4, X7, Xg, X9
MS, =2.7726
C,=13
§ = —2.475+0.004x, +0.222x, —0.004x, —0.002x,
The min. C,equation is :xp, X7, Xg
C,=13
MS, =2.845
y =—2.747 + 0.0036x, + 0.2035x, — 0.0047x,

b), ¢), & d) Same as the minimum C, model.

e) The minimum C, model seems the best because stepwise, forward and backward selection all converged to the same
model. Also, the model contains fewer variables than the minimum MSg model.

The categorical predictor x; is not used. The default settings for F-to-enter and F-to-remove for Minitab were used.
Different settings can change the models generated by the method.

a) The min. MSg equation is: Xy, X3, Xa, X5, X7, Xg, X10

MS; =6.579 C,=61
The min. C, equation is: Xs, Xg, X10
Cp =54 MS; =7.97

b) y =34.434—0.048x,
MS; =8.82 C,=6.0
¢) Model is: x4, Xg, X3 With C, = 5.9 and MSg = 8.18
d) Same as the minimum C, model: § = 0.341+ 2.862x, +0.246x, —0.010x,,

C,=54 MS, =7.97

e) Minimum C, and backward elimination result in the same model. Stepwise and forward selection result in the same
model. Because it is much simpler, the stepwise model seems preferable. The minimum C, model with three predictors
is not unreasonable.

The default settings for F-to-enter and F-to-remove for Minitab were used. Different settings can change the models
generated by the method.

a) The min MSg equation is: X1, X2, X3
C,=38 MS.=134.6

§ = —162.1+0.7487x, + 7.691x, + 2.343x,

The min C,equation is: X1, Xp,
C,=34 MS, =145.7

y =3.92+0.5727x, +9.882x,

b) Same as the min C, equation in part (a)
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12-57.

12-58.

12-59

12-60.

12-61.

12-62.

¢) Same as part min MSg equation in part (a)

d) Same as part min C, equation in part (a)

e) The minimum MSg and forward models all are the same. Stepwise and backward regressions generate the minimum
C, model. The minimum C, model has fewer regressors and it might be preferred, but MSg has increased.

The default settings for F-to-enter and F-to-remove for Minitab were used. Different settings can change the models
generated by the method.

a) §=4.656 + 0.511x, —0.124x,

b) Same as part a.
c) Same as part a.
d) All models are the same.

The default settings for F-to-enter and F-to-remove for Minitab were used. Different settings can change the models
generated by the method.

a) § = —3.517 + 0.486%; — 0.156x,

b) Same as part (a).

¢) Same as part (a).

d) All models are the same.

The default settings for F-to-enter and F-to-remove for Minitab were used. Different settings can change the models
generated by the method.

2) § =—0.304+0.083x, —0.031x, +0.004x
C, =404 MS, =0.004
b) ¥ =-0.256 +0.078x, + 0.022x, — 0.042x, + 0.0008x>
C,=4.66 MS. =0.004
¢) The forward selection model in part (a) is more parsimonious with a lower C,, and equivalent MSg. Therefore, we
prefer the model in part (a).
The min. C, equation is: x,, X,
y =4.656 + 0.511x, —0.124x,
Adjusted R? = 0.603. Min. C, =165
Max. adjusted R? equation is : Xys X3, X,
¥ =2.419+ 0.553x, +0.479x, —0.123x,
Adjusted R? = 0.607, C, =2.61
No, the maximum adjusted R? model has x, in addition to X3 and X4 in the model. However, the adjusted R? values are

very close.

a) The min. C, model is § = —3517 +0.486x, —0.156x, and C, = ~1.67
b) Min MSg model is Xy, X7, X9, MSg = 1.67, Cp =-0.77
§ =-5.964 + 0.495x, +0.025x, —0.163x,
¢) Maximum adjusted R?model is Xy, X3, Xg, Adj. R? =0.98448 . Yes, same as minimum the MSg model.

n=30,k=9,p=9+1=10in full model.

a) 6> =MS, =100 R?=0.92
R2 = SS, 1 SS;
SW Syy
SSg =MS¢(n—-p)
=100(30 - 10)
=2000
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0.92 = 1 2000
Syy
25000 = S,
SS, =S, — SS¢
= 25000 - 2000 = 23000
SS, 23000
=22
¢ _MS, _ 255556
T MS. 100
05020 = 2.39
fo>f

Reject H, and conclude at least one ﬂj is significant at o = 0.05.

MS, = 2555.56

=25.56

,9,20

byk=4 p=5 SSg = 2200
MS, SS¢ _ 2200 _g8
n-p 30-5
Yes, MSg is reduced with new model (k = 4).

©cC,= SSEEp)—nJer C,= 212;2)0—30+2(5):2
o

Yes, C, is reduced from the full model.

12-63. n=25 k=7 p=8  MSgq,, =10
a)p=4 Ssg =300

Ms, = >2¢ = 300 1 9
n-p 25-4
szi—n+2p
MSE(fuII)
_ 3%0 _ 25+ 2(4)
=5+8=13
YES, C,>p

Ms, = 5% _ 215 4y C, =§—25+2(5)=12.5
® h-p 30-5 10
Yes, both MSg and C,, are reduced.

Supplemental Exercises

12-64. a) y=4203-0.231x,+21.485x, +1.6887x,
b) Hg:By=Bs=Ps=0
Hy:Bj = 0 for at least one j
0= 001 f, =1651.25
forsas =4.38
Reject Hy and conclude that regression is significant. P-value < 0.00001
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O Allata =001 tq54=2.72

Hy:B;=0
Hi:B3 =0
t, =—2.06

Itol# to/2,36
Do not reject Hy

d) R? = 0.993

F{O: [34 = C
Hi:By #0
t, =22.91

[tol> to/2,36
Reject Hy

Adj. R? = 0.9925

}4 0: [35 = ()
HiBs =0
t, =3.00

[tol> tos2,36
Reject Hy

e) Normality assumption appears reasonable. However there is a gap in the line.

Normal Probability Plot of the Residuals

(response is y)

>
© 14 R **
3 .:{
n ¢
T 0 o?
£ "
o JPSN 4
z t4
14 :
*
*
*
*
2
*
T T T
-100 0 100
Residual

f) Plot is satisfactory.

Residuals Versus the Fitted Values

(response is y)

100 H

Residual
*

-100 —

I
3000

T
4000
Fitted Value
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g) Slight indication that variance increases as X3 increases.

Residuals Versus x3

(responseis y)

100 —
*
* .
. te
. -
©
g . R *e . . .
—_———— ———— By Sy R S M S S — —_— . —— — —_—
s 0 3 S s
& * ¢ * L
.
.
o* N .
* -
S .
-
-100 — T T T
29000 29500 30000
x3

h) § = 4203-0.231(1670) + 21.485(170) +1.6887(1589) = 10153.02

12-65. a) Hy:Bs = B, =P = 0
Hy:Bj =0 for at least one j
a=0.01
f, =1321.39

fors3s =4.38
fo>> 1,54

Reject Hy and conclude that regression is significant. P-value < 0.00001

b) o0 =0.01 t 005,36 = 272
Ho:Bs =0 Ho:Bs =0 Ho:Ps =0
Hl:BS* =0 Hl:B4 =0 Hl:BS * O
t, =-1.45 t, =19.95 t, =2.53
[tol# ta/2.36 [tol> to/2.36 [tol# tes2,36
Do not reject Hy Reject Hy Do not reject Hy

¢) Curvature is evident in the residuals plots from this model.
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Residual

Residual

Normal Score

Normal Probability Plot of the Residuals

(response is y*)
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12-66. Data is on page 464, not in Table 12-20
a) ¥ = 2.630—0.285x, +0.207x, + 0.456x, —0.568x, + 0.005x,

Ho:Bi=B,=B=B,=p5s=0
H, :atleastone 8; = 0

a=0.01
f, =4.63
f.01,5,19 =417
f0 > f01,5,19
Reject Ho. P-value = 0.006
b) a = 0.05 t o510 = 2.093
H02ﬂ1=0 HO:BZZO HOB3=O HO:B4:0 HO:BSZO
Hi:B; =0 Hi:B, #0 Hi:B; =0 Hi:Bs #0 HiBs =0
t, =-2.41 t, =2.73 t, =2.40t, =-2.70 t, =0.29
[tol> tar200 [tol> tor2,00  Itol> tas210 ltol> tes210  Itol* tas2,10
Reject Hy Reject Hg Reject Hg Reject Hg Do not reject Hy

) ¥ =2.957-0.284x, +0.19996x, + 0.457 x, —0.584x,
Ho: 8= =B=p,=0

H, 1ﬂ,— 20 for at least one j

o =0.05

f, =6.05

f_05'4120 =2.87

fO > fa,4,20

Reject H,.

HiBp#0 Hip, #0 Hi:B3 =0 Hi:Byg =0
t, =-2.46 t, =2.87 t, =246 t, =-2.95

[tol> tor220 Itol>tos220  Itol>tas220  Itol> tas2.20
Reject Hy Reject Hg Reject Hg Reject H

d) The addition of the Sth regressor results in a loss of one degree of freedom in the denominator and the reduction in
SSg is not enough to compensate for this loss.

e) Observation 2 is unusually large. Studentized residuals
-0.75442 -3.38260 -0.39956 1.90117 -0.52450 0.62397
-0.42785 2.01822 1.35265 -0.44692 0.73052
-0.29383 -0.32938 1.81797 0.06052 -0.95465
-0.74173 0.30302 0.61565 0.61191 -0.09931

0.77652 -0.71284 -0.81719 -0.48090

f) R? for model in part (a): 0.549. R? for model in part (c): 0.547. R? for model Xy, X,, X3, X4 Without obs. #2: 0.802. R?
increased because observation 2 was not fit well by either of the previous models.

9) Ho:ﬂ1:ﬁ2:ﬂ3:ﬂ420
H:p; 20 a=005
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f, =19.24

f.05,4,19 =2.90

fo > foosa10

Reject H.

Ho:fr=0  Hgip, =0 Ho:B3 =0 Ho:Bs =0
Hi:By =0 Hy:B, #0 Hi:Bz =0 Hi:Byg =0
t, =-3.90 t, =6.44 t, =3.63 t, =-3.33
| tO |> t0.025,19 | t0 |> t0.025,19 | t0 |> t0.025,19 | t0 |> t0.025,19
Reject Hy Reject Hy Reject Hg Reject H

h) There is some indication of curvature.

Residuals Versus x1

(responseisy)
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Residuals Versus x2
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Residuals Versus x3

(response is y)
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Residuals Versus x4
(response is y)
*
3
2 - *
— . ¢
g *
S 17
‘D
S *
¢ . .
04 o ]
* § *
1 - * ¢
s b
2
T T T
0 5 10
X4

12-67. Data is on page 464, not in Table 12-20
a) ¥ =-1.060+5.509%, +1.153x, —3.989x; —1.102x,

b) Ho: B =p=8=p5=0
H, :atleastone 8; = 0

=005
f, =116.21

f o410 =2.90
fo >> foos.a10

Reject Hy and conclude that regression is significant at o = 0.05.

o =0.05 t o519 = 2.093

Ho:Pr=0  Hgipp =0 Ho:P3 =0 Ho:s =0
Hi:py =0 Hi:B, # 0 HiiB3 =0 HiiBy =0
t, =11.67 t, =15.46 t,=-7.28 t, =-8.43

| tO |> t0.025,19 | t0 |> t0.025,19 | t0 |> t0.025,19 | t0 |> t0.025,19
Reject Hy Reject Hg Reject Hg Reject Hg
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¢) The residual plots are more satisfactory than those in Exercise 12-66.

Residuals Versus x*1

(response is y*)
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0.5 —
* *
= s
3 oo :
2 oot--- == D i itk
o . v . . .
*
*
*
*
*
-0.5 - ®
T T T T T T
0.2 0.3 0.4 0.5 0.6 0.7
x*1
Residuals Versus x*2
(response is y*)
*
0.5 —
* *
— . .
]
2 T
Y P S $- === —
[vd . s *
*
*
*
*
*
-0.5 - *
: T T T T
1 2 3 4 5
X*2
Residuals Versus x*3
(response is y*)
*
0.5 —
* *
3 * d
*
=] *
= : s
N —,————————— T
@ s * s
*
*
*
*
*
-0.5 - *
: T T T T T
0.3 0.4 0.5 0.6 0.7

X*3

12-41



12-68.

Residuals Versus x*4

(response is y*)

*
0.5 —
* *
T * d
*
=] * *
S $
Y P g — e —
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’ I I I I I I
1.0 15 2.0 25 3.0 35
xX*4

a) y =-1709.405 + 2.023x — 0.0006x°
b) Ho: B =p,=0

H, :atleastone g; = 0

o =0.05

f, =300.11

foso7 =474

fo >> fo.os,zj
Reject Hy.

) HoiP1y =0
«=0.05
SS(BulB)IT 2427611
MS, 0.04413

F, =

f, =55.01
fos.7 =5.59
fo>> 1,
Reject H.

d) There is some indication of non-constant variance.

Residuals Versus the Fitted Values
(response is y)

0.3

0.2+

0.1+

0.0

Residual

01

-0.2-

.03

T
11 12 13 14 15
Fitted Value
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12-69.

12-70.

12-71.

12-72.

e.) Normality assumption is reasonable.

Normal Probability Plot of the Residuals

(response is y)

Normal Score
°
|

T
03 02 01 0.0 0.1 02 03
Residual

a) § = -3950+1.0990x, +0.1831x, +3.741x, +0.8375x, —16.346X,
MS, =695.90 C,=5.67

b) Same as model in part (a)
C) X1, X3, Xs, Xg With C,=56 and MS_ =712.89

d) The model in part (c) is simpler with values for MSg and C, similar to those in part (a) and (b). The part (c) model is
preferable.

a) § =-1.060+5.509x; +1.153x, —3.989x; —1.102x,
MS, (p) =0.0750 Min C,=50
b) Same as part (a)
¢) Same as part (a)
d) All models are the same.
a) VIF(3;) =52.4
VIF(B,)=9.3
VIF(B,)=29.1

Yes, VIFs for Xg and Xg exceed 10.
b) Model from Exercise 11-65: § = 19.69 — 1.27x3 + 0.005x, + 0.0004xg

a) ¥ =300.0+ 0.85x, +10.4x,
§ =300+ 0.85(100) +10.4(2) = 405.8

b) Syy =1230.5 SSg =120.3
SSg =S, — S5 =1230.5-120.3=1110.2
MS; = SSe _ 11102 =555.1
k 2
MS; = SSe =%:10.025
n-p 15-3
_ MS, 555.1 5537

° MS. 10.025
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Ho:Bp =B, =0

H, :atleastone §; # 0
o =0.05

f, =55.37

f 45,21, = 3.89

fO > f0,05,2,12
Reject Hy and conclude that the regression model is significant at o = 0.05

¢) gz = 38= _1110.2 _ 1 01s5 0r 90.22%
S, 12305

yy

dk=3 p=4 SSg'=117.20
SS.' 117.2
n-p 11
No, MSk increased with the addition of x; because the reduction in SSg was not enough to compensate for the loss in
one degree of freedom in the error sum of squares. This is why MSg can be used as a model selection criterion.

MS.'= =10.65

€) S, =S, —SS, =1230.5-117.20=1113.30

SSR(ﬂS |ﬂ2’ﬁ1'ﬂ0)=SSR(ﬂ3ﬁ2ﬂl |ﬂ0)_SSR(ﬂ2’IB1 |/80)
=1113.30 -1110.20

=3.1
Hy: =0
H :p#0
o =0.05
f— SSR(ﬂs |ﬂ2’ﬂ1’ﬂo)/r _ 3.1/1 _
" SS¢'/n—p 117.2/11
f.05,1,11 =4.84

1:o b f0.05,1,11
Do not reject Hy.

12-73. a) R? _ e
S

yy
SSg =R?(S,,) =0.94(0.50) = 0.47
SS¢ =S, —SS; =0.5-0.47=0.03
Ho:Bi=B=..= =0
H, :atleastone g; # 0

a =0.05
SS./k  047/6

°TSS./n—p 003/7
fopos =3.87

1:o > f0.05,6,7
Reject H,.

=18.28
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bk=5 n=14 p=6 R?=092
SS,'=R2(S,,) = 0.92(0.50) = 0.46
SSg'=5,,-585;'=0.5-0.46=0.04
SSg (/Bﬂjo Biiaa. e | By) =SS (full) —SS (reduced)
=0.47-0.46
=0.01
3 SSR(ﬂj !ﬂi,i:l,Z,...,G | Bo) T B 0.01/1 B
- SS.'/(n - p) 0.04/8
f 518 =5.32
fO } f0.05,1,8

Do not reject Ho. There is not sufficient evidence that the removed variable is significant at o = 0.05.
SS 0.04
¢) MS_ (reduced) =—=- = 5 - 0.005
n-p

0

MS. (full) = g =0.004

No, the MSg is larger for the reduced model, although not by much. Generally, if adding a variable to a model
reduces the MSg it is an indication that the variable may be useful in explaining the response variable. Here the

decrease in MSg is not very great because the added variable had no real explanatory power.

Mind-Expanding Exercises

SS SS SS. /k
12-74. Because R? =—R and 1-R? =—"F F, = a and this is the usual F-test for significance
W Sy SS¢ /(n—k-1)
0.90/4
of regression. Then, F, = = 33.75 and the critical value is fgs5 415 = 3.06 . Because

© (1-0.9)/(20-4-1)

33.75 > 3.06, regression is significant.

12-75. Usingn=20,k =4, f_05’4’15 = 3.06. Reject Hy if
R?/4
1-R%)/15
RZ
(1-R?%)

Then, R? > 0.449 results in a significant regression.

>0.816

1276, Because B = (X'X)IX'Y e=Y = XB=Y - X(X'X)X'Y = (1 —H)Y
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12-77.  From Exercise 12-76, ¢; is ith element of (I-H)Y. That is,
& =—h, Y, —h Y, —.=h Y +(@=h)Y =h Y
and
V(e) = (h +h? +.+hli +@A=h%)+hi, +.+hf)o?

i+l

—h, .Y

i+1 " in'n

The expression in parentheses is recognized to be the ith diagonal element of (I-H)(I-H") = I-H by matrix
multiplication. Consequently, v/ (e)=Q-h, )02. Assume that i < j. Now,

€ = _hi‘lYl - hi,zYz T hi,i—lYi—l + (1_ hi,i )Yi - hi,i+1Yi+1 T hi,nYn

e;=-h;,Y,; =h; )Y, —.—h; Y, +(@=h; )Y, —h; Y0 ——hp Y,

Because the y;‘s are independent,

Cov(e;,e;)=(h;h;, +hi,hy o ++h oy +(@=hyh

+hiahjg ot @=hy ) +hgh

The expression in parentheses is recognized as the ijth element of (I-H)(I-H’) = I-H. Therefore, Cov(e,, e)= —hijoz .

i+l

+..+h_h )o?

jui+l juj+ in'tjn

12-78. B =(X'X)TXY =(XX)' X' (XB+e)=f+(X'X)* X'e=B+Re

12-79. a)MinL = (y — X£)'(y — Xf) subjectto TR =c
This is equivalent to Min Z = (y — XB)"'(y — XB) + 21" (TB —¢)
where A'= [}ng '""lp] is a vector of La Grange multipliers.

% = 2X'y+2(X'X)B+2T'A
Z _oftp-c). s %o Z_g
oA oB oA
Then we get
(X'X)B, +T'A=X'y
T,@C =C

where B is the constrained estimator. From the first of these equations,
Be = (X X)H(X'y-T'A) =B~ (X'X) ' T

From the second, T3 — T(X'X)_lT'X =COrA= [T(X'X)flT']fl(TB -¢)
Then

Be =B - (XX) I TIT(X'X) T (TB~c)

=B+ (X X)ITITXX) T (e~ TB)

b) This solution would be appropriate in situations where you have tested the hypothesis that T = ¢ and concluded
that this hypothesis cannot be rejected.
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12-80.

12-81.

12-82.

*
For the piecewise linear function to be continuous at x = X , the point-slope formula for a line can be used to
show that

By + B (x=X) X< X

) By + B (x=X) x> X"

where 3, B4, B, are arbitrary constants.

y

0, x<x
Let =

*

1, XxX>X

Then, y can be writtenas y = 8, + B, (x = x") + (8, — B,) (X —x")z.
Let

X, =X=Xx"

X, =(X—Xx")z

ﬂo* = f

ﬂl* =p

B =B, p

Then, y = B, %+, %X + B,* %,

Should refer to exercise 12-80. If there is a discontinuity at X = X" , then a model that can be used is

By + BX X<xX
y: *
Qy + X X > X
0, x<Xx
Let =
1, x>x

Then, y can be written as y = B + ByX + [(ag — Bo) + (a=B1)X]Z = Bo” + B X + B2 2 + Bs X%,
where

,Bo* =5,

B =p

B, =a, - p
By =a, B,
X, = X

X, = Xz

Should refer to exercise 12-80. One could estimate x* as a parameter in the model. A simple approach is to refit the

model in Exercise 12-80 with different choices for x* and to select the value for x* that minimizes the residual sum of squares.
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