HW86 Solutions

13.76
a.

The plots of y versus the explanatory variables don’t indicate that any higher order te

needed.
b.

Matrix Plotofy, x_1,x_2,x_3,x_4,x_5,x_6
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Carrelations: x_1, x_2,x_3, x_4,x_5,x_6
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There is a serious collinearity issue with variables x, and x; (correlation = 0.955).

C.

Regression Analysis: y versus x_1,x_2, x 3, x_4,X_5,x_6
The regression equation is
y =112 - 1.27 x 1 + 0.0649 x 2
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The VIF’s are very large for x_2 and x_3 (larger than 10) which indicates collinearity
problems. This is confirmed by the correlation of 0.955 between x_2 and x_3.
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HW6 Solutions

13.77

a. Best Subsets Regression: y versus x_1,x_2,x_3,x_4,x_5,x_6
Response 1s y

Mallows
Vars R-5g R-Sqg(adj) Cp s 12345¢8
1 41.¢6 40.1 23.1 18.1%0 X
1 24.4 22.4 40.8 20.671 X
1 18.8 16.7 46.5 21.420 X
1 13.7 11.4 51.8 22.088 X
2 5B.6 56.5 7.6 15.488 XX
2 51.86 49.1 14.8 16.752 X X
2 45.8 47.2 le.e 17.060 X X . S_q <
2 4z2.1 35.1 24.5 18.318 X X y e =
3 6L.7 58.¢6 6.4 15.09¢ XX X Lb\ &
3 61.3 58.1 6.9 15.191 X X X
3 58.3 56.0 8.9 15.56%9 XX X
3 59.3 56.0 8.9 15.570 XXX
4 684.90 60.0 6.1 14.853 XXX X
4 63.3 58.2 6.8 14.891 X X XX
4 62.9 58.8 7.2 15.068 X X X X
4 62.8 58.7 7.2 15.081 XXX X
5 66.9 (Ef:i:) 5.1 14.447 XX X X X
5 65.0 60.0 7.0 14.843 X XXX X
5 €4.0 58.8 8.1 15.063 XXX XX
5 82.8 57.6 9.2 15.284 XX XXX
6 67.0 61.1 7.0 14.636 XXX XXX

b. The model with 5 parameters (all but x_6) with Rzadj =62.1% gives the highest Rz_mﬁ and a
C, closest to the number of parameters.

c. The variables chosen in the five variable model are number of manufacturing enterprises
employing 20 or more workers, population size, average annual Tempemnue average annual
wind speed, and average annual precipitation.

Page 2




2% (a)

Probability Plot of RESI1
Normal - 95% CI

Mean -2.39158E-14

M StDev 13.51
gggggggggggggggggggg e e N 41
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ! AD 0.599
11111111111 mf% P-Value 0.113
,,,,,,,,,,,,,,,,,,,,,,,
B e < L F,-i:,.,wi
=RV T LSRN SRR AU SN X 700 Sy SO Lo
e }
T B R e ()7 et e
Q 404+ —ommmoe oo L8 PR
a w
I T T o
P . J . I, ‘M. iiiiiii mx 11111111 Wil.l
W ; ”
,,,,,,,,,,,,,,,,,,,,,,,
iiiiiiiii ”i!!si.x!;m.zi%i.si!.w.és%:.éé;m;;2%5...:.!%...5.
” i m w |
; M ” ; ;
i * F : i
0 25 50
RESI1
Z&vx,w,b\‘,j Dwvcr\ff%\«.wm.rj ~,¢ Oﬁp @Q%\ﬁw O ﬁz\ .




13.78 (B

‘Versus Fits
(response is y)
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215 C<)
Stepwise Regression: log(y) versus x_1,x_2,x_3,x_4,x_5,x_6

Backward elimination. Alpha-to-Remove: 0.05

Response is log(y) on 6 predictors, with N = 41

Step 1 2 3

Constant 7.253 7.350 7.763
x_1 ~0.060 -0.061 -0.070
T-Value -3.15 -4.81 -6.04
P-Value 0.003 0.000 0.000
x_2 0.00126 0.00126 {0.00056
T-Value 2.62 2.66 4.24
P-Value 0.013 0.012 0.000
x_3 -0.00071 -0.00071

T-Value -1.53 -1.55

P-Value 0.136 0.130

x_4 -0.170 -0.171 -0.180
T-Value -3.05 -3.16 -3.30
P-Value 0.004 0.003 0.002
x_5 0.0174 0.0181 0.0200
T-Value 1.56 2.75 3.03
P-value 0.127 0.009 0.005
Xx_6 0.0004

T-Value 0.09

P-Value 0.931

S 0.448 0.442

R-Sg 65.41 65.40
R-Sg(adj) 59.31 60.46
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Residual

Versus Fits
(response is log(y))
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13.79

(a) To determine whether observation #11 (with cook’s distance of .262) is influential:

Cumulative Distribution Function

F distribution with 5 DF in numerator and 36 DF in denominator

x P( X <=1x)
0.262 0.0691688

Tail probability is 1-0.07=0.93, which is greater than 0.50. So not
influential.

Inverse Cumulative Distribution Function

F distribution with 5 DF in numerator and 36 DF in denominator

X

P{ X <= x )
0.5 0.886833

Since 0.262 is less than 0.887, hence the tail area is larger than 0.50.

influential.

(b)
Model with all data:
Regression Analysis: log(y) versus x_1,x_2,x_4,x_5

The regression equation is
log(y) = 7.76 - 0.0699 x_1 + 0.000556 % 2 - 0.180 x_4 + 0.0200 x_5

Predictor Coef SE Coef T P VIF
Constant 7.7628 0.9032 8.59 0.000

x_1 -0.0699%94 0.01159 -6.04 0.000 1.385
x_2 0.0005556 0.0001310 4.24 0.000 1.075
x 4 -0.18039 0.05462 -3.30 0.002 1.202
x5 0.020032 0.006622 3.03 0.005 1.200
S = 0.450103 R-Sg = 63.0% R-Sg(adj) = 58.9%
Analysis of Variance

Source DF SS MS F P
Regression 4 12.4356 3.1089 15.35 0.000

Residual Error 36 7.2933 0.2026
Total 40 19.7289

Not



Model after observations #1 and #11 are deleted (n=41-2=39):
Regression Analysis: log(y) versus x_1,x_2,x 4, x 5

The regression equation is
log(y) = 7.77 - 0.0752 x_1 + 0.000688 x 2 - 0.172 x_4 + 0.0241 x_5

Predictor Coef SE Coef T P VIF
Constant 7.7662 0.9123 8.51 0.000

x_1 -0.07521 0.01343 -5.60 0.000 1.615
x_2 0.0006880 0.0002316 2.97 0.005 1.080
x_4 -0.17192 0.05823 -2.95 0.006 1.127
x 5 0.024135 0.008350 2.89 0.007 1.562
S = 0.454557 R-Sg = 57.7% R-Sg(adj) = 52.7%
Analysis of Variance

Source DF SS MS F P
Regression 4 9.5734 2.3934 11.58 0.000
Residual Error 34 7.0252 0.2066

Total 38 16.5986

The beta values do not change much when the two observations with high leverage
are deleted. The biggest changes are in beta_2 from 0.00056 to 0.00069 (23%
change) and in beta_4 from 0.020 to 0.024 (20% change). Note that the two
models would give the same conclusions with respect to the effect of x's on y.

13.80

Regression Analysis: log(y) versus x_1,x_2,x_4,x 5

Predicted Values for New Observations

New Obs Fit SE Fit 95% CI 95% PI
1 2.6472 0.1021 (2.4400, 2.8543) (1.7111, 3.5832)

(a) Estimate of the average level of sulfur dioxide is 2.65.

(b) The 95% C.I. is (2.44, 2.85).

(c) The value of x_2=150 falls outside the range of the data used in the model.
This is an extrapolation and should be interpreted with caution.



