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In one dataset, the response variable ¥ and three predictors X3, X3, and X4 are quantitative
variables. Another predictor X3 is qualitative (categorical) and can take two values 0 and 1. Dataset

look like:

Y X1 X2 X3 X4
78.2 75.9 0 1.9881 4,32942
63.3 €68.2 1 39.5641 4.22244

Based on the SAS outputs, answer the following questions.

1. {2) We fit a regression model Y = fg + 1 x X; + 2 X X3 + €. The design matrix X has
dimensions 30 x p. What is the value of p? What is the dimension of the error vector? What
is the sample size n?

2. (2) The following is part of the SAS output for the model above:

Parameter Standard
Variable DF Estimate Error
Intercept 1 —124.30436 20.88642
11 1 2.73731 0.27810
X3 1 0.01907 0.085865

Write down the estimated model. And construct 98% confidence intervals using Bonferroni
procedure for 5 and f3. A T-table is provided.

3. (1) Based on the Bonferroni confidence intervals, do we need both X; and X3? Explain.
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We have the following SAS output for fitting the model Y = o+ f1 x X1+ 2 x Xz +e.

DF Sum of
Source Squares F Value Pr > F -
Model 2 77 77 <.0001
Error 27 7
Corrected Total 29 2353.65367

Parameter Standard

Variable DF Estimate Error Type I 55 Type ITI S8
Intercept 1 -124.30436 20.88642 190834 655.70236
4! 1 2.73731 0.27810 1852.90171  1793.49255
%3 1 0.01907 ' 0.08565 0.91803 0.91803

4. (2) Given the Type I and Type II sum of squares, what are the model sum of squares SSM,
and the error sum of squares SSE (two missing numbers in the SAS output)}? And what is
R*?

5. (1) Is there any predictor variable for which the Type I and Type II sum of squares are the
same? Explain why.

6. (2) For the test Hy : 8 = 3 = 0, write down the alternative hypothesis, compute the
test statistic (another missing number in the SAS output), and state your conclusion. Is it
consistent with the Bonferroni confidence intervals?
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7. (2) The TypeI and Type II partial correlations are based on the corresponding sum of squares.
Compute the Type I partial correlation, fill up the SAS output, show all the details, and put

your final answers in the ( ): @
0. 18724 =

1812, %o
ogT

Squared Squared .
Variable DF Corr Type 1 Corr Type II — (&FZ‘%DH'
- P yP 325340247
Intercept 1 . .
X1 1 . 187124 ) 0.78205
X3 1 (0,00[&3 ) = 0.00183

. (2) Based on the Type I and Type II sum of squares on the previous page, if we fit a model
Y = fy+ 1 x X1 + ¢, what will be its model sum of squares and R??

9. (2) We compute the tolerance TOL. Below is the SAS ouftput.
Parameter Standard
Variable DF Estimate Error Tolerance
Intercept 1 -124.30436 20.88642 .
X1 1 2.73731 0.27810 0.95910
X3 1 0.01907 0.08565 0.95910

What is the VIF? What is the R? for the model with X3 as response and X; as predictor
(Xz=0o+ B x X1+¢€)7?
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10. (3) We fit a model using the qualitative variable X3 and obtain the following SAS output.
ThemodelisY =G+ i X Xy + o x Xo+ P x Xy x Xo+e

Parameter Standard
Variable DF Estimate Error
Intercept 1 -780.74431 83.75117
X4 1 199.86642 19.41391
X2 1 299.31929 251.53676
X42 1 -70.75408 58.54282

Write down the two regression models for Xy = 0 and X5 = 1 respectively.

11. (1) For the above model, observation 17 has residual e;7 = 6.7007 and the standard error
of the residual is 4.171. What is the value of the studentized residual? Is observation 17 an
outlier?

12. (2) Test whether we only need two parallel lines. Write down the null and alternative hy-
potheses. Compute the value of the test statistic. Based on the T-table state the decision
rule and your conclusion.

13. (1) Below is the correlation among all three quantitative variables. If we put all of them in
the model, will there be a problem? Explain.

Pearson Correlation Coefficients

11 X3 X4
X1 1.,00000 =0.20224 0.99977
X3 -0.20224 1.00000 -0.22334
X4 0.99977 -0.22334 1.,00000

14. (2) We will try the model with all three quantitative variables Y = 8o+ B x X1+ 82 x X3+
Bs x X4 + e. But we fix 8; = 5. How can we fit this model?
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. Table A5 Critical Values for t Distributions

3.073*{]{0“30): 'LLI(I-'O'("’)

1, density curve

i
1
: Shaded area=a
I
/f\ : §
¥ 0 ta,v
I .
Vi _a
v \; 10 .05 025 01 005 001 0005
4
1 f_-a.ms 6.314 12.706 31.821 - 63.657 318.31 636.62
2 1.886 2.920 4,303 6.965 9925 22.326 31.598
3 1.638 2.353 3.182 4541 5.841 10.213 12.924
4 1.533 2.132 2776 3,747 4.604 1.173 8.610
5 1.476 2015 2571 3.365 4032 5.893 6.869
6 1.440 1.943 2.447 3.143 3.707 5.208 5.959
7 1.415 1.895 . 2365 2.998 3.499 4.785 : 5.408
8 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 1383 1.833 2262 2.821 3.250 4.297 4781 -
10 " 1372 1.812 2228 2764 '3.169 4,144 . 4,587
11 1.363 1.796 2.201 2718 3.106 . 4.025 4437
2 - 1.356 1.782 2.179 2681 . 3.055 . 3930 4318
13 1350 1771 - 2160 2.650 3.012 . 3.852 4221
14 1.345 1.761 2.145 2.624 2,977 3.787 4,140
15 1.341 1.753 - 2,131 2.602 2.947 3.733 T 4073
16 - 1.337 1.746 2.120 2583 2921 3.686 4015
17 1.333 1.740 2.110 " 2.567 '2.898 3.646 3.965
18 1330 . 1734 2,101 2.552 2.878 3.610 3.922
19 1328 1.729 2.003 2.539 2.861 3.579 3.883
20 1.325 1.725 2,086 2528 . 2845 3.552 3.850
21 1.323 1721 2.080 2.518 2.831 3.527 3.819
2 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 1.319 1.714 2069 2.500 2.807 3.485 3.767°
24 1.318 171 2,064 2.492 2.797 3.467 3.745
25 1.316 £.708 2.060 2.485 2,787 3.450 3.725
26 1.315 1.706 2.036 2479 2979 3435 3.707
27 1.314 1.703 2.052 2473 Co2971 3.421 3.690
- 28 1.313 1.701 2.048 2.467 27763 3.408 3.674
29 1.311 1.699 2.045 2462 2.756 3.306 3.659
_ 30 1310 1.697 2.042 2.457 2750 3.385 3.646
32 1.309 1.694 2.037 2.449 2.738 3.365 3.622
34 1.307 1.691 2.032 2.441 2,728 3348 3.601
! .36 1.306 1.688 2028 2434 2719 3.333 3.582
38 1.304 1.686 2.024 2429 2.712 3319 3.566
40 1303 1.684 2.021 2423 2.704 3.307 3.551
50 1299 1676 2.009 2403 2.678 3.262 3.496
60 1.296 1.671 2.000 2.390 2.660 3232 3.460
120 1280 - 1.658 1.980 2.358 2617 3.160 3373
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