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Question 1

Consider the two-variable linear regression model (under the usual assumptions):
EY | X)=5+5X,

The following calculations were done for a bivariate sample of size (n=10)
D> X, =60;,> Y, =4185) X} =440, ¥} =1,785,011and ) XY, = 26,732

using Ordinary Least squares (OLS) estimation, in matrix form, calculate:

(a) Bi (3 marks)
(b) 6° , (2 marks)
(c) 95% confidence interval for £, (S marks)
(d) Coefficient of determination (5 marks)
(e) Construct the ANOVA table and test the significance of regression coefficient. (5 marks)
Question 2

Data concerning the weekly fuel consumption (Y), average hourly temperature ( X,) and chill index (X, )

at a certain factory has been observed for the last eight years.

Week (i) Average Hourly Temperature Chill Index  Fuel Consumption

1 28 18 12.4

2 28 14 117

3 325 24 12.4

4 39 22 10.8

5 45.9 8 9.4

6 57.8 16 9.5

7 58.1 1 8

8 62.5 0 7.5
(a) Fit the regression model on the fuel consumption data. (10 marks)
(b) Test for the significance of the coefficients at 5% level of significance. ' (10 marks)



Question 3
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(a) What is multicollinearity? Explain, with illustrations, the estimation problem under perfect

multicollinearity.

(b) What are the practical consequences of multicollinearity?
(c) Describe various methods of detecting multicollinearity, explaining the weaknesses of these methods.

Question 4

(8 marks)
(5 marks)

(7 marks)

The regression results below were obtained for multiple linear regression model fitted on data covering

twenty years.

(i) Find the values presented in asterisk. (8 marks)
(ii) Test for B, =0 given that t1002s =2.093 (8 marks)
(iii) Test for the significance of the regression model. (4 marks)
(a) The regression coefficients
Estimated Estimated

Regression Coefficients Regression Coefficient Standard Deviation t-value

iR 33.87407 ok ok x 18.68

By *okk ok 0.00889 _11.44

b5, 8.05547 1.45911 ok ok
(b) ANOVA Results
Source of variation ___Degrees of freedom Sums of Squares Mean Square
Regression *kk 1504.41 ko
Error *okkok *oakk 10.38
Total ook ok 1680.80
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Question 5 .

Given the following results from the regression model ¥ = §, + B,.X, + ,X, +¢,

t 1 2 3 4 5 6 7 8 9
Y-V -0.418 | -0.350 | 0.507 -0.374 | -0.181 | 0.652 0.256 0.342 -0.434

Obtain an estimate of p and test at 5% level of significance for positive correlation given that n=50,
stating clearly the hypotheses, decision rule and conclusions. (20 marks)

END OF EXAM!!




Appendix B Tobles oxy

TABLE8 CRITICAL VALUES FOR THE DURBIN-WATSON TEST

FOR AUTOCORRELATION
Entries in the table give the critical values for 2 one-tailed Durbin-Watson test for auto-
correlation. For a two-tailed test, the level of significance is doubled.

Significance Points of 4, and dy;: & = .05
Number of Independent Variables

k 1 2 3 4 5

n d; d, dy dy d; dy dy dy d; dy
15 108 136 095 154 08 175 069 197 056 221
16 1.10 137 098 154 08 173 074 193 062 215
17 113 138 102 154 050 171 078 190 067 210
18 1.16 139 105 153 093 169 08 187 071 206
19 1.18 140 108 153 097 168 08 185 075 202
20 120 141 .10 1.54 1.00 168 090 183 079 1.99
21 122 142 113 154 103 167 093 181 083 196
22 124 143 115 154 1.05 166 096 1.80 0.86 1.94
23 126 144 117 154 1.08 166 - 099 179 050 192
24 1.27 1.45 1.19 1.55 1.10 1.66 1.01 1.78 093  1.90
25 129 145 121 1.55 12 166 104 177 095 1.89
26 130 146 122 155 114 165 106 176 098  1.88
27 132 147 124 156 116 165 108 176 101 1.86
28 133 148 126 156 118 165 110 175 103 185
29 134 148 127 156 120 165 112 174 105 184
30 135 149 128 157 1.21 165 114 174 107  1.83
31 136 150 130 157 1.23 165 116 174 109 1.83
32 137 150 131 1.57 124 165 118 173 .11 1.82
33 1.38 1.51 132 158 126 165 119 173 .13 1.81
34 139 1.51 133 158 127 165 121 173 .15 1.81
35 140 152 134 158 1.28 165 122 1.73 116  1.80
36 141 152 135 159 1.29 1.65 124 173 118  1.80
37 142 153 136 159 1.31 166 125 172 119 1.80
38 143 154 137 1.59 132 166 126 172 121 179
39 143 154 138  1.60 1.33 166 127 172 122 179
40 144 154 139  1.60 134 166 129 172 123 179
45 1.48 1.57 143 162 138 167 134 172 129 178
50 150 159 146  1.63 142 167 138 172 134 177
55 7 153 160 149  1.64 1.45 1.68 141 1.72 138 177
60 1.55 1.62 151 165 148 169 144 173 141 177
65 157 163 154 166 .50 170 147 173 144 177
70 1.58 1.64 155 167 152 170 149 174 146 177
75 1.60 165 157  1.68 154 171 151 174 149 177
80 1.61 166 159 169 1.56 172 153 174 151 177
85 162 167 160 170 157 172 155 175 152 177
90 163 168 161 170 159 173 157 175 154 178
95 164 169 162 171 1.60 173 158 175 156 178
100 1.65 169 163 172 1.61 174 159 176 157 178

~
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TABLE8 CRITICAL VALUES FOR THE DURBIN-WATSON TEST
*  FOR AUTOCORRELATION (Continued)

Significance Points of 4, and d;: 2 = .025
Number of Independent Variables

k 1 2 3 4 s

n 4, dy d, dy d, dy 4 d, 4, 4,

15 095 123 083 140 071 161 059 184 048 209

16 098 124 086 140 075 159 064 180 053 203

17 101 125 090 140 079 158 068 177 057 198

18 103 126 093 140 082 156 072 174 062 193

19 106 128 096 141 08 155 076 172 066 190

20 108 128 099 141 089 155 079 170 070 187

21 110 130 101 141 092 154 083 169 073 184
_ 22 112 131 104 142 095 154 086 168 077 182
? 23 114 132 106 142 097 154 080 167 080 180
; 24 116 133 108 143 100 154 091 166 083 179
1 25 118 134 110 143 102 154 094 165 086 177
26 119 135 112 144 104 154 09 165 088 176
, 27 121 136 113 144 106 154 099 164 091 175

28 122 137 115 145 108 154 101 164 093" 174

29 124 138 117 145 110 154 103 163 096 173

30 125 138 118 146 112 154 105 163 098 173

31 126 139 120 147 L13 155 107 163 100 172

32 127 140 121 147 115 155 108 163 102 171

33 128 141 122 148 11§ 155 110 163 104 171

34 129 141 124 148 117 155 112 163 106 170

35 130 142 125 148 119 155 113 163 107 170

36 131 143 126 149 120 156 115 163 109 170

37 132 143 127 149 121 156 116 162 110 170

38 133 144 128 150 123 156 117 162 112

39 134 144 129 150 124 156 119 163 113

40 135 145 130 151 125 157 120 163  L15

45 139 148 134 153 130 158 125 “163 121

50 142 150 138 154 134 159 130 164 126

55 145 152 141 156 137 160 133 164 130

60 147 154 144 157 140 161 137 165 133

65 149 155 146 159 143 162 140 166 136

70 151 157 148 160 145 163 142 166 139

75 153 158 150 161 147 164 145 167 142

80 154 159 152 162 149 165 147 167 144

85 156 160 153 163 151 165 149 168 146

90 157 161 155 164 153 166 150 169 148

95 158 162 156 165 154 167 152 169 150

100 1.59 1.63 1.57 1.65 1.55 1.67 1.53 1.70 1.51
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TABLE 8 * CRITICAL VALUES FOR THE DURBIN-WATSON TEST FOR
AUTOCORRELATION (Continued)

Significance Points of d; and di;: 2 = .01
Number of Independent Variables

k 1 2 3 4 5
n dy, dy dy. dy dg dy d, dy d, dy
15 0.81 1.07 0.70 1.25 059 146 049 1.70 0.39 1.96
16 0.84 1.09 0.74 1.25 0.63 144  0.53 1.66 044 190
17 0.87 1.10 0.77 1.25 0.67 143 0.57 1.63 0.48 1.85
18 0.90 1.12 0.80 1.26 0.71 142 0.61 1.60 0.52 1.80
19 0.93 1.13 0.83 1.26 0.74 141 0.65 1.58 0.56 1.77
20 0.95 1.15 0.86 1.27 0.77 141 0.68 1.57 0.60 1.74
21 0.97 1.16 0.89 1.27 0.80 1.41 0.72 1.55 0.63 1.71
22 1.00 1.17 0.91 1.28 0.83 140  0.75 1.54 0.66 1.69
23 1.02 1.19 0.94 1.29 0.86 1.40 0.77. 1.53 0.70 1.67
24 1.04 1.20 0.96 1.30 0.88 1.41 080 153 0.72 1.66
25 1.05 1.21 0.98 130 0.90 1.41 0.83 1.52 0.75 1.65
26 1.07 1.22 1.00 1.31 093 141 0.85 1.52 0.78 1.64
27 1.09 1.23 1.02 1.32 0.95 1.41 0.88 151 0.81 1.63
28 1.10 1.24 1.04 132 097 1.41 0.90 1.51 0.83 1.62
29 1.12 1.25 1.05 1.33 0.99 142 0.92 1.51 0.85 1.61
30 1.13 1.26 1.07 1.34 1.01 142 0.94 1.51 0.88 1.61
31 1.15 1.27 1.08 1.34 1.02 142 096 1.51 0.90 1.60
32 116 1.28 1.10 1.35 1.04 1.43 0.98 1.51 0.92 1.60
33 1.17 1.29 1.11 1.36 1.05 1.43 1.00 1.51 0.94 1.59
34 1.18 1.30 1.13 1.36 1.07. 1.43 1.01 1.51 0.95 1.59
35 1.19 1.31 1.14 1.37 1.08 1.44 1.03 1.51 0.97 1.59
36 121 1.32 1.15 1.38 1.10 1.44 1.04 1.51 0.99 1.59
37 1.22 1.32 1.16 1.38 1.11 145 1.06 1.51 1.00 1.59
38 1.23 1.33 1.18 1.39 1.12 145 1.07 1.52 1.02 1.58
39 1.24 1.34 1.19 1.39 1.14 1.45 1.09 1.52 1.03 158
40 1.25 1.34 1.20 1.40 1.15 1.46 1.10 1.52 1.05 1.58
45 1.29 1.38 1.24 1.42 1.20 1.48 1.16 1.53 1.11 1.58
50 1.32 1.40 128 145 124 1.49 1.20 1.54 1.16 1.59
55 1.36 1.43 1.32 1.47 1.28 1.51 1.25 1.55 1.21 1.59
60 1.38 1.45 1.35 148 1.32 1.52 1.28 1.56 1.25 1.60
65 141 1.47 1.38 1.50 1.35 1.53 1.31 1.57 1.28 1.61
70 143 1.49 1.40 152 1.37 1.55 134 1.58 1.31 1.61
75 145 150 142 153 139 156 137 159 134 162
80 1.47 1.52 1.44 1.54 1.42 1.57 1.39 1.60 136 1.62
85 148 153 1.46 - 155 143 1.58 141 1.60 1.39 1.63
90 1.50 1.54 1.47 1.56 145 1.59 1.43 1.61 1.41 1.64
95 1.51 1.55 1.49 1.57 1.47 1.60 1.45 1.62 1.42 1.64
100 1.52 1.56 1.50 1.58 1.48 1.60 1.46 1.63 1.44 1.65

This table is reprinted by permission of Oxford University Press on behalf of The Biometrika Trustees from J. Durbin
and G. S. Watson, “Testing for serial correlation in least square regression II,” Biometrika 38 (1951), 159-178.



Table VIIl The t Distribution Tablet

“ The entries in the table give the critical values
of t for the specified number of degrees
of freedom and areas in the right tail.

Area in the Right Tail under the ¢ Distribution Curve
df 10 .05 025 01 005 .001
1 3.078 6.314 12.706 31.821 63.657 318.309
2 1.886 2.920 4.303 6.965 9.925 22.327
3 1.638 2.353 3.182 4.541 5.841 10.215
4 1.533 2.132 2.776 3.747 4.604 7.173
5 1476 2.015 2.571 3.365 4.032 5.893
6 1.440 1.943 2.447 3.143 3.707 5.208
7 1.415 1.895 2.365 2.998 3.499 4.785
8 1.397 1.860 2.306 2.896 3.355 4.501
9 . 1.383 1.833 2.262 2.821 3.250 4.297
10 1.372 1.812 2.228 2.764 3.169 4,144
11 1.363 1.796 2.201 2.718 3.106 4.025
12 1.356 1782 2.179 2.681 3.055 3.930
13 1.350 1.771 2.160 2.650 - 3.012 -3.852
14 1.345 1.761 2.145 2.624 2977 3.787
15 1.341 1.753 2.131 2.602 2.947 3.733
16 1.337 1.746 2.120 2.583 2.921 3.686
17 1.333 1.740 2.110 2.567 2.898 3.646
18 1.330 1.734 2.101 2.552 2.878 3.610
19 1.328 1.729 2.093 2.539 2.861 3.579
20 1.325 1.725 2.086 2.528 2.845 3.552
21 1.323 1.721 2.080 2518 2.831 3.527
22 1.321 - 1.717 2.074 2.508 2.819 3.505
23 1.319 1.714 2.069 2.500 2.807 3.485
24 1.318 1.711 2.064 2.492 2.797 3.467
25 1.316 1.708 2.060 2.485 - 2.787 3.450
26 1.315 1.706 2.056 2.479 2.779 3.435
27 1.314 1.703 2.052 2473 - 2.771 3.421
28 1.313 1.701 2,048 2.467 2.763 3.408
29 < 1.311 1.699 2.045 2.462 2.756 3.396
30 1.310 1.697 2.042 2.457 2.750 3.385
31 1.309 1.696 2.040 2.453 2,744 3.375
32 1.309 1.694 2.037 2.449 2.738 ‘ 3.365
33 1.308 1.692 2.035 2.445 2.733 3.356
34 1.307 1.691 2.032 2.441 2.728 3.348
35 1.306 1.690 ) 2.030 2.438 2.724 3.340
36 1.306 1.688 2.028 2.434 2.719 3.333
37 1.305 1.687 2.026 2.431 2.715 3.326
38 1.304 1.686 2.024 2.429 2712 3.319
39 1.304 1.685 2.023 2.426 2.708 3.313
40 1.303 1.684 2.021 2.423 2.704 3.307
L 1.282 1.645 1.960 2.326 2.576 3.090

'This table is an abbreviated version of Table VIII that appears in Appendix C. This table goes up to 40 degrees of
freedom. For degrees of freedom from 41 to 70, use Table VIII of Appendix C.




IV. Percentage Points of the F Distribution (continued)
F 0.05.v,v,
I Degrees of Freedom for the Numerator (»,)
v 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o0
161.4 199.5 215.7 224.6 230.2 - 234.0 2368 238.9 240.5 2419 243.9 245.9 248.0 249.1 250.1 251.1 252.2 253.3 254.3
2 18.51 19.00- 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19.40 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.50
3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53
14 171 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 5.80 577 5.75 572 5.69 5.66 5.63
5 6.61 5.79 541 5.19 5.05 4.95 4.88 4.82 4.77 4.74 4.68 4.62 4.56 4.53 4.50 4.46 4.43 4.40 4.36
6 5.99 5.14 4.76 4.53 439 4.28 4.21 4.15 4.10 4.06 4.00 3.94 3.87 3.84 3.81 377 3.74 3.70 3.67
7 5.59 4,74 435 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.57 3.51 3.44 3.41 3.38 334 3.30 3.27 323
8 532 4.46 4.07 3.84 3.69 3.58 3.50 3.44 339 3.35 3.28 322 3.15 3.12 3.08 3.04 3.01 2.97 2.93
9 5.12 4.26 3.86 3.63 348 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2.94 2.90 2.86 2.83 279 2.75 27
10 4.96 4.10 3.7 3.48 333 3.22 3.14 3.07 3.02 298 291 2.85 277 274 2.70 2.66 2.62 2.58 2.54
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 295 2.90 2.85 2.79 272 2.65 2.61 2.57 2.53 2.49 245 2.40
GV 4.5 3.89 3.49 3.26 3.11 3.00 291 2.85 2.80 2.75 2.69 2.62 2.54 2.51 2.47 2.43 2.38 2.34 2.30
/_nm 13 4.67 3.81 341 3.18 3.03 292 2.83 21m 271 2.67 2.60 2.53 2.46 242 2.38 2.34 2.30 2.25 2.21
5 14 4.60 3.74 3.34 3011 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46 2.39 2.35 231 2.27 2.22 2.18 2.13
m 15 4.54 3.68 3.29 3.06 2.90 2.719 271 2.64 2.59 2.54 2.48 2.40 2.33 2.29 2.25 2.20 2.16 2.11 2.07
A 16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 249 242 235 2.28 224 2.19 2.15 2.11 2.06 2.01
&n 4.45 3.59: 3.20 2.96 2.81 2.70 261 2.55 2.49 245 2.38 231 223 2.19 2.15 2.10 2.06 2.01 1.96
o 18 441 3.55 3.16 2.93 2.17 2.66 2.58 2.51 2.46 2.41 2.34 2.27 2.19 2.15 2.11 2.06 2.02 1.97 1.92
m 19 4.38 3.52 3.13 2.90 2,74 2.63 2.54 248 242 2.38 231 2.23 2.16 2.11 2.07 2.03 1.98 1.93 1.88
.m 20 435 3.49 3.10 2.87 271 2.60 2.51 2.45 2.39 2.35 2.28 220 2.12 2.08 2.04 1.99 1.95 1.90 1.84
o2 432 347 3.07 2.84 2.68 2.57 2.49 242 2.37 232 225 2.18 2.10 2.05 2.01 1.96 1.92 1.87 1.81
@ 22 4.30 3.44 3.05 282 2.66 2.55 2.46 2.40 234 230 2.23 2.15 2.07 2.03 1.98 1.94 1.89 1.84 1.78 -
m, 23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32 2.27 220 2.13 2.05 2.01 1.96 1.91 1.86 1.81 1.76
A 24 426 3.40 3.01 278 2.62 251 242 2.36 2.30 2.25 2.18 2.11 2.03 1.98 1.94 1.89 1.84 1.79 1.73
25 4.24 3.39 2.99 2.76 2.60 249 2.40 234 2.28 2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.82 1.77 1.71
26 4.23 3.37 2.98 2.74 2.59 247 2.39 232 2.27 2.22 2.15 2.07 1.99 1.95 1.90 1.85 1.80 1.75 1.69
27 421 3.35 2.96 273 2.57 2.46 237 2.31 2.25 2.20 2.13 2.06 1.97 1.93 1.88 1.84 1.79 1.73 1.67
23 420 3.34 295 271 2.56 2.45 2.36 229 2.24 2.19 2.12 2.04 1.96 191 1.87 1.82 177 1.71 1.65
29 4.18 3.33 2.93 2.70 2.55 243 2.35 2.28 222 2.18 2.10 2.03 1.94 1.90 1.85 1.81 175 1.70 1.64
30 4.17 3.32 2.92 2.69 2.53 242 233 2.27 2.21 2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68 1.62
40 4.08 3.23 2.84 261 245 234 2.25 2.18 2.12 2.08 2.00 1.92 1.84 1.79 1.74 1.69 1.64 1.58 1.51
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.92 1.84 1.75 1.70 1.65 1.59 1.53 1.47 1.39
120 3.92 3.07 2.68 245 2,29 2.17 2.09 2.02 1.96 1.91 1.83 1.75 1.66 1.61 1.55 1.55 1.43 1.35 1.25
L 3.84 3.00 2.60 2.37 221 2.10 2.01 1.94 1.88 1.83 1.75 1.67 1.57 1.52 1.46 1.39 1.32 1.22 1.00
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