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All parts of this problem are independent

In order to explain prices of brand new cars manufactured in a same country a random
sample of n=10 cars shows the following characteristics : The price Y (in 1000 USD), the
power X; (in kW) and the equipment rate of the car X; (varies from 0 to 10) as shown in
the following table:

YI Xil Xi2
Car Price Power Equipment rate
1 12 33 2
2 14.9 40 3
3 13.8 33 5
4 15.9 34 8
5 18.7 45 9
6 21.7 56 6
7 26.2 5 5
8 29.9 86 7
9 30.1 90 4
10 32.8 102 4
Partl:

We propose to explain the price of a car (Y) only by its power (X;). For this purpose we
adopt a simple linear regression model Such that:

Y=AX;+B+¢ (Var(e) = 6°)
1)- The adjusted model is denoted by par Y, = a X;; +b. Compute the estimates of A (a) and
B (b) given the following results :

Car Yi Xis Y2 Xin® Yi*Xi1
1 12 33 144 1089 396
10 32.8 102 1075.84 10404 3345.6
SUM (for the 10 cars) [ 216 594 5192.14 41620 14635.7

2)- Compute the linear correlation coefficient between the price and the power. Would this
coefficient change if the price Y were expressed in Lebanese Lira instead of 1000$? Justify

your answer.
3)- Give the estimate of the price of a car with power of 80 kw.

4)- The Least Squares Method provides the following table:

Car Observed price | Predicted price Residual Standardized residual
1 12 2 ' -0.797
2 14.9 ? ? 0.050
3 13.8 13.849 -0.049 -0.107
4 15.9 15.620 0.280 0.608
B 18.7 19.281 -0.581 -1.261
6 21.7 20.967 0.733 1.591
7 26.2 25.944 0.256 0.555
8 29.9 30.100 -0.200 -0.433
9 30.1 29.769 0.331 i QA7
10 32.8 33.225 -0.425 -0.922




a)- Complete the rows 1 and 2 (?) of this table using your computed estimates in the first
question.

b)- Give an estimate of the variance of the error o2.

c¢)- What do we mean by an outlier value? Could we eliminate it? What would be its effect
on the estimation of the model?

d)- Are there outliers in the cars data? Justify your answer.

Part |l :
We propose to explain the price (Y) by both the power (X;) and the equipment rate of the

car (Xz) using a multiple linear regression Such that:
Y=A X, +A; Xo + As +¢ (Var(e) = o)
The adjusted model is denoted by Y; = a; Xy + a, Xy + as.

The corresponding ANOVA Table is as follows:

Source of variation Value Degree of freedom
Regression 525.05 ]
Residual ? ?
Total 526.54 o]

1)- Complete this table (the ?), then carry out an F-test (Fisher) in order to assess the
overall fit of the model at risk of 5%.

2)- We compute and we find : R? = Coefficient of determination = 0.997 :
R?adjusted = 0.996.
a)- What is the role of R*? Interpret its value.
b)- What is the usefulness of adjusted R? ?

Part Il
The Least Squares Estimation leads to the following results:
Coefficient Estimation Corresponding standard error | Computed t value
a, .288 .006 49.590
as 494 .070 7.098
as 1.876 543 3.453

1)- Establish the confidence interval (at 95%) of each one of the three coefficients.
2)- Test the nullity of each one of these coefficients (at 95%).

3)- What should be done in case a coefficient is judged equal to zero ?

4)- Estimate the price of a brand new car with power of 80 kw and equipment rate of 9.

2008/08/27 PP )




}'13119( a«é‘ee/

VALEURS f DE LA VARIABLE DE FISHER-SNEDECOR F(v,; v,)
AYANT LA PROBABILITE (.05 D'ETRE DEPASSEES

0,05

"‘I f{flfm
vy 1 2 3 4 5 1] 7 8 9 10 1T 1z 13 14 15 16 17 18
1| 11 zo0 216 225 230 234 237 239 241 242 243 244 245 235 246 246 247 247
z [ 185 190 192 192 193 193 194 194 10'4 194 104 194 194 194 194 194 194 1y4
3| 101 955 928 912 gor 894 88 885 88: By9 &76 873 873 &71 Lj0 869 868 867
4| 771 6oy 659 639 626 616 609 604 600 590 594 591 5By 587 586 5By 583 582
5001 579 541 519 505 495 48 482 477 474 470 408 4066 4064 46z 4060 459 458
6599 514 476 453 439 428 421 415 410 406 403 400 398 396 394 392 391 3gu
7|55 474 435 412 397 387 379 373 368 364 360 357 355 353 35T 349 348 347
B 1532 446 407 384 360 358 350 344 339 335 331 328 320 324 322 320 319 317
9| 512 426.38 363 348 337 329 323 318 314 310 307 305 303 301 299 297 290
10 | 490 410 371 348 333 322 314 307 30z 298 294 291 289 286 =285 2-83 281 2:8u
11 | 484 398 359 336 320 309 301 295 290 285 282 299 296 274 =292z 250 260 267
12 | 475 389 349 326 311 3Foo =zqr 285 zbo 295 27z 269 266 264 262 260 2358 257
13 | 467 381 341 318 303 292 283 =277.271 267 263 2060 258 255 253 251 250 248
14 | 460 374 334 311 296 285 276 270 265 260 257 253 251 248 =246 244 243 241
15 | 454 368 329 306 290 279 z7r 264 259 254 251 248 245 242 z40 238 237 235
16 | 449 363 324 3or 285 274 266 259 254 249 24b 242 240 237 235 233 232 230
17 | 445 359 320 296 281 290 261 255 249 2-45 241 238 235 233 =231 2.2 227 226
18 | 441 355 316 293 277 266 258 =251 246 241 237 234 231 229 227 225 223 222
19 | 438 352 313 29u 274 263 254 248 242 238 234 231 228 226 =223 221 220 218
20 | 435 349 310 287 271 260 251 245 239 235 231 228 225 222 =220 218 217 215
21 | 432 347 307 284 268 257 249 242 237 232 228 225 222 220 218 216 21y 212
22 | 430 344 305 282 266 255 246 240 234 230 2206 223 220 217 215 213 211 210
23 | 428 342 303 280 264 =253 244 237 232 227 223 220 218 215 213 211 209 207
23 | 426 340 301 298 262 =251 242 236 230 225 221 218 215 =213 2ZII 209 207 20§
25 | 424 339 =299 276 260 =249 240 234 =228 224 220 216 214 211 2CQ 207 205 204
26 | 423 337 298 274 259 247 239 232 227 222 218 2I5 212 209 207 205 203 202
27 | 421 335 2- 273 257 246 237 231 =225 220 217 213 210 208 z0b6 204 z0Z 200
28 | 420 333 295 =271 256 245 236 229 =224 219 215 212 209 206 204 202 200 I-Gg
29 | 418 333 293 270 255 243 235 228 222 218 214 210 208 205 203 201 199 IG7
30 | 417 332 292 269 253 242 233 227 221 216 213 209 206 204 201 199 1-g8 1-g6
32 | 415 329 290 267 251 240 231 224 219 214 210 207 204 201 1-9g9 I-97 195 1G4
34 | 413 328 288 265 249 238 229 223 217 =212 208 205 202 199 Ig7 195 193 1I-g2
36 | 411 326 287 263 248 236 228 221 215 211 207 203 200 198 I-g5 193 1-g2 IGO0
38 | 410 324 285 262 246 =235 226 219 214 209 205 202 199 I-gb I-g4 1-g2 190 1-8
40 | 408 3-23 =284 261 245 234 225 218 =212 208 204 200 197 195 192 1go 189 187
42 | 407 322 283 250 244 232 224 217 211 206 203 199 196 193 IgI 1-8g 1-87 186
44 | 406 321 282 258 243 231 223 216 210 205 201 198 195 192 Igo 188 186 18y
46 | 405 320 2-Br 257 242 230 222 215 209 204 200 197 194 191 I-8g 187 185 183
48 | 404 319 280 257 =241 229 221 214 208 =203 199 196 193 1-go 1-B8 186 18y 182
50 | 403 318 279 256 240 229 220 213 207 203 199 I95 I-9g2 1-8g 187 1-85 183 181
55 | 402 316 277 254 238 227 218 211 206 201 1-g7 193 Ig90 1-B8 185 1-83 181 179
60 | 400 315 276 2-53 237 =225 217 210 204 I-99 195 1I-g2 1-Bg 1-86 184 182 1Bo 1-78
65 | 399 314 295 =251 236 224 215 208 203 198 194 Ig0 187 1-B5 182 1-80 178 176
70 | 398 313 =274 =250 2-35 223 214 207 202 I-97 193 189 186 184 181 179 1777 I'75
80 | 396 311 272 249 233 221 213 206 200 195 191 1-88 184 182 199 177 175 173
9o | 3:9g5 310 291 247 232 220 211 204 199 1-94 I-go 186 183 180 148 196 194 172
100 | 394 309 270 246 231 219 210 203 197 193 18 185 182 199 177 175 173 171
125 | 392 307 268 244 229 217 208 201 196 191 187 183 180 157 195 172 170 10g
150 | 3-90 306 266 243 =227 216 207 200 194 18 185 182 179 176 173 171 169 167
200 | 3-89 304 265 242 226 =214 206 198 193 188 -84 180 177 174 172 169 167 166
300 | 3-87 303 263 240 224 213 204 197 19r 1-86 182 148 x5 172 170 168 166 164
500 | 386 301 262 239 223 212 203 196 190 185 18r 1y7 174 171 169 166 163 162
1000 | 3-85 300 261 238 222 za1 202 195 189 1-84 180 176 173 170 168 165 163 101
o | 384 300 260 237 =221 210 201 Ig4 1-8B8 183 179 195 T2 169 167 1bgy 162 160




Valeurs de T ayant la probabilité P d’étre dépassées en valeur absolue

Fudend Tabke

TasLe pe pistrisuTIoN DE T (Lot DE STUDENT)

F(t)

P P
2 2
- 0o =k 0 i + 00
2 0,90 |o0,80 |0,70 [0,60 | 0,50 | 0,40 0,30 |o0,20 |oO,10 0,05 0,02 0,01 0,001
1]0,158]| 0,325 0,510 | 0,727 1,000 1,376 | 1,963 | 3,078 | 6,314 | 12,706 31,821 | 63,657 |636,618
2|0,142( 0,289 | 0,445 | 0,617| 0,816 1,061 | 1,386 | 1,886 | 2,820 4,303| 6,965 | 9,925 | 31,598
s |0,137 0,277 0,424 | 0,584 0,765 0,978 | 1,250 | 1,638 | 2,353 [ 3,182 4,541 | 5,841 | 12,829
4]0,134| 0,271 0,414 | 0,569 0,741 0,941 1,180 | 1,533 | 2,132 | 2,776 3,747 | 4,604 8,619
510,132] 0,267 | 0,408 | 0,559| 0,727 | 0,920 1,156 | 1,476 2,015 | 2,571 | 3,365 4,032 6, 869
6|0,1310,265)| 0,404 | 0,553 0,718 | 0,906 1,134 | 1,440 | 1,043 | 2,447 3,143 3, 707 5,959
7]0,130| 0,263 | 0,402 | 0,549 0,711 0,896 | 1,119 | 1,415 [ 1,895 [ 2,365 2,998 | 3,499 5,408
8|0,130] 0,262 | 0,398 | 0,546 0,706 0,889 1,108 1,397 | 1,860 | 2,308 2,896 | 3,355 5,041
g]0,129]0,261| 0,398 | 0,543 0,703 0,883 | 1,100 1,383 | 1,833 | 2,262 2,821 | 3,250 4,781
10 | 0,129 0,260 | 0,397 | 0, 542| 0,700 0,879 | 1,093 1,372 | 1,812 | 2,228 2,764 | 3,168 4,587
11 | 0,129 0,260 | 0,396 |0,540| 0,697 0,876 | 1,088 1,363 | 1,796 | 2,201 2,718 | 3,108 4,437
12 | 0,128 0,259 | 0,395 | 0,539] 0,695 0,873 | 1,083 | 1,356 | 1,782 2,179 | 2,681 | 3,055 4,318
13 | 0,128 0,259 | 0,394 | 0,538| 0,604 0,870 | 1,079 | 1,350 | 1,771 | 2,160 2,650 | 3,012 4,221
14 | 0,128 0,258 0,393 | 0,837| 0,692 0,868 | 1,076 | 1,345 | 1,761 | 2,145 2,624 | 2,977 4,140
15| 0,128/ 0,258 0,393 |0,536| 0,691 | 0,866 1,074 | 1,341 1,753 | 2,131 | 2,602 2,947 4,073
16 | 0,128 0,258 0,382 | 0,535/ 0,690 0,865 | 1,071 1,337 | 1,746 | 2,120 2,583 | 2,921 4,015
17 {0,128 0,257 0,392 |0,534| 0,689 0,863 | 1,069 1,333 | 1,740 | 2,110 2,567 | 2,898 3,965
18 | 0,127 0,257 | 0,392 | 0,534 0,688 0,862 | 1,067 1,330 | 1,734 | 2,101 2,552 | 2,878 3,022
19| 0,127 0,257 0,381 [0,533| 0,688 0,861 | 1,066 | 1,328 [ 1,729 2,093 2,539 | 2,861 3,883
20 | 0,127| 0,257 | 0,391 | 0,533 0,687 0,860 | 1,064 | 1,325 | 1,725 | 2,086 2,528 | 2,845 3, 850
21 | 0,127| 0,257 | 0,391 | 0,532| 0,686 0,859 | 1,063 1,323 | 1,721 | 2,080 2,518 | 2,831 3,819
22 | 0,127 0,256 | 0,390 | 0,532 0,686 0,858 | 1,061 1,321 | 1,717 | 2,074 2,508 | 2,818 3,792
23 | 0,127 0,256 | 0,390 0,532 0,685 0,858 | 1,060 1,319 [ 1,714 2,089 | 2,500 | 2,807 3,767
24 0,127 0,256 | 0,390 | 0,531 0,685 0,857 | 1,059 1,318 | 1,711 | 2,064 2,482 | 2,797 3,745
25| 0,127 0,256 | 0,390 | 0,531 0,684 0,856 | 1,058 | 1,316 [ 1,708 2,060 | 2,485 | 2,787 3,725
26 | 0,127 0,256 | 0,390 |0,531| 0,684 0,856 | 1,058 1,315 | 1,706 | 2,056 2,479 | 2,779 3,707
27| 0,127] 0,256 | 0,389 |0,531) 0,684 0,855 1,057 1,314 | 1,703 | 2,052 2,473 | 2,771 3,690
28| 0,127 0,256 | 0,389 [0,530( 0,683 0,855 1,056 | 1,313 | 1,701 | 2,048 2,467 | 2,763 3,674
20 | 0,127 0,256 | 0,389 [0,530| 0,683 0,854 | 1,055 1,311 | 1,699 | 2,045 2,462 | 2,756 3,659
300,127 0,256 | 0,389 |0,530| 0,683 0,854 | 1,055| 1,310 | 1,697 | 2,042 2,457 | 2,750 3,646
40| 0,126 | 0,255 | 0,388 [0,529] 0,681 0,851 | 1,050 | 1,303 | 1,684 | 2,021 | 2,423 2,704 3,551
80 | 0,126 | 0,254 | 0,387 |0, 527 0,679 | 0,848 | 1,046 | 1,296 1,671 | 2,000| 2,39% 2,660 3, 460
120 | 0,126 | 0,254 | 0,386 |0,526] 0,677 0,845 | 1,041 | 1,289 | 1,658 [ 1,880 2,358 | 2,617 3,373
@ |p0,126| 0,253 | 0,385 [0,524| 0,674 0,842 | 1,036 | 1,282 | 1,645 | 1,960 2,326 | 2,576 3,291




