
Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2. 53

Figure 2.5. EQUIPRO BABLE SELECTING: Diagram matic Illustr ations

Figure s 2. 5a, 2. 5b and 2.5c on the fol low ing pag es 2.55, 2.57 and 2.59, tog ether with the tab ula ted sample des criptio ns on pag es
2. 54, 2.56 and 2.58 facing each Fig ure, illust r ate charact e ris ti cs of equ iprobable selecting {[EPS]; i.e., a selecting process that makes
equally probable [with probability 1/(−N

n)] all samples of size n selected withou t replacement from a respondent popula t ion of size −N}.

• When −N = 500 and n = 25 (as in this Fig ure 2.5), the number of pos sib le samples is (500
25

) −−∼ 10
42
.

The fol low ing matt e rs are relevant to using this Fig ure 2.5.

• the numbers along the tops of the three upper diagr ams on pag es 2.55, 2.57 and 2.59 are respon d e n t popula t ion el ement
number s, whi c h are provi ded to facilit ate identifyi ng the par ticular popula t ion ele ments selected for each sample;

• becaus e of space con strain t s on each pag e, the actual ele ments in the sample are show n di agr amatically only for the fir st sample;

• the 16 hor izont al li nes (or ‘bars’) giv en unde r each popula t ion diagr am repre sent the sample ave r age (the cent r al caret or ‘hat’)
plus and minus one sample standard dev iation (the ‘bar’) for each sample obtaine d fr om the popula t ion by EPS;

• the lowe s t diag ram on each pag e sh ows 16 ‘bl ock s’ repre senting the 16 sample ave r age s; below the diag ram is shown the
av erage plus and minus one standard dev iation for the 16 sample ave r age s;

• on the three ove r leaf sid e s (page s 2. 54, 2.56 and 2.58) which face Fig ure s 2. 5a, 2. 5b and 2.5c, the 25 ele ment numbers
fo r each sample were taken from a table of equ iprobable dig its and then arrange d in ascending order.
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[The diagr ams whi c h fo llow illust r ate statis ti c a l ly useful pro per tie s (u nde r repetit ion) of sampling car rie d ou t by eq uiprobable sele cting:

• the sample ave r age varie s fr om sample to sample but its value is (us u ally) rea son ably clo se to the popula t ion ave r age;

• the sample standard dev iation varie s fr om sample to sample but its value is (us u ally) rea son ably clo se to the popula t ion standard dev iation;

• the dis tributio n sh ape of the sample respons es varie s fr om sample to sample but is (us u ally) rea son ably like that of the popula t ion respons es;

• sample ave r age s vary les s than the popula t ion respons es;

• the ‘cent re’ of the dist rib u tio n of sample ave r age s is the popula t ion ave r age (ov er the set of all possib le samples);

• sample ave r age s tend to approxi mat ely a nor mal dist rib u tio n regardle ss of the (sh ape of the) dis tributio n of popula t ion respons es.

Figure s 2. 5e and 2.5f on pag es 2.61 and 2.62 show his t ogr ams of sample ave r age s and sample standard dev iation s fo r all pos sib le samples
of all pos sib le sizes selected from a popula t ion of size 10 ele ments wit h in tege r re spons e variat e value s of 1,...., 10.

• Un d er EPS, thes e his t ogr ams are the dis tributions of thes e two sample attt rib u t es.

Thes e his t ogr ams come from Fig ure 5.8 of the STAT 231 Cou rse Mat e ria ls , where the re is backg rou nd and discus sio n of them.]

Althou gh this Fig ure 2.5 is con cer ned primarliy wit h sample se lec ting, it can also be illust r ative of (the useful) st atis ti c a l proper tie s of re-
peated mea sur ing – see als o Se ction 5 on pag e 5.89 in Fig ure 5.8 of the STAT 231 Cou rse Mat e ria ls.

Figure 2.5d. EQUIPRO BABLE SELECTING: Diagram matic Illustr ations (page 2.60 continue d)

Prac tising Wor king wit h the Ide as

How does the shape of the dist rib u tio n of the respondent popula t ion respons e variat e affe ct the diffic ulty of estim ating:

• it s location • it s variation

fr om sa m p le data . Where pos sib le, illust r ate you r answe r with value s of appropriat e nume rical sum marie s.

7

Find the medi an re spons e variat e value for each respondent popula t ion.

• How does the value of each media n co mpare wit h that of the cor responding aver age? Exp lain brief ly.

• Which are more variable: the three ave r age s or the three media ns? Exp lain brief ly.

8

Find the respons e variat e in ter quartile range (IQ R) fo r each respondent popula t ion.

• How does the value of each IQR compare wit h that of the cor responding standard dev iation s? Exp lain brief ly.

• Which are more variable: the three IQR’s or the three standard dev iation s? Exp lain brief ly.

9

Fo r each respondent popu lation, find the pro por tio n of its ele ments whose respons e variat e value is wit hin one, two and
thre e st andard dev iation s of the ave r age. Tab ula te you r re sul ts in a way whi c h displays them effective ly, and com ment
br ief ly on the sim ilarities and differenc es among them.

10

Give an exa mple of a  real-world popula t ion whose respons e variat e value wou ld hav e a dis tributio n si milar to that shown in
each of the Diag ram mati c Illu s tration s 1, 2 and 3.

11
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Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2. 54

EQUIPRO BABLE SELECTING from a ‘Normally’ Distr ibute d Re spondent Popul ation

16 Samples of Size 25

Av . S. d.

Sa mple 1 Elem ent number 13 65 73 99 104 152 168 197 231 232 247 250 314 318 347 358 359 365 369 377 404 452 464 470 487

Re spons e value 10 14 15 16 16 17 18 19 20 20 20 20 22 22 23 23 23 23 23 23 24 27 27 28 30 20.92 4.68

Sa mple 2 Elem ent number 23 24 44 57 64 88 103 129 165 176 291 315 320 328 335 348 369 373 385 440 448 454 460 462 474

Re spons e value 11 12 13 14 14 15 16 17 18 18 21 22 22 22 22 23 23 23 24 26 26 27 27 27 28 20.44 5.25

Sa mple 3 Elem ent number 28 54 68 118 131 137 147 178 223 238 239 249 252 284 303 305 339 350 374 389 403 438 477 486 492

Re spons e value 12 14 14 16 17 17 17 18 19 20 20 20 20 21 21 21 22 23 23 24 24 26 28 30 31 20.72 4.7 8

Sa mple 4 Elem ent number 2 27 61 76 105 137 211 213 243 268 272 281 310 315 343 357 363 401 406 429 454 459 473 482 491

Re spons e value 6 12 14 15 16 17 19 19 20 20 21 21 22 22 22 23 23 24 24 25 27 27 28 29 31 21.08 5.67

Sa mple 5 Elem ent number 7 15 28 44 48 98 163 175 176 205 213 222 225 230 236 261 272 275 286 288 289 405 443 446 454

Re spons e value 9 10 12 13 13 16 18 18 18 19 19 19 19 19 20 20 21 21 21 21 21 24 26 27 27 18.80 4.66

Sa mple 6 Elem ent number 61 92 119 127 194 214 226 227 264 283 299 306 315 318 323 353 355 365 378 382 386 425 426 484 486

Re spons e value 14 15 16 17 19 19 19 19 20 21 21 21 22 22 22 23 23 23 23 24 24 25 25 29 30 21.44 3.83

Sa mple 7 Elem ent number 14 15 41 48 58 77 174 183 194 212 248 261 274 278 300 304 314 327 333 355 359 383 409 444 446

Re spons e value 10 10 13 13 14 15 18 18 19 19 20 20 21 21 21 21 22 22 22 23 23 24 25 26 26 19.44 4.60

Sa mple 8 Elem ent number 28 45 61 69 72 82 172 202 209 211 250 255 282 307 342 380 386 398 423 424 428 439 463 467 472

Re spons e value 12 13 14 15 15 15 18 19 19 19 20 20 21 21 22 24 24 24 25 25 25 26 27 28 28 20.76 4.82

Sa mple 9 Elem ent number 14 26 130 154 172 176 196 223 250 266 269 280 287 300 303 324 337 347 351 352 371 376 422 473 480

Re spons e value 10 12 17 17 18 18 19 19 20 20 20 21 21 21 21 22 22 23 23 23 23 23 25 28 29 20.60 4.1 3

Sa mple 10 Elem ent number 9 15 21 66 76 107 127 128 150 155 192 199 236 253 261 271 391 394 397 425 442 462 463 471 493

Re spons e value 9 10 11 14 15 16 17 17 17 18 19 19 20 20 20 21 24 24 24 25 26 27 27 28 31 19.96 5.79

Sa mple 11 Elem ent number 25 38 42 44 55 62 63 125 167 175 178 182 208 215 251 275 289 315 359 367 392 411 434 470 485

Re spons e value 12 13 13 13 14 14 14 17 18 18 18 18 19 19 20 21 21 22 23 23 24 25 26 28 29 19. 28 4.91

Sa mple 12 Elem ent number 8 32 43 67 111 138 141 161 173 186 200 247 265 269 276 31 6 334 363 369 378 416 421 460 468 497

Re spons e value 9 12 13 14 16 17 17 18 18 18 19 20 20 20 21 22 22 23 23 23 25 25 27 28 33 20.12 5.34

Sa mple 13 Elem ent number 3 52 57 88 101 150 154 189 203 204 214 226 246 248 254 267 325 365 405 435 444 451 469 483 489

Re spons e value 7 14 14 15 16 17 17 18 19 19 19 19 20 20 20 20 22 23 24 26 26 26 28 29 30 20. 32 5.35

Sa mple 14 Elem ent number 4 5 20 28 36 48 63 75 85 175 202 205 239 249 333 346 381 382 394 404 408 428 468 471 478

Re spons e value 7 8 11 12 13 13 14 15 15 18 19 19 20 20 22 22 24 24 24 24 24 25 28 28 29 19.12 6.29

Sa mple 15 Random number 5 34 40 70 77 90 108 112 139 156 246 249 288 327 337 376 387 408 41 2 426 438 444 450 463 494

Re spons e value 8 12 13 15 15 15 16 16 17 18 20 20 21 22 22 23 24 24 25 25 26 26 26 27 31 20. 28 5.60

Sa mple 16 Elem ent number 17 52 128 150 152 182 236 249 257 259 270 291 295 318 331 347 370 399 403 408 409 41 8 41 9 481 484

Re spons e value 11 14 17 17 17 18 20 20 20 20 20 21 21 22 22 23 23 24 24 24 25 25 25 29 29 21. 24 4.20
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Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2. 55

Figure 2.5a. EQUIPRO BABLE SELECTING: Diagram matic Illustr ation 1 of 3

Selecting from a ‘Normally’ Distr ibute d Re spondent Popul ation

Re spondent popula t ion attributes:

−N = 500

Y
−− = 20

S− = 5.0 45

Sa mple att rib u t es:

(n = 25 in each case)

y−1 = 20.92; s1 = 4.68

y−2 = 20.44; s2 = 5.25

y−3 = 20.72; s3 = 4.7 8

y−4 = 21.08; s4 = 5.64

y−5 = 18.80; s5 = 4.66

y−6 = 21.44; s6 = 3.83

y−7 = 19.44; s7 = 4.60

y−8 = 20.76; s8 = 4.82

y−9 = 20.60; s9 = 4.1 3

y−10 = 19.96; s10 = 5.79

y−11 = 19. 28; s11 = 4.91

y−12 = 20.12; s12 = 5.34

y−13 = 20. 32; s13 = 5.35

y−14 = 19.12; s14 = 6.29

y−15 = 20. 28; s15 = 5.60

y−16 = 21. 24; s16 = 4.20

y−− = 20. 28; sy− = 0.7 85

1 2

4

6

10

15

23

34

49

68

92
121

154

191

230

270

309

346

379
408

432

451

466

477

485

490

494

496

498

499 500

. . . .
. .

.
.

.
.

.

.
.

.
. . .

.
.

.

.

.
.

.
.

. .
. . . .

Y−
5 10 15 20 25 30 35

Y−
5 10 15 20 25 30 35

Y−
5 10 15 20 25 30 35

NO TE: The equ iprobable numbers and the cor responding respons e variat e value s fo r the 25 ele ments in each sample are tab-
ulat e d on the facing pag e 2. 54.
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Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2. 56

EQUIPRO BABLE SELECTING from a ‘Unifo rmly’ Distr ibute d Re spondent Popul ation

16 Samples of Size 25

Av . S. d.

Sa mple 1 Elem ent number 13 65 73 99 104 152 168 197 231 232 247 250 314 318 347 358 359 365 369 377 404 452 464 470 487

Re spons e value 8 11 11 12 13 15 16 17 19 19 20 20 23 23 25 25 25 26 26 26 28 30 31 31 32 21. 28 7.01

Sa mple 2 Elem ent number 23 24 44 57 64 88 103 129 165 176 291 315 320 328 335 348 369 373 385 440 448 454 460 462 474

Re spons e value 9 9 10 10 11 12 13 14 16 16 22 23 23 24 24 25 26 26 27 29 30 30 30 31 31 20.84 7.93

Sa mple 3 Elem ent number 28 54 68 118 131 137 147 178 223 238 239 249 252 284 303 305 339 350 374 389 403 438 477 486 492

Re spons e value 9 10 11 13 14 14 15 16 19 19 19 20 20 22 23 23 24 25 26 27 28 29 31 32 32 20.84 6.93

Sa mple 4 Elem ent number 2 27 61 76 105 137 211 213 243 268 272 281 310 315 343 357 363 401 406 429 454 459 473 482 491

Re spons e value 8 9 11 11 13 14 18 18 20 21 21 22 23 23 25 25 26 28 28 29 30 30 31 32 32 21.92 7.52

Sa mple 5 Elem ent number 7 15 28 44 48 98 163 175 176 205 213 222 225 230 236 261 272 275 286 288 289 405 443 446 454

Re spons e value 8 8 9 9 10 12 16 16 16 18 18 19 19 19 19 21 21 21 22 22 22 28 30 30 30 18. 52 6.7 0

Sa mple 6 Elem ent number 61 92 119 127 194 214 226 227 264 283 299 306 315 318 323 353 355 365 378 382 386 425 426 484 486

Re spons e value 11 12 13 14 17 18 19 19 21 22 22 23 23 23 24 25 25 26 26 27 27 29 29 32 32 22. 36 5.87

Sa mple 7 Elem ent number 14 15 41 48 58 77 174 183 194 212 248 261 274 278 300 304 314 327 333 355 359 383 409 444 446

Re spons e value 8 8 10 10 10 11 16 17 17 18 20 21 21 21 22 23 23 24 24 25 25 27 28 30 30 19. 56 6.84

Sa mple 8 Elem ent number 28 45 61 69 72 82 172 202 209 211 250 255 282 307 342 380 386 398 423 424 428 439 463 467 472

Re spons e value 9 10 11 11 11 12 16 18 18 18 20 20 22 23 25 26 27 27 29 29 29 29 31 31 31 21. 32 7.56

Sa mple 9 Elem ent number 14 26 130 154 172 176 196 223 250 266 269 280 287 300 303 324 337 347 351 352 371 376 422 473 480

Re spons e value 8 9 14 15 16 16 17 19 20 21 21 21 22 22 23 24 24 25 25 25 26 26 29 31 31 21. 20 5.97

Sa mple 10 Elem ent number 9 15 21 66 76 107 127 128 150 155 192 199 236 253 261 271 391 394 397 425 442 462 463 471 493

Re spons e value 8 8 9 11 11 13 14 14 15 15 17 17 19 20 21 21 27 27 27 29 30 31 31 31 32 19.92 8.1 6

Sa mple 11 Elem ent number 25 38 42 44 55 62 63 125 167 175 178 182 208 215 251 275 289 315 359 367 392 411 434 470 485

Re spons e value 10 9  10 10 10 11 11 14 16 16 16 17 18 18 20 21 22 23 25 26 27 28 29 31 32 18.76 7.36

Sa mple 12 Elem ent number 8 32 43 67 111 138 141 161 173 186 200 247 265 269 276 31 6 334 363 369 378 416 421 460 468 497

Re spons e value 8 9 10 11 13 14 15 16 16 17 17 20 21 21 21 23 24 26 26 26 28 29 30 31 32 20.16 7.22

Sa mple 13 Elem ent number 3 52 57 88 101 150 154 189 203 204 214 226 246 248 254 267 325 365 405 435 444 451 469 483 489

Re spons e value 8 10 10 12 13 15 15 17 18 18 18 19 20 20 20 21 24 26 28 29 30 30 31 32 32 20.64 7.43

Sa mple 14 Elem ent number 4 5 20 28 36 48 63 75 85 175 202 205 239 249 333 346 381 382 394 404 408 428 468 471 478

Re spons e value 8 8 8 9  9 10 11 11 12 16 18 18 19 20 24 25 27 27 27 28 28 29 31 31 31 19.40 8.60

Sa mple 15 Elem emt number 5 34 40 70 77 90 108 112 139 156 246 249 288 327 337 376 387 408 41 2 426 438 444 450 463 494

Re spons e value 8 9 9 11 11 12 13 13 14 15 20 20 22 24 24 26 27 28 28 29 29 30 30 31 32 20.60 8.26

Sa mple 16 Elem ent number 17 52 128 150 152 182 236 249 257 259 270 291 295 318 331 347 370 399 403 408 409 41 8 41 9 481 484

Re spons e value 8 10 14 15 15 17 19 20 20 20 21 22 22 23 24 25 26 27 28 28 28 28 28 32 32 22.08 6.40
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Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2. 57

Figure 2.5b. EQUIPRO BABLE SELECTING: Diagram matic Illustr ation 2 of 3

Selecting from a ‘Unifo rmly’ Distr ibute d Re spondent Popul ation

Re spondent popula t ion attributes:

−N = 500

Y
−− = 20

S− = 7.218

Sa mple att rib u t es:

(n = 25 in each case)

y−1 = 21. 28; s1 = 7.01

y−2 = 20.84; s2 = 7.93

y−3 = 20.84; s3 = 6.93

y−4 = 21.92; s4 = 7.52

y−5 = 18. 52; s5 = 6.7 0

y−6 = 22. 36; s6 = 5.87

y−7 = 19. 56; s7 = 6.84

y−8 = 21. 32; s8 = 7.56

y−9 = 21. 20; s9 = 5.97

y−10 = 19.92; s10 = 8.1 6

y−11 = 18.76; s11 = 7.36

y−12 = 20.16; s12 = 7.22

y−13 = 20.64; s13 = 7.43

y−14 = 19.40; s14 = 8.60

y−15 = 20.60; s15 = 8.26

y−16 = 22.08; s16 = 6.40

y−− = 20. 59; sy− = 1.1 37
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NO TE: The equ iprobable numbers and the cor responding respons e variat e value s fo r the 25 ele ments in each sample are tab-
ulat e d on the facing pag e 2. 56.
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Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2. 58

EQUIPRO BABLE SELECTING from an ‘E xpone ntially’ Distr ibute d Re spondent Popul ation

16 Samples of Size 25

Av . S. d.

Sa mple 1 Elem ent number 13 65 73 99 104 152 168 197 231 232 247 250 314 318 347 358 359 365 369 377 404 452 464 470 487

Re spons e value 1 1 1 2  2 3 4 4 6  6 6 6 9 9 11 12 12 12 13 13 16 22 24 26 32 10.08 8.48

Sa mple 2 Elem ent number 23 24 44 57 64 88 103 129 165 176 291 315 320 328 335 348 369 373 385 440 448 454 460 462 474

Re spons e value 0 0 0 1  1 1 2 2 3  4 8 9 10 10 10 11 13 13 14 20 21 22 23 24 27 9.96 8.7 0

Sa mple 3 Elem ent number 28 54 68 118 131 137 147 178 223 238 239 249 252 284 303 305 339 350 374 389 403 438 477 486 492

Re spons e value 0 1 1 2  3 3 3 4 5  6 6 6 6 8 9  9 11 11 13 14 15 19 28 31 34 9.92 9.30

Sa mple 4 Elem ent number 2 27 61 76 105 137 211 213 243 268 272 281 310 315 343 357 363 401 406 429 454 459 473 482 491

Re spons e value 0 0 1 1  2 3 5 5 6  7 7 8 9 9 11 12 12 15 16 18 22 23 27 30 34 11. 32 9.65

Sa mple 5 Elem ent number 7 15 28 44 48 98 163 175 176 205 213 222 225 230 236 261 272 275 286 288 289 405 443 446 454

Re spons e value 0 0 0 0  0 2 3 4 4  5 5 5 5 6 6  7 7 7 8 8 8 16 20 21 22 6.7 6 6.44

Sa mple 6 Elem ent number 61 92 119 127 194 214 226 227 264 283 299 306 315 318 323 353 355 365 378 382 386 425 426 484 486

Re spons e value 1 2 2 2  4 5 5 6 7  8 9 9 9 9 10 12 12 12 13 14 14 18 18 30 31 10.48 7.66

Sa mple 7 Elem emt number 14 15 41 48 58 77 174 183 194 212 248 261 274 278 300 304 314 327 333 355 359 383 409 444 446

Re spons e value 0 0 0 0  1 1 4 4 4  5 6 7 7 8 9  9 9 10 10 12 12 14 16 20 21 7.56 6.01

Sa mple 8 Elem ent number 28 45 61 69 72 82 172 202 209 211 250 255 282 307 342 380 386 398 423 424 428 439 463 467 472

Re spons e value 0 0 1 1  1 1 4 5 5  5 6 7 8 9 11 13 14 15 18 18 18 20 24 25 26 10. 20 8.38

Sa mple 9 Elem ent number 14 26 130 154 172 176 196 223 250 266 269 280 287 300 303 324 337 347 351 352 371 376 422 473 480

Re spons e value 0 0 2 3  4 4 4 5 6  7 7 8 8 9 9  10 11 11 11 11 13 13 17 27 29 9.1 6 7.05

Sa mple 10 Elem ent number 9 15 21 66 76 107 127 128 150 155 192 199 236 253 261 271 391 394 397 425 442 462 463 471 493

Re spons e value 0 0 0 1  1 2 2 2 3  3 4 5 6 7 7  7 14 15 15 18 20 24 24 26 35 9.64 9.91

Sa mple 11 Elem ent number 25 38 42 44 55 62 63 125 167 175 178 182 208 215 251 275 289 315 359 367 392 411 434 470 485

Re spons e value 0 0 0 0  1 1 1 2 4  4 4 4 5 5 6  7 8 9 12 12 14 16 19 26 31 7.64 8.24

Sa mple 12 Elem ent number 8 32 43 67 111 138 141 161 173 186 200 247 265 269 276 31 6 334 363 369 378 416 421 460 468 497

Re spons e value 0 0 0 1  2 3 3 3 4  4 5 6 7 7 7  9 10 12 13 13 17 17 23 25 38 9.1 6 9.16

Sa mple 13 Elem ent number 3 52 57 88 101 150 154 189 203 204 214 226 246 248 254 267 325 365 405 435 444 451 469 483 489

Re spons e value 0 1 1 1  2 3 3 4 5  5 5 5 6 6 7  7 10 12 16 19 20 22 26 30 33 9.96 9.66

Sa mple 14 Elem ent number 4 5 20 28 36 48 63 75 85 175 202 205 239 249 333 346 381 382 394 404 408 428 468 471 478

Re spons e value 0 0 0 0  0 0 1 1 1  4 5 5 6 6 10 11 14 14 15 16 16 18 25 26 28 8.88 8.96

Sa mple 15 Elem ent number 5 34 40 70 77 90 108 112 139 156 246 249 288 327 337 376 387 408 41 2 426 438 444 450 463 494

Re spons e value 0 0 0 1  1 1 2 2 3  3 6 6 8 10 11 13 14 16 16 18 19 20 21 24 35 10.00 9.33

Sa mple 16 Elem ent number 17 52 128 150 152 182 236 249 257 259 270 291 295 318 331 347 370 399 403 408 409 41 8 41 9 481 484

Re spons e value 0 1 2 3  3 4 6 6 7  7 7 8 8 9 10 11 13 15 15 16 16 17 17 29 30 10.40 7.73
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Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2. 59

Figure 2.5c. EQUIPRO BABLE SELECTING: Diagram matic Illustr ation 3 of 3

Selecting from an ‘E xpone ntially’ Distr ibute d Re spondent Popul ation

Re spondent popula t ion attributes:

−N = 500

Y
−− = 9

S− = 8.629

Sa mple att rib u t es:

(n = 25 in each case)

y−1 = 10.08; s1 = 8.48

y−2 = 9.96; s2 = 8.7 0

y−3 = 9.92; s3 = 9.30

y−4 = 11. 32; s4 = 9.65

y−5 = 6.7 6; s5 = 6.44

y−6 = 10.48; s6 = 7.66

y−7 = 7.56; s7 = 6.01

y−8 = 10. 20; s8 = 8.38

y−9 = 9.1 6; s9 = 7.05

y−10 = 9.64; s10 = 9.91

y−11 = 7.64; s11 = 8.24

y−12 = 9.1 6; s12 = 9.1 6

y−13 = 9.96; s13 = 9.66

y−14 = 8.88; s14 = 8.96

y−15 = 10.00; s15 = 9.33

y−16 = 10.40; s16 = 7.73

y−− = 9.44; sy− =1.213
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NO TE: The equ iprobable numbers and the cor responding respons e variat e value s fo r the 25 ele ments in each sample are tab-
ulat e d on the facing pag e 2. 58.

1995 -04 -20

(cont inued overleaf )



Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2.60

Figure 2.5d. EQUIPRO BABLE SELECTING: Diagram matic Illustr ations

Prac tising Wor king wit h the Ide as

The fol low ing questio ns refer to Fig ure s 2. 5a, 2. 5b and 2.5c and the matt e rs they illust r ate.
. The set of all pos sib le samples that can be selected from a popula t ion of size −N =10 are illust r ated on the fol low ing pag es

2.61 and 2.62 and they are dis cus s ed in more det ail in Fig ure 5.8 of the STAT 231 Cou rse Mat e ria ls.

Fo r each shape of dis tributio n of the respondent popula t ion respons e variat e, the sample ave r age s vary.

• What are the re aso ns fo r this variation?

−− Are the rea son s the sa m e in the three cases? Exp lain brief ly.

• What is the ‘cent re’ or ‘av erage’ for this variation? How is it the sa m e and how is it di ffere nt in the three cases?

• What facto r(s) det e rmine the mag n itude of the variation?

−− How does this mag n itude differ among the three shapes of dis tributio n?

• Why is it legit imate in the three cases to model the sample ave r age as a ra n dom variable?

−− What is the so urce of the ‘random n es s’?

−− What facto r(s) det e rmine whether the sample ave r age obtaine d in an actual survey can pro perly be model led as a ran-
dom variable?

What advant age(s) arise if a sample sur vey ave r age ca n properly be model led in this way?

1

Fo r each dist rib u tio n of the respondent popula t ion respons e variat e, the sample standard dev iation s vary.

• What are the re aso ns fo r this variation?

−− Are the rea son s the sa m e in the three cases? Exp lain brief ly.

• What facto r(s) det e rmine the mag n itude of this variation?

−− How does this mag n itude differ among the three shapes of dis tributio n?

• Why is it legit imate in the three cases to model the sample standard dev iation as a ra n dom variable?

−− What is the so urce of the ‘random n es s’?

−− What facto r(s) det e rmine whether the sample standard dev iation obtaine d in an actual survey can pro perly be model led
as a random variable?

What advant age(s) arise if a sample sur vey standard dev iation ca n properly be model led in this way?

2

Rank the three respondent popula t ion s in order of in cre asi ng variation of their respons e variat es.

• Explain in ter ms of the shapes of the dist rib u tio ns why they fall in the order you hav e give n.

• How does the sa m p le variation rela te to the popu lation variation?

• How does the variation of the sample average co mpare wit h, and rela te to, the popula t ion variation?

−− How does the variation of the sample aver age co mpare wit h, and rela te to, the sa m p le variation?

Explain this beh aviour of sample ave r age s.

++ Discus s br iefly why this beh aviour of sample ave r age s is of practical impor tanc e.

3

Fo r the symboli c st atement giv en at the rig ht:

• ex pla in its meaning in words; sep arate cle arly the different components of the meaning ;

• in d i c ate briefly how the three Diagr am mati c Illu s tration s il lust r ate each component of the meaning.

Y
−∼.. N[Y−−, S− 1

n − 1
−N

];
√

4

Calcula te the ave r age s− and the standard dev iation (ss) of the 16 sample standard dev iation s give n in each Diagr am mati c Il-
lu s tration; tab ula te you r re sul ts in a way that displays them effective ly.

• How clo se is each value of s− to the cor responding value of S−? Compare the three cases.

• Which shows gre ater variation: y− or s? Compare the three cases.

−− Inst ea d of comparing directly the sta n dar d devi ations of y− and s, calcula te their co effi-
ci ent of var iation (in %) as defi ned at the rig ht; i.e., calcula te CVy− and CVs in the three
ca s es and tab ula te the six value s in an effective way.

Discus s br ief ly the rela t ive variation of y− and s on this basi s .
++ Which comparison – of standard dev iation s or coefficie n t s of variation – is more meaning ful? Exp lain brief ly.

CV = st.dev.
average ×100

5

Each respondent popula t ion respons e ha s att rib u t es of shape, lo cation and variation.

• Ar range the three att rib u t es in order of in cre asi ng diffic ulty of estim ating from sa m p le data; whe re pos sib le, illust r ate
your answe r with value s of appropriat e nume rical sum marie s.

Addition a l qu estio ns 7  to 11 are giv en on pag e 2. 53.

6
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Figure 2.5e. EQUIPRO BABLE SELECTING: Histo grams of Sample Ave rage s

Thes e ten his t ogr ams show the dist rib u tio n of the aver ages of all pos sib le
samples of a giv en size that can be selected withou t replacement from a popu -
la t ion of −N =10 un its, whose respons e variat e value s are Y− =1, 2, .....,10.
[A his t ogr am of thes e ten popula t ion resp onses woul d be like that giv en at the
right for the ave r age s of the ten pos sib le samples of size 1.]

The decre asi ng ve rti c a l axis scale unit dow n the pag e re duces the vis u al imp act of inc rea s-
ing his t ogr am heig ht; bar freq uen cies are giv en by the numbers at the tops of the bars.

Abov e each his t ogr am , except the one at the bottom rig ht of the pag e:

• the upper bol d ar row ( ) indicates the value of the popu lation av erage Y
−− = 5.5;

• the lowe r ar row ( ) indicates the aver age of the set of sa m p le av erage s (y−−= 5.5);

• the upper bar ( ) crossing the lowe r ar row has a lengt h equal to the value of the
sta n dar d devi ation of the set of sample ave r age s;

• the lowe r su ch bar shows the ra nge of the set of sample ave r age s.
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Figure 2.5f. SELECTING: Histo grams of Sample Standard Dev iat ions

Thes e nine his t ogr ams show the dist rib u tio n of the sta n dar d devi ations of all
possib le samples of a giv en size that can be selected withou t replacement from a
popula t ion of −N =10 un its, whose respons e variat e value s are Y− =1, 2, .....,10.
[A his t ogr am of thes e ten popula t ion resp onses woul d be like that giv en at the top
right of the facing pag e fo r the ave r age s of the ten pos sib le samples of size 1.]

The decre asi ng ve rti c a l axis scale unit dow n the pag e re duces the vis u al imp act of inc rea sing
his t ogr am heig ht; bar freq uen cies are giv en by the numbers at the tops of the bars.

Abov e each his t ogr am , except the one at the bottom rig ht of the pag e:

• the upper bol d ar row ( ) indicates the value of the popu lation st andard dev iation S−= 3.027 650;

• the lowe r ar row ( ) indicates the aver age (s−) of the set of sa m p le st andard dev iation s;

• the upper bar ( ) crossing the lowe r ar row has a lengt h equal to the value of the sta n-
dard devia tion of the set of sample standard dev iation s;

• the lowe r su ch bar shows the ra nge of the set of sample standard dev iation s.
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Samp le size 2: 45 samples
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Samp le size 3: 120 samples
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Samp le size 4: 210 samples
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Samp le size 5: 252 samples
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Samp le size 6: 210 samples
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Samp le size 7: 120 samples
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Samp le size 8: 45 samples
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Samp le size 9: 10 samples
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Samp le size 10: 1 sample
4

3

2

1

0

P
r
o
p
o
r
t
i
o
n

p
e
r

u
n
i
t

0 1 2 3 4 5 6 7

1

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

200 4-04-20


