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1. (20%) The owners of the Happy Mall wished to study customer shopping habits. From earlier studies, the owners
were under the impression that a typical shopper spends 0.75 hour at all the mall, with a standard deviation off
0.10 hour. Recently the mall owners added some specially restaurants designed to keep shoppers in the mall
longer. The consulting firm, Brunner and Swanson Marketing Enterprises, was hired to evaluate the effects o
the restaurants. A sample of 45 shoppers by Brunner and Swanson revealed that the mean time spent in the mall
had increased to 0.80 hour. Suppose the mean shopping time actually increased from 0.75 hour to 0.79 hours.
What is the probability of making a Type 1I error?

2. (30%) The following output was obtained fromi"a multiple*regression analysis.

Analysis of Variance .
Source | Disul SS
Regression 1 f 4 * = 100
'Residual Eror ‘ § 20 4 >
Total I Y/ 1 Lo
Predictor . Eoefﬁcient ISE Coefficient
Constant _ BN \Y 150
o [a0hN] i
x2 | | B00L . 020
xs | \020 20,05,
P 1,00
xs | 3.00] 4,00
(1) (15%) Conduct a global test of hypothesis to determine whether any of the regression coefficients are
significant. State null and alternate hypotheses. Identify the test statistic, and formulate a decision rule. Use
the 0.05 significance level.
(2) (15%) Test the regression coefficients individually. Would you consider omitting any variable(s)? If so,
which one(s)? Use the 0.05 significance level.

3. (20%) Shank’s Inc., a nationwide advertising firm, wants to know whether the size of an advertisement and the
color of the advertisement make a difference in the response of magazine readers. A random sample of readers
is shown ads of four different colors and three different sizes. Each reader is asked to give the particular
combination of size and color a rating between 1 and 10. Assume that the ratings follow the normal distribution.
The rating for each combination is shown in the following table (for example, the rating for small red ad is 2).
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SizeofAd  Red  Blue  Orange  Green
Small 2 3 3 8
Medium 3 5 6 7
Large 6 7 8 8
Is there a difference in the effectiveness of an advertisement by color and by size? Use the 0.05 level of
significance.

4. (15%) The production manager of MPS Audio Systems Inc. is concerned about the idle time of workers. In
particular, he would like to know.if'there is a difference in the idle minutes for workers on the day shift and the
evening shift. The information below is the number of idle minutes yesterday for the five day-shift workers
and the six evening-shift workers. Use the 0:05 significance level.

DayShifi | Evening Shift-,

92 96

103 114

116 80

81 82

.y 88
! 0]

g

. (15%) An investigation of the effectiveness of an antibacterial soap in-reducing operating room contamination

resulted in the accompanying table. The new soap was tested it a sample of eight operating rooms in the greater

Seattle area during the last year. The following table reports the contamination levels before and after the use of
the soap for each operating room.

] Operating Room
A B C D | E F G H
Before | 66 | 65 | 9.0 | 103 l 112 | 81 | 63 | 116
Afir | 68 | 24 | 74 | 85| 81| 61 | 34 | 20

At the 0.05 significance level, can we conclude the contamination measurements are lower after use of the new

soap?




Bygs X2 109 255 B4

Bt Ey 24 2R
%2 B % §E

A R # 8 Gt &

NER
RO

@
Seh

M2

# X B R

2 A7 B(ZR) B W &

B.3 Areas under the Normal Curve

Example:
f 2= 1.96, then
P(0 to 2) = 0.47504

z2— [v] 1.96

z 0.00 0.01 0.02 003 0.04 0.05 0.06 0.07 0.08 Y
0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0:0279 0.0319 00358
0.1 0.0388 0.0438 0.0478 0.0517 0.0557 0:0596 0.0636 0 0675 0.0714 - 0.0753"
02 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1747 -
0.3 0.1179 0.1217 0.1255 0.1293 0.132% 0.1388 0.1406 0.1443 0.1480 [0:13817
0.4 0.1554 0.1597 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 01878
05 01915 0.1850 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2228
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517.. 0.2543
0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 0.31886 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389
1.0 0.3413 0.3438 0.3461 0.3485 0.3508 9.3531 0.3554 0.3577 0.3589 ¥ Das' 21-')
13 0.3843 0.3685 0.3686 0.3708 0.3728 0.3749 0,3770 0.3790 0.3810 0.3830
1.2 D.3849 0.3869 0.3R88 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4018
1.3 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 Qa1 0.4147 0.4162

1.4 0.4192 0.4207 0.4222 0.4236 0.4251 0.426% 04279 0.4292 0.4306

1.5 0.4332 0.4345 0.4357 0.4370 D.4382 0.4394 0.4406 04418 0.4429

1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0/4515 0.4525 0.4535

1.7 0.4554 0.4564 0.4573 0,4582 0.4591 04599 0.4608 0.4616 0,4625

1.8 0.4641 0.4848 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699

1.9 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 04756 0.4781

2.0 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812

2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854

2.2 0.4861 0.4864 0.4868 0.4871 0:4875 0.4878 0.4881 0.4884 0.4887

23 0.4893 0.4896 0.4898 0.4901 0.4904 0.4908 0.4909 0.4911 04913 - 16
2.4 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 . 4036
2.5 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4981 .495
26 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 0.4965 0.4966 0.4967, 0.4868 0.4969 0 4970 0.4871 0.4972 0.4973 0:4974
2.8 0.4974 0.4875 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4881,
29 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.49885 0.4985 0.49886 0.4956.‘.
3.0 | o0.a987 04087 04987 04988  0.4988 '0.4988 04988 04989 04990
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B.5 Student’st Distribution

-
DwE~ND AN =

-
-

P i
<3 m'ﬁma,”:.’ Som~Nd hEWN

28

29

30

31 J v

32 1.308 1.684 2.037 2.448 2.738 3.622
a3 1.308 1.682 2.035 2.445 2.733 3611
34 1.307 1.691 2.032 2.441 2.728 3.601
35 1.306 1.690 2.030 2.438 2.724 3.591

0.01
2719
2715
2772
2,708
2.704

2.701
2,698
2.695
2892
2,630

2.687
2,685
2682
2680
2.678

2676

67 | 1.294 1.668 1.986 2.383 2.651 s
68 | 1294 | 1668 1.995 2.382 2,650 g
69 1.294 1667 1.885 2382 2648 3-435
70 1.294 1.667 1.994 2.381 2.648 3.
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B.5 Student’s t Distribution (concluded)

conﬁ_ﬂe_qce intervals, ¢ = Cohfldence_ Intervals, ¢
7 80% | 90% | 9% | 88% J|oee% | 099% 80% | ®0%. | 95% | 8% | ®9% | 90.8%
z Leve! of Siuniﬂciqce for One-Tailed Test, o Level of Significance lur_ One-Tailed Test, o
ot 010 | 065 | 0025 | oot | 0005 | 00005 ar | 1o | 005 | 0025 | o001 | ooos | 00005
; Level of Siunl[lcance for Two-Tailed Test, « Level of Significance for Two-Talled Test, o
i 0.20 0.10 0.05 0.02 0.01 0.001 0.20 0.10 0.05 0.02 0.01 0.001
i 7| 1294 | 1667 1.994 2.380 2.647 3433 89 | 1.291| 1.862 1.987 2.369 2.632 3.403
72 | 1293 | 1.686 1.993 2.379 2,646 3.431 90 | 1.201 [\ 1662 1.987 2.368 2.632 3.402
73 | 1203 | 1.666 1.993 2.379 2.645 3.429
f7a | 1.293 | 1.666 1.993 2.378 2684 | 3427 91 | 1291 '1.662 | 1.986 | 2388 | 2631 3.401
i'75 | 1203 | 1.665 1.962 2.377 2643 | 3425 92 | 1201 | 1.862 1.886 2.368 2630 3.399
H 93 | 1201 | 1661 1.986 2.367 2.630 3.398
76 | 1.293 | 1.665 1.092 2.376 2642 3,423 04 | 1201 | 1.661 1.986 2.367 2.629 3.397
7r | 1203 | v.665 1.991 2.376 2641 3,421 g5 | 1291 | 1.661 1.985 2.366 2.629 3.396
F:_n | 1202 1.665 1.991 2.375 2.640 3.420
79 | 1292 | 1.664 1.990 2,374 26840 | 3.418 96 | 1290 | 1.66 1:985 2.366 | 2.628 3.395
# 80 |’ 1.202 1.664 1.980 2.374 2 639 3.416 a7 1.280 1.661 1.985 2.365 2.827 3.394
15 98 | 1.200 | J1.661 1.984 2.365 2.627 3393
Ca | 1202 | 1.664 1.990 2.373 2.838 3.415 99 | 1.290 |/ 1.660 1.884 2.365 2,626 3.392
g2 | 1292 | 1664 1.989 2.373 2.637 3.413 100 | t.290f 1.660 1.984 2.364 2626 3.390
83 |.1292 | 1663 1.989 2.372 2.636 342
“4.292 1.863 1.989 2372 2.636 2.410 120 1.289 1.658 1.980 2.358 2617 3.373
“1:1.292 1.663 1.988 2371 2.635 3.408 140 1.288 1.656 1.977 2.353 2611 3.361
160 | 1.287 | 1.654 1975 2.350 2.607 3.352
‘86 | 1.29 1.663 1.988 2.370 2.634 3.407 180 1286 | 1.853 1,973 2.347 2.603 3.345
[4. 87 | 1.291 1,663 1.988 2.370 2.634 3.406 200 | 1.286 | 1.653 1.972 2.345 2.601 3.340
a8 |1.201 1.662 1.987 2.369 2.633 3.405 = | 1282 | 1645 1.960 2.326 2.576 3.291
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.6B Critical Values of the F Distribution (« = .01)

&

/“" 01
0 [
" ‘__‘ Degress of Freedam for thq I*!_umerator _-_ -

1 2 _g_T 4 5 GESF Zo 8 | T WS 15 20, | 24 30 40
1 4052 | 5000 | 5403 |/'5625 | 5764 | 5859 | 5s28 | 5981 | 6022 | 60856 | B106 | 6157 | 6209 | 6235 | 6261 | 6287
2 98.5 99.0 89.2 | 99.2 | 893 99.3 Y 99.4 894 | 994 | 89.4 1 09.4 89.4 | 99.4 | 895 | 995 99.5
3 34.1 30.8 295 | 287 | 282 279 | 27.7 27.5 27.3 l 27.2 271 26.9 | 26.7 266 | 265 264
4 21.2 i8.0 16.7, 16.0 15.5 #®2 | 150 14.8 14.7 145 | 4.4 14.2 140 | 1139 13.8 137
5 16.3 13.3 12.1 11.4 11.0 | 107 | 105 10:3 102 I 10.1 083 | 9,72 | 9.55 ‘ 9.47 | 9.38 9.29
6 13.7 10.9 978 | 915 | 875 | 8.47 B.28 810 (“7oe8'| 7.87 | 772 |l 7.56 | 7.40 7.31 7.23 7.14
7 122 9.55 B.as | 7.85 7.46 7.19 6.99 | 6.84 6.72 | 662 | 6.47 || 631 616 | 6.07 | 599 581
8 11.3 B.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.867 5.52 5.36 5.28 5.20 5.12
9 10.6 802 699 | 6.42 6.06 | s.80 I 5861 547 535 | 526 | 5.1% 496 | 4.81 473 | 4.65 4.57
= 10 10.0 7.56 6.55 5.99 5.64 5.39 |.5:20 5.06 494 | 4.85 4.71 4.56 441 4.33 4.25 417
% 11 9.65 7.21 §.22 5.67 5.32 5.07 4.89 474 [ 463 | 4.54 4.40 4.25 4.10 4.02 3.94 3.86
2 12 933 6.83 5.95 541 5.06 4.82 4.64 4.50 439 4.30 4.16 401 | 386 | 3.78 3.70 3.82
é 13 907 6.70 5.74 521 486 | 4.62 4.44 | 430 | 439 | 410 | 306/ 382 | 366 3.59 | 3.51 3.43
g 14 8.86 6.51 5.56 5.04 4.69 445 428 |14314 | 403 | 384 3.80 3.66 3.51 3.43 3.35 3.27
= 15 8.68 6.36 5.42 4.89 4.56 4.32 4.14 400 | 389 3.80 3.87 352 | 13.37 3.29 321 313
Bl | 853 | 623 | 529 | 477 | 444 | 420 %403 | 389 | 378 | 360 | /385 | 341 | 326 | 318 | 340 | 302
E 17 8.40 6.11 5.18 4,67 4.34 410 | 393 3.79 | 3.88 3.59 3.46 3.31 | 3.16 3.08 3.00 2.92
= 18 8.29 6.01 509 | 4.58 4.25 4.01 3.84 an 360 3.51 AN 3.23 | 3.08 3.00 2.92 2.84
2| 19 8.18 5.93 501 | 450 417 | 3.94 3T 3.63 [ 3.520] 343 | 330 | 315 | 300 | 292 | 2.84 2.76
g 20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 323 3.09 ‘ 2.94 2.86 2.78 2.69

= ]
& 21 8.02 5.78 4.87 4370 4.04 3.81 3.64 3.51 340 3.31 317 3.03 | 288 2.80 272 2.64
22 7.95 572 4.82 | 4.31 | _3.99 3.76 3.59 345 3.35 3.26 312 288 | 2863 2.75 2.67 2.58
23 7.88 5.66 476 { 4.26 394 an 3.54 3.41 3.30 3.21 3.07 293 278 | 270 2.62 2.54
24 7.82 5.61 4.72 | 4.22 3.90 3.67 3.50 3386 3.26 3.17 3.03 289 | 274 | 266 2.58 2.49
25 7.77 5.57 468 | 418 | 3.85 31.63 86 | 3.32 3.22m33m|" 299 | 2.85 | 270 | 262 | 2.54 2.45
30 7.56 5.39 4.51 4.02 | 3.70 | 3.47 3.30 | 317 3.07 | 298 | 284 | 270 | 255 247 | 239 2.30
40 7.3 5.18 4.31 3.83 3.51 3.29 3.12 299 2.89 2.80 2,66 2.52 2.37 2.29 2.20 2.1
60 7.08 498 4.13 3.65 3.34 3.12 2.95 2.82 272 2.63 2.50 2.35 2.20 .12 2.03 1.94
120 6.85 | 4.79 395 | 348 | 3.17 2.96 278 | 266 | 256 | 247 | 234 219 | 2.03 195 | 1.86 1.76
— > 6.63 4.61 3.78 3.32 3.02 2.80 2A§i__ 251 241 2.32 2.18 2.04 1.88 1.79 1.70 1.59
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Degrees of Freedom for the Numeraio/ BT :ﬁh—
1 2 3 | 4 5 € 7 8 9 10 12 15 20 24 30 40
1 161 200 218 225 230 234 237 239 241 242 244 245 248 249 250 | Zsy -
2| 185 | 100 |f192 | 182 | 183 @193 | 194 | 19.4 | 10M |THEA | 184 | 184 Y 19.4 195 | 195 | 195"
3 10.1 955 | 828 | 912 | 801 | 894 | BBS | B.85 | BBI aya | 874 | B70 | 8656 | BB4 | BE2 | BSH
4 7.7 6.84 653 | 639 6.26 616 6.09 6.04 6.00 [%5.96 | S.81 586 | 580 577 | 575 | .72
s | 661 | 570/ ] 541 | 518 [ 505 | a9s | 488 | 482 | 477 | 974|468 | 462 | [4.56 453 | 450 | 445,
6| see | 814 | 476 | 453 [faz0 | a2e jmaz1 [ 415 | 430 | 405 | 400 |NS841| 3687 [ 3.84 | 381 ar7
7| 5859 | 8za | 43s | 432 | 397 | as7 | 379 [“373 | aes | 364 | 457 | 351 | 3.44 | 341 338 | 334
8| s32 | 446 | @07 | 382 | 369 | 358 | 3s0 | 3.44 | 330 | 335 (1228 | 322 )| 815 | 3.12 3.08 | 304
0| s12 | 426 | 386 | 383 | 348 | =337 fudeo jpe237| a8 | 314 1307 | 301 | 2.84 290 | 285 | 283
10 | a9s | an0 ¥ azs | B4s || 333 | 322 | 3.4 | 307 | 302 | 298 |F281 | 285 (F2.77 | 274 | 2.70 |

1 484 | 308 4.5 | 3.36 3.20 308 | 3.01 2985 | 280 288 [D278 | 272 265 | 261 257 | 283"
12 | 475 | 389 328 | 328 | 311 3.00 | 291 285 | 280 | 275 | 269 | 262 | 2.54 | 251 | 247

13 | 467 | 381 3.41 S8 M303 [B292 [M283 | 277 | 2N 7 | 260 | 253 | 246 | 242 | 238
14 4.60 3.74 334 3.11 2.96 2.85 2.76 2.70 265 260 2.53 2.46 2.39 2.35 2. 2.27
15 | as54 | 368 | 3290 306 | Z2eo | 279 [ 27 264 | 280 |42s54 | 248 | 240 | 233 | 229 | 2256 | 220

s40 | 363 | 328 | 301 |oese] 274 | 286 | 250 | 2548 249 | 242 |8235 | 228 | 224 | 218} 215
17 | 445 | 350 | 320 | 286 | 281 w270 | 261 | 255 | 249 [#245 | 238 (1231 | 223 | 219 | 215 230
18| 421 | 355 | B8 | 293 | 277 Pee. | 258 | 251472454 241 | 234 | 227 | 219 | 215 | 2111} :206,
19! 438 | 352 | 813 | 280 | 278 |pzea {vosenpoies | 242 | 238 | 231 |(223 | 216 | 211 | 207 f 208
20 | 435 | 340 | 310 | 287 | 271 | 2805 251 | 24507230 | 235 | 228 | 220 | 212 | 206 | 204 ] 1.89

21 4.32 3.47 307 2.84 268 2.57 2.49 2.42 2.37 232 2.25 2.18 2.10 2.05 2.01 186
22 | 430 | 3.44 306 | 282 | 286 | 255 | 246 | 240 | 234 | 230 | 223 | 215 | 207 | 203 | 1098 1.84 -
23 4.28 3.42 3.03 2.80 2.64 2.53 243 2.37 2.32 2.27 220 213 2.05 2.0 196 | 191
24 4.26 3.40 3.01 278 2.62 2.5 2.42 2.36 230 2:25 2.18 21 2.03 1.88 1.84 | 188
25 | 424 | 339 | 290 | 236 | 2807 200 | 200N 2547 Na@eT 2248 216 | 209 X

Degrees of Freedom for the Denominator

2.01 | 196 | 182 | 187
20 | a17 | 332 | 202 | 269 | TEemeEE | 233 | 227 mwesy™| 216 | 200 | 201 | 183 | 189 [ 1.84 ] 179
20 | 408 | 323 | 284 | 261 | 245 | 234 | 225 | 218 | 212 | 208 [ 200 | 182 | 184 | 178 | 174} 168
6o | 400 | 318 | 276 | 253 | 237 | 225 | 217 | 210 | 204 | 189 | 192 | 184 | 175 | 170 | 165 | 158

120 | 3902 | 307 | 268 | 245 | 220 | 218 | 200 | 202 | 186 | 191 | 183 | 175 | 166 | 1.61 | 1.55 | 150

= | 384 | 300 | 280 | 237 | 221 | 210 | 201 | 194 | 188 | 183 | 175 | 167 | 157 | 152 | 1.46 | 1.39
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B.7 Critical Values of Chi-Square

This table contains the values of x

2 yhat gorrespond to a specific right-tail area and specific numbério
of freedom. S

Example: With 17
dfand a .02 area in

L3

\m‘j;_g—... the upper taii, x2 = 30.995
D B
Dogrees of E— — 1 BB
= iy L i __Elght all Area |
p 1 0.10 0.05 802 001
2.706 3.841 5412 6.635
4.605 5.991 7.824 0.210
6.251 7.815 9.837 11,345

7.779 9.488 11.668 13.277
9.236 11.070 13.388 15.086

10.645 12.592 16.033 16.812
12.017 14.067 16,622 18.475
13.362 15.507 18.168 20.080
14.684 16.9189 19.679 21.866
15.987 18.307 21.161 23.208

17.275 19.675 22.618 24.725
1B.549 21.026 24.054 26.217
19.812 22,362 25.472 22.688
21.064 23.685 26.873 29.141
22.307 24.996 28.259 30.578

23.542 26.296 29.633 32.000
24,769 27.567 30.995 33.409
25.988 26.869 32,346 34,805
27.204 30.144 33.687 36.191
28.412 31.410 35.020 37.566

29.615 32.671 36.343 38.932
30.813 33.924 37.659 40.288
32.007 35.172 38.968 41.638
33.196 36.415 40.270 42.980
34.382 37.652 41.566 44.314

- -l
e chun=s c@mENO meawn =S

35.563 38.885 42.856 45642
36.741 40.113 44,140 46.963
37.916 41.337 45.419 48.278
39.087 42.557 46.693 49.588
40.256 43.773 47.962 50.892
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