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1. Let X be a random variable with probability density

f(a) = e(l—2%), 0<z<1

0, otherwise
(a) What is the value of ¢? (5%)

(b) What is the cumulative distribution function of X7 (5%)

2. Let X" be uniform over (0,1). Find E[X|X < 1].(5%)

3. Suppose that the joint probability density of X and Y is
fxy (2y)=Ne™, O<z<y<oo
{a) Find the density of X.(5%)

(L) Find the density of ¥.(5%)

1. Suppose 38% of doctors think their patients receive unnecessary medical care and a sample of

300 doctors were taken.

(a) Show the sampling distribution of proportion of the doctors who think their patients receive

unnecessary medical care. (5%)

(b) What is the probability that the sample proportion will be within 4-0.03 of the population
proportion? (5%)

5. Given the following sampling data:

98 100 105 108 109 110 110 111 112 113
115 115 118 118 119 120 121 123 123 125
128 135 136 137 138 144 145 146 148 150

(a) Develop a 95% confidence interval estimate of the population mean. (10%)

{b) Av 95% confidence interval, how large a sample would provide a margin of error of 57 (6%)
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6. A teacher teaches statistics in two different classes using two different teaching methods. He is wondering if using

two different teaching methods affects students' final exam scores? In the following table, sample 1 shows the exam
scores from 8 students in the first class and sample 2 shows 10 students’ scores from the second class.

Sample 1 35 66 67 58 69 71 72 64
Sample 2 66 68 69 69 70 71 71 80 82 66

(10%) Formulate the hypotheses that can be used to determine if the sample data support the hypothesis that the
average final exam scores from students in these two classes are different? Use « = 0.05. Explicitly present

your null hypothesis, test procedure and conclusion.

7. An engineer is investigating the effect of three different ingredients (ingredient 1, 2, and 3) on the reaction time of a

chemical process. Three operators are chosen for this experiment. A randomized complete block design (RCBD) is
conducted and the result is given in the following table.

Operator (Block)
ingredient 1 2 3
1 10.5 11.2 10.8
2 12.1 14.8 12.2
3 13.6 13.8 13.9

(1) (5%) Explain why it is better to use a RCBD in this case?

(2) 10%) Complete a ANOVA table to test for differences between ingredients used. Use a = 0.05. Explicitly
present your null hypothesis and conclusions.

(3) (2%) What is the value of residual from the response with ingredient 1 and operator 2?

(4) 3%) In your analysis, what assumptions regarding the distribution of residuals need to be verified?
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8. In a chemical process, it is known that two important factors including temperature ( x,, °C) and using catalyst in the

process ornot (x, =0 ifno and x, =1if yes ) would influence if the yield of the process. If the yield of a process
can exceed the required standard, the engineer records the response variable ¥ =1 and ¥ =0 otherwise. Answer

the following questions.
(1) (5%) Explain why a typical multiple regression model ¥, = B, + B,x, + B,%,, +&, is not appropriate to predict
the response variable in this case?

(2) (10%) Suppose there are n outputs ¥, i=1,2,...,n under test conditions (x;,,x,,), i=12,...,n available. A

multiple logistic regression model with logit link function and two predictors in first-order is assumed to be
appropriate. Write down the form of log-likelihood function that is used to find the maximum likelihood
estimates for parameters.

(3) (5%)The original data is not given here but a report table generated from computer software is given:

Logistic Regression Table:

Coefficienis

Term Coef SE Coef VIF
Constant -10.00 2.17

x1 (Temprature) 0.1326 0.0324 1.05

X2 (with catalyst or noi) 1.764 0.539 1.05

It is known that when the temperature is 75°C and there is no catalyst used in the process, the probability of
the yield from the chemical process can exceed the required standard is about 48.5%. Based on the table,
predict the probability of the yield from the chemical process can meet the standard when the temperature is
still 75°C but some catalyst is used is the process.
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Standard Normal Probabilities

Table entry for 7 is the area under the standard normal curve
to the left of z.

Z .00 01 .02 .03 .04 .05 .06 07 08 .09

00 .5000 .5040 .5080 5120 5160 .5199 5239 5279 5319  .5359
0.1 5398  .5438 .5478 - 5517 5557 .5596 .5636 5675 5714 .5753
0.2 .5793 5832 .5871  .5910 .5948 5987 6026 .6064 .6103  .6141
0.3 6179 6217 .6255. -.6293 6331 .6368 - 6406 6443 .6480° : .6517
0.4 6554 6591 .6628  .6664 .6700 6736 .6772 .6808 .6844  .6879
0.5 .6915 ~.6950 .6985 7019 7054 .,7088 - 7123 7157 - .7190  ..7224
0.6 7257 7291 7324 7357 7389 7422 7454 7486 7517  .7549
0.7 7580 . .7611  .7642  ..7673 .7704 7734 7764 7794 7823 - 7852
0.8 .788L - 7910 7939 7967 .7995 .8023 .8051 .8078 .8106  .8133
09 8159 .8186  .8212. ..8238 .8264 8289 .8315 . .8340 - .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599  .8621
1.1 8643 .8665 - .8686 .8708 .8729 .8749 8770 .8790 .B810  .8830
1.2 8849 .8869 .8838  .8907 .8925 .8944 .B962  .8980  .8997 9015
1.3 9032 .9049 9066  .9082  .9099 9115 .9131 9147 9162  .9177
14  .9192 9207 .9222 9236 .9251 .9265 .9279 .9292 9306  .9319
15 ©.9332 .9345 . .9357 -.9370  .9382  .9394 . .9406 9418 .9429  .9441
1.6 9452 9463  ,9474  .9484 9495 9505 .9515 9525 9535 9545
1.7 9554 ~ .9564 - 9573 = .9582. 9591 - 9599 9608 " .9616  .$625 .9633
18 9641 .9649 .9656  .9664 .9671  .9678 9686 .9693  ,9699  .9706
1.9 9713 9719 . 9726 9732 . .,9738 9744 9750 9756  .9761 . . .9767
20 9772 9778 9783  .9788 .9793  .9798 9803 .9808 .9812  .9817
2.1 9821 . .9826 9830 .9834 ~ 9838 - 9842 .9846 - .9850  .9854 -:.9857
22,9861 9864 9868 .9871 9875 .9878 .9881 .9884 .9887  ,9890
23 .9893 9896 9898  .9901  .9904 . 9906 9909 ..9911 . 9913 = .9916
2.4 9918 9920 9922 9925 .9927 .9929 .9931 .9932 9934  .9936
25 9938 ...,9940 9941  .9943. .9945 9946 .9948 .9949  .9951 - ..9952
26 9953 .9955 9956  .9957 .9959 9960 .9961 .9962 9963  .9964
27 9965 9966 .9967 - .9968 - .996% . .9970 9971 | .9972 - 9973 - .9974
28 9974 9975 .9976 9977 .9977 .9978 .9979 .9979  .9980  .9981
29  .9981 . .9982 . .9982 ~.9983  .9984 .9984 .9985  .9985  .9986 = .9986
3.0 .9987 9987 .9987  .9983  .9988 .9989 .,9989 .9989  .9990  .9990
3.1 9990 _ 9991  .9991 -.9991  .9992  .9992 9992  .9992 9993 . 9993
3.2 9993 9993  .9994  .9994  .9994 9994 .9994 9995 9995  .9995
3.3 .9995 .9995 .9995 .9996 .9996  .9996 .9996 .9996 9996  .9997
3.4 9997 9997 .9997  .9997  .9997  .9997 .9997 .9997 .9997 9998
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t-distribution table

Areaor
probability Entries in the table give ¢ values for an area
or probability in the upper tail of the ¢
distribution. For example, with 10 degrees
of freedom and a .05 area in the upper tait,

0 . 1gs = 1.812,
Degrees Area in Upper Tail -
of Freedom .20 10 08 028 01 005

I 1.376 3.078 6.314 12.706 31.821 63.656

2 1.061 1.886 2,920 4.303 6.965 9.925
3 978 1.638 2.353 3.182 4.541 5.841
4 941 1.533 2.132 2.776 3.747 4.604
5 920 1.476 2015 2.571 3.365 4.032
6 906 1.440 1.943 2.447 3.143 3.707
7 896 1.415 1.895 2.365 2.998 3.499
8 .889 1.397 1.860 2.306 2.896 3.355
9 .883 1.383 1.833 2.262 2,821 3.250
10 879 1.372 1.812 2.228 2.764 3.169
11 876 1.363 1.796 2.201 2.118 3.106
12 873 1.356 1.782 2.179 2.681 3.055
13 870 1.350 1.771 2.160 2.650 3.012
14 868 1.345 1.761 2.145 2624 2977
15 866 1.341 1.753 2.131 2.602 2,947
16 865 1.337 1.746 2.120 2.583 2921
17 863 1.333 1.740 2.110 2.567 2.898
18 862 1.330 1.734 2.101 2.552 2.878
19 .861 1328 1729 2.093 2.53% 2.861
20 .860 1.325 1.725 2.086 2.528 2.845
21 .859 1.323 1.721 2.080 2.518 2.831
22 .858 1.321 1.717 2.074 2.508 2.819
23 858 1.319 1.714 2.069 2.500 2.807
24 .857 1318 1.711 2.064 2.492 2.797
25 856 1.316 1.708 2.060 2.485 2.787
26 856 1.315 1.706 2.056 2.479 2.779
27 855 1.314 1.703 2.052 2473 2.1
28 855 1.313 1.701 2.048 2.467 2.763
29 854 1.311 1.699 2.045 2462 2.756
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F-distribution table

Area ar
prabability
1] Fu
Denominztor Arca in Numserator Degrees of Freedoon
Degrees « Upper
of Freedom “Tail 1 2 3 4 5 ] 7 § 9 0 15 20
1 10 33.86 49,50 5559 5585 3.4 38.20 SR.91 5944 59.86 60.19 61.22 611
.05 16145 19050 21570 22458 230,06 23399 23677 238.8% 24054 24088 23595 2802
025 64779 79948  B64.15  8UU.60 Y2183 937N B 95664 96128 96863 9M4ET 99308
i 405218 409034 540353 Su2426 576396  SH5405 502833 598095 GU2240 605593 615697 620866
2 .10 8.53 9.00 9.16 924 9.29 9.33 235 2,37 9.38 9.39 9.42 g4
050 18.51 19.00 19.16 18,25 1930 - 193] 14.35 937 - 1938 1940 1933 1945
25 3851 35.00 ».17 10.25 3930 39.33 1936 39.37 34.39 3240 1943 3943
.01 98.50 99,06} 9,16 9925 95.31) 9433 99.36 99.38 9939 99.4) 4043 . 9945
3 A0 5.54 546 3.9 534 531 528 527 5.25 524 523 3.20 518
. A5 10.13 9535 9.28 a1 a0 8.94 B.4¢ B85 881 372 8.70 8.66
025 17.44 1604 1544 15.10 [+.83 1423 1462 14584 1447 1442 1423 1437
.01 402 382 2046 2871 28.24 27.91 2767 27.49 34 2733 26,87 26,69
4 1o 4,34 432 419 4.11 405 .01 398 395 304 392 g7 334
85 17 6.94 659 632 26 6.16 600 6.04 6.00 596 5.86 5.80
AR5 1222 10.65 9.98 2.60 9.36 Rl t] 947 8.98 £.90 .84 8.68 8.56
KU 2n2n 18063 16.59 1598 15.52 1521 14.98 11.80 1466 14.55 14.20 1402
3 A8 1,06 378 3.62 52 345 340 337 334 332 3.30 3324 3zl
D5 6.6L. 5719 541 519 305 493 4.88 AB2 477 4.74 4.62 4,36
025 1008 R43 126 239 213 698 6.85 676 6.68 6.62 643 633
ot 16.26 13.27 i2.06 11.3% 10.97 10.67 10.46 10.29 10.16 10.03 9.72 9.55
6 A6 378 346 3.29 318 1.1 3.0% apt 298 2.96 204 2587 254
05 390 504 1.76 4.53 4.39 428 421 445 4,10 4.06 354 k35
25 3.81 7.28 6.60 623 599 382 570 5.60 552 5.46 327 517
i} 13,35 10.92 9,78 .15 875 R.47 8.36 8.10 7.98 187 7.56 140
7 .10 139 3,26 307 296 238 233 .78 © 2375 72 270 263 239
05 5.49 474 4.35 412 397 387 i 3.73 368 .04 151 K2
025 8.07 6.54 5.89 5.52 529 - 593 4.9% 490 4.32 476 4.57 447
OF 0 1235 9.55 8.45 7.85% 146 L9 699 6.84 6.72 6,62 6.31 6.16
8 G 346 i 29 181 k) 267 162 2.59 .56 254 ’ 246 242
s R 4.46 407 384 369 3.58 3.50 344 339 335 322 3.5
028 7.57 6.06 542 5.058 4.82 465 4.53 443 4,36 4,30 4.10 4.00
Eit 11.26 3.63 7.59 7.0 6.6 637 6.18 6,03 591 581 552 536
L] A0 336 KK 23] 169 261 2.533 151 247 o) 242 23 230
035 312 1.26 386 363 348 iy 1.29 3.2% 318 3.1 104 204
025 .21 171 5.08 472 448 412 4.20 4.10 4.0 3.96 an 367
m 1056 a0 699 642 6.06 3,80 3.61 5.47 5.3 5.26 4.05 481
10 A0 kv 19 273 2.6t 252 246 241 238 235 232 © 224 2.20
05 496 4,10 37 348 33 3 314 307 3.02 2.98 233 2m
25 A 346 483 4.37 424 4.07 395 385 178 an 352 342
£H 1004 T1.56 6.35 599 564 R 520 506 494 445 436 441
1 AG 323 286 2,66 .54 245 239 2H 2 phy) 225 2.17 2,12
05 4.84 398 359 33 am i 3 2.95 2,90 2.85 21 265
{25 6,72 526 4.63 4.28 104 3,84 376 366 359 3.53 333 323
i} 9.65 1.21 6.22 3.67 in 307 4.29 .74 4.63 4.5 425 4.i0
12 10 118 281 261 248 239 2.33% 218 224 22) 2.19 210 .06
05 4.75 389 149 126 N RALH 29 2,85 2.80 275 62 154
025 6.55 5.1 4.47 4.12 3.89 73 36l 151 34 1.37 118 3.07
Rt .33 6,93 395 St 546 4.82 464 4.50 139 4.30 400 336




