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(Total 100 points.) There are 7 problems in this exam. Show intermediate steps and formulas for partial credit. You
must explain how you compute your results or answers Sor full credit.

1. (10 %) A certain component is produced in lots of size 30, F ive components are selected at
random (without replacement) and tested. If none of the components is nonconforming, the lot
is accepted.

(1) (5 %) If a lot contains 3 nonconforming components, what is the probability of accepting
the lot?
(2) (5 %) Calculate the desired probability in (a) using the binomial approximation?

2. (20 %) Suppose that the weight of a certain product is normally distributed with mean 70g and
standard deviation 3g.

(1) (5 %) If a product is acceptable only if its weight is between 67g and 75g, what is the
probability that a randomly selected product is acceptable.

(2) (5 %) If a product is acceptable only if its weight is between 70g*c, for what value of ¢
would 95% of all the products have acceptable weight.

(3) (5 %) What is the probability that a randomly selected product has a weight less than 73.84g?

(4) (5 %) What is the probability that at most 8 out of 10 independently selected products have
a weight less than 73.84g?

3. (20 %) If the joint density function of X and ¥ is given by

24xy 0<x<L0<y<lx+y<l
f(x,p)= .
0 elsewhere
(1) (5 %) What are the marginal probability density function of ¥ and My ?
(2) (5 %) Whatis f(x|y)?
BB % If Z=2(X+Y), find the probability density function of Z?

(4) (5 %) Find the covariance o xy 0f Xand Y.
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4. (15 %) Eight professors in a university were selected and put under the care of the university nurse
because of high cholesterol readings. The nurse put them on a new diet. The table shows the
cholesterol readings of the eight professors both before the new diet and 1 month after use the diet
began. Please conduct a test to determine if the new diet lower the cholesterol readings. Assuming
that differences in cholesterol readings are normally distributed in the population.

Professor 1 2 3 4 5 6 i 8
Before 300 250 250 220 220 200 180 140
After 295 240 230 220 200 195 170 130

(1) (10 %) State the null hypothesis and the alternative hypothesis, conduct appropriate test, and
draw conclusions at the level of significance a = 0.05.

(2) (5 %) Why matching or pairing samples is better than independent samples here?

5. (15 %) A construction firm employs three cost estimators. Usually only one estimator works on
each potential job, but it is advantageous to the company if the estimators are consistent enough so
that it dose not matter which of the three estimators is assigned to a particular job. To check the
consistency of the estimators, 5 jobs are selected and all three estimators are asked to make estimates.
The estimates for each job (in ten thousands of dollars) by each estimator are given below.

Estimators
Jobs | A B C

1 75 80 70

2 60 60 60
3 (45 45 30
4 75 90 75
5 |45 50 40

Assuming that there is no interaction effect (between estimator and job), Please

(1) (10 %) Construct the ANOVA table.

(2) (5 %) Determine whether there is sufficient evidence that the means for the estimators differ?
(Please clearly state the null hypothesis, the alternative hypothesis, and the test statistic, and
use a = 0.05).

6. (10 %) A corporate owns many companies. The strategic planner for the corporation believe money
spent on advertising can to some extent be a predictor of total sales. She thus gathers the following
sales and advertising information from several of the companies for 2022.

advertising (in million) | 10 10 20 20 30 30
sales (in million) 90 110 130 150 200 220

(1) (5 %) Find an estimated regression equation ¥ = by + b; X that can be used to predict sales
from advertising expenditures.

(2) (5 %) Test whether money spent on advertising can improve the total sales. Use a = 0.05.

7. (10 %) Let Xy, X3,...,Xs be a random sample of size n = 6 from a Poisson distribution with mean
A. If a test reject the simple null hypothesis Hp : A = 0.5 and accept Hy : A > 0.5 if the observed
sum Y8 z; > 6.

(1) (5 %) Compute the « (i.e., the probability of committing the type I error) of the test.
(2) (5 %) If XA = 2/3, what is the power of the test?
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Table A. © Normal Probability Table

Table A.3 Areas under the Normal Curve J
z .00 01 .02 .03 04 .08 06 07 .08 .08
-3.4 00003 00003 0.0003 00003 0.0003 00003 0.0003 00003 0.0008 0.0002
-3.3 00005 00005 0.0005 0.0004 0.0004 00004 0.0004 00004 0.0004 0.0003
-3.2 00007 00007 0.0006 00006 O0.0006 00006 0.0006 0.0005 0.0005 0.0005
~-3.1 00010 00009 0.0009 00009 00008 0.0008 0.0008 00008 0.0007 0.0007
-3.0 00013 00013 0.0013 00012 00012 00011 0.011 00011 0.0010 0.0010
~2.9 00019 00018 0.0018 00017 00016 00016 0.0015 00015 0.0014 0.0014
-2.8 00026 00025 0.0024 00023 0.0023 0002 0.0021 00021 00020 0.0019
-2.7 00035 00034 0.0033 0.0032 00031 0.0030 0.0029 00028 0.0027 0.0026
—2.6 00047 00045 0.0044 00043 00041 00040 0.0039 0.0038 0.0037 0.0038
~2.5 00062 00060 0.0059 '0.0057 00055 0.0054 0.0052 00051 0.0049 0.0048
-2.4 00082 00080 0.0078 0.0075 0.0073 0.0071 0.0060 0.0068 0.0066 0.0064
-2.3 00107 00104 00102 00099 0.0096 00084 00091 00089 0.0087 0.0084
-22 00139 00136 0.0132 00129 0.0125 00122 00119 00116 0.0113 0.0110
-2.1 00179 00174 0.0170 0.0166 0.0162 0.0158 0.0164 00150 0.0146 0.0143
-2.0 00228 00222 00217 00212 00207 0.0202 00197 00192 0.0188 0.0183
~19 00287 00281 0.0274 00268 00262 0.0256 00250 00244 0.0239 0.0238
-1.8 00359 00351 0.0344 00336 003280 0.0322 0.0314 0.0307 0.0301 0.0204
-1.7 00446 00436 0.0427 0.0418 0.0409 0.0401 0.0392 00384 0.0375 0.0367
-1.6 0.0548 00537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
-1.6 0.0668 00656 00643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559
-1.4 00808 00793 0.0778 0.0764 0.0749 0.0735 00721 0.0708 0.0694 0.0681
-1.3 0.0968 0.0951 0.0934 00018 0.0901 0.0885 0.089 0.0853 0.0838 0.0828
-1.2 01151 01131 0.1112 0.1093 01075 0.1056 0.1038 0.1020 0.1003 0.0985
-1.1 0.1357 01335 0.1314 0.1292 01271 0.1251 01230 01210 0.1190 0.1170
-1.0 01887 0.1562 0.1539 0.1515 0.1492 0.1460 0.1446 0.1423 01401 0.1379
-0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.711 0685 01660 0.1635 0.1611
-0.8 02119 02090 0.2061 0.2033 0.2005 0.1977 01049 0.1922 0.1894 0.1867
-0.7 02420 02389 0.2358 0.2327 0.2296 0.2266 0.2236 02206 0.2177 0.2148
-06 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 02546 0.2514 0.2483 0.2451
~0.5 0.3085 0.3050 03015 0.208F 0.2046 02912 0.2877 02843 02810 0.2776
-04 03446 03409 0.3372 0.3336 0.3300 0.3264 0.3228° 0.3192 03156 0.3121
-0.3 0.3821 0.3783 0.3745 03707 0.3669 03632 0.3594 0.3557 0.3520 0.3483
-0.2 04207 04168 04129 04090 0.4052 04013 0.3974 0.3936 0.3897 0.3859
-0.1 0.4602 04562 04522 04483 0.4443 04404 04364 04325 04286 0.4247
-0.0 05000 0.4960 04920 0.4880 0.4840 04801 0.4761 0.4721 0.4681 0.4641

Appendiz A Statistical Tables and Proofs
Table A.3 (continued) Areas under the Normal Curve
z 00 .01 .02 .03 04 .05 .08 07 .08 09
0.0 05000 0.5040 05080 0.5120 0.5160 05199 05239 0.5279 0.5319 0.5359
01 05398 05438 05478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 05793 05832 05871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 06179 0.6217 06255 0.6293 0.6331 06368 06406 0.6443 0.6480 0.6517
0.4 06554 0.6591 06628 0.6664 0.6700 06736 06772 0.6808 0.6844 0.6879
0.5 06015 0.6950 06985 0.7019 0.7054 07088 07123 0.7157 0.7190 0.7224
0.6 07257 07291 07324 0.7357 0.7389 0.7422 07454 0.7486 0.7517 0.7649
0.7 07580 07611 0.7642 0.7673 0.7704 0.773¢ 0.7764 0.7794 0.7823 0.7852
0.8 07881 0.7910 07939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 08169 08186 08212 0.8238 0.8264 0.8280 (0.8315 0.8340 0.8365 0.8389
1.0 08413 08438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 08643 0.8665 0.8686 0.8708 0.8720 08749 0.8770 0.8790 0.8810 0.8830
1.2 08349 0.8889 0.8888 0.8907 0.8925 0.8944 0.8062 0.8080 0.8997 0.9015
1.3 09032 09049 09066 09032 09099 09115 09131 09147 09162 0.9177
14 09192 09207 09222 09236 09251 09265 09279 09292 0.9306 0.9319
1.5 09332 09345 09357 09370 09382 0.8304 09406 0.9418 0.9429 0.9441
1.6 09452 05463 09474 0.9484 0.9495 09505 09516 0.9525 0.9535 0.9545
1.7 09554 08564 00573 09582 09501 0.9599 09608 0.9616 09625 0.9633
1.8 09641 0.9649 0.9666 09664 09671 0.9678 0.686 0.9693 09699 0.9706
1.9 09713 08719 09726 0.9732 0.9738 09744 09750 09756 0.9761 0.9767
2.0 09772 09778 09783 09788 0.0793 09798 009803 09803 09812 0.9817
2.1 09821 09826 00830 O0.9834 09838 09842 09846 0.9850 09854 0.9857
2.2 09861 0984 009868 09871 08875 09878 09881 0.988¢ 0.9887 0.9890
2.3 09893 009896 09898 09901 09904 09906 09900 09911 09913 0.9916
24 09018 09920 09922 009925 09927 09929 09031 00932 09934 0.9936
2.5 09938 09540 00041 0.9943 09045 09946 09948 09949 09951 0.9952
2.6 09953 09956 0.9956 0.9957 0.9959 0.9960 09961 0.9962 0.9963 0.9964
2.7 09965 009966 00067 0.9968 0.9969 0.9970 0.9971 0.9972. 0.9973 0.9974
2.8 09974 09975 09976 09977 0.9977 09978 00979 0.9979 09980 0.9981
2.9 09981 09882 09982 09983 09984 09984 009085 09985 0.9986 0.9986
3.0 09987 0.9987 00987 0.9988 0.9988 0.9989 00989 0.9989 0.9990 0.9990
3.1 09990 0991 09991 09991 09992 0.9992 09992 009892 09993 0.9993
3.2 09993 09993 09994 09994 09994 09994 09994 09995 0.9995 0.9995
3.3 09995 09995 09995 0.9906 0.9996 09996 09996 0.9996 0.9996 0.9297
3.4 09997 09937 09997 0.9997 0.9997 0.9997 09997 09997 09997 0.9998
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Table A.  Student t-Distribution Probability Table

[~ PR S—,

te

Table . Critical Values of the ¢t-Distribution

o

v 0.40 0.30 0.20 0.15 0.10 0.05 0.025
1 0.325 0.727 1.376 1.963 3.078 6.314 12.706
2 0.289 0.617 1.061 1.386 1.886 2.920 4.303
3 0.277 0.584 0.978 1.250 1.638 2.353 3.182
4 0.271 0.569 0.941 1.190 1.533 2.132 2.776
5 0.267 0.559 0.920 1.156 1.476 2.015 2.571
6 0.265 0.553 0.906 1.134 1.440 1.943 2.447
7 0.263 0.549 0.896 1.119 1.415 1.895 2.365
8 0.262 0.546 0.889 1.108 1.397 1.860 2.306
9 0.261 0.543 0.883 1.100 1.383 1.833 2.262
10 0.260 0.542 0.879 1.093 1.372 1.812 2.228
11 0.260 0.540 0.876 1.088 1.363 1.796 2.201
12 0.259 0.539 0.873 1.083 1.356 1.782 2.179
13 0.259 0.538 0.870 1.079 1.350 1.771 2.160
14 0.258 0.537 0.868 1.076 1.345 1.761 2.145
15 0.258 0.536 0.866 1.074 1.341 1.753 2.131
16 0.258 0.535 0.865 1.071 1.337 1.746 2.120
17 0.257 0.534 0.863 1.069 1.333 1.740 2.110
18 0.257 0.534 0.862 1.067 1.330 1.734 2.101
19 0.257 0.533 0.861 1.066 1.328 1.729 2.093
20 0.257 0.533 0.860 1.064 1.325 1.725 2.086
21 0.257 0.532 0.859 1.063 1.323 1.721 2.080
22 0.256 0.532 0.858 1.061 1.321 1.717 2.074
23 0.256 0.532 0.858 1.060 1.319 1.714 2.069
24 0.256 0.531 0.857 1.059 1.318 1.711 2.064
25 0.256 0.531 0.856 1.058 1.316 1.708 2.060
26 0.256 0.531 0.856 1.058 1.315 1.706 2.056
27 0.256 0.531 0.855 1.057 1.314 1.703 2.052
28 0.256 0.530 0.855 1.056 1.313 1.701 2.048
29 0.256 0.530 0.854 1.055 1.311 1.699 2.045
30 0.256 0.530 0.854 1.055 1.310 1.697 2.042
40 0.255 0.529 0.851 1.050 1.303 1.684 2.021
60 0.254 0.527 0.848 1.045 1.296 1.671 2.000
120 0.254 0.526 0.845 1.041 1.289 1.658 1.980

oo 0.253 0.524 0.842 1.036 1.282 1.645 1.960
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Appendiz A Statistical Tables and Proofs

Table * Poisson Probability Sums Y p(x; u)
=0

I
r 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 09048 08187 0.7408 0.6703 0.6065 0.5488  0.4966 0.4493  0.4066
1 09953 0.9825 0.9631 09384 09098 0.8781 0.8442 0.8088 0.7725
2 09998 0.9989 0.9964 0.9921 0.9856  0.9769 0.9659 0.9526 0.9371
3 1.0000 0.9999 0.9997 09992 0.9982 0.9966  0.9942 0.9909  0.9865
4 1.0000 1.0000 0.9999 0.9998 0.9996 0.9992  0.9986 0.9977
5 1.0000 1.0000 1.0000 0.9999 0.9998  0.9997
6 1.0000 1.0000 1.0000
I
T 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
0 03679 0.2231 0.1353  0.0821 0.0498 0.0302 0.0183 0.0111 0.0067
1 0.7358  0.5578  0.4060 0.2873  0.1991 0.1359 0.0916 0.0611 0.0404
2 09197 0.8088 0.6767 0.5438 0.4232 0.3208 0.2381 0.1736  0.1247
3 09810 09344 08571 0.7576 0.6472 0.5366 0.4335 0.3423  0.2650
4 09963 09814 09473 0.8912 0.8153 0.7254 0.6288  0.5321 0.4405
5 09994 09955 0.9834 0.9580 0.9161 0.8576 0.7851 0.7029 0.6160
6 09999 0.9991 0.9955 0.9858 0.9665 0.9347 0.8893 0.8311 0.7622
7 1.0000 0.9998 0.9989 0.9958 0.9881 0.9733 09489 0.9134 0.8666
8 1.0000 0.9998 0.9989 0.9962 09901 0.978  0.9597 0.9319
9 1.0000 0.9997 09983  0.9967 0.9919 09829 0.9632
10 0.9999 09997 0.9990 0.9972 0.9933  0.9863
11 1.0000 0.9999 0.9997 0.9991 0.9976  0.9945
12 1.0000 0.9999 0.9997 0.9992  0.9980
13 1.0000 0.9999 0.9997 0.9993
14 1.0000 0.9999  0.9998
15 1.0000 0.9999
16

1.0000
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Table A.6 F-Distribution Probability Table

Table . Critical Values of the F-Distribution o >
fu.os(‘vh v3)
U1
v 1 2 3 4 3 6 7 8 9
1 161.45 199.50 215.71 224 .58 230.16 233.99 236.77 238.88 240.54
2 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
5 6.61 5.79 5.41 5.19 3.05 4.95 4.88 4.82 4.77
6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10
7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18
10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90
12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80
13 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71
14 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65
15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54
17 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49
18 4.41 3.535 3.16 2.93 2.77 2.66 2.58 2.51 2.46
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42
20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39
21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37
22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34
23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32
24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30
25 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28
26 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27
27 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25
28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22
30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04
120 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96
oo 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88

Reproduced from Table 18 of Biometrika Tables for Statisticians, Vol. I, by permission of E.S,
Pearson and the Biometrika Trustees.




