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1. (6%) What are the two basic laws of probability? 

2. (6%) What is Bayes' theorem, and when can it be used? 

3. 	 (12%) Compute the mean, the median, the mode and the variance for the following data. 

Assume these are population data. 

Class Frequency Class Frequency 

5-under 9 20 17-under 21 8 


9-under 13 18 21-under 25 2 


13-under 17 10 


4. (6%) Given a 90% confidence interval [24.91, 26.89] for /-h, 

(a) What is the corresponding value of X, the estimate of /-h? 

(b) 	 If 10 such intervals are constructed by taking random samples form the population, how 

many intervals would likely include the population mean, /-h? 

5. 	 (10%) Suppose the following data are the numbers of gallons of water used in a day to brush 

teeth by 12 randomly selected people and the data come from a normal distribution. Use these 

data and a 5% level of significance to test whether the population variance for such water usage 

is 2.5 gallons. 

10 	 8 13 17 13 15 12 13 15 16 9 7 

6. 	 (10%) Suppose a random sample of 60 sales slips is selected from a large discount outlet and 

a random sample of 40 sales slips is selected from a specialty store. The data gathered from 

these samples follow. 

Large Discount Store Specialty Store 


XD $472 Xs = $274 


aD $124.5 as = $98.2 

Use a 0.01 to determine whether there is a significant difference in the average size of 

purchases at these stores. 

I 
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7. NCKU plans to conduct a study with a balanced design to evaluate the relationships 
between the use of weight lifting belt and the level of blood pressure in baggage 
handlers. It is assumed that the true blood pressure distributions of belt and non-belt 
users are both normal. A small pilot study was conducted to obtain parameters required 
for determining the sample size needed for the coming larger study. In that pilot study, 
the descriptive statistics for belt and non-belt users are as follows: 

Xi :; 133.71, 51=14.24, Xz =126.65, 52=17.13 1: belt users 2:non-belt users 

a). What does statistical power mean? (3%) 

b). Please determine the appropriate sample size for the larger study using a two-side 

test with a significant level of 0.05 and a power of 0.80. (8%) 


8. The department of industrial & informational management plans to purchase a batch 
of desktop personal computers in the coming year. All the hardware specifications have 
been determined except the main input system, keyboard. A study was conducted to 
evaluate the usability of three different keyboards in terms of resulting typing speed 
(WPM) observed from participants with a similar level of typing skill. Thirty participants 
were randomly assigned to either type of keyboards. 

Table. The results of typing tests using three different keyboards 

Keyboard 

Y 12 29 31 33 39 39 39 40 39 39 


a).Assume we only have typing results from Keyboard X and Y here(ignore Keyboard Z). 
Do Keyboard X and Y deliver in a similar level of usability in terms of the typing speed? 
(Additional Information is provided in the appendix) (12%) 

b). Now let us evaluate three keyboards all together. The result of one-way analysis of 
variance (ANOVA) was partially provided in the following table. 

I 50urce I OF I 55 I M5 F P-value 
I I 

II. Keyboard factor 2 1059.8 529.9 0.0088 

i Error I I 2526.5 I ~ -------­

http:52=17.13
http:51=14.24
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1). Please calculate those missing values in the AN OVA table above. (3%) 

2). What does p·value mean here? (3%) 

3). Please construct the 95% confidence intervals between Keyboard Y and Keyboard Z 

and explain the result. (8%)' 


9. When there are more than two levels (subgroups) in one factor, the post-hoc analysis 
is often desired once the ANOVA showed a significant omnibus test result. Why this 
should be accomplished through "multiple comparisons" (multiple testing) inste:ad of 
conducting a series of conventional two-sample t-tests? Please name one common 
statistical procedure used in multiple testing. (5%). 

10. Eighty patients were treated with an experimental drug for three months. Pre- and 
post-study clinical laboratory results showed abnormally high value of GPT (one type of 
liver function index), i.e. above the upper limit of the normal range, were summarized in 
the following table. What statistical test you should perform to examine whethE!r there is 
an evidence of a change in the pre· to post-treatment rates of abnormalities? Please 
describe the null hypothesis and calculate the corresponding test statistic. (8%) 

Table. Abnormality Frequency Summary 

Post· Treatment 
N Y Total 

N 150 15 65 
Pre-Treatment Y 7 8 15 

Total 57 23 80 J 

N =normal Y= GPT value above upper limit of normal range 
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Additional Information for Question 8.(a) 

Tests for Normality for the typing speed 

Test - -Statistic - - -----p Value-----­

Shapiro-Wilk W 0.895395 Pr < W 0.0338 
Kolmogorov-Smirnov D 0.229754 Pr > D <0.0100 
Cramer-von Mises W-Sq 0.178373 Pr > w-Sq 0.0089 
Anderson-Darling A-Sq 1.014557 Pr > A-Sq 0.0091 

Levene's Test for Homogeneity of the typing speed Variance 
ANOVA of Squared Deviations from Group Means 

Sum of Mean 
Source DF Squares Square F Value Pr > F 

treatment 28192.5 28192.5 1. 51 0.2344 
Error 18 335225 18623.6 



~~: 284 .~~~A.-O-~~&~±~~~~~~~ ~,? Wi . 1Jf4f~ 

~pJT~Jilm jj~R~Ij!~Jf§i:pJTEfl~Ji 

f;+:-"'t~~~f4§ "iJti'i :::::r- ~gi\8WJ : 0225 ' ifrj:.x : 3 

* ~~~~.:*~m~~m~.~'~~ r~DilfB&<5EZrg;~~ilit.TBt.U J tI~ 

Standard nonnal cumulative probabilities 

0,00 0.01 0,02 0,03 0.04 0,05 O.OE- 0.07 0.08 0.09 

·3.8 0.0001 0.000.1 0.0001 0.0001 0,0001 0.0001 0.0001 0.0001 0.0001 0.0001 
.3.7 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
·3.6 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0,0001 0.0001 0,0001 
·3,~ 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 

·3.4 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0,0002 
·3,3 0,0005 0.0005 0.0005 0,0004 0.0004 0.0004 0.0004 0.0004 0,0004 0,0003 
·32 0.0007 0.0007 0.0006 0.0006 0,0006 0.0006 0,0006 0,0005 0,0005 0.0005 
·3,1 0,0010 0.0009 0,0009 0,0009 0,0008 0.0008 O,OOOS O.OOOS 0,0007 0.0007 
·3.0 0.0014 0.0013 0,0013 0.0012 0,0012 0.0011 0.0011 0.0011 0,0010 0.0010 

·29 0.00.19 00018 0.0018 0.0017 0,0016 0,0016 0,0015 0.0015 0.0014 0.0014 
'2,8 0.0026 0.0025 0.0024 0.0023 0.0023 0.Ob22 0.0021 0.0021 o.oO~O 0.0019 
·2.7 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026 
·2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036 
·2.5 0.0062 0.0060 0.0059 0.0057 0.0055 0,0054 0.0052 0.0051 0.004.9 0.0048 

·2.4 0.0082 0.0080 0.0078 0.0076 0...0073 0·0071 0.0069 0.0068 0.0066 0.0064
·2.3 0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0,0091 0.0089 0.0087 0.0084
·22 0.0139 0.0136 0.0132 ::0.0129 0.0125 0.0122 0.0119 0,0116 0.0113 0.0110
·2,1 0.0179 0,0174 0.0170 0.0166 0.0162 0.0158 0,0154 0.0150 0.0146 0.0143
·2.0 0.0228 0.0222 0.0217 0.021\2 0.0207 0.02()2 0.0197 0.0192 0.0188 0.0183 

·1.9 0.0287 0.0281 0.0274 0.0268 0.0282 0.0256 0.0250 0.0244 0.0239 0.0233
·1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0;0314 0.0307 0.0301 0.0294
·1.7 0.0446 0.0436 0.0427 0.0418 0:0409 0;0401 0.0392 0.0384 0.0375 0.0367
·1.8 00548 0.0537 0,0526 0.0.516 Q.0505 0.0495 0.0485 0.0475 0.0465 0.0455
·1.5 0,0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559 

·1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0,0121 0.Q'108 0.0894 0.0681
·1.3 OOS88 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.OS53 0.08J8 0.0823
·1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1057 0.1038 0.1020 0.1003 0.0985.1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170
·10 0.151'l7 0.1562 0.1539 0.1515 0.1492 0.1469 0.1441) 0.1423 0.1401 0.1379 

·0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1811
·0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.194!l 0.1922 0.1894 0.1867
..0.7 0.2420 0.2389 0.2358 0.2327 0.2297 0.2266 0.2231) 0.2206 0.2177 0,2148
·0.6 0.2743 0.2709 0,2676 0.2643 0,2611 0.2578 0.25411 0.2514 0.2483 0.2451
.a.5 0.3085 0.3050 Oj015 0.2981 0.2946 0.2912 0.2877 0.28100.2843 0.2776 

·0.4 0.3446 0.3409 0.3336 0.32640.3372 0.3300 0.32211 0.3192 0.3156 0.3121
·0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
..0.2 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859
-0.1 0.4602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247
..0.0 0.5000 0.4960 0.4920 0;4880 0.4840 0,4801 0.4761 0.4721 0.4681 0.4641 

Nate: Table entry is the area under the standard normal curve to the left of the indicated z-value. thus giving P(Z < z). 

http:O.OE-0.07
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Percentage r:oints of the t distribution 

u 

Degrees of 
freedom, d .75 .80 .85 .90 .95 .975 .99 .995 .9995 

1 1.000 1.376 1.963 3.078 6.314 12.706 31.821 63.657 636.619 
2 0.816 1.061 1.386 1.886 2.920 4.303 6.965 9.925 31.598 
3 0.765 0.978 1.250 1.638 2.353 3.182 4.541 5.841 12.924 
4 0.741 0.941 1.190 1.533 2.132 2.776 3.747 4.604 8.610 
5 0.727 0.920 1.156 1.476 2.015 2.571 3.365 4.032 6.869 

6 0.718 0.906 1.134 1.440 1:943 2.447 3.143 3.707 5.959 
7 0.711 0.896 1.119 1.415 1.895 2.365 2.998 3.499 5.408 
8 0.706 0.889 1.108 1.397 1.860 2.306 2.896 3.355 5.041 
9 0.703 0.883 1.100 1.383 1.833 2.262 2.821 3.250 4.781 

10 0.700 0.879 1.093 1.372 1.812 2.228 2.764 3.169 4.587 

11 0.697 0.876 1.088 1.363 1.796 2.201 2.718 3.106 4.437 
12 0.695 0.873 1.083 1.356 1.782 2.179 2.681 3.055 4.318 
13 0.694 0.870 1.079 1.350 1.771 2.160 2.650 3.012 4.221 
14 0.692 0.868 1.076 1.345 1.761 2.145 2.624 2.977 4.140 
15 0.691 0.866 1.074 1.341 1.753 2.131 2.602 2.947 4.073 

16 0.690 0.865 1.071 1.337 1.746 2.120 2.583 2.921 4.015 
17 0.689 0.863 1.069 1.333 1.740 2.110 2.567 2.898 3.965 
18 0.688 0.862 1.067 1.330 1.734 2.101 2.552 2.878 3.922 
19 0.688 0.861 1.066 1.328 1.729 2.093 2.539 2.861 3.883 
20 0.687 0.860 1.064 1.325 1.725 2.086 2.528 2.845 3.850 

21 0.686 0.859 1.063 1.323 1.721 2.080 2.518 2.831 . 3.819 
22 0.686 0.858 1.061 1.321 1.717 2.074 2.508 2.819 3.792 
23 0.685 0.858 1.060 1.319 1.714 2.069 2.500 2.807 3.767 
24 0.685 0.857 1.059 1.318 1.711 2.064 2.492 2.797 3.745 
25 0.684 0.856 1.058 1.316 ,J.708 2.060 2.485 2.787 3.725 

26 0.684 0.856 1.058 1.315 1.706 2.056 2.479 2.779 3.707 
27 0.684 0.855 1.057 1.314 1.703 2.052 2.473 2.771 3.690 
28 0.683 0.855 1.056 1.313 1.701 2.048 2.467 2.763 3.674 
29 0.683 0.854 1.055 1.311 1.699 2.045 2.462 2.756 3.659 
30 0.683 0.854 1.055 1.310 1.697 2.042 2.457 2.750 3.646 

40 0.681 0.851 1.050 1.303 1.684 2.021 2.423 2.704 3.551 
60 0.679 0.848 1.046 1.296 1.671 2.000 2.390 2.660 3.460 

L20 0.677 0.845 1.041 1.289 1.658 1.980 2.358 2.617 3.373 
00 0.614 0.842 1.036 1.282 1.645 - 1.960 2.326 2.576 3.291 

----------------------------------------------------------------------------_..--­
aThe uth percentile of a t distribution with d degrees of freedom. 

[Table 5 is taken from Table "III of Fisher and Yates: "Statistical Tables for Biological, Agricultural 

and Medical Research," published by Longman Group Ltd., London (previously published by Oliver 

and Boyd Ltd., Edinburgh) and by pennission of the authors and publishers.] 
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Values of X::' for Selected ProDabilities 

0.10 

2 4 6 8 10 12 Xl 
9.23635 

Example: df (Number of degrees of freedom) :; 5, the tail above X2 9.23635 represents 0.10 or 10% of area under the curve. 

Degrees of Area in Upper Tail 
Freedom .995 .99 .975 .95 .9 .1 .05 .025 .01 

0.0000393 0.0001571 0.0009821 0.0039322 0.0157907 2.7055 3.8415 5.0239 6.6349 7.8794, 

0.010025 0.020100 0.050636 0.102586 0.210721 4.6052 5.9915 7.3778 9.2104 105965' 

3 0.07172 0.11483 0.21579 0.35185 0.58438 6.2514 7.8147 9.3484 11.3449 12.8381 

4 0.20698 0.29711 0.48442 0.71072 1.06362 7.7794 9.4877 11.1433 13.2767 14.8602 

5 0.41175 0.55430 0.83121 1.14548 1.61031 9.2363 11,0705' 12.8325 15.0863 16.7496 

6 0.67573 0.87208 1.23734 1.63538 2.20413 10.6446 12.5916 14.4494, 16.8119 18:5475 

7 0.98925 1.23903 1.68986 2.16735 2.83311 12.0170 14.0671 16.0128 18.4753 20 . .2.777 

8 1.34440 1.64651 2.17972 2.73263 3.48954 13.3616 15.5073 17.5345 20.0902 21.9549 

9 1.73491 2.08789 2.70039 3.32512 4.16816 14.6837 16.9190 19.0228 21.6660 23,5893 

10 2.15585 2.55820 3.24696 3.94030 4.86518 15.9872 18.3070 20.4832 23.2093 2S.1881 

11 2.60320 3.05350 3.81574 4.57481 5.57779 17.2750 19.6752 21.9200 24.7250 26.7569 

12 3.07379 3.57055 4.40378 5.22603 6.30380 18.5493 21.0261 23.3367 26.2170 28.2997 

13 3.56504 4.10690 5.00874 5.89186 7.04150 19.8119 22.3620 24.7356 27.6882 29.B193 

14 4.07466 4.66042 5.62872 6.57063 7.78954 21.0641 23.6848 26.1189 29.1412 31.3194 

B 4.60087 5.22936 6.26212 7.26093 8.54675 22.3071 24.9958 27.4884 J0.5780 32.8015 

16 5.14216 5.81220 6.90766 7.96164 9.31224 23.5418 26.2962 28.8453 !I.9999 34.2671 

17 5.69727 6.40774 7.56418 8.67175 10.08518 24.7690 27.5871 30.1910 3?.4087 35.7184 

18 6.26477 7.01490 8.23074 9.39045 10.86494 25.9894 28.8693 31.5264 31.8052 37.1564 

19 6.84392 7.63270 8.90651 10.11701 11.65091 27.2036 30.1435 32.8523 36.1908 38.5821 

20 7.43381 8.26037 9.59077 10.85080 12.44260 28.4120 31.4104 34.1696 37,?663 39.9969 

21 8.03360 8.89717 10.28291 11.59132 13.23960 29.6151 32.6706 35.4789 38.~322 41.4009 

8.64268 9.54249 10.98233 12.33801 14.04149 30.8133 33.9245 36.7807 40.~894 42.7957 

23 9.26038 10.19569 11.68853 13.09051 14.84795 32.0069 35.1725 38.0756 41.6383 44.1814 

24 9.88620 10.85635 12.40115 13.84842 15.65868 33.1962 36.4150 39.364J 42.9198 45.5584 

25 10.51965 11.52395 13.11971 14.61140 16.47341 34.3816 37.6525 40.6465 44.3140 46.9280 

26 11.16022 12.19818 13.84388 15.37916 17.29188 35.5632 38.8851 41.9231 45.6416 48.2898 

27 11.80765 12.87847 14.57337 16.15139 18.11389 36.7412 40.1133 43.1945 46.962~ 49.6450 

28 12.46128 13.56467 15.30785 16.92788 18.93924 37.9159 41.3372 44.4608 48.278~ 50.9936 

29 13.12107 14.25641 16.04705 17.70838 19.76774 39.0875 42.5569 45.7223 49.5878 52.3353 

30 13.78668 14.95346 16.79076 18.49267 20.59924 40.2560 43.7730 46.9792 50.8922 53.6719 

40 20.70658 22.16420 24.43306 26.50930 29.05052 51.8050 55.7585 59.3417 63.6908 66.7660 

50 27.99082 29.70673 32.35738 34.76424 37.68864 63.1671 67.5048 71.4202 76.1538 79.4898 

60 35.53440 37..18480 40.48171 43.18797 46.45888 74.3970 79.0820 83.2977 88.3794 91.9518 

70 -i3.l7S31 45.H170 48.75754 51.73926 55.32894 85.5270 qO.5313 95.0231 100,4251 104.2148 

80 51.1 :'193 53.53998 57.15315 l'iO.39146 64.27784 96.5782 101.8795 106.6285 112.3288 116.5209 

90 59.19633 61.73402 65.64659 69.[2602 73.29108 [07.5650 113.1452 118.1359 124.1162 128.,!987 

100 67.32753 ,0.06500 74.221Sti 77.91944 82.35813 118.4980 124.3221 1:::9.5613 135.8069 140.1697 
----",-~-----..,--------------­


