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1. Given the following data: 

82 95 96 99 102 103 105 106 107 108 108 108 108 109 110 110 111 111 

112 113 113 113 115 115 118 121 123 123 125 128 128 135 136 137 138 146 

(a) Construct a stem-and-leaf display of the data. (6%) 

(b) Compute the mean, the median, the mode and the variance of the data. (8%) 

(c) Show the box plot of the data. ( 6%) 

2. (10%) Suppose that X 1 and X2 are two independent Poisson random variables with parameters 

.X1 and .X2, respectively. Find the probability distribution of Y = X1 + X2. 

3. The capacities of 10 batteries were recorded as follows: 

140, 136, 150, 144, 148, 152, 138, 142, 143, 151 

(a) Compute a 99% confidence interval for the population variance a 2 . (5%) 

(b) Compute a value v that enables us to state, with 90% confidence, that a2 is less than v. 

(5%) 

4. Ho : f.t = 150 and Ha : J.L =f 150 are used to test whether a production process is meeting the 

standard output of 150 units per batch. Use a 0.05 level of significance for the test and a 

planning value of 6 for the standard deviation. 

(a) If the mean output drops to 147 units per batch, the firm wants to have a 98% chance of 

concluding the standard production output is not being met. How large a sample should 

be selected. (5%) 

(b) With your sample size from part (a), what is the probability of concluding that process 

is operating satisfactorily for the actual mean outputs is 152 units per batch? (5%) 
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5. The lengths of hospital stay for patients with the same diagnosis at two different 
hospitals are shown in the following table. Furthermore, the length of stay has an 
underlying continuous distribution. · 

Table . Comparison of length of stay in two hospitals 

Hospital Length of stay (in days) 
A 21, 10, 32, 60, 8, 44, 29, 5, 13, 26, 33 
B 8~ 2t 10, 68, 87, 76, 125, 60, 35, 73, 96, 44, 238 

a) Please test the hypothesis that the lengths of stay are comparable in the two 
hospitals. (10 points) 

b) Assuming the lengths of stays are normally distributed, compute a 95% confidence 
interval for the underlying mean difference between two hospitals. (8 points) 

6. A study was conducted to examine whether an infant breasting feeding at the time 
of release from hospital is related to the menstrual age of the infant (in weeks) at 
the time of birth. The results were summarized as follows. 

Menstrual 
Breastfeeding situation of the infant 

age 
Yes No 

28 2 4 
29 2 3 
30 6 2 
31 7 2 
32 18 3 
33 15 1 

a) Please estimate and explain the odd ratio using the logistic regression model. (10 
points) 

b) What is the predicted probability of breast feeding when the menstrual age is 35 
weeks? (5 points) 

. 
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7. Consider the number of deaths from breast cancer over a 1-year period is Poisson 
distributed with parameter ~=4. 8. What is the probability over a 3-month period when 
the number of deaths is equal or higher than 4 ? (7 points) 

8. Consider the randomized block design shown below 

Machines Operators (Blocks) 
Totals 

1 2 3 4 5 6 
1 42.5 29.3 39.6 39. 9 42.9 43.6 247.8 
2 39.8 40. 1 40.5 42.3 42.5 43. 1 248.3 
3 40.2 40.5 41.3 43.4 44.9 45. 1 255.4 
4 41. 3 42.2 43.5 44.2 45. 9 42.3 259.4 

Totals 163.8 162. 1 164.9 169.8 176.2 174.1 1010.9 

From the data, we also have that SStotat =81. 86 and that SSoperators =42. 09. Complete the 
ANOVA table and test for differences between machines using a =5%. (10 points). 
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Table 5 Percentage points of the t distribution (td)• 

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 0.69'7 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 2.1'10 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 1.708 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 
·5o 0.679 0.848 1.046 1.296 1.671 2.000 2.390 2.660 3.460 

120 0.677 0.845 1.041 1.289 1.658 1.980 2.358 2.617 3.373 
00 0.674 0.842 1.036 1.282 1.645 1.960 2.326 2.576 3.291 

•The uth percentile of a t distribution with d degrees of freedom. 
Source: Table 5 is taken from Table Ill 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). Reprinted by permission of 
Pearson Education Ltd . 
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Table 9 Percentage points of the F distribution (Fd d ) ,, ,p 

dffor df for numerator, d1 
denominator, 

---------.. ~----·-----... ~ ................ _____ .. ______ , ________ . ______________ ....,._ ,,_...__.._ ..... 
____ _?_L __ p 1 2 3 4 5 6 7 8 12 24 00 

--· ··---- ----·-
1 .90 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 60.71 62.00 63.33 

.95 161.4 199.5 215.7 224.6 230.2 234.0 236.8 238.9 243.9 249.1 254.3 

.975 647.8 799.5 864.2 899.6 921.8 937.1 948.2 956.7 976.7 997.2 1018. 

. 99 4052 . 5000. 5403. 5625. 5764. 5859. 5928. 5981. 6106. 6235 . 6366. 

. 995 16211. 20000. 21615. 22500. 23056. 23437. 23715. 23925 . 24426. 24940. 25464, 

. 999 405280. 500000. 540380. 562500. 576400. 585940. 592870. 598140. 610670. 623500. 636620 . 

2 . 90 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.41 9.45 9.49 
.95 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.41 19.45 19.50 
.975 38.51 39.00 39.17 39.25 39.30 39.33 . 39.36 ·39.37 39.42 39.46 39.50 
.99 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.42 99.46 99.50 
.995 198.5 199.0 199.2 199.2 199.3 199.3 199.4 199.4 199.4 199.5 199.6 
.999 998.6 999.0 999.2 999.2 999.3 999.3 999.4 999.4 999.4 999.5 999.5 

3 .90 6.54 5.46 5.39 5.34 5.31 5.28 6.27 5.25 5.22 5.18 5.13 
.95 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.74 8.64 8.53 
.975 17.44 16.04 15.44 16.10 14.88 14.74 14.62 14.54 14.34 14.12 13.90 
.99 34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.06 26.60 26.13 
.995 56.55 49.80 47.47 46.20 46.39 44.84 44.43 44.13 43.39 42.62 41.83 
.999 167.00 148.5 141.1 137.1 134.6 132.8 131.6 130.6 128.3 125.9 123.6 

4 .90 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.90 3.83 3.76 
.95 7.71 6.94 6.5.9 6;39 6.26 6.16 6.09 6.04 5.91 5.77 5.63 
.975 12.22 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.75 8.51 8.26 
.99 21.20 18.00 16.69 15.98 15.62 15.21 14.98 14.80 14.37 13.93 13.46 
.995 31.33 26.28 24.26 23.16 22.46 21.98 21.62 21.35 20.70 20.03 19.32 
.999 74.14 61.25 66.18 53.44 51.71 50.63 49.66 49.00 47.41 45.77 44.05 

5 .90 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.27 3.19 3.10 
.95 6.61 5.79 5.41 5.19 5.05 4.96 4.88 4.82 4.68 4.63 4.36 
.976 10,01 8.43 7.76 7.39 7.15 6.98 . 6.86 6.76 6.52 6.28 6.02 
.99 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 9.89 9.47 9.02 
.995 22.78 18.31 16.63 15.56 14.94 14.51 14.20 13.96 13.38 12.78 12.14 
.999 47.18 37.12 33.20 31.09 29.76 28.83 28.16 27.65 26.42 25.13 23.79 

6 .90 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.90 2.82 2.72 
.95 5.99 6.14 4.76 4.53 4.39 4.28 4.21 4.16 4.00 3.84 3.67 
.975 8.81 7.26• 6.60 6.23 6.99 5.82 5.70 5,60 5.37 5.12 4.86 
.99 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.72 7.31 6.88 
.996 18.64 14.54 12.92 12.03 11.46 11.07 10.79 10.57 10.03 9.47 8.81! 
.999 36.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 17.99 16.90 16.75 

7 .90 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.67 2.58 2.47 
.96 6.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.67 3.41 3.23 
.976 8.07 6.64 6.89 6.62 5.29 5.12 4.99 4.90 4.67 4.42 4.14 
.99 12.26 9.66 8.46 7.85 7.46 7.19 6.99 6.84 6.47 6.07 6.65 
,996 16.24 12.40 10.88 10.05 9.52 9.16 8.89 8.68 8.18 7.66 7.08 
.999 29.25 21.69 18.77 17.20 16.21 16.52 15.02 14.63 13.71 12.73 11.70 

8 .90 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.69 2.60 2.40 2.29 
.96 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.28 3.12 2.93 
.976 7.67 6.06 6.42 5.05 4.82 4.66 4.53 4.43 4.20 3.95 3.67 
.99 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.67 5.28 4.86 
.995 14.69 11.04 9.60 8.81 8.30 7.95 7.69 7.50 7.01 6.50 6.95 
.999 26.42 18.49 15.83 14.39 13.49 12.86 12.40 12.04 11.19 '10.30 9.33 

9 .90 3.36 3.01 2.81 2.69 2.61 2.55 2.61 2.47 2.38 2.28 2.16 
.95 6.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.07 2.90 2.71 
.975 7.21 5.71 5.08 4.72 4.48 4.32 4.20 4.10 3.87 3.61 3.33 
.99 10.56 8.02 6.99 6.42 6.06 5.80 6.61 5.47 5.11 4.73 4.31 
.995 13.61 10.11 8.72 7.96 7.47 7.13 6.88 6.69 6.23 5.73 5.19 
.999 22.86 16.39 13.90 12.56 11.71 11.13 10.70 10.37 9.57 8.72 7.81 

10 .90 3.29 2.92 2.73 2.61 2.62 2.48 2.41 2.38 2.28 2.18 2.06 
.96 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 2.91 2.74 2.54 
.975 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.62 3.37 3.08 
.99 10.04 7.66 6.56 5.99 5.64 5.39 6.20 5.06 4.71 4.33 3.91 
.995 12.83 9.43 8.08 7.34 6.87 6.64 6.30 6.12 5.66 5.17 4.64 
.999 21.04 14.91 12.55 11.28 10.48 9.93 9.62 9.20 8.45 7.64 6.76 

12 .90 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.16 2.04 1.90 
.95 4.76 3.89 3.49 3.26 3.11 3.00 2.91 2.86 2.69 2.51 2.30 
.976 6.56 5.10 4.47 4.12 3.89 3.73 3.61 3.61 3.28 ~.02 2.72 

(continued on next page) 
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Table 9 Percentage points of the F distribution (Fd d ) (continued) 
1• 1.P 

dftor -----···------------·-··-----.. ·-···---···---·~!.!~~.~~-~!...~.!.. ... ____________ ~-------·-·-----··------~-·-····-· denominator, 
d2 p 1 2 3 4 5 6 7 8 12 24 00 ------· .. --.. ------.. ..---~~----........ _ ........ ____ , __ ~ .... -............. _._...~,... ..... _...~ ....... ~---ft .............. ~ .. _. ... _, ___ ................. _.,. __ ._.. ... _ ...... _ _..._.,... ...... 

. 99 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.16 3.78 3.36 

.995 11.75 8.51 7.23 6.52 6.07 5.76 6.52 5.35 4.91 4.43 3.90 

.999 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 7.00 6.26 6.42 

14 .90 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.05 1.94 1.80 
.95 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.53. 2.35 2.13 
.975 6.30 4.86 4.24 3.89 3.66 3.50 3.38 3.29 3.05 2.79 2.49 
.99 8.86 6.51 6.56 6.04 4.69 4.46 4.28 4.14 3.80 3.43 3.00 
.995 11.06 7.92 6.68 6.00 5.66 6.26 6.03 4.86 4.43 3.96 3.44 
.999 17.14 11.78 9.73 8.62 7.92 7.44 7.08 6.80 6.13 5.41 4.60 

16 .90 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 1.99 1.87 1.72 
.96 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.42 2.24 2.01 
.975 6.12 4.69 4.08 3.73 3.60 3.34 3.22 3.12 2.89 2.63 2.32 
.99 8.53 6.23 6.29 4.77 4.44 4.20 4.03 3.89 3.66 3.18 2.76 
.995 10.58 7.61 6.30 5.64 6.21 4.91 4.69 4.62 4.10 3.64 3.11 
.999 16.12 10.97 9.01 7.94 7.27 6.80 6,46 6.19 6.55 4.85 4.06 

18 .90 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 1.93 1.81 1.66 
.96 4.41 3.66 3.16 2.93 2.77 2.66 2.58 2.51 2.34 2.16 1.92 
.975 5.98 4.66 3.96 3.61 3.38 3.22 3.10 3.01 2.77 2.50 2.19 
.99 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.37 3.00 2.57 
.995 10.22 7.21 6.03 5.37 4.96 4.66 4.44 4.28 3.86 3.40 2.87 
.999 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.13 4.45 3.67 

20 .90 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.89 1.77 1.61 
.95 4.35 3.49 3.10 2.87 2.71 2.60 2:61 2.46 2.28 2.08 1.84 
.976 6.87 4.46 3.86 3.51 3.29 3.13 3.01 2.91 2.68 2.41 2.09 
.99 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.23 2.86 2.42 
.995 9.94 6.99 5.82 5.17 4.76 4.47 4.26 4.09 3.68 3.22 2.69 
.999 14.82 9.96 8.10 7.10 6.46 6.02 5.69 6.44 4.82 4.16 3.38 

30 .90 2.88 2.49 . 2.28 2.14 2.05 1.98 1.93 1.88 1.77 1.64 1.46 
.95 4.17 3.32 2.92 2.69 2.63 2.42 2.33 2.27 2.09 1.89 1.62 
.975 5.57 4.18 3.69 3.25 3.03 2.87 2.75 2.65 2.41 2.14 1.79 
.99 7.56 5.39 4.61 4.02 3.70 3.47 3.30 3.17 2.84 2.47 2.01 
.995 9.18 6.36 5.24 4.62 4.23 3.96 3.74 3.58 3.18 2.73 2.18 
.999 13.29 8.77 7.05 6.12 6.63 6.12 4.82 4.68 4.00 3.36 2.69 

40 .90 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.71 1.67 1.38 
.95 4.08 3.23 2.84 2.61 2.46 2.34 2.25 2.18 2.00 1.79 1.51 
.975 5.42 4.05 3.46 3.13 2.90 2.74 2.62 2.53 2.29 2.01 1.64 
.99 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.66 2.29 1.80 
.996 8.83 6.07 4.98 4.37 3.99 3.71 3.51 3.35 2.96 2.60 1.93 
.999 12.61 8.25 6.59 5.70 5.13 4.73 4.44 4.21 3.64 3.01 2.23 

60 .90 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1..66 1.51 1.29 
.95 4.00 3.16 2.76 2.53 2.37 2.25 2.17 2.10 1.92 1.70 1.39 
.975 5.29 3.93 3.34 3.01 2.79 2.63 2.61 2.41 2.17 1.88 1.48 
.99 7.08 4.98 4.13 3.66 3.34 3.12 2.95 2.82 2.60 2.12 1.60 
.995 8.49 6.60 4.73 4.14 3.76 3.49 3.29 3.13 2.74 2.29 1.69 
.999 11.97 7.77 6.17 6.31 4.76 4.37 4.09 3.86 3.32 2.69 1.69 

120 .90 2.75 2.36 2.13 1.99 1.90 1.82 1.77 1.72 1.60 1.45 1.19 
.95 3.92 3.07 2.66 2.45 2.29 2.17 2.09 2.02 1.83 1.61 1.25 
.976 5.16 3.80 3.23 2.89 2.67 2.52 2.39 2.30 2.05 1.76 1.31 
.99 6.86 4.79 3.96 3.46 3.17 2.96 2.79 2.66 2.34 1.95 1.38 
.995 8.18 5.64 4.50 3.92 8.55 3.28 3.09 2.93 2.54 2.09 1.43 
.999 11.38 7.32 5.78 4.96 4.42 4.04 3.77 3.55 3.02 2.40 1.54 

00 .90 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.55 1.38 1.00 
.95 3.64 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.75 1.62 1.00 
.975 5.02 3.69 3.12 2.79 2.57 2.41 2.29 2.19 1.94 1.64 1.00 
.99 6.63 4.61 3.76 3.32 3.02 2.80 2.64 2.51 2.18 1.79 1.00 
.995 7.66 6.30 4.28 3.72 3.35 3.09 2.90 2.74 2.36 1.90 1.00 
.999 10.83 6.91 6.42 4.62 4.10 3.74 3.47 3.27 2.74 2.13 1.00 

Note: F., •• ~ '" pth percentile of an F distribution with d, and d2 degrees of freedom. 
Source: This table has been reproduced in part with the permission of the Biometrika Trustees, from Biometrika Tables for Statisticians, Volume 2, edited by 
E. S. Pearson and H. 0. Hartley, published for the Biometrika Trustees, Cambridge University Press, Cambridge, England, 1972. • 
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