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1. (10%) Mary tosses nt+1 coins and John tosses n coins. What 1s the
probability that Mary gets more heads than John?

2. (10%) The department photocopier has three parts 4, B, C which can
go wrong. The probability that 4 will fail during a copying session
1s 10”°. The probability that B will fail is 10™ if 4 fails and 107
otherwise. The probability that C will fail is 10” 1f B fails and
10~ otherwise. The "Call Engineer" sign lights up if two or three
parts fail. If only two parts have failed I can repair the machine
myself but if all three parts have failed my attempts will only make
matters worse. What is the probability of 3 parts fail conditional on
2 or 3 part fail? (The probability is close to which one? 1/5, 1/10,
1/20 1/30, 1/40, 1/50, 1/60 or 1/100)

3. (10%) LetXand Y be independent and normally distributed random
variables with the same PDF

1 e-xzfz
oA
Find the PDFs of Xx?. (Please write down the formula of the PDF)
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(10%) Students of mathematics in a large university are given a
percentage mark in their annual examination. In a sample of nine
students the following marks were found:

28,32,34,39,41, 42,42, 46, 56.
Students of history also receive a percentage mark. A sample of
five students reveals the following marks:

53, 58, 60, 61, 68.
Does these data support the hypothesis that the marks for
mathematics are more variable than the marks for history? Quantify
your conclusion. Comment on your modelling assumption.

Additional Information:

Distribution: N(0,1)  F(9,5) F(8,4) (14 »*(13) #*(12)

95% percentile 1.65 478  6.04 237 224  21.0

(10%) The independent observations X,,.X, are distributed as
Poisson random variables with means ., u, respectively, where

In 4, = «;

Inp, =a+ f,
with «,f unknown parameters. Find the maximum likelihood

estimators of «.
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(10%) Suppose that Z ~N(0,1) and Z are independent. Please

find the limiting distribution of

n_(
> Z,.+—1-]/\/;.
(i

i=1 \

(10%) The assumptions of single-factor ANOVA can be described
succinctly by means of the model equation X, = +¢ . where
¢, ; represents a random deviation from the population or true
treatment mean g . Which of the following statements are not true?
(A) The ¢, 's are assumed to be independent.

(B) The ¢, ,'s are normally distributed random variables.

(C) E(g;;)=0forevery iandj.

(D) Var(e,;)=0* foreveryiandj.

(E) None of the above statements are true.

(10%) In the fixed effects model with interaction, assume that there
are S5 levels of factor A, 4 levels of factor B, and 3 observations
(replications) for each of the 20 combinations of levels of the two
factors. Then, what is the number of degrees of freedom of the

interaction sum of squares (SSAB)?

(A) 60 (B) 20 (C) 15 (D) 32 (E) 12
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10.

(10%) Answer the following questions with "True" or "False" and

explain your answer very briefly.

(A) Given the model Y =X B +¢,, suppose that ¢ 1s NOT normally
distributed. In this case, the maximum likelithood estimator
(MLE) can not be derived.

(B) Given the model Y =X B+¢,, the ordinary least squares (OLS)
of B 1salways equlvalent to the MLE estimator of 2.

(10%) Answer the following questions with "True" or "False" and
explain your answer very briefly.

(C) Given an estimated regression model, if the F-test for all the
coefficients (except the constant term) equal to zero is significant
at the level o, then all the individual #-ratios must also be
significant at the same level.

(D) In a linear model where ¢, are N(0,0*). Then the residual £

1s also distributed as N(0,0?).
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Standard normal cumulative distribution function ®(z) and 100 x yth

percentiles z_
2
®(z) =J e~ "2 dt
—® 4/ 27[
2 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 05000 05040 05080 05120 05160 05199 0.5239 0.5279 05319 05359
01 05398 05438 05478 05517 05557 05596 _ 05636 0.5675 05714 05753
02 05793 05832 05871 05910 05948 05987 06026 06064 06103 06141
03 06179 06217 06255 06293 06331 06368 0.6406 0.6443 0.6480 0.6517
0.4 0.6554 0.6591 06628 06664 0.6700 0.6736 06772 06808 0.6844 0.6879
05 06915 06950 06985 0.7019 07054 07088 0.7123 0.7157 0.7190 0.7224
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7580 0.7611 0.7642 07673 07704 07734 07764 0.7794 0.7823 0.7852
0.8 0.7881 07910 0.7939 07967 0.7995 0.8023 08051 08078 0.8106 0.8133
09 (08159 08186 08212 08238 08264 08289 08314 023340 0.8365 0.8389
1.0 083 0.8438 08461 08485 08508 0.8531 08554 0.8577 0.8599 (0.8621
1.1 08643 08665 08686 08708 08729 08749 08770 0.8790 0.8810 0.8830
1.2 0.8849 08868 08888 08907 0.8925 0.8%44 0.8962 0.8980 0.8997 0.9015
1.3 08032 09049 059066 09082 09099 0.9115 0.9131 0.9147 (0.9162 09177
1.4 09192 09207 09222 09236 09251 09265 09279 09292 09306 09319
1.5 09332 08345 0.0357 09370 09382 09384 09406 0.9418 09429 0.9441
16 09452 09463 09474 09484 09495 09505 0.9515 09525 09535 0.9545
1.7 0.9554 09564 09573 09582 09591 09599 09608 09616 09625 0.9633
18 09647 09649 09656 09664 09671 09678 09686 0.9693 0.9699 0.970€
1.9 08713 09719 09726 0.9732 0.9738 0.9744 09750 0.9756 09761 0.9767
20 08772 09778 09783 09788 09793 09798 0.9803 0.9808 09812 09817
21 09821 09826 09830 09834 09838 09842 09846 0.9850 0.9854 0.9857
22 09861 09864 09868 0.9871 09875 0.9878 0.9881 0.9884 0.9887 0.9830
23 09883 09896 0.9898 0.9901 09904 09906 0.9909 0.9911 0.9913 0.9916
24 09918 0.9920 09922 0.9925 09927 0.9929 0.9931 0.9932 09934 0.9936
25 08938 09940 09941 09943 09945 0.9946 09948 09949 09951 0.9952
26 09953 09955 0.9956 0.9957 0.9959 09960 0.9961 0.9962 0.9963 0.9964
27 08965 09966 0.9967 09968 09969 09970 09971 09972 09973 0.9974
28 098974 09975 09976 0.9977 0.9977 09978 09979 09979 09980 0.9981
29 09981 09982 09982 09983 09984 09984 09985 09985 04986 0.9986
- 3.0 099887 09987 09987 019988 09988 0.9989 09989 09989 0.8990 0.9990
31 09990 0.9991 09991 09991 0.9992 09992 (09992 09992 09993 0.9993
32 093893 09993 09994 0.9994 0.9994 09984 09994 09995 09995 0.9995
3.3 0999 098995 09985 (09996 09996 (09996 09996 09996 09996 0.9997
34 098997 09897 09997 0.9997 09997 0.8997 09997 0.9997 09997 0.9998
y 0.90 0.95 0975  0.99 0.995  0.999 09995 0.99995  0.999995
Z 1.282 1.645 1.960 2.326 2.576 3.090 3.291 3.891 4417
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100 x yth Percentiles t_(v) of Student’s t

distribution with v degrees of

'y
anl
B
| |
v
piiis
P
A
| _-—
X

freedom
£y(v)
y = j f(t, v) dt
- D
Y
v 0.60 0.70 0.80 0.90 0.95 0.975 0.99 0.995 0.9995

1 0.325 0.727 1.376 3.078 6.314 12.706 31.821 63.657 636.619
2 0.289 0.617 1.061 1.886 2.920 4.303 6.965 9.925 31.598
3 0.277 0.584 0.978 1.638 2.353 3.182 4.541 5.841 12.924

4 0.271 0.569 0.941 1.533 2.132 2.776 3.747 4.604 8610
5 0.267 0.559 0.920 1.476 2.015 2571 3.365 4.032 6.869
6 0.265 0.553 0.906 1.440 1.943 2.447 3.143 3.707 5.959

7 0.263 0.549 0.896 1.415 1.895 2.365 2.990: 3.499 5.408
8 0.262 0.546 0.889 1.397 1.860 2.306 2.89¢ 3.355 5.041
9 0.261 0.543 0.883 1.383 1.833 2262 .. 2.821 3.250 4.781
10 0.260 0.542 0.879 1.372 1.812 2228+  2.764 3.169 4587
11 0.260 0.540 0.876 1.363 1.796 2.201 2.718 3.106 4.437
12 0.259 0.539 0.873 1.356 1.782 2179 2.681 3.055 4.318
13 0.259 0.538 0.870 1.350 1.771 2160 2.650 3.012 4.221
14 0.258 0.537 0.868 1.345  1.761% 2.145 2.624 2.977 4.140
15 0.258 0.536 . 0.866 1.341 1.753 2.131 2.602 2.947 4.073
16 0.258 0535. 0.865 1.337 1.746 2.120 2.583 2.921 4.015
17 0.257 0.534 0.863 1.333 1.740 2.110 2.567 2.898 3.965
18 0.257 0.534 0.862 1.330 1.734 2.101 2.552 2.878 3.922
19 0.257 0.533 0.861 1.328 1.729 2.093 2.539 2.861 3.883
20 0.257 0.533 0.860 1.325 1.725 2.086 2.528 2.845 3.850
21 0.257 0.532 0.859 1.323 1.721 2.08) 2.518 2.831 3.819
22 0.256 0.532 0.858 1.321 1.717 2.074 2.508 2819 3.792
23 0.256 0.532 0.858 1.319 1.714 . 2.069 2.500 2.807 3.767
24 0.256 0.531 0.857 1.318 1.711 2.064 2.492 2.797 3.745
25 0.256 0.531 0.856 1.316 1.708 2.060 2.485 2.787 3.725
26 0.256 0.531 0.856 1.315 1.708 2 056 2.479 2.779 3.707
27 0.256 0.531 0.855 1.314 1.703 2.052 2.473 2.771 3.690
28 0.256 0.530 0.855 1.313 1.701 2.048 2.467 2.763 3.674
29 0.256 - 0.530 0.854 1.311 1.699 2.045 2.462 2.756 3.659
30 0.256 0.530 0.854 1.310 1.697 2.042 2.457 2.750 3.646
40 0.255 0.529  0.85% 1.303 1.684 2.021 2.423 2.704 3.551
60 0.254 0.527 0.848 1.296 1.671 2.000 2.390 2.660 3.460
120 0.254 0.526 0.845 1.289 1.658 1.980 2.358 2.617 3.373
0o 0263 0524 0842 1282 1645 1.960 2.326 2576 3.291

L=
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| 00 x vth Percentiles x<(v) of the chi-square distribution with v degrees of freedom

v 0.005 0.010 0.025 0.050
1
2 0.01 0.02 0.05 0.10
3 0.07 0.11 0.22 0.35
4 0.21 0.30 0.48 0.71
5 0.41 0.55 0.83 1.15
6 0.68 0.87 1.24 1.64
7 0.99 1.24 1.69 217
8 1.34 1.65 2.18 2.73
9 1.73 2.09 2.70 3.33
10 2.16 2.56 3.25 3.94
11 2.60 3.05 3.82 4.57
12 3.07 3.57 4.40 5.23
13 3.57 4.11 5.01 5.89
14 4.07 4.66 5.63 6.57
15 4.60 5.23 6.26 7.26
16 5.14 5.81 6.91 7.96
17 5.70 6.41 7.56 8.67
18 6.26 7.01 8.23 9.39
19 6.84 7.63 8.91 10.12
20 7.43 8.26 959 10.85
21 8.03 890 1028 11.59
22 8.64 954 1098 1234
23 926 1020 1169 13.09
24 989 10.86 1240 13.85
26 1052 1152 1312  14.61
30 1379 1495 16.79  18.49
40 2071 “2216 2443  26.51
50 27.99  29.71 32.36 34.76
60 3553 3748 4048  43.19
70 4328 4544 48.76 51.74
80 51.17 5354 5715 60.39
90 59.20 61.75 6565 69.13
100 67.33 7006 7422  77.93

0.100

0.02
0.21
0.58
1.06
1.61

2.20
2.83
3.49
417
4.87

5.58
6.30
71.04
1.79
8.55

9.31
10.09
10.86
11.65

12.44
13.24

14.04
14.85
15.66
16.47

20.60
29.05
37.69
46.46
55.33
64.28
73.29
82.36

0.250

0.10
0.58
1.21
1.92

x;‘:(v}

5

0.500

0.45
1.39
2.37

h(y; v) dy

1.32
2.77
411

2.67

3.45
4.25
5.07
5.90
6.74

7.68
8.44
9.30
10.17
11.04

3.36
4.35

5.35
6.35
1.34
8.34
9.34

10.34
11.34
12.34

13.34

14.34

b.39
6.63

7.84
9.04
10.22
11.39
12.55

- 13.70

14.85
15.98
17.12
18.25

11.91

12.79
13.68
14.56
15.45
16.34
17.24
18.14
19.04
19.94

24.48
33.66
42.94
52.29
61.70
71.14
80.62
90.13

15.34
16.34
17.34
18.34

19.34
20.34

21.34
22.34
23.34
24 .34

29.34
39.34
49.33
59.33
69.33
79.33
89.33
99.33

19.37
20.48
21.60

22.72
23.83
24.93
26.04
27.14
28.24
29.34

34.80
45.62
56.33
66.98

77.58

88.13

98.64
109.14

23.54
24.77
25.99
27.20

28.41
29.62

30.81
32.01
33.20
34.38

40.26
51.80
63.17
74.40
85.53
96.58

107.56
118.50
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0.995

0.989

or large v, ;(f(v} = v[1 - (2/9v) +z, \/(2/91')]31

0.950 0.975 0.990
3.84 5.02 6.63 7.88 10.83
5.99 7.38 9.21 10.60 13.82
7.81 9.35 11.34 12.84 16.27
9.49 11.14 13.28 14.86 18.47
11.07 12.83 15.09 16.75 20.52
12.59 14.45 16.81 18.55 22.46
14.07 16.01 18.48 20.28 24.32
15.51 17.53 20.08 21.96 26.12
16.92 19.02 21.67 23.59 27.88
18.31% 20.48 23.21 25.19 29.59
19.68 21.92 24.72 26.76 31.26
21.03 23.34 26.22 28.30 32.91
22.36 24.74 27.69 29.82 34.53
23.68 26.12 2914 31.32 36.12
25.00 27.49 30.58 32.80 37.70
26.30 28.85 32.00 34.27 39.25
27.59 30.19 33.41 35.73 40.793
28.87 31.53 34.81 37.16 42.31
30.14 32.85 36.19 35.58 43.82
31.41 34.17 37.57 40.00 45,32
32.67 35.48 38.93 41.40 46.80
33.92 36.78 40.29 42.80 48.27
35.17 38.08 4164 = 4418 49.73
36.42 39.36 42 .98 45.56 51.18
37.65 40.65 44 31 46.93 52.62
43.77 46.98 50.89 53.67 59.70
55.76 59.34 63.69 66.77 73.40
67.50 71.42 76.15 79.49 86.66
79.08 83.30 88.38 891.95 99.61
90.53 96.02 100.42 104.22 112.32
101.88 106.63 112.33 116.32 124.84
113.14 118.14 12412 128.30 137.21
124.34 129.56 135.81 14017 143.45




