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1. (7 marks) Answer the following "True’ or 'False’ questions. No justification is required and no partial credit will
be given.
(a) If a distribution has many outliers, then it is right-skewed.

(b) According to Chebyshev’s Rule, for any data set at most 1/4 of the observations are more than 2 standard
deviations away from the mean.

(c) The conditional probability P(A|B) is always smaller than the unconditional probability P(A).
(d) The standard deviation of Z decreases as the sample size increases.
(e) If z is a standard normal random variable and P(—a < z < a) = 1 — q, then a = z,/5.

(f) The Central Limit Theorem only applies when the observed data z1,...,z, are sampled from a normal
distribution.

(g) In a hypothesis testing setup, a Type I error is committed when the null hypothesis is rejected, but in reality
the null hypothesis is true.

2. (10 marks) Let A, B and C be events with P(A) = 0.5, P(B) = 0.7 and P(C) = 0.4. Furthermore, it is known
that A and B are independent and that A and C are mutually exclusive.

(a) Compute P(AN B) and P(ANC).
(b) Compute P(AU B) and P(AUC).
(c) Compute P(B|A).
(d) Are B and C mutually exclusive? Justify!
3. (12 marks) Suppose that 40% of the Canadian population has blood type 07. A sample of 20 Canadians is
selected at random.
(a) What is the probability that exactly 9 of them have blood type 077
(b) What is the probability that at least 6 of them have blood type 077
(c) What is the probability that more than 4 but less than 11 of them have blood type 0*?
(d) If the experiment is repeated many times, how many people in the sample, on average, should be expected

to have blood type 017

4. (12 marks) The picture tubes for the Xenon 40-inch plasma television sets are manufactured in 2 plants. The
first plant manufactures 35% of the picture tubes, whereas the second plant manufactures the remaining 65%.
The quality control department has determined that 2% of the picture tubes produced in the first plant are
defective, whereas 3% of the tubes produced in the second plant are defective.

(a) What is the probability that a randomly selected picture tube is defective?

(b) If a randomly selected picture tube is found to be defective, what is the probability that it was manufactured
in the first plant?

(c) A picture tube is selected at random. Are the two events “the picture tube is defective” and “the picture
tube was manufactured at the first plant” independent? Justify!

5. (10 marks) A medical researcher wishes to determine the percentage of females who take vitamins. He wishes
to be 99% confident that the estimate is within 2 percentage points of the true population proportion. A recent
study of 180 females showed that 25% took vitamins.

(a) How large should the sample size be?

(b) If no estimate of the sample proportion were available, how large should the sample be?

—Please turn over—
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6. (13 marks) A study assessed fatigue in steel plant workers due to heat stress. A random sample of 58 casting
workers had a mean post-work heart rate of 75.7 bpm (beats per minute) with a standard deviation of 11.2 bpm.

(a) Is there sufficient evidence at a level of significance of a = 0.01 to conclude that the mean post-work heart
rate of for casting workers exceeds the normal resting heart rate of 72 bpm?

(1) State the hypotheses.

(2) What type of test will you use? What is the suitable test statistic? Justify!
(3) Compute the value of the test statistic.

(4) Find the p-value of the test.

(5) State your conclusion.

(b) Find a 99% confidence interval for the true average post-work heart rate of casting workers. Interpret your
result. Does or doesn’t it contradict your results from part (a)? Explain!

7. (12 marks) A recent study claimed that at least 15% of all eighth-grade students are overweight. In a sample of
80 students, 9 were found to be overweight. At a = 0.05, is there enough evidence to reject the claim?

(a) State the hypotheses.

(b) What type of test will you use? What is the suitable test statistic? Justify!
(c) Find the critical value(s) and the rejection region(s).

(d) Compute the value of the test statistic.

(e) State your conclusion.

8. (12 marks) A real estate agent compares the selling prices of homes in two suburbs of Montreal to see whether
there is a difference in price. The results of the study are shown here. Is there evidence to reject the claim that
the average cost of a home in both locations is the same? Use a = 0.01.

Suburb 1 | Suburb 2
$163,255 | $159,102
$5,602 $4,731
34 40

S » 8

(a) State the hypotheses.

(b) What type of test will you use? What is the suitable test statistic? Justify!
(c) Find the critical value(s) and the rejection region(s).

(d) Compute the value of the test statistic.

(e) State your conclusion.

9. (12 marks) Glaucoma is a leading cause of blindness. A study measured the corneal thickness of six patients who
have glaucoma in one eye but not in the other. The results of the study were (thickness measured in microns):

Patient 1 2 3 4 5 6
Normal 484 478 492 444 436 476
Glaucoma | 488 478 480 426 440 460

Does this provide sufficient evidence at a = 0.1 to conclude that mean corneal thickness is greater in normal
eyes than in eyes with glaucoma? Assume that the difference in thickness between the normal eye and the eye
with glaucoma is approximately normally distributed.

(a) State the hypotheses.

(b) What type of test will you use? What is the suitable test statistic? Justify!
(c) Find the critical value(s) and the rejection region(s).

(d) Compute the value of the test statistic.

(e) State your conclusion.
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TABLE Il Binomial Probabilities
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p(x)
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k
Tabulated values are E p(x). (Computations are rounded at the third decimal place.)

x=0
an=>5
k p 01 05 10 20 30 40 .50 60 70 80 90 95 99
0 951 774 590 328 .168 078 .031 .010 .002 .000 .000 .000 .000
1 .999 977 919 737 528 337 188 087 .031 .007 .000 .000 .000
2 1.000 .999 991 942 .837 .683 .500 317 163 .058 .009 .001 .000
3 1.000 1.000 1.000 993 .969 913 812 .663 472 263 .081 .023 .001
4 1.000 1.000 1.000 1.000 .998 .990 .969 922 832 672 410 226 .049
b.n =6
k P 01 05 J0 .20 30 40 50 .60 70 80 90 95 99
0 941 735 531 262 118 .047 .016 .004 .001 .000 .000 000 .000
1 .999 .967 .886 .655 420 233 .109 041 011 .002 .000 .000 .000
2 1.000 .998 .984 .901 744 544 344 .179 .070 017 .001 .000 .000
3 1.000 1.000 .999 .983 930 821 .656 456 256 .099 016 .002 .000
4 1.000 1.000 1.000 998 .989 .959 .891 767 .580 345 114 .033 .001
5 1.000 1.000 1.000 1.000 .999 .996 .984 953 882 738 469 265 .059
cen =17
k p 01 05 10 20 30 40 50 60 70 .80 90 95 99
0 932 .698 478 210 .082 .028 .008 002 .000 .000 .000 .000 .000
1 998 .956 .850 577 329 159 .063 .019 .004 .000 .000 .000 .000
2 1.000 .996 974 .852 647 420 227 .096 .029 .005 .000 .000 .000
3 1.000 1.000 .997 967 874 710 .500 290 126 .033 .003 .000 .000
4 1.000 1.000 1.000 995 971 .904 773 580 353 148 .026 .004 .000
5 1.000 1.000 1.000 1.000 .996 .981 .937 841 671 423 150 044 .002
6 1.000 1.000 1.000 1.000 | 1.000 998 992 972 918 .790 522 302 .068

(continued)
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TABLEH Continued
d.n 8
k p 01 05 J0 20 30 40 50 .60 70 80 90 95 99
0 923 .663 430 168 058 .017 004 001 .000 .000 .000 .000 .000
1 997 943 813 503 255 .106 .035 .009 .001 .000 .000 .000 .000
2 1.000 994 .962 797 552 315 145 050 .011 001 .000 .000 .000
3 1.000 1.000 995 944 .806 .594 363 174 .058 .010 .000 .000 .000
4 1.000 1.000 1.000 .990 942 .826 .637 406 194 .056 .005 .000 .000
5 1.000 1.000 1.000 .999 989 .950 855 .685 448 203 .038 .006 .000
6 1.000 1.000 1.000 1.000 .999 991 965 .894 .745 497 187 .057 .003
7 1.000 1.000 1.000 1.000 | 1.000 .999 .996 983 942 832 .570 337 077
e.n 9
k P 01 05 10 20 30 A0 50 .60 70 .80 90 95 99
0 914 .630 387 134 .040 .010 .002 .000 .000 .000 .000 .000 .000
1 .997 929 775 436 .196 071 .020 .004 .000 .000 .000 .000 .000
2 1.000 992 .947 738 463 232 .090 025 .004 .000 .000 .000 .000
3 1.000 999 992 914 730 483 254 .099 025 .003 .000 .000 .000
4 1.000 1.000 .999 980 .901 733 500 267 .099 .020 .001 .000 .000
5 1.000 1.000 1.000 .997 975 901 746 517 270 .086 .008 .001 .000
6 1.000 1.000 1.000 1.000 .996 .975 910 768 537 262 .053 .008 .000
7 1.000 1.000 1.000 1.000 | 1.000 .996 .980 .929 804 564 225 071 .003
8 1.000 1.000 1.000 1.000 | 1.000 | 1.000 .998 .990 .960 .866 613 370 .086
f.n 10
k P 01 05 10 20 30 40 50 .60 70 .80 90 95 99
0 .904 .599 349 107 028 .006 .001 .000 .000 .000 .000 .000 .000
1 .996 914 736 736 .149 .046 011 .002 .000 .000 .000 .000 .000
2 1.000 088 .930 .678 383 167 .055 012 .002 .000 .000 .000 .000
3 1.000 .999 987 879 .650 382 172 .055 011 .001 .000 .000 .000
4 1.000 1.000 998 .967 .850 633 377 .166 047 .006 000 .000 .000
5 1.000 1.000 1.000 .999 .953 834 623 .367 .150 .033 .002 .000 .000
6 1.000 1.000 1.000 .999 989 945 828 618 350 121 013 .001 .000
7 1.000 1.000 1.000 1.000 .998 988 945 833 .617 322 070 012 .000
8 1.000 1.000 1.000 1.000 | 1.000 998 989 954 851 624 .264 .086 .004
9 1.000 1.000 1.000 1.000 | 1.000 | 1.000 .999 994 972 .893 651 401 .096

(continued)
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TABLE Il Continued
g.n =15
k p 01 .05 J0 20 30 40 50 .60 70 .80 90 95 99
0 .860 463 206 .035 .005 .000 .000 .000 .000 .000 .000 .000 .000
1 .990 .829 .549 167 .035 .005 .000 .000 *.000 .000 .000 .000 .000
2 1.000 .964 .816 398 127 027 .004 .000 .000 .000 .000 .000 .000
3 1.000 995 944 .648 297 .091 .018 002 .000 .000 .000 .000 .000
4 1.000 .999 987 .838 515 217 .059 .009 .001 .000 .000 .000 .000
5 1.000 1.000 998 .939 722 403 151 .034 .004 .000 .000 .000 .000
6 1.000 1.000 1.000 .982 .869 .610 304 .095 .015 .001 .000 .000 .000
7 1.000 1.000 1.000 .996 950 787 .500 213 .050 .004 .000 .000 .000
8 1.000 1.000 1.000 .999 985 905 .696 390 131 018 .000 .000 .000
9 1.000 1.000 1.000 1.000 .996 966 .849 597 278 .061 .002 .000 .000
10 1.000 1.000 1.000 1.000 .999 991 941 783 485 .164 .013 .001 .000
11 1.000 1.000 1.000 1.000 | 1.000 .998 982 .909 .703 352 .056 .005 .000
12 1.000 1.000 1.000 1.000 | 1.000 | 1.000 .996 973 873 602 184 .036 .000
13 1.000 1.000 1.000 1.000 | 1.000 |1.000 | 1.000 .995 965 .833 451 171 .010
14 1.000 1.000 1.000 |, 1.000 | 1.000 | 1.000 |1.000 | 1.000 995 .965 .794 537 .140
h.n = 20
k P 01 05 10 .20 30 .40 50 60 J0 80 90 95 99
0 818 358 122 012 .001 .000 .000 .000 .000 .000 .000 .000 .000
1 983 736 392 .069 .008 .001 .000 .000 .000 .000 .000 000 .000
2 .999 925 677 206 .035 .004 .000 .000 .000 .000 .000 .000 .000
3 1.000 984 .867 411 107 .016 .001 .000 .000 .000 .000 .000 .000
4 1.000 997 957 .630 238 .051 .006 .000 .000 .000 .000 .000 .000
5 1.000 1.000 .989 804 416 126 .021 .002 .000 .000 .000 .000 .000
6 1.000 1.000 .998 913 .608 250 .058 .006 .000 .000 .000 .000 .000
7 1.000 1.000 1.000 968 172 416 132 021 .001 .000 .000 .000 .000
8 1.000 1.000 1.000 990 .887 .596 252 .057 .005 .000 .000 .000 .000
9 1.000 1.000 1.000 997 .952 755 412 128 017 .001 .000 .000 .000
10 1.000 1.000 1.000 .999 .983 872 588 245 .048 .003 .000 .000 .000
11 1.000 1.000 1.000 1.000 .995 943 748 404 113 .010 .000 .000 .000
12 1.000 1.000 1.000 1.000 .999 979 868 584 228 .032 .000 .000 .000
13 1.000 1.000 1.000 1.000 | 1.000 .994 942 750 392 ) .087 .002 .000 .000
14 1.000 1.000 1.000 1.000 | 1.000 998 .979 .874 .584 196 011 .000 .000
15 1.000 1.000 1.000 1.000 | 1.000 | 1.000 .994 .949 762 370 .043 .003 .000
16 1.000 1.000 1.000 1.000 | 1.000 | 1.000 .999 984 .893 .589 133 .016 .000
17 1.000 1.000 1.000 1.000 | 1.000 | 1.000 | 1.000 .996 965 794 323 075 .001
18 1.000 1.000 1.000 1.000 | 1.000 | 1.000 | 1.000 .999 .992 .931 .608 .264 .017
19 1.000 1.000 1.000 1.000 | 1.000 | 1.000 | 1.000 | 1.000 .999 .988 .878 642 182

(continued)
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TABLE IV Normal Curve Areas

: =

z
b4 00 01 02 .03 04 05 06 07 .08 09
0 .0000 .0040 .0080 0120 0160 .0199 .0239 0279 .0319 0359
1 .0398 .0438 .0478 0517 0557 0596 0636 0675 .0714 .0753
2 .0793 0832 0871 .0910 .0948 .0987 1026 1064 1103 1141
3 1179 1217 1255 1293 1331 1368 .1406 1443 .1480 1517
4 1554 1591 1628 .1664 1700 1736 1772 .1808 1844 1879
S 1915 1950 1985 2019 2054 2088 2123 2157 2190 2224
6 2257 2291 2324 2357 2389 2422 2454 2486 2517 2549
7 2580 2611 2642 2673 2704" 2734 2764 2794 2823 2852
8 .2881 2910 2939 2967 2995 3023 3051 3078 3106 3133
9 3159 3186 3212 3238 3264 3289 3315 3340 3365 .3389
1.0 3413 .3438 3461 .3485 3508 3531 3554 3577 3599 3621
11 3643 3665 .3686 3708 3729 3749 3770 3790 3810 .3830
1.2 3849 .3869 .3888 3907 3925 3944 3962 3980 3997 4015
1.3 4032 7 4049 4066 4082 4099 4115 4131 4147 4162 A177
14 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319
1.5 4332 4345 4357 4370 4382 4394 4406 4418 4429 4441
1.6 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
1.7 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
18 4641 4649 4656 4664 4671 4678 4686 4693 4699 4706
1.9 4713 4719 4726 4732 4738 4744 4750 4756 4761 A767
2.0 AT72 4778 4783 4788 4793 4798 4803 4808 4812 4817
2.1 4821 4826 4830 4834 4838 4842 4846 4850 4854 4857
2.2 4861 4864 4868 4871 4875 4878 4881 4884 4887 4890
23 4893 4896 4898 4901 4904 4906 .4909 4911 4913 4916
24 4918 4920 4922 4925 4927 4929 4931 4932 4934 4936
2.5 4938 4940 4941 4943 4945 4946 4948 4949 4951 4952
2.6 4953 4955 4956 4957 4959 4960 4961 4962 4963 4964
2.7 4965 4966 4967 4968 4969 4970 4971 4972 4973 4974
2.8 4974 4975 4976 4977 4977 4978 4979 4979 4980 4981
2.9 4981 4982 4982 4983 4984 4984 4985 4985 4986 4986
3.0 4987 4987 4987 4988 4988 .4989 4989 4989 4990 4990

Source: Abridged from Table I of A. Hald, Statistical Tables and Formulas (New York: Wiley), 1952. Reproduced by permission of A. Hald.
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TABLE VI Critical Values of t

f®

Degrees of

Freedom 100 Los0 Lo2s Lo10 Loos Loo £ 0005

1 3.078 6.314 12.706 31.821 63.657 318.31 636.62
2 1.886 2.920 4.303 6.965 9.925 22.326 31.598
3 1.638 2.353 3.182 4.541 5.841 10.213 12.924
4 1.533 2.132 2.776 3.747 4.604 7.173 8.610
5 1.476 2.015 2.571 3.365 4.032 5.893 6.869
6 1.440 1.943 2.447 3.143 3.707 5.208 5.959
7 1.415 1.895 2.365 2.998 3.499 4.785 5.408
8 . 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 1.383 1.833 2.262 2.821 3.250 4297 4781
10 1.372 1.812 2.228 2.764 3.169 4.144 4.587
11 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 1.356 1.782 2.179 2.681 3.055 3.930 4.318
13 1.350 1.771 2.160 2.650 3.012 3.852 4221
14 1.345 1.761 2.145 2.624 2.977 3.787 4,140
15 1.341 1.753 2.131 2.602 2.947 3.733 4.073
16 1.337 1.746 2.120 2.583 2.921 3.686 4,015
17 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 1.330 1.734 2.101 2.552 2.878 3.610 3.922
19 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 1.325 1.725 2.086 2.528 2.845 3.552 3.850
21 1.323 1.721 2.080 2.518 2.831 3.527 3.819
22 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 1.319 1.714 2.069 2.500 2.807 3.485 3.767
24 1.318 1.711 2.064 2.492 2.797 3.467 3.745
25 1.316 1.708 2.060 2.485 2.787 3.450 3.725
26 1.315 1.706 2.056 2479 2.779 3.435 3.707
27 1.314 1.703 2.052 2.47\3 2.771 3.421 3.690
28 1.313 1.701 2.048 2.467 2.763 3.408 3.674
29 1.311 1.699 2.045 2.462 2.756 3.396 3.659
30 1.310 1.697 2.042 2.457 2.750 3.385 3.646
40 1.303 1.684 2.021 2423 2.704 3.307 3.551
60 1.296 1.671 2.000 2.390 2.660 3.232 3.460
120 1.289 1.658 1.980 2.358 2.617 3.160 3.373
oo 1.282 1.645 1.960 2.326 2.576 3.090 3.291

Source: This table is reproduced with the kind permission of the Trustees of Biometrika from E. S. Pearson and H. O. Hartley (eds.),

The Biometrika Tables for Statisticians, Vol. 1, 3d ed., Biometrika, 1966.
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