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Question 1 [20 marks, 10+10]

(a) The following data represent the smoking status by level of education for residents of the United
States (18 years and older) from a random sample of 1054 residents:

Number of years Smoking status

of education Current Former Never
<12 178 88 208
12 137 69 143
13-15 44 25 44
16+ 34 33 51

Test whether smoking status and level of education are independent at the a = 0.05 level of
significance.

(b) An equipment manufacturing company claimed that at least 95% of the equipment it supplied to
a factory conformed to specifications. An examination of a sample of 200 pieces of equipment
revealed that 18 of them did not meet the specifications. Determine whether the company's claim
is legitimate at a level of significance of 0.01.

Question 2 [20 marks, 8+4+44-4]

(a) The table below shows the population of the United Kingdom in millions (X)), and the percentage
aged over 65 (Y'), over the period 18712001.

Year 1871 1901 1921 1931 1951 1961 1971 1981 1991 2001
y 498 461 6.07 737 1578 17.15 19.07 2048 20.94 20.04
X 261 369 428 448 488 513 540 547 554 564

A student wishes to test at the 1% significance level the null hypothesis of zero correlation against
the alternative that there is positive correlation between X and Y. Calculate the Pearson (product-
moment) correlation coefficient for these data, perform the test and report your conclusion clearly.

(b) The monthly number of orders for wedding invitations processed by a printing company is a random
variable with u = 75 and ¢ = 4. With what probability can we assert that the printer will process
between 61 and 89 orders for wedding invitations per month?

(c) If 75 percent of the applications for a job in a manufacturing company can pass a manual dexterity
test, what is the probability that among 150 applicants at least 100 will pass the test?

(d) A fair coin was tossed two times. Given that the first toss resulted in heads, what is the probability
that both tosses resulted in heads?



Question 3 [20 marks, 10410}

(a) The production manager of Raylite batteries, a car battery manufacturer, wants to know whether
the three machines used for this process (labelled A, B and C) produce equal amount of rejects.
A random sample of shifts for each machine was selected and the number of rejects produced per
shift was recorded.

Machine A | Machine B | Machine C
11 7 14
9 10 13
6 8 11
12 13 16
14 16
11

Can the production manager of Raylite batteries concluded that the three machines used to manu-
facture car batteries produce rejects at the same average rate per shift (NB: SSr = 129.6). Use
a = 0.05 and show the ANOVA table.

(b) On November 13-15, 2000, the Gallup Organization surveyed 1028 adults and found that 257 of
them had smoked at least one cigarette in the past week. In 1990, they also asked 1028 adults the
same question and determined that 278 adults had smoked at least one cigarette in the past week.

Test the claim that the proportion of adults who had smoked at least one cigarette in the past week
decreased from its 1990 level at a = 0.05 level of significance.

Question 4 [20 marks, 5+5+5+5]

_ (a) Two of 15 paychecks prepared by the payroll department are calculated inaccurately and the rest are
calculated accurately. If an auditor draws a random sample of 2 paychecks without replacement. Find
the probability distribution of the number of paychecks in the sample with inaccurate calculations.

(b) Tony is tossing balls randomly into 50 boxes, and his goal is to stop when he gets the first ball into
the eighth box. Given that he has tossed 20 balls without getting a ball into the eighth box, what
is the expected number of additional tosses he needs to get a ball into the eighth box?

(c) Every morning, Duncan bakes 30 scones to sell in his cafe’. If any scones are unsold at the end of
the day, Duncan throws them away. The number of scones requested during a day may be modelled
by a Poisson distribution with mean 27.

(i) Use the normal approximation to find the probability that no more than 20 scones are requested
during a particular day.

(i) Estimate the probability that Duncan does not have enough scones to satisfy all the requests
on a particular day.



Question 5 [20 marks, 5+5+2+4+4]

(a) A multiple-choice exam has six problems, each of which has three possible answers. What is the
probability that John will pass (get three or more correct answers) by just guessing?

(b) The annual rainfall in inches in a certain region has a normal distribution with a mean of 40 and
variance of 16. What is the probability that the rainfall in a given year is between 30 and 48 inches?

(c) An air ambulance is based at a hospital. There is a probability of 0.005 that, on any one day, there
is a delay in the air ambulance leaving to deal with an emergency.

(i) Assuming that the probability of a delay is independent from day to day, specify a distribution

that might be used to model the number of days on which a delay occurs during a period of
200 days.

(i) Use a distributional approximation to find the probability that, during a period of 200 days,
there are three or more days on which a delay occurs.

(d) If 75 percent of the applications for a job in a manufacturing company can pass a manual dexterity
test, what is the probability that among 150 applicants at least 100 will pass the test?



STATISTICAL TABLES
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Cumuistive Standardized Normal Distribution

A(z} is the integral of the standardized normal
distribution from — 2 to z {in other words, the
area under the curve to the left of 2). [1 gives the
probability of a normal random variabie not
being more than z standard deviations above its
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Percentage Points of the ¢-Distribution

This table gives the percentage pbints t.{P)
for various values of P and degrees of free-
dom v, as indicated by the figure to the

right.

The lower percentage poinds are given
by symmetry as —t,{), and the probabil-
ity that |¢] 2 £, (P) is 2P/100.

The limiting distribution of £ as v — oo i
is the normal distribution with zero mean
and unit variance. o P
Percentage points £

v 10 5 2.5 1 0.5 0.1 0.05

1 | 3078 6314 12706 31.821 63.657 318309 636.619

2 | 1.886 2.920 4303 G6.965 9.925 22327 31599

3 j1638 2353 32182 4541 5841 10215 12.924

4 11533 2132 2776 3.747 4604 7.173 8.610

5 | 1476 2015 2571 3365 4.032 5.893 5.869

6 | 1440 1943 2447 3.143 3707 5.208 5.959

7 11415 1.865 2365 2998 3.489 4.785 5.408

8 | L397 180 2306 2.806 3.355 4.501 5.041

9 | 1.383 1833 2262 2.821 3.250 4.297 4.781

10 | 1.372 LB12 2228 2764 3.168 4.144 4.587

11 | 1368 1796 2201 2718 3106 4.025 4.437

12 | 1.356 1782 2179 2681 3.085 3.930 4.318

13 | 1.350 L7710 2160 2650 3.012 3.852 4.221

14 | 1.345 1761  2.145 2.624 2977 3.787 4.140

15 | 1.341 1753 2131 2.602  2.947 3.733 4.073

16 | 1.337 L7456 2120 258 2921 3.686 4.015

18 | 1330 1734 2101 2552 2.878 3,610 3.922

21 | 1323 1721 2080 2518 2331 3.527 3.819

25 | 1316 1,708 2060 248 2787 3.450 3.725

30 | 1310 1697 2042 2457 2750 3.385 3.646

40 | 1303 1.684 2021 2423 2704 3.307 3.551

50 [ 1.299 1.676 2009 2403 2678 3.261 3.496

70 | 1284 1,667 1994 2381 2.648 3.211 3.435

100 | 1290 1660 1.984 2364 2.626 3.174 3.3%0

oo | 1282 1645 1960 2326 2576 3.000 3.201
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Percentage Points of the x*Distribution

This table gives the percentage points x2{P)
for various values of # and degrees of free-
dom . ns indicated by the Hygure to the
right.

If X is a variable distributed as x? with
v degrees of freedom, P/100 i3 the probabil-
ity that X = x2(F).

unit variance.

For v > 100, V2X is approximately not- Plin
mally distributed with mean v2v ~ 1 and
XP
Percentage points £
v 10 5 2.5 1 0.5 0.1 0.05
1 2,706 3.841 5.024 6.635 7879 10.828 12116
2 4.605 5.991 7.378 9210 10.597 13.816  15.202
3 8.251 7.815 9.348 11.345 12.838 16.266 17.730
4 7.778 9488 11143 13.277 14860 18.487  19.997
5 9236 11070 12.833 15086 16750 20.515  22.105
6 110645 12592  14.449  16.812 18.548 22458 24103
7 112017 14067 16.013 1847% 20278 24.322 26.018
8 | 13362 15507 17535 20090 21955 26.124  27.868
¢ | 14684 16919 19.023 20606 23.580 27.877 20.666
10 | 15987 18307 20483 23209 25.188  29.588  31.420
11 | 17275 19675 21920 24725 26.757  31.264  33.137
12 [ 18549 21026 23337 26.217 28300 32,909 34821
13 | 19812 22362 24736 27.688 29.819 34.528 36478
14 §21.064 23.685 26.11% 20.141 31319 36.123 38.109
15 122307 24996 27.488 30,578  32.801  3T.697 39.718
16 123.542 26296 28.845 32.000 34.267 39.252 41.308
17 | 24769 27587 30,191 33409 35.718 40.790  42.879
18 | 25080 28869 31526 34.805 37156 42,312 4d4M
18 | 27204  30.144 32852 36.161 38.582 43.820 45973
20 | 28412 31410 34170 37.566 39.997 45.315 47498
25 | 34.382 37.652 40.646 44314 46.928 52620 54.047
30 140256 43773 46979 50892 53.872 59.703  62.162
40 [ 51.805 55758 59342 63681 66.766 73.402  76.095
50 {63167 67505 71420 76,154 79.490 86.661 89.561
80 | 96578 101.879 106629 112.320 116.321 124.839 128.261

5 Percent Points of the F-Distribution

This teble gives the percentage points
Fypn(P) for P = 0.05 and degrees of free-
dom 1y, vy, as indicated by the figors to the
right.

The lower percentage points, that is the
values F), . (P) such that the probability

that £ € Fj () is equal to P/100, ney

be found using the formula Fim
Fpyia(PY = 1/F, 10 (P) & FiF)
LS|

1] 1 2 3 4 5 8 12 24 o
2 {18513 19.000 19.164 19.247 19.2006 19.330 16413 19454 19496
3 l1c128 9552 9277 9117 9013 8841 B745  B.638 8526
4 7.70¢ 6944 6591 6.388 6.256 6.163 5912 5774 5628
5 6.60B 5786 5409 5192 5050 4950 4678 4537 4365
6 | 5987 5143 4757 4534 4387 4284 4000 3841 3.669
¥ 5591 4737 4347 4120 3.972 3866 3575 3410 3230
B 5318 4459 4066 3838 3.687 3581 3284 3116 2928
9 5.117 4.236 3863 3.633 3482 3.374 5073 2800 2.707
10 4965 4103 3708 3478 3326 3217 2413 2737 2538
11 4.844 3982 3587 3357 3204 3095 2788 2609 2404
12 4747 3.885 3400 3.259 3.106 2996 2.687 2505 2.206
13 4667 3806 3411 3179 3.025 2915 2604 2420 2206
14 4600 3.739 3344 3.112 2958 2848 2534 2349 2.131
15 4543 3.682 3287 3.056 2801 2790 2475 2288 2066
16 4,494 3634 3239 3007 2852 2741 2425 2235 2010
17 4.451 3502 3197 2065 2810 2.699 2381 2190 1960
18 4414 3555 3160 2928 2773 2661 2342 2160 L917
19 4381 3520 3127 2895 2740 2628 2308 2114 1878
20 4.351 3493 3098 2866 2711 2399 2278 2082 1843
25 4.242 3385 2991 2759 2603 2480 2166 1964 L1711
30 4171 3316 2922 2690 2534 2421 2002 1.887 1622
40 4085 3.232 2839 2606 2449 2336 2003 1793 L50B
50 4034 3183 2760 2557 2400 2286 1952 1737 1438
100 3.936 3087 2698 2463 2305 2191 1.8%0 1.627 1.283
oo | 3.841 2996 2605 2372 2214 2000 1752 1517 1002



