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- Instructions: -Answer all questions in Section 1 (each worth 2 -marks). Answer 2 ——

questions in Section 2 (each worth 30 marks). Answer 8 questions in Section 3 (each
worth 12 marks). Total marks are 180.

Section 1

For all of the following statements, indicate if they are true or false.
1- (1) The sample mean is an unbiased estimator of the population mean.
1- (2) The standard normal distribution always has the same variance.

1- (3) The number of customers a shop has per hour is an example of a Poisson process.

1- (4) The major advantage of random sampling is that x is always equal to 4.

1- (5) The width of a confidence interval decreases as sample size decreases.

1- (6) A type 1 error cannot be made if the null hypothesis is rejected.

1- (7) The assumption of a normal population is critical in the use of a t distribution.
1- (8) In analysis of variance the critical region lies in the left tail.

1- (9) The coefficient of determination can assume any value between -1 and 1.

1- (10) The lotto draw is an example of a hyper-geomefric process.

1- (11) The variance is always non-negative.

1- (12) The jth percentile in a given distribution is the score above which j percent of the
scores are found. '



Section 2: Answer both of the following questions.

2- (1) A national firm with hundreds of stores investigated the relationship between
expenditure for supplies (Y) and sales (X) for 25 stores in 1996. X and Y are both in
thousands of pounds.

After conducting a simple linear regression, the following results were found:

$ =2+015x
G, =05
% =300

> x* —nx? =10000

a. Interpret the two coefficients.

b. Do the data give evidence that there is a linear relationship between x and y.

c. The corporate staff had earlier predicted that for a sales increase of £100, an 80p
increase in supply expenditures should be expected. Do the data support this?

d. A particular store with 1996 sales of £300000 had supplies expense of £9000.
Should the store manager be commended, reprimanded, or ignored in this regard.

2- (2) The manager of a company is trying to decide which of three new processes to use
to test the quality of their finished product. All three processes are equally reliable,
so the deciding factor for the manager will be the time it takes to complete the
processes. She asks 12 people from the company to try out the new processes,
randomly assigning 4 people to each of them.

The employees work separately from one another, so they do not have the
opportunity of learning from one another. The time it took each person to carry out
their process is given in the following table:

PROCESS A PROCESS B PROCESS C

62 51 55
57 66 40
38 63 ' 58
75 51 83

a) State H, and H,.

b) Develop the ANOVA table.

¢) Test the null hypothesis at the 5% level of significance and interpret the
results. ‘

combol,



Section 3: Answer 8 of the following 10 questions.

3- (1) Under what circumstances will the correlation coefficient be 1?

3- (2) A box of 20 miniature circuit chips has 4 defective chips in it. If 5 chips are
selected from the box, find the probability that 2 are defective.

3- (3) During peak periods, customers enter a shop at the rate of 90 per hour. What is the
probability that 15 customers enter the shop in a six-minute interval during peak period.

3- (4) An airline computes capacity and range for its planes uSing a normal distribution
for adult passengers with a mean of 65 kilos and a standard deviation of 8 kilos. a) What

—proportion of the adult passengers weigh more than 75 kilos? b) Between what weights —— - -

do the middle 90% of the adult passengers fall?

3- (5) A US bank estimates that it loses 30% of customers, who switch banks due to dis-
satisfaction with their present banks. If one particular local branch currently has 200
customer accounts, what is the probability that no more than 50 of these will switch.

3- (6) A random sample of 81 items is drawn from a population with parameters u =125
and o = 36. Find the probability that the sample mean is between 123 and 128.

3- (7) A battery is advertised as having a life of 500 hours. Consumer tests show an
average life of 474 hours, from a sample of 40. The sample standard deviation is 20 and
the level of significance chosen for decision making is .05. Should the manufacturer’s
claim be accepted?

3- (8) Given the following results:

n, =3n, =3;n, =3;n, =3

X, =4633;x, =49.67;x, =45x, =51
SST =110.7;SSTR = 70.7

a) TestHy:y = 1, = 13 = i, atthe .05 level of significance. b) Construct a 95%
confidence interval for g — 1, .

3- (9) Compute the coefficient of determination for the following data:
Y 12,11,9,8,5; X 1,2,4,6,7.

3- (10) a) What do you understand by the term ‘confidence intervals’. b) Discuss
differences between one-tailed and two-tailed tests.
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TABLE A 6. AREAS Olf THE STANDARD NORMAL DISTRIBUTION TABLEA7 ¢

of total area between the mean and 1.25 standard deviations away from the ‘rﬂe i
(for either z = +1.25 or z = —1.25) is 0.39435. The value is circled in blue. ;
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.00 .01 .02 .03 .04 05 06 07 .08 .

-9

0.00000 0.00399 0.00798- - 0.01197 0.01595 0.019%4 0.02392 9.02790" | 0.03188
0.03983 0.04380 0.04776 0.05172 0.05567 0.05962 0.0635¢ $.06749 0.07142
0.07926 0.08317 0.08706 0.09095 0.09483 0.09871 0.10257 €.10642 0.11026
0.11791 0.12172 0.12552 0.12930 0.13307 | 0.13683 0.14058 3.14431 0.14803
0.15542 |, 0.15910 0.16276 0.16640 0.17003 0.17364 0.17724 218082 0.18439

0.19146 0.19497 0.19847 0.20194 0.20540 | 0.20884 0.2122¢ | 0.21566 0.21904
0.22575 0.22907 0.23237 0.23565 0.23891 0.24215 0.24537 | 1.24857 0.25175
0.25804 0.26115 0.26424 0.26730 0.27035 0.27337 0.27637 1 $.27935 0.28230
0.28814 0.29103 0.29389 0.29673 0.29955 0.30234 0.30511 3.30785 0.31057
0.31594. 0.31859 0.32121 0.32381 0.32639 0.32894 0.33147 $.33398 0.33646

0.34134 0.34375 0.34614 0.34850 0.35083 0.35314 0.35543 - | 6.35769 0.35993
0.36433 0.36650 0.36864 0.37076 0.37286 | -0.37493 0.37698 ©.37900 0.38100
0.38493 0.38686 | 0.38877 0.39065 0.39251 0.3 0.39617 0.3979% 0,39973-
0.40320 - | 0.40490 | 0.40658 | -0.40824 | 0.40988 047149 ' | 0.41309 | 0.41466 | 0.41621
-0.41924 - | '0,42073 }-0.42220 -|. 0.42364 .'| 0.42507 .| "0.42647 | .0.42786 0.42922 0.43056

0.43319 0.43448 | - 0.43574 0.43699 0.43822 0.43943 0.44062 | 044179 0.44295
0.44520 0.44630 0.44738 0.44845 0.44950 0.45053 0.45154 0.45254 0.45352
0.45543 0.45637 0.45728 0.45818 0.45907 0.45994 0.46080 8.46164 0.46246
0.46407 0.46485 0.46562 0.46638 0.46712 0.46784 0.46856 0.46926 0.46995
0.47128 0.47193 0.47257 0.47320 0.47381 0.47441 0.47500 0.47558 0.47615

0.47725 0.47778 0.47831 0.47882 0.47932 0.47982 0.48030 0.48077 0.48124
0.48214 0.48257 0.48300 0.48341 0.48382 0.48422 0.48461 0.48500 0.48537
0.48610 0.48645 0.48679 049713 0.48745 0.48778 0.48809 0.48840 0.48870
0.48928 0.48956 0.48983 0.49010 0.49036 0.49061 0.49086 049111 0.49134
0.49180 0.49202 0.49224 | 0.49245 0.49266 0.49286 0.49305 0.49324 0.49343

0.49379 0.49396 0.49413 0.49430 0.49446 0.49461 0.49477 0.49492 0.49506
0.49534 0.49547 0.49560 0.49573 0.49585 | .0.49598 0.49609 0.49621 0.49632
- 0.49653. | -0.49664 0.49674. | 0.49683 | 0.49693 0.49702 | 0.49711 0.49720 | 0.49728
L 0.49744 0.49752 | 1 0.49760 | 0.49767 |- 0.49774. .| 0.49781 0.49788 . | ©.49795 | -0.49801
-0.49813 |- 0.49819 0.49825 0.49831 0.49386 0.49841 .| 0.49846 | ©.49851 -| 0.49856

0.49865 0.49869 0.49874 0.49878 0.49882 0.49886 0.49889 0.49893 0.49897
0.49903 0.49906 0.49910 0.49913 0.49916 0.49918 , | 0.49921 | 0.49924 0.49926
0.49931 0.49934 0.49936 0.49938 0.49940 0.49942 0.49944 0.49946 0.49948
0.49952 0.49953 0.49955 0.49957 0.49958 0.49960 0.49961 0.49962 0.49964
0.49966 0.49968 0.49969 0.49970 0.49971 0.49972 0.49973 0.49974 0.49975

0.49977
0.49984
0.49989
0.49993
0.49995
0.49997
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Source John R. Stockton and Charles T. Clark, Inxmducﬂon 10 Business and Economxc Staustic.r. Sth'ed. (Cinc-nu Ohio: South-WOS“" Publishiag
197%) ' Anpendix H. 1. 369 - Revroduced with permission. &
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' TABLEA.7: CRITICAL VALUES FOR STUDENT ¢ DISTRIBUTIONS

t(df =4)

K

-—2"776 0 2776

'ﬂm table provxdes values of the statistic ¢ = (x - p,)/ (ip4 for degrees of free-
dom df = 1(1)30, 40, 60, 120, « and selected one- and two-tailed probabilities
ar. To illustrate, let df = 4. A one-tailed probability is

me o

o | e TR T T

Pt > 2.776) = P(t < —2.776) = 0.025.
A two-tailed probability is P(|t] > 2.776) = 0.05.

k]

025 020 0I5 0.0 005 0025 001" . 0.005 0.0005-. . ° One-Tailed

& .

0.50 B840 030 - 020 0.10 0.05 0.02 0.01 0.00! Two-Tailed

1 1.000 1.375 1.963 3.078 6.314 12,706  31.821 63.657  636.619
2 0816 1.081 1.386 1.886 2.920 4.303 6.965 9.925 31.598
3 0.765 G574 1.250 1.638 2.353 3.182 4.541 5.841 12.941

4 0741 HEY 1.190 1.533 2132 2.776 3747 4.604 8.610
5 0727 TG i.156 1.476 2.015 2.57 3.365 4,032 6.859
6 0.718 ! i.134 1.440 1.943 2.447 3.143 3.707 5.959

7 0711 8% 1119 1.415 1.895 2.365 2,998 3.499 5.405
8 0.706 3389 1.108 1,397 1.860 2,306 2.896 3.355 5.041

9 0.703 £2.3335 1.100 1.383 1.833 . 2.262 2.821 3.250 4.781
10 - 0.700 B379.  1.093 - 1372 1.812 2228 . 2764 3.169 4.587 .
11 0.697 0.376 1,088 1.363 1,796 2.201 2.718 3.106 4437
12 0.695 BRT3 1.083 1.356 1.782 2179 2.681 3.055 4.318
13 0.6%4 BTG 1.079 1.350 1.771 2.160 2.650 3.012 4.221
14 0.692 $.4366 1.076 = 1.345 1.761 2,145  .2.624 2977 . 4140
15 0,691 — 5865 - 1.074 . 1341 1.753 2.131 2602 . 2947 . 4073
16 0.690 2.803 1.071 1.337 1.746 2.120 2.583 2.921 4.015
17 0.689 $.363 1.069 1.333 1.740 2.110 2.567 2.898 3.965
18  0.688 D862 1.067 1.330 1.734 2.101 2.552 2.878 3.922
19 0.688 2.861 1.066 1.328 1.729 2,093 2.539 2.861 3.883
20 - 0687 @860 - 1.064 1325 . 1725 - 2.086 . . 2528 - 2845 . - 3.850 .
2177 0686 085 - 1.063 1323 1721 2.080 2518 ' 2831 3819
22 0.686 0.858 1.061 1.321 L7 2.074 2508 - 2.819 3.7192
23 0.685 0.858 1.060 1.319 1.714 2.069 2.500 2.807 3.767
24 0.685 D.857 1.059 1.318 1.711 2.064 2.492 2.797 3.745
25 0.684 0856 1.058 1.316 1.708 2.060 2.485 2.787 3.725

26 0684 D85 1058 1315 1706 2056 2479 2779 3.707
27 068 0855 1057 1314 L1703 2052 2473 2771 3.690
28 0683 0855 105 1313 L1701 2048 2467 2763 3.674
29 0683 0854 1.055 1311 1699 2045 2462 2756 3659
30 0683 0854 1055 1310  1.697  .2.042. 2457 2750  3.646

4 068l 0851 1050 . 1303 1684 . .2021 2423 . 2704 - 3551
60 0679 0848 1046 1296 1671 2000 2390  2.660 3460
120 0677 0845 1041 1289 1658 1980 2358 2617 3373
_x 0674 0842 1036 1282 1645 1960 2326 2576 3291

Source: Abridged from Table III of R. A. Fisher and F. Yates, Statistical Tables for Biological, Agricultural and Medical Research,

published by Longman Group Ltd., London (previously published by Oliver & Boyd, Edinburgh), and by permission of the authors and
publishers.



TABLE A.9: CRITICAL VALUES OF F D#STRIBUTIONS

« is the right-tail probability. Example: P(Fs ; > 3.97)

= 0.05
Numeraror df
Denominator
df a ! 2 3 4 5 6 7 8 9
1 0.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86
0050  161.4 199.5 215.7 224.6 230.2 2340 236.8 2389 240.5
0.025 . 6478 799.5 864.2 899.6 921.8 937.1 9482 956.7 963.3
0010 4052 9995 5403 5625 5764 5859 5928 5982 6022

2 0.100 8.53 2.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38
0.050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
..0.025 3851 3900 3947 3925 3930 3933 ___ 3936 . 39.37 39.39
0.010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39
3 0.100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24
0.050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
0.025 17.44 36.04 15.44 15.10 14.88 14.73 14.62 14.54 14.47
0.010 34.12 30.82 29.46 28.71 28.24 27.91 21.67 21.49 27.35
4 0.100 454 432 419 4l 4,05 4.01 3.98 3.95 3.94
‘ - 0050 1M 8694 659 6.39 6.26. 616 6.09 6.04 6.00
0.025 1222 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.90
0.010 21.20 18.60 16.69 15.98 15.52 15.21 14.98 14.80 14.66
5 0.100 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 332
0.050 6.61 3.75 5.41 519 5.05 495 4.88 4.82 477
0.025 10.01 8.4 7.76 7.39 7.15 6.98 6.85 6.76 6.68
0.010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16
] 0.100 3.78 ERR 3.29 3.18 3.11 3.05 3.01 2.93 2.96
0.050 5.99 5154 4.76 4.53 4.39 428 421 4.15 410
0.025 8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52
0010 1375 10.92 9.78. 9.5 875 847 1826 8.10 7.98

7 0.100 350 3% 3.07 2.96 2.88 2.83 2.78 275 272
0.050 5.59 a4 4.35 4.12 3.97 3.87 3.79 3.73 3.68
0.025 8.07 5.54 5.89 5.52 529 5.12 4.99 4.50 4.32
0010 12.25 9.55 845 7.85 7.46 719 6,99 6.84 6.72
8 0.100 3.46 311 292 2.81 273 - 267 2.62 2.59 2.56
0.050 5.32 4,46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
0.025 7.57 .06 5.42 5.05 4.82 4.65 4.53 4.43 4.36
0.010 11.26 8.55 7.59 7.01 6.63 6.37 6.18 6.03 5.91
9 0.100 33 . 30 2.81 2.69 2.61 255, 2s1 247 244

' 0050 .- 512 426 38 . 363 348 . 337 329 323 318

0025 . 12 sm 508 472 448 432 - 420 410 - 403
0.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 547 5.35
10 0.100 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35
0.050 4.96 4.10 37 3.48 333 3.22 3.14 3.07 3.02
0.025 6.94 5.46 4.83 447 424 407 3.95 3.85 3.78

0010 10.04 7.56 6.55 5.99 5.64: 5.39 5.20 5.06 494

1 0.100 3.23 236 2.66 2.54 245 239 2.34 2.30 227
0.050 . 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90

- 0.025 6.72 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3.59

0010 - 965 21 622 5.67 532 507 489 - 474 463

12 0400 . 318 - 281 261 - 248 239 . 233 228 2.24 221 .
0.050 4.75 3.89 3.49 326 3 3.00 291 2.85 2.80

0.025 6.55 5.10 447 4.12 3.89 373 3.61 3.51 3.4

0.010 9.33 6.93 5.95 5.41 5.06- 4.82 4.64 4.50 439




