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INSTRUCTIONS

Answer All questions in Section A and any Three (3) questions in Section B.

Start each question on a new page in your answer booklet.

Show all your workings where appropriate.

Credit will be given for logical, systematic and neat presentations.



SECTION A: ANSWER ALL QUESTIONS

1. Find the Z values such that the standard normal curve area
i) to the right of Z is 0.0968. [2 marks]
ii) to the left of Z is 0.3015. [2 marks]
iii) between —Z and +7 is 0.95. [2 marks]

2. Suppose 15% of a population has flu and we take a random sample of 6 people from this
population. If X is the number of people in the sample with flu, then the probability density
function for X is

x 0 1 ges | ale 5 6
P(x) | 0.3771 | 0.3993 | 0.1762 | 0.0415 | 0.0055 | 0.0004 | 0.0000

a) Find the probability that exactly 1 person in the sample has flu. [2 marks]
b) Find the probability that at least 2 persons in the sample have flu. [2 marks]
¢) Find the expected value of X. [2 marks]

3. The following data shows the time (in seconds) a bank teller took to serve each of the 30
customers who visited the bank in the morning:

135 178 109, ee 2a 242 194 184 | 202] 201
148 187 150 162 | 203 135 191 151 185 242
189] 215 142 214 139 183 136 145] 227 145

a) Explain four data collection methods. Which data collection method was used to gather the
data in the table above? [8 marks]

b) Analyse the grouped data and interpret the results [20 marks]

SECTION B: ANSWER ANY THREE (3) QUESTIONS

4. A company produces products in batches. The number of defective products in 15 recently
produced batches of 100 products each were as follows:

3; 1, 0, 2, 24, 4, 1,
0, Ss 8, 6, 3; 10, 4, 2

a) What is the average number of defective products per batch? Interpret the answer
[3 marks]

b) Determine the median of the defective products. Why does the median differ substantially
from the average? [5 marks]



¢) What is the distribution of the number of defective products per batch? Verify your answer.
[5 marks]

d) Calculate the variance and the standard deviation of the defective products. What conclusions
are implied by the results? [5 marks]

e) Calculate the coefficient of variation for the number of defective products per batch. Interpret
the results. : [2 marks]

5.A company wants to understand the relationship between the level of activity (x) (000 units)
and the total cost of the production process (¥)-($000). The statistician of the company gathered
the following data:

ls a 1 2 Files 5 6 7 8 9 10
Vio 21 18] 17 24 Wel. 20g, 28 2] 17 20
x; 10 94 i Blow di 1] all 12 11 9, 9

The data gathered are related to the model y; = a + Bx; + €;, where the x; are assumed non-
stochastic and the ¢; are assumed to be independently identically normally distributed with a
mean of zero and a constant variance.

e

a) Plot the scatter plot and interpret it. i [5 marks]
b) Calculate the regression estimates of a and 5. Write the regression equation and forecast for

i=15. [6 marks]
c) Calculate a 95% confidence interval for 8. [4 marks]
d) Calculate the correlation coefficient and interpret. [5S marks]

6. (a) The trustee of a University’s pension scheme has solicited the opinions of a sample of
the University’s academic staff members about a proposed revision of the scheme. A
breakdown of the responses is shown in the following table:

Responses | Part-Time Lecturers [Full-Time Lecturers [Deans
For 67 32 11
Against 63 18 9

i. Is there evidence at the 10% level of significance to infer that the responses differ
among the three groups of academic staff members? [6 marks]

ii. Explain the four possible outcomes of hypothesis testing [4 marks]

b) A random sample of 200 households from a large community was selected to estimate the
mean electricity use per household during February 2022 and another simple random
sample of 250 households was selected, independently of the first, to estimate mean
electricity use during February 2023. The sample results are presented in the following
table:



b)

2022 2023
ny, =200 | n, =250
Xx=1252 | y=1320

s;=157 | s,=151

i. Use a 99% confidence interval to test the hypothesis that pt; — 1, = 0. [6 marks]
ii. Show that X is an unbiased and consistent estimator of x. [4 marks]

A company has three production lines: PL1, PL2, and PL3. All the production lines are
in different towns. The probability that each of these production lines will breakdown for
the same duration in the following week is 0.2. :
i) What is the probability that none of the three production lines will breakdown in the

following week? [3 marks]
ii) What is the probability that all the production lines will breakdown in the following

week? [3 marks]
iii) What is the probability that two of the production lines will breakdown in the following

week? [4 marks]
A sales company receives on average six calls per two hours on its toll-free number. For
any given hour, find the probability that it will receive
i) atmost3 calls [3 Marks]

ii) five or more calls [3 Marks]
iii) From 2 to 4 calls in 2 hours [3 Marks]

End of Examination Paper



ADDITIONAL INFORMATION

1. Sturge’s Rule:
Number of classes, C =1+3.3logn

range
Class width, i >

71

2 fx,
2. Mean of grouped data = = ——

n
n

a

3. Mean of ungrouped data = dsl
n

4. Mode=L_, o 4 J

5 Median =

7. Standard Deviation of ungrouped data: ¢ _

3(mean— median) mean—mode
8. Coefficient of skewness: S, =

Ss Ss

9. Conditional probability: P(4A\ B) = PAN DB)
P(A)

10. Binomial Distribution
P(X =x) = nC, pq"

11. Poisson Distribution
—A AZeA

PX =x) =
x!

12. Hypothesis testing (single mean)

z=

t= gf=n-1
Jn

13. Hypothesis testing (single proportion) Sm,



A
j=

14. Hypothesis testing (difference of two means)
Xq Ee x

ng np

p—1

n

t=5t df =smaller (n, — 1; n, — 1)
53,53
ny my

Lo XX
Sv , Sp
TA

2 _ 5%(ny)+53 (ny) a oy:Where S; = meg df=n,+n,—2

t=" df=n-1
Vn

15. Hypothesis testing (difference of two proportions)
P1—P2

a 4) = [e)
X—Za—<u<X+Za—

2n > 2+/n

X : SsusX+t >i pa do
EN : Zn

17. Confidence Interval (Difference of two means)
2 2 | 2 2se oy 03 ely or 03

Xi —=X,)—=Za | —+—X< = <X—X) + Za |—+—x 2) Z = (ty — 12) = (X4 2) g RES

oA 5. 5 i 87 82Fi ~ Bo) — te ot —2 fy = psy (Fy — LZXx; 2) te on + mois (=m) =X; —X) + = = El or

~ 2 g2 ory 2 ou
XK =X) —ta [2+2< (um) F —X) +ta [+2

1 My 21 Nz

2 _ SEWED) oo BWhere Sj; = er ,df=ny +n, —2

18. Confidence Interval (Single proportion)
pq pq

— Za | <m<p+Ze|—
i 5 n p Z n

19.-Confidence Interval (Difference of two proportions)
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Table of Random Numbers
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TABLE B: +-DISTRIBUTION CRITICAL VALUES

Tail probability p

EB He 10 AE 025 02 01 00s
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10

1.000
816
765
41
a2
718
an
106
703
7
697
£95
£94
892
£91
680
68D
HEE
688
E87
£86
£86
£85
£85
584
684
584
£83

1,376
1.061
G78
841
820
06
£96
SBE

B79

1963 3.078 6314 1270 1589 31.82 #6366
1.386 1.886 2520 4303 43849 46565 9825
1250 1.638 2353 3182 3482
1.180 1.533 2.132 2.776 299% 3747 4.604
1.156 1476 2015 2571 2757 3.365 40%
1134 1440 1.043 2447 2612 3.143 3707
L119 1415 1895 2365 2517 2998 3499
1.108 1397 1.860 2306 2.449 2.896 3.355
1.100 1.383 1833 2262 2398 2821 335
1.093 1372 1.812 2228 2359 2764 3.169
1088 1363 1796 2201 2328 2.718 3.106
1083 1356 1.782 2379 2303 2681 3.055
1079 1350 1771 2.160 2282 2650 3.012
1.076 1.385 1761 2.145 2264 2624 2977
L074 1341 1753 2.31 2249 2.602 2947
L071 1337 1746 2120 2235 2583 2921
1069 1333 1740 2110 2224 2567 2893
L067 1330 1734 2101 2214 2552 2.878
L066 1328 1.729 2.093 2205 1.539 2861
1064 1325 1725 2086 2.197 2.528 2.845
1063 1323 1721 2080 2189 2518 2.4831.
1061 1321 1717 2074 2183 2508 2819
L060 1319 1714 2069 2177 2500 2807
105% 1318 L711 2064 2.172
1.058 1316  LY08 2080 2.167 2485 2.787
1058 1315 1706 2056 2162 2479 2779
1057 1314. 1703 2082 2.158 2473 2771
1056 1313 1701 2048 2154 2467 2763
LOSS 1311 1.698 2.045 2150 2462 2756
1.055 1.310 1697 2042 2147 2457 2750
LOS0 1303 1684 2021 2123 2423 2704
LO47 1299 1676 2009 2.100 2403 2678
1045 1296 1671 2000 2.099 2390 2660
1043 1.292 1664 1990 2088 2374 2639
1.042 1260 1660 1984 208) 2364 2626
1037 1232 1646 1962 2056 2330 2581
1036 1282 1645 1960 2054 2326 257

3.745

We 0% S0% 93% 96% 98% 9% Sm.

Confidence level C

9

- & —- ~~



STANDARD STATISTICAL TABLES

1. Areas under the Normal Distribution

The table gives the cumulative probability
up to the standardised normal value ¢
i.e.

3 _L exp{~51%} dI
PlIcz]=]Ja

A LST
hd / JA oF

3 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

6.0 0.5000" 0.5040 0.5086 0.5120 0.5159 0.5199 0.523% 0.5279 0.5319 0.5359
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.567% 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 - 0.6064 0.6103 0.6141
0.3 0.6179 0.6217 0.6255 0.8293 0.8331 0.6368 0.6406 0.8443 0.6430 0.6517
0.4 0.6554 0.6891 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879

0.5 0.6815 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.71%0 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 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7854
0.8 0.7881 0.7910 0.793% 0.797 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.815% 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.838%

0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 © 0.8577 0.859% 0.8621
0.8643 0.8665 0.8686 0.8708 0.8729 0.874% 0. 0.8790 0.8804 0.8830

0.886% 0.8883 0.8307 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
0.95032 0.9049 0.9066 0.5082 0.%0%% 0.9115 0 0.9147 0.9182 0.9177
0.9182 0.8287 0.9222 0.923 0.9251 6.9265 © 0.9292 06.9306 0.9319Te
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1.5 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9626 0.9633
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.969% 0.9706
1.9 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767

0.9773 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857
0.9861 0.9865 0.9868 0.9871 0.9874 0.9878 0.9881 0.9884 0.9887 0.9890
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0.9986 0.9990 0.9993 0.9995 0.9997 0.9998 - 0.9998 0.999% 0.9999 1.0000
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Chi-square Distribution

Degrees of
Freedom
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Me
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Area to the Right of Critical Value

0.995

(0.010
0.072
0.207
0.412
0.676
0.989
1.344
1.733
2.156
2.603
3.074
3.565
4.075
4.601
5.142
5.697
6.265
6.844
7.434
8.034
8.643
9.260
9.886

10.520
11.160
11.808
12.461
13.121
13.787
20.707
27.991

59.196
67.328

0.020
0.115
0.297
0.554
0.872
1.239
1.646
2.088
2.558
3.053

8.897
9.542

10.196
10.850
11.524
12.198
12.879
13.565
14.257
14.954
22.164
29.707
37.485
45.442
53.540
61.754
70.065

8.907
9.591

10.283
10.982
11.689
12.401
13.120
13.844
14.573
15.308
16.047
16.791

0.004
(1.103
0.352
0.711
1.145
1.635
2.167
2933

10.851
11.561
12.338
13.091
13.848
14.611
15.379
16.151
16.928
17.708
18.493
26.509
34.764
43.188
$1739
60.391
69.126
77929

11

0.90 0.10 0.05 0.025 : 0.01 0.005

0.016 2.706 3.841 5.024 6.635 7.879
0.211 4.605 5.991 7.378 9.210 10.597
0.384 6.251 7.815 9.348 : - 11.345 12.838
1.064 7.779 0.488 Ri ww: 13277 14.860
1.610 9.236 11.071 12.833 © © 15.086 16.750
2.204 10.645 12.592 14.449 #1 16.812 18.548
2.833 12.017 14.067 16013 + : 18475 20278
3450 13362. © 15507 © 17.335 § © 20.090 21.955
4.168 14.684 16.919, ,19.023. 4. , 21.666 23.589
4.865 15.987 18.307 20.483 23.209 25.188
5.578 17.275 19.675 - 21.920 ° 26.757
6.304 18.549 21.0 23.337 28.299
7.042 19.8127 [| 22362 | 124736 | 88 29.819
7.790 21.0641 © 23685 © 26.419 § 20.141 31.319
8.547 22.307 24.996 © 27488 ; . 30578 32.801
9.312 23.542 26296 © ‘28845 7! 32.000

10.085 24.769 27.587 30.191 «+ © 33.409
10.865 25.989 28.869 ¢ 131526 | 34.805
11.651 27.204 30.144 32.852 + 36.191
12.443 28.412 31.410 34.170 37.566
13.240 29.615 32.671 35.479 38.932 41.401
14.042 30.813 33.924 © 36.781 40.289 42.796
14.848 32.007 35.172 38.076 41.638 44.181
15.639 33.196 36.415 39.364 42.980 45.559
16.473 34.382 37.652 40.646 44.314 46.928
17.292 35.563 3 41.923 45.642 48.200
18.114 36.741 43.194 46.963 49.645
18.939 37.916 44.461 48.278 50.993
19.768 39.087 45.722 49,588 52.336
20.599 40.256 46.979 50.892 53.672
20.051 51.80% 59.342 : 66.766
37.689 63.167 TAG. ib. 79.490
46.439 74.397 79.082 83298 88379 91.952
35.329 85,527 90.531 95.023 . 100425 104.215
64.278 96.578 101.879 106.629 © 112.320 116.321
73291 107.565 113.145 118136 © 124.116 128.299
82.3358 118498" 124342 © 129561 | 135807 140.169
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