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B.Sc. /B.Ed. DEGREE, CONTINUING EDUCATION PROGRAMME
Final Examination - 2024/2025

Level 05 - Applied Mathematics

ADUS5305/ ADES5305- Statistical Inference

Duration: - Two Hours.

DATE: 29-05-2025 Time: 9.30 a.m. to 11.30 a.m.

Non programmable calculators are permitted. Statistical tables are provided.

Answer only four guestions.

1.

A company that produces a certain electrical product claims that the life time X (in years) has the density
function f(x,B) = Bexp(—fx) i B>0, x>0 and the moment generating function of X is

givenby  My(£) = B%t ; E< B

Let X, X5,-..... » X denote lifetimes in years of # randomly chosen products from the above population.

(i) Show that the expected life time and variance of a randomly selected electrical product
arc =1 and 72 respectively.

(i) Derive the maximum likelihood estimator for expected life time of a randomly selected
electrical product. Is the estimator derived in (ii} an unbiased estimator for expected life
time of a randomly selected electrical product? Justify YOUur answer,

(1it) Derive the maximum likelihood estimator for variance of a randomly sclected electrical
praduct,

(1v) A sample drawn from the above distribution is given below. Estimate the expected life

time and variance of a randomly selected electrical product using part (i1} and part (iii).

229 865 674 819 377 627 429 1572 1078 650 0.48 087
190 2.04 1197 589 3070 003 1344 2184

{(v) Find the sample size necessary to estimate the expected life time of a randomly selected
electrical product within error bound on six months with 95% confidence.

/97



o L

NG

00077

(a) An investigation was conducted on the dust content in the flue gases of two types of solid — fuel
boilers type A and type B. Thirteen boilers of type A and 9 boilers of type B were used under
identical fueling and extraction conditions and over a similar period. The quantities in grams of
dust deposited were recorded. Sample means of dust contents of type A boilers and type B botlers
are 63.83 grams and 52.89 grams respectively. From the past experiences it is reasonable to assume
that these samples come from normal populations and with equal standard deviation of 9.00 grams.
Find 95% confidence interval for mean difference of dust contents of type A boilers and type B

boilers. Comment on the claim “mean dust contents of type A boilers and type B boilers are same”

(b) Let X1, X2, Xspoievne X, be a random sample from a distribution with density given by f(x; 8).
Let 8,,8,,8; are functions of Xi, X2, X3,....ee.... X, Suppose for large samples 8,,8, are
accurate and precise estimators for parameter 8. 65 is an unbiased and the likelyhood estimator
for parameter €. For small samples MSE( 8, )< MSE( 8, ). State whether the following

statements are true or false. Justify your answer.

(1) Always (61+92

) is an unbiased estimator for 8.
(i) For large samples Biase(83) = Biase(8,).
(i) 8; is not an accurate estimator for 6,

(iv) For large samples 6, , 8, and 8 are accurate and precisc estimators for 8.

3
According to past experience a company that produces a certain electrical bulb claims that the life time X

(in years) has a normal distribution with unknown mean and variance. A sample drawn from the above

distribution is given below:

816 11.50 728 10607 1250 (101 1111 827 1165 9.68 1146 626 1039
805 1048 1462 896 1072 1037 1171

(1) Find a 95% confidence intervat for the mean lifetime of a randomly selected randomly
selected bulb. Interpret your results.
{ii) Find a 90% confidence interval for the variance lifetime of a randomly selected bulb.

Interpret yvour jesults.
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(iii) Using a suitable statistical test comment on the claim that “mean lifetime of a randomly
selected electrical bulb less than 10.5 years”.
4.
The production manager is interested in the proportion & of nonconforming automotive crankshaft bearings
preduced in a production process of automotive crankshaft bearings. Suppose total production on a day is
10000. A Random sample of 8¢ automotive crankshaft bearings (drawn with replacement) were tested on
this particular day by the production manager. Suppose that 8 of the bearings had surface finish that is

rougher than the specifications will allow.

{) Construct a 95% confidence interval for 8

(i1} Construct 95% confidence interval for the total number of nonconforming automotive
crankshaft bearings in the production on that day. Hence comment on the claim that total
number of nonconforming automotive crankshaft bearings produced on that particular day is
1107

(i)} Using a suitable statistical test comment on the claim that “proportion # of nonconforming
automotive crankshaft bearings produced on that particular day less than 0,11

() Using Part (iii) test the validity of the claim that “ total number of nonconforming automotive

crankshaft bearings produced on that particular day less than 110™

5.
{(a) Briefly explain the foliowing terms.

(i) Point estimation

(i) Interval Estimation
(h) et X7, Xz Xnevvinnnn X, be a random sample from a uniform distribution with density given by

f{x;9) ! 0=x<1+0 a>0
x; = ; N . ; >
1+ 6
. c . 1+ 0
6 Prove that the mean of the above distribution is —--;*—
{i1) Derive a moment estimator for 8. Is the moment estimator derived in {i} an unbiased

estimator for 87 Justify your answer.
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(i}  Derive the maximum likelihood estimators for & and for the mean of the abave
distribution.

(iv) A random sample drawn from the above distribution is given in the following table.

0.49 1.38 1.95 1.28 1.80
0.21 0.05 0.48 0.49 1.40
0.59 0.23 0.26 1.65 1.43

1.56 0.16 0.82 0.37 0.80

I Estimate & using moment estimator derived in part(ii).

II.  Estimate 8 and mean of the above distribution using maximuin likelihood

estimators derived in part(iit)

(a) Briefly explain the following terms.
M Significance level of a statistical test.
(it} Test Statistics and critical region..
(iii)  Null hypothesis and Alternative hypothesis

(b) Assignment marks and final examination marks of a subject for randomly selected 15 students are

given below.

Student Name PIQIR| SIA| B C/ D M| JIKILI  E|INIO

Assignment mark | 67 | 54 [ 53 |49 |47 | 35130 | 77 | 57 [ 54 |42 | 60 | 63 | 42 | 28

Final Mark 60| 471605647127 45161 | 68|62 |35]53|57125]|31
(1) Find a 95% confidence interval for mean difference of Assignment mark and Final

Mark. Interpret the results.
(ii) Using suitable statistical test, test the validity of the claim that “Expected assignment
mark is less than the expected final examination mark for a randemly selected student™,

Use 5% level of significance.
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Let Z~ N(0,1). This table contains the probabilities Pr(Z > z)

Table of Standard Normal Probabilities
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Chi-square Distribution Table

af | 995 99 975 95 9 0 05 025 01 o
1] 000 000 000 000 002 271 3.84 502 6.63
21 001 002 005 010 021 461 5.99 738 921
31 007 011 022 D35 058 625  7.81 9.35 11.34
4{ 021 030 048 071 106 778 9.49 1114 1328
51 041 055 083 115 161 924 1167 1283 1509
61 068 087 1.24 184 220 1064 1259 1445 16.81
71 099 124 169 217 283 . 1202 1407 1601 1848
81 134 165 218 273 349 1336 1551 . 1753  20.09
9| 173 200 270 333 417 1468 16.92 19.02 - 2167
10] 216 256 3.25 394 487 1599 18.31 2048 23.21
11: 260 305 382 457 558 1728 1968 21.92 24.72
12] 307 357 440 523 630 1855 2103 2334 2622
131 357 411 501 58 7.04 1981 2236 2474  27.69
14 | 407 466 563 657 779 2106 2368 26.12  29.14
151 460 523 626 726 855 2231 2500 2749 3058
16| 514 581 691 796 931 2354 2630 988 32.00
171 570 641 756 867 W09 2477 2759 3019 3341
12| 626 701 823 939 1086 2599 2887 3153 3481
191 684 7.63 891 10.12 1165 27.20 30.14 3285 36.19
201 743 826 0959 1085 1244 2841 3141 3417 37.57
221 864 954 1098 1234 1404 3081 3392 3678 1029
24| U89 1086 1240 1385 1566 3320 3642 3936 42.98
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TABLE B: 1-DISTRIBUTION CRITICAL VALUES

00077

. ~% ol probabiity p

- 20

o A5 88 825 02 01 D05 0025 001 .000S
S 111060 1376 1363 307 6314 1271 (589 3182 6366 1273 3583 6366
21816 L6l 1386 1386 2920 4303 4849 6965 9925 1409 233 3160
31 765 978 L2350 1638 2353 3182 3487 4541 S84l 7453 WL 1292
41 74 541 L1900 LS iR 2776 2999 3747 4604 0 SSOR LIT3 8610
51 721 920 1356 1476 2015 2571 2757 3365 4032 4775 5593 6869
6 T8 906 LI34 1440 1943 2447 2612 3143 3T 437, 5308 5959
7L 896 L9 1AIS 1895 2365 2517 2998 3499 4020 4785 5408
81 706 B39 1108 1397 1860 2306 2449 2896 3355 383 4501 5041
S 3 883 L1106 1383 1833 2262 2398 2821 3250 3690 4297 4781
101 700 879 1083 1372 IBID 2228 2359 2764 3169 3581 4144 4.587
11} 697 876 1088 1363 1796 2201 2328 2718 3.006 3497 4025 4437
2] 695 873 1083 1356 1782 2179 2303 2681 3055 3428 3930 4313
137 694 870 1079 1350 L1771 2160 2282 . 2650 3012° 3372 3858 4221
41 652 868 1076 1345 1761 2145 2264 2624 2977 3326 3767 -4.440
151 691 866 1474 1341 1753 2131 2249 2602 2847 3286 31T 4073
16§ 690 865 LOT1 E33T 1746 2020 2.235 2583 2921 3252  3.686 4.015
177 689 863 K069 1M3 1740 2110 2224 2567 2898 3222 3646 3965
181 688 ° 862 L06T 1330 1734 2]01 2214 2552 2878 3197 36H 3922
191 688 861 1066 1318 1729 2093 2205 2539 2861 374 1579 1883
20| 687 860 L064 1313 1725 2086 2197 1528 2845 3153 3591 3.350
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