UNIVERSITY OF ESWATINI
DEPARTMENT OF STATISTICS AND
DEMOGRAPHY
FINAL EXAMINATION PAPER 2019

TITLE OF PAPER : STATISTICAL INFERENCE 1

COURSE CODE : STA 232/ST 232

TIME ALLOWED : 2 HOURS

REQUIREMENTS : STATISTICAL TABLES AND CALCULATOR

INSTRUCTIONS

1) Answer any three (3) questions

2) Show clearly all your working

THIS PAPER IS NOT TO BE OPENED UNTIL PERMISSION HAS BEEN GRANTED BY THE INVIGILATOR




i3

Question 1

On a factory production line it is important that the time taken to assemble a component is within certain
limits. Assembly times (in minutes) for a single component are recorded for a random sample of twelve
factory workers and the values are as follows.

117 12.8 99 10.6 11.6 10.6 13.1 11.2 11.6 11.9 10.9 12.7
(a) Calculate the mean and standard deviation of these observed times.
(b) Assuming that the underlying distribution of assembly times is Normal, calculate 95% confidence
intervals for the mean and for the standard deviation of the assembly times. (10)
(¢} In order to facilitate smooth operation of the entire production process, the assembly times must satisfy
certain conditions. Test at the 5% significance level
i. the hypothesis that the mean assembly time in the factory is 11 minutes against the hypothesis that
it is greater than 11 minutes,
ii. the hypothesis that the standard deviation of the assembly times in the factory is 0.7 minutes against

the hypothesis that it is greater than 0.7 minutes. {8)

Question 2

An educational psychologist wishes to investigate the effect that the order of examination questions on
a paper has on anxiety levels in candidates. An examination paper is prepared using identical questions in
two versions. In version A the questions are presented in order of difficulty with the easiest question first,
whereas in version B the questions are in reverse order with the easiest question last. The 20 students in
the class are assigned randomly to take the two different versions of the examination paper, 10 taking each
version. The following are measurements of an anxiety index for the 20 students in suitable units, where

jow values of the index indicate lower anxiety levels.

Version A | 24.6 | 393 | 163 | 32.8 280 | 206 | 21,1 [ 267 | 242 | 329
Version B | 38.6 | 34.0 j 236 | 303 359 [ 229 | 205 | 392 | 429 335

i, The population variances for the anxiety indices for candidates taking the two papers can be assumed to

be equal. Assuming these populations to be Normally distributed, calculate a 95% confidence interval



for the difference in mean anxiety levels for candidates taking the two versions of the examination.
Comment briefly on what this suggests about thé effect on anxiety levels of the two versions. (10

i A statistician advises the educational psychologist that the scoring method used to produce the anxiety
index measurements may not produce values which are Normally distributed. Analyse the data again,
at the 5% significance level, using a two-sided Wilcoxon rank sum test. State your nuil and alternative
hypotheses and your conclusions clearly. (B)

iii. Discuss the advice to use the Wilcoxon rank sum test, in particular the advantages and disadvantages

of doing so. (2)
Question 3

(a) State (without proof) the central limit theorem. (2}

(b) Achievement test scores of all high school seniors in a state have mean 60 and variance 64. A random
sample of nn = 100 students from one large high school had a mean score of 58. Is there evidence to
suggest that this high school is inferior? (Calculate the probability that the saﬁlple mean is at most 58
when n = 100.) [6]

(¢} The service times for customers coming through a checkout counter in a retail store are independent ran-
dom variables with mean 1.5 minutes and variance 1.0. Approximate the probability that 100 customers
can be served in less than 2 hours of total service time. (0)

(d) Let f be a statistic that is normally distributed with mean @ and standard error &p . Find a confidence

interval for § that possesses a confidence coefficient equal to (1 —a). (0)
Question 4

To determine the possible effect of a chemical treatment on the rate of seed germination, 100 chemically
treated seeds and 150 untreated seeds are sOWN. The numbers of seeds that germinate are recorded in the
following table. Do the data provide strong evidence that the rate of germination is different for the treated

and untreated seeds? Use a x* test of homogeneity and the Z test. Also, determine a 95% confidence interval

for p; — p2. (20)

Germinated Mot Germinated { Total
Treated 84 16 {00
Untreated 132 18 150
Total 216 34 250
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Table 4 Normal Curve Areas
Standard normal probability in right-hand tail
(for negative values of z, areas are found by symimetry}

Second decimal place of z
z 00 01 02 .03 .04 .03 06 07 .08 09

0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
02 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
03 3821 3783 3745 3707 3669 3632 3594 3557 3520 3483
04 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121

0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
07 2420 2389 2358 2377 2206 2266 2236 2206 2177 2148
0.8 2119 2090 .206% 2033 2005 1977 1949 .1922 1894 1867
0.9 .1841 .1814 1788 .1762 1736 1711 1685 .1660 1633 1ell

1.0 .1587 1562 .1539 1515 1492 1469 1446 1423 1401 1379
f1 .1357 1335 1314 1202 (1271 1251 .1230 1210 1190 1170
12 1151 1131 1112 1093 1075 1056 .1038 .1020 1003 .0985
13 0968 .0951 .0934 0918 0901 0885 0869 .0853 0838 0823
1.4 0808 0793 0778 0764 0749 0735 0722 0708 0694 0683

1.5 0668 0655 .0643 0630 0618 0606 0594 0582 0571 0559
1.6 .0548 0537 .0526 0516 0505 0495 0485 0475 0465 0435
1.7 0446 0436 0427 0418 0400 0401 0392 0384 0375 0367
L8 0359 0352 .0344 .0336 .0329 0322 0314 0307 0301 0294
19 287 (0281 .0274 0268 0262 0256 0250 0244 0239 0233

20 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183
21 0179 0174 0170 0166 0162 0158 .0l54 0150 0146 0143
22 0139 0136 0132 0129 0123 0122 0119 0116 0i13 0110
23 0107 0104 0102 .0099 0096 0094 0091 .008% 0087 0084
24 0082 0080 0078 0075 0073 0071 0069 0068 .0066 0064

25 0062 .0060 .0059 0057 0055 0054 0052 0051 0049 .0048
26 0047 0045 0044 0043 004F 0040 0039 0038 0037 0036
27 0035 0034 0033 0032 Q031 0030 0029 0028 .0027 0026
28 0026 0025 .0024 .0023 .0023 0022 0021 .0021 0020 0019
26 0019 0018 0017 0017 0016 0016 0015 0015 0014 0014

3.0 00135
3.5 .000233
4,0 .0000317

4.5 .000003 40
5.0 .000000237

From R. E. Walpole, Intraduction fo Statistics (New York: Macmillan, 1968).




Table 5 Percentage Polnts of the t Distributions

[£4

Iy

Li0o Loso £ o35 tow £ gos df
3.078 6.314 12.706 31.821 63.657 1
1.886 2.920 4,303 6.965 9925 2
1.638 2.353 3.182 4,541 5.841 3
1.533 2.132 2.776 3,747 4.604 4
1476  2.015 2.57 3.365 4.032 5
1.440 1.943 2.447 3,143 3,707 6
1415 1.895 2.365 2.998 3.499 7
1.397 1.860 2.306 2.896 3.355 8
1.383 1.833 2.262 2.821 3.250 9
1.372 1.812 2228 2.764 3.169 10
1.363 1,796 2.201 2.718 3,106 1
1.356 1.782 2,179 2.681 3.055 12
1.350 1.774 2.160 2.650 3.012 13
1.345 1.761 2.145 2.624 2977 14
1.341 1.753 2,131 2.602 2.947 15
1.337 §.746 2120 2.583 2921 16
1.333 1.740 2.110 2.567 2.898 17
1.330 1.734 2.101 2.552 2.878 18
1.328 1.729 2,093 2.539 2.861 19
1.325 1,725 2.086 2.528 2.845 20
1:323 1.721 2.080 2518 2.831 24
1.321 1.717 2074 2.508 2.819 22
1.319 1,714 2.069 2.500 2.807 23
1.318 1.711 2.064 2.492 2.797 24
1.316 1.708 2.060 2.485 2787 25
1315 1.706 2.056 2.479 2,779 26
1314 1,703 2.052 2473 2771 27
1.313 1.701 2.048 2467 2,763 28
1.311 1.699 2.045 2.462 2756 20
1.282 1.645 1.960 2.326 2.576 inf,

From “Table of Percentage Points of the ¢

Maxine Merrington, Biometrika, Vol. 32 (1941), p. 300.

.Distribution” Computed by

Tables
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Table 6 Percentage Points of the x? Distributions

df X§.995 %6990 Kbors X950 X&eoo
1 0.0000393  0.0001571 0.0009821 0.0039321 0.0157908
2 0.0100251 0.0201007 0.0506356  0.102587 0210720
3 0.0717212 (.114832 0.215795 0.3518460 0.584375
4 0.206990 0.297110 0.434419 0.710721 1.063623
5 0.411740 0.554300 0.831211 1.145476 1.61031
6 0.675727 0.872085 1.237347 1.63539 2.20413
7 0.989265 1,235043 1.68987 2.16735 283311
3 1.344419 1.646482 2.17973 2.73264 3.48954
9 1.734926 2087912 2.70039 3.32511 4.16816
10 2.15585 2.55821 3.24697 3.94030 4.86518
il 2.60321 3.05347 3.81575 4.574381 357719
12 3.07382 3.57056 4.40379 5.22603 6.30380
13 3,56503 4,10691 5.00874 589186 7.04150
14 4 07468 466043 5.62872 6,57063 7.78953
15 4.60094 522935 6.26214 7.26094 8.54675
16 5.14224 581221 6.90766 7.96164 9.31223
17 5.69724 6.40776 7.56418 8.67176 10.0852
18 6.26481 7.01491 8.23075 9.39046 10.8649
19 6.84398 7.63273 8.90655 10.1170 11.6509
20 7.43386 8.26040 9.59083 10,8508 12.4426
21 8.03366 8.89720 10.28293 §1,5913 13.2396
22 8.64272 9.54249 10.9823 12.3380 14,0415
23 9.,26042 10.19567 11.6885 13.0905 14.8479
24 0.88623 10.8564 12.4011 13,8484 15.6587
25 10.5197 11.5240 13,1197 14.6114 16.4734
26 11.1603 12.1981 13.8439 15.3791 17.2919
27 11.8076 12.8786 14.5733 16.1513 18.1138
28 124613 13,5648 15,3079 16.9279 18.9392
29 13.1211 14.2565 16.0471 17.7083 19.7677
30 13.7867 14.9335 16.7908 18.4926 20,5992
40  20.7065 22.1643 24.4331 26.5093 29.0505
50 27.9907 29,7067 32.3574 34,7642 37.6886
60 35,5346 37.4848 40,4817 43,1879 46.4589
70 43.2752 454418 48,7576 51.7393 55.3290
80  51.1720 53,5400 57.1532 60.3915 64.2778
g0 59,1963 61,7541 63.6466 69.1260 73.2912

100 67.3276 70.0648 742219 779295 §2.3581
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Table 6 (Continted)}

2 2 2 2 2
X0.100 X005 Xo.025 Xo.o10 Xo.005 df

2.70554 3.84146 5.02389 6.63490 787944
460517 5.99147 7.37776 9.21034 10.5966
625139 7.81473 934840  11.3449 12.8381
7.77944 0.48773 11.1433 13.2767 14,8602

1

2

3

4

9.23635 [1.0705 12.8323 15,0863 16.7496 5
6

7

&

10.6446 12.5916 14.4494 16.8119 18.5476
12.0170 14.0671 16.0128 18.4753 202777
13.3616 15.5073 17.5346 20.0902 21.9550
14.6837 16.9190 19.0228 21.6660 23.5893 9

15.9871 18.3070 20.4831 23.2093 25.1882 10
17.2750 19.6751 21.9200 24,7250 26.7565 11
18.5494 21.0261 23.3367 26.2170 28.2995 12
19.8119 22.3621 24.7356 27.6883 29.8194 i3
21.0642 23.6848 26.1190 25.1413 31.3193 14

223072 24.9958 27.4884 30.5779 32.8013 15
23.5418 26.2962 28,8454 31.999% 34.2672 16
24,7690 27.5871 30.1910 33.4087 35.7185 17
25.9894 28.8693 31.5264 34.8053 37.1564 18
27.2036 30.1435 32.8523 36.1908 38.5822 19

28.4120 31.4104 34.1696 37.5602 39.9968 20
29.6151 32.6705 354789 38.9321 41,4010 21
30.8133 33.9244 36.7807 40.2894 42.7956 22
32.0069 35.1725 38.0757 41.6384 44.1813 23
33.1963 36.4151 39.3641 42,9798 45.5385 24

34.3816 37.6525 40.6465 443141 46.9278 25
35.5631 38.8852 41,9232 45,6417 48,2899 26
36.7412 40.1133 43,1944 46.9630 49.6449 27
37.9159 41.3372 444607 48.2782 50.9933 28
39.0875 42.5569 45,7222 49.5879 52.3356 29

40.2560 43,7729 46.9792 50.8922 53.6720 30
51.8050 55.7585 59.3417 63.6907 66.7639 40
63.1671 67.5048 71.4202 76.1539 79.4900 50
74.3970 79.0819 83.2976 88.3794 91.9517 60

85.5271 90.5312 95.0231 100.425 104.215 70
96.5782 101.879 106.629 112.329 116321 80
107.565 113.145 118.136 124.116 128.299 90
118.498 124.342 129.561 135.807 140.169 100

From “Tables of the Percentage Points of the x?2-Distribution.” Biometrika, Yol. 32
(1941), pp. 188189, by Catherine M. Thompson.
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Table 8 (Continued)

fia = 10
n

Uy 1 2 3 4 5 6 7 8 9 10

40 ' 5173 3598 2406
41 3901 2644
47 A211 2894
43 4524 3153
44 4841 3421
45 5159 .3697
46 3980
47 4267
48 4559
49 4853
50 5147

Computed by M. Pagano, Department of Statistics, University of Florida.

Table § Critical Values of Tin the Wilcoxon Matched-Pairs, Signed-Ranks Test; i = 5(1)50

One-sided Two-sided n = 5 p=6 a=7T n=8 n= 9 n=10

P =05 P =.10 1 2 4 6 8 11
P =025 P =05 i 2 4 6 3
P =01 P =02 0 2 3 5
P =005 P =.01 0 2 3
One-sided Two-sided n=11 n= 12 n=13 n=14 n=15 n= 16
P =05 P =.10 i4 17 2k 26 30 36
P =025 P =05 11 14 17 21 25 30
P =.01 P=.02 7 10 13 16 20 24
P = 005 P =0t 5 7 10 13 16 19
One-sided Two-sided n=17 #n= 18 n=19 n=20 n=2t n= 22
P = 05 P =10 41 a7 534 60 68 75
P = 025 P =05 35 40 46 52 59 66
P =0l P =102 28 33 38 43 49 56
P = .005 P = .0l 23 28 a2 37 43 49
One-sided Two-sided n =23 n= 24 n=25 n=26 n=21 n= 28
P = 05 P =10 83 92 101 110 120 130
P =025 P =.05 73 81 90 98 107 117
P =.01 P=.02 62 69 77 85 93 102
P =005 P = .01 55 68 68 76 84 92




Table 9 (Continued)

Tables 869

One-sided Twosided n=29 n=30 n=31 n=32 n= 33 n=34
P =05 P=.10 141 152 i63 175 188 201
= 025 = .05 £27 137 148 159 in 183

P =0l P=02 111 120 130 141 151 162
P =005 P =01 100 109 118 128 138 149
One-sided Twosided n=35 n=23 a=37 n=38 a= 39
P=205 P=.10 214 228 242 256 271
P = 025 = .05 195 208 222 235 250
P =.01 P =02 174 186 198 211 224
P = .005 P =.01 160 171 183 195 208
Onesided Two-sided n=40 n=41 n=42 n=43 n= 44 n=45
P=05 P =10 287 303 319 336 353 371
P =025 P=.05 264 279 295 31 327 344
P =0l P =02 238 252 267 281 297 313
P =005 P=.01 221 234 248 262 - 277 202
One-sided Two-sided n=46 n=47 n= 48 n =49 n=2350
P == .05 P =.10 389 408 427 446 466
P = 025 P=.05 361 379 397 415 434
P =01 P o= 02 329 345 362 380 398
P =.005 P=.01" 307 323 339 356 373

From “Some Rapid Approximate Statistical Procedures™ (1064), 28, B Wilcoxon and R. A. Wilcox.




