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. Question 1

A construction company makes concrete beams from cement mixed with gravel. The
company wishes to compare the relative strengths of the concrete made from the different
types of cement available. There are four different types of cement and three types of
gravel. From each of the 12 different combinations of cement and gravel, equal test
beams were made and tested for all combinations. The following table gives the number
of destroyed beam per combination.

Cement type
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Carry out a suitable analysis of these data and write a report for the manager of the
construction company who is not trained in statistics.
(20 Marks)

Question 2

In a psychological experiment to investigate the effects of stress on the ability to perform
simple tasks, 90 volunteers were asked to perform a simple puzzle assembly task under
normal conditions and under conditions of stress. Each subject was given three minutes to
complete the task and on each occasion it was recorded whether or not they were
successful. The order of the conditions under which each subject performed the task was
determined at random. The results of the experiment are given in the following table.

Normal conditions

Successfil Unsiceessful
Under Successtui 52 9
stress Cusvecesstiil 20 9

a) Apply McNemar's test to the above results.
(8 Marks)
b) Use the conventional 2x2 chi-squared test on the above results, without using
Yates' correction. How does any difference in the outcome of the two tests (a) and
(b) arise?
(12 Marks)
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. Question 3

In a trial of anti-inflammatory drugs in the treatment of eczema, each member of a
sample of 500 adults suffering from eczema was allocated at random to receive one of
two treatments. After one month, the patients were asked to state whether their
eczema improved. They replied as follows.

Iniproved Nor Iniproved
Treanmenr 4 203 45
Treatiment B 180 70

Test the statistical significance of the saturated log-linear model for the data given in
the above table.

Question 4

A marketing research firm was engaged by an automobile manufacturer to conduct a pilot
study to examine the feasibility of using logistic regression for ascertaining the likelihood
that a family will purchase a new car during the next year. A random sample of 33 ‘
suburban families was selected. Data on annual family income and the current age of the
oldest family automobile were obtained. A follow-up interview conducted 12 months
later was used to determine whether the family actually purchased a new car or did not
purchase a new car. The model below was fitted;
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a)  State the response function.

(3 Marks)
b)  Using the logistic regression model output above (coefficients) advise
appropriately.
(10 marks)

¢)  What is the estimated probability that a family with annual income of E50,000
and an oldest car of 3 years will purchase a new car next year?
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. (3 marks)

d)  Using the output below, state whether the two-factor interaction effect-between
annual family income and age of oldest automobile should be added to the
regression model containing family income and age of oldest automobile as first-
order terms; use a = 0.05. What is the approximate p-value?

(4 marks)
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Question 5

A cohort of subjects, some non-smokers and others smokers, was observed for several
years. The number of cases of cancer of the lung diagnosed among the different
categories was recorded. Data regarding the number of years of smoking were also
obtained from each individual. For each category the person-years of observation were
calculated. The investigators wish to address the question of the relative risks of smoking.
In the observed data the average number of cigarettes smoked per day represents the daily
dose, and the years of smoking together with the average number of cigarettes smoked
daily represents the total dose inhaled over time. The results of the analysis are given
below:
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ibution: Paoi
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Fitted terms: Constant, PERSONYR, CIGS DAY, SMOKING_
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* MESSAGE: ratios are based on dispsrsicon parameter with value 1

**w Fstimates of regressicon ocosIfiicients **x

Constant -4 . 860
PERSONYR DLaGndLn B
OIS DAY QL0559

SMOKING OL0BES

. MESSAGE: s.e.5 are bhased on dispersion parameter with value 1

Justify the method of analysis, state the model, interpret all relevant estimates and write a
short report. (20 Marks)

OQuestion 6

rren-nolviews
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State model and justify the method u=vd in the above analysis. Also comment on each
of the variables in the model.
(20 marks)
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STATISTICAL TABLES 1

TasLE A1

“ Cumulative Standardized Normal Distribution

A(z) is the integral of the standardized normal
distribution from — oo to z (in other words, the
area under the curve to the left of z). It gives the
probability of a normal random variable not

A(2) being more than z standard deviations above its
- mean. Values of z of particular importance:
- A(z)

1.645  0.9500  Lower limit of right 5% tail
1960  0.9750  Lower limit of right 2.5% tail
2326 0.9900 Lower limit of right 1% tail
2576 0.9950  Lower limit of right 0.5% tail
3.090  0.9990  Lower limit of right 0.1% tail
3.291  0.9995  Lower limit of right 0.05% tail

z 0.00 0.01 0.02 0.03 0.0 0.05 0.06 0.07 0.08 0.09

0.0 05000 0.5040 05080  0.3120  0.3160 05199 0.5239  0.5279  0.5319  0.5359
0.1 05398 0.5438 05478  0.5517  0.5557  0.3596 05636  0.5675 05714  0.5753
02 05793  0.5832  0.587] 0.5910 05948 05987 0.6026  0.6064  0.6103  0.6141
03 06179 0.6217  0.6255 0.6293  0.633} 0.6368  0.6406  0.6443  0.6480  0.6517
0.4 06554 0.6591 0.6628  0.6664  0.6700  0.6736  0.6772  0.6808  0.6844  0.6879
0.5 0.6915 06950 0.6985 0.7019  0.7054  0.7088  0.7123  0.7157 0.7190  0.7224
0.6 07257  0.7291 0.7324  0.7357 07389 07422 0.7454  0.7486  0.7517  0.7549
0.7 07580  0.7611 0.7642  0.7673 05700 0.7734  0.7764  0.7794  0.7823  0.7852
0.8  0.7881 07910  0.7939  0.7967 05993 (L8023 0.8051 0.8078  0.8106  0.8133
09 08159 08186 0.8212  0.8238  0.8264 (0.8289  0.8315  0.8340 0.8365 0.8389
1.0 08413 08438  0.8461 0.8185 038 0.8531 0.8554 08577 0.8599 0.8621
1.1 08643 (0.8665 0.8686  0.8708  .&729  (.8749  0.8770 0.8790  0.8810  0.8830
1.2 08849 08869 0.8888  0.8907 0.8925  0.8944 0.8962 0.8980 0.8997 0.9015
1.3 709032 09049 09066 09082 Qoo 09115 0.9131 09147 05162  0.9177

1.4 05192 09207 0.9222 09236  0.vIF] 0.9265 09279 0.9292 09306 0.9319
1.5 09332 09345 09357 0.9370 02320 09394 09406 0.9418  0.9429  (.9441
1.6 09452 09463 0.9474 09431  0uss 0 09505 09515 09525 09535  0.9545

1.7 09554 09564 0.9573 095382 o
1.8 0.9641 0.9649  0.9656  0.90606. £y

1.9 09713 09719 09726 09752 o007 09744 09750 09756 0.9761  0.9767
20 09772 09778 09783  0.9788 v 09798 09803 0.9808 0.9812  0.9817

i 0.9599 09608 0.9616 0.9625  0.9633
B
BN
3

2.1 0.9821 0.9826  0.9830 09831 U3y 09842 09846 0.9850 09854 0.9857
)
-l

0.9678 09686  0.9693  0.9699  0.9706
22 0.9861 0.9864  0.9868  0.987I 0TS 0.9878 0 0.9881 0.9884  0.9887  0.9890
23 09893  0.9896 09898  0.9901 AN 0.9906  0.9%09  0.9911 09913  0.9916
24 09918 09920 09922 0.9925 AR (1.9929  0.9931 0.9932 09934  0.9936
25 09938 09940  0.9941 0.9913
26 09933 09955 09956  0.9957
27 09965  0.9966  0.9967  (0.99nN

28 09974 09975 09976 0.9v77

()
CoiS 09946 0.9948 09949 09951 0.9952
{ )
(
"
29 09981 09982 09982 0983 G
{
(
(
{
(

0.9960  0.9961  0.9962 0.9963  0.9964
Yoo0.9970 0 09971 09972 0.9973 0.9974
709978 09979 0.9979  0.9980  0.9981
0.9984  0.9985 09985 0.9986  0.9986
0.9989 09989 09989 0.9990  0.9990
0.9992  0.9992 09992 09993  0.9993
.9994  0.9994 09995 09995  0.9995
v 09996 0.9996 09996 0.9996  0.9997
00997 0 0.9997  0.9997 09997  0.9998

00998 0.9998 09998  0.9998  0.9998

3.0 09987 09987  0.9987  0.9988
3.1 0.9990  0.9991 0.9991 0.9991
3.2 09993 0.9993  0.9994 (.99
3.3 09995 09995 09995 0.999n
34 09997 09997 09997  0.9997
3.5 09998 09998 09998 0.909%
3.6 09998  0.9998  0.9999

— b L =




Percentage Points « “the t-Distribution

This table gives the percentage points £, (I?)
for various values of P and degrees of free-
dom v, as indicated by the figure to the

right.

The lower percentage points are given
by symmetry as —t#,(P), and the probabil-
ity that |t| > t,(P) is 2P/100.

The limiting distribution of ¢ as v — oc P
is the normal distribution with zero mean
and unit variance. 0 t(P)
Perceringe points P

v 10 . 5 2.5 1 0.5 0.1 0.05

1 | 3.078 6.314 12.706 :2:.<21 63.657 318.309 636.619

2 | 1.886 2.920 4.303 65 9.925 22.327  31.599

3 | 1.638 2.353 3.182 £0d1 5.841 10.215 12.924

4 ]1.533 2.132 2,770 2T 4.604 7.173 8.610

5 | 1476 2015 257! CO65 0 4032 5.893 6.869

6 | 1.440 1.943 2447 13 3.707 5.208 5.959

7 | 1.415 1.895 2.360 8 3.499 4.785 5.408

8 | 1.397 1.860 2.5t NG 3.355 4.501 5.041

9 | 1.383 1.833 2.262 21 1.250 4.297 4.781

10 | 1.372 1.812 200N Tl 3.169 4.144 4.587

11 | 1.363 1.796 2.0 18 3106 4.025  4.437

12 [ 1.356 1.782 2170 '1 1.055 3.930 4.318

13 | 1.350 1.771 2,140 -0 3.012 3.852 4.221

14 | 1.345 1.7G1 2740 b 2.977 3.787 4.140

15 | 1.341 1.753 2.1 AR 2.047 3.733 4.073

16 | 1.337 1.746 2.1 9921 3.686 4.015

18 | 1.330 1.73%: 2.1 2 2.878 3.610 3.922

21 1.323  1.721 2.0 '3 2.831 3.527 3.819

25 | 1.316  1.708 2.4 5 2787 3.450 3.725

30 1.310 1.647 2.4 7750 3.385 3.646

40 | 1.303 1.684 2.0 3 2.704 3.307 3.551

50 1.299  1.670 2.0 3 2.078 3.261 3.496

70 | 1.294 1.667 1.0 1 2 648 3.211 3.435

100 | 1.290 1.6G0 1.0+ L 2.026 3.174 3.390

oo | 1.282 1.615 1.t G 2876 3.090 3.291




Percentage Points o the y*Distribution

This table gives the percentage points \>(P)
for various values of P and degrees of [vec-
dom v, as indicated by the figure t+ the
right.

If X is a variable distributed as y° with
v degrees of freedom, P/100 is the prohabil-
ity that X > \2(P).

For v > 100, v/2X is approximatelv noi- P/100
mally distributed with mean /2v — | and
unit variance. 2(P)
Porcer we points P
v 10 5 2.5 1 0.5 0.1 0.05
1 2.706 3.841 5.00 1.635 7.879 10.828 12.116
2 4.605 5.991 7.573 1210 10.597  13.816  15.202
3 6.251 7.815 9218 11345 12.838 16.266  17.730
4 7.779 9488 1l.1:: n277  14.860 18467 < 19.997
5 9.236  11.070  12.033 086 16.750  20.515  22.105
6 | 10.645 12.592 1410 S120 18.548 22458  24.103
7 112,017 14.067 16.0°% 475 20.278 0 24.322  26.018
8 |13.362 15.007  17.70% 1090 21.955  26.124  27.868
9 | 14684 16919 19.0m 666 23.589  27.877  29.666
10 | 15.987 18.307  20.:-% 2090 25188 29.588  31.420
11 | 17.275  19.675  21.0 250 26.757  31.264  33.137
12 | 18549  21.026  23.°°7 217 28300 32909  34.821
13 | 19.812 22362  24.7 SRR 29.819 34.528 36.478
14 | 21.064 3.635  26.% ¢ P 51319 36.123  38.109
15 | 22.307  21.996  27. STS 32,801 37.697  39.719
16 | 23.542  26.296 28+ % 000 31267 0 39.252  41.308
17 | 24.769  27.587  30. M) 35718 40.790  42.879
18 | 25,989 23869  31.0 45 47106 42312 44.434
19 | 27.204 30114 320 1 18.582 43.820 45.973
20 | 28.412 31110 34 o 89.997 45315 47.498
25 | 34382 37.652 400 STE 0 16.928 0 52.620 54.947
30 | 40.256  43.773 46 Y 53672 59.703 62.162
40 | 51.805 50.758 80! 1 66,766 73.402  76.095
50 | 63.167 G7.005  71. T 79490 86.661  89.561
80 | 96.578 101.879 106 ! 20 116.321 124.839  128.261




5 Percent Points of + ‘e I’-Distribution

This table gives the percentage points
Fy, ,,(P) for P = 0.05 and degrees o} {rce-
dom v1, 19, as indicated by the figurce + the
right.

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

vi,v2
that F < F, , (P) is equal to P/100. may
be found using the formula , P/100
Flll;l,l/g(P):]‘/FVl)U"_’(P) 0o FiP)
|

vy 1 2 3 4 D 6 - 12 24 oo
2 | 18.513 19.000 19.164 1427 1006 19330 19.413 19.454 19.496
3 |10.128 9.552 9.277 oy 13 3.941 8.745 8.639 8.526
4 7.709 6.944 6.591 0oy 056 (5.163 5.912 5.774 5.628
5 6.608 5.786 5.409 L2 a0 1950 4.678 4.527 4.365
6 5.987 5.143 4.757 .00 4INT 1284 4.000 3.841 3.669
7 . 5.591 4.737 4.347 SRS Y 3.866  3.575 3.410 3.230
8 5.318  4.459 4.066 TN ~T 2.581 3.284 3.115 2.928
9 5.117 4.256 3.863 IR DD 3374  3.073 2.900 2.707
10 4.965 4.103 3.708 L R 3.217 2.913 2.737 2.538
11 4.844 3.982 3.587 oY Do 3.095 2.788 2.609 2.404
12 4,747 3.885 3.490 Coon o 2.996 2.687 2.505 2.296
13 4.667 3.806 3.411 S 5 2.915 2.604 2.420 2.206
14 4.600 3.739 3.344 : 3 TN 2.848  2.534 2.349 2.131
15 4.543 3.682 3.287 s il 2.790 2.475 2.288 2.066
16 4.494 3.634 3.239 - oo 2.741 2.425 2.235 2.010
17 4.451 3.592 3.197 o4 o 2.699 2.381 2.190 1.960
18 4.414 3.005 3.160 : : A 2.6061 2.342 2.150 1.917
19 4.381 3.522 3.127 R o 2.628 2.308 2.114 1.878
20 4.351 3.493 3.098 : i o 2.599 2.278 2.082 1.843
25 4.242 3.385 2.991 A oy 2,490 2.165 1.964 1.711
30 4,171 3216 2922 o o+ booo2d21 0 2.092 1.887 1.622
40 4.085 3.232 2.839 : ; ' 2236 2.003 1.793 1.509
50 4.034 3.183 2,790 T : ! 2.286 1.952 1.737 1.438
100 3.936 3.087 2.696 oo : 0 2.191 1.850 1.627 1.283
oo | 3.841 2.996 2.605 U oo 2.099 1.752 1.517 1.002




