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QUESTION 1

(a)

Assume you tested the yield of three cuitivars of maize at three levels of phosphorus in a
Randomized Complete Block design with five replications and got the following results:
Mean Yield (tonnes/ha) of 3 maize cultivars at 3 P levels.

Cultivar Applied P (kg/ha)
50 100 150 Mean
-------------- (tonnes/ha)-------------

A 4.0 5.6 8.8 6.13

B ' 6.4 5.6 8.0 6.67

C 8.8 8.0 8.8 8.53

Mean 6.4 6.4 8.53

Partial ANOVA table

Source d.f. Sum of squares Mean square
Blocks 4 70.40 17.60
Cultivar 2 47.64 23.82
P 2 45.51 22.76
Cuiltivar X P 31.28
Error _
Total 348.43
(1) Write the statistical model for this experiment. [5 marks]
(1)  Write appropriate hypotheses for the F tests. [5 marks]
(iii)  Copy and complete the above ANOVA table, including the cv. [11 marks]
(iv) Do any appropriate mean separation test(s). [4 marks]
(v) Interpret the results. ' [10 marks]

(b) For the problem in part (a) above, the Cultivar Treatment Total yields are 92, 100, and 128
tonnes/ha for Cultivar A, B, and C, respectively. Show the complete calculation for the sum
of squares. [5 marks]

QUESTION 2

(a)  Explain briefly how blocking, proper plot technique, and data analysis can be used to control
experimental error. ' [12 marks]

(b)  Assume that the following data is from a survey of farmers in two districts of the imaginary

country of Paradise. Assume that a sample of farmers in each district were asked:
Which do you prefer to raise, cattle or goats?
Test the internal consistency of the data. Interpret the resulits. [18 marks]
Animal Preference in Paradise

Source: Hypothetical

Number of farmers prefering:
District Cattle Goats

1 50 80
2 40 30
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QUESTION 3

(a) Compare and contrast between the assumptions of regression and those of correlation
analysis. [10 marks]

(b)  Consider the table below, which shows the numbers of defective bolts produced by two
different types of machines (I and II) on 12 consecutive days and which assumes that the
machines have the same total output per day. Use Wilcoxon’s signed rank test to test
whether or not the machines differ significantly in the mean number of defective bolts
produced per day. To do this, state appropriate hypotheses, carry out the test to test them,
and conclude. [The relevant table values are 14 (approx. 5%) and 7 (approx. 1%).]

[20 marks]

Day 1 23 45 67 8 9 10 1 12

Machine I 47 56 54 49 36 48 51 38 61 49 56 52
Machinell 71 63 45 64 50 55 42 46 53 57 75 60

Source: Spiegel, M.R. (1992). Theory and Problems of Statistics. 2 Ed. In SI units.
McGraw-Hill Book Company. P. 372.

QUESTION 4

(a) Assume the yield of four cultivars of beans was studied in a completely randomized design
with four replications, and that an insect damages the plots in an irregular pattern unrelated
to the cultivars. Further assume that to take this damage into account an analysis of
covariance is performed with yield as the variable of interest (Y), and insect damage as the
covariate (X). Part of the analysis of covariance table is given below.

Analysis of Covariance Table:

Source of df Y Adjusted for X Table F
Variation SS, SCPSS, df SS MS F 5% 1%
Treatment 3 2 7 50

Error 12 6 9 20

Total 15 8 16 70

Treatment adjusted 359 6.22

i. Complete the analysis of covariance table. Show the calculations for the adjusted SS in
the following space. You do not need to show the other calculations.
[13 marks]

ii. State the conclusion. (Do not state hypotheses or accept/reject them.)
[7 marks]

(b)  Describe why fractional factorials are useful, the types of experiments for which they would
be appropriate, and when they are definitely not appropriate. [10 marks]

&\
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Formulas and Half-formulas vou may need.
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TABLE A.S*
" Cyitical Values of the ¢ Distribution

[

0100 | ouqs 0.025 (1] 0.008

3.078 6.314 12.706 31.821 63.657
1.886 2.920 4303 6.965 9.925
1.638 2353 3182 4.541 5.841
1.533 2132 2776 3.47 4.604
1.476 2015 251 3365 4.032

1.440 1.943 2447 3.143 3.707
1.415 1.895 2365 2.998 3.499

138 | 1833 | 2262 | 281 325
132 L 1s2 | 228 | 21 | 1@

1363 1.796 2.201 2718 3,106
1.3s6 1.782 2179 2.681 3.055
1.350 1.771 2,160 2.650 012
1.345 1.761 2,145 2624 297
1.341 1.753 2.131 2.602 2.947

.746 2120 2.583 2.921
740 2110 2.567 2.898
734 2.101 2552 | 2878
129 2093 2539 2.861
25 2.086 2528 2,345

1.721 2.080 2518 2831
1321 17117 2074 2308 2819

1714 2.069 2.500 2.807
1318 1L 2.064 2452 2797
1.316 1.708 2.060 2.485 2.787

1315 1.706 2.056 2479 2779
1.314 1.703 2052 2473 2m
1313 1.701 2.048 2467 2.763
1311 1.699 2.045 2462 2756
1.282 1645 1960 | 2326 2.576

ERENE BYHNY BEESE CDREORS Svewo wawme] ®

*Tablc A.S is taken from Table IV of R. A. Fisher, Staristical
Methods for Research Workers, Olives & Boyd L., Edinburgh,
by permission of the anthor and publishers. ’
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the Chi-Square Distribution
" with » Degrees of Freedom

Percentile Values [y3)
for

{shaded area=p)

Page?—of 8 ‘

» us  Xhe X5 xXh  xh X3 X% X3 X X% X X4 Xhes
1 7.88 6.63 5.02 3.84 211 1.32 4556 102 | .0168 .0039 .0010 .0002 .0000
2 10.6 9.21 7.38 5.99 4.61 2.717 1.89 575 211 108 0506 .0201 .0100
3 128 113 9.36 7.81 6.25 4.11 2.37 121 584 352 216 JA16 072
4 14.9 13.3 11.1 2.49 7.78 5.39 3.36 1.92 1.06 J11 484 297 207
5 16.7 15.1 128 111 9.24 6.63 4.35 2.67 1.61 1156 - .881 554 412
6 18.5 16.8 144 12.6 10.6 7.84 5.86 3.45 2.20 1.64 124 872 676
7 20.3 185 16.0 14.1 120 9.4 6.85 4.25 2.88 2.17 1.69 1.24 989
8 22.0 20.1 115 15.5 184 102 7.34 5.07 3.49 2.73 2.18 1.65 134
9 28.6 217 19.0 16.9 147 114 8.34 5.90 4.17 3.33 270 ° 2.09 178
10 262 282 205 183 16.0 12.5 934 6.74 4.87 3.94 3.25 2.5¢ 2.16
11 26.8 24.7 21.9 19.7 178 13.7 103 7.58 5.68 4.567 8.82 8.05 2.60
12 28.3 262 288 21.0 185 148 118 8.44 6.80 5.23 4.40 8.57 8.07
13 29.8 27.7 247 22.4 198 16.0 12.3 9.30 7.04 5.89 5.01 4.11 8.57
14 313 29.1 26.1 23.7 211 171 183 102 1.19 6.57 5.63 4.66 4.07
15 32.8 30.6 275 25.0 22.8 18.2 148 11.0 8.55 7.26 6.26 5.23 4.60
16 84.3 32.0 28.8 26.3 235 19.4 158 11.9 9.31 7.96 691 - 5.81 5.14
17 35.7 38.4 80.2 276 248 20.5 16.3 12.8 10.1 8.67 7.56 6.41 5.70
18 872 34.8 315 28.9 26.0 21.6 173 18.7 10.9 9.39 8.28 17.01 6.26
19 38.6 86.2 82.9 80.1 272 22.7 188 14.6 11.7 10.1 8.91 7.68 6.84
20 40.0 87.6 342 814 284 23.8 19.3 18.5 124 10.9 9.59 8.26 7438
21 414 88.9 35.5 82.7 29.6 24.9 20.3 16.3 13.2 116 108 8.90 8.03
22 428 403 36.8 38.9 30.8 26.0 21.8 17.2 14.0 128 11.0 9.54 8.64 )
23 442 41.6 38.1 85.2 82.0 27.1 22.83 18.1 148 131 11.7 102 9.26
24 45.6 438.0 894 - 864 33.2 28.2 238 19.0 15.7 13.8 124 10.9 9.89
26 46.9 443 40.6 3817 844 293 243 19.9 16.5 14.6 18.1 115 105
26 48.3 45.6 41.9 389 85.6 80.4 25.83 20.8 17.3 -15.4 18.8 122 112
27 49.6 47.0 432 40.1 36.7 31.6 26.8 21.7 18.1 162 14.6 129 118
28 51.0 48.3 44.5 41.3 87.9 32.6 273 22.7 18.9 16.9 15.3 18.6 125
29 52.8 49.6 45.7 42.6 39.1 88.7 28.83 236, 19.8 17.7 16.0 148 18.1
30 538.7 50.9 47.0 43.8 4038 84.8 29.83 24.56 20.6 18.5 16.8 15.0 188
40 66.8 68.7 59.83 55.8 51.8 466 "398 33.7 29.1 26.5 24.4 222 20.7
50 79.5 762 T4 67.56 68.2 56.3 493 42.9 877 84.8 82.4 29.7 28.0
60 92.0 88.4 838.3 79.1 44 67.0 59.8 52.83 46.5 43.2 405 37.5 35.5
70 1042 1004 95.0 90.56 85.5 77.6 69.3 61.7 55.8 51.7 48.8 454 43.3
80.] 1163 1128 1066 101.9 86.6 88.1 79.8 71.1 64.3 60.4 57.2 53.5 512
80 '} 1283 1241 1181 11331 1076- 986 89.3 80.6 73.3 69.1 65.6 61.8 592
100 1402 135.8 120.6 12483 1185 1058.1 99.3 90.1 82.4 7.9 74.2 70.1 67.8

Source: Catherine M. Thompson, Table of percentage points of the x* distribution, Biometrika, Vol. 32 (1941), by permission of

the author and publisher.
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