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SECTION I: Multiple Choice: For each item. circle the one letter corresponding to the choice that
best completes/answers that item. Read all choices before you circle one.

(2 marks each) “ [50 marks total]
1. If two means are being compared by the t-test. and each mean is calculated from 13 observations.
the degrees of freedom for finding the table t is/are:

a 12 d. 1 g 22
b. 2 e. 20 h. 23
c. 23 f. 11 1. 24

2. With reference to proper plot technique. experimental error will be reduced if:

a. random mechanical errors are introduced.

b. non-treatment operations are done differently to different plots in block.

c. each treatment is applied to its respective plot as uniformly as possible.

d. a andb. f. b.andc.

e. aandc. g a.b.andc.
3 and 4. Use the following information to answer questions A.3 and A.4. Assume that two fat types
are used for cooking of dougnuts. Six doughnuts are prepared using each type of fat and the amount
of fat (in grams) absorbed by each is measured. The mean amount of fat absorbed is 76 grams for
Fat 1 and 62 grams for Fat 2. The t-test is used to test the difference in mean amount of fat absorbed
between the two types of fat and the result is t = 2.67. The relevant table t values are 2.23 (5%) and
3.17 (1%).
3. The probability associated with the calculated t is:

a p<0.01 b. p0.05 ¢ p<0.05
4. The conclusion for this experiment is:

a. Fat 1 gave a significantly lower amount of fat absorbed than Fat 2.

b. There was no significant difference in amount of fat absorbed between the two types of fat.

c. Fat ] gave a significantly higher amount of fat absorbed than Fat 2.
3. Dr. Anderson gets a cv of 8.5% in his experiments and others doing similar experiments usually
get a cv of about 12%. Thus indicates that the experimental precision in Dr. Anderson’s experiments
is:
less than the precision of the other experimenters.
the same as the precision of the other experimenters.
greater than the precision of the other experimenters.

d. none of the above.
6. In the ANOVA of a two-factor experiment carried out in a randomized complete block design.
the F value for factor A (Nitrogen) is significant. the F value for factor B (Cultivar) is not
significant. and the F value for the Nitrogen x Cultivar interaction is significant. The final
conclusions should be based on a mean seperation test based on the:

0 op

a. overall Nitrogen means. e. aandc.

b. overall Cultivar means. f. b.andc.

c. Nitrogen x Cultivar interaction means. g. a.b.andc.

d. aandb. h. none of the above.

7. After an experiment is carried out in the Latin Square (LS) design. the relative efficiency
compared with the Completely Random (CR) design is calculated as 1.46. Thus. the experimental
precision of the LS design is:

a. 0.46% greater than that of the CR design. e. 46% greater than that of the CR design.

b. 0.46% less than that of the CR design. f. 46% less than that of the CR design.

c. 1.46% greater than that of the CR design. g. 146% greater than that of the CR design.

d. 1.46% less than that of the CR design. h. 146% less than that of the CR design.
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8. In preparing a plot lavout for a split-plot design. randomization will be done:
a. less times than a design that does not have split-plots.
b. more times than a design that does not have split-plots. "
c. the same number of times as a design that does not have split-plots.
9. Which of the following normally result(s) from increasing the number of factors considered in

a single experiment?
a. The number of treatments decreases. e. a andc.
b. Itis easier to have homogeneous blocks. f. b.andc.
¢. More interactions can be evaluated. g. a.b.andc.
d aandb.

10. In a statistical model. an effect that might have the same levels if the experiment were repeated
is referred to as:

a. fixed. ‘ d. random.
b. informal. e. redundant.
c. formal.

11. To reach conclusions about the treattment means for multi-observation data. which of the
following could be used as the data that is entered into the ANOVA?
All observations from each plot.
The variance of the observations in each plot.
The mean of the observations in each plot.
a.andb. f. b.and c.
e. aandc. g a.b.andc.
12. Which of the following is/are true about fractional factorial experiments?
a. They are useful for experiments with five or more factors.
b. They have more treatments than the corresponding complete factorials.
c. They have smaller block size than the corresponding complete factorials.
d aandb. f. b.andc.
e. a andc. g a.b.andc.
- 13. In an experiment designed to test the effect of applied N fertilizer on the yield of beans. yield
1s referred to as a/an:
a. non-crop response variable. c. environmental varnable.
b. treatment variable. d. crop response variable.
14. Which of the following is/are discussed by Gomez and Gomez as a common cause of missing
data?

eoop

a. 1improper treatment. e. aandc.

b. illogical data. f. b.andc.

c. loss of sample. g a.b.andc.
d aandb.

15. The covariate must be unaffected by the treatments if the analysis of covariance is being used
to: a control experimental error and adjust treatment means.

b. aid in interpretation of experimental.

c. estimate missing data.

d. none of the above.
16. The competition effects due to varietal competition can be corrected for by:

a. removal of border plants. e. a. andc.
b. stand correction. f. b.andc.
. grouping of homogeneous treatments. g. a.b.andc.

c
d. aandb.
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17. If vou are testing 64 cultivars of beans and the field is quite heterogeneous. such that uniform
blocks of that size are not likely. which of the followmg experimental de51gns would be most

appropriate”?
a. Completely Random. d. Split-plot.
b. Randomized Complete Block. e. Lattice.
c. Latin Square. f. Group Balanced Block.

18. Optimum plot size is the plot size which:
a. gives the greatest precision.
b. gives the lowest cost.
c. balances precision and cost.
19. The Mann-Whitney U test is the non-parametric equivalent of:

a. one-way ANOVA. e. aandc.

b. paired t-test. f. b.andc.

c. uppaired t-test. g a.b.andc.

d. a andb. h. none of the above.
20. When an area to be used for an expenment has a distinct fertility gradient in one direction. the
plot shape should be:

a. As square as possible.

b. Long and narrow. with the length perpendicular to the gradient.

c. Long and narrow. with the length parallel to the gradient.
21. In analvzing data involving measurements over time. before the pooled ANOVA is computed
the error mean squares of the individual time ANOV As must be shown to be:

a. heterozygous. c. homogeneous.
b. heterogeneous. d. homozygous.
22. Removal of border plants helps to avoid competition effects arising from:
a. missing hills. e. a andc.
b. varietal competition. f. b.andc.
c. non-planted borders. g a.b.andc.
d. a.andb. h. none of the above.

23. To get the least soil heterogeneity in an experimental site. a researcher should:
a. avoid areas fertilized at different rates in previous experiments. e. a. and c.
b. avoid sloping areas and choose flat areas instead. f. b.and c.
c. avoid areas near trees. g.a.b.andc.
d aandb. h. none of the above.

24. Which of the following is/are assumption(s) of regression:
a. The variables have a bi<(multi-) variate normal distribution.
b. The Y's are a random sample at each level of X.
c. The X's are measured without error.
d. aandb. f. b.and c.
e. a andc. g a.b.andc.
25. When considering conducting experiments in farmers’ fields in a developing country. one must
realize that the farmers’ fields are different from research stations because farmers” fields often:
a. have more variation between farms. e. a andc.
b. lack experimental facilities. f. b.andc.
c. have good accessibility. g. a.b.andc.
d. aandb. h. none of the above.
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SECTION 1. Matching: Assume that an experiment is designed to test the effectiveness of different
tvpes of insecticides in controlling a leaf hopper on beans. In the blank next to each variable on the
left. place the letter of the one type of variable given on the right that be$t fits that variable in the
context of this experiment. You may need to use some letters for more than one variable. but do not

use more than one letter for one variable. (2 marks each) [10 marks total]
Variable Tvpe:
1. Bean seed vield. . ‘a. non-crop response variable.
b. treatment variable.
2. Soil ferulity. c. environmental variable.

d. crop response vanable.
3. Leaf hopper incidence.

4. Insecticide type.
5. Incidence of other insects.
SECTION 111
1. Assume vou test the vield of three different species of beans at two (2) levels of added nitrogen

fertilizer in an RCB design with 3 replications and get the following results.

a. Complete the ANOVA 1able. [8 marks]

Effect of species and applied N on bean vield

ANOVA Table

Table F
Source df SS MS Calc.F 0.05 0.01
Biocks 4 240 287 443
Species 2 240 349 585
Nitrogen 1 2.70 4.35 8.10
Spec. XN 0.60 349 3585
Error

b. The main effects and blocks hvpotheses are stated below. Write the interaction hypotheses in the

space provided. [4 marks]

Main effects and blocks:

H,: There are no differences between the mean vields for the relevant effect (blocks. species.
nitrogen).

H,: There is at least one difference between the mean vields for the relevant effect (blocks. species.
nitrogen).

u\ oy
H
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SECTION I Question 1. (continued)

Interaction:
H,: ’

c. Accept/reject the relevant hvpotheses. and state what can be concluded for each effect based on
the ANOVA table. {8 marks]
ANOVA Conclusions:

Blocks:

Species:

Nitrogen:

Species X N:

M
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2. Assume that the simple correlation coefficient for 100 seed weight (g) and yield (metric tons/ha)
is calculated as -0.707. Further assume that it is significantly different from zero (P<0.01). Interpret
the meaning of the correlation coefficient. [Do not state or accept/reject the.relevant hypotheses.]

[10 marks]

3.In 1951. J.S. Hart. a biologist. determined the cooling constants of ninenteen (19) freshly killed
mice and those of the same mice reheated to body temperature. Given below are the differences
between corresponding cooling constants (freshly killed minus reheated).

+2. 4. 6.+8.+10. -11. -12.+13. +22. -25. -35. +33.+41. 45.+45. +45. +81.+92. +159
(Source: Steel and Torrie. Second Edition. 1980. McGraw-Hill. Page 539.)
Use the Sign test to test the hypothesis that the cooling constant for reheated mice is the same as

the constant for freshly killed mice. Write a conclusion for this test. (Do not state the relevant
hypotheses or accept/reject them.) [10 marks]

25
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Percentile Values (y2)
for
the Chi-Square Distribution
with » Degrees of Freedom
(shaded area=p)

v x.zm Xoo Xz X x.zso X3 x.".;o xis X3, Xos Xogs  Xo  Xhos

1 7.88 »J6_3613 5.02 3.84 2.71 1.32 455 102 0158 .0039 .0010 .0002 .0000
2 10.6 —9ﬁ21 7.38 Bt§9 4.61 2.7 1.39 575 211 103 .0506 .0201 .0100
3 12.8 11.3 9.35 7.81 6.25 411 2.37 1.21 584 352 .216 115 072
4 149 13.3 11.1 9.49 7.78 5.39 3.36 1.92 1.06 Jq11 484 297 207
5 16.7 15.1 12.8 11.1 9.24 6.63 4.35 2.67 1.61 1.15 .831 554 412
6 18.5 16.8 14,4 12.6 10.6 7.84 5.35 3.45 2.20 1.64 1.24 872 676
T 20.3 18.5 16.0 141 12.0  9.04 6.3b 4.25 2.83 2.17 1.69 1.24 989
8. 22.0 20.1 175 15.5 13.4 102 7.34 5.07 3.49 2.73 2.18 1.65 1.34

9 23.6 21,7 19.0 16.9 14.7 11.4 8.34 5.90 4.17 3.33 2.70 2.09 1.73

10 252 232 205 183 16.0 1256 9.34 6.74 487 394 3256 256 2.16
11 268 247 219 197 173 137 103 7.58 5,58 457 3.82 3.05 2.60
12 28.3 262 233 210 185 148 113 8.44 630 523 440 357 3.7
13 20.8 277 247 224 198 16.0 123 9.30 7.04 5.89 5.01 411 3.57
14 } 313 291 261 237 211 171 133 10.2 779 657 b5.63 4.66 4.07

15 328 306 275 25.0 223 182 143 110 855 7.26 626 523 4.60
16 343 320 288 263 235 194 153 119 931 796 691 581 5.14
17 35.7 334 302 276 248 205 163 128 10.1 867 156 641 5.70
18 372 848 315 289 260 216 173 13.7 10.9 939 823 17.01 6.26
19 386 862 329 301 272 227 183 14.6 117 101 891 763 6.84

20 400 376 342 314 284 238 193 155 124 10.9 9.59 826 743
21 414 389 355 327 296 249 203 16.3 132 116 103 8.90  8.03
22 428 403 368 339 308 260 213 17.2 14.0 123 110 9.54 864
23 442 416 381 3562 32.0 271 223 181 148 -131 11.7 10.2 9.26
24 456 430 394 364 332 282 233 19.0 157 138 124 109 '9.89

25 469 443 406 377 344 293 243 19.9 16.5 146 131 115 105
26 483 456 419 389 356 304 253 208 173 154 138 122 112
27 496 470 432 401 367 315 263 217 181 162 146 129 118
28 51.0 483 445 413 379 326 27.3 227 189 169 153 136 125
29 623 496 4567 426 391 337 283 236, 198 177 160 143 131

30 63.7 509 470 438 403 348 293 245 206 185 168 15.0 13.8
40 66.8 637 59.3 558 51.8 456 393 33.7 29,1 265 244 222  20.7
50 795 762 714 675 632 b56.3 493 429 37.7 348 324 29.7 280
60 920 884 B33 791 T44 67.0 693 523 465 432 405 375 355

70 | 1042 1004 950 905 BG5S 776 693 617 55,3 51.7 48.8 454 433
80 | 1163 1123 106.6 1019 966 881 1793 711 643 604 572 535 512
90 | 128.3 1241 1181 1131 1076 986 893 80.6 733 691 666 61.8 59.2
100 | 140.2 135.8 129.6 124.3 118.5 109.1 993 90.1 824 7.9 742 701 67383

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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