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Instructions:

* This question paper consists of 06 questions and 06 pages.

» This question paper consists of two parts: Part A and Part B. Part A is compulsory. Part B
consists of five (05) essay-type questions of which three (03) are to be answered.

s Statistical tables are attached at the end.

» Non-programmable calculators are permitted.

e Consider the level of significance as 0.05 for all the tests.

PART A (Question 01 is compulsory)

Question 01
ldentify the following criteria in each of the following experimental situations:

(i) treatment structure

(i) design

(i} Treatments/treatment combinations

(iv) Number of treatments/ treatment combinations
(v} Experimental units

(vi) Number of replications

(vii) Response variable
{viii)Blocking factors (if any)

a) A researcher is interested in studying the effect of fertilizer type (Organic, Chemical, and
Mixed) and irrigation level (High, Low) on the yieid of tomato plants. Eighteen similar plots
have been randomly assigned to the different combinations of fertilizer types and irrigation
levels. After six months, the growth (in cm) of each plant is recorded.
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b) A car tyre company intends to test four different types of rubber improvers for their effects
on the wear of tyres. Four test cars are available and each improver can be tested by the
company’s mechanics on one tyre of each car. The cars will be driven under normal
conditions for six months, after which the wear of each tyre on each car will be measured.

c) A food scientist wishes to test four different packaging methods (PI, P2, P3, P4) to
determine their effect on the shelf life of a new snack product. The shelf life may vary
depending on the storage room temperature (Cold, Cool, Warm, Hot) and the storage shelf
position (Top, Upper-Middle, Lower-Middle, Bottom). 1t is assumed that, for a given
packaging method, the differences in shelf life between storage temperatures do not depend
on shelf position, and the difterences due to shelf position are consistent across different
temperature conditions. Sixteen snack products are used in this experiment. The shelf life
(in days) is recorded for each product. :

d) Inanexperiment to investigate the effect of paper colour (blue, green, orange) on response
rates for questionnaires distributed in supermarket parking lots, 15 representative
supermarket parking lots were selected, and each colour was randomly assigned to five
lots. The response rates were recorded as percentages.

e) A sports shoe manufacturer is testing four different types of insole materials to evaluate
their impact on comfort during physical activity. To conduct this study, 20 athietes are
recruited, and each athlete tries all four insole types, using one type per day in a random
order. After each session. the athletes rate their comfort level on a scale from [ to 10.

PART B (Answer 3 questions only)

Question 02

A distributor of petroleum products. overseeing ten service stations, aimed to determine if there
are significant differences among these stations regarding overall quality and effectiveness. To
assess this, five professional raters provided ratings for each of the ten stations. The results are
presented below:

Rater Service stations Total
1 2 3 4 5 0

A 99 90 85 75 70 92 511

B 96 80 88 70 51 91 476

C 95 48 75 71 93 93 475
D 98 - 70 {82 73 94 90 507

E 97 62 30 76 92 89 496

Total 485 356 410 363 L 400 455 2465
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Total sum of squares = 5316.2

(1) Test whether the mean rating scores for the stations differ significantly at a 5% significance
level. Write down your conclusion,

(1) Test whether the average ratings provided by the five professional raters differ significantly
at a 5% significance level. Write down your conclusion.

(1i1) Based on the results, what advice would you offer the distributor?

(iv) Construct a 95% confidence interval for the-difference between the average rating of stations
1 and 2.

(v) Interpret the results you obtained in part(iv).

Question 03

A researcher is interested in evaluating the effectiveness of four different teaching methods (4, B,
C, and D) on students’ performance. Since student performance can be affected by both the time
of day (Morning, Midday, Afternoon, Evening) and the teacher (77, T2, T3 and T4), the researcher
uses “X” Design to control for these two sources of variation. Each teaching method is randomly
assigned so that it appears once in each row and once in each column. The students' scores out of
100 after being taught using each method are given below:

Time/Teacher T T2 I3 T4 Total
Morning 85 (B) 88 (C) 84 (D) 90 (A) 347
Midday 82 (O) 80 (D) 89 (A) 86 (B) 337
Afternoon g1 (D) 87 (A) 83 (B) 35 (O 336
' Evening 186 {A) 88 (B) 84 (C) 82 (D) 340
Total ' 334 343 340 343 1360

Following values are given.

Total sum of squares =130
Sum of squares of Teacher = 13.5

fTeziEhing:\’IethOd A |B |C |D
. Total 352 1342 [ 339 | 327

(iy  Clearly cxplaining the notations and stating the assumptions, write down the mathematical
model for this "A” design.

(i1}  Estimate the treatment effects.

(iit)  Test whether there is a significant difference among teaching methods at a 5% level of
significance and write down your conclusions.

(iv) Estimate the standard error of teaching method 4.

(v lest the hypothesis that the effect of teaching method (4) and (£) is equal.
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Question 04

(i) Explain two instances when the factorial design is preferred over a completely randomized
design.

(ii) Write down formulas for computing the main effects, interaction effects and their sums of
squares for a 2? factorial experiment with ‘r’ number of replicates, run in a completely
randomized design with usual notations.

A baker is investigating how the quality of bread is affected by the type of flour used and the
baking time. He selects two types of flour (all-purpose, whole wheat) and two baking durations
25, 35) in minutes. For every combination of flour type and baking time, he bakes three loaves of
bread. Each loaf is evaluated using a quality index, which is a continuous score representing the
bread’s quality. The values are given in the following table.

Flour Baking times (mins)
25 35
all-purpose 3.7 4.1
42 (10.8) |43 (12.6)
2.9 4.2
whole wheat 4.1 4.9
45 (132) |44 (142
4.6 4.9

Within brackets are cell totals. Grand total = 50.8
Total sum of squares = 3.2267

(iti) How many treatments/ treatment combinations are there in this experiment? What are they?

(iv) Test whether the effects of types of flour and baking fime on the quality of bread are
significant at a 5% significance level. Clearly explain your answer.

(v) Compute the estimated standard error of treatment effects.

Question 05

(i) Briefly explain the fundamental principles of experimenial designs.

(i) Discuss the limitations of CRID when applied to experiments with high environmental
variability.

Fifteen students participated in an experiment to assess the effect of study habits on material
retention. Three different types of study habits were tested. and the fifieen students were randomly
assigned to one of these types.

Habit I: control-read the material only
Habit 2: reading the material and then producing a summary
Huabirt 3: skimming the material, thinking of key questions and then reading the passage properly
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Each student was then assessed on their knowledge of the material through multiple-choice
questions. Results were as follows:

Study Habit Scores Total
Habit 1 22 130 14 28 31 125
Habit 2 32 137 42 28 21 160
Huabit 3 44 |37 48 35 31 195

.| 480

Error sum of squares = 652

(111) State the null and alternative hypotheses to test whether the study methods significantly affect
material retention.

(iv) Write down two meaningful contrasts and test whether they are orthogonal,

(v) Test whether the two contrasts mentioned in part(iv) are significant. Write down your
conclusions.

(vi)Based on the results in part (v), what advice would you give regarding study habits for material
retention?

Question 06
(1) Briefly explain a split-plot design.

A sports scientist is interested in investigating the effects of training intensity (Low, Medium, High,
Very High} and diet plans (D, D2} on the endurance times (in minutes) of athletes during a
treadmill test. The study is conducted at two training centres to account for differences in training
facilities. Each centre has four groups of athletes, with each group randomly assigned one of the
four training intensity levels. Each group is then divided into two subgroups, where one subgroup
follows Diet Plan DI and the other follows Diet Plan D2. The recorded endurance times are as
follows:

Centre 1 Centre 2
| Diet
_ Diet DI DI
Intensity DI D2 Low 24.5 26.0
Low 25.1 27.3 Intensity | Medium | 25.2 26.7
| Medium 26.8 28.0 High 26.3 27.5
High 28.3 29.6 Very 29.1 30.6
Very High | 312 32.0 High

The following summary statistics were computed by whole plot and sub plot.

Total Sum of Squares (S8 Total) 7522
Lotal Sum of Squares of whole plot (8S Total wp) 66.82
Total Sum of Squares of sub plot(SS Total sp) | 64.68 |
- Sum of Square Centre _ 9.61
5
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(i1) Write down the treatment and design structures for the whole plot and sub-plot parts of the
experiment.

(iti) Carry out an ANOVA and test the significance of the effects at a 5% level. Write down your
conclusions.



Appendix 4a

5 per cent Points of the F-distribution

Column represents degeees of {reedom (14} for numerator of Fiest:
Row represents: degrees of freedom (1) for denominator of F-test
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Critical values of t for two-tailed tests

Significance level (a)

0.2 015 o1 0.025 0.01 0.005 0.001 00005
3008 a5 834 25,452 63857  1an 636 619

1886 2282 2920 8.205 3825 14.08% 31569

1.638 1824 2.352 4177 5.841 7453 12,924

1.533 1778 2132
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