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B.Sc. Honours Examinations 2020
(Under CBCS Pattern)

Semester - VI
Subject: STATISTICS

Paper: CC - 13 (T + P) (Design of Experiments – Theory + Practical)

Full Marks: 40 (Theory) + 20 (Practical) = 60
Time: 4 Hours

Candiates are required to give their answer in their own
words as far as practicable.

Questions are of equal value.
Answer any one question [within 250 words] from each Part.

Part A: Design of Experiments (Theory)

1. Compare the efficiency of a Latin square design (LSD) with that of an a) Randomised block
design (RBD) and b) Completely randomised design (CRD) under certain assumptions. Show
that LSD is most efficient.

2. A researcher wanted to compare the efficiency of 5 different fertilizers for paddy. He divided his
whole agricultural plot into 6 homogeneous blocks and applied the five fertilizer randomly. After
harvesting he had the data of the paddy production for each plot. How does he analyse the data
to get the answer? (Give your answer by stating the assumptions, models, hypothesis and testing
procedure)

3. Describe Yates Algorithm for obtaining factorial effect total for a 23 and 24 factorial experiments.
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4. Describe Yates missing plot technique for analysing an experimental design. How do you use this
method for an RBD with one missing observation?

5. What do you mean by balancing in a confounded design? Obtain a balanced arrangement of 25

experiments in 5 replications so that the main effect and first factor interactions remain
unconfounded while 1/5 th of the information on each of the 2nd and 3rd order interactions is
lost.

6. (a) What do you mean by confounding in a factorial experiments? Distinguish between Total
and partial confounding.

(b) Give the layout of a (23, 22) experiments where all the two factors and there factors interactions
are confounded.

(c) Discuss Fairfield Smith’s experiment to determine optimum shape and size of plots and
blocks.

7. (i) Distinguish between partial confounding and complete confounding. Explain with examples.

(ii) Give in detail the analysis of a split plot design with five levels of the whole plot treatments
and three levels of the subplot treatments in two replicates.

8. (i) Suppose we have a 23 experiment with three factors each at two levels. Suppose there are
three replicates each divided into two blocks, each block of 4 units. Show how you will
confound ABC in the first replicate, AC in the second replicate and BC in the third replicate.
Show how the results of the confounded factorial design can be analysed.

(ii) Why is a Latin square design said to be an incomplete design?

9. (i) Consider a randomized block design with one missing value. Perform the appropriate analysis
using Yates’ technique for missing values.

(ii) What do you mean by orthogonality of a design? Does orthogonality of a design remain
effective in case of confounding ? Explain.

10.  (i) Give in detail the analysis of a 32  factorial experiment conducted in r randomized blocks.

(ii) Describe any two basic principles of design of experiment.

11. (i) Consider the set up of a 25 factorial experiment in which we want to divide the total treatment
effects into 23 blocks by confounding the three factorial effects AD, BE and ABC. Give the
structure of all the blocks with proper explanation.

(ii) What is critical difference? Explain its use in a randomised block design.
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12. (i) When is a split plot design used? Give the relative merits and demerits of a split plot design
and a randomised block design.

(ii) Derive the relative efficiency of a randomised block design with respect to a completely
randomised design.

Part B: Design of Experiments (Practical)

1. The following table gives the yield of paddy (kgs./plot) as observed in an experiment carried out
in a 5 x 5 Latin square using five crop varieties (A, B, C, D and E). Analyse the data.

Columns

Rows 1 2 3 4 5

1 57.8 48.6 33.4 53.5 41.8

B C A D E

2 50.5 45.5 51.8 52.6 31.9

D E C B A

3 46.1 47.9 55.6 * 53.3

A D B E C

4 58.2 55.1 43.2 38.8 53.3

C B E A D

5 53 41 48.7 54.6 55.7

E A D C B

*yield figure missing

2. The following 23 experiment in 3 replicates of two blocks each was conducted to compare the
effect of poultry manures m with that of equivalent sulphate of ammonia n and super phosphate,
p on the yield of Brussels sprouts. Identify the confounded effect and carry out the complete
analysis.



Vidyasagar U
nive

rsit
y

Block 1 Block 2

Replicate 1 np nm pm (1) n m p npm

49 59 46 39 40 62 33 55

Replicate 2 nm (1) pm np p npm m n

50 40 52 50 32 48 52 54

Replicate 3 n p npm m pm nm (1) np

50 40 52 50 32 48 52 54

3. A chemist wishes to test the effect of four chemical agents on the strength of a particular type of
cloth. Because there might be variability from one bolt to another, the chemist decides to use a
randomised block design, with the bolts of cloth considered as blocks. She selects five bolts
(B1, B2, B3, B4 and B5) and applies all four chemicals in random order to each bolt. The
resulting tensile strengths are given below. Analyse the data and draw your conclusions.

Chemical Tensile strength

1 71 (B4) 74 (B3) 67 (B5) 73 (B1) 68 (B2)

2 70 (B5) 73 (B1) 75 (B3) 72 (B4) 67 (B2)

3 78 (B3) 75 (B1) 68 (B5) 73 (B4) 68 (B2)

4 69 (B5) 75 (B3) 71 (B2) 73 (B1) 75 (B4)
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4. The flowing table gives the plan and the yields (in kg.) of a experiment involving three factors N,
P and K each at two levels:

Block 1 Block 2

Replication 1 o pk nk np k p n npk

145 191 300 240 189 272 160 305

Replication 2 o k npk np p nk pk n

226 159 240 182 266 300 233 278

Replication 3 p npk o nk n k pk np

186 173 170 213 209 93 224 245

Replication 4 pk o npk n k nk np p

182 175 156 183 293 226 248 269

5. The following table gives the yield of wheat per plot in a manurial experiment. The four manurial
treatments are denoted by A, B, C and D in parenthesis. Analyse the data and find whether
effects of treatments differ significantly from one another or not. Test also whether column 3
differs from column 4 significantly.

                   Column Number

Row number 1 2 3 4

1 425 442 540 340

(B) (C) (D) (A)

2 384 512 490 408

(D) (A) (B) (C)

3 506 508 536 600

(C) (D) (A) (B)

4 451 568 499 347

(A) (B) (C) (D)
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6. The following table gives the plan and yields of a 24 field experiment on beans carried out in
blocks of 8 plots each:

Block Replication 1

1 DNK P N DNP D NPK DPK N

40 46 52 49 50 38 55 41

2 NP DN DNPK NK DK PK (1) DP

55 40 43 43 40 52 55 50

Replication 2

3 NPK D P DNP DPK N K DNK

45 40 40 52 45 47 50 35

4 NK DP NP PK DK DNPK (1) ND

43 51 42 58 52 56 58 42

(a) Identify the effect confounded in each replication.

(b) Analyse the data.

7. (i) The following data were collected to study the relationship between two processing variables,
copper content (measured in percentage) and annealing temperature (measured in Fahrenheit)
with the response variable hardness of a certain kind of a steel. A randomised block design
is to be used. Carry out the analysis to test for the significance of the effect of temperature.
( 0.05;1,2 0.05;2,218.51, 19.00F F= = )

Copper content 0.02 0.10 0.18

Temperature

1000 78.9 80.9 85.3

1200 55.2 * 60.7

* value indicates it is missing.
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(ii) A 23 factorial experiment is conducted in two blocks in each of the two replicates as
follows. Identify the confounded effects and hence analyse the data.

Replicate 1 Replicate 2

Block 1 Block 2 Block 3 Block 4

(1) 550 a 669 (1) 604 a 650

ab 642 b 633 c 1052 b 601

ac 749 c 1037 ab 635 ac 868

bc 1075 abc 729 abc 860 bc 1063

8. A chemist is interested in determining how purity (Y) of a chemical product depends on agitation
rate (A), base component concentration (B) and concentration of reagent(C). He decides to use
a 23 design. Only 4 runs can be done on each day and he wanted to have 3 replications of  the
experiment. Identify the confounded effects and hence analyse the data to test for the different
effects.

Replicate 1 Replicate 2 Replicate 3

day 1 day 2 day 3 day 4 day 5 day 6

1 25 ab 43 abc 39 bc 38 1 26 a 43

bc 34 c 30 b 29 a 37 c 32 b 34

abc 42 ac 40 1 27 ab 46 ab 52 ac 40

a 25 b 33 ac 40 c 34 abc 51 bc 36

9. Three sides  of an equilateral triangle were measured in inches by 5 pupils with the following
results :

Sides Pupils

A B C D E

A 5.44 5.41 5.43 5.42 5.43

B 5.43 5.41 5.42 5.43 5.44

C 5.45 5.42 5.43 5.43 5.44
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Is there any significant difference between the pupils? Also test for the significance of the effects
of the sides. ( 0.05;2,8 0.05;4,84.46, 3.84F F= = )

10. (i) Suppose a 23  factorial experiment with three factors (P,K,D) each at two levels are
conducted in 4  replicates each containing 2 blocks. The effects PK, PD, KD and PKD
are partially confounded in the 4 replicates respectively. Give the structure of all  the blocks
of all the replicates.

(ii) The following table gives the strength (lb wt/sq in.) of concrete made with sand containing
different percentages of coal. Each sample of concrete was made into four cylinders which
were tested for strength.

Sample Percentage                     x (lb wt/in.)
Number Coal

1 0.00 1690 1580 1745 1685

2 0.05 1550 1445 1645 1545

3 0.10 1625 1450 1510 1590

4 0.50 1725 1550 1430 1445

5 1.00 1530 1545 1565 1520

Test the equality of population means for these 5 populations.

( 0.05;4,15 0.05;5,153.06, 2.90F F= = )

11. A 4 × 4 Latin Square experiment was conducted to compare the effects of four spacings A, B,
C and D on the yield of millet. The plan and the yield are given below.

Rows               Columns

1 2 3 4

1 A B C D

231 280 285 284

2 B A D C

284 246 283 271
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3 C D A B

275 282 258 258

4 D C B A

259 271 289 275

Test whether the spacings are equally effective and in case they are not, compare them pairwise.

12. Consider an experiment where an electrical component is subjected to different temperatures
for different amounts of time. They wanted to have 3 replications and used a RCBD design
(replication = block). However, it was impractical to run individual treatment combinations, and
instead they opted to set the oven a temperature and then take out randomly selected components
at different times. This process was repeated for each temperature until a replication was complete.
Carry out a split plot design analysis.

Baking       Oven temperature(degrees F)
time (min.)

Replicate 580 600 620 640

I 5 217 158 229 223

II 10 233 138 186 227

III 15 175 152 155 156

I 5 188 126 160 201

II 10 201 130 170 181

III 15 195 147 161 172

I 5 162 122 167 182

II 10 170 185 181 201

III 15 213 180 182 199


