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Instructions:

o This question paper consists of 06 questions and 05 pages.

 This question paper consists of two parts: Part A and Part B. Part 4 is compulsory.
Part B consists of five (05) essay-type questions of which three (63) are to be
answered.

e Statistical tables are attached at the end.

e Non-programmable calculators are permitted.

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

PART A4 (Question 01 is compulsory)

Question 01

. An experiment was conducted to compare the durability of 5 green fabric dyes, say Dy, D3, Ds,
Dy and Ds, for washing. A sample of 30 plain white t-shirts was obtained and randomized so
that 6 received each dye (with each shirt receiving exactly one dye). A measure of the color
brightness of the shirts after 10 wash/dry cycles is obtained (with higher scores representing

brighter color). The error sum of squares is (SSE) 2000. The mean scores for the 5 dyes are:

¥y, = 30, Yy, = 25, Yy = 40, Vpy = 35, Yps = 20

(i) In relation to this study, write down the
a) Treatments
b) Experimental unit

¢) Response variable

(ii) Write down the design used in this study. Justify your answer.

(iii) Specify the hypotheses to be tested.




(iv) Clearly describing the notations ad the assumptions, write down the mathematical model
for the design yoﬁ identified in part(ii).
(v) Calculate the Least Significant Difference (LSD) for comparing any two treatment means.
(vi) Using the LSD test statistic computed in part(v), test whether dyes 3 and 5 are
significantly different. Clearly state your findings.

Part B

Question2

An industrial engineer wanted to conduct an experiment on eye focus time. He is interested in
the effect of the distance of the object from the eye on the focus time. Four different distances
are of interest. He has five subjects available for the experiment because there may be

differences among individuals. The focus time data (in seconds) is given below:

Distance (ft) Subject
1 2 3 4 5
4 10 6 6 6 6
7 & 6 1 6
8 5 3 3 2 5
10 6 4 4 2 3

Total uncorrected sum of squafes =555

(1) Write down the design structure used in this experiment. Justify your answer.

(ii) Write down the hypotheses to be used.

(iii) Construct the analysis of variance table.

(iv) Test your hypotheses in part (ii) at 5% level of significance and write down your

conclusions.

Question 03

An experiment was conducted to measure the effect of factory music on the productivity of
workers. Four different music programs (4, B, C, D) were compared with no music (E). A
single replication occupied the five working days of a week, with a different program being
tested on each day. A design “X” is used to rotate the programs from week to week so that,
over a five-week period, each program appeared once on any specific working day of the week.

The data, in percentages of target output, are as follows.
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| Week Monday | Tuesday | Wednesday | Thursday | Friday Total
Week | E:§2 A:123 B:118 D:114 C:108 545
Week 2 B:88 C:83 A:98 E:85 D:78 432
Week 3 D:69 E:8! C:96 B:102 A:87 435
Week 4 A:94 D:101 E:106 C:104 B:109 514
Week S C:80 B:109 D:90 A:100 E:85 464
Total 413 497 508 505 467 2390

Total Sum of Squares = 4586

Program | A B C |D |E
Total 502 | 526 | 471 | 452 |439

(i) Name the design ‘X". Give reasons for your answer.

(if) Write down the assumptions you make when using this design.

(iii) Test whether all five music programs have the same effect on the productivity of workers.
(iv) Test the hypothesis that effects of music program 4 and F are equal. Clearly explain your

answer.

Question 04

A measure of the yield of a certain industrial electrolytic process was observed for one week’s
operation of 30 electrolytic cells. Fifteen of the cells were operated using the standard control
scheme (4) while eight of the others were operated under a modified control scheme (B) and
the remaining seven were operated under a third control scheme (C). The results were as
follows:

Control Yields Total
Scheme

A 814 828 809 846 830 813 829 808 80.3 864 1235
81.5 79.2 834 Bl.6 849 ]
B 92.8 953 948 960 912 889 919 B854 736.3
C 85.0 803 81.0 795 821 809 B8l.5 570.3
Total Sum of Squares= 747.428

(i) Making the usual assumptions for an analysis of variance, test whether there is evidence in
the results to suggest that there are differences between the mean yields given by these
three control schemes.

(ii) Clearly describing the notations, write down contrasts for the following comparisons.
a) standard scheme (4) with the new schemes (5, C)
b) Schemes B with C

(iii) Are the contrasts in (a) and (b) stated in part (ii) orthogonal comparisons? Justify your
answer.



Question 05

It is needed to study the effect of the brand and the temperature at the location where it is
utilized on the lifetime of a generator. For that, an engineer has decided to test two brands (4
and B) of generators at two temperature levels (15°C, 25°C). In the experiment, four groups of
generators are randomly selected such that four machines are observed in each combination of
brand of the generator and temperature level. The collected data are as follows:

Brand | Temperature level

15°C 25°C
A g8 145 |51 58
152 175 37 65
B 170 122|152 102
174 156 162 148
Total Sum of Squares = 34743.44

(i) Write down the treatment structure of the experiment. Justify your answer.

(i) Write down two advantages of this treatment structure.

(iii)Test whether the effects of brands of generators and temperature on the lifetime of
generators are significant or not. Clearly explain your answer.

Question 06

Two varicties of wheat (V) are grown in two different fertility regimes (F). The field was
divided into two blocks with four whole plots. Each of the four fertilizer levels was randomly
assigned to one whole plot within a block. Each whole plot was divided into two subplots, and
each variety of wheat was randomly assigned to one subplot within each whole plot. The results
are accompantied in the following table.

Block 1 Block 2
Variety Variety
Vi V2 Vi V2
Fertilizer { F7 36.4 38.9 Fertilizer | FI 42 .6 41.3
k2 36.7 38.2 EF2 42.7 41.6
F3 34.8 36.4 F3 43.6 42 8
F4 40.5 41.0 F4 45.5 48.6




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

Total Sum of Squares (SS Total) 204.45
Total Sum of Squares of whole plot (SS Total we) 192.22
Total Sum of Squares of sub plot(SS Total sp) 57.99
Block Sum of Square (SS Block) 131.1025

(i) Write down the treatment and design structures for the whole plot and sub plot parts of
the experiment.

(i) Carry out an ANOVA and test the significance of the effects at 5% level.
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Appendix 4a

5 per cent Points of the F-distribution

Column. reprcsr:n!s degrees of frcedum () for numerator of Friest
Row represents degrees of freedom (v2) for denontinator of Fotest

i6t4
18.51

1613
109
6.608.

5.987
5.591

5318

1t
4,955
4584
4. M7

4667

4,600
4,541
4,454
4451
4414
4,381

4384
4328
4.30¢

42N

4260
§.241
4235

4,30

196
4183

2

3

4

5

6

7

8

s
19.00
9.552
§.944
5786
5141
41
4459
4.356

4103

3982

1RES
1506
3,739
3682
1.634
3,892
2455
1522

349
3467
3
AN
1403
3348
1,369

138

3340
138

57
19.16.
9217

6,591

5%@9.

4757

4347
41066

336

3308
3507
3450
14
3,344
3.287

13
197
3160

L

i

3072
3040

3028

2,003

1991

31t

2.960
2447

294

U8

19.25

2117
6,384
5,192
45

FRE.
;!.sss

1478
%17

2389
BN ]
5 A1HS

3086
3007

2965

2928
2395

1866
2840
811
1196
110
2.75%
2,743
2.8
2714
2.9

P e]

19.30

9013
625

5.0%0

4387

3 9712

1,684

1482

3326
3.304
1106

305

2.954
2901
2882
2110
2178
1,740

271
3,685
1.661
1640
2621
1463
1587

242

2,85

M8

240

m 13
3.941
£163
4950
4.284
3866
1581
1374

1217
3.09%
2.9%
2913
2848
150
1941
6%
.66}
1638

2.599
287
1349

ua

2308

1490
241

2459

2445
2431,

pel k1
19.35
8.887
6094
487
4, W?
3787
3,500
1

1134
3012
2913
ﬁ,ﬁfﬁ

2764
et
2857
2814

257

1544

2.514

2488
2464
2443

2, 413

1405
LARE
2y
235

1.6

289
19,37
%45
$.041
43!3
4.147

,3;‘12& .
ftﬂ_:gilﬂ '

3072

2948 -
249
L’Ié}

2659
2641
258

A

2510

2471

2447
1430
L9
W3
2385,
233
pA1E

2,278

1938 1
ERI2
A99. £
Ehir
o 4
38T
33483,
M 4

3020

2806 2884
e
e )
2646 2
2588
1838

2404 145

A%

& X v B

1393

M 2

130

’2390' ~
142 2
2368
1280

2336

225 2

g1 2543

19.50

363 432
27 4355

.‘2 505

:ﬁ-§4§
. 2788
-'23}3

?;—'_5‘3
1414

2082

0 2054
6 202
2404

1984

. 1964

1944

QLY

018
1,501

3669

2107

2538

21% |

2406
238
2066
3010

1960
Lt

1843
1812
{743
L%
1.3
LTI
1651
167
LG54
L6

{oonthred)



Critical values of t for two-tailed tests
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