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ANSWER ALL QUESTIONS.

Statistical Tables are provided. Non-programmable calculators are permitted.

1. In a experiment to study the effect of fertilizer on the yield of certain type of

* paddy, two amounts of fertilizer (5Ibs and 101bs) along with the control (that is no

fertilizer) were allocated to 15 plots using completely randomized design so that

there were S replicates for each treatment. After 3 months total yield (kg) from

each plot was measured. The results are as follows. (Here F5 and F10 denote the
treatments corresponding to 5Ibs and 10lbs of fertilizer respectively.)

Treatment

Control F5 F10

18.3 28.1 40.3

22.6 28.6 35.3

15.1 31.7 36.5

11.4 30.3 43.3

23.4 27.6 37.1

Treatment Total 90.8 146.3 192.5

- Grand Total = )" x =429.6 Total uncorrected sum of squares = ) x* =13497.22

(i) Construct an analysis of variance (ANOVA) table and test whether there is a
significant difference between treatment means at 5% significance level.

(ii) Suggest a meaningful independent comparison to compare the effects
between
(a) Fertilizer and Control
(b) Two amounts of the fertilizer

(iii) Extend the ANOVA table you constructed in part (i), to test the significance
of the two comparisons suggest in part (ii). Clearly state your conclusions.
Use 5% significance level.



An experiment was conducted to compare the effects of four drugs P, Q, R and S
(here S is a placebo or inactive substance) on the lymphocyte count in mice. Five
 litters with each litter containing 4 mice were used and the 4 drugs were randomly-
allocated to the 4 mice in each litter using a randomized complete block design.
Here litters were treated as blocks. The Iymphocyte counts measured after 2 hours
are as follows.

Litters ' Treatment
1 2 3 4 5 Totals
P 7.1 6.1 - 6.9 5.6 6.4 32.1
] Q 6.7 5.1 5.9 5.1 58 | 286
Treatment i 7.1 58 | 62 | 50 | 62 303
S 6.7 54 57 5.2 5.3 28.3
Block Totals 27.6 22.4 24.7 209 | 237 119.3

Total uncorrected sum of squares= » x* =720.51

(i) . Construct an analysis of variance (ANOVA) table and test whether there is a
significant difference between treatment means. Clearly state you
conclusions. Use 5% significance level. '

(i) Find the Least Significant Difference (LSD) for comparing any two
treatment means. (Use 5% significance level)

(iif) Using LSD found in part (ii) above, carryout a pair wise mean comparison
to find out which treatment means are significantly different. Clearly explain
your answer, o

Doughnuts absorb fat in varions amounts when they are cooked. An experiment is
being planned to investigate whether the amount of fat absorbed depends on the
type of fat used and the temperature at which Doughnuts were cooked. The
experimenter wants to study the effect of three types of fat (F,E,,F,) and two

" levels of temperature (T),T,)on the amount of fat absorbed (in grams) by

Doughnuts. The resources are available to cook 30 Doughnuts and the
experimenter wishes to use completely randomized design with equal replicates.

(i) What is the treatment structure of this experiment?
(i) How many treatments are there and what are they?
- (iii) How many replicates are there in the experiment?
. (iv) What is the experimental unit in this experiment?
(v) What is the “response variable” of this experiment?
(vi) Explain how you would use the random number table to do the
randomization in this experiment.
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Treatment
Control F5 F10
18.3 28.1 40.3
22.6 28.6 353
15.1 31.7 36.5
11.4 303 433 -
23.4 27.6 37.1
Treatment Total 90.8 146.3 192.5

Grand Total = Zx =429.6 Total uncoirected sum of squares = z:x2 =13497.22

-

(i)

(429.6)

Correction Factor (CF) = : =12303.74

Total Sum of Squares (Total 8.8) = sz ~CF =13497.22 4?303.74 =1193.4t

2 2 2
Trt.8.5 = 008) +(1455'3) H923) 12303.74 =1037.18
R ANOVA |
Source of Variation | d.f 5.8 M.S.S F-value
Trt. S.5. T 2| 103718 51859|  39.8%%
Error 5.8 12| 15630]  13.03
Total 5.5 14| 1193.48 '

From tue F-table we can get £ 12,59 = 3.89

Therefore it is clear that F-value from the ANOVA table is highly significant
and this provides strong evidence that treatment effects are different. Hence
we conclude that sufficient evidence is available at 5% significance level to

claim that there is significant difference between the effects of the fertilizer on

the yield of paddy.

Let L, be the comparison between fertilizer and cdntrol. then
L=21-Tps=Try | |

 Let L, be the comparison between two amounts of fertilize, Then

L= Teo—Trs

Here Tp., T, and T,  denote the treatment total for the control, fertilizer (5ibs)
and fertilizer (101bs) respectively.
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[f we consider the coefficient of the above comparisons we can write

_Control F5 F10
L. -2 ool ‘ -1
1, 0 -1 1
It can be seen that L, and L, are independent comparisons.
L, =2x(90. 8)~I46'3—192.5 ==157.2
2 3
_ ‘ =157.2)° oo s
Sum of Squares for L= L .G =823.73
E L= ry A2 5x%6 |
L, =’192.5 —14;5.3 = 46.2
Sum of Squares for L,= LZ_ == (46.2) 213.45
rz A 5x6-
ANOVA _
Source of Variation df |S.S M.S.S | F-value
Trt, 8.8, . 2 1037.18 518.59 ] 39.80**
Control vs Fertilizer 1 823.73|  823.73| 63.22**
Two levels of the fertilizer 1] 21345]  21345] 16.38**
Error S.S. . ' . 121 156,30 -13.03
Total S8 =~ . - : 14 | 1193.48 | :

From the F-table we can get F,, ., =4.75

When comparing the F-values from the ANOVA table with the table F-value
it is clear that there is-a significant difference between the effects of Fertilizer

-and control as well as between the two amounts of fertlhzer on the yield of

paddy Therefore we conclude that '

*  Application of fertilizer resulted ei"signiﬁcant increase in the yield of
paddy when compared with the control (no fertilizer). The averages
being 33.88kg for fertilizer while 18.16kg for control.

- Application of high amount of fertilizer resulted a significant increase in -
~ the yield of paddy. The averages being 38 5kg for 10lbs of ferhhzer
while 29.26 for 51bs of fertilizer.
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, - Litters ' ' Treatment
1 2 3 | 4 5 | Totals

P | 71 | 61 .9 56 | 64 321
[qQ 67 | 54 59 | 51 | 58 28.6
Treatment 2 71 58 62 | 30 | 62 303
S | 67 54 57 | 532 | 53 ' 283
Block'I‘utal 276 | 224 | 247 209 [ 237 1193

(1) Gland Total Zx 1 19 3 Total uncorrected sum of squdﬂas = Zx =720.51
(119.3)°

| 'Correctmn Factor (CF) = =711.62

Total Sum of Squares (Total S.8) = 3 x* ~CF="720.51-711.62 = 5,89

2 2 ] Z 2 -2
BlockSS (7.6 + (22,47 + Q4.7)"+ 20.9)"+ (25.7)

2 -711.62
-718 03- 711 62=06.41 .
- . . Z 2 2
i gge B2 (28:._6_) _;-(30.3) _+(2s.3) 71162
=713.47~711,62 1,85
_ ANQVA . :
Source of Variation | &.f 8.8 M.85.8 | F-value
Tit. .8, -3 1.85 0.62 12.4%%
Block S.8. 41 641 160
Error 8.8 ~12 063 0.05
Total S5 5] 8.8

Form F-table F, ;. =3.49. Therefore by comparing the F-value from ANOVA

table with the table value it is clear that there is a significunt differcnce between
the treatment effects. Hence we conclude that there is sufficient evidence at 5%
level to claim that offects of the 4 drugs on the lymphocyte counts aro different,

_ | ' 2 2
(i) Estimated S.E for comparing any two treatment means = V(Zv = \j 2% (05'05) :
-
— v
LSD:,F“‘ Xy s, = \(2”(205% x218=0.1414x 2,18 = 031
_ r .
(i), - o |
- Treatment __F - Q ' R 3
| Mean 0.42 572 . 6.06 5.66
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Mean Companson - | Conclusion

P-Q=642-572=07> LSD(O 30) | There is @ sigmficant difference
. between the effects of drug P and drug
| Qon the lymphocyte count,

_'P -R= 6.42 - 6-.O67’= 0.36> LSD(O.S 1)' | There is a “significant dlfference
_ e between the effects of drug P and drug
‘R on the lymphocyte count.

P-5=642-5 66=0.76> LSD(O.BI) There is a  significant difference |

| S on the lymphocyte count.

R- Q=6.06-5.72=0.34> LSD(0.31) | There is a significant difference 1

between the effects of drug R and drug
Q on the lymphocyte count.

Q-5=5.72-566006 < LSD(0.31) | There is no significant differcnce |
' : “between the effects of drug Q and drug
-S on the lymphocyte count.

R-S5=6.06 —5 .66 =0.4<LSD(0.31)y |There is- a significant, difference

between the effects of drugR and drug |
S on the lymphocyte count. =

3. In this experiment the experimenter wants to test the amount of fat absorbed by
‘doughnuts when cooked using 3 types of fat (E,Fz,F) at two different

‘temperatures (TI,T ). o : \
| i In thlS e'{penment the teatment structure isa two way treatment structure,
(ii) There,are 6 treatments. They are
- (RT, KT, s-Fle,F 2T1,Fa_TI,F3T2)
 (if) We have 6 treatménts and can cook 30 doughnuts. Therefore using 1 -
" combination of 'treatment we can cook 5 doughnuts: Hence there are S
"rephcmtes for each treatment combination,
(iv) Doughnut
(v) Amount of fat absorbed.
(vi) We are going to use CRD for th1s experiment. Flrst number the doughnuts from

1 - 30. Using random number table read two-digit numbers ignoring numbers
greater than 30. Allocate the first treatment combination (FT,) to doughnuts

corresponding to first 5 random numbers, 2™ treatment combination (ET,) to

- doughnuts corresponding toriext 5 random numbers and so on.
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