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1. A small 2Xpueriment iz being planned ¢ compire the rates of consumpticn of four
© - different brands of LP gas (say A, B, C anc [) used s a car fuel. Suppose thers
are four cars of purticular model and four drivers are dvailable for this experiment.
LP gus is supplied for a maximum of four test drives per brand. The overail
conswmption of fue! may be different from car to car. Alsp there may be
ditference in consumption of fucl by each test driver, However it is assumed hat
consumption of fuel by each driver does not depend on the cur he used and also

the difterencs herween ¢ars in Tuel consumprion is same for sach driver.

(i) Suggest 2 suitible design structure for this experiment. Give reasons for you
arewwer, '

{11 ) ng Mizay tredtments hlﬂ there and: what arghey?
Aiy) How many replicates are thers in the expcnmant'.?
{ivy What iy the “respouge variable” of this experiment?
{v) Draw one possible way of allocatin) ireatments to expeﬁmcﬁtﬁ[ unité.
(Vi) Suppose it 1s glven that the sel consumption is same for ¢ach cer, Would
you still use tne design struesure mention in part (i) or use a ¢ifferent degigr

- structure to drry out this expEriment’-’ Justify you answer,

It you are using a d!f\‘crent dLsign \stmctme, briefly explain how you would
do it.



An emq nment med tobe cle&gn to coI: pul'ﬂ 1he effect of four clrugs P,Q,R and

S (here S is a placebo or inactive substance) on the blood sugar level of mice.
Suppose the ¢xperimenter has 5 litters and each litter contdins 4 mice, You are
called o ossist thm experimenter with the dasxgmng of this experiment.

B

(1)

(iit)

Exnlain what type of deslgn-ﬁrou_ would usc if

(1) all mice are of saine age, :

{b) within each litter mice are of zarfie age, but between htters auce are
different in age. o

In Pgu,h case give reasons for you (mswel

Explain how you uss randcxm rurnber Idb e to allocate each treatment to the

experimental units for each case ,g,wen in parts (a) and (b). In uch case how

mary replicates ars thertﬂ

What are ihe admnta;,es and disadvanta g,es of using the design structures
you sugg,estc:d in parts (a) and (b)? ' :

A reseprcher wants to investigate the effect of 4 types ‘of fertilizers (say A, B, C
and D} on the growth of lemon trees. Suppose e has 24 [emon plants of equal
height and Ne apply .coch fertilizer for 6 lemon plants using completely
randormnized design. After. 3 months he measured the increase in height (mm) of
“each lemon piant. The results arc as follows.

(1)

Gi)

(i}
(jv)

. Fertilizer .

A R O )
23.12 o 4025 _ 18:30 28,05
17.25 3525 22.60 28.55
2642 31,98 25.90 33.20

- 16.08 - 3652 15.05 31.68
22.15 4332 11.42 - 30.32

1592 37.10 2338 27.58

State the hypothusis o interest in this experiment.

Compute the average increase in height for each fertilizer.

Construct an analysis of variance (ANOVA) table for this experiment.
Using the ANOVA table you constructed, test the significance of the

hypothesis mentioned in part (i) at 5% significance level. Clearly state you
cofielusions,
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(i)
| (iif)
(iv)

v)

- (v)

2. (i)

ey 2162 - OBT ANSWERS ~ "~

PSU 2182 EXPERIMENTAL DESIG_N
OPEN BOOK TEST 2006/2007
' ANSWERS

In this. e‘cpcnment we need to compare the rate of consumptlon of 4 dlfferent Lp

- gases. It is given that rate of consumption differs from car to car as well as from

driver to driver. Therefore when designing the experiment we need to control
" these two sources of variation (cdrs and drivers). Hence the suitable. design’

structure is a 4x4 Latm Square with cars and drivers representmg TOWS and
columns. :

In this experiment treatrnents are the 4 different brands of LP | gases, Therefore
there ate 4 treatments. . -

Tt is given that LP gas is available for maximum of 4 test drives for each brand |

Therefore therc will be 4 replicates for each treatment,

In this experiment one has to measure the rate of consumption of gach LP gas,

‘Therefore the response variable is rate of consumptlon

In LSD each treatment appear only once in each row ‘and once in each column,
Hencc one possible way of allocatmg treatment is

A|B|CID i
BlA|D|C
D{C|A|B
CID|B|A

If fuel consumption is same for each car, we don't need.to control the variation .
that arises due to differences in cars. We need to control only the variation that-

arlses due to differences i in drivers. Therefore instead of LSD we can use RCBD
with 4 b}ocks where each block reprcsents a driver.

Here we can assign each driver 4 test dnves using the 4 different brands.of LP

- gases allocated randomly.

(a) . If all mice are of same age, we can consider the experimental units (mice)
as a homogeneous group and we can use CRD to allocate treatments to
experimental units. -

(b) If mice are of different age, we have to control the variation that arises due

to age difference when designing the experiment, Hence the suitable

design structure in this situation is RCBD with 5 blocks where each block
represents a litter. :
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(ii) {(a) There are total of 20 mice and we need to allocate 4 treatments (P, Q, R
- and 8) 10 thess mice. To do this first number the mice from 1 to 20. Then
using random number: table read random numbers of 2 digits ignoring the’
.numbers that are greater than 20. Allocate drug P to mice corresponding 10
the first 5 numbers, drug Q to mice corresponding to the next 5 numbers
and so on until all treatment are allocated to all mice.
There will be 5 replicates for each (reatment.

(b) Here each 11tter W111 be Lreated as-a block and in ecach litter there are 4
mige, To allocate treatment to mice, first select a litter. Then number the
treatments in a convenient way. For example onecan give 1 to P, 2t0 Q, 3
to R and 4 to 8. Then using random number table read random numbers of
1 digit ignoring numbers  greater (lan 4. Finally assign the treatment
{corresponding 1o each pumber to each mouse in the selected litter. (For

- gxample if the random numbers arc.2,4,3,1 then allocate treatment Q to
first mouse, S to second mouse, R to third mouse and P to fourth mouse.)
Carryout the same proucss for allocatlng ireatments for the rcmammg
litters.

: There wilt be 5 replicates for each treatment
(ii)
- CRD
Advantages - ' | Disadvantages -
e Flexibility: Any number of e Incihicient
treatments or replicates may e Since the randoiniZation is not
be used. Also number of restricted, the experimental emor
replicates may vary fiom ~ inciudes the entire variation.
treatment to treatment., All | o  The expgrimenta] units need to
available cxperuncutal units be homogeneous.
can be used. S
» Statistical Analysis is simple
- even with unequal
replications. '
e Statistical Analysis remains
simple even with missing
data.
RCBD
Advantages Disadvantages
e More precision than CRD. « When the variation among
s No restriction on the experimental units within a block
number of blocks or the is large it will produce a larger
number of treatments, EITOY tertn.
o Statistical  analysis is
relatively simple even with
missing values.
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i " Fertilizer :
© 025120 4025 18302805
o 1725 - 35,25 22.600 . 2B.55 -
- 2642 -+-3198- 2590 33.20
16.08 - °36.52 " 15.05- 31.68
22,15 4332 1142 30.32
' 1592 - 37:10 - 23.38  27.58
Treatrnent Totals 122 94 - 224 42 116.65  179.38

- The hypothems of mterest

Hg: There is no difference.between the treaiment effects on the growth of
. lemon trees.

H;: There is a difference between the treatment effects on’ the growth of
‘lemen trees

Average increase in height (treatment means)

) ~ Fertilizer _
o o A - B C D
Treatment Mean : 2049 3740 1944 29.90
For the given ( data
Grand Total = 643.39- Zx ~ 18909, 05
: Cerree‘uon Factor €FH) = w— =17247. 95

Total Sum of Squares (Total 8.8) = Zx -—CF 18909.05-17247.95 =1661.1

Treatment Sum of Squares (Trt.8.5) = (Z ) (Zxﬂ) ;(Zxc) +(Zxﬂ) -—CF

2 . . a2
Trts.g = (12294 +(22442) ;(116.65). +(179.38)
—~18543.83— 17247 95

=1295.88-

~17247.95

Error. Sum of Squares (Erro'r S.5)=Total 8.5-Trt. 8.5
R =1661.1-1295.88
=36522
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. ANOVA |
Source of Varation | d.f 8.5 M.S.S 4 F-value
Tt S.5. — 51 1205.88 | 431.06 | 23.65%*
Rrror S.8 1 20] 36522 1826
Total 8.8 I 23| 1661.10 |

From the F-table we can get 5 s, =3.10

Therefore the F-value in ANOVA table is highly significant. Hence the observed
difference between treatment effects is significant at 5% level and we conclude that -
there is a significant difference between the treatment effects on the growth of lemon
trees. o : -
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