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) L EXpPYitaental wess inatenal is homogeneous

) Phe experdments are small such as labotatory expeniments, . - in t!
() Some SXperimental units ave likely to be destioyed or may il to respond in the

eXperimenty) Process.
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() The design ig completely flexible, ie., auy number of treatments and Of replications may be
< Ased. Moreover, the number of replications for any treatment neads not to be N“f‘l'
/(u) It gil\jgima\imum degrees of freedom for errorAum of squares as compared with the other
P designs for the same situation,
< (i) Tj\j_d_esjy,n\ig‘gx! simple and easy to lay oyt.
~—Liv) The \,\‘t_a_ti:gtjgl_;_m}\l_\'sis is \'cryt%impl_c:l\o-tf\ for equal and unequal pumber of replications.

%) !f.lhc. data fu)m_sgn\j exXpetimental units is missing, it does not com licate the analysis, The
MISSIng observations can be discarded without affecting the results of the experiment and
efficiency of this design is not severely affected by this act.

D_z'sau’ Vaniages of Comipletely Randomized Design

() The design is o licable only to a Small number of treatments.

(1) Tic C‘CS\STLIS\app 'cable only to homogencous eXperimental material,
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o S o only e At s
LA e SXpenmenta SIS are not homogencous, then the use of thic design gives the large

SW;@: 3 compared to some other designs, which use the homogensous
experunental units as blocks and ultimately reduce the experimental error.,

(@iv) Slt‘,! <. is possibility of enterdng the whala of the vadation among the experimental units into

he SXpenmental error, as the randomization is not restricted in any direction,

2} Randomized Complete Block Design
\-) A Randc \’{0’\1

andomized Tomp mro‘chesign (RCBD)is a design in which:

) The e.xpcn'mcnt.al material is divided into blocks or groups in such a manner that the
. eXpenmental units within g Particular block are relatively homogeneous,
(i) Each block contains a complete set of treatments, i.e., it constitutes a replication of

treatments, and

(iii) The treatments are assigned at_ m to the experimental units within o lock, which
Mm\mﬁ&gmm randomizstion i s made for
every block. The purpose of this type omm control a source of varizticn in

the experimental material,

The RCRD is perhaps the most frequently used experimental design, The main objective of
blocking is tg Ic_d;uce_the;variability among experimental units within a}*}_\_\ck“ss,m;:gwg oSt
end 1o maxiniice e v aration smong blocks. If there are no diiferences among the blocks, UGS
design would not contribute to improve the precision in detecting treatment differences rather
blocking may have detrimental effects. The word “Complete™ here indicstes that each block

—— _\Q—~

contains all the trea 2
m_ojﬁiﬁd Complete Block Design

(i) The design is flexible, i.e. any number of treatments and of replication (but not less than
2) may be used. . ’
(ii) The statistical analysis is fairly simple when there are N missing observations.
(iii) It is easy to adjust for missing observations. )
@iv) Grouping the experimental material controls the source of extraneous variation ang hence
the estimate of the experimental error is decreased.
M When the variability amon blogks is large thﬁpcj:i& incre:_mgs)gt@gc the sum of
squares for blocks is cxtr;ch m the sum of s ares for experimental ervor Teading to
Squares I — =T R feading to
smaller error mean square SE).
(vi) Placing blocks under different conditions increases the scope of the experiment,
(vii) It provides unbiased estimates of the means of the blacking factor,
i) A _Randomized Complete Black Design is generally mare_efficientthan_Complate

Randomized Dssign subject ta proper Block dtientifion.,
Disadvaniages of Randomized Complete Block Design o

1) It controls variability only in one direction.
‘/(ii) It is not a suitable design when the number of treatment is very large or when the blocks are

not homogeneous.

(1ii) With the increase in block size, within hlock vanability increases which is not the m‘iiﬁ:
this design because our purpase is to reduce variability within the blocks and to maxizis

the among block variability.
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Limitarions of Cross Over Design
() Number of rows is equal to the number of treatments.
(ii) Number of columns is multiple of number of treatments.
) Number of replications is equal to the component multiple of number of treatments.
¥¥Trere Cross Over Design is Appropriate? -
0 Cross Over Design may be preferable in small experiments, where few degrees of freedom
are available for error. .
5 (ii) Where the difference between the rows is substantially same in all replicates i.e. where cach
= replicate is homogeneous.
(iii) When we have good pairs and bad pairs, because in this design we divide good and bad

Pairs cqually.,
Application of Cross Over Design
@) Cross Over Design, combining the features of Latin Square Design & Randomized
Complete Block Design, is used in some dairy husbandry and biological studies.
(i) Cross Over Design is applicable to experiments, such as those involving the rotation of
crops, in which several treatments are applied in succession to the same experimental units.
(iii) Cross Over Design is also used to advantage in psychological and marketing research.
Advanrtages of Cross Over Design

Q) This design allows using each experimental unit several times and makes easier to compare
many treatments in one design. : !
@ii) Important contrasts can be measured within each unit by the residual variation between
measurenients on the same unit. .
? Disadvantages of Cross Over Design
¢ @) There are drawbacks in using the same unit several times. Although each sequence may be
: comparable at the start but may not remain so because of carryover effects. The carryover
( efTects can be mitigated including washout periods between the experimental periods.

(ii) ‘When using more periods interpretation may be hindered by treatments x periods interaction
that may arise because of the length of the experiment. .

\_":-.) TTte Graeco-Latin Square Design  Consider a pxp Latin Square, and superimpose on it a second

- WM p_Latin"Square T _which_treatments are denoted by Greek letters, If the two_squares when
superimposed have the property that cach Greek lélieiappears oiice and onily once with Sash™Latr
Igiter, the two Latin squares are said to ,he,_prtbggqnaj._.and_t_h_b_.iﬁsigﬂ_,Q@M'Ti‘ called a
Graeco-Latin Squarg; ™~ T
A The Graeco-Latin Square design can be used to control systematically three sources of
eXtraneous variability, i.e. to block in three directions. The design allows investigation of four
factors (rows, columns, Latin letters and Greek letters), cach at p levels in only P? runs. Greeco-
Latin square exist for all p>3 except p=6.1t should be noted that not more than (p-1) Latin squares of
order p could be orthogonal. A set of (p-1) orthogonal squares of order p, is called a complete set of
Latin squares. : ' A

The concept of the orthogonal pairs of Latin squares forming a Graeco-Latin square can be

extended. A pxp hyper square is a design in which three or more orthogonal pxp Latin squares are
Superimposed. In general, up to p+1 factors could be studied if a complete set of p-1 orthogonal
Latin squares is available. Such a design would utilize all (p+1)(p-1) = p*-1 degrees of freedom, so
an independent estimate of the error variance is necessary. Of course, there must be no interaction
between the factors when using hypersquares.

W«!NCOKM Suppose that in an experiment with a respanse variable Y there
15 a rioth i ; such _a;s?f,‘} gd_t'ﬁ?t\?\’_ islinearly related to X.. F urthermore, s uppose that X
m_midl@_ﬁitbc _qxpcdmeMt—c&&bﬁnhM%ﬂTﬁn?ﬁ% X is called

3 covariate or concomitant variable. The analysis of. varance_involves adjusting The o Justing the observed
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