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1. INTRODUCTION

AFTER the Generalised Balanced Designs . were introduced by Das
(1957), a Generalised Partially Balanced Design was defined and dis-
cussed by Raut and Das (1959) Tne 1andomlsed block, PBIB
Geéneralised Partlally Balanced De51gns The method of intrablock
analysis of this design was included in the paper by Raut and Das.
In experiments involving single plant progenies with variable amount
of seeds or small number of treatments with litter mates as experimental
un1ts it "becomes desirable to adopt super-complete block designs, i.e.,
- designs allowmg replication within groups (blocks) in order to avoid
" 'wastage of seed or animals. . The generalised designs obtained so far
. -are- generahsanon of only two incomplete block deSJgns viz., B.I.B.
- and P.B.LB.j#There are other types of incomplete block de51gns also
“for which no “ generalisation has yet been attempted In the present
" -paper an atfempt has been made to evolve a method of both intra and
1nterblock analysis of any design generallsed as in the case of the two
de51gns mentloned earlier. IR

Though there is a general method of analysis with recovery of
interblock information in the case of incomplete block designs with
cell frequencies ‘0’ and ‘1°, the same method cannot be directly
extended for obtaining combined estimates when the cell frequencies
in the design are other than ‘0’ and ‘1°. in the present ‘paper an
attempt has been made to present general methods of intra and
inter-intrablock combined analyses when the design is obtained by
generalization of any of the incomplete bloc_k designs.,

2. GENERALISED NON-ORTHOGONAL DESIGN
A generalised non-orthogonal design may be defined as follows:

{Let there be v’ + v (=1t) treatiments divided into two sets, one
containing v’ treatments and the second v treatments and ‘b’ blocks
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such that any treatment ¢, 'belongﬁing to the first set of v’ treatments

_(m=1,2, ... v") occurs in each of the ‘b’ blocks n (> 0) times, while.

any treatment #; belonging to the second set of v treatments (i = v’ + 1,
v +2,...,v" 4 v) occurs in the ‘b* blocks either S or § + p times
where S> 0 p >0, such that the cells recéiving frequency S+ p form
a non—orthogonal de51gn with v treatments and ‘b’ blocks.

- To these “b° blocks another set of b blocks may be added such
‘that in any of these blocks, each of the treatments occurs the same
number of times, say f; where f; may change from block to block. . Tlns
design with »" 4 v (= ¢) treatments in b + b’ blocks has been deﬁned
to be the generalised non-orthogonal design. \ .

. When written in tabular form the design looks like that given in
the previous paper (Raut and Das, 1959). For the facility of defining
the different parameters involved in the design and explaining the other
symbols used in connection with the analysis, the design in form of
the cell frequencies has been reproduced ‘on next page,

where
R1¥b11+..f,:ﬁ=b714;2f
Ry =10S +rp + Z’ﬁ R“I-Z'f,

where

R=0>5bS +rp
—vR1+vR2—bK—{—tZ'f

3. INTRABLO(,I\ ANALYSIS OF THE DES]G R ;

~“For the intrablock estimate of the treatment eﬂ”ects the mode]
considered is as ‘usudl,

Yir=p+t; +b; + e,

where

p : the common contribution (a constant);
t; : effect of the i-th treatment; =
: the contribution of block j;

€, - random variable with mean ‘zero’ and variance, o2,

Yy, ¢ the k-th observation from the i-th treatment in the j-th block ; =

/

.

/
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Table of frequencies

AN . First set of treatments | Second set of treatments ,
: ~Totals
Blocks™\ 2 3 v v+l V2 L vt -
1 n -n n .n | S+p S S K=nv'4+vS-+kp
2 n n n n S s S+p|K
3 n n n »n S S+p S K
b n n o n n S  S4p S+p | K
N VAN Al A A e |
b+2 fo fi fo fo | fa fro e o | tfe
b+b' fo fo fv fe | fv. S Sv [ tfy
Totals..| Ry Ry Ry ..« Ry | Re Ry R, | T

The normal equations for the estimation of the treatment effects

after eliminating the block effects have been shown below when one
of the treatments in the first set is eliminated using the restriction

vro
2
fm1
out as
’ R— b vt .
-R]m—n( n)Zt_Qm
i=pr41

t;=0. The normal equations for the first set of treatments come

(0

T 1Y
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where Q,, is the adjusted total of the m-th treatment and is given by

b4y -

Op = ,,,—KZB ——ZB (m—l 2, ...0 thetreat-

jt=b+1

‘ments in the first set havmg the constant cell frequency
in all the blocks.

Addlng over all the v’ treatments in the first set and usmg the fact that

0’40

S t;—O we can get

i=1 .

' o’+v KZ' Q o i o .. .
Zlf,. = o @
i=vrd

Substituting the value of ¢, from (2) in (1) we get

_i[Qm_n(R—bn)):Q,,,]_

Rnt +KXf 3

This expression is the same as Obtained before in case of Generalised
Partially Balanced Design defined in the previous paper by the author
(1959).

The normal equations for the second set of treatments are

(Rz - TI;) t — Il{Z{bS (S—n) +pr @S —m+p* A}t = 0:

i7ki?
)
where
b5 _ o
Qi=T;— v—%ﬁj , ny being the frequency of the i-th
i : -
A oy c S -
treatment in the j-th block: (i=0v" 41,9 +2,...,
v +v)
and '

—r(S+p)(S+p—n)+(b*r)S(S—n)
Equatlon (4) can also be written in the form &

: (R2 ZA,ﬂ'_Q, KZ: . (5)

74
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where
A =bS(S— n) + pr (25 — n).

Substituting the value of Z't;as given in (2), eqhati‘on (5) reduces to

_’;1)_2 _p_ZZ - AZQ,
‘(RZ k)RS T R KT ©)
e’

It will be seen that equation (6) is exactly of the same form as would
be obtained in- the case of the incomplete block design which has been
generalised. As such these equations for obtaining #; can also .be
solved through the same technique as applied for the 1ncomplete block
de51gn

4. TINTRA-INTERBLOCK COMBIN>E])‘ ANALYSIS ¢

For estimating the treatments from the block totals .the followmg
model can be used:

B',' = KH: + Zn”'ri + ij. :
The equations for estimating u, #, and #; are as follows:

(i) For the first set: Equation for any treatment t, in the first
set is: ) _
G=ZBJ=bKF'+b”2 tw + R21,
— 4 _

G=bKu+R—b)Zt,
= bKu + (bn — R) Zty. (7

(ii) For the second set: Equation for any treatment f; in the
second set is:

T,=RKp+ RnZ t,,, 4 (bS? + 2rSp) 2t~ rp2t, - pt X Awte.
i

®
Using the relation (7) the above equation reduces to
RG  ript :
rpt; + p* Z Aty =T, — T+’Tp 1, : | 9)

i

. From the equaﬁons (7) for the first set, it can be seen fhat no indi-
yidual treatments in this set admits of any estimate-from the block
totals. Hence such treatments will have no interblock estimates.
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A combined estimate of ¢, can now be obtained by glvmg weIghtS
W to equation (6) and W'[K to equation (9),. :

where
1
W= =
and
, 1
W= o? -+ Koj2'

With the above weights the combined estimate comes out s

[WRZ— L W’)]t ~ B W’)Zz\wt

R

— Wip RGY _WAZQ:
= W0: + K(Ti b )JTRerKZf

W l]) Z | | | ». | ('10)

Dividing both sides by W— W', we get

AN . _ : .
ti—“KZ Aty = Py . | {an
it , : :
where
C = _WRy 22
wW—w K
and
1
Pi' (W W/ {WQ1, (T

b AZG LI 0
Rnt + K2 f f K
It will be seen that in this form the equation is exactly of the type
as in the case of intrablock analysis. Though treatments-in the: first
set have no combined estimate, the difference between two treatments,

one belonging to the first set and the second to the other set, can be
estimated from their difference, as for both the estimates the same

v’ 49
restriction X' #; =0 has been used, Had two different restrictions
=1
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been used for the two estimates, -it would not have been possible to
estimate such differences. :

5. THE ESTIMATION OF THE WEIGHTS

We have taken

1
W"—;é
and
L, 1 .
=y %

Denotmg the intrablock error mean square by E, we get the est1mate
w of W to be ,

—_ 12

W= | = (12)

and denoting the block sum of square adJusted for treatment effects
by B’ which can be obtained from the relation

AdJusted treatment S.S.—Unadjusted treatment S.S8. = Adjusted
block S.S. Unadjusted block SS

it can be shown that
y k |
E(B’)=b(K—§)o,,2+(b—— 1) o
or _ 5 : o
ot = ___t__l)_ . _- . - (13)
b (K— ~) * _—

, b(KR—k) - -
Y KRB +E)—bkE , 4.

which can be put in the alternative form,

. bER—I)
W= KRE + (KR—BOE B

- \,_,{. "~
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‘6. SOME PARTICULAR CASES

() Whenp=1and S=n=f;=0, the design becomes the usual
partially balanced incomplete block design. Putting these values
we get

K = k, R2 =R= r,

v(r—1) » e e T

KB —(w—hk E ' . (16)

!

w =

and
EBY)=v(r— 1o+ (b—1)e?/]

These are also the values of w’ and E (B') for the analysis of the ordinary
P.B.I.B. design.

The combined estimate given at (11) reduces in this case to

1y ,
Citi= 7 ) Nty = P'e (a7
Py
whiere '
' W . 1
c=r[w w1
and -

Py =(W”—:LW—’){WQ" * Z".{(T?_L‘bg)}'

(ii) In the case of balanced incomplete block designs, in addition
to the relations given at (16), A,y is a constant, say, equal to A and the
expression’ (17) reduces to the simple form

A , : . ST
(C1 - 7{) ty=P'y. ' ‘ (18)
(iii) When n=p=1 and f,=S5=0, the design becomes a
reinforced P.B.I.B. design.

Here - .
K=v 4k, Ry=R=r
- b (r _v—’—%c)
o (r-5ER) B
and ) o :
T EB)={bv v (r— Dot (b — 1)o?
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The combined estimate for the reinforced P.B.I.B. design is

. 1 e 7 E .
szﬂi—v,—_{_—k'z /\iz’ti'—-Pz' ) -(20)
: = Lo
where
w1 '
=r| 5w~ ) e
and ,

v "o 1 ° W’ I‘G - : A )

E'ZL%Q—iv (1]‘: (S W)] '

7. SUMMARY

A type of design called generalised non-orthogonal design has
been defined. A method of intrablock analysis has been described’
together with evolving a method for obtaining estimates of treatments
using the block totals. Most of the existing incomplete block designs

come out as partlcular cases of thls des1gn
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