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INTRODUCTION

. Fisher (1935) was the first to tackle the problem of design
‘ ' and analysis of qualitative-cum-quantitative experiments. He
pointed out that the assumption of additive effect of qualities and
\ quantities (additive model) is not wholly satisfactory and proposed
instead the model that quality differences may be regarded propor-
tional to quantity applied (proportional model). Yates (1937)
discussed in details the method of analysis of a 3% qualitative-cum-
quantitative experiment in 9 plot blocks. How the knowledge of
response curves helps in the choice of appropriate model for the
analysis of such experiments has been discussed by Kempthorne
(1951). W]llnams (1952) discussed a much more general proportional
model, 1(1 which the proportions are not simply the quantities
applled/as proposed by Fisher (1935), but are estimates which
providé maximum information from the data. The appropriate method
of aanysw of qualitative-cum-quantitative experiments involving only
non- 7=ro levels, has been discussed by Rayner (1953) on the bas;c of
the/wggestlons made by Fisher (1951) Sardana (1961) has discussed
m’/detalls possible types of confounding and presented the mathema-
,tlcal details of analysis under the additive as well as proportional
/ models for some of the useful experiments involving three factors.

i
¢

The present paper deals with the choice of appropriate con-
founded design and method of analysis for the following types of
N commonly used 3-factor experiments involving dummies : ‘
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1, 3%X3X2 QUALITATIVE-CUM-QUANTITATIVE EXPERIMENT
Let the three factors be :
(i) 3 quantities of ‘n’—n,. 1y, 0y, in the ratioof 0:1: 2.
(if) 3 qualities of ‘n’— qq, 9y Gs.
1iif) 2 quantities or qualities of ‘p’—py, p;.

It would be desirable to layout experiments of this type in 6
plot blocks. Sardana (1961) has pointed out that in such experi-
ments laid out in 6 plot blocks, the quality main effect cannot be
kept free from confounding. Assuming that the experimenter is
prepared to sacrifice some information on the quality main effect,
the choice of the appropriate design and the method of analysis of
such experiments can be examined.

For a 3 X3 x2 factorial experiment involving only quantitative
factors, Yates (1935) has given a balanced confounded design in
6 plot blocks involving 4 replications confounding NQ and NQP. An
alternative 3 X3x2 balanced design can be obtained in 6 plot
blocks by first getting a 3x 3 balanced design in 3 plot blocks con-
founding the two factor interaction in tworeplications. The required
3x3x2 balanced design in 6 plot blocks involving 2 replications is
then obfained by combining each treatment combination of the
factors ‘n’ and ‘g’ in each block of the balanced 3 x 3 design with the
two levels of the factor ‘p’.

Designs for 3x3x2 qualitative-cum-quantitative experiments
in 6 plot blocks can be derived from either of the above mentioned
designs by using dummy treatments, where necessary. The design
derived from Yates’s design confounding NQ (J) and NQ (I)P in two
replications is called design T, while the other derived from the above
mentjoned alternative method is called design II, These designs are
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given in Appendix I. In the analysis of the designs presented in
this paper, the sum of the fitted constants has in all cases been
assumed to be a constant quantity and not zero.

I'l.  Analysis of 3x3x2 qualitative-cum-quantitative experiment

1'1'1. Design 1. Tt can be shown that in this design, besides
NQ and NOP ; Q and QP are affected by block differences. The
following scheme of constants has been used in writing the estimates
corresponding to the confounded effects :

Confounded effect D.F. Constants
Q 2 to: 1, 1a
NQ 2 g, g, Uy
QP 2 Yo, V1, Vg
NQP 2 Wy, W1, Wo

Using the additive model, the normal equations of the con-
founded effects O and QP, written after eliminating the block effects,
simplify as under :

Normal equation of Q

"‘eﬁc’to—%(%_uz):To_%(2311+B21+B31+ 2B+ Byy+-Byy)
2t — 3(p—1p)= Ty —#(Byy+ By 428y, -+ By, + By +2By) ¢ ...(1)

Hta—3(u—u)= T—5(By,+ 2321+331+B12+2322+B32)
Normal equation of QP

Tvo—(w,—w;)=V, —3(—By1+ By + Byy—Byy)

7vy— (Wp—wp)= Vi—3(—Byu+ By + By,—Byy) }

7V2—(W0—W1)=V2_%( B1y—By1+ By —By,)

Where B,,;=Total of m-th block of /-th replication ;
m=1, 2, 3 and I=1, 2
T;=Total of all the observations which receive ‘n’ either at
the first or at the second level through g; ; for j=0,
I and 2,

w.(2)

V;=Total of all the observations involving ‘p’ at second level
and ‘n’ either at first or second level supplied through ¢;
minus the total of all the observations involving ‘¢’ at
first level and ‘»’ either at first or second level supplied
through g;. "
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The set of equations (1) indicates that uuder the additive model
in the design Q and NQ are not estimable mutually independently.
Also set (2) indicates that Q2 and NQP cannot be estimated mutu-
ally independently. _

Similarly, under the pro ordonal model the normal equations
are mixed up in the same way i.e. Q and NQ; QP and NQP.

Thus in design I, we can either get joint estimates of O, NO;
and QP, NQP following Fisher’s technique (1935) or estimate O and
OP assuming the effects NQ and NQP to be negligible.

1'1'2. Design II. 1t can be shown that in this design, both
under the additive and proportional models, the confounded effects
are 0 and NQ.

The normal equations of @ and NQ, under the additive model,
provide the following solutions :

A
fj=-§-:% le forj=0, 1, 2
A
u;=3} U, for j=0, 1, 2
Wherc T,"z Tj—‘% [B]ty
U/ =U;—z [Bly;
[B]t;=sum of those block totals which centain the treatment
combinations involving either #,q; or #,q;. .
[B]u; =Sum of those block totals which contain the treatment
combinations involving n,g; minus the sum of those
block totals whieh contain the treatment combinations
involving n,q;
The sum of squares due to @ and NQ are

2 A 2 A 2
{ 2 thjl—“?;’ 2 tj)( E Tj'>}
j=0 j=0 j=0

2 A 2 A 2
and { b3 u,U,-’-—%( b u,)( b3 u,’)} respectively.
: j=0 j=0 j=0

The relative loss of information on each degree of freedom of
Q is 3, while on each degree of freedom of NQ is 4. Thus the total
relative loss of information is 4/3.

The normal equations for Q and NQ, under the proportional
model, simplify as under :—

Normal equation of Q
’ . 16tj—2Uj=T5”——§-[B]’tf (3)




50 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

Normal equation of NQ
& u—2=u""— 2[B)'u; 4

Where T;"=Total of all the observations which involve the combina-
tion mgq; plus twice- the total of all the observations
which involve the combination Hyq;.

[B]'t;=sum of those block totals which contain the treatment
combinations involving n,q; plus twice the sum of those
block totals which contain the treatment combinations
involving n,q;.

U;"=Total of all the observations which involve the combina-
tion n,q; minus twice the total of all the observations
which involve the combination #,q;.

[B]'u;=sum of those block totals which contain the treatment
combinations involving n,g; mious twice the sum of
those block totals which contain the treatment combina-
tions involving n,g;.

It is evident from equations (3) and (4) that the effects O and
NQ cannot be estimated mutually independently. Thus one of the
effects can be estimated by assuming the other to be negligible,
Obviously in such situations one would prefer to estimate Q instead
of NQ. Assuming NQ to be negligible, estimates of Q are given

by :—
A
L=T"=T;—2[B]'y for  j=0,1and 2.
The sum of squares due to Q (2d.f.) is given by

2 A 2 A 2
{ z tj le/l__% 2 t,)( E ]‘lell)}‘
J=0 j=0 j=0

The relative loss of information on each degree of freedom of O is
1/5.

2. 3X4X2 QUALITATIVE-CUM-QUANTITATIVE EXPERIMENTS
Let the three factors be ;
(i) 3 quantities of ‘n’—n,, n,, n, in the ratio 0 : 1 : 2,
(if) 4 qualities of ‘n’—gq,, g, g, and ¢,
(ifi) 2 quantities or qualities of ‘p’—p,, p,.
An experiment of this type would usually be laid out in blocks
of size smaller than 24, Sardana (1961) has discussed the confounded

3
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design for such experiments in 12 plot blocks, We shall now discuss
confounded designs for such experiments in 6 plot blocks.

Design for 3 x4 x 2 qualitative-cum-quantitative experiment in
6 plot blocks can be derived from the design for a corresponding
factorial experiment involving only quantitative factors, by using

_dummy treatments where necessary. To obtain the required design

for a 3 x4 x 2 factorial experiment involving only -quantitative fac-
tors, we first obtain a 4 X4 balanced design in 4 plot blocks, con-
founding the two factor interaction in 3 replications. In all the
blocks of this design, the treatment combinations involving the fourth
level of the first factor is omitted to provide a balanced design for
3% 4 in 3 plot blocks involving 3 replications. The treatment com-
binations of the factors ‘»’ and ‘¢’ in all the blocks of this 3x4
balanced design are then combined with the two levels of the factor
‘p’ to give rise to a balanced 3 4 x2 design in 6 plot blocks involv-
ing 3 replications, Design for the qualitative-cum-quantitative
experiment derived from this is given in Appendix 1I.

2'l. Analysis of 3 X4 X2 qualitative-cum-quantitative experiment

Tt can be shown that, both under the additive and proportional
models, the confounded effects are Q and NQ. The following schemes
of constants have been used in writing the estimates corresponding
to the confounded effects :

Confounded effect D.F, Constants
0 3 A
NQ 3 Uy, Uy, Uy, Uy

The normal equations of Q and NQ, under the additive model,
provide the following solutions

A
ti=% {T;— 2[Blt;} for i=0,1,2,3

uy=o {U;—2[Blu}  for  j=0,1,2,3.

Where T;=Total of all the observations which receive ‘n’ either at
the first or at tbe second level through g;.

[B]t;,=Sum of those block totals which contain the treatment
combinations involving either n,q; or n,g;.
U;=Total of all the observations which involve the combina-

tion n,q; minus the total of all the observations which
involve the combination n,g;.
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[Blu;=Sum of those block totals which contain the treatment
combinations involving #,q; minus the sum of those
block totals which contain the treatment combinations
involving mg;.

The sum of squares due to Q and NQ are

{i:t, (zr)(zn)}

and

3 a 3

R ui)( b3 u{)} respectively,
J= =

where
T/ =T;,—3[Blt;
u,-'=uj—%[B] Uj,
The relative loss of information on each d.f. of 0 and NQ is
3 and £ respectively. Thus the total relative loss of information is 2,
The normal equations for @ and NQ, under the proportional
model, simplify as under :

Normal equation for Q is

1884 4 Qu, =T —2 [B't; (5)
Normal equation for NQ is )
294u,4-26,= Uy —3 [B)u, (6)

Where T;”=Total of all the observations which involve the combina-
tion mq; plus twice the total of all the observations
which involve the combination n,q;.

[B]Y't;=Sum of those block totals which contain the treatment
combinations involving n,¢4; plus twice the sum of those
block totals which contain the treatment combinations
involving #n,q,,

U;"=Total of all the observations which involve the combi-
nation #,q; minus twice the total of all the observations
which involve the combination n,g;.

[Bl'u;=Sum of those block totals which contain the treatment
combination involving #,q, minus twice the sum of those
block totals which contain the treatment combination
involving n,g;.
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Equations (5) and (6) indicate that the effects O and NQ cannot
be estimated mutually mdependently Obviously in such situations
one would prefer to estimate O instead of NQ. Assuming NQ to
be negligible, estimates of Q are given by :-

tj—ua T," =45 [T/ —§[BI't;].
The sum of squares due to Q(34. 1) is given by

7 83 A 3 ‘ :
{ > T”'—%( b r,)( ) T,)} .
j=0 j=0"7\j=0

The relative loss of information on each d. f. of Q is 14

3. 4X3X2 QUALITATIVE-CUM-QUANTITATIVE EXPERIMENT

Let the three factors be :

(¢) 4 quantities of ‘n’ —ny, ny, ny, 1y in the ratio of 0:1:2:3
(#) 3 qualities of ‘n’ —qy, q;, qs :
(iif) 2 quantities or qualities of ‘p’ —p,, p;.

In section 2, the procedure for constructing a confounded
design in 6 plot blocks involving 3 replications fora 3 x 4 X2 factorial
experiment involving only quantitative factors has been indicated.
If the factors at 3, 4 and 2 levels are taken as ‘q’, ‘0’ and ‘p’ respec-
tively, then the required confounded design for 4 x 3 X2 qualitative-
cum-quantitative experiment can be obtained by using dummy
treatments, where neccssary The design so. derived is given in
Appendix III.

3'l. Analysis of 4 X3 X 2 qualitative-cum-quantitative experiment

It can be shown that, b.hoth under the additive and proportional
models, the confounded effects are N, O and NQ. The following
scheme of constants has been used in writing the estimates corres-
ponding to the confounded effects under the additive model :

It

Confounded effect D.F, Constants
N 3 to, b1y Loy 1
0 2 Uy, Uy, z’é

NOW) 2 Yor V15 g

NQWJ) 2 Wos Wis. Wae



54 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

The normal equations of the above
model provide the following solutions :

A

=2 {T;—2 [B]t;} for
w7y (U—2 Bl for
vmds (V—2 1B} for
W= (Wy—3 [Blw} for

effects under the additive

i=0,1,9,3
j=0,1,2
j=0,1,2

j=0,1,2

Where T;=Total of all the observations which involve the n; level

of the factor ‘n’,

[B]t;=Sum of all those block totals which contain the treat-
ment combinations involving n; level of the factor ‘n’.
U;=Sum of all the observations which involve n;, or n, or
ny level of ‘n’ supplied through g;.
[BJu;=Sum of all those block totals which contain the treat-
ment combinations involving n,g; or nyq; or nyg;.

V,=Sum of all the observations

which involve n,g, or

Mq+n OF Mydsiey; the suffixes (j+1) and (j42) are

taken with mod (3).

[Bly;=Sum of all those block totals which contain the treat-

ment combinations involving #,g;

or HZQ(]-_I_?) or n3q(j+2)

W;=8um of all the observations which involve g, +2) or

Pad(j4-1) OF M3q;.

[B]w;=Sum of all those block totals which contain the treat-

ment combinations involving
or nyg;.

MA(i+2) OF Mq(jq)

The sum of squares due to N, Q, NQ (I) and NQ(J) are given

by :

A 2
s 05)( s vy }
j=0 j=0
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respectively, where T,/=T;—2[B]t:

The relative loss of information on each degree of freedom of
N, Q, NQ(I) and NQ(J).is 4, &, % and § respectively. Thus, the total
relative loss of information is 7/3.

Since in experiments of this type three non zero levelsare being
tried the effects 9, NQ, QP and NOP under the proportional model
are defined as foliows :

0(2 d.f) is defined as the two independent comparisons bet-
ween U,", Uy, Uy, where

U,"=Sum of all the observations involving n,g; plus twice the
sum of all the observations involving n,q; plus thrice the -
sum of all the observations involving n.g;.

The 4 degrees of freedom for NQ are divided into two compo-
nents each carrying 2 degrees of freedom viz. (i) “quality X quantity”
used to test the model and these are the two independent compari-
sons between V,’, Vi", Vy', (ii) “quality x quadratic effect of quan-
tity” obtained as two independent comparisons between W', Wy’
W,"” where

V/=Sum of all the observations involving nyq; plus four
times the sum of all the observations involving n,g;
minus twice the sum of all the observations involving
nyq;. o .

W;”=Sum of all the observations involving n;¢; plus the sum
of all the observations involving n,g; minus twice the
sum of all the observations involving 7,q;.

OP(2 d.f) is defined as the interaction of the 3x2 table between
‘¢ and ‘p’, summed over (n;+2n,+3n;). The NOP interaction is
divided into two components each .carrying 2 degrees of freedom
viz., (i) “QPx quantity” which is obtained as the interaction of the
3% 2 table between ‘g’ and ‘p’ summed over (4n,+n,—2n5), and (ii)
~ “QPx quadratic effect of quantity”, which is obtained as the interac-
tion of the 3 X2 table between ‘g’ and ‘p’ summed over (1,—2n,+n).
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The following scheme of constants is used in writing the esti-
mates corresponding to the confounded effects under the propor-

tional model :

Confounded Effect D.F. Constanis

N : 3 ty b1y fas I3

-Q 2 uy'y ', Uy’

Quality X quantity’ 4 2 vo's v1's Vo'
Quality x quadratic effect of quantity 2 W' Wp', We'

The normal equations of the above effects simplify as under :
I

LT 16

where T; has already been defined :

for i=0,1, 2,3,

Normal equation for quality main effect

s2e et y=0,"  for j=0,1,2, @)
Normal equation for ‘quality X quantity’
456 pr b T2 gyl =" for j=0,1, 2, ®)
A
wi'=qg Wi"
where U/ =U,"—% [Bluy’
V"' =V"—2[B]v/

W, =W;"—% [Blw,’
[Blu;/=Sum of those block totals which contain observations
© involving mg; plus twice the sum of those block totals
which contain observations involving n,g; plus thrice the
sum of those block totals which contain observations
involving n,q;. '
[B]v,’=Sum of those block totals which contain observations
involving 7,q; plus four times the sum of those block
{otals which contain observations involving #,g; minus
twice the sum of those block totals which contain
observations involving nsq;.
[B]w,’=Sum of those block totals which contain observations
_involving mg; plus the sum of those block totals which
contain the observations involving nyg; minus twice the

sum of those block totals which contain observations

involving #yg;.
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Equations (7) and (8) indicate that the ‘quality’ main effect and
‘quality X quantity’ interaction cannot be estimated mutually inde-
pendently. Obviously in such situations one would prefer to estimate
the ‘quality’ main effect, Assuming ‘quality X quantity’ interaction
to be negligible, estimates of Q are given by :

>

The sum of squares due to N, Q, and ‘quality X quadratic effect
of quantity’ are given by :

3 a 3 A 3
{ 2 4T —% s fi)( 3 Til)},
i=0 i=0 =0

j=

A 2 A 2
{ uj, Uj//l_%( E uj’)( E Uj”’)}
j=0 j=0 j=0

2 A 2 A / 2
{ = w W,~”’——-};( 5 w,-’)\ 3 W;”’)}respectively.

Mo

and

The relative loss of information on each degree of freedom of
N, O, and ‘quality X quadratic effect of quantity’ is %, 12 and %
respectively,

4, 3x5x2 QU}\.LITATWE-CU M-QUANTITATIVE EXPERIMENTS

Let the three factors be
(i) 3 quantities of “2’—n,, n,, n, in the ratio of 0: 1 : 2
(#) 5 qualities of ‘n’—g,, qy, g, ¢, g,

_ (#if) 2 quantities or qualities of ‘p’—py, p,.

An experiment of this typs would usually be laid out in blocks
of size smaller than 30. Iu this section we shall discuss the con-
founded design for such experiments in 6 plot blocks.

Kishen and Srivastava (1959) have given a confounded design
in 6 plot blocks involving 4 replications for a 3x5x2 factorial
experiment involving only quantitative factors. The required design’
for-a corresponding qualitative-cum-quantitative experiment can be
obtained by using dummy treatment where necessary  The design so
obtained is called design I and is given in Appendix 1V,

. An alternative design for such experiments car be obtained by
first getting a 5x 5 balanced design’ in-5 plot "bocks’ involving 4



58 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

replications confounding the two factor interaction. In all the blocks
of the design, the treatment combinations involving either the fourth
or fifth level of the first factor are omitted to provide a balanced
design for 3x5 in 3 plot blocks confounding @ and NQ in 4 replica-
tions. The treatment combinations of the factors ‘w’ and ‘¢’ in all
the blocks of the 3 x5 balanced design are then combined with the
two levels of the factor ‘p’ to give rise to a balanced 35X 2 design
in 6 plot blocks in 4 replications. Design for a corresponding
qualitative-cum-quantitative experiment can be obtained by using
dummy treatments where necessary. The design so derived is called
design IT and is given in Appendix 1V,

4*1. Analysis of 3 X5 x 2 qualitative-cum-quantitative experiment

(@) Design I. Tt can be shown that in the design, both under
the additive and proportional models, the confounded effects are O,
NQ, OP, and NQP. The following scheme of constants is used in
writing the estimates corresponding to the confounded effects :

Confounded effect D.F, Constants
Q 4 oy t1y B2y I3y 14
NQ 4 Uy, Uy, Upy Ugy Uy
or 4 Vos V1, ‘vz, V3, Vg
NQP 4 .

wO; W]_, w2’ w3: w4'

Using the additive model, the normal equations of the con-
founded effects simplify as under :

Normal equation of Q

82 4+ w;=T; forj=0, 1, 2,3, 4 (9)
Normal equation of NQ

86 y;— 19 v;=U, forj=0,1,2,3,4 (10)
Normal equation of QP : :

86 y,— 1o y;=V; for j=0,1,2,3, 4 (I
Normal equation of NQP '

66 w; 4+ %0 ;=W forj=0,1,2,3,4 - (12)

Where T/ =T,—% [BY;

T;=Sum of those observations which involve ‘n)’, or ‘ny’
" level of ‘n’ supplied through g;.
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[B]t;=Sum of those block totals which contain the treatment
combinations involving m,¢g, plus the sum of those block
totals which contain the tieatment combinations involv-
ing n,q;.

Uy'=U;—3 [Blu,.

U;=Sum of those observations which involve ‘n,q,’ minus
the sum of those observations which involve n,g;.

[B]u;=Sum of those block totals which contain the treatment
combinations involving n,g; minus the sum of those
block totals which contain the treatment combinations
involving n,q;.

Vi=V;—% [Blv,.

Vi=Sum of those observations which involve n,q;p, or
nyq;p;, minus the sum of those observations which in-
volve mq,p, or nyq;p,. o

[B]v;=Sum of those block totals which contain the treatment
combination #; ¢;p, plus the sum of those block totals
which contain the treatment combination #,q,p,, minus
the sum of those block totals which contain the treat-
ment combination n;g,p, minus the sum of those block
totals which contain the treatment combination HoiPo-

Wy'=W;—% [Blw;.

W;=Sum of those observations which involve Hyq;py OF
m4;p, winus the sum of those observations which involve
Nyq;Py OT M1q;D;. '

[B]w;=Sum of those block totals which contain the treatment
combination n,q,p,, plus the sum of those block totals
which contain the treatment combination nq;p, minus
the sum of those block totals which contain the treat-
ment combination #,q;p, minus the sum of those block
totals which contain the treatment combination nq;p,.

Equations (9) and (12) show that the effects 0O and NQP cannot
be estimated mutually independently, Further, equations (10) and
(11) show that NQ and QP cannot bz estimated mutually indepen.
dently. Thus one of the effects Q or NQP can be estimated assuming
the other to be negligible and similarly one of the effects NQ or
NQP can be estimated assuming the other to be negligible, . -
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Under the proportional model, the normal equations of the
confounded effects simplify as under :

.Normal equation for 0

2oL+t w=T1y" (13)
Normal equation for NQ

22w+ =% v=U (14)
Normal equation for QP

B u—=F w=V (15)
Normal equation for NQP

L10 w;4-2F £,—18 p,=W/" (16

6

where T;", U, V;” and W, can be defined with due care to the
constants to be assigned to different treatment combinations. .

Equations (13) to (15) show that the confounded effects Q, NQ
QP and NQP cannot be estimated mutually independently, Effects Q
and QP can be estimated assuming NQ and NQP to be negligible or
vice-versa.

(b) Design II. Tt can be shown that, both under the additive
and proportional models, the confounded effects are Q and NQ.
Using the same scheme of constants as in case of design. I, the normal
equations of the confounded effects, under the additive model,
provide the following solutions :

A
ti= 17 [T;—30B]'t)]
N _

u=% [U;—Z[B]'u;]
Where T; and U; have already been defined, and

[B]'t; =Sum of those block totals which contain the treatment

~ combinations involving either n,q, or nyg;.

[B]'u; =Sum of those block totals which contain the treatment combi-
nations involving n,q; minus the sum of those block
totals which contain the treatraent combination involving
nq;.

The sum of squares due to Q and NQ are ;

4 A 4 a 4
{Z tj T/—%(E tj><2 Tj')} and
j=0 =0 /\j=o

4 A 4 A 4
{;‘, Uy U — %(_2 . u,)( ‘20 Uj’)} respectively, where
J= Jj=

T/=T,—3[B]'ty
U/=U;— 3B u,.
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The relative loss of information on each degree of freedom
of Q and NQ is X and % respectively. Thus the total relative lass
of information is .

The normal equations of the confounded effects, under the
proportional model, simplify as under :

Normal equation of Q

838 —2u;=T,"" , _ (17)
Normal equation of NQ
24u,—24,=U;" (18)

Where T;'’=Sum of those observations which involve n,q; plus
twice the sum of those observations which involve n,q;
minus 2 [B]"4

[B]"t;=Sum of those block totals which contain the treatment
combination involving m,q; plus twice the sum of those
block totals which contain the treatment combination
involving #,q;.

Uy/"'=Sum of those observations which involve m,q; minus
twice the sum of those observations which involve m,g;
minus 2[B]"u;.

[B)"u;=Sum of those block totals which contain the treatment
combination involving n,q; minus twice the sum of those
block totals which contain the treatment combination
involving n,q;.

The equations (17) and (18) indicate that the effects Q and NQ
cannot be estimated mutnally mdependently Obviously in such
situations one would prefer to estimate Q instead of NQ. Assuming
NQ to be negligible, estimates of Q are given by :

A
ti=ax1y"’
The sum of squares due to Q is given by

4 A 4 A 4 .
{E t, Tj”'"‘% ( E ’1>< 2 Tj’” >}.
j=0 j=0 /\j=0

The relative loss of information on each degree of freedom of

0 is %.
5, SUMMARY

The paper deals with the choice of appropriate confounded
design and the method of analysis, both under the additive and
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proportional models, for the following types of commonly -used
3-factor qualitative-cum-quantitative experiments involving dummies:

Adviser,

‘n, (p!
Quantities Qualities Quantities or qualities
3 3 2
3 4 2
4 3 2
3 5 2
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APPENDIX I

Designs for 3X3x 2 qualitative-cum-quantitative experiments

in 6 plot blocks

DESIGN 1

Replication 1 Replication 2
Block 1  Block 2 Block 3 Bilock' 1 Block 2 Bloc: 3

ngp ngp ngp hqp ngp nqp
100 200 0-0 200 0-0 100
210 0-0 110 0-0 110 210
0-0 120 220 120 220 0-0
201 0-1 101 101 201 0-1
0-1 111 211 211 0-1 111
121 221 0-1 0-1 121 221
DESIGN II
Replication 1 Replication 2
Block 1  Block 2 Block 3 Block 1  Block 2 Block 3
ngp nqp ngp nqp nqp ngp
0-0 0-0 0-0 0-0 0-0 0-0
0-1 0-1 0-1 0-1 0-1 0-1
120 100 110 110 120 100
121 101 111 111 121 101
210 220 200 220 200 210

211 221 201 221 201 211
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APPENDIX II

Design for 3 x4 X 2 qualitative-cum-quantitative experiment
in 6 plot blocks

Replication I

Block 1 Block 2 Block 3 Block 4
ngp ngp ngp ngp
0-0 0-0 0-0 0-0
0-1 ' 0-1 ' 0-1 0-1
100 110 130 120
101 111 131 . 121
220 230 210 200
221 231 211 201

Replication II

Block 1 Block 2 Block 3 Block 4
ngp - ngp ngp ngp
0-0 0-0 0-0 0-0
0-1 0-1 0-1 0-1
120 110 100 130
121 111 101 131
210 220 230 200
211 221 231 201

Replication 111

Block 1 Block 2 Block 3 Block 4
nqp ' \ ngp | nqp ngp
0.0 0-0 0-0 0-0
0-1 " 0-1 0-1 ' 0-1
110 130 120 100
111 131 121 101

9200 220 230 210

201 221 231 211
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| APPENDIX III
Design for 4 X 3 x 2 qualitative-cum-quantitative experiment in
6 plot blocks - .
Replication I
E Block 1 Block 2~ Block 3 Block 4
{ : ~ngp - ngp ngp ngp
| 0-0 0.0 120 00
> 0-1 -1 121 0-1
' 100 110 i 200 210
101] 111 ' 201 211
220 320 310 ' 300
221 321 311 301

Replication 1I

Block 1 Block 2 Block 3 . Block 4
ngp nqp mgp  ngp
0-0 110 0-0 0-0
0-1 1 0-1 0-1
120 220 200 100
121 221 . 201 101
210 300 320 310

211 301 321 3

" Replication III

Block I Block 2 Block3 ~ Block 4
ngp ngp ngp ngp
0-0 0-0 100 0-0
0-1 0-1 101 0-1
110 220 210" i20

111 22 211 191
200 " 310 . 320 - 300
201 311 321 301
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APPENDIX 1V

Designs for 3X 5 2 qualitative-cum-quantitative experiments

Block 1
nqp
0-0
201
131
230 .
140
0-1

Block 1
nqp
0-0
201
141
240
120
0-0

Block 1
ngp
0-0
201
111
210
130
0-1.

Block 2
nqp
0-0
211
141
240
100
0-1

Block 2
ngp
0-0
231
121
220
100
0-1

Block 2
ngp
0-0
221
131
230
100
0-1

in 6 plot tlocks
Design 1
Replication 1
Block 3
ngp
0-0
221
101
200
110
0-1

Replication 2
Block 3
ngp
0-0
211
101
200
130
0-1
Replication 3
Block 3
ngp
0-0
241
100
200
120
0-1

Block 4
ngp
0-0
231
111
210
120
0-1

Block 4
ngp
0-0
241
131
230
110
0-1

Block 4
ngp
0-0
211
121
220
140
0-1

Block 5
ngp
0-0
241
121
220
130
0-1

Block 5
ngp
0-0
221
111
210
140
0-1

Block 5

{ngp
. 0-0
231
141
240
110
0-1

g

Lo
XA




SOME ASYMMETRICAL QUALITATIVE-CUM-QUANTITATIVE EXPERIMENTS 67
Replication 4

Block1  Block2  Block3  Block4  Block 5

nqp nqp ngp nqp nqp
0-0 0-0 00 0-0 0-0
201 241 9231 221 211
121 111 101 - 141 131
220 210 200 240 230
110 100 - 140 | 130 120
0-T 0-1 0-1 | 0-1 0-1
Design Il

Replication 1
Blb_ck 1 Block 2 BIock‘|;3 Block 4 Block 5

-4

nqp nqp ngp, nqp ngp
| 0-0 0-0 0-0° 0-0 0-0
| 0-1 0-1 0-1 0-1 0-1
140 100 110 120 130
141 101 11 . 121 131
' 230 240 200 210 920 .
231 241 201 211 o221
r\. Repli(fjiation 2 '
Block 1  Block2  Block3 = Block4  Block5
ngp ngp mgp . ngp - ngp
0-0 c-0 -0-0 0-0 0-0
o 0-1 0-1 ot 0l ol
@ 120 130 . 140 100 110
o 121 131 141 101 111
240 200 * 210 220 230

241 201 L 211 221 231"
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Replication 3
Block 1 Block 2 Block 3 Block 4 Block 5

ngp nqp ngp ngp ngp
0-0 0-0 0-0 0-0- 0-0
0-1 - 0-1 0-1 0-1 0-1
130 140 100 110 o120
131 - 141 101 111 121
210 220 230 240 200
211 221 231 . 941- 201

Replication 4 :
Block 1 Block 2 Block 3 Block 4 Block 5

ngp ngp . ngp ngp ngp
0-0 00 00 0-0 . 0-0
0-1 0-1 0-1 0-1 0-1
110 120 130 - 140 100
111 121 131 41 - 101
220 230 240 200 210

221 231 241 201 211
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