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INTRODUCTION

EXPERIMENTS involving factors with both” ‘quantitative and quahtatwe
levels are known to have distinct advantages over a series of simple

experiments each designed to test separately qualities at different '
levels. As early as in 1927 (Eden and Fisher, 1929) a qualitative-cum-
quantitative experiment was laid out at the Rothamsted Expeérimental
Station in which different forms and levels of potassic fertilizers together
with nitrogen at different levels were studied... .. ..o .ocoeee .

The first detailed account of such.experiments was given by Fisher
(1935). He points out that the assumption of additive effects of qualities
and quantities (additive model) is not wholly satisfactory and pro-
poses instead the model that quality différencés may ‘be regarded pro-
portlonal to quantity apphed (proportlonal model)

Wilhams (1952) dlscusses a much more general problem where
the joint effect of two or more factors are not additive. He proposes
a model in which the effect of one factor (quality) is considered to be
proportional at different levels of the other factor (quantity). The
proportions are, however, not simply those of the quantities applied
as proposed by Fisher.-

The investigation of the choice of model for the analysis of such
experiments has been carried out further by Kempthorne (1951) who
has discussed how the knowledge of response curves helps in the ch01ce
of the appropriate model. : .

Cox and Cochran (1950) have also discussed the problem of the
subdivision of the sum of squares of an interaction table on the hypo-
thesis of proportionality. :
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There are other types of qualitative-cum-quantitative experiments
which involve only non-zero levels. Rayner (1953) on the basis of
the method proposed by Fisher. (1951) has discussed the method of
analysis “for ~such types of expernnents 1nvolvmg no confoundmg
His method of analys1s is based on the techmque of ﬁttmg constants,

The system of confounding of symmetrical and asymmetrical
qualitative-cum-quantitative experiments’ involving dummies often
present certain novel features not ordinarily met with in designs involving
quantitative levels of different factors. Mathematical details of analysis
of such experiments are lacking in the.current literature. The analysis
can best be made by fitting constants as suggested by Yates (1933).
The main object of this paper is to explain the analysis of such experi-
ments by discussing possible types.of confounding and presenting the
analysis both under the additive and proportional models for the
following  types . of commonly ‘used experlments involving dummy
treatments

o ‘n . B ‘p-
) : : Quantities
Quantities * Qualities . . or .
) _ ' ' Qualities
3 3 3
3 2 2
3 3 2
3 2 3
3 4 2

"‘,1 -_3,3. QUALITATIVE-cum—QUANTITATIVE EXPERIMENTS I

Let the three factors be: . S
(i) 3 quantities of ‘n’—n,, n, and n, in the. ratio 0:1:2.
Joo ()3 qﬁalities of ‘n’—q,, q1, ¢s. B -
(iii) 3 quantities or qualities of ‘p’—pg; 7 and p,. - .
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" Ordinarily a 32 design is arranged in 9 plot blocks confounding
a component of second order interaction. Several types of confound-
ing are possible, As pointed out by Yates (1933), some of the possible
types of confounding are derivable from the classical system of con-
founding for ordinary factorial designs by using dummy treatments
where necessary. There are other types not so derivable but equally
efficient. A method of obtaining these designs is discussed below.

1.1. -Syséems of confounding—9 plot blocks

If the treatments be arranged in blocks of 9 plots and N, P and
NP are to be kept free from block differences, each block must contain
every possible combination of three quantities or .qualities of ‘p’ and
three levels of ‘n’. 1In fact, if in addition to N, P and NP, Q and
NQ are also be kept free from block differences, then at each level
of “n’ one plot must receive ‘n’ through g,, another through g¢,, and the
third through ¢,. The only way in which blocks can differ consists
in the manner in which three qualities of ‘n’ are assigned to plots
receiving 0, 1, 2 quantities of ‘#’. The question of application of
‘n’ through different qualities does not arise at zero quantity since
the three combination of zero quantity of ‘a’ with 0, 1, 2 quantities
or qualities of ‘p* are py, p; and p,. Considering plots receiving n,
dose of ‘n’, each block contains treatments mpy, nyp;, mp,. In one
of these combinations ‘»’ is to be supplied through g,, in another through
¢1, and in the third through ¢,. ¢, g, and ¢, can- be allotted to these
three different treatments in six different ways which are divisible into
two_cyclic orders as shown below:

MqoDo Mmq1Py n1qapy Mdolo - MG1Pe  MgspDg

ma:1py M192P1 mqoP , § ™q:D01 MdoPs 1Py
GUEI 2 mqoPe ™D G D MqaPs 19002

Thus' if one of the blocks contains the treatments n,qyp,,
mqiP1, Mgspe then the second block will contain treat- -
Coments n,g4p0, Mgep1, Mqepe and the third block will Set I
contain the treatments n,q,p,, mgopy, n1q,p,

or alternatively if one of the blocks contains the treat-
cnents .mGope, MiqaD;, MGiPs, then the second block _
will contain the. treatments nyq,pg, 1,qop1, MgePs, and > Set IT
the third block will contain the treatments nlquo,,g
mq1P1, M4oPe-
7
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blocks contains the treatments ryqoPg, #2q1 P15 N2qaDs , then
the second block will contain the tr.eatments Naq1Pos
MygeP1, MagoPs, and the “third block will contain the

treatments 7,gapy, H2qoP1> P2d1P2

Similarly. for plots receiving n, dose of ‘n’. If one of the l )
Set ITT

ments 7.qoPo, Magal1> HagrPe then the second block will
contain the treatments m,qg;p,, HagoP1, MadsPs and the
third block will contain the treatments n,q,p,, n2q1p;, S
NaoD2- . )

.or alternatively if one of the blocks contains the treat- -
Set IV

- The possible designs are obtained by combining set I with sets
III and IV and set II with sets III and IV. Set I can be combined with
set III in 6 different ways. Similarly set I can be combined with set
IV in 6 different ways. Thus combination of set I with sets III and
IV gives 12 designs. Similarly 12 more designs for set II and in all
24 different designs whxch are glven in Appendix I.

Out of these 24 different des1gns des1gn Nos. 2, 3, 8 and 9 are the
designs which are derivable from the classical system of confoundmg
by -using dummy treatments where necessary.

1.2. Confounded effects

It is noticed that in cgse of all these 24 different designs, both
QP and NQP are affected by block differences. It is only these 8
degrees of -freedom which complicate the analysis. In order to see
what has happened to this group of comparison, Fisher (1935) suggested
that these 8 d.f. should be Qplit up into two components, viz.; one with
4 d.f. obtained from the interaction QP at »n, dose of ‘n’ and the other
also with 4 d.f. from the same interaction at #, dose of ‘n’. These
four degrees of freedom each at n, and n, doses can further be split
up into usual orthogonal components I and J for n; dose and I’ and
J' for.n, dose. The components affected in different demgns obtained
earlier have been- shown in the table on next page.

It is. important to note that the degrees of freedom - affected by
block differences in all the designs in the same group are same though
they .differ in respect of block contents. Also it can be easily seen
that group Ist= group 5th; group 2nd is =group 6th; group
3rd is = group 7th; and group 4th is = group S§th.



. " QUALITATIVE-CUM-QUANTITATIVE EXPERIMENTS 91

Group Designs Degrees of
No. included : . freedom affected
st 1,2 and 3 I component of QP at ny(2d.f.)

. I’ component of QP at n2 2df)

“2nd 4,5and 6 "I component of QP at n1 2d.f)
' e - J' componént of QP at n,(24d.f.) - -

3rd 7,8 and 9 J component of QP at hl 2d.f)
-~ J' component of QP at ny (2d.f.) -

~ 4th 10,11 and 12 J component of QP at n, (2d.f)
I' component of QP at n,(2 d.f.)

Sth - 13,14and 15 I component of QP at n; (2 d.f)
- © . I component of QP at n, (2 d.f)

6th  16,17and 18 I componént of QP at n, (2 d.f)
: J’ component of QP at 7, (2d.f)

- Tth 19, 20 and 21 J component of QP at n, (2d.f.)
- J"component of QP at n,(2'd.f.)

8th 22,23 and 24 J component of QP at n,(2d.f.).
I’ component of QP at n, (2 d.f.)

1.3. Analysis of 33 experiments -in 9 plot blocks—Addztlve model.
Stngle replicate design:

Under the additive assumptlon the model to be used is:

Yy =p+ Ni+ 80, + 8 (NQ)H + Py + NPy + NP on
+ & (T, + Jsin) + 8" (Fppor + ' j42) + B + e,
where the notations NP, NP2, etc., are the same as used by Kempthorne
(1951) excepting that I, etc have the meaning defined earlier and
Yur 1S the y1e1d from thc treatment combination n:G;Pr, and ﬁ’, the effect
of block containing treatment combination 1:4; -
The restriction on the parameters are:
6 =0 for i=0, OthCI‘WISC 8§ =
8 =1 for i=1, otherwise & =0
8 =1  for i=2, otherwise 8" =0



and

2 T2 ’ ’ ’ ’ I
2 N=0 5 (NQ)y=0  NP@-NPZ Iy I'y+Iy=0

= i=0

+NP22=

2 R . 2

'Z:) QJ=0 kZ Pk=0 Io+11+12=0 JOI+J11+J21=0 L
= =0

i=1,2

z (NQ),,—O NP,+NP, Tyt T+ Jy=0 If' B=0
=1
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+NP2:0

e’ s are independently normally distributed with mean zero and same .

variance.” Utilising the above-mentioned restrictions the model sim-
plifies to:

J’uk—M‘I“N +8Q;+ 6 (— l)i(NQ)J_*-Pk_{-NP'H'k
—l— NP i+2k + 8, (IJ+2k + JJ'HC) + 8" (I,J+2h + J 1+k)
+ B, - eym-

The restrictions on tbe parameters remain the same excepting that
. 2
:).;:' SNQ)'H =0 and ,20’ (NQ);; =0
are to be replaced by

5 [\1“

Taking any one of the 24 designs, say No. 7, where the compo-
nents J of QP at n, and J' of QP at n, are affected by block differences,
the normal equations for estimating the components affected by block
differences come out as:

3u =+ 3N, + 3Jy + 381 = Y100 + Y121 +_.V112 )
3p 3Ny + 3J1+ 382 = Yuio + Via + Va2 - @
3p+ 3N; + 305 + 383 = Y120 + Vi1 + Y102

3+ 3N, + 3Jy + 381 = Yago + Yoz + Yora )
3p + 3Ny + 3Jy + 382 = Yoo + Yao1 + Vase j (3)

3p + 3Ny + 3Jy +383 = yasp + Yaur + Vaoz

0y
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Normal equations for block parameters are:

9 + 3J, + 3J, & 9B, = B,
9#‘{_ 3J1+3J1’ +9ﬁ2=Bz (4)
O 4 3J, + 3Jy" +98; = B,

where B, is the total of /-th block.

For any other design the normal equations remain the same
excepting that the J and J’ components in these equations get replaced
by those which are affected.

It is important to point out that the estimates of J (2 d.f.) and
J' (2 d.f.) obtained by solving sets (2) and (3) with the help of (4) will
not be orthogonal. To overcome this difficulty some joint estimates
of J and J' which are not only mutually orthogonal but orthogonal
to all other effects are obtained as follows: '

From set (2) and set (3) we have:

- JO/_\JO, — (ymo + Y1z + VYue) — (szoo + Yooy + Yara) ]

3
l T
) 1. — y2.)
Jl/_\Jl, - (Y110 + Y101 + Y1e2) — (P10 + Vo1 + Vaz2)
1 . 3 D )
-9 0. — »2.) .
Jz/;\-}zl — (Y120 + Y1z + Vioe) — (Vage + Your + y202)_ .

3

1
- §(J’1.. — Ya.)

Estimate given by (5) is a joint estimate accounting for 2 d.f. out
of 4d.f. from both J and J' components. As we can not be sure
whether this joint estimate is precisely a component of QP or NOP
(defined in the usual way), so the estimate given by (5) is NQP} 2 un-
confounded degrees of freedom.

Adding the correspondmg equatlons in set (2) and set (3) .and
solving the resultant set of equations with the, help of set (4)'we have
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Jo/‘{'\J r _ Voo Y1aa T J’112 + J’2oo + Voo1 + Yoo

-3 ("0 PlOtS ih Bl) “§ (}ﬁ-- +Va.—2V0.)

J1/+\Jl' Yo + Y101 + V1o “3‘ Yero T Yoor + Yosa~

©)

2 . 1. .
3 (7o plots in By) — 9 .+ y2.—2¥0.)

/N,
JotJy =

Yioo + Y111 + V1o + Vazo ‘|‘I..V2I1‘1 + Voor
3 .

2 : 1
-3 (o plotsin Bg) — 5 (J’1..+y2..—2.1’0..) j

Where 1, plots in B,’ means yield of those plots in the 1st block
which receive n, level of ‘n

Estimate given by (6) is gun} 2 -partially confounded degrees‘ of
freedom. ‘

The sum of squares due to unconfourided effects can be obtained
in the.usual way taking care of the definition of I and I' components
as used in the model. The sum of squares due to 22} 2 unconfounded
degrees of freedom and 25} 2 partially confounded degrees of free-
dom are

-2 Co2 '
: /N 7\

NI NCAN Y
=0 =0

respectively.

The relative information of 45} 2 partially confounded degrees of
freedom with respect to an unconfounded design is 1 opp?joy?, where
0,72 and o,? are the variances per plot in case of designs with 27 plots
and 9 plots per block respectively.

Two Replications.—Two replications can be chosen in the follow-
ing alternative ways:

(1) Choose one of the 24 pos51b1e designs and repeat it in both
the replications.

(ii) Choose two designs from the same group

(iii) Choose one design from ome group and the’ ‘other from a
group not confounding the same degrees of freedom e.g., design No. ]
and 7 and not 1 and 14, . o
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Analysis for choice No. (i) is simple as the same degrees of freedom
are affected by block differences in both .the replications. Analysis
for choice No. (ii) is complicated because the same two degrees of -
freedom are being affected by block differences in two different ways.
With choice No. (iii), information will be available as M;u,} 4 uncon-
founded degrees of freedom and o partially confounded degrees of
freedom.. It can thus be concluded that the best -choice for two
replications is to choose any one of the 24 p_oss1b1e designs and re-
peat it in both the replications.

Three Replications. —As pointed out earlier, the 24 p0331ble des1gns
can be classified into 4 dlﬁ'erent groups. The best choice for three
rephcatlons is to choose oné of the four groups (Ist to 4th)

Taking any one of the four groups say 3rd, where. the -components
J of QP at n, and J’ of QP at n, are affected by block differences, the
normal equations for estimating the components aﬁ“ected by block
differences come out as:

9[1» + 9N1 + 9Jo + 3 (Bu + ,312 + }913)
= Y100. + V121, T Y11a.
9+ 9N +9J7 + 3 (Bar + Baa + Bza)
' = Yo, T Yior. + V122, B
9 + 9Ny + 9J; + 3 (Bay + Baz + Baa)
- © = Y120+ V1. F Vioa. -
9 + 9Ny + 9Jy -+ 3 (B + Baa + B
= Yoo,  Yao1. + Vaia,
9u + 9N, + 9Jy" 4+ 3 (Bay + B1a + Bss)
.:‘="lj"410. + Va1 + Vaee, ' o ®
9 + 9N+ 97, + 3 (Bs + Bas + B1s)
. = Va, ~+ Yo, + Yaoe. B

where y,,k, is the yield of the treatment combmatlon .Mmg;py in the l-th
replication and dot replacing a suffix meaning summation over that
suffix. B is the effect of m-th block in- l-th rephcatlon and " the
effect of I-th rephcatlon

™

Normal equations for block Aparametefs are:
9+ 9y + 98y + 3, + 30y = By : -
9+ 9y, + 98y + 3-71 +31 =By » - - = 9
9#+9V;+933;+3J2+3J2 —Bal ) RIS
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for /=1, 2 and 3
Solving set (7) with the help of set (9), we have:

j = ’1?; Z (2”1 PlOtS — Ny plots — ”0 p]ots) —
B .Br’ Bys o

j Y » 27

Ji= (2n, plots — n, plots — n, plots) — T3 N,
Bay, Bzz, Byg ' :

7 7

Jo = 18 Z (2”1 plots — n, plots — n, plots) — N,
Bs1.B32,B33 ]

Where ‘n; plots * stands for the yield from the plots receiving ‘n; dose

of ‘> and Y  stands for summation .over those blocks totals of-
By Byz, Bys

which have’ been shown under the summation sign.

Similarly set (8) gives:

jo' = Z: (2,1? plots — n1 plots — plots) — ;]V 2
Bn- Bz, Byg

., ' - 27 &

Jy = T§ Z (2n, plots — n, plots — ny plots) — 13 N, |
Bai, By, Bgg .

A 1 2

Jy = 13 (2n, plots — n, plots — n, plots) — N2
Bsy, Bzn Bya -

The sum of squares due to unconfounded effects can be obtained
in the usual way. The sum of squares due to partially confounded
effects J of QP at n; and J' of QP at n, are 6 Z,' J2 and 6 Z,‘J’2

=0

respectively.

The relative information of both J of QP atn, and J' of QP at
ng with respect to an unconfounded design is % oy?/oy2, Where o57% and
o2 are the variances per plot in case of demgns with 27 plots and 9
plots per block respectively. :

L.4.  Analysis of 33 experiments in 9 plot blocks—Proportional model

The analysis under the proportional model differs from that under
the additive model only in the sum of squares due to Q and NQ which
is simple as these effects are not affected by block differences. In case
the non-zero quantities of ‘#’ are in the ratio l:a, weights 1 and «
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may be used instead of 1 and 2 in the calculation of the sum of squares
due to Q and NQ. :

1.5. An important note

In situations where a 3% qualitative-cum-quantitative experiment
in .one replication is to be repeated over years, it is better to carry out
the investigation for a period of three or a multiple of three years.
In case the investigation is over a period of three years, the best choice
would be to take the designs belonging to the same group such that a
different design out of the chosen group is used every year. If the
investigation is to be carried out for a period of six years or nine years
or more, then a different group should preferably be used for years
[ to3; 4to6; 7to9, etc. This procedure has the advantage that
the combmed analy51s will furnish information on QP at n, and QP
at n, separately and not as a combined effect of QP and NQP as avail-
able with any’ other choice.

2. 3X2X2 QUALITATIVE-cum-QUANTITATIVE EXPERIMENTS

In qualitative-cum-quantitative experiments there should be at
least two non-zero levels of the factor which is being tried in different
forms. Thus the possible 3X2Xx2 qualitative-cum-quantitative ex-
periments are of the type involving 3 quantities of ‘»’ — (n,, ny, n,, in
the ratio 0 : 1 :2); 2 qualities of ‘n’ — (g4, ;) and 2 quantities or
qualities of ‘p’ (py, P1)- : ,

Confounded 3Xx2x2 qualitative-cum-quantitative designs in 6 plot
blocks are derivable from the classical 3X2X2 in 6 plot block designs
given by Yates (1937) by using dummy treatment where necessary.
In case of qualitative-cum-quantitative experiments two out of these
three replications for the usual 3xX2X2 in 6 plot block designs become
identical, thereby giving rise to only two different replications for the
design and these have been presented in Appendix II. In what follows
these two replications will be referred to as designs I and II respectively.
These two designs could also be obtained otherwise by a method similar
to the one used in section 1.1,

2.1, Confounded effects

At the first instance it might -appear that with. 6 .plot blocks, both
OP and NQP will be affected by block differences. But it can easily
be seen that this is not so under the additive model. Under the
additive model only QP is affected by block differences in design T and
NQP in design II, Under the proportional model the confounded
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effect both ih designs I and II is not precisely either QP or NQP but
is a joint effect of QP and NQP.

2.2. Choice of design

' 3x2x2 qualitative-cum-quantitative experiment in.6 plot blocks.

should be carried out in at least two replications so as to provide ade-
quate degrees of freedom (11 d.f. in this case) for performing reliable
tests of significance. The two replications can be chosen in the follow-
ing three ways:

@) yepeating design I iﬁ both the replications,

(ii) repeating design II in both the replications,

(iii) using designs I and II together.

From section 2.1. it is clear that the best choice for such types
of experiments is choice (11), viz., repeatmg design IT in both the replica-
tions.

2.3. Analysis under the additive model—Design II repeated

The »additiye' model after simplification becomes:

Vi =p + Ny + 8Q; + 8 (— 1)) (NQ),; + Py +(— 1) (NP),

+ 8 (= DM (QP); + & (— DHH(NQP); + 7
+ Bm + Ciikim

where y;; is the yield from the treatment combination ng,p, in Kth
replication and the other symbols have their usual meanings. The
restrictions on the parameters are:

. 8 =0 for i =0, otherwise & =1

EN=0  Zm-o 2 (NQP),=02
’2 (N@); =0 - 1210 ©@P)y=0. 3 pu=0 S

for I=1 and 2.7

The normal equations for the components affected by blogk dlf-
ferences gome out as’ .. .




QUALITATIVE-CUM-QUANTITATIVE EXPERIMENTS © - - - 99

8(NQP),+4 [(NP), — (NP),] +2 (ﬁ21+l322—1311-—ﬁm)
= (Y201, — Yaoo.) — (V1. — Y100 z Can

8 (NQP)y+4 [(NP); — (NP)] + 2 (Bu+ Bra—Bu— Bio) g -
= (Va1 — Y1) — (111 — Y110.)

- Normal equations for block parameters are:

6p + 6y, +68y; + 2 [(NQP)1 - (NQP)O] = By, . }
6!‘ + 6y, + 68y + 2 [(NQP)O - (NQP)1] = By,
for I=1 and 2. B

(12)

Set (11) when solved with the help of set (12) gives:

[ vgP), — @vor

+ V101, — Y100) — 2 [‘ny plots in By, 13
+ By’ — ‘nyplots on By 4 Byl

i
ool —

l
|
i
)\_ . o (Y21;.— Vo) — _(J’111. fhm.) - (J’zo1.“.szoo.) .
|
|
|

where ‘n, plots in By, + B;,’ stands for the total yield from those plots
’ of first block of first replication and first block of second replication
- which receive ‘n,’ dose of ‘n’. Estimate given by (13) is NQP (1 d.f)
t adjusted for blocks.

The sum of squares due to unconfounded effects can be obtained
in the usual way. The sum of squares due to NQP partlally confounded
degree of freedom is : .

: [(NQF)T—T‘NQP)OT :

The relative information of NQP with respect to an unconfounded
design is % 0,20 Where o¢? and o,,% are the variances per plot in case of
designs with 6 plots and 12 plots per block respectively.

2.4, Analysis under the proportional model—Design II repeated

\ The proportional model after simplification becomés: o

Vg =p + Ny + 80, + &' (=1 (NQ); + P + (—1)*+*(NP),
+ & (1) (QP); + & (— 1)t (NQP)1 +viA+ ﬁm :
+ Cispam
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where _
8=0 for i=0 & =0 for i=0
§=1 for i=1 & =2 for i=1
§=2 for i=2 &=1 for i=2

and the other restrictions on the parameter are (10). Normal equa-
tions for the components affected by block differences come out as:

20 (QP)o+4 (NP);+8 (NP)y+6 (P1—Pg) + (Bog+Bay—Bii—Bis)
= (Y101.—Y100.) + 2 (P201.—V200.)

20(QP);+4 (NP);+8 (NP),+6 (P,—Py) + (311+,312 ~Bas—PBs1) 5 =

= (Y1u1.—Yne.) +.2 We11.—Va10)

20 (NQP)y+4 (NP),—8 (NP),+2 (Py— P1)+3 (Boo+Bor— ﬂn Bi2)
= (Y2or.—Y200.) — 2 (101~ V100.) .
20 (NQP),+4 (NP);—8 (NP);+2 (Py—P1)+3 (Byy+ Bra— 1322 —B2) S
= (Yarr.— V210) — 2(V111.— Y110 :

Normal equations for block parameters are:

6p-6y,4-68,;+3 [(NQP), — (NQP),] + [(QP)I - (QP)O] = By }
6p+6y,+6Bx+3 [(NOP), — (NQP),] +, [(QP)y — (QP),] = By,

for /=1 and 2.

set (14) gives:
20 [(@P)y — (QP)ol + 2 (B1x + Bra — Box — Ba)

M {(Jﬁu. — Y1) + 2 (Varr. — Yaro) } 17
o — (Y101. — Y100.) — 2 (Vao1. — Ya00.) (17
set (15) gives:
20 [((NQP); — (NQP)] + 6 (B + Bia — By — Bao)
A (Par1. — Ya10) — 2 (y11_1. — Y110
o { — (Y201 — Yeoo.) + 2 (V101 — J’1oo.)}' (18)

It is important to note that the estimates of [(QP), — (QP,)] and
[(NOP), — (NQP),], obtained by substituting the block parameter
values from (16) in (17) and (18) would not be orthogonal. To over-
come this difficulty some joint estimates of QP and NQP which are
not. only mutually orthogonal but orthogonal to all other effects are
obtained as follows;

(15)

(16)

)
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3x (17)—(18) gives:
{3 [(QP), — (QP)] — [(NQP); — (NQP),l}

1§ G — y1'10.) + (Varr. — Yero) . ;
= _ : .- 19)
4 — (V1o — Vlno) - (.V201 — Yaoo.) .
The estimate given by (19) is @£,} 1 unconfounded deglee of free-
dom. 3x (18) + (17) when solved with the help of set (16) nges

" {3[(NQP); — (NQP),] + [(QP); — (QP)o]}
(Pa11.—2210) — (11.—Y110.) — (hol.‘)&ooj

-+ + (Y1or.—Y100) — 2 [(‘nq plots in B11+B12’ .- (20)
— ‘ng plots in By, + Byy’] T

Bl

I

The estimate given by (20) is go.} 1 partiaily confounded degree
of freedom adjusted for blocks.

The sum of squares due to unconfounded effects can be obtained
in the usual way. The sum of squares due to 25} 1 unconfounded
degree of freedom and NQP} 1 partially confounded degree of freedom

are

{3 @P) = (@Px] — [voP), — (VoP))}
and :

1 —_— 2

3 {3[VOP) — (WQP)) + [(0P), — (@P)l}
;espectively. |

The relative information of 2.} 1 partially confounded degree of
freedom with respect to an unconfounded design is 4 o,,2/0s2 Where g2
and oy,? are the variances per plot in case of designs with 6 plots
and 12 plots per block respectively. ‘

2.5. Analysis when the non-zero levels are in the ratio 1: e

The analysis under the additive model remains the same but the
analysis under the proportional model will change as the weights 1
and 2 will change to 1 and «. & and &' defined for the proportlonal
model will in this case have values:
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8§=0 for i=0 "=0 for i=0
§=1 for i=1 8=¢ for i=1
8=ea for i=2 &=1 for i=2

With this change the analysis can be done on the same lines as in the
case where the levels of ‘»’ are in the ratio 0:1:2. The component
affected by block differences when: design II is repeated in both the
replications is

{{a.t D [(NQP); — (N@P)] + (e — 1) [(QP), — (QP)]}-
3 3X3X2 QUALITATIVE-cum-QUANTITATIVE EXPERIMENTS

In , qualitative-cum-quantitative experiments there should be at
least two non-zero quantities of the factor which is being tried in dif-
ferent forms. Thus the possible 3XxX3X2 quahtatlve-cum-quantltatlve
experiments are of the type

(i) 3 quantities.of ‘n’, 3 qualities of ‘n’, 2 quantities or qualities
of ‘p’. '

(ii) 3 quantitiesof “n’, -3 quantities or qualities of ‘p’, 2 qualities
of ‘n’ : ’

It might be thought that in 6 plot blocks all the main effects in
case of a qualitative-cum-quantitative experiment involving 3 quantities
of ‘n’, 3 qualities of ‘n’, 2 quantities or qualities of ‘p’ can be kept
free from confounding, but it can be shown that it is not so. With
- blocks of 6 plots, there will be three blocks in each complete replica-
tion and each block will.contain 2 common-treatments p, and p;,. The
other 4 treatments in each block are to be chosen out of the remaining
12 treatments. If the quality main effect is to be kept free from con-
founding then there must be equal number of plots in every block
receiving ‘n’.through each quality. But this is not possible as there are
4 plots and 3 qualities. Thus with block size 6 quality main eifert
cannot be kept free from confounding and also with' block size 9 ¢
main effect cannot be kept free from confounding. It is thus not
advisible to use confounded design for experiments involving 3 quan-
tities of ‘n’, 3 qualities of ‘n’, 2 quantities or qualities of ‘p’

Confounded design in 6 plot blocks for qualitative-cum-quantitative
experiments involving 3 quantities of ‘n’, 3 quantities or qualities of
p’,2 qualities of ‘n’ derivable from the classical 33X 2 designs given
in Kempthorne (1951) are presented. in Appendix III.
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3.1. Confounded effects

It can easily be seen that both in designs I and II, not only NP
and NQP but QP is also affected by block differences. Thus the split
QP (2d.f.) and NQP (2 d.f.) does not help in seeing what has happened
to this group of comparison. It can best be seen what has’ happened
to this group of comparison by splitting these 4 degrees of freedom
into two components, viz; one with 2 degrees of treedom obtained
from ‘the interaction QP at n; dose and the other with 2 degrees of
freedom for the same interaction at n, dose of ‘»’ as done in section
1.2. An important advantage of this split of ‘QP at n, and QP at n,
is that the analysis based. on this split under the proportional model
is not very much different from that under the additive model. The
analysis only differs in the sum of squares for @ and NQ which are
free from blick differences in both designs I and II. The components
affected by block differences in design I and design II are:

Design No. ' Components aﬁ‘ected'by block differences

I (i) NP2(2d.f)
(ii) NQP} 2 d.f.—which are the two independent compari-

sons between (Ag + py), (A; + pe)s (As + o) where
M = Y1 — V1w, A0 pg = Yoy — Voor -

Im ‘(i) NP(2d.f)

(ii) P2 df. — which are the two 1ndependent compari-
sons between (Ay + ), (A1 + #o) ('\ +Fv1)

It is evident from.above that in both designs I and II, no 1nforma-
tion on QP at n, or QP at n, would be available.. What would be
available instead is a joint effect of QP and NQP. In case the experi-
menter is interested in the interaction QP, then-neither of the designs
I or II is suitable. QP at n, and QP at n; can both be kept totally
free from confounding by adopting design III, given in Appendix IV,
where NP2 and NP are totally confounded in replications 1 and -2 res-
pectively.

3.2. Analysis under additive and proportional models—Design 111 -

The analysis for design III both under the additive and propor-
tional models is simple because NP2 and NP are totally confounded
in ‘replications 1 and 2 respectively. The sum of squares due to
unconfounded .effects can be calculated in the usual way and the sum
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of squares due to NP2 and NP are to be calculated from replications
2 and 1 respectively.

In case’ the non-zero levels are in the ratio 1: e, the analysis under
additive ‘model remains the same and for proportional model, weights
1 and @ may be used instead of 1 and 2 in the calculdtion of the sum
of - squares due to Q and NQ

4, 4 X3X2. QUALITATIVE-cum-QUANTITATIVE EXPERIMENTS

‘Let the three factors be :— .

]
|

(1) 4 qualities of ‘n’—qq, 1, ga, s ‘
(i) 3 quantities of ‘n’—ny, ny, n,, in the ratio 0:1:2

(iii).2 quantities or qualities of ‘p’—p,, p;.

Confounded 4Xx3Xx2 qualitative-cum-quantitative designs in 12
plot blocks are derivable from the classical 4x3x2 in 12 plot block
designs given by Li (1944) by using dummy treatments where necessary.
In case of qualitative-cum-quantitative experiments the usual 9 repli-
cations reduce to only 6 different ones because replications 2 and 3;
5 and 6; 8 and 9 become identical. These 6 distinct replications are
given in Appendix V. These 6 replications could also be obtained
otherwise by a' method similar to the one used in ‘section 7.7. In what
follows replications 1, 3, 5 will be referred to as designs I, II and III
respectively and replications 2, 4, 6 as designs IV, V and VI respectively.

4.1. Confounded effects

The components affected by block differences in different des1gns
are given in the table on next page.

It is evident from the table that the best choice for single
replicate .experiment would be any one of the designs IV to VI.

3

4.2. Analysis for single replicate experiment—Additive model:

The method of analysis for, say design VI, is indicated below and
for any other choice the analysis can be done on similar lines.

g

‘The additive model after simplification becomes:

Vi =p+ Ni+ 80, + 8 (=1)"(NQ), + Py + (=D"* (NP);
+ 8 (—‘1)1+k (QP)J + 8,(—"1)1+i+k (NQ-P):"I— :Bm +-e",j];m
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Design
No.

Components affected by block differences

Under additive model Under proportional model

I

- II

III

Iv

VI

. OoP } .
QP [l d.f.], the comparison NOP 1 d.f., the comparison

{(@P); + (@P); — (QP), {3 (QP)+(QP)s— (QP);— (QP)e]— (N QP)1]
—(@P)} +(NQP);—(NQP),—(NQP),]

; , . QP : .
QP [1 d.f:], the comparison NO P} 1 d.f., the comparison

{(@P) + (QP), — (QP), {3 [(QP)o+(QP)3—(QP)14(QP)2]—[(NQP0)}
—(@P)3} +(NQP)s—(NQP),—(NQP),]

- . - QP } o
QP [1d.f.], the comparison NOP 1d.f., the comparison

{(QP)y + (QP), — (QP), {3 [(QP)0+(QP)1—(QP)2—(QP)s]—[(NQP)O}
— (QP)y) +(NQP),—(NQP),—(NQP)s)

NQP[1d.f],the comparison op } 1d.f., the -comparison

, NQP |
{(NQP), +- (NQP), 13 [(NQP), + (NQP); — (NQP), — (NQP)o];
— (NQP); — (NQP)o} + [(@P)1 + (QP); — (QP); — (QP),]
NQP[1 d.f.], the comparison ]\?QP P} 1 d.f., the comparison
{(NQP), + (NQP), {3 [((NQP), -+ (NQP); — (NQP), — (NQP)ﬂ}
— (NQP), — (NQP),)}. + [(QP)y + (QP); — (Q.P)2 — (QP);]
NQP(1d.t), the comparison NQQI;} 1.d.f., the comparison
{(NQP), + (NQP), {3 [(NQP); + (NQP); — (NQP), — (NQP)a]}
- —(NQP), — (NQP)3}

{ + [(@P)g + (QP); — (QP); — (QP);]

where y, is the yield from the treatment combination nq;pr and the
other symbols have their usual meanings. The restrictions on the
parameters are: :

8=0 for i=0 otherwise & = 1.
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N=0  Swoy=0 -F@p=0 £ @mor,=0

20

Ttge Ibae

1 0,=0 ZP=0  Z(@P)=0 ZA=0

m=1

The normal equations for the components affected by block differences come
out as:

4 (N QP)o +2(8.— By
A = (Y21 — Y200) — (V101 — Y100) — 23 [(J’21 Yo.0) — O1a = Yl |
4(NQP);, + 2 (8, — Be)

= (Yor — Yar0) — 111 — Yu0) — % [(Vea — Y20) — (11 — Y10l

F e 22
4(NQP), + 2 (B, — B @)
= (V221 — Yazo) — (V121 — Yi20) — % [(J’ 1 — Yao) — (P11 — Y10)] h
4(NQP); + 2 (B — B1) ’ _ ’
= (Yaar — Yaao) — (V131 - V130) — 3 [(Ven — Vao) — V11— Y1.0)]
o Normal equations for block parameters are:
U B2 (DM INQPY A+ (NQPL — (NOPR)
— (NQP),] = By, for m=1, 2 joo¢

Splitting the 3 degrees of freedom for NQP into three orthogonal 4
components, viz., . o

[(NQP), + (NQP), — (NQP), — (NQP)s;

[(NQP), + (NQP); — (NQP), — (NQP)]
and .
 [(NQP),+ (NQP); — (NQP), = (NQP),]

each carrying one degree of freedom, it is clear from set (22) that the
last two components are freée from block differences and their esti-
mates are:

[@7GP)+ (VQP), — (VOP): ~ wory |

s'=z1:z ,-.—_%'; (=1 O’m — Yis0)
-y Xy (=D (J’m Vo)

i=1,2 §=1,2

N
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/”’\
[NGP+ (¥QP), — (NOP): — (NCP) |

5—21:2.1=§$ (— D' =y )
- 2 2 (— 1)i(yy.1l— ym») *

412.{-—02

1
=3

But the companson

[(NQP), + (NQP), — (N QP)z — (NQP)s]
is affected by block differences and the corresponding normal equation
when solved with the help of (23) gives:

: /\
{(VGP), + (VQP): — QP — (NQP),}

=%{ S X =D)on=r— 2 X =
: i=1, 2 S

=1,2 J§=0,1 =1, ’_=2.3 )
X (D1 — Yuo) — 2 [‘my plotsin B,” — “ny plotsin By’] } .

The sum of squares due to all the' components other than NQP
can be calculated in the usual way. The sum of squares due. to un-
confounded components of NQP, viz., -

[(NQP), + (NQP); — (NQP); — (NQP),]

and .
((VQP): + (NQP)s — (VOP)s — (NOP)
are Co ’
[aver=wor, — wop) = ®op) |
and: '

—— T — "2
[vepn+ @V0P), = (WoP).= @ory |

respectwely and the sum of squares due to partially confounded eﬂ'ect
[((NQP), + (NQP), — (NQP), — (NQP),]

is , . '
1 __/ TT——
3 [(VQP)+ (vop): — (op), = (NQP)S]

The relative information of - NQP partially confounded degree
of .freedom with respect to an unconfounded design can easily be seen
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to be §(oy4/015%), where 0,2, and oy,? are the variances per plot in case
of designs with 24 plots and 12 plots per block respectively. -
4.3. Analysis for design VI—proportional model
. The proportional model after simplification becomes: "
\ Y =+ N+ 80, + 8" (=1 (NQ); + Py + (— 1) (NP),

| + 3 (—=1)*(QP); + &' (—=1)**+* (NQP), + By + @i - i
where : _ : ‘ |
- 8=0 for i=0 =0 for i=0
§=1 for i=1 =2 for i=1 -
§=2 for i=2 =1 for i=2

and the other restrictions on the parameters are (21).

The normal equations for the.components affected. by block
differences come out as:

10(QP)o + (By — B2)

= (J’101_)’100) + 2 (P201—Y200) — F{(V10—=21.0) + 2 (J"2’.1“JJ2.0)}
10(QP), + (B — B2 |

= (Yr1—Y110) + 2 en—Yero) — {12 1.0) + 2 (P21 Y20)}
10(QP); + (B2 — B1)

= (y121—J’120) +2 (J’221_J’220) — #{1a—10) + 2 (Yea—220)}
10(QP); + (B — B0 .

= (Y131~ V130) + 2 (V2s1—~Pa30) — ‘«H(Jﬁ 1~ o) + 2 (Poa—Y2.0)}

10 (NQP)y + 3 (B — B o
= (V21— Va00) — 2 (V101 V100) — #{(P21—Y2.0) — 2 (Yra—P1.0)}
10(NQP), + 3 (8 — B2) - 1
= (Ve —Ver0) — 2 W1 =F110) — #{(V2a—Y20) — 201, 1)1 o)} L 25 4
10(NQP), + 3 (8. — By ) ~—
|

i

(24)

= (Paar—Ya20) — 2 V121~ Y120) — F{(P2.1— 2 o) 2(ha—ro}
10(NQP); + 3 (B — B1)
= (Ves1—Vas0) — 2 (V13— Y130) — %{(J’2.1“.V2.0) 2 (yl 1—Yio)}
Normal equations for” block paramieters are:
12 + 128,y + (= D" {[(QP) + (QP); — (@P): — (QP),]
_+ 3[NQP), -+ (NQP), — (NQP), — (NQP),]} -
:='B,, for m=j,'2. - - T (26)
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It is clear from the normal equations that both QP and NQP are
affected by block differences. The 3 degrees of freedom for QP can
be spht up into three orthogonal components, viz.,

{(@P) + (QP), — (QP): — (@P)s},

{(QP), + (QP)s — (QP): — (QP)o}
and ‘ '

{(@QP)y + (QP)s — (QP), — (@P):}

each carrying one degree of freedom. From set of normal equations
(24), it is clear that the last two components are free from block dif-
ferences and their estimates are:

md thir eimates ae:
[ @P+ @) — 0P, —(@P)]

1
=10 { P) [(J’m — Vo) +2 (yon — Ya0)]

§=0, 3

- _!__:? . [(.Vm — J110) + 2 (Yot - yzjo)]}

/”’_\
[ P +@P); - (eP)— (2P|

1 .
= ﬁ{ ,=lz_"3 [O151 — Y130) + 2 (Do — Yapo)]

= 2 0w — ) + 2 Om — 2wl

§=0,2
But the component
[(QP)o + (QP); — (QP); — (QP)a]
is affected by block differences and the corresponding normal equation
is: :
10 [(@P)o + (@P) — (@P)e— (QP)s1 + 4 (B, — B2)
= X [ — ) +2(enn — Vas)l

§=0;1

— ’=§ \ {1 — Yij0) + 2 (Ve — Yes0)}: | 27

Similarly splitting NQP (3 d.f.) into three orthogonal components,

viz., - .
[((NQP)o + (NQP), — (NQP), — (NQP),];
[(NQP), + (NQP); — (NQP), — (NQP),]
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and ¢ ' . o
[((NQP), + (NQP); — (NQP), — (NQP),]. -

each carrying one degree of freedom.. It-is clear that the last two
components are free from block differences and their estimates are:

— T T TT—
[ (VOP)+ (NQP), — (NQP), — (NQP), |
= %{ v];__%' . [(Vesr — Vo) — 2 (1 — J’u-o)] |
- ,__:? . (Ve — Yeso) — 2 (Y1 — yﬁ';’o)]}

[ vGP); + (oP) — (gP), — (V0P

= 11~0 { Z' [(J’zn 4}’210) —~ 2 (Y11 — Yu0)l-

- y=§ 2 [O’m — Yajo) — 2 (J’m — J’uo)]} .

But the component

[(NQP), + (NQP), — (NQP); — (NQP),]
is affected by block differences and the corresponding normal equation
is:

10 [(NQP), + (NQP), — (NQP), — (NQP),] + 12 <ﬁ1 Ba)

={ 2 [(Venn — J’wu)— 2(in — J’uo)]

s Z' [(J’zn J’zm)—z(J’m J’uo)]} '(_28)

It is important to note that if the 'block‘parameter values érems.lrlb-
stituted from set (26) in (27) and (28) and the resultant equatmns solved,

the estimates of

[(@P)o + (QP) — (QP)s — (QP);]
and ' ' ' A :
[(NQPy) + (NQP), — (NQP), — (NQP)s]

so obtained would not be orthogonal To overcome’ this difficulty,
some joint estimates. of o <

o

"
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[(QP), + (QP); — (QP); — (QP)s]
and
[(NQP), + (NQP), — (NQP), — (NQP);]

which are not only mutually orthogonal but orthogonal t6 all other .
effects are obtained as follows:

3 x (27) — (28) gives:
{31@P) + (@Px — (@P): — (P)s] — [(NQPY +(NQP . -

— (NQP), — (N@P1}

)
=3 {2 Y i — Vi) — i-—-z17. , ’;22?8 Yin — ,yi,o)}. (29)

{=1,2 4=0.1

Estimate given by (29) is 55} | unconfounded degree of freedom.

3 X (28) —]— (27) when solved with the help of set (26) glves
{3 1v@P), + (VQP); - (NQP), — (NOP)] + [(@P)o+ (0P)
— (@P)— (@P)1}

2 X(— 1)i [}’m—}"uo] Z' 2 (=1 [J’m yb}O]

1
i‘ i=1,2 §=0,1 =1,2 j§=2,3

—2[ny plots in B1 — ‘ny plots in By’ ].

(30)
The estimate given by (30) is e} pai‘tially confounded degféé of
freedom. - C ' '

.The sum of squares due to all the components othcr than QP and
NOP can be calculated in the usual way. The sum of squares due to
unconfounded components of QP and NQP are:

2
% [(QP)O + (QP); — (QP): — (QP)1]

T T 2
+3 [ @ @P), - (@P) — @P]
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and

[P T EPs -

(NQP), + (NQP), — (NQP), — (NQP)l]

L

/\
+3 [ avopy T wior), — wop, = WP |

respectively. The sum of squares due to 5}1 unconfounded degree
of freedom and zu} 1 partially confounded degree of freedom are

&)

3 {31@P) + P, = @P), — (0P),1 — (WP, F (WOP), — (NoP), -
— op)]}

— (QP )3]}2 respéctively.

The relative information of {5} partially confounded degree of
freedom with respect to an unconfounded design can easily be seen to

be % (024%0107).
4.4. Choice for two replicate design

Design for two replications can be chosen in the following alter-
native} ways: o

(i) choosing any one of the six possible designs preférably from
designs IV to VI and using the same in both the replications ;

(ii) choosing two different designs for the two replications. The
two different designs can be chosen in the following ways:

(a) choosing any two designs froin I to III,
(b) choosing any two designs from IV to VI; -

(¢) choosing one from I to IIT and the second the corresponding
‘number from IV to VI, viz.,, Tand IV; II and V; III and
VI; . ’

(d) choices of the type I and V; I and VI; II'and IV; II and VI;
III and IV; IIT and V.

With the help of “section 4.1 it can' easily- be seen that out of
he choices (a) to (d), choice (¢) is the best because with this choice




-

(4\

&

20 (@P)o + 3 (Bix — Bar) + (Brz — Bao)
20(@P), + 3 (B — Bua) + (Baz — Bro)
20(QP)y + 3 (B — Bay) + (Brz — Ba)

20(QP)3 + 3 (Bsx — Bu)-+ (Baz — Bua) -

20(NQP)o + (Bar — B1) + 3 (ﬂm ) -
20 (NQP)1 + (ﬂu — Bs)+3 (Baz — Bio) -
20 (NQP); + (Bar — Bus) + 3 (Brz — Beo)

20 (NQP)a + (1911 - 1321) + 3 (.322 312)
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more information _is available on QP and NQP separately- rather
than QP + NQP. Choice (c) has been referred to by Fisher (1935)
as a modification of choice (i) of repeatlng the same des1gn in both
the replications.

4.5. Analysis for two replicate design

Analysis for choice (i) is simple as the same dgagree of freedom
is partially affected by block differences in both the replications.

The method of an'alysis‘ for choice (c¢), say for designs I and IV,
is indicated below and for any other choice the analysis can be done
on similar lines. =

Proportional model.—The normal equations for the components
affected by block differences come out as: '

= 2 (Paor.— Y200 T D100~ Y100) — % [2 (P21~ Y20) + (J’l.l."Jﬁ.t».)]
=2 (Yarr.~Ya10) + Gur.—Y1i0) — 2 [2 (o1~ Y20) + (14 _yl.o)]l
= 2 (Yeor.—Ya20) + W121.—Y120) — % [2 Po1.—Y20) + (P11 ._J’1.o._)]

=2 (Yosr—Y230.) + (P1a1.—Y130) — 3 [2 (P2.— V200 + (Y12.=10)]

= (Pao1.—Y200.) — 2 (V11.—Y100) — F [(P2.—V20.) — 2 (¥12.—V10)]
= (Yar.—Yar0.) — 2 V11.=Y110) — % [(Foa—Y20) — 2 (V12— V1.0.)]

= (Yeor.—V220) — 2 V121, _J’lzo) — 4 [(P2a.—Y20) — 2 (J’11 —Y1.0)]

= (Yasr.—Ves0.) — 2 (13— V130) — % [(J’2 w—Vap) — 2 (}’11 —¥10)]

Normal equations for block parameters are:

128, + 12p 4 12y, + 3 (— D)™ [(QP)O + (QP)z - (QP)I - (QP)3]

+ (= D" [(NQP), + (NQP); — (NQP); — (NQP),} =

128ne + 121 + 12y, + 3 (— DM [(QP) + (QP); — (QP), — (QP)3]

+ 3(— D" [(NQP)y + (NQP), — (NQP); — (NQP);] = B,
LT - for im=1 and 2

€2))

(32)

(33)
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Sphttmg QP (3d.f.) into orthogonal components each carrymg
one degree of freedom we have:

A
[ (@Py +(@P) — (0P), = ©P)]
1\ __:S [2 (J’z:x —Yat0) + (ym —J’uo )]
| 2 [2 (J’m —J’zm)‘l“ (J’m “yuo)]

—_— T
[ePn+ Py — P =P ]

1\, =20' . [2 (¥211.— Y210 + in.—r1)]

20 —’ ;:4,7 ) [2 (Pon.—Y2n0.) ‘+ (.);11:1-_"})110.)]

20 [(@P); + (@P)3s — (QP), = (QP)o] + 12 (Bos—P11) -+ 4 (Baa—B10)
pX [2 (72n. —yzm) + Q1. —J’uo )]

= (= ' (34)
— 2 2 (Y —y250.) + (J’m —yljo)] o

Slmllarly splitting NQP (3 d.f.) into orthogonal components each
carrying one degree of freedom -we have:

[@gP-+ wvop), — (vor),— @vgP), |

=20 { 2 [(Veir. — Yaso) — 2 (.Vm — Y1)l

— 5 [~ Vo) = 20— 31}

i=2.3
— u\
[ovePy+ @veP), — (voP) — (voP |
=350 { P | [(en. — Yego) — 2 QVajr: — Y10)]

— Z'* (Vo = Vo) — 2 Onp. — J’uo.)]}
=21 )
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20 [(NQP); + (NQP); — (NQP); — (NQP),]
+ 4 (1311 - ‘321) + 12 (1322 - 1312)

= {, 5 . [(}’2;1. — Yaio) = 2'(P1j1. — Yip)]

- 2 (Vg1 — Yoo — 2 (P1p1. — Yso. )]} (35)

_ It is important to note that if the. block parameter values are

substituted in (34) and (35), the resulting equations give estimates of
[(@P), + (@P)s — (@P); — (QP),]

and ' _ . ' _

[(NQP), + (NQP); — (NQP), — (NQP),]

which are not orthogonal. To overcome this difficulty, joint esti-
mates of

[(QP); + (QP)s — (QP); — (QP))]
and -
[(NQP), + (NQP); — (NQP), — (NQP),]

which are not only mutually orthogonal but orthogonal to all other
effects are obtained as follows

3 X (35 + (34) when solved w1th the help of (33) gives:

{(@P1+(QP)—(QP):—(QP)] + 3 [(NQP): +(NQP):—(NQP):—~(NQP)1}

{‘ [ 2 X (- 1)‘()’4;1 —yﬁo) - 2 2 (- 1) 67 —J’Ho)]

Gia Sy L
—-2(Bﬁ-1ﬁg}. - 4 o T 36)

Also 3 % (34) — (35) when solved with the help of (33) glves‘ o
{3 [(QP)rI-(QP)a—(QP)e—(QP)o] — [(NQP)1+(NQP)3—(NQP)2 (NOP) 1}
~3[2, 2 Curw) + 5 2 On ~yuo>] — 2 [Bu— Bul}

{=1,2 §j=1,3
(37

Estimates given by (36) and ‘("37) are &%’;}2 f)artially confounded
degrees of freedom adjusted for blocks, =~ T
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The sum of squares due to unconfounded effects can be obtained
in the usual way. The sum of squares due to partially confounded
effects ' S ' ' '

{[(@P), + (QP); — (QP), — (QP)s].
+ 3 [((NQP), + (NQP)s — (NQP), — (NQP)o]}

and

{3 [LQP); + (QP); — (QP)s — (QP);]
— [(NQP), + (NQP); — (NQP), — (NQP),I}

are

3] 2. 2 CD0nr—E T ) nyw]

m i=1,2 §=1,3 =1, 2 j=0,2
2
— 2(Bu— Buo) |
and

1 {3 [ Z' E On—Yu)— X G — yﬂo')]

192 ie=1,2 §=1,3 i=1,2 j§=0,2

— 2 (By— By }2
respecitvely.
Additive model —Under the additive model, the components
[(@P), + (QP)s — (QP); — (QP),]
of QP and
((VQP), + (NQP)y — (NQP), — (NQP),]

" of NQP are partially affected by block differences in replications 1
(design I) and 2 (design IV) respectively. The sum of squares due
to these partially affected components of QP and NQP are the same
as that for .

{31(QP), + (2P); — (QP); — (QP),] .
— [(NQP), + (NQP); — (NQP), — (NQP), 1}
and L . . o )
{3 ((NQP), + (NQP); — (NQP), — (NQP),]
+ [(@P); + (QP); — (QP); — (2P)]}

respectively under the proportional model,

3
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SUMMARY

Confounding in qualitative-cum-quantitative experiments involving
dummy treatments and their analyses present some novel features not
met with in -the analysis of ordinary factorial experiments. These
features have been studied in detail by discussing the possible types
of confounding and presenting the methods of analysis, both under
the additive and proportional models for the following types of
commonly used symmetrical and asymmetrical designs:

- € b < 2

- | »
- ‘ Quantities
Quantities Qualities or
) qualities -
3 3 3
3 2 2
3 3 2
3 2 3
3 4 2
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APPENDIX 1

in 9 plot blocks

[SC 2N S T 8

v Design 1 Design 2
"By B, By B, B, B,
nqgp ngp n4gp nqp ngqgp n4qgYp
0Oo-0. 0-0 O0-0 0 -0 O0-0 0-0
0-1 0-1 0 -1 0 -1 0 - 1 0 -1
0 -2 0-2 0-2 0 -2 0-2 0-2
100 110 120 10 0' 110 120
111 1 21 1 01 1 11 1 21 1 01
12 2 102 112 1 2 2 102 112
00 210 220 210 220 200
11 2 21 2 01 2 21 2 01 211
22 202 212 202 212 222
OR OR
Do Do by Po Do Do
21 p;_ 41 P Y2 51
P2 2 21 y 4 V43 D2
I, L I, I, L I,
L' L' I L' L I
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Design 3 Design 4
B, B, B, B, B, B,
ngqgp ngqgp ngqgop ngqgp ngqgp ngqgp
0 -0 0-0 0-20 0 -0 0-0 0-0
0 -1 0-1 0 -1 0 -1 0 -1 0-1
0-2 0-2 0-2 0-2 0-2 02
100 110 120 100 110 120
111 121 101 111 121 101
122 102 112 122 102 112
220 200 210 200 210 220
201 211 221 221 201 211
2712 222 202 212 222 202

OR OR

y Do Do Do Do Do

2 )21 D y 2 D1 D

pa T by TRE T T py Ty gy T

I, L L I, L I
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Desztgr; 5 | .Desig_n“ 6 .
5 B. By B, B, By
mgp nqgp mqgp nmgp ngp ngp
0-0 0-0 0-0 0-0 0-0 0-0
0-1 0-1 0-1 0-1 0-1 0~
0-2 0-2 0-2 0-2 0-2 0-2
100 110 120 100 110 120
111 121 1ot 111 121 10T
122 102 112 122 102 112
210 220 200 220 200 210
201 211 221 211 221 201
222 202 212 202 212 222

OR OR

Boon B o b B

P AT 41 D1 P P21 P

P2 22 Y43 Py P D2

L L I L L I

PR O X Ko
5
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‘Design 7 Design 8
B, B, B, B, B, B,
ngqgp ngqgp ngqp ngp mngqgp ng4qgop
0 -0 0-0 0-0
0o -1 06-1 0-1
0 -2 0-2 0-2
1700 1T10 120
121 101 111
112 122 102
200 210 220
221 201 211
212 222 202

‘OR

Po Po Do

D1 J 21 141

D2 Dq De

Jo h Ty

AR AR A
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Design 9 Design 10

B, B, B, B, B, By
ngp mgp m4gp m4p mqgp ngqp
< 0 -0 0-0 0-0 0 -0 0-0 0-20
0 -1 0-1 0-1 0 -1 0-1 0-1
v 0-2 0-2 0-2 0 -2 0-2 0-2
100 110 120 100 110 120
121 101 111 121 101 1711
112 122 102 112 122 102
2 20 2 00 210 2 00 210220
2 11 2 21 2 0 1 2 11 2 21 2 01
2 0 2 21 2 2 2 2 2 2 2 20 2 2 .1 2
OR OR

Po  Po Do Ps ' -Po Do

Di Py 2 Py D1 I

Ps Pg Pe Ps Pe P

Jo Ji Ty o i ]

Jol Jl ’ Iol I’i 12,1
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Design 11 ‘ Design 12 }

B, By B, . B B, B,
mgp nqgp ngp Agp mgp AGP ?
0_-0 0-0 0-0 -0 -0 0-0 ©0-20 -
0 -1 0 -1 0 -1 0 -1 0 -1 0 -1 |
0 -2 0-2 0-2 0-2 0-2 0-2 -
{1 o0 110 120 100 110 120
P21 101 111 121 101 111
112 122 102 112 122 102
210 220 200 220 200 210 4
221 201 211 201 211 221 1
202 212 321373 2132 322 202 '

b N D1 D1 Dy Dy
P2 P2 Da D2 D2 y2)

Po Db Do Po Do Do : 1

AN~ R (S A S
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Design 13 VDesign' 14
B, B, B, B, B, By
ngqgp nqgp ndqp ngqgp mqgp -ngqp
0-0 0-0 0-0 0-0 0-0 0-0
0 -1 0-1 0-1 0-1 0-1 0 -1
0 -2 0-2 0-2 0 -2 0-2 0 -2
100 110 120 100 110 120
111 121 101 111 121 101
122 102 112 122 1to02 112
200 220 210 210 200 220
211 201 221 221 211 201
222 212 202 202 222 212

OR OR

Do Po Po Po Do Do

o P P n o non

y 2 Do Py P2 Do P2

L, L I L, I I

LI I I L
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" Design. 15 Design 16
B, B, B, B, B, B,
nqp ngqgp ngqgop ngp ngqgp 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
0 -2 0-2 0-2 0 -2 0-2 0-2
Loo0o 110 120 100 110 120
111 121 101 111 121 101
122 102 112 122 102 112
220 210 200 200 220 210
201 221 211 221 211 201
212 202,222 212 202 222
OR OR

Po Do Py Po.  Po Do

2 SR TR SR 2\

P:  Ps P P: P2 P

I, L I I, L I

L I AR KO A
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NS JE S B S ]

Design. 17 Design. 18
B, B, By By B, B,
n qp n g p nqp n.qp n g p nqp
0-0 0-0 0-0 0-0 0=-0 00
0 -1 0 -+-1 0 -1 0 -1 0-1 0 -1
0 -2 0-2 0=--2 6 -2 0-2 0 -2
100 110 120 100 110 120
1 11 1 21 1 01 111 1 21 1 0 1
1 2 2 102 112 122 102 I 1 2
10 200 220 220 210 200
01 2 21 2 11 211 201 2 21
22 212 202 202 222 212
OR OR
© Po Po Py Do Po Po
n h b P P P
P2 D2 D2 4 V4 b2
I, I I I I I,
N SR AR 4 AR A S A




. D R INID 4 RN e, 41 it 8 Lt P
128 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

Design 19 Desigri 20

B, B, B, B, B, B,
nqgp naqgp nqgop mqgp nqgp ngqp
0-0 0-0 0-0 0-0 0-0 0-20
0 -1 0-1 0-1 0-1 0-1 0 -1
0-2 0-2 0-2 022 0-2 0-2
100 110 120 100 110 120
121 101 111 121 101 111
112 122 102 112 122 102
200 220 210 210 200 220
221 211 201 201 221 211
212 202 222 222 212 202
OR OR

P Po Po Po Po Po

n n P n o P

P2 P2 Pe P2 P2 P

o4 T e 4

VAR TR FARD YIS X




B )

QUALITATIVE-CUM-QUANTITATIVE EXPERIMENTS

Design 21

B,

Desigri 22

B,

CoR!

n g p

[ S ] [\ S* I

o =

o N

DN N

o o~ o

O N

—. OT N

Pl

o O O

N oo o

N

[ 20N S B

[ —
N O

PN NN
—
P
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(=) | |
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N NN

1
i
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Design.23. Design 24
B, B, By B, B, B,
n g p n g p n qp nqp q P nqp ‘
0o-0 0-0 O0-0 0 -0
0 -1 0 -1 0 - 1 0 -1
0o -2 0-2 0-2 0 - 2
100 110 1 20 1 00
1 21 t o1 111 1 2 1
1 2 1 2 2 1 0 2 11 2
210 200 220 2 20
2 21 2 11 2 01 2 01
202 222 212 21 2
OR
Po D1 D2 Po
Po P D Po
Po D1 P Po
Jy Ji A Jo
r I, I, L
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. AppenDIx 1T

Designs for 3x2X2 qualitative-cum-quantitative experiments
in 6 plot blocks

Replication 1 Replication 2
or or
. Design 1 Design 11
B, B, B, . B
nqp n qp n.qp n qp

0 -1 0 -1 0 -1 0 -1
100 10 1 1 01 1 00
1 11 110 110 1 1 1
2 00 2 0 1 200




Designs for qualitative-com-quarifitativeé experiments involving 3 levels

ApPpeNDIX 111

of ‘n’, 3 levels of ‘p’, 2 qualities of ‘n’ in 6 plot blocks

Design T
" Replication 1 Replication 2
B, B, B, B, B, B,
nqp mqgp ngqp nqgp nmqgp ngop
0-1 0 -0 0-0 6 -1 0 -0 0 -2
0 -2 0-1 0-2 0-2 0-1 0-0
100 102 101 102 101 100
112 111 110 {10 112 111
201 200 20 2 200 202 201
210 212 211 211 210 212
Design IT
Replication 1 Replication 2
B, B, B, B, B, B,
ngqp nqgp nmngqgp nmgp ngqgp ngqop
0 -1 0-0 0 -0 0 -2 0-0 0 -1
0-2 0-2 0 -1 0 -0 0-2 0-0
100 101 102 101 102 100
111 112 110 110 111 112
02 200 201 200 201 211
10 211 212 212 210 202

[\ T S ]
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0

Design IIT
Replication 1‘ B Repl'icaiion'é
B, B, B, B,

mgp nmngp nmgqgp ngop
0 -1 0 - 2 0 -0 0 - 1
0 -1 0 - 2 0 -0 0 -1
1 0 2 [ 00 1 0 2 Ll 00
1 1 2 1 10 1 1 2 110
2 00 2 01 2 01 2 0 2
2 10 2 1 1 2 1 1 2 1 2

Y

e b A s e A —— AN

[T

-
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Designs for 4X3X2 qualitative-cam-quantative experiments
in 12 plot blocks e

Replication 1 Replication 2

or or
Design I Design IV

B, B, B, B,
ngp ngqop ngp ngqop
0-0 0-0 0-0 0 -0
0-0 0-0 00 0-o0
0 -1 0 -1 0 -1 0 - 1
0 -1 0-1 0-1 0-1
101 111 100 110
121 131 120 130
110 120 111 101
130 100 131 121
201 211 201 211
221 231 221 231
210 220 210 200
230 200 230 220

-
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; Replicgrzfi'on 3 Replic;zrtion 4
‘Design 11 - Design: 'V
j' B, B, B, B,
. ngp ng4qp ngqgp ngqp
0 -0 0-0 0 -0 0=-0
# 0 -0 0 -0 0 -0 0 -0
0 -1 0 -1 0 -1 0 -1
'\ 0 - I 0 -1 0 -1 0 -1
101 111 100 110
131 121 130 120
110 100 111 101
120 130 121 131
201 211 201 211
231 221 231 221
210 200 210 200
| 220 230 220 230
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Replication 5 Replication 6
or or
Design IIT Dgsign 141
B, . ,-BZ Bl : .B2
ngqgp ngqgp nqp ngqp
0 -0 0 -0 0 -0 0 -0
0 -0 0-0 0 -0.0-0
0 -1 0 -1 0 -1 0 -1
0-1 0-1 0 -1 0-1
101 1 21 100 120
111 131 110 130
120 100 121 101
136 110 131 111
201 221 201 221
2 11 231 2 11 231
220 200 220 200
230 210 230 210




