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Confounding

“*What Is confounding?
“ Why we need it?

<+ Advantage and Disadvantage.
“*How to reduce block size?
“Types of Confounding.
“Examples.

ANOVA TABLE



Concept of Confounding.

In a factorial experiment we have n factors
each are at s levels. If the factors and level
of the factors are increased, then total no.
of treatment combinations will also
Increase which we call the effect of
heterogeneity that is the variability among
the treatment combination will increase
and consequently the errors variance will
Increase.



Because of this result the estimate will be
least precise estimate. So one Is
Interested to remove the variability among
the treatment combination. which Is only
possible if the size of the block will reduce
to make homogeneity in the block.

his concept of IS
call confounding.



Who has developed confounding theory?

« R.A. Fisher - Yates



Definition

Confounding of factorial experiment is
defined as reduction of block size in such a
way that one block is divided into two or
more blocks such that treatment comparison
of that main or interaction effect is mixed up
with block effect.

Main or Interaction effect which is mixed up
with block effect are called Confounded
effect and this experiment is called
Confounding experiment.



Block Block-1 Block-2

NoPo N1Pg NoPgo

N1Po N0, NoP4

NP4

n.o NiP11tN1Pg NP 11tNEPg
1P1

» Block Effect :- (n,p;+n1py) = (NgP1+NP;)

* Treatment Effect.:-
=Main effect N
= (ny-Ng) (P1Po)
=N1P1 TN1Po-NP1-NpPo
=(N1P;+N1Pg) — (NP1 NP )



Thus,
Treatment comparison — Block effect =0

Here, We can say that main effect N Is
mixed up with block effect .

So N Is confounded.

Example

A soccer coach wanted to improve the team's playing
ability, so he had them run two miles a day. At the
same time the players decided to take vitamins. In
two weeks the team was playing noticeably better,
but the coach and players did not know whether it

was from the running or the vitamins.



Advantage

It reduce the block
size and make
homogeneity In
block. And it reduce
the heterogeneity of
data.

Disadvantage

In the confounding
experiment the
drawback is that,
the main effect or
Interaction effect
which are
confounded can not
be estimated. And
hence we loose all
Information of that
confounded effect.



In confounding experiment, we loose
all the information about effect which is
confounded.

So we should try to confound only
those contrasts which have little or no
Importance.

therefore one must confound higher
order Interaction, so we can save main
effects and two factor interaction.



No. of Possible

Eactor_lal Possible Treatment Combinations.
xperiment .
confounding
22 22-1=3 A.B,AB
23 23-1=7 |A,B,C.AB,AC,BC,ABC
A.B.AB
32 321 = S, A2 B2 A2B2 AB?2
8 AZB

A.B,C.AB, |A2 B2C2A2B2
BC,AC,ABC |B2C2,A2C?,
33 33-1=26 |.A°B,B°C, | A2B2C2 AB2BC?2
A2C,A2BC, | AC2AB2C?
AB2C,ABC? |A2BC2,A2B2C




How to confound?

Modular arithmetic is the value of the
remainder after dividing the original number
by the modulus (devisor).

Ex. 15mod 5=0 OR 15= 0(mod 5)

When two integers have the same remainder
they are said to be Our interests
will focus on sets of congruent integers.

Ex.13mod3=1,10mod 3 =1
Or 13=1(mod 3), 10=1(mod 3)



23 factorial experiment confounded
in 22 block size.

Block

Replication-1

Replication-2

ayboCy
a,b4C
ayb,Cy
a;b,Cg
agboC4
a;b4C4
a9b,C4
a;b,c,

B-1 B-2
aobeCo | @9P4Co
2oPoCy [ @ghsCy
a;b;Cs 2. a1beCy
a,b;C; | a;b4Cq

B-3 B-4

aybCo aybeCy
ayb,Cy agb,c,
a,b4C4 a,b,Cy
a,b;¢4 a,b;Cy

AB confounded

Coefficient of,
« a+tb=0(mod 2) in block 1

«at+b=1(mod 2) in block 2.

AC Is confounded

Coefficient of,
«a+c=0(mod 2)in block 3
sa+c=1(mod 2) in block 4.




Example:-
confounded

Replication-1

B-1

B-2

B-3

agbg
agh,
agb,

a;b,
a;b,
a;b,

a,b,
ab,
a,b,

A Is confounded

3% Factorial Experiment

in 31block size

Replication-2 Replication-3
B-1 | B-2 |B-3 B-1 | B-2 |B-3
aghy ~l'aby “ash, agbo 2| aghy = |'aghs
a,by, asb; [agh; aib, |aby  |asb,
aby |agh, [a.b, ab, [ab, |a;b,
B Is confounded AB is confounded

AB?confounding.
Coefficient of,

Replication-4

B-1 B-2 |B-3
aghy | a5bg agh,
a;b; | agb, ;b
ab, |ab, a,b,

« a+2b=0(mod 3) in block 1
sa+2b=1(mod 3) in block 2.
‘a+2b=2(mod 3) in block 3.

ABZ? is confounded




Types Of Confounding

» Total Confounding (complete confounding)
» Partial Confounding
»Balanced Confounding



Total Confounding

In a confounding factorial experiment if all
the main effect or interaction effect are
same In all the replication , then the
experiment is called Total confounding or
Complete confounding.

In complete confounding we could not
estimate the value of confounded main or
Interaction effect.



Exampleé:-

Replication-1

Replication-2

23 Factorial Experiment

Replication-3

B-5

B-6

A,b,Cq
ayb,Co
a,b,C,
8oboC4

a,P;Co
a,00C4
a,b,Cy
ayb41C4

B-1 B-2
8ybCo | Agb1Cy
aybyCy | agh;cq
a,0,Cy | a,bCo
a;0,¢;  (a;b4C;

AB is

confounded

B-3 B-4
aoboCq [ @gP41C;
a,b,c, |aP1Co
a,b,c, |@1PoC1
a,b;c, |a1PeCo
AB Is
confounded

AB Is
confounded




Complete confounding of 23.into 22 block'size with ABC

IS confounded.

S.V. d.f. S.S. M.S.S. F.
Block b-1 2Bj?/k -c.f.=S,? Sy%l(b-1)=0,2 0,°/0,2
Replication r-d 2Ri% /t -Cc.f.=52 S#Al(r-1)=0 o P B4
ABC - 1 [ABC]? [ABCJ?/1=05s? | OapclO £
ABC*replication "} 1*(r-1) | Sp2- S\2-[ABCJ*=S 2 | S5¢/1*(r-1)=0,2* {0,%/0,°
Treatment 6 2Ti%/r -Cc.f.=5,2 S;2/6 =02 o.°/o 2
A 1 A2 [A)%/1=0,° 0:°/0 4>
B 1 [B]? [B]?/1=032 og°l0.°
AB 1 'AB]2 ABJ2/150 .52 * [0 1202
1 [C]? [C12/1=0? Lo [
AC ! [AC]? [AC]41=0,p° (o JNSEA oI
BC 1 [BC]? BCJ41=0p? 052102
Error 6(r-1) By sub, =572 S.216(r-1)=0.2
Total 23r-1 ZYij>-c f.




Complete confounding of 32into 3! block size with AB
IS confounded.

S.V. df. |S.S. M.S.S. F.
Block b-1 2Bj?/k -c.f.=S,? | S,%/(b-1)=0,° 0,°/0 2
Replication r-1 2Ri%/t.-e.f;:=57% ] S 2/(r-1)=0,? (o T Lo G
AB 2 [AB]? [AB]%/2=0 12 (o NS [0
ool 5,2 S,2-
AB*replication |2*(r-1) [AbBC]r2:Sp2 S;2/2*(r-1)=0,2 0?02
Treatment 6 2Ti2/r -c.f.=S? |S/?/6 =0? Lo JET1e IR0
A 2 [A]? [Al4/2=042 Lo Lo s
B 2 [B]? [B]¢/[2=0y% 03202
ABZ |2 [AB2]? [AB2?|%/2= 0452
Error 6(r-1) | By sub. =S_? S.216(r-1)=02
Total 3?r-1 | ZYij?-c.f.




Partial Confounding

A confounded factorial experiment is
called partial confounding if different
main effects and interaction effects are
confounded in different replications.



Example:-

Replication-1

Replication-2

2° Factorial Experiment

B-1 B-2
8ybCo | Agb1Cy
aybyCy | agh;cq
a,0,Cy | a,bCo
a;0,¢;  (a;b4C;

AB is
confounded

B-3 B-4

ayboCy | agh,Cy

agb,Cy |ayh,cy

a,byc; | @1PoCo

a,b,c, |aibiC
AC Is

confounded

Replication-3
B-5 B-6
dyboCq 1.8506C4
a0:C1 | a b, c,
a;0oC1 | A bycy
a;b;c, |a;b;cy
ABC Is

confounded




Replication-1

3% Factorial Experiment

Replication-2

Replication-3

B-1 | B-2 |B-3
by [ a1by | aby
aob; [a;b; &b,
b,  |a.b, &b,

A Is confounded

B-1 | B-2 |B-3
a;by |agh, |aybg
a;b; |aghy |a,b;
a,b, | agh, | ab,

B-1 | B-2 |B-3
00 | a1by [ agbg
aby |ab; | aghy
ab, |ab, |agh,

A Is confounded

A Is confounded

Replication-4

Replication-5

B-1 | B-2 |B-3
a9by | 305 | asb,
aob, |aby |asb,
agby | a;b, |abg

B-1 | B-2 | B-3
by | aby | ab,
aiby | a0, | agh;
aby | agh; | asb,

A Is confounded

B Is confounded




Advantage

In partial confounding the advantage is that we
do not loose the entire information on that
confounded main effect or interaction effect.

Main effect or interaction effect which is
confounded in one replication is not confounded
In another replication. So we can estimate
fraction of information of that main or interaction
effect from those replication in which they are
not confounded.



Partial confounding of 23.into 22 block'size. With

AB,AC,BC,ABC confounded inr replication.

S.\V. |d.f. S.S. M.S.S. F.
Block b-1 2Bj?/k -c.f.=S,? | Sy%/(b-1)=0,° o,%lo 2
Replication r-1 2RiZ/t -c.f.=S « |'S,?l(r-1)=0 2 0,202
rBe|}(3)|CI(|3(aV’[VIIC§rI’]lm (:bb--jl-')-(r-l) sz -SrZZSpZ szl(b_r):opz o-pZ/O-GZ
Treatment 7 2Ti%/r -c.f.=S? | S%l6 =02 0.’/0,>
A 1 A2 [Al2/1=04° 0 ,%l0 >
B 1 'B}? [B]?/1=04? o pRLo
AB’ 1 [AB’]° [AB]%/1=0 45 O xp5°/0 2
C 1 Cl2 [C)¢/l=0¢? o PR e G
AC’ 1 [AC’]? [AC)?/1=0 % (o SRl
BC’ 1 [BC’}> BCJ%/1=05z2 o RO Lo 0
ABC’ 1 [ABC’)? ABCJ2=0 1?0 | O xudo 2
Error 8r-b-7 By sub. =S S.216(r-1)=02
| Total 23r-1 2Yij>-c.f.




Partial confounding of 3¢ into 3% block size with

AB(2 times), AB%(2 times).is confounded. In r

replication.

S.V. d.f. S.S. M.S.S. F.
Block b-1 2Bj?/k -c.f.=S,? | S,?/(b-1)=02 0,%/02
Replication~ |r=1 2Ri%/t -C.F.=S.2 7 |'S,2/(r<1)=0 2 o 4lo.?
rBelgﬁlgavtvilcizm (:bb--lr)-(r-l) B 3 s Sy /b-r)=07 0,0
Treatment 8 ZTi%/r -c.f.=S2 |S2/6 =02 Lo Jle I

Ao |2 [A)? [Al?/2=0 \? o °lo?
Baa 72 B}? Bl?/2=04 o PR
AB’ | 2 [AB’]J? [AB%/2=0 452 O 2l0°
AB? |2 AB2]? AB D= n
Error Or-b-8 By sub. =S_? S26(r-1)=0_2
Total 3%r-1 2Yij>-c.f.




e Note:-

we can estimate the value of
confounded main or interaction effect as
below.

Ex.
Suppose AB is confounded in r replication. Then it
is not confounded in (r-2) replications.

Information on AB can be estimated with 2 / r.
s.s. of AB = S5,32*2/r



Balanced Confounding

When all the effect of same order are

confounded with equal no. of times, the
confounding Is said to be balanced confounding.

or balanced partial confounding.

In the effects of certain order are confounded an

unequal no. of times in the replications ,this
system of confounding is known as unbalanced

partial confounding.




Advantage

In balanced
confounding we can
estimate the
confounded
Interaction with
same amount of
iInformation

So It I1s best
confounding.

Disadvantage

It required large no.
of replication as the
no. of factor and
level of factor
Increases. So
experiment
becomes costly and
we may not
recommended
balanced
confounding.



Example:-

Replication-1

Replication-2

23 Factorial Experiment

Replication-3

B-1 B-2
aybCo | b4 Cy
a9boCy | h4C4
a,0:Cy | 2,00Co
a;b:C; | a,b4C4y

AB is
confounded

B-3 B-4
asbpCy--|-8510,C1
aph;Cs” 1 ay1Cy
a,byc; | @1PoCo
a,b,c, |@1b;C
AC is
confounded

B-5 B-6
ap0pCo | AgbaCy
a90:C; | a,b,c,
a;byCy |asbeCy
a,0,C; |a;b,c,
BC is
confounded

It is a balanced partial confounding.

Because AB, AC, BC have same order 1 and also they
are equal no. of time replicated.




Example:- 23 Factorial Experiment
Replication-1 | [ Replication-2 | [ Replication-3 Replication-4
B-1 B-2 B-3 B-4 B-5 B-6 B-1 B-2
A9boCq - | 3gh1Co | | 20PoCo | BPeCy 8oboCo- | AgbgCy aybeCy | agh1Cq
apboCy | 8gb1Cy | [AP1Co | BgD4C 300:C1 | agh,c, aoh,c, | agh,cy
a.b,c, | a;bsc,y | [a1bgC, a,b,C a1b,Co | a;boCy a;b,c, | aibyc,
a;b,¢; | abec, | [aibicy |RiPiCo el LGS a,;b,c; | a;bycy

AB is AC is BC is AB is
confounded | fconfounded | |confounded ||confounded

It is a unbalanced partial confounding.

Because AB, AC, BC have same order 1 but they are
not replicated equal no. of times.




Example:-

Replication-1

B-1

B-2

B-3

agbg
agh,
agb,

a;b,
a;b,
a;b,

a,b,
ab,
a,b,

A Is confounded

3% Factorial Experiment

Replication-2 Replication-3
B-1 | B-2 |B-3 B-1 | B-2 |B-3
aghy ~l'aby “ash, agbo 2| aghy = |'aghs
a,by, asb; [agh; aib, |aby  |asb,
aby |agh, [a.b, ab, [ab, |a;b,
B Is confounded AB is confounded

It is a Partial confounding but not balanced confounding .

Because A and B have 0 order but AB have 1 order.

So It is a unbalanced partial confounding.




Balanced confounding of 23 into 2%block size: With
AB,AC,BC confounded in r replication.

S.\V. |d.f. S.S. M.S.S. F.
Block b-1 2Bj?/k -c.f.=S,? | Sy%/(b-1)=0,° o,%lo 2
Replication r-1 2RiZ/t -c.f.=S « |'S,?l(r-1)=0 2 0,202
rBelgﬁ(l:(th\ch:]In (:bb--jl-')-(r-l) sz -SrZZSpZ SpZ/(b-r):opz szloez
Treatment 7 2Ti%/r -c.f.=S? | S%l6 =02 0.’/0,>
A 1 A2 [Al2/1=04° 0 ,%l0 >
B 1 'B}? [B]?/1=04? o pRLo
AB’ 1 [AB’]° [AB]%/1=0 45 O xp5°/0 2
C 1 Cl2 [C)¢/l=0¢? o PR e G
AC’ 1 [AC’]? [AC)?/1=0 % (o SRl
BC’ 1 [BC’}> BCJ%/1=05z2 o RO Lo 0
ABC ‘. [ABC]? [ABCJ?/1=0 5% [0 x50 2
Error 8r-b-7 By sub. =S S.216(r-1)=02
| Total 23r-1 2Yij>-c.f.




