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Industrial Experimentation
Assignment -1
Last Date for Submission: 10 March 2015
All questions carry equal marks. Max. Marks : 50

1 Four different designs for a digital computer circuit are being studied to compare the
amount of noise present. The following data have been obtained:

Circuit Design : Noise Observed
1 19 . 20 19 30 8
2 80 61 73 56 80
3 47 26 25 35 50
4 95 46 83 78 97

(a) Is the amount of noise present the same for all four designs? Use a = 0.05.
(b) Analyze the residuals from this experiment. Are the analysis of variance assumptions
satisfied?

(c) Which circuit design would you select for use? Low noise is best.

Three different washing solutions are being compared to study their effectiveness in re-
tarding bacteria growth in 5-gallon milk containers. The analysis is done in a laboratory,
and only three trials can be run on any day. Because days could represent a potential
source of variability, the experimenter decides to use a randomized block design. Obser-

vations are taken for four days, and_the data are shown here. Analyze the data from this
experiment (use « = 0.05) and draw conclusions.

Days
Solution 1 2 3 4 .

| 13 22 18 39
2 16 24 17 44
3 5 4 1 22

/

The effect of five different ingredients (A, B, C, D, E) on the reaction time of a chemical
process is being studied. Each batch of new material is only large enough to permit five
runs to be made. Furthermore, each run requires approximately 13 hours, so only five runs
can be made in one day. The experimenter decides to run the experiment as a Latin square
so that day and batch effects may be systematically controlled. She obtains the data that
follow. Analyze the data from this experiment (use & = 0.05) and draw conclusions.

. Day
Batch 1 2 3 4 5
1 A=38 B =17 D=1 C=7 E=3
-2 C =11 E=2 A=1 D=3 B=38
3 B =4 A=09 c=10 E=1 D=5
4 D=6 C=38 E=6 B=6 A=10
5 E=4 D=2 B =3 A=38 C=8
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CONFOUNDING IN FACTORIAL EXPERIMENTS

Introduction

When the number of factors and/or levels of the factors increase, the number of
treatment combinations increase very rapidly and it is not possible to accommodate
all these treatment combinations in a single homogeneous block. For example, a 2
factorial would have 32 treatment combinations and blocks of 32 plots are quite
big to ensure homogeneity within them. A new technique is therefore necessary for
designing experiments with a large number of treatments. One such device is to
take blocks of size less than the number of treatments and have more than one
block per replication. The treatment combinations are then divided into as many
groups as the number of blocks per replication. The different groups of treatments

are allocated to the blocks.

There are many ways of grouping the treatments into as many groups as the
number of blocks per replication. It is known that for obtaining the interaction
contrast in a factorial experiment where each factor is at two levels, the treatment
combinations are divided into two groups. Such two groups representing a suitable
interaction can be taken to form the contrasts of two blocks each containing half
the total number of treatments. In such case the contrast of the interaction and the
contrast between the two block totals are given by the same function. They are,
therefore, mixed up and can not be separated.(ln other words, the interaction has
been confounded with the blocks. Evidently the interaction confounded has been
lost but the other interactions and main effects can now be estimated with better
precision because of reduced block size. This device of reducing the block size by
taking one or more interaction contrasts identical with block contrasts is known as
confounding. Preferably only higher order interactions, that is, interactions with
three or more factors are confounded, because their loss is immaterial. As an
experimenter is generally interested in main effects and two factor interactions,
these should not be confounded as far as possible.

When there are two or more replications, if the same set of interactions are
confounded in all the replications, confounding is called complete and if different
sets of interaction are confounded in different replications, confounding is called
partial. In complete confounding all the information on confounded interactions are
lost. But in partial Confounding in Factorial Experiments and Fractional F actorials

confounding, the confounded interactions can be recovered from those replications

in which they are not confounded.
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Confounding is used to indicate that the value of a main effect estimate comes
from both the main effect itself and also bias from higher order interaction.

Advantages of Confounding
e It reduces the experimental error considerably by stratifying the

experimental material into homogeneous subsets or subgroups.

e The removal of the variation among incomplete blocks (freed from
treatments) within replicates results in smaller error mean square as
compared with a RBD, thus making the comparisons among some treatment

effects more precise.

Disadvantages of Confounding
e In the confounding scheme, the increased precision is obtained at the cost of

sacrifice of information (partial or complete) on certain relatively
unimportant interactions.

e The confounded contrasts are replicated fewer times than are the other
contrasts and as such there is loss of information on them and they can be
estimated with a lower degree of precision as the number of replications for
them is reduced.

e An indiscriminate use of confounding may result is complete or partial loss
of information on the contrasts or comparisons of greatest importance. As
such the experimenter should confound only those treatment combinations
or contrasts which are of relatively less or of importance at all.

e The algebraic calculations are usually more difficult and the statistical
analysis is complex, especially when some of the units (observations) are
missing.

e A number of problems arise if the treatments interact with blocks.

Scanned by CamScanner



Confounding in 2° Experiment

Although 23 is a factorial with small number of treatment combinations but for
illustration purpose, this example has been considered. Let the three factors be A,
B, C each at two levels.

Factorial Effects — A B C AB AC  BC ABC
Treat. Combinations ¥
(1) - - - + + + -
(a) + - - - - +. 0 Ch
(b) - + - - + - [&
(ab) + + + . . .
(©) : SR T I R
(ac) + - + - + . -
(be) - + - . - & ;
(abc) + = - - - + (3

The various factorial effects are as follows:

A =(abc)+ (ac) + (ab) + (a) - (bc) - (c) - (b) - (1)
B =(abc) + (bc) + (ab) + (b) - (ac) - (¢) - (a) - (1)
C =(abc) +(be) + (ac) + (c) - (ab) - (b) - (a) - (1)
AB =(abc) + (c) + (ab) + (1) - (bc) - (ac) - (b) - ()
AC =(abc) + (ac) + (b) + (1) - (bc) - (¢) - (ab) - (a) -
BC =(abc) + (bc) + (a) + (1) - (ac) - (¢) - (ab) - (b)
ABC = (abc) + (c) + (b) + (a) - (bc) - (ac) - (ab) - (1)

Let the highest order interaction ABC be confounded and we decide to use two
blocks of 4 units (plots) each per replicate.

Thus in order to confound the interaction ABC with blocks all the treatment
combinations with positive sign are allocated at random in one block and those
with negative signs in the other block. Thus the following arrangement gives ABC

confounded with blocks and hence we loose information on ABC.

Replication I
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Block 1: (1) (ab) (ac)  (bc)
Block2: (a) (b) (c) (abc)

It can be observed that the contrast estimating ABC is identical to the contrast
estimating block effects.

The other six factorial effects viz. A, B, C, AB, AC, BC each contain two
treatments in block 1 (or 2) with the positive signs and two with negative sign so
that they are orthogonal with block totals and hence these differences are not
influenced among blocks and can thus be estimated and tested as usual without any
difficulty. Whereas for confounded interaction, all the treatments in one group are
with positive sign and in the other with negative signs.

Similarly if AB is to be confounded, then the two blocks will consists of

Block 1 (abc) (c) (ab) (1)
Block 2 (bc) (ac) (b) (a)

Here AB is confounded with block effects and cannot be estimated independently

whereas all other effects A, B, C, AC, BC and ABC can be estimated
independently.

Resolution III Design: No main effect is confounded with other main effects but
main effects are confounded with 2-factor interactions.

Resolution IV Design: No main effect is confounded with other main effects and
2-factor interactions but 2-factor interactions are confounded with each other.

Resolution IV Design: No main effect is confounded with other main effects but
main effects are confounded with 2-factor interactions.
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Orthogonal Arrays : 3 Series
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27 THenculac Table (Intersctiona)
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~ Column na. 2 3 4 5 6 7 8 9 10 11 12 13
.
1 J° 2 2 6 5 5 9 g g8 12 11 11
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3 —_— - 1 9 10 8 7 & 6 6 7 5
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4 - — - 10 8 ¢ € 7 5 T 8 &
—_— —_— —_- 12 13 it 13 11 12 . § 10 8
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= = = 7 6 11 13 12 8 19 =
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g N T = S Sy S~ i 4 2 3
— i _— e— = e e 8 7 5 S
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L-10i

Group 2
hapter 16, the column, numbers of the bottom row (column 1 -column 13}

p i3 shown here only for L,(2° X 3'%).

dbnz are not orthogonal to other columns in the case of g_,x('ga_: X 3'9), ftis best io
ts to find such interzctons.

analysis, regression analysis

Columns. for, response

GplI
L(2 X 3').

ii. Since interac
avoid assignmen

iii. The assignment ty

iv. InChapter 16and C

are u.‘»ea.

i. By inttoducing columns 1’, 2, &, and 4" in place of columns 1, 2, . . ., 11, one obtains
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