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Ah during this session on their quality by experimental design, I will be discussing that 2
to the power k factorial experiment, we have already discussed the factorial experiment
in the previous lecture session and 2 to the power k factorial experiment, if you know in
detail you know, you will have the different kinds of insights about the design of
experiment and this is widely used particularly 2 to the power k factorial experiment and
along with this factorial experiment, you also must be aware of; you must also know,

what is the fractional factorial experiment this experiment is also widely used.

So, these are the two topics, I am going to discuss during this session.
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Concept of Contrast

If there are p number of treatments, there can be (p-/) number of contrasts
formed that are statistically independent of one another. Two contrasts, say [,
and L, are independent if they are orthogonal to each other. Suppose the
following two contrasts are formed with p number of treatment means:

L=k kot + 4k op,

Ly=kypi + kgt .4k 1,

Ihe contrasts Ly and L are orthogonal if and only if
ikl.k:- =0 .
=

This means that the sum of the products of the corresponding coeflicients
associaled with the treatment means is zero.
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Now, you know before elaborate on this 2 to the power k factorial experiment as well as
the fractional factorial experiments, let me highlight or let me explain one important
concept that is refer to as the concept of contrast, is it like say you know, what we say
that later on when we studied the Taguchi method, you will find that the Taguchi method
is based on the design of experiments and a particular designed he has proposed that is
orthogonal array an orthogonal array is essentially a or one type of fractional factorial

experiment and we come across the term called say orthogonal say the contrast and all.

So, the basic what is a contrast you also must know. So, if; so, first let me explain what is
a contrast and then I will start explaining what is 2 to the power k factorial experiment, if
there are p number of treatments, you know what is a treatment there can be p minus 1
number of contrast forms that are statistically independent of one another, is it ok. So,
out of p number of treatments you can form p minus 1 number of contrasts two contrast;

say L 1 and L 2 are independent if they are orthogonal to each other.

Now, what is this orthogonality that we must first explain we must define? Suppose the
following two contrasts are formed with p number of treatment means. So, this could be
a linear combination like L 1 is one contrast with thisk 1 1 mu 1, k 1 2 mu 2 plus and
then you go up to the k th level or the p th level; that is k 1 p into mu p, is it and similarly
the next contrast you form that is you have k 2 1 mu 1 plus k 2 2 mu 2 plus up to the p th
level that is k 2 p into mu p. So, L 1 and L 2; these two contrasts are formed.



The contrast L 1 and L 2 are orthogonal if and only if that is you know you start
multiplying these two coefficient values is it like k 1 one into k 2 1, k 1 2, k 2 2, like this,
if you proceed and ultimately for all the p treatments you consider; that means,
summation j equals to 1 to p kij into k 2 j must be 0, is it ok. So, that is the condition for
orthogonality, this means that the sum of the products of the corresponding coefficients
these are the coefficients you have corresponding coefficients associated with the

treatment means these are the treatment means mu 1 mu 2 mu p is 0, is it ok.

So, we know what is a contrast there could be several contrast and between two contrast
there could be orthogonality and we have defined what do you mean by say the

orthogonal contrasts ok.
(Refer Slide Time: 05:01)

2% Factorial Experiment

A planned experimentation requires a number of steps to be followed.

*  First, the set of factors affecting the response variable(s) is to be identified.

*  On their identification, desirable levels of the selected factors should be known in
the second stage.

+ Finally, it may be of interest to find the relationship between the factor levels, the
corresponding responses, and the physical and the economic constraints, that may
have to be considered.

* In most cases, in order to represent the reality, multi-factor experiments are

usually employed. Among the multi-factor designs, 2 factorial experiment is
widely used.

2
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So, this is the basic this knowledge the basic understanding of contrast. Now let me

explain; what is this 2 to the power k factorial experiment. Now here 2 to the power k
means essentially, at these first instance, you must know that the k means the k number
of factors that you are considering in experimentations, then what is 2? 2 means for each

of all these k number of factors you just consider two levels, is it ok.

So, it is essentially is a k number of factors and each factor at two levels supposing each
factor you consider k number of factors and each factor is at a 3 levels then what could
be how do you ah. So, specify the factorial experiment, it should be 3 to the power k

factorial experiment is clear. Now a planned experimentation requires a number of steps



to be followed is it we have a some of the important points we have already explained

the like when we started our discussions on design of experiments.

So, how to carry out the experiment what is the purpose of experimentation all these
points you have elaborated. So, while you conduct an experiment certain steps you have
to follow. So, what are those steps first the set of factors affecting the response variable
ah. So, all the response variables; that means, either you consider one important the
response variable or there could be cases where you need to consider you know a number

of response variables simultaneously.

So, first I must know that what are the factors that are affecting the response variables
and these factors you must first identify that is the first step the next step is on their
identification desirable levels of the selected factors should be known in the second
stage; that means, now you consider each factor identified and you specify their possible
levels. Now, these levels can be defined subjectively or it can be defined objectively, is it
and it is better that in order to simplify the experimentation as the initial stage what do

you try to do you start with less number of levels ok.

So, the two is the minimum number of levels then in most of the experiments. So, you
start with two number of levels for each factor finally, it may be of interest to find the
relationship between the factor levels the corresponding responses and the physical and
the economic constants that may have to be considered. So, many a time, what do you
need to do; that means, even if you know that not only the two number of factors or 3
number of factors. So, affecting why there could be many other factors might be

affecting you know say the response variable.

But the initial stage you know you go for a simplification; that means, you go for
experimentations and while you carry out the experiment you should consider those
factors which are which are considered to be significant initially. So, you need to the
stealing them; that means, even if there are say n number of factors ah. So, you consider
just a 2 or 3 factors out of n and there is a basis for selecting a few number of factors out
of many ok. So, in most cases in order to represents the reality the multi factor
experiments are usually employed among the multi factor designs 2 to the power k
factorial experiment is widely used; that means, here as such we are not restricting the

number of say the factors.



But here in the 2 to the power k factorial experiment we are restricting the number of

levels, is it ok.
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2% Factorial Experiment

* In this experiment, there are k numbers of factors, each factor at two desirable
levels. The total number of treatment combinations is 2. For example, if there are
three factors, each at two levels, there are 23 or 8 treatment combinations in each
replication.

s Usually, the level of each factor is thought of as either low or high. A treatment is
represented by a series of lowercase letters; the presence of a particular letter
indicates that the corresponding factor is at the high level. The absence of this
letter indicates that the factor is at the low level. The notation (1) is used to
indicate the treatment for which all factors are at the low level. In many instances,
the low level signifies the absence of a factor and the high level its presence.
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So, so, in this 2 to the power k factorial experiment there are k number of factors each
factor at two desirable levels the total number of treatment combinations is 2 to the
power k, for example, if there are 3 factors each at two levels, there are 2 to the power 3
or 8 treatment combinations in each replication, I think it is clear, usually the level of
each factor is thought of as either low or high like in the previous examples in the earlier
the discussion earlier lecture sessions, we have we have assumed that the factor a is

having low level or high level.

So, these the levels could be either low or high a treatment is represented by a series of
lowercase letters like say if the factor is a, we will be using the small a or corresponding
to capital B factor or capital C factors, we will be using the small b or the small c. So, the
lowercase letters will be using the presence of a particular letter indicates that the
corresponding factor is at the high level; that means, suppose you consider 3 factors a b
and c, if you use say one combination a small a, it means that the factor a is at the high

level whereas, the factor b as well as the factor c there at the low level ok.

So, the absence of this letter indicates that the factor is at the low level. So, this point it
just between mined while, you write the notations for a particular the combinations

notation one is used to indicate the treatment for which all factors are at the low level



suppose you are considering the 3 factors a, b and ¢ and all these factors they are having
two levels low level and high level. So, the low level is you know low level, suppose all

these 3 factors there at low levels.

So, where do you specify you specify at one; that means, ah; that means, one in
parentheses it means that I am considering one treatment combinations where all the 3
factors are at low level in many instances the low level signifies the absence of a factor

and the high level its presence, is it ok.
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2% Factorial Experiment

Suppose, there are three factors A, B, and C, each at two levels. The set of
treatments for this experiment is as follows:

]

(1
. a
b
- b - abe

[ ]
Figure 1 shows the layout of a 2! experiment with the factors denoted as A, B,
and C. In this layout high levels of the factors are denoted by +1 and the low
levels by -1,

e e

To estimate the main effects of the factors, and interaction effects between the
factors, the concept of contrasis is used. For example, 1o determine the main
effect of factor B, the average value the observations for which B is a1 the high
level is compuied, and subtract from this value the average of the observations
for which B is at the low level. If there are r replications for each treatment, the
main effect of factor B is given by

b+ab+bervabe (l)+a+ec+ac
ar 4 (1)

1
—‘[.J: +ab+ be -+ abe-(1) —a—¢ - ac)

In equation (1), the lowercase letters denote the sum of the responses for the
corresponding trentments, The main effects of other factors can be similag
computed.
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Now, here is an example suppose there are 3 factors a b and c, capital A, capital B and
capital C each at two levels the set of treatments for these experiment is as follows; that
means, this is one means within parentheses it means that all the 3 factors are at low

levels a, a means factor a is at the high level whereas, factor b and ¢ at low level.

If it is b; that means, factor b is at a high level whereas, the factor a and factor c these are
at a low levels ab means basically high level b at a high level and the ah. So, the this is
one say the interaction, then you consider that the ¢ and ac means another combination
be is another interaction and abc is another combination are you getting my points; that

means, ab; that means, the c is at c is at the low level, is it ok.

If you say c, ¢ means a and b all at the low level. So, at the c is the at high levels. So,

these are the 8 combinations you have in each the replication. So, I am I am sure that you



have understood the meaning of a these notations ok. Now if you refer to this figure one
we will I will show you figure one figure one shows the layout of a 2 to the power 3
experiments; that means, there are 3 factors each factor at two levels with the factors
denoted as a, b and c in this layout high levels of the factors are denoted by plus one and
the low levels by minus 1, is it to estimate the main effects of the factors and the

interaction effects between the factors.

These are the two important considerations you have the concept of contrast is used is
clear. So, already we have defined what is a contrast for example, to determine the main
effect of factor b the average values of the observations for which b is at the high level is
computed so; that means, out of all the combinations you select those combinations
where the factor b is at the high level and subtract from this value the average value
average of the observations for which b at the low level I think it is [ made very very
clear. So, if you want to estimate the main effect of factor b. So, this is the rule you
follow and the same rule you have to follow when you compute the say the main effect

of a and other factors of ¢ like this.

So, if there are r replications for each treatment ok, the main effect of factor b is given by
this one is it ok; that means, here what you find that this is these are the combinations
where b is at the high level. So, b at the high level here also b at the high level b is at the
high level here also b at the high level divided by there are these average value you
consider. So, divided by 4 and how many such values you have; that means, there are r
replications; that means, you have r such r everywhere you have r number of values of b

r number of values of ab and so on.

So, that is why it is divided by 4 by 4 into r and similarly, here you will find that the b is
at the low level b at the low level b the way we have defined the notation when you write

c; that means, b at the low level when you write ac the interaction.

So, you find that b at the low level divided by 4 into r. So, this is the ultimate the
simplified expressions for capital B in equation 1; that means, this equation the lower
case letters denote the sum of their responses for the corresponding treatments the main
effects of each factors can be similarly computed; that means, you have just one
calculation for the factor b ah, but the similar sort of the computations you have for the

other two factors namely factor a and factor c.



(Refer Slide Time: 16:37)

e
2% Factorial Experiment

be 4 abc

+ 4

FactorC ’
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In this case; so, this is the pictorial representation of say the 2 to the power k factorial

experiments.

So, if you look at this figure what you find you can identify the factor; factor a, factor b
and the factor ¢ and then what are the combinations. So, how many treatment
combinations for each replications. So, this is at the low level all 3 at the low level here
the c at the high level whereas, the factor a and factor b, these are at the low levels ok.
So, these are the low levels you have. So, just you follow these the corners you can get
an idea that how it is designed and how on what basis, what is the basis of selecting the
treatment combinations and what is the basis of say they are giving notation. So, for each

treatment combinations ok.
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Example-1

In order to develop a good quality synthetic fuel, experiments are conducted with
three different factors, each controlled at two levels. Factor A is a concentration of corn
extract at 5% and 10%, Factor B is a concentration of another compound at 15% and
25%, and Factor C is the distillation temperature at 120°C and 150°C. The degree of
undesirable emission level at each treatment combination is shown in Table 1 for three
replications.

*  Find all the main and the interaction effects.
*  Find the sum of squares for each of the main and the interaction effects.
* At 5% level of significance, which effects are significant?

" ' NPTEL ONLINE
IITKHARAGPUR CERTIFICATION COURSES

Now, here is an example. So, in order to develop a good quality synthetic fuel
experiments are conducted with 3 different factors each control at two levels. So, you
must have a controlling means ok, it is not that you get all these values or all these levels
automatically. So, while you set the values while you select those levels you also must be
aware of how to control them factor a is a concentration of corn extract at 5 percent and
10 percent, ok, factor b is a concentration of another compound at 15 percent and 25
percent and factor c is the distillation temperature at 120 degree Celsius and 150 degree

Celsius, is it ok.

The degree of undesirable emission level at each treatment combination is shown in table
one for 3 replication; that means, what is your main objective; that means, you try to
design the fuel the synthetic fuel in such a way that that the undesirable emission level is
at the lowest or the minimum level, is it ok. So, that is your objective and if you achieve
this objective you say that the quality goal has been achieved. Now for such a problem,

you have you have to adopt you have to use or the design of experiment methodology.

Now, here what are the questions we have there are 3 questions we have find the main
and the interaction effects this sort of you know the questions are always you get in any
design of experiment exercises find the sum of squares for each of the main and the
interaction effect; that means, essentially, you propose a model; that means, how this the

response variable is related to the individual factors and what is whether you know the



best possible model, you are prescribing and whether all the important of the critical
factors, you have considered while you model while or while you carry out the

experiment.

So, these two values you compute and get an idea; that means, you need to create the

ANOVA table at 5 percent level of significance which effects are significant.
(Refer Slide Time: 20:23)

2% Factorial Experiment

Table 1:  Values of undesirable Emission Levels of the Fuel at
Different Treatment Combinations.

Emission Level
Treatment
Combination |
Replication 1 | Replication 2 Replication 3
] 30 ] 26
a 18 n %4
b 0 32 5
ab 4 47 41
¢ b A n
ac 5 49 46
be 58 48 50
ibe A 20 » 2
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So, these are the 3 questions we have. So, what are the data you have you work; that
means, you have one power an experiment and all these 8 treatment combinations with 3
factors at 2 levels, you have considered and there are 3 replications; that means, these
treatment combination is the experiment is run for each treatment of combination
treatment combinations 3 times that is why the replication there are 3 replications and
you will find that against these treatment combinations when all these 3 factors are at
low levels, you will find that the emission level the first time when you do the

experiment you get a value of 30.

The next time, it is 24 and the third time, it is 26 and similarly for all other treatment
combinations, you get the data the 3 times. So, the 3 times you have to carry out the tests
in a particular condition or in a particular say treatment combination. So, these are the
values for replication 1, replication 2 and replication 3. So, look at these values. So, this

is the data you have collected next what you have to respond to the question number one.
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Solution:

(i) In this case, a 2% full factorial experiment is condueted, and the number
of treatment combinations is 8 for each replication.

The main effect of factor A is computed as
A= ‘Illn-ab-ac-ﬂbc Q) =b—-c=-be|
- II)_ [64 +131 +149 + 66 — 80 — 87 — 74 — 156] = 1.083

The other main effects and interaction effects are caleulated in the same
manner, and shown in the ANOVA table given below,

Source of Degree of Sum of Mean
Variation S I-':eHednm Squares Square L2
A 1.08% 1 7.0417 7.0417 0.37
B 6.083 1 222.0417 22.0417 18.00
c 6.917 1 287.0417 [ 287.0417 23.27
AB 8.7%0 1 459.37%0 4%0.3750 37.23
AC —3.583 1 77.0417 77.0417 6.25
BC —6.250 1 234.3750 234.3750 19.00
ABC 18.750 1 2108.3750 | 2109.3750 171.03
Error 16 197.3333 197.3333
23 3593.6250 | 3593,6250
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So, how to get the solution in this case a 2 to the power 3 factorial experiment is
conducted and the number of treatment combinations is eight for each replication this we
have already elaborated. So, you calculate the main effect already, we have explained
that which formula you need to use; that is ok. So, the main effect of a you compute as
1.083 the other main effects and the interaction effects are calculated in the same manner

we have already given you a the formulations.

So, apply those formulations and then you create the ANOVA table like this; that means,
the sources of variation in y could be a could be b could be ¢ could be ab, ac, bc, abc or
the sources of variation you are unable to explain; that means, this is a error component

and this is the total say you consider; that means, all aspects you considered.

Now, you have to check if the error part is insignificant or not if it is insignificant you
may conclude that your modeling is perfect if you find that the error is significant; that
means, immediately you conclude that your the model is not perfect; that means, you
have to make it perfect maybe you need to consider some other factors that you have a

you have not considered yet.

So, this is that is why it is always any such experiment when you can when you when
you conduct, this is referred to as an exploratory study you never know that whether the

factors, we are considering whether those factors are all significant or not or whether you



need to consider some other factors in explaining the behavior of y or say the variations

iny is it ok. So, that is why it is always referred to as an exploratory study.

So, these are the effects you consider main effects the degree of freedom you consider
this a total is 23 and the sum of squares, you calculate main square you consider; that
means, once you consider the degrees of freedom sum of squares already you have

computed. So, now, you can you can calculate the mean square right.

(Refer Slide Time: 24:13)
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(i1) The sum of squares for factor A is computed as

(13) [(3x8)=7.0417

The sum of squares for all other main and interaction effects are
calculated and shown in the ANOVA table.

The total sum of squares (55¢) is computed as

88, = [30= +24° 4267 +18% 4. 4207 4 :2:] (so7)’ 24
=3593.625

(iii)At 5% level of significance, Fu, 4 =4.4967 (table value).

Comparing this value with computed F-statistic values as shown in
the ANOVA table, it is observed that the interaction effects: AB, AC,
BC, and ABC are all significant. The main effects, B and C are also
having F-statistic values greater than the table value of F-statistic,
However, since the interaction effects are significant, it is difficult to
make any definite conclusion regarding the significance of theymain
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And then the F statistic you consider, is it and then what do you conclude that the sum of
squares for factor a is computed like this, already I have given you the steps you have all
the data the sum of squares for all other main and interaction effects are calculated and
shown in the ANOVA table suggest you refer to the ANOVA table you will get all the
details.

The total sum of squares is computed with this formula; that means, this is t you follow
this formula these values you get from on the table and this is the factor k correction
factor and at 5 percent, level of significance this is the value of F statistics 5 percent level
of significance and these are the degrees of freedom it is from the table value is 4.4967,
comparing this value with computed F statistic values as shown in the ANOVA table, it is

observed that the interaction effects ab, ac, bc and abc are all significant.



The main effects b and c are also having F statistic values greater than the table value of
F statistics; however, since the interaction effects are significance, it is difficult to make
any definite conclusions regarding the significance of the main effect. So, that is the

conclusions.
(Refer Slide Time: 25:28)

Fractional Factorial Experiment

* As has already been mentioned, the number of runs in a factorial experiment
increases exponentially with increase in the number of factors.

* Many a time, due to cost and time considerations, it may not be possible or
necessary to run all the experiments as required for a full factorial experiment.

* A properly designed fractional replication of the factorial experiments may serve
the purpose of planned experimentation with reduced cost and time as well as
achieving reasonable accuracy in the estimates.
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Now, what do you need to do in many a time you know the full factorial experiment 2 to
the power k full factorial experiment may not be feasible; that means, if say the number
of factors is reasonably very high and even if each factor is at two levels, you will find
for each replication you need to conduct a several sorts of say you know conduct

experiments are different a large number of a treatment combinations.

So, this may not be feasible when you have limited time and limited resource. So, you
need to opt for the fraction with factorial experiment so many time due to cost on time
consideration, it may not be possible or necessary to run all the experiments as required
for a full factorial experiment. So, in the, that in these conditions we prefer using

fractional factorial experiment.
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Fractional Factorial Experiment

*  For example, for a 2° factorial experiment, 64 experimental runs are required for
a full replication. There are 6 main effects, 15 two-way interactions, 20 three-way
interactions, 15 four-way interactions, 6 five-way interactions, and 1 six-way
interaction. Thus, there are 63 degrees of freedom for estimating different
treatment effects. If only the main effects and two-way interactions (which require
21 degrees of freedom for estimation in total) are considered relevant in this
experiment, it is better if a fractional factorial experiment is opted for. This is the
basic purpose and objective of fractional replication in factorial experiment. Among
the fractional factorial experiment, a half-fraction of 2 experiment, denoted as
2+ factorial experiment, is a special case. Details of this experiment are given
below.
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IITKHARAGPUR CERTIFICATION COURSES

So, for example, for a 2 2 to the power 6 factorial experiment 64 experimental runs are
required for a full replication just one replication. So, there are 6 main effects 15 2 way
interactions, 23 way interactions 15, 4 way interactions, 6 5 way interactions and 1 6 way
interactions. These are the possibilities that there are 63 degrees of freedom and if only
the main effects and the two way interactions which required twenty one degrees of
freedom for estimation in total are considered the element in this experiment it is greater

if a fractional factorial experiment is update for, is it ok. So, this is the basis.

So, this is the basic purpose and objective of fractional replication of factorial
experiment among the fractional factorial experiment a half fraction of 2 to the power k
experiment denoted as 2 to the power k minus 1 factorial experiment is a special case

details of the experiment are given below.
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+ A half-fraction of the 2* experiment is denoted by 2*! factorial experiment. To determine
the treatment combinations in this experiment, the defining contrast, (also known as
generator) is used. This usually represents a high-order interaction, which may be
unimportant or negligible and may not be required to be estimated. For example, for a 2
full factorial design with factors A, B, and C, the coefficients of orthogonal contrasts are
shown in Table 1. The defining contrast, | associated with the three-way interaction ABC
and, hence, | = ABC. For a 2*! fractional experiment, the treatment combinations
associated with plus signs in the defining contrast are only selected. From Table 1 these are
represented as g, b, ¢, and abc, which involve only 4 runs of the experiment. Alternatively,
the four other treatments with minus signs in the defining contrast can also be selected. In
this case, the treatment combinations are (1), ab, ac, and b, and the defining contrast is
represented as | = - ABC. Conventionally, the fraction with the plus sign in the defining
contrast is called the ‘principal fraction’, and the other is called the ‘alternate fraction’
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It is essentially you know the fractional factorial experiment you do and what do you try
to do; that means, all the different combinations you do not consider. So, if it is a half
fractional factorial; that means, you just consider half of the ah; that means, the total

number of treatment combinations .

So, ah; so, here you need to define the defining contrast I associated with the 3 way
interactions abc and hence I is abc for a 2 to the power 3 minus 1 fractional experiment
the treatment combinations associated with plus signs in the defining contrast are only
selected. So, the from table one these are represented at abc and abc which involve only
4 runs. So, in the full factor there are eight runs. So, now, you just get 4 runs; that means,
only these 4 treatment combinations you consider. So, 4 other treatments with minus
signs in the defining contrast can also be selected, in this case, the treatment

combinations are 1 ab, ac and bc.

So, the choice is yours either you go you go for say the principle fraction or you may go

for alternate fraction.
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Fractional Factorial Experiment

Ina fractional replication of a full factorial experiment, it is to be mentioned that
certain effects cannot be Sl.‘}lﬁl‘ﬂltfl)‘ estimated. This is a serious disadvantage of
this design. Suppose, a 2" experiment with generator / = ABC is considered.
With four funs (a,b.c and ), there will be 3 degrees of freedom (o estimate the
main effects. Using Table 1 and noting that only four of the eight possible
treatments ane run, it seems that the estimates of the main effects are given by

A=%{a+abr—b—r)

B==(btabe-a-¢)

b | —

= ;{c +abe-a-b)
where, the lowercase letiers represent the sum of the responses in the
comesponding ireatments.
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So, this is alternate fraction and this is the principle fraction these are the terms we use.
So, when you apply this 2 to the power 3 minus 1 say the fractional factorial experiment;
that means, half fractional factorial experiment; that means, the main effect is defined by
this main effect of a main effect of b main effect of c. So, the lowercase letters represent

the sum of responses in the corresponding treatments. So, this is the lowercase letters ok.
(Refer Slide Time: 29:27)

Fractional Factorial Experiment

However, in a froctional factorial experiment, these expressions, siricily
speaking, represent the combined effeet of the factor shown and its alias.
Similarly, the estimates of the two-factor interactions are expressed as

1
AB= ;:rmhr—ﬁ - b)

AC= %(hufx -a-=c)
L
B =E{u+ufk =b=¢)
Again, these expressions also reg the combined effect of the factor shown
and ils alias.

The linear combination of the sum of the treatment responses that estimates the
main effect A also estimates the interaction BC. In this case, A and BC are said
to be aliases. I the effect of the comtrast is significant, we cannot conclude
whether it is due to the main effect of 4, interaction effect BC, or a mixture of
bath. Similarly, & and AC are aliases, and so are C and AB.
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This way you conduct and; however, in a fractional factorial experiment these
expressions strictly speaking represents a combined effect of the factors shown and its

alias.

Similarly, the estimates were the two factor interactions that also conduct like this; that
means; here say ab ac and bc against these expressions also represent the combined
effect of the factor and its aliases. So, I suggest that all the steps are given and for
conducting fractional factorial experiment and what is the important thing is that the
linear combination of the sum of the treatment responses that estimates the main effect a
also estimates the interaction bc is it ok. So, that you need to consider that a is equivalent

to bc the b is equivalent to ac ¢ is equivalent to ab.

So, so, so that is why a and bc are said to be aliases similarly b and ac are said to be the
aliases and similarly the ¢ and ab are considered to be the aliases ok. So, this particular

term we use, right.
(Refer Slide Time: 30:44)

Fractional Factorial Experiment
Example-2

* Consider a 2* factorial experiment, using BC as the defining contrast. Find the
treatment combinations in a 2*! fractional factorial experiment. Find also the alias
of the contrasts, and estimate the effect of the contrast BC.

*  Determine the treatment combinations in a 2*2 fractional factorial experiment if
AD is taken as the defining contrast. Find also the alias of the contrast AD.
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So, so, this is an example and so, please go through these examples consider 2 to the
power 4 factorial experiment using bc as the defining contrast find the treatment
combinations in in a 2 to the power 4 minus 1 fractional factorial experiments find also

the aliases of the contrast and the estimate the effects of the contrast bc.



So, determine the treatment combinations in a 2 to the power 4 minus 2 fractional
experiment, is it ok, factor fractional factorial experiment if ad is taken as the defining

constant find also the aliases of the contrast.
(Refer Slide Time: 31:20)

N
Fractional Factorial Experiment

Solution:

(i) Contrast (BC) = (1) + a + be + abc + d + ad + bed + abed = b= ab = ¢ - ac - bd - abd - ¢d - acd.
The treatment combinations for 2** fractional factorial experiment with BC as the defining contrast are: (1), a,
be, abc, d, ad, bed, and abed.

The alias structure (where | =BC): A= ABC, B =C, D =BCD, AB = AC = ABC, AD = ABCD, BD = CD, ABD = ACD.
To estimate the effect of the contrast BC, an experiment is to be conducted with the treatment combinations

corresponding to the alternate fraction (I =8C). The information from the two experiments is combined to
estimate the effect of contrast BC.

Ll
(ii) The treatment combinations in a 2+ fractional factorial experiment using AD as the defining contrast are
as follows: (1), be, ad, and abed

The alias structure (where |=BC=AD=ABCD): A= ABC=D=BCD,B=C=ABD=ACD,AB=AC=BD=CD.
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So, these are the typical problems we said under fractional factorial experiment I just all
the steps I have written please go through them because the theory part already you have
explained and ah. So, you will the fine reasonings that of a computing all these all these

interaction effects as well as the main effects.
(Refer Slide Time: 31:49)
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And then what when you when you carry out all these exercises you will come to know
that why a fractional factorial experiment is preferred in many cases and what is positive

points and what are these limitations.

So, I think that we have identified all the important aspects related to the statistical
design of experiments and whenever you try to improve the quality level of a product or
a process a many a time, you need to look at that the design and when you try to propose
a new design you need to go for the design by experiments ok. So, the design of
experiments related the methodologies you have to use and in many cases for product
development purposes keeping in mind the importance of quality features in the product
or the quality performance always we opt for design of experiment based say the

approaches ok. So, I conclude this particular session on a quality by experimental design.



