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Hello and welcome to the course on Dealing with Materials Data. For past few sessions, we
are going through the application of design of experiments for metallurgical applications and
we are learning it through the case study optimization of production of Nano titania powder

through micro plasma synthesis system.
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Review

e Logit transformation of the response when response is in
percentage to meet the assumption of normally distributed
error

e Estimation of Prediction interval

e Validation trials to validate the analysis result

So, let us review, we found that when the response is in a percentage has a limited range in
when it varies from 0 to 100 only, to meet the assumption of normality of error, we have to
make a logit transformation of the response variable and carry out the analysis through with
the logit transformed response. Then we talked about how to estimate the prediction interval,
we of course worked out how to find the factors that are important by conducting a hypothesis

testing that regression parameter beta i is equal to 0.

Then, looking at the T values and the P values we can decide whether we have to reject the
hypothesis or accept the hypothesis. Here, rejected hypothesis is of importance because that
says that, that factor is important in this predicting the efficiency of the system. So, now you

see the importance of rejection region because rejecting the hypothesis gives us lot of



information compared to accepting the accepting the hypothesis says that, that particular factor
has no effect, but when you reject the null hypothesis, you come to know that that particular

factor has an effect on the response value.

So, we look into the tables and the we also looked in the analysis of variance table to understand
lack of fit, because of the 2 replica we could find out, if your the experiment, the model has
any lack of fit, therefore again hypothesis was there is no lack of fit. And we, in this case, we

accepted the hypothesis and therefore, we can say that there is no lack of fit in the hypothesis.
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Outline

e To continue with the optimisation with respect to
percentage Anatase

¢ Analysis of % anatase response
e Validation trials and analysis
e Putting the two responses together

e Final Conclusion

You remember there were two responses, so this time we want to continue the same process
with a response of percentage anatase and remember now we are wiser people, so since anatase
is also in a percentage value, we are going to take its logit transformation and then do the
analysis and then we have the validation trials putting the two responses together and it will

come to the final conclusion for this particular case study.
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Normal Probabilty Plot of the Standardized Efiects
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(after logit transformation)

So, let us start, here this is the table for estimating the effect of each parameter using t-
distribution for logit transformed anatase, percentage anatase. So, we are wiser now, we have
already done the logit transformation of percentage anatase response and then we are doing the
we are doing the analysis of a data. And here, what we find is that again we are giving the, this
is an important, I am sorry, | should have made it in red, but it is not in red. So, here once again,
we are, our hypothesis is that beta is equal to 0, this is our null hypothesis and alpha value is
0.05.

So, if P is less than 0.05, we say that reject null hypothesis. It means that for these values that
is for plasma gas flow rate and the two interaction of plasma gas flow rate with feed rate and
additional gas flow rate with carrier gas flow rate are the important or are the places where our
HO is rejected. It means that, the coefficients, the beta coefficients are not 0. In all other places
we can say that beta coefficients are 0, it has no effect on the logit transformed percentage
anatase and therefore, it reduces the model by having only these one main effect, one main

factor and the two interaction factors.

Here, we have once again shown it by the graphical method that if there is a systematic error
because of the regression equation and then there is a random error due to epsilon. This line
shows if the model was only due to the random error, all data point should fall on this line, as

further they go you realize that these are the points of importance.



Almost all points are far away here, but we have, from this table we find that when you consider
alpha is equal to 0.05 that is your level of significance as 0.05 percent, sorry, 0.05 or 5 percent

then these are the three values which are of importance.
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Main Effects Plot (data means) for Logit(Ana)

Interaction Plot (data means) for Logit(Ana)

FeodRate

Normal Probabilty Plot of the Standardized Efiects

Results for % Anatase
(after logit transformation)

Here it shows the main effect plots and the interaction plot. You can see that there are many
interaction showing up, but we must remember that finally it is this process of rejecting the
null hypothesis by comparing the P value with pre decided alpha is most important. This is the
type 1 error, please remember P is a P is probability of type 1 error. Just recall your hypothesis
testing, recall your hypothesis testing and regression analysis. This is an amalgamation of all
of them, so that is why we are going through a case study where you can actually see how it

gets applied, each and every aspects of it gets applied.
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ANOVA for % Anatase (after logit transformation)

So, these are the plots. This is the analysis of variance table after logit transformation and as
you can see here also it shows that there is the main effects are not important, this is not
important. You see again here, alpha is equal to 0.05 and our testing of hypothesis is that main
effects, the variance caused by the main effect and the variance caused by the error if this ratio

is F which is large enough then you say that it has an effect.

The main that is there is an effect of the main factors the main factors. So, here what we are
saying is that, though there we found that plasma gas flow rate is important, here we find that
main effects have are not significant. So, main effects are not significant, however the
interactions are significant because this value is less than alpha which is 0.05, this is so, because
it is greater than alpha which is equal to 0.05, so this shows that main effects, this implies that
main effects or factors do not change your variation in the value significantly compared to the

residual error.

Whatever error is coming, the sigma that is variation caused by the error and the variation
caused by the main effect are very similar, while this says that the error caused by the two way
interaction is more significant is larger than the effect caused by the error. So, here again we
are taking an F ratio, this is an ANOVA table. Again, if you look at our hypothesis is here is
that HO there is no lack of fit, alpha is 0.05 and this is greater than 0.05 and therefore, we say
that HO not rejected. These two are two different things, so please remember and therefore, this

says that there is no lack of feed.



So, the model that we have chosen completely defines, completely gives the explanation of

logit transformed percentage anatase.
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Assumptions on error: Random, Independent and Normal

Normal Probability Plot

These are the confirmation to the assumption on error, so this the first plot shows that it is a
random error, this also shows that it has no effect of the what fitted values it has taken, it is
also random, this is random with respect to observational order, so there is no systematic
changes because of the observations made. Here it says that there is no systematic change

because of the values that we have fitted in the model.

And this shows that it is actually distributed as normal because we have plotted the standardised
residuals, residual error for percentage anatase, of course logit transformed percentage anatase
on the normal probability plot and it falls on the straight line and therefore, it is normally

distributed. So, our assumptions are also correct.
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Results for % Anatase : List Squares Estimates of Means
Finding levels for maximum efficiency

o PFRXFR@HxL

‘ o AFRXCFR@HxL

Then as we did in the past, we have to select the levels. So, now please remember that we have
to actually select only the combination because this is not important, however it is coming up.
It is plasma flow rate at a high level and feed rate at a low level will give you best percentage
of anatase and the additional flow rate at a high level and carrier gas flow rate at a low level

give you the best possible percentage anatase.

So, our selection is that the if you separate out the interaction level, it says that plasma flow
rate, gas flow rate should be at high, additional gas flow rate should be also kept at high, feed

rate should be kept at low and the carrier gas flow rate should be kept at low.
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Validation Runs

¢ 95% intervals estimated for 5 runs
o (1.2083, 2.4423) for logit (%anatase)
e (77,92) for % anatase

o 5 validations runs carried out
e Run values: 67, 82, 78, 79, 81
o Average=77.4




With this, we perform the validation runs, we find the interval for 5 validation run trials.

Please recall what we have done the calculations in the past, the same applies here and for the
logit transformed variable, we find that this is the interval, the predicted interval, 95 percent it
did interval estimation for 5 runs with this combination of the, the factors. Then if you revert
back, it will take the inverse logit transformation, it says that it falls from 77 to 92 percent
interval where the interval anatase should fall. The 5 validation trials are carried out and the
average is 77.4 and therefore it falls here. And therefore, it validates the design. So, as such our
job is done.

Again, we have to ask ourselves a question, is it everything okay? It should be okay, we did
the, we found the best combination of factor and level to find highest efficiency and we found

the best combination of factor and level to find the highest percentage anatase. What are they?
(Refer Slide Time: 14:26)
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They are given here, but if you look at it, there is a problem, look at the problem. Here, in the
first case for the percentage efficiency, we are saying that keep plasma flow gas flow rate at
low while in percentage anatase, we say that you keep it at high.

Additional gas flow rate, here you say here that you keep it at low, here you say that you keep
it at high. And carrier gas flow rate, it says, you keep it at high, here we say that, you keep it at
low, so what does it mean? It says that either you have highest efficiency of the micro plasma
synthesis system or you have the maximum percentage anatase, you cannot have both. This is

what it really says.
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Main Effects Plot (data means) for Logit(Eff)

Main Effects Plot 4 .
for % Anatase g ' e

Main Effects Plot (data means) for Logit

Main Effects Plot
for % Efficiency

And that you can see here because here if you look at the main effect plot also, you see that the
slopes are in different directions.

So, if you are choosing maximum on both sides, your level selections are exactly opposite.
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Can we have both?

¢ Conflicting levels of PFR and AFR for high efficiency
and high % anatase.

e Implies that one can achieve either high efficiency or
high % of anatase but NOT both.

So, can we have both? We cannot conflicting level of plasma gas flow rate and additional gas
flow rate, I am not even talking about carrier gas flow rate because in both the cases it has come

only as an interaction.



So, if this is the case then you can have high efficiency but you cannot have a high percentage

of anatase. So, you have to, you cannot achieve both. So, what to do in this case?
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Conclusion & Recommendation

e Conclusion: Conflicting designs for % efficiency and %
Anatase
o Either efficiency is high OR anatase is high, but not both!!

¢ Recommendation: Decide to have either high efficiency
or high anatase in production! .....And calculate the
percentage of loss!!

Wy — o (7931 —84.95
Loss = 100 =100 —————
Lo 84.95

The conclusion as such is that conflicting designs for percentage, highest percentage efficiency
and highest percentage anatase, so either efficiency is high or anatase is high, but not both. This
is your conclusion, but in reality when you want to implement it, you have to give some

solution, at least you must give some recommendation.

So, the recommendation would be let the experimenter decide. In your case, if you are the
experimenter, you have to take a call whether you want a high efficiency or you want a high
percentage anatase in production. And then decide what is your loss, what is your percentage
loss. Generally, percentage loss is defined in this manner. Suppose, you decide that you want
the high efficiency then you have to know what is your loss with respect to percentage anatase,

had the percentage anatase been kept at the highest, your mean would have been mu 0.

So, had your percentage anatase would have been kept at highest, its mean would have been
84.95 and but now that you have decided that you want a high efficiency, you are losing your
mean value from 84.95 percent to 79.31 percent. And this comes to, | am sorry, it is a negative

7 percent, so | must write it down, it is negative, so it is roughly negative 7 percent.

So, if you are able to lose the 7 percent of high percentage anatase in your powder then you
will have the highest efficiency. This is what should be your recommendation, this is what

should be the recommendation at the end of the complete analysis, design and analysis of



experiment. So, we come to this next stage, let us conclude the whole session of design of

experiment case study.
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So what have we learnt?

o Is the process amenable to DOE?
o Define a clear objective
o Keep the design simple
¢ Replicate and Randomize
o Use Blocks for nuisance factors
o Analysis:
Ask "is everything OK?"
Count the decimal points!
o Never loose the over-all picture before drawing
conclusions

We went through it in four sessions totally. First question is that, which process is amenable to
design of experiment? We discussed that. Then we say that we must have a clear objective. We
must keep the design simple, we while making the objective clear, we must know what is
response variable and what are the controllable factors, what are uncontrollable factors of

which what is an error and what is an uncontrollable nuisance factor.

We must use randomization, replication and blocking in order to control this. Randomization
makes the experiment looks like a whatever is happening naturally in life. Replication makes
sure that the error between the sets of experiment is nullified or it is averaged out. Then the
blocking says that if you know that there are nuisance factors such as shift or a person working
in the, a person defect affect affecting the process, those things you block it out and keep a
systematic, count it also as an error fact, a controlled factor in it. Use blocks for the nuisance

factor.

Carry out the analysis by using the analysis of regression model and the analysis of variance
together. But every time keep asking yourself, is everything okay? Is everything found fine?
Also, | would say that it is very common mistake to, when you do this analysis using any of
this readymade software then you have to control your decimal points, you have to control your
digit, significant digits. And finally, never lose the overall sight of the overall picture before

drawing the final conclusion.



Like in this particular case, we could have drawn the conclusion in two cases, but then it does
not really help the person who wants to really commercialize this method of microwave plasma
synthesis of Titania Nano Titania, because you said that you will have maximum efficiency for
certain levels and exactly opposite levels would give you the maximum percentage anatase, in

that case, you have to ask him, “What is your preference”?

If it is maximum efficiency, then this is your loss towards percentage anatase. If it is maximum
percentage anatase then this is your loss with respect to efficiency. This is what we discuss. |
hope you have basically learned the application of hypothesis testing, regression analysis and
analysis of variance during this sessions on design of experiment and | hope you enjoyed it.

Thank you.



