Quality Control and Improvement with MINITAB
Prof. Indrajit Mukherjee
Shailesh J. Mehta School of Management
Indian Institute of Technology, Bombay

Lecture - 06
Importance of Pareto Chart and Cause and Effect Diagram

Hello everyone, welcome back to session 6 on Quality Control and Improvement using
MINITAB. I am Prof. Indrajit Mukherjee from Shailesh J Mehta School of Management,
IIT Bombay. So, last session, what we are doing is that visualization of some tools which

is helpful in quality.

And some inference what we can draw out of the data set we have seen by using
histogram. We have also seen using box plot and those things we have tried to

understand how plotting can be done in MINITABs like that.
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So, and also we have seen the scatter plot — how to draw scatter plots like that, where
relationship between two variables we can try to understand by plotting those things, and
also we how to calculate correlation using MINITAB, covariance using MINITAB. And
we have seen that even if you do it calculators also, the values are very close in excel,

also we can do that.

And in this session, some more quality tools which are extensively used also can be seen,
but before that, we can also see some plotting types of graphs which can be used in
chemical processes like that where time is one of the dimensions where the data how the
data is moving how the centering is moving, how the center of the process is moving like

that, that can also be plotted like that.
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So, one of the important plotting technique which is also used when time is one of the
dimensions like that, it is known as time series plots because time is one of the
dimension over here. And this will be the variables that are monitoring, maybe CTQ with

respect to time.

And in this plot, this is chemical viscosity which is plotted using MINITAB like that.
What you can see over here is that the average or accuracy of the process is more or less
over here, but suddenly it has dropped on the 24th observation, and the average is moved

over here like that.

So, centering of the or the CTQ values are drastically drifted from one location to the
other location with respect to time like that. So, I can monitor with respect to time and
plot that one. Let me illustrate with an example over here how these types of time series

plot is done in MINITAB.
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So, in this case what I will do is that I will use the same MINITAB worksheet which we

are doing visualization data like this. So, I have kept the same file over here and what I

will do, is that I will copy-paste some information data over here which is having time

series like that.
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So, this is the hourly and chemical information that is there. And I want to copy because

this first hour, second hour like this, the data is like that with respect to time.
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So, this is done with respect to time. So, 40th observation is the latest information that I
am having over here ok. And the first information who is taken an hour 1, we can say
this is coded hours so what we can think of. You start the process, and first hour you
have recorded this one viscosity, second hour you have recorded this viscosity 47.9 like

that. So, these things if you copy this one from here, and you paste it in MINITAB.
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And then what you can do is that, you can just try time series plot. How do I do that? So,

in graph, there is option of time series plot like that.
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So, if you click this one, and then there will be options like that, multiple graphs can also
be plotted which one example. We will take, but I am using a simple plot first of all. So,

I will click ok.
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So, what is the series I want to plot? This is the chemical viscosity I want to plot that, I

will indicate over here, but double-clicking this one.
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Then I will go to time and scale over here, one stamp option is there. Here what I will do
is that I will use hour as the information which will be plotted in x-axis like that, and

then I will click ok. So, there can be many more options what you can do over here.
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So, but I am not exploring that much, just wanted to see the data in time series plot.
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So, if you click ok over here, and then you can see the same graphs what I have copy

pasted in the PPTs like that. So, this is the same graph you see. So, hour is on this axis.
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And then which can be changed also.
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And this is the chemical viscosity y-axis that you can see which can also be changed like
that ok. How it helps is that just by seeing the series just by giving the data is not
possible to make an interpretation. Here it is clearly visible at a given time point 24 and
25th observation what has happened is that drastically the centering of the data has

changed with respect to time.

So, many of the times what we experience is that with respect to time how the accuracy
and precision is changing like that. So, variability of the data during certain time point
and variability of the data after some improvement has been done. So, those things can

be done in quality also.

So, one CTQ is monitored before improvements and after improvements. So, if there is
drastic shift in the accuracy level or precision level that will be reflected in the time
series plot like that. So, this is possible. And we want to see let us say I take another

example from this.
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So, to make some inference out of this. So, this is another example taken from book. And
this is year wise and month wise information and then lubricants oil price how it is
changing, gasoline price how it is changing like that. So, somebody who has a doubt that

price of gasoline is not changing as compared to the lubricant oil price like that.

So, people are not changing equivalently when it is going down lubricant oil price,
gasoline price should go down, so it is not happening like that. So, somebody is claiming
like that. So, whether it is true or not that we want to see like that ok. So, this is the data
set and we want to draw a time series of this data set. And we want to compare the time
series to time series like that. So, what I will do is that I will copy the same data set over

here.
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And you can draw individual plots like that. So, what you see is that with respect to time.

So, graph time series what we can do is that.
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Time series plot over here, simple time series I do over here.
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And then in that case lubricant oil and I paste the timing over here.
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I change the stamp and I make it let us say year over here and I click that one and I click

OK.
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So, I get the trend of this data set, and I see that there is increasing trend that you can see
over here time series plot of the data and quite obvious that with respect to year. With

respect to time what is happening is that price is increasing like that.
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Similarly what we can do is that we can also see plots over here. Again I can draw a plot

time series plot over here.
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So, in this case, what I can do is that gasoline price also I can plot. So, with respect to

time axis will be same because it is with respect to year.
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So, I can plot this one also.
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So, here also what we see is that, we can see that both the graphs is showing an
increasing trend. So, in my mind, what comes is that one is increasing other is also
increasing like that ok. So, when you do it in separate graphs and place side by side in
that case because the unit of measurement is very different, here it is a unit varies from 1

to 3, and here the unit varies from 10 to 70 like that so in this case ok.

So, if you want to plot simultaneously one with the other like that in same graphs, what

is the possibility we have?
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So, in graphs if you go to time series and then multiple graphs, you have options over

here to see that both the series is like that.
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So, if you do like that and say lubricant oil and gasoline price I want to plot that in same

and year remains same.
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So, the same year I will use stamp over here and I use a year as the basis of this. So, this
will be stamped like that. So, then you click ok over here what you will see is that you

will find that this is not required.
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So, this is the graph where both the plots are done.
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And the problem with this graph is that you see lubricant price is changing, but earlier
graph what we have seen that oil price, gasoline price is also changing. But it is not
showing like that because the axis that the MINITAB is using is very different because
this is in a range of 1 to 2 scales or something like that and this is in a range of 10 to 70

like that. So, this will not match like that.

So, what we can do is that we can multiply this. So, this data set what [ have done is that
this gasoline price was multiplied with 10 and this is the only I have changed the scale

only I have changed the scale, so that easy to plot like that and compare those two plots

like that.
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So, instead of what I have done is that instead of this type of plot what I will do is that, |
will just use multiplication of 10 and then try to compare the graphs like that. So, in this
case, whether both are changing in the similar direction or not that is the concern what
people are raising questions, that one is increasing other is increasing, but when is one is
decreasing other is not decreasing. So, they are saying that company is doing some

manipulation over here. So, we want to prove that.
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So, over here what we can do is that again we can do go to time series, and what we can
do multiple time series like that instead of. So, I will remove this one. So, I will place
delete this one, and then I will place lubricant oil, and gasoline multiplied by 10. So, in

same, so I have just changed the scale over here.
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So, in this case, what you can see is that if you go on the right hand side, so this
multiplied by 10 I have copy pasted this information over here complete information. So,

I will plot lubricants and also gasoline multiplied by 10.
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So, in this case, what I will do is that, I will go to time series, and then I will go to

multiple chart and I will click ok.
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So, I will write lubricant and I will place gasoline multiplied by 10.
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Time stamp over here, year it is stamped already. So, in this case, I will click OK.
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So, now, some fair comparison can be done. You see some amount of variability is
increasing trend, not so much increasing what is seen in gasoline lubricant oil, but it is
steadily increasing. So, what we can see the trend is also following a pattern, but the gap

is quite high over here because the scale is different over here.
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So, to verify whether both are changing simultaneously on the positive side, we can also

see the correlation between these two data sets like that. So, what we can do is that, we

can also see the correlations. And for that, what we can do is that, we can go to stat again

— basic stat.
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And I want to see let us say correlation between these two variables. So, lubricant and

gasoline price I have just highlighted this one. Any of them can be placed first or second,

it does not matter.
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So, in this case option I want to see Pearson relationship between linear relationship 1
want to see so, but non-linear relationship kind of Spearman correlation can also be used
for that. So, if it is I am having an anticipation that there can be non-linear relationship
also. So, in that case, we can use the other one options also. So, I am using a linear
relationship because more or less it is linear what we have seen. And so what we can do

1s that Pearson correlation.
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And then matrix plot of this. I want to see correlation. And then results what we can see

is that this also is possible, what we can do.
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So, then what we what we will do is that from this data set, when you are plotting
gasoline and the r correlation coefficient what we see is that about 0.964. So, you can see
that high correlation exist between lubricant oil price and gasoline price like that. So,
there is no doubt that when one is increasing, other is also increasing because there is a

positive relationship and 0.96 means strong positive relationship basically.

So, our understanding on correlation relationship like that is showing you giving you
some interpretation, and that will leading to this will lead to some inference out of this,

that means, both the prices are increasing together and decreasing also together like that.

So, there is no as such ambiguity over here, or there is no we cannot blame the
companies or something like that manipulating like that. There is a high correlation one
is increasing other is also increasing like that. So that is another type of data what we can
do in analysis over here which is known as time series part and core relations we have

used to do that ok.
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So, there are other possibilities also like if you have a categorical data like that. So, this
is one of the example that we will use over here. We have multiple examples like that
also. So, in this case, what happens is that country wise I have some data information of
consumptions and in that case I want to see which country is consuming how much in
one chart I want to see like that. It is not a continuous data one is categorical variable

over here and one is having a numeric variables like that.

So, in that case, this pie chart and bar diagram are very useful like that. So, I will open a

data set which is which can be used for demonstration like that.
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So, I am using a data set which is which shows the country information is given and oil
export to US maybe in thousands of dollars like that. So, we can think of some coded
data variable over here. So, I have a categorical variable, and I have a numerical variable
or continuous variable over here. So, what we can do is that, we can just copy this one

and I want to see graphically the distribution of this data.
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And in that case, what I will do is that, I will copy paste this data set over here. And what

I can do is that, I go to graph and then there is option of bar chart over here.
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When you go to bar chart, simple bar chart, so count of unique values, so these are

unique values. So, [ am not taking anything else over here. So, this is the option I have to

click.
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So, simple bar chart like that. So, categorical variable what we can do is that country is
the option. So, it is automatically taking. So, I have you can also just type this one as

country over here.
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And chart option over here, nothing you have to do scaling and all is not required.
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Data labels, if you want to see. So, I am using either you use none, or the frequency can
be shown, so how many observations like that. So, this, this can be seen like that. So,
what is the value of that like 139 for Angola, 139 will be plotted on top of that will be

written on top of that on the y-axis ok.
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So, data option over here which is the data options. So, in this case, frequency can be

used and I have taken oil export as the frequency variable over here.

(Refer Slide Time: 14:50)

T Minitab - Uniitied -8 x
Fle Edit Data Calc Stat Graph View Hep Assistant Additional Tools
HH® XRER O D NN Q0 KlF-chiR e

OBEROREY=OE o 9|y <

Chartof Country + *

) VSUAL DATA MWK

Chart of Country
Chart of Country

"

%

0o

00 N

g w B,

3 w0 W

§ w

o

ok " w 1 1§51

™ m = W . v
DS R} 6 [ e Qi @ (< -Th as Q| ar | oo | o | | ars

Hour  Chemical Viscosity Year  Month Lubricant Oil Gasoline Gasoline x 10 Country Oll Exports to the U,

1 1 49 1909 1 1247 oM 103 Agiria 110
2 2 479 1999 2 1200 101 101 Angola 13
3 3 466 1299 3 1500 1048 105 Canady ]
4 4 460 1999 4 734 2R 123 Colombia 2
5 ] 84 1299 B 75 12 123 rag 19 -
6 6 a8 199 6 178 M 120 Fuait n |

P Visual Datamwx

Visual Data.rowx

lp Type here to search

So, in this case, if you click ok what will happen is that you will get this graph over here

which shows bar diagram over here.
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Canada is having the maximum over here — 720 is the values, and others are like this. So,
this can be plotted like this way also ok. So, this is bar diagram. So, in that case, you do
not see that like histogram that all are congested means there is no gap between one bin

with the other bin over here because this is discrete or categorical units on the x-axis.

So, in that case, this bar diagram will be will have some space in between like that. So,
this is one of the reasons why we can differentiate which is a bar diagram, and which is a
histogram like that. Histogram will not have any gap, but bar diagram will have this gap

like that.

So, and this can also be placed in a different way like pie chart like that. So, this is the
total amount. And how much percentage one is consuming as compared to the other one
like that like market share when you are showing that one in a pie diagram also is
possible. So, this same data I will plot in pie diagram which sometimes helps in a data
interpretation. So, I want to see Algeria how much is the oil export as compared to the

other one. So, some comparative analysis can also be done.
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Then I use a different types of graph which is known as pie chart like that.

(Refer Slide Time: 16:04)

[i]
Fle Edt Data Calc St Graph View Help Assistant Addiional Tols

GHI® XD O DKN Q0 L

ot} - Lr ¥ of afie il E O e e |y
AR ']
Chartef Gountry * %
) VSUAL DATANWE
Chart of Country dickah >(
 Chartcougtsof wique vakes 2
Chart of Country € Chatyphesfom atab
" Categorcal varsbles:
] Courtry|
0
00
it
L i 0 Lurintol
g i [ i
§w 2 Giobex 10
i Canby \
100 s olbgwithy | _beootnsly \abes..
L I 0 | wwecan. | ooowon.. |
0 w
wl m W = W v
4 oS 6 w [ || x £ a6 @ o e o oA
Hour  Chenical Viscosty Ve Month Lubieant O Gasoline  Gasolne X 10 oy O Xports o the US.
1 1 49 199 1 1247 100 103 geria 119
2 H 49 199 2 200 104 101 Angola 1
3 3 46 1999 3 1500 1048 105 Canada ™
4 4 40 1999 4 a2 123 Colombia 12
5 5 444 1999 s s e 123 raq 151 -
6 6 % 1999 6 78 2m 120 Kuvait n |

Wb Visual Datamw ‘

H B O

~Gw

' Type hee to search

So, in this case, pie chart what we can do is that we have to identify what is the
categorical variable which according to which we will stratify. So, I will mention country

over here.
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Similarly, pie option over here something we will keep it as default. So, MINITAB will
keep it as default. So, combine slice this portion either we keep it 0 or we and this is
MINITAB default 0.02 anything less than 0.02 will be combined together like that slide
will be combined like that.
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So, I am not going to I am using the default option over here. So, label, if you want to
see the labels over here, I can click any of this.; frequency, you want to see percentage, |

am interested in percentage. So, [ want to see both frequency and percentage let us say. If
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you want to see the names of that also that is possible, but we have. So, draw a line from

label to slice that is also gives you some visual impact like that.
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So, in this case, data options frequency over here. So, here already it is taken

automatically. So, I will give again oil. If it is not there, you just double click that one.

All oil exports is the variable which will be used for this pie diagram like that. I click OK

over here and then I click again OK over here.
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What you get is that this diagram you get over here.
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So, not only the colour of this. So, this is Algeria, so it is having a frequency or value is
119. It is contributing about 4.2 percent. So, maximum contribution is let us say 12 point
this is this may be 25.5 this is the biggest one slice that you can see. So, in a cake slice

with different colours you can think of that.

And this is the way I can think of that which country is contributing how much like that
for this specific scenario over here. So, in this case export scenario. So, in US who is
contributing how much, so that we can differentiate like country wise also differentiation

is possible like that ok.
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So, similarly, we can draw a another graphical interface over here.
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So, this is same so, country wise per capita consumption. So, this also we can just

illustrate again for your benefit like that.
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I am just copy pasting this one. And in this case, and you see the variable name country
is already taken. So, next time MINITAB automatically defines a new variable which is
country dash underscore 1 like that. So, in this case, what happens is that MINITAB if
there is a same name and MINITAB will automatically change the name and place it like
that. So, this is a different variable, we will understand. So, again we will go to graph

and then go to pie chart like that.

(Refer Slide Time: 18:45)

Fle Edt Data Calc St Graph View Help Assistant Addiiomal Tool

HE®XhDoC0NK 00 & i-hf
jagss jabepeily E AL R TR ] ]
AL

Ple Chart of Country * X

) VSUAL DATA MWK

Pie Chart of Country i Y
[  Chartcoupts of unie vakes

PieChartof Counry o s Gubetnuse

15 ;m’;‘;{eﬁm Categoral arsest
Cis Mo Cowlry 1]

Canty
15 OlExport oty
maflcir canty.l
C28_Per Capla Ao v | _ e Optons. p__Lbes..

| e o, | nnuo.;m”‘

LRI} 6 ar oo QL‘ X . Q| o 4] at

Hour  Chemical Viscosity Year  Month Lubricant Oif Gasoline Gasolnex 0™ Country Oll Exports fo the Us. Country Por Capita Acohol Consumption
% 1 419 1999 1 1247 o 103 Algeria 19 vl 1100
2 419 1999 2 1200 1014 101 Angola ] Austria 930
3 3 466 1399 3 1500 104 108 Canada 2} us 83
4 4 80 1999 4 LTI 123 Colombia 124 Russia 1569
5 ] 84 1999 H s m 123 rag 151 Germany 50
6 6 a1 1999 6 1789 204 120 Kuwait n Ireland | 1

B OB O -

!E*; hp Type here to seaich - d @ R ik AGw gD

And instead of country, we will take country 1 like that and labels over here.
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What we will do is that slice this is frequency is ok.
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And then data options over here, frequency will be different. So, in this case, frequency

will be per capita alcohol consumption let us say. And this click, I will click OK and OK.

170



(Refer Slide Time: 19:03)

5 Miniab - Uniled - BN
Fle Bt O Colc St Goph View Help Asitant Additoml Tools

GERXRBOCIONNIQ0 K-l

Oha®opnvy=oNe My [0 1 o o e 0|y < Y
|y ol
Pie Chart of Country 1 ¥ %
) VSUAL DATANWK
Pie Chart of Country 1
Pie Chart of Country 1
Ll 110, 111%
0 0m
y o
\\\
15
s nem
¥ / A

» o4 as 16 o 18 a9 0 &3] @ @ Qat s €26 Q8 Q-

Hour  Chemical Viscosity Year  Month Lubricant Oil Gasoline Gasolne x 10 Country Ol Exports to the US. ‘er Capita Alcoho Consumption
1 1 419 1999 1 1247 1031 103 Algeria 19! Australa 1100
2 H 49 1999 2 1200 104 101 Angola 139 Austria 93.0
] 3 486 1999 3 1500 1,048 105 Canady 720 us 8.3
4 4 480 1099 4 1734 1232 123 Colombia 124 Rustia 1569
5 H 484 1999 5 1775 1233 123 Irag 151 Germany &
6 6 a8 1999 6 1789 1:204 120 Kuwait n Ireland

bk ‘

Visual Datamwx

Visual Data o B

E
[ L}j Type here to search

(Refer Slide Time: 19:05)

[i]
Fle Bt O Colc St Goph View Help Asitant Additoml Tools
BRI XDD 9|0 MM Q0L -2l
L0 0 T | L3 00 10| oy 4 0 EiGraph 0 X
N TOON o hvston v Ao v [sotet tom JeRpxee| R
FieChartof Country. 1~ % Pie Chart of Country.{
1 VSUAL DATA MWK
i I? .
Pie Chart of Country 1 | s
8,69% 190,111% W Austra
[ Gennany A
9 0% W indla
Pie Chart of Count B 0 Irebnd
[] Netherand
I New Zealnd
an ! 0 Russ
UK
010
p
/1 196, 158% =
g e htsic gy -G ot
1941804
. A A
8%
4w 6 -t @ =
Hour  Chemical Viscosity T \ intry.1 Per Capita Alcohol Consumption
1 1 419 B, 1u% stralia 1100
2 2 499 sria 930
3 3 46 @3
4 4 4%0 ssa 1564
Hep x Gl
5 5 44 many e
6 6 @1 199 6 1789 12m 120 Kuwait n Ireland

Visual Datamwx

Visual Data o

E
[ L}j Type here to search

So, this will be the graph which will demonstrate that country wise.
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So, then I can change this graphical over here, and then this name I can change over

here. So, this can be country like this. So, I can change this one.
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So, all possibilities are there. So, I can change this one. And again I can copy this graph
and place it like that. So, when I do that, I can do that. So, if I click OK, it will be
changed like that ok. So, this is bar diagram and pie diagram which is also used in

quality sometimes in certain scenarios like that whenever I have a categorical data, and |
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want to see the classifications like that. This is another option. The same thing also let us

try to see one another diagram also used in this case which is known as Pareto diagram.
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So, I want to see that. So, I have drawn the bar diagram what you see is that [ have drawn

the bar diagram over here.
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And, in this case simple bar diagram. So, this is country wise.
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And then let me see the data options what I have taken over here.
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So, oil export like that. So,

that it is scattered it starts with lower value over here Algeria. So, this is randomly
plotted like that. So, one suddenly has gone up. So, this is the maximum one. So, in this

case, sequence of this is not showing means it is not starting from highest to lowest

values like that.
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when you draw the bar diagram what happens is that you see



So, it takes arbitrarily any other. So, bar graphs can be drawn arbitrary like that. So, if
you want to make it systematic like that, and see from which is contributing which

country is maximum, then minimum like that.
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So, in descending order if you want to see like that, so this can be also plotted like that in
one diagram which is known as Pareto diagram. You may have heard of Pareto diagram
and that is also an important tool in quality. So, this can be. So, it will start with highest
to lowest like that. So, that is also possible. And this Pareto diagram is available in
quality tools in MINITAB. And when you go to this quality tools, you have a Pareto
chart option like that.
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So, I will use the same graphically who is contributing maximum, how much percentage
it is contributing. So, I will go to this Pareto chart option. And what I will do is that, I
will go to that country defects this is category is given in let us say country over here.

And frequency is given in this what we can take is oil export over here.
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So, this is country and oil export like that. Combine this. Any options you can label this

one, you can title that one that you can just see. So, I am combining anything more than

177



95 percent like that combined into one category like that. So, this is by default MINITAB

text.
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So, when you click ok, what will happen is that this type of graph you will see.
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Where from the highest value to lowest value some descending order it will show, so
Canada. And it will also show you what is the contribution, so Canada is contributing is
about 25 percent of the exports like that. So, value is given, percentage is given, and

cumulative percentage is given also.
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So, what is cumulative percentage? That means, Mexico and Canada combined, how
much they are contributing? About 40 percent like that. Then Mexico, Canada, Saudi
Arab, it is about 54 percent. So, cumulative percentage will also be given over here. And
overall total percentage will be 100 anywhere like that. So, this is the cumulative

percentage axis what you see over here. So, this is moving like this. And this is the

highest category.

And this analysis is sometimes used when we want to prioritize in quality that which
type of problem I should tackle first, because there can be n types of problems which
problem I should solve first to resolve the process to be excellent. So, in that case, which

problem I should take.

So, if you see over here in this Pareto analysis also that 80 percent of the problem is
contributed by 3, 80 percent of the exports is contributed over here by 5 countries like
that up to Venezuela we can think of 78.6 approximately like that; others are contributing
very less like that. So, 80 percent is contributed by 5, and rest of the 5 is contributing
very less like that. So, that way we can interpret. And this Pareto chart analysis can also

be used in quality analysis.
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So, let me take an example to illustrate that one. So, let me take an example where I have

defects, number of defects and types of defects. So, in a process you are getting some

defects. And we are also categorizing and noting down what is the type of defect
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basically. And then what we are doing is that when I have identified the types of defects
and I take frequency so for that.

So, you can maintain charts like that in a month, what are the different categories of
defect, and what are the frequency of that. So, this is the frequency and category. So, this
can be copied. And when you place this one in MINITAB let us say there is this one.
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So, I want to I want to prioritize which type of problem I should address first in the
process. So, this defect type which problem should be we should eliminate first ok, and
find out the cause of this why this is happening like that. So, in quality also this tool is

extensively used. So, and Pareto analysis can be used also over here like that.
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So, if you go to stat again quality tools like that and I want to do Pareto out of this, so
instead of country what I will do is that I will go to defect types. And then what I will do
frequency is given over here in this is defects, and then other options remain same. So, I

am not concerned about that.
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So, when you do this one, what you get is that this is the analysis that was done. So, dent
is one of the problem which is contributing 20, and scratch and dent is contributing 37.9
approximately. And O-ring if you include this one about 54, so if you go up to so 80
percent of the problem is if you can eliminate this 3-4-5 types of defects that is coming

you will eliminate most of the problems basically.

So, 80 percent of the problem can be solved, 80 percent of the problem will be not there
if I can remove the causes for dents, scratches, O-rings problems, surface finish, poor
seals like that. So, that will contribute I can element. Other things can be taken off later

on like that they are not contributing so much.

So, Pareto diagram gives you what types of defects are coming frequently which is
having more frequency, let us tackle those types of problems first and find out the root
cause of that and eliminate that root cause. And in quality we have extensive use of this
Pareto charting techniques like that. It comes under 7 QC tools quality control tools like
that. So, this is one of the tool an effective tool which can be used in our analysis well

while we are dealing with quality like that ok.
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So, this is another important chart over here Pareto tools that we have discussed over
here, and what I told is that whenever there is a problem. So, whenever we have a defect
type, we have segregated that one let us say. And then what we do is that there is another
quality QC tools or quality control tools which is very important which is known as

Cause-and-Effect Diagram like that.
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MINITAB has an option also to plot the Cause-and-Effect Diagram over here ok. So,

Cause-and-Effect means what over here. So, Cause-and-Effect means this is CTQ. You
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can think of if something is going wrong in the CTQ what are the primary cause for that
variation or cause that inaccuracy what is happening in the CTQ. So, I am interested to

bring it to the target, and also I want variability to be very less towards 0 like that.

So, what are the primary, primary causes for this? So, it can be due to man-to-man
problem that is coming. So, maybe skilled operator and unskilled operators like that in a
process, maybe we are using a faulty instrument in measurements over here, or maybe

the machines that is vibrating.

So that may be the reason, maybe environmental humidity condition and other conditions
are influencing the process outcomes like that, maybe the method that we are using over
here let us say paint shop and we are using spray types and different types of options are
available. So, which method is more effective like that, so there can be that can also lead
to variations like that in the final characteristics like that what we are interested CTQs

ok.

Then the material can also change. So, material that we are using for processing like that,
so that can also be this is known as Cause-and-Effect. So, these are the causes and this is
the effect over here ok. So, this is C and E Diagram — Cause-and-Effect Diagram. So, 5

Ms and 1Es what you see over here; 5 Ms and 1 E is over here.

So, this type of Cause-and-Effect Diagram was given by Ishikawa. So, this is also known
as Ishikawa diagram, Fishbone diagram. So, many definitions are there. But this shows a
Cause-and-Effect Diagram. So, cause is X we can think off, and effect is y we can think

of; y is the CTQ and X are the different causes which is influencing.

And this is very important, this tool is very important because this is used for
experimentation also. Before we go for experimentation, what are the potential causes
that means, which we know that clearly affects some evidence is there that these are the

causes which affects the CTQs like that which will be considered.

There can be N number of causes over here and which can fall into any of this 5 M
category or E categories like that and N number of variables that can. So, N variables

maybe X variables over here that can impact my CTQ or that is Y over here.
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So, out of this X condition and all are potential cause basically. Potential means we have
some evidence that the influence is y; it is not like brainstorming. And you think about
anything over here. So, there should be some evidence or either from engineering
conceptualization or engineering concepts or designer indicates, or you have evidence in

the process like scatter diagram what we have used that this variable impacts Y.

So, let us consider that variable for experimentation. So, this Cause-and-Effect Diagram
is very effective when you select the variables like that for experimentation. So, this is an
important tool 5 Ms and one Es. So, what you can see over here is given as X variables

and how it is influencing Y variables over here.
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So, one example we can just discuss over here. So, maybe defects in the tanks are

coming. So, this may be material handling, the way methods it comes on the methods.
So, this can be one of the cause over here. So, may be paint viscosity in materials, we
have different types of paint. So, this can be one of the reason like that. These are all

potential reasons what I am just indicating

So, from machines may be painting using spray speed. So, this may be one of the
variables that impacts the defects or leads to defects. So, there are some evidence what
people have seen or from engineering sense, they have some or process sense process
people who are or maybe operator is telling that this is a factor which influences and

creates defects in the tanks ok.
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So, measuring, instrument faulty gauge if you are using gauge means instrument that is
used to say ok or not ok like a type of scenario. So, in this case, maybe measurement is
also influencing whether it indicates defects or no defects like that, or if it is faulty it will

indicate more defects like that, so that can be one of the reason.

So, personal means insufficient training operators who are doing that inspection or they
are not trained like that, they are misleading, they are giving which is not a defect they
are indicating defects like that that can be one of the reason like that. So, these are all

reasons causes what you see over here.

And we have to eliminate each and every causes, so that we do not get defects like that.
So, a Cause-and-Effect will give you ideas of potential X that can be considered and we
have to eliminate all those causes and block those causes, so that or minimize the effect

of the causes. So, that there is little variation in the final outcome like that.

So, we will continue from here and then we will go ahead with other techniques which is
important other techniques that is used also in quality of design, all quality or
conformance like that ok. So, we will discuss about design failure mode effect analysis

also.

And we will cover some more topics over here before we go to the actual quality control
aspects and how MINITAB will help you to see behaviour of the process, and how to
optimize the process means all those things will be discussed with subsequent lectures

like that ok.
So, thank you for listening. We will stop over here. We will start from here in session 7.

Thank you.
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