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1.3.1 Introduction to Data

> Data : Raw facts and figures collected through observations or
measurements.
» Types of Data :
> Quantitative Data - Numerical, can be discrete or continuous.
* Qualitative Data : Categorical, can be nominal or ordinal.
» Examples : Test scores, survey responses, temperature
readings.

Dr Jean-Marie Fiirhringer Maozlelling and design of expariments

These subtitles have been generated automatically notes
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1.3.2Situations Based on Types of Data

. Type of X [ Type of Y [ Situation Description

[ Qualitative | Qualitative | Comparing frequencies between groups
Qualitative | Quantitative | Comparing means or medians between groups
Quantitative Qualitative Logistic regression

Quantitative | Uuantitative ] Hegression

Dr Jean-Marie Fiichringer Maozlelling and design of experiments

| asked yesterday, chatGPP to make this slide. So | said, OK, | had one slide quite notes
obscure. | was not happy for many years. And | said, chatGPP. So the next slide are
from chatGPP. They should write chatGPP. OK, so type of data is something very,
very, very important to understand. You have quantitative and quantitative data.
And they are not treated the same way. We cannot do the same. So what we call
guantitative data. So it's a value, 5, 3, 4, 1,000, 2 millions, et cetera. And when we
do qualitative, so it's a category. So it was the product A or the product B or the
product C. We first cookie. Cookie. Cookie. Or we first dry it. So it's going to be
operations. So it's a do not represent by number. You represent them by your
category. When it's ordinal so that you can make an order between them, it is quite
a little bit the question. You can sometimes put something. You can transfer them
as quite quantitative order, and became quantitative. There's a quantity, but a
guantity. So type of data, desk, course, survey, response, temperature readings, et
cetera. So this are the possibilities. So you have your factor and you have your
answer. So we usually use X for factors and Y for the responses, or the responses,
just the usual choice. So what you can do. So if you have balls that are qualitative,
what's the only thing that you can try to do is to compare the frequency between
groups. And after they are statistic, but | will not do that in this question. When they
are qualitative and quantitative, you can compare means, millions, and both. We will
do that. We'll make something called constant post-vision model. I've been showing
a way of treating this. It's happened, but all happens, but they say, qualitative,
gualitative in engineering. Why

summary
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1.3.2Situations Based on Types of Data

. Type of X [ Type of Y [ Situation Description

[ Qualitative | Qualitative | Comparing frequencies between groups

| Qualitative | Quantitative | Comparing means or medians between groups |
' Quantitative [ Qualitative [ Logistic regression '
[ dQuantitative l Cuantitative ] Hegression

Dr Jean-Marie Fiichringer Maozlelling and design of experiments

don't I think so much? So we try to usually to avoid, even because it's not science. notes
It's also science, but sometimes complicated science. Quantitative, quantitative.
Sometimes people call it, | know that | don't appreciate calling that constant
post-mission or random post-mission model. Like that, you want to understand if it's
better to attend the course, make the exercise, make reading books in the library.
So we can take a group of students and make tests on the results. So it's possible
to work with. When it's quantitative, qualitative, typically, it makes some value for
your inputs and the answer is fail or not. So we use to make a logistic regression.
It's possible for the work. The regulation, the name doesn't... But there are many
situations in science where we work with. And watch our course will be most of the
time when we have quantitative and quantitative. So you put some value, not more,
some resistance and some inductance in your electrical network and you are
playing in some position, attention, and current. So you have numbers on one side
and numbers on the other side. So in this course, we will work mainly on... Let's say
we will work a lot with that and we will work a little bit... With that in the last chapter.
| didn't resist to the word regression. | don't know if you know where it's coming.
Word regression. It's Galton who has coined this term regression. And its interest
was to discover what's happened. Galton is known for something we call regression
to the mean. What's happened was the children of a very tall person.

summary
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1.3.3 Introduction to Metadata

infermation
» Purpose :

the data
* Supports data management and interpretation.

measurement, source.

Dr Jean-Marie Fiichringer Maoslelling and design of experiments

» Metadata : Data about data; provides context and additional

 Helps in u|:|:|rer*_|tan-:l.ing the context, q|_1'.1|it}l_ and limitations of

> Examples ;. Date of data collection, methodology, units of

because finally children of tall people sometimes are not as tall as their parents and
so the words of repression. | tell you, those three persons have really invented quite
everything.

notes

summary
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After when we have data, we have metadata, it's also very important. So metadata,
the data, the data, the data. They tell you when, where, exactly in which
configuration, who and the measurement that we've done. It's very important to
keep a straight relation between the data and the metadata. It will help you to
understand and sometimes it will make a big change to analyze the wrong data.
Maybe because what you have in mind, but not only the conclusion would be
completely wrong if you don't take it. So | really insist on the necessity to keep a
very straight link between data and the data. It's also why | recommend you to use
in MATLAB more tables and arrays for your data. Or when you make Excel files, a
lot of people keep the data in Excel files. It's very, very important to keep track. And
another point, laboratory notebook, | see students taking notes. This is the
metadata portion. But for the metadata in an experiment, use a laboratory notebook.
Unfortunately, in this school, | don't understand why it's not a culture. Now, some
laboratory insists obliged that in the general culture of EPFL, unfortunately, it's not.
We didn't learn that students in TPP are not used to make a laboratory notebook.
It's very important because it's also a good way to be sure that this file is the file you
have taken. When is that, the fire clock, when we have this, | don't know, the
window was open or it was sunny or the temperature of the laboratory was very low.
It really lets you to understand what you are. So very, very important. The unit is
also the stabilization of your device and anything which was the device that you use
in reality, etc.

notes

summary
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Metadata are very important. So the relationship between them is key. What does it notes

really tell me in this case? So understanding that type and choosing appropriate
statistical methods or ensure accurate analysis, importance of metadata. | already
mentioned it and relationship. Okay, it was everything | tell you, it's written.

summary
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1.3.5 Categorization : Titanic passengers

"Ir |I Those methods deal
comprehensively with
entire specres, and with
antire groups of
influences, just as if they
.":'IE‘E r: |i.'|55 r.ﬂ F |'-u|'| F WEre sIng le entities. and

| ] ] express the relations

between them in an

Dead Survivars

Children 1st 0 0 5 1 egually compendious
?nd 0 0 11 13 manner. They commence
Ird 15 17 13 14 by rrl.rr\.l'l.:ll.-'l'.l.'r,; the values
in order of magnitude
Crew 0 0 0 0 from the .-.-rrr.n'f.\-r up to
the largest, theretwy
Adults 15t 118 4 BT 140 converting a moab info an
el 154 13 14 80 arderly array, which like a
: . - ) regiment thenceforth
3rd 367 89 73 70 becomes a tactical wmit

Crew | 670 3 192 20 " F, Galten, Biometrika
. . . Volume 1, lssue 1
October 1901

Dr Jean-Marie Fiirhringer Maozlelling and design of experiments

So data, this is an example of very, very old data, perhaps first data for making notes
statistics. It's about the bill of mortality in London or in England. Look at the years,
1640 something, etc. trying to understand. It's data that is not to prove that is also
data that have been organized. And so we start to eventually understand something
because we see frequencies being higher than others and eventually | don't know.
Yeah, | cannot read that but those are people that died from gangrene. So you see
the problem of gangrene is a very important health problem, etc. Data organized by
categories is the first part of the analysis. Here is an example of the people who
died in the Titanic. And observe that when you organize your data, you start to
understand something that a story behind the organization of the data. Yeah, we
have young boys and young girls have died also.

summary
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1.3.6 Data : Earth Surface Temperature (N
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Dir Jean-Marie Firbringer Madalling and design of expariments
And after you can see who died or survive the crew, mainly the crew pay a very notes

large bill to this accident. So organizing the data is a way of starting to understand
things. Okay, | have put a text from Galton in biometrica. as in fact the statistic in
your geometry. Those methods deals comprehensively with entire species and
entire groups of influence, just as if they were single entities and express the
relation between them in an equally compendious manner. They come as by more
shallings, a value in order of magnitude of the organization of the data, from the
smallest up to the largest, thereby converting a mob into an orderly array, which
like, | like this sentence, which like a regiment, then forced to become a tactical unit.
Written in 1901.
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1.3.7 A picture is worth a thousand words

annual means
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Dir Jean-Marie Firbringer Madalling and design of sxperiments

So here is another type of data. Something funny about my relational strategy, | had
my data when one day or during the weekend, one day it's like, what could be the
data | can present to my students for understanding what is important of data? It
gave me a few and it gives me temperature of the earth, of the surface of the earth,
the average temperature. And okay, you see the data and you are, it's not possible
to classify, we classify by the date, it's a rolling date, but with the data, what is also

very important

notes

summary
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1.3.8 Importance and Risks

* Importance :
> Categorizing data or creating visual representations helps in
identitying patterns, trends, and relationships
* Graphs make complex data more accessible and easier to interpret
* ‘izual summaries provide a quick overview of data distribution and
key features,

» Risks of Bias :
» Categorization can oversimplify or obscure important variations
within data.
= Choice of graph type, scale, or binning can mislead or distort the
true nature of data.
 ‘isual representations might exaggerate or minimize effects, leading
to misinterpretations

> Key Takeaway :
> While categorization and graphing are powerful tools, analysts must
remain mindful of biases that can affect data interpretation.

Dr Jean-Marie Fiirbringer Maoddelling and design of experiments

is to make graph. So okay, data classification, but also to make graphic is the way notes
of getting inside of what is in your data. So you see in red, the, now perhaps in blue
is the real average measurement, | didn't check, | think picture is worth, is worth a
thousand words. It's very important to make graphic of your data and make the
analysis of your data but also the graphics let you discover when you are very,
what's happened is a trend that you can also see. provide a quick overview of data
distribution and key features. Nevertheless, there are a risk of bias. Categorization
can over simplify and obscure important variation within the data. Choice of rough
type scale. You know that we can play with the scale, where is your region?
Probably you want to talk to you in this discussion. Can mislead and distort the true
nature of the data. Visual representation might exaggerate and minimize effects
leading and misinterpretation. So make that categorization.

summary
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1.3.9 Pareidolia

Our brain has the tendency to see motives in random sets as well as a
tendency to make a script, which means to tell a story, and give a
meaning to an image. Statistics offers tools, like statistical tests, to pass
the perception.

Dr Jean-Marie Fiirbringer Maoddelling and design of experiments

Make graphic, but don't fall in the trap. You will see that the only thing that you have notes
to see. So take away while categorization and graphing are powerful tool. Analyst
must remain mindful of bias that can affect data in reputation. The story of this slide.
So | have this in mind. | write it and | ask Chagipiti, what do you think about it? I'm
really curious.

summary
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1.3.10 Cydonia Mensae

* The « Mars face = put in evidence the
influence of the resolution of a numeric
image owver the interpretations than is
given of it

* The principle of parsimony of the
hypotheses : it is less costly in
hypotheses to consider that our brain
looks for and finds a meaning to this
picture, recognizing a human face in a
picture, than to consider the existence ¢
an extraterrestrial civilization who woul
have built a huge construction
representing a human face

hetpe: ffr.vikipedia.org/wiki/Cydonia_

Dr Jean-Marie Fiirbringer

So | wanted to illustrate a few of the bias. If you know this, it's my favorite bias. It's notes
called pare idolia. Idolia means an image. It is the fact that as human, we all the
time interpret an image and we interpret centered on our existence. So everybody
will see characters in this picture. My favorite is the washing machine. And this one
about the electrical light. | was never, | never see a really light person. United
States, this type, | never react, but this is very good. All are very good. It's also what
makes the comic so powerful that you make a circle with two dots and everybody
see a face.
summary
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1.3.11 Survivorship bias

The damaged portions of returning planes show locations where
they can sustain damage and still return home ; those hit in other
places presumably do not survive. (Image shows hypothetical data.)
The error was to consider that the planes are more probably hit in
those places and then reinforce them.

Dr Jean-Marie Fiichringer Maozlelling and design of axperimants

It was just a question of the resolution of the picture. A few years later, when we notes
were able to make better picture of Mars, the statue has disappeared. Opax
immersion has erased when they see that the human way. They think that they are
amazing. So this type of bias exists also inside. It's not only for making fabric and
another reform for laughing, but it exists also in the reality. We have the impression
of a curve say something or show us something. And it's better to check better and
to see the resolution and things like that.

summary
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1.3.12 Pitfalls in data analysis

Examples
Cognitive biases
» Pareidolia
» illusions
® Confusion correlation/causation
of attention
» Bias of confirmation (Cherry picking)

Bias of belief
of judgment

[
* of memaory
| 3

Error of attribution
[

of reasoning
Barnum effect (experience of Forer)

https://en.vikipedia.org/wiki/List_of __cognitive_biases

Dr Jean-Marie Fiichringer Maozlelling and design of experiments

Another bias is all the survivor bias. In the second World War, British aircraft makers notes
looked at the aircraft they come back from the battlefield and tried to see where they
get peace. And the problem that they tried to make a better protection of those
zones. But the product was about the thing that didn't come back. And it was not
necessary to make those regions stronger. It's a region where no planes come
back. | mean, here is a place. So OK, this is what we call the survivor bias. |
remember when | made the interview for being the main deputy director of
mechanical engineering. So the question was about women. They wanted to have
more women in mechanical engineering. And | thought, what is the case today? But
at my time, they are think or treat like in physics also for girls. And so in the
interview, they asked me what you would do for understanding what is the program
or you do not have more women in mechanical engineering. And | say we have to
ask it's a girl who have got costs. Because if you ask the question, you're the guy
here, we're the guy here. You don't have the answer why other and not come.
Survivor bias.

summary
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1.3.12 Pitfalls in data analysis

Examples
Cognitive biases
» Pareidalia
» illusions
® Confusion correlation/causation
of attention
* Bias of confirmation (Cherry picking)

Bias of belief

of judgment

[
* of memaory
| 3

Error of attribution
.

of reasoning
Barnum effect (experience of Forer)

https://en.vikipedia.org/wiki/List _of __cognitive_biases

Dr Jean-Marie Fiichringer Maozlelling and design of experiments

OK, there are a lot of biases. As a researcher, you have to be aware of these type of notes
bias. So they can happen with your analysis. So we have illusions. We have bias of
attention that we could more attention and something we know than something that
we don't know. Of memory. Yes, | remember that. But a lot of students don't
remember that it can be as important. Of judgment. And the specialist of judgment.
This is important. This is not important. Even specialists and experts make errors
and we can get elements of reasoning. All the problem of causation and
correlations. And we mix of judgment and correlation.

summary
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1.3.13 Causality
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Dr Jean-Marie Fiichringer Maozlelling and design of experiments
So here | put a few examples. Parahidolia, confusion, correlation, causation is a notes

very classical bias. It's not because you see a current evolving at the same time. It's
your effect that's really there. | think this is a cause. It's really these factors that you
are checking. Perhaps both are evolving. | don't know if you ever see this
correlation between the numbers of movie or Mr. Cage and the number of deaths by
hanging in the United States. You see like that. So it's really possible to put
correlation absolutely stupid. But why? Because they depend about the same
factor. And so it had been named Barnum effect, because Barnum was a circus in
the United States. If you are interested by that, a long list of committees are viable.
A lot are quite closed, and sometimes the name doesn't make a big difference.

summary
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1.3.14 Scientific consensus

| i
| Mieta analysh | b

CHRLEMAL FEwIEW

Prospective cobort studies
Retrospective cohort Wudies

Case-comirnl studies
Trasauersl studies

riid jes Case shudy with bias costrol
Cass srudy
Trbune. edriorial, better from 3 ressarcher lectae

Testamnony, Bnecdots
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A is provoking another event B. And it can happen different things. It can happen notes
that several events can also provoke the same thing. So be careful when you go to
the US wide, because you can have different causes of something. It's not because
you have proved something from A to B that all B to A will be the same. You can
have several factors that have to be in coherence for provoking something. Or you
can have some intermediary paintings or what's the X. After the bad thing that you
can admit between cause and error, typically when there is feedback loop, it will be
quite complicated to identify what is the cause and what is the consequence. You
can have big directional causation when you have really an important loop. And you
can have two events that seems to be related because they are depending on
another. What | explained about the movies of Mr. Cage and the Death by Hanging.
And sometimes things are, they look correlated, but in fact, they have no relation.
It's wrong. And it could happen that something seems to be related. But in fact,
there are no way of rating them. And finally, they are perhaps not related.

summary
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1.3.15 Falsifiability (Popper)

> A statement is said refutable (falsifiable) if and only if it can
be logically contradicts by an empirical test. ... more precisely
if and only if it exists a possible observation statement (true or
false) that would logically contradict the theory

» To be accepted as scientific a statement, a theory must be
falsifiable

Dr Jean-Marie Fiirhringer Maozlelling and design of experiments

Causality. | want to be quick. And this is just a stairs about what we call the scientific notes
consensus. Usually in science, like engineering and physics, we have not too much
problem with that. In life science, in medicine, it became quite complicated. | will not
talk so much, but you can understand that between the testimony of somebody,
they say, oh, | see that. And having a meta analysis of different papers and all the
literature in the domain, you have level of consensus. And when somebody
threatens something, it's really true. It's quite interesting to understand that which
level of the consensus. We are.

summary
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1.3.15 Falsifiability (Popper)

> A statement is said refutable (falsifiable) if and only if it can
be logically contradicts by an empirical test. ... more precisely
if and only if it exists a possible observation statement (true or
false) that would logically contradict the theory

» To be accepted as scientific a statement, a theory must be
falsifiable

Dr Jean-Marie Fiichringer Maodelling and design of experiments

Poor being, science, a proposition needs to be passively able. The passively ability. notes
That means that you need to be able to make an experiment that will accept or
refute the proposition. If you are not able to do that, in fact, it's not science. So
cosmology, perhaps, is not a science. Because there are limits of things.

summary
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1.3.16 Simpson paradox

The fraction of healing of 700 patients with and without the use of a
given drug. 350 individuals with the medication (group "with"), 350
without the medication (group "without")

' With | Without With | Without
Men B1/87 234/270 Men | 93% 87%

| Women | 192/263 | 55/80 Women | 72% 69%

' All | 273/350 . 289,350 All | 78% 83%

Is the drug to be proposed or not !

Dir Jean-Marie Farbrimger Modelling and design of sapsrimants

And no problem of accepting cosmology as a science, but you understand. Some notes
people say, typically, psychology is not really a science. Because all psychology, all
the element of psychology, that's all. You cannot put people in an experiment to see
if they became here. It's not accepted. So to be accepted as a scientific statement, a
theory must be passively able. That means that you need to be able to make an
experiment depending on the reason of the experiment between the two rules.

summary

28m 13s

47 ]

page 22/43 - DOE_lessonl_part3


https://mediaspace.epfl.ch/media/0_1cbqoji8?st=1693

I Coganaat
——— Why learming DHOHE
mn L - - .
= A few basic statistical concepts
1 = it P 1%

1.3.18 Analysis

* |f taking the drug appears less effective than doing nothing, it is because
it we randomly choose a person who has taken the drug, the probability is
high that this person is a woman and therefore that his recovery is less
pagy tham a person chosen at random from those whe did not use the
drug, in which case the prabability is greater that it is a man and that he
recovered more easily.

* In the example, being a woman is a common cause to take the medicine
and to heal less easily

* In this case, the aggregated data does not allow to really test the
effectiveness of the drug

* To test the efficacy of the drug a homogeneous group is needed so that
the difference in cure rate is attributable to the drug alone and not to the
effect of estrogen

Dr Jean-Marie Fiichringer Maozlelling and design of experiments

It comes from Popper. Simpson Paradox. It's also not a bias. A paradox is notes
something that seems very, very particular. So you have 1700 patient, and you have
a selection of 350 that have taken the drive. And 3002 have not taken the drive. So
let's see, theory can be agreed with that. Let's see if the drug is efficient. see what is
the ratio of creation for people who have taken the medicine in relation to people
who have not taken the medicine. So on the 350 people who have taken the
medicine, 273 that have taken the medicine have cured, have been cured. And
when you look at the people who have not taken the medicine, you have even more,
you have 289 that have been cured. So you say, finally the medicine is not really,
when you look at that, you say, the medicine is not effective. And after you look at
the man, and you see that in the man, if you look the one who have taken the
medicine, in fact, you can look at the ratio if you want, you have 93% of the man
who have taken the medicine that have been cured in comparison of only 87% of
the man who have not taken the medicine that have been cured. And when you look
at the woman, you see that you have 72% of the woman who have taken the
medicine that have been cured, again only 69. So if you know the gender of your
patient to give the medicine, but if you don't know the gender, it's a paradox, it's
exactly a paradox. And the paradox is coming, if you check, because you have not
an adequate numbers of person in each subgroups. And nevertheless, the question
arises, do you have to put all the groups together or you analyze the groups in
between? So if you want to solve

summary
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1.3.18 Analysis

* |f taking the drug appears less effective than doing nothing, it is because
it we randomly choose a person who has taken the drug, the probability is
high that this person is a woman and therefore that his recovery is less
pagy tham a person chosen at random from those whe did not use the
drug, in which case the prabability is greater that it is a man and that he
recovered more easily.

* In the example, being a woman is a common cause to take the medicine
and to heal less easily

* In this case, the aggregated data does not allow to really test the
effectiveness of the drug

* To test the efficacy of the drug a homogeneous group is needed so that
the difference in cure rate is attributable to the drug alone and not to the
effect of estrogen

Dr Jean-Marie Fiichringer Maozlelling and design of experiments

that, it's very important to make the calculations step by step. It's what | call a causal notes
analysis, a cause analysis. How many people so we make for women and we
compare them. We have an hypothesis, self-healing against medicine. So let's
count really the same. It's what I'm doing is this type of practice. And when you do
that, it's became clear that the situation, the story for making the long story short, in
fact, the illness is related to this different movement for man, and it was not correct
to make a group of all of that because it was different. But if you don't analyze
carefully, you have the impression that you have a paradox. So in the exercise, you
will have another situation, not between man and woman, but between pressure,
the measurement of pressure, the same case that related to the measurement of
pressure, how people, depending on the pressure, are cured or not by the

summary
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1.3.19 Confounding factor

A confounding factor, (or extraneous determinant or lurking variable) is a
variable that influences both the dependent variable and independent variable,
causing a spurious association, Confounding is a causal concept, and as such,
cannot be described in terms of correlations or associations

i Being a woman

X Y

Taking the drug Difhieulty to heal

Dr Jean-Marie Fiichringer Maodelling and design of experimants

medicine. So here you have an analysis. If taking the drug appears less effective notes
than doing nothing, it's because if we randomly choose a person who has taken the
drug, the probability is high that this person is a woman and therefore that the
recovery is less easy than a person shooting at random from those who did not use
the drug, which in this case would be man. So this is the problem, the groups who
are not of the same sex. In the example, being a woman is a common cause of
taking the medicine and to heal. The two things, the probability to take the medicine
was related to the probability to heal. In this case, the aggregated data does not
allow to really test the effectiveness of the drug. To test the efficacy of the drug, an
homogenous group is needed so that the difference in curing rate is attributable to
the drug alone and not to the effect of being a woman. Now this is a case of
checking the data correctly and be sure when you are making groups or not making
groups what you are doing and why you are making groups or not making groups.

summary
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1.3.20 Data about scientific publications

T ma—— Tashe g —— . o - EL —— —1 R
.k
i
-
oy .
an
' L]
[Ty
= -
[ ik s 4
[ o i
- aib '
L - 1
-
"
a -
b na G
& = .
T e L T 1 T D .1 T
.- - -
. a s
E

https://data.vorldbank.org/indicator/IP.JRN.ARTC. 5CTend=2018kstart=2000

Dr Jean-Marie Fiichringer Maozlelling and design of experiments
And there are all these ideas of a confounding factor. This is the concept in this notes
situation
summary
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1.3.21 Loading data

Matlab has specialized routines to load data in the workspace

MATLAB

b X=0 :1 .20 creates the vector X = [0,1,2,...,20]
» X=[_ . .]creates a vector with specific values

* =repmat(X h w] creates a matrix copying X, h times vertically w times
horizontally

¥

T = tablefvard, ..., varll, Name, Value) creates a table

* T = readtable{FileName.xls’, 'Sheet ', SheetName) loads a table from Excel

Dr Jean-Marie Fiirhringer Maozlelling and design of experiments

to be considered. So I'm proposing you a database about scientific publication and notes
to check which countries are participating more in the science and technology.

summary
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1.3.22 ANSCOMBE’S QUARTET

Four data sets that have nearly identical
simple descriptive statistics, vet have very
different distributions and appear wvery
different when graphed

Each dataset consists of eleven [x,y) points

Constructed in 1973 by the statistician
Francis Anscombe to demonstrate both the
importance of graphing data when analyzing
it

* Intended to counter the impression among
statisticians that "numerical calculations are
exact, but graphs are rough

Dr Jean-Marie Fiichringer Maolelling and design of axpariments

And | want to present you a few elements. So first thing is about loading data in notes
MATLAB. You have some routine for loading data and you have here a summary, a
cheat sheet for

summary
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1.3.23 Visual analysis

B To detect patterns,

aberrations, ete

g

® The change of the metric is
also interesting

Matlab

* plotfx, v)
plotfx, v LineSpec)
plot{xy, ¥i..... Xn. ¥a)

platf. . ., Name L"'.'i.'m.".'. ! ! . i
* bar(x, v} : '
bar(. .., Width)
bar{. .., Style)
bar, .., Name, Value)
Dr Jean-Marie Fiichringer Maoslelling and design of axperiments
loading data in MATLAB. When you are making graphics, this is an argument also notes

about buyers. | was hesitating where to put these slides. | would just let you know
about something we call the Atcon Quartet. It's not a play of music. It's the fact that
we need graphics and we need data and we need sense. So you see here four
series of data. One is really for the way in which we are aligned. Another is in fact,
so don't agree with relation. One has aligned with one point and is one point which
is very different. And the other was a vertical line is one point very different. If you
do the calculation only and never graphic them, they have the same risk, the same
linear regression factors, the same quantity, you have the impressions, they are the
same. This is what's just an argument for saying, make calculation, make graphics.
That would not be the case. What is the first interpretation you've got when you see
this is the real answer is you have a resonance at one point you have a resonance if
| don't know what

summary
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data because

is it about it could be anything. For making visual interpretations or plots, which is
one of the first functions that we check when we when we discover a tool for data
analysis so you can make plots you can make bar with my plan if you are in python
you can do the same very you learn things after it's important also to sorting the

notes

summary
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States there

I look between this data about the publication okay you see to China and United

notes

summary
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1.3.25 Plot of the sorted data

Fraction of publications of 2000 and 2018 per country sorted n ref Lo 2018

g .{‘
2 e
] =
i
B

oz « 2018

2000
[ a0 100 "8 ]
Countrias
Dr Jean-Marie Fiichringer Maozlelling and design of axpeariments
were really a lot of publication and but if you sort your data typically it was sorting by notes

summary
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1.3.24 Sorting data

X1 X2 ... XN - -"f“:, - -:"-'[‘_'-l| " x:."."l

MATLAB

* (B Index[=sort{A,dim,direction)
B, Index]=sortrows|{A, col direction)
L ||'|:|'; IB |'r|-:J'-e"-.Ill-—-.-:-c.l.':r-u'\.'.-"q' tbiA, col, direction )
A, B : matrices
tblA, thiB : table
dim : dimension to realize the sorting (1,2 )
col : column of reference for sorting
direction : ‘ascend’ or ‘descend”

Dr Jean-Marie Fiirhringer Maozlelling and deign of experiments

by what to do | sorting sorting the country from the from the highest one of the data notes
we are checking from the highest value to the lowest value you start to see to see
something that happened so you can tell us history here between 2000 and 2008 an
evolution that you cannot see

summary
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Introduction

1.3.24 Sorting data

X1 X2 ... XN . x“:, . .5‘.'['_]] e XU

MATLAB

* (B, Index[=sort{A,dim,direction)

B, Index]=sortrows|{A, col direction)

L Il'rf; =3 |'r|-:J'-e'.'\-:I|'—-.-.-:.:.':ru'.'.-'sfrhn'ﬂ_-:'-:n' diraction |
A, B : matrices
tbiA, thiB : table

dim : dimension to realize the sorting (1.2 )
col : column of reference for sorting
direction : ‘ascend’ or ‘descend’
Dr Jean-Marie Fiichringer Maozlelling and design of experiments

when you are putting your data without this sorting of the of the values where all the
country are sorted | don't know by continent or by letter or by the first letter of the
thing so sorting is quite very important but again it could be also a bias

notes

summary
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and here you see a few a few routines about the function for sorting so don't in my notes
lab don't don't make between sorting it will sort your array each column for itself and
sort row where you can sort the row and the column you choose one and

summary
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Dr Jean-Marie Fiichringer Maolelling and design of experiments

you sort all the other was with this one okay Pareto principle so it's also very
important

notes

summary
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1.3.27 Dealing with categories

Defining a column of a table as categorical allows you to perform
some computation by categories

MATLAB

* B=categorical{A)
LW, var catégorcal| LN, var
*  statarray = grpstats|tol group stats)
grpstats{thl ‘varl  { ‘min’ ‘max" } ‘thiVars
= gscatter(x,y.group)

A B : array or column of a table

thl : table

group : the variable(s) of the groupe

stals  statistics to compute such as min, max, efc.

Dr Jean-Marie Fiichringer Maoelling and design of experiments

engineering to identify what are the minimum of factors that have the maximum of notes
consequence so sometimes people say the 20 80 percent rule these ideas that
have a 20 percent of the cause at 80 percent of the contiguous it's never exactly like
that but sometimes it is presented like that what are the few causes that have most
of the attack and so the idea is ordering your consequence from the one having the
most consequences and one less consequence like that and after you can even add
up the different participation and eventually you see where you get 80 percent of the
consequence and how many effect and how many factors you have in 80 percent of
the consequence and Pareto principle Pareto live in Los Angeles that's why we like
it so it's why you have a liceo Pareto very important statistician too especially for the

summary
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1.3.28 Scatter plot

%  Easi Asia & Pacific
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L] aa ® .
" - § . L
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: --‘a‘ L dl'-“ d'lqi.nq‘.d--h—*t'fl > -
Populationfiog)
Dr Jean-Marie Fiirhringer Maoglelling and design of experiments
economy | would like to let you know that in my class and eventually in Python even notes

if I don't know you have function for working in this category so you can define a
variable as a category with the category command and after you can make group
statistics group scatter it's helped you quite a lot for winning time when you are
making this element you have to analyze that

summary
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1.3.29 Box-plot (definition)

R

| e 13= 00 » Outliers are points
placed at more than
1.5 IQR at the left o
(1 or at the right of
@s

* |Wiskers are drawn at
. _ the minimum or

. o - maximum of the dat:
points after the
exclusion of the

__ um | maw sm outliers
Dir Jean-Blarie Firbringer Madelling and design of experimaents
scatter plot are one of the basic elements for understanding that means that having notes

two distributives that are was two two factors you can make it by groups this have
been made by groups

summary
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1.3.30 Box-plot
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Dir Jean-Blarie Firbringar Madelling and design of experiments
So very very practical box plot and provided it's not the first time you will learn about notes

box plot is a way of summarizing several series and compare them you have in box
plot you have the median so the value was the probability of 50 percent of the
probability and right and left side after you divide your distribution in quarter of
probability so around the median the left 20 percent probability left is 25 percent at
right so it give you the box and after you have the moustache | don't know okay and
so it's not exactly so it's the quartile one minus 1.5 the interquartile range so the
interquartile range is the length of your box so it's not representing exactly the
normal distribution because the normal distribution has the plus minus sigma is
bigger than the quartile but it's close to so it's a very easy way to summarize when
you have a lot of series and you want rapidly compare them box plot is a very
interesting so it's also a way of this of the germinating outlays so if you are really
data that are outside of this moustache we usually say that they are outlays

summary
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1.3.31 Location and range

X(1) +X{(2) 1+ X(NSa)r - -1 X(NJ2)r - X(3IN/4): X(N-1): X(N)
> Median MATLAB
* Average M = median(A)
* Range M = mean(A)
» Standard deviation H = range(A)
> . 5 = std(A)
Variance V = UJJ"{AJ
» Quartile Y = quantile(X,p)
> Percentile
Dr Jean-Marie Fiichringer Maoselling and design of experimants
so this was for the publication a way of rapidly seeing what's happened and we see notes

exceptions so exception was China and United States each time and you see the
rest of the country which quite it's really interesting to see the evolution of things
over time over a factor

summary
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1.3.32 Quartiles and histogram

hMean Deviation | Variance Q25 Mediam Q75
2000 0.18 0.36 | 0.13 0.0025 0.018 0.11
2018 0.37 0.57 0.33 0.0128 0.08 0.48

Ritio of cowntry

]._ '|_r | ‘ "I| . - . ——

Nibr of publication per habitant in 2018

Dr Jean-Maria Fiichringer Maolelling and design of experiments

etc location and range so you have different function media mean range standard notes

deviation quartile so just remembering you that MATLAB is doing that location and
range a few calculation

summary
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1.3.34 Data vs distributions

» Original data : Y; ~ Nlp;,o;) avecO<i<n
» Linear ﬂf '\,: x{ll ¥ N | [ 1“1‘ Xiifbi, O .I‘ "'-: x._,-l-.r I
> Average vn—1 (Y;F\] T(v)
. a 2 ¥
» Quadratic function : (a)" v(w;)
» (Quadratic function quotient : [F.I:EM F{w;, w;)
ol
Dr Jean-Marie Fiirbringer Maodelling and design of axperiments
I go rapidly and this quartile and histogram let you just describe what easily in first notes

approximation distribution yeah this | will come back next | will you don't need that
you don't need that for today so | will stop my course

summary
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