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Chapter 0 : Introduction

A small case study

of : http://tylervigen.com/spurious - Correlations

Icoridatin

r=

Copyhold where Cor Hill = ECXYI - EH EH

t×= Fax
, ry

= FY

Empirical version

If Hnih ) ,
.

,
lknih ) are iid with the same distribution as ( X

,
y )

,
then

r can be estimated by
~

.

f.tt?ixi4itInb:Frefii
]ftp.suI

"

People
"

will way say
that If 1470,5 then there Is astrong dependency between the

variables X and Y
.

°

forte lute Us Van ashes .



← Go in thedirectory where

n

the data file Is

it \
names of the

read the data  Do  n¥
columns at the

nfnget to specify iftheredataframe names  in the first  rows

Stupid If not sure →
tead Lines

T

@
When

you
don't know

,

ask R ! !

T
So

very strong dependency ! ? ! ? ? ? Between cage movies and drowning ?! ?

NI :  spurious  means
"

fallacilux
"

in French

What do
you

think ? What can be
way with the auahpn ?

.

"

People
"

say
0.5 ↳ what does this threshold mean ?

↳ is there a
way

to define threshold and have More guarantee ?
4 which guarantee do We Want ?

- Tyler Vigen searched In a really large database ms maybe this Is like

cheating !
-

⇒ the aim of this cause Is to understand the
"

guarantees
"

hidden behind statistical

procedures (mainly tests ) and to have a Critical
eye on what can be done !



.

.

I Correlation
,
independence and cause - effect link

11 am variables be dependent but not correlated ?

4 ( an variables be
"

independent
"

in the common sense and still be correlated ?

↳ can
you

think to examples that we can simulate ?

4 If X and Y are not correlated then EHY ) = EH EH )

if n  Is really large then F should be close to r  =  o

,

to below the threshold

⇒ need to find Y depending on X such that ELXY ) .

- EX EY

⇒ take

µ#
x

Y = X 't
eventually

home

↳ bmpute a n sample and F

H It  is sufficient to depend on a third variable !

typically n .

. year and (he Tyler Vigen Web the )

depend in science

suicide by hanging } M both Increasing
with the year n .

the main thing Is that
 in this case

, Kind are At Id! since they depend on the
year

.



Cad

← change T
,

Correlation  will .in#aR.u

← take also  uniform
Variables to have

( Ximiliid

.

the graphshows clearly the

← =o ! !

dependence

g ← amazingly smallcorrelation

@ .

the
noises (

"

bruit
" )#aenotimqaemimd

"

µ Minhitwiiganaaw '

but they ohejnslbth
increasing .

O← huge correlation
wrtyea

!



Hindrance

↳ Do
you

know at least one Test of independence ?

Avi-

square
test of independence

g→
 mtependeut and identically distributed

- ( Xi
, Yiliid Couples it

, .in
with discrete values f:;tfnxy

If X
; $IfYbpendent-

hen

Njk =  number of Couples ( Xiii ) with Value G ;k )

Nj .  =
number of Xi

 '

s  with value j
N

. k = number of Yi 's with Value In

k
the cumulative

distribution functions
Courage ( c

.

d. f.)

then

EYQ.nnE@qnEEHtaafobsavedmunbulxpedidhumbait1chi.sqvonedistribnh.m

A * random variable With ( here ) e- i ) ×H - I ) degrees

¥405y of X
. .

of freedom .

In practice the approximation Is valid as soon as all the expected
numbers 7,5







data=stupid[,-1]



tab1=table(data)   #matrice de contingence



chi1=chisq.test(tab1) # pval : 15 % (donc Indep acceptee) mais regardez le warning



chi1$expected # pas bon, pas >=5



data2=as.data.frame(cbind(data[,1],(data[,2]>100))) # j'ai fait deux categorie sur les drownings

tab2=table(data2)



chi2=chisq.test(tab2)



chi2$expected # toujours pas bon



data3 =as.data.frame(cbind(data[,1]>2,(data[,2]>100))) # ok deux categories sur les deux valeurs



tab3=table(data3)



chi3=chisq.test(tab3) 



chi3$expected # toujours pas bon (allez voir ce que c'est que la Yates correction dont il parle)



# en fait quand on arrive a des tables 2 *2 on peut faire le test exact de fisher



fisher.test(tab3) # et la on ne rejette rien du tout, 








n= 100 # j'augmente un peu pour pas etre genee par les >=5

sigma=0.01

x=seq(-1,1,length.out=n)

y=x^2+rnorm(n,sd=sigma)



plot(x,y)



cor(x,y) # correlation ridicule, les varaibles sont pas correleees.



data.para=as.data.frame(cbind((x>-0.5)+(x>0.5),(y>0.25)))

tab.para=table(data.para)

chi.para=chisq.test(tab.para) # pas de message d'erreur

chi.para # pvaleur clairement ridicule , on rejette l'independance, les varaibles sont dependantes

chi.para$expected # tout va bien pour l'approximation


← removing the
year

column
.

FTTenmaatYnIMaoeaeofd@ztedbutwbak.o.it
the

Warningwnotwxenn. ⇒zcate.gg#sing"

ostinato 75

qq.ago.foutfgh.hn
and movie

ftp.T#@=mhbnnedhyRa.faEfffffpuhtheexgestrFs@.fi#ddhdo# internet
pvdtt

if you
don't know What they are

NB :
with layer and lager Categories

,
We are losing information

NBL :
A test always prefers to accept its null hypothesis in case of
doubt

⇒
no real

information With large pvahus .

For parabolic data
,

→
do

your
own category since it Is not discrete !

cnet.EU#ateddEusmenexp75

.

sakata



n= 100 # j'augmente un peu pour pas etre genee par les >=5

sigma=0.01

x=seq(-1,1,length.out=n)

y=x^2+rnorm(n,sd=sigma)



plot(x,y)



cor(x,y) # correlation ridicule, les varaibles sont pas correleees.



data.para=as.data.frame(cbind((x>-0.5)+(x>0.5),(y>0.25)))

tab.para=table(data.para)

chi.para=chisq.test(tab.para) # pas de message d'erreur

chi.para # pvaleur clairement ridicule , on rejette l'independance, les varaibles sont dependantes

chi.para$expected # tout va bien pour l'approximation
epinephrine

 variable

-1--3K¥1⇒ Heex can be applied

NI : You can try on case 2 ⇒ will say it's dependant

↳ because it  Is I conditionally to a 3rd Variable ( year )
that you

don't observe

NBI .

Variable detection can be done it one sees allthevan.at
. If there are hidden variables andt.ly#tmis

Into account
you may see absurd dependencies

4kause.tt/fetlink_
Correlation does not mean cause → effect
To verily a cause -

eyed link
,

→ need
at least to have a temporal link : the cause happens Hou

the effect .

# What about  modeling ?

On the stupid data
,

it  is not because the independence test accepts that

it  means anything ( A test that

aaepk , justdash
because Ho Is it

dairy hypothesis )

↳ Is there a model where F( the estimated Correlation ) has  a meaning?



°

Linear Regression model-

Y
i  =

a.
+

b.
Xi + Ei

with E
;

noise ( Ie ECEIX ; )=o )

a.andb.unknown

To
guess Ao

and bo
,

one can minimize the lzdirtana

↳ look foraandbminimizing § ( Yi . @ + bxilp

↳ How do wed that ?
Least .

square
contrast

y1a.bt.E@ktbxilY-Fdi-2latbXilYitatbxilY-E4i2.2aE4i-2bExiiita2nt2abExi.b

2§x .

?

§-a= -
ZEYI  +

Zant
Lb

.

Exi

⇒ a = 'T - BI if @,
b) minimise He least

sqragfap

.

-
.

 (  i

j
 1  '  

.

'

=E4 ? -2nA . bI)5 . 2bXTntY(.bXfn +2ft
.BY/bnItb2nF=EY.2nFttTHn+b(LnXI.InXT)tb'(nXT-aIY



i.T.BR

,b|
= .[ Yi

'

. 2aE4i - 2b§xmita2n+2ab{x;
 +

b2.sk?=E4.?.2nti.bX)5.2bXTnHf.bX/ht2H.bX)bnXtb2nI=EYi.2nFtt4ftn+b(LnX5.InXT)+b2(nXT-aIYjkb=Inxf5.XT)tIbn(E.x2

)

⇒ min (verify monotony etc
.

.
. )

t.FI?xI=E
"

Vann (X )

a=T .
bi

bnkwthcorelatontenure
 =

ECB
. Ti )

'

Intrinsic variance FyiWharf,

.= prediction of the model
=

^a+Ik
,

=E @X .

'

Hill =VarnX GNNMI

Faint antitank :#
-

p 1



MORE or ER

If # b=o

Testing it r=o Is equivalent to testing b- o .

21 Gausman linear
regression ( the simple case )

To
pefnm a test

,
we need the distribution of the test statistic

under H
. ( or at least an

approx )

⇒ Here we armme the E ; to be iid No ,
r

'

)

⇒ Theory of fawm.am linear models ⇒ derivation of teds

( in particular to see Which variables are
meaning µ )

It 's a lot of (bi) linear algebra and probability

⇒ for the moment
,

twist R and see what it does
.



← 2 plots ride by side

g-
command for gambian

linear models
. .

Y  =  a  +  is  × with a  is unknown

←

t

predicted values Ti .

,

give all the computed Matti
.

a-

pvoiap
#%e%AsmmeGun.vn noise in

Cage . mov  
= at b Downing + noise

⇒nosense

gems takes 4values!

but Brownings = atb Cage .mn + gaussian
home

Is more likely

NI : Note the
p value code ( *  *  * . . .)

Here the kyatlevel s%
accepts ,

but at level 5% Mjeds .

of b=o
,
( ie  r=o )

⇒ then is a link ? !?! ?



↳ Maybe
it Is n 't Gambian

⇒ Shapiro and with test of gaunianity

4 apply it on residuals

shapiro tet ( res $ residuals ) → pval 26%

.
. . Since Shapiro and With is known to be the not powerful

Gauniamty test . probably Gaussian approx
is not In bad

NI : of course
,

A numbs of drowning is an integer and cannot

be gaunian ,
but

approx
seems on

( remember Binomial / Yanni an

approx)

↳ So there is a bilk between drowning and by movies ??

. pval are (usually) wuilnm under H
.

Hence P ( pval { £1 = d

H
.

Hence deciding at levels
 

%
,

means you
have % chance E

reject
whereas

you
shouldn't

⇒ Big problem if several tests have been performed but not down !



source : xkcd 

Or qu’a fait Tyler Vigen ? Combien a-t-il testé de courbes 
bizarres avant de trouver la paire qui va avec les films de 

Cage ???




merganser



If K pain ,
1- test by pain at level 5%

all these tests being independent ,

then P / no mistake on the K tests )
T

no correlation

/

hlohj
,
,k

pairs

after lids
1 chance over 2 to

say something Wrong

1
pm

He correction is Boyer mi ( →
test at level 4k )

P ( one mist she ) { fan
P ( test ol thin pain makes a mistake )

The an The Wr for this pain

{ K E { <

Remember that pval : 2% → With only #pairs → accept at level
÷

⇒

"

Vigen cheated by not
saying

how
many pain he took at trot

"



HISTORICAL 
PERSPECTIVE 



A small pvalue 
indicates H0 is 
unlikely



ogFI.IT#b:iT;itIIE.Tnff.fHo :

my
model is the Hn :

my
model is

wrong

hs you
 

want
not to small

p
values to

say my
model is

taws
plausiblewrt data

1.

Vectorialautallimittheoreurxy
,

.
.

, Xniid in Rd uiith mean M E Rd and covariance mdkx E

( d xD matrix )

Then the ( Lt  

says
that

x.to#mLsdko.e )
2. Multinomialdishibutro_

x.IT#twi9anfgheammGakraheskkmttp=tIYxiIt

,
)

Nj  

=  ub of Xi/×i=j = ¥, Axi=j

( Np )
is distributed as  a Multi nomial Nn

, p )
( D= 2 → Nn ~ B ( n

, p ) )

so  it
'

lifting;D
then

1Nhl = En.4i



IIIin.IIIIH**%;
⇒ waterf)Nn - nP^

⇒

rutting) ± Mater )
projection on a subspace

of
dimension d . 1

[Fpg
.

Uj
 

= 0

then

1/4124
XH - 1)

§ . Airbus

Iobnie X
,

.

. . Xn iid with value in { 1
,

.

. ,d } with ptyp

it want to test Ho
:p

.

-

po It :  not the can

X
;  → Nj  

=  nb of X
;

 with value j

under H
.

,

"

ll4t-FIMnnpgiIL-XldDIrgeitH.whenfdgNhnQpFn@Izq.a.d

. ,
( %9atf¥tFYd . , ))

G- exp



flower=read.table('Flower.dat',header=TRUE)



p=c(1/4,1/2,1/4) # mendel prediction



chi=chisq.test(flower,p=p)#

Flowers
.

dat
: pink flowers RW red RR White WW

Mendel :  if gun
1 :  ± have only pink flowers

then atgun
2 : 14 red 1h pink 14

white

drisq .

test

4. Chisqvauwithutlmatio_fp=tn
X

, ,
.

. Xn iid with value in { 1

:¥
With ptyp

Ho :p €{ pop .ca } An : this is not the case

@ c Rd with d ( J

is estimate Opyno ( ME )

↳ EE Instill I XYJ. r
- d)

np @
Cjl Under Ho

NI for X
'

approx
 it holds as soon  as the expected numbers 7,5

Catldat N
;

.

. mmhu of Jays with j
calls ( ptyp )

⇒
t.to : pis

Persson (d) dm known H
, :p

is not Poisson

{



calls=read.table('Calls.dat',header=TRUE)



n= sum(calls$Days) # number of observation



Xbar= sum(calls$Calls*calls$Days)/n  ### 
the MLE is the empirical mean of the X_i's 
which can be computed with the 
contingency table



p=dpois(c(0:11),Xbar)  ### estimated 
probability , be careful for the last number it 
means [11,+\infty)



p[length(p)]=1-sum(p[1:(length(p)-1)])



nexp=n*p # last class too small -> regroup


Xn . .
. ,×niidPH ) P( x. =h)= tyke

'

=p .lk )

Loglikelihood : §
,

hegpslxi ) =G .

l
, =¥i6gt - nt - E. igxi !

3,1=51 .
n  

⇒
it's mill in I= End = FIT

MLE
'

n

He should compute :

[

lNIpsliPnPd@nshouldbebiggnthan5thisis6harearchrpmchthatE.p

,
:-|

is the last  category
.GG?Yjc =

0 1 2 3.
. . . .

10 @
,

.io( 12 categories
obs : No .

. . . . Nn
. Nn=N[ , ,

to -

exp
: npglo ) npjlno) ¢- ftp.nlidxn

÷Nnotnm

g

exp nfl -

Ejegpjls
.

)]=npg( no )tnG - EE ,opsl ;D

⇐I Midi)2+ Nn
.

-nexptiolp

npgcj , nae
FXYM -

'
-

' )



pbis=c(p[1:(length(p)-2)],p[length(p)-1]+p[length(p)])  
# new probability vector

nexp_bis=n*pbis # new expected number



Obs_bis = c(calls$Days[1:(length(p)-2)], calls
$Days[length(p)-1]+calls$Days[length(p)]) # new 
observed number



T=sum((Obs_bis-nexp_bis)^2/nexp_bis)



pval=1-pchisq(T,df=(length(pbis)-1-1)) ## large 
pvalue

XYS )

⇐Mierau
this .n /

thecdfof
. value

't - Fxyg)( MM
-

.

Poinondistois plausible
pchisq

5. Xlskstofindpdma

Zi  

= ( X
; ,Y ;) Xitahn values in { 1 .

.
.r }

Yi - { 1
,

.
. ,s }

Njk-mmbnof2i-lj.HNj.tmmbuofXi-jN.k-nbofYi-kz@jk-NjiNntTLX4r.yl.N

.N=k whdylt
,

:

n XKY

( formula tom previous  course )

→ Reinterpretation

2
;

has rxspomibilikupXZ hit of Ho
pp . m Xyrs . 1)

Buthuetwatthtest Ho : psal.rs/iesXkYin2-Cx.Y )
ie

p=p×Py

IT,dfaamfh\I needs -1 parameter
Solt

.
can be described lpyrtts . , parameters



How to  estimate
p

under H
.

Pxtjl=NI py ( k ) = Nene ⇒ pmm=
#

Njgnn

⇒ E ( Nobs - nexp )
'

nexp = Ninh
For the

Tp
Mill the

number of degrees of freedom : rs -

I
- ( r . I + s - I )

=  rs - r . st I
= ( r . 1) ( s . 1)

University .

dat  -
test I between gender and fdd

Grades
. dat  - test it the

grades in both
groups  are the sum

( homogeneity test )
( ⇒ test It between

grades and
groups

.

Ifraphialreprsentationl
. qualitative data

T €0then this
pieA  B  C

bar plot

2
.

For continuous data
,

cumulative dis to function
-

X has  value in R ( and even if there is no density or  if  its values are discrete )
then one  can characterized its dis to by : Fitts PH  Et )

( cumulative distribution function )



.

FI tiny F. - o fig F=  

i.
 Its  inverse is the qvanhh function F

'

( x) = inf { u / F 1 4 >
,

n }

.ttot¥E
'

Estimate
.

. empirical cumulative distribution function : EIH =k§,^×
, .ee

when Xy .

.
.

.

,
Xn  ii  d  are  obmved

tfcdf F

.

unbiased E ( End ) ) =Ft )

.  consist  ant
. for lixedt

 En

At
#

FH
) ( Law of Cngemwwhn )

.
 consistent in the

space  of all pmhkf ; nfp
/ Flt ) - FAY nanjg

0
.

( 61
, vehko ( antitli theorem )

¥>
. simulate nx; Moi ) iid

. plot the cdf ( ecdf )
.

 
wupae it to the real cdf

. compare  it to coy of gaum.am  with different mean  or variance

.
How Would

ya
 

check
visually that  a distribution

is

gaussian
 without knowingitmeananditvtariana

?

.

Look how
god or bad this gets with n



n=20 # 100

X=rnorm(n)







## fonction de repartition



plot.ecdf(X)



abs=seq(-3,3,0.1)



lines(abs,pnorm(abs),col='red')



lines(abs,pnorm(abs,mean=0.5),col='green')

lines(abs,pnorm(abs,sd=0.5),col='blue')



lines(abs,pnorm(abs,mean=mean(X),sd=sd(X)),col='orange')



legend('topleft',c('empirical 
cdf','N(0,1)','N(0.5,1)','N(0,0.5)','N(xhat,sdhat)'),col=c('black','red','green','blue','orange'),lty=c(1,1,1,1,1))


" me x.  

a.am#)¥
tightest

C- compute fr te  abs

ti E÷d×
g-

it I don't
tmofmmngndmyudymam

- If n  small
,

one  can guess
a Wrong dis to

;j#if
" large ,

one  on
gun the true dist .

it m and v  unknown
,

the cdf with mean m^ variance d will always
be closer to the ecdf than the tune curve .



2.Deus.tytstimat.nu
. histogram Xn .

.
. Xniid with density

f.at
indictor

#t¥ ' length # he
Mr

fH=±h¥I" xiet
,

.

✓

=g§nf¥n.

the 's
.

nttj

Choice Sturges rule D= .f(n ).

( what  is implemented by default inKist )
. in R

. ( Mally ) Rbydefmltgies §,
N( I ;) Knee

;

which is not the density estimator

y his .l( data ,freg=Fm±e )

waster

t.EE?IH=ntEklEtY"

K→ gaussian
 e±k ( fK=1 )

FT

→ rectangle § No ,
,

, ] → Epaneohm.hn#e.deun.ty(data ) in R is a kernel estimator

It is Not thedunityofthedata→ choice  of h ( wleotthuubot silverman )



#### estimation de densite



hist(X,freq=FALSE)



rug(X)



lines(density(X),col='cyan')



lines(abs,dnorm(abs),col='red')

      

lines(abs,dnorm(abs,mean=mean(X),sd=sd(X)),col='orange')



legend('topleft',c('histogramme','density','N(0,1)','N(xhat,sdhat)'),col=c('black','cyan','red','orange'),lty=c(1,1,1,1))

   

1-I.am  variables ( n  =2of OP ( 0
,
1)

- see what happens if you forgetthis part
- c- to see the data on your plot

← kernel estimate of the densityass  = seats .se . "

← the thedefitnifmde the density by W th it )
it #know  it 'S  gaussian

estimate T
the density

n = 20

Be carefulestimate

it n too

small

density
estimates

that do

not know

in advance

the shape
of the density
are bad .



### boxplot (boite a moustache)



boxplot(X)

      

-

( n small )

( look
again

at the precise definition of
each ban

,
× ( outliers In gaussian

dishib )
etc )

4

)§9If# air
.  is ahh to see

my quickly if there is a straight line
a not  

⇒ change the picture to make a line
appear

a) qq~t.X_f.DE
One point ( x

, y ) of the
qq plot  is

given by

3 t / y
= Fi

'

I t ) w = Fo
'

'

( t )

if Xn . . Xnaveiid with cdf E then the
qq plot should be done



### qq plot pour la loi normale  

X=rnorm(100,mean=30) 



qqnorm(X,main='qqplot pour loi normale')

qqline(X)


Jeff
,

to He diagonal

↳
b) qq plotsbetweens

Xa .

. Xniid F. Ya .
. . Ymiid Go question is E=G

,
? ecdfofyls

E
,

Go unknown

draw the qqphotgrnby ( x. y ) at

,n=EnYTtTYy=Fm'

It )

If Fo = G
, you

should see something don to
'

#
c) Qqphotforgaumandrshibuhou

if Xncpfn ,

r
'

) then ×drnN( on )
let OI be the cdfofdkon

Let's compute the cdf of X

P ( x st ) =P ( xjmetgm ) = OI ( ttf )
If F.

 '

(a) is the a. quartile of ×

then F ( F- '

(g) =u  = IT (
F

'k¥n )

¥
.at#i*tFYukoIYu1xrtm

⇐

for If Xn . . X
,

iid and it they are W(m
,

r

' )

then the qqpht given by ( x. g) HE / y
= Fi

'

H a
-

egg ,

'

- OIA )

y
should look likemp#Y:



### qq plot de deux data sets



X=rnorm(100)



nb=rbinom(200,0.25)

Y=c(rnorm(nb,mean=3,sd=0.4),rnorm(200-nb))



Z=rnorm(100)



qqplot(X,Y,xlim=c(-2,2),ylim=c(-3,5),main='qqplot avec deux datasets')

par(new=TRUE)

qqplot(X,Z,xlim=c(-2,2),ylim=c(-3,5), col='red')

qqline(X,distribution=function(p) qnorm(p,mean=0,sd=1))  



legend('topleft',c('melange','meme distrib','N(0,1)'),pch=c(1,1,0),lty=c(1,1,1), col=c('black','red','black'))


0

0
-ttttspanwalah

eye
.

et¥¥t

flxkopsiplo,D"totiipp,

oii )
"

p.

( mixture of gautsian
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...

, Xniid with ( df F  and we  want to test Ho : F= E

against
H

;
: F  

f Fo

We will reject  it  a distance ( Ks distance ) between Fn and F. is too large

/DnE=fyklFgH-E#)-
ecdf of X 's

We reject  when DFO is layer than the 1 . 2 quartile of the dist b
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Andean ( two sided KS test )
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# verification sous H0 du niveau du test de KS 



Nsimu=5000

n=30 # taille de l'echantillon



pval_cont=rep(0,Nsimu) # on initialise





for(i in 1:Nsimu)

{

  X=rnorm(n) # l'echantillon gaussien F0 continu

  

  a= ks.test(X,'pnorm')

  

  pval_cont[i]=a$p.value



}



plot.ecdf(pval_cont,main='repartition des pvaleurs')

lines(c(0,1),c(0,1),col='red')

legend('topleft',c('emp.cdf','uniform'),col=c('black','red'),lty=c(1,1))
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alpha=0.05 # je verifie que  le test est de niveau 5%



niveau_emp=mean(pval_cont<alpha) # comment savoir si la deviation est raisonnable ?



# test du "niveau = 5%" 



# sous H0, niveau_emp est presqu'une gaussienne N(0.05, 0.05*0.95/Nsimu)



erreur_adm= sqrt(0.05*0.95/Nsimu)*qnorm(0.975)



abs(alpha-niveau_emp)>erreur_adm # c'est le rejet de ce test qui est faux donc on accepte



#on peut aussi verifier plus globalement que les pvaleurs sont uniformes



ks.test(pval_cont,'punif')

## sous H1



n=100 # taille de l'echantillon



X=(2*rbinom(n,1,0.5)-1)*rexp(n,1)  #c'est pas une N(0,2) mais c'est pas loin



qqnorm(X)

qqline(X)

thoughtful
.at#.wd

egregiousness
a-
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hist(X,freq=FALSE)

abs=seq(-6,6,0.1)

lines(abs,dnorm(abs, sd=sqrt(2)),col='red')

ks.test(X,'pnorm',sd=sqrt(2))





for(i in 1:Nsimu)

{

  X=(2*rbinom(n,1,0.5)-1)*rexp(n,1) # l'echantillon expo et on va se demander si gaussien

  

  a= ks.test(X,'pnorm',sd=sqrt(2))

  

  pval_cont[i]=a$p.value

  

}



plot.ecdf(pval_cont,main='repartition des pvaleurs sous H1')

lines(c(0,1),c(0,1),col='red')
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.
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against H
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test statistic

-cdfofxtefdfof Y 's

⇒ if F- G is continuous then the dist  °

of Dnm is independent of
the

precise value of F  and G
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.
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order 1 . L
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test ( x. Y ) of this distribution )
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1.signednanktesttet
Xn .

. Xn be iid nv
,

one wants to test

Ho :
The distribution of X is symmetric around 0

against An : this is not the case Rademacher

Idea
:  if X symmetric

then X has the same distribution  as sign x|Xl

E is Rademacher if E ← { - 1

,

1 } and P ( E =L ) =k=P( E = -1)

⇒ To make the distribution of the test statistic free of the underlying
disturb

of 1×1 ,
one uses the rank

IN# → rank then R . the pavilion of H ; / in the list
.

If Kitto  as then /w¥§ngnK)RJ

⇒ Wilcox
.

test ( in R )

MainI#t

for each trial i two  measures ( X ; ,
Y ; )

↳ Zi= Xi - Yi  Ahould be symmetric around 0 if X and

Y have the same distribution



If one tests that Ho : the distribution ef Z is

symmetric
by

the Wilcoxon signed
rank test

< ⇒ testing that there is as  

many X 's below their Yls
than Y 's - X 's

↳ Wilcox
.
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,

Y
,
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'
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"
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.
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.
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.

: P ( × > 4) to .5P(x=Y ) =P ( Y ( x ) to .5P(7=X )

It : Plx > 4) to .5P(x=Y ) > 0.5

⇒
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,

alternative = greater )
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under Ho
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2.
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