kubostat2017d

p.1

000000000 2017 (d)

model selection and statistical test

gooooooo

0000 kubo@ees.hokudai.ac.jp
00000000 http://goo.gl/76c4i

2017-06-19

oooooood: 2017-11-07 15:46

oooooo 1

today’s example: seed number data, again

®© 0000000.000000
ooooopoooooo0oooOooooooooo?

model selection using AIC
@ AICOO00O0ODoooon
badness of fit
goooo000: deviance

statistical test
eUuoiooooo
and its asymmetricity

gooooooooo

model selection statistical test
6 00000 bOohoooooo
misunderstanding

oooooo oo

kubostat2017d (nttp://goo. DOooooooo 2017 (d) 2017-06-19 1/ 44
oo
dddddddddoooooooooooo
http://goo.gl/Ufq2
goooooo 040 GLMOO P & & 4
goooooono 50 GLMOOO =
goo0o0ooooooooooooD S SR DTDD
oooooon A P N |
—RALRBE TN - B~ A XEFN - MCMC
e O0:0000
ARIEH
e 00O 00OODO
e 2012-05-18 O O =
kubostat2017d (nttp://goo.gl/T6c41) 000000000 2017 (d) 2017-06-19 3 /44
today’s example: seed number data, again
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number of parameters
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body size z and fertilization f change seed number y?
odbobooobooobooboboooo
oo«
[ ]
response variable seed number ol ° ....
e DDOOOD : OO0 {y} POODM DED
explanatory variable copono b
° gooo T 0000
body size ~
: ErtEizEtiE} {zl} ooon =
e 0DDDO {fi}
sample size ‘
Oooo
control
e OO (f; =C): 50 sample (i € {1,2,---50})
fertilization
e 0JOOD (f;=T):50sample (i € {51,52,---100})
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4 candidate models

40000000000: (A) constant A

Ai = exp(f)

— T
5 8 1 1 12

0000000 oooooO (loglikelihood) DO O OO

> logLik(glm(y ~ 1, data = d, family = poisson))
’log Lik.’ -237.64 (df=1)

kubostat2017d (http://goo.gl/76c4i)

DO0O0000000 2017 (d) 2017-06-19

9 /44

S 00

4 candidate models

40000000000: (C) x model

Ai = exp(f1 + Pow;)

— T
8 8 1 1 B

0000000000000 (loglikelihood) 0O O OO

> logLik(glm(y ~ x, data = d, family = poisson))
’log Lik.’ -235.39 (df=2)
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a statistical model for this example
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probability distribution
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Poisson distribution
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linear predictor

cO00000: By + Bozi + Bofi i

link function

log link function
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4 candidate models

40000000000: (B) £ model

Ai = exp(B1 + B3fi)

T T T
5 8 1 1 12

0000000 oooooO (loglikelihood) 0O O OO

> logLik(glm(y ~ f, data = d, family = poisson))
’log Lik.’ -237.63 (df=2)
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4 candidate models

40000000000: (D) x + £ model

i = exp(f1 + Bowi + Bsfi)

T T T
8 8 1 1 B

0000000000000 (loglikelihood) 0O O OO

> logLik(glm(y ~ x + f, data = d, family = poisson))
’log Lik.’ -235.29 (df=3)
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k increases — log L™ increases
doddddddddddoooooooo
(A) constant A\ k£ =10 (B) £ modell k =20
7l -237.6 “-237.6
7 7 fertilization
.- N Control
TrTTaa e T TR R
(C) x modell k =20 (D) x + £ modell k =30
" -235.4 N
~q ion
L e
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00000000 : deviance

output

RO glm() O deviance O 00O

> glm(y ~ x + f, data = d, family = poisson)

Call: glm(formula =y ~ x + f, family = poisson, data
Coefficients:
(Intercept) x

1.2631 0.0801

fT
-0.0320
Degrees of Freedom: 99 Total (i.e. Null); 97 Residual
89.5
84.8

Null Deviance:
Residual Deviance: AIC: 477
Residual Deviance? Null Deviance? AIC?
000000000 2017 (d)
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deviance

Null deviance, Residual deviance, ...

constant A
x model

Max deviance 475.3
4708 |-

Deviance
—2log L*
(badness of fit)

(soueINe( INN) 568
(eoueIneQ [eNpISEH) 0°G8

saturation model

Min deviance 385.8

2017-06-19

kubostat2017d (http://goo.gl/76cdi)

000000000 2017 (d)

17 / 44
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AIC ODOOOOOOO gooooooo

model selection using AIC

2. AlcCO00000000O0

badness of fit
OO0O0O0D0000: deviance

badness of prediction

00ooOoooo: AIC
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AlC 0oDoooooog 00000000 : deviance
deviance D = —2 x log L*
e Maximum log likelihood log L*: goodness of fit
e Deviance D = —2log L*: badness of fit
i log L* Deviance Residual
model g —2log L* deviance
constant A 1 -237.6 475.3 89.5
£ 2 -237.6 475.3 89.5
x 2 -235.4 470.8 85.0
x + f 3 -235.3 470.6 84.8
saturation 100 -192.9 385.8 0.0
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badness of prediction
OO0O0D0O0 : AIC = —2log L* + 2k
Look for a model of the smallest AIC
AlICOODoDOoOoOoOoOo
Deviance Residual
k log L* ) AIC
model g —2log L* deviance
constant A 1 -237.6 475.3 89.5 477.3
£ 2 -237.6 475.3 89.5 479.3
X 2 -235.4 470.8 85.0 474.8
x + f 3 -235.3 470.6 84.8 476.6
saturation 100 -192.9 385.8 0.0 585.8
AIC: A (or Akaike) information criterion
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AlIC 000000000 OooDoo0Ooo0 : deviance
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AlCc 000000000 00000000 : deviance
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Is it OK? Goodness of fit is evaluated by using the SAME data set ...
ooooo0oooooooooooooooooz?
ooooooo
00000 constant A
fﬁ — fﬁ f=2040000000
d% d %
T \%T" T T T
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y
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logL> 00000
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ooooooooooo
LI — LI B —| ) (oooo) .
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000000000 2017 (d) 2017-06-19

kubostat2017d (http

20 / 44

00000000 : deviance
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statistical test
and its asymmetricity
goo00o0oOoOoDOoD
likelihood ratio test
oooo ooooo ooo
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Although their procedures are similar ... they are totaly different!
000000oooooooooooon
| oooooooo | [Acoooooooo |
model selection statistical test
00o0ooooooog
| oo oogoodo O
g0dobodboooooooooooogon
totally different in their objectives
(Doooooooo) U (Dhooooooooo)
Od0dooooooddn
00000000000000000000 00 0000
!’ 4
00DoOO00DoOoOooDooOoO0 ooooooo Alcood
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gooooooooo

Objective

oogcv?

model selection

googo:

Look for a model of better prediction

oooboooooooon

statistical test rejection of null hypothesis

oot bbobbbbn

statistical

test ﬁﬁﬁ

Null
hypothesis

R (R e
glm(y ~ 1)

ES5TTELW

gooooooooo

IRETEHIIIARE  (Neyman-Pearson framework)

&

L
Alternative
hypothesis

I RER
glm(y ~ x)

EE ! Nz
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RETEHILARE  (Neyman-Pearson framework)
statistical
test Q?' Wf@ e:. ’
Null Alternative
hypothesis hypothesis
IR R(RER PURVALE?:
glm(y ~ 1) glm(y ~ x)
test!l
(if ..
reject ZEH] support 3ziF
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RETEHILARE  (Neyman-Pearson framework)
statistical
. %
Null Alternative
hypothesis hypothesis
IR (R ER IR ER
glm(y ~ 1) glm(y ~ x)
test!l
(if...)NoT et Say
rejec .
: Nothing!?
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oooooao The same example, again
D: deviance
o.o.‘ 1
° % -
oo g ooo vy f’” x model

2° Dy = 470.8
S “ constant A

oood z; - D, = 475.3
S o000
8 o

’ 7 8 9 10 11 12

body size x;

neglect fertilization treatment

(0oOoooooY)
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How to make null model

obOooOooooon

Null hypothesis is included in Alt hypothesis
gogodonooodooogo

this is a “nested” model

(0oooooo)

« 000D00OD {y}000D0O0 ;O0DOODDODOOOD

alternative hypothesis
. oooo ooo:
null hypothesis

« 0000 DOOODO

log \; = 1 + Pox;

‘log\; =4 (000000D00)
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generate AD, » distribution
AD,, 000000

oooooooooog

bootstrap likelihood test
:J0000oo0obooooo

Suppose null hypothesis is TRUE!

DDDD‘{?‘{,;DDDDDDDDDDDDD!
000000000000 0000000 constant A0 x model
goooOooooooo 0000000000 AD,, 000000
/i =2060000000

AD;

=
1

's

! & 8 .
rT T 1T T 1T T T T I T 1T TT T T 1717
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gooooooooo

test statistics

00000 AD;»

difference in deviance AD; 9 = Dy — Dy = 4.51 = 4.5

likelihood ratio? — log % =log L] —log Lj
. Deviance
model k log L —2log L*
null hypothesis :‘:}%Y @
constant A 1 -237.6 Dy =475.3 oooo © J‘
alternative hypoLhesme W
X 2 -235.4 Dy = 470.8 oooo

asymmetricity in test Null hypothesis is junk

goooooo:-0000000D000D0

.. yet we are focousing only on null hypothesis
...... gooooOoOooooooOoOoOoO0oooooo

kubostat2017d (http:/

000000000 2017 (d) 2017-06-19 32 /44
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objective null hypothesis g rejection
gooogd:. ooboo e oo
observerd
000000000 ADyp=450......
L ooooo pooooooooo goooooo
(Doooooo) (Dooooon)
gooooooa oooooo (oooo)
goooooooo (oooo) oooooo

significant
(Reject (; E)

Type I error

not significant
(Not reject M)

(no problem)

lMis

TRUE

NOT true (no problem) Type II error

asymmetricity in test  evaluating only Type-I error

oboooooo:00000000000
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How to generate AD;, under 5‘” W R is TRUE?

A\

d$y.rnd <- rpois(100, lambda = mean(d$y))

\4

fitl <- glm(y.rnd ~ 1, data = d, family = poisson)

A\

fit2 <- glm(y.rnd ~ x, data = d, family = poisson)

\Y

fitl$deviance - fit2$deviance

generation of random numbers
e rpois() 0 OO goooooooog
fitting GLM to the virtual data
e J000ODOODD glm(O) ODODODO

virtual data

(0oooo)

s )
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You must define “rejection region” in advance
OOD000O0DO0O0oOoooO A random AD;, generator in R
say, H%?
oooo s% 007
get.dd <- function(d) # 000000000 O0O0OODO
{
24 o NOT n.sample <- nrow(d) # 0000
ma significant < y.mean <- mean(d$y) # 0O OO
s d$y.rnd <- rpois(n.sample, lambda = y.mean)
27 I+ significant (5%) fitl <- glm(y.rnd ~ 1, data = d, family = poisson)
B fit2 <- glm(y.rnd ~ x, data = d, family = poisson)
S | fiti$deviance - fit2$deviance # OO0 D OO OOD
= ¥
7 pb <- function(d, n.bootstrap)
8 {
o replicate(n.bootstrap, get.dd(d))
T T T 1
0 5 10 15 ¥
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gooooooooo gooooooooo
Generated distribution of AD5, = D; — D, Probability{AD;, > 4.5} = % =0.038
- observed AD1 5
g ooooogoooo
s > source("pb.R") # reading "pb.R" text file
o > dd12 <- pb(d, n.bootstrap = 1000)
g > hist(dd12, 100) # to plot histogram
- LAD12 =45 > abline(v = 4.5, 1ty = 2)
g )
- J > sum(dd12 >= 4.5)
T T T 1
0 5 10 15
constant A x model 000000 AD;» (11 38
(R code is in the next page) so-called “P-value” is 0.038.
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null hypothes.is/}ﬁ1 I h p - ?
In this case, 0000 @MW is rejected n case that P> 0.05 ...7
You can conclude NOTHING!
alternative hypothesises
So we can state that oooo can be accepted. |:| |:| |:| |:| |:| |:| |:| |:| saa s
x model is better than constant A.
D: deviance You can NOT state that constant A (Null hypothesis) is better
.’.'.-. s AO0D0O0O0O0O0DOOO0O0O0O0O00D
. o
oo ooo y ?m x model
,_8 = DQ = 470.8 Null hypothesis is never accepted
g - ‘constant A 3
ooog z 2 © D, = 475.3 asymmetricity in stat-test
Py Ul LJ. goooooo poooCYdEB goooooooooo
g . a
’ R S A A
body size x;
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model selection

4. OO0OO0OO0O O OOO0OOOOO

oooooo

goooooo oo

statistical test

misunderstanding

oo

kubostat2017d (http://goo.gl/76cdi) 000000000 2017 (d)

2017-06-19

43 /44

gooooo oo

00000 FAQOODOOO

http://hosho.ees.hokudai.ac.jp/~kubo/ce/FagModelSelection.html
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