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model selection and statistical test

oooooood
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ooo

ooooono I

seed number data, again

oeUU0OOObO: o0ooogn
o0o0oOooOoOobooOooboobbogooooo?

model selection using AIC
e AlCOO00000O0O0OO
badness of fit
O00O00D000: deviance

statistical test

eUuunogoono

and its asymmetricity

gbooboboood

model selection statistical test
o UUUO0O0O Oooooooad
misunderstanding
oooooo 00
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ooo

oboobooobotoobouoobooboodd

http://goo.gl/Ufq2

HEEE WROFHE

ooo0o0ooob0 U040 GLMODO
ooopDoooob 50 GLMDOOO

0D000000000000000 S Eb OB

—BALMBET W - W1 XETH - MCMC

e J0: 0000
AR

e J0O0O:0000

e 2012-05-18 0 O

EEBE
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ooo

number of parameters

O0o0o0obO ooboooobooooo?

(A) 0000000 k=1

(B) 00DOOOO k=7

o [?)
o - Q ” ¥ 9 ”
5 Too few Harametesy Too many parameteys?
Q N o 00 O N o 00 O
g 00 00 O 00 00 O
= o @O o@® O o @O 0@® O
o O O @mmo o O O@mmo o]
o oo 0.0 O...@XO@.--O 0 0.0 0" @00w" 0
@ 0 0@ 0 oG
- 0O O OGK OO O OO ©— 00 O OGM OO O 0O
o Q@O0 0a®» o] 00 0aw
~— o @ O <~ o a o
o o o o o o
= o o o
T T T T T T T T T T
7 8 9 10 11 12 7 8 9 10 11 12
body size x body size x

How many parameters do you need

kubostat2018d (http://goo.gl/76c4i)

for the best prediction?
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seed number data, again

1. ggoooo.gogooo

ooboopooboooooooobooboobooooy

ubobooobooobooooo
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O000000 fr00000O0DOO00O0OO?

seed number y

“U00oo” ? number of parameters k 7

kubostat2018d (http://goo.gl/76c4i)

(A) 0000000 k=1

(B) 0DOOOODO k=7

[?) [¢)
1 Too 3 ? 1 T 2 ?
oo few é)arameteso 00 many paramet%t‘s.
QN o [e¥e o] N o [e¥e o]
00 00 O 00 00O
© @O O @D o == @O O @D le
O O aummo [e) O O@mmo o)
co—| 0.0 O...@poO@-O 00— 0.0 0.~ @0OW" 0
0 O O 0@
©—| 00 O OGK OO O OO - 00 Cam oG OO O OO
[e) 00 00O o) 00 O
~— [e) e O ~ o) @ O
[e) [e) [e) (o) [e) o
[a O [aV! O
T T T T T T T T T T
7 8 9 10 11 12 7 8 9 10 11 12
body size x body size x
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00000D0000000O0O0oO0oOoooooooo?

body size x and fertilization f change seed number y?

gobooooobouobouoobooon

oo s
[ 3 J
response variable seed number oo [ ] ....
e OOODO : OO0 {y} D000 .
explanatory variable c:ooon Yi
° goon

body size
e 000D {z:}
fertilization

« 0000 (£}

sample size
agoao
control
e 00O (f;=C): 50 sample (i € {1,2,---50})
fertilization

e 0J0OO0O (f;=T):50sample (i € {51,52,---100})
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00000D0000000O0O0oO0oOoooooooo?

a statistical model for this example

gobooboooooood

Jdooooodogo

probability distribution Poisson distribution

o OO :OOOUOO

linear predictor ° “’ '.W'.':D . o
e00000: B+ Boxi + Bs3fi 5=
link function log link function

e [[0UOO: ODOOLOODOUO
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4 candidate models

40000000000: (A) constant A

Ai = exp(B1)

T T T T T
7 8 9 10 11 12

0000000000000 (log likelihood) 00 OO O

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

40000000000: (B) £ model

Ai = exp(B1 + B3 fi)

T T T T T
7 8 9 10 11 12

0000000000000 (log likelihood) 00 OO O

> logLik(glm(y ~ f, data = d, family = poisson))
’log Lik.’ -237.63 (df=2)
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00000D0000000O0O0oO0oOoooooooo?

4 candidate models

40000000000: (C) x model

Ai = exp(B + Box;)

T T T T T
7 8 9 10 11 12

0000000000000 (log likelihood) 00 OO O

> logLik(glm(y ~ x, data = d, family = poisson))
’log Lik.’ -235.39 (df=2)

kubostat2018d (http://goo.gl/76c4i) 000000000 2018 (d) 2018-06-25 11/44


http://goo.gl/76c4i

00000D0000000O0O0oO0oOoooooooo?

4 candidate models

40000000000: (D) x + £ model

i = exp(B1 + Pox; + B3 fi)

T T T T T
7 8 9 10 11 12

0000000000000 (log likelihood) 00 OO O

> logLik(glm(y ~ x + f, data = d, family = poisson))
’log Lik.’ -235.29 (df=3)
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00000D0000000O0O0oO0oOoooooooo?

k increases — log L™ increases

gobooooobouobouoobooon

(A) constant \J k =10 (B) £ modell k =20
"l -237.6 "1 -237.6
] N Control
77 8 9 10 11 12 77 8 9 10 11 12
(C) x modelO k =20 (D) x + £ modeld k = 30
"1 -235.4 "1-235.3
N _ Contro
Ul L 4B L S S
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AIC 000D0O0O0O0D0 00000000 : deviance

model selection using AIC

2. AlCO00D00O00OOn

badness of fit
00000000 : deviance

badness of prediction

Oo0oOoOoOooo: AIC
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UHOB0000 ; deviance
output

RO gim() O deviance [0 0O

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

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

Coefficients:
(Intercept) X T
1.2631 0.0801 -0.0320

Degrees of Freedom: 99 Total (i.e. Null); 97 Residual
Null Deviance: 89.5

Residual Deviance: 84.8 AIC: 477

Residual Deviance? Null Deviance? AIC?
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AIC 000D0O0O0O0D0 ‘00000000 : deviance

deviance D = —2 x log L*

e Maximum log likelihood log L*: goodness of fit
® Deviance D = —2log L*: badness of fit

y Deviance Residual
model k log I —2log L* deviance
constant A 1 -237.6 475.3 89.5
f 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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AIC 000D0O0O0O0D0 ‘00000000 : deviance

Null deviance, Residual deviance, ...

Max deviance 475.3 -|----
4708 |-

Deviance
—2log L*
(badness of fit)

Min deviance 385.8 -|----

\ .......
A
o) o)
© o
3 o
Z T
c I
= @,
o}
g 2
<. L
2 @]
o (o]
(] <.
2 5
=2
(o]
L
y \ 4

constant A
x model

saturation model
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AIC 000D0O0O0O0D0 ‘00000000 : deviance

badness of prediction

00000 : AIC = —2log L* + 2k

Look for a model of the smallest AIC
AlCOO0OO0DOoOoOooo

Deviance

Residual

model k log L —2log L* deviance AIC

constant A 1 -237.6 475.3 89.5 477.3
f 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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UHOB0000 ; deviance
O000000000 (estimation) JO00OOODO?

ooooooo
00000 constant A
oooooooood f%o fi=2040000000
0ooo0o0o g %

fr=2080000000

0 5 10 15
parameter estimation

gooooood

RIS
’ :\

0 5y10 15 k_ld
gooooood

gboooooooo
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SOBOREAE ¢ deviance
Is it OK? Goodness of fit is evaluated by using the SAME data set ...
00o00bO0o0obOo0obOooboboobooboooo?

goooooo
00000 constant A
/L=2040000000

goooooooooood
oobooooboooo

000000000
logL* 00000

ooboooooooooo
goboooooooooo
goooooocoooo

T T T T I T T T . (DD(DD) .
0 5 10 15 0 5 10 15 biased “goodness of fit”!
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AIC 000D0O0O0O0D0 ‘00000000 : deviance

gobbb: bguaobobbooooboo

0oo0o0000

00000 constant A

0000000000 f%) f1=2040000000
00ooo0oo g 0%

f1=2080000000
0 5 10 15

Y oopeeoooo
0000DoD
oono000e00
~:“~‘ E(logL) ODOOO
’ .
0 5yw 15 kJ~ﬂ

1.1 .1 T T 1 1T T 1T T 1
0 5 10 15 0 5 10 15 0 5 10 15

ooooUoooooooo (200000)
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UHOB0000 ; deviance
Oodddoooooooddoogn

log likelihood

(A) 000000000

(B) (A) 0000D0O0DOO

(C)Dooooo

2] 2] 2]

o | © |

& o) &

'T ! = ﬁ

$ S *Ei
i

o s o H o

& 3 & o

3 H 3 3

¥l ooo : oo < =

| Bi=204 61_208 ) )

hiy 1 piy - iy

CT T T T CT T T T T T C T T T T T

1.95 2.00 2,05 2,10 215 220 195 200 205 210 215 220 195 200 205 210 215 220
p1 00 p1 00 /1 00
000000000 2018 (d) 2018-06-25
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UHOB0000 ; deviance
godddoooooood

ooooooooooooo
O

oooad
goboooooon

ocoooooo 1 2 2
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- 0O00O0DoOoo 00oDO000O0ooon

statistical test

3. 00o0ooaa

and its asymmetricity

goooooooon

likelihood ratio test
oooo ooooao OO0
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0oooooo 0oo0000oO0oo0

Although their procedures are similar ... they are totaly different!

oogoouoouoooboooood

00000000 | [ AlC000D0000

goooooooodn
4
goooooooooooooonoogoon

(Do0oDoOoooo)

(00O0DOOoOoooo0)

4
gobodobooooogooogooo EEE; goog
I I
ooooooooboooob boooboobo AlIcoogo
I 4
gbbooboboobooo gbobooobgooboon
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0oooooo 0oo0000oO0oo0

model selection statistical test

Jub oottty o

totally different in their objectives

Jooooddddnbn
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0oooooo 0oo0000oO0oo0

Objective

oov

model selection

Jouob:

Look for a model of better prediction

Joogooguoogod

statistical test rejection of null hypothesis

Juoodo: bgdogdh
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0oooooo 0oo0000oO0oo0

HETEAISARE  (Neyman-Pearson framework)
statistical

test %l Nas)
Null Alternative
hypothesis hypothesis
IR pSRVRTE
glm(y ~ x)

BE | CN%E
Fak U720 !
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________oUo0000  EEEEEEEEEEERE

HETEAISARE  (Neyman-Pearson framework)
statistical

test an ‘Eéﬁ

Null Alternative
hypothesis hypothesis
IR R IORVEET
glmCy ~ 1) glm(y ~ x)

test !1

(if ...)
reject ZEH) support i
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________oUo0000  EEEEEEEEEEERE

RETERISHARE  (Neyman-Pearson framework)
statistical

test an ‘Eé@
Null Alternative
hypothesis hypothesis
IR R R IR ER
glm(y ~ 1) glm(y ~ x)
test!l
(if ...)NO_I_ ot Say
rejec .
: Nothing!?
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ool
Oo0ooon The same example, again

D: deviance
o:o..’.
oo s o000 y x model
1 Dy = 470.8
constant A

D, =475.3

10 12 14
|

0000 a

1 1 T 1
’ 7 8 9 10 1 12

body size x;

seed number y;

neglect fertilization treatment

(ODooooool)
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0oooooo 0oo0000oO0oo0

test statistics

00000 AD:,

difference in deviance AD1 o = D1 — Dy = 4.51 =~ 4.5
likelihood ratio? — log % =log L] —log L}

log L* Deviance
model k 08 —2log L*
constant A 1 -237.6 D, =475.3
alternative hypothesm\‘ L =
X 2 -235.4 Dy = 470.8 goon
asymmetricity in test Null hypothesis is junk

gboobood .- ooggboboboogd

.. yet we are focousing only on null hypothesis

...... gbooooboooboooboobooooobobo
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0oooooo 0oo0000oO0oo0

How to make null model

gooooboonond

Null hypothesis is included in Alt hypothesis
Oooooooononnnnn

this is a “nested” model

(D0o0oooo)

e 000000 {y}O0O0ODODO ,OOODODOOOOOO
alternative hypothesis
e [OOODO 000: log); = B + Boz

null hypothesis
e 00000 DOODO :logh=p (0000000O0O)
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0oooooo 0oo0000oO0oo0

objective null hypothesis ¢ rejection
goood: oood O 0o
observerd
000000000 ADyi2=450......
. oooon goooooooo goooooo
(0DOoO0ooo) (0oOoDoo)
oooooooon gooooo (oooo)
goooooooo (oooo) gooooo
e significant not significant
Rl at
(Reject Al ) (Not reject & 1L )
TRUE Type I error (no problem)
NOT true (no problem) Type II error

asymmetricity in test  evaluating only Type-I error

goobood .ooggobooboood
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generate AD; o distribution bootstrap likelihood test
AD,, 000000 0000000000000

Suppose null hypothesis is TRUE!

W Oooooooooooooao!
O000000O0o0oobooa 0000000 constant A 0 x model

00000000000 0000000000 AD,, 000000
(fp=2060000000)

AD1 2 AD; AD; c
o
BB
)] -.~
T T T T 11 '|\
789]5(0 12 ‘—’ld > ;
0000000000000 a8 ¢ =
gooooooooooad B T S o
7Bol 12 7891 12 7891 12|

gboobooboooboobobooogon
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0oooooo 0oo0000oO0oo0

How to generate AD;; under G\ is TRUE?

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

> fitl <- glm(y.rnd ~ 1, data = d, family = poisson)
> fit2 <- glm(y.rnd ~ x, data = d, family = poisson)

> fitl$deviance - fit2$deviance

generation of random numbers virtual data
® rpois() O OO googoobobon (0oooo)
fitting GLM to the virtual data
e IOJ0IDUOOODDOO glmO) DOODO
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0oooooo 0oo0000oO0oo0

You must define “rejection region” in advance

gogbobobogooboboad

say, 5%7?
oooo 5% o007

1500 25|00 350!

5(|)0

o

-~ NOT
significant

— significant (5%)
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0oooooo 0oo0000oO0oo0

A random AD;; generator in R

get.dd <- function(d) # DO 0OD0ODOOODOOOOOO

{
n.sample <- nrow(d) # O00O0O0O
y.mean <- mean(d$y) # 00O OO
d$y.rnd <- rpois(n.sample, lambda = y.mean)
fitl <- glm(y.rnd ~ 1, data = d, family = poisson)
fit2 <- glm(y.rnd ~ x, data = d, family = poisson)
fitl$deviance - fit2$deviance # OO OO O DOOO

}
pb <- function(d, n.bootstrap)
{
replicate(n.bootstrap, get.dd(d))
}
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CEEEEEEDD]
Generated distribution of AD;, = D; — D;

observed AD1 2

871 n Ooooooooo

o] ADyy = 4.5

wn \/

7 [ T T 1
0 5 10 15

constant A0 x model 000000 AD;

(R code is in the next page)
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0oooooo 0oo0000oO0oo0

Probability{AD,, > 4.5} =

>

>

)()( = 0.038

source("pb.R") # reading "pb.R" text file
dd12 <- pb(d, n.bootstrap = 1000)
hist(dd12, 100) # to plot histogram
abline(v = 4.5, 1ty = 2)

sum(dd12 >= 4.5)

[1] 38

so-called “P-value” is 0.038.

kubostat2018d (http://goo.gl/76c4i) 000000000 2018 (d) 2018-06-25

40/ 44


http://goo.gl/76c4i

null hypothesis
e

In this case, 0000

is rejected

alternative hypothesis\;,i; 1
So we can state that googd EEVcan be accepted.

x model is better than constant \.
D: deviance

...

.... ) S

. S o

oo i ooo0 y . x model

29 Dy = 470.8
= constant A
T 0000
% ~—

U T 1T T 1
l 7 8 9 10 1 12

body size x;
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0oo0oooooo
In case that P > 0.05 ...7

You can conclude NOTHING!

Jooooooo ...

You can NOT state that constant A (Null hypothesis) is better
AU000O000C00O0DOOODOOO

Null hypothesis is never accepted

asymmetricity in stat-test

gooooog

D ogboogooooooo
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model selection statistical test

4. JUodd b0 oooooaad

misunderstanding

googoo 0o
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00000 FAQOOOOO

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