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GLM logistic regression
dooooood: ooooooooo
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ooo

ooooono I

O ‘NUOUOUODO kOboboobo”ooooooo

count data or categorical data with upper bound

gbooobobgogooan

logistic regression

eLD0dUlD0OOODO OO0
0000 binomial distribution O logit link function

interaction term
e L0000 ODoOoOooo oooao

complicate terms in linear predictor

gobooobooooooo

NO data statistics!
data

ell000ODLoDOoOoooO!
use GLM with offset term

OO0000 offset 0O O
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ooo

oboobooooooouooboooodd

http://goo.gl/Ufq2

ooooogobob 60 GLMDOO ke RO
gbooooboobooobooon

gogd

e J0O: 0000
e UODO:0O0ODODO
e 2012-05-18 O O
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ooo

statistaical models appeared in the class

obooobooooooouoon

The development of Llinear models

parameter
estimation

Hierarchical Bayesian Model MCMC

Be m<_>re/&Generalized Linear Mixed

flexibte Model (GLMM) -
i;‘;ggﬁ'g};zgts /& Generalized Linear
such as individuality~~ Mode L (GLM)

Always normal MSE
distribution?
That’ s non-sense! Linear model

Kubo Doctrine: “Learn the evolution of linear-model family, firstly!”
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ooo

Oo0o0ooobooooooo?

Generalized Linear Model

Jo0O0DO0OoO (GLM)

000000000 (logistic
regression)
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ooo
how to specify GLM

goboooboooooad

Generalized Linear Model

00000000 (GLM)

probability distribution

. 0oooov

linear predictor

.Oo0ooog?

link function

.O00nooog?
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ooo

how to specify Poisson regression model, a GLM

GLM O0O00OO0OO0OO0OO0OO0ODOOO0ODOOoOobOoobooon

Joogooggod

probability distribution Poisson distribution © o °I,":
O - ooogdn i
linear predictor 00_66699/6/
° |:| |:| |:| |:| |:| eg) 51 _|_ 523,;2 (\J 05 1.0 15 20
link function log link function

OO0 gongoood
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ooo

how to specify logistic regression model, a GLM

GLM 0000000 legisticDOOOOOOOOO

Juoogbooguoogbood

probability distribution ~ binomial distribution

- o - ooon

00000 w

linear predictor .
.DDDDD:e.g.,Bl—Fﬁgxi
gooboood x;

link function

.O0000: logit 0OOOO

000000000 2016 (e) 2016-07-25 8 /43
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“N 0000 kOODOOOO0O” 0000000 DDEDDDDDDDDD

1. “NOUOODO fk00000o0”dddoooad

count data or categorical data with upper bound

gobbboogoobooo

yi€{071727"' 78}
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“N 0000 kOODOOOO0O” 0000000 DDEDDDDDDDDD

Oooooooo? ... gobooood

seeds alive
OO0 00000 yOO OOOO OOO! ......O000000
o0«

ooooo0 N; =8

[ XOX X©J
Ce0OO

00000 v =3

O0oo (alive) O e
0000 (dead) O o

ooogd xz;

kubostat2016e (http://goo.gl/76c4i) 000000000 2016 (e) 2016-07-25

10 / 43


http://goo.gl/76c4i

“N 0000 kOODOOOO0O” 0000000 DDEDDDDDDDDD

Reading data file

oooooooooooo R

datada.csv 0 CSV (comma separated value) format file OO OR O
oooooboooooogd:

> d <- read.csv("datada.csv")

or

> d <- read.csv(

+ "http://hosho.ees.hokudai.ac.jp/ kubo/stat/2015/Fig/binomial/datada.csv")

0000 40000000 data frame (0000000
00)000o0ooo
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“N OO0OD0OO0O kOOODOO”

goooooo

data frame d O 0 OO

> summary(d)

N y
Min. :8 Min.
1st Qu.:8 1st Qu.:
Median :8 Median :
Mean :8 Mean
3rd Qu.:8 3rd Qu.:
Max. :8 Max.

kubostat2016e (http://goo.gl/76c4i)

0 0 O OO W O

.00
.00
.00
.08
.00
.00

Min. :
1st Qu.:
Median :
Mean
3rd Qu.
Max.

000000000 2016 (e)

7.660
9.
9
9

338

.965
.967
:10.
:12.

770
440

000000000000

C:50
T:50

2016-07-25
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“N 0000 kOODOOOO0O” 0000000 DDEDDDDDDDDD

goboooboooooood

> plot(d$x, d$y, pch = c(21, 19) [d$£f])

> legend("topleft", legend = c("C", "T"), pch = c(21, 19))

.soo— o C * PN IO DD OO0 D o
3 J ee ce00 o o
oe ce mm w00 @
O - o com o
‘:l < — 00 o o
O o o oo
[0« °
o @0 o
O— ee0 oo o
8 9 10 1 1

ooooogn z;

fertilization effective

ob00 obob oooooor
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0oooooooo misksll 000 binomial distribution O logit link function

logistic regression

2. 000000000000

0000 binomial distribution [0 logit link function
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ooooooooo ooo 0000 binomial distribution O logit link function

binomial distribution

gotn : NOODODDO yOQOooooo

p(y | N.q) = (Jgj)qy(l _ gV

(MYOONDDOOOODDODOO y0OOOOO000D000000000

4
=)
I

e

—

q :.0.8

00 s I80) X //\
;AN

0

0.0
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ooooooooo ooo 0000 binomial distribution O logit link function

logistic curve

gobddodddooooooododd
linear predictor
000000000000 (: DOoOO0OO Oeg 2z = B4 foxi)
1

, = logistic(z;) = ———
e e
> logistic <- function(z) 1 / (1 + exp(-2z)) # DODOOO
> z <- seq(-6, 6, 0.1)
> plot(z, logistic(z), type = "1")

oo
00 02 04 06 08 10

&
EN

2 4
goooo z
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ooooooooo ooo 0000 binomial distribution O logit link function

B1 and [2 change logistic curve

gobooooooggoo......

00000 {815} =1{0,20(A) f,=200000 4 000000000
(B)f,=000000 3, 000000000

J(A) B=2000 .(B)s=0000
" " B2 =4
D"d o]
= &
D‘I‘ <
o o B2 =2 B2 = —1
g g_ I T T T T T
3 2 1 0 1 2 3
ooog =

000000 {6, 00000 000000000000 g0 0<q¢g<1
obooooog
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ooooooooo ooo 0000 binomial distribution O logit link function

logit link function

o logistic (0 0
1

1+ exp(—(f1 + Paz))

q= = logistic(f31 + B21)

o logit O O
logit(q) = log %_q — B1 + o

logit O logistic O O O O U logistic O logit 0 O OO

logit is the inverse function of logistic function, vice versa
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ooooooooo ooo 0000 binomial distribution O logit link function

logistic regression MLE for 51 and f»
ROOOODOODOODOO —B 0 300000

(A) 000000000f;=c0 (B)OOOOOOOO

0 — o oo 0000 ® 0 —
oo © o

0 — oo am © —

i T T T T e T T T T T
7 8 9 10 11 12 7 8 9 10 11 12
X T

> glm(cbind(y, N - y) ~ x + £, data = d, family = binomial)

Coefficients:
(Intercept) X fT
-19.536 1.952 2.022
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gobbbodgd.- gbbboooobbodad

(A) 0000000 f; =cO (B) 00ODODOO f =T0

* 0000 0 CEBG OO W ®

0 — ® 0e0m ¢ © © WO O OO 0 —
5 e edee0 ® o
l:l © — o o fimee e0 0 am
O e w/e o com o
O ~ 00 o o
O eeleo o0 oo
] e . o

0 e o O @o o

O—es0s 00 o

T T T T I I T T T I
8 9 10 11 12 8 9 10 11 12

oooooon wz; ooooogn

000000000 2016 (e) 2016-07-25
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oooooo ooooo oooo - DDDDDDDDDDDDA

interaction term

. 0b0ooooonobn oboad

complicate terms in linear predictor

gobboboooooboo

ubboooboobooboan
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0Oooooo 0OooOoo oooo - 0oo0o0oOooooo

ooooooooo?

logit(q) = log ﬁ = p1+ Bz + Bsf + Baxf

. in case that 8, < 0, sometimes it predicts ...
w_

00000 y

1 1 T 1
8 9 10 11 12

gooooog =
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0Oooooo 0OooOoo oooo - 0000O00000ooO

in today’s example no interaction effect

oodoougooooboooood

"I glm(y ~ x + £, ...) glm(y ~ x + £ + x:f, ...)
(A) 0000000000 (B)OOOODOOOOOO
00— 00—
>
- T C ©— T C
i
Dﬁ— <
i
i
O— o

T T T 1 T T T 1
8 9 10 11 12 8 9 10 11 12
oooobogono z oooooog =«

little difference

gooobooboo
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0ooooooooo! . 000000 offset DOO

NO g:‘gg statistics!

4. 000000000O0O!

use GLM with offset term
000000 offset O0O0O

obobooooboooooon
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oooo0ooooo! 000000 offset 00O

Ooboobooooooboobobooooo?

000 /000 0000000000000 0OO0OOOO0OO
gboobooboooobooooboooooo

gbooboobo:-01o00 3000 0b2000 600000 OO
ooo3oooboobooooooooo?

0000000000000000000 00000000000
00 (00000o000)

gboooobooboobboobooboooboob ooobo
googoboobooooog
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000800 offset 008
How to avoid data/data?

goboooodon

avoidable data/data values

e [OOOOODONO
probability
o Q0O

: NOODO kO0DbO0bO0oboboboboo

use statistical model with binomial distribution

o 0gooboobboooboobooobo

indices such as densities

o QUUOOOoOOO
[1: 0000 0O specific leaf area (SLA) OO

use offset term! described later

O0: offset OO0 —OO0O0O0DOO!
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__sBlEBle ciee
unfortunately, sometimes fractions appear ...

gooooodgoo

hard to avoid ...
e JOOOOOODO
outputs from some measuring machines

o0OODDOODLOODDODODOODLOOO

sometimes we have no choice but plot data/data values ...

o HUObhOObOObLbOOODbOObDObDOOD
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__sBlEBle ciee
example population densities in research plots

offset 0D OO : gobobbooooon

light intensity index
e JO00OOODDOOOOO OODDODO » DODOOO DDOOOO

goooon
light index

e OO O {0.1,0.2,---,1.0}0 100000000

Y [ ]
P [
o ©
AL Al

goo00o0doO0Od glm(..., family = poisson) O[O
goooooo ...
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__sBlEBle ciee
What? Differences in plot size?!

oooobooboboooooooboooboo?

e 000 2000 AOOODDDODODOOODDO

e J00D0DODO =000 /JODODOODOOOOOODOOCOOODOO!Y
e gln() U offset O OOODOOODODOOO

e JOOOODODOOOOODODOODLOOODO
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e e
light index number of plants

RO data.frame: 00O Area, OO0 x, ooo y

> load("d2.RData")
> head(d, 8) # 00O 8 OO OO
Area
.017249
.217732
.208422
.256265
.794061
.396763
.428059
.791420

W oL, N~ D W oK

y
0
1
0
0
1
1
1
1

0 N O O W N
O B, O O N O = O
O O O O O O O o
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000 vsOoOoOoOOd

> plot(d$x, d$y / d$Area)

¢}
0 _|
-
©
o
go :
2
3 o
'OLD o o 8 & ©
-0 o o
o ©O g g 5 g o 8
g g 8 g g © o
oo 838 0080000
I I I I I
02 04 06 08 10

ds$x

gooodgboogog ...
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0ooooooooo!

OO0 AvsODOO y OO

dsy

> plot(d$Area, d$y)

000000 offset 000

o
w_|
—
o
(@]
o _|
—
(e
(@] (e (e
O O
000 o O
n— aoa O O
00 (e
(@] (e0) (e
O COEAmO OO (o)
CIDECEDO GO
O — GIBD@O (o)
[ 1 1
0.0 1.0 2.0 3.0
d$Area

00 AODCOOOO0O0OO0OODOO yOOODOOODOO
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000 000 (DOOoOO0O)Oooooo

> plot(d$Area, d$y, cex = d$fx * 2)

15

ooooooobobooboboooobooo?
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OoboobOob0 «00000oooand

0.0 1.0 2.0 3.0
dSArea

e JODOODD yDOUOODOO xDOO
e JUOODOOO x0OD0ODOO
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ODO000dd =00 xdooooao

1. 0000 00000 v OOO X\, 0000000
gobooooooo:
y; ~ Pois(\;)

2. 000 OO0 A, 00000 000000 x4 B
ooooa 00 10 20 30

dSArea
Xi = Ajexp(B1 + Bax;)

000 N =exp(fr + Box; +1log(4;)) DODODOO
log(\i) = A1 + faw; +log(4;) D00 D0O00O0O0O00ODO

0000 log(4;) O offset 0000 (00 g000)
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ooooo0 GgLM Oooooo!

family: poisson, U O DO OO U
link O 0: "log"
e JODODO 'y 7 x
offset 00 OO : log(Area)

0.0 1.0 2.0 3.0
dSArea

o 00000 z=01+4+ P2 x+ log(Area)
a,b000000000O00O0O0

o 000000000 ANDODODO log(A) =2
000 X=exp(z) =exp(f1 + B2 x + log(Area))

o 00D ODO NODOODODODODO:
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000800 offset 008
glm() OODOOO

TRz MMNT 2477 b £

Fit)<- (glmX 0 mksnmoEE
Yy ~ X,
family = poission(link = "log")
data = 4,
offset = log(Area)
) )V OBEBDIEE (BBE)
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RO glnO)0O0O0OD0ODOO

> fit <- glm(y ~ x, family = poisson(link = "log"), data = d,
offset = log(Area))
> print (summary (fit))

Call:
glm(formula = y ~ x, family = poisson(link = "log"), data = d,
offset = log(Area))

(...0..0
Coefficients:

Estimate Std. Error z value Pr(>|zl|)
(Intercept) 0.321 0.160 2.01 0.044
X 1.090 0.227 4.80 1.6e-06
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Plotting the model prediction based on estimation

gobooboooooobouoobod

z=0.9

light environment

r=0.1
dark environment

d$Area

solid lines prediction
° ogd OgimOQUOO0OO00O0ODOODOO ogd
dotted lines “true” model

° oo oooooboooooboooon
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000800 offset 008
O00: glm(O 0 offset 0 ODDOOOONO

e JODOODDOODOODDOOD ODLDO
OO0D0 offset U DODODOOODO

e U =00 xOOOOoooobOoooboo o
exp(0OOOO)0O0DOOOODOO

0.0 1.0 2.0 3.0
d$Area
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__sBlEBle ciee
Improve your statisitcal model and remove data/data values!

oodoouoouoooboooood

avoidable data/data values

e JUODODOODODO
probability
o OO

O: NOODOO kO0DbO0bO0oboboobooon

use statistical model with binomial distribution

b 0oboboobooooboobooonbbo

indices such as densities

o UUOoOoOoOO
[: 000 00O specific leaf area (SLA) OO

use offset term! Improve your statistical model!

O0: offset 000 — OO0OOOOOODOO!
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oooo0ooooo! 000000 offset 00O

Joboodttbd
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oooo0ooooo! 000000 offset 00O

D D D |:| The next topic

0ooooo
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o] /\ ..0000ooooo
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0 2 4 6 8
oooog vy

gooouogd
Hierarchical Bayesian Model (HBM)
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