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gdooooot:. ooooooood
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ooo

oo I

o ‘NUOUOUOODO kO0O00OOoO”DoObhboooon

count data or categorical data with upper bound

godooooooooo
logistic regression

ellIIIDDOOOOOO
0000 binomial distribution OO logit link function

interaction term
elLlUIUIOOO OOOOO OOOO

complicate terms in linear predictor

gooooooooooo

d(t(

NO Fata
el O00OOUOOoOoOO!

use GLM with offset term

000000 offset O OO
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doooobootuoobooooooobouono

http://goo.gl/Ufqg2
00000000 60 GLMO o
00000000000o0o0on
Dooooo PSR R

et T U7 AM
—RALMBET W - BB~ XETW - MCMC

e U0: 0000
e UUDO: 0000 i

e 2012-05-18 OO O
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statistaical models appeared in the class

obooouobougbogoodgad

The development of Llinear models

parameter
estimation

Hierarchical Bayesian Model MCMC

Be mgre/&Generalized Linear Mixed

flexibte Model (GLMM) e
f;ﬁgg;’]“:};gits /& Generalized Linear
such as individuality Model (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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oodoooooggooaag?

Generalized Linear Model

00000000 (GLM)

. 000000 (Poisson regression)
000000000 (logistic
regression)

. 0000 (linear regression)
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ooo

how to specify GLM

obooobooougo

Generalized Linear Model

00000000 (GLM)

probability distribution

. ODOooog?

linear predictor

.O00oooo?

link function

.O0000Ono?
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ooo

how to specify Poisson regression model, a GLM

GLM O0O0OOOOobOoOooboboooboobooooo

Jooooogood

probability distribution Poisson distribution 8 /o

+

e LUOOO :0O00O0O0O0O o9 o
linear predictor i
.O00000: eg., B+ Bax; -

link function log link function

U ooboogn
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ooo
how to specify logistic regression model, a GLM

GLM 0000000 legisticUODDODOOOOOOO

o]

©:

Joooooggboogod

probability distribution binomial distribution
<

e U - gbtuo

o~

>
O
O
O
O
]

o

linear predictor
* . 8 9 1‘0 1‘1 1‘2
oDDDDD.e.g.,ﬁl—l—ﬁQ% Th0n000 .

link function

.O00000: logitDODOODO

000000000 2013 (5) 2013-07-17 8 /42
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“N 0000 k0000007 0000000 ooDoooooooooo

. *“NODOUOO k000oog’oogd
oo

count data or categorical data with upper bound

ooooooooooo

Yi € {071727"' /8}
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OO0o0O0o0ooo? ... OO0O00000

seeds alive
U000 o0o0d gy oo oggoo! .....o0oooogoog
oagd

ooooo0o N; =8

[ XOX J©]
CeOO

00000 v =3

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

ooog xz;
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“N 0000 k0000007 0000000 Oooooooooooon

Reading data file

copoooooooooo @

datada.csv 0 CSV (comma separated value) format file 0 0 O O
ROODOOOOOOOOOOOOO:

> d <- read.csv("data4a.csv")

or

> d <- read.csv(
+ "http://hosho.ees.hokudai.ac.jp/ kubo/stat/2013/Fig/binomial/datada.csv")

0000 d0000000 dataframe (0000000
O0)000ognd
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“N 0000 k0000007

ooooooo

data frame 4 00 0O 0O O

> summary(d)

N y
Min. :8 Min. :0
1st Qu.:8 1st Qu.:3
Median :8 Median :6
Mean :8 Mean :5
3rd Qu.:8 3rd Qu.:8
Max. :8 Max. :8

kubostat2013e (http://goo.gl/82dgC)

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

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

© ©O© © N

000000000 2013 (5)

.660
.338
.965
.967
10.
:12.

770
440

Oooooooooooon

C:50
T:50

2013-07-17
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“N 0000 k0000007 0000000 ooDoooooooooo

obooobooouoogd

> plot(d$x, d$y, pch = c(21, 19) [d$£f])
> legend("topleft", legend = c("C", "T"), pch = c(21, 19))

co—OC © *EIOCOEIOD © ©
= P o @ ee® ® O
O e 0 @® ®O W
0o e ® ¢ ® «® O
O < o o
O e ® ®
O e e O

OeeO @O
o-{ee0e e ©

T T T T T
8 9 10 11 12

ubooobodgd z;

fertilization effective

oono oood oooooboz?
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oooooo ooo ooo 0000 binomial distribution O logit link function

logistic regression

2. 000o0doodo oo

0000 binomial distribution [0 logit link function
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,,,,,,,, ] ooo 0000 binomial distribution 0 logit link function

binomial distribution

gogdod «: NOOOO gy Ouooooon

p(y | N,g) = (];7) R

(MYOONDODDOOOODDD yODOOO00000000000

<_| q:()l
<}

q :.0.8

™
= °

q [ ]
00 pyi |89 | e //\
o \

0

[ ] [ ]
Cleg—e—0—9© [} —_
sh—=7 T ——
0 2 4 6 8
Yi
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,,,,,,,, ] ooo 0000 binomial distribution 0 logit link function

logistic curve

O0d0doooodoooodoonn
linear predictor
DDDDDDDDDDDDD(@ ooooo Oe.g. z; = f1+ Baxs)
1

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

o0 q
00 02 04 06 08 10

n
1
|
|
|
|
|
|
T t
0

&

4 -2 2
oooo0 =z
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£1 and (> change logistic curve

Jobogooooogon......

00000 {B,8) =1{0,2)0(A) ,=200000 8, 000000000
(B),=000000 3, 000000000

_(A) Bp=2000 _(B) 4 =0000

" " B2 =4

U‘d o]

= &

DV <

N o B2 =2 B2 = —1

g g_ I T T T T T
3 2 4 0o 1 2 3

o000 =z

000000 {6,6}00000 000000000000 g0 0<g<1
oooooooo
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,,,,,,,, ] ooo 0000 binomial distribution 0 logit link function

logit link function

o logistic O O
1

1+ exp(=(b1 + fo))

q= = logistic(f; + fax)

o logit 0 0
logit(q) = log

= 31 + Bax

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

logit is the inverse function of logistic function, vice versa
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,,,,,,,, ] ooo 0000 binomial distribution 0 logit link function

logistic regression MLE for 8, and (s

ROODUOOODOOOOODO —pB 0O 000

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

0] O 00 0O® O 0]
® ® O
o 0o @ ©-
o am o
Sy [oeXelNe] jv—
o @m ®
= o o
o o a@ao

< 9B T T T © T T T T T
7 8 9 10 11 12 7 8 9 10 11 12

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

Coefficients:
(Intercept) X fT
-19.536 1.952 2.022
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oo ooo 0000 binomial distribution 0 logit link function

goooobbtd: obbbooooooobod

(B) 0OOOOOO f; =T0

(A) 0000000 f; =c0

O OO oo, 00—

ooooOd v

L]

T T T T
9 10 11 12
oooodgn wx

8 9 1I0 1I1 1I2 8
0000000
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oooooo ooooao oooo goooo0ooooooo

interaction term

. Udbougoouoog oot

complicate terms in linear predictor

ogodoobogodad

gobboboooooboo

kubostat2013e (http://goo.gl/82dgC) 000000000 2013 (5) 2013-07-17 21/ 42


http://goo.gl/82dgC

oooooo ooooo oooo ooooOoo0ooOoooo

ooooogogag?

logit(¢) = log % — By + Box + Baf + Barf

. in case that 84 < 0, sometimes it predicts ...

o o T c

good

| | | | |
8 9 10 11 12
oooooogd =
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oooooo ooooo oooo ooooOoo0ooOoooo

in today’s example no interaction effect

Jobooobooobooouoouood

glm(y ~ x + £, ...) glm(y ~ x + £ + x:f, ...)
(A)00D00000000 (B)OOOOOOOOOO

00— 00—
>
©— T C ©— T C
O
— <
O
O
o O
I I I I I I I I I I
8 9 10 11 12 8 9 10 11 12
oooooon « oooooon «

little difference
O0Ooooooo
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goooooooooaot 000000 offset OO

data
NO data

4. 00000000 O0O!

statistics!

use GLM with offset term

O00000 offset O OO

gobboboooobooo
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goooooooooaot OD00D000 offset OO

OD0o0ooboboooobooobbooooor

e 00 /OOO OOCOCOOOODODUDODODUOLDOUOUOUOOOO
gob oogbboboogobobuooaobo

e JUODDOO: 01000 3000 OO200 00 6000
ooooo3ooooooobobooooboooor

e JUODODOOOOODLDODOOOOODDO ODDOOOOOO
00000 (Dobooooogo)

e JUODDOOOODLDOOOODLODDOOOODLDDO O
gobbooogboboboooobo
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00000 efxt DOD
How to avoid data/data?

dooooogod

avoidable data/data values

e UODOODOUDOO
probability

o R
0. NOOOO fk00ooOoooooooooo

use statistical model with binomial distribution

o 0o0gggbobobooooooboood

indices such as densities

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

use offset term! described later

O0:offset OO —0O0OO0OOOO!
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goooooooooaot OD00D000 offset OO

unfortunately, sometimes fractions appear ...

ooooooon

hard to avoid ...

e JULUDODODOO

outputs from some measuring machines

oDUOOOOLOLbOUOOLDDLDbDOOOOn

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

o [DOooodobobboboooobbboooon
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example population densities in research plots

offset U OO : ooooobogn

light intensity index
e J0UDDODDOOUUOODOOOD UDOOUOUOUO 2 OUOUOUOOOO

goooooooo
light index

e OO O {0.1,02,---,10}0 100000000

Y [ ]
o ®
o ©
x> AR

Oo00000000 glm(..., family = poisson)
oooooooog ...
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000000 offset 000

What? Differences in plot size?!

Oooooboboooboooobobooooo?

e 000 000 AOODOODOODODODO

e J0J0JU0O =000 /O0000O000O00O0OODODOO
ono!

e glm() 0 offset 00O ODODDODOOOODO

e JODOIODODODOOODUOOOODOOOOO
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goooooooooaot OD00D000 offset OO

light index number of plants
RO data.frame: OO Area, OO0 x, ooo v

> load("d2.RData")
> head(d, 8) # 0O 8 O00OO0O

Area x vy
1 0.017249 0.5 0
2 1.217732 0.3 1
3 0.208422 0.4 0
4 2.256265 0.1 0
5 0.794061 0.7 1
6 0.396763 0.1 1
7 1.428059 0.6 1
8 0.791420 0.3 1
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goooooooooaot OD00D000 offset OO

o0 vsooooog

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

o
0_|
—
«
o
< o |
g~ °
& o
© °o° g 8 0©
m*ooooog 8
I ENE e
8 o
ofoggoogoooo
I I I I I
02 04 06 038 1.0
d$x

gobobooggooo ...
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goooooooooaot

OO0 Avs OO0 y OO

dsy

> plot(d$Area, d$y)

OD00D000 offset OO

o
0 _|
=
o
o
o_|
—
o
o o o
000 0 O
0| @®»Oo O
000 o
o @ o
0 COMAmO 0O o
D@D @O
o —{ @O o)

T I I I I I I
0.0 1.0 2.0 3.0

d$Area

OO0 ADODODOODOO0O0OOO0 yOOOOODOOD
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goooooooooaot OD00D000 offset OO

000 000 (DODOO0OO)O00O0O0O0O

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

OOoooboobobooooooogr?
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goooooooooaot OD00D000 offset OO

Ooooon z000ooooooo

0.0 1.0 2.0 3.0
dSArea

e JOUODOOOD yOODLOODO x0ODO
e JOUODOOO 2z20000ODO
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goooooooooaot OD00D000 offset OO

ool =00 xdoodoo

1. 0000 ;00000 v OOO ;O0000 = Bow ®
goooooooooo: 2
yZNPOIS(AZ) ol

2. 000 ;OOO A, 00000 ODOO0OOO o—‘
Oz, 00000
i = Ajexp(fr + Box;)

log(Ai) = B1 4 Pazi +log(A;) 00 000000000000

0000 log(4;) O offset 0000 (00 A000)
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goooooooooaot OD00D000 offset OO

Ooooo0 GLMoooooo!

e family: poisson, 0O OO OO0 %
e link [J[J: "log"
e OO 1y ™ x
e offset DU OO : log(Area)

0.0 1.0 2.0 3.0
dSArea

o DO0O00O z=p1+ P2 x+ log(Area)
a,b0000000O0OOO0OO

o 000000000 AOD0O log)) = 2
000 XA=exp(z) =exp(fi + P2 x+ log(Area))

o JU00OUO OOO NODODODODDOODO:
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HO0000 offset 00O
glm() OO OO0

faRZBINT2F T I b LR

Fit) <- (glmX P memamoikt
Y =~ X,
family = poission(link = "log")
data = 4,
offset = log(Area)
) )V O EBDIEE (BBEHE)
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RO gimOQUOOOOOOOOO

> 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

dobooouoouobogoooood

15

z=0.9
light environment

7] B © - —|z=01

dark environment

solid lines prediction
° od OglmOQUOOO0OOODOOOO oad
dotted lines “true” model

° o oobooboooobooon
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O00: gm0 offset UOODODOOOO

e JUDDDOUOOOODODDOOOOOD O
OO000OD00O offset 0 DOODOODOO

e 00 =00 x0O0OOOOOODOODO
00exp(dOOO0D0)000D00000 T

d$Area
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Improve your statisitcal model and remove data/data values!

Jobooouoougbogoooonod

avoidable data/data values

e OOOODOOO
probability
o OO

O: NOOOO k0O0OD0O0DbObDOoOboonog

use statistical model with binomial distribution

o 0bo0gggobobooooooboboood

indices such as densities

o [OOOOOOO
[1: 00000 specific leaf area (SLA) OO

use offset term! Improve your statistical model!

O0:offset 000 — ODOD0OODOODODOO!
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goooooooooaot OD00D000 offset OO

HRERERE

The next topic

(A)DDDDDDDDDDD (B)mi:4DDDDDDD
oo [e3) i) ap  am o
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oooooooo
P4
o
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o
o

1 2
| |
[ Xe}
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o
o
o

0
|
.
°

0oooo v

Joooooooon
Generalized Linear Mixed Model (GLMM)
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