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1 Se[wes
Sé[pxz R>-l0"s"ccUK” SwA"»rs>pV"‘Ots”"\g>&$q oMib{ R

xU&x tb; UyQoM”"A”»rs NApb{fw>Aq oxzZ<w'Os<wUK][’s
tb{

K'+"  OSp=ipV"{

A %o {

H,oeww-T U%Ct "10S“z2%C SU Xz0TS<«0M{
A’»>»WT ~C»z"$zw-rgUfoaeQ"{

gMO\gqpz RU-Q"' Ots”qzA"»'j "q~$x8EXd”"zw-x SPSSz JMP...... MeM
ez\ljwZ€étslh' "$x Delta Graphzw-xHt<a-"Ms§Xd"w- ... gMlh®
Otz+"\qt'l10tNA>MjMjP“6Qh“b"2AUsXs“th{

Se[pxz R>;Mh

A"»are A -£
r"$¢e 3£
w-rsMO¢ M -£

gMO\g>rt tb{pbUz sxl wMy<«K"wpzfaex°p ftdoe{

1.1 -OA”"»

%eaew\'zROtFiUrgqi”~"U)Q"et>D hA"»

syori xFurg

FLxD*Oé;Awjg

ID xx.wj@

omosaxx.wiO”z tjou xx.wele 0"z ne xx.w wO"z miki xx. wdwO"z
ha xx.w?wQ"”

light xx.w« ¥

surv xx.w\'¢ 1U\V'z OU®DbE

syori  FL ID omosa tijou ne miki ha light surv
1 futsuu C510 C-1 2.12 1.99 0.13 0.91 1.08 0.2647800 1
2 futsuu C510 C-10 3.20 2.54 0.66 0.89 1.65 0.1329878 0

2 A"»an

\w-px RtA"»>i" ;epzT ~C»b"MO>T|tb{ RpwrAwfow,Aqs“tb{
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21 RtA"»>i” $d"MO

211 A"»Re cwr“M
EXd"SrtA"»>"j %o{
a»tx.jgz Y¥UEsr>0O+"{
laeetxA”»wadd¢>O0—b"{
0S8 z> E¢ % +O-Srex "0t-"sM ¢t70w RxO0S «(—Q""hMpbURO

—o0MMwxz:EzR™6 Ezilw ¢\’s’ Oglpahb”f
,S$tiw-¢>~M’sMe= <UK"Ouxi]p«MUz NA>O—"0SMhMUMME
§lh U¢ MUYS"£EwA”»>%°Ne ¢t OrdsM{

O—U4"lh’z- b”"Mt® csve §iUa~“£ *csv>-R'z c¢svNe ¢gq o- b”{

212 ;™ hNe ¢>"XOt

ReNe ¢>i~ td”txz&Xd”srp”~lh csvNe ¢c>r\T-VsOttSMo® N
¢~ ! ®AYé«Aaew!E pzA"»Ne cUK"N¥¢¥%>-R tb{

thxzNe ¢>M'czEXd"srp-Oeliz ™ ®" zZ<p\,” UiAp7CZq
MOU«K“tb¢Kt“SbbS tdeUf

22 RpwA"»w{MM

RpA”»>a”b”,So*xz 10" £«A pb{lO0O £«Aqx®&ps E pb{xip&p
tmZh EtA"»>XImZozA"»>Ma“tb{éxz R>I"b"zK"MXE®>Z 0Ms
MY6pxz Rtxz

I"Tw R
| >
g O”reoM”"xcpb{\exz RUBE®>Z oXi*Mtjcl¢-"pbEqtioM”\q>
O tb{pxz\+*UZoM"Y6pz!O £«<AUrOMO«wTz¥s 0" +0{

A'»swi” "«
| > d <- read.csv("data.csv") #read.csv(" Ne ¢cE"0U ™ gMO{VM

POyw

| > d <- read.table("clipboard™)

Ziw'Ot'j %\qpz dgMO E t datacsvwA”»> XImzZ” \qUpVib{
mt“z dU'O £«A pb{

Spti” ShwTz

> d

Pp-Y tb{ " IVWA"»U O"e"xcpb{



Rsa ,U 2009iny>iuzet 4

'O £«Axz:EwW zK"Mx:EU,tR” EZZs'?p<IMtde{«Qyz
> test <- read.csv("data.csv")
g'o"0”"qz test t data.csv wA”»UC)*eoMitb{

7swMwA”»iZ _hMqgVxz > head(d,3) gq'lo" o< "M{\sxz dw7sw 3 ei
Z 0 oXi*MgMO UiApb{A"»>i~ eiqVxz > head() pA”»>-Yb”
>mZo<""M{

221 ~A~A"»w-

AA°0¢i” ®eiA"»s\R h!'O £«Asrf£e UiAwO—do>fwit- "0SX
\QUZRIb{"A°0x®N+ ¢~ I @ "ApO puw- p .RData qMO!A wR« ¢q°
0- "etb{ .RData txzi~ eiA”»fw«wU feoMtb¢ Linux gxYs”*Opbf
.Rhistory txzO—"h"UiAwd°iZU t+oMztb{

222 \t]t h\g
©"@"Awiur¢catgs>!bg°m2t'lh UiAUz<it¢aE>' mgEW UTAU
“OAetb{
“UiA>O—b"MzMVs*® Rt E>'j] %owpxsXz 7cYb¥%srpAOuAw p~
UiA><{V “ozfe> POb"\qpaloXi*M{AOpA>""0SXq §loMh
Mw.YezKgT'xU?> " hwTi“&"wt(bpb/{
thz #gMOGegw™x RwopAtretbe¢ YiAZ¢CAffwhSz "ActOS p?
>b”ar"swT{V ep YiAZCA 0SXqgzex“™pi“&"wt(bpb{
1:10 qMO‘Ot:Ew t X "% qz(W:ET'Ew:Efp lcm!=b":»\RpV
tbes):»f

2.3 RtSZ"A"»w ~

o°wew ”
EY Rpw G !EMO «
< NA NA
&g« logical as.logical() TRUE
T: numeric as.numeric() 5.3

E» character  as.character() "Tekito"
AV factor as.factor()

NAXy'y w H>A®="0"30wp«™UZApb¢™\JthzA%uXZ_x E»q,...
%oapbUzA%xl~-s§8A°e”q o{"*tb{Z U:Ep< E»q o{"*oM”"-"pU
K"wp«™UZApb{
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«<wBt wl
EY Rpw G IEMO
C)«AQ c c()
®» matrix matrix() fhx as.matrix()
A"»Né"U data.frame data.frame() +hx as.data.frame()
e uA list list) f+hx as.list()
O«Ag 7¢,Swoe{°msU“WA"»{K'«"A"»> $S"Uz % °O«AcopYslh
Uw<«> Ord"\gxpVsM {%“X“Yslh Uw<> Ord"qz°jadi«wyM

Uta~ne"{«Qyz

> test <- 1:4

> test[1] + test[2] #test wljeq 2jewAE> "s™M
[1] 3

> test2 <- c(1, 2, "Tekito", TRUE)

> test2

[1] "1" 2" "Tekito" "TRUE"

> test2[1] + test2[2] #test2 wljéq 2jewAE> “s™"M
Error in test2[1] + test2[2] : non-numeric argument to binary operator

gs“z E»xUOIoM”Oux:E< E»{Mtslo t0O{

@» O«AgUMXmcBiElhcw{ numeric ZZx SsM{

A"»RNe"U  O«AgwBi*{ RtA"»>itd"qVxG“\w Upzi;i7« :b"{ea
e»>WAaOCcK"Mxjgpae»> “Zd"{@:w80»U Ob"\gxpVsM{a»pM
—esA"» {Q" Ot hcwzqRQ'+"{

@pA ®2:Ww8O0A"»i-OUsei-OUAg+“SU="0 S0 t0¢74 [RA"»wO
Ae UULJE]Escw>gq“KQemw!O £«AttqShMqgVt ;{

q“KQcsXd"srt'j ,ciA"»xA"»Né”"Uq o{O\qU,qoerpz\+U,S
pb{

24 A"’»Ne"Uw°aet¢O«AcEewZz«- p

A"»Neé"U>Ma"hSt'X-0 >°p th{sSz\e'w :Xx®Q"2AXSXzZA
sqVt\weé aY>_"zqtlh SpGipb{

Z<pxzA"»Neé"UwO0jz> w»tNM2t epM"A"»£tZ«-ub”MO>0 " 1b{
A’»Ne"Uw0j> w»zK"MxaxO«Acgpb{

$thx [,] *A"»Neé"UwO0jz> wreae>! b"¢qlo<GA §
mean(): »w E<
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median(): »wga <
sd() : »w?j )
sum(): »w<wu-
min() : »w7—<
max(): »w7G«
length() : »wWA”»:

table() : »wogA°a@”t $+"A”»:>0b{ 28A°"t!A hOux xtabs()
apply() : fow»thxaetiGw :>&;~d”
tapply() : K"»t "z w»w §A°®”"]q tziGw :w-%>"d”

241 A"»Né"Uw°sewaethx»> “Zb
> d <- read.csv("data.csv")

> head(d, 2)

> syori

Error: object "syori" not found

> d$syori # SxA"»U One"{

> d[, 1] #syori x 1 »éswpz\ep<%oa
> d[2, 1] #2 » 1 eeweaeldw<U “Z"e"{

A"»Ne"UE>2tb"\q<ZR$b{

> attach(d) #'d" > Rt~ +d”{
> syori # \cerx8OcEiZpA"»U 0" {
> detach(d) #attach >rt

hi*z attach) "0 f0gq?wA”».-¢AU attach()
6b;b"Mtc Z>YXwpzb;xKt“SbbS fdee{

K"8OcizaohMqV{
>d2 <-d[, -3] #3 »&>00s"MgMOE®{
> head(d2, 2) #tijou UsXsloM"{

A’»Ne"Utzy M»>CQ"{
> d$Nonphoto <- d$ne + d$miki #50"q wO"wUlU-<>z
> head(d, 2) #Nonphoto gMOy M»UpVoM"{

242 fw w :
K"»w Ec< {
> mean(d$tijou)

K"»wo «{
> median(d$tijou)

NeogM”"TheebXzihp«ae OA>

Nonphoto gM 0 &O¢p dtC){
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K"»w?j ){
> sd(d$tijou)

K”»wcwU-<{

> sum(d$tijou)

K"»w7-<{
> min(d$tijou)

K”"»w7G «{
> max(d$tijou)

K”»wA”»:{
> length(d$tijou)

K"»w8A°a”"t fe"A"»:{
> table(d$syori)
> xtabs(~ syori + ID, d) #2 §A°a&”t!A

efthx»]qt :»&;"d”
#apply( OAwA"»Ne”U , maes’ 1lze»s’ 2, : )
> apply(d[, -(1:3)], 2, max) # a»w7G«<

§A°@”"A"»]qt E<eA"»:U_hMOU{

> tapply(d$tijou, d$syori, mean) #syori lgw tijou w Ec«
> tapply(d$tijou, d$syori, length) #syori lgw tijou wA”»:
25 A"»Ne"Uf.ewz«-p

Z<pxzA"»Ne"U%ezK"MxA"»Ne"Uf.t&;pV” »°p tb{

head(): A”»Ne”"UwE,:a&> 0O

subset() : UEtHOA"»RNeé"Uw">-e

split) : MXmTwgA & "tA"»Ne"U>uA

chind() : 2 mwA"»Ne&"U>z#M2pAl

rbind) : 2 mwA"»RNe&"U>zNM2pAQ

summary(): A"»Neé"Uwa»wz,Aw-">"0

cor) : A7»Neé"Uw» wi > Ob"{AN¥cApx pearsonwupi
¥%:t kendall « spearman> "\qpz\e'wqgei :p<Zd”{

merge(): 2 mwA"»Ne"U>ztA”»Neée"Utzes»ta"d” pz#M2pAl
rownames(): A”»Neé"UwaE>_"{»Ex colnames() {

A'»Neé"Uw7siz_"{
> d <- read.csv("data.csv")

vz
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> head(d,2) #'d" wiT' 2 a&i¢&d0ctXEU ONe"{

K"UEtHOA”"»iZ_"qV¢ tjou U3.0 ‘“GVMA"»iZf
> head(d, 10) # TA"»wOjzIT’ 10 eiiw U O7e"{

> d2 <- subset(d, tijou>3.0)

> head(d2, 10) #tijou > _"qz 3.0 ‘“GVM<c TsM{
#UEUEmK”Oux &pAu

> d2 <- subset(d, tijou>=3.0&tijou<5.0) #& >—OqUE>ms[’¢”

#8A° @ "wOu<%7t¢  syori Ufutsuu wA"»w"£
> d2 <- subset(d, syori=="futsuu")

> d2 #futsuu wA"» TOloMsM

#futsuu iZ>7TX

> d2 <- subset(d, syori!l="futsuu")

> d2 #futsuu iZUHZoM”

K"§A°e"]qtA”»Ne"U>0A

> d3 <- split(d, d$syori)

> d3 #d3t syori JqwA"»Ne”0UbIoM”
d3[[1]] #1 8sA°e"éwA"»w U “Zd”
d3$futsuu # \ep<%oa{§A°ae"E>—;

\Y

\

2mwA’»Ne"UwAUC#M2£E
d3$futsuu #futsuu iZwA"»Né&"U
d4 <- cbind(d3%$futsuu, d3$futsuu)

\

\%

mwA”»Ne”"UwAUeCNM2E
d3$futsuu #futsuu iZwA”»Ne”U
d3$zeitaku #zeitaku iZwA"»Ne”U
d5 <- rbind(d3$futsuu, d3$zeitaku)

vV V. V. N

a»w,A$sw-"w O

> summary(d)

» Wi W% Z({

do <- d[ , -c(1:3)]

cor(d0) #pearson wupi

cor(d0, method="kendall") #kendall wqgel :wou

vV V V

\

colnames(d) # » EU O ne”
month.name[1:10] #R p; ™~soM” E»
colnames(d) <- month.name[1:10] # »E>!Q”"\q«pV”

\%

\Y
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js”tz\\pe[hb,ow UiAt “oxz Rti~ t«h dgMO!O £«A>a” oM
"iZswpziwNe ¢ data.csv x°~~1reoMide{ae >2scM-M-%"0_0<"M{
otz RpMalh!O £«A> csvNe ¢cqg0Z—"hMqVxz write.csv() >—-Mifb{«

QydgMO!O £«A> csvNe ¢cq 0Z—'hZeyz
> write.csv(d, file=" mZhMNe ¢cE .csv")

gb"gzx"UAVYeée«Aeet csvNe ¢cUpViEb{

251 NAC= <EW{MM
i1¢= <Ew\qg>z Rpx NA g G tb{\MmU—"A pb{ NA > % A"»Neé”U

CK"MxO«AcEtiGw :>&;0¢z ,qerx NA U&loVib ¢mi“TepVsM, K
NA t&:pV” :q oxzZ<w«wUK"“$b{

na.omit() : NA > % ee>_Tb"{
is.na() : NA pKey TRUE zfOpsZey FALSE >&b{
ifelse() : NA ;w :pxsMUz NA >rgb”wt—-Q”UEUO0 :{

> d2 <- read.csv("dataO.csv")

> summary(d2) #surv w»tx NAU2 mK"\qU~"T”

> d23%surv <- ifelse(is.na(d2$surv), 0, d2$surv)

#ifelse( UE, TRUEwOuwee ", FALSEwOuwa"f sx NA> 0t”6{
> summary(d2) #NAUs XsloM™

\w, Ttz Rtx7‘sA"»a”; :U;™MreogM1b{
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3 "%
q“KQc A"»rstSMo7<0AgMlo<cMMwU"$ pb{A"»U?> loM"WwTe>"
$>é'olr 't «0{"$>&sMpeaelhw-rsxz'y'ye zuT*|wits“tb{
Rpw-&a&Nw~r“Mxz 6+j*$ ! y+j*$ qMOgqjteeMtb{
31 6+j"$
0+j"$xz -&Nw ">> b" A"$pb{-8Nw "gq oxz
K
6{[$
0,i$
nﬂéN
-aN

sTUK“fb{
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THA-4U hist()

| > hist(d$omosa) #omosa wipA-4U

Frequency

6{[$ boxplot()

Histogram of dSomosa

$1 TuA-a0

> boxplot(omosa ~ syori, d) #syori

> tb{®QoSMo<~AM{

]Jgw omosa

cee«Z>tV Rpx (y awe ~xawe, A"»NerU
\index{ p"h~+"% @A"»Ne”U }E) gMO{VM

$2 6{[$
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.18 plot()
> plot(ha ~ omosa, d)
#8A°@"]qt3ig¢>!'Qo3h hMOuz
> plot(ha ~ omosa, pch=as.numeric(syori)-1, d)
#Mtitp!QjESO
> plot(ha ~ omosa, pch=as.numeric(syori)-1,

+ col=as.numeric(syori), d)

#8A°@"]qt g 0$>3VhMs’
> library(lattice)
> xyplot(miki ~ omosa | syori, d)

futsuu ijime.
o
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0,i$ pairs()
> pairs(d)
#,i$9%7z8A°@”]qw3h«pV”
> pairs(d, pch=as.numeric(d$syori)-1, col=as.numeric(d$syori))

00 06

11111
=y

u

b

15 30

0

20

05

N |

05 20

=S=l==]

T om—

=
q
s

-

00 06

H_
o
N
o
4

15 05 25 04 12 0.00 0.20

$5 0,i%

25

05 25 15 10

04 12

0.00 0.20
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n-aN barplot()

> barplot(tapply(d$tijou, d$syori, mean))

$6 n-aN
-aN pie()
| > pie(table(d$syori))
$7 -4aN
THA-8UxK" mwA"»wil>_"qVz,i$x 2mw!” w > _"qV¢!A[UO

Jd8E8A°a@” pw)>_"qVx6{[$U,Spb{tcA”»> Ilh’z\e'wMc-T
w UpA"»w 25_" >mZt «0{n-8Ne -&NxzYt ao-loXi*M{

0+j"$p% tZ—"e"» Acge Eze]isrU¥Me“tMTsM\gx‘XK“tb{f
w'OslzZ<wy+jr"$Uptqgjtb{

3.2 y+jr%

y+jrexziGw Ot pVoM”-4Nwe&e“CZ>b” "$pb{é.$txz
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» Ag+a0c¢
awcwiee]

3X3idcw e
s<U¢

E «

y>iuzZet

N¥iAwGvVA

srwbTUpVib{

15

321 o6+j"$wapieb’y+j $

» Acea0c¢ zawcwiee] Z3X3i@Gcw of zx6+j*"$wE©Ownopiaeb”zAU
K“fb{

,i$0tSZ"E@W«>0 tb{,qoerx wo+j"$pc ;pVib{

» Ag~aa0g¢

> plot(..., main="

TM«xz

+

main U» Acz

» Act'hM E  * xlab="x awa®g¢ " ylab="y awadc ", ..)

> plot(miki ~ omosa, main="Test", xlab="Total mass (g)",

ylab="Stem mass (g)", d)

xlab Ux azylab Uy awadOcpK“zfege

" Wut ‘E)o_bn{
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aw«wc“~e]

> plot(..., xlim=c(x aw7-¢< , X aw7G«< ), ylim=cly aw7-< ,y aw7G«< ), ..)
TM«xz
> plot(miki ~ omosa, xlim=c(0, 7), ylim=c(0, 2), d)

Xlim zylim pfege Xazy aw«w7G«q7-DT tb{fhz\«iZpx”V 'cz
xiw-Vsqg\—-té]>'jhMOuz

> plot(..., xaxt="n", yaxt="n", ...) #xaxt zyaxt="n" px azy awe]»>3TsM
> axis(l, at=c( xUp'jhMe]wc« )) #x aw?3h
> axis(2, at=c( xuUp'jhMe]wc« )) #y awsh

TM«xz

> plot(miki ~ omosa, xlim=c(0, 7), ylim=c(0, 2), xaxt="n", yaxt="n", d)
> axis(1, at=c(0, 2, 4, 6))

> axis(2, at=c(0, 1, 2))

pzxiw-Vsg\—te]>'jtb{ axis wU™w:Exz 1U$Sw<e¢mit* xafz 2Usw
(¢mt* yafta>3X\g>™ “th{js"t 3p$wiz 4pswEta>3X\qepVv

Fb{

3T@ew ~i

> plot(x,y, pch=*) #pch=* wq\-w:E>!Q"qzM-M-s3i@¢cUZoX"
> plot(x,y, col=*) #col=* wg\-t:EsiwEz2¢ "black" z"blue" sr£>0+"qziU

1~

js”tz  Hmisci¢-"">%c¢ié”AoSMoz

> library(Hmisc)

> show.pch() # -Q"Ggq:<w0 Uz

> colors() # -Q"iw°aUz

> show.col() # :Ep! pV"iq:Ew0 "U O”etb{

TM«xz
> plot(miki ~ omosa, pch=1, d)

> plot(miki ~ omosa, col="red", d)

3.22 y+j~$o piee
°Ms<U¢ z E«z N¥iAwGV~r> N¥iA X q hy+j"$p3XZAUK“$b{
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s<Ut¢
\WWxMVs“T«paeVib{

> plot(tha ~ omosa, d) # ®?0-x.0"w

> test <- Im(ha ~ omosa, d) # s<U¢w~"q V>b,”
> co <- test$coefficients # ~"q V> cotC)

> curve(co[l] + co[2] * X, add=TRUE,

+ from=min(d$omosa), to=max(d$omosa)) #s<U¢>3h

curve() x¢>3XE©pz X aw<gq o X gMO E>O«"\qU>ftloMtb{

co[l] + co[2] * x x' «fw<«wpbyv{ add=TRUEEMOwxz2w$tOvo¢>%Xq
MO\g>etb”<wpb{pz Xwewc“> from gto p>SoM”"Zpb{

E«w{VM

> legend(" Ot>! "thx xqy w22, E«t3VhM E«3igd¢ )

TM«Xxz

> plot(miki ~ omosa, d)

> legend("topleft”, pch=1, col="black", "Stem mass (g)")
#O0tw! MO : "top", "topleft”, "bottomright" sr
#X qy 22p| b"s’

> legend(0.6, 1.8, pch=1, col="black", "Stem mass (g)")

N¥TAwGV~
> par(ps="*)
# 2 WiE>IQey‘'M{sSz\ex"$2teOf{

40¢p> ~=“ E
HE.WIEC«QyY »a¢«E
> expression(italic(" \Wti.t"hM E ")

#:UwG\({
> expression(paste(mu,"mol ",m~-2,s7-1))
> expression(paste(CO[2]," concentration (%)"))

q{Zyzfegs mol m ?s 1zCO, concentration (%) q O "+t b {iMtx
xlab=expression(... gMlh p-Mib{G\elp ""ptehaiUéxw E»aeiz”
teoMsMaeuU :Urg>'oM”ai pb{ paste x\e«’>AUb”™ HEjtb{

323 $w- w“M
Windows: pVh$xz$wipE«a s« z T¢cAUs Ot ™D >salz D" tb{f
0z0 iAsrt7“CZozNe ¢cq o- “tb{
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windows: % aA-pz Y»Ne ¢ct™D”

2009in y>iuZ €t

gMO«wUK"“tb{\e>Tee z

il["qz$>7“CZ"\qUpVib{Y»Nes cxKf“° $s UpxK“tdeeUz
'IGV-tPOH*UsMwU>Apb¢$qg o- "0«<TEMtdoef

fw ¢ Windows p<DE£

> dev.copy( N« ¢ U

> dev.off() #

gb"\qpz"AAYe«AaetsUpVoMib{Ne ¢w Ugq oxz

, file="

1 q"KQecnr$ tb{foz

-VsNe ¢cE”U

fw UiAw™bYtaeO\q,

epssrM-M-s«wU-Q$b{Z;Qwo6">RQ"qzq“KQc

. 0f

1. xaxfYe%aiZrz

Ne g U M

Word sr>q
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png z gif zjpg z pdf z
pdf t"0SXqg‘Mp

y AiZUYs”$UG6: “zfe>VeMt ,0 O hM

2.Xxa< yackoaiZrz?p<MMoepbZr£aSqT qTU8O0G6:w$>{VhM

qMO-"HUK"q¥M1b{8Xd"p<$AeypVib{pbUz3Xd"pr*A h\gqUK"”

xUT"q¥MtbUz

'sMwpzqgo<«l UTT“tb{elo’«fdae{

pb{

2mZiws>VeMt ,"hStxzUCupe»sGVA>K~dsZeys
Rs'zN¥"U¢sA>TQh$>~"we 0
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3.31 $w:qgé z¢A
fcz$>Nt?2xz#t?2x¢?
Mt-OqVxz

> par(mfrow=c( Nt ,"$w:

© | °
—

ch o

o N

gﬁﬁ

1S i

5

B3
<

o &

6 8 o 2 4 6 8
Total mass (g)

$8 x w,i$

2E£p "b"T>>S3 +0{

, #t ,"$w: )

mfrow=c( , )

>—MIb {1
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Root mass (g)

qMO Ot $b{

332 $w w "wbT

2009in y>iuZ €t

$9 x w,i$ 2

6:$>7"0uz$w w H>DTb"2ZAUK“fb{

1. X axTe% aiZrz

x: s z#M2xa0cUO"' Ot—"KZ"
2.Xa< Yy a<% aiZrzadSqT qTU8O6:w$>{VhM
¢: >O"\q«pVibUf

$w w

3.3.3 6:w$t0b
Atzo:wS$S>3MhO Uz

5>DTb"txz

par(mar=c( , , , ))
[zEtzre,rw: >q"Tf “1b{

Og¢

t0°080¢>mZhM\qUK” " q¥Mtb{\whStxz

6:whwZtz

6:w$w x aqg y a»3x{

>»—MIb{

xaqgyawadlbc;,wud u>~{

futsuu 1 ijime 71 zeitaku
o
o
° o 4 4
0©
o > o
N ° ®8
0®°%8 oo °
Oo,%g ° o og%
F o | %3 l o
o
] o goo o
°g° j i 000&%?
° 8
T T T T T T T T T T T T T
2 4 6 80 2 4 6 80 2 4
Total mass (g)

y 4iZUYs”$UG: “zfesVeMt ,07O hM

mar() txz(T'qtz$w<z(z

Xxas yawadOgrzfegew$tmZ wpxsXzo:ws$T.

gMO‘Ot tb{se\es\g>b"ZAUK"TqMOQqz«Qyz3X$w:U
wx atdOc¢>f b’qzo:wsw eotdOe¢r3X\qgUpVidoe{
tcz6:w$T.t "ozSwZw((>f “ftb{\etxz

Mxz

mar(): a$t "oz$wZw((>f b"{
"o z$ wZw((>f b"{

oma(): 6:w$ t

gMO\gpb{

oma() >-M1b{

NM2<c#EM2<:
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itz6:w$>3Mh™pz X aqya3vib{
> mtext(1, line=4, outer=T, text="x awabc¢ "
> mtext(2, line=4, outer=T, text="y awabdc¢ "
mtext() w7sw:Ex 1US$Sw<¢ x afz 2USw(¢ yatgtdlegr3X\grz line w:Exz$
T'reiz80c¢c>m 03XTz outer xz$wZtadc>3X\g>YS"T¢ T x TRUE £50
“oM1b{
334 fw

6:w$> ,"qVtz X as yawOjz$tzéselixzawew «f—-Q"wU° $pb{

Xlim=c( ,) =« ylim=c(,) »>-lof-QoSVi «0O{

335 yaw!:iZUus$ pYs"6:w$
TA"»t “zx.0t0 0(T’?20z80z Ow w$>3Mo_1t +0{

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

> par(mfrow=c(1, 3))

> par(mar=c(0, 5, 0, 0), oma=c(5, 0, 1, 1), ps=20)
> summary(d) #<wc*“>>S"hS
>
>
>
>

plot(ha ~ omosa, xlim=c(0, 8), xlab="", ylab="Needle mass (g)", d)

plot(miki ~ omosa, xlim=c(0, 8), xlab="", ylab="Stem mass (g)", d)

plot(ne ~ omosa, xlim=c(0, 8), xlab="", ylab="Root mass (g)", d)

mtext(1, line=3, outer=T, text="Total mass (g)", cex=0.6)

js"tz mtext xf "oK"N¥iAx 1‘“<GVStsloM”wpz cex=0.6 b"\gp=* 1
>K"doMtb¢ cex x!Gp>! b"g

3.36 Xxac< ya<%oal!:pK"6:w$
syori ]Jgt®x.0 { O »3Mo"$b{

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

> test <- split(d, d$syori)

> par(mfrow=c(1, 3), mar=c(0, 0, 0, 0), oma=c(6, 6, 1, 1), ps=20)
> summary(d) #«wc“>>S"hS

> for (i in 1:3) {

+ plot(ne ~ omosa, xlim=c(0, 8), ylim=c(0, 3),

xlab="", ylab="", yaxt="n", test[[i]])

if (i == 1) { axis(2, at=0:3) }

else { axis(2, at=0:3, label=FALSE) }
legend("topleft”, legend=unique(test[[i]]$syori), bty="n")

}

+ + + + o+
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> mtext(1, line=3, outer=T, text="Total mass (g)", cex=0.6)
> mtext(2, line=4, outer=T, text="Root mass (g)", cex=0.6)

21
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4 Rpw-rs
41 A»rsqw-$bAesei-

f'xseA”»rs>b”wp +OTefexzxiqg tqA>"T“ebXb”hSpb{hqg
Qyy>>_o®\\px\es\qUIVoMfOi qdao«zt?iZpfe>tib”"wxE"
Mpb zt ol >0 rd"WXAEDGOp +O{f\pf'U'XeeOwxzgA>l QUM
®:<p “Z zfw:«wt>C» 00Ob\gpb{\wWhSzw-rsxZ€WOAs&i>Z5
oM”"gMQ fhb{

w-rsgq°+ttlocz?t_fs "w«wUK“tb{TpuA-aU0srxG\w-qzye«"«
wpz\w'Os:<wBy<qgA>r b”ip ;pb{°Mz s{Owxw-$pAai-qgMOM
Opb{K”qA> ottipV"PAg>I™b"\qpz_oM"gAw%L +z "$s >
I"Tthb”"\qUpVib{

411 SOwJP
w-$pbAzi->tib"hStz sx®eu A w\'tFiirgg« ¥U&1 oM"Te+q
MO8J>U| tb{Furgx 3rg¢ futsuu zijime zzeitaku 2« ¥xi0°SWE <pb{

> d <- read.csv("surv.csv")
> head(d, 2) # A"»>wi *a>,Z " tb
> plot(Surv ~ Light, col=as.numeric(Nutrient), d)

A"»px\'U 1z®bU 0gqO—"0K*“tb{$>_"qzIi"M ¥px 1U Xs“zI"M,
r’pxOM ' Ot_Qib{°MzFirgxl-s§M>)QoMsM'Ot_Qib{\e>zw-
$bAaei-pxIVr"dib{

412 w-bAcweaeV

w-$bAzxi-xz > @$bPAct Deterministic model £q-pae$bAct Stochastic model £
w2 mtiZ"\qUpVib{w-$pAz®i->Y XaeOhStxz\w 2m>Vjeeqg™Yb”\q
UOApbD{

> &@$bPAc : til:q tl:w Q>0 h«w{xiUrOgA> QoM”TgMlo
<M M {
~pae$bAc : T'e"gAUrw‘Os-p$!rclola’Tt b">t{

«QyzIiGwA”»>bAei-b"qVz> &@$PAcq oxZ<w'Os<wURQ’'+3h{
> @$bPAcw«

X. W\’ «UE + FUUE #ix\exY-pxsM

\extxtoms¢ PA¢cqMQib{> a@$bAcxxiUrw'OtqA>"qb"TpbT'z
7c <t pK"ZAxK“tdoe{«Qyz«URA¢XE[ :>—loM1b{
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°Mz-pae$bAcq oxZ<w Os«wURQ =$b{

_pe$bAcw«

X.w\’ ~ Binomial(p), p x\1=p

??77?%Bew\jEqMOodapb‘v{ sxzx.w\'xEoiliqgMO=-piitHloC\b”
qRQoMib{\wz-pae$bActmMozZ<p<O—"A X\, b{

413 -px$bAg
E,rzxtiUrw'OtgA> QoM"T g hwU> a&$bAciqtl t h{pxz>
®$PAciZpTowgAs>tipvV'wp «OTs
tQx No pb{gA> “zj)UTXlasM\gxK*Qfdee{j)U\a"\qpz
PAGT' ~e”¢q <«w txceUlazth {fwhSz ~e"gAUrw'Osj)>
Elola”"T>R€ sXoxs“tdee{j)xz
i)
Xx.)z«€ oMsMUEsrz “oMsMAY,

qMIh‘OtZMX,p(\aQib{\WZ@ A.”qAUrW‘Osi))Elo\auT—)_‘

pilp g hcwUz-pe$bAcpb{mit“z re"gAx> ®e$bPAcqg-paes$bPA
cwWtMUAM; "0 Ae” aMQ$b{

_pa$bAcgtxze wapii>;M"\qUpVib{ Us<cwq oxzYFiieUz?
T0lzEOUIsrUe['etb¢$ MO -piiw xz —pllwidy ”»wcttlol="
th {

YFile Ezi,¢ 21AY " »Hpe ™ewes “77
Eotle EC  =\l-pz 11AY"»8 O™ tpwcC-pE> “~"{
Uztitle E¢ 1i1aYy"»f 0ZiwT:> “77{
o Gaussian Binomial Poisson
9 < <
o o o
P
D ™ | @
o o o
g g .
2 N ! o
= s Lo s Y
% 87 I I T [
g ° | oo =R
o o
x ol [
§,' ' : ' : : = ! E :; : E ii g,' “““in””r”wﬁ:;
0 20 40 60 80 100 2 4 6 8 10 0 5 10 15 20 25 30

Parameter
$10 -puigliay’»t'” wgM

$owiw§MxzYFUitSMoxi,w >zEouiqUZztititmMox E«!=~rdhew{
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\w'Ot-piiw xId&Y”"»t‘'lo!="ftbT'z ~ehqA¢A"»£t7<&Ub"
ts"qVw-piliiwidY"»Uz7«D6QwWOMIAY"»qs“thb{

414 > s&qg-paewAl

f'UL UK wxz> &$PAct”" U "~ehgAgqrw‘Os tK"wT¢ ”
QEqMO\gpb{\exz> ®@$bPAGtE" ®iA¥%w >* b"qgM0O8Jq oRQ"\
qgUpVib{

pXxz :w* xrw'Os,jp@Qy‘Mwp «OTe ~e"qA>Tgb”-piiw

xzfwidY”"»t'lo> "etb{fwhSz Ne"gAt b -pUiwi&dY"»>z>

@$bAct'loz "~e"gAt7cpoxt”‘Ot> beyMM\qts“tb{> &$Pp
Acwe xzfwWPAGtE™ tehAYuw :e~"t'lo>F"“tbT’z 1e~"> Ao
hqAU7<X6qpV” ' Ot> b"zqRQ"\qUpV1b]{
3 Gaussian ) Binomial Poisson
— — ] 00 ommc 9._
Data
o @ e Po
g o .'“.0 o _|
2 3 o] RIS
— < ®ese 006%0000
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$11 TA"»q> &S‘|-pae$bAcw

["UTA"»za"U> a&$pbAcgt'” z<"U-pae$bPAc>CQh${<"pxz-pae$bActlo’ "e"«wC\ -pUz
¢pOreoM"{EdUTWSpX2Z X aw«U 0.1 -t E*h Y wszz pO oM™ {
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> @$bAcpw' >> b"Mz-pae$bActHlIoj)UC\b"g> 0> oMt

b{fwhSz-pas$pbAc¢> Ord"qz> ®$bPAct'” Urw'Os,jp>
"wT_o "\qgUpVib{
Zi>e1Q"qzw-$PAai-xZ<w qT' I™Aeth{

ANe"¢tI"hMEqAUZz?2 ' Tw-piitHlo\a’g> {bs~jz-p

cw> {
RQoM"A%T' ~e’qA>tib”PA¢>"R{bs"jz> ae$bAg

Neo M

@$bA

w> {

NeqAs 7T XTqpV OtzapiiwidY"»zbs™j> ee$bAcw :

> * bn{

® Ae"qA>7<'X qpV" qMO\g>°Ab”"!aq 02iS¢
qUpVib{iStmMoxIi..ptl b{

415 1S

Likelihood £>; M ”\

«

W\w -x*i¢ 1997£w7iOwtls, ... fwif-"do< loMib{\+'“ne

“fAstisceoqo«pVsMwp ...

iISqx® K"A"»U™’ehqVtzK"=apllwipA"»>reiZic X gpVoM”

T>Ob«w “pb{sceiT Y" " tXMq¥Owpzi«>e[0°p tb{

nNns TAuw o TjT>D,z rsz (n r)sjUzhgq hqVtz UZ"-pxZ<wE
oulp [pVib{\w L(pjr) UziS pb{iSxzA"»t‘'XpoxtloM”,r <UGVX
s“tb {

. n
Lpin= . pP@ p="

=a.Cp' (1 p)(n )

«Qy 3 s iAp>o 2s7ilhg tb{\WA”"»iZT'®\w~ Tw UZ"-p
Xx* g0"*h’'z,geerw U¢ UZhs:£ [¢%ees:£p 2=3=0:6668: qtQ"p +0O{
® Tw UZ"-p xzEOoUIwldY "»pK”"\Il=p P g% acwph{

pxz p=2=3th"qzSptiSx7Gts”wp +OT«$>3Mo_3F +0{
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<
o
g
%
3 8
5! |
g .
I I I I
0.2 0.4 0.6 0.8
Parameter
$12 [aY"»>!=~dhqVwEouiwisS
~$ A
> Lbinom <- function(p, r, n) {choose(n, r) * p*r * (1 - p)n - )}
> pr <- 5:95/100
#3 s  iAu o 2sUzhOu
> plot(Lbinom(pr, 2, 3) ~ pr, xlab="Parameter", ylab="Likelihood", type="I")
> abline(v = 2/3, lwd=2)
\W$T'"T"'Otz Pp=2=3 UiS>7«<GVXb"«w'Opbv{pxz 3s iApo 2s

“UzhOutz p> 2/3th"q?,iSU7<GVXs"wp +OTe

iSt “'czK” :wlA:xfw >elib"\qp{S"\qUpVib{ sx®
TApo 2sUZh " gMOA’»U~"eoM”wpzfwgVwiS>«i0ziSU7Gqs”
p>{S"\qUpVib{

3Cp*(1 p)© 2
3 PP p)

L(pir)

\wiS»>elib"qz

L(pir)°=6p 9p?=0
=p6 9p)=0
=p=2=3o0r0
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gs“z 2=3 U«Te+t h{\wz

Pp=2=3>{S"MOU 7i0 ¢iSqMO,jp-puiwli&dY"»>A"»ticpoxt”"
Ot>S"¢f
P=2=3 U7i* « {

pb{™pzZoX" devianceqT AIC <ziS>,t" 0% Z"*fb{

iMw* wMxz p>> a&@$bAcp gb’\qts“tb{fwOuz* b” :w:iZ
> 0{S"\qts*“tb{thz Oxti'tdeU¢Z<trtiZzO tbf&Z-%U ots
"Nqz7i* «<x!"'sM\qT'zTMw-%pxiSw0:> h0:iS>;M"\qU,q
erpb{

416 0:iS
jelqwH,tgjOlh\qUK” iqziS¢ Likelihood £“<z0:1S¢ Log Likelihood £q
MOo w,Otsa”"UK”"T«< efdee{0:1Sgxz iISwO:>qlh«w pb{iMw¢ b

ActSZ"710xz0:1S>0Aq olere"\qU,qoerpb{
seTgMOQqz-OwxiSp«0:iSp«rji’p<MMwpbUz-%x0:1SpsMq7i*
<U{S’+sM\qU MT'pb{«QyYFii>«tgqlo_1 +0{

Y= V1,¥Y2, 50 Y100 MO 100 xwA"»UKlhqVtz y1 U e”ap¢iSExz

1 1
ps—exp( 350 )%)

g [pVEib{%a'Ot VoZVY100 ST< 'etbUz\e'WA”» Yy U e"ap>7<GVX
b"hStxz y; U'e"=pE Gy, U™ e"2pE e, Cyio0 U™ +"~pE>T<GVX
b"ZAUK*“tb{\wiS> L(; 3y) gqb"qz
.2 ¥ o1 1 2
L(; “Jy)= pzfexp( ﬁ(Yi )9)
i=1
0
1 : 2
:(BT )100exp( (yl2 2) )
i=1

qs“zrOelostib"ceileeqMOUtslo tMtb{f\p0:>q“tb{0:>qlh
E,rwiS> logL(; ?jy) gb”qz

1 oy )2
logl (i %jy) = log(( p==)"exp( =557)
i=1
P Xy )2
= 100 log( 2 ) Qﬁégflf
i=1
gs“zAAwq\- (y )?=2 2 wei>elibey7i* <U{f"\qts“tb{0:iStb

"g-% U,ts”\qU Mwpz,qoerwOu0:iS>;Mtb{
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4.2 GLM&pAc-R

421 GLMUsezAT
GLM gx Generalized Linear Modelwtpb{ GeneralizedUmXwxz\efpw>tU px¢,

L EYFUI'T{QsTlhwt0 z GLM px6:w-pul>{Q"*OtsloM”"hSpb{
\WB6:w-pUi>{Q" qMO\qUOApb{ses’'zqitx YFUItH " sM A”»

U‘X"e"T'pb{\etpx!:18srpzA”"»>YFUltKk"d'Oq oVt h{ T

Yz!1:18 0<K"sMOuUxK“tb z!:16b”q O sMxcw!“*;0U ™tslh

“b”hS¢EiI "Ziw ANOVA p&a S’+h x Mg¥Mtb# GLM UzAts“tb{

422 \eesqVx GLMi,
tKg“KQc,SqMOT" " €£
K’gAt w!:Ueé1)QoM”"TrOT>U|b”

423 swA"»>w-bPAgpRQ”

7st_h‘Otz sx®el A w\'tFlirgg« ¥Ueél1 ' oM"T« gMOd8J>U|"
oMtib{\wOuww-PAcxrw'Ots”p «OTe

tc-pes$bAcpbUz s ~ehgAc¢ti ' hMgAEX\ pts“tb{\w'OszA
AUIV"zIVV'sMgMOQgAxEoUipz+$ ' XUApV "wpz sxEouiq tb{Eo®

UTwlaY"»xz\l-p¢AAUI\"-p£E pwlmw pb{

mWwt> &@$bPAcpbUz'Y oMhwx®«S'|FUUEt‘loeaw\'xet>!1Z2"w
pxe gMO\gqp h{ T zotfe’>¢ tAUu hiZpxz' "e"«<x¢\Il=p p >
"b"wtE OT" 1w t)F“Fdae{

f\pz> @$bAgrjelq!E tbh{AY%>¢ AU hcwe¢e¢ ' £> X gb"qz

exp(X)=(1+exp(X)) thx 1=(1+exp( X)) gbeyz X xzc 0T’ 1t)i“tb{\«>$0O"
0"t -0¢$ 13K

$13 é pAYi«ldt "cwe”
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n$ A
> x <- -100:100

> par(mfrow=c(1, 2))

> plot(x, 1/(1 + exp(-x)), type="I")

> plot(x, 1/(1 + exp(-x)), xlim=c(-5, 5), type="1")

js tz\e>:Up gb”"qZ<w‘Ots“tb{
p=1=(1+exp( X))
l=p=1l+exp( X)
(1 p)=p=exp( X)
log(1 p=p= X
log(p<1 p)) =X

\O_"qz\l-p P>€é (A3 hcw>AYawe AUCCE ' E£p' b”zq Q”\q
PV q¥Mtb{
Zi>*1Q"qz
-pae$bAce Binomial(p);p x\I-p
> ®@$bAce p=1=1+exp( (« ¥ + FUUE + ~")) ¢toeai« :"¢ ' £%h
x log(p1 p)= « ¥ + FGUE + ~"

gs“¥hb{

424 x—pGLM
> ®@$bPAcqg-pae$bPAcU> "ot h{pxz\e'>—loTMtrw'Ot7i* >a
Owp «OTefwa >grb”"hStzxiw p-%>-0_f +0{om=whStz\wOu

xz«U\'té1 oM"TeqMOPAGctmMoU| tb{
¢E3Xd"prA oMhiVib{ SurvML.xls >% Mo Xi*M£

A0z -%> 0MhiMo " Tlhq¥MtbUz7i* >{S"hStxM—-ces~"« Vw
GV B0:EISUTGQs”<>sgbh”"2AUK“$b{~"+ V>!=2d"qz0:iSx
Z<w'Ot!="1Db{
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pz7&s Vgq~"> "Apsgb”wxG!scepzflx Rwgim() :tUdt «0O{
425 GLMp] "sZeys’'sM\q

GLM xw-PAcpK“zE,rw'Osw-$bAzi-wa >I0 0¢"2AUK"“tb{ Rp
wWMOXxZ<we“pb{

> result <- gim(y ~ x1 + ..., family = i) (i« : ), A"»E)

GLM p! “sXoxs’'sM\gxZ<w 3mpb{A"»x y¢ tl:{qgAfw«w£Eq X¢ Tl
l:{PAcWIRAEELtUTeoMtbUzfe>™MY sU ' Z<>jeepXi*M{

y wi)l Yy wapilizbs™j-paes$sbAc{
¢ c PACUC 1Xq+ oXo+ i f
@i« :  -pe$bAcwidY"»q¢ ' >msY«w{¢ ' toai« >/

AdhawU> 2$bPAcqRQ"q " T“ebM{

i)l

gm() pz+$‘X;M'«"i)i ¢-pae$pPAcEq oxzZ<w«wUK[ +tb{
gaussian: M~«"YFui{ Eqi,w 214Y"»p [PrezE <{
binomial: Eoui{ \®A”» srp-O{ E¢\l-pgMIoMMTE 1i8aY"»p
[{

poisson: UZz1iii{ §¢iAA"» ¢1lxz2x..£p-O{ E 1i&Y’"»p [{

i«

i)l t0 zéx;M'e"@i« :xZ<w'Opb{
gaussianw O 0 : identify ¢>t16 sM£
binomial wO u: logit

poissonw O u: log

sSzoj)l t0"00 haei« :x2jwaei« :pK“zéxx RipxO—b"zAx

Ketdoe {

426 GLMwALw_M
px GLM pwrss>eaelo f +0{ GLM wAL> "hStxZ<w'Ot tb{
GLM wiee«

> res <- glm(Surv ~ Light + Nutrient, family=binomial, d)
> summary(res)

Call:
gim(formula = Surv ~ Light + Nutrient, family = binomial, data = d)
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Deviance Residuals:
Min 1Q Median 3Q Max
-2.5992 0.2709 0.3792 0.6678 1.4863

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) -0.5564 0.1870 -2.975 0.00293 **
Light 3.9648 0.3110 12.749 < 2e-16 ***

Nutrientijime -0.1874 0.2113 -0.887 0.37510
Nutrientzeitaku -0.2710 0.2082 -1.301 0.19312

Signif. codes: 0 " 0.001 ** 0.01 ™ 0.05 ' 0.1"'"'1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 1071.25 on 999 degrees of freedom
Residual deviance: 860.14 on 996 degrees of freedom
AIC: 868.14

Number of Fisher Scoring iterations: 5
_",V«wqg oxz

Coe cients: Estimate U* ~Aeh :
deviance: Null devianceU~"ow"w deviancez Residual devianceU t1!:>dO0 hqVw
deviance

Ue['etb{ deviancegxKoxt“wg”r>0 z\eU-"M,rA”»t'XKoxfloM”
\qg>O oMitb{
Coecients w_Th

E !¢ Light £: \'ptYw®L
§A°a”1:¢ Nutrient £: 2¢NeO Ap7sw§A°a’w > 0gq hgvVwz
wgA° @ "welw*MU O”reoM”{ sxrg w)xKt“srfOpK”{

427 AICt'"PA¢-R
AIC x Akaike Information Criterion wtpz

AIC= 2 maximum log likelihood +2p

q ["e*b{ AIC U-~"M,r‘mpAg qrethb{



Rsa .0 2009iny>iuzet 33

maximum log likelihood qgqx7G=0:iSq "*zE&,r°p " hiSwO0:>qlh<wp
b{iS%7zY “h-piuiwipwA”»ewpoxi“U‘'M,rGVM«> “tbtjs

"t -2>TZh«wU deviancef
pxi&Y"»:zm3“PActdOb”til:w:pb{

\e'T""T Otz AIC x poxt“U‘XzTmZR"iZt11:U—sMpPAgs>-e ‘Ot
sloMtb{
AIC t"PAg-R>&0hStxzi¢-"" MASS t t+”  stepAIC() >—Mtb{

> library(MASS)

> stepAlC(res)

Start: AIC=868.14
Surv ~ Light + Nutrient

Df Deviance AIC
- Nutrient 2 861.92 865.92
<none> 860.14 868.14
- Light 1 1070.95 1076.95

Step: AIC=865.92
Surv ~ Light

Df Deviance AIC
<none> 861.92 865.92

- Light 1 1071.25 1073.25

Call: glm(formula = Surv ~ Light, family = binomial, data = d)

Coefficients:
(Intercept) Light
-0.6943 3.9292

Degrees of Freedom: 999 Total (i.e. Null); 998 Residual
Null Deviance: 1071
Residual Deviance: 861.9 AIC: 865.9

\WWp> AehbAgt te"l:x™ wWK"l:pK“z $esTlh!:xfOpxsM!:z

gRQ""Zpb{mif“z siq Nutrient x®MoMsM!:qQ.."eh"Zpb{
\O'oz«w"Ueluw\'tet"oM"qMOALU e« " h{\\pzjelgE,rw
survML.xls tilo"t «O{\\t* ALW~"q«w :>0+z0:1S> -2 "o deviance

>-%b”q ... .
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428 ALws$O
W->TZh'zfwAL>$Ob " weelz“GAs\qpb{w-rsUY MT>Q..b"hS
t{A$MOpbUz

AL>C) h!O £«AT’ml:w :> “Zb
“ehapw Eomzeei« :wo :pK’oe&ei« :t)Qz curve() tL* cep3h
b

gMO g> “th{s<U¢qg°ypb{

hi** Aeh :xzei« :UM,"oM”Y6pw* <pbT’z* *eht1 hMq
Ac\\px\'-p VE> “ZbhStxz* <toai« :>A:Ado>!6b"2AUK®
tb{

identify: >t!6b"zAs"
logit: library(faraway) tK” ilogit() t* >O"Cé YAV «!BE
log: exp() t* >0

pxzZE,rwAL>$0 071 +0{

S T DS DR
-
@ _J
o
© _|
o
2
@
<
o
N
o
S CHmEOHERIKIOO XX > © @ CUNBEHITED 0 GEDAXD D OO0 @
\ \ \ \ \ T
0.0 0.2 0.4 0.6 0.8 1.0
Light

$ 15 GLM wpoxSAL

34
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35

GLM ¢hbinomial £tSZ"~$ A
res <- glm(surv ~ light + syori, family=binomial(logit), d)
resB <- stepAlC(res)

co <- resB$coefficients

library(faraway) # . ilogit() > % faraway >z|Zb
plot(Surv ~ Light, d) # fc$>"“%b

curve(ilogit(co[1] + co[2] * Xx), lwd=2, add=TRUE)

vV V V V V V

#ilogit() tT’sMOu{xup > jEOq,pb{

> logistic <- function(x) {exp(x) / (1 + exp(x)) }

> plot(surv ~ light, d)

> curve(logistic(co[1] + co[2] * X), wd=2, add=TRUE)

U TAx curve() tL" %<pb{ sx Light "Tel'oMsTlhwpz~"q
ho>zoai« :pK"é pAY¢«lde ilogit) £ 0A¢>3MoMib{

4.3 GLMM&pPA¢-R

431 GLMMUseZAT

GLMM ¢gx Generalized Linear Mixed Modelwtpb{ Mixed xz GLM p!"®L¢
> %obAcswpmMoMithb{

GLM pxzp wK"gAtel oM "qRQ’«"AY>> @$bPAct “Oezfet-pae
$PAct'"I"UK"qRQozqgA>Tib"PAc>T™ £ h{

‘T z> ®@$PACLE” %o AYVaxKXIpf'U™MYS$t “I["«wpK“zfeiZpA”
»UTI ~e"\gxtcK“tdae{f'U “sMAYpA"»télb”AYs>
gz|lz\exMh”"g\-teecepMib{

Light > °

Random e ect £

Random e ect

Random eect w« MHwa Randomeect i’'Z,

X.)¢% argaswt .. £
Oé¢« )

fwOtt{ s?T

1 ¢ag!”

swA"»xz

Nutrient aJgtMXmTw Plot USTg o 'soM”
g Plot T° 100x.wA”"»U~’«0M”

gsloMtb{ GLMM >-Qyz Oé¢A wcwy'mV>R€ sU’rga )>_"~
é¢¢A> Randomeect th” \gpDots“tb{

\qguz O
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= o S st T T T T
o ! Sl
3 © = CIr
2
= O" b I | I
g 2 31 - L
= N~ =
8 ¢ 0 E
E 53
T8 5 °
? ™ o o | T T
S O 1 P
S - 0 e s
A F G H I 3 A BCDEFGHI J
Plot
$ 16 Randomeect UZAs-"u
Plot p\'pw)UTs“K"Uz AsAYipK "« ¥xOé:,A p)UsM{\wOuUz pVoMsMA%t‘loOésA )UC\®
oM"qRQ’+"{
ng A
> par(mfrow=c(1, 2), mar=c(1, 5, 1, 1), oma=c(4, 0, 0, 0), ps=20)
> plot(1:10, tapply(d$Surv, d$Plot, mean), xlim=c(1, 10),
+ xlab="", ylab="Survival probability”, xaxt="n", cex=2.0)
> axis(1, at=1:10, labels=LETTERS[1:10])
> plot(Light ~ Plot, xlab="", ylab="Light intensity", d)
> mtext(1, line=2, outer=TRUE, text="Plot")
4.3.2 Random e ectgx-e
GLMM pxz Randomeect >z E O0zi, * pK” YFiUltHO!:q o{Mtbh {mt“z
E«x!"’sMUz Randomeect t‘1o0A”»wy' mViZU!=b”"*Os!:> 1x<O 0
«""Zpb{\exUw p{XwpKseyz
ye tl:£ = x1¢til: 1E+ x2¢t11: 2£+ .. + RE ¢Random effect £
gMO pRQ"\qUZR1b{
swA"»pxz Plot URandomeect ts“tbUz Plot x>t)>_hMOApxK“fdoe{\
wPlot °m°mt "o kut * <> S”\gxDo6pbUzfex Plot w:iZiaY”"»:>y
eb\gpK“zKoxt“U'Xs”wxph“2pb{°T z Plot x>ty " wWK”0ApxsMw
pzfw* >{So«Kf*™M UK“tde zPAcwW° QXGVXy< tbe¢iT’ AIC s
rxT&Y”»:qpoxt“wldip>q”{
flpz Randomeect xz?Tw=-p!:tHlo\a"«<qg $b{\Ob"\gqpzn Plot txK

" Swy'mVUK”\gq>SérdsU’zIaY”"»q ox 1myQ”iZpb thb({
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-puitHlo\a”«<q oRQ"Yae¢Ax t<K“th{ Randomeect w'Otp UsMA
YUtmMoxKI“R€ sMpA”"»> "\qU Mwpz y yfw®L>A"»T'* b”"\q
XxE Mpb¢K” Plot iZ::U—sMzgqTHfw'OsY peo Plot t b”* okpt>
0gb’gz y yqistxK QsMo>* "0 FMIbe«Qy\V pwA"»pzcq«
glx. " TMsXofseU\" " hOuz\'px 100%tslo 0K

T zK"=pliitHOgQMO1“wap* beyz-piliw wil“t'“z Plot wapx7
\'pUBMOtg 0o* "etbUzAZtGVso g tXXs“tbh{mt“z Random e ect
XE-TQ>POI&aY"»>{OMOq -0z *h:U XK"qMQ1thb{

\w'Os Randomeect WRQMx.x> 0y McwpxsXz«QyU wWiE pc« Nested
ANOVA srgMlh w abAg¢gp{ soVi h{ T zU wiE p!"®L>{O\gx"®

CSLE XzKE“ “Oee"\qUK*“tdcep h{ T zfwMyx GLMM t‘lo “=
“eh zA"»>""a p t+"qRQ’e" Random eect >RE€b"\qU° $ts“mmK

“¥b{

433 \eesqVx GLMM i,
gL U|"hM!:ZZtz t1:tI’TtéH)QoM A% UK"{
fWAYst "0zZAY%Qg 0°AXx hXsMUzAt«pVsM{
Ti$tz,geerwA’»rsU\et"pb”{

434 Rtsz” GLMM wie :

glmmML() T¢-"" glimmML t)a&{ library(@immML) p-Q”{
Ot : stepAIC() sr7 w :U&; «bM{f "oM”{
yt 2 {Q"i)T x binomial z poissonw " {O e’ Random eect x 1 xiz

,S #RE x Randomeectzd xA”»Ne&"UE

gimmML(y ~ x1 + ..., cluster=RE, family=**, d)

Imer() : f¢-"" Ime4 t)&{ library(Ime4) p-Q"{

Ot: {Q"i{)T U gaussianz binomial z poissonsr M{ Randomeect x6:} D6¢"
Tc~"q Vrj't<dOpV"{

yt : :w“7U> shSz7 w :U&;pVsM\qU M{

S

Imerly ~ x1 + ... + (1 | RE), family=**, d)

fegewrs«>0O 1b{
gimmML() w—;«

> library(gimmML)
> res <- glmmML(Surv ~ Light + Nutrient, cluster=Plot, family=binomial, d)

> summary(res)

Call: glmmML(formula = Surv ~ Light + Nutrient, family = binomial, data = d, cluster = Plot)
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coef se(coef) z Pr(>|z])
(Intercept) -0.7076  0.6830 -1.036 0.300
Light 5.8076  0.4552 12.758 0.000

Nutrientiime  -0.3141  0.2590 -1.213 0.225
Nutrientzeitaku -0.4025 0.2533 -1.589 0.112

Scale parameter in mixing distribution: 2.001 gaussian
Std. Error: 0.5614
Residual deviance: 628.6 on 995 degrees of freedom AIC: 638.6

GLM gqGVs)xK“fdae{ Null deviance UZ—"+sMY ' MU8Mp «OT{thz«w* «
UGLM qGVXYsloM"\qt«é oXirM{

Imer() w—;«
> library(Ime4)
> res2 <- Imer(Surv ~ Light + Nutrient + (1 | Plot), family=binomial, d)
> res2

Generalized linear mixed model fit by the Laplace approximation
Formula: Surv ~ Light + Nutrient + (1 | Plot)
Data: d
AIC  BIC logLik deviance
638.6 663.2 -314.3 628.6
Random effects:
Groups Name Variance Std.Dev.
Plot  (Intercept) 4.0055 2.0014
Number of obs: 1000, groups: Plot, 10

Fixed effects:

Estimate Std. Error z value Pr(>|z|)
(Intercept) -0.7076 0.6797 -1.041 0.298
Light 5.8076 0.4496 12.918 <2e-16 ***
Nutrientijime -0.3141 0.2581 -1.217 0.224
Nutrientzeitaku -0.4026 0.2524 -1.595 0.111

Signif. codes: 0 "**' (0.001 "**' 0.01 "' 0.05 ' 0.1 "'"'1
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Correlation of Fixed Effects:
(Intr) Light Ntrntj

Light -0.214

Nutrientijm -0.153 -0.127

Nutrientztk -0.152 -0.140 0.496

\['xGUu7 USMib{fchPAgwpoxt“>Ob AIC srUO7e0S“zfw<t Random
eect Urw Swy' mVs>Ti'oM"TU O7rezfw<ttil:t b”@CULd’'*0M
tb{ALW!O £«A> fixef) tO-"qti!:UZz ranef) tO+”q Randomeect w«Uz

AIC(logLik( )) tOs"q AIC U OAr«tb{

sw'Ot Randomeect w®LUEMOUz* ALXx_oMhiMh*‘OtAT!"“th¢$ I8
Q|
—
@ |
o
©
=
S
S5 ©
n o
©
2
5 Y
c O
o)
e
o
N
o
g — WO olmoux)T(n-uonTooo ol
00 01 02 03 04 05 06 07 08 09 10
Relative light intensity
$17 GLM q GLMM w* ALwWE&M
—-AM UT <¢C*“me’w x\'pUyMOE¢AZGVM U« ¥ w E<{ GLM w* ALx MA¢z GLMM  w* ALxhM

¢pO oM”"{ GLM w* ALx Plot wy'mV>R€ oMsMhSzf.tu"d"*Os* ALgsloM"{

435 GLMMtSz"pA¢-R
glmmML()tmMox stepAIC() >z Imer() tmMox dredge() >—M3b{ dredge() xi¢-"~
MuMIn t feoM”wpbUz MuMIn xéxwi¢-""w TpHA"coeétx teoMideew
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p z http://r-forge.r-project.org/projects/mumin/ T Ytcié”A oXirM{

iIGwO" tz«-p z Download MO~ iwz “i>«a¢ « 2 Windows wMp h’
Windows binary(.zip) >«ee ¢« z zip Ne ¢>¥%e¢ié” A oXirM{

it Rw®i¢g-""" | ®é"8§¢tK” zip Ne ¢T'wi¢g-""w ipA’¢Ha|zE,
rw¥%e¢ié” A h zip Ne ¢>-R 0Xi*M{

436 -MM
ALW!O E«Aszfegew :tOe”iZpb{tcx glmmML()w O v {

library(glmmML)

res <- glmmML(Surv ~ Light + Nutrient, cluster=Plot, family=binomial, d)
library(MASS)

stepAIlC(res)

Start: AIC=638.62

Surv ~ Light + Nutrient

>
>
>
>

Df AIC
- Nutrient 2 637.43
<none> 638.62

- Light 1 914.57

Step: AIC=637.43
Surv ~ Light

[gimmml] fail = 1

Max. No. of iterations reached without convergence Df AIC
<none> 637.43

- Light 1 979.39

Call: glmmML(formula = Surv ~ Light, family = binomial, data = d, cluster = Plot)

coef se(coef) z Pr(>|z|)
(Intercept) -0.9087 0.6674 -1.362 0.173
Light 5.7181  0.4467 12.800 0.000

Scale parameter in mixing distribution: 1.987 gaussian
Std. Error: 0.5563

Residual deviance: 631.4 on 997 degrees of freedom AIC: 637.4


http://r-forge.r-project.org/projects/mumin/
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Warning messages:
1: In glimmML.fit(X, Y, weights, cluster.weights, start.coef, start.sigma,

2: In gimmML(formula = Surv ~ 1, family = binomial, data = d, cluster = Plot) :
‘vmmin' did not converge. Increase 'maxit'?

KeeseToda”UZo tMI hv{let "ox™ r{ Mo Imer() wOuphb{

> res2 <- Imer(Surv ~ Light + Nutrient + (1 | Plot), family=binomial, d)
> dredge(res2)
Model selection table

(Intr) Light Nutrnt k Dev. AIC AICc delta weight

2 -0.9082 5.718 3 631.4 637.4 637.4 0.000 0.649
4 -0.7076 5.808 15 628.6 638.6 638.7 1.232 0.351
1 1.6620 2 906.9 910.9 910.9 273.500 0.000
3 1.6870 1 4 906.6 914.6 914.6 277.200 0.000

Random terms: 1 | Plot

dredge() xzb,owE 0"dwbAcgw AIC >U| 'z AIC U-~MPAc,rit” 0 tb{§
A°ce”l:tmMoxz-R"«oM”"O0tx 1UO~r«0oMtb{

437 GLMMwAA&aOc¢32a”A
gimmML()zlmer() q<t*Xa&"UC\ ib{:1$txrZsMpbAgswpz:<sgt‘lo
rs$tr>Z oMtb{fwhSzO0ftX) "sMqge&d”UC\ tb{fwgVwOrMOphb{

SptfwbAgp‘Me S \eUAA°jGApb{xiwRBRQOM"PACUC\GTSLEY"
MwTzRandomeect g0 “ S"«<wU tsMT¢otZASMTEsrzbPAcgfwew
tmMo‘XBQF »0{

Z<xz gimmMLOw" ®pb{

% start.sigma : rs>+S"Mws8:>!1Qtb{AN¥¢Ax 05 pbwpzc>GV X h
“_AX h“ 0) b"T¥% 0Xi"M{
¥%: maxit: ) ~d"ipt “&b-%ws:>> "tb{AN¥¢Ax 200 spb¢ —
SI,f-%s:>yeb\qt'lo) b"T<E+Ffdet2x xXFOMO&gXxsMp
bUH

44 U

Oxe"tdoe{™ rzZAUK“f h'€° 0oXir*M{
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441 \esqVxU i,
bptU|"hMA%UU «oMozfwAYawelw)>U| hM{
kusM3 ¥tK“zU|'hMAYZZwel>BEb"2ZAUsSM{
e ¢K"MX Editor £tU "—lot"+00'QsM M) C\W-"pU°j] MTe£

U wjgt “oxz°titdeUz,S$tx

)>_‘Ogb”"B, p)UsMqg> b"{
tB, T'4i1%U+i0&@i-"0Vo)>qlh«tK"Mx<O—"\vX“sS h<{M~e

"U w-"£U7 wgeaeli¢YFUlithxfet"b”cwgb”\qU MEt HOq>
b” {

TMw «<T'U W-">-%  hqVtztB,t)UsMg> "hqVwU w-"wil
tSMor\te"b"T>D,zb]Xx I\¢ M~ 95 % : ' “«z{mI“Y MO°"i£

ilh'®1B,t)UsMqMO> U §loMh qAab"{

gMO\gpb{
Z<to U >&eOMO>0 tb{fw2tzZ<w\g> 0SMoXi*M{

> d <- read.csv("data.csv")
> d2 <- subset(d, syori!="ijime")

442 2mw-¢"Ow)wU

tu

“rehA”»Ui“t qpK“zE :pK”Out ttest) >-0O{
> t.test(omosa ~ syori, d2, var.equal=TRUE)

varequal > TRUE t"0SZyéxw T U z FALSE wOUC\J’UAN¥GCAEXZM "

Welch wU gqs”{ thz paired = TRUEqb”"\qpz0 wK” t U >fepV”{

uu

loM"A"»U "z8 A°a@"A"»pK”"zK"Mxxcs<UK"*OsOU wilcox.test()
>—0¢i,UGVXYs"qgVx&* "sMAA"»>Toqe="0;M"wpzxcecwe!?

>»IZtXM{ UU x:T1%tx Wilcoxon wgeeU qzy*"U q% 7pK“z R wagpx

Wilcoxon wgeeéU Uae™"{

> wilcox.test(omosa ~ syori, d2)
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443 3mZiw-¢"0 w)wU
ANOVA ¢M~«"0,0SsE

E :WwWA"»pK“z-a¢”’Ow<i,Us " M¢si,QeEOux0Oux aov() >-O{hi
z ANOVA xo w<i,Us M¢si,Q£\gq>> b"wpzfe>aTS"hStz
bartlett.test() t'lozsiu,QwU >A2taeloM”{

> bartlett.test(omosa ~ syori, d) # su,QwuU
> result <- aov(omosa ~ syori, d)
> summary(result) # ALwifs Z tx summary()

Kruskal-Wallis U
"z8A°®2"WA"»p0 wsM 3mZiw-¢”0 po <t§MUK”"TrOT>U b
"qVxz kruskal.test() >»—0{

> result <- kruskal.test(omosa ~ syori, d)

444 0zx¢ 3 Ziw-¢"O wr\gqr\t)UK"wTe£
[AYAse¢c«s 0z+0q 07<° $t—"0" Tukey Ow O 0 {
Tukey Ot'” Oz

> result <- aov(omosa ~ syori, d)
> TukeyHSD(result)

EildU wOut X—"e" Stee-DwassU tmMox :x;™AreoMsMwpz Gfwh
@ E\U M hu«aeOA>—M1b{
zpwU
?20?2qMOzpUz8§A°&e” pYs”"TU|b"qVt;M"{ Rwaopxz chisg.test() >—

O{2 2w s’ FisherwY-=-pU fisher.test() ;M7 {

> e <- matrix(c(100, 20, 70, 50), ncol=2, byrow=T)
> rownames(e) <- c(" Engineer", “Agriculture")

> colnames(e) <- c("Male", “Female")

# sx 2. 2w swpz fisher.test() »—lo~"{
> fisher.test(e)

#2 . 277Zw”s’ chisg.test) {

> chisq.test(e)
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cor.test() »—0/{

> cor.test(d$omosa, d$miki)

s<¢ 1!:T'z<O 115" pV'Te£
Im() >-0{

> result <- Im(miki ~ omosa, d)

> summary(result)

Os<¢to:w!:T'z 11" pV'Te£E
Im() >—O{ppiU tl:wii xYFulv {

> result <- Im(miki ~ omosa + ha, d)
> summary(result)

uUbAcgwii,us
1"®@LQRQ '+ A¥U 1m t«"0uwi,is{ Nested-ANOVA qt~«"\q<K”{
swA”»px FLU!"®L{ library(car) t fe” Anova q Im() >-0{

> library(car)
> result <- Anova(Im(miki ~ omosa, d), error=Im(miki ~ FL, d))
> result

ANOVA ¢N i "wi,UsE
library(car) t o7 Anovaq Im() >-0O{
> library(car)

> result <- Anova(Im(miki ~ omosa * syori, d), type="II")
> result

Uwaw*xo 0q!“":0> $S"Gg{ SstleAow T UdONe

hivz 3iiZiwi,usxG“"“«h¢r E6SEAL>& tb{thz!:18t'lo t!

>Age“YFUlt orsh”qz O sMxcw!“*;0UUZ"+"\qUK"“tb¢

20048 \+' W' OSOVI%WALWIS> e"MX GLM t &b”\q>8XS¢S 1hb{
U wALxz,S$t pwe>_eyQ..pVib{

Kasuya
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