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T—ADFTHHIAH - TURESFSEAD
#th
(.
competition <- read.csv("competition.csv") # T—2 774 IL D FHIA

7+
head(competition, 3) # I D 3{TEER R

# RESRDHEH
competition <- transform(competition,
shoumou=(cl+c2+c3+c4+c5+c6+c7+c8+c9)/9,

seichou=(c10+cl11+cl12+c13+cl4+cl15+cl6+cl7 +cl8
+c19+c20+c21)/ 12,

naiteki= (m1+m2+m3 +m4 +m5) /5,
douitu = (m6 + m7 + m8 + m9 + m10) / 5,
toriire = (m11 + m12 + m13 + m14 + m15) / 5,
gaiteki = (m16 + m17 + m18 + m19 + m20) / 5)
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install.packages("Ime4”)

library(Ime4)

FIRZEDEIIFDERF

# o7 Ovk
library(lattice) # lattice/ N\ — D R A 1A H

xyplot(naiteki ~ shoumou | class, data =
competition,

panel = function(x, y){
panel.xyplot(x, y)
panel.Imline(x, y)

b
xlim =c(1, 5), ylim =c(1, 4))
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NAEEFREOER

« BMEH(NHHABRFTR)DRAHEERE
c TADRENRDAZEZAND

modell.naiteki <- Imer(naiteki ~ (1] class), data =
competition)

summary(modell.naiteki)
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> modell .naiteki <- lmer(naiteki ~ (l|class), data = competition)

> summary (modell.naiteki)

Linear mixed model fit by REML t-tests use Satterthwaite approximations to
degrees of freedom [merModlmerTest]

Formula: naiteki ~ (1 | class)

Data: competition

EEML criterion at convergence: 114&.3
Scaled residuals:

Min 10 Median 30 Max
-2.54087 -0.60001 0.00767 0O.65265 2.70416

Random effects:

Groups Hame Variance 5td.Devw.
class (Intercept)| 0.04413 J0.2101 I\
Residual 40736 |o.6382 J: . % FEﬁO)]J B
Number of obs: 576, groups: class, 17 . YAN
T:-£HARNDRE
Fixed effecta:
Estimate 5td. Erroxr df © wvalue Pri>|t])

(Intercept) 2.3977 0.0576 15.7040 41.83 <Ze-la **¥

Signif. ecodes: 0 ‘***f 0,001 ***f Q.01 **f Q.05 *.r 0.1 * " 1

e 1CC=0.04413/(0.04413+0.40736)=0.09774
e Hox(2012)DEHEE-LFIEED(E
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- DEDEH
1+(576/17-1) X 0.098=4.22>2

« SEEMEERT OLEEHY

28




v BT

« WM ERMELR)TTEILEENDHD
— EMFEHE RS (centering within cluster: CWC)
s EADREMS, ZOREADFETHAERDFEHZESIK
« M EHDOERBEBEZRETED
c EFCEDEDTEYITEETHEA
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e EANDEEMLEERDFHZESIL
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competition <- transform(competition,

shoumou.cwc = shoumou -
ave(shoumou, class),

seichou.cwc = seichou - ave(seichou,
class))

SUF LY/ (HES) ETILDOET

model2.naiteki <- Imer(naiteki ~ shoumou.cwc +

(1]class), data = competition)
#HUEIUI R ZRYT . (ADNEENR,
#(1|class)l&class&ELNVDEH THEAI SN IR E D Y]
FOZEER

summary(model2.naiteki)
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> model?.naiteki <- lmer(naiteki ~ shoumou.cwc + (1l|class), data = competiti
> summary (model? .naiteki)
Linear mixed model fit by REML t-tests use Satterthwaite approximations to
degrees of freedom [merModLmerTest]
Formula: naiteki ~ shoumou.cwec + (1 | class)
Data: competition

EEML criterion at convergence: 113E8.5
Scaled residuals:
Min 1Q Median 3Q Ma=x

-2.67832 -0.63625 -0.04254 0.66212 2.85643

Random effects:

Groups Hame Variance S5td.Dev.

class {Intercept) 0.0444 0.2107

Reszidual 0.388:2 0.6318
Humber of oks: 576, groups: class, 17

Fixed effects:

Estimate 5td. Error df £t wvalue
{Intercept) 2.39776 0.05761 15.70000 41.621
shoumou.cwc -0.14793 0.04205 557.80000 -3.518
S5ignif. codes: 0 ‘wx®r 0.001 “*%' 0,01 **' 0.05 *." 0.1 Y " 1

Correlation of Fixed Effects:
{Intr)
shoumon.cwe 0.000

33

pEDETEHE

o Imed/ N\ —I TIIREEREZITOTNELY
o ImerTest/\ Yo r—I 50> TND
o ImedZ{ESIGE . plEZFETELEITIZONMFARLY
@D ptBA%L 2 * (1- pt(abs(tiE), T—FDHEL - EE %h
R D))
Q YBOMIEHEANGWETILEANTEETIL
Zanova() CTLLER
@ confint)TISWERE X HZ H I (pfEIXHZLY)
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pEDETE

+ pUBIBRIC R BpfE e T

(modell.naiteki, modell .naiteki)
* refitting model(s) with ML (instead of REML)
® a nova * Data: competition
Models:
modell.r ki: naiteki ~ (1 | class)
modelZ.r ki: naiteki ~ shoumou.cwc + (1 | class)
Df LIC BIC 1loglik deviance Chisg Chi Df Pr(>Chisg

wdell.naiteki 3 1148.4 1161.5 -571.1%9 1142.4
wdel? . naiteki 4 1138.1 1155.5 -565.06 1130.1 12.282 1 0.0004623

> confint (model?.naiteki, lewvel = 0.35)
Computing profile confidence intervals ...
. * 2.5 % 97.5 %
® COﬂ'ﬁﬂtFﬁj& .5ig01 0.1294144 0.31876644
.Sigma 0.5960121 0.687018582

(Intercept) 2.2822121 2.51440842
shoumou.cwe —-0.2304167 -0.06544267

e ImerTest/\ W —U|Z&L>TIRENF=plE

Estimate 5td. Error df £t walue Pr(>|t])
{Intercept) 2.39776 0.05761 15.70000 41.621 <« 2e-1g *=*
shoumou.cwe -0.147853 0.04205 557.80000 -3.518 0.00047 *=#

ImerTEST/ \»w/ o —<

o Imed/\y/r— LEIBRDEE(Imer()) TTIL
FLAILFHT AV AIEE
e plEZFIRL TSNS
e stepfEEK
—stepBAE. ETIL T4 TAVTIZHSLEVEHR
T
— M EH-RBEERA-ZEEHREN{SAHTL
BES5 Tl of=EE(EF
- —BEHTETILEZHA T, step(model)
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model3.naiteki <- Imer(naiteki ~ shoumou.cwc +

(shoumou.cwc|class), data = competition)

summary(model3.naiteki)

- COGENRZERELGSTHL. EEMRICA-D
[QAYS

- URDEENREERLEWNGS.

(-1+shoumou.cwc|class)

(ZUF LU R+)ZUF LESETIL
DR

> model3.naiteki <- lmer(naiteki ~ shoumou.cwc + (shoumou.cwc|class), data =&
> summary (model3.naiteki)
Linear mixed model fit by REML t-tests use Satterthwaite approximations to
degrees of freedom [merModlmerTest]
Formula: naiteki ~ shoumou.cwc + (shoumou.cwc | class)
Data: competition

REML criterion at convergence: 1136.7
Scaled residuals:
Min 1 Median 30 Max

-2.7869 -0.6363 -0.0491 0.6444 2.8111

Random effects:

Groups Hame Variance 53td.Dew. Corr

class (Intercept) 0.044479 0.21080
shoumou.cwc 0.009676 0.09837 -0.68

Re=sidual 0.3%95861 0.62917

Humber of obs: 576, groups: class, 17

Fixed effects:

Estimate 5td. Error df t© walue Pr(>|t])
({Intercept) 2.39760 0.05760 15.73800 41.626 <2e-16
shoumou.cwe —-0.15154 0.04855 8.78100 -3.121 0.0127

Signif. codes: 0 Y*=**f 0,001 **=f Q.01 **f Q.05 *.7 0.1 * " 1

Correlation of Fixed Effecta:
{Intr)
shoumou.cwe —-0.297
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T /LELLLERDET

anova(model2.naiteki, model3.naiteki)

> anova (model? .naiteki, model3.naiteki)
refitting model (8) with ML (instead of REML)
Data: competition

Models:
object: naiteki ~ shoumou.cwc + (1 | class)
..1: maiteki ~ shoumou.cwc + (shoumou.cwo | class)
Df AIC BIC 1loglik dewiance Chisg Chi Df Pr (>Chis=qg)
object 4 1138.1 1155.5 -565.0& 1130 1
1 & 1140.5 1lé6.6 -564.24 1128.5 1.6374 0.441

°ﬁﬂﬂr EDE( X%‘Z‘ﬁl 1iE9)

MEEDNEFEZEEZREL THLEELERHA
DOLERLGL

=>FRE TIRS [TE(F7E 0

\0
'Q

JMITEHHA 2D EDTILFLA

o SUSLYIF(HES)ETIL
model4.naiteki <- Imer(naiteki ~ shoumou.cwc +
seichou.cwc + (1] class), data = competition)

summary(model4.naiteki)
« (FUFLYF+H)TUFLEZTETIL

model5.naiteki <- Imer(naiteki ~ shoumou.cwc +

seichou.cwc + (shoumou.cwc + seichou.cwc|class), data

= competition)
summary(model5.naiteki)
o LEER

anova(model4.naiteki, model5.naiteki)
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» summary (model4.naiteki) > summary (models.naiteki)

Linear mixed rr.odel fit by REML t-tests use Satterthwaite approximations Linear mixed model fit by REML t-tests use Satterthwaite apr
degrees of freedom [merModLmerTest] degrees of freedom [merModLmerTest]

Formula: naiteki ~ shoumou.cwe + seichou.cwe + (1 | class) Formula: naiteki ~ shoumou.cowe + seichou.cweo + (shoumou.cowo
Data: competition class)

Data: competition
REML criterion at convergence: 1102.9
REML criterion at convergence: 109&6.5
Scaled residuals:
Min 10 Median 30 Max Scaled residuals:
-2.7296 -0.6511 0.0229 0.6557 3.0201 Min s} Median 3Q Max
-2.89119 -0.62682 0.00572 0.66932 2.98542
Random effects:

Groups Name Variance Std.Dev. Random effects:
class (Intercept) 0.04527 0.2128 Groups HName Variance 5td.Dev. Corr
Residual 0.37212 0.6100 class (Intercept) 0.045657 0.213&67
Number of obs: 576, groups: class, 17 shoumou.cwc 0.030115 0.17354 -0.46
zgeichou.cwe 0.009175 0.089578 -0.29 0.98
Fixed effects: Residual 0.360206 0.60017
Estimate S5td. Error df t value Pri>|t]) Number of obs: 576, groups: class, 17
(Intercept) 2.359800 0.05764 15.70000 41.601 < 2e-16 ***
shoumou.cwe -0.11753 0.04087 556.80000 -2.876 0.00418 ** Fizxed effecta:
seichou.cwc 0.25629 0.03971 556.80000 6.453 2.38e-10 #*#** Estimate 5td. Error df t walue Pri>|tl|)
- (Intercept) 2.389807 0.05765 15.75400 41.5%94 <« Ze-1g& **
Signif. codes: 0 “**%’ 0,001 *#*#' 0.01 '=* 0.05 '." 0.1 * " 1 shoumou.cwe —-0.12498 0.05904 12.35400 -2.117 0.0552 .
sgeichou.cwe 0.26214 0.04600 25.02700 5.699 &£.17e-0&8 =4
Correlation of Fixed Effects: -
(Intr) shm.cw Signif. ecodes: O Y#**=*f 0,001 “**f Q0,01 ‘*f 0,05 *.* 0.1  *
shoumou.cwe 0.000
seichou.cwe 0.000 0.115 Correlation of Fixed Effects:
(Intr) shm.cw
43

SN2 EDRILFLANIL
ETILDLLEL

> anova (modeld.naiteki, modelS.naiteki)
refitting model (8) with ML (instead of REML)
Data: competition

Models:
object: naiteki ~ shoumou.cwc + seichou.cwc + (1 | class)
..1: naiteki ~ shoumou.cwc + seichou.cwec + (shoumou.cwe + seichou.cweo
a1 class)

Df AIC BIC 1logLik dewviance Chisgq Chi Df Pr(>Chisqg)
object & 1099.8 1121.&6 -544.891 1089.8
.1 10 1104.1 1147.7 -542.07 1084.1 5.6845 5 0.3381

. “‘)bFEIO)tI:Eszb\ B TIEAUN x 2(5)=5.68, 44

2 XaYal)




MEDFEED

« NRIRAEBEHDFIC EERBREEHILAIC,
RREGRFBITEICEZE

o« SURLYIFETILESUSR LMEZETILE
DEEEDHEELGEIXIRoNGEMoT-
o B CEHEIDORERIIEHL LY

45

RERIET—Z2 D
. BIEEANSEACRRMEATOD

-

BDZEFRDT—2  FARNRNGEREZAREPD
AT AT HHhZIRETLI=L

46




REBIET —FDH
« BEOERSH

Call:
Im(formala = shintai ~ huka.l + pd.l + huka.l:pd.l, data = data)

) -

Residuals:
Min 10 Median 30 Max
-4 .1858 -2.1703 -0.9%932 1.4857 10.8142

Coefficients:
Eztimate 5td. Error t wvalue Pr(>|t])

{Intercept) 6.7214 0.2692 24.972 <2e-16 #&*
huka.l 0.44398 0.5383 0.836 0.405
pd.1 0.2453 g.1182 2.075 0.040 =
huka.l:pd.1 ©0.2404 0.2364  1.017 0.311

s PDOMENEELEN. BFROEMR-KXHE
ERIXIEREE

47
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> summary (lmer (data=data, shintai~ (1]id))

Linear mixed model fit by REML t-tests use Satterthwaite approximations to
degrees of freedom [merModLmerTest]

Formula: shintai ~ (1 | id)
Data: data

) -

EEML ecriterion at convergence:!: 595.3
Scaled residuals:

Min 1¢ Median 3R Max
-3.3002 -0.4112 -0.2030 0.2965 3.5332

Random effects:

Groups HName Variance S5td.Dev.
id [(Intercept) 7.554 2.748
Residual 1.705 1.306

Humber of obs: 132, groups: id, &6

Fixed effects:

Estimate 5td. Error df t©t walue Pri>|t]|
(Intercept) 6.6136 0.35639 65.0000 18.53 <2e-le ***
Signif. codes: © Y#%%' 0,001 ‘#*%f 0,01 “** Q0.05 ‘.* 0.1 ¥ " 1
>7.554/(7.554+1.705)

| =L VR AR
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SUE LY /ETIVEER

> summary (regl)

Linear mixed model fit by REML t-tests use Satterthwaite approximations tc
degrees of freedom [merModLmerTest]

Formula: shintai ~ huka.l + pd.1 + huka.l:pd.1 + (1 | id)
Data: data

REML criterion at convergence: 590.9
Scaled residuals:
Min 1¢ Median 30 Max

—-3.1455 -0.4417 -0.0610 0.3459 3.3981

Random effects:

Groups Hame Variance S5td.Dev.

id (Intercept) 7.444 2.728

Residual 1.543 1.242
Humber of obs: 132, groups: id, &6

Fized effecta:

Estimate 5td. Error df t walue Pri>|t])
{(Intercept) 6.65685 0.35679 66.37000 18.657 <2e-16
nuka.l 0.50270 0.22616 64.21000 2.223 0.0298 E-"-‘- ,E/\*ﬁ-
pd.1 0.12577 0.09917 112.68000 1.268  0.2073 '%ODIEJFHZ’ a‘i
nuka.l:pd.1l 0.26120 0.10619 €5.42000 2.465 0.0163 Eméﬁ%%(:
=
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