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Iaim ((RICEH2RS LWHEEZEILD)
1R 53 47

> [ElFEHT & X
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> BROGIZAEITEZD

® BlOHRIIMICBETLIEEZLN, BIOFEREWEETOEEL A
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—SARYEG IR DN ?
—BOHE L&D PREE & RBUTDENDNH D DD
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o T IO

RO H F=a+b1 X KBLO L F+b2 X REEL O & K+e
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BaRdd L,
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L7l & EEOEOT N

> HGE

RBOHFE LB OF RN (TRIES, 2 %)

RoOHR-MEEAR R, BHIIEE)

MNTIERE DGR B 5 & D—E[EIF T
FNEIEELDN— D L7\ b O— H AR5 #r

> FEERICHERYRONZ L THD

® 1 mi¥P%(linear model)
< LU 2T CIEEmsC7e 86 9 12idA+4!
—summary P A 5



® Coefficients LL N IR ENFERE R Sl oW TENPNLTND

Intercept 1L A

® ROLEDTHIE=100.66683+0.38064 X B O £ £+(—0.04289) X K-#
DE K

® Estimate—{REIFRE OMIEME. std. Error—IE%EE ¢ value—t

Pr>|t])—p H

o IRERAREIE O BIAT . BRI TR

® (KUl !) Multiple R-squared: 0.509—>EAHBELRE D —F (F 72 ITRER
20
> ZOWNEBOHEMAINTE0%ETEH L LD T L

® [-statistics—F i 8.294, HHEIX(2,16), pf (p-value) —0.003377
—>HEAKNES% LT hIE........ HFETHD

> BT VR
® EBEICIIMNI AT EL HD
o ETOEREMRNDDITTIERN
— EOMNLEF O AE DE D il MR ET T 5

> S OER



(RPN BATHD
1m B CTIRELET (B&247) » update B CET VDL E S %5k
95 —4 1A% update BA%

® (R ZHY X THIN
Z D R

® [Im(formula = ~ )] L72->TEY, ) BNHA. [R] OHITE
STW5D

® FHHIJIIIA 50%—RT L IFIEE DL LT

<> HEBEF AT TSI ZE 2 TR0 Br< & 0T B BR<ATOELL R/ 5

® IO ED®THIE=93.32204+0.38516 X LB O HE

> [FREREZHNTH D (EEof])
e (R OHE], B oF oA (plot(R., 7))
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7.1.1 Coplots
> o HD
D75 —#: SPSS 7 7 1 /V”LafranceGottardo.sav’. 4 Rilx

lafrance



@a~< K
coplot(I2phonemicawareness~gradelllreading | nonverba
Ireasoning, panel=

function(x,y,...)
panel.smooth(x,y,span=.8,...),data=lafrance)

> FIA

QR 2> Y —Z kit a— NE Anb

IR RGui (64-bit) - [R Graphics: Device 2 (ACTIVE)] - o IEd
IR 700 BE HAZZEE 91 _[&][x
.
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7.1.2 3D Graph
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® 3 RCEE [ x |

T8 | ATay

ENZEH (1 2&iR)
gradellireading A
gradell2reading

HREAZEH (22ER)
gradellireading
gradell2reading
kinderlireading

>

kinderl2reading
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n.] RGL device 1 [Focus] [E=N(EcE ™

grade1|1read'§‘|g

7.1.3 Tree Models

> BT LD

O35 — # : SPSS 7 7 A /v ”Lafrance5.sav,” . 4 Hij I%
lafranceb

QNN ir— 0 tree (ZRWEEITA A F—L)

@=— R

library(tree)

model=tree(lafrance5)

plot(model)

text(model)



> FE
OR =V — i Eita— K& AT
@R za~v v & —lcbi#d=a— K% AHLT

R R Graphics: Device 2 (ACTIVE) (=@ =]

I2phonawarg < 1.45478
|

[2phonaware < 1.19011 kinderl2reading < 0.389076
‘ | nam|lngspee}d < 2.1?279
1.4490 1.7250 1.5940
0.6429 1.0680
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7.3Doing the Same Type of Regression as SPSS

> BT LD

D& %2 H2% : gradelllreading (B BIEEL)
nonverbalreasoning+kinderl2reading

performance+tnamingspeed+workingmemory+phonologic

alawarenessInl2,

data=lafrance5 (FitBIZ%L)

> FE (2> 7/ 72 linear model)

Ofrt BT T L

QEEEETNENAND

7= (HBYZE%ED)

O



R mEETI =]

EFINZEAN : |LinearModel.6
ZEH G ILTRIEANS)
gradellireading
kinderl2reading

I2phonaware

namingspeed
nonverbalreason
workingmemory

IR

igaog £ 2 N VA 0 B 3 EA Y

AT5A[ZER : B-spline )E“,%a) AT DEBE : @
(EHBERLTI ) 1754/ §IE‘n,“ SIS SERORE : [2 2

\gradelllrea‘ ~ |nonverbalreason + kinderl2reading + namingspeed + workingmemory + [2phonaware ‘ FIILE0
= = NILT
BHEESORR Weights

<2TOEMRY-Z> | |<EBSERENTVEEA v|

’@/\JIJ‘ ’ ﬁ')tz\th o oK wamuH & & ‘

KAEBUITE LORy 7 2B A b &RV



R IV4— (= @] =]
7 BE T4 HEtE J37 B S Y- AL

R oo / 75y ORE| [@ F-9uyMERR E5L: % LinearModel.5 |
RZVUTH |RI-559>

LinearModel .2 <- Im{gradelllreading ~ nonverbalreasoning+Kinder|2reading A
performance+namingspeed+workingmemory+phonologicalawareness, data=lafranced)
sunmary (LinearModel .2}
LinearModel .3 <- Im{gradelllreading ~ nonverbalreasoning+Kinder|2reading
performance+namingspeed+workingmemory+phonologicalawarenessinl2, data=lafranced)
summary (LinearModel .3) -
LinearModel .5 <- Im{gradellireading ™ nonverbalreason + kinder|2reading +
namingspeed + workingmemory + |2phonaware, data=lafrance5)
summary (LinearModel .5)

g &

mm

wh g =

Min 10 Median 30 Max A
-0. ?3580 -0.12423 0.013%8 0.15966 0.72589

Coefficients:

Estimate Std. Error t value Pr(
{Intercept) 0.156062 .979867  0.079 0.
nonverhal reason -0.003540 008471 -0.418 0.
kinderl2reading 0.073145 .134886 0.542 0.59151
namingspeed -0.310744 .638273 -0.487 0.62979
workingmemory 0.025168 .056629 0.444 0.659852
| 2phonaware 1.322462  0.471151 2.807 0.00857 xx

Signif. codes: 0 “sxx” 0.001 *sx’ 0.01 ’%” 0.05 *." 0.1 7 "1

oooo—

Residual standard error: 0.3158 on 31 degrees of freedom
(3 ohservations deleted due to missingness)

Multiple R-squared: 0.5798, Adjusted R-squared: 0.512

F-statistic: 8.555 on 5 and 31 DF, p-value: 3.538e-05

iz F ’LinearModel .3’ Hd Y EHA 2
[12] =5—: 5 LmearModel-S BFIATZXERA

> FIHGEHET 5ET 1)
e BN
scale(gradelllreading)

£ BROEH



scale(nonverbalreason) + scale(kinderl2reading) +
scale(namingspeed) @+  scale(workingmemory)  +

scale(I2phonaware)

R BREFI
EFIEZATA : |LinearModel.10
EH FINIwHLTRIEANS)
radelllireading
kinderl2reading
|2phonaware
namingspeed
nonverbalreason
orkingmemory

LR
Operators (click to formula): | &+ * . / | %in%

£

il | I O |

(EFTERUTINY) ZT54> SIS ST SERORS : 2 3

scale(grade | ~ |scale(nonverbalreason) + scale(kinderl2reading) + scale(namingspeed) + scale(workingm EFILEO

< > < > NILT
BHESOERR Weights

<ETOEMRT—A> <EFHNBIRENTVERA v

S~ | [ % vor % o[ o wm

= R OX>45— [= 1= ]=]
= —& Hist&E 57 EFIL F3FTW O OY—IL A~ILT

JFIL =
R T suvhk: lafrances S F—sovroEsE | | (6 T—SEvhESS E5JL: [ = LinearModel.o |
RZOUTH |RI—559>

]
\||

conf int (model ) -

LinearModel .8 <- Imi{scale(zradelllreading) scale(nonverbal reason) +
scale(kinderl|Z2reading) +scale (namingspeed) +scale (workinzmemory)
+scale (|l Zphonaware) ., data=lafrance5)

summary (LinearModel .8) -

LinearModel .9 <- Im{scale(zradelllreading) scale (nonverbal reason) +
scale(kinder|Z2reading) + scale(namingspeed) + scale(workingmemory) +
scale (| Z2phonaware), data=lafrance5)

summary (LinearModel .39)

s Lo =T

Min 12 Median 3Q
-1.6374 -0.2764 0.0311 0.3553 1-6

Coefficients:
Std

P

s
{Intercept) o
scale {nonverbal reason) -0
scale(kinder|Z2reading) O
scale(namingzspeed) —g

o

o

NDDDDD;

NN FN R

scale(workingmemory)
scale (lZphonaware)

~JoOMwam=

v« OOk=-00

¥ ~JOMONWS
|

S p=NC

faNO=0

o]
o
-

v =QumNOoo
o Qooooo.

O M= [T]
= ===~

Sizgnif. codes: 0 “xxx’ %7 0.05 .7 0.
Residual standard error: 0.7029 on 31 degrees of freedom
3 obserwvations deleted due to missingness)

Multiple R-squared: 0.5798, Adiusted R-squared: 0.512
F-statistic: 8.555 on 5 and 31 DF. p-value: 3.538e-05
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[




® calc. relimp(model)

1D DR 25 0T FR LTI NDET L
— DT ODELHDOBLEOUMP NN IND

» ETNVEFoTHLD !
OFGHE—E T /L O GBI R

@~ B S L R A S 2 e

EFNEEASN : |RegModel.12 |

E89ZE (1 2:EiR) FREAZEE (1L EBR)
i gradellireading
kinderl2reading
I2phonaware
namingspeed

I2phonaware

namingspeed
nonverbalreason
orkingmemory

BHEEOFR
<2TOEMRY—Z> |

nonverbalreason
workingmemory

R EREE =]

& L7 4 vk & ok | R x| | P ER




R R OXY>45— [= [ ][=]

TP W|E T4 HEtE 57 EFFIL B Y- ANLT

R F%tvh: lafrances /Ty NDRE || [§ THEyMERR| E5IL: | £ RegModel.11

RAOUTH |RI—H5I>

[ scaleikinder|Z2reading) + scale(namingspeed) + scale(workingmemory) + ~
scale(l2phonaware), data=lafrance5)

summary (LinearModel .9)

library(relaimpo)

calc.relimpimodel)

RezModel .11 <- -
Im{zgradell1reading"kinder|2reading+|2phonaware+namingspeed+nonverbal reason+workingmemc
data=lafrance5)

summary (RezModel .11)

v
< >
ey Wy =T

Min 1Q Median 30 Max ~

-0.73580 -0.12423 0.01398 0.15966 0.72589

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])

(Intercept) 0.156062 1.979867 0.079 0.93768

kinderl2reading 0.073145 0.134886 0.542 0.59151

|2phonaware 1.3224B62 0.471151 2.807 0.00857 *x

namingspeed -0.310744 0.838273 -0.487 0.82979

nonverbal reason -0.003540 0.008471 -0.418 0.67888

workingmemory 0.025168 0.056629 0.444 0.85982

Signif. codes: 0O “xxx” 0.001 %%’ 0.01 ’x° 0.05 *.” 0.1 ° ° 1

Residual standard error: 0.3158 on 31 degrees of freedom
(3 observations deleted due to missingness)

Multiple R-squared: 0.5798, Adjusted R-squared: 0.512

F-statistic: §.555 on 5 and 31 DF, p-value: 3.538e-05

v
Awg—=
4] 25— . ... o A
A% “calc.relimp” ZERDIFTZZEMTEEFATL

v

7.3.1 Reporting the Results of a Regression Analysis

® 5 DERITITAEHIR OB, IFEEMRE 2 DM
TRH LN E D DT RYEITFHIA N ZmNICH b3 0
FINRRRCIR A D T &

7.3.2 Reporting the Results of a Standard Regression

® LR EONHIZLAHE & A BARDOBM T OF S 2nd

7.3.3 Reporting the Results of a Sequential Regression
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7.5 Finding the Best Fit

® ki RAEH M NEDMHE LR TRERET VKT

® R~ N TR THRA2RET VERED

—HICEREF L2 2T HARBRRPRH LN E D THD, &

DEBELEONZE 055K E

7.5.1 First Steps to Finding the Minimal Adequate

Model in R

> AT 50

O~ 7 A/ : SPSS 7 7 A /b, Lafranceb.sav. 4 BilZ

lafrance5

@y r— 0 mice(lhol-H X7 a—R)

@a~vr R o % (FATET RV EFEAIAAL TN

library(mice)

imp<-mice(lafrance5)

complete(imp)



lafrance<-complete(imp)

> FIA

O/ or— D mice % FHi AT

QR oV — I Eita~y RadTBbiAde

@ missing value Zfij > /=7 —

2D

gradellilreading workingmemory namingspeed

Wm0 0wk

1.7634280
0.7781513
1.7323938
1.5051500
1.5051500
1.6901961
0.4771213
0.69839700
0.8450980
1.7160033
1.1461280
1.4149733
0.4771213
1.78532398
1.6901961
1.68720979
1.7481880
1.6989700
1.4471580
0.8450980

FRNNNGB WSO WNNNBBNNRERN

2.406489
2.568917
2.354953
2.177161
2.010342
2.201861
2.24755¢6
2.319169
2.443310
2.119850
2.4514385
2.239650
2.279325
2.1230867
2.377215
2.161937
2.316159
2.377215
2.200440
2.319169
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2.406489
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MOO0~—NOOMNONMO~00000
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MOWDWNOMONOOSMNONWOMLD
=MNOOMM®S "t =0~
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ing workinsgmemory namingspeed

1.7634280

111read

O=tMTNOROH0

Im(g1l1wr~pal2*kl2wr*ns,

> Z %z 57/l : modell

lafrance)

na.exclude, data

na.action

gradelllreading (HMIZE%)

> B2 DHEE

* kinderl2reading * namingspeed,

12phonaware

2%

A

na.action=na.exclude (

> FlE (KOETNVEED) [4HT%2 modell &9 5]
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Coefficients:
Estimate Std. Error t value Pr(>|t])
-1.6932 .8055 -0.1892 .49

{Intercept) 3 0

| 2phonaware 2.6557 6.0993 0.435 0.666
kinderl2reading 30.2125 42.3673 0.713 0.481
namingspeed 0.35982 3.7303  0.107 0.916
| 2phonaware:kinder|2reading -18.7523 25.8400 -0.726 0.474
kinderl2reading:namingspeed -13.3703 19.5694 -0.683 0.500
| 2phonaware tnamingspeed -0.5534 2.6394 -0.210 0.835
| 2phonaware:kinder|2reading:namingspeed  8§.3334 11.9367 0.698 0.491

Residual standard error: 0.3197 on 29 degrees of freedom
(3 ohservations deleted due to missingness)

Multiple R-squared: 0.5974, Adjusted R-squared: 0.5002

F-statistic: 6.147 on 7 and 29 DF, p-value: 0.0001835

(ZDETIVIZAE)
CENI
> BEEDETNANOELZ N b DEEo TH LD
> % %2 % £ 5 o : model2=update(modell,~.-
pal2:kl2wr:ns, data=lafrance)
> HEXDHEE
gradelllreading (HBIZ%L)

* namingspeed

12phonaware kinderl2reading
-12phonaware:kinderl2reading:namingspeed (#iBH 2 %0)
TFIEOHIEE T VT ERLOZEE 2 N 5[4l %E model2 &

T5]



W vy BT

Residuals: A

Min 10 Median 3Q Max
-0.76069 -0.10445 0.03723 0.11523 0.79262

Coefficients:
Estimate Std. Error t value Pr(>|t!%

{Intercept) -0.88385 8.65398 -0.102 0.9

| 2phonaware 2.14712 6.00364 0.358 0.723
kinder|2reading 0.71466 3.08586 0.232 0.818
namingspeed 0.07254 3.66922  0.020 0.984
| 2phonaware:kinder|2reading -0.72079 0.76920 -0.937 0.356
| 2phonaware tnamingspeed -0.35313 2.60122 -0.136 0.893
kinderl2reading:namingspeed 0.26449 1.22100 0.217 0.830

Residual standard error: 0.3169 on 30 degrees of freedom
(3 ohservations deleted due to missingness)

Multiple R-squared: 0.5306, Adjusted R-squared: 0.5088

F-statistic: 7.214 on 6 and 30 DF, p-value: 7.861e-05

(ZDOFEFIVITAE)
> FJE (anova ZoHrE L TH D)

(Danova(modell,model2)%¢% R o~ # —IZAJ]

X7 ZT® modell & model2 1ZEITEH LT 2 2DOBIEE

TIVDLFRE NILD

> anovallLinearModel .36,LinearModel .37)
Analysis of Variance Tahle

Model 1: gradelllreading ~ |2phonaware % kinderl2reading * namingspeed
Model 2: gradelllreading |2phonaware % kinder|2reading % namingspeed -
[2phonaware:kinder|2reading:namingspeed
Res.Df RSS Df Sum of Sg F Pr(>F)
1 29 2.9632
2 30 3.0130 -1 -0.0498 0.4874 0.4907

721X modell DMWY
> FJIE (AIC Z3#T)

OIF L LA CEMET AIC (modell,model2) # R a2~



X —IZNT]

> #IC{LinearModel .36,LinearModel .37)
df AIC

LinearModel .36 9 23.58918

LinearModel .37 8 25.20586

TEOEHA I OE SO E R A
AIC DNMEWENIFE LWET L

® HHFEHD model2~T7 1%

7 )V EVEDH—anova ST —=HIDOETT LD B £ ) 22280
REL 72 8% D 2 EBE % 5] < —anova 7347 ....... DR K L
—ikEL DR DO BOBRAN O S DR E T
DL B

<> 7 LD

n

model2=update(modell,~.- pal2:kl2wr:ns, data=lafrance)

3 ODEMDOMMAE O 25 [T

model3=update(model2,~.- pal2:ns, data=lafrance)

WENDE VR IZ 972 2 BOMAE O Z 5\ W T



® 7 % X FH D model7 & Null model & %

HFETHEo Tl TR DOET L(model7) & null 5 /L%

|2 R

RS LB T VAR RISEY) (D7 FEED /M E L

DD ) 7o b ODMREET D %

® bootStepAIC

< bR & 3N ORRE R T T IV ERT Tk

< EREL D BRI EICHE D

< 7272 L. missing value 5T 7 — & & v MIBERE L 720

< Miwed-effects models(12 &) & FEIIL 5 S DT —fi%{b
SNTND

7.5.2 Reporting the Results of Regression in R

> WEOBROEE R

® T — X NFEAH)(missing & TeD D)

® iR+ DHE

® Vit WEMDREITET IV

7.6 Further Steps to Finding the Best Fit:



Overparameterization and Polynomial Regression
ERELORTOMAELEEIREEGATERINDOET
NalfoTHED

(Dgradelllreading  (HAYZEEL)

nonverbalreason + I(nonverbalreason”2) +

workingmemory + I(workingmemory”2) + namingspeed +

I(namingspeed”2) + 12phonaware + I(I2phonaware”2) +

kinderl2reading + I(kinderl2reading”~2)  (FiEAZ%)

Q@#IEET WM O Z AvD [model.3 & 4R 2T 5]

Hh

’Coefficients:
Estimate Std. Error t Ta6u$ Pr(>|t|)

{Intercept) 1.493e+01 1.469e+01 0.3

nonverhal reason 6.166e-02 8.096e-02 0.762 0.453
[{nonverbalreason™2) -6.226e-04 B8.179e-04 -0.761 0.453
workingmemory 1.177e-01 1.633e-01 0.721 0.478
I{workingmemory™2) -1.180e-02 3.182e-02 -0.371 0.714
namingspeed -1.907e+01  1.394e+01 -1.368 0.183
I {namingspeed”?2) 4.225e+00 3.098e+00 1.364 0.184
| 2phonaware 7.420e+00 4.882e+00 1.520 n.141
[{12phonaware™2) -2.196e+00 1.730e+00 -1.269 0.216
kinder|2reading 1.851e-01 3.537e-01 0.523 0.605
Iikinder|2reading™2) -2.265e-02 2.588e-01 -0.087 0.931

Residual standard error: 0.3191 on 26 degrees of freedom
(3 observations deleted due to missingness)

Multiple R-squared: 0.6403, Adjusted R-squared: 0.5019

F-statistic: 4.627 on 10 and 26 DF, p-value: 0.0007977

(ZDOFF VT AE)

> boot.stepAIC 7L TH5H



> FlE
(Dlibrary(bootStepAIC)
boot.stepAIC(model3, data=lafrance) % AJJ

KIEIEEDMEET V2 ANLD Z L

Hh

Summary of Bootstrapping the ’stepfIC()’ procedure for

Call:

Im(formula = gradellireading ~ nonverbalreason + I(nonverbalreason™2) +
workingmemory + I{workingmemory“2) + namingspeed + I(naminzspeed"2) +
|2phonaware + I(|2phonaware”™2) + kinder|2reading + I(kinder|2reading”2),
data = lafranced)

Bootstrap samples: 100
Direction: hackward
Penalty: 2 x df

Covariates selected

(%)
| 2phonaware a8
I {I2phonaware™2) 72
nonverbal reason 70
I{nonverbalreason™2) B8
namingspeed 65
[ (namingspeed™2) 64
marl inemamnrw R7
==
1u<|nuer|zreaalgg Z ) 45
I (workingmemory™2) 42

Coefficients Sizn

. + (%) - (%)
I {naminzspeed™2) 96.88 3.12
| Zphonaware 95.45 4.55
workingmemorsy 92 .98 7.02
nonverbal reason S0.00 10.00
kinderlZ2reading Y6.36 23.64
Itkinder|Z2reading™2) 39.53 60.47
I{workingmemory ™ 2) 21.43 78.57
I{lZ2phonaware™2) 16.67 83.33
I (nonverbalreason™2) 10.29 89.71
namingspeed 6.15 93.385

Stat Significance

(%)
| Zphonaware 81.82
I {nonverbalreason™2) B9.12
workingmemorsy B3 .42
rarnvarhal raaoccan E7 14



XZDbEDLEWDOTEE

® /N ETIVLNSID

> 10two-way Interactions = L CTH 5%

® 2 ODEHDOMAGLEEET1 0ZDHNEE
> HHTL2H0

QAW EHK

gradelllreading (HBIZ%L)

nonverbalreason + workingmemory + namingspeed +

12phonaware + kinderl2reading +
12phonaware:kinderl2reading +
nonverbalreason:namingspeed +
namingspeed:12phonaware +
nonverbalreason:workingmemory +

namingspeed:kinderl2reading  (FiLBHZ %)

@boot.stepAIC D~ K

> FIA



> OBIEET VT ERROEH%E AT

Coefficients:

Estimate Std. Error t value Pri>|t])
{Intercept) 9.658051 11.585398 0.834 0.4121
nonverhal reason -0.273631 0.212813 -1.286 0.2094
workingmemory -0.872738 0.471316 -1.852 0.0755 .
namingspeed -3.527696  4.834418 -0.730 0.4721
| 2phonaware 3.584681 6.161256 0.582 0.5B57
kinder|2reading 2.5425585  3.265657 0.779  0.4433
| 2phonaware:kinder|2reading -2.019912 0.987599 -2.045 0.0511 .
nonverhal reason:namingspeed 0.096623 0.088331 1.094 0.2840
namingspeed: | 2phonaware -0.950086  2.655631 -0.358 0.7234
nonverhal reason:workingmemory 0.019205  0.009795 1.961 0.0607 .
namingspeed:kinder|2reading 0.384269 1.287310 0.299 0.7677

Signif. codes: 0 ’xxx’ 0.001 ’x«’ 0.01 °%° 0.05 *." 0.1 °°

—

Residual standard error: 0.3141 on 26 degrees of freedom
{3 observations deleted due to missingness)

Multiple R-squared: 0.6516, Adjusted R-squared: 0.5175

F-statistic: 4.862 on 10 and 26 DF, p-value: 0.0005602

@library(bootStepAIC)

boot.stepAIC(modell, data=lafrance)

MIKTR O THIE

> Z D& & DOt model3~model6 £ T
SHWEETNVOHMNERZLZTZY . 510ty 35—
bootStepAIC TH ) L THMr—RIDOET VD HIER 2 %
TV, 5lWe .. DD I L

Z L TIRZRICHTE b O 2 0k

» Model7,8

Three-way(NR:WM:NS @ & 5 72J¥) TS T bootstep. T/

A



model7= Im(G1L1WR~NR+WM+ NS+ PAL2+ KL2WR+
NS:PAL2:KLZWR+NR:WM:PAL2+NR:NS:KL2WR+NR:
WM:NS+

WM:PAL2:KL2WR, data=lafrance)

» Model9

5 four-way & 1five-way & A 72 11 O HIYEE THEK S 1
b D

model9= Im(G1L1WR~NR+WM+ NS+ PAL2+ KL2WR+
NR:-WM:NS:PAL2 + NR:WM:NS:KL2WR +
NR:WM:PAL2:KL2WR +

NR:NS:PAL2:KL2ZWR + WM:NS:PAL2:KL2WR +
NR:WM:NS:PAL2:KL2WR,

data=lafrance)

» Modell0,11

2 /A INS 2 A B TrET L

model10=Im(G1L1IWR~ NR + WM + NS + I(NS*2) +
PAL2 + I(PAL2”2) + KL2WR+

WM:KL2ZWR  +NR'KL2WR  +NR:PAL2+ #two-way



interactions
NR:-WM:NS +WM:PAL2:KLZWR  + #three-way
interactions NR:WM:NS:KL2WR +
WM:NS:PAL2:KL2WR, #four-way interactions
data=lafrance)
> b DO H HHAZEE — > TR SNIZET LV EAE
% (modell2 & 4 fHiT %)
(Em)
(Dgradelllreading(H )2 %%)
@I12phonaware GitHHZA%L)
> TR
OB T /W ERLOZE S % AT

(ZDOFTILOLETE A TE)

< Modelll & modell2 % tb_T modelll RN H Y
EAZB DR
7.7 Examing Regression Assumptions

> [ElFE ST 57 ey halEA D !



> BT LD

O7 74/ : SPSS 7 7 1 /L LafranceGottardo.sav. % Hi
I lafrance

@ =~ F : plot(modell2,cex=1.5)

KIEINFERSTZET IV

> FIIA

QR a2~ RiZ kg a~wy REAND
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Residuals vs Fitted
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Fitted values
Im(grade1l1reading ~ I2phonaware)

@ EHNbDHEZATIHEFL TN

® RESBMELRLTND
—SEHOEGER KDL TN D

> 2OV o MBIV OO EKERBITT D Z & CifR
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> 1T THEZERRSL THD
> FiE

O T L0 BHIZEHIZ subset=(lafrance =22)% A 7J



Hh

T AT I AT 7 L= T I A+ = g

Call:

Im{formula = gradelllreading = |2phonaware, data = lafranced,
subset = (lafrance !z 22))

Residuals:

Min 10 Median 30 Max
-0.83387 -0.11485 0.00512 0.12734 0.72087

Coefficients:

Estimate Std. Error t value Pri>|t])
(Intercept) -0.9713 0.3596 -2.701 0.0103 %
|2phonaware  1.5771 0.2398 B6.577 9.24e-08 #xx

Signif. codes: 0 "sxxx’ 0.001 “sx’ 0.01 %7 0.05 .7 0.1 ° * 1

Residual standard error: 0.3113 on 38 degrees of freedom
(320 observations deleted due to missingness)

Multiple R-squared: 0.5323, Adjusted R-squared: 0.52

F-statistic: 43.26 on 1 and 38 DF, p-value: 9.24e-08

> NWEOEENRSnDE 7y NEEAH
> AT 26D

» a~v 2R

plot(model12,which=4)

DFpa~vr FE Ravw o X—IZ AN
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» VIF THR.CTH %

> HEHT L0

Oy =V VIF Ry r =% A A b —/L L TatrA A
Qo< R

model.vif=Im(gradelllreading ~ nonverbalreasoning +
kinderl2reading + namingspeed + workingmemory +

12phonemicawareness+ ,data=lafrance)

vif(model.vif)



> FIIA

DOl a~> K2R ay Y —ILIZAT)

+ data=lafrance)
» vif (model.vif)

nonverbalreasoning  kinderl2reading naningspeed workinquenory
1,400075 2,260397 2,1511%8 1863077
12phonemicawareness
3,246997
)|

» MASS C7 oy FLTAHALD
> HHT5HD
D7 —: MASS., A2 A M=/ LTELAL

@za~< K

library(MASS)
plot(row.names(lafrance),stdres(model12),cex=1.5)
modell2 |ZH 3 DIES T ET IV OAHTZ AILD

> FIAH

Olina<wr Fe A5
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7.9 Robust Regression

® [lJF I HTIcid Uik LIS IFET 5

® SMNEICLIVFEIFORY (FETHEHRVDIZHESL
TLED), H2HORY (AETHLIDIZAE LWL

AQAY)



> TNHEEEHT S L AMUEE B fE L7 robust model &
DL DLEND D

7.9.1 Visualizing Robust Regression

> Robustbase Zfii > T & 9

> BT LD

O~ 7 A /L : Lafrance3.csv, 4 Hiil3 Lafrance3

KT —Fo>T =B VIR— T 5>TF AT 7 A/VE

X7 Uy 7R —Rnh, 2S5 E

@/ r— " robustbase, 1 > A b —/L L THtAIA &

@@=~ K

library(robustbase)

covPlot(chbind(Lafrance3$G1L1WR,Lafrance3$PAL2),whi

ch="tolEllipsePlot",

classic=T, cor=T)

> FIIE

OEfEa~r FE R aryy— A (BEIBEZIEY 1~

Ry OHLHMHT) (afrance 72 & Hi72)
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7.9.2 Robust Regression Methods



» Robust DEIFET N Z2L> THD

XAFETIX Lafrance3] 7 7 A V&> TWH N, B
ZH 1 T&E Do 7O TH[ENT Tafrance] 7 7 A V& 1fH
> Hnsbo

® v R

library(robust)
lafrance.fit=fit.models(list(Robust="ImRob",  LS="Im"),
formula=gradelllreading~l2phonemicawareness*kinderl
2reading*namingspeed ,data=lafrance)
summary(lafrance.fit)

MZDavy NiEED plot XA HT7-OICHMEROT
VP AST L THHrAEED

> FIIE

OLfa~vr Pz RavrZ—H LT R A Y=z A

7



Calls:

Robust: 1mRob (formula = gradelllreading ~ l2phonemicawareness * kinderl2reading *
namingspeed, data = lafrance)
LS: Im(formula = gradellilreading ~ l2phonemicawareness * kinderl2reading *
namingspeed, data = lafrance)

Residual Statistics:
Min 1Q Median 3Q Max
Robust: -0.7475 -0.08554 0.03470 0.11374 0.7788
LS: -0.8093 -0.10880 0.02042 0.08399 0.7348

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept): Robust: -9.0600 6.7777 -1.337 0.1907
LS: -2.2490 8.6498 -0.260 0.7965
12phonemicawareness: Robust: 6.9767 4.,7005 1.484 0.1475
LS: 2.1775 6.0338 0.361 0.7206
kinderl2reading: Robust: 78.1462 35.2734 2.215 0.0340 *
LS: 36.6445 43.3275 0.846 0.4040
namingspeed: Robust: 3.4204 2.8953 1.181 0.2462
LS: 0.5044 3.6800 0.137 0.8918

12phonemicawareness:kinderl2reading: Robust: -47.7295 21.5170 -2.218 0.0338 *

LS: -21.9682 26.4649 -0.830 0.4126
12phonemicawareness:namingspeed: Robust: -2.3056 2.0464 -1.127 0.2683
LS: -0.2304 2.6147 -0.088 0.9303
kinderl2reading:namingspeed: Robust: -35.5772 16.3354 -2.178 0.0369 *
LS: -16.3227 20.0155 -0.816 0.4208
12phonemicawareness:kinderl2reading:namingspeed: Robust: 21.7474 9.9649 2.182 0.0365 *
LS: 9.7982 12.2278 0.801 0.4289
Signif. codes: O '***' 0,001 '**' 0.01 '*' 0.05 '.' 0.1 " ' 1

@ I<v U REANTHLEFDIm & robust DL A Z 1
TNEETHRAZ EINTE S
® RZEIIIEA robust D7 DMEW TR D 720

» Robust DHDETILTRD
FIZEDOEBBOERET NV EFR L X DI 2 il d ot
BEZTHD

> T 2a~v R



m1.robust=ImRob(gradelllreading~12phonemicawarenes
s*kinderl2reading*namingspeed,data=lafrance)

summary(m1.robust)
> FlE
Otida~r FERa~v X —IZ AT

Hh

Call:
ImRob (formula = gradellireading ~ |2phonemicawareness % kinder|2reading *
namingspeed, data = lafrance)
Residuals:
Min 13 Median 30 Max
-0.74750 -0.08554 0.03470 0.11374 0.77884

Coefficients:

Estimate Std. Error t value Pri>|t])
{(Intercept) -9.060 6.778 -1.337 0.1907
| 2phonemicawareness 6.977 4.701 1.484 0.1475
kinderl|2reading 78.146 35.273  2.215  0.0340 x
namingspeed 3.420 2.895 1.181 0.2462
| 2phonemicawareness:kinder|2reading -47.730 21.517 -2.218 0.0338 =
| 2phonemicawareness inamingspeed -2.306 2.046 -1.127 0.2683
kinderl2reading:namingspeed -35.577 16.335 -2.178  0.0369 *
|2phonemicavareness:kinder|2reading:namingspeed  21.747 9.965 2.182 0.0365

Signif. codes: 0 ke’ 0.001 “ex’ 0.01 "% 0.05 °.° 0.1 7 ° 1

ZDEHIRIET 2way R EDHR L T <

> bootstepAIC [If# 2 72 D T, robust final prediction
error(RFPE) & WO fEZ L TH 5, ZANERWIZERN

> BT LD

® v R

m3.robust=ImRob(gradelllreading~12phonemicawarenes

s+kinderl2reading+namingspeed,data=lafrance)



step.ImRob(m3.robust)
> FJE

DOFia~r K2R ay ) —LIZ AN

> step.lmRob (m3.robust)
Start: RFPE= 30.0869
gradelllreading ~ l2phonemicawareness + kinderl2reading + namingspeed

Single term deletions

Model:
gradellilreading ~ l2phonemicawareness + kinderl2reading + namingspeed

scale: 0.2257473

Df RFPE
<none> 30.087
12phonemicawareness 1 36.298
kinderl2reading 1 29.478
namingspeed 1 29.164

Step: RFPE = 29.1639
gradellilreading ~ l2phonemicawareness + kinderl2reading

Single term deletions

> 42071y XS & Robust @ i)
> AT L0

av K

plot(lafrance.fit)

> FIA

OtFfFta~r FERav U Z—IZ AT



Residuals

Residuals vs. Fitted Values
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Empirical Quantiles of Modified Residuals
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® Normal QQ Plot of Residuals

> EIFITRRIZD S TWVDDOTH E D 2N

S T ERRBEIX LS IR A B ICHIR L TnWD Z b
Robust [T FFE LV 2 DEZFH TN 5



® Kernel Density of Residuals

* Fy hORITRERL xANEEZZEZOND
& WWOTE Eo SIS E

® Standardized Residuals vs Robust Distances
> XHWIUED 3DIEEH D

<> L72~rL. robust oMriZiZsZ% L2

® Residuals vs Fitted Values

> ARNEHUEDS robust IZH ETE R BLD

> —HORIIRES B oTWAD



