Mnohonasobna linearni regrese — vzorovyifklad

V souboru cneck.txt mame k dispozici antropome#ridiata mladych doslych lidi
(prevazre student vysokych Skol z Brna a Ostravy). Chceme modelaaaislost obvodu
krku (prontnna neck.C) nallesné hmotnosti (protnna body.W),d8lesné vysce (proémna
body.H), obvodu pasu (pramna waist.C), obvodu bélpromenna hip.C) a obvodu
piedlokti (prongnna antb.C). Hmotnost bylagtena v kg, délkové miry v mm.

Nacteme data a podivame se ga Soubor neobsahuje zadna céjidi pozorovani.
> neck <- read.table("cneck.txt",header=T)
> sumgary(neck)

sex body.w body. H waist.C hip.C anth.C neck.C
Min. : 1.00 f:38 64,5 4 Min. 11563 Min. T 620.0  Min. 1 840.0 Min. 1205.0 Min. 1280.
1st Qu.: 44.00 m:49 68 14 1st qQu.:1660 1st qQu.: 663.5 1st qQu.: 945.0 1st Qu.:225.0 1st qQu. :306.
Median : 91.00 52 : 3 Median :1725 Median : 730.0 Median : 970.0 Median :240.0 Median :330.
Mean 192,23 57,5 3 Mean 11729 Mean » 740.1 Mean : 879.9 Mean 12445 Mean 1332,
3rd qQu.:139.50 58,5 3 3rd Qu.:1792 3rd Qu.: 800.0 3rd qQu. :1010.0 3rd Qu.:263.5 3rd qQu.:355.
Max. :188.00 59 3 Max. 11906 Max. :1005.0 Max. :1300.0 Max. 1310.0 Max. 1410,

Vykreslime si bodové diagramy pro dvojice (obvokikhmotnost); (obvod krku, vyska);

(obvod krku, obvod pasu); (obvod krku, obvod tp& (obvod krku, obvodipdlokti).

> par(mfrow=c(2,3))

> plot(neck$body.w, neck$neck.cC, xlab='Telesna hmotnost (kg)', ylab='oObvod
krku (mm)")

> plot(neck$body.H, neck$neck.C, xTab='Telesna vyska (mm)', ylab='o0Obvod
krku (mm)")

> plot(neck$waist.C, neck$neck.C, xlab='Obvod pasu (mm)', ylab='Obvod krku
(mm) ")

> plot(neck$hip.C, neck$neck.C, xTab='oObvod boku (mm)', ylab='oObvod krku
(mm) ")

> plot(neck$antb.C, neck$neck.C, xTab='oObvod predlokti (mm)', ylab='0Obvod
krku (mm)")
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Bodové diagramy naztaji, Ze je mezi dvojicemi linearni zavislost. Sggtae regresni
model a pomoci analyzy reziduidgime gedpoklady modelu.

> modell <- Im(neck.C ~ body.w + body.H + waist.C + hip.C + antb.C,
data=neck)

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

> plot(modell)
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Residuals vs Fitted Normal Q-Q
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Interpretace grafu je stejna jako u jednoduchéboesmiho modelu. @vime edpoklady i
pomoci vhodnych test Pomoci t-testu otestujeme hypotézu, Ze rezidyamabvou stedni
hodnotu. Normalitu rezidui é¥ime pomoci Shapirova-Wilkova testu a nezavislastite

ovétime pomoci Durbinova-Watsonova testu (z knihovny.ca
> t.test(modell$residuals)
One Sample t-test
data: modell$residuals
t = 9.3512e-17, df = 86, p-value = 1
alternative hypothesis: true mean is not equal to O
95 percent confidence interval:
-2.555173 2.555173

sample estimates:

mean of x
1.201944e-16

> shapiro.test(modell$residuals)
Shapiro-wilk normality test

data: modell$residuals

w = 0.9902, p-value = 0.7645

> Tibrary(car)
> durbinwatsonTest(modell)
lag Autocorrelation D-W Statistic p-value
1 0.1541587 1.678153 0.12
Alternative hypothesis: rho != 0

Hypotézu o nulové stdni hodnat rezidui .................... , protoze t-test nadywodnoty
................ s p-hodnotou ................z.grafického posouzeni také nevidime problém.
Shapifiv-Wilkuv test nabyva hodnoty ................. p-Hodnotou ................... , V kvantil-
kvantilovém grafu jsou rezidua ............ccceeeeevvveeennnn. , fedpoklad normality tedy

pPOVaZujeme Za ........cccceeeeennnn.

Predpoklad rovnosti rozptlse na zaklatigrafického posouzeni zda ...........ccccceeeeeee..



Durbin-Watsofiv test nabyva hodnoty ....................... SOOHIOLOU v , tedy
................... nezavislost rezidui.
Predpoklady modelu jsou tedy ..........ccccoevime..

Podivejme se, jestli v naSem modelu neni problémalgkolinearitou. Vypd@itdme si
korelani koeficienty mezi nezavislymi praimnymi a také hodnoty koeficientu V IF pro

promgnné sestaveného modelu.
> cor(neck[,c('body.w', 'body.H', 'waist.C', 'hip.C', 'antb.C')])
body.w body.H waist.C hip.C antb.cC

body.w 1.0000000 0.6086383 0.9047087 0.7604090 0.8810742
body.H 0.6086383 1.0000000 0.4591687 0.2303759 0.5851208
waist.C 0.9047087 0.4591687 1.0000000 0.6539080 0.8520787
hip.C  0.7604090 0.2303759 0.6539080 1.0000000 0.5251877
antb.C 0.8810742 0.5851208 0.8520787 0.5251877 1.0000000

> vif(modell)
body.w body.H waist.C hip.cC antb.cC
18.895276 2.307445 6.812388 3.904779 6.116750

Vidime, Ze jak korekni koeficienty, tak koeficienty V IF nabyvaji vysgéh hodnot, I1ze tedy

soudit na existenci multikolinearity. VypiSeme sdpobné informace o modelu:

> summary(modell)

call:

Tm(formula = neck.C ~ body.W + body.H + waist.C + hip.C + antb.C,
data = neck)

Residuals:
Min 1Q Median 3Q Max
-32.266 -8.030 1.169 8.493 33.577

Coefficients:
Estimate Sstd. Error t value Pr(>|t])
(Intercept) 165.63910 64.79600 2.556 0.0124 *

body.w 1.02594 0.46867 2.189 0.0315 *

body.H 0.04039 0.02314 1.745 0.0847 .

waist.C 0.18260 0.04025 4.537 1.96e-05 ***

hip.cC -0.18166 0.04070 -4.463 2.58e-05 ***

antb.cC 0.29120 0.14144 2.059 0.0427 *

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.” 0.1 “ * 1

Residual standard error: 12.35 on 81 degrees of freedom
Multiple R-squared: 0.8573, Adjusted R-squared: 0.8485
F-statistic: 97.33 on 5 and 81 DF, p-value: < 2.2e-16

MNC odhady regresnich koeficiéna jejich interpretace:

B5: ...............................................................

Odhadnuta regresni funkce MA tvar .........ccceeeeeeeeeeeeeeieiiins

Index determinace ID2 = ........coooiiiiiiiiiii e
Adjustovany index determinace ID2ad] = ......ccceeeiiviiiiiiiiiiiieeeeeeee e
Celkovy F-test na hladéwvyznamnosti 0:05:



p-hodnota = .........cvvveiiiiiiiieeee
V& |V | S
Dil¢i t-testy

parametr hodnota testovaci statistikyp-hodnota] zawr
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Intervaly spolehlivosti pro regresni koeficienty:
> confint(modell)

2.5 % 97.5 %
(Intercept) 36.715381614 294.56281096
body.w 0.093443025  1.95844313
body.H -0.005657005 0.08643304
waist.C 0.102513283 0.26268666
hip.cC -0.262652856 -0.10067593
antb.cC 0.009770142  0.57262713

Z vysledku dilcich testu vidime, Ze prémma body.H neni na hladi®,05 vyznamna,

sestavime model, ktery ji neobsahuje.
> mode12 <- Tm(neck.C ~ body.w + waist.C + hip.C + antb.C, data=neck)
> summary(model2)

call:
Im(formula = neck.C ~ body.W + waist.C + hip.C + antb.C, data = neck)
Residuals:

Min 1Q Median 3Q Max

-36.799 -7.585 -0.460 8.523 33.903

Coefficients:
Estimate std. Error t value Pr(>|t])
(Intercept) 255.80441 39.59226 6.461 6.96e-09 ***

body.w 1.49670 0.38801  3.857 0.000227 ***
waist.C 0.15765 0.03809 4.139 8.42e-05 ***

hip.c -0.21493 0.03641 -5.903 7.74e-08 *¥*

antb.c 0.28727 0.14318 2.006 0.048114 *

Signif. codes: 0 ‘***’ 0,001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1

Residual standard error: 12.51 on 82 degrees of freedom
Multiple R-squared: 0.8519, Adjusted R-squared: 0.8447
F-statistic: 118 on 4 and 82 DF, p-value: < 2.2e-16

Z podrobnych informaci o druhém modelu vidime, djgistovany index determinace je o
néco nizsi, rejme tedy i promnna body.H fispiva k vys¥tleni variability obvodu krku.

Nyni pouzijeme proceduru STEPWISE, abychom zisiahejlepsSi model. K tomu v R
slouzi funkce step(). Vstupnimi argumenty jsou meatni model a sir, kterym chceme
model budovat — zfny nebo dofedny.

Zacneme zptnou krokovou metodou. Metoda v prvnim kroku vypouZdy jen jednu
proménnou a zjiguje, jestli se vypushim konkrétni jedné protnné model zlepsi. Poté
vypusti tu, ktera vede k nejgimu zlepSeni modelu. V dalSim kroku pracuje seferd,



ktery ji neobsahuje, a wpopét vypousti jednotlivé prosmné. Ot vybere tu, jejiz vypushi
vede k nejetSimu zlepSeni modelu, a takto pakuge dale. Pokud metoda&tem kroku zjisti,
Ze vypustni jakékoli pronénné nevede k zlepSeni, procesdon

model.back <- step(Im(neck.C ~ body.W + body.H + waist.C + hip.C + antb.C,
data=neck),

+ direction="backward')

Start: AIC=443.21

neck.C ~ body.w + body.H + waist.C + hip.C + antb.C

Df sum of Sq RSS AIC

<none> 12361 443.21
- body.H 1 464.81 12826 444.42
- antb.cC 1 646.82 13008 445.64
- body.w 1 731.29 13092 446.21
- hip.cC 1 3039.71 15401 460.33
waist.Cc 1 3140.65 15502 460.90

model . back
call:
Tm(formula = neck.C ~ body.w + body.H + waist.C + hip.C + antb.C,
data = neck)
Coefficients:
(Intercept) body.w body.H waist.C hip.cC antb.cC
165.63910 1.02594 0.04039 0.18260 -0.18166 0.29120

Informace o vysledném modelu vypiSeme pomoci fuiskiwemary:

summary(model.back)

call:

Tm(formula = neck.C ~ body.W + body.H + waist.C + hip.C + antb.C,
data = neck)

Residuals:
Min 1Q Median 3Q Max

-32.266 -8.030 1.169 8.493 33.577

Coefficients:
Estimate Sstd. Error t value Pr(>|t])
(Intercept) 165.63910 64.79600 2.556 0.0124 *

body.w 1.02594 0.46867 2.189 0.0315 *

body.H 0.04039 0.02314 1.745 0.0847 .

waist.C 0.18260 0.04025 4.537 1.96e-05 ***

hip.cC -0.18166 0.04070 -4.463 2.58e-05 ***

antb.cC 0.29120 0.14144 2.059 0.0427 *

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.” 0.1 “ * 1

Residual standard error: 12.35 on 81 degrees of freedom
Multiple R-squared: 0.8573, Adjusted R-squared: 0.8485
F-statistic: 97.33 on 5 and 81 DF, p-value: < 2.2e-16

Po kolika krocich zgtnéa krokova metoda skoita? ....................
LiSi se jeji vysledek od vysledku metody ENTER? ................



Budeme pokréovat dogednou krokovou metodou. Vstupnimi argumenty jsounimmalni
model (tedy model konstanty), dale v argumentu segopximalni model, kteryijpada v
Gvahu (zada se prava strana modelu, tedy v nafi@ade scope= body.W + body.H +
waist.C + hip.C + antb.C ), atgsréni sméru direction="forward’. Metoda v prvnim kroku
zkousi gidat vZdy jen jednu pro&mnou a zjiguje, jestli se fidanim konkrétni jedné
proménné model zlepSi. Poté do modelu zahrne tu, kiedé k nejétSimu zlepSeni modelu.
V dalSim kroku pracuje s modelem, ktery ji obsahaja ®j opét zkousi pidavat ostatni
proménné. Ot vybere tu, jejiz vypushi vede k nejgtSimu zlepSeni modelu, a takto
pokraiuje dale. Pokud metoda&hem kroku zjisti, Zeidani jakékoli dalSi pro#mné nevede
k zlepSeni, proces kon

model.for <- step(Im(neck.C ~ 1, data=neck),

+ scope= ~ body.w + body.H + waist.C + hip.C + antb.C,
direction="'forward')

Start: AIC=602.6

neck.c ~ 1

Df sum of Sq RSS AIC

+ antb.C 1 64034 22594 487.68
+ waist.Cc 1 62506 24123 493.37
+ body.w 1 58753 27875 505.95
+ body.H 1 33549 53080 561.99
+ hip.cC 1 13611 73017 589.73
<none> 86628 602.60

Step: AIC=487.68
neck.C ~ antb.C

Df Ssum of Sq RSS AIC
+ waist.Cc 1 4317.8 18277 471.23
+ body.H 1 1873.3 20721 482.15
+ body.w 1 1688.5 20906 482.92
<none> 22594 487.68
+ hip.cC 1 363.9 22231 488.27

Step: AIC=471.23
neck.C ~ antb.C + waist.C

Df sum of Sq RSS AIC
+ hip.cC 1 3123.45 15153 456.92
+ body.H 1 2459.65 15817 460.65
<none> 18277 471.23
+ body.w 1 0.08 18277 473.23

Step: AIC=456.92

neck.C ~ antb.C + waist.C + hip.C
Df sum of Sq RSS AIC

+ body.w 1 2327.3 12826 444.42

+ body.H 1 2060.8 13092 446.21

<none> 15153 456.92

Step: AIC=444.42

neck.C ~ antb.C + waist.C + hip.C + body.w
Df sum of Sq RSS AIC

+ body.H 1 464.81 12361 443.21

<nhone> 12826 444.42

Step: AIC=443.21
neck.C ~ antb.C + waist.C + hip.C + body.w + body.H



model. for

call:
Tm(formula = neck.C ~ antb.C + waist.C + hip.C + body.w + body.H,
data = neck)

Coefficients:

(Intercept) antb.C waist.C hip.C body.w body.H
165.63910 0.29120 0.18260 -0.18166 1.02594 0.04039

Po kolika krocich dof@dnéa krokova metoda skéla? ....................
Které pronénné byly postupido modelu fidavany?

LiSi se jeji vysledek ddapdné metody od vysledku &pé metody? ..............oeneee.



