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O modelo de regressao multipla
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oMando 0s ModelC




##
##
##
##
##
##

eSO ~ altura

(car)
(Davis)
(Davis)
'data.frame': 200 obs. of 5 varic
$ sex : Factor w/ 2 levels "F","M'
$ weight: int 77 58 53 68 59 76 76
$ height: int 182 161 161 177 157 1
$ repwt : int 77 51 54 70 59 76 77

$ repht

: int 180 159 158 175 155 1



Grahco: modelo linear




Imdavis <-

##
##
##
##
##
##
##
##
##

Resymo do lm

(Imdavis)

Call:
Im(formula =

Residuals:
Min

(weight-height,

welight ~ heig

1Q Median

-19.928 -5.406 -0.651

Coefficients:

[ gl L SR TSI o I S |

Davi

ht, data =

3Q o
4.891 42.¢

F--‘- L u



Anova do Im

lmdavis <- (weight-height, Davi
(lmdavis)

## Analysis of Variance Table

##

## Response: weight

## Df Sum Sq Mean Sq F value

## height 1 19095 19095.0 256.08

##
##
##

Residuals 178 13273 74.6

Signif. codes: 0@ '***x' 9,001 '**' 0,



NModelo Linear peso ~ altura

170 180
Altura (cm)

170 180
Altura (cm)




ANOVA comparando modelos

davisNull <- (weight . Davis)
(davisNull, Umdavis)

## Analysis of Variance Table
##

## Model 1l: weight ~ 1

## Model 2: weight ~ height

## Res.Df RSS Df Sum of Sq F
## 1 179 32368

## 2 178 13273 1 19095 256.08 <
## ---

## Signif. codes: 0 '"***' @,001 '**' 0.

Dyalor = 2.2e—16 = 2.2210716
r? = 0.587 3.7



ANova comparando modelos

Particionando Variancia do Modelo

( (Imdavis), ,
Df  Sum Sg Mean Sg  Fvalue PG
neight 1 1900504 1900504  250.08 O
Residuals 178 1327271 JA57 NA NA

Confrontando com o modelo minimao

( (davisNull, lmdavis),
Res Df RSS Df  Sum of &g - Pri>F)
179 3236775 NA NA NA NA

178 1327271 1 10095.04 250.08 o)



Comparando modelos

170 180 ' : : 170 180
Altura (cm) Altura (cm)







Preditoras




MUltiplas Preditoras

lmdavis0l <- (weight~ height + sex,




Preditora continua + rator

(Imdavis0l)

H#

## Call:
## lm(formula = weight ~ height + sex, ¢
H#

## Residuals:

i Min 1Q Median 3Q \
## -20.302 -4.808 -0.335 5.239 41.:
H#

## Coefficients:

[l TR S I o I B | [ R I |



imiweignt ~ neignt + sex, data -

##
##
##
##
##
##
##
##
##

DEVIS)

(Imdavis0l)

Analysis of Variance Table

Response: weight

Df Sum Sq Mean Sq
height 1 19095.0 19095.0
sex 1 1203.5 1203.5
Residuals 177 12069.2 68.2

Signif. codes: 0 '***' 0,001

F value
280 .04
17.6&

"xXx1' 0,



Mmiweignt ~ sex + neignt, data -

BEWIS)

lmdavisOla <- (weight-sex + height,

(Imdavis0Ola)
## Analysis of Variance Table
##
## Response: weight
## Df Sum Sg Mean Sq F value
## sex 1 15748.5 15748.5 230.95¢&
## height 1 4550.1 4550.1 66.72¢
## Residuals 177 12069.2 68.2
##H ---

## Signif. codes: 0 '"***' @,001 '**' 0.



ANnova do modelo

(ImdavisOla, lmdavis01l)

## Analysis of Variance Table

##

## Model 1: weight ~ sex + height

## Model 2: weight ~ height + sex

##  Res.Df RSS Df Sum of Sq F Pr(>F)
## 1 177 12069

## 2 177 12069 O 0



Anova multiplas preditoras

( (Lmdavis0l))

Df  Sum Sg Mean S F value Pri>F)
height 1 10095041 1909504065 28003066 0.0et00
Sex 1 1203492 120349189 176497 4.2e-05
Residuals 177  12009.217 0818707 NA NA

( (lmdavisO0la))
Df  Sum Sq Mean Sg Fvalue PreH)
SIS)N 1 1574848 1574848245 23095792 O
neight 1 455005 455005009 6672834 O
Residuals 177 12069.22 0818707 NA NA



##
##
##
##
##
##
##
##
##

Anova do Modelo

(Imdavis0l)

Analysis of Variance Table

Response: weight

Df Sum Sq Mean Sq
height 1 19095.0 19095.0
sex 1 1203.5 1203.5
Residuals 177 12069.2 68.2

Signif. codes: 0 '***' 0,001

F value
280 .04
17.6&

"xXx1' 0,



Cconfrontando com o modelo

##
##
##
##
##
##
##
##
##

MINIMOo

(davisNull, lmdavis01l)

Analysis of Variance Table

Model 1: weight ~ 1

Model 2: weight ~ height + sex
RSS Df Sum of Sq

Res.Df
1 179 32368
2 177 12069

Signif. codes:

2

0

F

20298 148.84 <

P kkk !

0.001

1k 1!

0.



Comparacao de Modelos

170 180 ' : : 170 180
Altura (cm) Altura (cm)




—stimativas do Im

coeflmOl <- (IlmdavisO1l)
(coeflmO1, .
(Intercept) -80.21
neight 0.383
sexM 771

~eminino (sex = 0)

wr = Q-+ Bssea: — Bh x height
wy = & + By * height

Ilcll)

.11



—stimativas do Im

(Intercept) -80.21

height 0.83

sexM 771
Masculino (sex = 1)

whzéz—kﬂ;*sea:—l—ﬁ*height
wp = & + Bs + By, x height

.12









Nteracao

Ilmdavisfull <- (weight -~ height + sex

170 180
Altura (cm)




##
##
##
##
##
##
##
##
##

Nteracao

(Imdavisfull)

Call:

lm(formula = weight ~ height + sex +

Residuals:
Min 1Q Median
-20.990 -4.548 -0.926

Coefficients:

[l TR S I o I B |

3Q

\

4.821 41.¢C

F-‘-“-‘ ;

-.-1



ANova comparando modelos

Multiplos testes

##
##
##
##
##
##
##
##
##

oLL LL

(Imdavisfull)

Analysis of Variance Table

Response: weight

Df Sum Sq Mean Sq F val
height 1 19095.0 19095.0 284.0¢
sex 1 1203.5 1203.5 17.8¢
height:sex 1 235.8 235.8 3.5¢€

Residuals 176 11833.4 67.2

Ol e L PEGIN n 1 Sesese |1 N AN 1 Skeske 1 n



ANova comparando modelos

(Imdavisfull, davisNull)

## Analysis of Variance Table

##

## Model 1: weight ~ height + sex + sex:
## Model 2: weight ~ 1

##  Res.Df RSS Df Sum of Sq F

## 1 176 11833

## 2 179 32368 -3 -20534 101.8 < Z
## ---

## Signif. codes: 0 '***' 0,001 '**' 0,



Nnteracao x Nulo

sex
= F

= M

160 170 180 190 160 170 180 190
Altura (cm) Altura (cm)




Imiweight ~ height + sex’neight, data=Davis)

## (Intercept) height sexM |
## -45.7988220 0.6252035 -57.4326307

Feminino (sex = 0)

w = &+ Bysex + 3hhe7}ght + Bs:hsew x height
Wy, = & + Brheight
Masculino (sex = 1)

w =&+ ﬁ; sexr + ,éhheight + ths sex x height
wp, = & + Bs + (Bn + Bh.s) * height



Predicao do modelo

Uma mulher de 161cm de altura

w=a-+ Bsseaz - theight + Bszhsea: x height

sex = (
(coefull <- (Imdavisfull))
## (Intercept) height sexM |

## -45.7988220 0.6252035 -57.4326307

predMulher <- coefull[l] coefull[2]
(predMulher <- (predMulher))

## [1] 54.85893



Imiweight ~ height + sex’neight, data=Davis)

o Uma mulher com 161cm de altura tem peso 54.86 kg,

170
Altura (cm)




Predito do Modelo

Homem com 182cm

w=a-+ Bsseaz - theight + Bszhsea: x height
sex =1

coefull

## (Intercept) height sexM |
## -45.7988220 0.6252035 -57.4326307

predHomem <- (coefull[l]+ coefull[3])
(predHomem <- (predHomem) )

## [1] 79.99018

)



Imiweight ~ height + sex’neight, data=Davis)

e« UM homem com 182cm de altura tem peso 79.99 kg

170
Altura (cm)




##
##
##

##
##
##

##
##

Matriz do Modgelo

Davis| , ]

sex weight height
1 M 77 182
2 F 58 161
(Imdavisfull) [ ) ]
(Intercept) height sexM height:sexk
1 1 182 1 182
p. 1 161 0 €
(Imdavisfull)
(Intercept) height sexM |
-45,7988220 0.6252035 -57.4326307

5.

12



##

Matriz do Modgelo

(Davis| , 1)

sex weight height

M /7 132
- 58 161

(Imdavisfull) [ ) ]
[,1]

## 1 79.99018
## 2 54.85893

##

(Imdavisfull) [ ]
1 2

## 79.99018 54.85893

.13



Modelos Concorrentes

160 170 180 190 160 170 180 190
Altura (cm) Altura (cm)

oM

150 160 170 180 190 150 160 170 180 190
Altura (cm) Altura (cm)

.14









Qual o mocelo?

160 170 180 190
Altura (cm)

150 160 170 180 190
Altura (cm)

150

160

160

170 180
Altura (cm)

170 180
Altura (cm)

190

e F
oM

190




Selecao de modelo

Defina a priori 0s modelos concorrentes

e sentido biologico
e Darametros com signficado

Compare usando o Principlo da parcimania

(Navalnha de Occam)

o devem ter menos parametros possivel
Linear & melhor gue ndo-linear

reter menos pressupostos

simplificado ao minimo adequado
explicactes mais simples sao preferivels



Simplificacdo do modelo

Metodo do modelo chelo ao minmo adequado

1. ajuste o modelo maximo (chelo)
2. simplfique o modelo:
e INSPECIioNe 0s coeficientes (summary)
e remova termos nao signincativos
3, ordem de remocao de termaos
e INteracao N&o signiicativos (maior ordem)
e termos quadraticos ou Nd&o lineares
o Variavels explicativas n&o significativas
e agrupe nivels de fatores sem diferenca
o« ANCOVA: intercepto ndo signihcativoa -> O



simplihcacdo do modelo
continuacao

Compare o modelo anterior com o simplihcado

A diferenca ndo e signiicativa

* retenha o modelo mais simples
* continue simplificando

A difereca e significativa

* retenha o modelo complexo
* este € o modelo MINIMO ADEQUADO



simplificando Modelo: exemplo

##
##
##
##
##
##
##
##
##

(Imdavisfull, lmdavis01l)

Analysis of Variance Table

Model 1: weight ~ height + sex + sex:

Model 2: weight ~ height + sex
RSS Df Sum of Sq

Res.Df
1 176 11833

2 177 12069 -1

Signif. codes:

0

F

F

-235.82 3.5075 0.

P kkk !

0.001

1k 1!

0.



simplificando Modelo: exemplo

(Imdavis0l, lmdavis)

## Analysis of Variance Table

##

## Model 1: weight ~ height + sex

## Model 2: weight ~ height

##  Res.Df RSS Df Sum of Sq F

## 1 177 12069

## 2 178 13273 -1 -1203.5 17.65 4.2
## ---

## Signif. codes: 0 '***' 0,001 '**' 0,



NModelo Minimo Adequado

(Imdavis0l)

H#

## Call:
## lm(formula = weight ~ height + sex, ¢
H#

## Residuals:

i Min 1Q Median 3Q \
## -20.302 -4.808 -0.335 5.239 41.:
H#

## Coefficients:

[l TR S I o I B | [ R I |



ANoOVa

ANnova do modelo: comparacao entre modelos

( (Imdavisfull), "c",
Df Sum Sg Mean S Fvalue  ProR)
neignt 1 10005.0407 190950407 2840037 0.0000
sex 1 12034919 12034919 178997 0.0000
neightsex 1 235.8241 235.8241 35075  0.0628
Residuals 176 11833.3933 0/.2352 NA NA
#H## Anova ent  re mode loS

(

Res Df RSS Df  Sum of Sg = Pri>F)
177 12069.22 NA NA NA NA
170 11833.39 1 2358241 35075 0.0628

(Imdavis0l, Umdavisfull),



Anova seguencial

( (davisNull, lmdavis, LmdavisO]
Res Df RSS Df Sum of &g - Pri>F)
179 3236775 NA NA NA NA

178 1327271 1 190950407 284.0037 0.0000
177 1200022 1 12034919 178997 0.0000
170 11833.39 1 2358241 35075 0.0028

Anova do chelo

Df Sum Sg Mean Sg Fvalue  PreGH)
height 1 190950407 190950407 284.0037 0.0000
sex 1 12034919 12034919 178997 0.0000
heightsex 1 235.8241 235.8241 35075 00626
Residuals 176  11833.3933 0/.2352 NA NA




Modelo sem Interacaol

160 170 180 190
Altura (cm)

150 160 170 180 190
Altura (cm)

150

160

160

170 180
Altura (cm)

170 180
Altura (cm)

190

e F
oM

190

.11



##
##

##
##
##
##

NModelo Minimo Adequado

(Ilmdavis0l)
(Intercept)

height sexM

-80.2107328 0.8340964 7.7070166

(Imdavis0l)

2.5 % 97.5 %

(Intercept) -113.44661 -46.974852

height
sexM

0.63259 1.035603
4.08671 11.327323

.12



Diagnostico do Modelo:
plotimodelo)

( (2,2))
(Imdavis01)



Diagnostico: plotimodelo)

Residuals vs Fitted Normal Q-Q

Residuals

Standardized residuals

Fitted values Theoretical Quantiles

Scale-Location Residuals vs Leverage

Cook's di§tance
| | | I | |
0.00 0.01 0.02 0.03 0.04 005 0.06 0.07

IStandardized residuals|
Standardized residuals

Fitted values Leverage




##
##
##
##
##
##
##
##

Diagnostico: plotimodelo)

20
21
22
23
24
25
26

sex weight height repwt repht

M =E=T_=mT

61
119
61
65
66
54
50

175
180
170
175
173
171
166

61
124
61
66
A
59
50

171
178
170
173
170
168
165

70.
76.
64.
70.
68.
65.
60.

N) (A& (1) AN AN (1) M8

.15
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