Likelihood ratio tests
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Generalization to higher dimensions
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Earthquake data

Data from the 2015 Gorkha earthquake on 211774 buildings, with
variables including:

Damage: whether the building sustained any damage (1) or not
(0)

Age: the age of the building (in years)

Surface: acategorical variable recording the surface
condition of the land around the building. There are three
different levels: n,0,and t
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Surfee nt Slepean lge = 0. 06y

Likelihood ratio tests sk 00 Stepe en b = 0.0600

0.003
ml <- glm(Damage ~ AgexSurface, data = earthquake,

family = binomial)
summary (ml)

#i#t Estimate Std. Error z value Pr(>|z])

## (Intercept) 1.411099 0.032512 43.402 < 2e-16 *x**
## Age 0.002100 28.475 < 2e-16 ***
## Surfaceo 0.061461 0.072861 0.844 0.398924
## Surfacet -0.474024 0.034382 -13.787 < 2e-16 *x*xx%
## Kge:Surfaceo \@.002808) 0.005088 0.552 0.581013
##(Age:Surfacet J0.008163 0.002230 3.661 0.000252 **x%
##
#it Null deviance: 153536 on 211773 degrees of freedom
## Residual deviance: 139150 on 211768 degrees of freedam
H, ]3v\: B = O Ve ot \ectt ene of B%[IQS#O

We want to test whether the relationship between Age and
Damage is the same for all three surface conditions. What

?
hypotheses do we test: -1



Likelihood ratio tests
Full model:

ml <- glm(Damage ~ Agex*Surface, data = earthquake,
family = binomial)

Reduced model:

m2 <- glm(Damage ~ Age + Surface, data = earthquake,
family = binomial)
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Likelihood ratio tests

ml <- glm(Damage ~ AgexSurface, data = earthquake,
family = binomial)
summary (ml)

#i#t Estimate Std. Error z value Pr(>|z])

## (Intercept) 1.411099 0.032512 43.402 < 2e-16 *x**
## Age 0.059786 0.002100 28.475 < 2e-16 *x*x
## Surfaceo 0.061461 0.072861 0.844 0.398924
## Surfacet -0.474024 0.034382 -13.787 < 2e-16 x*x
## Age:Surfaceo 0.002808 0.005088 0.552 0.581013
## Age:Surfacet 0.008163 0.002230 3.661 0.000252 *x*x%

##
##
##

Null deviance:
Residual deviance:

153536 on 211773 degrees of freedom
139150 on 211768 degrees of freedom

What information replaces R? and Ridj in the GLM output?
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Deviance

Definition: The deviance of a fitted model with parameter
estimates (3 is given by
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Residual and null deviance

ml <- glm(Damage ~ AgexSurface, data = earthquake,
family = binomial)
summary (ml)
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#it Null deviance: 153536 on 211773 degrees of freedom St} _

## Residual deviance: 139150 on\%££1§§ degrees of freedom (o LN~ ~) 5
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Comparing deviances SELTRE N
ml <- glm(Damage ~ Age*Surface, data = earthquake, il cacaen

family = binomial)
summary (ml)

#it Null deviance: 153536 on 211773 degrees of freedom

## Resi evia 7 139150y on 211768 degrees of freedom

2 <- D ~ A f = hquak
m glm( amége i ge +.Sur ace, data earthquake, fiduaﬂﬁ WV)@X
family = binomial)
summary (m2)

#H 1 : 3536 on 211773 degrees of freedom

## Residual deviance: 139164\ on 211770 degrees of freedom
L2t - B LU - 13also = 1Y Celcded= P~va\\c&lﬂj

C@vv\pa\( \\'j ’X:z
How should | use this output to calculate a test statistic?
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Comparing deviances

ml <- glm(Damage ~ Age*Surface, data = earthquake,
family = binomial)

m2 <- glm(Damage ~ Age + Surface, data = earthquake,

family = binomial)
eyt St

pchisqg(m2$deviance - ml$Sdeviance, L >§
m2$df.residual - ml$df.residual,
lower.tail = F)

## [1] 0.0009433954
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Summary: LRT for logistic regression
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