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Last time

Data on the RMS Titanic disaster. We have data on 891
passengers on the ship, with the following variables:

: A unique ID number for each passenger.

: An indicator for whether the passenger survived (1)
or perished (0) during the disaster.

: Indicator for the class of the ticket held by this
passengers; 1 = 1st class, 2 = 2nd class, 3 = 3rd class.

: Binary Indicator for the biological sex of the passenger.

: Age of the passenger in years; Age is fractional if the
passenger was less than 1 year old.

: How much the ticket cost in US dollars.

 others
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Last time

Is there a relationship between passenger age and their
probability of survival, after accounting for sex, passenger class,
and the cost of their ticket?

What hypotheses should we test to investigate this research
question?
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sex -- {
' mate

0 female

B. = slope for female passengers

Bit B3 = Slope for males

Ho : Bi
= 133=0

Ha : at least one
of Bi, Bs -1-0



walotest

1) Rewrite the order of the terms

log (%⇒= Bol-B.se/-itBz1ogEaeitDtBsAgeitBuAgeiSeXi

pa,] Biz
= [ ¥;] Ho : Ba) = Biz,

=

2) D= [
Be"

HA : Bus =/ BED

3) Partition variancematrix : E-
' (B) = [
I
"

I
"

I" T④]
Var (1^304) = I.

22

I
_ ' (B) = Chiti) ✗ (KH) matrix

Here : 5×5 matrix I" C- 1122×2 ( bkpxz)ElR?⃝

⇒ I.
"

C- 1123×3

I
"
c- 1123×2

I
"
c- 1,22×3
I
22

Ey,22✗2



4) Test statistic : w = €3m - Biz,)T ⇐22J
'

(1^3,2) - PED

5) p -value :
under Ho

,
W ~ X2q← # parameters tested

Here :Wrx}

FNmo
log ( Ép;)

= Bot B.se/itBzlogCFaeitDtBsAgeitBuAgei.Sexi

Ho : 133--134=0

⇒ Reouceomooet : log ( Ep;) = Bo 1-B ,
Sexi 1-Bzloglfareitl)



Likelihood ratio tests

What information replaces  and  in the GLM output?
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Perianth



Deviance

De�nition: The deviance of a �tted model with parameter

estimates  is given by
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For logistic : AIC = 2Wh) + deviance

Deviance similar to SSE
(residual deviance for linear regression

Grant to minimize deviance

log
likelihood

for the
fitted
- ~

still [log(pili 4- A;) ' -
' Ii) model

e.g. [log /pika
-Ai)
""

)
[ =L

Bet we estimate Ii separately in

Ai = eÑ✗ifor each point

-✗iSaturated model : p^i= Yi

⇒ [ log (1) = 0

i =L

For binary logistic regression
: deviance

= -2dB)



Residual and null deviance
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Resiouaoerine : deviance for log (p÷.) = Bot B. Seti t
Bzloglfaeiti) + B} Ageit

→
-2145) = 697.21

⇒ LCR) = - 69¥ py Age ,
-

' Seti

(residua)

Nulldeviance : deviance for log (p;) = Bo
Cintercepting model) ( ⇒ ,,ei3o⇒ =

I = prevalence
of 1s)



Clntuitian)
Linearregressian :

[ Hi -77 = [ Hi-Fi)2 + [ t↑i -IT
e- =L

a- = ' i =/

sstota SSE t Ssreg
↑ ↑ Cssmodel)

null deviance residual
deviance



Comparing deviances
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Drop - in -deviance :

6--708.04-697.21

= 10.83

Fiinooe

0

Reduced
model

0



Comparing deviances

Full model:

Hypotheses:

Reduced model:

Test statistic:
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Comparing deviances

Full model:

Reduced model: 

Why is  always ?
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Comparing deviances

Full model:

Reduced model: 

If the reduced model is correct, how unusual is ?
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Likelihood ratio test
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