Exercise on the concept of
Likelihood

“There are more things in heaven and earth, Horatio,
than are dreamt of in your philosophy.”
- William Shakespeare, Hamlet (1.5.167-8)
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A model is never true, a model can be useful.

A model is a mathematical interpretation of
observed phenomena.




BINOMIAL DISTRIBUTION
p(x) = (") ™ (1-m)™

known T, known X,
X probability can be computed 1 likelihood can be computed

Number of SONS on 4 deliveries

m=0.514 x =3
P(0) = (‘) 05140 (1-0514)0= 00558 p(3) = (%) 0.5 (1-0.5)*3= 0.25
p(1) = (4,) 0.514" (1-0.514)** =
p(2) = (42) 0.5142 (1-0.514)4'22 p(3) - (43) 0.753 (1_0.75)4.3 = 0.422

p(3) = (4,) 0.5143 (1-0.514)*3 =

p(4) = (*,) 0.514° (1-0.514)*0= P(3) = (43) 0.93 (1-0.9)43=0.292
n!
BINOMIAL DISTRIBUTION p(x) = ('ii(ﬁii')i) ™ (1-17)"X

Probability to have a male = 0.514 according to the WHO
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m=0.514 o8 FRUE INNONE NN A M-
P(0) = (4,) 0.5149 (1-0.514)*0 = 0.0558 - .......
P(1) = (*,) 0.5141 (1-0.514)* = 2. [T
P(2) = (4,) 0.5142 (1-0.514)*2 = § 7% O (S W S —
p(3) = (4,) 0.5143 (1-0.514)43 = ool I IR O TS
p(4) = (4,) 0.514° (1-0.514)%0 = Y I R R R

number of males




|
BINOMIAL DISTRIBUTION p(x) = (-)—6(2'3(—)1) ™ (1-17)"X

NUMBER OF MALES ON 4 DELIVERIES =3

=05 p(3) = (4) 0.53 (1-0.5)*3=0.25
=055  p(3) = (4) 0.553 (1-0.55)43 = :

=06 p(3) = (4) 0.63 (1-0.6)+2 = .
=065  p(3) = (4) 0.653 (1-0.65)+3 = o7
n=0.7  p(3) = (4) 0.73 (1-0.7)4+3 = g
m=0.75  p(3) = (%) 0.753 (1-0.75)43=0.422 5,
120.8  p(3) = (4) 0.8% (1-0.8)+3= Tos -
11=0.85  p(3) = (4) 0.85° (1-0.85)42 = ol
=09 p@)=(4) 0.9% (1-0.9)*3=0202 bt L 1

m=0.95 p(3) = (43) 0.953 (1_0.95)4—3 = parameter

|
BINOMIAL DISTRIBUTION p(x) = ('RT(E.&')T) ™ (1-17)"X

NUMBER OF MALES ON 4 DELIVERIES =3

m=0.514
0,40 number of male newborns out of four deliveries

p(0) = (4,) 0.514° (1-0.514)*0= 0.0558  °* I

Number of male newborns
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p(1) = (4,) 0.5141 (1-0.514)* = 0.2360
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p(2) = (4,) 0.5142 (1-0.514)*2 = 0.3744
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p(3) = (4,) 0.5143 (1-0.514)*3 = 0.2640
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p(4) = (4,) 0.514° (1-0.514)4°=0.0698




Observed data: 3 male newborns out of 4 deliveries
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Observed data: 3 male newborns out of 4 deliveries
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n=0.75 (Stima di massima verosimiglianza)

Max likelihood = 0.422




Observed data: 30 male newborns out of 40 deliveries
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Likelihood profile
(Profilo della verosimiglianza)

Observed data: 3 male newborns out of 4 deliveries
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Observed data: 30 male newborns out of 40 deliveries
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PROBABILITY

p(X/TT)
easy to understand

less useful in Medical
Statistics

2 probabilities = 1

LIKELIHOOD

[(TT/X)
difficult to understand

more useful in Medical
Statistics

2 likelihood > 1

(indeed every likelihood is
computed using a different
probability distribution)

DEVIANCE

Model under study

I(0.005)=-5.298
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log(likelihood)

deviance=2%(5.298-2.303)=5.9

Saturated model
n parameters =n data
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