Binary Dependent Variables

@ Examples
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Q Logit

© Maximum likelihood estimation
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Examples
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Examples (cont.)
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Latent Variable Framework

o Latent (unobserved) variable

y*=po+Pix+u
@ Such that

y=0ify*< O
=1lify">
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Latent Variable Framework (cont.)

@ Observe y =1 if
y*
-‘-F x+ WU >
B+, 0 oz

@ Thus v_\/‘s:j/
Py =19 =P Zp o

—p2)

IV o v

e P(y = 1|x) bounded between 0 and 1
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Probit
u follows N (0,1)

Standard Normal Density
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Probit (cont.)
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Probit (cont.)

@ Due to symmetry of N (0,1)

e Bo and f3; - from maximum likelihood estimation (MLE)
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Logit
u follows logistic distribution

Logistic Density
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Logit (cont.)

P(u<z)

Logistic CDF
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Logit (cont.)

@ Due to symmetry of the logistic distribution

P(y = 1|x) = P(u > —fo — f1x)
= P(u < Bo + p1x)
)

= exf(F"’-fl
| tep(ptfix)

° Eo and Bl - from MLE
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Maximum Likelihood Estimation

@ Example

» 20% of population - below 15 years

» Random sample of 3 people

» Joint probability or likelihood (L) of 2 under 15 and 1 over 15
#

—_—

L=02x02x0.8
£ 0.03
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Maximum Likelihood Estimation (cont.)

MLE ;#;‘mds m  ecki male °7£ l);,,s
vt waxt miges  Ene lvkelrheed o f .

b ' e
e Example ° sexving the daka b;’"zi v:.ll(‘ e
> Pinsured: Probability of insured 7/ .

» Random sample of 3 people: 2 insured and 1 uninsured
» Joint probability or likelihood (L).&robserving this

o

L= Pinsured X Pinsured X (1 - pinsured)

= Pinsured ~ Pinsured

» MLE finds pjnsureq that maximizes L Pi*\S‘, =0 > L=0

ﬁ‘y dl'ff Vau[JaS 2 =05 -3 = 0.125
Use caleulys. =07 S L=0

u% . - 2, MM
\’ﬁ)v& ’# Li"lg. t1/l0~l7 Ma«' L PCMS. /-3 ”ﬁ”'.
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Maximum Likelihood Estimation (cont.)

L 4 Fn— obS;_

@ In case of probit or logit with y =1 and y = 0 for insured and
uninsured

° P(yJ: 1|x) = G(Bo + P1x) and
) l;‘,
fielihe L= G(Bo+ Bix1) x G(Bo + Bix2) x [L — G(Bo + B1x3)] v~

o MLE finds BO and Bl that maximizes L or log(L)

logr (L) = log- (.. 2,) + loge (... %.)
loy [,-kel.'lmJ + lotb'(. '23>
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Nonlinear optimization

Maximum Likelihood Estimation (cont.)

fix)

Pois Exact

root

geeksforgeeks.org
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Interpretation

@ Probit - continuous x

M fkd,moma,l ;F'

. . B d&'lSt’h at
@ Logit - continuous x
AP(y =1[x) _
A (topiske
@ The effects depend on x ({e‘"&ky at

z))‘ 'Fl
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Interpretation (cont.)

e Typically calculate

» Effect at the average value of x
» The average of the effects across all values of x
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