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

@ Observe y =1 if
y'=0
W+ Po+ B2 20

u> _P°_F1z

Py = 1|x) = P(u >)
e P(y = 1|x) bounded between 0 and 1 ~ P(U_ >

@ Thus
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Probit
u follows N (0,1)

Standard Normal Density
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Probit (cont.)

Standard Normal CDF
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Probit (cont.)

—1.96 196

@ Due to symmetry of N (0,1)
Pl = 1) = pusy > P(w> —Po— F,:b
Pl <)\> P& < Pt Pi®)
k(?o'l' %)

° ﬂo and 51 - from maximum likelihood estimation (MLE)
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Logit
u follows logistic distribution

Logistic Density
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Logit (cont.)

Logistic CDF
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Logit (cont.)

@ Due to symmetry of the logistic distribution

Ply = 1|x) = P(u > —f0 — p1x)
= P(u < Bo + f1x)

exr(?o"l’ f,t.)
| + Cxp(P.+- F,—&)

° 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.)

Pi;ng' - O) O.g,O.-'

e Example = L -'—O)O.lzf) 0.14]

> Pinsured: Probability of insured _

» Random sample of 3 people: 2 insured and 1 uninsured 1% 4 J,#

» Joint probability or likelihood (L) of observing this ’
valves of.

L= Pinsured X Pinsured X (1 - pinsured)
% P b.
= Pinsured — Pinsured wns, oY

» MLE finds pinsures that maximizes L vse Cdcol <
us,

Volve thak maximizes L Fims = .9./3
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Maximum Likelihood Estimation (cont.)

y 2 Ll:hol;s.ofx

L

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

e P(y =1|x) = G(Bo + f1x) and
L= G(Bo+ Brx1) x G(Bo + Pix2) x [1 — G(Bo + B1x3)]
o MLE finds BO and Bl that maximizes L or log(L)

]o%(n.; = locd,[... %,] +

log L... %] +
|% L... %y |
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Nonlinear optimization

Maximum Likelihood Estimation (cont.)

fix)

geeksforgeeks.org
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geeksforgeeks.org

Interpretation

@ Probit - continuous x
M — (sbJ A mcma,l
Ax

densiky ok z)*F.
AP(y = 1|x

. ) (legiskic demsiky
ot %) x B\

@ Logit - continuous x

o The effects depend on x
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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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