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Maximum Likelihood Estimation

Suppose we have a probability model f(Y; X, 0)

Y is the dependent variable, 6 is a vector of k unknown parameters
and X is a set of covariates.

Let p; = x}60
The likelihood function is:

BYX Hf y,,X,

The m.l.e is the value @ that maximizes L(6;Y,X)
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Testing Nested Hypothesis

@ Suppose we want to test the null hypothesis h(6) =0
@ There are 3 likelihood based procedures for testing nested hypothesis:

o Likelihood Ratio Tests
o Wald Tests

e Score Tests (or Lagrange Multiplier)

@ These tests are all asymptotically chi-squared distributed with degrees
of freedom equal to the number of restrictions imposed

o Let é\, be the maximum IikAeIihood estimator under the null hypothesis
(the restricted MLE) and 6, under the alternative (the unrestricted
MLE).
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Likelihood-Based Tests

@ The Likelihood Ratio Test
LR = —2 [/nL(f?,) - /nL(ffu)]

@ The Wald Test

@ The Score Test
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Testing Group Comparisons

@ Suppose the all N observations are classified into G mutually
exclusive groups

@ Groups can be panels or clusters

o Let 0 = [&/, 8]

@ « is a subset of O with k; elements.

@ k= ki + kr elements

@ We want to test the following hypothesis

Hy:a1 =)= ... = &g .
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The Score Test for Group Comparisons

@ The score test is:

~ ~ 71 ~
T=s() |-H@)| s
the score equations and Hessian are calculated with respect to all the
coefficients in 9’ = [oc’l, ab, ..., 0lc; B'], but evaluated at
o=@ 7P
o The @ are the m.le. solutions obtained under the null hypothesis

@ The score test is asymptotically distributed as chi-square with
ki (G — 1) degrees of freedom
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The Score Test for Group Comparisons

@ Partitioning the score and Hessian with respect to & and B we get

Lol ] [
sp | L Hpa Hpp Sp
@ Since sﬁ(@) = 0 the score test may be written as:
/ -1 -1
T=-s [Hm + Hap [—Hgg] "'ﬁa} Sa

—_ _ _ -1 _
T = _szlx [Hoaxl + Hzml Hﬂtﬁ [Hﬁﬁ - Hﬁ"‘HMI H"‘ﬁ] Hﬁ‘mel} S

o s,, Hy, Haﬁ and ngﬁ can be easily calculated from the restricted
model!
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Simplifications

o If k =00r G =N then

_ Jn-1
T = —s,H,, sx
@ Pearson tests are particular cases
G 2
T =— Spg’.g
g=1 h/)ax,og
o If Y is Poisson: T = y'6_, es—ne¥)
. g:l ngy

@ Y is Bernoulli: T = ng:l %
g

o )2
o If Y is normal: T =y¢_ Vs
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SCOREDUM

Syntax
scoredum [indepvars], group(varname) [options]
Examples:

@ Test for fixed effects in Poisson Regression
poisson y x1 x2 x3
scoredum, group(grvar)

@ Test for "slippery slope" in x1

scoredum x1, group(grvar)

@ Test for differences in several coefficients across groups
scoredum x1 x2 x3, group(grvar) cons

@ Pearson chi-square test for count data
poisson y
scoredum, group(grvar)
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