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Exercise 1. Suppose that y; ~ Po(m(x;, £)). Then

(1) Show that E[s,PO)(B) | x;] = 0.

(2) Calculate the Hessian matrix H,(Po)(#) = 0s,(P0) (B)/ op’.

(3) Calculate the —E[H,O(p) | x].

(4) Conform the information matrix equality holds when
Yi ~ Po(m(x;,6)).
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B 2Ll CHETE (Quasi maximum likelihood estimation; QML)
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Exercise 2. Suppose that y; ~ Po(m(x;, £)). Then
Confirm that the asymptotic variance of the Poisson QML

estimator Is given as

Avar(VN (8 - ) = o” A,
when the Poisson GLM assumption is satisfied.
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Exercise 3. )

(1) Derive the asymptotic distribution of £ in the binomial
regression model when y; actually follows B(p(x;,f,), ;).

(2) Derive the asymptotic distribution ofﬁ In the binomial regression
model when y; actually does not follow B(p(x;, £,), n;), but the mean
function is correctly specified as n; p(x;, ),
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B Gamma regression as a QML estimation

Gamma regression is actually a consistent estimator for f even
when y; does not follow the specified gamma distribution as long
as the conditional mean E(y;| x;) = m(x;, f) Is correctly specified.

In this context, the gamma regression is called the gamma QML
estimation.
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Furthermore, if the variance of the population distribution of y;
given x; satisfies the so-called gamma GLM variance
assumption, i.e.,

Var(yi | Xi) — 0-2 [E(yl | Xi)]21 0-2 > O’

then the gamma QML estimation Is efficient in a class of
estimators that correctly specifies only E(y;| X;).

In the above equation, o = var(y;| x)¥? / E(y;| x;), which is so-
called the (conditional) coefficient of variation: it is the ratio of
the (conditional) standard deviation to its (conditional) mean.
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Exercise 4.

(1) Suppose x ~ G(a, 1). Define a new random variable y as y = Ox.
Show that y ~ G(a, #). Thus @ is called scale parameter.

(2) Derive the score and Hessian matrix of the Gamma QML log
likelihood estimation.
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Exercise 5.
(1) Show that when y; = si/n;, where s; ~ B(p(x;,£), n;), the Bernoulli
GLM assumption holds for this y; .
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