
BIOS 7717

Homework Assignment 3

1. Formulate and fit a better model for the schizophrenia data.

2. Here we consider Bayesian inference for the two-parameter gamma distribu-
tion, which we denote as G(α, β). Let us use density

f(y) =
βα

Γ(α)
yα−1 exp(−βy) 1{y > 0},

where α, β > 0. This implies that EY = α/β and VY = α/β2.

Suppose we have a sample Yi
ind∼ f (i = 1, . . . , n). Then (T1 =

∑
Yi, T2 =∏

Yi)
′ is sufficient for (α, β)′. Use this fact.

We will investigate the use of two prior distributions for (α, β)′. In the first
scheme we will use a joint prior, in the second scheme independent priors.
That is, we will explore π1(α, β | y) ∝ L(α, β | T1, T2) p(α, β) and π2(α, β |
y) ∝ L(α, β | T1, T2) p(α) p(β), respectively.

Prior 1 employs a bivariate Gaussian copula and gamma marginal distribu-
tions. Specifically, we have, in stochastic form,

(Zα, Zβ)′ ∼ N
{

(0, 0)′,

(
1 ρ
ρ 1

)}
(Uα, Uβ)′ = (Φ(Zα),Φ(Zβ))′

(α, β)′ = (F−1α (Uα), F−1β (Uβ))′,

where F−1α and F−1β are the quantile functions for the G(a, b) and G(c, d)
distributions, respectively. Clearly, this prior assumes that α and β are de-
pendent (as long as ρ 6= 0). You will of course have to choose a hyperprior
distribution for ρ.

Prior 2 puts independent, noninformative priors on α and β. For α, use
p(α) = 1/α (note that this is the G(0, 0) “density”). Likewise for β. Are these
priors proper? Justify your answer by invoking the appropriate theorem from
calculus. Discuss this prior in relation to a G(a, a) prior, where a ∈ (0, 1]
(hint: it is best to consider unnormalized G(a, a) densities). Recall that we
have been using the G(0.01, 0.01) prior in class.

Conduct a simulation study to evaluate the performance of Prior 1 and Prior
2 in the context of the G(2, 0.5) distribution. Use sample sizes 100 and 1,000.
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