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Exercise 20

The fakesoep data set (available on the web-page) is constructed similar to the socio-economic panel
and should now be analysed with the software R. Consider the following variables (collected for n = 3000
interviewed individuals):

beink brutto income of the preceding month

groesse body height

alter age

dauer duration of company membership

verh married (1: yes, 0: no)

geschl sex (1: female, 0: male)

deutsch German nationality (1: yes, 0: no)

abitur abitur/A levels (1: yes, 0: no)

(a) Analyse the variable beink with respect to the shape of its distribution. Is there anything striking
to you?

(b) In the following consider the variable beink as response variable. Explain, why the Gamma-
distribution could be a suitable distribution for the modeling of the response. Show that the
distribution belongs to the exponential family. Determine the quantities θ, b(θ), φ, expectation
and variance, as well as the natural link.

(c) Plot the density of a Gamma-distributed random variable y for different choices of the shape para-
meters, for which it should always hold that the expectation fulfils E[y] = 1.

(d) Fit a GLM with Gamma-distributed response, all covariates (main effects) and natural link and
log-link. Interpret the models. Which structural assumption would you prefer here?

(e) Create a plot, which illustrates the observed values as well as the values estimated by the model.
Furthermore, investigate the result of the generic R-function plot(glm.object), where glm.object
denotes the GLM-object that you have created in the preceding analysis (and set which = 1:4).

Exercise 21

Let observations (yi,xi), i = 1, . . . , n be given. Here, let yi ∈ {0, 1} be a binary response variable and
xi = (1, xi1, . . . , xip)

T a vector of p covariates. In the following, a probit-model with linear predictor
η = xTβββ should be fitted.

(a) Derive the corresponding score-function s(βββ).

(b) The (expected) Fisher information matrix F(βββ) for GLMs is generally given by

F(βββ) =
n∑
i=1

xix
T
i

(
∂h(ηi)

∂η

)2

/σ2i ,

with σ2i = var(yi).

Use this formula to compute F(βββ) for the logit- and the probit-model.

(c) In exercise 1b) it was shown that for the logit-model ∂h(η)/∂η = var(y) holds. Show that in general
for all GLMs with canonical link the relation ∂h(η)/∂η = var(y)/φ holds. Which other advantages
are provided by the usage of the canonical link?



Exercise 22

The aids data set (available on the web-page) contains the number of AIDS-deaths per quarter in
Australia for 14 quarters in the time period January 1983 to June 1986 and contains the variables

time time index for the quarter

deaths number of AIDS-deaths per quarter

(i) Estimate in R a GLM for number of AIDS-deaths per quarter, first of all with normally distributed
response and natural link. Create a plot, which illustrates the observed values as well as the values
estimated by your model.

(ii) Now choose an alternative model specification (with canonical link), which tentatively may be more
suitable for the data. Estimate the model, again produce the corresponding plots and compare them
with those from subtask (i).

The Fisher-scoring-algorithm for the computation of the ML-estimator of the parameter vector βββ in a
GLM in the form of iteratively weighted least squares (IWLS) (in the k-th iteration) is given by

β̂ββ
(k+1)

= (ZTW(k)Z)−1ZTW(k)ỹ(k),

where Z = (1,X) is the design matrix, W = W(βββ) the weight matrix and
ỹ = Zβββ + D(βββ)−1[y− h(Zβββ)] denotes the working-response vector.

(iii) Implement the step-wise IWLS-algorithm for the model of subtask (ii). The function should have
the response vector y, the matrix X of covariates and a starting value for the parameter vector βββ

as arguments. A suitable stopping criterion would be e.g. ||β̂
ββ
(k+1)−β̂ββ(k)||
||β̂ββ(k)||

< ε with ε > 0, but small.

Hint: in the present case we have W(βββ) = diag
{

exp(zTi βββ)
}n
i=1

, and W(βββ) = D(βββ).

(iv) Test your function on the aids data set (compare subtask (ii)). Use as starting values βββ(0) =
(0, 0)T , (1, 1)T , (−1,−1)T and use ε = 10−5. What comes to your mind when you look at the
different result? Compare your results with the results obtained by the glm() function of subtask
(ii).


