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Exercise 18

Show that the Bernoulli, Poisson and Gaussian distribution belong to the simple exponential family and

identify θ, b(θ), φ and c(y, φ, w). Finally, compute ∂b(θ)
∂θ and ∂2b(θ)

∂θ2
and check that E[y] = ∂b(θ)

∂θ and

V ar(y) = ∂2b(θ)
∂θ2

φ
w hold.

Exercise 19

First of all, make yourself familiar with the R-functions family and glm.

(a) Simulate three samples, each containing n = 1000 observations, for Gaussian (with log link; set
σ = 2), Bernoulli (with logit link) and Poisson (with log link) distributed responses. The number of
covariates is given by p = 4 and the covariates are i.i.d. with xij ∼ U [0, 1], i = 1, . . . , n, j = 1, . . . , p.
Choose one vector of fixed effects βββ, identical for all three settings, such that E[yi|xi] ≈ 10 for the
Gaussian and the Poisson setting.

(b) Fit suitable GLMs for the three data sets.

(c) Compare the performance of the three obtained fits with respect to the true parameter vector βββ.

Exercise 20

The shuttle data set describes the temperature ( ◦F ) at the time of the start as well as the occurrence or
non-occurrence, respectively, of a thermic over-voltage of a particular electronic module for the 23 Space
Shuttle flights before the Challenger accidence in the year 1986. It contains the following variables:

flight Flight number

temp Temperature in ◦F

td Thermic over-voltage (1 = yes / 0 = no)

Import the data set shuttle into R and create an additional column tempC for the temperature in Celsius.
Here, the following transformation TF = 1.8 · TC + 32 can be used.

(a) Compare the temperatures of the flights with td = 1 with those with td = 0. Do you see any
problems in such an analysis?

(b) Fit a linear model using lm() with td as response and the temperature in ◦F as the predictor.
Create a plot which shows the observed values of td and temp, as well as the estimated probabilities.

(c) Compute the parameter estimates for the temperature measured in ◦C. What would the effect be,
if one simultaneously incorporates temp and tempC into the model?

(d) Regard and interpret the summary of the linear model. Is the linear term significant? Why is the
corresponding test problematic? Are there further reasons that argue against the use of an ordinary
linear model?

(e) Now use the glm() function to fit a GLM with binomially (here: Bernoulli) distributed responses
with logit, probit and complementary log-log link and investigate for each model the summary.
Create plots analogously to subtask (c). What is the effect of switching from ◦C to ◦F (and vice
versa) in the GLM (explain!)?

(f) How can the slope parameter be interpreted in the logit model?

(g) Compute for the three different link functions the probability of a thermic over-voltage on the day
of the Challenger accidence, where the measured temperature was 31 ◦F .

(h) Which temperature yields a probability of 0.5 for each model?


