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Exercise 1

Make yourself familiar with the software R (www.r-project.org). Put a special emphasis on the following
basic issues:

(a) arithmetic operations

(b) standard functions, especially statistic functions

(c) the function lm

(d) vectors, lists, arrays and matrices

(e) distributions, generation of random numbers

Exercise 2

Derive the LS-estimators for the ordinary linear regression model

yi = β0 + xi1β1 + εi, i = 1, . . . , n

in sum representation.

Exercise 3

Between the growth rate of the gross wage yi (in %) and the growth rate of the average nominal labor
productivity xi1 (in %) a linear relationship is assumed. For the estimation of this relationship, the
following linear regression model is used:

yi = β0 + xi1β1 + εi, i = 1, . . . , n. (1)

For five consecutive years the following growth rates have been observed:

i 1 2 3 4 5

yi 2.5 3.0 2.0 2.5 3.0
xi1 2.0 2.0 1.5 2.5 3.0

(a) Which assumptions do you make with respect to the expectation, variance and covariances of the
error terms εi in Equation (1)? What do you assume for the covariates xi1?

(b) Derive the representation in matrix form y = Xβββ + ε for Model (1) for the available sample.

(c) Compute the following terms: (X′X)−1, X′y, β̂ββ, ε̂, ε̂′ε̂ and σ̂2.



Exercise 4

Import the file datensatz1.txt (available on the lecture homepage) in R. The data contains for 32 types
of cars the weight (1. column, in American pounds) and the gas consumption (2. column, in miles per
gallon).

a) Use R to estimate the influence of the car weight on the gas consumption and interpret the parameter
estimates.

b) Why does it seem more reasonable with regard to content not to use the consumption in miles
per gallon but in gallons per mile? Estimate the corresponding regression model and check wether
the transformation of the data results in a better fit. Also try to illustrate the relationship of the
variables graphically to get a better impression.

c) Derive the translation formula for the LS-estimator for a linear transformation of the variables

xi → ti = a0 + a1xi, with a1 6= 0 (2)

yi → ui = b0 + b1yi, with b1 6= 0. (3)

d) How do the parameter estimates change, if the weight would be given in kilograms and the gas
consumption in liter per 100 km (1 kg = 2.2046 Am. pounds, 1 km = 0.6214 miles, 1 liter = 0.22
gallons)? Derive the corresponding new estimators by use of your results from subtask b). Could
you also have used the results from subtask a)?

Exercise 5

Sometimes, with regards to content, it can be reasonable to assume that the regression line passes through
the origin (β0 = 0). The corresponding regression model is

yi = β1xi + εi; i = 1, . . . , n (4)

with the following assumptions:

E(εi) = 0; i = 1, . . . , n

V (εi) = σ2; i = 1, . . . , n

{εi | i = 1, . . . , n} stoch. independent

εi ∼ N(0, σ2); i = 1, . . . , n

a) Derive the LS-estimator β̂1 for β1. Is β̂1 also ML-estimator?

b) Show that the residuals in general do not sum up to zero. However, why do they in the linear
regression model including the intercept β0? Explain the difference.

c) Derive your estimator for the transformed data set from Exercise 4.


