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Question 1)
For the OLS estimator ﬁ: (X'X)_1 X'y of the linear regression equation y = Xp+u , for which y

and u are n-dimensional vectors, P isa (k+1)-dimensional vector, X isa (n x (k + 1)) dimensional
matrix,

u| X ~ Normal(0,571,)

with & nonzero and constant.

a) Please derive the statistical distribution of
(Bp+21)|X

for which v is a (k+1) dimensional vector of ones.

b) We proceed with u| X. It is assumed that u| X ~ Normal (0, ¥), for which ¥ is a symmetric
matrix for which the inverse exists.

Question: Please derive the distribution of u'¥™"u| X

Question 2)
For a random sample of n observations, the Ordinary Least Squares estimator fin is applied to the
(k+1)-dimensional vector of parameters B of the linear regression model

y=Xp+u
We consider the Central Limit Theorem, for which we formulate two additional assumptions.

1) EX'X—">C for which C is a finite and invertible (k+1) x (k+1) matrix.
n

1 n
2) ——» x.u—2>Normal(0,5°C)
N>

-1 n
Furthermore, it can be shown that \/H(Bn —B) = (EX'XJ iniui (you don’t need to derive this
n

Jn i3

expression).
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a) Using the information of above, could you please derive the limiting statistical distribution of

Question 3)
For a sample of n observations, for the linear regression model.

y=XB+u
let’s assume that the variance covariance matrix of the error terms contains heteroskedasticity:

Var(u| X) = diag(of) i=1..,n

a) Please, discuss the consequences of heteroskedasticity for the expected value of the OLS
estimator = (X'X)"'X'y.

b) It can be demonstrated that Var (B | X) = (X'X) X' ¥X(X'X)?, for which

n
X'¥X = ZXiGiZXi . Please carefully describe both stages of the estimation procedure to
i=1

calculate the White robust standard errors.

Question 4)
Let’s consider the linear regression model

y=Xp+u
for which the covariance matrix of the error terms is
¥ =Var(u|X)
a) Derive the Generalized Least Squares estimator ﬁGLS by minimizing the loss function

min L(B) = min (v ~X)" ¥ (v~ XB)
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b) What assumptions are required for the existence of the GLS estimator B, ?

Question 5)
We consider the AR(1) model

X, = pX_, +€ | pl<1 t=1,....T

where e, : i.i.d. (identically and independently distributed) with Ee, =0; Var(e,) =c’. e, is
uncorrelated to x, , .

a) Please demonstrate that o can be interpreted as the correlation between x, and x,_, .

Question 6)
We consider the panel data model

Vo =X, P+ +u, i=1..,nt=1..T

for which ¢; is the individual-specific effect (random variable) with constant variance, and u,, is the
identically and independently distributed error term with expected value zero and constant variance.

a) Demonstrate that the assumption of strict exogeneity is required for the fixed-effects
estimator.

b) Describe how the Mundlak’s formulation of the regression equation

yit:xn'[}+agi+uit i=1..nt=1..T

can be applied to test for a random effects specification (the zero hypothesis) versus fixed
effects specification (the alternative hypothesis).

< end of the exam >



