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Unbiasedness Y = T& U
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Definition

An estimator of a given paramater is said to be unbiased if its expected
value is equal to the true value of the parameter:
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OLS unbiasedness (Exercise 1)

= [ ¢ X4
* OLS Assumptions: / >/ | P v

- P2
1. Linear in parameters \/-.:. ><[3d t Y 7= |’3’° [ xat u

2. Random sampling o }/—PJ:,{ (3. ><,, ty
3. No perfect collinearity “—> rauk(x%) =K

e

E Zero conditional mean: Elu;|x;] = E|u;] = 0.

e Under assumptions 1-4 the OLS estimator is unbiased
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OLS unbiasedness: proof E[ fg] = \?3 V= Xd1u
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Variance of OLS estimator: derivation (Exercise 2
B
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5. Homoskedasticity: Var(u|X) ='0%I, o2 > 0
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Variance of OLS estimates

The variance of the OLS estimates is given by:
Var(B|X) = o?(X'X) ™!
The standard errors are given by:

se (Bj) — \/Var (Bj | X) = /02 (X'X);} = 0/ (X'X); ]

o2 is not observed. Obtain an unbiased estimate through the OLS

residuals i = y — X33

A A'J
L - U
O un-w-4



Variance of OLS estimates

then
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therefore,

Increasing the sample size n reduces 62 and hence the standard
errors.



SE of OLS estimates: SLR and matrices (Exercise 5)

Ve = @Q‘f&)‘g +Q;

® |nthe SLR case, X isan x 2 matrix;
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® then X' X isa2 x 2 matrix:

X'X = [

n
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* andits inverse is (see matrix algebra slides):
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SE of OLS estimates: SLR and matrices (Exercise 5)

® to compute the standard errors we use the formula:

se (ﬁg) =0 (

* therefore, the standard errors for 3y and 3, are:

peatliou o S 22
X = Se"\/nzw%—@w

(1) =0\ s sy




Exercise 1
Standard Errors of OLS Estimates

Model:
Wage = By + 51 Educ + u

° 5 = 1.04, By= —6.90.

— 222 1 2—1031

Var(By) = 19.54 = se(fy) = 4.42.
Var($1) = 0.108 = se(f31) = 0.33.
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Exercise 2.2-2.3

Collinearity

Model:

Yi = Bo + B1x1; + Bazwa; + Baxai+u; t=1,...,n

Collinearity: If x3 = 1 + 22 + 6, perfect collinearity exists, making
OLS infeasible.

assumption 3 is violated.

rank of X’X is 2, not 3. Cannot invert the matrix.



Exercise 2.2-2.3

~refevanty/ariables
Qim t'T,

EST. [%BK%H 'l Uu;

Fraeunodel: /

Yi = Po + B1x1s + Pexei+u; i=1,...,n

—ve

Estraked model:
Y; = Bo + B1x1; + Poxe; + B3x3; +u;p i =1,...,n

* Irrelevant Variables: Including irrelevant variables (e.g., 3) does not
affect the unbiasedness but reduces efficiency.
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Appendix: Proof of OLS Unbiasedness
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Appendix: Variance of OLS Estimator
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