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Question 1. 

(a) Describe in words and mathematically the Conditional Distribution of a R.V (random 

variable) Y. 
 

(b) Describe in words and mathematically the concept of independence between two 

random variables 
 

(c) Prove the Law of iterated expectations 

 

Question 2 

Show that the sample mean is 

(a)  unbiased 

(b)  consistent (you do not need to prove Chebychev’s inequality) 

(c) the “least squares estimator of the true mean 

 

Moreover derive the   

(d) variance of the sample mean and discuss efficiency. 

 

Question 3.  

Say that we are interested in the effect of 𝑋𝑖1on 𝑌𝑖. We specify the following equation:   

Yi = 0 + 1Xi1 + ui 
 
(a)  Derive the omitted variable bias (𝑋𝑖2 omitted). Give two cases when there is no bias?  
 
Next, we control for 𝑋𝑖2, i.e., specifying the equation in the following way  
 

Yi = 0 + 1Xi1  + 2 𝑋𝑖2  + Ɛi 
 
(b)  Is there a weaker assumption than conditional mean zero assumption in which we can 
consistently estimate 𝛽1? If yes, state this assumption and give an intuition of this 
assumption. 
 

 



Question 4.  

We are interested in estimating the gender wage gap and specify the following equation: 

 

𝑊𝑎𝑔𝑒𝑖 = 𝛽0 + 𝛽1𝐹𝑒𝑚𝑎𝑙𝑒𝑖 + 𝑢𝑖  

where 𝑊𝑎𝑔𝑒 is the hourly wage rate expressed in SEK and 𝐹𝑒𝑚𝑎𝑙𝑒 is a dummy variable 

taking the value 1 if the individual is a female and 0 otherwise.  

 

We base our estimation on a sample of 40 observations where 20 are females. The sum of all 

wages is equal to 4,000 and the sum of all female wages equal to 1,500. 

(a) Calculate the following matrices: 𝑿′𝑿, (𝑿′𝑿)−1 and 𝑿′𝒀 
 

(b) Explain what is meant by the matrix 𝑿 having full column rank 
 

(c) Also get the estimated coefficient vector. What is the average male wage? How large 
is the gender wage gap? 

 
(d) The estimated regressions error, i.e., 𝑠2 = 250. Calculate the t-statistics for the test 

whether the regression coefficient of the female dummy is zero.  
 

 

Question 5.  

(a)  Describe the assumptions required for estimating a dynamic causal effect with 
exogenous regressors using OLS.  

 
(b) Discuss the two major causes of non-stationarity and relevant tests in order to detect these 

threats in a standard AR(1) forecasting model.  
 


