
 

Econometrics (60 points) 

 

Question 7: Short Answers (30 points) 

 

Answer parts 1-6 with a brief explanation. 

 

1. Suppose the model of interest is Yi = 0 + 1X1i + 2X2i + ui, where E(u|X)=0 and E(u
2
|X)=     

and X1 and X2 are uncorrelated in your sample.  Will the bivariate regression of Y on Xi have the 

same coefficient estimate and standard error for 1̂  as the multivariate regression of Y on X1 and 

X2? [6 points] 

 

Answer:    The coefficient estimates will be the same but the standard error will be smaller in the 

multivariate regression.  Let   
  be the coefficient on X1 in the bivariate regression.  Using the 

formula for omitted variables bias, we know that  

  
  

         

       
 

                   

       
    

            

       
 

         

       
 

 

By assumption,             and             and so   
    .   

The value of 1 in the multivariate regression can be written as 
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The standard error of the vector   is given by           where    is the variance of the error 

term and   is the vector of independent variables.  Including X2 reduces the standard error on the 

estimate of    because it reduces    but leaves the relevant term of         unchanged since     
and    are uncorrelated. 

 

 

 Point Values:   

  2 points: The estimates will be the same 

  2 points: A reason 

   1 point for a reasonable reason 

   1 point if it includes any mathematical derivation 

  1 point:  The standard error will decrease 

  1 point:  Some reasonable reason 

 

 

 

Parts 2 to 5 refer to the demand curve,  

 

ln(Qt) = 0 + 1ln(Pt) + 2ln(Yt) + ut,       (1) 

 



 

where Qt and Pt are the quantity (number) and price of haircuts obtained in Cambridge in year t and Yt is 

mean income in Cambridge in year t.   

 

2. Express the price elasticity of demand in terms of the coefficients in (1). [6 points] 

 

Answer: The price elasticity of demand is 1, which is the derivative of ln(Qt) with respect to 

ln(Pt). 

 
Suppose you have annual data on Q_t, P_t, and Y_t in Cambridge for 30 years, and that you have some other 

annual data available too.  You are interested in estimating the coefficients of equation (1).  Assume price and 

quantity are simultaneously determined in a market equilibrium.  Would the following variables plausibly be valid 

instruments for ln(Pt)?  

 

3. ln(Yt). [6 points] 

 

Answer:  This is not valid.  If the econometrician does not control for ln(Yt), then the instrument is 

not exogenous, since clearly corr(2ln(Yt) + ut, ln(Yt)) ≠ 0.  If the econometrician does control for 

ln(Yt), then the instrument is collinear with the controls.  

 

 Points:  1.5 points for the instrument not being valid 

    1.5 points for it not being exogenous 

    3 points for a reason  

 

4. Commercial rental price (dollars/square foot/month) in Cambridge in that year. [6 points] 

 

Answer:  I could see an argument either way for this one.  The instrument is plausibly relevant, 

since an increase in commercial rents could lead to haircutting salons increasing prices of haircuts 

even controlling for mean income.  I can see an argument either way for exogeneity: 

It is plausibly exogenous controlling for mean income, since controlling for mean income 

controls for general economic conditions which might impact both commercial rents and demand for 

haircuts. 

It is not necessarily exogenous.  Suppose that all the major investment banks decide to move 

from New York to Cambridge. Then this might cause an increase in commercial rents due to 

increased demand for space and also an increase in demand for haircuts as individuals shift from 

working at biotech startups (and having long hair) to working at investment banks. 

 

Points: 1 point for valid or not 

 1 point for relevance 

 1.5 points for the reason why it is relevant 

 1 point for whether it is exogenous 

 1.5 points for the reason 

 

5. The average length of hair of individuals appearing in People magazine in that year. [6 points] 

 

Answer:  This is not a valid instrument.  It is not correlated with the price of haircuts and is 

correlated with unobservables that impact the demand for haircuts. 

 



 

Point Values: 1 point for not valid 

                   1.5 points for it not being relevant 

        1.5 points for it not being exogenous 

        2 points for reasoning 

     

   

 

 

 

  



 

Question 8: Performance-linked pay (30 points) 

 

Table IV from Lemieux, MacLeod, and Parent (Quarterly Journal of Economics, 2009; see the 

following page) shows results from a regression of log wages on a dummy for whether a job has pay 

linked to performance (e.g. salespeople paid on commission) and other variables.  The data are panel 

data on workers.  In addition to the reported coefficients, the regressions include industry, occupation, 

and year dummies; county unemployment; and marital status, race dummies, and union status.  Standard 

errors are in parentheses. 

 

The model also includes quadratic functions of experience (number of years in the workforce) 

and tenure (number of years at this specific job).  The row labeled “Experience x performance-

pay” is the effect of experience at 20 years interacted with performance pay.  Similarly, the row 

labeled “Tenure x performance pay” is the effect of tenure (evaluated at ten years) interacted 

with performance pay. 

 

1. Based on column (3), is the return to education higher at performance pay jobs or non-

performance pay jobs?  What is the difference and is it statistically significant? [6 points] 

 

Answer: The returns to education are higher in performance pay jobs.  The coefficient on 

education x performance pay is 0.0365 with a standard error of 0.007.  The t statistic for the test 

that the coefficient is equal to zero is 5.214 which has a p value of 0.000. 

 

Points: 1 point for higher 

 1 point for the coefficient 

 1 point for the standard error 

 1 points for the t statistic 

 1 point for the p value 

 1 point for stating it is statistically significant at 5% or 1%. 

 

2. Again using column (3), what is the return to having a performance pay job for somebody with a 

college degree (16 years of education), 20 years of experience, and 10 years of tenure? [6 points] 

 

Answer:  The difference in log wages between a performance pay job and a non performance 

pay job for a person with the given characteristics is given by  

 

        {     }     {      }     {      }  

                                            
 

The person will earn a staggering 61.7% more in log wages in a performance pay job than not. 

 

Points: 1 point for     

 1 point for     {     } 

 1 point for    {      } 

 1 points for    {      } 

 1 point for getting the correct sum 



 

 1 point for interpreting the answer. 

 

3. Regression (4) includes worker-level fixed effects.  The coefficient on years of education falls 

from .0637 in (3) to .0167 in (4). Is this a large change in economic terms? Explain. [6 points] 

 

Answer:   This is a large effect.  A coefficient of 0.06 indicates that, all other things equal, a one 

year increase in education increases expected log wage by 6%.   A coefficient of 0.0167 indicates 

that an additional year of education increases expected wage by less than 2%, which is less than 

a third of the first effect.  The wage returns to education appear much smaller in this second 

estimate.  In addition, the coefficient is no longer statistically significant at 5%. 

 

Points:   6 points for reasonable reasoning 

 

4. Provide an explanation for the difference in the coefficients discussed in question 3 (.0637 vs. 

.0167).  Be concrete. [6 points] 

 

Answer:  Including fixed effects controls for individual unobservables which would impact both 

educational attainment and log wages.  For example, suppose that more able workers get more 

education and also are hired by more productive firms (and have higher wages as a 

consequence).  Then regression 3 would suffer from omitted variables bias and this would lead to 

the coefficient on education being biased upward.  Including individual fixed effects eliminates 

this OVB problem.  

 

Points: 2 points for mentioning unobservables or omitted variables bias  

 2 points for giving an example of an omitted variable 

2 points for explaining why this example variable would bias the coefficient upward 

 

5. Consider three possible ways to compute standard errors for the regressions in Table IV: 

homoskedasticity-only; heteroskedasticity-robust; and clustered at the individual-job level.  

Which is the most appropriate method, and why? [6 points] 

 

Answer:  Standard errors should be clustered at the individual-job level.  This is because even 

controlling for individual and industry characteristics, idiosyncratic portions of wages (such as firm-

specific shocks that impact wages) may be correlated for an individual over time.  Thus the error 

terms are not iid and the standard errors need to be corrected for this fact. 

 

Points: 1 point for not picking homoscedastic 

       1 point for a reasonable explanation if they pick heteroscedastic 

       2 points for picking individual-job level 

       3 points for an explanation of why individual-job clustering is required 

      

        

 



 

 

 


