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Problem 1 (50 Points)  
 
We wish to predict real wage outcomes using the following regression: 

 

€ 

log(rwit ) = β0 + β1collegei + β2 femalei + β3blacki +α t + uit  
 

Here, rwit is the real wage for respondent i interviewed in year t, collegei takes on a value of 1 if respondent i is a 
college graduate (0 otherwise), femalei takes a value of 1 if respondent i is female (0 otherwise), and blacki takes 
on a value of 1 if respondent i is black (0 otherwise).  The term 

€ 

α t  represents year fixed effects, which are 
suppressed in the following results: 
 

.reg ln_rw college female black i.year 
 
      Source |       SS       df       MS              Number of obs =  598475 
-------------+------------------------------           F(  9,598465) = 9167.91 
       Model |  25658.4537     9   2850.9393           Prob > F      =  0.0000 
    Residual |  186104.335    65  .310969454           R-squared     =  0.1212 
-------------+------------------------------           Adj R-squared =  0.1212 
       Total |  211762.789    74  .353837908           Root MSE      =  .55765 
------------------------------------------------------------------------------ 
       ln_rw |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     college |   .3899047   .0018827   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
      female |  -.2447752    .001444   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       black |  -.1123664   .0024996   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       _cons |   2.781718   .0020319   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
------------------------------------------------------------------------------ 

 
a.) Please interpret precisely the coefficient on college.  (10 Points) 

 
First, exponentiate the effect and subtract 1. 
 
exp(0.389)-1 = 0.476     +4 
 
Within years, having a college degree increases wages by 47.6% relative to those without a college degree 
       +2                       +2      +2 
 
 

 



b.) We wish to test whether there are any interactions between female and black and college using the following 
specification: 

 

€ 

log(rwit ) = β0 + β1collegei + β2 femalei + β3blacki + β4collegei ⋅ femalei + β5collegei ⋅ blacki +α t + uit  
 

The results from running this regression (again suppressing year estimates) are below: 
 

.reg ln_rw college female college_female black college_black i.year 
 
        Source |       SS       df       MS              Number of obs =  598475 
---------------+------------------------------           F( 11,598463) = 7504.87 
         Model |  25670.1273    11  2333.64794           Prob > F      =  0.0000 
      Residual |  186092.661    63  .310950987           R-squared     =  0.1212 
---------------+------------------------------           Adj R-squared =  0.1212 
         Total |  211762.788    74  .353837908           Root MSE      =  .55763 
-------------------------------------------------------------------------------- 
         ln_rw |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
---------------+---------------------------------------------------------------- 
       college |   .3968689   .0026744   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
        female |  -.2415216   .0015945   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
college_female |  -.0182506   .0037573   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
         black |  -.1162495   .0026832   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
 college_black |   .0293265   .0073784   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
          cons |    2.78049   .0020615   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
-------------------------------------------------------------------------------- 

      
Which regression is preferred, the regression in ‘1a’ or the regression here in ‘1b’? Please test this hypothesis at 
the 95% level, stating your null and alternative hypotheses. (10 points) 

 
H0:  B3=0, B5=0    +1 
HA:  H0 not true   +1 
q = 2       +0.5 
dfur=598463 +0.5 
SSRur=186092 +0.5 
SSRr =186104.335 +0.5 
 
Fstat = ((186104-186092)/2)/( 186092/598463) = 19.30 +3 
Fcrit= 3  +1 
 
Fstat>Fcrit   =>>  Reject the null! +2 
 
The interactions between female, black, and college are a jointly significant determinant of the real wage. 
 
 
 
 
 
 
 
 
 
 
 
 



c.) Please write the Stata code required to generate college_female and college_black , and provide a 
different command than in ‘1b’ to estimate the specification with year fixed effects.  (10 points) 
 
 
gen  college_female = college*female +3 
gen  college_black = college*black +3 
 
xtreg ln_rw college female college_female black college_black, fe i(year) 

      +4 
 

 
 
 
 
d.) Does the black-white wage gap depend on whether the respondent is college educated?  Test this hypothesis at 

the 99% level, stating your null and alternative hypothesis.  Show your work! (10 points) 
 

H0:  B5=0   +1 
HA: B5!=0  +1 
 
Tstat=(.0293265/.0073784)=3.97 +3 
Tcrit=2.575  +1 
 
|Tstat|> |Tcrit | =>>  reject the null!! +1 
 
The black-white wage gap is significantly affected by a college education. +3 

 
 
 
 
 

e.) What is the precise difference in predicted wages between a black college-educated male and a white female 
without a college degree? (10 points) 

 
 

 
BM_C = 2.78049 + 0.3968689 - 0.1162495 + 0.0293265 +1 
 
WF_NC = 2.78049 - 0.2415216    +1 
 
BM_C - WF_NC = 0.551      +2   
(Taking the difference properly is worth 4 total points.  I don’t care how one gets 
it) 
 
exp(0.551)-1 = 0.735      +3 

 
A black, college educated male makes 73.5% more than white female without a college education. 
         +3 

 
 

 
 

 



Problem 2 (50 Points) 
 
a.) We now use our wage panel dataset from 1980-1987 to examine the determinants of annual hours worked:   

 

€ 

hoursit = β0 + β1educi + β2manuit + β3unionit +α t + uit  
 

Here, hoursit is annual hours worked for individual i in year t, 

€ 

educi  is the time-invariant education level of 
individual i, manuit equals 1 if individual i works in a manufacturing job in year t (0 otherwise), and unionit 
equals 1 if individual i works in a union job in year t (0 otherwise).  Note that manufacturing and union jobs 
are not mutually exclusive outcomes.  Estimating this equation using Pooled OLS, we get the following. 

 
. reg hours educ union manuf i.year 
 
      Source |       SS       df       MS              Number of obs =    1200 
-------------+------------------------------           F( 10,  1189) =    7.28 
       Model |  25891174.6    10  2589117.46           Prob > F      =  0.0000 
    Residual |   422789266  1189  355583.908           R-squared     =  0.0577 
-------------+------------------------------           Adj R-squared =  0.0498 
       Total |   448680441  1199  374212.211           Root MSE      =  596.31 
------------------------------------------------------------------------------ 
       hours |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        educ |   -23.3217   10.21055   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       union |   -56.6942   42.35081   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       manuf |    60.6815   39.21068   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
        year | 
       1981  |    162.335   68.86171   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       1982  |    213.217   69.00531   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       1983  |    291.039   68.90454   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       1984  |    315.447   69.11393   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       1985  |    358.572   68.91055   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       1986  |    381.867   68.89213   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       1987  |    454.073   69.04009   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
 
       _cons |    2230.84   130.5198   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
------------------------------------------------------------------------------ 

 
Please construct and interpret a 95% confidence interval for the constant in this regression.  (10 Points) 
 
2230.84 - 1.96*130.5198 < B0 < 2230.84 + 1.96*130.5198 +2 
                         1975.021 < B0 < 2486.659 

 
With 95% confidence, a respondent with zero years of education that works in a non-union, non-manufacturing job,  
 +1       +3 
 
worked between 1975.02 and 2486 hours in 1980.   
   +2   +2 

 
 
 
 
 
 
 
 



b.) I claim that being in a union has a significant effect on annual hours worked.  Using the results in ‘2a’, what is 
the probability that I’m wrong? (10 Points) 
 
tstat = -56.6942/42.35081=-1.34 +3 
 
Pvalue = Pr(|T|>| tstat |)  

     = Pr(T >|tstat |) + Pr(T<-|tstat |) 
      = 2(1-Pr(T <|tstat |)) 
      =2(1 -Pr(T <1.34)) = 2(1 -0.9099) = 0.1802 +7 
 
 
 

 
 
 
 
 

 
 
 

c.) Hours worked cannot be negative, though pooled OLS may yield negative values for predictions.  What are the 
two techniques we can use to remedy this issue? (5 Points) 
 
Tobit and Poisson +2.5 each 
 
 
 
 
 
 
 
 
 
 
 
 

d.) We now augment the regression equation in ‘2a’ to include individual fixed effects, 

€ 

α i , but removing the time 
fixed effects. 

€ 

hoursit = β0 + β2manuit + β3unionit +α i + uit  
 

What happened to education, and why? (5 Points) 
 
 
 
Education does not vary by time within the individual.  So, it is absorbed in the fixed effect. 
    +5     +5 
 
 
 

 
 
 
 
 

 



e.) After initializing the panel dimension of the dataset, we estimate the model from ‘2d’: 
 

. xtreg hours union manuf, fe 
 
Fixed-effects (within) regression               Number of obs      =      1200 
Group variable: nr                              Number of groups   =       150 
 
R-sq:  within  = 0.0009                         Obs per group: min =         8 
       between = 0.0079                                        avg =       8.0 
       overall = 0.0037                                        max =         8 
 
                                                F(2,1048)          =      0.47 
corr(u_i, Xb)  = 0.0402                         Prob > F           =    0.6247 
 
------------------------------------------------------------------------------ 
       hours |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
       union |   5.724433   48.58498   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
        manu |   43.92626   46.45788   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
       _cons |   2221.753   21.03889   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
-------------+---------------------------------------------------------------- 
     sigma_u |  425.22232 
     sigma_e |  470.32479 
         rho |  .44976438   (fraction of variance due to u_i) 
------------------------------------------------------------------------------ 
F test that all u_i=0:     F(149, 1048) =     6.50           Prob > F = 0.0000 
 
Please interpret the coefficient on manu, and test whether it is significantly different from zero at the 95% 
level.   Show your work!  (10 points) 
 
Within individuals, being in a manufacturing job increases annual hours worked by 43.9 relative to non-
manufacturing jobs.  +3 
 
H0:  B2=0 +1  
HA:  B2!=0 +1 

 
Tstat=(43.92626/ 46.45788)=0.945 +2 
Tcrit=1.96 +1 
 
|Tstat|< |Tcrit | =>>  fail to reject the null!!  Within individuals, the effect of being in a manufacturing industry on 
hours worked is insignificant. +2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
f.) Again assuming that the panel dataset is already initialized, please write out the code to estimate the following: 

 

€ 

Δhoursit = β2Δmanuit + β3Δunionit +Δuit  
 

How does the interpretation for the coefficient on manu change for this regression relative to 2d? 
 
 
 gen diff_hours = D.hours +1 
 gen diff_manu = D.manu +1 
 gen diff_union = D.union +1 
 
reg diff_hours diff_manu diff_union, noconstant 
  +2       +2 
 
 
The interpretation is now “in the short run” 
 

+3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Have a great summer!!! 



 

 


