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Real Stats
ANSWER KEY


Chapter 8, Exercise 5

(a) Estimate the pooled model of LnAvgSalaryit = β0 + β1OnCycleit + it. Discuss whether there is potential bias here. Consider in particular the possibility that teachers’ unions are most able to get off-cycle elections in districts where they are strongest. Could such a situation create bias? Explain why or why not. 
Answer: 
The pooled model indicates that being on-cycle is associated with a 3.7 percent drop in teachers’ salaries, consistent with the idea that teachers get paid more when school board members are elected off-cycle. (Refer to the earlier discussion of log-linear models for the interpretation of the coefficient on the on-cycle variable.) The effect is highly statistically significant, with a t statistic higher than 8. However, there are several reasons to worry about endogeneity here. First, what types of districts moved to on-cycle elections? If it was a subset of districts where teachers’ unions had less power to begin with, it could be that some other (omitted) variable (weak teacher unions) caused the on-cycle elections in districts where teachers get paid less (because of the weak teacher unions). This is a classic example of potential endogeneity that we should be concerned about. In addition, the move to on-cycle elections happened only from 2007 onward for some districts. If that was a period of declining teacher salaries in the whole state, then the on-cycle variable could be correlated with time, which could in turn be correlated with lower salaries, another possible source of endogeneity and bias.

reg LnAvgSalary OnCycle
      Source |       SS           df       MS      Number of obs   =     7,139
-------------+----------------------------------   F(1, 7137)      =     66.11
       Model |   .45365409         1   .45365409   Prob > F        =    0.0000
    Residual |  48.9770167     7,137   .00686241   R-squared       =    0.0092
-------------+----------------------------------   Adj R-squared   =    0.0090
       Total |  49.4306708     7,138  .006925003   Root MSE        =    .08284
------------------------------------------------------------------------------
 LnAvgSalary |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     OnCycle |  -.0306207   .0037661    -8.13   0.000    -.0380034   -.0232381
       _cons |   10.67136   .0010184  1.0e+04   0.000     10.66937    10.67336
------------------------------------------------------------------------------


(b) Estimate a standard difference-in-difference model using the fact that a subset of districts switched their school board elections to “on-cycle” in 2007 and all subsequent elections in the data set. No one else switched at any other time. Before 2007 all districts used “off-cycle” elections. Explain the results. What is the effect of election time on teachers’ salaries? Can we say anything about the types of districts that switched? Can we say anything about salaries in all districts in the years after the switch?
Answer: 
A difference-in-difference model controls for differences between switchers that exist before the policy change and also controls for differences in the periods before and after that policy change that affect both switchers and non-switchers. The effect of the policy is the differential change among switchers having controlled for the other two differences. It is the coefficient on the interaction between the switchers variable and the after variable. In this case, we say that the estimated effect is 0.8 percent, which is substantially smaller than the estimated effect in the pooled OLS model above. We can also see that the districts that did switch paid their teachers 2.3 percent less to begin with (the coefficient on the CycleSwitch variable). In other words, the endogeneity we worried about above did in fact exist because much of the difference between the on-cycle and off-cycle districts existed even before the policy change. We can also see that salaries went up across the board after the policy switch from the coefficient on the AfterSwitch variable.

reg LnAvgSalary CycleSwitch AfterSwitch AfterCycleSwitch
      Source |       SS           df       MS      Number of obs   =     7,202
-------------+----------------------------------   F(3, 7198)      =     44.72
       Model |  .931669112         3  .310556371   Prob > F        =    0.0000
    Residual |  49.9916164     7,198  .006945209   R-squared       =    0.0183
-------------+----------------------------------   Adj R-squared   =    0.0179
       Total |  50.9232855     7,201  .007071696   Root MSE        =    .08334
----------------------------------------------------------------------------------
     LnAvgSalary |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-----------------+----------------------------------------------------------------
     CycleSwitch |  -.0239824   .0033972    -7.06   0.000    -.0306419   -.0173229
     AfterSwitch |   .0093031   .0021885     4.25   0.000      .005013    .0135931
AfterCycleSwitch |  -.0085901   .0051892    -1.66   0.098    -.0187625    .0015823
           _cons |   10.67107   .0014328  7447.60   0.000     10.66826    10.67388
----------------------------------------------------------------------------------



(c) Run a one-way fixed-effects model in which the fixed effect relates to individual school districts. Interpret the results and explain whether this model accounts for time trends that could affect all districts.
Answer: 
In this model, the estimated effect of on-cycle elections is statistically insignificant and near zero. The difference from the pooled model is, as we saw with the difference-in-difference results, that the districts that switched paid less even before they switched. Instead of estimating a single mean that accounts for average differences between switchers and non-switchers even before the policy switch, this model controls for district-specific differences (the unit fixed effects). These district-specific fixed effects incorporate any differences between switchers and non-switchers. This model does not have any time controls, however. We saw above that salaries went up after 2006, so we should be concerned now that the OnCycle variable (which was 1 for a subset of districts after 2006) is also estimated effects of this omitted time trend.

xtreg LnAvgSalary OnCycle, fe i(DistNum)
Fixed-effects (within) regression               Number of obs     =      7,139
Group variable: DistNumber                      Number of groups  =      1,020
R-sq:                                           Obs per group:
     within  = 0.0000                                         min =          6
     between = 0.0294                                         avg =        7.0
     overall = 0.0092                                         max =          7
                                                F(1,6118)         =       0.14
corr(u_i, Xb)  = -0.1071                        Prob > F          =     0.7036
------------------------------------------------------------------------------
 LnAvgSalary |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     OnCycle |   .0007903   .0020773     0.38   0.704    -.0032819    .0048626
       _cons |   10.66907    .000451  2.4e+04   0.000     10.66818    10.66995
-------------+----------------------------------------------------------------
     sigma_u |  .07634957
     sigma_e |  .03587716
         rho |  .81912688   (fraction of variance due to u_i)
------------------------------------------------------------------------------
F test that all u_i=0: F(1019, 6118) = 31.34                 Prob > F = 0.0000

(d) Now use a two-way fixed-effects model to estimate a difference-in-difference approach. Interpret the results and explain whether this model accounts for (i) differences in preexisting attributes of the switcher districts and non-switcher districts and (ii) differences in the post-switch years that affected all districts regardless of whether they switched.
Answer: 
In this model, the estimated effect of on-cycle elections is 0.8 percent (similar to the difference-in-difference result) and statistically significant (unlike the difference-in-difference model). Here, we control not only for individual district fixed effects but also for year fixed effects.  Since the latter years were associated with higher salaries, controlling for year is important because the policy change occurred in later years as well. Anzia’s analysis uses more control variables and additional statistical techniques and finds even stronger effects.

xtreg LnAvgSalary OnCycle i.Year, fe i(DistNum)
Fixed-effects (within) regression               Number of obs     =      7,139
Group variable: DistNumber                      Number of groups  =      1,020
R-sq:                                           Obs per group:
     within  = 0.2130                                         min =          6
     between = 0.0295                                         avg =        7.0
     overall = 0.0390                                         max =          7
                                                F(7,6112)         =     236.26
corr(u_i, Xb)  = 0.0138                         Prob > F          =     0.0000
------------------------------------------------------------------------------
 LnAvgSalary |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     OnCycle |  -.0085161   .0020246    -4.21   0.000     -.012485   -.0045472
        Year |
       2004  |  -.0203834   .0014101   -14.46   0.000    -.0231477   -.0176191
       2005  |  -.0397245   .0014101   -28.17   0.000    -.0424888   -.0369602
       2006  |   .0027249   .0014105     1.93   0.053    -.0000402    .0054899
       2007  |  -.0058224   .0014518    -4.01   0.000    -.0086684   -.0029764
       2008  |  -.0177328   .0014518   -12.21   0.000    -.0205788   -.0148868
       2009  |   .0084372   .0014518     5.81   0.000     .0055912    .0112832
       _cons |   10.68011   .0009971  1.1e+04   0.000     10.67815    10.68206
-------------+----------------------------------------------------------------
     sigma_u |  .07610358
     sigma_e |  .03184443
         rho |  .85099998   (fraction of variance due to u_i)
------------------------------------------------------------------------------
F test that all u_i=0: F(1019, 6112) = 39.57                 Prob > F = 0.0000

(e) Suppose that we tried to estimate the two-way fixed-effects model on only the last three years of the data (2007, 2008, and 2009). Would we be able to estimate the effect of OnCycle for this subset of the data? Why or why not? 
Answer: 
In the last three years of data, a subset of districts had on-cycle elections and a subset of districts had off-cycle elections. Crucially, no one switched in these last years, meaning there was no within-unit variation. This means we cannot estimate such effects with a fixed-effects model. It is not necessary to run a model to see this, but the following model makes it clear that we lose the capacity to estimate the on-cycle effects with a fixed-effects model when there is no longer within-unit variation. Hence, Anzia’s analysis depends crucially on within-unit variation over time that happened when a subset of districts changed starting in 2007.

xtreg LnAvgSalary OnCycle i.Year if Year> 2006, fe i(DistNum)
note: OnCycle omitted because of collinearity
Fixed-effects (within) regression               Number of obs     =      3,060
Group variable: DistNumber                      Number of groups  =      1,020
R-sq:                                           Obs per group:
     within  = 0.1961                                         min =          3
     between =      .                                         avg =        3.0
     overall = 0.0151                                         max =          3
                                                F(2,2038)         =     248.50
corr(u_i, Xb)  = 0.0000                         Prob > F          =     0.0000
------------------------------------------------------------------------------
 LnAvgSalary |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     OnCycle |          0  (omitted)
        Year |
       2008  |  -.0119104   .0011755   -10.13   0.000    -.0142157   -.0096052
       2009  |   .0142596   .0011755    12.13   0.000     .0119544    .0165649
       _cons |   10.67283   .0008312  1.3e+04   0.000      10.6712    10.67446
-------------+----------------------------------------------------------------
     sigma_u |    .083774
     sigma_e |  .02654571
         rho |  .90875346   (fraction of variance due to u_i)
------------------------------------------------------------------------------
F test that all u_i=0: F(1019, 2038) = 29.88                 Prob > F = 0.0000



