[bookmark: _GoBack]
Real Stats
Solutions


Chapter 15, Exercise 1

(a) Investigate whether each of the independent variables varies within unit. Discuss how whether a variable varies within unit matters for fixed-effects and random-effects models. 
Answer: 
Going through each independent variable, we can see that elevation and temperature do not vary within unit (the standard deviation is zero for all units). Host does not vary for most units, but does vary for some, which is sufficient for it to have within-unit variation sufficient to be included in fixed-effects models.

tabulate ID, summarize(elevation)
group(count |        Summary of elevation
        ry) |        Mean   Std. Dev.       Freq.
------------+------------------------------------
          1 |        2764           0          10
          2 |        3003           0          10
          3 |         964           0          10
          4 |        2946           0          10
          5 |        6960           0          10
          6 |        4090           0          10
          7 |        2229           0          10
          8 |        3798           0          10
(and so on)


(b) Estimate a pooled OLS model where the dependent variable is medals and the independent variables are population, GDP, host country, average temperature, and maximum elevation. Briefly comment on the results. 
Answer: 
This is implemented via a simple OLS regression and does not account for the fact that observations are grouped by unit. Each independent variable is statistically significant.
reg   medals population GDP host temp elevation
      Source |       SS           df       MS      Number of obs   =       953
-------------+----------------------------------   F(5, 947)       =     76.81
       Model |   7439.0195         5   1487.8039   Prob > F        =    0.0000
    Residual |  18343.2218       947  19.3698224   R-squared       =    0.2885
-------------+----------------------------------   Adj R-squared   =    0.2848
       Total |  25782.2413       952  27.0821863   Root MSE        =    4.4011
------------------------------------------------------------------------------
      medals |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
  population |   .0018348   .0008046     2.28   0.023     .0002557    .0034138
         GDP |   .8162378   .0845551     9.65   0.000     .6503007    .9821749
        host |   13.55293   1.490547     9.09   0.000     10.62777    16.47808
        temp |  -.0711951   .0078454    -9.07   0.000    -.0865914   -.0557988
   elevation |    .000349    .000072     4.85   0.000     .0002078    .0004903
       _cons |   3.456789   .5483605     6.30   0.000     2.380646    4.532931
------------------------------------------------------------------------------

(c) Estimate a random-effects model with the same variables as in part (b). Briefly explain the results, noting in particular what happens to variables that have no within-unit variation. 
Answer: 
The random-effects model estimates statistically significant coefficients on all independent variables, including temp and elevation, which do not vary within unit (unlike fixed-effects models that cannot estimate coefficients for such variables). The coefficients on GDP, temp, and elevation are similar in magnitude to the pooled results. The coefficients on population and host differ a fair bit. The random-effects model is accounting for correlation of errors across observations (associated with the panel structure of the data), but unlike the “robust” command to deal with correlations, here the coefficients change as well as the standard errors.

xtreg   medals                  population GDP host temp elevation, re
Random-effects GLS regression                   Number of obs     =        953
Group variable: ID                              Number of groups  =        108
R-sq:                                           Obs per group:
     within  = 0.1168                                         min =          1
     between = 0.3181                                         avg =        8.8
     overall = 0.2698                                         max =         10
                                                Wald chi2(5)      =     177.67
corr(u_i, X)   = 0 (assumed)                    Prob > chi2       =     0.0000
------------------------------------------------------------------------------
      medals |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
  population |   .0035083    .001487     2.36   0.018     .0005938    .0064227
         GDP |   .8370865   .0900915     9.29   0.000     .6605104    1.013663
        host |   6.659002    1.02497     6.50   0.000     4.650097    8.667906
        temp |  -.0701401   .0150235    -4.67   0.000    -.0995857   -.0406945
   elevation |   .0003319   .0001384     2.40   0.017     .0000605    .0006032
       _cons |   3.296067   .9680005     3.41   0.001      1.39882    5.193313
-------------+----------------------------------------------------------------
     sigma_u |  2.6651864
     sigma_e |  2.7557778
         rho |  .48329336   (fraction of variance due to u_i)
------------------------------------------------------------------------------


(d) What is necessary to avoid bias for a random effects model? Do you think this condition is satisfied in this case? Why or why not?
Answer: 
The error term associated with a specific unit cannot be correlated with any independent variable. Suppose that South Korea has a culture of interest in speed skating, which leads them to generally get several medals in that sport. There is no variable accounting for this characteristic of South Korea. Other countries have cultures of success in other winter sports. If these unmeasured factors are correlated with any of the included variables, then random effects can be biased. The easiest way to get a sense of bias is to also estimate a fixed-effects model and see whether the coefficients change substantially. This can be done by comparing the results from the fixed-effect analysis of the Winter Olympics data (as conducted for Exercise 1 in this chapter, for example) to the random-effects results we have just provided.

