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Economics 

Lecture #6
 

Causality, Control Variables, and 

Conditional Mean Independence; 

Internal & External Validity 

Outline 

1.Causality in statistical experiments 

2.Omitted variable bias (again) 

3.Control variables and conditional mean independence 

4.Internal and external validity 
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------------------------------------------------------------------------------ 

             |               Robust 

courseeval~n |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

   btystdave |    .049012   .0905383     0.54   0.589    -.1289226    .2269466 

        male |  -2.697054    1.36349    -1.98   0.049    -5.376716   -.0173915 

        bty2 |   .0327519   .0499135     0.66   0.512    -.0653429    .1308467 

        bty3 |   .0029834   .0482024     0.06   0.951    -.0917486    .0977154 

    bty_male |  -.0964114   .1194252    -0.81   0.420    -.3311174    .1382946 

   bty2_male |  -.3005362   .0694863    -4.33   0.000    -.4370974    -.163975 

   bty3_male |   .2458653   .0679643     3.62   0.000     .1122953    .3794352 

         age |  -.0366662   .0541871    -0.68   0.499    -.1431599    .0698276 

        age2 |   .0002953   .0006123     0.48   0.630     -.000908    .0014987 

    age_male |   .1126335    .061227     1.84   0.066    -.0076957    .2329627 

   age2_male |  -.0009927   .0006737    -1.47   0.141    -.0023168    .0003313 

    minority |   -.107427   .0757036    -1.42   0.157     -.256207     .041353 

  nonenglish |  -.3249134   .1068987    -3.04   0.003    -.5350012   -.1148256 

 tenuretrack |   .0255414   .0641215     0.40   0.691    -.1004764    .1515592 

       lower |  -.0089454   .0565692    -0.16   0.874    -.1201207    .1022299 

   onecredit |   .5742187   .1032149     5.56   0.000     .3713708    .7770666 

       _cons |   4.905785   1.165435     4.21   0.000     2.615358    7.196212 

------------------------------------------------------------------------------ 
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The Class Size/Test Score Relation in California 

Issue: effect of class size on elementary student achievement. 

Data:  n = 420 California school districts, 1998-99 

Test score: district average 5th grade Stanford Achievement Test 

 

TestScore = 698.9 – 2.28STR, R2 = 0.049, SER = 18.58 

                  (10.4)    (0.52)  
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Some California data scatterplots 

 



 7-6 

 



 7-7 

Internal and External Validity 

 

Internal validity:  the statistical inferences about causal effects are 

valid for the population being studied. 

Threats to the internal validity of regression studies: 

1.Omitted variable bias 

2.Wrong functional form 

3.Errors-in-variables bias 

4.Sample selection bias 

5.Simultaneous causality bias 

6. “Wrong” standard errors 

 

External validity:  the statistical inferences can be generalized 

from the population and setting studied to other populations and 

settings, where the “setting” refers to the legal, policy, and 

physical environment and related salient features. 
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Threats to internal validity: 

1.Omitted variable bias 

2.Wrong functional form 

3.Errors-in-variables bias 

4.Sample selection bias 

5.Simultaneous causality bias 

6. “Wrong” standard errors 

 

• #1-5 lead to E(ui|Xi)  0 – so OLS is biased and inconsistent 

• #6 results in hypothesis tests that have the wrong size 

(rejection rate under the null) and confidence intervals that 

have the wrong coverage rate. 

• This problem is easy to fix – use heteroskedasticity-

robust SEs with cross-sectional data and cluster standard 

errors with panel data. 


