Specify a hypothesis regarding a binary exposure, a continuous mediator, and a 
continuous outcome.  

x = race (black/non-black)
y = cognitive impairment (z-score)
m = years edu (number of years)

Specify how each variable affects its children (i.e., how the  exposure influences the mediator) and the distribution of the random or unmeasured  determinants of the child variables. 

Direct effect of x on y, not mediated by m is .75
Indirect effect of x on y, via m is .25 
Total effect of x on y is 1 

Using the software of your choice, generate a population with 10000 people under a 
causal structure consistent with this hypothesized causal structure. 

clear
set seed 4321
set obs 100000
gen x=runiform()<.5
gen c=rnormal()
gen m=1.5*x+rnormal()
gen y=.75*x+.25*m+rnormal()

	(I don’t think I did this part right…)

Use a conventional Baron-Kenny decomposition to estimate the direct and indirect 
effects of the exposure on the outcome.  

Use BK approach. "put finger on the domino in the middle (mediator), see if there is still a direct effect"

reg y x
scalar total_effect_est=_b[x] /* 1.125476 */
reg y m
reg y m x
scalar biased_direct_effect_est=_b[x] /* .7540245 */
dis in red "indirect effect estimated w/o control for c is:" round(total_effect_est-biased_direct_effect_est,.001)

	* indirect effect estimated w/o control for c is:.394

Now introduce a confounder of the mediator and outcome (C) into your causal model.  
Define the new causal models and simulate a new data set.  Use a conventional decomposition 
without control for the confounder first and then with control for the confounder to derive 
estimates of the direct and indirect effects of exposure on outcome. 

clear
set seed 4321
set obs 100000
gen x=runiform()<.5
gen c=rnormal()
gen m=1.5*x+2*c+rnormal()
gen y=.75*x+.25*m+2*c+rnormal()

reg y x c
scalar direct_effect_est=_b[x]
dis direct_effect_est
	*direct effect controlling for c: 1.125515  

reg y m  /* effect of m on y */
reg y m x
scalar biased_direct_effect_est=_b[x] /* Biased direct effect = -.4462759 */
dis in red "indirect effect estimated w/o control for c is:" round(total_effect_est-biased_direct_effect_est,.001)
	*indirect effect estimated w/o control for c is:1.572

reg y m x c
scalar direct_effect_est=_b[x]
dis in red "indirect effect estimated w/ control for c is:" round(total_effect_est-direct_effect_est,.001)
	*indirect effect estimated w/ control for c is:.371

dis in red "total effect is: " round(total_effect_est,.001)
	*total effect is: 1.126

** Check it w/ paramed 

paramed y ,avar(x) mvar(m) a0(0) a1(1) m(0) yreg(linear) mreg(linear) cvars(c)

. paramed y ,avar(x) mvar(m) a0(0) a1(1) m(0) yreg(linear) mreg(linear) cvars(c)

      Source |       SS           df       MS      Number of obs   =   100,000
-------------+----------------------------------   F(4, 99995)     >  99999.00
       Model |  658689.018         4  164672.255   Prob > F        =    0.0000
    Residual |  99179.1822    99,995  .991841414   R-squared       =    0.8691
-------------+----------------------------------   Adj R-squared   =    0.8691
       Total |  757868.201    99,999  7.57875779   Root MSE        =    .99591

------------------------------------------------------------------------------
           y |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
           x |     .75515   .0081602    92.54   0.000     .7391561    .7711439
           m |   .2475131   .0034504    71.73   0.000     .2407503    .2542758
      _x_X_m |  -.0014581   .0028221    -0.52   0.605    -.0069894    .0040733
           c |   2.001945   .0070475   284.07   0.000     1.988132    2.015758
       _cons |  -.0017131   .0044408    -0.39   0.700     -.010417    .0069908
------------------------------------------------------------------------------

      Source |       SS           df       MS      Number of obs   =   100,000
-------------+----------------------------------   F(2, 99997)     >  99999.00
       Model |  456162.295         2  228081.147   Prob > F        =    0.0000
    Residual |  99989.0231    99,997  .999920229   R-squared       =    0.8202
-------------+----------------------------------   Adj R-squared   =    0.8202
       Total |  556151.318    99,999  5.56156879   Root MSE        =    .99996

------------------------------------------------------------------------------
           m |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
           x |   1.505172   .0063245   237.99   0.000     1.492776    1.517568
           c |   2.000493   .0031702   631.03   0.000      1.99428    2.006707
       _cons |  -.0025224   .0044588    -0.57   0.572    -.0112616    .0062168
------------------------------------------------------------------------------

             |   Estimate     Std Err   P>|z|   [95% Conf   Interval]
-------------+-------------------------------------------------------
         cde |  .75515003   .00816019   0.000   .73915605     .771144
         nde |  .75516012   .00816526   0.000   .73915621   .77116403
         nie |  .37035504   .00542378   0.000   .35972442   .38098565
         mte |  1.1255152   .00648936   0.000    1.112796   1.1382343

cde:controlled direct effect, nde:natural direct effect, nie:natural indirect
     effect, mte:marginal total effect


Add some measurement error to see what happens

gen m_measured=m+rnormal()*.5
sum m_measured
gen y_measured=.75*x+.25*m_measured+2*c+rnormal()

* Use BK

reg y_measured x
scalar total_effect_est=_b[x]
 	*Total effect: 1.157802  

reg y_measured m_measured 
reg y_measured m_measured x
scalar biased_direct_effect_est=_b[x] 
	* Biased direct effect = -.3807284 *

dis in red "indirect effect estimated w/o control for c is:" round(total_effect_est-biased_direct_effect_est,.001)
	* indirect effect estimated w/o control for c is: 1.506

reg y_measured m_measured x c
scalar direct_effect_est=_b[x]
dis in red "indirect effect estimated w/ control for c is:" round(total_effect_est-direct_effect_est,.001)
[bookmark: _GoBack]	* indirect effect estimated w/ control for c is:.368
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