[bookmark: _GoBack]. /*==============================================================================
> SPECIFY A HYPOTHESIS REGARDING A BINARY EXPOSURE, A CONTINUOUS MEDIATOR, AND A
> CONTINUOUS OUTCOME. SPECIFY HOW EACH VARIABLE AFFECTS ITS CHILDREN (IE HOW THE
> EXPOSURE INFLUENCES THE MEDIATOR) AND THE DISTRIBUTION OF THE RANDOM OR 
> UNMEASURED DETERMINANTS OF THE CHILD VARIABLES.
> 
> USING THE SOFTWARE OF YOUR CHOICE, GENERATE A POPULATION WITH 10000 PEOPLE UNDER
> A CAUSAL STRUCTURE CONSISTENT WITH THIS HYPOTHESIZED CAUSAL STRUCTURE. USE A 
> CONVENTIONAL BARON-KENNY DECOMPOSITION TO ESTIMATE THE DIRECT AND INDIRECT 
> EFFECTS OF THE EXPOSURE ON THE OUTCOME. 
> ==============================================================================*/
. 
. *EXPOSURE: CHILDHOOD POVERTY
. *MEDIATOR: YEARS OF EDUCATION
. *OUTCOME: INCOME
. 
. clear all

. set seed 51468413

. set obs 10000
number of observations (_N) was 0, now 10,000

. 
. gen poverty = runiform()<0.20

. gen eduyears = 0.75*poverty + rnormal()

. gen income = 0.75*poverty + 2*eduyears + rnormal()

. 
. *DIRECT EFFECT OF POVERTY ON INCOME, NOT MEDIATED BY YEARS OF EDU = 0.75
. *INDIRECT EFFECT OF POVERTY ON INCOME, VIA YEARS OF EDU = 0.75*2 = 1.5
. *TOTAL EFFECT OF POVERTY ON INCOME = 0.75+1.5 = 2.25
. 
. *BARON KENNY DECOMPOSITION
. regress income poverty

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =   1645.79
       Model |   8259.5585         1   8259.5585   Prob > F        =    0.0000
    Residual |  50175.9503     9,998  5.01859875   R-squared       =    0.1413
-------------+----------------------------------   Adj R-squared   =    0.1413
       Total |  58435.5088     9,999  5.84413529   Root MSE        =    2.2402

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     poverty |   2.259028   .0556845    40.57   0.000     2.149875     2.36818
       _cons |   .0147305   .0250951     0.59   0.557     -.034461     .063922
------------------------------------------------------------------------------

. scalar total_effect_est = _b[poverty]

. regress income eduyears

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =  45637.78
       Model |  47934.3845         1  47934.3845   Prob > F        =    0.0000
    Residual |  10501.1242     9,998  1.05032249   R-squared       =    0.8203
-------------+----------------------------------   Adj R-squared   =    0.8203
       Total |  58435.5088     9,999  5.84413529   Root MSE        =    1.0249

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    eduyears |    2.07928   .0097331   213.63   0.000     2.060201    2.098359
       _cons |   .1441694   .0103638    13.91   0.000     .1238541    .1644846
------------------------------------------------------------------------------

. regress income eduyears poverty

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(2, 9997)      =  25027.61
       Model |  48707.6447         2  24353.8224   Prob > F        =    0.0000
    Residual |  9727.86405     9,997  .973078329   R-squared       =    0.8335
-------------+----------------------------------   Adj R-squared   =    0.8335
       Total |  58435.5088     9,999  5.84413529   Root MSE        =    .98645

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    eduyears |   1.998141   .0098006   203.88   0.000      1.97893    2.017352
     poverty |    .723092    .025651    28.19   0.000     .6728108    .7733732
       _cons |   .0101624   .0110503     0.92   0.358    -.0114984    .0318231
------------------------------------------------------------------------------

. scalar direct_effect_est = _b[poverty]

. di in red "INDIRECT EFFECT: " round(total_effect_est-direct_effect_est,.001)
INDIRECT EFFECT: 1.536

. di in red "TOTAL EFFECT: " round(total_effect_est,.001)
TOTAL EFFECT: 2.259

. 
. 
. /*==============================================================================
> NOW INTRODUCE A CONFOUNDER OF THE MEDIATOR AND OUTCOME (C) INTO YOUR CAUSAL 
> MODEL. DEFINE THE NEW CAUSAL MODELS AND SIMULATE A NEW DATASET. USE 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 THE
> EXPOSURE ON OUTCOME.
> ==============================================================================*/
. 
. *EXPOSURE: CHILDHOOD POVERTY
. *MEDIATOR: YEARS OF EDUCATION
. *OUTCOME: INCOME
. *M-O CONFOUNDER: QUALITY OF EDUCATION
. 
. clear all

. set seed 32165465

. set obs 10000
number of observations (_N) was 0, now 10,000

. 
. gen poverty = runiform()<0.20

. gen eduqual = rnormal()

. gen eduyears = 0.75*poverty + eduqual + rnormal() 

. gen income = 0.75*poverty + 2*eduyears + eduqual + rnormal()

. 
. *BARON KENNY DECOMPOSITION
. regress income poverty

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =    563.90
       Model |  7802.62333         1  7802.62333   Prob > F        =    0.0000
    Residual |  138341.039     9,998  13.8368713   R-squared       =    0.0534
-------------+----------------------------------   Adj R-squared   =    0.0533
       Total |  146143.662     9,999  14.6158278   Root MSE        =    3.7198

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     poverty |   2.196458   .0924957    23.75   0.000     2.015148    2.377768
       _cons |  -.0485953   .0416642    -1.17   0.243    -.1302654    .0330749
------------------------------------------------------------------------------

. scalar total_effect_est = _b[poverty]

. regress income eduyears

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =  86543.91
       Model |  131008.843         1  131008.843   Prob > F        =    0.0000
    Residual |  15134.8195     9,998  1.51378471   R-squared       =    0.8964
-------------+----------------------------------   Adj R-squared   =    0.8964
       Total |  146143.662     9,999  14.6158278   Root MSE        =    1.2304

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    eduyears |   2.518599   .0085613   294.18   0.000     2.501817    2.535381
       _cons |   .0461895   .0123613     3.74   0.000     .0219589      .07042
------------------------------------------------------------------------------

. regress income eduyears poverty

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(2, 9997)      =  43909.01
       Model |  131207.324         2  65603.6622   Prob > F        =    0.0000
    Residual |  14936.3379     9,997  1.49408201   R-squared       =    0.8978
-------------+----------------------------------   Adj R-squared   =    0.8978
       Total |  146143.662     9,999  14.6158278   Root MSE        =    1.2223

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    eduyears |   2.497966   .0086918   287.39   0.000     2.480929    2.515004
     poverty |   .3579931     .03106    11.53   0.000     .2971092    .4188771
       _cons |  -.0235729   .0136911    -1.72   0.085    -.0504103    .0032645
------------------------------------------------------------------------------

. scalar biased_direct_effect_est = _b[poverty]

. 
. *CONFIRM THAT WE CAN GET CORRECT ANSWER AFTER CONTROLLING FOR CONFOUNDER
. regress income eduyears poverty eduqual

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(3, 9996)      =  46081.36
       Model |  136289.025         3  45429.6751   Prob > F        =    0.0000
    Residual |  9854.63704     9,996  .985858047   R-squared       =    0.9326
-------------+----------------------------------   Adj R-squared   =    0.9325
       Total |  146143.662     9,999  14.6158278   Root MSE        =     .9929

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    eduyears |   2.002574   .0098722   202.85   0.000     1.983222    2.021925
     poverty |   .7297967   .0257563    28.33   0.000     .6793092    .7802841
     eduqual |   1.003353   .0139751    71.80   0.000     .9759588    1.030747
       _cons |  -.0184372   .0111216    -1.66   0.097    -.0402378    .0033635
------------------------------------------------------------------------------

. scalar direct_effect_est = _b[poverty]

. dis direct_effect_est
.72979665

. dis in red "INDIRECT EFFECT W/O CONTROL FOR EDUQUAL: " round(total_effect_est-biased_direct_effect_est,.001)
INDIRECT EFFECT W/O CONTROL FOR EDUQUAL: 1.838

. dis in red "INDIRECT EFFECT W/ CONTROL FOR EDUQUAL: " round(total_effect_est-direct_effect_est,.001)
INDIRECT EFFECT W/ CONTROL FOR EDUQUAL: 1.467

. dis in red "TOTAL EFFECT: " round(total_effect_est,.001)
TOTAL EFFECT: 2.196

. 
. *CONFIRM RESULTS WITH PARAMED
. paramed income , avar(poverty) mvar(eduyears) a0(0) a1(1) m(0) yreg(linear) mreg(linear) cvars(eduqual)

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(4, 9995)      =  34579.37
       Model |  136294.822         4  34073.7055   Prob > F        =    0.0000
    Residual |  9848.84048     9,995  .985376737   R-squared       =    0.9326
-------------+----------------------------------   Adj R-squared   =    0.9326
       Total |  146143.662     9,999  14.6158278   Root MSE        =    .99266

-------------------------------------------------------------------------------------
             income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
--------------------+----------------------------------------------------------------
            poverty |   .7541995   .0276458    27.28   0.000     .7000081    .8083909
           eduyears |   2.011089   .0104756   191.98   0.000     1.990555    2.031624
_poverty_X_eduyears |  -.0422426   .0174167    -2.43   0.015    -.0763828   -.0081023
            eduqual |   1.003836   .0139732    71.84   0.000     .9764454    1.031226
              _cons |   -.018347    .011119    -1.65   0.099    -.0401425    .0034484
-------------------------------------------------------------------------------------

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(2, 9997)      =   5206.96
       Model |  10537.4163         2  5268.70813   Prob > F        =    0.0000
    Residual |  10115.5556     9,997  1.01185911   R-squared       =    0.5102
-------------+----------------------------------   Adj R-squared   =    0.5101
       Total |  20652.9718     9,999  2.06550373   Root MSE        =    1.0059

------------------------------------------------------------------------------
    eduyears |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     poverty |   .7430868   .0250129    29.71   0.000     .6940565    .7921172
     eduqual |   .9894273   .0101257    97.71   0.000     .9695789    1.009276
       _cons |  -.0000591   .0112673    -0.01   0.996    -.0221454    .0220272
------------------------------------------------------------------------------

             |   Estimate     Std Err   P>|z|   [95% Conf   Interval]
-------------+-------------------------------------------------------
         cde |  .75419948   .02764582   0.000   .70001368   .80838529
         nde |   .7546835   .02772316   0.000   .70034612   .80902089
         nie |  1.4630241   .05085068   0.000   1.3633568   1.5626914
         mte |  2.2177076   .05527972   0.000   2.1093593   2.3260559

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

. 
. *CONFIRM RESULTS WITH MEDEFF
. qui tab poverty, gen(poverty_)

. drop poverty_1

. medeff (regress eduyears poverty_* eduqual)(regress income poverty_* eduqual eduyears), mediate(eduyears) treat(poverty_*) sims(2000)
Using 0 and 1 as treatment values

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(2, 9997)      =   5206.96
       Model |  10537.4163         2  5268.70813   Prob > F        =    0.0000
    Residual |  10115.5556     9,997  1.01185911   R-squared       =    0.5102
-------------+----------------------------------   Adj R-squared   =    0.5101
       Total |  20652.9718     9,999  2.06550373   Root MSE        =    1.0059

------------------------------------------------------------------------------
    eduyears |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
   poverty_2 |   .7430868   .0250129    29.71   0.000     .6940565    .7921172
     eduqual |   .9894273   .0101257    97.71   0.000     .9695789    1.009276
       _cons |  -.0000591   .0112673    -0.01   0.996    -.0221454    .0220272
------------------------------------------------------------------------------

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(3, 9996)      =  46081.36
       Model |  136289.025         3  45429.6751   Prob > F        =    0.0000
    Residual |  9854.63704     9,996  .985858047   R-squared       =    0.9326
-------------+----------------------------------   Adj R-squared   =    0.9325
       Total |  146143.662     9,999  14.6158278   Root MSE        =     .9929

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
   poverty_2 |   .7297967   .0257563    28.33   0.000     .6793092    .7802841
    eduyears |   2.002574   .0098722   202.85   0.000     1.983222    2.021925
     eduqual |   1.003353   .0139751    71.80   0.000     .9759588    1.030747
       _cons |  -.0184372   .0111216    -1.66   0.097    -.0402378    .0033635
------------------------------------------------------------------------------
(8,000 missing values generated)
(8,000 missing values generated)
(8,000 missing values generated)
------------------------------------------------------------------------------------
        Effect                 |  Mean           [95% Conf. Interval]
-------------------------------+----------------------------------------------------
        ACME                   |  1.487226      1.391837      1.587497
        Direct Effect          |  .7297873      .6823024      .7792609
        Total Effect           |  2.217013       2.10892      2.327676
        % of Tot Eff mediated  |  .6706359      .6389317      .7052072
------------------------------------------------------------------------------------

. 
. 
. /*==============================================================================
> CREATE A NEW VERSION OF THE MEDIATOR THAT REPRESENTS A BADLY MEASURED VERSION OF
> THAT VARIABLE, FOR EXAMPLE BY TAKING THE ORIGINAL VARIABLE AND ADDING RANDOM
> NOISE TO IT. NOW USE THAT MEDIATOR TO EVALUATE THE DIRECT AND INDIRECT EFFECTS. 
> ==============================================================================*/
. 
. gen bias = rnormal()*0.8

. gen eduyears_biased = eduyears + bias

. sum

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
     poverty |     10,000       .2029    .4021788          0          1
     eduqual |     10,000   -.0115208    .9934792  -4.210282   3.650496
    eduyears |     10,000    .1393142    1.437186  -5.000632   5.971541
      income |     10,000    .3970661    3.823065  -13.41114   16.78856
   poverty_2 |     10,000       .2029    .4021788          0          1
-------------+---------------------------------------------------------
        bias |     10,000    .0162215    .7992749  -3.004334    3.21054
eduyears_b~d |     10,000    .1555357    1.651442  -5.579437   6.762944

. 
. *BARON KENNY DECOMPOSITION
. regress income poverty

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =    563.90
       Model |  7802.62333         1  7802.62333   Prob > F        =    0.0000
    Residual |  138341.039     9,998  13.8368713   R-squared       =    0.0534
-------------+----------------------------------   Adj R-squared   =    0.0533
       Total |  146143.662     9,999  14.6158278   Root MSE        =    3.7198

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     poverty |   2.196458   .0924957    23.75   0.000     2.015148    2.377768
       _cons |  -.0485953   .0416642    -1.17   0.243    -.1302654    .0330749
------------------------------------------------------------------------------

. scalar total_effect_est = _b[poverty]

. regress income poverty eduyears_biased eduqual

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(3, 9996)      =  15720.73
       Model |  120585.603         3  40195.2011   Prob > F        =    0.0000
    Residual |  25558.0591     9,996  2.55682864   R-squared       =    0.8251
-------------+----------------------------------   Adj R-squared   =    0.8251
       Total |  146143.662     9,999  14.6158278   Root MSE        =     1.599

---------------------------------------------------------------------------------
         income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
----------------+----------------------------------------------------------------
        poverty |   1.304711   .0408249    31.96   0.000     1.224686    1.384736
eduyears_biased |   1.220833   .0123803    98.61   0.000     1.196565    1.245101
        eduqual |    1.77439   .0202418    87.66   0.000     1.734712    1.814068
          _cons |  -.0371006   .0179117    -2.07   0.038    -.0722111   -.0019901
---------------------------------------------------------------------------------

. scalar direct_effect_est = _b[poverty]

. dis direct_effect_est
1.3047113

. dis in red "INDIRECT EFFECT: " round(total_effect_est-direct_effect_est,.001)
INDIRECT EFFECT: .892

. dis in red "TOTAL EFFECT: " round(total_effect_est,.001)
TOTAL EFFECT: 2.196

. 
. 
. /*==============================================================================
> NOW TRY ESTIMATING THE CONTROLLED DIRECT EFFECT:
> ==============================================================================*/
. 
. preserve

. set seed 95413

. sample 5000, count
(5,000 observations deleted)

. 
. *CREATE AN IDENTIFIER FOR YOUR DATA AND MAKE 3 COPIES OF EVERY OBSERVATION
. gen id = _n

. expand 3
(10,000 observations created)

. sort id

. by id: gen copy=_n

. 
. *FAKE COPY 1: SET X0M0, FAKE COPY 2: SET X1M0
. replace eduyears=0 if copy==2 | copy==3
(10,000 real changes made)

. replace poverty=0 if copy==2
(1,020 real changes made)

. replace poverty=1 if copy==3
(3,980 real changes made)

. replace income=. if copy==2 | copy==3
(10,000 real changes made, 10,000 to missing)

. 
. *ESTIMATE A REGRESSION MODEL PREDICTING THE OUTCOME AS A FUNCTION OF EXPOSURE,
. *MEDIATOR, EXPO#MED, AND MED-OUTCOME CONFOUNDER, USING ONLY REAL OBSERVATIONS
. regress income poverty##c.eduyears eduqual if copy==1

      Source |       SS           df       MS      Number of obs   =     5,000
-------------+----------------------------------   F(4, 4995)      =  18238.82
       Model |  71150.3634         4  17787.5908   Prob > F        =    0.0000
    Residual |  4871.42308     4,995  .975259876   R-squared       =    0.9359
-------------+----------------------------------   Adj R-squared   =    0.9359
       Total |  76021.7864     4,999  15.2073988   Root MSE        =    .98755

------------------------------------------------------------------------------------
            income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------------+----------------------------------------------------------------
         1.poverty |   .8178962   .0390118    20.97   0.000      .741416    .8943763
          eduyears |   2.016917   .0146132   138.02   0.000     1.988269    2.045566
                   |
poverty#c.eduyears |
                1  |  -.0730837   .0240552    -3.04   0.002    -.1202424   -.0259249
                   |
           eduqual |   1.004575   .0195222    51.46   0.000     .9663032    1.042847
             _cons |  -.0372302   .0156543    -2.38   0.017    -.0679195    -.006541
------------------------------------------------------------------------------------

. 
. *PREDICT COUNTERFACTUAL VALUES OF OUTCOME FOR EACH FAKE COPY (X0M0 AND X1M0)
. predict cf_y_x0_m0 if copy==2
(option xb assumed; fitted values)
(10,000 missing values generated)

. sum cf_y_x0_m0

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
  cf_y_x0_m0 |      5,000   -.0350873    1.017307  -4.266776   3.629968

. scalar mean_cf_y_x0_m0=r(mean)

. predict cf_y_x1_m0 if copy==3
(option xb assumed; fitted values)
(10,000 missing values generated)

. sum cf_y_x1_m0

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
  cf_y_x1_m0 |      5,000    .7828088    1.017307  -3.448879   4.447865

. scalar mean_cf_y_x1_m0=r(mean)

. di in red "CONTROLLED DIRECT EFFECT OF X SETTING M=0: " round(mean_cf_y_x1_m0-mean_cf_y_x0_m0,.001)
CONTROLLED DIRECT EFFECT OF X SETTING M=0: .818

. 
. *ESTIMATE THE TOTAL EFFECT OF X ON Y
. regress income poverty

      Source |       SS           df       MS      Number of obs   =     5,000
-------------+----------------------------------   F(1, 4998)      =    286.52
       Model |   4121.8314         1   4121.8314   Prob > F        =    0.0000
    Residual |   71899.955     4,998  14.3857453   R-squared       =    0.0542
-------------+----------------------------------   Adj R-squared   =    0.0540
       Total |  76021.7864     4,999  15.2073988   Root MSE        =    3.7929

------------------------------------------------------------------------------
      income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     poverty |   2.253142   .1331097    16.93   0.000     1.992188    2.514095
       _cons |  -.0300034   .0601208    -0.50   0.618    -.1478665    .0878597
------------------------------------------------------------------------------

. predict cf_y_x0 if copy==2
(option xb assumed; fitted values)
(10,000 missing values generated)

. sum cf_y_x0

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
     cf_y_x0 |      5,000   -.0300034           0  -.0300034  -.0300034

. scalar mean_cf_y_x0=r(mean)

. predict cf_y_x1 if copy==3
(option xb assumed; fitted values)
(10,000 missing values generated)

. sum cf_y_x1

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
     cf_y_x1 |      5,000    2.223138           0   2.223138   2.223138

. scalar mean_cf_y_x1=r(mean)

. dis in red "ESTIMATED TOTAL EFFECT OF X ON Y: " round(mean_cf_y_x1-mean_cf_y_x0,.001)
ESTIMATED TOTAL EFFECT OF X ON Y: 2.253

. 
. *CONFIRM RESULTS WITH PARAMED
. paramed income , avar(poverty) mvar(eduyears) a0(0) a1(1) m(0) yreg(linear) mreg(linear) cvars(eduqual)

      Source |       SS           df       MS      Number of obs   =     5,000
-------------+----------------------------------   F(4, 4995)      =  18238.82
       Model |  71150.3634         4  17787.5908   Prob > F        =    0.0000
    Residual |  4871.42308     4,995  .975259876   R-squared       =    0.9359
-------------+----------------------------------   Adj R-squared   =    0.9359
       Total |  76021.7864     4,999  15.2073988   Root MSE        =    .98755

-------------------------------------------------------------------------------------
             income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
--------------------+----------------------------------------------------------------
            poverty |   .8178962   .0390118    20.97   0.000      .741416    .8943763
           eduyears |   2.016917   .0146132   138.02   0.000     1.988269    2.045566
_poverty_X_eduyears |  -.0730837   .0240552    -3.04   0.002    -.1202424   -.0259249
            eduqual |   1.004575   .0195222    51.46   0.000     .9663032    1.042847
              _cons |  -.0372302   .0156543    -2.38   0.017    -.0679195    -.006541
-------------------------------------------------------------------------------------

      Source |       SS           df       MS      Number of obs   =    15,000
-------------+----------------------------------   F(2, 14997)     =   1463.93
       Model |  1766.30746         2  883.153729   Prob > F        =    0.0000
    Residual |  9047.33281    14,997  .603276176   R-squared       =    0.1633
-------------+----------------------------------   Adj R-squared   =    0.1632
       Total |  10813.6403    14,999  .720957415   Root MSE        =    .77671

------------------------------------------------------------------------------
    eduyears |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     poverty |   .1285392    .012938     9.93   0.000     .1031791    .1538994
     eduqual |   .3332777   .0062631    53.21   0.000     .3210013    .3455541
       _cons |   -.001221   .0081964    -0.15   0.882     -.017287    .0148449
------------------------------------------------------------------------------

             |   Estimate     Std Err   P>|z|   [95% Conf   Interval]
-------------+-------------------------------------------------------
         cde |  .81789618   .03901175   0.000   .74143315   .89435922
         nde |  .81793347   .03902088   0.000   .74145253    .8944144
         nie |   .2498589   .02533232   0.000   .20020755   .29951025
         mte |  1.0677924   .04554738   0.000   .97851951   1.1570652

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

. 
. restore

. 
. /*==============================================================================
> BONUS: GO BACK TO THE ORIGINAL DATA (BEFORE YOU CALCULATED THE CDE) AND ESTIMATE
> THE NATURAL INDIRECT EFFECT OF X ON Y, MEDIATED BY M
> ==============================================================================*/
. 
. preserve

. set seed 658138

. sample 5000, count
(5,000 observations deleted)

. 
. *CREATE AN IDENTIFIER FOR YOUR DATA AND MAKE 3 COPIES OF EVERY OBSERVATION
. gen id = _n

. expand 3
(10,000 observations created)

. sort id

. by id: gen copy=_n

. 
. *FAKE COPY 1: SET X0M. , FAKE COPY 2: SET X1M.
. replace eduyears=. if copy==2 | copy==3
(10,000 real changes made, 10,000 to missing)

. replace poverty=0 if copy==2
(1,046 real changes made)

. replace poverty=1 if copy==3
(3,954 real changes made)

. replace income=. if copy==2 | copy==3
(10,000 real changes made, 10,000 to missing)

. 
. *ESTIMATE A REGRESSION MODEL PREDICTING THE MEDIATOR AS A FUNCTION OF X AND C,
. *USING ONLY REAL OBSERVATIONS
. regress eduyears poverty eduqual if copy==1

      Source |       SS           df       MS      Number of obs   =     5,000
-------------+----------------------------------   F(2, 4997)      =   2554.56
       Model |  5237.91158         2  2618.95579   Prob > F        =    0.0000
    Residual |  5122.96282     4,997  1.02520769   R-squared       =    0.5055
-------------+----------------------------------   Adj R-squared   =    0.5053
       Total |  10360.8744     4,999   2.0725894   Root MSE        =    1.0125

------------------------------------------------------------------------------
    eduyears |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     poverty |   .7299252   .0352052    20.73   0.000     .6609075    .7989429
     eduqual |   .9833194   .0143696    68.43   0.000     .9551487     1.01149
       _cons |   -.003557   .0161036    -0.22   0.825    -.0351272    .0280132
------------------------------------------------------------------------------

. 
. *PREDICT COUNTERFACTUAL VALUES OF MEDIATOR FOR X=0,X=1
. predict cf_m_x0 if copy==2
(option xb assumed; fitted values)
(10,000 missing values generated)

. predict cf_m_x1 if copy==3
(option xb assumed; fitted values)
(10,000 missing values generated)

. 
. *ESTIMATE A REGRESSION MODEL PREDICTING THE OUTCOME AS A FUNCTION OF EXPOSURE,
. *MEDIATOR, EXPO#MED, AND MED-OUTCOME CONFOUNDER, USING ONLY REAL OBSERVATIONS
. regress income poverty##c.eduyears eduqual if copy==1

      Source |       SS           df       MS      Number of obs   =     5,000
-------------+----------------------------------   F(4, 4995)      =  17296.14
       Model |  67830.8243         4  16957.7061   Prob > F        =    0.0000
    Residual |  4897.26384     4,995    .9804332   R-squared       =    0.9327
-------------+----------------------------------   Adj R-squared   =    0.9326
       Total |  72728.0882     4,999  14.5485273   Root MSE        =    .99017

------------------------------------------------------------------------------------
            income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------------+----------------------------------------------------------------
         1.poverty |   .7435505   .0384112    19.36   0.000     .6682476    .8188534
          eduyears |   1.995009    .014737   135.37   0.000     1.966118      2.0239
                   |
poverty#c.eduyears |
                1  |  -.0188215   .0245488    -0.77   0.443    -.0669478    .0293049
                   |
           eduqual |    1.00537    .019558    51.40   0.000      .967028    1.043713
             _cons |  -.0298434   .0157484    -1.90   0.058    -.0607171    .0010304
------------------------------------------------------------------------------------

. 
. *IN THE 1ST FAKE COPY, SET M=cf_m_x0 & X=1
. *IN THE 2ND FAKE COPY, SET M=cf_m_x1
. replace eduyears=cf_m_x0 if copy==2
(5,000 real changes made)

. replace eduyears=cf_m_x1 if copy==3
(5,000 real changes made)

. replace poverty=1 if copy==2
(5,000 real changes made)

. 
. regress income poverty##c.eduyears eduqual if copy==1

      Source |       SS           df       MS      Number of obs   =     5,000
-------------+----------------------------------   F(4, 4995)      =  17296.14
       Model |  67830.8243         4  16957.7061   Prob > F        =    0.0000
    Residual |  4897.26384     4,995    .9804332   R-squared       =    0.9327
-------------+----------------------------------   Adj R-squared   =    0.9326
       Total |  72728.0882     4,999  14.5485273   Root MSE        =    .99017

------------------------------------------------------------------------------------
            income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------------+----------------------------------------------------------------
         1.poverty |   .7435505   .0384112    19.36   0.000     .6682476    .8188534
          eduyears |   1.995009    .014737   135.37   0.000     1.966118      2.0239
                   |
poverty#c.eduyears |
                1  |  -.0188215   .0245488    -0.77   0.443    -.0669478    .0293049
                   |
           eduqual |    1.00537    .019558    51.40   0.000      .967028    1.043713
             _cons |  -.0298434   .0157484    -1.90   0.058    -.0607171    .0010304
------------------------------------------------------------------------------------

. 
. *ESTIMATE THE NATURAL INDIRECT EFFECT OF X ON Y, MEDIATED BY M
. predict cf_y_x1_cf_m_x0 if copy==2
(option xb assumed; fitted values)
(10,000 missing values generated)

. predict cf_y_x1_cf_m_x1 if copy==3
(option xb assumed; fitted values)
(10,000 missing values generated)

. 
. sum cf_y_x1_cf_m_x0 if copy==2

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
cf_y_x1_cf~0 |      5,000    .6622744    2.938565  -11.70773   10.85059

. scalar mean_cf_y_x1_cf_m_x0=r(mean)

. sum cf_y_x1_cf_m_x1 if copy==3

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
cf_y_x1_cf~1 |      5,000    2.104743    2.938565  -10.26526   12.29306

. scalar mean_cf_y_x1_cf_m_x1=r(mean)

. dis in red "NATURAL INDIRECT EFFECT OF X ON Y, MEDIATED BY M: " round(mean_cf_y_x1_cf_m_x1-mean_cf_y_x1_cf_m_x0,.001)
NATURAL INDIRECT EFFECT OF X ON Y, MEDIATED BY M: 1.442

. 
. sort copy

. by copy: sum

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-> copy = 1

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
     poverty |      5,000       .2092    .4067781          0          1
     eduqual |      5,000   -.0150592    .9965986  -4.210282   3.440253
    eduyears |      5,000    .1343353    1.439649  -5.000632   5.814727
      income |      5,000    .3757751    3.814253  -13.41114   16.78856
   poverty_2 |      5,000       .2092    .4067781          0          1
-------------+---------------------------------------------------------
        bias |      5,000     .009272    .7964276  -2.701022   2.782562
eduyears_b~d |      5,000    .1436073      1.6461  -5.579437   6.762944
          id |      5,000      2500.5     1443.52          1       5000
        copy |      5,000           1           0          1          1
     cf_m_x0 |          0
-------------+---------------------------------------------------------
     cf_m_x1 |          0
cf_y_x1_cf~0 |          0
cf_y_x1_cf~1 |          0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-> copy = 2

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
     poverty |      5,000           1           0          1          1
     eduqual |      5,000   -.0150592    .9965986  -4.210282   3.440253
    eduyears |      5,000    -.018365    .9799748  -4.143609   3.379311
      income |          0
   poverty_2 |      5,000       .2092    .4067781          0          1
-------------+---------------------------------------------------------
        bias |      5,000     .009272    .7964276  -2.701022   2.782562
eduyears_b~d |      5,000    .1436073      1.6461  -5.579437   6.762944
          id |      5,000      2500.5     1443.52          1       5000
        copy |      5,000           2           0          2          2
     cf_m_x0 |      5,000    -.018365    .9799748  -4.143609   3.379311
-------------+---------------------------------------------------------
     cf_m_x1 |          0
cf_y_x1_cf~0 |      5,000    .6622744    2.938565  -11.70773   10.85059
cf_y_x1_cf~1 |          0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-> copy = 3

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
     poverty |      5,000           1           0          1          1
     eduqual |      5,000   -.0150592    .9965986  -4.210282   3.440253
    eduyears |      5,000    .7115602    .9799748  -3.413684   4.109236
      income |          0
   poverty_2 |      5,000       .2092    .4067781          0          1
-------------+---------------------------------------------------------
        bias |      5,000     .009272    .7964276  -2.701022   2.782562
eduyears_b~d |      5,000    .1436073      1.6461  -5.579437   6.762944
          id |      5,000      2500.5     1443.52          1       5000
        copy |      5,000           3           0          3          3
     cf_m_x0 |          0
-------------+---------------------------------------------------------
     cf_m_x1 |      5,000    .7115602    .9799748  -3.413684   4.109236
cf_y_x1_cf~0 |          0
cf_y_x1_cf~1 |      5,000    2.104743    2.938565  -10.26526   12.29306


. 
. *CONFIRM RESULTS WITH PARAMED
. paramed income , avar(poverty) mvar(eduyears) a0(0) a1(1) m(0) yreg(linear) mreg(linear) cvars(eduqual)

      Source |       SS           df       MS      Number of obs   =     5,000
-------------+----------------------------------   F(4, 4995)      =  17296.14
       Model |  67830.8243         4  16957.7061   Prob > F        =    0.0000
    Residual |  4897.26384     4,995    .9804332   R-squared       =    0.9327
-------------+----------------------------------   Adj R-squared   =    0.9326
       Total |  72728.0882     4,999  14.5485273   Root MSE        =    .99017

-------------------------------------------------------------------------------------
             income |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
--------------------+----------------------------------------------------------------
            poverty |   .7435505   .0384112    19.36   0.000     .6682476    .8188534
           eduyears |   1.995009    .014737   135.37   0.000     1.966118      2.0239
_poverty_X_eduyears |  -.0188215   .0245488    -0.77   0.443    -.0669478    .0293049
            eduqual |    1.00537    .019558    51.40   0.000      .967028    1.043713
              _cons |  -.0298434   .0157484    -1.90   0.058    -.0607171    .0010304
-------------------------------------------------------------------------------------

      Source |       SS           df       MS      Number of obs   =    15,000
-------------+----------------------------------   F(2, 14997)     =  16935.59
       Model |  14863.5492         2  7431.77458   Prob > F        =    0.0000
    Residual |   6581.0711    14,997  .438825839   R-squared       =    0.6931
-------------+----------------------------------   Adj R-squared   =    0.6931
       Total |  21444.6203    14,999  1.42973667   Root MSE        =    .66244

------------------------------------------------------------------------------
    eduyears |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
     poverty |   .3995226   .0122764    32.54   0.000     .3754594    .4235859
     eduqual |   .9832639   .0054278   181.15   0.000     .9726247     .993903
       _cons |  -.0035578   .0105351    -0.34   0.736     -.024208    .0170923
------------------------------------------------------------------------------

             |   Estimate     Std Err   P>|z|   [95% Conf   Interval]
-------------+-------------------------------------------------------
         cde |  .74355049   .03841122   0.000   .66826449   .81883649
         nde |  .74389615   .03857504   0.000   .66828907   .81950323
         nie |  .78953166   .02606959   0.000   .73843526   .84062805
         mte |  1.5334278    .0429403   0.000   1.4492648   1.6175908

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

. 
. restore

. 
end of do-file

. exit, clear
