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Modify your data generation code from last week to match the following causal DAG:
S1

Y
X



S2
U



Where S1 and S2 are indicators for whether an observation is selected into the analysis (ie, when S1=0 or S2=0, the observations are excluded).  

Write out data generating rules to match this causal DAG for at least 2 values S1 (e.g., S1 = 1 for 90% of observations vs S1=1 for 50% of observations) and 2 values for S2.  Please be sure that your data generating model entails that U influences X, Y, and S2. 

For each, write a simulation model generating data with N=500 individuals following these data generating rules.  Report the structural causal model for each variable in the DAG, including the distributions of the error terms.  Use the statistical method of your choice to estimate the effect of X on Y in each scenario, assuming that U is unmeasured (ie, your estimate will likely be biased because you cannot account for U). 

U ~ Normal(5, 2)
Error ~ Normal (0,1)

Structural equations:
X = 1 if U>5.5, else X=0 (wasn’t sure how to write this as a mathematical equation)
Y = 120 – 5X + 1.5U + 3error
S1 = 2X + 0.6Y
S2 = 3U

Stata code:
. set obs 1000
number of observations (_N) was 0, now 1000
. gen U = rnormal(5, 2)
. gen have_cat=0

. replace have_cat=1 if U>5.5
(419 real changes made)
. gen error = rnormal()
. gen SBP = 120 - 5*have_cat + 1.5*U + 3*error
. gen S1 = 2*have_cat + 0.6*SBP
. gen S2 = 3*U

**Generate indicator variables for different prevalences of S1 & S2
. gen S1ind1 = 0
. replace S1ind1 = 1 if S1>76
(512 real changes made)
. gen S1ind2 = 0
. replace S1ind2 = 1 if S1>72
(963 real changes made)
. gen S2ind1 = 0
. replace S2ind1 = 1 if S2<20
(776 real changes made)
. gen S2ind2=0
. replace S2ind2=1 if S2<17
(615 real changes made)

. bootstrap, reps(1000) size(500): regress SBP have_cat if S1ind1==1
(running regress on estimation sample)

Linear regression                               Number of obs     =        512
                                                Replications      =      1,000
                                                Wald chi2(1)      =     104.64
                                                Prob > chi2       =     0.0000
                                                R-squared         =     0.1623
                                                Adj R-squared     =     0.1607
                                                Root MSE          =     2.3156

------------------------------------------------------------------------------
             |   Observed   Bootstrap                         Normal-based
         SBP |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    have_cat |  -2.052965   .2006962   -10.23   0.000    -2.446322   -1.659607
       _cons |   129.1267   .1250196  1032.85   0.000     128.8816    129.3717
------------------------------------------------------------------------------

. bootstrap, reps(1000) size(500): regress SBP have_cat if S1ind2==1
(running regress on estimation sample)
Linear regression                               Number of obs     =        963
                                                Replications      =      1,000
                                                Wald chi2(1)      =       4.94
                                                Prob > chi2       =     0.0262
                                                R-squared         =     0.0108
                                                Adj R-squared     =     0.0098
                                                Root MSE          =     3.3492

------------------------------------------------------------------------------
             |   Observed   Bootstrap                         Normal-based
         SBP |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    have_cat |  -.7066763    .317876    -2.22   0.026    -1.329702   -.0836508
       _cons |   125.9845   .1894779   664.90   0.000     125.6131    126.3558
------------------------------------------------------------------------------

. bootstrap, reps(1000) size(500): regress SBP have_cat if S2ind1==1
(running regress on estimation sample)

Linear regression                               Number of obs     =        776
                                                Replications      =      1,000
                                                Wald chi2(1)      =      28.48
                                                Prob > chi2       =     0.0000
                                                R-squared         =     0.0482
                                                Adj R-squared     =     0.0470
                                                Root MSE          =     3.5452

------------------------------------------------------------------------------
             |   Observed   Bootstrap                         Normal-based
         SBP |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    have_cat |  -1.837683   .3443684    -5.34   0.000    -2.512633   -1.162734
       _cons |   125.4782   .1896084   661.78   0.000     125.1066    125.8499
------------------------------------------------------------------------------

. bootstrap, reps(1000) size(500): regress SBP have_cat if S2ind2==1
(running regress on estimation sample)
Linear regression                               Number of obs     =        615
                                                Replications      =      1,000
                                                Wald chi2(1)      =      14.39
                                                Prob > chi2       =     0.0001
                                                R-squared         =     0.0181
                                                Adj R-squared     =     0.0165
                                                Root MSE          =     3.5994

------------------------------------------------------------------------------
             |   Observed   Bootstrap                         Normal-based
         SBP |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    have_cat |  -2.136296   .5631665    -3.79   0.000    -3.240082    -1.03251
       _cons |   125.4782    .166449   753.85   0.000      125.152    125.8045
------------------------------------------------------------------------------


	Prevalence of S1
	Prevalence of S2
	Coefficient
	95% CI

	51%
	-
	-2.05
	-2.45, -1.66

	96%
	-
	-0.71
	-1.33, -0.084

	-
	78%
	-1.84
	-2.51, -1.16

	-
	62%
	-2.14
	-3.24, -1.03

	-
	-
	-0.20
	-0.86, 0.46






Now assume the null, that X has no effect on Y.  Under each of your four scenarios above, what is:
· The average estimate of the effect of X on Y (ie, if you repeat your chosen statistical analysis across repeated iterations, what is the average value of the parameter estimate for the association between X and Y)? 

. gen SBP = 120 - 0*have_cat + 1.5*U + 3*error

. bootstrap, reps(1000) size(500): regress SBP have_cat if S1ind1==1
(running regress on estimation sample)

Linear regression                               Number of obs     =        512
                                                Replications      =      1,000
                                                Wald chi2(1)      =     215.36
                                                Prob > chi2       =     0.0000
                                                R-squared         =     0.2854
                                                Adj R-squared     =     0.2840
                                                Root MSE          =     2.3156

------------------------------------------------------------------------------
             |   Observed   Bootstrap                         Normal-based
         SBP |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    have_cat |   2.947035   .2008186    14.68   0.000     2.553438    3.340633
       _cons |   129.1267   .1209655  1067.47   0.000     128.8896    129.3638
------------------------------------------------------------------------------

. bootstrap, reps(1000) size(500): regress SBP have_cat if S1ind2==1
(running regress on estimation sample)

Linear regression                               Number of obs     =        963
                                                Replications      =      1,000
                                                Wald chi2(1)      =     214.74
                                                Prob > chi2       =     0.0000
                                                R-squared         =     0.2881
                                                Adj R-squared     =     0.2874
                                                Root MSE          =     3.3492

------------------------------------------------------------------------------
             |   Observed   Bootstrap                         Normal-based
         SBP |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    have_cat |   4.293324   .2929799    14.65   0.000     3.719093    4.867554
       _cons |   125.9845   .1832747   687.41   0.000     125.6253    126.3437
------------------------------------------------------------------------------

. bootstrap, reps(1000) size(500): regress SBP have_cat if S2ind1==1
(running regress on estimation sample)

Linear regression                               Number of obs     =        776
                                                Replications      =      1,000
                                                Wald chi2(1)      =      82.47
                                                Prob > chi2       =     0.0000
                                                R-squared         =     0.1305
                                                Adj R-squared     =     0.1294
                                                Root MSE          =     3.5452

------------------------------------------------------------------------------
             |   Observed   Bootstrap                         Normal-based
         SBP |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    have_cat |   3.162317   .3482125     9.08   0.000     2.479833    3.844801
       _cons |   125.4782   .1825375   687.41   0.000     125.1205     125.836
------------------------------------------------------------------------------


. bootstrap, reps(1000) size(500): regress SBP have_cat if S2ind2==1
(running regress on estimation sample)
Linear regression                               Number of obs     =        615
                                                Replications      =      1,000
                                                Wald chi2(1)      =      25.86
                                                Prob > chi2       =     0.0000
                                                R-squared         =     0.0321
                                                Adj R-squared     =     0.0305
                                                Root MSE          =     3.5994

------------------------------------------------------------------------------
             |   Observed   Bootstrap                         Normal-based
         SBP |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
    have_cat |   2.863704   .5631738     5.08   0.000     1.759904    3.967505
       _cons |   125.4782   .1661669   755.13   0.000     125.1526    125.8039
------------------------------------------------------------------------------

	Prevalence of S1
	Prevalence of S2
	Coefficient
	95% CI

	51%
	-
	2.95
	2.55, 3.34

	96%
	-
	4.29
	3.72, 4.87

	-
	78%
	3.16
	2.48, 3.84

	-
	62%
	2.86
	1.76, 3.97

	-
	-
	4.80
	4.17, 5.43




·  the type 1 error rate using an alpha threshold of 0.05 (ie, the percent of iterations under which you would find a statistically significant association between X and Y, using a p<.05 threshold)?  

[bookmark: _GoBack]I’m not sure how to calculate this, but given the results above, I think I would get a statistically significant association virtually 100% of the time.
