Hall_HW#7
Specify a hypothesis regarding a particular exposure and outcome and a binary effect modifier including specific measures of association (specify the magnitudes of that association you anticipate: I suggest making everything cross-sectional). 

Hypothesis: Women with unintended pregnancy do not seek prenatal care or seek prenatal care late and women in rural areas are more likely to not seek prenatal care

Ochako, R and Gichuhi, W. Pregnancy wantedness, frequency and timing of antenatal care visit among women of childbearing age in Kenya. Reproductive Health (2016) 13:51 DOI 10.1186/s12978-016-0168-2

Exposure – unintended pregnancy

Outcome – prenatal care

Modifier – location 

Effects – 

no care OR = 2.45 (they did not report CI!)

no care OR in urban area = 0.26 (no CI!)

ANC = 1 – 5*unintended + 5*location – 8*unintended*location + 5*error 

Using the software of your choice, generate a population with 1000 people under a causal structure consistent with this hypothesis. Draw a simple random sample 100 individuals from this population and estimate the population average exposure-outcome association and the association stratified by your modifier of interest within this subset.  Repeat this 10 times and write the parameter estimates and CI each time.
set obs 1000

set seed 567931

gen unintended = runiform()>0.50

gen location = runiform()>0.66

gen error = rnormal()

gen ANC = 1-5*unintended+5*location-8*unintended*location+5*error 

regress unintended location

      Source |       SS           df       MS      Number of obs   =     1,000

-------------+----------------------------------   F(1, 998)       =      1.95

       Model |  .487758268         1  .487758268   Prob > F        =    0.1627

    Residual |  249.412242       998  .249912066   R-squared       =    0.0020

-------------+----------------------------------   Adj R-squared   =    0.0010

       Total |       249.9       999   .25015015   Root MSE        =    .49991

------------------------------------------------------------------------------

  unintended |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

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

    location |   .0463649   .0331879     1.40   0.163    -.0187613     .111491

       _cons |    .493865   .0195781    25.23   0.000     .4554461    .5322839

------------------------------------------------------------------------------
Repeat the data set construction, setting the causal effect to the null.  Again repeat this 10 times and write the parameter estimate and CI each time (if you figure out how to automate it, run it 1000 times and post the histogram of the parameter estimates and p-values).
. bootstrap, reps(1000) size(100): regress unintended location

(running regress on estimation sample)

Bootstrap replications (1000)

----+--- 1 ---+--- 2 ---+--- 3 ---+--- 4 ---+--- 5 

..................................................    50

..................................................   100

..................................................   150

..................................................   200

..................................................   250

..................................................   300

..................................................   350

..................................................   400

..................................................   450

..................................................   500

..................................................   550

..................................................   600

..................................................   650

..................................................   700

..................................................   750

..................................................   800

..................................................   850

..................................................   900

..................................................   950

..................................................  1000

Linear regression                               Number of obs     =      1,000

                                                Replications      =      1,000

                                                Wald chi2(1)      =       0.19

                                                Prob > chi2       =     0.6596

                                                R-squared         =     0.0020

                                                Adj R-squared     =     0.0010

                                                Root MSE          =     0.4999

------------------------------------------------------------------------------

             |   Observed   Bootstrap                         Normal-based

  unintended |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

    location |   .0463649   .1052575     0.44   0.660     -.159936    .2526657

       _cons |    .493865    .060463     8.17   0.000     .3753597    .6123703

------------------------------------------------------------------------------
Use your code above and also a canned software command to estimate statistical power to detect the difference in means under the settings below:

*n=100, μ0=.02, μ1=.12, SD=1, α=.05
. power twomeans 0.02 0.12, sd(1) n(100)

Estimated power for a two-sample means test

t test assuming sd1 = sd2 = sd

Ho: m2 = m1  versus  Ha: m2 != m1

Study parameters:

        alpha =    0.0500

            N =       100

  N per group =        50

        delta =    0.1000

           m1 =    0.0200

           m2 =    0.1200

           sd =    1.0000

Estimated power:

        power =    0.0785
*n=100,μ0=.02, μ1=.12, SD=2, α=.05

. power twomeans 0.02 0.12, sd(2) n(100)

Estimated power for a two-sample means test

t test assuming sd1 = sd2 = sd

Ho: m2 = m1  versus  Ha: m2 != m1

Study parameters:

        alpha =    0.0500

            N =       100

  N per group =        50

        delta =    0.1000

           m1 =    0.0200

           m2 =    0.1200

           sd =    2.0000

Estimated power:

        power =    0.0570

*n=500, μ0=.3, μ1=.3, SD=1, α=.05
Stata tells me its not possible 
“. power twomeans 0.3 0.3, sd(1) n(500)

the control-group mean and the experimental-group mean are equal; this is not allowed”
 For each of the 3 settings above, what is the power to detect whether the ratio of the means=1?
As above because the ratio of the means is 1 (no difference).
HW #8
Modify your data generation code from last week to match the following causal DAG (I can't figure out how to post the DAG - it's in the attached word document... if anyone else can figure out how to post directly please do so):

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.
If U is normally distributed (5, 25)

Error = normal (0,1) 

X = unintended

X = 1 if U>10, 

X = 0 if U</=10

ANC = 1 – 5*unintended – 8U + 5*error 

S1 = ?
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).

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)?

-           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)?  
