
Simulation Study

We can study the pros and cons of the different approaches using
simulation.

In the following study, we look at the sampling distribution of
estimators of the ATE in a binary treatment setting. There are four
simulation settings, with different patterns of confounding and
exposure.

We use p = 10 predictors, with
• two spurious variables (X0);
• two instruments (X1);
• three confounders (X2);
• three predictors of outcome only (X3).

We use n = 1000 and perform 1000 replicate studies.
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Simulation Study (cont.)

We examine five types of estimator alongside ordinary regression:

1. Propensity score stratification;
2. Propensity score regression (PSR);
3. Inverse probability weighting (IPW)
4. Doubly robust (augmented) IPW (DR)
5. Propensity score matching.
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Simulation Study (cont.)

1. Propensity score stratification;

Boxplots contain sampling distribution of estimators for:

1.1 Regression using all predictors;
1.2 Reression using only the predictors of outcome (including

confounders);
1.3 Regression on the exposure of interest (unadjusted);
1.4 Regression using a misspecified model;
1.5 Regression using the confounders only;
1.6 Propensity score stratification using all predictors in the

propensity score model;
1.7 Propensity score stratification using predictors of treatment;
1.8 Propensity score stratification using confounders.
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Simulation Study (cont.)

2. Propensity score regression (PSR);

2.1 Regression using all predictors;
2.2 Reression using only the predictors of outcome (including

confounders);
2.3 Regression on the exposure of interest (unadjusted);
2.4 Regression using a misspecified model;
2.5 Regression using the confounders only;
2.6 Propensity score regression using all predictors in the

propensity score model;
2.7 Propensity score regression using predictors of treatment;
2.8 Propensity score regression using confounders.
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Simulation Study (cont.)

3. Inverse probability weighting (IPW);

Here we consider four pairs of estimators; the two elements in
the pair use weights that are unstandardized (IPW0), and
standardized (IPW), respectively. We consider

3.1 IPW using all predictors in the propensity score model;
3.2 IPW using predictors of treatment;
3.3 IPW using confounders;
3.4 IPW using all predictors of outcome.
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Simulation Study (cont.)

4. Doubly robust (augmented) IPW (DR);

Again we consider four pairs of estimators; the two elements in
the pair use weights that are unstandardized (AIPW0), and
standardized (AIPW), respectively. We consider

4.1 AIPW using all predictors in the propensity score model;
4.2 AIPW using predictors of treatment;
4.3 AIPW using confounders;
4.4 AIPW using all predictors of outcome.

The same predictors are used in the outcome regression model.
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Simulation Study (cont.)

5. Propensity score matching.

We perform matching estimation using the Matching
package in R. We consider

5.1 1-1 matching (M = 1) with all predictors;
5.2 1-1 PS matching (M = 1) using all predictors;
5.3 2-1 PS matching (M = 2) using all predictors;
5.4 5-1 PS matching (M = 5) using all predictors;
5.5 10-1 PS matching (M = 10) using all predictors;
5.6 1-1 matching (M = 1) using confounders;
5.7 1-1 PS matching (M = 1) using confounders.
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Setting 1: True PS values
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Setting 1: Stratification
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Setting 1: PS Regression
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Setting 1: IPW
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Setting 1: DR AIPW
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Setting 1: Matching
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Setting 2: True PS values
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Setting 2: Stratification
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Setting 2: PS Regression
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Setting 2: IPW
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Setting 2: DR AIPW
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Setting 2: Matching
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Setting 3: True PS values
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Setting 3: Stratification
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Setting 3: PS Regression
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Setting 3: IPW
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Setting 3: DR AIPW
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Setting 3: Matching
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 892.69 1698.43  586.96  416.07   92.25   92.04
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Setting 4: True PS values
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Setting 4: Stratification
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    6.965     6.463 23946.296 11377.561   164.026   134.261   306.482   251.587
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Setting 4: PS Regression
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    7.615     7.036 24053.736 11507.693   175.720    13.320   204.084   183.683
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Setting 4: IPW
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IPW−Estimates

1572.0  927.5 1587.7 1048.4  657.8  542.9  503.2  383.5
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Setting 4: DR AIPW
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 16.083  14.668  15.025  13.997 267.495 265.524  10.092   9.912
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Setting 4: Matching
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3020.0  532.7  335.5  379.6  430.7  444.7
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