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Propensity Scores

e(X;) = Pr(Z; =t|Xy)

1. Conditional probability that participant i is assigned to
treatment group (t) given X;.

2. Coarsest function (one variable summary) of X; to
equate the distributions of X; between treatment and
control groups.



Propensity Scores : Properties

1. In practice, propensity score is unknown and needs
to be estimated.

2. Incorrect propensity score estimation model
produces biased average treatment effect (ATE) or
average treatment effect on the treated (ATT)
estimates (Drake, 1993).

3. We might not have a sufficient theoretical or
empirical basis to specify the propensity score
estimation model.



Using Random Forests to
Estimate Propensity Scores

1. Random Forests is an automatic and nonparametric
method to deal with regression problem with (1)
many covariates, and (2) complex nonlinear and
interaction effects of the covariates.

2. Austin (2012) and Lee, Stuart, and Lessler (2010)
have investigated the performance of Random
Forests for propensity score analysis.



Goal of Study

1.

Austin (2012) and Lee et al. (2010) did not
systematically investigate the effects of different
Random Forests model specifications.

Here, we investigate the effects of different random
forests model specifications on propensity score
analysis.




Step 1:
Draw Multiple Random Samples

Strobl, Boulesteix, Zeileis, et al.
(2007) suggest:

N =2000 x 0.632 =1264

Random

1. Sampling without replacement Sample #1
2. Random samples which are B Random

0.632 times the sample size of N = 2000 Sample #2

the original data Original i

: e Sample Data
This specification reduces the i Random
covariate selection bias towards Sample #3
covariates with many categories :
and continuous covariates in Random
Random Forests. Sample #500




Step 2:
Estimate Classification Tree Model In Each Sample

Depth of this tree =3 Node of covariate that classifies
— students into two levels bottom-
down

B Covariate Value
that classifies
) . «— students:
Left: < 0.5
Right: > 0.5

=91 >91 =24 >24

Terminal Node Size
(n=108)
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Scores: nodes at
Proportion of the
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Step 3:
Average All Classification Tree Propensity Scores Sets

( woarn ) ( woarn ) (ezer ) ( woarn )
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(taking the means)
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Propensity Scores
Set




Model Speciﬂcations

#1: Decision rule to select the
covariate and its value

(1) Gini Index

(2) Conditional Significance Test

(2) is advantageous relative to
(1) for reducing selection bias
towards continuous and
categorical covariates with many
levels.




Model Specifications

All 67
Covariates

Random

#2: Random subset of covariates

Random subset is advantageous

relative to all covariates for

(a) Reducing sampling
uncertainty of Random
Forests propensity scores

(b) Selecting covariates that are
relatively less associated with
grade retention but more

associated with other

covariates and the outcome

Subset #1 \
’ . / Random

<-0.69 >-0.69

/ Subset #2
=5 \R

=367 >3.67 CWJ1 BRSA *

1 o 1 o 1 o 1

08 — 0.8 0.8 — 08 0.8 — 0.8




Model Specifications

#3: Data to calculate
Classification Tree
propensity scores

(1) Full Sample Data Random Sample
(Original Data) #1
(2) Data NOT in Random Sample || Original
(Out-of-bag sample) Sample Data NOT in
Random Sample
Out-of-bag sample maybe #1
advantageous relative to full (Out-of-bag)

sample for less biased average
treatment effect estimate.




Summary

1. Conditional Significance Test (vs. Gini Index)

2. Random Subset of Covariates (vs. All Covariates / No
Sampling)

w

Out-of-bag Sample (vs. Original Sample / Full Sample)

v Specifications in red produce less biased average
treatment effect of the treated (ATT) estimates.

v" The combination of these specifications in red will be
optimal to produce the least biased ATT estimate.




Simulation Study Design (1)

Constructed loosely based on Im, Hughes, Kwok, Puckett, and Cerda (2013)

1. Covariates
a) Covariate Types: 16 binary, 40 standard normal, 8 ordered-categorical (0 to 6)
b) Covariate Correlations: Low and High
2. Propensity Score Model (Logistic Regression)
a) Linear (in the logit metric) and Nonlinear (added interaction and quadratic effects)
b) Magnitude of Regression Coefficients: Low and High
3. Treatment-Outcome Model (Linear Regression)
a) Magnitude of ATT: Zero and Non-zero (moderate effect size)

b) Magnitude of Regression Coefficients: Low and High
4. Sample Sizes : 600 and 2000



Simulation Study Design (2)

4. Benchmark Methods
o Uncorrected, ANCOVA (True), Logistic Regression Propensity Score (True)

5. Decision Rule to Select Covariate and its Value
o @Gini Index, Conditional Significance Test (Sig)

6. Random Sampling of Covariates for Selection
> No Sampling (NS; All Covariates), 8 Covariates (S8), 4 Covariates (S4)

7. Methods for Estimating Propensity Scores
o Full Sample (F; Original Sample), Out-of-bag Sample (O)

8. Methods of Equating Groups on Propensity Scores:
o Nearest Neighbor Matching (Matching), Weighting by Odds (Weighting)

o Both methods estimate ATT.



Estimation results were consistent across
Linear and Nonlinear Propensity Score Model
Magnitude of Average Treatment Effect (Zero and Non-zero)

ANCOVA produced unbiased ATT, unbiased and smallest Standard Error

Logistic Regression Propensity Scores produced unbiased ATT estimate
Matching: Standard Error was overestimated
Weighting: Standard Error was underestimated

N=600, ATE=0.73

ANCOVA Logistic Gini.F.NS Sig.F.NS Sig.F.SB Sig.F.S4 Gini.O.NS Sig.O.NS Sig.0.58 Sig.0.54
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N =600 :
N = 2000 :

Sig.0.S8 (Weighting)
Gini.F.NS (Matching), Sig.F.NS (Weighting),
Sig.0.54 (Weighting)

Gini > Significance Test
No Sampling (Sig) was least biased
Gini.F.NS had unbiased ATT, underestimated Standard Error

N=2000, ATE=0.73

ANCOVA Logistic Gini.F.NS Sig.F.NS Sig.F.S8 Sig.F.S4 Gini.O.NS Sig.O.NS Sig.0.58 Sig.0.54
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1. N=600: Sig.0.S8 (Weighting) had slightly inflated a.
2. N =2000 : Gini.F.NS (Matching) had inflated a.
Sig.F.NS and Sig.0.54 (Weighting) had correct a.

N =600, Linear Coverage Rate o Power
ANCOVA 0.942 0.041 1.000 | correct
Logistic (Matching)

Logistic (Weighting) 0.803 0.187 0.783 | Inflated
Sig.0.58 (Weighting) 0.922 0.087 0.869 | Slightly Inflated
N = 2000, Linear Coverage Rate o Power
ANCOVA 0.949 0.053 1.000

Logistic (Matching) 0.905 0.073 1.000
Gini.F.NS (Matching) 0.863 0.142 1.000

Logistic (Weighting) 0.900 0.115 0.902

Sig.F.NS (Weighting) 0.964 0.035 0.996

Sig.0.54 (Weighting) 0.950 0.040 0.962




Discussion (1)

Nearest Neighbor Matching — Hypotheses NOT supported.

Some Explanations:
1. Model specifications were NOT optimal for matching.

2. Matching setting is sensitive to propensity score model
misspecifications (Zhao, 2008).

o Especially with matching without replacement of control
group participants.



Discussion (2)

Weighting by Odds — More hypotheses supported.

1. The optimal specification:
° (a) Conditional Significance Test

> (b) Random Covariates Subset
° (c) Out-of-bag Sample

2. Number of covariates in subset was SENSITIVE to sample size.

3. Lee et als (2010) results showed specification was insensitive
to number of covariates in subset

> Their model had fewer covariates, and more covariate pairs
were uncorrelated.

4. 1 Total Number of Covariates, 1P Sensitivity of Number of
Covariates in Subset



Discussion (3)

Austin (2012) found Random Forests had biased estimates.

Some Explanations:

1. Austin investigated a different the weighting for to
estimate average treatment effect (ATE), not ATT

2. When estimating ATE, random forests may require
different specifications to produce optimal specifications.

3. Weighting method is sensitive to propensity score model
specification.



Follow-up Question:
Can Absolute Standardized Mean Difference
(ASMD) search the optimal model specification?

ASMD = | X, — X.|/s?

I standardized mean difference between different
propensity scores, did not necessarily relate to {, bias of
ATT estimate.

1. Between different random forests model specifications,
does standardized mean difference of covariates relate to
the magnitude of bias of ATT estimates?

2. Within a random forests model specification across
repeated samples, does standardized mean difference of
covariates relate to the magnitude of bias of ATT
estimates?



Summary of Results (1)

Between different propensity score estimations:

1. Logistic Regression

Weighting ASMDs > Matching ASMDs
> Both had satisfactory ASMDs

o Suggested that ASMDs should NOT be compared
between equating methods



Summary of Results (1)

Between different propensity score estimations:

2. Random Forests
o Optimal specifications had small and satisfactory ASMDs

o Specifications produced VERY biased ATEs (> 60%) had
large ASMDs

> But, specifications produced biased ATEs (10 — 60%) had
small and satisfactory ASMDs



Summary of Results (2)

Within a Random Forests specification across
replications

1. NO substantial correlations between ASMDs and the
magnitude of ATT bias (< 0.3)

2. Potential reason: Reduction in range, ATT bias and
ASMDs are reduced, severely attenuating the
correlations.

Implications: NEW Procedures to determine the
optimal Random Forests specifications are needed.



Concluding Remarks: A Dilemma

1. In our abstract, we hypothesized that the
equating methods which are less dependent on
misspecified propensity score estimation models
produced unbiased ATT.

2. Our preliminary analyses show that these
equating methods work.

3. BUT, if it is so, what is the point of using random
forests to estimate propensity scores?



Appendix

FIGURES OF RESULTS
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N=600, ATE=0.73
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N=2000, ATE=0
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N=2000, ATE=0.73
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Mean ASMD

Binary
Continuous
Ordered
Binary
Continuous
Ordered
Binary
Continuous
Ordered

Covariate Type

Binary
Continuous
Ordered

Binary
Continuous
Ordered
Binary
Continuous
Ordered
Binary
Continuous
Ordered

Covariate Type

Binary
Continuous
Ordered

Logistic

0.055 0.054
0.059 0.062
0.061 0.062

0.058 0.054
0.061 0.063
0.060 0.063

0.057 0.055
0.060 0.062
0.062 0.059
0.057 0.054
0.060 0.063
0.060 0.061

Low High

Logistic

0.167 0.180
0.150 0171
0.146 0.173

0.165
0.153
0.154

0.182
0.170
0.166

0.171
0.150
0.161

0.181
0.170
0.168
0.174
0.150
0.147

0179
0.174
0170

Low High

Gini.F.NS
0.207
0.202
0.192

0.202
0.203
0.195

0.172
0.157

0.171 0385

0.175

0.155 .
0.169 0.380
Low High

Gini.F.NS
0.102 0.301

0.100 0.294
0.116 0324

0.104 0.300
0.100 0293
0.118 0325

0.126 0319
0.186 0.355
0.195 0.382
0.125 0.319
0.185 0.356
0.189 0.390

Low High

Linear PS Model, Matching, N=600, ATE=0.73
Sig.F.S8 Sig.F.S4 Gini.0O.NS Sig.O.NS

Sig.F.NS

0.165 -

0.160 0.400
0.145 0.346

0.160
0.160
0.154 0.358
o120 68

0.133 |0.361
0.137 0313

0.137 [od64.

0.136 0.360
0.134 0.300
Low High

0.185
0.176
0.162

0.179
0.178
0.163

0.148
0.134
0.140

0.147

0.133 .
0.140 0399
Low High

0.190 0.091 0125
0.186 0.088 0.123
0.169 0.102 0170
0.187 0.092 0130
0.182 0.089 0125
0.169 0.105 0.169
0.154 0.105 0.139
0.134 0.150 0172
0.136 0.166 0224
0.153 0.106 0.136
0.134 0.150 0172
0.138 0.162 0234
Low High Low High
Correlation

0.088 0.103
0.093 0.145
0.102 0.161

0.087 0.107
0.093 0.143
0.103 0.163

0.098 0.113
0.164 0.198
0.163 0.204

0.098 0.112
0.161 0.198
0.162 0209

Low High

Sig.0.S8

0.090 0.065
0.091 0.083
0.098 0.100

0.087 0.066
0.091 0.082
0.102 0101

0.092 0072
0.150 0.123
0.149 0.139

0.094 0.073
0.149 0.124
0.147 0.146

Low High

Linear PS Model, Weighting, N=600, ATE=0.73
Gini.O.NS Sig.0.NS

Sig.F.NS

0.117 0.102
0.112 0.100
0.115 0.106

0.117 0.098
0.115 0.102
0.119 0.104

0.119 0.104
0.154 0.104
0.157 0.118
0.122 0.103
0.153 0.104
0.151 0.117
Low High

Sig.F.S8

0.099 0.095
0.095 0.095
0.101 0.112

0.099 0.095
0.096 0.095
0.104 0111

0.104 0.107
0.153 0.133
0.156 0.147

0.106 0.103
0.152 0.133
0.150 0.152

Low High

Sig.F.S4

0.091 0.137
0.089 0.124
0.096 0.147

0.091 0.137
0.089 0.122
0.100 0.146

0.100 0.164
0.158 0.190
0.160 0.197

0.102 0.161
0.156 0.189
0.154 0204

Low High

0.099 0216
0.093 0.199
0.108 0239

0.100 0217
0.093 0.198
0.110 0238
0.118 0231
0.168 0.255
0.182 0297
0.118 0232
0.166 0.256
0.175 0.304
Low High

Correlation

0.186
0.172
0.172

0232
0.194
0.180

0.184
0.172
0.168

0227
0.198
0178

0.185
0.187
0.194

0235
0.167
0.165
0.188
0.185
0.186

0232
0.168
0.157

Low High

Sig.0.S8

0.132
0.122
0.124

0.123
0.120
0.119

0.132
0.123
0.125

0121
0122
0.118

0.132
0.157
0.163

0.115
0.108
0.119
0.135
0.157 0.110
0.155 0.115

0.112

Low High

Sig.0.S4

0.087 0.065
0.089 0.075
0.097 0.090

0.088 0.066
0.089 0.076
0.096 0.091

0.090 0.073
0.145 0.112
0.144 0.122

0.093 0.074
0.143 0.112
0.142 0.128

Low High

Sig.0.S4

0.108
0.101
0.105

0.097
0.096
0.110

0.107
0.102
0.108

0.095
0.096
0.109

0.111
0.152
0.157

0.106
0.128
0.140
0.113
0.152
0.149

0.102
0.128
0.143

Low High

Before
0.160
0.173
0.182

0.162
0.172
0.185

0.188
0.267
0.255
0.186
0.265
0.253

Low High

Before

0.160
0.173
0.182

0.162
0.172
0.185

0.188
0.267
0.255
0.186
0.265
0.253
Low High
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Mean ASMD

Binary
Continuous
Ordered
Binary
Continuous
Ordered
Binary
Continuous
Ordered

Covariate Type

Binary
Continuous
Ordered

Binary
Continuous
Ordered
Binary
Continuous
Ordered
Binary
Continuous
Ordered

Covariate Type

Binary
Continuous
Ordered

Logistic

0.062 0.058
0.065 0.068
0.060 0.073

0.063 0.059
0.064 0.067
0.062 0.067

0.058 0.059
0.064 0.067
0.065 0.067
0.059 0.058
0.066 0.068
0.065 0.064

Low High

Logistic

0.222
0.197
0.198

0.255
0220
0230

0.225
0.197
0.190

0258
0217
0229

0.225
0.198
0.207

0252
0227
0222
0.222
0.196
0.206

0258
0220
0.198

Low High

Gini.F.NS

0.190

0.198 .
0.300 0.364
0.186

0.191
0.295

0.161
0.154
0.296

0.161
0.149
0.162
Low High

Gini.F.NS

0.101 0287
0.095 0297

0.364 -

0.102 0.290
0.108 0283
0.079 0317

0.138 0.292
0.171 0341
0.356 0.290
0.126 0309
0.173 0.340
0.179 0.166

Low High

Nonlinear PS Model, Matching, N=600, ATE=0.73
Sig.F.S8 Sig.F.S4 Gini.0O.NS Sig.O.NS

Sig.F.NS

0.152 0.371
0.161 0.362

Low High

0.183
0.192
0.260 0327

0.181
0.177
0.295
0.143
0.136
0.259

0.153

Low High

0.184 0.090 0117
0.194 . 0.084 0.124
0.261 0248 0338 0315
0.185 0.090 0119
0.180 0.093 0.116
0.299 0.107 0.162
0.148 0.111 0121
0.137 0.137 0157
0.257 0.333 0.140
0.152 0.101 0.130
0.136 0.140 0.156
0.134 0.154 0.083
Low High Low High
Correlation

0.087
0.002
0.319

0111
0.185
0172

0.086
0.101
0.105

0.114
0.145
0.167

0.105
0.151
0312

0.115
0.195
0141
0.097
0.151
0.148

0.126
0.193
0.087

Low High

Sig.0.S8

0.089
0.088
0.313

0.063
0.080
0256

0.062
0.071
0.091

0.085
0.094
0.120
0.063
0.099
0078

0.097
0.131
0.309
0.088
0.134 0.099
0.133 0.105
Low High

0.068

Nonlinear PS Model, Weighting, N=600, ATE=0.73

Sig.F.NS

0.114 0.110
0.114 0.111
0.332 0.115

0.119 0.107
0.117 0.105
0.150 0.118

0.125 0.113
0.151 0.126
0.314 0.106
0122 0.114
0.150 0.125
0.148 0.148

Low High

Sig.F.S8

0.096 0.110
0.094 0.117
0.336 0322
0.097 0.112
0.100 0.103
0.125 0.124
0.113 0.116
0.143 0.147
0.326 0.103
0.107 0.129
0.145 0.145
0.143 0.103
Low High

Sig.F.S4 Gini.ONS

0.088 0.153
0.086 0.156

0338 0421 0.359 0425

0.090 0.157
0.095 0.138
0.106 0.161

0.112 0.162
0.147 0203
0.330 0.137
0.103 0.182
0.148 0.200
0.147 0.080

Low High

0.098 0221
0.090 0215

0.099 0223
0.101 0202
0.096 0244

0.130 0225
0.156 0255
0.351 0.215
0.119 0242
0.158 0254
0.167 0.108
Low High

Correlation

Sig.0.NS

0215
0177
0.191

0.193
0.185
0.330

0.196
0.180
0.229

0213
0.185
0176

0.194
0.190
0.309

0216
0.166
0.191
0.192
0.190
0.190

0203
0.168
0.307

Low High

Sig.0.S8

0127
0.118
0211

0.131
0.130
0.331

0.133
0.127
0.178

0122
0.119
0.119

0.137
0.150
0.317
0.137
0.151
0.149

0.126
0.112
0.120
0.116
0.113
0215

Low High

Sig.0.S4

0.084 0.061
0.088 0.077
0.309 0.287
0.083 0.062
0.093 0.070
0.126 0.084

0.094 0.063
0.127 0.092
0.301 0.074
0.089 0.066
0.128 0.092
0.131 0.118

Low High

Sig.0.S4

0.107
0.105
0.332

0.101
0.107
0.329

0.109
0.107
0.143

0.101
0.098
0n

0.120
0.141
0.322

0.106
0127
0.099
0.116
0.143
0.142

0111
0.126
0.140

Low High

Before
0.157
0.166
0.391
0.156
0.179
0.094

0.197
0.250
0.387
0.182
0.250
0.241

Low High

Before

0.157
0.166
0.391
0.156
0.179
0.094

0.197
0.250
0.387
0.182
0.250
0.241
Low High

A
g
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Mean ASMD

Linear PS Model, Matching, N=2000, ATE=0.73

Logistic |Gini.F.NS |Sig.F.NS Sig.F.S8 Sig.F.S4 Gini.O.NS Sig.O.NS Sig.0.88 Sig.0.S4 Before ASMD
Binary| 0,029 0035 |0.060 0.115 n_11e-- 0.130 0132 0.058 0.120 0.049 0071 0049 0034 0.048 0.033/| 0.163 - =
Continuous| 0030 0040 |0.059 0.087 [0.110 0.374 0_127. 0133 0.058 0.138 0.054 0109 0050 0054 0.049 0.041/ 0.172 g 5
Ordered| 0031 0038 | 0059 0.066 [0.090 0.331 0.101 0407 0.106 0071 0.168 0.064 0125 0057 0072 0.054 0.056/ 0.183 £ = 0.75
© Binary| 0.029 0034 |0.060 0.116 n_114- 0.127 0.130 0.058 0.121 0.050 0071 0048 0035 0.047 0.032/| 0.165 = ™
|_&C‘a:sminuous 0.030 0040 |0.061 0.085 |0.112 0.373 0_129. 0134 0.056 0.140 0.053 0.110 0050 0054 0.049 0.042/| 0171 g I
@©  Ordered| 0030 0.038 0060 0.063 [0.091 0.330 0.101 0404 0.104 0.071 0172 0.065 0127 0060 0073 0.056 0.057 | 0.183 s S 050
.g Binary| 0.029 0035 | 0063 0.173 [0.081 - 0.039. 0.092 . 0.084 0.106 0.067 0.070 0063 0041 0.058 0.040/| 0.192 I = =
& Continuous| 0.031 0.041 |0.117 0.067 |0.077 0.350 0.071 0.069 0.158 0.189 0.147 0157 0.136 0104 0.128 0.090 | 0.265 EEE o
O Ordered| 0031 0042 |0.126 0.069 [0.080 0.202 0.077 0352 0075 0.369 0.160 0.238 0.146 0172 0137 0120 0.131 0.106 | 0.257 > =
Binary| 0,030 0035 |0.063 0.175 0.0&5- 0.093 0.097 0.082 0.104 0.068 0.070 0062 0041 0.059 0.041/ 0.191 = ™ 0.25
Continuous| 0032 0042 |0.117 0.068 |[0.077 0.352 0_0?4. 0.070 . 0.158 0.188 0.148 0.156 0.137 0103 0.130 0.090 | 0.264 I :_I:
Ordered| 0030 0042 | 0126 0.066 [0.079 0.202 0.076 0353 0074 0365 0.162 0.237 0.147 0173 0138 0.122 0.131 0.106 | 0.257 S g
Low High Low High Low High Low High Low High Low High Low High Low High Low High Low High 0.00
Correlation
Linear PS Model, Weighting, N=2000, ATE=0.73
Logistic |Gini.F.NS| Sig.F.NS | Sig.F.S8 Sig.F.S4 Gini.O.NS Sig.O.NS Sig.0.58| Sig.0.S4 | Before ASMD
Binary| 0079 0081 |0.086 0290 0.077 0.119 |0.061 0047 0054 0061 0.078 0.257 0.150 0329 0.102 0202 0.076 0.097 | 0.163 - =
Continuous| 0070 0.084 |0.086 0.311| 0.074 0.094 [0.057 0.050 0051 0057 0.077 0.269 0.140 0259 0095 0.167 | 0.071 0.091 |0.172 I g 5
Ordered| 0072 0084 |0.104 0.329| 0.070 0.080 |0.059 0052 0058 0072 0.095 0.291 0.130 0236 0089 0144 | 0.068 0.079 | 0.183 £ = 0.75
© Binary| 0.079 0.081 |0.088 0.289| 0.077 0.121 |0.059 0.047 0053 0061 0.080 0.256 0.148 0332 0102 0.203 | 0.075 0.098 | 0.165 = ™
|_&C‘a:sminuous 0.073 0080 |0.086 0.312| 0.074 0.094 |0.058 0050 0052 0055 0.077 0.2711 0.140 0260 0097 0.169 | 0.072 0.092 |0.171 g I
@©  Ordered| 0069 0.083 |0.104 0.330| 0.070 0.078 |0.061 0052 0059 0074 0094 0.281 0.130 0228 0090 0.141| 0.070 0.076 |0.183 s S 050
.g Binary| 0.079 0081 |0.122 0.278| 0.075 0.135 |0.067 0.042 0069 0083 0.113 0.240 0.139 0356 0095 0.191| 0.077 0.080 | 0.192 I = =
3 Continuous| 0.073 0.086 |0.195 0.371 0.115 0.067 [0.124 0058 0.133 0.113 0.186 0.328 0.139 0226 0.119 0.122 | 0.117 0.064 |0.265 EEE o
O Ordered| 0070 0087 |0.194 0.394| 0.115 0.060 |0.125 0072 0134 0127 0.186 0.357 0.138 0194 0119 0.104/| 0.119 0.066 |0.257 =
Binary| 0,080 0080 |0.119 0.277 | 0.075 0.136 |0.066 0.041 0067 0082 0.111 0.239 0.144 0356 0100 0.191| 0.077 0.079 |0.191 = ™= 025
Continuous| 0072 0085 |0.195 0.371| 0.115 0.069 [0.125 0057 0134 0112 0.186 0.328 0.138 0230 0.119 0123 0.118 0.064 |0.264 I :_I:
Ordered| 0073 0084 |0.196 0.396| 0.118 0.060 |0.128 0075 0137 0128 0.188 0.359 0.139 0195 0121 0.105| 0.121 0.069 | 0.257 S g
Low High Low High Low High Low High Low High Low High Low High Low High Low High Low High 0.00

Correlation




Mean ASMD

Binary
Continuous
Ordered
Binary
Continuous
Ordered

ariate Type

Cov
%
=]
=
=
[=]
=
(7]

Ordered
Binary
Continuous
Ordered

Binary
Continuous
Ordered
Binary
Continuous
Ordered
Binary
Continuous
Ordered

Covariate Type

Binary
Continuous
Ordered

Nonlinear PS Model, Matching, N=2000, ATE=0.73

Logistic

Gini.F.NS

Sig.F.NS

0.030 0.038
0.032

0.036

0.042
0.053

0.029
0.031
0.029

0.039
0.042
0.042

0.030
0.032
0.034

0.037
0.045
0.041
0.030
0.032 0.044
0.033 0.038

0.038

0.055 0.066
0.058

0.338
0.056
0.064
0125

0.063
0.142

0.069
0.061
0.069

0075
0.120
0.332
0.064
0119
0122

0.079
0.070
0.063
0.093
0.069
0.141

0.103 0.327
0.105 0.308

oz i

0.108 0.321
0.095 0.313
0.213 0.267

0.136
0.139
0.251

0.137
0.120
0.257

0.071 0.322

0.079 0.284
0.236 0.294

0.086
0.069
0.242

0.075 0.318 0.094
0.079 0.284 0.070

0.083 - 0.072

Low High

Logistic

0115 0.123
0.103 0.116

0.104 0.133

0.116
0.103
0.098

0.124
0.113
0.116

0.115
0.104
0107

0127
0.118
0111
0.115
0.103
0.102

0.120
0.116
0.106

Low High

Low High

Gini.F.NS

0083 0.292
0.082 0.323
0.376 0.403
0081 0.296
0.100 0.311
0048 0.334

0.131 0.292
0.185 0.366
0.365 0.304
0.118 0.294
0.184 0.363
0.182 0.179
Low High

Low High Low

0.350

High

0.138
0.147
0245

0.142
0.129
0.265

Low

0231

High

0.056 0.132 0.049
0.057 0.163 0.054
0.348 0.160 0.303
0.056 0.134 0.048
0.072 0.1585 0.067
0.074 0181 0.076

0.096 0.130 0.082
0.151 0.200 0.141
0.343 0.158 0.299
0081 0128 0.069
0.151 0.201 0.140
0.149 0.059 0.138
High

Low Low

Correlation

Sig.F.S8 Sig.F.S4 Gini.O.NS Sig.O.NS

0.092
0133
0.079

0.097
0.123
0.145

0.099
0171
0.120
0.109
0170
0.046
High

Sig.0.S8

0.047 0033
0.048

0.305
0.045
0.058
0.098

0.050
0.204

0.032
0.042
0.060

0.070
0.120
0.301

0.034
0075
0.048
0.056
0.118
0.118

0.038
0073
0.091

Low High

Nonlinear PS Model, Weighting, N=2000, ATE=0.73

Sig.F.NS

0.076 0.070 |0.058
0.076 0.065

0.301

0.059
0.148 |0.320
0.079 0.068
0.077 0.067

0.139 0.063

0.060
0.064
0.118

0.090 0.069
0.118 0.062
0.293 0.066

0.081
0.118
0.312
0.069
0.116
0.119

0.081 0.064
0.117 0.059
0.120 0.1985

Low High Low

Sig.F.S8

0.045
0.056
0207

0.046
0.048
0.058

0.048
0.067
0.049
0.049
0.064
0145
High

Sig.F.S4

0.053
0.052
0.323

0.053
0.061
0.097
0.083
0.126
0.318
0.069
0.124
0127

Low

0.075
0.084
0335

0.083
0.066
0.093

0.088
0125
0.067
0104
0121
0.087
High

Gini.O.NS Sig.O.NS

0.079 0.280 0.154
0.078 0.303 0.153
0.375 0.368 0.265

0.077 0.284 0.162
0.096 0.281 0.140
0.050 0.316 0.217

0.127 0.279 0.159
0.181 0.345 0.147
0.363 0.285 0.269

0.114 0.281 0.153
0.180 0.343 0.146
0.178 0.158 0.150

Low High Low

Correlation

0.268
0.208
0.372
0.263
0.220
0.191

0.261
0.183
0.212
0.257
0187
0.396
High

Sig.0.S8

0102 0192
0.105

0.303
0107
0.095
0177

0.149
0.085

0.183
0.161
0.129

0.106
0.114
0297

0.183
0117
0.154
0100 0.168
0113 0122
0115 0.323
Low High

Sig.0.84

0.046 0.032
0.048

0.302

0.048
0.260

0.046
0.055
0.103

0.031
0.038
0.049

0.066
0.112
0.294

0.034
0.064
0.041
0.053
0.111
0.112

0.035
0.063
0111

Low High

Before

0.156

A
d

0.166
0.389
0.154
0.178
0.089

A moT
g mo7

A moT
d ubiH

0.193
0.249
0.385
0.183
0.249
0.239

ybiH

Louybig:

Sig.0.84

0.076 0.101

0.078 0.087
0.309 0.208
0.080 0.094
0.075 0.093
0.145 0.073

0.089 0.083
0.109 0.066
0.306 0.089
0.080 0.078
0.107 0.066
0.112 0.234

Low High

Low High

Before

0.156

A
d

0.166
0.389
0.154
0.178
0.089

A moT
g mo7

A moT
d ubiH

0.193
0.249
0.385
0.183
0.249
0.239
Low High

L ybBiH
g mo7

ybiH

g mo7:

ybiH

ybiH

ASMD

0.75

0.50

0.25

0.00

ASMD

0.75

0.50

0.25

0.00




