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Table A.1: Percentage improvement in MSE for the ATE if the shrunken propensity scores are used
instead of the conventional propensity scores, fixed valued A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 59.8 60.9 57.0 56.4 58.9 52.1 60.7 61.6 57.9 58.4 58.2 49.5
- (-0.2) (-0.3) (-0.1) (-6.3) (-7.0) (-8.5) (-0.5) (-0.7) (-0.5) (-11.5)  (-13.1) (-17.1)
= IPW2 24.4 6.7 25.3 26.8 30.5 33.8 20.5 22.6 19.4 26.0 29.7 33.3
° (-3.9) (-4.6) (-6.8) (-1.0) (-1.0) (-0.5) (-8.5) (-10.0) (-13.7) (-1.4) (-1.4) (-0.8)
'% IPW 3 10.3 9.0 6.4 11.4 10.2 8.6 8.2 6.9 3.8 11.1 10.0 8.5
ot (-1.6) (-1.6) (-2.4) (-0.4) (-0.4) (-0.1) (-3.5) (-3.7) (-4.8) (-0.6) (-0.5) (0.0)
DR 8.5 9.9 11.0 8.5 10.0 11.3 8.5 9.9 11.1 8.5 10.0 11.0
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.1) (0.0) (0.0) (-0.2) (-0.3) (-0.6)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 45.7 48.1 46.0 43.9 48.2 42.9 46.9 49.2 47.2 48.3 49.9 42.7
- (-0.2) (-0.3) (-0.1) (-5.0) (-5.6) (-6.8) (-0.4) (-0.5) (-0.4) (-9.7) (-11.1)  (-14.2)
= IPW2 12.7 14.5 15.6 14.2 17.4 21.9 10.3 11.9 11.5 13.7 16.9 1.6
o (-2.5)  (-3.2) (-4.9) (-0.6) (-0.7) (-0.4) (-5.7) (-7.0) (-10.0) (-0.9) (-0.9) (-0.5)
'% IPW 3 4.8 4.4 2.8 5.5 5.2 4.3 3.5 3.1 1.1 5.3 5.1 4.3
ot (-1.0) (-1.1) (-1.6) (-0.3) (-0.2) (0.0) (-2.2) (-2.4) (-3.3) (-0.4) (-0.3) (0.0)
DR 5.5 6.5 7.2 5.6 6.6 7.4 5.5 6.5 7.3 5.7 6.6 7.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.2) (-0.4)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 55.9 47.9 38.1 52.5 43.2 35.2 56.1 48.3 38.7 52.8 43.1 35.2
~ (-0.4) (-0.5) (-1.0) (-1.1) (-1.6) (-1.4) (-0.3) (-0.3) (-0.7) (-3.4) (-4.6) (-4.8)
w IPW?2 20.6 2.6 22.0 22.2 23.8 23.0 18.8 21.2 20.6 21 22.9 2.3
o (-2.0) (-2.0) (-2.6) (-1.1) (-1.5) (-1.4) (-3.9) (-4.0) (-4.9) (-1.6) (-2.1) (-1.9)
£ IPW3 8.6 7.6 6.7 9.0 7.6 7.0 7.6 6.6 5.7 8.7 7.3 6.8
ot (-0.9) (-0.8) (-1.0) (-0.6) (-0.7) (-0.5) (-1.8) (-1.7) (-1.9) (-0.8) (-1.0) (-0.7)
DR 5.9 6.6 8.3 5.9 6.7 8.4 5.9 6.7 8.2 6.0 6.9 8.6
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 40.6 33.9 27.4 37.1 29.3 24.7 41.0 34.3 27.9 38.4 30.1 25.4
~ (-0.3) (-0.4) (-0.7) (-0.8) (-1.1) (-1.0) (-0.2) (-0.2) (-0.5) (-2.6) (-3.4) (-3.5)
» IPW 2 10.7 12.9 13.8 11.7 13.7 14.2 9.6 12.2 12.9 11.2 13.2 13.8
o (-1.3)  (-1.3) (-1.8) (-0.7) (-1.0) (-1.0) (-2.5) (-2.6) (-3.4) (-1.1) (-1.4) (-1.3)
£ IPW3 3.6 3.5 3.5 3.8 3.6 3.7 3.0 2.9 2.8 3.6 3.4 3.6
ot (-0.6) (-0.5) (-0.6) (-0.4) (-0.4) (-0.3) (-1.2) (-1.0) (-1.3) (-0.5) (-0.6) (-0.4)
DR 3.9 4.5 5.8 3.9 4.6 5.9 3.9 4.5 5.8 4.0 4.7 6.0
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 47.7 65.5 36.3 46.8 66.1 33.0 48.7 66.5 36.8 48.1 67.4 31.6
- (-2.5)  (-2.0) (-4.0) (-9.2) (-6.8) (-14.6) (-3.2) (-2.6) (-5.4) (-15.4)  (-10.9) (-24.6)
& IPW2 19.7 21.9 18.8 21.6 23.2 21.7 17.0 19.5 15.8 21.5 23.2 21.8
o (-2.0) (-2.3) (-3.2) (-0.1) (-0.1) (0.0) (-5.2) (-5.9) (-7.6) (-0.2) (-0.1) (0.0)
= IPW3 8.9 7.5 5.7 9.7 8.4 7.0 7.4 6.0 4.0 9.6 8.3 7.0
ot (-0.9) (-0.9) (-1.2) (-0.1) (0.0) (0.0) (-2.3) (-2.4) (-2.8) (-0.1) (0.0) (0.1)
DR 6.2 6.3 7.3 6.2 6.4 7.4 6.2 6.3 7.3 6.1 6.3 7.1
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.1) (-0.3) (-0.4)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 36.5 54.8 28.4 37.1 57.2 27.0 37.6 56.3 29.2 40.2 60.6 27.3
- (-1.8)  (-1.7)  (-2.9) (-7.1) (-5.8) (-10.9) (-2.4) (-2.2) (-3.9) (-12.5) (-9.7) (-19.6)
& IPW?2 9.9 11.8 11.2 11.0 12.4 13.2 8.3 10.4 9.3 11.0 12.4 13.3
o (-1.3)  (-1.5) (-2.1) (-0.1) (-0.1) (0.0) (-3.3) (-3.9) (-5.2) (-0.1) (-0.1) (0.0)
= IPW3 4.4 3.7 2.8 4.9 4.2 3.7 3.5 2.8 1.8 4.8 4.2 3.6
~ (-0.5) (-0.6) (-0.8) (0.0) (0.0) (0.0) (-1.4) (-1.5) (-1.8) (0.0) (0.0) (0.0)
DR 4.0 4.1 5.0 4.0 4.2 5.0 4.0 4.1 5.0 4.0 4.1 4.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.2) (-0.3)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each possi-
bias? (ATE(p))—bias2 (ATE(5%))
bias2 (ATE(p))+ Var(ATE(p)) .

ble DGP are reported along with the percentage change which is due to the bias introduced by shrinkage, i.e., <

(in parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter method.



Table A.2: Percentage improvement in MSE for the ATE if the shrunken propensity scores are used
instead of the conventional propensity scores, MSE(p$)-minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 60.9 66.3 66.3 57.5 63.3 58.4 61.6 67.3 66.3 58.1 64.6 56.9
- (-0.2) (-0.3) (-0.2) (-6.2) (-6.2) (-7.3) (-0.4) (-0.6) (-0.5) (-11.8) (-11.0) (-13.9)
= IPW 2 24.6 26.5 31.3 27.7 29.0 34.3 0.5 2.5 28.0 27.0 28.3 33.8
° (-4.3)  (-3.9) (-5.3) (-0.9) (-1.3) (-0.9) (-9.2) (-8.9) (-10.7) (-1.3) (-1.7) (-1.3)
s IPW3 9.9 9.3 7.3 11.4 10.0 8.7 7.6 7.3 5.3 11.2 9.8 8.6
ot (-1.8) (-1.4) (-1.7) (-0.4) (-0.5) (-0.3) (-4.0) (-3.2) (-3.6) (-0.5) (-0.6) (-0.3)
DR 8.5 9.6 11.2 8.6 9.8 11.7 8.4 9.6 11.1 8.6 9.9 11.7
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (-0.2) (-0.4)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 46.4 54.1 56.5 44.8 52.6 49.7 47.5 55.5 56.8 47.9 56.1 50.2
- (-0.2) (-0.3) (-0.1) (-4.8) (-5.1) (-6.1) (-0.3)  (-0.5) (-0.4) (-9.7) (-9.5) (-12.2)
= IPW2 11.9 15.8 21.4 13.7 17.2 23.2 9.5 13.4 19.7 13.3 16.8 22.8
o (-2.7)  (-2.6) (-3.9) (-0.6) (-0.9) (-0.7) (-5.9) (-5.9) (-7.9) (-0.9) (-1.2) (-0.9)
= IPW3 4.1 4.5 3.9 5.0 4.9 5.0 2.7 3.3 2.5 4.9 4.8 4.9
ot (-1.1)  (-0.8) (-1.2) (-0.3) (-0.3) (-0.2) (-2.4) (-2.0) (-2.5) (-0.3) (-0.4) (-0.2)
DR 4.8 6.6 7.7 4.9 6.7 8.3 4.9 6.6 7.7 5.0 6.8 8.4
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.1) (-0.3)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 51.9 86.8 42.0 47.7 71.8 41.0 52.4 86.7 42.9 48.8 70.6 42.8
~ (-0.5) (-0.2) (-0.7) (-1.4) (-0.7) (-1.8) (-0.4) (-0.1) (-0.5) (-4.3) (-2.4) (-5.0)
w IPW?2 21.0 21.3 22.2 22.0 22.6 24.3 19.1 19.3 20.6 21.1 21.8 23.5
o (-2.4)  (-2.5) (-2.0) (-1.2) (-1.4) (-2.0) (-4.7)  (-4.8) (-4.1) (-1.8) (-2.0) (-2.6)
= IPW3 9.5 8.1 6.9 9.9 8.6 6.7 8.3 7.0 6.0 9.6 8.3 6.4
ot (-1.2)  (-1.0) (-0.6) (-0.6) (-0.6) (-0.8) (-2.3)  (-2.1) (-1.4) (-0.9) (-0.9) (-1.0)
DR 6.1 6.7 8.3 6.2 6.7 8.5 6.1 6.6 8.3 6.3 6.9 8.8
(0.0) (0.0) (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) 0.0) 0.0) (0.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 36.1 79.4 30.5 32.0 59.6 29.5 36.6 79.3 31.3 34.2 59.1 31.9
~ (-0.4) (-0.2) (-0.5) (-1.0) (-0.6) (-1.3) (-0.3) (-0.1) (-0.3) (-3.1) (-2.1) (-3.8)
w IPW?2 10.1 11.8 13.9 10.7 12.9 15.7 9.0 10.5 12.8 10.1 12.4 15.1
o (-1.5) (-1.7)  (-1.4) (-0.8) (-0.9) (-1.4) (-3.0) (-3.3) (-2.9) (-1.2) (-1.3) (-1.8)
£ IPW3 3.8 3.9 3.7 4.1 4.2 3.6 3.1 3.1 3.1 3.8 4.0 3.4
ot (-0.7)  (-0.7) (-0.4) (-0.4) (-0.4) (-0.5) (-1.4) (-1.4) (-1.0) (-0.6) (-0.6) (-0.7)
DR 3.8 4.5 5.9 3.9 4.6 6.0 3.8 4.5 5.9 4.0 4.7 6.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 72.5 56.0 38.6 74.2 56.0 33.9 73.5 57.1 8.8 75.6 56.9 34.5
- (-1.3)  (-2.6) (-4.7) (-4.9) (-9.2) (-16.0) (-1.7) (-3.4) (-6.2) (-7.9) (-15.0)  (-25.2)
& IPW 2 21.3 21.7 24.5 23.6 24.0 24.8 18.3 18.7 2.9 23.5 23.9 25.0
o (-2.7)  (-2.6) (-2.0) (-0.1) (-0.1) (-0.1) (-6.4) (-6.5) (-5.7) (-0.1) (-0.1) (-0.1)
£ IPW3 9.2 8.0 6.5 10.5 9.1 7.1 7.3 6.3 5.1 10.5 9.0 7.1
ot (-1.3)  (-1.1)  (-0.7) (0.0) (0.0) (-0.1) (-3.1)  (-2.7) (-2.0) (0.0) (0.0) (-0.1)
DR 6.4 7.1 7.6 6.4 7.1 7.8 6.3 7.1 7.5 . 7.0 7.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.1) (-0.2) (-0.2) (-0.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 61.1 44.9 29.9 64.9 46.6 27.1 62.7 46.3 30.3 68.7 49.7 29.1
- (-1.1)  (-2.0) (-3.6) (-4.2) (-7.3) (-12.6) (-1.4) (-2.6) (-4.8) (-7.1) (-12.7)  (-21.2)
& IPW2 9.7 11.8 15.6 11.1 13.2 15.5 8.1 10.1 15.1 11.1 13.2 15.7
o (-1.6) (-1.6) (-1.4) (-0.1) (-0.1) -0.1) (-4.0) (-4.1) (-4.0) (-0.1) (-0.1) (-0.1)
'% IPW 3 3.8 3.7 3.2 4.6 4.3 3.6 2.7 2.6 2.4 4.6 4.3 3.6
o<t (-0.7)  (-0.7)  (-0.5) (0.0) (0.0) (-0.1) (-1.8) (-1.7) (-1.3) (0.0) (0.0) (-0.1)
DR 3.5 4.6 4.9 3.6 4.6 5.1 3.5 4.6 4.8 3.6 4.6 5.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.2) (-0.1)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each possi-
bias? (ATE(p))—bias2 (ATE(5%)) )
bias2 (ATE(p))+ Var(ATE(p)) .
(in parenthesis). The tuning parameter X is chosen according to the MSE minimizing tuning parameter method.

ble DGP are reported along with the percentage change which is due to the bias introduced by shrinkage, i.e., <
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The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method

and for each possible DGP are reported along with the percentage change which is due to the bias introduced by shrinkage, i.e.,

bias? (ATE($))—bias? (ATE(pS
bias2 (ATE(p))+ Var(ATE(p))

method.

Note:



Table A.4: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 2 instead of the conventional propensity scores, fixed valued A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 53.9 59.0 55.8 55.4 62.2 56.7 54.9 59.8 56.1 64.2 68.3 63.1
- (0.0) (0.0) (0.0) (-1.3)  (-1.0) (-0.7) (-0.1) (0.0) (0.0) (-1.2)  (-0.5) (0.1)
= IPW2 22.1 29.2 33.6 22.7 31.0 37.3 22.0 29.3 33.6 22.6 30.2 34.0
o (-0.7)  (-0.9) (-0.7) (-0.1) (0.0) (0.1) (-1.6) (-1.9) (-1.5) (0.1) (-0.5) (-3.1)
= IPW3 11.2 15.7 17.8 11.8 16.7 18.8 10.5 14.8 16.6 11.8 15.6 14.2
ot (-0.2) (-0.4) (-0.1) (0.0) (0.1) (0.0) (-0.5)  (-0.8) (-0.3) (0.0) (-0.9) (-4.9)
DR 12.9 18.2 20.7 13.4 18.7 22.6 12.9 18.5 19.9 13.7 17.8 18.6
(0.1) (0.1) (-0.1) (0.0) (0.0) (0.2) (0.2) (0.3) (-0.1) (-0.6) (-1.9) (-5.6)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 38.2 43.8 42.2 40.5 48.5 43.9 39.6 45.0 43.0 51.2 56.7 51.9
- (0.0) (0.0) (0.0) (-1.0) (—0.8) (-0.5) (0.0) (0 0) (0.0) (-1.0)  (-0.4) (0.1)
= IPW2 8.9 13.5 9.6 21.1 9.2 13.6 18.6 9.6 14.8 18.7
) (-0.5)  (-0.7) ( 0 6) (-0.1) (0 0) (0.1) (-1.1)  (-1.4) (-1.2) (0.1) (-0.3)  (-2.4)
= IPW3 2.1 4.6 2.7 5.7 1.8 3.8 4.5 2.7 4.7 2.5
~ (-0.1)  (-0.3) (- 0 1) (0.0) (0 1) (0.0) (-0.4) (-0.6) (-0.3) (0.0) (-0.6) (-3.4)
DR 4.8 7.3 5.1 8.9 5.0 7.3 7.0 5.4 7.0 6.1
(0.1) (0.1) (- 0 1) (0.0) (0 0) (0.1) (0.1) (0.2) (-0.1) (-0.4) -1.3)  (-4.1)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 51.8 45.1 42.9 46.9 38.5 37.2 50.4 42.8 39.0 50.5 43.4 42.6
~ (-0.1) (-0.2) (-0.1) (-2.0) (-2.3) (-2.1) (-1.1) (-2.0) ( 3 4) (-1.8)  (-1.0) (0.0)
w IPW?2 19.7 22.8 29.7 21.4 24.7 30.4 20.0 23.6 20.9 23.9 27.0
o (-0.6) (-0.5) (-0.6) (-0.1) (-0.1) (-0.2) (-0.2) (0.0) ( ) (0.1) (-0.4) (-3.3)
£ IPW3 10.9 10.9 19.0 11.7 11.9 19.3 11.1 10.8 17.8 11.1 10.7 14.8
ot (-0.3) (-0.2) (-0.2) (0.1) (0.1) (0.0) (0.2) (0.1) (-0.4) (-0.1) (-0.7) (-4.4)
DR 12.5 12.6 21.2 12.6 12.9 21.4 11.8 11.1 18.0 11.4 10.7 15.4
(0.1) (0.1) (0.0) (0.0) (0.1) (0.0) (-0.5) (-1.1) (-2.6) (-1.2) (-2.3) (-6.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 36.7 31.1 30.9 31.9 25.0 25.4 35.8 29.7 28.4 35.7 29.4 29.8
~ (-0.1) (-0.1) (-0.1) (-1.5) (-1.6) (-1.5) (-0.8) (-1.4) (-2.5) (-1.4) (-0.7) (0.0)
» IPW 2 7.1 10.9 17.9 7.9 12.0 17.0 7.5 11.8 18.7 7.6 11.4 14.4
o (-0.4) (-0.4) (-0.4) (0.0) (0.0) (-0.1) (-0.1) (0. 0) (0.0) (0.0) (-0.3) (-2.3)
£ IPW3 1.0 2.7 9.4 1.4 3.4 8.8 1.2 2.8 9.1 1.0 2.5 5.5
ot (-0.2)  (-0. 2) (-0.1) (0.0) (0.1) (0.0) (0.1) (0.1) (-0.2) (0.0) (-0.5)  (-3.0)
DR 2.1 4.0 10.3 2.2 4.2 10.5 1.7 3.1 8.5 1.4 2.7 6.2
(0.0) (0.1) (0.0) (0.0) (0:0) (0.0) (-0.3) (-0.7) (-1.7) (-0.8) (-1.6) (-4.5)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 45.2 66.2 41.9 50.3 70.7 46.5 46.6 67.4 40.9 58.0 75.7 53.7
- (0.2) (0.1) (0.0) (-0.3) (-0.2) (-0.4) (0.1) ( 0 2) (-1.6) (-0.5) (-0.3) (-0.1)
& IPW 2 18.2 23.2 26.2 18.7 23.3 27.2 16.3 0.5 18.8 23.2 7.2
o (-0.5) (-0.7)  (-0.5) (-0.1) (0.0) (0.0) (-3.1) ( 4 5) (-6.9) (0.0) (0.0) (-0.2)
= IPW3 10.6 12.3 16.6 10.9 13.0 17.6 8.6 9.0 9.8 11.0 12.8 17.3
x (-0.2) (-0.3) (-0.1) (-0.1) (0.0) (0.0) (-2.2)  (-3. 6) ( .9) (0.0) (-0.1)  (-0.3)
DR 12.5 14.3 18.9 12.6 14.5 19.7 2.7 13.9 5.8 13.1 14.8 19.8
(0.1) (0.1) (0.0) (0.0) (0.0) (0.1) (0.0) -0.7) (- 2.6) (0.0) (-0.2) (-0.4)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 30.1 52.1 29.8 35.9 58.4 35.3 31.8 53.8 29.8 45.3 65.9 44.0
- (0.1) (0.1) (0.0) (-0.2) (-0.2) (-0.3) (0.1) (-0.1) (-1.1) (-0.4) (-0.2) (-0.1)
& IPW2 7.7 10.1 14.3 8.1 10.1 15.1 6.8 8.4 0.4 8.3 10.2 15.1
o (-0.3) (-0.4) (-0.3) (-0.1) (0.0) (0.0) (-2.0)  (-3.0) (-4.5) (0.0) (0.0) (-0.1)
= IPW3 4.0 3.4 7.4 4.2 8.0 2.8 1.2 3.0 4.3 4.0 7.9
~ (-0.1)  (-0.2) (0.0) (0.0) (0 O) (0.0) (-1.4)  (-2.3) (-3.6) (0.0) (0.0) (-0.2)
DR 8.1 6.1 10.0 8.0 10.2 8.3 5.6 8.2 8.4 6.7 10.4
(0.1) (0.0) (0.0) (0.0) (0 0) (0.1) (0.0) (-0.4) (-1.6) (0.0) (-0.1)  (-0.2)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2

with respect to the conventional propensity score for each estimation method and for each possible DGP are reported along with the

bias? (ATE(p)) —bias2 (ATE(5%))
bias2 (ATE(p))+ Var(ATE(p))

percentage change which is due to the bias introduced by shrinkage, i.e., ( ) (in parenthesis). The tuning

parameter A is chosen according to the fixed tuning parameter method.



Table A.5: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 2 instead of the conventional propensity scores with trimming rule 1,
fixed valued A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 26.7 19.3 17.0 29.4 19.4 13.7 34.0 24.3 19.4 34.2 24.7 17.6
- (0.0) (-0.1) (0.1) (-2.2)  (-24) (-14) (-0.1) (-0.1) (0.1) (-3.0) (-0.8) (2.1)
= IPW 2 15.0 114 10.5 15.4 12.3 11.6 15.1 10.8 9.6 16.7 14.2 11.3
o (-1.0) (-1.3) (-1.7) (-0.2) (-0.1) (0.2) (-2.3)  (-2.8) (-3.1) (1.1) (1.4) (-0.3)
£ IPW3 13.9 10.3 8.8 14.1 10.9 9.6 14.5 10.2 8.6 15.2 12.4 8.6
ot (-0.5) (-0.6) (-0.8) (-0.1) (0.0) (0.2) (-1.1)  (-1.4) (-1.5) (1.1) (1.2) (-1.0)
DR 10.2 7.0 7.2 9.9 7.1 7.7 11.1 7.5 7.7 10.3 7.8 5.3
(0.0) (0.0) (0.1) (0.0) (0.0) (0.1) (0.0) (0.0) (0.1) (0.9) (0.3) (-2.7)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 21.8 13.5 10.6 23.8 14.1 8.6 27.0 16.7 12.0 27.8 18.6 12.0
- (0.0) (0.0) (0.1) (-1.4) (-1.5) (-0.8) (-0.1) (-0.1) (0.1) (-2.0)  (-0.5) (1.5)
= IPW2 11.9 6.3 5.4 12.1 7.2 6.1 12.1 5.4 4.4 12.9 8.7 6.3
o (-0.6) (-0.8) (-1.1) (-0.1) (-0.1) (0.1) (-1.4)  (-1.7)  (-2.0) (0.7) (0.9) (-0.2)
= IPW3 12.1 6.4 4.7 12.2 6.9 5.2 12.6 5.8 4.1 12.8 8.2 4.9
ot (-0.3) (-0.4) (-0.5) (-0.1) (0.0) (0.1) (-0.7)  (-0.8) (-1.0) (0.7) (0.8) (-0.7)
DR 11.6 6.0 4.8 114 6.1 5.1 12.3 5.9 4.5 11.6 6.7 4.0
(0.0) (0.0) (0.0) (0.0) (0.0) (0.1) (0.0) (0.0) (0.0) (0.6) (0.2) (-1.7)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 23.7 15.9 15.0 24.2 14.9 12.3 28.1 17.5 11.9 28.6 20.1 18.1
~ (-0.2) (-0.3) (-0.2) (-2.8) (-3.2) (-2.9) (-1.5) (-2.6) (-4.8) (-1.9) (-0.7) (1.3)
w IPW?2 15.0 10.0 10.6 14.8 10.7 12.2 16.7 11.3 10.9 . 12.4 11.2
o (-0.7)  (-0.6) (-0.8) (-0.2) (-0.3) (-0.2) (-0.3) (0.1) (0.0) (1.2) (0.6) (-2.3)
= IPW3 14.3 8.9 9.5 14.1 9.3 10.4 15.8 9.8 8.8 15.1 10.5 8.4
~ (-0.4) (-0.3) (-0.3) (-0.1) (-0.1) (-0.1) (0.0) (0.2) (-0.5) (1.0) (0.3) (-3.1)
DR 10.3 6.0 8.0 10.1 6.0 8.2 10.5 5.0 4.7 10.1 5.5 3.9
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.4) (-1.0) (-2.8) (0.4) (-0.9) (-5.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 19.0 10.1 8.0 19.3 9.5 5.9 22.1 11.2 6.2 22.5 12.9 10.0
~ (-0.1) (-0.2) (-0.1) (-1.8) (-1.9) (-1.8) (-1.0) (-1.6) (-3.1) (-1.2) (-0.3) (0.9)
w IPW?2 11.0 5.0 3.7 10.7 5.5 4.2 12.0 5.8 4.0 11.7 6.7 3.8
o (-0.4) (-0.4) (-0.5) (-0.1) (-0.1) (-0.1) (-0.2) (0.0) (0.0) (0.7) (0.4) (-1.5)
£ IPW3 11.2 4.8 3.1 11.0 5.1 3.3 12.1 5.4 2.8 11.7 5.9 2.3
ot (-0.2) (-0.2) (-0.2) (-0.1) (-0.1) (0.0) (0.0) (0.1) (-0.3) (0.7) (0.2) (-2.0)
DR 10.2 4.2 2.4 10.1 4.3 2.5 10.3 3.5 0.3 10.3 4.1 0.0
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (-0.5 (-1.7) (0.3) (-0.6) (-3.4)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 23.9 16.3 16.7 28.1 18.5 15.8 30.3 20.7 16.9 33.1 22.2 17.5
- (0.2) (0.0) (0.0) (-0.5) (-0.9) (-0.7) (-0.1) (-0.6) (-2.1) (-1.8) (-1.4) (-0.2)
& IPW 2 13.4 9.1 11.1 13.1 9.6 11.2 11.7 5.1 3.4 13.5 10.5 12.1
o (-0.6) (-0.8) (-0.7) (-0.1) (0.0) (0.0) (-3.2) (-5.1) (-8.2) (0.4) (0.8) (1.0)
£ IPW3 12.7 8.5 10.3 12.5 8.9 10.3 11.8 5.6 4.3 12.9 9.7 11.0
ot (-0.3) (-0.4) (-0.3) (-0.1) (0.0) (0.0) (-2.2)  (-3.7) (-6.2) (0.5) (0.7) (0.9)
DR 9.4 6.0 8.8 9.1 5.9 8.6 10.1 5.7 6.5 9.4 6.4 9.0
(0.0) (0.0) (0.1) (0.0) (0.0) (0.1) (-0.2) (-0.8) (-2.5) 0.6) (0.6) (0.7)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 19.1 10.1 11.2 22.3 12.1 11.1 23.6 13.1 11.6 26.6 15.5 13.1
- (0.1) (0.0) (0.0) (-0.3) (-0.6) (-0.5) (-0.1) (-0.4) (-1.3) (-1.2) (-1.0) (-0.2)
& IPW2 11.2 4.6 6.3 11.0 5.3 6.3 10.3 2.2 1.6 11.3 5.9 6.9
o (-0.4) (-0.5) (-0.4) (-0.1) (0.0) (0.0) (-1.8)  (-3.0) (-4.8) (0.3) (0.5) (0.6)
= IPW3 11.5 5.0 6.1 11.4 5.5 6.0 11.1 3.1 2.4 11.6 6.1 6.5
o<t (-0.2)  (-0.3) (-0.2) (0.0) (0.0) (0.0) (-1.2)  (-2.2) (-3.6) (0.3) (0.4) (0.6)
DR 11.8 5.1 5.9 11.6 5.1 5.7 12.3 4.7 4.5 11.7 5.5 6.1
(0.0) (0.0) (0.0) (0.0) (0.0) (0.1) (-0.1)  (-0.5) (-1.4) (0.4) (0.4) (0.5)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with
respect to the conventional propensity score combined with trimming rule 1 for each estimation method and for each possible DGP are
biasz(ATE(ﬁ))—biasz(ATE(ﬁS))) (in

reported along with the percentage change which is due to the bias introduced by shrinkage, i.e., ( biasZ (ATE(p))+ Var(ATE())
ias P ar D

parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter method.



Table A.6: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 2 instead of the conventional propensity scores with trimming rule 2,
fixed valued A

linear nonlinear linear nonlinear

N 100 200 500 100 200 500 100 200 500 100 200 500

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 24.0 18.0 10.2 24.7 18.5 9.9 25.4 19.0 11.0 30.1 26.1 19.6
- (-0.1) (0.0) (0.1) (-2.8)  (-2.4) (-1.3) (-0.2) (-0.1) (0.1) (-1.9) (1.7) (6.9)
= IPW 2 12.0 6.6 7 12.5 7.4 4.1 11.2 5.0 1.4 13.7 10.0 8.9
o (-1.1)  (-1.5)  (-2.0) (-0.3) (-0.1) (0.2) (-2.5)  (-3.2) (-3.7) (1.4) (2.8) (5.4)
£ IPW3 7.5 4.0 1.2 7.8 4.3 1.9 7.0 3.1 0.7 8.8 6.4 5.9
ot (-0.5) (-0.7) (-1.0) (-0.2) (0.0) (0.2) (-1.3)  (-1.6) (-1.8) (1.2) (2.3) (4.4)
DR 3.0 1.4 0.1 2.8 1.1 -0.1 3.2 1.4 0.3 3.1 2.0 2.1
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.7) (1.2) (2.3)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 19.2 13.6 6.9 19.9 14.6 7.0 20.2 14.4 7.3 24.2 20.5 13.9
- (-0.1) (0.0) (0.1) (-1.7)  (-1.4) (-0.7) (-0.1) (0.0) (0.1) (-1.2) (1.2) (4.9)
= IPW2 8.5 4.0 1.9 8.8 5.2 3.2 8.0 3.0 1.1 9.6 6.8 6.1
o (-0.7)  (-0.9) (-1.2) (-0.2) (-0.1) (0.2) (-1.5)  (-1.9) (-2.3) (0.9) (1.7) (3.3)
= IPW3 7.2 3.6 1.7 7.4 4.2 2.4 6.9 3.0 1.3 8.0 5.5 4.8
ot (-0.3) (-0.4) (-0.6) (-0.1) (0.0) (0.1) (-0.8) (-0.9) (-1.1) (0.7) (1.4) (2.7)
DR 6.1 3.7 2.1 5.9 3.6 2.2 6.2 3.8 2.1 5.9 4.1 3.5
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.4) (0.7) (1.4)

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 19.3 13.9 8.0 18.0 12.4 6.3 18.7 13.0 6.5 23.6 20.1 18.2
~ (-0.2) (-0.3) (-0.2) (-3.1) (-3.4) (-3.2) (-1.0) (-1.5) (-1.6) (-1.1) (1.7) (7.2)
w IPW?2 10.2 7.2 4.0 10.0 7.6 4.6 11.8 9.8 8.5 11.6 10.5 8.9
o (-0.7)  (-0.7) (-0.8) (-0.3) (-0.3) (-0.2) (0.4) (1.6) (3.5) (1.7) (2.9) (4.5)
= IPW3 7.2 4.8 2.6 7.0 4.9 2.9 8.3 6.7 5.8 8.3 7.3 6.3
~ (-0.4) (-0.3) (-0.4) (-0.2) (-0.2) (-0.1) (0.5) (1.4) (2.9) (1.5) (2.4) (3.6)
DR 2.6 1.8 0.8 2.6 1.8 0.7 2.8 2.3 1.6 3.1 2.9 2.1
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) (0.3) (0.8) (0.7) (1.2) (1.4)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 15.0 10.1 5.9 14.2 9.2 5.0 14.7 9.4 5.2 18.1 14.2 13.0
~ (-0.1) (-0.2) (-0.1) (-1.9) (-2.00 (-1.9) (-0.7) (-0.9) (-1.0)0 (-0.7) (1.3) (4.7)
w IPW?2 6.1 4.6 1.4 5.9 5.0 1.8 7.0 6.2 4.2 6.9 6.8 4.5
o (-0.4) (-0.4) (-0.5) (-0.2) (-0.2) (-0.1) (0.2) (0.8) (2.2) (1.0) (1.8) (2.7)
£ IPW3 5.1 3.9 1.1 4.9 4.1 1.2 5.7 5.0 3.0 5.7 5.5 3.4
ot (-0.2) (-0.2) (-0.2) (-0.1) (-0.1) (-0.1) (0.3) (0.8) (1.7) (0.9 (1.5) (2.2)
DR 4.2 3.5 0.9 4.1 3.5 0.8 4.2 3.6 1.4 4.5 4.2 1.5
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.1) (0.1) (0.5) (0.5) (0.8) (0.9)

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 21.0 14.6 11.1 23.0 16.0 11.7 22.6 16.3 12.6 26.9 19.6 15.0
- (0.0) (0.0) (0.0) (-1.2)  (-0.9) (-0.7) (0.4) (1.1) (1.4) (-1.8)  (-0.6) (0.8)
& IPW 2 10.1 6.4 5.1 10.0 6.9 6.1 7.7 3.2 0.2 10.2 7.5 7.0
o (-0.6) (-0.9) (-0.9) (-0.1) (0.0) (0.0) (-3.2) (-4.2) (-5.6) (0.1) (0.6) (1.0)
£ IPW3 6.7 4.3 4.1 6.6 4.6 4.7 5.2 2.3 1.1 6.7 5.0 5.5
ot (-0.3) (-0.5) (-0.5) (-0.1) (0.0) (0.0) (-1.9)  (-2.4) (-3.3) (0.1) (0.5) (0.8)
DR 2.4 1.7 2.9 2.2 1.6 3.0 2.7 2.2 3.5 2.1 1.7 3.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) (0.5) (0.6) (0.1) (0.3) (0.3)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 15.1 10.6 7.2 17.0 12.1 7.7 16.4 12.0 8.4 20.5 15.2 10.4
- (0.0) (0.0) (0.0) (-0.7)  (-0.6) (-0.5) (0.3) (0.7) (0.9) (-1.2)  (-0.4) (0.5)
& IPW2 6.0 3.2 2.2 6.2 3.9 2.5 4.5 1.3 -0.5 6.3 4.2 3.2
o (-0.4) (-0.5) (-0.5) (-0.1) (0.0) (0.0) (-1.9)  (-2.4) (-3.2) (0.1) (0.4) (0.6)
= IPW3 5.1 2.9 2.1 5.2 3.4 2.3 4.2 1.8 0.5 5.3 3.7 2.8
o<t (-0.2)  (-0.3) (-0.2) (0.0) (0.0) (0.0) (-1.1)  (-1.3) (-1.8) (0.1) (0.3) (0.5)
DR 4.3 3.0 2.2 4.2 2.9 2.2 4.5 3.4 2.5 4.1 2.9 2.3
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) (0.4) (0.4) (0.1) (0.2) (0.2)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with
respect to the conventional propensity score combined with trimming rule 2 for each estimation method and for each possible DGP are

reported along with the percentage change which is due to the bias introduced by shrinkage, i.e., (

parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter method.

bias2 (ATE(p))+ Var(ATE(p))

bias? (ATE(p)) —bias? (ATE(p)) ) (in



Table A.7: Percentage improvement in MSE for the ATE if the shrunken propensity scores are used
with trimming rule 2 instead of the conventional propensity scores with trimming rule 3, fixed valued

A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 25.6 -9.0 2.2 58.3 37.6 16 34.1 5.7 2.5 79.2 62.4 32.7
- (-0.1) (7.5) (0.5) (60.7) (40.8) (15.0) (39.6) (14) (1.8) (73.8) (57.6) (28.8)
= IPW 2 13.7 24.8 33 63.5 56.9 50 40.2 41 44 82.5 75.2 64.6
° (-0.9) (1.1) (-1.5)  (52.1) (26.3) (7.5) (23.7) (2.1) (-2.2) (65.6) (37.1) (10.8)
s IPW3 12.8 -2.7 12 59 43.4 27 29.3 11 15 81 67.4 40.1
ot (-0.4) (3.1) (-1.1)  (59.6) (35.4) (7.5) (33.5) (6.1) (-1.8)  (72.6) (49.2) (10.1)
DR 8.6 12 13 26.7 12.2 14 26.5 12 12 29.2 13.2 10.1
0) (0.1) (-0.1) 0) (0 ) (0.2) 0) (0.4) (0.2) (2.9) (0:6) (-4.8)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -5.8 -14.4 -2.6 43.0 22.2 7.5 18.6 -4.5 -2.3 69.6 49.0 21.9
- (16.9) (4.5) (0.3) (49.1) (30.3) (10.0) (28.5) (9.3 (1.1) (66.6) (48.6) (21.4)
= IPW2 0.4 7.4 18.2 47.0 38.7 33.7 22.9 224 28.1 72.0 61.5 49.8
o (10.3) (0.7) (-1.1)  (42.4) (20.9) (5.7) (17.3) (1.5) (-1.8)  (59.0) (32.5) (8.9)
'% IPW 3 -10.6 -12.1 2.3 42.7 25.5 13.0 13.5 -2.5 4.2 70.5 52.1 25.2
ot (13.7) (1.9) (-0.8)  (47.9) (26.5) (5.1) (23.6) (4.0) (-1.3)  (65.2) (41.5) (7.3)
DR 33.5 6.1 4.1 33.5 6.5 4.9 33.6 5.9 3.4 34.7 7.4 2.4
(0.0) (0.1) (-0.1) (0.0) (0.0) (0.1) (0.0) (0.2) (0.1) (1.7) (0.4) (-3.3)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -9.7 1.0 13.8 -12.7 -21.1 3.8 -9.3 -4.6 7.3 28.0 -6.5 9.6
~ (16.0)  (17.1) (6.3) (-2.6) (-4.7) (-3.2) (4.0} (10.1) (0.6) (15.1) ((0,3) (0.0)
w IPW?2 7.2 19.4 21.5 12.9 15.2 0.7 17.6 26.8 26.4 44.8 31.9 25.8
° (14.1)  (14.0) (5.4) (1.1) (-0.3) (-0.2) (6.0) (11.0) (5.3) (13.2) (1.0) (-3.3)
'% IPW 3 -5.1 9.7 15.4 -4.7 -7.2 7.7 0.9 12.0 15.4 33.4 6.2 5.0
~ (16.5)  (18.8) (7.1) (1.1) (0.0) (0.3) (7.6) (16.4) (7.1) (15.1)  (-0.4) (-4.8)
DR 38.5 16.5 15.5 9.6 17.3 15.7 37.9 14.9 12.2 37.8 14.4 8.9
(0.0) (0.4) (0.3) (1.8) (1.0) (0.2) (-0.4) (-0.8) (-2.5) (-0.5) (-2.0) (-6.9)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -4.1 0.7 7.8 -5.9 -11.1 0.4 -4.1 -2.4 4.0 19.1 -3.7 3.8
~ (8.8) (9.9) (4.1) (-1.4) (-2.4) (-1.9) (2.3) (5.9) (0.5) (10.0) (0.3) (0.0)
w IPW?2 2.5 10.4 11.3 5.8 7.5 9.5 9.3 16.0 15.5 30.1 19.6 13.4
o (8.4) (8.7) (3.6) (0.6) (-0.2) (-0.1) (3.8) (7.1) (3.6) (9.4) (0.7) (-2.3)
£ IPW3 -3.9 5.4 7.4 -3.9 -4.5 1.6 -0.4 7.0 7.9 21.4 3.2 -0.3
ot (9.4) (11.2) (4.6) (0.6) (0.0) (0.2) (4.5) (9.9) (4.6) (10.2)  (-0.3) (-3.1)
DR 6.0 -1.8 3.1 7.6 -1.0 3.2 5.6 -2.8 1.2 5.9 -3.2 -1.6
(0.0) (0.3) (0.2) (1.6) (0.7) (0.1) (-0.3) (-0.5) (-1.6) (-0.5) (-1.6) (-4.8)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 63.6 40.2 20.9 81.2 64.5 34.5 74.5 50.8 22.0 89.7 77.9 47.9
- (68.2) (43.7) (13.1) (79.6) (61.6) (26.7) (72.9) (49.8) (14.6) (84.7) (70.7) (38.6)
& IPW 2 62.6 47.1 36.7 82.5 71.2 55.3 73.1 57.0 41.9 91.5 84.4 71.4
° (62.1)  (30.6) (6.3) (75.5) (48.3) (16.1) (65.5) (30.8) (2.0) (81.5) (55.9) (21.3)
s IPW3 61.8 40.6 22.5 82.1 68.0 40.8 72.9 50.0 22.0 91.4 82.5 57.6
ot (66.3) (38.4) (6.8) (78.9) (57.2) (17.1) (70.5) (41.6) (2.7) (84.3) (66.0) (24.4)
DR 39.2 15.4 13.2 40.2 15.9 13.7 39.3 15.4 10.3 45.4 19.9 14.7
(0.0) (0.2) (0.1) (1.3) (1.0) (0.6) (0.1) (0.2) (-2.2) (9.0) (5.1) (1.3)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 45.6 21.5 9.4 70.6 49.6 21.7 60.6 329 11.1 84.2 68.1 36.1
- (58.3) (33.2) (8.9) (73.5)  (52.6) (19.6) (65.2) (39.9) (10.2) (81.4) (64.8) (31.2)
& IPW2 43.5 27.7 20.3 71.1 55.9 38.2 58.2 39.3 26.2 85.4 74.4 57.1
o (52.2)  (23.6) (4.5) (69.2) (41.5) (12.5) (57.8) (25.1) (1.6) (78.0) (51.4) (18.2)
'% IPW 3 42.9 21.6 9.8 70.9 52.3 25.1 58.1 31.8 10.0 85.5 72.0 41.9
o<t (56.0)  (29.0) (4.6) (72.5) (48.6) (12.4) (62.6) (33.0) (2.0) (80.9) (60.2) (19.3)
DR 58.3 17.0 7.3 58.5 17.5 7.7 58.3 16.7 5.6 60.0 19.9 8.5

0.0) (0.1)  (0.0) (0.6) (0.6) (0.4) (0.0) (0.1) (-1.3) (3.9  (3.0)  (1.0)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with
respect to the conventional propensity score with trimming rule 3 for each estimation method and for each possible DGP are reported along

jas2 5)) — bias2 55
bias? (ATE(p)) _bias” (ATE(p >>)4 (in parenthesis). The

with the percentage change which is due to the bias introduced by shrinkage, i.e., ( biasZ (ATE(p))+ Var(ATE())
ias D ar P

tuning parameter X is chosen according to the fixed tuning parameter method.



Table A.8: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 2 instead of the conventional propensity scores, MSE(p$)-minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 55.2 64.1 66.9 55.8 64.9 64.5 55.7 64.9 66.9 62.8 1.7 70.2
- (-0.1) (-0.1) (0.0) (-1.6) (-1.3) (-0.6) (-0.1) (-0.2) (0.0) (-1.7)  (-0.7) (0.1)
= IPW 2 3.3 28.6 37.3 23.9 29.2 38.6 23.0 28.7 38.4 23.8 29.0 35.0
o (-0.8) (-0.5) (-1.2) (-0.1) (-0.2) (0.0) (-1.9)  (-1.3) (-2.1) (0.1) (-0.1) (-3.1)
£ IPW3 11.9 15.3 19.0 12.5 15.8 20.9 11.0 14.8 18.2 12.5 15.4 15.9
ot (-0.3) (-0.1) (-0.5) (0.0) (0.0) (0.0) (-0.7)  (-0.3) (-0.9) (0.0) (-0.3) (-4.6)
DR 13.8 17.6 22.6 14.5 18.4 24.1 13.5 17.6 22.7 14.9 18.3 19.5
(0.1) (0.1) (0.0) (0.0) (0.0) (-0.1) (0.1) (0.3) (0.1) (-0.7)  (-1.2) (-5.8)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 38.1 50.3 53.0 39.9 52.2 50.4 39.1 51.6 53.3 48.9 61.0 58.0
- (-0.1)  (-0.1) (0.0) (-1.3)  (-1.1) (-0.4) (-0.1) (-0.1) (0.0) (-1.4)  (-0.6) (0.1)
= IPW2 7.8 15.9 22.8 8.3 16.2 23.0 7.9 6.1 25.0 8.4 16.1 20.3
o (-0.5) (-0.3) (-1.0) (-0.1) (-0.1) (0.0) (-1.2)  (-0.9) (-1.7) (0.1) (0.0) (-2.4)
= IPW3 1.1 6.0 7.0 1.6 6.3 8.4 0.6 5.6 6.9 1.7 6.1 5.1
ot (-0.2) (-0.1) (-0.5) (0.0) (0.0) (0.0) (-0.4) (-0.2) (-0.7) (0.0) (-0.2) (-3.4)
DR 4.2 8.3 9.4 4.8 8.9 11.3 4.0 8.3 9.4 5.3 8.9 8.7
(0.0) (0.1) (-0.1) (0.0) (0.0) (-0.1) (0.1) (0.2) (0.0) (-0.4) (-0.8) (-4.3)
homogeneous, homoscedastic heterogeneous, homoscedasti
IPW 1 47.9 86.0 43.7 41.7 69.1 40.2 46.9 85.3 40.0 46.1 70.0 47.1
~ (-0.1) (0.0) (-0.2) (-2.4) (-1.1) (-2.4) (09 (-04) (-3.7) (-2.6) (-0.6) (-0.1)
w IPW?2 20.8 22.0 28.3 21.5 23.4 31.1 21.5 22.7 28.8 20.9 22.5 28.2
o (-0.9) (-0.7) (-0.4) (-0.2) (-0.2) (-0.2) (-0.6) (-0.1) (-0.1) (0.1) (-0.5)  (-2.4)
= IPW3 12.3 11.7 17.1 12.9 12.9 17.9 12.6 11.9 16.5 12.3 11.6 14.0
~ (-0.4) (-0.3) (-0.2) (0.0) (0.0) (0.2) (0.0) (0.2) (-0.7) (0.0) (-0.8) (-3.3)
DR 12.8 12.8 19.5 13.1 13.3 20.1 12.3 11.7 16.6 11.8 11.1 15.1
(0.0) (0.1) (0.2) (0.0) (0.0) (0.1) (-0.4) (-1.0) (-2.6) (-1.1) (-2.3) (-5.3)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 31.9 78.0 31.0 26.5 55.8 28.4 31.4 77.3 28.7 31.1 57.1 35.0
~ (0.0) (0.0) (-0.1) (-1.6) (-1.0) (-1.7) (-0.6) (-0.4) (-2.6) (-1.8) (-0.6) (-0.1)
w IPW?2 6.4 8.6 15.9 7.0 9.8 18.5 7.0 9.3 16.3 6.5 9.2 16.3
o (-0.6) (-0.5) (-0.4) (-0.1) (-0.1) (-0.1) (-0.4) (-0.1) (-0.1) (0.1) (-0.3) (-1.8)
£ IPW3 1.2 1.7 7.8 1.6 2.5 8.6 1.4 1.9 7.5 1.2 1.6 5.8
ot (-0.3) (-0.2) (-0.2) (0.0) (0.0) (0.1) (0.0) (0.1) (-0.4) (0.0) (-0.5)  (-2.4)
DR 1.9 2.7 10.1 2.1 3.1 10.4 1.6 2.0 8.2 1.3 1.7 6.9
(0.0) (0.0) (0.1) (0.0) (0.0) (0.1) (-0.2) (-0.7) (-1.7) (-0.8) (-1.5) (-3.9)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 71.1 55.9 44.6 75.9 61.0 48.2 72.2 57.0 43.7 80.3 67.1 56.7
- (0.0) (0.0) (0.4) (-0.4) (-0.6) (-0.2) (0.0) (-0.2) (-1.0) (-0.7) (-0.8) (-0.2)
& IPW 2 20.3 23.0 29.7 21.3 24.1 29.1 17.8 19.7 4.9 21.3 24.2 8.8
o (-1.1)  (-0.8) (-0.9) (-0.1) (-0.1) (0.2) (-4.5)  (-4.9) (-7.7) (0.0) (0.0) (-0.2)
£ IPW3 11.4 12.8 15.7 12.1 13.6 16.4 8.6 9.2 8.9 12.2 13.6 15.7
ot (-0.6) (-0.4) (-0.6) (0.0) (0.0) (0.1) (-3.2) (-3.8) (-7.1) (0.0) (0.0) (-0.5)
DR 12.7 14.9 17.9 13.1 15.2 18.5 12.4 14.3 15.2 13.8 15.8 18.3
(0.0) (0.0) (0.2) (0.0) (0.0) (0.0) (-0.2)  (-0.6) (-2.3) (0.0) (-0.1) (-1.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 57.0 42.1 29.6 64.1 48.3 33.7 59.0 43.7 29.2 71.2 56.5 43.8
- (0.0) (0.0) (0.3) (-0.3) (-0.5) (-0.1) (0.0) (-0.1) (-0.9) (-0.6) (-0.7) (-0.1)
& IPW2 7.4 12.3 17.8 7.9 12.8 16.9 6.0 10.5 15.4 8.0 12.9 16.8
o (-0.6) (-0.5) (-0.7) (0.0) (-0.1) (0.1) (-2.8)  (-3.1) (-5.5) (0.0) (0.0) (-0.2)
= IPW3 2.9 5.9 6.8 3.3 6.2 7.2 1.3 3.8 2.6 3.4 6.3 6.9
o<t (-0.3) (-0.2) (-0.5) (0.0) (0.0) (0.1) (-1.9)  (-2.3) (-4.8) (0.0) (0.0) (-0.4)
DR 6.9 8.7 8.4 7.1 8.9 9.5 6.7 8.5 6.4 7.5 9.3 9.8
(0.0) (0.0) (0.1) (0.0) (0.0) (0.0) (-0.1)  (-0.3) (-1.7) (0.0) (0.0) (-0.7)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2
with respect to the conventional propensity score for each estimation method and for each possible DGP are reported along with the

percentage change which is due to the bias introduced by shrinkage, i.e., <

bias? (ATE(p)) —bias2 (ATE(5%))

bias2 (ATE(p))+ Var(ATE(p))

parameter A is chosen according to the MSE minimizing tuning parameter method.

). (in parenthesis). The tuning



Table A.9: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 2 instead of the conventional propensity scores with trimming rule 1,
MSE(p;)-minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 28.6 18.1 18.6 30.4 17.0 18.1 35.4 23.2 22.2 34.7 20.9 24.1
- (-0.1) (-0.2) (0.1) (-2.6) (-3.2) (-1.5) (-0.1) (-0.3) (0.0) (-3.4) (-2.4) (1.7)
= IPW 2 17.2 10.7 9.5 17.8 10.8 11.7 16.7 10.6 9.5 19.4 12.5 10.0
o (-1.3) (-0.8) (-1.7) (-0.2) (-0.3) (0.0) (-2.8) (-2.0) (-3.1) (1.4) (1.0) (-1.6)
£ IPW3 16.5 8.8 8.3 16.8 8.8 9.5 16.6 9.3 8.6 18.1 10.2 7.1
ot (-0.6) (-0.3) (-0.9) (-0.1) (-0.2) (0.0) (-1.4) (-0.8) (-1.6) (1.3) (0.9) (-2.2)
DR 12.5 4.8 7.4 12.1 4.9 7.3 13.2 5.7 8.7 12.8 5.4 3.4
(0.0) (0.0) (-0.1)  (0.0) (0.0) (-0.1) (0.0) (0.0) (-0.1 1.0) 0.2) (-3.9)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 21.6 11.7 9.5 23.2 11.2 9.3 26.4 15.2 12.7 26.7 14.3 14.1
. (-0.1) (-0.1) (0.0) (-1.7)  (-2.0) (-0.9) (-0.1) (-0.2) (0.0) (-2.3) (-1.6) (1.2)
= IPW 2 12.4 5.3 2.8 12.8 5.5 4.0 12.2 5.3 3.5 13.8 6.6 2.8
o (-0.7) (-0.5) (-1.2) (-0.2) (-0.2) (0.0) (-1.6) (-1.2) (-2.2) (0.7) (0.6) (-1.3)
£ IPW3 13.3 4.9 2.6 13.4 5.0 3.4 13.3 5.2 3.4 14.2 5.9 1.7
~ (-0.3) (-0.2) (-0.7) (-0.1) (-0.1) (0.0) (-0.8) (-0.5) (-1.1) (0.7) (0.5) (-1.7)
DR 13.4 3.9 2.3 13.2 4.1 2.4 13.8 4.3 3.5 13.5 4.5 -0.2
(0.0) (0.0) (-0.1)  (0.0) (0.0) (-0.1) (0.0) (0.0) (-0.1) (0.5) (0.1) (-2.8)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 24.1 16.0 13.8 24.4 13.8 10.1 28.5 17.7 11.4 28.4 17.8 15.9
~ (-0.1) (-0.2) (-0.4) (-3.1) (-3.2) (-3.6) (-1.1) (-2.2) (-5.3) (-2.7) (-0.7) (1.0)
w IPW?2 15.2 9.8 8.7 15.7 9.8 9.3 16.3 11.4 10.1 17.1 11.1 7.9
o (-1.1)  (-0.9) (-0.5) (-0.3) (-0.3) (-0.2) (-0.9) (-0.2) (0.1) (1.2) (0.8) (-2.0)
= IPW3 14.7 8.8 7.5 15.0 8.6 7.7 15.8 10.0 7.9 16.2 9.3 5.5
~ (-0.6) (-0.5) (-0.2) (-0.2) (-0.1) (-0.1) (-0.3) (0.1) (-0.5) (1.1) (0.5) (-2.6)
DR 11.2 5.3 5.8 11.0 5.4 5.7 11.4 4.8 3.7 11.0 4.6 1.1
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (-0.9) (-2.8) (0.4) (-0.8) (-4.7)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 18.9 11.1 8.0 19.1 9.5 5.7 22.1 12.5 6.6 21.8 12.0 9.5
~ (-0.1) (-0.1) (-0.2) (-1.8) (-2.1) (-2.2) (-0.7) (-1.4) (-3.3) (-1.7) (-0.6) (0.6)
w IPW?2 10.4 5.3 3.4 10.5 5.0 3.9 11.2 6.6 4.4 11.3 5.6 3.0
o (-0.6) (-0.5) (-0.4) (-0.1) (-0.2) (-0.1) (-0.5) (-0.1)  (0.1) (0.7) (0.5) (-1.5)
£ IPW3 10.6 5.1 2.9 10.6 4.8 3.2 11.3 6.1 3.2 1.2 5.1 1.7
~ (-0.4) (-0.3) (-0.2) (-0.1) (-0.1) (0.0) (-0.2) (0.1) (-0.2) (0.6) (0.3) (-1.9)
DR 9.6 4.0 2.6 9.5 4.1 2.6 9.8 3.9 1.2 9.4 3.5 -0.4
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.5) (-1.6) (0.2) (-0.5) (-3.2)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 26.8 15.9 13.7 30.4 16.9 14.0 33.0 20.1 14.3 34.7 19.4 16.9
- (0.1) (0.1 (0.0) (-1.1)  (-1.3)  (-0.9) (-0.2) (-0.5) (-2.1) (-2.8) (-2.5) (-0.9)
& IPW 2 15.1 9.8 9.6 15.6 10.1 10.9 12.6 5.8 1.6 16.0 10.7 11.4
o (-1.2) (-1.0) (-1.3) (-0.1) (-0.1) (0.0) (-4.6) (-5.7) (-9.8) (0.6) (0.6) (0.3)
£ IPW3 14.9 8.8 8.5 15.1 9.0 9.3 13.4 6.0 1.8 15.5 9.6 9.6
ot (-0.7)  (-0.5) (-0.7)  (0.0) (0.0) (0.0) (-3.1) (-4.0) (-7.5) (0.6) (0.5) (0.2)
DR 11.7 5.6 7.0 11.4 5.7 7.4 12.2 5.4 4.1 11.5 6.2 74
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (-0.7) (-3.0 (0.7) (0.5) (-0.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 19.7 11.1 8.2 22.5 12.0 8.6 24.0 14.1 9.1 26.3 14.3 11.2
- (0.1) (0.0) (0.0) (-0.7)  (-0.9) (-0.5) (-0.1) (-0.3) (-1.5) (-1.9) (-1.7) (-0.6)
& IPW 2 11.1 5.7 4.4 11.3 5.7 4.9 9.6 3.5 -0.2 11.6 6.1 5.1
o (-0.7) (-0.6) (-0.8)  (0.0) (-0.1)  (0.0) (-2.6) (-3.3) (-6.3) (0.3) (0.3) (0.2)
£ IPW3 11.8 5.8 4.0 11.9 5.8 4.4 10.9 4.3 0.3 12.1 6.2 4.5
~ (-0.4) (-0.3) (-0.5)  (0.0) (0.0) (0.0) (-1.8) (-2.3) (-4.8) (0.3) (0.3) (0.1)
DR 12.6 5.7 3.6 12.4 5.8 3.9 12.9 5.6 2.2 12.5 6.1 3.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.4) (-2.0) (0.4) (0.3) (-0.2)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with
respect to the conventional propensity score combined with trimming rule 1 for each estimation method and for each possible DGP are
bias2 (ATE(p))—bias2 (ATE(55)) .
bias2 (ATE(p))+ Var(ATE(p)) ) (in
parenthesis). The tuning parameter X is chosen according to the MSE minimizing tuning parameter method.

reported along with the percentage change which is due to the bias introduced by shrinkage, i.e., (



Table A.10: Percentage improvement in MSE for the ATE if the shrunken propensity scores
are used with trimming rule 2 instead of the conventional propensity scores with trimming rule
2, MSE(p3)-minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 24.6 14.4 12.4 24.6 13.3 13. 25.7 15.0 13.4 29.4 19.6 23.1
- (-0.1)  (-0.3) (01) (-{’),1) (-3.@3) (-1.5)  (-0.2) (-0.5) (0.1) (-2.3) (-0.6) (6.5)
= IPW 2 12.4 7.5 3.6 13.2 7.6 5.5 11.1 6.7 2.0 14.5 9.8 9.5
o (-1.4) (-0.7) (-1.8) (-0.3) (-0.4) (0.1) (-3.2) (-2.0) (-3.4) (1.6) (2.1) (4.6)
£ IPW3 8.7 4.3 2.3 9.0 4.3 3.3 7.9 3.9 1.5 10.2 6.1 6.7
ot (-0.7)  (-0.3) (-0.9) (-0.2) (-0.2) (0.1) (-1.7) (-0.9) (-1.6) (1.4) (1.7) (3.8)
DR 4.0 0.9 1.6 3.7 1.0 1.2 4.1 0.9 1.8 4.0 1.8 2.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.8) (0.8) (1.9)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 18.3 11.0 9.2 18.7 10.7 9.7 19.2 11.4 9.9 22.5 15.2 17.0
. (-0.1)  (-0.2) (0.1) (-1.9) (-2.2) (-0.8) (-0.1) (-0.3) (0.1) (-1.6) (-0.4) (4.5)
= IPW 2 7.3 4.6 1.9 7.8 5.1 2.9 6.7 4.2 1.0 8.6 6.5 5.5
o (-0.7) (-0.4) (-1.2) (-0.2) (-0.2) (0.1) (-1.7) (-1.2) (-2.2) (0.9) (1.3) (2.8)
£ IPW3 6.5 3.7 1.6 6.7 4.0 2.1 6.1 3.5 1.1 7.4 5.1 4.2
~ (-0.4) (-0.2) (-0.6) (-0.1) (-0.1) (0.1) (-0.9) (-0.5) (-1.1) (0.8) (1.0) (2.2)
DR 6.1 3.4 1.6 5.9 3.5 1.3 6.2 3.4 1.6 6.1 4.0 2.2
(0.0) (0.0) (0.0 (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.4) (0.5) (1.0)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 21.5 13.4 9.4 20.0 11.7 7.3 21.3 12.7 7.5 24.8 19.1 20.3
~ (-0.1) (-0.2) (-0.4) (-3.3) (-3.3) (-3.8) (-0.7) (-1.3) (-2.6) (-1.8) (1.7) (7.6)
w IPW?2 10.4 6.1 2.8 10.8 6.7 3.0 11.7 8.6 6.8 12.5 9.4 8.4
o (-1.1)  (-1.0) (-0.6) (-0.3) (-0.3) (-0.4) (-0.3) (1.3) (3.3) (2.0) (3.0) (5.5)
= IPW3 7.1 3.8 1.0 7.3 4.2 1.0 8.1 5.7 3.8 8.8 6.4 5.6
~ (-0.7)  (-0.5) (-0.2) (-0.2) (-0.2) (-0.3) (0.1) (1.3) (2.5) (1.8) (2.5) (4.7)
DR 2.5 1.0 -1.0 2.4 1.1 -1.3 2.9 1.6 -0.6 2.9 1.9 1.0
(0.0) (0.0) (0.0 (0.0) (0.0) 0.0) (0.2) (0.4) (0.1) (0.9) (1.1) (2.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 16.0 9.8 6.5 15.2 8.7 5.3 16.1 9.4 5.4 18.5 13.6 14.1
~ (-0.1) (-0.1) (-0.2) (-1.9) (-2.1) (-2.2) (-0.4) (-0.8) (-1.6) (-1.1) (1.0) (5.3)
w IPW?2 6.2 3.0 1.2 6.4 3.3 1.5 7.0 4.5 3.7 4 5.0 4.9
o (-0.7)  (-0.5) (-0.4) (-0.2) (-0.2) (-0.2) (-0.2) (0.8) (2.0) (1.2) (1.7) (3.5)
£ IPW3 5.2 2.3 0.7 5.3 2.5 0.8 5.8 3.5 2.4 6.1 3.8 3.7
ot (-0.4) (-0.3) (-0.2) (-0.1) (-0.1) (-0.1)  (0.1) (0.8) (1.5) (1.0) (1.5) (3.0)
DR 4.6 2.1 0.6 4.5 1 0.5 4.9 2.4 0.8 4.8 2.6 1.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.1) (0.3) (0.1) (0.5) (0.6) (1.5)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 21.2 13.9 9.1 23.3 15.4 10.0 23.2 15.8 10.4 27.2 18.9 13.3
- (0.0) (0.0) (0.0) (-1.5)  (-1.5)  (-1.0)  (0.9) (1.1) (1.3)  (-2.5) (-1.8) (0.0)
& IPW 2 8.1 5.7 2.9 9.0 6.9 4.5 5.2 2.2 -2.3 9.2 7.4 5.6
o (-1.4) (-1.1) (-1.3) (-0.1) (-0.1) (0.0) (-4.8) (-4.8) (-6.4) (0.3) (0.5) (1.2)
£ IPW3 5.4 3.5 2.0 5.9 2.8 3.6 1.4 -1.2 6.0 4.5 3.7
ot (-0.8) (-0.6) (-0.7)  (0.0) (-0.1)  (0.0) (-2.9) (-2.8) (-3.6) (0.3) (0.5) (1.0)
DR 1.1 0.7 0.9 0.9 0.7 0.8 1.7 1.3 1.6 0.7 0.8 1.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.4) (0.5) (0.8) (0.2) (0.2) (0.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 15.6 10.3 6.7 17.2 11.5 7.6 17.1 11.7 7.7 20.5 14.4 10.3
- (0.0) (0.0) (0.0) (-1.0) (-1.0) (-0.6) (0.5) (0.7) (0.8) (-1.7) (-1.2) (0.1)
& IPW 2 5.1 3.0 1.5 5.5 3.6 2.5 3.5 1.1 -1.8 5.6 4.0 3.1
o (-0.8) (-0.6) (-0.8) (0.0) (-0.1)  (0.0) (-2.7) (-2.7) (-4.0) (0.1) (0.3) (0.7)
£ IPW3 4.6 2.6 1.6 4.8 2.8 2.0 3.6 1.5 -0.4 4.8 3.2 2.6
~ (-0.4) (-0.3) (-0.4) (0.0) (0.0) (0.0) (-1.6) (-1.6) (-2.3) (0.1) (0.3) (0.6)
DR 4.1 2.4 . 3.9 2.4 1.5 4.3 2.9 1.9 3.8 2.6 1.7
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) (0.3) (0.4) (0.1) (0.2) (0.3)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with
respect to the conventional propensity score combined with trimming rule 2 for each estimation method and for each possible DGP are
bias2 (ATE(p))—bias2 (ATE(55)) .
bias2 (ATE(p))+ Var(ATE(p)) ) (in
parenthesis). The tuning parameter X is chosen according to the MSE minimizing tuning parameter method.

reported along with the percentage change which is due to the bias introduced by shrinkage, i.e., (
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Table A.11: Percentage improvement in MSE for the ATE if the shrunken propensity scores are used
with trimming rule 2 instead of the conventional propensity scores with trimming rule 3, MSE(p?)-
minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 6.3 -15.7 2. 58.0 33.4 21.0 34.8 -0.7 4.4 78.7 59.7 38.8
. (24.6) (7.8) (2.1) (59.0) (41.1) (19.8) (37.5) (14.7) (4.3) (72.6) (58.1) (34.2)
= IPW 2 17.6 20.5 35.4 64.1 54.6 54.1 41.6 37.8 46.7 82.7 74.1 68.3
° (13.5) (2.1) (-0.9)  (50.0) (27.7) (10.5) (20.9) (3.3) (-1.2)  (63.9) (38.8) (14.0)
s IPW3 2.7 -6.9 10.2 60.0 41.3 28.7 31.5 8.0 13.0 81.4 66.4 43.5
ot (19.8) (4.1) (-0.8) (57.9) (36.5) (11.0) (30.9) (7.4) (-1.1)  (71.4) (50.4) (14.5)
DR 29.7 8.2 10.5 29.8 8.4 10.8 29.7 8.0 10.0 32.7 9.5 6.1
(0.1) (0.3) (0.5) (0.0) (0.0) (-0.1) (0.1) (0.7) (1.4) (3.2) (0.4) (-6.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -7.9 -16.8 -3.5 40.3 20.0 9.4 15.9 -7.1 -2.6 67.7 46.9 25.0
- (15.0) (5.1) (1.1) (46.8)  (30.7) (13.3) (26.3) (9.8) (2.5) (64.9) (48.8) (25.5)
= IPW2 -0.2 6.2 23.6 45.3 37.6 40.2 21.6 21.2 34.4 70.9 60.6 55.9
o (8.4) (1.7) (-0.8)  (39.8) (22.0) (7.6) (14.8) (2.7) (-1.1)  (56.9) (33.8) (11.0)
'% IPW 3 -11.0 -12.0 2.6 41.1 25.5 16.4 12.3 -1.8 5.0 69.5 51.9 29.8
ot (11.8) (2.8) (-0.7)  (45.6) (27.3) (7.1) (21.2) (5.2) (-1.0) (63.5) (42.2) (10.1)
DR 33.7 4.0 3.1 33.9 4.3 3.5 33.6 3.9 2.6 35.3 4.9 0.7
(0.0) (0.3) (0.2) (0.0) (0.0) (-0.1) (0.1) (0.5) (0.7) (1.7) (0.1) (-4.1)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -8.0 -2.0 11.7 -14.2 -24.0 0.1 -7.7 -7.0 5. 26.0 -9.3 6.1
~ (18.1) (17.1) (6.6 (-3.6) (-4.7) (-4.0) (6.0) (10.5) (0.5) (13.1)  (-0.1) (-0.2)
w IPW?2 7.8 17.1 21.2 11.6 14.5 0.4 17.9 25.5 26.4 44.0 32.3 25.5
o (15.6) (13.1) (5.5) (0.5) (-0.3) (-0.3) (6.8) (10.1) (5.3) (12.2) (1.2) (-2.5)
'% IPW 3 -5.7 6.7 15.2 -7.8 -9.9 7.0 -0.1 9.3 15.8 31.4 3.8 4.5
ot (18.6) (18.9) (6.9) (0.6) (0.1) (0.2) (9.0) (16.6) (6.8) (14.2)  (-0.4) (-3.8)
DR 36.8 11.3 10.2 37.8 12.2 10.2 36.4 10.2 7.6 35.9 9.1 3.2
(0.0) (0.4 (0.1) (1.4) (1.1) (0.0) (-0.3) (-0.6) (-3.0) (-0.7) (-2.2) (-6.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -4.0 0.2 5.5 -7.7 -11.0 -1.4 -4.0 -2.8 1.9 16.5 -3.8 2.7
~ (10.1) (9.2) (4.8) (-1.9) (-2.6) (-2.2) (3.6) (5.4) (1.0) (8.2) (0.1) (-0.1)
» IPW 2 1.2 9.9 11.3 3.2 8.4 11.5 7.5 15.7 15.6 27.5 21.1 15.5
o (9.3) (7.6) (4.0) (0.3) (-0.2) (-0.1) (4.4) (6.1) (4.0) (8.2) (1.0) (-1.9)
£ IPW3 -5.5 4.3 6.8 -7.3 -4.8 1.5 -2.6 5.8 7.4 18.0 2.8 -0.3
ot (10.5)  (10.6) (4.9) (0.3) (0.0) (0.3) (5.3) (9.4) (5.0) (9.0) (-0.1) (-2.5)
DR 4.5 -3.4 -0.1 6.0 -2.5 0.1 4.3 -4.1 -1.7 4.1 -4.7 -5.0
(0.0) (0.4) (0.0) (1.3) (0.9) (0.0) (-0.2) (-0.3) (-2.0) (-0.6) (-1.4) (-4.4)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 64.7 41.0 18.7 81.6 64.8 33.5 75.0 51.2 20.4 89.8 77.8 47.8
- (67.6) (45.5) (15.5) (79.1) (62.7) (29.7) (72.3) (51.3) (17.6) (84.3) (71.5) (41.7)
& IPW 2 63.3 48.1 37.8 83.0 71.9 56.9 73.2 57.3 43.6 91.8 84.7 72.8
° (61.1) (32.8) (7.2) (74.9) (50.4) (17.1) (64.2) (32.8) (2.7) (81.0) (57.8) (22.2)
s IPW3 62.6 41.9 18.2 82.6 68.8 37.8 73.2 50.8 7.3 91.6 82.9 55.9
ot (65.6) (40.4) (7.7) (78.5) (58.6) (18.7) (69.7) (43.2) (3.1) (84.0) (67.0) (26.1)
DR 39.8 15.0 9.0 40.7 15.0 9.6 39.5 15.1 5.9 45.9 18.4 10.8
(0.0) (0.7) (0.3) (1.5) (0.3) (0.3) (-0.1) (1.2) (-1.9) (9.4) (3.5) (0.6)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 45.2 23.8 7.1 70.2 50.7 19.8 60.0 34.8 8.7 83.8 68.5 34.6
- (56.8)  (34.9) (9.9) (72.5)  (53.7) (21.3) (64.0) (41.3) (11.6) (80.7) (65.5) (33.1)
& IPW?2 42.5 29.3 24.9 70.5 56.9 42.7 57.0 40.4 31.5 85.1 74.8 60.8
o (50.4)  (25.7) (4.6) (68.1) (43.5) (12.7) (56.0) (27.1) (1.5) (77.2)  (53.3) (18.1)
'% IPW 3 41.9 23.5 9.3 70.3 53.4 24.9 57.0 33.5 9.4 85.2 72.4 42.0
o<t (54.4) (31.0) (4.5) (71.6) (50.2) (12.7) (61.0) (34.7) (1.4) (80.3) (61.3) (19.5)
DR 57.5 17.3 5.6 57.8 17.1 6.4 57.3 17.4 3.4 59.3 18.8 7.3

0.0) (0.5 (0.1)  (06) (0.1)  (0.3)  (0.0) (0.9) (-1.5) (40)  (1.8)  (0.5)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with respect
to the conventional propensity score combined with trimming rule 3 for each estimation method and for each possible DGP are reported along
bias? (ATE(p))—bias? (ATE(p%))

bias2 (ATE(p))+ Var(ATE(p))
tuning parameter X is chosen according to the MSE minimizing tuning parameter method.

with the percentage change which is due to the bias introduced by shrinkage, i.e., ( ) (in parenthesis). The
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Table A.12: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 2 instead of the conventional propensity scores, cross validated A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 55.4 56.9 81.3 53.5 53.4 73.0 55.4 56.8 80.8 58.9 59.1 73.5
- (0.0) (0.1) (0.1) (0.0) (0.2) (0.1) (0.0) (0.2) (0.1) (0.4) (0.6) (-0.6)
= IPW2 18.2 24.1 41.0 19.4 22.7 36.9 18.9 25.5 42.0 18.5 1.4 2.9
o (0.1) (0.0) (0.1) (0.1) (0.2) (0.0) (0.1) (0.1) (0.3) (-0.6) (-0.9) (-3.8)
= IPW3 9.0 10.5 18.0 9.8 10.8 18.8 9.1 10.5 17.6 8.9 9.4 13.8
ot (0.1) (0.1) (0.4) (0.1) (0.3) (0.0) (0.3) (0.3) (0.7) (-0.8) (-1.2) (-5.0)
DR 13.0 14.4 22.4 13.8 15.1 23.8 13.2 14.4 22.0 13.6 14.6 20.4
(0.0) (0.2) (0.0) (0.0) (0.0) (0.0) (0.1) (0.4 (0.1) (-1.2)  (-1.9) (-4.8)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 39.2 41.9 71.7 37.6 38.8 61.4 39.6 42.2 71.5 45.0 46.3 63.4
- (0.0) (0.1) (0.1) (-0.1) (0.2) (0.1) (0.0) (0.1) (0.1) (0.3) (0.5) (-0.6)
= IPW2 6.0 10.5 24.9 6.3 9.0 21.9 6.8 11.7 26.6 5.9 8.2 18.7
o (0.1) (0.0) (0.1) (0.0) (0.1) (0.0) (0.2) (0.0) (0.2) (-0.3)  (-0.6) (-2.9)
= IPW3 -0.8 0.0 6.8 -0.6 0.0 7.8 -0.6 -0.1 6.8 -0.9 -0.8 4.2
ot (0.1) (0.0) (0.2) (0.1) (0.2) (0.0) (0.3) (0.2) (0.4) (-0.4) (-0.8) (-3.5)
DR 1.8 2.7 10.0 2.4 3.2 11.6 2.0 2.7 9.9 2.6 3.1 9.4
(0.0) (0.2) (0.0) (0.0) (0.0) (0.0) (0.1) (0.3) (0.1) (-0.7)  (-1.3) (-3.5)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 35.8 39.6 35.3 32.4 36.2 28.3 34.1 37.9 32.6 36.1 41.2 27.8
~ (0.0) (0.0) (0.0) (-1.0) (-0.5) (-0.1) (-0.8) (-1.3) (-1.9) (-0.2) (-0.1) (-3.5)
w IPW?2 18.5 23.3 20.9 20.0 24.1 21.1 19.1 23.5 20.5 18.8 21.7 12.8
o (-0.1)  (-0.1) (-0.1) (0.0) (0.1) (0.0) (0.2) (-0.1) (-1.1) (-0.3) (-1.7) (-7.5)
£ IPW3 10.8 12.9 10.7 11.3 13.8 11.5 11.0 12.1 9.4 10.0 11.1 2.1
ot (0.0) (0.0) (0.0) (0.1) (0.2) (0.1) (0.3) (-0.2) (-1.2) (-0.4) (-2.1) (-8.5)
DR 13.0 16.2 13.7 13.4 16.6 14.0 12.4 14.6 11.7 11.8 13.7 4.7
(0.0) (0.1) (0.0) (0.0) (0.0) (0.0) (-0.6) (-1.1) (-2.3) (-1.5) (-3.1) (-9.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 20.2 23.9 19.7 17.6 21.2 13.8 19.2 23.0 17.8 21.3 26.5 14.6
~ (0.0) (0.0) (0.0) (-0.7)  (-0.3) (0.0) (-0.7)  (-1.0) (-1.4) (-0.2) (-0.1) (-2.7)
» IPW 2 4.6 9.0 6.7 5.9 9.8 7.6 5.2 9.3 6.5 5.2 8.2 2.0
o (-0.1) (-0.1) (-0.1) (0.0) (0.1) (0.0) (0.2) (-0.1) (-0.7) (-0.2) (-1.1) (-5.2)
£ IPW3 -0.6 1.5 -1.1 -0.2 2.2 0.1 -0.5 1.1 -2.1 -0.9 0.4 -6.0
ot (0.0) (0.0) (0.0) (0.0) (0.1) (0.0) (0.2) (-0.1) (-0.8) (-0.2) (-1.3) (-5.8)
DR 0.3 3.3 1.0 0.6 3.7 1.2 -0.1 2.4 -0.3 -0.2 1.8 -5.0
(0.0) (0.1) (0.0) (0.0) (0.0) (0.0) (-0.4) (-0.8) (-1.5) (-0.9) (-1.9) (-6.3)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 48.8 41.4 37.6 56.1 46.3 42.1 50.4 42.1 35.7 64.1 53.5 50.1
- (0.1) (0.2) (0.0) (-0.1) (0.1) (0.1) (0.0) (0.1) (-2.2) (0.0) (0.4) (0.0)
& IPW 2 16.9 19.1 24.5 17.8 20.0 24.8 15.6 18.2 2.6 17.7 20.2 24.1
o (-0.2) (0.0) (0.0) (0.0) (0.0) (0.0) (-2.1)  (-1.7)  (-3.8) (0.0) (0.1) (-0.8)
= IPW3 9.7 10.2 13.8 10.2 10.8 14.3 8.1 8.4 9.1 10.1 11.1 13.4
x (-0.1) (0.0) (0.1) (0.0) (0.0) (0.0) (-1.8) (-1.5) (-4.1) (-0.1) (0.1) (-1.0)
DR 12.6 13.0 17.4 12.8 13.5 18.1 12.7 12. 14.3 13.2 14.3 18.0
(0.0) (0.2) (0.0) (0.0) (0.0) (0.1) (-0.2) (0.0) (-3.1) (-0.1) (-0.1) (-0.9)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 33.4 27.5 23.4 41.7 33.0 28.3 35.6 28.6 22.4 52.1 41.6 37.7
- (0.0) (0.1) (0.0) (-0.1) (0.0) (0.1) (0.0) (0.0) (-1.7) (0.0) (0.3) (0.0)
& IPW2 6.3 7.8 13.0 6.8 8.2 13.7 5.9 7.4 12.4 6.8 8.4 13.4
o (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (-1.2)  (-1.1) (-2.6) (0.0) (0.0) (-0.5)
= IPW3 2.0 1.4 5.9 2.1 1.8 6.6 1.2 0.4 3.2 2.1 2.1 6.1
ot (0.0) (0.0) (0.1) (0.0) (0.0) (0.0) (-1.0)  (-0.9) (-2.6) (0.0) (0.0) (-0.6)
DR 5.8 4.3 8.8 5.9 4.6 9. 6.0 4.2 6.9 6.2 5.3 9.9
(0.0) (0.1) (0.0) (0.0) (0.0) (0.0) (-0.1) (0.0) (-2.0) (0.0) (-0.1)  (-0.5)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2
with respect to the conventional propensity score for each estimation method and for each possible DGP are reported along with the
bias? (ATE(p)) —bias2 (ATE(5%))

bias2 (ATE(p))+ Var(ATE(p))
parameter A is chosen according to the cross validated tuning parameter method.

percentage change which is due to the bias introduced by shrinkage, i.e., ( ) (in parenthesis). The tuning
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Table A.13: Percentage improvement in MSE for the ATE if the shrunken propensity scores
are used with trimming rule 2 instead of the conventional propensity scores with trimming rule
1, cross-validated A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 14.5 11.2 8.8 17.6 13.4 7.5 22.1 16.5 11.9 21.6 16.6 7.1
. (0.0) (0.0) (0.0) (-0.3) (-0.3) (0.0) (0.0) (-0.1) (0.0) (0.2) (0.2) (-1.9)
= IPW 2 8.8 6.7 7.7 8.3 7.6 7.4 9.9 7.2 9.6 9.2 8.6 4.8
o (-0.3) (0.0) (0.0) (0.0) (-0.1) (-0.1) (-0.6) (-0.1) (0.0) (1.0) (0.1) (-3.1)
£ IPW3 9.9 7.6 7.2 9.7 8.2 7.2 11.1 8.2 8.6 10.4 8.9 4.4
ot (-0.2) (0.0) (0.0) (0.0) (-0.1) (0.0) (-0.4) (0.0) (0.0) (0.9) (0.0) (-3.1)
DR 8.3 6.7 6.2 8.0 6.4 6.6 9.4 7.7 7.4 8.2 6.6 3.9
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0 (0.0 (0.7) (-0.1) (-3.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 114 7.6 3.9 13.5 9.0 3.1 16.3 11.0 6.6 16.5 11.5 2.6
- (0.0) (0.0) (0.0) (-0.3) (-0.2) (0.0) (0.0) (0.0) (0.0) (0.1) (0.1) (-1.5)
= IPW2 7.5 4.9 3.7 7.4 5.3 3.8 8.2 5.1 5.7 8.1 6.0 1.7
) (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.3) (-0.1) (0.0) (0.6) (0.0) (-2.1)
= IPW3 8.5 5.4 3.8 8.5 5.6 4.0 9.2 5.6 5.3 9.1 6.1 1.8
ot (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (0.0) (0.0) (0.5) (0.0) (-2.1)
DR 8.9 5.0 3.5 8.8 4.9 3.9 9.5 5.4 4.8 9.1 5.1 1.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.4 (-0.1) (-2.1)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 16.6 9.4 7.9 17.8 9.9 6.7 21.4 12.2 7.7 21.3 12.2 3.2
~ (0.0) (-0.1) (0.1) (-1.2)  (-0.7) (0.0) (-1.0)  (-1.8) (-2.7) (0.5) (1.3) (-2.1)
w IPW?2 12.7 7.1 7.1 12.1 7.4 7.7 14.1 8.1 7.2 13.2 7.4 2.1
o (-0.3) (-0.1) (-0.1) (-0.1) (0.0) (0.1) (0.0) (-0.2) (-1.4) (1.0) (-0.5)  (-5.3)
= IPW3 13.2 7.5 5.8 12.8 7.6 6.2 14.4 8.1 5.5 13.7 7.2 0.2
~ (-0.2) (-0.1) (0.0) (-0.1) (0.0) (0.1) (0.0) (-0.3) (-1.6) (1.0) (-0.6) (-5.6)
DR 10.6 5.8 4.9 10.5 5.8 4.9 10.6 5.1 3.5 10.6 4.5 -2.0
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.5) (-1.2) (-2.5) (0.5) (-1.2) (-6.4)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 12.2 4.8 1.0 12.7 5.3 0.4 15.3 6.8 0.9 14.7 7.0 -1.7
~ (-0.1) (0.0) (0.1) (-0.8) (-0.4) (0.0) (-0.7)  (-1.1) (-1.7) (0.2) (0.8) (-1.4)
» IPW 2 9.1 2.6 0.8 8.4 3.0 1.8 10.0 3.2 0.9 9.0 3.1 -1.5
o (-0.1) (-0.1) (0.0) (-0.1) (0.0) (0.1) (0.0) (-0.1)  (-0.8) (0.5) (-0.3) (-3.4)
£ IPW3 9.5 3.0 0.0 9.1 3.3 0.7 10.3 3.4 -0.3 9.6 3.1 -2.9
ot (-0.1) (0.0) (0.0) (-0.1) (0.0) (0.0) (0.0) (-0.2) (-1.0) (0.5) (-0.3) (-3.5)
DR 8.7 2.3 -0.2 8.7 2.3 -0.1 8.7 2.0 -1.2 8.7 1.6 -4.2
(0.0) (0.0) (0.0 (0.0) (0.0) (0.0) (-0.3)  (-0.7) (-1.6) (0.2) (-0.7)  (-4.0)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 16.4 10.1 7.1 20.6 12.5 8.0 22.9 14.6 6.9 25.4 15.8 10.4
- (0.1) (0.1) (0.0) (-0.3) (-0.1) (0.0) (-0.2)  (-0.3) (-3.3) (-0.7) (-0.3) (-0.2)
& IPW 2 9.7 6.1 6.7 9.4 6.0 6.6 8.7 4.9 3.5 9.9 6.7 6.4
o (-0.4) (0.0) (-0.1) (0.0) (-0.1) (0.0) (-2.2) (-1.8) (-4.7) (0.6) (0.4) (-0.1)
£ IPW3 10.5 6.3 5.9 10.3 6.3 6.0 9.9 5.6 2.3 10.7 6.9 5.7
ot (-0.3) (0.0) (-0.1) (0.0) (-0.1) (0.0) (-1.8)  (-1.5)  (-4.5) (0.6) (0.4) (-0.2)
DR 8.1 5.0 4.9 7.9 4.8 5.2 8.5 5.5 2.4 8.2 5.2 5.1
(0.0) (0.0) (0.0) (0.0) (-0.1) (0.0) (-0.3)  (-0.5) (-3.5) (0.6) (0.5) (-0.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 13.4 6.7 3.1 16.4 8.3 3.9 17.8 9.7 3.4 20.3 11.0 5.8
- (0.0) (0.0) (0.0) (-0.2) (-0.1) (0.0) (-0.1) (-0.2) (-2.1) (-0.5) (-0.2) (-0.1)
& IPW?2 8.5 4.4 3.4 8.5 4.2 3.5 8.0 3.8 2.0 8.8 4.6 3.5
o (-0.2) (0.0) (-0.1) (0.0) (-0.1) (0.0) (-1.2)  (-1.0) (-2.8) (0.3) (0.3) (0.0)
= IPW3 9.4 4.6 3.2 9.4 4.5 3.5 9.2 4.2 1.5 9.7 4.9 3.4
o<t (-0.1) (0.0) (0.0) (0.0) (-0.1) (0.0) (-0.9) (-0.8) (-2.7) (0.3) (0.3) (0.0)
DR 9.9 4.3 3.0 9.8 4.1 3.4 10.2 4.5 1.9 10.1 4.4 3.4
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1)  (-0.3) (-2.0) (0.4) (0.3) (0.0)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with
respect to the conventional propensity score combined with trimming rule 1 for each estimation method and for each possible DGP are
bias? (ATE(p))—bias? (ATE(p%)) .
bias2 (ATE(p))+ Var(ATE(p)) ) (in
parenthesis). The tuning parameter X is chosen according to the cross validated tuning parameter method.

reported along with the percentage change which is due to the bias introduced by shrinkage, i.e., (
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Table A.14: Percentage improvement in MSE for the ATE if the shrunken propensity scores
are used with trimming rule 2 instead of the conventional propensity scores with trimming rule
2, cross-validated A

linear nonlinear linear nonlinear

N 100 200 500 100 200 500 100 200 500 100 200 500

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 11.5 7. 2.2 13.0 8.5 3.6 12.2 7.6 2.4 17.9 13.3 8.4
. (0.0) (-0.1) (0.0) (-0.4) (-0.6) (-0.1) (0.0) (-0.1) (0.0) (1.8) (2.1) (3.2)
= IPW 2 4.9 3.3 1.0 5.0 3.2 1.4 4.9 3.2 1.1 5.9 4.3 2.9
o (-0.4) (0.0) (0.0) (0.0) (-0.1) (-0.1) (-0.9) (-0.1) (0.0) (1.1) (1.0) (1.5)
£ IPW3 2.6 1.8 0.6 2.7 1.8 0.8 2.5 1.6 0.5 3.4 2.6 2.0
ot (-0.3) (0.0) (0.0) (0.0) (-0.1) (0.0) (-0.6) (-0.1) (0.0) (0.9) (0.8) (1.1)
DR 0.5 0.8 0.4 0.3 0.6 0.3 0.6 0.7 0.4 0.5 0.8 0.9
(0.0) (0.0) (0.0) (0.0) (00) (0.0) (0.0) (0.0) (0.0) (0.4) (04) (0.6)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 8.2 5.3 2.6 9.4 6.2 3.2 8.7 5.5 2.7 13.1 9.7 6.4
- (0.0) (0.0) (0.0) (-0.4) (-0.3) (0.0) (0.0) (-0.1) (0.0) (1.1) (1.4) (2.2)
= IPW2 2.6 2.1 1.4 2.7 2.2 1.3 2.5 2.0 1.5 3.3 2.8 2.0
o (-0.2) (0.0) (0.0) (0.0) (-0.1) (0.0) (-0.4) (-0.1) (0.0) (0.6) (0.6) (0.8)
= IPW3 2.0 1.6 1.1 2.1 1.7 1.0 1.9 1.5 1.1 2.5 2.2 1.5
ot (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.3) (0.0) (0.0) (0.5) (0.4) (0.6)
DR 1.8 1.7 1.1 1.7 1.5 1.0 1.8 1.6 1.1 1.8 1.6 1.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) (0.2) (0.3)

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 12.6 6.0 2.7 12.3 5.7 2.3 12.3 5.4 1.9 16. 10.6 7.0
~ (-0.1) (-0.1) (0.0) (-1.3)  (-0.7) (0.0) (-0.4) (-0.6) (-0.5) (1.3) (3.3) (4.7)
w IPW?2 6.5 3.1 2.3 6.2 2.9 1.9 7.8 4.8 4.2 7.4 4.3 3.3
o (-0.3) (-0.2) (-0.2) (-0.2) (-0.1) (0.0) (0.8) (1.3) (1.3) (1.4) (1.6) (1.8)
= IPW3 4.2 1.6 1.4 4.1 1.6 1.2 5.1 2.6 2.6 5.0 2.7 2.4
~ (-0.2) (-0.1) (-0.1) (-0.1) (0.0) (0.0) (0.6) (0.9) (0.8) (1.2) (1.3) (1.4)
DR 1.2 0.1 0.6 1.0 0.1 0.6 1.4 0.1 0.7 1.3 0.5 1.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) (0.1) (0.1) (0.5) (0.5) (0.6)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 8.8 4.4 2.2 8.5 4.3 1.8 8.7 4.1 1.8 11.2 7.2 4.6
~ (0.0) (0.0) (0.0) (-0.8) (-0.4) (0.0) (-0.2) (-0.3) (-0.3) (0.7) (1.9) (3.0)
» IPW 2 3.6 1.9 1.5 3.3 1.9 0.9 4.5 3.0 2.7 3.9 2.6 1.7
o (-0.1) (-0.1) (-0.1) (-0.1) (0.0) (0.0) (0.5) (0.8) (0.8) (0.8) (0.8) (1.0)
£ IPW3 2.9 1.4 1.0 2.7 1.4 0.6 3.4 2.0 1.8 3.2 1.9 1.2
ot (-0.1) (-0.1) (-0.1) (-0.1) (0.0) (0.0) (0.4) (0.5) (0.5) (0.6) (0.7) (0.8)
DR 2.4 1.2 0.5 2.3 1.2 0.6 2.5 1.2 0.7 2.4 1.4 0.7
(0.0) (0.0) (0.0 (0.0) (0.0) (0.0) (0.1) (0.1) (0.1) (0.2) (0.2) (0.3)

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 12.9 7.0 4.1 14.9 8.3 5.6 14.3 7.9 5.1 18.8 11.4 8.9
- (0.0) (-0.1) (0.1) (-0.5)  (-0.6) (0.2) (0.7) (0.4) (0.9) (-0.1)  (-0.1) (1.6)
& IPW 2 5.4 3.3 2.1 5.4 2.8 1.7 4.1 2.2 0.9 5.6 3.1 2.2
o (-0.5) (0.1) (-0.1) (0.0) (-0.1) (0.0) (-2.1)  (-1.3) (-1.5) (0.3) (0.2) (0.5)
£ IPW3 3.3 2.0 1.1 3.3 1.8 0.9 2.5 1.3 0.4 3.5 2.0 1.3
ot (-0.3) (0.0) (-0.1) (0.0) (-0.1) (0.0) (-1.3)  (-0.8) (-0.9) (0.3) (0.1) (0.4)
DR 0.6 0.5 0.4 0.4 0.4 0.3 0.9 0.8 0.6 0.3 0.4 0.5
(0.0) (0.0) (0.0) (0.0) (00) (0.0) (0.3) (0.2) (0.4) (0.1) (0..1) (0.2)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 9.0 6.0 2.7 10.5 6.9 3.7 10.0 6.7 3.3 13.6 9.1 6.1
- (0.0) (-0.1) (0.0) (-0.4) (-0.4) (0.1) (0.4) (0.2) (0.5) (-0.2) (-0.1) (1.1)
& IPW?2 2.5 2.5 1.1 2.5 2.1 0.9 1.9 1.9 0.4 2.7 2.3 1.1
o (-0.2) (0.0) (-0.1) (0.0) (-0.1) (0.0) (-1.2)  (-0.7) (-1.0) (0.2) (0.1) (0.2)
= IPW3 2.1 2.1 0.6 2.1 1.8 0.5 1.6 1.7 0.1 2.2 1.9 0.7
o<t (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.7)  (-0.4) (-0.6) (0.1) (0.1) (0.2)
DR 1.8 1.7 0.5 1.7 1.6 0.5 2.0 1.9 0.6 1.7 1.6 0.6
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) (0.1) (0.1) (0.1) (0.0) (0.1)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with
respect to the conventional propensity score combined with trimming rule 2 for each estimation method and for each possible DGP are
bias? (ATE(p))—bias? (ATE(p%)) .
bias2 (ATE(p))+ Var(ATE(p)) ) (in
parenthesis). The tuning parameter X is chosen according to the cross validated tuning parameter method.

reported along with the percentage change which is due to the bias introduced by shrinkage, i.e., (
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Table A.15: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 2 instead of the conventional propensity scores with trimming rule 3, cross-

validated A\

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW1 -10.2 -26.1 -4.8 51.4 29.4 14.5 22.8 -9.7 -3.4 75.1 56.3 28.6
- (24.8) (8.1) (2.1) (60.4) (43.4) (21.1) (37.6) (15.2) (4.1) (73.7)  (59.3)  (32.1)
= IPW 2 9.9 18.6 37.0 60.7 53.5 54.1 37.1 37.2 49.7 80.9 73.0 67.9
° (14.4) (2.8) (0.4) (50.1)  (27.9) (10.5) (22.3) (4.6) (0.6) (63.8) (38.4) (13.7)
s IPW3 -4.5 -7.3 12.8 57.1 41.2 29.8 26.9 8.4 17.2 79.9 66.0 44.1
ot (20.3) (4.4) (0.2) (58.0) (36.6) (11.0) (31.7) (8.2) (0.4) (71.2)  (49.9) (143
DR 26.6 10.4 13.5 26.8 10.5 14.1 26.7 10.3 13.6 29.2 10.9 10.5
(0.1) (0.3) (0.6) (0.0) (0.0) (0.0) (0.1) (0.7) (1.4) (2.6) (-0.1) (-4.9)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW1 -18.6 -24.5 -8.6 34.8 15.4 5.4 7.1 -14.5 -7.5 64.3 43.0 17.9
- (15.6) (4.8) (1.4) (48.4) (31.8) (14.7) (26.9) (9.6) (2.7) (66.2)  (49.4) (24.4)
= IPW2 -3.7 5.0 24.5 43.3 36.4 40.3 19.5 20.8 36.4 69.6 59.4 55.7
o (9.4) (1.9) (0.3) (40.2)  (21.6) (8.0) (16.3) (3.4) (0.5) (57.0) (33.0) (11.3)
'% IPW 3  -14.7 -13.0 3.7 39.1 24.3 17.1 9.8 -2.5 7.3 68.2 50.8 30.1
ot (12.6) (2.7) (0.1) (46.1)  (26.8) (7.6) (22.2) (5.3) (0.2) (63.5) (41.3) (10.6)
DR 31.3 4.0 4.5 31.5 4.1 5.0 31.3 3.9 4.8 32.6 4.6 2.3
(0.0) (0.2) (0.4) (0.0) (0.0) (0.0) (0.0) (0.4) (0.9) (1.3) (-0.1) (-3.5)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW1 -134 -7.3 3.1 -18.3 -28.4 -6.5 -13.9 -12.2 -1.3 22.4 -17.4 -11.7
~ (18.2) (17.3) (7.0) (-0.6) (-0.9) (0.1) (6.2) (11.2) (3.3) (16.3) (2.2) (-5.3)
w IPW?2 9.5 17.6 18.7 12.7 14.2 18.0 19.2 25.2 23.1 44.2 30.7 18.8
° (16.4)  (13.8) (5.8) (0.7) (0.0) (0.0) (7.6) (10.2) (4.1) (11.9) (0.0) (-6.9)
'% IPW 3 -2.7 8.5 13.0 -5.2 -8.3 5.0 2.5 10.3 13.0 32.7 3.5 -2.5
~ (19.1)  (19.3) (6.9) (0.7) (0.2) (0.4) (9.3) (16.3) (5.8) (13.8)  (-1.9) (-8.7)
DR 39.2 14.2 9.4 0.3 15.2 9.9 38.6 12.8 7.5 38.3 11.3 -0.3
(0.0) (0.4) (0.1) (1.4) (1.1) (0.0) (-0.5) (-0.8) (-2.3) (-0.9) (-2.9) (-9.6)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -7.8 -6.5 -3.7 -10.4 -17.7 -9.2 -8.3 -9.3 -6.6 13.8 -12.8 -11.8
~ (9.7) (9.8) (4.5) (-0.4) (-0.5) (0.0) (3.3) (6.4) (2.2) (10.5) (1.3) (-3.5)
w IPW?2 3.6 8.2 7.4 5.7 5.9 7.8 9.9 13.7 11.0 29.4 17.8 9.5
o (9.5) (8.5) (3.8) (0.4) (0.0) (0.0) (4.6) (6.5) (2.8) (8.4) (0.1) (-4.8)
£ IPW3 -2.7 3.0 2.4 -4.1 -6.9 -2.7 0.1 4.2 2.3 20.4 -0.4 -7.2
ot (10.5)  (11.3) (4.5) (0.4) (0.1) (0.2) (5.2) (9.7) (3.9) (9.1) (-1.1) (-5.7)
DR 7.7 -5.2 -3.9 9.4 -4.4 -3.6 7.2 -6.1 -5.2 7.5 -7.1 -10.5
(0.0) (0.3) (0.1) (1.4) (0.8) (0.0) (-0.5) (-0.6) (-1.5) (-0.6) (-1.9) (-6.6)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 59.8 35.5 13.7 79.1 61.8 30.0 71.5 46.7 14.5 88.4 76.1 44.5
- (67.6) (45.4) (15.5) (79.3) (63.1) (30.5) (72.3) (51.5) (16.3) (84.6) (72.1) (42.1)
& IPW 2 60.5 46.3 38.4 81.6 70.7 56.9 717 57.3 46.9 91.1 84.0 72.7
° (61.4) (33.4) (8.0) (74.9) (50.3) (17.1) (64.9) (34.7) (5.6) (81.0) (57.8) (22.0)
s IPW3 60.1 40.4 19.6 81.4 67.9 38.8 71.8 50.8 21.3 91.1 82.4 56.3
ot (65.8)  (40.8) (8.2) (78.5) (58.6) (18.7) (70.1) (44.6) (5.5) (84.0) (67.0) (25.9)
DR 36.8 14.0 11.6 37.9 14.0 12.5 36.6 14.6 8.7 43.3 17.6 13.5
(0.0) (0.6) (0.3) (1.5) (0.3) (0.3) (-0.1) (1.4) (-2.3) (9.3) (3.7) (0.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 40.9 18.0 3.3 67.8 47.1 17.5 56.8 29.8 4.7 82.5 66.3 32.7
- (57.1) (34.2) (10.5) (72.9) (53.6) (22.5) (64.2) (40.9) (11.4) (81.1) (65.8) (34.1)
& IPW2 40.5 27.2 24.3 69.4 55.4 42.2 56.0 39.8 33.1 84.5 74.0 60.3
o (51.0) (25.5) (5.7) (68.3) (43.0) (13.2) (56.9) (28.1) (4.2) (77.3)  (52.9) (18.5)
'% IPW 3 39.9 21.1 9.0 69.2 51.8 24.8 55.9 32.3 11.0 84.6 71.6 41.8
o<t (55.0)  (30.6) (5.4) (71.8) (49.7) (13.3) (61.7) (35.3) (3.7) (80.4)  (61.0) (20.0)
DR 55.7 15.2 5.5 56.0 15.1 6.2 55.6 15.5 3.9 57.6 17.2 6.9
(0.0) (0.4) (0.2) (0.5) (0.1) (0.2) (0.0) (0.8) (-1.4) (3.9) (2.1) (0.3)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score combined with trimming rule 2 with respect
to the conventional propensity score combined with trimming rule 3 for each estimation method and for each possible DGP are reported along

15

with the percentage change which is due to the bias introduced by shrinkage, i.e., (

bias? (ATE(p))—bias? (ATE(p%))

bias2 (ATE(p))+ Var(ATE(p))
tuning parameter X is chosen according to the cross validated tuning parameter method.

)4 (in parenthesis). The



Table A.16: Details for the simulations with many variables.

Empirical Variance-Covariance Matrix (X)

2.56
1.19
-0.64
-0.30
-0.05
-0.07
-0.26
0.27
0.36
0.53
0.50
0.43
-1.07
-0.07
-0.27
0.26

1.68
-0.79
-0.94

0.01
-0.05
-0.13

0.25

0.25

0.42

0.38

0.29
-0.62
-0.03
-0.20

0.27

38.61
26.81
-0.29
-0.03
0.83
0.01
0.01
0.20
0.56
0.13
-0.21
0.02
0.10
0.46

29.82
-0.26
-0.10
0.69
0.09
0.01
0.23
0.58
0.06
-0.33
-0.08
0.08
0.09

0.22
-0.02
-0.13

0.04

0.03

0.03

0.03

0.00

0.02

0.00
-0.01
-0.01

0.15
0.23
-0.05
-0.07
-0.10
-0.11
-0.03
0.05
0.02
0.04
-0.05

2.83
-0.20
-0.41
-0.38
-0.52
-0.16

0.36

0.13

0.20
-0.09

2.52
1.44
1.04
0.87
0.22
-0.30
0.32
0.30
-0.06

2.26
1.13
1.07
0.27
-0.40
0.25
0.21
0.15

2.70

2.16 2.74

0.29 0.29 1.11

-0.45 -047 -0.34 2.86

0.00 0.03 -0.01 0.14 2.10

-0.11  -0.12  -0.10 0.24 0.78 1.28
0.39 0.18 -0.11 -0.04 0.08 -0.15 9.85

Note: Details for the simulations with many variables. The sample variance-covariance matrix is from the data based on NCDS and used as the variance
matrix for the X vector in Eq. (17) drawn from multivariate normal.

16



Percentage improvement in MSE for the ATE if the shrunken propensity scores are

used instead of the conventional propensity scores, fixed valued A for many X

.
.

Table A.17

linear nonlinear linear nonlinear
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Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each

possible DGP with multidimensional covariate vector X are reported along with the percentage change which is due to the bias introduced by

bias2 (ATE(p))+ Var(ATE(p))

12 V) — bias2 55
shrinkage, i.e., (bmb (ATE(p)) —bias” (ATE(p?)) ) (in parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter

method.
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Table A.18: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used instead of the conventional propensity scores, MSE(p?)-minimizing A, for many X.

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 54.6 34.0 20.7 49.3 26.4 10.3 54.2 34.0 20.3 41.3 14.9 -5.6
- (-1.9) (-1.9) (-1.5) (-9.8) (-13.1)  (-13.9) (-4.0) (-3.6) (-2.7) (-23.2)  (-30.7) (-33.1)
= IPW 2 30.5 16.6 11.9 32.4 18.3 13.6 27.1 12.8 8.4 32.0 17.7 12.9
o (-3.1) (-2.3) (-1.5) (-0.4) (-1.1) (-1.3) (-6.9) (-6.2) (-5.0) (-0.8) (-1.7) (-1.9)
£ IPW 3 22.4 13.4 9.0 4.4 14.2 8.6 19.7 10.8 7.0 24.1 13.8 8.2
ot (-2.3) (-1.3) (-0.6) (-0.2) (-0.8) (-0.9) (-5.1) (-3.9) (-2.8) (-0.5) (-1.2) (-1.3)
DR 3.1 4.2 2.9 3.2 4.2 2.9 3.1 4.3 2.9 3.2 4.3 3.0
(0.0) (0.0) (0.0) (0.0) 0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 42.2 23.5 13.9 39.0 18.9 8.5 42.6 23.7 14.1 34.5 11.6 -0.1
- (-1.1) (-1.1) (-0.8) (-6.4) (-8.3) (-7.6) (-2.5) (-2.2) (-1.4) (-16.4)  (-20.5) (-18.8)
= IPW 2 20.4 8.6 5.5 1.3 9.6 6.7 18.7 6.3 3.5 21.0 9.2 6.3
o (-1.9) (-1.5) (-0.9) (-0.2) (-0.6) (-0.7) (-4.1) (-4.0) (-2.9) (-0.4) (-1.0) (-1.0)
= IPW 3 15.3 7.5 4.3 16.4 7.9 4.0 13.9 5.9 3.3 .2 7.6 3.7
ot (-1.4) (-0.9) (-0.5) (-0.1) (-0.4) (-0.5) (-3.0) (-2.5) (-1.6) (-0.2) (-0.7) (-0.7)
DR 1.4 2.2 2.0 1.4 2.2 2.0 1.4 2.2 2.0 .5 2.3 2.1
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 67.9 52.8 24.8 65.1 47.9 22.0 68.8 53.6 25.5 62.4 43.5 16.5
x (-0.3) (-0.3) (-0.2) (-0.8) (-2.0) (-2.8) (0.0) (0.1) (0.1) (-5.3) (-8.3) (-10.1)
; -4.8
o %PW 2 29.2 26.1 14.5 31.3 25.4 13.6 26.3 23.6 12.1 30.5 24.0 12.3
§ ( (-3.3) (-2.0) (-1.2) (-0.8) (-2.3) (-2.8) (-6.1) (-4.6) (-3.5) (-1.6) (-3.6) (-4.2)
-1.9
IPW 3 23.6 17.1 11.2 25.9 17.0 9.8 21.5 15.3 9.6 25.4 15.9 8.8
(-2.4) (-1.2) (-0.5) (-0.5) (-1.8) (-1.9) (-4.5) (-3.1) (-1.9) (-1.0) (-2.8) (-2.9)
-0.7
) ](DR ) 4.9 3.6 4.0 4.9 3.6 3.8 4.9 3.6 4.0 4.9 3.6 3.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 48.4 33.8 14.3 45.2 29.9 12.5 49.5 34.6 14.8 44.2 27.7 9.5
g (-0.2) (-0.4) (0.0) (-0.5) (-1.3) (-1.6) (0.0) (-0.1) (0.1) (-4.0) (-5.8) (-6.0)
..3'5
o ) IPW 2 17.0 13.2 7.2 17.5 13.0 6.5 15.4 11.4 5.9 16.9 12.1 5.7
g (-2.0) (-1.5) (-0.6) (-0.5) (-1.4) (-1.7) (-3.7) (-3.3) (-1.8) (-0.9) (-2.2) (-2.4)
1.3
) IPW 3 13.5 8.3 5.1 14.4 8.2 4.1 12.3 7.0 4.3 14.1 7.6 3.5
(-1.4) (-0.9) (-0.2) (-0.3) (-1.0) (-1.1) (-2.7) (-2.2) (-0.9) (-0.6) (-1.6) (-1.7)
-0.4
04 DR 3.2 1.8 2.2 3.2 1.8 2.1 3.2 1.8 2.2 3.2 1.8 2.1
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 56.0 28.3 12.4 52.3 7.5 -5.5 54.8 22.7 10.1 46.5 -21.8 -34.9
&) (-10.1)  (-11.4) (-7.5) (-20.2) (-33.7) (-29.5) (-13.8) (-16.4) (-11.0) (-31.9) (-67.5) (-65.0)
o IPW 2 34.7 26.7 4.8 36.5 274 10.4 31.1 24.0 -0.9 36.4 27.5 10.6
'% (-2.5) (-1.8) (-5.1) (-0.1) (-0.1) (0.2) (-6.5) (-6.0) (-11.6) (-0.1) (-0.1) (0.2)
ot IPW 3 7.1 13.0 4.3 8.5 14.3 7.5 24.3 9.8 0.4 28.5 14.2 7.6
(-1.8) (-1.2) (-3.4) (0.0) (-0.2) (0.2) (-4.6) (-4.2) (-7.5) (0.0) (-0.2) (0.2)
DR 4.0 4.0 2.1 4.0 4.0 2.2 4.0 4.0 2.1 4.0 4.1 2.1
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 48.2 27.1 11.3 46.5 12.7 1.6 48.0 23.1 10.5 43.0 -9.7 -15.3
- (-6.7) (-6.5) (-3.9) (-14.8) (-20.4) (-16.2) (-9.7) (-9.5) (-5.9) (-25.8)  (-44.6) (-37.8)
& IPW 2 26.5 18.9 0.8 27.2 19.1 3.9 24.8 17.7 -2.3 27.2 19.2 3.9
o (-1.3) (-1.2) (-2.8) (0.0) (0.0) (0.1) (-3.5) (-3.8) (-6.4) (0.0) (0.0) (0.1)
bS] IPW 3 21.6 8.8 1.7 22.2 9.5 3.2 20.4 7.2 -0.3 22.2 9.5 3.2
ot (-0.9) (-0.8) (-1.8) (0.0) (-0.1) (0.1) (-2.4) (-2.5) (-4.1) (0.0) (-0.1) (0.1)
DR 2.1 3.4 1.7 2.1 3.4 .8 2.1 3.4 1.7 2.1 3.5 1.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each

possible DGP with multidimensional covariate vector X are reported along with the percentage change which is due to the bias introduced by
iaa2 5 iaa2 Pl

. . bias“ (ATE(p)) —bias“ (ATE(p%))
shrinkage, i.e., ( bias2 (ATE(p))+ Var(ATE(p))

). (in parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter

method.
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Table A.19: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used instead of the conventional propensity scores, cross validated A, for many X.

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 53.0 43.7 29.9 49.2 34.0 27.6 53.0 43.8 31.3 41.6 18.4 13.
- (0.2) (-0.4) (2.9) (-8.5) (-13.8) (-1.2) (0.3) (-0.9) (3.3) (-19.8)  (-34.3)  (-19.
= IPW2 28.6 2.1 1.9 35.4 28.1 20.6 20.4 13.8 -10.3 34.3 27.1 21.
° (-7.0) (-6.6) (-14.2) (-0.8) (-1.2) (3.9) (-15.5)  (-15.0)  (-26.3) (-1.8) (-2.3) (4.
'% IPW 3 25.4 16.1 0.3 31.6 21.4 14.4 17.4 8.8 -8.5 30.7 20.6 15
ot (-6.3)  (-5.5) (-11.4) (-0.7) (-1.0) (3.0) (-14.1)  (-12.6)  (-20.4) (-1.6) (-1.9) (3.
DR 8.7 4.5 3.0 8.7 4.5 3.0 8.7 4.5 3.0 8.7 4.5 2.
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 38.7 28.6 18.6 37.3 22.7 17.0 39.3 29.1 19.7 33.6 12.8 8.
- (0.1) (-0.1) (1.4) (-5.4) (-8.7) (-1.6) (0.3) (-0.4) (1.6) (-13.8)  (-23.4) (-1
= IPW2 17.8 9.8 -1.2 21.9 13.9 9.6 13.2 4.5 -8.2 21.3 13.3 9.
o (-4.4) (4.7 (-8.7) (-0.4) (-0.5) (1.8) (-9.4) (-10.2)  (-15.8) (-0.9) (-1.1) (2.
'% IPW 3 16.3 7.2 -1.0 20.0 10.6 6.8 11.9 2.7 -6.1 19.5 10.2 7.
~ (-3.9) (-3.8) (-6.8) (-0.3) (-0.4) (1.4) (-8.4) (-8.3) (-12.0) (-0.8) (-0.8) (1.
DR 3.4 1.7 1.4 3.4 1.8 1.4 3.4 1.7 1.4 3.5 1.8 1.
(0.0) (0.0) (-0.1) (0.0) (0.0) (-0.1) (0.0) (0.0) (-0.1) (-0.1) (-0.1) (-0
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 54.8 51.0 20.7 55.9 48.8 324 55.5 51.2 22.9 52.2 41.2 31
~ (-2.0) (-1.3) (-6.1) (-2.1) (-3.1) (5.5) (-1.8) (-0.9) (-4.5) (-8.6) (-12.1) (2.
w IPW?2 31.3 29.3 7.4 36.1 30.0 25.8 25.0 24.1 -0.3 34.0 27.6 25
° (-6.3) (-4.0) (-11.5) (-2.1) (-3.2) (5.5) (-12.3) (-9.1) (-19.5) (-4.1) (-5.7 (5.
s IPW3 29.1 20.0 3.9 33.6 21.2 17.1 23.6 15.3 -2.3 31.6 19.1 17
ot (-5.6) (-3.4) (-9.6) (-1.9) (-3.0) (4.4) (-10.9) (-7.9) (-15.9) (-3.7) (-5.2) (4.
DR 6.8 5.2 4.7 6.7 5.2 4.9 6.8 5.2 4.5 6.7 5.2 4
(0.0) (0.1) (0.4) (0.0) (0.1) (0.5) (0.0) (0.1) (0.2) (0.0) (0.2) (0
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 36.8 30.0 10.6 37.7 28.9 18.1 37.9 30.4 12.2 36.4 24.4 17
~ (-1.4) (-1.4) (-4.5) (-1.6) (-2.1) (3.0) (-1.3) (-1.0) (-3.4) (-6.4) (-8.5) (1.
» IPW 2 16.3 12.4 1.3 19.2 13.9 13.5 12.2 8.6 -3.7 17.8 12.5 13
° (-4.1) (-3.5) (-8.1) (-1.5) (-2.0) (3.0) (-8.0) (-7.1) (-13.4) (-2.8) (-3.5) (3.
s IPW3 15.2 7.4 -0.4 17.8 9.1 7.9 11.6 4.0 -4.3 16.5 7.9 8.
ot (-3.7)  (-2.9) (-6.5) (-1.3) (-1.7) (2.3) (-7.2) (-5.9) (-10.6) (-2.5) (-3.0) (2.
DR 3.8 1.3 2.2 3.7 1.3 2.3 3.8 1.3 2.1 3.8 1.3 2.
(0.0) (0.0) (0.1) (0.0) (0.0) (0.2) (0.0) (0.0) (0.0) (0.0) (0.1) (-0.
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 54.9 38.5 25.4 47.1 22.3 2.4 54.8 36.9 23.6 37.7 -0.9 -36
- (-1.7)  (-6.1) (-3.2) (-14.3)  (-28.2) (-29.3) (-1.4) (-8.3) (-6.3) (-25.9) (-57.2) (-T4
& IPW 2 30.4 19.7 4.6 37.8 28.4 18.1 20.4 9.6 -8.1 37.7 28.5 18.
o (-7.3)  (-7.8) (-12.9) (0.1) (0.3) (1.1) (-17.5)  (-18.4)  (-26.3) (0.0) (0.3) (1.
'% IPW 3 26.9 13.9 4.4 33.8 21.4 14.6 17.5 5.4 -4.7 33.7 21.5 14
x (-6.7)  (-6.7) (-9.8) (0.1) (0.3) (0.9) (-16.1)  (-15.4) (-19.3) (0.1) (0.3) (1.
DR 5.8 3.9 3.2 5.6 4.0 3.0 5.8 3.9 3.3 5.5 3.8 2.
(0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (0.0) (0.0) (0.2) (-0.2) (-0.2) (-1.
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 45.7 31.1 19.9 40.9 19.4 4.9 45.9 30.2 19.0 34.4 1.3 -21
- (-1.0) (-3.7) (-2.8) (-9.7) (-19.6)  (-20.3) (-0.9) (-5.2) (-4.8) (-19.6)  (-43.3) (-51
& IPW2 24.4 12.7 1.5 28.4 18.0 9.8 19.1 6.8 -6.4 28.3 18.1 10
o (-4.3)  (-5.0) (-8.1) (0.1) (0.4) (0.4) (-10.0)  (-11.8) (-16.5) (0.1) (0.5) (0.
'% IPW 3 23.3 9.7 1.9 27.1 14.1 7.9 18.4 4.6 -3.7 27.1 14.3 8.
ot (-3.8) (-4.2) (-6.1) (0.1) (0.4) (0.3) (-8.9) (-9.6) (-11.9) (0.1) (0.5) (0.
DR 1.8 2.1 2.1 1.7 2.3 2.0 1.8 2.1 2.2 1.6 2.2 1.
(0.0) (0.1) (0.0) (0.0) (0.1) (-0.1) (0.0) (0.1) (0.1) (-0.1) (-0.1) (-0

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each
possible DGP with multidimensional covariate vector X are reported along with the percentage change which is due to the bias introduced by
L2 o iae2 58
. . bias? (ATE(5)) — bias2 (ATE(5%))
hrink: .e.
SATINKAES, 1.€-5 ( bias2 (ATE(p))+ Var (ATE(p))

). (in parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter

method.
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Table A.20: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 2 instead of the conventional propensity scores, fixed valued A\, many X

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 33.2 27.7 13.9 38.7 29.6 18.1 34.8 28.6 15.0 46.0 33.5 21.8
- (-0.1)  (-0.5) (0.7) (-0.6) (-1.7) (2.3) (-0.4) (-0.9) (1.1) (-1.2)  (-3.4) (2.4)
= IPW2 15.0 14.8 4.0 16.2 15.3 9.5 14.9 14.9 1.9 16.5 15.2 8.6
o (-0.2) (-0.1) (-3.0) (0.0) (0.0) (0.5) (-0.3) (-0.4) (-4.7) (0.0) (0.0) (-0.2)
= IPW3 9.4 7.9 0.9 10.4 8.4 4.2 8.7 7.8 -0.4 10.7 8.3 3.2
ot (-0.1)  (-0.1) (-2.6) (0.0) (0.0) (-0.3) (-0.1) (-0.2) (-3.7) (0.0) (0.0) (-1.1)
DR 5.0 3.9 0.6 5.0 3.9 0.8 4.6 4.1 0.4 5.1 3.6 -0.5
(0.0) (0.0) (-1.1) (0.0) (0.1) (-1.0) (0.0) (0.1) (-1.2) (0.0) (0.0) (-2.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 21.9 16.5 5.5 26.7 18.2 7.5 23.8 17.3 6.1 34.1 22.4 9.7
- (0.0) (-0.1) (0.2) (-0.2)  (-0.7) (1.1) (-0.1)  (-0.3) (0.4) (-0.7)  (-1.8) (1.2)
= IPW2 7.1 6.5 -0.5 8.1 6.7 1.9 7.2 6.3 -1.5 8.3 6.6 1.3
o (-0.2) (-0.2) (-2.0) (0.0) (0.0) (0.0) (-0.3)  (-0.5) (-2.9) (0.0) (0.0) (-0.4)
= IPW3 3.3 2.9 -1.8 4.1 3.0 -0.4 3.1 2.6 -2.4 4.2 3.0 -1.0
~ (-0.1)  (-0.1) (-1.7) (0.0) (0.0) (-0.4) (-0.1) (-0.2) (-2.3) (0.0) (0.0) (-0.9)
DR 1.0 0.8 -2.0 1.0 0.8 -1.8 0.9 0.8 -2.3 1.0 0.8 -2.6
(0.0) (0.0) (-0.8) (0.0) (0.0) (-0.7) (0.0) (0.0) (-0.8) (-0.1) (-0.1) (-1.4)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 32.5 5.7 12.0 31.9 33.2 14.8 31.0 34.2 13.5 35.6 34.3 15.8
~ (-0.7)  (-0.2) (3.2) (-2.3)  (-1.2) (4.8) (-3.1) (-1.5‘) (5.0) (-3.7)  (-1.5) (4.4)
w IPW?2 17.1 21.6 7.4 18.1 21.2 13.2 16.7 21.6 . 18.2 21.2 10.3
o (0.1) (0.3) (0.8) (0.0) (0.4) (3.3) (0.4) (0.3) (2.5) (0.0) (0.7) (0.9)
£ IPW3 14.1 11.3 2.8 15.0 11.9 5.2 13.9 11.1 4.6 15.0 11.9 2.1
ot (0.1) (0.2) (1.0) (0.0) (0.5) (2.3) (0.4) (0.1) (2.9) (-0.1) (0.7) (-0.5)
DR 15.3 6.1 4.6 15.4 6.1 4.7 15.1 5.5 6.6 14.9 5.6 1.1
(0.0) (0.3) (1.8) (0.0) (0.4) (1.7) (-0.2)  (-0.3) (3.7) (-0.2) (0.2) (-1.7)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 16.5 15.8 6.3 16.6 14.0 8.2 16.0 14.9 7.7 20.8 16.1 8.7
~ (-0.6) (-0.1) (1.4) (-1.7y  (-0.7) (2.5) (-2.3)  (-0.9) (2.6) (-2.7 (-0.9) (2.2)
» IPW 2 -1.6 3.3 3.0 -0.8 3.4 7.1 -1.9 3.0 4.6 -0.7 3.5 4.9
o (0.0) (-0.1)  (-0.3) (0.0) (0.1) (1.5) (0.2) (0.0) (0.8) (0.0) (0.2) (-0.2)
£ IPW3 -5.1 -2.5 0.1 -4.5 -1.8 1.8 -5.3 -2.9 1.7 -4.5 -1.7 -0.5
ot (0.0) (0.0) (-0.2) (0.0) (0.2) (0.8) (0.2) (0.0) (1.1) (0.0) 0.1) (-1.0)
DR -14.3 -6.2 -0.4 -14.3 -6.1 -0.3 -14.4 -6.8 1.3 -14.7 -6.2 -3.1
(0.0) (0.1) (0.2) (0.0) (0.2) (0.2) (-0.1) (-0.1) (1.6) (-0.2 (-0.1) (-2.2)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 40.6 24.8 10.2 47.7 29.3 11.0 43.3 25.6 8.0 55.7 34.5 12.8
- (1.3) (0.1) (-0.1) (2.4) (-0.1) (0.6) (1.9) (0.0) (-1.6) (3.9) (-0.6) (0.4)
& IPW 2 17.8 11.1 6.2 18.0 12.1 6.9 17.2 10.1 2.1 18.0 12.0 6.5
o (0.0) (-0.3) (-2.4) (0.0) (0.2) (-0.4) (-0.9) (-2.0) (-7.1) (0.0) (0.1) (-0.8)
= IPW3 12.0 3.7 4.6 12.2 4.0 5.1 11.3 2.7 0.5 12.3 4.0 4.7
x (0.1) (-0.1) (-1.9) (0.0) (0.2) (-0.5) (-0.8) (-1.4) (-6.1) (0.0) (0.1) (-1.0)
DR 13.3 1.6 -1.3 13.0 1.4 -0.1 13.1 1.3 -5.3 12.9 1.4 -0.2
(0.0) (0.0) (-0.8) (0.1) 0.1) (-0.3) (-0.5) (-0.6) (-4.1) (0.2) 0.2) (-0.7)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 30.4 15.0 11.4 36.2 17.6 12.7 32.8 15.2 10.3 44.5 21.7 15.0
- (0.7) (0.2) (0.0) (1.5) (0.2) (0.3) (1.1) (0.0) (-0.8) (2.9) (-0.2) (0.1)
& IPW2 17.1 9.0 5.9 17.0 9.0 6.5 17.0 8.9 2.8 17.0 9.0 6.3
o (0.0) (-0.2)  (-1.3) (0.0) (0.3) (-0.2) (-0.6) (-1.4) (-4.1) (0.0) (0.2) (-0.5)
= IPW3 15.3 5.0 5.2 15.4 4.8 5.6 15.0 4.7 2.2 15.4 4.9 5.3
ot (0.0) (0.1) (-1.0) (0.0) (0.3) (-0.3) (-0.5) (-0.9) (-3.4) (0.0) (0.2) (-0.5)
DR 18.9 5.8 1.6 18.7 6.0 2.1 19.1 5.4 -0.9 18.6 6.1 2.0
(0.0) (0.0) (-0.3) (0.1) (0.1) (0.0) (-0.2) (-0.6) (-2.0) (0.2) (0.1) (-0.2)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each
possible DGP with multidimensional covariate vector X are reported along with the percentage change which is due to the bias introduced by
L2 o iae2 58
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). (in parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter

method.
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Table A.21: Percentage improvement in MSE for the ATE if the shrunken propensity scores are used
with trimming rule 2 instead of the conventional propensity scores with trimming rule 1, fixed valued A,

many X
linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 29.3 14.7 6.9 32.5 17.2 10.2 33.2 18.7 10.0 36.1 19.9 14.1
. (-0.4)  (-0.5) (0.4) (-1.3)  (-2.0) (2.0) (-0.9) (- 1 0) (0.8) (-3.1)  (-4.1) (3.4)
= IPW 2 15.7 5.7 -1.4 15.8 5.9 1.8 14.8 -2.7 15.6 5.9 2.7
o (-0.3) (-0.2) (-3.6) (0.0) (-0.1) (-0.1) (-0.6) (- O 4) (-5.2) (0.1) (0.0) (1.1)
£ IPW3 14.7 4.6 -1.5 14.8 4.9 0.8 14.1 4.8 -2.3 14.5 4.8 1.5
ot (-0.2) (0.0) (-3.0) (0.0) (0.0) (-0.4) (-0.3) (- 0 2) (-4.2) (0.1) (0.0) (0.6)
DR 14.0 0.7 -1.9 13.7 0.4 -2.0 13.7 -1.5 13.6 0.1 -1.7
(0.0) (0.0) (-1.5) (0.0) (0.0) (-1.6) (0.0) (0 0) (-1.5) (0.1) (0.0) (-1.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 25.4 16.2 6.4 27.4 18.8 8.1 28.3 19.3 8.0 30.4 21.9 10.3
- (-0.2) (-0.1) (0.5) (-0.7)  (-0.8) (1.3) (-0.4) (- 0 3) (0.8) (-1.8)  (-1.9) (2.1)
= IPW2 14.7 6.3 1.5 14.6 7.4 3.2 14.7 6.0 0.7 14.8 7.5 3.8
o (-0.2) (-0.3) (-1.5) (0.0) (0.0) (0.3) (-0.4)  (-0.5) (-2.4) (0.1) (0.1) (1.0)
= IPW3 13.2 5.7 1.7 13.2 6.6 2.9 13.3 5.6 1.2 13.2 6.6 3.4
ot (-0.1) (-0.2) (-1.2) (0.0) (0.0) (0.1) (-0.2) (-0.3) (-1.8) (0.1) (0.1) (0.7)
DR 14.0 5.4 2.2 13.9 5.0 2.3 14.0 5.8 2.3 13.8 4.7 2.6
(0.0) (0.0) (-0.4) (0.0) (0.0) (-0.5) (0.0) (0.0) (-0.4 (0.0) (0.0) (-0.1)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 22.5 11.7 2.9 23.3 11.3 4.8 23.4 13.0 5.9 25.1 12.8 6.5
~ (-1.1)  (-0.5) (0.4) (-2.7)  (-2.0) (2.0) (-3.6) (-2.2) (1.5) (-4.0)  (-2.3) (3.5)
w IPW?2 18.0 6.0 -1.1 18.3 5. 1.2 18.5 6.8 0.9 18.5 5.2 0.6
o (-0.2) (0.0) (-1.7) (0.0) (-0.3) (1.2) (0.0) (0.1) (-0.7) (0.2) (0.2) (1.1)
= IPW3 18.0 5.5 -1.1 18.4 4.7 0.7 18.5 6.2 0.9 18.5 4.6 -0.1
ot (-0.1) (0.0) (-1.2) (0.0) (-0.2) (1.0) (0.0) (0.0) (-0.1) (0.1) (0.2) (0.7)
DR 31.1 3.0 0.7 30.9 2.8 0.5 31.2 2.9 2.5 30.6 2.4 -1.0
(0.1) (0.0) (0.5) (0.1) (0.0) (0.5) (0.2) (-0.4) (1.6) (-0.2) (0.1) (-0.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 21.9 13.2 3.0 22.7 13.4 3.9 22.7 14.3 5.2 24.0 14.5 4.3
~ (-0.6) (-0.1) (0.1) (-1.6) (-0.7) (1.1) (-2.2) (-0.9) (0.9) (-2.5)  (-0.8) (2.1)
» IPW 2 14.7 7.1 0.3 15.0 6.9 1.3 15.0 2.0 15. 6.9 0.4
o (-0.1) (-0.1) (- 1 2) (0.0) (0.0) (0.6) (0.0) (0 0) (-0.6) (0.1) (0.1) (0.5)
£ IPW3 12.8 7.0 13.2 6.8 1.1 13.1 1.9 13.2 6.7 0.1
ot (-0.1)  (-0.1) (—0.9) (0.0) (0.0) (0.5) (0.0) (0 0) (-0.2) (0.1) (0.1) (0.3)
DR 12.4 4.8 0.8 12.0 4.7 0.8 12.6 4.9 2.3 11.6 4.3 -0.7
(0.0) (0.0) (0.1) (0.0) (0.0) (0.1) (0.0) (-0.1) (0.9) (-0.1) (0.0) (-0.6)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 24.9 14.9 10.8 28.9 16.7 12.2 30.0 18.1 12.4 34.2 19.4 14.8
- (0.0) (0.1 (2.2) (0.0) (-0.1) (3.2) (-0.1) (0. 3) (1.9) (-0.2)  (-0.5) (4.3)
& IPW 2 15.6 7.2 3.0 15.5 7.5 4.1 15.8 6.0 -1.2 15.7 7.5 4.6
o (-0.2) (-0.6) (-2.0) (0.1) (0.0) (0.2) (-0.9) (-2.0) (-6.1) (0.2) (0.2) (0.9)
£ IPW3 14.6 6.3 3.1 14.4 6.4 3.7 14.9 5.5 -0.4 14.6 6.3 4.2
ot (-0.1) (-0.4) (-1.5) (0.1) (0.0) (0.2) (-0.7)  (-1.6) (-4.9) (0.2) (0.2) (0.9)
DR 30.4 5.0 -0.2 30.5 4.6 -0.5 30.6 5.1 -1.8 30.7 4.6 -0.1
(0.0) (0.0) (0.2) (0.0) (0.0) (0.1) (-0.1)  (-0.3) (-1.6) (0.1) (0.2) (0.7)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 23.7 15.1 . 26.6 16.8 9.5 27.6 17.4 9.8 30.8 19.2 10.1
- (0.0) (0.1) (1.3) (0.0) (0.1) (1.8) (0.0) (0.2) (1.2) (-0.1) (0.0) (2.5)
& IPW?2 16.2 8.0 6.3 16.0 8.8 6.4 16.8 7.2 3.4 15.9 8.9 6.5
o (-0.1) (-0.6) (-1.0) (0.1) (-0.1) (0.1) (-0.5)  (-1.6) (-3.3) (0 2) (0.1) (0.6)
= IPW3 16.0 7.8 6.1 15.7 8.3 6.0 16.7 7.2 3.4 15.7 8.4 6.1
o<t (0.0) (-0.5)  (-0.7) (0.1) (-0.1) (0.1) (-0.3)  (-1.3) (-2.7) (0.2) (0.0) (0.5)
DR 38.0 9.4 2.6 38.0 9.2 2.5 38.2 9.6 0.9 38.1 9.1 2.7
(0.0) (-0.1) (0.1) (0.0) (-0.1) (0.1) (-0.1) (-0.5) (-0.8) (0.0) (0.0) (0.5)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each

possible DGP with multidimensional covariate vector X are reported along with the percentage change which is due to the bias introduced by

bias? (ATE(p)) —bias2 (ATE(5%))
bias2 (ATE(p))+ Var(ATE(p))

shrinkage, i.e., <
method.

21

). (in parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter



Table A.22: Percentage improvement in MSE for the ATE if the shrunken propensity scores
are used with trimming rule 2 instead of the conventional propensity scores with trimming rule
2, fixed valued A\, many X

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 22.4 11.3 10.0 23.8 12.0 13.2 23.5 12.3 11.0 26.4 13.8 16.8
. (-0.4)  (-0.5) (1.7) (-1.3)  (-2.1) 3.7) (-0.9) (-1.0) (2.2) (-2.9) (-4.4) (5.4)
= IPW 2 11.0 2.8 2.2 11.1 2.7 6.6 10.7 2.6 0.2 11.3 2.7 7.5
o (-0.4) (-0.1) (-2.6) (0.0) (-0.1) (1.3) (-0.7)  (-0.4) (-4.5) (0.1) (-0.1) (2.3)
£ IPW3 6.8 0.7 2.3 6.8 0.8 5.2 6.6 0.4 0.9 7.0 0.7 6.1
ot (-0.2) (0.0) (-1.9) (0.0) (0.0) (0.9) (-0.4) (-0.2) (-3.2) (0.1) (0.0) (1.8)
DR 5.4 -2.1 3.1 5.2 -2.2 3.0 5.3 -2.1 3.2 5.3 -2.3 3.1
(0.0) (0.0) (-0.1) (0.0) (0.0) (-0.2) (0.0) (0.0) (-0.1) (0.1) (0.0) (0.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 20.2 9.0 9.3 21.0 10.4 11.6 20.8 10.1 10.1 22.7 12.6 14.5
- (-0.1) (-0.2) (1.1) (-0.6) (-0.9) (2.1) (-0.4) (-0.4) (1.3) (-1.6) (-2.1) (3.0)
= IPW2 11.1 0.7 2.3 11.4 1.6 4.8 11.0 0.3 0.9 11.5 1.7 5.4
) (-0.3)  (-0.3) (-1.3) (0.0) (0.0) (0.8) (-0.5)  (-0.5) (-2.3) (0.1) (0.1) (1.4)
= IPW3 7.6 -0.1 2.5 7.8 0.7 4.2 7.5 -0.5 1.6 7.9 0.8 4.8
ot (-0.2) (-0.2) (-0.9) (0.0) (0.0) (0.7) (-0.3) (-0.3) (-1.6) (0.1) (0.0) (1.1)
DR 4.7 -0.5 3.4 4.6 -0.6 3.2 4.6 -0.4 3.5 4.6 -0.8 3.3
(0.0) (0.0) (0.2 (0.0) (0.0) (0.2) (0.0) (0.0) (0.2) (0.1) (0.0) (0.4)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 18.9 11.0 3.9 18.8 9.7 5.6 17.3 10.1 3.4 20.6 10.4 8.9
~ (-1.2)  (-0.4) (0.5) (-2.9) (-1.8) (2.2) (-3.7)  (-1.2) (0.3) (-4.2) (-2.4) (5.7)
w IPW?2 11.1 6.1 1.7 11.2 4.8 5.1 11.9 7.3 1.7 11.2 4.9 6.5
o (-0.2) (0.1) (-2.0) (0.0) (-0.2) (0.8) (0.5) (1.1) (-2.6) (0.2) (0.1) (2.5)
= IPW3 8.1 3.9 1.3 8.2 3.2 3.9 8.8 4.8 1.2 8.2 3.3 5.2
~ (-0.1) (0.1) (-1.4) (0.0) (-0.1) (0.6) (0.4) (0.9) (-1.9) (0.1) (0.2) (2.2)
DR 4.7 0.7 1.1 4.7 0.7 1.2 5.1 1.1 0.9 4.6 0.5 2.0
(0.0) (0.0) (0.1) (0.0) (0.0) (0.1) (0.3) (0.3) (-0.3) (-0.1) (0.1) (1.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 21.6 6.2 3.4 21.4 5.0 4.5 20.5 5.4 3.1 22.4 4.9 6.6
~ (-0.7)  (-0.1) (0.3) (-1.6) (-0.8) (1.4) (-2.1) (-0.6) (0.2) (-2.4)  (-0.9) 3.7)
» IPW 2 13.8 3.3 2.3 13.8 2.3 4.4 14.2 4.1 2.3 13.9 2.4 5.4
o (-0.1) (-0.1) (-1.2) (0.0) (0.0) (0.6) (0.2) (0.4) (-1.6) (0.1) (0.2) (1.7)
£ IPW3 10.6 2.1 2.2 10.6 1.6 3.9 10.9 2.7 2.2 10.6 1.7 4.8
ot (-0.1)  (-0.1) (-0.8) (0.0) (0.0) (0.5) (0.2) (0.3) (-1.2) (0.1) (0.2) (1.5)
DR 6.6 0.5 2.6 6.6 0.6 2.7 6.9 0.8 2.4 6.4 0.6 3.4
(0.0) (0.0) (0.3) (0.0) (0.0) (0.2) (0.1) (0.2) (-0.1)  (-0.1) (0.1) (0.9)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 19.8 11.1 4.9 22.1 12.9 8.7 22.3 13.0 7.6 26.2 15.6 14.1
- (0.4) (0.5) 1.5) (0.6) (0.4) (2.5) (1.4) (1.6) (3.2) (0.8) (0.1) (3.1)
& IPW 2 10.3 3.4 -3.2 10.6 3.6 -0.6 10.3 2.4 -4.8 10.7 3.6 -0.3
o (-0.3) (-0.6) (-2.7) (0.1) (0.1) (-0.2) (-1.1) (-1.4) (-4.4) (0.2) (0.2) (0.1)
£ IPW3 6.3 2.3 -3.4 6.3 2.3 -1.6 6.5 1.6 -4.4 6.5 2.4 -1.2
ot (-0.2) (-0.4) (-2.1) (0.1) (0.1) (-0.3) (-0.6) (-0.9) (-3.1) (0.2) (0.2) (-0.1)
DR 20.6 -0.8 -3.0 21.1 -1.0 -2.9 21.1 -0.6 -2.3 22.1 -1.0 -2.7
(0.0) (0.1) (-0.5) (0.0) (0.1) (-0.5) (0.0) (0.4) (0.2) (0.0) (0.1) (-0.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 17.2 11.6 4.2 19.3 13.1 6.7 19.2 13.1 6.0 23.0 15.3 10.7
- (0.2) (0.6) (0.6) (0.3) (0.7) (1.2) (0.7) (1.4) 1.7) (0.5) (0.7) (1.5)
& IPW?2 7.9 4.0 -2.0 8.1 4.2 -1.0 7.7 3.4 -3.2 8.1 4.2 -0.8
o (-0.3) (-0.4) (-1.6) (0.0) (0.1) (-0.3) (-0.8) (-0.9) (-2.8) (0.1) (0.3) (-0.1)
= IPW3 5.7 3.3 -2.0 5.7 3.4 -1.3 5.7 2.9 -2.7 5.8 3.4 -1.2
o<t (-0.2) (-0.3) (-1.3) (0.0) (0.1) (-0.3) (-0.5) (-0.6 (-2.0) (0.1) (0.2) (-0.2)
DR 4.7 1.1 -1.2 5.0 0.9 -1.3 5.1 1.4 -1.0 5.5 0.8 -1.2
(0.0) (0.1) (-0.3) (0.0) (0.1) (-0.4) (0.0) (0.3) (0.0) (0.0) (0.1) (-0.4)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each

possible DGP with multidimensional covariate vector X are reported along with the percentage change which is due to the bias introduced by
L2 o iae2 58

. . bias? (ATE(5)) — bias2 (ATE(5°))
shrinkage, i.e., ( bias2 (ATE(p))+ Var(ATE(p))

). (in parenthesis). The tuning parameter X is chosen according to the fixed tuning parameter

method.
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Table A.23: Percentage improvement in MSE for the ATE if the shrunken propensity scores
are used with trimming rule 2 instead of the conventional propensity scores with trimming rule
3, fixed valued A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 29.6 1.2 0.5 51.1 10.8 2.8 54.1 6.7 0.8 75.5 26.7 4.1
. (33.7) (2.3) (-1.1)  (44.5) (7.1) (0.3) (48.1) (4.9) (-0.8) (62.1) (15.9) (0.5)
= IPW 2 32.1 14.4 -3.0 56.1 30.2 3.4 55.1 25.8 -3.2 78.9 50.2 6.0
° (24.4) (2.4) (-5.5)  (35.7) (7.8) (-2.3)  (36.7) (4.3) (-7.4) (53.5) (14.9) (-3.6)
s IPW3 26.5 1.5 -0.6 52.2 15.6 2.5 52.8 9.2 -1.9 78.1 35.6 1.9
ot (31.1) (1.6) (-3.2) (43.2) (6.7) (-1.0) (45.4) (3.3) (-4.4) (61.2) (14.3) (-2.2)
DR 39.3 2.8 -1.5 39.3 2.6 -0.5 39.1 3.1 -1.9 39.4 2.2 -1.5
(0.0) (0.1) (-1.7) (0.0) (0.1) (-1.4) (0.0) (0.1) (-1.8) (0.0) (0.0) (-2.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 8.0 1.0 -1.4 31.3 7.4 -0.3 34.4 4.4 -1.1 62.9 19.1 0.5
- (23.5) (1.1) (-0.8) (34.6) (3.9) (0.0) (37.9) (2.5) (-0.6) (54.8) (10.1) (0.1)
= IPW2 8.3 7.9 -2.8 34.2 19.4 0.6 33.1 15.8 -2.3 64.4 36.3 3.0
o (16.6) (0.9) (-3.2) (27.4) (4.4) (-1.5) (28.2) (1.9) (-4.3)  (46.6) (9.7) (-2.2)
'% IPW 3 2.6 -1.8 -3.2 29.6 7.6 -2.1 30.2 2.9 -4.0 63.3 22.6 -2.8
ot (21.3) (0.4) (-2.0) (33.0) (3.4) (-0.8) (35.0) (1.2) (-2.7)  (53.5) (8.7) (-1.4)
DR 42.6 4.9 -2.5 42.4 4.8 -2.0 42.5 4.9 -2.9 42.4 4.6 -2.5
(0.0) (0.0) -1.1) (0.0) 0.0) (-1.0) (0.0) (0.0) (-1.2) (0.1) (-0.1) (-1.6)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW1 -24.6 -0.9 6.4 -20.5 -8.7 6.7 -24.8 -5.5 7.8 6.8 -10.0 6.7
~ (9.3) (9.1) (42) (-1.6) (1.3) (4.1) (-4.9) (5.2) (6.0) (-08) (-1.8) (34)
w IPW?2 -1.2 8.4 5.6 8.6 7.3 8.4 10.1 11.7 8.1 34.6 14.2 6.8
o (10.4) (8.0) (1.6) (2.1) (2.1) (2.5) (1.8) (6.4) (3.2) (2.8) (0.7) (-0.4)
'% IPW3 -17.0 4.1 5.6 -8.6 -1.0 5.8 -8.6 4.7 7.4 21.4 2.2 2.7
ot (11.1)  (11.2) (1.7) (2.4) (4.5) (2.2) (1.5) (10.1) (3.6) (3.8) (2.8) (-0.6)
DR 70.4 14.5 4.9 71.0 14.7 4.9 70.3 14.0 6.8 70.8 14.2 1.2
(0.1) (0.2) (0.4) (0.2) (0.4) (0.2) (0.0) (-0.3) (2.3) (0.0) (0.2) (-3.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW1 -19.0 -1.7 2.0 -16.3 -6.4 2.2 -18.9 -4.7 3.4 1.0 -7.4 2.3
~ (4.8) (5.7) (2.2) (-1.0) (1.4) (2.2) (-2.9) (3.7) (3.4) (-0.3) (-0.3) (1.8)
w IPW2  -10.3 1.5 1.7 -3.4 0.7 3.7 -2.5 3.0 4.0 17.1 4.6 2.8
o (5.8) (4.9) (0.5) (1.1) (1.5) (1.1) (1.0) (4.1) (1.5) (2.1) (0.5) (-0.7)
£ IPW3  -20.7 -0.6 1.3 -15.4 -3.9 1.3 -15.6 -0.7 2.9 5.4 -2.7 -1.1
ot (6.0) (6.9) (0.5) (1.3) (3.0) (0.9) (0.8) (6.4) (1.8) (2.5) (1.8) (-1.0)
DR 7.8 -2.9 -2.7 8.4 -2.6 -2.7 7.7 -3.5 -0.9 7.9 -2.8 -5.6
(0.0) (0.1 (-0.5) (0.1) (0.3) (-0.6) (-0.1) (-0.1) (0.8 (-0.2) (-0.1) (-3.1)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 73.7 36.0 8.0 83.3 54.2 8.7 82.5 47.3 6.1 91.0 70.3 10.8
- (76.8) (32.9) (-1.4) (81.9) (46.4) (-0.1) (81.5) (40.6) (-2.8) (86.9) (57.9) (1.5)
& IPW 2 71.5 41.8 12.3 83.7 61.8 19.3 81.4 53.7 12.5 92.4 78.2 30.5
° (71.9) (27.1) (-4.3) (779) (39.4) (-2.6) (76.8) (31.7) (-8.7) (83.9) (49.0) (-2.6)
s IPW3 72.5 37.5 7.7 84.1 58.5 11.7 82.3 49.0 5.2 92.6 75.9 18.3
ot (75.3)  (29.5) (-3.4) (81.0) (43.1) (-2.5) (80.2) (35.4) (-7.7) (86.4) (54.0) (-3.1)
DR 67.6 9.6 1.3 67.5 9.3 2.5 67.6 9.3 -2.8 67.6 9.7 2.5
(0.1) (0.0) -0.6) (0.4) (0.4) (0.3) (-0.1) (-0.6) (-3.9) (1.1) (1.2) (0.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 56.5 21.6 9.2 72.5 40.1 10.8 71.0 32.6 8.3 85.8 59.5 13.6
- (70.6) (23.2) (-0.6) (77.7) (36.4) (0.2) (77.0)  (30.4) (-1.3) (84.6) (50.1) (1.3)
& IPW?2 52.6 28.9 8.9 71.6 48.9 13.9 68.2 40.8 8.6 86.3 68.4 22.4
o (64.5) (18.4) (-2.4) (72.8) (30.3) (-1.3) (71.4) (23.0) (-5.1) (81.1) (41.5) (-1.2)
'% IPW 3 54.1 24.3 4.6 72.3 44.9 6.4 69.7 35.4 2.2 86.8 65.3 10.0
o<t (68.5) (20.2) (-1.9) (76.4) (33.2) (-1.3) (75.3) (25.7) (-4.5) (83.9) (45.9) (-1.7)
DR 79.4 22.5 2.3 79.3 22.3 2.8 79.4 22.2 -0.2 79.3 22.5 2.7
(0.1) (-0.1)  (-0.2) (0.2) (0.3) (0.3) (0.0) (-0.6) (-1.9) (0.5) (0.7) (0.3)

Note: The percentage improvements in MSE of ATE estimates due to the shrunken propensity score for each estimation method and for each

possible DGP with multidimensional covariate vector X are reported along with the percentage change which is due to the bias introduced by
L2 o iae2 58

. . bias2 (ATE(5)) — bias2 (ATE(5°))
shrinkage, i.e., ( bias2 (ATE(p))+ Var(ATE(p))

), (in parentheses). The tuning parameter X\ is chosen according to the fixed tuning parameter

method.
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Table A.24: MSE of ATE estimators based on conventional propensity score

linear nonlinear

N 100 200 500 100 200

500

linear nonlinear

100 200 500 100 200 500

homogeneous, homoscedastic

— IPW1 1319 757 304 1456 88.3
S IPW2 800 435 192 794 43.8
£ IPW3 719 370 155 720 372
= DR 780 394 163 788 39.9

homogeneous, heteroscedastic
— IPW1 169.7 959 388 1832 1088
S IPW2 1208 636 269 120.6 63.8
S IPW3 1128 57.6 231 1131 57.6
= DR 118.3 59.3 23.6 119.0 59.5

homogeneous, homoscedastic
o IPW1 1221 537 215 1140 49.2
T IPW?2 742 375 168 753 382
£ IPW3 680 330 147 685 33.3
~ DR 73.2 349 153 736 35.1

homogeneous, heteroscedastic
~ IPW1 1607 743 295 1522 69.3
T IPW2 1138 578 246 1147 582
£ IPW3 1071 53.0 223 1076 53.3
~ DR 109.8 54.3 227 1102 544

homogeneous, homoscedastic
» IPW1 1085 90.6 21.6 130.2 114.4
T IPW?2 723 387 161 724 382
£ IPW3 674 343 143 676 343
= DR 72.9 361 148 733  36.3

homogeneous, heteroscedastic
= IPW1 1483 110.7 29.9 170.0 134.5
S IPW2 1146 587 241 1149 582
E IPW 3 1105 54.7 223 110.8 54.7

DR 1177 564 228 1181 56.6

33.4
19.8
15.5
16.7

41.8
274
23.0
23.8

20.0
16.7
14.6
15.4

27.8
24.3
22.2
22.8

25.8
16.0
14.3
14.9

34.3
241
22.2
22.9

heterogeneous, homoscedastic
138.7 79.7 319 199.7 116.6 43.7
82.4 452 20.0 799 439 19.8
72.7 374 157 726 374 15.6
78.3 39.7 16.3 80.7 40.8 17.3

heterogeneous, heteroscedastic
176.5 99.9 40.3 237.0 137.5 524
123.4  65.0 276 121.0 639 27.5
113.7 578 23.2 113.5 577 23.2
118.8 59.5 23.6 120.8 60.3 244

heterogeneous, homoscedastic
124.2 54.6 219 125.6 543 22.1
75.2 382 171 753 38.3 16.7
68.6 332 148 68.6 334 14.7
73.6 35.1 154 742 355 15.6

heterogeneous, heteroscedastic
162.7 752 299 163.8 744 299
114.8 585 25.0 114.8 582 243
107.7 53.2 224 107.8 53.3 222
110.1  54.6 22.8 1109 54.7 23.0

heterogeneous, homoscedastic
115.2 97.6 22.7 1775 160.7 35.0
74.0 399 166 72.7 38.3 16.1
68.0 345 143 679 344 143
73.4 36.4 149 74.3 36.8 15.2

heterogeneous, heteroscedastic
155.1 117.7 31.1 217.1 180.8 43.7
116.5 599 24.6 1152 583 24.1
111.2 549 223 111.1 548 223
118.3 56.7 229 119.0 571 23.1

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different method:
IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. The ATE is estimated for 10000,
5000 and 2000 Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to the
treated-to-control ratio. Linear and nonlinear refer to the relation between propensity score and outcome
variable. Homogeneous or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and
heteroscedastic describe the error term structure of the outcome variable.
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Table A.25: MSE of ATE estimators based on propensity score trimmed by trimming rule 1

linear nonlinear linear nonlinear

N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic

— IPW1 829 384 162 919 414 16.7 947 423 174 1087 49.1 19.6

; IPW 2 732 348 142 72,6 345 14.0 757 358 14.7 742 357 14.7

£ IPW3 741 348 140 740 348 140 760 355 143 755 36.0 14.7

= DR 75.6 347 139 758 349 140 76.7 350 141 777 364 149
homogeneous, heteroscedastic heterogeneous, heteroscedastic

— IPW1 134.1 623 251 143.1 653 25.6 146.2 659 26.1 160.1 73.1 28.7

; IPW 2 124.8 58.7 232 1241 583 23.0 1275 594 235 1256 59.6 23.9

"‘:é IPW 3 125.5 58.7 23.0 1253 586 229 1277 59.1 23.1 126.7 599 23.7

= DR 1274 585 229 1275 58.6 22.9 128.7 587 23.0 1293 60.1 23.9
homogeneous, homoscedastic heterogeneous, homoscedastic

N IPW1 771 351 144 798 355 143 858 378 152 871 385 155

O; IPW2 700 322 132 695 322 133 722 329 134 71.1 333 138

% IPW3 706 323 13.1 704 324 132 725 329 133 71.8 333 13.6

~ DR 714 325 131 716 325 132 726 329 133 732 335 13.7
homogeneous, heteroscedastic heterogeneous, heteroscedastic

N [PW1 1257 57.0 222 1284 574 221 1341 595 229 1359 604 234

Cg IPW 2 118.8 54.2 21.0 1184 54.2 21.0 120.7 54.8 21.1 120.1 553 21.6

£ IPW3 1194 542 209 119.2 543 209 121.0 54.7 21.0 120.8 553 21.5

~ DR 119.8 54.5 209 119.9 544 209 120.7 54.7 21.0 121.8 554 21.5
homogeneous, homoscedastic heterogeneous, homoscedastic

» IPW1 782 36.6 15.0 90.0 41.1 164 883 40.2 16.2 1114 50.3 19.7

C; IPW2 683 327 133 67.7 324 13.1 701 334 137 683 329 133

£ IPW3 69.0 328 133 688 328 131 705 333 135 69.3 332 133

A DR 704 329 132 705 330 13.1 713 332 134 712 335 134
homogeneous, heteroscedastic heterogeneous, heteroscedastic

x» IPW1 1281 59.0 23.7 140.2 63.6 250 1385 62.6 24.7 161.8 729 28.2

C; IPW 2 119.0 554 221 1186 553 21.8 121.1 56.0 224 119.1 557 22.0

"‘:é IPW 3 120.0 55.6 219 119.8 55.6 21.8 121.7 56.0 22.1 120.3 56.0 22.0

= DR 122.7 55.8 21.8 122.8 559 21.8 123.7 56.1 22.0 123.5 56.4 220

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is trimmed according to the first rule explained in the text. The ATE is estimated for 10000, 5000 and 2000
Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to the treated-to-control
ratio. Linear and nonlinear refer to the relation between propensity score and outcome variable. Homogeneous
or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and heteroscedastic describe

the error term structure of the outcome variable.

25



Table A.26: MSE of ATE estimators based on propensity score trimmed by trimming rule 2

linear nonlinear linear nonlinear

N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic

— IPW1 800 378 149 86.2 410 16.0 838 39.6 15.7 102.3 50.1 20.1

; IPW2 707 330 13.1 70.2 327 129 724 337 134 T71.7 340 144

£ IPW3 69.0 325 129 689 324 129 700 329 132 702 33.7 143

A DR 70.0 327 129 703 328 129 704 328 13.1 719 34.2 144
homogeneous, heteroscedastic heterogeneous, heteroscedastic

— IPW1 1298 623 24.1 136.1 65.7 252 133.8 64.1 24.8 1525 74.8 29.3

; IPW 2 1202 57.3 224 119.6 57.1 223 121.8 57.9 227 121.1 584 23.8

"‘:é IPW 3 1189 57.0 223 1187 56.9 223 1198 574 225 120.0 582 23.7

= DR 119.8 57.1 22.2 1200 57.1 222 120.2 574 224 121.5 584 23.7
homogeneous, homoscedastic heterogeneous, homoscedastic

N IPW1 730 343 133 738 345 134 758 358 143 814 385 155

O; IPW2 663 31.2 123 658 31.1 122 682 324 131 674 325 134

% IPW3 652 309 122 650 309 12.2 66.5 31.8 129 66.5 322 13.3

~ DR 65.8 31.1 122 66.0 31.2 122 66.9 320 128 679 32.6 135
homogeneous, heteroscedastic heterogeneous, heteroscedastic

~ [PW1 1198 57.0 21.7 120.8 57.2 219 1224 584 226 1286 61.3 24.1

Cg IPW 2 1127 54.0 20.5 112.2 539 20.5 114.2 55.0 21.2 114.0 553 21.8

£ IPW3 111.7 53.7 204 111.5 53.7 205 1127 545 21.0 113.2 550 21.7

~ DR 112.2 54.1 20.5 1124 54.0 20.5 113.0 54.8 21.2 114.4 555 21.8
homogeneous, homoscedastic heterogeneous, homoscedastic

» IPW1 753 359 141 840 399 157 796 38.0 154 101.9 48.6 19.1

c; IPW2 658 31.7 125 654 31.5 124 671 32.7 13.2 657 31.8 126

£ IPW3 646 314 124 645 31.3 124 656 321 131 648 31.5 125

A DR 65.4 31.5 124 655 31.5 124 658 320 13.0 66.0 31.9 12.6
homogeneous, heteroscedastic heterogeneous, heteroscedastic

x» IPW1 1221 593 226 131.2 63.6 24.1 126.6 61.8 239 1493 72.6 27.3

C; IPW 2 1125 54.6 21.2 1125 544 21.0 113.7 55.6 21.9 112.8 54.7 21.1

"‘:é IPW 3 111.8 54.4 21.0 112.0 544 21.0 112.8 553 21.7 1123 54.6 21.1

= DR 113.1 546 21.0 113.3 54.6 21.0 113.6 554 21.5 113.7 549 21.2

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is trimmed according to the second rule explained in the text. The ATE is estimated for 10000, 5000 and
2000 Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to the treated-to-control
ratio. Linear and nonlinear refer to the relation between propensity score and outcome variable. Homogeneous
or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and heteroscedastic describe

the error term structure of the outcome variable.
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Table A.27: MSE of ATE estimators based on propensity score trimmed by trimming rule by HLW

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 817 285 13.7 1555 53.6 172 949 340 144 3440 983 24.0
2 IPW2 721 409 19.0 168.1 70.2 24.9 1074 544 23.6 3524 123.7 36.9
£ IPW3 731 304 145 1550 549 172 919 359 153 3369 96.7 224
= DR 74.3 36.6 14.8 93.1 369 150 927 36.8 14.8 984 386 15.6
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW1 992 47.1 21.8 1914 721 253 131.0 525 225 380.1 116.6 32.3
; IPW 2 1104 59.4 26.8 2058 883 326 1453 724 31.2 390.3 141.3 44.5
"‘:é IPW3 998 49.0 224 1919 73.2 25.0 129.1 543 23.2 3740 114.8 30.2
= DR 169.2 585 22.7 170.0 588 229 169.8 58.6 227 175.1 60.5 23.5
homogeneous, homoscedastic heterogeneous, homoscedastic
o IPW1 537 298 14.2 53.7 250 13.1 564 29.8 144 86.3 28.9 14.0
O; IPW2 642 359 151 68.0 340 147 73.0 399 16.3 1079 428 16.5
'*:é IPW3 576 326 14.1 57.8 274 128 61.6 33.7 14.3 91.5 31.8 13.1
~ DR 104.2 36.6 14.3 106.5 370 144 104.7 36.7 144 1058 37.0 145
homogeneous, heteroscedastic heterogeneous, heteroscedastic
~n JPW1 978 516 221 978 468 20.9 100.3 51.7 223 1302 50.7 218
Cg IPW 2 108.5 575 228 1121 553 223 1171 614 24.0 151.8 64.1 24.0
£ IPW3 1020 545 21.8 1022 493 20.5 1059 556 222 1358 53.7 20.9
~ DR 114.4 51.3 21.0 116.6 51.6 21.1 114.7 51.4 21.1 116.1 51.5 21.2
homogeneous, homoscedastic heterogeneous, homoscedastic
» IPW1 163.5 51.2 158 3435 94.6 21.1 241.0 64.7 17.2 7245 176.7 31.1
C; IPW 2 158.1 56.2 187 3354 101.8 26.0 230.1 73.6 22.8 696.3 188.2 40.9
£ IPW3 157.6 50.5 154 3360 933 199 2296 628 16.6 703.5 171.0 28.0
= DR 1049 36.6 13.8 1072 36.9 13.9 1055 37.0 14.0 118.3 39.1 14.3
homogeneous, heteroscedastic heterogeneous, heteroscedastic
x» IPW1 190.7 67.6 23.2 371.0 111.0 284 268.5 81.0 24.6 752.2 193.1 384
C; IPW 2 1873 731 259 3649 118.7 33.1 259.6 904 29.8 726.1 204.9 47.7
E IPW 3 185.8 67.4 229 3645 110.3 273 2581 79.6 24.0 732.1 1879 35.3

DR 259.3 63.9 221 2615 643 222 2600 64.2 222 2724 66.5 22.6

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is trimmed according to the rule by HLW. The ATE is estimated for 10000, 5000 and 2000 Monte Carlo
samples with sample sizes 100, 200 and 500, respectively. Ratio refers to the treated-to-control ratio. Linear and
nonlinear refer to the relation between propensity score and outcome variable. Homogeneous or heterogenous
describes treatment homogeneity or heterogeneity. Homoscedastic and heteroscedastic describe the error term
structure of the outcome variable.
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Table A.28: MSE of ATE estimators based on shrunken propensity score with fixed valued A
linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 530 296 13.1 635 36.3 16.0 545 30.6 134 83.0 487 22.1
; IPW2 604 319 143 582 304 13.1 655 350 16.1 59.2 30.8 13.2
£ IPW3 645 337 146 638 334 142 66.7 349 151 645 336 143
= DR 714 355 145 721 359 148 71.7 358 145 73.8 36.7 154
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW1 921 498 209 102.7 56.4 239 93.8 50.8 21.3 1224 689 30.1
; IPW 2 1055 b54.4 227 103.5 527 21.4 1107 573 244 1044 53.0 21.6
£ IPW3 1073 55.0 225 1069 54.6 22.0 109.7 56.1 23.0 107.5 54.7 222
= DR 111.7 554 21.9 1124 556 22.1 1122 556 21.9 1139 56.3 22.6
homogeneous, homoscedastic heterogeneous, homoscedastic
a IPW1 539 280 133 541 279 129 545 282 134 592 309 14.3
O; IPW2 589 29.1 13.1 586 29.1 129 61.1 30.1 13.6 59.2 29.5 13.0
£ IPW3 621 305 137 624 308 136 634 31.0 139 627 31.0 137
~ DR 68.9 326 14.1 69.3 328 14.1 69.3 328 142 69.8 33.0 14.2
homogeneous, heteroscedastic heterogeneous, heteroscedastic
~ IPW1 955 491 214 957 49.0 21.0 960 494 21.6 1009 52.0 223
c«g IPW 2 101.7 503 21.2 101.3 50.3 20.8 103.8 51.3 21.7 101.9 50.6 21.0
£ IPW3 1033 51.2 21.6 1034 51.4 214 1045 51.7 21.8 103.8 515 21.4
~ DR 105.5 51.9 214 1058 519 21.4 1058 52.1 21.5 106.4 52.1 21.6
homogeneous, homoscedastic heterogeneous, homoscedastic
» IPW1 56.7 313 13.7 693 388 173 59.1 327 144 921 525 24.0
C; IPW2 580 302 13.1 56.7 293 125 614 32.1 14.0 57.1 294 126
£ IPW3 614 317 135 61.0 314 133 629 325 138 61.3 315 133
= DR 68.4 33.8 13.7 687 339 138 689 34.1 13.8 69.8 345 14.1
homogeneous, heteroscedastic heterogeneous, heteroscedastic
x» IPW1 942 500 214 1069 575 251 96.8 514 220 1298 71.3 31.8
C; IPW2 103.3 51.8 21.4 1022 51.0 209 106.8 53.6 223 102.6 51.1 20.9
"‘:é IPW 3 105.7 52.7 21.6 1054 524 21.4 107.3 53.4 21.9 1057 525 21.5
= DR 113.1 54.1 21.7 1134 54.2 21.7 113.6 54.3 21.7 1143 54.7 220

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the fixed valued A. The ATE is estimated for 10000, 5000 and 2000 Monte Carlo samples
with sample sizes 100, 200 and 500, respectively. Ratio refers to the treated-to-control ratio.
nonlinear refer to the relation between propensity score and outcome variable. Homogeneous or heterogenous
describes treatment homogeneity or heterogeneity. Homoscedastic and heteroscedastic describe the error term

structure of the outcome variable.
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Table A.29: MSE of ATE estimators based on shrunken propensity score with MSE-minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 51.7 304 135 61.9 37.1 16.7 53.6 31.5 14.1 81.1 49.2 227
; IPW2 59.1 325 143 564 315 13.6 64.8 355 16.1 572 319 13.6
£ IPW3 627 345 150 619 345 149 654 358 157 624 347 149
= DR 69.3 36.8 151 70.2 372 155 69.9 372 154 720 379 159
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW1 937 518 208 104.1 585 23.8 955 529 21.3 1234 70.7 29.8
; IPW 2 1079 56.5 225 1054 555 21.7 1134 59.5 244 106.2 559 21.9
£ IPW3 1093 57.6 228 1086 57.5 228 111.9 587 235 109.1 57.7 228
= DR 113.7 583 225 1146 58.7 229 1142 586 22.7 116.2 59.4 23.5
homogeneous, homoscedastic heterogeneous, homoscedastic
o IPW1 531 291 129 534 288 128 53.7 293 13.0 589 31.8 14.2
O; IPW2 586 30.7 133 578 304 135 61.0 32.0 139 586 30.7 13.6
'*:é IPW3 61.8 321 139 61.7 322 14.1 63.2 32.8 14.2 62.1 324 14.2
~ DR 68.4 34.1 144 688 343 146 68.7 343 144 694 34.7 1438
homogeneous, heteroscedastic heterogeneous, heteroscedastic
~ IPW1 975 490 209 979 487 208 982 493 21.0 103.2 51.5 222
Cg IPW 2 1049 51.3 21.2 104.2 51.0 21.4 107.3 52.7 21.8 1049 513 21.5
£ IPW3 1065 521 21.7 1065 522 21.8 108.0 529 21.9 1069 523 22.0
~ DR 109.0 52.6 21.7 1094 52.8 21.9 1094 52.8 21.8 110.1 53.1 22.1
homogeneous, homoscedastic heterogeneous, homoscedastic
w» IPW1 541 307 139 66.9 384 17.7 56.7 322 14.7 89.9 52.2 24.7
C; IPW2 56.7 303 128 54.9 294 12,5 60.8 32,5 139 552 295 125
£ IPW3 59.6 31.8 133 589 315 133 61.8 328 138 59.2 31.7 133
= DR 66.0 34.0 13.7 66.6 342 139 66.6 344 14.0 679 347 14.1
homogeneous, heteroscedastic heterogeneous, heteroscedastic
w» IPW1 938 509 209 106.6 585 24.7 96.3 523 21.6 129.8 72.3 31.6
C; IPW 2 104.5 539 209 102.7 53.0 20.6 1085 56.0 22.0 103.1 53.1 20.7
E IPW 3 106.2 54.8 21.1 105.5 54.5 21.2 108.3 55.7 21.6 105.7 54.6 21.2

DR 112.7 56.2 21.3 113.1 56.4 21.5 1133 56.5 214 1143 56.9 21.8

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the MSE-minimizing A. The ATE is estimated for 10000, 5000 and 2000 Monte Carlo
samples with sample sizes 100, 200 and 500, respectively. Ratio refers to the treated-to-control ratio. Linear and
nonlinear refer to the relation between propensity score and outcome variable. Homogeneous or heterogenous
describes treatment homogeneity or heterogeneity. Homoscedastic and heteroscedastic describe the error term
structure of the outcome variable.
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Table A.30: MSE of ATE estimators based on shrunken propensity score with data driven A
linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 1424 76.9 75.0 147.8 76.7 56.0 1488 80.0 76.5 193.1 100.7 68.3
; IPW 2 748 40.6 208 74.2 392 19.2 787 42.8 21.8 74.6 394 19.3
£ IPW3 695 352 152 69.5 352 153 714 359 154 698 353 154
= DR 75.7 372 16.0 767 376 163 764 376 16.1 786 385 16.9
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW1 1824 97.1 81.8 187.3 969 629 188.6 100.1 83.2 232.1 1209 749
; IPW 2 120.8 62.3 285 1199 60.7 272 1248 644 296 1203 609 27.3
"‘:é IPW3 1144 56.3 23.2 114.1 56.3 234 116.2 57.0 234 1145 56.5 23.6
= DR 118.2 579 23.8 1193 583 24.2 1189 582 238 121.1 592 249
homogeneous, homoscedastic heterogeneous, homoscedastic
o IPW1 81.6 49.2 20.2 793 471 183 833 50.1 204 887 544 204
O; IPW2 653 376 155 66.1 377 155 672 385 159 664 379 155
'*:é IPW3 622 338 14.0 625 341 14.1 633 34.1 14.1 62.8 34.3 14.1
~ DR 68.1 359 145 685 36.1 146 685 36.1 146 69.2 36.5 14.7
homogeneous, heteroscedastic heterogeneous, heteroscedastic
~N [PW1 1228 69.7 27.2 120.6 67.7 254 1245 70.7 275 1302 752 275
c«g IPW 2 107.6 584 227 108.6 586 229 1094 594 23.1 109.0 588 229
£ IPW3 103.7 545 212 1041 54.8 214 1047 549 21.3 1044 550 214
~ DR 105.9 55.5 21.6 106.3 558 21.6 106.4 557 21.7 106.9 56.1 21.7
homogeneous, homoscedastic heterogeneous, homoscedastic
» IPW1 1143 53.8 20.5 151.3 66.7 252 1240 57.2 21.7 2221 922 358
C; IPW2 689 36.1 152 683 36.1 151 720 376 16.1 68.5 36.2 15.1
£ IPW3 658 334 135 655 335 135 673 339 13.7 658 33.6 136
A DR 71.8 354 14.1 722 357 142 72.6 357 142 73.3 36.2 14.5
homogeneous, heteroscedastic heterogeneous, heteroscedastic
x» IPW1 156.1 748 27.8 1929 87.6 325 1658 781 29.0 263.6 113.2 429
C; IPW 2 1158 579 232 115.0 578 233 119.0 59.3 242 1153 579 234
"‘:é IPW 3 112.1 54.7 21.6 111.7 549 21.7 113.6 552 21.8 112.0 550 21.8
= DR 118.3 56.8 222 1186 57.0 225 119.1 57.0 223 119.7 576 228

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the data-driven A\. The ATE is estimated for 10000, 5000 and 2000 Monte Carlo samples
with sample sizes 100, 200 and 500, respectively. Ratio refers to the treated-to-control ratio.
nonlinear refer to the relation between propensity score and outcome variable. Homogeneous or heterogenous
describes treatment homogeneity or heterogeneity. Homoscedastic and heteroscedastic describe the error term

structure of the outcome variable.
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Table A.31: MSE of ATE estimators based on shrunken propensity score with trimming rule 2, fixed
valued A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 608 31.0 134 649 334 144 625 320 140 715 37.0 16.2
2 IPW2 622 30.8 127 614 30.2 124 643 32.0 13.2 61.8 30.6 13.1
£ IPW3 638 312 128 635 31.0 126 650 31.9 131 640 31.6 134
A DR 67.9 322 129 683 324 129 682 324 13.1 696 33.5 14.1
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW1 1049 539 224 109.0 56.1 234 106.7 549 23.0 115.6 59.5 25.2
; IPW 2 110.0 55.0 21.9 109.1 54.1 21.6 112.0 56.2 224 1094 544 224
"‘:é IPW 3 1104 54.9 219 110.0 54.5 21.7 111.6 556 22.2 1104 54.9 22.6
= DR 112.6 55.0 21.8 113.0 55.0 21.7 112.8 552 219 1143 56.1 22.9
homogeneous, homoscedastic heterogeneous, homoscedastic
o IPW1 589 295 123 605 303 126 61.6 31.2 134 62.1 30.8 12.7
O; IPW2 596 29.0 11.8 592 288 11.6 602 29.2 12.0 59.6 29.1 12.2
'*:é IPW3 605 294 119 60.5 294 11.8 61.1 29.6 12.1 61.0 29.9 125
~ DR 64.1 30.5 12.1 64.3 30.6 121 65.0 31.2 126 658 31.7 132
homogeneous, heteroscedastic heterogeneous, heteroscedastic
o IPW1 101.8 51.2 204 1036 51.9 208 1044 529 214 1053 52.6 21.0
Cg IPW 2 105.8 51.5 20.2 105.6 51.2 20.2 106.2 51.6 20.3 106.1 51.6 20.8
£ IPW3 1060 51.6 20.2 106.1 51.5 20.2 106.3 51.7 20.4 106.7 52.0 21.0
~ DR 107.5 52.2 204 107.7 521 204 1083 52.8 20.9 109.3 53.2 21.5
homogeneous, homoscedastic heterogeneous, homoscedastic
» IPW1 595 306 125 64.7 335 138 61.6 31.8 134 745 39.1 16.2
C; IPW2 59.1 29.7 119 588 293 11.6 619 31.7 132 59.1 294 11.7
£ IPW3 602 300 119 60.2 298 11.8 622 314 129 604 30.0 11.8
A DR 63.8 309 12.0 64.1 31.0 120 64.1 31.3 125 64.5 31.3 12.2
homogeneous, heteroscedastic heterogeneous, heteroscedastic
x» IPW1 103.7 53.0 21.0 1089 56.0 222 1058 544 21.8 1187 61.6 24.5
C; IPW 2 105.8 52.8 20.7 1055 523 204 108.6 54.8 22.0 105.7 524 20.5
E IPW 3 106.1 52.8 20.6 106.2 526 20.5 108.1 54.3 21.6 106.3 52.6 20.5

DR 108.2 53.0 20.5 108.6 53.0 20.5 1085 535 21.0 109.0 53.3 20.7

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the fixed valued A combined with the second trimming rule. The ATE is estimated for
10000, 5000 and 2000 Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to
the treated-to-control ratio. Linear and nonlinear refer to the relation between propensity score and outcome
variable. Homogeneous or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and
heteroscedastic describe the error term structure of the outcome variable.
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Table A.32: MSE of ATE estimators based on shrunken propensity score with trimming rule 2,
MSE-minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 594 325 133 644 354 142 61.8 338 139 721 393 15.7
2 IPW2 602 316 13.1 594 314 127 62.7 327 138 59.7 315 134
£ IPW3 613 322 131 61.1 323 129 63.0 329 135 615 325 13.7
= DR 65.3 33.5 132 657 336 133 66.0 339 134 67.0 344 145
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW1 1083 56.1 224 1133 59.0 234 110.8 574 23.0 121.1 62.9 25.1
E IPW 2 1129 56.5 221 112.0 56.2 21.8 1154 57.6 22.8 1122 56.3 22.6
'*:é IPW 3 112.8 56.7 22.1 1125 56.7 21.9 1144 573 225 112.7 56.9 22.8
~ DR 114.4 573 22.1 1147 57.3 222 1152 576 223 1158 58.0 234
homogeneous, homoscedastic heterogeneous, homoscedastic
o IPW1 575 308 126 595 31.7 13.0 599 324 13.6 620 324 13.1
O; IPW 2 587 304 123 582 300 123 59.2 30.6 124 587 304 128
£ IPW3 599 309 124 59.6 30.7 124 602 31.0 126 60.3 31.2 13.1
~ DR 63.5 319 126 63.8 31.9 127 64.2 325 13.1 654 33.1 138
homogeneous, heteroscedastic heterogeneous, heteroscedastic
o IPW1 1039 524 20.7 1058 53.3 21.1 1063 54.1 21.8 108.2 54.0 21.2
Og IPW 2 109.1 53.2 20.7 1085 52.8 20.7 109.7 53.4 20.9 109.1 532 21.2
£ IPW3 1094 533 20.7 1092 53.1 20.7 109.8 535 209 1099 53.6 21.4
A DR 111.2 53.6 20.8 111.5 53.6 20.8 111.9 54.2 21.3 113.1 54.8 21.9
homogeneous, homoscedastic heterogeneous, homoscedastic
» IPW1 569 308 125 624 34.0 139 594 322 135 728 399 16.3
C; IPW2 573 298 119 56.5 294 11.8 61.1 32.0 135 56.8 294 11.9
"‘:é IPW3 582 302 120 578 300 12.0 609 31.8 13.2 581 30.1 12.1
= DR 61.5 31.2 122 619 31.2 123 623 31.7 128 624 314 125
homogeneous, heteroscedastic heterogeneous, heteroscedastic
«w IPW1 103.6 53.5 21.0 109.2 56.7 225 106.1 54.8 22.0 119.7 62.5 25.1
C; IPW 2 107.2 53.6 20.3 106.5 53.2 20.3 1109 558 21.9 106.7 53.3 204
E IPW 3 107.2 535 204 106.9 534 204 1099 551 21.6 107.1 53.5 20.5

DR 108.8 53.8 20.5 109.1 539 20.5 1095 543 21.1 109.6 54.1 20.8

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the MSE-minimizing A combined with the second trimming rule. The ATE is estimated
for 10000, 5000 and 2000 Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to
the treated-to-control ratio. Linear and nonlinear refer to the relation between propensity score and outcome
variable. Homogeneous or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and
heteroscedastic describe the error term structure of the outcome variable.
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Table A.33: MSE of ATE estimators based on shrunken propensity score with trimming rule 2, data
driven A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 698 354 143 744 376 154 73.0 369 150 84.3 426 183
; IPW2 658 323 127 65.1 322 127 676 33.0 13.0 66.2 328 13.6
£ IPW3 659 323 127 655 323 127 671 328 129 66.7 329 13.6
= DR 68.2 328 12.7 685 329 128 68.7 33.0 128 705 33.8 1338
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW1 119.8 59.5 23.6 124.7 61.8 24.6 123.1 61.1 24.2 134.8 66.9 27.8
; IPW2 1173 57.0 21.9 1169 56.9 21.9 119.0 57.7 22.1 117.8 576 22.8
"‘:é IPW3 117.1 570 21.8 1171 57.1 21.9 1183 575 21.9 118.0 57.7 229
= DR 1186 572 21.8 1189 574 21.8 1192 576 21.8 120.6 58.4 23.0
homogeneous, homoscedastic heterogeneous, homoscedastic
o IPW1 604 324 138 61.6 328 139 633 340 146 650 34.8 156
O; IPW2 576 30.3 127 575 30.1 126 582 30.8 13.0 584 31.2 139
£ IPW3 581 303 127 582 302 127 586 30.7 13.0 592 31.3 14.0
~ DR 61.1 30.8 12.8 61.2 30.8 128 61.9 31.5 13.2 629 323 14.3
homogeneous, heteroscedastic heterogeneous, heteroscedastic
~ IPW1 107.2 56.2 22.7 108.6 56.5 227 1103 57.8 23.5 1121 58.6 24.3
cg IPW 2 1059 54.5 21.6 105.8 54.2 21.5 106.6 55.0 21.9 106.6 553 22.7
£ IPW3 1060 54.3 21.6 106.1 542 21.6 106.6 54.8 22.0 107.0 55.3 22.8
~ DR 107.5 54.5 21.6 1075 54.5 21.6 1084 55.2 22.0 109.1 56.0 23.0
homogeneous, homoscedastic heterogeneous, homoscedastic
x» IPW1 648 33.7 133 70.8 369 146 678 352 144 828 43.0 174
C; IPW2 617 308 11.8 61.2 30.7 11.8 644 32.0 12.7 61.5 30.7 12.0
£ IPW3 621 309 11.8 61.8 309 11.8 641 31.8 126 622 309 12.0
A DR 64.6 31.5 11.9 648 31.6 11.9 653 319 124 654 31.8 12.1
homogeneous, heteroscedastic heterogeneous, heteroscedastic
«w IPW1 1126 57.0 220 1187 60.2 23.3 1154 586 23.1 130.5 66.4 26.1
C; IPW 2 111.8 54.7 20.6 111.3 546 20.6 114.2 559 21.4 111.5 54.6 20.7
E IPW 3 111.8 54.8 20.5 111.6 54.7 20.5 113.6 556 21.3 111.9 54.8 20.7

DR 113.3 55.1 20.5 113.5 552 20.6 1139 554 21.0 1141 553 20.8

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the data-driven A combined with the second trimming rule. The ATE is estimated for
10000, 5000 and 2000 Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to
the treated-to-control ratio. Linear and nonlinear refer to the relation between propensity score and outcome
variable. Homogeneous or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and
heteroscedastic describe the error term structure of the outcome variable.
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Table A.34: MSE of ATE estimators based on shrunken propensity score with trimming rule 1, fixed
valued A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 753 348 136 86.9 40.1 155 90.7 404 153 104.7 470 18.1
;‘ IPW2 670 31.7 127 652 315 123 70.6 33.2 13,5 66.6 322 126
£ IPW3 689 328 130 678 329 129 718 338 135 694 336 133
A DR 73.0 34.1 131 73.1 341 13.2 746 348 134 755 353 139
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW 1 1288 59.3 225 140.7 64.7 24.5 144.1 64.8 24.4 1587 71.5 27.1
; IPW 2 1242 579 22.0 1229 580 21.7 1277 594 23.0 1245 585 22.0
"‘:é IPW 3 125.6 58.7 222 1249 589 22.1 1283 59.6 22.8 126.6 59.5 22.5
= DR 129.0 59.2 22.0 129.2 59.2 22.1 1304 59.8 224 131.7 60.3 22.9
homogeneous, homoscedastic heterogeneous, homoscedastic
N IPW1 671 325 133 71.2 336 133 776 36.2 143 783 359 139
O; IPW2 616 305 128 60.8 30.2 126 634 31.3 132 62.1 309 129
'*:é IPW3 633 31.1 13.0 627 31.0 129 64.8 31.8 133 642 31.8 13.3
~ DR 67.2 321 13.1 673 321 131 682 326 133 69.3 332 13.7
homogeneous, heteroscedastic heterogeneous, heteroscedastic
~ IPW1 1175 56.2 21.6 121.2 57.5 21.6 127.8 60.0 22.6 127.8 59.8 22.1
cg IPW 2 1143 54.6 21.3 113.1 545 21.1 116.2 554 21.8 1144 551 214
£ IPW3 1152 55.0 21.4 1144 550 21.3 116.7 557 21.7 1157 55.7 21.6
~ DR 116.7 55.1 21.3 116.9 552 21.3 117.7 55.7 21.5 1188 56.1 21.9
homogeneous, homoscedastic heterogeneous, homoscedastic
w IPW1 724 341 129 86.8 40.6 153 84.8 386 14.3 110.8 50.5 19.0
C; IPW2 64.1 305 119 628 30.1 11.6 672 32.0 127 634 303 11.7
£ IPW3 657 313 120 649 31.2 120 682 324 126 655 31.3 121
A DR 69.3 325 12.1 69.3 325 122 703 33.1 124 70.3 329 125
homogeneous, heteroscedastic heterogeneous, heteroscedastic
w IPW1 1244 573 21.2 1388 63.8 23.6 136.7 61.7 22.6 1629 73.6 27.2
C; IPW 2 119.8 555 20.8 118.7 55.2 20.5 122.7 57.0 21.7 119.4 553 20.7
E IPW 3 121.0 56.1 20.8 1204 56.0 20.8 123.5 57.1 214 121.1 56.2 21.0

DR 1249 569 208 125.0 56.8 20.9 1259 573 21.0 126.1 57.1 21.2

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the fixed valued A combined with the first trimming rule. The ATE is estimated for
10000, 5000 and 2000 Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to
the treated-to-control ratio. Linear and nonlinear refer to the relation between propensity score and outcome
variable. Homogeneous or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and
heteroscedastic describe the error term structure of the outcome variable.
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Table A.35: MSE of ATE estimators based on shrunken propensity score with trimming rule 1,
MSE-minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 752 349 136 870 40.1 156 90.7 40.5 153 1049 471 18.1
2 IPW2 669 31.7 127 650 31.5 124 705 333 135 664 322 127
£ IPW3 688 328 130 67.7 329 129 71.7 338 135 69.2 336 133
= DR 73.0 34.1 131 73.1 341 13.2 745 348 134 755 353 139
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW 1 1288 59.3 226 140.8 64.7 24.5 1443 64.8 24.4 159.0 71.6 27.0
E IPW 2 1243 58.0 22.1 122.8 580 21.7 1278 59.5 23.0 1245 586 22.0
'*:é IPW 3 125.5 58.7 222 124.8 589 22.1 1284 59.6 22.8 126.5 59.6 22.6
~ DR 128.9 59.2 22.0 129.2 59.2 222 1304 59.8 224 131.7 60.3 22.9
homogeneous, homoscedastic heterogeneous, homoscedastic
o IPW1 669 323 133 713 335 133 776 36.1 143 786 359 139
Cg IPW2 61.2 303 128 60.3 300 126 63.0 31.2 13.2 61.5 30.7 128
£ IPW3 628 31.0 13.0 622 309 129 643 31.7 133 635 31.6 13.2
~ DR 67.0 320 13.1 67.1 320 131 680 325 133 69.1 33.1 13.7
homogeneous, heteroscedastic heterogeneous, heteroscedastic
o IPW1 1173 56.1 21.6 121.3 575 21.5 128.0 60.0 22.6 128.2 59.8 22.0
Og IPW 2 114.3 54.6 21.4 1129 544 21.1 116.2 554 21.8 114.1 55.0 214
£ IPW3 1150 549 214 1141 550 21.3 116.6 55.6 21.7 1154 55.6 21.6
A DR 116.6 55.1 21.3 116.7 55.1 21.3 117.6 55.7 21.5 1187 56.1 21.9
homogeneous, homoscedastic heterogeneous, homoscedastic
x» IPW1 721 34.0 129 870 40.7 153 84.9 385 14.2 111.7 50.9 19.1
C; IPW2 637 303 11.8 623 299 116 671 319 127 629 30.1 11.7
"‘:é IPW3 652 31.1 120 644 31.0 11.9 680 323 125 650 31.2 12.1
= DR 69.2 325 121 69.2 324 122 703 33.0 124 702 328 124
homogeneous, heteroscedastic heterogeneous, heteroscedastic
w IPW1 1242 571 21.2 139.1 63.8 23.6 1369 61.6 22.6 163.8 74.0 27.3
C; IPW 2 119.8 555 20.8 118.6 55.1 20.5 123.0 57.0 21.7 119.3 55.2 20.6
E IPW 3 1209 56.0 20.8 120.2 559 20.8 123.6 57.1 21.5 120.9 56.1 20.9

DR 1248 56.8 20.8 125.0 56.8 20.9 1259 573 21.0 126.1 57.1 21.2

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the MSE-minimizing A combined with the first trimming rule. The ATE is estimated
for 10000, 5000 and 2000 Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to
the treated-to-control ratio. Linear and nonlinear refer to the relation between propensity score and outcome
variable. Homogeneous or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and
heteroscedastic describe the error term structure of the outcome variable.
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Table A.36:
data-driven A

MSE of ATE estimators based on shrunken propensity score with trimming rule 1,

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
— IPW1 784 385 153 876 421 163 91.7 43.1 16.7 103.3 48.7 189
; IPW2 698 338 135 68.6 339 134 727 347 141 703 348 139
£ IPW3 716 344 136 71.0 346 13.6 740 352 14.0 727 355 14.0
= DR 73.9 349 135 740 349 136 755 356 13.8 764 36.1 14.3
homogeneous, heteroscedastic heterogeneous, heteroscedastic
— IPW1 1320 63.0 24.1 1414 66.6 25.1 145.1 67.5 25.5 157.1 73.1 27.7
; IPW 2 125.8 59.4 225 1251 59.6 225 1285 60.3 23.2 126.8 60.5 23.0
"‘:é IPW 3 1273 59.9 226 1271 60.1 22.7 129.7 60.6 23.1 128.8 61.0 23.1
= DR 129.8 60.0 22,5 130.1 60.1 22.6 131.3 60.6 228 1324 61.3 23.3
homogeneous, homoscedastic heterogeneous, homoscedastic
N IPW1 695 346 146 729 353 145 789 379 155 794 37.7 154
O; IPW2 637 31.8 134 63.0 31.7 134 652 324 137 645 326 139
'*:é IPW3 653 322 134 649 322 134 66.6 328 13.6 664 33.1 139
~ DR 67.8 325 133 679 325 134 688 33.0 13.6 699 336 13.9
homogeneous, heteroscedastic heterogeneous, heteroscedastic
~ IPW1 119.2 579 22.6 1224 58.7 225 1286 61.2 235 1284 61.1 23.3
cg IPW 2 1154 554 21.6 1145 554 21.7 117.0 56.1 21.9 115.8 56.3 22.2
£ IPW3 1163 557 21.5 1159 557 21.7 117.8 56.3 21.8 117.2 56.7 22.1
~ DR 117.3 55.6 21.5 1174 556 21.5 1184 56.1 21.7 119.2 56.7 22.1
homogeneous, homoscedastic heterogeneous, homoscedastic
» IPW1 745 362 14.0 86.7 41.0 156 85.9 40.1 15.1 108.0 49.3 1838
C; IPW2 66.1 320 125 65.2 31.8 124 687 33.0 13.0 658 32.0 125
£ IPW3 677 324 124 672 324 124 699 333 128 67.8 326 126
= DR 69.9 33.0 124 700 33.0 124 71.0 335 127 709 333 12.7
homogeneous, heteroscedastic heterogeneous, heteroscedastic
«w IPW1 1272 59.7 223 139.5 64.4 239 1384 63.6 23.5 1609 72.7 27.1
C; IPW 2 121.2 56.7 21.1 120.5 56.4 21.1 123.6 57.7 21.8 121.1 56.7 21.3
'*:é IPW 3 122.7 57.0 21.1 1224 56.9 21.2 124.7 579 21.5 123.0 572 21.3
~ DR 125.4 573 21.1 1256 57.3 21.2 126.4 578 21.3 1265 5/7.7 214

Note: Reported values are Monte Carlo MSE x10* of ATE estimators based on the four different propensity
score methods method: IPW1, IPW2, IPW3 and DR which are explained in detailed in Section 2. Propensity
score is shrunken with the data-driven A combined with the first trimming rule. The ATE is estimated for
10000, 5000 and 2000 Monte Carlo samples with sample sizes 100, 200 and 500, respectively. Ratio refers to
the treated-to-control ratio. Linear and nonlinear refer to the relation between propensity score and outcome
variable. Homogeneous or heterogenous describes treatment homogeneity or heterogeneity. Homoscedastic and
heteroscedastic describe the error term structure of the outcome variable.
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Table A.37: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores, fixed A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 42.1 55.4 54.7 39.2 56.6 54.6 34.1 51.2 51.8 46.9 61.3 60.5
_ (-0.1)  (0.0)  (0.0) (-1.3) (-1.1) (-1.9) (-02) (0.0)  (0.0) (-0.4) (-0.4) (-1.4)
o IPW 2 15.4 26.7 31.3 16.1 28.9 36.6 14.2 25.8 29.5 15.1 27.0 34.6
: (-0.4) (L) (-1.8) (-0.1) (-01) (0.0) (-09) (-23) (-3.7) (-0.3) (-0.7) (-1.1)
% IPW 3 3.2 11.4 13.8 4.0 12.7 15.5 0.9 9.6 11.4 3.0 10.4 12.5
£ (0.0)  (-0.4) (-06) (0.0) (0.1)  (0.0) (-0.2) (-1.0) (-1.2) (-0.6) (-1.2) (-2.5)
DR 4.9 14.7 17.5 5.7 15.2 19.1 3.8 14.5 16.2 5.5 13.3 16.4
(0.1) (0.1) (-0.1) (0.0) (0.0) (0.1) (0.2) (0.3) (-0.1) (-1.5) (-2.5) (-3.7)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 24.6 40.3 42.0 23.6 43.4 42.8 18.8 37.9 40.6 33.4 50.3 50.3
- (0.0) (0.0) (0.0) (-1.0) (-0.8) (-1.5) (-0.1) (0.0) (0.0) (-0.3) (-0.3) (-1.1)
= IPW 2 -1.1 10.4 16.3 -0.2 12.0 20.0 -1.7 10.2 15.5 -0.8 10.7 18.3
° (-0.3) (-0.8) (-1.4) (0.0) (0.0) (0.0) (-0.7) (-1.7) (-2.7) (-0.2) (-0.5) (-0.9)
%‘ IPW 3 -9.1 0.3 2.4 -8.3 0.9 3.3 -10.5 -0.6 1.3 -8.8 -0.7 0.9
& (-0.1)  (-0.3) (-0.4) (0.0)  (0.1)  (0.0) (-02) (-0.7) (-0.9) (-0.4) (-0.8) (-1.7)
DR -6.7 3.2 5.3 -6.1 3.4 6.2 -7.4 3.3 4.9 -6.1 2.0 4.0
01 (0.1) (01) (0.0) (0.0)  (0.1)  (0.1)  (02) (-0.1) (-1.1) (-L7) (-2.7)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 41.1 41.0 41.5 33.3 33.3 36.2 33.2 35.6 38.4 34.0 35.8 39.3
N (0.0)  (0.0) (-0.1) (-0.7) (-0.9) (-0.9) (-0.1) (-0.1) (0.0) (-0.1) (-0.1) (-0.2)
& IPW 2 11.7 19.9 27.4 14.1 21.5 27.1 10.2 19.5 27.4 12.8 19.9 25.7
: (-0.3)  (-05) (-0.8)  (0.0) (-0.8) (-0.5) (-0.1) (-0.4) (-0.9) (-0.3) (-0.1) (-0.2)
% IPW 3 1.6 7.0 14.7 3.1 7.7 14.2 -0.1 6.1 14.1 1.7 5.9 12.2
o (-0.1) (-0.2) (-0.2) (0.1) (0.0) (-0.2) (0.2) (0.0) (0.0) (-0.5) (-0.3) (-0.6)
DR 3.9 8.7 16.7 4.3 9.0 16.8 2.8 8.1 16.3 2.8 7.1 14.3
(0.1) (0.1) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.2) (-0.2) (-1.6) (-1.6) (-2.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 24.9 27.5 30.6 17.9 20.8 25.6 19.2 24.0 28.7 19.5 23.6 28.4
~ (0.0) (0.0) (-0.1) (-0.5) (-0.6) (-0.7) (-0.1) (-0.1) (0.0) (0.0) (-0.1) (-0.2)
& IPW 2 -2.1 8.2 17.7 -0.7 9.1 16.5 -2.8 8.2 18.1 -1.7 8.0 15.1
° (-0.2) (-0.3) (-0.6) (0.0) (-0.1) (-0.3) (-0.1) (-0.3) (-0.6) (-0.2) (-0.1) (-0.2)
%‘ IPW 3 -9.4 -0.5 8.4 -8.6 -0.1 7.5 -10.3 -0.9 8.4 -9.5 -1.3 5.8
& (-0.1)  (-0.1) (0.2) (0.1)  (0.0) (-0.1) (0.1)  (0.0) (0.0) (-0.4) (-0.2) (-0.4)
DR -8.1 0.7 9.6 -7.9 0.9 9.7 -8.7 0.6 9.7 -8.9 -0.5 7.7
00)  (0.1)  (0.0)  (0.0) (0.0)  (0.0) (-0.1) (-0.1) (-0.1) (-1.2) (-11) (-1.3)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 32.4 63.3 37.7 32.4 65.8 39.7 25.9 61.8 35.6 37.0 69.6 45.8
. (-0.2)  (-02) (-0.7) (-14) (-1.1) (-35) (0.1)  (0.0) (-0.4) (-1.1) (-1.0) (-3.9)
& IPW 2 11.1 21.3 22.2 12.4 21.7 24.5 9.3 20.1 20.1 12.2 21.0 23.9
. (-0.3) (0.7 (-1.2)  (0.0)  (0.0)  (0.0) (-1.8) (-2.8) (-4.0) (-0.3) (-0.4) (-0.6)
% IPW 3 2.7 9.0 10.9 3.6 9.7 12.6 0.3 7.1 8.0 3.3 8.9 11.8
ot (-0.2) (-0.3) (-0.5) (0.0) (0.0) (0.0) (-1.2) (-1.7) (-2.2) (-0.3) (-0.5) (-0.8)
DR 4.7 10.7 13.6 5.0 11.0 14.5 4.1 10.6 12.5 5.3 10.7 13.8
(0.1) (0.1) (0.0) (0.0) (0.0) (0.0) (0.2) (0.1) (-0.2) (-0.6) (-0.9) (-1.3)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 16.9 50.1 27.1 18.8 54.4 30.4 12.6 49.6 26.2 25.3 60.7 37.7
- (-0.1) (-0.1) (-0.5) (-1.0) (-0.9) (-2.7) (0.1) (0.0) (-0.3) (-0.8) (-0.9) (-3.1)
& IPW 2 -2.2 8.0 10.9 -1.2 7.9 12.6 -3.1 7.5 9.5 -1.3 7.5 12.2
° (-0.3) (-0.5) (-0.8) (0.0) (0.0) (0.0) (-1.2) (-1.9) (-2.7) (-0.2) (-0.3) (-0.4)
'% IPW 3 -6.7 0.3 3.2 -6.0 0.7 4.3 -8.3 -0.8 1.3 -6.2 0.2 3.8
& (-0.1)  (-02) (0.3) (0.0)  (0.0)  (0.0) (-0.8) (-L1) (-1.4) (-0.2) (-0.4) (-0.5)
DR -3.6 2.4 6.0 -3.4 2.5 6.5 -3.9 2.3 5.6 -3.2 2.4 6.0

01)  (0.0)  (0.0)  (0.0)  (0.0)  (0.0) (0.1)  (0.0) (-0.2) (-0.4) (-0.6) (-0.8)

bias? (ATE(p))—bias2 (ATE(55))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias ( > is given in brackets.
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Table A.38: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores with trimming rule 1, fixed A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 7.9 12.1 14.9 3.7 7.6 9.4 3.5 8.1 11.4 2.4 8.2 11.9
_ (-0.1)  (0.0)  (0.1) (-22) (-2.6) (-39) (-02) (-0.1) (0.0) (-1.6) (-0.7) (-1.1)
o IPW 2 7.6 8.2 7.3 8.2 9.6 10.7 6.5 6.3 4.0 8.6 10.4 12.1
. (0.7)  (-15)  (-31) (-0.2) (-0.2) (0.1) (-1.6) (-3.2) (-6.1) (0.6)  (L2)  (2.4)
% IPW 3 6.1 5.8 4.3 6.5 6.5 6.0 5.3 4.7 2.9 6.7 7.0 6.8
o (-0.3) (-0.7) (-1.3) (-0.1) (-0.1) (0.2) (-0.8) (-1.5) (-2.5) (0.5) (0.8) (1.5)
DR 1.9 3.1 3.5 1.9 3.1 3.6 1.8 3.0 3.4 1.7 2.7 2.8
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.1) (-0.1) (-0.3) (-0.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 4.6 8.1 10.2 2.1 5.6 6.9 2.0 5.8 8.2 1.4 6.5 9.0
- (-0.1) (0.0) (0.1) (-1.4) (-1.6) (-2.4) (-0.1) (0.0) (0.0) (-1.0) (-0.4) (-0.6)
= IPW 2 2.1 2.8 2.8 2.6 3.8 4.8 1.6 1.7 0.8 2.9 4.3 5.8
° (-0.4) (-0.9) (-2.0) (-0.1) (-0.1) (0.1) (-1.0) (-2.0) (-3.9) (0.4) (0.7) (1.5)
%‘ IPW 3 2.0 2.1 1.7 2.3 2.6 2.7 1.6 1.5 0.9 2.5 3.0 3.3
& (-0.2)  (-04) (-0.8) (-0.1) (0.0) (0.1) (0.5 (-1.0) (-1.6) (0.3)  (0.5)  (0.9)
DR 0.9 2.0 2.3 1.0 2.0 2.3 0.9 1.9 2.3 0.9 1.8 1.9
(0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) (0.0  (0.0)  (0.0) (-0.1) (-0.2) (-0.3)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 6.9 9.7 12.7 4.7 7.7 10.8 3.4 7.0 11.0 4.9 9.5 13.4
(0.0)  (0.0) (-02) (-1.0) (-1.3) (-1.3) (-0.1) (0.1)  (0.2)  (0.6)  (0.6)  (1.0)
g IPW 2 6.5 6.5 7.6 7.0 6.9 8.1 6.4 6.5 7.3 7.6 7.9 9.6
: (-0.4)  (-05) (-1.1)  (-0.2) (-0.5) (-0.6) (-0.8) (-0.3) (-1.1)  (0.8)  (L0)  (1.4)
% IPW 3 5.3 4.9 4.6 5.7 5.0 4.6 5.3 5.0 4.7 6.1 5.6 5.6
ot (-0.2) (-0.2) (-0.4) (-0.1) (-0.3) (-0.3) (-0.1) (0.1) (-0.1) (0.6) (0.7) (1.0)
DR 1.5 1.8 2.8 1.5 1.9 2.8 1.5 1.8 2.7 1.4 1.7 2.6
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (-0.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 4.0 5.4 7.6 2.7 4.4 6.2 1.9 4.0 6.6 2.9 5.8 8.2
(0.0) (0.0) (-0.1) (-0.6) (-0.8) (-0.8) (-0.1) (0.0) (0.1) (0.4) (0.5) (0.7)
g IPW 2 2.1 2.1 3.4 2.4 2.4 3.5 2.2 2.1 3.2 2.8 3.1 4.5
° (-0.3) (-0.3) (-0.7) (-0.1) (-0.3) (-0.4) (-0.2) (-0.2) (-0.7) (0.5) (0.6) (0.9)
'% IPW 3 1.8 1.7 2.0 2.0 1.8 1.9 1.9 1.8 2.1 2.3 2.2 2.6
& (-0.2)  (-0.1) (0.2) (-0.1) (-0.1) (-0.2) (-0.1) (0.1) (-01) (0.4)  (0.5)  (0.6)
DR 0.9 1.0 1.7 0.9 1.0 1.7 0.9 1.0 1.6 0.9 0.9 1.5
(0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) (0.0 (0.0)  (0.0) (0.0) (-0.1) (-0.1)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 6.2 9.3 10.7 2.2 4.8 5.2 3.3 7.1 9.5 -0.4 2.8 3.4
(-0.3)  (-0.6) (-1.0) (-21) (-3.3) (-5.7) (-02) (-0.2) (-0.4) (-2.6) (-3.8) (-7.0)
2 IPW 2 5.9 6.8 6.4 6.4 7.7 7.9 4.4 4.6 3.0 6.5 7.9 8.1
. (-0.5)  (-0.8) (-1.5)  (0.0)  (0.0)  (0.0) (-1.8) (-3.0) (-4.6) (0.2)  (0.3)  (0.5)
% IPW 3 5.0 5.1 4.1 5.3 5.6 4.9 3.8 3.6 2.4 5.4 5.6 5.1
o (-0.3) (-0.4) (-0.7) (0.0) (0.0) (0.1) (-1.2) (-1.7) (-2.2) (0.1) (0.2) (0.4)
DR 1.2 2.1 2.8 1.2 2.1 2.7 1.2 2.1 2.8 1.2 1.9 2.3
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.1) (-0.1) (-0.2) (-0.3)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 3.8 6.4 7.8 1.5 3.7 4.5 2.1 5.2 7.2 -0.3 2.5 3.4
(-0.2) (-0.4) (-0.7) (-1.3) (-2.1) (-3.8) (-0.1) (-0.1) (-0.3) (-1.7) (-2.6) (-4.9)
2 IPW 2 1.6 2.4 2.7 1.9 3.0 3.6 0.8 1.1 0.6 2.0 3.1 3.8
. (-0.3)  (-05) (-0.9) (0.0)  (0.0)  (0.0) (-1.1) (-1.8) (-2.8) (0.1)  (0.2)  (0.3)
'% IPW 3 1.7 2.0 1.8 1.9 2.3 2.3 1.0 1.2 0.8 2.0 2.4 2.4
& (-0.2)  (-02) (-0.4) (0.0)  (0.0)  (0.0) (-0.7) (-1.0) (-1.4) (0.1)  (0.1)  (0.2)
DR 0.6 1.3 1.8 0.6 1.3 1.7 0.6 1.3 1.9 0.6 1.2 1.5
(0.0)  (0.0) (0.0)  (0.0) (0.0) (0.0) (0.0)  (0.0) (0.1)  (0.0) (-0.1) (-0.2)

is given in brackets.

0
bias2 (ATE(p))—bias2 (ATE(55))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias (
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Table A.39: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores used with trimming rule 2,
fixed A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 4.4 10.6 7.9 -2.7 6.6 5.4 -9.1 1.7 2.2 -3.7 10.0 14.0
(-0.2)  (0.0)  (0.1)  (-2.8) (-2.6) (-3.9) (-0.4) (0.0)  (0.0) (-0.4) (L8) (3.8
: IPW 2 4.4 3.2 -0.8 5.1 4.6 3.1 2.2 0.2 -4.8 5.4 5.9 9.7
. (-0.7)  (-1.6) (-3.6) (-0.3) (-0.2) (0.2) (-1.7) (-36) (-7.0) (0.8) (26)  (8.2)
i IPW 3 -0.8 -0.8 -3.6 -0.4 -0.3 -2.0 -2.9 -2.8 -5.5 -0.2 0.7 4.1
& (-0.4)  (-0.7) (-1.6) (-0.2) (-0.1) (0.2) (-1.0) (-17) (-2.9) (0.5  (20)  (7.0)
DR -6.0 -2.8 -3.9 -5.8 -3.2 -4.6 -6.9 -3.4 -4.4 -6.2 -3.3 -0.6
(0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)  (0.0) (-0.4) (0.5  (4.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 1.4 8.2 6.5 -2.9 6.2 5.2 -7.1 3.2 3.4 -3.5 8.6 11.0
- (-0.1) (0.0) (0.1) (-1.7) (-1.5) (-2.4) (-0.2) (0.0) (0.0) (-0.1) (1.3) (2.9)
o IPW 2 -1.6 0.5 -0.7 -1.1 1.7 1.8 -3.0 -0.8 -2.6 -0.7 2.3 5.7
° (-0.5) (-1.0) (-2.2) (-0.1) (-0.1) (0.1) (-1.1) (-2.2) (-4.2) (0.5) (1.5) (5.1)
lg IPW 3 -3.4 -0.8 -1.3 -3.1 -0.2 -0.1 -4.9 -1.4 -2.0 -2.9 0.1 3.2
o (-0.2) (-0.5) (-1.0) (-0.1) (0.0) (0.1) (-0.6) (-1.0) (-1.8) (0.3) (1.2) (4.3)
DR -5.3 -0.4 -0.4 -5.3 -0.7 -0.7 -6.0 -0.3 -0.1 -5.5 -1.0 1.3
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (0.3) (2.8)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 1.6 7.6 5.6 -3.0 5.0 4.8 -9.3 1.9 5.6 -1.8 9.5 13.6
(0.0)  (0.0) (-02) (-1.1) (-1.4) (-1.4) (0.5)  (1.8)  (3.6) (1.6)  (3.0)  (6.9)
g IPW 2 1.2 3.7 0.8 1.7 3.7 0.1 1.0 4.9 4.8 2.5 5.9 7.2
. (-0.5)  (-0.6) (-1.2) (-0.2) (-0.6) (-0.7) (0.5)  (1.2) (24) (1.3) (3.3) (8.3)
i IPW 3 -2.6 0.6 -2.7 -2.2 0.3 -3.3 -3.2 1.7 1.5 -1.4 2.3 3.5
& (-0.3)  (-02) (-0.4) (-0.2) (-0.8) (-0.3) (0.5)  (L4) (3.3) (L0)  (29) (7.8
DR -6.9 -2.5 -4.9 -6.7 -2.5 -5.1 -7.0 -1.0 -0.5 -6.2 -1.1 0.8
(0.0) (-0.1) (0.0) (0.0) (-0.1) (0.0) (0.6) (1.3) (37  (0.2) (2.0)  (6.6)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -0.8 5.4 5.4 -3.5 4.1 5.3 -7.4 2.1 5.6 -2.6 7.2 11.2
(0.0) (0.0) (-0.1) (-0.6) (-0.8) (-0.8) (0.3) (0.7) (2.3) (1.1) (2.1) (4.5)
g IPW 2 -3.2 1.7 1.1 -2.9 1.9 1.1 -3.3 2.4 3.5 -2.4 3.2 5.2
° (-0.3) (-0.3) (-0.7) (-0.1) (-0.3) (-0.4) (0.2) (0.6) (1.5) (0.8) (2.1) (5.1)
lg IPW 3 -4.9 0.8 -0.1 -4.7 0.7 -0.2 -5.3 1.4 2.3 -4.3 1.8 3.7
o (-0.2) (-0.1) (-0.2) (-0.1) (-0.2) (-0.2) (0.2) (0.7) (2.0) (0.6) (1.8) (4.8)
DR -5.8 0.2 0.1 -5.7 0.2 -0.1 -5.9 1.1 2.7 -5.6 1.0 3.0
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.3) (0.7) (2.2) (0.1) (1.3) (4.2)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 2.6 7.4 4.7 -4.8 2.0 0.6 -7.3 1.9 4.8 -9.8 -0.5 0.4
(-0.6)  (-0.6) (-1.1) (-29) (-3.4) (-5.9) (0.3) (1.5) (31 (-27) (-3.0) (-6.1)
2 IPW 2 2.3 4.1 0.0 3.1 5.0 2.5 0.1 2.6 -0.3 2.9 4.8 2.8
. (-0.5)  (-0.9) (-L.7)  (0.0)  (0.0)  (0.0) (-1.8) (-21) (-2.0) (-0.2) (0.1)  (0.5)
i IPW 3 -1.6 0.6 -2.5 -1.0 1.0 -1.0 -3.4 0.2 -0.8 -1.3 0.8 -0.8
& (-0.3)  (-04) (-0.9) (0.0)  (0.0)  (0.0) (-0.9) (-0.3) (0.8) (-0.2) (0.0)  (0.2)
DR -6.4 -2.4 -3.4 -6.2 -2.4 -3.3 -6.9 -1.6 -0.3 -6.7 -3.0 -3.9
(0.0)  (0.0) (0.0) (0.0) (0.0) (-0.1) (0.4) (14)  (3.3) (-0.6) (-0.5) (-0.7)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -0.9 6.8 3.6 -5.3 3.7 0.8 -7.2 3.9 3.8 -8.7 2.2 0.4
(-0.3) (-0.3) (-0.7) (-1.7) (-2.1) (-3.9) (0.3) (1.0) (1.9) (-1.7) (-2.0) (-4.3)
2 IPW 2 -4.1 1.0 -1.6 -3.4 1.5 -0.4 -5.6 0.3 -1.5 -3.5 1.4 -0.1
° (-0.3) (-0.5) (-1.0) (0.0) (0.0) (0.0) (-1.1) (-1.2) (-1.2) (-0.1) (0.1) (0.3)
lg IPW 3 -5.5 -0.2 -2.4 -4.9 0.0 -1.6 -6.7 -0.2 -1.2 -5.1 -0.2 -1.5
o (-0.2) (-0.2) (-0.5) (0.0) (0.0) (0.0) (-0.5) (-0.2) (0.5) (-0.1) (0.0) (0.1)
DR -7.8 -0.9 -2.1 =77 -1.0 -2.0 -8.3 -0.1 -0.2 -8.0 -1.5 -2.4
(0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (0.3) (0.9) (1.9) (-0.4) (-0.3) (-0.5)

bias? (ATE($))—bias? (ATE(5%))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias ( ) is given in brackets.
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Table A.40: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores used with trimming rule by
HLW, fixed A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 6.4 -18.7 -0.3 43.1 28.5 11.8 3.7 -14.4 -7.2 69.2 54.2 28.0
- (-0.2) (7.6) (0.5) (60.7) (40.7) (12.2) (39.5) (14.5) (1.6) (74.2) (57.7) (26.2)
= IPW 2 6.2 22.0 30.8 60.4 55.6 49.8 34.1 38.2 40.3 80.8 74.1 64.9
° (-0.6) (1.0) (-2.6) (52.1) (26.3) (7.5) (24.2) (1.8) (-4.1) (65.4) (37.0) (11.9)
i IPW 3 4.9 -7.9 7.5 55.4 40.7 23.5 21.7 5.7 9.2 79.1 65.4 39.0
o (-0.3) (3.0) (-1.6) (59.7) (35.4) (7.5) (33.8) (5.9) (-2.7) (72.5) (49.1) (11.7)
DR 0.2 8.3 9.3 20.1 8.4 10.3 18.8 7.8 8.0 22.4 8.5 7.7
00 (01 (01 (00 (0.0) (0.1  (0.0) (0.3  (02) (21 (0.1  (-27)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -29.1 -21.5 -3.1 26.8 14.6 5.7 -9.3 -18.2 -6.7 58.5 41.4 19.2
- (16.8) (4.6) (0.3) (49.1) (30.2) (8.3) (28.4) (9.3) (1.0) (67.0) (48.6) (19.5)
o IPW 2 -10.6 4.0 16.0 41.3 36.4 32.8 13.7 19.3 25.3 68.8 59.6 49.5
° (10.5) (0.6) (-1.9) (42.4) (20.9) (5.7) (17.7) (1.3) (-3.2) (58.9) (32.4) (9.8)
lg IPW 3 -23.2 -17.2 -0.7 36.2 22.1 10.8 2.7 -7.2 1.0 67.0 49.4 24.0
o (13.8) (1.8) (-1.1) (47.9) (26.5) (5.1) (23.8) (3.9) (-1.9) (65.1) (41.3) (8.6)
DR 25.4 2.0 1.7 25.7 2.3 2.1 24.9 1.8 1.2 26.8 2.5 0.2
(0.0) (0.1) (-0.1) (0.0) (0.0) (0.1) (0.0) (0.2) (0.1) (1.2) (0.0) (-1.9)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -33.9 -6.2 11.5 -41.6 -31.4 2.2 -47.1 -17.9 6.4 4.0 -20.7 4.4
~ (16.4) (17.4) (6.3) (0.1) (-2.0) (-1.3) (6.1) (13.5) (5.8) (17.7) (2.1) (-0.3)
& IPW 2 -2.0 16.3 18.9 4.9 11.7 17.0 7.5 22.9 23.4 39.1 28.4 24.4
° (14.4) (14.1) (5.1) (1.1) (-0.5) (-0.5) (6.1) (10.6) (4.4) (13.0) (1.3) (-0.2)
i IPW 3 -16.1 5.7 10.9 -15.0 -12.4 1.8 -11.5 7.3 11.5 26.3 1.1 2.1
o (16.7) (18.9) (7.1) (1.1) (-0.2) (0.1) (7.6) (16.3) (7.4) (14.8) (0.1) (-0.5)
DR 32.5 12.8 10.8 33.8 13.6 10.8 31.6 12.1 10.3 31.8 11.0 7.8
00 (04 (03 (18  (L0O)  (0.2) (01  (0.1)  (0.1) (-08) (-1.3) (-2.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -23.5 -4.4 7.3 -27.8 -17.4 0.7 -31.1 -10.6 4.4 -1.3 -12.2 1.8
~ (9.0) (10.1) (4.1) (0.1) (-1.0) (-0.8) (3.5) (7.8) (3.8) (11.7) (1.2) (-0.2)
& IPW 2 -7.2 7.7 11.1 -3.1 4.4 8.8 -0.8 12.6 14.8 23.1 16.5 14.1
° (8.5) (8.8) (3.4) (0.7) (-0.3) (-0.3) (3.8) (6.9) (3.0) (9.1) (0.9) (-0.1)
lg IPW 3 -14.8 2.3 6.3 -14.3 -8.2 0.1 -12.1 3.5 7.2 13.1 -0.6 0.0
o (9.5) (11.3) (4.6) (0.6) (-0.1) (0.1) (4.4) (9.9) (4.8) (9.9) (0.0) (-0.3)
DR -3.8 -5.2 2.4 -1.9 -4.5 2.4 -4.3 -5.4 2.4 -4.0 -6.7 0.0
00 (03 (02 (16 (07 (0.1 (01 (0.1  (0.0) (-09) (-1.0) (-1.5)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 55.1 35.2 15.2 74.4 58.6 26.2 64.6 42.3 15.0 84.6 72.4 38.9
- (68.0) (43.3) (12.1) (79.1) (60.6) (22.8) (72.9) (50.0) (16.1) (84.5) (70.1) (34.4)
& IPW 2 59.3 45.8 33.3 81.1 70.6 53.5 70.9 56.7 41.7 90.8 83.9 70.2
° (62.2) (30.6) (5.8) (75.5) (48.3) (16.1) (65.9) (31.7) (4.1) (81.4) (55.8) (21.2)
i IPW 3 58.4 38.3 17.2 80.6 66.9 37.3 70.5 48.9 20.5 90.7 81.7 54.8
o (66.4) (38.5) (6.5) (78.9) (57.2) (17.1) (70.9) (42.7) (6.0) (84.3) (65.9) (24.1)
DR 33.7 11.8 7.5 35.1 12.5 8.2 33.3 12.1 6.8 40.5 16.0 8.4
(0.0) (0.2) (0.0) (1.3) (0.9) (0.5) (0.2) (0.9) (0.3) (8.6) (4.4) (0.4)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 35.4 18.2 6.0 62.8 44.8 15.9 49.5 26.7 6.6 78.4 63.2 29.0
- (58.1) (32.9) (8.2) (73.1) (51.7) (16.8) (65.2) (40.0) (11.2) (81.3) (64.2) (27.7)
& IPW 2 37.5 26.0 17.2 68.1 54.8 36.4 53.7 38.7 25.4 83.9 73.7 55.7
° (52.2) (23.6) (4.1) (69.2) (41.5) (12.6) (58.2) (25.9) (3.1) (77.9) (51.3) (18.1)
"«'é IPW 3 36.5 19.1 5.7 67.8 50.7 22.1 53.3 30.4 8.5 83.9 70.9 39.3
o (56.0) (29.0) (4.3) (72.6) (48.6) (12.4) (62.8) (33.8) (4.1) (80.9) (60.1) (19.0)
DR 53.0 13.7 3.2 53.3 14.3 3.8 52.7 13.7 2.9 54.9 16.3 4.1

00) (01 (00 (06 (06 (03 (0.1 (05  (0.1) (37  (26)  (0.3)

(a2 Y Bing2 s
bias? (ATE(p)) _bias” (ATE(p ))> is given in brackets.

Note: Percentage change which is due to the bias ( biasZ(ATE (D)) T Var(ATE())
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Table A.41: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores, mse-minizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 42.3 62.6 65.6 39.2 62.0 62.0 34.3 59.6 63.1 45.0 67.5 67.2
_ (-0.1)  (0.0)  (0.0) (-1.5) (-0.9) (-1.4) (-02) (0.0) (0.0) (-0.7) (-0.3) (-0.9)
o IPW 2 13.9 27.7 36.8 14.7 29.8 39.1 13.2 26.7 37.1 13.6 27.9 36.8
. (-0.3) (L1 (22) (-0.2) (0.0) (0.0 (-0.8) (-24) (-3.9) (-0.4) (-0.6) (-1.2)
% IPW 3 0.3 13.7 16.9 1.3 15.1 19.4 -1.6 12.3 15.9 0.1 12.8 16.0
o (0.0) (-0.5) (-1.1) (-0.1) (0.2) (0.0) (-0.1) (-1.1) (-1.8) (-0.6) (-1.1) (-2.5)
DR 2.1 17.5 21.1 3.3 18.0 22.8 1.4 17.4 21.0 3.1 15.9 19.6
(0.0) (0.2) (-0.1) (0.0) (0.0) (-0.2) (0.1) (0.3) (0.0) (-1.5) (-2.5) (-4.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 26.8 49.2 52.6 25.7 50.0 49.4 21.2 47.7 51.3 33.3 57.5 56.3
- (-0.1) (0.0) (0.0) (-1.1) (-0.7) (-1.1) (-0.1) (0.0) (0.0) (-0.5) (-0.2) (-0.7)
= IPW 2 0.2 14.9 21.2 1.1 16.3 22.5 -0.2 14.8 23.2 0.5 14.9 20.4
° (-0.3) (-0.9) (-1.9) (-0.1) (0.0) (0.0) (-0.6) (-1.8) (-3.2) (-0.3) (-0.5) (-1.0)
%‘ IPW 3 -7.9 4.6 4.7 -7.0 5.6 6.8 -9.3 4.0 5.0 -7.6 4.0 4.1
& (0.0)  (-0.4) (-09) (0.0) (0.2)  (0.0) (-0.1) (-0.9) (-1.4) (-0.4) (-0.8) (-1.9)
DR -5.6 8.1 8.2 -4.8 8.6 10.3 -6.2 8.2 8.6 -4.8 7.2 8.2
(0.0)  (0.1) (-0.1) (0.0) (0.0) (-0.2) (0.1)  (0.2)  (0.0) (-1.0) (-1.8) (-3.2)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 35.2 85.7 43.8 25.4 68.0 41.3 26.5 84.1 40.8 27.8 67.8 45.8
N (0.0)  (0.0) (-0.1) (0.9) (-05) (-0.9) (-0.1) (0.0)  (0.0) (-02) (-0.1) (-0.3)
& IPW 2 12.2 23.1 28.9 13.4 23.9 31.6 10.9 22.5 28.9 12.2 22.5 30.3
: (-0.4)  (-05) (-0.9) (-0.1) (-0.4) (-0.3) (-0.8) (-0.4) (-L.1) (-0.3) (-0.2) (-0.1)
% IPW 3 2.7 12.6 16.4 3.8 13.0 17.2 0.9 11.7 16.2 2.7 11.4 15.5
o (-0.2) (-0.1) (-0.4) (0.0) (-0.2) (0.1) (0.1) (0.1) (-0.3) (-0.5) (-0.3) (-0.3)
DR 3.6 12.9 18.8 4.1 13.4 19.6 2.4 12.4 18.2 2.9 11.6 17.8
(0.0) (0.0) (0.2) (0.0) (0.0) (0.1) (-0.2) (-0.3) (0.0) (-1.6) (-1.5) (-1.8)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 20.9 77.4 31.9 13.1 54.5 29.8 15.0 76.0 30.1 15.7 54.8 34.1
~ (0.0) (0.0) (-0.1) (-0.6) (-0.4) (-0.6) (-0.1) (0.0) (0.0) (-0.1) (-0.1) (-0.1)
& IPW 2 0.3 8.8 17.8 1.1 9.8 19.9 -0.1 8.9 18.0 0.1 8.7 18.6
° (-0.3) (-0.4) (-0.8) (-0.1) (-0.2) (-0.2) (-0.2) (-0.4) (-0.9) (-0.2) (-0.2) (-0.1)
'% IPW 3 -5.7 1.7 9.1 -5.0 2.3 9.5 -6.5 1.6 9.2 -6.0 1.1 7.9
& (-0.1)  (-0.1) (0.3) (0.0) (-0.1) (0.1)  (0.0)  (0.0) (-0.2) (-0.3) (-0.3) (-0.3)
DR -4.7 2.2 11.3 -4.3 2.7 11.6 -5.1 2.1 11.2 -5.3 1.4 9.9
0.0)  (0.0) (0.1)  (0.0) (0.0)  (0.1)  (-0.1) (-0.1) (0.0) (-1.2) (-1.2) (-1.4)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 62.9 52.8 40.6 66.0 55.1 41.8 60.0 50.4 38.9 69.5 59.5 49.2
. (-0.2)  (-0.3) (-0.4) (-0.9) (-1.7) (-3.4) (0.0) (-0.1) (-0.1) (-0.8) (-L7) (-3.8)
& IPW 2 11.2 21.6 26.6 12.4 23.1 27.5 9.9 20.1 26.3 12.2 22.5 27.1
. (-0.4)  (-0.7) (-1.3) (-0.1)  (0.0)  (0.2) (-21) (-3.0) (-4.1) (-0.3) (-0.4) (-0.4)
% IPW 3 0.7 10.2 11.0 1.8 11.3 13.1 -1.5 8.4 9.3 1.6 10.6 12.2
o (-0.1) (-0.3) (-0.8) (0.0) (0.0) (0.1) (-1.4) (-1.8) (-2.7) (-0.3) (-0.5) (-0.8)
DR 1.5 12.0 14.0 2.4 12.5 15.2 1.0 12.1 14.0 3.0 12.2 14.6
(0.0) (0.0) (0.2) (0.0) (0.0) (0.0) (0.1) (0.0) (0.2) (-0.5) (-0.9) (-1.6)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 48.9 40.3 26.9 54.5 44.2 29.6 47.4 39.2 26.3 60.7 50.4 38.7
- (-0.1) (-0.2) (-0.2) (-0.7) (-1.2) (-2.5) (0.0) (-0.1) (0.0) (-0.6) (-1.3) (-3.1)
& IPW 2 -1.3 11.5 13.0 -0.5 12.3 13.8 -2.2 10.7 13.8 -0.6 11.9 13.6
. (-0.3)  (-0.6) (-1.0)  (0.0)  (0.0)  (0.1) (-1.5) (-21) (-3.1) (-0.2) (-0.3) (-0.4)
'% IPW 3 -6.8 4.1 1.3 -6.2 4.7 3.0 -8.4 3.1 0.6 -6.3 4.3 2.6
& (-0.1)  (-0.3) (-0.6)  (0.0)  (0.0)  (0.0) (-0.9) (-13) (-2.0) (-0.2) (-0.4) (-0.6)
DR -4.3 6.6 4.2 -3.9 6.8 5.7 -4.7 6.6 4.2 -3.5 6.7 5.7

(0.0) (0.0 (0.1)  (0.0)  (0.0) (-0.1) (0.1)  (0.0)  (0.1) (-0.4) (-0.7) (-1.2)

bias2 (ATE(p))—bias2 (ATE(55))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias ( > is given in brackets.
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Table A.42: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores with trimming rule 1, mse-
minimizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 8.2 14.7 15.3 4.2 10.2 12.2 4.2 11.7 13.3 3.5 9.2 16.2
(02) (0.1 (0.0) (-24) (-22) (35 (-0.3) (0.00 (-0.1) (-1.6) (-1.3) (-0.9)
: IPW 2 7.1 9.5 8.7 7.9 11.5 12.4 6.0 8.1 7.6 8.6 11.1 12.5
. (0.7 (-15)  (-32) (-02) (0.0)  (0.0) (-1.6) (-3.4) (-5.8) (0.9)  (0.4)  (L1)
i IPW 3 5.6 7.0 6.0 6.1 8.1 7.8 4.8 6.7 6.0 6.6 7.4 7.2
£ (0.4) (0.7 (-15) (-02) (0.)  (0.0) (-0.9) (-1.6) (-25) (0.7)  (0.0)  (0.1)
DR 0.6 4.6 5.6 0.6 4.4 5.7 1.0 5.5 6.6 0.7 2.7 3.4
(0.0)  (01)  (0.1) (0.0 (0.1)  (-0.2) (0.0)  (0.1) (-0.1) (0.1) (-1.3) (-1.9)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 7.4 9.7 8.7 5.0 7.2 7.5 4.7 8.2 8.9 4.3 6.6 10.8
- (-0.1) (0.1) (0.0) (-1.4) (-1.3) (-2.1) (-0.1) (0.1) (0.0) (-1.0) (-0.8) (-0.4)
o IPW 2 5.2 4.3 0.8 5.9 5.6 3.4 4.5 3.7 1.2 6.3 5.3 2.9
° (-0.4) (-1.1) (-2.3) (-0.1) (0.0) (0.0) (-1.0) (-2.3) (-4.2) (0.4) (0.1) (0.5)
lg IPW 3 5.4 3.5 0.3 5.8 4.3 1.7 4.8 3.6 1.5 6.1 3.8 0.7
o (-0.2) (-0.5) (-1.2) (-0.1) (0.1) (0.0) (-0.6) (-1.1) (-1.9) (0.3) (-0.2) (-0.2)
DR 4.5 3.7 1.0 4.4 3.8 1.3 4.6 4.3 2.7 4.3 2.6 -0.7
(0.0) (0.1) (-0.2) (0.0) (0.0) (-0.2) (0.0) (0.1) (-0.1) (0.0) (-1.0) (-1.6)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 5.6 14.1 14.0 3.3 10.9 11.9 1.0 10.9 12.6 4.0 11.8 13.7
(0.0) (0.0 (-02) (-1.2) (15 (-1.3) (-0.1) (-0.1) (0.3) (0.4) (0.7)  (0.7)
g IPW 2 5.9 11.2 9.5 6.9 10.4 10.0 5.0 11.1 10.2 8.0 11.1 10.7
. (0.6)  (-0.6) (-12) (-02) (-05) (-05) (-0.5) (-0.5) (-L1) (0.8)  (1.2)  (1.0)
i IPW 3 5.4 9.6 6.7 6.1 8.8 6.9 4.6 9.8 7.7 7.0 9.1 7.1
£ (0.3)  (:02) (-04) (-02) (-0.3) (-0.2) (-0.2) (0.0)  (0.0)  (0.6)  (0.9)  (0.6)
DR 1.9 5.4 5.0 1.9 5.5 5.2 1.4 5.6 5.6 2.1 5.1 4.2
(0.0) (0.0  (0.1) (0.0  (0.0)  (0.1)  (0.0) (-0.1) (0.2) (-0.1) (0.1)  (-0.6)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 5.9 8.8 9.2 4.3 7.0 7.5 3.4 7.6 8.5 4.4 7.4 8.2
(0.0) (0.0) (-0.2) (-0.7) (-0.8) (-0.7) (-0.1) (0.0) (0.2) (0.3) (0.5) (0.5)
g IPW 2 4.5 5.5 5.7 4.8 5.0 5.6 4.4 6.1 6.3 5.1 5.1 5.5
° (-0.4) (-0.5) (-0.9) (-0.1) (-0.2) (-0.2) (-0.3) (-0.4) (-0.8) (0.4) (0.6) (0.5)
lg IPW 3 4.3 5.1 4.2 4.6 4.6 4.2 4.2 5.8 5.0 4.8 4.5 3.8
o (-0.2) (-0.2) (-0.3) (-0.1) (-0.1) (0.0) (-0.1) (0.0) (-0.1) (0.3) (0.4) (0.3)
DR 3.6 3.5 3.9 3.6 3.7 3.9 3.6 4.0 4.4 3.3 3.2 2.8
(0.0) (0.0 (0.1) (0.0  (0.0)  (0.1)  (0.0)  (0.0)  (0.2) (-0.2) (-0.2) (-0.6)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 6.0 9.8 7.5 1.6 4.3 3.3 3.5 7.8 7.0 -1.0 0.9 2.5
(0.5)  (0.6) (-12) (-27) (-3.6) (-62) (-0.2) (-0.3) (-0.8) (-32) (-4.5) (-1.9)
2 IPW 2 5.4 8.0 5.6 6.0 9.0 8.9 4.1 6.2 3.4 6.2 8.8 9.2
. (0.5)  (-1.0) (-17)  (-0.1)  (0.0)  (0.0) (-21) (-35) (-5.2) (0.4)  (0.1)  (0.1)
i IPW 3 4.6 6.0 3.4 5.2 6.6 5.7 3.8 5.2 2.3 5.3 6.4 5.8
£ (-0.3)  (0.5)  (0.9) (0.0)  (0.0)  (0.0) (-14) (-20) (-27) (0.3)  (0.0)  (-0.2)
DR 0.3 2.5 2.6 0.4 2.7 3.6 0.9 3.0 2.8 0.4 2.2 3.2
(0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (0.1) (-0.1) (-0.2) (0.1) (-0.4) (-1.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 4.6 8.4 4.7 1.7 4.9 3.0 2.6 7.1 5.3 -0.4 2.4 3.3
(-0.2) (-0.3) (-0.6) (-1.5) (-2.2) (-3.8) (-0.1) (-0.1) (-0.4) (-2.1) (-2.9) (-5.2)
2 IPW 2 2.7 4.8 -1.1 3.2 5.2 1.3 1.7 3.8 -2.1 3.3 5.1 1.4
° (-0.4) (-0.6) (-1.2) (0.0) (0.0) (0.0) (-1.3) (-2.2) (-3.5) (0.1) (0.0) (-0.1)
"«'é IPW 3 3.0 4.1 -1.6 3.3 4.3 0.1 2.1 3.6 -1.7 3.4 4.2 0.1
o (-0.2) (-0.3) (-0.6) (0.0) (0.0) (0.0) (-0.9) (-1.3) (-1.9) (0.1) (0.0) (-0.2)
DR 2.1 3.5 -0.8 2.1 3.7 -0.1 2.2 3.7 -0.1 2.0 3.4 -0.6
(0.0)  (0.0)  (0.0)  (0.0)  (0.0) (-0.1) (0.0) (-0.1) (-0.2) (0.0) (-0.4) (-0.8)

bias2 (ATE(p))—bias2 (ATE(p%))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias ( ) is given in brackets.
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Table A.43: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores used with trimming rule 2,

mse-minizing A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 3.1 10.9 8.9 -3.9 6.2 6.8 -10.1 2.1 3.5 -4.3 7.6 15.1
(0.2)  (0.0)  (0.1)  (-2.9) (-27) (-3.6) (-04) (-0.1) (0.0) (-0.4) (0.4)  (3.8)
: IPW 2 1.7 6.3 2.7 2.7 8.3 6.3 -0.2 4.0 0.0 3.1 8.3 12.0
. (-0.8)  (-1.5)  (-3.4) (-0.3) (-0.1) (0.) (-1.9) (-35) (-6.3) (L0)  (L4)  (7.3)
i IPW 3 -3.4 2.5 -0.2 -2.7 3.6 1.4 -5.2 1.1 -1.3 -2.5 3.3 6.7
£ (-0.4) (0.7 (-15)  (-02) (0.0) (0.1) (-1.0) (17 (27 (0.8) (0.8  (6.2)
DR -9.0 0.6 -0.3 -8.9 0.5 -0.5 -9.3 0.7 -0.4 -9.3 -1.0 2.9
0.0) (1) (0.0 (.00 (0.0) (-0.1) (0.0) (0.1)  (0.0) (-02) (-07)  (3.9)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 3.5 9.1 8.4 -0.6 6.7 7.8 -4.6 4.1 6.0 -1.2 7.7 13.8
- (-0.1) (0.0) (0.1) (-1.7) (-1.5) (-2.0) (-0.2) (0.0) (0.0) (-0.2) (0.5) (2.9)
o IPW 2 -0.3 3.6 -0.1 0.5 5.2 2.2 -1.5 2.6 -1.4 0.7 5.1 5.6
° (-0.5) (-1.1) (-2.3) (-0.1) (0.0) (0.1) (-1.2) (-2.3) (-4.2) (0.5) (0.7) (4.4)
lg IPW 3 -1.9 2.3 -0.8 -1.4 3.3 0.3 -3.1 1.9 -0.9 -1.4 3.0 3.2
o (-0.3) (-0.5) (-1.1) (-0.1) (0.0) (0.1) (-0.6) (-1.2) (-1.9) (0.4) (0.4) (3.7)
DR -3.5 3.2 0.3 -3.5 3.2 0.2 -3.8 3.4 0.8 -3.9 2.2 1.7
(0.0) (0.0) (-0.1) (0.0) (0.0) (-0.1) (0.0) (0.0) (-0.1) (-0.2) (-0.6) (2.2)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 2.3 11.4 9.6 -2.3 8.8 9.1 -9.0 5.5 8.8 -0.8 13.1 18.2
(0.0) (0.0 (-0.2) (-1.3) (-1.6) (L4 (04) (L0) (31 (L5 (32  (7.3)
g IPW 2 0.6 7.5 3.6 1.5 7.4 3.7 -0.3 8.3 6.9 2.8 9.4 11.1
. (-0.6)  (-0.6) (-1.3) (-03) (-0.6) (-0.7) (0.) (0.9 (21) (1.6)  (3.3) (8.5
i IPW 3 -3.0 4.7 0.1 -2.4 4.3 0.2 -4.2 5.5 3.5 -1.2 6.2 7.3
£ (0.4)  (02)  (-04) (-02) (-04) (-03) (0.2) (1.2) (3.0) (1.3) (2.9)  (8.0)
DR -7.7 1.2 -1.9 -7.7 1.1 -1.8 -8.1 2.3 1.4 -6.9 2.4 4.1
(0.0)  (-0.1)  (0.0) (0.0) (-0.1) (0.0) (05 (12) (32 (04) (L9)  (6.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 2.5 7.4 7.7 -0.3 6.1 7.1 -4.0 4.3 7.4 0.4 9.1 13.0
(0.0) (0.0) (-0.2) (-0.7) (-0.8) (-0.8) (0.3) (0.7) (1.9) (1.0) (2.0) (5.1)
g IPW 2 0.0 3.2 3.6 0.4 3.3 3.2 -0.1 4.1 5.7 1.0 4.4 7.5
° (-0.4) (-0.5) (-0.9) (-0.1) (-0.3) (-0.3) (0.0) (0.5) (1.0) (0.9) (1.9) (5.5)
lg IPW 3 -1.4 2.3 2.1 -1.1 2.3 1.8 -1.7 3.2 4.2 -0.7 3.3 5.8
o (-0.2) (-0.2) (-0.3) (-0.1) (-0.2) (-0.1) (0.1) (0.7) (1.6) (0.7) (1.6) (5.1)
DR -1.7 1.5 1.9 -1.7 1.6 1.8 -1.6 2.5 4.1 -1.6 2.3 4.9
0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.3) (0.8) (1.9) (0.1) (1.0) (4.1)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -1.2 7.7 2.5 -8.4 2.6 -1.3 -10.5 2.8 2.8 -12.6 0.2 -1.7
(-0.6) (0.7 (-12) (-32) (-3.9) (-65) (0.8 (13) (27 (-29) (-38) (T.2)
2 IPW 2 -2.4 3.9 -1.4 -1.2 5.7 2.3 -4.0 2.7 -0.4 -1.4 5.4 3.2
. (-0.6)  (-1.0) (-1.8) (-0.1)  (0.0)  (0.0) (-21) (-25) (-1.6) (0.0)  (0.1)  (0.9)
i IPW 3 -6.0 0.5 -3.4 -5.1 1.5 -1.1 -7.0 0.5 -0.6 -5.3 1.1 -0.3
£ (-0.4)  (05) (-09) (0.0) (0.0)  (0.0) (-0.9) (-0.7) (1.3) (-0.1) (-0.1)  (0.6)
DR -11.6 -2.7 -3.8 -11.4 -2.5 -3.3 -11.0 -1.2 0.2 -11.8 -3.4 -3.3
(0.0) (0.0) (0.0) (0.0) (0.0) (-0.1) (0.7) (1.2) (3.6) (-0.5) (-0.7) (-0.3)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -0.3 7.6 3.2 -4.9 4.3 1.8 -6.3 4.5 3.9 -8.4 2.5 2.3
(-0.3) (-0.3) (-0.6) (-1.8) (-2.3) (-3.9) (0.5) (0.9) (1.9) (-1.8) (-2.4) (-4.6)
2 IPW 2 -3.8 2.1 -4.2 -3.1 3.1 -1.3 -4.9 1.4 -3.7 -3.3 3.0 -0.7
° (-0.4) (-0.7) (-1.2) (0.0) (0.0) (0.0) (-1.3) (-1.6) (-1.1) (-0.1) (0.0) (0.5)
"«'é IPW 3 -5.0 0.7 -4.2 -4.5 1.3 -2.4 -5.9 0.7 -2.5 -4.7 1.1 -1.9
o (-0.3) (-0.4) (-0.6) (0.0) (0.0) (0.0) (-0.7) (-0.5) (0.7) (-0.1) (-0.1) (0.3)
DR -7.5 0.1 -2.9 -7.4 0.2 -2.6 -7.4 0.9 -0.3 -7.7 -0.3 -2.8
(0.0)  (0.0)  (0.0)  (0.0)  (0.0) (-0.1) (0.3)  (0.7)  (22) (-0.3) (-0.5) (-0.3)

bias2 (ATE(p))—bias2 (ATE(p%))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias ( ) is given in brackets.
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Table A.44: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores used with trimming rule by
HLW, mse-minimizing \

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -20.6 -20.5 -1.0 42.1 28.0 15.4 3.3 -15.9 -6.5 68.6 53.7 32.4
- (24.5) (8.2) (2.1) (59.0) (41.8) (17.9) (37.3) (15.2) (4.2) (73.2) (58.6) (32.1)
= IPW 2 7.5 19.5 34.8 59.8 54.9 54.5 34.2 36.1 45.6 80.4 73.7 69.1
° (14.1) (1.4) (-2.0) (50.0) (27.9) (10.5) (21.7) (2.3) (-2.8) (63.8) (38.6) (14.9)
i IPW 3 -10.1 -9.0 7.9 54.9 40.8 27.3 21.7 5.3 10.5 78.8 65.4 43.5
o (20.2) (3.6) (-1.4) (57.9) (36.6) (11.0) (31.4) (6.5) (-2.1) (71.2) (50.1) (15.9)
DR 20.2 8.0 8.8 20.6 7.9 9.2 19.8 7.8 8.0 23.3 6.9 6.1
0.0)  (04) (05  (0.0) (0.0) (02 (0.1 (0.7 (L4 (25  (-1.0) (-4.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -27.4 -19.3 -4.4 26.2 16.4 7.5 -8.9 -15.9 -7.1 57.8 42.2 22.0
- (15.0) (5.3) (1.1) (47.0) (31.4) (12.1) (26.3) (10.2) (2.5) (65.5) (49.3) (24.0)
o IPW 2 -8.5 5.1 22.0 41.0 37.7 39.8 14.7 19.9 32.8 68.3 60.0 56.0
° (8.6) (1.1) (-1.7) (39.8) (22.2) (7.6) (15.3) (1.8) (-2.5) (56.8) (33.5) (11.8)
lg IPW 3 -21.1 -13.6 0.2 36.0 24.9 14.9 3.6 -3.5 3.0 66.6 50.9 29.0
o (12.0) (2.4) (-1.1) (45.6) (27.4) (7.1) (21.5) (4.5) (-1.7) (63.3) (41.9) (11.2)
DR 26.9 3.8 1.8 27.2 4.0 2.4 26.5 3.9 1.8 28.4 3.1 0.1
(0.0) (0.3) (0.1) (0.0) (0.0) (-0.2) (0.0) (0.6) (0.7) (1.3) (-1.0) (-2.9)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -34.3 -4.3 11.9 -46.1 -28.2 2.1 -49.2 -15.9 6.8 0.8 -17.3 3.7
~ (18.3) (17.3) (6.8) (-0.7) (-2.2) (-1.4) (7.5) (13.3) (6.4) (16.3) (1.8) (-0.4)
& IPW 2 -2.3 18.4 21.8 2.5 15.0 21.0 6.8 25.2 26.4 37.8 32.3 27.7
° (16.1) (13.4) (4.9) (0.6) (-0.6) (-0.5) (7.2) (9.8) (4.3) (11.9) (1.5) (-0.1)
i IPW 3 -17.3 7.6 14.4 -19.2 -9.7 6.2 -13.4 9.1 15.5 23.9 3.7 6.2
o (18.9) (19.1) (6.7) (0.6) (-0.2) (0.1) (9.1) (16.5) (7.2) (13.8) (0.0) (-0.5)
DR 30.1 11.4 9.4 31.4 12.3 9.7 29.2 10.8 9.4 29.4 9.6 6.3
0.0 (04 (01 (14 (L0O)  (0.1) (01  (0.1)  (-0.1) (-1.0) (-1.3)  (-2.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -20.7 -2.4 6.7 -27.4 -14.2 0.6 -29.0 -8.6 3.9 -2.1 -9.2 1.3
~ (10.1) (9.3) (4.8) (-0.4) (-1.0) (-0.7) (4.4) (7.1) (4.6) (10.3) (1.4) (-0.2)
& IPW 2 -5.3 10.1 13.4 -3.0 8.4 13.0 0.5 15.3 17.4 22.5 20.7 17.8
° (9.6) (7.7) (3.6) (0.3) (-0.2) (-0.2) (4.6) (5.8) (3.2) (8.0) (1.1) (-0.2)
lg IPW 3 -12.8 4.3 8.0 -14.5 -5.0 2.5 -10.8 5.5 9.1 12.1 2.3 1.9
o (10.7) (10.7) (4.8) (0.3) (-0.1) (0.2) (5.4) (9.3) (5.1) (8.7) (0.1) (-0.3)
DR -1.9 -3.9 1.2 -0.2 -3.0 1.4 -2.3 -4.0 1.6 -2.3 -5.0 -1.7
0.0)  (04) (0.0) (13  (0.9)  (0.0) (-0.1)  (0.3)  (-0.1) (-1.0) (-1.0)  (-1.6)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 54.7 36.8 12.9 74.0 59.5 25.1 64.0 43.7 13.6 84.2 72.7 38.8
- (67.4) (45.0) (14.4) (78.7) (61.7) (25.6) (72.3) (51.4) (18.8) (84.2) (71.0) (37.3)
& IPW 2 59.1 47.1 35.1 81.0 71.6 55.9 70.6 57.5 44.6 90.8 84.4 72.2
° (61.4) (32.9) (6.9) (74.9) (50.4) (17.1) (64.9) (33.8) (5.4) (80.9) (57.7) (22.1)
i IPW 3 58.1 40.1 13.6 80.6 68.0 35.4 70.2 50.4 17.7 90.6 82.2 54.1
o (65.8) (40.5) (7.5) (78.5) (58.6) (18.7) (70.2) (44.2) (7.1) (84.0) (66.9) (25.9)
DR 32.0 12.1 4.7 33.4 12.2 5.9 31.6 12.9 4.6 39.1 14.9 6.7
(0.0) (0.7) (0.2) (1.5) (0.3) (0.2) (0.1) (1.7) (0.9) (9.0) (2.8) (-0.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 34.8 21.5 3.6 62.2 46.7 14.8 48.7 29.6 4.9 78.0 64.2 28.7
- (56.6) (34.6) (9.3) (72.2) (53.0) (18.5) (64.0) (41.4) (12.6) (80.7) (65.1) (29.7)
& IPW 2 37.1 28.6 20.5 67.8 56.6 40.5 53.2 40.6 30.2 83.7 74.5 59.2
° (50.6) (25.6) (4.3) (68.1) (43.6) (12.7) (56.6) (27.8) (3.4) (77.2) (53.2) (18.0)
"«'é IPW 3 36.1 22.1 4.0 67.4 52.7 21.5 52.8 33.0 7.6 83.7 71.9 39.3
o (54.5) (30.9) (4.4) (71.6) (50.2) (12.7) (61.5) (35.4) (4.1) (80.2) (61.2) (19.4)
DR 52.4 15.3 1.2 52.8 15.2 2.5 52.1 15.7 1.2 54.4 16.5 3.1

00) (05 (00 (06 (0.1 (02 (01 (L) (03 (39  (12)  (0.0)

is given in brackets.

ias2 Y Bing2 .
Note: Percentage change which is due to the bias (b"m (ATE(p)) _bias (ATE(pS))>

bias2 (ATE(p))+ Var(ATE(p))
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Table A.45: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores, data driven A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 49.9 53.1 80.0 45.3 47.7 71.5 44.0 49.5 78.7 49.7 53.2 72.7
_ 0.0) (0.1)  (0.0) (0.2) (0.0) (-0.1) (0.0 (0.1)  (0.0)  (0.4)  (0.6)  (0.2)
o IPW 2 13.3 20.8 37.3 15.0 18.5 33.2 12.8 21.7 36.9 13.5 16.5 31.3
. 01  (01)  (0.0) (0.0) (0.2)  (0.0) (0.1) (-02) (0.1) (-1.2) (-0.7) (-1.4)
% IPW 3 1.2 4.6 12.5 2.3 4.4 13.4 -0.2 3.9 10.7 0.8 2.3 11.0
o (0.2) (0.1) (0.3) (0.1) (0.3) (0.0) (0.4) (0.2) (0.6) (-1.5) (-1.0) (-2.0)
DR 5.6 8.7 17.9 6.8 9.8 19.0 4.7 7.9 16.4 6.3 9.0 17.6
(0.0) (0.3) (0.0) (0.0) (0.0) (0.0) (0.1) (0.4) (0.1) (-2.0) (-1.9) (-2.3)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 33.0 38.5 71.1 29.3 34.0 60.7 28.8 36.1 69.9 35.9 41.3 63.5
- (0.0) (0.1) (0.0) (-0.2) (0.0) (0.0) (0.0) (0.1) (0.0) (0.4) (0.5) (0.2)
= IPW 2 -0.8 6.7 22.8 -0.3 4.7 19.5 -0.7 7.8 22.8 -1.2 3.5 18.3
° (0.1) (-0.1) (0.0) (0.0) (0.1) (0.0) (0.1) (-0.1) (0.0) (-0.7) (-0.5) (-1.0)
%‘ IPW 3 -9.6 -5.1 3.5 -9.2 -5.3 4.4 -10.2 -5.5 2.0 -10.2 -6.7 3.1
& 01  (0.0) (0.2) (01) (0.2) (0.0) (0.3) (0.1)  (0.4) (-0.8) (-0.6) (-1.3)
DR -7.5 -2.0 7.2 -6.8 -1.4 8.5 -8.0 -2.4 5.8 -6.8 -1.8 8.1
0.0)  (02) (0.0) (0.0) (0.0) (0.0) (0.1)  (0.3)  (0.1) (-1.2) (-1.2)  (-1.6)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 26.1 35.6 31.5 20.1 31.3 25.0 17.9 30.9 28.4 22.1 36.4 28.7
N 01  (0.0) (0.0) (-0.4) (-02) (0.0) (-0.1) (-0.1) (0.00  (0.0) (-0.1) (-0.8)
& IPW 2 9.9 19.5 16.5 12.3 20.1 16.1 9.4 19.3 16.3 10.3 18.1 13.1
: (-0.1)  (-0.1) (0.3) (0.0) (0.1)  (0.00 (0.1)  (0.0) (0.0) (-0.8) (-0.9) (-2.1)
% IPW 3 -0.1 7.4 6.1 1.1 8.3 6.6 -1.1 6.3 5.3 -1.0 6.1 3.2
o (0.0) (0.0) (-0.1) (0.2) (0.2) (0.0) (0.3) (0.2) (0.3) (-1.0) (-1.2) (-2.6)
DR 3.3 11.6 9.7 3.8 12.0 10.0 2.6 10.6 8.9 2.0 10.0 6.9
(0.1) (0.1) (0.0) (0.0) (0.0) (-0.1) (-0.1) (-0.1) (0.0) (-2.0) (-2.0) (-3.2)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 11.3 21.7 20.1 7.1 18.2 14.5 5.8 18.5 17.9 9.9 23.4 18.2
~ (0.0) (0.0) (-0.1) (-0.4) (-0.1) (0.0) (-0.1) (-0.1) (0.0) (0.0) (-0.1) (-0.6)
& IPW 2 -3.8 7.4 6.6 -1.8 7.8 6.5 -4.1 7.5 6.6 -2.9 6.4 4.5
° (0.0) (-0.1) (-0.2) (0.0) (0.0) (0.0) (0.1) (0.0) (0.0) (-0.4) (-0.6) (-1.6)
'% IPW 3 -10.4 -1.0 -0.7 -9.5 -0.6 -0.3 -11.0 -1.7 -1.2 -10.5 -2.0 -2.5
& (0.0)  (0.0) (-0.1) (01) (0.1)  (0.0) (0.2)  (0.1)  (0.2) (-05) (-0.7) (-1.8)
DR -8.8 1.4 1.5 -8.5 1.8 1.6 -9.3 0.8 1.1 -9.4 0.6 -0.5
0.0)  (0.1)  (0.0)  (0.0) (0.0) (-0.1) (-0.1) (0.0)  (0.0) (-1.1) (-1.2) (-2.3)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 41.1 37.1 34.5 46.3 40.3 38.2 37.1 34.0 32.6 53.1 46.6 45.8
. (0.0)  (-01) (0.0) (-0.3) (-05) (-0.3) (0.1)  (0.2)  (0.1)  (0.1)  (0.0)  (0.1)
& IPW 2 11.0 16.2 20.5 12.4 17.1 21.0 9.9 15.7 20.6 11.9 16.8 20.5
. (-0.1)  (-0.1)  (0.0)  (0.0)  (0.0)  (0.0) (-1.0) (-0.7) (-0.6) (-0.5) (-0.2) (-0.6)
% IPW 3 1.5 5.8 9.4 2.4 6.5 9.8 -0.2 4.3 7.5 2.0 6.2 9.2
o (0.0) (0.0) (0.1) (0.0) (0.1) (0.0) (-0.6) (-0.4) (-0.3) (-0.6) (-0.3) (-0.8)
DR 5.5 9.0 13.7 5.9 9.7 14.2 5.0 8.1 12.8 5.9 10.1 14.1
(0.0) (0.2) (0.0) (0.0) (0.0) (0.1) (0.0) (0.5) (0.0) (-0.7) (-0.6) (-0.8)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 24.8 24.1 22.2 31.5 28.3 26.4 22.7 22.4 20.9 41.0 36.1 35.2
- (0.0) (0.0) (0.0) (-0.2) (-0.4) (-0.2) (0.1) (0.1) (0.1) (0.1) (0.0) (0.1)
& IPW 2 -1.6 4.5 10.7 -1.0 5.1 11.3 -1.8 4.3 11.0 -1.3 4.9 11.1
. (-0.1)  (-0.1)  (0.0)  (0.0)  (0.0)  (0.0) (-0.6) (-0.5) (-05) (-0.3) (-0.2) (-0.4)
'% IPW 3 -7.6 -2.7 3.3 -7.3 -2.1 3.7 -8.5 -3.6 2.0 -7.6 -2.2 3.4
& (0.0)  (0.0) (0.1)  (0.0) (0.1)  (0.0) (-0.4) (-0.8) (-0.2) (-0.8) (-0.2) (-0.5)
DR -4.3 0.4 6.4 -4.1 0.9 7.0 -4.4 0.0 5.5 -4.0 1.3 7.2

0.0)  (01)  (0.0)  (0.0)  (0.0)  (0.0)  (0.0) (0.3) (-0.1) (-0.4) (-0.4) (-0.6)

bias2 (ATE(p))—bias2 (ATE(55))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias ( > is given in brackets.
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Table A.46: Percentage improvement in MSE for the ATE if the shrunken propensity scores are used
with trimming rule 1 instead of the conventional propensity scores with trimming rule 1, data-driven

A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 3.9 3.4 2.6 3.0 2.9 2.1 2.2 2.3 1.9 4.0 4.6 4.3
(0.0)  (-0.1) (-01) (-0.6) (-0.7) (-0.6) (0.0) (-0.1) (-0.1) (0.2)  (0.3)  (0.8)
: IPW 2 3.2 2.6 1.9 3.4 2.6 2.0 3.1 2.6 1.8 3.7 3.0 2.5
. (-0.3)  (-0.1) (-0.1)  (0.0) (-0.1) (0.0) (-0.6) (-0.4) (-0.8) (0.4)  (0.3)  (0.4)
i IPW 3 2.1 1.5 1.0 2.2 1.5 1.1 2.0 1.5 0.9 2.4 1.7 1.3
& (-0.2)  (0.0)  (-0.1) (0.0)  (0.0)  (0.0) (-0.8) (-0.1) (-01) (0.3) (0.2)  (0.2)
DR 0.6 0.6 0.7 0.6 0.6 0.7 0.6 0.6 0.7 0.5 0.5 0.6
(0.0)  (0.0) (0.0) (0.0) (0.0)  (0.0) (0.0  (0.0)  (0.0) (0.0) (-0.1) (-0.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 2.3 2.2 1.7 1.9 1.9 1.4 1.4 1.5 1.3 2.6 3.2 3.0
- (0.0) (0.0) (0.0) (-0.4) (-0.5) (-0.4) (0.0) (-0.1) (-0.1) (0.1) (0.2) (0.6)
o IPW 2 0.8 0.9 0.9 0.9 0.9 0.9 0.8 0.9 0.9 1.1 1.2 1.2
° (-0.2) (-0.1) (-0.1) (0.0) (0.0) (0.0) (-0.3) (-0.2) (-0.2) (0.2) (0.2) (0.3)
lg IPW 3 0.5 0.6 0.5 0.6 0.6 0.5 0.5 0.5 0.4 0.7 0.7 0.6
o (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (-0.1) (-0.1) (0.1) (0.1) (0.2)
DR 0.3 0.4 0.5 0.3 0.4 0.5 0.3 0.4 0.5 0.2 0.3 0.4
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.1)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 4.1 3.5 2.6 2.8 3.0 2.5 2.1 2.3 2.0 4.0 5.1 4.5
0.0)  (0.0) (0.0) (-0.5) (-0.3) (0.0) (-0.1) (-0.1) (0.0)  (0.9)  (1.3)  (L.5)
g IPW 2 3.5 2.6 1.8 3.6 2.5 1.8 3.8 3.0 2.3 4.1 3.1 2.4
. (-0.3)  (-02) (0.3) (-0.1) (-0.1) (0.1) (-0.2) (0.0) (-01) (0.5  (0.5)  (0.7)
i IPW 3 2.6 1.7 1.0 2.7 1.7 1.0 2.8 2.0 1.2 3.1 2.0 1.3
& (-0.2)  (-0.1) (-0.1) (0.0)  (0.0)  (0.0)  (0.0)  (0.1)  (0.0)  (0.4)  (0.4)  (0.4)
DR 0.6 0.6 0.5 0.6 0.6 0.5 0.6 0.6 0.5 0.6 0.5 0.4
(0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)  (0.0)  (0.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 2.4 2.0 1.4 1.6 1.7 1.2 1.2 1.4 1.1 2.4 3.1 2.6
(0.0) (0.0) (0.0) (-0.4) (-0.2) (0.0) (-0.1) (0.0) (0.0) (0.4) (0.8) (1.1)
g IPW 2 1.0 0.9 0.8 0.9 0.8 0.7 1.2 1.2 1.1 1.2 1.2 1.1
° (-0.1) (-0.1) (-0.2) (-0.1) (0.0) (0.0) (0.0) (0.0) (-0.1) (0.3) (0.3) (0.4)
lg IPW 3 0.7 0.6 0.4 0.7 0.5 0.3 0.9 0.8 0.6 1.0 0.8 0.5
o (-0.1) (0.0) (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.2) (0.2) (0.3)
DR 0.3 0.4 0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.3 0.3 0.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 3.8 3.4 2.4 2.8 2.7 1.9 2.3 2.7 2.3 2.7 3.4 2.8
(-0.1)  (-02) (-0.1) (-0.7) (-1.1) (-0.6) (0.0) (-0.1) (0.1) (-0.6) (-0.9)  (0.1)
2 IPW 2 3.3 2.7 1.7 3.4 2.6 1.8 2.6 2.0 1.0 3.5 2.8 1.9
. (-0.3)  (-0.1) (-0.1) (0.0)  (0.0)  (0.0) (-1.0) (-0.7) (-07) (0.1)  (0.1)  (0.1)
i IPW 3 2.4 1.8 1.1 2.5 1.8 1.1 1.8 1.3 0.6 2.6 1.9 1.2
& (-0.2)  (0.0)  (-0.1) (0.0)  (0.0)  (0.0) (-0.6) (-0.3) (-0.4) (0.1)  (0.1)  (0.1)
DR 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.6 0.6 0.5 0.6 0.5
(0.0)  (0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)  (0.0) (0.0) (0.0) (-0.1)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 2.2 2.3 1.6 1.7 1.9 1.3 1.4 1.9 1.5 1.8 2.5 1.9
(0.0) (-0.1) (-0.1) (-0.4) (-0.7) (-0.3) (0.0) (-0.1) (0.1) (-0.4) (-0.6) (0.1)
2 IPW 2 0.8 0.9 0.8 0.9 0.9 0.8 0.5 0.6 0.4 0.9 1.0 0.9
° (-0.1) (-0.1) (-0.1) (0.0) (0.0) (0.0) (-0.5) (-0.4) (-0.4) (0.1) (0.1) (0.1)
lg IPW 3 0.6 0.6 0.5 0.6 0.7 0.5 0.3 0.4 0.3 0.7 0.7 0.5
o (-0.1) (0.0) (-0.1) (0.0) (0.0) (0.0) (-0.4) (-0.2) (-0.2) (0.1) (0.0) (0.0)
DR 0.2 0.4 0.4 0.2 0.4 0.5 0.2 0.4 0.4 0.2 0.4 0.4
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)

bias? (ATE($))—bias? (ATE(5%))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias ( ) is given in brackets.
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Table A.47: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores used with trimming rule 2,

data-driven A

linear nonlinear linear nonlinear

N 100 200 500 100 200 500 100 200 500 100 200 500

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 0.6 -0.9 -4.6 -2.4 -2.7 -2.0 -10.2 -8.2 -8.6 -0.5 0.8 5.6
(0.0)  (-0.1) (-01) (-0.7) (-L1) (-0.7)  (0.0) (-0.2) (-0.2) (18) (21)  (6.0)
: IPW 2 -0.9 -1.0 -5.2 -0.1 -2.0 -4.3 -2.3 -1.6 -7.6 0.1 -1.7 0.6
. (-0.4)  (-0.1) (-0.1)  (0.0) (-0.1)  (0.0) (-0.9) (-0.4) (-0.4) (0.5  (L3) (5.0)
i IPW 3 -5.8 -4.7 -6.1 -5.3 -5.3 -5.8 -7.5 -5.6 -7.9 -5.2 -5.0 -1.2
& (-0.2)  (0.0)  (-0.1)  (0.0)  (0.0)  (0.0) (-0.5) (-0.1) (-02) (0.2)  (L0O)  (4.6)
DR -7.9 -5.7 -5.4 -7.7 -5.6 -5.9 -9.2 -6.9 -6.8 -7.9 -5.6 -2.6
(0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)  (0.0) (-0.5)  (0.4) (3.8)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -1.1 -0.2 0.5 -2.8 -1.1 1.6 -7.6 -4.5 -2.7 -1.3 1.2 6.7
- (0.0) (-0.1) (0.0) (-0.5) (-0.7) (-0.4) (0.0) (-0.1) (-0.1) (1.1) (1.4) (4.1)
o IPW 2 -4. -2.0 -1.5 -4.1 -2.4 -1.6 -5.3 -2.3 -3.6 -4.1 -2.2 1.6
° (-0.2) (-0.1) (-0.1) (0.0) (-0.1) (0.0) (-0.5) (-0.2) (-0.2) (0.3) (0.7) (3.1)
lg IPW 3 -6.6 -3.4 -2.3 -6.3 -3.6 -2.6 -7.5 -3.9 -4.0 -6.4 -3.5 0.4
o (-0.1) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.2) (-0.1) (-0.1) (0.1) (0.6) (2.9)
DR -7. -3.2 -2.0 -7.5 -3.1 -2.5 -8.2 -3.6 -3.4 -7.8 -3.3 -0.2
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (-0.3) (0.3) (2.4)

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -0.5 -0.2 -2.9 -3.7 -1.5 -2.1 -9.2 -5.3 -4.1 -1.6 3.3 8.2
(0.0)  (0.0) (-0.1) (-0.6) (-0.3) (0.1)  (0.6) (1.3) (23) (L7) (33) (8.2)
g IPW 2 -3.4 -1.7 -3.1 -2.8 -2.2 -4.4 -3.3 -0.5 -0.9 -2.4 -0.1 3.6
. (-0.3)  (-02) (-0.4) (-0.1) (-0.1) (0.0) (0.7) (L5  (2.6) (0.9 (26 (7.7)
i IPW 3 -7.5 -4.5 -3.6 -7.0 -4.7 -4.3 -7.8 -3.9 -1.9 -6.7 -2.7 3.5
& (-0.2)  (-0.1) (-0.2) (0.0)  (0.0)  (0.0)  (0.6) (1.3)  (24)  (0.6) (23) (7.3)
DR -9.8 -5.4 -4.0 -9.8 -5.4 -4.0 -9.7 -4.6 -2.4 -9.7 -3.6 3.5
(0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) (0.8) (L4) (27) (-0.1) (L&)  (6.8)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -1.4 1.6 2.6 -3.2 0.6 2.5 -6.4 -1.5 2.0 -1.7 3.3 8.6
(0.0) (0.0) (-0.1) (-0.4) (-0.2) (0.0) (0.4) (0.8) (1.4) (1.0) (1.9) (5.3)
g IPW 2 -5.0 0.2 1.4 -4.7 -0.4 -0.3 -4.9 1.0 2.9 -4.3 0.7 4.2
° (-0.1) (-0.1) (-0.3) (-0.1) (0.0) (0.0) (0.5) (0.9) (1.5) (0.5) (1.4) (4.7)
lg IPW 3 -6.6 -1.1 1.4 -6.3 -1.4 0.2 -6.7 -0.7 2.6 -6.1 -0.4 4.5
o (-0.1) (-0.1) (-0.2) (0.0) (0.0) (0.0) (0.4) (0.8) (1.5) (0.3) (1.2) (4.4)
DR -6.6 -0.8 1.0 -6.7 -0.8 0.9 -6.4 -0.4 2.1 -6.6 0.1 5.0
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.4) (0.8) (1.7) (0.0) (0.9) (4.1)

homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -0.2 0.1 -0.7 -4.1 -1.9 -0.8 -8.6 -4.9 0.4 -5.9 -1.6 1.2
(-0.1)  (-05)  (0.0) (-1.0) (-1.6) (-0.4) (L0)  (0.6)  (43) (-0.1) (-0.8)  (1.9)
2 IPW 2 -1.3 -0.2 -3.1 -0.9 -0.6 -3.3 -2.4 -0.8 -1.6 -1.0 -1.0 -2.5
. (-0.3)  (0.0)  (-0.1)  (0.0)  (0.0)  (0.0) (-0.8) (-0.1) (2.6) (-0.2) (-0.2) (0.8)
i IPW 3 -5.4 -2.7 -3.9 -5.0 -2.9 -4.2 -6.3 -3.1 -1.4 -5.2 -3.3 -3.5
& (-0.2)  (0.0) (-0.1) (0.0)  (0.0)  (0.0) (-0.1) (0.5  (3.4) (-0.3) (-0.2) (0.7)
DR -7.6 -4.1 -4.1 -7.5 -4.0 -4.4 -7.7 -4.4 -1.2 -8.0 -4.5 -4.3
(0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) (0.6) (0.7)  (3.9) (-0.6) (-0.5) (0.3)

homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 2.7 1.5 1.2 -5.2 0.4 1.0 -7.9 -1.4 1.5 -6.4 0.5 2.2
(-0.1 (-0.2) (0.0) (-0.6) (-1.0) (-0.3) (0.5) (0.4) (2.7) (-0.1) (-0.5) (1.3)
2 IPW 2 -5.7 -0.9 -1.6 -5.6 -1.2 -2.0 -6.2 -1.3 -1.2 -5.7 -1.4 -1.6
° (-0.2 (0.0) (-0.1) (0.0) (0.0) (0.0) (-0.5) (-0.1) (1.4) (-0.1) (-0.1) (0.3)
lg IPW 3 -7.5 -2.0 -2.2 -7.4 -2.1 -2.6 -8.0 -2.3 -1.1 -7.5 -2.4 -2.2
o (-0.1 (0.0) (-0.1) (0.0) (0.0) (0.0) (-0.1) (0.2) (1.9) (-0.2) (-0.1) (0.3)
DR -8.7 -2.2 -2.2 -8.7 -2.2 -2.5 -8.9 -2.3 -0.9 -9.0 -2.5 -2.5
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.3) (0.4) (2.2) (-0.4) (-0.3) (0.0)

bias? (ATE($))—bias? (ATE(5%))
bias2 (ATE(p))+ Var(ATE(p))

Note: Percentage change which is due to the bias ( ) is given in brackets.
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Table A.48: Percentage improvement in MSE for the ATE if the shrunken propensity scores are
used with trimming rule 1 instead of the conventional propensity scores used with trimming rule by
HLW, data-driven A

linear nonlinear linear nonlinear
N 100 200 500 100 200 500 100 200 500 100 200 500
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -23.8 -37.1 -12.0 42.8 20.8 9.5 3.1 -28.3 -15.2 69.5 50.0 26.4
- (24.8) (8.1) (2.0) (60.2) (43.0) (20.6) (37.6) (15.1) (4.0) (73.7) (59.4) (34.2)
= IPW 2 4.4 15.0 33.1 58.6 51.0 51.4 32.3 34.1 45.3 79.7 71.4 67.1
° (14.4) (2.7) (0.3) (50.1) (27.9) (10.5) (22.3) (4.4) (0.4) (63.6) (38.5) (14.9)
i IPW 3 -13.6 -14.3 6.9 53.6 37.0 25.2 19.4 1.7 10.2 78.1 63.3 42.3
o (20.3) (4.4) (0.2) (58.0) (36.6) (11.0) (31.7) (8.1) (0.3) (71.1) (50.0) (16.3)
DR 20.5 4.5 8.4 20.9 4.9 8.7 19.6 3.4 7.3 23.2 5.1 7.4
01 (03 (06 (0.0) (0.0) (0.0) (01 (07 (14  (20) (0.1  (-2.0)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -30.7 -31.8 -11.0 26.1 8.8 3.7 -9.5 -26.6 -13.5 58.4 37.7 18.2
- (15.6) (4.8) (1.3) (48.3) (31.5) (14.4) (26.8) (9.6) (2.6) (66.2) (49.4) (26.1)
o IPW 2 -11.2 1.0 22.3 39.3 33.4 38.6 13.1 17.2 33.2 67.3 57.3 55.4
° (9.3) (1.8) (0.2) (40.2) (21.6) (8.0) (16.2) (3.2) (0.4) (56.9) (33.0) (12.3)
lg IPW 3 -24.7 -18.8 0.3 33.9 20.3 14.1 1.1 -8.0 2.5 65.3 48.0 29.3
o (12.6) (2.7) (0.1) (46.1) (26.8) (7.6) (22.3) (5.3) (0.2) (63.4) (41.4) (12.2)
DR 24.8 -0.7 1.5 25.0 -0.4 1.6 24.3 -1.2 0.4 26.0 -0.2 1.0
(0.0) (0.2) (0.4) (0.0) (0.0) (0.0) (0.0) (0.4) (0.9) (1.0) (-0.1) (-1.4)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 -30.5 -14.4 -2.5 -39.9 -38.2 -11.4 -41.9 -24.9 -7.6 5.2 -27.0 -10.2
~ (18.3) (17.3) (6.9) (0.4) (-0.4) (0.1) (7.5) (13.4) (6.2) (16.7) (2.2) (-1.2)
& IPW 2 -0.1 13.5 14.1 4.2 9.7 12.8 9.5 21.1 19.0 38.4 27.5 19.1
° (16.4) (13.8) (5.6) (0.8) (-0.1) (0.0) (7.5) (10.3) (5.2) (11.6) (0.8) (-1.9)
i IPW 3 -15.3 2.7 8.5 -17.4 -15.2 -0.3 -10.7 4.3 9.0 24.4 -1.9 -1.3
o (19.1) (19.3) (6.8) (0.8) (0.2) (0.4) (9.3) (16.7) (7.3) (13.4) (-0.9) (-2.5)
DR 32.5 9.5 5.3 33.7 10.5 5.7 31.7 8.6 4.7 31.4 7.6 2.1
00  (04) (01 (14 (L) (0.0) (01  (03)  (0.2) (-12) (-1.8)  (-3.4)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 -19.9 -9.6 -3.2 -24.4 -22.2 -8.3 -26.3 -15.7 -6.4 1.3 -17.5 -7.1
~ (9.7) (9.9) (4.4) (0.1) (-0.2) (0.1) (4.0) (7.7) (4.0) (10.8) (1.3) (-0.8)
& IPW 2 -4.9 6.6 7.3 -2.1 3.8 6.8 1.0 11.9 11.1 23.3 16.2 11.8
° (9.5) (8.5) (3.7) (0.4) (0.0) (0.0) (4.6) (6.6) (3.5) (8.2) (0.6) (-1.4)
lg IPW 3 -12.7 0.5 2.8 -13.7 -9.9 -3.1 -10.3 1.5 3.1 12.8 -2.8 -3.6
o (10.5) (11.3) (4.4) (0.4) (0.1) (0.2) (5.2) (9.9) (4.8) (8.9) (-0.5) (-1.7)
DR -0.8 -7.3 -3.4 1.1 -6.5 -3.2 -1.3 -7.9 -3.7 -1.0 -8.5 -5.8
00 (03  (0.0) (14 (08  (0.0) (-0.1)  (02)  (0.1)  (-08) (-1.2) (-2.4)
homogeneous, homoscedastic heterogeneous, homoscedastic
IPW 1 53.7 30.8 9.3 74.4 57.6 25.3 63.8 39.3 10.3 84.9 72.6 39.8
- (67.6) (45.2) (15.4) (79.2) (62.7) (30.0) (72.4) (51.6) (19.3) (84.6) (71.9) (42.2)
& IPW 2 57.7 44.3 35.1 80.3 69.6 54.7 69.8 56.0 45.6 90.4 83.4 71.3
° (61.5) (33.4) (8.0) (74.9) (50.4) (17.1) (65.3) (35.2) (7.8) (80.9) (57.7) (22.1)
i IPW 3 56.5 37.5 15.5 79.8 66.3 35.6 69.2 48.6 19.9 90.3 81.4 54.2
o (65.9) (40.8) (8.2) (78.5) (58.6) (18.7) (70.4) (45.2) (8.8) (84.0) (66.9) (26.0)
DR 31.6 10.0 7.6 32.9 10.2 8.3 31.0 10.1 7.0 38.6 13.5 9.3
(0.0) (0.7) (0.3) (1.5) (0.3) (0.3) (0.1) (1.9) (0.9) (8.9) (3.3) (0.5)
homogeneous, heteroscedastic heterogeneous, heteroscedastic
IPW 1 33.2 14.1 1.8 62.1 43.4 15.3 48.1 23.7 2.8 78.4 63.1 29.9
- (57.1) (34.0) (10.5) (72.8) (53.2) (22.2) (64.3) (40.9) (13.5) (81.1) (65.6) (34.2)
& IPW 2 35.5 24.6 22.2 66.9 53.9 40.6 52.3 37.9 32.0 83.2 73.0 59.2
° (51.1) (25.5) (5.6) (68.3) (43.1) (13.2) (57.2) (28.5) (5.8) (77.3) (52.9) (18.5)
"«'é IPW 3 34.0 17.8 6.5 66.3 49.9 22.4 51.5 29.6 9.8 83.1 70.3 40.1
o (55.0) (30.6) (5.4) (71.8) (49.7) (13.3) (62.0) (35.7) (5.9) (80.3) (60.9) (20.1)
DR 51.0 11.8 3.0 51.3 11.9 3.4 50.7 11.9 2.4 52.9 13.7 4.1

(0.0)  (0.4)  (0.2) (0.5) (0.2) (0.2) (0.1)  (1.1)  (0.6) (3.7) (1.9) (0.3)

(a2 Y Bing2 s
bias? (ATE(p)) _bias” (ATE(p ))> is given in brackets.

Note: Percentage change which is due to the bias ( biasZ(ATE (D)) T Var(ATE())
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