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� Gw�`��NQp|LEKM^$VWKM^$�EI�NQc�N%KaX`N%{�[�KMLOc�dtVW^Jl�NQY�KMdte$KaX�VZRf^$[!Vt^���o�Nh~|c�NQI5VWLON%^bX
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F�F�F�G!��KMe$[�KMd9VW^$x�NQI�N%^�ghN<mBKM[`N%{�Rf^�c�I�N%{$VWghX�VZYMN�{$Vt[`X`I�VZm�e$X�VZRf^$[�RMx�c�RMX`N%^bX�VWKMd(RfeJX�ghRfLON%[
� G�U)I�N%{$VWghX�VWYMN�VW^JxyNQI�N%^$ghN<��VW^bX�e$VZX�VZRf^�e�^${JNQI�VZlf^JRMI�KamBVWdWVZX�p
� G�H$RMI�LEKMd9c�I�N%{$VWghX�VZYMN�VW^$x�NQI�N%^�ghN<�8��K%pMN%[�VWKM^�� o�eJmBVW^(_ T%� � � �
TQ¡ G��'~|KMLEc�dZN%[�P�r$N%^2I�N%dWVWKM^$ghN�Rf^�c$I�N%{$VWghX�VWYMN�Kac�c$I�RfKMg�r/VW[�^JNQN%{JN%{
TMT G�¢<[�[`N%[�[�LON%^bX!RMx�ghI�VZX�VWgQKMd(KM[�[�e$LOc$X�VZRf^�[

v!rJN2xyRfdWdZR P�VW^Jl£LEKaX`NQI�VWKMd�Vt[7K¤[�e$LELEKaI�p1RMx�X�rJN�ghRfeJI5[`N�LEKaX`NQI�VWKMdt[Oe$[`N%{�VW^¦¥�e$KM^bX�VZX�KaX�VZYMN�o�N%KM[`Rf^$VW^Jl¦§¨¥�o�© uMu _
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�'~|KMLOcBdZN T \)U3RMX`N%^zX�VWKMd�»�eJX�ghRfLEN%[!KM^${/��KMe�[�KMd9��n�N%ghX!P�VWX�r�»�^JN�]<^$VZX

F¼^�K½rbp�c�RMX�r$NQX�VWgQKMd<Nh~|KMLOcBdZNM_�X�r$N£e�^$VZX2VW[8pMRfe�KaX�K�c�KaI�X�VWgQe$dtKaI�c�RfVW^bX8Vt^¾X�VtLON£P�VZX�r¿K�rJN%KM{$KMg�r$NMÀsÁÂVW[8pMRfeJI
KM[�[`N%[�[�LON%^bXORMx�pMRfeJIEr$N%KM{$KMg�rJN�c�KMVW^�XqP�R1rJRfeJI5[7KaxyX`NQIEX�KaS|VW^JlDKM^½KM[`cBVZI�VW^¿§ÃKMghX�VZRf^¦¢<[`c�©�RMIE^JRMXOX�KaS|VW^JlDKM[�c�VZI�VW^
§ÃKMghX�VZRf^/��RMX5©5G

]�^�VZX U3RMX`N%^bX�VWKMd »�e$X�ghRfLON%[ ��KMe$[�KMd(��n�N%ghX

ÁE§Ã¢�[`c�© ÁO§Ã��RMX5© ÁO§Ã¢<[`c�©�­)ÁO§Ã��RMX5©

pMRfe iM� � � ­ �a¡

��~JKMLOc�dWN i \�Ä�KMVW^/¬JghRMI�N%[

U3RMX`N%^zX�VtKMds»�eJX�ghRfLON%[2KM^${Å��KMe$[�KMd��'n�N%ghX2P�VZX�r�»�^JN#]�^�VZXQ\DF¼^¾rbpbc�RMX�rJNQX�VtgQKMd�Nh~JKMLOc�dZNM_�X�rJN¤e$^$VZXwVt[wpMRfe�KaX�K
c�KaI�X�VtgQe$dWKaI)c�RfVW^bX�VW^EX�VZN�P�VWX�rwK�rJN%KM{$KMg5rJNMÀ|ÁÆVW[�pMRfeJI�KM[�[`N%[�[�LON%^bX�RMx�pMRfeJI�rJN%KM{$KMg�r$N<cBKMVW^wX�P�ROrJRfe$I�[�KaxyX`NQI�X�KaS|VW^Jl
KM^�KM[`c�VWI�VW^£§ÃKMghX�VZRf^�¢<[`c�©�RMI!^JRMX�X�KaS|VW^JlEKM[`cBVZI�VW^#§ÃKMghX�VZRf^���RMX5©5_�KM^${2X�rJN�RfeJX�ghRfLENsVW[�rJN%KM{$KMg5rJN�I�N%{$e�ghX�VZRf^(_�ÁÆ­'Ç7_
P�rJNQI�N�Ç�VW[!pMRfeJI�KM[�[`N%[�[�LON%^bX!RMx�X�rJN�c�KMVW^2RMx�pMRfeJI�Vt^$VZX�VWKMd�rJN%KM{$KMg5rJNMG

]<^$VZX FÈ^$VWX�VWKMd U3RMX`N%^bX�VWKMd »�eJX�ghRfLON%[ ��KMe$[�KMd9�'n�N%ghX
«�N%KM{�KMg�rJN

Ç ÁE§Ã¢�[`c�©�­)Ç ÁO§Ã��RMX5©�­'Ç ÁO§Ã¢<[`c�©)­)ÇÆ­<� ÁE§Ã��RMX5©�­)Ç �

pMRfe �a¡ ­ �M� ­ � �a¡
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U3RMX`N%^zX�VtKMds»�eJX�ghRfLON%[2KM^${Å��KMe$[�KMd��'n�N%ghX2P�VZX�r�»�^JN#]�^�VZXQ\DF¼^¾rbpbc�RMX�rJNQX�VtgQKMd�Nh~JKMLOc�dZNM_�X�rJN¤e$^$VZXwVt[wpMRfe�KaX�K
c�KaI�X�VtgQe$dWKaI�c�RfVW^zXOVW^�X�VWLEN�P�VZX�r�KDrJN%KM{$KMg5rJNMÀ�ÁÉVW[�pMRfeJIwKM[�[�N%[�[�LON%^bXERMx<pMRfeJIErJN%KM{$KMg5rJN�c�KMVW^�X�P�R·rJRfeJI�[�KaxyX`NQI
X�KaS|VW^JlEKM^�KM[`cBVZI�VW^¤§ÃKMghX�VZRf^/¢�[`c�©�RMI�^JRMX�X�KaS|VW^JlEKM[`c�VWI�VW^¤§ÃKMghX�VZRf^���RMX5©5_BKM^�{2X�rJN�RfeJX�ghRfLON�VW[�x�I5KMghX�VZRf^$KMd(I�N%{�e$ghX�VZRf^
VW^�rJN%KM{�KMg�rJN�Á�Ê�Ë T�Ì¿Í9Î�ÏÐ Î�Ï _$P�rJNQI�N�ÇÑËAVW^bX`N%^$[�VWXqp8RMx3VW^�VZX�VWKMd�rJN%KM{$KMg5rJNMG

]<^$VZX FÈ^$VWX�VWKMd U�RMX`N%^bX�VWKMd »�eJX�ghRfLON%[Q_$Á ��KMe$[�KMd9�'n�N%ghX
«�N%KM{�KMg�rJN

Ç Á�ÊM§Ã¢�[�c�© Á�ÊM§Ã��RMX5© Á�ÊM§Ã¢<[`c�©)­'Á�ÊM§Ã��RMX5©

pMRfe �a¡ T ­�Ò`ÓÔ Ï Ë �M�fÕ T ­7Ö¼ÓÔ Ï Ë TMT+Õ �M�fÕ ­ TMT+Õ Ë � � Õ

��~JKMLOc�dZN��J\)U3RMX`N%^bX�VWKMd3»�e$X�ghRfLON%[!P�VWX�r�v�P�R�]�^$VWX�[�¢�dWdWR+P�VW^$l7F¼^bX`NQI�x�NQI�N%^$ghNs��NQXqP�NQN%^/]<^$VZX�[

U�RMX`N%^bX�VWKMd�»�eJX�ghRfLON%[�KM^${�×'KMdWeJN%[�VW^���~JKMLOc�dZN
Á'Rfe�X�KaSMNM\ ¢�[�c ��RMX ¢<[`c ��RMX
F�X�KaSMNM\ ¢�[�c ��RMX ¢<[`c ��RMX
]<^$VZX

Ø�Ù�Ú Û+Ü Ý�Þ%ßqà á)â�ã$äzá)â�ãMåWæ'Ù¦ç Ý!Þ%ß�à è)Û%é5äbè'Û%é�åZæ'Ù�Ø5ç ç Ý!Þ%ß�à á�âqã�äzè'Û+éqåWæ'Ù¦ê%ç Ý!Þ%ß�à è)Û%é�äzá)â�ãMåWæ'Ùìë%ê
í�Ù½î�ï Ý�ð ßqà á)â�ã$äzá)â�ãMåWæ'Ù¦ç Ý�ð ß�à è)Û%é5äbè'Û%é�åZæ'Ù�Ø5ç ç Ý�ð+ß�à á�âqã$äbè'Û%é�åZæ'ÙÅØ5ç ç Ý�ð+ß�à è)Û%é�äbá)â�ãMåWæ'Ù½ç

��RMX`NM\)v!rJN�gQKMe$[�KMd�Nhn�N%ghX�RMxk¢�[�c8YMNQI5[�e$[���RMX�xyRMI�LON<Vt[�P�N%dWdñ­q{$NQ��^JN%{wKM[ TQ¡M¡ G�v!rJN<I�N%KM[`Rf^2VW[�X�r$KaX�Á Ò §`� ¢<[`c9_J¢<[`c � ©­�Á Ò §`� ¢<[`c9_9��RMX � ©5_9P�r�VWg�r£VW[<X�rJN�Nhn�N%ghX�RMx�¢<[`c£YMNQI�[�e$[���RMX�x�RMI�LEN7P�rJN%^#pMRfe£lMNQX�¢�[`ck_9VW[ ¡ ­ TQ¡M¡ Ëò­ TQ¡M¡ À�KM^${
Á Ò §`� ��RMXQ_(¢<[`c � ©�­�Á Ò §`� ��RMXQ_(��RMX � ©5_�P�r�VWg�r/VW[!X�rJN7gQKMe$[�KMd�Nhn�N%ghX<RMx)¢<[`c�YMNQI5[�e$[<��RMX<x�RMI<LONsP�rJN%^�pMRfe#lMNQX���RMX�VW[KMdW[`R ¡ ­ TQ¡M¡ Ë,­ TQ¡M¡ G8F¼^DghRf^bX`I�KM[`XQ_3x�RMI�pMRfeDX�rJN�gQKMe$[�KMd�Nhn�N%ghX�RMx�¢<[`cDYMNQI�[�e$[�^JRMXs{$NQc�N%^�{$[�Rf^DP�r�KaX�F<I�N%ghN%VZYMNMG
FÈx'F!I�N%ghN%VZYMNO¢<[`c9_�X�rJN�gQKMe$[�KMd3Nhn�N%ghX�xyRMI�pMRfe£VW[�Á Ï §`� ¢<[`c9_(¢�[�c � ©!­�Á Ï §`� ��RMXQ_9¢<[`c � ©<Ë ¡ ­!� � ËÑ­È� � _(P�rJNQI�N%KM[�VZx�F
I�N%ghN%VZYMN���RMX�X�rJN�gQKMe$[�KMd(Nhn�N%ghX�Vt[�Á Ï §`� ¢<[`c9_���RMX � ©�­�Á Ï §`� ��RMXQ_B��RMX � ©�Ë �a¡ ­ TQ¡M¡ ËÆ­ �a¡ _�Kw[�LEKMdWdZNQI�Nhn�N%ghXQG
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�'~|KMLEc�dZN � \)U3RMX`N%^bX�VWKMd3»�e$X�ghRfLON%[�VW^�¢<[`c�VWI�VW^8��~JKMLOc�dZN�xyRMI���]�^$VWX�[!]�^�{JNQI�X�rJN7¬�X�KamBVWdWVZX�p�¢<[�[�e$LOc�X�VZRf^

]<^$VZX Ç ÁE§Ã¢�[`c�© ÁO§Ã��RMX5© ��KMe$[�KMd(Nhn�N%ghX

T Ç Ï Á Ï §Ã¢�[`c�© Á Ï §Ã��RMX5© Á Ï §Ã¢�[`c�©�­�Á Ï §Ã��RMX5©

i Ç Ò Á Ò §Ã¢�[`c�© Á Ò §Ã��RMX5© Á Ò §Ã¢�[`c�©�­�Á Ò §Ã��RMX5©GGG GGG GGG GGG GGG
V Ç<ó Á�ó¼§Ã¢<[`c�© Á<ó�§Ã��RMX5© Á�ó`§Ã¢�[`c�©�­�Á<ó�§Ã��RMX5©
GGG GGG GGG GGG GGG
ô Ç�õ Á�õ�§Ã¢<[`c�© Á�õs§Ã��RMX5© Á�õ�§Ã¢�[`c�©�­�Á�õ7§Ã��RMX5©

¢�YMNQI�KalMN7gQKMe$[�KMd(Nhn�N%ghX�RMx��`¢<[`c��OY|[QG��`��RMX��8Ë
¢�YMNz� Á ó §Ã¢�[�c�©�­�Á ó §Ã��RMX5© �

Ë Ïõ�ö õóZ÷ Ï � Á�ø¨§Ã¢�[�c�© Ì Á�øù§Ã��RMX5© �

��N%{$VWKM^�gQKMe$[�KMd9Nhn�N%ghX�RMx��`¢�[`cB�OY�[%G��`��RMX���Ë
��N%{$VWKM^¤úQÁ ó §Ã¢<[`c�©�­�Á ó §Ã��RMX5©�û

ª�Vñn�NQI�N%^$ghN�RMx�LON%{$VWKM^2c�RMX`N%^bX�VWKMd(RfeJX�ghRfLEN%[<Ë
��N%{�VWKM^£úQÁ ó §Ã¢<[`c�©�ûs­���N%{$VtKM^£úQÁ ó §Ã��RMX5©�û
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U3NQI�x�N%ghX<ª<R�ghX`RMI<��~JKMLOc�dZN

v!rJN�{�KaX�KElfVZYMN%^�m�N%dWR+P�[�r$R+P�[�KMdWd(c�RMX`N%^zX�VtKMd(RfeJX�ghRfLON%[<e$^${JNQI�X�P�R2{$Vñn�NQI�N%^bX�X`I�N%KaX�LON%^bX�[Q\�ü8§ ¡ ©�I�NQc$I�N%[`N%^bX�[!pMN%KaI5[
dWVZYMN%{�KaxyX`NQI�[�X�KM^${$KaI�{�[�eJI�lMNQI�p8KM^${�ü2§ T ©�I�NQc$I�N%[`N%^zX�[!pMN%KaI�[�dWVWYMN%{�Kax�X`NQI<^JNQP�[�eJI�lMNQI�pMG

U�RMX`N%^bX�VWKMd�»�eJX�ghRfLON%[

ÁE§ ¡ © ÁE§ T ©
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� T
� i
� u
� T
� TQ¡
� �

vkI5eJN
K%YMNQI5KalMN%[ � �

v!rJN�X`I5eJN�K%YMNQI�KalMN�gQKMe$[�KMd9Nhn�N%ghX ü8§ T © Ì ü8§ ¡ ©�Ë Ì�i G

v!rJN�K%YMNQI5KalMN�RMm�[`NQI�YMN%{�gQKMe�[�KMd�Nhn�N%ghX�N%ý�e$KMdW[�­ i Rf^�K%YMNQI�KalMNsR+YMNQI�KMdWdBc�Rf[�[�VZmBdZN�KM[�[�VWlf^$LON%^bX�[Q_|m�eJX�x�RMI�[`RfLON�KM[�[�VZlf^|­
LON%^bX�[�gQKM^�m�N�YMNQI�p2xÃKaI!xyI�RfLþ­ i G

ÿMÿ ��RMX`NM\ ü,{JN%^JRMX`N%[�¢�YMNQI�KalMN�RMx3Á7G



F�­ i G i

� ����� ��� �
	�� ø�
���� ���������
	�� ø�
���� �����
Ï`Ï`Ï���������� � Ï�� Ó � ÓÏ`Ï���Ï�������� � Ï�� � Ö � ÓÏ`Ï�����Ï������ � ��� ��� � ÓÏ`Ï�������Ï���� � Ï�� Ò � ÓÏ`Ï���������Ï�� Ò � Ò � ÓÏ`Ï�����������Ï Ï�� Ô Ö � ÓÏ���Ï`Ï�������� � Ï�� Ï�� � �Ï���Ï���Ï������ � ��� Ó � �Ï���Ï�����Ï���� � Ï�� Ò�Ö � �Ï���Ï�������Ï�� Ò � Ï�� � �Ï���Ï���������Ï Ï�� Ô � �Ï�����Ï`Ï������ � ��� � Ö ���Ï�����Ï���Ï���� � ��� Ö � ���Ï�����Ï�����Ï�� Ò � Ó�Ö ���Ï�����Ï�������Ï Ò � ��� ���Ï�������Ï`Ï���� � ��� Ò � ÒÏ�������Ï���Ï�� ��� Ò � ÒÏ�������Ï�����Ï Ò � Ô Ö � ÒÏ���������Ï`Ï�� Ò � ��� ���Ï���������Ï���Ï Ò � Ò ���Ï�����������Ï`Ï ��� Ó ���Ï`Ï`Ï�������� � Ö � Ò � ���Ï`Ï���Ï������ � Ó � Ó�Ö � ���Ï`Ï�����Ï���� � Ö � ��� � ���Ï`Ï�������Ï�� � ���  �� � ���Ï`Ï���������Ï ��� � Ò�Ö � ���Ï���Ï`Ï������ � Ó � Ï�� �����Ï���Ï���Ï���� � Ó � Ô �����Ï���Ï�����Ï�� � ��� � �����Ï���Ï�������Ï � ��� Ö � �����Ï�����Ï`Ï���� � Ó � Ò�Ö � Ò��Ï�����Ï���Ï�� � Ò � Ô Ö � Ò��Ï�����Ï�����Ï � ��� Ò � Ò��Ï�������Ï`Ï�� � ��� ��� �����Ï�������Ï���Ï � ��� Ô Ö �����Ï���������Ï`Ï � ��� � Ö �����Ï`Ï`Ï������ � Ó � Ò �������Ï`Ï���Ï���� � Ó � Ô Ö �������Ï`Ï�����Ï�� � ��� � Ö �������Ï`Ï�������Ï � ��� Ô �������Ï���Ï`Ï���� � Ó � ��� � Ò����Ï���Ï���Ï�� � Ò �  �� � Ò����Ï���Ï�����Ï � ��� Ò�Ö � Ò����Ï�����Ï`Ï�� � ��� Ó �������Ï�����Ï���Ï � ���  �� �������Ï�������Ï`Ï � ��� ��� �������Ï`Ï`Ï���� � ��� Ô � Ï������Ï`Ï���Ï�� � Ò � � � Ï������Ï`Ï�����Ï � Ò � Ö � � Ï������Ï���Ï`Ï�� � ��� � Ö � �������Ï���Ï���Ï � ��� � � �������Ï�����Ï`Ï � Ó��������Ï`Ï`Ï�� � Ò � ��� � ���������Ï`Ï���Ï � Ò � Ô Ö � ���������Ï���Ï`Ï ��� ��� Ó����������Ï`Ï`Ï � ��� Ï�� Ó!#" 	�$ 
�% 	 � Ò � Ò � Ô



F�­ i G u

-8 -6 -4 -2 0
&

2
'

4
(

6

0
5

10
15

Difference in Means 
(sd=3.12)

Difference in Means
-8 -6 -4 -2 0

&
2
'

4
(

6
0

5
10

15
20

25

Difference in
Medians (sd=3.21)

Difference in Medians

�'~|KMLOcBdZNM\�»<m�[`NQI�YMN%{/»�eJX�ghRfLON%[

) ÁE§ ¡ © ÁE§ T ©
T * T �
¡ � *
¡ � *
¡ � *
¡ � *
¡ � *
T * TQ¡
T * �

»<m�[�NQI�YMN%{
¢�YMNQI�KalMN%[ � G � TMT
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F¼^OK�X`I�VWKMd�x�RMI�K�^JNQP¦g�rJRfdWN%[`X`NQI�RfdJI�N%{�e$gQVW^Jl�{JI�eJlJ_f[�eJm�]`N%ghX�[�P�NQI�N�c�KMVZI�N%{7Rf^OX�rJN�mBKM[�VW[3RMx�ghR Y�KaI5VWKaX`N%[�§yc$I�Nh­¨X`I�N%KaX�LON%^bX
g�r$RfdZN%[`X`NQI�Rfd'dWNQYMN%dù_kKalMNM_�VW^$ghRfLONEdZNQYMN%d¨_9I�KMghN ©5G )¿VZX�r$VW^#N%KMg�r1c�KMVZI%_ T [�eJm�]`N%ghX�P�KM[sI�KM^${JRfLEdWp�KM[�[�VZlf^$N%{£X`I�N%KaX�LON%^bX
KM^${�X�r$NsRMX�rJNQI�P�KM[�KM[�[�VZlf^JN%{�ghRf^zX`I�Rfd¨G�v!r�e$[Q_JP�VZX�r$VW^2N%KMg5r�c�KMVWI%_JN%KMg�r#[�eJm�]`N%ghX�r$KM{�K.ã � g5r$KM^$ghNsRMx�I�N%ghN%VZY�Vt^JlOX�rJN^JNQPÆX`I�N%KaX�LON%^bX�§ T ©5_(KM[�P�N%dWdkKM[�KÁã � g5r$KM^$ghNsRMx�I�N%ghN%VZY�Vt^JlEc�dWKMghNQm�R/§yX`I�N%KaX�LON%^zX ¡ ©5GA)¤N�ghRf^$[�VW{$NQI u cBKMVZI�[QG�FÈ^�X�rJN^JRMX�KaX�VZRf^�m�N%dZR+P�_Je$^�VZX�[ T KM^${ i x�RMI�L KEc�KMVZI%_ u KM^${��Ex�RMI5L*K�c�KMVZI%_$KM^�{ � KM^${ � xyRMI�L*KEc�KMVZI%G
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Ù_Ú
Û[ÜÞÝ¥ß�à�� \'��NQI�^JRfe$dWdtV�KM[�[�VZlf^$LON%^bXQ_$m�e$X�c�I�RMm�Kam�VWdtVZXqpw{$NQc�N%^�{$[�Rf^�e$^JRMmB[`NQI�YMN%{�ghR+YaKaI�VWKaX`N�§K^ ó g o ó p q0r ©

¢,X`N%KMg�rJNQI�I�KM^�{JRfLEdZp#KM[�[�VZlf^$[sg�r$VWdt{JI�N%^¤VW^Dr$NQIsgQdWKM[�[sX`R/K�^JNQPòNh~�c�NQI�VWLEN%^zX�KMd�I�N%KM{$VW^Jl�c$I�RMlMI�KML §yX`I�N%KaX�LEN%^zX T ©5G
¬|VW^�ghN�[�rJN<P�KM^zX�[�LORMX�VWY�KaX`N%{2g�r�VWdW{JI�N%^�VW^�X�r$VW[�^JNQP¾c�I�RMlMI�KML�_JVW^�rJNQI�LEVW^${�[�rJN_]`e${$lMN%[)N%KMg5r�[`X�e${JN%^bXcD [�LORMX�VZYaKaX�VZRf^
dZNQYMN%d�Rf^EKs[�gQKMdWN!x�I�RfL T X`R TQ¡ KM^${EKM[�[�VZlf^$['g5r$VWdW{JI�N%^�X`RsX�rJN!c�I�RMlMI�KMLÑ[�e�g�rEX�r�KaX)[`X�e${JN%^bX�['P�VZX�rEr$VZlfr$NQI'LORMX�VZYaKaX�VZRf^
KaI�N2LORMI�N2dWVZSMN%dZp£X`R#m�Nwc�eJX7VW^bX`R/X�rJN8^JNQP,c$I�RMlMI�KML�G£v�R/N%^$[�eJI�NwghRf^J�B{JN%^zX�VtKMdWVZXqpM_'[�rJN�{JR�N%[7^JRMX�P�I�VZX`N�{$R+P�^·RMI
{$VW[�gQdZRf[`NOX`R/KM^bpMRf^JN�N%dW[`NEX�rJN�LORMX�VZYaKaX�VZRf^1dZNQYMN%dt[�RMx�N%KMg�r�[`X�e${JN%^bX�§ÃKM^${·[�rJNEc$I�RfLOc$X�dZp/x�RMI�lMNQX�[�X�rJN%L�©5G2jkVWSMNEX�rJN
c�NQI�xyN%ghX�{JR|ghX`RMI%_�X�rJN<X`N%KMg�rJNQI!r$KM[�lMI�N%KaX�VW^$[�VZlfrzX�KM^${wX�r$N<LORMX�VWY�KaX�VZRf^8[�ghRMI�N�VW[)N%[�[`N%^bX�VWKMdWdZpON%ý�e$KMdBX`R�P�r$KaX�X�r$N<g5r$VWdW{
P�Rfe$dW{2lMNQX�P�VZX�rJRfeJX�X�rJNs^$NQP�c$I�RMlMI�KML�G
HJRMI�N%KMg5rD[`X�e${JN%^bXQ_�X�rJN�KM[�[�VZlf^$LEN%^zX�X`R2X`I�N%KaX�LON%^bX T Vt[�X�r�e$[�{JRf^JN�e$[�Vt^JlwX�rJN7xyRfdWdZR+P�VW^JlwI5e$dZNM\ ~Áp k ó g t õa` ó r gã t3å ` ó _�P�rJNQI�N ` ó VW[�X�rJN�[`X�e${JN%^bXcD [O§Ãe$^JRMm�[`NQI�YMN%{B©!LERMX�VZY�KaX�VWRf^#dWNQYMN%dùG�§=b VW[�X�r�e$[<X�rJN�YMN%ghX`RMIsRMx'X�rJN�LORMX�VZYaKaX�VZRf^
dZNQYMN%dW[�RMxkKMdWd�RMx(X�rJN�[`X�e${JN%^bX�[5©5G�FÈX�VW[�^JRMX�[�eJI�c$I5VW[�VW^Jl<X�r$KaX ` ó VW[�r$VZlfr�dZp7ghRMI�I�N%dWKaX`N%{8P�VZX�rwm�RMX�r�c�RMX`N%^zX�VtKMd�RfeJX�ghRfLEN%[Q_
X�rJNQI�NQm�p¾Vt^${$e$gQVW^$l1K½{JNQc�N%^${JN%^$ghN#RMx k ó Rf^¿X�rJN£c�RMX`N%^bX�VWKMd�RfeJX�ghRfLON%[QG,HJRMI�[`X�e�{JN%^zX�[2P�VZX�r¿LORMX�VZYaKaX�VZRf^¿dZNQYMN%d
TQ¡ _3X�rJN%VZI�c$I�RMmBKam�VWdWVZX�p�RMx�KM[�[�VZlf^�LON%^zX�X`R�X`I�N%KaX�LON%^bX T VW[EG �M� _3KM^${Dx�RMIs[�X�e${JN%^bX�[�P�VZX�r¤LORMX�VWY�KaX�VZRf^1dZNQYMN%d ¡ _�X�rJN%VZI
c$I�RMmBKam�VWdWVZX�pERMx�KM[�[�VZlf^$LEN%^zX!X`RwX`I�N%KaX�LON%^bX T VW[�G ¡f� \
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FÈx�X`I�N%KaX�LEN%^zX<VW[�KM[�[�VZlf^$N%{�VW^${JNQc�N%^${$N%^zX�dZpOX`RwN%KMg�r#e$^$VZXQ_

~Áp } õ b r g
Ôç
óW÷ Ï

~Áp k ó õg` ó r ã
U�Rf[�[�VZm�dZN�¢<[�[�VZlf^�LON%^zX�[} ~Áp } õ b r

p qClcq#lcqClcqCl�qClcqClcq#lcq]r p ã»ë rbp ã»i r�p ã»� r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã -]�0r Ë G ¡M¡M¡JT
put0lcq#lcqClcqCl�qClcqClcq#lcq]r p ãÐê rbp ã»i r�p ã»� r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã -]�0r Ë &'&'&
p qCl/t�lcqClcqCl�qClcqClcq#lcq]r p ã»ë rbp ãÐ� r�p ã»� r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã -]�0r Ë &'&'&

GZGZG GZGZG
p qClcq#lcqClcqCl�qClcqCl/t�lcq]r p ã»ë rbp ã»i r�p ã»� r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã -]�0r Ë &'&'&
p qClcq#lcqClcqCl�qClcqClcq#l/tvr p ã»ë rbp ã»i r�p ã»� r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã q]�0r Ë &'&'&
put0l/t�lcqClcqCl�qClcqClcq#lcq]r p ãÐê rbp ãÐ� r�p ã»� r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã -]�0r Ë G ¡M¡M¡ �
put0lcq#l/t0lcqCl�qClcqClcq#lcq]r p ãÐê rbp ã»i r�p ã�i r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã -]�0r Ë &'&'&

GZGZG GZGZG
p qClcq#lcqClcqCl�qCl/t0lcq#l/tvr p ã»ë rbp ã»i r�p ã»� r�p ãÐ� rbp ã»i r�p ã -]��r�p ã �0rbp ã q]�0r Ë &'&'&
p qClcq#lcqClcqCl�qClcqCl/t�l/tvr p ã»ë rbp ã»i r�p ã»� r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã q]�0r Ë &'&'&
put0l/t�l/t0lcqCl�qClcqClcq#lcq]r p ãÐê rbp ãÐ� r�p ã�i r�p ãÐ� rbp ã»i r�p ã q]��r�p ã �0rbp ã -]�0r Ë G ¡M¡M¡M¡f�

GZGZG GZGZG
p qClcq#lcqClcqCl�qCl/t0l/t�l/tvr p ã»ë rbp ã»i r�p ã»� r�p ãÐ� rbp ã»i r�p ã -]��r�p ã �0rbp ã q]�0r Ë &'&'&
put0l/t�lcqClcqCl�t0l/t0lcq#lcq]r p ãÐê rbp ãÐ� r�p ã»� r�p ãÐ� rbp ãÐ� r�p ã -]��r�p ã �0rbp ã -]�0r Ë &'&'&

GZGZG GZGZG
p qClcq#l/t0l/t0l�t0l/t0l/t�l/tvr p ã»ë rbp ã»i r�p ã�i r�p ã ð0rbp ãÐ� r�p ã -]��r�p ã �0rbp ã q]�0r Ë &'&'&

GZGZG GZGZG
put0l/t�l/t0l/t0l�t0l/t0l/t�lcq]r p ãÐê rbp ãÐ� r�p ã�i r�p ã ð0rbp ãÐ� r�p ã -]��r�p ã �0rbp ã -]�0r Ë &'&'&
put0l/t�l/t0l/t0l�t0l/t0lcq#l/tvr p ãÐê rbp ãÐ� r�p ã�i r�p ã ð0rbp ãÐ� r�p ã -]��r�p ã �0rbp ã q]�0r Ë &'&'&

GZGZG GZGZG
put0l/t�l/t0l/t0l�t0l/t0l/t�l/tvr p ãÐê rbp ãÐ� r�p ã�i r�p ã ð0rbp ãÐ� r�p ã -]��r�p ã �0rbp ã q]�0r Ë G ¡M¡M¡f�
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h ×�YC��×�7[Y:iCQ;ikj�l3Y[a�×�YC��×�7[Y:iCQ;iéd�Y�i ��W�Y[×�9�dnm[ÓXQoj�pT×0YCUXW0Y[×�9�d�m[Ó;Q_RTS�S�U;W0Y[Z.Q�Y]\�S
brqts�uvqxwyuvztq_{ à {}|0~ à�Û��vÜ½à q � *��;�o�5+vq ÜÞà q � v!rJN�c$I�RMmBKam�VWdWVZX�pDRMx�KM[�[�VZlf^$LEN%^zXEX`R·K¤c�KaI�X�VWgQe�dWKaI�X`I�N%KaX�LON%^bX

{$RbN%[!^$RMX�VW^bYMRfdZYMN�X�rJN�YaKMdWeJN%[�RMx�KM^bp8c�RMX`N%^bX�VWKMd(RfeJX�ghRfLEN%[QG� uvq_wyuvz_qt{ à {}|0~ àñÛ��vÜÞà q � *��o�o��+vq Ü½à q � v!r$N!c$I�RMm�KamBVWdWVZX�p�RMx9KM[�[�VZlf^$LON%^bX�{JR�N%[)Vt^zYMRfdZYMN<X�rJN�c�RMX`N%^bX�VWKMd�RfeJX¼­
ghRfLEN%[QG� +�qxuk~ Û:�¥ß�à |�~ à�Û���ÜÞà q � *��o�o��+vq ÜÞà q � v�rJN!c$I�RMmBKam�VWdWVZX�p�RMx�KM[�[�VZlf^$LEN%^zX�X`R7Ksc�KaI�X�VWgQe$dtKaI)X`I�N%KaX�LON%^bX�VW^bYMRfdZYMN%[
Rf^�dZp·RMmB[`NQI�YMN%{½YaKMdWeJN%[�RMx�X�rJN�c�RMX`N%^bX�VWKMd�RfeJX�ghRfLON%[%G¦F�XE{$RbN%[E^$RMXE{JNQc�N%^${�Rf^½X�rJN�e$^$RMm�[`NQI�YMN%{�c�RMX`N%^bX�VWKMd
Rfe$X�ghRfLON%[QG� uvq_�5+vqxuk~ Û��¥ß�à |0~ à�Û��vÜ½à q � *��o�o��+�q ÜÞà q � v�rJN'c$I�RMmBKam�VWdWVZX�p�RMx$KM[�[�VZlf^$LON%^bX�Vt^zYMRfdZYMN%[�e$^JRMm�[�NQI�YMN%{�c�RMX`N%^bX�VWKMd
Rfe$X�ghRfLON%[QG

¬Je$LELEKaI�p�RMx�N%KaI�dWVZNQI�Nh~JKMLOc�dZN%[
�'~|KMLOcBdZN ª�KaX`N ]<^$ghRf^JxyRfe$^${JN%{ * F�lf^$RMI�Kam�dZN *
��NQI�^JRfe�dWdWV�{JN%[�VZlf^9_ ~Áp k ó g tvr g ã � HJNQm9G T �#§Ã��~�G T © Á'N%[ Á'N%[
��NQI�^JRfe�dWdWV�{JN%[�VZlf^9_ ~Áp k ó g tvr g ãÐê HJNQm9G T �#§Ã��~�G i © Á'N%[ Á'N%[
��RfLEc�dZNQX`N%dZp8I�KM^${JRfLwVZ}QN%{2P0��VW^2m�dWR�g�S�[s§ylMN%^�{JNQI�© HJNQm9G T ��§Ã��~�G u © Á'N%[ Á'N%[
��NQI�^JRfe�dWdWV�P0��VW^�mBdZR�g�S�[�§ylMN%^�{JNQI�© HJNQm9G T �#§Ã��~�G��b© Á'N%[ Á'N%[
��NQI�^JRfe�dWdWVù_J{JNQc�N%^${$[�Rf^�KalMN HJNQm9G T �#§Ã��~�G � © Á'N%[ Á'N%[
��NQI�^JRfe�dWdWVù_JU3NQI�xyN%ghX�ª<R�ghX`RMI<×�NQI�[�VZRf^ i HJNQm9G T �#§Ã��~�G � © ��R ��R
��NQI�^JRfe�dWdWVù_�¬|g5rJRbRfdkg�rJRfVWghN HJNQm9G T%� §Ã��~�G T © Á'N%[ Á'N%[
��NQI�^JRfe�dWdWVù_�¬�NQX�G,X`I�N%KaX`N%{ HJNQm9G T%� §Ã��~�G i © Á'N%[ Á'N%[
o�KM^${JRfLEVZ}QN%{�P0��VW^�LEKaX�g5rJN%{�c�KMVWI�[ HJNQm9G T%� §Ã��~�G u © Á'N%[ Á'N%[
��NQI�^JRfe�dWdWVù_Jv�N%KMg�rJNQI HJNQm9G T%� §Ã��~�G��b© ��R ��R

v!rJN�x�RfdtdZR+P�Vt^Jl�{$VW[�gQe$[�[�VZRf^1VW[smBKM[`N%{1Rf^��¼F¼^zYMN%[`X�VWlfKaX�VW^Jl¤v!rJNQI�KacBVZN%[�RMx�U3RMX`N%^bX�VWKMdWdZp·Ä�I�N%KaXO��N%^$NQ�$XQ\w���!�#»���mbpFfVtLj)DKaI�N8§ T%�M�M� ©5G
� U3NQI�[�VW[`X`N%^bXOc�e$dWLORf^�KaI�pDrzp�c�NQI�X`N%^$[�VWRf^1RMx�X�rJN�^JNQP!m�RMI�^¿§ÃU)U�«���©7VW[�KM^½KMgQeJX`N�dWe$^$l/{$VW[�N%KM[`N�VW^�^JNQP!m�RMI�^$[
X�r�KaX�I�N%[�e$dZX�[�Vt^�X�r$N�^$NQP!m�RMI�^8m�N%Vt^Jl7e�^$Kam�dZN<X`ROR%~|pblMN%^�KaX`NsX�rJN%VZI�m�dWRbR|{(G�U)U�«��ÆVW[�r$VZlfr$dWpOxyKaX�KMd9Vt^�X�r$N��$I�[`X
{�K%p|[!RMx�dWVZxyNM_$rJR+P�NQYMNQI�VW^$xyKM^bX�[�P�rJRE[�eJI�Y|VZYMN�r$K%YMN7K�lMRbR|{�dZRf^$la­¨X`NQI�L c$I�RMlf^$Rf[�VW[QG

� ��Rf^zYMN%^bX�VZRf^$KMd�LON%{$VWgQKMd�X�rJNQI5KacbpD§¨���/v�©�LORMI�X�KMdtVZXqp2I�KaX`NM\)Kac�c$I�R%~JVWLEKaX`N%dWp � q�� G� �'~�X`I5KMghRMI�c�RMI�N%KMdkLON%L�m$I�KM^$N�R%~|pblMN%^$KaX�VWRf^·§Ã���!�#»�©�X`I�N%KaX�LON%^bX�LORMI�X�KMdtVZXqp8I�KaX`NM\�dWN%[�[�X�r$KM^Ái q�� G� �����£» VW[OKM^�Nh~|X`I�N%LON�X�rJNQI5Kacbp�X�r$KaXEI�Rfe$X`N%[OX�rJN�m�dZR�R|{·Rfe$XORMx�X�rJN�]�eJlfe$dtKaIOYMN%VW^(_)R+~�p�lMN%^$KaX`N%[�X�rJN
mBdZRbR|{�Rfe$X�[�VW{JN�X�rJN�m�R|{JpM_�rJN%KaX�[�VZXQ_(KM^${�X�r$N%^�I�NQcBdWKMghN%[<X�rJN�mBdZRbR|{�Vt^�X�rJN�m�R�{$p8X�r$I�RfeJlfr/X�rJN7gQKaI�RMX�VW{
KaI�X`NQI�pMG)FÈX!VW[�N%[�[�N%^zX�VWKMdtdZp�KE[�VWLOc�dWVW�$N%{wrJN%KaI�X¼­qdWe$^JlELEKMg5r$VW^JNMG

� v!P�REI5KM^${JRfLEVZ}QN%{�[�X�e${$VZN%[�RMx����!�#»�r$K+YMNsm�NQN%^�{JRf^$N�VW^2X�rJN�X`I�N%KaX�LON%^bX�RMx�U�U)«<�sG
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TwT�¡�T�¡E¡ T � ia¡ � G T
TwT�¡E¡�T�¡ T � ia¡ � G �
TwT�¡E¡E¡�T T � ia¡ T%� G T
Ts¡�TET�¡E¡ T � ia¡ � G �
Ts¡�T�¡�T�¡ T � ia¡ � G �
Ts¡�T�¡E¡�T T � ia¡ T%� G � Ë Ó�Ö Î Ô � X Ö Î Ö Ô X  � ¸ Ö¼Ò Î[� Ô Î[� ��Ts¡O¡�TET�¡ T � ia¡ ­ i G �
Ts¡O¡�T�¡�T T � ia¡ � G �
Ts¡O¡E¡�TET T � ia¡ u G T
¡�TOTET�¡E¡ T � ia¡ ia¡ G � Ë Ô � Î Ô � X Ö Î Ö �� ¸ ����Î[� � Î Ó`Ó X  �¡�TOT�¡�T�¡ T � ia¡ T%� G u
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¡�T�¡�T�¡�T T � ia¡ T �bG T
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vkI�N%KaX�LEN%^zX<��n�N%ghX cJ­¨Y�KMdteJN v�I�N%KaX�LON%^bX��'n�N%ghX c$­¨Y�KMdWe$N
� G � ­ u G i
� G � ­¨� G i
u G � ­ � G T%�
i G uM� ­ � G T%�
T G uM� ­È� G ¡f�
¡ G u ­ � G ¡f�
­ T G u ­ � G ¡f�
­ i G u ­ TQ¡ G ¡f�

)¤N7^JR+P�ghRf^�[�VW{JNQI!rbpbc�RMX�rJN%[�VZ}QN%{�X`I�N%KaX�LON%^bX�Nhn�N%ghX�[�lMI�N%KaX`NQI�X�r$KM^ � \
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vkI�N%KaX�LEN%^zX<��n�N%ghX cJ­¨Y�KMdteJN v�I�N%KaX�LON%^bX��'n�N%ghX c$­¨Y�KMdWe$N
� G � T%� G T
� G � � T � G T
� G � T%� G T
� G uM� T%� G T
TQ¡ G u ia¡ G T
TMT G iM� i|T G T
T%i G T%� iMi G T
T%u G T%� iMu G T
T � G T%� i � G T
T%� G T%� iM� G ¡f�
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brq � � Û � à { à � � � ÜÞÛ�� uk~�FÈx�K�[�X�KaX�VW[`X�VWg�VW[�KM^#e$^bm�VWKM[`N%{�N%[�X�VWLEKaX`N7RMx�X�rJNsX`I�N%KaX�LEN%^zX�Nhn�N%ghXQ_�X�r$N%^�X�rJN7K%YMNQI�KalMNORMx
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� � � u
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¢�YMNQI�KalMN �bG �Mu �JG �Mu u
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á_¹a¹�»�Û âÈâ5¼º½�¹ ï�á�â�â4¼º¾�¿fî�ï�¿�é¼âÀ Á ß À æ ÂJß¨Ø�æ�Ã ÂJßtç�æ î<ïPû'¼ýü�¿�ßtÚ|ßqØ�æ�æ:Ã�î�ïPû'¼ºü�¿�ßWÚJß�ç æqæ
Ø<Ø�Ø�Ø!ç�ç Ø!ÄaØhê Ó�Æ ê Ó�Æ ê
Ø<Ø�Ø�ç�Ø�ç Ø!ÄaØhê ê ê
Ø<Ø�Ø�ç�ç7Ø Ø!ÄaØhê Ø¶Æ í ê Ù Þ Ñ Ë Ð Ë�Ê Ë Ïþ Ã Ð Ë�Îð Ø�Æ ê
Ø<Ø�ç7Ø�Ø�ç Ø!ÄaØhê ê�Æ ë+ê Ç�Æ ê
Ø<Ø�ç7Ø!ç7Ø Ø!ÄaØhê í Ó
Ø<Ø�ç�ç�Ø�Ø Ø!ÄaØhê Ó�Æ ê É�Æ ê
Ø�ç7Ø�Ø�Ø�ç Ø!ÄaØhê ë'Æ í ê Ù Þ ÑyË�Ê Ë Þ ð Ë�Îþ Ã Ð Ë�Ñð ëoÆ ê
Ø�ç7Ø�Ø!ç7Ø Ø!ÄaØhê Ó�Æ ê É
Ø�ç7Ø�ç�Ø�Ø Ø!ÄaØhê ê ê'Æ ê
Ø�ç�ç7Ø�Ø�Ø Ø!ÄaØhê ê�Æ ë+ê ê'Æ ê
ç�Ø�Ø�Ø�Ø�ç Ø!ÄaØhê í�Æ ç Ø�Æ ê
ç�Ø�Ø�Ø!ç7Ø Ø!ÄaØhê Å¼Ø�Æ ë%ê Å¨í
ç�Ø�Ø�ç�Ø�Ø Ø!ÄaØhê Å Æ í+ê Ù Ð Ë�Ê4Ë�Î4Ë Ïþ Ã Þ ÑyË Ðð ç
ç�Ø�ç7Ø�Ø�Ø Ø!ÄaØhê ç�Æ ê Ø
ç<ç7Ø�Ø�Ø�Ø Ø!ÄaØhê í í
áxÿ ï��yü�¾ ï Ó�Æ ç Ó�Æ Ó
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Case 1: Additive effect

Estimated average treatment effect
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Case 2: Non-additive effect

Estimated average treatment effect
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Case 3: Non-additive effect

Estimated average treatment effect
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H M�H<E E N CIHPO�G Q
M MRERE E S CIH<TUG S
O OVH<E E T CIHDH�G S
T MDMWE E S CIHPO�G X
Q MRNRE E S CFY�G M
X MRYRE E O CIHPE�G S
S O�QWE E H CZSDG X
N MDQWE E S CIHDH�G Q
Y MRNRE E X CFY�G O
HPE HPYRE E N CIH<TUG X
HDH MDQWE H CZSDG HPE O
H�M MDMRQ H CZSDG H�M Q
HPO ODORE H C[TUG S O
H<T MRXRE H CFO�G HDH N
H�Q MRORE H CZSDG HPO X
HPX MDMWE H CZSDG HPO X
H�S HPNRE H CFN�G H<T X
HPN MRNRE H CFO�G Y X
HPY MRXRE H CFO�G Y X
MRE HPYDQ H CFN�G H<T X
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HPN MRNRE H CFO�G Y X
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