
Harvard University
Harvard University Biostatistics Working Paper Series

Year  Paper 

STATISTICAL INFERENCES BASED ON
NON-SMOOTH ESTIMATING FUNCTIONS

Lu Tian∗ Jun S. Liu†

Mary Zhao‡ L. J. Wei∗∗

∗Harvard University, ltian@hsph.harvard.edu
†Harvard University, jliu@stat.harvard.edu
‡Harvard University, ymzhao@hsph.harvard.edu
∗∗Harvard University, wei@hsph.harvard.edu

This working paper is hosted by The Berkeley Electronic Press (bepress) and may not be commer-
cially reproduced without the permission of the copyright holder.

http://biostats.bepress.com/harvardbiostat/paper5

Copyright c©2003 by the authors.

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Collection Of Biostatistics Research Archive

https://core.ac.uk/display/61317871?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


�����������	�
���
�������������������
�
�����������  !�"�# $��%&��'( � $�
)"�������&'*�����&�#+
�-,.�#�
���� $�#�

/	0�1-24365
7�8&9:36;=<?>$8�5@<BA6CEDF24AHG=<I3J<K24G=<?24L&G

MN36;=O63J;KPRQS5T2UOH8&;KGK2U<WV

X60Y5Z/	240
7�8�9:36;=<?>$8�5@<BA6C\[]<I3J<K24G=<?24L&G
MN36;=O63J;KPRQS5T2UOH8&;KGK2U<WV

^�36;_VR`�aT36A$365TP�/cbdXYbYef8�2
7�8&9:36;=<?>$8�5@<BA6CEDF24AHG=<I3J<K24G=<?24L&G

MN36;=O63J;KPRQS5T2UOH8&;KGK2U<WV

��,.'*'g����h

eiaT8�5j<?aY8�8�G_<K24>k3J<?2l5TmZCn0T5YL&<?2lAH5oCnAH;�3ZO68�Lp<?AH;!A6Cq9:36;K36>$8&<?8&;KG�2lGr5TA6<!G_>kA]A6<?a�s\2l<�2lGrA6Ct<?8&5
;?3u<?aT8&;rPT2lv$L&0Twl<�sx2lCB5TAJ<�24>$9yA6GKGK2lzTw48Js{<KA|AHzY<?36245�3|L&AH5TG_24G_<K8�5@<!8�G=<?2l>}3J<K8}z@VoG_AHwlO]2l5TmZ<?aY8�L�AH;_;K8�~
GK9�AH5TPY245Tm|8&G_<K24>k3J<?2l5Tm�8&��0:3J<?2lAH5o0TG_245Tm�<?aT8kG_<I3J5TP:36;_P�5]0Y>k8&;K24L�36wc<?8�LIaY5T24��0T8&G�b��W5�<KaT24G
36;_<K24L�wl86s
� 8k9T;_AH9�AHGK8k3RG_24>$9Tw48
245YCn8&;K8�5YL�8$9T;KA]L�8&PT0T;K8!O]2�3�<?aT8!2l>k9�AH;_<?365TL&8�G?36>$9Tw42l5Tm�<?8&LIaT5T2l�]0Y86s � aY24LIa
9T;_A�O]2lPT8�Gc3�L&AH5TGK2lG_<K8�5@<c;KA]A6<E<KA�<?aT8F8�G_<K24>k3J<?2l5TmN8&��0:3J<?2lAH5!365TP!3Jw4GKA�3J5!369T9T;_A���2l>}3J<K24AH5�<?A�2U<?GxPY24G=~
<?;_24zT0�<?24A65 � 2l<KaTAH0Y<�GKAHwUO�2l5Tm�3J5�VZ8���0:3J<K24AH5YG�AH;�2l5�O6AHwlO]2l5Tm�5TAH5]~W9:36;K36>$8&<?;_24L�Cn0T5TLp<?24A65|8�G=<?24>k3J<K8�G�b
1-aT8�5T8 � 9T;KAH9�AHGK36wE2lGN24wlw40TG=<?;K3J<?8&P|365TP�8pOJ36w40:3u<?8�P�O�243k< � A�8p�]<?8&5TGK2UOH8!8p�Y36>$9Tw48&G � 2l<Ka|;K8�36wx3J5TP
GK2l>r0Tw43J<?8&P�P:3J<I3�G_8&<?G&b

���p�u�F�u�K�u�p���W>$9�AH;_<?365TL�8�GK36>$9Tw42l5TmT�	�F�W~W5YAH;K>R��/�2l5T8�3J;�;K8�m6;K8�G_GK2lAH5�CnAH;�L�8&5TGKAH;_8�PfP:3J<I3��E�B8�GK36>!~
9Twl245Tm�>$8&<KaTA�P�b

�

Hosted by The Berkeley Electronic Press



�:� �&�Z���� $�.,Z�
���� $�

[�0T9T9�AHG_8�<?a:3u<|245�Cn8�;K8&5TL�8&GZ<?A�zy8f>}36PY8o36z�AH0Y<|3�OH8&L&<?A6;�����A6C� ¡0Y5T¢�5TA � 5g9T36;?36>$8&<K8�;_G
36;_8�z:36GK8&PjAH5£3o¤��u¤:¥¦�p§}���u¨n©R8&G_<?2l>}3u<?245YmZCn0T5TLp<?24A65£ªy«�¬­�H®p¯ � aT8�;_8.° 2lG
<?aT8�A6zTGK8&;_OJ36zTwl8�;?365�~
PTAH>±��0:365@<K2l<WVHbN²NCt<?8&5Z2l<S24Gq;?3u<?aT8&;NPT2UvkL&0Twl<B<KA}GKA6wlOH8
<?aT8�L�AH;_;K8&GK9�AH5TPT2l5Tm�8�G=<?2l>}3J<K245Tm!8&�]0T3J<?2lAH5
ªy«�¬³�H®�´¶µ.5]0Y>k8&;K24L�36w4wUVHs	8&GK9�8�L�2436w4wUV|CnAH;�<?aY8kL�36GK8 � aT8�5� �2lG
w436;Km686b�^RAH;K8&A�O68�;&s{<?aY8k8&�]0T3J<?2lAH5
>k3�V
a:3�OH8B>r0TwU<?2l9Tw48·GKAHwl0Y<?2lAH5TG�sH365TP!2l<\2lG\5TA6<cL&w48�3J;\aTA � <KA
2lPT8�5@<K2lCtV
3�L&AH5TG_24G_<K8�5@<¸;KA]A6<!¹��«oCnAH;c����º
»:0T;_<KaT8�;_>kA6;K86s@<KaT8NL&A�OJ36;_2�365YL�8q>}3J<K;K2¼�!A6C�¹��«�>}3�V!2l5�O6AHwlO68N3
L�AH>$9Twl8&<?8&wlV�0Y5T¢�5TA � 5�PT8�5TG_2l<WV@~Wwl24¢J8
Cn0T5TLp<?2lAH5
3J5TP�>k3�V�5TA6<�z�8·8&G_<?2l>}3u<?8�P � 8�wlw]PY24;K8&L&<KwlV�0T5YPT8�;{3q5YAH5T9:36;K36>$8&<?;_24L\G_8&<K<K245TmYb{ei2l<Ka�GK0TLIa
3
5TA65�~WG_>kA]A6<?a}8�G_<K24>k3J<?2l5Tm�Cn0T5TL&<K24AH5�sT36wlw½<KaT8�8��Y2lG_<K245Tmr2l5YCn8�;_8�5TL&8�9T;_A�L&8�PT0T;_8�G&s:245TL&w40TPT2l5Tm
;_8�GK36>!~
9Twl245Tm�>$8&<KaTA]PTG�s6CnA6;\���F3J;K8�PT2Uv$L�0TwU<x<?A�2l>k9Twl8�>$8�5@<{245�9T;K36L&<K24L�8 � 2U<?aTA60Y<c36PTPY2l<?2lAH5:36w�2l5YCnAH;K>k3J<K24AH5
AH5R����º

¾SA � sc36G_GK0T>$8k<Ka:3J<
<KaT8�;_8�24G�3ZL&AH5TGK2lG_<K8�5@<�8�G=<?2l>}3J<KAH; ¹�6¿« ;_8�36PT2lwlVÀ3�OJ3624w436zTwl8rCnAH;r���rCn;_AH>Á3
;K8&w�3J<K2lO68�wlV$G_24>$9Tw48S8�G_<K24>k3J<?2l5Tm�Cn0Y5TL&<K24AH5�b\[�0TLIa�3rGK24>$9Twl8SL&AH5TGK2lG_<K8�5@<B8�G=<?24>k3J<KAH;�s � aT24LIa.>k3�V}5TAJ<
z�8}8&v$L&248�5@<�s¸2lG�0YGK0:36wlwlVÀ5TA6<
PT2lv$L&0Twl<�<?A|AHz�<I362l5�bZ»:AH;�8p�Y36>$9Tw48JsE2l5�3Z;K8&L�8&5�<!9T369y8&;�s\DF365Tm�Â
1-GK243J<?2lGS¬¦Ã6µHµHÃH®x9T;KAH9�AHG_8�P�3�5TA�OH8&wy8&G_<K24>k3J<?2lAH5!>k8p<?aTA]P$CnA6;c<KaT8q�]0T365@<?24wl8B;K8�m6;K8�G_GK2lAH5}>$A�PY8�w � 2l<Ka
L�8&5TGKA6;K8�Pk>k8&PT24L�36wTL&AHG_<¸P:3J<?3YbE1-aY8�24;c8&G_<?2l>}3u<?245Ym�Cn0T5TL&<K24AH5kªy«�¬³�6®\2lG\5T8�2U<?aT8&;\GK>$A�AJ<?a!5TAH;\>$AH5TAJ~
<?A65T86b
²�5#<KaT8rA6<KaT8�;�aT365TP�s�36GN245TPT2lL�3J<K8�P�2l5�D�365TmRÂÄ1-GK243J<?2lG!¬¦Ã6µ6µ@ÃH®ps�3�L�AH5YGK24G=<?8&5�<�8&G_<K24>k3J<?AH;
CnAH;
<?aT8$OH8�Lp<?AH;
A6C-<?aT8};K8�m6;K8�G_GK2lAH5o9:36;K36>$8&<?8&;KG�L�365oz�8�AHz�<I362l5T8�Pf8�36G_24wlV#O]2�3.<?aT8}G_<I3J5TP:36;_Po245�~
OH8&;KG_8�9T;KAHzT36zT24wl2l<WV � 8�2lmHa@<?8&P�8�G_<K24>k3J<?2lAH5$9T;KA]L�8&PT0T;K8Jb¸²N<?aT8&;FGK2l>k2lw�36;\8��Y36>k9Yw48�G·L�365}zy8NCnA60T5TP�2l5
�BAHzT245YG�Â¶�BA6<K5T2l<KÅ�¢@V£¬ ��ÆHÆ ÃH®�365TP��qA6zT245TG�8p<r36w³b|¬ ��ÆHÆ6Ç ®pb}�W5À<?aT2lG�9:369�8�; � 8k0TGK8!<?aT8$24>$9�AH;=~
<I3J5TL�8�GK36>$9Tw42l5Tm�2lPT8�3
<?ArPT8&;K2UOH8�3
m68�5T8&;?36w�365TP�GK2l>k9Yw48B245YCn8&;K8&5TL�8�9Y;KA]L�8�PY0T;K8Js � aT24LIa�0�<?24wl24Å&8�G ¹�6¿«
<?A
w4A]L�3J<K8S3�L�AH5TG_24G=<?8�5@<-8&G_<K24>k3J<?AH; ¹��«�GK0TLIa�<Ka:3J<Bªy«�¬ ¹��«-®c´ÈµY¯Y3J5TP�PT;K3 � GF245YCn8&;K8�5YL�8�G�36zyA60Y<�����º
²�0T;N9Y;KA]L�8�PY0T;K8�PTA�8&G�5TA6<S5T8&8�P|<?AkGKAHwUOH8
365@VZL&AH>k9Yw424L�3J<?8&P�8&��0:3J<?2lAH5TG&b�^�A6;K8�A�O68�;�s�2l<SPTA�8&GN5TAJ<
245@O6AHwlO68}5TAH5Y9:36;?3J>k8p<?;K2lL�Cn0T5TL&<K24AH5f8�G=<?24>k3J<K8�G
A6;�5�0T>$8�;_24L�3Jw¸PY8�;K2UOJ3J<?2UOH8�G�¬nOJ365fPT8�;
É¸3H36;_<�s ��ÆHÆHÊ s
[�8&L&<?2lAH5�Ë�bdÌH®pb
e�8·24wlw40TG=<?;?3u<?8x<?aY8F5T8 � 9Y;KAH9�AHG?3Jw � 2U<?a
< � A�8��]<?8�5YGK2lO68-8p�Y36>$9Tw48&G�b�1-aT8FÍ:;_G_<E8p�Y36>$9Tw48¸PT8�>$AH5�~

G_<K;?3J<K8�G
aTA � <?A.AHz�<I362l5f3.;KA6zT0TG_<�8�G=<?2l>}3J<KAH;�z:3JGK8�PfAH5#<?aT8k�F��5TAH;_>ÎCnAH;�<?aY8$;_8�mH;_8�G_GK24A65fL&A�8pC�~
Í:L&248�5@<KG�A6C\<?aY8raT8&<K8�;_AHGKL&8�P:36G=<?2lLrw42l5T8�36;q;K8&mH;K8&GKG_24AH5�>$A�PY8�w¦bq1-aT8r9�8�;=CnAH;K>k365TL&8
A6C\<KaT8
5Y8 � 9T;KAJ~

Ã

http://biostats.bepress.com/harvardbiostat/paper5



L�8&PT0T;_8�24G
8pOJ36w40:3u<?8�PoO]243|3Z;K8�36wFPT3J<I3ZG_8&<!3J5TPj365�8p�]<K8�5TG_2lOH8�G_24>r0Yw�3J<K24AH5ÀG_<K0TPYVHb#1-aT8�G_8�L&AH5TP
8p�Y36>$9Twl8NGKaYA � GFaTA � <KArPT8&;K2lO68�3
m68�5T8&;?36wy;?365T¢!8&G_<?2l>}3u<?24A65k9T;_A�L&8�PT0Y;K8NCnAH;¸<?aT8S;K8&mH;K8&GKGK2lAH5�L&A�8pC�~
Í:L&248�5@<KGqAJC�<KaT8�36L&L�8�wl8�;K3J<?8&P.C­3J24w40Y;K8S<K24>$8�>$A�PT8&w�2l5�GK0T;=O�2UOJ36w	365:3JwlV]GK2lG�¬³Ï�36wlzYÐ:8�2lGKLIa.ÂÒÑc;_8�5@<?2lL�8Js
Ã6µHµHÃ�sHÓFaT369Y<?8&;cÌH®�bx²�0T;{9T;KA]L�8&PT0T;K8·24G�>r0TLIa�G_24>$9Tw48&;{3J5TPr36wlGKAS>kAH;_8·m68�5T8&;?36w�<?a:3J5
<?a:3u<E;_8�L�8&5@<?wlV
9T;_AH9yA6GK8�PÀz@VÀX6245#8p<
3Jw¦b.¬³Ã6µHµHÔ@®SCnA6;�365:36wUV]Å�245Ym.<KaT24G�9T36;_<K24L�0Yw�36;�>$A]PT8�w³b
1-aT8$5T8 � 9T;KA69yAHGK36wx2lG
24wlw40TG=<?;K3J<?8&P � 2l<Ka�<?aT8 � 8�wlwU~W¢�5TA � 5�^Z3�VHA$9T;_24>k36;_V$L�2l;K;_aTAHGK2lG�P:3J<?3!365TP�24GB3Jw4GKA�8pOJ36w40:3u<?8�P�O]243�365
8p�]<K8�5TG_2lOH8�GK2l>r0Tw�3u<?24A65}G_<K0TPYV6b

Õ�� ��������Ö������� $�× $�Ä�! $�������	�
���Z�Ø�
�	�
��'*���! !� ¹��« �����Ù�&�!�
���������}����,.���� $�

[�0T9T9�AHG_8
<?a:3u<N<?aY8
;?3J5TPTAH>±��0:365@<?2U<WV.°"245|ªy«�¬­�H®q2lGN2l5TPT8p��8&P|24>$9Tw42lL�2U<?wlVkz@VHs�CnAH;S8��Y36>k9Yw486s
<?aY8¸GK36>$9Tw48\G_24Å�8cÚ{º�ÛNGKG_0T>$8¸<Ka:3J<�36G�Ú�Ü ÝÞ¯�<KaT8c;?365YPTAH>ÞO68�L&<KAH;{ªy«�¬­���p®�L�AH5@OH8&;KmH8&G � 8�36¢�wUV�<?Aq3
>r0TwU<?2UO63J;K2�3u<?8E5YAH;K>k36w@^�¾r¬³µ�¯?ßKàu®�¯ � aT8�;_8·ß_à·2lG�<KaT8	 ·á{ 
2lPT8�5@<K2l<WV�>k3J<?;_2U�yb�»:0T;_<KaT8�;_>kAH;_86s�CnAH;	w436;KmH8
ÚE¯T36GKG_0T>k8�<Ka:3J<q36G�3�Cn0Y5TL&<K24AH5�A6C{�]¯½ªy«�¬­�H®F2lG-369T9T;_A��Y2l>}3u<?8�wUV$w4245Y8�36;�2l5�3�GK>k36w4w�5T8&24mHa�z�AH;KaTA]A]P
A6CB����º�1-aT8}CnA6;K>k36wcPT8&Í:5Y2l<?2lAH5�AJC�<?aT8}w4A]L�36w\wl245T8�36;K2U<WV#9T;KAH9�8�;=<WVÀA6CSªy«�¬­�H®�24G
m62lOH8&5o245â¬¦Ë�b � ®�A6C
<?aY8kÛS9T9y8&5TPT2¼��b$�ã<�CnAHw4wlA � G�<?a:3J<�CnAH;
3.L�AH5YGK24G=<?8&5�<�8�G=<?2l>}3J<KAH;�¹��«gGK0YLIa�<?a:3u<rªy«�¬J¹��«-®�´ØµY¯�<?aY8
;?3J5TPTAH>ÈO68�L&<KAH;�Ú �³äãå ¬ ¹��«
æ
���p®�2lG�36G_V]>$9Y<?A6<K24L�36w4wUVN5TA6;K>k36w¦b	eiaT8&5�<?aY8F36z�A�OH8·w424>$2l<K245Tm·L�A�OJ36;K24365TL&8
>k3J<?;_2U�À245@O6AHwlO68�G�3ZL&AH>$9Tw48p<?8�wUVÀ0T5T¢�5TA � 5jPT8�5TG_2l<WV@~Wwl24¢J8kCn0T5TLp<?2lAH5�365TP�2lG
PT2Uv$L�0TwU<
<?AZ8�G_<K24>k3J<?8
� 8�w4wFPT24;_8�L&<KwlV6sxO63J;K24A60TGr;K8&G?36>$9Twl245Tm|>$8&<KaTA]PTGr>k3�V�zy8}0Y<?2lw424Å&8�P�<KA#>}36¢J8�245�Cn8�;K8&5TL�8&G$36zyA60Y<!���
¬³çxCn;_AH5�Âè1-24zTG_aT24;K365T2³s ��Æ6Æ ÔY��Mq0�ÂÄÏ�36w4zYÐT8�24G_LIa�s	ÃJµHµHµ@®�b��B8�L�8&5@<?wlV6s�Ñ{36;KÅ&8�5#8&<�36w¦br¬ ��ÆHÆJÇ ®q3J5TP
é AHw4P � 36G_GK8�;�8&<r36w¦bÀ¬³Ã6µHµHÔ@®�G=<?0TPT2l8�P�3R;K8&G?36>$9Tw42l5TmR9T;KA]L�8&PT0T;K8 � aT24LIaf<I36¢J8�G�36P�O63J5�<?36mH8$A6C-<?aY8
9T2UOHA6<?36w�Cn8�3J<?0T;_8�A6C�ªy«�¬­����®pº@[�9y8&L�2UÍ:L�36wlwlV6s6w48p<xê$zy8�<KaT8�AHzYGK8�;=OH8&PkOJ36w40Y8FA6C½°ë365TP!wl8&<E<KaT8-;?3J5TPTAH>
OH8&L&<KAH;��6ìí z�8r3}G_AHw40�<?24A65R<KA}<?aT8�G_<KA�LIa:3JG_<?2lL
8&�]0T3J<?2lAH5��qª í ¬­�6ìí ®�´(î!¯ � aY8�;K8rîï2lG�^Z¾
¬³µY¯?ß_à�®pº��ãC
� ì« 24G¸L�AH5YGK24G=<?8&5�<¸CnAH;·����¯H<?aT8&5}<?aY8SPT2lG_<K;K24zY0Y<?2lAH5!A6C�Ú �³äãå ¬ ¹��«�æ����&®xL�3J5}z�8N369Y9T;KA���24>k3J<?8&P � 8�wlw½z�V
<?aY8NL�A65TPT2l<K24AH5T36w:PT24G=<?;_24zT0Y<K24AH5!A6C�Ú �³äãå ¬³� ìí æÈ¹� í ®pº]�W5�9T;K36L&<K24L�8Js�A65T8SL�365�mH8&5T8�;K3J<?8N3�w436;KmH8q;?3J5TPTAH>
G?3J>k9Twl8-ð�ñJòq¯?óØô � ¯�õ�õ�õ�¯�ög÷�Cn;_AH>*îi365TP
A6zY<I362l5
3Sw�3J;KmH8c5�0T>rz�8�;�A6CT2l5TPT8&9y8&5TPT8�5@<E;K8�3Jw424Å�3J<?2lAH5TG
A6Cx� ìí z@VRGKAHwUO�2l5Tm�<?aT8
8���0:3u<?24A65TG�ª í ¬³�H®¸´ÈñJòq¯?óëô � ¯�õ�õ�õ�¯�öøº½1-aT8
G?36>$9Twl8
L&A�O63J;K2�3J5TL�8�>k3J<?;_2U�
z:36G_8�P�AH5|<KaTAHG_8!ö ;K8�36w42lÅ�3J<K24AH5TGBA6C¸� ìí L�365|<KaT8�5�z�8
0TG_8�P�<?A}8�G_<K24>k3J<?8�<?aY8rL�A�OJ36;K24365TL&8
>k3J<?;_2U�

Ô

Hosted by The Berkeley Electronic Press



A6Cr¹��«�º
eiaT8�5�<?aT8#8&�]0T3J<?2lAH5øª í ¬³�6®Àô"ñâ2lG�PT2lv$L�0Ywl<�<KA�G_AHwlO68�5]0Y>k8&;K24L�36w4wUVHsS36w4wq<?aT8#;_8�G?3J>k9Twl245Tm

>$8&<?aYA�PTG$245£<?aT8�w42U<?8�;K3J<?0Y;K8RPTA�5TAJ< � AH;K¢ � 8�w4w³b�MS8�;_8 � 8|GKaYA � aTA � <KAf<I3J¢68�36P�O63J5�<?36mH8RA6C
a:3�O]245Tm#3J5o245T2U<?2436w\L�AH5YGK24G=<?8&5�<!8&G_<K24>k3J<?AH;�¹�6¿« Cn;_AH>ù3|GK24>$9Twl8k8&G_<?2l>}3u<?245Ym�Cn0T5TLp<?2lAH5�<?A�2lPT8�5@<K2lCtV
¹��«¶3J5TPi369T9T;_A��Y2l>}3u<?8R2l<?GkPT24G=<?;_24zT0Y<K24AH5 � 2l<KaTAH0Y<}GKAHwUO]245Tm�365@V�L&AH>k9Yw424L�3J<?8&P�8&�]0T3J<?2lAH5TG�bÞ1-aT8
<?aY8�AH;_8&<?2lL�36w�ú_0TG_<K2lÍ:L�3J<?2lAH5.A6C{<KaT8�5T8 � 9T;KA]L�8&PT0T;_8�2lG-mH2lO68�5R245�<?aY8
ÛS9T9�8�5TPT2¼�yb

»E24;_G_<�w48p<
0TG
mH8�5T8&;?3J<K8�ö O68�L&<KAH;KGr��û òxüí ¯?ó ô � ¯�õ�õ�õ�¯Iöø¯{2l5o3ZG_>}3Jw4w\5T8&24mHa�z�AH;KaTA]A]P�A6CB����¯
� aT8&;K8

� û òxüí ô ¹� ¿í�ý�þ íYÿñJòq¯ ¬³Ã�º � ®
Ú �³äãå þ í L�AH5@O68�;Km68�GS<KA}3� Zá} ZPY8&<?8&;K>$245T2lG_<K24L�>k3J<?;_2U��36GqÚZÜ ÝÞ¯ ÿñJò�ôiñJòq¯½2lC���� ñJò��������
	Y¯½3J5TP
24G�µY¯�A6<KaT8�; � 24G_86s��
	}Ü ÝÞ¯�3J5TP��
	kô���¬­Ú �³äãå ®pº�¾qA6<?8r<Ka:3J< ÿñuòø245j¬³Ã�b � ®S24G�3�G_w42lmHa@<?wlV�<K;K0T5YL�3J<K8�P
ñuòS¯ � aT24LIaj24Gr3|;K8�3Jw424Å�3J<?2lAH5fCn;_AH>Ùî$ºED·V�<KaT8�w4A]L�36w¸w42l5T8�3J;K2l<WVÀ9T;_AH9�8�;_<WV�A6CNªy«�¬­�H®r36;_AH0T5TPj����¯
ðJª í ¬­� û

òxü
í ®p¯?ó ô � ¯�õ�õ�õ�¯Iög÷}2lG�3�G_8&<�A6Cc2l5TPT8�9�8�5YPT8�5@<
;K8�36w42lÅ�3J<K24AH5TGBCn;KA6> 3�PY24G_<K;K2lzT0Y<?2lAH5 � aY24LIa

L�3J5ozy8�369T9T;_A���2l>}3J<K8�Pfz�V�3Z>r0Ywl<?2UOJ36;K243J<?8�5TA6;K>k36w � 2l<?a�>k8�365�� í ôëª í ¬ ¹� ¿í ®�365YPoL�A�OJ36;K24365TL&8
>k3J<?;_2U��� í ¯J<KaT8FGK36>k9Yw48FL&A�O63J;K2�3J5TL�8·>}3J<K;K2¼�
L�AH5TG=<?;_0TL&<K8�P�Cn;KAH>Òö AHzYGK8�;=OJ3J<?2lAH5TG·ðJª í ¬³��û

òEü
í ®�¯?ó¶ô

� ¯�õ�õ�õ�¯�ög÷�º
¾SA � s�w48&<�� í z�8r<?aT8!;K365TPTAH> OH8�Lp<?AH; � aT2lLIaf2lG�0T5T2UCnAH;K>$wlVRPT2lG_<?;_24zT0�<?8�P#AH5�<KaT8!PT24G_L�;K8p<?8!GK8p<

ðu��û òEüí ¯?óØô � ¯�õ�õ�õ�¯�ög÷�º�1-aT8�5�s�<?aY8SPT2lG_<K;K24zY0Y<?2lAH5kAJC�ª í ¬­� í ®cL�365�z�8N3J9T9T;KA���24>k3J<K8�P$z�Vk3
5TAH;K>k36w
� 2l<Ka�>$8�3J5�� í 365YP�L&A�OJ36;_2�365YL�8.>}3u<?;K2¼��� í ºc»:AH;r<?aY8R;_8�GK36>k9Yw4245Ym�>k8p<?aTA]P�z@V£Ñ{36;KÅ&8�5�8p<k36w¦b
¬ ��ÆHÆ6Ç ®�sYAH5T8�5T8&8�PTG-<KA$L&AH5TG=<?;K0YL&<S3�;?365TPYAH> OH8&L&<KAH;q� ìí G_0TLIa�<Ka:3J<-<KaT8�PT24G=<?;_24zT0Y<K24AH5�AJCxª í ¬³� ìí ®F2lG
369T9Y;KA���24>k3J<?8&wlV!^�¾r¬³µ�¯?ßKà�®�º�1-aT24GcL�3J5kz�8SPYAH5T8B0TGK2l5Tm�<?aT8q24>$9yA6;_<I3J5TL�8-GK36>k9Yw4245Ym�24PT8�3�PY24GKL&0TGKG_8�P
245
/	240k¬³Ã6µHµ � s6ÓFa:369�<?8�;{ÃH®	365YP
�B0TzT2l5�¬ ��ÆHÊ ÌH®�2l5�<?aT8cL�A65�<K8p�]<xAJCTD�3�V68�GK24365r3J5:36wlV]G_24G�365TP
>r0TwU<?2l9Tw48
24>$9T0Y<?3J<?2lAH5�b�[�9y8&L�2UÍ:L�36wlwlV6s{wl8&<
� ìí z�8�3�;K365TPTA6>ÁO68�Lp<?AH;�PT8&Í:5Y8�P�AH5À<?aT8kG?36>$8kG_0T9T9�AH;_<
A6CB� í ¯
zT0Y<qwl8&<B2l<KG->}3JGKGB3J<��xôÞ��û òxüí z�8�9T;KA69yAH;=<?2lAH5:36w�<?A

� ¬¦ª í ¬��_®K®� ¬���� �³äãåí ¬¦ª í ¬��_®Eæ�� í ®K®K® ¯ ¬³Ã�º Ã6®

� aT8&;K8 � ¬ õ ®N24GS<?aT8!PT8&5TGK2U<WV|Cn0T5TLp<?24A65ÀAJC�^�¾r¬³µ�¯?ßKàu®�º	¾SA6<K8r<?a:3u<�<?aT8!5�0T>$8�;?3u<?AH;�A6CN¬³Ã�b Ã6®N24G�<?aY8
PT8&5TGK2U<WV�Cn0T5TLp<?24A65�A6C�<?aY8�<I36;_mH8&<qPT2lG_<?;_24zT0�<?24A65.^Z¾r¬­µY¯?ß_àu®p¯:365YPR<KaT8�PT8�5TA6>k2l5:3J<?A6;�24G�<KaT8�5TAH;K>k36w

Ç

http://biostats.bepress.com/harvardbiostat/paper5



369T9Y;KA���24>k3J<?2lAH5�<?Ao<KaT8�PT8&5TGK2U<WVâCn0T5TLp<?24A65 A6C
ª í ¬³� í ®�º��W5 <?aT8�ÛS9T9�8�5TPT2¼�ys � 8ÀG_aTA � <Ka:3J<�<?aY8
PT2lG_<?;_24zT0�<?24A65$AJC�ª í ¬­�6ìí ®\2lGF3J9T9T;KA���24>k3J<K8�wlV�^Z¾r¬­µY¯?ß_àu®\CnAH;cw436;KmH8Sö 365TP}Ú{¯Y3J5TP � 2U<?a!ñJòj2l5|¬³Ã�b � ®
z�8�245Ym.<K;K0T5YL�3J<K8�PÀz�V��
	�¯	�6ì« 24G�L&AH5TG_24G_<K8�5@<�bk^�A6;K8�A�O68�;�s{2lC � 8$wl8&< ¹� í z�8!<KaT8!>k8�365#A6CF�6ìí ¯�<?aY8�5
ªy«�¬6¹��«B®�´ µ�¯x365TPo<KaT8�0T5YL�AH5TPY2l<?2lAH5:36w¸PT2lG_<?;_24zT0�<?24A65�A6CqÚ �³äãå ¬J¹��«�æi���p®�L�365�z�8.369T9Y;KA���24>k3J<?8&P
� 8�w4w	z@V�<KaT8�L�AH5YPT2l<K24AH5:3Jw�PT2lG_<?;_24zT0�<?24A65�A6CEÚ �³äãå ¬³� ìí æÄ¹� í ®pº

1-aT8}LIaYAH24L&8kA6C þ í 2l5â¬³Ã�b � ®�mH;K8�3J<?wUV#3��y8�L&<KG
<KaT8$8&v$L�2l8�5TLpVfAJCF<?aY8}36z�A�OH8k9T;KA]L�8&PT0T;K8Jb�ç\>!~
9T2l;K24L�36w4wUV � 8�Í:5TPj<?aT3J<!AH0T;!9T;_AH9yA6G?36w�9�8�;=CnAH;K>$G � 8�w4w-2l5j365£2l<?8&;?3J<K2lO68}C­36GKaY24AH5jGK2l>k2lw�36;�<?A#<?aY8
36P:3J9Y<?2UOH8.24>$9yA6;_<I3J5TL�8�GK36>$9Tw42l5Tm|L�A65TGK2lPT8�;_8�P£z�V�²�a£365TP�DF8&;KmH8&;Z¬ ��ÆHÆ Ã6®�245£3�PT2��y8�;_8�5@<$L�AH5]~
<?8��]<�b�1-a:3u<S2lG�s½AH5T8�>k3�V.G_<I3J;_< � 2l<KaZ365R245Y2l<?2436w�>k3J<K;K2U� þ í ¯:CnAH;B8p�Y36>$9Tw48Js:Ú � �³äãå ß_à@¯T<?A$mH8�5T8&;?3J<K8
ðu��û�� üí ¯
 ¸ô � ¯�õ�õ�õ�¯I��÷kO]2�3#¬³Ã�b � ®qCnAH;�AHz�<I362l5T245Tm�365#245@<?8&;K>$8�PT243J<?8
� ìí O]2�3#¬³Ã�bdÃH®ps � aY8�;K8k�ø2lG�;K8&w�3u~
<?2UOH8&wlV�G_>}36wlw48&;E<?a:3J5�öøº@�ãCy<?aT8BPT2lG_<K;K24zY0Y<?2lAH5�A6C�ª í ¬³�6ìí ®x24G�!=L�w4A6GK8B8�5TA60TmHa#"�<?A�<?a:3u<·AJC	^Z¾
¬³µY¯KßKàu®p¯
� 8rmH8�5Y8�;?3u<?8r3JPTPT2l<K24AH5T36wxðu� û òxüí ¯?óÎô � ¯�õ�õ�õ�¯�¬¦ö æ£�·®I÷!0T5TPT8&;N<?aY8
G?3J>k8�GK8&<_<?2l5Tm}<?AkAHzY<?36245Z365
36L&L�0T;K3J<?8k5TAH;K>k36w¸369T9Y;KA���24>k3J<?2lAH5�<?AZ<KaT8}PT2lG_<K;K24zY0Y<?2lAH5#A6CSª í ¬­� í ®
365YP�3RÍ:5T36wF� ìí º{²N<?aY8�; � 2lGK8Js
� 8}mH8&5T8�;K3J<?8}3RCn;K8&GKaoG_8&<
A6CNðu�@û$� üí ¯% Bô � ¯�õ�õ�õ�¯I��÷�O]243�¬³Ã�b � ® � 2U<?ao3J5�0T9�P:3J<K8�P þ í ¯ � aT2lLIa�s{CnA6;
8p�Y36>$9Twl86s�2lGN<?aY8rL�A�OJ36;K24365TL&8r>}3u<?;K2¼��A6C¸� ìí Cn;KAH>¶<?aY8�9T;K8pO�2lAH0TG�2U<?8&;?3J<K24AH5�s�L�A65TG_<K;K0TLp<
3�5T8 � 245�~
<?8&;K>$8�PT243J<?8�� ìí O�243j¬¦Ã�bdÃH®�sc365TP�<?aT8&5jPT8�L&24PT8�2UC-<?aT2lG�36P:369�<?2lO68�9T;_A�L&8�GKG!G_aTAH0TwlP�zy8�<K8�;K>$245T3J<?8&P
3J<�<KaT24GNG_<I3JmH8rAH;�5YA6<�b�1-aT8�!_L&w4AHG_8�5T8&GKG&"Rz�8&< � 8�8&5À<KaT8�PT2lG_<?;_24zT0�<?24A65TGSAJC�ª í ¬³� ìí ®N3J5TPÀ^Z¾r¬­µY¯?ß_àu®
L�3J5�zy8r8pOJ36w40:3u<?8�PZ5]0Y>k8&;K24L�36w4wUV.AH;Nm6;?369TaY24L�3Jw4wlV6b�»:AH;S8�36LIa�2U<?8�;K3J<?2lAH5�s½<?aT8
G_<I3J5TP:36;_P�L�A]8&v$L�2l8�5@<
A6C·O63J;K2�3u<?24A65�A6CF<KaT8k0Y5T5TAH;_>}36wl24Å&8�P � 8&24mHa@<�¬¦Ã�bdÃH®�L�3J5�36wlGKARzy8$0TG_8�Pf<KAZ>$AH5T2U<?AH;N<KaT8k36P:369Y<K2lO68
9T;_A�L&8�PT0T;_8!¬³/	2l0�sTÃJµHµ � s�ÓFa:369�<?8�;-ÃH®pb\�ãC	<KaT8�36z�A�OH8�G_8���0T8&5�<K2�36wy9T;KA]L�8&PT0T;_8�PTA]8�G�5TAJ<�G_<KAH9 � 2U<?aT2l5
3�;K8�36GKA65:36zTwl8
5�0T>rz�8�;�A6Cc2U<?8&;?3J<K24AH5TG&s � 8�>k3�V�;K8&9y8�3J<�<KaT8r8�5@<K24;K8
9T;KA]L�8&GKG�Cn;KA6>ë<KaT8rz�8�mH2l5T5T245Ym
� 2l<KaZ3!5T8 � 245T2U<?2�3Jwy>k3J<?;_2U� þ í 245f¬³Ã�b � ®pbF�W5|[�8�Lp<?2lAH5ZÔ�b � s � 8
0YGK8�365Z8��T3J>k9Twl8�<?A$GKaTA � aTA � <KA
>$A�PT2UCtVk<KaT24G-2l5T2l<K2�36w�>k3J<?;_2U�kCnAH;B365.8�5@<?2l;K8&wlV�Cn;_8�GKaR;K0Y5�A6C�<?aY8�3JP:369Y<K2lOH8�9T;_A�L&8�G_G�b

D�36G_8�P#AH5#AH0T;�8��]<?8�5YGK2lO68!5]0Y>k8&;K24L�36wEG=<?0TPY248�G�CnA6;N<?aT8�< � A.8p�Y36>$9Twl8�G�2l5À[�8�Lp<?24A65#ÔYs � 8rÍ:5TP
<?aT3J<-<?aT8�<K;K0T5TL�3J<?2lAH5.A6C�ñJò z@V'�
	�245f¬³Ã�b � ®F24G-5TA6<B8&GKG_8�5@<?2436w�245.9T;?3JL&<?2lL�8Jb

Ë

Hosted by The Berkeley Electronic Press



(	� �*).��',+��¸�
�
(��­� �&�Z�����}���#�����o�- �� )R�������� ��������}��������� �c���R����� ����+����������� $�

'( $�����

/	8&<'-/.
z�8#<KaT810³<KaÞ;K8&GK9�AH5TG_8ÀOJ36;_2�36zTwl8�365TP324.
zy8�<?aY8fL&AH;K;_8�GK9�AH5TPY245TmjL�A�OJ36;_2�3J<K8#O68�Lp<?AH;&s0{ô � ¯�õ�õ�õ�¯?ÚEº½Mq8�;_86sT° ô*ð�¬�-5.ã¯%24.­®p¯%0�ô � ¯�õ�õ�õ�¯?Ú�÷�ºTÛNG_GK0T>$8�<?a:3J<
-5.�ôø�76� 24. ý98 .W¯ ¬­ÔYº � ®

� aT8&;K8 8 .W¯%0�ô � ¯�õ�õ�õ�¯?Ú{¯	36;_8r>r0Y<K0:36w4wUVZ2l5TPT8&9y8&5TPT8�5@<�365TP#a:3�O68$>$8�3J5fµ�¯�zT0Y<�<KaT8�PT24G=<?;_24zT0Y<K24AH5
A6C 8 .�>k3�V$PT8�9�8�5TP.AH5:24.¦ºTQq5TPT8�;�<KaT24G·GK8p<K<?2l5TmTs]<?aT8�wl8�36G=<�G_�]0T36;K8&Gq8&G_<K24>k3J<?8|¹� ¿« 24GFL�AH5TG_24G=<?8�5@<�CnA6;
����º

¾SA � s�2UCE<?aY8rPT24G=<?;_24zT0Y<K24AH5RA6C 8 24GNG=V]>k>$8&<K;K24L�36z�AH0Y<NµY¯y365�36wU<?8�;_5:3J<K2lOH8 � 3�VR<?A}8�G_<K24>k3J<?8����
24G¸<?A�0TGK8�3�>k2l5T24>$24Å&8�; ¹��«âAJC�<?aT8����\5TAH;K><; 	.>=y� � -5.�æ�� 6 24.?�dº�1-aT2lGF8&G_<?2l>}3u<?AH;¸24G·36G_V]>$9Y<?AJ<?24L�36w4wUV
8���0T2UOJ36w48&5�<-<KA}3�G_AHw40Y<K24AH5�<KA�<?aT8�8�G=<?2l>}3J<K245Tm�8&��0:3J<?2lAH5�ªy«�¬­�H®côÞµY¯ � aT8�;_8

ªy«�¬³�6®cô3@ � � 	A .>=y� 24.¦ð�ß�¬B-/.½æo� 6 24.C�iµ@®Eæ �ED Ã]÷�¯ ¬­ÔYº Ã6®

ßy¬=õ ®�2lG
<KaT8�245YPT24L�3J<?AH;�Cn0T5YL&<?2lAH5o3J5TP�@�ôÎð ; 	.>=y� 24.B2 6. ÷ �³äãå D Ã�º{�ã<
24G
8�36G=Vf<KAZG_aTA � <Ka:3J<�ªy«�¬­���p®
24G
36G=V]>k9Y<KA6<?2lL�36wlwlV|^Z¾r¬­µY¯?ß_àu®pº	1-aT8k9yAH2l5@<�8�G_<K24>k3J<?8£¹��«gL�3J5�z�8$A6zY<I362l5T8�P#O]2�3�<?aT8$w42l5T8�3J;�9T;KAJ~
mH;K36>k>$245Ym$<K8�LIaT5T2l��0T8�¬³D�36;_;KA]P:36wl8rÂï�qAHz�8�;=<?G&s ��Æ ÌHÌ]�	Ï�A�8&5T¢68&;�Â D�36G_GK8p<K<�s ��Æ Ì Ê �	Ï�A]8�5T¢J8�;�Â
7GFd²�;_8&V6s ��Æ6Ê ÌH®pbo»½0Y;_<?aY8�;K>$AH;_86s¸ÑE36;_Å�8&5�8&<k36w³bi¬ ��ÆHÆ6Ç ®�PY8�>$AH5TG_<K;?3J<K8�Pj<?a:3u<kªy«�¬­�H®r24G�wlA�L�36w4wUV
w42l5T8�3J;�36;KAH0Y5TPo����¯�365YP�9T;_AH9yA6GK8�P�3�5TA�O68�w � 3�V#<?ARGKAHwUOH8}ª í ¬³�6®�ôïñ�¯�CnAH;
3J5�V#m62lOH8&5fO68�L&<KAH;�ñ�¯
<?AkmH8�5Y8�;?3u<?8r;_8�36wl24Å�3u<?24A65TG-A6Cc� ìí º�²�0T;S9Y;KAH9�AHG?3Jw{2lGS;_8�36PT2lwlVR369Y9Tw42lL�36zTwl8�<?A}<KaT8
9Y;K8�G_8�5@<�L�36GK8�3J5TP
PTA]8�GB5TA6<B5Y8�8�PR<?A!GKA6wlOH8�<KaT8
36zyA�O68�8&�]0T3J<?2lAH5.;K8�9�8�3u<?8�PYwlVHb

/	8&<�0YG�0TGK8r3kGK>k36wlw�PT3J<I3$GK8&<�AH5|GK0Y;_O]2lOJ36w�<?2l>k8&GS2l5Z9:3J<K248&5�<KG � 2U<?a�3$GK9�8�L�2UÍ:Lrwl2lOH8&;SG_0T;Km68�;_V
¬³¾q8&<K8�;�8p<�36w¦bUs ��ÆHÊ Ë�sy9�b ÇT��Æ ®-<?A�2lw4w40YG_<?;K3J<?8�AH0Y;�9T;KA69yAHGK36w{365TP�L�A6>k9:3J;K8�<KaT8r;_8�GK0Ywl<?G � 2l<?a�<?aTAHG_8
mH2UOH8�5�z@V�ÑE36;_Å�8&5£8p<�36w³bj¬ ��ÆHÆ6Ç ®�bZ1-aT2lG
P:3J<?3ZGK8p<!a:36G!Ë Ç Í:w48&G�s\3J5TP�8�36LIaoÍTw48}L&AH5TG_24G_<KGrA6CB<?aY8
0T5TL&8�5TG_AH;K8&P!GK0T;=O�2UOJ36w@<?24>$8¸A6C½3S9T3J<?2l8�5@< � 2U<?a�CnA60T;{L&A�O63J;K2�3u<?8�G&��zTw4A]A�P�L�wlA6<K<K245TmBGKL&AH;K8JsH9T;_AHmH5TAHG=<?2lL
245YPT8p�ys�8�5TÅpV]>k8BCn0T5TLp<?24A65$<K8�G_<¸G_L�AH;_8N365YPkwl2lOH8&;\Cn0T5TL&<K24AH5�<K8�G_<·GKL&AH;K8JbcMS8&;K86s � 8Swl8&<H- z�8-<?aT8Bz:36G_8

I
http://biostats.bepress.com/harvardbiostat/paper5



� µqw4AHm@3J;K2l<KaT>ÈA6CY<?aT8·GK0T;=O�2UOJ36w]<K24>$8¸365TPJ2Nz�8�3NËxá � L&A�O63J;K2�3u<?8cOH8�Lp<?AH; � 2l<Ka
<?aT8¸Í:;KG=<xL&AH>k9�AH5T8&5@<
z�8�245YmR<KaT8}2l5�<K8�;_L�8�9�<�b�ef8k0TG_8�P�<KaT8}2U<?8&;?3J<K2lOH8!9T;_A�L&8�PT0Y;K8}PY8�GKL&;K2lzy8&Po3J<
<?aT8$8�5YPoA6CB[]8�L&<K24AH5oÃ
� 2l<KaR��ô � µHµ6µ
CnAH;-8�36LIa�2l<K8�;?3u<?24A65�sT365YPZö ôøÔHµ6µHµYº

»E24;_G_<�s � 8Bw48p<\<?aT8B2l5T2l<K2�36w]>}3u<?;K2¼� þ í 2l5Z¬³Ã�b � ®Ezy8-Ú � �³äãå ß4K�º@MqA � 8pOH8�;&sT3JCt<K8�;x< � 8�5@<WV$2l<K8�;?3u<?24A65TG�s
� 8NCnAH0T5TPk<?a:3J<¸<?aY8NL�A�OJ36;_2�365TL&8N>k3J<?;_2U�!AJC�ª í ¬³� ìí ® � 36GF>k36;K¢J8�PTwUV$PT2��y8�;_8�5@<FCn;_AH> <?aT8S>}3u<?;K2¼�!ß4K�º
ef8N5TA6<K24L&8�Pk<Ka:3J<F3JCt<?8&;·<KaT8qÍT;KG_<F2l<K8�;?3u<?24A65kA6C�<?aT8N36zyA�O68N9T;_A�L&8�GKG&s�<KaT8NL&AH>k9�AH5T8&5@<?GFAJCxðJª í ¬³� í ®�÷
� 8�;K8qaT2lmHaTwlV�L�A6;K;K8&w�3J<K8�P$365TP$3�w�3J;KmH8�5�0T>
zy8&;¸AJC�>k36GKG_8�Gc245R¬³Ã�bdÃH® � 8&;K8S36w4>$AHG=<xÅ�8&;KATs � aT2lLIakmH3�O68
3.�]0Y2l<?8�9�A]AH;�369T9T;_A��Y2l>}3u<?24A65|<?A�<?aT8�<?36;KmH8p<
PT24G=<?;K2lzT0Y<K24AH5À^Z¾
¬³µY¯Kß4K�®�º	1{ARGK8�36;KLIaÀCnAH;�3Rz�8&<_<?8&;
LIaTAH2lL�8�AJC þ í ¯ � 8�AHzTG_8�;=OH8�P�<Ka:3J<�2UC�<?aY8�8�;_;KAH;¸<?8�;_> 2l5#¬³Ô�b � ®c24GcCn;K8&8�A6CC24.W¯�CnAH;Fw436;Km68SÚ{¯�<?aY8NGKwlAH9�8
A6Cxª í ¬³�6®-36;KAH0Y5TPR���N24G-9Y;KAH9�AH;_<K24AH5T36wy<KA.ð ; 	.L=y� 24.M2 6. ÷ �³äãå º:1-aT2lGBGK0TmHm68�G_<KGq<Ka:3J<B2UCEAH5Y8�w48&<

þ í ôøÚ
�³äãå ð

	A .>=y� 24.�2�6. ÷ � � ¬­ÔYºdÔH®

245£¬³Ã�b � ®ps�<KaT8�L�A�OJ36;_2�365TL&8�>}3u<?;K2¼��A6Cc<?aT8�;_8�GK0Ywl<?2l5TmRª í ¬­� í ® � A60Tw4P�z�8!369T9T;_A��Y2l>}3u<?8�wUVRPT2�36m6AH5:36w
365TP�<KaT8�L�AH;_;K8&GK9�AH5TPT2l5Tm�PT24G=<?;_24zT0Y<K24AH5}A6CEª í ¬³� í ®¸24G�8��Y9�8�Lp<?8&P�<?A�z�8�3rz�8&<K<K8�;B369Y9T;KA���24>k3J<?2lAH5k<KA
^Z¾
¬³µY¯?ßNK�®pº�ei2l<?a�<KaT24G-2l5T2l<K2�36w þ í 365TP�¹� ¿í z�8�245Ymr<?aT8�w48�36G_<�GK��0:36;_8�Gq8�G_<K24>k3J<?8SCnAH;-����¯:3JCt<K8�;F<KaT;K8&8
2l<K8�;K3J<?2lAH5TG�su<?aT8->k3u��24>
0T>*A6C½<?aT8-3JzTGKAHwl0Y<?8·O63Jw40T8&G\A6C:<?aT8-L&AH>$9yAH5Y8�5@<_~ � 24GK8FPT2��y8�;_8�5TL&8�Gczy8p< � 8&8�5
<?aY8}L�A�OJ36;_2�365TL&8}>k3J<?;_2U�#AJCSª í ¬³� ìí ®�365TP�ß4K � 36Gr36z�AH0Y<rµYb µ@Ë�bRD�36G_8�P�AH5�3JPTPT2l<K24AH5T36w¸Ã6µHµHµR� û òEüí
mH8&5T8�;K3J<?8&P.Cn;_AH> ¬³Ã�b � ®·0T5TPY8�;�<?aY8�GK8&<_<?2l5Tm!3J<�<KaT8�zy8&mH245Y5T245Tm�AJC�<KaT8�Ô6;_P�2l<?8&;?3J<K24AH5�s � 8�AHzY<?36245T8&P
<?aY8�9yAH2l5@<�8�G_<K24>k3J<?8 ¹� í 3J5TP�<?aT8�8&G_<?2l>}3u<?8�P#G=<I365TPT36;KP#8�;_;KAH;�CnA6;�8�36LIaÀA6C·2l<KG�L�AH>$9�AH5T8�5@<KG�bref8
;K8&9yA6;_<�<?aY8�GK8#8&G_<?2l>}3u<?8�G�2l5i1E36zYw48 � 36wlAH5Tm � 2l<Ka <?aTAHG_8�Cn;KAH> ÑE36;_Å�8�5�8&<�36w³b¶¬ ��ÆHÆ6Ç ®�b(�ã<.2lG
245@<K8�;K8&G_<K245Tm
<?A
5YA6<?8B<?a:3u<·CnAH;c<?aY8N9T;_8�GK8&5@<-8p�Y36>$9Tw48Js�AH0T;¸9T;KA]L�8&PT0T;K8N9y8&;_CnAH;_>kGcz�8&<K<K8�;¸<?a:365$<?a:3u<
z@V£ÑE36;_Å�8&5�8&<}36w³bÞ¬ ��ÆHÆ6Ç ®pb�ei2l<Ka�AH0Y;$9�AH2l5�<!8&G_<K24>k3J<?8i¹� í s���� ª í ¬J¹� í ®O���\ô � ºdÌ � ¯EzT0Y< � 2l<?aj<?aY8
>$8&<?aYA�P�z@V�ÑE36;_Å�8�5R8&<-36w¦bUs]<KaT8�L�A6;K;K8&GK9�AH5TPT2l5TmrOJ36w40Y8N24G-Ã�b Ì6Ë�bxÛNwlGKAr5YA6<?8�<Ka:3J<FCnA6;�AH0T;�2U<?8&;?3J<K2lOH8
9T;_A�L&8�PT0T;_8�<KaT8�L&A�8pv$L�248&5@<NA6CEO63J;K2�3u<?24A65�A6CE<KaT8
ÍT5:36w � 8&24mHa@<KGN24GBwl8�GKGB<?aT365|µYbdË�s½245YPT24L�3J<?2l5Tmr<?a:3u<
2l<B2lGB369T9T;_AH9T;_2�3J<K8N<?A$G_<KAH9�<?aT8�9T;_A�L&8�GKGS3JCt<K8�;-<?aT8�<KaT24;_P�2l<?8&;?3J<K24AH5�b

1{A$Cn0T;_<KaT8�;q8p�Y36>$245Y8
<KaT8�9�8�;=CnAH;K>k365TL&8�A6Cx<?aY8�5T8 � 9T;KA69yAHGK36w�CnAH;qL�36G_8�G � 2l<?aRGK>k36wlw	G?36>$9Tw48
GK2lÅ�8&G�s � 8|ÍY<K<?8&Pâ<?aT8|36zyA�O68|P:3J<?3 � 2l<Ka*¬³ÔYb � ®!0TGK2l5Tm�<?aY8ZAH;_PT245:3J;_V£w48�36G_<}GK��0:36;_8�G�8�G=<?2l>}3J<K24AH5
9T;_A�L&8�PT0T;_86b\�ãC � 8N36GKG_0T>k8-<Ka:3J<¸<?aT8B8�;_;KAH;c<?8&;K>$G¸36;K8B245YPT8�9�8�5TPY8�5@<-365YPk2lPT8�5@<?2lL�36wlwlV�PT24G=<?;_24zT0Y<K8�P�s

Ì

Hosted by The Berkeley Electronic Press



<?aY8
OJ36;_2�365TL&8�8&G_<K24>k3J<?8�CnAH;B<?aT8
8�;_;KAH;q24GSµYb µHµ@Ã�b·e�8�<?aT8&5|L�A65TGK2lPT8�;_8�P�3$w4245Y8�36;->$A�PY8�w � 2l<Ka�<?aY8
<?;_0T8r;_8�mH;_8�GKG_24AH5�L&A�8pv$L�248&5@<?G�����zy8&245Tmk<?aT8rwl8�36G=<�GK��0:3J;K8�G�8&G_<K24>k3J<?8&G�s�zT0�< � 2l<KaZ<?aT8�8&;K;_AH;S<K8�;K>
z�8�245Ym�3}L&AH5@<I36>$245:3u<?8�P�5TAH;_>}36w åPEQ ¬³µY¯Iµ�ºdµHµHÃH® ý �P7Q ¬³µ�¯IµYº µ ��Æ ®�º½ei2U<?aR<?aT8�GK8&<�A6C\<?aT8�AHzTG_8�;_O68�P
L�A�OJ36;_2�3J<K8�OH8�Lp<?AH;_GRð724.ã¯%0�ô � ¯�õ�õ�õ�¯�Ë Ç ÷RCn;KA6> <?aT8.wl2lOH8&;�GK0T;_mH8�;=Vj8p�Y36>$9Tw48Js � 8RGK2l>r0Tw�3u<?8�P�Ë6µ6µ
G?3J>k9Twl8�G�ðO-5.ã¯%0rô � ¯�õ�õ�õ�¯�Ë Ç ÷.Cn;KAH> <KaT24G�>$A]PT8�w³b�»:AH;�8�36LIa£GK2l>r0Tw43J<?8&P£GK36>$9Tw48Js � 8R0TGK8&P�<?aY8
36z�A�OH8
2U<?8&;?3J<K2lOH8�9T;_A�L&8�PT0Y;K8�<KAkA6zY<I362l5Þ¹� í 365TP�2l<?GB8&G_<?2l>}3u<?8�PRL�A�OJ36;_2�365TL&8�>k3J<K;K2U�yb·�W5|»E2lmH0T;K8 � s
� 8
PT2lGK9Tw43�V�ÍYOH8JRS~SRÒ9Tw4AJ<?G�bBçc36LIa�9Tw4AJ< � 36GSL�AH5TG=<?;_0TL&<K8�P|CnAH;S3$G_9y8&L�2UÍ:L
;_8�mH;_8�GKG_24AH5�9:36;K36>k8p<?8&;
<?A}8p�Y36>$245T8r2UCx<?aY8r8�>$9T24;_24L�36w�PT24G=<?;K2lzT0Y<K24AH5�z:36GK8&P#AH5Z<?aY8�36z�A�O68$Ë6µHµ}G=<I365YP:36;KPY24Å�8&P�8�G=<?24>k3J<K8�G�s
8�3JLIa�A6C � aT2lLIa � 36G!L�8&5@<?8�;_8�P�z�V�<?aT8.L�A6;K;K8&GK9�AH5TPT2l5Tm#L�AH>$9�AH5T8�5@<!A6CN���k365TPjPT2lO]2lPT8�P�z@V�<?aY8
8�G=<?2l>}3J<K8�P$G_<?365TP:36;_Pk8&;K;_AH;�s]24Gc369Y9T;KA���24>k3J<?8&wlVr3
0T5Y2lOJ36;K243J<?8-5YAH;K>k36w � 2U<?a$>k8�365}µ
365TP!OJ36;K24365TL&8
AH5T8JbcçE�YL&8�9Y<FCnAH;¸<KaT8N8��]<?;K8&>k8q<I362lw4G&sH<?aT8S>}36;_mH245T36wT5TAH;_>}3Jwy3J9T9T;KA���24>k3J<K24AH5�<?A
<?aT8SPT24G=<?;_24zT0Y<K24AH5
A6C ¹��«fGK8&8�>$GE��0T2U<?8¸G?3J<K24G_C­3JL&<?A6;_VHb�1�AN8p�Y36>$245Y8·aTA ��� 8�wlw]A60T;{9�AH2l5�<�8&G_<?2l>}3u<?AH;�9�8�;_CnA6;K>$G�s�CnAH;{8�36LIa
A6C�<KaT8�3JzyA�OH8}GK24>
0Tw�3J<K8�PÀP:3J<?3ZGK8p<?G�s � 8}L&AH>$9T0Y<?8&P�<?aY8kOJ36w40Y8T��� ª í ¬J¹� í ®E����365YPo2l<KG�L&AH0T5@<?8&;K9:36;=<
Cn;KA6> Ñ{36;KÅ&8�5j8&<!3Jw¦bZ�W5£»E2lmH0T;_8�Ã�s � 8�9T;_8�GK8&5@<�<?aT8�G_L�3J<_<?8&;�9Tw4A6<
z:36G_8�P�AH5o<KaTAHGK8�Ë6µHµZ9:3J24;K8&P
OJ36w40Y8�G�bÒ1-aT8#5T8 � 9T;KA]L�8&PT0T;_8#<K8�5TPYG.<KA�a:3�OH8f3oGK>k36w4wl8�;k5TAH;K> A6C�<?aT8#8&G_<?2l>}3u<?245YmfCn0T5TLp<?2lAH5
8&OJ36wl0:3J<K8�PR3J<-<?aY8
A6zTGK8&;_OH8&P|9�AH245@<B8�G=<?2l>}3J<K8�<?a:3J5.<Ka:3J<qA6CEÑE36;_Å�8&5�8p<N3Jw¦b

(��lÕ	� �&�Z�����}���#�����o�- �� �c���R�����Á'( $�����VUë�&�
) �����#�� !�����Ù�k�
�F�

�W5$<KaT24GEGK8�Lp<?2lAH5�s@w48p<W-/.½z�8�<?aY8-w4AHm@3J;K2l<KaT>*A6C½<?aT8-<K24>$8·<?A
3�L&8�;_<?36245!8pOH8�5@<cCnAH;x<KaT8X0³<Ka$G_0Tz]ú_8&L&<
245
^�A]PT8�wy¬­ÔYb � ®pb{»½0Y;_<?aY8�;K>$AH;_86s � 8F36GKG_0T>k8c<?aT3J<�<?aT8¸8�;_;KAH;�<?8&;K>$G{A6C�<?aT8¸>$A�PT8&w�36;K8¸245YPT8�9�8�5TPY8�5@<
365TP
24PY8�5@<?2lL�36wlwlVSPT24G=<?;K2lzT0Y<K8�P � 2l<?a�3-L�AH>$9Twl8&<?8&wlVN0T5TGK9�8�L&2lÍ:8&PrPT2lG_<?;_24zT0�<?24A65�Cn0T5TL&<K24AH5�b{1-aT8cOH8&L&<KAH;
���-A6C�<?aY8�;K8&mH;K8&GKGK2lAH5�9:36;K36>$8&<?8&;KG·PTA�8&G�5TA6<�245TL&w40TPT8q<?aT8N245@<?8&;KL�8&9Y<�<K8�;K>Rb\»:0T;=<?aT8&;K>$AH;K8Js�-�>}3�V
z�8
L�8&5TGKA6;K8�P#z@VZY
¯y365TP|L&AH5TPT2U<?2lAH5:36w	AH5[2Y¯/-Ò365TP[Y 36;_8
2l5TPT8�9�8�5YPT8�5@<�b�Mq8�;_86sy<KaT8rP:3u<I3$° ô
ð�¬]\^.ã¯%_J.¦¯
24.n®�¯%0�ô � ¯�õ�õ�õ�¯?Ú{÷�¯ � aY8�;K8*_ ôøßy¬�-3�`Y
®c365TPa\gô�>$245	¬B-B¯
Y�®pº��W5}G_0T;_O]2lOJ36w�365T36wlV]GK2lG�s
<?aY24G�w4A6mJ~Wwl245T8�36;�>$A]PT8�w�2lG�L�36wlw48&P�3JL�L�8&w48&;?3J<K8�PjC­3624wl0T;K8$<?24>$8�>$A�PT8&w�365YP�a:3JG$z�8�8&5�8��]<?8�5YGK2lO68�wUV
G_<K0TPT2l8�P�s:CnAH;B8p�Y36>$9Twl86s½z@VZD·0TLI¢�w48&VRÂÄXH3J>k8&Gr¬ ��Æ Ì Æ ®�s:Ñ\;K8&5�<K24L&8�¬ ��Æ Ì Ê ®�s½�q2U<?A�OÀ¬ ��ÆHÆ µ@®�s:1-GK2�3u<?24G
¬ ��ÆHÆ µ@®�s�ef8�2{8&<�3Jw¦b
¬ ��ÆHÆ µ@®q3J5TPZb�2l5Tm�¬ ��ÆHÆ Ô@®�bSÛS5�8p��L�8&w4wl8�5@<�;_8&O]248 � A65Z<?aT2lGS<KAH9T24L�24GqmH2lO68�5�2l5
Ï�36w4z�Ð:8�2lGKLIaRÂ Ñ\;K8&5�<K24L&8}¬³Ã6µHµ@Ã6®pb

Ê

http://biostats.bepress.com/harvardbiostat/paper5



Û L�AH>$>$AH5TwlV
0TG_8�P!>$8&<?aYA�PrCnAH;E>}36¢�2l5Tm�245YCn8&;K8&5TL�8&Gc36zyA60Y<x<?aY24G\>$A�PT8&wY2lGxz:36G_8�P!AH5�<?aT8-;K365T¢
8�G=<?2l>}3J<K24AH5}A6Cx����º:[�9y8&L�2UÍ:L�36wlwlV6sTw48p<�c4.=¬³�6®côV\^.½æ�� 6 24.W¯ Q .W¬³�]�?�_®\ô3_G.�ßy¬]c4. ¬³�H®d�e�_®-365YPZf#. ¬­���?�_®cô
ßy¬]c4.W¬³�H®hgi�_®�ºEÛNwlGKATs\wl8&<$ª û � ü ¬­���?�_®�ô±Ú � � ; 	.>=y� f^.W¬³�]�?�_®
365TP£ª û �³ü ¬­���?�_®!ô±Ú � � ; 	.>=y� f^.W¬³�]�?�_®&24.Wº
1-aT8
;?365Y¢}8�G=<?2l>}3J<K245TmrCn0Y5TL&<K24AH5TG�CnA6;B���N24G

ÿªy«�¬­�H®cô�Ú � �³äãå 	A .>=y� _G.Bjr¬³���%c4. ¬³�6®K®Ið724.½ælk2:¬³�]�
c4.=¬³�6®K®I÷�¯ ¬­ÔYº Ç ®

� aT8&;K81k2½¬³�]�?�_®SôÄª û �³ü ¬­���?�_® D ª û � ü ¬³�]�?�_®p¯	3J5TP1j 24G�3�9�AHG_GK24zYwlV�P:3J<I3�~WPT8&9y8&5TPT8�5@< � 8�24m6a�<�Cn0Y5TL&<K24AH5�b
QS5YPT8�;�<?aT8$;K8&mH0Tw436;K2U<WV|L�A65TPT2l<K24AH5YG
AJCmb�2l5Tmf¬ ��Æ6Æ ÔYs�9�b Ê µ@®ps�<?aY8kPT2lG_<K;K24zY0Y<?2lAH5#A6C ÿªy«�¬³���p®�L�3J5�z�8
369T9Y;KA���24>k3J<?8&Pøz@Vø3£5YAH;K>k36w � 2l<Kaø>$8�3J5Þµ�365TPÞL&A�O63J;K2�3J5TL�8#>k3J<?;_2U��@¸¬³���I®p¯ � aT8�;_8�@¸¬³�6®�ô
Ú � � ; 	.>=y�#nHo� o j å ¬­���?�_®Ið724.Hæ9k2½¬³�]�?�_®�÷ å
p Q .W¬³�]�?�_®p¯�365YP ÿªy«�¬­�H®x24G¸369Y9T;KA���24>k3J<?8&wlV�wl245T8�36;\245k3�GK>k36w4w5T8&24mHa�z�AH;KaTA]A]P�A6Cx����º½¾qA6<?8�<Ka:3J<B0T5TPY8�;BAH0T;BGK8p<K<K245TmTs�<?aT8�8�G=<?2l>}3J<K245TmrCn0Y5TL&<K24AH5.24G

ªy«�¬³�H®cô�@·¬­�H® � �³äãå ÿªy«�¬­�H®pº ¬­ÔYº Ë6®

�ã<BCnAHw4wlA � GF<?a:3u<Sªy«�¬³���I®-2lGB36G_V]>$9Y<?AJ<?24L�36w4wUV}^Z¾r¬­µY¯?ßKàu®�º
eiaT8�5�j�¬­���?�_®!ô ª û � ü ¬­���?�_®�¯E<?aT8 é 8�aT365�~ã<WV]9�8 � 8&24mHa@<�Cn0T5TLp<?2lAH5�s\<?aT8.8&G_<?2l>}3u<?245Ym�Cn0T5TLp<?2lAH5

ÿªy«�¬³�H®�24G!>$AH5TA6<KAH5T8Js�365TP£<?aT8RL�A6;K;K8&GK9�AH5TPT2l5TmÀ8�G_<K24>k3J<?8�¹� ¿« L�3J5�z�8�AHz�<I362l5T8�P£z@V£<KaT8Rw4245Y8�36;
9T;_AHmH;?3J>k>$245Tm�<?8&LIaT5T2l�]0Y8}¬³X6245�8p<q36w¦bUsYÃ6µHµHÔ@®�bxeiaT8�5�<KaT8 � 8�24m6a�<-Cn0Y5TL&<K24AH5qjr¬³���&�_®¸24GFó:�uÚr�E�s��Útc
245G��¯@X6245�8&<¸3Jw¦bF¬¦Ã6µHµ6Ô@®{GKaYA � 8�P$<?a:3u<\AH5T8-L�365!0TGK8q365�2U<?8�;K3J<?2UOH8�9Y;KA]L�8�PY0T;K8 � 2l<Kar<?aT8 é 8�aT365�~ã<WV]9�8
8�G=<?2l>}3J<K8�36G-<?aT8�2l5T2l<K2�36w:OJ36w40Y8�<?A$AHzY<I3J245.3�L�AH5YGK24G=<?8&5�<S;KA]A6<.¹��« <KA!<KaT8�8���0:3J<K24AH5�� ÿªy«�¬³�6®côøµYº
ei2l<Ka�AH0T;k5T8 � 9Y;KAH9�AHG?3Jw¦s�AH5Y8ZL�3J5�AHzY<?36245�3fL&AH5TGK2lG_<K8�5@<�8�G=<?2l>}3J<KAH; ¹��« CnA6;}����z:3JGK8�P�AH5

ªy«�¬³�H®x2l5|¬­ÔYb Ë6®x365TPk365}3J9T9T;KA���24>k3J<K24AH5r<KA
2U<?GcPT2lG_<?;_24zT0�<?24A65Jju0]�&v^�Ew^�x36G_GK0T>$245Ym�<Ka:3J<c<?aY8 � 8�2lmHa@<
Cn0T5TLp<?2lAH5:j¡24G->$AH5TA6<KAH5T86b\Û¡9�AH9T0Yw�36;-L&w�36G_GqAJCE5TA65�~W>$AH5TA6<KAH5T8 � 8�2lmHa@<BCn0T5TL&<K24AH5YGq2lG

j�¬³�]�?�_®\ôgð ¹xCy�¬��_®I÷Ez�ð � æ ¹xCyu¬��_®I÷E{?¯ ¬­ÔYº I ®
� aT8&;K8}|:¯
~u� µ�365TP � æ ¹xÞ24GE<KaT8qÏ�369Tw�3J5�~=^�8&248&;x8�G=<?24>k3J<K8�z:36G_8�P$AH5�ð�¬]c4. ¬­�H®�¯
_G.n®p¯?0Eô � ¯�õ�õ�õ�¯KÚ{÷
¬³MS36;K;_245TmJ<?AH5�Â±»Ewl8�>$245TmYs ��ÆHÆ�� �¸Ï�A6GKAH;_AH¢�Âë/	245�s ��ÆHÆHÆ ®�b#¾SA6<K8}<?aT3J<�AH5T8}>}3�VfGK24>$9Twl2lCtV�<?aY8
8�G=<?2l>}3J<K245Tm�Cn0T5TL&<K24AH5Zªy«�¬³�H®Fz@V.;_8�9Tw436L�2l5Tm!��245'@¸¬³�H®FAJC-¬­ÔYb Ë6® � 2l<?a�¹� ¿« º

»:AH;x24wlw40TG=<?;K3J<?2lAH5�s � 8B3J9T9Tw42l8�P
<KaT8-5T8 � >$8&<KaTA�Pr<KAN<?aY8q^Z3�VHA�9T;K2l>}3J;_V
zT24wl2�36;=V�L�2l;K;KaYAHGK2lGEP:3J<?3
¬³»{w48�>$245YmNÂ�MN36;_;K2l5Tm6<?A65�s ��ÆHÆY� sHÛS9T9�8�5TPT2¼��7rb � ®�b{1-aT2lGxP:3J<?3�GK8p<\L�AH5YGK24G=<?G\A6C ÇY�OI L�A6>k9Twl8&<K8·Í:wl8�G�s

Æ

Hosted by The Berkeley Electronic Press



365TPf8�36LIafA6C�<KaT8�> L&AH5@<I362l5TG
<KaT8$245YCnAH;_>}3u<?24A65|AH5f<KaT8$GK0T;=O�2UOJ36w\<?24>$8!365TPÀOJ36;K2lAH0TG�9T;_AHmH5TAHG=<?2lL
C­36Lp<?AH;_G�b#�W5�AH;KPY8�;
<KA�L�AH>$9:36;_8}AH0T;
;K8�G_0Twl<KG � 2l<Kao<?aTA6GK8�9T;_8�GK8&5@<?8�P£245�X6245o8p<!36w¦b£¬³Ã6µHµHÔH®ps � 8
AH5TwUV�0TG_8�P�ÍTO68}L&A�OJ36;_2�3J<K8�G
245ÀAH0T;
365:3JwlV]GK2lG��
A]8�PY8�>k3Ys�36mH86s{w4AHm:¬³36wlzT0T>$245½®�s�w4A6m½¬­zT2lw42l;K0TzT2l5½®S3J5TP
w4A6m½¬­9T;_A6<?2l>k8�®pb�1-aY8·2l5T2l<K2�36wuL�AH5YGK24G=<?8&5�<{8�G=<?2l>}3J<K8$¹� ¿í ô(¬=æSµYº Ê Ì Ê ¯�æSµYº µ@Ã I ¯ � º Ë Æ ¯�æNµ�º ËHÌ Æ ¯�æNÃ�º Ì IHÊ ® 6 ¯
0Y<K24w42lÅ�8&P�245�¬¦Ã�b � ® � 36G�<?aT8!AH5T8!z:3JGK8�PfAH5#<?aT8 é 8�a:365 � 8�24m6a�<�Cn0T5YL&<?2lAH5�b$»E2l;KG_<�s � 8$L�A65TGK2lPT8�;_8�P
ªy«�¬³�H® � 2l<Ka�<?aY8�wlAHmH;?3J5T¢ � 8&24mHa@<$Cn0T5TLp<?24A65�j�¬­���?�_®�ô � ºc1{AfmH8�5T8&;?3J<K8fðu�@û òEüí ÷ZO�243â¬³Ã�b � ®ps � 8
w48p< þ í ô Ú � �³äãå ßNK�º	Qq5TPT8�;�<KaT8!GK8p<_~W0Y9ÀAJC¸<KaT8�2l<K8�;K3J<?2UOH8r9T;_A�L&8�G_G
PY24GKL&0TGKG_8�Pf245À[�8&L&<?2lAH5#ÔYb � s�<?aY8
36P:3J9Y<?2UOH8}9Y;KA]L�8�PY0T;K8 � 36G
<?8�;_>k2l5:3J<K8�Po3u<
<?aY8}GK8&L�AH5YP�G_<I3JmH86bR1-aT8�L&A�8pvkL&248&5�<rA6C�OJ36;K243J<?2lAH5#A6C
<?aY8 � 8&24mHa@<KG$¬¦Ã�bdÃH®N3J<S<?aT2lG�G_<?36mH8r2lGNwl8�GKG�<Ka:365#µYbdË�b�ef8r;K8&9yA6;_<�AH0Y;�9yA6245@<�8&G_<?2l>}3u<?8�GN365TP|<KaT8�2l;
8�G=<?2l>}3J<K8�P.G_<?365TP:3J;KPZ8&;K;_AH;KGB245.1{36zTwl8
Ã$36wlAH5Tm � 2l<Ka�<?aTAHG_8�A6zY<I362l5T8�P.z@V�X6245.8p<N3Jw¦bq¬¦ÃJµHµHÔ@®�b·»:AH;
<?aY8�9T;K8&GK8�5@<�8��T3J>k9Twl86s�A60T;�9T;_A�L&8�PT0T;_8�AH0Y<K9y8&;_CnAH;_>kGN<KaT8r2U<?8�;K3J<?2UOH8�>k8p<?aTA]P�z@V#X6245�8p<�36w³b�1-aT8
5TAH;_>ÎA6C�ª í ¬ ¹� í ® � 2l<KaÀA60T;�9yA6245@<�8�G=<?24>k3J<K8r24G�µYb � ÔYs	2l5�L�AH5@<K;?36G=<
<KARµYb Ã Æ � 2U<?a�<?aY8�>k8p<?aTA]P#z�V
X6245$8&<�36w¦b{�W5}1{36zTwl8�Ã�s � 8�36wlGKA
;K8�9�AH;=<·<KaT8S;_8�G_0Twl<KGFz:36G_8�P�A65�3�Út��Ú�~Wó:��Út�O�s��Útc � 8�24m6a�<¸Cn0T5TLp<?2lAH5j¡245f¬­ÔYb I ® � 2l<?a'|�ô�~Bô �ED Ã�º
1{A�8p�Y36>$245T8�<KaT8!9y8&;_CnAH;_>}365YL�8!A6CF<KaT8$5T8 � 9T;_AH9�AHG?36w\0Y5TPT8�;�<?aY8}36L&L�8&w48�;K3J<?8&PfC­362lw40T;_8
<?2l>k8

� 2l<Ka|OJ36;K2lAH0TGNG_8&<_<?245YmHG�s � 8!L�AH5YPT0TL&<K8�PÀ365�8���<K8�5TG_2lO68$G_24>r0Yw�3J<K24AH5�G_<?0YPYVHb
[�9�8�L�2UÍ:L�3Jw4wlV6s � 8�mH8�5]~
8�;K3J<?8&PR<KaT8�w4AHmH36;K2U<?aT>ÄA6C{<?aT8�C­362lw40T;_8S<?2l>k8&G�O]2�3r<?aT8�>$A�PY8�w

-iô � ÔYº ÌJÔ�æjµYº Ê6ÆHÊ á|A�8&PT8�>k3�æ�µYº µ@Ã I á�36m68 ý � ºdË6ÔHÔ�á|wlAHm½¬³3Jw4zT0T>$245:®_æ
µYºdË Æ Ô!áZwlAHm½¬nzT24wl24;K0YzT245½®�æ£Ã�º Ç Ã Ê á|wlAHm½¬n9T;KA6<K24>$8�® ý98 ¯ ¬­ÔYº Ì6®

� aT8&;K8 8 24G$3f5YAH;K>k36w-;?3J5TPTAH>×OJ36;_2�36zTwl8 � 2l<Ka�>$8�365�µ�3J5TP�OJ36;_2�365TL&8RµYº ÆJÇ Ì�º\1-aT8�;K8�m6;K8�G_GK2lAH5
L�A]8&v$L&248�5@<KG�365TP�<KaT8�OJ36;_2�365YL�8RA6C 8 2l5¡¬³Ô�b ÌH® � 8�;K8Z8�G_<K24>k3J<?8&P�Cn;_AH>"<?aT8�9:36;?3J>k8p<?;K2lL.5TAH;K>k36w
;K8&mH;K8&GKG_24AH5ø>kA]PT8�w � 2U<?a�<?aT8�^Z3�VHAâwl2lO68�;.P:3J<?3Yb¶»:AH;.AH0T;.GK2l>r0Tw43J<?2lAH5 G_<K0TPYVHs�<?aY8fL&8�5TG_AH;K2l5Tm
OJ36;K2436zTwl8R2lG$<KaT8ZwlAHm@36;_2l<KaT> A6CN<?aT8�0T5T2lCnA6;K>"PT2lG_<?;_24zT0�<?24A65�AH5È¬³µY¯&��®p¯ � aT8&;K8Z� � 36G}LIaTA6GK8�5â<KA
V]248&w4Pf3R9T;_8p~ãGK9�8�L�2UÍ:8�P�L�8�5YGKAH;_245Tm�9T;KAH9�AH;=<?24A65�b}»:AH;�8�36LIaoG?3J>k9Twl8!GK24Å&8kÚ{¯ � 8$LIaTAHG_8k<?aY8kÍ:;_G_<�Ú
AHzTG_8�;=OH8�PÀL�A�OJ36;_2�3J<K8
OH8&L&<?A6;KG�245Z<KaT8$^Z3�VHA.P:3u<I3�GK8p<�b
ei2l<?a�<?aT8&GK8�ÍY��8�P#L�A�OJ36;_2�3J<K8
OH8&L&<?A6;KG�s � 8
0TG_8�P�¬³ÔYbdÌH®S<?A.G_24>r0Tw43J<?8�Ë6µHµ�GK8p<?G
A6CBðO-/.ã¯%0-ô � ¯�õ�õ�õ�¯KÚ{÷}365TP#L�;_8�3J<K8�P�Ë6µHµ�L�AH;_;K8&GK9�AH5TPT2l5Tm.GK8&<KG
A6C�9�AHGKG_24zTwUV}L&8�5TG_AH;K8&PRC­362lw40T;_8q<K24>$8NP:3u<I3 � 2l<Ka.3rPT8�G_24;_8�P.L�8&5TGKAH;_245Tm!;K3J<?8Jbxe�8N<KaT8�5R369Y9Tw42l8�P�<?aY8

� µ

http://biostats.bepress.com/harvardbiostat/paper5



36z�A�OH8q2l<?8&;?3J<K2lO68->k8p<?aTA]PkzT36GK8&PkAH5}ª í ¬­�H®x245Z¬³ÔYbdËH® � 2U<?a!<?aT8Bw4A6mH;?365Y¢ � 8�24m6a�<�bc»:AH;x<?aT8BL�36GK8B<?a:3u<
Ú�ôÞÃ6µ6µ�365TP
<KaT8FL&8�5TG_AH;K2l5Tm�;?3u<?8¸24Gx3JzyAH0�<cË6µ���s � 8�9Y;K8�G_8�5@<\<?aY8XRS~sRâ9TwlA6<?G � 2l<Kar;K8&GK9�8�L&<E<?ANÍTO68
;K8&mH;K8&GKG_24AH5�L�A]8&v$L�2l8�5@<?Gq245R»E2lmH0T;K8
ÔYb·çc36LIaZ9Yw4A6< � 36GNL&AH5TG=<?;K0YL&<?8&P|z:36G_8�P�AH5|ËJµHµ$G=<I365YP:36;KPY24Å�8&P
8�G=<?2l>}3J<K8�G�CnAH;
3.GK9�8�L�2UÍ:L$;K8�m6;K8�G_GK2lAH5�9:3J;?36>$8&<K8�;�PT8�;_2lO68�PfCn;_AH>Î<KaT8$O68�Lp<?AH;_G�¹� í º�1-aT8$>}3J;KmH2l5:36w
5TAH;_>}3Jw�369Y9T;KA���24>k3J<?2lAH5!<?Ar<?aY8�PT24G=<?;_24zT0Y<K24AH5kA6C�AH0T;·8�G_<K24>k3J<?A6;�369T9�8�3J;KG���0T2U<?8�36L&L�0T;K3J<?8SCnAH;F<?aY8
L�3JGK8 � 2U<?ao3�>kA]PT8�;K3J<?8$G?3J>k9Twl8kG_24Å&8�365TP�aT8�3�O�VoL&8�5TG_AH;K2l5TmTbR�W5o1E3JzTw48�Ã�s{CnAH;
OJ36;K2lAH0TG
G?36>$9Tw48
GK2lÅ�8&G$Úi3J5TPjL�8�5YGKAH;_245Tm#;?3u<?8�G&s � 8R;K8�9�AH;=<r<?aT8.8&>k9T2l;K2lL�36w¸L�A�OH8&;?36m68�9T;_AHz:36zY24w42U<?2l8�G
A6CSµYb Æ Ë#3J5TP
µYb Æ µ!L�AH5YÍTPT8�5TL&8
2l5�<K8�;=O63Jw4G�CnAH;B8�3JLIaZA6C{<?aT8�ÍTO68
;K8&mH;K8&GKG_24AH5RL�A]8&v$L�2l8�5@<?Gqz:36G_8�P|A65�AH0Y;q2U<?8&;?3J<K2lOH8
9T;_A�L&8�PT0T;_8 � 2l<Ka�<?aT8�wlAHmH;K365T¢ � 8&24mHa@<�Cn0Y5TL&<K24AH5�b\1-aY8�5T8 � 9T;KA]L�8&PT0T;_8�9y8&;_CnAH;_>kG � 8&w4wyCnA6;-36w4w½<?aY8
L�3JGK8�GqG_<K0TPT2l8�PRaT8�;_86b

��� �}��'*���q�#�
»:AH;�365
8�G_<K24>k3J<?2l5TmFCn0T5YL&<?2lAH5
ªy«�¬­�H®p¯ � aY24LIa
24G	5T8&2l<?aY8�;�GK>$A�AJ<?a�5TAH;	>$AH5TA6<KAH5T8\2l5��]sJm68�5T8&;?36wlwlV

2l<¸2lG¸PY2lv$L�0TwU<�s@2UC�5TA6<¸2l>k9�AHGKG_24zTwl86s6<KA
2lPT8�5@<?2UCtVr<?aY8SL&AH5TGK2lG_<K8�5@<F;_A�AJ<?G\<?A
<?aT8q8���0:3J<K24AH5}ªy«�¬³�H®c´ÈµY¯
8�G_9y8&L�2436w4wUV � aY8�5�<?aT8�PY24>$8�5TG_24AH5kA6C{�
24G·w�36;_mH86bEei2U<?a.365�2l5T2l<K2�36w:L&AH5TG_24G_<K8�5@<B8�G=<?2l>}3J<KAH; ¹� ¿í CnA6;����
z:36G_8�PRAH5.3�GK2l>k9Twl8N8&G_<?2l>}3u<?24A65�9T;KA]L�8&PT0T;_86s:AH5T8�>k3�V}2lPT8�5@<K2lCtV}3!L&AH5TG_24G_<K8�5@<q;KA]A6<�<KA$ªy«�¬­�H®c´Èµ
365TPiAHz�<I362l5 365�369T9T;_A��Y2l>}3u<?24A65�<?Ao<KaT8�PT2lG_<?;_24zT0�<?24A65âA6C
GK0TLIaø365i8�G=<?2l>}3J<KAH;kO]243f<?aT8�G_24>$9Tw48
24>$9�AH;_<?365TL�8NG?36>$9Tw42l5Tm�GKLIaY8�>$8
9Y;KAH9�AHGK8&PZ2l5�<?aT8�9:369�8�;&b

�W5}9T;K36L&<K24L&86s@<?aT8q245Y2l<?2436wYLIaYAH24L&8SA6C þ í 2l5|¬³Ã�b � ®ECnAH;cAHzY<I3J245T2l5Tmrðu��û
òxü
í ÷�>k3�V�a:3�OH8S3�G_24mH5T2UÍ:L�3J5�<

24>$9:36Lp<
AH5�<?aY8}8&v$L&248�5YL&VfA6C�<?aY8�36P:3J9Y<?2UOH8}9Y;KA]L�8�PY0T;K8Jb�eiaT8&5o<?aT8kG?36>$9Tw48$GK2lÅ�8$24G�>kA]PT8�;K3J<?8
AH;�w436;KmH8r36G�CnAH;�<?aY8$^Z3�VHAR9T;K2l>}36;=VZzY24w42lw�36;=V.L�2l;K;KaYAHGK2lG�365TP#GK2l>r0Tw43J<?8&P�8p�Y36>$9Tw48&G�9T;K8&GK8�5@<K8�Po2l5
[�8&L&<?2lAH5jÔYbdÃ�s � 8�Í:5TPo<Ka:3J<rm68�5T8&;?36wlwlVHsEAH0T;
9Y;KAH9�AHG?3Jw � 2l<KaoÚ �³äãå þ í 2l5i¬¦Ã]b � ®�zy8&245Tm�<?aT8�G_24>$9Tw48
24PY8�5@<?2U<WV|>k3J<?;_2U��9y8&;_CnAH;_>kG � 8�wlwx8&O68�5 � 2l<?a#AH5YwlVZ3�O68�;=V�Cn8 � 2l<?8&;?3J<K24AH5YG�b�²�5�<?aY8�A6<?aT8&;�a:365TP�s
CnAH;N3�GK>k36w4w�G?3J>k9Twl8
L�36GK8 � 2U<?a#3};K3J<?aY8�;�PT2lGKL&;K8&<K8r8�G=<?2l>}3J<K245Tm$Cn0T5TLp<?24A65#ªy«�¬­�H®p¯y3�5:362UOH8rLIaYAH24L&8
A6C þ í >k3�V�5TAJ< � AH;_¢ � 8&w4w³b

��� �h+�+
���Z����)
ÛNG_GK0T>$8-<?a:3J<\CnA6;c3�G_8���0T8&5TL�8SA6C�L&AH5TG=<I365@<?G&s:ð 8 	�÷�Ü µ�¯6<?aT8&;K8B8p��2lG_<?G¸3�PT8p<?8�;_>k2l5T24G=<?2lLF>k3J<?;_2U�

�H�

Hosted by The Berkeley Electronic Press



�¶GK0TLIaR<?a:3u<qCnA6;� 	ô � ¯IÃ�¯
GK0T9� y�� � y]� �����M�

� ªy«�¬³��åp®Eæjªy«�¬³�J�_®xæ��kÚ �³äãå ¬³��å¸æj�J�K® �
� ý Ú

�³äãå � ��å·æo�J� � ô3�E���F¬ � ®�¯ ¬³Ë�º � ®

� aT8&;K8!Ñx«È2lGS<?aY8r9T;KA6z:36zT2lw42l<WV�>k8�36GK0T;_8rmH8&5T8�;K3J<?8&P�z�VR°|º�¾SA � s�CnAH;q<?aT8
AHzTGK8&;_O68�P�êÀA6C\°|¯yw48&<
ÿ� í ôÎ¹� ¿í ýfþ í î
ßy¬ � î � �`�
	H®p¯ � aT8�;_8�î¡24G�^Z¾r¬­µY¯?ßKà�®pº�¾SA6<K8S<?aT3J<�3JG-ö Ü ÝÞ¯@<?aT8SPT24G=<?;_24zT0Y<K24AH5
A6C
� í ¯ � aT2lLIaø2lG�<?aT8�0Y5T2lCnAH;_> ;K365TPTAH> OH8&L&<?A6;RA65i<KaT8#PT24G_L�;_8&<?8#G_8&<�ðu� û òEüí ¯?ó ô � ¯�õ�õ�õ�¯�ög÷
PT2lGKL�0YGKGK8&Pi245i[�8&L&<K24AH5iÃ]sq2lGk<KaT8|G?3J>k8�3JGk<?aT3J<�A6C ÿ� í ºF/	8&<�ÑH�Èz�8Z<?aY8|9T;KA6z:36zT2lw42l<WVj>$8�3JGK0T;_8
mH8&5T8�;K3J<?8&P�z@V.î 3J5TPRÑ�z�8�<?aT8�9T;_A�PT0YL&<B>$8�36G_0T;K8�Ñx«iá|ÑH�EºY1-aT8�5�s½G_245TL&8 ÿ��«�365TP ¹�6¿« 36;K8�2l5.3�E�c¬ � ®ã~W5T8&24mHa�z�AH;KaYA�A]P�A6CE����¯:2l<�CnA6w4w4A � G�Cn;_AH> ¬³Ë�b � ®·<?a:3J<

ªy«�¬ ÿ��«-®xæjªy«�¬J¹� ¿« ®cô�Ú �³äãå � þ «Fî ý �7�c¬ � ®pº
1-aT2lGq2l>k9Yw4248&G·<Ka:3J<

� ç-ð�v�¬³ªy«�¬ ÿ��«�®K®O� °o÷Sæ��^��� v�¬B�_®� � ÿ�¸«�� � ¬ ÿ�}�
�³äãå« ¬B�xæjªy«�¬J¹�J¿« ®K®K® p �O�JôV�E���-¬ � ®p¯ ¬³Ë�º Ã6®

� aT8&;K8 ÿ� í 24G{<KaT8�wl24>$2l<�A6C�� í ¯63JGcö Ü ÝÞ¯�v�¬ õ ®�2lGx365@V
0T5T2lCnA6;K>$wlV�z�AH0T5TPY8�P�s�/	249YGKLIaT2U<?Å·Cn0Y5TL&<K24AH5�s
365TP�<?aY8¸8���9y8&L&<I3u<?24A65�ç�245k¬¦Ë�bdÃH®�2lG�<I36¢J8�5
0T5TPT8&;EÑH�Eº�¾qA6<?8x<Ka:3J<�w4A]AHGK8&wlVSGK9�8�36¢�2l5Tmr¬³Ë�bdÃH®�245TPY24L�3u<?8�G
<?aT3J<�CnAH;q° ôÒê�¯y<KaT8�PT2lG_<?;_24zT0�<?24A65ZA6CFª í ¬ ÿ� í ®S24GN369T9T;_A��Y2l>}3u<?8�wUVZ^Z¾r¬�� í ¯ ÿ� í ®pº�¾SA � s�CnAH;�m62lOH8&5
ê�¯½36GSö Ü ÝÞ¯Y<KaT8�PT24G=<?;K2lzT0Y<K24AH5}Cn0Y5TL&<K24AH5RA6CE�6ìí 3u<}�·L�A65�O68�;_mH8�Gq<?A� í çBð�ßy¬ ÿ� í ���_® � ¬¦ª í ¬ ÿ� í ®K®� ¬ ÿ��� �³äãåí ¬¦ª í ¬ ÿ� í ®Eæ£ªB¬J¹� ¿í ®_®K®

÷�¯

� aT8&;K8�� í 24G�<KaT8�5TAH;_>}36wl24Å&8�P�L�A65TG_<?365@< � aY24LIaR24G-Cn;K8&8�A6C ��ºT1-aY24GB24>$9Tw42l8�G¸<?a:3J<BCnAH;-w436;Km68�öø¯
çS¬�v�¬¦ªB¬­� ì« ®_®E� °#®\´¡�I«Fç-ð�v�¬³ªy«�¬ ÿ��«�®K® � ¬¦ªy«�¬ ÿ��«B®_®� ¬ ÿ�}� �³äãå« ¬³ªy«�¬ ÿ��«-®Eæjªy«�¬J¹�6¿« ®_®K®

� °o÷�¯ ¬³Ë�ºdÔH®

� aT8&;K8�vÈ24GZ365@VÞ0T5Y2lCnAH;_>kwUV zyA60T5TPT8&P�sr/	249YGKLIaT2U<?Å�L&AH5@<?2l5]0YAH0TGZCn0T5YL&<?2lAH5�bëei2l<?aè¬¦Ë�bdÃH®ps�2U<Z2lG
G_<K;?362lmHa@<KCnAH; � 3J;KP.<?A$GKaTA � <Ka:3J<B<?aT8�36zTG_AHw40�<?8�OJ36w40T8�A6C�<?aY8�PT2¢��8&;K8&5TL�8
zy8p< � 8&8�5Z<KaT8
;K24m6a�<qa:3J5TP
GK2lPT8$A6C�¬³Ë�bdÔH®
365YP n � � v�¬B�_® � ¬��_® p ��2lG£�E����¬ � ®�º	�ã<�CnAHwlw4A � G�<?a:3u<�<KaT8kL&AH5TPT2U<?2lAH5:36wxPY24G_<K;K2lzT0Y<?2lAH5#A6C
ªy«�¬³� ì« ®r2lG!369T9T;_A���2l>}3J<K8�wUV�^Z¾
¬³µY¯KßKàu®
245£3#L�8&;_<I3J245j9T;KA6z:36zT2lw42l<WVfGK8&5TGK8Jb�1-aT3J<$24G�scCnAH;!365@V� Y~
PT2l>k8&5TGK2lAH5:36w�OH8�Lp<?AH;���¯ � 9T;�¬³ªy«�¬­� ì« ®d¤��O� °À®Eæ�¥�¬��_®O�6ô3�7���F¬ � ®p¯

� Ã

http://biostats.bepress.com/harvardbiostat/paper5



� aT8&;K8£¥�¬=õ ®F2lG�<?aT8�PT2lG_<K;K24zY0Y<?2lAH5�Cn0T5TLp<?24A65RAJC\^Z¾
¬³µY¯KßKàu®pº
1-aT8!L�AH5YGK24G=<?8&5TL&V|CnA6;��6ì« CnAHwlw4A � GSCn;_AH>ë<KaT8
C­36Lp<�<?a:3u<�� û òxü« ¯?óÁô � ¯�õ�õ�õ�¯�öø¯�36;K8
<K;K0T5YL�3J<K8�P

z@V:�
	�ô3�Y¬nÚ �³äãå ®�º
���������������
�
�

D§¦C¨ª©·s]M�b�365YPk1}«E¬M¦#­�¬B«Hs�Û
b@Û�b�¬¦Ã6µ6µ@ÃH®ps]^R8�PT24365k;_8�mH;_8�G_GK24A65 � 2U<?a$L�8�5YGKAH;_8�P}L&AHG_<¸P:3u<I3Ys#®�¯¦�u§}�p¨­¥
�
¯�°I�ps ( s I6Ç Ôu~ I6Ç@Æ b
D§¦C±�±r²´³t¦Cµ�¶�sy�Ib�365TP|�u²´·r¶�±�­�«Hs�»Fb�7rbyÏ�bx¬ ��Æ ÌHÌ6®ps�ÛNw4m6AH;K2U<?aT>$G-CnAH;N;_8�G_<K;K2lL&<?8&P�w48�36G_<�36zTGKA6w40Y<K8
OJ36w40Y8�8�G_<K24>k3J<?2lAH5�s ¸·�u§�§J¹�¤^¯�°?º6¨�¯¦�u¤Y��¯t¤Z»½¨�º6¨]¯4�p¨�¯�°I�
¼H½§º6�p¨W®B¥�»�¯t§J¹�¾¢º6¨]¯¦�u¤�º6¤��Z¸·�u§u¿5¹�¨�º6¨�¯¦�u¤:s5À	s
Ô@Ë6Ô�~ Ô I6Ç b
DXÁªÂtÃ´µ�¶ÅÄ¸sYXYbY365YP�X�¦CÆ*¶�«N�Ib�¬ ��Æ Ì Æ ®ps�/	245T8�36;¸;K8�m6;K8�G_GK2lAH5 � 2l<KakL&8�5TG_AH;K8&P�P:3J<?3Ys�®X¯¦�u§}�p¨³�
¯�ÇÈº6s�À�À	s
Ç Ã Æ ~ Ç Ô I b
çÊÉÅ±/² ¨xs	DNby365TP|1}¬B·/«EËC¬B±t¦C¨ª¬¦s���bE¬ ��ÆHÆ Ô@®ps�ÛN5|2l5@<?;KA]PT0TLp<?2lAH5�<KA�zyA]A6<KG_<?;K369�s�ÓFa:369T>k365�ÂÄMS36w4w
/�<?P�s½/	AH5YPTAH5�b

»WµÌ¶�Æ*¬B¨ª©·sT1�b:��bT3J5TPRMu¦C±�±�¬B¨ª© ­�² ¨xs½7rb�¬ ��ÆHÆ�� ®psTÓFAH0T5@<?2l5Tm�9T;KA]L�8&GKG_8�GS365TP.GK0T;=O]2lOJ36w	365T36wlV]GK2lG�s
X6AHaT5.ef8�24wl8&V�Â [�AH5YG�s½¾S8 � b¸AH;_¢�b
é ² µÌ³rÍÎ¦C«E«7¶�±Es�^fb	�IbUs�1}¬M¦´¨xs�/\bls{365TP�eV¶�¬¦s�/\b�XYb¸¬¦Ã6µHµ6Ô@®ps�[]<?3J<?2lG_<K24L�3JwE245�Cn8�;K8&5TL�8&G
CnA6;�245YÍ:5Y2l<?8
PT2l>k8&5TGK2lAH5:36w\9:3J;?36>$8&<K8�;KG�O]2�3R36G_V]>$9Y<?AJ<?24L�36w4wUV|9T2UOHA6<?36w\8�G=<?2l>}3J<K245Tm�Cn0T5YL&<?2lAH5TG&sÊ®�¯¦�u§}�p¨­�
¯�ÇÈº6s�<KA
369T9�8�3J;�b

M*ÁxsJ»Fbu365TP�Ï�¦´µÌ·/ÉÅµÌ¶�¬B«7ÂrË\s6XYb�7rb]¬¦ÃJµHµHµ@®�sJ1-aT8¸8�G=<?2l>}3J<K245Tm�Cn0Y5TL&<K24AH5
zyA]A6<KG_<?;K369�sªÏ�©:�u¸Hº6¤5º@�È¯�º6¤Ð:�7¹���¤5ºÈ¾E�SÑ*»½¨�º6¨�¯4�p¨]¯�°I�ps Õ�Ò s ÇHÇ@Æ ~ Ç@ÊY� b
X�¬B¨xs�`EbUs�/C¬B¨\sy7rb#b�bUs�eV¶�¬¦s�/\b�XYbUs�365TPÓb�¬B¨ª©�`Eb{¬¦Ã6µ6µHÔ@®ps��q365T¢H~WzT36GK8&PZ245�Cn8�;K8&5TL�8
CnAH;B<?aT8
36L�L&8�wU~
8�;K3J<?8&PRC­3J24w40Y;K8N<K24>$8�>kA]PT8&w¦s5®X¯¦�u§}�p¨³�
¯�ÇÈº6s�Ô^Õ	s:Ô ÇT� ~ Ô@Ë6Ô�b
Ï�¦Cµ�·/ÉÅµÌ¶�¬B«EÂtËxs:XYbT7rbY365TP.ÑÊ±�¶�¨�­�¬BÂt¶�sT��bT/\b	¬³Ã6µHµ@Ã6®psY1-aY8�G_<I3u<?24G=<?2lL�36wy365:36wUV]GK24G·A6C�C­3624wl0T;K8B<?2l>k8

� Ô

Hosted by The Berkeley Electronic Press



P:3J<?3Ys½X6AHaY5Rei2lw48&V�Â [�A65TG�s�¾S8 � b¸AH;_¢½b
Ï�² ¶�¨ªÃ ¶�±Es��
b�365TP�Dd¦´«E«E¶^­t­ é bYXYb�¬ ��Æ Ì Ê ®ps]�q8&mH;K8&GKG_24AH5���0:3J5�<K24wl8�G�s^Ö�°I�u¤��u§}�p¨³�
¯�°?º6s � À	s�ÔHÔu~ Ë6µYb
Ï�² ¶�¨ªÃ ¶�±Es���b@365TP$7GFd²�±�¶ÅÄ�Érb½¬ ��ÆHÊ ÌH®�s�ÓFAH>$9T0Y<K245Tm�;K8&mH;K8&GKG_24AH5!��0:365@<?2lw48&G�s�×d¿�¿5¾L¯¦�K��»½¨�º6¨�¯4�p¨]¯�°I�ps( À�s½Ô Ê Ôu~WÔ Æ ÔYb
Ï�² «E² ±/² Ãcsx^fb���b�365TPf/C¬B¨\sEÓNb·¬ ��Æ6ÆHÆ ®ps	1-aY8$O68�;KGK3J<?2lw42U<WV�A6CFCn0Y5TL&<K24AH5�~ã245TPY8p��8�P � 8&24mHa@<K8�P�wlAHmJ~
;?3J5T¢�G_<?3J<?2lG_<K24L�G&srÐÅØ�×N§ÙØ}»½¨�º6¨]¯4�p¨�Ø�×��I���O°4Ø4s�Ô � s½Ô@Ã6µ�~ ÔHÔ@Ã]b
/C¬BÁxs�XYb�¬¦Ã6µHµ � ®psT^�AH5@<?8
Ó�36;KwlA�G_<K;?3J<K8�mH2l8�GB245.GKL&248&5�<K2lÍ:L�L&AH>$9T0Y<?2l5TmTs½[]9T;K2l5TmH8�;&s:¾S8 � b¸AH;_¢�b
¾*¶^­�¶�±EsNXYblsSe�¦´«E«E¶�±�Æu¦C¨xsSe*bUs�365TP�Ï�Á�­�¨ª¶�±Es�^fbBM
b
¬ ��ÆHÊ ËH®psqÛN9T9Yw4248&P w42l5T8�36;}G_<I3u<?24G=<?2lL�36w
>$A�PT8&w4G&�x;K8&mH;K8&GKGK2lAH5�s:3J5:36wlV]G_24G-A6C�OJ36;K24365TL&86s:365YPR8���9y8&;K24>$8�5@<?36w�PT8&GK24m65TG�s:�B24LIaT36;KPR7rbY�W; � 245.�W5TLJs
MSA6>k8 � A]A�P�sT� /\b

²�Ëxs:^fbd[yb:365YP�DX¶�±r©Ú¶�±EsYXYb ²rb�¬ ��ÆHÆ ÃH®ps]ÛNP:3J9Y<?2UOH8�2l>k9�AH;_<?365TL&8NG?3J>k9Twl245Tm
245�^�AH5@<?8
Ó�36;_w4Ar2l5@<?8p~
mH;K3J<?2lAH5�s/ÐÅØ�×N§ÙØ}»½¨�º6¨�¯4�p¨�Ø�×N�I���O°4Ø4s ��� s ��Ç Ôu~ ��IHÊ b
ÑH¦C±�Û�¶5¨xs�^fby�IbUsyeV¶�¬¦sy/\b�XYbUs�365YPÓb�¬B¨ª©â`EbE¬ ��Æ6Æ6Ç ®ps½ÛÒ;K8�GK36>$9Tw42l5Tmk>$8&<KaTA]P|z:36G_8�P�AH5�9T2lO6A6<I36w
8�G=<?2l>}3J<K245Tm�Cn0T5TL&<K24AH5YG�sr®�¯¦�u§}�p¨­�
¯�ÇÈº6s Ò	� sTÔ ÇT� ~WÔ@Ë6µYb
ÑÊ±�¶�¨ª­t¬BÂt¶�s:�
b½/\b�¬ ��Æ Ì Ê ®ps:/	245Y8�36;�;K365T¢}<K8�G=<?G � 2l<?a.L&8�5TG_AH;K8&PZP:3J<?3Ysr®�¯¦�u§}�p¨­�
¯�ÇÈº6s^À � s �OI Ì�~ ��Ê µYb
�Ü¬M­�²tÝ¸sEb�bT¬ ��ÆHÆ µ@®psJç\G_<?2l>}3u<?24A65�2l5r3Nwl245T8�36;�;K8�m6;K8�G_GK2lAH5r>$A�PT8&w � 2l<?a
L�8�5YGKAH;_8�P!P:3J<?3Ys´Ï�©:�W×N¤:¤5ºÈ¾d�
�SÑÎ»½¨�º6¨]¯4�p¨�¯�°I�ps ��Ò s½ÔHµHÔu~WÔ@Ã Ê b
�Ü² ·r¬B¨ª«Hs�XYb�^fby365TP|�u²C­�¨ª¬M­�Û�ÃªÄ¸s�Û
bE¬ ��ÆHÆ ÃH®ps��B8�L�A�O68�;_VZA6C\2l5YCnAH;K>k3J<K24AH5R365TPZ36Puú_0TG=<?>$8�5@<NCnA6;
PT8&9y8&5TPT8�5@<�L&8�5TG_AH;K2l5Tm�0TGK2l5Tm�G_0T;K;_AHm@3J<K8
>k36;K¢J8�;KG&sª×u¯­�u��Öª¿5¯­�]�p§J¯¦�7¾4�?Þ6�E¼Êßf�p¨t©:���]�7¾4�?ÞÈ¯�°?ºÈ¾ª¯4�I��¹½�I�ps
DF2l;K¢�a:360TG_8�;&s�Ã Æ Ì�~WÔHÔ � b

�Ü² ·r¬B¨ª«HsSXYb-^fbUsS�u²´¨ª­t¨C¬M­tÛ�ÃªÄ¸sSÛ�blsS365TP�`�Ë�¦�²csq/cbFÑ{b�¬ ��ÆHÆJÇ ®psBç\G_<K24>k3J<?2lAH5�AJC
�B8�m6;K8�G_GK2lAH5
ÓFA]8&v$L�2l8�5@<?G � aT8&5�G_AH>$8�;K8&mH;K8&GKGKA6;KG!36;_8�5TA6<!3Jw � 3�V]G�AHzYGK8�;=OH8&P�s}ÐÅØm×N§à»½¨�º6¨]¯4�p¨�Ø�×N�I���O°4Ø4s Ò Ô	s
Ê6Ç�I ~ Ê�I�I b

��Ç

http://biostats.bepress.com/harvardbiostat/paper5



�ÜÁC·/¬B¨xs�7rb
¬ ��Æ6Ê ÌH®psSÛÙ5YAH5T2l<K8�;K3J<?2UOH8�G?3J>k9Twl245Tm�áJ24>$9yA6;_<I3J5TL�8�;K8�GK36>$9Tw42l5Tmj36wl<K8�;_5:3J<?2UOH8�<?Aj<?aY8
P:3J<?3�360TmH>$8�5@<?3J<?2lAH5�36wlmHAH;K2U<?aT> CnA6;
L�;_8�3J<K245Tm#3ZCn8 � 2l>k9Y0Y<I3J<K24AH5YG � aT8&5�Cn;?36Lp<?24A65TGrA6Cq>$24GKG_245Tm
245�CnAH;K>k3J<?2lAH5�3J;K8�>kA]PT8&G_<��x<KaT8�[�� �¡36wlmHAH;K2U<?aT>Rs^ÐÅØ�×N§ÙØÜ»½¨�º6¨�¯4�p¨�ØX×N�I���O°4Ø4s Ò½Õ s�Ë Ç Ôu~ Ë Ç�I b
1}«E¬M¦#­�¬B«Hs�Û�byÛ�bx¬ ��ÆHÆ µH®psyçcG=<?2l>}3J<K245Tm$;K8&mH;K8&GKG_24AH5|9T36;?36>$8&<K8�;_GN0TG_245Tm�wl245T8�36;q;?365T¢�<K8�G_<KGNCnAH;SL�8�5]~
GKA6;K8�PRP:3J<?3Ys§Ï�©:�Ü×N¤:¤5ºÈ¾d�r�SÑu»½¨�º6¨�¯4�p¨]¯�°I�ps ��Ò s½Ô@Ë Ç ~ Ô@ÌHÃ]b
ÉÎ¦C¨�³C¶�±�âX¦C±�­{s�Û�b:e*b�¬ ��ÆHÆ6Ê ®ps:ÛSG_V]>k9�<?A6<K24L�G_<?3J<?2lG_<K24L�G&s�Ó�36>rzT;_24PTm68�Qq5T2lO68�;_GK2l<WVRÑ\;_8�GKG&s�¾q8 �b¸AH;_¢�b
eV¶�¬¦sH/\bJXYblsEb�¬B¨ª©·sH`EblsJ365TP�/C¬B¨xsH7rb4brbT¬ ��ÆHÆ µH®psu/	245T8�36;{;_8�mH;_8�G_GK24A65r365:3JwlV]GK2lG{A6CYL�8&5TGKAH;_8�P�G_0T;_O]2lOJ36w
P:3J<?3�z:36GK8&PZAH5.;K365T¢}<K8�G_<KG�st®�¯¦�u§}�p¨­�
¯�ÇÈº6s5ã�ãys Ê6Ç Ë�~ Ê Ë � b
b�¬B¨ª©·sE`Eb¸¬ ��ÆHÆ Ô@®�s�ÛÄw436;KmH8�GK36>$9Tw48!G_<K0TPYV#A6CF;?365Y¢�8�G_<K24>k3J<?2lAH5|CnAH;�L�8&5TGKA6;K8�P�;K8�m6;K8�G_GK2lAH5fPT3J<I3YsÏ�©:�Ü×N¤:¤5ºÈ¾d�r�SÑÎ»½¨�º6¨�¯4�p¨]¯�°I�ps Õ	� s�Ì I ~ ÆHÆ b

� Ë

Hosted by The Berkeley Electronic Press



1E3JzTw48 � �¸/E�F8�G_<K24>k3J<?8&G�CnAH;-aT8p<?8�;_AHGKL&8�P:3JG_<?2lL�wl245T8�36;�;_8�mH;_8�GKG_24AH5 � 2l<Ka�<?aT8�GK0Y;KmH2lL�36w�0Y5T2l<BP:3u<I3

¾q8 � >$8&<KaTA]P ÑE3J;KÅ�8&5tF GS>$8&<KaTA�P
ÑE36;K36>$8&<?8&; çcG=< [Yç ç\G=< [Yç
�W5@<?8�;_L�8&9Y< µYb ÇT��Ç�I µYb µ@Ë6ÔHË µYb ÇT� Ë � µYb µ I6Ç@Æ
D-Ó-[ ì µYb µ@Ì6ÔHË µYb µHµ@Ë Ê µYb µ@Ì � µ µYb µHµ@ÌHË
Ñ\� µYb µHµ ÆÈI µYb µHµHµ Ç µYb µHµ ÆHÊ µYb µHµHµ@Ë
çc»E1q[ µYb µHµ Æ6Ê µYb µHµHµ6Ô µYb µHµ Æ Ì µYb µHµHµHÔ
/�»E1q[ µYb µHµ@Ã Æ µYb µHµ@Ì � µYb µHµ@Ã Æ µYb µHµ Æ Ã
ìID-Ó-[y�:zTwlA�A]P�L�wlA6<K<K245Tm�G_L�AH;_86�½Ñ\�I�:9T;_AHmH5TAHG=<?2lL�245TPT8��y�
çc»E1q[y�½8�5TÅpV]>k8�Cn0T5TLp<?2lAH5�<?8�G=<qGKL�A6;K86��/�»E1q[y�:wl2lO68�;�Cn0T5TLp<?2lAH5�<?8�G=<qGKL�A6;K8

1E36zYw48�Ã��\ÛNL&L�8&w48�;K3J<?8&PRC­3J24w40Y;K8N<K24>$8�;K8&mH;K8&GKGK2lAH5.CnAH;�<?aT8�^Z3�V6A}9T;_24>k36;_VkzT24wl2�36;=V$L�24;_;KaTA6GK24G-PT3J<I3

e�8&24mHa@<-Cn0T5TLp<?2lAH5
/	AHm6;?365T¢ ¹x´y�¬B�_® �?ä K ¬ � æ ¹x´yu¬��_®_® �?ä K

¾S8 � >$8&<?aYA�P X62l5tF G->$8&<KaTA]P ¾S8 � >k8p<?aTA]P
ÑE36;K36>k8p<?8&; ç\G_< [Yç ç\G_< [Yç çcG=< [Yç
²�8&PT8�>k3 ~WµYb Ì � Ì6Ô µYb ÃJÔ Ê Ë ~WµYbdÌ6ÔHÔ Ê µYb � Ì ÊY� ~ µYbdË Æ µ6Ô µYbdÃHÌ Æ6Ê
ÛNmH8 ~WµYbdµHÃ I�I µYbdµ6µ@Ë Ç ~WµYb µ@Ã I Ë µYb µHµ Ç Ã ~ µYb µ@Ã I6Ê µYb µHµ I Ô
/�A6m½¬³36wlzT0T>$245½® � b I�� ËHÌ µYb ÇHÆ Ô Æ � b I ËHË Ê µYb Ô IHÊ Ô � bdËHËHÌ I µYb Ç@Æ Ì Ê
/�A6m½¬­zT2lw42l;K0TzT2l5½® ~WµYb Ë6ÌHÌ6Ô µYbdµHËHË Æ ~WµYbdË Ê6Ç@Æ µYb µ Ç ËHË ~ µYbdËHÌ6ÔHÃ µYb µ@Ë Ê6Æ
/�A6m½¬­9T;_A6<?2l>k8�® ~ � b Ê6Ê µHµ µYb Ë I Ã6µ ~ � b Æ6Ç Ô Æ µYb Ç�I ÃHÃ ~ � b Ç@ÆHÆ Ë µYb I Ã Ê µ

�OI
http://biostats.bepress.com/harvardbiostat/paper5



1{36zTw48·ÔY��ç\>k9Y24;K2lL�36w6L�A�OH8&;?36mH8F9T;KAHzT36zT24wl2l<K248�G�A6C:L�A65YÍ:PT8&5TL�8�2l5@<?8�;=OJ36w4G�Cn;KAH>È<KaT8¸GK24>
0Tw�3J<K24AH5�G=<?0TPYV
CnAH;�<KaT8�Û�»E1ø>kA]PT8�w

ÓF8&5TGKA6;K245Ym
µ�� ÃHËÈ� ËJµ��

5 ÓFA�O63J;K2�3u<?8�G µ�b Æ µ$Ó�/ ì µYb Æ Ë!Ó�/ µYb Æ µ$Ó�/ µ�b Æ Ë!Ó�/ µYb Æ µ$Ó�/ µYb Æ Ë!Ó�/

²�8�PT8&>}3 µYb Æ µ µYb Æ6Ç µ�b Æ µ µYb Æ6Ç µYb Æ µ µYb Æ Ë
ÛNmH8 µYb ÊHÆ µYb Æ Ë µ�b ÊHÆ µYb Æ6Ç µYb Æ µ µYb Æ Ë

Ã6µHµ /	AHm½¬³3Jw4zT0T>$245:® µYb ÊHÆ µYb Æ Ô µ�b ÊHÆ µYb Æ Ô µYb Æ Ã µYb Æ�I
/	AHm½¬­zY24w42l;K0TzY245½® µYb Æ µ µYb Æ�I µ�b Æ µ µYb Æ�I µYb ÊHÊ µYb Æ Ë
/	AHm½¬­9Y;KA6<K24>$8�® µYb ÊHÆ µYb Æ6Ç µ�b ÊHÆ µYb Æ Ô µYb ÊHÊ µYb Æ Ô
²�8�PT8&>}3 µYb Æ µ µYb Æ6Ç µ�b Æ µ µYb Æ Ë µYb ÊHÆ µYb Æ6Ç
ÛNmH8 µYb ÆY� µYb Æ�I µ�b Æ µ µYb Æ�I µYb Æ µ µYb Æ Ë

Ç µHµ /	AHm½¬³3Jw4zT0T>$245:® µYb Æ µ µYb Æ Ë µ�b Æ Ã µYb Æ Ì µYb Æ Ã µYb Æ Ë
/	AHm½¬­zY24w42l;K0TzY245½® µYb ÆY� µYb Æ�I µ�b Æ Ã µYb Æ�I µYb Æ Ô µYb Æ�I
/	AHm½¬­9Y;KA6<K24>$8�® µYb Æ µ µYb Æ Ë µ�b Æ µ µYb Æ6Ç µYb ÊHÊ µYb Æ Ë

ì Ó�/\�½¾SA6>k2l5:36w�L&AH5YÍ:PY8�5TL&8
w48pOH8&w

� Ì

Hosted by The Berkeley Electronic Press



»E24mH0Y;K8 � �\1-aT8�RS~sR*9Tw4AJ<?G-z:36G_8�P�AH5�Ë6µHµ�GK2l>r0Tw�3u<?8�P�G_0T;Km624L�3Jw�0T5T2U<BP:3J<I3!GK8p<?G

−2 −1 0 1 2

−
2

−
1

0
1

2

intercept

−2 −1 0 1 2

−
2

−
1

0
1

2

BCS

−2 −1 0 1 2

−
2

−
1

0
1

2

PI

q
u

a
n

ti
le

s
 f

ro
m

 t
h

e
 s

ta
n

d
a

rd
 n

o
rm

a
l

−2 −1 0 1 2

−
2

−
1

0
1

2
EFTS

−2 −1 0 1 2

−
2

−
1

0
1

2

LFTS

quantiles from observed z scores

��Ê

http://biostats.bepress.com/harvardbiostat/paper5



»E2lmH0T;K8SÃ��{1-aT8q5TAH;K>$G¸A6C�<KaT8S8&G_<K24>k3J<?2l5Tm�Cn0T5TLp<?24A65TG·8pOJ36w40:3u<?8�Pk3J<·5T8 � 365TP�Ñ{36;KÅ&8�5tF GF8&G_<K24>k3J<?8&G
z:36G_8�P�AH5�Ë6µHµ�GK2l>r0Tw�3u<?8�P�G_0T;Km624L�3Jw�0T5T2U<BP:3J<I3�G_8&<?G

0.0 0.5 1.0 1.5 2.0

0
.0

0
.5

1
.0

1
.5

2
.0

New method

P
a

rz
e

n
’s

 m
e

th
o

d

��Æ

Hosted by The Berkeley Electronic Press



»E2lmH0T;K8�ÔY�\1-aT8£RN~SRg9TwlA6<?G-zT36GK8&P�AH5RGK2l>r0Tw43J<?8&PR^Z3�VHA$9T;K2l>}36;=V�zT2lw42436;_V$L�2l;K;_aTAHGK2lG-P:3J<?3

−2 −1 0 1 2

−
2

−
1

0
1

2

Edema

−2 −1 0 1 2

−
2

−
1

0
1

2

Age

−2 −1 0 1 2

−
2

−
1

0
1

2

log(albumin)

q
u

a
n

ti
le

s
 f

ro
m

 t
h

e
 s

ta
n

d
a

rd
 n

o
rm

a
l

−2 −1 0 1 2

−
2

−
1

0
1

2
log(bilirubin)

−2 −1 0 1 2

−
2

−
1

0
1

2

log(protime)

quantiles from observed z scores

Ã6µ

http://biostats.bepress.com/harvardbiostat/paper5


	text.pdf.1067265960.titlepage.pdf.nwQHS
	tmp.1067265960.pdf.35yWS

