
�

&RPSDULVRQ�RI�XOWUDVRQLF�HTXLSPHQWV�LQ�SLJ�SURGXFWLRQ$��7lQDYRWV��(��6RPHODU��2��6DYHOL��$��3}OGYHUH��7��.DDUW(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��,QVWLWXWH�RI�$QLPDO�6FLHQFH��.UHXW]ZDOGL����7DUWX��������(VWRQLD
$EVWUDFW*RDO� RI� WKH� UHVHDUFK� ZRUN� ZDV� WR� FRPSDUH� SLJ� PHDW� FKDUDFWHULVWLFV� WDNHQ� E\� XOWUDVRQLF�HTXLSPHQWV� 3LJORJ� ����� 8OWUD�)20� ���� DQG� $�6FDQ� 3OXV�� ��� SLJV� IURP� GLIIHUHQW� EUHHGV��FRPLQJ� IURP� �� GLIIHUHQW� IDUPV� LQ� (VWRQLD� ZHUH� WHVWHG�� %DFNIDW� WKLFNQHVV� DW� ODVW� ULE� ± [���GLDPHWHU�RI�ORLQ�H\H�± [���EDFNIDW�WKLFNQHVV�DW���WK ULE�± [� DQG OHDQ�PHDW�FRQWHQW�� \�RQ�OLYH�SLJV� DQG� FDUFDVVHV�ZHUH�PHDVXUHG�� 6LJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�$�6FDQ� 3OXV� DQG� RWKHU�HTXLSPHQWV�ZHUH�IRXQG� $V�UHVXOWV�RI�HTXLSPHQWV�RI�6).�7HKQRORJ\�DQG�$�6FDQ�3OXV�GLIIHU�LQ� ODUJH� VFDOH� LW� LV� LPSRUWDQW� WR� ILQG� RXW� UHDVRQV� ZKLFK� DIIHFW� WKH� UHVXOWV� RI� XOWUDVRQLF�VFDQQLQJ�� 2QH� RI� WKH� PDLQ� UHDVRQV�� ZKLFK� VKRXOG� EH� WDNHQ� XQGHU� REVHUYDWLRQ�� LV� KXPDQ�IDFWRU�,QWURGXFWLRQ8OWUDVRQLF�SUREHV�KDYH�EHHQ�XVHG�VLQFH������WR�PHDVXUH�EDFNIDW�GHSWK�RQ�SLJV�IRU�XVH�LQ� SLJ� LPSURYHPHQW� SURJUDP� LQ� (VWRQLD�� $W� SUHVHQW� WKHUH� DUH� ORW� RI� GLVFXVVLRQV� DERXW�REMHFWLYH� FRQFHUQLQJ� WKHVH� SUREHV�� 6LQFH� ERWK� HTXLSPHQWV� DUH� DXWKRUL]HG� DQG� SURGXFHG� E\�6).� 7HKQRORJ\�� 'HQPDUN�� LW� ZDV� QHFHVVDU\� WR� FRPSDUH� UHVXOWV� RI� WKHVH� HTXLSPHQWV� ZLWK�PHDVXUHPHQWV�IURP�RWKHU�XOWUDVRQLF�LQVWUXPHQW��0DWHULDO�DQG�0HWKRGV$OO� SLJV�ZHUH� NHSW� LQ� VLPLODU� FRQGLWLRQV� LQ�.HKWQD� 6ZLQH� 7HVWLQJ� 6WDWLRQ� LQ� ��������������SLJV�IURP�GLIIHUHQW�EUHHGV��FRPLQJ�IURP���GLIIHUHQW�IDUPV�LQ�(VWRQLD��ZHUH�UHDUHG�LQ�D� WHVW� VWDWLRQ� IURP� ��� WR� ���� NJ� EHIRUH� JRLQJ� WR� VODXJKWHU�� 3LJV� ZHUH� WHVWHG� RQ� IDUP� RQ�SUHYLRXV�GD\�RI�VODXJKWHULQJ�± ZHLJKW��PHDW�WUDLWV�ZLWK�3LJORJ�����DQG�$�6FDQ�3OXV��86$���2Q�VODXJKWHU�GD\�FDUFDVVHV�ZHUH�HYDOXDWHG�ZLWK�8OWUD�)20���� LQ�9DOJD�0HDW�DQG�&DQQLQJ�,QGXVWU\��%DFNIDW�WKLFNQHVV�DW�ODVW�ULE�± [���GLDPHWHU�RI�ORLQ�H\H�± [���EDFNIDW�WKLFNQHVV�DW���WKULE�± [���OHDQ�PHDW�FRQWHQW�� \�RQ�OLYH�SLJV�DQG�FDUFDVVHV�ZHUH�PHDVXUHG��)LJXUH�����

)LJXUH����3RLQWV�WR�PHDVXUH�EDFNIDW�



�

7KH�IROORZLQJ�PRGHO�ZDV�XVHG�WR�FDOFXODWH�OHDQ�PHDW�FRQWHQW��\ ����������[������[������[�
7KH� *HQHUDO� /LQHDU� 0RGHO� �*/0�� SURFHGXUH� �6$6� ,QVW�� ,QF��� ������ ZDV� XVHG� IRU�DQDO\VLQJ�WKH�GDWDVHW�E\�DQDO\VHV�RI�YDULDQFH��7KH�IROORZLQJ�VWDWLVWLFDO�PRGHO�ZDV�XVHG�

<LMN ��%L�)M�E:WLMN�HLMN�< �GHSHQGHQW�YDULDEOH��  JHQHUDO�PHDQ�%L  �HIIHFW�RI�ERDU��L ���������)M  �HIIHFW�RI�IDFWRU��)�  �
3LJORJ
������)�  �
8OWUD�)20
��)�  �
$�6FDQ�3OXV
��M� ���������:WLMN  �HIIHFW�RI�SLJ�ZHLJKW�DW�WHVWLQJ�E� �UHJUHVVLRQ�FRHIILFLHQW�HLMN  �UDQGRP�HUURU�7KH� UHVXOWV� DUH� JLYHQ� DV� OHDVW�VTXDUH� PHDQV� �3DUULQJ�� $�0�� HW� DO��� ������ /HYHO� RI�VLJQLILFDQFHV�H[SUHVVHG�FRQYHQWLRQDOO\�����3��������3��������3��������3������DQG�D��E��F�± OHDVW�VTXDUH��ZLWKLQ�HDFK�HIIHFW ZLWK�RQH�OHWWHU�LQ�FRPPRQ�GR�QRW�GLIIHU�VLJQLILFDQWO\��
5HVXOWV�DQG�'LVFXVVLRQ$FFRUGLQJ� WR� UHVXOWV� RI�$JULFXOWXUDO�5HJLVWHUV� DQG� ,QIRUPDWLRQ�&HQWUH�ZH� KDYH� QRW�PDGH� FRQVLGHUDEOH� SURJUHVV� LQ� UHGXFLQJ� EDFNIDW�� EXW� OHDQ� PHDW� FRQWHQW� LV� ZHOO� LQFUHDVHG��(HVWL�������������7R�FRPSDUH�EDFNIDW�UHVXOWV�RI�3LJORJ������8OWUD�)20�DQG�FDUFDVV�PHDVXUHPHQWV�ZH�FDQ
W� ILQG� DQ\� ELJ� GLIIHUHQFHV� �7DEOH� ���� %DFNIDW� PHDVXUHPHQWV� WDNHQ� IURP� FDUFDVV� ZHUH�EHWZHHQ� UHVXOWV� WDNHQ� E\� 8OWUD�)20� DQG� 3LJORJ�� 6R� ZLWK� WKHVH� HTXLSPHQWV� ZH� FDQ� TXLW�FRUUHFWO\� SUHGLFW� EDFNIDW� GHSWK�� %DFNIDW� PHDVXUHPHQWV� WDNHQ� ZLWK� $�6FDQ� 3OXV� VWD\�VLJQLILFDQWO\�EHORZ�WKH�UHVXOWV�RI�3LJORJ�DQG�8OWUD�)20��3��������'LDPHWHUV� RI� ORLQ� H\H� GLIIHU� VLJQLILFDQWO\� EHWZHHQ� DOO� WKUHH� HTXLSPHQWV�� /DUJHU�GLDPHWHU�RI�ORLQ H\H�ZDV�IRXQG�ZLWK�$�6FDQ�3OXV�DQG�ORZHU�ZLWK�3LJORJ�����������PP���$V�PXVFOH�FDQ�FKDQJH�LWV�GLDPHWHU�LQ�ODUJH�VFDOH��LW�LV�YHU\�GLIILFXOW�WR�JHW�UHOLDEOH�UHVXOWV�LQ�OLYH�SLJV�7DEOH��� 'LIIHUHQFHV�EHWZHHQ�PHDW�FKDUDFWHULVWLFV7HVWLQJ�SRLQWV 8OWUD�)20���� 3LJORJ���� $�6FDQ�3OXV 0HDQ�EDFNIDW�GHSWK�E\�UXOH[� �����D �����D �����E �����D[� �����D �����E �����F �[� �����D �����D �����F �����D< �����D �����D �����E �6LJQLILFDQWO\�KLJKHU�OHDQ�PHDW�FRQWHQW�VKRZHG�SUREH�$�6FDQ�3OXV��DV����ORZHU�UHVXOWV�ZHUH�IRXQG�ZLWK�8OWUD�)20�DQG�3LJORJ������7R�JHW�EHWWHU�RYHUYLHZ�DERXW�UHODWLRQVKLSV�EHWZHHQ�GLDPHWHU�RI� ORLQ�H\H�DQG�DUHD�RI�ORLQ� H\H�� UHVXOWV� RI� FRUUHODWLRQ� DQDO\VHV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� +LJKHU� FRUUHODWLRQ� ZHUH�IRXQG�EHWZHHQ�PHDVXUHPHQWV�RI�3LJORJ�����DQG�DUHD�RI�ORLQ�H\H����������7DEOH��� &RUUHODWLRQV�EHWZHHQ�ORLQ�H\H��PHDVXUHG�ZLWK�GLIIHUHQW�HTXLSPHQWV7UDLWV 8OWUD�)20���� 3LJORJ���� $�6FDQ�3OXV/RLQ�H\H�DUHD�E\�SODQLPHWHU ���� ����� ����$�6FDQ�3OXV� ���� �����3LJORJ���� ����



�

$V�UHVXOWV�RI�HTXLSPHQWV�RI�6).�7HKQRORJ\�DQG�$�6FDQ�3OXV�GLIIHU�LQ�ODUJH�VFDOH�LW�LV�LPSRUWDQW�WR�ILQG�RXW�UHDVRQV�ZKLFK�DIIHFW�WKH�UHVXOWV�RI�XOWUDVRQLF�VFDQQLQJ��2QH�RI�WKH�PDLQ�UHDVRQV��ZKLFK�VKRXOG�EH�WDNHQ�XQGHU�REVHUYDWLRQ��LV�KXPDQ�IDFWRU��
5HIHUHQFHV(HVWL�M}XGOXVNRQWUROOL�DDVWDUDDPDW��������5HVXOWV�RI�$QLPDO�5HFRUGLQJ�LQ�(VWRQLD�������������7}XDUHWXVLQVSHNWVLRRQ��-}XGOXVNRQWUROOL�NHVNXV��(OPDWDU�����SS�3DUULQJ�� $�0��� 9lKL�� 0��� .llULN�� (�� ������ 6WDWLVWLOLVH� DQGPHW||WOXVH� DOJ}SHWXV�� 7h�0DWHPDDWLOLVH�VWDWLVWLND�LQVWLWXXW��7h�.LUMDVWXV��SJ������������6$6��������6$6�8VHU¶V�JXLGH��6WDWLVWLFV��6$6�,QVW��,QF���*$5<��1&������SS�

KjZ\g_gb_�mevljZa\mdh\uo�baf_jbl_evguo�ZiiZjZlh\ \ k\bgh\h^kl\_:��LygZ\hlk��W��Khf_eZj��H��KZ\_eb��:��Iuev^\_j_��L��DZZjl
AZ^Zq_c� bkke_^h\Zl_evkdhc� jZ[hlu� [ueh� kjZ\gblv� ihdZaZl_eb� k\bggh]h� fykZ��ihemq_ggu_�k ihfhsvx�mevljZa\mdh\uo�ZiiZjZlh\�3LJORJ������8OWUD�)20�����b $�6FDQ�3OXV� ;ueb�ijhl_klbjh\Zgu� ��� k\bg_c� jZaguo�ihjh^�ba� �� ohayckl\�ih� \k_c�Wklhgbb��Baf_jyebkv�ke_^mmxsb_�ihdZaZl_eb��x lhesbgZ�ribdZ�m ihke_^g_]h�j_[jZ�� [��x ^bZf_lj�]eZadZ�furpu�� [��x lhesbgZ�ribdZ�m ���]h�j_[jZ�� [��x kh^_j`Zgb_�ihklgh]h fykZ�\ lmrZo�� \�AgZqbl_evgh_�hlebqb_�gZ[ex^Zehkv�f_`^m�ihdZaZl_eyfb�$�6FDQ�3OXV b ^jm]bo�baf_jbl_evguo� ijb[hjh\�� LZd� dZd� ihdZaZl_eb� baf_jbl_evguo� ijb[hjh\� hlebqZebkv�agZqbl_evgh�� lh� g_h[oh^bfh� gZclb� ijbqbgu�� \ebyxsb_� gZ� j_amevlZlu� baf_j_gbcmevljZa\mdhf��H^ghc�ba�hkgh\guo�ijbqbg��^hklhcghc�^Zevg_cr_]h�bamq_gby��y\ey_lky�q_eh\_q_kdbc�nZdlhj�


