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RQ�FRQFHSWXDOL]DWLRQV�RI�GLIIHUHQW�DHVWKHWLF�VW\OHV��&DQWHU���������%XLOGLQJ�RQ�ZKDW�ZH�FRXOG�ILQG�ZH�SRVLW�WKDW�D�NH\�LVVXH�IRU�VXFK�FRQFHSWXDOL]DWLRQ�LV�WKH�OHJLELOLW\�RI�WKH�GHVLJQ��1DVDU��������3HGHUVRQ���������/HJLELOLW\�RI�DHVWKHWLF�GHVLJQ�FDQ�EHDU�DW�OHDVW�WZR�YDOXHV��0RQRPRUSKLF�DQG�HFOHFWLF��$�GHVLJQ�WKDW�LV�PRQRPRUSKLF�LV�FOHDUO\�OHJLEOH�DQG�FDQ�EH�HDVLO\�ODEHOHG�DQG�LGHQWLILHG��0RQRPRUSKLF�GHVLJQV�FRQWDLQ�DHVWKHWLF�HOHPHQWV�WKDW�UHSUHVHQW�RQO\�RQH�FRQVLVWHQW�VW\OH��7KH�PRQRPRUSKLF�GHVLJQ�PD\�EH�³%DURTXH´��³PRGHUQ�´�³&KLQHVH�´�RU�³HIILFLHQW´��EXW�LQ�DOO�WKHVH�DQG�VLPLODU�FDVHV�LW�LV�FOHDUO\�LGHQWLILDEOH��,Q�FRQWUDVW��D�GHVLJQ�FDQ�EH�HFOHFWLF��LQ�ZKLFK�FDVH�LW�LV�QRW�FOHDUO\�LGHQWLILDEOH��7KH�HFOHFWLF�GHVLJQ�VW\OH�LV�D�VW\OH�WKDW�KDV�QR�RQH�FOHDU�GLUHFWLRQ DQG�FRQWDLQV D�EOHQG�RU�DPDOJDP�RI�VW\OHV��1DVDU����������)RU�H[DPSOH��WKH�FRIIHH�VKRS�IUHTXHQWHG�E\�WKH�$PHULFDQ�79�VKRZ�³6HLQIHOG´�FKDUDFWHUV��RU�DQ\�RWKHU�FRIIHH�VKRS�WKDW�FDQQRW�EH�VXFFLQFWO\�GHVFULEHG�E\�D�VLQJOH�GHVFULSWRU�LV�OLNHO\�WR�EHDU�DQ�HFOHFWLF�GHVLJQ��7KH�FDWHJRUL]DWLRQ�RI�PRQRPRUSKLF�YHUVXV�HFOHFWLF�FDQ�EH�DSSOLHG�WR�DQ\�DHVWKHWLF�GLPHQVLRQ��)RU�H[DPSOH��LI�ZH�IRFXV�RQ�WKH�GLVWLQFWLRQ�EHWZHHQ�DQ�ROG�YHUVXV�PRGHUQ�VW\OH��WKHQ�FOHDUO\�ROG�RU�FOHDUO\�PRGHUQ�VW\OHV�ZRXOG�EH�ODEHOHG�³PRQRPRUSKLF´��,Q�FRQWUDVW��D�VW\OH�FKDUDFWHUL]HG�E\�D�EOHQG�RI�ROG�VW\OH�HOHPHQWV�DQG�PRGHUQ�VW\OH�HOHPHQWV�ZRXOG�EH�ODEHOHG�³HFOHFWLF´�����2XU�FRQFHSWXDO�DQDO\VLV�RI�WKH�HPRWLRQDO�LPSDFW�RI�HFOHFWLF�GHVLJQV�VXJJHVWHG�WKDW�VXFK�GHVLJQV�ZRXOG�QRW�HYRNH�H[WUHPH�HPRWLRQV��HLWKHU�SRVLWLYH�RU�QHJDWLYH��DPRQJ�SDUWLFLSDQWV��7KLV�H[SHFWDWLRQ�GUDZV�IURP�WKH�IROORZLQJ�ORJLF��7KH�HFOHFWLF�VW\OH�DOORZV�IRU�D�ODUJHU�QXPEHU�DQG�PRUH�YDULHG�HOHPHQWV��6XFK�YDULHW\�LQFUHDVHV�WKH�SUREDELOLW\�WKDW�WKHUH�ZLOO�EH�HOHPHQWV�WKDW�DQ\�SDUWLFLSDQW�PD\�ILQG�DWWUDFWLYH��(FOHFWLF�GHVLJQV�FDQ�EH�H[SHFWHG�WR�SURYLGH�PRUH�VSDFH�IRU�LPDJLQDWLYH�IDQWDVLHV��(YHQ�LI�WKH�PDWFK�WR�RQH¶V�WDVWH�LV�QRW�H[DFW��DQ�HFOHFWLF�VW\OH�RIIHUV�VRPH�SUREDELOLW\�WKDW�FHUWDLQ�DVSHFWV�ZLOO�EH�DSSHDOLQJ��7KHUHIRUH��WKLV�VW\OH�FDQ�EH�H[SHFWHG�WR�HYRNH�OHVV�DQWDJRQLVP�DQG�OHVV�H[WUHPH�HPRWLRQV�LQ�SDUWLFLSDQWV���&RQVHTXHQWO\�WKLV�VW\OH�FDQ�EH�H[SHFWHG�WR�\LHOG�PLOGO\�SRVLWLYH�UHDFWLRQV�RI�SOHDVDQWQHVV�DPRQJ�PRVW�SHRSOH�,Q�FRQWUDVW��ZH�H[SHFW�WKH�PRQRPRUSKLF�GHVLJQ�WR�EH�PRUH�HPRWLRQDOO\�FRPPLWWLQJ��\LHOGLQJ�HLWKHU�KLJKO\�SRVLWLYH�RU�KLJKO\�QHJDWLYH�HPRWLRQV���6XFK�VW\OHV�DUH�FOHDUHU��DQG�OLNHO\�WR�FUHDWH�GLVWLQFW�DVVRFLDWLRQV�WKDW�FDQ�EH�H[SHFWHG�WR�SURYRNH�
� :H�DOVR�H[WHQG�7DNDKDVKL¶V��������DQDO\VLV��ZKLFK�ZDV�RI�DEVWUDFW�SLFWXUHV��WR�PRUH�FRPSOH[�EXW�DOVR�PRUH�IDPLOLDU�VWLPXOL��QDPHO\�SLFWXUHV�RI�UHDO�RUJDQL]DWLRQV��
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PRUH�DQWDJRQLVP�DV�ZHOO�DV�JUHDWHU�HQWKXVLDVP�DPRQJ�SDUWLFLSDQWV���+HQFH�RXU�VHFRQG�EURDG�K\SRWKHVLV�ZDV�DV�IROORZV�3����0RQRPRUSKLF�GHVLJQV��L�H���QRQ�HFOHFWLF�GHVLJQV��ZLOO�HYRNH�PRUH�H[WUHPH�HPRWLRQV�WKDQ�HFOHFWLF�GHVLJQV��(FOHFWLF�GHVLJQV�ZLOO�HYRNH�IHZHU�H[WUHPH�SRVLWLYH�RU�QHJDWLYH�HPRWLRQV�DQG�ZLOO�SURGXFH�PLOG�SRVLWLYH�UHDFWLRQV�DPRQJ�D�PDMRULW\�RI�SHRSOH��

(PSLULFDO�6WXG\�:H�H[DPLQHG�WKHVH�WZR�SURSRVLWLRQV�LQ�DQ�HPSLULFDO�VWXG\�WKDW�FRPELQHG�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD���,Q�D�SLORW�VWXG\�ZH�ILUVW�XVHG�H[SHUWLVH��RSLQLRQV�RI�DUFKLWHFWV�DQG�IUHTXHQW�FXVWRPHUV��WR�LGHQWLI\�WKH�VDOLHQW�GLPHQVLRQV�WKDW�VHSDUDWH�PRQRPRUSKLF�IURP�HFOHFWLF�GHVLJQV�LQ�UHVWDXUDQWV��:H�WKHQ�DSSOLHG�WKHVH�GLPHQVLRQV�LQ�DQ�LQGXFWLYH��TXDOLWDWLYH��VWXG\�RI�HPRWLRQDO�UHDFWLRQV�WR�DHVWKHWLF�GHVLJQ�RI�VLPLODUO\�SULFHG�UHVWDXUDQWV���7R�EURDGHQ�WKH�UHSUHVHQWDWLRQ�RI�WKH�GLPHQVLRQV�LGHQWLILHG�LQ�WKH�SLORW�VWXG\�ZH�H[SDQGHG�WKH�VHW�RI�VWLPXOL�WR�LQFOXGH�EDUV�DV�ZHOO���,Q�D�GHGXFWLYH��TXDQWLWDWLYH��VWXG\�ZH�DQDO\]HG�WKH�QDWXUH�RI�HPRWLRQV�HOLFLWHG�E\�GLIIHUHQW�W\SHV�RI�DHVWKHWLF�HQYLURQPHQWV�
0HWKRG3LORW�VWXG\��&ODVVLI\LQJ�DHVWKHWLFV2XU�ILUVW�JRDO�ZDV�WR�FRQVWUXFW�D�FRQFHSWXDO�VWUXFWXUH�WKDW�ZRXOG�DOORZ�XV�WR�GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�GHVLJQ�VW\OHV�RI�UHVWDXUDQWV��7RZDUG�WKLV�HQG�ZH�FROOHFWHG�SLFWXUHV�RI�D�YDULHW\�RI�VLPLODUO\�SULFHG�UHVWDXUDQWV��VHH�EHORZ���:H�VKRZHG�WKH�SLFWXUHV�WR����H[SHUWV��DUFKLWHFWV��LQWHULRU�GHVLJQHUV�DQG�SHRSOH�ZKR�UHJXODUO\�IUHTXHQW�UHVWDXUDQWV��DQG�DVNHG�WKHP�KRZ�WKH\�ZRXOG�FODVVLI\�WKH�SLFWXUHV��:H�DOVR�DVNHG�WKHVH�H[SHUWV�DERXW�UHOHYDQW�GLPHQVLRQV�IRU�GUDZLQJ�GLVWLQFWLRQV�EHWZHHQ�WKH�SK\VLFDO��DHVWKHWLF��DSSHDUDQFH�RI�GLIIHUHQW�UHVWDXUDQWV��7KHVH�LQWHUYLHZV�VXJJHVWHG�WZR�NH\�FDWHJRULHV RI�RXU�VWLPXOL��DQ�HWKQLF�GLPHQVLRQ�DQG�D�ZDUP�FROG�GLPHQVLRQ��7KH�ILUVW�GLPHQVLRQ�± HWKQLFLW\�± FRQWUDVWHG��IRU�H[DPSOH��)UHQFK�GHVLJQV�ZLWK�&KLQHVH�RU�0LGGOH�(DVWHUQ�VW\OHV��7KLV�GLPHQVLRQ�KDV�EHHQ�UHFRJQL]HG�LQ�SUHYLRXV�WKHRUHWLFDO�ZRUNV��IRU�H[DPSOH��%DUDEDQ�	�'XURFKHU���������7KH�VHFRQG�GLPHQVLRQ�± ZDUP�RU�FROG�� LV�OHVV�IDPLOLDU�LQ�WKHRUHWLFDO�OLWHUDWXUH��
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EXW�LV�IUHTXHQW�LQ�DUFKLWHFWV¶�GLVFRXUVH�DQG�WKH�PDMRULW\� ����RI�WKH�����RI�WKH�H[SHUWV�ZH�LQWHUYLHZHG�DJUHHG�WKDW�WKLV�LV�DQ�HVVHQWLDO�GLPHQVLRQ�IRU�GLVWLQJXLVKLQJ�DPRQJ�UHVWDXUDQWV���2QFH�WKHVH�GLPHQVLRQV�ZHUH�UHFRJQL]HG��RXU�FRQFHSWXDOL]DWLRQ�VXJJHVWV�WKDW�HDFK�RI�WKH�UHVWDXUDQWV�LQ�RXU�VDPSOH�FRXOG�EH�FDWHJRUL]HG�DV�HLWKHU�PRQRPRUSKLF�RU�HFOHFWLF�RQ�ERWK�RI�WKHVH�GLPHQVLRQV��+HQFH��D�UHVWDXUDQW�FDQ�WKHRUHWLFDOO\�EH�FODVVLILHG�DV�PRQRPRUSKLF��ZKHQ�FOHDUO\�FROG�RU�FOHDUO\�ZDUP���RU�DV�HFOHFWLF��ZKHQ�QHLWKHU�FOHDUO\�FROG�QRU�FOHDUO\�ZDUP���:H�WKHUHIRUH�DVNHG�RXU�µH[SHUWV¶�WR�FODVVLI\�WKH�SLFWXUHV�RQ�WKHVH�WZR�GLPHQVLRQV���([SHUWV�KDG�QR�SUREOHP�LQ�FODVVLI\LQJ�WKH�UHVWDXUDQWV�RQ�HLWKHU�GLPHQVLRQ��+RZHYHU��WKHVH�FODVVLILFDWLRQV�UHYHDOHG�WKDW�QRQH�RI�WKH�UHVWDXUDQWV�ZHUH�SHUFHLYHG�DV�FOHDUO\��PRQRPRUSKLFDOO\��FROG��7KLV�RFFXUUHG�DOWKRXJK�RXU�VXEMHFWV�ZHUH�WKH�RQHV�ZKR�RULJLQDOO\�VXJJHVWHG�WKH�ZDUP�FROG�GLPHQVLRQ�IRU�FODVVLI\LQJ�WKH�SLFWXUHV��,W�FRXOG�EH�WKDW�FROG�UHVWDXUDQWV�XVHG�WR�H[LVW�DQG�FRXOG�WKHRUHWLFDOO\�H[LVW��EXW�DUH�QR�ORQJHU�LQ�YRJXH�DQG�WKHUHIRUH�ZHUH�QRW�D�SDUW�RI�RXU�LQLWLDO�VHW�RI�VWLPXOL���7R�REWDLQ�FRPSOHWH�UHSUHVHQWDWLRQ�RI�WKH�ZDUP�FROG�GLPHQVLRQ�RI�GHVLJQ�ZH�VHDUFKHG�IRU�DGGLWLRQDO�IRRG�VHUYLFH�ORFDWLRQV�LQ�ZKLFK�WKH�FROG�ZDUP�GLPHQVLRQ�ZLOO�EH�PRUH�FRPSOHWHO\�UHSUHVHQWHG��:H�IRXQG�LW�LQ�EDUV��D�VLPLODU�VHUYLFH�LQGXVWU\���DQG�KHQFH�DGGHG�SLFWXUHV�RI����EDUV�WR�RXU�VHW�RI�SRWHQWLDO�VWLPXOL��7KH�H[SHUWV�ZHUH�WKHQ�FRQWDFWHG�DJDLQ�DQG�DVNHG�WR�FODVVLI\�WKH�FRPSOHWH�VHW�RI�SLFWXUHV�RI�UHVWDXUDQWV�DQG�EDUV��7KLV�WLPH�WKH�FODVVLILFDWLRQ�\LHOGHG�VL[�FDWHJRULHV�RI�SLFWXUHV��ZKLFK�UHSUHVHQWHG�ERWK�PRQRPRUSKLF�DQG�HFOHFWLF�GHVLJQV��DV�IROORZV�

0RQRPRUSKLFDOO\�GHVLJQHG�HVWDEOLVKPHQW
(FOHFWLFDOO\�GHVLJQHG�HVWDEOLVKPHQW

0RQRPRUSKLFDOO\�GHVLJQHG�HVWDEOLVKPHQW(WKQLF�'LPHQVLRQ 5HVWDXUDQW�ZLWK�PRVWO\�(XURSHDQ�HOHPHQWV
5HVWDXUDQW�ZLWK�ERWK�(XURSHDQ�DQG�0LGGOH�(DVWHUQ�HOHPHQWV

5HVWDXUDQW�ZLWK�PRVWO\�0LGGOH�(DVWHUQ�HOHPHQWV
:DUP�&ROG�GLPHQVLRQ %DU�ZLWK�PRVWO\�FROG�HOHPHQWV %DU�ZLWK�ERWK�FROG�DQG�ZDUP�HOHPHQWV %DU�ZLWK�PRVWO\�ZDUP�HOHPHQWV

� IRU�WKH�GLVFUHSDQF\�EHWZHHQ�WKH�WKHRUHWLFDO�ODQJXDJH�DQG�WKH�DUFKLWHFWV¶ SUDFWLFH��VHH�&DQWHU�����
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3LFWXUHV�RI�HTXDOO\�SULFHG�EDUV�UHSUHVHQWHG�WKH�ZDUP�FROG�GLPHQVLRQ��ZKLOH�SLFWXUHV�RI�HTXDOO\�SULFHG�UHVWDXUDQWV�UHSUHVHQWHG�WKH�HWKQLF�GLPHQVLRQ��$�VDWLVIDFWRU\�OHYHO�RI�DJUHHPHQW�ZDV�DSSDUHQW�DPRQJ�WKH�H[SHUWV�UHJDUGLQJ�WKH�FODVVLILFDWLRQ�RI�DOO�SLFWXUHV��([SHUWV�ZHUH�WKHQ�DVNHG�WR�VHOHFW�RQH�SLFWXUH�WKDW�ZRXOG�SURWRW\SLFDOO\�UHSUHVHQW�HDFK�RI�WKH�FDWHJRULHV��7KXV��WKH\�KDG�WR�FKRRVH�VL[�SLFWXUHV�WR�UHSUHVHQW�HDFK�RI�WKH�VL[�FDWHJRULHV�LQ�WKH�WDEOH���7KH�PRGDO�FKRLFHV�ZHUH WKH�VWLPXOL�XVHG�LQ�WKH�IROORZLQJ�VWXG\��
6WXG\��(PRWLRQDO�5HDFWLRQV�WR�$HVWKHWLF�&XHV6WLPXOL$V�QRWHG�DERYH��IURP�DQ�LQLWLDO�SRRO�RI����SKRWRJUDSKV�RI�UHVWDXUDQWV�DQG�EDUV�VL[�ZHUH�VHOHFWHG��7ZR�SKRWRJUDSKV�UHSUHVHQWHG�PRQRPRUSKLF�YDOXHV�RQ�WKH�HWKQLF�GLPHQVLRQ��2QH�UHSUHVHQWHG�D�(XURSHDQ�VW\OH�GHVLJQ��)LJXUH����DQG�RQH�D�0LGGOH�(DVWHUQ�VW\OH��)LJXUH�����$�WKLUG�SLFWXUH�UHSUHVHQWHG�DQ�(FOHFWLF��FRPELQHG�RU�LQGLVWLQFW��VW\OH��ZKLFK�LV�QHLWKHU�(XURSHDQ�QRU�0LGGOH�(DVWHUQ��DQG�PD\�FRQWDLQ�HOHPHQWV�RI�ERWK�VW\OHV��)LJXUH�����BBBBBBBBBBBBBBBBBBBBBB,QVHUW�)LJXUH�����DQG���KHUHBBBBBBBBBBBBBBBBBBBBBB,Q�DGGLWLRQ��WKUHH�SKRWRJUDSKV�ZHUH�FKRVHQ�WR�UHSUHVHQW�WKH�FROG�ZDUP�GLPHQVLRQ��2QH�UHSUHVHQWHG�WKH PRQRPRUSKLF�FROG�GHVLJQ��)LJXUH�����DQRWKHU�UHSUHVHQWHG�WKH�PRQRPRUSKLF�ZDUP�GHVLJQ��)LJXUH�����DQG�D�WKLUG�UHSUHVHQWHG�DQ�HFOHFWLF�GHVLJQ��ZKLFK�FRQWDLQV�ERWK�ZDUP�DQG�FROG�HOHPHQWV��)LJXUH�����7KXV�WKLV�VHW�RI�VWLPXOL�SURYLGHG�D�FRPSDULVRQ�RI�WZR�PRQRPRUSKLF�VW\OHV�GLPHQVLRQV��(WKQLFLW\�DQG�ZDUP�RU�FROG�� BBBBBBBBBBBBBBBBBBBBBB,QVHUW�)LJXUH������DQG���KHUHBBBBBBBBBBBBBBBBBBBBBB6XEMHFWV,VUDHOL�VXEMHFWV��Q ���������EXVLQHVV�VFKRRO�VWXGHQWV�DQG����QRQ�VWXGHQWV��RI�GLIIHUHQW�DJHV�SDUWLFLSDWHG�LQ�D�VWXG\�WKDW�ZDV�GHVFULEHG�WR�WKHP�DV�DQ�DWWHPSW�WR�H[SORUH�WKH�LQIOXHQFH�RI�GHVLJQ�RQ�HPRWLRQV��+DOI�WKH�VXEMHFWV�������ZHUH�PHQ��
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6WXGHQWV�SDUWLFLSDWHG�LQ�WKH�VWXG\�IRU�H[SHULPHQWDO�FUHGLW��QRQ�VWXGHQWV�SDUWLFLSDWHG�DV�D�JHVWXUH�RI�JRRG�ZLOO�WR�WKH�ILUVW�DXWKRU�

3URFHGXUH(DFK�VXEMHFW�ZDV�DVNHG�WR�ZULWH�DQ�LPDJLQDU\�VWRU\�UHJDUGLQJ�D�SODXVLEOH�YLVLW�WR�HDFK�RI�WKH�HVWDEOLVKPHQWV�LQ�WKH�SLFWXUHV���6XEMHFWV�KDG�QR�SUREOHP�ZLWK�WKLV�WDVN��7KUHH�H[DPSOHV�RI�VWRULHV�ZULWWHQ�E\�WKUHH�GLIIHUHQW�VXEMHFWV�DUH�LQFOXGHG�LQ�WKH�$SSHQGL[���7ZR�MXGJHV�WKHQ�FRGHG�DOO�WKH�VWRULHV�FROOHFWHG�ZLWK�UHJDUGV�WR�WKH�HPRWLRQV�WKDW�WKH\�HPERGLHG��7KLV�FRGLQJ�SURFHVV�SURYLGHG�GDWD�UHJDUGLQJ�WKH�HPRWLRQV�WKDW�HDFK�VWRU\�FRQWDLQHG��7KH�FRGLQJ�DOORZHG�IRU�TXDQWLWDWLYH�DQDO\VHV�WR�EROVWHU�WKH TXDOLWDWLYH�DQDO\VHV�RI�WKH�QDUUDWLYHV���-XGJHV�VSHFLILFDOO\�FRGHG�WKH�IROORZLQJ�DVSHFWV�RI�WKH�VWRULHV��WKH�FDWHJRU\�RI�HDFK�HPRWLRQ��WKH�GLUHFWLRQ�RI�HDFK�HPRWLRQ��DQG�WKH�LQWHQVLW\�RI�HDFK�HPRWLRQ�����&DWHJRU\�RI�HDFK�HPRWLRQ��(DFK�HPRWLRQ�ZDV�FRGHG�UHJDUGLQJ�WKH�VDOLHQW�FDWHJRU\�LW�UHSUHVHQWHG�IURP�WKH�WKUHH�FDWHJRULHV�LGHQWLILHG�E\�0HKUDELDQ�	�5XVVHOO���������$�SOHDVDQWQHVV�FRGH�ZDV�DVVLJQHG�ZKHQ�D�VWRU\�FRQWDLQHG�WHUPV�VXFK�DV�DSSUDLVDO��HQMR\PHQW�RU�XQSOHDVDQWQHVV��$Q�DURXVDO FRGH�ZDV�DVVLJQHG�ZKHQ VWRULHV�FRQWDLQHG�WHUPV�VXFK�DV�RYHUORDG��DFWLYLW\�RU�UHOD[DWLRQ��$�SRZHU FRGH�ZDV�DVVLJQHG�ZKHQ�VWRULHV�FRQWDLQHG�WHUPV�VXFK�DV�GRPLQDQFH��FRQWURO��VXEPLVVLRQ�RU�WKUHDW���7KH�FRGHV�ZHUH�QRW�PXWXDOO\�H[FOXVLYH��VR�WKDW�HDFK�VWRU\�FRXOG�EH�FRGHG�DV�FRQWDLQLQJ�DQ\�RU�DOO�RI�WKHVH�FDWHJRULHV��7KH�FRGLQJ�SURFHVV�ZDV�DV�IROORZV��-XGJHV�ILUVW�LGHQWLILHG�DOO�HPRWLRQDO�WHUPV�LQ�HDFK�VWRU\��DQG�WKHQ�FODVVLILHG�HDFK�WHUP�LQWR�RQH�RXW�RI�WKH�WKUHH�HPRWLRQDO�FDWHJRULHV���-XGJHV�ZHUH�LQVWUXFWHG�WR�FODVVLI\�HPRWLRQV�RQ WKH�EDVLV�RI�WKH�PRVW�VDOLHQW�IHDWXUH�RI�HDFK�HPRWLRQ��7KXV��WKLV�FODVVLILFDWLRQ�LGHQWLILHV�WKH�PRVW�VDOLHQW�GLPHQVLRQ�RI�HDFK�HPRWLRQ��DOWKRXJK�DFFRUGLQJ�WR�0HKUDELDQ�	�5XVVHOO¶V��������GLPHQVLRQDO�YLHZ�DOO�WKUHH�GLPHQVLRQV�FKDUDFWHUL]H�HDFK�DQG�DQ\�HPRWLRQ������7KH�GLUHFWLRQ�RI�HPRWLRQ��1H[W��MXGJHV�ZHUH�DVNHG�WR�GHWHUPLQH�WKH�GLUHFWLRQ�RI�HDFK�HPRWLRQ���)RU�H[DPSOH��DQ�HPRWLRQ�FRGHG�DV�µSOHDVDQWQHVV¶�FRXOG�EH�FRGHG�DV�QHJDWLYH���H�J���XJOLQHVV��RU�DV�SRVLWLYH��H�J���EHDXW\���6LPLODUO\��DQ�HPRWLRQ�FRGHG DV�DURXVDO�FRXOG�EH�FRGHG�DV�ORZ���H�J���ERUHGRP�RU�UHOD[DWLRQ��RU�DV�KLJK��H�J���H[FLWHPHQW����,Q�WKH�SRZHU�GLPHQVLRQ�ZHDNQHVV�LV�DQ�H[DPSOH�RI�ORZ�SRZHU�ZKHUHDV�
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FRQWURO�LV�DQ�H[DPSOH�RI�KLJK�SRZHU��7KH�GLUHFWLRQ�RI�WKH�HYRNHG�HPRWLRQV�ZDV�XVHG�ERWK�DV�LQSXW�IRU�D�TXDOLWDWLYH�DQDO\VLV��VHH�UHVXOWV�VHFWLRQ��DQG�DV�DQ�LQSXW�WR�WKH�QH[W�PHDVXUH����7KH�LQWHQVLW\�RI�HPRWLRQV��7ZR�LQGLFHV�RI�LQWHQVLW\�RI�HPRWLRQ�ZHUH�GHYHORSHG��)LUVW��ZH�DVVXPHG�WKDW�GHVLJQV�WKDW�HYRNH�H[WUHPH�HPRWLRQV�DUH�OLNHO\�WR�\LHOG�GLVDJUHHPHQWV�DPRQJ�WKH�YLHZHUV�RI�WKH�SKRWRJUDSKV��7KDW�LV��ZH�DVVXPHG�WKDW�FOHDU��PRQRPRUSKLF��VW\OHV�HYRNH�H[WUHPH�HPRWLRQV��EXW�WKDW�WKH\�ZLOO�EH�H[WUHPH�LQ�RQH�GLUHFWLRQ�IRU�VRPH�VXEMHFWV�DQG�LQ�WKH�RWKHU�GLUHFWLRQ�IRU�RWKHUV���7KXV��LQWHQVLW\�RI�HPRWLRQ�ZDV�DVVHVVHG�E\�WKH�GLVWULEXWLRQ�RI�WKH�GLUHFWLRQ�RI�HPRWLRQV�EHWZHHQ�VXEMHFWV���:KHQ�UHVSRQVHV�ZHUH�PRUH�RU�OHVV�HYHQO\�VSOLW�EHWZHHQ�ORZ�DQG�KLJK�YDOXHV�ZH�DVVXPHG�WKH\�ZHUH�H[WUHPH��:KHQ�UHVSRQVHV�ZHUH�FOXVWHUHG�LQ�RQH�ORFDWLRQ��ZH�DVVXPHG�WKH\�ZHUH�QRW H[WUHPH���6HFRQG��ZH�DVNHG�MXGJHV�GLUHFWO\�WR�FRGH�WKH�LQWHQVLW\�RI�HPRWLRQV�LQ�D�VWRU\���-XGJHV�ZHUH�VSHFLILFDOO\�DVNHG�WR�LGHQWLI\�ERWK�QDUUDWLYHV�WKDW�UHYHDOHG�VWURQJ�HPRWLRQV�RI�WKH�ZULWHU�DQG�QDUUDWLYHV�WKDW�HYRNHG�VWURQJ�HPRWLRQV�LQ�WKH�UHDGHU��7KHVH�WZR�LQGLFDWRUV�RI�LQWHQVLW\�ZHUH�XVHG�WR�WHVW�RXU�VHFRQG�SURSRVLWLRQ��5HOLDELOLW\�RI�MXGJHV¶�FRGLQJ�ZDV�YHULILHG��WKRXJK�PLQRU�GLVFUHSDQFLHV�EHWZHHQ�WKH�MXGJHV�ZHUH�H[FOXGHG�IURP�DOO�DQDO\VHV��

5HVXOWV7DEOH�� SUHVHQWV�WKH�IUHTXHQF\�RI�VWRULHV�WKDW�FRQWDLQHG�DW�OHDVW�RQH�HPRWLRQDO�WHUP�LQ�HDFK�RI�WKH�WKUHH�GLPHQVLRQV���$V�HYLGHQW�LQ�7DEOH����DOO�WKUHH�HPRWLRQDO�GLPHQVLRQV�ZHUH�IRXQG�LQ�WKH�QDUUDWLYHV��7KH�GLPHQVLRQ�RI�SOHDVDQWQHVV�LV�WKH�PRVW�SURPLQHQW�GLPHQVLRQ��EXW�ERWK�WKH�DURXVDO�GLPHQVLRQ�DQG�WKH�SRZHU�GLPHQVLRQ�DUH�DOVR�HYLGHQW��7KHVH�ILQGLQJV�DUH�FRQVLVWHQW�ZLWK�RXU�ILUVW�K\SRWKHVLV��FRQILUPLQJ�WKDW�VXEMHFWV¶�UHDFWLRQV�WR�DHVWKHWLF�VWLPXOL�FDQ�EH�PDSSHG�XVLQJ�5XVVHOO¶V�HPRWLRQDO�PDS�BBBBBBBBBBBBBBBBBBBBB,QVHUW�7DEOH���$ERXW�+HUHBBBBBBBBBBBBBBBBBBBBB7DEOH���VXPPDUL]HV�WKH�GLUHFWLRQ�DQG�LQWHQVLW\�RI�WKH�HPRWLRQV�FDWHJRUL]HG�LQ�7DEOH�����$V�VKRZQ�LQ�7DEOH����DQG�DV�H[SHFWHG�LQ�RXU�VHFRQG�SURSRVLWLRQ��PRQRPRUSKLF�VW\OHV��(XURSHDQ�DQG�0LGGOH�(DVWHUQ��FROG�RU�ZDUP��\LHOGHG�DQ�HYHQ�VSOLW�LQ�WKH�SOHDVDQWQHVV�GLPHQVLRQ���7KDW�LV��ZKHUHDV�HFOHFWLF�GHVLJQV�ODUJHO\�HYRNHG�SOHDVDQW�HPRWLRQV��PRQRPRUSKLF�GHVLJQ�VW\OHV�HYRNHG�HPRWLRQV�WKDW�ZHUH��PRUH�RU�



��
OHVV��HTXDOO\�GLYLGHG�EHWZHHQ�KLJK�DQG�ORZ�SOHDVDQWQHVV��KDOI�H[SUHVVHG�GLVOLNH�DQG�KDOI�HQMR\PHQW�ZKLOH�RQO\�DERXW�����GLG�QRW�H[SUHVV�FOHDU�HPRWLRQV�RI�SOHDVDQWQHVV���
(FOHFWLF�GHVLJQV��0RGHUDWH�\HW�SOHDVDQW�H[SHULHQFHV7KH�QDUUDWLYHV��VWRULHV��JHQHUDWHG�E\�VXEMHFWV�LQ�UHDFWLRQ�WR�WKH�HFOHFWLF�GHVLJQV�IXUWKHU�FRQILUPHG�WKDW�WKH�H[SHULHQFH�RI�YLVLWLQJ�VXFK�ORFDWLRQV�LV�W\SLFDOO\�DVVRFLDWHG�ZLWK�SOHDVDQW�\HW�PRGHUDWH��QRW�H[WUHPH��HPRWLRQV��7KLV�VHQWLPHQW�ZDV�HYLGHQW�LQ�QDUUDWLYHV�VXFK�DV��³7KLV�LV�D�YHU\�UHJXODU�SODFH��WKHUH�LV�QRWKLQJ�VSHFLDO�DERXW�LW�´�7KH�PRGHUDWH �QRQ�H[WUHPH��HPRWLRQV�JHQHUDWHG�E\�WKHVH�ORFDWLRQV�ZHUH�UHIOHFWHG�LQ�WH[WV�VXFK�DV��³,�GLGQ¶W�IHHO�DQ\WKLQJ�VSHFLDO��LW�ZDV�2.��QRW�PRUH��QRW�OHVV�´�³7KHUH�LV�QRWKLQJ�VSHFLDO�DERXW�WKH�EDU��LW¶V�QLFH��EXW�VLPLODU�WR�RWKHU�EDUV�´�%HKDYLRUV� DQG� UHODWLRQVKLSV� HPEHGGHG� LQ� VWRULHV� DVVRFLDWHG�ZLWK� WKH� HFOHFWLF� GHVLJQ�UHYHDOHG�D�VLPLODU�SDWWHUQ��7KH\�FRPSULVHG�UHIHUHQFHV�WR�µDYHUDJH¶��µQRWKLQJ�VSHFLDO¶��UHODWLRQVKLSV��)RU�H[DPSOH��³,�ZRXOG�FRPH�WR�WKLV�SODFH�ZLWK�SHRSOH��ZKR�DUH�QRW�YHU\�FORVH�WR�PH�EXW�DOVR�QRW�VWUDQJHUV�´�7RSLFV�RI�FRQYHUVDWLRQ��RU�VHUYLFH�UHFHLYHG�LQ�VXFK��HFOHFWLF��HVWDEOLVKPHQWV�ZHUH�DOVR�PRUH�PXQGDQH��7R�LOOXVWUDWH�³:H� WDONHG�DERXW�GDLO\�DIIDLUV��JRVVLS��SROLWLFV��SUREOHPV�DW�ZRUN�DQG�JHQHUDO�WKLQJV��1RWKLQJ�VSHFLDO�´�)LQDOO\�� WKH�TXDOLW\�RI�VHUYLFH�UHFHLYHG�VHHPHG�WR�EH�PRGHUDWH��QRW�H[FHOOHQW�EXW�QRW�DZIXO�HLWKHU�³7KH�ZDLWUHVV�ZDV�QLFH��EXW�VKH�PDGH�D�ORW�RI�PLVWDNHV�´³7KH�VHUYLFH�ZDVQ¶W�������EXW� WKH�DWPRVSKHUH�GLGQ¶W� OHDYH�XV�HQRXJK� WLPH� WR�FRQVLGHU�WKH�IRRG´�´6HUYLFH� ZDV� D� OLWWOH� ELW� VORZ�� EXW� QR� RQH� ZDV� DQJU\� ZKHQ� IRRG� DUULYHG� ���PLQXWHV�ODWH�´�$�SURPLQHQW�HOHPHQW�RI�QDUUDWLYHV�JHQHUDWHG�E\�WKH�HFOHFWLF�GHVLJQV�ZDV�WKH�IUHTXHQW�UHIHUHQFH�WR�EOLQG�GDWHV���7KLV�LV�LQVLJKWIXO�EHFDXVH�LW�PD\�KHOS�XQUDYHO�WKH�XQLTXH�PHULW�RI�HFOHFWLF�GHVLJQV��6RPH�VXEMHFWV�QRWHG�WKDW�VXFK�SODFHV�ZRXOG EH�DSSURSULDWH�
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IRU�EOLQG�GDWHV�EHFDXVH�WKH\�HQDEOH�WKHP�³WR�LPSUHVV�ZRPHQ´��2WKHUV�QRWHG�WKDW�WKH�HFOHFWLF�SODFHV�FRXOG�SOHDVH�PDQ\��GLIIHUHQW��SHRSOH�DQG�DUH�WKHUHIRUH�DSSURSULDWH�IRU�EOLQG�GDWHV��)RU�H[DPSOH��³,W¶V�D�PL[WXUH�RI�PDQ\�VW\OHV��DQG�WKHUHIRUH��LW�VXLWV�HYHU\ERG\´��&RQVLVWHQWO\��UHVSRQGHQWV�LQGLFDWHG�WKDW�WKH\�ZHUH�QRW�OLNHO\�WR�EH�UHJXODU�FXVWRPHUV�RI�WKH�HFOHFWLF�LQVWLWXWLRQ��$QG�PRVW�VXEMHFWV�VXJJHVWHG�WKDW�WKH�HFOHFWLF�LQVWLWXWLRQV�SURYLGH�DQRQ\PLW\��2QH�VXEMHFW�H[SOLFLWO\�QRWHG�³7KHUH LV�QR�UHJXODU�FOLHQWHOH�LQ�WKLV�SODFH��RQO\ SDVVHUV�E\´���7KH�JUHDWHU�DQRQ\PLW\�RI�HFOHFWLF�GHVLJQV�PD\�UHGXFH�WKH�IDFH�FRVW�LQ�FDVH�RI�D�IDLOXUH�RI�D�EOLQG�GDWH��ZKLFK��DV�ZH�GLVFXVV�ODWHU��PD\�EH�ZK\�HFOHFWLF�VW\OHV�DUH�MXGJHG�PRUH�VXLWDEOH�IRU�EOLQG�GDWHV�
0RQRPRUSKLF�GHVLJQV��([WUHPH�H[SHULHQFHV,Q�FRQWUDVW�WR�WKH�HFOHFWLF�VW\OHV��QDUUDWLYHV�HYRNHG�E\�WKH�PRQRPRUSKLF�GHVLJQV�FRQWDLQHG�XQXVXDO�HYHQWV�DQG�H[WUHPH�HPRWLRQV��7KHVH�HIIHFWV�ZHUH�HYLGHQW�LQ�DOO�PRQRPRUSKLF�VWLPXOL��,Q�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DQDO\VHV��WKH�PRQRPRUSKLF�GHVLJQV�HYRNHG�VWURQJ�SRVLWLYH�UHDFWLRQV�DPRQJ�VRPH�UHVSRQGHQWV�DQG�VWURQJ�QHJDWLYH�UHDFWLRQV�DPRQJ�RWKHUV���,PSRUWDQWO\��HDFK�GHVLJQ�HOLFLWHG�D�GLIIHUHQW�VHW�RI�DVVRFLDWLRQV��EXW�DOO�DVVRFLDWLRQV�ZHUH�H[WUHPH��2XU�DQDO\VHV�IXUWKHU�UHYHDOHG�WKDW�VXEMHFWV�PDGH�VLPLODU�DVVRFLDWLRQV�WR�WKH�UHVWDXUDQWV�FODVVLILHG�DV�PRQRUSKLF�(XURSHDQ�DQG�WKRVH�EDUV�FODVVLILHG�DV�PRQRPRUSKLF�FROG��ERWK�SODFHV�ZHUH�QRWHG�DV�³FLYLOL]HG�SODFHV�´�6LPLODU�DVVRFLDWLRQV�ZHUH�DOVR�PDGH�WR�SODFHV�FODVVLILHG�DV�ZDUP�DQG�WKRVH�FODVVLILHG�DV�0LGGOH�(DVWHUQ��ERWK�RI�WKHVH�ZHUH�QRWHG�LQ�VWRULHV�DV�UHSUHVHQWLQJ�µSULPDO�LQVWLQFWV¶��%HORZ�ZH�WKHUHIRUH�ILUVW�GHVFULEH�VXEMHFWV¶�UHDFWLRQV�WR�WKH�FROG�DQG�(XURSHDQ�GHVLJQV�DQG�WKHQ�GHVFULEH�VXEMHFWV¶�UHDFWLRQV�WR�ZDUP�DQG�0LGGOH�(DVWHUQ�GHVLJQV��

0RQRPRUSKLF�FROG�DQG�(XURSHDQ�GHVLJQV��'LVWDQW�DQG�FRRO�HPRWLRQV1DUUDWLYHV� FRQFHUQLQJ� FROG� DQG� (XURSHDQ� GHVLJQ� VW\OHV� HYRNHG� GLVWDQW� DQG�H[WUHPH�HPRWLRQV��$V�VXPPDUL]HG�E\�RQH�VXEMHFW�³>$V�,�ZDONHG�LQ@�D�IHHOLQJ�RI�FKLOOLQHVV�HQJXOIHG�PH�´�
� 7KLV�PD\�EH�DUJXHG�WR�EH�GXH�WR�WKH�\RXQJ�DJHV�RI�DSSUR[LPDWHO\�KDOI�RXU�VXEMHFWV��KRZHYHU�ZH�GLG�QRW�ILQG�D�UHODWLRQVKLS�EHWZHHQ�WKH�DJH�RI�VXEMHFWV�DQG�WKH�PHQWLRQ�RI�EOLQG�GDWHV�
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$WWULEXWLRQV�RI�³FRUUHFWQHVV�DQG�FRROQHVV´�SUHYDLOHG�LQ�WKHVH�VWRULHV��6XFK�DWWULEXWLRQV�ZHUH�HYLGHQW�ERWK�ZLWK�UHVSHFW�WR�VHUYLFH�UHSUHVHQWDWLYHV�DQG�ZLWK�UHVSHFW�WR�FOLHQWV��)RU�H[DPSOH��³2XU�EHKDYLRU�LQ�WKH�EDU�ZDV�UHVWUDLQHG��WKH�RWKHU�FOLHQWV�ORRNHG�VRSKLVWLFDWHG�´³7KH�ZDLWUHVV¶V�PDQQHU ZDV�YHU\�FRUUHFW�´6XEMHFWV�DOVR�LGHQWLILHG�WKH�FROG�GHVLJQ�DV�EHLQJ�VRSKLVWLFDWHG��FLYLOL]HG�DQG�VQREE\���7KHVH�VHQWLPHQWV�ZHUH�RIWHQ�WUDQVODWHG�LQWR�SODFHV�EHLQJ�QRWHG�DV�IDVKLRQDEOH�DQG�SRSXODU�DPRQJ�µXS�DQG�FRPLQJ¶�FURZGV��7HUPV�VXFK�DV�µLQ¶�DQG�µ\XSSLHV¶�ZHUH�SRSXODU�LQ�WKHVH�QDUUDWLYHV��$QG��DV�PD\�EH�H[SHFWHG�LQ�SUHVXPDEO\�µVRSKLVWLFDWHG¶�SODFHV��FRQYHUVDWLRQV�IRFXVHG�RQ�ZHLJKW\�DIIDLUV�UDWKHU�WKDQ�GDLO\�DIIDLUV��)RU�H[DPSOH�³:H�WDONHG�DERXW�SKLORVRSK\�´�³:H�KDG�D�GHHS�FRQYHUVDWLRQ�DERXW�OLIH DQG�LWV�PHDQLQJ�´�³:H�WDONHG�DERXW�PHUJHUV�RI�FRPSDQLHV�´�&RQVLVWHQW�ZLWK�WKH�SUHVWLJH�DVVRFLDWLRQ��WKH�FROG�DQG�(XURSHDQ�GHVLJQ�VHHPHG�WR�EH�DVVRFLDWHG�ZLWK�JUHDWHU�H[SHQVHV��7KLV�LV�SDUWLFXODUO\�LQWHUHVWLQJ�VLQFH�DOO�SLFWXUHV�ZHUH�LQWHQWLRQDOO\�VHOHFWHG�WR�UHSUHVHQW�ORFDWLRQV�WKDW�DUH�HTXDOO\�SULFHG��6WDWXV�V\PEROV�VXFK�DV�IDQF\�RU�GHOLFDWH�FKLQD�DQG�IXUQLVKLQJV�ZHUH�RIWHQ�PHQWLRQHG��)XVVHO���������7KHVH�V\PEROV�ZHUH�VRPHWLPHV�WUDQVODWHG�LQWR�IHHOLQJ�RI�LQWLPLGDWLRQ�DQG�FRQFHUQ�ERWK�RI�WKH�DFWRU�DQG�RI�RWKHU�FXVWRPHUV�³>,�ZDV�ZRUULHG�@�:RXOG�,�EHKDYH�SURSHUO\�DV�H[SHFWHG�IURP�PH"´�³(YHU\ERG\�ZDV�EXV\�VKRZLQJ�WKH\�EHORQJHG�WR�WKH�SODFH��,�ZDVQ¶W�VXUH´�³,�DUULYHG�ZLWK�D�IHZ�DUFKLWHFW�IULHQGV��ZKR�ZHUH�GUHVVHG�SURSHUO\�DQG�,�ZDVQ¶W���,�GLGQ¶W�ILW�LQ�´�³,�ZDV�LPSUHVVHG�E\�WKH�IULHQGO\�DWWLWXGH�RI�WKH�ZDLWUHVV�WRZDUGV�WKH�UHJXODUFOLHQWV��%XW�WRZDUGV�VWUDQJHUV�OLNH�PH��KHU�DWWLWXGH�ZDV�MXVW�SROLWH�´�6XEMHFWV�ZKR�UHSRUWHG�D�VHQVH�RI�EHORQJLQJ�WR�VXFK�SODFHV�UHSRUWHG�D�VHQWLPHQW�RI�SOHDVXUH�LQ�WKH�FROG�DQG�KLJK�VWDWXV�SODFH��7R�LOOXVWUDWH�³,�IHOW�OLNH�D�SULQFHVV�LQ�D�SDODFH��,�ZDV�GUHVVHG�SURSHUO\��DQG�,�RUGHUHG�WKH�EHVW�GLVK�DV�WKH�ZDLWHU�UHFRPPHQGHG�´�
� 7KLV�DVVRFLDWLRQ�EHWZHHQ�µ(XURSHDQ¶�DQG�SUHVWLJH�PD\�UHSUHVHQW�YDOXHV�LQ�WKH�,VUDHOL�FRQWH[W�ZKHUH�DQ\WKLQJ�(XURSHDQ�LV�FRQVLGHUHG�PRUH�SUHVWLJLRXV�WKDQ�DQ\WKLQJ�0LGGOH�(DVWHUQ��DQG�-HZV�RI�(XURSHDQ��$VKNHQD]\��RULJLQ�DUH�RIWHQ�FRQVLGHUHG�VQREE\�DV�FRPSDUHG�WR�-HZV�RI�0LGGOH�(DVWHUQ��6HSKDUDGLF��RULJLQ��(LVHQVWDGW��/LVVDN��DQG�1DKXQ���������7KHVH�YDOXHV�KDYH�EHHQ�VKDUSO\�FULWLFL]HG��EXW�PD\�VWLOO�SUHYDLO��
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³,�IHOW�,�ZDV�IORDWLQJ�LQ�D�ZRQGHUIXO�GUHDP��FXW�RII�IURP�UHDOLW\«IRRG�ZDV�PDJQLILFHQW���´�

0RQRPRUSKLF�ZDUP�RU�0LGGOH�(DVWHUQ�GHVLJQV��6HQVXDO�DQG�LPSXOVLYH$V�RSSRVHG�WR�WKH�³KLJK�EURZ´�DWPRVSKHUH�DW�FROG�DQG�(XURSHDQ�ORFDWLRQV��WKH�ZDUP�DQG�0LGGOH�(DVWHUQ�ORFDWLRQV�HOLFLWHG�SDVVLRQDWH�DQG�VH[XDO�DWWULEXWLRQV��7KLV�ZDV�HYLGHQW�LQ�GHVFULSWLRQV�RI�FOLHQWV��HPSOR\HHV��DQG�WRSLFV�RI�FRQYHUVDWLRQ��6XEMHFWV�QRWHG�WKDW�WKH�³ZDUP´�EDU�ZDV�PRUH�DSSURSULDWH�IRU�PHQ�RU�WKDW�IHZ�ZRPHQ�ZRXOG�IHHO�FRPIRUWDEOH�WKHUH��7KLV�DWWULEXWLRQ�RI�PDVFXOLQLW\�ZDV�WLJKWO\�DVVRFLDWHG�ZLWK�VH[XDOLW\�³,W¶V�D�SODFH�RI�SDVVLRQ�DQG�LPSXOVHV�>VH[XDO�H[FLWHPHQW�DQG�GHVLUH@�´�³,W�ZDV�D�KDOO RI�VH[«ZDLWUHVVHV�GUHVVHG�SURYRFDWLYHO\�´�³7KH�VPHOO��WKH�DWPRVSKHUH��HYHU\WKLQJ�FDOOHG�IRU�VH[�´�³$IWHU�D�IHZ�PLQXWHV��D�ZRPDQ�VDW�QHDU�PH��,�LPPHGLDWHO\�XQGHUVWRRG�KHU�LQWHQWLRQV�´�$WWULEXWLQJ�PDVFXOLQLW\�WR�WKH�EDU�ZDV�DW�WLPHV�IHOW�DV�WKUHDWHQLQJ��HVSHFLDOO\�WR�IHPDOH�VXEMHFWV��$W�WKH�VDPH�WLPH��LW�ZDV�UHSRUWHG�DV�IUHH�DQG�OLEHUDWLQJ�³7KH�DWPRVSKHUH�KHUH�LV�PRUH�OLEHUDWHG�´�³7KH�EDU� LV�GHVLJQHG� LQ�VXFK�D�ZD\� WKDW� LW�JLYHV�D� IHHOLQJ�RI�IUHHGRP��ZKLFK�LV�LPSRUWDQW�WR�PRVW�PHQ�´�,Q�WKH�FDVH�RI�WKH�0LGGOH�(DVWHUQ�GHVLJQ��WKH�IHHOLQJ�RI�IUHHGRP�ZDV�RQH�RI�³VRFLDO�IUHHGRP´�UHJDUGLQJ�ZKR�FRXOG�IUHTXHQW�WKH�SODFH�DQG�KRZ�WKH\�FRXOG�EHKDYH��1DUUDWLYHV�VXJJHVWHG�D�ODFN�RI�WLJKWO\�LPSRVHG QRUPV�WR�EH�FRPSOLHG�ZLWK��)RU�H[DPSOH��³:H�VDW�WRJHWKHU��ODXJKHG�DQG�VSRNH�IUHHO\��EHFDXVH�WKH�SODFH�ZDV�VR�GLVRUGHUHG��WKDW�ZH�FRXOG�IHHO�FRPIRUWDEOH´�³,Q�WKLV�UHVWDXUDQW�\RX�FDQ�ZHDU�DQ\�FORWKHV�\RX�ZDQW´6XFK�IHHOLQJ�RI�IUHHGRP�ZHUH�DFFRPSDQLHG ZLWK�KLJK�GHJUHH�RI�VHQVXDO�DURXVDO�LQYROYLQJ�PXOWLSOH�VHQVHV�³7KH�UHVWDXUDQW�ZDV�QRLV\��LW�ZDV�KRW�DQG�WKH�IOLHV�FDPH�RQWR�P\�SODWH�´�³7KHUH�ZDV�DQ�DFULG�VPHOO�RI�ILVK�LQ�WKH�DLU�´�³7DEOHV�ZHUH�VWLFN\«´�³7KH�IORRU�ZDV�GLUW\«´�
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7KHVH�KLJK�GHJUHHV�RI�DURXVDO�ZHUH�DOVR�HYLGHQW�LQ�WKH�TXDQWLWDWLYH�DQDO\VHV��DV�FDQ�EH�VHHQ�LQ�7DEOH����,Q�VXP��ERWK�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVXOWV�FRQILUP��DV�ZH�SUHGLFWHG��3���WKDW�PRQRPRUSKLF�GHVLJQV��QRQ�HFOHFWLF��HYRNH�H[WUHPH�HPRWLRQV�WKDW�PD\�EH�HLWKHU�SRVLWLYH�RU�QHJDWLYH��,Q�FRQWUDVW��HFOHFWLF�GHVLJQ�VW\OHV�DUH�SUHIHUUHG�E\�PRUH�VXEMHFWV��EXW�GR�QRW�HYRNH�GLVWLQFW�IHHOLQJV�� 'LVFXVVLRQ7KLV�HIIRUW�LV�SDUW�RI�D�VWUHDP�RI�UHVHDUFK�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�HQYLURQPHQWDO�FXHV�DQG�WKH�HPRWLRQV�H[SHULHQFHG�E\�RUJDQL]DWLRQDO�PHPEHUV��KWWS���LHZ��WHFKQLRQ�DF�LO������aDQDWU�PDLQ�KWPO���'UDZLQJ�RQ�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�ZH�LOOXVWUDWHG�D�OLQN�EHWZHHQ�WKH�DSSHDUDQFH�RI�RUJDQL]DWLRQV�DQG�WKH�HPRWLRQV�IHOW�E\�SRWHQWLDO�SDUWLFLSDQWV��2XU�UHVXOWV�SHUWDLQ�WR�LPDJLQDU\�UDWKHU�WKDQ�DFWXDO�H[SHULHQFHV��EXW�WKH\�GR�FRQILUP�RXU��DOEHLW�EURDG��SURSRVLWLRQV��)LUVW��WKH�UHVXOWV�VKRZ�FOHDU�HYLGHQFH�IRU�DOO�WKUHH�HPRWLRQDO�GLPHQVLRQV�RI�HPRWLRQ�LQ�VWRULHV�HYRNHG�E\�DHVWKHWLF��6HFRQG��WKH�UHVXOWV�GRFXPHQW�WKDW�DIIHFWLYH�UHDFWLRQV�FDQ��WR�VRPH�H[WHQW��EH�SUHGLFWHG�ZLWK�D�V\VWHPDWLF�DQDO\VLV�RI�WKH�DHVWKHWLFV�RI�HQYLURQPHQWDO�FXHV��2XU�DQDO\VHV�FRQWULEXWH�WR�WKHRUHWLFDO�XQGHUVWDQGLQJ�RI�ERWKDHVWKHWLFV�DQG�HPRWLRQV�LQ�RUJDQL]DWLRQV�LQ�PXOWLSOH�ZD\V��7KH\�KHOS�H[SODLQ�SUHYLRXVO\�XQDFFRXQWHG�SUHIHUHQFHV�IRU�HFOHFWLF�RYHU�PRQRPRUSKLF�GHVLJQV��WKH\�UHYHDO�WKH�LPSRUWDQFH�RI�FRQVLGHULQJ�SRZHU�LQ�DQDO\VHV�RI�HPRWLRQ��DQG�WKH\�KHOS�SRVLWLRQ�WZR�GRPLQDQW�VRFLDO�VFLHQFH�IUDPHZRUNV�DV�SHUWLQHQW�WR�WKH�VWXG\�RI�DHVWKHWLFV�DQG�GHVLJQV��:H�GLVFXVV�HDFK�RI�WKHVH�LPSOLFDWLRQV�VHSDUDWHO\��3HRSOH�SUHIHU�HFOHFWLF�RYHU�PRQRPRUSKLF�GHVLJQV2XU�FRQFHSWXDO�DQDO\VLV�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�GHVLJQV�H[WHQGV�3HGHUVRQ¶V��������FRQWHQWLRQ�WKDW�VXEMHFWV�SUHIHU�HFOHFWLF�GHVLJQV�E\�RIIHULQJ�DQ��DOEHLW�WHQWDWLYH��H[SODQDWLRQ�IRU�VXFK�SUHIHUHQFHV��7KH�HFOHFWLF�GHVLJQ�FRPSULVHV�D�FRPELQDWLRQ�RI�PXOWLSOH�DQG�YDULHG�HOHPHQWV��6XFK�YDULHW\�FDQ�EH�H[SHFWHG�WR�LQFUHDVH�WKH SUREDELOLW\�WKDW�DQ\�DQG�DOO�SHRSOH�ZLOO�ILQG�VRPH�HOHPHQWV�RI�WKH�GHVLJQ�DWWUDFWLYH��,Q�FRQWUDVW��PRQRPRUSKLF�GHVLJQV�DUH�PRUH�OLNHO\�WR�FUHDWH�GLVWLQFW�DVVRFLDWLRQV�WKDW�FDQ�EH�H[SHFWHG�WR�SURYRNH�HLWKHU�PRUH�DQWDJRQLVP�RU�JUHDWHU�HQWKXVLDVP��7KH�LPSOLFDWLRQ�LV�WKDW�ZKHQ�D�VHOHFW�WDUJHW�DXGLHQFH�FDQ�EH�LGHQWLILHG��DQG�D�VSHFLILF�GHVLJQ�WKDW�ZLOO�DSSHDO�WR�WKLV�DXGLHQFH�FDQ�EH�SODQQHG��D�PRQRPRUSKLF�GHVLJQ�RI�WKDW�QDWXUH�PD\�EH�PDQDJHULDOO\�SRZHUIXO��,Q�FRQWUDVW��ZKHQ�WKH�WDUJHW�
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2QH�SURSRVLWLRQ�WKDW�RXU�GDWD�VXJJHVW�LV�WKDW�WKH�SRZHU�GLPHQVLRQ�LV�SURPLQHQW�RQO\�LQ�WKRVH�UHODWLYHO\�OHVV�IUHTXHQW�VLWXDWLRQV�LQ�ZKLFK�VWURQJ�HPRWLRQV�DUH�HYRNHG���VHH�DOVR�.OXJHU�DQG�5DIDHOL��LQ�SUHVV���,Q�RXU�GDWD�WKH�QDUUDWLYHV�VROLFLWHG�LQ�DVVRFLDWLRQ�ZLWK�WKH�PRQRPRUSKLF�GHVLJQ�FRQWDLQHG�PRUH�UHIHUHQFHV�WR�SRZHU�WKDQ�WKRVH�HOLFLWHG�E\�WKH�HFOHFWLF�GHVLJQV��DQG�RXU�DQDO\VLV�VXJJHVWHG�WKDW�PRQRPRUSKLF�GHVLJQV�DUH�FRQVWUXHG�DV�PRUH�H[WUHPH�WKDQ�HFOHFWLF�GHVLJQV���7KXV��SRZHU�DSSHDUV�WR�EH�D�GRPLQDQW�HOHPHQW�RI�UHDFWLRQV�WR�GHVLJQ�ZKHQ�WKH�GHVLJQ�LV�PRUH��UDWKHU�WKDQ�OHVV��SURYRFDWLYH��2XU�HIIRUW�GHPRQVWUDWHV�WKDW�WKH�VHQVDWLRQ�RI�SRZHU�LV�VR�IXQGDPHQWDO�LQ�RXU�OLYHV�WKDW�LW�PD\�EH�HYRNHG�E\�SK\VLFDO�DV�ZHOO�DV�VRFLDO�VWLPXOL�WUDQVPLWWHG�E\�DHVWKHWLFV����7KHRUHWLFDO��VRFLDO�VFLHQFHV��OHQVHV�IRU�WKH�VWXG\�RI�DHVWKHWLFV�DQG�HPRWLRQV,Q�WKH�FRQWH[W�RI�D�YROXPH�VXFK�DV�WKLV�RQH��DQ�DGGLWLRQDO�JRDO�RI�WKLV�FKDSWHU�LV�WR�VXJJHVW�QRYHO�WKHRUHWLFDO�OHQV�IRU�VWXG\LQJ�DQG�XQGHUVWDQGLQJ�HPRWLRQDO�UHDFWLRQV�LQ�RUJDQL]DWLRQV��:H�VHH�RXU�VWXG\�DV�VXJJHVWLQJ�WZR�VXFK�OHQVHV��)LUVW��ZH�VXJJHVW�WKDW�WKH�SUHIHUHQFH�RI�HFOHFWLF�VW\OHV�RYHU�PRQRPRUSKLF�VW\OHV�PD\�EH�DIIRUGHG�E\�/HYL�6WUDXVV¶V���������VXJJHVWLRQ�WKDW�WKH�GLVWLQFWLRQ�EHWZHHQ�QDWXUH�DQG�FXOWXUH�EHDUV�FRUH�LPSOLFDWLRQV�IRU�KXPDQ�VRFLDO�FRQVWUXFWLRQ���6HFRQG�ZH�VXJJHVW�D�OLQN�EHWZHHQ�DHVWKHWLF�GHVLJQV�DQG�WKH�SV\FKRDQDO\WLF�WKHRU\�DGYDQFHG�E\�)UHXG���������$V�ZH�H[SODLQ�EHORZ�ERWK�RI�WKHVH�WKHRUHWLFDO�OHQVHV�DUH�SHUWLQHQW�WR RXU�XQH[SHFWHG�ILQGLQJV�ZKHUHLQ�PRQRPRUSKLF�GHVLJQV�WKDW�ZHUH�ZDUP�HOLFLWHG�IRUELGGHQ�VH[XDO�GHVLUHV��ZKLOH�PRQRPRUSKLF�FROG�GHVLJQV�ZHUH�DVVRFLDWHG�ZLWK�LQWHOOHFWXDO�DWWULEXWHV�
$HVWKHWLF�GHVLJQ�DV�D�GLVWLQFWLRQ�EHWZHHQ�QDWXUH�DQG�FXOWXUH�$�FODLP�PDLQWDLQHG�E\�WKH�VFKRRO�RI�VWUXFWXUDO�DQWKURSRORJ\�LV�WKDW�WKH�WHQVLRQ�EHWZHHQ�QDWXUH�DQG�FXOWXUH�LV�FHQWUDO�WR�KXPDQ�WKRXJKW�DQG�DFWLRQ��/HYL�6WUDXVV���������,Q�WKLV�VFKRRO�RI�WKRXJKW��SULPLWLYH�WKRXJKW�LV�DUJXHG�WR�EH�D�UHFRQVWUXFWLRQ�RI�QDWXUH�ZKLOH�WKH�WKRXJKW�DQG�DFWLRQ�RI�PRGHUQ�FXOWXUHV�LQYROYHV�DEVWUDFW�PRGHOV�FRQVWUXFWHG�WR�UHSUHVHQW�WKH�ZRUOG���+XPDQ�EHKDYLRU�LV�DUJXHG�WR�EH�JRYHUQHG�E\�WKLV�WHQVLRQ�EHWZHHQ�QDWXUDO�DQG�DEVWUDFW�SDUDGLJPV��$FFRUGLQJ�WR�/HYL�6WUDXVV���������WKH�SULPLWLYH�PRGHV�RI�DFWLRQ��ZKLFK�FDQ�EH�GHVFULEHG�DV�ZLOG�RU�XQWDPHG��DUH�SULPDU\�LQ�KXPDQ�PHQWDOLW\��DQG�DUH�ZKDW�DOO�KXPDQV�KDYH�LQ�FRPPRQ��7KHVH�PRGHV�RI�DFWLRQ�VWDQG�LQ�FRQWUDVW�WR�WKH�FLYLOL]HG��WDPHG�RU�GRPHVWLFDWHG��WKRXJKW�SDWWHUQV��ZKLFK�DUH�FHQWUDO�WR�PRGHUQ VRFLHWLHV��0RGHUQ�RU�FXOWXUHG�WKRXJKW�LV�DUJXHG�WR�EH�
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SULPDULO\�LQWHOOHFWXDO�DQG�UDWLRQDO��ZKLOH�SULPLWLYH�RU�QDWXUDO�WKRXJKW�LV�DUJXHG�WR�EH�HPRWLRQDO�DQG�LQVWLQFWLYH��*HHUW]���������7KLV�IUDPHZRUN�VXJJHVWV�D�SRWHQWLDO�PRGLILFDWLRQ�WR�RXU�FRQFHSWXDOL]DWLRQ�RI�GLIIHUHQW�DHVWKHWLF�GHVLJQV�EHFDXVH�LW�SUHGLFWV�XQH[SHFWHG�OLQNV�LQ�RXU�GDWD��6SHFLILFDOO\��RXU�DQDO\VHV�IRXQG�WKDW�LQ�UHVSRQVH�WR�D�GHVLJQ�WKDW�ZH�GHILQHG�DV�(XURSHDQ�DQG�FROG�VXEMHFWV�PDGH�DWWULEXWLRQV�RI�FRQVWUDLQHG��FLYLOL]HG��DQG�LQWHOOHFWXDO�EHKDYLRU��,Q�FRQWUDVW��LQ�UHVSRQVH�WR�GHVLJQV�ZH�ODEHOHG�PRQRPRUSKLF�0LGGOH�(DVWHUQ�DQG�ZDUP�VXEMHFWV�PDGH�DWWULEXWLRQV�RI�LPSXOVLYH�DQG�XQFRQVWUDLQHG�EHKDYLRU���7KXV��WKH�DVVRFLDWLRQV�HOLFLWHG�E\�GLIIHUHQW�GHVLJQV�ZHUH�VSOLW�RQ�D�QDWXUH�FXOWXUH�FRQWLQXXP��WKH�FROG�DQG�(XURSHDQ�GHVLJQ�HOLFLWHG�DVVRFLDWLRQV�WKDW�FDQ�EH�FDWHJRUL]HG�DV�WDPHG�RU�FXOWXUDO��ZKLOH�WKH�ZDUP�DQG�0LGGOH�(DVWHUQ�GHVLJQ�HOLFLWHG�DVVRFLDWLRQV�WKDW�FDQ�EH�FDWHJRUL]HG�DV�µQDWXUDO¶���$SSO\LQJ�WKLV�FRQFHSWXDO�IUDPHZRUN�WR�RXU�DQDO\VLV�RI�GLIIHUHQW�GHVLJQV�VXJJHVWV�D�QHZ�YDULDEOH�IRU�VWXG\LQJ�DHVWKHWLF�FXHV��QDPHO\�WKH�H[WHQW�WR�ZKLFK�D�GHVLJQ�UHIOHFWV�FXOWXUDO�PDQLSXODWLRQ�YHUVXV�PLPLFNLQJ�QDWXUDO�FRPSRVLWLRQV���7KLV�FRQFHSWXDOL]DWLRQ�VXJJHVWV�LQVLJKWIXO�QHZ�SURSRVLWLRQV�UHJDUGLQJ�WKH�SDWWHUQ�RI�HPRWLRQV�WKDW�GLIIHUHQW�GHVLJQV�ZLOO�\LHOG��6SHFLILFDOO\��EDVHG�RQ�/HYL�6WUDXVV¶V��������DQDO\VHV�ZH�SUHGLFW�WKDW�GHVLJQV�WKDW�PRUH�VWURQJO\�UHIOHFW�FXOWXUDO�PDQLSXODWLRQ�ZLOO�WULJJHU�HPRWLRQV�ORDGHG�RQ�WKH�SRZHU�GLPHQVLRQ�EHFDXVH�WKH�FXOWXUDO�PDQLSXODWLRQ�HPEHGGHG LQ�WKH�GHVLJQ�ZRXOG�EH�D�V\PERO�RI�VRFLDO�SRZHU��,Q�FRQWUDVW��GHVLJQV�WKDW�DUH�PRUH�QDWXUDO��RU�OHVV�FRQVWUDLQHG��DUH�SUHGLFWHG�WR�EH�PRUH�DURXVLQJ�EHFDXVH�WKH�QDWXUDO�HOHPHQWV�RI�WKH�GHVLJQ�ZRXOG�EH�V\PEROV�RI�LQVWLQFWLYH�RU�XQFRQVWUDLQHG�EHKDYLRU��,QGHHG��D�FORVH�ORRN�DW�RXU�TXDQWLWDWLYH�ILQGLQJV�UHYHDOV�SUHFLVHO\�WKLV�SDWWHUQ��$�FORVHU�ORRN�DW�7DEOH���FRQILUPV�WKDW�WKH�WZR�PRQRPRUSKLF�GHVLJQV��(XURSHDQ�DQG�0LGGOH�(DVWHUQ��HOLFLWHG�YHU\�GLIIHUHQW�SDWWHUQV�RI�ERWK�DURXVDO�DQG�SRZHU���,Q�UHVSRQVH�WR�WKH�0LGGOH�(DVWHUQ�VW\OH�D�SURSRUWLRQDWHO\�D�IDU�JUHDWHU�QXPEHU�RI�KLJK�DURXVDO�VWRULHV�ZDV�JHQHUDWHG�WKDQ�LQ�UHVSRQVH�WR�WKH�(XURSHDQ�VW\OH������YHUVXV����RI�VWRULHV�IRU�WKH�0LGGOH�(DVWHUQ�GHVLJQ�UHIOHFWHG�KLJK�DURXVDO�DV�FRPSDUHG�WR�����YHUVXV�����IRU�WKH�(XURSHDQ�VW\OH���6LPLODUO\��WKH�JDS�LQ�WKH�SRZHU�IHOW�E\�VXEMHFWV�ZDV�JUHDWHU�LQ�WKH�0LGGOH�(DVWHUQ�VW\OH�WKDQ�LQ�WKH�(XURSHDQ�VW\OH�����YHUVXV�����RI�
� 7KLV�PD\�DSSHDU�RGG�JLYHQ�SHUFHSWLRQV�RI�0LGGOH�(DVWHUQ�FXOWXUHV�DV�FRQVHUYDWLYH�DQG�FRQVWUDLQLQJ��6FKZDUW]���������,W�LV�LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�WKHVH�ZHUH�WKH�SHUFHSWLRQV�RI�,VUDHOL�VXEMHFWV�RI�ORFDO�0LGGOH�(DVWHUQ�UHVWDXUDQWV��
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VWRULHV�IRU�WKH�0LGGOH�(DVWHUQ�VW\OH�UHIOHFWHG�KLJK�SRZHU�DV�FRPSDUHG�WR�����YHUVXV�����IRU�WKH�(XURSHDQ�VW\OH��VHH�7DEOH�����7KXV��WKH�(XURSHDQ�GHVLJQ��ZKLFK�ZDV�FRQVWUXHG�LQ�WKH�QDUUDWLYHV�DV�UHODWLYHO\�PRUH�FLYLOL]HG�DQG�VRFLDOO\�FRQVWUDLQLQJ��ZDV�DOVR�FRQVWUXHG�DV�OHVV�DURXVLQJ�EXW�PRUH�HPSRZHULQJ�RU�GRPLQHHULQJ��7KH�0LGGOH�(DVWHUQ�VW\OH��ZKLFK�ZDV�FRQVWUXHG�LQ�WKH�QDUUDWLYHV�DV�UHODWLYHO\�OHVV�FRQVWUDLQLQJ��ZDV�DOVR�FRQVWUXHG�DV�PRUH�DURXVLQJ��7KH�PHFKDQLVP�XQGHUO\LQJ�WKHVH�HPRWLRQDO�DVVRFLDWLRQV�PD\�KDYH�WR�GR�ZLWK�WKH�PDWHULDOV�XVHG�LQ�WKH�GLIIHUHQW�PRQRPRUSKLF�VW\OHV��$�FORVHU�ORRN�DW�RXU�VWLPXOL�UHYHDOV WKDW�WKH�PDWHULDOV�XVHG�LQ�WKH�(XURSHDQ�DQG�WKH�FROG�GHVLJQV�WHQGHG�WR�EH�FXOWLYDWHG��H�J���FRQFUHWH��LURQ�DQG�DUWLILFLDOO\�FRORUHG�ZRRG���,Q�FRQWUDVW��WKH�PDWHULDOV�XVHG�LQ�WKH�(XURSHDQ�DQG�ZDUP�VW\OHV�ZHUH�QDWXUDO�PDWHULDOV��H�J���VWRQH��XQWUHDWHG�GDUN�ZRRG����7KXV��ZKHQ�PDQLSXODWLRQ�RI�QDWXUH�LV�HYLGHQW�LQ�D�GHVLJQ��DWWULEXWLRQV�RI�FXOWXUH�DQG�FLYLOLW\�DUH�PDGH��:KHQ�QDWXUH�LV�PDLQWDLQHG�LQ�D�GHVLJQ��DWWULEXWLRQV�RI�LPSXOVLYHQHVV�DUH�PDGH�7KH�HFOHFWLF�GHVLJQ�PD\�EH�DOVR�LQWHUSUHWHG�LQ�WKLV�FRQFHSWXDOL]DWLRQ��)ROORZLQJ�/HYL�6WUDXVV��������HFOHFWLF�GHVLJQV�PD\�EH�VW\OHV�WKDW�RIIHU�D�FRPSURPLVH�EHWZHHQ�WKH�H[WUHPHV�RI�QDWXUH�DQG�FXOWXUH��(FOHFWLF�VW\OHV�PDLQWDLQ�D�PL[WXUH�RI�QDWXUDO�PDWHULDOV�DQG�DUWLILFLDO�HOHPHQWV��)RU�H[DPSOH��LQ�RXU�VWLPXOL�ERWK�WKH�HFOHFWLF�UHVWDXUDQW�DQG�WKH�HFOHFWLF�EDU�FRQWDLQHG�ERWK�ZRRG�DQG�HDUWK�FRORUV��QDWXUDO�HOHPHQWV��DQG�PHWDO��VWHHO��SODVWLF��DQG�DUWLILFLDO�FRORUV��FXOWLYDWHG�HOHPHQWV���7KLV�PL[WXUH�DOORZV�IRU�WZR�VHWV�RI�DWWULEXWLRQV�WR�HPHUJH��QDWXUDO�RU�IUHH�DQG�FXOWXUDO�RU�FRQVWUDLQHG���7KLV�K\EULG�PD\�KHOS�PDNH�WKH�HFOHFWLF�GHVLJQ�WR�EH�OLNHG�E\�PRUH�SHRSOH��+HQFH��DV�RXU�GDWD�UHYHDO��WKH�HFOHFWLF�GHVLJQ�ZDV�DVVRFLDWHG�ZLWK�D�IHHOLQJ�RI�SOHDVDQWQHVV�IRU�D�ODUJH�QXPEHU�RI�SHRSOH�������DQG�����RI�VXEMHFWV�UHVSHFWLYHO\�VDZ�WKH�HFOHFWLF�UHVWDXUDQW�DQG�EDU�DV�SOHDVDQW��ZKLOH�RQO\�DSSUR[LPDWHO\�����RI�VXEMHFWV�VDZ�DQ\�RI�WKH�PRQRPRUSKLF�GHVLJQV�DV�SOHDVDQW����,Q�VKRUW��ERWK�DHVWKHWLFDOO\�DQG�HPRWLRQDOO\�WKH�HFOHFWLF�GHVLJQ�DSSHDUV�WR�FRPELQH�QDWXUH�ZLWK�FXOWXUH��

$HVWKHWLF�GHVLJQ�DQG�HPRWLRQ�DV�SV\FKRDQDO\WLF�SURFHVVHV$�VHFRQG�WKHRUHWLFDO�OHQV�WKDW�KHOSV�DGYDQFH�RXU�XQGHUVWDQGLQJ�RI�RXU�GDWD�LV�WKDW�RI�SV\FKRDQDO\WLF�WKHRU\��6DQGVWURP��������DGYDQFHG�DQ�LQLWLDO�LPSOHPHQWDWLRQ�RI�SV\FKRDQDO\WLF�FRQFHSWV�WR�WKH�VWXG\�RI�DHVWKHWLFV��([WHQGLQJ�6DQGVWURP¶V��������OLQH�RI�WKRXJKW��RXU�IRFXV�RQ�DHVWKHWLF�GHVLJQ�DV�HPRWLRQDO�FXHV�VXJJHVWV�WKDW�FRQFHSWXDOO\�
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GLVWLQFW�GHVLJQV�FDQ�EH�DVVRFLDWHG�ZLWK�GLVWLQFW�SV\FKRDQDO\WLF�FRQVWUXFWV��)UHXG���������)UHXG��������GLIIHUHQWLDWHG�EHWZHHQ�WKH�VXSHUHJR��ZKLFK�UHSUHVHQWV�FXOWXUDO�QRUPV��DQG�WKH�LG��RU�/LELGR��ZKLFK�UHSUHVHQWV�EDUH�LQVWLQFWV��7KH�HJR�LQ�)UHXG¶V�WKHRU\�FRQWDLQV�WKH�DGDSWDWLRQ�RI�OLELGLQDO�LPSXOVHV�WR�FXOWXUDO�QRUPV��,W�PD\�WKHUHIRUH�EH�WKDW�FROG�GHVLJQV�DUH�DJHQWV�RI�WKH�VXSHUHJR��ZKLOH�ZDUP�GHVLJQV�DUH�DJHQWV�RI�WKH�LG��$ORQJ�WKLV�OLQH�RI�WKRXJKW�WKH�HFOHFWLF�GHVLJQ�UHSUHVHQWV�WKH�HJR��DV�LW�LV�D�FRPELQDWLRQ�RI�DVSHFWV�RI�WKH�LG�DQG�WKH�VXSHUHJR��&RQVLVWHQWO\��LQ�RXU�VWXG\�FROG�GHVLJQV�ZHUH�FRQVLGHUHG�UHODWLYHO\�PRUH�FLYLOL]HG��ZKLOH�ZDUP�GHVLJQV�ZHUH�FRQVLGHUHG�UHODWLYHO\�PRUH�QDWXUDO�DQG�LPSXOVLYH��)UHXG¶V���������WKHRU\�IXUWKHU�DVVHUWHG�WKDW�WKH�LG�UHIOHFWV�EDVLF�KXPDQ�LPSXOVHV�WKDW�GHPDQG�LPPHGLDWH�VDWLVIDFWLRQ��DQG�HVSHFLDOO\�VH[XDO�LQVWLQFWV��,Q�FRQWUDVW��WKH�VXSHUHJR�UHIOHFWV�FXOWXUH�DQG�VRFLHW\��ERWK�RI�ZKLFK�UHVWUDLQ�KXPDQ�LPSXOVHV�WR�FXOWXUDO�QRUPV��,QGHHG��RXU�ILQGLQJV�DUH�WKDW�ZDUP�GHVLJQV��� WKDW�ZH�QRZ�VXJJHVW�DUH�PRUH�OLELGLQDO��� HYRNHG�VH[XDO�DQG�LPSXOVLYH�DVVRFLDWLRQV��,Q�FRQWUDVW��FROG�GHVLJQV�±ZKLFK�ZH�QRZ�VXJJHVW�WR�EH�UHSUHVHQWDWLRQV�RI�WKH�VXSHU�HJR��� HYRNHG�QDUUDWLYHV�DQG�HPRWLRQV�WKDW�UHIOHFW�FRQWUROOHG�DQG�FLYLOL]HG�DVSHFWV�RI�VRFLDO�OLIH���,Q�WKLV�DQDO\VLV�WKH�HFOHFWLF�GHVLJQ�PD\�EH�FRQVWUXHG�WR�UHSUHVHQW�WKH�HJR��,W�FRPELQHV�WKH�VDWLVIDFWLRQ�RI�ERWK�EDVLF�QHHGV��WKRVH�RI�WKH�LG��DQG�VRFLDO�QHHGV��WKRVH�RI�WKH�VXSHUHJR���7KH�HFOHFWLF�GHVLJQ�LV�SUHIHUUHG��DQG�MXGJHG�WR�EH�PRUH�SOHDVDQW�E\�VXEMHFWV�SUHFLVHO\�EHFDXVH�LW�RIIHUV�D�UHVSRQVH�WR�WZR�EDVLF�\HW�FRQIOLFWLQJ�VHW�RI�SV\FKRDQDO\WLF�KXPDQ�QHHGV��WKH�EDVLF�GULYHV�RI�WKH�LG�DQG�WKH�VRFLDO�UHTXLUHPHQWV�RI�FXOWXUH��(FOHFWLF�GHVLJQV�LQ�D�VHQVH�RIIHU�D�PLGGOH�JURXQG�EHWZHHQ�WZR�H[WUHPHV���7KH�SV\FKRDQDO\WLFDO�OHQV�WR�WKH�VWXG\�RI�GHVLJQ�KHOSV�H[SODLQ�WKH�SDWWHUQ�RI�IHHOLQJV�ZLWK�UHJDUGV�WR�VRFLDO�WKUHDW��ZKLFK�ZHUH�QRW�SUHGLFWHG�E\�RXU�SURSRVLWLRQV��EXW�ZHUH�QRQHWKHOHVV�QRWLFHDEOH�LQ�RXU�GDWD��7KH�SDWWHUQ�ZDV�RI�VRFLDO�GHYLDQFH�EHLQJ�FRQVWUXHG�DV�DQ[LHW\�SURYRNLQJ�LQ�WKH�FROG�GHVLJQV�DQG�DV�DQ�RSSRUWXQLW\�IRU�VHOI�IXOILOOPHQW�LQ�WKH�ZDUP�GHVLJQ��$OWKRXJK�XQH[SHFWHG��WKHVH�ILQGLQJV�VXJJHVW�D�SRWHQWLDOO\�YDOXDEOH�GLUHFWLRQ�IRU�IXWXUH�UHVHDUFK��6SHFLILFDOO\��RXU�TXDOLWDWLYH�ILQGLQJV�UHYHDOHG�WKDW�RQ�RQH�KDQG��QDUUDWLYHV�UHODWLQJ�WR�WKH�FROG��(XURSHDQ��UHVWDXUDQWV�FRQWDLQHG�UHSHDWHG�UHIHUHQFHV�WR�WKH�DQ[LHW\�DVVRFLDWHG�ZLWK�VRFLDO�QRUPV��7R�LOOXVWUDWH��VXEMHFWV�YRLFHG�FRQFHUQV�DERXW�XQGHUVWDQGLQJ�WKH�PHQX��EHLQJ�DSSURSULDWHO\�FORWKHG�IRU�WKH�SODFH��RU�UHDOO\�EHORQJLQJ�LQ�WKH�SODFH�DQG�ZLWK�LWV�FOLHQWHOH��,Q�FRQWUDVW��VWRULHV�HOLFLWHG�E\�WKH�ZDUP�GHVLJQ�FRQWDLQHG�D�VXEWOH�EXW�FRQVLVWHQW�WKHPH�RI�
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