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7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WKH�HYDOXDWLRQ�RI�J\PQDVWLFV�KDQGVWDQG��DV�ZHOO�DV�WKH�NLQHPDWLF�DQDO\VLV�RI�WKH�DERYH�
PHQWLRQHG�WHFKQLTXH�DV�DQ�LQWHJUDO�SDUW�RI�WKH�XQLYHUVLW\�FXUULFXOXP��
0HWKRG�RI�ZRUN� ,Q�WKLV�UHVHDUFK�ZHUH�H[DPLQHG����VWXGHQWV�RI�WKH�)DFXOW\�RI�3K\VLFDO�(GXFDWLRQ�RI�8QLYHUVLW\�RI�
7HWRYD�ZKR�DUH� LQ� WKHLU� VHFRQG�\HDU�RI� VWXG\�DQG�KDYH�DOUHDG\�FRPSOHWHG� WKH� VSRUWV� J\PQDVWLFV� VXEMHFW�ZKLFK� LV�
REOLJDWRU\�DQG�ODVWV�RQH�VHPHVWHU��(DFK�VWXGHQW�ZDV�JUDGHG�ZLWK�VXIILFLHQW��JRRG��RU�H[FHOOHQW��E\�WKUHH�J\PQDVWLFV�
WHDFKHUV��:LWK� WKH�SXUSRVH�RI�FRPSDULQJ� WKH�KDQGVWDQG� WHFKQLTXHV��D�PRGHO�RI�SHUIRUPDQFH�ZDV�H[DPLQHG�E\� WKH�
VWXGHQW�ZKR�SHUIRUPHG�WKH�H[HUFLVH�EHVW��)RU�NLQHPDWLF�DQDO\VLV�WKH�IROORZLQJ�SDUDPHWHUV�KDYH�EHHQ�WDNHQ��DQJOHV�
DQG� GLVWDQFHV� RI� WKH� H[WUHPH� SRLQWV� RI� WKH� OLPEV� RI� WKH� ERG\� DQG� FHQWHU� RI� JUDYLW\� RI� WKH� ERG\�� 7KH�.LQHPDWLF�
SDUDPHWHUV�ZHUH�H[WUDFWHG�ZLWK� WKH�6\VWHP� IRU�NLQHPDWLF�DQDO\VLV�± $3$6��$ULHO�3HUIRUPDQFH�$QDO\VLV�6\VWHP���
DQG�WKHLU�SURFHVVLQJ�ZDV�GRQH�XVLQJ�WKH�GHVFULSWLYH�VWDWLVWLFV�DQG�RQH�ZD\�$129$�DQDO\VLV��
5HVXOWV RI�WKH�NLQHPDWLF�DQDO\VLV�RI�DQJOHV VKRZ�WKDW� WKH�GLIIHUHQFHV�EHWZHHQ�WKH�JURXSV�DUH�QRW�VLJQLILFDQW� $OVR�
UHVXOWV�VKRZ�WKDW�GLVWDQFHV�RI�WKH�H[WUHPH�SRLQWV�RI�WKH�OLPEV�RI�WKH�ERG\�DQG�FHQWHU�RI�JUDYLW\�RI�WKH�ERG\� GR�QRW�
VKRZ� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� JURXSV�� IRU� WKH� WKUHH� SRVLWLRQ� LQGLFDWRUV�� UHVSHFWLYHO\� WKH� GLVWDQFHV�
PHQWLRQHG�DERYH�
&RQFOXVLRQ�� )URP� WKH� UHVXOWV� REWDLQHG�� WKHUH� DUH� QR� VLJQLILFDQW� VWDWLVWLFDO� GLIIHUHQFHV� EHWZHHQ� WKH� LGHDO� PRGHO�
FKRVHQ�DV�WKH�PRVW�VXFFHVVIXO�SHUIRUPDQFH�DQG�WKH�WKUHH�DVVHVVHG�VWXGHQW�JURXSV��7KHUHIRUH��ZH�FDQ�FRQFOXGH�WKDW�
GXULQJ�WKH�DVVHVVPHQW�RI�WKH�VWXGHQWV�VSHFLDO�FDUH�VKRXOG�EH�JLYHQ�WR�VRPH�FKDUDFWHULVWLFV�WKDW�PDNH�WKH�KDQGVWDQG�WR�
EH�SHUIRUPHG�WHFKQLFDOO\�FRUUHFWO\�

.H\ZRUGV� J\PQDVWLFV��KDQGVWDQG��DVVHVVPHQW��GHVFULSWLYH�VWDWLVWLFV��NLQHPDWLF�DQDO\VLV��$129$

,QWURGXFWLRQ

$�KDQGVWDQG�LV�D�VWDWLF�DFUREDWLF�H[HUFLVH��ZKHUH�WKH�ERG\�LV�PDLQWDLQHG�LQ�WKH�HTXLOLEULXP�SRVLWLRQ�ZLWK�WKH�KDQGV�
SUHVVHG�LQWR�WKH�IORRU� $V�D�NH\�H[HUFLVH�RI�WKH�FRQWHPSRUDU\�J\PQDVWLFV��LW�KDV�HYROYHG�IURP�WKH�PLOLWDU\�WUDLQLQJ�LQ�
DQFLHQW�*UHHFH� �7LSWRQ�� ������:LNLSHGLD�� ������� ,W� LV� SHUIRUPHG� DV� D� VHSDUDWH� HOHPHQW� LQ� FRQQHFWLRQ�ZLWK� RWKHU�
DFUREDWLF� HOHPHQWV� DQG� DV� D� WUDQVLWLRQDO� SRVLWLRQ�ZLWKLQ� DQRWKHU� HOHPHQW¶V� WHFKQLTXH�� 7KH� WHFKQLFDO� H[HFXWLRQ� RI�
KDQGVWDQG� WHFKQLTXH� LV� JRYHUQHG� E\� WKH� HYDOXDWLRQ� UXOHV� �),*�� ������� ,Q� DUWLVWLF� J\PQDVWLFV�� KDQGVWDQG� LV� DQ�
DFUREDWLF�HOHPHQW�WKDW�LV�DQ�LQWHJUDO�SDUW�RI�HYHU\�J\PQDVWLF�H[HUFLVH�DQG�LV�SUHVHQW�RQ�DOO�DSSDUDWXV��)RU�WKH�FRUUHFW�
SHUIRUPDQFH�RI�WKH�KDQGVWDQG�WKH�IROORZLQJ�LV�LPSRUWDQW��VWUHQJWK�RI�WKH�HQWLUH�ERG\��FRRUGLQDWLRQ��RULHQWDWLRQ�DQG�
IOH[LELOLW\�RI� MRLQWV��HVSHFLDOO\�VKRXOGHUV� �8]XQRY��������<HGRQ�	�7UHZDUWKD��������äLYþLü�0DUNRYLü�HW�DO���������
äLYþLü�0DUNRYLü�	�.ULVWLþHYLü���������
+DQGVWDQG� LV� FRQVLGHUHG� RQH� RI� WKH� NH\� DQG� EDVLF� WHFKQLFDO� H[HUFLVHV� LQ� VSRUWV� J\PQDVWLFV�� ,W� LV� VR� EHFDXVH� LW� LV�
SHUIRUPHG�RQ�DOO�WKH�DSSDUDWXV�RI�WKH�J\PQDVWLFV�DOO�DURXQG��7KH�WHFKQLFDO�FRPSRQHQW�RI�SHUIRUPLQJ�D�KDQGVWDQG�LV�
GHVFULEHG� WKURXJK� WKH� NH\� SRLQWV� RI� WKH� PRYHPHQW� RI� FHUWDLQ� ERG\� SDUWV� DQG� ERG\� SRVWXUH� �(VWDSH� HW� DO��� ������
1RYDN�HW�DO���������äLYþLü���������DUPV�VWUHWFKHG�DW�WKH�VKRXOGHU�ZLGWK��OHJV�VWUHWFKHG�DQG�WRJHWKHU��WKH�HPSKDVLV�RI�
WKH�SRLQWHG�IHHW�GHILQLQJ�D�VWUDLJKW�OLQH�RI�WKH�HQWLUH�ERG\��WKH�SRVLWLRQ�RI�WKH�KHDG�LQ�WKH�H[WHQVLRQ�RI�WKH�VSLQH��DV�LQ�
XSULJKW�SRVLWLRQ��ZLWK�WKH�H\HV�ORRNLQJ�DW�WKH�ILQJHUV��WKH�XSSHU�SDUW�RI�WKH�EDFN�URXQGHG�ZLWK�WKH�PD[LPXP�VKRXOGHU�
H[WHQVLRQ�� WKH� SHOYLV� IODW� ZLWK� WKH� KLSV� WXFNHG� LQ�� 6LQFH� WKH� WHFKQLFDO� FRPSRQHQW� RI� SHUIRUPLQJ� D� KDQGVWDQG� LV�
GHVFULEHG� E\� WKH� NH\� SRLQWV� LQ� WKH�PRYHPHQW� RI� FHUWDLQ� ERG\� SDUWV� DQG� ERG\� SRVWXUH�� L�H�� IRXU� W\SLFDO� SKDVHV� RI�
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SHUIRUPDQFH��LW�LV�SRVVLEOH�WR�VLQJOH�RXW�WKH�PRVW�FRPPRQO\�XVHG�RQHV�����,QLWLDO�SRVLWLRQ��:LWK�WKH�DUPV�H[WHQGHG�
RYHUKHDG�����/XQJH�VWHS�DQG�SODFLQJ�WKH�KDQGV�RQWR�WKH�IORRU�����%DFN�NLFN�DQG�WDNH�RII��DQG����)LQLVKLQJ�SRVLWLRQ��
(QGXUDQFH�LQ�IURQW�O\LQJ�VXSSRUW�WXFNHG�LQ��äLYþLü�0DUNRYLü�.���HW�DO����������
,Q�D�KDQGVWDQG�SRVLWLRQ�WKH�ERG\�LV�LQ�DQ�XSVLGH�GRZQ�SRVLWLRQ�DQG�WKH�HTXLYDOHQWV�RI�DQNOHV�DQG�KLSV�LQ�DQ�XSULJKW�
SRVLWLRQ� DUH�ZULVWV� DQG� VKRXOGHUV��+DQGVWDQG� LV� D� EDVLF�PRYHPHQW� VWUXFWXUH� LQ� WKH� V\VWHP�RI� DFWLYLWLHV� LQ� DUWLVWLF�
J\PQDVWLFV��,W�LV�D�VWDWLF�XQVWDEOH�EDODQFH�SRVLWLRQ��)URP�PHFKDQLFDO�SRLQW�RI�YLHZ��LWV�VSHFLILFLW\�LV�GHWHUPLQHG�E\�
WKH�KHLJKW�RI�FHQWUH�RI�JUDYLW\�� VL]H�RI�VXSSRUW�DUHD�DQG� WKH�RYHUDOO�GLIILFXOW\�RI� WKH�EDODQFH�SRVLWLRQ� LQ�ZKLFK�ZH�
PDLQWDLQ�VWDELOLW\��7KH�QHZ�WUHQGV�LQ�WKH�WHFKQLTXH�RI�SHUIRUPDQFH�GHDO�ZLWK�WKUHH�VHJPHQWDO�VWUDWHJLHV�RI�EDODQFH�
FRUUHFWLQJ�LQ�D�KDQGVWDQG�SRVLWLRQ��$Q�HIIRUW� LV� WR�DFKLHYH�D�SHUIHFW�ERG\�VWUHQJWKHQLQJ�E\�LVRPHULF�FRQWUDFWLRQ�RI�
DEGRPLQDO��JOXWHDO�DQG�EDFN�PXVFOHV��UHVXOWLQJ� LQ�FRQQHFWLRQ�RI�VHJPHQWV�OHJV�± WUXQN�DQG�FRUUHFWLRQ�LV�GRQH�DW�D�
OHYHO�ZULVW�± VKRXOGHU��+HGEiYQê��3���HW�DO����������

7KH�SXUSRVH�RI�WKH�UHVHDUFK�DQG SUHYLRXV�VWXGLHV

7KH� SXUSRVH� RI� WKLV� UHVHDUFK� LV� WR� FRPSDUH� VRPH� SDUDPHWHUV� WKDW� GHWHUPLQH� WKH� KDQGVWDQG� FRPSDUHG� WR� WKH� LGHDO�
PRGHO��FRQGXFWHG�E\�WKH�VWXGHQW�WKDW�LV�UDWHG�DV�WKH�PRVW�VXFFHVVIXO�RU�LGHDO�SHUIRUPHU��IRU�WKH�,,�\HDU�VWXGHQWV�RI�WKH�
XQLYHUVLW\�OHYHO�
&XUUHQW�UHVHDUFK�VKRZV�WKDW�WKHUH�LV�QRW�D�ODUJH�QXPEHU�RI�UHVHDUFKHV�FRQGXFWHG�RI�NLQHPDWLF�DQDO\VLV�RQ�J\PQDVWLFV�
KDQGVWDQG�RQ�XQLYHUVLW\�VWXGHQWV��EXW�ZH�ZLOO�SUHVHQW�VLPLODU�UHVHDUFKHV�WKDW�GHDO�ZLWK�WKH�SUREOHP�RI�WKLV�UHVHDUFK�
$OEUHFKW� /�� HW DO� ������� KDYH� UHVHDUFKHG� WKH� DQWKURSRPHWULF� FKDUDFWHULVWLFV� RI� RXWVWDQGLQJ� PDOH� DQG� IHPDOH�
J\PQDVWV�� $QWKURSRPHWULF� GDWD� RI� RXWVWDQGLQJ� J\PQDVWV� ZHUH� JDWKHUHG� RQ� WKH� RFFDVLRQ� RI� WKH� ��WK� :RUOG�
&KDPSLRQVKLS�$UWLVWLF�*\PQDVWLFV�� KHOG�DW�5RWWHUGDP��7KH�1HWKHUODQGV�� LQ�2FWREHU������� ,Q� WRWDO�����PDOHV�DQG�
���� IHPDOHV�ZHUH� LQYHVWLJDWHG�� FRQVWLWXWLQJ� ����RI� WKH� WRWDO� QXPEHU� RI� SDUWLFLSDQWV��7KH� GDWD� RI� WKHVH� J\PQDVWV�
ZHUH�GHVFULSWLYHO\�FRPSDUHG�ZLWK�ERWK�UHIHUHQFH�GDWD�DQG�GDWD�UHSRUWHG�LQ�SUHYLRXV�VWXGLHV�RQ�J\PQDVWV�FRPSHWLQJ�
DW�LQWHUQDWLRQDO�HYHQWV��$OVR��EDVHG�RQ�WKH�GDWD�REWDLQHG��µJ\PQDVWLFဨVSHFLILF¶�DQWKURSRPHWULF�UHIHUHQFH�YDOXHV��L�H��
SURILOH� FKDUWV��� ZHUH� HVWDEOLVKHG� IRU� ERWK� PDOH� DQG� IHPDOH� J\PQDVWV�� )LQDOO\�� WKH� PDWXUDWLRQDO� FKDUDFWHULVWLFV�
�VNHOHWDO�DJH�DQG�PHQDUFKH��RI�WKH�µ5RWWHUGDP¶�IHPDOH�J\PQDVWV�ZHUH�GHVFULEHG�
$FFRUGLQJ� WR�.LP�<RQ�-L��� HW� DO� ������� WKH�SXUSRVH�RI� WKH� VWXG\� LV WR� VHDUFK� IRU� WKH�SRVVLELOLW\�RI� WKH� DSSOLFDWLRQ�RI�
NLQHPDWLFV�DQDO\VLV�WR�SK\VLFDO�HGXFDWLRQ�DW�VFKRROV�DQG�H[SDQG�LWV�VFRSH�RI�DSSOLFDWLRQ��7KLV�VWXG\�FKRVH���FROOHJH�VWXGHQWV
PDMRULQJ�LQ�SK\VLFDO�HGXFDWLRQ�DQG�FODVVLILHG�WKHP�LQWR�W\SH�$�JURXS�ZKR�FDQ�PDNH�WKH�VWUDLJKW��YHUWLFDO�KDQGVWDQG��W\SH�%�
JURXS�ZKRVH�ZDLVW�LV�EHQW��W\SH�&�JURXS�ZKR�FDQQRW�KDQGVWDQG�FRPSOHWHO\��7KH�FHQWHU�RI�PDVV��GLVWDQFH�EHWZHHQ�KDQG�DQG�
OHJ��DQG�WKH�DQJOH�DQG�DQJXODU�YHORFLW\�RI�HDFK�MRLQW�ZHUH�REWDLQHG��7KLV�VWXG\�FRQILUPHG�WKDW�WKH�WLPH�IRU�SKDVH�RI�WKH�&0��
KRUL]RQWDO�DQG�YHUWLFDO�SRVLWLRQV��YHORFLW\��WKH�GLVWDQFH�EHWZHHQ�KDQGV�DQG�IRRW��DQG�WKH�GLIIHUHQFH�RI�WKH�DQJOH�DQG�DQJXODU
YHORFLW\�RI�KLS�MRLQW�DQG�VKRXOGHU�MRLQW�FDQ�EH�VHW�DV�WKH�YDULDEOHV�RI�DQDO\VLV��,W�ZDV�DOVR�GHILQLWH�FDXVH�WKDW�WKH�KDQGVWDQG�
PRWLRQV�RI�FROOHJH�VWXGHQWV�PDMRULQJ�LQ�SK\VLFDO�HGXFDWLRQ�KDG�PDQ\�GLIIHUHQFH�LQ�SHUIRUPDQFH�
%HOþLþ�%���6DPDUåLMD�3DYOHWLþ��������FRQGXFWHG�UHVHDUFK�RQ����RI�6ORYHQLD
V�PRVW�VXFFHVVIXO�J\PQDVWV�����PHQ�DQG�
���ZRPHQ��WR�PDLQWDLQ�WKH�KDQGVWDQG�EDODQFH�RQ�WKH�WHQVLRPHWULF�SODWIRUP��7KUHH�SDUDPHWHUV�ZHUH�HYDOXDWHG��ZKLOH�
VWDWLVWLFDO� DQDO\]HV� ZHUH� DSSOLHG� WR� WKHLU� YDOXHV�� 7KH� UHVXOWV� KDYH� VKRZQ� WKDW� WKHUH� DUH� QR� VWDWLVWLFDO� GLIIHUHQFHV�
EHWZHHQ�PDOH� DQG� IHPDOH� J\PQDVWV�� %XW� VWDWLVWLFDO� GLIIHUHQFHV� EHWZHHQ� LQGLYLGXDO� FDWHJRULHV� RI� GLVFLSOLQHV� KDYH�
EHHQ�REVHUYHG��WDNLQJ�LQWR�DFFRXQW�WKH�RYHUDOO�VSHHG�XS�WR�WKH�YHUWLFDO��PP�V��
,Q� WKH� UHVHDUFK��.RFKDQRZLF]� HW� DO�� KDYH� UHVHDUFKHG� WKH� OHYHO� RI�PDLQWDLQLQJ� HTXLOLEULXP�EHWZHHQ� J\PQDVWV� DQG�
VKRZHG� WKH� OLQN� EHWZHHQ� VSRUWV� UHVXOWV� WDNLQJ� LQWR� DFFRXQW� WKH� LPSRUWDQFH� DQG� TXDOLW\� RI� H[HUFLVH�� 7KH� VXUYH\�
LQFOXGHG�FKLOGUHQ�DJHG����WR����ZKR�V\VWHPDWLFDOO\�WRRN�SDUW�LQ�J\PQDVWLFV��Q �����DQG�H[SHULHQFHG�J\PQDVWV�DJHG�
���WR����\HDUV�ZLWK�LQWHUQDWLRQDO�DFKLHYHPHQWV��Q �����%RWK�JURXSV�DUH�LQYROYHG�LQ�QDWLRQDO�DQG�LQWHUQDWLRQDO�OHYHO�
FRPSHWLWLRQV�� 7HVW� UHVXOWV� KDYH� VKRZQ� WKDW� WKHUH� LV� D� VWDWLVWLFDO� GLIIHUHQFH� EHWZHHQ� WKH� OHYHOV� RI�PDLQWDLQLQJ� WKH�
EDODQFH�RQ�WKH�KDQGVWDQG�
äLYþLü� .�� 0�� HW� DO� KDYH� FRQGXFWHG� WKH� UHVHDUFK� WLWOHG�� ³3URSHUWLHV� RI� VRPH� NLQHPDWLF� SDUDPHWHUV� LQ� KDQGVWDQG�
WHFKQLTXH�LQ�DUWLVWLF�J\PQDVWLFV´��7KH�DLP�RI�WKLV�VWXG\�KDV�EHHQ�WR�GHWHUPLQH�WKH�GLIIHUHQFH�EHWZHHQ�NH\�NLQHPDWLF�
SDUDPHWHUV�RI�KDQGVWDQG�SKDVHV��5HVXOWV�VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV��S ������LQ�WKH�KLS�DQJOH�RI�WKH�
NLFN�OHJ��WKH�KLS�DQJOH�RI�WKH�WDNH�RII�OHJ��KHDG�DQJOH�DQG�WKH�GXUDWLRQ�RI�DOO�SKDVHV�RI�KDQGVWDQG��7KH�%RQIHUURQL�
SRVW�KRF� WHVW� VKRZHG� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� SKDVHV� RI� KDQGVWDQG�� ,QIRUPDWLRQ� ZHUH� REWDLQHG� DERXW� WKH�
VLJQLILFDQFH�RI�WKH�KLS�DQJOHV��VKRXOGHUV��DQG�KHDG�LQ�GLIIHUHQW�VWDJHV�RI�KDQGVWDQG�H[HFXWLRQ��%\�SUHFLVHO\�GHILQLQJ�
DOO�NLQHPDWLF�SDUDPHWHUV�RI�KDQGVWDQG�SHUIRUPDQFH��LW�ZRXOG�EH�SRVVLEOH�WR�HDUO\�GHWHFW�FDXVHV�RI�PLVWDNHV�DQG�ILQG�
WKH�EHVW�ZD\�WR�HOLPLQDWH�WKHP��7KLV�ZLOO�KHOS�FRDFKHV�WR�ILQG�WKH�PRVW�LPSRUWDQW�H[HUFLVH�DQG�SD\�DWWHQWLRQ�WR�NH\�
SRLQWV�RI�KDQGVWDQG�
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7KHUH�LV�D�ODUJH�QXPEHU�RI�WKHRUHWLFDO�UHVHDUFK�RI�WKH�KDQGVWDQG�UHODWHG�ZLWK��GHVFULSWLRQ�RI�WKH�WHFKQLTXH��GHILQLQJ�
WKH� PRVW� FRPPRQO\� HQFRXQWHUHG� HUURUV� GXULQJ� WKH� H[HFXWLRQ� DV� ZHOO� DV� WKH� GHVFULSWLRQ� DQG� VHOHFWLRQ� RI�
PHWKRGRORJLFDO�SURFHGXUHV�GXULQJ� WKH� WHDFKLQJ�DQG� OHDUQLQJ�HGXFDWLRQDO�SURFHVV��%RONRYLþ��.ULVWDQ��������ýXN�HW�
DO���������.HUZLQ�	�7UHZDUWKD� ������1RYDN�HW�DO���������<HGRQ�	�7UHZDUWKD��������äLYþLü�0DUNRYLü HW�DO���������

0HWKRGV�RI�ZRUN

6DPSOH�RI�HQWLWLHV
7KH�VDPSOH�RI�HQWLWLHV�FRQVLVWV�RI����VHFRQG�\HDU�VWXGHQWV�RI�WKH�)DFXOW\�RI�3K\VLFDO�(GXFDWLRQ�LQ�7HWRYR��ZKR�KDYH�
IROORZHG� RQH� VHPHVWHU� J\PQDVWLFV VXEMHFW� DFFRUGLQJ� WR� (&76�� %DVHG� RQ� WKH� HYDOXDWLRQ� RI� WKH� KDQGVWDQG�� WKH�
VWXGHQWV�ZHUH�GLYLGHG� LQWR� WKUHH�JURXSV�� �*U�� ,� Q �� VXIILFLHQW��*U�� ,,� Q ��JRRG�DQG�*U�� ,,, �� H[FHOOHQW��$OO�PDOH�
VWXGHQWV�RI�WKH�VHFRQG�\HDU�DUH�LQFOXGHG�LQ�WKH�UHVHDUFK�
%DVHG�RQ�WKH�FULWHULD�QHFHVVDU\�IRU�WKH�FRUUHFW�SHUIRUPLQJ�RI�WKH�H[HUFLVH��WKH�DVVHVVPHQW�KDV�EHHQ�UHDOL]HG�LQ�WKUHH�
OHYHOV��VXIILFLHQW��JRRG�DQG�H[FHOOHQW��6LQFH�LW�LV�PDLQO\�FRQQHFWHG�ZLWK�J\PQDVWLFV�RI�SHGDJRJLFDO�FKDUDFWHU�DW�WKH�
XQLYHUVLW\�OHYHO�� WKH�KDQGVWDQG�WHFKQLTXH�LV�XVHG�DV�WKH�LGHDO�WHFKQLTXH��H[HFXWHG�E\�WKH�EHVW�SUDFWLWLRQHU�EDVHG�RQ�
WKH� FULWHULD� QHFHVVDU\ IRU� DVVHVVPHQW�� $IWHU� FODULI\LQJ� WKH� SXUSRVH� RI� WKH� UHVHDUFK�� WKH� VWXGHQWV� YROXQWHHUHG� WR�
SDUWLFLSDWH�LQ�WKH�DERYHPHQWLRQHG�J\PQDVWLF�H[HUFLVH�

6DPSOHV�RI�YDULDEOHV
$V� D� FULWHULRQ�� WKUHH� OHYHOV� RI� DVVHVVPHQW� ZHUH� HYDOXDWHG�� VXIILFLHQW�� JRRG� DQG� H[FHOOHQW�� HYDOXDWHG� E\� WKUHH�
J\PQDVWLFV�SURIHVVRUV��ZKLOH�WKH�LGHDO�PRGHO�IRU�WKH�H[HFXWLRQ�ZDV�WKH�PRVW�DFFXUDWH�WHFKQLTXH�LPSOHPHQWHG�E\�WKH�
EHVW�SHUIRUPHU�
)URP�WKH�DQWKURSRPHWULF�FKDUDFWHULVWLFV��WKHVH�SDUDPHWHUV�DUH�HYDOXDWHG��
%RG\�+HLJKW�DQG�%RG\�0DVV�
)RU�NLQHPDWLF�DQDO\VLV�WKH�IROORZLQJ�SDUDPHWHUV�KDYH�EHHQ�WDNHQ�
D��7KH�$QJOHV��$QNOH�DQJOH��.QHH�DQJOH��$UP�DQJOH�DQG�(OERZ�DQJOH�
E��'LVWDQFHV�RI�WKH�H[WUHPH�SRLQWV�RI�WKH�OLPEV�RI�WKH�ERG\�DQG�FHQWHU�RI�JUDYLW\�RI�WKH�ERG\�
7KH� GLVWDQFH� RI� WKH� WRH� IURP� WKH� IORRU�� 7KH� GLVWDQFH� RI� WKH� WRH� IURP� WKH� FHQWHU� RI� JUDYLW\� RI� WKH� ERG\�� DQG�7KH�
GLVWDQFH�RI�WKH�FHQWHU�RI�JUDYLW\�RI�WKH�ERG\�IURP�WKH�IORRU�
7KH� DIRUHPHQWLRQHG� YDULDEOHV� LQ� WKLV� UHVHDUFK� GHILQH� WKH� VXFFHVV� RI� WKH� WHFKQLFDOO\� FRUUHFW� H[HFXWLRQ� RI� WKH�
KDQGVWDQG�

'HVFULSWLRQ�RI�WKH�PHDVXUHPHQW�SURFHVV�DQG�PHDVXULQJ�HTXLSPHQWV
7KH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�LQ�WKH�J\PQDVWLFV�KDOO�RI�WKH�)DFXOW\�RI�3K\VLFDO�(GXFDWLRQ�RI�WKH�8QLYHUVLW\�RI�
7HWRYD� LQ� RSWLPDO� FRQGLWLRQV�� 7KH� VSRUWV� J\PQDVWLFV� SURJUDP� WDNHV� SODFH LQ� WKH� VHFRQG� \HDU� RI� VWXG\�� $IWHU� WKH�
SURSHU�ZDUP�XS�DQG�WKH�VWUHWFKLQJ�RI�WKH�ERG\��WKH�VWXGHQWV�FDUU\�RXW�WKH�H[HUFLVH�E\���WLPHV��ZKLOH�IRU�WKH�DQDO\VLV�
WKH�EHVW�SHUIRUPDQFH�LV�REWDLQHG�IURP�WKH�WKUHH�DWWHPSWV�
,W�LV�ZRUWK�SRLQWLQJ�RXW�WKDW�DOO�WKH�VWXGHQWV�SULRU�WR�WKH�DVVHVVPHQW�KDYH�IROORZHG�WKH�PHWKRGLFDO�H[HUFLVHV�GXULQJ�
WKH� OHDUQLQJ�� %HIRUH� UHDOL]LQJ� WKH� KDQGVWDQG�� DOO� WKH� VWXGHQWV� ZHUH� H[SODLQHG� WKH� GHPRQVWUDWLRQ� SURWRFRO� RI� WKH�
WHFKQLTXH�DQG�LWV�HYDOXDWLRQ�
(YDOXDWLRQ� DV� XVXDO� VWDUWV� IURP� WKH� PRPHQW� WKH� SUDFWLWLRQHU� UDLVHV� WKH� OHJ� IURP� WKH� JURXQG� DQG� HQGV� ZKHQ� WKH�
SUDFWLWLRQHU�EHJLQV�WR�IDOO�IURP�WKH�YHUWLFDO�SRVLWLRQ��ZKLFK�XVXDOO\�QHHGV�WR�EH�PDLQWDLQHG�IRU�XS�WR�WZR�VHFRQGV�
)RU�DFKLHYLQJ�WKH�VWXG\�REMHFWLYHV�DQG�DVVHVVLQJ�WKH�VXFFHVV�RI�WKH�SHUIRUPDQFH�RI�WKH�H[HUFLVH��WKH�$3$6�� $ULHO�
3HUIRUPDQFH�$QDO\VLV�6\VWHP�LV�XVHG��7KH�SHUIRUPDQFH�RI�H[HUFLVH�E\�DOO�VXEMHFWV� �VWXGHQWV�� LV� ILOPHG�ZLWK� WKUHH�
6DQ\R� GLJLWDO� FDPHUDV� ���+]�V�� ORFDWHG� DW� DQ� DQJOH� RI� DERXW� ���� GHJUHHV� IURP� HDFK� RWKHU�� 7KH� GLVWDQFH� RI� WKH�
FDPHUDV�IURP�WKH�YHQXH�RI�WKH�SHUIRUPLQJ�KDQGVWDQG�LV���PHWHUV�
7KH�ILOPHG�PDWHULDO�LV�SURFHVVHG�DFFRUGLQJ�WR�WKH�SURFHVV�RI�WKH�$3$6�6\VWHP�PRGXOHV��)RU�HDFK�VXEMHFW��WKH�ODVW�
���IUDPHV�ZHUH�FXW��UHVSHFWLYHO\��WKH�ODVW�IUDPH�RI�WKH�VWDWLF�SRVLWLRQ�RI�WKH�H[HUFLVH�ZDV�DQDO\]HG��'LJLWDOL]DWLRQ�RI�
WKH�ILOPLQJ�LV�GRQH�DFFRUGLQJ�WR�WKH�PRGHO�RI�WKH�J\PQDVWLF�ERG\
V�OHYHUDJH�IRUPHG�E\����SRLQWV�RI�KLV�ERG\��ILJXUH�
����$IWHU�WKH�GLJLWL]DWLRQ�KDV�EHFRPH�WKH�WUDQVIRUPDWLRQ�RI�WKH�PRGHO�RI�ILJXUHV�IURP��'�WR��'��7KHQ�ILOWHULQJ�RI�WKH�
VLJQDO��PRYHPHQW�FXUYH��IRU�HDFK�SRLQW�DQDO\]HG�LV�GRQH��)LQDOO\��WKH�GDWD�IURP�WKH�FXUYHV�REWDLQHG�IRU�WKH�DQJOHV�
DQG�WKH�SRVLWLRQ�RI�WKH�J\PQDVW¶V�ERG\�DUH�UHDG��
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)LJXUH�� +DQGVWDQG�SRVLWLRQ�� H[FHOOHQW�SHUIRUPDQFH��VDJLWWDO�DQG�IURQWDO�SODQH�

0HWKRG�RI�SURFHVVLQJ�WKH�GDWD
([FHSW� WKH� DVVHVVPHQW�PDGH� E\� WKH� J\PQDVWLFV� WHDFKHUV�� DIWHU� SURFHVVLQJ� WKH� YDOXHV� IRU� WKH� YDULDEOHV� FRQFHUQHG��
WKHLU�SURFHVVLQJ�ZDV�GRQH�ZLWK�WKH�KHOS�RI�WKH�6366�VWDWLVWLFDO�SURJUDP��)RU�WKH�WKUHH�JURXSV�RI�HYDOXDWHG�VWXGHQWV��
WKH� VWDWLVWLFDO� SDUDPHWHUV� ZHUH� GHVFULEHG�� ZKLOH� WKH� YDULDQFH� DQDO\VLV� PHWKRG� �$129$�� ZDV� DSSOLHG� IRU� WKH�
FRQILUPDWLRQ�RI�WKH�VLJQLILFDQFH�GLIIHUHQFH�RI�WKH�YDULDQFH�EHWZHHQ�WKH�WKUHH�JURXSV�

5HVXOWV�DQG�'LVFXVVLRQ

,Q�7DEOH����DUH�UHIOHFWHG�WKH�YDOXHV�RI�WKH�PDLQ�LQGLFDWRUV�GHVFULELQJ�WKH�SRVLWLRQ�RI�WKH�J\PQDVW¶V�ERG\�GXULQJ�WKH�
UHDOL]DWLRQ�RI�WKH�KDQGVWDQG�WHFKQLTXH��)RU�ERWK�PRUSKRORJLF�LQGLFDWRUV�ERG\�PDVV�DQG�ERG\�KHLJKW��LW�FDQ�EH�VHHQ�
WKDW� VWXGHQWV� ZKR� ZHUH� UDWHG� ZLWK� 
H[FHOOHQW
 PDUNV� GXULQJ� WKH� H[HUFLVH� KDYH� VPDOOHU� YDOXHV� RI� WKHVH� WZR� PDLQ�
GLPHQVLRQV�RI�WKH�ERG\��7KLV�GDWD�LV�DQ�XQGHUVWDQGDEOH�FKDUDFWHULVWLF�RI�WKLV�GLVFLSOLQH��ZKHUH�LW�LV�ZHOO�NQRZQ�WKDW�
J\PQDVWV� ZLWK� VPDOOHU� ERG\� VL]HV� KDYH� EHWWHU� VXFFHVV� LQ� FDUU\LQJ� RXW� WKH� J\PQDVWLFV� H[HUFLVHV� DQG� WHFKQLFDO�
HOHPHQWV��0RUH�LQIRUPDWLRQ�DERXW�DQWKURSRPHWULF�FKDUDFWHULVWLFV�RI�RXWVWDQGLQJ�PDOH�DQG�IHPDOH�J\PQDVWV�FDQ�EH�
VHHQ�LQ�WKH�ZRUN �&ODHVVHQV��$�HW�DOO���������

7DEOH����'HVFULSWLYH�6WDWLVWLFV
9$5,$%/(6 *583, 1 0LQLPXP 0D[LPXP 0HDQ 6WG��'HYLDWLRQ

$%+
�FP�

68)),&,(17 � ������ ������ �������� ��������
*22' � ������ ������ �������� �������
(;&(//(17 � ������ ������ �������� �������

$%0
�NJ�

68)),&,(17 � ����� ����� ������� �������
*22' � ����� ����� ������� �������
(;&(//(17 � ����� ����� ������� �������

.$1.$
���

68)),&,(17 � ����� ������ �������� ��������
*22' � ����� ������ �������� ��������
(;&(//(17 � ������ ������ �������� ��������

..1($
���

68)),&,(17 � ������ ������ �������� ��������
*22' � ������ ������ �������� �������
(;&(//(17 � ������ ������ �������� �������

.$50$
���

68)),&,(17 � ������ ������ �������� ��������
*22' � ������ ������ �������� ��������
(;&(//(17 � ������ ������ �������� �������

.(/%$
���

68)),&,(17 � ������ ������ �������� ��������
*22' � ������ ������ �������� ��������



ϴϵ

(;&(//(17 � ������ ������ �������� �������

.'7)
�FP�

68)),&,(17 � ������ ������ �������� ��������
*22' � ������ ������ �������� ��������
(;&(//(17 � ������ ������ �������� �������

.'7&*
�FP�

68)),&,(17 � ����� ������ ������� �������
*22' � ����� ������ ������� �������
(;&(//(17 � ����� ����� ������� �������

.'&*)
�FP�

68)),&,(17 � ������ ������ �������� �������
*22' � ������ ������ �������� �������
(;&(//(17 � ������ ������ �������� �������

,QGLFDWRUV�GHVFULELQJ� WKH�SRVLWLRQ�RI� WKH�J\PQDVW¶V� ERG\� DUH� WKH� DQJOHV�� RQ� WKH� DQNOH� �WDORFUXUDO�� DUWLFXODWLRQ�� WKH�
NQHH�DUWLFXODWLRQ��WKH�DUP�DUWLFXODWLRQ�DQG�WKH�DQJOH�RI�WKH�HOERZ�DUWLFXODWLRQ��)URP�7DEOH����LW�LV�VHHQ�WKDW�WKH�YDOXH�
RI� DQNOH� DUWLFXODWLRQ� DQJOH� IRU� VWXGHQWV� ZLWK� 
VXIILFLHQW
� LV� ��������� IRU� VWXGHQWV� UDWHG� 
JRRG
� WKH� DQJOH� DQNOH�
DUWLFXODWLRQ�LV����������ZKLOH� IRU�WKH�VWXGHQWV�HVWLPDWHG�ZLWK� 
H[FHOOHQW
� WKH�YDOXH�RI� WKH�DQNOH�DUWLFXODWLRQ�DQJOH�LV�
���������7DEOH���VKRZV�WKDW�GLIIHUHQFHV�EHWZHHQ�WKH�WKUHH�JURXSV�DUH�QRW�VLJQLILFDQW��7KLV�PHDQV�WKDW�WKH�PD[LPXP�
H[WHQW�RI� WKH� WRH� LV�DOPRVW� WKH�VDPH� LQ�DOO� WKUHH�JURXSV��EXW�FRPSDUHG� WR� WKH�UHVXOWV�RI� WKH� LGHDO� UHDOL]DWLRQ� LV�QRW�
VDWLVIDFWRU\�HLWKHU�WR�WKH�JURXS�UDWHG�ZLWK�
H[FHOOHQW
��7KH�EHVW�UHVXOW�LQ�WKH�H[FHOOHQW�JURXS�LV����������ZKLFK�PHDQV�
WKDW�WKHUH�LV�EHWWHU�WRH�H[WHQVLRQ�RQ�WKH�WDORFUXUDO�DUWLFXODWLRQ�
7KH� JRRG� SRVLWLRQ� RI� WKH� J\PQDVW¶V� ERG\� DOVR� PHDQV� WKH� PD[LPXP� H[WHQVLRQ� RI� WKH� ORZHU� OLPEV� LQ� WKH� NQHH�
DUWLFXODWLRQ��7KLV�YDOXH�HVWLPDWHG� IRU� VWXGHQWV�JURXS�ZLWK� 
VXIILFLHQW
� LV��������� IRU� 
JRRG
� YDOXHG�JURXS�����������
ZKLOH� IRU� WKH� 
H[FHOOHQW
� JURXS� WKH� NQHH� DUWLFXODWLRQ� DQJOH� YDOXH� LV� ��������� (YHQ� WKRXJK� WKH� JUHDWHVW� NQHH�
DUWLFXODWLRQ� YDOXH� LV� WKH� 
H[FHOOHQW
� JURXS�� EHLQJ� IROORZHG� E\� WKH� 
JRRG
� JURXS�� WDEOH� �� VKRZV� WKDW� WKH� GLIIHUHQFHV�
EHWZHHQ�WKH�JURXSV�DUH�QRW�VLJQLILFDQW�
7KH�DQJOH� LQ� WKH�DUWLFXODWLRQ�RI�DUP�KDV� VKRZQ� WKH� ODUJHVW�YDOXH�ZLWK� WKH�DSSUDLVHG� 
H[FHOOHQW
� JURXS� �������� WKHQ�
IROORZHG�E\�WKH�
VXIILFLHQWO\
�UDWHG�JURXS��ZKLOH�WKH�OHVVHU�YDOXH�LV�LQ�WKH�
JRRG
�UDWHG�JURXS��(YHQ�IRU�WKLV�LQGLFDWRU�
WKHUH� DUH� QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� JURXSV�� 7KH� DQJOH� DW� WKH� HOERZ� DUWLFXODWLRQ� DV� ZHOO� DV� WKH� RWKHU�
DQJOHV�YDOXHV�WKH�KLJKHVW�YDOXH�LV�DW�WKH�
H[FHOOHQW
�JURXS������������ZKLOH�LQ�WKH�RWKHU�WZR�JURXSV�WKLV�LQGLFDWRU�KDV�
DOPRVW�HTXDO�YDOXHV��7KH�DLP�RI�WKH�J\PQDVWV�LV�WR�KDYH�WKLV�DUWLFXODWLRQ�PD[LPDOO\�VWUHWFKHG��UHVSHFWLYHO\�WKH�YDOXH�
RI� WKH� DQJOH� DWWHPSW� WR� UHDFK� ������ 2WKHU� NLQHPDWLFV� SDUDPHWHUV� GDWD� IRU� KDQGVWDQG� FDQ� EH� IRXQG� LQ� D� VLPLODU�
UHVHDUFK�E\�DXWKRUV��äLYþLü�.��0��HW�DOO�������
7KH� ERG\� SRVLWLRQ� RI� WKH� J\PQDVW�� H[FHSW� WR� WKH� DQJOHV� LQ� WKH� PDLQ� DUWLFXODWLRQV� RI� WKH� ERG\� OLPEV� GXULQJ� WKH�
SHUIRUPDQFH�RI�WKH�WHFKQLTXH�KDQGVWDQG��DOVR�GHSHQGV�RQ�WKH�RSWLPDO�GLVWDQFH�RI�WKH�H[WUHPH�SRLQWV�RI�WKH�ERG\��WKH�
WRH�WLS�RI�WKH�WRH�H[WHQGLQJ�PD[LPDOO\�IURP�WKH�ERG\�FHQWHU�RI�JUDYLW\�� WKH�GLVWDQFH�RI�WRH�WLS�RI�WKH�WRH�H[WHQGHG�
PD[LPDOO\�IURP�WKH�IORRU��WKH�FHQWHU�RI�JUDYLW\�RI�ERG\�GLVWDQFH�IURP�WKH�SDOPV��7KH�EHVW�SRVLWLRQ�LV�LI�\RXU�ERG\�
DQG�OLPEV�DUH�PD[LPDOO\�VWUHWFKHG�VR�WKDW�WKHVH�GLVWDQFHV�QHHG�WR�EH�ELJJHU� %XW�VXFK�D�WKLQJ�H[FHSW�WKDW�LW�GHSHQGV�
RQ�WKH�PD[LPXP�H[WHQW��LW�DOVR�GHSHQGV�RQ�WKH�FRQVWLWXWLRQ�RI�WKH�J\PQDVW¶V�ERG\��UHVSHFWLYHO\�WKH�VL]H�RI�KLV�ERG\��
DQG� HVSHFLDOO\� KLV� OHQJWK�� )URP�7DEOH� ��� LW� FDQ� EH� VHHQ� WKDW� 
H[FHOOHQW
� YDOXHG� J\PQDVWV� KDYH� ORZHU� ERG\� KHLJKW�
FRPSDUHG�WR�WKH�RWKHU�WZR�JURXSV�E\�DERXW�����FP��DV�ZHOO�DV�WKH�VKRUWHVW�OLPEV� %XW�WKH�YDOXHV�RI�WKH�WKUHH�GLVWDQFHV�
PHQWLRQHG�DERYH�LQ�WKH�
H[FHOOHQW
 JURXS�DUH�DOPRVW�WKH�VDPH�DV�WKH�YDOXHV�RI�WKH�RWKHU�WZR�JURXSV��ZKLFK�PHDQV�WKDW�
WKH\ KDYH�EHWWHU�VWUHWFK�RI�ERG\�DV�D�ZKROH��VR�WKH\�KDYH�VXFK�D�UHVXOW��7DEOH���VKRZV�WKDW�WKHUH�DUH�QR�VLJQLILFDQW�
GLIIHUHQFHV� EHWZHHQ� WKH� JURXSV�� IRU� WKH� WKUHH� SRVLWLRQ� LQGLFDWRUV�� UHVSHFWLYHO\� WKH� GLVWDQFHV� PHQWLRQHG� DERYH��
5HVHDUFK�RQ�WKH�GLVWDQFH�EHWZHHQ KDQGV�DQG�IHHW�ZDV�DOVR�PDGH�E\�WKH�DXWKRUV��.LP�HW�DOO���������
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&RQFOXVLRQ

'XULQJ� WKH� OHDUQLQJ� RI� WKH� J\PQDVWLF� WHFKQLTXH� KDQGVWDQG� VSHFLDO� LPSRUWDQFH� VKRXOG� EH� SDLG� WR�PHWKRGLFDO� DQG�
GLGDFWLF�SULQFLSOHV�DV�ZHOO�DV�WR�WKH�PRVW�FRPPRQ�PLVWDNHV�LQ�WKH�SURFHVV�RI�OHDUQLQJ��7KH�VFKRRO�WHFKQLTXH�UHTXLUHV�
WKH� SUDFWLWLRQHUV� WR� KDYH� WKH� ILQDO� KDQGVWDQG� KROG� RXW� IRU� DW� OHDVW� �� VHFRQGV�� %\� SUHFLVHO\� GHILQLQJ� DOO� NLQHPDWLF�
SDUDPHWHUV�RI�KDQGVWDQG�SHUIRUPDQFH��LW�ZRXOG�EH�SRVVLEOH�WR�HDUO\�GHWHFW�FDXVHV�RI�PLVWDNHV�DQG�ILQG�WKH�EHVW�ZD\�
WR�HOLPLQDWH�WKHP��7KLV�ZLOO�KHOS�FRDFKHV�DQG�WHDFKHUV�WR�ILQG�WKH�PRVW�LPSRUWDQW�H[HUFLVHV�DQG�SD\�DWWHQWLRQ�WR�NH\�
SRLQWV� RI� KDQGVWDQG��$OVR�� LW� ZLOO� EH� QHFHVVDU\� WR� DQDO\]H� WKH� NLQHPDWLF� SDUDPHWHUV� LQ� H[HUFLVHV� WKDW� VHUYH� IRU�
OHDUQLQJ�WKH�KDQGVWDQG�WHFKQLTXH��äLYþLü�0DUNRYLü�.���HW�DO����������
7KH� GHVFULSWLYH� VWDWLVWLFV� UHIOHFW� WKH� YDOXHV� RI� WKH�PDLQ� LQGLFDWRUV� GHVFULELQJ� WKH� SRVLWLRQ� RI� WKH� J\PQDVW¶V� ERG\�
GXULQJ� WKH�UHDOL]DWLRQ�RI� WKH�KDQGVWDQG� WHFKQLTXH��)RU�ERWK�PRUSKRORJLF� LQGLFDWRUV�ERG\�PDVV�DQG�ERG\�KHLJKW�� LW�
FDQ� EH� VHHQ� WKDW� VWXGHQWV� UDWHG� ZLWK� 
H[FHOOHQW
 PDUNV� GXULQJ� H[HUFLVH� KDYH� VPDOOHU� YDOXHV� RI� WKHVH� WZR� PDLQ�
GLPHQVLRQV�RI�WKH�ERG\��7KLV�GDWD�LV�DQ�XQGHUVWDQGDEOH�FKDUDFWHULVWLF�RI�WKLV�GLVFLSOLQH��ZKHUH�LW�LV�ZHOO�NQRZQ�WKDW�
J\PQDVWV� ZLWK� VPDOOHU� ERG\� VL]HV� KDYH� EHWWHU� VXFFHVV� LQ� FDUU\LQJ� RXW� WKH� J\PQDVWLFV� H[HUFLVHV� DQG� WHFKQLFDO�
HOHPHQWV�
5HVXOWV� RI� WKH�NLQHPDWLF� DQDO\VLV� RI� DQJOHV� �ERG\�SRVLWLRQ�� VKRZ� WKDW� WKH�GLIIHUHQFHV�EHWZHHQ� WKH�JURXSV� DUH� QRW�
VLJQLILFDQW� $OVR�UHVXOWV�VKRZ�WKDW�GLVWDQFHV�RI�WKH�H[WUHPH�SRLQWV�RI�WKH�OLPEV�RI�WKH�ERG\�DQG�FHQWHU�RI�JUDYLW\�RI�
WKH� ERG\� KDYH� QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� JURXSV�� IRU� WKH� WKUHH� SRVLWLRQ� LQGLFDWRUV�� UHVSHFWLYHO\� WKH�
GLVWDQFHV�PHQWLRQHG�DERYH�
)URP�WKH�UHVXOWV�REWDLQHG��WKHUH�DUH�QR�VLJQLILFDQW�VWDWLVWLFDO�GLIIHUHQFHV�EHWZHHQ�WKH�LGHDO�PRGHO�FKRVHQ�DV�WKH�PRVW�
VXFFHVVIXO�SHUIRUPHU�DQG�WKH�WKUHH�DVVHVVHG�VWXGHQW�JURXSV��6R��ZH�FDQ�FRQFOXGH�WKDW�GXULQJ�WKH�DVVHVVPHQW�RI�WKH�
VWXGHQWV�� VSHFLDO� LPSRUWDQFH� VKRXOG� EH� SDLG� WR� VRPH� FKDUDFWHULVWLFV� WKDW� PDNH� WKH� KDQGVWDQG� WR� EH� SHUIRUPHG�
WHFKQLFDOO\�FRUUHFWO\�

5HIHUHQFHV

>�@� 7LSWRQ�� -�� �������� 7\SHV� RI� +DQGVWDQGV� �RQ�OLQH��� 5HWULHYHG� RQ� ��WK� 1RYHPEHU� ����� IURP� KWWS���ZZZ��
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