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 3UHDPEOH� 

3URSULRFHSWLRQ�LV�QHFHVVDU\�IRU�IDVW��VPRRWK�DQG�HIIHFWLYH�PRYHPHQW�FRQWURO��,Q�SDUWLFXODU��

SURSULRFHSWLRQ� SOD\V� D� VLJQLILFDQW� UROH� IRU� PRYHPHQW� FRQWURO� ZKHQ� YLVLRQ� LV� QRW� DYDLODEOH��

3URSULRFHSWLRQ�LPSURYHV�ZLWK�ERWK�SUDFWLFH�DQG�GHYHORSPHQW�LQ�KHDOWK\�LQGLYLGXDOV��,W�FDQ�DOVR�EH�

LPSDLUHG�RU�DEVHQW�DV�D�UHVXOW�RI�DJLQJ�DQG�FHQWUDO�RU�SHULSKHUDO�QHUYRXV�V\VWHP�GHILFLHQFLHV��VXFK�

DV�VWURNH�DQG�GLDEHWHV��UHVSHFWLYHO\��&XUUHQW�HYLGHQFH�LQGLFDWHV�WKDW�SURSULRFHSWLRQ�WUDLQLQJ�XVLQJ�

YDULRXV�URERWLF�UHKDELOLWDWLYH�GHYLFHV�DQG�SK\VLFDO�WUDLQLQJ�PHWKRGV�PD\�EH�HIIHFWLYH�IRU�UHJDLQLQJ�

ORVW� VHQVRULPRWRU� IXQFWLRQ� WKURXJK� SURPRWLQJ� FRUWLFDO� SODVWLFLW\� UHODWHG� WR� SURSULRFHSWLRQ��

+RZHYHU��OLWWOH�DWWHQWLRQ�KDV�EHHQ�JLYHQ�WR�ZHDUDEOH�UHKDELOLWDWLRQ�GHYLFHV��VXFK�DV�D�PXVFOH�WHQGRQ�

YLEUDWLRQ�EDQG��WKDW�PD\�HQKDQFH�XSSHU�H[WUHPLW\�VHQVRULPRWRU�IXQFWLRQ�WKURXJK�SURSULRFHSWLYH�

VWLPXODWLRQ��8VLQJ�D�ZHDUDEOH�GHYLFH�LV�FRVW�HIIHFWLYH�EHFDXVH�LQGLYLGXDOV�FDQ�OHDUQ�WR�XVH�WKHP�

LQGHSHQGHQWO\��+HQFH�� WKH�SXUSRVH�RI� WKH� FXUUHQW� WKHVLV�ZDV� WR�XQGHUVWDQG� WKH� contributions of 

proprioception to upper limb movement control, including the adaptability of the sensorimotor 

system to changes in the visual and proprioceptive inputs. The findings were then used for the 

design of a novel rehabilitation device for individuals with somatosensory deficiencies. 

7KH�FXUUHQW�WKHVLV�FRQVLVWV�RI���FKDSWHU�LQFOXGLQJ���VWXGLHV��FKDSWHUV�������&KDSWHU���LV�WKH�

JHQHUDO�LQWURGXFWLRQ�SUHVHQWLQJ�WKH�FXUUHQW�OLWHUDWXUH�RQ�WKH�LPSRUWDQFH�DQG�UROH�RI�SURSULRFHSWLRQ�

LQ�PRWRU�FRQWURO��LQFOXGLQJ�KRZ�SURSULRFHSWLRQ�FDQ�EH�VWLPXODWHG�DQG�PRGLILHG��'HWDLOV�RI�VWXGLHV�

XVLQJ�LQGXFHG�SDUHVWKHVLD�DQG�PXVFOH�WHQGRQ�YLEUDWLRQ�WHFKQLTXHV�DUH�UHYLHZHG��&KDSWHUV���DQG���

LQFOXGH�WZR�IXQGDPHQWDO�VWXGLHV�RQ�KRZ�WKH�DFFXUDF\�DQG�HIILFLHQF\�RI�JRDO�GLUHFWHG�PRYHPHQWV�

DUH�LPSDFWHG�E\�LPSDLUHG�SURSULRFHSWLRQ��,QGXFHG�SDUHVWKHVLD�ZDV�XVHG�WR�LPSDLU�SURSULRFHSWLRQ�

ZKLOH�YLVLRQ�RI�WKH�OLPE�DQG�RU�WDUJHW�ZDV�PDQLSXODWHG��7RJHWKHU�WKHVH�H[SHULPHQWV�LQYHVWLJDWHG�

KRZ� WKH� VHQVRULPRWRU� V\VWHP� DGDSWV� WR� LQGXFHG� SDUHVWKHVLD� ZKHQ� SHUIRUPLQJ� D� JRDO�GLUHFWHG�

DLPLQJ�WDVN��DQG�LI�YLVLRQ�RI�WKH�OLPE�VSHFLILFDOO\�LV�XVHG�WR�KHOS�LPSURYH�PRYHPHQW�SHUIRUPDQFH��

&KDSWHU���SUHVHQWV�D� OLWHUDWXUH� UHYLHZ�DQG�PHWD�DQDO\VLV�RQ� WKH�HIIHFWLYHQHVV�RI�PXVFOH� WHQGRQ�

YLEUDWLRQ�LQ�LPSURYLQJ�WKH�IXQFWLRQ�RI�WKH�XSSHU�OLPE�LQ�LQGLYLGXDOV�ZLWK�FKURQLF�VWURNH��%DVHG�RQ�

WKH� ILQGLQJV� RI� WKLV� OLWHUDWXUH� UHYLHZ�� WKH� VWXG\� UHSRUWHG� LQ� FKDSWHU� �� DGGUHVVHV� GHVLJQ�

FRQVLGHUDWLRQV�IRU�WKH�SURWRW\SH�RI�D�QRYHO�PXVFOH�WHQGRQ�YLEUDWLRQ�EDQG��7KH� ODWWHU�VWXG\�DOVR�

LQFOXGHV�D�YDOLGDWLRQ�VWXG\�RQ�D�FRVW�HIIHFWLYH�PHWKRG�IRU�PHDVXULQJ�WKH�FKDUDFWHULVWLFV�RI�YLEUDWLRQ�

IRU�PXVFOH�WHQGRQ�YLEUDWLRQ�SURWRFROV��&KDSWHU���UHSRUWV�D�SURRI�RI�FRQFHSW�VWXG\�RQ�WKH�HIIHFWV�RI�

PXVFOH�WHQGRQ� YLEUDWLRQ� RQ� PRWRU� SHUIRUPDQFH� RI� WKH� XSSHU� OLPE�� 0RWRU� SHUIRUPDQFH� ZDV�



 

 � 

DVVHVVHG� E\� DQDO\VLV� RI� D� JRDO�GLUHFWHG� DLPLQJ� PRYHPHQW� ZKLOH� DSSO\LQJ� WKH� PXVFOH�WHQGRQ�

YLEUDWLRQ� RYHU� WKH�ZULVW��7DNHQ� WRJHWKHU� WKH� ILQGLQJV� RI� WKH� FXUUHQW� UHVHDUFK� FRQWULEXWH� WR� RXU�

XQGHUVWDQGLQJ�RI�WKH�UROH�RI�SURSULRFHSWLRQ�LQ�WKH�HIILFLHQF\�DQG�DFFXUDF\�RI�IXQFWLRQDO�XSSHU�OLPE�

PRYHPHQWV�DQG�WKH�DVVRFLDWHG�HIIHFWV�RI�PXVFOH�WHQGRQ�YLEUDWLRQ��DV�D�PHWKRG�RI�SURSULRFHSWLYH�

LQSXW�PRGLILFDWLRQ�DXJPHQWDWLRQ��RQ�XSSHU�OLPE�PRWRU�SHUIRUPDQFH��7KH�ILQGLQJV�RI�WKH�FXUUHQW�

WKHVLV�OD\�WKH�IRXQGDWLRQ�IRU�IXWXUH�VWXGLHV�WKDW�ZLOO�H[DPLQH�WKH�HIIHFWV�RI�WKH�QHZO\�GHYHORSHG�

YLEUDWLRQ�EDQG�RQ�SDWLHQW�SRSXODWLRQV�DQG�ROGHU�DGXOWV��7KH�UHVXOWV�RI�WKH�DERYH�VWXGLHV�KDYH�EHHQ�

RUJDQL]HG� LQ� D�PDQXVFULSW�VW\OH� WKHVLV��&KDSWHUV� ���� SURYLGH�PDQXVFULSWV� UHSRUWLQJ� HDFK� VWXG\�

VHSDUDWHO\��7KH�ILQDO�FKDSWHU��FKDSWHU����LQFOXGHV�D�VXPPDU\�H[SODQDWLRQ�RI�WKH�ILQGLQJV�RI� WKH�

FXUUHQW�WKHVLV�DQG�LWV�FRQWULEXWLRQV�WR�WKH�UHOHYDQW�VFLHQWLILF�ILHOGV��� 

 �/LWHUDWXUH�5HYLHZ 

1.2.1 3URSULRFHSWLRQ� 

3URSULRFHSWLRQ�RU� NLQHVWKHVLD� LV� WKH� DZDUHQHVV�RI� WKH� SRVLWLRQ�RI� HDFK�SDUW� RI� WKH�ERG\�

UHODWLYH� WR� RQH� DQRWKHU�� 3URSULRFHSWLRQ� LV� FRQVLGHUHG� RQH� RI� WKH� PDMRU� IXQFWLRQV� RI� WKH�

VRPDWRVHQVRU\�V\VWHP�WKDW�DOORZV�KXPDQV�WR�FRQWURO�WKHLU�PRYLQJ�OLPEV�HIILFLHQWO\�DQG�HIIHFWLYHO\��

HVSHFLDOO\� ZKHQ� YLVXDO� IHHGEDFN� LV� DEVHQW� �6FKPLGW� HW� DO��� ����D�� 6KHUULQJWRQ�� ����E���

3URSULRFHSWLRQ�LQFOXGHV�L��WKH�YHVWLEXODU�V\VWHP�DQG�LL��WKH�UHFHSWRUV�ZLWKLQ�WHQGRQ�PXVFOHV��MRLQWV��

DQG�VNLQ��7KH�YHVWLEXODU�V\VWHP�SURYLGHV�LQIRUPDWLRQ�DERXW�JUDYLW\�DFFHOHUDWLRQ�DQG�KHDG�PRWLRQ�

WKDW�DUH�VHQVHG�ZLWK�WKH�KDLU�FHOOV�LQ�YHVWLEXODU�ODE\ULQWKV��7KLV�LQIRUPDWLRQ�FRQWULEXWHV�WR�SRVWXUDO�

FRQWURO� �6FKPLGW� HW� DO��� ����D��� ,QSXW� IURP� PHFKDQRUHFHSWRUV� RI� WKH� MRLQWV�� VNHOHWDO� PXVFOHV��

WHQGRQV��DQG�WDFWLOH�LQIRUPDWLRQ�IURP�WKH�ERG\�VXUIDFH�LQWHJUDWHV�LQ�WKH�ERG\�VFKHPD�VR�WKDW�ZH�

DUH�DZDUH�RI�WKH�SRVLWLRQ�DQG�PRYHPHQW�RI�RXU�OLPEV�DQG�MRLQWV�LQ�VSDFH��+DJJDUG�DQG�:ROSHUW�

�+DJJDUG�	�:ROSHUW��������GHILQHG�ERG\�VFKHPD�DV��³D�QHXUDO�UHSUHVHQWDWLRQ�RI�WKH�ERG\�XVHG�IRU�

VSDWLDO�VHQVRULPRWRU�SURFHVVLQJ´�WKDW�LV�D�KLJKHU�RUGHU�FRJQLWLYH�UHSUHVHQWDWLRQ�RI�WKH�ERG\��UDWKHU�

WKDQ�D�VRPDWRWRSLF�PDS�RI�WKH�ERG\�� 

3URSULRFHSWLRQ� FDQ� EH� LQWHUUXSWHG� DQ\ZKHUH� DORQJ� WKH� SHULSKHUDO� RU� FHQWUDO� SDWKZD\V��

LQFOXGLQJ� LQ� QHXURORJLF� FRQGLWLRQV� VXFK� DV� 3DUNLQVRQ¶V� GLVHDVH�� VWURNH�� SHULSKHUDO� VHQVRU\�

QHXURSDWKLHV�� RU� QRQ�QHXURORJLF� FRQGLWLRQV� VXFK� DV� DJLQJ�� 6LQFH� SURSULRFHSWLYH� IHHGEDFN� LV�

QHFHVVDU\� IRU� ILQH� PRWRU� FRQWURO� DQG� HUURU� FRUUHFWLRQ� GXULQJ� PRYHPHQW� �&DUH\� HW� DO��� ������
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6FKPLGW�	�/HH��������7\VRQ�HW�DO����������LWV�ORVV�ZLOO�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKH�TXDOLW\�RI�

WKH�YROXQWDU\�PRYHPHQW��HVSHFLDOO\�LQ�WKH�XSSHU�OLPE� 

1.2.2 3URSULRFHSWRUV 

0HFKDQRUHFHSWRUV�DUH�WKH�W\SH�RI�VHQVRU\�UHFHSWRUV�XVHG�IRU�VHQVLQJ�SURSULRFHSWLRQ��7KHUH�

DUH� IRXU�PDMRU� FDWHJRULHV� RI� VHQVHV� WKDW� FDQ�EH�GHWHFWHG�E\�PHFKDQRUHFHSWRUV�� ���� VNLQ� WDFWLOH�

VHQVLELOLWLHV������GHHS�WLVVXH��PXVFOH��DQG�MRLQW�VHQVLELOLWLHV������KHDULQJ������HTXLOLEULXP��DQG�����

DUWHULDO�SUHVVXUH�� �7KH� ILUVW� WZR�FDWHJRULHV�DUH� WKH�RQHV� WKDW� DUH� LQYROYHG� LQ�VHQVLQJ� WDFWLOH�DQG�

SURSULRFHSWLYH� VWLPXODWLRQV�� 6NLQ� WDFWLOH� VWLPXODWLRQV� FDQ� EH� GHWHFWHG� E\� IUHH� QHUYH� HQGLQJV��

0HUNHO¶V�GLVNV��5XIILQL¶V�HQGLQJV��0HLVVQHU¶V�DQG�3DFLQLDQ�FRUSXVFOHV��DQG�KDLU�HQG�RUJDQV��7KHVH�

PHFKDQRUHFHSWRUV�VHQVH�VNLQ�GHIRUPDWLRQ��PRWLRQ��VWUHWFK��DQG�YLEUDWLRQ��7DFWLOH�VWLPXODWLRQV�RQ�

WKH� JODEURXV� VNLQ� RI� WKH� KDQG� DQG� IHHW� FDQ� EH� GHWHFWHG� E\� IRXU�PHFKDQRUHFHSWRUV�� WZR� DW� WKH�

VXSHUILFLDO�DQG�WZR�DW�WKH�GHHS�OD\HUV�RI�VNLQ��7KH�VXSHUILFLDO�OD\HUV�FRQWDLQ�VPDOO�UHFHSWRU�FHOOV�

LQFOXGLQJ�0HLVVQHU�FRUSXVFOHV�DQG�0HUNHO�FHOOV�ZKLOH�GHHS�OD\HUV�RI�WKH�VNLQ�DQG�VXEFXWDQHRXV�

WLVVXH�FRQWDLQ�ODUJH�UHFHSWRUV�VXFK�DV�3DFLQLDQ�FRUSXVFOHV�DQG�5XIILQL�HQGLQJV��2YHUDOO��DOPRVW�DOO�

WDFWLOH�UHFHSWRUV�KDYH�VRPH�UROH�LQ�GHWHFWLQJ�YLEUDWLRQ��EXW�HDFK�RI�WKH�UHFHSWRUV�DUH�VHQVLWLYH�WR�

GLIIHUHQW� YLEUDWLRQ� IUHTXHQFLHV� �.DQGHO� HW� DO��� �������7KHUH� DUH� IRXU� VSHFLDOL]HG�PXVFOH� HQGLQJ�

PHFKDQRUHFHSWRUV�WKDW�FRQWULEXWH�WR�WKH�VHQVH�RI�SURSULRFHSWLRQ��7KHVH�UHFHSWRUV�DFTXLUH�GLIIHUHQW�

DVSHFWV�RI�ERG\�PRYHPHQW�LQIRUPDWLRQ��7KHVH�DVSHFWV�LQFOXGH��L�	�LL��PXVFOH�OHQJWK��VHQVHG�E\�

SULPDU\�DQG�VHFRQGDU\�PXVFOH�VSLQGOHV��W\SH�,D�DQG�,,�ILEHUV���LLL��PXVFOH�IRUFH�RU�HIIRUW��VHQVHG�

E\�*ROJL�WHQGRQ�RUJDQV��W\SH�,E�ILEHUV���DQG�Y��WHQVLRQ�LQ�MRLQWV��VHQVHG�E\�MRLQW�FDSVXOH�UHFHSWRUV�

�W\SH�,,�ILEHUV���+DOO��������.DQGHO�HW�DO�������� 

1.2.3 0XVFOH�DQG�7HQGRQ�UHFHSWRUV 

0XVFOH�WHQGRQ�PHFKDQRUHFHSWRUV�DUH�PDLQO\�LQ�FKDUJH�RI�WKH�VHQVH�RI�OLPE�SRVLWLRQ�DQG�

OLPE�PRYHPHQW��7KH\�LQFOXGH�SULPDU\�DQG�VHFRQGDU\�ILEHUV�RI�PXVFOH�VSLQGOHV�DQG�*ROJL�WHQGRQ�

RUJDQV� �0DWWKHZV�� ������� 3ULPDU\� HQGLQJV� DUH� LQQHUYDWHG� E\� JURXS� ,D� VHQVRU\� ILEHUV� DQG� DUH�

VHQVLWLYH�WR�VL]H�DQG�VSHHG�RI�PXVFOH�OHQJWK�FKDQJH��$OVR��SULPDU\�HQGLQJV�PD\�EH�UHVSRQVLEOH�IRU�

VHQVH�RI�SRVLWLRQ�DQG�PRYHPHQW��*RRGZLQ�HW�DO�������D��0DWWKHZV���������6HFRQGDU\�HQGLQJV�PD\�

FRQWULEXWH�WR�WKH�VHQVH�RI�OLPE�SRVLWLRQ��7KHVH�UHFHSWRUV�DUH�LQQHUYDWHG�E\�,,�VHQVRU\�ILEHUV�DQG�DUH�
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NQRZQ�WR�EH�VHQVLWLYH�WR�FKDQJHV�LQ�PXVFOH�OHQJWK�DQG�GR�QRW�KDYH�D�VLJQLILFDQW�UROH�LQ�VHQVLQJ�

FKDQJHV�LQ�YHORFLW\��0DWWKHZV��������� 

,Q� WKH� JHQHUDO� FODVVLILFDWLRQ� RI� QHUYH� ILEHUV�� WKH� QHUYH� ILEHU� JURXS� IRU� PXVFOH� HQGLQJ�

UHFHSWRUV�DUH�$Į��E�ILEHUV��0XVFOH�VSLQGOH�ILEHUV�DUH�QDPHG�DV�JURXS�,D�DQG�,,�ILEHUV�DQG�LQFOXGH�

LQWUDWXEDO�PXVFOH�ILEHUV�WKDW�DUH�HQFDSVXODWHG�DQG�SODFHG�SDUDOOHO�WR�WKH�ORQJ�PXVFOH�ILEHUV��6R��WKH�

UDWH�RI� ILULQJ�RI� WKHVH� UHFHSWRUV�DUH�SURSRUWLRQDO� WR� WKH� OHQJWK�RI� WKH� HQFORVLQJ�PXVFOH��0XVFOH�

VSLQGOHV�FDQ�GHWHFW�ERWK�DFWLYH�DQG�SDVVLYH�FKDQJHV� LQ�PXVFOH�OHQJWK��0XVFOH�VSLQGOHV�FDQ�DOVR�

GHWHFW�UDSLG�UDWHV�RI�FKDQJHV��ZKLFK�PDNHV�WKHP�VXLWDEOH�IRU�GHWHFWLQJ�PRYHPHQW�UDWHV�DVVRFLDWHG�

ZLWK�PHFKDQLFDO�YLEUDWLRQ��+DOO��������.DQGHO���������,Q�FRQWUDVW��*ROJL�WHQGRQ�RUJDQV�DUH��PP�

ORQJ�DQG�����PP�LQ�GLDPHWHU�HQFDSVXODWHG�VWUXFWXUHV�WKDW�DUH�ORFDWHG�DW�WKH�MXQFWLRQ�RI�PXVFOH�DQG�

WHQGRQ��7KHUH�DUH�VHYHUDO�EUDLGHG�FROODJHQ�ILEHUV�WKDW�DUH�FRQQHFWHG�LQ�VHULHV�WR�WKH�PXVFOH�ILEHUV��

(DFK�WHQGRQ�RUJDQ�LV�LQQHUYDWHG�E\�D�,E�DIIHUHQW�D[RQ�WKDW�KDV�PDQ\�EUDQFKHV�LQVLGH�WKH�UHFHSWRU�

FDSVXOH��7KHVH�QHUYH�HQGLQJV�DUH�FRQQHFWHG�WR�FROODJHQ�ILEHUV�LQ� VXFK�D�ZD\�WKDW�VWUHWFKLQJ� WKH�

WHQGRQ�RUJDQV�ZLOO�FRPSUHVV�WKHVH�QHUYHV��7KHUHIRUH��*ROJL�WHQGRQ�RUJDQV�FDQ�PHDVXUH�WKH�ORDG�

RQ�WHQGRQV�DQG�WKH�IRUFH�JHQHUDWHG�E\�WKH�PXVFOHV��+DOO��������.DQGHO���������0XVFOH�VSLQGOHV�

DQG�*ROJL�WHQGRQ�DSSDUDWXVHV�DUH�ERWK�VORZO\�DGDSWLQJ�UHFHSWRUV��7KDW�LV��ERWK�UHFHSWRU�W\SHV�NHHS�

VHQGLQJ�VLJQDOV�WR�WKH�EUDLQ�DV�ORQJ�DV�WKH�VWLPXOXV�H[LVWV�VR�WKDW�WKH�EUDLQ�ZLOO�EH�DZDUH�RI�WKH�

VWDWXV�RI�PXVFOH�FRQWUDFWLRQV�DQG�ORDG�RQ�WKH�WHQGRQV�DW�DOO�WLPHV��+DOO��������� 

1.2.4 3URSULRFHSWLRQ�3DWKZD\V 

$OO� VRPDWRVHQVRU\� VLJQDOV�� LQFOXGLQJ� SURSULRFHSWLRQ�� WRXFK�� SUHVVXUH�� SDLQ�� WKHUPDO�

VHQVDWLRQ��WLFNOH�DQG�LWFK��DQG�VH[XDO�VHQVDWLRQ�HQWHU�WKH�VSLQDO�FRUG�WKURXJK�WKH�GRUVDO�URRWV��7KH�

QHXUDO�VLJQDOV�DUH�WKHQ�WUDQVPLWWHG�WR�WKH�EUDLQ�WKURXJK�WKH�GRUVDO�FROXPQ�PHGLDO�OHPQLVFDO�V\VWHP�

DQG�WKH�DQWHURODWHUDO�V\VWHP��7KH�PHGLDO�OHPQLVFDO�V\VWHP�WUDQVIHUV�VLJQDOV�IURP�SKDVLF�VHQVDWLRQV�

�GHWHFWHG�E\�GLIIHUHQW�PHFKDQRUHFHSWRUV��VXFK�DV�YLEUDWLRQ��VHQVDWLRQV�RI�PRYHPHQWV�DJDLQVW�WKH�

VNLQ�DQG�SRVLWLRQ�RI�WKH�MRLQWV�WR� WKH�VRPDWRVHQVRU\�DUHDV�RI� WKH�EUDLQ��+DOO���������7KH�GRUVDO�

FROXPQ�PHGLDO� OHPQLVFDO� V\VWHP� LV� PDGH� RI� ODUJH�� P\HOLQDWHG� ILEHUV� ZLWK� KLJK� FRQGXFWLRQ�

YHORFLWLHV�����WR�����P�VHF���%HVLGHV�WKH�KLJK�YHORFLW\�FDSDELOLW\�RI�WKHVH�ILEHUV��WKH\�DUH�RULHQWHG�

LQ� DQ� RUJDQL]HG� ZD\� WKDW� PDNHV� WKH� ILEHUV� VXLWDEOH� IRU� WUDQVIHUULQJ� VLJQDOV� WKDW� QHHG� IDVW�

WUDQVPLVVLRQ�ZLWK�KLJK�WHPSRUDO�DQG�VSDWLDO�SUHFLVLRQ��VXFK�DV�SRVLWLRQ�VHQVDWLRQV�IURP�WKH�MRLQWV�

DQG�SKDVLF�VHQVDWLRQV��L�H���YLEUDWRU\�VHQVDWLRQV�RYHU�WKH�VNLQ���7KH�PDLQ�SDWKZD\�RI�WKH�GRUVDO�



 

 � 

FROXPQ±PHGLDO� OHPQLVFDO� V\VWHP� FRQVLVWV� RI� RQH� RI� RQO\� WKUHH� V\QDSWLF� UHOD\V� EHWZHHQ� WKH�

SHULSKHU\� DQG� FHUHEUDO� FRUWH[�� L�� WKH� V\QDSVH� RI� WKH� QHXURQV� DVFHQGLQJ� IURP� WKH� GRUVDO� URRW�

JDQJOLRQ�WR�WKH�*UDFLOH�DQG�&XQHDWH�QXFOHL�LQ�WKH�PHGXOOD��LL��WKH�V\QDSVH�DW�WKH�YHQWUDO�SRVWHULRU�

ODWHUDO�QXFOHXV� LQ� WKH� WKDODPXV� �DIWHU�GHFXVVDWLRQ� LQ� WKH�PHGXOOD��� LLL�� WKH�V\QDSVH�EHWZHHQ� WKH�

WKDODPLF�QHXURQV�ZLWK� WKH�SULPDU\�VRPDWLF�VHQVRU\�FRUWH[� �*LOPDQ��������+DOO��������.DQGHO��

�������7KH�SURMHFWLRQV�RI�WKHVH�WKLUG�RUGHU�QHXURQV�WUDYHO�PDLQO\�WR�WKH�SRVWFHQWUDO�J\UXV� LQ�WKH�

SDULHWDO�OREH�RI�WKH�FHUHEUDO�FRUWH[��DOVR�NQRZQ�DV�VRPDWLF�VHQVRU\�DUHD�,���$GGLWLRQDO�SURMHFWLRQV�

WUDYHO�WR�D�VPDOOHU�DUHD�LQ�WKH�ODWHUDO�SDULHWDO�FRUWH[��NQRZQ�DV�VRPDWLF�VHQVRU\�DUHD�,,��+DOO��������

.DQGHO��������� 

1.2.5 0RWRU�&RQWURO�DQG�5ROH�RI�3URSULRFHSWLRQ 

9LVXDO�DQG�SURSULRFHSWLYH�VHQVRU\�LQSXWV�FRQWULEXWH�WR�GLIIHUHQW� DVSHFWV�RI�SODQQLQJ�DQG�

FRQWUROOLQJ�OLPE�PRYHPHQWV��9LVLRQ�LV�WKRXJKW�WR�PRQLWRU�WKH�NLQHPDWLFV�DQG�WUDMHFWRULHV�RI�WKH�

PRYHPHQWV��3URSULRFHSWLRQ�LV�WKRXJKW�WR�HYDOXDWH�WKH�DPRXQW�RI�PXVFOH�IRUFH�DQG�MRLQW�WRUTXHV�

QHHGHG� WR� DGDSW� �XSGDWH� WKH� IXWXUH� PRWRU� FRPPDQGV�� IRU� WKH� HQYLURQPHQWDO� SHUWXUEDWLRQV� WR�

HIIHFWLYHO\�H[HFXWH�WKH�SODQQHG�PRYHPHQW��6DUOHJQD�	�6DLQEXUJ��������6REHU�	�6DEHV��������� 

3URSULRFHSWLYH� DQG� WDFWLOH� DIIHUHQWV� �VRPDWRVHQVRU\� LQSXWV�� SURYLGH� LQIRUPDWLRQ� DERXW�

FKDQJHV�LQ�WKH�LPPHGLDWH�HQYLURQPHQW�DQG�ZLWKLQ�WKH�ERG\��7KH�FHQWUDO�QHUYRXV�V\VWHP�XVHV�WKLV�

LQIRUPDWLRQ� IRU�DGDSWDWLRQV� UHODWHG� WR�SHUWXUEDWLRQV�DQG�FKDQJHV� LQ� WKH� HQYLURQPHQW�DV�ZHOO� DV�

SODQQLQJ�PRYHPHQWV�LQ�UHODWLRQ�WR�WKH�ERG\¶V�VXUURXQGLQJV��3URSULRFHSWLRQ�LV�D�NH\�VRXUFH�RI�LQSXW�

WKDW�WKH�FHQWUDO�QHUYRXV�V\VWHP�XVHV�WR�JHQHUDWH�DQG�DGDSW�PRWRU�FRPPDQGV��)RU�H[DPSOH��LW� LV�

WKRXJKW� WKDW� WKH�&16� XVHV� IHHGEDFN� IURP� WKH�PHFKDQRUHFHSWRUV�ZLWKLQ� WKH� MRLQW� FDSVXOHV� DQG�

PXVFOHV� WHQGRQV� WKDW� DUH� UHVSRQVLEOH� IRU� ORFDWLQJ� WKH� UHODWLYH� DQJOHV� RI� WKH� OLPE� VHJPHQWV� DQG�

PXOWLSOH�MRLQWV��5LHPDQQ�	�/HSKDUW���������,Q�D�VLPSOH�JRDO�GLUHFWHG�PRYHPHQW�XVLQJ�WKH�XSSHU�

OLPE�WKHUH�DUH�VHYHUDO�PXVFOHV�WKDW�SDVV�WKH�VKRXOGHU��HOERZ��DQG�ZULVW��$IIHUHQW�LQIRUPDWLRQ�IURP�

DOO� WKH�SURSULRFHSWRUV�ZLWKLQ� WKHVH�PXVFOHV�DQG� MRLQWV�ZLOO�EH� LQWHJUDWHG�E\� WKH�FHQWUDO�QHUYRXV�

V\VWHP�DQG�FRQWULEXWH�WR�XSGDWLQJ�RQJRLQJ�PRWRU�FRPPDQGV� 

6HQVRU\�PRWRU� DQG� FRJQLWLYH� SURFHVVHV� LQYROYHG� LQ� FRQWUROOLQJ� KXPDQ�PRYHPHQW� KDYH�

EHHQ�VWXGLHG�IRU�PRUH�WKDQ�D�FHQWXU\��,Q�������:RRGZRUWK�GHILQHG�D�WZR�FRPSRQHQW�PRGHO�IRU�

FRQWUROOLQJ�JRDO�GLUHFWHG�DLPLQJ�UHDFKLQJ�PRYHPHQWV��:RRGZRUWK���������7KH�EDOOLVWLF�SKDVH�WKDW�

LV�UHVSRQVLEOH�IRU�FRYHULQJ�PRVW�RI�WKH�GLVWDQFH�IURP�WKH�VWDUW�SRLQW�WR�WKH�YLFLQLW\�RI�WKH�WDUJHW��



 

 � 

7KH� FXUUHQW� FRQWURO� SKDVH� LQFOXGHV� WKH� HUURU� FRUUHFWLRQV� IRU� WKH� LQLWLDO� EDOOLVWLF� SRUWLRQ� RI� WKH�

PRYHPHQW�LQ�RUGHU�WR�ODQG�RQ�WKH�WDUJHW��(OOLRWW�HW�DO��SURSRVHG�WKH�PXOWLSOH�SURFHVV�PRGHO�RI�OLPE�

FRQWURO�ZLWK�WZR�SKDVHV�IRU�DLPLQJ�PRYHPHQWV��LPSXOVH�FRQWURO��OLPE�WDUJHW�FRQWURO��(OOLRWW�HW�DO���

������(OOLRWW�HW�DO����������7KLV�PRGHO�WDNHV�LQWR�DFFRXQW�PXOWLSOH�SURFHVVHV�VXFK�DV�QRLVH�LQ�WKH�

QHXUDO�PRWRU� V\VWHP�� IRUFH� UHODWHG� HUURU� DV� ZHOO� DV� HIILFLHQF\� RI� HQHUJ\� H[SHQGLWXUH�� 7KHVH�

FRPSRQHQWV� RI� D�PRYHPHQW� IRUP�DQ� LQWHUQDO� UHSUHVHQWDWLRQ�RI� H[SHFWHG� HIIHUHQFH� DQG� VHQVRU\�

FRQVHTXHQFHV��$FFRUGLQJ� WR�(OOLRWW¶V�PRGHO�� GXULQJ� WKH� OLPE� WDUJHW� FRQWURO� SKDVH� WKH� DYDLODEOH�

VHQVRU\�LQSXWV�DUH�FRPSDUHG�WR�WKH�LQWHUQDO�UHSUHVHQWDWLRQV��7KLV�FRPSDULVRQ�LV�XVHG�WR�SURDFWLYHO\�

PDNH�DQ\�QHFHVVDU\�RQOLQH�HUURU�FRUUHFWLRQV��(OOLRWW�DOVR�VXJJHVWHG�WKDW�WKHVH�WZR�SKDVHV�DUH�QRW�

LQGHSHQGHQW��+H�FRQVLGHUV�YLVXDO�IHHGEDFN�DV�WKH�PDLQ�VHQVRU\�GULYHU�RI�WKH�LPSXOVH�FRQWURO�SKDVH�

DQG�D�FRPELQDWLRQ�RI�SURSULRFHSWLRQ�DQG�YLVLRQ�DV�WKH�PDLQ�VRXUFHV�RI�LQIRUPDWLRQ�IRU�OLPE�WDUJHW�

UHJXODWLRQ� 

1.2.6 3URSULRFHSWLRQ�/RVV��PRWRU�FRQVHTXHQFHV 

/HVLRQV�DQG�FRQGLWLRQV�WKDW�LQYROYH�DQ\�RI�WKH�FRPSRQHQWV�RI�WKH�VRPDWRVHQVRU\�SDWKZD\V�

ZLOO� DIIHFW� SURSULRFHSWLRQ�� 6RPH� FRQGLWLRQV� WKDW� LQYROYH� WKHVH� FRPSRQHQWV� DUH�� GHP\HOLQDWLRQ�

SRO\QHXURSDWKLHV��QHXURWR[LF�RU�QXWULWLRQDO�QHXURSDWKLHV��SOH[RSDWKLHV�RU�UDGLFXORSDWKLHV��VSLQDO�

FRUG�OHVLRQV�LQFOXGLQJ�GRUVRODWHUDO�FRUG�OHVLRQV��%URZQ�6HTXDUG�V\QGURPH��LQIDUFWLRQ�LQ�WKH�GRUVDO�

RU�UDGLFXODU�VSLQDO�DUWHULHV��WXPRUV�WKDW�FRPSUHVV�WKH�GRUVRODWHUDO�VSLQDO�FRUG��DQG�EUDLQVWHP�OHVLRQV��

OHVLRQV�RI�YHQWURODWHUDO�DQG�YHQWURPHGLDO�WKDODPXV��GLVHDVHV�ZLWKLQ�WKH�SRVWFHQWUDO�FRUWH[��*LOPDQ��

�������2WKHU�FRQGLWLRQV�LQFOXGH�LQMXULHV�WR�WKH�OLJDPHQWV��MRLQWV��DQG�PXVFOHV��%DUUDFN�HW�DO���������

/HSKDUW�HW�DO���������7RUUHV�HW�DO����������2OGHU�DGXOWV�KDYH�DOVR�EHHQ�IRXQG� WR�KDYH�VLJQLILFDQW�

GHFOLQH�LQ�WKHLU�VRPDWRVHQVRU\�IXQFWLRQ��$GDPR�HW�DO���������*REOH�HW�DO���������� 

6HYHUDO�VWXGLHV�RQ�SDWLHQWV�ZLWK�ODUJH�ILEHU�VHQVRU\�QHXURSDWK\��D�FRQGLWLRQ�WKDW�OHDGV�WR�

GLVUXSWLRQ�RI�SURSULRFHSWLYH�SDWKZD\V��KDYH�SURYLGHG�D�FOHDU�XQGHUVWDQGLQJ�RI�WKH�PRWRU�IXQFWLRQ�

GHILFLWV�WKDW�DFFRPSDQ\�D�ODFN�RI�SURSULRFHSWLRQ��LQFOXGLQJ�GLIILFXOWLHV�LQ�PDLQWDLQLQJ�FRQVLVWHQW�

OHYHO� RI� IRUFH� �5RWKZHOO� HW� DO��� ������� SHUIRUPLQJ� D� PRYHPHQW� WDVN� DFFRUGLQJ� WR� WKH� GHILQHG�

VHTXHQFH� DQG� WLPLQJ� ZLWKRXW� YLVXDO� IHHGEDFN� �5RWKZHOO� HW� DO��� ������� PDLQWDLQLQJ� D� VSHFLILF�

PRYHPHQW�DPSOLWXGH�RI�D�VLPSOH�UHSHWLWLYH�WDVN�ZLWKRXW�YLVXDO�IHHGEDFN��5RWKZHOO�HW�DO����������

ILQH�WXQLQJ�WKH�PRYHPHQW�IRU�WKH�HQGSRLQW�DFFXUDF\� �5RWKZHOO�HW�DO���������6DQHV�HW�DO����������

LQWHU�MRLQW� FRRUGLQDWLRQ� �6DLQEXUJ� HW� DO��� ������� PDLQWDLQLQJ� WKH� WUDMHFWRU\� RI� WKH� PRYHPHQW�



 

 � 

�6DLQEXUJ� HW� DO��� �������$OO� WKHVH� GHILFLHQFLHV� ZLOO� VHYHUHO\� DIIHFW� WKH� TXDOLW\� DQG� HIILFDF\� RI�

PRYHPHQWV� DQG� OHDG� WR� GLIILFXOW\� ZLWK� HYHU\GD\� DFWLYLWLHV� VXFK� DV� FRRNLQJ� RU� GULYLQJ�� 7KH�

IROORZLQJ�WZR�VHFWLRQV�SUHVHQW�FOLQLFDO�HYLGHQFH�RQ�SURSULRFHSWLRQ�ORVV�LQ�WZR�IUHTXHQW�FRQGLWLRQV��

DJLQJ�DQG�VWURNH��� 

1.2.6.1 3URSULRFHSWLRQ�ORVV�DQG�$JLQJ 

6HYHUDO� VWXGLHV� KDYH� VKRZQ� WKDW� ERWK� VHQVH� RI� SRVLWLRQ� DQG� PRYHPHQW� LQ� WKH� MRLQWV�

GHWHULRUDWH�ZLWK�DJLQJ��7KH�GHFUHDVH�OHDGV�WR�IXQFWLRQDO�GHILFLWV�LQ�ERWK�XSSHU�DQG�ORZHU�OLPE�WDVNV�

DV�ZHOO�DV�EDODQFH�DFWLYLWLHV��7KH�GHWHULRUDWLRQ�PD\�EH�WKH�UHVXOW�RI�SDUDOOHO�PHFKDQLVPV�VXFK�DV�

GHJHQHUDWLYH� FKDQJHV� LQ� WKH� SHULSKHUDO� QHUYRXV� V\VWHP� DV� ZHOO� DV� GHILFLHQFLHV� LQ� WKH� FHQWUDO�

SURFHVVHV� UHODWHG� WR�SURSULRFHSWLYH� IHHGEDFN� �*REOH� HW� DO��� �������$GDPR�HW� DO�� FRQGXFWHG� WZR�

VWXGLHV�RQ�WKH�VWDWLF�MRLQW�SRVLWLRQ�VHQVH�RI�ROGHU�DGXOWV¶�GXULQJ�ERWK�HOERZ��$GDPR�HW�DO���������

DQG� ZULVW� �$GDPR� HW� DO��� ������ VLQJOH�MRLQW� SRVLWLRQ� UHSURGXFWLRQ� WDVNV�� 7KH� UHVXOWV� IURP� WKH�

PDWFKLQJ� WDVN� IRU� WKH� HOERZ� DQG� ZULVW� MRLQWV� VKRZHG� VLJQLILFDQWO\� KLJKHU� HUURUV� DQG� ORQJHU�

PRYHPHQW�WLPHV�IRU�ROGHU�DGXOWV�WKDQ�WKHLU�\RXQJHU�FRXQWHUSDUWV��7KH�ROGHU�DGXOWV�VKRZHG�D�ODFN�

RI� VPRRWKQHVV� LQ� WKHLU� PRYHPHQWV� DQG� ORQJHU� PRYHPHQW� WLPHV� VLQFH� WKH\� KDG� VHYHUDO� VXE�

PRYHPHQWV� WKDW� FRUUHVSRQGHG� WR�PRUH�RQOLQH� FRUUHFWLRQV�� ,Q� DQRWKHU� VWXG\�� WKH� VDPH�JURXS�RI�

UHVHDUFKHUV��:ULJKW�HW�DO���������DVVHVVHG�WKH�MRLQW�PRWLRQ�VHQVH��NLQHVWKHVLD��LQ�ROGHU�DGXOWV��PHDQ�

DJH������ � ����\HDUV��DQG�PHDVXUHG�WKHLU�DELOLW\�WR�SHUFHLYH�SDVVLYH�PRYHPHQW�DERXW�WKH�ZULVW��

7KH�UHVXOWV�VKRZHG�WKDW�WKH�VRPDWRVHQVRU\�VHQVDWLRQ�LPSDLUPHQWV�UHODWHG�WR�MRLQW�SRVLWLRQ�ZHUH�

QRW�OLPLWHG�WR�VWDWLF�VHQVH�RI�SRVLWLRQ�LQ�WKH�ROGHU�DGXOWV��DQG�WKDW�WKH�DELOLW\�WR�GHWHFW�ZULVW�MRLQW�

PRWLRQ�ZDV�VLJQLILFDQWO\�LPSDLUHG�DV�ZHOO��2OGHU�SDUWLFLSDQWV¶�DELOLW\�WR�GHWHFW�SDVVLYH�PRYHPHQW�

WKUHVKROG�ZHUH�WZR�WLPHV�KLJKHU�WKDQ�WKH�\RXQJHU�SDUWLFLSDQWV��DERXW����YHUVXV����LQ�WKH�\RXQJHU�

JURXS�� 

1.2.6.2 3URSULRFHSWLRQ�/RVV�DQG�6WURNH 

,PSDLUPHQW�RI�SURSULRFHSWLRQ�LV�HVWLPDWHG�WR�RFFXU�LQ����WR�����RI�LQGLYLGXDOV�ZLWK�VWURNH�

�&DUH\��������.HVVQHU�HW�DO����������3URSULRFHSWLRQ� LPSDLUPHQW� LV�DVVRFLDWHG�ZLWK�SULPDU\� DQG�

VHFRQGDU\� VRPDWRVHQVRU\� FRUWH[� OHVLRQV� DV�ZHOO� DV� OHVLRQV� LQ� IURQWDO� VXEFRUWLFDO� DUHDV�� IURQWDO�

LQVXODU�FRUWH[�DQG�WKH�H[WHUQDO�FDSVXOH�DQG�VXEFRUWLFDO�DUHD�LQ�WKH�SDULHWDO�DVVRFLDWLYH�FRUWH[�DQG�

SXWDPHQ��.HVVQHU�HW�DO����������$V�SUHYLRXVO\�PHQWLRQHG��VRPDWRVHQVRU\�DIIHUHQFH�PDNHV�VHYHUDO�

V\QDSVHV�DQG�SDWKZD\V�LQ�GLIIHUHQW�DUHDV�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP��6WURNH�UHODWHG�OHVLRQV�LQ�



 

 � 

DQ\�RI�WKHVH�EUDLQ�VWUXFWXUH�ZLOO�LPSDLU�VHQVRULPRWRU�IXQFWLRQ��.HQL]H�HW�DO���FRQGXFWHG�D�VWXG\�RQ�

DFXWH�VWURNH�SDWLHQWV�ZLWK�OHVLRQV�LQ�YHQWUDO�SRVWHULRU�ODWHUDO�QXFOHXV�RI�WKH�WKDODPXV��WKH�SRVWHULRU�

OLPE� RI� WKH� LQWHUQDO� FDSVXOHV�� WKH� SRVW�FHQWUDO� J\UXV� DQG� SRVWHULRU� SDULHWDO� FRUWH[��7KH� DXWKRUV�

DVVHVVHG� WKH� FRQVHTXHQFHV� RI� OHVLRQV� LQ� WKHVH� VRPDWRVHQVRU\� UHODWHG� DUHDV� RQ� PRWRU� DQG�

SURSULRFHSWLYH� IXQFWLRQ� �.HQ]LH�HW�DO����������7R�DVVHVV� WKH�VHQVH�RI�SURSULRFHSWLRQ��DFWLYH�DQG�

SDVVLYH�URERWLF�JXLGHG�SRVLWLRQ�PDWFKLQJ�WDVNV�ZHUH�XVHG�ZLWKRXW�YLVLRQ�RI�WKH�OLPE��7KH�ILQGLQJV�

RI�.HQL]H¶V�VWXG\�VKRZHG�LQFUHDVHG�VSDWLDO�DQG�WHPSRUDO�YDULDELOLW\� LQ�ERWK�VWDWLF�DQG�G\QDPLF�

SRVLWLRQ� WDVNV� LQ�SDUWLFLSDQWV�ZLWK�VWURNH�� ,Q� DQRWKHU�VWXG\�6FKHLGW�	�6WRHFNPDQQ� �VWXGLHG� WKH�

DGDSWDWLRQ� RI� UHDFKLQJ�PRYHPHQWV� ZKHQ� SHUIRUPLQJ� D� WDVN� ZLWK� XQSUHGLFWDEOH� HQYLURQPHQWDO�

SHUWXUEDWLRQV�LQ�VWURNH�SDWLHQWV��6FKHLGW�	�6WRHFNPDQQ���������7KH�WDVN�ZDV�FRQGXFWHG�XVLQJ�D�

URERWLF�DUP�WKDW�DSSOLHG�XQSUHGLFWDEOH�DPRXQWV�RI�ORDG�RQ�WKH�KDQGOHV�EHWZHHQ�WKH�WUDMHFWRULHV�RI�

WKH�WZR�KRUL]RQWDO�WDUJHWV�ZKLOH�YLVLRQ�RI�WKH�OLPE�ZDV�EORFNHG��7KH�DXWKRUV�VKRZHG�WKDW�FOLQLFDOO\�

PHDVXUHG�SURSULRFHSWLRQ�ORVV�ZDV�UHODWHG�WR�PHDVXUHPHQWV�RI�PRYHPHQW�WUDMHFWRU\�DGDSWDWLRQ�LQ�

UHVSRQVH�WR�WKH�SHUWXUEDWLRQ�ORDGV�DQG� WR�ILQDO�KDQG�SRVLWLRQ�YDULDELOLW\��6FKHLGW�	�6WRHFNPDQQ�

DOVR�IRXQG�WKDW�VWURNH�SDWLHQWV�ZLWK�SURSULRFHSWLYH�GHILFLHQFLHV�GLG�QRW�DGDSW�WKHLU�IXWXUH�PRWRU�

SODQV�DQG�SHUIRUPDQFH�DFFRUGLQJ�WR�WKH�H[SHULHQFH�RI�SDVW�SHUWXUEDWLRQ�DV�PXFK�DV�SHRSOH�ZLWK�

LQWDFW� SURSULRFHSWLRQ�� 7KHVH� UHVXOWV� FRXOG� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� IHHGEDFN� IURP� WKH�

SURSULRFHSWRUV� SOD\V� DQ� LPSRUWDQW� UROH� LQ� HYDOXDWLRQ� RI� WKH� DPRXQW� RI�PXVFOH� IRUFH� DQG� MRLQW�

WRUTXHV�QHHGHG�WR�DGDSW��XSGDWH�WKH�IXWXUH�PRWRU�FRPPDQGV��IRU�WKH�HQYLURQPHQWDO�SHUWXUEDWLRQV�

�6REHU� 	� 6DEHV�� ������� 7KXV�� VWURNH� SDWLHQW� ZLWK� OHVLRQV� LQ� WKH� DUHDV� WKDW� DUH� LQYROYHG� ZLWK�

VRPDWRVHQVDWLRQ� DUH�QRW� DEOH� WR� DFTXLUH� WKH� IHHGEDFN�QHHGHG� IRU� XSGDWLQJ� WKHLU� H[LVWLQJ�PRWRU�

SURJUDPV�RU�IRU�RQOLQH�FRQWURO�RI�WKHLU�PRYHPHQWV��� 

1.2.7 0XVFOH�WHQGRQ�YLEUDWLRQ�PHWKRG�DQG�PHFKDQLVPV 

0XVFOH�WHQGRQ�YLEUDWLRQ�XVHV�D�PHFKDQLFDO�GHYLFH�WR�DSSO\�YLEUDWLRQ�VWLPXODWLRQ�RYHU�WKH�

PXVFOH� WHQGRQ� XQLWV�� )RU� HDVH� RI� UHIHUHQFH� LQ� WKH� FXUUHQW� GRFXPHQW�� PXVFOH� WHQGRQ� YLEUDWLRQ�

DSSOLHG�VLPXOWDQHRXVO\�RQ�DQWDJRQLVW�PXVFOH�JURXSV�DURXQG�RQH�MRLQW�ZLOO�EH�UHIHUUHG�WR�DV�³GXDO�

PXVFOH�WHQGRQ�YLEUDWLRQ´�RU�GXDO�079��DQG�PXVFOH�WHQGRQ�YLEUDWLRQ�DSSOLHG�RQ�RQH�PXVFOH�JURXS�

LQ�D�MRLQW�ZLOO�EH�UHIHUUHG�WR�DV�³VLQJOH�PXVFOH�WHQGRQ�YLEUDWLRQ´�RU�VLQJOH�079��,W�LV�LPSRUWDQW�WR�

QRWH� WKDW� GLIIHUHQW� IUHTXHQFLHV� RI� YLEUDWLRQ� RQ� PXVFOHV� WHQGRQV� FDQ� DFWLYDWH� GLIIHUHQW� VHQVRU\�

UHFHSWRUV�VXFK�DV�PXVFOH�VSLQGOH�SULPDU\��,D��DQG�VHFRQGDU\��,,��HQGLQJV�DQG�*ROJL�WHQGRQ�RUJDQV�



 

 �� 

�,E���RU�FXWDQHRXV�PHFKDQRUHFHSWRUV�VXFK�DV�3DFLQLDQ�FRUSXVFOHV��$PDQ�HW�DO���������(QGHUV�HW�DO���

������5ROO�HW�DO����������7KH�SHULSKHUDO�V\VWHP�LQSXWV�GXULQJ�WKH�DFWXDO�PRYHPHQWV�DUH�VLPLODU�WR�

WKH� UHVSRQVH� RI� SURSULRFHSWLRQ� DIIHUHQFH� WR� PHFKDQLFDO� YLEUDWLRQ�� 5ROO� HW� DO�� VKRZHG� XVLQJ�

PLFURQHXURJUDSK\� WKDW� VHQVDWLRQ�RI�PRYHPHQW� FRXOG�EH� VWLPXODWHG�E\� VHOHFWLYH� VWLPXODWLRQ�RI�

PXVFOH�VSLQGOHV�XVLQJ�YLEUDWLRQ�RYHU�WKH�PXVFOH�WHQGRQV��5ROO�	�*LOKRGHV��������-��3��5ROO�	�-��3��

9HGHO���������%HIRUH�WKDW��*RRGZLQ�HW�DO��VKRZHG�WKDW�YLEUDWLRQ�RYHU�WKH�WHQGRQ�RI�WKH�XSSHU�OLPE�

FRXOG�EH�SHUFHLYHG�DV�WKH�PXVFOH�LV�EHLQJ�VWUHWFKHG� �*RRGZLQ�HW�DO�������E���7KLV�IDOVH�VHQVH�RI�

PRYHPHQW�WKDW�LV�LQGXFHG�E\�YLEUDWLRQ�LV�FDOOHG�³LOOXVRU\�PRYHPHQW´�VHQVDWLRQ��)LQGLQJV�RI�VHYHUDO�

VWXGLHV�VXJJHVW�WKDW�SULPDU\�PXVFOH�HQGLQJV�KDYH�D�PDMRU�UROH�LQ�WKH�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�

�*RRGZLQ�HW�DO�������D��-�3��5ROO�	�-�3��9HGHO���������0RUHRYHU��5ROO�DQG�*LOKRGHV�VKRZHG�WKDW�

WKH�VDPH�YLEUDWLRQ�IUHTXHQF\�RYHU�WZR�DQWDJRQLVWLF�PXVFOHV�GRHV�QRW�LQGXFH�NLQHVWKHWLF�LOOXVLRQV�

�5ROO�	�*LOKRGHV���������7KHUH�DUH�VWXGLHV�VXJJHVWLQJ�WKDW� WKH�HTXDO�YLEUDWLRQ�VWLPXODWLRQ�RYHU�

DQWDJRQLVW�PXVFOH�JURXSV�ZLOO�GHJUDGH�SURSULRFHSWLRQ��%HOODQ�HW�DO���������2��%RFN�HW�DO����������

+RZHYHU��*RQ]DOHV�DQG�*REOH�VKRZHG�WKDW�SURSULRFHSWLRQ�DGDSWDWLRQ�KDSSHQHG�ZLWKLQ�DERXW����

PLQXWHV�RI�ELFHSV�WULFHSV�YLEUDWLRQ�DV�PHDVXUHG�E\�DQ�HOERZ�DQJOH�PDWFKLQJ�WDVN��*RQ]DOHV�	�

*REOH���������7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�WKDW�WKH�DPSOLWXGH�RI�WKH�XQGHUVKRRW�HUURUV��FRQVWDQW�

HUURU��IRU�WKH�PDWFKLQJ�WDVN�GHFUHDVHG�DW�WKH�ODWHU�WULDOV�ZKHQ�FRPSDUHG�WR�WKH�HDUO\�WULDOV��+RZHYHU��

PDWFKLQJ�YDULDELOLW\��YDULDEOH�HUURU��GLG�QRW�LQFUHDVH�VLJQLILFDQWO\�GXULQJ�ELFHSV�WULFHSV�YLEUDWLRQ� 

%UDLQ�H[FLWDELOLW\�VWXGLHV�KDYH�VKRZQ�WKDW�079�OHDGV�WR�FRUWLFDO�OHYHO�FKDQJHV�LQ�KHDOWK\�

LQGLYLGXDOV� �)RUQHU�&RUGHUR�HW�DO���������0DUFRQL�HW�DO���������5RVHQNUDQ]� HW�DO��������� DQG� LQ�

LQGLYLGXDOV�ZLWK�VWURNH� �0DUFRQL� HW�DO����������7KHVH�FKDQJHV� LQFOXGH�H[FLWDELOLW\�RI� WKH�PRWRU�

DUHDV�UHODWHG�WR�WKH�YLEUDWHG�PXVFOH��DV�ZHOO�DV�SDWWHUQV�RI�LQWUD�FRUWLFDO�LQKLELWLRQ�DQG�IDFLOLWDWLRQ��

0DUFRQL�HW�DO��FRQGXFWHG�D�EUDLQ�H[FLWDELOLW\�VWXG\�XVLQJ�WUDQVFUDQLDO�PDJQHWLF�VWLPXODWLRQ��706��

RQ� KHDOWK\� SDUWLFLSDQWV� �0DUFRQL� HW� DO��� �������7KH\� IRXQG� WKDW� ���PLQXWHV� RI�079� �����+]�

IUHTXHQF\����������PP�DPSOLWXGH��RQ�D�FRQWUDFWLQJ�ZULVW�IOH[RU�PXVFOH�FDQ�FDXVH�FKDQJHV�LQ�WKH�

WDUJHW�PXVFOH¶V�FRUWLFDO�H[FLWDELOLW\�WKDW�ODVWHG�IRU�WZR�ZHHNV�DQG�UHWXUQHG�WR�EDVHOLQH�OHYHOV�ZLWKLQ�

WKUHH�ZHHNV��,Q�DQRWKHU�VWXG\�0DUFRQL�HW�DO��XVHG�WKH�VDPH�079�SURWRFRO�IRU�LQGLYLGXDOV�ZLWK�

FKURQLF�VWURNH��0DUFRQL�HW�DO����������7KH�DXWKRUV�XVHG�706�EHIRUH�DQG�DIWHU�WKH�079�SURWRFRO�

DQG�PHDVXUHG�WKH�VXP�RI�DYHUDJHG�PRWRU�HYRNHG�SRWHQWLDO� DPSOLWXGHV�DFTXLUHG�IURP�DOO�RI�WKH�

H[FLWDEOH�VLWHV�PDSSHG�RQ�WKH�VFDOS��7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�LQFUHDVHG�PDS�YROXPH�IRU�

ERWK�DJRQLVW�DQG�DQWDJRQLVW�PXVFOHV��0RWRU�FRUWLFDO�H[FLWDELOLW\�FKDQJHV�LQ�0DUFRQL�HW�DO�¶V�VWXG\�
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ZLWK� VWURNH� SDUWLFLSDQWV�ZDV� DOVR� DFFRPSDQLHG� E\� UHGXFHG� VSDVWLFLW\� DQG� LPSURYHG� IXQFWLRQDO�

PRYHPHQW��0DUFRQL�HW�DO����������,Q�PRVW�RI�WKH�079�FOLQLFDO�VWXGLHV�WKH�YLEUDWLRQ�IUHTXHQFLHV�

ZHUH�EHWZHHQ���+]�DQG�XS�WR����+]��ZLWK�VPDOO�YLEUDWLRQ�DPSOLWXGHV��DPSOLWXGH�UDQJH�������PP��

�0RUWD]D�HW�DO����������7KLV�UDQJH�RI�IUHTXHQF\�IRU�DSSOLFDWLRQ�RI�079�LV�DSSURSULDWH�EHFDXVH�WKH�

PXVFOH�VSLQGOHV��WKDW�DUH�WKH�WDUJHW�RI�079��DUH�VHQVLWLYH�WR�WKLV�UDQJH��-�3��5ROO�	�-�3��9HGHO��������

5ROO�HW�DO���������� 

1.2.7.1 &OLQLFDO�HYLGHQFH�IRU�WKH�EHQHILWV�RI�079� 

,Q�DGGLWLRQ�WR�WKH�DERYH�VWXGLHV�WKDW�PHDVXUHG�PRWRU�FRUWH[�H[FLWDELOLW\�DV�D�PHDVXUH�RI�WKH�

HIIHFWV�RI�079��WKHUH�LV�DOVR�FOLQLFDO�HYLGHQFH�IRU�WKH�HIIHFWV�RI�079�RQ�LPSURYLQJ�PXVFOH�VWUHQJWK�

DQG�IXQFWLRQ��$OJKDGLU�HW�DO���������%HQHGHWWL�HW�DO���������)DWWRULQL�HW�DO����������UHGXFLQJ�VSDVWLFLW\�

�&DVDOH� HW� DO��� ������ &RVWDQWLQR� HW� DO��� ������0DUFRQL� HW� DO��� ������0XULOOR� HW� DO��� ������� DQG�

FRQVHTXHQWO\� LPSURYLQJ� IXQFWLRQDO� PRWRU� SHUIRUPDQFH� �&DVDOH� HW� DO��� ������ &KRL�� ������

&RVWDQWLQR� HW� DO��� ������ 7DYHUQHVH� HW� DO��� ������� ,Q� DGGLWLRQ�� JLYHQ� FKDQJHV� LQ� SURSULRFHSWLRQ�

DVVRFLDWHG�ZLWK�DJLQJ��WKHUH�DUH�DOVR�VWXGLHV�VKRZLQJ�WKDW�079�PD\�EH�EHQHILFLDO�IRU�ROGHU�DGXOWV�

H[SHULHQFLQJ�KHDOWK\�DJLQJ��&HOOHWWL�HW�DO���������<X�HW�DO��������� 

1.2.7.1.1 0XVFOH�6WUHQJWK� 

%HQHGHWWL�HW�DO��XVHG����+]�ORZ�DPSOLWXGH�YLEUDWLRQ�RYHU�WKH�EHOO\�RI�WKH�TXDGULFHSV�DV�DQ�

LQWHUYHQWLRQ�IRU�TXDGULFHSV�ZHDNQHVV�VHFRQGDU\�WR�NQHH�RVWHRDUWKULWLV��%HQHGHWWL�HW�DO����������7KH�

WUHDWPHQWV� LQFOXGHG���� VHVVLRQV� HDFK����PLQXWHV� ORQJ��7KH\�PHQWLRQHG� WKDW� WKH\� FKRVH�KLJKHU�

YLEUDWLRQ�IUHTXHQF\�WR�WDUJHW�DFWLYDWLRQ�RI�SULPDU\�VSLQGOH�HQGLQJV��%URZQ�HW�DO����������)ROORZLQJ�

WKH� WUHDWPHQW� SDUWLFLSDQWV� VKRZHG� VLJQLILFDQW� LPSURYHPHQWV� LQ� SK\VLFDO� FDSDFLW\� DFFRUGLQJ� WR�

LPSURYHG�VFRUHV�RQ� WKH�:HVWHUQ�2QWDULR�DQG�0F0DVWHU�8QLYHUVLWLHV�2VWHRDUWKULWLV�,QGH[�VFRUH��

OHVV�SDLQ��DQG�GHFUHDVHG�WLPHV�IRU�ERWK�VWDLU�FOLPELQJ�DQG�WKH�WLPHG�XS�DQG�JR��$OVR��NQHH�IOH[LRQ�

UDQJH�RI�PRWLRQ�ZDV�LQFUHDVHG��7KH�HOHFWURP\RJUDSK\�PHDVXUHPHQWV�UHYHDOHG�KLJKHU�LQYROYHPHQW�

RI�W\SH�,,�PXVFOH�ILEHUV�DV�D�UHVXOW�RI�YLEUDWLRQ�WKDW�VXJJHVWV�D�QHXUR�PHGLDWHG�PXVFOH�UHFUXLWPHQW�

SDWWHUQ�FKDQJH�UDWKHU�WKDQ�D�PXVFOH�FRPSRVLWLRQ�FKDQJH�DV�D�UHVXOW�RI�IRFDO�YLEUDWLRQ��7KH�DXWKRUV�

VXJJHVWHG�WKDW�WKH�ORFDO�YLEUDWLRQ�LPSURYHG�WKH�PXVFOH�IXQFWLRQ�LQ�SDWLHQWV�ZLWK�RVWHRDUWKULWLV�� 

,Q�DQRWKHU�VWXG\�ZLWK�KHDOWK\�DGXOWV��)DWWRULQL�HW�DO��XVHG�����+]�ORZ�DPSOLWXGH�YLEUDWLRQ�

RQ�WKH�TXDGULFHSV�PXVFOH�LQ�WZR�FRQGLWLRQV��ZLWK�RU�ZLWKRXW�FRQFRPLWDQW�LVRPHWULF�FRQWUDFWLRQ�

�)DWWRULQL�HW�DO�����������7KH�WUHDWPHQW�LQFOXGHG�WKUHH����PLQXWH�HSLVRGHV�RI�YLEUDWLRQ�SHU�GD\�IRU�

WKUHH�FRQVHFXWLYH�GD\V�� �)RUFH�GHYHORSPHQW�FDSDFLW\�RI�WKH�PXVFXODU�VWUXFWXUH�RI� WKH�NQHH�ZDV�



 

 �� 

DVVHVVHG�XVLQJ�PD[LPXP�YROXQWDU\�FRQWUDFWLRQ��09&���LVRPHWULF��DQG� LVRWRQLF��IDWLJXLQJ� WDVN��

WHVWV��$OWKRXJK�09&�GLG�QRW�LPSURYH�DV�D�UHVXOW�RI�PXVFOH�YLEUDWLRQ��IRUFH�YDOXHV�UHDFKHG�DW�����

��������DQG����PV�RI�09&�RQVHW�WLPH�LQFUHDVHG�IRU�ERWK�YLEUDWLRQ�JURXSV��7KH�YLEUDWLRQ�ZLWK�

FRQWUDFWLRQ�WUDLQLQJ�GHFUHDVHG�WLPH�WR�SHDN�IRUFH��$OVR��WKH�LVRWRQLF�WHVWV�VKRZHG�LQFUHDVHG�IDWLJXH�

UHVLVWDQFH� IRU� ERWK�YLEUDWLRQ�JURXSV��7KH� DXWKRUV� VXJJHVW� WKDW� TXDGULFHSV�PXVFOH�YLEUDWLRQ� FDQ�

LPSURYH�IRUFH�GHYHORSPHQW�DQG�IDWLJXH�UHVLVWDQFH�� 

,Q� FRQWUDVW��+HUGD� HW� DO�¶V� VWXG\� LQGLFDWHG� WKDW� ���PLQXWHV� RI� ���+]� YLEUDWLRQ� RYHU� WKH�

$FKLOOHV�WHQGRQ�GHFUHDVHG�09&�SHDN�WRUTXH�E\�����+HUGD�HW�DO����������$OVR��(0*�DPSOLWXGH�RI�

WKH�VROHXV�DQG�PHGLDO�JDVWURFQHPLXV�PXVFOHV�ZHUH�VLJQLILFDQWO\�UHGXFHG���������ZKHQ�FRPSDUHG�

WR�WKH�SUH�WUHDWPHQW�YDOXHV��+HUGD�HW�DO��VXJJHVWHG�WKDW�WKH�VXSSUHVVLRQ�RI�JURXS�,D�DIIHUHQWV��DV�D�

UHVXOW�RI�PHFKDQLFDO�YLEUDWLRQ��PD\�EH�UHVSRQVLEOH�IRU�WKH�GHFUHDVHG�PXVFOH�DFWLYLW\��,Q�WKH�VDPH�

VWXG\�� VLPLODU� UHVXOWV� ZHUH� IRXQG� IRU� WKH� FRQGLWLRQ� LQ� ZKLFK� SDUWLFLSDQWV� UHFHLYHG� SURORQJHG�

VWUHWFKLQJ��2QH�SRVVLEOH� UHDVRQ�IRU� WKH� LQFRQVLVWHQW� UHVXOW�RI�+HUG¶V�VWXG\�ZLWK� WKH� IRUPHU� WZR�

VWXGLHV� PD\� EH� WKDW� LQ� WKH� +HUGD¶V� VWXG\� WKH� LPPHGLDWH� HIIHFW� RI� YLEUDWLRQ� ZDV� DVVHVVHG�

LPPHGLDWHO\�EHIRUH�DQG�DIWHU�WKH�LQWHUYHQWLRQ�ZKHUHDV�WKH�RWKHU�VWXGLHV�XVHG�ORQJ�WHUP� WUDLQLQJ�

DQG�ORQJ�LQWHUYDOV�EHIRUH�DQG�DIWHU�WKH�WUHDWPHQW�VHVVLRQV��7KH�UHVXOWV�RI�+HUGD�HW�DO��VWXG\�VHHPV�

WR�EH�FRQVLVWHQW�ZLWK�WKH�VWXGLHV�WKDW�KDYH�VKRZQ�VXSSUHVVLRQ�RI�+�UHIOH[��(NEORP�	�7KRUVWHQVVRQ��

������0XULOOR�HW�DO���������5RFFKL�HW�DO���������6HR�HW�DO���������DQG�UHGXFHG�VSDVWLFLW\�LQ�FRQGLWLRQV�

VXFK�DV�VWURNH�DQG�VSLQDO�FRUG�LQMXU\��&DVDOH�HW�DO���������&RVWDQWLQR�HW�DO���������0DUFRQL�HW�DO���

������0XULOOR�HW�DO���������DV�D�UHVXOW�RI�079��7KH�UHVXOWV�RI�WKHVH�VWXGLHV�ZLOO�EH�HODERUDWHG�LQ�WKH�

QH[W�VHFWLRQ� 

1.2.7.1.2 6SDVWLFLW\�DQG�)XQFWLRQDO�3HUIRUPDQFH� 

%RFN�HW�DO���2��%RFN�HW�DO���������DSSOLHG����+]�WHQGRQ�YLEUDWLRQ�RYHU�WKH�WHQGRQV�RI�HLWKHU�

ZULVW�H[WHQVRUV��ZULVW�IOH[RUV��RU�RYHU�DQWDJRQLVW�PXVFOHV�DW�WKH�VDPH�WLPH��7KH\�IRXQG�WKDW�DOO�

YLEUDWLRQ� FRQGLWLRQV� OHG� WR� +�UHIOH[� VXSSUHVVLRQ�� 7KH� DXWKRUV� VXJJHVWHG� WKDW� VLPXOWDQHRXV�

YLEUDWLRQ�RI�WKH�DQWDJRQLVW�PXVFOHV�FRXOG�FDXVH�VWURQJHU�UHIOH[�VXSSUHVVLRQ��3OHDVH�UHIHU�WR�FKDSWHU�

���V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV���0RUWD]D�HW�DO����������IRU�PRUH�VWXGLHV�RQ�WKH�HIIHFW�RI�

079�RQ�VSDVWLFLW\�DQG�IXQFWLRQDO�SHUIRUPDQFH�LPSURYHPHQW�LQ�LQGLYLGXDOV�ZLWK�VWURNH��$OWKRXJK�

HDFK�RI�WKH�VWXGLHV�LQFOXGHG�LQ�WKLV�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�VKRZHG�LPSURYHG�IXQFWLRQ�

DQG� ORZHU�VSDVWLFLW\� LQ� LQGLYLGXDOV�ZLWK�FKURQLF�VWURNH�� WKH�SRROHG� UHVXOWV�RI� WKH�PHWD�DQDO\VLV�

LQGLFDWH� WKDW� WKHUH� LV� LQVXIILFLHQW� HYLGHQFH� RQ� WKH� HIIHFWLYHQHVV� RI� 079� IRU� LPSURYLQJ� WKH�
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IXQFWLRQDO�SHUIRUPDQFH�DQG�VSDVWLFLW\�RI�WKH�XSSHU� OLPE��+RZHYHU��WKH�PHWD�DQDO\VLV�GLG�ILQG�D�

EHQHILW�RI�079�IRU�WKH�XSSHU�OLPE�ZKHQ�IXQFWLRQ�ZDV�DVVHVVHG�XVLQJ�PRYHPHQW�WLPH�IRU�D�UHDFKLQJ�

WDVN�� 6R�� LW� VHHPV� WKDW� WKHUH� LV� D� QHHG� IRU� PRUH� UHVHDUFK� RQ� WKH� HIIHFWLYHQHVV� RI� 079� RQ�

SHUIRUPDQFH�RI�XSSHU�OLPE�UHDFKLQJ�WDVNV��$OVR��NLQHPDWLF�DQDO\VLV�RI�WKH�UHDFKLQJ�WDVN�VHHPV�WR�

EH� D� VHQVLWLYH�PHDVXUHPHQW�PHWKRG� WR� GHWHFW�PRWRU� SHUIRUPDQFH� FKDQJHV� DV� D� UHVXOW� RI�079�

WUHDWPHQW� 

1.2.7.1.3 $JLQJ 

$V�H[SODLQHG� DERYH�� SURSULRFHSWLRQ� VHQVLELOLW\� GHFOLQHV�ZLWK� DJLQJ��7KHUH� DUH� D� OLPLWHG�

QXPEHU�RI�VWXGLHV�RQ�WKH�HIIHFWLYHQHVV�RI�WHQGRQ�YLEUDWLRQ�RQ�WKH�ORZHU�OLPE�PXVFOHV�ZLWK�WKH�JRDO�

WR�HQKDQFH�SRVWXUDO�FRQWURO�LQ�ROGHU�DGXOWV��&HOOHWWL�HW�DO���������<X�HW�DO����������<X�HW�DO���<X�HW�

DO���������DSSOLHG�ORZ�DPSOLWXGH���+]�YLEUDWLRQ�RYHU�WKH�WLELDOLV�DQWHULRU�DQG�$FKLOOHV�WHQGRQV�DW�

WKH�DQNOH� LQ�ROGHU�DGXOWV�ZLWK�VLQJOH�RU�GXDO�079��7R�DVVHVV� WKH�HIIHFWV�RI�YLEUDWLRQ�� FHQWHU�RI�

SUHVVXUH�WUDMHFWRULHV�ZHUH�UHFRUGHG�GXULQJ�RQH�OHJJHG�DQG�WZR�OHJJHG�VWDQFH��7KH�UHVXOWV�VKRZHG�

WKDW�ZKHQ�RQH�YLEUDWRU\�VWLPXODWLRQ�ZDV�RQ��GHSHQGLQJ�RQ�WKH�YLEUDWLRQ�VLWH��VPDOO�DQWHURSRVWHULRU�

ERG\� VKLIWV� ZHUH� REVHUYHG�� EXW� ZKHQ� WKH� DQWDJRQLVW� PXVFOHV� RI� WKH� DQNOH� ZHUH� YLEUDWHG�

VLPXOWDQHRXVO\��FHQWHU�RI�SUHVVXUH�VZD\V�ZHUH�GHFUHDVHG�GXULQJ�RQH�OHJJHG�EDODQFH�FRPSDUHG�WR�

WKH�QR�YLEUDWLRQ�FRQGLWLRQ�� 

,Q�D�FRQWUROOHG�FOLQLFDO�WULDO��&HOHWWL�HW�DO��XVHG����+]�ORZ�DPSOLWXGH�WHQGRQ�YLEUDWLRQ�RYHU�

WKH�WHQGRQ�RI�WKH�ELODWHUDO�TXDGULFHSV�PXVFOH�LQ�ROGHU�ZRPHQ��7KH�WUHDWPHQW�LQFOXGHG����PLQXWH�

VHVVLRQV� RI� YLEUDWLRQ� DSSOLFDWLRQ� IRU� WKUHH� FRQVHFXWLYH� GD\V� �&HOOHWWL� HW� DO��� ������� ,Q� RUGHU� WR�

PHDVXUH�WKH�HIILFDF\�RI�WKH�079�LQWHUYHQWLRQ��3HUIRUPDQFH�2ULHQWHG�0RELOLW\�$VVHVVPHQW�VFDOH�

ZDV�XVHG�WR�DVVHVV�JDLW�DQG�EDODQFH�TXDOLW\�DV�ZHOO�DV�ULVN�RI�IDOO�SUHGLFWLRQ��7KH�3HUIRUPDQFH�

2ULHQWHG� 0RELOLW\�$VVHVVPHQW� ZHUH� FRQGXFWHG� EHIRUH�� LPPHGLDWHO\� DIWHU�� RQH� PRQWK� DQG� VL[�

PRQWKV�SRVW�WUHDWPHQW��$FFRUGLQJ� WR�3HUIRUPDQFH�2ULHQWHG�0RELOLW\�$VVHVVPHQW��ROGHU�ZRPHQ�

ZKR� UHFHLYHG� WHQGRQ� YLEUDWLRQ� VKRZHG� VLJQLILFDQWO\� OHVV� ULVN� RI� D� IDOO� DW� ORQJ� WHUP� IROORZ�XS�

FRPSDUHG�WR�WKH�JURXS�ZKR�UHFHLYHG�VKDP�YLEUDWLRQ��7KH�DXWKRUV�VXJJHVWHG�WKDW�079�LPSURYHG�

PRWRU�SHUIRUPDQFH�DQG�FRXOG�HIIHFWLYHO\�UHGXFH�ULVN�RI�IDOOV�LQ�ROGHU�ZRPHQ��,W�VHHPV�WKDW�079�

PD\� EHQHILW� ROGHU� DGXOWV� LQ� WHUPV� RI� SRVWXUDO� FRQWURO� UHODWHG� WR� LPSURYHG� QHXURPXVFXODU�

SHUIRUPDQFH�RI�WKH�ORZHU�OLPEV��KRZHYHU��WR�WKH�NQRZOHGJH�RI�WKH�DXWKRU�WKHUH�DUH�QR�VWXGLHV�RQ�

WKH�HIIHFWLYHQHVV�RI�WHQGRQ�YLEUDWLRQ�RQ�XSSHU�OLPE�SHUIRUPDQFH�LQ�DQ�ROGHU�DGXOW�SRSXODWLRQ��6LQFH��

ORVV�RI�SURSULRFHSWLRQ�DV�D�UHVXOW�RI�DJLQJ�FRXOG�DOVR�LPSDLU�WKH�IXQFWLRQ�RI�WKH�XSSHU�OLPE��$GDPR�
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HW�DO���������$GDPR�HW�DO���������*REOH�HW�DO���������:ULJKW�HW�DO���������LW�VHHPV�WKHUH�LV�D�JDS�LQ�

WKH�OLWHUDWXUH�RQ�WKH�HIIHFW�RI�079�IRU�WKH�XSSHU�OLPE�SHUIRUPDQFH�LQ�ROGHU�DGXOWV��� 

1.2.8 ,QGXFHG�SDUHVWKHVLD�PHWKRG�IRU�6WXG\LQJ�WKH�5ROH�RI�3URSULRFHSWLRQ 

6RPDWRVHQVRU\� IHHGEDFN�� D�FRPELQDWLRQ�RI� WDFWLOH� DQG�SURSULRFHSWLYH� VHQVRU\� IHHGEDFN��

�6FKPLGW�HW�DO�������E��6KHUULQJWRQ������D���LV�SDUWLFXODUO\�UHOHYDQW�IRU�SHUIRUPLQJ�HYHU\GD\�WDVNV��

,Q� RUGHU� WR� EHWWHU� XQGHUVWDQG� WKH� FRQWULEXWLRQV� RI� VRPDWRVHQVRU\� LQSXW� WR� PRYHPHQW� FRQWURO��

UHVHDUFKHUV�KDYH�XVHG�D�YDULHW\�RI�PHWKRGV�WR�GLVUXSW�VRPDWRVHQVRU\�IHHGEDFN�LQ�D�QHXURW\SLFDO�

SRSXODWLRQ�� )RU� H[DPSOH�� WKH� QDWXUDO� YLVXDO� DQG� SURSULRFHSWLYH� UHODWLRQVKLS� FDQ� EH� DOWHUHG� E\�

URWDWLQJ� WKH� YLVXDO� IHHGEDFN� �.UDNDXHU� HW� DO��� ������ 6KDGPHKU�	�0XVVD�,YDOGL�� �������0XVFOH�

WHQGRQ�YLEUDWLRQ�LV�DQRWKHU�DSSURDFK�WKDW�KDV�EHHQ�XWLOL]HG�WR�DOWHU�SURSULRFHSWLRQ��2WPDU�%RFN�HW�

DO���������*RRGPDQ�	�7UHPEOD\��������5HGRQ�HW�DO����������$�WKLUG�PHWKRG�WR�DOWHU�SURSULRFHSWLRQ�

LV�WR�LQGXFH�SDUHVWKHVLD�XVLQJ�GLUHFW�QHUYH�VWLPXODWLRQ�WR�LPSDLU�VRPDWRVHQVRU\�LQSXWV��*OD]HEURRN�

HW� DO��� ������ 3DVVPRUH� HW� DO��� ������ 3DVVPRUH� HW� DO��� ������� 3DUDGLJPV� VXFK� DV� WKHVH� DOORZ�

UHVHDUFKHUV�WR�DVVHVV�WKH�FRQWULEXWLRQV�RI�YLVXDO�DQG�SURSULRFHSWLYH�IHHGEDFN�WR�PRYHPHQW�FRQWURO��

DV�ZHOO�DV�WR�XQGHUVWDQG�WKH�FDSDFLW\�RI�WKH�QHUYRXV�V\VWHP�WR�DGDSW�ZKHQ�RQH�RI�WKHVH�VHQVRU\�

LQSXWV�DUH�XQDYDLODEOH�RU�PRGLILHG��H�J���XVLQJ�079�RU�LQGXFHG�SDUHVWKHVLD���3DUHVWKHVLD�FDQ�EH�

LQGXFHG� E\� WUDQVFXWDQHRXV� HOHFWULFDO� VWLPXODWLRQ� DSSOLHG� RYHU� WKH� HVWLPDWHG� SDWK�RI� WKH� FKRVHQ�

SHULSKHUDO�QHUYH��=HKU�	�&KXD��������=HKU�HW�DO����������7KLV�PHWKRG�GRHV�QRW�HOLPLQDWH�WKH�WDFWLOH�

DQG� SURSULRFHSWLRQ� LQSXWV�� LW� UDWKHU� FDXVHV� D� FRQGLWLRQ� WKDW� UHVHPEOHV� D� UDGLDWLQJ� SDUHVWKHVLD�

SDWKRORJ\� RU� D� IHHOLQJ� RI� WLQJOLQJ� DQG� QXPEQHVV� UDGLDWLQJ� DORQJ� WKH� FRXUVH� RI� WKH� WDUJHWHG�

SHULSKHUDO� QHUYH�� 7KH� LQGXFHG� UDGLDWLQJ� SDUHVWKHVLD� UHVHPEOHV� WKH� ORVV� RI� VHQVRU\� LQSXW� LQ� D�

QHXURORJLF�LQMXU\�RU�GLVHDVH� 

7KLV� LQGXFHG� SDUHVWKHVLD� WHFKQLTXH� ZDV�XVHG� LQ� WKH� FXUUHQW� WKHVLV� IRU�PDQLSXODWLQJ� WKH�

VRPDWRVHQVRU\�LQSXWV�LQ�WKH�VWXGLHV�LQFOXGHG�LQ�FKDSWHUV���DQG��� 

1.2.9 3XUSRVH�DQG�VLJQLILFDQFH�RI�WKH�WKHVLV 

6HQVRU\�IHHGEDFN�DQG�PRYHPHQW�SHUIRUPDQFH�DUH�LQWLPDWHO\�OLQNHG�IRU�ERWK�JRDO�GLUHFWHG�

UHDFKLQJ�PRYHPHQWV�DQG�PXOWL�OLPE�FRRUGLQDWLRQ�WDVNV��.LQJ�HW�DO���������0DVORYDW�HW�DO���������

3URWHDX��������3URWHDX� HW�DO���������� ,Q�WKH�QDWXUDO� HQYLURQPHQW� ERWK�YLVXDO�DQG�SURSULRFHSWLYH�

IHHGEDFN�DUH�DYDLODEOH�WR�SODQ�DQG�XSGDWH�JRDO�GLUHFWHG�UHDFKLQJ�PRYHPHQWV��(OOLRWW�HW�DO����������
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7R�GDWH�� UHVHDUFKHUV� KDYH� IRFXVHG�RQ�XQGHUVWDQGLQJ� WKH� VSHFLILF� FKDUDFWHULVWLFV� DVVRFLDWHG�ZLWK�

UHDFKLQJ�PRYHPHQWV�SHUIRUPHG�ZLWK�ZLWKRXW�YLVLRQ�DQG�ZLWK�ZLWKRXW�FRQIOLFWLQJ�SURSULRFHSWLYH�

DQG�YLVXDO�IHHGEDFN��:KLOH�GLVUXSWHG�YLVXDO�IHHGEDFN�KDV�EHHQ�VWXGLHG�H[WHQVLYHO\��WKH�LPSDFW�RI�

GLVUXSWHG� SURSULRFHSWLYH� IHHGEDFN� LV� SRRUO\� XQGHUVWRRG� LQ� WKH� FRQWH[W� RI� PRYHPHQW� FRQWURO�

�.ULWLNRV�	�%UDVFK���������3URSULRFHSWLRQ�LV�SDUWLFXODUO\�UHOHYDQW�IRU�SHUIRUPLQJ�HYHU\GD\�WDVNV��

,QGHSHQGHQFH� PD\� EH� UHGXFHG� RU� ORVW� LI� WKH� DELOLW\� WR� SHUIRUP� IXQFWLRQDO� WDVNV� LV� DOWHUHG��

,QGLYLGXDOV�ZLWK�D�YDULHW\�RI�VHQVRULPRWRU�GLVRUGHUV�WKDW�DOWHU�WKH�FHQWUDO�DQG�RU�SHULSKHUDO�QHUYRXV�

V\VWHP��H�J���VWURNH��PXOWLSOH�VFOHURVLV��3DUNLQVRQ¶V�GLVHDVH��GLDEHWHV��DUH�IDFHG�ZLWK�OHDUQLQJ�DQG�

UH�OHDUQLQJ� KRZ� WR� SHUIRUP� PRYHPHQWV� ZKHQ� VRPDWRVHQVRU\� IHHGEDFN� KDV� EHHQ� UHGXFHG� RU�

GLVUXSWHG��7KHUHIRUH��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�KRZ�EHVW�WR�VXSSOHPHQW�UHGXFHG�VRPDWRVHQVRU\�

IHHGEDFN�ZLWK�RWKHU�DYDLODEOH� VHQVRU\�IHHGEDFN��DV�ZHOO�DV�ZKLFK�VHQVRU\�PRGDOLW\�ZLOO�OHDG� WR�

RSWLPDO� SODQQLQJ�� H[HFXWLRQ�� DQG� OHDUQLQJ� RI� IXQFWLRQDO� PRYHPHQWV�� 7KHUH� DUH� VWXGLHV� WKDW�

GHPRQVWUDWH�LW�LV�SRVVLEOH�IRU�WKH�DSSURSULDWH�RU�SUHIHUUHG�PRGDOLW\�WR�VKLIW�LI�WKH�SUHIHUUHG�PRGDOLW\�

EHFRPHV�GHJUDGHG��7KLV�DGDSWDWLRQ� LV�VLPLODU�WR�ZKDW�KDSSHQV�LQ�QHXURORJLF�LQMXULHV�RU�GLVHDVHV�

WKDW�DIIHFW�VHQVRU\�V\VWHPV��7KH�UH�ZHLJKWLQJ�RI�VHQVRU\�LQSXWV� IRU�PRYHPHQW� FRQWURO�KDV�EHHQ�

GHPRQVWUDWHG�ERWK�IRU�EDODQFH�DQG�UHDFKLQJ�WDVNV��)RU�H[DPSOH��KXPDQV�EHFRPH�PRUH�GHSHQGHQW�

RQ�YLVLRQ�WR�PDLQWDLQ�EDODQFH�LI�WKH�VHQVLWLYLW\�RI�WKHLU�VRPDWRVHQVRU\�DQG�RU�YHVWLEXODU�V\VWHPV�

GHFUHDVHV��+RUDN�	�+ODYDFND��������+RUDN�HW�DO����������%XUU�DQG�$ODLV��%XUU�	�$ODLV��������DOVR�

VKRZHG� WKDW�ZKHQ�YLVXDO� WDUJHW�ZDV�EOXUUHG�EH\RQG�����RI�YLVXDO� DQJOH�� WKH� DXGLWRU\� IHHGEDFN�

EHFDPH�WKH�SUHIHUUHG�PRGDOLW\�GXULQJ�D�JRDO�GLUHFWHG�UHDFKLQJ�WDVN��7KXV��WKH�VHQVRU\�LQSXW�ZLWK�

PRVW�DFFXUDWH�IHHGEDFN�ZLOO�EH�WKH�SUHIHUUHG�VRXUFH�RI�LQIRUPDWLRQ�IRU�WKH�PRYHPHQW�ZKLFK�FDQ�

FKDQJH�ZLWK�WKH�FKDQJHV�LQ�WKH�HQYLURQPHQW�RU�LQGLYLGXDO��,Q�RWKHU�ZRUGV��WKH�SUHIHUUHG�PRGDOLW\�

PD\� FKDQJH� DV� WKH� DFFXUDF\� RI� WKH� VHQVRU\� LQSXW� FKDQJHV� LQ� GLIIHUHQW� HQYLURQPHQWV� DQG� IRU�

GLIIHUHQW�LQGLYLGXDOV��2QH�SXUSRVH�RI�WKH�FXUUHQW�WKHVLV�ZDV�WR�DQVZHU�WKH�IXQGDPHQWDO�TXHVWLRQ�RI�

KRZ� WKH� FRQWURO� RI� JRDO�GLUHFWHG� PRYHPHQWV� DGDSW� WR� LPSDLUHG� VRPDWRVHQVRU\� LQSXWV� ZKHQ�

SHUIRUPLQJ�D�JRDO�GLUHFWHG�UHDFKLQJ�WDVN�XVLQJ�LQGXFHG�SDUHVWKHVLD�DV�D�WHFKQLTXH�WKDW�PRVW�FORVHO\�

UHVHPEOHV�WKH�ORVV�RI�VHQVRU\�LQSXW�LQ�QHXURORJLF�LQMXU\�RU�GLVHDVH� 

7HQGRQ�PXVFOH�YLEUDWLRQ�PD\�DOVR�LQWHUIHUH�ZLWK�WKH�SHUFHSWLRQ�RI�OLPE�SRVLWLRQ�VHQVH��2��

%RFN�HW�DO���������*RRGZLQ�HW�DO�������E���+RZHYHU��WKHUH�LV�HYLGHQFH�LQGLFDWLQJ�WKDW�WKH�KXPDQ�

QHUYRXV� V\VWHP� FDQ� DGDSW� WR� WKH� VHQVRU\� FKDQJHV� FDXVHG� E\�079� �*RQ]DOHV�	�*REOH�� ������

6HL]RYD�&DMLF� HW� DO����������$OVR�� LW�KDV�EHHQ�VKRZQ� WKDW� HYHQ� D� IHZ�VHVVLRQV�RI�079�PD\�EH�
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HQRXJK�WR�WULJJHU�FRUWLFDO�SODVWLFLW\�LQ�ERWK�KHDOWK\�LQGLYLGXDOV��0DUFRQL�HW�DO���������5RVHQNUDQ]�

HW�DO���������DQG� LQ� LQGLYLGXDOV�SRVW�VWURNH� �0DUFRQL�HW�DO����������079�KDV�DOVR�VKRZQ� WUHQGV�

WRZDUG�LPSURYLQJ�IXQFWLRQDO�PRYHPHQWV�RI�WKH�XSSHU�OLPE�LQ�LQGLYLGXDOV�ZLWK�VWRNH��0RUWD]D�HW�

DO��� ������� +HQFH�� LQGLYLGXDOV� ZLWK� SURSULRFHSWLYH� GHILFLHQFLHV� PD\� EHQHILW� IURP� D� ZHDUDEOH�

DVVLVWLYH�GHYLFH�ZLWK�079�WKDW�FDQ�EH�DIIRUGDEO\�DQG�LQGHSHQGHQWO\�DSSOLHG�E\�WKH� LQGLYLGXDO��

1RQH�RI�WKH�SUHYLRXV�VWXGLHV�LQYHVWLJDWHG�HIIHFWV�RI�DSSO\LQJ�079��VSHFLILFDOO\�GXDO�079��GXULQJ�

WKH�SHUIRUPDQFH�RI�D�IXQFWLRQDO�XSSHU�OLPE�WDVN�VXFK�DV�D�JRDO�GLUHFWHG�DLPLQJ�PRYHPHQW��7KH�

UHVXOWV� RI� WKH� FXUUHQW� GLVVHUWDWLRQ� ZLOO� EH� DSSOLHG� LQ� WKH� GHVLJQ� RI� D� QRYHO� YLEUDWRU\� EDQG� IRU�

UHKDELOLWDWLRQ�RI�IXQFWLRQDO�XSSHU�OLPE�PRYHPHQWV�LQ�SRSXODWLRQ�ZLWK�SURSULRFHSWLYH�GHILFLHQFLHV�

�H�J���VWRNH��GLDEHWHV��ROGHU�DGXOWV�HWF����7KH�UHVXOWV�IURP�WKLV�WKHVLV�ZLOO�VHW�WKH�EDVLV�IRU�WKH�GHVLJQ�

RI�FOLQLFDO�WULDOV�RQ�WKH�HIIHFWLYHQHVV�RI�WKH�PXVFOH�WHQGRQ�YLEUDWLRQ�EDQG�IRU�VSHFLILF�SRSXODWLRQV� 

,Q�VXPPDU\�� WKH�SXUSRVH�RI� WKH�FXUUHQW� WKHVLV�ZDV� WR�HQKDQFH�RXU�XQGHUVWDQGLQJ�RI� WKH�

contributions of proprioception to upper limb control and KRZ�XSSHU�OLPE�GXDO�079�PRGXODWHV�

PRWRU�SODQQLQJ�DQG�H[HFXWLRQ� 

 *HQHUDO�REMHFWLYH 

7KH�JHQHUDO�REMHFWLYH�RI�WKH�FXUUHQW�WKHVLV�ZDV�WR�EHWWHU�XQGHUVWDQG�WKH�FRQWULEXWLRQV�RI�

SURSULRFHSWLRQ�WR�XSSHU�OLPE�FRQWURO�LQ�RUGHU�WR�LQIRUP�WKH�GHVLJQ�RI�D�QRYHO�UHKDELOLWDWLRQ�GHYLFH�

IRU�LQGLYLGXDO�ZLWK�VRPDWRVHQVRU\�GHILFLHQFLHV� 

 6SHFLILF�2EMHFWLYHV��� 

7KH�VSHFLILF�REMHFWLYHV�RI�WKH�ILYH�VWXGLHV�RI�WKLV�GLVVHUWDWLRQ�DUH� 

1) 6WXG\����FKDSWHU������7R�GHWHUPLQH�WKH�LPSDFW�RI�GLVUXSWHG�VRPDWRVHQVRU\�IHHGEDFN�

RQ�WKH�DFFXUDF\�DQG�HIILFLHQF\�RI�JRDO�GLUHFWHG�UHDFKLQJ�PRYHPHQWV�ZKHQ�RQOLQH�

YLVXDO�IHHGEDFN�RI�WKH�WDUJHW�ZDV�SUHVHQW�YHUVXV�ZKHQ�LW�ZDV�UHPRYHG��WR�LQGXFH�D�

SUHSODQQHG�PRYHPHQW�VWUDWHJ\�� 

2) 6WXG\����FKDSWHU������7R�GHWHUPLQH�LI�YLVLRQ�RI�WKH�OLPE�VSHFLILFDOO\�LV�XVHG�WR�KHOS�

LPSURYH�PRYHPHQW�SHUIRUPDQFH�ZKHQ�SDUWLFLSDQWV�H[SHULHQFH�LQGXFHG�SDUHVWKHVLD��

$OVR��VWXGLHV���DQG���VRXJKW�WR�XQGHUVWDQG�KRZ�FRQWURO�RI�JRDO�GLUHFWHG�UHDFKLQJ�

PRYHPHQWV� DGDSWV� LQ� WKH� FRQWH[W� RI� GLIIHUHQW� FRPELQDWLRQV� RI� YLVXDO� DQG�

VRPDWRVHQVRU\�PRGLILFDWLRQV� 
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3) 6WXG\����FKDSWHU�����7R�FRQGXFW�D�V\VWHPDWLF�OLWHUDWXUH�UHYLHZ�ZLWK�PHWD�DQDO\VLV�RQ�

WKH�HIIHFWLYHQHVV�RI�079�RQ�IXQFWLRQDO�SHUIRUPDQFH�RI�WKH�XSSHU�OLPE�LQ�LQGLYLGXDOV�

ZLWK�VWURNH�DQG�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�DQ�HIIHFWLYH�079�SURWRFRO� 

4) 6WXG\��� �FKDSWHU� ����%DVHG�RQ� WKH� UHVXOWV� RI� VWXG\���� WR� GHVLJQ� DQG� LPSOHPHQW� D�

SURWRW\SH� IRU� D� QRYHO� YLEUDWLRQ� EDQG� DQG� GHYHORS� D� PHWKRG� IRU� PHDVXULQJ� WKH�

FKDUDFWHULVWLFV�RI�WKH�YLEUDWLRQ�RQ�WKH�PXVFOH�WHQGRQ� 

5) 6WXG\����FKDSWHU�����7R�LQYHVWLJDWH�WKH�HIIHFW�RI�DSSO\LQJ�079�RQ�SHUIRUPDQFH�RI�

DQ�DLPLQJ�WDVN��$�VHFRQGDU\�REMHFWLYH�RI�WKLV�H[SHULPHQW�ZDV�WR�GHWHUPLQH�LI�WKHUH�

ZDV�D�FRUUHODWLRQ�EHWZHHQ�WKH�SHUFHSWLRQ�RI�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�FDXVHG�E\�

079�DQG�DVVRFLDWHG�FKDQJHV�LQ�PRYHPHQW�SHUIRUPDQFH� 

 6SHFLDO�FLUFXPVWDQFHV 

7KH�H[SHULPHQWDO�ZRUN�RI�WKH�FXUUHQW�WKHVLV�ZDV�RULJLQDOO\�SODQQHG�WR�LQFOXGH�EHKDYLRUDO�

DQG�QHXURSK\VLRORJLF��6(3V��VWXGLHV�UHODWHG�WR�WKH�HIIHFWV�RI�079��$V�D�UHVXOW�RI�WKH�&29,'����

SDQGHPLF�WKH�XQLYHUVLW\�RI�0DQLWRED�UHVWULFWHG�SHUIRUPLQJ�H[SHULPHQWDO�ZRUN�WKDW�UHTXLUHG�FORVH�

FRQWDFW�ZLWK�KXPDQ�SDUWLFLSDQWV��$W�WKH� WLPH�WKH�QHXURSK\VLRORJLF�H[SHULPHQW�VHW�XS�DQG�6(3V�

H[SHULPHQWDO� SURWRFRO� ZDV� HVWDEOLVKHG�� DQG� VRPH� SLORW� VWXGLHV� ZHUH� FRPSOHWHG�� +RZHYHU�� WKH�

H[SHULPHQWDO�ZRUN�ZLWK�KXPDQ�SDUWLFLSDQWV�FRXOG�QRW�FRQWLQXH��3OHDVH�UHIHU�$SSHQGL[���IRU�GHWDLOV�

RI�WKH�SURSRVHG�QHXURSK\VLRORJLF�VWXG\�RQ�079�DV�ZHOO�DV�D�VDPSOH�RI� WKH�UHVXOWV�RI�WKH�SLORW�

H[SHULPHQWDO�GDWD��*LYHQ�WKH�RQJRLQJ�UHVWULFWLRQV��LQ�RUGHU�WR�ILQLVK�P\�3K'�GLVVHUWDWLRQ��GHFLVLRQ�

ZDV�PDGH�WR�ZRUN�RQ�GDWD�FROOHFWHG�SUHYLRXVO\�IRU�WZR�UHOHYDQW�VWXGLHV��,�DQDO\]HG�WKH�GDWD�DQG�

SUHSDUHG�WKH�ILUVW�WZR�FKDSWHUV�ZKLFK�UHSUHVHQW�WKH�IXQGDPHQWDO�ZRUN�OHDGLQJ�WR�WKH�079�UHODWHG�

VWXGLHV� 
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2 6WXG\����2SWLPL]LQJ�PRYHPHQW�SHUIRUPDQFH�ZLWK�DOWHUHG�VHQVDWLRQ��$Q�H[DPLQDWLRQ�RI�

PXOWLVHQVRU\�LQSXWV 

$XWKRUV��1L\RXVKD�0RUWD]D���6WHYHQ�5��3DVVPRUH���&KHU\O�0��*OD]HEURRN� 
��3URJUDP�RI�$SSOLHG�+HDOWK�6FLHQFHV��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��&DQDGD 
��)DFXOW\�RI�.LQHVLRORJ\�DQG�5HFUHDWLRQ�0DQDJHPHQW��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��&DQDGD 

 

&RQWULEXWLRQV�RI�$XWKRUV�WR�7KH�0DQXVFULSW 

&�*�� DQG�6�3�� GHVLJQHG� WKH�SURWRFRO� RI� WKH� FXUUHQW� VWXG\� DQG� OHG�GDWD� DFTXLVLWLRQ��1�0�

UHGXFHG��DQDO\]HG��DQG�LQWHUSUHWHG�WKH�H[SHULPHQWDO�GDWD��1�0��DOVR�SUHSDUHG�WKH�ILUVW�GUDIW�RI�WKH�

PDQXVFULSW��&�*��FROODERUDWHG�ZLWK�WKH�GDWD�DQDO\VLV��$OO�DXWKRUV�FULWLFDOO\�UHYLVHG�WKH�GUDIW�RI�WKH�

PDQXVFULSW�IRU�LQWHOOHFWXDO�FRQWHQW�DQG�DSSURYHG�WKH�ILQDO�GUDIW�IRU�VXEPLVVLRQ�WR�D�MRXUQDO�� 

3UHIDFH 

3URSULRFHSWLRQ�LV�SDUWLFXODUO\�UHOHYDQW�IRU�SHUIRUPLQJ�HYHU\GD\�WDVNV��KRZHYHU�WKH�LPSDFW�

RI�GLVUXSWHG�SURSULRFHSWLYH�IHHGEDFN�LQ�WKH�FRQWH[W�RI�PRYHPHQW�FRQWURO�LV�SRRUO\�XQGHUVWRRG��7KH�

FXUUHQW�IXQGDPHQWDO�VWXG\�LQYHVWLJDWHG�WKH�LPSDFW�RI�GLVUXSWLRQ�RI�SURSULRFHSWLYH�IHHGEDFN�RQ�WKH�

DFFXUDF\� DQG� HIILFLHQF\�RI� IXQFWLRQDO� XSSHU� OLPE�PRYHPHQWV��:H�XVHG� WKH�PHWKRG�RI� LQGXFHG�

SDUHVWKHVLD� E\� QHUYH� VWLPXODWLRQ�� ZKLFK� FORVHO\� UHVHPEOHV� WKH� SURSULRFHSWLYH� GLVUXSWLRQ�

H[SHULHQFHG�E\�LQGLYLGXDOV�ZLWK�VHQVRULPRWRU�GHILFLWV��7KH�ILQGLQJV�RI�WKH�FXUUHQW�VWXG\�KHOSHG�XV�

XQGHUVWDQG� PRGLILFDWLRQ� LQ� WKH� FRQWURO� RI� JRDO�GLUHFWHG� PRYHPHQWV� ZKHQ� WKH� SURSULRFHSWLYH�

IHHGEDFN�ZDV�GLVUXSWHG��LQFOXGLQJ�RQOLQH�FRQWURO�DV�ZHOO�DV�KRZ�PRYHPHQWV�DUH�SUHSODQQHG��7KH�

ILQGLQJV�VHW� WKH�EDVLV� IRU�GHVLJQLQJ�D� UHKDELOLWDWLRQ�SURJUDP�DQG�RU�GHYLFH� WKDW�VXSSOHPHQWV�RU�

PRGLILHV� VHQVRU\� IHHGEDFN� WKDW� LV� RSWLPDO� IRU� SODQQLQJ�� H[HFXWLQJ�� DQG� OHDUQLQJ� RI� IXQFWLRQDO�

PRYHPHQWV� 



 

 �� 

$EVWUDFW 

,QWURGXFWLRQ�� ,Q� DGGLWLRQ� WR� YLVLRQ�� VRPDWRVHQVRU\� LQSXW� FRQWULEXWHV� WR� HIILFLHQW� DQG�

DFFXUDWH�PRPHQW�SODQQLQJ�DQG�H[HFXWLRQ��6WXG\LQJ�FOLQLFDO�SRSXODWLRQV�KDV�SURYLGHG�VRPH�LQVLJKW�

LQWR�WKH�FRQWULEXWLRQV�RI�VRPDWRVHQVRU\�LQSXW�IRU�PRYHPHQW�SHUIRUPDQFH��+RZHYHU��LW�PD\�QRW�

DOZD\V�EH�SRVVLEOH� WR� VHSDUDWH� WKH� LQIOXHQFH�RI� DQ\� FRQFXUUHQW� FKDQJHV� LQ�YLVXDO� DQG�RU�PRWRU�

SDWKZD\V�IURP�KRZ�PRWRU�FRQWURO�SURFHVVHV�DGDSW�WR�WKH�DOWHUHG�VRPDWRVHQVRU\�LQSXWV��$LP��7KH�

JRDO�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�LQGXFHG�SDUHVWKHVLD�LQ�DQ�RWKHUZLVH�LQWDFW�

QHUYRXV�V\VWHP�RQ�WKH�SHUIRUPDQFH�RI�D�JRDO�GLUHFWHG�DLPLQJ�WDVN��0HWKRGV���'�NLQHPDWLF�GDWD�

IURP�PRYHPHQWV� RI� ���KHDOWK\�SDUWLFLSDQWV�ZHUH� UHFRUGHG�ZKLOH� WKH\�SRLQWHG� WR� D� WDUJHW� RQ� D�

PRQLWRU� LQ���GLIIHUHQW�VHQVRU\� FRQGLWLRQV� �SDUHVWKHVLD�±� L��ZLWK� WDUJHW�YLVLRQ�� LL��:LWKRXW� WDUJHW�

YLVLRQ��QR�SDUHVWKHVLD�±�LLL��ZLWK�WDUJHW�YLVLRQ��LY��ZLWKRXW�WDUJHW�YLVLRQ��SUHVHQWHG�RYHU�WZR�GD\V��

2QH�RI�IRXU�SRVVLEOH�WDUJHWV�ZDV�UDQGRPO\�DVVLJQHG�WR�HDFK�FRQGLWLRQ��2QH�KXQGUHG�WULDOV�ZHUH�

SHUIRUPHG�SHU�FRQGLWLRQ�DQG�GDWD�IURP�DOO�FRQGLWLRQV�ZHUH�DQDO\]HG�E\�FRPSDULQJ�HDUO\��ILUVW�����

RI� WULDOV�� YHUVXV� ODWH� �ODVW� ���� RI� WULDOV�� SHUIRUPDQFH� WR� DVVHVV� DGDSWDELOLW\� WR� WKH� FKDQJH� RI�

VRPDWRVHQVRU\� LQSXWV��5HVXOWV� DQG� FRQFOXVLRQV��:KHQ� YLVLRQ� RI� WKH� WDUJHW�ZDV� QRW� DYDLODEOH�

SDUHVWKHVLD�DGYHUVHO\�DIIHFWHG�ERWK�DFFXUDF\� DQG�HIILFLHQF\�RI�PRWRU�SHUIRUPDQFH��3DUWLFLSDQWV�

DGDSWHG� WR� WKH�FKDQJHV�FDXVHG�E\� LQGXFHG�SDUHVWKHVLD�ZLWK�PRUH�SUDFWLFH�E\�SUHSODQQLQJ� WKHLU�

PRYHPHQWV�� OHDGLQJ� WR� IHZHU� RQOLQH� FRUUHFWLRQV�� $OVR�� WKH� GHFUHDVHG� PRYHPHQW� YDULDELOLW\�

REVHUYHG�GXULQJ�WKH�ODWHU�WULDOV�ZLWK�SDUHVWKHVLD�LV�HYLGHQFH�WKDW�SDUWLFLSDQWV�GHFUHDVHG�WKHLU�LQLWLDO�

PRYHPHQW�LPSXOVH�WR�FRPSHQVDWH�IRU�WKH�LQFUHDVHG�QRLVH�LQ�WKH�VRPDWRVHQVRU\�LQSXW�� 

 

 ,QWURGXFWLRQ 

6HQVRU\�IHHGEDFN�DQG�PRYHPHQW�SHUIRUPDQFH�DUH�LQWLPDWHO\�OLQNHG�IRU�ERWK�JRDO�GLUHFWHG�

UHDFKLQJ�PRYHPHQWV�DQG�PXOWL�OLPE�FRRUGLQDWLRQ�WDVNV��.LQJ�HW�DO���������0DVORYDW�HW�DO���������

3URWHDX��������3URWHDX� HW�DO���������� ,Q�WKH�QDWXUDO� HQYLURQPHQW� ERWK�YLVXDO�DQG�SURSULRFHSWLYH�

IHHGEDFN�DUH�DYDLODEOH�WR�SODQ�DQG�XSGDWH�JRDO�GLUHFWHG�UHDFKLQJ�PRYHPHQWV��(OOLRWW�HW�DO����������

7R�GDWH�� UHVHDUFKHUV� KDYH� IRFXVHG�RQ�XQGHUVWDQGLQJ� WKH� VSHFLILF� FKDUDFWHULVWLFV� DVVRFLDWHG�ZLWK�

UHDFKLQJ�PRYHPHQWV�SHUIRUPHG�ZLWK�ZLWKRXW�YLVLRQ�DQG�ZLWK�ZLWKRXW�FRQIOLFWLQJ�SURSULRFHSWLYH�

DQG�YLVXDO�IHHGEDFN��:KLOH�GLVUXSWHG�YLVXDO�IHHGEDFN�KDV�EHHQ�VWXGLHG�H[WHQVLYHO\��WKH�LPSDFW�RI�



 

 �� 

GLVUXSWHG� VRPDWRVHQVRU\� IHHGEDFN� LV� SRRUO\� XQGHUVWRRG� LQ� WKH� FRQWH[W� RI� PRYHPHQW� FRQWURO�

�.ULWLNRV�	�%UDVFK��������� 

6RPDWRVHQVRU\� IHHGEDFN�� D�FRPELQDWLRQ�RI� WDFWLOH� DQG�SURSULRFHSWLYH� VHQVRU\� IHHGEDFN��

�6FKPLGW�HW�DO�������F��6KHUULQJWRQ���������LV�SDUWLFXODUO\�UHOHYDQW�IRU�SHUIRUPLQJ�HYHU\GD\�WDVNV��

,QGHSHQGHQFH�PD\� EH� UHGXFHG� RU� ORVW� LI� WKH� DELOLW\� WR� SHUIRUP� IXQFWLRQDO� WDVNV� LV� DOWHUHG�� )RU�

H[DPSOH��LI�DQ�LQGLYLGXDO�KDV�GHFUHDVHG�VHQVRU\�LQSXW��WKHQ�WKH\�DUH�LQ�GDQJHU�RI�WRXFKLQJ�D�KRW�

REMHFW�XQNQRZLQJO\��RU�WKH\�DUH�XQDEOH� WR�UHDFK�DQ�REMHFW�ZLWKRXW�KDYLQJ�WR� ORRN�DW� WKHLU� OLPE��

,QGHSHQGHQFH� PD\� EH� UHGXFHG� RU� ORVW� LI� WKH� DELOLW\� WR� SHUIRUP� IXQFWLRQDO� WDVNV�� VXFK� DV�

PDQLSXODWLQJ�REMHFWV��LV�DOWHUHG��,QGLYLGXDOV�ZLWK�D�YDULHW\�RI�VHQVRULPRWRU�GLVRUGHUV�WKDW�DOWHU�WKH�

FHQWUDO� DQG�RU� SHULSKHUDO� QHUYRXV� V\VWHP� �H�J��� VWURNH�� PXOWLSOH� VFOHURVLV�� 3DUNLQVRQ¶V� GLVHDVH��

GLDEHWHV��DUH�IDFHG�ZLWK�OHDUQLQJ�DQG�UH�OHDUQLQJ�KRZ�WR�SHUIRUP�PRYHPHQWV�ZKHQ�VRPDWRVHQVRU\�

IHHGEDFN� KDV� EHHQ� UHGXFHG� RU� GLVUXSWHG�� 7KH� LPSDFW� RI� DOWHUHG� VRPDWRVHQVRU\� LQSXW� RQ� WKH�

SHUIRUPDQFH� RI� JRDO�GLUHFWHG� DFWLRQV� LV� SRRUO\� XQGHUVWRRG�� 6LPLODUO\�� KRZ� WR� EHVW� VXSSOHPHQW�

UHGXFHG� VRPDWRVHQVRU\� IHHGEDFN� ZLWK� RWKHU� DYDLODEOH� VHQVRU\� IHHGEDFN�� DQG� ZKLFK� VHQVRU\�

PRGDOLW\�ZLOO�OHDG�WR�RSWLPDO�SODQQLQJ��H[HFXWLRQ��DQG�OHDUQLQJ�RI�IXQFWLRQDO�PRYHPHQWV�KDYH�QRW�

EHHQ�LQYHVWLJDWHG�V\VWHPDWLFDOO\� 

,Q� RUGHU� WR� EHWWHU� XQGHUVWDQG� WKH� FRQWULEXWLRQV� RI� VRPDWRVHQVRU\� LQSXW� WR� PRYHPHQW�

FRQWURO�� UHVHDUFKHUV� KDYH� XVHG� D� YDULHW\� RI� PHWKRGV� WR� GLVUXSW� VRPDWRVHQVRU\� IHHGEDFN� LQ� D�

QHXURW\SLFDO� SRSXODWLRQ��)RU�H[DPSOH�� WKH�QDWXUDO�YLVXDO�DQG�SURSULRFHSWLYH� UHODWLRQVKLS� FDQ�EH�

DOWHUHG�E\�URWDWLQJ�WKH�YLVXDO�IHHGEDFN��.UDNDXHU�HW�DO���������6KDGPHKU�	�0XVVD�,YDOGL���������

0XVFOH� WHQGRQ�YLEUDWLRQ� LV� DQRWKHU� FRPPRQ� DSSURDFK� IRU� DOWHULQJ� SURSULRFHSWLRQ� �%RFN� HW� DO���

������*RRGPDQ�	�7UHPEOD\��������5HGRQ�HW�DO����������$�WKLUG�PHWKRG�LV�WR�LQGXFH�SDUHVWKHVLD�

XVLQJ� WUDQVFXWDQHRXV� QHUYH� VWLPXODWLRQ� WR� LPSDLU� SURSULRFHSWLRQ� �*OD]HEURRN� HW� DO��� ������

3DVVPRUH�HW�DO���������3DVVPRUH�HW�DO����������3DUHVWKHVLD�LV�D�IHHOLQJ�RI�WLQJOLQJ�DQG�QXPEQHVV�

UDGLDWLQJ� DORQJ� WKH� FRXUVH� RI� D� SHULSKHUDO� QHUYH�� :KLOH� LW� LV� SRVVLEOH� WR� LQGXFH� SDUHVWKHVLD�

H[SHULPHQWDOO\��SDUHVWKHVLD�LV�H[SHULHQFHG�DV�D�UHVXOW�RI�GLVRUGHUV�RI�ERWK�WKH�FHQWUDO�DQG�SHULSKHUDO�

QHUYRXV� V\VWHPV�� 7KXV�� WKHUH� DUH� D� YDULHW\� RI� SDUDGLJPV� WKDW� DOORZ� UHVHDUFKHUV� WR� DVVHVV� WKH�

FRQWULEXWLRQV�RI�YLVXDO�DQG�SURSULRFHSWLYH�IHHGEDFN�WR�PRYHPHQW�FRQWURO�� 

7KHUH�DUH�VWXGLHV�WKDW�GHPRQVWUDWH�WKH�DSSURSULDWH�RU�SUHIHUUHG�PRGDOLW\�ZLOO�VKLIW�ZKHQ�WKH�

SUHIHUUHG�PRGDOLW\� EHFRPHV�GHJUDGHG��7KLV�VKLIW�LQ�WKH�SUHIHUUHG�VHQVRU\�PRGDOLW\� LV�FRQVLVWHQW�

ZLWK�ZKDW�KDSSHQV�LQ�QHXURORJLF�LQMXULHV�RU�GLVHDVHV�WKDW�DIIHFW�VHQVRU\�V\VWHPV��7KH�VHQVRU\�UH�



 

 �� 

ZHLJKWLQJ�HIIHFW�KDV�EHHQ�GHPRQVWUDWHG�IRU�ERWK�EDODQFH�DQG�UHDFKLQJ�WDVNV��)RU�H[DPSOH��KXPDQV�

EHFRPH�PRUH�GHSHQGHQW� RQ�YLVLRQ� WR�PDLQWDLQ�EDODQFH� LI� WKH�VHQVLWLYLW\�RI�WKHLU� VRPDWRVHQVRU\�

DQG�RU�YHVWLEXODU�V\VWHPV�GHFUHDVHV��+RUDN�	�+ODYDFND��������+RUDN�HW�DO����������%XUU�DQG�$ODLV�

DOVR�GHPRQVWUDWHG� WKDW� LI�D�YLVXDO�WDUJHW� LV�EOXUUHG�EH\RQG�����RI�YLVXDO�DQJOH�WKHQ� WKH�DXGLWRU\�

PRGDOLW\�FDQ�EHFRPH�WKH�SUHIHUUHG�PRGDOLW\�ZKHQ�UHDFKLQJ�WR�D�WDUJHW��%XUU�	�$ODLV���������7KXV��

WKH�PRGDOLW\� WKDW�SURYLGHV�WKH�PRVW�DFFXUDWH�LQIRUPDWLRQ�ZLOO�EH�WKH�SUHIHUUHG�PRGDOLW\�DQG�FDQ�

FKDQJH�ZLWK�FKDQJLQJ�LQGLYLGXDO��HQYLURQPHQWDO�RU�WDVN�FLUFXPVWDQFHV�� 

��7KH�VSHFLILF�REMHFWLYHV�RI�WKH�FXUUHQW�VWXG\�ZHUH������7R�GHWHUPLQH�WKH�LPSDFW�RI�LQGXFHG�

SDUHVWKHVLD�� LQ� DQ� RWKHUZLVH� KHDOWK\� QHUYRXV� V\VWHP�� RQ� WKH� DFFXUDF\� DQG� HIILFLHQF\� RI� JRDO��

GLUHFWHG�UHDFKLQJ�PRYHPHQWV������7R�GHWHUPLQH�LI�GLVUXSWHG�VRPDWRVHQVRU\�IHHGEDFN�UHVXOWV�LQ�DQ�

LQFUHDVHG�UHOLDQFH�RQ�YLVXDO�IHHGEDFN�RI�WKH�PRYLQJ�OLPE��:H�K\SRWKHVL]HG�WKDW�LQGLYLGXDOV�ZLOO�

EH� PRUH� UHOLDQW� RQ� YLVXDO� IHHGEDFN� LQ� WKH� SUHVHQFH� RI� D� VRPDWRVHQVRU\� GLVUXSWLRQ�� DQG� ERWK�

DFFXUDF\�DQG�HIILFLHQF\�RI�JRDO��GLUHFWHG�UHDFKLQJ�PRYHPHQWV�ZRXOG�EH�DIIHFWHG�RQO\�ZKHQ�YLVLRQ�

RI�WKH�WDUJHW�LV�XQDYDLODEOH��(OOLRWW�	�$OODUG���������7KH�SUHPLVH�IRU�WKLV�PDQLSXODWLRQ�LV�WKDW�ZKHQ�

VRPDWRVHQVRU\� IHHGEDFN� LV� GLVUXSWHG� WKHQ� WKH�QHHG� IRU� RQOLQH� YLVXDO� IHHGEDFN�ZLOO� LQFUHDVH��$�

VHFRQGDU\�REMHFWLYH�ZDV�WR�H[SORUH�WKH�HIIHFW�RI�SUDFWLFH�DQG�SRVVLEOH�DGDSWDWLRQ�ZLWK�WKH�FKDQJHV�

LQ�WKH�YLVXDO�DQG�VRPDWRVHQVRU\�LQSXWV��7R�GR�VR��WULDOV�IURP�HDUO\�DQG�ODWH�SHUIRUPDQFH�WULDOV�ZHUH�

DQDO\]HG�FRPSDUHG�� 

 

 

 

 

 

 

 

)LJXUH�����*RDO�GLUHFWHG�DLPLQJ� WDVN�VHW�XS� �ULJKW��DQG���SRVVLEOH� WDUJHWV� �OHIW��ZLWK�GLIIHUHQW�

DPSOLWXGHV�$��DQG�ZLGWKV�:���DOO�WDUJHWV�KDG�DQ�LQGH[�RI�GLIILFXOW\�RI��� 

A1=38cm 

A2=33cm 

W1=1.2cm                 W1=1.2cm 

W2=1cm                 W2=1cm 

Start position 
(home button) 
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2.2.1 3DUWLFLSDQWV 

6L[WHHQ�QHXURW\SLFDO� �WHQ�IHPDOHV�� VL[�PDOHV��\RXQJ�DGXOWV�EHWZHHQ����DQG����\HDUV�ROG�

SDUWLFLSDWHG�LQ�WKH�FXUUHQW�VWXG\��0HDQ�DJH� �������6'� ��������$OO�SDUWLFLSDQWV�ZHUH�ULJKW�KDQGHG�

ZLWK� QRUPDO� �Q ��� RU� FRUUHFWHG�WR�QRUPDO� YLVLRQ� �Q ���� DQG� QR� QHXURORJLFDO� FRQGLWLRQ� RU�

RUWKRSHGLF� LQMXU\�WKDW�ZRXOG�LQWHUIHUH�ZLWK�WKHLU�WDVN�SHUIRUPDQFH��$SSURYDO�E\�WKH�ORFDO�HWKLFV�

ERDUG�ZDV�JUDQWHG��DQG�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�SDUWLFLSDQWV��7KLV�VWXG\�ZDV�FDUULHG�

RXW�LQ�DFFRUGDQFH�ZLWK�WKH�HWKLFDO�VWDQGDUGV�ODLG�GRZQ�LQ�WKH������'HFODUDWLRQ�RI�+HOVLQNL�� 

2.2.2 7DVN 

3DUWLFLSDQWV� ZHUH� DVNHG� WR� DLP� ³DV� TXLFNO\� DQG� DFFXUDWHO\´� DV� SRVVLEOH� WR� RQH� RI� IRXU�

VTXDUH�VKDSHG� WDUJHWV� �)LJXUH���� ,QGH[�RI�'LIILFXOW\� IRU�DOO� WDUJHWV�ZDV���� VHH�)LWWV�	�3HWHUVRQ��

������ORFDWHG�RQ�D���´�FRPSXWHU�VFUHHQ�WKDW�ZDV�SODFHG�KRUL]RQWDOO\�RQ�D�WDEOH�LQ�IURQW�RI�WKHP�

�VHH�)LJXUH�������(DFK�WULDO�EHJDQ�ZLWK�SDUWLFLSDQWV�KROGLQJ�WKHLU�LQGH[�ILQJHU�RQ�WKH�KRPH�SRVLWLRQ��

ZKLFK� ZDV� D� PLFURVZLWFK� ORFDWHG� DW� WKH� ERWWRP� RI� WKH� VFUHHQ� �)LJXUH� ������ 7KH� H[SHULPHQWHU�

LQLWLDWHG� HDFK� WULDO� RQFH�SDUWLFLSDQWV�ZHUH� UHDG\�ZLWK� WKHLU� ILQJHU�RQ� WKH�KRPH�SRVLWLRQ��7KHQ�D�

IL[DWLRQ�FURVV�DSSHDUHG�RQ�WKH�VFUHHQ�IRU�D�UDQGRP�IRUHSHULRG�EHWZHHQ���������PV��DIWHU�ZKLFK�

RQH�RI�WKH�IRXU�WDUJHWV�DSSHDUHG��DQG�WKH�SDUWLFLSDQW�PRYHG�WKHLU�ILQJHU�WR�WRXFK�WKH�ORFDWLRQ�RI�WKH�

WDUJHW�RQ�WKH�VFUHHQ��,Q�WKH�³1R�YLVLRQ´�FRQGLWLRQV��WKH�WDUJHW�GLVDSSHDUHG�DW�PRYHPHQW�LQLWLDWLRQ�

DV�PHDVXUHG�E\�WKH�UHOHDVH�RI�WKH�PLFURVZLWFK��$W�WKH�HQG�RI�HDFK�WULDO��IHHGEDFN�ZDV�SURYLGHG�WR�

SDUWLFLSDQWV�� LQFOXGLQJ� WKHLU�PRYHPHQW� WLPH�DQG�LI�WKH\�KLW�RU�PLVVHG�WKH�WDUJHW��,Q�WKH�³9LVLRQ´�

FRQGLWLRQV��SDUWLFLSDQWV�FRXOG�VHH�WKH�WDUJHW� WKURXJKRXW�WKH� WULDO��3DUWLFLSDQWV�ZHUH�UHZDUGHG�IRU�

IDVW� DQG� DFFXUDWH� PRYHPHQWV� E\� JLYLQJ� IHHGEDFN� DERXW� PRYHPHQW� WLPH� WR� HQFRXUDJH� WKHP� WR�

FKDOOHQJH�WKHPVHOYHV�WR�PRYH�DV�IDVW�DQG�DFFXUDWHO\�DV�WKH\�FRXOG��5HZDUGV�IRU�PRYHPHQW�WLPHV�

ZLWKLQ��������������DQG���VWDQGDUG�GHYLDWLRQV�RI�WKHLU�EDVHOLQH�PRYHPHQW�WLPH��FDOFXODWLRQ�GHVFULEHG�

EHORZ��� LQFOXGHG� EHLQJ� JLYHQ� �� WR� �� GUDZ� HQWULHV� UHVSHFWLYHO\� WR� ZLQ� D� ����� JLIW� FDUG� WR� WKH�

XQLYHUVLW\�ERRNVWRUH��(OOLRWW�HW�DO���������0DQ]RQH�HW�DO���������� 
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2.2.3 ([SHULPHQWDO�SURFHGXUH 

7KH� FULWLFDO� PDQLSXODWLRQ� IRU� WKH� FXUUHQW� H[SHULPHQW� ZDV� WKH� LQGXFWLRQ� RI� SDUHVWKHVLD�

WKURXJK�FRQVWDQW�FXUUHQW�VWLPXODWLRQ�RI�WKH�PHGLDQ�QHUYH��=HKU�	�&KXD��������=HKU�HW�DO����������

7KH� LQGXFHG� SDUHVWKHVLD� PHWKRG� XVHG� LQ� WKH� FXUUHQW� VWXG\�ZDV�VLPLODU� WR� RXU� SUHYLRXV� VWXGLHV�

�*OD]HEURRN�HW�DO���������3DVVPRUH�HW�DO���������3DVVPRUH�HW�DO����������DQG�ZDV�DSSOLHG�WKURXJKRXW�

WKH�WHVW�VHVVLRQ�WKDW�LQFOXGHG�SDUHVWKHVLD��,Q�RUGHU�WR�FUHDWH��RU�LQGXFH��WKH�IHHOLQJ�RI�SDUHVWKHVLD��D�

'LJLWLPHU� '6�$+� FRQVWDQW� FXUUHQW� VWLPXODWRU� �,%,6� ,QVWUXPHQWDWLRQ� &DQDGD�� ,QF��� ZDV� XVHG�

WUDQVFXWDQHRXVO\� WR� JHQHUDWH� FRQVWDQW� VWLPXODWLRQ� DORQJ� WKH�PHGLDQ� QHUYH� XVLQJ� WZR�$J�$J&O�

GLVSRVDEOH��DGKHVLYH��VXUIDFH�HOHFWURGHV��7KH�PHGLDQ�QHUYH�ZDV�VHOHFWHG�EHFDXVH�WKH�DUHDV�VXSSOLHG�

E\� WKLV� QHUYH� �WKH� LQGH[� ILQJHU� DQG� WKXPE�� DUH� FULWLFDO� IRU� ILQH�PRWRU�PRYHPHQWV�� 6WLPXODWLRQ�

HOHFWURGHV�ZHUH�SODFHG�RQ� WKH� IURQWDO� DVSHFW�RI�GLVWDO� IRUHDUP��RYHU� WKH�SUHGLFWHG� FRXUVH�RI�WKH�

PHGLDQ� QHUYH�� &XVWRP�(�SULPH� �3V\FKRORJ\� 6RIWZDUH�7RROV�� VRIWZDUH� H[WHUQDOO\� WULJJHUHG� WKH�

FRQVWDQW�FXUUHQW�VWLPXODWRU��ZLWK�D�SXOVH�GXUDWLRQ�RI����ȝV��DQ�LQWHUVWLPXOXV�LQWHUYDO�RI���PV��DQG�
D�YROWDJH� HGJH�RI����9��7R�DFKLHYH� D� FRQVLVWHQW� VWLPXODWLRQ� OHYHO�� DOO� VWLPXODWLRQV�ZHUH�NHSW�DW�

SUHPRWRU� WKUHVKROG� OHYHO�� 7KH� SUHPRWRU� WKUHVKROG� ZDV� HVWDEOLVKHG� IRU� HDFK� SDUWLFLSDQW� E\�

V\VWHPLFDOO\� HVWDEOLVKLQJ� WKH�GLIIHUHQW� VWLPXODWLRQ� WKUHVKROG� OHYHOV� LQFOXGLQJ� VHQVRU\��UDGLDWLQJ��

SUHPRWRU�DQG�PRWRU��6HQVRU\�WKUHVKROG�ZDV�GHILQHG�DV�WKH�ILUVW�VHQVDWLRQ�WKH�SDUWLFLSDQWV�UHSRUWHG�

DV�D� UHVXOW�RI�VWLPXODWLRQ��5DGLDWLQJ� WKUHVKROG�ZDV�GHILQHG�DV�WKH�SRLQW�ZKHQ�SDUWLFLSDQWV� IHOW�D�

PRYLQJ�VHQVDWLRQ�DORQJ� WKH�PHGLDQ�QHUYH� LQ� WKHLU� IRUHDUP��3UHPRWRU� WKUHVKROG�ZDV�WKH�KLJKHVW�

VWLPXODWLRQ� LQWHQVLW\� WKDW� GLG�QRW�FDXVH�DQ\�PRYHPHQW� DQG� WKH�PRWRU� WKUHVKROG�ZDV� WKH� ORZHVW�

VWLPXODWLRQ�LQWHQVLW\�WKDW�FDXVHG�PRYHPHQW��'LVUXSWHG�VHQVDWLRQ�ZDV�FRQILUPHG�LPPHGLDWHO\�SULRU�

WR�SHUIRUPLQJ�WKH�WHVW�FRQGLWLRQV�WKDW�UHTXLUHG�SDUHVWKHVLD�E\�DVVHVVLQJ�WKH�WDFWLOH�VHQVLWLYLW\�RI�WKH�

SDOPDU� VLGH� RI� WKXPE� DQG� LQGH[� ILQJHUV� XVLQJ� D� PRQRILODPHQW� OLJKW� WRXFK� WHVW� �7RXFK�7HVW��

6HQVRU\� (YDOXDWRUV�� 6HPPHV�:HLQVWHLQ� 0RQRILODPHQWV��� 7KHVH� UHVXOWV� ZHUH� FRPSDUHG� WR� WKH�

UHVXOWV�RI�WKH�EDVHOLQH�WHVWV�� 

3DUWLFLSDQWV� DWWHQGHG� WZR� VHVVLRQV�RQ� WZR� VHSDUDWH� GD\V� DQG�SHUIRUPHG� D� JRDO�GLUHFWHG�

DLPLQJ�WDVN�LQ�RQH�VHVVLRQ�ZLWK�LQGXFHG�SDUHVWKHVLD�DQG�RQH�VHVVLRQ�ZLWKRXW��3DUWLFLSDQWV�VWDUWHG�

WKH� ILUVW� VHVVLRQ�ZLWK����EDVHOLQH� WULDOV�ZLWK�QDWXUDO� VHQVRU\�LQSXW� �IXOO�YLVLRQ�RI�WKHLU� OLPE� DQG�

WDUJHW�DQG�ZLWKRXW�SDUHVWKHVLD���WKLV�GDWD�ZDV�XVHG�WR�HVWDEOLVK�WKH�UHZDUG�UHODWHG�FULWHULD�IRU�WKH�

PRYHPHQW��7KH�H[SHULPHQWDO�FRQGLWLRQV�LQFOXGHG�����YLVLRQ�RI�WDUJHW�DQG�QRUPDO�VHQVDWLRQ��9LVLRQ��
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1R�3DUHVWKHVLD������QR�YLVLRQ�RI�WDUJHW�DQG�QRUPDO�VHQVDWLRQ��1R�YLVLRQ��1R�SDUHVWKHVLD������YLVLRQ�

RI� WDUJHW� DQG� GLVUXSWHG� VHQVDWLRQ� �9LVLRQ�� 3DUHVWKHVLD��� ��� QR� YLVLRQ� RI� WDUJHW� DQG� GLVUXSWHG�

VHQVDWLRQ��1R�YLVLRQ��3DUHVWKHVLD���7KH�RUGHU�RI�WKH�IRXU�FRQGLWLRQV�DQG�DVVRFLDWHG�WDUJHW�ORFDWLRQV�

ZHUH�EORFNHG�DQG�FRXQWHUEDODQFHG�DFURVV�SDUWLFLSDQWV�VR�WKDW�WKH�SDUWLFLSDQWV�DLPHG�DW�D�GLIIHUHQW�

WDUJHW� ORFDWLRQ� IRU�HDFK�FRQGLWLRQ��SDUWLFLSDQWV�RQO\�SRLQWHG�DW�RQH�WDUJHW�SHU�EORFN��3DUWLFLSDQWV�

SHUIRUPHG�����DLPLQJ�WULDOV�WRZDUG�WKH�DVVLJQHG�WDUJHW�IRU�HDFK�FRQGLWLRQ������WULDOV�SHU�GD\�IRU�D�

WRWDO� RI����� WULDOV���5HSHDWHG�PRYHPHQWV� WR� WKH� VDPH� WDUJHW�ZHUH�XVHG� WR�SURPRWH�SDUWLFLSDQWV�

ZRUNLQJ�WR�SXVK�WKH�OLPLWV�RI�KRZ�IDVW�WKH\�FRXOG�PRYH�ZKLOH�VWLOO�DFTXLULQJ�WKH�WDUJHW�VXFFHVVIXOO\� 

2.2.4 'DWD�FROOHFWLRQ�DQG�WUHDWPHQW 

0RYHPHQW�FKDUDFWHULVWLFV�ZHUH�UHFRUGHG�XVLQJ�D�WKUHH�GLPHQVLRQDO�PRWLRQ�FDSWXUH�V\VWHP�

�2SWRWUDN��'�,QYHVWLJDWRU��1RUWKHUQ�'LJLWDO� ,QF��:DWHUORR��21���7ZR�,QIUD5HG�(PLWWLQJ�'LRGHV�

�,5('��ZHUH�WDSHG�WR�WKH�SDUWLFLSDQWV�GRPLQDQW�KDQG�RQ�WKH�GRUVDO�VLGH�RI�WKH�GLVWDO�SKDODQ[�RI�WKH�

LQGH[�ILQJHU��)LJXUH������OHIW���0RYHPHQWV�ZHUH�UHFRUGHG�IRU���VHFRQGV�IRU�HDFK�WULDO�DW�D�VDPSOLQJ�

IUHTXHQF\�RI����+]��0RWLRQ�FDSWXUH�V\VWHP�UHFRUGLQJV�ZHUH�FRQWUROOHG�DQG�V\QFKURQL]HG�XVLQJ�D�

FXVWRP�PDGH� SURJUDP� GHVLJQHG� XVLQJ� (�3ULPH� �3V\FKRORJ\� 6RIWZDUH� 7RROV��� $� FXVWRPL]HG�

0$7/$%��WKH�0DWK:RUNV��,QF���SURJUDP�ZDV�XVHG�WR�SURFHVV�WKH�UDZ�GLVSODFHPHQW�GDWD�DFTXLUHG�

E\�2SWRWUDN��0RYHPHQW�GDWD�ZHUH�ILOWHUHG�XVLQJ�D����+]�ORZSDVV�%XWWHUZRUWK�ILOWHU��0RYHPHQW�

LQLWLDWLRQ�ZDV�GHILQHG�DV�WKH�WLPH�WKDW�WKH�VSHHG�RI�WKH�,5('�PRYHPHQW�ZHQW�DERYH���PP�VHF�DQG�

PDLQWDLQHG�WKDW�YHORFLW\�IRU���PV��0RYHPHQW�FRPSOHWLRQ�ZDV�GHWHFWHG�ZKHQ�WKH�,5('V¶�YHORFLW\�

IHOO� EHORZ� ��PP�V� IRU� ��PV��7KH� SULPDU\� D[LV� RI�PRYHPHQW� ZDV�GHILQHG� DV� WKH� D[LV�ZLWK� DQ�

DQWHURSRVWHULRU�GLUHFWLRQ� 

2.2.5 2XWFRPH�PHDVXUHV 

7HPSRUDO�GHSHQGHQW�PHDVXUHV�LQFOXGHG�UHDFWLRQ�WLPH��57���PRYHPHQW�WLPH��07���DQG�WLPH�

WR�SHDN�YHORFLW\��WW39���5HDFWLRQ�WLPH�ZDV�GHILQHG�DV�WKH�WLPH�LQ�PLOOLVHFRQGV�IURP�WKH�³JR�VLJQDO´�

XQWLO�PRYHPHQW� LQLWLDWLRQ�� ZKLOH�07�ZDV�GHILQHG� DV� WKH� WLPH� LQ�PLOOLVHFRQGV� IURP�PRYHPHQW�

LQLWLDWLRQ�XQWLO�PRYHPHQW� WHUPLQDWLRQ�� ,Q�WKLV�ZD\�57�SURYLGHV�DQ�LQGH[�RI�PRYHPHQW�SODQQLQJ�

DQG�07�SURYLGHV�DQ� LQGH[�RI�WKH� WLPH�QHHGHG� WR�PRYH� WR� WKH�WDUJHW� VXFFHVVIXOO\��7LPH� WR�SHDN�

YHORFLW\�ZDV�PHDVXUHG�DV�WKH�WLPH�IURP�PRYHPHQW�RQVHW�XQWLO�SHDN�YHORFLW\�ZDV�DFKLHYHG�LQ�WKH�

SULPDU\�D[LV�RI�PRYHPHQW��5HODWLYH�WLPH�WR�SHDN�YHORFLW\�ZDV�QRUPDOL]HG�DV�D�SHUFHQWDJH�RI�WKH�
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07�IRU�WKDW�WULDO��7LPH�WR�SHDN�YHORFLW\�DQG�UHODWLYH�WLPH�WR�SHDN�YHORFLW\�SURYLGH�DQ�LQGH[�RI�WKH�

DFWXDO�DQG�UHODWLYH�WLPH�VSHQW�LQ�WKH�LQLWLDO�OLPE�WUDQVSRUW�SKDVH��+DQGORYVN\�HW�DO���������0HQGR]D�

HW�DO���������� 

6SDWLDO� RXWFRPH� PHDVXUHV� LQFOXGHG� PHDVXUHPHQWV� RI� PRYHPHQW� HQGSRLQW� DFFXUDF\�

�FRQVWDQW� HUURU� >&(@� DQG� YDULDEOH� HUURU� >9(@��� DQG� PRYHPHQW� WUDMHFWRULHV� LQ� ERWK� SULPDU\�

�DQWHURSRVWHULRU�� DQG�VHFRQGDU\� �PHGLRODWHUDO�� D[HV��0RUHRYHU��9(�LQ� WKH�SULPDU\�D[LV�DW������

��������������RI�PRYHPHQW�WLPH�ZDV�DQDO\]HG�WR�LQIHU�FKDQJHV�LQ�RQOLQH�OLPE�FRQWURO��.KDQ�	�

)UDQNV�� ������ .KDQ� HW� DO��� ������� 7KH� PHDVXUH� RI� &(� ZDV� XVHG� WR� GHWHUPLQH� WKH� PHDQ� ELDV�

SDUWLFLSDQWV�KDG�DERXW�WKH�ORFDWLRQ�RI�WKHLU�PRYHPHQW�HQGSRLQWV�XVLQJ�WKH�FDOFXODWLRQ��&( Ȉ��[L���

7���Q��ZKHUH�[L�LV�WKH�,5('�ORFDWLRQ�DW�WKH�HQG�RI�WKH�PRYHPHQW�RQ�WULDO�L��7�LV�WKH�WDUJHW�ORFDWLRQ��

DQG� Q� LV� WKH� QXPEHU� RI� WULDOV� WKH� SDUWLFLSDQW� SHUIRUPHG��9DULDEOH� HUURU� LV� D�PHDVXUH� RI�ZLWKLQ�

SDUWLFLSDQW� YDULDELOLW\� LQ� DLPLQJ� FDOFXODWHG� DV�� 9( �Ȉ� �[L� �� 0��� �� Q����� ZKHUH� [L� DQG� Q� ZHUH�

SUHYLRXVO\�GHILQHG��DQG�0�ZDV�WKH�PHDQ�RI�WKH�ORFDWLRQV�RI�WKH�,5('6�WKDW�WKH�SDUWLFLSDQW�UHDFKHG�

�6FKPLGW�HW�DO�������E���7R�LQYHVWLJDWH� WKH�HIIHFW� RI�WKH�PDQLSXODWHG� VHQVRU\�LQSXWV� �YLVLRQ�DQG�

VRPDWRVHQVDWLRQ��RQ�SDUWLFLSDQWV¶�DELOLW\�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�WKHLU�JRDO�GLUHFWHG�DFWLRQV��

RQO\�GDWD�IURP�WKH�ILUVW�DQG�ODVW�����RXW�RI�����WULDOV��WULDOV�LQ�HDFK�FRQGLWLRQ�ZDV�LQFOXGHG�LQ�WKH�

GDWD�DQDO\VHV�DQG�SUHVHQWHG�DV�³(DUO\´�DQG�³/DWH´�SHUIRUPDQFH�� 

2.2.6 6WDWLVWLFDO�DQDO\VLV 

2XWFRPHV�RI�WKH�PRQRILODPHQW�WHVWLQJ�ZHUH�FRPSDUHG�EHIRUH�DQG�DIWHU�LQGXFHG�SDUHVWKHVLD�

XVLQJ�:LOFR[RQ�6LJQHG�5DQN�7HVW�WR�HVWDEOLVK�WKH�HIILFDF\�RI�WKH�LQGXFHG�SDUHVWKHVLD��'HSHQGHQW�

YDULDEOHV� IRU� PRYHPHQW� SHUIRUPDQFH� LQFOXGHG� 07�� 57�� QRUPDOL]HG� WW39�� DV� ZHOO� DV� &(� DQG�

HQGSRLQW�9(�LQ�ERWK�SULPDU\�DQG�VHFRQGDU\�D[HV�XVLQJ�D���7DUJHW�9LVLRQ��9LVLRQ��1R�YLVLRQ��î���

3DUHVWKHVLD��3DUHVWKHVLD��1R�SDUHVWKHVLD��î���7LPH��(DUO\���/DWH�3HUIRUPDQFH��UHSHDWHG�PHDVXUHV�

DQDO\VLV�RI�YDULDQFH��$129$���,Q�RUGHU�WR�DQDO\VH�FKDQJHV�LQ�WKH�PRYHPHQW�YDULDELOLW\��9(��DORQJ�

D�PRYHPHQW�WUDMHFWRU\�D���9LVLRQ��9LVLRQ��1R�YLVLRQ��î���3DUHVWKHVLD��3DUHVWKHVLD��1R�SDUHVWKHVLD��

î� ��7LPH� �(DUO\� �� /DWH� 3HUIRUPDQFH�� î� ��0RYHPHQW� 3HUFHQW� ������ ����� ����� ����� ������

UHSHDWHG�PHDVXUHV�$129$�ZDV�SHUIRUPHG��6LJQLILFDQFH�OHYHO�ZDV�VHW�DW�S�������DQG�VLJQLILFDQW�

LQWHUDFWLRQV�ZHUH�IXUWKHU�DQDO\]HG�XVLQJ�7XNH\¶V�+6'�SRVW�KRF�ZLWK�DOSKD ������ 
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 5HVXOWV 

:LOFR[RQ�6LJQHG�5DQN�7HVW�VKRZHG�WKDW� WKH�SDUWLFLSDQWV� UHTXLUHG�D�VLJQLILFDQWO\� WKLFNHU�

PRQRILODPHQW� WR�GHWHFW�VNLQ�GHIRUPDWLRQ�FKDQJHV�DIWHU�SDUHVWKHVLD�ZDV�LQGXFHG��=� � �������S� �

�������� 7KH� UHVXOWV� RI� WKH� PRQRILODPHQW� WHVWLQJ� DW� EDVHOLQH� DQG� ZLWK� LQGXFHG� SDUHVWKHVLD� DUH�

UHSRUWHG�LQ�7DEOH����� 

0RWLRQ� FDSWXUH� GDWD� IRU� WZR� SDUWLFLSDQWV� ZHUH� H[FOXGHG� IURP� WKH� VWDWLVWLFDO� DQDO\VLV�

EHFDXVH�GLVSODFHPHQW�GDWD�IRU�PRUH�WKDQ�����RI�WKH�WULDOV�ZHUH�PLVVLQJ�GXH�WR�,5('V�EHFRPLQJ�

REVFXUHG�GXULQJ� WKH� UHDFKLQJ�PRYHPHQW��7KHUHIRUH�� GDWD�DQDO\VLV� LV�EDVHG�RQ� WKH�UHPDLQLQJ����

SDUWLFLSDQWV� 

 

7DEOH�����7RXFK�7HVW��6HQVRU\�(YDOXDWLRQ��VHQVHG�PRQRILODPHQW�VL]H�EHIRUH�LQGXFHG�SDUHVWKHVLD�

DQG�DIWHU�LQGXFHG�SDUHVWKHVLD�ULJKW�EHIRUH�WKH�FRQGLWLRQ�ZLWK�SDUHVWKHVLD� 

Participant Without Paresthesia 
(Index) 

With Paresthesia  
(Index) P01 2.83 3.61 

P02 2.83 3.61 

P03 2.83 3.61 

P04 3.61 4.56 

P05 2.83 4.31 

P06 2.83 3.61 

P07 2.83 3.61 

P08 2.83 4.31 

P09 2.83 4.31 

P10 2.83 3.61 

P11 2.83 4.31 

P12 2.83 3.61 

P13 2.83 3.61 

P14 2.83 4.56 

P15 2.83 4.31 

P16 2.83 3.61 

Median 2.83 3.61 
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2.3.1 7HPSRUDO�PHDVXUHPHQWV 

)RU�WKH�RXWFRPH�PHDVXUH�RI�57��QR�VLJQLILFDQW�PDLQ�HIIHFW�RU�LQWHUDFWLRQ�ZDV�IRXQG�IRU�WKH�

IDFWRUV�RI�YLVLRQ�WLPH�DQG�SDUHVWKHVLD��UHVXOWV�LQFOXGHG�LQ�7DEOH������� 

)RU�07��WKHUH�ZHUH�VLJQLILFDQW�PDLQ�HIIHFWV�IRU�WLPH��)�������� �������S �������ȘS� ������

DQG�SDUHVWKHVLD�� )� ������� ������ S ������� ȘS� ����� �)LJXUH����D���0RYHPHQW� WLPH�ZDV� VKRUWHU�

ZLWKRXW� SDUHVWKHVLD� WKDQ�ZLWK�SDUHVWKHVLD� DQG�GXULQJ� WKH� ODWHU� ��� WULDOV� WKDQ� WKH� HDUO\� ��� WULDOV�

�7DEOH� ������ 7KHUH� ZHUH� QR� VLJQLILFDQW� LQWHUDFWLRQV� EHWZHHQ� WKH� IDFWRUV� RI� YLVLRQ�� WLPH�� DQG�

SDUHVWKHVLD� 

5HVXOWV� RI� QRUPDOL]HG� WW39� VKRZHG� D� VLJQLILFDQW� PDLQ� HIIHFW� IRU� WKH� IDFWRU� RI� 9LVLRQ��

)������� ��������S� �������ȘS�� �������$V�VKRZQ�LQ�)LJXUH��E��QRUPDOL]HG�WW39�ZDV�ORQJHU�LQ�1R�

YLVLRQ� �0� � ������ 6'� ����� WKDQ� 9LVLRQ� FRQGLWLRQV� �0� � ������ 6'� � ������$OVR�� WKHUH� ZDV� D�

VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�WKH�IDFWRUV�RI�WLPH�DQG�SDUHVWKHVLD��)�������� �������S� �������ȘS� �

������)LJXUH����F���$V�LOOXVWUDWHG� LQ�)LJXUH��F��7XNH\¶V�+6'�WHVW�VKRZHG�WKDW�ZKLOH�QRUPDOL]HG�

WW39�IRU�WKH�HDUO\�DQG�ODWH� SUDFWLFH� WULDOV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��ZKHQ�SDUHVWKHVLD�ZDV�

SUHVHQW�SDUWLFLSDQWV�KDG�ORQJHU�WW39�IRU�ODWHU�WULDOV��0� �������6'� ������YHUVXV�WKH�HDUO\�WULDOV��0�

 �������6'� �������)LJXUH����F�� 

7DEOH������0HDQ�DQG�VWDQGDUG�GHYLDWLRQ��6'��IRU�WKH�WHPSRUDO�RXWFRPH�PHDVXUH�RI�UHDFWLRQ�WLPH�
�57���DQG�UDZ�WW39��DV�ZHOO�DV�WHPSRUDO�RXWFRPHV�RI�YDULDEOH�HUURU��9(��DQG�FRQVWDQW�HUURU��&(��
LQ�WKH�SULPDU\�D[LV�RI�PRYHPHQW�IRU�GLIIHUHQW�VHQVRU\�FRQGLWLRQV�DW�HDUO\�DQG�ODWHU�WULDOV���� 

  

Paresthesia No Paresthesia 
Vision No Vision Vision No Vision 

Early 

Performanc

e 

Late 

Performance 

Early 

Performance 

Late 

Performance 

Early 

Performance 

Late 

Performance 

Early 

Performance 

Late 

Performance 

RT (ms) 

Mean 

±SD 

383.0 

±56.4 

375.0 

±64.6 

442.5 

±169.6 

404.7 

±106.7 

379.5 

±43.5 

386.4 

±80.1 

413.5 

±141.5 

377.1 

±71.8 

MT (ms) 

Mean 

±SD 

477.6 

±70.8 

438.5 

±60.0 

464.4 

±86.5 

438.6 

±92.4 

439.8 

±65.9 

414.0 

±55.8 

421.4 

±71.8 

390.6 

±63.0 

ttPV (ms) 

Mean 

±SD 

179.6   

±35.8 

172.0  

±43.2 

180.6  

±36.0 

181.2 

±34.3 

170.4  

±23.6 

157.1  

±27.6 

172.0  

±33.2 

159.1  

±32.4 

VE (mm) 

Mean 

±SD 

3.7 

±1.0 

3.9 

±0.9 

4.3 

±1.0 

4.3 

±1.4 

3.8 

±1.1 

4.0 

±0.7 

4.5 

±1.1 

3.9 

±1.3 

CE (mm) 

Mean 

 ±SD 

1.3 

±1.7 

1.3 

±1.2 

1.4 

±2.9 

2.0 

±3.2 

1.6 

±2.6 

2.7 

±1.8 

1.8 

±1.7 

2.5 

±1.7 
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)LJXUH������D��0RYHPHQW�WLPH��07��VHSDUDWHG�IRU�IDFWRUV�RI�WLPH��SDUHVWKHVLD��DQG�YLVLRQ�ZLWK�

VLJQLILFDQW�PDLQ�HIIHFWV�IRU�WKH�IDFWRUV�RI�WLPH�DQG�SDUHVWKHVLD���E����F��1RUPDOL]HG�SHUFHQWDJH�RI�
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2.3.2 6SDWLDO�0HDVXUHPHQWV 

,Q�WKH�SULPDU\�D[LV�RI�PRYHPHQW��QR�VLJQLILFDQW�PDLQ�HIIHFWV�RU�LQWHUDFWLRQV�ZHUH�IRXQG�IRU�

WKH�IDFWRUV�RI�YLVLRQ��WLPH��RU�SDUHVWKHVLD�IRU�&(�DQG�9(��7DEOH�������� 

,Q�WKH�VHFRQGDU\�PRYHPHQW�D[LV��KRZHYHU�WKHUH�ZDV�D�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�WKH�

IDFWRUV�RI�WLPH��SDUHVWKHVLD��DQG�YLVLRQ�IRU�WKH�RXWFRPH�RI�&(��)�������� �������S �������ȘS� ������

�)LJXUH����D���3RVW�KRF�DQDO\VLV�VKRZHG�WKDW�ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�UHPRYHG��IRU�HDUO\�WULDOV�

&(�ZDV�VLJQLILFDQWO\�KLJKHU�ZKHQ�SDUHVWKHVLD�ZDV�LQGXFHG��0� ��������6'� ������YHUVXV�ZLWKRXW�

SDUHVWKHVLD��0� ��������6'� ������ 

)RU�9(�LQ�WKH�VHFRQGDU\�PRYHPHQW�D[LV��WKHUH�ZDV�D�VLJQLILFDQW� LQWHUDFWLRQ�EHWZHHQ�WKH�

IDFWRUV� RI� SDUHVWKHVLD� DQG� YLVLRQ�� )� �������  � ������ S ������� ȘS� ����� �)LJXUH� ���E��� 3RVW�KRF�

DQDO\VLV�VKRZHG�WKDW�LQ�QR�SDUHVWKHVLD�FRQGLWLRQV�SDUWLFLSDQWV�KDG�VLJQLILFDQWO\�KLJKHU�YDULDELOLW\�

ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�UHPRYHG��0� �������6'� ������YHUVXV�ZKHQ�LW�ZDV�DYDLODEOH��0� �

������ 6'�  � ������ $OVR�� ZKHQ� YLVLRQ� ZDV� QRW� DYDLODEOH� SDUWLFLSDQWV� KDG� VLJQLILFDQWO\� KLJKHU�

YDULDELOLW\�ZLWKRXW�SDUHVWKHVLD��0� �������6'� ������FRPSDUHG�WR�ZLWK�SDUHVWKHVLD��0� �������6'�
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)LJXUH������D��7KH�VLJQLILFDQW�LQWHUDFWLRQ�RI�YLVLRQ�î�SDUHVWKHVLD�î�WLPH�IRU�WKH�RXWFRPH�PHDVXUH�

RI�FRQVWDQW�HUURU��&(��LQ�WKH�VHFRQGDU\�D[LV��PHGLR�ODWHUDO����E��7KH�VLJQLILFDQW�LQWHUDFWLRQ�RI�WKH�

WZR�IDFWRUV�RI�YLVLRQ�DQG�SDUHVWKHVLD�IRU�WKH�RXWFRPH�RI�YDULDEOH�HUURU��9(��LQ�WKH�VHFRQGDU\�D[LV��

�F��7KH�VLJQLILFDQW�LQWHUDFWLRQ�RI�WKUHH�IDFWRUV�RI�SDUHVWKHVLD��WLPH��DQG�SHUFHQWDJH�RI�PRYHPHQW��

�G��7KH�VLJQLILFDQW�LQWHUDFWLRQ�RI�WZR�IDFWRUV�RI�WLPH��DQG�YLVLRQ���H��9(�LQ�WKH�VHFRQGDU\�D[LV�IRU�

WKH� VLJQLILFDQW� LQWHUDFWLRQ� RI� YLVLRQ� DQG� SHUFHQW�� �I�� 6LJQLILFDQW� PDLQ� HIIHFW� RI� WLPH� IRU� WKH�

WUDMHFWRULHV�LQ�WKH�VHFRQGDU\�D[LV� 
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2.3.3 0RYHPHQW�7UDMHFWRULHV 

7KH� UHSHDWHG� PHDVXUHV�$129$� IRU� WKH� YDULDELOLW\� RI� WKH� PRYHPHQW� WUDMHFWRU\� LQ� WKH�

SULPDU\�PRYHPHQW�D[LV�VKRZHG�D�VLJQLILFDQW�PDLQ�HIIHFW�IRU�SHUFHQWDJH�RI�WKH�PRYHPHQW��)��������

 �������S �������ȘS� ������$OVR��WKHUH�ZDV�D�VLJQLILFDQW�WKUHH�ZD\�LQWHUDFWLRQ�EHWZHHQ�IDFWRUV�RI�

PRYHPHQW�SHUFHQW��WLPH��DQG�SDUHVWKHVLD��)������������ ��������S �������ȘS� ������)LJXUH��F���DQG�

DQRWKHU� LQWHUDFWLRQ�EHWZHHQ�WKH� IDFWRUV�RI�WLPH�DQG�YLVLRQ��)�������� ��������S �������ȘS� �����

�)LJXUH����G���3RVW�KRF�DQDO\VLV�IRU�WKH�LQWHUDFWLRQ�RI�WLPH��SHUFHQW��DQG�SDUHVWKHVLD�VKRZHG�WKDW�

GXULQJ� HDUO\� SUDFWLFH� WULDOV� ZKHQ� SDUHVWKHVLD� ZDV� LQGXFHG�� YDULDELOLW\� ZDV� VLJQLILFDQWO\� KLJKHU�

FRPSDUHG� WR� WKH� QR�SDUHVWKHVLD� FRQGLWLRQ� DW� ���� RI� WKH�PRYHPHQW�� PHDQ� GLIIHUHQFH� RI� HDUO\�

SUDFWLFH�ZLWK�SDUHVWKHVLD� YHUVXV�1R�SDUHVWKHVLD�ZDV�����PP��+RZHYHU��WKLV� WUHQG�ZDV�UHYHUVHG�

GXULQJ� ODWHU� WULDOV�� 7KDW� LV�� IROORZLQJ� PRUH� SUDFWLFH� ZLWKRXW� SDUHVWKHVLD�� ODWHU� WULDOV� VKRZHG�

VLJQLILFDQWO\�KLJKHU�YDULDELOLW\�DW�����LQ�WKH�PRYHPHQW�FRPSDUHG�WR�WKH�QR�SDUHVWKHVLD�FRQGLWLRQ��

PHDQ�GLIIHUHQFH�RI�9(�DW�����RI�WKH�PRYHPHQW�IRU�SDUHVWKHVLD�YHUVXV�1R�SDUHVWKHVLD�FRQGLWLRQ�

IRU�WKH� ODWH�SUDFWLFH� WULDOV�ZDV�����PP��)LJXUH����F���&RPSDULVRQ�RI�WKH� ODWH�YHUVXV�HDUO\� WULDOV�

ZKHQ� QR� SDUHVWKHVLD� ZDV� LQGXFHG� DOVR� VKRZHG� PRUH� YDULDELOLW\� DW� ODWH� SHUIRUPDQFH� �PHDQ�

GLIIHUHQFH ����PP��)LJXUH����F���3RVW�KRF�DQDO\VLV�IRU�WKH�LQWHUDFWLRQ�RI�YLVLRQ�DQG�WLPH�VKRZHG�

WKDW�ZKHQ�YLVLRQ�ZDV�DYDLODEOH��SDUWLFLSDQWV�KDG�VLJQLILFDQWO\�KLJKHU�YDULDELOLW\�LQ�WKH�ILUVW�����RI�

PRYHPHQW�ZLWK�PRUH�SUDFWLFH��ODWHU�WULDOV��YHUVXV�HDUO\�SUDFWLFH�WULDOV��)LJXUH����G���$OVR��LQ�ODWH�

SUDFWLFH�WKH�9(�DW�����07�LQ�WKH�PRYHPHQW�ZDV�VLJQLILFDQWO\�KLJKHU�ZLWK�YLVLRQ�YHUVXV�1R�YLVLRQ� 

5HVXOWV�RI�WKH�9(�IRU�PRYHPHQW�WUDMHFWRU\� LQ�WKH�VHFRQGDU\�D[LV�RI�PRYHPHQW�VKRZHG�D�

VLJQLILFDQW�PDLQ�HIIHFW�IRU�WKH�IDFWRUV�RI�WLPH��)�������� �������S �������ȘS� �����)LJXUH����H���DQG�

SHUFHQW�RI�PRYHPHQW��)������������ ��������S �������ȘS� ������)LJXUH����I���LQGLFDWLQJ�KLJKHU�9(�

DW� ODWHU� YHUVXV� HDUO\� SHUIRUPDQFH��$OVR�� WKHUH�ZDV� D� VLJQLILFDQW� LQWHUDFWLRQ� EHWZHHQ� SHUFHQW� RI�

PRYHPHQW� WLPH� DQG� YLVLRQ�� )� �������  � ������ S ������� ȘS� ������ 3RVW�KRF� DQDO\VLV� IRU� WKLV�

LQWHUDFWLRQ�VKRZHG�WKDW�DW�����RI�PRYHPHQW�WLPH��ZLWK�YLVLRQ�FRQGLWLRQV�KDG�VLJQLILFDQWO\�JUHDWHU�

YDULDEO\�WKDQ�QR�YLVLRQ�FRQGLWLRQV��)LJXUH����H��  
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 'LVFXVVLRQ 

:H�K\SRWKHVL]HG�WKDW�DFFXUDF\�DQG�HIILFLHQF\�RI�JRDO�GLUHFWHG�UHDFKLQJ�PRYHPHQWV�ZRXOG�

EH� DIIHFWHG� RQO\� ZKHQ� YLVLRQ� RI� WKH� WDUJHW� ZDV� XQDYDLODEOH� EHFDXVH� YLVLRQ� LV� FRQVLGHUHG� WKH�

GRPLQDQW�DQG�PRVW�UHOLDEOH�VRXUFH�RI�LQIRUPDWLRQ�IRU�VSDWLDO�WDVNV��(UQVW�	�%DQNV��������(UQVW�	�

%�OWKRII��������5RFN�	�9LFWRU���������$V�SUHGLFWHG��ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�DYDLODEOH� WKH�

FRQGLWLRQV�ZLWK�DQG�ZLWKRXW�LQGXFHG�SDUHVWKHVLD�ZHUH�QRW�GLIIHUHQW��+RZHYHU��ZKHQ�YLVLRQ�RI�WKH�

WDUJHW�ZDV�QRW�DYDLODEOH�� SHUIRUPDQFH�ZDV�DIIHFWHG�PRUH�ZLWK�LQGXFHG�SDUHVWKHVLD�FRPSDUHG� WR�

ZLWKRXW�SDUHVWKHVLD� 

2.4.1 (IIHFW�RI�6HQVRU\�PDQLSXODWLRQ�RQ�(QGSRLQW�$FFXUDF\� 

:H�SUHGLFWHG� WKDW�SDUHVWKHVLD�ZRXOG�DIIHFW�PRYHPHQWV�PRUH�UREXVWO\�ZKHQ�YLVLRQ�RI�WKH�

WDUJHW� ZDV� QRW� DYDLODEOH�� 2QO\� WKH� DFFXUDF\� PHDVXUHV� LQ� WKH� VHFRQGDU\� PRYHPHQW� �L�H���

PHGLRODWHUDO�� D[LV�ZHUH� FRQVLVWHQW� ZLWK� WKLV� SUHGLFWLRQ�� ,Q� HDUO\� SHUIRUPDQFH� WULDOV�� &(� LQ� WKH�

VHFRQGDU\� D[LV� EHFDPH� VLJQLILFDQWO\� ODUJHU� ZLWK� SDUHVWKHVLD� FRPSDUHG� WR� WKH� QR�SDUHVWKHVLD�

FRQGLWLRQ�RQO\�ZKHQ�YLVLRQ�RI�WKH� WDUJHW�ZDV�UHPRYHG��:KHQ�YLVRQ�RI�WKH�WDUJHW�ZDV�DYDLODEOH��

SDUHVWKHVLD�GLG�QRW�DIIHFW�HQG�SRLQW�DFFXUDF\��� 

&RQVWDQW�HUURU�HDUO\�LQ�SHUIRUPDQFH��ZLWKRXW�YLVLRQ�DQG�ZLWK�SDUHVWKHVLD��ZDV�VLJQLILFDQWO\�

ODUJHU� WKDQ� HDUO\� SHUIRUPDQFH� LQ� SDUHVWKHVLD� FRQGLWLRQ� ZLWK� YLVLRQ� �)LJXUH� ���D��� 7KLV� SDWWHUQ�

LQGLFDWHV� WKDW� YLVXDO� IHHGEDFN� ZDV� WKH� GRPLQDQW� VRXUFH� RI� IHHGEDFN� IRU� HQGSRLQW� DFFXUDF\��

3DUHVWKHVLD� ZLWKRXW� WDUJHW� YLVLRQ� OHG� WR� SDUWLFLSDQWV� EHLQJ� FRQVLVWHQWO\� ELDVHG� WRZDUGV� IOH[LRQ��

LQIHUUHG�IURP�WKH�FRQVLVWHQW�XQGHUVKRRW�HUURUV��)LJXUH����D���2QH�H[SODQDWLRQ�IRU�WKLV�ELDV�FRXOG�

EH�WKH�LPEDODQFH�FDXVHG�LQ�WKH�SURSULRFHSWLRQ�E\�VWLPXODWLRQ�RI�PHGLDQ�QHUYH�RQO\��6WLPXODWLRQ�RI�

WKH�PHGLDQ� QHUYH�RQO\� FRXOG� OHDG� WR� D� IDOVH� VHQVH�RI� ORFDWLRQ� DQG� WHQGHQF\� IRU� RYHUFRUUHFWLRQ�

WRZDUGV� WKH� PLGOLQH� ZKHQ� SURSULRFHSWLRQ� ZDV� GLVWRUWHG� �%HOODQ� HW� DO��� ������� ,Q� D� VWXG\� E\�

*RRGPDQ�HW�DO���*RRGPDQ�	�7UHPEOD\��������WHQGRQ�YLEUDWLRQ�EHIRUH�PRYHPHQW� WDVN�ZDV�XVHG�

WR�PDQLSXODWH�VRPDWRVHQVRU\�LQSXW��7KH\�IRXQG�WKDW�YLEUDWLRQ�DSSOLFDWLRQ�UHVXOWHG�LQ�LQFUHDVHG�&(�

LQ�D�JRDO�GLUHFWHG�UHDFKLQJ�WDVN�ZKHQ�YLVLRQ�ZDV�DOVR�UHPRYHG��7KHLU�UHVXOWV�IRU�&(�LQ�WKH�SULPDU\�

D[LV�VKRZHG�WDUJHW�XQGHUVKRRWV��VLPLODU�WR�WKH�ILQGLQJ�RI�WKH�FXUUHQW�VWXG\�LQ�WKH�VHFRQGDU\�D[LV��

7KH\� DOVR� IRXQG� WDUJHW� RYHUVKRRWV� LQ� WKH� DQWHULRU�SRVWHULRU� D[LV� �VHFRQGDU\� D[LV� LQ� WKDW� VWXG\���

VLPLODU�WR�ILQGLQJV�RI�WKH�FXUUHQW�VWXG\�IRU�&(�LQ�WKH�DQWHULRU�SRVWHULRU�D[LV��ZKLFK�ZDV�WKH�SULPDU\�
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D[LV� LQ� WKH� FXUUHQW� VWXG\��� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� FXUUHQW� VWXG\� ZDV� SHUIRUPHG� LQ� WKH�

DQWHURSRVWHULRU�GLUHFWLRQ�ZKLOH�*RRGPDQ�HW�DO�¶V�WDVN�ZDV�SHUIRUPHG�PRVWO\�LQ�WKH�PHGLRODWHUDO�

GLUHFWLRQ��$OWKRXJK�WKHVH�WZR�VWXGLHV�XVHG�GLIIHUHQW�PHWKRGV�IRU�LQWHUUXSWLQJ�SURSULRFHSWLRQ��WKHUH�

ZDV� D� WHQGHQF\� WR�SHUFHLYH� WKH� SRVLWLRQ�RI� WKH�XSSHU� OLPE� DV� FORVHU� WR� WKH�PLGOLQH�� *LYHQ� WKH�

ORFDWLRQ� RI� WKH� VWLPXODWLRQV� XVHG� LQ� WKHVH� WZR� VWXGLHV� IRU� LQWHUUXSWLQJ� SURSULRFHSWLRQ�� DQG� WKH�

SRVVLEOH�WHQGHQF\�WR�SRVLWLRQ�WKH�XSSHU�OLPE�FORVHU�WR�WKH�PLGOLQH��WKH�FRQVLVWHQW�ILQGLQJV�UHLQIRUFH�

WKH�UHVXOW�WKDW�LQWHUUXSWLQJ�SURSULRFHSWLRQ�OHDGV�WR�WDUJHW�XQGHUVKRRWV� 

(QGSRLQW� YDULDELOLW\� �9(�� LQ� WKH�VHFRQGDU\�D[LV�ZDV�DOVR�DIIHFWHG�ZLWK�SDUHVWKHVLD� RQO\�

ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�UHPRYHG��)LJXUH����E���+RZHYHU��XQOLNH�RXU�H[SHFWDWLRQ��9(�ZDV�

VLJQLILFDQWO\�KLJKHU�ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�UHPRYHG��FRPSDUHG�WR�ZKHQ�WDUJHW�YLVLRQ�ZDV�

DYDLODEOH� RQO\� LQ� WKH� QR�SDUHVWKHVLD� FRQGLWLRQ�� WKDW� LV�� LQGXFHG� SDUHVWKHVLD� GLG� QRW� LQFUHDVH�

HQGSRLQW� YDULDELOLW\� LQ� WKH� VHFRQGDU\� D[LV�� $OWKRXJK� VWDWLVWLFDOO\� VLJQLILFDQW�� WKH� HQGSRLQW�

YDULDELOLW\�LQ�WKH�QR�SDUHVWKHVLD�FRQGLWLRQ�LQFUHDVHG�DV�VPDOO�DV�����PP�ZKHQ�YLVLRQ�RI�WKH�WDUJHW�

ZDV�UHPRYHG��ZKLFK�PD\�PDNH�WKLV�ILQGLQJ�QHJOLJLEOH�LQ�HYHU\GD\�WDVNV�� 

2.4.2 (IIHFW�RI�6HQVRU\�PDQLSXODWLRQ�RQ�0RYHPHQW�6WUDWHJ\ 

2.4.2.1 WW39�DQG�&KDQJH�RI�0RYHPHQW�6WUDWHJ\ 

:H� IRXQG� WKDW�07�ZDV� VKRUWHU� DIWHU� SHUIRUPLQJ�PRUH� WULDOV�� ZKLFK� UHSOLFDWHV� SUHYLRXV�

ILQGLQJV��(OOLRWW�HW�DO����������0RYHPHQW�WLPH�ZDV�DOVR�VKRUWHU�ZKHQ�SHUIRUPLQJ�WKH�WDVN�ZLWKRXW�

LQGXFHG�SDUHVWKHVLD�FRPSDUHG�WR�WKH�LQGXFHG�SDUHVWKHVLD�FRQGLWLRQ��1R�VLJQLILFDQW�LQWHUDFWLRQ�ZDV�

IRXQG�IRU�WKH�IDFWRUV�RI�YLVLRQ�DQG�SDUHVWKHVLD��1RUPDOL]HG� WW39�ZDV�WKH� WHPSRUDO�YDULDEOH� WKDW�

VXSSRUWHG�RXU�K\SRWKHVLV��ZKLFK�SUHGLFWHG�WKDW�LQGLYLGXDOV�ZLOO�EH�PRUH�UHOLDQW�RQ�YLVXDO�IHHGEDFN�

LQ�WKH�SUHVHQFH�RI�D�VRPDWRVHQVRU\�GLVUXSWLRQ��,Q�WKH�FXUUHQW�VWXG\��ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�

DYDLODEOH��UHJDUGOHVV�RI�SDUHVWKHVLD�FRQGLWLRQ��WW39�ZDV�VKRUWHU��VHH�)LJXUH����E���7KH�FKDQJHV�LQ�

WW39� FDQ� EH� LQWHUSUHWHG� XVLQJ� (OOLRWW� HW� DO�¶V� SURSRVHG�PXOWLSOH� SURFHVV�PRGHO� RI� OLPE� FRQWURO�

�(OOLRWW�HW�DO���������(OOLRWW�HW�DO����������,Q�WKLV�PRGHO��WKHUH�DUH�WZR�HDUO\�DQG�ODWH�RQOLQH�FRQWURO�

SURFHVVHV��WKH�LPSXOVH�FRQWURO�DQG�OLPE�WDUJHW�UHJXODWLRQ�SKDVHV��0RVW�RI�WKH�LPSXOVH�FRQWURO�SKDVH�

KDSSHQV� EHIRUH� WKH� OLPE� UHDFKHV� SHDN� YHORFLW\� DQG� LV� WKH� GLVWDQFH� FRYHULQJ� SRUWLRQ� RI� WKH�

PRYHPHQW� WKDW� GHWHUPLQHV� WKH� GLUHFWLRQ� DQG�YHORFLW\� RI� WKH�PRYHPHQW�� /LPE�WDUJHW� UHJXODWLRQ�

KDSSHQV�DIWHU�WKH�SHDN�YHORFLW\�LV�UHDFKHG�DQG�LV�SHUIRUPHG�E\�XVLQJ�WKH�YLVXDO�DQG�VRPDWRVHQVRU\�

LQSXWV�WR�ILQH� WXQH�WKH�ODQGLQJ�RI�WKH�OLPE�RQ�WKH�WDUJHW��%\�FRQVLGHULQJ� WKH�WW39�ILQGLQJ�LQ�WKH�
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FXUUHQW�VWXG\��ZH�FDQ�LQWHUSUHW�WKDW�ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�DYDLODEOH�SDUWLFLSDQWV�UHDFKHG�WR�

WKH� SUR[LPLW\� RI� WKH� WDUJHW� TXLFNO\� DQG� VSHQW�PRUH� WLPH� IRU� RQOLQH� FRUUHFWLRQV� UHO\LQJ� RQ� WKH�

DYDLODEOH� YLVXDO� LQIRUPDWLRQ� RI� WKH� WDUJHW� ORFDWLRQ� DQG� WKH� OLPE��ZKHWKHU� RU�QRW� VRPDWRVHQVRU\�

LQSXW�ZDV�LQWHUUXSWHG��(OOLRWW�HW�DO���������+DQVHQ�HW�DO����������+RZHYHU��ZKHQ�YLVLRQ�RI�WKH�WDUJHW�

ZDV�UHPRYHG�WKH�WLPH�VSHQW�EHIRUH�39��WW39��ZDV�D�ODUJHU�SRUWLRQ�RI�WKH�PRYHPHQW�WLPH��$OWKRXJK�

VWDWLVWLFDO� DQDO\VLV� GLG�QRW� VKRZ�D�VLJQLILFDQW� HIIHFW� RI�SDUHVWKHVLD� RQ� WKH� WW39� LQ� WKH�QR�YLVLRQ�

FRQGLWLRQV��DQDO\VLV�RI�WKH�ODWH�YHUVXV�HDUO\�SHUIRUPDQFH�WULDOV�VKRZHG�WKDW�ZKHQ�SDUHVWKHVLD�ZDV�

SUHVHQW�� DV�PRUH� WULDOV�ZHUH�SHUIRUPHG� �FRPSDULQJ� ILUVW� YV�� ODVW� ��� WULDOV�� WKH� QRUPDOL]HG� WW39�

LQFUHDVHG��WKDW�LV�D�ODUJHU�SHUFHQWDJH�RI�WKH�PRYHPHQW�WLPH�ZDV�VSHQW�LQ�WKH�LPSXOVH�FRQWURO�SKDVH��

DQG�OHVV�LQ�OLPE�WDUJHW�UHJXODWLRQ��2QH�H[SODQDWLRQ�IRU�WKLV�ILQGLQJ�FRXOG�EH�WKDW�SDUWLFLSDQWV�FKRVH�

D�GLIIHUHQW�VWUDWHJ\�IRU�FRQWUROOLQJ�WKHLU�PRYHPHQW�E\�SUHSODQQLQJ�WKHLU�PRYHPHQWV�EHFDXVH�WKH\�

GLG�QRW�KDYH�SURSULRFHSWLRQ�RU�WDUJHW�YLVLRQ�DYDLODEOH� IRU�IHHGEDFN�DQG�FXUUHQW�FRQWURO��,Q�RWKHU�

ZRUGV��ZLWK� SUDFWLFH� WKH\� DGRSWHG� D� VWUDWHJ\� WKDW� LQFOXGHG� OHVV� WLPH� RQ� OLPE�WDUJHW� UHJXODWLRQ�

�(OOLRWW�HW�DO���������.KDQ�HW�DO����������7KH�SUHVHQW�ILQGLQJV�DUH�VLPLODU�WR�*RRGPDQ�HW�DO�¶V�VWXG\�

ZKHUH� VLPXOWDQHRXV� PXVFOH� WHQGRQ� YLEUDWLRQ� RI� HOERZ� IOH[RUV� DQG� H[WHQVRUV� ZDV� XVHG� WR�

PDQLSXODWH� VRPDWRVHQVRU\�LQSXWV� LQ� W\SLFDOO\�GHYHORSLQJ�DGXOWV� �*RRGPDQ�	�7UHPEOD\���������

7KHVH�DXWKRUV�DSSOLHG�PXVFOH�WHQGRQ�YLEUDWLRQ�EHIRUH�WULDOV�RI�D�KRUL]RQWDO�JRDO�GLUHFWHG�DLPLQJ�

WDVN�ZKLOH�YLVLRQ�RI�WKH�ZKROH�HQYLURQPHQW�ZDV�PDQLSXODWHG�XVLQJ�RFFOXVLRQ�JRJJOHV��6LPLODU�WR�

WKH�FXUUHQW�VWXG\��*RRGPDQ�HW�DO�� IRXQG�WKDW�ZKHQ�YLVLRQ�ZDV�UHPRYHG��RU�ZKHQ�YLEUDWLRQ�ZDV�

DSSOLHG�� SDUWLFLSDQWV� VSHQW� OHVV� WLPH� DIWHU� SHDN� YHORFLW\� IRU� RQOLQH� FRUUHFWLRQV� WR� WKH� OLPE�

PRYHPHQW�� 

 

2.4.2.2 7UDMHFWRU\�YDULDELOLW\�DQG�&KDQJH�RI�0RYHPHQW�6WUDWHJ\ 

$FFRUGLQJ�WR�WKH�ILQGLQJV�RI�WKH�YDULDELOLW\�RI�PRYHPHQW�WUDMHFWRULHV��SDUWLFLSDQWV�DSSHDU�

WR� KDYH� VHOHFWHG� GLIIHUHQW� VWUDWHJLHV� ZKHQ� SHUIRUPLQJ� WKH� WDVN� ZLWK� DQG� ZLWKRXW� SDUHVWKHVLD��

9DULDELOLW\�RI�WKH�PRYHPHQW�WUDMHFWRU\�HDUO\�LQ�WKH�PRYHPHQW��a����RI�WKH�PRYHPHQW��LV�NQRZQ�

WR� EH� DVVRFLDWHG� ZLWK�PRWRU� SODQQLQJ� DQG� RIIOLQH� FRQWURO� �.KDQ� HW� DO��� �������ZKLOH� WUDMHFWRU\�

YDULDELOLW\�ODWHU�LQ�WKH�PRYHPHQW�LV�WKRXJKW�WR�UHIOHFW�RQ�OLQH�FRUUHFWLYH�SURFHVVHV��/RRNLQJ�DW�WKH�

UHVXOWV�RI�WKH�WUDMHFWRU\�YDULDELOLW\�LQ�WKH�SULPDU\�D[LV��UHJDUGOHVV�RI�DYDLODEOH�YLVXDO�LQSXW��ZKHQ�

WKHUH� ZDV�QR� SDUHVWKHVLD�� SDUWLFLSDQWV� ZHUH�PRUH� YDULDEOH� DW�PRYHPHQW� LQLWLDWLRQ� LQ� ODWH� WULDOV�

FRPSDUHG� WR�ERWK�HDUO\� WULDOV�ZLWKRXW�SDUHVWKHVLD� DQG� ODWH� WULDOV�ZLWK�SDUHVWKHVLD� �)LJXUH� ���F���



 

 �� 

0RYHPHQW� LQLWLDWLRQ�ZDV�DOVR�PRUH�YDULDEOH�ZLWK�SDUHVWKHVLD� WKDQ�ZLWKRXW�SDUHVWKHVLD� IRU�HDUO\�

WULDOV� VSHFLILFDOO\��:H� SURSRVH� WKDW�ZLWK�PRUH�SUDFWLFH� SDUWLFLSDQWV� OHDUQHG� WR� XVH� ODUJHU� LQLWLDO�

LPSXOVHV�DW�PRYHPHQW�LQLWLDWLRQ�ZKHQ�WKHUH�ZDV�QR�SDUHVWKHVLD��7KLV�VWUDWHJ\�LV�H[SHFWHG�WR�OHDG�

WR�KLJKHU�LPSXOVH�YDULDELOLW\�DW�PRYHPHQW�LQLWLDWLRQ�DV�GHWHFWHG�ZLWK�KLJKHU�SRVLWLRQ�YDULDELOLW\�DW�

����LQWR�WKH�PRYHPHQW��6FKPLGW�HW�DO����������$OWKRXJK�SDUWLFLSDQWV�ZHUH�DVNHG�WR�PRYH�DV�IDVW�

DV�WKH\�FRXOG��WKH�DYHUDJH�PRYHPHQW�WLPH�IRU�WKH�WDVN�ZDV�ORQJ�HQRXJK�IRU�SDUWLFLSDQWV�WR�SHUIRUP�

OLPE�WDUJHW�FRUUHFWLRQV�DQG�UHGXFH�HQGSRLQW�HUURU�DQG�YDULDELOLW\��L�H���RYHUDOO�PHDQ�RI�07 �����

PV�WKDW�LV�KLJKHU�WKDQ�����PV��VHH�6FKPLGW��������IRU�PRUH�LQIRUPDWLRQ���2Q�WKH�RWKHU�KDQG��ZKHQ�

SDUHVWKHVLD�ZDV�LQGXFHG�SDUWLFLSDQWV�DSSHDUHG�WR�XVH�D�PRUH�FRQVHUYDWLYH�PRYHPHQW�VWUDWHJ\�DIWHU�

PRUH�SUDFWLFH�ZLWK�WKH�WDVN��6SHFLILFDOO\��ZH�IRXQG� ORZHU�9(�DW�����RI�PRYHPHQW� WLPH�GXULQJ�

ODWHU�WULDOV�ZLWK�SDUHVWKHVLD�YHUVXV�HDUO\�WULDOV��)LJXUH����F���2QH�H[SODQDWLRQ�IRU�WKLV�ILQGLQJ�FRXOG�

EH� WKDW� SDUHVWKHVLD� PD\� KDYH� LQFUHDVHG� QHXUDO�PRWRU� QRLVH� DQG� DIIHFWHG� IRUFH� VSHFLILFDWLRQ�

SURFHVVHV��6R�� SDUWLFLSDQWV� FKRVH� D� VDIH�VWUDWHJ\�ZLWK� VPDOOHU� LPSXOVHV� DW�PRYHPHQW� LQLWLDWLRQ��

OHDGLQJ� WR� OHVV� YDULDELOLW\� DW� ���� RI� PRYHPHQW� WLPH�� 7KH� PRYHPHQW� WLPH� ILQGLQJV� DUH� DOVR�

FRQVLVWHQW�ZLWK�WKLV�H[SODQDWLRQ� VLQFH�PRYHPHQWV�EHFDPH�VKRUWHU�ZLWK�SUDFWLFH� DQG�ORQJHU�ZLWK�

SDUHVWKHVLD� 

5HVXOWV� RI� WKH� PRYHPHQW� WUDMHFWRULHV� LQ� WKH� PHGLRODWHUDO� D[LV� VKRZHG� WKDW� ZLWK� PRUH�

SUDFWLFH��RU�ZKHQ�YLVLRQ�ZDV�DYDLODEOH��PRYHPHQWV�EHFDPH�OHVV�YDULDEOH��VSHFLILFDOO\�DURXQG�����

DQG�����RI�PRYHPHQW� WLPH� �)LJXUH����H�� I���7KLV� UHGXFHG�YDULDELOLW\� RI� WKH�PRYHPHQW� DURXQG�

KDOIZD\�LQWR�WKH�PRYHPHQW� WLPH�DQG�EH\RQG��LQGLFDWHV�D�PRUH�SUHSODQQHG�PRYHPHQW�DQG�IHZHU�

RQOLQH�FRUUHFWLRQV�ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�QRW�DYDLODEOH� 

2.4.3 (IIHFWV�RI�SUDFWLFH�DQG�$GDSWDELOLW\ 

$�VHFRQGDU\�REMHFWLYH�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�KRZ�RQJRLQJ�SUDFWLFH�ZLWK�

WKH� FKDQJHG� VHQVRU\� LQSXWV�ZRXOG� DIIHFW� PRYHPHQW� SHUIRUPDQFH�� WKDW� LV� KRZ�DGDSWDEOH� WR� WKH�

DOWHUHG� VHQVRU\� LQSXW� ZDV� WKH� PRWRU� FRQWURO� V\VWHP��$V� H[SHFWHG�� UHJDUGOHVV� RI� H[SHULPHQWDO�

FRQGLWLRQ��SDUWLFLSDQWV�KDG�VKRUWHU�07V�ZLWK�PRUH�SUDFWLFH��)LJXUH����D���$OVR��QRUPDOL]HG�WW39�

LQ�WKH�SDUHVWKHVLD�FRQGLWLRQ�EHFDPH�ORQJHU�ZLWK�PRUH�SUDFWLFH��7KHVH�ILQGLQJV�LQGLFDWH�WKDW�ZKHQ�

SDUHVWKHVLD�ZDV�LQGXFHG�SDUWLFLSDQWV� OHDUQHG� WR�VSHQG�PRUH�WLPH�GXULQJ�WKH�SUHSODQQHG� LPSXOVH�

FRQWURO�SKDVH�DQG�VXEVHTXHQWO\�IHZHU�RQOLQH�FRUUHFWLRQ��$OWKRXJK�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��WKH�

WUHQGV� LQ�PRYHPHQW� VWUDWHJLHV�VHHPHG� WR�EH� ODUJHU�ZKHQ�YLVLRQ�RI�WKH� WDUJHW�ZDV�QRW� DYDLODEOH��
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�)LJXUH����E���,Q�VXPPDU\��WKH�DQDO\VLV�RI�HDUO\�YHUVXV�ODWH�WULDOV�GHPRQVWUDWHG�WKDW�DW�OHDVW�VRPH�

RI�WKH�FKDQJHV�LQ�WKH�WHPSRUDO�DQG�VSDWLDO�PRYHPHQW�FKDUDFWHULVWLFV�DV�D�UHVXOW�RI�PDQLSXODWLQJ�WKH�

VHQVRU\�LQSXW�ZHUH�DOOHYLDWHG�ZLWK�SUDFWLFH�� 

2.4.4 7DUJHW�9LVLRQ�$YDLODELOLW\�DQG�0RYHPHQW�6WUDWHJ\� 

,Q�WKH�FXUUHQW�VWXG\�YLVXDO�LQSXW�ZDV�PDQLSXODWHG�E\�REVFXULQJ�WKH�YLVLRQ�RI�WKH�WDUJHW�RQO\�

EHFDXVH�YLVRQ�RI�WKH�WDUJHW�LV�QHFHVVDU\�IRU�OLPE�WDUJHW�FRQWURO�SURFHVVHV�WKDW�DUH�XVHG�WR�DFTXLUH�

WKH�WDUJHW�DFFXUDWHO\��(OOLRWW��������+HDWK��������0HHJDQ�HW�DO����������/DFN�RI�WDUJHW�YLVLRQ��RU�LWV�

PHPRU\�� LV� H[SHFWHG� WR� OHDG� SHUIRUPHUV� WR� XVH�PRUH� SUHSODQQHG�PRYHPHQWV� DV�ZHOO� DV� XVLQJ�

NLQHVWKHWLF�RU�IHHGIRUZDUG�VRXUFHV�RI�LQIRUPDWLRQ��(OOLRWW���������,Q�WKH�FXUUHQW�VWXG\�YLVLRQ�RI�WKH�

WDUJHW� ZDV� UHPRYHG� XSRQ�PRYHPHQW� LQLWLDWLRQ�� VR� WKH�PHPRU\� RI� WKH� WDUJHW� ORFDWLRQ� ZDV� QRW�

GHFD\HG�DQG�ZDV�DYDLODEOH�IRU�PHPRU\�JXLGHG�OLPE�WDUJHW�UHJXODWLRQ��+HDWK���������+HQFH��LQ�WKLV�

VWXG\��WDUJHW�YLVLRQ�ZDV�UHPRYHG�WR�DVVHVV�WKH�HIIHFW�RI�SDUHVWKHVLD�RQ�H[HFXWLRQ�RI�D�SUHSODQQHG�

DQG�PHPRU\�JXLGHG�DLPLQJ�WDVN��$V�H[SHFWHG��WKH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�WKDW�SDUWLFLSDQWV¶�

DLPLQJ�DFFXUDF\�ZDV�VLJQLILFDQWO\�GLIIHUHQW�LQ�WKH�WZR�QR�WDUJHW�YLVLRQ�FRQGLWLRQV�ZLWK�DQG�ZLWKRXW�

SDUHVWKHVLD� �&(� LQ� WKH� VHFRQGDU\�D[LV��)LJXUH� ���D���$�SRVVLEOH�PHFKDQLVP� FRQVLGHUHG� IRU� WKLV�

ILQGLQJ�LV�WKDW�WKH�PHPRU\�JXLGHG�PRYHPHQW�UHTXLUHG�PRUH�PHQWDO�HIIRUW�IRU�WKH�SDUWLFLSDQWV�DQG�

DGGLQJ� LQGXFHG�SDUHVWKHVLD� FRXOG�KDYH�RYHUORDGHG� DWWHQWLRQDO� UHVRXUFHV��ZKLFK�ZRXOG� LQWHUIHUH�

ZLWK� YLVXDO� DWWHQWLRQ� WRZDUGV� G\QDPLF� OLPE� ORFDWLRQ� DQG� RQOLQH� OLPE�WDUJHW� FRQWURO� SURFHVVHV�

�6FKPLGW�HW�DO�������D���,W�LV�SRVVLEOH�WKDW�DOWKRXJK�YLVLRQ�RI�WKH�OLPE�ZDV�SUHVHQW��DQG�WKH�WDUJHW�

ORFDWLRQ�PHPRU\�VKRXOG�KDYH�EHHQ�DYDLODEOH�� WKDW�SDUWLFLSDQWV�GLG�QRW�HQJDJH�RQOLQH�OLPE�WDUJHW�

FRQWURO�SURFHVVHV�DQG�XVHG�D�VDIH�VWUDWHJ\�ZKHUH�WKH\�SUH�SODQQHG�WKHLU�PRYHPHQWV��7KH�ILQGLQJV�

RI�PRYHPHQW� WUDMHFWRULHV� LQ� WKH� VHFRQGDU\� D[LV� DOVR� VXSSRUWV� D� SUHSODQQHG�PRYHPHQW� VWUDWHJ\�

ZKHQ�WDUJHW�YLVLRQ�ZDV�REVFXUHG��5HPRYLQJ�WDUJHW�YLVLRQ�LQFUHDVHG�PRYHPHQW�YDULDELOLW\�DW�����

RI�WKH�PRYHPHQW�WLPH��$QRWKHU�H[SODQDWLRQ�IRU�WKH�DOWHUHG�PRYHPHQW�FRQWURO�VWUDWHJ\�ZKHQ�WDUJHW�

YLVLRQ�ZDV�UHPRYHG�FRXOG�EH�WKDW�ZLWK�PHPRU\�JXLGHG�PRYHPHQW�FRQWURO�SDUWLFLSDQWV� UHOLHG�RQ�

WKHLU�SHUFHSWLRQ�RI�WKH�WDUJHW�ORFDWLRQ��+HDWK��������ZKLFK�LWVHOI�ZDV�OLNHO\�GLVWRUWHG�RU�ELDVHG�DV�

D�UHVXOW�RI�LQGXFLQJ�SDUHVWKHVLD�E\�RQO\�VWLPXODWLQJ��WKH�PHGLDQ�QHUYH� 



 

 �� 

 &RQFOXVLRQV 

7KH�PRVW�FRQVLVWHQW�ILQGLQJ�ZDV�WKDW�PRYHPHQWV�SHUIRUPHG�LQ�WKH�SUHVHQFH�RI�SDUHVWKHVLD�

WRRN�ORQJHU� WR�H[HFXWH��EXW�QRW�DQ\�ORQJHU� WR�SODQ�RU�LQLWLDWH��$V�H[SHFWHG��YLVXDO�LQSXW�ZDV�WKH�

GRPLQDQW�VRXUFH�RI�LQIRUPDWLRQ�DQG�ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�DYDLODEOH�SDUWLFLSDQWV¶�DFFXUDF\�

DQG�PRWRU� FRQWURO� VWUDWHJLHV� GLG� QRW� FKDQJH��:KHQ� YLVLRQ�RI� WKH� WDUJHW�ZDV�QRW� DYDLODEOH� WKHQ�

SDUHVWKHVLD� DGYHUVHO\� DIIHFWHG� DFFXUDF\� DQG� HIILFLHQF\� RI� PRWRU� SHUIRUPDQFH�� :H� IRXQG� WKDW�

SDUWLFLSDQWV�OHDUQHG�WR�DGDSW�WR�WKH�FKDQJHV�FDXVHG�E\�LQGXFHG�SDUHVWKHVLD�ZLWK�PRUH�SUDFWLFH�E\�

SUHSODQQLQJ�WKH�PRYHPHQW�PRUH��SHUIRUPLQJ�IHZHU�RQOLQH�FRUUHFWLRQV��DV�ZHOO�DV�GHFUHDVLQJ�WKHLU�

LQLWLDO�PRYHPHQW�LPSXOVH�WR�FRPSHQVDWH�IRU�WKH�LQFUHDVHG�QHXURPXVFXODU�QRLVH��7KH�UHVXOWV�RI�WKH�

SUHVHQW�VWXG\�FRQWULEXWH�WR�GHYHORSLQJ�RXU�XQGHUVWDQGLQJ�RI�KRZ�KXPDQV�DGDSW�WKHLU�PRWRU�FRQWURO�

VWUDWHJLHV�ZKHQ�DYDLODEOH�VRPDWRVHQVRU\�LQSXW�LV�GLVUXSWHG��7KH�SUHVHQW�ZRUN�UHSUHVHQWV�WKH�ILUVW�

VWHS� WRZDUGV� H[WHQGLQJ� WKLV� OLQH� RI� ZRUN� WR� FOLQLFDO� SRSXODWLRQV� ZKR� H[SHULHQFH� GLVUXSWHG�

VRPDWRVHQVRU\�IHHGEDFN��)XWXUH�ZRUN�ZLOO�GHWHUPLQH�WKH�HIIHFW�RI�YLVLRQ�RI�PRYLQJ�OLPE�DQG�WKH�

UROH�RI�DXGLWRU\�IHHGEDFN�WR�DLG�PRYHPHQW�SHUIRUPDQFH� 

 $FNQRZOHGJHPHQW 

7KLV�UHVHDUFK�ZDV�IXQGHG�E\�WKH�0DQLWRED�0HGLFDO�6HUYLFH�)RXQGDWLRQ��5HVHDUFK�0DQLWRED��DQG�

WKH�1DWXUDO� 6FLHQFHV� DQG�(QJLQHHULQJ� 5HVHDUFK�&RXQFLO� RI�&DQDGD��7KH� DXWKRUV�ZRXOG� OLNH� WR�

WKDQN�/HDK�+DUSHOOH��.HOVH\�%URZQ��DQG�0LFKHOH�%HUWKHOHWWH� IRU�WKHLU�DVVLVWDQFH�ZLWK�WDUJHW�VHW�

XS��GDWD�FROOHFWLRQ��DQG�GDWD�RUJDQL]DWLRQ��UHVSHFWLYHO\� 
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3 6WXG\����,QGXFHG�3DUHVWKHVLD�$IIHFWV�3HUIRUPDQFH�RI�DQ�8SSHU�/LPE�*RDO�'LUHFWHG�$LPLQJ�

7DVN��HYHQ�LQ�WKH�3UHVHQFH�RI�)XOO�9LVLRQ 

$XWKRUV��1L\RXVKD�0RUWD]D���6WHYHQ�5��3DVVPRUH���&KHU\O�0��*OD]HEURRN� 
��3URJUDP�RI�$SSOLHG�+HDOWK�6FLHQFHV��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��&DQDGD 
��)DFXOW\�RI�.LQHVLRORJ\�DQG�5HFUHDWLRQ�0DQDJHPHQW��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��&DQDGD 

 

 

&RQWULEXWLRQV�RI�$XWKRUV�WR�7KH�0DQXVFULSW 

&�*�� DQG�6�3�� GHVLJQHG� WKH�SURWRFRO� RI� WKH� FXUUHQW� VWXG\� DQG� OHG�GDWD� DFTXLVLWLRQ��1�0�

UHGXFHG��DQDO\]HG��DQG�LQWHUSUHWHG�WKH�H[SHULPHQWDO�GDWD��1�0��DOVR�SUHSDUHG�WKH�ILUVW�GUDIW�RI�WKH�

PDQXVFULSW��&�*��FROODERUDWHG�ZLWK�WKH�GDWD�DQDO\VLV��$OO�DXWKRUV�FULWLFDOO\�UHYLVHG�WKH�GUDIW�RI�WKH�

PDQXVFULSW�IRU�LQWHOOHFWXDO�FRQWHQW�DQG�DSSURYHG�WKH�ILQDO�GUDIW�IRU�VXEPLVVLRQ�WR�D�MRXUQDO�� 

3UHIDFH 

7KLV�VWXG\�FRPSOHPHQWV�WKH�H[SHULPHQW�UHSRUWHG�LQ�&KDSWHU���E\�DGGUHVVLQJ�WKH�VSHFLILF�

UROH�RI�WKH�YLVXDO�IHHGEDFN�RI�WKH�XSSHU�OLPE�RQ�WKH�PRYHPHQW�SHUIRUPDQFH�ZKHQ�SURSULRFHSWLRQ�

LV� FRPSURPLVHG� XVLQJ� LQGXFHG� SDUHVWKHVLD�� 7RJHWKHU�� WKH� UHVXOWV� IURP� WKHVH� WZR� H[SHULPHQWV�

FODULILHG�WKH�FRQWULEXWLRQ�RI�GLIIHUHQW�FRPSRQHQWV�RI�YLVXDO�IHHGEDFN�IRU�PRYHPHQW�FRQWURO�ZKLOH�

SDUHVWKHVLD�ZDV�LQGXFHG��7KHVH�WZR�VWXGLHV�DOVR�H[SORUHG�KRZ�WKH�VHQVRULPRWRU�V\VWHP�DGDSWV�WR�

WKH�PRGLILHG�YLVXDO�DQG�SURSULRFHSWLYH�IHHGEDFN�� 

 

 



 

 �� 

$EVWUDFW 

3XUSRVH��7KH�JRDO�RI� WKH�FXUUHQW�H[SHULPHQW�ZDV� WR�GHWHUPLQH� LI�YLVLRQ�RI� WKH� OLPE� LV�XVHG� WR�

LPSURYH�PRYHPHQW�SHUIRUPDQFH�ZKHQ�SDUWLFLSDQWV�H[SHULHQFH�LQGXFHG�SDUHVWKHVLD��0HWKRG�����

QHXURW\SLFDO�DGXOWV�SHUIRUPHG�IRXU�EORFNV������WULDOV�EORFN��RI�D�JRDO�GLUHFWHG�DLPLQJ�WDVN�LQ�IRXU�

GLIIHUHQW�FRQGLWLRQV�����ZLWK�LQGXFHG�SDUHVWKHVLD�DQG�IXOO�YLVLRQ�����ZLWK�LQGXFHG�SDUHVWKHVLD�DQG�

QR�YLVLRQ�����ZLWKRXW�SDUHVWKHVLD�DQG�IXOO�YLVLRQ�����ZLWKRXW�SDUHVWKHVLD�DQG�QR�YLVLRQ���(DFK�EORFN�

RI�WULDOV�FRQVLVWHG�RI�DLPLQJ�WR�RQO\�RQH�RI�WKH�IRXU�SRVVLEOH�WDUJHW�ORFDWLRQV�RQ�D�PRQLWRU�SODFHG�

KRUL]RQWDOO\��9LVLRQ�ZDV�REVFXUHG�XVLQJ�YLVXDO�RFFOXVLRQ�JRJJOHV�DQG�SDUHVWKHVLD�ZDV�LQGXFHG�ZLWK�

D�FRQVWDQW�FXUUHQW�VWLPXODWRU��5HVXOWV�ZHUH�DQDO\]HG�E\�FRPSDULQJ�HDUO\��ILUVW�����RI�WULDOV��YHUVXV�

ODWH��ODVW�����RI�WULDOV��SHUIRUPDQFH�WR�DVVHVV�DGDSWDELOLW\�WR�DOWHUHG�VRPDWRVHQVRU\�LQSXW��5HVXOWV�

DQG�FRQFOXVLRQV��5HPRYLQJ�YLVLRQ�RI� WKH� OLPE�VLJQLILFDQWO\� LQFUHDVHG�HQGSRLQW�YDULDELOLW\�DQG�

DFFXUDF\��:KHQ�FRPSDUHG�WR�WKH�HDUO\�SHUIRUPDQFH�LQ�WKH�QR�SDUHVWKHVLD�DQG�QR�YLVLRQ�FRQGLWLRQ��

LQGXFHG�SDUHVWKHVLD�DQG�QR�YLVLRQ�RI�WKH�KDQG�FDXVHG�VLJQLILFDQWO\�KLJKHU�HQG�SRLQW�HUURU�WRZDUG�

WKH� ERG\� PLGOLQH� LQ� ERWK� HDUO\� DQG� ODWH� SHUIRUPDQFH�� 7KLV� ILQGLQJ� UHYHDOV� WKH� LPSRUWDQFH� RI�

SURSULRFHSWLYH� LQSXW� IRU� PRYHPHQW� DFFXUDF\� LQ� WKH� DEVHQFH� RI� YLVXDO� IHHGEDFN�� 2QO\� ZKHQ�

SDUHVWKHVLD�ZDV�QRW�LQGXFHG�WKH�QR�YLVLRQ�FRQGLWLRQ�KDG�ORQJHU�WLPH�WR�SHDN�YHORFLW\�DQG�VKRUWHU�

WLPH�DIWHU�SHDN�YHORFLW\�FRPSDUHG�WR�WKH�IXOO�YLVLRQ�FRQGLWLRQ��7KH�ODFN�RI�VLPLODU�UHVXOWV�LQ�WKHVH�

WHPSRUDO� SDUDPHWHUV� LQ� WKH� IXOO� YLVLRQ� DQG� LQGXFHG� SDUHVWKHVLD� FRQGLWLRQ� VLJQLILHV� WKH� UROH� RI�

SURSULRFHSWLRQ�LQ�WKH�PRYHPHQW�HIILFDF\��HYHQ�ZKHQ�YLVXDO�LQIRUPDWLRQ�RI�WKH�OLPE��WDUJHW��DQG�

HQYLURQPHQW� LV� DYDLODEOH��7KXV�� LQ� WKH� FXUUHQW� VWXG\� YLVLRQ� FRXOG�QRW� IXOO\� FRPSHQVDWH� IRU� WKH�

GLVUXSWHG�SURSULRFHSWLYH�LQSXW� 

 

 ,QWURGXFWLRQ 

+XPDQ� PRYHPHQWV� DUH� SODQQHG� DQG� H[HFXWHG� E\� XVLQJ� DQG� LQWHJUDWLQJ� YLVXDO��

VRPDWRVHQVRU\��DQG�DXGLWRU\�VHQVRU\�LQSXWV��7KHUH�LV�H[WHQVLYH�UHVHDUFK�RQ�WKH�UROH�RI�YLVLRQ�LQ�

FRQWUROOLQJ� JRDO�GLUHFWHG� PRYHPHQW� RI� WKH� XSSHU� OLPE� DV� YLVLRQ� LV� D� GRPLQDQW� VRXUFH� RI�

LQIRUPDWLRQ�IRU�PRYHPHQWV��(UQVW�	�%DQNV��������(UQVW�	�%�OWKRII��������5RFN�	�9LFWRU���������

6RPDWRVHQVRU\�LQIRUPDWLRQ��DQG�PRUH�VSHFLILFDOO\�SURSULRFHSWLRQ��KDV�D�FRPSOHPHQWDU\�UROH� LQ�

WKH�FRQWURO�RI�KXPDQ�PRYHPHQW�E\�SURYLGLQJ�LQIRUPDWLRQ�DERXW�WKH�ORFDWLRQ�RI� WKH�OLPE�LQ� WKH�
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VSDFH�DV�ZHOO�DV�UHODWLYH�ORFDWLRQ�RI�OLPEV�WR�HDFK�RWKHU��.LQJ�HW�DO���������0DVORYDW�HW�DO���������

3URWHDX��������3URWHDX�HW�DO����������7KXV��LW�LV�LPSRUWDQW�WR�NQRZ�KRZ�WKHVH�WZR�PDMRU�VRXUFHV�RI�

LQIRUPDWLRQ�DUH�LQWHJUDWHG�IRU�YROXQWDU\�OLPE�FRQWURO�� 

7KH�PXOWLSOH�SURFHVV�PRGHO�RI�OLPE�FRQWURO�SURSRVHV�DLPLQJ�PRYHPHQWV�DUH�FRPSULVHG�RI�

WZR�FRPSRQHQWV��EXW�PXOWLSOH�SURFHVVHV�ZLWKLQ�WKHVH�WZR�FRPSRQHQWV���(OOLRWW�HW�DO���������(OOLRWW�

HW�DO����������$FFRUGLQJ�WR�WKLV�PRGHO��WKH�ILUVW�FRPSRQHQW�RI�WKH�PRYHPHQW�LV�GHILQHG�E\�LPSXOVH�

FRQWURO��ZKLFK�LQFOXGHV�WKH�SUHSODQQHG�SDUW�RI�WKH�PRYHPHQW�ZKHUH�WKH�OLPE�FRYHUV�WKH�PDMRULW\�

RI�WKH�GLVWDQFH�WR�UHDFK�WKH�YLFLQLW\�RI�WKH�WDUJHW��7KH�VHFRQG�FRPSRQHQW�LV�WKH�OLPE�WDUJHW�FRQWURO�

SKDVH�ZKHUH�WKH�DYDLODEOH�VHQVRU\�LQSXWV�DUH�FRPSDUHG�WR�WKH�LQWHUQDO�UHSUHVHQWDWLRQV��7KH�PXOWLSOH�

SURFHVV�PRGHO�FRQVLGHUV�PXOWLSOH�IDFWRUV��VXFK�DV�QRLVH�LQ�WKH�QHXUDO�PRWRU�V\VWHP��IRUFH�UHODWHG�

HUURU��DV�ZHOO�DV�HIILFLHQF\�RI�HQHUJ\�H[SHQGLWXUH��,W�LV�VXJJHVWHG�WKDW�WKH�WZR�FRPSRQHQWV�RI�WKH�

PXOWLSOH�SURFHVV�PRGHO�DUH�QRW�LQGHSHQGHQW��DQG�WKDW�YLVXDO�IHHGEDFN�LV�WKH�PDLQ�VHQVRU\�GULYHU�RI�

WKH�LPSXOVH�FRQWURO�SKDVH��$�FRPELQDWLRQ�RI�SURSULRFHSWLRQ�DQG�YLVXDO�LQSXWV�DUH�WKH�PDLQ�VRXUFHV�

RI� LQIRUPDWLRQ� IRU� OLPE�WDUJHW� UHJXODWLRQ�� 7KXV�� HIIHFWLYH� OLPE� FRQWURO� LQFOXGHV� LQWHJUDWLRQ� RI�

H[SHFWHG�DQG�DFWXDO�VHQVRU\�LQSXWV�IURP�PXOWLSOH�VHQVRU\�VRXUFHV� 

.QRZOHGJH�DERXW�WKH�LQGLYLGXDO�DQG�LQWHJUDWLYH�UROH�RI�GLIIHUHQW�VHQVRU\�LQSXW�LV�FUXFLDO�

IRU�UHKDELOLWDWLRQ�SURJUDPV�ZKHQ�HLWKHU�RI�WKHVH�VHQVRU\�LQSXWV�DUH�GHILFLHQW��3UHYLRXVO\��ZH�XVHG�

LQGXFHG�SDUHVWKHVLD�WR�LQWHUUXSW�VRPDWRVHQVRU\�LQSXWV�ZKLOH�DOVR�PDQLSXODWLQJ�YLVXDO�LQIRUPDWLRQ�

E\�UHPRYLQJ�WDUJHW�YLVLRQ�XSRQ�PRYHPHQW�LQLWLDWLRQ��0RUWD]D�HW�DO����������:H�IRXQG�SDUWLFLSDQWV�

FKDQJHG�WKHLU�PRYHPHQW�VWUDWHJ\�IURP�RQOLQH�FRQWURO�WR�SUH�SODQQHG�PRYHPHQWV�ZKHQ�SDUHVWKHVLD�

ZDV�SUHVHQW��DQG�YLVLRQ�RI�WKH�WDUJHW�ZDV�UHPRYHG��$OVR��ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�UHPRYHG�

DQG� SDUHVWKHVLD� ZDV� LQGXFHG�� SDUWLFLSDQWV� KDG� VLJQLILFDQWO\� KLJKHU� ELDV� IRU� HUURUV� WRZDUGV� WKH�

PLGOLQH�RI� WKHLU� ERG\� HDUO\� GXULQJ�SUDFWLFH�ZKHQ� FRPSDUHG� WR� WKH�QR�SDUHVWKHVLD� FRQGLWLRQ�� RU�

ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�DYDLODEOH�ZLWK�SDUHVWKHVLD��7RJHWKHU�WKLV�SDWWHUQ�LQGLFDWHV�WKDW�YLVLRQ�

RI�WKH�WDUJHW�DQG�LQWDFW�SURSULRFHSWLRQ�ERWK�FRQWULEXWH�WR�OLPE�WDUJHW�FRUUHFWLRQV��� 

,Q�WKH�FXUUHQW�H[SHULPHQW�YLVXDO�LQIRUPDWLRQ�DERXW�WKH�HQYLURQPHQW��LQFOXGLQJ�WKH�OLPE�DQG�

WKH� WDUJHW��ZDV� UHPRYHG�XVLQJ�YLVXDO� RFFOXVLRQ�JRJJOHV��7KH�JRDO� RI� WKLV�PDQLSXODWLRQ�ZDV� WR�

GHWHUPLQH�LI�YLVLRQ�RI�WKH�OLPE�VSHFLILFDOO\�LV�XVHG�WR�KHOS�LPSURYH�PRYHPHQW�SHUIRUPDQFH�ZKHQ�

SDUWLFLSDQWV�H[SHULHQFH�LQGXFHG�SDUHVWKHVLD��:H�K\SRWKHVL]HG�WKDW�UHPRYLQJ�YLVLRQ�RI�WKH�HQWLUH�

YLVXDO�HQYLURQPHQW�ZRXOG�UHVXOW�LQ�ODUJHU�DQG�PRUH�SURQRXQFHG�GLIIHUHQFHV�EHWZHHQ�WKH�YLVLRQ�DQG�

QR�YLVLRQ�FRQGLWLRQV��LQ�FRPSDULVRQ�ZLWK�RXU�SUHYLRXV�VWXG\���0RUWD]D�HW�DO����������EHFDXVH�YLVLRQ�
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RI�WKH�OLPE�VSHFLILFDOO\�ZDV�UHPRYHG��:H�H[SHFWHG�SURSULRFHSWLRQ�LQIRUPDWLRQ�ZRXOG�EH�XVHG�WR�

DFKLHYH�VRPH�GHJUHH�RI�RQOLQH�FRQWURO�DQG�FRUUHFWLRQV��(OOLRWW�	�$OODUG��������(OOLRWW�HW�DO����������

:H�DOVR�FRPSDUHG�HDUO\�YHUVXV�ODWH�PRYHPHQW�WULDOV�WR�LQYHVWLJDWH�SDUWLFLSDQWV¶�DGDSWDELOLW\�WR�WKH�

VHQVRU\�PDQLSXODWLRQ��7KXV�� D� VHFRQGDU\� REMHFWLYH� RI� WKH� FXUUHQW� VWXG\�ZDV� WR� LQYHVWLJDWH� WKH�

DGDSWDELOLW\�RI�WKH�PRWRU�FRQWURO�VWUDWHJLHV�WR�WKH�VHQVRU\�PDQLSXODWLRQV� 

 0HWKRGV 

3.2.1 3DUWLFLSDQWV� 

7ZHOYH� KHDOWK\� \RXQJ� DGXOWV� ��� IHPDOHV�� �� PDOHV�� ZLWK� PHDQ� DJH� RI� ��������� \HDUV�

SDUWLFLSDWHG�LQ�WKH�FXUUHQW�H[SHULPHQW��3DUWLFLSDQWV�KDG�QR�QHXURORJLFDO�FRQGLWLRQ�RU�RUWKRSHGLF�

LQMXU\�WKDW�ZRXOG�LQWHUIHUH�ZLWK�WKHLU�SHUIRUPDQFH�RI�WKH�WDVN��$OO�H[SHULPHQWDO�SURFHGXUHV�ZHUH�

DSSURYHG�E\�WKH�ORFDO�HWKLFV�ERDUG�DQG�DOO�SDUWLFLSDQWV�SURYLGHG�VLJQHG�LQIRUPHG�FRQVHQW� 

3.2.2 $SSDUDWXV��0DWHULDOV��'HVLJQ��3URFHGXUH��DQG�$QDO\VLV 

7KH�PHWKRGRORJ\�RI�WKH�FXUUHQW�H[SHULPHQW�ZDV�LGHQWLFDO� WR�RXU�SUHYLRXV�VWXG\�ZLWK�WKH�

H[FHSWLRQ� RI� WKH� SURWRFRO� XVHG�IRU�PDQLSXODWLRQ� RI� WKH� YLVXDO� IHHGEDFN� �0RUWD]D� HW� DO��� �������

3DUWLFLSDQWV�VDW�DW�D�WDEOH�LQ�IURQW�RI�D���´�PRQLWRU�SRVLWLRQHG�OHQJWKZLVH�DQG�LQ�OLQH�ZLWK�WKH�WDEOH�

WRS��7KH�WDVN�LQFOXGHG�XSSHU�OLPE�JRDO�GLUHFWHG�UHDFKHV�WR�RQH�RI�WKH�IRXU�VTXDUH�VKDSHG�WDUJHWV��

DOO�ZLWK�DQ�LQGH[�RI�GLIILFXOW\�RI����)LWWV�	�3HWHUVRQ���������7KH�WDVNV�ZHUH�GRQH�LQ�IRXU�VHQVRU\�

FRQGLWLRQV�����)XOO�YLVLRQ��SDUHVWKHVLD�����QR�YLVLRQ��QR�SDUHVWKHVLD�����)XOO�YLVLRQ��QR�SDUHVWKHVLD��

��� 1R�YLVLRQ�� SDUHVWKHVLD�� 2UGHU� RI� WKH� FRQGLWLRQV� DQG� WKH� VSHFLILF� WDUJHW� DOORFDWHG� IRU� HDFK�

FRQGLWLRQ�ZDV� UDQGRPL]HG� DQG�FRXQWHUEDODQFHG� DFURVV�SDUWLFLSDQWV�� 3DUWLFLSDQWV� SHUIRUPHG�����

GLVFUHWH� UHDFKLQJ�PRYHPHQWV� WR�WKH�DVVLJQHG�WDUJHW� ORFDWHG�RQ�D�WRXFKVFUHHQ�IRU�HDFK�FRQGLWLRQ�

�WRWDO� RI� ���� SHU� SDUWLFLSDQW��� ,Q� WKH� QR� YLVLRQ� FRQGLWLRQV�� YLVLRQ� RI� WKH� WDUJHW�� OLPE�� DQG� WKH�

HQYLURQPHQW� ZDV� REVFXUHG� XSRQ�PRYHPHQW� RQVHW� XVLQJ� YLVXDO� RFFOXVLRQ� JRJJOHV� �7UDQVOXFHQW�

7HFKQRORJLHV��7RURQWR��2QWDULR���)RU�WKH�FRQGLWLRQV�ZLWK�SDUHVWKHVLD��D�FRQVWDQW�FXUUHQW�VWLPXODWRU�

�'LJLWLPHU� '6�$��ZDV�XVHG� WR� LQGXFH� SDUHVWKHVLD� LQ� WKH�PHGLDQ� QHUYH��7KH� SURWRFRO� XVHG� IRU�

LQGXFLQJ�SDUHVWKHVLD�KDV�EHHQ�UHSRUWHG�SUHYLRXVO\��0RUWD]D�HW�DO����������7R�FRQILUP�WKDW�VHQVRU\�

SHUWXUEDWLRQ� ZDV� DFKLHYHG�� PRQRILODPHQW� SUHVVXUH� VHQVLWLYLW\� WHVW� UHVXOWV� ZHUH� FRPSDUHG� DW�

EDVHOLQH� DQG� DIWHU� LQGXFHG� SDUHVWKHVLD� �7DEOH� ������ 'DWD� ZDV� FROOHFWHG� RQ� WZR� VHSDUDWH� GD\V��
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0RYHPHQWV�ZHUH� UHFRUGHG�XVLQJ�D�PRWLRQ� FDSWXUH� V\VWHP�DW����+]��2SWRWUDN��'�,QYHVWLJDWRU��

1RUWKHUQ�'LJLWDO�,QF���:DWHUORR��2QWDULR��E\�WUDFNLQJ�DQ�LQIUDUHG�HPLWWLQJ�GLRGH��,5('��DWWDFKHG�

WR�WKH�SDUWLFLSDQWV¶� LQGH[�ILQJHU��'DWD�FROOHFWLRQ�RQVHW�ZDV�V\QFKURQL]HG�ZLWK�WKH�FRPSXWHU� WDVN�

DQG� ODVWHG� IRU��� VHFRQGV�XVLQJ�FXVWRP� VRIWZDUH�GHVLJQHG� LQ� (�3ULPH� �YHUVLRQ������3V\FKRORJ\�

6RIWZDUH�7RROV�� ,QF��� 6KDUSVEXUJ��3$���7KH�PRYHPHQW� GDWD�ZDV� UHGXFHG� DQG� DQDO\]HG� XVLQJ� D�

FXVWRPL]HG�0$7/$%�SURJUDP� �WKH�0DWK:RUNV�� ,QF���$����+]� ORZSDVV�%XWWHUZRUWK� ILOWHU�ZDV�

XVHG��0RYHPHQW�RQVHW�ZDV�PDUNHG�DV�WKH�ILUVW�IUDPH�WKDW�WKH�,5('�PRYHG�IDVWHU�WKDQ���PP�VHF�

IRU�DW�OHDVW���PV�DQG�PRYHPHQW�RIIVHW�ZDV�LGHQWLILHG�DV�WKH�ILUVW�IUDPH�WKDW�WKH�,5('¶V�YHORFLW\�

IHOO�EHORZ���PP�V�IRU���PV��0RUWD]D�HW�DO��������� 

7KH� PDLQ� RXWFRPH� PHDVXUH� LQFOXGHG� PRYHPHQW� WLPH� �07��� UHDFWLRQ� WLPH� �57��� SHDN�

YHORFLW\��39���WLPH�WR�SHDN�YHORFLW\��WW39���WLPH�DIWHU�SHDN�YHORFLW\��WD39���DQG�QRUPDOL]HG�WW39�

�WW39�07���$FFXUDF\� YDULDEOHV� ZHUH� FDOFXODWHG� LQ� WKH� ORQJLWXGLQDO� �SULPDU\�� DQG�PHGLRODWHUDO�

�VHFRQGDU\��D[HV�LQFOXGLQJ�FRQVWDQW�HUURU��&(��DQG�YDULDEOH�HUURU��9(���0RUHRYHU��YDULDELOLW\�RI�

PRYHPHQW�WUDMHFWRULHV�LQ�WKH�SULPDU\�D[LV�ZDV�FDOFXODWHG��7KDW�LV��9(�DW��������������������RI�

WKH�PRYHPHQW�WLPH�ZDV�DQDO\]HG��3OHDVH�UHIHU�WR�0RUWD]D�HW�DO����������IRU�GHWDLOV�RI�WKH�RXWFRPH�

PHDVXUH�FDOFXODWLRQV��� ,Q�RUGHU� WR�LQYHVWLJDWH� WKH�HIIHFW�RI�SUDFWLFH�RQ�SHUIRUPDQFH�DGDSWDELOLW\�

RQO\�WKH�GDWD�IURP�WKH�ILUVW��HDUO\�SHUIRUPDQFH��DQG�ODVW��ODWH�SHUIRUPDQFH�����WULDOV�ZHUH�DQDO\]HG�

IRU�DOO�RI�WKH�RXWFRPH�PHDVXUHV�� 

'DWD� DQDO\VLV� LQFOXGHG� D� UHSHDWHG� PHDVXUHG� $129$� ZLWK� WKH� IROORZLQJ� GHVLJQV�� ��

SDUHVWKHVLD�FRQGLWLRQV��SDUHVWKHVLD��QR�SDUHVWKHVLD��E\���YLVLRQ��YLVLRQ��QR�YLVLRQ��FRQGLWLRQV�E\���

WLPHV��HDUO\��ODWH�SHUIRUPDQFH���7KH�IDFWRU�RI�PRYHPHQW�SHUFHQW����������������������������

ZDV�DGGHG�WR�WKH�$129$�LQ�RUGHU�WR�DVVHVV�WKH�YDULDELOLW\�WKURXJKRXW�WKH�PRYHPHQW�WUDMHFWRULHV��

6LJQLILFDQW�LQWHUDFWLRQV�ZHUH�IXUWKHU�DQDO\]HG�XVLQJ�7XNH\¶V�+6'��:LOFR[RQ�6LJQHG�5DQN�7HVW�

ZDV� XVHG� WR� FRPSDUH� WKH� UHVXOWV� RI� PRQRILODPHQW� WHVWV� EHIRUH� DQG� DIWHU� LQGXFHG� SDUHVWKHVLD��

6LJQLILFDQFH�OHYHO�ZDV�VHW�DW�S������IRU�DOO�DQDO\VHV� 
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������������������������������������������������������������������  
 

 

 

 

 

 

)LJXUH�����*RDO�GLUHFWHG�DLPLQJ�WDVN�VHW�XS��WDUJHWV�ORFDWLRQV��DQG�RFFOXVLRQ�JRJJOHV��ILJXUH�RI�

WKH�JRJJOHV� IURP��3/$72�YLVXDO�2FFOXVLRQ�6SHFWDFOHV� RI� WKH�JRJJOHV��7UDQVOXFHQW� 7HFKQRORJ\�

,QF��KWWS���ZZZ�WUDQVOXFHQW�FD�SURGXFWV�SODWR�YLVXDO�RFFOXVLRQ�VSHFWDFOHV�SODWR�VPDOO��� 

 5HVXOWV 

0RQRILODPHQW�WHVW�UHVXOWV�ZHUH�PLVVLQJ�IRU�RQH�SDUWLFLSDQW�GXH�WR�UHFRUGLQJ�HUURUV��VR�GDWD�

IRU� ��� SDUWLFLSDQWV� ZDV� DQDO\]HG� IRU� EDVHOLQH� YHUVXV� SRVW� VWLPXODWLRQ� FRPSDULVRQ� XVLQJ� WKH�

:LOFR[RQ� 6LJQHG�5DQN� 7HVW�� 5HVXOWV� VKRZHG� WKDW� SDUWLFLSDQWV� VHQVHG� WKLFNHU� ILODPHQWV� DIWHU�

VWLPXODWLRQ�ZDV�DSSOLHG�FRPSDUHG�WR�WKHLU�EDVHOLQH��= �������S �������7DEOH������ 

 

 

 

 

 

 

 

 

 

 

A1=38cm 

A2=33cm 

W1=1.2cm 

W2=1cm 

Start position 

(home button) 
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��7DEOH�����7RXFK�7HVW��6HQVRU\�(YDOXDWLRQ��VHQVHG�PRQRILODPHQW�VL]H�EHIRUH�LQGXFHG�SDUHVWKHVLD�

DQG�DIWHU�LQGXFHG�SDUHVWKHVLD�ULJKW�EHIRUH�WKH�FRQGLWLRQ�ZLWK�SDUHVWKHVLD� 

Participant Without Paresthesia 

(Index) 

With Paresthesia  

(Index) P01 2.83 3.61 

P02 2.83 3.61 

P03 2.83 3.61 

P04 2.83 3.61 

P05 2.83 3.61 

P06 2.83 3.61 

P07 2.83 3.61 

P08 2.83 3.61 

P09 2.83 3.61 

P10 2.83 3.61 

P11 3.61 4.31 

Median 2.83 3.61 

3.3.1 7HPSRUDO�PHDVXUHPHQWV 

1R�VLJQLILFDQW�LQWHUDFWLRQV�RU�PDLQ�HIIHFWV�ZDV�IRXQG�IRU�57��)LJXUH����D���)RU�WKH�RXWFRPH�

RI�07��D�VLJQLILFDQW�LQWHUDFWLRQ�ZDV�IRXQG�IRU�YLVLRQ�DQG�SDUHVWKHVLD��)�������� �������S �������

ȘS� ������7XNH\¶V�+6'� WHVW� VKRZHG� WKDW� RQO\�ZKHQ� WKHUH�ZDV�QR�SDUHVWKHVLD�� SDUWLFLSDQWV� KDG�

ORQJHU�07�ZLWK�YLVLRQ�YHUVXV�ZLWKRXW�YLVLRQ��)LJXUH����E��� 

)RU�SHDN�YHORFLW\��39���WKHUH�ZDV�DOVR�D�VLJQLILFDQW�LQWHUDFWLRQ�RI�WLPH�DQG�SDUHVWKHVLD��)�

�������  � ������ S ������� ȘS� ������ KRZHYHU�� SRVW�KRF� DQDO\VLV� GLG� QRW� VKRZ� DQ\� VLJQLILFDQW�

GLIIHUHQFHV�EHWZHHQ�SDLUHG�FRPSDULVRQV��QRQH�RI�WKH�GLIIHUHQFH�ZHUH�DERYH�+6'�YDOXH���5HVXOWV�

RI�39�VKRZHG� WKDW�ZKHQ� WKHUH�ZDV�QR�SDUHVWKHVLD� WKHUH�ZDV�D� WUHQG�IRU�KLJKHU�39�DW� WKH� ODWHU�

SUDFWLFH�WULDOV�YHUVXV�HDUO\�WULDOV��)LJXUH����F��� 

6WDWLVWLFDO� DQDO\VLV� IRU� WW39� UHYHDOHG� D� VLJQLILFDQW� PDLQ� HIIHFW� IRU� YLVLRQ�� WW39� ZDV�

VLJQLILFDQWO\�ORQJHU�ZKHQ�YLVLRQ�ZDV�UHPRYHG��)�������� �������S �������ȘS� ������$�VLJQLILFDQW�

WZR�ZD\�LQWHUDFWLRQ�IRU�YLVLRQ�DQG�WLPH�ZDV�DOVR�IRXQG��)�������� ������S �������ȘS� ������7XNH\¶V�

+6'�WHVW�VKRZHG�WKDW�VKRZHG�WKDW�ZLWK�IXOO�YLVLRQ��ODWH�SHUIRUPDQFH�WULDOV�KDG�VLJQLILFDQWO\�VKRUWHU�

WW39� WKDQ� HDUO\� WULDOV��$OVR�� DW� ODWH� SHUIRUPDQFH� ZKHQ� YLVLRQ� ZDV� UHPRYHG�� SDUWLFLSDQWV� KDG�

VLJQLILFDQWO\�ORQJHU�WW39�FRPSDUHG�WR�WKH�FRQGLWLRQ�ZLWK�YLVLRQ��0RUHRYHU��WKUHH�ZD\�LQWHUDFWLRQ�

IRU�YLVLRQ��WLPH��DQG�SDUHVWKHVLD�ZDV�IRXQG��)�������� ������S �������ȘS� ������ZLWK�7XNH\¶V�+6'�
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WHVW� VKRZLQJ� VLJQLILFDQWO\� VKRUWHU� WW39�ZLWKRXW� DQ\� VHQVRU\�PDQLSXODWLRQ� �ZLWK� YLVLRQ� DQG� QR�

SDUHVWKHVLD��DW�ODWH�SHUIRUPDQFH�WULDOV�ZKHQ�FRPSDUHG�WR�HDUO\�SHUIRUPDQFH�ZLWK�WKH�VDPH�VHQVRU\�

FRQGLWLRQ�� DQG� ZLWK� ODWH� SHUIRUPDQFH� WULDOV� RI� ERWK� QR�YLVLRQ� FRQGLWLRQV� ZLWK� DQG� ZLWKRXW�

SDUHVWKHVLD��)LJXUH����G��� 

:KHQ�WW39�RXWFRPH�ZDV�QRUPDOL]HG�ZLWK�07��VWDWLVWLFDO�DQDO\VLV�VKRZHG�PDLQ�HIIHFW�RI�

YLVLRQ�� WKDW� LV�� SDUWLFLSDQWV� VSHQG� D� ODUJHU� SHUFHQWDJH�RI� WKHLU�PRYHPHQW� WLPH�EHIRUH�39�ZKHQ�

YLVLRQ� ZDV� UHPRYHG� FRPSDUHG� WR� D� IXOO� YLVLRQ� FRQGLWLRQ�� )� �������  ������� S ������� ȘS� �����

�)LJXUH����I���)LQGLQJV�RI�WD39�VKRZHG�D�VLJQLILFDQW�LQWHUDFWLRQ�RI�YLVLRQ�DQG�SDUHVWKHVLD��3RVW�

KRF� DQDO\VLV� VKRZHG� WKDW� RQO\� LQ� WKH� QR�SDUHVWKHVLD� FRQGLWLRQV�� ZKHQ� YLVLRQ� ZDV� DYDLODEOH�

SDUWLFLSDQWV�VSHQW�PRUH�WLPH�DIWHU�39��ZKLOH�LQ�WKH�LQGXFHG�SDUHVWKHVLD�FRQGLWLRQV�PDQLSXODWLQJ�

YLVXDO�LQSXW�GLG�QRW�DIIHFW�WD39��)LJXUH����H�� 
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)LJXUH� ���� �D�� UHDFWLRQ� WLPH� �E�� PRYHPHQW� WLPH� ZLWK� VLJQLILFDQW� LQWHUDFWLRQ� RI� YLVLRQ� DQG�

SDUHVWKHVLD���F��SHDN�YHORFLW\�ZLWK�VLJQLILFDQW�LQWHUDFWLRQ�RI�WLPH�DQG�SDUHVWKHVLD���G��WLPH�WR�SHDN�

YHORFLW\�ZLWK�VLJQLILFDQW�PDLQ�HIIHFW�RI�YLVLRQ��
���LQWHUDFWLRQ�RI�YLVLRQ�DQG�WLPH��DQG�LQWHUDFWLRQ�RI�

YLVLRQ��WLPH��SDUHVWKHVLD��


����H��WLPH�DIWHU�SHDN�YHORFLW\�ZLWK�VLJQLILFDQW�LQWHUDFWLRQ�RI�YLVLRQ�DQG�

SDUHVWKHVLD���I��QRUPDOL]HG�WLPH�WR�SHDN�YHORFLW\��WW39��ZLWK�VLJQLILFDQW�PDLQ�HIIHFW�RI�YLVLRQ��$OO�

HUURU�EDUV�LQGLFDWH�VWDQGDUG�HUURU� 

3.3.2 6SDWLDO�0HDVXUHPHQWV 

7KH�$129$�VKRZHG�QR�VLJQLILFDQW�PDLQ�HIIHFWV�RU�LQWHUDFWLRQ�IRU�WKH�RXWFRPH�RI�&(�LQ�

WKH� SULPDU\� D[LV� RI� PRYHPHQW� �)LJXUH� ���D��� 5HVXOWV� RI� VWDWLVWLFDO� DQDO\VLV� IRU� 9(� VKRZHG�

VLJQLILFDQW�PDLQ�HIIHFW�IRU�YLVLRQ��)�������� �������S �������ȘS� ������)LJXUH����E���LQGLFDWLQJ�WKDW�

SDUWLFLSDQWV�KDG�VLJQLILFDQWO\�KLJKHU�9(�ZKHQ�YLVLRQ�ZDV�UHPRYHG�� 

5HVXOWV�RI�&(�LQ�WKH�VHFRQGDU\�D[LV�VKRZHG�VLJQLILFDQW�PDLQ�HIIHFW�IRU�YLVLRQ��)�������� �

�������S �������ȘS� ������LQGLFDWLQJ�ODUJHU�XQGHUVKRRW�HUURUV�ZKHQ�YLVLRQ�ZDV�UHPRYHG��)LJXUH���

�F���7KHUH�ZDV�DOVR�D�VLJQLILFDQW� WZR�ZD\� LQWHUDFWLRQ�RI�SDUHVWKHVLD� DQG� WLPH��)� ������� �������

S ������� ȘS� ������ DV� ZHOO� DV� D� WKUHH�ZD\� LQWHUDFWLRQ� RI� SDUHVWKHVLD�� WLPH�� DQG� YLVLRQ��

)������������� ���������S �������ȘS� ������7XNH\¶V�+6'�WHVW�IRU�WKH�WZR�ZD\�LQWHUDFWLRQ�VKRZHG�

WKDW� DW� HDUO\� SHUIRUPDQFH� LQGXFHG� SDUHVWKHVLD� FDXVHG� VLJQLILFDQWO\� ODUJHU� XQGHUVKRRW� HUURUV�

FRPSDULQJ�WR�WKH�QR�SDUHVWKHVLD�FRQGLWLRQ��$OVR��ZKHQ�WKHUH�ZDV�QR�SDUHVWKHVLD��ZLWK�PRUH�WULDOV�

SDUWLFLSDQWV�KDG�VLJQLILFDQWO\�ODUJHU�XQGHUVKRRW�HUURUV�WRZDUGV�ERG\�PLGOLQH��WKDW�LV�WKH\�SHUIRUPHG�

VLPLODU�WR�WKH�SDUHVWKHVLD�FRQGLWLRQ��7KH�WKUHH�ZD\�LQWHUDFWLRQ�VKRZHG�WKDW�&(�LQ�WKH�VHFRQGDU\�

D[LV� IRU� WKH�QR�YLVLRQ� DQG�QR�SDUHVWKHVLD� FRQGLWLRQ�ZDV� VLJQLILFDQWO\� VPDOOHU� WKDQ� DOO� RWKHU� QR�

YLVLRQ�FRQGLWLRQV�� LQFOXGLQJ� ODWH�SHUIRUPDQFH�EORFNV��5HVXOWV�RI�9(� LQ� WKH�VHFRQGDU\�D[LV�ZDV�

VLPLODU�WR�WKH�SULPDU\�D[LV��WKDW�LV��WKHUH�ZDV�D�VLJQLILFDQW�PDLQ�HIIHFW�IRU�YLVLRQ�LQGLFDWLQJ�PRUH�

YDULDELOLW\�ZKHQ�YLVLRQ�ZDV�UHPRYHG��)LJXUH����G�� 
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)LJXUH� ���� �D�� FRQVWDQW� HUURU� LQ� WKH�SULPDU\�D[LV�� �E�� YDULDEOH� HUURU� LQ� WKH�SULPDU\�D[LV�ZLWK�

VLJQLILFDQW�PDLQ�HIIHFW�IRU�YLVLRQ�� �F��FRQVWDQW�HUURU�LQ�WKH�VHFRQGDU\�D[LV�ZLWK�VLJQLILFDQW�PDLQ�

HIIHFW�RI�YLVLRQ��
���LQWHUDFWLRQ�RI�SDUHVWKHVLD�DQG�WLPH��DQG�LQWHUDFWLRQ�RI�SDUHVWKHVLD��WLPH�DQG�

YLVLRQ��


����G��YDULDEOH�HUURU�ZLWK�VLJQLILFDQW�LQWHUDFWLRQ�RI�YLVLRQ��$OO�HUURU�EDUV�LQGLFDWH�VWDQGDUG�

HUURU� 
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3.3.3 0RYHPHQW�7UDMHFWRULHV 

3ULPDU\�D[LV�PRYHPHQW�WUDMHFWRU\��7KHUH�ZDV�VLJQLILFDQW�PDLQ�HIIHFW�IRU�IDFWRUV�RI�YLVLRQ�

)�������� ��������S �������ȘS� ������)LJXUH����D���WLPH��)�������� �������S �������ȘS� ������)LJXUH�

���E��� DQG� SHUFHQW� RI� PRYHPHQW�� )� �����������  �������� S ������� ȘS� �����)LJXUH� ���D�� E���

7UDMHFWRULHV�ZHUH�PRUH�YDULDEOH�ZKHQ�YLVLRQ�ZDV�UHPRYHG�FRPSDUHG�WR�IXOO�YLVLRQ�FRQGLWLRQV�DQG�

DW�HDUO\�SHUIRUPDQFH�FRPSDUHG�WR�WKH�ODWH�WULDOV��3RVW�KRF�DQDO\VLV�IRU�WKH�VLJQLILFDQW�PDLQ�HIIHFW�

RI�SHUFHQW�RI�PRYHPHQW�VKRZHG�WKDW�YDULDELOLW\�ZDV�VLJQLILFDQWO\�KLJKHU�DW�����FRPSDUHG�WR�����

DQG�����RI�PRYHPHQW�WLPH� 

7KHUH� ZDV� D� VLJQLILFDQW� WZR�ZD\� LQWHUDFWLRQ� RI� YLVLRQ� DQG� SHUFHQW� RI� PRYHPHQW��

)����������� �������S �������ȘS� ������)LJXUH����D���3RVW�KRF�DQDO\VLV�VKRZHG�WKDW�ZKHQ�YLVLRQ�

ZDV�QRW�DYDLODEOH�DW����DQG�����RI�07��WUDMHFWRU\�YDULDELOLW\�ZDV�VLJQLILFDQWO\�KLJKHU� WKDQ�WKH�

FRQGLWLRQV�ZLWK� IXOO�YLVLRQ�� �$QRWKHU�VLJQLILFDQW� LQWHUDFWLRQ�ZDV� WLPH�DQG�SHUFHQW�RI�PRYHPHQW��

)����������� �������S �������ȘS� ������)LJXUH����E���3RVW�KRF�DQDO\VLV�VKRZHG�WKDW�RQO\�DW�����

RI�07�GLG�WUDMHFWRU\�YDULDELOLW\�GHFUHDVH�VLJQLILFDQWO\�DW�ODWH�SHUIRUPDQFH�ZKHQ�FRPSDUHG�WR�HDUO\�

SHUIRUPDQFH� 

7KHUH� ZDV� D� VLJQLILFDQW� WKUHH�ZD\� LQWHUDFWLRQ� RI� YLVLRQ�� SDUHVWKHVLD�� SHUFHQW� 07��

)����������� ������S �������ȘS� ������)LJXUH����D���3RVW�KRF�DQDO\VLV�VKRZHG�WKDW�LQ�WKH�QR�YLVRQ�

DQG�QR�SDUHVWKHVLD�FRQGLWLRQ��DW�����RI�07�WKHUH�ZDV�VLJQLILFDQWO\�PRUH�YDULDELOLW\�WKDQ�WKH�WZR�

YLVLRQ�FRQGLWLRQV��93�DQG�913���7KLV�ZDV�QRW�WKH�FDVH�IRU�WKH�QR�YLVLRQ�ZLWK�SDUHVWKHVLD�FRQGLWLRQ�

DW�����LQWR�WKH�PRYHPHQW��DOWKRXJK�WKHUH�ZDV�D�WUHQG�IRU�KLJKHU�YDULDELOLW\�ZLWK�SDUHVWKHVLD�DQG�

QR�YLVLRQ� FRPSDUHG� WR� WKH� YLVLRQ� FRQGLWLRQV�� &RPSDULVRQ� RI� WKH� WUDMHFWRU\� YDULDELOLW\� DW� ����

YHUVXV�����RI�PRYHPHQW�LQ�ERWK�QR�YLVLRQ�FRQGLWLRQV�VKRZHG�VLJQLILFDQWO\�KLJKHU�YDULDELOLW\�DW�

���� �0HDQ� GLIIHUHQFH�  �� PP� DQG� �PP� IRU� QR�SDUHVWKHVLD� DQG� SDUHVWKHVLD� FRQGLWLRQV��

UHVSHFWLYHO\���� 

 



 

 �� 

 
)LJXUH�����9DULDELOLW\�RI�WKH�PRYHPHQW�WUDMHFWRU\�DW�GLIIHUHQW�SHUFHQWDJH�RI�PRYHPHQW�WLPH�LQ�WKH�

SULPDU\�D[LV�RI�PRYHPHQW��7UDMHFWRU\�YDULDELOLW\�ZLWK�VLJQLILFDQW�PDLQ�HIIHFWV�RI�YLVLRQ�DQG�SHUFHQW�

RI�PRYHPHQW��
��D��DQG�LQWHUDFWLRQ�RI�YLVLRQ�DQG�SHUFHQW�RI�PRYHPHQW��

��D���VLJQLILFDQW�PDLQ�HIIHFW�

IRU�WKH�IDFWRU�RI�WLPH��
��E���WZR�ZD\�LQWHUDFWLRQ�RI�WLPH�DQG�SHUFHQW�RI�PRYHPHQW��

��E���DQG�WKUHH�

ZD\� LQWHUDFWLRQ�RI�YLVLRQ��SDUHVWKHVLD�DQG�SHUFHQW� RI�PRYHPHQW� �


��D���$OO�HUURU�EDUV� LQGLFDWH�

VWDQGDUG�HUURU� 

 'LVFXVVLRQ 

7KH�DLP�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�XQGHUVWDQG�WKH�UROH�RI�WKH�YLVLRQ�RI�WKH� OLPE� LQ�WKH�

SUHVHQFH�RI�LQGXFHG�SDUHVWKHVLD��L�H���DOWHUHG�SURSULRFHSWLRQ��RQ�PRYHPHQW�SODQQLQJ�DQG�H[HFXWLRQ��

$V�ZH�SUHGLFWHG�UHPRYLQJ�YLVLRQ�RI�WKH�OLPE�DQG�HQYLURQPHQW�UHVXOWHG�LQ�VLJQLILFDQW�FKDQJHV�LQ�

PRWRU�FRQWURO�DQG�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�JRDO�GLUHFWHG�DLPLQJ�WDVN�FRPSDUHG�WR�WKH�IXOO�

YLVLRQ�FRQGLWLRQ��$OVR��DV�SUHGLFWHG�WKHVH�FKDQJHV�ZHUH�JUHDWHU�ZKHQ�WKH�QR�YLVLRQ�FRQGLWLRQ�ZDV�

FRPELQHG�ZLWK�LQWHUUXSWHG�SURSULRFHSWLRQ�XVLQJ�LQGXFHG�SDUHVWKHVLD�� 

3.4.1 (IIHFW�RI�6HQVRU\�PDQLSXODWLRQ�RQ�(QGSRLQW�$FFXUDF\� 

5HPRYLQJ�YLVLRQ�RI�WKH�HQYLURQPHQW�LQFUHDVHG�HQGSRLQW�YDULDELOLW\�LQ�ERWK�WKH�SULPDU\�DQG�

VHFRQGDU\�D[HV��UHJDUGOHVV�RI�WKH�SDUHVWKHVLD�FRQGLWLRQ��7KHUH�ZDV�QR�VLJQLILFDQW�PRYHPHQW�ELDV�

����� ������������������������������������������������������������������������������������������������������������� 
������D����������������������������������������������������������������������������������������E� 
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�&(��LQ�WKH�SULPDU\�D[LV��KRZHYHU�GHVFULSWLYH�UHVXOWV�VKRZHG�WKDW�ZKHQ�YLVLRQ�ZDV�UHPRYHG�WKH�

DYHUDJH�&(�LQGLFDWHG�XQGHUVKRW�IRU�WKH�QR�SDUHVWKHVLD�FRQGLWLRQ��PHDQ ���PP��DQG�DQ�RYHUVKRRW�

IRU� WKH� SDUHVWKHVLD� FRQGLWLRQ� �PHDQ �PP�� )LJXUH� ���D��� ,Q� WKH� VHFRQGDU\� D[LV� WKHUH� ZDV� D�

VLJQLILFDQW�PRYHPHQW�ELDV�WRZDUGV�WKH�PLGOLQH�LQ�ERWK�HDUO\�DQG�ODWHU�SHUIRUPDQFH�LQ�WKH�FRQGLWLRQ�

ZLWK�WKH�PRVW�VHQVRU\�GLVUXSWLRQ��L�H���QR�YLVLRQ��ZLWK�SDUHVWKHVLD��ZKHQ�FRPSDUHG�WR� WKH�HDUO\�

SHUIRUPDQFH�RI�WKH�QR�SDUHVWKHVLD�FRQGLWLRQ��7KLV�ILQGLQJ�FRXOG�VLJQLI\�WKH�UROH�RI�SURSULRFHSWLRQ�

LQ�WKH�RQOLQH�FRUUHFWLRQ�DQG�OLPE�WDUJHW�UHJXODWLRQ�ZKLFK�OHG�WR�OHVV�PRYHPHQW�ELDV�LQ�WKH�QR�YLVLRQ��

QR�SDUHVWKHVLD�FRQGLWLRQ��L�H���ZLWK�LQWDFW�SURSULRFHSWLYH�LQSXWV���/DWH�SHUIRUPDQFH�LQ�WKH�QR�YLVLRQ�

DQG�QR�SDUHVWKHVLD�FRQGLWLRQ�DOVR�KDG�D�VLJQLILFDQW�ELDV�WRZDUGV�ERG\�PLGOLQH�ZKHQ�FRPSDUHG�WR�

WKH� HDUO\� SHUIRUPDQFH��2QH� H[SODQDWLRQ� IRU� WKHVH� ILQGLQJV� FRXOG� EH� WKH� ELDV� RI� VHQVH� RI� OLPE�

SRVLWLRQ�WRZDUGV�WKH�DWWHQGHG�VLGH�RI�WKH�ERG\�LQ�WKH�DEVHQFH�RI�YLVXDO�LQSXW�RI�WKH�OLPE��7KDW�LV��

VHYHUDO�VWXGLHV�KDYH�UHSRUWHG�WKDW��*KLODUGL�HW�DO���������+DJJDUG�HW�DO���������-RQHV�HW�DO���������

LQ�WKH�DEVHQW�RI�YLVXDO�LQSXW�RI�WKH�ULJKW�RU�OHIW�KDQG��LQGLYLGXDOV�WHQG�WR�RYHUHVWLPDWH�WKHLU�OLPE�

ORFDWLRQ� IXUWKHU� WRZDUGV� ULJKW� RU� OHIW�� UHVSHFWLYHO\�� ,Q� WKH� FXUUHQW� VWXG\� SDUWLFLSDQWV� VHHPHG� WR�

RYHUFRUUHFW�WKLV�ELDV�E\�PRYLQJ�WKH�XSSHU�OLPE�PRUH�WRZDUGV�WKH�PLGOLQH�ZKLFK�OHG�WR�XQGHUVKRRW�

HUURUV� VSHFLILFDOO\� LQ� WKH� FRQGLWLRQ� ZLWK� SDUHVWKHVLD�� 'HVSLWH� DYDLODELOLW\� RI� WKH� LQWDFW�

SURSULRFHSWLRQ�IHHGEDFN��ZLWKRXW�YLVLRQ�GXULQJ�D�EORFN�RI�����DLPLQJ�PRYHPHQWV��WKH�DPRXQW�RI�

H[SRVXUH�WR�YLVXDO�LQIRUPDWLRQ�ZDV�UHGXFHG�VXFK�WKDW�E\�WKH�ILQDO����WULDOV�RI�WKH�EORFN�RI�WULDOV�D�

VLPLODU�RYHUFRUUHFWLRQ�SKHQRPHQRQ�PD\�KDYH�RFFXUUHG��7KH�DERYH�ILQGLQJV�DUH�FRQVLVWHQW�ZLWK�

WKH�UHVXOWV�RI�RXU�SUHYLRXV�VWXG\��0RUWD]D�HW�DO���������LQ�WKH�FRQGLWLRQ�ZLWKRXW�YLVLRQ�RI�WKH�WDUJHW�

DQG�QR�SDUHVWKHVLD��+RZHYHU��WKHUH�ZHUH�VRPH�GLIIHUHQFHV�ZLWK�WKLV�SUHYLRXV�VWXG\�LQ�WKDW�ZLWK�

YLVLRQ�RI�WKH�OLPE�DQG�HQYLURQPHQW�WKH�PRYHPHQW�ELDV��&(��LQ�WKH�VHFRQGDU\�D[LV�IRU�ODWH�YHUVXV�

HDUO\�SHUIRUPDQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��7KH�WHQGHQF\�RI�WKH�SDUWLFLSDQWV�WR�XQGHUVKRRW�

WKH�WDUJHW�LQ�WKH�QR�YLVLRQ�DQG�SDUHVWKHVLD�FRQGLWLRQ�LQ�WKH�VHFRQGDU\�D[LV��)LJXUH����F��FRXOG�DOVR�

EH�FDXVHG�E\�WKH�VWLPXODWLRQ�RI�WKH�PHGLDQ�QHUYH�WKDW�ZDV�XVHG�WR�WHPSRUDULO\�LQGXFH�SDUHVWKHVLD��

,VRODWHG�VWLPXODWLRQ�RI�WKH�PHGLDQ�QHUYH�PD\�KDYH�FDXVHG�LOOXVRU\�VHQVDWLRQ�OHDGLQJ�WR�D�ELDVHG�

VHQVH�RI�OLPE�SRVLWLRQ�WRZDUGV�HOERZ�DQG�ZULVW�H[WHQVLRQ�DQG�WHQGHQF\�IRU�RYHUFRUUHFWLRQ�WRZDUGV�

WKH�PLGOLQH��HOERZ�DQG�RU�ZULVW��IOH[LRQ�ZKHQ�YLVLRQ�IHHGEDFN�ZDV�QRW�DYDLODEOH�WR�FRUUHFW��7KLV�

H[SODQDWLRQ�LV�LQ�DJUHHPHQW�ZLWK�WKH�ILQGLQJ�RI�5DQJZDQL�HW��DO���5DQJZDQL�	�3DUN���������ZKHUH�

WKH\�XVHG� WUDQVFXWDQHRXV�HOHFWULFDO�PXVFOH�VWLPXODWLRQ�RYHU� WKH�V\QHUJLVW� IOH[RU�PXVFOHV�RI� WKH�

HOERZ�� 7KH\� IRXQG� WKDW� DOO� SDUWLFLSDQWV� H[SHULHQFHG� SURSULRFHSWLYH� LOOXVRU\� VHQVDWLRQ� WRZDUGV�
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HOERZ� H[WHQVLRQ� DFFRUGLQJ� WR� WKH� UHVXOWV� RI� DQ� DUP�PDWFKLQJ� WHVW��7KLV� LOOXVRU\� VHQVH� RI� OLPE�

SRVLWLRQ�WRZDUGV�WKH�PRYHPHQW�RI�WKH�DQWDJRQLVW�PXVFOH�JURXSV�RI�WKH�VWLPXODWLRQ�VLGH�LV�DOVR�VHHQ�

LQ�WHQGRQ�PXVFOH�YLEUDWLRQ�WKDW�WDUJHWV�WKH�PXVFOH�VSLQGOHV��*RRGZLQ�HW�DO���������5ROO�	�9HGHO��

�������,Q�VXPPDU\��LQGXFHG�SDUHVWKHVLD�H[DFHUEDWHG�WKH�PRYHPHQW�ELDV�LQ�WKH�DEVHQFH�RI�YLVLRQ��

SRVVLEO\�E\�LOOXVRU\�VHQVH�RI�SRVLWLRQ�WRZDUGV�ZULVW�HOERZ�H[WHQVLRQ��ZKHQ�FRQVLVWHQF\��9(��ZDV�

SULPDULO\�LPSDFWHG�E\�YLVLRQ�RQO\� 

3.4.2 (IIHFW�RI�6HQVRU\�PDQLSXODWLRQ�RQ�0RYHPHQW�6WUDWHJ\ 

7KH�07� UHVXOWV� VKRZHG� WKDW� WKH� ODFN� RI� YLVLRQ� RQO\� DIIHFWHG�07� LQ� WKH� QR�SDUHVWKHVLD�

FRQGLWLRQ��6SHFLILFDOO\��SDUWLFLSDQWV¶�07�EHFDPH���PV�VORZHU�ZKHQ�YLVLRQ�ZDV�UHPRYHG��KRZHYHU�

WKLV�ZDV�QRW�WKH�FDVH�IRU�WKH�SDUHVWKHVLD�FRQGLWLRQV��,Q�WKH�QR�SDUHVWKHVLD�DQG�IXOO�YLVLRQ�FRQGLWLRQ�

SDUWLFLSDQWV� KDG� WKH�PD[LPXP� DPRXQW� RI� VHQVRU\� LQIRUPDWLRQ� DYDLODEOH� IRU� RQOLQH� FRUUHFWLRQ��

ZKLFK�OHG�WR�D�PRYHPHQW�VWUDWHJ\�RI�XVLQJ�WKH�DYDLODEOH�IHHGEDFN��ZKLFK�OHG�WR�ORQJHU�07V��7KH�

ORQJHU�07�IRU�WKH�IXOO�YLVLRQ�DQG�QR�SDUHVWKHVLD�FRQGLWLRQ�ZDV�DOVR�DFFRPSDQLHG�E\�VLJQLILFDQWO\�

VPDOOHU�&(� LQ� WKH� VHFRQGDU\� D[LV� DQG�ZHOO� DV� VPDOOHU�9(� LQ�ERWK� D[HV��7RJHWKHU�� WKHVH� UHVXOWV�

LQGLFDWH�VXFFHVVIXO�RQOLQH�FRUUHFWLRQV�RI�WKH�DLPLQJ�PRYHPHQW�� 

7KH�DERYH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKH�07�ILQGLQJV�IRU�SUHYLRXV�UHVHDUFK��+DQVHQ�HW�DO���

������ZKHUH�SDUWLFLSDQWV� VSHQW� D� VLJQLILFDQWO\� ORQJHU� WLPH� DIWHU�39�ZKHQ�YLVLRQ�ZDV� DYDLODEOH�

�)LJXUH����F���7LPH� WR�39�UHVXOWV�DOVR�VKRZHG�VKRUWHU� WW39�IRU� IXOO�YLVLRQ�FRQGLWLRQV�DQG� OHDVW�

DPRXQW�RI�WW39�VSHQW�LQ�WKH�ODWH�SHUIRUPDQFH�RI�IXOO�YLVLRQ�DQG�QR�SDUHVWKHVLD�FRQGLWLRQ�FRPSDUHG�

WR� ODWH� SHUIRUPDQFH� RI� WKH� QR�YLVRQ� FRQGLWLRQV�� UHJDUGOHVV� RI� SUHVHQFH� RI� SDUHVWKHVLD��$OVR��

FRQVLVWHQW�ZLWK�RWKHU�WHPSRUDO�YDULDEOH�ILQGLQJV��QRUPDOL]HG�WW39�VKRZHG�D�VPDOOHU�SHUFHQWDJH�RI�

PRYHPHQW�WLPH�ZDV�VSHQW�EHIRUH�39�ZKHQ�YLVLRQ�ZDV�DYDLODEOH��FRPSDUHG�WR�QR�YLVLRQ�FRQGLWLRQV��

,Q� VXPPDU\�� WKH� UHVXOWV� RI� WKH� WHPSRUDO� RXWFRPHV� LQGLFDWH� WKDW�ZKHQ� YLVLRQ�ZDV�QRW� DYDLODEOH�

SDUWLFLSDQWV�VSHQW�PRVW�RI�WKHLU�07�WLPH�RQ�WKH�GLVWDQFH�FRYHULQJ�SRUWLRQ�RI�WKH�PRYHPHQW�DQG�

SHUIRUPHG�IHZHU�RQOLQH�FRUUHFWLRQV�DV�WKH\�GLG�QRW�KDYH�YLVXDO�IHHGEDFN�IRU�OLPE�WDUJHW�UHJXODWLRQV�

�(OOLRWW�HW�DO���������(OOLRWW�HW�DO���������7KH�PDLQ�GLIIHUHQFH�WKDW�SDUHVWKHVLD�PDGH�RQ�PRYHPHQW�

SHUIRUPDQFH�ZDV�RQ� WKH� WLPH�VSHQW�DIWHU�SHDN�YHORFLW\��7KDW� LV�� LQ� IXOO�YLVLRQ�FRQGLWLRQV��ZKHQ�

SDUHVWKHVLD�ZDV�QRW�DSSOLHG��VLJQLILFDQWO\�PRUH�WLPH�ZDV�VSHQW�RQ�WKH�RQOLQH�FRUUHFWLRQ�SRUWLRQ�RI�

WKH�PRYHPHQW��,Q�FRQWUDVW��ZKHQ�SDUHVWKHVLD�ZDV�DSSOLHG�SDUWLFLSDQWV�GLG�QRW�HQJDJH�LQ�WKH�VDPH�

DPRXQW�RI�WLPH�LQ�WKH�RQOLQH�FRUUHFWLYH�SKDVH��(OOLRWW�HW�DO���������+DQVHQ�HW�DO����������7KLV�ILQGLQJ�



 

 �� 

LQGLFDWHV� WKDW�ZKHQ�SURSULRFHSWLRQ�ZDV�FRPSURPLVHG��E\� LQGXFHG�SDUHVWKHVLD��SDUWLFLSDQWV�KDG�

OHVV�VHQVRU\�LQSXW�WR�SURFHVV�DV�WKH\�ZHUH�IRFXVHG�RQ�YLVXDO�IHHGEDFN�DORQH�IRU�RQOLQH�FRUUHFWLRQ��

ZKLFK�OHDG�WR�D�VKRUWHU�WLPH�VSHQW�RQ�OLPE�WDUJHW�UHJXODWLRQ��� 

$V� H[SHFWHG�� SDUWLFLSDQW� WUDMHFWRULHV� ZHUH� PRVW� YDULDEOH� DW� ���� RI� 07� DV� ZHOO� DV� DW�

PRYHPHQW�HQG�ZKHQ�YLVLRQ�ZDV�QRW�DYDLODEOH�� ,Q� WKH�QR�YLVLRQ�DQG�QR�SDUHVWKHVLD�FRQGLWLRQ�DW�

����RI�PRYHPHQW��WKHUH�ZDV�VLJQLILFDQWO\�PRUH�YDULDELOLW\�WKDQ�WKH�WZR�YLVLRQ�FRQGLWLRQV��93�DQG�

913���ZKLOH�ERWK�YLVLRQ�FRQGLWLRQV�ZHUH�VLJQLILFDQWO\�PRUH�YDULDEOH�DW�����RI�07�FRPSDUHG�WR�

����RI�07��)LJXUH����D���)RUW\�SHUFHQW�RI�07�FRUUHVSRQGV�WR�WKH�WLPH�WKDW�39�ZDV�DFKLHYHG��39�

DW�a����RI�07�IRU�YLVLRQ�FRQGLWLRQV��DQG�LV�H[SHFWHG�WR�EH�FORVH�WR�WKH�HQG�RI�WKH�LQLWLDO�LPSXOVH�

SKDVH�RI� WKH�PRYHPHQW� �(OOLRWW�HW�DO���������(OOLRWW� HW�DO���������(OOLRWW�HW�DO���������6RHFKWLQJ��

�������7KH�DERYH�ILQGLQJ�VXJJHVWV�D�VKRUWHU�DQG�IRUFHIXO�LQLWLDO�LPSXOVH�SKDVH�LQ�WKH�FRQGLWLRQ�ZLWK�

YLVRQ�VXFK�WKDW�WKH�OLPE�UHDFKHG�FORVHU�WR�WKH�WDUJHW�ORFDWLRQ�DQG�PRUH�WLPH�ZDV�VSHQW�IRU�RQOLQH�

FRUUHFWLRQV�ZKHQ�YLVXDO�LQSXW�ZDV�DYDLODEOH��7KLV�VWUDWHJ\�OHG� WR�PRUH�YDULDELOLW\�HDUOLHU�GXULQJ�

07�LQ�WKH�YLVLRQ�FRQGLWLRQ��DW�����RI�07��FRPSDUHG�WR�WKH�QR�YLVLRQ�DQG�QR�SDUHVWKHVLD�FRQGLWLRQ�

�DW�����RI�07���7KLV�ILQGLQJ�LV�DOVR�LQ�DJUHHPHQW�ZLWK�WKH�WD39�UHVXOWV�IRU�WKH�FRQGLWLRQ�ZLWK�QR�

YLVLRQ�DQG�QR��SDUHVWKHVLD��7KDW�LV��WKLV�FRQGLWLRQ�KDG�WKH�VKRUWHVW�WD39��L�H��� OHVV�WLPH�VSHQW�RQ�

RQOLQH� FRUUHFWLRQV��� 7KH� YLVLRQ� FRQGLWLRQV� VWD\HG� VLJQLILFDQWO\� OHVV� YDULDEOH� WKDQ� QR�YLVLRQ�

FRQGLWLRQV�IRU�WKH�UHVW�RI�WKH�PRYHPHQW��DW�����RI�07���� 

3.4.3 $GDSWDELOLW\�DQG�SUDFWLFH 

$V�D�VHFRQGDU\�REMHFWLYH�RI� WKH�FXUUHQW�VWXG\�� LQ�RUGHU� WR�DVVHVV� WKH� DGDSWDELOLW\�RI� WKH�

PRWRU�FRQWURO�SURFHVVHV�WR�WKH�FKDQJHV�RI�VHQVRU\�LQSXWV��HDUO\�DQG�ODWH�����RI�WULDOV�ZHUH�DOVR�

DQDO\]HG�VHSDUDWHO\��7KH�RQO\�VLJQLILFDQW�HIIHFW�RI�WKH�IDFWRU�RI�WLPH�RQ�WKH�DFFXUDF\�RXWFRPHV�ZDV�

LQ�&(�LQ�WKH�QR�YLVLRQ�DQG�QR�SDUHVWKHVLD�FRQGLWLRQ��&(�LQ�WKH�VHFRQGDU\�D[LV�ZDV�VLJQLILFDQWO\�

JUHDWHU�LQ�WKH�ODWHU�SHUIRUPDQFH�WULDOV�FRPSDUHG�WR�WKH�HDUO\�WULDOV��$V�GLVFXVVHG�HDUOLHU��WKLV�ILQGLQJ�

FDQ�EH�H[SODLQHG�E\�DQ�RYHUFRUUHFWLRQ� LQ� WKH�PRYHPHQW�DV�D� UHVXOW�RI� WKH�ELDVHG�VHQVH�RI� OLPE�

SRVLWLRQ�LQ�WKH�SURORQJHG�DEVHQFH�RI�YLVLRQ�RI�WKH�KDQG��*KLODUGL�HW�DO���������+DJJDUG�HW�DO���������

-RQHV�HW�DO��������� 

$Q�HIIHFW�RI�SUDFWLFH�ZDV�VHHQ�ZLWK�D�VLJQLILFDQW�GHFUHDVH�LQ�WUDMHFWRU\�YDULDELOLW\�ZLWK�PRUH�

WULDOV��7KLV�GLIIHUHQFH�ZDV�WKH�PRVW�SURQRXQFHG�DW�����RI�07��PHDQ�GLIIHUHQFH ��PP��)LJXUH���

�E��ZKLFK�FDQ�EH�H[SODLQHG�EXW�PRUH�FRQVLVWHQW�DQG�UHILQHG�IRUFH�JHQHUDWLRQ�SURILOHV�ZLWK�UHSHDWHG�



 

 �� 

PRYHPHQWV�WRZDUGV�WKH�VDPH�WDUJHW��6FKPLGW�HW�DO����������6SHFLILFDOO\������RI�07�FRUUHVSRQGV�

WR�WKH�WLPH�DW�ZKLFK�SHDN�YHORFLW\�LV�W\SLFDOO\�UHDFKHG��.KDQ�HW�DO����������+RZHYHU��WKH�GLIIHUHQFH�

LQ�DYDLODEOH�VHQVRU\�LQSXWV�GLG�QRW�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�FKDQJHV� LQ�WUDMHFWRU\�YDULDELOLW\�

ZLWK�SUDFWLFH�� ,Q� WKH�VHFRQGDU\� D[LV��GXULQJ� WKH�HDUO\�SHUIRUPDQFH�RI� WKH�QR�YLVLRQ�FRQGLWLRQV��

PRYHPHQW� YDULDELOLW\� ZDV� VLJQLILFDQWO\� JUHDWHU� FRPSDUHG� WR� WKH� IXOO� YLVLRQ� FRQGLWLRQV�� 7KLV�

GLIIHUHQFH�ZDV�UHGXFHG�ZLWK�PRUH�SUDFWLFH��7KH�DERYH�SDWWHUQ�RI�UHVXOWV�LQGLFDWHV�WKHUH�ZDV�VRPH�

DGDSWDWLRQ� WKDW� KDSSHQHG�ZLWK� WKH� ODFN�RI� YLVXDO� LQSXW� WKDW� OHG� WR� LPSURYHG� FRQVLVWHQF\�RI� WKH�

PRYHPHQW�WUDMHFWRU\�ZLWK�PRUH�SUDFWLFH� 

5HVXOWV�RI� WW39�IRU� HDUO\�DQG� ODWH�SHUIRUPDQFH�VKRZHG� WKDW�ZKHQ�YLVLRQ�ZDV�DYDLODEOH��

SDUWLFLSDQWV�SHUIRUPHG�WKH�PRYHPHQWV�ZLWK�ORQJHU�WW39�DIWHU�SUDFWLFH�ZKHQ�FRPSDUHG�WR�WKHLU�HDUO\�

SHUIRUPDQFH� �PHDQ� GLIIHUHQFH ��PV��� 7KLV� FKDQJH� RI� PRYHPHQW� VWUDWHJ\� ZKHQ� YLVLRQ� ZDV�

DYDLODEOH�ZDV�PRVW�QRWLFHDEOH�ZKHQ�SDUHVWKHVLD�ZDV�QRW�DSSOLHG��PHDQ�GLIIHUHQFH ���PV���)URP�

WKH�ILQGLQJV�RI�WKH�HIIHFWV�RI�SUDFWLFH�RQ�WKH�OHQJWK�RI�WW39�ZH�LQIHUUHG�WKDW�D�FKDQJH�RI�PRYHPHQW�

FRQWURO�VWUDWHJ\�DQG�SODQQLQJ�IURP�D�PRUH�SUH�SODQQHG�PRYHPHQW�WR�XVLQJ�PRUH�RQOLQH�FRQWURO�

RFFXUUHG� ZKHQ� SDUWLFLSDQWV� KDG� DOO� LQWULQVLFDOO\� DYDLODEOH� VHQVRU\� LQIRUPDWLRQ�� ,Q� FRQWUDVW��

SDUWLFLSDQWV�GLG�QRW�XSGDWH�WKHLU�PRYHPHQW�FRQWURO�VWUDWHJ\�ZKHQ�VRPDWRVHQVRU\�LQSXW�ZDV�DOWHUHG��

ZKLFK�LQGLFDWHV�WKH�FULWLFDO�UROH�RI�SURSULRFHSWLRQ�LQ�RQOLQH�FRUUHFWLRQV�HYHQ�ZKHQ�IXOO�YLVXDO�LQSXW�

ZDV�DYDLODEOH��$OVR��LW�VHHPV�WKDW�WKH�SDUWLFLSDQWV�FRXOG�QRW�DGDSW�WR�WKH�GLVWRUWHG�SURSULRFHSWLYH�

LQSXW�DQG�GLG�QRW�XVH�LW�ZLWK�PRUH�SUDFWLFH� 

 &RQFOXVLRQ 

7KH� FRPELQDWLRQ� RI� LQGXFHG� SDUHVWKHVLD� DQG� QR� YLVXDO� IHHGEDFN� OHG� WR� D� VLJQLILFDQW�

PRYHPHQW�ELDV�WRZDUGV�WKH�ERG\�PLGOLQH��7KH�ILQGLQJV�DOVR�VXSSRUW�WKH�LGHD�WKDW�WKH�FRQWULEXWLRQ�

RI�SURSULRFHSWLYH�LQSXW�IRU�PRYHPHQW�DFFXUDF\�LV�LQGHHG�ODUJHU�LQ�WKH�DEVHQFH�RI�YLVXDO�IHHGEDFN��

6SHFLILFDOO\��WKH�ELDV�ZDV�JUHDWHU�ZLWK�SDUHVWKHVLD�ZKHQ�YLVLRQ�ZDV�UHPRYHG��:LWK�LQWDFW�VHQVRU\�

SURFHVVLQJ��L�H���ZLWKRXW�SDUHVWKHVLD�DQG�ZLWK� IXOO�YLVLRQ���SDUWLFLSDQWV�KDG� WKH� ORQJHVW�07V�� ,Q�

FRQMXQFWLRQ�ZLWK� LPSURYHG� HQGSRLQW� DFFXUDF\�� WKLV� SDWWHUQ� LQGLFDWHV� WKDW� SDUWLFLSDQWV� XVHG� WKH�

DYDLODEOH�VHQVRU\�LQIRUPDWLRQ�DQG�VSHQW�PRUH�WLPH�LPSOHPHQWLQJ�RQOLQH�FRUUHFWLRQV�WR�WKH�OLPE�

WUDMHFWRU\��1RWDEO\��YLVLRQ�LQ�WKH�SUHVHQFH�RI�LQGXFHG�SDUHVWKHVLD�GLG�QRW�OHDG�WR�ORQJHU�07�VLQFH�

WKH�SDUWLFLSDQWV�KDG�OHVV�VHQVRU\�IHHGEDFN�WR�XVH�IRU�RQOLQH�PRYHPHQW�FRUUHFWLRQV��7KH�ORQJHVW�07�

LQ�WKH�LQWDFW�VHQVRU\�LQSXW�FRQGLWLRQ�ZDV�DVVRFLDWHG�ZLWK�WKH�VKRUWHVW�WLPH�WR�SHDN�YHORFLW\�VSHFLDOO\�



 

 �� 

ZLWK�PRUH�SUDFWLFH��,Q�VXPPDU\��DOO�RI�WKH�WHPSRUDO�PRYHPHQW�ILQGLQJV�DUH�LQ�DJUHHPHQW�WKDW�ZLWK�

PRUH�SUDFWLFH� DQG� IXOO� VHQVRU\� LQIRUPDWLRQ� DYDLODEOH�� SDUWLFLSDQWV� GHYHORSHG� D�QHZ�PRYHPHQW�

VWUDWHJ\��7KH�GLIIHUHQFHV�LQ�WKH�WHPSRUDO�SDUDPHWHUV�LQ�SDUHVWKHVLD�YHUVXV�QR�SDUHVWKHVLD�FRQGLWLRQV�

ZLWK�IXOO�YLVLRQ�FRQGLWLRQ�VLJQLILHV�WKH�UROH�RI�SURSULRFHSWLRQ�IRU�LQIRUPLQJ�ERWK�WKH�PRYHPHQW�

VWUDWHJ\� DQG� HIILFDF\�� HYHQ� ZKHQ� YLVXDO� LQIRUPDWLRQ� RI� WKH� OLPE�� WDUJHW�� DQG� HQYLURQPHQW� LV�

DYDLODEOH��:H� FRQFOXGH� WKDW� YLVXDO� LQIRUPDWLRQ� RI� WKH� OLPE� KDG� D� VLJQLILFDQW� UROH� RQ� HQGSRLQW�

DFFXUDF\�DQG�YDULDELOLW\��KRZHYHU�SDUHVWKHVLD�RU�ODFN�RI�LQWDFW�SURSULRFHSWLYH�LQSXW��FRQWULEXWHG�WR�

D�SUH�SODQQHG�PRYHPHQW�VWUDWHJ\�IRU�JRDO�GLUHFWHG�UHDFKLQJ��HYHQ�ZKHQ�IXOO�YLVXDO�IHHGEDFN�ZDV�

DYDLODEOH� 
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4 6WXG\����8SSHU�/LPE�7HQGRQ�PXVFOH�9LEUDWLRQ�LQ�3HUVRQV�ZLWK�6XEDFXWH�DQG�&KURQLF�

6WURNH��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV 

1L\RXVKD�0257$=$��
��$KPHG�0��$%28�6(77$���5\DQ�=$5<&+$16.,�����+DO�/2(:(1���

5DVKHGD�5$%%$1,�����&KHU\O�0��*/$=(%522.���� 
 

��3URJUDP�RI�$SSOLHG�+HDOWK�6FLHQFHV��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��0DQLWRED��&DQDGD 
��*HRUJH�	�)D\�<HH�&HQWHU�IRU�+HDOWKFDUH�,QQRYDWLRQ��8QLYHUVLW\�RI�0DQLWRED 
��'HSDUWPHQW�RI�+DHPDWRORJ\�DQG�0HGLFDO�2QFRORJ\��&DQFHU&DUH�0DQLWRED��:LQQLSHJ��0DQLWRED��

&DQDGD 
�� &ROOHJH� RI� 5HKDELOLWDWLRQ� 6FLHQFHV� /LEUDULDQ�� 1HLO� -RKQ� 0DFOHDQ� +HDOWK� 6FLHQFH� /LEUDU\��

8QLYHUVLW\�RI�0DQLWRED 
��'HSDUWPHQW�RI�&RPPXQLW\�+HDOWK�6FLHQFHV��&ROOHJH�RI�0HGLFLQH��)DFXOW\�RI�+HDOWK�6FLHQFHV��

8QLYHUVLW\�RI�0DQLWRED 
��)DFXOW\�RI�.LQHVLRORJ\�DQG�5HFUHDWLRQ�0DQDJHPHQW��8QLYHUVLW\�RI�0DQLWRED 
��+HDOWK��/HLVXUH��DQG�+XPDQ�3HUIRUPDQFH�5HVHDUFK�,QVWLWXWH��8QLYHUVLW\�RI�0DQLWRED� 

 

&RQWULEXWLRQV�RI�$XWKRUV�WR�7KH�0DQXVFULSW 

1�0�� GHVLJQHG� DQG� SUHSDUHG� WKH� OLWHUDWXUH� UHYLHZ� SURWRFRO�� $�$�6��� 5�=�� DQG� &�*��

VXSHUYLVHG�DQG�UHYLVHG�WKH�OLWHUDWXUH�UHYLHZ�SURWRFRO��1�0�DQG�+�0�UDQ�WKH�OLWHUDWXUH�UHYLHZ�VHDUFK��

1�0�DQG�5�5��GHVLJQ�WKH�PHWD�DQDO\VLV�PHWKRG��1�0��DQG�&�*�LQGHSHQGHQWO\�H[WUDFWHG�UHOHYDQW�

WULDOV� IURP� WKH� OLWHUDWXUH� UHYLHZ� VHDUFK� UHVXOWV��1�0�� H[WUDFWHG� DQG� DQDO\]HG� WKH�GDWD� IURP� WKH�

LQFOXGHG�WULDOV��1�0��SUHSDUHG�WKH�ILUVW�GUDIW�RI�WKH�PDQXVFULSW��$OO�DXWKRUV�FULWLFDOO\�UHYLVHG�WKH�

GUDIW� RI� WKH� PDQXVFULSW� IRU� LQWHOOHFWXDO� FRQWHQW� DQG� DSSURYHG� WKH� ILQDO� GUDIW� VXEPLWWHG� WR� WKH�

(XURSHDQ�-RXUQDO�RI�3K\VLFDO�DQG�5HKDELOLWDWLRQ�0HGLFLQH�� 
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3UHIDFH 

7KH�SUHYLRXV�WZR�VWXGLHV�SUHVHQWHG�LQ�WKH�FXUUHQW�WKHVLV�SURYLGH�IXUWKHU�HYLGHQFH�RQ�WKH�

LPSRUWDQFH� RI� SURSULRFHSWLYH� LQSXW� RQ� SODQQLQJ� DQG� RQOLQH� FRQWURO� RI� IXQFWLRQDO� PRYHPHQWV��

,PSDLUPHQW�RI�SURSULRFHSWLRQ�LV�RQH�RI�WKH�VHQVRU\�FRPSOLFDWLRQV�RI�LQGLYLGXDOV�ZLWK�VWURNH��DQG�

DV�PHQWLRQHG�LQ�WKH� OLWHUDWXUH�UHYLHZ�VHFWLRQ�RI�WKH�FXUUHQW�WKHVLV� WKHUH�DUH�VWXGLHV� WKDW�VKRZHG�

EHQHILWV� RI� XVLQJ� 079� �DV� D� PHWKRG� RI� SURSULRFHSWLYH� IHHGEDFN� PRGLILFDWLRQ�� LQ� LPSURYLQJ�

IXQFWLRQDO�PRYHPHQWV�LQ�LQGLYLGXDOV�ZLWK�VWURNH��6R��WKH�FXUUHQW�VWXG\�LV�D�OLWHUDWXUH�UHYLHZ�ZLWK�

PHWD�DQDO\VLV�WKDW�DVVHVVHG�DQG�SRROHG�WKH�DYDLODEOH�FOLQLFDO�HYLGHQFH�RQ�WKH�HIIHFWLYHQHVV�RI�079�

IRU�UHKDELOLWDWLRQ�RI�LQGLYLGXDOV�ZLWK�FKURQLF�VWURNH��:H�XVHG�WKH�ILQGLQJV�RI�WKLV�OLWHUDWXUH�UHYLHZ�

IRU�GHWHUPLQLQJ�WKH�SDUDPHWHUV�RI�DQ�HIIHFWLYH�YLEUDWLRQ�SURWRFRO�DV�ZHOO�DV�WKH�RXWFRPH�PHDVXUHV�

WKDW�DUH�VHQVLWLYH�HQRXJK�WR�GHWHFW�FKDQJHV�DV�D�UHVXOW�DSSOLFDWLRQ�RI�PXVFOH�WHQGRQ�YLEUDWLRQ�LQ�

WKH�ODVW�WZR�VWXGLHV�LQFOXGHG�LQ�WKH�FXUUHQW�WKHVLV�� 

7KLV�PDQXVFULSW�KDV�EHHQ�SXEOLVKHG�LQ�WKH�(XURSHDQ�-RXUQDO�RI�3K\VLFDO�DQG�5HKDELOLWDWLRQ�

0HGLFLQH�LQ�2FWREHU�������'2,� ���������6���������������������� 
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$EVWUDFW 

,1752'8&7,21�� 5HVXOWV� RI� VHYHUDO� UHFHQW� VWXGLHV� VXJJHVW� WKDW� WHQGRQ�PXVFOH� YLEUDWLRQ�

WUHDWPHQW�PD\�LPSURYH�PRWRU�SHUIRUPDQFH�DQG�UHGXFH�VSDVWLFLW\�LQ�LQGLYLGXDOV�ZLWK�VWURNH��:H�

SHUIRUPHG�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�WR�DVVHVV�WKH�HIILFDF\�RI�WHQGRQ�PXVFOH�YLEUDWLRQ�

WUHDWPHQW�IRU�XSSHU�OLPE�IXQFWLRQDO�PRYHPHQWV�LQ�SHUVRQV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH�� 

(9,'(1&(� $&48,6,7,21�� :H� VHDUFKHG� 0('/,1(� �2YLG��� (0%$6(� �2YLG��� DQG� WKH�

&RFKUDQH�&HQWUDO�5HJLVWHU�RI�&RQWUROOHG�7ULDOV� �:LOH\�� IURP�LQFHSWLRQ� WR�6HSWHPEHU�������:H�

LQFOXGHG� UDQGRPL]HG� FRQWUROOHG� WULDOV� FRPSDULQJ� XSSHU� OLPE� WHQGRQ�PXVFOH� YLEUDWLRQ� WR� VKDP�

WUHDWPHQW�UHVW� RU� FRQYHQWLRQDO� LQWHUYHQWLRQV� LQ� SHUVRQV� ZLWK� VXEDFXWH� DQG� FKURQLF� VWURNH�� 2XU�

SULPDU\�RXWFRPH�ZDV�XSSHU�OLPE�IXQFWLRQDO�PRYHPHQW�DW�WKH�HQG�RI�WKH�WUHDWPHQW�SHULRG�� 

(9,'(1&(�6<17+(6,6��:H�LQFOXGHG�HLJKW�WULDOV�HQUROOLQJ�D�WRWDO�RI�����SDUWLFLSDQWV��:H�IRXQG�

LQVXIILFLHQW� HYLGHQFH� WR� VXSSRUW� D� EHQHILW� IRU� XSSHU� OLPE� IXQFWLRQDO�PRYHPHQW� �VWDQGDUG�PHDQ�

GLIIHUHQFH������������FRQILGHQFH�LQWHUYDO��&,�� ������WR�������,���������WULDOV������SDUWLFLSDQWV���

0RYHPHQW� WLPH� IRU� UHDFKLQJ� WDVNV� VLJQLILFDQWO\� GHFUHDVHG� DIWHU� XVLQJ� WHQGRQ�PXVFOH� YLEUDWLRQ�

�VWDQGDUG�PHDQ�GLIIHUHQFH������������&,�������WR��������,���������WULDOV�����SDUWLFLSDQWV���:H�DOVR�

IRXQG�WKDW�WHQGRQ�PXVFOH�YLEUDWLRQ�ZDV�QRW�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�UHGXFWLRQ�LQ�VSDVWLFLW\����

WULDOV���&21&/86,216��%HVLGHV�VKRUWHU�PRYHPHQW�WLPH�IRU�UHDFKLQJ�WDVNV��ZH�GLG�QRW�LGHQWLI\�

HYLGHQFH�WR�VXSSRUW�FOLQLFDO�LPSURYHPHQW�LQ�XSSHU�OLPE�IXQFWLRQDO�PRYHPHQWV�DIWHU�WHQGRQ�PXVFOH�

YLEUDWLRQ�WUHDWPHQW� LQ�SHUVRQV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH��$�VPDOO�QXPEHU�RI� WULDOV�ZHUH�

LGHQWLILHG��WKHUHIRUH��WKHUH�LV�D�QHHG�IRU�ODUJHU��KLJKHU�TXDOLW\�VWXGLHV�DQG�WR�FRQVLGHU�WKH�FOLQLFDO�

UHOHYDQFH�RI�SHUIRUPDQFH�EDVHG�RXWFRPH�PHDVXUHV� WKDW� IRFXV�RQ� WLPH� WR�FRPSOHWH�D� IXQFWLRQDO�

PRYHPHQW�VXFK�DV�D�UHDFK� 

 

.H\�ZRUGV��YLEUDWLRQ��XSSHU�OLPE��VWURNH��UHKDELOLWDWLRQ��V\VWHPDWLF�UHYLHZ��PHWD�DQDO\VLV� 

 

 ,QWURGXFWLRQ 

6WURNH�LV�WKH�WKLUG�PRVW�FRPPRQ�FDXVH�RI�OLYLQJ�ZLWK�D�GLVDELOLW\�DGMXVWHG�VLWXDWLRQ��)HLJLQ�

HW�DO����������$QQXDOO\�����PLOOLRQ�SHRSOH�ZRUOGZLGH�VXIIHU�D�VWURNH��2I� WKHVH�� ILYH�PLOOLRQ� DUH�

OLYLQJ�ZLWK�SHUPDQHQW�GLVDELOLWLHV��0DFND\�	�0HQVDK���������7ZR�WKLUGV�RI�VWURNH�VXUYLYRUV�DUH�



 

 �� 

OLYLQJ�ZLWK�PRWRU�GHILFLHQFLHV�WKDW�DUH�DVVRFLDWHG�ZLWK�GHWHULRUDWHG�TXDOLW\�RI�OLIH��/DQJKRUQH�HW�

DO����������0RWRU�LPSDLUPHQWV�DUH�D�ZLGHO\�UHFRJQL]HG�FRQVHTXHQFH�RI�VWURNH�DQG�DUH�GHILQHG�DV�

ORVV� RU� OLPLWHG� PRWRU� FRQWURO� RU� PRYHPHQW� �/DQJKRUQH� HW� DO��� ������� *LYHQ� WKH� QHFHVVLW\� RI�

SURSULRFHSWLYH� IHHGEDFN� IRU� ILQH� PRWRU� FRQWURO�� VHQVRULPRWRU� ORVV� DVVRFLDWHG� ZLWK� VWURNH�

�VSHFLILFDOO\�SURSULRFHSWLRQ�DQG�WDFWLOH�VHQVDWLRQ�GHILFLHQFLHV��FDQ�VLJQLILFDQWO\�DIIHFW�XSSHU�OLPE�

PRWRU�FRQWURO��&DUH\�HW�DO���������6FKPLGW�	�/HH��������7\VRQ�HW�DO���������� 

3URSULRFHSWLRQ� LV� LQFOXGHG� LQ�PDQ\�UHKDELOLWDWLRQ�SURJUDPV�EHFDXVH�RI� LWV� LPSRUWDQFH� IRU�

HIIHFWLYH� PRWRU� FRQWURO�� 6WXGLHV� KDYH� VKRZQ� WKDW� SHUVRQV� ZLWK� VWURNH� ZKR� FRPSOHWHG�

SURSULRFHSWLRQ�WUDLQLQJ�VKRZHG�LPSURYHPHQW�LQ�XSSHU�OLPE�VHQVRULPRWRU�IXQFWLRQ��$PDQ�HW�DO���

������&RUGR�HW�DO����������,Q�WUDLQLQJ�PRGDOLWLHV�HQJDJHPHQW�RI�WKH�SURSULRFHSWRUV�FRXOG�EH�GRQH�

E\�VRPDWRVHQVRU\�VWLPXODWLRQ�XVLQJ�YLEUDWLRQ�RI�D�PXVFOH�WHQGRQ�XQLW��5RVHQNUDQ]�HW�DO���������

5RVHQNUDQ]�HW�DO����������6HJPHQWDO�WHQGRQ�PXVFOH�YLEUDWLRQ�WUHDWPHQW�XVHV�D�PHFKDQLFDO�GHYLFH�

WR�DSSO\�YLEUDWLRQ�VWLPXODWLRQ�RYHU�WKH�WHQGRQ�PXVFOH�XQLW��,W�LV�LPSRUWDQW� WR�QRWH�WKDW�GLIIHUHQW�

IUHTXHQFLHV�RI�YLEUDWLRQ�RQ�PXVFOH�WHQGRQV�FDQ�DFWLYDWH�GLIIHUHQW�VHQVRU\�UHFHSWRUV�VXFK�DV�PXVFOH�

VSLQGOH�SULPDU\��,D��DQG�VHFRQGDU\��,,��HQGLQJV�DQG�*ROJL�WHQGRQ�RUJDQV��,E���$PDQ�HW�DO���������

(QGHUV�HW�DO���������5ROO�HW�DO����������RU�FXWDQHRXV�PHFKDQRUHFHSWRUV�VXFK�DV�3DFLQLDQ�FRUSXVFOHV��

7KH� SHULSKHUDO� V\VWHP� LQSXWV� GXULQJ� WKH� DFWXDO� PRYHPHQWV� DUH� VLPLODU� WR� WKH� UHVSRQVH� RI�

SURSULRFHSWLRQ� DIIHUHQWV� WR�PHFKDQLFDO� YLEUDWLRQ� DQG� DSSO\LQJ� LW� GXULQJ�PRYHPHQWV� FDQ� FDXVH�

NLQHPDWLF�LOOXVLRQV��+RZHYHU��LQ������5ROO�HW�DO���5ROO�	�*LOKRGHV��������VKRZHG�WKDW�WKH�VDPH�

YLEUDWLRQ�IUHTXHQF\�WR�WZR�DQWDJRQLVWLF�PXVFOHV�GRHV�QRW�LQGXFH�NLQHVWKHWLF�LOOXVLRQV��LQVWHDG�LW�

LQGXFHV�WKH�IHHOLQJ�WKDW�WKH�SRVLWLRQ�RI�WKH�MRLQW�LQ�TXHVWLRQ�KDV�EHHQ�VWDELOL]HG��$OVR��YLEUDWLRQ�KDV�

VKRZQ� WR� PDVN� WDFWLOH� VHQVDWLRQ� DQG� LQWHUIHUH� ZLWK� WKH� VLJQDOV� FRGLQJ� WKH� WDFWLOH� VWLPXOL�

FKDUDFWHULVWLFV��&RVWDQWLQR�HW�DO���������5LERW�&LVFDU�HW�DO���������WKDW�FRXOG�OHDG�WR�VHQVRULPRWRU�

FKDQJHV��7KHVH� FKDQJHV� FRXOG�SHUVLVW� IRU� VHYHUDO�PLQXWHV� DIWHU� WKH�YLEUDWLRQ� LV�ZLWKGUDZQ��$Q�

H[SODQDWLRQ�IRU�WKLV�DOWHUDWLRQ�DV�D�UHVXOW�RI�YLEUDWRU\�LQSXW�FRXOG�EH�D�VXSSUHVVLRQ�LQ�WKH�H[FLWDELOLW\�

RI�FXWDQHRXV�PHFKDQRUHFHSWRUV��/XQGVWURP�	�-RKDQVVRQ���������%UDLQ�H[FLWDELOLW\�VWXGLHV�KDYH�

VKRZQ� WKH� SRWHQWLDO� RI� WHQGRQ� PXVFOH� YLEUDWLRQ� WR� OHDG� WR� FRUWLFDO� OHYHO� FKDQJHV� LQ� KHDOWK\�

LQGLYLGXDOV� �)RUQHU�&RUGHUR�HW�DO���������0DUFRQL�HW�DO���������5RVHQNUDQ]� HW�DO��������� DQG� LQ�

LQGLYLGXDOV� ZLWK� VWURNH� �0DUFRQL� HW� DO��� ������7KHVH� FKDQJHV� LQFOXGH� H[FLWDELOLW\� RI� WKH� DUHDV�

UHODWHG� WR� WKH� YLEUDWHG� PXVFOH� DV� ZHOO� DV� SDWWHUQV� RI� LQWUD�FRUWLFDO� LQKLELWLRQ� DQG� IDFLOLWDWLRQ��

0DUFRQL� HW� DO�� �0DUFRQL� HW� DO��� ������ FRQGXFWHG� D� EUDLQ� H[FLWDELOLW\� VWXG\� XVLQJ� WUDQVFUDQLDO�



 

 �� 

PDJQHWLF� VWLPXODWLRQ� �706�� RQ� KHDOWK\� SDUWLFLSDQWV�� 7KH� DXWKRUV� IRXQG� WKDW� ��� PLQXWHV� RI�

PXVFOH�WHQGRQ�YLEUDWLRQ������+]�IUHTXHQF\����������PP�DPSOLWXGH��RQ�D�FRQWUDFWLQJ�ZULVW�IOH[RU�

PXVFOH�FDQ�FDXVH�ORQJ�ODVWLQJ�FKDQJHV�LQ�WKH�WDUJHW�PXVFOH¶V�FRUWLFDO�H[FLWDELOLW\�WKDW�ODVWHG�IRU�WZR�

ZHHNV�DQG�UHWXUQHG�WR�EDVHOLQH�OHYHOV�ZLWKLQ�WKUHH�ZHHNV��,Q�DQRWKHU�VWXG\�0DUFRQL�HW�DO���0DUFRQL�

HW�DO���������XVHG�WKH�VDPH�WHQGRQ�PXVFOH�YLEUDWLRQ�SURWRFRO�IRU�LQGLYLGXDOV�ZLWK�FKURQLF�VWURNH��

7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�LQFUHDVHG�PDS�YROXPH�IRU�ERWK�DJRQLVW�DQG�DQWDJRQLVW�PXVFOHV��

0RWRU�FRUWLFDO�H[FLWDELOLW\� FKDQJHV� LQ�0DUFRQL�HW�DO�¶V�VWXG\� �0DUFRQL�HW�DO���������ZLWK�VWURNH�

SDUWLFLSDQWV�ZDV�DOVR�DFFRPSDQLHG�E\�UHGXFHG�VSDVWLFLW\�DQG�LPSURYHG�IXQFWLRQDO�PRYHPHQW� 

%DVHG�RQ�WKH�REVHUYHG�FKDQJHV�LQ�WKH�H[FLWDELOLW\�RI�WKH�UHSUHVHQWDWLRQV�RI�WKH�XSSHU�OLPE�

PXVFOHV� LQ� WKH�EUDLQ�DV�D� UHVXOW�RI� WHQGRQ�PXVFOH�YLEUDWLRQ�3DRORQL�HW�DO�� �3DRORQL�HW�DO���������

SUHGLFWHG�WKLV�LQWHUYHQWLRQ�DOVR�PRGXODWHV�WKH�SDWWHUQ�DQG�FRRUGLQDWLRQ�RI�WKH�DFWLYLW\�RI�XSSHU�OLPE�

DJRQLVW�DQG�DQWDJRQLVW�PXVFOHV��7KH�DXWKRUV�DSSOLHG�WHQ�VHVVLRQV�RI�WHQGRQ�PXVFOH�YLEUDWLRQ������

+]�IUHTXHQF\������PP�DPSOLWXGH��RYHU�WKH�ZULVW�DQG�HOERZ�IOH[RUV�RI�SDWLHQWV�ZLWK�FKURQLF�VWURNH��

(OHFWURP\RJUDSK\�DVVHVVPHQWV�GXULQJ�DQ�XSSHU�OLPE�UHDFKLQJ�PRYHPHQW�ZHUH�GRQH�WR�ILQG�WKH�

HIIHFWV� RI� YLEUDWLRQ� WUHDWPHQW� RQ� YROXQWDU\� PXVFOH� FRQWUDFWLRQ� DQG� PRYHPHQW� FRQWURO�� 7KH�

FRPSDULVRQV�RI�WKH�PXVFXODU�DFWLYLW\�EHIRUH�DQG�DIWHU�WKH�LQWHUYHQWLRQ�LQGLFDWHG�WKDW�SDUWLFLSDQWV�

FRXOG�DFWLYDWH�VRPH�RI�WKHLU�IOH[RU�PXVFOHV�IDVWHU�DQG�KDG�ORZHU�OHYHOV�RI�DJRQLVW�DQWDJRQLVW�FR�

FRQWUDFWLRQV�LQ�WKH�HOERZ�DQG�VKRXOGHU�PXVFXODWXUH�� �,Q�DQ�LPPHGLDWH�HIIHFW�VWXG\�&RQUDG�HW��DO�

�&RQUDG�HW�DO�������D��IRXQG�VLPLODU�UHVXOWV�ZLWK�DSSOLFDWLRQ�RI�WHQGRQ�PXVFOH�YLEUDWLRQ�GXULQJ�DQG�

DIWHU�DQ�XSSHU�OLPE�PRYHPHQW�WDVN��7KH\�DSSOLHG���+]�YLEUDWLRQ�RQ�ZULVW�IOH[RU�PXVFOHV�GXULQJ�D�

SODQDU�URERWLF�WUDFNLQJ�XSSHU�OLPE�WDVN�IRU�LQGLYLGXDOV�ZLWK�FKURQLF�VWURNH��7KH�UHVXOWV�RI�WKLV�VWXG\�

VKRZHG�WKDW�ZKHQ�FRPSDUHG�ZLWK�WKH�QR�YLEUDWLRQ�FRQGLWLRQ�WKH�WUDFNLQJ�PRYHPHQWV�RI�WKH�XSSHU�

OLPE�ZHUH� VLJQLILFDQWO\� VPRRWKHU� DQG� WKH� VKRXOGHU�PXVFXODWXUH� HOHFWURP\RJUDSK\� DFWLYLW\�ZDV�

UHGXFHG�GXULQJ�DQG�DIWHU�DSSOLFDWLRQ�RI�PXVFOH�YLEUDWLRQ��7DNHQ�WRJHWKHU�WKH�DERYH�UHVXOWV�LQGLFDWH�

LPSURYHG�VWDELOLW\�LQ�WKH�DUP�DQG�HQKDQFHG�PRYHPHQW�FRQWURO��&RQUDG�HW�DO�������D������E���,Q�

VXPPDU\��WKH�DERYH�VWXGLHV�KDYH�XVHG�D�UDQJH�RI�RXWFRPH�PHDVXUHV�DQG�GHPRQVWUDWHG�SODXVLEOH�

QHXUDO�PHFKDQLVPV�WKDW�FRXOG�EH�KHOSIXO�LQ�H[SODLQLQJ�WKH�UHVXOWV�RI�FOLQLFDO�WULDOV�WKDW�KDYH�IRXQG�

LPSURYHPHQWV�LQ�PRWRU�SHUIRUPDQFH�DV�D�UHVXOW�RI�PXVFOH�WHQGRQ�YLEUDWLRQ�WUHDWPHQW��� 

7R�WKH�EHVW�RI�RXU�NQRZOHGJH��WKHUH�DUH�RQO\�D�IHZ�VPDOO�FOLQLFDO�WULDOV�RQ�WKH�HIIHFWV�RI�WHQGRQ�

RU�VHJPHQWDO�PXVFOH�YLEUDWLRQ�RQ�IXQFWLRQDO�PRYHPHQW�DQG�VHQVRULPRWRU�UHFRYHU\�RI�IXQFWLRQDO�

XSSHU�OLPE�PRYHPHQW�LQ�LQGLYLGXDOV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH��PRUH�WKDQ�WKUHH�PRQWKV�



 

 �� 

VLQFH�VWURNH���7KHVH�VHSDUDWH�VWXGLHV�KDYH�UHSRUWHG�WKDW�WHQGRQ�PXVFOH�YLEUDWLRQ�RQ�WKH�XSSHU�OLPE�

RI�SHUVRQV�ZLWK�FKURQLF�RU�VXEDFXWH�VWURNH�OHDGV�WR�LPSURYHG�IXQFWLRQDO�PRYHPHQW��PHDVXUHG�E\�

VWDQGDUGL]HG�FOLQLFDO�VFDOHV���&DOLDQGUR�HW�DO���������&RVWDQWLQR�HW�DO���������0DUFRQL�HW�DO���������

6LP�HW�DO���������7DYHUQHVH�HW�DO����������UHGXFHG�VSDVWLFLW\��$JHUDQLRWL�	�+D\HV��������&DOLDQGUR�

HW�DO���������&RVWDQWLQR�HW�DO���������0DUFRQL�HW�DO����������SDLQ��DQG�VXEVHTXHQWO\�HQKDQFHG�TXDOLW\�

RI� OLIH� DQG� LQGHSHQGHQFH� �&RVWDQWLQR� HW� DO��� �������+RZHYHU�� WKH� HIILFDF\�� RU� SRVVLEOH� DGYHUVH�

HIIHFWV� RI� WHQGRQ� RU� VHJPHQWDO�PXVFOH� YLEUDWLRQ�� DV�ZHOO� DV� WKH� HIIHFWLYH� YLEUDWLRQ� LQWHQVLWLHV��

IUHTXHQFLHV��DQG�SURWRFRO�RI�DSSOLFDWLRQ�IRU�WKH�XSSHU�OLPE�LQ�SHUVRQV�ZLWK�VXEDFXWH�DQG�FKURQLF�

VWURNH�KDYH�QRW�EHHQ�DGGUHVVHG�LQ�D�PHWD�DQDO\VLV�RI�WKH�DYDLODEOH�UHVXOWV��+HQFH��WKH�SXUSRVH�RI�

WKH� FXUUHQW� V\VWHPDWLF� UHYLHZ�ZDV� WR� LGHQWLI\�� FULWLFDOO\� DSSUDLVH�� DQG�PHWD�DQDO\]H� GDWD� IURP�

SURVSHFWLYH��UDQGRPL]HG��FRQWUROOHG�WULDOV�WKDW�FRPSDUHG�PXVFOH�WHQGRQ�YLEUDWLRQ�LQ�SHUVRQV�ZLWK�

VXEDFXWH� DQG� FKURQLF� VWURNH� �WLPH� VLQFH� VWURNH� LQFLGHQW� !��PRQWKV�� WR� VKDP� WUHDWPHQW�UHVW� RU�

FRQYHQWLRQDO�LQWHUYHQWLRQV� 

 5HVHDUFK�TXHVWLRQ 

2XU�SULPDU\� UHVHDUFK�TXHVWLRQ�ZDV�³'RHV�XSSHU� OLPE� WHQGRQ�VHJPHQWDO�PXVFOH�YLEUDWLRQ�

HIIHFWLYHO\�LPSURYH�XSSHU�OLPE�PRWRU�SHUIRUPDQFH�LQ�SHUVRQV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH�

ZKHQ�FRPSDUHG�WR�UHVW��VKDP��RU�FRQYHQWLRQDO�WUHDWPHQW"´�:H�LQFOXGHG�SURVSHFWLYH�UDQGRPL]HG�

FRQWUROOHG�WULDOV��5&7V��RI�DGXOW�SDUWLFLSDQWV��DW�OHDVW����\HDUV�RI�DJH��ZKR�KDG�H[SHULHQFHG�DQ\�

W\SH�RI�VWURNH�LQFLGHQW�DW�OHDVW�WKUHH�PRQWKV�SULRU�WR�WKH�EHJLQQLQJ�RI�WKH�VWXG\��7KH�WKUHH�PRQWK�

FXW�RII�ZDV�FKRVHQ�WR�GHILQH�VXEDFXWH�DQG�FKURQLF�VWURNH�DV�WKH�PDMRULW\�RI�UDSLG�UHFRYHU\�DQG�

LQWHQVLYH�UHKDELOLWDWLRQ�SURJUDPV�KDSSHQ�GXULQJ�WKLV�WLPH�SHULRG��7KH�LQWHUYHQWLRQ�RI�LQWHUHVW�ZDV�

WHQGRQ�PXVFOH�YLEUDWLRQ�RI� WKH�XSSHU� OLPE�� LQFOXGLQJ� ORFDO�YLEUDWLRQ�RI�D�VLQJOH�PXVFOH�WHQGRQ�

VHJPHQW��7KH�SULPDU\�RXWFRPH�PHDVXUH�ZDV�XSSHU�OLPE�IXQFWLRQDO�PRYHPHQW�DVVHVVHG�E\�DQ\�RI�

WKH�YDULRXV�PXOWL�GLPHQVLRQDO��YDOLGDWHG��RUGLQDO�DQG�FRQWLQXRXV�VFDOHV��$SSHQGL[�����7KH�XSSHU�

OLPE�IXQFWLRQDO�PRYHPHQW�ZDV�VHOHFWHG�DV� WKH�SULPDU\�RXWFRPH�PHDVXUH�EHFDXVH� LW�SURYLGHV�D�

PRUH� KROLVWLF� SHUVSHFWLYH� RQ� WKH� SRVVLEOH� HIIHFWV� RI� WKH� LQWHUYHQWLRQ� WKDW� LQWHUHVWV� SDWLHQWV� DQG�

FOLQLFLDQV�� 

6HFRQGDU\�2XWFRPHV�LQFOXGHG�PRYHPHQW�WLPH�RI�DQ�XSSHU�OLPE�UHDFKLQJ�PRYHPHQWV�DQG�

XSSHU� OLPE�VSDVWLFLW\��7KH�0RGLILHG�$VKZRUWK�6FDOH�ZDV�XVHG� LQ�DOO�RI� WKH� LQFOXGHG�VWXGLHV� WR�



 

 �� 

PHDVXUH�VSDVWLFLW\�RI�WKH�XSSHU�OLPE��7KH�VDIHW\�RXWFRPH�ZDV�GHILQHG�DV�WKH�QXPEHU�RI�SDUWLFLSDQWV�

ZLWK�UHSRUWHG�SDLQ��DV�D�UHVXOW�RI�PXVFOH�WHQGRQ�YLEUDWLRQ�� 

 (YLGHQFH�DFTXLVLWLRQ 

8VLQJ� DQ� D� SULRUL� SXEOLVKHG� SURWRFRO� �&5'�����������������

KWWSV���ZZZ�FUG�\RUN�DF�XN�35263(52�GLVSOD\BUHFRUG�SKS"5HFRUG,' ������� �� ZH� FRQGXFWHG�

RXU� V\VWHPDWLF� UHYLHZ� LQ� DFFRUGDQFH� ZLWK� WKH� 0HWKRGRORJLFDO� ([SHFWDWLRQV� RI� &RFKUDQH�

,QWHUYHQWLRQ� 5HYLHZV� JXLGHOLQHV� �&KDQGOHU� HW� DO��� ������ DQG� UHSRUWHG� RXU� UHVXOWV� DV� SHU� WKH�

3UHIHUUHG�5HSRUWLQJ�,WHPV�IRU�6\VWHPDWLF�5HYLHZV�DQG�0HWD�DQDO\VLV��35,60$��JXLGHOLQHV�IRU�

V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��0RKHU�HW�DO����������$�UHYLHZ�WHDP�LQFOXGLQJ�H[SHUWV�IURP�

PXOWLSOH� ILHOGV� �SK\VLFDO� WKHUDS\�� FOLQLFDO� HQJLQHHULQJ�� SK\VLFDO� PHGLFLQH� DQG� UHKDELOLWDWLRQ��

UHVHDUFK� PHWKRGRORJ\�� OLEUDU\� VFLHQFHV�� DQG� ELRVWDWLVWLFV�� IRUPXODWHG� WKH� UHVHDUFK� TXHVWLRQ��

UHYLHZHG� WKH� VHDUFK� VWUDWHJ\� DQG� UHYLHZ� PHWKRGV�� DQG� SURYLGHG� LQSXW� WKURXJKRXW� WKH� UHYLHZ�

SURFHVV� 

4.3.1 6HDUFK�VWUDWHJ\�DQG�VWXG\�VHOHFWLRQ 

:H�VHDUFKHG�0('/,1(��2YLG���(0%$6(��2YLG���DQG� WKH�&RFKUDQH�&HQWUDO�5HJLVWHU�RI�

&RQWUROOHG�7ULDOV��:LOH\��IURP�LQFHSWLRQ�WR�6HSWHPEHU�������XVLQJ�LQGLYLGXDOL]HG�VHDUFK�VWUDWHJLHV�

SUHSDUHG�IRU�HDFK�GDWDEDVH�XVLQJ�WKH�&RFKUDQH�+LJKO\�6HQVLWLYH�6HDUFK�6WUDWHJ\�DV�D�PRGHO�IRU�

VHDUFKLQJ� �+LJJLQV�	�*UHHQ�� �������7KH�RULJLQDO� VHDUFK� VWUDWHJ\�ZDV�GHVLJQHG� IRU�0('/,1(�

�$SSHQGL[����ZLWK�LQSXW�IURP�DQ�LQIRUPDWLRQ�VSHFLDOLVW�DQG�WKHQ� WUDQVODWHG�IRU�RWKHU�GDWDEDVHV��

7KH� IROORZLQJ� VXEMHFW� KHDGLQJV� DQG� NH\ZRUGV� ZHUH� XVHG�� µFHUHEURYDVFXODU� GLVRUGHUV�� VWURNH��

FHUHEUDO�RU�EUDLQ�LQIDUFWLRQ��YLEUDWLRQ��YLEURWDFWLOH��RVFLOODWLRQ��WDSSLQJ¶� 

7KH�JUH\�OLWHUDWXUH�VHDUFK�FRQVLVWHG�RI�WKUHH�VHDUFKHV��D�VHDUFK�IRU�FRQIHUHQFH�SURFHHGLQJV�

LQ� (0%$6(� �-DQXDU\� ����� WR� 0DUFK� ������� D� VHDUFK� RI� WKH� :RUOG� +HDOWK� 2UJDQL]DWLRQ�

,QWHUQDWLRQDO� &OLQLFDO� 7ULDOV� 5HJLVWU\� 3ODWIRUP� �WR� LGHQWLI\� RQJRLQJ� RU� SODQQHG� WULDOV��� DQG� D�

IRUZDUG�DQG�EDFNZDUG�VHDUFK�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV�VHOHFWHG�IRU� WKH�V\VWHPDWLF�UHYLHZ�

DQG�PHWD�DQDO\VLV� LQ�6FRSXV� DQG�:HE�RI�6FLHQFH� WR� LGHQWLI\� DGGLWLRQDO� UHOHYDQW� FLWDWLRQV��7KH�

FRQIHUHQFH�VHDUFK�LQ�(0%$6(�VHDUFKHG�WKH�IROORZLQJ�WHUPV�DQG�SKUDVHV�LQ�WKH�WH[W�ZRUG��NH\ZRUG��

FRQIHUHQFH� LQIRUPDWLRQ�� FRQIHUHQFH� SXEOLFDWLRQ�� SXEOLFDWLRQ� W\SH� ILHOGV�� DQQXDO� PHHWLQJ��

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=74095
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FRQIHUHQFH��V\PSRVLXP��ZRUNVKRS��SURFHHGLQJ��SRVWHU
��SDSHU
��RU�DEVWUDFW
��7KHVH�WHUPV�ZHUH�

DGGHG�WR�WKH�VHDUFK�XVHG�IRU�³VWURNH´�DQG�³YLEUDWLRQ´�� 

5HIHUHQFH�0DQDJHPHQW�ZDV�SHUIRUPHG�LQ�(QG1RWH��;���&ODULYDWH�$QDO\WLFV��1HZ�<RUN�

&LW\��1<��86$���$W�WKH�HQG�RI�WKH�UHYLHZ��ZH�FRQVWUXFWHG�D�35,60$�IORZ�GLDJUDP�LOOXVWUDWLQJ�WKH�

QXPEHU�RI�UHFRUGV�DQG�IXOO�WH[W�UHSRUWV�UHYLHZHG�DQG�HLWKHU�H[FOXGHG�RU�LQFOXGHG��7ZR�UHYLHZHUV�

�10�DQG�&*��LQGHSHQGHQWO\�UHYLHZHG�WKH�WLWOH�DQG�DEVWUDFW�RI�HDFK�FLWDWLRQ�WR�GHWHUPLQH�ZKHWKHU�

D� VWXG\� JHQHUDOO\�PHW� WKH� LQFOXVLRQ� FULWHULD��7KH� IXOO� WH[W� RI� DOO� FLWDWLRQV� OLVWHG� DV� µLQFOXGH¶� RU�

µXQVXUH¶�E\�HLWKHU�UHYLHZHU�DW�WKLV�VWDJH�ZHUH�UHWULHYHG�IRU�IRUPDO�UHYLHZ��7KH�IXOO�WH[W�RI�HDFK�

SRWHQWLDOO\�UHOHYDQW�FLWDWLRQ�ZDV�WKHQ�LQGHSHQGHQWO\�DVVHVVHG�WR�GHWHUPLQH�ZKHWKHU�WKH�WULDO�PHW�

WKH�SUHGHWHUPLQHG�LQFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�� 

7KH�LQFOXVLRQ�FULWHULD�ZHUH�WULDOV�WKDW������LQFOXGHG�DGXOWV�����\HDUV�RI�DJH�RU�JUHDWHU��ZLWK�

VXEDFXWH�DQG�FKURQLF�VWURNH��!��PRQWKV�VLQFH�VWURNH�HYHQW�������DSSOLHG�XSSHU�OLPE�WHQGRQ�PXVFOH�

YLEUDWLRQ������DVVHVVHG�IXQFWLRQDO�PRYHPHQW�RI�WKH�XSSHU�OLPE������ZDV�D�SURVSHFWLYH�UDQGRPL]HG��

FRQWUROOHG�WULDO��([FOXVLRQ�FULWHULD�ZHUH�VWXGLHV�WKDW������DSSOLHG�ZKROH�ERG\�YLEUDWLRQ������LQFOXGHG�

RWKHU�VRPDWRVHQVRU\�VWLPXODWLRQ�LQSXWV�EHVLGHV�YLEUDWLRQ�IRU�WKH�YLEUDWLRQ�LQWHUYHQWLRQ�JURXS��H�J���

HOHFWULFDO�VWLPXODWLRQ�RU�SUHVVXUH�������LQFOXGHG�KHDOWK\�FRQWUROV�DV�WKH�RQO\�FRPSDULVRQ�JURXS������

DOO� SDUWLFLSDQW� JURXSV� UHFHLYHG�PXVFOH�WHQGRQ� YLEUDWLRQ� DV� WUHDWPHQW�� ���� KDG� DQ� REVHUYDWLRQDO�

VWXG\�GHVLJQ��ZHUH�TXDVL�UDQGRPL]HG��FURVVRYHU��RU�FOXVWHU�UDQGRPL]HG�WULDOV������LQYROYHG�DQLPDOV� 

4.3.2 'DWD�DEVWUDFWLRQ�DQG�PDQDJHPHQW 

7ZR�UHYLHZHUV��10�DQG�&*��LQGHSHQGHQWO\�H[WUDFWHG�GDWD�IURP�WKH�LQFOXGHG�WULDOV��XVLQJ�

VWDQGDUGL]HG�DQG�SLORWHG�GDWD�H[WUDFWLRQ�IRUPV��'LVFUHSDQFLHV�ZHUH�UHVROYHG�WKURXJK�FRQVHQVXV��

7KH� IROORZLQJ� GDWD� ZHUH� H[WUDFWHG� IURP� HDFK� VWXG\�� VWXG\� GHPRJUDSKLFV� �DXWKRU�� \HDU� RI�

SXEOLFDWLRQ��ODQJXDJH�RI�SXEOLFDWLRQ��VRXUFH�RI�IXQGLQJ��SXEOLFDWLRQ�VWDWXV�DQG�FRXQWU\���ULVN�RI�

ELDV�FULWHULD��XVLQJ�WKH�&RFKUDQH�&ROODERUDWLRQ�5LVN�RI�%LDV�WRRO���+LJJLQV�HW�DO���������+LJJLQV�	�

*UHHQ���������VWXG\�TXDOLW\�FULWHULD��XVLQJ�3K\VLRWKHUDS\�(YLGHQFH�'DWDEDVH�6FDOH���3('UR�6FDOH��

��������SDUWLFLSDQW�FKDUDFWHULVWLFV��QXPEHU�LQ�HDFK�JURXS��WLPH�VLQFH�VWURNH�LQFLGHQFH��VWURNH�W\SH��

DJH�� FR�LQWHUYHQWLRQV��� LQWHUYHQWLRQ� �QXPEHU� DQG�GXUDWLRQ�RI� WUHDWPHQW� VHVVLRQV�� DPSOLWXGH� DQG�

IUHTXHQF\� RI� YLEUDWLRQ�� WDUJHW� PXVFOH�WHQGRQ�� DQG� LWV� FRPSDUDWRU�� DQG� UHVXOWV� UHSRUWHG� IRU� WKH�

RXWFRPHV�RI�LQWHUHVW��:H�FRQWDFWHG�VWXG\�DXWKRUV�WR�UHTXHVW�FODULILFDWLRQV�RU�IRU�PLVVLQJ�GDWD��7KH�

GDWD�ZDV�HQWHUHG�LQWR�D�0LFURVRIW�([FHO��GDWDEDVH��0LFURVRIW�&RUS���5HGPRQG��:$�� 
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4.3.3 6WXG\�4XDOLW\�DQG�5LVN�RI�%LDV�$VVHVVPHQW 

7KH�LQWHUQDO�YDOLGLW\�RI�WULDOV�ZDV�DVVHVVHG�XVLQJ�WKH�&RFKUDQH�&ROODERUDWLRQ�5LVN�RI�%LDV�

WRRO��+LJJLQV�HW�DO���������+LJJLQV�	�*UHHQ���������7KLV�WRRO�FRQVLVWV�RI�VL[�GRPDLQV��VHTXHQFH�

JHQHUDWLRQ�� DOORFDWLRQ� FRQFHDOPHQW�� EOLQGLQJ�� LQFRPSOHWH� RXWFRPH� GDWD�� VHOHFWLYH� RXWFRPH�

UHSRUWLQJ��DQG�RWKHU�VRXUFHV�RI�ELDV��DQG�D�FDWHJRUL]DWLRQ�RI�WKH�RYHUDOO�ULVN�RI�ELDV��(DFK�VHSDUDWH�

GRPDLQ�ZDV�UDWHG�ORZ�ULVN��XQFOHDU�ULVN��RU�KLJK�ULVN��7KH�RYHUDOO�DVVHVVPHQW�ZDV�EDVHG�RQ�WKH�

UHVSRQVHV�WR�LQGLYLGXDO�GRPDLQV��,I�RQH�RU�PRUH�LQGLYLGXDO�GRPDLQV�ZHUH�DVVHVVHG�DV�KDYLQJ�D�KLJK�

ULVN�RI�ELDV�� WKH�RYHUDOO� MXGJPHQW�ZDV�KDYLQJ� D�KLJK�ULVN�RI�ELDV��7KH�RYHUDOO� ULVN�RI�ELDV�ZDV�

FRQVLGHUHG�ORZ�RQO\�LI�DOO�FRPSRQHQWV�ZHUH�MXGJHG�DV�KDYLQJ�D�ORZ�ULVN�RI�ELDV��7KH�RYHUDOO�XQFOHDU�

ULVN�RI�ELDV�ZDV�FKRVHQ�ZKHQ�WKHUH�ZDV�D�FRPELQDWLRQ�RI�ORZ�ULVN�DQG�XQFOHDU�ULVN�IRU�GLIIHUHQW�

FRPSRQHQWV�� ,Q� DGGLWLRQ�� LQIRUPDWLRQ� RQ� WKH� VRXUFH� RI� IXQGLQJ� ZDV� FROOHFWHG� IRU� HDFK� VWXG\��

,QIRUPDWLRQ�UHJDUGLQJ�ULVN�RI�ELDV�ZDV�XVHG�WR�JXLGH�VHQVLWLYLW\�DQDO\VHV�DQG�H[SORUH�VRXUFHV�RI�

KHWHURJHQHLW\��0RUHRYHU��WKH�PHWKRGRORJLFDO�TXDOLW\�RI�WKH�LQFOXGHG�WULDOV�ZDV�HYDOXDWHG�XVLQJ�WKH�

3K\VLRWKHUDS\�(YLGHQFH�'DWDEDVH��3('UR��VFDOH��3('UR�6FDOH���������7KH�ULVN�RI�ELDV�DQG�3('UR�

VFDOH� DVVHVVPHQWV� ZHUH� SHUIRUPHG� E\� WZR� DVVHVVRUV� LQGHSHQGHQWO\� �10� DQG� &*��� $Q\�

GLVFUHSDQFLHV�LQ�WKH�FRQFOXVLRQV�RI�WKH�ULVN�RI�ELDV�DQG�TXDOLW\�DQDO\VLV�ZHUH�WKHQ�MRLQWO\�H[DPLQHG�

E\�WKH�WZR�DVVHVVRUV��ZKR�FDPH�WR�FRQVHQVXV�UHJDUGLQJ�WKH�PRVW�DSSURSULDWH�VFRUH�DFFRUGLQJ�WR�

WKH�FULWHULD�IURP�WKH�VFDOHV� 

 'DWD�DQDO\VLV 

:H�FRQGXFWHG�PHWD�DQDO\VHV�IRU�WKH�ILUVW�PHDVXUHPHQWV�DW�WKH�HQG�RI�WKH� WUHDWPHQW�XVLQJ�

&RFKUDQH� 5HYLHZ� 0DQDJHU� �5HY0DQ�� YHUVLRQ� ������� ������ 7KH� &RFKUDQH� &ROODERUDWLRQ��

&RSHQKDJHQ��'HQPDUN���)RU�WKH�SULPDU\�RXWFRPH�PHDVXUH�RI�XSSHU�OLPE�IXQFWLRQDO�PRYHPHQW��

GDWD�ZHUH�GHULYHG�IURP�YDOLGDWHG��PXOWL�LWHP��RUGLQDO�DQG�FRQWLQXRXV�UDWLQJ�VFDOHV��)RU�WKH�SXUSRVH�

RI�DQDO\VLV�DOO�VFDOHV�ZHUH�WUHDWHG�DV�FRQWLQXRXV�GDWD�DV�VXJJHVWHG�LQ�WKH�&RFKUDQH�+DQGERRN�IRU�

6\VWHPDWLF� 5HYLHZV� RI� ,QWHUYHQWLRQV� �+LJJLQV� 	� *UHHQ�� �������:H� XVHG� PHDQ� GLIIHUHQFH�� RU�

VWDQGDUGL]HG� PHDQ� GLIIHUHQFH� �60'�� ZKHUH� PXOWLSOH� VFDOHV� ZHUH� XVHG� WR� PHDVXUH� WKH� VDPH�

RXWFRPH��DQG�����FRQILGHQFH�LQWHUYDOV��&,���$�UDQGRP�HIIHFWV�PRGHO�ZDV�XVHG�IRU�DOO�DQDO\VHV��

6WDWLVWLFDO� KHWHURJHQHLW\� RI� WKH� GDWD�ZDV� H[SORUHG� DQG� TXDQWLILHG� XVLQJ� WKH� ,�� WHVW� �+LJJLQV�	�

7KRPSVRQ�� ������� :KHQ� VLJQLILFDQW� KHWHURJHQHLW\� ZDV� VXVSHFWHG� IXUWKHU� DQDO\VHV�� LQFOXGLQJ�
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VXEJURXS�DQG�VHQVLWLYLW\�DQDO\VHV��ZHUH�FRQGXFWHG��:H�SODQQHG�WR�WHVW�IRU�SXEOLFDWLRQ�ELDV�XVLQJ�

IXQQHO�SORWV��EXW�GLG�QRW�GR�VR�EHFDXVH�VR�IHZ�WULDOV�ZHUH�DYDLODEOH�IRU�WKH�JLYHQ�DQDO\VLV��,RDQQLGLV�

	�7ULNDOLQRV�������� 

4.4.1 6XEJURXS�6HQVLWLYLW\�$QDO\VLV 

7R�LQYHVWLJDWH�SRWHQWLDO�VWDWLVWLFDO�KHWHURJHQHLW\��ZH�SHUIRUPHG�VXEJURXS�DQDO\VHV�LQ�VHYHUDO�

SUH�VSHFLILHG�JURXSV��LQFOXGLQJ�YLEUDWLRQ�DPSOLWXGH����������PP�YHUVXV�DERYH����PP���YLEUDWLRQ�

IUHTXHQF\��EHORZ����+]�YHUVXV����+]�RU�DERYH���DQG�QXPEHU�RI�WUHDWPHQW�VHVVLRQV����VHVVLRQV�RU�

OHVV�YHUVXV�DERYH���VHVVLRQV��� 

 

 
)LJXUH�����35,60$�IORZ�GLDJUDP� 
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 (YLGHQFH�V\QWKHVLV 

:H� LGHQWLILHG����� UHFRUGV� WKURXJK�RXU� GDWDEDVH� VHDUFKHV� DQG�RQH� UHFRUG� �IXOO� DUWLFOH�� E\�

FRQWDFWLQJ�WKH�DXWKRU�RI�DQ�LQFOXGHG�FRQIHUHQFH�SDSHU�DQG�WZR�UHFRUGV�E\�JUH\�OLWHUDWXUH�VHDUFK�

�)LJXUH�������$IWHU�VFUHHQLQJ�WKH�WLWOHV�DQG�DEVWUDFWV��ZH�REWDLQHG�WKH�IXOO�WH[W�RI����IXOO�WH[W�DUWLFOHV��

$IWHU� IXUWKHU� DVVHVVPHQW�� ZH� GHWHUPLQHG� WKDW� ��� SXEOLFDWLRQV� �HLJKW� SULPDU\� SXEOLFDWLRQV�

�&DOLDQGUR�HW�DO���������&DVDOH�HW�DO���������&HOOHWWL�HW�DO���������&KRL��������&RVWDQWLQR�HW�DO���������

/LX�HW�DO���������0DUFRQL�HW�DO���������7DYHUQHVH�HW�DO���������DQG�WZR�FRPSDQLRQ�SXEOLFDWLRQV��/LX�

HW� DO��� ������0DQGLF� HW� DO��� �������ZHUH� HOLJLEOH� DFFRUGLQJ� WR�RXU� LQFOXVLRQ� FULWHULD��'HWDLOV� RI�

H[FOXGHG�VWXGLHV�DQG�UHDVRQV�IRU�H[FOXVLRQ�DUH�UHSRUWHG�LQ�LQ�VXSSOHPHQWDU\�ILOH���$SSHQGL[���� 

7KH�LQFOXGHG�WULDOV�ZHUH�DOO�SXEOLVKHG�LQ�SHHU�UHYLHZHG��(QJOLVK�ODQJXDJH�MRXUQDOV��7DEOH���

����1RQH�RI� WKH� WULDOV�ZHUH� LQGXVWU\� IXQGHG��6L[�RI� WKH� WULDOV�ZHUH� FRQGXFWHG� LQ�(XURSH� �,WDO\��

�&DOLDQGUR�HW�DO���������&DVDOH�HW�DO���������&HOOHWWL�HW�DO���������&RVWDQWLQR�HW�DO���������0DUFRQL�

HW�DO���������7DYHUQHVH�HW�DO����������RQH�LQ�WKH�8QLWHG�6WDWHV��/LX�HW�DO����������DQG�RQH�LQ�.RUHD�

�&KRL���������$OO�WULDOV�ZHUH�DW�XQFOHDU��&DVDOH�HW�DO���������&KRL��������&RVWDQWLQR�HW�DO���������RU�

KLJK�ULVN�RI�ELDV��&DOLDQGUR�HW�DO���������&HOOHWWL�HW�DO���������/LX�HW�DO���������0DUFRQL�HW�DO���������

7DYHUQHVH�HW�DO����������)LJXUH�������7KH�UHDVRQ�IRU�PRVW�RI�WKH�FDVHV�RI�KLJK�ULVN�RI�ELDV��ILYH�

WULDOV��ZDV�GXH�WR�D�ODFN�RI�EOLQGLQJ�IRU�WKH�SDUWLFLSDQWV�DQG�SHUVRQQHO�WKDW�DSSOLHG�WKH�WUHDWPHQW��

7KH�UHVXOWV�RI�WKH�3('UR�TXDOLW\�DVVHVVPHQW�FDQ�EH�DFFHVVHG�LQ�VXSSOHPHQWDU\�ILOH����$SSHQGL[�

����7KH�UDQJH�IRU�3('UR�VFRUHV�ZDV���WR�����6LPLODU�WR�WKH�UHVXOWV�RI�WKH�ULVN�RI�ELDV�DVVHVVPHQW��

WKH� PRVW� FRPPRQ� PHWKRGRORJLFDO� LVVXHV� ZHUH� ODFN� RI� EOLQGLQJ� RI� WKHUDSLVWV� �VHYHQ� WULDOV��

�&DOLDQGUR�HW�DO���������&DVDOH�HW�DO���������&HOOHWWL�HW�DO���������&KRL��������&RVWDQWLQR�HW�DO���������

/LX�HW�DO���������7DYHUQHVH�HW�DO����������DQG�ODFN�RI�EOLQGLQJ�RI�SDUWLFLSDQWV��ILYH�WULDOV���&HOOHWWL�

HW� DO��� ������&KRL�� ������ /LX� HW� DO��� ������0DUFRQL� HW� DO��� ������7DYHUQHVH� HW� DO��� �������$OVR��

DOORFDWLRQ� FRQFHDOPHQW� ZDV� QRW� GRQH� LQ� ILYH� RI� WKH� WULDOV� �&DVDOH� HW� DO��� ������ &KRL�� ������

&RVWDQWLQR� HW� DO��� ������ /LX� HW� DO��� ������0DUFRQL� HW� DO��� ������� &RQVLGHULQJ� WKH� QDWXUH� RI� WKH�

WHQGRQ�PXVFOH�YLEUDWLRQ� WUHDWPHQW�� HYHQ�ZLWK� DSSO\LQJ� VKDP�YLEUDWLRQ�� WKHUH�ZDV� D� FKDQFH� IRU�

XQPDVNLQJ�WKH�LQWHUYHQWLRQ�E\�WKH�SDUWLFLSDQWV��)RU�WKH�VDPH�UHDVRQ�WKHUDSLVWV�FRXOG�QRW�EH�EOLQGHG�

IRU�WKH�WUHDWPHQW��&RQVLGHULQJ�WKHVH�LQKHUHQW�PHWKRGRORJLFDO�FKDOOHQJHV��ZH�LQFOXGHG�WZR�WULDOV�

�&KRL��������/LX�HW�DO���������ZLWK�3('UR�VFRUHV�DV�ORZ�DV�IRXU� 

7ZR�WULDOV�XVHG�VKDP�YLEUDWLRQ�IRU�WKH�FRQWURO�JURXS��&DOLDQGUR�HW�DO���������&DVDOH�HW�DO���

������&RVWDQWLQR�HW�DO���������DQG�WKH�RWKHU�WULDOV�XVHG�URERW�DVVLVWHG�WUDLQLQJ��/LX�HW�DO���������DQG�
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SK\VLFDO�WKHUDS\��&HOOHWWL�HW�DO���������&KRL��������0DUFRQL�HW�DO���������7DYHUQHVH�HW�DO���������DV�

WKH� FRPSDULVRQ� JURXSV�� ,Q� VHYHQ� RI� WKH� VHOHFWHG� WULDOV� WKH� SDUWLFLSDQWV� LQ� WKH� WUHDWPHQW� JURXS�

UHFHLYHG�FR�LQWHUYHQWLRQV�LQFOXGLQJ�SK\VLFDO�WKHUDS\��&DOLDQGUR�HW�DO���������&DVDOH�HW�DO���������

&HOOHWWL�HW�DO���������0DUFRQL�HW�DO���������7DYHUQHVH�HW�DO���������DQG�URERW�DVVLVWHG�WUDLQLQJ��/LX�

HW�DO����������DQG�LQ�WZR�WULDOV�WHQGRQ�PXVFOH�YLEUDWLRQ�ZDV�WKH�RQO\�UHSRUWHG�WUHDWPHQW��&KRL��������

&RVWDQWLQR�HW�DO��������� 

$OWRJHWKHU� WKH� LQFOXGHG� WULDOV� UHFUXLWHG� ���� SDUWLFLSDQWV�� )RU� RQH� RI� WKH� WULDOV� WKH� DXWKRU�

SURYLGHG�GDWD�RQ�WKH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�FRQWURO�DQG�LQWHUYHQWLRQ�JURXSV��/LX�HW�DO����������

DQG�IRU�DQRWKHU�VWXG\�WKH�DXWKRU�SURYLGHG�WKH�UDZ�GDWD�IRU�WKH�XSSHU�OLPE�IXQFWLRQDO�WHVW�VFRUHV�

�&DOLDQGUR�HW�DO���������YLD�SHUVRQDO�FRPPXQLFDWLRQ� 

 
)LJXUH�����5LVN�RI�ELDV�VXPPDU\��UHYLHZ�DXWKRUV
�MXGJPHQWV�DERXW�HDFK�ULVN�RI�ELDV�LWHP�IRU�HDFK�

LQFOXGHG�VWXG\ 
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4.5.1 3ULPDU\�2XWFRPHV�DQG�6XEJURXS�$QDO\VHV 

$PRQJ� WKH�VL[� LQFOXGHG� WULDOV� IRU� WKH�SULPDU\�RXWFRPH�PHDVXUH�RI�XSSHU� OLPE�IXQFWLRQDO�

PRYHPHQW��&DOLDQGUR�HW�DO���������&HOOHWWL�HW�DO���������&KRL��������&RVWDQWLQR�HW�DO���������/LX�HW�

DO���������0DUFRQL�HW�DO����������RQH�RI�WKHP�UHSRUWHG�0RWRU�6WDWXV�6FRUH��/LX�HW�DO����������WKUHH�

UHSRUWHG�WKH�:ROI�0RWRU�)XQFWLRQ�7HVW���IXQFWLRQDO�DELOLW\��&DOLDQGUR�HW�DO���������&HOOHWWL�HW�DO���

������0DUFRQL�HW�DO����������RQH�UHSRUWHG�WKH�%R[�DQG�%ORFN�WHVW��&KRL���������DQG�ILQDOO\�WKH�VL[WK�

UHSRUWHG�WKH�-HEVHQ�7D\ORU�KDQG�IXQFWLRQ�WHVW��&RVWDQWLQR�HW�DO����������)RU�WKH�SULPDU\�RXWFRPH��

WKHUH�ZDV�QR�HYLGHQFH�RI�D�VLJQLILFDQW�HIIHFW�RI�WHQGRQ�PXVFOH�YLEUDWLRQ�UHJDUGLQJ�XSSHU�H[WUHPLW\�

IXQFWLRQDO�PRYHPHQW��VWDQGDUGL]HG�PHDQ�GLIIHUHQFH������������&,�������WR�������,���������WULDOV��

����SDUWLFLSDQWV��)LJXUH�������6LPLODU�UHVXOWV�ZHUH�IRXQG�LQ�WKH�VXEJURXS�DQDO\VHV��7DEOH������ 

 

 
)LJXUH�����&KDQJHV�LQ�WKH�PHDVXUHPHQWV�RI�IXQFWLRQDO�PRYHPHQW�DFFRUGLQJ�WR�WKH�WHQGRQ��PXVFOH�

YLEUDWLRQ�WUHDWPHQW�IRU�VL[�LQFOXGHG�WULDOV��&DOLDQGUR�HW�DO���������&HOOHWWL�HW�DO���������&KRL��������

&RVWDQWLQR�HW�DO���������/LX�HW�DO���������0DUFRQL�HW�DO���������� 

Boxes and horizontal lines represent point estimates, varying in size according to the weight in the analysis, and 95% confidence intervals. SD: 

standard deviation; Chi2 = Chi-squared; df = degrees of freedom; CI = Confidence interval; I2 = I-squared; IV = Inverse Variance; P = P value; Std 

= Standardized; risk ratio; Tau2 = Tau-squared; Z = Z score. The footnotes indicate the type of clinical tests that were used for the primary outcome 

of upper limb functional change. The reported mean and SDs are the end-of-treatment measurements for the functional scores for control and 

WUHDWPHQW�JURXSV��7KH�VHFWLRQ�XQGHU�³7RWDO´�LQGLFDWHV�WKH�QXPEHU�RI�VXEMHFWV�LQFOXGHG�LQ�WKH�DQDO\VLV��  
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7DEOH�����&KDUDFWHULVWLFV�RI�VHOHFWHG�UDQGRPL]HG�FRQWUROOHG�WULDOV� 

Study 
reference 
number 

No of 
partic
ipants  

Age(yr) 
Mean ± SD 

Months 
since stroke 
Mean ± SD 

Intervention Control Co-
interventions 

Outcome(s) 
of interest 

 T-Mv 
/ Ctrl 

T-Mv / Ctrl T-MV / Ctrl     

(Liu et al., 
2011) 

4 /4 Overall:  
57.3 ±13.9 

Overall: 
94.9±116.1 

-Vibration in hands during 
robotic assisted training. 
- Amp/freq.: 2mm/20 Hz 
- No./Length of sessions: 
20/40 mins 

Robot-
assisted 
training 

Robot-assisted 
training 

MSS 

(Marconi et 
al., 2011) 

15/15 63.6 ±7.6 / 
66.3 ±11.0 

39.9 ±28.8/ 
40.6 ±25.1 

- On flexor carpi radialis & 
biceps brachii muscles; 
during contraction 
- Amp/freq.: 0.2-0.5 mm/100 
Hz 
- No./Length of sessions: 3/ 
30 mins 

3 sessions 
(60 mins) 
of PT 

3 sessions (60 
mins) of PT 

WMFT 
(FAS); 
MAS for 
elbow & 
wrist 

(Caliandro 
et al., 2012) 

25/20 57.4 ±12.8/ 
61.8 ±15.7  

100.7±82.8 
/96.4 ±66.8 

- Near tendon of pectoralis 
minor, biceps brachii , flexor 
carpi muscle; 
during contraction 
- Amp/freq.: 0.2-0.5 mm/100 
Hz 
- No./Length of sessions: 3/ 
30 mins 

sham All the 
participants 
continued to 
undergo their 
rehabilitation 
program (3d/wk 
for 1h/d) 

WMFT 
(FAS); 
MAS for 
shoulder, 
elbow & 
wrist 

(Tavernese 
et al., 2013) 

24/20 58.9 ±14.7/ 
58.3 ±12.4 
 

19.1 ±18.9/ 
25.9 ±21.8 

- On tendon of 
biceps brachii & flexor carpi 
ulnaris (muscle contraction 
status: NR) 
- Amp/freq.: 0.01 mm/120 
Hz 
- No./Length of sessions: 10/ 
30 mins 

60-mins 
general 
PT, 
(5d/wk) 

All participants 
underwent 60-
mins general 
PT, (5d/wk) 

Movement 
time in 
reaching 
movement 

(Casale et 
al., 2014) 

15/15 64.7±5.4/ 
65.1± 5.8 

NR - On belly of 
triceps brachii (muscle 
contraction status :NR) 
- Amp/freq.: 2mm/100 Hz 
- No./Length of sessions: 
30min, 5d/wk, for 2 weeks 

sham 60-mins  
PT, 5d/wk, for 2 
weeks 

Movement 
time in 
reaching 
movement; 
MAS for 
elbow 

(Costantino 
et al., 2017) 

17/15 62.6 ±15.4/  
60.5 ±16.1 

Overall: 
37.8 ±17.7  

- On triceps brachii, extensor 
carpi radialis longus & 
brevis; 
during contraction 
- Amp/freq.: 2mm/100 Hz 
- No./Length of sessions: 12/ 
30 mins 

sham did not perform 
any additional 
rehabilitative 
treatment 
program during 
the study period 

JTT; MAS 
for 
shoulder, 
elbow & 
wrist 
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(Celletti et 
al., 2017) 

6/6 43.2±7.8/  
60.0±6.8 

33.0 ± 7.1/ 
60.0 ± 17.7 

- on pectoralis minor, biceps 
brachii; during contraction 
- Amp/freq.: 0.2-0.5mm /100 
Hz 
- No./Length of sessions: 3/ 
30 mins 

60-mins  
PT, 
(2d/wk) 
for 6 
weeks 

60-mins  
PT, 2d/wk, for 6 
weeks 

WMFT 
(FAS) 
 

(Choi, 2017) 5/5 62.0 ± 9.0/ 
59.0 ± 10.1 

11.0 ± 4.3/ 
9.2 ± 1.9 

- on biceps brachii & flexor 
carpi radialis; during 20% of 
maximal grip power 
contraction. 
- Amp/freq.: 1.00mm mm/91 
Hz 
- No./Length of sessions: 12/ 
20 mins 
-3d/wk 

30-mins  
PT, 
(3d/wk) 
for 4 
weeks 

NR BBT 

T-MV= Tendon/Muscle vibration; Ctrl= Control group; MSS =Motor Status Score; MAS= Modified Ashworth Scale; PT= physiotherapy; WMFT= 

Wolf Motor Function Test & FAS= Functional Ability Scale ; JTT= Jebsen-Taylor Hand Function Test; BBT= Box and block test; freq.=frequency; 

Amp.=amplitude; NR= not reported. 

 

7DEOH�����6XEJURXS�DQDO\VHV�IRU�WKH�SULPDU\�RXWFRPH�RI�XSSHU�OLPE�IXQFWLRQDO�PRYHPHQW� 

Subgroup Trials Participants Effect Estimate:  

Std. Mean Difference (IV, Random, 

95% CI) 

Functional test(Caliandro et al., 2012; Celletti 

et al., 2017; Choi, 2017; Costantino et al., 

2017; Liu et al., 2011; Marconi et al., 2011; 

Tavernese et al., 2013) 

6 135 -0.32 [-0.74, 0.10] 

 

1. Sub-grouped by: number of sessions     

 1.1. more than 5 sessions(Choi, 2017; 

Costantino et al., 2017; Liu et al., 2011) 

3 50 -0.42 [-0.99, 0.14] 

 1.2. less than 5 sessions(Caliandro et al., 2012; 

Celletti et al., 2017; Marconi et al., 2011) 

3 85 -0.38 [-1.20, 0.43] 

2. Sub-grouped by: amplitude of vibration     

 2.1 0.2-0.5mm(Caliandro et al., 2012; Celletti 

et al., 2017; Marconi et al., 2011) 

3 85 -0.38 [-1.20, 0.43] 

 2.2 0.5mm<(Choi, 2017; Costantino et al., 

2017; Liu et al., 2011) 

3 50 -0.42 [-0.99, 0.14] 

3. Sub-grouped by: frequency of vibration    

 3.1. <80Hz(Liu et al., 2011) 1 8 -0.81 [-2.30, 0.69] 
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 �������+]��(Caliandro et al., 2012; Celletti et 

al., 2017; Choi, 2017; Costantino et al., 2017; 

Marconi et al., 2011) 

5 127 -0.29 [-0.76, 0.18] 

CI = Confidence interval; I2 = I-squared; IV = Inverse Variance. 

 

4.5.2 6HFRQGDU\�2XWFRPHV 

)RU�WKH�VHFRQGDU\�RXWFRPH�RI�VSDVWLFLW\��WZR�WULDOV�UHSRUWHG�0RGLILHG�$VKZRUWK�6FDOH�DV�WKH�

HQGSRLQW�IRU�WKH�VKRXOGHU��&DOLDQGUR�HW�DO���������&RVWDQWLQR�HW�DO����������DQG�IRXU�WULDOV�UHSRUWHG�

0RGLILHG�$VKZRUWK�6FDOH�IRU�WKH�HOERZ��&DOLDQGUR�HW�DO���������&DVDOH�HW�DO���������&RVWDQWLQR�HW�

DO���������0DUFRQL�HW�DO���������DQG�WKUHH�VWXGLHV�UHSRUWHG�0RGLILHG�$VKZRUWK�6FDOH�IRU�WKH�ZULVW�

�&DOLDQGUR� HW� DO��� ������ &RVWDQWLQR� HW� DO��� ������ 0DUFRQL� HW� DO��� ������� :KLOH� WKHUH� ZDV� QR�

VLJQLILFDQW� FKDQJH� LQ� VSDVWLFLW\� IROORZLQJ� WHQGRQ�PXVFOH� YLEUDWLRQ� VWLPXODWLRQ�� FRPSDUHG� WR� D�

FRQWURO� WUHDWPHQW�DV�PHDVXUHG�E\� WKH�0RGLILHG�$VKZRUWK�6FDOH� �)LJXUH� ������ WKHUH�ZDV�D� WUHQG�

WRZDUGV�ORZHU�VSDVWLFLW\�DIWHU�WKH�YLEUDWLRQ�LQWHUYHQWLRQ�� 

2QO\� WZR� VWXGLHV� LQFOXGHG� WKH� VHFRQGDU\�RXWFRPH� RI�PRYHPHQW� WLPH� IRU� D� UHDFKLQJ� WDVN��7KH�

UHVXOWV� RI� WKH� FRPSDULVRQ� EHWZHHQ� WKH� WHQGRQ�PXVFOH� YLEUDWLRQ� YHUVXV� FRQWURO� JURXS� VKRZHG�

VWDWLVWLFDOO\�VLJQLILFDQW�VKRUWHU�WLPH�IRU�WDVN�SHUIRUPDQFH�DIWHU�WKH�LQWHUYHQWLRQ��7KH�JURXSV�WKDW�

UHFHLYHG�WKH�WHQGRQ�PXVFOH�YLEUDWLRQ�WUHDWPHQW�SHUIRUPHG������DQG�������IDVWHU�WKDQ�WKH�FRQWURO�

JURXS�LQ�WKH�7DYHUQHVH�HW�DO��7DYHUQHVH�HW�DO���������DQG�&DVDOH�HW�DO�¶V��&DVDOH�HW�DO���������VWXGLHV�

UHVSHFWLYHO\�� +RZHYHU�� WKHUH� LV� QR� HVWDEOLVKHG� PLQLPDOO\� FOLQLFDO� LPSRUWDQW� GLIIHUHQFH� IRU�

PRYHPHQW� WLPH� WR� IXUWKHU� LQWHUSUHW� WKH� FOLQLFDO� LPSRUWDQFH� RI� WKLV� ILQGLQJ�� 2YHUDOO�� WKH�

WHQGRQ�PXVFOH�YLEUDWLRQ�JURXS�SHUIRUPHG�WKH�WDVN�IDVWHU�WKDQ�WKH�FRQWURO�JURXS��VWDQGDUGL]HG�PHDQ�

GLIIHUHQFH������������&,�������WR��������,����������SDUWLFLSDQWV��)LJXUH������ 

1RQH�RI�WKH�WULDOV�UHSRUWHG�DGYHUVH�HIIHFWV��GHILQHG�DV�WKH�QXPEHU�RI�UHSRUWHG�FDVHV�RI�SDLQ�

H[DFHUEDWLRQ� 



 

 �� 

 
�)LJXUH�����&KDQJHV� LQ�WKH�0$6�VFRUH� IRU�VKRXOGHU��HOERZ��DQG�ZULVW�DFFRUGLQJ�WR�WKH�WHQGRQ��

PXVFOH�YLEUDWLRQ�WUHDWPHQW�IRU�IRXU�LQFOXGHG�WULDOV� �&DOLDQGUR�HW�DO���������&DVDOH�HW�DO���������

&RVWDQWLQR�HW�DO���������0DUFRQL�HW�DO��������� 

Boxes and horizontal lines represent point estimates, varying in size according to the weight in the analysis, and 95% confidence intervals. SD: 

standard deviation; Chi2 = Chi-squared; df = degrees of freedom; CI = Confidence interval; I2 = I-squared; IV = Inverse Variance; P = P value; risk 

ratio; Tau2 = Tau-squared; Z = Z score. The reported mean and SDs are the end-of-treatment measurements for MAS scores for control and treatment 

JURXSV��7KH�VHFWLRQ�XQGHU�³7RWDO´�LQGLFDWHV�WKH�QXPEHU�RI�VXEMHFWV�LQFOXGHG�LQ�WKH�DQDO\VLV��  

 

 
)LJXUH�����&KDQJHV�LQ�PRYHPHQW�WLPH�IRU�DQ�XSSHU�OLPE�UHDFKLQJ�WDVN�DFFRUGLQJ�WR�WKH�WHQGRQ��

PXVFOH�YLEUDWLRQ�WUHDWPHQW�IRU�WZR�LQFOXGHG�WULDOV��&DVDOH�HW�DO���������7DYHUQHVH�HW�DO��������� 

Boxes and horizontal lines represent point estimates, varying in size according to the weight in the analysis, and 95% confidence intervals. SD: 

standard deviation; Chi2 = Chi-squared; df = degrees of freedom; CI = Confidence interval; I2 = I-squared; IV = Inverse Variance; P = P value; Std 

= Standardized; risk ratio; Tau2 = Tau-squared; Z = Z score. The reported mean and SDs are the end-of-treatment measurements for the movement 

time measurePHQWV�IRU�FRQWURO�DQG�WUHDWPHQW�JURXSV��7KH�VHFWLRQ�XQGHU�³7RWDO´�LQGLFDWHV�WKH�QXPEHU�RI�VXEMHFWV�LQFOXGHG�LQ�WKH�DQDO\VLV�� 
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 'LVFXVVLRQ� 

7KH�SUHVHQW�OLWHUDWXUH�UHYLHZ�DQG�PHWD�DQDO\VLV�LQFOXGHG�VWXGLHV�WKDW�XVHG�WHQGRQ�PXVFOH�

YLEUDWLRQ�ERWK�DW�UHVW�DQG�RU�GXULQJ�FRQWUDFWLRQ��UHJDUGOHVV�RI�DPSOLWXGH��IUHTXHQF\�RI�YLEUDWLRQ�

DQG�QXPEHU�RI�WUHDWPHQW�VHVVLRQV��2YHUDOO��WKH�UHVXOWV�RI�WKH�PHWD�DQDO\VLV�IRU�WKH�SULPDU\�RXWFRPH�

RI�IXQFWLRQDO�PRYHPHQW�VKRZHG�QR�HIIHFW�RI�WHQGRQ�PXVFOH�YLEUDWLRQ�DW�WKH�HQG�RI�WUHDWPHQW�DQG�

QR�VLJQLILFDQW�HIIHFW�RI�WUHDWPHQW�RQ�WKH�VHFRQGDU\�RXWFRPH�RI�VSDVWLFLW\��7KH�UHDVRQ�IRU�QRW�ILQGLQJ�

VLJQLILFDQW�HIIHFWV�RI�WKLV�WUHDWPHQW�RQ�IXQFWLRQDO�PRYHPHQW�PHDVXUHV�FRXOG�EH�WKH�VPDOO�QXPEHU�

RI�WULDOV�WKDW�PHW�WKH�LQFOXVLRQ�FULWHULD��RQO\�VL[�WULDOV�IRU�WKH�SULPDU\�RXWFRPH���WKH�VPDOO�QXPEHU�

RI�HQUROOHG�SDUWLFLSDQWV�DQG�WKH�ODFN�RI�FRQVLVWHQW�RXWFRPH�PHDVXUHV�XVHG�LQ�WKH�LQFOXGHG�WULDOV�� 

,Q�FRQWUDVW� WR�WKH�SULPDU\�RXWFRPH�DQG�VHFRQGDU\�RXWFRPH�RI�VSDVWLFLW\��DQDO\VLV�RI�WKH�

WZR�LQFOXGHG�WULDOV�WKDW�DVVHVVHG�WKH�VHFRQGDU\�RXWFRPH�RI�PRYHPHQW�WLPH�VKRZHG�WHQGRQ�PXVFOH�

YLEUDWLRQ�OHG�WR�VLJQLILFDQWO\�VKRUWHU��IDVWHU��PRYHPHQW�WLPHV�ZKHQ�SHUIRUPLQJ�D�UHDFKLQJ�WDVN��

7KH�ODWWHU�PRYHPHQW�WLPH�UHVXOWV�DUH�DOVR�FRQVLVWHQW�ZLWK�3DRORQL�HW�DO�¶V� �3DRORQL�HW�DO���������

HOHFWURP\RJUDSK\� VWXG\�� 3DRORQL� HW� DO�� VXJJHVWHG� WKDW� WKH� FKDQJHV� LQ� PXVFXODU� DFWLYLW\� WKH\�

REVHUYHG�PD\�EH�LQGLFDWLYH�RI�DQ�LPSURYHG�DELOLW\�WR�SURGXFH�YROXQWDU\�PRYHPHQWV�DQG�WKHUHIRUH�

IDFLOLWDWH�PRWRU�SHUIRUPDQFH��7KDW�LV��LPSURYHG�TXDOLW\�RI�PXVFOH�DFWLYLW\�FRXOG�EH�RQH�H[SODQDWLRQ�

IRU�IDVWHU�DQG�VPRRWKHU�UHDFKLQJ�PRYHPHQWV�IROORZLQJ�YLEUDWLRQ�WUHDWPHQW��7KDW�VDLG��WKH�RYHUDOO�

ILQGLQJV�RI�WKH�PHWD�DQDO\VLV�IRU�WKH�SULPDU\�RXWFRPH�RI�IXQFWLRQDO�PRYHPHQW�GLG�QRW�VXSSRUW�WKH�

RXWFRPH�RI�PRYHPHQW�WLPH�IRU�D�UHDFKLQJ�WDVN��7KLV�LQFRQVLVWHQF\�FRXOG�EH�H[SODLQHG�E\�WKH�IDFW�

WKDW� QRW� DOO� IXQFWLRQDO�PHDVXUHV�XVH� WLPH� DV� WKH�PHDVXUHG�RXWFRPH�� ,Q� DGGLWLRQ�� WKH� IXQFWLRQDO�

DVVHVVPHQWV� WKDW� XVH� WLPH� WR� FRPSOHWH� WKH� PRYHPHQWV� LQFOXGH� D� EURDG� UDQJH� RI� XSSHU� OLPE�

IXQFWLRQDO�WDVNV��H�J���-HEVHQ±7D\ORU�KDQG�IXQFWLRQ�WHVW���,Q�FRQWUDVW��PRYHPHQW�WLPH�IRU�DQ�XSSHU�

OLPE�UHDFKLQJ�WDVN�PHDVXUHV�D�VLQJOH�W\SH�RI�IXQFWLRQDO�XSSHU�OLPE�PRYHPHQW�WKDW�PD\�EH�PRUH�

DIIHFWHG�E\�DQ\�LPSURYHPHQWV�UHODWHG�WR�WHQGRQ�PXVFOH�YLEUDWLRQ��,Q�RWKHU�ZRUGV��WHQGRQ�PXVFOH�

YLEUDWLRQ�PD\�EH�PRUH�HIIHFWLYH�IRU�VSHFLILF�XSSHU�OLPE�IXQFWLRQDO�PRYHPHQWV��L�H���UHDFKLQJ�WDVN��

PRUH� WKDQ� RWKHUV�� 0RUHRYHU�� PHDVXUHV� RI� UHDFKLQJ� WDVN� SHUIRUPDQFH� �H�J��� PRYHPHQW� WLPH��

UHDFWLRQ�WLPH��RI�WKH�XSSHU�OLPE�PD\�EH�OHVV�VXVFHSWLEOH�WR�YDULDELOLW\�GXH�WR�WKH�REMHFWLYLW\�RI�WKH�

DVVHVVRU�DV�ZHOO�DV�WKH�FRQWLQXRXV�QDWXUH�RI�WKH�GHSHQGHQW�PHDVXUH��WLPH���$GGLWLRQDO�UHVHDUFK�LV�

QHHGHG� WR� HVWDEOLVK� WKH� PRVW� UHOLDEOH� DQG� VHQVLWLYH� WDVNV� IRU� DVVHVVLQJ� XSSHU� OLPE� IXQFWLRQDO�

PRYHPHQW�SHUIRUPDQFH�RI�LQGLYLGXDOV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH��,Q�WKH�IROORZLQJ�VHFWLRQV�
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ZH�H[DPLQH�SRVVLEOH�H[SODQDWLRQV�IRU�WKH�ODFN�RI�VLJQLILFDQW�HIIHFWV�IRU�WKH�SULPDU\�DQG�VHFRQGDU\�

RXWFRPHV�5LERW�&LVFDU�HW�DO��� 

7R�WKH�EHVW�RI�RXU�NQRZOHGJH�WKH�FXUUHQW�OLWHUDWXUH�UHYLHZ�LV�QRYHO�DV�LW�LV�WKH�RQO\�OLWHUDWXUH�

UHYLHZ� DQG� PHWD�DQDO\VLV� WKDW� LV� IRFXVHG� VSHFLILFDOO\� RQ� D� VLQJOH� VRPDWRVHQVRU\� LQSXW�

�WHQGRQ�PXVFOH�YLEUDWLRQ��DV�D�WUHDWPHQW�IRU�D�VSHFLILF�SDWLHQW�SRSXODWLRQ��VWURNH���:H�GLG�ILQG�RQH�

V\VWHPDWLF�OLWHUDWXUH�UHYLHZ��$PDQ�HW�DO���������WKDW�DGGUHVVHG�WKH�HIIHFWV�RI�VRPDWRVHQVRU\�LQSXWV�

VXFK�DV�ZKROH�ERG\�YLEUDWLRQ��PDJQHWLF�VWLPXODWLRQ�DQG�DFXSXQFWXUH�DV�ZHOO� DV� WHQGRQ�PXVFOH�

YLEUDWLRQ�IRU�UHKDELOLWDWLRQ�LQ�SHUVRQV�ZLWK�QHXURSK\VLRORJLF�GLVHDVHV��$PDQ�HW�DO����������$PDQ�

HW�DO���������IRXQG�WKDW�ZKHQ�FKDQJHV�IURP�SUH��WR�SRVW�WHVW�ZHUH�DQDO\]HG�IRU�SHUVRQV�ZLWK�D�UDQJH�

RI� QHXURORJLFDO� GLVHDVHV� WKHUH� ZDV� D� ���� PHDQ� LPSURYHPHQW� LQ� PRWRU� SHUIRUPDQFH� ZLWK�

VRPDWRVHQVRU\� VWLPXODWLRQ�� ,Q� FRQWUDVW�� WKH� UHVXOWV� RI� WKH� SUHVHQW�PHWD�DQDO\VLV� IRXQG� WKDW� WKH�

YLEUDWLRQ�WUHDWPHQWV�XVHG�LQ�WKH�LQFOXGHG�WULDOV�GLG�QRW�KDYH�DQ\�VLJQLILFDQW�HIIHFW�RQ�WKH�IXQFWLRQDO�

PRYHPHQW�RI�SHUVRQV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH��7KH�PDMRU�GLIIHUHQFH�RI�WKH�FXUUHQW�UHYLHZ�

LV� WKDW� ZH� VSHFLILHG� D� SDUWLFXODU� VRPDWRVHQVRU\� WUHDWPHQW� DQG� SDWLHQW� SRSXODWLRQ�� ZKLFK� PD\�

H[SODLQ�WKH�FRQWUDGLFWRU\�ILQGLQJV��$W�WKLV�WLPH��LW�LV�XQFOHDU�LI�WKH�ODFN�RI�VLJQLILFDQW�ILQGLQJV�LQ�

WKH�SUHVHQW�DQDO\VLV�LV�GXH�WR�WKH�VPDOOHU�QXPEHU�RI�LQFOXGHG�WULDOV�RU�WKH�W\SH�RI�VRPDWRVHQVRU\�

WUHDWPHQW�� 

$�VHFRQG�SRVVLEOH�UHDVRQ�IRU�WKH�QXOO�ILQGLQJV�IRU�WKH�SULPDU\�RXWFRPH�PHDVXUH�LV�WKDW�WKH�

WULDOV�WKDW�ZH�LQFOXGHG�LQ�WKH�FXUUHQW�PHWD�DQDO\VLV�XVHG�YDULRXV�SURWRFROV�ZLWK�GLIIHUHQW�SDUDPHWHUV�

IRU� IUHTXHQF\�� DPSOLWXGH� DQG� ORFDWLRQ�RI� WHQGRQ�PXVFOH�YLEUDWLRQ� DQG� OHQJWK�RI� WUHDWPHQW�� �7R�

IXUWKHU�H[SORUH�WKH�VXEJURXS�DQDO\VHV�ZH�H[FOXGHG�WKH�VWXG\��&HOOHWWL�HW�DO���������WKDW�OHG�WR�WKH�

KHWHURJHQHLW\�LQ�WKH�SRROHG�GDWD��$IWHU�UHPRYLQJ�WKH�KHWHURJHQHLW\��UHVXOWV�RI�WKH�VXEJURXS�DQDO\VLV�

IRU� WKH�SULPDU\�RXWFRPH�RI� WKH�XSSHU� OLPE� IXQFWLRQDO�PRYHPHQW� UHYHDOHG� VRPH� WUHQGV� WRZDUG�

GLIIHUHQW�YLEUDWLRQ�SURWRFRO�SDUDPHWHUV��KRZHYHU��QRQH�RI�WKHVH�WUHQGV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��

6XEJURXS� DQDO\VHV� IRU� WKH� OHQJWK� RI� WUHDWPHQW� SURWRFRO� VKRZHG� WUHQGV� WRZDUGV� EHWWHU� PRWRU�

SHUIRUPDQFH� DIWHU� ORQJHU� WHQGRQ�PXVFOH� YLEUDWLRQ� SURWRFROV� �PRUH� WKDW� �� VHVVLRQV��� $OVR��

IXQFWLRQDO� PRYHPHQW� DVVHVVPHQWV� VKRZHG� WUHQGV� WRZDUG� EHWWHU� SHUIRUPDQFH� ZKHQ� YLEUDWLRQ�

DPSOLWXGH�ZDV�KLJKHU�WKDQ����PP��0RVW�RI�WKH�UHYLHZHG�VWXGLHV�XVHG�YLEUDWLRQ�IUHTXHQFLHV�DERYH�

��+]�DQG�XS� WR����+]��7KLV� UDQJH�RI� IUHTXHQF\� IRU� DSSOLFDWLRQ�RI�PXVFOH�WHQGRQ�YLEUDWLRQ� LV�

DSSURSULDWH� EHFDXVH� WKH� PHFKDQRUHFHSWRUV� �PDLQO\� ,D� DIIHUHQWV�� WKDW� DUH� WKH� WDUJHW� RI�

PXVFOH�WHQGRQ�YLEUDWLRQ�DUH�VHQVLWLYH�WR�WKLV�UDQJH��5ROO�	�9HGHO��������5ROO�HW�DO����������� 
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$QRWKHU�YDULDEOH�ZKHQ�FRQVLGHULQJ� WKH�SRVVLEOH�EHQHILWV�RI� WHQGRQ�PXVFOH�YLEUDWLRQ� IRU�

LQGLYLGXDOV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH�LV�WKH� ORFDWLRQ�RI�DSSOLFDWLRQ�RI�WKH�YLEUDWLRQ��L�H���

IOH[RU�YHUVXV�H[WHQVRU�PXVFOHV�RI�WKH�XSSHU�OLPE���2QFH�DJDLQ��WKHUH�LV�YDULDELOLW\�IURP�WULDO�WR�

WULDO��7ZR�RI�WKH�VWXGLHV��&DVDOH�HW�DO���������&RVWDQWLQR�HW�DO���������WKDW�DUH�LQFOXGHG�LQ�WKH�FXUUHQW�

V\VWHPDWLF�OLWHUDWXUH�UHYLHZ�DSSOLHG�YLEUDWLRQ�RQ�WKH�H[WHQVRU�PXVFOHV��DQWDJRQLVW�WR�WKH�VSDVWLF�

PXVFOH�JURXS�LQ�WKH�XSSHU�OLPE��DQG�WKH�UHVW�RI�WKH�LQFOXGHG�SDSHUV�XVHG�YLEUDWLRQ�RYHU�WKH�IOH[RU�

PXVFOH�JURXSV��DJRQLVW�RU�VSDVWLF���7KHUH�LV�HYLGHQFH�VKRZLQJ�WKDW�DSSOLFDWLRQ�RI�WKH�YLEUDWLRQ�RQ�

ERWK�WKH�DJRQLVW��VSDVWLF�� �0DUFRQL�HW�DO���������1RPD�HW�DO���������1RPD�HW�DO���������DQG�WKH�

DQWDJRQLVW��%LQGHU�HW�DO���������&RG\�HW�DO���������PXVFOHV�RI�WKH�XSSHU�OLPE�PD\�EH�EHQHILFLDO�IRU�

UHGXFLQJ� VSDVWLFLW\�� 7KHVH� WZR� YLEUDWLRQ� DSSOLFDWLRQ� SURWRFROV� KDYH� TXLWH� GLIIHUHQW� DFWLRQ�

PHFKDQLVPV�EXW�DOPRVW�WKH�VDPH�FOLQLFDO�UHVXOWV��0RUHRYHU��H[FHSW�RQH�WULDO��/LX�HW�DO���������/LX�

HW�DO����������PRVW�RI�WKH�LQFOXGHG�WULDOV�LQ�WKH�FXUUHQW�PHWD�DQDO\VLV�XVHG�YLEUDWLRQ�GXULQJ�YROXQWDU\�

LVRPHWULF� FRQWUDFWLRQ� RI� WKH� YLEUDWHG� PXVFOH�� +RZHYHU�� WKH� HIIHFWLYHQHVV� RI� WHQGRQ�PXVFOH�

YLEUDWLRQ� LQWHUYHQWLRQ� GXULQJ� GLIIHUHQW� PXVFOH� FRQWUDFWLRQ� VWDWHV�� RU� GXULQJ� PRYHPHQW� YHUVXV�

VWDWLRQDU\�VWDWHV��KDV�QRW�EHHQ�DGGUHVVHG�LQ�WKH�FXUUHQW�PHWD�DQDO\VLV�DQG�DOVR�ZDV�QRW�FRQVLGHUHG�

LQ�WKH�LQFOXGHG�WULDOV��+HQFH��LW�VHHPV�WKDW�WKHUH�LV�D�QHHG�IRU�PRUH�5&7V�WR� LQYHVWLJDWH�WKH�PRVW�

EHQHILFLDO�ORFDWLRQ�RI�DSSOLFDWLRQ�DQG�YLEUDWHG�PXVFOH�PRYHPHQW�FRQWUDFWLRQ�VWDWXV��$OWKRXJK�WKH�

UHVXOWV� RI� WKH� FXUUHQW�PHWD�DQDO\VLV� VKRZHG� D� WUHQG� IRU� DSSURSULDWH� DPSOLWXGH�RI� YLEUDWLRQ� DQG�

OHQJWK�RI�WUHDWPHQW��WKHUH�LV�D�QHHG�IRU�5&7V�ZLWK�PRUH�SDUWLFLSDQWV�WR�H[DPLQH�WKH�HYLGHQFH�EDVH�

EHIRUH�UHFRPPHQGLQJ�WHQGRQ�PXVFOH�YLEUDWLRQ�WUHDWPHQW�SURWRFROV��� 

)LQDOO\����RXW�RI���RI�WKH�LQFOXGHG�WULDOV��DQG���RXW�RI���VHOHFWHG�WULDOV�IRU�WKH�SULPDU\�RXWFRPH��

ZHUH�FRQGXFWHG� LQ� ,WDO\��7R�H[SORUH� WKH�SRVVLELOLW\�RI�FXOWXUDO�ELDV� WRZDUG�XVLQJ� WHQGRQ�PXVFOH�

YLEUDWLRQ�DV�D�PHWKRG�RI�UHKDELOLWDWLRQ�EDVHG�RQ�WKH�FRXQWU\�RI�RULJLQ��,WDO\�YV��HOVHZKHUH���ZH�

KDYH�SHUIRUPHG�D�VXEJURXS�DQDO\VLV�IRU�WKH�SULPDU\�RXWFRPH�PHDVXUH��7KLV�DQDO\VLV�UHYHDOHG�QR�

VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WULDOV�FRQGXFWHG�LQ�,WDO\�DQG�HOVHZKHUH� 

 6WXG\�/LPLWDWLRQV 

(YDOXDWLQJ�VFLHQWLILF�HYLGHQFH�RQ�WKH�HIIHFWLYHQHVV�RI�WHQGRQ�PXVFOH�YLEUDWLRQ�WUHDWPHQW�ZDV�

FKDOOHQJLQJ�JLYHQ�WKH�KHWHURJHQHLW\�LQ�WUHDWPHQW�SURWRFROV�SHUIRUPHG�DQG�DVVHVVPHQWV�XVHG��7KH�

FOLQLFDO�RXWFRPH�PHDVXUHV�XVHG�IRU�DVVHVVLQJ� WKH� IXQFWLRQDO�PRYHPHQW�DIWHU� WKH� WHQGRQ�PXVFOH�

YLEUDWLRQ�LQWHUYHQWLRQ�ZHUH�YDULDEOH��LQFOXGLQJ�)XQFWLRQDO�$ELOLW\�6FDOH�RI�:0)7��-HEVHQ�7D\ORU�
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+DQG�IXQFWLRQ�WHVW��%R[�	�%ORFN�WHVW��DQG�0RWRU�6WDWXV�6FRUH��7ZR�RI�WKHVH�VWDQGDUG�FOLQLFDO�VFDOHV�

�L�H���%R[�	�%ORFN�WHVW�DQG�-HEVHQ�7D\ORU�+DQG�IXQFWLRQ�WHVW��DUH�WLPH�EDVHG�DQG�FRQWLQXRXV�VFDOHV�

DQG� WZR�RI� WKHP��L�H���)XQFWLRQDO�$ELOLW\�6FDOH�RI�:0)7�DQG�0RWRU�6WDWXV�6FRUH��DUH�RUGLQDO�

VFRUH�EDVHG�VFDOHV��:ROI�PRWRU�IXQFWLRQ�WHVW�DOVR�KDV�D�WLPHG�VFDOH��EXW�ZH�ZHUH�QRW�DEOH�WR�XVH�

WLPHG�VFRUH�DV�KDOI�RI�WKH�LQFOXGHG�VWXGLHV��&DOLDQGUR�HW�DO���������&HOOHWWL�HW�DO���������0DUFRQL�HW�

DO���������IRU�WKH�SULPDU\�RXWFRPH�RI�PHDVXUHV�RI�IXQFWLRQDO�PRYHPHQW�KDG�WKH�RUGLQDO�)XQFWLRQDO�

$ELOLW\�6FDOH��)$6��UHVXOWV�LQ�FRPPRQ��+HQFH��RQH�OLPLWDWLRQ�RI�WKH�FXUUHQW�VWXG\�ZDV�WKDW�WKH�

RUGLQDO�DQG�FRQWLQXRXV�VFDOHV�ZHUH�SRROHG�WRJHWKHU�DQG� WUHDWHG�DV�FRQWLQXRXV�IRU� WKH�VWDWLVWLFDO�

DQDO\VHV�DQG�WKLV�YDULDELOLW\�FRXOG�EH�RQH�UHDVRQ�WKDW�D�VLJQLILFDQW�HIIHFW�RI�WHQGRQ�PXVFOH�YLEUDWLRQ�

ZDV�QRW�IRXQG�� 

:LWK�UHVSHFW�WR�WKH�WUHDWPHQW�SURWRFROV�XVHG�E\�WKH�LQFOXGHG�WULDOV��WKHUH�ZHUH�D�ZLGH�UDQJH�

RI� YLEUDWLRQ� SURWRFROV� �DPSOLWXGH� UDQJH�� �����PP�� IUHTXHQF\� UDQJH�� �������� DQG� QXPEHU� RI�

WUHDWPHQW�VHVVLRQV�������VHVVLRQV��WKDW�PDGH�GHWHFWLQJ�WKH�FRQWULEXWLRQ�RI�GLIIHUHQW�SDUDPHWHUV�IRU�

LPSURYLQJ�KDQG�PRWRU�SHUIRUPDQFH�RU�UHGXFLQJ�VSDVWLFLW\�GLIILFXOW�� 

'HVSLWH�WKHVH�FKDOOHQJHV��ZH�DGGUHVVHG�WKH�HIIHFW�RI�WKHVH�SDUDPHWHUV�RQ�WKH�DVVHVVHG�XSSHU�

OLPE� PRWRU� SHUIRUPDQFH� E\� VXEJURXS� DQDO\VHV�� KRZHYHU�� VXEJURXS� DQDO\VHV� RQ� OHQJWK� RI�

LQWHUYHQWLRQ�� IUHTXHQF\� DQG� DPSOLWXGH� RI� YLEUDWLRQ� UHYHDOHG� QR� VLJQLILFDQW� HIIHFWV�� $QRWKHU�

OLPLWDWLRQ�RI�WKH�FXUUHQW�UHYLHZ�LV�WKH�VPDOO�QXPEHU�RI�LQFOXGHG�WULDOV��VR�UHVXOWV�PXVW�EH�LQWHUSUHWHG�

FDXWLRXVO\� 

 &RQVLGHUDWLRQV�IRU�)XWXUH�5HVHDUFK 

,Q�WKH�IROORZLQJ�VHFWLRQ�ZH�RXWOLQH�D�QXPEHU�RI�FRQVLGHUDWLRQV�IRU�IXWXUH�UHVHDUFK�LQ�RUGHU�

WR�GHYHORS�D�PRUH�FRPSOHWH�XQGHUVWDQGLQJ�RI� WKH�SRVVLEOH�EHQHILWV�RI� WHQGRQ�PXVFOH�YLEUDWLRQ���

%DVHG�RQ�WKH�VWXGLHV�UHYLHZHG�ZH�KDYH�LGHQWLILHG�WKUHH�DUHDV�LQ�ZKLFK�WKHUH�ZDV�HLWKHU�PLQLPDO��

RU� QR�� FRQVLGHUDWLRQ� LQ� WKH� VWXGLHV� SXEOLVKHG� WR� GDWH�� 6SHFLILFDOO\�� TXDOLW\� RI� OLIH�� ORQJ� WHUP�

LPSDFW�WLPH�FRXUVH�RI�WKH�WUHDWPHQW�DQG�LQGLYLGXDO�SDWLHQW�FKDUDFWHULVWLFV��LQFOXGLQJ�SURSULRFHSWLYH�

VHQVLELOLW\��� 

$UJXDEO\��UHFRYHUHG�PRWRU�SHUIRUPDQFH�LV�RQO\�UHOHYDQW�LI�VWURNH�SDWLHQWV�DUH�DEOH�WR�UHWXUQ�

WR�DFWLYLWLHV�WKDW�DUH�PHDQLQJIXO�WR�WKHP��7KH�DGGLWLRQ�RI�D�TXDOLW\�RI�OLIH�DVVHVVPHQW�ZRXOG�SURYLGH�

D�PRUH� KROLVWLF� SLFWXUH� RI� WKH� HIIHFWV� RI� SK\VLFDO� UHKDELOLWDWLRQ� �.LP� HW� DO��� �������$PRQJ� WKH�

LQFOXGHG�VWXGLHV�RQO\�&RVWDQWLQR�HW�DO��������&RVWDQWLQR�HW�DO��������� LQFOXGHG�D�TXDOLW\�RI� OLIH�
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DVVHVVPHQW�WR�LQYHVWLJDWH�WKH�SRVVLEOH�EHQHILWV�RI�XVLQJ�WHQGRQ�YLEUDWLRQ�DV�D�UHKDELOLWDWLRQ�PHWKRG�

IRU� LQGLYLGXDOV� ZLWK� FKURQLF� VWURNH�� 6SHFLILFDOO\�� &RVWDQWLQR� HW� DO� LQFOXGHG� WKH� )XQFWLRQDO�

,QGHSHQGHQFH�0HDVXUH��),0��2WWHQEDFKHU�HW�DO���������DV�D�PHDVXUHPHQW�WRRO�IRU�DVVHVVLQJ�WKH�

HIIHFWV�RI� WHQGRQ�YLEUDWLRQ� WUHDWPHQW�RQ� WKH�FRJQLWLYH�DQG�SK\VLFDO�GLVDELOLW\�DQG�4XLFN'$6+�

6FRUH��7KH�'LVDELOLWLHV�RI�WKH�$UP��6KRXOGHU�DQG�+DQG�6FRUH��*XPPHVVRQ�HW�DO���������WR�PHDVXUH�

XSSHU�OLPE�UHODWHG�GLVDELOLWLHV�GXULQJ�DFWLYLWLHV�RI�GDLO\�OLYLQJ��7KH�UHVXOWV�RI�WKHVH�WZR�DVVHVVPHQWV�

VKRZHG� WKDW� WKH� JURXS� RI� SDUWLFLSDQWV� ZKR� UHFHLYHG� WHQGRQ�PXVFOH� YLEUDWLRQ� KDG� PRUH�

LPSURYHPHQW� LQ� WKHLU� TXDOLW\� RI� OLIH� DV� LW� UHODWHV� WR� SHUIRUPLQJ� DFWLYLWLHV� RI� GDLO\� OLYLQJ�ZKHQ�

FRPSDUHG� WR� WKH� JURXS� WKDW� UHFHLYHG� VKDP� WKHUDS\�� +HQFH�� LQ� DGGLWLRQ� WR� PRWRU� SHUIRUPDQFH�

DVVHVVPHQWV��ZH�DOVR�HQFRXUDJH�DGGLQJ�FOLQLFDOO\�UHOHYDQW�DVVHVVPHQW�RI�TXDOLW\�RI�OLIH�LQ�IXWXUH�

VWXGLHV� 

$�VLJQLILFDQW�DVSHFW�RI�DQ\�UHKDELOLWDWLRQ�LQWHUYHQWLRQ�LV�WKH�ORQJ�WHUP�HIIHFWV�RI�WKH�WUHDWPHQW��

$PRQJ�WKH�LQFOXGHG�VWXGLHV�LQ�WKH�FXUUHQW�PHWD�DQDO\VLV��RQO\�D�IHZ�VWXGLHV�UHSRUWHG�IROORZ�XS�

DVVHVVPHQW� UHVXOWV� �&DOLDQGUR�HW�DO���������0DUFRQL�HW�DO���������7DYHUQHVH�HW� DO����������7KHVH�

ORQJ�WHUP� IROORZ�XSV�ZHUH� GRQH� DW� RQH�ZHHN� WR� RQH�PRQWK� SRVW�WUHDWPHQW� SHULRGV��2YHUDOO�� LW�

VHHPV�WKDW�D�EULHI�WUHDWPHQW�SHULRG�DV�VKRUW�DV�WKUHH����PLQXWH�VHVVLRQV�KDV�WKH�SRWHQWLDO�IRU�D�ORQJ�

WHUP�LPSURYHPHQW�LQ�XSSHU�OLPE�IXQFWLRQ��L�H���XS�WR�RQH�PRQWK�DV�UHSRUWHG�LQ��&DOLDQGUR�HW�DO���

��������7R�IXOO\�XQGHUVWDQG�WKH�UROH�RI�WHQGRQ�PXVFOH�YLEUDWLRQ�LQ�SRVW�VWURNH�UHKDELOLWDWLRQ��ZH�

VXJJHVW�IXWXUH�VWXGLHV�LQFOXGH�ORQJHU�SHULRGV�RI�IROORZ�XS� 

$QRWKHU�LPSRUWDQW�LVVXH�IRU�GHVLJQLQJ�IXWXUH�FOLQLFDO�WULDOV�UHJDUGLQJ�DSSOLFDWLRQ�RI�WHQGRQ�PXVFOH�

YLEUDWLRQ� LQ� LQGLYLGXDOV� ZLWK� VWURNH� LV� WKH� SURSULRFHSWLYH� VHQVLELOLW\� RI� WKH� SDWLHQWV�� :KLOH�

WHQGRQ�PXVFOH�YLEUDWLRQ�LV�DSSOLHG�ZLWK�WKH�FDSDFLW\�WR�VWLPXODWH�WKH�PHFKDQRUHFHSWRUV�WKDW�DUH�LQ�

FKDUJH�RI�SURSULRFHSWLRQ�VHQVLELOLW\��LW�VHHPV�WKDW�EDVHOLQH�SURSULRFHSWLRQ�LPSDLUPHQWV�LQ�VWURNH�

SDWLHQWV�FRXOG�EH�DQ�LPSRUWDQW�IDFWRU�LQ�WKHLU�SRWHQWLDO�WR�EHQHILW�IURP�WKLV�WUHDWPHQW��+HQFH��IXWXUH�

VWXGLHV�VKRXOG�KDYH� LQFOXVLRQ� FULWHULD�RU�EDVHOLQH�GDWD�EDVHG�RQ� LPSDLUPHQWV� LQ�SURSULRFHSWLRQ��

)LQDOO\��JLYHQ�WKH�FXUUHQW�LQWHUHVW�LQ�XVLQJ�ZHDUDEOH�WHFKQRORJLHV��6KXOO�	�'DPLDQ���������IXWXUH�

VWXGLHV�FDQ�LQYHVWLJDWH�WKH�SRVVLEOH�EHQHILWV�RI�LQWHJUDWLQJ�WKH�DSSURSULDWH�YLEUDWRU\�VWLPXODWLRQ�LQ�

D�ZHDUDEOH�GHYLFH�DQG�WKH�EHQHILWV�WR�SHUFHSWXDO�DQG�PRWRU�SHUIRUPDQFH�LQ�LQGLYLGXDOV�SRVW�VWURNH�� 
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 &RQFOXVLRQ 

:H�DUH�FRQILGHQW�WKDW�RXU�H[WHQVLYH�VHDUFK�VWUDWHJ\�DFURVV�PXOWLSOH�GDWDEDVHV�LGHQWLILHG�DOO�

UHOHYDQW� WULDOV� WR� GDWH�� :H� PDGH� PXOWLSOH� FRQWDFWV� ZLWK� LQYHVWLJDWRUV� WR� REWDLQ� DGGLWLRQDO�

LQIRUPDWLRQ�RQ�SXEOLVKHG�VWXGLHV�DQG�SHUIRUPHG�WKRURXJK�DVVHVVPHQWV�RI�ELDV�DQG�TXDOLW\�RI�WKH�

LQFOXGHG�WULDOV��$OVR��ZH�H[SORUHG�SRWHQWLDO�VRXUFHV�RI�FOLQLFDO�DQG�VWDWLVWLFDO�KHWHURJHQHLW\�ZLWK�D�

SULRUL�GHILQHG�VXEJURXS�DQDO\VHV��:H�IRXQG�WKDW�WKH�XVH�RI�WHQGRQ�PXVFOH�YLEUDWLRQ�LQ�LQGLYLGXDOV�

ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH�ZDV�QRW�DVVRFLDWHG�ZLWK�VLJQLILFDQW�LPSURYHPHQW�LQ�IXQFWLRQDO�

PRYHPHQWV�RI�WKH�XSSHU�OLPE�DQG�GLG�QRW�UHGXFH�VSDVWLFLW\��7KH�UHVXOWV�RI�WKH�VHFRQGDU\�RXWFRPH�

RI�PRYHPHQW�WLPH�WR�FRPSOHWH�D�UHDFKLQJ�WDVN�VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�IDVWHU�PRYHPHQWV�

IRU�WKH�JURXS�WKDW�UHFHLYHG�WKH�WHQGRQ�PXVFOH�YLEUDWLRQ�WUHDWPHQW���+RZHYHU��WKHVH�UHVXOWV�PXVW�EH�

LQWHUSUHWHG�FDXWLRXVO\�GXH�WR�WKH�VPDOO�QXPEHU�RI�WULDOV�FRQWULEXWLQJ�WR�WKH�PHWD�DQDO\VHV��/DUJHU�

UDQGRPL]HG�FRQWUROOHG�WULDOV�ZLWK�WKH�SXUSRVH�RI�FODULI\LQJ�WKH�PRVW�EHQHILFLDO�ORFDWLRQ�RI�YLEUDWLRQ��

PXVFOH�FRQWUDFWLRQ�PRYHPHQW�VWDWXV�ZKLOH�YLEUDWLRQ�LV�EHLQJ�DSSOLHG��DPSOLWXGH�RI�DSSOLFDWLRQ�RI�

YLEUDWLRQ� DV� ZHOO� DV� WKH� RSWLPDO� OHQJWK� RI� WUHDWPHQW� ZLOO� DGG� FODULW\� WR� SRVVLEOH� EHQHILWV� RI�

WHQGRQ�PXVFOH�YLEUDWLRQ��)LQDOO\�� LQYHVWLJDWLQJ�SDWLHQW�UHODWHG�RXWFRPHV� DUH� UHTXLUHG� WR� IXUWKHU�

H[SORUH�WKH�EHQHILWV�DQG�KDUPV�RI�WKLV�LQWHUYHQWLRQ���$W�WKLV�WLPH��WKHUH�LV�LQVXIILFLHQW�HYLGHQFH�DQG�

D�QHHG�IRU�PRUH�GDWD�IURP�5&7V�EHIRUH�UHFRPPHQGLQJ�WHQGRQ�PXVFOH�YLEUDWLRQ�DV�URXWLQH�WKHUDS\�

IRU�SHUVRQV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH� 

&RQIOLFWV� RI� LQWHUHVW��²7KH� DXWKRUV� FHUWLI\� WKDW� WKHUH� LV� QR� FRQIOLFW� RI� LQWHUHVW�ZLWK� DQ\�

ILQDQFLDO�RUJDQL]DWLRQ�UHJDUGLQJ�WKH�PDWHULDO�GLVFXVVHG�LQ�WKH�PDQXVFULSW� 

)XQGLQJ��²1L\RXVKD�0RUWD]D� LV� EHLQJ� VXSSRUWHG� E\�8QLYHUVLW\� RI�0DQLWRED�*UDGXDWH�

)HOORZVKLS� DQG�5HVHDUFK�0DQLWRED�3K'� VWXGHQWVKLS���&KHU\O�0��*OD]HEURRN� FXUUHQWO\�KROGV� D�

'LVFRYHU\� JUDQW� �5*3,�1�������������� IURP� WKH�1DWXUDO� 6FLHQFHV� DQG�(QJLQHHULQJ�5HVHDUFK�

&RXQFLO��16(5&��RI�&DQDGD� 
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FKDOOHQJHV 

1L\RXVKD�0RUWD]D�����&KHU\O�0��*OD]HEURRN� 
��3URJUDP�RI�$SSOLHG�+HDOWK�6FLHQFHV��8QLYHUVLW\�RI�0DQLWRED 

���)DFXOW\�RI�.LQHVLRORJ\�DQG�5HFUHDWLRQ�0DQDJHPHQW��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��

0DQLWRED��&DQDGD� 

 

&RQWULEXWLRQV�RI�$XWKRUV�WR�7KH�0DQXVFULSW 

1�0�� GHVLJQHG� WKH� VWXG\� SURWRFRO� DQG� GHVLJQHG� DQG� PDQXIDFWXUHG� WKH� PXVFOH�WHQGRQ�

YLEUDWLRQ� GHYLFH�ZLWK� WKH� DFFHOHURPHWHU� IRU� YLEUDWLRQ� FKDUDFWHULVWLFV�PHDVXUHPHQWV��1�0�� DOVR�

FROOHFWHG��UHGXFHG��DQG�DQDO\]HG��WKH�H[SHULPHQWDO�GDWD��&�*�FROODERUDWHG�ZLWK�GDWD�DQDO\VLV��1�0��

SUHSDUHG� WKH� DEVWUDFW� DQG� WKH�SRVWHU� IRU� SUHVHQWDWLRQ� DW� WKH�&DQDGLDQ�6RFLHW\� IRU�3V\FKRPRWRU�

/HDUQLQJ�DQG�6SRUW�3V\FKRORJ\��6&$336�������FRQIHUHQFH��1�0��DQG�&�*��FULWLFDOO\�UHYLVHG�WKH�

GUDIW� RI� WKH� DEVWUDFW� DQG� WKH� SRVWHU� IRU� LQWHOOHFWXDO� FRQWHQW� DQG� DSSURYHG� WKH� ILQDO� GUDIW� IRU�

VXEPLVVLRQ�WR�WKH�6&$336������FRQIHUHQFH�� 

 

3UHIDFH 

7KH�ILUVW�WZR�VWXGLHV�LQFOXGHG�LQ�WKH�FXUUHQW�WKHVLV�KLJKOLJKWHG�DQG�FODULILHG�WKH�FRQWULEXWLRQ�

RI�SURSULRFHSWLRQ�LQ�WKH�FRQWURO�RI�IXQFWLRQDO�XSSHU�OLPE�PRYHPHQWV��DQG�WKH�OLWHUDWXUH�UHYLHZ�LQ�

WKH� WKLUG� VWXG\� GHWHUPLQHG� WKH� HIIHFWLYHQHVV� RI�079� RQ� LPSURYLQJ� WKH� HIILFDF\� RI� IXQFWLRQDO�

PRYHPHQWV� DV� ZHOO� DV� FKDUDFWHUL]HG� WKH� RSWLPDO� WKHUDSHXWLF�079� LQ� WHUPV� RI� DPSOLWXGH� DQG�

IUHTXHQF\��6R��LQ�WKH�FXUUHQW�VWXG\�D�ZHDUDEOH�UHKDELOLWDWLRQ�GHYLFH�ZDV�GHVLJQHG�DQG�PDQXIDFWXUHG��



 

 �� 

$OVR��D�SUDFWLFDO�PHWKRG�KDV�EHHQ�HVWDEOLVKHG�WR�PHDVXUH�WKH�FKDUDFWHULVWLFV�RI�WKH�PXVFOH�WHQGRQ�

YLEUDWLRQ� XVLQJ� DIIRUGDEOH� DFFHOHURPHWHUV� LQ� RUGHU� WR� PDLQWDLQ� WKH� WKHUDSHXWLF� 079� LQ� WKH�

IUHTXHQF\�UDQJH�WKDW�WDUJHWV�WKH�PXVFOHV�VSLQGOHV��7KLV�PHDVXUHPHQW�PHWKRG�ZDV�DSSOLHG�LQ�WKH�

ODVW�VWXG\�IRU�DGMXVWLQJ�DQG�NHHSLQJ�WKH�079�VWLPXODWLRQ�DW�WKH�RSWLPDO�OHYHO��7KH�DEVWUDFW�RI�WKH�

SUHOLPLQDU\�ILQGLQJV�RI�WKH�FXUUHQW�VWXG\�ZDV�SXEOLVKHG�DW�WKH�-RXUQDO�RI�([HUFLVH��0RYHPHQW��DQG�

6SRUW��6&$336�UHIHUHHG�DEVWUDFWV�UHSRVLWRU\���7KH�IROORZLQJ�DEVWUDFW�LV�SUHVHQWHG�DV�VXEPLWWHG�WR�

WKH�6&$336�FRQIHUHQFH�LQ�������7KH�FRPSOHWHG�UHSRUW�RI�WKLV�VWXG\�ZDV�SUHVHQWHG�DV�D�SRVWHU�LQ�

WKH�6&$336������FRQIHUHQFH�� 
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$EVWUDFW 

8VLQJ� PXVFOH�WHQGRQ� YLEUDWLRQ� WR� VWLPXODWH� PHFKDQRUHFHSWRUV� �PDLQO\� ,D� DIIHUHQWV�� LQ�

UHKDELOLWDWLRQ� UHVHDUFK� LV� LQFUHDVLQJ� LQ�SRSXODULW\��0XVFOH�WHQGRQ�YLEUDWLRQ�FDQ�DOVR�EH�XVHG� WR�

VWLPXODWH� WKH� PHFKDQRUHFHSWRUV� ZLWK� WKH� JRDO� RI� DWWHQXDWLQJ� SURSULRFHSWLRQ�� )RU� WKHUDSHXWLF�

SXUSRVHV�YLEUDWLRQ�PXVW�EH�ZLWKLQ�NQRZQ�DPSOLWXGH�a���PP��DQG�IUHTXHQF\�������+]��UDQJHV��

+RZHYHU�� WKHUH� LV� QR� VWDQGDUG� DQG� SRUWDEOH� PHWKRG� HVWDEOLVKHG� IRU� PHDVXULQJ� YLEUDWLRQ�

FKDUDFWHULVWLFV��7KH�DLP�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�WKH�PRYHPHQWV�

RI�D�YLEUDWLRQ�PRWRU�DQG�H[SORUH�WKH�IHDVLELOLW\�RI�XVLQJ�DQ�DIIRUGDEOH�DFFHOHURPHWHU�WR�PHDVXUH�

YLEUDWLRQ�FKDUDFWHULVWLFV��0RYHPHQWV�RI�D�VPDOO�YLEUDWLRQ�PRWRU�PRXQWHG�RQ�D�SDUWLFLSDQW¶V�ZULVW�

ZHUH� VLPXOWDQHRXVO\� PHDVXUHG� XVLQJ� DQ� 2SWRWUDN� �'� ,QYHVWLJDWRU� DQG� DFFHOHURPHWHU�� )LYH�

YLEUDWLRQ� LQWHQVLWLHV� ���������������������� PRWRU� FDSDFLW\�� ZHUH� PHDVXUHG� IRU� ILYH� ���

VHFRQG� WULDOV� HDFK�� 7KH� PDLQ� RXWFRPH� PHDVXUHV� ZHUH� IUHTXHQF\�� GLVSODFHPHQW�� DQG� SHDN�

DFFHOHUDWLRQ�RI�WKH�YLEUDWLRQ�IURP�WKH�2SWRWUDN�DQG�DFFHOHURPHWHU��3HDUVRQ�FRUUHODWLRQV�VKRZHG�D�

VWURQJ�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�DFFHOHURPHWHU�DQG�2SWRWUDN�PHDVXUHPHQWV�DQG�W�WHVW�VKRZHG�

QR� VLJQLILFDQW� GLIIHUHQFHV�EHWZHHQ� WKH� IUHTXHQF\� PHDVXUHPHQWV� RI� WKH� WZR�PHWKRGV��$OWKRXJK�

3HDUVRQ�FRUUHODWLRQ�DOVR�VKRZHG�VWURQJ�FRUUHODWLRQ�EHWZHHQ�GLVSODFHPHQW�PHDVXUHPHQWV�RI� WKH�

DFFHOHURPHWHU�DQG�2SWRWUDN�IRU�KLJKHU�YLEUDWLRQ�LQWHQVLWLHV��W�WHVWV�UHYHDOHG�D�VLJQLILFDQW�GLIIHUHQFH�

�S������� EHWZHHQ� WKH� GLVSODFHPHQWV�PHDVXUHG� E\� DFFHOHURPHWHU� DQG� WKH�2SWRWUDN��+HQFH�� WKH�

UHVXOWV�RI�WKH�FXUUHQW�VWXG\�VKRZHG�WKDW�DFFHOHURPHWHU�PHDVXUHPHQWV�FRXOG�RQO\�EH�YDOLGDWHG�IRU�

YLEUDWLRQ�IUHTXHQF\�PHDVXUHPHQWV��EXW�DFFHOHURPHWHU�PHDVXUHPHQWV�IRU�YLEUDWLRQ�DPSOLWXGH�FRXOG�

QRW�EH�YDOLGDWHG�ZLWK�WKH�2SWRWUDN�PHDVXUHPHQWV�� 

 

 %DFNJURXQG�DQG�2EMHFWLYHV 

7KHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�WKH�HYLGHQFH�LQ�WKH�SDVW�WHQ�\HDUV�IRU�XVLQJ�PXVFOH�WHQGRQ�

YLEUDWLRQ� �079�� WR� VWLPXODWH� ,D� DIIHUHQWV� IRU� UHKDELOLWDWLRQ� RI� FRQGLWLRQV� ZLWK� SURSULRFHSWLRQ�

GHILFLHQF\�DQG�PXVFXODU�VSDVWLFLW\� �$PDQ�HW�DO���������0RUWD]D�HW�DO����������7KH�ILQGLQJV�RI�D�

OLWHUDWXUH� UHYLHZ�DQG�PHWD�DQDO\VLV� E\�0RUWD]D� HW� DO�� VKRZHG� WKDW� IRU� WKHUDSHXWLF� SXUSRVHV� WKH�

DPSOLWXGH�DQG�IUHTXHQF\�RI�079�VKRXOG�EH�DERXW����PP�RU�KLJKHU�DQG��������+]�UHVSHFWLYHO\�

�0RUWD]D�HW�DO����������7KHVH�079�FKDUDFWHULVWLFV�DUH�DSSURSULDWH�EHFDXVH�PXVFOH�VSLQGOHV��WKDW�



 

 �� 

DUH� WKH�PDLQ� WDUJHW� RI� YLEUDWLRQ� WUHDWPHQW�� KDYH� VKRZQ� WR� EH� VHQVLWLYH� WR� YLEUDWLRQ�ZLWKLQ� WKH�

PHQWLRQHG�DPSOLWXGH�DQG�IUHTXHQF\�UDQJHV��5ROO�	�9HGHO��������5ROO�HW�DO����������0RVW�RI�WKH�

VWXGLHV�WKDW�XVHG�079�KDYH�QRW�UHSRUWHG�D�TXDQWLWDWLYH�PHWKRG�WR�PHDVXUH�WKH�YLEUDWLRQ�SDUDPHWHUV�

EHIRUH�RU�GXULQJ�WKH�H[SHULPHQWV��$OVR��WKHUH�LV�QR�VWDQGDUG�DQG�SRUWDEOH�PHWKRG�HVWDEOLVKHG�IRU�

PHDVXULQJ�YLEUDWLRQ�FKDUDFWHULVWLFV��+HQFH��WKH�REMHFWLYHV�RI�WKH�FXUUHQW�VWXG\�ZHUH�WR��L��GHVLJQ�D�

SRUWDEOH� YLEUDWLRQ� GHYLFH� ZLWK� DGMXVWDEOH� YLEUDWLRQ� IUHTXHQF\� DQG� DPSOLWXGH�� LL�� GHVFULEH� WKH�

FKDUDFWHULVWLFV�RI� WKH�PRYHPHQWV�RI� WKH�YLEUDWLRQ�PRWRU�� LLL��H[SORUH� WKH� IHDVLELOLW\�RI�XVLQJ�DQ�

DIIRUGDEOH�DFFHOHURPHWHU�WR�PHDVXUH�YLEUDWLRQ�FKDUDFWHULVWLFV��7KH�WLJKWQHVV�RI�WKH�FRQWDFW�RI�DQ�

HFFHQWULF� URWDWLQJ�PDVV� �(50��YLEUDWLRQ�PRWRU� DJDLQVW� WKH� VNLQ� FDQ� HDVLO\� DIIHFW� WKH�YLEUDWLRQ�

DPSOLWXGH� DQG� IUHTXHQF\�� ,Q� RUGHU� WR� EH� FHUWDLQ� WKDW� WKH� YLEUDWLRQ� H[SHULHQFHG� LV� ZLWKLQ� D�

WKHUDSHXWLF�UDQJH��LQ�WKH�SUHVHQW�VWXG\�DQ�DIIRUGDEOH�PHWKRG�ZDV�GHYHORSHG�WR�PHDVXUH�YLEUDWLRQ�

SDUDPHWHUV� XVLQJ� DQ� DFFHOHURPHWHU�� 7R� YDOLGDWH� WKH� DFFHOHURPHWHU� PHWKRG�� DFTXLUHG� YLEUDWLRQ�

SDUDPHWHUV�XVLQJ�WKH�DFFHOHURPHWHU�ZHUH�FRPSDUHG�ZLWK�WKH�RXWFRPHV�PHDVXUHG�E\�D�JROG�VWDQGDUG�

PHWKRG�XVLQJ�D�KLJK�SUHFLVLRQ�PRWLRQ�FDSWXUH�V\VWHP� 

 0DWHULDO�DQG�PHWKRGV 

5.2.1 9LEUDWLRQ�'HYLFH 

,Q�WKLV�VWXG\�D�QRYHO�PXVFOH�WHQGRQ�YLEUDWLRQ�EDQG�ZDV�GHVLJQHG��,Q�RUGHU�WR�JHQHUDWH�WKH�

YLEUDWLRQ� WKDW�VWLPXODWHV� WKH�PXVFOH�VSLQGOHV�� WZR�(50�YLEUDWLRQ�PRWRUV�ZHUH�PRXQWHG�RQ� WKH�

SDUWLFLSDQW¶V� ZULVW� ZLWK� HODVWLFL]HG� WDSH� �/HXNRWDSH�� 3��� $� ZHDUDEOH� $UGXLQR�FRPSDWLEOH�

PLFURFRQWUROOHU�DORQJ�ZLWK�D�PRWRU�GULYHU��$GDIUXLW�,QGXVWULHV��1HZ�<RUN��1<��86$��ZDV�XVHG�WR�

FRQWURO� WKH� YLEUDWLRQ�PRWRUV��$Q� DSSURSULDWH� YLEUDWLRQ�PRWRU�ZDV� VHOHFWHG� E\� WHVWLQJ� GLIIHUHQW�

YLEUDWLRQ�PRWRUV��ZLWK�GLIIHUHQW�YROWDJH�LQSXWV��XVLQJ�DQ�2SWRWUDN�PRWLRQ�FDSWXUH�V\VWHP��1RUWKHUQ�

'LJLWDO�,QF���&DQDGD��XQWLO�WKH�SUHFLVH�YLEUDWLRQ�SDUDPHWHUV�ZHUH�DFTXLUHG� 

5.2.2 ([SHULPHQWDO�3URFHGXUH�DQG�0HDVXUHPHQW�7RROV 

7KH�DFFHOHURPHWHU�XVHG�LQ�WKH�FXUUHQW�VWXG\�ZDV�$6;/����DQDORJXH�DFFHOHURPHWHU�ZLWK�D�

VHQVLWLYLW\�RI����ௗJ��$FFHOHUDWLRQ�GDWD�ZDV�UHDG�DQG�UHFRUGHG�DW�VDPSOLQJ�UDWH�RI�������+]�XVLQJ�

&('� 3RZHU����GDWD� DFTXLVLWLRQ� LQWHUIDFH� �&DPEULGJH� (OHFWURQLF� 'HVLJQ�� 8.��� ,Q� RUGHU� WR�

FDOLEUDWH�WKH�DFFHOHURPHWHU�D�OHYHO�ZDV�XVHG�WR�DOLJQ�WKH�DFFHOHURPHWHU�LQ�WKH�SRVLWLYH�DQG�QHJDWLYH�



 

 �� 

=�D[LV�GLUHFWLRQV�WR�DFTXLUH�WKH�DFFHOHURPHWHU�YROWDJH�RXWSXW�IRU�SRVLWLYH�DQG�QHJDWLYH��J�P�V���$Q�

2SWRWUDN� �'� ,QYHVWLJDWRU�PRWLRQ� DQDO\VLV� V\VWHP�ZDV� XVHG� DV� WKH� JROG� VWDQGDUG�PHDVXUHPHQW�

PHWKRG� WR�FRPSDUH�DQG�YDOLGDWH� WKH�PHDVXUHPHQWV� RI� WKH�DFFHOHURPHWHU�� ,Q�RUGHU� WR�EH�DEOH� WR�

PHDVXUH�VPDOO�YLEUDWLRQ�DPSOLWXGH��L�H�����PP��RI�WKH�PRWRU�XVLQJ�WKH�2SWRWUDN��WKH�PRWRU�KDG�WR�

EH�SODFHG�DW�WKH�RSWLPDO�DQJOH�DQG�GLVWDQFH�WR�WKH�2SWRWUDN�SRVLWLRQ�VHQVRU��7KDW�LV��WKH�YLEUDWLRQ�

PRYHPHQW�PXVW�RFFXU�LQ�WKH�=�D[LV�DQG�LQ�IURQW�RI�WKH�2SWRWUDN�PHDVXUHPHQW�YROXPH��ZKLFK�LV�

����PHWHU�IURP�WKH�FDPHUDV��2SWRWUDN�GDWD�ZDV�VDPSOHG�DW����+]��%RWK� LQIUDUHG� OLJKW�HPLWWLQJ�

GLRGH��,5('��VHQVRUV�RI�WKH�2SWRWUDN�DQG�WKH�DFFHOHURPHWHU�ZHUH�VHFXUHG�WR�WKH�YLEUDWLRQ�PRWRU��

7KH� YLEUDWLRQ� PRWRU� ZDV� PRXQWHG� RQ� RQH� SDUWLFLSDQW¶V� ZULVW� XVLQJ� WKH� HODVWLFL]HG� WDSH�� 7KH�

SDUWLFLSDQW¶V�ZULVW�ZDV�VXSLQDWHG��ZLWK�WKHLU�OLPE�SHUSHQGLFXODU�WR�WKH�2SWRWUDN��)LJXUH�������7KH�

2SWRWUDN�UHFRUGHG�WKH�SRVLWLRQ�GDWD�RI�WKH�YLEUDWLRQ�PRYHPHQW�LQ�WKH�=�D[LV��7KH�PRWRU�YLEUDWHG�

DW�ILYH�GLIIHUHQW�LQWHQVLWLHV�SUHVHQWHG�DV�SHUFHQWDJH�RI�WKH�PD[LPXP�LQSXW�YROWDJH�FDSDFLW\�IRU�WKH�

PRWRU����������������������������)LYH�VHWV�RI����VHFRQG�WULDOV�ZHUH�FRQGXFWHG�IRU�HDFK�RI�WKH�

ILYH� LQWHQVLWLHV� �WRWDO� RI� ��� WULDOV�� ZKLOH� WKH� 2SWRWUDN� DQG� &('� VLPXOWDQHRXVO\� UHFRUGHG� WKH�

YLEUDWLRQ�GDWD�� 

 

 
)LJXUH�����%RWK�DFFHOHURPHWHU�DQG�,5('�DWWDFKHG�WR�WKH�(50�PRWRU�RQ�WKH�SDUWLFLSDQW¶V�ZULVW� 

 



 

 ��� 

5.2.3 'DWD�$QDO\VLV 

7KH�DFFHOHUDWLRQ�GDWD�IURP�WKH�DFFHOHURPHWHU�ZDV�ILOWHUHG�DQG�GRXEOH�LQWHJUDWHG�WR�DFTXLUH�

WKH�DPSOLWXGH�RI�YLEUDWLRQ��$IWHU�HDFK�LQWHJUDWLRQ��EDQGSDVV�%XWWHUZRUWK�ILOWHUV��������+]��ZHUH�

XVHG�WR�PLQLPL]H�QRLVH�DQG�'&�FRPSRQHQW�LQ�WKH�DFFHOHURPHWHU�VLJQDO��7KH�EDQGZLGWK�RI�WKH�ILOWHU�

ZDV�GHWHUPLQHG�EDVHG�RQ�WKH�IUHTXHQF\�FRQWHQW�DQDO\VLV�RI�WKUHH�PLQXWHV�RI�UHFRUGLQJ�DW��������

YLEUDWLRQ� LQWHQVLWLHV�� �0RUHRYHU�� WKH� IUHTXHQF\� FRQWHQW� RI� WKH�YLEUDWLRQ�ZDV� DVVHVVHG�XVLQJ� WKH�

DFFHOHUDWLRQ�GDWD��)LOWHULQJ��GDWD�UHGXFWLRQ�DQG�DQDO\VLV�ZHUH�SHUIRUPHG�XVLQJ�D�FXVWRP�VRIWZDUH�

GHVLJQHG�LQ�0$7/$%��7KH�0DWK:RUNV�,QF���86���3OHDVH�VHH�GHWDLOV�RI�WKH�VRIWZDUH�LQ�$SSHQGL[�

���7KH�PDLQ�GHSHQGDQW�YDULDEOHV�ZHUH�SHDN�WR�SHDN�DPSOLWXGH�RI�YLEUDWLRQ�DQG�IUHTXHQF\�RI�WKH�

YLEUDWLRQ� PHDVXUH� E\� ERWK� 2SWRWUDN� DQG� DFFHOHURPHWHU�� 7KH� DYHUDJH� YLEUDWLRQ� IUHTXHQF\� DQG�

DPSOLWXGH�GDWD�IURP�HDFK����VHFRQG�WULDO�ZDV�XVHG�IRU�GDWD�DQDO\VHV��7KDW�LV��WKH�DPSOLWXGH�DQG�

IUHTXHQF\�GDWD�IURP�WKH�WRWDO�RI����WULDOV�IRU�WKH�ILYH�YLEUDWLRQ�LQWHQVLWLHV������������ZHUH�XVHG�

IRU�VWDWLVWLFDO�DQDO\VHV��7R�FRPSDUH�DQG�YDOLGDWH�WKH�DFFHOHURPHWHU�PHWKRG�ZLWK�WKH�2SWRWUDN��DQ�

LQGHSHQGHQW� VDPSOH� W�WHVW� ZDV� XVHG� WR� FRPSDUH� WKH�PHDQ� RI� WKH� YDULDEOH� DFTXLUHG� ZLWK� WKHVH�

PHWKRGV��0RUHRYHU��%ODQG�$OWPDQ�SORWV�ZHUH�JHQHUDWHG��,Q�WKHVH�JUDSKV�WKH�GLIIHUHQFH�EHWZHHQ�

WKH�PHDVXUHPHQWV�RI�WKH�WZR�PHWKRGV�LV�SORWWHG�DJDLQVW�WKH�PHDQ�RI�WKHVH�PHDVXUHPHQWV�XVLQJ�WKH�

WZR�PHWKRGV� �%ODQG�	�$OWPDQ���������%ODQG�$OWPDQ�SORWV�KHOS�HYDOXDWH� WKH�ELDV�RI� WKH�PHDQ�

GLIIHUHQFH�RI� WKH� WZR�PHWKRGV�DQG� WR�GHILQH� DQ�DJUHHPHQW� LQWHUYDO�ZLWKLQ�ZKLFK�����RI� WKHVH�

GLIIHUHQFHV�IHOO��%ODQG�	�$OWPDQ��������*LDYDULQD���������8SSHU�DQG�ORZHU�OHYHOV�RI�DJUHHPHQW�

ZHUH�FDOFXODWHG�DV�������VWDQGDUG�GHYLDWLRQ�IURP�WKH�PHDQ�GLIIHUHQFH��*LDYDULQD�������� 

3HDUVRQ� FRHIILFLHQW� ZDV� DOVR� XVHG� LQ� RUGHU� WR� DVVHVV� WKH� FRUUHODWLRQ� RI� WKH� SDUDPHWHUV�

REWDLQHG�IURP�WKH�WZR�PHWKRGV��$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�ZLWK�6366�Y����$UPRQN��

1<��,%0�&RUS��DQG�([FHO� 

 5HVXOWV�DQG�&RQFOXVLRQ 

7DEOH�����SUHVHQWV�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�RI�YLEUDWLRQ�DPSOLWXGH�DQG�IUHTXHQF\��

XVLQJ�WKH�GDWD�IURP�ILYH�WULDOV�IRU�HDFK�YLEUDWLRQ�LQWHQVLW\��PHDVXUHG�E\�ERWK�DFFHOHURPHWHU�DQG�

2SWRWUDN��3HDUVRQ�FRUUHODWLRQ��W�WHVW��DQG�%ODQG�$OWPDQ�SORWV�ZHUH�XVHG�WR�DVVHVV�WKH�DJUHHPHQW�RI�

WKH� PHDQV� RI� YLEUDWLRQ� DPSOLWXGH� DQG� IUHTXHQF\� FDOFXODWHG� XVLQJ� WKH� DFFHOHURPHWHU� YHUVXV�

FDOFXODWLRQV�IURP�WKH�JROG�VWDQGDUG��2SWRWUDN��PHDVXUHPHQW�� 



 

 ��� 

5.3.1 9LEUDWLRQ�)UHTXHQF\� 

3HDUVRQ� FRUUHODWLRQV� VKRZHG� D� VWURQJ� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� DFFHOHURPHWHU� DQG�

2SWRWUDN� PHDVXUHPHQWV��$� W�WHVW� VKRZHG� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� PHDQV� RI� WKH�

PHDVXUHPHQWV�XVLQJ� WKH�WZR�PHWKRGV��7DEOH�������7KH�PHDVXUHPHQW�ELDV�ZDV�FDOFXODWHG�DV�WKH�

PHDQ�RI� WKH�GLIIHUHQFHV�EHWZHHQ�2SWRWUDN�DQG� DFFHOHURPHWHU�PHDVXUHPHQWV� �*LDYDULQD����������

7KH�ELDV�EHWZHHQ�WKH�WZR�PHDVXUHPHQWV�PHWKRGV�ZDV�DV�VPDOO�DV� ��������+]��)LJXUH�������WKH�

QHJDWLYH� VLJQ� LQGLFDWHV� WKDW� WKH� DFFHOHURPHWHU�PHDVXUHPHQWV�ZHUH� VOLJKWO\�KLJKHU��7KH� LQWHUYDO�

EHWZHHQ�WKH�XSSHU�DQG�ORZHU�OHYHOV�RI�DJUHHPHQW�IRU�IUHTXHQF\�PHDVXUHPHQWV�ZDV�����+]�DQG�WKH�

UDQJH� RI� WKH� YLEUDWLRQ� IUHTXHQF\� PHDVXUH� E\� WKH� 2SWRWUDN� ZDV� ������+]�� 6R�� LW� VHHPV� WKDW�

VHQVLWLYLW\�RI�DFFHOHURPHWHU�PHDVXUHPHQWV�IRU�YLEUDWLRQ�IUHTXHQF\�LV�DFFHSWDEOH� 

5.3.2 9LEUDWLRQ�$PSOLWXGH 

3HDUVRQ�FRUUHODWLRQ�VKRZHG�VWURQJ�FRUUHODWLRQ�EHWZHHQ�GLVSODFHPHQW�PHDVXUHPHQWV�RI�WKH�

DFFHOHURPHWHU� DQG� 2SWRWUDN� IRU� ����� ����� DQG� ����� YLEUDWLRQ� LQWHQVLWLHV�� KRZHYHU� W�WHVWV�

UHYHDOHG�D�VLJQLILFDQW�GLIIHUHQFH��S��������EHWZHHQ�WKH�DFFHOHURPHWHU�DQG�2SWRWUDN�PHDVXUHPHQWV�

�7DEOH�������7KH�PHDVXUHPHQW�ELDV�IRU�YLEUDWLRQ�DPSOLWXGH�ZDV������PP��)LJXUH�������WKH�SRVLWLYH�

VLJQ�IRU�WKH�ELDV�LQGLFDWHV�WKDW�WKH�DFFHOHURPHWHU�PHDVXUHPHQWV�ZHUH�ORZHU�WKDQ�WKH�2SWRWUDN��7KH�

LQWHUYDO� EHWZHHQ� WKH� XSSHU� DQG� ORZHU� OHYHOV� RI� DJUHHPHQW� IRU� WKH� YLEUDWLRQ� DPSOLWXGH�

PHDVXUHPHQWV�XVLQJ�WKH�DFFHOHURPHWHU�ZDV�������PP��6R��JLYHQ�WKDW�WKH�UDQJH�RI�GLVSODFHPHQW�

PHDVXUHG�IRU�WKH�FXUUHQW�YLEUDWLRQ�PRWRUV��DV�PHDVXUHG�ZLWK�WKH�2SWRWUDN��ZHUH�DV�VPDOO�DV�����

���PP�� VHQVLWLYLW\� RI� DFFHOHURPHWHU� PHDVXUHPHQWV� IRU� DPSOLWXGH� RI� YLEUDWLRQ� GRHV� QRW� VHHP�

DFFHSWDEOH��)LJXUH�����SUHVHQWV�WKH�%ODQG�$OWPDQ�SORWV�IRU�YLEUDWLRQ�DPSOLWXGH��6LQFH�WKHUH�LV�D�

OLQHDU�SDWWHUQ�IRU�WKH�YLEUDWLRQ�DPSOLWXGH�PHDVXUHPHQWV�IURP�WKH�WZR�PHWKRGV��WKH�QH[W�VWHS�ZLOO�

EH�WR�PRGHO�WKH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�GLVSODFHPHQW�PHDVXUHPHQWV�ZLWK�WKH�WZR�PHWKRGV�

DQG� XVH� WKLV� PRGHO� IRU� HVWLPDWLQJ� WKH� DFWXDO� YLEUDWLRQ� DPSOLWXGH� XVLQJ� WKH� DFFHOHURPHWHU�

PHDVXUHPHQWV�WR�PLQLPL]H�WKH�PHDVXUHPHQW�HUURU� 
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7DEOH�����0HDQV�DQG�VWDQGDUG�GHYLDWLRQV��6'��RI�YLEUDWLRQ�DPSOLWXGH�DQG�IUHTXHQF\��XVLQJ�WKH�

GDWD�IURP�ILYH�WULDOV�IRU�HDFK�YLEUDWLRQ�LQWHQVLW\��PHDVXUHG�E\�WKH�DFFHOHURPHWHU�DQG�2SWRWUDN 

 Frequency (Hz, Mean ± SD) Amplitude (mm, Mean ± SD) 

Vibration 

intensities 
Optotrak Accelerometer Optotrak Accelerometer 

55% ���������� 77.3 ± 1.2 ������������� 0.197 ± 0.026 

65% ���������� 83.8 ± 1.8 ������������� 0.208 ± 0.014 

75% ���������� 85.7 ± 0.6 ������������� 0.207 ± 0.036 

85% ���������� 90.5 ± 3.0 ������������� 0.172 ± 0.028 

100% ����������� 102.1 ± 3.2 ������������� 0.197 ± 0.015 

 

7DEOH�����5HVXOWV�RI�WKH�7�WHVW�DQG�3HDUVRQ�FRUUHODWLRQ�VWDWLVWLFDO�DQDO\VHV� 

 
t-test (p-value) Pearson correlation (r) 

Vibration 

intensities 

Amplitude (mm) Frequency 

(Hz) 

Amplitude (mm) Frequency 

(Hz) 

55% ���� ����� ����� 0.999 

65% ����
 ����� ���� 1.000 

75% ���� ����� ���� 0.999 

85% ����
 ����� ���� 0.999 

100% ����
 ����� ���� 1.000 

�3��������LQGLFDWLQJ�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�UHVXOWV�RI�WKH�WZR�PHDVXUHPHQW�PHWKRGV� 
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)LJXUH�����%ODQG�$OWPDQ�SORW�IRU�YLEUDWLRQ�IUHTXHQF\��/2$��OHYHO�RI�DJUHHPHQW�� 

 
)LJXUH�����%ODQG�$OWPDQ�SORW�IRU�YLEUDWLRQ�DPSOLWXGH��/2$��OHYHO�RI�DJUHHPHQW�� 
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 &RQFOXVLRQV 

7KH�UHVXOWV�RI�WKH�FXUUHQW�VWXG\�VKRZHG�WKDW�DFFHOHURPHWHU�PHDVXUHPHQWV�FRXOG�RQO\�EH�

YDOLGDWHG� IRU�YLEUDWLRQ� IUHTXHQF\�PHDVXUHPHQWV��EXW�DFFHOHURPHWHU�PHDVXUHPHQWV� IRU�YLEUDWLRQ�

DPSOLWXGH�FRXOG�QRW�EH�YDOLGDWHG�ZLWK�WKH�2SWRWUDN�PHDVXUHPHQWV�� 

,Q�RUGHU�WR�XVH�2SWRWUDN�IRU�PHDVXULQJ�WKH�FKDUDFWHULVWLFV�RI�079�GXULQJ�DQ�H[SHULPHQW��

WKH�YLEUDWLRQ�PRWRU�PXVW�EH�LQ�D�VWDWLRQDU\�SRVLWLRQ�LQ�DQ�RSWLPDO�SRVLWLRQ�UHODWLYH�WR�WKH�FDPHUD��

ZKLFK�PDNHV� LW� D� GLIILFXOW� SRVWXUH� IRU� SDUWLFLSDQWV� WR� PDLQWDLQ��0RUHRYHU�� HTXLSPHQW� VXFK� DV�

2SWRWUDN�LV�QRW�DYDLODEOH��QRU�LV�LW�IHDVLEOH�LQ�D�FOLQLFDO�VHWWLQJ��$Q�DOWHUQDWLYH�PHWKRG�FRXOG�EH�

XVLQJ�DQ�DFFHOHURPHWHU�WR�PHDVXUH�YLEUDWLRQ�FKDUDFWHULVWLFV��%HVLGHV�ORZHU�FRVWV�DQG�DYDLODELOLW\��

DFFHOHURPHWHUV�DUH�OLJKW�ZHLJKW��VPDOO��DQG�FDQ�EH�HDVLO\�HPEHGGHG�ZLWKLQ�WKH�PHWKRGV�XVHG�IRU�

LQVWDOOLQJ�WKH�YLEUDWLRQ�PRWRUV�RQ�WKH�SDUWLFLSDQW�OLPE��7KH�UHVXOWV�RI�WKH�FXUUHQW�VWXG\�VKRZHG�WKDW�

DIIRUGDEOH� DFFHOHURPHWHUV� DUH� FDSDEOH� RI� PHDVXULQJ� YLEUDWLRQ� IUHTXHQF\� ZLWK� KLJK� SUHFLVLRQ��

KRZHYHU�DGGLWLRQDO�PRGHOOLQJ�LV�QHHGHG�WR�YHULI\�WKDW�WKH�DFFHOHURPHWHUV�FDQ�HVWLPDWH�WKH�YLEUDWLRQ�

DPSOLWXGH� 

)XWXUH�ZRUN�ZLOO�PRGHO� WKH� UHODWLRQVKLS�EHWZHHQ� WKH�YLEUDWLRQ�DPSOLWXGH�PHDVXUHPHQWV�

ZLWK�WKH�DFFHOHURPHWHU�YHUVXV�WKH�2SWRWUDN�PHDVXUHPHQWV��7KLV�PRGHO�ZLOO�WKHQ�EH�XVHG�WR�HVWLPDWH�

WKH� DFWXDO� YLEUDWLRQ� DPSOLWXGH� XVLQJ� WKH� DFFHOHURPHWHU� PHDVXUHPHQWV� WR� PLQLPL]H� WKH�

PHDVXUHPHQW�HUURU� 
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6 6WXG\����'XDO�0XVFOH�7HQGRQ�9LEUDWLRQ�'RHV�1RW�,PSHGH�3HUIRUPDQFH�RI�D�*RDO�'LUHFWHG�

$LPLQJ�7DVN 

$XWKRUV��1L\RXVKD�0RUWD]D���6WHYHQ�5��3DVVPRUH���.DWLQND�6WHFLQD�����&KHU\O�0��*OD]HEURRN� 
��3URJUDP�RI�$SSOLHG�+HDOWK�6FLHQFHV��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��&DQDGD 
��)DFXOW\�RI�.LQHVLRORJ\�DQG�5HFUHDWLRQ�0DQDJHPHQW��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��&DQDGD 
��6SLQDO�&RUG�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��&DQDGD 
��'HSDUWPHQW�RI�3K\VLRORJ\�DQG�3DWKRSK\VLRORJ\��8QLYHUVLW\�RI�0DQLWRED��:LQQLSHJ��&DQDGD 

 

 

&RQWULEXWLRQV�RI�$XWKRUV�WR�7KH�0DQXVFULSW 

1�0�GHVLJQHG�WKH�VWXG\�SURWRFRO��&�*��6�3��DQG�.�6�FROODERUDWHG�ZLWK�1�0�LQ�UHILQLQJ�WKH�

VWXG\�PHWKRGRORJ\���1�0�DFTXLUHG�WKH�HWKLFV�DSSURYDO�IRU�WKH�VWXG\�SURWRFRO��1�0�UHFUXLWHG�WKH�

SDUWLFLSDQWV��UHGXFHG��DQDO\]HG��DQG�LQWHUSUHWHG�WKH�H[SHULPHQWDO�GDWD��1�0��SUHSDUHG�WKH�ILUVW�GUDIW�

RI�WKH�PDQXVFULSW��$OO�DXWKRUV�FULWLFDOO\�UHYLVHG�WKH�GUDIW�RI�WKH�PDQXVFULSW�IRU�LQWHOOHFWXDO�FRQWHQW�

DQG�DSSURYHG�WKH�ILQDO�GUDIW� 

 

3UHIDFH 

7KH�SUHYLRXV�IRXU�VWXGLHV�ODLG�WKH�IRXQGDWLRQ�IRU�GHVLJQLQJ�DQG�LPSOHPHQWLQJ�WKH�ODVW�VWXG\�

RI�WKH�FXUUHQW�WKHVLV��)URP�WKH�SUHYLRXV�VWXGLHV�ZH�XQGHUVWRRG�WKH�LPSRUWDQW�UROH�RI�SURSULRFHSWLYH�

LQSXW�LQ�PRYHPHQW�FRQWURO�DQG�WKH�DGYHUVH�HIIHFWV�RI�LWV�GLVUXSWLRQ��DV�D�UHVXOW�RI�SDUHVWKHVLD��RQ�D�

IXQFWLRQDO� PRYHPHQWV� �6WXG\� �� DQG� ���� WKH� SRWHQWLDO� EHQHILWV� RI� XVLQJ� 079� DV� D� PHWKRG� RI�

VWLPXODWLQJ�WKH�SURSULRFHSWLRQ�PHFKDQRUHFHSWRUV�DQG�DXJPHQWLQJ�WKH�SURSULRFHSWLYH�LQSXW��VWXG\�



 

 ��� 

���� �DV�ZHOO�DV�WKH�RSWLPDO�079�SURWRFRO�IRU�DXJPHQWLQJ�WKH�SURSULRFHSWLRQ���VWXG\����DQG�WKH�

PHWKRG� WR�FRQWURO�079�ZLWKLQ� WKH�HIIHFWLYH� IUHTXHQF\�UDQJH��VWXG\����� �7KH� IROORZ�VWXG\� LV�D�

SURRI�RI�FRQFHSW�VWXG\�WKDW�LQYHVWLJDWHG�WKH�HIIHFWV�RI�DSSO\LQJ�079�RQ�SHUIRUPDQFH�RI�D�JRDO�

GLUHFWHG� DLPLQJ� WDVN��7KH� ILQGLQJV� RI� WKH� FXUUHQW� VWXG\�� DORQJ� ZLWK� D� IXWXUH� QHXURSK\VLRORJLF�

H[SHULPHQW�RQ�WKH�HIIHFWV�RI�079�RQ�WKH�FRUWLFRVSLQDO�H[FLWDELOLW\��$SSHQGL[�����ZLOO�FRQWULEXWH�

WR�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�HIIHFWV�RI�079�RQ�WKH�VHQVRULPRWRU�V\VWHP�� 
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$EVWUDFW 

7KH�DSSOLFDWLRQ�RI�ORZ�DPSOLWXGH�PXVFOH�WHQGRQ�YLEUDWLRQ�ZLWKLQ�WKH�IUHTXHQF\�UDQJH�RI�

������+]�KDV�EHHQ�VWXGLHG�RYHU�WKH�ODVW�GHFDGH�DV�D�WRRO�WR�VWLPXODWH�VRPDWRVHQVRU\�DIIHUHQWV�ZLWK�

WKH�JRDO�RI�VWXG\LQJ�PRWRU�FRQWURO�LQ�KXPDQV�DQG� LPSURYLQJ�PRWRU�SHUIRUPDQFH�LQ�LQGLYLGXDOV�

ZLWK�SURSULRFHSWLRQ�GHILFLHQFLHV��+RZHYHU�� WKHUH� LV� OLPLWHG� HYLGHQFH�RQ� WKH� HIIHFWV� RI�PXVFOH�

WHQGRQ�YLEUDWLRQ�RQ�WKH�VSHHG�DQG�DFFXUDF\�RI�IXQFWLRQDO�XSSHU�OLPE�PRYHPHQW��7KH�FXUUHQW�VWXG\�

DSSOLHG�PXVFOH�WHQGRQ�YLEUDWLRQ�RYHU�WKH�ZULVW�IOH[RUV�DQG�H[WHQVRUV�DQG�LQYHVWLJDWHG�LWV�HIIHFWV�

RQ���L��SHUIRUPDQFH�RI�D�FRPSXWHU�JRDO�GLUHFWHG�DLPLQJ�WDVN�DQG�LL��WKH�SHUFHLYHG�KDQG�ORFDWLRQ��

7ZHQW\�KHDOWK\�SDUWLFLSDQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�WKH�YLEUDWLRQ�RU�FRQWURO�JURXS��7KH�DLPLQJ�

WDVN�LQFOXGHG�DFTXLULQJ�WDUJHWV�E\�PRYLQJ�D�FXUVRU�RQ�D�VFUHHQ��ZLWKRXW�WKH�YLVLRQ�RI�WKH�FXUVRU�RU�

KDQG�IRU�IRXU�EORFNV��7DVN�SHUIRUPDQFH�ZDV�DVVHVVHG�XVLQJ�DEVROXWH��FRQVWDQW��DQG�YDULDEOH�HUURU�

PHDVXUHV�DV�ZHOO�DV�UHDFWLRQ�WLPH�DQG�PRYHPHQW� WLPH��7KH�SHUFHLYHG�ORFDWLRQ�RI� WKH�KDQG�ZDV�

DVVHVVHG�XVLQJ� D� TXHVWLRQQDLUH� DQG� D� FRPSXWHUL]HG� FRQVFLRXV�SHUFHSWLRQ� WDVN��7KH� WZR�JURXSV�

SHUIRUPHG�HTXDOO\�ZHOO�LQ�WHUPV�RI�HQG�SRLQW�HUURU�DQG�YDULDELOLW\��+RZHYHU��WKH�YLEUDWLRQ�JURXS�

VKRZHG�VLJQLILFDQWO\�VKRUWHU�UHDFWLRQ�WLPHV�FRPSDUHG�WR� WKH�FRQWURO�JURXS��ZKLFK�PD\�LQGLFDWH�

PRUH� DWWHQWLRQ� FDSWXUH� DQG� HIILFLHQW� PRYHPHQW� SODQQLQJ� ZLWK� YLEUDWLRQ�� 3DUWLFLSDQWV� LQ� WKH�

YLEUDWLRQ�JURXS�UHSRUWHG� OHVV�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�DIWHU�EORFN���7KLV�VWXG\�GLG�QRW�ILQG�

DQ\�DGYHUVH�HIIHFWV�RI�GXDO�PXVFOH�WHQGRQ�YLEUDWLRQ�RQ�WKH�SHUIRUPDQFH�RI�DLPLQJ�PRYHPHQWV��

7KHVH� ILQGLQJV�VXSSRUW� WKH�SRWHQWLDO�RI� WKH�VRPDWRVHQVRU\�V\VWHP�WR�DGDSW� WR�YLEURWDFWLOH� LQSXW�

ZLWK�DVVRFLDWHG�FKDQJHV�LQ�SHUFHSWLRQ�DQG�PRWRU�SHUIRUPDQFH� 

 

.H\ZRUGV�� � SURSULRFHSWLRQ�� ZHDUDEOH� GHYLFH�� PRWRU� FRQWURO�� PXVFOH� WHQGRQ� YLEUDWLRQ��

YLEURWDFWLOH 

 

 ,QWURGXFWLRQ 

3URSULRFHSWLRQ� LV� QHFHVVDU\� IRU� KXPDQV� WR� FRQWURO� WKHLU� PRYLQJ� OLPEV� HIILFLHQWO\� DQG�

HIIHFWLYHO\�� HVSHFLDOO\�ZKHQ� YLVXDO� IHHGEDFN� LV� XQDYDLODEOH� �6FKPLGW� HW� DO��� ������ 6KHUULQJWRQ��

�������3URSULRFHSWLRQ� LV�RQH�RI� WKH�PDMRU� IXQFWLRQV�RI� WKH�VRPDWRVHQVRU\�V\VWHP�DQG� LQFOXGHV�

LQIRUPDWLRQ� DERXW� ZKHUH� DQG� KRZ� WKH� ERG\� LV� PRYLQJ� IURP� D� YDULHW\� RI� UHFHSWRUV� LQFOXGLQJ�



 

 ��� 

PHFKDQRUHFHSWRUV� RI� WKH� MRLQWV�� VNHOHWDO�PXVFOHV�� WHQGRQV�� DQG� WDFWLOH� UHFHSWRUV� IURP� WKH�ERG\�

VXUIDFH��3URSULRFHSWLYH� IHHGEDFN� LV� QHFHVVDU\� IRU� VXFFHVVIXO� ILQH�PRWRU� FRQWURO� LQFOXGLQJ� HUURU�

FRUUHFWLRQ�GXULQJ�PRYHPHQWV��&DUH\�HW�DO���������6FKPLGW�	�/HH��������7\VRQ�HW�DO����������,WV�

ORVV�KDV�D�VLJQLILFDQW�HIIHFW�RQ�WKH�TXDOLW\�RI�YROXQWDU\�PRYHPHQW��HVSHFLDOO\�IRU�ILQH�PRYHPHQWV�

RI� WKH� XSSHU� OLPE�� 3URSULRFHSWLRQ� LPSDLUPHQWV� KDYH� EHHQ� UHSRUWHG� LQ� DERXW� ��� WR� ���� RI�

LQGLYLGXDOV�ZLWK� VWURNH� �&DUH\�� ������.HVVQHU� HW� DO��� �������7KH� DSSOLFDWLRQ� RI�PXVFOH� WHQGRQ�

YLEUDWLRQ� �079�� KDV� EHHQ� VWXGLHG� RYHU� WKH� ODVW� GHFDGH� DV� D� SRWHQWLDO� WRRO� WR� VWLPXODWH�

VRPDWRVHQVRU\� DIIHUHQWV� ZLWK� WKH� JRDO� RI� LPSURYLQJ� PRWRU� SHUIRUPDQFH� �$PDQ� HW� DO��� ������

0RUWD]D�HW�DO����������7KHUDSHXWLF�079�SURWRFROV�KDYH�EHHQ�DSSOLHG�XVLQJ�D�PHFKDQLFDO�GHYLFH�

WKDW�SURGXFHV�YLEUDWLRQ�ZLWK�VSHFLILF�DPSOLWXGH�DQG�IUHTXHQF\�FKDUDFWHULVWLFV�WR�VWLPXODWH�PXVFOH�

VSLQGOHV��7KHVH�SURWRFROV�DUH�EDVHG�RQ�WKH�VHPLQDO�ILQGLQJV�RI�5ROO�DQG�9HGHO��������ZKR�VKRZHG�

WKDW�ORZ�DPSOLWXGH���������PP��YLEUDWLRQ�ZLWKLQ�WKH�IUHTXHQF\�UDQJH�RI�������+]�FRXOG�VWLPXODWH�

,D�DIIHUHQWV�LQ�WKH�XSSHU�OLPE��7KLV�VWLPXODWLRQ�ZDV�SHUFHLYHG�DV�DQ�LOOXVRU\�PRYHPHQW��VLPLODU�WR�

WKH�IHHOLQJ�WKDW�WKH�YLEUDWHG�PXVFOH�ZDV�EHLQJ�VWUHWFKHG��*RRGZLQ�HW�DO���������5ROO�	�9HGHO���������

&OLQLFDO� HYLGHQFH� IRU� WKH� HIIHFWLYHQHVV�RI�079�KDV�EHHQ� UHSRUWHG�� LQFOXGLQJ� LPSURYHG�PXVFOH�

VWUHQJWK�DQG�IXQFWLRQ��$OJKDGLU�HW�DO���������%HQHGHWWL�HW�DO���������)DWWRULQL�HW�DO����������UHGXFHG�

VSDVWLFLW\��&DVDOH�HW�DO���������&RVWDQWLQR�HW�DO���������0DUFRQL�HW�DO���������0XULOOR�HW�DO����������

DQG�FRQVHTXHQWO\�LPSURYHG�SHUIRUPDQFH�RI�XSSHU�OLPE�ILQH�PRWRU�WDVNV��&DVDOH�HW�DO���������&KRL��

������&RVWDQWLQR�HW�DO���������7DYHUQHVH�HW�DO���������� 

5ROO� DQG� *LOKRGHV� ������� HVWDEOLVKHG� WKDW� WKH� VDPH� YLEUDWLRQ� IUHTXHQF\� RYHU� WZR�

DQWDJRQLVWLF�PXVFOH�JURXSV�RI�WKH�ZULVW��L�H���GXDO�079��GRHV�QRW�LQGXFH�NLQHVWKHWLF�LOOXVLRQV��5ROO�

	�*LOKRGHV���������7KDW�VDLG��GXDO�079�VWLOO�DFWLYDWHV�WKH�VRPDWRVHQVRU\�FRUWH[��5RPDLJXqUH�HW�

DO����������7KHVH�WZR�FKDUDFWHULVWLFV�RI�GXDO�079�PD\�PDNH�LW�D�YDOXDEOH�WRRO�IRU�UHKDELOLWDWLRQ�

SURJUDPV�WKURXJK�WKH�SRVVLELOLW\�RI�VWLPXODWLQJ�QHXURSODVWLFLW\�LQ�WKH�VRPDWRVHQVRU\�SDWKZD\V�DQG�

VHQVRULPRWRU�DUHDV�RI� WKH�FRUWH[��2Q� WKH�RWKHU�KDQG�� WKHUH�DUH�VWXGLHV� WKDW� UHSRUW�DQ� LPPHGLDWH�

HIIHFW�RI�GXDO�079�WKDW�LQFOXGHV�D�GLVWRUWLRQ�RI�SURSULRFHSWLRQ��%HOODQ�HW�DO���������%RFN�HW�DO���

������/RQJR�HW�DO����������7KHVH�VWXGLHV�PHDVXUHG�FKDQJHV�LQ�SURSULRFHSWLRQ�FDXVHG�E\�GXDO�079�

XVLQJ�WKH�FRQWUDODWHUDO�OLPE�WR�SHUIRUP�D�SRLQWLQJ�WDVN�WRZDUG�GLIIHUHQW�ORFDWLRQV�RQ�WKH�YLEUDWHG�

OLPE��/RQJR�HW�DO����������%HOODQ�HW�DO���������PHDVXUHG�WKH�HIIHFWV�RI�ELFHSV�WULFHSV�GXDO�079�RQ�

SHUFHLYHG�XSSHU�OLPE�MRLQW�ORFDWLRQ�E\�DVNLQJ�WKH�SDUWLFLSDQWV�WR�XVH�WKHLU�FRQWUDODWHUDO�LQGH[�ILQJHU�

WR� SRLQW� DW� WKH� SHUFHLYHG� ORFDWLRQ� RI� WKHLU� YLEUDWHG� VLGH� ZLWKRXW� WRXFKLQJ� LW� ZKLOH� WKH\� ZHUH�



 

 ��� 

EOLQGIROGHG���7KH�DXWKRUV�IRXQG�WKDW�WKH�ILQJHUWLS�DQG�ZULVW�ZHUH�SHUFHLYHG�WR�EH�FORVHU�WR�ERG\��

EXW�WKLV�ZDV�QRW�WKH�FDVH�IRU�HOERZ��HOERZ�ZDV�SHUFHLYHG�WR�EH�DW�LWV�DFWXDO�ORFDWLRQ��%HOODQ�HW�DO���

�������%RFN�HW�DO��VKRZHG�WKDW�GXDO�079�LQFUHDVHG�HUURU�LQ�DQ�DQJOH�PDWFKLQJ�WDVN�IRU�ZULVW�ZKHQ�

WKH�YLEUDWLRQ�ZDV�DSSOLHG�WR�WKH�IRUHDUP��%HOODQ�HW�DO���������%RFN�HW�DO����������EXW�RWKHU�VWXGLHV�

WKDW�LQFOXGHG�DQ�HOERZ�DQJOH�PDWFKLQJ�WDVN�GLG�QRW�UHSRUW�DQ�LQFUHDVH�LQ�HUURU��%HOODQ�HW�DO���������

/RQJR�HW�DO����������7KH�GLIIHUHQW�PHWKRGV�XVHG�WR�DVVHVV�WKH�HIIHFWV�RI�079�PD\�EH�WKH�UHDVRQ�

IRU�WKH�PL[HG�ILQGLQJV��$OVR��QRQH�RI�WKHVH�VWXGLHV�IRFXVHG�RQ�WKH�HIIHFWV�RI�079�GXULQJ�DQ�DFWLYH�

IXQFWLRQDO�WDVN��VXFK�DV�D�JRDO�GLUHFWHG�DLPLQJ�PRYHPHQW�� 

7KH�VRPDWRVHQVRU\�V\VWHP�KDV�DOVR�EHHQ�VKRZQ�WR�DGDSW�WR�FKDQJHV�LQ�SURSULRFHSWLYH�LQSXW�

�'L=LR� HW� DO��� ������*RQ]DOHV�	�*REOH�� ������+ROFRPEH�	�6HL]RYD�&DMLF�� ������5XWWOH� HW� DO���

������� *RQ]DOHV� DQG� *REOH� IRXQG� WKDW� SURSULRFHSWLRQ� DGDSWDWLRQ� KDSSHQHG� ZLWKLQ� DERXW� ���

PLQXWHV�RI�ELFHSV�WULFHSV�YLEUDWLRQ�DV�PHDVXUHG�E\�DQ�HOERZ�DQJOH�PDWFKLQJ�WDVN��7KH�DXWKRUV�DOVR�

UHSRUWHG� WKDW� WKH� DPSOLWXGH� RI� WKH� XQGHUVKRRW� HUURUV� �FRQVWDQW� HUURU�� IRU� WKH� PDWFKLQJ� WDVN�

GHFUHDVHG�RQ�ODWHU�WULDOV�ZKHQ�FRPSDUHG�WR�HDUO\�WULDOV��*RQ]DOHV�	�*REOH���������,Q�VXPPDU\��WKH�

ILQGLQJV�IURP�GLIIHUHQW�VWXGLHV�UHJDUGLQJ�WKH�HIIHFW�RI�SURSULRFHSWLRQ�GLVWRUWLRQ�DV�D�UHVXOW�RI�GXDO�

079� DUH� HTXLYRFDO�� 2YHUDOO�� WKHUH� LV� OLPLWHG� HYLGHQFH� RQ� WKH� HIIHFW� RI� GXDO� 079� RQ� WKH�

SHUIRUPDQFH� RI� D� IXQFWLRQDO� XSSHU� OLPE� WDVN� �H�J�� JRDO� GLUHFWHG� DLPLQJ� PRYHPHQW�� �%RFN� 	�

7KRPDV��������%RFN�HW�DO���������DV�ZHOO�DV�WKH�DGDSWDELOLW\�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�ZLWK�

WKLV�VHQVRU\�LQSXW�FKDQJH��L�H��GXDO�079��IRU�XSSHU�OLPE�PRWRU�FRQWURO� 

7KH� SXUSRVH� RI� WKH� FXUUHQW� VWXG\� ZDV� WR� LQYHVWLJDWH� WKH� HIIHFWV� RI� DSSO\LQJ� 079� RQ�

SHUIRUPDQFH�RI�D�JRDO�GLUHFWHG�DLPLQJ�WDVN�RYHU�D�VHULHV�RI�SUDFWLFH�WULDOV��$�VHFRQGDU\�REMHFWLYH�

ZDV� WR� GHWHUPLQH� LI� WKHUH� LV� D� FRUUHODWLRQ� EHWZHHQ� WKH� FRQVFLRXV� SHUFHSWLRQ� RI� DQ\� LOOXVRU\�

PRYHPHQW�FDXVHG�E\�WKH�079�DQG�DVVRFLDWHG�FKDQJHV�LQ�PRYHPHQW�SHUIRUPDQFH��:H�SUHGLFWHG�

WKDW�ZKHQ�079�LV�DSSOLHG�WR�WKH�ZULVW�WHQGRQV�WKH�SHUIRUPDQFH�RI�DQ�XSSHU�OLPE�DLPLQJ�WDVN�ZLOO�

EH�QHJDWLYHO\�LPSDFWHG�DW�ILUVW��EXW�SHUIRUPDQFH�ZLOO�EHFRPH�VLPLODU�WR�WKH�FRQWURO�JURXS��QR�079��

DIWHU�OHVV�WKDQ�����WULDOV�RI�SUDFWLFH��,Q�RUGHU�WR�DGGUHVV�WKH�DERYH�REMHFWLYHV��ZH�PHDVXUHG�ERWK�

WHPSRUDO� DQG� VSDWLDO� PRYHPHQW� SDUDPHWHUV� RI� JRDO�GLUHFWHG� DLPLQJ� WDVN� XVLQJ� IOH[LRQ� DQG�

H[WHQVLRQ�PRYHPHQWV�RI�WKH�ZULVW��ZLWK�DQG�ZLWKRXW�GXDO�079�RQ�WKH�WHQGRQV�RI�WKH�ZULVW��7KH�

SHUFHLYHG�LOOXVRU\�VHQVDWLRQ�ZDV�DOVR�PHDVXUHG�XVLQJ�VXEMHFWLYH�DQG�REMHFWLYH�DVVHVVPHQWV�RI�WKH�

SHUFHLYHG�OLPE�SRVLWLRQ� 



 

 ��� 

 0DWHULDO�DQG�0HWKRGV 

7ZHQW\�QHXURW\SLFDO�ULJKW�KDQGHG�\RXQJ�DGXOWV�ZLWK�QRUPDO�RU�FRUUHFWHG�WR�QRUPDO�YLVLRQ�

DQG�QR�NQRZQ�QHXURORJLFDO�FRQGLWLRQV�SDUWLFLSDWHG�LQ�WKLV�VWXG\��0HDQ�DJH�RI�WKH�SDUWLFLSDQWV�RI�

WKH� FRQWURO� JURXS� ZDV� ��������� \HDUV� ��� IHPDOHV��� DQG� WKH�PHDQ� DJH� RI� WKH�079� JURXS�ZDV�

������������IHPDOHV���$SSURYDO�E\�WKH�8QLYHUVLW\�RI�0DQLWRED��(GXFDWLRQ�DQG�1XUVLQJ��UHVHDUFK�

HWKLFV�ERDUG�ZDV�JUDQWHG��DQG�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�SDUWLFLSDQWV��7KLV�VWXG\�ZDV�

FDUULHG�RXW�LQ�DFFRUGDQFH�ZLWK�WKH�HWKLFDO�VWDQGDUGV�ODLG�GRZQ�LQ�WKH������'HFODUDWLRQ�RI�+HOVLQNL��

3DUWLFLSDQWV�ZHUH� UDQGRPO\� DVVLJQHG� WR� WKH� YLEUDWLRQ� JURXS� RU� WKH� FRQWURO� JURXS� XVLQJ� VHDOHG�

HQYHORSHV�����LQ�HDFK�JURXS����7KH�SDUWLFLSDQWV�RI�ERWK�JURXSV�FDPH�WR�WKH�ODE�IRU�RQH�VHVVLRQ�DQG�

SHUIRUPHG�ILYH�EORFNV����SHUIRUPDQFH�DQG���WUDQVIHU�EORFNV��RI�D�FRPSXWHU�DLPLQJ�WDVN�DQG�LOOXVRU\�

VHQVDWLRQ�DVVHVVPHQWV��'HWDLOV�RI�WKH�WDVN�DQG�WKH�IORZ�RI�WKH�H[SHULPHQWDO�SURFHGXUH�FDQ�EH�IRXQG�

LQ�WKH�QH[W�VHFWLRQ� 

)RU�WKH�YLEUDWLRQ�FRQGLWLRQV��079�JURXS���DQ�(FFHQWULF�5RWDWLQJ�0DVV��(50��YLEUDWLRQ�

PRWRU�ZDV�SODFHG�RYHU�HDFK�RI�WKH�IOH[RU�DQG�H[WHQVRU�PXVFOH�WHQGRQV�RI�WKH�ZULVW���7KH�PRWRUV�

ZHUH�LQVWDOOHG�DERYH�WKH�SDUWLFLSDQWV¶�ZULVW�ZLWK�D�VWUDSSLQJ�WDSH��/HXNRWDSH��3���7R�FRQWURO�WKH�

WHQVLRQ�RI�WKH�WDSH�RYHU�WKH�PRWRUV�DQG�PDLQWDLQ�WKH�YLEUDWLRQ�DPSOLWXGH�WKH�WDSH�ZDV�PHDVXUHG�WR�

����RI�WKH�FLUFXPIHUHQFHV�RI�WKH�IRUHDUP�DERYH�WKH�ZULVW�SOXV���FP�H[WUD�OHQJWK�IRU�RYHUODS��7KH�

YLEUDWLRQ�IUHTXHQF\�RI�WKH�WZR�PRWRUV�ZHUH�PRQLWRUHG�WR�PDLQWDLQ�D�VSHHG�RI�DERXW���+]�XVLQJ�D�

SDLU�RI�$6;/����DQDORJXH�DFFHOHURPHWHUV�ZLWK�D�VHQVLWLYLW\�RI����J��WKH�DFFHOHUDWLRQ�GDWD�ZDV�

UHFRUGHG�XVLQJ�D�&('�3RZHU�����GDWD�DFTXLVLWLRQ�LQWHUIDFH��&DPEULGJH�(OHFWURQLF�'HVLJQ��8.���

%RWK�PRWRUV�ZHUH� RQ� GXULQJ� EORFNV� ���� RI� WKH�PRYHPHQW� WDVN� WULDOV� IRU� WKH�079� JURXS��7KH�

YLEUDWLRQ�PRWRUV�DQG� WKH�EDQG�ZHUH�DOVR�SODFHG�DV�DERYH�IRU� WKH�FRQWURO�JURXS��H[FHSW�WKDW�WKH�

YLEUDWLRQ�PRWRUV�ZHUH�QRW�RQ�GXULQJ�WKH�DLPLQJ�WULDOV��EORFNV������� 

6.2.1 &RPSXWHU�DLPLQJ�WDVN 

7KH�FRPSXWHU�DLPLQJ�WDVN�ZDV�GHYHORSHG�XVLQJ�3\JDPH� OLEUDU\� LQ�3\WKRQ�DQG�LQFOXGHG�

DFTXLULQJ�WDUJHWV�E\�PRYLQJ�D�FXUVRU�WRZDUG�RQH�RI�VL[�SRVVLEOH�WDUJHWV�GLVSOD\HG�RQ�D�FRPSXWHU�

VFUHHQ��$OO� WDUJHWV�ZHUH�ZKLWH� FLUFOHV� �GLDPHWHU ��PP�� FKRVHQ� EDVHG� RQ� WKH� IHDVLEOH� OHYHO� RI�

GLIILFXOW\�PHDVXUHG� LQ� D� SLORW� VWXG\��RQ� D� EODFN�EDFNJURXQG� �)LJXUH����E��� �2QH�RI� VL[� WDUJHWV�

UDQGRPO\�DSSHDUHG�DORQJ�D�KRUL]RQWDO�OLQH��WDUJHW�GLVWDQFHV�IURP�VWDUW�SRLQW�����������������PP��



 

 ��� 

RQ�WKH�OHIW�RU�ULJKW�VLGH�RI�WKH�PRQLWRU��7KH�SDUWLFLSDQW�KHOG�D�YHUWLFDO�PRXVH���0��86$��DQG�XVHG�

IOH[LRQ�DQG�H[WHQVLRQ�PRYHPHQWV�RI�WKH�ZULVW�WR�PRYH�WKH�FXUVRU��7KH�SDUWLFLSDQW¶V�IRUHDUP�ZDV�

VHFXUHG�LQ�D�VSOLQW�LQ�D�QHXWUDO�SRVLWLRQ�VR�WKDW�WKH�H[WHQVLRQ�DQG�IOH[LRQ�RI�WKH�ZULVW�ZDV�SRVVLEOH�

WR�PRYH�WKH�FXUVRU��WKH�FXUVRU�PRYHPHQW�ZDV�FRQVWUDLQHG�WR�RQO\�PRYH�RQ�D�KRUL]RQWDO�OLQH�DFURVV�

WKH�PRQLWRU��3DUWLFLSDQWV�FRXOG�QRW�VHH�WKH�ORFDWLRQ�RI�WKHLU�XSSHU�OLPE�GXULQJ�WKH�WDVN�EHFDXVH�

WKHLU� OLPE� ZDV� SODFHG� XQGHU� WKH� PRQLWRU� DV� GHVFULEHG� DERYH� �)LJXUH� ���F��� 3DUWLFLSDQWV� ZHUH�

LQVWUXFWHG�WR�PRYH�WR�WKH� WDUJHWV�DV�DFFXUDWHO\�DV�SRVVLEOH�DW�D�FRPIRUWDEOH�SDFH��$�WULDO�VWDUWHG�

ZKHQ�D�IL[DWLRQ�FURVV�DSSHDUHG�LQ�WKH�PLGGOH�RI�WKH�VFUHHQ�ZLWK�LQVWUXFWLRQ�WR�³DOLJQ�ZULVW´�WR�WKH�

QHXWUDO�SRVLWLRQ��7KHQ��WKH�FXUVRU�ZDV�DOLJQHG�DQG�DSSHDUHG�RYHU�WKH�PLGGOH�RI�WKH�IL[DWLRQ�FURVV��

$IWHU�D�����VHFRQG�UDQGRP�IRUH�SHULRG�WKH�WDUJHW�DSSHDUHG��7KH�FXUVRU�GLVDSSHDUHG�DV�VRRQ�DV�WKH�

WDUJHW�DSSHDUHG�RQ�WKH�VFUHHQ�DQG�EHFDPH�YLVLEOH�DJDLQ�ZKHQ�WKH�WDUJHW�ZDV�UHDFKHG��UHJDUGOHVV�RI�

WULDO�VXFFHVV��0RYHPHQW�FRPSOHWLRQ�ZDV�GHWHFWHG�ZKHQ�WKH�FXUVRU�GLG�QRW�PRYH�IRU�PRUH�WKDQ���

PP�IRU�����PLOOLVHFRQGV��0RYHPHQW�LQLWLDWLRQ�ZDV�GHILQHG�DV�WKH�WLPH�WKDW�WKH�VSHHG�RI�WKH�FXUVRU�

ZHQW�DERYH���PP�VHF��7KH�VDPSOLQJ�IUHTXHQF\�IRU�WUDFNLQJ�WKH�FXUVRU�PRYHPHQW�ZDV����+]� 

0RYHPHQW� SHUIRUPDQFH� ZDV� PHDVXUHG� WKURXJK� DQDO\VLV� RI� ERWK� VSHHG� DQG� DFFXUDF\��

6SHFLILF�GHSHQGHQW�YDULDEOHV� LQFOXGHG�FRQVWDQW�� YDULDEOH��DQG�DEVROXWH�HUURU�PHDVXUHV� WR�DVVHVV�

PRYHPHQW� ELDV�� YDULDELOLW\� DQG�RYHUDOO� DFFXUDF\� UHVSHFWLYHO\��&RQVWDQW� HUURU� �&(��ZDV�XVHG� WR�

GHWHUPLQH�WKH�PHDQ�ELDV�SDUWLFLSDQWV�KDG�DERXW�WKH� ORFDWLRQ�RI�WKHLU�KDQG�XVLQJ�WKH�FDOFXODWLRQ��

&( Ȉ��[L� ��7�� �Q��ZKHUH�[L� LV� WKH�KRUL]RQDO�FXUVRU� ORFDWLRQ�RQ� WULDO� L��7� LV� WKH�KRUL]RQWDO� WDUJHW�

ORFDWLRQ��DQG�Q�LV�WKH�QXPEHU�RI�WULDOV�WKH�VXEMHFW�SHUIRUPHG��9DULDEOH�HUURU�LV�D�PHDVXUH�RI�ZLWKLQ�

SDUWLFLSDQW� YDULDELOLW\� LQ� DLPLQJ� FDOFXODWHG� DV�� 9( �Ȉ� �[L� �� 0��� �� Q����� ZKHUH� [L� DQG� Q� ZHUH�

SUHYLRXVO\� GHILQHG�� DQG� 0� ZDV� WKH� PHDQ� RI� WKH� KRUL]RQWDO� ORFDWLRQV� RI� WKH� FXUVRU� WKDW� WKH�

SDUWLFLSDQW� UHDFKHG� DV� WKH� WDUJHW��$EVROXWH� HUURU� �$(��ZDV� DOVR� FDOFXODWHG� WR� FDSWXUH� WKH�PHDQ�

DFFXUDF\�RI�WKH�PRYHPHQW���$( Ȉ�_[L�±�7_��Q� 

5HDFWLRQ�WLPH�ZDV�GHILQHG�DV�WKH�WLPH�EHWZHHQ�WDUJHW�DSSHDUDQFH�DQG�PRYHPHQW�LQLWLDWLRQ��

5HDFWLRQ�WLPH�LQGLFDWHV�WKH�DPRXQW�RI�SUHSDUDWLRQ�WLPH�QHHGHG�IRU�WKH�PRYHPHQW��+HQU\�	�5RJHUV��

�������0RYHPHQW� WLPH� ZDV� GHILQHG� DV� WKH� WLPH� EHWZHHQ� PRYHPHQW� LQLWLDWLRQ� DQG�PRYHPHQW�

FRPSOHWLRQ�� 6LQFH� WKH� IRFXV� RI� WKH� DLPLQJ� WDVN� LQ� WKH� FXUUHQW� VWXG\� ZDV� DFFXUDF\�� GHFUHDVHG�

PRYHPHQW� WLPH� ZLWK� PRUH� DFFXUDF\� DW� UHDFKLQJ� WKH� WDUJHWV� PD\� LQGLFDWH� LPSURYHG� WDVN�

SHUIRUPDQFH�� 
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3DUWLFLSDQWV�UHORFDWHG�WKHLU�RZQ�KDQG�WR�D�QHXWUDO�SRVLWLRQ�DW�WKH�VWDUW�RI�HDFK�WULDO��7KH��'�

,QYHVWLJDWRU�PRWLRQ� FDSWXUH� V\VWHP� �1RUWKHUQ�'LJLWDO� ,QF���&DQDGD��ZDV�XVHG� WR� FKHFN� IRU� WKH�

QHXWUDO�SRVLWLRQ�LQ�UHDO�WLPH��DQG�DOVR�WR�PHDVXUH�DQ\�FKDQJHV�LQ�WKH�SHUFHLYHG�QHXWUDO�SRVLWLRQ�RI�

WKH�KDQG��2QH�LQIUD�UHG�HPLWWLQJ�GLRGH��,5('��ZDV�SODFHG�RQ�WKH�YHUWLFDO�PRXVH�DQG�VHFRQG�RQ�

WKH�PLGOLQH�RI�WKH�HGJH�RI�WKH�VFUHHQ��)LJXUH����F���7KH�FRQVLVWHQF\�RI�WKH�VWDUW�SRVLWLRQ�RI�WKH�

KDQG�IRU�GLIIHUHQW�WULDOV�IRU�GLIIHUHQW�EORFNV�ZDV�DVVHVVHG�XVLQJ�WKH�VWDQGDUG�GHYLDWLRQ��6'��RI�WKH�

VWDUW�SRVLWLRQ�ZLWKLQ�HDFK�EORFN��3HUFHSWLRQ�RI�WKH�QHXWUDO�ZULVW�SRVLWLRQ�ZDV�PHDVXUHG�DW�WKH�HQG�

RI�HDFK�EORFN��3DUWLFLSDQWV�ZHUH�DVNHG�WR�DOLJQ�WKHLU�ZULVW�WR�WKHLU�SHUFHLYHG�QHXWUDO�SRVLWLRQ��7KH�

PRWLRQ�FDSWXUH�V\VWHP�UHFRUGHG�WKH�ORFDWLRQ�RI�WKH�,5('�RQ�WKH�YHUWLFDO�KDQGOH�RI�WKH�PRXVH�IRU�

��VHFRQGV��7KHVH�ORFDWLRQV�ZHUH�QRUPDOL]HG�WR�WKH�PLGOLQH�ORFDWLRQ�UHFRUGHG�IRU�WKH�ILUVW�EORFN� 

 

 
)LJXUH������2YHUYLHZ�RI�WKH�H[SHULPHQWDO�VHW�XS�DQG�WDVNV���D��3RODU�SORW�WDVN�VFUHHQ�IRU�LOOXVRU\�

PRYHPHQW�VHQVDWLRQ�DVVHVVPHQW���E��2YHUYLHZ�RI�WKH�DLPLQJ�WDVN��6L[�WDUJHWV�UDQGRPO\�DSSHDUHG�

DORQJ�D�KRUL]RQWDO�OLQH�WR�WKH�OHIW�DQG�ULJKW�VLGH�RI�WKH�VFUHHQ��FXUVRU�ORFDWLRQ�EHFDPH�YLVLEOH�DW�
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WKH�HQG�RI�HDFK�WULDO���F��2YHUYLHZ�RI�WKH�H[SHULPHQWDO�VHW�XS��9HUWLFDO�PRXVH�ZDV�XVHG�WR�PRYH�

WKH� FXUVRU� RQ� WKH� KRUL]RQWDO� PRQLWRU� E\� IOH[LRQ� DQG� H[WHQVLRQ� PRYHPHQWV� RI� WKH� ZULVW�� 7ZR�

YLEUDWLRQ�PRWRUV�ZHUH�SODFHG�RYHU�WKH�ZULVW�IOH[RUV�DQG�H[WHQVRUV��0RWLRQ�FDSWXUH�V\VWHP�ZDV�XVHG�

WR�FKHFN�IRU�QHXWUDO�ZULVW�DOLJQPHQW�DW�WULDO�RQVHW�XVLQJ�WZR�PDUNHUV��RQH�SODFHG�RQ�WKH�YHUWLFDO�

PRXVH�DQG�RQH�LQ�WKH�PLGGOH�RI�WKH�HGJH�RI�WKH�VFUHHQ� 

6.2.2 ,OOXVRU\�PRYHPHQW�VHQVDWLRQ�DVVHVVPHQW 

7R� IDFLOLWDWH� WKH� REMHFWLYH�PHDVXUHPHQW� RI� LOOXVRU\�PRYHPHQW� VHQVDWLRQ� D�PRQLWRU�ZDV�

SODFHG�RQ�D�VKHOI�RYHU�WKH�SDUWLFLSDQWV¶�KDQG��SDUDOOHO�WR�WKH�WDEOH��LQ�RUGHU�WR�REVWUXFW�YLVLRQ�RI�WKH�

PRYLQJ�OLPE��)LJXUH����F���7KH�PRQLWRU�GLVSOD\HG�D�SRODU�SORW�ZLWK����UDGLDO�OLQHV��)LJXUH����D��

ZLWK�WKH�DQJOH�EHWZHHQ�HYHU\�WZR�OLQHV�EHLQJ�ILYH�GHJUHHV��(DFK�OLQH�ZDV�PDUNHG�ZLWK�RQH�RU�WZR�

XQLTXH�OHWWHU�V���DOORZLQJ�SDUWLFLSDQWV�WR�UHSRUW�D�PD[LPXP�UDQJH�RI����GHJUHHV�IRU�ZULVW�IOH[LRQ�

DQG�H[WHQVLRQ��,Q�RUGHU�WR�HQFRXUDJH�DWWHQWLRQ�WR�WKH�SHUFHSWXDO�WDVN��WKH�ILUVW�ILYH�GHJUHHV�RQ�WKH�

OHIW�DOWHUQDWHG�UDQGRPO\�EHWZHHQ�$��%��DQG�&��3ULRU�WR�HDFK�EORFN�RI�WULDOV��WKH�ZULVW�ZDV�DOLJQHG�

ZLWK�WKH�]HUR�OLQH�RQ�WKH�SRODU�SORW��7KHQ��IRU�HDFK�WULDO�WKH�SDUWLFLSDQWV�VDZ�WKH�SRODU�SORW�RQ�WKH�

VFUHHQ� DQG� KDG� IRXU� VHFRQGV� WR� YHUEDOO\� UHSRUW� WKH� OHWWHU� WKDW� FRUUHVSRQGHG� WR� WKHLU� SHUFHLYHG�

FXUUHQW�ZULVW�DQJOH��7KH�SRODU�SORW�GLVDSSHDUHG�DIWHU�IRXU�VHFRQGV��$FFRUGLQJ�WR�WKH�LQVWUXFWLRQV�RQ�

WKH�VFUHHQ��SDUWLFLSDQWV�ZHUH�DVNHG�WR�FORVH�WKHLU�H\HV�DQG�WXUQ�WKHLU�KHDG�WR�OHIW�RU�ULJKW�UDQGRPO\�

GXULQJ�VHYHQ�VHFRQGV�RI�UHVW�EHWZHHQ�WULDOV��7KLV�ZDV�GRQH�WR�UHPRYH�DQ\�ELDV�IRU�WKH�UHSRUWHG�

DQJOH�IURP�SUHYLRXV�WULDOV��)XHQWHV�HW�DO����������3DUWLFLSDQWV�ZHUH�QRWLILHG�RI�WKH�QH[W�WULDO�ZLWK�D�

EHHS�VRXQG��8SRQ�KHDULQJ�WKH�EHHS�SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�RSHQ�WKHLU�H\HV�DQG�ORRN�EDFN�

WR�WKH�PRQLWRU��7KH�YLEUDWLRQ�PRWRUV�ZHUH�WXUQHG�RQ�DFFRUGLQJ�WR�WKH�WHVW�FRQGLWLRQ��VHH�WKH�QH[W�

VHFWLRQ���7KH�GXUDWLRQ�RI�WKH�YLEUDWRU\�VWLPXOXV�EHIRUH�HDFK�WULDO�LQ�D�YLEUDWLRQ�FRQGLWLRQ�ZDV����

VHFRQGV� DQG�ZDV� FKRVHQ�EDVHG�RQ�SUHYLRXV�ZRUN� LQGLFDWLQJ� WKDW� GXDO�079� LQFUHDVHV�SRVLWLRQ�

XQFHUWDLQW\� DQG� GHFD\V� ³SURSULRFHSWLYH�PHPRU\´� DIWHU� RQO\� ��� VHFRQGV� RI� VXVWDLQHG� YLEUDWRU\�

VWLPXOXV�DQG�WKLV�XQFHUWDLQW\�UHDFKHV�KLJKHU�OHYHOV�DIWHU����VHFRQGV��)XHQWHV�HW�DO����������)RU�HDFK�

EORFN�RI�LOOXVLRQ�DVVHVVPHQW��SDUWLFLSDQWV�VDZ�WKH�SRODU�SORWV�WKUHH�RU�ILYH�WLPHV��VHH�QH[W�VHFWLRQ���

7KH�PHDQ�RI�WKH�UHSRUWHG�GHJUHHV�RI�ZULVW�IOH[LRQ�RU�H[WHQVLRQ��L�H���WKH�GHJUHHV�DVVRFLDWHG�ZLWK�

WKH�UHSRUWHG�OHWWHU��ZDV�REWDLQHG��7KH�UHVXOWV�RI�WKH�SRODU�SORW�WULDOV�ZHUH�FRUUHFWHG�IRU�DQ\�EDVHOLQH�

ELDV�LQ�RUGHU�WR�DFFRXQW�IRU�DQ\�ELDV�SDUWLFLSDQWV�PD\�KDYH�IRU�UHSRUWLQJ�WKHLU�ZULVW�SRVLWLRQ�ZLWKRXW�

YLEUDWLRQ�� 7KLV� QRUPDOL]HG� VFRUH� ZDV� XVHG� DV� WKH� RXWFRPH� PHDVXUH� IRU� SHUFHLYHG� ZULVW�
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IOH[LRQ�H[WHQVLRQ�� ,Q� OLQH� ZLWK� 6WH\YHUV� HW� DO�� �6WH\YHUV� HW� DO��� ������� DIWHU� HDFK� SRVLWLRQ� WHVW�

SDUWLFLSDQWV�ZHUH�DVNHG�WKH�IROORZLQJ�WKUHH�TXHVWLRQV��WKH�SV\FKRORJLFDO�TXHVWLRQV��WR�TXDQWLI\�WKH�

FRQWLQXDQFH��YLYLGQHVV�DQG�VWUHQJWK�RI�WKH�YLEUDWLRQV�RQ�D�VFDOH�IURP���WR���� 

4���&RQWLQXDQFH��+RZ�ORQJ�ZDV� WKH� LOOXVRU\�PRYHPHQW�ZDV� IHOW�GXULQJ� WKH�YLEUDWLRQ�SHULRG"��

�6FRUH����LI�WKH�LOOXVLRQ�ZDV�SHUFHLYHG�GXULQJ�WKH�ZKROH�EORFN� 

4���9LYLGQHVV��:DV�WKH�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�DV�LI�WKH�ZULVW�ZDV�DFWXDOO\�PRYLQJ��DZD\�RU�

WRZDUG�\RXU�PLGOLQH�"��6FRUH����LI�WKH�LOOXVLRQ�ZDV�SHUFHLYHG�DV�LI�WKH�ZULVW�ZDV�DFWXDOO\�PRYLQJ� 

4���6WUHQJWK��:KDW�ZDV�WKH�DPSOLWXGH�RI�WKH�ZULVW�PRYHPHQW�WKDW�\RX�IHOW�WRZDUG�RU�DZD\�IURP�

\RXU�PLGOLQH"��6FRUH����LI�WKH�ZULVW�ZDV�SHUFHLYHG�WR�EH�PD[LPDOO\�IOH[HG�RU�H[WHQGHG� 

6.2.3 3URFHGXUH 

$W�WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQWDO�VHVVLRQ�WZR�SRLQW�GLVFULPLQDWLRQ�DQG�PRQR�ILODPHQW�

VHQVRU\� DVVHVVPHQW� ZHUH� SHUIRUPHG� WR� HVWDEOLVK� SDUWLFLSDQWV¶� VRPDWRVHQVRU\� WKUHVKROGV�� 7KH�

EDVHOLQH�SRODU�SORW�DVVHVVPHQW�ZDV�GRQH�ZLWKRXW�YLEUDWLRQ�IRU�DOO�SDUWLFLSDQWV��1H[W��WKH�EDVHOLQH�

LOOXVLRQ� DVVHVVPHQW�ZLWK�YLEUDWLRQ�ZDV�SHUIRUPHG� LQ� WKUHH�YLEUDWLRQ� FRQGLWLRQV�� L�� YLEUDWLRQ�RQ�

ZULVW�IOH[RUV��LL��YLEUDWLRQ�RQ�H[WHQVRUV��DQG�LLL��YLEUDWLRQ�RQ�ERWK�PXVFOH�JURXSV��7KLV�EDVHOLQH�

DVVHVVPHQW� LQFOXGHG� ILYH� SRODU�SORW� WULDOV� SHU� YLEUDWLRQ� FRQGLWLRQ�� ZKLOH� WKH� SV\FKRORJLFDO�

TXHVWLRQV�ZHUH�DVNHG�RQFH�SHU�FRQGLWLRQ��(DFK�H[SHULPHQWDO�EORFN�RI�WKH�LOOXVLRQ�DVVHVVPHQW�EHJDQ�

ZLWK����VHFRQGV�RI�WKH�DVVLJQHG�YLEUDWLRQ�FRQGLWLRQ��7KH�RUGHU�RI�WKH�FRQGLWLRQV�ZDV�UDQGRPL]HG�

DQG�FRXQWHUEDODQFHG�VXFK�WKDW�WKH�VDPH�QXPEHU�RI�SDUWLFLSDQWV�UHFHLYHG�HDFK�SRVVLEOH�RUGHU��7KHUH�

ZDV�D�PLQLPXP�RQH�PLQXWH�UHVW�ZLWKRXW�YLEUDWLRQ�WR�ZDVKRXW�WKH�YLEUDWLRQ�DIWHUHIIHFWV�IRU�HDFK�

FRQGLWLRQ� �.LWR� HW� DO��� ������ 6HL]RYD�&DMLF� HW� DO��� ������� 1H[W�� SDUWLFLSDQWV� SHUIRUPHG� ILYH�

IDPLOLDUL]DWLRQ�WULDOV�RI�WKH�DLPLQJ�WDVN��)DPLOLDUL]DWLRQ�WULDOV�ZHUH�SHUIRUPHG�ZLWKRXW�YLEUDWLRQ�

DQG�ZLWK�YLVLRQ�RI�WKH�FXUVRU�WKURXJKRXW�WKH�WULDOV��$IWHU����VHFRQGV�RI�GXDO�079��ERWK�IOH[RUV�

DQG�H[WHQVRUV���SDUWLFLSDQWV�SHUIRUPHG�WKH�DLPLQJ�WDVN�LQ�IRXU�EORFNV�WKDW�HDFK�LQFOXGHG����WULDOV�

�L�H���IRXU�UHSHWLWLRQV�IRU�HDFK�RI�WKH���WDUJHW�ORFDWLRQV���7KH�SDUWLFLSDQWV�WRRN�DERXW���PLQXWHV�WR�

SHUIRUP�HDFK�EORFN��.QRZOHGJH�RI� UHVXOWV� �.5��ZHUH�SUHVHQWHG�ZLWK� WKH� ORFDWLRQ�RI� WKH�FXUVRU�

EHFRPLQJ�YLVLEOH�DW�WKH�HQG�RI�HDFK�WULDO�IRU�EORFNV������$Q�LOOXVLRQ�DVVHVVPHQW�ZLWK�WKUHH�SRODU�

SORW�WULDOV�DQG�WKH�SV\FKRORJLFDO�TXHVWLRQV�ZDV�UHSHDWHG�DIWHU�EORFNV���DQG���RI�WKH�DLPLQJ�SUDFWLFH�

WULDOV�� )ROORZLQJ� WKH� IRXUWK� EORFN� WKHUH� ZDV� D� ���PLQXWH� UHVW�ZLWK� WKH� YLEUDWLRQ� RII��7KHQ�� DQ�

LPPHGLDWH� WUDQVIHU�EORFN�RI� WKH�DLPLQJ� WDVN�ZDV�SHUIRUPHG�ZKLFK� LQFOXGHG����DLPLQJ� WULDOV� ���
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UHSHWLWLRQV�SHU�WDUJHW�ORFDWLRQ���ZLWK�NQRZOHGJH�RI�UHVXOWV�SUHVHQWHG�DV�LQ�WKH�SUHYLRXV�IRXU�EORFNV��

)RU�WKH�WUDQVIHU�EORFN��HDFK�JURXS�SHUIRUPHG�LQ�WKH�RSSRVLWH�FRQGLWLRQ�VXFK�WKDW�YLEUDWLRQ�ZDV�RII�

IRU�WKH�YLEUDWLRQ�JURXS�DQG�RQ�IRU�WKH�FRQWURO�JURXS��$OO�RWKHU�WHVW�SURFHGXUHV��LQFOXGLQJ�YLVLRQ�RI�

WKH�FXUVRU�DQG�.5��ZHUH�LGHQWLFDO�IRU�WKH�YLEUDWLRQ�DQG�FRQWURO�JURXSV�� 

6.2.4 'DWD�$QDO\VLV 

7KH� 0DQQ�:KLWQH\� 8� WHVW� ZDV� XVHG� WR� FRPSDUH� WKH� UHVXOWV� RI� WKH� RYHUDOO� VFRUH� RI�

SV\FKRORJLFDO�TXHVWLRQV�UHJDUGLQJ�LOOXVRU\�SHUFHSWLRQ��FDOFXODWHG�DV�WKH�PHDQ�RI�WKH�WKUHH�YLEUDWLRQ�

FRQGLWLRQV� RYHU� WKUHH� LWHPV� RI� WKH� TXHVWLRQQDLUH�� EHWZHHQ� WKH� WZR� H[SHULPHQWDO� JURXSV�� 7KH�

:LOFR[RQ�6LJQHG�5DQN�WHVW�ZDV�XVHG�WR�FRPSDUH�WKH�UHVXOWV�RI�SV\FKRORJLFDO�TXHVWLRQV�EHWZHHQ�

GLIIHUHQW�DVVHVVPHQWV��EDVHOLQH�YHUVXV�EORFN���DQG�EORFN�����3RODU�SORW�WHVW�UHVXOWV�ZHUH�FRPSDUHG�

DW�WKUHH�WLPHSRLQWV��DW�EDVHOLQH�DQG�DIWHU�EORFNV���DQG����DV�ZHOO�DV�EHWZHHQ�WKH�WZR�JURXSV��079�

YHUVXV�FRQWURO��XVLQJ�D���*URXS�î���7LPHSRLQW�PL[HG�GHVLJQ�$129$��$Q�$129$�ZLWK�WKH�IDFWRUV�

RI���*URXS��079��&RQWURO��î���7ULDO��7��7���ZDV�XVHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�ORQJHU�YLEUDWLRQ�

WLPH�RQ�WKH�UHSRUWHG�LOOXVLRQ��$�PL[HG�EHWZHHQ�ZLWKLQ�VXEMHFW�$129$�ZDV�FRQGXFWHG�WR�DVVHVV�

WKH�LPSDFW�RI�079��079��FRQWURO�JURXSV��RQ�SDUWLFLSDQWV¶�&(��9(��$(��57��DQG�07��DFURVV���

EORFNV�RI�WULDOV��7KH�DERYH�PHQWLRQHG�YDULDEOHV�ZHUH�FRPSDUHG�DFURVV�WKH�ODVW�SHUIRUPDQFH�EORFN�

�%ORFN����DQG�WKH�WUDQVIHU�EORFN� WR�DVVHVV�LI�DQ\� LPSURYHPHQWV� LQ�WDVN�SHUIRUPDQFH�WUDQVIHUUHG�

EHWZHHQ�YLEUDWLRQ�FRQGLWLRQV�� �,Q�RUGHU� WR�H[SORUH�WKH�SRVVLEOH�GLIIHUHQW�HIIHFWV�RI�079�RQ�WKH�

GLUHFWLRQ� RI� WKH� PRYHPHQW� �L�H��� DZD\� YHUVXV� WRZDUGV� ERG\� PLGOLQH��� DQRWKHU� $129$� ZDV�

SHUIRUPHG�ZLWK�WKH�IDFWRUV�RI���'LUHFWLRQ��IOH[LRQ��H[WHQVLRQ��î���*URXS��079��&RQWURO���7XNH\¶V�

+6'�SRVW�KRF�WHVW�ZDV�XVHG�WR�IXUWKHU�DQDO\]H�VLJQLILFDWLRQ�PDLQ�HIIHFWV�RU�LQWHUDFWLRQV�LQYROYLQJ�

PRUH�WKDQ�WZR�PHDQV��6LJQLILFDQFH�IRU�DOO�VWDWLVWLFDO�WHVWV�ZDV�VHW�DW�S�������� 

 5HVXOWV� 

)RU�WKH�PRQR�ILODPHQW�VHQVRU\�DVVHVVPHQW��DOO�SDUWLFLSDQWV�UHFHLYHG�IXOO�LQWDFW�VHQVDWLRQ����

JUDGH�SRLQWV��IRU�WKH���VHQVRU\�SRLQWV�RQ�WKH�GRUVDO�DQG�SODQWDU�VXUIDFH�RI�WKHLU�GRPLQDQW�KDQG��)RU�

WKH� WZR�SRLQW� GLVFULPLQDWLRQ� WHVW�� WKH� DYHUDJH� WZR� SRLQWV� WKDW� FRXOG�EH�GLVFULPLQDWHG� IRU� WKH���

ORFDWLRQV�RQ�WKH�KDQG�ZDV�ZLWKLQ�WKH�QRUPDO�UDQJH�IRU�ERWK�JURXSV���������PP�IRU�WKH�079�JURXS�

DQG��������PP�IRU�WKH�FRQWURO�JURXS��'XPRQWLHU�	�7XELDQD�������� 
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6.3.1 ,OOXVRU\�PRYHPHQW�VHQVDWLRQ�DVVHVVPHQWV 

7KH�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�UHVXOW�ZDV�DQDO\]HG�IRU����SDUWLFLSDQWV�LQ�WKH�079�DQG�

��SDUWLFLSDQWV� LQ� WKH� FRQWURO� JURXS�� RQH�SDUWLFLSDQW�ZDV� UHPRYHG� IURP� WKH� LOOXVLRQ� DVVHVVPHQW�

DQDO\VHV�GXH�WR�WKHLU�PLVXQGHUVWDQGLQJ�RI�WKDW�WHVW�SURFHGXUH� 

6.3.1.1 ,OOXVRU\�PRYHPHQW�VHQVDWLRQ�DQG�GLUHFWLRQ�DFFRUGLQJ�WR�TXHVWLRQQDLUH 

7DEOH�����LQFOXGHV�WKH�UHVXOWV�RI�WKH�TXHVWLRQ�UHJDUGLQJ�WKH�SHUFHLYHG�GLUHFWLRQ�RI�LOOXVRU\�

PRYHPHQW�VHQVDWLRQ�DW�EDVHOLQH��DIWHU�WZR�EORFNV�DQG�DIWHU���EORFNV�RI�SHUIRUPLQJ�WKH�DLPLQJ�WDVNV�

IRU�HDFK�JURXS�VHSDUDWHO\��:LWK�079�RQ�WKH�IOH[RU�PXVFOH�WHQGRQV��H[WHQVRU�PXVFOH�WHQGRQV�DQG�

ZLWK� GXDO�079�� PRVW� SDUWLFLSDQWV� IHOW� PRYHPHQW� WRZDUG� ZULVW� H[WHQVLRQ� �Q ���� ZULVW� IOH[LRQ�

�Q ����� DQG�ERWK�GLUHFWLRQV� �DOWHUQDWLQJ�EHWZHHQ� IOH[LRQ� DQG� H[WHQVLRQ�� Q ��� UHVSHFWLYHO\��7KH�

PRVW�IUHTXHQWO\�UHSRUWHG�VHQVDWLRQ�IRU�WKH�079�JURXS�ZDV�³QR�LOOXVLRQ´�IRU�WKH�LOOXVRU\�DVVHVVPHQW�

DIWHU�EORFN����Q ���DQG�EORFN����Q ���7DEOH������� 

 

7DEOH� ���� 5HVXOWV� IRU� DQVZHUV� WR� WKH� TXHVWLRQ� UHJDUGLQJ� WKH� SHUFHLYHG� GLUHFWLRQ� RI� LOOXVRU\�

PRYHPHQW�VHQVDWLRQ�DW�WKH�EDVHOLQH��DIWHU�WZR�EORFNV�DQG�DIWHU���EORFNV�RI�SHUIRUPLQJ�WKH�DLPLQJ�

WDVNV��WKH�QXPEHUV�LQGLFDWH�WKH�QXPEHU�RI�SDUWLFLSDQWV��)OH[ �)OH[LRQ��([W� �([WHQVLRQ 

  Perceived Illusory Movement Sensation Direction 

 
MTV 

Location 
MTV group Control group 

  Flex. Ext. 
Ext. & 

Flex. 

No 

illusion 
Other Flex. Ext. 

Ext. & 

Flex. 

No 

illusion 
Other 

Baseline 

Flexion 4 5* 0 1 0 2 3* 1 2 1a 

Extension 7* 2 0 1 0 4* 1 0 4 0 

Dual 3 1 4* 1 1 2 1 3* 3* 0 

Post-

Block2 
Dual 3 0 1 5* 1b - - - - - 

Post-

Block4 
Dual 2 0 1 6* 1b - - - - - 

D�VXSLQDWLRQ��E�ZULVW�UDGLDO�GHYLDWLRQ��
�SHUFHLYHG�VHQVDWLRQV�ZLWK�KLJKHVW�IUHTXHQFLHV� 
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$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKH�TXHVWLRQQDLUH�DW�EDVHOLQH��WKH�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�

VHHPHG�WR�IHHO�PRUH�UHDO��L�H���PRUH�YLYLG��DQG�FRQWLQXRXV�LQ�WKH�079�JURXSV� WKDQ�WKH�FRQWURO�

JURXS��KRZHYHU�D�0DQQ�:KLWQH\�8�WHVW�VKRZHG�WKDW�WKH�GLIIHUHQFH�RI�WKH�RYHUDOO�VFRUHV�RI�WKH�WZR�

JURXSV�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��079�0HGLDQ�>0G@ �����&RQWURO�0G ����8 ������= ������

S ������ U ������ �)LJXUH�������0RUHRYHU�� WKH�079� JURXS� UHSRUWHG� VLJQLILFDQWO\� ORZHU� UDQNV�RI�

LOOXVRU\�PRYHPHQW�VHQVDWLRQ�ZLWK�GXDO�079�XQGHU�DOPRVW�DOO�WKUHH�FDWHJRULHV�RI�WKH�TXHVWLRQQDLUH�

ZKHQ�FRPSDULQJ�WKH�EDVHOLQH�UHVXOWV�IRU�GXDO�YLEUDWLRQ�ZLWK�EORFN�WZR��YLYLGQHVV��EDVHOLQH�0G �����

EORFN��0G ��� = ������ S ������ U ������ &RQWLQXDQFH�� EDVHOLQH�0G ��� EORFN��0G ����� = ������

S ������U ������6WUHQJWK��EDVHOLQH�0G ���EORFN��0G �����= �������S �����U ������DQG�FRPSDULQJ�

UHVXOWV�RI�EDVHOLQH�IRU�GXDO�YLEUDWLRQ�ZLWK�EORFN�IRXU��YLYLGQHVV��0G �����= �������S ������U ������

&RQWLQXDQFH��0G �����= �������S ������U ������6WUHQJWK��0G �����= �������S ������U ������DV�

DVVHVVHG�XVLQJ�:LOFR[RQ�6LJQHG�5DQN�7HVW��D�SDWWHUQ�WKDW�LQGLFDWHV�WKH\�DGDSWHG�WR�WKH�YLEUDWLRQ�

�)LJXUH�������� 

 
)LJXUH������5HVXOWV�RI�WKH�SV\FKRORJLFDO�TXHVWLRQV�DERXW�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�DW�EDVHOLQH��

LQFOXGLQJ�WKUHH�YLEUDWLRQ�FRQGLWLRQV��YLEUDWLRQ�RYHU�H[WHQVRUV��IOH[RUV��DQG�ERWK�PXVFOH�WHQGRQV��

DQG�DIWHU�EORFNV���DQG���ZKHQ�RQO\�079�JURXS�UHFHLYHG�GXDO�079��(UURU�EDUV�DUH�VWDQGDUG�HUURU 
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6.3.2 079��LQGXFHG�LOOXVLRQ�DVVHVVHG�E\�SRODU�SORW�WHVW 

7KH�PL[HG�$129$�GLG�QRW�UHYHDO�DQ\�VLJQLILFDQW�LQWHUDFWLRQV�RU�PDLQ�HIIHFWV�IRU�WKH�IDFWRUV�

RI�JURXS��079�ORFDWLRQ��RU�WULDO�QXPEHU�IRU�UHSRUWHG�DQJOH�LQ�WKH�SRODU�SORW�WHVW�DW�EDVHOLQH��'XULQJ�

WKH�FRQGLWLRQ�ZLWK�079�RYHU�WKH�ZULVW�H[WHQVRUV�RQO\��PRVW�SDUWLFLSDQWV�UHSRUWHG�IOH[LRQ��PHDQ�

>0@�IRU�ERWK�JURXSV ��������GHJUHHV��)LJXUH����D���DQG�IRU�WKH�FRQGLWLRQ�ZLWK�YLEUDWLRQ�RQ�WKH�

IOH[RUV� RQO\�� SDUWLFLSDQWV� UHSRUWHG� VRPH� H[WHQVLRQ� �0 ��������� GHJUHHV��� )RU� 'XDO� YLEUDWLRQ��

SDUWLFLSDQWV�DOVR�UHSRUWHG�IOH[LRQ��0 ����������$V�VKRZQ�LQ�SORWV��D��DQG��E��LQ�)LJXUH������WKH�

079�JURXS� WHQGHG� WR� UHSRUW� IOH[LRQ� WKURXJKRXW� WKH�H[SHULPHQW�DQG� WKH� LOOXVRU\�VHQVDWLRQ�ZDV�

UHGXFHG� DIWHU� EORFN�� DQG� EORFN���7KLV� SDWWHUQ� RI� UHVXOWV� LV� FRQVLVWHQW�ZLWK� WKH� ILQGLQJV� RI� WKH�

VXEMHFWLYH�DVVHVVPHQWV�RI�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�XVLQJ�WKH�VHOI�UHSRUW�TXHVWLRQQDLUH�� 
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)LJXUH�������,OOXVLRQ�DQG�SHUFHLYHG�ZULVW�DQJOH�PHDVXUHPHQW�UHVXOWV���D��E��3RVLWLYH�DQJOHV�LQGLFDWH�

IOH[LRQ�DQG�QHJDWLYH�DQJOHV�LQGLFDWH�H[WHQVLRQ��DOO�RI�WKH�UHSRUWHG�DQJOHV�ZHUH�QRUPDOL]HG�WR�WKH�

UHSRUWHG�EDVHOLQH�ELDV� IURP� YHUWLFDO� OLQH�ZKHQ� YLEUDWLRQ�ZDV�QRW� SUHVHQWHG�� 3ORW� �D��� WKH�EDUV�

LQGLFDWH�PHDQV�RI�WKH�SHUFHLYHG�DQJOHV�RI�WKH�ZULVW�IURP�SRODU�SORW�DVVHVVPHQW�IRU�ILYH�WULDOV��7��

7���SHU�HDFK�IOH[LRQ��H[WHQVLRQ��DQG�GXDO�079�FRQGLWLRQV�DW�EDVHOLQH��DV�ZHOO�DV�PHDQV�RI�WKH�WKUHH�

WULDOV�DW�EORFNV���DQG����3ORW��E���GDWD�SRLQWV�LQGLFDWH�WKH�DYHUDJH�DFURVV����SDUWLFLSDQWV�IRU�HDFK�

WULDO�DW�WKH�EDVHOLQH�WR�H[SORUH�WKH�WUHQG�RI�FKDQJHV�LQ�WKH�SHUFHLYHG�DQJOH�RI�WKH�ZULVW�DV�WKH�OHQJWK�

RI�WLPH�ZLWK�GLIIHUHQW�079�FRQGLWLRQV�LQFUHDVHV��7KH�&RQWURO�JURXS�GLG�QRW�KDYH�9LEUDWLRQ�RQ�DW�

EORFN� �� DQG� �� DVVHVVPHQWV�� (UURU� EDUV� LQGLFDWH� VWDQGDUG� HUURU� �6(��� �F�5HVXOWV� RI� QRUPDOL]HG�

SHUFHSWLRQ�RI�QHXWUDO�ZULVW�SRVLWLRQ�UHFRUGHG�E\�PRWLRQ�FDSWXUH�V\VWHP��3RVLWLYH�GLUHFWLRQ�LQGLFDWHV�

D�FKDQJH�RI�KDQG�ORFDWLRQ�WRZDUGV�H[WHQVLRQ�QRUPDOL]HG�WR�WKH�ILUVW�EORFN��HUURU�EDUV�DUH�6(� 

6.3.3 3HUFHLYHG�QHXWUDO�SRVLWLRQ�YHUVXV�PRWLRQ�FDSWXUH�PHDVXUHPHQWV 

3RVLWLRQ�GDWD�IURP�WKH�PRWLRQ�FDSWXUH�V\VWHP�ZDV�UHFRUGHG�DQG�DQDO\]HG�IRU���SDUWLFLSDQWV�

IURP�HDFK�RI� WKH�FRQWURO�DQG�079�JURXSV� �WRWDO�Q ����GDWD� IRU� WZR�SDUWLFLSDQWV�RI�HDFK�JURXS�

FRXOG�QRW�EH�DQDO\]HG�GXH�WR�WHFKQLFDO�HUURUV�GXULQJ�GDWD�FROOHFWLRQ���7KH�YDULDELOLW\��6'��RI�WKH�

VWDUW�SRVLWLRQ�RI� WKH�KDQG�IRU� IRXU�EORFNV�RI� WKH�DLPLQJ� WDVN�DQG� WUDQVIHU�EORFN�ZDV�DERXW��FP�

�PHDQ�YDULDELOLW\��&RQWURO�JURXS ��������PP��079�JURXS �������PP� 

$� PL[HG� $129$� ZLWK� *URXS� �079�� &RQWURO�� [� %ORFN� �%ORFNV������ WR� DVVHVV� WKH�

QRUPDOL]HG�SHUFHSWLRQ�RI�QHXWUDO�ZULVW�SRVLWLRQ�PHDVXUHG�DW�WKH�HQG�RI�HDFK�EORFN��GLG�QRW�LQGLFDWH�

DQ\�VLJQLILFDQW�LQWHUDFWLRQ�RU�PDLQ�HIIHFW��7KDW�LV��WKH�SHUFHLYHG�PLGOLQH�EHWZHHQ�GLIIHUHQW�EORFNV�

ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IRU�WKH�WZR�JURXSV��)LJXUH����F�� 

6.3.4 &XUVRU�PRYHPHQW�RXWFRPHV�RI�FRPSXWHU�DLPLQJ�WDVN 

)RU� WKH� YDULDEOHV� UHODWHG� WR� PRYHPHQW� DFFXUDF\� �&(�� 9(�� $(��� WKH� EHWZHHQ� JURXS�

FRPSDULVRQ� VKRZHG� WKDW� WKH� WZR�JURXSV�ZHUH�QRW� VLJQLILFDQWO\�GLIIHUHQW��$(��)� ������� �������

S �������SDUWLDO�HWD�VTXDUH �������&(��)�������� �������S �������SDUWLDO�HWD�VTXDUH �������9(��)�

������ �������S �������SDUWLDO�HWD�VTXDUH �������)LJXUH����D��E��� 

)RU�WKH�WHPSRUDO�YDULDEOHV��WKH�WZR�JURXSV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�LQ�07�DQG�57��

57��)�������� �������S �������SDUWLDO�HWD�VTXDUH �������07��)�������� �������S �������SDUWLDO�HWD�

VTXDUH �������)LJXUH����F��G��� 



 

 ��� 

 

)LJXUH������5HVXOWV�RI�WKH�VSDWLDO��D�	�E��DQG�WHPSRUDO��F�	G��YDULDEOHV�RI�WKH�FXUVRU�PRYHPHQWV��

HUURU�EDUV�UHSUHVHQW�VWDQGDUG�HUURU� 

6.3.5 $FFXUDF\��FKDQJH�RYHU�EORFNV 

)RU�&(�� WKH� LQWHUDFWLRQ�ZDV�QRW�VLJQLILFDQW��%ORFN�E\�*URXS��)� ������� �������S �������

SDUWLDO�HWD�VTXDUH �������)RU�9(��WKHUH�ZDV�D�VLJQLILFDQW�PDLQ�HIIHFW�IRU�WKH�EORFN�QXPEHU��)��������

 ������� S ������� SDUWLDO� HWD� VTXDUH ������� 7XNH\¶V� +6'� SRVW� KRF� WHVW� UHYHDOHG� D� VLJQLILFDQW�

GLIIHUHQFH�EHWZHHQ�9(�RI�EORFNV���DQG���RQO\��ZLWK�ERWK�JURXSV�KDYLQJ�VLJQLILFDQWO\�OHVV�HQGSRLQW�

YDULDELOLW\�DIWHU���EORFNV�RI�SUDFWLFH��%ORFN���0 ����������%ORFN���0 ����������)LJXUH����D���

$QDO\VLV�RI�$(�VKRZHG�D�VLJQLILFDQW�PDLQ�HIIHFW�IRU�EORFN��)�������� �������S �������SDUWLDO�HWD�
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VTXDUH �������7XNH\¶V�+6'�WHVW�UHYHDOHG�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�ILUVW�DQG�VHFRQG��DQG�

ILUVW�DQG�IRXUWK�EORFNV�RI�WULDOV��WKDW�LV��ZKHQ�FRPSDUHG�WR�WKH�ILUVW�EORFN��SDUWLFLSDQWV�ZHUH�PRUH�

DFFXUDWH�DIWHU�EORFN���0 ����������DQG�EORFN���0 ������������0 ����������)LJXUH����E�� 

6.3.6 7HPSRUDO�RXWFRPHV�FKDQJHV��RYHU�EORFNV 

07�GLG�QRW�FKDQJH�VLJQLILFDQWO\��)LJXUH����F���)RU�57�WKHUH�ZDV�D�VLJQLILFDQW�LQWHUDFWLRQ�

EHWZHHQ�JURXS�DQG�EORFN�RI�WULDOV��)�������� �������S �������SDUWLDO�HWD�VTXDUH �������)LJXUH���

�G���7XNH\¶V�+6'�WHVW�VKRZHG�WKDW�ZKLOH�WKH�57�IRU�WKH�WZR�JURXSV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�

DW�WKH�ILUVW�EORFN��079�JURXS��0 �������������&RQWURO�JURXS��0 �������������WKH�079�JURXS�

VKRZHG�VLJQLILFDQWO\�VKRUWHU�57��079�JURXS��0 �������������FRPSDUHG� WR� WKH� FRQWURO�JURXS�

�&RQWURO�JURXS��0 ������������DW�EORFN�� 

6.3.6.1 $FFXUDF\�DQG�WHPSRUDO�RXWFRPHV�LQ�GLIIHUHQW�PRYHPHQW�GLUHFWLRQV 

)RU�DOO�RI�WKH�RXWFRPHV�UHODWHG�WR�WKH�DFFXUDF\�RI�WKH�DLPLQJ�WDVN��$(��9(��&(���WKHUH�ZDV�

QR�PDLQ� HIIHFW� RU� LQWHUDFWLRQ� IRU� WKH� IDFWRUV� RI� GLUHFWLRQ�RI� WKH�PRYHPHQW� �WRZDUGV� IOH[LRQ�RU�

H[WHQVLRQ��DQG�JURXS��)RU�07��WKHUH�ZDV�D�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�JURXS�DQG�GLUHFWLRQ�RI�

PRYHPHQW�� )� �������  ������� S ������� SDUWLDO� HWD� VTXDUH ������� 3RVW�KRF� FRPSDULVRQV� XVLQJ�

7XNH\¶V�+6'�WHVW�LQGLFDWHG�WKDW�ZKHQ�FRPSDULQJ�07�EHWZHHQ�PRYHPHQW�GLUHFWLRQV��IRU�WKH�079�

JURXS�RQO\��07�ZDV�VLJQLILFDQWO\�ORQJHU�IRU�ZULVW�H[WHQVLRQ��0 �������������ZKHQ�FRPSDUHG�WR�

ZULVW� IOH[LRQ� �0 �������������� 0RUHRYHU�� 07V� IRU� PRYHPHQWV� WRZDUGV� H[WHQVLRQ� ZHUH�

VLJQLILFDQWO\� ORQJHU�IRU�WKH�079�JURXS��0 �������������ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�JURXS�

�0 �������������� WKH� 07� IRU� WKH� WZR� JURXSV� ZDV� QRW� VLJQLILFDQWO\� GLIIHUHQW� IRU� IOH[LRQ�

PRYHPHQWV���)RU�57��WKHUH�ZDV�D�VLJQLILFDQW�PDLQ�HIIHFW�IRU�PRYHPHQW�GLUHFWLRQ��)�������� �������

S �������SDUWLDO�HWD�VTXDUH �������7XNH\¶V�SRVW�KRF�WHVW�UHYHDOHG�WKDW�57�ZDV�VLJQLILFDQWO\�ORQJHU�

IRU�ZULVW�H[WHQVLRQ��0 �������������WKDQ�ZULVW�IOH[LRQ��0 ������������� 

6.3.7 &RPSDULVRQV�RI�WUDQVIHU�EORFN�96�SHUIRUPDQFH�EORFNV� 

,Q�RUGHU� WR� FRPSDUH�SHUIRUPDQFH�GXULQJ� WKH� WUDQVIHU� YHUVXV� WKH�SHUIRUPDQFH�EORFN�� WKH�

UHVXOWV�RI�EORFN���ZDV�FRPSDUHG�WR�WKH�WUDQVIHU�EORFN��)RU�WKH�VSDWLDO�SDUDPHWHU�RI�&(��WKHUH�ZDV�

QR�VLJQLILFDQW�PDLQ�HIIHFWV�IRU�JURXS�RU�EORFN�RI�WULDOV��)RU�$(��WKHUH�ZDV�D�VLJQLILFDQW�JURXS�E\�

EORFN� LQWHUDFWLRQ�� )� �������  �������� S ������� SDUWLDO� HWD� VTXDUH ������� DQG� D� VLJQLILFDQW�PDLQ�



 

 ��� 

HIIHFW�IRU�EORFN��)�������� ��������S �������SDUWLDO�HWD�VTXDUH �������7XNH\¶V�+6'�SRVW�KRF�WHVW�

LQGLFDWHG� WKDW� ZKHQ� WKH� FRQWURO� JURXS� UHFHLYHG� YLEUDWLRQ� IRU� WKHLU� WUDQVIHU� EORFN�� WKH\� KDG�

VLJQLILFDQWO\�ODUJHU�HUURUV��0 ������������YHUVXV�WKHLU�$(�DW�EORFN���0 �����������7KLV�ZDV�QRW�

WKH�FDVH�IRU�WKH�079�JURXS��7K�$(�RI�WKH�079�JURXS�GLG�QRW�FKDQJH�ZKHQ�WKH\�GLG�QRW�UHFHLYH�

YLEUDWLRQ�GXULQJ�WKHLU�WUDQVIHU�EORFN��0RUHRYHU��WKH�EHWZHHQ�JURXS�FRPSDULVRQV�VKRZHG�WKDW�WKH�

FRQWURO� JURXS� KDG� VLJQLILFDQWO\� KLJKHU� HUURUV� �0 ����������� FRPSDUHG� WR� WKH� 079� JURXS�

�0 ����������DW�WKH�WUDQVIHU�EORFN��ZKLOH�WKH�WZR�JURXSV�ZHUH�QRW�GLIIHUHQW�LQ�WKH�PDJQLWXGH�RI�

$(�GXULQJ�WKH�ODVW�EORFN�RI�WULDOV�LQ�WKHLU�UHVSHFWLYH�FRQGLWLRQV��EORFN��� 

)RU�WHPSRUDO�SDUDPHWHUV�WKHUH�ZDV�D�VLJQLILFDQW�JURXS�E\�EORFN�LQWHUDFWLRQ��)������ �������

S �������SDUWLDO�HWD�VTXDUH �������)LJXUH����F��OHIW���IRU�07��3RVW�KRF�WHVWV�LQGLFDWHG�WKDW�DOWKRXJK�

WKH�WZR�JURXSV�ZHUH�QRW�GLIIHUHQW�LQ�WKHLU�07�DW�EORFN�����ZKHQ�YLEUDWLRQ�ZDV�DGGHG�IRU�WKH�FRQWURO�

JURXS�DQG�UHPRYHG�IRU�WKH�079�JURXS��07�GHFUHDVHG�IRU�WKH�079�JURXS�DQG�LQFUHDVHG�IRU�WKH�

FRQWURO� JURXS�� OHDGLQJ� WR� WKH� VLJQLILFDQW� JURXS� GLIIHUHQFH� DW� WKH� WUDQVIHU� EORFN� �PHDQ�

GLIIHUHQFH ���PV��� )RU� 57�� WKHUH� ZDV� D� VLJQLILFDQW� PDLQ� HIIHFW� IRU� EORFN�� )� �������  ��������

S �������SDUWLDO�HWD�VTXDUH �������)LJXUH����G��ULJKW���ZKLFK�ZDV�VXSHUVHGHG�E\�D�JURXS�E\�EORFN�

LQWHUDFWLRQ�� )� �������  �������� S ������� SDUWLDO� HWD� VTXDUH ������� 7XNH\¶V� +6'� SRVW�KRF� WHVW�

VKRZHG�WKDW�WKH�FRQWURO�JURXS�KDG�VLJQLILFDQWO\�VKRUWHU�57V�LQ�WKH�WUDQVIHU�EORFN�FRPSDUHG�WR�EORFN�

�� �PHDQ� GLIIHUHQFH ���PV��� ZKHUHDV� WKH� 57� RI� WKH�079� JURXS� GLG� QRW� FKDQJH� VLJQLILFDQWO\�

EHWZHHQ�EORFN��DQG�WKH�WUDQVIHU�EORFN��PHDQ�GLIIHUHQFH ���PV���0RUHRYHU��IRU�WKH�EHWZHHQ�JURXS�

FRPSDULVRQV�� WKH� FRQWURO� JURXS�KDG� VLJQLILFDQWO\� ORQJHU�57�FRPSDUHG� WR� WKH�079�JURXS¶V�57�

GXULQJ� EORFN� �� �PHDQ� GLIIHUHQFH ��PV��� EXW� WKH� GLIIHUHQFH� RI�57� IRU� WKH� WZR� JURXSV�ZDV� QRW�

VLJQLILFDQWO\�GLIIHUHQW�GXULQJ�WKH�WUDQVIHU�EORFN��PHDQ�GLIIHUHQFH ��PV�� 

 'LVFXVVLRQ 

7KH� FXUUHQW� VWXG\� DVVHVVHG� WKH� HIIHFWV� RI� GXDO� 079� RQ� PRYHPHQW� SHUIRUPDQFH� E\�

FRPSDULQJ�VSDWLDO�DQG�WHPSRUDO�PRYHPHQW�YDULDEOHV�RI�SDUWLFLSDQWV�ZKR�SHUIRUPHG�WKH�WDVN�ZLWK�

079�YHUVXV�ZLWKRXW�079���:H�SUHGLFWHG�WKH�YLEUDWLRQ�JURXS�ZRXOG�H[KLELW�ODUJHU�HUURUV�FRPSDUHG�

WR�WKH�FRQWURO�JURXS�HDUO\�LQ�SUDFWLFH��+RZHYHU��WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�

WZR�JURXSV�DW�DQ\�WLPHSRLQW�LQ�WHUPV�RI�HUURUV��8QOLNH�WKH�H[SHFWDWLRQ�RI�PRUH�VLPLODULWLHV�EHWZHHQ�

PRYHPHQW�SDUDPHWHUV�DIWHU�PRUH�SUDFWLFH��57�EHFDPH�VLJQLILFDQWO\�VKRUWHU� IRU� WKH�079�JURXS�

FRPSDUHG� WR� WKH� FRQWURO� JURXS� DW� EORFN����2Q� WKH� RWKHU� KDQG�� WKH� FRQVFLRXV� LOOXVRU\� VHQVDWLRQ�



 

 ��� 

UHVXOWV��L�H���5HVSRQVHV�WR�WKH�SV\FKRORJLFDO�TXHVWLRQV��GHPRQVWUDWHG�WKDW�WKHUH�ZDV�DGDSWDWLRQ�WR�

WKH�GXDO�079��7KDW�LV��ZLWK�GXDO�079�SDUWLFLSDQWV�UHSRUWHG�OHVV�WKDQ�KDOI�RI�WKH�LOOXVLRQ�WKDW�WKH\�

SHUFHLYHG� DW� EDVHOLQH� �L�H��� DGDSWDWLRQ� WR� WKH� VHQVRU\� FKDQJHV���7KH� REMHFWLYH�PHDVXUHPHQW� RI�

LOOXVRU\� PRYHPHQW� VHQVDWLRQ� �L�H��� SRODU� SORW� WHVW�� DOVR� VKRZHG� D� WUHQG� WRZDUG� OHVV� LOOXVRU\�

PRYHPHQW�VHQVDWLRQ�DIWHU���EORFNV�RI�KDYLQJ�079�RQ��KRZHYHU�WKHVH�FKDQJHV��DGDSWDWLRQV��ZHUH�

QRW�VWDWLVWLFDOO\�VLJQLILFDQW��)�������� ������S ������SDUWLDO�HWD�VTXDUH ������� 

6.4.1 �3HUFHSWXDO�DGDSWDWLRQ�WR�079� 

7KH� VXEMHFWLYH� LOOXVLRQ� DVVHVVPHQWV� VKRZHG� WKDW� PRVW� SDUWLFLSDQWV� IHOW� YLEUDWLRQ� LQ� WKH�

H[SHFWHG�GLUHFWLRQ�� ,W� LV� HVWDEOLVKHG� DOUHDG\� WKDW� YLEUDWLRQ�RI� D�PXVFOH�WHQGRQ� OHDGV� WR� LOOXVRU\�

PRYHPHQW�VHQVDWLRQ�LQ�WKH�VDPH�GLUHFWLRQ�DV�LI�WKH�YLEUDWHG�PXVFOH�ZDV�VWUHWFKHG��*RRGZLQ�HW�DO���

��������,Q�WKH�SUHVHQW�VWXG\�WKHUH�ZDV�DQ�LOOXVRU\�VHQVDWLRQ�RI�ZULVW�PRYHPHQW�WRZDUGV�H[WHQVLRQ�

ZKHQ�079�ZDV�DSSOLHG�RQ�WKH�ZULVW�IOH[RUV�DQG�YLFH�YHUVD��+RZHYHU��VRPH�SDUWLFLSDQWV�GLG�QRW�

IHHO� DQ\� LOOXVLRQ� ZKHQ� YLEUDWLRQ� ZDV� DSSOLHG� RYHU� WKH� ZULVW� H[WHQVRUV� RU� IOH[RUV�� /DFN� RI�

UHVSRQVLYHQHVV�WR�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�ZDV�DOVR�VHHQ�LQ�RWKHU�VWXGLHV�DQG�LWV�FDXVH�LV�QRW�

FOHDU��)XHQWHV�HW�DO���������5ROO�HW�DO����������,Q�WKLV�VWXG\��SDUWLFLSDQWV�ZHUH�LQFOXGHG�UHJDUGOHVV�

RI� WKHLU� SHUFHLYHG� LOOXVRU\� VHQVDWLRQ� DVVHVVPHQWV� VR� WKDW� WKH� UHVXOWV� ZRXOG� QRW� EH� ELDVHG� WR�

SDUWLFLSDQWV� ZKR� KDG� KLJKHU� OHYHOV� RI� FRQVFLRXV� DZDUHQHVV� RU� VHQVLWLYLW\� WR� PXVFOH� VSLQGOH�

VWLPXODWLRQ�� 

$OWKRXJK� DOO� SDUWLFLSDQWV� UHFHLYHG� GXDO� YLEUDWLRQ� RQ� WKHLU� ZULVW� DQWDJRQLVWV� ZLWK� HTXDO�

LQWHQVLW\� DQG� IUHTXHQF\� DW� EDVHOLQH�� PRVW� SDUWLFLSDQWV� IHOW� PRYHPHQW� WRZDUG� ERWK� GLUHFWLRQV�

DOWHUQDWHO\��Q ����7KLV�ILQGLQJ�PD\�EH�EHFDXVH�RI�SDUWLFLSDQWV¶�ODFN�RI�IDPLOLDULW\�ZLWK�WKH�LOOXVRU\�

PRYHPHQW�VHQVDWLRQ�DQG�UHSRUWLQJ�WKH�WDFWLOH�VHQVDWLRQ�LQVWHDG��H�J���FRQVLGHULQJ�WKH�PHFKDQLFDO�

GLVSODFHPHQW� RI� WKH� PRWRUV� DV� WKH� LOOXVRU\� PRYHPHQW��� �$IWHU� �� EORFNV� RI� SUDFWLFH� RQO\� RQH�

SDUWLFLSDQW��RXW�RI����LQ�WKH�079�JURXS�UHSRUWHG�WKLV�DOWHUQDWLQJ�IHHOLQJ��0RUHRYHU��WKH�UHVXOWV�RI�

WKH�SV\FKRORJLFDO�TXHVWLRQQDLUH�VKRZHG�D�UHGXFWLRQ�LQ�WKH�VFRUHV�UHODWHG�WR�WKH�IHHOLQJ�RI�LOOXVLRQ�

DIWHU�PRUH�WLPH�ZLWK�WKH�079�RQ��ZKLFK�FDQ�EH�LQWHUSUHWHG�DV�WKH�SDUWLFLSDQWV�DGDSWDWLRQ�WR�WKH�

VHQVRU\�FKDQJHV�FDXVHG�E\�079� 

)RU� WKH� 079� JURXS�� ZKHQ� GXDO� 079� ZDV� DSSOLHG�� WKH� VXP� RI� VFRUHV� IRU� WKH� WKUHH�

SV\FKRORJLFDO�TXHVWLRQV�ZDV�UHGXFHG�IURP����SRLQWV�DW�EDVHOLQH�WR�����DW�EORFN�����7KH�EHWZHHQ�WKH�

JURXS�FRPSDULVRQ�RI�WKH�EDVHOLQH�SRODU�SORW�UHVXOWV�DQG�TXHVWLRQQDLUH�VFRUHV�VKRZHG�WKDW�WKH�079�



 

 ��� 

JURXS� ZDV� ELDVHG� WRZDUGV� UHSRUWLQJ� KLJKHU� VFRUHV� IRU� DQ� LOOXVLRQ�� EXW� WKLV� GLIIHUHQFH� ZDV� QRW�

VWDWLVWLFDOO\�VLJQLILFDQW��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�ERWK�WKH�SV\FKRORJLFDO�TXHVWLRQV�DQG�WKH�SRODU�

SORW�WHVW�DQG�VLPLODU�WR�WKH�ILQGLQJV�RI�SUHYLRXV�VWXGLHV��)XHQWHV�HW�DO���������,]XPL]DNL�HW�DO���������

SDUWLFLSDQWV�IHOW�VWURQJHU�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�WRZDUGV�IOH[LRQ�ZLWK�H[WHQVRU�YLEUDWLRQ�WKDQ�

LOOXVRU\� H[WHQVLRQ� ZLWK� IOH[RU� YLEUDWLRQ�� (YHQ� IRU� GXDO� 079� SDUWLFLSDQWV� UHSRUWHG� IHHOLQJ� DQ�

LOOXVLRQ� WRZDUGV�IOH[LRQ�DW�EDVHOLQH��DOVR�VHH�%HOODQ�HW�DO���������IRU�VWURQJHU� LOOXVRU\�VHQVDWLRQ�

WRZDUGV�WKH�PLGOLQH�IOH[LRQ�LQ�GLIIHUHQW�MRLQWV���2QH�H[SODQDWLRQ�IRU�WKLV�ILQGLQJ�FRXOG�EH�WKDW�WKH�

QDWXUDO�UHVWLQJ�SRVWXUH�RI�WKH�ZULVW�MRLQW�LV�LQ�VRPH�GHJUHH�RI�IOH[LRQ�DQG�WKDW�FDQ�FDXVH�D�WHQGHQF\�

WRZDUGV�UHSRUWLQJ�PRUH�LOOXVRU\�IOH[LRQ�RI�WKH�ZULVW����� 

7KH�WHQGHQF\�IRU�D�VWURQJHU�SHUFHSWXDO�LOOXVLRQ�WRZDUGV�IOH[LRQ�LV�DOVR�FRQVLVWHQW�ZLWK�WKH�

SRVLWLRQLQJ�RI�D�QHXWUDO�ZULVW�SRVLWLRQ�DV�DVVHVVHG�E\� WKH�PRWLRQ� FDSWXUH�V\VWHP��)LJXUH����F���

$OWKRXJK�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��GHVFULSWLYH�VWDWLVWLFV�IURP�WKH�PRWLRQ�FDSWXUH�V\VWHP�GDWD�

VKRZHG�WKDW�DV�WKH�EORFNV�RI�DLPLQJ�WDVN�ZHUH�SHUIRUPHG��WKH�YLEUDWLRQ�JURXS�PRYHG�WKHLU�KDQG�

WRZDUG�H[WHQVLRQ�DQG�WKH�FRQWURO�JURXS�WRZDUGV�IOH[LRQ��7KH�VKLIW�RI�DFWXDO�ZULVW�SRVLWLRQ�WRZDUGV�

H[WHQVLRQ� LQ� WKH� 079� JURXS� PD\� EH� GXH� WR� WKH� VWURQJHU� LOOXVLRQ� WRZDUGV� IOH[LRQ� WKDW� WKH�

SDUWLFLSDQWV�DWWHPSWHG� WR�RYHUFRUUHFW��OHDGLQJ�WR�WKHLU�ZULVW�EHLQJ�SRVLWLRQHG�LQ�VOLJKW�H[WHQVLRQ�

LQVWHDG�RI�QHXWUDO�� 

6.4.2 (IIHFW�RI�079�RQ�PRYHPHQW�SODQQLQJ�H[HFXWLRQ 

7KHUH�DUH�VWXGLHV�WKDW�VKRZ�SURSULRFHSWLRQ�LV�DQ�LPSRUWDQW�VRXUFH�RI�IHHGEDFN�WKURXJKRXW�

DLPLQJ�PRYHPHQWV��,Q�RUGHU�WR�LQYHVWLJDWH�WKH�UROH�RI�YLVXDO�DQG�SURSULRFHSWLRQ�LQ�GLIIHUHQW�SKDVHV�

RI� XSSHU� OLPE� DLPLQJ�PRYHPHQWV� VWXGLHV� KDYH� XVHG� GLIIHUHQW� PHWKRGV� WR� SHUWXUE� WKH� VHQVRU\�

V\VWHPV��$�IHZ�H[DPSOH�RI�SHUWXUEDWLRQV�LQFOXGH�XVLQJ�WHQGRQ�YLEUDWLRQ�DIWHUHIIHFWV��*RRGPDQ�	�

7UHPEOD\����������YLVXDO��SULVPDWLF�VKLIW�LQ� WKH�KDQG¶V�VWDUW�SRVLWLRQ� �5RVVHWWL�HW�DO����������DQG�

GLVSODFLQJ�WKH�KDQG�E\�GHOLYHULQJ�EXUVWV�XVLQJ�DQ�DLU�FRPSUHVVRU�LQ�WKH�DEVHQFH�RI�YLVLRQ�RI�WKH�

OLPE��*ULHUVRQ�HW�DO����������,Q�WKH�FXUUHQW�VWXG\�YLVLRQ�RI�WKH�HIIHFWRU��L�H���WKH�FXUVRU��DQG�XSSHU�

OLPE�ZDV�REVWUXFWHG��VR�WKH�VHQVRU\�LQSXW�DYDLODEOH�RQOLQH�ZDV�SURSULRFHSWLRQ�DQG�WDFWLOH�VHQVRU\�

LQSXWV�� 



 

 ��� 

6.4.3 079�DQG�WHPSRUDO�YDULDEOHV� 

&KDQJHV�LQ�57�LQ�WKH�FXUUHQW�VWXG\�LQGLFDWH�DQ�LQFUHDVH�LQ�HIILFLHQF\�RI�PRYHPHQW�SODQQLQJ�

�+DQVHQ�HW�DO����������2QH�H[SODQDWLRQ�IRU�WKH�57�UHVXOWV�FRXOG�EH�WKDW�WKH�079�HQKDQFHG�DWWHQWLRQ�

WR� WKH�SURSULRFHSWLYH� LQSXW� WKDW� LQ� WXUQ� OHG� WR�PRUH�HIILFLHQW�PRYHPHQW� LQLWLDWLRQ��)RU� LQVWDQFH��

6SHQFH�HW�DO��LQYHVWLJDWHG�WKH�HIIHFW�RI�VKLIWLQJ�WDFWLOH��DXGLWRU\��DQG�YLVXDO�FXH�PRGDOLWLHV�RQ�57�

�6SHQFH�HW�DO����������7KH�UHVXOWV�SURYLGHG�HYLGHQFH�WKDW�WKH�57�IRU�DQ�H[SHFWHG�VHQVRU\�PRGDOLW\�

ZDV�VKRUWHU�WKDQ�ZKHQ�WKH�SDUWLFLSDQWV�GLG�QRW�H[SHFW�D�PRGDOLW\�RU�ZHUH�QRW�LQIRUPHG�DERXW�WKH�

DYDLODEOH�PRGDOLW\��0RUHRYHU��VKLIWLQJ�DWWHQWLRQ�IURP�YLVXDO�DQG�DXGLWRU\�PRGDOLWLHV�WR�WKH�WDFWLOH�

PRGDOLW\�OHG�WR�WKH�ODUJHVW�LQFUHDVH�LQ�57��,Q�RWKHU�ZRUGV��KXPDQV�UHVSRQG�PRUH�TXLFNO\�ZKHQ�WKH\�

FDQ�SUHSDUH� IRU�ZKLFK�PRGDOLW\� WKH\�ZLOO� UHFHLYH� WKH� LQIRUPDWLRQ�IURP�� ,Q�RXU�VWXG\�� WKH�079�

JURXS�UHFHLYHG�D�VRPDWRVHQVRU\�VWLPXODWLRQ��WDFWLOH�YLEUDWLRQ��DQG�ZHUH�H[SHFWHG�WR�SHUIRUP�D�WDVN�

XVLQJ�D�VHQVRU\�PRGDOLW\�ZLWKLQ� WKH�VRPDWRVHQVRU\�PRGDOLW\� �L�H���SURSULRFHSWLRQ���7KDW� LV�� WKH�

LQSXW�PRGDOLW\�ZDV�FRQJUXHQW�ZLWK�WKH�VHQVRU\�PRGDOLW\�XVHG�IRU�WKH�WDVN��+HQFH��WKH�VKRUWHU�57�

LQ�WKH�079�JURXS�FRPSDUHG�WR�WKH�FRQWURO�JURXS�FRXOG�EH�WKH�UHVXOW�RI�WKH�079�JURXS¶V�FRQVLVWHQW�

DWWHQWLRQ�WRZDUGV�VRPDWRVHQVRU\�UHODWHG�PRGDOLWLHV�DV�D�UHVXOW�RI�079�DSSOLFDWLRQ�� 

2YHUDOO��WKH�WHPSRUDO�SDUDPHWHUV�RI�WKH�PRYHPHQW�WRZDUGV�H[WHQVLRQ�VHHPHG�WR�EH�PRUH�

DIIHFWHG�E\�079�WKDQ�IOH[LRQ��,Q�WKH�079�JURXS��07�ZDV�VLJQLILFDQWO\�ORQJHU�IRU�ZULVW�H[WHQVLRQ�

FRPSDUHG�WR�IOH[LRQ�ZKHUHDV�IRU�WKH�FRQWURO�JURXS�07�ZDV�QRW�GLIIHUHQW�IRU�GLIIHUHQW�PRYHPHQW�

GLUHFWLRQV��7KH�KLJKHU�WHQGHQF\�IRU�WKH�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�WRZDUGV�IOH[LRQ�PD\�H[SODLQ�

WKLV�ILQGLQJ��,W�VHHPHG�WKDW�DOWKRXJK�WKH�VDPH�YLEUDWLRQ�ZDV�DSSOLHG�RQ�ERWK�DQWDJRQLVW�JURXSV��WKH�

H[WHQVRU�PXVFOH�JURXSV�ZHUH�PRUH�DIIHFWHG�E\�WKH�YLEUDWLRQ�DQG�WKLV�DXJPHQWHG�SURSULRFHSWLYH�

LQSXW� PD\� KDYH� OHG� WR� PRUH� RQOLQH� FRUUHFWLRQV� WRZDUG� H[WHQVLRQ� WKDQ� IOH[LRQ�� 7KDW� ODWWHU�

H[SODQDWLRQ�LV�FRQVLVWHQW�ZLWK�ZK\�WKH�079�JURXS�KDG�ORQJHU�07V�IRU�WKHLU�H[WHQVLRQ�PRYHPHQWV� 

7KHUH�DUH�D�IHZ�SRVVLEOH�H[SODQDWLRQV�IRU�ZK\�079�LPSURYHG�SHUIRUPDQFH�RI�WKH�JRDO�

GLUHFWHG�SURSULRFHSWLYH�DLPLQJ�WDVN�XVHG�LQ�WKH�FXUUHQW�VWXG\�E\�GHFUHDVLQJ�57�ZKLOH�PDLQWDLQLQJ�

VSDWLDO�DFFXUDF\��079�LV�WKRXJKW�WR�OHDG�WR�FRYHUW�DWWHQWLRQ�WR�WKH�SURSULRFHSWLRQ�VHQVRU\�LQSXWV��

079�KDV�DOVR�EHHQ�VKRZQ�WR�LQFUHDVH�H[FLWDELOLW\�RI�WKH�PRWRU�UHODWHG�FRUWH[�DQG�FRUWLFRVSLQDO�

SDWKZD\V� DV� PHDVXUHG� E\� +�UHIOH[� �%RFN� HW� DO��� ������� DQG� PXVFXODU� VSDVWLFLW\� DVVHVVPHQWV�

�0RUWD]D�HW�DO�����������$ORQJ�ZLWK�WKH�EHKDYLRUDO�FKDQJHV�ZLWK�079��VWXGLHV�RQ�WKH�&16�VKRZHG�

FKDQJHV�LQ�FRUWLFDO�DQG�FRUWLFRVSLQDO�H[FLWDELOLW\���6HYHUDO�VWXGLHV�KDYH�XVHG�WUDQVFUDQLDO�PDJQHWLF�

VWLPXODWLRQ��706��WR�H[SORUH�KRZ�079��DV�D�VRPDWRVHQVRU\�VWLPXODWLRQ��DIIHFWV�WKH�H[FLWDELOLW\�
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RI�WKH�PRWRU�FRUWH[��7KHVH�VWXGLHV�IRFXVHG�RQ�FRUWLFDO�OHYHO�FKDQJHV�LQ�KHDOWK\�LQGLYLGXDOV��)RUQHU�

&RUGHUR�HW�DO���������0DUFRQL�HW�DO���������5RVHQNUDQ]�HW�DO���������DQG�LQ�LQGLYLGXDOV�ZLWK�VWURNH�

�0DUFRQL�HW�DO����������7KH�UHVXOWV�RI�WKHVH�VWXGLHV�LQGLFDWH�FKDQJHV�LQ�H[FLWDELOLW\�RI�WKH�PRWRU�

DUHDV�UHODWHG�WR�WKH�YLEUDWHG�PXVFOHV��DV�ZHOO�DV�SDWWHUQV�RI�LQWUD�FRUWLFDO�LQKLELWLRQ�DQG�IDFLOLWDWLRQ��

$Q�LQFUHDVH�LQ�PDS�YROXPH�RI�WKH�YLEUDWHG�PXVFOH�DQG�LWV�DQWDJRQLVW�RQ�WKH�PRWRU�FRUWH[�PHDVXUHG�

XVLQJ�706��0DUFRQL�HW�DO���������KDYH�DOVR�EHHQ�UHSRUWHG��,Q�RUGHU�WR�HOXFLGDWH�WKH�FRQWULEXWLRQV�

RI�WKH�DERYH�PHFKDQLVPV�IXWXUH�H[SHULPHQWV�ZLOO�LQYHVWLJDWH�WKH�HIIHFW�RI�079�RQ�WKH�FKDQJHV�LQ�

WKH�VRPDWRVHQVRU\�V\VWHP�� 

6.4.4 079�DQG�VSDWLDO�YDULDEOHV 

5HJDUGOHVV� RI� JURXS� DVVLJQPHQW�� ZLWK� SUDFWLFH� SDUWLFLSDQWV� LPSURYHG� WKHLU� PRYHPHQW�

DFFXUDF\��:KLOH�&(� UHVXOWV� VKRZHG� WKDW� WKHUH�ZDV�QR� FRQVLVWHQW� ELDV� WRZDUGV� RYHUVKRRWLQJ� RU�

XQGHUVKRRWLQJ�WKH� WDUJHWV��WKH�UHVXOWV�RI�WKH�VSDWLDO�SDUDPHWHUV�VKRZHG�WKDW�HQGSRLQW�YDULDELOLW\�

ZDV�UHGXFHG�IURP�EORFN���WR�����3DUWLFLSDQWV�ZHUH�QRW�RQO\�PRUH�SUHFLVH�LQ�KLWWLQJ�WKH�WDUJHWV�E\�

WKH�HQG�RI�WKHLU�SUDFWLFH��EXW�WKDW�WKH\�ZHUH�PRUH�DFFXUDWH�LQ�WKHLU�DLPLQJ��6FKPLGW�HW�DO����������

)XUWKHU��VLQFH�WKH�WZR�JURXSV�ZHUH�QRW�GLIIHUHQW�LQ�WHUPV�RI�LPSURYHPHQWV�LQ�WKHLU�DFFXUDF\�DQG�

SUHFLVLRQ�DIWHU���EORFNV��ZH�SURSRVH�WKDW�079�KDG�QR�DGYHUVH�HIIHFW�RI�RQ�WKLV�XSSHU�OLPE�WDVN��

7KHVH� UHVXOWV� DUH� LQ� OLQH� ZLWK� WKH� ILQGLQJ� RI� WKH� VWXG\� E\� *RQ]DOHV� DQG� *REOH� WKDW� VKRZHG�

SURSULRFHSWLRQ� DGDSWDWLRQ� KDSSHQHG� ZLWKLQ� DERXW� ��� PLQXWHV� RI� ELFHSV�WULFHSV� YLEUDWLRQ� DV�

PHDVXUHG�E\�DQ�HOERZ�DQJOH�PDWFKLQJ�WDVN��*RQ]DOHV�	�*REOH���������6SHFLILFDOO\��WKHLU�UHVXOWV�

VKRZHG�WKDW�WKH�DPSOLWXGH�RI�WKH�XQGHUVKRRW�HUURUV��FRQVWDQW�HUURU��IRU�WKH�PDWFKLQJ�WDVN�GHFUHDVHG�

DW�WKH�ODWHU�WULDOV�ZKHQ�FRPSDUHG�WR�WKH�HDUO\�WULDOV��$OVR��PDWFKLQJ�YDULDELOLW\��YDULDEOH�HUURU��GLG�

QRW�LQFUHDVH�VLJQLILFDQWO\�GXULQJ�ELFHSV�WULFHSV�YLEUDWLRQ��2Q�WKH�RWKHU�KDQG��LQ�D�PHWKRGRORJLFDO�

VWXG\�%RFN�HW�DO���%RFN�HW�DO���������VXJJHVWHG�WKDW�WKH�HTXDO�YLEUDWLRQ�VWLPXODWLRQ�RYHU�DQWDJRQLVW�

PXVFOH�JURXSV�ZLOO�GHJUDGH�SURSULRFHSWLRQ��%RFN�HW�DO��DVVHVVHG�WKLV�K\SRWKHVLV�XVLQJ�WKUHH�WDVNV��

DQJOH�PDWFKLQJ��IRUFH�SURGXFWLRQ��DQG�KDSWLF�VKDSH�SHUFHSWLRQ��2QH�H[SODQDWLRQ�IRU�WKH�GLIIHUHQW�

ILQGLQJV�RI�WKH�FXUUHQW�VWXG\�DQG�%RFN�HW�DO�¶V�PHWKRGRORJLFDO�VWXG\��%RFN�HW�DO���������FRXOG�EH�

WKDW�WKH\�XVHG�WDVNV�WKDW�ZHUH�SDVVLYH�RU�OHVV�GHSHQGHQW�RQ�DFWLYH�PRYHPHQW��7KHUH�ZDV�DOVR�QRW�

HQRXJK�WLPH�IRU�SDUWLFLSDQWV�WR�DGDSW�WR�WKH�DGGHG�VHQVRU\�LQSXW�RI�YLEUDWLRQ�LQ�WKH�ODWWHU�VWXG\��

7KHVH�GLIIHUHQFHV�FRXOG�H[SODLQ�ZK\� WKH�FXUUHQW�VWXG\�GLG�QRW� ILQG�DQ\�DGYHUVH�HIIHFWV�RI�GXDO�

079� RQ� SURSULRFHSWLYH� SHUFHSWLRQ�� %\� DSSO\LQJ�079� GXULQJ� YROXQWDU\�PRYHPHQW�� DV� LQ� WKH�
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SUHVHQW�SURWRFRO��LW�LV�SRVVLEOH�WR�XQGHUVWDQG�WKH�HIIHFWV�RI�DXJPHQWHG�VHQVRU\�LQSXW�LQ�D�IXQFWLRQDO�

VHWWLQJ�DQG�HQKDQFH�WKH�HFRORJLFDO�YDOLGLW\�RI�WKH�SUHVHQW�ILQGLQJV�� 

6.4.5 %HWWHU�OHDUQLQJ�ZLWK�079 

7KH�ODUJHVW�JURXS�GLIIHUHQFH�ZDV�LQ�VSDWLDO�DFFXUDF\�GXULQJ�WKH�WUDQVIHU�WDVNV��7KH�079�

JURXS�ZDV�DEOH�WR�PDLQWDLQ�DOO�WKH�SHUIRUPDQFH�LPSURYHPHQWV�WKH\�DFKLHYHG�LQ�HQGSRLQW�DFFXUDF\�

�PHDQ�$(�GLIIHUHQW�EHWZHHQ�EORFN���DQG�WUDQVIHU ���PP��ZKHQ�YLEUDWLRQ�ZDV�UHPRYHG�GXULQJ�WKH�

WUDQVIHU�EORFN���,Q�FRQWUDVW��WKH�$(�RI�WKH�FRQWURO�JURXS�LQFUHDVHG�E\�D�PHDQ�GLIIHUHQFH�RI���PP�

IURP�EORFN����ZLWKRXW�079��WR�WKH�WUDQVIHU�EORFN��ZLWK�079���$OWKRXJK�WKH�UHVXOW�RI�WKH�FRQWURO�

JURXS�LV�LQ�OLQH�ZLWK�WKH�VSHFLILFLW\�RI�OHDUQLQJ�HIIHFW��WKH�UHVXOWV�RI�WKH�WUDQVIHU�EORFN�IRU�WKH�079�

JURXS�LV�QRW��7KDW�LV��VLPLODU�WR�WKH�FRQWURO�JURXS�WKH�SHUIRUPDQFH�RI�SDUWLFLSDQWV�RI�WKH�079�JURXS�

ZDV�H[SHFWHG�WR�ZRUVHQ�ZKHQ�WKH�YLEUDWLRQ�ZDV�UHPRYHG�GXULQJ�WUDQVIHU��0RUHRYHU��VLPLODU�WR�WKH�

UHVXOWV�RI�HQG�SRLQW�DFFXUDF\��GXULQJ�WKH�WUDQVIHU�EORFN��07�DQG�57�GLG�QRW�FKDQJH�IRU�WKH�079�

JURXS�ZKHQ�YLEUDWLRQ�ZDV�UHPRYHG��+RZHYHU��ZKHQ�WKH�FRQWURO�JURXS�UHFHLYHG�YLEUDWLRQ��WKHLU�57�

EHFDPH�VLJQLILFDQWO\�ORQJHU�� 

7KH�UHVXOWV�RI�WKH�079�JURXS�DUH�FRQWUDGLFWRU\�WR�WKH�VSHFLILFLW\�RI� OHDUQLQJ�HIIHFW��7KDW�

LV��PRWRU�OHDUQLQJ�LV�VSHFLILF�WR�WKH�VRXUFH�RI�VHQVRU\�LQIRUPDWLRQ�SURYLGHG�GXULQJ�SUDFWLFH��3URWHDX�

HW�DO����������,Q�WKH�FDVH�RI�SHUIRUPLQJ�D�QHZ�PRWRU�WDVN��WKH�&16�LGHQWLILHV�WKH�VRXUFHV�RI�DIIHUHQW�

LQIRUPDWLRQ�DYDLODEOH�WR�WKH�WDVN�DQG�XVHV�WKHP�WR�IRUP�D�VHW�RI�PRWRU�FRPPDQGV��3URWHDX�HW�DO���

������� ,Q� WKH� FXUUHQW� VWXG\�� SDUWLFLSDQWV� RI� WKH� 079� JURXS� KDG� IXOO� DWWHQWLRQ� WR� XVLQJ� WKHLU�

SURSULRFHSWLRQ� LQ� RUGHU� WR� SHUIRUP� WKH� DLPLQJ� WDVN�� VR�ZKHQ� WKH\� SHUIRUPHG� WKH� QR�YLEUDWLRQ�

WUDQVIHU�EORFN��WKH\�FRXOG�VWLOO�IRFXV�RQ�WKH�SURSULRFHSWLYH�LQIRUPDWLRQ�IURP�WKH�SUDFWLFH�EORFNV�WR�

SHUIRUP�LQ� WKH� WUDQVIHU�FRQGLWLRQ��$OWKRXJK� WKH�FRQWURO�JURXS�DOVR�XVHG�SURSULRFHSWLYH� LQSXW� WR�

OHDUQ� WKH� WDVN�� WKH\�GLG�QRW� IDFH� WKH�PRGLILHG�YHUVLRQ�RI� WKH�SURSULRFHSWLYH� LQIRUPDWLRQ�GXULQJ�

SUDFWLFH�DQG�WKXV�OLNHO\�GLG�QRW�KDYH�HQRXJK�SUDFWLFH�ZLWKRXW�WKH�YLEUDWLRQ�WR�RYHUFRPH�WKH�FKDQJH�

RI�DIIHUHQW�LQSXW�LQWHQVLW\�LQ�WKH�WUDQVIHU�EORFN�� 

$QRWKHU�H[SODQDWLRQ�IRU�EHWWHU�SHUIRUPDQFH�RI�WKH�079�JURXS�GXULQJ�WKH�WUDQVIHU�EORFN�

�VPDOOHU�$(��PD\�EH�D�PDVNLQJ�HIIHFW�RI�YLEUDWLRQ��0DVNLQJ�RI�WKH�WDUJHW�VWLPXODWLRQ�KDSSHQV�ZKHQ�

D�QRQ�WDUJHW�VWLPXODWLRQ�LV�DSSOLHG�VLPXOWDQHRXV�WR�WKH�WDUJHW�VWLPXOL��,Q�VXFK�VLWXDWLRQV��WKH�DELOLW\�

RI�WKH�QHUYRXV�V\VWHP�WR�GHWHFW�DQG�LQWHUSUHW�WKH�WDUJHW�VWLPXODWLRQ�PD\�EH�LQKLELWHG�RU�GHWHULRUDWH�

�&UDLJ���������,Q�WKH�FXUUHQW�VWXG\�DSSO\LQJ�079�PD\�KDYH�PDVNHG�SURSULRFHSWLRQ�VHQVRU\�LQSXWV�
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IURP�WKH�ZULVW�PXVFOH�VSLQGOHV�E\�VDWXUDWLQJ� WKH�&16�DQG�UHGXFHG� LWV�DELOLW\� WR�GHWHFW� WKH� WDVN�

UHOHYDQW�VLJQDOV��7KLV�PDVNLQJ�PD\�KDYH�LQFUHDVHG�WKH�FKDOOHQJH�RI�WKH�DFTXLVLWLRQ�FRQWH[W�ZKLFK�

OHG� WR� VXSHULRU� SHUIRUPDQFH� RI� WKH� 079� JURXS� GXULQJ� WKH� WUDQVIHU� EORFN� �IRU� FRQWH[WXDO�

LQWHUIHUHQFH�DQG�&KDOOHQJH�SRLQW�IUDPHZRUN�VHH�*XDGDJQROL�	�/HH��������DQG�6KHD�	�0RUJDQ��

�������7KLV�LQWHUSUHWDWLRQ�DJUHHV�ZLWK�WKH�ILQGLQJV�RI�D�YLEURWDFWLOH�VHQVRU\�OHWWHU�OHDUQLQJ�VWXG\�

E\� 3DVVPRUH� HW� DO�� �3DVVPRUH� HW� DO��� ������� 7KH� DXWKRUV� LQGXFHG� UDGLDWLQJ� SDUHVWKHVLD� DV� WKH�

LQWHUIHULQJ�VWLPXOXV�GXULQJ�DFTXLVLWLRQ��UHWHQWLRQ��DQG�WUDQVIHU�RI�D�0RUVH�FRGH�YLEURWDFWLOH�OHWWHU�

LGHQWLILFDWLRQ�WDVN��7KHLU�UHVXOWV�VKRZHG�WKDW�SDUWLFLSDQWV�ZKR�OHDUQHG�WKH�WDVN�ZKHQ�SDUHVWKHVLD�

ZDV� LQGXFHG� SHUIRUPHG� EHWWHU� WKDQ� WKH� QRQ�SDUHVWKHVLD� FRQWURO� JURXS� DW� WUDQVIHU�� ZKLFK� PD\�

LQGLFDWH�IDFLOLWDWHG�OHDUQLQJ�DV�D�UHVXOW�RI�D�FKDOOHQJLQJ�OHDUQLQJ�FRQWH[W� 

2QH�OLPLWDWLRQ�RI�WKH�FXUUHQW�VWXG\�ZDV�WKH�OHYHO�RI�GLIILFXOW\�RI�WKH�DLPLQJ�WDVN��7KH�WDVN�

LQFOXGHG�VL[�GLIIHUHQW�WDUJHW�ORFDWLRQV�WKDW�ZHUH�SUHVHQWHG�LQ�D�UDQGRP�RUGHU��7KH�PXOWLSOH�WDUJHW�
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ILQGLQJV�RI�VWXG\��VKRZHG�WKDW�PRYHPHQWV�SHUIRUPHG�LQ�WKH�SUHVHQFH�RI�LQGXFHG�SDUHVWKHVLD�WRRN�

ORQJHU�WR�H[HFXWH��EXW�QRW�DQ\�ORQJHU�WR�SODQ�RU�LQLWLDWH��$V�H[SHFWHG��YLVXDO�LQSXW�ZDV�WKH�GRPLQDQW�

VRXUFH�RI�LQIRUPDWLRQ��(UQVW�	�%DQNV��������(UQVW�	�%�OWKRII��������5RFN�	�9LFWRU��������DQG�

ZKHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�DYDLODEOH�SDUWLFLSDQWV¶�DFFXUDF\�DQG�PRWRU�FRQWURO�VWUDWHJLHV�GLG�QRW�

FKDQJH�DV�D�UHVXOW�RI�LQGXFHG�SDUHVWKHVLD��:KHQ�YLVLRQ�RI�WKH�WDUJHW�ZDV�QRW�DYDLODEOH��SDUHVWKHVLD�

DGYHUVHO\�DIIHFWHG�DFFXUDF\�DQG�HIILFLHQF\�RI�WKH�WDVN�SHUIRUPDQFH��:H�IRXQG�SDUWLFLSDQWV�OHDUQHG�

WR� DGDSW� WR� WKH� FKDQJHV� FDXVHG� E\� LQGXFHG� SDUHVWKHVLD� ZLWK�PRUH� SUDFWLFH� E\� SUHSODQQLQJ� WKH�

PRYHPHQW�� SHUIRUPLQJ� IHZHU� RQOLQH� FRUUHFWLRQV�� DV� ZHOO� DV� GHFUHDVLQJ� WKHLU� LQLWLDO� PRYHPHQW�

LPSXOVH��WR�FRPSHQVDWH�IRU�WKH�LQFUHDVHG�QHXURPXVFXODU�QRLVH��:H�VXJJHVWHG�WKDW�UHPRYLQJ�YLVLRQ�

RI�WKH�WDUJHW�OHG�WR�PHPRU\�JXLGHG�PRYHPHQW�FRQWURO��(OOLRWW���������VR�SDUWLFLSDQWV�UHOLHG�RQ�WKHLU�

SHUFHSWLRQ� RI� WKH� WDUJHW� ORFDWLRQ� �+HDWK��������ZKLFK� FRXOG�KDYH�EHHQ�GLVWRUWHG�RU�ELDVHG� DV�D�

UHVXOW�RI�LQGXFHG�SDUHVWKHVLD�E\�PHGLDQ�QHUYH�VWLPXODWLRQ� �*KLODUGL�HW�DO���������+DJJDUG�HW�DO���

������-RQHV�HW�DO��������� 

,Q�WKH�VHFRQG�VWXG\�D�VLPLODU�JRDO�GLUHFWHG�DLPLQJ�WDVN�ZDV�XVHG��EXW�WKLV�WLPH�WKH�YLVXDO�

PDQLSXODWLRQ�LQFOXGHG�RFFOXGLQJ�WKH�YLVXDO�LQSXW�WR�XQGHUVWDQG�LI�SDUWLFLSDQWV¶�UHOLDQFH�RQ�YLVXDO�



 

 ��� 

IHHGEDFN�RI�WKHLU�OLPE�VSHFLILFDOO\�LQFUHDVHV�LQ�WKH�SUHVHQFH�RI�PRGLILHG�SURSULRFHSWLRQ�LQSXW��:H�

IRXQG�WKDW�WKH�FRPELQDWLRQ�RI�SDUHVWKHVLD�DQG�QR�YLVLRQ�RI�WKH�OLPE�OHG�WR�D�VLJQLILFDQW�PRYHPHQW�

ELDV�WRZDUGV�WKH�ERG\�PLGOLQH��7KLV�ILQGLQJ�VKRZV�WKDW�WKH�FRQWULEXWLRQ�RI�SURSULRFHSWLYH�LQSXW�IRU�

PRYHPHQW�DFFXUDF\�LV�LQGHHG�ODUJHU�LQ�WKH�DEVHQFH�RI�YLVXDO�IHHGEDFN�RI�WKH�OLPE��7KH�WHPSRUDO�

RXWFRPH�PHDVXUHV�VKRZHG� WKDW�ZLWK� LQWDFW�VHQVRU\�LQSXW�SDUWLFLSDQWV�KDG� WKH� ORQJHVW�07��ZLWK�

PRVW� RI� WKH� WLPH� VSHQW� IRU� OLPE�WDUJHW� UHJXODWLRQ�� +RZHYHU�� ZKHQ� SDUHVWKHVLD� ZDV� LQGXFHG�

SDUWLFLSDQWV� SHUIRUPHG� D�PRUH� SUH�SODQQHG�PRYHPHQW�� HYHQ� ZLWK� IXOO� YLVLRQ� DYDLODEOH��9LVXDO�

IHHGEDFN�RI�WKH�PRYLQJ�OLPE�KDG�D�VLJQLILFDQW�UROH�RQ�HQGSRLQW�DFFXUDF\�DQG�YDULDELOLW\��KRZHYHU�

SDUHVWKHVLD��RU�ODFN�RI�LQWDFW�SURSULRFHSWLYH�LQSXW��LQGXFHG�D�SUH�SODQQHG�PRYHPHQW�VWUDWHJ\�IRU�D�

JRDO�GLUHFWHG� UHDFKLQJ�PRYHPHQW�� HYHQ�ZKHQ� IXOO� YLVXDO� IHHGEDFN�ZDV� DYDLODEOH��7RJHWKHU� WKH�

UHVXOWV�RI�WKH�WZR�IXQGDPHQWDO�VWXGLHV��VWXGLHV���DQG����SURYLGH�IXUWKHU�HYLGHQFH�RQ�WKH�LPSRUWDQFH�

RI�SURSULRFHSWLYH�LQSXW�IRU�WKH�SODQQLQJ�DQG�RQOLQH�FRQWURO�RI�JRDO�GLUHFWHG�PRYHPHQWV��%DJHVWHLUR�

HW�DO���������*RRGPDQ�	�7UHPEOD\���������HYHQ�LQ�WKH�SUHVHQFH�RI�YLVXDO�IHHGEDFN�� 

6WXG\����0RUWD]D�HW�DO����������D�OLWHUDWXUH�UHYLHZ�ZLWK�PHWD�DQDO\VLV��FKDSWHU�����H[SORUHG�

WKH�DYDLODEOH�FOLQLFDO�HYLGHQFH� IRU� WKH�HIIHFWLYHQHVV�RI�PXVFOH�WHQGRQ�YLEUDWLRQ� DV�D�PHWKRG�RI�

UHKDELOLWDWLRQ� XVLQJ� VRPDWRVHQVRU\� VWLPXODWLRQ�PRGLILFDWLRQ� IRU� LQGLYLGXDOV� SRVW�VWURNH��0HWD�

DQDO\VLV�RI�WKH�UHVXOWV�RI���LQFOXGHG�FOLQLFDO�WULDOV�VKRZHG�WKDW�WKH�XVH�RI�PXVFOH�WHQGRQ�YLEUDWLRQ�

LQ�LQGLYLGXDOV�ZLWK�VXEDFXWH�DQG�FKURQLF�VWURNH�ZDV�QRW�DVVRFLDWHG�ZLWK�VLJQLILFDQW�LPSURYHPHQW�

LQ� IXQFWLRQDO� PRYHPHQWV� RI� WKH� XSSHU� OLPE� DQG� GLG� QRW� UHGXFH� VSDVWLFLW\�� 7KLV� ILQGLQJ� ZDV�

DFFRUGLQJ�WR�VSHFLILF�VWDQGDUG�FOLQLFDO�DVVHVVPHQW�PHWKRGV�XVHG�LQ�WKHVH�VWXGLHV�IRU�HYDOXDWLQJ�WKH�

SHUIRUPDQFH�RI�WKH�XSSHU�OLPE��7KH�UHVXOWV�DOVR�VWUHVVHG�WKH�ODFN�RI�VXIILFLHQW�FOLQLFDO�HYLGHQFH�RQ�

WKH�HIILFDF\�RI�PXVFOH�WHQGRQ�YLEUDWLRQ�IRU�XSSHU�OLPE�UHKDELOLWDWLRQ�SRVW�VWURNH��+RZHYHU��UHVXOWV�

RI� WKH�VHFRQGDU\�RXWFRPH�RI�PRYHPHQW� WLPH� WR� FRPSOHWH�D� UHDFKLQJ� WDVN�VKRZHG�VLJQLILFDQWO\�

IDVWHU�PRYHPHQWV�IRU�WKH�JURXS�WKDW�UHFHLYHG�WKH�PXVFOH�WHQVRQ�YLEUDWLRQ�WUHDWPHQW��&DVDOH�HW�DO���

������7DYHUQHVH�HW�DO����������:H�XVHG�WKH�ILQGLQJV�RI�WKLV�OLWHUDWXUH�UHYLHZ�IRU�GHWHUPLQLQJ�WKH�

SDUDPHWHUV�RI�DQ�HIIHFWLYH�YLEUDWLRQ�SURWRFRO�DV�ZHOO�DV�WKH�RXWFRPHV�PHDVXUH�WKDW�DUH�VHQVLWLYH�

HQRXJK�WR�GHWHFW�FKDQJHV�DV�UHVXOW�RI�PXVFOH��WHQGRQ�YLEUDWLRQ�LQ�WKH�QH[W�WZR�VWXGLHV�� 

,Q�VWXG\�����0RUWD]D�	�*OD]HEURRN��������FKDSWHU����D�SUDFWLFDO�PHWKRG�ZDV�HVWDEOLVKHG�

WR�PHDVXUH�WKH�FKDUDFWHULVWLFV�RI�WKH�PXVFOH�WHQGRQ�YLEUDWLRQ�XVLQJ�DIIRUGDEOH�DFFHOHURPHWHUV��7KLV�

PHWKRG�ZDV�XVHG� LQ� WKH� ODVW� VWXG\� �VWXG\�����ZKLFK�ZDV� D� EHKDYLRUDO� H[SHULPHQW� SUHVHQWHG� LQ�

&KDSWHUV����WKDW�DLPHG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�DSSO\LQJ�079�RQ�SHUIRUPDQFH�RI�D�IXQFWLRQDO�



 

 ��� 

JRDO�GLUHFWHG�DLPLQJ�WDVN�RYHU�D�VHULHV�RI�SUDFWLFH�WULDOV��$�VHFRQGDU\�REMHFWLYH�RI�WKLV�VWXG\�ZDV�

WR�GHWHUPLQH�LI�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKH�FRQVFLRXV�SHUFHSWLRQ�RI�DQ\�LOOXVRU\�PRYHPHQW�

FDXVHG� E\� WKH� 079� DQG� DVVRFLDWHG� FKDQJHV� LQ� PRYHPHQW� SHUIRUPDQFH�� 7KH� ILQGLQJV� RI� WKLV�

EHKDYLRUDO�VWXG\�VKRZHG�QR�DGYHUVH�HIIHFWV�RI�DSSO\LQJ�079�DW�WKH�ZULVW�GXULQJ�SHUIRUPDQFH�RI�

DQ�XSSHU�OLPE�DLPLQJ�PRYHPHQW��7KH�UHVXOWV�RI�WKH�SHUFHSWXDO�DVVHVVPHQWV�VKRZHG�WKH�DGDSWDELOLW\�

RI� WKH� VRPDWRVHQVRU\� V\VWHP� WR� WKH� SHUFHSWLRQ� RI� VHQVRU\� FKDQJHV� DORQJ� ZLWK� WKH� PRWRU�

SHUIRUPDQFH��WKH�SHUFHSWXDO�FKDQJHV��L�H���LOOXVRU\�VHQVDWLRQ��FDXVHG�E\�079�UHJDUGLQJ�WKH�KDQG�

SRVLWLRQ�ZHUH�FRUUHFWHG�ZKHQ�079�ZDV�DSSOLHG�IRU�D�UHODWLYHO\�VKRUW�SHULRG�RI�WLPH��OHVV�WKDQ����

PLQXWHV��� 

 )XWXUH�'LUHFWLRQV� 

)XWXUH� UHVHDUFK� ZLOO� LQYHVWLJDWH� WKH� VHQVRU\� PRWRU� H[FLWDELOLW\�� XVLQJ� VRPDWRVHQVRU\�

HYRNHG�SRWHQWLDOV��6(3V���WR�H[SORUH�WKH�HIIHFW�RI�GXDO�079�YHUVXV�079�RYHU�RQH�PXVFOH�JURXS�

RQ�WKH�H[FLWDEO\�RI�WKH�VRPDWRVHQVRU\�FRUWH[��DVVRFLDWHG�SDWKZD\V��DQG�WKH�SRWHQWLDO�HIIHFWV�RQ�

UHODWHG�PRWRU�FRQWURO�SURFHVVHV��$SSHQGL[�����7KH�UHVXOWV�RI�WKH�6(3V�VWXG\�FRPELQHG�ZLWK�WKH�

EHKDYLRUDO�UHVXOWV�ZLOO�FRQWULEXWH�WR�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�HIIHFWV�RI�GXDO�079�RQ�

PRYHPHQW�FRQWURO��*LYHQ� WKH�SURRI�RI�FRQFHSW�VWXG\�RQ� WKH�KHDOWK\�QHXURW\SLFDO�SRSXODWLRQ� LQ�

VWXG\���GLG�QRW�VKRZ�DQ\�DGYHUVH�HIIHFW�RI�DSSO\LQJ�079�GXULQJ�D�IXQFWLRQDO�XSSHU�OLPE�WDVN��

IXWXUH�ZRUN�ZLOO�IRFXV�RQ�FOLQLFDO�WULDOV�RQ�PDMRU�SRSXODWLRQV�ZLWK�SURSULRFHSWLRQ�GHILFLHQFLHV�VXFK�

DV�LQGLYLGXDOV�ZKR�DUH�SRVW�VWURNH�DQG�ROGHU�DGXOWV� 

,Q� VWXG\� �� ZH� LQFOXGHG� VXEMHFWLYH� FRQVFLRXV� SHUFHSWXDO� PHDVXUHPHQWV� RI� LOOXVRU\�

PRYHPHQW�VHQVDWLRQ�WR�YDOLGDWH�WKDW�WKH�DSSOLHG�SURWRFRO�RI�PXVFOH�WHQGRQ�YLEUDWLRQ�GLG�LQ�IDFW�

VWLPXODWH�WKH�WDUJHWHG�DIIHUHQW�V\VWHP��)XWXUH�ZRUN�VKRXOG�FRQVLGHU�LQFOXGLQJ�+�UHIOH[�DVVHVVPHQW�

ZLWK�DQG�ZLWKRXW�PXVFOH�WHQGRQ�YLEUDWLRQ�DV�DQ�REMHFWLYH�PHDVXUHPHQW�PHWKRG�WR�FRPSOLPHQW�WKH�

FRQVFLRXV�SHUFHSWXDO�PHDVXUHPHQWV��7KH�DGGLWLRQ�RI�WKH�+�UHIOH[�DVVHVVPHQW�ZLOO�IXUWKHU�YDOLGDWH�

WKDW� RXU� SURSRVHG� ZHDUDEOH� PXVFOH�WHQGRQ� YLEUDWLRQ� GHYLFH� LV� HIIHFWLYHO\� VWLPXODWLQJ� WKH�

SURSULRFHSWLYH�SDWKZD\V��0RUHRYHU��ZH�VXJJHVWHG� LQ�VWXG\��� WKDW� WKH�YLEUDWLRQ�PD\�DOVR�EULQJ�

DGGLWLRQDO�DWWHQWLRQ�WR�SURSULRFHSWLYH�LQSXW�DQG�WKXV�PD\�FRQWULEXWH�WR�PRUH�HIILFLHQW�SHUIRUPDQFH�

RI�D�JRDO�GLUHFWHG�PRYHPHQW�ZLWK�PXVFOH�WHQGRQ�YLEUDWLRQ��7KXV��WKHUH�LV�D�QHHG�IRU�PRUH�UHVHDUFK�

RQ� WKH�HIIHFWV�RI�PXVFOH�WHQGRQ�YLEUDWLRQ�RQ�GLIIHUHQW�DVSHFWV�RI�DWWHQWLRQ��SK\VLRORJLFDO� UHIOH[�

SDWKZD\V��DORQJ�ZLWK�LWV�HIIHFWV�RQ�WKH�PRWRU�FRQWURO�SHUIRUPDQFH�DQG�OHDUQLQJ�� 



 

 ��� 

 /LPLWDWLRQV� 

2QH� OLPLWDWLRQ� RI� WKH� FXUUHQW� GLVVHUWDWLRQ� ZDV� WKH� FKRLFH� RI� WKH� SULPDU\� D[LV� RI� WKH�

PRYHPHQW�IRU�WKH�ILUVW�WZR�IXQGDPHQWDO�VWXGLHV��$V�REVHUYHG�LQ�WKH�UHVXOWV�RI�ERWK�VWXGLHV��PHGLDQ�

QHUYH�VWLPXODWLRQ�FDXVHG�HQGSRLQW�ELDV�LQ�WKH�PHGLRODWHUDO�GLUHFWLRQ��$�WDVN�ZLWK�D�PHGLRODWHUDO�

GLUHFWLRQ� DV� WKH� SULPDU\� PRYHPHQW� ZRXOG� OLNHO\� EH� PRUH� VHQVLWLYH� WR� FKDQJHV� LQ� PRWRU�

SHUIRUPDQFH�DV�D�UHVXOW�RI�LQGXFHG�SDUHVWKHVLD�FDXVHG�E\�PHGLDQ�QHUYH�VWLPXODWLRQ��,Q�WKH�ILUVW�WZR�

VWXGLHV�mono-filament pressure testing was utilized to assess gross sensory pressure changes as a result 

of induced paresthesia. However, a measure of sensory acuity, such as 2-point discrimination test was 

not included. �)XWXUH�VWXGLHV�VKRXOG�DOVR�LQFOXGH�LOOXVRU\�OLPE�ORFDWLRQ�DVVHVVPHQW�DV�D�UHVXOW�RI�WKH�

LQGXFHG�SDUHVWKHVLD�DORQJ�ZLWK�D�PHDVXUHPHQW�RI�sensory acuity��7KLV�DVVHVVPHQW�LV�H[SHFWHG�WR�

KHOS� ZLWK� EHWWHU� LQWHUSUHWDWLRQ� RI� WKH� UHVXOWV� RI� WKH� PRYHPHQW� DFFXUDF\� RXWFRPHV� DV� ZHOO� DV�

DVVHVVPHQW�RI� WKH� LQWHQVLW\�RI� WKH� LQGXFHG�SDUHVWKHVLD��$� OLPLWDWLRQ�RI�VWXG\���ZDV� WKH� OHYHO�RI�

GLIILFXOW\�RI�WKH�FKRVHQ�DLPLQJ�WDVN��7KH�WDVN�LQFOXGHG�LQ�WKH�079�EHKDYLRUDO�VWXG\�LQFOXGHG�VL[�

GLIIHUHQW�WDUJHW�ORFDWLRQV�WKDW�ZHUH�SUHVHQWHG�LQ�D�UDQGRP�RUGHU��7KH�UDQGRP�SUHVHQWDWLRQ�RI�WDUJHW�

ORFDWLRQ�PDGH�LW�GLIILFXOW�IRU�WKH�SHUIRUPDQFH�RI�HDFK�WULDO�WR�EHQHILW�IURP�WKH�IHHGEDFN�IURP�WKH�

SUHFHGLQJ�WULDO��7KH�WDVN�PD\�KDYH�EHHQ�WRR�KDUG�IRU�SDUWLFLSDQWV�WR�OHDUQ�DQG�QRW�VHQVLWLYH�HQRXJK�

WR�GHWHFW�JURXS�GLIIHUHQFHV��)XWXUH�ZRUN�ZLOO�XVH�IHZHU�WDUJHW�FKRLFHV�DQG�SUHVHQW�WKH�VDPH�WDUJHW�

IRU�D�VSHFLILHG�QXPEHU�RI�WULDOV� 

 7KHRUHWLFDO�DQG�&OLQLFDO�,PSOLFDWLRQV 

7KH�UHVXOWV�RI�WKH�SUHVHQW�WKHVLV�FRQWULEXWH�WR�GHYHORSLQJ�RXU�XQGHUVWDQGLQJ�RI�KRZ�KXPDQV�

DGDSW� WKHLU� PRWRU� FRQWURO� VWUDWHJLHV� ZKHQ� DYDLODEOH� VRPDWRVHQVRU\� LQSXW� LV� GLVUXSWHG�� 7KH�

WKHRUHWLFDO� FRQWULEXWLRQV� RI� WKLV� WKHVLV� DUH� WKUHH�IROG�� )LUVW��ZH� IRXQG� WKDW� LQGXFHG� SDUHVWKHVLD�

DGYHUVHO\�DIIHFWHG� DFFXUDF\�DQG�HIILFLHQF\�RI�PRWRU�SHUIRUPDQFH�GXULQJ�D�PHPRU\�JXLGHG�SUH�

SODQQHG� JRDO�GLUHFWHG� PRYHPHQW� �(OOLRWW�� ������� �VWXG\� ���� 6HFRQG�� LQGXFHG� SDUHVWKHVLD� LQ� WKH�

SUHVHQFH�RI�IXOO�YLVLRQ�GLG�QRW�DIIHFW�PRYHPHQW�DFFXUDF\��+RZHYHU��LQGXFHG�SDUHVWKHVLD�GLG�DIIHFW�

WKH�PRYHPHQW�VWUDWHJ\�ZLWK�UHVSHFW�WR�IHZHU�RQOLQH�FRUUHFWLRQV�DQG�D�PRUH�SUH�SODQQHG�PRYHPHQW��

ZKLFK� VLJQLILHV� WKH� UROH� RI� SURSULRFHSWLRQ� IRU� WKH� RQOLQH� FRUUHFWLRQ� RI� UHDFKLQJ� PRYHPHQWV�

�%DJHVWHLUR� HW� DO��� ������ *RRGPDQ� 	� 7UHPEOD\�� ������ �VWXG\� ���� 7KLUG�� E\� FRPSDULQJ� WKH�

SHUIRUPDQFH�RQ�HDUO\�YHUVXV�ODWH�WULDOV�ZH�IRXQG�HYLGHQFH�WKDW�SDUWLFLSDQWV�OHDUQHG�WR�DGDSW�WR�WKH�



 

 ��� 

FKDQJH� LQ� WKHLU� SURSULRFHSWLYH� LQSXW� E\� FKDQJLQJ� WKHLU� PRYHPHQW� VWUDWHJ\� �H�J��� SUHSODQQLQJ��

GHFUHDVHG�LQLWLDO�PRYHPHQW�LPSXOVH��VWXG\���DQG�VWXG\�����7KLV�IXQGDPHQWDO�UHVHDUFK�UHSUHVHQWV�

WKH�ILUVW�VWHS�WRZDUGV�H[WHQGLQJ�WKLV�OLQH�RI�ZRUN�WR�FOLQLFDO�SRSXODWLRQV�ZKR�H[SHULHQFH�GLVUXSWHG�

VRPDWRVHQVRU\�IHHGEDFN��,Q�SDUWLFXODU��KRZ�LQGLYLGXDOV�DUH�DEOH�WR�DGDSW�WKHLU�PRYHPHQW�VWUDWHJLHV�

WR�DFFRXQW�IRU�WKH�DOWHUHG�SURSULRFHSWLYH�LQSXW��7KHVH�ILQGLQJV�PD\�DOVR�SURYLGH�LQIRUPDWLRQ�IRU�

WKHUDSLVWV�UHJDUGLQJ�WKH�W\SHV�RI�DXJPHQWHG�DQG�LQWULQVLF�IHHGEDFN�WKDW�PD\�KHOS�LQGLYLGXDOV�OHDUQ�

WR�SHUIRUP�DFFXUDWH�DQG�HIILFLHQW�PRYHPHQWV�ZKHQ�VRPDWRVHQVRU\�IHHGEDFN�LV�GLVUXSWHG� 

7KH�WZR�PDMRU�FRQWULEXWLRQV�WR�WKH�ILHOG�RI�QHXURUHKDELOLWDWLRQ�RI�WKH�V\VWHPDWLF�UHYLHZ�

ZLWK�PHWD�DQDO\VLV� DUH�� L�� WKH� QHHG� IRU� ODUJHU�� KLJKHU� TXDOLW\� FOLQLFDO� WULDOV� RQ� VSHFLILF� SDWLHQW�

SRSXODWLRQV��H�J���VWURNH�DQG�ROGHU�DGXOWV���DQG�LL��WR�FRQVLGHU�WKH�FOLQLFDO�UHOHYDQFH�RI�SHUIRUPDQFH�

EDVHG�RXWFRPH�PHDVXUHV�WKDW�IRFXV�RQ�WLPH�WR�FRPSOHWH�D�IXQFWLRQDO�PRYHPHQW��H�J���57�DQG�07��

VXFK� DV� D� JRDO�GLUHFWHG� DLPLQJ� WDVN� �0RUWD]D� HW� DO��� ������ �VWXG\� ���� 7KLV� FXUUHQW� WKHVLV� DOVR�

SURYLGHV�WKH�ILUVW�UHSRUW�RQ�WKH�GHVLJQ�RI�D�QRYHO�ZHDUDEOH�UHKDELOLWDWLRQ�GHYLFH��$�PHWKRGRORJ\�

VWXG\�RQ�WKH�PHDVXUHPHQW�RI�WKH�YLEUDWLRQ�IUHTXHQF\�ZDV�FRQGXFWHG�LQ�RUGHU�WR�DVVHVV�D�IHDVLEOH�

PHWKRG�WR�PHDVXUH�DQG�PRQLWRU�IRU�WKH�PRVW�HIIHFWLYH�YLEUDWLRQ�FKDUDFWHULVWLFV�IRU�VWLPXODWLQJ�WKH�

PXVFOH�VSLQGOHV��0RUWD]D�	�*OD]HEURRN��������VWXG\�����7KH�SURRI�RI�FRQFHSW�VWXG\�RQ�WKH�HIIHFWV�

RI�079�RQ�WKH�SHUIRUPDQFH�RI�D�JRDO�GLUHFWHG�DLPLQJ�WDVN�LQ�QHXURW\SLFDO�KHDOWK\�DGXOWV��0RUWD]D�

	� *OD]HEURRN�� ������VWXG\� ��� VKRZHG� QR� DGYHUVH� HIIHFWV� RI� PXVFOH�WHQGRQ� YLEUDWLRQ� RQ�

SHUIRUPDQFH�RI� XSSHU� OLPE� DLPLQJ�PRYHPHQWV��6LPLODU� WR� WKH� ILQGLQJV�RI� VWXG\�� DQG� VWXG\����

UHVXOWV� RI� WKLV� VWXG\� DOVR� VXSSRUWHG� WKH� SRWHQWLDO� RI� WKH� VRPDWRVHQVRU\� V\VWHP� WR� DGDSW� WR�

YLEURWDFWLOH� LQSXW� XVHG� WR� PDQLSXODWH� �RU� DXJPHQW�� LQWULQVLF� SURSULRFHSWLYH� LQSXW� WKURXJK� WKH�

DVVRFLDWHG� FKDQJHV� LQ� SHUFHSWLRQ� DQG�PRWRU� SHUIRUPDQFH��+HQFH�� D� FOLQLFDO� DSSOLFDWLRQ� RI� WKH�

ILQGLQJV�RI�VWXG\���ZLOO�EH�XVLQJ�PXVFOH�WHQGRQ�YLEUDWLRQ�LQ�D�ZHDUDEOH�UHKDELOLWDWLRQ�GHYLFH�WR�

LPSURYH�SHUIRUPDQFH�GXULQJ�IXQFWLRQDO�PRYHPHQWV� 

,Q�VXPPDU\�� WKH�ILQGLQJV�RI� WKH�FXUUHQW� WKHVLV�LQIRUP�IXWXUH�ZRUN�WKDW�ZLOO�H[DPLQH�WKH�

HIIHFWV� RI� D� QRYHO� YLEUDWLRQ� GHYLFH� RQ� WKH� QHXURSK\VLRORJLF� DQG� EHKDYLRUDO� SHUIRUPDQFH� RI�

LQGLYLGXDOV�ZLWK�FKURQLF�VWURNH�DQG�ROGHU�DGXOWV��)LQDOO\�� WKH�ZHDUDEOH�PXVFOH�WHQGRQ�YLEUDWLRQ�

GHYLFH�SURSRVHG�LQ�WKH�FXUUHQW�WKHVLV�LV�D�ORZ�WHFK��LQH[SHQVLYH��DQG�QRQ�LQYDVLYH�UHKDELOLWDWLRQ�

VROXWLRQ�IRU�VWLPXODWLQJ�WKH�VHQVRULPRWRU�SDWKZD\V�DQG�FRUWLFHV��,W�PD\�EH�EHQHILFLDO�WR�EH�XVHG�DV�

FRPSOHPHQWDU\�WUHDWPHQW�IRU�LQGLYLGXDOV�ZLWK�PRWRU�GHILFLWV�DV�D�UHVXOW�RI�SURSULRFHSWLRQ�ORVV�� 
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,QWURGXFWLRQ 

6KRUW�WHUP�FKDQJHV�LQ�WKH�DIIHUHQW�LQSXWV�VXFK�DV�HOHFWULFDO��)RUQHU�&RUGHUR�HW�DO���������

/pRQDUG�HW�DO���������0DUFRQL�HW�DO���������5LGGLQJ�HW�DO���������5RFFKL�HW�DO���������5RVHQNUDQ]�

HW�DO���������DQG�YLEUDWLRQ�VWLPXODWLRQ�KDYH�VKRZQ�WR�FDXVH�QHXURSODVWLF�FKDQJHV�LQ�WKH�KXPDQ�

VHQVRU\�DQG�PRWRU�FRUWLFHV��1DLWR�	�(KUVVRQ��������1DLWR�HW�DO����������9LEUDWLRQ�RYHU�WKH�PXVFOH�

WHQGRQV�FDQ�VHOHFWLYHO\�VWLPXODWH�WKH�PXVFOH�VSLQGOHV�DQG�FDXVH�VHQVDWLRQ�RI�PRYHPHQW��5ROO�	�

*LOKRGHV��������5ROO�	�9HGHO��������SHUFHLYHG�DV�WKH�YLEUDWHG�PXVFOH�EHLQJ�VWUHWFKHG��*RRGZLQ�

HW�DO����������6HYHUDO�VWXGLHV�KDYH�XVHG�WUDQVFUDQLDO�PDJQHWLF�VWLPXODWLRQ��706��WR�H[SORUH�KRZ�

PXVFOH�WHQGRQ�YLEUDWLRQ��079���DV�D�VRPDWRVHQVRU\�VWLPXODWLRQ��DIIHFWV�WKH�H[FLWDELOLW\�RI�WKH�

PRWRU� FRUWH[��7KHVH� VWXGLHV� IRFXVHG�RQ� FRUWLFDO� OHYHO� FKDQJHV� LQ�KHDOWK\� LQGLYLGXDOV� �)RUQHU�

&RUGHUR�HW�DO���������0DUFRQL�HW�DO���������5RVHQNUDQ]�HW�DO���������DQG�LQ�LQGLYLGXDOV�ZLWK�VWURNH�

�0DUFRQL�HW�DO����������7KH�UHVXOWV�RI�WKHVH�VWXGLHV�LQGLFDWHG�FKDQJHV�LQ�H[FLWDELOLW\�RI�WKH�PRWRU�

DUHDV�UHODWHG�WR�WKH�YLEUDWHG�PXVFOH�DV�ZHOO�DV�SDWWHUQV�RI�LQWUD�FRUWLFDO�LQKLELWLRQ�DQG�IDFLOLWDWLRQ��

0DUFRQL�HW�DO��VKRZHG�WKDW�079�LQ�LQGLYLGXDOV�ZLWK�VWURNH�LQFUHDVHG�PDS�YROXPH�RI�WKH�YLEUDWHG�

PXVFOH�DQG�LWV�DQWDJRQLVW�RQ�WKH�PRWRU�FRUWH[�DV�PHDVXUHG�E\�706��0DUFRQL�HW�DO����������0RWRU�

FRUWLFDO� H[FLWDELOLW\� FKDQJHV� LQ� LQGLYLGXDOV� ZLWK� VWURNH� ZDV� DOVR� DFFRPSDQLHG� E\� UHGXFHG�

VSDVWLFLW\�DQG�LPSURYHG�IXQFWLRQDO�PRYHPHQW���0RUHRYHU��UHVXOWV�RI�VHYHUDO�FOLQLFDO�WULDOV�VXJJHVW�

WKDW�079�LPSURYHV�PRWRU�SHUIRUPDQFH�RI�WKH�XSSHU�OLPE��0RUWD]D�HW�DO����������,Q�VXPPDU\��

WKH�DERYH�ILQGLQJV�VXJJHVW�VRPDWRVHQVRU\�VWLPXODWLRQ�VXFK�DV�079��LQFUHDVHV�WKH�H[FLWDELOLW\�RI�

WKH�UHOHYDQW�FRUWLFDO�DQG�VXEFRUWLFDO�DUHDV�ZKLFK�ZLOO�HYHQWXDOO\�FRQWULEXWHG�WR�LPSURYHG�PRWRU�

SHUIRUPDQFH�LQ�LQGLYLGXDOV�ZLWK�VRPDWRVHQVRU\�GHILFLHQFLHV��6R��079�FRXOG�EH�LQFOXGHG�DV�D�

FRPSOHPHQWDU\�WUHDWPHQW�WR�WKH�UHKDELOLWDWLRQ�SURJUDPV�LQ�VXFK�LQGLYLGXDOV�� 

5ROO� DQG� *LOKRGHV� � VKRZHG� WKDW� WKH� VDPH� YLEUDWLRQ� IUHTXHQF\� RYHU� WZR� DQWDJRQLVWLF�

PXVFOHV�JURXSV��GXDO�079��GRHV�QRW�LQGXFH�NLQHVWKHWLF�LOOXVLRQV�5ROO�	�*LOKRGHV���������8QOLNH�

079�RQ�RQH�PXVFOH�JURXS�LQ�D�MRLQW��VLQJOH�079���WKHUH�DUH�RQO\�D�IHZ�VWXGLHV�RQ�WKH�H[FLWDELOLW\�

RI�WKH�FRUWLFDO�DQG�VXEFRUWLFDO�VWUXFWXUHV�ZKHQ�DQWDJRQLVW�PXVFOH�JURXSV�LQ�D�MRLQW�DUH�YLEUDWLQJ�
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HTXDOO\�DQG�VLPXOWDQHRXVO\���%RFN�HW�DO���������5RPDLJXqUH�HW�DO����������$Q�I05,�VWXG\�VKRZHG�

WKDW�DOWKRXJK�WKH�LOOXVLRQ�ZDV�QRW�IHOW�ZLWK�GXDO�YLEUDWLRQ��WKH�VRPDWRVHQVRU\�DUHDV�RI�WKH�FRUWH[�

ZHUH�VWLOO�DFWLYDWHG�ZLWK�GXDO�079�ZLWK�VLPLODU�YLEUDWLRQ�IUHTXHQFLHV��KRZHYHU�WKH�PRWRU�DUHDV�

ZHUH�QRW�DFWLYH�ZKHQ�WKH�LOOXVLRQ�ZDV�QRW�SHUFHLYHG��5RPDLJXqUH�HW�DO����������7KXV��WKHUH�LV�QRW�

HQRXJK�HYLGHQFH�RQ�WKH�HIIHFWV�RI�GXDO�079�RQ�FRUWLFDO�H[FLWDELOLW\��$OVR��WKHUH�DUH�QR�VWXGLHV�

ZLWK�WKH�IRFXV�RQ�WKH�UHVSRQVH�RI�WKH�VRPDWRVHQVRU\�V\VWHP��LQFOXGLQJ�WKH�FRUWLFDO��VXEFRUWLFDO�

DQG�FRUWLFRVSLQDO�SDWKZD\V�WR�079� 

6RPDWRVHQVRU\�HYRNHG�SRWHQWLDOV�RU�6(3V�LV�D�WHFKQLTXH�XVHG�WR�DVVHVV�WKH�QHXURSODVWLF�

FKDQJHV�DQG�IXQFWLRQ�RI�WKH�GRUVDO�FROXPQ��PHGLDO�OHPQLVFXV�V\VWHP��7KLV�V\VWHP�LV�D�SDWKZD\�

WKDW�FRQYH\V�VHQVRU\�VLJQDOV�UHODWHG�WR�SURSULRFHSWLRQ��&UXFFX�HW�DO����������7KH�XSSHU�OLPE�6(3V�

LV�XVXDOO\�DFTXLUHG�E\���������PV�GXUDWLRQ�VTXDUH�ZDYH�SXOVH�HOHFWULFDO�VWLPXODWLRQ�RI�WKH�PHGLDQ�

QHUYH�� 7R� UHFRUG� WKH� HOHFWULFDO� DFWLYLW\� RI� WKH� VRPDWRVHQVRU\� SDWKZD\� DQG� FRUWH[�� VXUIDFH�

HOHFWURGHV� DUH� DWWDFKHG� DORQJ� WKH� PHGLDQ� QHUYH� DQG� VSLQDO� FRUG� WUDFN� DV� ZHOO� DV� RYHU� WKH�

VRPDWRVHQVRU\� FRUWH[� �6��� FRQWUDODWHUDO� WR� WKH� VWLPXODWLRQ� VLGH�� ZKLFK� ZRXOG� EH� &�¶� RU� &�¶�

DFFRUGLQJ�WR�WKH�������LQWHUQDWLRQDO�V\VWHP�RI�HOHFWURHQFHSKDORJUDP��((*��HOHFWURGH�SODFHPHQW��

6(3V�VLJQDOV�LQFOXGH�SHDNV�DQG�WURXJKV�WKDW�DUH�QDPHG�DFFRUGLQJ��WR�WKHLU�GLUHFWLRQ�DQG�ODWHQFLHV�

UHODWLYH�WR�WKH�PHGLDQ�QHUYH�VWLPXODWLRQ� �1XZHU�HW�DO����������/DWHQF\�DQG�DPSOLWXGH�RI�WKHVH�

SHDNV�UHVSHFWLYHO\�LQGLFDWH�WKH�DQDWRPLFDO�ORFDWLRQ�RI�WKH�VRPDWRVHQVRU\�V\VWHP�WKDW�LV�DIIHFWHG�

E\�WKH�VWLPXODWLRQ�DQG�WKH�DPSOLWXGH�RI�WKH�SHDNV�LQGLFDWH�WKH�VWUHQJWK�RI�WKH�DIIHUHQW�VLJQDO��)RU�

H[DPSOH�1��� LV� D� QHJDWLYH�6(3V�SHDN� WKDW� DSSHDUV� DW� DERXW� ��PV�SRVW�VWLPXODWLRQ��ZKLFK� LV�

WKRXJKW� WR� LQGLFDWH� WKH� HDUOLHVW� SURFHVVLQJ� RI� DIIHUHQWV� LQ� 6�� �3DVVPRUH� HW� DO��� ������� 6(3V�

PHDVXUHPHQW�KDV�VKRZQ�WR�EH�DQ�DSSURSULDWH�PHWKRG�WR�PHDVXUH�WKH�LPPHGLDWH�FKDQJHV�LQ�WKH�

VHQVRU\�SDWKZD\V�DQG�FRUWH[��$QJHO�HW�DO����������6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�DPSOLWXGH�

RI� VRPDWRVHQVRU\� HYRNHG� SRWHQWLDOV� DUH� QHJDWLYHO\� FRUUHODWHG� ZLWK� SDVVLYH� DQG� DFWLYH� MRLQW�

PRYHPHQW��$QJHO�HW�DO���������&RTXHU\��������5XVKWRQ�HW�DO���������DV�ZHOO�DV�YLEUDWLRQ��ZKHQ�

SHUIRUPHG�GXULQJ�6(3V�DVVHVVPHQW��&RKHQ�	�6WDUU��������0DQ]DQR�HW�DO����������2QH�SRVVLEOH�

H[SODQDWLRQ� IRU� WKH�REVHUYHG� FRUUHODWLRQV� FRXOG�EH� GXH� WR� ³JDWLQJ´�SKHQRPHQRQ��7KDW� LV�� WKH�

SDWKZD\V� LQYROYHG� ZLWK� WKH� VRPDWRVHQVRU\� LQSXW� RU� PRWRU� WDVN� DUH� SUH�RFFXSLHG� �ZLWK� WKH�

VRPDWRVHQVRU\�LQSXW�RU�PRWRU�WDVN��DQG�DUH�XQDEOH�WR�UHDFW�WR�WKH�PHGLDQ�QHUYH�VWLPXODWLRQ��RU�

WKH�DFWLYDWHG�PRWRU� FRUWLFDO� DUHDV� WKDW�DUH� UHODWHG� WR�D�FRQFXUUHQW�PRYHPHQW� WDVN�� VXSUHVV� WKH�

FRUWLFDO�QHXURQV�UHODWHG�WR�WKH�UHVSRQVH�WR�6(3V�VWLPXODWLRQ���&RKHQ�	�6WDUU��������5XVKWRQ�HW�
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DO����������6(3V�DVVHVVPHQW�DIWHU�VSLQDO�PDQLSXODWLRQ��UHSHWLWLYH�WDVN�SHUIRUPDQFH�DQG�OHDUQLQJ�

KDYH�DOO�VKRZQ�LQFUHDVHG�6(3V�DPSOLWXGHV��LQGLFDWLQJ�QHXURSODVWLF�FKDQJHV��$QGUHZ�HW�DO���������

$QGUHZ�HW�DO����������+HQFH��LW�VHHPV�WKDW�6(3V�LV�D�UHOHYDQW�PHDVXUHPHQW�RI�WKH�SODVWLF�FKDQJHV�

DV�D�UHVXOW�RI�VRPDWRVHQVRU\�VWLPXODWLRQ��,Q�WKH�FXUUHQW�VWXG\�6(3V�PHDVXUHPHQWV�ZLOO�EH�XVHG�

WR�H[SORUH�WKH�HIIHFWV�RI�DSSO\LQJ�079�RQ�WKH�H[FLWDELOLW\�RI�WKH�VRPDWRVHQVRU\�FRUWH[�DQG�UHODWHG�

VWUXFWXUHV� 

$V�PHQWLRQHG�DERYH��LW�KDV�EHHQ�VKRZQ�WKDW�VLQJOH�079�LQFUHDVHV�H[FLWDELOLW\�RI�ERWK�

WKH�VRPDWRVHQVRU\�DQG�PRWRU�FRUWH[�ZKHQ�DFFRPSDQLHG�E\�DQ�LOOXVRU\�PRYHPHQW�VHQVDWLRQ��'XDO�

079�GRHV�QRW�FDXVH�DQ\�LOOXVRU\�PRYHPHQW�VHQVDWLRQ��KRZHYHU��LW�LV�QRW�HVWDEOLVKHG�LI�WKLV�ODFN�

RI�VHQVRU\�SHUFHSWLRQ�LV�DFFRPSDQLHG�E\�D�ODFN�RI�DFWLYLW\�LQ�WKH�VRPDWRVHQVRU\�FRUWH[��6R��WKH�

SXUSRVH� RI� WKH� FXUUHQW� VWXG\� LV� WR� LQYHVWLJDWH� WKH� LPSDFW� RI� DSSO\LQJ� 079� RQ� 6(3V� DQG�

VSHFLILFDOO\�WR�FRPSDUH�WKH�HIIHFWV�ZLWK�GXDO�079�YHUVXV�VLQJOH�079��7KH�VHFRQGDU\�REMHFWLYHV�

DUH��L��WR�VWXG\�WKH�HIIHFW�RI�WKH�OHQJWK�RI�079�DSSOLFDWLRQ�RQ�6(3V�FKDQJHV��L�H������PLQXWHV�

YHUVXV����PLQXWHV��DQG�LL��WR�LQYHVWLJDWH�LI�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKH�SHUFHSWLRQ�RI�LOOXVRU\�

PRYHPHQW� VHQVDWLRQ� FDXVHG� E\�079� DQG� FKDQJHV� LQ� WKH� 6(3V�PHDVXUHPHQWV�� %DVHG� RQ� WKH�

UHVXOWV�RI�WKH�SUHYLRXV�VWXGLHV�RQ�WKH�FKDQJHV�LQ�WKH�H[FLWDELOLW\�RI�WKH�VRPDWRVHQVRU\�UHJLRQV�RI�

WKH�FRUWH[�LQ�UHVSRQVH�WR�VLQJOH�079��1DLWR�	�(KUVVRQ��������YHUVXV�GXDO�079��5RPDLJXqUH�HW�

DO����������,�SUHGLFW�DQ�LQFUHDVH�LQ�6(3V�SHDN�DPSOLWXGHV�LQ�ERWK�079�SURWRFROV��GXDO�DQG�VLQJOH���

7KH�FKDQJHV�DUH�DQWLFLSDWHG�WR�EH�JUHDWHU�ZKHQ�RQH�PXVFOH�JURXS�LV�YLEUDWHG��:H�GR�QRW�H[SHFW�

6(3V�JDWLQJ�VLQFH�WKH�PHDVXUHV�ZLOO�EH�SHUIRUPHG�ZKHQ�WKH�YLEUDWLRQ�LV�UHPRYHG� 

 

0DWHULDO�DQG�0HWKRGV 

3DUWLFLSDQWV 

7KH�UHTXLUHG�VDPSOH�VL]H�ZDV�FDOFXODWHG�XVLQJ�*
3RZHU������$Q�D�SULRUL�SRZHU�DQDO\VLV�

ZDV�FRQGXFWHG�ZLWK�DOSKD�VHW�DW������DQG�SRZHU�VHW�DW������7KH�QXPEHU�RI�JURXSV�ZDV�VHW�DV����

QXPEHU�RI�PHDVXUHPHQWV�VHW�DW����DQG�WKH�FRUUHODWLRQ�DPRQJ�UHSHDWHG�PHDVXUHV�ZDV�FKRVHQ�DV�

DQ�H[SHFWHG�PRGHUDWH�YDOXH�RI������6LQFH�WKHUH�ZHUH�QR�FRPSDUDEOH�VWXGLHV�WR�WKH�FXUUHQW�RQH�

PHGLXP�HIIHFW�VL]H�I�RI������ZDV�XVHG�IRU�FDOFXODWLRQ�DQG�D�WRWDO�VDPSOH�VL]H�RI����ZDV�VXJJHVWHG�� 

�7ZHQW\�IRXU�W\SLFDOO\�GHYHORSLQJ�DGXOWV�����SDUWLFLSDQWV�IRU�HDFK�RI�WKH�WZR�H[SHULPHQWDO�

FRQGLWLRQ��EHWZHHQ������\HDUV�ROG�ZLWK�QR�NQRZQ�QHXURORJLFDO�FRQGLWLRQV��LQFOXGLQJ�FRQFXVVLRQ�

ZLWK�XQUHVROYHG�V\PSWRPV�ZLWKLQ�WKH�SDVW�VL[�PRQWK��ZLOO�SDUWLFLSDWH�LQ�WKLV�H[SHULPHQW��7KH\�



 

 ��� 

ZLOO�KDYH�QRUPDO�RU�FRUUHFWHG�WR�QRUPDO�YLVLRQ�DQG�QRUPDO�KHDULQJ��3DUWLFLSDQWV�ZLOO�EH�H[FOXGHG�

LI�WKH\�KDYH�KDG�D�UHFHQW��ZLWKLQ�WKH�SDVW�VL[�PRQWKV��LQMXU\�WR�WKHLU�XSSHU�OLPE�� 

 

,OOXVRU\�0RYHPHQW�3HUFHSWLRQ�$VVHVVPHQW 

7R�PHDVXUH�WKH�GHJUHH�RI�WKH�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�WKH�SDUWLFLSDQWV�ZLOO�VLW�DW�D�

WDEOH�ZLWK�WKHLU�IRUHDUP�SODFHG�RYHU�D�EORFN��VR�WKDW�WKHLU�KDQG�ZLOO�QRW�WRXFK�WKH�WDEOH��$�PRQLWRU�

ZLOO�EH�SODFHG�RQ�D�VKHOI�RYHU�WKH�SDUWLFLSDQWV¶�KDQG��SDUDOOHO�WR�WKH�WDEOH��7KLV�VHW�XS�ZLOO�REVWUXFW�

WKH�YLVLRQ�RI�WKH�WHVWLQJ�OLPE�DV�ZHOO��7KH�PRQLWRU�ZLOO�GLVSOD\�D�SRODU�SORW�ZLWK����UDGLDO�OLQHV�

�VHH�)LJXUH�����7KH�LQWHUYDO�EHWZHHQ�HYHU\�WZR�OLQHV�ZLOO�EH�ILYH�GHJUHHV��(DFK�OLQH�ZLOO�EH�PDUNHG�

ZLWK�RQH�RU� WZR�XQLTXH� OHWWHU�V��� DOORZLQJ� WKH�SDUWLFLSDQWV� WR� UHSRUW� D�PD[LPXP� UDQJH�RI� ���

GHJUHHV�IRU�HDFK�RI�WKH�ZULVW�H[WHQVLRQ�DQG�IOH[LRQ�PRYHPHQWV��7KH�ILUVW�ILYH�GHJUHHV�RQ�WKH�OHIW�

ZLOO�UDQGRPO\�DOWHUQDWH�EHWZHHQ�$��%��DQG�&�LQ�RUGHU�WR�HQFRXUDJH�DWWHQWLRQ�WR�WKH�SHUFHSWLRQ�

WDVN��7KH�YLEUDWLRQ�PRWRUV�ZLOO�EH�WXUQHG�RQ�DFFRUGLQJ�WR�WKH�WHVW�FRQGLWLRQ�GHWHUPLQHG�E\�WKH�

JURXS� DVVLJQPHQW��7KH�ZULVW�ZLOO� EH� DOLJQHG�ZLWK� WKH� ]HUR� OLQH�RQ� WKH�SRODU� SORW��%HIRUH� WKH�

YLEUDWLRQ� VZLWFKHV�RQ�� WKH�SDUWLFLSDQWV�ZLOO� YHUEDOO\� UHSRUW� WKH� OHWWHU� WKDW� FRUUHVSRQGV� WR� WKHLU�

SHUFHLYHG�FXUUHQW�ZULVW�DQJOH��7KH�GXUDWLRQ�RI�WKH�YLEUDWRU\�VWLPXOXV�IRU�WKH�ILUVW�DVVHVVPHQW�ZLOO�

EH� ��� VHFRQGV� DQG�ZDV� FKRVHQ� EDVHG� RQ� SUHYLRXV� ZRUN� LQGLFDWLQJ� WKDW� GXDO�079� LQFUHDVHV�

SRVLWLRQ�XQFHUWDLQW\� DQG�GHFD\V� ³SURSULRFHSWLYH�PHPRU\´� DIWHU� RQO\���� VHFRQGV�RI� VXVWDLQHG�

YLEUDWRU\�VWLPXOXV� DQG� WKLV�XQFHUWDLQW\� UHDFKHV�KLJKHU� OHYHOV�DIWHU����VHFRQGV� �)XHQWHV� HW� DO���

�������3DUWLFLSDQWV�ZLOO�VHH�WKH�SRODU�SORWV�WKUHH�WLPHV��7KH\�ZLOO�KDYH�IRXU�VHFRQGV�WR�LQGLFDWH�

WKHLU�SHUFHLYHG�KDQG�ORFDWLRQ��7KH�SRODU�SORW�ZLOO�GLVDSSHDU�DIWHU�IRXU�VHFRQGV��DQG�WKH�QH[W�WULDO�

EHJLQV��7KH�PDLQ�RXWFRPH�PHDVXUH� IRU� WKH� HIIHFWV� RI� YLEUDWLRQ�RQ�SRVLWLRQ� VHQVH�ZLOO� EH� WKH�

DQJXODU�GLIIHUHQFH�EHWZHHQ�ZULVW�SRVLWLRQ�UDQJH�UHSRUWHG�DW�WKH�HQG�RI�HDFK����PLQXWH�SHULRG�RI�

YLEUDWLRQ�UHVW� DQG� WKH� UHSRUWHG� EDVHOLQH� SRVLWLRQ�� 7KH�PHDQ� RI� WKH� UHSRUWHG� GHJUHHV� RI� ZULVW�

IOH[LRQ�RU�H[WHQVLRQ��L�H��� WKH�GHJUHHV�DVVRFLDWHG�ZLWK�WKH�UHSRUWHG�OHWWHU��ZLOO�EH�REWDLQHG�DQG�

QRUPDOL]HG� E\� WKH� SHUFHLYHG� ZULVW� ORFDWLRQ� EHIRUH� YLEUDWLRQ�UHVW� GXUDWLRQ� ZDV� DSSOLHG�� 7KLV�

QRUPDOL]HG�VFRUH�ZLOO�EH�XVHG�DV�WKH�RXWFRPH�PHDVXUH�IRU�WKH�SHUFHLYHG�ZULVW�IOH[LRQ�H[WHQVLRQ��

6LPLODU�WR�WKH�PHWKRG�XVHG�E\�6WH\YHUV�HW�DO���6WH\YHUV�HW�DO����������DIWHU�HDFK��SRVLWLRQ�WHVW�WKH�

SDUWLFLSDQWV�ZLOO�EH�DVNHG�WKUHH�TXHVWLRQV�WR�TXDQWLI\�WKH�FRQWLQXDQFH��YLYLGQHVV�DQG�VWUHQJWK�RI�

WKH�YLEUDWLRQV��VHH�7DEOH����RQ�D�VFDOH�IURP���WR���� 
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7DEOH���4XHVWLRQ�UHJDUGLQJ�WKH�SV\FKRORJLFDO�H[SHULHQFH�RI�YLEUDWLRQ��VFRUH����������LI�QR�LOOXVLRQ�
ZDV�IHOW��$GDSWHG�IURP��6WH\YHUV��HW�DO�������� 

Q1: Continuance: How long was the illusory movement was felt during the vibration period?   

(Score 10 if the illusion was perceived during the whole block) 

Q2: Vividness: Was the illusory movement sensation as if the wrist was actually moving [  ] 

away or toward [  ] your midline?  

(Score 10 if the illusion was perceived as if the wrist was actually moving) 

Q3: Strength: What was the amplitude of the wrist movement that you felt toward [  ] or [  ] 

away from your midline? 

(Score 10 if he wrist was perceived to be maximally flexed or extended) 

 

 
)LJXUH���3RODU�SORW�IRU�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�DVVHVVPHQW� 

 

6RPDWRVHQVRU\�(YRNHG�3RWHQWLDO��6(3��DVVHVVPHQWV 

,Q� WKH� FXUUHQW� VWXG\�� 6(3V� ZLOO� EH� HOLFLWHG� DQG� UHFRUGHG� XVLQJ� D� 'LJLWLPHU� '6�$+�

FRQVWDQW� FXUUHQW� VWLPXODWRU� �'LJLWLPHU� /WG�� 8.�� DORQJ� ZLWK� D� &('� ����� DPSOLILHU�

HOHFWURHQFHSKDORJUDSK\� V\VWHP� �&DPEULGJH� (OHFWURQLF� 'HVLJQ�� 8.�� LQ� RUGHU� WR� PHDVXUH� WKH�

FKDQJHV�LQ�WKH�H[FLWDELOLW\�RI�WKH�VRPDWRVHQVRU\�FRUWH[�DV�D�UHVXOW�RI�YLEUDWLRQ��7KH�6(3V�SURWRFRO�

DQG�SHDN�PHDVXUHPHQW�PHWKRG� WKDW�ZLOO� EH�XVHG� LQ� WKH� FXUUHQW� VWXG\� LV� LQ� DFFRUGDQFH� WR� WKH�

,QWHUQDWLRQDO� )HGHUDWLRQ� RI�&OLQLFDO�1HXURSK\VLRORJ\� UHFRPPHQGHG� VWDQGDUGV� �1XZHU� HW� DO���

������� 6(3V� VWLPXOL� ZLOO� FRQVLVW� RI� HOHFWULFDO� VTXDUH� SXOVHV� ZLWK� ���� PLOOLVHFRQG� GXUDWLRQ�

GHOLYHUHG�DW�IUHTXHQFLHV�RI���+]�WKURXJK�$J�$J&O�FRQGXFWLYH�DGKHVLYH�VXUIDFH�HOHFWURGHV�SODFHG�

RYHU�WKH�PHGLDQ�QHUYH�RQ�WKH�VNLQ��±��FP�SUR[LPDO�WR�WKH�GLVWDO�FUHDVH�RI�WKH�ZULVW��7KH�VWLPXOXV�
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LQWHQVLW\�ZLOO�EH�LQFUHDVHG�XQWLO�PRWRU�WKUHVKROG�LV�DWWDLQHG�LQ�DEGXFWRU�SROOLFLV�EUHYLV��)ROORZLQJ�

GDWD�FROOHFWLRQ��6(3V�SHDN�DPSOLWXGHV�ZLOO�EH�PHDVXUHG�IURP�WKH�DYHUDJHG������VZHHSV�RI�WKH�

ZDYHIRUPV�� 7R� UHFRUG� 6(3� VLJQDOV�� UHFRUGLQJ� HOHFWURGHV� ZLOO� EH� SODFHG� �)LJXUH� ��� RQ� WKH�

LSVLODWHUDO�(UE¶V�SRLQW�DQG�RYHU� WKH�&��VSLQRXV�SURFHVV��ERWK�UHIHUHQFHG� WR�FRQWUDODWHUDO�(UE¶V�

SRLQW���DV�ZHOO�RQH�VFDOS�VLWH��WKH�&F¶����FP�SRVWHULRU�WR�FRQWUDODWHUDO�FHQWUDO�&�����LQFOXGLQJ�WKH�

FHSKDOLF��ZLWK�WKH�IRUHKHDG�UHIHUHQFH�VLWH��)]��DQG�QRQ�FHSKDOLF�FKDQQHOV��ZLWK�WKH�FRQWUDODWHUDO�

(UE¶V�SRLQW�UHIHUHQFH�VLWH���7KH�WZR�FHSKDOLF�VLWH�HOHFWURGHV��&F¶�DQG�)]��ZLOO�EH�WZR�PLOOLPHWHUV�

JROG� FXS� ((*� HOHFWURGHV��$J�$J&O� FRQGXFWLYH� DGKHVLYH� VXUIDFH� HOHFWURGHV� ZLOO� EH� XVHG� IRU�

UHFRUGLQJ�WKH�VLJQDOV�IURP�(UE¶V�SRLQW�DQG�&��ORFDWLRQV��7KH�6(3V�VLJQDO�ZLOO�EH�DPSOLILHG��JDLQ�

��������DQG�ILOWHUHG�����±�����+]���1XZHU�HW�DO���������5RVVLQL�HW�DO��������� 

7KH�DPSOLWXGHV�DQG�ODWHQFLHV�RI�WKH�6(3V�FRPSRQHQWV��LQFOXGLQJ�WKH�SHULSKHUDO�1���WKH�

VSLQDO�1����WKH�IDU�ILHOG�1����3��±1���FRPSOH[���WKH�SDULHWDO�1����3��±1���FRPSOH[��DQG�3���

�1��±3��� FRPSOH[�� ZLOO� EH� YLVXDOO\� LGHQWLILHG� DQG� 6LJQDO� VRIWZDUH� �&DPEULGJH� (OHFWURQLF�

'HVLJQ��8.��ZLOO�EH�XVHG�WR�PHDVXUH�WKH�SHDNV�DQG�WKHLU�ODWHQFLHV��/DWHQFLHV�IRU�6(3�FRPSRQHQWV�

UHSUHVHQW� WKH� DQDWRPLFDO� ORFDWLRQ�RI� WKH� DFWLYLW\�RI� WKH�QHUYRXV� V\VWHP� DQG� WKH�SHDN�WR�SHDN�

PHDVXUHV�UHSUHVHQW�WKH�DPSOLWXGH�RI�DIIHUHQW�YROOH\�DQG�UHVSRQVH�RI�WKH�FRUWLFDO�DQG�VXEFRUWLFDO�

VWUXFWXUHV�WR�DQ�H[WHUQDO�VWLPXOXV��3DVVPRUH�HW�DO��������� 

 

([SHULPHQWDO�SURFHGXUH 

7KH�WHVW�SURWRFRO� LQFOXGHV�WZR�FRQGLWLRQV�DQG�SDUWLFLSDQWV�FDQ�FKRRVH�WR�SDUWLFLSDWH� LQ�

HLWKHU�RU�ERWK�VHVVLRQV��DW�OHDVW�RQH�ZHHN�DSDUW���(DFK�VHVVLRQ�ZLOO�LQFOXGH�RQH�RI�WKH�IROORZLQJ�

YLEUDWLRQ�FRQGLWLRQV��L��ZLWK�WZR�YLEUDWLRQ�PRWRUV�RQ��ORFDWHG�RQ�WKH�ZULVW�IOH[RUV�DQG�H[WHQVRUV�

�GXDO�079���LL��ZLWK�RQO\�RQH�YLEUDWLRQ�PRWRU�RQ��ORFDWHG�RQ�WKH�ZULVW�IOH[RUV��VLQJOH�079���7KH�

SDUWLFLSDQWV�ZLOO�EH�VHDWHG�ZLWK�WKHLU�GRPLQDQW�DUP�RQ�D�WDEOH�ZLWK�WKH�HOERZ�H[WHQGHG�DQG�ZULVW�

LQ�D�QHXWUDO� VXSLQDWLRQ�SURQDWLRQ�SRVLWLRQ��'XULQJ�YLEUDWLRQ��YLVLRQ�RI� WKH�XSSHU� OLPEV�ZLOO�EH�

REVWUXFWHG��DQG�VXEMHFWV�ZLOO�EH�LQVWUXFWHG�WR�UHOD[�WKHLU�IRUHDUP�PXVFOHV�� 

7KH�IORZ�RI�WKH�H[SHULPHQWDO�SURFHGXUH�LV�LOOXVWUDWHG�LQ�ILJXUH����$OO�SDUWLFLSDQWV�ZLOO�VWDUW�

WKH� H[SHULPHQWV� ZLWK� WZR� EDVHOLQH� 6(3V� DVVHVVPHQWV� ZLWK� ��� PLQXWHV� RI� UHVW� LQWHUYDO�� 7KH�

FRPSDULVRQ�RI�WZR�EDVHOLQH�PHDVXUHPHQWV�ZLOO�UXOH�RXW�WKH�SRVVLELOLW\�WKDW�DQ\�REVHUYHG�FKDQJHV�

LQ�WKH�6(3V�SHDNV�DV�D�UHVXOW�RI�709�DUH�E\�FKDQFH��7KHQ��WKH\�ZLOO�SHUIRUP�WKUHH�RULHQWDWLRQ�

WULDOV� IRU� WKH� 3RODU�SORW� WDVN� EHIRUH� SHUIRUPLQJ� WKH� EDVHOLQH� SRODU�SORW� DVVHVVPHQW� ZLWKRXW�
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YLEUDWLRQ�� 7KLV� EDVHOLQH� ZLWKRXW� YLEUDWLRQ� LV� LQFOXGHG� WR� FDOFXODWH� WKH� SRVVLEOH� ELDV� WKDW� WKH�

SDUWLFLSDQWV�PD\�KDYH�IRU�UHSRUWLQJ�WKHLU�ZULVW�SRVLWLRQ�ZLWKRXW�WKH�YLEUDWLRQ��WKH�UHVXOWV�RI�WKH�

IXWXUH�WULDOV�ZLOO�EH�FRUUHFWHG�IRU�WKH�EDVHOLQH�ELDV��7KH�EDVHOLQH�LOOXVLRQ�DVVHVVPHQW�ZLWK�YLEUDWLRQ�

ZLOO� EH�SHUIRUPHG� LQ� WKUHH�YLEUDWLRQ� FRQGLWLRQV�� L�� YLEUDWLRQ�RQ�ZULVW� IOH[RUV�� LL�� YLEUDWLRQ�RQ�

H[WHQVRUV��DQG�LLL��YLEUDWLRQ�RQ�ERWK�PXVFOH�JURXSV��7KLV�DVVHVVPHQW�LQFOXGHV�ILYH�SRODU�SORW�WULDOV�

DQG�WKH�SV\FKRORJLFDO�TXHVWLRQV�IRU�HDFK�YLEUDWLRQ�FRQGLWLRQ��(DFK�H[SHULPHQWDO�FRQGLWLRQ�ZLOO�

EHJLQ�ZLWK����VHFRQGV�RI�WKH�DVVLJQHG�YLEUDWLRQ�FRQGLWLRQ��7KH�RUGHU�RI�WKH�FRQGLWLRQV�ZLOO�EH�

UDQGRPL]HG�DQG�WKHUH�ZLOO�EH�DW�OHDVW�RQH�PLQXWH�UHVW�ZLWKRXW�YLEUDWLRQ�WR�ZDVKRXW�WKH�YLEUDWLRQ�

DIWHUHIIHFWV� IRU� HDFK� FRQGLWLRQ�� 7KLV� EDVHOLQH� PHDVXUHPHQW� ZLOO� DVVHVV� WKH� FDSDFLW\� RI� WKH�

SDUWLFLSDQW� IRU� SHUFHLYLQJ� WKH� LOOXVRU\� PRYHPHQW� DQG� DOVR� FRQWUROV� IRU� DQ� HTXDO� DPRXQW� RI�

YLEUDWLRQ� VWLPXODWLRQ� IRU� WKH� GXDO� YLEUDWLRQ� FRQGLWLRQ�� $IWHU� DW� OHDVW� RQH�PLQXWH� UHVW�� WKH�

SDUWLFLSDQWV�ZLOO�UHFHLYH�RQH�RI�WKH�YLEUDWLRQ�FRQGLWLRQV��ZKLFK�ZLOO�EH�VHOHFWHG�UDQGRPO\��IRU�WZR�

VHWV�RI����PLQXWHV��$IWHU�HDFK�VHW�RI�YLEUDWLRQ��6(3V�DVVHVVPHQW�ZLOO�EH�SHUIRUPHG��RYHUDOO�IRXU�

DVVHVVPHQWV�IRU�HDFK�VHVVLRQ���7KH�DVVHVVPHQW�RI�WKH�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�FDXVHG�E\�WKH�

YLEUDWLRQ�ZLOO�EH�SHUIRUPHG�DW�WKH�EHJLQQLQJ�RI�WKH�ILUVW�YLEUDWLRQ�SHULRG�DQG�DW�WKH�HQG�RI�WKH�ILUVW�

DQG�VHFRQG�YLEUDWLRQ�SHULRGV��9LEUDWLRQ�ZLOO�EH�RII�IRU�DW�OHDVW�WKUHH�PLQXWHV�DW�WKH�HQG�RI�WKH�ILUVW�

��� PLQXWHV� RI� YLEUDWLRQ�� 7KUHH� PLQXWHV� ZDV� FKRVHQ� WR� DOORZ� HQRXJK� WLPH� IRU� WKH� YLEUDWLRQ�

DIWHUHIIHFWV�WR�ZDVK�RXW��6HL]RYD�&DMLF�HW�DO���������IRU�6(3V�DVVHVVPHQW��$IWHU�6(3V�DVVHVVPHQW��

WKH�YLEUDWLRQ�ZLOO�EH�WXUQHG�RQ�DJDLQ�IRU�WKH�VHFRQG�LOOXVRU\�PRYHPHQW�VHQVDWLRQ�DVVHVVPHQW�DQG�

WKH�IROORZLQJ�URXQG�RI�YLEUDWLRQ��$�VXPPDU\�RI�WKH�H[SHULPHQWDO�SURFHGXUH�LV�LOOXVWUDWHG�LQ�ILJXUH�

��EHORZ� 

 

 

 

 

 

 

 

 

 

)LJXUH���,OOXVWUDWLRQ�RI�WKH�H[SHULPHQWDO�SURFHGXUH� 

     SEPs 
Baseline 1 

 

10 
minutes 
of rest 

   

10 minutes 
of 
vibration  

Illusion 
assessment  
(3 trials)  

     SEP 
assessment 3 

 
3 minutes 
washout 

 

     SEPs 
Baseline 
2 

Baseline psychological 
and polar plot illusion 
assessment: 
For each of the three 
vibration conditions (5 
trials per condition) 

 

Polar plot 
test 
orientation    
(3 trials) 

Polar plot 
test 
baseline 
without 
vibration   
(3 trials) 

10 minutes 
of vibration 
(20 
minutes 

     SEP 
assessment 4 

 3 minutes 
washout 

 

Illusion 
assessment  
(3 trials)  

3 
minutes 
washout 
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)LJXUH���6RPDWRVHQVRU\�HYRNHG�SRWHQWLDOV�UHFRUGLQJ�UHIHUHQFH�HOHFWURGH�VHW�XS��ILJXUH�DGDSWHG�
IURP��/L��&���+RXOGHQ��'��$���	�5RZHG��'��:�� �������� 6RPDWRVHQVRU\� HYRNHG�SRWHQWLDOV� DQG�
QHXURORJLFDO�JUDGHV�DV�SUHGLFWRUV�RI�RXWFRPH�LQ�DFXWH�VSLQDO�FRUG�LQMXU\��-RXUQDO�RI�QHXURVXUJHU\��
����������������DQG��1XZHU��0��5���$PLQRII��0���'HVPHGW��-���HW��DO�����������,)&1�UHFRPPHQGHG�
VWDQGDUGV� IRU� VKRUW� ODWHQF\� VRPDWRVHQVRU\� HYRNHG� SRWHQWLDOV�� 5HSRUW� RI� DQ� ,)&1� FRPPLWWHH��
,QWHUQDWLRQDO�)HGHUDWLRQ�RI�&OLQLFDO�1HXURSK\VLRORJ\��(OHFWURHQFHSKDORJU�&OLQ�1HXURSK\VLRO��
������������ 
 

'DWD�$QDO\VLV 

7R�FRPSDUH�LQGHSHQGHQW�YDULDEOHV�DW�GLIIHUHQW�WLPH�SRLQWV��EDVHOLQH����EDVHOLQH����DIWHU����

PLQXWHV��DQG�DIWHU����PLQXWHV�RI�YLEUDWLRQ��DQG�EHWZHHQ�WZR�YLEUDWLRQ�FRQGLWLRQV��GXDO�079��

VLQJOH�079���D���&RQGLWLRQV�î���7LPHSRLQWV�PL[HG�GHVLJQ�$129$V�ZLOO�EH�SHUIRUPHG��7KH�

GHSHQGHQW�YDULDEOHV�IRU�6(3�PHDVXUHPHQWV�LQFOXGH�ODWHQF\�DQG�SHDN�WR�SHDN�DPSOLWXGH�RI�HDFK�

6(3�FRPSRQHQW��1���1����1����1����DQG�3���SHDNV���DFTXLUHG�IURP�WKH�DYHUDJH�ZDYHIRUP�RI�

����� VZHHSV�� 7KH� YDULDEOHV� IRU� LOOXVLRQ� DVVHVVPHQW� LQFOXGH� VFRUHV� IRU� GHJUHHV� RI� LOOXVRU\�

PRYHPHQW�VHQVDWLRQ��DQG�FRQWLQXDQFH�YLYLGQHVV�DQG�VWUHQJWK�RI�WKH�YLEUDWLRQV���,Q�FDVH�RI�DQ\�

VLJQLILFDQW�HIIHFW� IURP�WKH�$129$�WHVWV��SRVW�KRF�FRPSDULVRQV�ZLOO�EH�GRQH�XVLQJ� WKH�7XNH\�

+6'�WHVW�ZLWK�DOSKD�VHW�DW������� 

Fz 
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)LQDOO\��WR�DQDO\]H�LI�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKH�SHUFHSWLRQ�RI�LOOXVRU\�PRYHPHQW�

VHQVDWLRQ�FDXVHG�E\�079�DQG�FKDQJHV�LQ�WKH�6(3�PHDVXUHPHQWV��D�WZR�ZD\�$1&29$�ZLOO�EH�

SHUIRUPHG� ZLWK� &RQGLWLRQV� �WZR� JURXSV�� ZLWK� GXDO� 079� RU� VLQJOH� 079��� DQG� 7LPHSRLQWV�

�EDVHOLQH����EDVHOLQH�����DIWHU����PLQXWHV��DQG�DIWHU����PLQXWHV�RI�YLEUDWLRQ��DV�WKH�LQGHSHQGHQW�

YDULDEOHV��HDFK�RI�WKH�DERYH�6(3V�HOHPHQWV�DV�WKH�GHSHQGHQW�YDULDEOH��DQG�WKH�SRODU�SORW�WHVW�VFRUH�
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$SSHQGL[�����0$7/$%�VFULSWV� 

6FULSW�XVHG�WR�DFTXLUH�YLEUDWLRQ�3HDN�WR�3HDN�DQG�IUHTXHQF\�IURP�WKH�DFFHOHUDWLRQ 

 

��SODFH�WKH�UDZ�GDWD�ILOH�LQ�WKH�ZRUNLQJ�IROGHU� 
FOHDUYDUV��H[FHSW�T���QDPH�WKH�PDLQ�DFFHOHURPHWHU�GDWD�ILOH�³T´ 
YRO T�YDOXHV��������H[SRUWLQJ�WKH�IUDPH�GDWD�RXW�RI�WKH�VWUXFW� 
SRZBYRO� �DEV�YROBIIW��������SRZHU�DQDO\VLV�RI�WKH�YROWDJH�GDWD 
 
�EHORZ�LV�WKH�IUHTXHQF\�FRQWHQW�DQDO\VLV�IRU�YLEUDWLRQ� 
 
IV ���������VDPSOLQJ�IUHTXHQF\� 
Q� �OHQJWK�YRO������QXPEHU�RI�VDPSOHV 
I� ����Q���
�IV�Q���������IUHTXHQF\�UDQJH 
YROBIIW� �IIW�YRO����������YRO��UDZ�YROWDJH�GDWD 
SRZBYRO� �DEV�YROBIIW��������SRZ��SRZHU� 
 
�� &DOLEUDWLRQ� IRU� ��*� DFFHOHURPHWHU�� XVLQJ� WKH� ������ FRHIILFLHQW� WR� FRQYHUW� YROWDJH�
RXWSXW�WR�DFFHOHUDWLRQ�GDWD�LQ�J�DQG����������WR�P�VA��� 
FRHI� ���������� 
DFF� �YRO�
FRHI� 
DFF� �DFF���PHDQ�DFF�� 
GW� ������������������H�������WLPH�VWHS�IRU�GDWD�FROOHFWLRQ�GXULQJ�H[SHULPHQW 
WLPH� ���GW��OHQJWK�DFF�������
�GW��]HURV���W�� 
 
YHO� �FXPWUDS]�WLPH�DFF�����LQWHJUDWLQJ�DFFHOHUDWLRQ�GDWD�WR�JHW�YHORFLW\ 
YHOBIIW� �IIW�YHO������� 
Q� �OHQJWK�YHO��������������QXPEHU�RI�VDPSOHV 
I� ����Q���
�IV�Q���������IUHTXHQF\�UDQJH 
SRZBYHO� �DEV�YHOBIIW����� 
 
�ILOWHU��%XWWHUZRUWK�EDQGSDVV��WKH�YHORFLW\�GDWD� 
RUGHU �� 
KLJKBFXWRII �������IRU�YLEUDWLRQ�VHW�WKH�KLJK�DW������7KHVH�FXW�RIIV�DUH�EDVHG�RQ�D�ORQJ�
UHFRUGLQJ�WR�ILJXUH�RXW�QRLVH�FRQWHQW 
ORZBFXWRII ��� 
>E��D�@ EXWWHU�RUGHU�>ORZBFXWRII�KLJKBFXWRII@��IV����
EDQGSDVV
�� 
YHOBILOW ILOWILOW�E��D��YHO����ILOWHUHG�VLJQDO��GXDOSDVV 
 
��LQWHJUDWLQJ�YHORFLW\�GDWD�WR�JHW�GLFSODFHPHQW 
 
GLVSODFH� �FXPWUDS]�WLPH��YHO�� 
GLVSODFHBILOW� �FXPWUDS]�WLPH��YHOBILOW��� 
SORW�GLVSODFHBILOW���PHDQ�GLVSODFHBILOW�� 
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GLVSODFH� �FXPWUDS]�WLPH�YHOBILOW����GLVSODFHPHQW�LQ�PP 
GLVSODFHBIIW� �IIW�GLVSODFH������� 
Q� �OHQJWK�GLVSODFH��������������QXPEHU�RI�VDPSOHV 
I� ����Q���
�IV�Q���������IUHTXHQF\�UDQJH 
SRZBGLVSODFH� �DEV�GLVSODFHBIIW������ 

 
ILJXUH���SORW�IUHTXHFQ\�FRQWHQW�IRU�YHO�YRO�GLVS 
VXESORW�������� 
 
�SORW�IUHTXHQF\�FRQWHQW�IRU�YROWDJH 
SORW�I���OHQJWK�YRO���SRZBYRO���OHQJWK�SRZBYRO���� 
[ODEHO�
)UHTXHQF\BYRO
� 
\ODEHO�
SRZBYRO
� 
YROBIUHT� �ILQG�YROBIIW���OHQJWK�YROBIIW���  �PD[�YROBIIW���OHQJWK�YROBIIW����� 
GLVS�
SHDN�IUHT�IRU�YRO�LV��
� 
9999 I�YROBIUHT�� 
GLVS�VWULQJ�9999������� 
VXESORW�������� 
��SORW�IUHTXHQF\�FRQWHQW�IRU�YHORFLW\ 
SORW�I���OHQJWK�YHO���SRZBYHO���OHQJWK�SRZBYHO���� 
[ODEHO�
)UHTXHQF\BYHO
� 
\ODEHO�
SRZBYHO
� 
YHOBIUHT� �ILQG�YHOBIIW���OHQJWK�YHOBIIW���  �PD[�YHOBIIW���OHQJWK�YHOBIIW����� 
GLVS�
SHDN�IUHT�IRU�YHO�LV��
� 
I�YHOBIUHT� 
 
VXESORW�������� 
��SORW�IUHTXHQF\�FRQWHQW�IRU�GLVSODFHPHQW 
SORW�I���OHQJWK�GLVSODFH���SRZBGLVSODFH���OHQJWK�SRZBGLVSODFH���� 
[ODEHO�
)UHTXHQF\BGLVS
� 
\ODEHO�
SRZBGLVSODFH
� 
GLVSODFHBIUHT� �ILQG�SRZBGLVSODFH���OHQJWK�SRZBGLVSODFH���  �
PD[�SRZBGLVSODFH���OHQJWK�SRZBGLVSODFH����� 
GLVS�
SHDN�IUHT�IRU�GLVSODFH�LV��
� 
I�GLVSODFHBIUHT� 
�������FDOFXODWH�SHDN�SHDN�GLVSODFHPHQW 
 
SNVB]� �ILQGSHDNV�GLVSODFH�� 
SNVB]� �SNVB]�SNVB]�!���� 
GRZQVB]� ����
�ILQGSHDNV����
�GLVSODFH�� 
GRZQVB]� �GRZQVB]�GRZQVB]������ 
 
OHQ� �PLQ�>OHQJWK�SNVB]���OHQJWK�GRZQVB]�@�� 
SNVB]� �SNVB]���OHQ�� 
GRZQVB]� �GRZQVB]���OHQ�� 
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SNBWRBSNB]� �SNVB]���GRZQVB]� 
SNBWRBSNBDYJB]� �PHDQ�SNBWRBSNB]�
��������3�3�GLVSODFHPHQW�YDOXH�LQ�PP 
 
 
GLVS�
DYJ�]�SHDN�WR�SHDN�LQ�PP�LV� �
� 
GLVS�VWULQJ�SNBWRBSNBDYJB]�� 
 
���������ILQGLQJ�WKH�SHDNV�IRU�YHORFLW\� 
SNVBYHO� �ILQGSHDNV�YHOBILOW�� 
SNVBYHO� �SNVBYHO�SNVBYHO�!���� 
GRZQVBYHO� ����
�ILQGSHDNV����
�YHOBILOW�� 
GRZQVBYHO� �GRZQVBYHO�GRZQVBYHO������ 
SNVBYHOBDYH PHDQ�SNVBYHO�� 
GRZQVBYHOBDYH PHDQ�GRZQVBYHO�� 
 
 
�������GLVSOD\�SHDN�WR�SHDN�YDOXHV�IRU�YHORFLW\ 
GLVS�
DYJ�XSZDUG�YHORFLW\�SHDN�LV� �
� 
GLVS�VWULQJ�SNVBYHOBDYH�� 
 
GLVS�
DYJ�GRZQ�YHORFLW\�SHDN�LV� �
� 
GLVS�VWULQJ�GRZQVBYHOBDYH�� 
 
���������ILQGLQJ�WKH�SHDNV�IRU�DFFHOHUDWLRQ�JUDSK 
SNVBDFF� �ILQGSHDNV�DFF�� 
SNVBDFF� �SNVBDFF�SNVBDFF�!���� 
GRZQVBDFF ����
�ILQGSHDNV����
�DFF�� 
GRZQVBDFF� �GRZQVBDFF�GRZQVBDFF������ 
SNVBDFFBDYH PHDQ�SNVBDFF�� 
GRZQVBDFFBDYH PHDQ�GRZQVBDFF�� 

 
�������GLVSOD\��SHDN�YDOXHV�IRU�DFFHOHUDWLRQ 
GLVS�
DYJ�XSZDUG�DFFHOHUDWLRQ�SHDN�LV� �
� 
GLVS�VWULQJ�SNVBDFFBDYH�� 
 
GLVS�
DYJ�GRZQ�DFFHOHUDWLRQ�SHDN�LV� �
� 
GLVS�VWULQJ�GRZQVBDFFBDYH�� 
 

 
 

6FULSW�XVHG�WR�DFTXLUH�YLEUDWLRQ�3HDN�WR�3HDN�DQG�IUHTXHQF\�IURP�2SWRWUDN�GDWD� 
 
NDI_Z=NDI(:,4); %loading the Z-axis data from raw Optotrak displacement data 
 
NDI_Y=NDI(:,3);  
 
NDI_X=NDI(:,2);  
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%calculate FFTs 
X = fft(NDI_X); 
Y=fft(NDI_Y); 
Z= fft(NDI_Z);%select z axis 
n = length(NDI);          % number of samples 
f = (0:n-1)*(fs/n);     % frequency range 
pow_X = abs(X);    % pow of the DFT 
pow_Y = abs(Y); 
pow_Z = abs(Z); 
figure  %plot frequecny content for X,Y,Z axis 
subplot(3,1,1); 
plot(f(2:length(NDI)),pow_X(2:length(pow_X))) 
xlabel('Frequency_X') 
ylabel('pow_X') 
subplot(3,1,2); 
plot(f(2:length(NDI)),pow_Y(2:length(pow_Y))) 
xlabel('Frequency_Y') 
ylabel('pow_Y') 
subplot(3,1,3); 
plot(f(2:length(NDI)),pow_Z(2:length(pow_Z))) 
xlabel('Frequency_Z') 
ylabel('pow_Z') 
figure %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% simple X vs. F 
graphs 
hold on  
subplot(3,1,1); 
plot(NDI(:,1), NDI_X) 
xlabel('F') 
ylabel('X') 
subplot(3,1,2); 
plot(NDI(:,1), NDI_Y) 
xlabel('F') 
ylabel('Y') 
subplot(3,1,3); 
plot(NDI(:,1), NDI_Z) 
xlabel('F') 
ylabel('Z') 
% display significant frequency for X axis 
MX=max(pow_X(40:(length(pow_X)-40))); 
MMX=find(pow_X== MX); 
MMMX=f(MMX); 
disp('max frequency for X=') 
disp(string(MMMX(1:1))) 
% display significant frequency for Y axis 
MY=max(pow_Y(40:(length(pow_Y)-40))); 
MMY=find(pow_Y== MY); 
MMMY=f(MMY); 
disp('max frequency for Y=') 
disp(string(MMMY(1:1))) 
% display significant frequency for Z axis 
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MZ=max(pow_Z(40:(length(pow_Z)-40))); 
MMZ=find(pow_Z== MZ); 
MMMZ=f(MMZ); 
disp('max frequency for Z=') 
disp(string(MMMZ(1:1))) 
finding peak to peak amplitude 
% x axis 
pks_x = findpeaks(NDI_X); 
downs_x = -1 * findpeaks(-1 * NDI_X); 
 
len = min([length(pks_x), length(downs_x)]); 
pks_x = pks_x(1:len); 
downs_x = downs_x(1:len); 
 
pk_to_pk_x = pks_x - downs_x; 
pk_to_pk_avg_x = mean(pk_to_pk_x); 
 
 
disp('avg x peak to peak is = ') 
disp(string(pk_to_pk_avg_x)) 
% y axis 
pks_y = findpeaks(NDI_Y); 
downs_y = -1 * findpeaks(-1 * NDI_Y); 
 
len = min([length(pks_y), length(downs_y)]); 
pks_y = pks_y(1:len); 
downs_y = downs_y(1:len); 
pk_to_pk_y = pks_y - downs_y; 
pk_to_pk_avg_y = mean(pk_to_pk_y); 
 
 
disp('avg y peak to peak is = ') 
disp(string(pk_to_pk_avg_y)) 
% z axis 
pks_z = findpeaks(NDI_Z); 
downs_z = -1 * findpeaks(-1 * NDI_Z); 
 
len = min([length(pks_z), length(downs_z)]); 
pks_z = pks_z(1:len); 
downs_z = downs_z(1:len); 
 
pk_to_pk_z = pks_z - downs_z; 
pk_to_pk_avg_z = mean(pk_to_pk_z); 
 
 
disp('avg z peak to peak is = ') 
disp(string(pk_to_pk_avg_z)) 
 
%%%%%%%%%%%%%%%%%%2nd marker 
 
%%%%%%calculating the displacement and velocity from the Optotrak data. 
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Displace_Z=NDI_Z * 1e-3; %displacement in meter     
% t=NDI(:,1) time  
% sf=900; %sampling freq 
dt = 1/fs; % time step for data collection during experiment 
t= 0:dt:(length(Displace_Z) - 1) * dt;%zeros(1,t); 
 
velocity_Z = diff(Displace_Z) / dt; % in m/s 
acceleration_Z = diff(velocity_Z) / dt; % in m/s^2 
 
%%%%%for X axis 
Displace_X=NDI_X * 1e-3; %displacement in meter     
% t=NDI(:,1) time  
% sf=900; %sampling freq 
dt = 1/fs; % time step for data collection during experiment 
t= 0:dt:(length(Displace_X) - 1) * dt;%zeros(1,t); 
 
velocity_X = diff(Displace_X) / dt; % in m/s 
acceleration_X = diff(velocity_X) / dt; % in m/s^2 
 
%%%%%%%% finding the peaks for acceleration graph and peak_to_peak amplitue 
pks_acc_Z = findpeaks(acceleration_Z); 
downs_acc_Z = -1 * findpeaks(-1 * acceleration_Z); 
pks_acc_ave_Z=mean(pks_acc_Z); 
downs_acc_ave_Z=mean(downs_acc_Z); 
%%%%%for X axis 
pks_acc_X = findpeaks(acceleration_X); 
downs_acc_X = -1 * findpeaks(-1 * acceleration_X); 
pks_acc_ave_X=mean(pks_acc_X); 
downs_acc_ave_X=mean(downs_acc_X); 
 
% len = min([length(pks_acc), length(downs_acc)]); 
% pks_acc = pks_acc(1:len); 
% downs_acc = downs_acc(1:len); 
% pk_to_pk_acc = pks_acc - downs_acc; 
% pk_to_pk_avg_acc = mean(pk_to_pk_acc); 
 
%%%%%% display negative and positive peak values for acceleration 
disp('avg upward Z acceleration peak is = ') 
disp(string(pks_acc_ave_Z)) 
 
disp('avg down Z acceleration peak is = ') 
disp(string(downs_acc_ave_Z)) 
 
disp('avg upward X acceleration peak is = ') 
disp(string(pks_acc_ave_X)) 
 
disp('avg down X acceleration peak is = ') 
disp(string(downs_acc_ave_X)) 
 
%%%%%%%% finding the peaks for velocity graph and peak_to_peak amplitude 
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pks_vel_Z = findpeaks(velocity_Z); 
downs_vel_Z = -1 * findpeaks(-1 * velocity_Z); 
pks_vel_ave_Z=mean(pks_vel_Z); 
downs_vel_ave_Z=mean(downs_vel_Z); 
 
%%%%%for X 
 
pks_vel_X = findpeaks(velocity_X); 
downs_vel_X = -1 * findpeaks(-1 * velocity_X); 
pks_vel_ave_X=mean(pks_vel_X); 
downs_vel_ave_X=mean(downs_vel_X); 
 
% len = min([length(pks_vel), length(downs_vel)]); 
% pks_vel = pks_vel(1:len); 
% downs_vel = downs_vel(1:len); 
% pk_to_pk_vel = pks_vel - downs_vel; 
% pk_to_pk_avg_vel = mean(pk_to_pk_vel); 
 
%%%%%% display peak to peak values for velocity 
disp('avg upward Z velocity peak is = ') 
disp(string(pks_vel_ave_Z)) 
 
disp('avg down Z velocity peak is = ') 
disp(string(downs_vel_ave_Z)) 
 
disp('avg upward X velocity peak is = ') 
disp(string(pks_vel_ave_X)) 
 
disp('avg down X velocity peak is = ') 
disp(string(downs_vel_ave_X)) 
 
 
 
 
 
 

 

 

 

 

 

 

 

 



 

 ��� 

$SSHQGL[����(WKLFV�DSSURYDO�OHWWHU�IRU�VWXGLHV��	��� 

 
 



 

 ��� 

$SSHQGL[�����(WKLFV�DSSURYDO�OHWWHU�IRU�VWXG\�� 

 

 



 

 ��� 

$SSHQGL[���±�&RQVHQW�IRUP�IRU�VWXG\�� 

 



 

 ��� 

 

 



 

 ��� 

 



 

 ��� 

$SSHQGL[����±�&RQVHQW�IRUP�IRU�VWXG\�� 

 



 

 ��� 

 

 



 

 ��� 

 



 

 ��� 

$SSHQGL[����±�&RQVHQW�IRUP�IRU�VWXG\�� 

 

 



 

 ��� 

 

 

Page 2 of 4 

 
PURPOSE:  We are interested in learning the effects of applying vibration over the tendons of 
the upper limb muscles on motor control and learning, and changes in the nervous system. 
 
DESCRIPTION: First, you will be asked to fill out a brief demographics questionnaire that 
inquiries about information such as your age, gender, handedness, whether or not your vision and 
hearing are corrected (glasses, contact lenses, hearing aids). Also, an OPTOTRAK 3-D motion 
recording system will be used to record upper limb movements. In order to measure the 
movements, we will attach infrared sensors on the upper limb using medical tape. Depending on 
the study group that you are assigned to, two tiny vibration motors may or may not be placed over 
the tendons of your upper limb during the experiment. You will be asked to make a series of 
movements to different tactile (Velcro) and/or visual (e.g. LED lights) targets During, before, and 
after the movement tasks, you will also be assessed and asked about perceiving any illusory 
movement sensation. Moreover, tactile sensation testing will also be done before and after the 30-
minutes period. With set-up this experiment will take about 1.5-2 hours. 

 

RISKS AND BENEFITS: There are no evident risks inherent in the above-mentioned 
experiment. The movement task may become repetitive and you may experience boredom and/or 
mild muscle fatigue in your arms. While this may be frustrating, the investigator with you will 
provide breaks throughout. 
 
Your participation in this study will help us investigate the effects of applying vibration over the 
tendons of the upper limb on the motor control and learning, and changes in the nervous system. 
The findings from this study will be applied to the design of a new rehabilitation device for 
individuals who have deficiencies in sensing the position of their joints as a result of conditions 
such as stoke, diabetes, aging, etc. 
 
COSTS AND PAYMENTS:  There are no fees or charges to participate in this study. However, 
you will receive $15 per session as honorarium for your participation at the end of the session. 
 
CONFIDENTIALITY:  Your information will be kept confidential.  Once you begin the study 
your name, information, and results will be referred to by a code number.  All files containing 
identifying information will be stored in a locked cabinet separate from data with your code 
number.  Your files will only be accessible by Niyousha Mortaza, Dr. Cheryl Glazebrook, and the 
research assistants listed. Any identifying information will be destroyed by Dr. Glazebrook 
approximately seven years after the completion of the study (approximately in the year 2026). All 
papers containing personal information will be shredded.  All electronic files will be deleted. Only 
Niyousha Mortaza, Dr. Cheryl Glazebrook and the research assistants listed will have access to 
any lists that contain identifying information.  
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DEBRIEFING: Upon completion of the study the experimenter will describe the research 
questions being considered. If you would like to know the results of the study, please indicate µyes¶ 
on the consent form where indicated and the student research assistant will contact you with a 
summary of the findings in approximately 4 months.  
 
DISSEMINATION: The results of the study will be presented at academic conferences, invited 
presentations at academic and other community groups. The results will also be published in peer-
reviewed academic journals and in the final report of Niyousha Mortaza¶s dissertation. 
 
VOLUNTARY CONSENT:  If you do not wish to participate in the study or wish to withdraw 
from the study, you are free to leave without consequence at any point in time and we thank you 
for your consideration. If you wish to have your data removed from the study, you may ask for it 
within two weeks from the date of your participation. 
 
 
Your signature on this form indicates that you have understood to your satisfaction the information 
regarding participation in the research project and agree to participate as a subject. In no way does 
this waive your legal rights nor release the researchers, sponsors, or involved institutions from 
their legal and professional responsibilities. You are free to withdraw from the study at any time, 
and /or refrain from answering any questions you prefer to omit, without prejudice or consequence. 
Your continued participation should be as informed as your initial consent, so you should feel free 
to ask for clarification or new information throughout your participation. If you choose to withdraw 
from the study you will still receive compensation for the time you have participated. The 
University of Manitoba may look at your research records to see that the research is being done in 
a safe and proper way.  
 
A copy of this consent form has been given to you to keep for your records and reference. 

This research has been approved by the Education/Nursing Research Ethics Board. If you have 
any concerns or complaints about this project you may contact any of the above-named persons 
or the Human Ethics Coordinator (HEC) at 474-7122 or humanethics@umanitoba.ca.  
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INFORMED CONSENT  

 
 

Research Study: The Effect of dual tendon vibration on Somatosensory evoked potentials 
and perception of illusory movement  

 

 
Signature of Participant__________________________________________ Date ____________ 
  

Researcher/ Delegate¶s Signature __________________________________Date ___________ 

 

 

SUMMARY OF FINDINGS: Would you like to be contacted by a student research assistant with 
a summary of the overall findings of this study?     YES          NO 

If yes, please complete the following: 

Name: _______________________________________________ 

Phone Number: ________________________________________ 

Email Address: ________________________________________ 
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