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3URSULRFHSWLYH�,QWHUDFWLRQ�
3HGUR�/RSHV��$OH[DQGUD�,RQ��:LOOL�0XHOOHU��'DQLHO�+RIIPDQQ��3DWULN�-RQHOO��3DWULFN�%DXGLVFK

�+DVVR�3ODWWQHU�,QVWLWXWH�
3RWVGDP��*HUPDQ\�

^ILUVWQDPH�ODVWQDPH`#KSL�GH

$%675$&7�
:H�SURSRVH�D�QHZ�ZD\�RI�H\HV�IUHH�LQWHUDFWLRQ�IRU�ZHDUD�
EOHV��,W�LV�EDVHG�RQ�WKH�XVHU¶V�proprioceptive�VHQVH��L�H���UD�
WKHU�WKDQ�VHHLQJ��KHDULQJ��RU�IHHOLQJ�DQ�RXWVLGH�VWLPXOXV��XV�
HUV�IHHO�WKH�SRVH�RI�WKHLU�RZQ�ERG\��
:H�KDYH�LPSOHPHQWHG�D�ZHDUDEOH�GHYLFH�FDOOHG�3RVH�,2�WKDW�
RIIHUV�LQSXW�DQG�RXWSXW�EDVHG�RQ�SURSULRFHSWLRQ��8VHUV�FRP�
PXQLFDWH�ZLWK�3RVH�,2�WKURXJK�WKH�SRVH�RI�WKHLU�ZULVWV��8V�
HUV�HQWHU�LQIRUPDWLRQ�E\�SHUIRUPLQJ�DQ�input�JHVWXUH�E\�IOH[�
LQJ�WKHLU�ZULVW��ZKLFK�WKH�GHYLFH�VHQVHV�XVLQJ�D���D[LV�DFFHO�
HURPHWHU��8VHUV�UHFHLYH�RXWSXW�IURP�3RVH�,2�E\�ILQGLQJ�WKHLU�
ZULVW�SRVHG�LQ�DQ�output�JHVWXUH��ZKLFK�3RVH�,2�DFWXDWHV�XV�
LQJ� HOHFWULFDO� PXVFOH� VWLPXODWLRQ�� 7KLV� PHFKDQLVP� DOORZV�
XVHUV� WR� LQWHUDFW� ZLWK� 3RVH�,2� ZLWKRXW� YLVXDO� RU� DXGLWRU\�
VHQVHV��EXW�WKURXJK�WKH�proprioceptive VHQVH�DORQH��
:H� GHYHORSHG� WKUHH� VLPSOH� DSSOLFDWLRQV� WKDW� GHPRQVWUDWH�
V\PPHWULF�SURSULRFHSWLYH�LQWHUDFWLRQ��ZKHUH�LQSXW�DQG�RXW�
SXW�RFFXU�WKURXJK�WKH�VDPH�OLPE��DV�ZHOO�DV�DV\PPHWULF�LQ�
WHUDFWLRQ�� ZKHUH� LQSXW� DQG� RXWSXW� RFFXU� WKURXJK� GLIIHUHQW�
OLPEV��,Q�D�ILUVW�XVHU�VWXG\��SDUWLFLSDQWV�XVLQJ�D�V\PPHWULF�
SURSULRFHSWLYH� LQWHUIDFH� UH�HQWHUHG� SRVHV� UHFHLYHG� IURP�
3RVH�,2�ZLWK�DQ�DYHUDJH�DFFXUDF\�RI������GHVSLWH�WKH�PLQL�
PDO�EDQGZLGWK�RIIHUHG�E\�WKH�GHYLFH��,Q�D�VHFRQG��H[SORUD�
WRU\�VWXG\��ZH�LQYHVWLJDWHG�SDUWLFLSDQWV¶�HPRWLRQDO�UHVSRQVH�
WR�DV\PPHWULF�SURSULRFHSWLYH�LQWHUDFWLRQ�DQG�WKH�FRQFHSW�RI�
WKH�XVHU¶V�ERG\�VHUYLQJ�DV�LQWHUIDFH��3DUWLFLSDQWV�UHSRUWHG�WR�
HQMR\�WKH�H[SHULHQFH��mean �����RXW�RI�����
$XWKRU�.H\ZRUGV��PXVFOH�DFWXDWLRQ��SURSULRFHSWLRQ��,2���
$&0� &ODVVLILFDWLRQ� .H\ZRUGV��+���� >,QIRUPDWLRQ� LQWHU�
IDFHV�DQG�SUHVHQWDWLRQ@��8VHU�,QWHUIDFHV����*UDSKLFDO�XVHU�LQ�
WHUIDFHV��
,1752'8&7,21��
:HDUDEOH�LQWHUIDFHV��VXFK�DV�JHVWXUH�EDVHG�ZDWFKHV�>������@�
DOORZ�XVHUV�WR�LQWHUDFW�ZLWK�LQIRUPDWLRQ�DQ\ZKHUH��DQ\WLPH��
,Q� RUGHU� WR�PLQLPL]H� LQWHUIHUHQFH�ZLWK� WKH� XVHU¶V� SULPDU\�
WDVN�� VXFK� DV�ZDONLQJ� RU� KDYLQJ� D� FRQYHUVDWLRQ� >�@��PDQ\�
ZHDUDEOH�GHYLFHV�DUH�GHVLJQHG�VSHFLILFDOO\�IRU�H\HV�IUHH�XVH��

8QIRUWXQDWHO\�� WKHVH� GHYLFHV� W\SLFDOO\� XVH� DXGLWRU\� IHHG�
EDFN��ZKLFK�LQWHUIHUHV�ZLWK�DXGLWRU\�WDVNV��+DSWLF�LQWHUIDFHV��
VXFK�DV�YLEUDWLQJ�EUDFHOHWV��VKRZ�SURPLVH�KHUH�>��@��EXW�DUH�
OLPLWHG�LQ�WHUPV�RI�EDQGZLGWK�>��@�DQG�DUH�KDUG�WR�OHDUQ�EH�
FDXVH�WKH\�ODFN�PQHPRQLF�SURSHUWLHV�>��@��

�
)LJXUH�����D��3URSULRFHSWLYH�LQWHUDFWLRQ�DOORZV�XVHUV�
WR�LQWHUDFW�H\HV�IUHH�EDVHG�RQ�WKHLU�VHQVH�RI�SURSULR�
FHSWLRQ�DORQH��DOORZLQJ�WKLV�XVHU�WR�UHZLQG�D�YLGHR��
ZKLOH�PDLQWDLQLQJ�H\H�FRQWDFW�ZLWK�KLV�DXGLHQFH��
�E��7KH�XVHU�LV�ZHDULQJ�RXU�SURRI�RI�FRQFHSW�

EUDFHOHW�FDOOHG�3RVH�,2���F��,W�UHDGV�LQSXW�E\�VHQVLQJ�
WKH�VDPH�ZULVW¶V�IOH[LRQ�XVLQJ�DQ�DFFHOHURPHWHU�DQG�

�G��LW�VHQGV�RXWSXW�WR�WKH�XVHU�E\�DFWXDWLQJ�WKH�
XVHU¶V�ZULVW�XVLQJ�HOHFWULFDO�PXVFOH�VWLPXODWLRQ���

:H�WKHUHIRUH�SURSRVH�D�GLIIHUHQW�W\SH�RI�PRGDOLW\�IRU�ZHDU�
DEOH�LQWHUDFWLRQ��QDPHO\�proprioception��ZKLFK�LV�WKH�XVHUV¶�
VHQVH� RI� WKH� UHODWLYH� SRVLWLRQ� RI� QHLJKERULQJ� OLPEV� RI� WKH�
ERG\��$V�ZH�GHPRQVWUDWH�LQ�WKLV�SDSHU��ZH�FDQ�XVH�SURSULR�
FHSWLRQ�IRU�LQSXW�and output��
35235,2&(37,9(�,17(5$&7,21�
)LJXUH���LOOXVWUDWHV�WKH�FRQFHSW�RI�SURSULRFHSWLYH�LQWHUDFWLRQ��
3URSULRFHSWLYH� LQWHUDFWLRQ� DOORZV� IRU� LQSXW� DQG� RXWSXW� E\�

RXWSXW

V\VWHP
DFWXDWHV�ZULVW

XVHU
PRYHV�ZULVW

LQSXWE F G

D

3HUPLVVLRQ� WR�PDNH�GLJLWDO�RU�KDUG�FRSLHV�RI� DOO�RU�SDUW�RI� WKLV�ZRUN� IRU
SHUVRQDO�RU�FODVVURRP�XVH�LV�JUDQWHG�ZLWKRXW�IHH�SURYLGHG�WKDW�FRSLHV�DUH
QRW�PDGH�RU�GLVWULEXWHG�IRU�SURILW�RU�FRPPHUFLDO�DGYDQWDJH�DQG�WKDW�FRSLHV
EHDU�WKLV�QRWLFH�DQG�WKH�IXOO�FLWDWLRQ�RQ�WKH�ILUVW�SDJH��&RS\ULJKWV�IRU�FRP�
SRQHQWV�RI�WKLV�ZRUN�RZQHG�E\�RWKHUV�WKDQ�$&0�PXVW�EH�KRQRUHG��$EVWUDFW�
LQJ�ZLWK� FUHGLW� LV� SHUPLWWHG��7R�FRS\�RWKHUZLVH��RU� UHSXEOLVK�� WR�SRVW�RQ
VHUYHUV�RU�WR�UHGLVWULEXWH�WR�OLVWV��UHTXLUHV�SULRU�VSHFLILF�SHUPLVVLRQ�DQG�RU�D
IHH��5HTXHVW�SHUPLVVLRQV�IURP�3HUPLVVLRQV#DFP�RUJ��
�
&+,�������$SULO����������������6HRXO��5HSXEOLF�RI�.RUHD��
&RS\ULJKW� LV� KHOG� E\� WKH� RZQHU�DXWKRU�V��� 3XEOLFDWLRQ� ULJKWV� OLFHQVHG� WR
$&0��$&0������������������������«��������
KWWS���G[�GRL�RUJ�������������������������
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SRVLQJ�RQH�RI�WKH�XVHU¶V�OLPEV��KHUH�WKH�XVHU¶V�ZULVW��8VHUV�
HQWHU�LQIRUPDWLRQ�E\�SHUIRUPLQJ�DQ�LQSXW�JHVWXUH��KHUH�IOH[�
LQJ�WKHLU�ZULVWV�LQZDUGV��7KH�GHYLFH�VHQVHV�WKLV�XVLQJ�LWV�DF�
FHOHURPHWHU��8VHUV�FDQ�SHUIRUP�VXFK�D�JHVWXUH�H\HV�IUHH��DV�
WKHLU�SURSULRFHSWLYH�VHQVH�LQIRUPV�WKHP�DERXW� WKH�SRVLWLRQ�
RI�WKHLU�ZULVW��8VHUV�UHFHLYH�RXWSXW�IURP�D�SURSULRFHSWLYH�LQ�
WHUIDFH�E\�ILQGLQJ�WKHLU�ERG\�SRVHG�LQ�DQ�RXWSXW�JHVWXUH��KHUH�
DJDLQ�WKH�ZULVW��$OVR��WKH\�SHUFHLYH�WKLV�H\HV�IUHH�E\�PHDQV�
RI�WKHLU�SURSULRFHSWLYH�VHQVH��

�
)LJXUH����6\PPHWULF�SURSULRFHSWLYH�LQWHUDFWLRQ�

UHYROYHV�DURXQG�WKH�SRVH�RI�RQH�RI�WKH�XVHU¶V�OLPEV��
KHUH�WKH�ZULVW���

7KH�LQWHUDFWLRQ�VKRZQ�LQ�)LJXUH���LV�RI�WKH�³SXUHVW´�IRUP�LQ�
WKDW�LQSXW�DQG�RXWSXW�RFFXU�WKURXJK�WKH�VDPH�OLPE��KHUH�WKH�
ZULVW��7KLV�³V\PPHWULF´�LQWHUDFWLRQ�UHVXOWV�LQ�D�SDUWLFXODUO\�
LQWXLWLYH�LQWHUDFWLRQ�>��@��+RZHYHU��SURSULRFHSWLYH�LQSXW�DQG�
RXWSXW�PD\�DOVR�RFFXU�WKURXJK�GLIIHUHQW�OLPEV��H�J���ZKHQ�WKH�
DSSOLFDWLRQ�UHTXLUHV�PRUH�LQSXW�WKDQ�RXWSXW�RU�PRUH�RXWSXW�
WKDQ�LQSXW��:H�FDOO�WKLV�DV\PPHWULF�SURSULRFHSWLYH�LQWHUDF�
WLRQ��ZKLFK�LV�GHSLFWHG�LQ�)LJXUH�����

�
)LJXUH����,Q�DQ�DV\PPHWULF�SURSULRFHSWLYH�
LQWHUDFWLRQ��LQSXW�DQG�RXSXW�RFFXU�WKURXJK�

GLIIHUHQW�OLPEV��

7KH�3RVH�,2�GHYLFH�
)LJXUH��� VKRZV�3RVH�,2�� WKH�SURRI�RI�FRQFHSW�SURSULRFHS�
WLYH�GHYLFH�ZH�KDYH�FUHDWHG��,W�RIIHUV�LQSXW�DQG�RXWSXW�EDVHG�
RQ�SURSULRFHSWLRQ��:H�LPSOHPHQWHG�3RVH�,2�LQ�WKH�IRUP�RI�
D�EUDFHOHW��ZKLFK�XVHUV�ZHDU�XQGHU� WKHLU�FORWKLQJ��3RVH�,2�
UHFHLYHV�LQSXW�IURP�WKH�XVHU�E\�PHDQV�RI�D�ZLUHOHVV�DFFHO�
HURPHWHU�DWWDFKHG�WR�WKH�XVHU¶V�KDQG��3RVH�,2�SURGXFHV�RXW�
SXW� E\� ZULWLQJ� WR� WKH� XVHU¶V� DUP� PXVFOHV� XVLQJ� HOHFWULFDO�

PXVFOH�VWLPXODWLRQ��(06��WKURXJK�IRXU�HOHFWURGHV�DWWDFKHG�
WR�WKH�XVHU¶V�DUP���

PLFURFRQWUROOHU��%OXHWRRWK��EDWWHU\

HOHFWURGHV�IRU�RXWSXW
HOHFWULF�PXVFOH�VWLPXODWLRQ�ERDUG

DFFHOHURPHWHU�IRU�LQSXW

�
)LJXUH����7KH�PDLQ�FRPSRQHQWV�RI�3RVH�,2��

$33/,&$7,216�
:H� KDYH� LPSOHPHQWHG� WKUHH� VLPSOH� DSSOLFDWLRQV�� HDFK� RI�
ZKLFK�KLJKOLJKWV�D�GLIIHUHQW�VWUHQJWK�RI�SURSULRFHSWLYH�LQWHU�
DFWLRQ��
����6\PPHWULF�3URSULRFHSWLYH�,QWHUDFWLRQ��
)LJXUH��D�LOOXVWUDWHV�RXU�YLGHR�VFUXEELQJ�WRRO�IRU�SUHVHQWHUV�
EDVHG�RQ�WKH�3RVH�,2�GHYLFH��ZKLFK�LV�DQ�H[DPSOH�RI�V\P�
PHWULF�SURSULRFHSWLYH�LQWHUDFWLRQ��2QH�RI�WKH�DXGLHQFH�PHP�
EHUV�MXVW�DVNHG�ZKHWKHU�WKH�SUHVHQWHU�FRXOG�VKRZ�WKH�YLGHR�
RQH�PRUH�WLPH��)LJXUH���VKRZV�KRZ�WKH�SUHVHQWHU�UHVSRQGV��
�D��+H�LQYRNHV�3RVH�,2¶V�YLGHR�VFUXEEHU E\�SHUIRUPLQJ�DQ�
LQYRFDWLRQ�JHVWXUH��KHUH�E\�VKDNLQJ�KLV�ZULVW�EDFN�DQG�IRUWK. 
�E��3RVH�,2�UHVSRQGV�E\�SRVLQJ�WKH�XVHUV¶�ZULVW��VR�DV�WR�UHS�
UHVHQW� WKH�FXUUHQW�YLGHR�SOD\EDFN�SRVLWLRQ��ZKLFK� WKH�XVHU�
SHUFHLYHV�WKURXJK�KLV�VHQVH�RI�SURSULRFHSWLRQ��7KH�XVHU�OHWV�
WKH� YLGHR� UXQ� IRU� DQRWKHU� PRPHQW� GXULQJ� ZKLFK� 3RVH�,2�
NHHSV� XSGDWLQJ� WKH� XVHU¶V�ZULVW� SRVLWLRQ�� FRQWLQXRXVO\� H[�
WHQGLQJ�LW�XSZDUGV��ZKLFK�DJDLQ�WKH�XVHU�SHUFHLYHV�WKURXJK�
KLV� VHQVH�RI�SURSULRFHSWLRQ�� �F��7KH�XVHU�QRZ�UHZLQGV� WKH�
YLGHR�E\�IOH[LQJ�KLV�ZULVW�EDFN�GRZQ�WR�WKH�GHVLUHG�SOD\�SR�
VLWLRQ��+H�XVHV�VXIILFLHQW�IRUFH�WR�RYHUULGH�3RVH�,2¶V�FRQWURO�
RYHU�WKH�ZULVW��3RVH�,2�UHVSRQGV�E\�VFUXEELQJ�LQ�UHDO�WLPH��
DOORZLQJ�WKH�XVHU�WR�ORFDWH�WKH�LQWHQGHG�SRVLWLRQ��
�E��F�DJDLQ��7R�HPSKDVL]H�KLV�DQVZHU��WKH�SUHVHQWHU�UHSOD\V�
WKH�VFHQH�RQH�PRUH�WLPH��7KLV�WLPH��KH�PRYHV�WKH�YLGHR�SOD\�
KHDG�WR�LWV�LQWHQGHG�SRVLWLRQ�ZLWKRXW�LWHUDWLQJ��EXW�E\�SRVLQJ�
KLV�ZULVW�GLUHFWO\�LQ�WKH�VDPH�SRVLWLRQ�DV�EHIRUH��EDVHG�RQ�KLV�
SURSULRFHSWLYH�VHQVH�DORQH���G��7KH�SUHVHQWHU�LV�MXVW�DERXW�WR�
GLVPLVV�3RVH�,2�XVLQJ�D�VWURQJ�IOLFN�JHVWXUH��ZKHQ�RQH�RI�
WKH�DWWHQGHHV� WKURZV�KLP�D�PDUNHU��+H�FDWFKHV� WKH�PDUNHU�
DQG� 3RVH�,2� LQWHUSUHWV� WKH� DEUXSW�PRYHPHQW� DV� D� GLVPLVV�
JHVWXUH�DQG�GHDFWLYDWHV�LWVHOI��7KLV�LV�E\�GHVLJQ��VR�DV�WR�DO�
ORZ�XVHUV¶� SULPDU\� WDVNV� WR� WDNH� SULRULW\�ZKHQHYHU� QHFHV�
VDU\��
7KLV�SDUWLFXODU�VFHQDULR�XVHV�WKH�VDPH�OLPE�IRU�LQSXW�DQG�RXW�
SXW��DOORZLQJ�XV�WR�LPSOHPHQW�D�symmetric LQWHUDFWLRQ��L�H���
DQ�LQWHUDFWLRQ�ZKHUH�WKH�VDPH�PRGDOLW\�DQG�WKH�VDPH�PDS�
SLQJ�DUH�XVHG�IRU�LQSXW�DQG�RXWSXW��UHVXOWLQJ�LQ�D�SDUWLFXODUO\�
LQWXLWLYH� LQWHUDFWLRQ� WKDW� HYHQ� DOORZV� XVHUV� WR� OHDUQ� LQSXW�

PXVFOHV���QHUYHV

DFFHOHURPHWHU

HOHFWULFDO
PXVFOH�VWLPXODWLRQSURSULRFHSWLRQ

GHYLFH

GHYLFH

PXVFOHV���QHUYHV

DFFHOHURPHWHU

HOHFWULFDO�PXVFOH�VWLPXODWLRQHOHFWULFDO�PXVFOH�VWLPXODWLRQ

SURSULRFHSWLRQ
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EDVHG�RQ�RXWSXW�>��@��7KLV�LV�D�EHQHILW�RI�SURSULRFHSWLYH�LQ�
WHUDFWLRQ�RYHU�RWKHU�ZHDUDEOH�LQWHUIDFHV��IRU�H[DPSOH��VXFK�
DV�YLEURWDFWLOH�IHHGEDFN��ZKLFK�KDV�WR�EH�FRPELQHG�ZLWK�D�
GLIIHUHQW�LQSXW�PRGDOLW\��VXFK�DV�D�VHW�RI�EXWWRQV���

�
)LJXUH�����D��7KH�SUHVHQWHU�IURP�)LJXUH���LQYRNHV�
WKH�3RVH�,2�YLGHR�VFUXEEHU�E\�SHUIRUPLQJ�D�VKDNH�
JHVWXUH��ZKLFK��E��FDXVHV�KLV�ZULVW�WR�WUDFN�ZLWK�WKH�
YLGHR�SOD\�KHDG���F��+H�VFUXEV�EDFNZDUGV���H��:KHQ�
VRPHRQH�WKURZV�KLP�D�PDUNHU��KLV�DEUXSW�KDQG�
PRYHPHQW�DXWRPDWLFDOO\�GLVPLVVHV�3RVH�,2��

��D��$V\PPHWULF�,QWHUDFWLRQ�
3URSULRFHSWLYH� LQWHUDFWLRQ� GRHV� QRW� KDYH� WR� EH� V\PPHWULF�
WKRXJK��:H�GHPRQVWUDWH�WKLV�DW�WKH�H[DPSOH�RI�WKH�H\HV�IUHH�
UHDFWLRQ�JDPH�red hands�>��@��7UDGLWLRQDOO\��WKLV�FKLOGUHQ¶V�
JDPH�LV�SOD\HG�E\�WZR�SOD\HUV��RQH�RI�ZKLFK�LV�WU\LQJ�WR�VODS�
WKH�KDQGV�RI�WKH�RWKHU��:LWK�WKH�XVH�RI�3RVH�,2��ZH�WXUQ�UHG�
KDQGV�LQWR�D�VROLWDLUH�FRPSXWHU�JDPH��:H�SDUWLWLRQ�WKH�XVHU¶V�
ERG\�DV�GHSLFWHG�LQ�)LJXUH����ZKLFK�LV�ZK\�WKH�LQWHUIDFH�LV�
DV\PPHWULF��+HUH�WKH�XVHU¶V�ULJKW�KDQG�UHSUHVHQWV�WKH�FRP�
SXWHU� RSSRQHQW�� WKH� OHIW� KDQG� FRQWLQXHV� WR� EHORQJ� WR� WKH�
SOD\HU��$W� HYHU\� WXUQ�� WKH� FRPSXWHU� KDQG� WULHV� WR� VODS� WKH�
SOD\HU¶V�KDQG��L�H���JDPH�output���WKH�SOD\HU¶V�REMHFWLYH�LV�WR�
HYDGH�WKH�VODS��L�H���JDPH�input���7KH�UHG�KDQGV�DSSOLFDWLRQ�
GHWHFWV�VXFFHVVIXO�VODSV�EDVHG�RQ�acoustic UHFRJQLWLRQ��VLP�
LODU�WR�>��@���L�H���D�ZHDUDEOH�PLFURSKRQH�LQ�D�VPDOO�EUDFHOHW�
DURXQG�WKH�SOD\HU¶V�ZULVW���
5HG�KDQGV�LV�DQ�H[DPSOH�RI�DV\PPHWULF�SURSULRFHSWLYH�LQ�
WHUDFWLRQ�LQ�WKDW�RXWSXW�JRHV�WR�WKH�ULJKW�KDQG��ZKLOH�WKH�GH�
YLFH�UHFHLYHV�LQSXW�IURP�WKH�OHIW�KDQG��
7R�PDNH�UHG�KDQGV�SOD\DEOH��LW�RIIHUV�PXOWLSOH�OHYHOV�RI�GLI�
ILFXOW\��7KH�ILUVW� OHYHO�JLYHV�SOD\HUV�VHYHUDO�KXQGUHG�PLOOL�
VHFRQGV�RI�DGYDQFH�ZDUQLQJ�EHIRUH�VODSSLQJ��,W�GRHV�VR�E\�
EULHIO\�IOLFNLQJ�WKH�FRPSXWHU�KDQG�EHIRUH�DFWXDOO\�DWWDFNLQJ��
7KLV�ZDUQLQJ�SHULRG�JHWV�VKRUWHU�RQ�VXEVHTXHQW�OHYHOV��6LQFH�
3RVH�,2�WDONV�GLUHFWO\� WR� WKH�XVHU¶V�PXVFOHV�� LW�FDQ�DFWXDWH�
WKH�KDQGV�VXUSULVLQJO\�IDVW��LI�ZH�VHW�WKH�ZDUQLQJ�SHULRG�WR�
]HUR��ZH�IRXQG�SOD\HU¶V�FKDQFH� WR�HYDGH� WKH�VODS� WR�EH�QR�
EHWWHU�WKDQ�UDQGRP��VHH�DOVR�6WXG\�����7KLV�DELOLW\�IRU�very 
IDVW�LQWHUDFWLRQ�VWHPV�IURP�WDONLQJ�WR�WKH�XVHU¶V�PXVFOHV�GL�
UHFWO\²D�NH\�VWUHQJWK�RI�RXU�DSSURDFK��

6LPLODU� WR� WKH� SUHVHQWHU� WRRO�� UHG�KDQGV� IRU� RQH� LV� SOD\HG�
WKURXJK� WKH� VHQVH� RI� SURSULRFHSWLRQ�� 7KLV� DOORZV� SOD\LQJ�
H\HV�IUHH�� ZKLFK�� LQWHUHVWLQJO\�� PRVW� RI� RXU� VWXG\� SDUWLFL�
SDQWV�GLG�HYHQ�WKRXJK�WKH\�ZHUH�DOORZHG�WR�ORRN��VHH�6WXG\�
��IRU�GHWDLOV���

�
)LJXUH����5HG�KDQGV�IRU�RQH��8QGHU�FRQWURO�RI�

3RVH�,2��WKH�XVHU¶V�ULJKW�KDQG�LV�WU\LQJ�WR�VODS�WKH�
XVHU¶V�OHIW�KDQG��7KH�JRDO�LV�WR�HYDGH�JHWWLQJ�

VODSSHG�E\�KLV�RZQ�KDQG��

��E��$V\PPHWULF�,QWHUDFWLRQ�ZLWK�D�6SDWLDO�&RPSRQHQW�
7R�GHPRQVWUDWH�DQ�LQWHUDFWLRQ�ZLWK�D�VSDWLDO�FRPSRQHQW��ZH�
LPSOHPHQWHG�imaginary pong for one. $V�GHSLFWHG�LQ�)LJXUH�
�, ZH� DJDLQ� SDUWLWLRQ� WKH� XVHU¶V� ERG\� VR� WKDW� WKH� DFWXDWHG�
KDQG�IRUPV�WKH�FRPSXWHU�RSSRQHQW��ZKLOH�WKH�RWKHU�EHORQJV�
WR�WKH�SOD\HU���

FRPSXWHU�RSSRQHQW
IOH[HV�H[WHQGV�KDQG

DFFHOHURPHWHU

SOD\HU
PRYHV�KDQG
EDFN�	�IRUWK

D

E F �
)LJXUH����,PDJLQDU\�SRQJ�IRU�RQH���E��7KH�

FRPSXWHU�RSSRQHQW�SOD\V�WKH�LPDJLQDU\�EDOO�OHIW�
E\�IOH[LQJ�LWV�KDQG��F��7KH�XVHU�UHWXUQV�WKH�VKRWV�
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7KHUH�LV�QR�DFWXDO�UHQGLWLRQ�RI�D�EDOO��,QVWHDG��SOD\HUV�KDYH�D�
QRWLRQ�ZKHUH�WKH�EDOO�VKRXOG�EH�EDVHG�RQ�WKHLU�VHQVH�RI�SK\V�
LFV� �VLPLODU� WR� >�@��� 7KH� FRPSXWHU� RSSRQHQW�PD\� IOH[� WKH�
XVHU¶V�KDQG�WR�SOD\�WKH�LPDJLQDU\�EDOO�WRZDUGV�WKH�SOD\HU¶V�
ERG\�RU�LW�PD\�H[WHQG�WKH�KDQG�WR�SOD\�WKH�EDOO�DZD\�IURP�
WKH�XVHU¶V�ERG\��7KH�XVHU¶V�WDVN�LV�WR�UHWXUQ�WKH�VKRWV�E\�PRY�
LQJ�KLV�KDQG�WR�ZKHUH�KH�IHHOV�WKH�EDOO�ZHQW���
,Q� RQH� YHUVLRQ� RI� WKH� JDPH�� ZH� DGGHG� D� VHFRQG� 3RVH�,2�
EUDFHOHW� WR� WKH�SOD\HU�KDQG� LQ�RUGHU� WR� UHQGHU� UHFRLO� DW� WKH�
PRPHQW�WKH�LPDJLQDU\�EDOO�KLWV�KLV�SDOP��7KLV�DOORZHG�XV�WR�
DGG�D�WLPLQJ�HOHPHQW�WR�WKH�JDPH��$V�ZLWK�WKH�WZR�DSSOLFD�
WLRQV� SUHVHQWHG� HDUOLHU�� XVHUV� SOD\� H\HV�IUHH� WKURXJK� WKH�
VHQVH�RI�WKHLU�SURSULRFHSWLRQ�DORQH��
&2175,%87,21��%(1(),76��	�/,0,7$7,216�
2XU�PDLQ�FRQWULEXWLRQ�LV�WKH�FRQFHSW�RI�SURSULRFHSWLYH�LQWHU�
DFWLRQ��KHUH�LOOXVWUDWHG�DW�WKH�H[DPSOH�RI�ZULVW�SRVH���
,Q�DGGLWLRQ�WR�EHLQJ�ZHDUDEOH��SURSULRFHSWLYH�LQWHUDFWLRQ�RI�
IHUV�IRXU�GHVLUDEOH�SURSHUWLHV������,W�DOORZV�IRU�H\HV�IUHH�DQG�
HDUV�IUHH�XVH������,QVWDQW�LQYRFDWLRQ�DQG�GLVPLVVDO�DOORZV�XV�
HUV�WR�LQYRNH�WKH�GHYLFH�DQ\�WLPH�DQG�DOVR�WR�UHWXUQ�WR�WKHLU�
SULPDU\� WDVN� LPPHGLDWHO\�ZKHQ� QHFHVVDU\�� ���� 6\PPHWULF�
VHWXS�DOORZV�LPSOHPHQWLQJ�WKH�VDPH�LQWHUDFWLRQ�³ODQJXDJH´�
IRU�LQSXW�DQG�RXWSXW��UHVXOWLQJ�LQ�D�SDUWLFXODUO\�LQWXLWLYH�LQ�
WHUDFWLRQ�WKDW�HYHQ�DOORZV�XVHUV�WR�OHDUQ�LQSXW�EDVHG�RQ�RXW�
SXW�>��@��+RZHYHU������WKLV�,�2�V\PPHWU\�LV�QRW�PDQGDWRU\��
DQG�ZH�DOVR�H[SORUH�DQ�LQWHUDFWLRQ�PRGDOLW\�LQ�ZKLFK�LQSXW�
DQG�RXWSXW�RFFXU�DW�GLIIHUHQW� OLPEV��ZH�GHQRWH� LW�DV�DV\P�
PHWULF�LQWHUDFWLRQ��7KXV��GHSHQGLQJ�RQ�WKH�W\SH�RI�DSSOLFD�
WLRQ��GHVLJQHUV�PLJKW�SODFH�LQSXW�DQG�RXWSXW�IUHHO\�WR�EHVW�ILW�
WKHLU�QHHGV��
2Q�WKH�IOLSVLGH��LQWHUDFWLRQ�EDVHG�RQ�WKH�SHUFHSWLRQ�RI�SRVHV�
LV�REYLRXVO\�YHU\� ORZ� LQ�EDQGZLGWK�FRPSDUHG� WR�YLVXDO�RU�
DXGLWRU\�LQWHUDFWLRQ��,WV�XVH�LV�WKHUHIRUH�RQO\�DSSOLFDEOH�IRU�
YHU\�VLPSOH�WDVNV��$OVR��DQ\�VROXWLRQ�WKDW�UHOLHV�RQ�(06�UH�
TXLUHV�DQ�LQLWLDO�VWHS�LQ�ZKLFK�WKH�V\VWHP�LV�FDOLEUDWHG��)XU�
WKHUPRUH��(06�LV�VWLOO�XQGHUJRLQJ�LPSURYHPHQWV�UHJDUGLQJ�
FRPIRUW�DQG�HDVH�RI�XVH��VHH�5HODWHG�:RUN���
+$5':$5(�,03/(0(17$7,21�
7R� KHOS� UHDGHUV� UHSOLFDWH� RXU� SURRI�RI�FRQFHSW� GHYLFH��ZH�
QRZ�SURYLGH�D�GHWDLOHG�GHVFULSWLRQ�RI�LW��$V�VKRZQ�LQ�)LJXUH�
���3RVH�,2¶V�KDUGZDUH�GHVLJQ�KDV�WKH�IRUP�RI�D�EUDFHOHW�ZLWK�
DWWDFKHG�HOHFWURGHV��7KH�EUDFHOHW�LV�FRPSULVHG�RI��'�SULQWHG�
VHFWLRQV��HDFK�KRXVLQJ�WKH�HPEHGGHG�HOHFWURQLFV��

�
)LJXUH����7KH��'�SULQWHG�3RVH�,2�EUDFHOHW�

)LJXUH���VKRZV�WKH�RSHQHG�XS�EUDFHOHW��3RVH�,2�ZULWHV�RXW�
SXW� WR� WKH� PXVFOHV� XVLQJ� D� PHGLFDOO\�FRPSOLDQW� HOHFWULFDO�
PXVFOH�VWLPXODWLRQ�XQLW��7UX7HQV�9���FRQQHFWHG�WR�IRXU�SUH�
JHOOHG� HOHFWURGHV� ���[��PP��� 7KH� DPSOLILFDWLRQ� IRU� WKH�
(OHFWULFDO�0XVFOH� 6WLPXODWLRQ� LV� UHJXODWHG� E\� WZR� &026�
GLJLWDO�SRWHQWLRPHWHUV�ZLWK�QRQ�YRODWLOH�PHPRU\��;�&�����
��.2KP��FRQWUROOHG�E\�DQ�$UGXLQR�1DQR�XVLQJ�D�WKUHH�ZLUH�
VHULDO�LQWHUIDFH��

�
)LJXUH����$�3RVH�,2�EUDFHOHW�XQUROOHG�DQG�ZLWK�WKH�

WRS�HQFORVXUH�UHPRYHG��2Q�WKH�OHIW�VLGH��WKH�
DGGLWLRQDO�(0*�XQLW� 

(OHFWULFDO�0XVFOH�6WLPXODWLRQ�
3RVH�,2�FUHDWHV�LWV�(06�VLJQDO�DV�D�ELSKDVLF�ZDYHIRUP��,WV�
VLJQDO�SXOVDWHV�DW����+]�ZLWK�D�SXOVH�ZLGWK�RI����ȝV��7KH�
FXUUHQW� LV� OLPLWHG� WR� ���P$�� DOORZLQJ� IRU� VDIH� RSHUDWLRQ��
*LYHQ�WKDW�WKH�ORZHVW�SRZHU�VHWWLQJV�RI�WKH�(06�XQLW�GLG�QRW�
DFKLHYH�PXVFOH�DFWXDWLRQ�ZLWK�WKH�XVHUV�ZH�WHVWHG�ZLWK��ZH�
VWHSSHG�XS�WKH�FRQWURO�FXUYH�E\�DGGLQJ�D���.�UHVLVWRU�LQ�SDU�
DOOHO�WR�WKH�(06�XQLW¶V�YDULDEOH�RXWSXW�DQG�LQSXW�SLQV��7KLV�
DOORZV�3RVH�,2�WR�DFKLHYH�D�VPRRWKHU�RXWSXW�FXUUHQW�FXUYH��
8SRQ� ILUVW� XVH�� XVHUV� FDOLEUDWH� 3RVH�,2¶V� (06� GHYLFH� E\�
VSHFLI\LQJ�WKH�ORZHVW�VWLPXOXV�WKDW�VWLOO�OHDGV�WR�D�UHFRJQL]D�
EOH�VHQVDWLRQ��WKHUH�LV�QR�YLVLEOH�KDQG�PRWLRQ�DW�WKLV�OHYHO��
DV�ZHOO� DV� WKH�PD[LPXP� VLJQDO� WKDW� WKH� XVHU� SHUFHLYHV� DV�
FRPIRUWDEOH��$W�DOO�WLPHV��3RVH�,2�XVH�LV�SDLQ�IUHH��
)LJXUH����VKRZV�WKH�SODFHPHQW�RI�WKH�(06�HOHFWURGHV�RQ�WKH�
extensor digitorum��ZULVW�H[WHQVLRQ��DQG�RQ�WKH�flexor digi-
torum superficialis �ZULVW�IOH[LRQ����

:ULVW�H[WHQVLRQ
H[WHQVRU�GLJLWRUXP

:ULVW�IOH[LRQ
IOH[RU�GLJLWRUXP�VXSHUILFLDOLV

(06�HOHFWURGHV

�
)LJXUH�����3ODFHPHQW�IRU�3RVH�,2¶V�(06�
HOHFWURGHV�IRU�ZULVW�IOH[LRQ�DQG�H[WHQVLRQ���



�

$FFHOHURPHWHU�
3RVH�,2� XVHV� WKH� DFFHOHURPHWHU¶V�<�D[LV� WR� GHWHUPLQH� WKH�
XVHU¶V�ZULVW�SRVLWLRQ�DV�WKH�WLOW�RI�WKH�XVHU¶V�KDQG�DJDLQVW�WKH�
KRUL]RQWDO��VDPSOHG�DW���K]��:H�DOVR�PDGH�DQ�H[WHQGHG�YHU�
VLRQ�RI�WKH�GHYLFH�WKDW�GHWHUPLQHV�WKH�ZULVW�SRVH�ZLWK�UHVSHFW�
WR�D�VHFRQG�,08�ZRUQ�RQ�WKH�IRUHDUP��7KLV�DOORZV�XVHUV�WR�
RSHUDWH�3RVH�,2�LQ�DQ\�ERG\�SRVWXUH��
8VHUV�LQYRNH�DQG�GLVPLVV�3RVH�,2�E\�KROGLQJ�WKH�KDQG�KRU�
L]RQWDOO\�DQG�WKHQ�VKDNLQJ�LW��ZKLFK�3RVH�,2�VHQVHV�E\�ORRN�
LQJ� IRU� DFFHOHUDWLRQ� DORQJ� DQ\� RI� WKH� RWKHU� DFFHOHURPHWHU�
D[HV��3RVH�,2�VHQGV�FRPPDQGV�WR�LWV�DSSOLFDWLRQV��VXFK�DV�
DIRUHPHQWLRQHG�JDPHV��ZKLFK�LW�UXQV�RQ�WKH�$UGXLQR�PLFUR�
FRQWUROOHU��3RVH�,2�WDONV�WR�VRIWZDUH�UXQQLQJ�RQ�RWKHU�FRP�
SXWHUV��VXFK�DV�WKH�YLGHR�SOD\HU�LQ�WKH�SUHVHQWHU�WRRO�VFHQDULR��
YLD�%OXHWRRWK��
'HSHQGLQJ� RQ� YHUVLRQ�� 3RVH�,2� HLWKHU� XVHV� DQ� $[LYLW\�
:$;��RU�:$;����D[LV�ZLUHOHVV�DFFHOHURPHWHU� WKDW�XVHUV�
ZHDU�RQ�WKHLU�ULQJ�ILQJHUV��$IWHU�UHPRYLQJ�WKHP�IURP�WKHLU�
FDVLQJ�� ERWK� PHDVXUH� ����PP�î� ��PP�î� ��PP� DQG� RIIHU�
�PJ� UHVROXWLRQ� >��@�� 7KH� :$;��� VHQGV� GDWD� RYHU�
,(((���������UDGLR��ZKLFK�ZH�FRQYHUW�XVLQJ�D�ODSWRS�FRP�
SXWHU�ZLWK�D� UDGLR�GRQJOH��ZH� UHVROYHG� WKLV� LVVXH�ZLWK� WKH�
QHZHU�:$;���ZKLFK�VHQGV�GDWD�GLUHFWO\� WR�3RVH�,2¶V�$U�
GXLQR�YLD�%OXHWRRWK��
3RVH�,2� LV� SRZHUHG� E\� D� �9� SRZHU� VXSSO\� FRPSULVHG� RI�
WKUHH����9� OLWKLXP� LRQ� UHFKDUJHDEOH�EDWWHULHV� FRQQHFWHG� LQ�
VHULHV�DQG�UHJXODWHG�XVLQJ�DQ�/����&9��8QGHU�FRQWLQXRXV�
XVH�� 3RVH�,2� RIIHUV� DURXQG� �� KRXUV� RI� EDWWHU\�OLIH� RQ� WKH�
EUDFHOHW�DQG���KRXUV�RQ�WKH�DFFHOHURPHWHU��
&RQWURO�/RRS�IRU�6\PPHWULF�,QSXW�	�2XWSXW�
:KHQ�WUDFNLQJ�DQ�H[WHUQDO�VLJQDO��VXFK�DV�WKH�YLGHR�SOD\�SR�
VLWLRQ��3RVH�,2�DFWXDWHV�WKH�XVHU¶V�PXVFOHV�XVLQJ�D�3,'�FRQ�
WURO�ORRS��:H�REWDLQ�RVFLOODWLRQ�IUHH�EHKDYLRU�XVLQJ�WKH�JDLQ�
IDFWRUV��.S �����.Y �����.L �����)LJXUH������3RVH�,2�FDO�
FXODWHV�WKH�HUURU�GHULYDWLYH�RQ�D�PRYLQJ�DYHUDJH�RYHU�WKH����
ODVW�PHDVXUHG�YHORFLWLHV��

�
)LJXUH�����%HKDYLRU�RI�3RVH�,2¶V�3,'�FRQWURO���

,I�WKH�DFFHOHURPHWHU�YDOXH�GHYLDWHV�IURP�WKH�V\VWHP�VWDWH�E\�
�����3RVH�,2�DVVXPHV� WKDW� WKH�XVHU� LQWHQGV�WR�RYHUULGH� WKH�
V\VWHP�VWDWH²LQ�WKH�YLGHR�VFUXEELQJ�VFHQDULR�WKLV�DOORZV�XV�
HUV�WR�RYHUULGH�WKH�YLGHR�SOD\�KHDG�SRVLWLRQ��

([WHQGHG�9HUVLRQ�%DVHG�RQ�(OHFWURP\RJUDSK\�
7KH�YHUVLRQ�RI�3RVH�,2�GHVFULEHG�VR�IDU�UHOLHV�RQ�WKH�DFFHO�
HURPHWHU�IRU�LQSXW��ZKLFK�XVHUV�ZHDU�YLVLEO\�RQ�WKHLU�KDQG��
)RU�DSSOLFDWLRQV�LQ�ZKLFK�XVHU�FRQWURO�DQG�D�FRPSXWHU�FRQ�
WURO�DUH�GLVWULEXWHG�DFURVV�WZR�KDQGV��H�J���WKH�WZR�JDPHV�SUH�
VHQWHG�HDUOLHU��ZH�DFKLHYH�D�IXOO\�KLGGHQ�YHUVLRQ�RI�3RVH�,2�
E\�GURSSLQJ�WKH�DFFHOHURPHWHU�DQG�LQVWHDG�XVLQJ�HOHFWURP\�
RJUDSK\� �(0*�� IRU� VHQVLQJ��(0*�VHQVHV�PXVFOH�DFWLYLW\��
ZKLFK�LV�ZKDW�WKH�WZR�JDPH�DSSOLFDWLRQV�UHTXLUH��8VHUV�LQ�
YRNH�WKH�(0*�YHUVLRQ�RI�3RVH�,2�E\�RYHU�H[WHQGLQJ�WKHLU�
ZULVW�IRU�����VHFRQGV�RU�ORQJHU��)LJXUH������

�
)LJXUH�����7KH�3RVH�,2�YHUVLRQ�EDVHG�RQ�(0*�XVHV�
KDQG�RYHUH[WHQVLRQ�DV�LQYRFDWLRQ�JHVWXUH���

7KH�(0*�YHUVLRQ�RI�3RVH�,2�FRQWDLQV�WZR�DGGLWLRQDO�HOHF�
WURP\RJUDSK\�ERDUGV�VKRZQ�RQ�WKH�ULJKW�RI�)LJXUH����WKH\�
DUH�EDVHG�RQ�WKH�$'�����GLIIHUHQWLDO�DPSOLILHU��7KH�(0*�
ERDUGV�DUH�FRQQHFWHG�WR�VL[�HOHFWURGH�FDSV��IRXU�WR�VHQVH�DQG�
WZR� UHIHUHQFHV� ���PP�GLDPHWHU���ZKLFK�DUH�SODFHG�RQ� WKH�
VDPH�PXVFOHV� DV� IRU� (06�� DV� GHSLFWHG� LQ� )LJXUH� ���� 7KH�
(0*�ERDUGV�DUH�SURWHFWHG�IURP�WKH�(06�FXUUHQW�XVLQJ�WZR�
UHOD\V��ZKLFK�FXW�WKH�(0*�SDWKZD\�LI�WKH�(06�LV�DFWLYH��

(0*�HOHFWURGHV :ULVW�H[WHQVLRQ
H[WHQVRU�GLJLWRUXP

:ULVW�IOH[LRQ
IOH[RU�GLJLWRUXP�VXSHUILFLDOLV �

)LJXUH�����(0*�HOHFWURGH�SODFHG�RQ�ZULVW�H[WHQVRU�
DQG�IOH[RU��

5(/$7('�:25.��
7KH�ZRUN�SURSRVHG� LQ� WKLV�SDSHU�EXLOGV�RQ�SURSULRFHSWLYH�
IHHGEDFN�DQG�ZHDUDEOH� LQWHUIDFHV�IRU�H\HV�IUHH� LQWHUDFWLRQ��
)XUWKHUPRUH�LW�LV�LQVSLUHG�E\�GLIIHUHQW�DSSURDFKHV�WR�PXVFOH�
EDVHG�LQSXW�RU�RXWSXW��
3URSULRFHSWLRQ�
7KH�KXPDQ�SURSULRFHSWLYH�VHQVH�DOORZV�VHQVLQJ�WKH�SRVLWLRQ��
RULHQWDWLRQ��DQG�PRYHPHQW�RI�OLPEV��MRLQWV��DQG�PXVFOHV�>�@��
6RPH� GHEDWH� KDV� WDNHQ� SODFH� ZKHWKHU� SURSULRFHSWLYH� DQG�
NLQHVWKHWLF� DUH� WZR� VHSDUDWH� VHQVHV��+RZHYHU�� WKH�PHGLFDO�
FRPPXQLW\�SRLQWV�RXW�WKDW�WKH�WHUP�SURSULRFHSWLRQ�HQFRP�
SDVVHV�NLQHVWKHVLD�ZLWKLQ�>�@��
0RUH� LPSRUWDQWO\�� UHVHDUFK�VXJJHVWV� WKDW�SURSULRFHSWLRQ� LV�
LQGHSHQGHQW� IURP� WKH� YLVXDO� DQG� DXGLWRU\� FKDQQHOV� >���@��
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�� ��� ����
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7KLV� LV� WKH� UHDVRQ� ZK\� SURSULRFHSWLYH� FXHV� �SRVLWLRQ� RI�
OLPEV��VHQVH�RI�FRQWUDFWLQJ�PXVFOHV��HWF���DUH�RIWHQ�HOLFLWHG�
LQ�ELPDQXDO�LQWHUDFWLRQ��DV�WKH\�SURYLGH�XVHUV�ZLWK�D�VHQVH�
RI�ZKHUH�WKHLU�ZULVWV�DUH�UHODWLYH�WR�RQH�DQRWKHU�>��@��,Q�RXU�
SDUWLFXODU�FDVH��L�H���PRYLQJ�WKH�ZULVW�LQ�PLG�DLU��WKH�VHQVH�RI�
SRVLWLRQ�RI� WKH�ZULVW� FRPHV� IURP� WKH�PXVFOH� VSLQGOHV� DQG�
JROJL�WHQGRQ�RUJDQV�ZKLFK�VHQVH�WKH�SRVLWLRQ�DQG�PRYHPHQW�
RI�PXVFOHV��DQG�WKH�MRLQW�VHQVRUV�SURYLGH�D�VHQVH�RI�IOH[LRQ�
DQG�H[WHQVLRQ�>����@���
$SDUW�IURP�UHVHDUFK�LQ�FRJQLWLYH�DQG�PHGLFDO�GRPDLQ��SUR�
SULRFHSWLRQ�KDV�EHHQ�RIWHQ�HYRNHG� LQ�+&,�ZLWK� UHJDUGV� WR�
KDSWLF� IHHGEDFN�� �%DUN� HW� DO�� VKRZHG�KRZ� WKH� VNLQ� VWUHWFK�
VHQVDWLRQ��SDUW�RI�SURSULRFHSWLRQ���ZKLFK�LV�HOLFLWHG�RQFH�D�
PXVFOH�LV�PRYHG��LV�VXSHULRU�WR�YLEURWDFWLOH�IHHGEDFN�IRU�LQ�
SXW�WDVNV�LQ�ZKLFK�WKH�XVHU�FRQWUROV�D�FXUVRU�>��@��%DQ�HW�DO��
ORRN�DW�KRZ�SURSULRFHSWLRQ�SURYLGHV�D�VHQVH�RI�ZHLJKW� IRU�
YLUWXDO� REMHFWV�� ZKLFK� WKH� DXWKRUV� PDQLSXODWH� ZLWK� YLVXDO�
KLQWV�LQ�DQ�DXJPHQWHG�UHDOLW\�VFHQDULR�>�@��
:HDUDEOH�'HYLFHV�7KDW�8VH�WKH�%RG\�DV�DQ�,QSXW�6XUIDFH�
Skinput�LV�D�ELR�DFRXVWLF�VHQVRU�WKDW�FDSWXUHV�WKH�YLEUDWLRQV�
FDXVHG�E\�XVHUV�WDSSLQJ�RQ�WKHLU�DUPV�>��@��Imaginary Inter-
faces�DUH�VSDWLDO�QRQ�YLVXDO�LQSXW�GHYLFHV�>��@��8VHUV�FDQ�RS�
HUDWH�WKHP�H\HV�IUHH�E\�WRXFKLQJ�WKH�SDOP�RI�WKHLU�QRQ�GRP�
LQDQW�KDQG�EHFDXVH�WKH�WRXFK�HOLFLWV�WDFWLOH�DQG�SURSULRFHS�
WLYH�VHQVHV�>��@��Imaginary Phone�E\�WKH�VDPH�DXWKRUV�JRHV�
RQH� VWHS� IXUWKHU� DQG� LQVWDQWLDWHV� DQ� LQSXW�GHYLFH�XVLQJ� WKH�
KXPDQ�KDQG�ZLWK�D�VPDOO�DFTXLVLWLRQ�WLPH�EHFDXVH�WKHUH�LV�
QR�QHHG�WR�UHDFK�IRU�WKH�PRELOH�GHYLFH�LQ�WKH�SRFNHW�>��@��
1RQ�9LVXDO�1RQ�$XGLWRU\�2XWSXW�8VLQJ�0RELOH�+DSWLFV�
)RU�DQ�LQWHUDFWLYH�GLDORJ�WR�WDNH�SODFH�LQ�DQ�H\HV�IUHH�PDQ�
QHU��XVHUV�QHHG�QRW�RQO\�H\HV�IUHH�LQSXW��EXW�DOVR�RXWSXW��7KH�
SUHGRPLQDQW� H\HV�IUHH� QRQ�DXGLWRU\� W\SH� RI� RXWSXW� LV� YL�
EURWDFWLOH�RXWSXW��8QIRUWXQDWHO\�� LW� LV� VXEMHFW� WR�D� UDQJH�RI�
OLPLWDWLRQV��.DUXHL�HW�DO�� IRXQG� WKDW�YLEURWDFWLOH�RXWSXW�GH�
JUDGHV�LQ�PRELOH�VLWXDWLRQV��VXFK�DV�ZKLOH�ZDONLQJ�>��@��)XU�
WKHUPRUH��YLEURWDFWLOH�RXWSXW�ZDV�IRXQG�WR�RIIHU�RQO\�OLPLWHG�
EDQGZLGWK� >��@� DQG� LV�KDUG� WR� OHDUQ�EHFDXVH� LW� ODFNV�PQH�
PRQLF�SURSHUWLHV�>��@���
7KH�FRQFHSW�RI�XQLILHG�,�2�LV�FRPPRQ�RQ�WRXFKVFUHHQ�GH�
YLFHV�>��@��5HFHQWO\��LW�ZDV�DGDSWHG�WR�H\HV�IUHH�LQWHUDFWLRQ�
E\�5RXGDXW�HW�DO��>��@��7KHLU�SURWRW\SH��Gesture Output��XQL�
ILHV�LQSXW�DQG�RXWSXW�YRFDEXODULHV�LQ�WKH�IRUP�RI��'�ILQJHU�
JHVWXUHV�RQ�D�PRELOH�SKRQH�ZLWK�DQ�DFWXDWHG�WRXFKVFUHHQ���
5HDGLQJ�0XVFOH�$FWLYLW\�
0RUH�UHFHQWO\��UHVHDUFKHUV�VWDUWHG�PHDVXULQJ�PXVFOH�DFWLYLW\�
DV�D�PHDQV�RI�DFKLHYLQJ�VPDOO�ZHDUDEOH� LQSXW�GHYLFHV� WKDW�
DUH�FRQWUROOHG�XVLQJ�ILQJHU�IOH[LRQ��VXFK�DV�WKH�IRUHDUP�HOHF�
WURP\RJUDSK\�LQSXW�GHYLFH�E\�6DSRQDV�HW�DO��>��@��7KLV�DS�
SURDFK�RI�VHQVLQJ�KDQG�SRVHV�IRU�LQSXW�HQDEOHV�ZKDW�)HO]HU�
HW�DO��GHVFULEHG�DV�³KDQGV�IUHH�FRQWURO�DSSOLFDWLRQV´�>�@��:H�
JDWKHUHG�LQVSLUDWLRQ�IURP�WKHVH�ILQGLQJV�DQG�GHVLJQHG�3RVH�
,2�WR�EH�D�ZHDUDEOH�EUDFHOHW�PRXQWHG�RQWR�WKH�XVHU¶V�DUP��
ZKLFK�FDQ�UHDG�LQSXW�VLJQDOV�IURP�KDQG�PRWLRQ�� 

$FWXDWLQJ�8VHUV��0HFKDQLFDOO\�DQG�XVLQJ�(06�
$FWXDWLQJ� WKH� XVHU¶V� ERG\� XVLQJ� PHFKDQLFDO� DFWXDWRUV� LV�
FRPPRQ� LQ� KDSWLFV�� 7KH� PRVW� FRPPRQ� PHFKDQLFDO� DS�
SURDFKHV�DFWXDWH�WKH�ERG\�XVLQJ�SXOOH\�PHFKDQLVPV��7KHVH�
PHFKDQLFDO�DFWXDWRUV�GLVSODFH�WKH�XVHU¶V�ERG\�E\�SXOOLQJ�WKH�
OLPEV�XVLQJ�PRWRUV��D�QRWDEOH�H[DPSOH�LV�WKH�63,'$5�>��@��
7KH�DIRUHPHQWLRQHG�*HVWXUH�2XWSXW�>��@�LV�\HW�DQRWKHU�H[�
DPSOH� RI� VXFK� D� V\VWHP�� � /LNHZLVH�� H[RVNHOHWRQV� VXFK� DV�
Dextrous Hand >��@�RU�WKH�FlexTorque�>��@�DUH�D�VXE�FODVV�
RI�SXOOH\�V\VWHPV�EXW�DWWDFK� WKH�FRPSOHWH� LQIUDVWUXFWXUH� WR�
WKH�XVHU��:KLOH�PHFKDQLFDO�DFWXDWRUV�DUH�JUHDW�IRU�WKHLU�DF�
FXUDF\�DQG�RXWSXW�SRZHU�� WKH\� UHTXLUH� DWWDFKLQJ�H[RVNHOH�
WRQV��PRWRUV�DQG�ODUJH�EDWWHULHV�WR�WKH�XVHU���
$V�VXFK��(OHFWULFDO�0XVFOH�6WLPXODWLRQ��(06��KDV�EHHQ�SUR�
SRVHG�DV�D�PHDQ�RI�PRELOH�DFWXDWLRQ�>��@��(06�RULJLQDWHG�
IURP�WKH�ILHOG�RI�UHKDELOLWDWLRQ�PHGLFLQH�>��@��7KH�WHFKQLTXH�
LV�VWLOO�XQGHU�GHYHORSPHQW�DQG�PRVWO\�XVHG�IRU�UHKDELOLWDWLRQ�
DQG�VSRUWV�WUDLQLQJ�>��@��7KH�GLVFRPIRUW�FDXVHG�E\�WKH�HOHF�
WULFDO�ILHOGV�SDVVLQJ�WKURXJK�WKH�VNLQ��³WLQJOLQJ�VHQVDWLRQ´��
LV�EHLQJ�DGGUHVVHG�E\�UHVHDUFKLQJ�QHZ�WRROV�VXFK�DV�PXOWL�
SDWK�VWLPXODWLRQ�ZLWK�ODUJH�HOHFWURGHV�>��@�RU�PLFURHOHFWURGH�
DUUD\V�>�@��(06�IRXQG�LWV�ZD\�WR�DUWLVWLF�FRQWH[WV��WKURXJK�
6WHODUF�>��@��DQG��PRUH�UHFHQWO\��LQWR�WKH�ILHOG�RI�+&,��
(06�KDV�EHHQ�DSSOLHG�LQ�D�UDQJH�RI�LQWHUDFWLYH�DSSOLFDWLRQV��
UDQJLQJ�IURP�JDPLQJ�>�����@�WR�DVVLVWLYH�OHDUQLQJ��H�J���Pos-
sessed Hand� >��@��� /RSHV� HW� DO�� GHPRQVWUDWHG� (06� DV� D�
PHDQV�WR�LPSOHPHQW�IRUFH�IHHGEDFN�LQ�PRELOH�GHYLFHV�>��@��
6LQFH� WKHVH� V\VWHPV� GR� QRW� XVH� FRQWURO� ORRSV�� DFWXDWLRQ�
ZRUNV�WKURXJK�SUH�FDOLEUDWLRQ�>��@��
678'<�2)�35235,2&(37,9(�,1��287387�
7KH�SXUSRVH�RI�RXU�ILUVW�VWXG\�ZDV�WR�YHULI\�RXU�EDVLF�SURSUL�
RFHSWLRQ� LQWHUDFWLRQ� FRQFHSW�� L�H��� LQWHUDFWLRQ� E\�PHDQV� RI�
SRVLQJ�WKH�ZULVW���
7KH�VWXG\�IRFXVHV�RQ�V\PPHWULF�LQSXW�RXWSXW��,Q�WKH�YLGHR�
VFUXEELQJ�H[DPSOH�SUHVHQWHG�HDUOLHU��3RVH�,2�LQIRUPHG�XV�
HUV�DERXW�WKH�SOD\�KHDG�SRVLWLRQ�E\�SRVLQJ�WKHLU�ZULVWV��DO�
ORZHG� WKHP� WR� VHW� WKH� SOD\� KHDG� SRVLWLRQ� E\� SRVLQJ� WKHLU�
ZULVW�� DQG� DOORZHG� WKHP� WR� UHFDOO� D� YDOXH�E\� UH�FUHDWLQJ� D�
NQRZQ�ZULVW�SRVH��6LQFH�WKH�ILUVW�WZR�KDYH�DOUHDG\�EHHQ�VWXG�
LHG�LQ�WKH�SV\FKRSK\VLFV�OLWHUDWXUH�>��@�DQG�>��@��ZH�GHFLGHG�
WR�LQYHVWLJDWH�WKH�ODWWHU��re-creating a wrist pose��7KLV�LQWHU�
DFWLRQ�LV�SDUWLFXODUO\�PHDQLQJIXO�LQ�WKH�FRQWH[W�RI�SURSULR�
FHSWLYH�LQWHUDFWLRQ�LQ�WKDW�LW�GLUHFWO\�LQYHVWLJDWHV�V\PPHWULF�
LQSXW�WR�RXWSXW�FRUUHVSRQGHQFH��
,Q� WKLV� VWXG\��ZH�XVHG� WKH�3RVH�,2�GHYLFH� WR�SRVH�SDUWLFL�
SDQWV¶�KDQGV��3DUWLFLSDQWV�WKHQ�GLVPLVVHG�WKLV�SRVH�DQG�DIWHU�
D�SDXVH�WULHG�WR�UH�FUHDWH�WKDW�SRVH��*LYHQ�WKDW�SDUWLFLSDQWV�
SHUFHLYH�ERWK�SRVHV�E\�PHDQV�RI�SURSULRFHSWLRQ��RXU�H[SHF�
WDWLRQ� ZDV� WR� VHH� FORVH� FRUUHVSRQGHQFH� EHWZHHQ� WKH� WZR�
SRVHV���
7DVN�
)RU�HDFK�WULDO��3RVH�,2�SRVHG�WKH�SDUWLFLSDQW¶V�ZULVW�DW�D�WDU�
JHW� DQJOH� �)LJXUH� ���� DQG� KHOG� LW� VWDEOH� IRU� RQH� VHFRQG��
SOD\HG�D�VRXQG��DQG�GLVPLVVHG�WKH�SRVH��FDXVLQJ�WKH�KDQG�WR�
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GURS��7KHQ��WKH�SDUWLFLSDQWV¶�WDVN�ZDV�WR�UHFUHDWH�WKH�SUHYL�
RXV� SRVH��:KHQ� VDWLVILHG�� SDUWLFLSDQWV� SUHVVHG� D� NH\ERDUG�
EXWWRQ��ZKLFK�FDXVHG�WKH�V\VWHP�WR�UHFRUG�WKH�WULDO��)RU�HDFK�
WULDO��ZH� UHFRUGHG�3RVH�,2¶V� DFFHOHURPHWHU� UHDGLQJ�GXULQJ�
WKH�WDUJHW�SRVH�DQG�GXULQJ�WKH�UHFUHDWHG�SRVH��

�
)LJXUH�����$SSDUDWXV�IRU�6WXG\��$�YLVXDO�EDUULHU�
SUHYHQWHG�SDUWLFLSDQWV�IURP�VHHLQJ�WKHLU�ZULVW���

$SSDUDWXV��
$V� VKRZQ� LQ�)LJXUH� ���� SDUWLFLSDQWV�ZRUH�3RVH�,2¶V� HOHF�
WURGHV�RQ�WKHLU�GRPLQDQW�DUP��7KH�GHYLFH�ZDV�FRQQHFWHG�YLD�
86%�WR�D�QRWHERRN�FRPSXWHU�WKDW�UDQ�WKH�VWXG\�VFULSW��$�NH\�
ERDUG�DOORZHG�SDUWLFLSDQWV�WR�FRPSOHWH�WKHLU�WULDOV��:H�UHF�
RUGHG�DOO�WULDOV�XVLQJ�D�FDPHUD��
$Q�RSDTXH�VFUHHQ�SUHYHQWHG�SDUWLFLSDQWV�IURP�VHHLQJ�WKHLU�
KDQGV��7R�PDNH� VXUH� WKDW�SDUWLFLSDQWV�ZRXOG�FRPSOHWH� WKH�
WDVN� EDVHG� RQ� WKHLU� SURSULRFHSWLYH� VHQVH� DORQH�� ZH� DOVR�
PDVNHG� RXW� WKH� ³WLQJOLQJ´� VHQVDWLRQ� FDXVHG� E\� (06� E\�
����ORZHULQJ�VNLQ�UHVLVWDQFH�XVLQJ�FRQGXFWLYH�JHO�DQG�����DW�
WDFKLQJ� WZR� YLEUDWLRQ�PRWRUV� WR� WKH� HOHFWURGHV� WR� FUHDWH� D�
VHQVDWLRQ�VLPLODU�WR�(06�IHHGEDFN�>��@��
3URFHGXUH�
7KHUH�ZHUH���WDUJHW�DQJOHV�LQ�����VWHSV�EHWZHHQ�������IOH[�
LRQ��DQG�������H[WHQVLRQ��UHIOHFWLQJ�WKH�ELRPHFKDQLFDO�FRQ�
VWUDLQV�RI�WKH�KXPDQ�ZULVW�>�@��(DFK�SDUWLFLSDQW�SHUIRUPHG����
WDUJHW� SRVLWLRQV� î� �� UHSHWLWLRQV��  � ��� WULDOV�� 7DUJHW� DQJOHV�
ZHUH�SUHVHQWHG�LQ�UDQGRP�RUGHU���
3ULRU�WR�WKH�ILUVW�WULDO��ZH�FDOLEUDWHG�WKH�GHYLFH�IRU�WKH�UHVSHF�
WLYH�SDUWLFLSDQW��+RZHYHU��SDUWLFLSDQWV�UHFHLYHG�no WUDLQLQJ�
RQ� WKH� WDVN�� DV�RXU� H[SHFWDWLRQ�ZDV� WKDW� WKH�XQLILHG�FRUUH�
VSRQGHQFH� EHWZHHQ� LQSXW� DQG� RXWSXW�ZRXOG� DOORZ� SDUWLFL�
SDQWV� WR� FRPSOHWH� WKH� WDVN�EDVHG�RQ� WKHLU� QDWXUDO� VHQVH�RI�
SURSULRFHSWLRQ�DORQH��7KH�VWXG\�WRRN�DERXW����PLQXWHV�SHU�
SDUWLFLSDQW��
3DUWLFLSDQWV��
:H�UHFUXLWHG����SDUWLFLSDQWV����IHPDOH�� IURP�RXU� ORFDO�RU�
JDQL]DWLRQ��$OO�ZHUH�ULJKW�KDQGHG��
5HVXOWV�
3DUWLFLSDQWV� UHFUHDWHG� SRVHV�ZLWK� DQ� DYHUDJH� HUURU� RI� �����
�SD� �������DFURVV�DOO� WULDOV��$�OLQHDU�UHJUHVVLRQ�IRXQG�WKH�
RYHUDOO�PRGHO�ILW�WR�EH�5�� ��������$V�VKRZQ�LQ�)LJXUH�����
WLOWLQJ�WKH�KDQG�XS�IXUWKHU��VKRZQ�RQ�WKH�OHIW�RI�)LJXUH�����
UHVXOWHG� LQ�VOLJKWO\� ODUJHU�HUURUV� �mean� �������SD  �������

�mean� �������SD  ��������)XUWKHUPRUH��ZH�IRXQG�QR�VWDWLV�
WLFDO� VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�DQ\�RI� WKH� DQJOHV��)RU�
VLPSOLFLW\�ZH�SUHVHQW�WKH�UHVXOWV�IRU�WKH�SDLUV�ZLWK�ODUJHU�GH�
YLDWLRQ��H�J��������YV��������= ��������S �������DQG������YV��
������= ��������S ����������

�
)LJXUH�����'LIIHUHQFHV�LQ�DQJOH�EHWZHHQ�WDUJHW�SRVH�
DQG�UHFUHDWHG�SRVH��3DUWLFLSDQWV�UHFUHDWHG�SRVHV�

ZLWK�DQ�DYHUDJH�HUURU�RI�������SD� ���������

,QWHUHVWLQJO\��ZH�REVHUYHG�VHYHUDO�SDUWLFLSDQWV�UHFUHDWLQJ�QRW�
RQO\�WKH�WDUJHW�ZULVW�DQJOH��EXW�DOVR�WKH�HQWLUH�KDQG�SRVH�LQ�
FOXGLQJ�WKH�DUWLIDFWV�FDXVHG�E\�HOHFWULFDO�VWLPXODWLRQ��VXFK�DV�
WKH� VOLJKWO\� RYHUH[WHQGHG�PLGGOH� ILQJHU� �)LJXUH� ����� 7KLV�
VXJJHVWV�WKDW�SURSULRFHSWLRQ�ZDV�DW�ZRUN�RQ�D�EURDGHU�VFDOH��

�
)LJXUH������D��:ULVW�DFWXDWHG�E\�3RVH�,2�

�E��3RVH�UHFUHDWHG�E\�SDUWLFLSDQW�LQ�UHVSRQVH��

'LVFXVVLRQ�
2XU� UHVXOWV� VKRZ� WKDW� WKH� LQWHUDFWLRQ� GLG� DFWXDOO\� XVH� DQG�
EHQHILW� IURP� SURSULRFHSWLRQ�� $V� REVHUYHG� SDUWLFLSDQWV� UH�
SRVLQJ�ZDV�DFFXUDWH�DQG�LQFOXGHG�UHSRVLQJ�RI�ILQJHUV��7KH�
UHVXOWV�VXJJHVW�WKDW�SURSULRFHSWLYH�LQWHUDFWLRQ¶V�DELOLW\�WR�DO�
ORZ� IRU� V\PPHWULF� LQSXW�	�RXWSXW� RIIHUV� EHQHILWV�ZKHQ� LW�
FRPHV�WR�UHFUHDWLQJ�SRVHV��DV�XVHUV�FDQ�SHUFHLYH�DQG�UH�SRVH�
WKHLU�ZULVW�XVLQJ�WKHLU�SURSULRFHSWLYH�VHQVH��
2Q�D�SUDFWLFDO� OHYHO��SDUWLFLSDQWV�DFTXLUHG� WKH� WDUJHW�SRVHV�
ZLWK�FRPSDUDEO\�KLJK�DFFXUDF\��L�H��������HUURU�RQ�DYHUDJH��
:LWK�UHVSHFW�WR�WKH�PRWLRQ�UDQJH�RI������WR������ ������WKLV�
UHSUHVHQWV�DQ�HUURU�RI�XQGHU�����,I�ZH�PDS�WKHVH�YDOXHV�EDFN�

XSSHU TXDUWLOH
PHGLDQ UHVSRQVH

���

���

���

��

����

����

����

WDUJHW�DQJOH
ORZHU�TXDUWLOH
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WR� WKH�PRWLYDWLQJ� H[DPSOH� RI� YLGHR� VFUXEELQJ�� WKLV�PHDQV�
WKDW�3RVH�,2�ZRXOG�DOORZ�XVHUV�WR�MXPS�WR�D�VSRW�LQ�D���PL�
QXWH�YLGHR�FOLS�ZLWK����VHFRQGV�DFFXUDF\��ZKLFK�ZH�DUJXH�WR�
EH� D� XVHIXO� OHYHO� RI� SHUIRUPDQFH��2EYLRXVO\�� WKHVH� YDOXHV�
ZHUH�REWDLQHG�XQGHU�LGHDOL]HG�FRQGLWLRQV��L�H���XVHU�ZDV�VLW�
WLQJ�GRZQ�DQG� LPPHGLDWHO\�UHFUHDWHG� WKH�SRVH��DQG� WKXV� LW�
VKRXOG�EH�LQWHUSUHWHG�DV�D�ORZHU�ERXQG�IRU�HUURU��
$1�(;3/25$725<�678'<�2)�7+(�35235,2&(37,9(�
,17(5)$&(6��
:KLOH�RXU�GLVFXVVLRQ�VR�IDU�ZDV�IRFXVHG�RQ�WKH�WHFKQLFDO�DV�
SHFWV� DQG�DELOLWLHV�RI�SURSULRFHSWLYH� LQWHUDFWLRQ��RQH�RI� LWV�
DVSHFWV�WKDW�ZH�DUH�SHUVRQDOO\�LQWULJXHG�DERXW�LV�LWV�ZD\�RI�
UHSUHVHQWLQJ�WKH�FRPSXWHU�DV�SDUW�RI�WKH�XVHU¶V�ERG\��9HU\�
XQOLNH� WUDGLWLRQDO� KXPDQ� FRPSXWHU� LQWHUDFWLRQ� V\VWHPV��
ZKHUH� FRPSXWHUV� DUH� RXWVLGH� DQG� GLIIHUHQW� IURP� WKH� XVHU��
SURSULRFHSWLYH�LQWHUIDFHV�PDNH�WKH�XVHU¶V�OLPEV�themselves 
VHUYH�DV�WKH�LQWHUIDFH��ZKLFK�ZH�DUJXH�LV�WKH�YHU\�HVVHQFH�RI�
SURSULRFHSWLRQ²DIWHU�DOO��WKH�ZRUG�VWHPV�IURP�/DWLQ�³SUR�
SULXV´��PHDQLQJ� ³RQH
V� RZQ´��2XU�YLGHR�VFUXEEHU� DSSOLFD�
WLRQ�PDNHV�WKH�KDQG�SDUWLDOO\�³RZQHG´�E\�WKH�XVHU�DQG�SDU�
WLDOO\�RZQHG�E\�WKH�PDFKLQH��7KH�WZR�JDPHV�ZH�VKRZHG�HDU�
OLHU�SXVK�WKLV�DSSURDFK�HYHQ�IXUWKHU�E\�TXHVWLRQLQJ�WKDW�QR�
WLRQ�RI�³RZQHUVKLS´�LQ�WKDW�WKH\�FDXVH�RQH¶V�KDQG�WR�EH�IXOO\�
RZQHG�E\�WKH�PDFKLQH��
:H�ZHUH�ZRQGHULQJ�KRZ�XVHUV�SHUFHLYH�WKLV�DVSHFW�RI�SUR�
SULRFHSWLYH�LQWHUDFWLRQ�DQG�ZKDW�HPRWLRQDO�UHVSRQVH�LW�PLJKW�
SURGXFH��7KLV�LV�ZKDW�ZH�LQYHVWLJDWHG�LQ�WKLV�VHFRQG��H[SORU�
DWRU\� VWXG\��:H�KDG�SDUWLFLSDQWV�SOD\� WKH� UHG�KDQGV�JDPH�
GHVFULEHG�HDUOLHU��:H�UHFRUGHG�SDUWLFLSDQWV¶�UHVSRQVH�WR�WKH�
LQWHUIDFH�RQ�YLGHR�DQG�KDG�WKHP�ILOO�LQ�D�TXHVWLRQQDLUH��
6HWXS�
:H�UHFUXLWHG����SDUWLFLSDQWV����IHPDOH�� IURP�RXU� ORFDO�RU�
JDQL]DWLRQ��ZKLFK�GLG�QRW�SDUWDNH�LQ�WKH�SUHYLRXV�VWXG\��DQG�
DVNHG�WKHP�WR�SOD\�WKH�UHG�KDQG�JDPH�IRU�DERXW���PLQXWHV��
$V� GLVFXVVHG� HDUOLHU�� SDUWLFLSDQWV¶� REMHFWLYH� ZDV� WR� HYDGH�
JHWWLQJ�VODSSHG�E\�WKH�FRPSXWHU�FRQWUROOHG�KDQGV��$OO�SDU�
WLFLSDQWV�UHFHLYHG�FDQG\�DV�D�VPDOO� LQFHQWLYH�WR�SDUWLFLSDWH�
DQG�ZH�SURPLVHG�DGGLWLRQDO�FDQG\�WR�ZKRHYHU�ZRXOG�VFRUH�
KLJKHVW��
7KH�JDPH�RIIHUHG� OHYHOV�RI� LQFUHDVLQJ�GLIILFXOW\��$V�PHQ�
WLRQHG�HDUOLHU��WKHVH�ZHUH�LPSOHPHQWHG�LQ�WKH�IRUP�RI�EDUHO\�
QRWLFHDEOH�DFWXDWLRQ�RI�WKH�VODSSLQJ�KDQG�EHIRUH�WKH�DFWXDO�
VODS�����PV±��PV��GHSHQGLQJ�RQ�OHYHO���:H�GLG�QRW�WHOO�SDU�
WLFLSDQWV�DERXW�WKLV�³ZDUQLQJ´�PHFKDQLVP��PDNLQJ�LW�SDUW�RI�
WKH�JDPH�WR�HLWKHU�FRQVFLRXVO\�RU�XQFRQVFLRXVO\�ILJXUH�LW�RXW��
)RU� WKLV� VWXG\�ZH� XVHG� DQ� HDUOLHU� 3RVH�,2� SURWRW\SH�� L�H���
VDPH�KDUGZDUH�EXW�QRW�ZHDUDEOH�\HW��
7R�PDNH�VXUH�SDUWLFLSDQWV�RQO\�UHVSRQGHG�WR�WKH�SRVH�LQWHU�
DFWLRQ��ZH�FDQFHOHG�RXW�DQ\�DXGLWRU\�VLJQDOV�E\�PDNLQJ�WKHP�
ZHDU�QRLVH�FDQFHOOLQJ�KHDGSKRQHV�WKDW�SOD\HG�PXVLF��(DFK�
VWXG\�VHVVLRQ�VWDUWHG�E\�SDUWLFLSDQWV�FDOLEUDWLQJ�3RVH�,2��ID�
PLOLDUL]LQJ�WKHPVHOYHV�ZLWK�WKH�JDPH�PHFKDQLFV��DQG�SOD\�
LQJ�RQH�WUDLQLQJ�OHYHO�ZLWK����VODSV��7KH\�WKHQ�SOD\HG���OHY�
HOV�ZLWK�DERXW����VODSV�HDFK��,I�WKH\�JRW�KLW�OHVV�WKDQ���WLPHV�
SHU� OHYHO�� WKH\�SURFHHGHG� WR� WKH�QH[W� OHYHO�DQG� WKHLU� VFRUH�

FRQWLQXHG�WR�JR�XS��,I�QRW��WKHLU�VFRUH�VWRSSHG�LQFUHDVLQJ��EXW�
ZH�VWLOO�OHW�WKHP�ILQLVK�WKH�UHPDLQLQJ�OHYHOV�WR�JLYH�WKHP�D�
FKDQFH�WR�H[SHULHQFH�WKH�FRPSOHWH�JDPH��
)LQGLQJV�
:H�KDG�GHVLJQHG�WKH�JDPH�WR�EH�FKDOOHQJLQJ�DQG�SDUWLFLSDQWV�
WRRN� WKH� JDPH� TXLWH� VHULRXVO\�� $OO� H[FHSW� RQH� SDUWLFLSDQW�
FRPSOHWHG�OHYHO����WKUHH�OHYHO����DQG�WZR�PDGH�LW�WR�WKH�ILIWK�
DQG�ILQDO�OHYHO��3DUWLFLSDQWV�UDWHG�WKH�ILUVW�WZR�OHYHOV�DV�HDV\�
�mean  �����RI������ �YHU\�HDV\���� �YHU\�KDUG��DQG�WKH�ODVW�
OHYHOV�DV�KDUG��mean  ������RI������
All SDUWLFLSDQWV�UDWHG�WKH�JDPH�DV�IXQ��mean  �����RI����DV�
GHSLFWHG�LQ�)LJXUH����DQG�IXUWKHU�LOOXVWUDWHG�E\�)LJXUH�����

�XQLQWHUHVWLQJ� � � � � �IXQ��
�

�
QXPEHU�RI�SDUWLFLSDQWV

H[SHULHQFH�UDWLQJ

�
�

�
)LJXUH�����$OO�SDUWLFLSDQWV�UDWHG�SOD\LQJ�UHG�KDQGV�

DV�IXQ�����XQLQWHUHVWLQJ�����IXQ����

:KHQ�DVNHG�ZK\��VHYHQ�SDUWLFLSDQWV�SRLQWHG�WR�WKH�IDFW�WKDW�
WKH\�IHOW�DV�LI�WKH\�ZHUH�³SOD\LQJ�DJDLQVW�WKHPVHOYHV´��6HY�
HUDO�SDUWLFLSDQWV�ZHQW�EDFN�DQG�IRUWK�EHWZHHQ�UHIHUULQJ�WR�WKH�
KDQG�ZHDULQJ�WKH�GHYLFH�DV�³PH´�DQG�DV�³FRPSXWHU´��VXFK�DV�
³LW�LV�ZHLUG�WKDW�\RX�ORVH�DJDLQVW�\RXUVHOI´�DQG�³VRPHWLPHV�
WKH�FRPSXWHU�KDQG�ZDV�IDVWHU�WKDQ�,´��

�
)LJXUH�����3DUWLFLSDQWV�SOD\LQJ�UHG�KDQGV��DQ�

H[DPSOH�RI�DQ�DV\PPHWULF�LQWHUDFWLRQ��

,Q�WKH�ODVW�WZR�OHYHOV��WHQ�RXW�RI�WZHOYH�SDUWLFLSDQWV�VWRSSHG�
ORRNLQJ�DW�WKHLU�KDQGV�ZKLOH�DZDLWLQJ�WKH�VODSV��:KHQ�DVNHG�
DERXW�LW��RQO\�WZR�VWDWHG�WR�KDYH�SOD\HG�E\�DOZD\V�ORRNLQJ�DW�
WKHLU�KDQGV��ZKLOH�ILYH�SDUWLFLSDQWV�VWDWHG�WR�SOD\�H\HV�IUHH�
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DQG� VHYHQ� VWDWHG� WR�KDYH� UDUHO\� ORRNHG��7KLV� VXJJHVWV� WKDW�
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