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5HDO�WLPH�FROODERUDWLRQ�LQ�FXUUHQW�JURXSZDUH�ZRUNVSDFHV�LV�RIWHQ�DQ�DZNZDUG�DQG�FOXPV\
SURFHVV��:H�K\SRWKHVL]H�WKDW�EHWWHU�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV³WKH�XQGHUVWDQGLQJ�RI
ZKR�LV�LQ�WKH�ZRUNVSDFH��ZKHUH�WKH\�DUH�ZRUNLQJ��DQG�ZKDW�WKH\�DUH�GRLQJ³FDQ�LPSURYH�WKH
XVDELOLW\�RI�WKHVH�VKDUHG�FRPSXWDWLRQDO�ZRUNVSDFHV��:H�FRQGXFWHG�DQ�H[SHULPHQW�WKDW
FRPSDUHG�SHRSOH·V�SHUIRUPDQFH�RQ�WZR�YHUVLRQV�RI�D�JURXSZDUH�LQWHUIDFH��7KH�LQWHUIDFHV
XVHG�ZRUNVSDFH�PLQLDWXUHV�WR�SURYLGH�GLIIHUHQW�OHYHOV�RI�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�
7KH�EDVLF�PLQLDWXUH�VKRZHG�LQIRUPDWLRQ�RQO\�DERXW�WKH�ORFDO�XVHU��DQG�WKH�HQKDQFHG
PLQLDWXUH�VKRZHG�WKH�ORFDWLRQ�DQG�DFWLYLW\�RI�RWKHU�SHRSOH�LQ�WKH�ZRUNVSDFH�DV�ZHOO��:H
H[DPLQHG�ILYH�DVSHFWV�RI�JURXSZDUH�XVDELOLW\��WDVN�FRPSOHWLRQ�WLPHV��FRPPXQLFDWLRQ
HIILFLHQF\��WKH�SDUWLFLSDQWV·�SHUFHLYHG�HIIRUW��RYHUDOO�SUHIHUHQFH��DQG�VWUDWHJ\�XVH��,Q�WZR�RI
WKUHH�WDVN�W\SHV�WHVWHG��FRPSOHWLRQ�WLPHV�ZHUH�ORZHU�LQ�WKH�DZDUHQHVV�HQKDQFHG�V\VWHP��DQG
LQ�RQH�WDVN�W\SH��FRPPXQLFDWLRQ�ZDV�PRUH�HIILFLHQW��7KH�DGGLWLRQDO�DZDUHQHVV�LQIRUPDWLRQ
DOVR�DOORZHG�SHRSOH�WR�XVH�GLIIHUHQW�DQG�PRUH�HIIHFWLYH�VWUDWHJLHV�WR�FRPSOHWH�WKH�WDVNV�
3DUWLFLSDQWV�JUHDWO\�SUHIHUUHG�WKH�DZDUHQHVV�HQKDQFHG�V\VWHP��7KH�VWXG\�SURYLGHV�HPSLULFDO
HYLGHQFH�WKDW�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�LPSURYHV�WKH�XVDELOLW\�RI�JURXSZDUH��DQG
DOVR�XQFRYHUV�VRPH�RI�WKH�UHDVRQV�XQGHUO\LQJ�WKLV�LPSURYHPHQW��

&DWHJRULHV�DQG�6XEMHFW�'HVFULSWRUV��'�����>6RIWZDUH�(QJLQHHULQJ@��7RROV�DQG
7HFKQLTXHV³XVHU�LQWHUIDFHV��'�����>6RIWZDUH�(QJLQHHULQJ@�0HWULFV³SHUIRUPDQFH�PHDVXUHV�
+�����>,QIRUPDWLRQ�,QWHUIDFHV�DQG�3UHVHQWDWLRQ@�8VHU�,QWHUIDFHV³HYDOXDWLRQ�PHWKRGRORJ\�
+�����>,QIRUPDWLRQ�,QWHUIDFHV�DQG�3UHVHQWDWLRQ@��*URXS�DQG�2UJDQL]DWLRQ�,QWHUIDFHV³
V\QFKURQRXV�LQWHUDFWLRQ��,�����>&RPSXWHU�*UDSKLFV@��0HWKRGRORJ\�DQG�7HFKQLTXHV³LQWHUDFWLRQ
WHFKQLTXHV�

*HQHUDO�7HUPV��([SHULPHQWDWLRQ��+XPDQ�)DFWRUV��0HDVXUHPHQW�

$GGLWLRQDO�.H\�:RUGV�DQG�3KUDVHV��&RPSXWHU�VXSSRUWHG�FR�RSHUDWLYH�ZRUN��ZRUNVSDFH
DZDUHQHVV��UHDO�WLPH�JURXSZDUH��XVDELOLW\�
������������������������������������������������

��7KLV DUWLFOH LV D VLJQLILFDQWO\�H[SDQGHG YHUVLRQ RI D UHSRUW SUHVHQWHG DW WKH ���� $&0 &+, FRQIHUHQFH

�*XWZLQ DQG *UHHQEHUJ ������ 7KLV DUWLFOH JRHV EH\RQG WKH HDUOLHU YHUVLRQ E\ GLVFXVVLQJ WKH HYDOXDWLRQ RI
JURXSZDUH XVDELOLW\� E\ GHVFULELQJ WKH H[SHULPHQWDO PHWKRGRORJ\ LQ JUHDWHU GHWDLO� DQG E\ UHSRUWLQJ RQ WKH IXOO
VHW RI UHVXOWV REWDLQHG IURP WKH VWXG\� ,Q SDUWLFXODU� ZH GLVFXVV ZLWKLQ�SDUWLFLSDQWV H[SORUDWRU\ GDWD DQG
SDUWLFLSDQWV· VWUDWHJ\ XVH� DQG LQFRUSRUDWH WKHVH UHVXOWV LQWR RXU GLVFXVVLRQ�
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���,QWURGXFWLRQ

5HDO�WLPH�GLVWULEXWHG�JURXSZDUH�DOORZV�SHRSOH�WR�ZRUN�WRJHWKHU�DW�WKH�VDPH�WLPH�IURP
GLIIHUHQW�SODFHV��H�J��%DHFNHU�������*UHHQEHUJ��������0DQ\�RI�WKHVH�V\VWHPV�SURYLGH�VKDUHG
FRPSXWDWLRQDO�ZRUNVSDFHV³�WZR�GLPHQVLRQDO�DUHDV�DNLQ�WR�ZKLWHERDUGV�RU�WDEOHWRSV³
ZKHUH�SHRSOH�FDQ�FUHDWH�DQG�PDQLSXODWH�WDVN�DUWLIDFWV��$OWKRXJK�PDQ\�RI�WKH�WHFKQLFDO
SUREOHPV�RI�FRQVWUXFWLQJ�WKHVH�V\VWHPV�KDYH�EHHQ�VROYHG��WKHLU�XVDELOLW\�SUREOHPV�KDYH�QRW
\HW�EHHQ�HOLPLQDWHG��&ROODERUDWLRQ�LQ�JURXSZDUH�ZRUNVSDFHV�LV�RIWHQ�DZNZDUG��VWLOWHG��DQG
IUXVWUDWLQJ�FRPSDUHG�WR�FROODERUDWLRQ�LQ�IDFH�WR�IDFH�VHWWLQJV��7KH�GLIILFXOW\�LV�SDUWLFXODUO\
DFXWH�ZKHQ�WKH�ZRUNVSDFH�LV�ODUJHU�WKDQ�WKH�VFUHHQ�DQG�SHRSOH�QDYLJDWH�LQGHSHQGHQWO\
WKURXJK�WKH�ZRUNVSDFH³FDOOHG�UHOD[HG�:<6,:,6�YLHZ�VKDULQJ��6WHILN�HW�DO��������

3DUW�RI�WKH�SUREOHP�ZLWK�FXUUHQW�V\VWHPV�LV�WKDW�WKH\�GRQ·W�SURYLGH�PXFK�LQIRUPDWLRQ�DERXW
RWKHU�SDUWLFLSDQWV�LQ�WKH�VHVVLRQ��:KHQ�SHRSOH�ZRUN�WRJHWKHU�LQ�D�IDFH�WR�IDFH�VHWWLQJ��D�ZLGH
YDULHW\�RI�SHUFHSWXDO�FXHV�KHOS�WKHP�NHHS�WUDFN�RI�ZKDW�RWKHUV�DUH�GRLQJ��7KLV�DZDUHQHVV�RI
RWKHUV�LQ�WKH�ZRUNVSDFH�LV�ZRUNVSDFH�DZDUHQHVV��WKH�XS²WR²WKH²PRPHQW�XQGHUVWDQGLQJ�RI
DQRWKHU�SHUVRQ·V�LQWHUDFWLRQ�ZLWK�WKH�VKDUHG�VSDFH��*XWZLQ�������*XWZLQ�DQG�*UHHQEHUJ
�������$W�D�VLPSOH�OHYHO��LW�LQYROYHV�NQRZOHGJH�RI�ZKR�LV�SUHVHQW��ZKHUH�WKH\�DUH�ZRUNLQJ�
DQG�ZKDW�WKH\�DUH�GRLQJ��:RUNVSDFH�DZDUHQHVV�LV�XVHG�LQ�FROODERUDWLRQ�WR�FRRUGLQDWH
DFWLYLW\��WR�VLPSOLI\�YHUEDO�FRPPXQLFDWLRQ��WR�SURYLGH�DSSURSULDWH�DVVLVWDQFH��DQG�WR�PDQDJH
PRYHPHQW�EHWZHHQ�LQGLYLGXDO�DQG�VKDUHG�ZRUN�

:H�EHOLHYH�WKDW�EHLQJ�DEOH�WR�PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV�LV�QHFHVVDU\�IRU�QDWXUDO�DQG
VPRRWK�FROODERUDWLRQ�LQ�D�VKDUHG�ZRUNVSDFH��&XUUHQW�JURXSZDUH�V\VWHPV��KRZHYHU��SURYLGH
RQO\�D�IUDFWLRQ�RI�WKH�LQIRUPDWLRQ�QHHGHG�WR�PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV��&RQVHTXHQWO\�
ZH�K\SRWKHVL]H�WKDW�LQFUHDVHG�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�ZLOO�LPSURYH�WKH�XVDELOLW\�RI
UHDO�WLPH�GLVWULEXWHG�JURXSZDUH��2XU�JRDO�LQ�WKLV�DUWLFOH�LV�WR�HYDOXDWH�WKDW�K\SRWKHVLV��DQG�LQ
ZKDW�IROORZV�ZH�GHVFULEH�D�VWXG\�WKDW�ZH�FDUULHG�RXW�WR�DVVHVV�WKH�HIIHFWV�RI�ZRUNVSDFH
DZDUHQHVV�VXSSRUW�RQ�D�UHDOLVWLF�JURXSZDUH�V\VWHP�

$�SUHYLRXV�VWXG\�SURYLGHG�TXDOLWDWLYH�HYLGHQFH�WKDW�DZDUHQHVV�VXSSRUW�LV�YDOXDEOH��*XWZLQ�
*UHHQEHUJ��DQG�5RVHPDQ��������,W�DOVR�VKRZHG�WKDW�ZRUNVSDFH�PLQLDWXUHV³PLQLDWXUH
UHSUHVHQWDWLRQV�RI�WKH�HQWLUH�ZRUNVSDFH³DUH�XVHIXO�YHKLFOHV�IRU�WKLV�LQIRUPDWLRQ��%XLOGLQJ
RQ�WKHVH�UHVXOWV��WKH�FXUUHQW�VWXG\�IRFXVHG�RQ�WKH�TXDQWLWDWLYH�HIIHFWV�RI�DZDUHQHVV�VXSSRUW
RQ�JURXSZDUH�XVDELOLW\��:H�FRPSDUHG�WZR�JURXSZDUH�LQWHUIDFHV�WKDW�SURYLGH�GLIIHUHQW
DPRXQWV�RI�DZDUHQHVV�LQIRUPDWLRQ�WKURXJK�WKHLU�ZRUNVSDFH�PLQLDWXUHV��,Q�SDUWLFXODU��ZH
FRPSDUHG�D�EDVLF�PLQLDWXUH�WR�RQH�WKDW�DGGV�WKUHH�NLQGV�RI�LQIRUPDWLRQ�

• WKH�ORFDWLRQ�RI�RWKHUV·�YLHZSRUWV�LQ�WKH�ZRUNVSDFH�

• WKH�ORFDWLRQ�DQG�PRWLRQ�RI�SHRSOH·V�FXUVRUV��DQG

• WKH�PRWLRQ�RI�ZRUNVSDFH�REMHFWV�DV�WKH\�DUH�PRYHG�

7KH�DZDUHQHVV�HQKDQFHG�YHUVLRQ�RI�WKH�PLQLDWXUH�LV�FDOOHG�WKH�UDGDU�YLHZ��D�GHYLFH�ILUVW�VHHQ
LQ�WKH�6KDUHG$5.�V\VWHP��6PLWK�������6PLWK�HW�DO���������2XU�H[SHULPHQW�PHDVXUHG�WKUHH
JHQHUDO�DVSHFWV�RI�JURXSZDUH�XVDELOLW\��KRZ�ZHOO�JURXSV�SHUIRUP�ZLWK�HDFK�LQWHUIDFH��WKH
HIILFLHQF\�RI�WKHLU�FROODERUDWLRQ��DQG�WKH�JURXS·V�VDWLVIDFWLRQ�ZLWK�WKH�V\VWHP��:H�DOVR�ORRNHG
DW�WKH�VWUDWHJLHV�WKDW�WKH�WZR�GLIIHUHQW�JURXSV�XVHG��7KH�VWXG\�VKRZHG�VLJQLILFDQW
LPSURYHPHQWV�LQ�VSHHG�DQG�FRPPXQLFDWLRQ�HIILFLHQF\�IRU�VRPH�RI�WKH�WDVNV��DQG�VKRZHG
WKDW�WKH�UDGDU�YLHZ�DOORZHG�SHRSOH�WR�XVH�PRUH�HIIHFWLYH�VWUDWHJLHV�IRU�FRPSOHWLQJ�WDVNV�
2EVHUYDWLRQV�RI�WKH�VHVVLRQV�DQG�SDUWLFLSDQW�IHHGEDFN�SURYLGH�VRPH�H[SODQDWLRQ�IRU�WKHVH
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UHVXOWV��DQG�DOVR�LQGLFDWH�DGGLWLRQDO�GHVLJQ�GLUHFWLRQV��%HIRUH�GHVFULELQJ�WKH�H[SHULPHQW�DQG
RXU�ILQGLQJV��ZH�EHJLQ�E\�RXWOLQLQJ�WKH�WZR�EDVLF�LGHDV�XQGHUO\LQJ�WKH�UHVHDUFK��ZRUNVSDFH
DZDUHQHVV�DQG�JURXSZDUH�XVDELOLW\�

���:RUNVSDFH�DZDUHQHVV

,W�LV�EHFRPLQJ�PRUH�DQG�PRUH�DSSDUHQW�WKDW�EHLQJ�DEOH�WR�VWD\�DZDUH�RI�RWKHUV�SOD\V�DQ
LPSRUWDQW�UROH�LQ�WKH�IOXLGLW\�DQG�QDWXUDOQHVV�RI�FROODERUDWLRQ��H�J��'RXULVK�DQG�%HOORWWL
������6HJDO�������7DQJ�������*DYHU���������:H�KDYH�ORRNHG�FORVHO\�DW�RQH�NLQG�RI�DZDUHQHVV
WKDW�LQYROYHV�FROODERUDWLRQ�LQ�D�VKDUHG�ZRUNVSDFH��:RUNVSDFH�DZDUHQHVV�LV�WKH�XS�WR�WKH�
PRPHQW�XQGHUVWDQGLQJ�RI�DQRWKHU�SHUVRQ·V�LQWHUDFWLRQ�ZLWK�D�VKDUHG�ZRUNVSDFH��*XWZLQ
������*XWZLQ�DQG�*UHHQEHUJ��������,W�LQYROYHV�VHYHUDO�NLQGV�RI�NQRZOHGJH�DERXW�WKH�SHRSOH
LQ�WKH�ZRUNVSDFH�DQG�WKHLU�DFWLYLWLHV��7KLV�NQRZOHGJH�LV�XVHIXO�IRU�PDQ\�RI�WKH�DFWLYLWLHV�RI
FROODERUDWLRQ³IRU�FRRUGLQDWLQJ�DFWLRQ��PDQDJLQJ�FRXSOLQJ��WDONLQJ�DERXW�WKH�WDVN�
DQWLFLSDWLQJ�RWKHUV·�DFWLRQV��DQG�ILQGLQJ�RSSRUWXQLWLHV�WR�DVVLVW�RQH�DQRWKHU��6LQFH�ZRUNVSDFH
DZDUHQHVV�LQIRUPDWLRQ�LV�G\QDPLF��PDLQWDLQLQJ�LW�HQWDLOV�D�FRQWLQXRXV�SURFHVV�RI�JDWKHULQJ
LQIRUPDWLRQ�IURP�WKH�ZRUNVSDFH�HQYLURQPHQW�DQG�LQWHJUDWLQJ�WKDW�LQIRUPDWLRQ�ZLWK�H[LVWLQJ
NQRZOHGJH�

:H�KDYH�EXLOW�D�FRQFHSWXDO�IUDPHZRUN�RI�ZRUNVSDFH�DZDUHQHVV�WKDW�VHWV�RXW�LWV�FRPSRQHQW
HOHPHQWV��PHFKDQLVPV�IRU�PDLQWDLQLQJ�LW��DQG�WKH�ZD\V�WKDW�ZRUNVSDFH�DZDUHQHVV�LV�XVHG
�*XWZLQ��������,Q�WKH�FXUUHQW�VWXG\��ZH�DUH�SDUWLFXODUO\�LQWHUHVWHG�LQ�WKH�HOHPHQWV�RI
ZRUNVSDFH�DZDUHQHVV�WKDW�UHODWH�WR�UHDO�WLPH�DFWLYLW\��WKHVH�DUH�VKRZQ�LQ�7DEOH���

&DWHJRU\ (OHPHQW 6SHFLILF�TXHVWLRQV

:KR 3UHVHQFH ,V�DQ\RQH�LQ�WKH�ZRUNVSDFH"

,GHQWLW\ :KR�LV�SDUWLFLSDWLQJ"

:KR�LV�WKDW"

$XWKRUVKLS :KR�LV�GRLQJ�WKDW"

:KDW $FWLRQ :KDW�DUH�WKH\�GRLQJ"

,QWHQWLRQ :KDW�JRDO�LV�WKDW�DFWLRQ�SDUW�RI"

$UWLIDFW :KDW�REMHFW�DUH�WKH\�ZRUNLQJ�RQ"

:KHUH /RFDWLRQ :KHUH�DUH�WKH\�ZRUNLQJ"

*D]H :KHUH�DUH�WKH\�ORRNLQJ"

9LHZ :KHUH�FDQ�WKH\�VHH"

5HDFK :KHUH�FDQ�WKH\�UHDFK"

Table 1. Elements of workspace awareness relating to real-time activity (Gutwin 1997)

:KHQ�SHRSOH�NQRZ�WKH�DQVZHUV�WR�WKHVH�TXHVWLRQV��PDQ\�RI�WKH�DFWLYLWLHV�RI�FROODERUDWLRQ
DUH�PDGH�HDVLHU��)RU�H[DPSOH��NQRZLQJ�ZKHUH�DQRWKHU�SHUVRQ�LV�ZRUNLQJ�DQG�ZKDW�SDUW�RI
WKH�ZRUNVSDFH�WKH\�FDQ�VHH�DOORZV�IRU�HIILFLHQW�PHDQV�RI�FRPPXQLFDWLRQ�VXFK�DV�GHLFWLF
UHIHUHQFH��H�J��7DWDU�HW�DO��������3RLQWLQJ�WR�DQ�REMHFW�LV�PXFK�HDVLHU�WKDQ�LQGLFDWLQJ�LW
WKRXJK�GHVFULSWLRQ��EXW�GHL[LV�UHTXLUHV�WKDW�SHRSOH�NQRZ�ZKDW�LV�YLVLEOH�WR�WKH�RWKHU�SHUVRQ�
&RRUGLQDWLRQ�LV�DQRWKHU�H[DPSOH��&RRUGLQDWLQJ�DFWLRQV�ZLWK�DQRWKHU�SHUVRQ�LQ�D�VKDUHG
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ZRUNVSDFH�LV�IDU�VLPSOHU�ZKHQ�ERWK�SDUWLHV�NQRZ�ZKDW�WKH�RWKHU�LV�GRLQJ��:RUNVSDFH
DZDUHQHVV�LV�SDUWLFXODUO\�HYLGHQW�LQ�FRQWLQXRXV�DFWLYLWLHV�ZKHUH�SHRSOH�ZRUN�ZLWK�WKH�VDPH
REMHFWV��H�J��7DQJ�������

7KH�DZDUHQHVV�SUREOHP�LQ�JURXSZDUH�LV�WKDW�ZKLOH�LW�LV�UHODWLYHO\�HDV\�WR�DQVZHU�WKH�NLQGV�RI
TXHVWLRQV�VKRZQ�LQ�7DEOH����PDLQWDLQLQJ�DZDUHQHVV�LV�PXFK�PRUH�GLIILFXOW�LQ�D�GLVWULEXWHG
ZRUNVSDFH��,W�LV�RIWHQ�GLIILFXOW�RU�LPSRVVLEOH�WR�NHHS�WUDFN�RI�RWKHUV�LQ�D�JURXSZDUH�V\VWHP�
EHFDXVH�JURXSZDUH�SURYLGHV�RQO\�D�IUDFWLRQ�RI�WKH�SHUFHSWXDO�LQIRUPDWLRQ�WKDW�LV�DYDLODEOH�LQ
D�IDFH�WR�IDFH�ZRUNVSDFH��7KH�RYHUDOO�DSSURDFK�LQ�RXU�UHVHDUFK�LV�WR�UHFUHDWH�VRPH�RI�WKH
DZDUHQHVV�LQIRUPDWLRQ�WKDW�LV�PLVVLQJ�IURP�D�JURXSZDUH�ZRUNVSDFH��DOORZLQJ�SHRSOH�WR
JDWKHU�DQG�XVH�LW�MXVW�DV�WKH\�GR�LQ�WKH�UHDO�ZRUOG��$V�PLJKW�EH�H[SHFWHG��WKHUH�DUH�VHYHUDO
LVVXHV�WR�EH�UHVROYHG�LQ�DGGLQJ�DZDUHQHVV�LQIRUPDWLRQ�WR�D�JURXSZDUH�V\VWHP��VXFK�DV�ZKDW
LQIRUPDWLRQ�WR�DGG��KRZ�WR�SUHVHQW�LW�LQ�WKH�LQWHUIDFH��DQG�ZKHQ�WR�PDNH�LW�DYDLODEOH�
$OWKRXJK�ZH�ZLOO�QRW�GLVFXVV�WKHP�KHUH��ZH�ZLOO�QRWH�WKDW�WKH�DZDUHQHVV�GLVSOD\V�XVHG�LQ�WKLV
H[SHULPHQW�KDYH�XQGHUJRQH�VHYHUDO�GHVLJQ�UHYLVLRQV�WR�DGGUHVV�WKHVH�TXHVWLRQV��VHH�*XWZLQ
������

���*URXSZDUH�XVDELOLW\

2XU�K\SRWKHVLV�LV�WKDW�DZDUHQHVV�VXSSRUW�ZLOO�LPSURYH�JURXSZDUH�XVDELOLW\��7HVWLQJ�WKLV
FODLP�LPSOLHV�NQRZLQJ�ZKDW�JURXSZDUH�XVDELOLW\�LV��DQG�NQRZLQJ�KRZ�WR�PHDVXUH�LW��6LQFH�QR
FRQFUHWH�GHILQLWLRQ�RI�JURXSZDUH�XVDELOLW\�KDV�EHHQ�DFFHSWHG�E\�WKH�&6&:�FRPPXQLW\��ZH
DGDSW�WKH�FRQFHSW�IURP�WKH�EHWWHU�NQRZQ�DUHD�RI�¶VLQJOHZDUH·�XVDELOLW\��8VDELOLW\�LQ�D�VLQJOH�
XVHU�HQYLURQPHQW�LV�WKH�GHJUHH�WR�ZKLFK�D�V\VWHP�LV�HIIHFWLYH��HIILFLHQW��DQG�SOHDVDQW�WR�XVH�
JLYHQ�D�FHUWDLQ�VHW�RI�XVHUV�DQG�WDVNV��H�J��6KDFNHO�������1HLOVHQ��������5HDO�WLPH�JURXSZDUH
V\VWHPV�DUH�VXEMHFW�WR�WKHVH�FULWHULD�DV�ZHOO��EXW�QRZ�WZR�NLQGV�RI�DFWLYLW\�PXVW�EH
FRQVLGHUHG��WDVNZRUN�DQG�WHDPZRUN��7DVNZRUN�LV�WKH�GRPDLQ�DFWLYLW\��WKH�DFWLYLW\�WKDW
SURGXFHV�WKLQJV�OLNH�GUDZLQJV��GRFXPHQWV��RU�PRGHOV��$�JURXSZDUH�V\VWHP�FOHDUO\�PXVW
DOORZ�WDVNZRUN�WR�SURFHHG�HIIHFWLYHO\��HIILFLHQWO\��DQG�SOHDVDQWO\��LQ�RUGHU�WR�EH�D�JRRG
DSSOLFDWLRQ��+RZHYHU��JURXSZDUH�PXVW�JR�EH\RQG�WDVNZRUN�DQG�VXSSRUW�WHDPZRUN³WKH
ZRUN�RI�ZRUNLQJ�WRJHWKHU³LQ�RUGHU�WR�EH�WUXO\�XVDEOH�

7HDPZRUN�LQYROYHV�VHYHUDO�DFWLYLWLHV��IRU�H[DPSOH��JURXS�PHPEHUV�PXVW�FRPPXQLFDWH�
RUJDQL]H�MRLQW�DFWLRQ��SURYLGH�DVVLVWDQFH��FRRUGLQDWH�DFWLYLW\��GLYLGH�ODERXU��DQG�PRQLWRU�HDFK
RWKHU·V�ZRUN��(DFK�RI�WKHVH�DFWLYLWLHV�FDQ�EH�FRQVLGHUHG�LQ�WHUPV�RI�HIILFLHQF\��HIIHFWLYHQHVV�
DQG�JURXS�VDWLVIDFWLRQ��2XU�FRQFHSWLRQ�RI�JURXSZDUH�XVDELOLW\�IRFXVHV�RQ�WHDPZRUN��DQG�ZH
GHILQH�LW�DV�WKH�GHJUHH�WR�ZKLFK�D�JURXSZDUH�V\VWHP�VXSSRUWV�WKH�DFWLYLWLHV�RI�FROODERUDWLRQ�
$OWKRXJK�WHDPZRUN�DOVR�LQYROYHV�VRFLDO�DQG�DIIHFWLYH�DFWLYLWLHV��ZH�OLPLW�RXU�GHILQLWLRQ�WR
WKRVH�WKDW�DFFRPSOLVK�WKH�PHFKDQLFV�RI�FROODERUDWLRQ��FRPPXQLFDWLRQ��FRRUGLQDWLRQ�
SODQQLQJ��PRQLWRULQJ��DQG�DVVLVWDQFH�

7KH�VHFRQG�LVVXH�LQ�HYDOXDWLQJ�RXU�K\SRWKHVLV�LV�RQH�RI�PHDVXUHPHQW³KRZ�FDQ
LPSURYHPHQWV�LQ�XVDELOLW\�EH�GHWHUPLQHG"�*URXSZDUH�LV�QRWRULRXVO\�GLIILFXOW�WR�PHDVXUH��H�J�
*UXGLQ��������WKH�PDLQ�SUREOHP�LV�WKDW�XVDELOLW\��HIIHFWLYHQHVV��HIILFLHQF\��DQG�SOHDVDQFH�DUH
TXDOLWLHV�WKDW�FDQQRW�EH�GLUHFWO\�REVHUYHG��2WKHU�UHVHDUFKHUV��KRZHYHU��KDYH�IRXQG�LQGLUHFW
PHDVXUHV�WKDW�DSSHDU�WR�ILW�ZHOO�ZLWK�RXU�FRQFHSWLRQ�RI�JURXSZDUH�XVDELOLW\��,Q�SDUWLFXODU�
2OVRQ�HW�DO���������������PHDVXUH�WKUHH�DVSHFWV�RI�FROODERUDWLRQ��SURGXFW��SURFHVV��DQG
VDWLVIDFWLRQ�
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• 3URGXFW�PHDVXUHV�UHO\�RQ�WKH�DVVXPSWLRQ�WKDW�D�JURXS·V�VXFFHVV�LQ�WKH�FROODERUDWLRQ�WDVN
ZLOO�LQIOXHQFH�WKHLU�VXFFHVV�LQ�WKH�GRPDLQ�WDVN��7KH\�MXGJH�FROODERUDWLRQ�RXWFRPHV�LQ
WHUPV�RI�TXDOLW\�RU�WLPH�

• 3URFHVV�PHDVXUHV�ORRN�IRU�SDWWHUQV�LQ�EHKDYLRXUDO�RU�YHUEDO�DFWLYLW\�GXULQJ�D�FROODERUDWLYH
VHVVLRQ�DQG�FRQQHFW�WKHVH�WR�LVVXHV�RI�HIIHFWLYHQHVV�RU�HIILFLHQF\��3URFHVV�PHDVXUHV�DUH
RIWHQ�REWDLQHG�E\�REVHUYDWLRQ�RU�WKURXJK�YLGHR�DQG�SURWRFRO�DQDO\VLV�

• 6DWLVIDFWLRQ�PHDVXUHV�UHFRUG�SDUWLFLSDQWV·�VXEMHFWLYH�H[SHULHQFH�ZLWK�WKH�JURXSZDUH�V\VWHP�
DQG�ZKHWKHU�WKH\�ILQG�WKH�V\VWHP�WR�EH�D�JRRG�VHWWLQJ�IRU�FROODERUDWLRQ��6DWLVIDFWLRQ
PHDVXUHV�DUH�XVXDOO\�REWDLQHG�ZLWK�TXHVWLRQQDLUHV�DQG�LQWHUYLHZV�

(YDOXDWLRQV�WKDW�FRQVLGHU�SURGXFW��SURFHVV��DQG�VDWLVIDFWLRQ�DVSHFWV�RI�JURXSZDUH�XVDELOLW\
FDQ�SURYLGH�D�EURDG�DQG�EDODQFHG�ORRN�DW�D�JURXSZDUH�V\VWHP��7KLV�LV�WKH�DSSURDFK�WKDW�ZH
IROORZ�LQ�RXU�H[SHULPHQW��%HORZ��ZH�UHYLHZ�RXU�PHWKRGV��DQG�GLVFXVV�HDFK�RI�WKH�PHDVXUHV
ZH�XVH�LQ�WKHVH�WKUHH�DUHDV�

���([SHULPHQW�PHWKRGV

7KH�H[SHULPHQW�WHVWV�WKH�K\SRWKHVLV�WKDW�LQFUHDVHG�ZRUNVSDFH�DZDUHQHVV�VXSSRUW�LQFUHDVHV
JURXSZDUH�XVDELOLW\��:H�FRPSDUHG�SHRSOH·V�FROODERUDWLRQ�ZKHQ�XVLQJ�WZR�JURXSZDUH
LQWHUIDFHV³HDFK�SURYLGLQJ�GLIIHUHQW�DPRXQWV�RI�DZDUHQHVV�LQIRUPDWLRQ�WKURXJK�ZRUNVSDFH
PLQLDWXUHV��,Q�WKLV�VHFWLRQ�ZH�RXWOLQH�WKH�JURXSZDUH�V\VWHP�XVHG��WKH�H[SHULPHQWDO�WDVNV��WKH
SDUWLFLSDQWV��WKH�VWXG\�GHVLJQ��DQG�WKH�PHDVXUHV�WDNHQ�

����6\VWHP�DQG�H[SHULPHQWDO�FRQGLWLRQV

:H�DUH�LQWHUHVWHG�LQ�JURXSZDUH�V\VWHPV�WKDW�DOORZ�VPDOO�JURXSV�WR�FROODERUDWH�LQ�UHDO�WLPH�LQ
D�PHGLXP�VL]HG�YLVXDO�ZRUNVSDFH��$FWLYLWLHV�LQ�WKHVH�V\VWHPV�DUH�RUJDQL]HG�DURXQG�WKH
FUHDWLRQ��PDQLSXODWLRQ��DQG�RUJDQL]DWLRQ�RI�DUWLIDFWV�LQ�WKH�ZRUNVSDFH��:H�EXLOW�VXFK�D
V\VWHP�IRU�WKLV�H[SHULPHQW��XVLQJ�WKH�*URXS.LW�WRRONLW��5RVHPDQ�DQG�*UHHQEHUJ�������DQG
WKH�3DG���GUDZLQJ�V\VWHP��%HGHUVRQ�DQG�+ROODQ��������7KH�DSSOLFDWLRQ�ZDV�D�SLSHOLQH
FRQVWUXFWLRQ�NLW�WKDW�DOORZV�WKH�DVVHPEO\�DQG�PDQLSXODWLRQ�RI�VLPSOH�SLSHOLQH�QHWZRUNV�LQ�D
VKDUHG�WZR�GLPHQVLRQDO�ZRUNVSDFH��)LJXUH�����8VHUV�FDQ�FUHDWH��PRYH��DQG�URWDWH�VHFWLRQV�RI
SLSH��DQG�FDQ�MRLQ�RU�VSOLW�VHFWLRQV�XVLQJ�D�ZHOGLQJ�WRRO��7KH�ZRUNVSDFH�LV�UHFWDQJXODU��DQG
IRXU�WLPHV�ODUJHU�WKDQ�WKH�FRPSXWHU�VFUHHQ�LQ�HDFK�GLUHFWLRQ��8VHUV�VFUROO�DURXQG�WKH
ZRUNVSDFH�E\�GUDJJLQJ�WKHLU�FXUVRU�SDVW�WKH�ZLQGRZ�ERUGHU�

7KH�SLSHOLQH�V\VWHP·V�LQWHUIDFH�FRQVLVWV�RI�WZR�ZLQGRZV��7KH�PDLQ�YLHZ�WDNHV�XS�PRVW�RI�WKH
VFUHHQ�DQG�VKRZV�REMHFWV�LQ�IXOO�VL]H�DQG�GHWDLO��7KH�PDLQ�YLHZ�DOORZV�XVHUV�WR�PDQLSXODWH
REMHFWV�DQG�WR�VFUROO�WR�RWKHU�DUHDV�RI�WKH�ZRUNVSDFH��3HRSOH�FUHDWH�SLSHOLQHV�E\�GUDJJLQJ
SLSH�VHFWLRQV�IURP�VWRUHKRXVHV�LQ�WKH�FRUQHUV�RI�WKH�ZRUNVSDFH��VHH�)LJXUH�����DOLJQLQJ�WKH
VHFWLRQV��DQG�WKHQ�ZHOGLQJ�WKHP�WRJHWKHU�E\�GURSSLQJ�D�GLDPRQG�VKDSHG�ZHOGLQJ�WRRO�RQWR
WKH�MRLQW��:HOGV�DUH�PDUNHG�E\�D�\HOORZ�VTXDUH��DQG�RQFH�SLHFHV�DUH�ZHOGHG��WKH\�PRYH�DV�D
XQLW�
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Partially-completed pipelines

Welding tool

Radar view

Welds

Remote telepointer

Main view

Storehouses

Figure 1. The pipeline application (radar view version)

7KH�VHFRQG�ZLQGRZ�LV�RQH�RI�WZR�PLQLDWXUH�YLHZV��WKH�UDGDU�YLHZ�RU�WKH�RYHUYLHZ��7KLV�YLHZ�LV
LQVHW�LQWR�WKH�WRS�OHIW�FRUQHU�RI�WKH�PDLQ�YLHZ��DQG�VKRZV�WKH�HQWLUH�ZRUNVSDFH�LQ�PLQLDWXUH�
7KH�UDGDU�YLHZ�DQG�WKH�RYHUYLHZ�GLIIHUHG�LQ�WKUHH�ZD\V��DV�FRPSDUHG�LQ�)LJXUH���

�� 8SGDWH�JUDQXODULW\��7KH�UDGDU�VKRZHG�ZRUNVSDFH�REMHFWV�DV�WKH\�PRYHG��WKH�RYHUYLHZ�ZDV
RQO\�XSGDWHG�DIWHU�WKH�PRYH�ZDV�FRPSOHWH�

�� 9LHZSRUW�YLVLELOLW\��7KH�UDGDU�VKRZHG�ERWK�SHRSOH·V�YLHZSRUWV��WKH�DUHD�RI�WKH�ZRUNVSDFH
YLVLEOH�LQ�HDFK�SHUVRQ·V�PDLQ�YLHZ��DQG�WKH�RYHUYLHZ�VKRZHG�RQO\�WKH�ORFDO�XVHU·V
YLHZSRUW�

�� 7HOHSRLQWHU�YLVLELOLW\��7KH�UDGDU�VKRZHG�PLQLDWXUH�WHOHSRLQWHUV�IRU�ERWK�XVHUV��DQG�WKH
RYHUYLHZ�GLG�QRW�VKRZ�DQ\�WHOHSRLQWHUV�

,Q�VXP��WKH�WZR�FRQGLWLRQV�GLIIHUHG�RQO\�LQ�WKH�DZDUHQHVV�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKH
PLQLDWXUH��7KH�RYHUYLHZ�RQO\�VKRZHG�LQIRUPDWLRQ�DERXW�WKH�ORFDO�XVHU��ZKLOH�WKH�UDGDU
VKRZHG�ZKHUH�WKH�RWKHU�SHUVRQ�ZDV�ORFDWHG��VKRZHG�WKHLU�SRLQWHU��DQG�VKRZHG�PRYHV�DV
WKH\�RFFXUUHG�
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TelepointersViewports Local viewport

Figure 2. Radar view (left) and Overview (right).

����7DVNV

3DUWLFLSDQWV�FRPSOHWHG�WKUHH�GLIIHUHQW�WDVNV��7KH�WDVNV�DUH�EDVHG�RQ�MRLQW�DFWLRQV�FRPPRQ�WR
FRQVWUXFWLRQ�WDVNV�LQ�VKDUHG�ZRUNVSDFHV��DQG�UHTXLUH�SHRSOH�WR�PRYH�LQGHSHQGHQWO\�DURXQG
WKH�ZRUNVSDFH��'LYLVLRQ�RI�UHVSRQVLELOLW\�LQ�WKH�WDVNV�LV�VLPLODU�WR�&KDSDQLV·�������
FRPPXQLFDWLRQ�VWXGLHV��ZKHUH�D�VRXUFH�SHUVRQ�KDV�LQIRUPDWLRQ�WKDW�D�VHHNHU�SHUVRQ�QHHGV�IRU
WKHLU�SDUW�RI�WKH�WDVN�

7KH�)ROORZ�WDVN�LQYROYHG�PHHWLQJ�DQRWKHU�SHUVRQ�DW�D�VSHFLILHG�ORFDWLRQ��3DUWLFLSDQWV�ZHUH
DVNHG�WR�PDNH�WHQ�VSHFLILF�ZHOGV�RQ�DQ�H[LVWLQJ�SLSH�QHWZRUN��2QH�SHUVRQ��WKH�MRLQHU��ZDV
JLYHQ�D�SDSHU�PDS��)LJXUH����VKRZLQJ�WKH�ORFDWLRQV�WR�EH�ZHOGHG��DQG�KDG�WR�SUHSDUH�WKH
SLSH�VHFWLRQV�DW�HDFK�SODFH��7KH�RWKHU�SHUVRQ�ZDV�WKH�ZHOGHU��DQG�ZRXOG�IROORZ�WKH�MRLQHU�WR
HDFK�ORFDWLRQ�DQG�ZHOG�WKH�SLSH��6LQFH�WKH�ZHOGHU�KDG�QR�PDS��WKH�MRLQHU�ZDV�DOVR
UHVSRQVLEOH�IRU�HQVXULQJ�WKDW�WKH�ZHOGHU�ZHQW�WR�WKH�FRUUHFW�ORFDWLRQ��7KH�ZRUNVSDFH�PDS
IRU�WKH�ILUVW�)ROORZ�WDVN��VKRZLQJ�WKH�LQLWLDO�SLSHOLQH�OD\RXW�DQG�WKH�WHQ�ZHOGLQJ�VLWHV��LV
VKRZQ�LQ�)LJXUH����7KH�PDS�DOVR�VKRZV�WKH�LQLWLDO�VWDWH�RI�WKH�ZRUNVSDFH�DW�WKH�VWDUW�RI�WKH
WDVN�

7KH�&RS\�WDVN�LQYROYHV�LQGLFDWLQJ�REMHFWV�WR�DQRWKHU�SHUVRQ��3DUWLFLSDQWV�ZHUH�DVNHG�WR
FRQVWUXFW�WZR�LGHQWLFDO�VWUXFWXUHV�IURP�WZR�H[LVWLQJ�VWRFNSLOHV�RI�SLSH�VHFWLRQV��7KH
VWRFNSLOHV�ZHUH�ORFDWHG�DW�RSSRVLWH�HQGV�RI�WKH�ZRUNVSDFH��2QH�SHUVRQ��WKH�OHDGHU��KDG�D
SDSHU�SLFWXUH�RI�ZKDW�ZDV�WR�EH�EXLOW��DQG�XVHG�WKLV�WR�ILQG�WKH�QH[W�SLHFH�LQ�WKHLU�VWRFNSLOH�
7KH�RWKHU�SHUVRQ��WKH�FRSLHU��GLG�QRW�KDYH�WKH�SLFWXUH��DQG�VR�KDG�WR�FRS\�WKH�OHDGHU·V
DFWLRQV��7KH�OHDGHU�ZDV�UHVSRQVLEOH�IRU�PDNLQJ�VXUH�WKDW�WKH�FRSLHU�NQHZ�ZKLFK�SLHFH�WR�WDNH
QH[W�DQG�ZKHUH�WR�SODFH�LW��7KH�LQLWLDO�VWDWH�RI�WKH�ZRUNVSDFH�DQG�WKH�ILUVW�SLFWXUH�RI�ZKDW
ZDV�WR�EH�EXLOW�DUH�VKRZQ�LQ�)LJXUH���

7KH�'LUHFW�WDVN�LQYROYHV�JLYLQJ�ZRUNVSDFH�GLUHFWLRQV��2QH�SDUWLFLSDQW�ZDV�DVNHG�WR�YHUEDOO\
JXLGH�WKH�RWKHU�WKURXJK�DGGLQJ�VL[�VSHFLILF�SLSH�VHFWLRQV�WR�DQ�H[LVWLQJ�QHWZRUN��7KH�GLUHFWRU
KDG�D�PDS�VKRZLQJ�ZKLFK�SLHFHV�ZHUH�WR�EH�DGGHG��DQG�ZKHUH�WKH\�ZHUH�WR�EH�DGGHG��EXW
ZDV�QRW�DOORZHG�WR�PRYH�DURXQG�LQ�WKH�ZRUNVSDFH��7KH�DFWRU�GLG�WKH�ZRUN��IROORZLQJ�WKH
GLUHFWRU·V�LQVWUXFWLRQV��7KH�GLUHFWRU�GLG�QRW�VHH�WKHLU�PDLQ�YLHZ�GXULQJ�WKLV�WDVN��VR�WKH�RQO\
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YLVXDO�IHHGEDFN�WKDW�WKH\�UHFHLYHG�RI�WKH�DFWRU·V�SURJUHVV�ZDV�IURP�WKH�PLQLDWXUH�YLHZ��7KH
ZRUNVSDFH�PDS�IRU�WKH�ILUVW�GLUHFWLQJ�WDVN�LV�VKRZQ�LQ�)LJXUH����WKH�SLHFHV�WR�EH�DGGHG�DUH
VKRZQ�LQ�JUH\�
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Figure 3. Workspace map for the first Follow task
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Figure 4. Initial workspace state (left) and first goal (right) for the first Copy task
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Figure 5. Workspace map for the first Direct task

����6WXG\�GHVLJQ

7KH�VWXG\�XVHG�WZR�GHVLJQV��WKH�ILUVW�IRU�D�IRUPDO�DQDO\VLV�DQG�WKH�VHFRQG�IRU�DQ�H[SORUDWRU\
DQDO\VLV��7KH�IRUPDO�VWXG\�FRPELQHV�WZR�LQGHSHQGHQW�YDULDEOHV�LQ�D�WZR�ZD\�PL[HG�IDFWRULDO
GHVLJQ��9LHZ�LV�D�EHWZHHQ�SDUWLFLSDQWV�IDFWRU��DQG�7DVN�LV�D�UHSHDWHG�PHDVXUHV�IDFWRU��7KH
K\SRWKHVLV�LV�WKDW�WKH�DGGLWLRQDO�DZDUHQHVV�LQIRUPDWLRQ�LQ�WKH�UDGDU�YLHZ�ZLOO�LPSURYH
SHRSOH·V�VSHHG��HIILFLHQF\��DQG�VDWLVIDFWLRQ�ZLWK�D�JURXSZDUH�V\VWHP��7KH�K\SRWKHVLV�LV�WHVWHG
E\�ORRNLQJ�IRU�HIIHFWV�RI�9LHZ�LQ�LQWHUDFWLRQ�ZLWK�7DVN��'LIIHUHQFHV�EHWZHHQ�WDVNV�DUH
H[SHFWHG��VLQFH�WKH�GLIIHUHQW�WDVN�W\SHV�DUH�QRW�UHODWHG��7KUHH�GHSHQGHQW�YDULDEOHV�DUH
PHDVXUHG�ZLWKLQ�HDFK�FHOO�RI�WKH�GLDJUDP�LQ�7DEOH���

7DVN�
:HOG &RS\ 'LUHFW

9LHZ� 5DGDU�YLHZ 3DLUV����� 3DLUV����� 3DLUV�����

2YHUYLHZ 3DLUV������ 3DLUV������ 3DLUV������

Table 2. Experimental design for formal experiment.

,Q�DGGLWLRQ�WR�WKH�EHWZHHQ�SDUWLFLSDQWV�FRPSDULVRQ��ZH�ZDQWHG�WR�JDWKHU�SUHIHUHQFH�GDWD�
WKHUHIRUH��SDUWLFLSDQWV�XVHG�ERWK�WKH�UDGDU�DQG�RYHUYLHZ�LQWHUIDFHV�VR�WKDW�WKH\�FRXOG�VWDWH
ZKLFK�WKH\�SUHIHUUHG��7KH�VDPH�WKUHH�PHDVXUHV�ZHUH�WDNHQ�IRU�WKH�VHFRQG�VHW�RI�WDVNV��VR
WKDW�H[SORUDWRU\�ZLWKLQ�SDUWLFLSDQWV�DQDO\VHV�FRXOG�EH�FDUULHG�RXW�DV�ZHOO�

7KH�H[SORUDWRU\�GHVLJQ�HQFORVHV�WKH�ILUVW��DQG�FRPELQHV�WKUHH�LQGHSHQGHQW�YDULDEOHV�LQ
DQRWKHU�WZR�ZD\�PL[HG�GHVLJQ��9LHZ�LV�QRZ�D�ZLWKLQ�SDUWLFLSDQWV�YDULDEOH��2UGHU�LV�D
EHWZHHQ�SDUWLFLSDQWV�YDULDEOH��DQG�7DVN�LV�DJDLQ�D�UHSHDWHG�PHDVXUHV�YDULDEOH�EXW�QRZ�QHVWHG
ZLWKLQ�9LHZ��,Q�7DEOH����WKH�VKDGHG�FHOOV�FRUUHVSRQG�WR�WKH�SULPDU\�GHVLJQ�DERYH�
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9LHZ�
5DGDU�YLHZ 2YHUYLHZ
7DVN� 7DVN�

:HOG &RS\ 'LUHFW :HOG &RS\ 'LUHFW

2UGHU� 5DGDU�ILUVW� 3����� 3����� 3����� 3����� 3����� 3�����

2YHUYLHZ�ILUVW� 3������ 3������ 3������ 3������ 3������ 3������

Table 3. Experimental design for exploratory data collection (P = Pair).

����0HDVXUHV�RI�JURXSZDUH�XVDELOLW\

:H�XVH�ILYH�PHDVXUHV�LQ�WKLV�VWXG\��FRPSOHWLRQ�WLPH��SHUFHLYHG�HIIRUW��YHUEDO�HIILFLHQF\�
RYHUDOO�SUHIHUHQFH��DQG�VWUDWHJ\�XVH��7KHVH�FDQ�EH�FKDUDFWHUL]HG�DV�SURGXFW��SURFHVV��RU
VDWLVIDFWLRQ�PHDVXUHV��VHH�7DEOH����

��� &RPSOHWLRQ�WLPH�LV�D�EDVLF�PHDVXUH�RI�SURGXFW�SHUIRUPDQFH��,W�DVVXPHV�WKDW�WKHUH�LV�D
UHODWLRQVKLS�EHWZHHQ�WKH�DFWLYLWLHV�RI�FROODERUDWLRQ�DQG�WKH�VSHHG�DW�ZKLFK�D�JURXS�FDQ
SHUIRUP�WKH�WDVN�

��� 9HUEDO�HIILFLHQF\�LV�D�PRUH�GLUHFW�PHDVXUH�RI�FRPPXQLFDWLRQ��,W�LQYROYHV�WKH�FULWHULD�RI
HIILFLHQF\�DQG�HUURU�UDWH��1RWH�WKDW�WKLV�PHDVXUH�DVVHVVHV�HIILFLHQF\�LQ�WHUPV�RI�WDVN
UDWKHU�WKDQ�WLPH³WKDW�LV��WKH�YHUEDO�FRPPXQLFDWLRQ�UHTXLUHG�WR�FRQYH\�D�IL[HG�DPRXQW
RI�LQIRUPDWLRQ��6LQFH�SHRSOH�PXVW�FRPPXQLFDWH�D�FHUWDLQ�DPRXQW�RI�LQIRUPDWLRQ�IRU
HDFK�WDVN��IHZHU�ZRUGV�LPSOLHV�WKDW�WKH�VDPH�LQIRUPDWLRQ�ZDV�FRQYH\HG�PRUH�HIILFLHQWO\�

��� 3HUFHSWLRQ�RI�HIIRUW�LV�D�VXEMHFWLYH�PHDVXUH�RI�WKH�FULWHULRQ�RI�HIIRUW�IRU�WKH�DFWLYLWLHV�RI
FROODERUDWLRQ��:H�UHFRJQL]H��KRZHYHU��WKDW�SHRSOH�ZLOO�KDYH�GLIILFXOW\�GLIIHUHQWLDWLQJ
EHWZHHQ�WKHVH�DFWLYLWLHV��DQG�VR�WKH�PHDVXUH�RQO\�FROOHFWV�RYHUDOO�LQIRUPDWLRQ�

��� 2YHUDOO�SUHIHUHQFH�LV�D�EURDG�VDWLVIDFWLRQ�PHDVXUH�EDVHG�RQ�D�FRPSDULVRQ�RI�WKH�WZR
V\VWHPV��,W�DVVXPHV�WKDW�WKHUH�LV�D�UHODWLRQVKLS�EHWZHHQ�RYHUDOO�XVDELOLW\�DQG�SUHIHUHQFH�
WKDW�SDUWLFLSDQWV�ZLOO�SUHIHU�D�V\VWHP�WKDW�EHWWHU�VXSSRUWV�WKH�DFWLYLWLHV�RI�FROODERUDWLRQ�

��� 6WUDWHJ\�XVH�LV�D�TXDOLWDWLYH�SURFHVV�PHDVXUH�WKDW�ORRNV�DW�KRZ�JURXSV�LQ�WKH�GLIIHUHQW
FRQGLWLRQV�FDUULHG�RXW�WKH�WDVN��:H�DVVXPH�WKDW�D�PRUH�XVDEOH�V\VWHP�ZLOO�DOORZ�JURXSV
WR�FKRRVH�PRUH�DSSURSULDWH�VWUDWHJLHV�IRU�HDFK�WDVN�

7\SH�RI�PHDVXUH 0HDVXUH�XVHG

3URGXFW &RPSOHWLRQ�WLPH

3URFHVV 9HUEDO�HIILFLHQF\��SHUFHSWLRQ�RI�HIIRUW��VWUDWHJ\�XVH

6DWLVIDFWLRQ 2YHUDOO�SUHIHUHQFH

Table 4. Summary of measures used

����3DUWLFLSDQWV

3DUWLFLSDQWV�ZHUH�UHFUXLWHG�IURP�WKH�VWXGHQW�FRPPXQLW\�DW�WKH�8QLYHUVLW\�RI�&DOJDU\��DQG
ZHUH�SDLG������)RUW\�SHRSOH�SDUWLFLSDWHG�LQ�WKH�VWXG\�����PHQ�DQG����ZRPHQ��$OWKRXJK
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WKHUH�ZHUH�XQHTXDO�QXPEHUV�RI�IHPDOH�DQG�PDOH�SDUWLFLSDQWV��VH[�SDLULQJV�ZHUH�HTXDOL]HG
DFURVV�WKH�WZR�FRQGLWLRQV��DV�VKRZQ�LQ�7DEOH���

3DLULQJ� 2YHUYLHZ�&RQGLWLRQ 5DGDU�&RQGLWLRQ

0DOH�0DOH ��SDLUV ��SDLUV

)HPDOH�)HPDOH ��SDLU ��SDLU

)HPDOH�0DOH ��SDLUV ��SDLUV

Table 5. Sex pairings of experimental groups

3DUWLFLSDQWV�UDQJHG�LQ�DJH�IURP����WR����\HDUV��DQG�DYHUDJHG������\HDUV��3DUWLFLSDQWV�ZHUH
DVVLJQHG�D�SDUWQHU�IRU�WKH�VWXG\��HLWKHU�E\�FKRRVLQJ�RQH�WKHPVHOYHV�RU�E\�UDQGRP
DVVLJQPHQW��3DUWLFLSDQWV�KDG�OLPLWHG�SULRU�H[SHULHQFH�ZLWK�JURXSZDUH��7KH�RQO\�JURXSZDUH
V\VWHPV�WKDW�SDUWLFLSDQWV�XVHG�PRUH�WKDQ�RQFH�SHU�ZHHN�ZHUH�PXOWL�SOD\HU�JDPHV��HLJKW
SDUWLFLSDQWV���DQG�HPDLO�V\VWHPV�DQG�ZHE�EURZVHUV��DOO�SDUWLFLSDQWV���1RQH�RI�WKH�SDUWLFLSDQWV
KDG�SUHYLRXVO\�VHHQ�WKH�JURXSZDUH�V\VWHP�XVHG�LQ�WKH�VWXG\�

����3URFHGXUH

3DUWLFLSDQWV�ZHUH�ILUVW�LQWURGXFHG�WR�WKH�V\VWHP·V�IXQFWLRQV��3DLUV�ZHUH�WKHQ�UDQGRPO\
DVVLJQHG�WR�HLWKHU�WKH�UDGDU�RU�WKH�RYHUYLHZ�FRQGLWLRQ��DQG�WKH�VSHFLILFV�RI�WKHLU�PLQLDWXUH
YLHZ�ZHUH�H[SODLQHG��3DUWLFLSDQWV�ZHUH�WKHQ�DOORZHG�WR�SUDFWLFH�ZLWK�WKH�V\VWHP�XQWLO�WKH\
FRXOG�HDFK�SHUIRUP�D�EDVLF�VHW�RI�VLPSOH�WDVNV��VHOHFWLQJ��GUDJJLQJ��VFUROOLQJ��ZHOGLQJ��DQG
XQZHOGLQJ��WR�WKH�H[SHULPHQWHU·V�VDWLVIDFWLRQ�

3DLUV�WKHQ�FRPSOHWHG�VHYHQ�WDVNV�ZLWK�WKH�SLSHOLQH�V\VWHP��WKUHH�WDVNV�ZLWK�RQH�YHUVLRQ�RI
WKH�V\VWHP��HLWKHU�UDGDU�RU�RYHUYLHZ���DQG�WKHQ�WKUHH�ZLWK�WKH�RWKHU�YHUVLRQ��)RU�HDFK�WDVN��D
VLPLODU�SURFHGXUH�ZDV�IROORZHG��)LUVW��WKH�H[SHULPHQWHU�H[SODLQHG�WKH�WDVN�DQG�WKH�JRDO�
6HFRQG��WKH�SDLU�FRPSOHWHG�D�SUDFWLFH�H[HUFLVH�IRU�WKH�WDVN��7KLUG��WKH�SDLU�FDUULHG�RXW�WKH
WDVN��)RXUWK��SDUWLFLSDQWV�ILOOHG�RXW�D�TXHVWLRQQDLUH�UHODWLQJ�WR�WKH�WDVN��$IWHU�DOO�WDVNV�ZHUH
FRPSOHWHG��SDUWLFLSDQWV�DOVR�ILOOHG�RXW�D�ILQDO�TXHVWLRQQDLUH�UHODWLQJ�WR�WKHLU�SUHIHUHQFHV�

7DVNV����
�UDGDU�

7DVNV����
�RYHUYLHZ�

7DVNV����
�UDGDU�

7DVNV����
�RYHUYLHZ�

5DGDU��VW 3DLUV����� 3DLUV�����

2YHUYLHZ��VW 3DLUV������ 3DLUV������

Table 6. Task sequence for radar and overview conditions

3DLUV�ZRUNHG�ZLWK�ERWK�LQWHUIDFHV�VR�WKDW�WKH\�FRXOG�VWDWH�WKHLU�SUHIHUHQFH�DW�WKH�HQG�RI�WKH
VHVVLRQ��%RWK�LQWHUIDFH�RUGHU�DQG�WDVN�RUGHU�ZHUH�FRXQWHUEDODQFHG��WKH�VHFRQG�WKUHH�WDVNV
ZHUH�DOZD\V�GRQH�LQ�WKH�VDPH�RUGHU�DV�WKH�ILUVW�WKUHH�WDVNV�

)RXU�W\SHV�RI�GDWD�ZHUH�FROOHFWHG�

�� &RPSOHWLRQ�WLPH�IRU�HDFK�WDVN�ZDV�UHFRUGHG�ZLWK�D�VWRSZDWFK�

�� 9HUEDO�FRPPXQLFDWLRQ�ZDV�UHFRUGHG�RQ�YLGHRWDSH��DQG�SDUWV�ZHUH�ODWHU�WUDQVFULEHG�
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�� 3DUWLFLSDQWV�DQVZHUHG�TXHVWLRQV�DERXW�SHUFHLYHG�HIIRUW�DIWHU�HDFK�WDVN��4XHVWLRQV�XVHG���
SRLQW�VFDOHV�ZLWK�IL[HG�HQGSRLQWV��VHH�7DEOH�����4XHVWLRQQDLUHV�ZHUH�FRPSOHWHG�E\
LQGLYLGXDOV�UDWKHU�WKDQ�E\�JURXSV�

�� 3DUWLFLSDQWV�ZHUH�DVNHG�WKHLU�SUHIHUHQFH�EHWZHHQ�WKH�WZR�V\VWHPV�DIWHU�WKH\�KDG
FRPSOHWHG�DOO�WDVNV��$JDLQ��ZH�FROOHFWHG�WKHVH�GDWD�DV�LQGLYLGXDO�UDWKHU�WKDQ�SDLU
UHVSRQVHV�

How difficult was it to complete this task? difficult • • • easy

How much effort did this task require? little effort • • • a lot of effort

How hard did you have to concentrate to do this task? not hard • • • very hard

How difficult was it to discuss things during the task? easy • • • difficult

Table 7. Perceived-effort questionnaire

����3K\VLFDO�VHWXS

3DUWLFLSDQWV�ZRUNHG�DW�VHSDUDWH�ZRUNVWDWLRQV��DQJOHG�VR�WKDW�WKH\�FRXOG�QRW�VHH�HDFK�RWKHUV·
VFUHHQV��EXW�VR�WKDW�WKH\�FRXOG�VHH�RQH�DQRWKHU�DQG�WDON�HDVLO\��7KH�H[SHULPHQWHU�VDW�DW�D
UHFRUGLQJ�VWDWLRQ�DW�WKH�EDFN�RI�WKH�URRP��7KH�DFWLRQV�RI�ERWK�SDUWLFLSDQWV�ZHUH�WUDQVPLWWHG
WR�D�WKLUG�FRPSXWHU�WKDW�VKRZHG�D�FRPSRVLWH�RI�WKH�ZRUNVSDFH��7KLV�FRPSXWHU·V�VFUHHQ�DQG
ERWK�YRLFHV�ZHUH�UHFRUGHG�RQ�YLGHRWDSH��7KH�OD\RXW�RI�WKH�H[SHULPHQW�URRP�LV�VKRZQ�LQ
)LJXUH���

Participants

Experimenter

Video camera

Figure 6. Experiment room setup

���5HVXOWV

,Q�WKH�IROORZLQJ�VHFWLRQV��ZH�UHSRUW�RQ�WKH�UHVXOWV�RI�VHYHUDO�DQDO\VHV�SHUIRUPHG�RQ�SURGXFW�
SURFHVV��DQG�VDWLVIDFWLRQ�PHDVXUHV��:H�ILUVW�SUHVHQW�WKH�UHVXOWV�RI�WKH�IRUPDO�VWXG\��WKDW�LV�
WKH�UHVXOWV�REWDLQHG�IURP�D�JURXS·V�ILUVW�WKUHH�WDVNV��6HFRQG��ZH�SUHVHQW�SDUWLFLSDQWV·
SUHIHUHQFHV��7KLUG��ZH�GLVFXVV�UHVXOWV�RI�WKH�ZLWKLQ�SDUWLFLSDQWV�H[SORUDWRU\�VWXG\��)RXUWK�



7KH (IIHFWV RI :RUNVSDFH $ZDUHQHVV 6XSSRUW« ²��² *XWZLQ DQG *UHHQEHUJ

ZH�VXPPDUL]H�SDUWLFLSDQWV·�VWUDWHJ\�XVH��7KH�GDWD�XVHG�EHORZ�UHIOHFW�WKH�IDFW�WKDW�WZR�JURXSV
GLG�QRW�FRPSOHWH�WKH�VHFRQG�VHW�RI�WDVNV�GXH�WR�WLPH�UHVWULFWLRQV��DQG�WKDW�WZR�JURXSV�GLG
QRW�KDYH�WKHLU�FRQYHUVDWLRQ�UHFRUGHG�GXH�WR�WHFKQLFDO�SUREOHPV��:H�GR�QRW�EHOLHYH�WKDW�RXU
DQDO\VLV�RU�FRQFOXVLRQV�DUH�DIIHFWHG�E\�WKHVH�PLVVLQJ�GDWD�

����&RPSOHWLRQ�WLPH

&RPSOHWLRQ�WLPHV�ZHUH�UHFRUGHG�IRU�HDFK�WDVN��7LPHV�IRU�WDVNV�����DUH�VXPPDUL]HG�LQ�7DEOH
���DQG�VKRZQ�LQ�)LJXUH����HUURU�EDUV�LQGLFDWH�VWDQGDUG�GHYLDWLRQ���7DVNV�WRRN�SDUWLFLSDQWV
EHWZHHQ�DERXW�WZR�DQG�DERXW�HLJKW�PLQXWHV��IRU�)ROORZ�DQG�'LUHFW�WDVNV��WKH�DYHUDJH
FRPSOHWLRQ�WLPH�ZDV�OHVV�IRU�WKH�UDGDU�FRQGLWLRQ�WKDQ�IRU�WKH�RYHUYLHZ�FRQGLWLRQ�

7DVN 9LHZ 1 PD[ PLQ 0HDQ VG

)ROORZ�� 5DGDU �� ���� ���� ���� ����

2YHUYLHZ �� ���� ���� ���� ����

&RS\�� 5DGDU �� ���� ���� ���� ����

2YHUYLHZ �� ���� ���� ���� ����

'LUHFW�� 5DGDU �� ���� ���� ���� ����

2YHUYLHZ �� ���� ���� ���� ����

Table 8. Summary of completion times (in minutes) for tasks 1-3
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Figure 7. Mean completion times (in minutes) for tasks 1-3

:H�FRPSDUHG�WKH�LQGHSHQGHQW�YDULDEOHV�7DVN�DQG�9LHZ�XVLQJ�WZR�ZD\�DQDO\VLV�RI�YDULDQFH
�$129$���7KHUH�ZDV�DQ�LQWHUDFWLRQ�EHWZHHQ�7DVN�DQG�9LHZ��)� ��������S����������6LQFH
WKH�WKUHH�NLQGV�RI�WDVNV�ZHUH�TXLWH�GLIIHUHQW��DV�PHQWLRQHG�DERYH��GLIIHUHQFHV�EHWZHHQ�WDVN
W\SHV�ZHUH�H[SHFWHG�DQG�ZHUH�QRW�DQDO\]HG��7R�H[SORUH�WKH�HIIHFW�RI�9LHZ�LQ�WKH�LQWHUDFWLRQ�
SRVWKRF�FRPSDULVRQV�RI�UDGDU�DQG�RYHUYLHZ�FRPSOHWLRQ�WLPHV�ZHUH�FDUULHG�RXW�IRU�HDFK�WDVN
W\SH��2XU�H[SHFWDWLRQ�ZDV�WKDW�WKH�UDGDU�FRQGLWLRQ�ZRXOG�KDYH�ORZHU�FRPSOHWLRQ�WLPHV�
WKHUHIRUH��IRU�WKH�)ROORZ�DQG�'LUHFW�WDVNV�ZH�XVHG�RQH�WDLOHG�W�WHVWV��+RZHYHU��FRPSOHWLRQ
WLPHV�IRU�WKH�&RS\�WDVN�ZHUH�FRQWUDU\�WR�RXU�H[SHFWDWLRQ��DQG�VR�ZH�FRXOG�QRW�XVH�D�RQH�
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WDLOHG�WHVW��$V�D�IDOOEDFN�IRU�WKLV�WDVN��ZH�XVHG�D�WZR�WDLOHG�WHVW�LQVWHDG��$�%RQIHUURQL
FRUUHFWLRQ�ZDV�HPSOR\HG�WR�PDLQWDLQ�DOSKD�EHORZ�������WKHUHIRUH��RQO\�WKRVH�HIIHFWV�ZLWK�S
���������ZHUH�FRQVLGHUHG�VLJQLILFDQW��2I�WKH�WKUHH�WDVNV��GLIIHUHQFHV�LQ�)ROORZ�DQG�'LUHFW
ZHUH�VLJQLILFDQW��5HVXOWV�RI�WKH�SRVWKRF�FRPSDULVRQV�DUH�VXPPDUL]HG�LQ�7DEOH����7KH
SURSRUWLRQ�RI�YDULDQFH�DFFRXQWHG�IRU�E\�9LHZ�LV�LQGLFDWHG�E\�WKH�VTXDUHG�SRLQW�ELVHULDO
FRUUHODWLRQ�FRHIILFLHQW��U�SE���7KH�FRHIILFLHQW�LQGLFDWHV�WKDW�RQO\�DERXW�RQH�TXDUWHU�WR�RQH�
WKLUG�RI�WKH�YDULDQFH�LQ�WKH�VDPSOH�LV�DFFRXQWHG�IRU�E\�9LHZ�

7DVN�W\SH GI WDLOV W��REWDLQHG� S U�SE

)ROORZ�� �� � ���� �������� �����

&RS\�� �� � ������  ������

'LUHFW�� �� � ���� �������� �����

Table 9. Comparisons of completion times for tasks 1-3

����&RPPXQLFDWLRQ�HIILFLHQF\

9HUEDO�LQWHUDFWLRQ�LQ�WKH�ILUVW�WKUHH�WDVNV�ZDV�UHFRUGHG�DQG�WUDQVFULEHG��&RPPXQLFDWLRQ
HIILFLHQF\�ZDV�PHDVXUHG�E\�FRXQWLQJ�WKH�QXPEHU�RI�ZRUGV�LQ�D�SDUWLFXODU�FDWHJRU\��,Q�WKH
)ROORZ�DQG�'LUHFW�WDVNV��WKH�FDWHJRU\�LQFOXGHG�ZRUGV�VSRNHQ�WR�SURYLGH�GLUHFWLRQV��IRU
H[DPSOH��XWWHUDQFHV�WKDW�GHVFULEHG�ORFDWLRQV�RU�SURYLGHG�GLUHFWLRQV��)RU�WKH�&RS\�WDVN��WKH
FDWHJRU\�LQFOXGHG�ZRUGV�VSRNHQ�WR�HVWDEOLVK�ZKLFK�SLSH�VHFWLRQ�WKH�FRSLHU�ZDV�WR�VHOHFW�QH[W�
IRU�H[DPSOH��XWWHUDQFHV�LQGLFDWLQJ�RU�GHVFULELQJ�D�SLHFH�

7ZR�DVVLVWDQWV�HDFK�FRGHG�KDOI�RI�WKH�WUDQVFULSWV�DQG�FRXQWHG�WKH�ZRUGV�LQ�HDFK�FDWHJRU\�
2Q�D�WHVW�VHW�RI�IRXU�WUDQVFULSWV��LQWHU�UDWHU�DJUHHPHQW�EHWZHHQ�WKH�WZR�FRGHU·V�FRXQWV��XVLQJ
3HDUVRQ·V�U��ZDV�DERYH�����IRU�DOO�WKUHH�WDVNV��:RUG�FRXQWV�DUH�VXPPDUL]HG�LQ�7DEOH����
DQG�PHDQ�FRXQWV�DUH�LOOXVWUDWHG�LQ�)LJXUH����HUURU�EDUV�LQGLFDWH�VWDQGDUG�GHYLDWLRQ��

7DVN 9LHZ 1 PD[ PLQ 0HDQ VG

)ROORZ�� 5DGDU � ��� �� ����� �����

2YHUYLHZ �� ��� ��� ������ �����

&RS\�� 5DGDU � ��� � ������ �����

2YHUYLHZ �� ��� � ����� �����

'LUHFW�� 5DGDU � ��� ��� ������ �����

2YHUYLHZ �� ��� ��� ������ �����

Table 10. Summary of verbal efficiency (in number of words) for tasks 1-3
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Figure 8. Mean verbal efficiency (in number of words) for tasks 1-3

$QDO\VLV�RI�YDULDQFH�DJDLQ�VKRZHG�DQ�LQWHUDFWLRQ�EHWZHHQ�7DVN�DQG�9LHZ��)� ��������S��
�������7R�DVVHVV�WKH�HIIHFW�RI�9LHZ�RQ�YHUEDO�HIILFLHQF\��ZH�FRPSDUHG�UDGDU�DQG�RYHUYLHZ
FRQGLWLRQV�IRU�HDFK�WDVN�W\SH��:H�XVHG�RQH�WDLOHG�W�WHVWV�IRU�WKH�)ROORZ�DQG�'LUHFW�WDVNV�
DJDLQ��PHDQV�IRU�WKH�&RS\�WDVN�GLG�QRW�PHHW�P\�DVVXPSWLRQV�IRU�XVLQJ�RQH�WDLOHG�WHVWV��VR�D
WZR�WDLOHG�WHVW�ZDV�XVHG��7KH�WHVWV�VKRZHG�D�VLJQLILFDQW�GLIIHUHQFH�RQO\�IRU�WKH�)ROORZ�WDVN�
$�VXPPDU\�RI�WKH�FRPSDULVRQV�LV�VKRZQ�LQ�7DEOH����

7DVN�W\SH GI WDLOV W��REWDLQHG� S U�SE

)ROORZ�� �� � ���� �������� �����

&RS\�� �� � ����� �����

'LUHFW�� �� � ���� �����

Table 11. Comparisons of verbal efficiency for tasks 1-3

����3HUFHLYHG�HIIRUW

3HUFHSWLRQ�RI�HIIRUW�ZDV�PHDVXUHG�E\�D�UHSHDWHG�TXHVWLRQQDLUH�JLYHQ�DIWHU�HDFK�WDVN��7KH
TXHVWLRQQDLUH�ORRNHG�DW������RYHUDOO�GLIILFXOW\������HIIRUW�UHTXLUHG������FRQFHQWUDWLRQ�UHTXLUHG�
DQG�����GLIILFXOW\�GLVFXVVLQJ�WKH�WDVN��4XHVWLRQV�XVHG�ILYH�SRLQW�VFDOHV�ZLWK�VHPDQWLF�DQFKRUV
�VHH�7DEOH�����5HVSRQVHV�ZHUH�WUDQVODWHG�WR�LQWHUYDO�VFRUHV��XVLQJ���WR�UHSUHVHQW�OHDVW�HIIRUW
DQG���WR�UHSUHVHQW�PRVW�HIIRUW���7DEOH����VXPPDUL]HV�PHDQ�UHVSRQVHV�IRU�HDFK�TXHVWLRQ�LQ
HDFK�WDVN��DQG�)LJXUH���LOOXVWUDWHV�WKH�PHDQV��1RWH�WKDW�OLQHV�FRQQHFWLQJ�WKH�SRLQWV�DUH
LQWHQGHG�RQO\�WR�YLVXDOO\�GLIIHUHQWLDWH�WKH�WZR�FRQGLWLRQV��QRW�WR�LPSO\�FRQQHFWLRQV�EHWZHHQ
TXHVWLRQV�

:H�FRPSDUHG�UHVSRQVHV�IURP�UDGDU�DQG�RYHUYLHZ�FRQGLWLRQV�RQ�HDFK�TXHVWLRQ��$JDLQ��ZH
XVHG�RQH�WDLOHG�WHVWV�IRU�)ROORZ�DQG�'LUHFW�WDVNV��DJDLQ��PHDQV�IRU�WKH�&RS\�WDVN�GLG�QRW

������������������������������������������������

��&RQYHUWLQJ� FDWHJRULFDO� GDWD� WR� LQWHUYDO� VFRUHV�PLVUHSUHVHQWV� WKH� GDWD� WR� D� FHUWDLQ� GHJUHH�

KRZHYHU��χ��DQDO\VLV�ZDV�QRW�SRVVLEOH�RQ�WKH�GDWD�GXH�WR�ORZ�H[SHFWHG�YDOXHV�
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PDWFK�DVVXPSWLRQV�IRU�XVLQJ�RQH�WDLOHG�WHVWV��VR�WZR�WDLOHG�WHVWV�ZHUH�XVHG��$OSKD�RI�����
ZDV�GLYLGHG�EHWZHHQ�WKH����WHVWV��WKHUHIRUH��RQO\�UHVXOWV�ZKHUH�S����������ZHUH�FRQVLGHUHG
VLJQLILFDQW��1RQH�RI�WKH�FRPSDULVRQV�VKRZHG�VLJQLILFDQW�GLIIHUHQFHV��&RPSDULVRQV�DUH
VXPPDUL]HG�LQ�7DEOH����

7DVN� )ROORZ�� &RS\�� 'LUHFW��

4XHVWLRQ� � � � � � � � � � � � �

0HDQ 5DGDU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

2YHUYLHZ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

6' 5DGDU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

2YHUYLHZ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

Table 12. Summary of questionnaire responses, tasks 1-3

1. How difficult was it to complete this task?
2. How much effort did this task require?
3. How hard did you have to concentrate to do this task?
4. How difficult was it to discuss things during the task?
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Figure 9. Mean questionnaire responses for tasks 1-3

4XHVWLRQ )ROORZ�� &RS\�� 'LUHFW��

GI WDLOV S GI WDLOV S GI WDLOV S

� �� � ������ �� � ������ �� � ������

� �� � ������ �� � ������ �� � ������

� �� � ������ �� � ������ �� � ������

� �� � ������ �� � ������ �� � ������

Table 13. Comparisons of perceived-effort questions
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����3UHIHUHQFH

$IWHU�DOO�WDVNV�ZHUH�FRPSOHWHG�DQG�SDLUV�KDG�XVHG�ERWK�LQWHUIDFHV��SDUWLFLSDQWV�ZHUH�DVNHG
WKUHH�TXHVWLRQV�DERXW�ZKLFK�V\VWHP�WKH\�SUHIHUUHG��7KH�TXHVWLRQV�DVNHG�ZKLFK�V\VWHP�EHWWHU
VXSSRUWHG�FROODERUDWLYH�ZRUN��ZKLFK�V\VWHP�ZDV�HDVLHU�WR�XVH�IRU�JURXS�WDVNV��DQG�ZKLFK
V\VWHP�WKH�SDUWLFLSDQW�SUHIHUUHG�RYHUDOO��$OPRVW�DOO�RI�WKH�SDUWLFLSDQWV�ZKR�UHVSRQGHG�FKRVH
WKH�UDGDU�YLHZ��DV�VKRZQ�LQ�7DEOH����

:KLFK�V\VWHP� 5DGDU 2YHUYLHZ

���«EHWWHU�VXSSRUWHG�\RXU�FROODERUDWLRQ �� �

���«ZDV�HDVLHU�IRU�JURXS�ZRUN �� �

���«GLG�\RX�SUHIHU�RYHUDOO �� �

Table 14. Number of participants preferring each interface

:H�DQDO\]HG�WKHVH�UHVSRQVHV�XVLQJ�RQH�ZD\�χ��WHVWV��VXPPDUL]HG�LQ�7DEOH�����$JDLQ��DOSKD
ZDV�PDLQWDLQHG�DW�������1RW�VXUSULVLQJO\��WKH�QXPEHU�RI�SDUWLFLSDQWV�FKRRVLQJ�WKH�UDGDU
FRQGLWLRQ�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�H[SHFWHG�QXPEHU�IRU�HDFK�TXHVWLRQ�

χ� GI S

4XHVWLRQ�� ����� � S���������

4XHVWLRQ�� ����� � S���������

4XHVWLRQ�� ����� � S���������

Table 15. χ2 analysis of preference questions

����6WUDWHJ\�XVH

:H�DOVR�ORRNHG�DW�WKH�VWUDWHJLHV�WKDW�JURXSV�XVHG�WR�FDUU\�RXW�WKH�WDVNV�LQ�WKH�WZR�FRQGLWLRQV�
,Q�SDUWLFXODU��ZH�UHFRUGHG�WKH�VWUDWHJ\�XVHG�WR�LQGLFDWH�ORFDWLRQV��IRU�WKH�)ROORZ�DQG�'LUHFW
WDVNV��DQG�WR�LQGLFDWH�SLHFHV��IRU�WKH�&RS\�WDVN���:H�LGHQWLILHG�VWUDWHJLHV�VXEMHFWLYHO\�E\
ZDWFKLQJ�WKH�VHVVLRQ�YLGHRWDSHV��3HRSOH�XVHG�D�ZLGH�YDULHW\�RI�PHWKRGV��ERWK�YHUEDO�DQG
QRQYHUEDO��IRU�LQGLFDWLQJ�ORFDWLRQV�DQG�SLHFHV��7KH�VWUDWHJLHV�DUH�GHVFULEHG�EHORZ�LQ�7DEOH
���

7KHUH�ZHUH�VHYHUDO�GLIIHUHQFHV�LQ�VWUDWHJ\�XVH�EHWZHHQ�WKH�WZR�FRQGLWLRQV��GLIIHUHQFHV�WKDW
FDQ�EH�SDUWO\�DWWULEXWHG�WR�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�WKH�WZR�LQWHUIDFHV��6WUDWHJ\�XVH�LV
VXPPDUL]HG�LQ�7DEOH�����,Q�JHQHUDO��JURXSV�LQ�WKH�RYHUYLHZ�FRQGLWLRQ�XVHG�D�ZLGHU�UDQJH�RI
VWUDWHJLHV�WKDQ�JURXSV�LQ�WKH�UDGDU�FRQGLWLRQ��6WUDWHJLHV�WKDW�ZH�REVHUYHG�RQO\�LQ�WKH
RYHUYLHZ�FRQGLWLRQ�LQFOXGH�SLSH�WUDFLQJ��'LUHFW�WDVN����'�UHODWLYH�DQG�ZDLW��IROORZ�P\�
FXUVRU��PDS�FRRUGLQDWHV��DQG�PRYH�SLHFH�WR�VKRZ��)ROORZ�WDVN���7KH�RQO\�VWUDWHJ\�VHHQ
VROHO\�LQ�WKH�UDGDU�FRQGLWLRQ�ZDV�IROORZ�UHFWDQJOH��)ROORZ�WDVN���ZKLFK�LV�XQGHUVWDQGDEOH
VLQFH�WKH�RYHUYLHZ�GLG�QRW�SURYLGH�D�YLHZ�UHFWDQJOH�WR�IROORZ�
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6WUDWHJ\ 8VHG�LQ 'HVFULSWLRQ

5HODWLYH�WR�\RX )ROORZ�
'LUHFW

'LUHFWLRQV�EDVHG�RQ�WKH�RWKHU�SHUVRQ·V�FXUUHQW
ORFDWLRQ��H�J��´XS�DQG�OHIW�IURP�ZKHUH�\RX�DUHµ

'HVFULEH�ORFDWLRQ )ROORZ�
'LUHFW

$�GHVFULSWLRQ�RI�DQ�REMHFW�DW�WKH�ORFDWLRQ��H�J��´WKH
VTXLJJO\�ORRNLQJ�WKLQJµ

/HIW�ULJKW�WRS�ERWWRP )ROORZ�
'LUHFW

5RXJK�FRRUGLQDWH�V\VWHP�GLYLGLQJ�WKH�ZRUNVSDFH�LQWR
IRXU�EORFNV��H�J��´QH[W�RQH�LV�LQ�WKH�WRS�OHIW�FRUQHUµ

5HODWLYH�WR�SUHYLRXV )ROORZ�
'LUHFW

'LUHFWLRQV�EDVHG�RQ�D�SUHYLRXV�LGHQWLILHG�ORFDWLRQ��H�J�
´QHDU�ZKHUH�ZH�ZHUH�IRU�WKH�ODVW�RQHµ

0DS�FRRUGLQDWHV��[� )ROORZ�
'LUHFW

'LUHFWLRQV�EDVHG�RQ�D���E\���JULG��H�J��´JR�WR����µ

3LSH�WUDFLQJ 'LUHFW 'LUHFWLRQV�WR�IROORZ�D�OLQH�RI�SLSH��H�J��´IROORZ�WKLV
SLSH�DORQJ�WR�WKH�ULJKW��DQG�WKHQ�LW�JRHV�XSµ

)ROORZ�UHFWDQJOH )ROORZ 2QH�SHUVRQ�WUDFNV�WKH�RWKHU�E\�IROORZLQJ�WKHLU�YLHZ
UHFWDQJOH�LQ�WKH�UDGDU

5HODWLYH�WR�XV )ROORZ 'LUHFWLRQV�JLYHQ�ZKHQ�ERWK�SDUWLFLSDQWV�DUH�LQ�WKH
VDPH�SODFH��H�J��´QRZ�GRZQ�DQG�D�OLWWOH�WR�WKH�OHIW�IURP
KHUHµ

0RYH�SLHFH�WR�VKRZ )ROORZ 2QH�SHUVRQ�PRYHV�D�SLSH�VHFWLRQ�WR�LQGLFDWH�D�ORFDWLRQ
WKURXJK�WKH�UDGDU�RU�RYHUYLHZ

�'�UHODWLYH�DQG�ZDLW )ROORZ 'LUHFWLRQV�WR�PRYH�XS��GRZQ��OHIW��RU�ULJKW��DIWHU�ZKLFK
WKH�SHUVRQ�JLYLQJ�GLUHFWLRQV�ZDLWV�XQWLO�VXFFHVV�LV
HVWDEOLVKHG

)ROORZ�P\�FXUVRU )ROORZ 2QH�SHUVRQ�IROORZV�WKH�RWKHU·V�PDLQ�YLHZ�FXUVRU

'HVFULEH�SLHFH &RS\ $�GHVFULSWLRQ�RI�WKH�QH[W�SLHFH�WR�EH�XVHG��H�J��´LW·V�DQ
HOERZ�VHFWLRQ�ZLWK�D�PHGLXP�VWUDLJKW�RQ�WKH�HQGµ

6KRZ�E\�PRYH &RS\ 7KH�SLHFH�LV�PRYHG�EDFN�DQG�IRUWK�LQ�WKH�VWRUHKRXVH

6KRZ�E\�GUDJ &RS\ 7KH�SLHFH�LV�GUDJJHG�XS�WR�WKH�FRQVWUXFWLRQ�DUHD

6KRZ�E\�GURS &RS\ 7KH�SLHFH�LV�PRYHG�RXWVLGH�WKH�VWRUHKRXVH�DQG
GURSSHG

6KRZ�E\�SODFLQJ &RS\ 7KH�SLHFH�LV�PRYHG�WR�WKH�FRQVWUXFWLRQ�DUHD�DQG�SODFHG

Table 16. Strategies used for directing and indicating
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5DGDU�FRQGLWLRQ 2YHUYLHZ�FRQGLWLRQ

'LUHFW UHODWLYH�WR�\RX

GHVFULEH�ORFDWLRQ

OHIW�ULJKW�WRS�ERWWRP

UHODWLYH�WR�SUHYLRXV

OHIW�ULJKW�WRS�ERWWRP

GHVFULEH�ORFDWLRQ

UHODWLYH�WR�SUHYLRXV

UHODWLYH�WR�\RX

SLSH�WUDFLQJ

)ROORZ IROORZ�UHFWDQJOH

OHIW�ULJKW�WRS�ERWWRP

UHODWLYH�WR�XV

UHODWLYH�WR�SUHYLRXV

UHODWLYH�WR�\RX

GHVFULEH�ORFDWLRQ

OHIW�ULJKW�WRS�ERWWRP

GHVFULEH�ORFDWLRQ

PRYH�SLHFH�WR�VKRZ

UHODWLYH�WR�XV

UHODWLYH�WR�SUHYLRXV

�'�DQG�ZDLW

IROORZ�P\�FXUVRU

UHODWLYH�WR�\RX

PDS�FRRUGLQDWHV���[��

&RS\ VKRZ�E\�GUDJ

VKRZ�E\�PRYH

GHVFULEH�SLHFH

VKRZ�E\�GURS

GHVFULEH�SLHFH

VKRZ�E\�SODFLQJ

Table 17. Strategy use in the three test tasks

&HUWDLQ�VWUDWHJLHV�ZHUH�PRUH�FRPPRQ�LQ�UDGDU�JURXSV�EHFDXVH�WKH�UDGDU�PDGH�WKHP�HLWKHU
SRVVLEOH�RU�REYLRXV��,Q�WKH�'LUHFW�WDVN��UDGDU�JURXSV�XVHG�WKH�UHODWLYH�WR�\RX�VWUDWHJ\�IDU
PRUH�RIWHQ�WKDQ�RYHUYLHZ�JURXSV��2QH�UHDVRQ�IRU�WKLV�GLVSDULW\�LV�WKDW�WKH�UDGDU�VKRZV�WKH
RWKHU�SHUVRQ·V�ORFDWLRQ��DQG�WKH�RYHUYLHZ�GRHV�QRW��6LPLODUO\��UDGDU�JURXSV�LQ�WKH�)ROORZ�WDVN
GHSHQGHG�KHDYLO\�RQ�IROORZ�UHFWDQJOH��D�VWUDWHJ\�QRW�SRVVLEOH�LQ�WKH�RYHUYLHZ�FRQGLWLRQ��,Q
WKH�&RS\�WDVN��WKH�UDGDU�DQG�RYHUYLHZ�FRQGLWLRQV�XVHG�GLIIHUHQW�YDULDQWV�RI�WKH�´VKRZµ
VWUDWHJ\��UDGDU�JURXSV�SULPDULO\�XVHG�VKRZ�E\�GUDJ��ZKHUHDV�RYHUYLHZ�JURXSV�SULPDULO\�XVHG
VKRZ�E\�GURS��$JDLQ��WKH�GLIIHUHQFH�FDQ�EH�H[SODLQHG�E\�WKH�LQIRUPDWLRQ�GLIIHUHQFHV�LQ�WKH
WZR�PLQLDWXUHV��WKH�UDGDU�VKRZHG�FRQWLQXRXV�PRYHPHQW��ZKHUHDV�WKH�RYHUYLHZ�RQO\�VKRZHG
SRVLWLRQ�FKDQJHV�ZKHQ�DQ�REMHFW�ZDV�GURSSHG�

����:LWKLQ�SDUWLFLSDQWV�H[SORUDWRU\�UHVXOWV

&RPSOHWLRQ�WLPHV�DQG�TXHVWLRQQDLUH�UHVXOWV�ZHUH�DOVR�JDWKHUHG�IRU�WKH�VHFRQG�WULR�RI�WDVNV�
WKRVH�FRPSOHWHG�ZLWK�WKH�JURXS·V�DOWHUQDWH�LQWHUIDFH��7KHVH�PHDVXUHV�DOORZHG�XV�WR�FRQVLGHU
WKH�LVVXH�RI�ZKDW�KDSSHQV�ZKHQ�D�JURXS�PRYHV�IURP�RQH�YLHZ�W\SH�WR�DQRWKHU��:H�DVVXPHG
WKDW�DOO�JURXSV�ZRXOG�SHUIRUP�EHWWHU�LQ�WKH�VHFRQG�VHW�RI�WDVNV�EHFDXVH�RI�SUDFWLFH��EXW�ZH
ZRQGHUHG�ZKHWKHU�WKH�LPSURYHPHQW�ZRXOG�EH�JUHDWHU�ZKHQ�JRLQJ�IURP�WKH�UDGDU�YLHZ�WR
WKH�RYHUYLHZ��RU�ZKHQ�JRLQJ�IURP�WKH�RYHUYLHZ�WR�WKH�UDGDU�YLHZ��:H�FRQVLGHU�WKH
GLIIHUHQFHV�EHWZHHQ�ILUVW�DQG�VHFRQG�WULDOV�IRU�FRPSOHWLRQ�WLPH�DQG�SHUFHLYHG�HIIRUW��9HUEDO
UHFRUGV�ZHUH�QRW�WUDQVFULEHG�IRU�WKH�VHFRQG�VHW�RI�WDVNV��VR�GLIIHUHQFHV�LQ�FRPPXQLFDWLRQ
HIILFLHQF\�DUH�QRW�DQDO\]HG�
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7KHVH�UHVXOWV�DUH�H[SORUDWRU\�EHFDXVH�RI�D�SRWHQWLDO�FRQIRXQG�RI�WUDLQLQJ�HIIHFW��7KDW�LV�
ZLWKLQ�SDUWLFLSDQWV�GLIIHUHQFHV�FDQQRW�EH�DGHTXDWHO\�H[SODLQHG�LQ�WHUPV�RI�9LHZ��GXH�WR�WKH
FRQIRXQG�RI�WUDLQLQJ�HIIHFWV�IURP�WKH�ILUVW�LQWHUIDFH��7KHUHIRUH��WKHVH�UHVXOWV�DUH�XVHG�RQO\�DV
VXSSOHPHQWDU\�ILQGLQJV�

&RPSOHWLRQ�WLPH�GLIIHUHQWLDO

7KH�WLPH�GLIIHUHQFH�EHWZHHQ�D�JURXS·V�ILUVW�DQG�VHFRQG�DWWHPSWV�DW�D�SDUWLFXODU�WDVN�LQGLFDWHV
WKHLU�LPSURYHPHQW��DQG�ZH�H[SHFWHG�WKDW�JURXSV�ZRXOG�EH�IDVWHU�RQ�WKHLU�VHFRQG�DWWHPSW�
7DEOH����VXPPDUL]HV�WKH�GLIIHUHQFHV�EHWZHHQ�D�JURXS·V�ILUVW�DQG�VHFRQG�DWWHPSWV�DW�HDFK
WDVN��)LJXUH����LOOXVWUDWHV�WKHVH�FKDQJHV�

)RU�JURXSV�WKDW�VWDUWHG�ZLWK�WKH�RYHUYLHZ�DQG�WKHQ�PRYHG�WR�WKH�UDGDU�YLHZ��WKH�UHVXOWV�ZHUH
DV�ZH�H[SHFWHG��IRU�HDFK�WDVN�W\SH��JURXSV�ZHUH�IDVWHU�LQ�WKH�VHFRQG�DWWHPSW��XVLQJ�WKH�UDGDU
YLHZ���+RZHYHU��ZKHQ�JURXSV�VWDUWHG�LQ�WKH�UDGDU�FRQGLWLRQ�DQG�WKHQ�XVHG�WKH�RYHUYLHZ�
RQO\�WKH�&RS\�WDVN�ZDV�IDVWHU�LQ�WKH�VHFRQG�DWWHPSW��7KH�)ROORZ�DQG�'LUHFW�WDVNV�ZHUH�ERWK
VORZHU�ZLWK�WKH�RYHUYLHZ��)ROORZ�E\�DERXW�D�PLQXWH��DQG�'LUHFW�E\�DERXW�KDOI�D�PLQXWH�

7DVN 9LHZ�RUGHU 1 PD[ PLQ 0HDQ VG

)ROORZ 5DGDU�WKHQ�RYHUYLHZ �� ���� ����� ���� ����

2YHUYLHZ�WKHQ�UDGDU � ���� ����� ����� ����

&RS\ 5DGDU�WKHQ�RYHUYLHZ � ���� ����� ����� ����

2YHUYLHZ�WKHQ�UDGDU � ����� ����� ����� ����

'LUHFW 5DGDU�WKHQ�RYHUYLHZ � ���� ����� ���� ����

2YHUYLHZ�WKHQ�UDGDU � ����� ����� ����� ����

Table 18. Summary of completion times differentials (in minutes)
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Figure 10. Mean changes in completion time from first to second attempts at a task.

3HUFHLYHG�HIIRUW�GLIIHUHQWLDO

$�VLPLODU�DQDO\VLV�ZDV�GRQH�ZLWK�TXHVWLRQQDLUH�UHVSRQVHV��7KH�GLIIHUHQFH�EHWZHHQ�D
SDUWLFLSDQW·V�ILUVW�DQG�VHFRQG�UHVSRQVHV�WR�WKH�TXHVWLRQQDLUH�LQGLFDWHG�ZKHWKHU�WKH\�WKRXJKW
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WKH�VHFRQG�WDVN�ZDV�HDVLHU�RU�KDUGHU�WKDQ�WKH�ILUVW��'LIIHUHQWLDOV�ZHUH�FDOFXODWHG�E\
VXEWUDFWLQJ�WKH�ILUVW�UHVSRQVH�IURP�WKH�VHFRQG��7DEOH����VXPPDUL]HV�WKH�PHDQ�GLIIHUHQWLDOV
IRU�HDFK�TXHVWLRQQDLUH�TXHVWLRQ�

7DVN )ROORZ &RS\ 'LUHFW

4XHVWLRQ � � � � � � � � � � � �

0HDQ 5DGDU�WKHQ
RYHUYLHZ

���� ���� ���� ���� ���� ���� ���� ����� ���� ���� ���� ����

2YHUYLHZ
WKHQ�UDGDU

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6' 5DGDU�WKHQ
RYHUYLHZ

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

2YHUYLHZ
WKHQ�UDGDU

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

Table 19. Mean questionnaire differentials

)LJXUH����LOOXVWUDWHV�WKHVH�GLIIHUHQWLDOV�LQ�SHUFHLYHG�HIIRUW��,Q�WKH�ILJXUH��SRLQWV�EHORZ�WKH
]HUR�OLQH�LQGLFDWH�WKDW�WKH�VHFRQG�WDVN�ZDV�SHUFHLYHG�WR�EH�HDVLHU�WKDQ�WKH�ILUVW��DQG�SRLQWV
DERYH�WKH�OLQH�WKDW�WKH�VHFRQG�WDVN�ZDV�SHUFHLYHG�WR�EH�KDUGHU��$JDLQ��WKH�OLQHV�LQ�WKH�ILJXUH
DUH�LQWHQGHG�RQO\�WR�YLVXDOO\�VHSDUDWH�WKH�WZR�GDWD�VHWV�

:H�DVVXPHG�WKDW�DV�JURXSV�EHFDPH�PRUH�H[SHULHQFHG�DW�HDFK�WDVN��WKH\�ZRXOG�FRQVLGHU�LW�WR
UHTXLUH�OHVV�HIIRUW��7KLV�ZDV�WKH�FDVH�ZKHQ�JURXSV�XVHG�WKH�RYHUYLHZ�ILUVW�DQG�WKH�UDGDU
VHFRQG��WKH\�IHOW�WKDW�WKH�VHFRQG�WDVN�ZDV�HDVLHU��+RZHYHU��ZKHQ�JURXSV�XVHG�WKH�UDGDU�DQG
WKHQ�WKH�RYHUYLHZ��WKH\�IHOW�WKDW�WKH�VHFRQG�WDVN�ZDV�PRUH�GLIILFXOW�WKDQ�WKH�ILUVW�
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Figure 11. Perceived effort differentials between first and second attempts at a task.
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����6XPPDU\�RI�UHVXOWV

$�YDULHW\�RI�UHVXOWV�ZHUH�REWDLQHG��VRPH�VKRZLQJ�LPSURYHPHQW�ZKHQ�WKHUH�ZDV�DGGLWLRQDO
DZDUHQHVV�LQIRUPDWLRQ��DQG�VRPH�VKRZLQJ�QR�GLIIHUHQFH�EHWZHHQ�WKH�WZR�GLVSOD\V��:KHQ
XVLQJ�WKH�UDGDU�YLHZ��JURXSV�ILQLVKHG�WKH�)ROORZ�DQG�'LUHFW�WDVNV�VLJQLILFDQWO\�IDVWHU��DQG
XVHG�VLJQLILFDQWO\�IHZHU�ZRUGV�LQ�WKH�)ROORZ�WDVN��7KH�ZLWKLQ�SDUWLFLSDQWV�PHDVXUHV�DSSHDU
WR�UHLQIRUFH�WKHVH�ILQGLQJV��DQG�SDUWLFLSDQWV�RYHUZKHOPLQJO\�SUHIHUUHG�WKH�UDGDU�YLHZ�ZKHQ
WKH\�KDG�VHHQ�ERWK�LQWHUIDFHV��+RZHYHU��QR�GLIIHUHQFHV�ZHUH�IRXQG�LQ�SHUFHLYHG�HIIRUW�IRU
DQ\�RI�WKH�WDVNV��DQG�QR�GLIIHUHQFHV�ZHUH�IRXQG�RQ�DQ\�PHDVXUH�IRU�WKH�&RS\�WDVN��,Q
DGGLWLRQ��VWUDWHJ\�XVH�GLIIHUHG�LQ�VHYHUDO�ZD\V�EHWZHHQ�WKH�FRQGLWLRQV�

���'LVFXVVLRQ

7KH�WZR�YHUVLRQV�RI�WKH�LQWHUIDFH�GLIIHUHG�RQO\�LQ�WKDW�WKH�UDGDU�YLHZ�SURYLGHG�YLVXDO
LQGLFDWLRQV�RI�WKH�RWKHU�SHUVRQ·V�ORFDWLRQ��WKH�ORFDWLRQ�RI�WKHLU�FXUVRU��DQG�WKH�PRWLRQ�RI
REMHFWV�WKDW�WKH\�PRYHG��7KH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKHVH�WZR�YHU\�VLPLODU
LQWHUIDFHV�FOHDUO\�VXJJHVWV�WKDW�WKH�DGGLWLRQDO�DZDUHQHVV�LQIRUPDWLRQ�KHOSHG�SHRSOH�FRPSOHWH
VRPH�WDVNV�PRUH�TXLFNO\�DQG�PRUH�HIILFLHQWO\��:H�LQWHUSUHW�DQG�H[SODLQ�WKHVH�ILQGLQJV�EHORZ�
)LUVW��ZH�FRQVLGHU�WZR�UHDVRQV�ZK\�WKH�DGGLWLRQV�WR�WKH�UDGDU�YLHZ�ZHUH�VXFFHVVIXO��WKDW�WKH\
DOORZ�YLVXDO�FRPPXQLFDWLRQ��DQG�WKDW�WKH\�SURYLGH�FRQWLQXRXV�IHHGEDFN�DQG�IHHGWKURXJK�
6HFRQG��ZH�H[DPLQH�WKH�PHDVXUHV�RI�SHUFHLYHG�HIIRUW��DQG�FRQVLGHU�ZK\�WKH�&RS\�WDVN�ZDV
QRW�DIIHFWHG�E\�WKH�YLHZ�W\SH�

����9LVXDO�YV��YHUEDO�FRPPXQLFDWLRQ

7KH�UDGDU�FRQGLWLRQ�SURYLGHG�YLVXDO�LQGLFDWLRQ�RI�WKH�RWKHU�SHUVRQ·V�ORFDWLRQ�DQG�DFWLYLW\�E\
VKRZLQJ�YLHZ�UHFWDQJOHV�DQG�WHOHSRLQWHUV��7KLV�LQIRUPDWLRQ�KHOSHG�SHRSOH�FRPSOHWH�WKH
)ROORZ�DQG�'LUHFW�WDVNV�PRUH�TXLFNO\��2QH�ZD\�WKDW�YLVXDO�LQIRUPDWLRQ�DLGHG�WKH�WDVN�ZDV�E\
DOORZLQJ�SHRSOH�WR�XVH�VWUDWHJLHV�WKDW�ZHUH�EHWWHU�VXLWHG�WR�WKH�WDVN�DQG�WKHUHIRUH�PRUH
HIIHFWLYH�

9LVXDO�LQIRUPDWLRQ�DQG�VWUDWHJ\�LQ�WKH�)ROORZ�WDVN

,Q�WKH�)ROORZ�WDVN��WKH�MRLQHU��WKH�SHUVRQ�ZLWK�WKH�PDS��KDG�WKH�MRE�RI�FRPPXQLFDWLQJ�WHQ
VXFFHVVLYH�ZRUNVSDFH�ORFDWLRQV�WR�WKH�ZHOGHU��ZKR�KDG�QR�PDS���:KHQ�JURXSV�XVHG�WKH
RYHUYLHZ�V\VWHP��WKH�MRLQHU�KDG�WR�FRQYH\�WKLV�LQIRUPDWLRQ�YHUEDOO\��-RLQHUV�XVHG�D�ZLGH
YDULHW\�RI�WHFKQLTXHV�IRU�LQGLFDWLQJ�ORFDWLRQV��DQG�ZHUH�JHQHUDOO\�DGHSW�DW�FKRRVLQJ�D
WHFKQLTXH�WKDW�ZRXOG�EHVW�GHVFULEH�ZKHUH�WKH�ZHOGHU�VKRXOG�JR�QH[W��7KH\�RIWHQ�EHJDQ�ZLWK
JHQHUDO�GLUHFWLRQV��H�J��OHIW�ULJKW�WRS�ERWWRP�RU�UHODWLYH�WR�SUHYLRXV�VWUDWHJLHV���DQG�WKHQ�JDYH
PRUH�VSHFLILF�LQGLFDWLRQ�XVLQJ�WKH�GHVFULEH�VWUDWHJ\��,Q�PDQ\�FDVHV��KRZHYHU��WKH�ORFDWLRQV
ZHUH�QRW�HDV\�WR�LQGLFDWH�XVLQJ�DQ\�RI�WKH�VWUDWHJLHV���)RU�H[DPSOH��ZKHQ�WKH��QH[W�ORFDWLRQ
ZDV�QRW�REYLRXVO\�LQ�D�FRUQHU�RI�WKH�ZRUNVSDFH��DQG�QRW�LQ�DQ�REYLRXV�GLUHFW�OLQH�IURP�WKH
FXUUHQW�SRVLWLRQ��WKHQ�QHLWKHU�RI�OHIW�ULJKW�WRS�ERWWRP�RU�UHODWLYH�WR�KHUH�ZHUH�DSSURSULDWH�
,Q�WKHVH�VLWXDWLRQV��WKH�MRLQHU�KDG�WR�UHO\�PRUH�KHDYLO\�RQ�GHVFULELQJ�WKH�ORFDWLRQ��DQG�KDG�WR
EH�PRUH�FDUHIXO�LQ�SODQQLQJ�DQG�GHOLYHULQJ�KHU�XWWHUDQFHV��2IWHQ��WKHLU�GHVFULSWLRQV�EHFDPH
IDLUO\�FRPSOLFDWHG�
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-� 7KH�VHFRQG�ZHOG�LV�QHDU�WKH�ERWWRP�LQ�WKH�PLGGOH�VHFWLRQ��WKHUH·V�WZR�SLHFHV�RI�SLSH�
RN�� WKHUH·V� WZR� ORQJHU�SLHFHV�RI�SLSH��RN�� WKHUH·V��XPP��ULJKW� LQ� WKH�PLGGOH�� ULJKW�RQ
WRS�RI�WKH�ORZHUPRVW�SLHFH�RI�SLSH��LQ�WKH�PLGGOH�WKHUH��WKHUH·V�WZR�ZHOGV�WKDW�QHHG�WR
EH�GRQH�

:� 8K��RN«

7KH�MRLQHU·V�YHUEDO�LQVWUXFWLRQV�KDG�WR�EH�LQWHUSUHWHG�E\�WKH�ZHOGHU��DQG�WKLV�SURFHVV�WRRN
WLPH��,Q�DGGLWLRQ��WKH�MRLQHU�ZRXOG�VRPHWLPHV�KDYH�WR�SURYLGH�PRUH�WKDQ�RQH�URXQG�RI
GHVFULSWLRQ�EHIRUH�WKH�ZHOGHU�IRXQG�WKH�FRUUHFW�ORFDWLRQ��,Q�RWKHU�FDVHV��WKH�SUREOHP�ZDV
QRW�LQFRUUHFW�LQWHUSUHWDWLRQ��EXW�LQFRUUHFW�GLUHFWLRQ�

-� 6L[�LV�XK��GRZQ��WR�WKH�ULJKW«�-�PRYHV�WR�WKH�OHIW�VLGH�RI�WKH�ZRUNVSDFH!
:� �PRYHV�GRZQ�DQG�ULJKW!
-� 8P��WKH�YHU\�HGJH��WKHUH·V�RQH�VWLFNLQJ�GRZQ�ZKLFK�LV�QRW�ZHOGHG
:� �ORRNLQJ�IRU�SLHFH!
-� 8K��DW�WKH�ERWWRP"
-� 6HH�WKDW"
:� 1R
-� 8K��RK��,�PHDQ��VRUU\��WR�WKH�OHIW��VRUU\
:� 2K��RN��PRYHV�OHIW!

7KH�UDGDU�YLHZ��LQ�FRQWUDVW��DOORZHG�SHRSOH�WR�XVH�D�PXFK�PRUH�HIIHFWLYH�VWUDWHJ\��7KH
IROORZ�UHFWDQJOH�VWUDWHJ\�PHDQW�WKDW�WKH�ZHOGHU�FRXOG�ILQG�WKH�ULJKW�ORFDWLRQ�VLPSO\�E\
IROORZLQJ�WKH�MRLQHU·V�YLHZ�UHFWDQJOH��7KH�YLVXDO�LQGLFDWLRQ�RI�WKH�MRLQHU·V�ORFDWLRQ
WUDQVIRUPHG�WKH�WDVN�IURP�D�VHULHV�RI�FRPSOLFDWHG�YHUEDO�H[FKDQJHV�WR�D�UHODWLYHO\�VLPSOH
SHUFHSWXDO�WDVN�RI�DOLJQLQJ�UHFWDQJOHV�RQ�WKH�VFUHHQ��7KH�IROORZ�UHFWDQJOH�VWUDWHJ\�SURYLGHV
VSHFLILF�DQG�DFFXUDWH�LQIRUPDWLRQ�DERXW�ZKHUH�WR�JR��UHJDUGOHVV�RI�ZKHUH�WKH�QH[W�ORFDWLRQ�LV
LQ�WKH�ZRUNVSDFH��,Q�DGGLWLRQ��LW�DOORZV�WKH�MRLQHU�WR�FRPPXQLFDWH�VLPSO\�E\�JRLQJ�DERXW
WKHLU�MRE��WKH\�QHHG�QRW�VSHQG�H[WUD�WLPH�WKLQNLQJ�DERXW�KRZ�WR�EHVW�LQGLFDWH�WKH�ORFDWLRQ�

7KH�RYHUYLHZ�FRQGLWLRQ�GLG�LQ�IDFW�DOORZ�D�OLPLWHG�NLQG�RI�YLVXDO�FRPPXQLFDWLRQ��EXW�LW�ZDV
QRW�DV�REYLRXV�DV�WKH�IROORZ�UHFWDQJOH�VWUDWHJ\��DQG�LW�ZDV�QRW�XVHG�YHU\�RIWHQ��,Q�WKH�VKRZ�
E\�PRYH�VWUDWHJ\��WKH�MRLQHU�ZRXOG�QDYLJDWH�WR�WKH�QH[W�ORFDWLRQ��DQG�WKHQ�PRYH�D�SLSH
VHFWLRQ�EDFN�DQG�IRUWK��NQRZLQJ�WKDW�HDFK�PRYH�ZRXOG�VKRZ�XS�RQ�WKH�ZHOGHU·V�RYHUYLHZ�
$OWKRXJK�WKLV�VWUDWHJ\�FRXOG�SURYLGH�D�JRRG�LQGLFDWLRQ�RI�ORFDWLRQ��LW�FRXOG�QRW�EH�XVHG
FRQVLVWHQWO\�EHFDXVH�WKHUH�ZDV�QRW�DOZD\V�D�FRQYHQLHQW�VHFWLRQ�RI�SLSH�WR�PRYH�EDFN�DQG
IRUWK��,Q�SDUWLFXODU��ZKHUH�DOO�WKH�SLSH�VHFWLRQV�LQ�WKH�DUHD�ZHUH�FRQQHFWHG�LQWR�ODUJH
VWUXFWXUHV��PRYLQJ�D�VWUXFWXUH�ZRXOG�QRW�SURYLGH�DQ�DFFXUDWH�LQGLFDWLRQ�RI�WKH�MRLQHU·V
ORFDWLRQ�

7KH�WUDQVIRUPDWLRQ�RI�WKH�WDVN�IURP�D�YHUEDO�WR�D�YLVXDO�DFWLYLW\�DOVR�H[SODLQV�ZK\�JURXSV
XVHG�VLJQLILFDQWO\�IHZHU�ZRUGV�LQ�WKH�)ROORZ�WDVN�ZKHQ�WKH\�XVHG�WKH�UDGDU�YLHZ��*URXSV
XVLQJ�WKH�IROORZ�UHFWDQJOH�VWUDWHJ\�KDG�WKH�QHFHVVDU\�ORFDWLRQ�LQIRUPDWLRQ�DYDLODEOH�LQ�WKH
UDGDU��DQG�VR�WKH\�GLG�QRW�QHHG�WR�FRPPXQLFDWH�ORFDWLRQV�YHUEDOO\��,Q�WKH�DXGLR�UHFRUG��WKH
IROORZ�UHFWDQJOH�VWUDWHJ\�LV�FKDUDFWHUL]HG�E\�IHZ�ZRUGV��DQG�DOPRVW�QRQH�RI�WKH�FRPSOLFDWHG
DQG�OHQJWK\�GHVFULSWLRQV�VHHQ�LQ�WKH�RYHUYLHZ�FRQGLWLRQ��+RZHYHU��WKH�UDGDU�FRQGLWLRQ�ZDV
QHYHU�FRPSOHWHO\�VLOHQW��,Q�SDUWLFXODU��MRLQHUV�ZRXOG�RIWHQ�PDNH�JHQHUDO�VWDWHPHQWV�DERXW�WKH
ORFDWLRQ�RI�WKH�QH[W�ZHOG�

-� RN��ZH·UH�JRLQJ�RYHU�WR�WKH�OHIW«WKDW·V�JHWWLQJ�ZHOGHG
-� 2.��QRZ��ZD\�RYHU�KHUH«RN��WKDW�QHHGV�WR�EH�ZHOGHG
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-� 2.��DQG�MXVW�RYHU�OHIW��VDPH�KHLJKW��ZHOG�WKLV�WRJHWKHU«

6LQFH�WKHVH�GLUHFWLRQV�DUH�WRR�XQVSHFLILF�WR�IXOO\�LQGLFDWH�D�ORFDWLRQ��WKH�MRLQHUV�PXVW�KDYH
EHHQ�SURYLGLQJ�JHQHUDO�GLUHFWLRQV�EXW�OHDYLQJ�WKH�VSHFLILFV�XS�WR�WKH�UDGDU��,Q�D�IHZ�FDVHV�
ZKHQ�WKH�MRLQHU·V�GLUHFWLRQV�EHFDPH�PRUH�VSHFLILF��ZHOGHUV�ZRXOG�UHPLQG�WKHP�WKDW�VSHFLILF
GLUHFWLRQV�ZHUH�XQQHFHVVDU\�VLQFH�WKH�UDGDU�YLHZ�SURYLGHG�WKH�UHTXLUHG�LQIRUPDWLRQ�

9LVXDO�LQIRUPDWLRQ�DQG�VWUDWHJ\�LQ�WKH�'LUHFW�WDVN

7KH�'LUHFW�WDVN�DOVR�DVNHG�RQH�SHUVRQ��WKH�GLUHFWRU��WR�FRPPXQLFDWH�D�VHULHV�RI�VXFFHVVLYH
ZRUNVSDFH�ORFDWLRQV�WR�WKH�RWKHU�SHUVRQ��WKH�DFWRU���$JDLQ��WKH�GLUHFWRU�KDG�D�ZRUNVSDFH
PDS��DQG�WKH�DFWRU�KDG�QR�PDS��,Q�WKLV�WDVN��WKH�GLUHFWRU�ZDV�QRW�DOORZHG�WR�PRYH�DURXQG�LQ
WKH�ZRUNVSDFH��VR�UDGDU�XVHUV�FRXOG�QRW�HPSOR\�WKH�IROORZ�UHFWDQJOH�VWUDWHJ\��+RZHYHU��HYHQ
WKRXJK�WKH�GLUHFWRU�LQ�ERWK�FRQGLWLRQV�KDG�WR�LQGLFDWH�ORFDWLRQV�YHUEDOO\��WKH�LQIRUPDWLRQ�LQ
WKH�UDGDU�YLHZ�DOORZHG�WKHP�WR�XVH�PRUH�HIIHFWLYH�VWUDWHJLHV�

$V�LQ�WKH�)ROORZ�WDVN��ZRUNVSDFH�ORFDWLRQV�ZHUH�QRW�SDUWLFXODUO\�HDV\�WR�GHVFULEH��'LUHFWRUV
LQ�WKH�RYHUYLHZ�FRQGLWLRQ�XVHG�VHYHUDO�WHFKQLTXHV�WR�LQGLFDWH�ORFDWLRQV��EXW�VWLOO�KDG�VRPH
GLIILFXOW\�LQ�LQGLFDWLQJ�WKH�ULJKW�SODFH�WR�WKH�DFWRU��HYHQ�WKRXJK�WKH�DFWRU�FRXOG�GURS�D�SLHFH
WR�VKRZ�WKHLU�ORFDWLRQ�

'��1H[W��,�QHHG�D�VPDOO�SLHFH��IURP�WKH�ERWWRP�OHIW
$��RN��JHWV�SLHFH!
'��DQG�\RX�ZDQW�LW�ULJKW�LQ�WKH�FHQWUH��LQ�WKDW�RSHQ�VSDFH��WKHUH·V�D�OLWWOH�SLSH�WKDW�VWLFNV�RXW
$��FHQWUH�LQ�WKH�RSHQ�VSDFH«
'��LQ�WKH�WRS«\RX�VHH�RQH�OLWWOH�SLSH�WKDW�VWLFNV�RXW��RQ�WKH�OHIW"
$��RN��,·P�KHUH���GURSV�SLHFH!�:KHUH�GR�\RX�ZDQW�PH�WR�JR"
'��RN��XK��XS��WR�JR�WR�WKH�WRS
$��WKH�WRS�ULJKW�FRUQHU�RU�WKH�WRS�OHIW�FRUQHU"
'��WRS�OHIW�
$��KHUH"��GURSV�SLHFH!
'��\HDK��1RZ�JR�H[DFWO\�ULJKW��IURP�WKHUH��$QG�\RX�VHH��WKHUH·V�D�7��ZLWK�D�SLSH��VWUDLJKW"
$��7KHUH"
'��,�FDQ·W�VHH�ZKHUH�\RX�DUH�

'LUHFWRUV�LQ�WKH�UDGDU�FRQGLWLRQ�XVHG�PDQ\�RI�WKH�VDPH�VWUDWHJLHV�IRU�LQGLFDWLQJ�WKH�QH[W
ORFDWLRQ��H�J��GHVFULEH�ORFDWLRQ��OHIW�ULJKW�WRS�ERWWRP��UHODWLYH�WR�SUHYLRXV��DV�VHHQ�LQ�WKH
RYHUYLHZ�FRQGLWLRQ��+RZHYHU��ZKHQ�WKHVH�VWUDWHJLHV�IDLOHG��ORFDWLRQ�LQIRUPDWLRQ�LQ�WKH�UDGDU
YLHZ�JDYH�GLUHFWRUV�D�IDOOEDFN�VWUDWHJ\�WKDW�ZRUNHG�ZHOO�HYHQ�ZKHQ�ORFDWLRQV�ZHUH�GLIILFXOW�WR
GHVFULEH��6LQFH�GLUHFWRUV�FRXOG�VHH�H[DFWO\�ZKHUH�WKH�DFWRU·V�YLHZ�UHFWDQJOH�DQG�WHOHSRLQWHU
ZHUH��WKH\�FRXOG�SURYLGH�UHODWLYH�GLUHFWLRQV��JR�XS��JR�GRZQ��JR�OHIW��JR�ULJKW��EDVHG�RQ�WKH
DFWRU·V�FXUUHQW�ORFDWLRQ��5HODWLYH�GLUHFWLRQV�DUH�VLPSOH�WR�FRQVWUXFW��DQG�DUH�PXFK�OHVV�SURQH
WR�PLVLQWHUSUHWDWLRQ��)RU�H[DPSOH�

�'� RN��PRYH�WR�WKH� OHIW�� VWRS��VWRS��0RYH�XS��PRYH�VWUDLJKW�XS��PRYH�VWUDLJKW�XS��VWRS�
*R�D�OLWWOH�ELW�WR�WKH�OHIW��VWRS��VWRS��2N��QRZ�\RX�VHH�WKHUH�DUH�WZR�7�VHFWLRQV«

7KH�UHODWLYH�WR�\RX�VWUDWHJ\�ZDV�QRW�JHQHUDOO\�WKH�ILUVW�VWUDWHJ\�FKRVHQ�E\�D�GLUHFWRU��EXW�LW
ZDV�RIWHQ�WKH�RQH�WKDW�WKH\�XVHG�ZKHQ�WKH\�UDQ�LQWR�GLIILFXOW\��,Q�RQH�VHVVLRQ��WKH�GLUHFWRU
VWDUWHG�WR�GHVFULEH�WKH�ORFDWLRQ��EXW�DIWHU�PDNLQJ�D�IHZ�DWWHPSWV��UHVRUWHG�WR�UHODWLYH
GLUHFWLRQV�
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'��2ND\�� QXPEHU� ILYH�� ,I� \RX� ORRN� DW«WKHUH·V� VRPH� SLSHV� WR� WKH«ZKHUH�� WKH\·UH� NLQG
RI«XP«

'��*R�GRZQ��FRQWLQXHV�ZLWK�UHODWLYH�GLUHFWLRQV!

7KH�GLIIHUHQFH�EHWZHHQ�GHVFULSWLYH�RU�UHODWLYH�GLUHFWLRQV�FDQ�DOVR�SDUWO\�H[SODLQ�ZK\�WKH
UDGDU�GLG�QRW�OHDG�WR�IHZHU�ZRUGV�VSRNHQ�LQ�WKH�'LUHFW�WDVN��(YHQ�WKRXJK�WKHVH�WZR�PHWKRGV
RI�JLYLQJ�GLUHFWLRQV�GLIIHU�JUHDWO\��QRWKLQJ�DERXW�JLYLQJ�UHODWLYH�GLUHFWLRQV�LPSOLHV�WKDW�IHZHU
ZRUGV�ZLOO�EH�QHHGHG��)RU�H[DPSOH��WKH�ILUVW�RI�WKH�WZR�XWWHUDQFHV��'���EHORZ�PLJKW�EH
KDUGHU�WR�SODQ�DQG�WR�XQGHUVWDQG��EXW�ERWK�XWWHUDQFHV�FRQWDLQ�WKH�VDPH�QXPEHU�RI�ZRUGV��,W
PD\�EH�WKDW�ZRUG�FRXQWV�DUH�DQ�LQVXIILFLHQW�PHDVXUH�RI�YHUEDO�HIILFLHQF\��DQG�WKDW�RWKHU
PHWULFV�OLNH�XWWHUDQFH�OHQJWK�RU�YRFDEXODU\�VL]H�PD\�KDYH�EHHQ�PRUH�DSSURSULDWH�

'��RN��QHDU�WKH�YHU\�ERWWRP�\RX·OO�QRWLFH�WKDW�WKHUH·V�D�YHUWLFDO�OLQH�ULJKW�LQ�WKH�PLGGOH�LQ
WKH�ERWWRP�RI�WKH�SLSHOLQH��RN�WKHUH�LV�D�7��D�7��XQGHU�WKDW�FRUQHU�SLHFH«

'��RN��PRYH�WR�WKH� OHIW�� VWRS��VWRS��0RYH�XS��PRYH�VWUDLJKW�XS��PRYH�VWUDLJKW�XS��VWRS�
*R�D�OLWWOH�ELW�WR�WKH�OHIW��VWRS��VWRS��2N��QRZ�\RX�VHH�WKHUH�DUH�WZR�7�VHFWLRQV«

,Q�VXPPDU\��WKH�ORFDWLRQ�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKH�UDGDU�YLHZ�DOORZHG�SHRSOH�WR
FRPPXQLFDWH�UHTXLUHG�LQIRUPDWLRQ�YLVXDOO\�LQ�WKH�)ROORZ�DQG�'LUHFW�WDVNV��7KH�YLVXDO
LQIRUPDWLRQ�DOORZHG�GLIIHUHQW�VWUDWHJLHV�IRU�FDUU\LQJ�RXW�WKH�WDVNV��DQG�DOORZHG�VLPSOLILFDWLRQ
RI�YHUEDO�XWWHUDQFHV��,Q�WKH�)ROORZ�WDVN��WKH�YLHZ�UHFWDQJOH�ZDV�RI�SULPDU\�LPSRUWDQFH�LQ
KHOSLQJ�SHRSOH�FRPSOHWH�WKH�WDVN�PRUH�TXLFNO\��LQ�WKH�'LUHFW�WDVN��ERWK�WKH�YLHZ�UHFWDQJOH
DQG�WKH�WHOHSRLQWHU�ZHUH�LPSRUWDQW��7KLV�GLIIHUHQFH�FDQ�EH�DVFULEHG�WR�WKH�IDFW�WKDW�SDLUV�LQ
WKH�)ROORZ�WDVN�FRXOG�XVH�WKHLU�PDLQ�YLHZ�WR�QHJRWLDWH�ORFDO�GLUHFWLRQV��DQG�VR�WKH�UDGDU�YLHZ
ZDV�PRVW�XVHIXO�LQ�DOLJQLQJ�YLHZV��,Q�FRQWUDVW��GLUHFWRUV�LQ�WKH�'LUHFW�WDVN�FRXOG�RQO\�JDWKHU
LQIRUPDWLRQ�DERXW�WKHLU�SDUWQHU�WKURXJK�WKH�PLQLDWXUH��DQG�VR�KDG�WR�SURYLGH�ERWK�ODUJH�
VFDOH�DQG�VPDOO�VFDOH�GLUHFWLRQV�XVLQJ�WKH�PLQLDWXUH�

����&RQWLQXRXV�IHHGEDFN�DQG�IHHGWKURXJK

7KH�UDGDU�YLHZ�SURYLGHG�FRQWLQXRXV�IHHGEDFN�DERXW�ORFDWLRQ�DQG�SLHFH�SRVLWLRQ��IHHGEDFN
WKDW�DOORZHG�JURXSV�WR�FRPSOHWH�WKH�)ROORZ�DQG�'LUHFW�WDVNV�PRUH�TXLFNO\��,Q�SDUWLFXODU��WKLV
IHHGEDFN�JDYH�SHRSOH�YLVXDO�HYLGHQFH�RI�XQGHUVWDQGLQJ��%UHQQDQ��������ZKLFK�ZDV�PRUH
HIIHFWLYH�DQG�OHVV�HUURU�SURQH�WKDQ�YHUEDO�HYLGHQFH�

,Q�WKH�'LUHFW�WDVN��WKH�GLUHFWRU�JXLGHV�WKH�DFWRU·V�PRYHPHQW�E\�JLYLQJ�KHU�DQ�LQVWUXFWLRQ�
:LWK�HDFK�LQVWUXFWLRQ��WKH�GLUHFWRU�UHTXLUHV�HYLGHQFH�WKDW�KH�KDV�VXFFHHGHG�LQ�FRQYH\LQJ�WKH
FRUUHFW�PHDQLQJ�WR�WKH�DFWRU��DQG�WKDW�WKH�DFWRU�KDV�VXFFHVVIXOO\�PRYHG�ZKHUH�VKH�LV
VXSSRVHG�WR�JR��,Q�DGGLWLRQ��WKH�GLUHFWRU�RIWHQ�FDQQRW�JLYH�WKH�QH[W�LQVWUXFWLRQ�XQWLO�KH
NQRZV�WKDW�WKH�DFWRU�KDV�VXFFHVVIXOO\�FRPSOHWHG�WKH�FXUUHQW�RQH��7KH�LQIRUPDWLRQ
GLIIHUHQFHV�EHWZHHQ�WKH�UDGDU�YLHZ�DQG�WKH�RYHUYLHZ�SURYLGHG�GLUHFWRUV�ZLWK�GLIIHUHQW�NLQGV
RI�HYLGHQFH��DQG�DIIRUGHG�GLIIHUHQW�PHDQV�IRU�HVWDEOLVKLQJ�WKDW�LQVWUXFWLRQV�KDYH�EHHQ
XQGHUVWRRG�DQG�FDUULHG�RXW�

7KH�RYHUYLHZ�OHWV�WKH�DFWRU�JLYH�HYLGHQFH�LQ�WZR�ZD\V��YHUEDO�DFNQRZOHGJPHQW��H�J��´RN��,·P
WKHUHµ��RU�WKH�´KHUH�,�DPµ�VWUDWHJ\�RI�GURSSLQJ�DQ�REMHFW�WR�LQGLFDWH�WKHLU�ORFDWLRQ��H�J��´RN�
FDQ�\RX�VHH�P\�SLHFH"µ���,Q�ERWK�RI�WKHVH�PHWKRGV��WKH�HYLGHQFH�LV�JLYHQ�DW�WKH�HQG�RI�DQ
DFWLRQ��WKDW�LV��WKH�GLUHFWRU�JLYHV�WKH�LQVWUXFWLRQ��DQG�WKH�DFWRU�FDUULHV�LW�RXW�WR�WKH�EHVW�RI
WKHLU�DELOLW\�EHIRUH�DFNQRZOHGJLQJ��7KH�SUREOHP�ZLWK�WKLV�IRUP�RI�LQWHUDFWLRQ�LV�WKDW�WKH
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GLUHFWRU�PD\�JLYH�SRRU�GHVFULSWLRQV�DQG�WKH�DFWRU�PD\�JR�WKH�ZURQJ�ZD\��3URYLGLQJ�HYLGHQFH
RQO\�DW�WKH�HQG�RI�WKH�DFWLRQ�PHDQV�WKDW�WLPH�LV�ZDVWHG�ZKHQ�WKH�DFWRU�PDNHV�D�PLVWDNH�

'� «JR�XS�WR�WKDW�SDUW�WKDW·V�MHWWLQJ�DFURVV�WKH�PLGGOH«
$� �PRYHV!
$� �GURSV�SLHFH!�WKLV�SDUW�ULJKW�KHUH"
'� 8K��RQ�WKH�OHIW�VLGH�DFWXDOO\��RQ�WKH�OHIW�VLGH«

,Q�DGGLWLRQ��ERWK�WKH�YHUEDO�DQG�WKH�´KHUH�,�DPµ�PHWKRGV�RI�DFNQRZOHGJPHQW�KDYH�RWKHU
GUDZEDFNV��,I�WKH�DFWRU�EHOLHYHV�WKDW�WKH\�KDYH�IROORZHG�WKH�LQVWUXFWLRQ�FRUUHFWO\��EXW�UHDOO\
KDYHQ·W��WKH\�ZLOO�PLVOHDG�WKH�GLUHFWRU�ZLWK�WKHLU�DFNQRZOHGJPHQW��7KH�GLUHFWRU�KDV�OLWWOH
FKDQFH�WR�GHWHFW�WKH�HUURU��DQG�VR�PD\�FRQWLQXH��SLOLQJ�HUURU�XSRQ�HUURU��7KH�´KHUH�,�DPµ
VWUDWHJ\�DW�OHDVW�JLYHV�WKH�GLUHFWRU�FRQFUHWH�LQIRUPDWLRQ�DERXW�WKH�DFWRU·V�ORFDWLRQ��EXW�WKLV
LQIRUPDWLRQ�FDQ�EH�RXW�RI�GDWH��$FWRUV�ZRXOG�RIWHQ�GURS�REMHFWV��WKHQ�SLFN�WKHP�XS�DQG
NHHS�PRYLQJ��7KH�GLUHFWRU��KRZHYHU��VDZ�RQO\�WKH�RXW�RI�GDWH�SLFWXUH�RI�WKH�GURSSHG�SLHFH�
,I�WKH\�DVVXPHG�WKDW�WKH�ORFDWLRQ�RI�WKH�SLHFH�ZDV�DOVR�WKH�ORFDWLRQ�RI�WKH�DFWRU��HUURUV�FRXOG
HQVXH�

7KH�DZDUHQHVV�LQIRUPDWLRQ�LQ�WKH�UDGDU�SURYLGHG�GLIIHUHQW�NLQGV�RI�HYLGHQFH��9HUEDO
DFNQRZOHGJPHQW�ZDV�VWLOO�SRVVLEOH��EXW�WKH�UDGDU�DOVR�VKRZHG�XS�WR�WKH�PRPHQW�REMHFW
PRYHPHQW�DQG�YLHZSRUW�ORFDWLRQ��,Q�WKH�'LUHFW�WDVN��WKHVH�UHSUHVHQWDWLRQV�FRXOG�EH�XVHG�DV
LPPHGLDWH�YLVXDO�HYLGHQFH�RI�WKH�DFWRU·V�XQGHUVWDQGLQJ�DQG�LQWHQWLRQV��,I�WKH�DFWRU�VWDUWHG
PRYLQJ�WKH�ZURQJ�ZD\��WKH�GLUHFWRU�ZRXOG�VHH�WKH�PLVXQGHUVWDQGLQJ�LPPHGLDWHO\�

'� RN��MXVW�DERYH�ZKHUH�\RX�ZHUH�ZRUNLQJ�EHIRUH«
$�� �EHJLQV�PRYLQJ!
'� RK��QRW�WRR�IDU«\HS��ULJKW«QRSH��XS��XS��XS��KLJKHU��\HDK��ULJKW�WKHUH�

7KH�DYDLODELOLW\�RI�FRQWLQXRXV�HYLGHQFH�DOVR�PDGH�LW�SRVVLEOH�IRU�SHRSOH�WR�JLYH�FRQWLQXRXV
LQVWUXFWLRQV��7KLV�LV�D�VWUDWHJ\�ZLWK�IDU�IHZHU�YHUEDO�WXUQV��DQG�ZKHUH�WKH�DFWRU�DFNQRZOHGJHV
LPSOLFLWO\�WKURXJK�WKHLU�DFWLRQV��&ODUN��������VXPPDUL]HV�WKH�GLIIHUHQFH�EHWZHHQ�YHUEDO�DQG
YLVXDO�DFNQRZOHGJPHQW�IRU�RQ�JRLQJ�´LQVWDOOPHQWµ�XWWHUDQFHV�OLNH�LQVWUXFWLRQV��´LQ
LQVWDOOPHQW�XWWHUDQFHV��VSHDNHUV�VHHN�DFNQRZOHGJPHQWV�RI�XQGHUVWDQGLQJ��H�J��¶\HDK·��DIWHU
HDFK�LQVWDOOPHQW�DQG�IRUPXODWH�WKH�QH[W�LQVWDOOPHQW�FRQWLQJHQW�RQ�WKDW�DFNQRZOHGJPHQW�
:LWK�YLVXDO�HYLGHQFH��>WKH�VSHDNHU@�JHWV�FRQILUPDWLRQ�RU�GLVFRQILUPDWLRQ�ZKLOH�KH�LV
SURGXFLQJ�WKH�FXUUHQW�LQVWDOOPHQWµ��S�������

,Q�VXPPDU\��HYLGHQFH�RI�XQGHUVWDQGLQJ�DQG�DFWLRQ�LQ�WKH�UDGDU�ZDV�DFFXUDWH��HDV\�WR�JHW��DQG
WLPHO\��7KH�GLUHFWRU�ZDV�DEOH�WR�GHWHUPLQH�PRUH�TXLFNO\�ZKHWKHU�WKH�LQVWUXFWLRQ�ZDV�JRLQJ
WR�VXFFHHG��DQG�FRXOG�UHGXFH�WKH�FRVW�RI�HUURUV�

����3HUFHLYHG�HIIRUW

0HDVXUHV�RI�SHUFHLYHG�HIIRUW�LQ�WKH�EHWZHHQ�SDUWLFLSDQWV�DQDO\VLV�VKRZHG�QR�GLIIHUHQFHV
EHWZHHQ�WKH�WZR�FRQGLWLRQV�IRU�DQ\�WDVN��7KLV�UXQV�FRQWUDU\�WR�ERWK�P\�H[SHFWDWLRQV�DQG�P\
REVHUYDWLRQV��:H�REVHUYHG�JURXSV�KDYLQJ�PRUH�GLIILFXOW\�GLVFXVVLQJ�WKH�WDVN��DQG�PDNLQJ
PRUH�HUURUV��ZKHQ�WKH\�XVHG�WKH�RYHUYLHZ��,W�LV�SRVVLEOH�WKDW�WKH�TXHVWLRQQDLUH�ZDV�D�SRRU
PHDVXUH�RI�HIIRUW��7KH�PDLQ�SUREOHP�ZDV�WKDW�SHRSOH�KDG�QRWKLQJ�WR�FRPSDUH�WKHLU
H[SHULHQFH�WR��DQG�PD\�KDYH�EHHQ�XQDEOH�WR�DFFXUDWHO\�LQGLFDWH�WKHLU�HIIRUW�RQ�WKH�VFDOHV
JLYHQ��7KLV�SUREOHP�VHHPV�PRUH�OLNHO\�FRQVLGHULQJ�WKDW�RQFH�SDUWLFLSDQWV�KDG�VHHQ�ERWK
LQWHUIDFHV��TXHVWLRQQDLUH�UHVSRQVHV�VKRZHG�JUHDWHU�GLIIHUHQFHV��VHH�)LJXUH�����,Q�DGGLWLRQ��WKH



7KH (IIHFWV RI :RUNVSDFH $ZDUHQHVV 6XSSRUW« ²��² *XWZLQ DQG *UHHQEHUJ

RYHUZKHOPLQJ�SUHIHUHQFH�IRU�WKH�LQWHUIDFH�ZLWK�WKH�DGGHG�DZDUHQHVV�LQIRUPDWLRQ��VHH�7DEOH
���DOVR�VXJJHVWV�WKDW�WKHUH�ZHUH�UHDO�GLIIHUHQFHV�LQ�WKH�H[SHULHQFH�RI�XVLQJ�WKH�V\VWHP��EXW
WKDW�WKH�HIIRUW�PHDVXUHV�ZHUH�LQVHQVLWLYH�WR�WKHVH�GLIIHUHQFHV�

����([SODLQLQJ�WKH�FRS\�WDVN

,Q�WKH�&RS\�WDVN��WKH�WZR�SDUWLFLSDQWV�EXLOG�WZR�LGHQWLFDO�VWUXFWXUHV�IURP�WZR�VWRFNSLOHV�
7KH�OHDGHU�KDG�D�SDSHU�SLFWXUH�RI�ZKDW�ZDV�WR�EH�EXLOW��DQG�KDG�WR�LQGLFDWH�HDFK�VXFFHVVLYH
SLSH�VHFWLRQ�WR�WKH�FRSLHU��ZKR�KDG�QR�SLFWXUH��7KH�&RS\�WDVN�VKRZHG�QR�HIIHFWV�RI�9LHZ�RQ
DQ\�PHDVXUH��7KHUH�DUH�VHYHUDO�UHDVRQV�ZK\�WKH�DGGLWLRQDO�DZDUHQHVV�LQIRUPDWLRQ�GLG�QRW
LPSURYH�SHUIRUPDQFH�RU�HIILFLHQF\��DQG�WKH�PRVW�LPSRUWDQW�RI�WKHVH�DJDLQ�FRQFHUQV�VWUDWHJ\�
7KH�VWUDWHJ\�WKDW�D�JURXS�FKRVH�IRU�WKH�&RS\�WDVN�KDG�D�ODUJH�LPSDFW�RQ�WKHLU�FRPSOHWLRQ
WLPH�DQG�WKHLU�YHUEDO�HIILFLHQF\��UHJDUGOHVV�RI�ZKLFK�LQWHUIDFH�WKH\�XVHG��3DUWLFLSDQWV�W\SLFDOO\
XVHG�RQH�RI�WZR�VWUDWHJLHV�WR�LQGLFDWH�WKH�QH[W�SLHFH�WR�WKHLU�SDUWQHUV��WKH\�FRXOG�GHVFULEH�WKH
SLHFH�YHUEDOO\��GHVFULEH�SLHFH���RU�WKH\�FRXOG�VKRZ�LW�WR�WKHP�WKURXJK�WKH�UDGDU�RU�RYHUYLHZ
�VKRZ�E\�GUDJ�RU�VKRZ�E\�GURS���'HVFULELQJ�SLHFHV�ZDV�FHUWDLQO\�WKH�ZRUGLHU�VWUDWHJ\�DQG
ZDV�DOVR�VORZHU�

2QH�XQGHUO\LQJ�UHDVRQ�IRU�WKH�ODFN�RI�GLIIHUHQFH�LV�WKDW�WKHUH�ZHUH�HTXLYDOHQW�VWUDWHJLHV�LQ
ERWK�WKH�UDGDU�DQG�RYHUYLHZ�FRQGLWLRQV��7KH�VKRZ�E\�GUDJ�DQG�VKRZ�E\�GURS�VWUDWHJLHV
SURYLGH�DOPRVW�WKH�VDPH�LQIRUPDWLRQ�WR�WKH�SHUVRQ�GRLQJ�WKH�FRS\LQJ��+RZHYHU��VLQFH
VKRZ�E\�GURS�LV�D�OHVV�REYLRXV�VWUDWHJ\�WKDQ�VKRZ�E\�GUDJ��ZH�KDG�H[SHFWHG�GHVFULEH
VWUDWHJLHV�WR�EH�PRUH�SUHYDOHQW�LQ�WKH�RYHUYLHZ�FRQGLWLRQ��+RZHYHU��WKLV�ZDV�QRW�WKH�FDVH�
(YHQ�WKRXJK�WKH�UDGDU�YLHZ�DOORZHG�SHRSOH�WR�SRLQW�RXW�SLHFHV�TXLWH�HDVLO\��WKH�YLGHR�UHFRUG
VXJJHVWV�WKDW�PRUH�JURXSV�XVHG�WKH�GHVFULEH�SLHFH�VWUDWHJ\�LQ�WKH�UDGDU�FRQGLWLRQ�WKDQ�LQ�WKH
RYHUYLHZ�FRQGLWLRQ��,Q�D�IHZ�FDVHV��FKRRVLQJ�WR�GHVFULEH�UDWKHU�WKDQ�VKRZ�SLHFHV�VHHPHG�WR
EH�WKH�UHVXOW�RI�LQH[SHULHQFH��GXULQJ�RQH�VHVVLRQ��WKH�OHDGHU�VDLG�´RK�ULJKW³,�NHHS�IRUJHWWLQJ
WKDW�ZH�FDQ�ERWK�VHH�WKH�VDPH�UDGDU�YLHZ�µ�ZKHUHXSRQ�VKH�VZLWFKHG�IURP�D�GHVFULEH�WR�D
VKRZ�VWUDWHJ\�

7KH�FRPELQDWLRQ�RI�DQ�HTXLYDOHQW�VWUDWHJ\�LQ�WKH�RYHUYLHZ�FRQGLWLRQ�DQG�D�JUHDWHU�XVH�RI
GHVFULSWLRQ�LQ�WKH�UDGDU�FRQGLWLRQ�DFFRXQW�IRU�WKH�ODFN�RI�VSHHG�RU�HIILFLHQF\�GLIIHUHQFHV
EHWZHHQ�WKH�WZR�FRQGLWLRQV�IRU�WKH�&RS\�WDVN��+RZHYHU��LW�LV�QRWHZRUWK\�WKDW�ZKLOH�WKH
DGGLWLRQ�RI�DZDUHQHVV�LQIRUPDWLRQ�GLG�QRW�LPSURYH�WKH�WDVN��QHLWKHU�GLG�LW�VLJQLILFDQWO\
LPSDLU�SHRSOH·V�SHUIRUPDQFH�

���/HVVRQV�IRU�JURXSZDUH�GHVLJQHUV

7KHUH�DUH�VHYHUDO�OHVVRQV�WKDW�JURXSZDUH�GHVLJQHUV�FDQ�WDNH�IURP�WKLV�VWXG\��)LUVW��WKH
ILQGLQJV�UHLWHUDWH�WKH�YDOXH�RI�ZRUNVSDFH�PLQLDWXUHV��DV�VXJJHVWHG�E\�RXU�SUHYLRXV�VWXG\
�*XWZLQ�DQG�*UHHQEHUJ��������,Q�WKH�SUHVHQW�H[SHULPHQW��ZH�UHJXODUO\�REVHUYHG�SHRSOH
XVLQJ�ERWK�WKH�UDGDU�DQG�WKH�RYHUYLHZ�WR�RULHQW�WKHPVHOYHV�LQ�WKH�ZRUNVSDFH��WR�QDYLJDWH��WR
NHHS�WUDFN�RI�WKH�FXUUHQW�JOREDO�VWDWH�RI�WKH�DFWLYLW\��DQG�WR�FDUU\�RXW�LQGLYLGXDO�ZRUN�WKDW�GLG
QRW�ILW�LQVLGH�WKH�PDLQ�YLHZ��$OO�VKDUHG�ZRUNVSDFH�JURXSZDUH�V\VWHPV�ZLOO�EHQHILW�IURP�D
ZRUNVSDFH�PLQLDWXUH�

6HFRQG��WKH�PDLQ�ILQGLQJ�RI�WKH�VWXG\�LV�WKDW�DGGLQJ�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�WR�WKH
PLQLDWXUH³YLVXDO�LQGLFDWLRQV�RI�YLHZSRUW�ORFDWLRQ��FXUVRU�PRYHPHQW��DQG�REMHFW
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PRYHPHQW³FDQ�VLJQLILFDQWO\�LPSURYH�VSHHG��HIILFLHQF\��DQG�VDWLVIDFWLRQ��7KHVH�DZDUHQHVV
FRPSRQHQWV�VKRXOG�EH�LQFOXGHG�LQ�VKDUHG�ZRUNVSDFH�DSSOLFDWLRQV�

7KH� WDVNV�ZH� H[DPLQHG� DUH� FRPPRQ� WR�PDQ\� NLQGV� RI� FROODERUDWLRQ�� DQG�ZH�EHOLHYH� WKDW
VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�ZLOO�DOVR�EHQHILW�PRUH�UHDOLVWLF�WDVNV��6SHFLILFDOO\�� LQ�WDVNV
ZKHUH� LQIRUPDWLRQ� DERXW� ORFDWLRQV� DQG� DFWLYLWLHV� LV� XVHG�� DQG� ZKHUH� WKDW� LQIRUPDWLRQ� LV
GLIILFXOW�WR�SURYLGH�YHUEDOO\��WKH�UDGDU�YLHZ�ZLOO�KDYH�D�SRVLWLYH�HIIHFW��+RZHYHU��WKH�VL]H�RI
WKH�HIIHFW�RQ�UHDO�ZRUOG�WDVNV�GHSHQGV�XSRQ�ZKDW�SRUWLRQ�RI�WKH�WDVN�FDQ�EHQHILW�IURP�YLVXDO
LQIRUPDWLRQ�DQG�FRQWLQXRXV�IHHGEDFN��,Q�)ROORZ�DQG�'LUHFW��WKH�UDGDU�FRQGLWLRQ�ZDV�IDVWHU
E\�DERXW������D�VXEVWDQWLDO�PDUJLQ��+RZHYHU��WKHVH�FRQWUROOHG�WDVNV�FRQVWUDLQHG�WKH�DFWLYLW\�
0RUH�UHDOLVWLF�WDVNV�ZLOO�OLNHO\�LQFOXGH�D�PL[�RI�GLIIHUHQW�DFWLYLWLHV��VRPH�WKDW�ZLOO�EHQHILW�IURP
WKH� DZDUHQHVV� LQIRUPDWLRQ�� DQG� VRPH� WKDW�ZLOO� QRW��$OWKRXJK� WKH� LQIRUPDWLRQ�ZLOO� VWLOO� EH
XVHIXO�IRU�SDUW�RI�WKH�WDVN��GLIIHUHQFHV�ZLOO�EH�KDUGHU�WR�PHDVXUH�

7KLUG��WKH�H[SHULHQFH�RI�WKH�&RS\�WDVN�SURYLGHV�D�FDXWLRQDU\�QRWH��DQG�VXJJHVWV�WKDW�WKH
EHQHILWV�RI�WKH�UDGDU�YLHZ�GR�QRW�DXWRPDWLFDOO\�LPSURYH�SHUIRUPDQFH��3RWHQWLDO
LPSURYHPHQWV�DUH�GHSHQGHQW�XSRQ�WKH�LQIRUPDWLRQ�UHTXLUHPHQWV�RI�WKH�DFWLYLW\�DQG�RQ�WKH
ZD\V�WKDW�JURXSV�FKRRVH�WR�FDUU\�RXW�WKH�WDVN��'HVLJQHUV�VKRXOG�FDUHIXOO\�FRQVLGHU�ZKDW
LQIRUPDWLRQ�LV�DYDLODEOH�DQG�FRQVLGHU�WKH�VWUDWHJLHV�WKDW�ZLOO�EH�XVHG�WR�FDUU\�RXW�WKH�WDVN�

���&RQFOXVLRQ

,Q�WKLV�UHVHDUFK��ZH�H[DPLQHG�WKH�K\SRWKHVLV�WKDW�LQWHUIDFH�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV
FDQ�LPSURYH�JURXSZDUH�XVDELOLW\��:H�FDUULHG�RXW�DQ�H[SHULPHQW�WR�ORRN�DW�WKH�HIIHFWV�RI
VKRZLQJ�YLHZSRUWV��FXUVRUV��DQG�REMHFW�PRWLRQ�LQ�D�ZRUNVSDFH�PLQLDWXUH��)RU�WDVNV�WKDW�XVH
LQIRUPDWLRQ�DERXW�ORFDWLRQ�DQG�DFWLYLW\��DQG�ZKHUH�FRQVWUXFWLQJ�YHUEDO�GHVFULSWLRQV�LV
GLIILFXOW��WKH�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�LQ�WKH�UDGDU�FDQ�UHGXFH�FRPSOHWLRQ�WLPH�
LPSURYH�FRPPXQLFDWLYH�HIILFLHQF\��DQG�LQFUHDVH�VDWLVIDFWLRQ��7KH�LPSURYHPHQWV�LQ�VSHHG
DQG�YHUEDO�HIILFLHQF\�FDQ�EH�H[SODLQHG�LQ�WHUPV�RI�YLVXDO�FRPPXQLFDWLRQ�DQG�FRQWLQXRXV
IHHGEDFN��9LVXDO�LQIRUPDWLRQ�DERXW�ORFDWLRQ�DOORZV�JURXSV�WR�XVH�PRUH�HIIHFWLYH�DQG�PRUH
UREXVW�VWUDWHJLHV�IRU�FDUU\LQJ�RXW�WKH�)ROORZ�DQG�'LUHFW�WDVNV��&RQWLQXRXV�IHHGEDFN�RQ
SHRSOH·V�PRYHPHQW�WKURXJK�WKH�ZRUNVSDFH�DOORZV�SHRSOH�WR�UHFRJQL]H�DQG�FRUUHFW
QDYLJDWLRQDO�HUURUV�TXLFNO\��7KH�VWXG\�DGGV�TXDQWLWDWLYH�HYLGHQFH�WR�WKH�TXDOLWDWLYH�ILQGLQJV
RI�WKH�SULRU�VWXG\��*XWZLQ��*UHHQEHUJ��DQG�5RVHPDQ��������DQG�EHJLQV�WR�SXW�LQWXLWLRQV
DERXW�DZDUHQHVV�RQWR�DQ�HPSLULFDO�IRRWLQJ�

2XU�IXUWKHU�UHVHDUFK�LQ�WKLV�DUHD�ZLOO�PRYH�LQ�WZR�GLUHFWLRQV��)LUVW��ZH�ZLOO�FRQWLQXH�ZRUN�RQ
TXDQWLWDWLYH�HYDOXDWLRQV�RI�JURXSZDUH�XVDELOLW\��6RPH�RI�WKH�TXHVWLRQV�WKDW�ZH�ZHUH�XQDEOH
WR�H[SORUH�LQ�WKLV�H[SHULPHQW�LQFOXGH�WKH�HIIHFWV�RI�DZDUHQHVV�VXSSRUW�LQ�RWKHU�NLQGV�RI�WDVNV
VXFK�DV�RUJDQL]DWLRQ�RU�FUHDWLRQ��DQG�KRZ�ZHOO�WKH�UDGDU�YLHZ�ZRUNV�ZKHQ�WKHUH�DUH�PRUH
WKDQ�WZR�SHRSOH�LQ�WKH�JURXS��6HFRQG��ZH�ZDQW�WR�ORRN�PRUH�FORVHO\�DW�WKH�OLQNV�EHWZHHQ
VKDUHG�ZRUNVSDFHV��FRPPXQLFDWLRQ��DQG�FROODERUDWLYH�LQWHUDFWLRQ��:RUN�LQ�WKLV�GLUHFWLRQ�ZLOO
ORRN�PRUH�FDUHIXOO\�DW�QDWXUDOLVWLF�VLWXDWLRQV�DQG�XVH�PHWKRGV�OLNH�FRQYHUVDWLRQ�DQDO\VLV�DQG
LQWHUDFWLRQ�DQDO\VLV��H�J��6XFKPDQ�DQG�7ULJJ��������:H�EHOLHYH�WKDW�WKH�FRQQHFWLRQ�EHWZHHQ
FRPPXQLFDWLRQ�DQG�WKH�HQYLURQPHQW�FDQ�WHOO�XV�D�JUHDW�GHDO�DERXW�JURXSZDUH�XVDELOLW\�DQG
DERXW�WKH�LQIRUPDWLRQ�UHTXLUHPHQWV�RI�WKH�QH[W�JHQHUDWLRQ�RI�JURXSZDUH�V\VWHPV�
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$FNQRZOHGJPHQWV

7KLV�UHVHDUFK�LV�VXSSRUWHG�LQ�SDUW�E\�WKH�1DWXUDO�6FLHQFHV�DQG�(QJLQHHULQJ�5HVHDUFK�&RXQFLO
RI�&DQDGD��DQG�E\�,QWHO�&RUSRUDWLRQ��7KDQNV�WR�0DUN�5RVHPDQ��-DVH�&KXJK��.ULVWD
0F,QWRVK��DQG�-HII�&DLUG�IRU�GLVFXVVLRQV�DERXW�DQG�DVVLVWDQFH�ZLWK�WKH�V\VWHP��WKH�VWXG\�
DQG�WKH�DQDO\VLV�

6RIWZDUH

*URXS.LW�DQG�WKH�SLSHOLQH�V\VWHP�XVHG�LQ�WKH�VWXG\�DUH�IUHHO\�DYDLODEOH�DW�
ZZZ�FSVF�XFDOJDU\�FD�SURMHFWV�JURXSODE

5HIHUHQFHV

%DHFNHU�� 5�� �������� 5HDGLQJV� LQ� *URXSZDUH� DQG� &RPSXWHU�6XSSRUWHG� &RRSHUDWLYH� :RUN�� 0RUJDQ
.DXIPDQQ��6DQ�0DWHR��&$�������

%HGHUVRQ��%���DQG�+ROODQ��-����������3DG����$�=RRPLQJ�*UDSKLFDO�,QWHUIDFH�IRU�([SORULQJ
$OWHUQDWH�,QWHUIDFH�3K\VLFV��3URFHHGLQJV�RI� WKH�$&0�6\PSRVLXP�RQ�8VHU�,QWHUIDFH�6RIWZDUH
DQG�7HFKQRORJ\��������������

%UHQQDQ��6����������6HHNLQJ�DQG�3URYLGLQJ�(YLGHQFH�IRU�0XWXDO�8QGHUVWDQGLQJ��8QSXEOLVKHG�3K�'�
WKHVLV��6WDQIRUG�8QLYHUVLW\��6WDQIRUG��&$�������

&KDSDQLV��$�� �������� ,QWHUDFWLYH�+XPDQ�&RPPXQLFDWLRQ�� 6FLHQWLILF�$PHULFDQ�� ����� ������ ���
���

&ODUN��+����������8VLQJ�/DQJXDJH��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�������

'RXULVK�� 3��� DQG� %HOORWWL�� 9�� �������� $ZDUHQHVV� DQG� &RRUGLQDWLRQ� LQ� 6KDUHG�:RUNVSDFHV�
3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��7RURQWR������������
����

*DYHU�� :�� �������� 6RXQG� 6XSSRUW� IRU� &ROODERUDWLRQ�� 3URFHHGLQJV� RI� WKH� 6HFRQG� (XURSHDQ
&RQIHUHQFH�RQ�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN����������������

*UHHQEHUJ�� 6�� �������� &RPSXWHU�6XSSRUWHG� &RRSHUDWLYH� :RUN� DQG� *URXSZDUH�� $FDGHPLF� 3UHVV�
/RQGRQ�������

*UXGLQ��-����������*URXSZDUH�DQG�&RRSHUDWLYH�:RUN��3UREOHPV�DQG�3URVSHFWV��LQ�7KH�$UW�RI
+XPDQ�&RPSXWHU�,QWHUIDFH�'HVLJQ��%��/DXUHO�HG���$GGLVRQ�:HVOH\��5HDGLQJ��0DVV��������
��������

*XWZLQ��&����������:RUNVSDFH�$ZDUHQHVV�LQ�5HDO�7LPH�'LVWULEXWHG�*URXSZDUH��8QSXEOLVKHG�3K�'�
GLVVHUWDWLRQ�� 8QLYHUVLW\� RI� &DOJDU\�� &DOJDU\�� $%�� ������ $YDLODEOH� IURP�
ZZZ�FV�XVDVN�FD�IDFXOW\�JXWZLQ�SXEOLFDWLRQV

*XWZLQ�� &�� DQG� *UHHQEHUJ�� 6�� �������� :RUNVSDFH� $ZDUHQHVV� IRU� *URXSZDUH�� &RQIHUHQFH
FRPSDQLRQ�RI�WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV� LQ�&RPSXWLQJ�6\VWHPV��&+,·�����9DQFRXYHU�
��������������
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*XWZLQ�� &��� 5RVHPDQ�� 0��� DQG� *UHHQEHUJ�� 6�� �������� $� 8VDELOLW\� 6WXG\� RI� $ZDUHQHVV
:LGJHWV� LQ� D� 6KDUHG�:RUNVSDFH� *URXSZDUH� 6\VWHP�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ
&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��&6&:·�����%RVWRQ����������������

1LHOVHQ��-����������8VDELOLW\�(QJLQHHULQJ��$FDGHPLF�3UHVV��1HZ�<RUN�������

2OVRQ�� -�� 6��� 2OVRQ�� *�� 0��� 6WRUURVWHQ�� 0��� DQG� &DUWHU�� 0�� �������� +RZ� D� JURXS�HGLWRU
FKDQJHV� WKH� FKDUDFWHU� RI� D� GHVLJQ� PHHWLQJ� DV� ZHOO� DV� LWV� RXWFRPH�� 3URFHHGLQJV� RI
3URFHHGLQJV� RI� WKH� $&0� &RQIHUHQFH� RQ� &RPSXWHU� 6XSSRUWHG� &RRSHUDWLYH� :RUN� �&6&:
����
7RURQWR��2QWDULR��������������

2OVRQ�� -���2OVRQ��*���DQG�0HDGHU��'�� ��������:KDW�0L[�RI�9LGHR�DQG�$XGLR� LV�8VHIXO� IRU
6PDOO�*URXSV�'RLQJ�5HPRWH�5HDO�7LPH�'HVLJQ�:RUN"��3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ
+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��&+,
�������������������

5RVHPDQ��0��DQG�*UHHQEHUJ��6�� ��������%XLOGLQJ�5HDO�7LPH�*URXSZDUH�ZLWK�*URXS.LW��$
*URXSZDUH�7RRONLW��7UDQVDFWLRQV�RQ�&RPSXWHU�+XPDQ�,QWHUDFWLRQ���������������

6HJDO��/�� ��������'HVLJQLQJ�7HDP�:RUNVWDWLRQV��7KH�&KRUHRJUDSK\�RI�7HDPZRUN�� LQ�/RFDO
$SSOLFDWLRQV�RI�WKH�(FRORJLFDO�$SSURDFK�WR�+XPDQ�0DFKLQH�6\VWHPV��3��+DQFRFN��-��)ODFK��-�
&DLUG�DQG�.��9LFHQWH�HG������������/DZUHQFH�(UOEDXP��+LOOVGDOH��1-�������

6KDFNHO�� %�� �������� +XPDQ� )DFWRUV� DQG� 8VDELOLW\�� ,Q� +XPDQ�&RPSXWHU� ,QWHUDFWLRQ�� 6HOHFWHG
5HDGLQJV��-�3UHHFH�DQG�/�.HOOHU��HGV��+HPHO�+HPSVWHDG��3UHQWLFH�+DOO�������

6PLWK�� 5�� %��� 2
6KHD�� 7��� 2
0DOOH\�� &��� 6FDQORQ�� (��� DQG� 7D\ORU�� -�� ������� 3UHOLPLQDU\
H[SHULHQFHV� ZLWK� D� GLVWULEXWHG�� PXOWL�PHGLD�� SUREOHP� HQYLURQPHQW�� 3URFHHGLQJV� RI
3URFHHGLQJV� RI� WKH� �VW� (XURSHDQ� &RQIHUHQFH� RQ� &RPSXWHU� 6XSSRUWHG� &RRSHUDWLYH� :RUN� �(&�
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6PLWK��5����������:KDW�<RX�6HH�,V�:KDW�,�7KLQN�<RX�6HH��6,*&8(�2XWORRN���������������
�����

6WHILN�� 0��� '�� %REURZ�� *�� )RVWHU�� 6�� /DQQLQJ�� DQG�'�� 7DWDU�� ��������:<6,:,6� 5HYLVHG�
(DUO\� ([SHULHQFHV� ZLWK�0XOWLXVHU� ,QWHUIDFHV��$&0� 7UDQVDFWLRQV� RQ� 2IILFH� ,QIRUPDWLRQ
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6XFKPDQ�� /��� DQG� 7ULJJ�� 5�� �������� 8QGHUVWDQGLQJ� 3UDFWLFH�� 9LGHR� DV� D� 0HGLXP� IRU
5HIOHFWLRQ� DQG� 'HVLJQ�� ,Q� -� *UHHQEDXP� DQG� 0�� .\QJ� �HGV���� 'HVLJQ� DW� :RUN�
&RRSHUDWLYH�'HVLJQ�RI�&RPSXWHU�6\VWHPV��+LOOVGDOH�1-��/DZUHQFH�(UOEDXP��������������

7DQJ�� -�� �������� )LQGLQJV� IURP�2EVHUYDWLRQDO� 6WXGLHV� RI� &ROODERUDWLYH�:RUN�� ,QWHUQDWLRQDO
-RXUQDO�RI�0DQ�0DFKLQH�6WXGLHV�����������������������

7DWDU�� '��� *�� )RVWHU�� DQG� '�� %REURZ�� �������� 'HVLJQ� IRU� &RQYHUVDWLRQ�� /HVVRQV� IURP
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