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$EVWUDFW

5HDO�WLPH� GLVWULEXWHG� JURXSZDUH� V\VWHPV� DUH� FRPSXWHU� DSSOLFDWLRQV� WKDW� DOORZ� SHRSOH� WR

ZRUN� WRJHWKHU� DW� WKH� VDPH� WLPH�� EXW� IURP�GLIIHUHQW� SODFHV�� 7KHVH� V\VWHPV� SURYLGH� VKDUHG

FRPSXWDWLRQDO� ZRUNVSDFHV�� DNLQ� WR� WDEOHWRSV� DQG� ZKLWHERDUGV�� ZKHUH� FROODERUDWRUV� FDQ

PDQLSXODWH� ZRUN� DUWLIDFWV�� 8QIRUWXQDWHO\�� ZKHQ� FRPSDUHG� ZLWK� ZRUNLQJ� IDFH�WR�IDFH�

FROODERUDWLRQ�WKURXJK�JURXSZDUH�VHHPV�FOXPV\��VWLOWHG��DQG�DUWLILFLDO��2QH�RI� WKH�SUREOHPV

ZLWK�FXUUHQW�JURXSZDUH�V\VWHPV�LV�WKDW�WKH\�PDNH�LW�GLIILFXOW�IRU�SHRSOH�WR�VWD\�DZDUH�RI�RQH

DQRWKHU��$ZDUHQHVV�LV�WDNHQ�IRU�JUDQWHG�LQ�HYHU\GD\�IDFH�WR�IDFH�HQYLURQPHQWV��EXW�ZKHQ�WKH

VHWWLQJ�FKDQJHV�WR�GLVWULEXWHG�JURXSZDUH��PDQ\�RI�WKH�QRUPDO�FXHV�DQG�LQIRUPDWLRQ�VRXUFHV

WKDW�SHRSOH�XVH�WR�PDLQWDLQ�DZDUHQHVV�DUH�JRQH�

+HOSLQJ�SHRSOH�PDLQWDLQ�DZDUHQHVV�RI�RQH�DQRWKHU�FDQ�LPSURYH�WKH�XVDELOLW\�RI�JURXSZDUH�

,Q� WKLV� UHVHDUFK�� ,� H[SORUH�RQH�NLQG�RI�DZDUHQHVV�FDOOHG�ZRUNVSDFH� DZDUHQHVV�� DQG� LQYHVWLJDWH

WHFKQLTXHV�IRU�VXSSRUWLQJ�LW�LQ�JURXSZDUH�LQWHUIDFHV��:RUNVSDFH�DZDUHQHVV�LV�WKH�XS�WR�WKH�

PRPHQW�XQGHUVWDQGLQJ�RI�DQRWKHU�SHUVRQ·V�LQWHUDFWLRQ�ZLWK�D�VKDUHG�ZRUNVSDFH��LW�LQYROYHV

NQRZOHGJH�DERXW�VXFK�WKLQJV�DV�ZKR�LV�LQ�WKH�ZRUNVSDFH��ZKHUH�WKH\�DUH�ZRUNLQJ��DQG�ZKDW

WKH\� DUH� GRLQJ�� ,� LQYHVWLJDWH� WKH� XVH� RI� ZRUNVSDFH� DZDUHQHVV� LQ� LPSURYLQJ� JURXSZDUH

XVDELOLW\�E\�IROORZLQJ�D�WKUHH�SDUW�SURFHVV��RSHUDWLRQDOL]H�WKH�FRQFHSW��DSSO\�LW�WR�WKH�GHVLJQ

RI�JURXSZDUH�LQWHUIDFHV��DQG�HYDOXDWH�WKH�XVDELOLW\�RI�UHVXOWLQJ�V\VWHPV�

,�RSHUDWLRQDOL]H�ZRUNVSDFH�DZDUHQHVV�XVLQJ�D�FRQFHSWXDO�IUDPHZRUN�DQG�DQ�DQDO\VLV�RI�WKH

SUREOHPV�SRVHG�E\�FXUUHQW�JURXSZDUH�V\VWHPV��)LUVW��,�FRQVWUXFW�D�FRQFHSWXDO�IUDPHZRUN�RI

ZRUNVSDFH�DZDUHQHVV�WKDW�VHWV�RXW�WKH�HOHPHQWV�RI�NQRZOHGJH�WKDW�SHRSOH�WUDFN��WKH�SURFHVV

E\�ZKLFK�WKH\�PDLQWDLQ�DZDUHQHVV��DQG�FROODERUDWLYH�DFWLYLWLHV�LQ�ZKLFK�ZRUNVSDFH�DZDUHQHVV

LV�XVHIXO��6HFRQG��,� LGHQWLI\� LVVXHV�HQFRXQWHUHG� LQ�VXSSRUWLQJ�ZRUNVSDFH�DZDUHQHVV� LQ�UHDO�

WLPH� GLVWULEXWHG� JURXSZDUH�� DQG� GHVFULEH� WKH� WDVNV� WKDW� D� GHVLJQHU� PXVW� XQGHUWDNH³

FROOHFWLQJ�� GLVWULEXWLQJ�� DQG� GLVSOD\LQJ� LQIRUPDWLRQ³LQ� RUGHU� WR� VXSSRUW� ZRUNVSDFH

DZDUHQHVV�LQ�D�JURXSZDUH�V\VWHP�

,�DSSO\�WKLV�NQRZOHGJH�DERXW�ZRUNVSDFH�DZDUHQHVV�WR�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�VHYHUDO

H[DPSOH�DZDUHQHVV�GLVSOD\V��,�FRQFHQWUDWH�RQ�WHFKQLTXHV�WKDW�DQVZHU�ZKR��ZKDW��DQG�ZKHUH



LY

TXHVWLRQV�� DQG� RQ� DSSURDFKHV� WKDW� SURYLGH� DZDUHQHVV� LQIRUPDWLRQ� LQ� WKH� FRQWH[W� RI� WKH

ZRUNVSDFH�� ,� DOVR� FRQVLGHU� GLVSOD\V� WKDW� VKRZ� XQVHHQ� SDUWV� RI� WKH� ZRUNVSDFH�� DQG� ORRN

VSHFLILFDOO\�DW�RQH�RI�WKHVH�GLVSOD\V�FDOOHG�WKH�UDGDU�YLHZ�

,� HYDOXDWH� WKH� HIIHFWV�RI� VXSSRUWLQJ�ZRUNVSDFH� DZDUHQHVV� LQ� JURXSZDUH� LQ� WZR� VWXGLHV�� DQ

H[SORUDWRU\� XVDELOLW\� VWXG\�� DQG� D� FRQWUROOHG� H[SHULPHQW�� 7KH� XVDELOLW\� VWXG\� VKRZHG� WKDW

DZDUHQHVV� LQIRUPDWLRQ� LV� YDOXDEOH� LQ� D� UHDOLVWLF� JURXSZDUH� V\VWHP�� DQG� SURYLGHG� GHVLJQ

IHHGEDFN� IRU� LPSURYLQJ� WKH� DZDUHQHVV�GLVSOD\V��7KH�SULPDU\� UHVXOWV�RI� WKH� H[SHULPHQW� DUH

WKDW�LQIRUPDWLRQ�DERXW�RWKHUV·�ORFDWLRQV�DQG�DFWLYLWLHV�FDQ�VLJQLILFDQWO\�LPSURYH�FRPSOHWLRQ

WLPHV� DQG� YHUEDO� HIILFLHQF\� IRU� VRPH� W\SHV� RI� WDVNV�� %RWK� VWXGLHV� DOVR� VKRZHG� WKDW

SDUWLFLSDQWV� JUHDWO\� SUHIHUUHG� V\VWHPV� ZKHUH� DGGLWLRQDO� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ

ZDV� DYDLODEOH�� 7KHVH� UHVXOWV� LPSO\� WKDW� VXSSRUWLQJ� ZRUNVSDFH� DZDUHQHVV� FDQ� LPSURYH

JURXSZDUH�XVDELOLW\��DQG�WKDW�JURXSZDUH�GHYHORSHUV�VKRXOG�FKDQJH�WKH�ZD\�WKDW�WKH\�GHVLJQ

PXOWL�XVHU�V\VWHPV��7KLV�UHVHDUFK�SURYLGHV�WKHP�ZLWK�WRROV�WR�HIIHFW�WKDW�FKDQJH�
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3XEOLFDWLRQV�IURP�WKLV�GLVVHUWDWLRQ

0DWHULDO��LGHDV��DQG�ILJXUHV�IURP�WKLV�GLVVHUWDWLRQ�KDYH�DSSHDUHG�SUHYLRXVO\�LQ�WKH�IROORZLQJ

SHHU�UHYLHZHG� SXEOLFDWLRQV�� 7KH� IROORZLQJ� OLVW� VKRZV� ORQJ� SDSHUV�� VKRUW� SDSHUV�� DQG

YLGHRWDSHV��$IWHU�HDFK�UHIHUHQFH��,�QRWH�WKH�FKDSWHUV�IURP�ZKLFK�PDWHULDO�LV�XVHG�

/RQJ�SDSHUV�

*XWZLQ��&��DQG�*UHHQEHUJ��6���������(IIHFWV�RI�$ZDUHQHVV�6XSSRUW�RQ�*URXSZDUH�8VDELOLW\�
7R�DSSHDU�LQ�3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��&+,·����
$SULO�������/RV�$QJHOHV��$&0�3UHVV��WR�DSSHDU���&KDSWHU���

*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&:
�����2FWREHU�������%RVWRQ��$&0�3UHVV����������
�&KDSWHU���

*XWZLQ�� &���*UHHQEHUJ�� 6�� DQG�5RVHPDQ��0�� ��������:RUNVSDFH� $ZDUHQHVV� LQ� 5HDO�7LPH
'LVWULEXWHG�*URXSZDUH�� )UDPHZRUN��:LGJHWV�� DQG�(YDOXDWLRQ��3HRSOH� DQG� &RPSXWHUV
;,� �3URFHHGLQJV� RI� %&6+&,
����� (GV�� $�� 6DVVH� DQG� 5�� &XQQLQJKDP�� $XJXVW� �����
/RQGRQ��6SULQJHU�9HUODJ������������&KDSWHUV�������	���

*UHHQEHUJ��6���*XWZLQ��&��DQG�&RFNEXUQ��$���������8VLQJ�'LVWRUWLRQ�2ULHQWHG�'LVSOD\V�WR
6XSSRUW�:RUNVSDFH�$ZDUHQHVV��3HRSOH� DQG� &RPSXWHUV� ;,� �3URFHHGLQJV� RI� %&6+&,
����
(GV��$�� 6DVVH�� 5�-�� &XQQLQJKDP�� DQG�5��:LQGHU�� $XJXVW� ������ /RQGRQ�� 6SULQJHU�
9HUODJ������������&KDSWHU���

*UHHQEHUJ��6���*XWZLQ��&���DQG�5RVHPDQ��0����������6HPDQWLF�7HOHSRLQWHUV�IRU�*URXSZDUH�
3URFHHGLQJV� RI� WKH� 6L[WK�$XVWUDOLDQ�&RQIHUHQFH� RQ�&RPSXWHU�+XPDQ� ,QWHUDFWLRQ� �2]&+,·����
2FWREHU�������+DPLOWRQ�1=��,(((�3UHVV����������&KDSWHU���

*UHHQEHUJ�� 6�� DQG� *XWZLQ�� &�� �������� 6KDULQJ� )LVKH\H� 9LHZV� LQ� 5HOD[HG�:<6,:,6
*URXSZDUH�$SSOLFDWLRQV��3URFHHGLQJV�RI� WKH�&RQIHUHQFH�RQ�*UDSKLFV� ,QWHUIDFH� �*,·����� -XQH
������7RURQWR����������&KDSWHU���

*XWZLQ�� &��� 6WDUN�� *�� DQG� *UHHQEHUJ�� 6�� �������� 6XSSRUW� IRU� :RUNVSDFH� $ZDUHQHVV� LQ
(GXFDWLRQDO�*URXSZDUH��3URFHHGLQJV�RI� WKH�&RQIHUHQFH� RQ�&RPSXWHU�6XSSRUWHG�&ROODERUDWLYH
/HDUQLQJ��&6&/·�����2FWREHU�������%ORRPLQJWRQ�,QGLDQD������������&KDSWHUV���	���

6KRUW�SDSHUV�

*XWZLQ��&���DQG�*UHHQEHUJ��6���������:RUNVSDFH�$ZDUHQHVV�IRU�*URXSZDUH��6KRUW�SDSHU��
&RQIHUHQFH�&RPSDQLRQ� RI� WKH�&RQIHUHQFH� RQ�+XPDQ�)DFWRUV� LQ�&RPSXWLQJ� 6\VWHPV� �&+,·����
0DUFK��������9DQFRXYHU��$&0�3UHVV������������&KDSWHUV���	����
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6KRUW�SDSHUV��FRQW·G��

*XWZLQ��&���*UHHQEHUJ��6��� DQG�5RVHPDQ��0�� ��������:RUNVSDFH�$ZDUHQHVV�6XSSRUW�:LWK
5DGDU�9LHZV� �6KRUW�SDSHU���&RQIHUHQFH�&RPSDQLRQ� RI� WKH�&RQIHUHQFH� RQ�+XPDQ�)DFWRUV� LQ
&RPSXWLQJ� 6\VWHPV� �&+,·����� 0DUFK� ������ 9DQFRXYHU�� $&0� 3UHVV�� ��������
�&KDSWHU���

*XWZLQ��&���DQG�5RVHPDQ��0�� �������$�8VDELOLW\�6WXG\�RI�:RUNVSDFH�$ZDUHQHVV�:LGJHWV
�6KRUW� SDSHU��� &RQIHUHQFH� &RPSDQLRQ� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ
6\VWHPV��&+,·�����0DUFK�������9DQFRXYHU��$&0�3UHVV������������&KDSWHU���

9LGHRWDSHV�

*XWZLQ��&���*UHHQEHUJ��6��� DQG�5RVHPDQ��0�� ��������6XSSRUWLQJ�:RUNVSDFH�$ZDUHQHVV� LQ
*URXSZDUH��9LGHRWDSH���9LGHR�3URFHHGLQJV�RI� WKH�$&0�&RQIHUHQFH�RQ�&RPSXWHU�6XSSRUWHG
&RRSHUDWLYH�:RUN��&6&:
�����2FWREHU�������%RVWRQ��$&0�3UHVV���&KDSWHUV���	���

*UHHQEHUJ��6���*XWZLQ��&���DQG�&RFNEXUQ��$����������$SSO\LQJ�'LVWRUWLRQ�2ULHQWHG�'LVSOD\V
WR� *URXSZDUH� �9LGHRWDSH��� 9LGHR� 3URFHHGLQJV� RI� WKH� $&0� &RQIHUHQFH� RQ� &RPSXWHU
6XSSRUWHG� &RRSHUDWLYH� :RUN� �&6&:
����� 2FWREHU� ������ %RVWRQ�� $&0� 3UHVV�
�&KDSWHU���
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7HFKQLFDO�DFNQRZOHGJPHQWV

6RPH�RI� WKH�DZDUHQHVV�GLVSOD\V�VKRZQ� LQ�&KDSWHU���ZHUH�GHYHORSHG� LQ�FROODERUDWLRQ�ZLWK

RWKHU�UHVHDUFKHUV��RU�ZHUH�EDVHG�RQ�GHYLFHV�EXLOW�E\�FROOHDJXHV��,W�LV�RIWHQ�LPSRVVLEOH�WR�VWDWH

WKH� H[DFW� DPRXQW� RI� HDFK� SHUVRQ·V� FRQWULEXWLRQ� RU� WKH� H[DFW� HYROXWLRQ� RI� WKH� GHVLJQ�

+RZHYHU��WKH�IROORZLQJ�QRWHV�SURYLGH�VRPH�LQGLFDWLRQ�RI�LQYROYHPHQW�IRU�HDFK�GLVSOD\�WKDW

ZDV�QRW�GHVLJQHG�DQG�EXLOW�VROHO\�E\�PH�

��� (DUO\� YHUVLRQV� RI� WKH� UDGDU� YLHZ� �&KDSWHU� ��� ZHUH� EXLOW� LQ� FROODERUDWLRQ� ZLWK� 0DUN

5RVHPDQ��'HVLJQ� IHDWXUHV� VXFK� DV� REMHFW�PRYHPHQW�� YLHZ� UHFWDQJOHV�� DQG� WHOHSRLQWHUV

ZHUH�WKRXJKW�RI�MRLQWO\��DOWKRXJK�WKHVH�IHDWXUHV�ZHUH�DOO�ILUVW�LQWURGXFHG�HDUOLHU�LQ��6PLWK

HW�DO��������7KH�GHVLJQ�DQG�GHYHORSPHQW�RI�ODWHU�YHUVLRQV�RI�WKH�UDGDU��YHUVLRQV���DQG���

DUH�VROHO\�P\�RZQ�ZRUN�

��� 7KH� WUDQVSDUHQW� UDGDU� YLHZ� �(UURU�� 5HIHUHQFH� VRXUFH� QRW� IRXQG��� ZDV�P\� LGHD�� EXW

VRPH�SHULSKHUDO�ZRUN�ZDV�GRQH�E\�'RQDOG�&R[�DQG�-DVH�&KXJK�

��� 7KH�RYHUORDGHG� WHOHSRLQWHUV� �(UURU��5HIHUHQFH� VRXUFH�QRW� IRXQG���ZHUH� GHVLJQHG�E\

6DXO�*UHHQEHUJ�IRU��*UHHQEHUJ�DQG�*XWZLQ��������,�LPSOHPHQWHG�WKH�¶SRUWUDLW�FXUVRU·�LQ

*URXS.LW�

��� 7KH�'UDJ0DJ�RYHUYLHZ��(UURU��5HIHUHQFH�VRXUFH�QRW�IRXQG���LV�D�UHILQHPHQW�RI�$QG\

&RFNEXUQ·V�´RIIVHW�OHQVµ�V\VWHP�GHVFULEHG�LQ��*UHHQEHUJ��*XWZLQ��DQG�&RFNEXUQ�������

��� 7KH�DQDO\VLV�RI�YHUEDO�HIILFLHQF\�LQ�&KDSWHU���ZDV�FDUULHG�RXW�ZLWK�WKH�DVVLVWDQFH�RI�-DVH

&KXJK�DQG�.ULVWD�0F,QWRVK�
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$FNQRZOHGJPHQWV

7KDQNV� WR�6DXO�*UHHQEHUJ��ZKR�RYHU� WKH�SDVW� IRXU�\HDUV�KDV�EHHQ�P\�DGYLVRU�DQG�D�JRRG

IULHQG��7KDQNV��6DXO��IRU�H[SORULQJ�WKH�VWUDQJH�ZRUOG�RI�DZDUHQHVV�ZLWK�PH��<RX�LQWURGXFHG

PH� WR� &6&:� DQG� JDYH�PH� DOO� NLQGV� RI� RSSRUWXQLWLHV� WKDW�PDGH�P\� FDUHHU� DV� D� JUDGXDWH

VWXGHQW�H[WUDRUGLQDU\��7KDQNV�MXVW�DV�PXFK��WKRXJK��IRU�FOLPELQJ�WULSV��IRU�EDE\�FORWKHV��DQG

IRU� WHDFKLQJ�PH� WKH� FDUGLQDO� UXOH� RI� FRPSXWHU� VFLHQFH³QHYHU� EX\� D� FRPSXWHU� ZLWK� \RXU

RZQ�PRQH\�

7KDQNV�WR�-HII�&DLUG�IRU�WHDFKLQJ�PH�DERXW�KXPDQ�IDFWRUV��IRU�DOZD\V�WKLQNLQJ�GHHSO\��DQG

IRU�HQFRXUDJLQJ�PH�WR�GR�WKH�VDPH��7KDQNV�WRR�IRU�KDYLQJ�D�ZRQGHUIXO�IDPLO\�

7KDQNV�WR�WKH�RWKHUV�RQ�P\�FRPPLWWHH³%ULDQ�*DLQHV��6DUDK�'RXJODV��7KHUHVD�.OLQH��DQG

%UXFH�0DF'RQDOG��IRU�D�ZKLOH���%UXFH�DQG�6DUDK�LQ�SDUWLFXODU�SURYLGHG�LQYDOXDEOH�GLUHFWLRQ

EXW�DW�GLIIHUHQW�HQGV�RI�WKH�UHVHDUFK�

7KDQNV� WR� ,DQ� DQG� 3DP�:LWWHQ� IRU� PDNLQJ� WKH�:DLNDWR� VXFK� DQ� LQYLWLQJ� DQG� KRVSLWDEOH

SODFH��DQG�IRU�PDNLQJ�LW�SRVVLEOH�IRU�XV�WR�FRPH�GRZQ�WKHUH�DJDLQ�

7KDQNV� WR� WKH�RWKHU� VWXGHQWV�ZKR� OLVWHQHG� WR�P\� LGHDV� DQG� WROG�PH� WKHLUV��7HG�2·*UDG\�

0DUN� 5RVHPDQ�� /LQGD� 7DXVFKHU�� 'RQDOG� &R[�� 5RE� .UHPHU�� 7RQ\� 6PLWK�� DQG� HVSHFLDOO\

&UDLJ�DQG�.LUVWHQ�1HYLOO�0DQQLQJ�

7KDQNV��0RP�

0RVW�RI�DOO�� WKRXJK��P\� WKDQNV� WR�*ZHQ�6WDUN�� IRU�DOO� VKH·V�GRQH� WR�JHW� WKLV� WKLQJ�RII� WKH

JURXQG�DQG�RXW�WKH�GRRU��,�NQRZ�\RX·UH�KDSSLHU�WKDQ�DQ\RQH�WR�VHH�LW�GRQH��$QG�WKDQN�\RX�

%HFNHWW��IRU�DOO�WKH�VPLOHV�

)LQDOO\��P\�IDWKHU�GLHG� WHQ�\HDUV�DJR� WKLV�PRQWK��DQG�,�ZLVK�KH�FRXOG�KDYH�EHHQ�KHUH��+H

PLVVHG�DOO�WKLV��EXW�KH�ZRXOG�KDYH�EHHQ�YHU\�SURXG�



L[

7R�*ZHQ��ZLWK�DOO�P\�ORYH
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7DEOH�RI �&RQWHQWV
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7DEOH����6XPPDU\�RI�YLVLELOLW\�WHFKQLTXHV���������������������������������������������������������������������������������������
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&KDSWHU�� ,QWURGXFWLRQ

5HDO�WLPH� GLVWULEXWHG� JURXSZDUH� V\VWHPV� DUH� FRPSXWHU� DSSOLFDWLRQV� WKDW� DOORZ� SHRSOH� WR

ZRUN�WRJHWKHU�DW�WKH�VDPH�WLPH��EXW�IURP�GLIIHUHQW�SODFHV��7KHVH�V\VWHPV�DUH�EHFRPLQJ�PRUH

FRPPRQ� DV� QHWZRUN� FRQQHFWLYLW\� LQFUHDVHV� DQG� RUJDQL]DWLRQV� PRYH� WRZDUGV� PRELOH

FRPSXWLQJ�� WHOHFRPPXWLQJ�� DQG� GLVWULEXWHG� ZRUN� WHDPV�� 8QIRUWXQDWHO\�� JURXSZDUH� KDV

XVDELOLW\� SUREOHPV�� ZKHQ� FRPSDUHG� ZLWK� ZRUNLQJ� IDFH�WR�IDFH�� FROODERUDWLRQ� WKURXJK

JURXSZDUH�VHHPV�FOXPV\��VWLOWHG��DQG�DUWLILFLDO��:KHQ�SHRSOH�XVH�D�JURXSZDUH�V\VWHP�� WKH\

RIWHQ�FDQQRW�LQWHUDFW�LQ�WKH�ZD\V�WKDW�WKH\�GR�LQ�IURQW�RI�D�ZKLWHERDUG�RU�RYHU�D�WDEOH��(YHQ

VLPSOH�WKLQJV�OLNH�SRLQWLQJ�WR�DQ�REMHFW�RU�ZDWFKLQJ�DQRWKHU�SHUVRQ�ZRUN�DUH�RIWHQ�GLIILFXOW

RU�LPSRVVLEOH�LQ�JURXSZDUH�

2QH�RI�WKH�SUREOHPV�ZLWK�FXUUHQW�JURXSZDUH�V\VWHPV�LV�WKDW�WKH\�PDNH�LW�KDUG�IRU�SHRSOH�WR

VWD\� DZDUH� RI� RQH� DQRWKHU�� ,W� LV� D� VLPSOH� IDFW� WKDW� DZDUHQHVV� LV� DQ� LPSRUWDQW� SDUW� RI

FROODERUDWLRQ��2QH� KDV� RQO\� WR� ZDWFK� D� JURXS� DFWLYLW\� WR� VHH� SHRSOH� FKHFNLQJ� XS�� WDNLQJ

QRWLFH��DQG�NHHSLQJ�WUDFN�RI�RWKHUV��ZKHWKHU�RYHU�D�MLJVDZ�SX]]OH��LQ�IURQW�RI�D�FKDONERDUG�

RU� RQ� D� EDVNHWEDOO� FRXUW�� $ZDUHQHVV� LV� WDNHQ� IRU� JUDQWHG� LQ� HYHU\GD\� IDFH�WR�IDFH

HQYLURQPHQWV��EXW�ZKHQ�WKH�VHWWLQJ�FKDQJHV�WR�GLVWULEXWHG�JURXSZDUH��PDQ\�RI�WKH�QRUPDO

FXHV�DQG� LQIRUPDWLRQ�VRXUFHV� WKDW�SHRSOH�XVH� WR�PDLQWDLQ�DZDUHQHVV�DUH�JRQH��*URXSZDUH

V\VWHPV�SURYLGH�RQO\�D�IUDFWLRQ�RI�WKH�LQIRUPDWLRQ�DERXW�RWKHU�SHRSOH�WKDW�LV�DYDLODEOH�LQ�D

IDFH�WR�IDFH�VLWXDWLRQ��DQG�DV�D�UHVXOW�� LQWHUDFWLRQV�DQG�EHKDYLRXUV�WKDW�ZHUH�RQFH�HIIRUWOHVV

FDQ�EHFRPH�VWLOWHG�DQG�IRUPDO�

,�EHOLHYH�WKDW�KHOSLQJ�SHRSOH�PDLQWDLQ�DZDUHQHVV�RI�RQH�DQRWKHU�FDQ�LPSURYH�WKH�XVDELOLW\�RI

JURXSZDUH��,Q�WKLV�UHVHDUFK��,�H[SORUH�RQH�NLQG�RI�DZDUHQHVV�FDOOHG�ZRUNVSDFH�DZDUHQHVV�� DQG

LQYHVWLJDWH�WHFKQLTXHV�IRU�VXSSRUWLQJ�LW�LQ�JURXSZDUH�LQWHUIDFHV��0\�SHUVSHFWLYHV�DUH�WKRVH�RI

WKH�FRPSXWHU�VFLHQWLVW�DQG�WKH�V\VWHP�GHVLJQHU��,�DP�LQWHUHVWHG�LQ�WKH�SUREOHP�RI�JURXSZDUH

XVDELOLW\�� DQG� DZDUHQHVV� LV� D� SRWHQWLDO� GHVLJQ� UHTXLUHPHQW� WKDW� FDQ� LPSURYH� PXOWL�XVHU

V\VWHPV��0\�JRDOV�DUH�WR�VKRZ�WKDW�WKH�FRQFHSW�RI�ZRUNVSDFH�DZDUHQHVV�FDQ�EH�IUDPHG�LQ�D
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VXIILFLHQWO\�RSHUDWLRQDO�IRUP�WR�EH�XVHIXO�WR�JURXSZDUH�GHVLJQHUV��DQG�WR�VKRZ�WKDW�VXSSRUW

WHFKQLTXHV�GUDZQ�IURP�WKDW�IUDPHZRUN�FDQ�LPSURYH�JURXSZDUH�XVDELOLW\�LQ�D�YDULHW\�RI�ZD\V�

7KH� UHPDLQGHU� RI� WKLV� FKDSWHU� ZLOO� SURYLGH� VRPH� EDFNJURXQG� RQ� WKH� FRPSXWHU� VFLHQFH

FRQWH[W� LQWR�ZKLFK� WKH� UHVHDUFK� ILWV�� LQWURGXFH� WKH� LGHD� RI�ZRUNVSDFH� DZDUHQHVV�� VWDWH� WKH

SUREOHP�DQG�JRDOV�RI�WKH�UHVHDUFK�LQ�PRUH�GHWDLO��DQG�RXWOLQH�ZKDW�LV�WR�FRPH�LQ�WKH�UHVW�RI

WKH�GLVVHUWDWLRQ�

����6HWWLQJ�WKH�VFHQH

7KLV� UHVHDUFK� IDOOV� ZLWKLQ� WKH� ILHOG� RI� FRPSXWHU�VXSSRUWHG� FRRSHUDWLYH� ZRUN� �&6&:��� DQ

DUHD� LQ� WKH� VWXG\�RI�KXPDQ�FRPSXWHU� LQWHUDFWLRQ� WKDW� DWWHPSWV� WR�XQGHUVWDQG� DQG�SURYLGH

WHFKQRORJLFDO� VXSSRUW� IRU� JURXS� DFWLYLW\� �H�J�� %DHFNHU� ������*UHHQEHUJ� �������&6&:� LV� D

ZLGH�UDQJLQJ� ILHOG�� FRQWDLQLQJ� UHVHDUFK� LQWR� WKH� EHKDYLRXUDO� IRXQGDWLRQV� RI� JURXS� DFWLYLW\

�H�J��0F*UDWK�������*DOHJKHU��.UDXW��DQG�(JLGR��������JURXS�LQWHUDFWLRQ�LQ�QDWXUDO�VHWWLQJV

�H�J��7DQJ� ������+HDWK� DQG�/XII� ������� DV\QFKURQRXV� FRPPXQLFDWLRQ� DQG� HOHFWURQLF�PDLO

�H�J�� 0DORQH� HW� DO�� ������ %RUHQVWHLQ� DQG� 7K\EHUJ� ������� V\QFKURQRXV� FRPPXQLFDWLRQ

WKURXJK� DXGLR� DQG� YLGHR� �H�J�� +DUULVRQ� DQG� 0LQQHPDQ� ������ $EHO� ������� VXSSRUW� IRU

HOHFWURQLF� PHHWLQJV� �H�J�� 3LQVRQQHDXOW� DQG� .UDHPHU� ������� DQG� PXOWL�XVHU� LQWHUIDFHV� �H�J�

6WHILN�HW�DO������D��

2QH� DUHD� RI� &6&:� UHVHDUFK� FRQFHQWUDWHV� RQ� UHDO�WLPH� GLVWULEXWHG� JURXSZDUH�� PXOWL�XVHU

FRPSXWHU�V\VWHPV�WKDW�DOORZ�SHRSOH� WR�ZRUN� WRJHWKHU�DW� WKH� VDPH� WLPH�EXW� IURP�GLIIHUHQW

SODFHV� �H�J�� 6DULQ� DQG�*UHLI� ������'HZDQ� DQG�&KRXGKDU\� ������5RVHPDQ� DQG�*UHHQEHUJ

������� 7KLV� NLQG� RI� JURXSZDUH� LQFOXGHV� DSSOLFDWLRQV� OLNH� VKDUHG� HGLWRUV� �H�J�� /HODQG� HW� DO

������� GUDZLQJ� SURJUDPV� �H�J��*UHHQEHUJ� HW� DO� �������PXOWLSOD\HU� JDPHV� �H�J�� 5RKDOO� HW� DO

�������DQG�GLVWULEXWHG�FRQWURO�V\VWHPV��H�J��+XJKHV�HW�DO��������0DQ\� UHDO�WLPH�JURXSZDUH

V\VWHPV�SURYLGH�DQ�HQYLURQPHQW�IRU�FROODERUDWLRQ�FDOOHG�D�VKDUHG�ZRUNVSDFH��D�ERXQGHG�VSDFH

ZKHUH� SHRSOH� FDQ� VHH� DQG�PDQLSXODWH� DUWLIDFWV� UHODWHG� WR� WKHLU� DFWLYLWLHV��� ,Q� WKH� SK\VLFDO

ZRUOG��VKDUHG�ZRUNVSDFHV�LQFOXGH�FKDONERDUGV��WDEOHWRSV��DQG�FRQWURO�SDQHOV��WKH�DUWLIDFWV�LQ

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

��,�DVVXPH�WKURXJKRXW�WKLV�UHVHDUFK�WKDW�VKDUHG�ZRUNVSDFH�V\VWHPV�DUH�XVHG�LQ�FRQMXQFWLRQ
ZLWK�DXGLR�DQG�SHUKDSV�YLGHR�OLQNV�WKDW�SURYLGH�EDVLF�FRPPXQLFDWLRQ�IDFLOLWLHV�
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WKHP�PLJKW�EH�REMHFWV�LQ�D�GHVLJQ�GUDZLQJ��SDUDJUDSKV�LQ�D�GRFXPHQW��RU�JDXJHV�DQG�GLDOV�RQ

D�FRQWURO�SDQHO�

*URXSZDUH� V\VWHPV� FUHDWH� YLUWXDO� VKDUHG� ZRUNVSDFHV� WKDW� DUH� RIWHQ� SDWWHUQHG� RQ� WKHVH

SK\VLFDO�VSDFHV��)RU�H[DPSOH��)LJXUH���DQG�)LJXUH���VKRZ�VLPSOH�GUDZLQJ�DSSOLFDWLRQV�XVHG

E\�WZR�SHRSOH��7KH�VKDUHG�ZRUNVSDFH�KHUH�LV�DNLQ�WR�D�ODUJH�VKHHW�RI�SDSHU��$V�HDFK�SHUVRQ

GUDZV�� WKHLU� DFWLRQV� DUH� FRPPXQLFDWHG� WR� WKH� RWKHU� PDFKLQH�� VR� ERWK� SDUWLFLSDQWV·

ZRUNVSDFHV�FRQWDLQ�WKH�VDPH�REMHFWV��:KHQ�WKH�ZKROH�VKHHW�RI�SDSHU�FDQ�ILW�RQ�RQH�VFUHHQ�

ERWK�SDUWLFLSDQWV�VHH�H[DFWO\�WKH�VDPH�WKLQJ�DW�WKH�VDPH�WLPH��)LJXUH�����+RZHYHU��ZKHQ�WKH

ZRUNVSDFH� LV� ELJJHU� WKDQ� WKH� FRPSXWHU� VFUHHQ� �)LJXUH� ���� WKH� JURXSZDUH� V\VWHP� FDQ� RQO\

VKRZ�D�SDUW�RI�WKH�SDSHU�DW�RQFH��DQG�WKH�SDUWLFLSDQWV�KDYH�WR�VFUROO�DURXQG�WR�VHH�DQG�ZRUN

RQ�RWKHU�DUHDV��,I�ERWK�SHRSOH�VFUROO�WR�GLIIHUHQW�SDUWV�RI�WKH�ZRUNVSDFH��DV�LQ�)LJXUH����WKH\

)LJXUH����$�JURXSZDUH�V\VWHP�ZKHUH�WKH�ZRUNVSDFH�ILWV�RQ�RQH�VFUHHQ

)LJXUH����$�V\VWHP�ZKHUH�WKH�ZRUNVSDFH�LV�ODUJHU�WKDQ�WKH�VFUHHQ
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FDQQRW�WHOO�ZKHUH�WKH�RWKHU�SHUVRQ�LV�ZRUNLQJ�RU�ZKDW�WKH\�DUH�GRLQJ�

7KH�TXHVWLRQ�RI�ZKHWKHU�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH�V\VWHPV�DUH�XVDEOH�RU�QRW�LV�LWVHOI�D

UHFHQW�RQH��$OWKRXJK�VKDUHG�ZRUNVSDFH�ZHUH�ILUVW�GHPRQVWUDWHG� LQ������ �(QJOHEDUW�������

WKH\� UHFHLYHG� OLWWOH� DWWHQWLRQ� XQWLO� DERXW� ������ ,Q� WKH� HDUO\� \HDUV�� UHVHDUFKHUV� KDG� WR� EH

FRQFHUQHG� DERXW� EDVLF� WHFKQLFDO� LVVXHV� OLNH� V\VWHP� DUFKLWHFWXUHV� �H�J�� /DXZHUV� DQG� /DQW]

������� PHVVDJH�SDVVLQJ� PHFKDQLVPV� �H�J�� 6DULQ� DQG� *UHLI� ������� DQG� ZD\V� RI� WUDFNLQJ

SDUWLFLSDQWV�DV� WKH\�HQWHUHG�DQG� OHIW�JURXSZDUH�FRQIHUHQFHV� �H�J��5RVHPDQ�DQG�*UHHQEHUJ

������� 5HFHQWO\�� WKRXJK�� WRROV� VXFK� DV� *URXS.LW� �5RVHPDQ� DQG� *UHHQEHUJ� ������ KDYH

DSSHDUHG� WKDW� VLPSOLI\� WKH� FRQVWUXFWLRQ� RI� UHDO�WLPH� JURXSZDUH� E\� KDQGOLQJ� WKH� ORZ�OHYHO

GHWDLOV� RI� SXWWLQJ� WRJHWKHU� D� GLVWULEXWHG� V\VWHP�� $OWKRXJK� WHFKQLFDO� LVVXHV� VWLOO� H[LVW� �H�J�

*UHHQEHUJ�DQG�0DUZRRG�������2·*UDG\��������WKH�WRROV�OHW�UHVHDUFKHUV�IRFXV�PRUH�FORVHO\

RQ�WKH�KXPDQ�IDFWRUV�RI�V\VWHP�GHVLJQ��ZKLFK�LQFOXGHV�JURXSZDUH�XVDELOLW\�

,Q� WKLV� UHVHDUFK�� ,� H[DPLQH�D�NLQG�RI� DZDUHQHVV� WKDW� LV� VSHFLILF� WR� VKDUHG�ZRUNVSDFHV�� DQG

VKRZ�KRZ�WKH�PDLQWHQDQFH�RI�DZDUHQHVV�FDQ�EH�VXSSRUWHG�LQ�JURXSZDUH��:RUNVSDFH�DZDUHQHVV

�:$��LV�WKH�XS�WR�WKH�PRPHQW�XQGHUVWDQGLQJ�RI�DQRWKHU�SHUVRQ·V�LQWHUDFWLRQ�ZLWK�D�VKDUHG

ZRUNVSDFH��*XWZLQ�DQG�*UHHQEHUJ�����D���:RUNVSDFH�DZDUHQHVV�LQYROYHV�NQRZOHGJH�DERXW

ZKHUH�VRPHRQH�LV�ZRUNLQJ��ZKDW�WKH\�DUH�GRLQJ��DQG�ZKDW�WKH\�DUH�JRLQJ�WR�GR�QH[W��7KLV

LQIRUPDWLRQ� 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��:KHQ� SHRSOH� DUH� DEOH� WR� PDLQWDLQ� DZDUHQHVV� RI� RQH

DQRWKHU��WKHVH�DFWLYLWLHV�DUH�PRUH�QDWXUDO��VSRQWDQHRXV��DQG�XQIRUFHG��,I�WKHVH�DWWULEXWHV�FDQ

EH�EURXJKW� WR� JURXSZDUH�� WKH� TXDOLW\� DQG�SURGXFWLYLW\� RI� GLVWULEXWHG� FROODERUDWLRQ� FDQ� EH

JUHDWO\�LPSURYHG�

,Q� RUGHU� WR� NHHS� WKLV� UHVHDUFK� HIIRUW� PDQDJHDEOH�� DQG� WR� QDUURZ� WKH� IRFXV� RI� WKH

LQYHVWLJDWLRQ��,�ZLOO�FRQVWUDLQ�WKUHH�DVSHFWV�RI�WKH�VLWXDWLRQ�XQGHU�VWXG\��)LUVW��,�ZLOO�UHVWULFW

P\�FRQFHSWLRQ�RI�D�ZRUNVSDFH�WR�PHGLXP�VL]HG�IODW�VXUIDFHV�OLNH�FKDONERDUGV�DQG�WDEOHWRSV�

6HFRQG��VLQFH�WKHVH�NLQGV�RI�VSDFHV�DUH�XVHG�SULPDULO\�E\�VPDOO�JURXSV��,�ZLOO�SUHVXPH�JURXSV

RI�EHWZHHQ�WZR�DQG�ILYH�SHRSOH��7KLUG��,�ZLOO�IRU�WKH�PRVW�SDUW�DVVXPH�WKDW�JURXSV�HQJDJH�LQ

PL[HG�IRFXV� FROODERUDWLRQ�� ZKHUH� SHRSOH� PRYH� EDFN� DQG� IRUWK� EHWZHHQ� LQGLYLGXDO� DQG

VKDUHG�DFWLYLWLHV�GXULQJ�D�ZRUN�VHVVLRQ��7KHVH�UHVWULFWLRQV�UXOH�RXW�FHUWDLQ�NLQGV�RI�DFWLYLW\�
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VXFK�DV� ODUJH�IRUPDO�PHHWLQJV�DQG�WHDP�VSRUWV��EXW�VWLOO� OHDYH�D� ULFK�YDULHW\�RI�VPDOO�JURXS

FROODERUDWLRQ��7\SLFDO�H[DPSOHV�FRXOG�LQFOXGH�WZR�SHRSOH�RUJDQL]LQJ�VOLGHV�RQ�D�OLJKW�WDEOH��D

UHVHDUFK�JURXS�JHQHUDWLQJ� LGHDV�RQ�D�ZKLWHERDUG��RU� WKH�PDQDJHUV�RI� D�SURMHFW�SODQQLQJ� D

WLPHOLQH�RI�SURMHFW�WDVNV��)LJXUH���VKRZV�WKH�FRQWH[W�DQG�IRFXV�RI�WKH�UHVHDUFK�

Computer-Supported Cooperative Work

Human-Computer Interaction

Real-time distributed groupware

Shared visual workspaces

Small groups

Mixed-focus collaboration

)LJXUH����5HVHDUFK�FRQWH[W�

����3UREOHP�VWDWHPHQW�DQG�UHVHDUFK�K\SRWKHVLV

7KH� SUREOHP� DGGUHVVHG� E\� WKLV� UHVHDUFK� LV� WKDW� FXUUHQW� UHDO�WLPH� GLVWULEXWHG� JURXSZDUH

V\VWHPV�DUH�DZNZDUG�DQG�FXPEHUVRPH�LQ�FRPSDULVRQ�ZLWK�IDFH�WR�IDFH�VKDUHG�ZRUNVSDFHV�

7KHVH� XVDELOLW\� SUREOHPV� DUH� FDXVHG� LQ� SDUW� E\� WKH� GLIILFXOW\� SHRSOH� KDYH� LQ� PDLQWDLQLQJ

ZRUNVSDFH� DZDUHQHVV��:RUNVSDFH� DZDUHQHVV� LV� DQ� LPSRUWDQW� SDUW� RI� FROODERUDWLYH� DFWLYLW\�

ZKHWKHU� WKH� VHWWLQJ� LV� D� SK\VLFDO� RU� D� YLUWXDO� ZRUNVSDFH�� DQG� LI� ZRUNVSDFH� DZDUHQHVV� LV

GLIILFXOW�WR�PDLQWDLQ��FROODERUDWLRQ�EHFRPHV�PRUH�GLIILFXOW�

)XUWKHUPRUH��GLIILFXOWLHV�LQ�PDLQWDLQLQJ�ZRUNVSDFH�DZDUHQHVV�FDQ�EH�WUDFHG�WR�WKH�SDXFLW\�RI

LQIRUPDWLRQ� WKDW� JURXSZDUH� V\VWHPV� SURYLGH� DERXW� RWKHU� SHRSOH��:RUNVSDFH� DZDUHQHVV� LV

PDLQWDLQHG� WKURXJK�D� ULFK�YDULHW\�RI� VHQVRU\�FXHV��EXW� FXUUHQW� JURXSZDUH� V\VWHPV�SURYLGH

RQO\�D� IUDFWLRQ�RI� WKLV� LQIRUPDWLRQ�� WKH\� ODFN�PDQ\�RI� WKH�QDWXUDO� DIIRUGDQFHV� WKDW�H[LVW� LQ

IDFH�WR�IDFH�VHWWLQJV��DQG�DUWLILFLDO�VXSSRUW�LV�OLPLWHG�LQ�FXUUHQW�V\VWHPV��$V�/LDP�%DQQRQ�KDV
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VDLG�� ´ZH� ILQG� WKDW�PRVW� RI� WKH� DYDLODEOH� IDFLOLWLHV� GR� QRW� SURYLGH� D� YHU\� ULFK� LQIRUPDWLRQ

VSDFH³HVSHFLDOO\�LI�WKH�IRFXV�LV�RQ�¶UHDO�WLPH·�IDFLOLWLHVµ��LQ�5RELQVRQ�������S������

)URP�WKLV�VLWXDWLRQ��,�GHULYH�P\�UHVHDUFK�K\SRWKHVLV��WKDW�VXSSRUW�IRU�WKH�PDLQWHQDQFH�RI�ZRUNVSDFH

DZDUHQHVV�LPSURYHV�WKH�XVDELOLW\�RI�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH�V\VWHPV�

,� ZLOO� LQYHVWLJDWH� DQG� WHVW� WKLV� K\SRWKHVLV� WKURXJK� WKUHH� UHVHDUFK� DFWLYLWLHV�� ,� ZLOO

RSHUDWLRQDOL]H� WKH� FRQFHSW� RI� ZRUNVSDFH� DZDUHQHVV�� DSSO\� WKH� FRQFHSW� WR� WKH� GHVLJQ� RI

JURXSZDUH� LQWHUIDFHV�� DQG� HYDOXDWH� WKH� XVDELOLW\� RI� WKH� UHVXOWLQJ� V\VWHPV�� $OWKRXJK� WKH

HYDOXDWLRQ�ZLOO� EH� WKH� HYHQWXDO� WHVW� RI� WKH� K\SRWKHVLV�� WKH� ILUVW� WZR� VWDJHV� DUH� UHTXLUHG� WR

FRQQHFW� WKH� H[SHULPHQWDO� UHVXOWV�EDFN� WR� WKH� FRQFHSW�RI�ZRUNVSDFH� DZDUHQHVV� LQ� D� ORJLFDO

DQG�WUDFHDEOH�ZD\��7KHVH�WKUHH�DFWLYLWLHV�IRUP�WKH�UHVHDUFK�SURFHVV�VKRZQ�LQ�)LJXUH����DQG

DOVR�GHILQH�WKH�WKUHH�UHVHDUFK�REMHFWLYHV�GHVFULEHG�EHORZ�

Operationalize
the concept of
workspace awareness

Apply  WA to the
design of groupware
interfaces

Evaluate  the
effects of WA
support

)LJXUH����7KH�UHVHDUFK�SURFHVV�

2EMHFWLYH� ��� ,�ZLOO� IUDPH� WKH� FRQFHSW� RI�ZRUNVSDFH� DZDUHQHVV� LQ� RSHUDWLRQDO� WHUPV� WKDW� DUH

XVHIXO� LQ� JURXSZDUH� GHVLJQ�� 7KLV� REMHFWLYH� ZLOO� EH� PHW� LQ� WKUHH� ZD\V�� E\� FRQVWUXFWLQJ� D

FRQFHSWXDO� IUDPHZRUN� WKDW� V\QWKHVL]HV� NQRZOHGJH� DERXW� ZRUNVSDFH� DZDUHQHVV�� E\

LGHQWLI\LQJ�DUHDV�ZKHUH�JURXSZDUH�V\VWHPV�UHTXLUH�DZDUHQHVV�VXSSRUW��DQG�E\�GHWDLOLQJ� WKH

VWHSV� WKDW�GHVLJQHUV�PXVW�XQGHUWDNH� WR�SURYLGH� WKDW� VXSSRUW��0\�RSHUDWLRQDOL]DWLRQ�RI� WKH
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FRQFHSW�ZLOO�EH�VXFFHVVIXO�LI�LW�FDQ�RUJDQL]H�WKH�GHVLJQ�VSDFH�RI�DZDUHQHVV�VXSSRUW�DQG�FDQ

H[SODLQ�HYDOXDWLRQ�UHVXOWV�LQ�WHUPV�RI�ZRUNVSDFH�DZDUHQHVV�

2EMHFWLYH����,�ZLOO�VKRZ�WKDW�WKH�FRQFHSW�RI�ZRUNVSDFH�DZDUHQHVV�FDQ�EH�DSSOLHG�LQ�WKH�GHVLJQ

RI�JURXSZDUH�LQWHUIDFHV��7KLV�REMHFWLYH�ZLOO�EH�PHW�E\�GHVLJQLQJ�DQG�EXLOGLQJ�VHYHUDO�GLVSOD\V

WKDW�SURYLGH�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ��DQG�E\�FROOHFWLQJ�DGGLWLRQDO�WHFKQLTXHV�IURP

H[LVWLQJ�UHVHDUFK��7KH�REMHFWLYH�ZLOO�EH�FRPSOHWH�ZKHQ�,�FDQ�GHPRQVWUDWH�WHFKQLTXHV�LQ�HDFK

DUHD�ZKHUH�JURXSZDUH�UHTXLUHV�DZDUHQHVV�VXSSRUW��DQG�ZKHQ�,�FDQ�RUJDQL]H�WKH�GLVSOD\V�LQ

WHUPV�RI�WKH�FRQFHSWXDO�IUDPHZRUN�

2EMHFWLYH� ��� ,� ZLOO� VKRZ� WKDW� DGGLQJ� DZDUHQHVV� LQIRUPDWLRQ� WR� D� JURXSZDUH� V\VWHP� FDQ

VLJQLILFDQWO\�LPSURYH�DVSHFWV�RI�JURXSZDUH�XVDELOLW\��7KLV�REMHFWLYH�ZLOO�EH�PHW�E\�FDUU\LQJ

RXW� DQ� H[SHULPHQWDO� FRPSDULVRQ� RI� SHRSOH·V� FROODERUDWLRQ� LQ� WZR� JURXSZDUH� V\VWHPV� WKDW

SURYLGH�GLIIHUHQW�OHYHOV�RI�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV��,�ZLOO�FRQVLGHU�WKH�REMHFWLYH�WR

KDYH� EHHQ� VXFFHVVIXOO\� PHW� LI� WKH� H[SHULPHQW� LV� UHOLDEOH�� YDOLG�� JHQHUDOL]DEOH�� DQG� VKRZV

VWDWLVWLFDOO\�VLJQLILFDQW�UHVXOWV�

����&RQWULEXWLRQV�RI�WKH�UHVHDUFK

7KLV�UHVHDUFK�FRQWULEXWHV�RULJLQDO�LGHDV��NQRZOHGJH��DQG�SUDFWLFHV�WR�&6&:�DQG�+&,��7KHUH

DUH�WKUHH�PDMRU�FRQWULEXWLRQV�

�� ,� LGHQWLI\� DQG� GHILQH� ZRUNVSDFH� DZDUHQHVV� DV� D� GHVLJQ� UHTXLUHPHQW� IRU� UHDO�WLPH

GLVWULEXWHG� JURXSZDUH�� &6&:� UHVHDUFK� KDV� SUHYLRXVO\� UHFRJQL]HG� WKDW� DZDUHQHVV� LV

LPSRUWDQW�� EXW� WKH� QDWXUH� DQG� PHFKDQLFV� RI� ZRUNVSDFH� DZDUHQHVV� KDYH� QRW� EHHQ

DUWLFXODWHG�EHIRUH�

�� ,� FRQVWUXFW� RSHUDWLRQDO� GHVFULSWLRQV� RI� ZRUNVSDFH� DZDUHQHVV� WKDW� FDQ� EH� XVHG� LQ

GHVLJQLQJ� DQG� EXLOGLQJ� JURXSZDUH� V\VWHPV�� ,� FRQVWUXFW� D� FRQFHSWXDO� IUDPHZRUN� WKDW

LGHQWLILHV�HOHPHQWV�RI�ZRUNVSDFH�DZDUHQHVV��PHFKDQLVPV�E\�ZKLFK�LW�LV�PDLQWDLQHG��DQG

LWV�XVHV�LQ�FROODERUDWLRQ��,�DOVR�LGHQWLI\�SULPDU\�DUHDV�ZKHUH�JURXSZDUH�V\VWHPV�QHHG�WR

SURYLGH�DZDUHQHVV�VXSSRUW��DQG�VHW�RXW�WKH�VWHSV�WKDW�GHVLJQHUV�PXVW�WDNH�WR�SURYLGH�LW�

7KHVH�RSHUDWLRQDO�GHVFULSWLRQV�ZLOO�KHOS�GHVLJQHUV�WR�RUJDQL]H�WKH�SUREOHP�RI�DZDUHQHVV

VXSSRUW��DVVHVV�ZRUN�VLWXDWLRQV��DQG�FRPSDUH�GHVLJQV�DQG�LQWHUIDFH�WHFKQLTXHV�
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�� ,� VKRZ� WKDW� JURXSZDUH� V\VWHPV� FDQ�EH�PDGH� VLJQLILFDQWO\�PRUH� XVDEOH� E\� VXSSRUW� IRU

ZRUNVSDFH�DZDUHQHVV��7KLV�H[SHULPHQWDO�HYLGHQFH�SXWV� LQWXLWLRQV�DERXW�WKH� LPSRUWDQFH

RI�ZRUNVSDFH�DZDUHQHVV�RQ�DQ�HPSLULFDO�IRRWLQJ��DQG�LQFUHDVHV�NQRZOHGJH�DERXW�ZKHQ

DQG�ZKHUH�DZDUHQHVV�VXSSRUW�ZLOO�EH�HIIHFWLYH�

7KHUH� DUH� VHYHUDO� RWKHU� PLQRU� FRQWULEXWLRQV�� )LUVW�� ,� GHVLJQ� DQG� EXLOG� D� VHW� RI� QRYHO

WHFKQLTXHV�IRU�SUHVHQWLQJ�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ��VHYHUDO�RI�ZKLFK�KDYH�QRW�EHHQ

VHHQ�EHIRUH� LQ� JURXSZDUH� V\VWHPV�� 6HFRQG�� ,� LQFUHDVH�XQGHUVWDQGLQJ�RI� WKH� GHILQLWLRQ� DQG

PHDVXUHPHQW� RI� JURXSZDUH� XVDELOLW\��7KLUG�� ,� JDWKHU� H[SHULPHQWDO� HYLGHQFH� WKDW� UHSOLFDWHV

DQG� UHLQIRUFHV� HDUOLHU� REVHUYDWLRQV� DERXW� WKH� UROH� RI� VKDUHG� ZRUNVSDFH� LQ� FROODERUDWLYH

LQWHUDFWLRQ��)RXUWK��,�LQYHVWLJDWH�WKH�WHQVLRQ�EHWZHHQ�GHVLJQLQJ�IRU�LQGLYLGXDOV�DQG�GHVLJQLQJ

IRU�JURXSV��7KHVH�PDMRU�DQG�PLQRU�FRQWULEXWLRQV�ZLOO�EH�GLVFXVVHG�IXUWKHU�LQ�ODWHU�FKDSWHUV�

����2YHUYLHZ�RI�WKH�GLVVHUWDWLRQ

7KH�UHPDLQGHU�RI�WKH�GLVVHUWDWLRQ�LV�RUJDQL]HG�LQWR�SDUWV�ZKLFK�IROORZ�WKH�UHVHDUFK�SURFHVV

RI� )LJXUH� ��� 7R� VHW� WKH� VFHQH�� &KDSWHU� �� SURYLGHV� EDFNJURXQG� RQ� WKH� WZR� IXQGDPHQWDO

HOHPHQWV�RI�WKLV�UHVHDUFK³DZDUHQHVV��DQG�VKDUHG�ZRUNVSDFHV��,�FRQVLGHU�EDVLF�TXHVWLRQV�RI

ZKDW�DZDUHQHVV�LV�DQG�KRZ�LW�ZRUNV��GHVFULEH�RWKHU�NLQGV�RI�DZDUHQHVV�VWXGLHG�LQ�SUHYLRXV

UHVHDUFK�� DQG� H[SORUH� WKH� DIIRUGDQFHV� DQG� FRQVWUDLQWV� RI� PHGLXP�VL]HG� ZRUNVSDFHV� WKDW

DIIHFW�WKH�FUHDWLRQ�DQG�PDLQWHQDQFH�RI�DZDUHQHVV�

2QFH� WKLV� IRXQGDWLRQ� LV� ODLG�� WKH� ILUVW� SDUW� RI� WKH� UHVHDUFK� SURFHVV� LV� RSHUDWLRQDOL]DWLRQ�

&KDSWHU��� IRFXVHV�RQ� WKH�FRQFHSW�RI�ZRUNVSDFH�DZDUHQHVV�� DQG� LQWURGXFHV� WKH�FRQFHSWXDO

IUDPHZRUN� WKDW� ZLOO� EH� XVHG� LQ� WKH� UHVW� RI� WKH� GLVVHUWDWLRQ�� 7KH� FRQFHSWXDO� IUDPHZRUN

H[SORUHV�WKUHH�KLJK�OHYHO�TXHVWLRQV�WKDW�GHVLJQHUV�QHHG�WR�DGGUHVV�LQ�VXSSRUWLQJ�DZDUHQHVV�LQ

JURXSZDUH��ZKDW� LQIRUPDWLRQ�GR�SHRSOH�QHHG�DERXW�HDFK�RWKHU� LQ�D� VKDUHG� VSDFH��KRZ�GR

SHRSOH�JDWKHU�DQG�PDLQWDLQ�WKLV� LQIRUPDWLRQ��DQG�ZKDW�GR�SHRSOH�XVH�WKH� LQIRUPDWLRQ�IRU"

7KH�IUDPHZRUN�DQVZHUV�WKHVH�TXHVWLRQV�E\�GHVFULELQJ�WKUHH�DVSHFWV�RI�ZRUNVSDFH�DZDUHQHVV

LQ�RSHUDWLRQDO�WHUPV�

• WKH�HOHPHQWV�RI�NQRZOHGJH�WKDW�PDNH�XS�ZRUNVSDFH�DZDUHQHVV�

• WKH�SURFHVV�RI�PDLQWDLQLQJ�:$�DQG�WKH�PHFKDQLVPV�WKDW�SHRSOH�XVH�WR�PDLQWDLQ�LW��DQG

• WKH�XVHV�RI�ZRUNVSDFH�DZDUHQHVV�LQ�PL[HG�IRFXV��VPDOO�JURXS�FROODERUDWLRQ�



�

&KDSWHU���WKHQ�H[SORUHV�VSHFLILF�LVVXHV�RI�VXSSRUWLQJ�ZRUNVSDFH�DZDUHQHVV�LQ�JURXSZDUH��,

ILUVW� LGHQWLI\�DUHDV�ZKHUH�FXUUHQW�JURXSZDUH�V\VWHPV�KLQGHU� WKH�PDLQWHQDQFH�RI�ZRUNVSDFH

DZDUHQHVV�� WKH\� UHGXFH� SHUFHSWLRQ� RI� WKH� ZRUNVSDFH�� WKH\� UHGXFH� WKH� H[SUHVVLYHQHVV� RI

ERGLHV� LQ� WKH� ZRUNVSDFH�� DQG� WKH\� UHGXFH� WKH� DPRXQW� RI� LQIRUPDWLRQ� WKDW� DFWLRQV� DQG

DUWLIDFWV�FDQ�FRQYH\��,�WKHQ�GHWDLO�WKH�VWHSV�WKDW�D�GHVLJQHU�PXVW�WDNH�WR�SURYLGH�DZDUHQHVV

VXSSRUW�� ,� FRQVLGHU� LVVXHV� LQ� FROOHFWLQJ� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� LQ� D� JURXSZDUH

VHWWLQJ��GLVWULEXWLQJ�LW�WR�RWKHUV��DQG�GLVSOD\LQJ�LW�LQ�WKH�JURXSZDUH�LQWHUIDFH�

7KH� VHFRQG� SDUW� RI� WKH� UHVHDUFK� SURFHVV� LV� DSSOLFDWLRQ�� &KDSWHU� �� SUHVHQWV� D� QXPEHU� RI

GLVSOD\� WHFKQLTXHV� IRU� SUHVHQWLQJ� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� LQ� WKH� JURXSZDUH

LQWHUIDFH��,�GHPRQVWUDWH�RULJLQDO�DQG�H[LVWLQJ�GLVSOD\V�WKDW�DGGUHVV�HDFK�RI�WKH�DUHDV�LQ�ZKLFK

JURXSZDUH� OLPLWV� WKH� PDLQWHQDQFH� RI� DZDUHQHVV�� ,� GHVFULEH� WHFKQLTXHV� IRU� ZRUNVSDFH

HPERGLPHQW��PHWKRGV�IRU�PDNLQJ�DFWLRQV�DQG�DUWLIDFWV�PRUH�H[SUHVVLYH��DQG�WHFKQLTXHV�IRU

LPSURYLQJ� YLVLELOLW\� RI� WKH� ZRUNVSDFH�� ,� RUJDQL]H� WKH� GHVLJQ� VSDFH� LQ� WHUPV� RI� ZKDW

DZDUHQHVV� LQIRUPDWLRQ� LV� SUHVHQWHG�� ZKHUH� LQ� WKH� LQWHUIDFH� LW� LV� SUHVHQWHG�� DQG� KRZ� LW� LV

SUHVHQWHG��&KDSWHU��� WKHQ� ORRNV�PRUH�FORVHO\�DW�RQH�FODVV�RI�DZDUHQHVV�GLVSOD\V�FDOOHG� WKH

UDGDU�YLHZ��D�GLVSOD\�XVHG� LQ�ERWK� WKH�HYDOXDWLRQV�RI� ODWHU�FKDSWHUV�� ,�GHWDLO� WKH�RULJLQ�DQG

HYROXWLRQ�RI�WKH�GLVSOD\�WKURXJK�WKUHH�GHVLJQ�F\FOHV�

7KH� WKLUG� SDUW� RI� WKH� UHVHDUFK� SURFHVV� LV� HYDOXDWLRQ�� &KDSWHUV� ��� ��� DQG� �� HYDOXDWH� WKH

K\SRWKHVLV� WKDW� VXSSRUW� IRU� ZRUNVSDFH� DZDUHQHVV� LPSURYHV� WKH� XVDELOLW\� RI� JURXSZDUH

V\VWHPV�� &KDSWHU� �� LQWURGXFHV� WKH� PHWKRGRORJ\� WKDW� ZLOO� EH� XVHG� LQ� ODWHU� FKDSWHUV�� DQG

GLVFXVVHV� LVVXHV� LQ� HYDOXDWLQJ� DQG�PHDVXULQJ�JURXSZDUH�XVDELOLW\��&KDSWHU� �� UHSRUWV� RQ� DQ

H[SORUDWRU\� XVDELOLW\� VWXG\�RI� D� VKDUHG�ZRUNVSDFH� JURXSZDUH� V\VWHP�� EXLOW� WR� H[DPLQH� WKH

HIIHFWV� RI� VHYHUDO� NLQGV� RI� DZDUHQHVV� GLVSOD\V�� &KDSWHU� �� WKHQ� GLVFXVVHV� D� ODERUDWRU\

H[SHULPHQW�WKDW�ORRNHG�PRUH�FORVHO\�DW�KRZ�FHUWDLQ�W\SHV�RI�DZDUHQHVV�LQIRUPDWLRQ�DGGHG�WR

D�JURXSZDUH�LQWHUIDFH�DIIHFW�SURGXFW��SURFHVV��DQG�SDUWLFLSDQW�VDWLVIDFWLRQ�

)LQDOO\�� FKDSWHUV� ��� DQG� ��� ORRN� EDFN� DW� WKH� UHVHDUFK� DQG� GUDZ� FRQFOXVLRQV�� &KDSWHU� ��

FRQVLGHUV�FRQQHFWLRQV�EHWZHHQ�WKH�ILQGLQJV�RI�WKH�UHVHDUFK�DQG�ODUJHU�LVVXHV�LQ�WKH�GHVLJQ�RI

KLJKO\� XVDEOH� JURXSZDUH�� 7KHVH� LQFOXGH� WKH� UROH� RI� ZRUNVSDFH� DZDUHQHVV� LQ� JURXSZDUH

XVDELOLW\��WKH�LPSRUWDQFH�RI�UHGXQGDQF\��WKH�UHODWLRQVKLS�EHWZHHQ�ZRUNVSDFH�DZDUHQHVV�DQG

ULFK�ZRUNVSDFH� LQWHUDFWLRQ�� DQG� WKH� WHQVLRQ�EHWZHHQ�GHVLJQ� IRU� LQGLYLGXDOV� DQG�GHVLJQ� IRU
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JURXSV��&KDSWHU� ��� WKHQ� VXPPDUL]HV� WKH�PDLQ� ILQGLQJV� DQG� FRQWULEXWLRQV�RI� WKH� UHVHDUFK�

DVVHVVHV� SURJUHVV� RQ� HDFK�RI� WKH� WKUHH� REMHFWLYHV� VWDWHG� DERYH�� DQG� VXJJHVWV� D� QXPEHU� RI

GLUHFWLRQV�IRU�IXUWKHU�VWXG\�



��

&KDSWHU�� )RXQGDWLRQV

7KLV�FKDSWHU�OD\V�WKH�IRXQGDWLRQV�IRU�P\�LQYHVWLJDWLRQ�RI�ZRUNVSDFH�DZDUHQHVV��,�H[SORUH�WKH

WZR� IXQGDPHQWDO� SDUWV� RI� ZRUNVSDFH� DZDUHQHVV³DZDUHQHVV� DQG� VKDUHG� ZRUNVSDFHV³DQG

VHW�RXW�GHILQLWLRQV�DQG�ERXQGDULHV�WKDW�ZLOO�FODULI\�DQG�IUDPH�ODWHU�GLVFXVVLRQV��0\�LQWHQWLRQV

DUH� WR� VKRZ� WKH� ULFKQHVV� WKDW� XQGHUOLHV� DZDUHQHVV� LQ� VKDUHG�ZRUNVSDFHV�� DQG� WR� SUHVHQW� D

WKHRUHWLFDO�EDVLV� IRU� WKH�RSHUDWLRQDOL]DWLRQ�RI�ZRUNVSDFH� DZDUHQHVV��7KH� NQRZOHGJH� WKDW� ,

SUHVHQW�KHUH�ZLOO� DOORZ�PH� LQ� WKH�QH[W� FKDSWHUV� WR� FRQVLGHU�ZKDW�ZRUNVSDFH� DZDUHQHVV� LV�

KRZ�LW�GLIIHUV�IURP�RWKHU�NLQGV�RI�DZDUHQHVV��KRZ�LW�LV�PDLQWDLQHG��DQG�ZKDW�LW�LV�XVHG�IRU�LQ

FROODERUDWLRQ�

,� ORRN� DW� DZDUHQHVV� LQ� WKH� ILUVW� SDUW� RI� WKH� FKDSWHU�� DQG� EHJLQ� E\� GHWHUPLQLQJ� WKH� EDVLF

FKDUDFWHULVWLFV�RI�DZDUHQHVV�DV�,�ZLOO�XVH� LW� LQ� WKLV� UHVHDUFK�� ,� WKHQ�SURYLGH�DQ�RYHUYLHZ�RI

VLWXDWLRQ�DZDUHQHVV��DQ�DUHD�RI�KXPDQ�IDFWRUV�UHVHDUFK�WKDW�SURYLGHV�GHILQLWLRQV��VWUXFWXUHV��DQG

SURFHVVHV�WKDW�FDQ�EH�DSSOLHG�WR�ZRUNVSDFH�DZDUHQHVV� UHVHDUFK�� ,� WKHQ� ORRN�DW�VXEW\SHV�RI

VLWXDWLRQ�DZDUHQHVV�WKDW�LQYROYH�DZDUHQHVV�RI�RWKHU�SHRSOH��WR�SURYLGH�D�FRQWH[W�LQWR�ZKLFK

ZRUNVSDFH�DZDUHQHVV�ILWV�

7KH� VHFRQG� SDUW� RI� WKH� FKDSWHU� GLVFXVVHV� VKDUHG� ZRUNVSDFHV�� ,� FRQVLGHU� ZKDW� D� VKDUHG

ZRUNVSDFH�LV�DQG�KRZ�ZRUNVSDFHV�DFW�DV�H[WHUQDO�UHSUHVHQWDWLRQV�RI�FROODERUDWLYH�DFWLYLW\��,

WKHQ� VHW� RXW� VRPH�RI� WKH� SURSHUWLHV� DQG� FRQVWUDLQWV� RI� VKDUHG�ZRUNVSDFHV� WKDW�ZLOO� DIIHFW

ZRUNVSDFH�DZDUHQHVV��)LQDOO\��,�GHVFULEH�VHYHUDO�NLQGV�RI�SURWRW\SLFDO�WDVNV�WKDW�FDQ�RFFXU�LQ

VKDUHG� ZRUNVSDFHV�� WR� JLYH� DQ� LGHD� RI� WKH� NLQGV� RI� DFWLYLWLHV� WKDW� ,� FRQVLGHU� LQ� WKH

GLVVHUWDWLRQ�

����$ZDUHQHVV

$ZDUHQHVV�LV�VXFK�D�QDWXUDO�SKHQRPHQRQ�WKDW�SHRSOH�UDUHO\�QHHG�WR�WKLQN�DERXW�LW��)URP�D

UHVHDUFK� SHUVSHFWLYH�� KRZHYHU�� WKH� ILUVW� VWHS� LQ� XQGHUVWDQGLQJ� ZRUNVSDFH� DZDUHQHVV� LV

GHWHUPLQLQJ� ZKDW� DZDUHQHVV� LV� DQG� KRZ� LW� ZRUNV�� 7KH� DQVZHUV� WR� WKHVH� TXHVWLRQV� DUH

QHFHVVDU\�LI�,�DP�WR�RSHUDWLRQDOL]H�ZRUNVSDFH�DZDUHQHVV�IRU�JURXSZDUH�GHVLJQ�



��

$OWKRXJK�ZH�RIWHQ� WDNH� LW� IRU� JUDQWHG�� WKH� QDWXUH� RI� DZDUHQHVV� LV� QRW� LQKHUHQWO\� REYLRXV�

$ZDUHQHVV� LV� JHQHUDOO\� GHILQHG� LQ� WHUPV� RI� WZR� FRQFHSWV�� NQRZOHGJH� DQG� FRQVFLRXVQHVV�

$ZDUHQHVV� DV� NQRZOHGJH� LPSOLHV� WKDW� VRPH� SLHFH� RI� LQIRUPDWLRQ� UHVLGHV� LQ� D� SHUVRQ·V

PHPRU\�� KRZHYHU� GHHSO\�� EXW� DZDUHQHVV� DV� FRQVFLRXVQHVV� LPSOLHV� WKDW� WKH� SHUVRQ� LV

FRQVFLRXV�RI� WKDW�SLHFH�RI� LQIRUPDWLRQ��0\� UHVHDUFK� FRQFHQWUDWHV�RQ� WKH� IRUPHU� VHQVH��RI

DZDUHQHVV� DV� NQRZOHGJH�� DQG�GRHV� QRW� GHOYH� IXUWKHU� LQWR� SKLORVRSKLFDO� GHEDWHV� DERXW� WKH

QDWXUH�RI�H[SHULHQFH�RU�DERXW�ZKDW�LW�PHDQV�WR�EH�FRQVFLRXV�RU�VHOI�DZDUH��H�J��-DFNHQGRII

������8QGHUZRRG��������,Q�SDUWLFXODU��,�IROORZ�WKH� OHDG�RI�KXPDQ�IDFWRUV�UHVHDUFKHUV�ZKR

ORRN�DW�DZDUHQHVV�DV�LW�UHODWHV�WR�WKH�LQWHUDFWLRQ�EHWZHHQ�DQ�DJHQW�DQG�LWV�HQYLURQPHQW��H�J�

6PLWK�DQG�+DQFRFN�������)ODFK�������$GDPV�HW�DO�������� ,Q� WKLV� VHQVH�� DZDUHQHVV�FDQ�EH

VLPSO\�GHILQHG�DV�´NQRZLQJ�ZKDW�LV�JRLQJ�RQµ��(QGVOH\�����D��S������

$V�WKH�QH[W�VHFWLRQV�ZLOO�GLVFXVV��WKLV�FRQFHSWLRQ�RI�DZDUHQHVV�LQYROYHV�VWDWHV�RI�NQRZOHGJH

EXW� DOVR� G\QDPLF� SURFHVVHV� RI� SHUFHSWLRQ� DQG� DFWLRQ�� 7R� EHJLQ� ZLWK�� KRZHYHU�� ,� KDYH

LGHQWLILHG�IRXU�EDVLF�FKDUDFWHULVWLFV�WKDW�UXQ�WKURXJK�VHYHUDO�FRQFHSWLRQV�RI�DZDUHQHVV� �H�J�

$GDPV�HW�DO�������1RUPDQ�������(QGVOH\�����D���7KHVH�FKDUDFWHULVWLFV�VHW�DZDUHQHVV�DSDUW

IURP�RWKHU�NLQGV�RI�NQRZLQJ��DQG�ERXQG�WKH�FRQFHSW�IRU�WKH�SXUSRVHV�RI�WKLV�UHVHDUFK�

�� $ZDUHQHVV�LV�NQRZOHGJH�DERXW�WKH�VWDWH�RI�VRPH�HQYLURQPHQW��D�VHWWLQJ�ERXQGHG�LQ�WLPH

DQG� VSDFH�� )RU� H[DPSOH�� WKH� HQYLURQPHQW� PLJKW� EH� WKH� DLUVSDFH� WKDW� DQ� DLU� WUDIILF

FRQWUROOHU� LV� UHVSRQVLEOH� IRU�� DQG� WKHLU� NQRZOHGJH� PLJKW� LQFOXGH� DLUFUDIW� KHDGLQJV�

DOWLWXGHV��DQG�VHSDUDWLRQ��DQG�ZKHWKHU�WKHVH�IDFWRUV�LPSO\�D�VDIH�RU�XQVDIH�VLWXDWLRQ�

�� (QYLURQPHQWV� FKDQJH� RYHU� WLPH�� VR� DZDUHQHVV� LV� NQRZOHGJH� WKDW�PXVW� EH�PDLQWDLQHG

DQG� NHSW� XS�WR�GDWH�� (QYLURQPHQWV� PD\� FKDQJH� DW� GLIIHUHQW� UDWHV�� EXW� LQ� DOO� FDVHV� D

SHUVRQ�PXVW�FRQWLQXDOO\�JDWKHU�QHZ�LQIRUPDWLRQ�DQG�XSGDWH�ZKDW�WKH\�DOUHDG\�NQRZ�

�� 3HRSOH� LQWHUDFW� ZLWK� WKH� HQYLURQPHQW�� DQG� WKH� PDLQWHQDQFH� RI� DZDUHQHVV� LV

DFFRPSOLVKHG�WKURXJK�WKLV�LQWHUDFWLRQ��3HRSOH�JDWKHU�LQIRUPDWLRQ�IURP�WKH�HQYLURQPHQW

WKURXJK� VHQVRU\� SHUFHSWLRQ�� DQG� DFWLYHO\� H[SORUH� WKHLU� VXUURXQGLQJV� EDVHG� RQ� WKH

LQIRUPDWLRQ�WKDW�WKH\�SLFN�XS�

�� $ZDUHQHVV�LV�DOPRVW�DOZD\V�SDUW�RI�VRPH�RWKHU�DFWLYLW\��7KDW�LV��PDLQWDLQLQJ�DZDUHQHVV�LV

UDUHO\� WKH� SULPDU\� JRDO� RI� WKH� DFWLYLW\�� WKH� JRDO� LV� WR� FRPSOHWH� VRPH� WDVN� LQ� WKH

HQYLURQPHQW��)RU�H[DPSOH��WKH�DLU�WUDIILF�FRQWUROOHU·V�WDVN�LV�WR�PRYH�DLUFUDIW�WKURXJK�D
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UHJLRQ� HIILFLHQWO\� DQG� VDIHO\�� DQG� DOWKRXJK� DZDUHQHVV�PD\� DIIHFW� VXFFHVV�� LW� LV� QRW� WKH

SULPDU\�LQWHQW�

����6LWXDWLRQ�DZDUHQHVV

$ZDUHQHVV�DV� MXVW�GHVFULEHG�KDV�UHFHQWO\�EHHQ�VWXGLHG�E\�KXPDQ�IDFWRUV� UHVHDUFKHUV�XQGHU

WKH�UXEULF�RI�VLWXDWLRQ�DZDUHQHVV��6$���H�J��*LOVRQ��������6LWXDWLRQ�DZDUHQHVV�KDV�ORQJ�EHHQ�D

UHFRJQL]HG� SKHQRPHQRQ� LQ�PLOLWDU\� DYLDWLRQ�� ZKHUH� UHWXUQLQJ� SLORWV� ZRXOG� WDON� RI� KDYLQJ

EHHQ� ¶RQH� VWHS� DKHDG�RI� WKH� DLUFUDIW·� RU� RI� KDYLQJ� KDG� ¶WKH� ULJKW� VWXII·� �SUHVXPDEO\�� WKRVH

ZKR� ZHUH� RQH� VWHS� EHKLQG� WKH� DLUFUDIW� ZHUHQ·W� WDONLQJ�� RU� SHUKDSV� GLGQ·W� UHWXUQ� DW� DOO��� ,Q

JHQHUDO� WHUPV�� KRZHYHU�� 6$� LV� ´WKH� XS�WR�WKH� PLQXWH� FRJQL]DQFH� UHTXLUHG� WR� RSHUDWH� RU

PDLQWDLQ�D�V\VWHPµ��$GDPV�HW�DO�������S������$OWKRXJK�DYLDWLRQ�KDV�EHHQ�WKH�PDMRU� IRFXV�

UHVHDUFK�LQ�6$�KDV�DOVR�FRQVLGHUHG�RWKHU�FRPPDQG�DQG�FRQWURO�GRPDLQV�VXFK�DV�DLU�WUDIILF

FRQWURO��6PLWK�DQG�+DQFRFN�������DQG�DQHVWKHVLRORJ\��*DED�DQG�+RZDUG�������

7KHVH� GRPDLQV� DOO� VKDUH� FHUWDLQ� FKDUDFWHULVWLFV�� WKH� HQYLURQPHQW� FKDQJHV� TXLFNO\�� D� ODUJH

DPRXQW�RI�LQIRUPDWLRQ�PXVW�EH�JDWKHUHG� LQ�D�VKRUW�WLPH��WKH�GHPDQGV�RI�WKH�SULPDU\�WDVN

DUH� FRQVLGHUDEOH�� DQG� IDLOXUH� FDQ� OHDG� WR� FDWDVWURSKH��$V�*DED� DQG�+RZDUG� ������� SXW� LW�

WKH\�DOO�VKDUH�´G\QDPLVP��FRPSOH[LW\��KLJK�LQIRUPDWLRQ�ORDG��YDULDEOH�ZRUNORDG��DQG�ULVNµ��S�

����� 7KH� VHWWLQJ� IRU� WKH� VWXG\� RI� 6$� LV� W\SLILHG� E\� WKH� VLWXDWLRQ� RI� ODQGLQJ� D� FRPPHUFLDO

DLUFUDIW�

,Q� WKH� FRXUVH� RI� PDQDJLQJ� WKH� QDYLJDWLRQ�� JXLGDQFH�� DQG� FRQWURO� RI� WKH
DLUFUDIW�� SLORWV� PD\� EH� VLPXOWDQHRXVO\� UHVSRQVLEOH� IRU� WKH� LQIRUPDWLRQ
SUHVHQWHG�E\�XS�WR�����VHSDUDWH�JDXJHV�DQG�LQVWUXPHQWV��7KH\�DUH��PRUHRYHU�
UHVSRQVLEOH� IRU� WKH� LQWHUSUHWDWLRQ�RI� WKDW� LQIRUPDWLRQ�DQG��DV�QHFHVVDU\�� WKH
LQIHUHQFHV� LQYROYHG� LQ� LGHQWLI\LQJ� WKH� URRW� FDXVH� RI� DEQRUPDOLWLHV� DQG
FKRRVLQJ�IURP�DPRQJ�VRPH�VHW�RI�FRPSHQVDWRU\�RU�UHPHGLDO�DFWLRQV�
)RU�H[DPSOH��LQ�DQ�DSSURDFK�WR�ODQGLQJ�DW������IHHW�WRZDUG�D�UDLQVWRUP��WKH
SLORW�PD\�KDYH�WR�SHUIRUP�WKH�IROORZLQJ�

• PRQLWRU�GHVFHQW��H�J��FRPSDUH�DFWXDO�WR�GHVLUHG�IOLJKW�SDWK��DLUVSHHG��HWF��

• SHUIRUP�WKH�SUHODQGLQJ�FKHFNOLVWV

• VHW�WKH�IODSV�VODWV

• UHFHLYH� UDGLR�PHVVDJHV� IURP� DLU� WUDIILF� FRQWURO� �$7&�� WR� UHGXFH� VSHHG
DQG�ZDWFK�IRU�WUDIILF

• HQWHU�WKH�QHZ�DOWLWXGH�UHVWULFWLRQ�LQWR�WKH�0RGH�&RQWURO�3DQHO

• ORRN�RXW�WKH�ZLQGRZ�IRU�WUDIILF
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• UHVSRQG�WR�$7&�DERXW�WUDIILF

• ZRUU\�DERXW�WKH�SUHVHQFH�RI�ZLQGVKHDU�E\�ORRNLQJ�IRU�YLUJD��OLJKWQLQJ��RU
GXVW�ULQJV

• ZDWFK�DLUVSHHG��HVSHFLDOO\�IRU�HYLGHQFH�RI�D�ZLQGVKHDU�HQFRXQWHU

• LJQRUH�UDGLR�WUDIILF�WR�RWKHU�DLUFUDIW�H[FHSW�ZKHQ�LW�FRQWDLQV�ZDUQLQJV�RI
QHDUE\�KD]DUGV

• PRQLWRU�FRSLORW·V�SHUIRUPDQFH

$Q� LQWHUUXSWLRQ�� DQ� RYHUVLJKW�� D� KDVW\� LQIHUHQFH�� RU� D� GHFLVLRQ� EDVHG� RQ
LQFRPSOHWH�NQRZOHGJH�RU�LQIRUPDWLRQ�FRXOG�PHDQ�GLVDVWHU³DQG�DQ\�FUHZ�LV
YXOQHUDEOH� WR� HDFK�� HVSHFLDOO\� XQGHU� FRQGLWLRQV� RI� KHDY\�ZRUNORDG� RU� WLJKW
WHPSRUDO�SUHVVXUH�� �$GDPV�HW�DO�������S��������

,Q�WKHVH�FRPSOH[�HQYLURQPHQWV��DZDUHQHVV�GHSHQGV�RQ�VHYHUDO�FRJQLWLYH�DFWLYLWLHV��(QGVOH\

�����D�� SXWV� IRUZDUG� WKUHH� OHYHOV� RI� 6$� WKDW� DUH� WLHG� WR� WKH� DFWLYLWLHV� RI� SHUFHSWLRQ�

FRPSUHKHQVLRQ��DQG�SUHGLFWLRQ��)LUVW��D�SHUVRQ·V�SHUFHSWLRQ�RI�WKH�UHOHYDQW�HOHPHQWV�RI�WKH

HQYLURQPHQW�SURYLGHV�WKHP�ZLWK�WKH�UDZ�GDWD�WKDW�WKH\�QHHG�WR�VWD\�DZDUH��)RU�H[DPSOH��D

SLORW�ZRXOG�SHUFHLYH�WKH�JDXJHV�DQG�OLJKWV�LQ�WKH�FRFNSLW��DV�ZHOO�DV�WKH�WHUUDLQ�DQG�DLUVSDFH

RXWVLGH�WKH�DLUFUDIW��WKH�GULYHU�RI�D�FDU�ZRXOG�SHUFHLYH�WKH�SRVLWLRQV�DQG�VSHHGV�RI�RWKHU�FDUV

RQ� WKH� URDG�� 6HFRQG�� D� SHUVRQ� PXVW� LQWHUSUHW� WKH� SHUFHSWXDO� LQIRUPDWLRQ� LQ� RUGHU� WR

FRPSUHKHQG�LWV�PHDQLQJ�IRU�WKH�WDVN�DW�KDQG��)RU�H[DPSOH��WKH�GULYHU�RI�D�FDU�PLJKW�UHDOL]H

WKDW� DQRWKHU� YHKLFOH� LV� RQ� WKH� ZURQJ� VLGH� RI� WKH� VWUHHW� DQG� LV� FRPLQJ� VWUDLJKW� DW� KHU�

(QGVOH\·V�WKLUG�OHYHO�LQYROYHV�XQGHUVWDQGLQJ�ZKDW�WKH�HOHPHQWV�RI�WKH�HQYLURQPHQW�DUH�OLNHO\

WR�GR�LQ�WKH�QHDU�IXWXUH��7KLV�SUHGLFWLRQ�PLJKW�EH�EDVHG�RQ�SULRU�H[SHULHQFH�IURP�D�VLPLODU

VLWXDWLRQ�� RU� RQ� FDOFXODWLRQV�PDGH� IURP� WKH� FXUUHQW� LQIRUPDWLRQ�� )RU� H[DPSOH�� WKH� GULYHU

PLJKW�SUHGLFW�WKDW�WKH�RQFRPLQJ�FDU�LV�DERXW�WR�UHWXUQ�WR�WKH�ULJKW�VLGH�RI�WKH�URDG��RU�WKDW�D

FROOLVLRQ�LV�LPPLQHQW�DQG�WKDW�HYDVLYH�DFWLRQ�ZLOO�EH�QHHGHG�

������0DLQWDLQLQJ�DZDUHQHVV��SURGXFW�DQG�SURFHVV

,�LQWURGXFHG�DZDUHQHVV�DERYH�DV�D�NLQG�RI�NQRZLQJ��EXW�WKHUH�LV�PRUH�WR�VWD\LQJ�DZDUH�WKDQ

MXVW� D� VWDWH� RI� NQRZOHGJH�� (QGVOH\·V� WKUHH� OHYHOV� RI� SHUFHSWLRQ�� FRPSUHKHQVLRQ�� DQG

SUHGLFWLRQ� FOHDUO\� LQYROYH� GLIIHUHQW� NLQGV� RI� NQRZOHGJH� DW� HDFK� OHYHO�� EXW� DOVR� VXJJHVW

GLIIHUHQW� SURFHVVHV� DV� ZHOO�� 6HYHUDO� UHVHDUFKHUV� KDYH� H[SORUHG� VLWXDWLRQ� DZDUHQHVV� DV� D

SURFHVV�RI�SHUFHSWXDO�DQG�FRJQLWLYH�DFWLYLWLHV�DV�ZHOO�DV�D�NQRZOHGJH�SURGXFW��IRU�H[DPSOH�
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RQH�GHILQLWLRQ�GHVFULEHV�6$�DV� ´D� JHQHUDWLYH�SURFHVV�RI� NQRZOHGJH� FUHDWLRQ� DQG� LQIRUPHG

DFWLRQ�WDNLQJµ��6PLWK�DQG�+DQFRFN�������S�������

$GDPV�HW�DO��������VXJJHVW�D�PRGHO�WKDW�EULQJV�SURFHVV�DQG�SURGXFW�WRJHWKHU��DQG�DOVR�VKRZV

KRZ� DZDUHQHVV� LV� PDLQWDLQHG�� 7KH� PRGHO� LV� 1HLVVHU·V� ������� SHUFHSWLRQ�DFWLRQ� F\FOH�� D

´FRJQLWLYH�IUDPHZRUN�IRU�WKH�LQWHUGHSHQGHQFH�RI�PHPRU\��SHUFHSWLRQ��DQG�DFWLRQµ��$GDPV

HW� DO� ������ S�� ����� 1HLVVHU·V� PRGHO�� VKRZQ� LQ� )LJXUH� ��� FDSWXUHV� VRPH� RI� WKH� LQWHUDFWLRQ

EHWZHHQ�WKH�DJHQW�DQG�WKH�HQYLURQPHQW��DQG�LQFRUSRUDWHV�UHODWLRQVKLSV�EHWZHHQ�NQRZOHGJH

DQG� LQIRUPDWLRQ�JDWKHULQJ�DFWLYLW\�� ,W�GLIIHUV� IURP� OLQHDU�PRGHOV�RI� LQIRUPDWLRQ�SURFHVVLQJ

E\� UHFRJQL]LQJ� WKDW� SHUFHSWLRQ� LV� LQIOXHQFHG� DQG� GLUHFWHG� E\� H[LVWLQJ� NQRZOHGJH� WKDW

´HIIHFWLYHO\�GLUHFWV�H[SORUDWRU\�PRYHPHQWV�DQG�LQFUHDVHV�UHFHSWLYLW\�WR�SDUWLFXODU�DVSHFWV�DQG

LQWHUSUHWDWLRQV�RI�WKH�DYDLODEOH�LQIRUPDWLRQµ��S������

$ZDUHQHVV�RI�DQ�HQYLURQPHQW�LV�FUHDWHG�DQG�VXVWDLQHG�WKURXJK�WKH�SHUFHSWLRQ�DFWLRQ�F\FOH�

:KHQ�D�SHUVRQ�HQWHUV�DQ�HQYLURQPHQW�WR�GR�D�SDUWLFXODU�WDVN��WKH\�EULQJ�ZLWK�WKHP�D�JHQHUDO

XQGHUVWDQGLQJ�RI� WKH� VLWXDWLRQ� DQG� D�EDVLF� LGHD�RI�ZKDW� WR� ORRN� IRU��7KH� LQIRUPDWLRQ� WKDW

WKH\�WKHQ�SLFN�XS�IURP�WKH�HQYLURQPHQW�FDQ�EH�LQWHUSUHWHG�LQ�OLJKW�RI�H[LVWLQJ�NQRZOHGJH�WR

KHOS� WKH� SHUVRQ� GHWHUPLQH� WKH� FXUUHQW� VWDWH� RI� WKH� HQYLURQPHQW³WKDW� LV�� ZKDW� LV

KDSSHQLQJ³DQG�DOVR�KHOS�WKHP�WR�SUHGLFW�ZKDW�ZLOO�KDSSHQ�QH[W��7KHVH�H[SHFWDWLRQV�OHDG�WR

D� IXUWKHU� UHILQHPHQW� LQ� SHUFHSWXDO� VHQVLWLYLW\�� DV� ZKHQ� WKH� H[SHFWDWLRQ� RI� VHHLQJ� DQRWKHU

Environment

Knowledge Exploration

SamplesModifies

Directs

)LJXUH����7KH�SHUFHSWLRQ�DFWLRQ�F\FOH��IURP�1HLVVHU������
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DLUFUDIW�VHQVLWL]HV�D�SLORW�WR�VXEWOH�YDULDWLRQV�LQ�WKH�YLVXDO�ILHOG��$GDPV�HW�DO�������S�������7KH

SHUFHSWLRQ�DFWLRQ�F\FOH�FRPELQHV�ERWK�SURGXFW�DQG�SURFHVV�DVSHFWV�RI�DZDUHQHVV��3URGXFW�LV

FDSWXUHG�E\�WKH�DFWLYH�NQRZOHGJH�FUHDWHG�E\�SUHYLRXV�F\FOHV��DQG�SURFHVV�LV�FDSWXUHG�E\�WKH

PRYHPHQW�DURXQG�WKH�F\FOH��,Q�P\�YLHZ��WKH�WKUHH�UHODWLRQVKLSV�LQ�1HLVVHU·V�F\FOH��VDPSOLQJ

WKH�HQYLURQPHQW��PRGLI\LQJ�NQRZOHGJH��GLUHFWLQJ�H[SORUDWLRQ��DOVR�FRUUHVSRQG�WR�(QGVOH\·V

DFWLYLWLHV�RI�SHUFHSWLRQ��FRPSUHKHQVLRQ��DQG�SUHGLFWLRQ�

������&RJQLWLYH�DVSHFWV�RI�VLWXDWLRQ�DZDUHQHVV

0DLQWDLQLQJ� DZDUHQHVV� WKURXJK� WKH� SHUFHSWXDO� F\FOH� GHSHQGV� XSRQ� D� QXPEHU� RI� FRJQLWLYH

DFWLYLWLHV� WKDW� PXVW� EH� FRQWLQXRXVO\� PDQDJHG� GXULQJ� D� SHUVRQ·V� LQWHUDFWLRQ� ZLWK� WKH

HQYLURQPHQW��7ZR�RI�WKHVH�WKDW�SOD\�PDMRU�UROHV�LQ�DZDUHQHVV�DUH�DWWHQWLRQ�DQG�PHPRU\�

$WWHQWLRQ

,Q�RUGHU�WR�SLFN�XS�LQIRUPDWLRQ�IURP�WKH�HQYLURQPHQW��D�SHUVRQ�PXVW�DWWHQG�WR�IHDWXUHV�DQG

VWLPXOL��$OWKRXJK�KXPDQV�FDQ�KDQGOH�PDQ\�NLQGV�RI�DWWHQWLRQDO�GHPDQGV��RXU�UHVRXUFHV�DUH

OLPLWHG��:LFNHQV��������VXJJHVWV�WKH�FRQFHSWV�RI�EUHDGWK�DQG�VHOHFWLRQ�WR�H[SODLQ�KRZ�DWWHQWLRQ

ZRUNV� LQ� G\QDPLF� HQYLURQPHQWV�� ,Q� WKH� IROORZLQJ� GLVFXVVLRQV�� WKH� IHDWXUHV� RI� WKH

HQYLURQPHQW� DUH� FRQVLGHUHG� DV� VHSDUDWH� LQIRUPDWLRQ� VRXUFHV� RU� FKDQQHOV� RQ�ZKLFK� HYHQWV

RFFXU�SHULRGLFDOO\�

%UHDGWK� RI� DWWHQWLRQ� LV� WKH� QXPEHU� RI� LQIRUPDWLRQ� VRXUFHV� LQ� WKH� HQYLURQPHQW� WKDW� DUH

DWWHQGHG� WR�� HLWKHU� RQH�� RU� VHYHUDO�� )RFXVHG� DWWHQWLRQ� LPSOLHV� FRQFHQWUDWLRQ� RQ� D� VLQJOH

LQIRUPDWLRQ�VRXUFH³IRU�H[DPSOH��D�EDWWHU�FRQFHQWUDWLQJ�DOO�WKHLU�DWWHQWLRQ�RQ�DQ�LQFRPLQJ

SLWFK��'LYLGHG�DWWHQWLRQ��RQ�WKH�RWKHU�KDQG��LPSOLHV�FRQFHQWUDWLRQ�RQ�PXOWLSOH� LQIRUPDWLRQ

VRXUFHV�XVLQJ�D�WLPH�VKDULQJ�VFKHPH��)RU�H[DPSOH��D�SLORW�ODQGLQJ�DQ�DLUFUDIW�PXVW�DWWHQG�WR

PDQ\�GLIIHUHQW�LQIRUPDWLRQ�GLVSOD\V�LQ�WKH�FRFNSLW��:KHQ�DWWHQWLRQ�LV�GLYLGHG�DPRQJ�VHYHUDO

FKDQQHOV�� LQIRUPDWLRQ� LV�JDWKHUHG�E\�SHULRGLFDOO\� VDPSOLQJ� WKH� FKDQQHOV� �:LFNHQV�������S�

����

6HOHFWLRQ� RI� DWWHQWLRQ� LV� WKH� GHWHUPLQDWLRQ� RI� ZKLFK� LQIRUPDWLRQ� VRXUFHV� DUH� DWWHQGHG� WR�

6HOHFWLRQ� LV� LQIOXHQFHG� ERWK� E\� D� SHUVRQ·V� JRDOV� DQG� E\� WKH� VDOLHQFH� RI� IHDWXUHV� LQ� WKH

HQYLURQPHQW��:KHQ�GULYHQ�E\�JRDOV�DQG�LQWHQWLRQV��D�SHUVRQ�GHFLGHV�ZKDW�FKDQQHOV�WR�DWWHQG
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WR��ZKDW� RUGHU� WR� VDPSOH� WKHP� LQ�� DQG� DW�ZKDW� UDWH� WR� VDPSOH� WKHP��:KHQ�GULYHQ�E\� WKH

HQYLURQPHQW�� DWWHQWLRQ� FDQ� EH� XQDYRLGDEO\� GUDZQ� WR� D� SDUWLFXODUO\� VDOLHQW� LQIRUPDWLRQ

VRXUFH��$V�:LFNHQV�VD\V��´WKHUH�LV�OLWWOH�GRXEW�WKDW�YLVXDO�DWWHQWLRQ�ZLOO�EH�GUDZQ�WR�LWHPV�LQ�D

GLVSOD\�WKDW�DUH�ODUJH��EULJKW��DQG�FKDQJLQJµ��S������

$ZDUHQHVV�LV�LQWLPDWHO\�UHODWHG�WR�DWWHQWLRQ��DQG�WKH�DZDUHQHVV�WKDW�D�SHUVRQ�FDQ�PDLQWDLQ�LV

GHSHQGHQW�RQ�ERWK�WKH�EUHDGWK�DQG�VHOHFWLRQ�RI�DWWHQWLRQ��$ZDUHQHVV�FDQ�EH�FRPSURPLVHG

ZKHQ� WKHUH� DUH� WRR�PDQ\� LPSRUWDQW� LQIRUPDWLRQ� VRXUFHV� IRU� D� SHUVRQ·V� GLYLGHG� DWWHQWLRQ�

ZKHQ�WKH�SHUVRQ�VHOHFWV�WKH�ZURQJ�VRXUFHV�WR�DWWHQG�WR�RU�VDPSOHV�WKHP�LQDSSURSULDWHO\��RU

ZKHQ� SHUFHSWXDOO\� VDOLHQW� IHDWXUHV� GLVWUDFW� WKH� SHUVRQ� IURP� PRUH� LPSRUWDQW� LQIRUPDWLRQ�

(QYLURQPHQWDO� VHOHFWLRQ�� KRZHYHU�� LV� QRW� DOZD\V� GHWULPHQWDO� WR� WKH� PDLQWHQDQFH� RI

DZDUHQHVV�� DQG� FDQ� DOHUW� DQ� RSHUDWRU� WR� LPSRUWDQW� LQIRUPDWLRQ� VXFK� DV� DQ� DSSURDFKLQJ

YHKLFOH��,Q�DGGLWLRQ��1HLVVHU·V�F\FOH�VXJJHVWV�WKDW�VDOLHQFH�FDQ�EH�UHODWLYH��7KDW�LV��VHQVLWLYLW\

WR�FHUWDLQ�HQYLURQPHQWDO�HYHQWV�FDQ�EH�KHLJKWHQHG��VR�WKDW�HYHQWV�WKDW�DUH�QRW�SHUFHSWXDOO\

REYLRXV�PD\�VWLOO�GUDZ�D�SHUVRQ·V�DWWHQWLRQ�

0HPRU\

3HUFHSWXDO�LQIRUPDWLRQ�JDWKHUHG�IURP�WKH�HQYLURQPHQW�PXVW�EH�VWRUHG�DQG�LQWHJUDWHG�ZLWK

RWKHU�NQRZOHGJH��(QGVOH\������D��VHHV�ZRUNLQJ�PHPRU\�DV�D�ERWWOHQHFN�IRU�DZDUHQHVV��VLQFH

SUHGLFWLRQ� RI� IXWXUH� VWDWHV� PXVW� RIWHQ� EH� DFFRPSOLVKHG� WKURXJK� VLPXODWLRQ� LQ� ZRUNLQJ

PHPRU\��3HRSOH�ZKR� DUH� H[SHULHQFHG� LQ� D� GRPDLQ� DUH� DEOH� WR�ZRUN� DURXQG� WKLV� SUREOHP

WKURXJK�WKH�XVH�RI�ORQJ�WHUP�PHPRU\�VWUXFWXUHV�VXFK�DV�VFKHPDWD��H�J��1HLVVHU��������ZKLFK

DUH� UHWULHYHG�ZKHQ� WKH\�PDWFK� FHUWDLQ� FULWLFDO� IHDWXUHV� RI� WKH� VLWXDWLRQ��2QFH� UHWULHYHG�� D

VFKHPD�FDQ�FRQVWUDLQ�WKH�SRVVLEOH�IXWXUH�VWDWHV�RI�WKH�VLWXDWLRQ�RU�SURYLGH�GHIDXOW�YDOXHV�IRU

XQNQRZQ�TXDQWLWLHV��$V�$GDPV�HW�DO��������VWDWH��´WKH�SHUFHLYHU·V�DFWLYH�VFKHPDWD�PHQWDOO\

VWUXFWXUH� WKH� IORZ� RI� HYHQWV�� WKH\� HIIHFWLYHO\� GLUHFW� H[SORUDWRU\� PRYHPHQWV� DQG� LQFUHDVH

UHFHSWLYLW\�WR�SDUWLFXODU�DVSHFWV�DQG�LQWHUSUHWDWLRQV�RI�WKH�DYDLODEOH� LQIRUPDWLRQµ� �S������� ,I

VXFFHVVLYH� VWDWHV� RI� WKH� HQYLURQPHQW� DUH� UHJXODU�� WKHQ� WKH� XVH� RI� ORQJ�WHUP�PHPRU\� �H�J�

ZKDW�KDSSHQHG�ODVW�WLPH��FDQ�JUHDWO\�UHGXFH�WKH�PHQWDO�ZRUN�GRQH�WR�PDLQWDLQ�DZDUHQHVV�
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������$ZDUHQHVV�DQG�DXWRPDWLFLW\

2QH� SUREOHPDWLF� DVSHFW� RI� VLWXDWLRQ� DZDUHQHVV� UHVHDUFK�� WKDW� UHWXUQV� XV� IRU� D�PRPHQW� WR

FRQVLGHUDWLRQV� RI� FRQVFLRXVQHVV�� LV� WKH� LVVXH� RI� VNLOOHG� SHUIRUPDQFH� DQG� DXWRPDWLF

SURFHVVLQJ��$XWRPDWLF�SURFHVVLQJ�LV�´IDVW��HIIRUWOHVV��DQG�XQDYDLODEOH�WR�FRQVFLRXV�DZDUHQHVV

LQ�WKDW�LW�FDQ�RFFXU�ZLWKRXW�DWWHQWLRQµ��(QGVOH\�����D�

S�������7KH�SUREOHP�LV��GR�SHRSOH�ZKR�FDUU\�RXW� WDVNV

DXWRPDWLFDOO\� PDLQWDLQ� DZDUHQHVV"� ,Q� D� ZRUNVSDFH

FRQWH[W�� SHRSOH�PD\�ZHOO� UHVSRQG� WR� LQIRUPDWLRQ� DQG

RWKHUV·� DFWLRQV� ZLWKRXW� FRQVFLRXV� WKRXJKW�� GRHV� WKLV

PHDQ� WKDW� DZDUHQHVV� GRHVQ·W� UHDOO\� H[LVW� RU� GLVDSSHDUV

RQFH�SHRSOH�EHFRPH�VNLOOHG"

7KHUH� DUH� D� FRXSOH� RI� GLIIHUHQW� ZD\V� WR� ORRN� DW� WKLV

SUREOHP�� )RU� VLWXDWLRQ� DZDUHQHVV�� UHVHDUFKHUV� KDYH

SURSRVHG� WKDW� DXWRPDWLFLW\� LPSOLHV� QRW� ODFN� RI

DZDUHQHVV�� EXW� DQ� LQDELOLW\� WR� UHFDOO� WKH� FXHV� WKDW

LQLWLDWHG� WKH� EHKDYLRXU� RU� DQ� LQDELOLW\� WR� DUWLFXODWH� WKH

SURFHVV�RI�UHDFWLQJ�WR�WKRVH�FXHV��7KLV�YLHZ�VXJJHVWV�WKDW�D�ORZ�OHYHO�RI�DWWHQWLRQ�LV�DOORFDWHG

WR� WKH� HQYLURQPHQW� GXULQJ� VNLOOHG� SHUIRUPDQFH� RI� WDVNV�� HQRXJK� WR� LGHQWLI\� FULWLFDO

HQYLURQPHQWDO� IHDWXUHV� DQG� UHDFW� WR� WKHP�� EXW� QRW� HQRXJK� WR� DOORZ� WKH� EHKDYLRXU� WR� EH

UHWULHYHG�IURP�PHPRU\�DQG�GLVWLQJXLVKHG�IURP�VLPLODU�H[SHULHQFHV��(QGVOH\�����D��S�������$

VHFRQG�YLHZ��6PLWK�DQG�+DQFRFN�������VXJJHVWV�WKDW�DZDUHQHVV�DQG�FRQVFLRXVQHVV�DUH�QRW

H[DFWO\� WKH� VDPH� WKLQJ�� DQG� WKDW� DZDUHQHVV� RI� FXHV� LQ� WKH� HQYLURQPHQW� FDQ� EH� SRVVLEOH

ZLWKRXW�FRQVFLRXVQHVV��VHH�)LJXUH����

,W�LV�FOHDU��KRZHYHU��WKDW�HYHQ�ZKHQ�SURFHVVLQJ�LV�DXWRPDWLF��WKH�DFWLYLWLHV�LQ�WKH�SHUFHSWXDO

F\FOH�VWLOO�RFFXU��)RU�H[DPSOH��SHUFHSWLRQ�RI�FXHV�LQ�WKH�HQYLURQPHQW�LV�VWLOO�UHTXLUHG��DQG�WKH

UHWULHYDO�RI�DQ�DSSURSULDWH�UHVSRQVH�IURP�PHPRU\�LV�DOVR�QHFHVVDU\�LI�WKH�SHUVRQ�LV�WR�UHDFW

WR� WKH� VWLPXOXV�� )URP� WKH� SHUVSHFWLYH� RI� WKH� JURXSZDUH� GHVLJQHU�� WKHQ�� QRWKLQJ� PXFK

FKDQJHV�UHJDUGOHVV�RI�ZKHWKHU�WKH�SURFHVVLQJ�RI�LQIRUPDWLRQ�LV�FRQVFLRXV�RU�XQFRQVFLRXV�

consciousness

Situation Awareness

Introspection

environment

agent

)LJXUH����&RQVFLRXVQHVV�DQG
DZDUHQHVV��IURP�6PLWK�DQG

+DQFRFN�������
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������6XPPDU\�RI�VLWXDWLRQ�DZDUHQHVV

6LWXDWLRQ� DZDUHQHVV� W\SLILHV� PDQ\� RI� WKH� FKDUDFWHULVWLFV� RI� DZDUHQHVV� DV� ,� XVH� WKH� WHUP�

6LWXDWLRQ�DZDUHQHVV�LV�D�SKHQRPHQRQ�RI�H[SHUW�LQWHUDFWLRQ�ZLWK�FRPSOH[�HQYLURQPHQWV��6$

KDV�ERWK�SURGXFW�DQG�SURFHVV�DVSHFWV��DQG�WKHVH�FDQ�EH�WLHG�WRJHWKHU�XVLQJ�WKH�PRGHO�RI�WKH

SHUFHSWLRQ�DFWLRQ�F\FOH��6LQFH�KXPDQ�FDSDELOLWLHV�DUH�OLPLWHG��DZDUHQHVV�LQ�G\QDPLF�VHWWLQJV

OLNH�SRZHU�SODQWV�DQG�DLUFUDIW�LV�RIWHQ�GLIILFXOW��5HVHDUFK�LQ�6$��WKHUHIRUH��LV�FRQFHUQHG�ZLWK

XQGHUVWDQGLQJ� FRJQLWLYH� SURFHVVHV�� ZLWK� XQGHUVWDQGLQJ� KRZ� KXPDQV� EHKDYH� LQ� WKHVH

HQYLURQPHQWV��DQG�ZLWK�GHVLJQLQJ�V\VWHPV�WKDW�DLG�WKH�PDLQWHQDQFH�RI�DZDUHQHVV�

6SHFLDOL]DWLRQV� RI� VLWXDWLRQ� DZDUHQHVV� FDQ� EH� GHILQHG� LQ� SDUWLFXODU� GRPDLQV�� )RU� H[DPSOH�

VSDWLDO�DZDUHQHVV�LV�D�SLORW·V�XQGHUVWDQGLQJ�RI�KHU�ORFDWLRQ�LQ�DQ�DLUVSDFH��H�J��)UDFNHU�������

DQG�PRGH�DZDUHQHVV�LV�´WKH�DELOLW\�RI�D�VXSHUYLVRU�WR�WUDFN�DQG�WR�DQWLFLSDWH�WKH�EHKDYLRXU�RI

>PRGH�EDVHG@�DXWRPDWHG�V\VWHPVµ��6DUWHU�DQG�:RRGV�������S������:RUNVSDFH�DZDUHQHVV�FDQ

DOVR� EH� VHHQ� DV� D� VSHFLDOL]DWLRQ� RI� VLWXDWLRQ� DZDUHQHVV�� RQH� LQ� ZKLFK� WKH� VLWXDWLRQ� DOZD\V

LQYROYHV� DZDUHQHVV� RI� DQRWKHU� SHUVRQ�� 7KHUH� DUH�� KRZHYHU�� VHYHUDO� NLQGV� RI� DZDUHQHVV� RI

RWKHU�SHRSOH�WKDW�KDYH�EHHQ�FRQVLGHUHG�LQ�&6&:�UHVHDUFK��DQG�,�ORRN�DW�WKHVH�QRZ�WR�VHW�D

FRQWH[W�IRU�ZRUNVSDFH�DZDUHQHVV�

����$ZDUHQHVV�RI�RWKHUV�LQ�FROODERUDWLRQ

6LWXDWLRQ�DZDUHQHVV�UHVHDUFK�JHQHUDOO\�LQYROYHV�HQYLURQPHQWV�WKDW�DUH�FRPSOH[�PHFKDQLVWLF

V\VWHPV� OLNH� DLUFUDIW� DQG�SRZHU� SODQWV��+RZHYHU�� DZDUHQHVV� FDQ� DOVR� EH�PDLQWDLQHG� DERXW

DQRWKHU�SHUVRQ��6LQFH�ZRUNVSDFH�DZDUHQHVV�IDOOV�LQ�WKLV�FDWHJRU\��,�WXUQ�QRZ�WR�DZDUHQHVV�RI

RWKHUV� LQ� FROODERUDWLRQ�� &6&:� UHVHDUFK� KDV� FRQVLGHUHG� VHYHUDO� NLQGV� RI� DZDUHQHVV� ZKHUH

SHRSOH�NHHS� WUDFN�RI� LQIRUPDWLRQ�DERXW� LQGLYLGXDOV�RU�JURXSV��$OO�RI� WKHP�FDQ�EH� VHHQ� DV

VXEW\SHV�RI�VLWXDWLRQ�DZDUHQHVV��VHH�)LJXUH�����DQG�HYHQ�WKRXJK�WKHLU�GRPDLQV�DUH�GLIIHUHQW�

WKH\� DOO� VKDUH� WKH� FKDUDFWHULVWLFV� DQG� SURFHVVHV� GHVFULEHG� DERYH�� %HORZ�� ,� GHVFULEH� WKUHH

NLQGV�RI�DZDUHQHVV� WKDW�&6&:�UHVHDUFK�KDV� ORRNHG�DW�� LQIRUPDO� DZDUHQHVV�� FRQYHUVDWLRQDO

DZDUHQHVV�� DQG� VWUXFWXUDO� DZDUHQHVV�� ,� LQWURGXFH� WKHVH� WR� VHW� WKHP� DSDUW� IURP�ZRUNVSDFH

DZDUHQHVV� DQG� WR� SURYLGH� EDFNJURXQG� LQ� VRPH� RI� WKH� LVVXHV� WKDW� KDYH� DOUHDG\� EHHQ

FRQVLGHUHG�LQ�&6&:�
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������,QIRUPDO�DZDUHQHVV

,QIRUPDO�DZDUHQHVV�RI�D�ZRUN�FRPPXQLW\�LV�WKH�JHQHUDO�VHQVH�RI�ZKR
V�DURXQG��ZKDW��WKH\

DUH�XS�WR��DQG�ZKHWKHU�WKH\�DUH�DYDLODEOH³WKH�NLQGV�RI�WKLQJV�WKDW�SHRSOH�NQRZ�ZKHQ�WKH\

ZRUN� WRJHWKHU� LQ� WKH� VDPH�EXLOGLQJ� �H�J��'RXULVK� DQG�%O\� ������.UDXW� HW� DO� �������2IWHQ�

LQIRUPDO�DZDUHQHVV�LV�PDLQWDLQHG�DV�D�VLGH�HIIHFW�RI�RWKHU�DFWLYLWLHV��IRU�H[DPSOH��D�WULS�GRZQ

WKH�KDOO�WR�WKH�ZDWHU�FRROHU�FDQ�DOVR�SURYLGH�LQIRUPDWLRQ�DERXW�ZKR�LV�LQ�DQG�ZKDW�WKH\�DUH

GRLQJ��DQG�KDYLQJ�OXQFK�ZLWK�VRPHRQH�RIWHQ�LQYROYHV�D�PHDVXUH�RI�LQIRUPDO�WDON�DERXW�WKHLU

ZRUN�� ,QIRUPDO� DZDUHQHVV� KHOSV� SHRSOH� UHFRJQL]H� DQG� FDSLWDOL]H� RQ� RSSRUWXQLWLHV� IRU

FROODERUDWLRQ��7KH�EHQHILWV� RI� LQIRUPDO� DZDUHQHVV� FDQ� UDQJH� IURP� D�EHWWHU� VXFFHVV� UDWH� LQ

UHDFKLQJ� SHRSOH� RQ� WKH� WHOHSKRQH� WR� ILQGLQJ� DQ� LPSRUWDQW� FRQQHFWLRQ� EHWZHHQ� DQRWKHU

SHUVRQ·V�ZRUN�DQG�\RXU�RZQ�

7UDGLWLRQDOO\�� SK\VLFDO� SUR[LPLW\� KDV� EHHQ� QHFHVVDU\� IRU� WKH� PDLQWHQDQFH� RI� LQIRUPDO

DZDUHQHVV�� .UDXW�� (JLGR�� DQG�*DOOHJKHU� ������� VKRZHG� WKDW� FDVXDO� LQWHUDFWLRQV� WKDW� ZHUH

FRPPRQSODFH� RQ� D� VLQJOH� IORRU� RI� D� EXLOGLQJ� GURSSHG� RII� GUDPDWLFDOO\� DV� WKH� GLVWDQFH

EHWZHHQ�SRWHQWLDO�FROODERUDWRUV�LQFUHDVHG��DQG�WKDW�FROODERUDWLRQ�ZDV�DGYHUVHO\�DIIHFWHG�DV�D

UHVXOW�� &6&:� UHVHDUFKHUV� KDYH� DWWHPSWHG� WR� UHVWRUH� LQIRUPDO� DZDUHQHVV� DQG� D� VHQVH� RI

´EHLQJ�WKHUHµ�WR�GLVWULEXWHG�JURXSV��2QH�DSSURDFK�XVHV�PHGLD�VSDFHV��V\VWHPV�WKDW�SURYLGH

ORQJ�WHUP�DXGLR�DQG�YLGHR�OLQNV�EHWZHHQ�ZRUN�RU�VRFLDO�VLWHV��H�J��%O\�HW�DO�������$EHO�������

0HGLD� VSDFHV� GLIIHU� IURP� WUDGLWLRQDO� YLGHRFRQIHUHQFLQJ� V\VWHPV� LQ� VHYHUDO� ZD\V�� WKH\� DUH

DOZD\V�RQ��DOORZLQJ�FRQYHUVDWLRQV�WR�VWDUW�XS�ZLWK�OLWWOH�HIIRUW��WKH\�DUH�RIWHQ�ORFDWHG�LQ�DUHDV

Situation
Awareness

Awareness of
Others in

Collaboration

Informal
Awareness

Conversational
Awareness

Structural
Awareness

Workspace
Awareness

Mode
Awareness

Spatial
Awareness ...

)LJXUH����6LWXDWLRQ�DZDUHQHVV�DQG�VXEW\SHV
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VXFK�DV�WKH�FRIIHH�URRP�WKDW�DOORZ�SDVVLYH�REVHUYDWLRQ�RI�WKH�RWKHU�SODFH��DQG�WKH\�LPSRVH

QRQH�RI�WKH�RYHUW�VWUXFWXUHV�RI�D�IRUPDO�PHHWLQJ��)RU�H[DPSOH��&UXLVHU�LV�D�PHGLD�VSDFH�WKDW

VKRZV�SHRSOH·V�RIILFHV�WKURXJK�GLJLWDOO\�VZLWFKHG�YLGHR��5RRW��������&UXLVHU�OHWV�SHRSOH�WDNH

D�ZDON�GRZQ�D�YLUWXDO�KDOOZD\�DW�D�UHPRWH�ORFDWLRQ��JODQFLQJ�LQWR�RIILFHV�DORQJ�WKH�ZD\��DQG

JDWKHULQJ�PXFK�WKH�VDPH�LQIRUPDWLRQ�DV�WKH\�ZRXOG�LI�WKH\�ZHUH�UHDOO\�WKHUH��2WKHU�V\VWHPV

WDNH�D�PRUH�PLQLPDOLVW�DSSURDFK�WR� LQIRUPDO�DZDUHQHVV��3RUWKROHV��'RXULVK�DQG�%O\������

SURYLGHV�SHULRGLF�YLGHR�VQDSVKRWV�RI�VHYHUDO�RIILFHV�DW�RQFH��VR� WKDW� D�SHUVRQ�FDQ�VHH�DW� D

JODQFH�ZKR·V� DURXQG�DQG�DSSUR[LPDWHO\�ZKDW� WKH\�DUH�GRLQJ��3HHSKROHV� �*UHHQEHUJ������

JRHV� HYHQ� IXUWKHU�� VKRZLQJ�RQO\�ZKHWKHU� D� VHOHFWHG� FRPPXQLW\� RI� SHRSOH� DUH� ORJJHG� LQWR

WKHLU� FRPSXWHUV�� DQG�KRZ� ORQJ� LW�KDV�EHHQ� VLQFH� WKH\�ZHUH� DFWLYH� DW� WKHLU� NH\ERDUGV��7KH

LQIRUPDWLRQ�SURYLGHG�E\�HYHQ�WKHVH�PLQLPDOLVW�V\VWHPV�KHOSV�SHRSOH�WUDFN�ZKR�LV�DYDLODEOH�

DQG�KHOSV� WKHP�UHFRJQL]H�RSSRUWXQLWLHV� IRU�FROODERUDWLRQ�� LQ� DGGLWLRQ�� WKHVH� V\VWHPV�RIWHQ

SURYLGH�PHDQV� IRU� HVWDEOLVKLQJ� D�PRUH� GLUHFW� FRPPXQLFDWLRQ� FKDQQHO� ZKHQ� WKH� RFFDVLRQ

DULVHV�

������&RQYHUVDWLRQDO�DZDUHQHVV

3HRSOH�FRQWLQXDOO\� DGMXVW� WKHLU�YHUEDO�EHKDYLRXU� LQ� FRQYHUVDWLRQ��EDVHG�RQ� FXHV�SLFNHG�XS

IURP�WKHLU�FRQYHUVDWLRQDO�SDUWQHUV��H�J��6DFNV�DQG�6FKHJORII�������&ODUN�DQG�%UHQQDQ�������

6RPH� RI� WKHVH� FXHV� DUH� YLVXDO�� OLNH� IDFLDO� H[SUHVVLRQV�� H\H� FRQWDFW�� RU� JHVWXUHV�� RWKHUV� DUH

YHUEDO�� OLNH� LQWRQDWLRQ�� RU� WKH� XVH� RI� SDUWLFXODU� ZRUGV�� 7KHVH� FXHV� SURYLGH� D� VHQVH� RI

DZDUHQHVV� RI� ZKDW� LV� KDSSHQLQJ� LQ� WKH� FRQYHUVDWLRQ�� DZDUHQHVV� WKDW� KHOSV� XV� PDNH

DGMXVWPHQWV�DQG�DGDSWDWLRQV�WR�NHHS�WKLQJV�JRLQJ�VPRRWKO\�

&RQYHUVDWLRQDO� DZDUHQHVV� DQVZHUV� ERWK�PHFKDQLFDO� TXHVWLRQV� �GLG� WKH\� KHDU�PH�� GLG� WKH\

XQGHUVWDQG�PH��ZKR·V�JRLQJ�WR�WDON�QH[W��DQG�DOVR�DIIHFWLYH�TXHVWLRQV��GR�WKH\�EHOLHYH�PH�

KRZ� DUH� WKH\� UHDFWLQJ��� 7KH� PHFKDQLVPV� RI� FRQYHUVDWLRQDO� DZDUHQHVV� KDYH� EHHQ� VWXGLHG

H[WHQVLYHO\�E\�OLQJXLVWLFV�UHVHDUFKHUV��6DFNV�DQG�6FKHJORII��������H[DPLQHG�WKH�VXEWOH�VLJQDOV

WKDW�JRYHUQ�FRQYHUVDWLRQDO�WXUQ�WDNLQJ��)RU�H[DPSOH��D�VSHDNHU�PD\�LQGLFDWH�WKHLU�ZLOOLQJQHVV

WR� JLYH� XS� WKH� IORRU� WKURXJK� ULVLQJ� RU� IDOOLQJ� LQWRQDWLRQ�� GUDZOLQJ� WKHLU� ILQDO� V\OODEOH�� RU

FHVVDWLRQ�RI�KDQG�JHVWXUHV��0F/DXJKOLQ��������&ODUN�DQG�%UHQQDQ��������GLVFXVV�WKH�NLQGV

RI� HYLGHQFH� WKDW� SHRSOH� JLYH� RI� KDYLQJ� XQGHUVWRRG� DQ� XWWHUDQFH�� VXFK� DV� EDFN�FKDQQHO
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UHVSRQVHV� OLNH�XK�KXK��\HDK��RU�PP��DQG�JHVWXUHV�VXFK�DV�KHDG�QRGV��7KHVH� LQGLFDWH� WKDW� WKH

KHDUHU� LV� ´SDVVLQJ� XS� WKH� RSSRUWXQLW\� WR� LQLWLDWH� D� UHSDLU� RQ� WKH� WXUQ� VR� IDU� DQG�� E\

LPSOLFDWLRQ��WKLQNV�WKDW�WKH\�KDYH�XQGHUVWRRGµ��S��������&RQYHUVDWLRQDO�DZDUHQHVV�DOVR�KHOSV

WR� GHWHUPLQH� ZKHWKHU� WKH� OLVWHQHU� LV� SD\LQJ� DWWHQWLRQ�� DV� &ODUN� DQG� %UHQQDQ� VWDWH�� ´LQ

FRQYHUVDWLRQ� SHRSOH� PRQLWRU� ZKDW� WKHLU� SDUWQHUV� DUH� GRLQJ� PRPHQW� E\� PRPHQW³LQ

SDUWLFXODU�� ZKDW� WKH\� DUH� DWWHQGLQJ� WRµ� �S�� ������ (\H� FRQWDFW� LV� HVSHFLDOO\� LPSRUWDQW� LQ

GHWHUPLQLQJ�DWWHQWLRQ��SHRSOH�ZLOO� VWDUW�DQ�XWWHUDQFH��ZDLW�XQWLO� WKH� OLVWHQHU�EHJLQV� WR�PDNH

H\H�FRQWDFW��DQG�WKHQ�VWDUW�WKH�XWWHUDQFH�RYHU�DJDLQ��*RRGZLQ��������

&6&:�UHVHDUFK� LQ�WKLV�DUHD�KDV�IRFXVHG�RQ�KRZ�WHFKQRORJLFDO�YHKLFOHV�DIIHFW�FRQYHUVDWLRQ

RYHU�GLVWDQFH�� DQG�KRZ� WR�SURYLGH�HQRXJK� ULFKQHVV� LQ� V\QWKHWLF� DXGLR� DQG�YLGHR� FKDQQHOV

WKDW�FRQYHUVDWLRQDO�DZDUHQHVV�FDQ�EH�PDLQWDLQHG��$�YDULHW\�RI�SUREOHPV�VWLOO�H[LVW��KRZHYHU�

7UDGLWLRQDO�WHOHFRQIHUHQFLQJ�V\VWHPV�GR�QRW�SURYLGH�WKH�VDPH�LQIRUPDWLRQ�WKDW�LV�DYDLODEOH�LQ

D� IDFH�WR�IDFH� FRQYHUVDWLRQ�� DQG� FHUWDLQ� NLQGV� RI� FRQYHUVDWLRQDO� LQWHUDFWLRQ� DUH� PRUH

FRPSOLFDWHG�DV�D�UHVXOW��)RU�H[DPSOH��ZKHQ�DQ�DXGLR�WHOHFRQIHUHQFH� LQYROYHV�IRXU�RU�PRUH

SHRSOH�� VSHDNHU� LGHQWLILFDWLRQ� DQG� WXUQ�WDNLQJ� EHFRPH� GLIILFXOW� �(JLGR� ������� 9LGHR� OLQNV

SURYLGH�IHZ�RI�WKH�YLVXDO�FXHV�XVHG�WR�PDLQWDLQ�FRQYHUVDWLRQDO�DZDUHQHVV��RIWHQ�EHFDXVH�RI

WKH�SRVLWLRQ�DQG�DQJOH�RI�WKH�FDPHUD�LV�LQDSSURSULDWH�IRU�WKH�LQWHUDFWLRQ�RU�EHFDXVH�WKH�VL]H

DQG� TXDOLW\� RI� WKH� YLGHR� LPDJH� LV� LQDGHTXDWH�� ,Q� PDQ\� FDVHV�� ´VWDQGDUG� VRFLDO� UXOHV� DQG

SURWRFROV�>DUH@�UHQGHUHG�LQRSHUDEOH«EHFDXVH�RI�WKLV�ORVV�RI�LQIRUPDWLRQµ�DQG�SHRSOH�PXVW

ILQG�QHZ�SURWRFROV�WKDW�ILW�WKH�YLGHR�HQYLURQPHQW��$EHO�������S��������)RU�H[DPSOH��+HDWK

DQG�/XII��������IRXQG�WKDW�JHVWXUDO�FRPPXQLFDWLRQ�ZDV�UHODWLYHO\�LQHIIHFWLYH�DFURVV�D�YLGHR

FKDQQHO�� 3HRSOH� DOVR� ILQG� LW� GLIILFXOW� WR� HQJDJH� LQ� FRQIOLFW� RU� QHJRWLDWLRQ� RYHU� GLVWULEXWHG

PHGLD��DV�YLGHR�FDQ�´LQWURGXFH�LUUHOHYDQW�GLVWUDFWRUV�WKDW�FDQ�LQWHUIHUH�ZLWK�WKH�DFFXUDF\�RI

LQWHUSHUVRQDO� HYDOXDWLRQVµ� �(JLGR� ������ S�� ������ $QRWKHU� SUREOHP� ZLWK� GHVNWRS

YLGHRFRQIHUHQFLQJ� KDV� EHHQ� WKH� GLIILFXOW\� RI� WUXH� H\H� FRQWDFW�� VLQFH� WKH� FDPHUD� DQG� WKH

GLVSOD\�FDQQRW�EH�LQ�WKH�VDPH�SODFH��9LGHR�WXQQHOV��H�J��6PLWK�HW�DO�������XVH�KDOI�VLOYHUHG

PLUURUV� WR� SURYLGH� WUXH� H\H� FRQWDFW�� EXW� DW� WKH� H[SHQVH� RI� D�PRUH� FRPSOLFDWHG� VHWXS� DQG

UHGXFHG�LPDJH�TXDOLW\�
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������6WUXFWXUDO�DZDUHQHVV

6WUXFWXUDO� DZDUHQHVV� LQYROYHV� NQRZOHGJH� RI� D� JURXS·V� RUJDQL]DWLRQ� DQG� RI� WKH� ZRUNLQJ

UHODWLRQVKLSV�ZLWKLQ�LW��$ZDUHQHVV�RI�UROHV��RI�UXOHV�IRU�LQWHUDFWLQJ��DQG�RI�SRZHU�DQG�VWDWXV

UHODWLRQVKLSV�FDQ�KHOS�D�JURXS�WR�RSHUDWH�VPRRWKO\�DQG�UHGXFH�WKH�DPRXQW�RI�FRRUGLQDWLRQ

QHHGHG� �H�J�� /HODQG� HW� DO� ������� )RUPDO�PHHWLQJV�� IRU� H[DPSOH�� RIWHQ� LQFRUSRUDWH� H[SOLFLW

VWUXFWXUHV��VXFK�DV�5REHUW·V�UXOHV�RI�RUGHU��WR�FRRUGLQDWH�WKH�DFWLYLWLHV�RI�D�ODUJH�QXPEHU�RI

SHRSOH�DW�RQFH��,Q�VPDOO�JURXSV��KRZHYHU��JURXS�VWUXFWXUHV�DUH�VXEWOH�DQG�G\QDPLF��LQYROYLQJ

PRPHQW� WR� PRPHQW� QHJRWLDWLRQV� RI� VWDWXV� DQG� UHVSRQVLELOLW\� �H�J�� /LQGH� ������� LQ� WKHVH

FDVHV��VWD\LQJ�DZDUH�RI�UROHV�DQG�VWUXFWXUHV�EHFRPHV�PRUH�GLIILFXOW�

9DULRXV� JURXSZDUH� V\VWHPV� KDYH� LQFRUSRUDWHG� VXSSRUW� IRU� WKH� PDLQWHQDQFH� RI� VWUXFWXUDO

DZDUHQHVV��0RGHOV�RI�PHHWLQJ�SURFHVVHV�KDYH�EHHQ�XVHG� LQ�HOHFWURQLF�PHHWLQJ� URRPV� �H�J�

9DODFLFK� HW� DO� ������ DQG� GHFLVLRQ� VXSSRUW� V\VWHPV� �H�J�� 3LQVRQQHDXOW� DQG�.UDHPHU� ������

)RUPDOL]DWLRQV�RI�LQWHUDFWLRQ�VXFK�DV�IORRU�FRQWURO��ZKHUH�RQO\�RQH�SHUVRQ�LV�DOORZHG�WR�XVH

WKH�V\VWHP�DW�D�WLPH��KDYH�DSSHDUHG�LQ�D�QXPEHU�RI�V\VWHPV��H�J��*UHHQEHUJ��������)LQDOO\�

VRPH�NLQGV�RI�JURXSZDUH�LQGLFDWH�WKH�H[SOLFLW�UROHV�WKDW�SHRSOH�KDYH�EHHQ�DVVLJQHG�RU�KDYH

WDNHQ��)RU�H[DPSOH��LQ�WKH�4XLOW�JURXS�HGLWRU��/HODQG�HW�DO��������SHRSOH�PD\�DFW�DV�ZULWHUV�

UHDGHUV��UHYLHZHUV��RU�HGLWRUV�LQ�WKH�SURGXFWLRQ�RI�D�VKDUHG�GRFXPHQW��5ROH�DVVLJQPHQWV�DUH

GLVSOD\HG�LQ�WKH�VKDUHG�HGLWRU��LQIRUPDWLRQ�WKDW�FDQ�KHOS�SHRSOH�LQWHUSUHW�DFWLRQV�DQG�DYRLG

DFFHVV� FRQIOLFWV�� 7KHVH� V\VWHPV�PDNH� FHUWDLQ� NLQGV� RI� VWUXFWXUDO� LQIRUPDWLRQ� H[SOLFLW�� EXW

KDYH�EHHQ�FULWLFL]HG�IRU�EHLQJ�WRR�RYHUW�DQG�WRR�LQIOH[LEOH�WR�DGHTXDWHO\�UHIOHFW�WKH�G\QDPLF

QDWXUH�RI�JURXS�VWUXFWXUHV�LQ�VPDOO�JURXS�FROODERUDWLRQ��H�J��*UXGLQ�������

,Q�VXPPDU\��LQIRUPDO��FRQYHUVDWLRQDO��DQG�VWUXFWXUDO�DZDUHQHVV�DUH�WKUHH�W\SHV�RI�DZDUHQHVV

WKDW�FDQ�SOD\�D�SDUW�LQ�D�FROODERUDWLYH�DFWLYLW\��:RUNVSDFH�DZDUHQHVV�LV�D�IRXUWK�W\SH��DQG�ZLOO

EH�GLVFXVVHG�LQ�GHWDLO�LQ�&KDSWHU����$OO�IRXU�DUH�UHODWHG��DQG�WKHUH�DUH�HOHPHQWV�RI�HDFK�W\SH

WKDW� RYHUODS� ZLWK� WKH� RWKHU� WKUHH�� ,Q� ODWHU� FKDSWHUV�� ,� ZLOO� GLVFXVV� ZD\V� WKDW� ZRUNVSDFH

DZDUHQHVV�LV�UHODWHG�WR�WKHVH�WKUHH�W\SHV��DQG�WR�FRQYHUVDWLRQDO�DZDUHQHVV�LQ�SDUWLFXODU��)LUVW�

WKRXJK��,�WXUQ�WR�WKH�RWKHU�KDOI�RI�ZRUNVSDFH�DZDUHQHVV��WKH�VKDUHG�ZRUNVSDFH�
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����6KDUHG�ZRUNVSDFHV

,I�ZRUNVSDFH�DZDUHQHVV� LV�JRYHUQHG�RQ�WKH�RQH�KDQG�E\� WKH�FDSDELOLWLHV�DQG� OLPLWDWLRQV�RI

KXPDQ�DZDUHQHVV��WKHQ�LW�LV�JRYHUQHG�RQ�WKH�RWKHU�E\�WKH�FRQVWUDLQWV�DQG�DIIRUGDQFHV�RI�WKH

HQYLURQPHQW³WKH�ZRUNVSDFH�ZKHUH� WKH� DFWLYLW\� RFFXUV�� ,Q� WKLV� VHFWLRQ�� ,� H[DPLQH� VKDUHG

ZRUNVSDFHV��KRZ�WKH\�DUH�XVHG�LQ�FROODERUDWLYH�WDVNV��DQG�ZKDW�NLQGV�RI�DFWLYLWLHV�SHRSOH�FDQ

DFFRPSOLVK�LQ�WKHP�

������:KDW�LV�D�VKDUHG�ZRUNVSDFH"

,Q�WKH�UHDO�ZRUOG��D�VKDUHG�ZRUNVSDFH�LV�D�SK\VLFDO�VSDFH�ZKHUH�SHRSOH�FDQ�XQGHUWDNH�VRPH

MRLQW� DFWLYLW\��)RU�H[DPSOH�� D� FRXQWHUWRS� LV� D�ZRUNVSDFH�ZKHUH� FXVWRPHUV� DQG� FOHUNV� FDUU\

RXW� WUDQVDFWLRQV� LQ� D� GUXJVWRUH�� DQG� D� J\PQDVLXP� IORRU� LV� D� ZRUNVSDFH� IRU� WHDPV� SOD\LQJ

EDVNHWEDOO��:RUNVSDFHV�FDQ�YDU\�ZLGHO\�LQ�WKHLU�PDNHXS��WKH\�FDQ�EH�VPDOO�RU�ODUJH��WZR��RU

WKUHH�GLPHQVLRQDO�� FRQQHFWHG� RU� GLVFRQWLQXRXV�� 7R� QDUURZ� WKLQJV� GRZQ� D� ELW� IRU� WKH

SXUSRVHV�RI�WKLV�UHVHDUFK��,�FRQFHQWUDWH�RQ�D�OLPLWHG��EXW�VWLOO�ULFK��YDULHW\�RI�ZRUNVSDFH��IODW�

PHGLXP�VL]HG� VXUIDFHV� XSRQ� ZKLFK� REMHFWV� FDQ� EH� SODFHG� DQG� PDQLSXODWHG�� DQG� DURXQG

ZKLFK� D� VPDOO� JURXS� RI� SHRSOH� FDQ� FROODERUDWH�� 7KLV� NLQG� RI� ZRUNVSDFH� FDQ� EH� VHHQ� LQ

FRQWURO� SDQHOV�� ZKLWHERDUGV�� GHVNV�� QDYLJDWLRQ� FKDUWV� IRU� RFHDQJRLQJ� VKLSV�� DQG� WKH� PRVW

FRPPRQ�RI�DOO��WKH�JHQHUDO�SXUSRVH�WDEOHWRS�

2QH�RI�WKH�UHDVRQV�WKDW�SHRSOH�XVH�ZRUNVSDFHV� LV� WKDW�WKH\�DUH�D�FRQYHQLHQW�FRQWDLQHU� IRU

WDVN�DUWLIDFWV³WKH�YLVLEOH�DQG�PDQLSXODEOH�REMHFWV�WKDW�DUH�WKH�IRFXV�RI�WKH�DFWLYLW\��,Q� WKH

FDVH�RI�PHGLXP�VL]HG�ZRUNVSDFHV�� DUWLIDFWV� LQFOXGH� WKLQJV� OLNH� WKH�SLHFHV�RQ�D� FKHVVERDUG�

DUWLFOHV�DQG�SLFWXUHV�IRU�D�QHZVSDSHU�SDJH��VOLGHV�RQ�D�OLJKW�WDEOH��QRWHV�DQG�HTXDWLRQV�RQ�D

FKDONERDUG��RU�WKH�PHWHUV�DQG�FRQWUROV�RQ�D�FRQWURO�SDQHO��$UWLIDFWV�H[LVW�DW�ERWK�D�OLWHUDO�DQG

D�UHSUHVHQWDWLRQDO�OHYHO��7KH\�DUH�SK\VLFDO�REMHFWV��DQG�VR�FDQ�EH�PDQLSXODWHG�LQ�DFFRUGDQFH

ZLWK�WKHLU�SK\VLFDO�VWUXFWXUH��7KH\�DUH�DOVR�PDUNHUV� IRU� UHOHYDQW�FRQFHSWV� LQ�D� WDVN��DQG�VR

PDQLSXODWLRQV�DQG�UHODWLRQVKLSV�FDQ�RIWHQ�EH�LQWHUSUHWHG�LQ�WHUPV�RI�WKH�WDVN�

7KLV�FRPELQDWLRQ�RI�VSDFH�DQG�DUWLIDFWV�PDNHV�D�VKDUHG�ZRUNVSDFH�DQ�H[WHUQDO�UHSUHVHQWDWLRQ�RI

WKH� MRLQW� DFWLYLW\� �&ODUN� ������ 1RUPDQ� ������ +XWFKLQV� ������� &ODUN� OLVWV� WKUHH� XVHV� RI

H[WHUQDO�UHSUHVHQWDWLRQV�LQ�FROODERUDWLRQ�
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�� ([WHUQDO�UHSUHVHQWDWLRQV�VHUYH�DV�D�UHPLQGHU�RI�ZKDW·V�JRLQJ�RQ��´WKH�FXUUHQW�VWDWH�RI�WKH

DFWLYLW\�LV�UHSUHVHQWHG�LQ�TXLWH�D�FRQFUHWH�IRUPµ��&ODUN�������S�������7KH�RULHQWDWLRQ�RI

WKH� DUWLIDFWV� FDQ� WKXV� UHPLQG� SDUWLFLSDQWV� ZKHUH� WKH\� VWDQG� LQ� WKH� LQWHUDFWLRQ�� )RU

H[DPSOH��VHHLQJ� WKUHH�SOD\LQJ�FDUGV�IDFH�XS�RQ�WKH� WDEOH�PLJKW�UHPLQG�PH�WKDW� LW·V�P\

WXUQ�WR�SXW�GRZQ�WKH�IRXUWK�

�� ([WHUQDO� UHSUHVHQWDWLRQV� DUH� XVHIXO� IRU� LPDJLQLQJ� SRVVLEOH� PRYHV� RU� DFWLRQV�� ZLWK� D

FRQVLVWHQW� UHIHUHQFH� SRLQW� WR� UHWXUQ� WR�� 1RUPDQ� ������� GHVFULEHV� D� VFHQH� ZKHUH� RQH

SHUVRQ�GHVFULEHV�DQ�DXWRPRELOH�DFFLGHQW�WKURXJK�REMHFWV�RQ�D�WDEOHWRS�

6HYHUDO�SHRSOH�FDQ�VKDUH�WKH�WDEOHWRS�DQG�WKH�VWRU\�DW�WKH�VDPH�WLPH��SHUKDSV
VXJJHVWLQJ�DOWHUQDWLYH�FRXUVHV�RI�DFWLRQ��´/RRN�µ�0DULH�PLJKW�VD\��SLFNLQJ�XS
RQH�RI�WKH�SHQFLOV��´ZKHQ�\RX�VDZ�WKH�GRJ��\RX�VKRXOG�KDYH�JRQH�OLNH�WKLV�µ
´$K��EXW�,�FRXOGQ·W�µ�+HQUL�PLJKW�UHVSRQG��´EHFDXVH�WKHUH�ZDV�DQRWKHU�FDU
WKHUH�µ�DQG�KH�SXWV�\HW�DQRWKHU�SHQFLO�RQ�WKH�WDEOHWRS��«1RWH�ZKDW�LV�QRZ
KDSSHQLQJ�� SHRSOH� DUH� XVLQJ� WKH� DUWLIDFWV� WKHPVHOYHV� WR� UHDVRQ� DERXW
DOWHUQDWLYH�FRXUVHV�RI�DFWLRQ���S�����

�� ([WHUQDO�UHSUHVHQWDWLRQV�DUH�D�PHGLXP�IRU�WDVN�DFWLRQV��SURYLGLQJ�D�YHKLFOH�RQ�ZKLFK�WKH

MRLQW� DFWLYLW\� FDQ� EH� PRYHG� IRUZDUG�� 7KDW� LV�� FRPPXQLFDWLRQ� DQG� LQWHUDFWLRQ� FDQ� EH

FDUULHG�RXW�E\�DFWLRQV� LQ�WKH�H[WHUQDO�UHSUHVHQWDWLRQ��)RU�H[DPSOH��PRYLQJ�D�SLHFH� LQ�D

FKHVV�JDPH�GRHV�PRUH�WKDQ�FKDQJH�WKH�VWDWH�RI�WKH�ERDUG�� LW�DOVR�VD\V�´\RXU�PRYHµ�WR

WKH�RWKHU�SHUVRQ��6LPLODUO\��SXVKLQJ�JURFHULHV�WRZDUG�D�FKHFNRXW�FOHUN�FDQ�EH�WDNHQ�DV�D

UHTXHVW�WKDW�WKH�FOHUN�ULQJ�XS�WKH�LWHPV�

7KLV� ODVW� SRLQW� VKRZV� WKDW� VKDUHG� DUWLIDFWV� DQG� H[WHUQDO� UHSUHVHQWDWLRQV� FDQ� EH� XVHG� DV

PHGLXPV�IRU�FRPPXQLFDWLRQ��DQG�,�ZLOO�UHWXUQ�WR�WKLV�LGHD�VHYHUDO�WLPHV�LQ�WKLV�GLVVHUWDWLRQ�

2WKHU� NLQGV� RI� QRQ�YHUEDO� FRPPXQLFDWLRQ� DUH� DOVR� VXSSRUWHG� E\� WKH� VKDUHG� ZRUNVSDFH�

:LWK� WKH�ZRUNVSDFH� DV� D� EDFNGURS�� SHRSOH� FDQ� XVH� JHVWXUHV� WR� GHPRQVWUDWH�� FDQ� SRLQW� WR

REMHFWV�WR�LGHQWLI\�WKHP��DQG�FDQ�FRQILUP�UHTXHVWV�VLPSO\�E\�FDUU\LQJ�WKHP�RXW��7KHVH�NLQGV

RI� DFWLRQV� VXSSOHPHQW� YHUEDO� FRPPXQLFDWLRQ� DQG�PDNH� LW� PRUH� HIILFLHQW�� DV� GLVFXVVHG� LQ

&KDSWHU���

,Q�VXP��VKDUHG�ZRUNVSDFHV�SOD\�D�PDMRU�UROH�LQ�WKH�ULFKQHVV�RI�LQWHUDFWLRQ�WKDW�ZH�FDQ�VHH�LQ

FROODERUDWLYH� VLWXDWLRQV��$OWKRXJK�ZH� WDNH� VKDUHG�ZRUNVSDFHV� IRU� JUDQWHG� LQ� WKH� HYHU\GD\

ZRUOG�� ´LW� LV� KDUG� WR� H[DJJHUDWH� WKH� YDOXH� RI� WKHVH� UHSUHVHQWDWLRQV«PDQ\� MRLQW� DFWLYLWLHV

ZRXOG�VHHP�LPSRVVLEOH�ZLWKRXW�>WKHP@µ��&ODUN��S������
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������3URSHUWLHV�RI�VKDUHG�ZRUNVSDFHV

6KDUHG�ZRUNVSDFHV�DV�GHVFULEHG�DERYH�KDYH�QDWXUDO�FRQVWUDLQWV�DQG�DIIRUGDQFHV� WKDW�VKDSH

WKH� DZDUHQHVV� WKDW� SHRSOH�PDLQWDLQ� DERXW� RQH� DQRWKHU�� 7KH�PRVW� LPSRUWDQW� SURSHUW\� KDV

DOUHDG\� EHHQ� GHVFULEHG³WKDW� ZRUNVSDFHV� SURYLGH� DQ� HQYLURQPHQW� IRU� LQWHUDFWLRQ�� WKXV

JLYLQJ� SHRSOH� VRPHWKLQJ� WR� EH� DZDUH� RI�� 7KUHH� DGGLWLRQDO� SURSHUWLHV� WKDW� DIIHFW� DZDUHQHVV

KDYH� EHHQ� UHFRJQL]HG� LQ� SULRU� UHVHDUFK�� SHUFHSWXDO� DYDLODELOLW\�� VSDWLDO� RUJDQL]DWLRQ�� DQG

ERXQGHG�LQWHUSUHWDWLRQ�

3HUFHSWXDO�DYDLODELOLW\��7DEOHWRS�VL]HG�ZRUNVSDFHV�DUH�VPDOO�HQRXJK�WKDW�DQ\WKLQJ�JRLQJ�RQ�FDQ

EH�VHHQ�DQG�KHDUG��SXWWLQJ�WKH�HQWLUH�VSDFH�ZLWKLQ�ZKDW�+XWFKLQV��������FDOOV�´WKH�KRUL]RQ

RI� REVHUYDWLRQ�µ� 3HRSOH� FDQ� REVHUYH� RWKHUV� DV� WKH\� PRYH� DERXW� WKH� VSDFH� DQG� ZRUN� RQ

DUWLIDFWV�� WKH\� FDQ� VHH� DQG� UHFRJQL]H�SDUWLFXODU� DFWLRQV�� WKH\� FDQ� VHH�ZKDW� WRROV� RWKHUV� DUH

XVLQJ�� DQG� WKH\� FDQ� VHH� ZKHUH� RWKHUV� DUH� ORRNLQJ�� ,Q� DGGLWLRQ�� FRQYHUVDWLRQV� DQG

HQYLURQPHQWDO�VRXQGV�DUH�DYDLODEOH�DV�SDUW�RI�WKH�DFRXVWLF�HQYLURQPHQW�

6SDWLDO� RUJDQL]DWLRQ��3K\VLFDO�ZRUNVSDFHV� DUH� LQKHUHQWO\� VSDWLDO�� DQG�SHRSOH� LQ� MRLQW� DFWLYLWLHV

XVH�ORFDWLRQ�DQG�VSDWLDO�UHODWLRQVKLSV�LQ�PHDQLQJIXO�ZD\V��6SHFLILF�ORFDWLRQV�LQ�WKH�ZRUNVSDFH

RIWHQ� KDYH� SDUWLFXODU� LPSRUWDQFH�� VXFK� DV� WKH� VTXDUHV� RQ� D� FKHVVERDUG�� DQG� DUWLIDFWV� DUH

´LQWHUSUHWHG�LQ�SDUW�E\�WKHLU�VSDWLDO� ORFDWLRQ�ZLWK�UHVSHFW�WR�RWKHU�PDUNHUVµ��&ODUN�������S�

�����)XUWKHUPRUH��SHRSOH�RIWHQ�PDNH�XVH�RI�VSDWLDO�PHWDSKRUV�IRU�RUJDQL]DWLRQ��IRU�H[DPSOH�

D�JURXS�PD\�RUJDQL]H�D� IORZFKDUW�VR� WKDW� WLPH�PRYHV� IURP� OHIW� WR�ULJKW� LQ� WKH�ZRUNVSDFH�

6LQFH� SK\VLFDO� ZRUNVSDFHV� DOORZ� SHRSOH� WR� PRYH� DURXQG� LQ� WKH� VSDFH�� WKHLU� RZQ� VSDWLDO

ORFDWLRQ�EHFRPHV�SDUW�RI�ZKDW�RWKHU�SDUWLFLSDQWV�QRWLFH�DQG�WUDFN�

%RXQGHG� LQWHUSUHWDWLRQ�� :RUNVSDFHV� SURYLGH� D� ERXQGHG� HQYLURQPHQW� WKDW� FRQVWUDLQV

LQWHUSUHWDWLRQ��DQG�DOORZV�SHRSOH�WR�PDS�SHUFHSWXDO�LQIRUPDWLRQ�VXFK�DV�PRYHPHQW�RU�VRXQG

RQWR�PHDQLQJIXO�HYHQWV� LQ� WKH�DFWLYLW\� �1RUPDQ��������0DLQWDLQLQJ�DZDUHQHVV�RI�RWKHUV� LQ

WKH�ZRUNVSDFH� WKURXJK�ZDWFKLQJ�DQG� OLVWHQLQJ� LV� WKXV� VLPSOLILHG��)RU� H[DPSOH�� LI� D�SHUVRQ

UHDFKHV� DFURVV� D� WDEOH� WRZDUGV� D� SDLU� RI� VFLVVRUV�� VWDQGDUG� NQRZOHGJH� DERXW� ZRUNVSDFHV

VXJJHVWV�WKDW�WKH\�DUH�DERXW�WR�SLFN�WKHP�XS�
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������7DVNV�LQ�VKDUHG�ZRUNVSDFHV

7KHUH�DUH�PDQ\�DFWLYLWLHV�WKDW�SHRSOH�FDQ�XQGHUWDNH�DV�D�JURXS��)RU�H[DPSOH��)LJXUH���VKRZV

HLJKW�JHQHUDO�NLQGV�RI�JURXS�WDVNV��UDQJLQJ�IURP�FRQIOLFW�WR�FRRSHUDWLRQ��DQG�LQYROYLQJ�ERWK

FRQFHSWXDO� DQG� EHKDYLRXUDO� DFWLYLWLHV� �0F*UDWK� ������� +RZHYHU�� WKH� SURSHUWLHV� GHVFULEHG

DERYH��DQG�P\�DVVXPSWLRQ�RI�FRRSHUDWLRQ��FRQVWUDLQ�ZKDW�FDQ�EH�UHDVRQDEO\�DFFRPSOLVKHG

LQ�D�VKDUHG�ZRUNVSDFH��7R�LQWURGXFH�WKH�NLQGV�RI�DFWLYLWLHV�WKDW�,�ZLOO�EH�LQYHVWLJDWLQJ��,�KDYH

FRPSLOHG�D�VHW�RI�EDVLF�DUFKHW\SDO�WDVNV�WKDW�D�VPDOO�JURXS�FDQ�GR�LQ�D�VKDUHG�VSDFH��,Q�WHUPV

RI� WKH� FLUFXPSOH[� LQ�)LJXUH� ��� VKDUHG�ZRUNVSDFH� WDVNV� DUH� SULPDULO\� JHQHUDWLRQ� DQG� H[HFXWLRQ

DFWLYLWLHV�� :LWKLQ� WKHVH� FDWHJRULHV�� PRVW� RI� WKH� WDVNV� WKDW� ,� DP� LQWHUHVWHG� LQ� LQYROYH

SHUIRUPDQFH�RU�FUHDWLYLW\��WKH�H[HFXWLRQ�RI�D�SK\VLFDO�SURMHFW��RU�WKH�JHQHUDWLRQ�RI�LGHDV�DQG

QHZ�DUWLIDFWV�

Generate Execute

NegotiateChoose

Cognitive conflict:
conflicts of
viewpoint

Mixed motives:
conflicts of
interest

Performance :
executing
performance
tasks

Contests:
conflicts of
power

Creativity :
generating
ideas

Intellectual:
problems
with correct
answers

Deciding:
issues with no
right answer

Planning:
generating

plans

)LJXUH����7KH�JURXS�WDVN�FLUFXPSOH[��IURP�0F*UDWK�������

7KH�WDVN� W\SHV�GHVFULEHG�EHORZ�DUH�QRW� LQWHQGHG� WR�H[KDXVWLYHO\�FRYHU� WKH�HQWLUH� UDQJH�RI

SRVVLEOH� ZRUNVSDFH� DFWLYLW\�� EXW� WR� SURYLGH� UHSUHVHQWDWLYH� VDPSOHV� RI� ZKDW� LV� FRPPRQO\

XQGHUWDNHQ�� 7KH� WDVNV� DUH� DEVWUDFWHG� IURP� D� URXJK� FODVVLILFDWLRQ� RI� WDVNV� VHHQ� ERWK� LQ

SUHYLRXV�OLWHUDWXUH�DQG�LQ�P\�RZQ�H[SHULHQFH��7KH�W\SHV�DUH�QRW�RUWKRJRQDO��DQ\�UHDO�ZRUN

VLWXDWLRQ�WKDW�XVHV�D�VKDUHG�ZRUNVSDFH�ZLOO� OLNHO\�QRW�ILW�HQWLUHO\�ZLWKLQ�RQH�SDUWLFXODU�W\SH�

DQG�PD\�FRPELQH�FKDUDFWHULVWLFV�RI�PXOWLSOH�W\SHV��3DUW�RI�WKH�UHDVRQ�IRU�WKLV�FDWHJRUL]DWLRQ
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RI�WDVNV�LV�WKDW��DV�0F*UDWK�PHQWLRQV��´>SHUIRUPDQFH@�WDVNV�DUH�YHU\�KHDYLO\�UHSUHVHQWHG�LQ

WKH�ZRUNDGD\�ZRUOG�>EXW@�DUH�TXLWH�XQGHUUHSUHVHQWHG�LQ�UHVHDUFK�RQ�JURXSVµ��S������

&RQVWUXFWLRQ��,Q�FRQVWUXFWLRQ��WKH�JRDO�LV�WR�EXLOG��DVVHPEOH��RU�FRPSLOH�D�ZKROH�RXW�RI�SLHFHV�

SDUWV�� RU� FRPSRQHQWV�� 5HDO�ZRUOG� H[DPSOHV� LQFOXGH� SXWWLQJ� WRJHWKHU� D� VHZLQJ� PDFKLQH

�0L\DNH� ������ RU� DVVHPEOLQJ� D� WUDVK� WRWHU� �&KDSDQLV� ������� FRQVWUXFWLRQ� SURMHFWV� LQ

JURXSZDUH�PLJKW�LQFOXGH�EXLOGLQJ�D�IORZ�QHWZRUN��'RHUU\�������RU�OD\LQJ�RXW�D�QHZVSDSHU

�*XWZLQ�HW�DO��������7KH�VKDUHG�ZRUNVSDFH�IRU�WKHVH�WDVNV�LV�D�SODFH�WR�SXW�WKH�VWUXFWXUH�DQG

WKH�SLHFHV��7KH�ZRUNVSDFH�DUWLIDFWV�DUH�WKH�SLHFHV�DQG�SDUWV��DQG�DUH�XVHG�OLWHUDOO\�LQ�WKDW�WKH\

GR�QRW�VWDQG�IRU�DEVWUDFW�FRQFHSWV��7KHUH�PD\�DOVR�EH�WRROV� LQ�WKH�ZRUNVSDFH��XVHG�WR�SXW

WKH�DUWLIDFWV�WRJHWKHU��&RQVWUXFWLRQ�LV�DQ�LQKHUHQWO\�VSDWLDO�WDVN��WKH�ORFDWLRQV�RI�DUWLIDFWV� LQ

WKH� ZRUNVSDFH�� DQG� WKH� VSDWLDO� UHODWLRQVKLSV� EHWZHHQ� DUWLIDFWV�� DUH� HVVHQWLDO� IDFWRUV� LQ

FRPSOHWLRQ�RI�WKH�WDVN�

2UJDQL]DWLRQ�� $� VHFRQG� FODVV� RI� WDVNV� KDV� DV� LWV� JRDO� WKH� DFKLHYHPHQW� RI� VRPH� VWDWH� RI

RUJDQL]DWLRQ� LQ� WKH� DUWLIDFWV�� 7\SHV� RI� RUJDQL]DWLRQ� LQFOXGH� VRUWLQJ�� RUGHULQJ�� DUUDQJLQJ�

FDWHJRUL]LQJ��DQG�VFKHGXOLQJ��([DPSOHV�WKDW�FRXOG�EH�VHHQ�LQ�JURXSZDUH�ZRUNVSDFHV�LQFOXGH

RUGHULQJ�D�VHW�RI�VOLGHV�IRU�D�SUHVHQWDWLRQ��DUUDQJLQJ�DQG�OLQNLQJ�FRQFHSWV�LQ�D�FRQFHSW�PDS

�*DLQHV� DQG�6KDZ��������RU�SODQQLQJ� WKH� VFKHGXOH� RI� DFWLYLWLHV� LQ� D� VRIWZDUH� SURMHFW��7KH

DUWLIDFWV�EHLQJ�RUJDQL]HG�DUH�XVXDOO\�UHSUHVHQWDWLRQDO�UDWKHU�WKDQ�OLWHUDO��DQG�WKH�UHODWLRQVKLSV

EHWZHHQ� DUWLIDFWV� UHSUHVHQW� FRQFHSWXDO� UHODWLRQV� UDWKHU� WKDQ� SK\VLFDO� FRQVWUDLQWV�� 3UHFLVH

VSDWLDO�ORFDWLRQV�LQ�WKH�ZRUNVSDFH�DUH�QRW�DV�LPSRUWDQW�DV�WKH�UHODWLRQVKLSV�EHWZHHQ�REMHFWV�

DOWKRXJK�SHRSOH�RIWHQ�XVH�VSDWLDO�PHWDSKRUV�IRU�RUJDQL]DWLRQ�

'\QDPLF� FRQWURO��7KH�JRDO�RI�G\QDPLF�FRQWURO� WDVNV� LV� WR�NHHS�D� V\VWHP� LQ�D�FHUWDLQ� VWDWH�RU

FRQWURO� D� V\VWHP� WKURXJK�VRPH�SURFHGXUH��*URXSZDUH�H[DPSOHV� LQFOXGH�DLU� WUDIILF�FRQWURO

DQG�GLVWULEXWHG�SURFHVV�FRQWURO��7KLV�NLQG�RI� WDVN� LV�FKDUDFWHUL]HG�E\� WKH�DXWRQRP\�RI� WKH

DUWLIDFWV� LQ� WKH� ZRUNVSDFH³WKDW� LV�� WKH� DUWLIDFWV� FKDQJH� RU� PRYH� RYHU� WLPH� ZLWKRXW� WKH

RSHUDWRU·V�DFWLRQ��$UWLIDFWV� UHVSRQG� WR�SK\VLFDO� IRUFHV��GHSHQGHQFLHV�RI�SURGXFWLRQ��RU� WKH

FRPPDQGV�RI�RWKHU�FRQWUROOHUV��7KH�ZRUNVSDFH�LQ�D�G\QDPLF�FRQWURO�WDVN�SURYLGHV�D�VSDFH

IRU� REVHUYLQJ� WKH� VWDWHV� RI� V\VWHP� DUWLIDFWV�� DQG� PHDQV� IRU� HIIHFWLQJ� FRQWUROV� RQ� WKRVH

DUWLIDFWV��7KH� DUWLIDFWV� DUH� UHSUHVHQWDWLRQV�RI� V\VWHP�YDULDEOHV�� FRQWUROV�� RU� REMHFWV�PRYLQJ

WKURXJK�WKH�V\VWHP�
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&UHDWLRQ�DQG�GHVLJQ��7KH�SXUSRVH�RI�GHVLJQ�DQG�FUHDWLRQ�LV�WR�SURGXFH�QHZ�HQWLWLHV�WKDW�VDWLVI\

FHUWDLQ� FULWHULD��:ULWLQJ�� GUDZLQJ�� DQG� EUDLQVWRUPLQJ� WDVNV� DOO� LQYROYH� WKH� FUHDWLRQ� RI� QHZ

WKLQJV��,Q�WKHVH�WDVNV��WKH�DUWLIDFWV�DUH�WKH�WKLQJV�FUHDWHG��DQG�WKH�ZRUNVSDFH�LV�D�EDFNGURS�RQ

ZKLFK� WR� SXW� WKHP�� $UWLIDFWV� FDQ� HLWKHU� EH� UHSUHVHQWDWLRQV� �H�J�� LGHDV� LQ� D� EUDLQVWRUPLQJ

VHVVLRQ��RU�OLWHUDO�REMHFWV��H�J��OLQHV�LQ�D�GUDZLQJ���([DPSOHV�RI�GHVLJQ�DQG�FUHDWLRQ�WDVNV�WKDW

FRXOG�EH�XQGHUWDNHQ�LQ�JURXSZDUH�LQFOXGH�WKH�JHQHUDWLRQ�RI�LGHDV�IRU�D�QHZ�SURGXFW��7DQJ

�������WKH�JHQHUDWLRQ�RI�DQ�RXWOLQH�IRU�D�SDSHU��(OOLV�HW�DO��������RU�WKH� LQLWLDO�GHVLJQ�RI�DQ

DXWRPDWHG�SRVW�RIILFH��2OVRQ�HW�DO�������

([SORUDWLRQ��7KH�JRDO�RI�H[SORUDWLRQ�LV�WR�ILQG�DUWLIDFWV�LQ�DQ�HQYLURQPHQW�WKDW�VDWLVI\�FHUWDLQ

FULWHULD��*HQHUDO�H[DPSOHV�RI�H[SORUDWLRQ�LQFOXGH�VHDUFKLQJ��KXQWLQJ��JDWKHULQJ��DQG�VHOHFWLQJ�

7KH�DUWLIDFWV�DUH�GHWHUPLQHG�E\�WKH�SUREOHP�GRPDLQ��EXW�WKH�VL]H�RI�WKH�FROOHFWLRQ�LV�RIWHQ

WKH�UHDVRQ�IRU�WKH�WDVN�EHLQJ�XQGHUWDNHQ�E\�D�JURXS��([DPSOH�WDVNV�LQFOXGH�ILQGLQJ�D�VHW�RI

VLWHV�RQ�WKH�ZRUOG�ZLGH�ZHE��RU�ILQGLQJ�FHUWDLQ�SLHFHV�RI�LQIRUPDWLRQ�LQ�D�ORRVHO\�VWUXFWXUHG

LQIRUPDWLRQ�VSDFH�

7KHVH�WDVNV�DOO�VKDUH�FHUWDLQ�FKDUDFWHULVWLFV�GXH�WR�WKH�IDFW�WKDW�WKH\�DOO�WDNH�SODFH�LQ�D�VKDUHG

ZRUNVSDFH��+RZHYHU��WKH�W\SH�RI�WDVN�WKDW�D�JURXS�XQGHUWDNHV�DOVR�GHWHUPLQHV�WR�D�FHUWDLQ

H[WHQW�WKH�NLQG�RI�LQWHUDFWLRQV�WKDW�JURXS�PHPEHUV�ZLOO�HQJDJH�LQ��DQG�WKHUHIRUH�WKH�NLQGV�RI

ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�WKH\�ZLOO�XVH��,� ORRN�DW�WKH�LVVXH�RI�ZRUNVSDFH�DZDUHQHVV

UHTXLUHPHQWV�PRUH�FORVHO\�LQ�&KDSWHU���

����6XPPDU\

7KLV� FKDSWHU� KDV� H[SORUHG� WKH� WZR�PDLQ� LGHDV� XQGHUSLQQLQJ� WKH� UHVHDUFK�� DZDUHQHVV� DQG

VKDUHG�ZRUNVSDFHV��7KH�SXUSRVH�RI� WKH� FKDSWHU�ZDV� WR� VKRZ� WKH� FRPSOH[LW\� DQG� ULFKQHVV

LQKHUHQW�LQ�SHRSOH·V�LQWHUDFWLRQ�ZLWK�VKDUHG�ZRUNVSDFHV��DQG�WR�VHW�RXW�D�WKHRUHWLFDO�EDVLV�IRU

WKH�RSHUDWLRQDOL]DWLRQ�RI�ZRUNVSDFH�DZDUHQHVV�LQ�WKH�QH[W�FKDSWHU�

$ZDUHQHVV� LV� ´NQRZLQJ� ZKDW� LV� JRLQJ� RQµ� LQ� D� ERXQGHG� DQG� G\QDPLF� HQYLURQPHQW�

$ZDUHQHVV� LQYROYHV� SHUFHSWLRQ�� FRPSUHKHQVLRQ�� DQG� SUHGLFWLRQ�� ERXQG� WRJHWKHU� LQ� D

SHUFHSWLRQ�DFWLRQ�F\FOH��6LWXDWLRQ�DZDUHQHVV�UHVHDUFK�KDV�LQYHVWLJDWHG�FRPSOH[�GRPDLQV�OLNH
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SLORWLQJ� DQG� SRZHU� SODQW� RSHUDWLRQ�� EXW� DZDUHQHVV� RI� RWKHU� SHRSOH� LQ� FROODERUDWLRQ³

LQIRUPDO��FRQYHUVDWLRQDO��VWUXFWXUDO��DQG�ZRUNVSDFH�DZDUHQHVV³FDQ�DOVR�EH�FRQVLGHUHG�

6KDUHG�ZRUNVSDFHV�DUH�ERXQGHG�VHWWLQJV�IRU�MRLQW�DFWLRQ�DQG�FRQWDLQHUV�IRU�ZRUN�DUWLIDFWV��,

FRQFHQWUDWH� RQ� PHGLXP�VL]HG� ZRUNVSDFHV� OLNH� ZKLWHERDUGV� DQG� WDEOHWRSV�� 6KDUHG

ZRUNVSDFHV� DQG� WKH� DUWLIDFWV� LQ� WKHP� IRUP�DQ� H[WHUQDO� UHSUHVHQWDWLRQ�RI� WKH� MRLQW� DFWLYLW\�

ZRUNVSDFHV� DUH� DOVR� SHUFHSWXDOO\� DYDLODEOH�� VSDWLDO�� DQG� SURYLGH� ERXQGV� RQ� LQWHUSUHWDWLRQ�

7DVNV� LQ� VKDUHG� ZRUNVSDFHV� LQFOXGH� SULPDULO\� H[HFXWLRQ� DQG� JHQHUDWLRQ� WDVNV� VXFK� DV

FRQVWUXFWLRQ�� RUJDQL]DWLRQ�� FRQWURO�� GHVLJQ�� FRYHUDJH�� DQG� H[SORUDWLRQ�� :LWK� WKHVH� LGHDV

DERXW� DZDUHQHVV� DQG� ZRUNVSDFHV� LQ� KDQG�� WKH� ZD\� LV� QRZ� FOHDU� IRU� D� FORVHU� ORRN� DW

ZRUNVSDFH�DZDUHQHVV�LQ�WKH�QH[W�FKDSWHU�
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&KDSWHU�� :RUNVSDFH�$ZDUHQHVV

+DYLQJ� ODLG� RXW� VRPH�RI� WKH� XQGHUO\LQJ� SULQFLSOHV

RI� DZDUHQHVV� DQG� VKDUHG� ZRUNVSDFHV�� WKLV� FKDSWHU

IRFXVHV�RQ�DZDUHQHVV� LQ�VKDUHG�ZRUNVSDFHV��,�KDYH

GHILQHG� ZRUNVSDFH� DZDUHQHVV� DV� WKH� XS�WR�WKH�

PRPHQW� XQGHUVWDQGLQJ� RI� DQRWKHU� SHUVRQ·V

LQWHUDFWLRQ� ZLWK� D� VKDUHG� ZRUNVSDFH�� 7KLV

GHILQLWLRQ�� KRZHYHU�� LV� WRR� DEVWUDFW� WR� SURYLGH

JURXSZDUH� GHVLJQHUV� ZLWK� PXFK� GLUHFWLRQ�� &RQVHTXHQWO\�� WKH� JRDO� RI� WKLV� FKDSWHU� LV� WR

H[SOLFDWH�ZRUNVSDFH�DZDUHQHVV�LQ�WHUPV�WKDW�FDQ�EH�XVHG�IRU�GHVLJQ�

7R� WKDW� HQG�� ,� KDYH� FRQVWUXFWHG� D� FRQFHSWXDO� IUDPHZRUN� WKDW� RSHUDWLRQDOL]HV� GLIIHUHQW

DVSHFWV�RI�ZRUNVSDFH�DZDUHQHVV��7KH�IUDPHZRUN�KDV�WKUHH�SDUWV��WKH�HOHPHQWV�RI�NQRZOHGJH

WKDW�PDNH�XS�:$��WKH�SURFHVV�DQG�PHFKDQLVPV�E\�ZKLFK� LW� LV�PDLQWDLQHG��DQG�WKH�XVHV�RI

:$� LQ� FROODERUDWLRQ�� 7KHVH� SDUWV� FRUUHVSRQG� WR� WKH� GHVLJQHU·V� WDVNV� RI� GHWHUPLQLQJ�ZKDW

LQIRUPDWLRQ� WR� SUHVHQW� LQ� WKH� LQWHUIDFH�� KRZ� WR� SUHVHQW� WKH� LQIRUPDWLRQ�� DQG� LQ� ZKDW

VLWXDWLRQV�WKH�LQIRUPDWLRQ�ZLOO�EH�XVHIXO��$OWKRXJK�WKH�IUDPHZRUN�FDQQRW�HQFRPSDVV�DOO�WKH

ZD\V� LQ� ZKLFK� ZRUNVSDFH� DZDUHQHVV� DIIHFWV� KXPDQ� FROODERUDWLRQ�� HDFK� SDUW� RI� WKH

IUDPHZRUN� SUHVHQWV� FRUH� NQRZOHGJH� WKDW� GHVLJQHUV� QHHG� LQ� RUGHU� WR� VXSSRUW� ZRUNVSDFH

DZDUHQHVV� LQ� JURXSZDUH�� 7KH� IUDPHZRUN� LV� LQWHQGHG� DV� D� KLJK�OHYHO� JXLGH� UDWKHU� WKDQ� D

FRPSOHWH�VHW�RI�GHVLJQ�UXOHV��VLQFH�PXFK�RI�WKH�GHWDLO�QHHGHG�IRU�VSHFLILF�LPSOHPHQWDWLRQV�LV

GHWHUPLQHG�E\� WKH� UHDOLWLHV�RI� D�SDUWLFXODU�ZRUN� VLWXDWLRQ��7KH� IUDPHZRUN�SURYLGHV�D�EDVLF

VWUXFWXUH� IRU� WKLQNLQJ� DERXW� ZRUNVSDFH� DZDUHQHVV� DQG� D� YRFDEXODU\� IRU� DQDO\]LQJ

FROODERUDWLRQ�DQG�FRPSDULQJ�JURXSZDUH� VXSSRUW��7KH�NQRZOHGJH� LQ� WKH� IUDPHZRUN� FRPHV

ERWK�IURP�H[LVWLQJ�UHVHDUFK�DQG�IURP�P\�RZQ�REVHUYDWLRQV�RI�JURXS�ZRUN�

,�EHJLQ�E\�FRQVLGHULQJ�ZRUNVSDFH�DZDUHQHVV�DV�D�VSHFLDOL]DWLRQ�RI�VLWXDWLRQ�DZDUHQHVV��DQG

E\� RXWOLQLQJ� WKH� FKDUDFWHULVWLFV� WKDW� GHWHUPLQH� LW� DV� D� VXEW\SH�� ,� WKHQ� LQWURGXFH� WKH

REVHUYDWLRQDO� VWXGLHV� XVHG� WR� JDWKHU� LQIRUPDWLRQ� DERXW� ZRUNVSDFH� DZDUHQHVV�� $IWHU� WKHVH

Operationalization

Application

Evaluation
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WZR�VHFWLRQV��WKH�UHPDLQGHU�RI�WKH�FKDSWHU�DGGUHVVHV�HDFK�SDUW�RI�WKH�FRQFHSWXDO�IUDPHZRUN

LQ�WXUQ�

����:RUNVSDFH�DZDUHQHVV�DV�VLWXDWLRQ�DZDUHQHVV

:RUNVSDFH� DZDUHQHVV� FDQ�EH�YLHZHG� DV� D� VSHFLDOL]DWLRQ�RI� VLWXDWLRQ� DZDUHQHVV��7KHUHIRUH�

WKH�FKDUDFWHULVWLFV�RI�DZDUHQHVV�LQWURGXFHG�LQ�6HFWLRQ�����DOVR�DSSO\�WR�ZRUNVSDFH�DZDUHQHVV�

LW�LV�NQRZOHGJH�RI�D�G\QDPLF�HQYLURQPHQW��LW� LV�PDLQWDLQHG�WKURXJK�SHUFHSWXDO� LQIRUPDWLRQ

JDWKHUHG� IURP� WKH� HQYLURQPHQW�� DQG� LW� LV� SHULSKHUDO� �DOWKRXJK�QRW� LQFRQVHTXHQWLDO�� WR� WKH

SULPDU\�JURXS�DFWLYLW\��6SHFLDOL]DWLRQ�IURP�WKH�PRUH�JHQHUDO�FRQFHSW�RI�VLWXDWLRQ�DZDUHQHVV

DULVHV� EHFDXVH� WKH� VLWXDWLRQ� RI� LQWHUHVW� LV� FRQVWUDLQHG� WR� LQYROYH� D� VKDUHG� ZRUNVSDFH� DQG

DQRWKHU� SHUVRQ·V� LQWHUDFWLRQ� ZLWK� WKDW� ZRUNVSDFH�� 7KHUH� DUH� WZR� ZD\V� LQ� ZKLFK� WKH

FKDUDFWHULVWLFV�RI�ZRUNVSDFH�DZDUHQHVV�VHW� LW�DSDUW� IURP�RWKHU� W\SHV�RI�VLWXDWLRQ�DZDUHQHVV

WKDW�KDYH�EHHQ�VWXGLHG�SUHYLRXVO\��ZRUNVSDFH�DZDUHQHVV� LV� WLHG� WR� WKH� VSHFLILF� VHWWLQJ�RI� D

VKDUHG�ZRUNVSDFH��DQG�LW�LQYROYHV�DZDUHQHVV�RI�WKH�RWKHU�SHRSOH�LQ�WKH�VSDFH�

)LUVW��ZRUNVSDFH�DZDUHQHVV�LV�WLHG�WR�D�VSHFLILF�VHWWLQJ³PHGLXP�VL]HG�VKDUHG�ZRUNVSDFHV³

ZKHUHDV�VLWXDWLRQ�DZDUHQHVV�FDQ�DSSO\�WR�DQ\�G\QDPLF�HQYLURQPHQW��7KLV�ZRUNVSDFH�VHWWLQJ

FRQVWUDLQV�WKH�VLWXDWLRQ��DQG�NQRZLQJ�WKH�FKDUDFWHULVWLFV�DQG�ERXQGV�RI�WKH�VLWXDWLRQ�DOORZV

PH� WR� IRFXV� RQ� WKH� VSHFLILF� QDWXUH� RI� WKH� DZDUHQHVV� QHHGV�ZLWKLQ� WKDW� HQYLURQPHQW�� 7KH

FKDUDFWHULVWLFV� RI� VKDUHG� ZRUNVSDFHV� VHW� RXW� LQ� 6HFWLRQ� �����³VSDWLDO� UHSUHVHQWDWLRQ�

ERXQGHG� LQWHUSUHWDWLRQ��DQG�SHUFHSWXDO�DYDLODELOLW\³VKDSH� WKH� LQWHUDFWLRQV� WKDW�SHRSOH�FDQ

KDYH�ZLWK� WKHP�� )RU� H[DPSOH�� WKH� VSDWLDO� QDWXUH� RI� ZRUNVSDFHV� LPSOLHV� WKDW� DUWLIDFWV� DQG

HYHQWV�FDQ�EH�LQWHUSUHWHG�LQ�SDUW�E\�WKHLU�ORFDWLRQ�LQ�WKH�ZRUNVSDFH��DOVR��ZKHQ�RWKHU�SHRSOH

HQWHU� WKH� VSDFH�� LQIRUPDWLRQ� DERXW� WKHLU� ORFDWLRQV� DOVR� EHFRPHV� SDUW� RI� ZRUNVSDFH

DZDUHQHVV�

6HFRQG�� ZRUNVSDFH� DZDUHQHVV� HPSKDVL]HV� NQRZOHGJH� RI� DQRWKHU� SHUVRQ�� 7KLV� LQFOXGHV

NQRZOHGJH� RI� KRZ� RWKHUV� LQWHUDFW� ZLWK� WKH� ZRUNVSDFH� DQG� LWV� DUWLIDFWV�� DQG� KRZ� WKHVH

LQWHUDFWLRQV�UHODWH�WR�WKH�JURXS·V�FROODERUDWLRQ��&ROODERUDWLRQ�LV�RQH�DVSHFW�RI�VLWXDWLRQV�WKDW

KDV�UHFHLYHG�RQO\�VHFRQGDU\�FRQVLGHUDWLRQ�LQ�SULRU�6$��7KH�LQYROYHPHQW�RI�RWKHU�SHRSOH�LQ

WKH�ZRUNVSDFH�LPSOLHV�D�GLIIHUHQFH�LQ�ZKDW�WKH�DZDUHQHVV�LV�IRU��,Q�RWKHU�VWXGLHV�RI�VLWXDWLRQ

DZDUHQHVV��DZDUHQHVV�NQRZOHGJH�LV�XVHG�IRU�WKH�WDVN�RI�FRQWUROOLQJ�D�V\VWHP��,Q�ZRUNVSDFH
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DZDUHQHVV��DZDUHQHVV�NQRZOHGJH�LV�XVHG�WR�VXSSRUW�FROODERUDWLRQ�RYHU�WKH�ZRUNVSDFH��)LJXUH

��LOOXVWUDWHV�WKLV�GLIIHUHQFH��:KHQ�VRPHRQH�ZRUNV�DORQH�LQ�D�ZRUNVSDFH��WKHLU�DFWLYLWLHV�DQG

WKHLU� 6$� LQYROYH� RQO\� WKH� ZRUNVSDFH� DQG� WKH� GRPDLQ� WDVN�� ,Q� D� FROODERUDWLYH� VLWXDWLRQ�

KRZHYHU�� SHRSOH� PXVW� XQGHUWDNH� DQRWKHU� WDVN�� WKDW� RI� FROODERUDWLRQ�� DQG� WKHUHIRUH� WKHLU

VLWXDWLRQ� DZDUHQHVV� PXVW� LQYROYH� ERWK� WKH� GRPDLQ� DQG� WKH� FROODERUDWLRQ�� 7KH� 6$� WKDW

LQYROYHV� FROODERUDWLQJ� LQ� D� VKDUHG� ZRUNVSDFH� LV� ZKDW� ,� FDOO� ZRUNVSDFH� DZDUHQHVV�� $V

GLVFXVVHG�EHORZ��KRZHYHU��WKH�FROODERUDWLRQ�WDVN�FDQ�FHUWDLQO\�DIIHFW�WKH�GRPDLQ�RU�FRQWURO

WDVN³VR�ZRUNVSDFH�DZDUHQHVV�FDQ�DOVR�DIIHFW�RXWFRPHV�DQG�SURGXFWV�

Domain tasks Domain tasks Domain tasks

Collaboration task

)LJXUH����'RPDLQ�DQG�FROODERUDWLRQ�WDVNV

$� FRQVHTXHQFH� RI� WKHVH� WZR� VSHFLDOL]DWLRQV� �SHUVRQ� DQG� ZRUNVSDFH�� LV� WKDW� ZRUNVSDFH

DZDUHQHVV� DOVR� LQYROYHV� WKH� FRPELQDWLRQ� RI� WKH� WZR³LQWHUDFWLRQ� RI� WKH� SHUVRQ� ZLWK� WKH

ZRUNVSDFH��7KDW�LV��LW�LV�QRW�HQRXJK�WR�NQRZ�MXVW�WKH�SHUVRQ·V�DFWLRQ��RU�MXVW�WKH�ZRUNVSDFH

FRQWH[W��LW�LV�WKH�DFWLRQ�LQ�WKH�FRQWH[W�WKDW�LV�LPSRUWDQW��:KHQ�D�VLQJOH�RSHUDWRU�IOLHV�D�SODQH�

IRU�H[DPSOH��WKHLU�DZDUHQHVV�FRQFHUQV�WKH�DLUFUDIW�DORQH��:KHQ�D�SLORWLQJ�WHDP�LV�LQ�FKDUJH�

KRZHYHU�� WKH\� KDYH� WR� NQRZ� DERXW� WKH�ZRUNVSDFH� �WKH� FRFNSLW��� DERXW� WKH� DFWLRQV� RI� WKH

RWKHU�SLORWV��DQG�KRZ�WKRVH�DFWLRQV�UHODWH�WR�WKH�ZRUNVSDFH��LQ�RUGHU�WR�XQGHUVWDQG�ZKDW�WKH

RWKHUV�DUH�GRLQJ�

7KHVH�VSHFLDOL]DWLRQV�DOVR�LPSO\�WKDW�WKHUH�ZLOO�EH�RWKHU�GLIIHUHQFHV�EHWZHHQ�P\�UHVHDUFK�RQ

ZRUNVSDFH�DZDUHQHVV�DQG�SUHYLRXV�UHVHDUFK�LQWR�VLWXDWLRQ�DZDUHQHVV��7KH�PRVW�LPSRUWDQW�RI

WKHVH�FRQFHUQV�WKH�NLQGV�RI�WDVN�VHWWLQJV�WKDW�,�FRQVLGHU�DQG�WKH�UROH�WKDW�DZDUHQHVV�SOD\V�LQ
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WKH�FRPSOHWLRQ�RI�WKH�WDVN��7R�EHJLQ�ZLWK��VLWXDWLRQ�DZDUHQHVV�UHVHDUFK�KDV�FRQFHQWUDWHG�RQ

H[WUHPH� WDVN� VHWWLQJV³WKRVH� WKDW� LQYROYH� ´G\QDPLVP�� FRPSOH[LW\�� KLJK� LQIRUPDWLRQ� ORDG�

YDULDEOH�ZRUNORDG��DQG�ULVNµ��*DED�DQG�+RZDUG�������S�������$OWKRXJK�VLWXDWLRQ�DZDUHQHVV

SOD\V� D� UROH� LQ� DOO� WDVNV�� SULRU� UHVHDUFK� KDV� IRFXVHG� RQ� WKRVH� VHWWLQJV� ZKHUH� PDLQWDLQLQJ

DZDUHQHVV�LV�GLIILFXOW��RU�ZKHUH�VNLOOHG�SHUIRUPDQFH�LV�GLIILFXOW�EHFDXVH�RI�LQIRUPDWLRQDO�DQG

DWWHQWLRQDO� GHPDQGV�� 7KLV� UHVHDUFK� RIWHQ� FRQVLGHUV� ZD\V� WR� KHOS� SHRSOH� FRSH� ZLWK� WKH

DPRXQW� DQG� UDWH� RI� LQFRPLQJ� LQIRUPDWLRQ�� ,Q� FRQWUDVW�� ,� DP� LQWHUHVWHG� LQ� VXSSRUWLQJ� WKH

PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV�LQ�D�ZLGH�YDULHW\�RI�VLWXDWLRQV��LQFOXGLQJ�WKH�PXQGDQH

DQG�WKH�RUGLQDU\³VLWXDWLRQV�ZKHUH�DZDUHQHVV�LV�QRW�JHQHUDOO\�GLIILFXOW�WR�PDLQWDLQ�LQ�D�IDFH�

WR�IDFH� HQYLURQPHQW�� $V� ,� ZLOO� GLVFXVV� IXUWKHU� LQ� &KDSWHU� ��� WKH� PDLQ� SUREOHP� LQ� WKLV

UHVHDUFK� LV� QRW� RQH� RI� KXPDQ� OLPLWDWLRQV�� EXW� RI� WHFKQRORJ\� OLPLWDWLRQV�� ZKHQ� SHRSOH

FROODERUDWH� RYHU� GLVWDQFH�� WHFKQRORJ\� KLGHV� WKH� FXHV� WKDW� ZHUH� REYLRXV� LQ� D� IDFH�WR�IDFH

VLWXDWLRQ�

7KLV� GLIIHUHQFH� FDQ� EH� UHILQHG� E\� FRQVLGHULQJ� WKH� UHODWLRQVKLS� EHWZHHQ� DZDUHQHVV� DQG

YDULRXV�OHYHOV�RI�WDVN�SHUIRUPDQFH��,Q�PDQ\�RI�WKH�VHWWLQJV�VWXGLHG�E\�6$�UHVHDUFK��WKHUH�LV�D

VWULFW�PLQLPXP�SHUIRUPDQFH�VWDQGDUG�WKDW�GHPDQGV�FHUWDLQ�DZDUHQHVV��)RU�H[DPSOH��WR�NHHS

DQ� DLUFUDIW� LQ� WKH� DLU� IRU� DQ\� OHQJWK� RI� WLPH�� D� SLORW� PXVW� VWD\� DZDUH� RI� KHU� DOWLWXGH� DQG

DLUVSHHG��,Q�PDQ\�RI�WKH�RUGLQDU\��ZRUNDGD\�WDVNV�WKDW�,�FRQVLGHU�LQ�WKLV�UHVHDUFK��KRZHYHU�

WKH� VWDQGDUG� IRU� PLQLPXP� SHUIRUPDQFH� LV� FRQVLGHUDEO\� ORZHU�� VR� ODFN� RI� ZRUNVSDFH

DZDUHQHVV�ZLOO�QRW�OHDG�WR�GLVDVWHU��)RU�H[DPSOH��LI�WZR�SHRSOH�ZKR�DUH�HGLWLQJ�D�GRFXPHQW

IDLO�WR�VWD\�DZDUH�RI�RQH�DQRWKHU·V�DFWLYLWLHV��WKH\�PD\�ZRUN�DW�FURVV�SXUSRVHV��GXSOLFDWH�RQH

DQRWKHU·V�ZRUN��RU�EHFRPH�IUXVWUDWHG��EXW�WKH\�FDQ�OLNHO\�VWLOO�JHW�WKH�MRE�GRQH�ZLWKRXW�GLUH

FRQVHTXHQFHV��7KLV�LV�SDUWO\�EHFDXVH�ZRUNVSDFH�DZDUHQHVV�DIIHFWV�WKH�GRPDLQ�WDVN�LQGLUHFWO\�

WKURXJK�WKH�FROODERUDWLRQ�WDVN��7KDW�LV��WKH�GHJUHH�WR�ZKLFK�ZRUNVSDFH�DZDUHQHVV�DIIHFWV�WKH

GRPDLQ� WDVN�GHSHQGV�RQ�KRZ� LPSRUWDQW� VXFFHVVIXO� FROODERUDWLRQ� LV� WR� WKH�GRPDLQ� WDVN�� ,Q

VRPH� WDVNV�� FROODERUDWLRQ� LV� QRW� FULWLFDO� WR� WKH� WDVN�� DQG� VR� IDLOXUH� WR�PDLQWDLQ�ZRUNVSDFH

DZDUHQHVV�PD\�VLPSO\�FRQWULEXWH�WR�D�GHYROXWLRQ�LQWR�SDUDOOHO�LQGLYLGXDO�ZRUN�

7KLV� LV�QRW� WR�VD\��KRZHYHU�� WKDW�FROODERUDWLRQ�DQG�ZRUNVSDFH�DZDUHQHVV�DUH�QHYHU�FULWLFDO�

7R�LOOXVWUDWH�WKLV��6DUWHU�DQG�:RRGV��������GLVFXVV�DQ�DLUOLQH�FUDVK�ZKHUH�ODFN�RI�ZRUNVSDFH
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DZDUHQHVV³VSHFLILFDOO\��DERXW�ZKDW�FRQWURO�DFWLRQV�WKH�RWKHU�SLORW�KDG�WDNHQ�RQ�WKH�FRFNSLW

FRQWURO�SDQHOV³OHG�WR�WKH�DXWRSLORW�EHLQJ�LQ�WKH�ZURQJ�PRGH�IRU�ODQGLQJ�

7KH�SLORW�IO\LQJ�KDG�GLVHQJDJHG�KLV�IOLJKW�GLUHFWRU�>D�FRFNSLW�GLVSOD\@�DW�VRPH
SRLQW�GXULQJ�WKH�DSSURDFK�DQG�ZDV�DVVXPLQJ�WKDW�WKH�SLORW�QRW�IO\LQJ�ZRXOG
GR�WKH�VDPH�WKLQJ��7KLV�ZRXOG�KDYH�UHVXOWHG�LQ«WKH�63(('�PRGH��ZKLFK�LV
WKH� UHFRPPHQGHG� SURFHGXUH� IRU� WKH� DSSURDFK� SKDVH�� +RZHYHU�� WKH� SLORW�
QRW�IO\LQJ� QHYHU� WXUQHG� RII� KLV� IOLJKW� GLUHFWRU�� 7KHUHIRUH�� WKH� 23(1
'(6&(17�PRGH�EHFDPH�DFWLYH�ZKHQ�D�ORZHU�DOWLWXGH�ZDV�VHOHFWHG���S����

7KH�SUREOHP�LQ�WKLV�FDVH�LV�WKDW�HDFK�SLORW�UHFHLYHG�DQ�LQGLFDWLRQ�RI�WKH�VWDWXV
RI�KLV�RZQ�IOLJKW�GLUHFWRU�RQO\��,Q�RWKHU�ZRUGV��ZKHQ�WKH�SLORW�IO\LQJ�WXUQHG
RII� KLV� IOLJKW� GLUHFWRU�� WKH� )'�� PHVVDJH� RQ� KLV� SULPDU\� IOLJKW� GLVSOD\
GLVDSSHDUHG��+RZHYHU��KH�QHYHU�KDG�DQ�LQGLFDWLRQ�RI�WKH�VWDWXV�RI�)'���WKH
RWKHU� SLORW·V� IOLJKW� GLUHFWRU�� DQG� WKHUHIRUH� FRXOG� QRW� YHULI\� YLD� KLV� GLVSOD\
ZKHWKHU�)'��ZDV�WXUQHG�RII�DV�ZHOO���S����

,Q�VXP��ZRUNVSDFH�DZDUHQHVV�LV�D�VSHFLDOL]DWLRQ�RI�VLWXDWLRQ�DZDUHQHVV�ZKHUH�WKH�VLWXDWLRQ�LV

FRQVWUDLQHG�WR�FRQVLGHU�RWKHU�SHRSOH� LQWHUDFWLQJ�ZLWK�VKDUHG�ZRUNVSDFHV�� ,�DP�FRQVLGHULQJ

WDVN�VHWWLQJV�ZKHUH� WKH�FRQVHTXHQFHV�RI� IDLOXUH�DUH� OHVV�H[WUHPH��DQG�ZKHUH�DZDUHQHVV�KDV

WUDGLWLRQDOO\� �WKDW� LV�� LQ� IDFH�WR�IDFH� HQYLURQPHQW�� EHHQ� UHODWLYHO\� VLPSOH� WR�PDLQWDLQ�� 7KH

SUREOHPV� LQ� PDLQWDLQLQJ� ZRUNVSDFH� DZDUHQHVV� RYHU� GLVWDQFH� DULVH� IURP� WHFKQRORJLFDO

OLPLWDWLRQV�UDWKHU�WKDQ�KXPDQ�OLPLWDWLRQV�

����2EVHUYDWLRQDO�VWXGLHV

,�REVHUYHG�VHYHUDO�JURXSV�SHUIRUPLQJ�VLPSOH�WDVNV�LQ�SK\VLFDO�VKDUHG�ZRUNVSDFHV��LQ�RUGHU�WR

JDWKHU�EDVLF� LQIRUPDWLRQ� DERXW� WKH� XVHV� DQG�PHFKDQLVPV�RI�ZRUNVSDFH� DZDUHQHVV�� DQG� WR

JDLQ� ILUVW�KDQG�H[SHULHQFH�ZLWK�SKHQRPHQD�GHVFULEHG� LQ� UHVHDUFK� OLWHUDWXUH��)LQGLQJV� IURP

WKHVH� VWXGLHV� FRQWULEXWH� WR� WKH� VWUXFWXUH� DQG� FRQWHQW� RI� WKH� FRQFHSWXDO� IUDPHZRUN�� ,� XVH

HSLVRGHV�IURP�WKH�REVHUYDWLRQV�WR�LOOXVWUDWH�WKH�IUDPHZRUN�LQ�WKH�IROORZLQJ�VHFWLRQV��EXW�,�GR

QRW�RWKHUZLVH�VXPPDUL]H�WKH�ILQGLQJV��7KH�VWXGLHV�ZHUH�LQIRUPDO�DQG�YDULHG�ZLGHO\�LQ�WDVN�

JURXS�VWUXFWXUH��VHWWLQJ��DQG�UHDOLVP��LQ�VRPH�FDVHV��,�HYHQ�SDUWLFLSDWHG�DV�SDUW�RI�WKH�JURXS�

,�GLG�QRW�HPSOR\�DQ\�IRUPDO�PHWKRGRORJ\��EXW�LQ�DOO�FDVHV�,�REVHUYHG�WKH�FROODERUDWLRQ�DQG

WRRN�QRWHV��,Q�VRPH�VHVVLRQV��WKH�FROODERUDWLRQ�ZDV�YLGHRWDSHG�IRU�ODWHU�UHYLHZ�

%HORZ�� ,� LQWURGXFH� HDFK� VHVVLRQ� WR� JLYH� DQ� LGHD� RI� WKH� VHWWLQJV� DQG� WKH� WDVNV� WKDW� ZHUH

REVHUYHG��7KH�ILUVW�ILYH�WDVNV�ZHUH�FRPSOHWHG�LQ�D�ODERUDWRU\�VHWWLQJ��DQG�WKH�ILQDO�WZR�ZHUH
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YLVLWV� WR� UHDO�ZRUN�HQYLURQPHQWV�� ,Q� WKH� ODERUDWRU\� WDVNV��SHRSOH�ZHUH�DOORZHG� WR�RUJDQL]H

WKHLU�FROODERUDWLRQ�KRZHYHU�WKH\�VDZ�ILW��$OO�RI�WKH�ODERUDWRU\�WDVNV�ZHUH�PDGH�XS�DFWLYLWLHV�

ZKLOH�WKH�WZR�UHDO�ZRUN�YLVLWV�LQYROYHG�SHRSOH·V�QRUPDO�ZRUN�DFWLYLWLHV�

%ORFNV� DQG� SX]]OHV�� ,� EHJDQ�P\� REVHUYDWLRQV� E\� DVNLQJ� SHRSOH� WR� FRPSOHWH� VLPSOH� WDEOHWRS

WDVNV�ZLWK�PH�DV�D�SDUWQHU��7ZR�GLIIHUHQW�SHRSOH�FRPSOHWHG� WKUHH�GLIIHUHQW� WDVNV�ZLWK�PH�

7KH�ILUVW�WDVN�ZDV�D�MLJVDZ�SX]]OH��WKH�VHFRQG�ZDV�D�SX]]OH�ZLWK�SHQWRPLQRHV�SLHFHV��DQG�LQ

WKH�WKLUG��ZH�EXLOW�D�KRXVH�RXW�RI�WR\�EORFNV��$OO�WKUHH�WDVNV�ZHUH�FDUULHG�RXW�DW�DQ�RUGLQDU\

WDEOH��7KHVH�WDVNV�WRRN�DSSUR[LPDWHO\����PLQXWHV�HDFK�WR�FRPSOHWH�

6WULQJ��7ZR�SDLUV�ZHUH�DVNHG� WR�PHDVXUH� WKH�GLVWDQFH�EHWZHHQ�VHYHUDO�SDLUV�RI�SRLQWV�RQ�D

ZKLWHERDUG��XVLQJ� D� ORQJ�SLHFH�RI� VWULQJ� DV� D�PHDVXULQJ� WRRO��7KH�SRLQWV�ZHUH� IDU� HQRXJK

DSDUW�WKDW�HDFK�SHUVRQ�KDG�WR�KROG�DQ�HQG�RI�WKH�VWULQJ��7KH�SDUWLFLSDQWV�GLG�WKH�WDVN�LQ�WZR

VHWWLQJV�� ILUVW�� LQ� IURQW� RI� D� QRUPDO�ZKLWHERDUG�� DQG� VHFRQG��ZLWK� D� GLYLGHU� WKDW� SUHYHQWHG

WKHP�IURP�VHHLQJ�RQH�DQRWKHU·V�ZRUN�DUHDV��7KH�WDVNV�WRRN�DERXW����PLQXWHV�LQ�WRWDO�

&DWKHGUDO��7ZR�SDLUV�FRPSOHWHG�D�PRUH�FRPSOLFDWHG�FRQVWUXFWLRQ�WDVN��WKDW�RI�EXLOGLQJ�D�WZR�

GLPHQVLRQDO� SODQ� RI� D� FDWKHGUDO� XVLQJ� D� YDULHW\� RI� FDUGERDUG� SLHFHV�� 7KH� WDVN� LQFOXGHG

FRQVWUDLQWV� �VXFK� DV� NHHSLQJ� WKH� FRORXUV� V\PPHWULFDO�� WR� HQFRXUDJH� PRUH� LQWHUDFWLRQ

EHWZHHQ� WKH� WZR�SDUWLFLSDQWV��7KH� WDVN� WRRN� SODFH� RQ� D� ODUJH� WDEOH�� DQG� SDUWLFLSDQWV�ZHUH

DOORZHG�WR�PRYH�ZKHUH�WKH\�ZLVKHG�DURXQG�WKH�ZRUNVSDFH��7KH�FDWKHGUDO�WDVN�WRRN�DERXW���

PLQXWHV�WR�FRPSOHWH�

&RQFHSW�PDS��7KUHH�SDLUV�ZHUH�DVNHG�WR�FRPSOHWH�D�KDOI�ILQLVKHG�FRQFHSW�PDS�XVLQJ�D�ZULWWHQ

SDUDJUDSK� DV� WKHLU� JXLGH� WR� WKH� HQWLWLHV� DQG� UHODWLRQVKLSV� LQ� WKH�PDS��$JDLQ�� WKH�PDWHULDOV

ZHUH�SDSHU�DQG�SHQFLOV��DQG�WKH�ZRUNVSDFH�ZDV�D�ODUJH�WDEOH��3DLUV�KDG�WR�RUJDQL]H�D�VHW�RI

H[LVWLQJ� REMHFWV� DQG� UHODWLRQV�� DQG� WKHQ� DGG� WR� WKH� GLDJUDP� XQWLO� WKH� SDUDJUDSK� ZDV� IXOO\

UHSUHVHQWHG�E\�WKH�PDS��7KH�FRQFHSW�PDS�WDVNV�WRRN�SHRSOH�DERXW����PLQXWHV�WR�ILQLVK�

1HZVSDSHU� OD\RXW��)RXU�SDLUV�FRPSOHWHG�D�QHZVSDSHU� OD\RXW� WDVN��*URXSV�ZHUH�DVNHG� WR�SXW

WRJHWKHU� D� WZR�SDJH� VSUHDG� RI� D� ILFWLRQDO� QHZVSDSHU�� XVLQJ� SDSHU� DUWLFOHV�� SLFWXUHV�� DQG

KHDGOLQHV�VXSSOLHG�WR�WKHP��*URXSV�ZHUH�DOORZHG�WR�OD\�RXW�WKH�SDJHV�DV�WKH\�ZLVKHG��DV�ORQJ

DV�WKH�SDSHU�KDG�D�URXJKO\�FRQVLVWHQW�VW\OH��7KHVH�WDVNV�UHTXLUHG�DERXW����PLQXWHV�
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1HZVURRP�� $� YLVLW� WR� WKH� VWXGHQW� QHZVSDSHU� RIILFHV� RQ� SURGXFWLRQ� GD\� ZDV� RQH� RI� WZR

REVHUYDWLRQV�RI�UHDO�ZRUN�VLWXDWLRQV��,�VSHQW�DSSUR[LPDWHO\�VL[�KRXUV�LQ�WKH�SURGXFWLRQ�URRP

RI�WKH�*DXQWOHW��WKH�8QLYHUVLW\�RI�&DOJDU\�VWXGHQW�QHZVSDSHU��ZDWFKLQJ�DFWLYLWLHV�WKDW�UDQJHG

IURP�VWRU\�FRPSRVLWLRQ�WR�SDJH�OD\RXW��,Q�WKH�SDUW�RI�WKH�RIILFH�,�REVHUYHG��ILYH�ZULWHUV�DQG

WZR�HGLWRUV�ZRUNHG�RQ�WKH�SDSHU�

$LU� WUDIILF� FRQWURO�� 7KH� VHFRQG� UHDO� ZRUN� VLWXDWLRQ� WKDW� ,� YLVLWHG� ZDV� WKH� DLU� WUDIILF� FRQWURO

FHQWUH� DW� WKH� &DOJDU\� DLUSRUW�� ,� VSHQW� RQH� DIWHUQRRQ� �DERXW� IRXU� KRXUV�� REVHUYLQJ� WKUHH

FROODERUDWLQJ�FRQWUROOHUV�ZKR�VXSHUYLVH� WKH�DLUVSDFH� LQ�D����PLOH� UDGLXV�DURXQG�&DOJDU\��$

FRQWUROOHU�LV�LQ�FKDUJH�RI�RQH�RI�WKUHH�VWDWLRQV��FRPPHUFLDO�DUULYDOV��FRPPHUFLDO�GHSDUWXUHV�

RU�VPDOO�SULYDWH�DLUFUDIW�WKDW�RSHUDWH�XQGHU�YLVXDO�IOLJKW�UXOHV��&RQWUROOHUV�VLW�LQ�IURQW�RI�ODUJH

UDGDU� VFUHHQV� WKDW� VKRZ� DOO� IOLJKW� DFWLYLW\� ZLWKLQ� DQ� DGMXVWDEOH� UDGLXV� IURP� WKH� DLUSRUW�

7KHUHIRUH�� FRQWUROOHUV� VHH� RQH� DQRWKHU·V� DLUFUDIW� RQ� WKHLU� VFUHHQV�� 7KH� FRQWUROOHUV� LQWHUDFW

ZLWK� HDFK� RWKHU��ZLWK� WKH� WRZHU� RSHUDWRUV�ZKR� VXSHUYLVH� WDNHRIIV� DQG� ODQGLQJV�� DQG�ZLWK

UHJLRQDO�FRQWUROOHUV�ZKR�VXSHUYLVH�WKH�DLUVSDFH�EH\RQG�WKH����PLOH�UDGLXV��$�W\SLFDO��WKURXJK

JUHDWO\� VLPSOLILHG�� WDVN� IRU� WKH� DUULYDOV� FRQWUROOHU�ZRXOG� EH� WR� DFFHSW� DQ� DLUFUDIW� IURP� WKH

UHJLRQDO�FRQWUROOHUV��JXLGH�LW�LQWR�LWV�ILQDO�DSSURDFK��DQG�KDQG�LW�RII�WR�WKH�WRZHU�FRQWUROOHUV�

����)UDPHZRUN�SDUW����(OHPHQWV�RI�NQRZOHGJH

7KH�ILUVW�SDUW�RI�WKH�IUDPHZRUN�GLYLGHV�ZRUNVSDFH�DZDUHQHVV�LQWR�WKH�W\SHV�RI�LQIRUPDWLRQ

WKDW�SHRSOH�WUDFN�LQ�D�VKDUHG�ZRUNVSDFH��7KLV�SDUW�RI�WKH�IUDPHZRUN�LV�LQWHQGHG�WR�SURYLGH

GHVLJQHUV�ZLWK�D�VWDUWLQJ�SRLQW� LQ�FRQVLGHULQJ�ZKDW� LQIRUPDWLRQ� WR�SURYLGH� LQ�D�JURXSZDUH

LQWHUIDFH��$OWKRXJK�WKHUH�DUH�D�KXJH�QXPEHU�RI�SRVVLEOH�SLHFHV�RI�NQRZOHGJH�WKDW�FDQ�PDNH

XS�D�SHUVRQ·V�DZDUHQHVV��FHUWDLQ�HOHPHQWV�DUH�EDVLF�WR�D�ZLGH�YDULHW\�RI�VLWXDWLRQV��7KHVH�DUH

WKH�HOHPHQWV�WKDW�DQVZHU�´ZKR��ZKDW��ZKHUH��ZKHQ��DQG�KRZµ�TXHVWLRQV��DQG�WKHVH�DUH�WKH

HOHPHQWV�WKDW�VKRXOG�EH�FRQVLGHUHG�ILUVW�E\�GHVLJQHUV�

:LWKLQ�WKHVH�EDVLF�FDWHJRULHV��,�KDYH� LGHQWLILHG�VHYHUDO�VSHFLILF�HOHPHQWV�RI�NQRZOHGJH�WKDW

PDNH�XS�ZRUNVSDFH�DZDUHQHVV��7DEOH���VKRZV�HOHPHQWV�FRQWDLQHG�LQ�WKH�FDWHJRULHV�RI�ZKR�

ZKDW�� DQG� ZKHUH�� DOO� RI� ZKLFK� UHODWH� WR� DZDUHQHVV� RI� WKH� SUHVHQW�� ,� DOVR� OLVW� WKH� VSHFLILF

TXHVWLRQV�WKDW�HDFK�HOHPHQW�DQVZHUV��7DEOH���VKRZV�WKH�FDWHJRULHV�DQG�HOHPHQWV�WKDW�UHODWH

WR�WKH�SDVW��LQFOXGLQJ�KRZ�DQG�ZKHQ��DV�ZHOO�DV�WKH�KLVWRU\�RI�ZKR��ZKDW��DQG�ZKHUH�
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7KH�HOHPHQWV�DUH�DOO�FRPPRQVHQVH�WKLQJV�WKDW�GHDO�ZLWK�LQWHUDFWLRQV�EHWZHHQ�D�SHUVRQ�DQG

WKH�HQYLURQPHQW��$ZDUHQHVV�RI�SUHVHQFH�DQG�LGHQWLW\�LV�VLPSO\�WKH�NQRZOHGJH�WKDW�WKHUH�DUH

RWKHUV�LQ�WKH�ZRUNVSDFH�DQG�ZKR�WKH\�DUH��DQG�DXWKRUVKLS�LQYROYHV�WKH�PDSSLQJ�EHWZHHQ�DQ

DFWLRQ� DQG� WKH� SHUVRQ� FDUU\LQJ� LW� RXW�� $ZDUHQHVV� RI� DFWLRQV� DQG� LQWHQWLRQV� LV� WKH

XQGHUVWDQGLQJ�RI�ZKDW�DQRWKHU�SHUVRQ�LV�GRLQJ��ERWK�DW�D�ORZ�OHYHO��H�J��HUDVLQJ�VRPHWKLQJ�

DQG�DW�KLJKHU�OHYHOV��H�J��IL[LQJ�WKH�WLWOH���$ZDUHQHVV�RI�DUWLIDFW�PHDQV�NQRZOHGJH�DERXW�ZKDW

REMHFW� D� SHUVRQ� LV� ZRUNLQJ� RQ�� /RFDWLRQ�� JD]H�� DQG� YLHZ� UHODWH� WR� ZKHUH� WKH� SHUVRQ� LV

ZRUNLQJ�� ZKHUH� WKH\� DUH� ORRNLQJ�� DQG� ZKDW� WKH\� FDQ� VHH�� $ZDUHQHVV� RI� UHDFK� LQYROYHV

XQGHUVWDQGLQJ�WKH�DUHD�RI�WKH�ZRUNVSDFH�ZKHUH�D�SHUVRQ�FDQ�FKDQJH�WKLQJV��VLQFH�VRPHWLPHV

D�SHUVRQ·V�UHDFK�FDQ�H[FHHG�WKHLU�YLHZ�

&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"

7DEOH����(OHPHQWV�RI�:$�UHODWLQJ�WR�WKH�SUHVHQW

&DWHJRU\ (OHPHQW 6SHFLILF�TXHVWLRQV

+RZ $FWLRQ�KLVWRU\ +RZ�GLG�WKDW�RSHUDWLRQ�KDSSHQ"

$UWLIDFW�KLVWRU\ +RZ�GLG�WKLV�DUWLIDFW�FRPH�WR�EH�LQ�WKLV�VWDWH"

:KHQ (YHQW�KLVWRU\ :KHQ�GLG�WKDW�HYHQW�KDSSHQ"

:KR��SDVW� 3UHVHQFH�KLVWRU\ :KR�ZDV�KHUH��DQG�ZKHQ"

:KHUH��SDVW� /RFDWLRQ�KLVWRU\ :KHUH�KDV�D�SHUVRQ�EHHQ"

:KDW��SDVW� $FWLRQ�KLVWRU\ :KDW�KDV�D�SHUVRQ�EHHQ�GRLQJ"

7DEOH����(OHPHQWV�RI�:$�UHODWLQJ�WR�WKH�SDVW
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$ZDUHQHVV� RI� WKH� SDVW� LQYROYHV� VHYHUDO� DGGLWLRQDO� HOHPHQWV�� $FWLRQ� DQG� DUWLIDFW� KLVWRU\

FRQFHUQ� WKH� GHWDLOV� RI� HYHQWV� WKDW� KDYH� DOUHDG\� RFFXUUHG�� DQG� HYHQW� KLVWRU\� FRQFHUQV� WKH

WLPLQJ�RI�ZKHQ�WKLQJV�KDSSHQHG��7KH�UHPDLQLQJ�WKUHH�HOHPHQWV�GHDO�ZLWK�WKH�KLVWRULFDO�VLGH

RI�SUHVHQFH��ORFDWLRQ��DQG�DFWLRQ�

$�SHUVRQ·V�ZRUNVSDFH�DZDUHQHVV�NQRZOHGJH�LQ�D�SDUWLFXODU�VLWXDWLRQ�ZLOO�EH�PDGH�XS�RI�WKHVH

HOHPHQWV�LQ�VRPH�FRPELQDWLRQ��$OWKRXJK�WKHUH�ZLOO�DOVR�EH�DGGLWLRQDO�LQIRUPDWLRQ�VSHFLILF�WR

WKH�WDVN�RU�WKH�ZRUN�VHWWLQJ��WKHVH�HOHPHQWV�SURYLGH�D�KLJK�OHYHO�RUJDQL]DWLRQ�IRU�DZDUHQHVV

LQIRUPDWLRQ�� 7KH� HOHPHQWV� DUH� D� VWDUWLQJ� SRLQW� IRU� WKLQNLQJ� DERXW� WKH� DZDUHQHVV

UHTXLUHPHQWV� RI� SDUWLFXODU� WDVN� VLWXDWLRQV�� DQG� SURYLGH� D� YRFDEXODU\� IRU� GHVFULELQJ� DQG

FRPSDULQJ�DZDUHQHVV�VXSSRUW�LQ�JURXSZDUH�DSSOLFDWLRQV�

����)UDPHZRUN�SDUW����3URFHVV�RI�PDLQWDLQLQJ�:$

7KH�JURXSZDUH�GHVLJQHU·V�VHFRQG�WDVN�LV�WR�SUHVHQW�DZDUHQHVV�LQIRUPDWLRQ�LQ�ZD\V�WKDW�PDNH

WKH�PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV�VLPSOH�DQG�VWUDLJKWIRUZDUG��7KH�SHUFHSWLRQ�DFWLRQ

F\FOH�GLVFXVVHG�LQ�WKH�SUHYLRXV�FKDSWHU�SURYLGHV�D�JXLGH� WR� WKLV� WDVN��7KH�F\FOH�VHUYHV�DV�D

PRGHO�IRU�WKH�PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV�LQ�JURXSZDUH��7KH�WKUHH�SKDVHV�RI�WKH

F\FOH�UHIOHFW� WKUHH�EDVLF� UHTXLUHPHQWV�RI�VWD\LQJ�DZDUH� LQ�D�VKDUHG�ZRUNVSDFH��DV�VKRZQ� LQ

)LJXUH�����)LUVW��D�SHUVRQ�KDV�WR�GHWHUPLQH�ZKDW�WR�ORRN�IRU�LQ�WKH�ZRUNVSDFH�HQYLURQPHQW�

6HFRQG�� WKH\�PXVW� JDWKHU� SHUFHSWXDO� LQIRUPDWLRQ� DERXW� RWKHUV�� 7KLUG�� WKH\� KDYH� WR�PDNH

Environment
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Gather perceptual
information
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)LJXUH�����3URFHVVHV�RI�PDLQWDLQLQJ�ZRUNVSDFH�DZDUHQHVV
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VHQVH�RI�WKH�SHUFHSWXDO�LQIRUPDWLRQ�LQ�OLJKW�RI�ZKDW�WKH\�DOUHDG\�NQRZ��)LJXUH����DGGV�WKHVH

UHTXLUHPHQWV�WR�WKH�EDVLF�SHUFHSWLRQ�DFWLRQ�F\FOH��7KH�WKUHH�VWDJHV�RI�WKH�F\FOH�DV�WKH\�DSSO\

WR� ZRUNVSDFH� DZDUHQHVV� DUH� GHVFULEHG� LQ� PRUH� GHWDLO� EHORZ�� ,� FRQVLGHU� HDFK� VWDJH� DV� LW

RSHUDWHV�LQ�SK\VLFDO�ZRUNVSDFHV��VLQFH�WKH�ZD\�WKLQJV�ZRUN�LQ�WKH�UHDO�ZRUOG�ZLOO�EH�XVHG�LQ

ODWHU�FKDSWHUV�DV�D�JXLGH�IRU�GHVLJQLQJ�JURXSZDUH�VXSSRUW�

������*DWKHU�SHUFHSWXDO�LQIRUPDWLRQ�IURP�WKH�HQYLURQPHQW

7KH� ILUVW� VWDJH� RI� WKH� SHUFHSWLRQ�DFWLRQ� F\FOH� LV� WKH� FROOHFWLRQ� RI� SHUFHSWXDO� LQIRUPDWLRQ

IURP� WKH� HQYLURQPHQW�� 7KHUH� LV� D� JUHDW� GHDO� RI� UDZ� SHUFHSWXDO� GDWD� DYDLODEOH� LQ� DQ\

HQYLURQPHQW�� ,Q� D� UHDO�ZRUOG� VKDUHG�ZRUNVSDFH��KRZHYHU�� WKHUH� DUH� WKUHH�PDLQ� VRXUFHV� RI

DZDUHQHVV� LQIRUPDWLRQ��DQG� WKUHH�FRUUHVSRQGLQJ�PHFKDQLVPV� IRU�JDWKHULQJ� LW��7KLV� VHFWLRQ

V\QWKHVL]HV� VRXUFHV� DQG�PHFKDQLVPV�KDYH�EHHQ�GHVFULEHG� LQ� SUHYLRXV� OLWHUDWXUH� �H�J�� 6HJDO

������ 1RUPDQ� ������ 'L[� HW� DO� ������ +XWFKLQV� ������� 3HRSOH� JDWKHU� LQIRUPDWLRQ� IURP

SHRSOH·V� ERGLHV�� IURP� ZRUNVSDFH� DUWLIDFWV�� DQG� IURP� FRQYHUVDWLRQV� DQG� JHVWXUHV�� 7KH

PHFKDQLVPV�WKDW�WKH\�XVH�WR�JDWKHU�LW�DUH�FDOOHG�FRQVHTXHQWLDO�FRPPXQLFDWLRQ��IHHGWKURXJK�

DQG�LQWHQWLRQDO�FRPPXQLFDWLRQ�

%RGLHV�DQG�FRQVHTXHQWLDO�FRPPXQLFDWLRQ

7KH�ILUVW� LQIRUPDWLRQ�VRXUFH� LV� WKH�RWKHU�SHUVRQ·V�ERG\� LQ� WKH�ZRUNVSDFH� �H�J��6HJDO������

1RUPDQ�������� 6LQFH�PRVW� WKLQJV� WKDW� SHRSOH� GR� LQ� D�ZRUNVSDFH� DUH� GRQH� WKURXJK� VRPH

ERGLO\�DFWLRQ��WKH�SRVLWLRQ��SRVWXUH��DQG�PRYHPHQW�RI�KHDGV��DUPV��H\HV��DQG�KDQGV�SURYLGH

D�ZHDOWK�RI�LQIRUPDWLRQ�DERXW�ZKDW·V�JRLQJ�RQ��7KHUHIRUH��ZDWFKLQJ�RWKHU�SHRSOH�ZRUN�LV�D

SULPDU\� PHFKDQLVP� IRU� JDWKHULQJ� DZDUHQHVV� LQIRUPDWLRQ�� ´ZKHQHYHU� DFWLYLW\� LV� YLVLEOH�� LW

EHFRPHV�DQ�HVVHQWLDO�SDUW�RI�WKH�IORZ�RI�LQIRUPDWLRQ�IXQGDPHQWDO�IRU�FUHDWLQJ�DQG�VXVWDLQLQJ

WHDPZRUNµ��6HJDO�������S�������$OWKRXJK�SHRSOH�GR�FRQWULEXWH�WR�WKH�DXGLWRU\�HQYLURQPHQW�

PXFK� RI� WKH� SHUFHSWLRQ� RI� D� ERG\� LQ� D� ZRUNVSDFH� LV� YLVXDO�� ,Q� DOO� RI� WKH� WDEOHWRS� WDVNV

GLVFXVVHG�LQ�6HFWLRQ������IRU�H[DPSOH��SDUWLFLSDQWV�ZRXOG�UHJXODUO\�WXUQ�WKHLU�KHDGV�WR�ZDWFK

WKHLU�SDUWQHUV�ZRUN�

7KH� PHFKDQLVP� RI� VHHLQJ� DQG� KHDULQJ� RWKHU� SHRSOH� DFWLYH� LQ� WKH� ZRUNVSDFH� LV� FDOOHG

FRQVHTXHQWLDO� FRPPXQLFDWLRQ�� LQIRUPDWLRQ�WUDQVIHU�WKDW�HPHUJHV�DV�D�FRQVHTXHQFH�RI�D�SHUVRQ·V
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DFWLYLW\�ZLWKLQ�DQ�HQYLURQPHQW��6HJDO��������7KLV�NLQG�RI�ERGLO\�FRPPXQLFDWLRQ��KRZHYHU��LV

QRW� LQWHQWLRQDO� LQ� WKH� ZD\� WKDW� H[SOLFLW� JHVWXUHV� DUH� �VHH� EHORZ��� WKH� SURGXFHU� RI� WKH

LQIRUPDWLRQ�GRHV� QRW� LQWHQWLRQDOO\� XQGHUWDNH� DFWLRQV� WR� LQIRUP� WKH� RWKHU� SHUVRQ�� DQG� WKH

SHUFHLYHU� PHUHO\� SLFNV� XS� ZKDW� LV� DYDLODEOH�� 1HYHUWKHOHVV�� FRQVHTXHQWLDO� FRPPXQLFDWLRQ

SURYLGHV�D�JUHDW�GHDO�RI�LQIRUPDWLRQ��,Q�D�VWXG\�RI�SLORWLQJ�WHDPV��6HJDO�UHSRUWV�WKDW�´>3LORWV@

VSHQW�PRVW�RI�WKHLU�WLPH³RYHU����³ORRNLQJ�DFURVV�DW�WKHLU�>SDUWQHU·V@�GLVSOD\�ZKLOH�LW�ZDV

EHLQJ�PDQLSXODWHG��7KLV�VXJJHVWV�WKDW�EH\RQG�WKH�LQIRUPDWLRQ�SURYLGHG�E\�WKH�GLVSOD\�LWVHOI�

WKHVH�SLORWV�ZHUH� VSHFLILFDOO\� ORRNLQJ� IRU� LQIRUPDWLRQ�SURYLGHG�E\� WKH� G\QDPLF� LQWHUDFWLRQ

EHWZHHQ� WKHLU� FUHZPHPEHUV� DQG� WKDW� GLVSOD\µ� �S�� ����� 7KLV� VWXG\� DOVR� VXJJHVWV� WKDW

PRYHPHQW� LV�SDUWLFXODUO\� LPSRUWDQW� LQ�FRQVHTXHQWLDO�FRPPXQLFDWLRQ��VLQFH�RXU�DWWHQWLRQ� LV

QDWXUDOO\�GUDZQ�WR�PRWLRQ��$Q�H[DPSOH�LV�JLYHQ�E\�1RUPDQ���������ZKR�UHODWHV�WKH�YDOXH�RI

´REYLRXV�DFWLRQVµ�LQ�DLUFUDIW�FRFNSLWV�

:KHQ� WKH�FDSWDLQ� UHDFKHV� DFURVV� WKH� FRFNSLW�RYHU� WR� WKH� ILUVW�RIILFHU·V� VLGH
DQG�ORZHUV�WKH�ODQGLQJ�JHDU�OHYHU��WKH�PRWLRQ�LV�REYLRXV��WKH�ILUVW�RIILFHU�FDQ
VHH�LW�HYHQ�ZLWKRXW�SD\LQJ�FRQVFLRXV�DWWHQWLRQ��7KH�PRWLRQ�QRW�RQO\�FRQWUROV
WKH� ODQGLQJ� JHDU�� EXW� MXVW� DV� LPSRUWDQW�� LW� DFWV� DV� D� QDWXUDO� FRPPXQLFDWLRQ
EHWZHHQ�WKH�WZR�SLORWV��OHWWLQJ�ERWK�NQRZ�WKH�DFWLRQ�KDV�EHHQ�GRQH���S������

$UWLIDFWV�DQG�IHHGWKURXJK

7KH�DUWLIDFWV�LQ�WKH�ZRUNVSDFH�DUH�D�VHFRQG�VRXUFH�RI�DZDUHQHVV�LQIRUPDWLRQ��H�J��'L[�HW�DO

������*DYHU� �������$UWLIDFWV� SURYLGH� VHYHUDO� VRUWV� RI� YLVXDO� LQIRUPDWLRQ�� WKH\� DUH� SK\VLFDO

REMHFWV�� WKH\� IRUP� VSDWLDO� UHODWLRQVKLSV� WR� RWKHU� REMHFWV�� WKH\� FRQWDLQ� YLVXDO� V\PEROV� OLNH

ZRUGV�� SLFWXUHV�� DQG� QXPEHUV�� DQG� WKHLU� VWDWHV� DUH� RIWHQ� VKRZQ� LQ� WKHLU� SK\VLFDO

UHSUHVHQWDWLRQ��$UWLIDFWV�DOVR�FRQWULEXWH� WR� WKH�DFRXVWLF�HQYLURQPHQW��PDNLQJ�FKDUDFWHULVWLF

VRXQGV�ZKHQ�WKH\�DUH�FUHDWHG��GHVWUR\HG��PRYHG��VWDFNHG��GLYLGHG��RU�PDQLSXODWHG�LQ�RWKHU

ZD\V��*DYHU��������7RROV�LQ�SDUWLFXODU�KDYH�VLJQDWXUH�VRXQGV��VXFK�DV�WKH�VQLS�RI�VFLVVRUV�RU

WKH� VFUDWFK�RI� D� SHQFLO��%\� VHHLQJ�RU� KHDULQJ� WKH�ZD\V� WKDW� DQ� DUWLIDFW� FKDQJHV�� LW� LV� RIWHQ

SRVVLEOH�WR�GHWHUPLQH�ZKDW�LV�EHLQJ�GRQH�WR�LW�

7KLV�PHFKDQLVP�LV�IHHGWKURXJK��'L[�HW�DO��������ZKHQ�DUWLIDFWV�DUH�PDQLSXODWHG��WKH\�JLYH�RII

LQIRUPDWLRQ��DQG�ZKDW�ZRXOG�QRUPDOO\�EH�IHHGEDFN�WR�WKH�SHUVRQ�SHUIRUPLQJ�WKH�DFWLRQ�FDQ

DOVR� LQIRUP�RWKHUV�ZKR� DUH�ZDWFKLQJ��:KHQ� ERWK� WKH� DUWLIDFW� DQG� WKH� DFWRU� FDQ� EH� VHHQ�
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IHHGWKURXJK� LV� FRXSOHG�ZLWK�FRQVHTXHQWLDO� FRPPXQLFDWLRQ�� DW�RWKHU� WLPHV�� WKHUH�PD\�EH� D

VSDWLDO�RU�WHPSRUDO�VHSDUDWLRQ�EHWZHHQ�WKH�DUWLIDFW�DQG�WKH�DFWRU��OHDYLQJ�IHHGWKURXJK�DV�WKH

RQO\� YHKLFOH� IRU� LQIRUPDWLRQ�� ,Q� WKH� &DOJDU\� DLU� WUDIILF� FRQWURO� FHQWUH�� IRU� H[DPSOH�� WKH

GHSDUWXUHV�FRQWUROOHU� FDQQRW�PRQLWRU�DOO�RI� WKH�DUULYDO� FRQWUROOHU·V� DFWLRQV��EXW�FDQ� VHH� WKH

VWDWXV� RI� DUULYLQJ� DLUFUDIW� RQ� WKHLU� GLVSOD\� FKDQJH� IURP� ´DSSURDFKLQJµ� WR� ´ODQGHG�µ�:KHQ

WKH\�VHH�WKLV�FKDQJH�LQ�WKH�DUWLIDFW��WKH\�FDQ�DOVR�LQIHU�WKH�DFWLYLWLHV�RI�WKH�DUULYDOV�FRQWUROOHU�

&RQYHUVDWLRQ��JHVWXUH��DQG�LQWHQWLRQDO�FRPPXQLFDWLRQ

$�WKLUG�VRXUFH�RI�LQIRUPDWLRQ�WKDW�LV�XELTXLWRXV�LQ�FROODERUDWLRQ�LV�FRQYHUVDWLRQ�DQG�JHVWXUH�

DQG�WKHLU�PHFKDQLVP�LV�LQWHQWLRQDO�FRPPXQLFDWLRQ��H�J��&ODUN�������+HDWK�DQG�/XII�������

9HUEDO� FRQYHUVDWLRQV�DUH� WKH�SUHYDOHQW� IRUP�RI�FRPPXQLFDWLRQ� LQ�PRVW� JURXSV�� DQG� WKHUH

DUH� WKUHH�ZD\V� LQ�ZKLFK� DZDUHQHVV� LQIRUPDWLRQ� FDQ� EH� SLFNHG� XS� IURP� YHUEDO� H[FKDQJHV�

)LUVW�� SHRSOH�PD\� H[SOLFLWO\� WDON� DERXW� DZDUHQHVV� HOHPHQWV�ZLWK� WKHLU� SDUWQHUV�� DQG� VLPSO\

VWDWH� ZKHUH� WKH\� DUH� ZRUNLQJ� DQG� ZKDW� WKH\� DUH� GRLQJ��0\� RZQ� REVHUYDWLRQV� RI� VKDUHG�

ZRUNVSDFH� WDVNV� �6HFWLRQ������ VXJJHVW� WKDW� WKHVH� GLUHFW� GLVFXVVLRQV�KDSSHQ�SULPDULO\�ZKHQ

VRPHRQH� DVNV� D� VSHFLILF� TXHVWLRQ� VXFK� DV� ´ZKDW� DUH� \RX� GRLQJ"µ� RU� ZKHQ� WKH� JURXS� LV

SODQQLQJ�RU�UHSODQQLQJ�WKH�GLYLVLRQ�RI�ODERXU�

6HFRQG�� SHRSOH� FDQ� JDWKHU� DZDUHQHVV� LQIRUPDWLRQ� E\� RYHUKHDULQJ� RWKHUV·� FRQYHUVDWLRQV�

$OWKRXJK�D�FRQYHUVDWLRQ�EHWZHHQ�WZR�SHRSOH�PD\�QRW�H[SOLFLWO\�LQFOXGH�D�WKLUG�SHUVRQ��LW�LV

XQGHUVWRRG� WKDW� WKH�H[FKDQJH� LV�SXEOLF� LQIRUPDWLRQ� WKDW�RWKHUV�FDQ�SLFN�XS��)RU� H[DPSOH�

QDYLJDWLRQ�WHDPV�RQ�QDY\�VKLSV�WDON�RQ�DQ�RSHQ�FLUFXLW��ZKLFK�PHDQV�WKDW�HYHU\RQH�FDQ�KHDU

HDFK�RWKHUV·�FRQYHUVDWLRQV��+XWFKLQV� �������GHWDLOV�KRZ�PHPEHUV�RI� WKH� WHDP� OLVWHQ� LQ�RQ

WKHVH�FRQYHUVDWLRQV��HLWKHU�WR�PRQLWRU�WKH�DFWLRQV�RI�D�MXQLRU�PHPEHU��RU�WR�OHDUQ�IURP�PRUH

H[SHULHQFHG�PHPEHUV�

7KLUG�� SHRSOH� FDQ� SLFN� XS� RWKHUV·� YHUEDO� VKDGRZLQJ�� WKH� UXQQLQJ� FRPPHQWDU\� WKDW� SHRSOH

FRPPRQO\�SURGXFH�DORQJVLGH�WKHLU�DFWLRQV��VSRNHQ�WR�QR�RQH�LQ�SDUWLFXODU��7KLV�EHKDYLRXU�

ZKLFK�,�REVHUYHG�LQ�DOO� WDVNV�ZKHUH�SHRSOH�ZRUNHG�RYHU� WKH�VDPH�REMHFWV��SURYLGHV�RWKHUV

ZLWK�DZDUHQHVV�LQIRUPDWLRQ�ZLWKRXW�UHTXLULQJ�SHRSOH�WR�HQWHU�LQWR�D�FRQYHUVDWLRQ��+HDWK�DQG

/XII� ������� DOVR� REVHUYHG� WKLV� EHKDYLRXU�� ZKLFK� WKH\� FDOO� ´RXWORXGV�µ� 7KH\� QRWH� WKDW

DOWKRXJK� WKHVH� ´RXWORXGV«PLJKW� EH� WKRXJKW� UHODWLYHO\� LQFXUVLYH�� SRWHQWLDOO\� LQWHUUXSWLQJ
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DFWLYLWLHV�EHLQJ�XQGHUWDNHQ�E\� >RWKHUV@� LQ� WKH� URRP�� >WKH\� DUH@� SHUKDSV� OHVV� REWUXVLYH� WKDQ

DFWXDOO\�LQIRUPLQJ�SDUWLFXODU�SHUVRQVµ��S�������

7KH� VW\OH� RI� YHUEDO� VKDGRZLQJ� FDQ� EH� H[SOLFLW� RU� KLJKO\� LQGLUHFW�� ,Q� WKH� QHZVSDSHU�OD\RXW

WDVN��SDUWLFLSDQWV�UHJXODUO\�VWDWHG�H[DFWO\�ZKDW�WKH\�ZHUH�GRLQJ��VD\LQJ�WKLQJV�OLNH�´,·P�JRLQJ

WR�FXW�WKLV�DUWLFOH�µ�RU�´,·OO�PRYH�WKLV�RYHU�KHUH�µ�,Q�RWKHU�ZRUN�VLWXDWLRQV� OLNH�WKH�/RQGRQ

8QGHUJURXQG� �+HDWK�DQG�/XII�������� FRQWUROOHUV� WDON�PRUH� WR� WKHPVHOYHV� DQG�XVH�REOLTXH

UHIHUHQFHV� OLNH� FXUVHV�RU� VRQJ�SKUDVHV��EXW� DUH�QHYHUWKHOHVV� DEOH� WR� FRQYH\� LQIRUPDWLRQ� WR

RWKHUV�LQ�WKH�FRQWURO�URRP�

*HVWXUHV�DQG�RWKHU�YLVXDO�DFWLRQV�FDQ�DOVR�EH�XVHG�WR�FDUU\�RXW�LQWHQWLRQDO�FRPPXQLFDWLRQ�

7KHVH� GLIIHU� IURP� FRQVHTXHQWLDO� FRPPXQLFDWLRQ� LQ� WKDW� WKH\� DUH� LQWHQGHG�� DQG� DUH� RIWHQ

XVHG�DORQJVLGH�YHUEDO�SURGXFWLRQV��6KRUW��:LOOLDPV��DQG�&KULVWLH� �������QRWH� WZR� IRUPV�RI

YLVXDO� FRPPXQLFDWLRQ� XVHG� WR� FRQYH\� WDVN� LQIRUPDWLRQ� �UDWKHU� WKDQ� LQIRUPDWLRQ� DERXW

FRQYHUVDWLRQDO� DZDUHQHVV�� DV� GLVFXVVHG� LQ� &KDSWHU� ���� )LUVW� LV� LOOXVWUDWLRQ�� ZKHUH� VSHHFK� LV

LOOXVWUDWHG�� DFWHG� RXW�� RU� HPSKDVL]HG�� )RU� H[DPSOH�� SHRSOH� RIWHQ� LOOXVWUDWH� GLVWDQFHV� E\

VKRZLQJ�D�JDS�EHWZHHQ�ILQJHUV�RU�KDQGV��7KH�VHFRQG�IRUP� LV� WKH�HPEOHP��ZKHUH�ZRUGV�DUH

UHSODFHG�E\�DFWLRQV��IRU�H[DPSOH��D�QRG�RU�VKDNH�RI�WKH�KHDG�LQGLFDWHV�¶\HV·�RU�¶QR·��S������

������0DNH�VHQVH�RI�SHUFHSWXDO�LQIRUPDWLRQ

,Q� WKH� VHFRQG�VWDJH�RI� WKH�SHUFHSWLRQ�DFWLRQ� F\FOH��SHRSOH�PXVW�PDNH� VHQVH�RI�SHUFHSWXDO

LQIRUPDWLRQ�JDWKHUHG�IURP�WKH�ZRUNVSDFH��DQG�LQWHJUDWH�LW�ZLWK�ZKDW�WKH\�DOUHDG\�NQRZ��VHH

)LJXUH������3HUFHSWXDO�LQIRUPDWLRQ�LV�RIWHQ�XQHQOLJKWHQLQJ�LQ�LWV�RULJLQDO�IRUP��DQG�PXVW�EH

LQWHUSUHWHG�EHIRUH�LW�FDQ�LQIRUP�WKH�HOHPHQWV�RI�ZRUNVSDFH�DZDUHQHVV��)RU�H[DPSOH��VHHLQJ

VRPHRQH·V� DUP�PRYH� EDFN� DQG� IRUWK� GRHV� QRW� WHOO�PH�ZKDW� WKH\� DUH� GRLQJ�� EXW� LQ� D� UHDO

VLWXDWLRQ� ,�PLJKW� HDVLO\� LQIHU� XVHIXO� NQRZOHGJH� IURP� WKDW� LQIRUPDWLRQ�� 7KH�PRWLRQ�PLJKW

PHDQ�WKDW�P\�SDUWQHU�LV�HUDVLQJ�VRPHWKLQJ��WKDW�KH�LV�HUDVLQJ�WKH�WLWOH�RI�WKH�WDON��DQG�WKDW�KH

LV�ZRUNLQJ�RQ�WKH�EHJLQQLQJ�RI� WKH�GRFXPHQW��3HRSOH�DUH�QDWXUDOO\�VNLOOHG�DW�PDNLQJ� WKHVH

NLQGV� RI� LQIHUHQFHV�� XVLQJ� ZKDW� WKH\� DOUHDG\� NQRZ� DERXW� WKH� VLWXDWLRQ� WR� UHGXFH� WKH

DPELJXLW\�RI�WKH�SHUFHSWXDO�LQIRUPDWLRQ��,Q�D�VKDUHG�ZRUNVSDFH��IRXU�NLQGV�RI�NQRZOHGJH�DUH

SDUWLFXODUO\�UHOHYDQW��NQRZOHGJH�DERXW�ZRUNVSDFHV� LQ�JHQHUDO��DERXW�WKH�VSHFLILF�ZRUNVSDFH

FRQWH[W��DERXW�WKH�WDVN��DQG�DERXW�WKH�SHUVRQ��7KHVH�DUH�EDVHG�RQ�P\�RZQ�REVHUYDWLRQV�DQG
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H[SHULHQFHV��DQG�RQ�JHQHUDO�SUHYLRXV�UHVHDUFK�LQWR�WKH�XVH�RI�FRQWH[W�LQ�FRPSUHKHQVLRQ��H�J�

:LFNHQV�������1HLVVHU�������

*HQHUDO�NQRZOHGJH�DERXW�ZRUNVSDFHV��6KDUHG�ZRUNVSDFHV�KDYH�EHHQ�D�SDUW�RI�SHRSOH·V�ZRUN�DQG

SOD\�WKHLU�ZKROH�OLYHV��DQG�SHRSOH�NQRZ�ZKDW�WR�H[SHFW�IURP�WKHP��,Q�SDUWLFXODU��WKH\�NQRZ

KRZ� SK\VLFDO� REMHFWV� EHKDYH� ZKHQ� WKH\� DUH� PDQLSXODWHG� DQG� ZKDW� NLQGV� RI� VRXQGV� WKH\

PDNH��7KH\�NQRZ�ZKDW�FRPPRQ�WRROV�DUH�IRU��DQG�WKH�VRXQGV�WKDW�WKH\�PDNH�ZKHQ�XVHG�

7KH\�NQRZ�ZKDW�NLQGV�RI�VSDWLDO� UHODWLRQVKLSV�DUH�SRVVLEOH� LQ�D�PHGLXP�VL]HG� VSDFH��7KH\

DOVR�XQGHUVWDQG�WKH�EDVLF�FRQVWUDLQWV�RQ�D�SHUVRQ�LQ�WKH�ZRUNVSDFH��VXFK�DV�KRZ�IDU�WKH\�FDQ

UHDFK�DQG�KRZ�WKH\�JHW�IURP�RQH�SODFH�LQ�WKH�ZRUNVSDFH�WR�DQRWKHU�

.QRZOHGJH� RI� WKH� ZRUNVSDFH� FRQWH[W��:KHQ�ZH� REVHUYH� DQ� DFWLRQ�� WKH� LPPHGLDWH� VXUURXQGLQJV

SURYLGH� D� FRQWH[W� LQ� ZKLFK� WR� LQWHUSUHW� LW�� 7KH� DUHD� RI� WKH� ZRUNVSDFH� DQG� RWKHU� QHDUE\

DUWLIDFWV� ERWK� KHOS� WR� GHWHUPLQH� WKH� DFWLRQ·V� PHDQLQJ�� )RU� H[DPSOH�� VHHLQJ� VRPHRQH

ORRVHQLQJ�D�QXW�PD\�QRW�PHDQ�PXFK�XQWLO� LW� EHFRPHV� FOHDU� IURP� WKH� VXUURXQGLQJ� FRQWH[W

WKDW�WKH\�DUH�ORRVHQLQJ�WKH�PDLQ�QXW�RQ�WKH�SURSHOOHU��,Q�DGGLWLRQ��NQRZLQJ�WKH�ZRUNVSDFH

ORFDWLRQ� PD\� OLPLW� LQWHUSUHWDWLRQ� RI� ZKDW� D� SHUVRQ� LV� GRLQJ�� IRU� H[DPSOH�� LI� VRPHRQH� LV

ZRUNLQJ�XQGHUQHDWK�WKH�UHDU�ZKHHOV�RI�D�FDU��WKH\·UH�XQOLNHO\�WR�EH�ZRUNLQJ�RQ�WKH�VWHHULQJ�

.QRZOHGJH� RI� WKH� WDVN�� 7KH� FRQVWUDLQWV� DQG�PDWHULDOV� RI� WKH� WDVN� SURYLGH� DQRWKHU� FRQWH[W� LQ

ZKLFK�WR�LQWHUSUHW�DZDUHQHVV�LQIRUPDWLRQ��7KHVH�FRQVWUDLQWV�PD\�H[LVW�ZLWKLQ�WKH�ZRUNVSDFH�

VXFK�DV� UXOHV�RI�RSHUDWLRQ��SURFHGXUHV� DQG�SUDFWLFHV��RU� WKH�ZD\� DUWLIDFWV�ZRUN��7KH\�PD\

DOVR� EH� SDUW� RI� WKH� ODUJHU� ZRUN� VLWXDWLRQ�� VXFK� DV� GHDGOLQHV� RU� TXDOLW\� UHTXLUHPHQWV�� )RU

H[DPSOH��LI�,�VHH�DQRWKHU�SHUVRQ�GUDZLQJ�D�OLQH�EHWZHHQ�WZR�REMHFWV�LQ�WKH�FRQFHSW�PDS�WDVN�

,�FDQ�LQIHU�WKDW�WKH\�DUH�GHQRWLQJ�D�UHODWLRQVKLS�EHWZHHQ�WZR�FRQFHSWV�

.QRZOHGJH� RI� WKH� SDUWLFLSDQWV�� )DPLOLDULW\� ZLWK� WKH� RWKHU� SHRSOH� LQ� WKH� JURXS� DOVR� DVVLVWV

LQWHUSUHWDWLRQ�RI� WKHLU� LQWHUDFWLRQ�ZLWK� WKH�ZRUNVSDFH��.QRZOHGJH� RI� D� SHUVRQ·V� FKDUDFWHU

DQG� ZRUNLQJ� VW\OH�� RI� WKHLU� H[SHULHQFH� ZLWK� WKH� WDVN�� DQG� RI� WKHLU� SDUWLFXODU� DSSURDFK� WR

FHUWDLQ� VLWXDWLRQV� FDQ� DOO� EH� XVHG� WR� OLPLW� WKH� ZD\� WKDW� WKHLU� DFWLRQV� DUH� LQWHUSUHWHG�� )RU

H[DPSOH��.UDXVV�DQG�)XVVHOO��������FRQVLGHU�KRZ�D�SHUVRQ·V�PHPEHUVKLS�LQ�D�FDWHJRU\��VXFK

DV�WHHQDJHUV�RU�WD[L�GULYHUV��KHOSV�WR�SUHGLFW�ZKDW�WKH\�NQRZ�DQG�KRZ�WKH\�ZLOO�EHKDYH��,Q
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DGGLWLRQ�WR�NQRZOHGJH�RI�LQGLYLGXDOV��FRQVWUDLQWV� LPSRVHG�E\�WKH�JURXS·V�VWUXFWXUH�DQG�WKH

UHODWLRQVKLSV�LQ�WKH�FROODERUDWLRQ�FDQ�DOVR�EH�XVHG�

:LWK�HDFK�RI�WKHVH�NLQGV�RI�NQRZOHGJH��H[SHUWLVH� LQFUHDVHV�WKH�VSHFLILFLW\�RI�WKH� LQIHUHQFH�

$V�SHRSOH�EHFRPH�H[SHUWV�DW�D�WDVN��RU�EHFRPH�YHU\� IDPLOLDU�ZLWK� WKHLU�FROODERUDWRUV�� WKH\

DUH�EHWWHU� DEOH� WR�GHWHUPLQH�ZKDW� D�SDUWLFXODU�SLHFH�RI�SHUFHSWXDO� LQIRUPDWLRQ�PHDQV��)RU

H[DPSOH�� LQ� WKH�VWULQJ� WDVN� �VHH�6HFWLRQ�������SDUWLFLSDQWV� LQLWLDOO\� WRRN�FRQVLGHUDEOH�FDUH� WR

YHUEDOO\� FKHFN� WKH� RWKHU� SHUVRQ·V� DFWLYLWLHV� DQG� GHWHUPLQH� ZKHQ� WKH� RWKHU� SHUVRQ� KDG

DQFKRUHG� WKHLU� HQG� RI� WKH� VWULQJ�� $V� WKH� WDVN� SURJUHVVHG�� KRZHYHU�� WKH� DPRXQW� RI� YHUEDO

LQWHUDFWLRQ� TXLFNO\� GURSSHG� RII�� 3HRSOH� ZHUH� EHFRPLQJ�PRUH� VHQVLWLYH� WR� RWKHU� NLQGV� RI

LQIRUPDWLRQ��HVSHFLDOO\�WKH�PRYHPHQW�DQG�WHQVLRQ�RI�WKH�VWULQJ�LWVHOI��DQG�ZHUH�DEOH�WR�JDWKHU

ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�DERXW�WKH�RWKHU�SHUVRQ·V�DFWLYLWLHV�XVLQJ�PXFK�OHVV�YHUEDO

LQIRUPDWLRQ�

������'HWHUPLQH�ZKDW�WR�ORRN�IRU�QH[W

7KH� WKLUG� VWDJH� LQ� WKH� SHUFHSWLRQ�DFWLRQ� F\FOH� LQYROYHV� IXUWKHU� H[SORUDWLRQ� RI� WKH

HQYLURQPHQW��VHH�)LJXUH������$�SHUVRQ·V�H[LVWLQJ�DZDUHQHVV�DQG�NQRZOHGJH�LQIOXHQFH�WKH�ZD\

WKDW� WKH\� H[SORUH� WKH� HQYLURQPHQW� DQG� ORRN� IRU� DGGLWLRQDO� RU� QHZ� DZDUHQHVV� LQIRUPDWLRQ

�H�J��$GDPV�HW�DO��������2QH�SULQFLSOH�XQGHUO\LQJ�WKLV�SURFHVV�LV�VHOHFWLYH�DWWHQWLRQ��:LOOLDP

-DPHV� ������� GHVFULEHG� KRZ� DWWHQWLRQ� FRXOG� EH� VHOHFWLYH� GHSHQGLQJ� XSRQ� WKH� JRDOV� DQG

NQRZOHGJH�RI�WKH�SHUFHLYHU�

$� IDLQW� WDS� SHU� VH� LV� QRW� DQ� LQWHUHVWLQJ� VRXQG�� LW� PD\� ZHOO� HVFDSH� EHLQJ
GLVFULPLQDWHG�IURP�WKH�JHQHUDO�UXPRU�RI�WKH�ZRUOG��%XW�ZKHQ�LW�LV�D�VLJQDO��DV
WKDW�RI�D�ORYHU�RQ�WKH�ZLQGRZ�SDQH��LW�ZLOO�KDUGO\�JR�XQSHUFHLYHG��S�������

0\�REVHUYDWLRQV�RI�JURXS�DFWLYLW\�VXJJHVW�WKDW�LQ�PDLQWDLQLQJ�ZRUNVSDFH�DZDUHQHVV��SHRSOH

XVH�NQRZOHGJH�WR�GLUHFW�SHUFHSWLRQ�LQ�WKUHH�ZD\V��)LUVW��SHRSOH�NQRZ��RU�OHDUQ��ZKDW�NLQGV�RI

SHUFHSWXDO�LQIRUPDWLRQ�DUH�XVHIXO�IRU�LQIRUPLQJ�ZRUNVSDFH�DZDUHQHVV��DQG�WKH\�FDQ�SD\�OHVV

DWWHQWLRQ�WR�RWKHU�NLQGV��)RU�H[DPSOH��DOWKRXJK�ZH�FDQ�VHH�DOO�RI�WKH�PRWLRQV�WKDW�D�SHUVRQ·V

ERG\� PDNHV�� ZH� PD\� QRW� UHJLVWHU� PDQ\� RI� WKHP� EHFDXVH� WKH\� DUHQ·W� LPSRUWDQW� WR� WKH

LQWHUDFWLRQ��7KDW�LV��VRPH�RI�WKH�LQIRUPDWLRQ�WKDW�LV�SDUW�RI�FRQVHTXHQWLDO�FRPPXQLFDWLRQ�LV

QRW� XVHIXO� IRU�PDLQWDLQLQJ�ZRUNVSDFH� DZDUHQHVV�� 6HFRQG�� SHRSOH� IRUP� H[SHFWDWLRQV� DERXW
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ZKDW�RWKHUV� DUH� JRLQJ� WR�GR� LQ� WKH� IXWXUH�� DQG�GLUHFW�PRUH� DWWHQWLRQ� WR� DVVHVVLQJ�ZKHWKHU

DFWLRQV�ILW�WKH�SUHGLFWLRQV��)RU�H[DPSOH��LI�VRPHRQH·V�FXUUHQW�DFWLYLWLHV�PD\�OHDG�WKHP�LQWR�D

VLWXDWLRQ�ZKHUH�WKH\�FRXOG�GHVWUR\�P\�ZRUN��,�ZLOO�OLNHO\�EH�PRUH�DOHUW�WR�WKHLU�DFWLRQV�WKDQ�LI

WKH\�ZHUH�LQYROYHG�LQ�DQ�LQQRFXRXV�DFWLYLW\�

7KH� WKLUG�ZD\� LQ�ZKLFK�NQRZOHGJH�GLUHFWV�SHUFHSWXDO� H[SORUDWLRQ� LV� FRQVLGHUDEO\�GLIIHUHQW

IURP�WKH�ILUVW�WZR��,I�SHRSOH�QHHG�LQIRUPDWLRQ�DERXW�DQRWKHU�SHUVRQ��WKH\�FDQ�DOZD\V�VLPSO\

DVN�WKHP�IRU�LW��&ROODERUDWRUV�UHJXODUO\�DVN�HDFK�RWKHU�TXHVWLRQV�OLNH�´ZKDW�DUH�\RX�GRLQJ"µ

RU�´ZKHUH�DUH�\RX�QRZ"�µ�9HUEDO�FRPPXQLFDWLRQ�WKXV�IRUPV�D�JHQHUDO�SXUSRVH�FDWFK�DOO�IRU

REWDLQLQJ� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� ZKHQ� RWKHU� PHFKDQLVPV� DUH� XQDYDLODEOH�� ,W

VKRXOG� EH� QRWHG�� KRZHYHU�� WKDW� H[SOLFLW� YHUEDO� FRPPXQLFDWLRQ� LV� RIWHQ� PRUH� HIIRUW� WKDQ

RWKHU�PHFKDQLVPV��DQG�WKDW�SHRSOH�ZLOO�XVH�SHUFHSWXDO�PHDQV�ZKHQ�WKH\�FDQ�

����)UDPHZRUN�SDUW����8VHV�RI�ZRUNVSDFH�DZDUHQHVV

$� JURXSZDUH� GHVLJQHU� QHHGV� WR� NQRZ� WKH� VLWXDWLRQV� DQG� DFWLYLWLHV� ZKHUH� ZRUNVSDFH

DZDUHQHVV�ZLOO�EH�XVHG�� WR�EHWWHU�DQDO\]H�FROODERUDWLYH� WDVNV�DQG� WR�EHWWHU�GHWHUPLQH�ZKHQ

JURXSZDUH� VXSSRUW� LV� FDOOHG� IRU�� :RUNVSDFH� DZDUHQHVV� LV� XVHG� IRU� PDQ\� WKLQJV� LQ

FROODERUDWLRQ��$V�GLVFXVVHG�HDUOLHU��ZRUNVSDFH�DZDUHQHVV�PD\�QRW�DOZD\V�EH�UHTXLUHG�IRU�WKH

WDVN·V�FRPSOHWLRQ��EXW�LW�LV�XVHIXO�IRU�D�ZLGH�YDULHW\�RI�MRLQW�SURMHFWV��$ZDUHQHVV�FDQ�UHGXFH

HIIRUW��LQFUHDVH�HIILFLHQF\��DQG�UHGXFH�HUURUV�IRU�WKH�DFWLYLWLHV�RI�FROODERUDWLRQ��7KLV�VHFWLRQ

GHVFULEHV� ILYH� W\SHV�RI�DFWLYLW\�� UHSRUWHG� LQ� OLWHUDWXUH�DQG�VHHQ� LQ�P\�REVHUYDWLRQDO� VWXGLHV�

WKDW� DUH� DLGHG� E\� ZRUNVSDFH� DZDUHQHVV� �H�J�� 7DWDU� HW� DO� ������ &ODUN� ������ 7DQJ� �����

6DOYDWRUH�HW�DO��������7KHVH�SURYLGH�D�EDVLF�VHW�RI�FROODERUDWLYH�DFWLYLWLHV�WKDW�GHVLJQHUV�FDQ

ORRN� IRU� DV� WKH\� DQDO\VH� ZRUN� VLWXDWLRQV�� 7KH� ILYH� DFWLYLWLHV� DUH�� VLPSOLILFDWLRQ� RI� YHUEDO

FRPPXQLFDWLRQ��DQWLFLSDWLRQ��DVVLVWDQFH��PDQDJHPHQW�RI�FRXSOLQJ��DQG�FRRUGLQDWLRQ�

������6LPSOLILFDWLRQ�RI�FRPPXQLFDWLRQ

:RUNVSDFH�DZDUHQHVV�OHWV�SHRSOH�XVH�WKH�ZRUNVSDFH�DQG�WKH�DUWLIDFWV� LQ� LW� WR�VLPSOLI\�WKHLU

YHUEDO� FRPPXQLFDWLRQ� DQG� PDNH� LW� PRUH� HIILFLHQW�� $V� GLVFXVVHG� LQ� 6HFWLRQ� ������� WKH

ZRUNVSDFH� LV� DQ� H[WHUQDO� UHSUHVHQWDWLRQ� RI� WKH� FROODERUDWLYH� DFWLYLW\��:KHQ� WKH� GLVFXVVLRQ

LQYROYHV�REMHFWV�LQ�WKH�ZRUNVSDFH��WKLV�UHSUHVHQWDWLRQ�FDQ�EH�XVHG�DV�WKH�EDVLV�IRU�QRQYHUEDO
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FRPPXQLFDWLYH�DFWLRQV��WKH�DUWLIDFWV�DFW�DV� FRQYHUVDWLRQDO�SURSV��%ULQFN�DQG�*RPH]�������WKDW

OHW�SHRSOH�PL[�YHUEDO�DQG�YLVXDO�FRPPXQLFDWLRQ��:RUNVSDFH�DZDUHQHVV�LV�LPSRUWDQW�EHFDXVH

LQWHUSUHWLQJ�WKH�YLVXDO�VLJQDOV�GHSHQGV�RQ�NQRZOHGJH�RI�ZKHUH�LQ�WKH�ZRUNVSDFH�WKH\�RFFXU�

ZKDW�REMHFWV� WKH\� UHODWH� WR�� DQG�ZKDW� WKH� VHQGHU� LV� GRLQJ��7KH�QRQYHUEDO� DFWLRQV� VLPSOLI\

GLDORJXH� E\� UHGXFLQJ� WKH� OHQJWK� DQG� FRPSOH[LW\� RI� XWWHUDQFHV�� )RXU� NLQGV� RI� WKHVH

FRPPXQLFDWLYH� DFWLRQV� KDYH� EHHQ� SUHYLRXVO\� REVHUYHG� LQ� VWXGLHV� RI� IDFH�WR�IDFH

FROODERUDWLRQ��GHLFWLF�UHIHUHQFH��GHPRQVWUDWLRQ��PDQLIHVWLQJ�DFWLRQV��DQG�YLVXDO�HYLGHQFH�

'HLFWLF� UHIHUHQFHV�� 5HIHUHQWLDO� FRPPXQLFDWLRQ� LQYROYHV� FRPSRVLQJ� D� PHVVDJH� WKDW� ZLOO� DOORZ

DQRWKHU� SHUVRQ� WR� FKRRVH� D� WKLQJ� IURP� D� VHW� RI� REMHFWV� �.UDXVV� DQG�)XVVHOO� �������:KHQ

WUDQVFULSWV� RI� D� FROODERUDWLYH� DFWLYLW\� DUH� UHYLHZHG�� KRZHYHU��PDQ\� RI� WKHVH� PHVVDJHV� DUH

DOPRVW�XQLQWHOOLJLEOH�ZLWKRXW�NQRZOHGJH�RI�ZKDW�ZDV�JRLQJ�RQ�LQ�WKH�ZRUNVSDFH�DW�WKH�WLPH�

)RU�H[DPSOH��FRQVLGHU�D�IUDJPHQW�IURP�WKH�SHQWRPLQRHV�SX]]OH�WDVN�

$��+RZ� DERXW� WKLV� WKLQJ«�SRLQWV� WR� GLDJUDP!«WKH� WDLO"� 7KH� RQO\� WKLQJ
WKDW�FDQ�EH�LV«

%���KROGV�XS�D�SLHFH!�1R��QRW�WKDW�

%���KROGV�XS�DQRWKHU�SLHFH!�7KLV� WKLQJ"�,W�FRXOG�EH� WKDW� WKLQJ��SRLQWV� WR
GLDJUDP!«

$��<HDK��FRXOG�EH�WKDW�WKLQJ«

$���KROGV�XS�DQRWKHU�SLHFH!�&RXOG�EH�WKDW�WKLQJ«

7KH�YHUEDO�FRPPXQLFDWLRQ�GRHV�QRW�FRQYH\�ZKDW�SHRSOH�DUH�SRLQWLQJ�DW�RU�LQGLFDWLQJ�ZKHQ

WKH\�VD\�´WKLV�µ�´WKDW�µ�´KHUH�µ�RU�´WKHUH�µ�7KH�SUDFWLFH�RI�SRLQWLQJ�RU�JHVWXULQJ�WR�LQGLFDWH�D

QRXQ�XVHG�LQ�FRQYHUVDWLRQ�LV�FDOOHG�GHLFWLF�UHIHUHQFH��DQG�LV�XELTXLWRXV�LQ�VKDUHG�ZRUNVSDFHV

�H�J��6HJDO�������7DWDU�HW�DO�������7DQJ��������)RU�H[DPSOH��LQ�D�IOLJKW�VLPXODWLRQ�H[SHULPHQW

ZLWK� WZR�SLORWV�� 6HJDO� ������� IRXQG� WKDW�PDQ\� RI� WKH� WUDQVFULEHG� XWWHUDQFHV� FRXOG� QRW� EH

LQWHUSUHWHG�ZLWKRXW� UHIHUHQFH� WR�D�YLGHRWDSH�RI� WKH�FRFNSLW�GLVSOD\V��'HLFWLF� UHIHUHQFH� LV� D

FUXFLDO� SDUW� RI� WKH� ZD\� ZH� FRPPXQLFDWH� LQ� D� VKDUHG� VSDFH�� $V� -RKQ� 6HHO\� %URZQ� DQG

FROOHDJXHV��������VWDWH�

3HUKDSV�WKH�EHVW�ZD\�WR�GLVFRYHU�WKH�LPSRUWDQFH�DQG�HIILFLHQF\�RI�LQGH[LFDO
WHUPV� DQG� WKHLU� HPEHGGLQJ� FRQWH[W� LV� WR� LPDJLQH� GLVFRXUVH� ZLWKRXW� WKHP�
$XWKRUV�RI�D�FROODERUDWLYH�ZRUN�ZLOO�UHFRJQL]H�WKH�SUREOHP�LI�WKH\�KDYH�HYHU
GLVFXVVHG�WKH�SDSHU�RYHU�WKH�SKRQH��´:KDW�\RX�VD\�KHUHµ�LV�QRW�D�YHU\�XVHIXO
UHPDUN��+HUH� LQ�WKLV�VHWWLQJ�QHHGV�DQ�HODERUDWH�GHVFULSWLRQ��VXFK�DV�´SDJH���
VHFRQG� IXOO� SDUDJUDSK�� ILIWK� VHQWHQFH�� EHJLQQLQJ«µ�� DQG� FDQ� RIWHQ� OHDG� WR
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FRQYHUVDWLRQV� DW� FURVV� SXUSRVHV�� 7KH� SUREOHP� JHWV� KDUGHU� LQ� FRQIHUHQFHV
FDOOV�ZKHQ� \RX� EHFRPHV� DV� DPELJXRXV� DV� KHUH� LV� XQFOHDU��7KH� FRQWHQWV� RI� D
VKDUHG�HQYLURQPHQW�PDNH�D�FHQWUDO�FRQWULEXWLRQ�WR�FRQYHUVDWLRQ���S�����

'HPRQVWUDWLRQV��,Q�DGGLWLRQ�WR�JHVWXUHV�XVHG�WR�LOOXVWUDWH�FRQYHUVDWLRQ��H�J��&ODUN��������SHRSOH

XVH� JHVWXUHV� LQ�ZRUNVSDFHV� WR� GHPRQVWUDWH� DFWLRQV� RU� WKH� EHKDYLRXU� RI� DUWLIDFWV��$V�7DQJ

������� VWDWHV�� ´LGHDV� DUH� RIWHQ� HQDFWHG� JHVWXUDOO\� LQ� RUGHU� WR� H[SUHVV� WKHP� HIIHFWLYHO\� WR

RWKHUV�� HVSHFLDOO\� LI� WKH\� LQYROYH� D� G\QDPLF� VHTXHQFH� RI� DFWLRQVµ� �S�� ����� &RPPRQ

GHPRQVWUDWLRQV�LQFOXGH�WUDFLQJ�D�SDWK�LQ�WKH�ZRUNVSDFH�ZLWK�D�ILQJHU�RU�LOOXVWUDWLQJ�KRZ�DQ

DUWLIDFW�RSHUDWHV��)RU�H[DPSOH��7DQJ��������REVHUYHG�D�SDUWLFLSDQW�LQ�D�GHVLJQ�VHVVLRQ�WXUQLQJ

KHU�KDQG�RYHU�WR�GHPRQVWUDWH�KRZ�D�FDUG�ZRXOG�IOLS�EDFN�DQG�IRUWK��S������

0DQLIHVWLQJ�DFWLRQV��$FWLRQV�LQ�WKH�ZRUNVSDFH�FDQ�DOVR�UHSODFH�YHUEDO�FRPPXQLFDWLRQ�HQWLUHO\�

:KHQ�SHRSOH� UHSODFH� DQ� H[SOLFLW� YHUEDO� XWWHUDQFH�ZLWK� DQ� DFWLRQ� LQ� WKH� VKDUHG�ZRUNVSDFH�

WKH\�DUH�SHUIRUPLQJ�D�PDQLIHVWLQJ�DFWLRQ��&ODUN���������3ODFLQJ�P\�JURFHULHV�RQ�WKH�FRXQWHU

WHOOV� WKH� FOHUN� ´,� ZLVK� WR� SXUFKDVH� WKHVH� LWHPVµ� ZLWKRXW� PH� KDYLQJ� WR� VD\� VR�� +RZHYHU�

PDQLIHVWLQJ�DFWLRQV�PXVW�EH�FDUULHG�RXW�FDUHIXOO\�WR�SUHYHQW�WKHP�EHLQJ�PLVWDNHQ�DV�RUGLQDU\

DFWLRQV��WKH�DFWLRQ�PXVW�EH�VW\OL]HG��H[DJJHUDWHG��RU�FRQVSLFXRXV�HQRXJK�WKDW�WKH�´OLVWHQHUµ

ZLOO�QRW�PLVWDNH� LW� �&ODUN��S��������7KHUHIRUH�� ,�PXVW�SODFH�P\�JURFHULHV�RQ� WKH�FRXQWHU� LQ

VXFK�D�ZD\� WKDW� WKH�FOHUN�UHDOL]HV�,�DP�PDNLQJ�D�SXUFKDVH�UHTXHVW�DQG�QRW� MXVW� UHVWLQJ�P\

DUPV�

9LVXDO�HYLGHQFH��:KHQ�SHRSOH�FRQYHUVH��WKH\�UHTXLUH�HYLGHQFH�WKDW�WKHLU�XWWHUDQFHV�KDYH�EHHQ

XQGHUVWRRG�� ,Q� YHUEDO� FRPPXQLFDWLRQ�� D� FRPPRQ� IRUP� RI� WKLV� HYLGHQFH� LV� EDFN�FKDQQHO

IHHGEDFN�� ,Q� VKDUHG� ZRUNVSDFHV�� KRZHYHU�� YLVXDO� DFWLRQV� FDQ� DOVR� SURYLGH� HYLGHQFH� RI

XQGHUVWDQGLQJ� RU� PLVXQGHUVWDQGLQJ�� &ODUN� ������� SURYLGHV� DQ� H[DPSOH� IURP� DQ� HYHU\GD\

VHWWLQJ��ZKHUH�%HQ�LV�JHWWLQJ�&KDUORWWH�WR�FHQWHU�D�FDQGOHVWLFN�LQ�D�GLVSOD\�

%HQ��2ND\��QRZ��SXVK�LW�IDUWKHU³IDUWKHU³D�OLWWOH�PRUH³ULJKW�WKHUH��*RRG�

�&ODUN��S������

&KDUORWWH�PRYHV� WKH� FDQGOHVWLFN� DIWHU� HDFK� RI� %HQ·V� XWWHUDQFHV�� SURYLGLQJ� YLVXDO� HYLGHQFH

WKDW� VKH� KDV� XQGHUVWRRG� KLV� LQVWUXFWLRQV� DQG� KDV� FDUULHG� WKHP� RXW� WR� WKH� EHVW� RI� KHU

LQWHUSUHWDWLRQ��7KLV�NLQG�RI�HYLGHQFH�FDQ�EH�XVHG�ZKHQHYHU�SHRSOH�FDUU\�RXW� MRLQW�SURMHFWV

LQYROYLQJ�WKH�DUWLIDFWV�LQ�D�VKDUHG�ZRUNVSDFH�
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7KH� VXFFHVV� RI� WKHVH� IRXU� NLQGV� RI� QRQYHUEDO� FRPPXQLFDWLRQ�GHSHQGV�RQ� WZR� DVSHFWV� RI

ZRUNVSDFH�DZDUHQHVV��)LUVW��DQG�PRVW�REYLRXV��WKH�FRPPXQLFDWLYH�DFWLRQ�PXVW�EH�SHUFHLYHG

EHIRUH� LW� FDQ� EH� XQGHUVWRRG�� LI� WKH� DFWLRQ� LV� LQYLVLEOH�� LW� LV� LPSRVVLEOH� WR� LQWHUSUHW�� )RU

H[DPSOH��LI�,�FDQQRW�VHH�WKDW�\RX�DUH�SRLQWLQJ��RU�ZKDW�\RX�DUH�SRLQWLQJ�DW��,�FDQQRW�JURXQG

\RXU�GHLFWLF�UHIHUHQFH��6HFRQG��WKH�UHFHLYHU�QHHGV�WR�KDYH�DQ�LGHD�RI�WKH�ZRUNVSDFH�FRQWH[W

LQ� ZKLFK� WKH� YLVLEOH� DFWLRQV� RFFXU�� VLQFH� WKH� PHDQLQJ� RI� WKH� DFWLRQ� PD\� EH� DPELJXRXV

ZLWKRXW�FHUWDLQ�LQIRUPDWLRQ��)RU�H[DPSOH��LI�WKHUH�DUH�VHYHUDO�JUHHQ�EORFNV�LQ�WKH�ZRUNVSDFH�

VHHLQJ� RQO\� WKDW� \RX� DUH� SRLQWLQJ� WR� D� JUHHQ� EORFN� PD\� QRW� EH� HQRXJK� LQIRUPDWLRQ� WR

FRUUHFWO\�JURXQG�WKH�UHIHUHQFH��2U��LI�\RX�KDQG�PH�DQ�REMHFW�LQ�D�ZD\�WKDW�DSSHDUV�WR�EH�D

UHTXHVW�� ,� PD\� QHHG� NQRZOHGJH� RI� \RXU� FXUUHQW� DFWLYLWLHV� EHIRUH� ,� FDQ� GHWHUPLQH� \RXU

H[SHFWDWLRQV�

7KH� LPSRUWDQW� WKLQJ�KHUH� LV� WKDW� WKH�VHQGHU�KDV� WR�XQGHUVWDQG�ZKDW� WKH� UHFHLYHU� FDQ� VHH� LQ

RUGHU�WR�FRQVWUXFW�XVHIXO�QRQ�YHUEDO�FRPPXQLFDWLRQV��7KLV�PHDQV�WKDW�ZRUNVSDFH�DZDUHQHVV

�RU�SHUKDSV�PHWD�DZDUHQHVV��LV�SDUW�RI�FRQYHUVDWLRQDO�FRPPRQ�JURXQG� LQ�D�VKDUHG�ZRUNVSDFH�

&RPPRQ�JURXQG� LV� WKH�PXWXDO�NQRZOHGJH� WKDW�SHRSOH� WDNH� DGYDQWDJH�RI� WR� LQFUHDVH� WKHLU

FRPPXQLFDWLYH� HIILFLHQF\� �&ODUN� ������� 7KH� SULQFLSOH� RI� OHDVW� FROODERUDWLYH� HIIRUW� �&ODUN� DQG

%UHQQDQ� ������ VXJJHVWV� WKDW� SHRSOH� H[SHQG� RQO\� WKH� PLQLPXP� HIIRUW� LQ� FRPSRVLQJ� DQ

XWWHUDQFH�WKDW�WKH\�EHOLHYH�LV�QHFHVVDU\�IRU�WKHLU�PHVVDJH�WR�JHW�DFURVV�WR�WKH�KHDUHU��,I�WKH\

FDQ� H[SORLW� FRPPRQ� JURXQG�� WKH\� FDQ� UHGXFH� WKH� ZRUN� WKDW� JRHV� LQWR� FRPPXQLFDWLRQ�

:LWKRXW� FRPPRQ� JURXQG�� SHRSOH� PXVW� GR�PRUH� ZRUN� WR� FRPSRVH� H[DFW�� FRPSOHWH�� DQG

OLWHUDO�XWWHUDQFHV��:RUNVSDFH�DZDUHQHVV�DV�FRPPRQ�JURXQG�PHDQV� WKDW�SHRSOH�FDQ�IXUWKHU

VLPSOLI\� WKHLU� FRPPXQLFDWLRQ� HYHQ�ZLWKRXW� YLVXDO� SURGXFWLRQV�� 7KH\� GR� WKLV� E\� DVVXPLQJ

WKDW� WKH� RWKHU� SHUVRQ·V� DZDUHQHVV�ZLOO� KHOS� WKHP� FRUUHFWO\� LQWHUSUHW� KLJKO\� XQGHUVSHFLILHG

XWWHUDQFHV��)RU�H[DPSOH��LI�,�EHOLHYH�WKDW�\RX�NQRZ�ZKHUH�,�DP�DQG�ZKDW�,·P�ZRUNLQJ�RQ��,

FDQ� VD\� VRPHWKLQJ� OLNH� ´GR� \RX� WKLQN� WKDW� LW� ZLOO� ILW"µ� LQVWHDG� RI� ´GR� \RX� WKLQN� WKDW� WKH

VPDOOHU� RI� WKH� WZR� DUFKHV� ZLOO� ILW� DW� WKH� WRS� RI� WKH� WRZHU� WKDW·V� DW� WKH� ULJKW� VLGH� RI� WKH

SLFWXUH"�µ�D�PXFK�PRUH�FRPSOLFDWHG�DQG�H[DFW�XWWHUDQFH�
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������&RRUGLQDWLRQ

&RRUGLQDWLQJ� DFWLRQV� LQ� D� FROODERUDWLYH� DFWLYLW\� PHDQV� PDNLQJ� WKHP� KDSSHQ� LQ� WKH� ULJKW

RUGHU�� DW� WKH� ULJKW� WLPH�� DQG� JHQHUDOO\�� PDNLQJ� WKHP� PHHW� WKH� FRQVWUDLQWV� RI� WKH� WDVN�

&RRUGLQDWLRQ� LV� QHFHVVDU\� DW� VHYHUDO� OHYHOV� RI� JUDQXODULW\�� IURP� VPDOO� KDQG�PRYHPHQWV� WR

ODUJH�VFDOH� GLYLVLRQV� RI� ODERXU�� ,Q� DGGLWLRQ�� FHUWDLQ� NLQGV� RI� MRLQW� DFWLYLWLHV� UHTXLUH� WKH

FRQFHUWHG�DFWLRQ�RI�WZR�SHRSOH��)RU�H[DPSOH��WKH�VWULQJ�WDVN�UHTXLUHV�WKDW�RQH�SHUVRQ�DQFKRU

WKHLU�HQG�RI�WKH�VWULQJ��DQG�WKHQ�WKDW�WKH�RWKHU�PDUN�WKH�GLVWDQFH��LQ�WKDW�RUGHU�

&RRUGLQDWLRQ�FDQ�EH�DFFRPSOLVKHG� LQ� WZR�ZD\V� LQ�D� VKDUHG�ZRUNVSDFH��´RQH� LV�E\�H[SOLFLW

FRPPXQLFDWLRQ�DERXW�KRZ�WKH�ZRUN�LV�WR�EH�SHUIRUPHG«DQRWKHU�LV� OHVV�H[SOLFLW��PHGLDWHG

E\�WKH�VKDUHG�PDWHULDO�XVHG�LQ�WKH�ZRUN�SURFHVVµ��5RELQVRQ�������S�������7KLV�VHFRQG��OHVV

H[SOLFLW� ZD\� XVHV� ZRUNVSDFH� DZDUHQHVV�� $ZDUHQHVV� DLGV� ERWK� ILQH� DQG� FRDUVH�JUDLQHG

FRRUGLQDWLRQ�� VLQFH� LW� LQIRUPV� SDUWLFLSDQWV� DERXW� WKH� WHPSRUDO� DQG� VSDWLDO� ERXQGDULHV� RI

RWKHUV·� DFWLRQV�� DQG� VLQFH� LW� KHOSV� WKHP� ILW� WKH� QH[W� DFWLRQ� LQWR� WKH� VWUHDP�� :RUNVSDFH

DZDUHQHVV� LV� SDUWLFXODUO\� HYLGHQW� LQ� FRQWLQXRXV� DFWLRQ�ZKHUH� SHRSOH� DUH�ZRUNLQJ�ZLWK� WKH

VDPH� REMHFWV�� 2QH� H[DPSOH� LV� WKH� ZD\� WKDW� SHRSOH� PDQDJH� WR� DYRLG� EXPSLQJ� LQWR� HDFK

RWKHUV·� KDQGV� LQ� D� FRQILQHG� VSDFH�� 7DQJ� ������� VDZ� WKLV� NLQG� RI� FRRUGLQDWLRQ� LQ� GHVLJQ

DFWLYLW\�

WKH�SK\VLFDO�FORVHQHVV�DPRQJ�WKH�SDUWLFLSDQWV«DOORZV�D�SHULSKHUDO�DZDUHQHVV
RI� WKH� RWKHU� SDUWLFLSDQWV� DQG� WKHLU� DFWLRQV�� DV� HYLGHQFHG� LQ� WKH� PDQ\
¶FRRUGLQDWHG�GDQFHV·�REVHUYHG�DPRQJ� WKH�KDQGV�RI� WKH�FROODERUDWRUV� LQ� WKH
ZRUNVSDFH�� 7KHUH� ZHUH� PDQ\� HSLVRGHV� RI� LQWULFDWH� FRRUGLQDWHG� KDQG
PRWLRQV��VXFK�DV�JHWWLQJ�RXW�RI�WKH�ZD\�RI�DQ�DSSURDFKLQJ�KDQG�RU�DYRLGLQJ
FROOLVLRQV� ZLWK� RWKHU� KDQGV�� 7KHVH� FRRUGLQDWHG� DFWLRQV� LQGLFDWH� D� NHHQ
SHULSKHUDO�DZDUHQHVV�RI�WKH�RWKHU�SDUWLFLSDQWV«��S�����

:RUNVSDFH� DZDUHQHVV� LV� DOVR� XVHIXO� LQ� WKH� FRRUGLQDWLRQ� DQG�GLYLVLRQ�RI� ODERXU� DQG� LQ� WKH

SODQQLQJ�DQG�UHSODQQLQJ�RI�WKH�DFWLYLW\��$V�WKH�WDVN�SURJUHVVHV��JURXSV�UHJXODUO\�UHRUJDQL]H

ZKDW�HDFK�SHUVRQ�ZLOO�GR�QH[W��7KHVH�GHFLVLRQV�GHSHQG� LQ�SDUW�RQ� HOHPHQWV�RI�ZRUNVSDFH

DZDUHQHVV³ZKDW�WKH�RWKHU�SDUWLFLSDQWV�KDYH�GRQH��ZKDW�WKH\�DUH�VWLOO�JRLQJ�WR�GR��DQG�ZKDW

LV� OHIW� WR� GR� LQ� WKH� WDVN�� %DVHG� RQ� DQRWKHU� SHUVRQ·V� DFWLYLWLHV�� ,� PD\� GHFLGH� WR� EHJLQ� D

FRPSOHPHQWDU\� WDVN�� WR� DVVLVW� WKHP�ZLWK� WKHLU� MRE�� RU� WR�PRYH� WR� D� GLIIHUHQW� DUHD� RI� WKH

ZRUNVSDFH�WR�DYRLG�D�FRQIOLFW��,W�PD\�EH�PRUH�HIILFLHQW�WR�KDYH�WKH�PHPEHUV�RI�WKH�JURXS�GR
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ZRUN�WKDW�LV�QHDU�LQ�SUR[LPLW\�RU�LQ�QDWXUH�WR�ZKDW�WKH\�DUH�FXUUHQWO\�GRLQJ�RU�KDYH�GRQH�LQ

WKH�SDVW��.QRZLQJ�DFWLYLWLHV�DQG�ORFDWLRQV��WKHUHIRUH��FDQ�KHOS�LQ�GHWHUPLQLQJ�ZKR�VKRXOG�GR

ZKDW�WDVN�QH[W��7KH�FDWKHGUDO�WDVN�SURYLGHV�D�FRQFUHWH�H[DPSOH��WKH�VWUXFWXUH�ZDV�V\PPHWULF�

DQG� SHRSOH� ZRXOG� UHJXODUO\� FKRRVH� WR� GR� WKH� V\PPHWULFDO� FRPSOHPHQW� WR� WKHLU� SDUWQHU·V

DFWLRQ�LPPHGLDWHO\�DIWHU�WKH\�KDG�FRPSOHWHG�LW�

������$QWLFLSDWLRQ

$QRWKHU�FRPPRQ�EHKDYLRXU�LQ�FROODERUDWLRQ�LV�DQWLFLSDWLRQ��ZKHUH�SHRSOH�WDNH�DFWLRQ�EDVHG

RQ�WKHLU�H[SHFWDWLRQV�RU�SUHGLFWLRQV�RI�ZKDW�RWKHUV�ZLOO�GR� LQ� WKH�IXWXUH��3HRSOH�DQWLFLSDWH

RWKHUV� LQ�VHYHUDO�ZD\V��7KH\�FDQ�SUHSDUH� IRU� WKHLU�QH[W� DFWLRQ� LQ�D�FRQFHUWHG�DFWLYLW\�� WKH\

FDQ�DYRLG�FRQIOLFWV��RU�WKH\�FDQ�SURYLGH�PDWHULDOV��UHVRXUFHV��RU�WRROV�EHIRUH�WKH\�DUH�QHHGHG�

$QWLFLSDWLRQ�LV�EDVHG�RQ�SUHGLFWLRQ��DQG�SHRSOH�FDQ�SUHGLFW�ZRUNVSDFH�DFWLRQV�DW�ERWK�VPDOO

DQG�ODUJH�WLPH�VFDOHV��)LUVW��SHRSOH�FDQ�SUHGLFW�VRPH�W\SHV�RI�HYHQWV�E\�H[WUDSRODWLQJ�IRUZDUG

IURP�WKH�LPPHGLDWH�SDVW��)RU�H[DPSOH��LI�,�VHH�VRPHRQH�UHDFKLQJ�WRZDUGV�D�SDLU�RI�VFLVVRUV��,

PLJKW�SUHGLFW�WKDW�WKH\�DUH�JRLQJ�WR�JUDE�WKHP��7KLV�SUHGLFWLRQ�DOORZV�PH�WR�DQWLFLSDWH�WKH

HYHQW�� ,�PLJKW�SLFN�XS� WKH� VFLVVRUV� DQG�SDVV� WKHP� WR� WKH� UHDFKHU�� ,�PLJKW� UHSODQ�P\�RZQ

PRYHPHQWV�WR�DYRLG�D�FROOLVLRQ��RU�,�PLJKW�UHDFK�IRU�WKHP�P\VHOI�WR�JUDE�WKHP�EHIRUH�WKH

RWKHU�SHUVRQ�JHWV�WKHP��7KLV�NLQG�RI�DQWLFLSDWLRQ�LV�LQWHJUDO�WR�WKH�ILQH�JUDLQHG�FRRUGLQDWLRQ

GLVFXVVHG� DERYH� LQ� 6HFWLRQ� ������� $OWKRXJK� RUGLQDU\�� DQWLFLSDWLRQ� LV� GLIILFXOW� ZLWKRXW

ZRUNVSDFH�DZDUHQHVV³LQ�WKH�H[DPSOH��ZLWKRXW�XS�WR�WKH�PRPHQW�NQRZOHGJH�RI�ZKHUH�WKH

RWKHU�SHUVRQ·V�KDQG�LV�PRYLQJ��DQG�RI�WKHLU�ORFDWLRQ�LQ�UHODWLRQ�WR�WKH�VFLVVRUV��,Q�DGGLWLRQ�WR

WKLV� LQIRUPDWLRQ�� P\� SUHGLFWLRQ� FRXOG� KDYH� DOVR� WDNHQ� LQWR� DFFRXQW� RWKHU� ZRUNVSDFH

DZDUHQHVV� NQRZOHGJH�� VXFK� DV� WKHLU� FXUUHQW� DFWLYLWLHV� DQG� ZKHWKHU� WKH\� ZHUH� GRLQJ

VRPHWKLQJ�WKDW�UHTXLUHG�VFLVVRUV�

:KHQ�SUHGLFWLRQ�KDSSHQV�DW� D� ODUJHU� WLPH�VFDOH��SHRSOH� OHDUQ�ZKLFK�HOHPHQWV�RI� VLWXDWLRQV

DQG� WDVNV� DUH� UHSHDWHG� DQG� LQYDULDQW��3HRSOH� DUH� H[SHUWV� DW� UHFRJQL]LQJ�SDWWHUQV� LQ� HYHQWV�

DQG�TXLFNO\�EHJLQ�WR�SUHGLFW�ZKDW�ZLOO�FRPH�QH[W�LQ�VLWXDWLRQV�WKDW�WKH\�KDYH�EHHQ�LQ�EHIRUH�

:RUNVSDFH�DZDUHQHVV�LV�DJDLQ�LPSRUWDQW��EXW�WKLV�WLPH�SURYLGHV�SHRSOH�ZLWK�WKH�LQIRUPDWLRQ

WKH\�QHHG� WR�GHWHUPLQH�ZKHWKHU�RWKHUV·�EHKDYLRXU�RU�FXUUHQW�ZRUNVSDFH�HYHQWV�PDWFK� WKH

SDWWHUQV�WKDW�WKH\�KDYH�OHDUQHG��)RU�H[DPSOH��LQ�DLU�WUDIILF�FRQWURO��UHJLRQDO�FRQWUROOHUV�KDQG
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IOLJKWV�RII�WR�WKH�&DOJDU\�FRQWUROOHUV�ZKHQ�WKH\�FRPH�ZLWKLQ����PLOHV�RI�WKH�FLW\��7KH�WUDQVIHU

LV� GRQH� HQWLUHO\� WKURXJK� WKH� VKDUHG� ZRUNVSDFH�� 7KH� UHJLRQDO� FRQWUROOHU� WDJV� WKH� DLUFUDIW·V

LFRQ��DQG�WKH�&DOJDU\�FRQWUROOHU�PXVW�DFNQRZOHGJH�WKH�KDQGRII�E\�SUHVVLQJ�D�FRPPDQG�NH\

ZKLOH�WKHLU�WUDFNEDOO�FXUVRU�LV�RYHUWRS�WKH�DLUFUDIW��7KLV�KDQGRII�SURFHGXUH�LV�GRQH�IRU�HDFK

IOLJKW��VR�WKH�FRQWUROOHUV�DUH�H[WUHPHO\�IDPLOLDU�ZLWK� LW��$FFRUGLQJO\�� WKH�&DOJDU\�FRQWUROOHUV

DQWLFLSDWH� WKH� KDQGRII�� EDVHG� RQ� WKH� LQIRUPDWLRQ� DYDLODEOH� LQ� WKH� ZRUNVSDFH� DQG� WKHLU

H[SHULHQFH�RI�ZKDW� WKH�UHJLRQDO�FRQWUROOHUV�GR� LQ� WKLV� VLWXDWLRQ��:KHQ�D�&DOJDU\�FRQWUROOHU

VHHV�DQ�LQFRPLQJ�DLUFUDIW�DSSHDU�RQ�WKH�HGJH�RI�WKH�UDGDU�VFUHHQ��WKH\�ZLOO�RIWHQ�PRYH�WKHLU

FXUVRU� RYHU� WKH� DLUFUDIW��ZDLWLQJ� IRU� WKH� KDQGRII� LQGLFDWRU� IURP� WKH� UHJLRQDO� FRQWUROOHU� WR

DSSHDU�

������$VVLVWDQFH

$VVLVWLQJ�RWKHUV�ZLWK�WKHLU�ORFDO�WDVNV�LV�DQ�LQWHJUDO�SDUW�RI�FROODERUDWLRQ��DQG�RQH�WKDW�DOVR

EHQHILWV� IURP� ZRUNVSDFH� DZDUHQHVV�� $VVLVWDQFH� ZDV� H[WUHPHO\� FRPPRQ� LQ� WKH� REVHUYHG

WDVNV��EXW�QRW�XVXDOO\�H[SOLFLW��2IWHQ��RQH�SDUWLFLSDQW�ZRXOG�PDNH� VRPH� LQGLUHFW� VWDWHPHQW

LQGLFDWLQJ� WKDW� WKH\�ZDQWHG� DVVLVWDQFH�� DQG� WKHLU� SDUWQHU� ZRXOG� ORRN� RYHU� DQG� OHDYH� WKHLU

WDVNV�IRU�D�IHZ�PRPHQWV�WR�KHOS�RXW��DQG�WKHQ�UHWXUQ�WR�ZKDW�WKH\�ZHUH�GRLQJ��)RU�H[DPSOH�

RQH�SDUWLFLSDQW�ZDV� XQDEOH� WR� ILQG� D� SLHFH� WKDW� VKH�QHHGHG� IRU� WKH� FDWKHGUDO� WDVN�� DQG� VR

LQGLUHFWO\�DVNHG�KHU�SDUWQHU�IRU�DVVLVWDQFH�

$��'R�\RX�KDYH�DQRWKHU�RQH�RI�WKHVH�JX\V�KHUH"��KROGV�XS�SLHFH!

%��7KH\·UH��XK��UHG"

$��<HDK�

%��<HS��WKHUH·V�RQH«�KDQGV�SLHFH�WR�$!

3HRSOH�ZHUH�DOVR�DEOH� WR�SURYLGH�DVVLVWDQFH�ZLWKRXW�D�SULRU� UHTXHVW�� ,Q� WKH� VDPH� WDVN��RQH

SDUWLFLSDQW�VLPSO\�UHDFKHG�RYHU�DQG�SODFHG�D�SLHFH�IRU�WKH�RWKHU�

$��2K��DQG�,�IRXQG�DQRWKHU�WULDQJOH�WKLQJ�IRU�\RX«KHUH���SODFHV�SLHFH!

$ZDUHQHVV�LQ�WKHVH�VLWXDWLRQV�LV�XVHIXO�EHFDXVH�LW�KHOSV�SHRSOH�GHWHUPLQH�ZKDW�DVVLVWDQFH�LV

UHTXLUHG�DQG�ZKDW� LV�DSSURSULDWH�� ,Q�RUGHU� WR�DVVLVW� VRPHRQH�ZLWK� WKHLU� WDVNV�� \RX�QHHG� WR

NQRZ�ZKDW�WKH\�DUH�GRLQJ��ZKDW�WKHLU�JRDOV�DUH��ZKDW�VWDJH�WKH\�DUH�DW�LQ�WKHLU�WDVNV��DQG�WKH
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VWDWH�RI�WKHLU�ZRUN�DUHD��,Q�WKH�VHFRQG�H[DPSOH�DERYH��WKH�KHOSHU�NQHZ�ZKDW� WKHLU�SDUWQHU

KDG�DOUHDG\�FRPSOHWHG��LQ�SDUWLFXODU��WKDW�VKH�KDG�QRW�\HW�SODFHG�WKH�´WULDQJOH�WKLQJ�µ

������0DQDJHPHQW�RI�FRXSOLQJ

6HYHUDO�UHVHDUFKHUV�KDYH�UHFRJQL]HG�WKDW�ZKHQ�SHRSOH�FROODERUDWH��WKH\�VKLIW�EDFN�DQG�IRUWK

EHWZHHQ�LQGLYLGXDO�DQG�VKDUHG�ZRUN��DQG�WKDW�DZDUHQHVV�RI�RWKHUV�LV�LPSRUWDQW�IRU�PDQDJLQJ

WKHVH�WUDQVLWLRQV��)RU�H[DPSOH��'RXULVK�DQG�%HOORWWL��������REVHUYHG�WKDW�SHRSOH�LQYROYHG�LQ

D�VKDUHG�HGLWLQJ�WDVN�´FRQWLQXDOO\�PRYHG�EHWZHHQ�FRQFXUUHQW��EXW�PRUH�RU�OHVV�LQGHSHQGHQW�

ZRUN«�WR�YHU\�WLJKWO\�IRFXVHG�JURXS�FRQVLGHUDWLRQ�RI�VLQJOH�LWHPV��7KHVH�PRYHPHQWV�ZHUH

RSSRUWXQLVWLF�DQG�XQSUHGLFWDEOH��UHO\LQJ�RQ�DZDUHQHVV�RI�WKH�VWDWH�RI�WKH�UHVW�RI�WKH�JURXSµ

�S��������*DYHU��������DGGV�WKDW�´SHRSOH�VKLIW�IURP�ZRUNLQJ�DORQH�WR�ZRUNLQJ�WRJHWKHU��HYHQ

ZKHQ�MRLQHG�RQ�D�VKDUHG�WDVN��%XLOGLQJ�V\VWHPV�WKDW�VXSSRUW�WKHVH�WUDQVLWLRQV�LV�LPSRUWDQW��LI

GLIILFXOWµ��S�������

6DOYDWRUH�HW�DO��������FDOO�WKH�GHJUHH�WR�ZKLFK�SHRSOH�DUH�ZRUNLQJ�WRJHWKHU�FRXSOLQJ��,Q�JHQHUDO

WHUPV�� FRXSOLQJ� LV� WKH� DPRXQW� RI� ZRUN� WKDW� RQH� SHUVRQ� FDQ� GR� EHIRUH� WKH\� UHTXLUH

GLVFXVVLRQ�� LQVWUXFWLRQ�� DFWLRQ�� LQIRUPDWLRQ�� RU� FRQVXOWDWLRQ�ZLWK� DQRWKHU� SHUVRQ�� 6RPH� RI

WKH� UHDVRQV� WKDW� SHRSOH� PD\� PRYH� IURP� ORRVH� WR� WLJKW� FRXSOLQJ� DUH� WKDW� WKH\� VHH� DQ

RSSRUWXQLW\�WR�FROODERUDWH��WKDW�WKH\�QHHG�WR�FRPH�WRJHWKHU�WR�GLVFXVV�RU�GHFLGH�VRPHWKLQJ�

WKDW�WKH\�QHHG�WR�SODQ�WKHLU�QH[W�DFWLYLW\��RU�WKDW�WKH\�KDYH�UHDFKHG�D�VWDJH�RI�WKHLU�WDVN�WKDW

UHTXLUHV�DQRWKHU�SHUVRQ·V�LQYROYHPHQW��$�VHQVH�RI�DZDUHQHVV�DERXW�ZKDW�DQRWKHU�SHUVRQ�LV

GRLQJ�PDNHV�HDFK�RI� WKHVH�VLWXDWLRQV�PRUH�IHDVLEOH��E\�DOORZLQJ�SHRSOH� WR�UHFRJQL]H�ZKHQ

WLJKWHU�FRXSOLQJ�FRXOG�EH�DSSURSULDWH�

)RU�H[DPSOH�� LQ�D�ILQDQFLDO�GHDOLQJ�RIILFH��GHDOHUV�PDQDJH�FRXSOLQJ�E\�FDUHIXOO\�PRQLWRULQJ

WKHLU�FROOHDJXHV·�DFWLYLWLHV��+HDWK�DQG�/XII�������

«WKRXJK�GHDOHUV�PD\�EH�HQJDJHG�LQ�DQ�LQGLYLGXDO�WDVN��WKH\�UHPDLQ�VHQVLWLYH
WR� WKH� FRQGXFW� RI� FROOHDJXHV� DQG� WKH� SRVVLELOLW\� RI� FROODERUDWLRQ«
¶3HULSKHUDO·� PRQLWRULQJ� RU� SDUWLFLSDWLRQ� LV� DQ� HVVHQWLDO� IHDWXUH� RI� ERWK
LQGLYLGXDO�DQG�FROODERUDWLYH�ZRUN�ZLWKLQ�WKHVH�HQYLURQPHQWV����S������

6R��IRU�H[DPSOH��LW�LV�QRW�XQXVXDO�LQ�WKH�GHDOLQJ�URRP�IRU�LQGLYLGXDOV�WR�WLPH�
ZLWK� SUHFLVLRQ�� DQ� XWWHUDQFH� ZKLFK� HQJHQGHUV� FROODERUDWLRQ�� VR� WKDW� LW
FRLQFLGHV� ZLWK� D� FROOHDJXH� ILQLVKLQJ� ZULWLQJ� RXW� D� WLFNHW� RU� VZDOORZLQJ� D
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PRXWKIXO�RI� OXQFK��%\�PRQLWRULQJ� WKH� FRXUVH� RI� DFWLRQ� LQ� WKLV�ZD\� DQG�E\
SURVSHFWLYHO\� LGHQWLI\LQJ� LWV� XSFRPLQJ� ERXQGDULHV�� LQGLYLGXDOV� FDQ
VXFFHVVIXOO\� LQLWLDWH�FROODERUDWLRQ�VR� WKDW� LW�GRHV�QRW� LQWHUUXSW�DQ�DFWLYLW\� LQ
ZKLFK�D�FROOHDJXH�LV�HQJDJHG���S������

����6XPPDU\�RI�WKH�FRQFHSWXDO�IUDPHZRUN

7KLV�FKDSWHU�KDV�ODLG�RXW�VRPH�RI�WKH�GLPHQVLRQV�RI�ZRUNVSDFH�DZDUHQHVV�LQ�WHUPV�WKDW�DUH

XVHIXO� WR� GHVLJQHUV�� ERWK� IRU� DQDO\]LQJ� FROODERUDWLYH� VLWXDWLRQV� DQG� IRU� GHVLJQLQJ� DQG

FRPSDULQJ� JURXSZDUH� WRROV�� )LUVW�� DZDUHQHVV� ZDV� FKDUDFWHUL]HG� DV� D� VXEW\SH� RI� VLWXDWLRQ

DZDUHQHVV�� EXW� RQH� WKDW� GLIIHUV� LQ� VHYHUDO� ZD\V� IURP� WUDGLWLRQDO� 6$�� ,W� FRQFHUQV� SHRSOH·V

LQWHUDFWLRQ�ZLWK�WKH�ZRUNVSDFH�UDWKHU�WKDQ�WKH�VWDWH�RI�D�PHFKDQLVWLF�V\VWHP�� LW� LV�JHQHUDOO\

QRW�DV�FULWLFDO�WR�WKH�FRPSOHWLRQ�RI�WKH�WDVN��DQG�LW�LV�JHQHUDOO\�QRW�DV�GLIILFXOW�WR�PDLQWDLQ�

7KH�FRQFHSWXDO�IUDPHZRUN�GHVFULEHG�WKUHH�DVSHFWV�RI�ZRUNVSDFH�DZDUHQHVV�� LWV�FRPSRQHQW

HOHPHQWV��WKH�SURFHVV�RI�PDLQWDLQLQJ�LW��DQG�LWV�XVHV�LQ�FROODERUDWLRQ��7KHVH�SDUWV�FRUUHVSRQG

WR� WKUHH� WDVNV� WKDW� WKH� JURXSZDUH� GHVLJQHU� PXVW� XQGHUWDNH� LQ� VXSSRUWLQJ� ZRUNVSDFH

DZDUHQHVV��XQGHUVWDQG�ZKDW� LQIRUPDWLRQ�WR�SURYLGH��GHWHUPLQH�KRZ�WKH�NQRZOHGJH�ZLOO�EH

JDWKHUHG�DQG�LQWHUSUHWHG��DQG�GHWHUPLQH�ZKHQ�DQG�ZKHUH�WR�SURYLGH�DZDUHQHVV�LQIRUPDWLRQ�

)LJXUH����UHSUHVHQWV�WKH�FRQFHSWXDO�IUDPHZRUN�DV�DQ�RYHUOD\�RQ�WKH�SHUFHSWLRQ�DFWLRQ�F\FOH�

,Q� WKH� ILJXUH�� ,� DGG� WKH� LGHD� RI� DFWLRQ� DV� D� FRPSOHPHQW� WR� H[SORUDWLRQ�� VLQFH� ZRUNVSDFH

DZDUHQHVV� LV� XVHG� WR� LQIRUP� DFWLRQ� LQ� WKH� ZRUNVSDFH� DV� ZHOO� DV� IRU� IXUWKHU� SHUFHSWXDO

H[SORUDWLRQ�

6HYHUDO�HOHPHQWV�RI�ZRUNVSDFH�DZDUHQHVV�DQVZHU�ZKR��ZKHUH��DQG�ZKDW�TXHVWLRQV��7KH\�GHDO

ZLWK�LVVXHV�OLNH�ZKR�LV�SUHVHQW�DQG�ZKR�LV�UHVSRQVLEOH�IRU�DFWLRQV��ZKHUH�SHRSOH�DUH�ZRUNLQJ

DQG�ZKHUH�WKH\�FDQ�VHH��DQG�ZKDW�DFWLRQV�WKH\�DUH�SHUIRUPLQJ�DQG�ZKDW�WKHLU�LQWHQWLRQV�DUH�

2WKHU�HOHPHQWV�RI�ZRUNVSDFH�DZDUHQHVV�FRQVLGHUV�DZDUHQHVV�RI�KLVWRU\�DQG�SDVW�HYHQWV�

:RUNVSDFH� DZDUHQHVV� LV� PDLQWDLQHG� WKURXJK� D� SHUFHSWLRQ�DFWLRQ� F\FOH� LQ� ZKLFK� SHRSOH

JDWKHU� SHUFHSWXDO� LQIRUPDWLRQ� IURP� WKH� HQYLURQPHQW�� LQWHJUDWH� LW� ZLWK� ZKDW� WKH\� DOUHDG\

NQRZ��DQG�XVH� LW� WR� ORRN� IRU�PRUH� LQIRUPDWLRQ� LQ� WKH�ZRUNVSDFH�� ,QIRUPDWLRQ� LV� JDWKHUHG

SULPDULO\� WKURXJK� WKUHH� PHFKDQLVPV�� FRQVHTXHQWLDO� FRPPXQLFDWLRQ�� IHHGWKURXJK�� DQG

LQWHQWLRQDO� �YHUEDO� DQG� QRQ�YHUEDO�� FRPPXQLFDWLRQ�� 3HRSOH� XVH� WKHLU� NQRZOHGJH� RI
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ZRUNVSDFHV��WKH�WDVN��DQG�WKHLU�FROODERUDWRUV�WR�LQWHUSUHW�DQG�PDNH�VHQVH�RI�WKH�SHUFHSWXDO

LQIRUPDWLRQ��3HRSOH�GLUHFW�WKHLU�SHUFHSWXDO�LQIRUPDWLRQ�JDWKHULQJ�EDVHG�RQ�WKHLU�NQRZOHGJH

DQG�WKHLU�SUHGLFWLRQV��EXW�DOVR�KDYH�WKH�IDOOEDFN�RI�PDNLQJ�YHUEDO�UHTXHVWV�IRU�LQIRUPDWLRQ�

:RUNVSDFH� DZDUHQHVV� LV� XVHIXO� IRU� PDNLQJ� FROODERUDWLYH� LQWHUDFWLRQ� PRUH� HIILFLHQW�� OHVV

HIIRUWIXO�� DQG� OHVV� HUURU�SURQH�� 7KHUH� DUH� VHYHUDO� W\SHV� RI� DFWLYLWLHV� ZKHUH� WKH� EHQHILWV� RI

ZRUNVSDFH�DZDUHQHVV�DUH�HYLGHQW�� LQ�UHGXFLQJ�WKH�HIIRUW�QHHGHG�IRU�YHUEDO�FRPPXQLFDWLRQ�

LQ� VLPSOLI\LQJ� FRRUGLQDWLRQ�� LQ� SURYLGLQJ� FRQWH[W� IRU� DVVLVWDQFH� DQG� DQWLFLSDWLRQ�� DQG� LQ

KHOSLQJ�SHRSOH�WR�UHFRJQL]H�RSSRUWXQLWLHV�IRU�FORVHU�FRXSOLQJ�

7KH�FRQFHSWXDO�IUDPHZRUN�VHWV�RXW�EDVLF�NQRZOHGJH�WKDW�GHVLJQHUV�QHHG�WR�FRQVLGHU�ZKHQ

EXLOGLQJ�ZRUNVSDFH�DZDUHQHVV�VXSSRUW� LQWR�JURXSZDUH�V\VWHPV��,Q�WKH�QH[W�FKDSWHU��,� ORRN

PRUH�FORVHO\�DW�SXWWLQJ� WKLV�NQRZOHGJH� LQWR�SUDFWLFH�� DQG�GHYHORS� VSHFLILF� DSSURDFKHV� DQG

SULQFLSOHV� IRU� VXSSRUWLQJ� DZDUHQHVV� LQ� JURXSZDUH� LQWHUIDFHV�� 7KH� PDMRU� SUREOHP� WR� EH

Determine what to look for next

• selective attention

• expectations of future activity

• explicit requests for WA information

Interpret perceptual information

Interpretation is aided by:

• knowledge of the workspaces

• knowledge of the task

• knowledge of the participants

• other WA knowledge

Uses of WA in collaboration

• simplification of communication

• coordination of actions and activities

• anticipation of events

• provision of assistance

• management of coupling

WA Knowledge

 Who

 Where

 What

 When

 How

Environment

Knowledge

Gather perceptual information

• consequential communication

• feedthrough

• verbal & non-verbal communication

Exploration

Action

)LJXUH�����6XPPDU\�RI�WKH�FRQFHSWXDO�IUDPHZRUN�
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DGGUHVVHG� LV� WKDW� JURXSZDUH� HQYLURQPHQWV� DUH� QRW� OLNH� IDFH�WR�IDFH� RQHV�� DQG� KDYH� IHZ

QDWXUDO�LQIRUPDWLRQ�VRXUFHV�RU�SHUFHSWXDO�DIIRUGDQFHV��7KHUHIRUH��WKH�GHVLJQHU�PXVW�FROOHFW�

GLVWULEXWH��DQG�GLVSOD\�DQ\�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�WKDW�LV�WR�EH�SDUW�RI�WKH�V\VWHP�

7KH�DSSURDFK�WKDW�,�SURSRVH�IRU�WKLV�WDVN�LV�EDVHG�RQ�WKH�LGHD�WKDW�SHRSOH�VKRXOG�EH�DEOH�WR

PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV�XVLQJ�WKH�VNLOOV�WKH\�DOUHDG\�KDYH�IURP�FROODERUDWLQJ�LQ�IDFH�

WR�IDFH�VLWXDWLRQV�
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&KDSWHU�� 6XSSRUWLQJ�:$�LQ�JURXSZDUH

3UHYLRXV� FKDSWHUV� KDYH� LQWURGXFHG� WKH� SHUFHSWLRQ�

DFWLRQ�F\FOH�DQG�WKH�FRQFHSWXDO�IUDPHZRUN�DV�ZD\V

WR� RUJDQL]H� WKH� FRQFHSW� RI� ZRUNVSDFH� DZDUHQHVV�

7KLV�FKDSWHU�WDNHV�WKHVH�LGHDV�RQH�VWHS�IXUWKHU��DQG

FRQVLGHUV� LVVXHV� GLUHFWO\� UHODWHG� WR� SURYLGLQJ

VXSSRUW� IRU� ZRUNVSDFH� DZDUHQHVV� LQ� D� JURXSZDUH

V\VWHP��7KH�FRQFHSWXDO�IUDPHZRUN�VHWV�RXW�VRPH�RI

WKH� SULQFLSOHV� RQ� ZKLFK� ZRUNVSDFH� DZDUHQHVV� RSHUDWHV� LQ� WKH� UHDO� ZRUOG�� DQG� VHWV� XS� DQ

LPSOLFLW�JRDO�WKDW�SHRSOH�VKRXOG�EH�DEOH�WR�XVH�WKHVH�SULQFLSOHV�IRU�PDLQWDLQLQJ�DZDUHQHVV�LQ

D� JURXSZDUH� ZRUNVSDFH�� +RZHYHU�� DZDUHQHVV� LQ� IDFH�WR�IDFH� VHWWLQJV� ZRUNV� XQGHU� WKH

DVVXPSWLRQ� WKDW� WKH� QHFHVVDU\� SHUFHSWXDO� LQIRUPDWLRQ� LV� DXWRPDWLFDOO\� DYDLODEOH� LQ� WKH

HQYLURQPHQW�� DQ� DVVXPSWLRQ� WKDW� LV� EURNHQ� ZKHQ� WKH� VHWWLQJ� VKLIWV� WR� JURXSZDUH�� 7KLV

FKDQJH�JLYHV�ULVH�WR�WKH�LVVXHV�GLVFXVVHG�LQ�WKLV�FKDSWHU�

$� JURXSZDUH� ZRUNVSDFH� LV� D� IXQGDPHQWDOO\� GLIIHUHQW� HQYLURQPHQW� WKDQ� D� SK\VLFDO

ZRUNVSDFH�� 6LQFH� WKH�ZRUNVSDFH� LV� D� YLUWXDO� RQH�� FRQWDLQHG�ZLWKLQ� WKH� V\VWHP�� LQWHUDFWLRQ

ZLWK� LW� LV� FRQVWUDLQHG� E\� WKH� LQSXW� DQG� RXWSXW� WHFKQRORJ\� LQ� XVH�� )XUWKHUPRUH�� YLUWXDO

ZRUNVSDFHV�DUH�DOVR�V\QWKHWLF³QRWKLQJ�H[LVWV�LQ�WKH�HQYLURQPHQW�DXWRPDWLFDOO\��DQG�QRWKLQJ

KDSSHQV� XQOHVV� H[SOLFLWO\� GHWHUPLQHG� E\� WKH� GHVLJQHU�� ,Q� IDFH�WR�IDFH� FROODERUDWLRQ�� WKH

FRQWHQWV� DQG�EHKDYLRXU� RI� WKH� HQYLURQPHQW� DUH� DXWRPDWLF�� DQG� LQIRUPDWLRQ� MXVW� LV�� EXW� LQ

JURXSZDUH�� WKH� LQIRUPDWLRQ� ODQGVFDSH� LV� EDUUHQ��:LWK�QR�QDWXUDO� LQIRUPDWLRQ� VRXUFHV�� WKH

JURXSZDUH�GHVLJQHU�LV�IDFHG�ZLWK�D�SUREOHP��IRU�DQ\�LQIRUPDWLRQ�WKDW�LV�WR�EH�LQ�WKH�V\VWHP�

WKH\�PXVW�FROOHFW��GLVWULEXWH��DQG�GLVSOD\�WKDW�LQIRUPDWLRQ�H[SOLFLWO\��7KDW�LV��WKH\�KDYH�WR�WDNH

RQ�WKH�UROH�WKDW�LV�WDNHQ�IRU�JUDQWHG�LQ�WKH�UHDO�ZRUOG��WKDW�RI�SURSDJDWLQJ�LQIRUPDWLRQ�DFURVV

VSDFH�DQG�EHWZHHQ�WKH�PHPEHUV�RI�WKH�JURXS�

7KLV� FKDSWHU� ORRNV� DW� WKH� WKUHH� WDVNV� RI� FROOHFWLQJ�� GLVWULEXWLQJ�� DQG� GLVSOD\LQJ�ZRUNVSDFH

DZDUHQHVV� LQIRUPDWLRQ�� 7KH� LGHDV� DQG� UHTXLUHPHQWV� RI� WKH� FRQFHSWXDO� IUDPHZRUN³ZKDW

Operationalization

Application

Evaluation
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LQIRUPDWLRQ� WR� SURYLGH�� KRZ� WR� SURYLGH� LW�� DQG� ZKHQ� WR� SURYLGH� LW³PXVW� EH� SXW� LQWR

SUDFWLFH�WKURXJK�WKH�VSHFLILFV�RI�FROOHFWLRQ��GLVWULEXWLRQ��DQG�GLVSOD\��'HVLJQ�GHFLVLRQV�PDGH

DW� HDFK� VWHS� ZLOO� DIIHFW� WKH� ZD\� WKDW� SHRSOH� PDLQWDLQ� ZRUNVSDFH� DZDUHQHVV� WKURXJK� WKH

JURXSZDUH� LQWHUIDFH�� ,� FRQVLGHU� HDFK� VWHS� VHSDUDWHO\� EHORZ�� )LUVW�� KRZHYHU�� ,� JLYH� D�PRUH

GHWDLOHG�DQDO\VLV�RI� WKH�ZRUNVSDFH�DZDUHQHVV�SUREOHPV�FDXVHG�E\� WKH� VKLIW� WR�D�JURXSZDUH

VHWWLQJ�� DQG� JLYH� DQ� H[DPSOH� RI� KRZ� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� LV� PDQDJHG� LQ� D

W\SLFDO�JURXSZDUH�DSSOLFDWLRQ�

����7KH�JURXSZDUH�SUREOHP

&XUUHQW�FRPSXWDWLRQDO�ZRUNVSDFHV�GR�QRW�QDWXUDOO\�SURYLGH�WKH�ULFK�LQIRUPDWLRQ�ODQGVFDSH

DYDLODEOH�LQ�D�IDFH�WR�IDFH�VHWWLQJ��$V�D�UHVXOW��PDQ\�RI�WKH�SHUFHSWXDO�FXHV�WKDW�SHRSOH�XVH�WR

PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV�DUH�PLVVLQJ� LQ�D�JURXSZDUH�V\VWHP��7KLV�SUREOHP�H[LVWV� IRU

WZR�UHDVRQV��)LUVW��WKH�WHFKQLFDO�DQG�SK\VLFDO�HQYLURQPHQW�RI�JURXSZDUH³WKDW�LV��WKH�LQSXW

DQG�RXWSXW�GHYLFHV� WKDW�SHRSOH�XVH� WR� LQWHUDFW�ZLWK� WKH�ZRUNVSDFH³RIWHQ� LPSRVHV� VHYHUH

FRQVWUDLQWV�RQ�KRZ�SHRSOH�LQWHUDFW�ZLWK�DUWLIDFWV��KRZ�WKH�ZRUNVSDFH�LV�SHUFHLYHG��DQG�ZKDW

FDQ�EH� VHHQ�RI�RWKHUV��6HFRQG�� WKH�ZD\V� WKDW�GHVLJQHUV� WKHPVHOYHV� WKLQN� DERXW� JURXSZDUH

KDYH�DOVR�OLPLWHG�WKH�DZDUHQHVV�LQIRUPDWLRQ�DYDLODEOH�LQ�D�VKDUHG�ZRUNVSDFH��7KLV�VLWXDWLRQ

JRHV�EDFN�WR�HDUO\�JURXSZDUH�V\VWHPV�ZKHUH�VLQJOH�XVHU�DSSOLFDWLRQV�ZHUH�FRQYHUWHG�WR�DOORZ

LQSXW� IURP�PXOWLSOH� XVHUV� �H�J�� *UHHQEHUJ� ������� ,Q� WKHVH� V\VWHPV�� GHVLJQHUV� WKRXJKW� RI

ZRUNVSDFHV� VLPSO\� DV� FRQWDLQHUV� IRU� WKH� V\VWHP·V� ZRUN� DUWLIDFWV�� VKDUHG� ZRUNVSDFHV� ZHUH

VHHQ� DV� HTXLYDOHQW� WR� VLQJOH�XVHU� ZRUNVSDFHV�� EXW� ZLWK� DGGLWLRQDO� LVVXHV� RI� FRQFXUUHQF\

FRQWURO�DQG�V\QFKURQL]DWLRQ��7KH\�IRFXVHG�RQ�WKH�VKDUHG�GDWD��UDWKHU�WKDQ�WKH�VKDUHG�VSDFH�

7KLV�RXWORRN�LV�VWLOO�HYLGHQW�LQ�PDQ\�FXUUHQW�JURXSZDUH�V\VWHPV��LQFOXGLQJ�UHFHQW�ODUJH�VFDOH

HIIRUWV�OLNH�0LFURVRIW�1HW0HHWLQJ��0LFURVRIW�������DQG�1HWVFDSH�&RPPXQLFDWRU��1HWVFDSH

�������+RZHYHU��DV�GHVFULEHG�LQ�&KDSWHU����UHVHDUFKHUV�KDYH�UHSHDWHGO\�VKRZQ�WKDW�D�VKDUHG

ZRUNVSDFH� LV� PRUH� WKDQ� MXVW� D� FRQWDLQHU�� ,W� LV� D� VWDJH� IRU� ULFK� DQG� FRPSOH[� LQWHUDFWLRQV

EHWZHHQ�SHRSOH��%\�LJQRULQJ�WKLV�UHDOLW\��GHVLJQHUV�RIWHQ�FUHDWH�ZRUNVSDFHV�ZKHUH�WKHUH�LV�D

SDXFLW\�RI�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ��DQG�ZKHUH�KXPDQ�LQWHUDFWLRQ�EHFRPHV�GLIILFXOW

DQG�DZNZDUG�
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2QFH� WKH� LPSRUWDQFH� RI� LQWHUDFWLRQ� LV� XQGHUVWRRG�� WKHQ� WKH� SUREOHP� EHFRPHV� RQH� RI

RYHUFRPLQJ�WKH�EDUULHUV�LPSRVHG�E\�WKH�WHFKQLFDO�VHWWLQJ��7KHUHIRUH��,�ORRN�DW�WKUHH�ZD\V�LQ

ZKLFK� WKH�VWUXFWXUH�DQG�RUJDQL]DWLRQ�RI�JURXSZDUH�KLQGHUV� WKH�PDLQWHQDQFH�RI�ZRUNVSDFH

DZDUHQHVV��)LUVW��JURXSZDUH�UHGXFHV�SHRSOH·V�DELOLW\�WR�SHUFHLYH�WKH�ZRUNVSDFH�HQYLURQPHQW�

6HFRQG�� LW� OLPLWV� WKH� H[SUHVVLYLW\� RI� ERGLHV� DQG� DUWLIDFWV�� WZR� RI� WKH� SULPDU\� LQIRUPDWLRQ

VRXUFHV� IRU� :$�� 7KLUG�� LW� FRPSOLFDWHV� YHUEDO� FRPPXQLFDWLRQ� E\� PDNLQJ� QRQ�YHUEDO

SURGXFWLRQV�PRUH�GLIILFXOW��,�RULHQW�WKH�IROORZLQJ�GLVFXVVLRQV�DURXQG�WKH�SUREOHPV�FDXVHG�E\

VWDQGDUG�ZRUNVWDWLRQ�EDVHG�JURXSZDUH�V\VWHPV�ZLWK�VWDQGDUG�LQSXW�DQG�GLVSOD\�GHYLFHV��,�GR

QRW� ORRN� DW� QRYHO� GHYLFHV� SDUWO\� EHFDXVH�RI� WLPH� FRQVWUDLQWV�� DQG�SDUWO\� EHFDXVH� WKH�EDVLF

LVVXHV�FDQ�EH�DGHTXDWHO\�H[SORUHG�E\�FRQVLGHULQJ�FXUUHQW�WHFKQRORJ\�

������*URXSZDUH�UHGXFHV�SHUFHSWLRQ�RI�WKH�ZRUNVSDFH

*URXSZDUH� V\VWHPV� ZHDNHQ� ERWK� YLVXDO� DQG� DXGLWRU\� SHUFHSWLRQ� RI� D� ZRUNVSDFH�� 7KH

DXGLWRU\�HQYLURQPHQW� LV�FRPSURPLVHG�EHFDXVH�FRPSXWDWLRQDO�DUWLIDFWV�GR�QRW�KDYH�QDWXUDO

VRXQGV��DQG�PDQ\�JURXSZDUH�ZRUNVSDFHV�DUH�VLOHQW�DV�D�UHVXOW��,I�DQ\�VRXQGV�DUH�WR�EH�KHDUG�

GHVLJQHUV�PXVW�FUHDWH�V\QWKHWLF�RQHV�DQG�H[SOLFLWO\�DGG�WKHP�WR�WKH�DSSOLFDWLRQ��H�J��*DYHU

������� &XUUHQWO\�� LW� LV� GLIILFXOW� WR� UHSURGXFH� WKH� VXEWOHW\� DQG� UDQJH� RI� QDWXUDO� ZRUNVSDFH

VRXQG�� ,Q� DGGLWLRQ�� EHFDXVH� ZRUNVSDFHV� DUH� WZR�GLPHQVLRQDO� DQG� EHFDXVH� DXGLR� RXWSXW

GHYLFHV�DUH�OLPLWHG��PXFK�RI�WKH�GLUHFWLRQDO�DQG�SUR[LPDO�FRPSRQHQWV�RI�VRXQGV�DUH�ORVW�RU

UHQGHUHG�PHDQLQJOHVV�LQ�D�JURXSZDUH�HQYLURQPHQW��DOWKRXJK�VRXQG�ORFDOL]DWLRQ�WRRONLWV�DUH

QRZ�EHFRPLQJ�DYDLODEOH��

&KDQJHV� WR� WKH� YLVXDO� HQYLURQPHQW� DUH� HYHQ� PRUH� SURPLQHQW�� 'LVSOD\� GHYLFHV� DUH� PXFK

VPDOOHU�DQG�RIIHU�PXFK�ORZHU�UHVROXWLRQ�WKDQ�WKH�QRUPDO�KXPDQ�ILHOG�RI�YLHZ��ZKHUHDV�D�SDLU

RI� H\HV� FDQ� WDNH� LQ� ���� GHJUHHV��PRUH� WKDQ� HQRXJK� IRU� D�PHGLXP� VL]HG� ZRUNVSDFH� RQ� D

WDEOHWRS�RU�D�ZDOO��D�ODUJH�FRPSXWHU�PRQLWRU�SURYLGHV�D�ILHOG�RI�RQO\�DERXW����GHJUHHV�ZKHQ

YLHZHG�IURP�RQH�PHWUH��7KH�UHGXFWLRQ�LQ�VL]H�PHDQV�WKDW�RQO\�D�VPDOO�SDUW�RI�WKH�ZRUNVSDFH

LV�YLVLEOH�DW�D�WLPH��IRUFLQJ�SHRSOH�WR�ORRN�DQG�ZRUN�WKURXJK�D�VPDOO�YLHZSRUW��5HGXFWLRQ�LQ

UHVROXWLRQ�PHDQV�WKDW�DUWLIDFWV�DUH�KDUGHU�WR�VHH�DQG�GLIIHUHQWLDWH�IURP�RQH�DQRWKHU��DQG�WKDW

YLVXDO�HYHQWV�DUH�PRUH�GLIILFXOW�WR�SHUFHLYH�
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$GGLWLRQDO�SUREOHPV�IRU�ZRUNVSDFH�DZDUHQHVV�KDYH�EHHQ�FDXVHG�E\�WHFKQLTXHV�GHVLJQHG�WR

RIIVHW� YLVLELOLW\� SUREOHPV�� 2QH� LQ� SDUWLFXODU� FRQFHUQV� YLHZ� VKDULQJ� WHFKQLTXHV�� (DUO\

JURXSZDUH� V\VWHPV� LPSRVHG� ´ZKDW� \RX� VHH� LV� ZKDW� ,� VHHµ� �:<6,:,6�� YLHZ� VKDULQJ� �H�J�

6WHILN�HW�DO�����D���ZKHUH�DOO�SDUWLFLSDQWV·�YLHZSRUWV� ORRNHG�DW�H[DFWO\� WKH�VDPH�SDUW�RI� WKH

ZRUNVSDFH� �VHH� )LJXUH� ����� 7KLV� DSSURDFK� HQVXUHV� WKDW� SHRSOH� FDQ� VWD\� DZDUH� RI� RQH

DQRWKHU·V�DFWLYLWLHV��EXW�LV�RIWHQ�WRR�UHVWULFWLYH�IRU�PDQ\�NLQGV�RI�FROODERUDWLRQ�ZKHUH�SHRSOH

UHJXODUO\�PRYH� EDFN� DQG� IRUWK� EHWZHHQ� LQGLYLGXDO� DQG� VKDUHG�ZRUN� �6DOYDWRUH� HW� DO� �����

'RXULVK�	�%HOORWWL�������*DYHU�������

)LJXUH�����6WULFW�ZKDW�\RX�VHH�LV�ZKDW�,�VHH��:<6,:,6��YLHZ�VKDULQJ

0RUH� UHFHQW� V\VWHPV� DOORZ� SHRSOH� WR� PRYH� DQG� FKDQJH� WKHLU� YLHZSRUWV� LQGHSHQGHQWO\�

DOORZLQJ�WKHP�WR�YLHZ�WKH�REMHFWV�WKDW�LQWHUHVW�WKHP��VHH�)LJXUH������7KLV�LV�FDOOHG�UHOD[HG�

)LJXUH�����5HOD[HG�:<6,:,6�YLHZ�VKDULQJ
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:<6,:,6� YLHZ� VKDULQJ� �6WHILN� HW� DO�� ����E��� 8QIRUWXQDWHO\�� ZKHQ� SHRSOH� FDQ� ORRN� DW

GLIIHUHQW�DUHDV�RI�WKH�ZRUNVSDFH��WKH\�DUH�HIIHFWLYHO\�EOLQGHG�WR�WKH�DFWLRQV�DQG�HYHQWV�WKDW

JR� RQ� RXWVLGH� WKHLU� YLHZSRUW�� &RQVHTXHQWLDO� FRPPXQLFDWLRQ�� IHHGWKURXJK�� GHL[LV�� DQG

JHVWXUDO� FRPPXQLFDWLRQ� DUH� DOO� LPSRVVLEOH� RXWVLGH� HDFK� SHUVRQ·V� QDUURZ� YLHZ� RI� WKH

ZRUNVSDFH�

$�VHFRQG�UHOD[DWLRQ�WR�:<6,:,6�YLHZ�VKDULQJ�DOORZV�SHRSOH�WR�FKDQJH�WKH�UHSUHVHQWDWLRQ

RI� WKH� ZRUNVSDFH� DUWLIDFWV�� IXUWKHU� FRPSOLFDWLQJ� YLVXDO� FRPPXQLFDWLRQ�� 'LIIHUHQFHV� LQ

UHSUHVHQWDWLRQ� FDQ� EH� PLQRU�� VXFK� DV� WKH� XVH� RI� GLIIHUHQW� IRUPDWWLQJ� RU� IRQW� VL]HV� �H�J�

*UHHQEHUJ�DQG�5RVHPDQ��������RU�PD\�FRPSOHWHO\�FKDQJH�WKH�ZD\�DQ�DUWLIDFW�LV�SUHVHQWHG�

)RU�H[DPSOH��RQH�SHUVRQ�FRXOG�YLHZ�D�KLHUDUFKLFDO�VHW�RI�DUWLIDFWV�DV�DQ�LQGHQWHG�OLVW��ZKLOH

DQRWKHU�YLHZV�LW�DV�D�JUDSKLFDO�WUHH��)LJXUH������:KHQ�UHSUHVHQWDWLRQV�GLIIHU��PDQ\�ORZ�OHYHO

DFWLRQV� DQG� PRWLRQV� FDQQRW� EH� SURSHUO\� LQWHUSUHWHG� RXWVLGH� WKH� RULJLQDO� FRQWH[W�� )RU

H[DPSOH�� DOWKRXJK�PRYLQJ� D� OHDI�QRGH� LQ� WKH� JUDSKLFDO�GLDJUDP�FDQ�EH� UHSUHVHQWHG� LQ� WKH

RXWOLQH�RQFH�WKH�PRYH�LV�FRPSOHWH��WKH�SDWK�DORQJ�ZKLFK�LW�LV�GUDJJHG�GXULQJ�WKH�PRYH�KDV

QR�PHDQLQJIXO�DQDORJXH��,QIRUPDWLRQ�FDQ�VRPHWLPHV�EH�WUDQVODWHG�VR�WKDW�LW�LV�PHDQLQJIXO�LQ

RWKHU�YLHZV��H�J��*UHHQEHUJ��*XWZLQ��DQG�5RVHPDQ��������EXW�LQ�PDQ\�FDVHV�WKH�GLIIHUHQFHV

LQ�UHSUHVHQWDWLRQ�DUH�WRR�JUHDW�

)LJXUH�����5HSUHVHQWDWLRQDO�GLIIHUHQFHV�LQ�YLHZV
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������*URXSZDUH�OLPLWV�WKH�H[SUHVVLYLW\�RI�ERGLHV

$�SHUVRQ·V�ERG\�LQWHUDFWLQJ�ZLWK�D�SK\VLFDO�ZRUNVSDFH�LV�D�FRPSOH[�LQIRUPDWLRQ�VRXUFH�ZLWK

PDQ\� GHJUHHV� RI� IUHHGRP�� &KDSWHU� �� GLVFXVVHG� WKH� XVHV� RI� FRQVHTXHQWLDO� FRPPXQLFDWLRQ

DQG� JHVWXUH� LQ� PDLQWDLQLQJ� DZDUHQHVV�� ,Q� PDQ\� JURXSZDUH� ZRUNVSDFHV�� KRZHYHU�

UHSUHVHQWDWLRQV�RI�ERGLHV�DUH�FRPSOHWHO\�DEVHQW��DQG�WKLV�ULFK�VRXUFH�RI�LQIRUPDWLRQ�LV�ORVW�

(YHQ�ZKHQ�GHVLJQHUV�GR�SURYLGH�ZRUNVSDFH�UHSUHVHQWDWLRQV�RI�SHRSOH�� WKH�UHVWULFWHG� LQSXW

GHYLFHV�RI�PRVW�V\VWHPV�PHDQ�WKDW�HPERGLPHQW�LV�OLPLWHG�WR�D�PRXVH�FXUVRU��VHH�)LJXUH�����

7KHVH� UHPRWH� FXUVRUV� �FDOOHG� WHOHSRLQWHUV�� DUH� D� KXJH� LPSURYHPHQW� RYHU� QRWKLQJ� DW� DOO�

EHFDXVH�ZLWK� WKHP�� SHRSOH� FDQ� JHVWXUH� DQG� SRLQW� LQ� WKH�ZRUNVSDFH�� (YHQ� VR�� FXUVRUV� DUH

VSDUWDQ� UHSODFHPHQWV� IRU� ERGLHV�� WKH\� FDQQRW� VKRZ� PDQ\� JHVWXUHV�� WKH\� FDQQRW� LQGLFDWH

ZKHUH�VRPHRQH�LV�ORRNLQJ��DQG�WKH\�DUH�WRR�VPDOO� WR�H[SUHVV�WKH� ODUJH�PRWLRQV�WKDW�DWWUDFW

RXU� DWWHQWLRQ� LQ� D� SK\VLFDO� ZRUNVSDFH�� ,Q� DGGLWLRQ�� WHOHSRLQWHUV� DOORZ� OLWWOH� URRP� IRU

GLIIHUHQWLDWLRQ�� ,Q�D�SK\VLFDO�ZRUNVSDFH�� LGHQWLW\� LV� WULYLDO� WR�HVWDEOLVK��EXW� LW� LV�PXFK�PRUH

GLIILFXOW� WR� WHOO� WKH�GLIIHUHQFH�EHWZHHQ�WZR�VLPLODU�ORRNLQJ� WHOHSRLQWHUV��HVSHFLDOO\� LI�SHRSOH

DUH�QRW�WDONLQJ�DV�WKH\�ZRUN�

$OWKRXJK� RXWVLGH� WKH� VWDQGDUG� ZRUNVWDWLRQ�EDVHG� VHWWLQJ�� LW� LV� ZRUWK� QRWLQJ� WKDW� VHYHUDO

&6&:� SURMHFWV� KDYH� XVHG� YLGHR� WR� UHFUHDWH� UHDO� ERGLHV� LQ� JURXSZDUH� ZRUNVSDFHV�� 7KHVH

VHWXSV� PL[� D� YLGHR� VLJQDO� LQWR� WKH� GLVSOD\� RI� WKH� FRPSXWDWLRQDO� ZRUNVSDFH�� SURYLGLQJ� D

FRPSRVLWH�LPDJH�WKDW�VKRZV�ERWK�WKH�FRPSXWDWLRQDO�DUWLIDFWV�DQG�WKH�SHUVRQ��)RU�H[DPSOH�

9LGHR'UDZ��7DQJ�DQG�0LQQHPDQ�������XVHG�D�FDPHUD�PRXQWHG�DERYH�D�KRUL]RQWDO�GLVSOD\

WR�SURYLGH�LPDJHV�RI�SHRSOH·V�DUPV�DQG�KDQGV�DV�WKH\�GUHZ�RQ�WKH�GLVSOD\�ZLWK� OLJKW�SHQV�

)LJXUH�����3K\VLFDO�ERGLHV�YV��WHOHSRLQWHU�HPERGLPHQW



��

&OHDU%RDUG��,VKLL�HW�DO�������ZHQW�RQH�VWHS�IXUWKHU��DQG�FRPELQHG�YLGHR�RI�WKH�ZKROH�XSSHU

ERG\� ZLWK� D� ODUJH� FRPSXWDWLRQDO� ZRUNVSDFH�� 7KH� HIIHFW� LV� RQH� RI� ZRUNLQJ� ZLWK� DQRWKHU

SHUVRQ� WKURXJK� D� VKHHW� RI� JODVV�� WKH� UHPRWH� SDUWLFLSDQW� DSSHDUV� WR� EH� EHKLQG� WKH� GLVSOD\

GUDZLQJ� RQ� WKH� EDFN� RI� WKH� JODVV�� ZKLOH� WKH� ORFDO� XVHU� GUDZV� RQ� WKH� IURQW�� 7KH� PRVW

LPSRUWDQW� FRQWULEXWLRQ� RI� &OHDU%RDUG� LV� WKDW� LW� VKRZV� SHRSOH� ZKHUH� WKH� RWKHU� SHUVRQ� LV

ORRNLQJ��JD]H�DZDUHQHVV���D�YDOXDEOH�FXH�LQ�GHWHUPLQLQJ�ZKDW�WKH\�DUH�ZRUNLQJ�RQ��$OWKRXJK

WKHVH�WHFKQLTXHV�SURYLGH�HIIHFWLYH�ZRUNVSDFH�HPERGLPHQW��WKH\�KDYH�QRW�EHHQ�ZLGHO\�XVHG

VLQFH�WKH\�UHTXLUH�VSHFLDOL]HG�KDUGZDUH�DQG�FRPSOLFDWHG�VHWXSV��DQG�DUH�QRW�HDVLO\�VFDOHG�IRU

UHOD[HG�:<6,:,6�ZRUNVSDFHV� RU� JURXSV� ODUJHU� WKDQ� WZR�� 7KHVH� WHFKQLTXHV� DUH� GLVFXVVHG

IXUWKHU�LQ�6HFWLRQ�������

*URXSZDUH�QRW�RQO\�UHVWULFWV�WKH�IRUP�RI�D�SHUVRQ·V�SUHVHQFH��EXW�DOVR�ZKDW�FDQ�EH�VHHQ�RI

WKHLU� DFWLRQV�� 3K\VLFDO� ZRUNVSDFHV� DUH� WKH� XOWLPDWH� GLUHFW�PDQLSXODWLRQ� HQYLURQPHQWV�� DQG

SDUW� RI� FRQVHTXHQWLDO� FRPPXQLFDWLRQ� LV� WKH� FKDUDFWHULVWLF� DQG� SHUFHLYDEOH� PRWLRQV� WKDW

SHRSOH� PDNH� ZKHQ� WKH\� LQWHUDFW� ZLWK� DUWLIDFWV�� ,QWHUDFWLRQ� ZLWK� D� JURXSZDUH� ZRUNVSDFH�

KRZHYHU�� LV� QRW� VXEMHFW� WR� SK\VLFDO� FRQVWUDLQWV�� DQG� WKH� DSSHDUDQFH� RI� DFWLRQV� LQ� WKHVH

HQYLURQPHQWV� GHSHQGV� HQWLUHO\� RQ� WKH� GHVLJQ� RI� WKH� V\VWHP�� 6\PEROLF� RU� LQGLUHFW

PDQLSXODWLRQ� RI� DUWLIDFWV� UHGXFHV� ZKDW� LQIRUPDWLRQ� RWKHU� SHRSOH� FDQ� JDWKHU� DERXW� WKH

DFWLYLW\��)RU� H[DPSOH�� DUWLIDFWV�PD\�EH�PDQLSXODWHG� WKURXJK�PHQX� VHOHFWLRQV�RU� FRPPDQG

NH\V� LQVWHDG� RI� OLWHUDO� DFWLRQV�� (YHQ� LQ� GLUHFW� PDQLSXODWLRQ� DSSOLFDWLRQV�� OLPLWV� RQ� LQSXW

GHYLFHV�IRUFH�D�FHUWDLQ�DPRXQW�RI�V\PEROLF�LQWHUDFWLRQ��IRU�H[DPSOH��PDQ\�DSSOLFDWLRQV�XVH�D

VHOHFW�WKHQ�RSHUDWH�PRGHO�IRU�PDQLSXODWLQJ�DUWLIDFWV�

7KHVH�FKDQJHV�FDXVH�VHYHUDO�SUREOHPV�IRU� WKH�PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV��)LUVW�

ZKHQ�DFWLRQV�DUH�OHVV�REYLRXV��LW�LV�PRUH�OLNHO\�WKDW�WKH\�ZLOO�JR�XQQRWLFHG��6HFRQG��FKDQJHV

RFFXU� VXGGHQO\�� DQG� LQVWDQWDQHRXV� FKDQJH� LV� PRUH� GLIILFXOW� WR� LQWHUSUHW�� 7KLUG�� VLQFH� WKH

FRQVWUDLQWV�RQ�DQ� DUWLIDFW·V�EHKDYLRXU� DUH� DUELWUDU\� LQ� D� YLUWXDO�ZRUNVSDFH� �WKDW� LV�� WKH\� DUH

GHILQHG�E\�WKH�V\VWHP·V�GHVLJQHU���DFWLRQV�PD\�VHHP�VXUSULVLQJ�DQG�FRQIXVLQJ�XQOHVV�WKH�UXOHV

RI�WKH�HQYLURQPHQW�DUH�NQRZQ�LQ�DGYDQFH��)LQDOO\��LQGLUHFW�PDQLSXODWLRQ�LV�PRUH�GLIILFXOW�WR

FRQQHFW�WR�D�FDXVDO�DJHQW�RU�DFWRU��DQG�WKLV�PHDQV�WKDW�HYHQ�ZKHQ�WKH�PHDQLQJ�RI�WKH�DFWLRQ

FDQ�EH�GHWHUPLQHG��LW�FDQ�VWLOO�EH�LPSRVVLEOH�WR�WHOO�ZKR�LV�EHKLQG�LW�
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������*URXSZDUH�OLPLWV�WKH�H[SUHVVLYLW\�RI�DUWLIDFWV

*URXSZDUH�FRPSOLFDWHV�IHHGWKURXJK³WKH�JDWKHULQJ�RI�LQIRUPDWLRQ�IURP�DUWLIDFWV³EHFDXVH

DUWLIDFWV� LQ� D� VKDUHG� ZRUNVSDFH� RIWHQ� GR� QRW� VKRZ� HIIHFWV� RI� WKHLU� XVH�� )LUVW�� V\PEROLF

PDQLSXODWLRQ� DV� GHVFULEHG� DERYH� UHGXFHV� WKH� LQWHULP� IHHGEDFN� WKDW� DQ� DUWLIDFW� SURGXFHV

GXULQJ�DQ�RSHUDWLRQ��VLQFH�FKDQJHV�FDQ�KDSSHQ�LQVWDQWDQHRXVO\��6HFRQG��LQWHUPHGLDWH�VWDWHV

RI�DQ�DUWLIDFW�DUH�RIWHQ�QRW�WUDQVPLWWHG�WR�RWKHUV��RQO\�WKH�ILQDO�FKDQJH��)RU�H[DPSOH��W\SLQJ

LV� UDUHO\� WUDQVPLWWHG� FKDUDFWHU�E\�FKDUDFWHU�� DQG� LQVWHDG� LV� GHOLYHUHG� DIWHU� WKH� UHWXUQ� NH\� LV

SUHVVHG��2WKHU�V\VWHPV�RQO\�VKRZ�WKH�ILQDO�SRVLWLRQ�RI�D�PRYHG�REMHFW��QRW�WKH�SURJUHVV�RI

WKH�PRYH��7KHVH�WZR�SUREOHPV�DIIHFW�ZKDW�FDQ�EH�VHHQ�RI�DQ�DFWLRQ�ZKLOH�LW�LV�KDSSHQLQJ�

$�WKLUG�SUREOHP�UHGXFHV�ZKDW�FDQ�EH�OHDUQHG�IURP�DQ�REMHFW�DERXW�SDVW�DFWLRQV��$UWLIDFWV�LQ

WKH�UHDO�ZRUOG�VKRZ�WUDFHV�RI�KRZ�WKH\�FDPH�WR�EH�ZKDW�WKH\�DUH��7KHLU�KLVWRULHV�DUH�RIWHQ

YLVLEOH�LQ�WKHLU�DSSHDUDQFH³KRZ�FDUHIXOO\�WKH\�ZHUH�FUHDWHG��ZKDW�FRORXU�RI�LQN�ZDV�XVHG�WR

ZULWH�RQ�WKHP��KRZ�PXFK�WKH\�KDYH�EHHQ�XVHG��DQG�RWKHU�WHOOWDOH�VLJQV�RI�PDQLSXODWLRQ��,Q

FRQWUDVW��FRPSXWDWLRQDO�DUWLIDFWV�GR�QRW�WHOO�WDOHV��7KH\�KDYH�D�EODQGO\�FRQVLVWHQW�DSSHDUDQFH

DQG�PDQLSXODWLQJ�WKHP�GRHV�QRW�DXWRPDWLFDOO\�OHDYH�WUDFHV��+LOO�HW�DO��������7KHLU�VDPHQHVV

PHDQV�WKDW�SHRSOH�KDYH�IHZHU�VLJQV� IRU�GHWHUPLQLQJ�ZKDW�KDV�KDSSHQHG�DQG�ZKDW�DQRWKHU

SHUVRQ�KDV�EHHQ�GRLQJ�

����$Q�H[DPSOH�RI�DZDUHQHVV�PDQDJHPHQW�LQ�JURXSZDUH

,�LQWURGXFHG�WKH�WKUHH�VWHSV�RI�FROOHFWLQJ��GLVWULEXWLQJ��DQG�GLVSOD\LQJ�ZRUNVSDFH�DZDUHQHVV

LQIRUPDWLRQ� DW� WKH� EHJLQQLQJ� RI� WKH� FKDSWHU�� 7R� LOOXVWUDWH� KRZ� WKHVH� VWHSV� ZRUN� LQ� D

JURXSZDUH�DSSOLFDWLRQ�� ,�GHVFULEH�D� VLPSOH�H[DPSOH�XVLQJ� WKH�*URXS.LW�JURXSZDUH� WRRONLW

�5RVHPDQ�DQG�*UHHQEHUJ��������7KH�DZDUHQHVV�GLVSOD\V�DQG�JURXSZDUH�V\VWHPV�VKRZQ� LQ

ODWHU� FKDSWHUV� ZHUH� DOO� EXLOW� ZLWK� *URXS.LW�� *URXS.LW� LV� DQ� H[WHQVLRQ� WR� WKH� 7FO�7N

SURJUDPPLQJ� ODQJXDJH� �2VWHUKRXW� ������ WKDW� VLPSOLILHV� WKH� FRQVWUXFWLRQ� RI� UHDO�WLPH

GLVWULEXWHG�JURXSZDUH��,W�SURYLGHV�SURJUDPPLQJ�DEVWUDFWLRQV�IRU�SDVVLQJ�PHVVDJHV�WR�RWKHU

PDFKLQHV� LQ� D� FRQIHUHQFH�� VKDUHG� GDWD� VWUXFWXUHV� FDOOHG� HQYLURQPHQWV�� DQG� D� VHW� RI� LQWHUIDFH

ZLGJHWV�FRPPRQO\�XVHG�LQ�JURXSZDUH�VXFK�DV�PHQXV��SDUWLFLSDQW�OLVWV��DQG�VFUROOEDUV��$IWHU�D

EULHI� RXWOLQH� RI� *URXS.LW·V� DUFKLWHFWXUH� DQG� PHVVDJH� SDVVLQJ� IDFLOLWLHV�� ,� GHVFULEH� KRZ

DZDUHQHVV�LQIRUPDWLRQ�LV�KDQGOHG�LQ�D�*URXS.LW�DSSOLFDWLRQ�
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������*URXS.LW�DUFKLWHFWXUH

*URXSZDUH� V\VWHPV� EXLOW� ZLWK� *URXS.LW� XVH� D� UHSOLFDWHG� DUFKLWHFWXUH� �H�J�� &URZOH\� DQG

)RUVGLFN�������/DXZHUV�HW�DO��������ZKHUH�WKH�DSSOLFDWLRQ�SURFHVV�UXQV�RQ�HDFK�ZRUNVWDWLRQ

LQ� WKH� FRQIHUHQFH�� DQG� ZKHUH� GDWD� LV� GXSOLFDWHG� DW� HDFK� VLWH�� 7KLV� DUFKLWHFWXUH� VWDQGV� LQ

FRQWUDVW�WR�D�FHQWUDOL]HG�VHWXS��ZKHUH�WKH�DSSOLFDWLRQ�SURFHVV��WKH�DSSOLFDWLRQ�GDWD��RU�ERWK

DUH� ORFDWHG� RQ� D� FHQWUDO� PDFKLQH�� $� UHSOLFDWHG� DUFKLWHFWXUH� LPSOLHV� WKDW� HDFK� DSSOLFDWLRQ

SURFHVV� PXVW� FRPPXQLFDWH� ZLWK� HYHU\� RWKHU� SURFHVV�� IRUPLQJ� OLQHV� RI� FRPPXQLFDWLRQ

LOOXVWUDWHG�LQ�)LJXUH�����,Q�WHUPV�RI�DZDUHQHVV�LQIRUPDWLRQ��WKLV�PHDQV�WKDW�GDWD�FROOHFWHG�DW

HDFK�ORFDO�PDFKLQH�DERXW�WKH�ORFDO�XVHU�PXVW�EH�VHQW�VHSDUDWHO\�WR�HDFK�RWKHU�PDFKLQH�

GK
Application

Process

GK
Application

Process

GK
Application

Process

)LJXUH�����/LQHV�RI�FRPPXQLFDWLRQ�LQ�*URXS.LW�DSSOLFDWLRQV

$SSOLFDWLRQ�SURFHVVHV�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�WKURXJK�7&3�,3�VRFNHWV�WKDW�FRQQHFW

HYHU\�SDLU�RI�PDFKLQHV��2Q� WRS�RI� WKH� VRFNHW� OD\HU��*URXS.LW�PHVVDJHV� WDNH� WKH� IRUP�RI

5HPRWH� 3URFHGXUH� &DOOV� �53&V��� ZKLFK� DOORZ� RQH� SURFHVV� WR� LQYRNH� D� 7FO� SURFHGXUH� RQ

DQRWKHU�PDFKLQH��*URXS.LW�SURYLGHV� WZR�KLJK�OHYHO�SURJUDPPLQJ�DEVWUDFWLRQV� IRU�SDVVLQJ

LQIRUPDWLRQ� EHWZHHQ�PDFKLQHV�� 7KH� ILUVW� LV� DQ� LQWHUIDFH� WR� WKH� 53&� OD\HU�� WKH� *URXS.LW

FRPPDQGV� gk_toAll �� gk_toOthers �� DQG� gk_toUserNum � DOORZ� D� SURJUDP� WR� LQYRNH� D

SURFHGXUH�RQ�DOO�PDFKLQHV��RQ�DOO�PDFKLQHV�H[FHSW�LWVHOI��RU�RQ�RQH�SDUWLFXODU�PDFKLQH��7KH

VHFRQG�DEVWUDFWLRQ� LV�D�VKDUHG�GDWD�VWUXFWXUH�FDOOHG�DQ� HQYLURQPHQW��$OWKRXJK� WKH�GDWD� LQ�DQ

HQYLURQPHQW� LV� UHSOLFDWHG� DW� HDFK� SDUWLFLSDQW·V�PDFKLQH�� HQYLURQPHQWV� DXWRPDWLFDOO\� WUDFN

FKDQJHV� WR� WKHLU� GDWD� DQG� LQIRUP� DOO� WKH� PDFKLQHV� LQ� WKH� FRQIHUHQFH� RI� WKRVH� FKDQJHV�

(QYLURQPHQWV� FDQ� EH� FRQILJXUHG� WR� JHQHUDWH� HYHQWV� LQ� WKH� DSSOLFDWLRQ� ZKHQ� FKDQJHV� DUH

PDGH��DOORZLQJ�DSSOLFDWLRQ�SURFHGXUHV��VXFK�DV�D�UHGLVSOD\�SURFHGXUH��WR�EH�WLHG�WR�FKDQJHV

LQ�WKH�GDWD�VWUXFWXUH�
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������0DQDJHPHQW�RI�DZDUHQHVV�LQIRUPDWLRQ

$SSOLFDWLRQV� PXVW� H[SOLFLWO\� FROOHFW�� GLVWULEXWH�� DQG� GLVSOD\� DQ\� ZRUNVSDFH� DZDUHQHVV

LQIRUPDWLRQ� WKDW� LV� XVHG� LQ� WKH� V\VWHP�� 7R� FROOHFW� WKH� LQIRUPDWLRQ�� LQWHUIDFH� HYHQWV� WKDW

UHIOHFW� HOHPHQWV� RI� :$� PXVW� EH� WUDSSHG�� DQG� WKH� UHOHYDQW� LQIRUPDWLRQ� UHFRUGHG�� 7R

GLVWULEXWH�WKH�LQIRUPDWLRQ��LW�PXVW�EH�WUDQVPLWWHG�WR�RWKHUV�LQ�WKH�FRQIHUHQFH�DV�D�*URXS.LW

PHVVDJH��7R�GLVSOD\�WKH� LQIRUPDWLRQ��DSSOLFDWLRQ�SURFHVVHV�PXVW� LQWHUSUHW�WKH�PHVVDJH�DQG

GUDZ�UHOHYDQW�SDUWV�RI�WKH�GLVSOD\�

7KH�IROORZLQJ�*URXS.LW�FRGH�IUDJPHQW�LOOXVWUDWHV�KRZ�VLPSOH�WHOHSRLQWHU�LQIRUPDWLRQ�PLJKW

EH� PDQDJHG�� )RU� VLPSOLFLW\�� ,� XVH� 53&V� �gk_toOthers �� UDWKHU� WKDQ� HQYLURQPHQWV� WR

GLVWULEXWH� WKH� WHOHSRLQWHU·V� ORFDWLRQ�� 7KH� FRGH� VKRZV� RQO\� WKH� FROOHFWLRQ�� GLVWULEXWLRQ�� DQG

GLVSOD\�RI�WKH�DZDUHQHVV�LQIRUPDWLRQ��LW�DVVXPHV�WKDW�D�GUDZLQJ�VXUIDFH��FDOOHG�D�FDQYDV��KDV

DOUHDG\�EHHQ�FUHDWHG��DQG�WKDW� WKH�DSSOLFDWLRQ�KDV�FUHDWHG� WHOHSRLQWHU� LWHPV�RQ� WKDW�FDQYDV

IRU� HDFK� UHPRWH�XVHU�� 6LQFH� WKLV� FRGH� UXQV�RQ� DOO�PDFKLQHV� LQ� WKH� FRQIHUHQFH�� WKHVH� VWHSV

PDQDJH�WKH�WHOHSRLQWHU�LQIRUPDWLRQ�IRU�HDFK�SHUVRQ�LQ�WKH�FRQIHUHQFH�

# 1) collect cursor information from the local user

bind .myCanvas <Motion> “broadcastTelepointer %x %y”

# 2) distribute x and y location for the local user

proc broadcastTelepointer {x y} {
gk_toOthers updateTelepointer $me $x $y”

}

# 3) update the location of a remote user’s telepointer

proc updateTelepointer {user x y} {
.myCanvas coords telepointer$user $x $y

}

,Q�WKLV�H[DPSOH��$me�XQLTXHO\�LGHQWLILHV�WKH�ORFDO�XVHU��DQG�.myCanvas �LV�WKH�FDQYDV�GUDZLQJ

VXUIDFH��7KH�WKUHH�SDUWV�RI�WKH�FRGH�DUH�H[SODLQHG�EHORZ�

&ROOHFWLRQ�� 7KH� bind � FRPPDQG� DWWDFKHV� D� 7FO� FDOOEDFN� �WKH� broadcastTelepointer

SURFHGXUH��WKDW�LV�LQYRNHG�ZKHQHYHU�WKH�ORFDO�XVHU·V�PRXVH�LV�PRYHG�

'LVWULEXWLRQ��7KH�broadcastTelepointer �SURFHGXUH�FRQWDLQV�WKH�gk_toOthers �FRPPDQG

WKDW�LQYRNHV�WKH�updateTelepointer procedure �RQ�DOO�RWKHU�PDFKLQHV�LQ�WKH�FRQIHUHQFH�
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1RWH� WKDW� ZH� XVH� gk_toOthers � EHFDXVH� WKH� ORFDO� XVHU� GRHV� QRW� QHHG� D� WHOHSRLQWHU� IRU

WKHPVHOYHV�

'LVSOD\��)LQDOO\�� WKH�updateTelepointer �SURFHGXUH�GRHV� WKH� DFWXDO�GLVSOD\�ZRUN��PRYLQJ

WKH�DSSURSULDWH�WHOHSRLQWHU� LWHP��RQH�KDV�SUHYLRXVO\�EHHQ�FUHDWHG�IRU�HDFK�UHPRWH�XVHU�� WR

WKH�ULJKW�SODFH�RQ�WKH�FDQYDV�

����$�JHQHUDO�DSSURDFK��WKH�V\QWKHWLF�LQIRUPDWLRQ�ODQGVFDSH

7KH�SUREOHPV�GLVFXVVHG�DERYH�LPSO\�WKDW�ZRUNVSDFH�DZDUHQHVV�LQ�D�JURXSZDUH�V\VWHP�ZLOO

DOZD\V�EH�GLIIHUHQW�WKDQ�LQ�D�IDFH�WR�IDFH�VHWWLQJ��+RZHYHU��D�IDU�JUHDWHU�GHJUHH�RI�VXSSRUW

FDQ� EH� SURYLGHG� WKDQ� ZKDW� LV� VHHQ� LQ� FXUUHQW� V\VWHPV�� ,� SURSRVH� WKH� LGHD� RI� D� V\QWKHWLF

LQIRUPDWLRQ� ODQGVFDSH� DV� D� JHQHUDO� DSSURDFK� WR� SURYLGLQJ� DZDUHQHVV� LQIRUPDWLRQ� LQ

JURXSZDUH��$Q� LQIRUPDWLRQ� ODQGVFDSH� LV� VLPSO\�D� VHW�RI�GLVSOD\V� WKDW� VXVWDLQV� VRPH�RI� WKH

FRQWHQW� DQG� SUHVHQWDWLRQ� TXDOLWLHV� WKDW� DUH� SDUW� RI� SK\VLFDO� ZRUNVSDFHV�� 7KH� DVVXPSWLRQ

EHKLQG�WKLV�LGHD�LV�WKDW�PDLQWDLQLQJ�:$�ZLOO�EH�HDVLHU�LI�SHRSOH�DUH�DEOH�WR�XVH�VNLOOV�WKDW�WKH\

DOUHDG\� KDYH�� 7KDW� LV�� SHRSOH� VKRXOG� EH� DEOH� WR� PDLQWDLQ� DZDUHQHVV� LQ� JURXSZDUH� E\

JDWKHULQJ� SHUFHSWXDO� LQIRUPDWLRQ� IURP� D� G\QDPLF� HQYLURQPHQW�� LQWHUSUHWLQJ� ZKDW� WKDW

LQIRUPDWLRQ�PHDQV��DQG�WKHQ�DFWLQJ�RQ�WKHLU�NQRZOHGJH��7KH�PHWDSKRU�RI�D� ODQGVFDSH�KDV

LPSOLFDWLRQV�ERWK�IRU�WKH�NLQGV�RI�LQIRUPDWLRQ�WKDW�DUH�SUHVHQWHG�DQG�WKH�ZD\V�WKDW�WKH\�DUH

GLVSOD\HG��0XFK�RI�ZKDW�,�GLVFXVV�EHORZ�UHJDUGLQJ�WKH�FROOHFWLRQ��GLVWULEXWLRQ��DQG�GLVSOD\�RI

ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�ILWV�ZLWKLQ�WKLV�DSSURDFK�

����&ROOHFWLRQ

$Q\�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�WKDW�LV�WR�EH�SDUW�RI�D�JURXSZDUH�LQWHUIDFH�PXVW�ILUVW

EH�FROOHFWHG�E\�WKH�V\VWHP��7KLV�LPSOLHV�WKDW�FRGH�LQ�WKH�V\VWHP�ZLOO�UHFRUG�LQSXW�RU�LQWHUIDFH

HYHQWV�WKDW�DUH�PHDQLQJIXO�LQ�WHUPV�RI�VXSSRUWLQJ�ZRUNVSDFH�DZDUHQHVV��7KLV�QHHG�UDLVHV�WZR

EDVLF�TXHVWLRQV��ZKDW�LQIRUPDWLRQ�VKRXOG�EH�FROOHFWHG��DQG�KRZ�VKRXOG�LW�EH�JDWKHUHG"�7KH

FRQFHSWXDO� IUDPHZRUN�VHWV�RXW�ZKDW�HOHPHQWV�RI� LQIRUPDWLRQ�VKRXOG�EH�PDGH� DYDLODEOH� WR

JURXS�PHPEHUV��+RZHYHU��LW�GRHV�QRW�VWDWH�KRZ�WKH�HOHPHQWV�RI�ZRUNVSDFH�DZDUHQHVV�FDQ

EH�GHWHUPLQHG�XVLQJ�WKH� LQIRUPDWLRQ�VRXUFHV�IRXQG�LQ�D�JURXSZDUH�V\VWHP��,� ORRN�DW�WKUHH

LVVXHV� EHORZ��ZKHUH� WR� ILQG� DSSURSULDWH� GDWD� WR� VXSSRUW� WKH� EDVLF� HOHPHQWV� RI� ZRUNVSDFH
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DZDUHQHVV�� KRZ� WR� GHDO� ZLWK� WDVN�VSHFLILF� DZDUHQHVV� UHTXLUHPHQWV�� DQG� KRZ� GLIIHUHQW

FROOHFWLRQ�PHWKRGV�DIIHFW�WKH�LQIRUPDWLRQ�

������6RXUFHV�IRU�JHQHUDO�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ

7KH� GHVLJQHU� QHHGV� WR� ILQG� LQIRUPDWLRQ� WKDW� ZLOO� DOORZ� SHRSOH� WR� PDLQWDLQ� WKH� EDVLFV� RI

ZRUNVSDFH� DZDUHQHVV�� 7KLV� LQIRUPDWLRQ� LV� QRW� QHFHVVDULO\� GLUHFWHG� WRZDUG� DQ\� WDVN

UHTXLUHPHQW��EXW� LV�DYDLODEOH� LQ� WKH�EDFNJURXQG�WR�EH�SLFNHG�XS�ZKHQ�DSSURSULDWH��2I� WKH

FDWHJRULHV�SUHVHQWHG�LQ�&KDSWHU����WKUHH�DUH�IXQGDPHQWDO�SDUWV�RI�IDFH�WR�IDFH�HQYLURQPHQWV�

ZKR�� ZKDW�� DQG� ZKHUH�� 7KDW� LV�� SHRSOH� VKRXOG� EH� DEOH� WR� GHWHUPLQH� ZKR� WKH\� DUH

FROODERUDWLQJ�ZLWK��ZKDW�WKH\�DUH�GRLQJ��LQ�JHQHUDO���DQG�ZKHUH�WKH\�DUH�ZRUNLQJ�

7DEOH� �� FRPSDUHV� VRXUFHV� RI� LQIRUPDWLRQ� IURP� IDFH�WR�IDFH� DQG� JURXSZDUH� VHWWLQJV�� 7KH

JURXSZDUH�VRXUFHV�DUH�QRW�H[KDXVWLYH��DQG�DUH�GHULYHG�IURP�ZKDW�LV�DYDLODEOH�LQ�D�VWDQGDUG

(OHPHQW� 6RXUFH�LQ�D�SK\VLFDO�ZRUNVSDFH ([DPSOH�VRXUFH�LQ�D�JURXSZDUH�V\VWHP

:KR�

3UHVHQFH 3K\VLFDO�SUHVHQFH�LQ�WKH�URRP /RJJHG�LQWR�WKH�V\VWHP

,GHQWLW\ 2EYLRXV�IURP�SK\VLFDO
DSSHDUDQFH

1DPH�RU�RWKHU�LQIRUPDWLRQ�PXVW�EH
SURYLGHG�E\�SDUWLFLSDQW

$XWKRUVKLS $XWKRUVKLS�RI�FXUUHQW�DFWLRQV�LV
REYLRXV�IURP�SK\VLFDO�SUHVHQFH

$FWLRQV�SHUIRUPHG�DW�GLIIHUHQW
ZRUNVWDWLRQV�LPSO\�GLIIHUHQW�DXWKRUV

:KDW�

$FWLRQ &RQVHTXHQWLDO�FRPPXQLFDWLRQ
DQG�IHHGWKURXJK

&RQVHTXHQWLDO�FRPPXQLFDWLRQ�DQG
IHHGWKURXJK

,QWHQWLRQ ,QIHUUHG�IURP�DFWLRQV�DQG
FRQWH[W

,QIHUUHG�IURP�DFWLRQV�DQG�FRQWH[W
�DOWKRXJK�OHVV�LQIRUPDWLRQ�DERXW�DFWLRQV
DQG�FRQWH[W�LV�DYDLODEOH�

:KHUH�

/RFDWLRQ :KHUH�D�SHUVRQ·V�ERG\�LV�ORFDWHG /RFDWLRQ�RI�DQ\�HPERGLPHQW��H�J�
WHOHSRLQWHU���RU�ORFDWLRQ�RI�UHFHQW�DFWLRQ

9LHZ 2ULHQWDWLRQ�WR�ZRUNVSDFH�DQG
GLVWDQFH�IURP�LW

/RFDWLRQ�DQG�H[WHQWV�RI�YLHZSRUW

*D]H 2ULHQWDWLRQ�RI�KHDG�DQG�H\HV 7KH�FXUVRU�PD\�JLYH�D�URXJK�LQGLFDWLRQ
RI�JD]H�GLUHFWLRQ

5HDFK /RFDWLRQ�DQG�DUP·V�UHDFK $Q\WKLQJ�LQ�YLHZ�FDQ�EH�UHDFKHG

7DEOH����6RXUFHV�RI�DZDUHQHVV�LQIRUPDWLRQ�LQ�SK\VLFDO�DQG�JURXSZDUH�ZRUNVSDFHV�
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ZRUNVWDWLRQ�EDVHG�JURXSZDUH�VHWXS��7KH�PDMRU�GLIIHUHQFH�EHWZHHQ�WKH�WZR�FROXPQV�LV�WKDW

LQIRUPDWLRQ�VRXUFHV� LQ� IDFH�WR�IDFH�HQYLURQPHQWV�DUH�ERWK�REYLRXV�DQG�KHDYLO\�GHSHQGHQW

RQ� WKH� RULHQWDWLRQ� DQG� DSSHDUDQFH� RI� SHRSOH·V� ERGLHV�� ZKHUHDV� JURXSZDUH�PXVW�PDNH� GR

ZLWK�PRUH�LQGLUHFW�FXHV�

)RU�H[DPSOH��D�SHUVRQ·V�SUHVHQFH� LV�REYLRXV� LQ�D�SK\VLFDO�ZRUNVSDFH��EXW�PXVW�EH� LQIHUUHG

IURP� ORJLQ� VWDWXV� LQ� D� JURXSZDUH� V\VWHP�� $OVR�� ´ZKHUHµ� TXHVWLRQV� �ORFDWLRQ�� YLHZ�� JD]H�

UHDFK�� DUH� JHQHUDOO\� GHSHQGHQW� RQ� WKH� ORFDWLRQ� DQG� RULHQWDWLRQ� RI� D� SHUVRQ·V� ERG\� LQ� WKH

SK\VLFDO� ZRUNVSDFH�� LQ� JURXSZDUH�� WKHVH� HOHPHQWV� DUH� KDUGHU� WR� HVWDEOLVK� XQDPELJXRXVO\�

'HVSLWH�WKHVH�GLIIHUHQFHV��KRZHYHU��UHDVRQDEOH�DQDORJXHV�GR�H[LVW�LQ�D�JURXSZDUH�V\VWHP�IRU

VXSSRUWLQJ�WKH�EDVLFV�RI�ZRUNVSDFH�DZDUHQHVV�

������6RXUFHV�RI�WDVN�VSHFLILF�DZDUHQHVV�LQIRUPDWLRQ

&HUWDLQ�NLQGV�RI�MRLQW�DFWLRQV�LQ�VKDUHG�ZRUNVSDFHV�PDNH�VSHFLILF�GHPDQGV�RQ�WKH�DZDUHQHVV

RI�WKH�SDUWLFLSDQWV��7KLV�NLQG�RI�LQIRUPDWLRQ�LV�QRW�FROOHFWHG�WKURXJK�ORZ�OHYHO�V\VWHP�HYHQWV

DV� ZDV� WKH� JHQHUDO� LQIRUPDWLRQ� DERYH�� EXW� WKURXJK� VSHFLILF� HYHQWV� RU� RFFXUUHQFHV� LQ� WKH

JURXSZDUH� V\VWHP��)RU� H[DPSOH�� LI� D� WDVN� UHTXLUHG� LQWHUOHDYHG� DFWLRQV� E\� WZR� SHRSOH� �VHH

EHORZ���WKHQ�WKH�V\VWHP�ZRXOG�KDYH�WR�WUDS�WKH�HYHQW�WKDW�VLJQLILHG�WKH�FRPSOHWLRQ�RI�HDFK

SHUVRQ·V� DFWLRQ�� 8QIRUWXQDWHO\�� WKHVH� HYHQWV� FDQQRW� EH� NQRZQ� LQ� DGYDQFH�� DQG� PXVW� EH

GHWHUPLQHG�E\�WKH�GHVLJQHU�WKURXJK�H[SHULHQFH�ZLWK�WKH�WDVN�DQG�WKH�SDUWLFLSDQWV��+RZHYHU�

GHVLJQHUV�FDQ�EH�RQ�WKH�ORRNRXW�IRU�SDUWLFXODU�W\SHV�RI�WDVNV�WKDW�DUH�OLNHO\�WR�LPSRVH�VSHFLILF

UHTXLUHPHQWV�IRU�ZRUNVSDFH�DZDUHQHVV��)RU�H[DPSOH��,�KDYH�LGHQWLILHG�WKUHH�FRPPRQ�W\SHV�

XQLWDU\�DFWLRQV��LQWHUOHDYHG�DFWLRQV��DQG�SURGXFHU�FRQVXPHU�VLWXDWLRQV�

8QLWDU\� DFWLRQV�� 6RPH� DFWLRQV� FDQQRW� EH� FDUULHG� RXW� E\� D� VLQJOH� SHUVRQ� DQG� UHTXLUH� WKH

VLPXOWDQHRXV�RSHUDWLRQ�RI�PXOWLSOH�SHRSOH��H�J��)RUV\WK��������6KDUHG�DFWLRQV�XVXDOO\�RFFXU

ZKHQ� WKH�GHPDQGV�RI� WKH� WDVN� H[FHHG� WKH� FDSDELOLWLHV�RI�RQH�SHUVRQ�� RU�ZKHQ� FRQVWUDLQWV

VXFK� DV� WLPH� RU� TXDOLW\� GLFWDWH� WKDW�PRUH� SHRSOH� FRXOG� GR� D� EHWWHU� MRE�� )RU� H[DPSOH�� DQ

REMHFW�PD\�EH� WRR�KHDY\� IRU�RQH�SHUVRQ� WR� OLIW��RU�PLJKW�EH�PRUH�TXLFNO\�PDQLSXODWHG�E\

VHYHUDO� SHRSOH�� :KHQ� SHRSOH� DFW� VLPXOWDQHRXVO\� RQ� D� VLQJOH� REMHFW�� WKH\� QHHG� GHWDLOHG

LQIRUPDWLRQ�DERXW�WKHLU�SDUWQHUV·�DFWLYLWLHV�
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,QWHUOHDYHG� DFWLRQV�� 6RPH� WDVNV� UHTXLUH� VHSDUDWH� DFWLRQV� IURP� PXOWLSOH� SHRSOH�� ZKHUH� HDFK

DFWLRQ�LV�FRQVWUDLQHG�E\�WKRVH�WKDW�SUHFHGHG�LW��$�VLPSOH�H[DPSOH�LV�WKDW�RI�SHRSOH�EXLOGLQJ�D

WRZHU� RI� EORFNV�� HDFK� SODFLQJ� WKH� QH[W� EORFN� LQ� WXUQ�� HDFK� SHUVRQ� PXVW� ZDLW� XQWLO� WKH

SUHYLRXV�DFWLRQ�LV�FRPSOHWHG�EHIRUH�WKH\�FDQ�EHJLQ�WKH�QH[W��,QWHUOHDYHG�DFWLRQV�RFFXU�ZKHQ

SHRSOH�KDYH�GLYLGHG�D�WDVN��DV�LQ�WKH�EORFNV�H[DPSOH���RU�ZKHQ�SHRSOH�DUH�SOD\LQJ�GLIIHUHQW

UROHV� DQG� HDFK� KDYH� GLIIHUHQW� FRQWULEXWLRQV� WR� PDNH� WR� WKH� ILQLVKHG� SURGXFW�� 7KHUH� DUH

GLIIHUHQW� NLQGV� RI� FRQVWUDLQWV� WKDW� DFWLRQV� FDQ� LPSRVH� RQ� RQH� DQRWKHU�� 6RPH� DFWLRQV� DUH

EORFNHG�XQWLO�RWKHU�RSHUDWLRQV�DUH�FRPSOHWH��ZKLOH�RWKHUV�RQO\�QHHG� LQIRUPDWLRQ�DERXW�WKH

QDWXUH� RI� WKH� SULRU� DFWLRQ� WR� SURFHHG�� ,QWHUOHDYHG� DFWLRQV� UHTXLUH� SHRSOH� WR� PDLQWDLQ

DZDUHQHVV�RI�WKH�SURJUHVV��FRPSOHWLRQ��DQG�RFFDVLRQDOO\�WKH�GHWDLOV�RI�RWKHUV·�DFWLRQV�

3URGXFHU�FRQVXPHU�VLWXDWLRQV��,Q�VRPH�WDVNV��DFWLYLWLHV�DUH�GLYLGHG�VXFK�WKDW�RQH�SHUVRQ�SURGXFHV

REMHFWV�RU�LQIRUPDWLRQ�WKDW�DQRWKHU�SHUVRQ�FRQVXPHV��)RU�H[DPSOH��RQH�GUDIWVSHUVRQ�PLJKW

DVVHPEOH� VXE�GUDZLQJV� WKDW� DQRWKHU� SHUVRQ� ILWV� LQWR� D� ODUJHU� SODQ�� LI� WKH� SURGXFW� LV

LQIRUPDWLRQ��RQH�SHUVRQ�PLJKW�JLYH�DQRWKHU�LQVWUXFWLRQV�RQ�KRZ�WR�FDUU\�RXW�D�SURFHGXUH��,Q

WKHVH�VLWXDWLRQV��WKH�SURGXFHU�KDV�WR�PRQLWRU�WKH�FRQVXPHU·V�XVH��DQG�DGMXVW�WKHLU�SURGXFWLRQ

WR�ILW�ZKDW�WKH�FRQVXPHU�QHHGV�

������(IIHFWV�RI�GLIIHUHQW�FROOHFWLRQ�PHWKRGV

2QFH� D� GHVLJQHU� NQRZV� ZKDW� LQIRUPDWLRQ� VRXUFHV� ZLOO� EH� XVHG� WR� UHSUHVHQW� HOHPHQWV� RI

ZRUNVSDFH�DZDUHQHVV�� WKH\�PXVW�GHFLGH�KRZ�WKDW� LQIRUPDWLRQ�ZLOO�EH�FROOHFWHG��7KH\�PXVW

FROOHFW�WKH�LQIRUPDWLRQ�LQ�D�ZD\�WKDW�LV�DSSURSULDWH�WR�WKH�VRXUFH�FKDQQHO�DQG�WR�WKH�HOHPHQW

RI�ZRUNVSDFH�DZDUHQHVV�WKDW�WKH�FKDQQHO�UHSUHVHQWV��)LUVW��GLIIHUHQW�FKDQQHOV�KDYH�GLIIHUHQW

LQIRUPDWLRQ�FKDUDFWHULVWLFV��VXFK�DV�UDWH�RI�FKDQJH�DQG�DPRXQW�RI�LQIRUPDWLRQ�JHQHUDWHG�E\

D� FKDQJH�� )RU� H[DPSOH�� FXUVRU� SRVLWLRQ� FKDQJHV� RIWHQ�� EXW� ORJLQ� VWDWXV� FKDQJHV� UDUHO\�� D

SDUWLFXODU�DFWLRQ�PD\�JHQHUDWH�D�ODUJH�DPRXQW�RI�GDWD��ZKHUHDV�D�WHOHSRLQWHU�PRYH�JHQHUDWHV

RQO\�D�IHZ�E\WHV��6HFRQG��WKH�:$�HOHPHQWV�UHSUHVHQWHG�E\�WKH�FKDQQHO�PD\�KDYH�SDUWLFXODU

UHTXLUHPHQWV� ZLWK� UHVSHFW� WR� WKHLU� LPSRUWDQFH� RU� WLPLQJ�� IRU� H[DPSOH�� WKH� GHSDUWXUH� RI� D

JURXS�PHPEHU�LV�D�PRUH�LPSRUWDQW�HYHQW�WKDQ�D�VLQJOH�WHOHSRLQWHU�PRYH��EXW�WKH�WHOHSRLQWHU

PRYH� KDV� VWULFWHU� UHTXLUHPHQWV� DERXW� GHOD\� WKDQ� GRHV� WKH� GHSDUWXUH� HYHQW�� 7KHVH



��

UHTXLUHPHQWV� DUH� GHWHUPLQHG� SDUWO\� E\� WKH� QDWXUH� RI� WKH� HOHPHQW�� EXW� DOVR� SDUWO\� E\� WKH

VSHFLILF�GRPDLQ�DQG�WDVN�VLWXDWLRQ�

7R� PDWFK� WKHVH� FKDUDFWHULVWLFV� DQG� UHTXLUHPHQWV�� WKH� GHVLJQHU� FDQ� FKDQJH� WKH� ZD\� WKH

LQIRUPDWLRQ�LV�FROOHFWHG��$�FKDQQHO�FDQ�EH�FRQWLQXRXVO\�PRQLWRUHG��VDPSOHG�SHULRGLFDOO\��RU

VDPSOHG�XSRQ�FHUWDLQ�HYHQWV��7KLV�GHFLVLRQ�E\�WKH�GHVLJQHU�GHILQHV�ZKDW�D�¶PRPHQW·�LV�LQ�WKH

GHILQLWLRQ�RI�:$��´XS�WR�WKH�PRPHQW�XQGHUVWDQGLQJ�RI�DQRWKHU�SHUVRQ·V�LQWHUDFWLRQ�ZLWK�WKH

ZRUNVSDFH�µ�,Q�DGGLWLRQ��WKH�GHVLJQHU�PXVW�FRQVLGHU�ZKHWKHU�WKH�IRUPDW�DQG�DFFXUDF\�RI�WKH

FROOHFWHG�LQIRUPDWLRQ�DUH�VXLWDEOH�IRU�GLVWULEXWLRQ�RU�ZKHWKHU�WKH\�PXVW�EH�DOWHUHG�RU�ILOWHUHG

EHIRUHKDQG�

����'LVWULEXWLRQ

'LVWULEXWLQJ�WKH�DZDUHQHVV� LQIRUPDWLRQ�WR�RWKHU�PDFKLQHV� LQ�WKH�QHWZRUN�JHQHUDOO\� LPSOLHV

OHVV� ZRUN� IRU� WKH� GHVLJQHU� WKDQ� FROOHFWLRQ� RU� GLVSOD\�� 2IWHQ�� PDQ\� RI� WKH� DVSHFWV� RI

GLVWULEXWLRQ�DUH�KDQGOHG�E\�WKH�XQGHUO\LQJ�VWUXFWXUHV�RI�WKH�JURXSZDUH�V\VWHP��IRU�H[DPSOH�

LQ�*URXS.LW�� WKH�GHVLJQHU�QHHG�RQO\�GHFLGH�ZKHWKHU� WKH� LQIRUPDWLRQ�VKRXOG�EH� VHQW� WR�DOO

SDUWLFLSDQWV�� WR� DOO� EXW� WKH� ORFDO� XVHU�� RU� WR� RQH� VSHFLILF� SDUWLFLSDQW� �VHH� 6HFWLRQ� �����

1HYHUWKHOHVV��WKHUH�DUH�D�IHZ�GLVWULEXWLRQ�LVVXHV�WKDW�WKH�GHVLJQHU�PXVW�FRQVLGHU��DJDLQ��WKHVH

LVVXHV� UHYROYH� DURXQG�PDWFKLQJ� WKH�GLVWULEXWLRQ� WR� WKH� UHTXLUHPHQWV� DQG� FKDUDFWHULVWLFV� RI

WKH�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�

/DWHQF\��/DWHQF\�UHIHUV�WR�WKH�DPRXQW�RI�WLPH�WKDW�GLVSOD\�FKDQJHV�ODJ�EHKLQG�WKH�RFFXUUHQFH

RI�D�UHPRWH�HYHQW��$Q\�FRPPXQLFDWLRQ�DFURVV�D�QHWZRUN�LQWURGXFHV�VRPH�ODWHQF\��EXW�GHOD\V

PD\�EH�VKRUW��ORQJ��RU�XQSUHGLFWDEOH��)DFH�WR�IDFH�ZRUNVSDFH�GR�QRW�H[SHULHQFH�WKHVH�GHOD\V�

VLQFH� LQIRUPDWLRQ� LQ� D� SK\VLFDO� ZRUNVSDFH� WUDYHOV� DW� WKH� VSHHG� RI� OLJKW� RU� VRXQG�� ,Q

JURXSZDUH��GHVLJQHUV�PXVW�FRQVLGHU�ZKDW� WKH� LQIRUPDWLRQ�ZLOO�EH�XVHG� IRU�DQG�ZKDW�GHOD\

GHSHQGHQFLHV�H[LVW��)RU�H[DPSOH��DFWLRQV�WKDW�DFFRPSDQ\�WDON�DUH�GLIILFXOW�WR�LQWHUSUHW�LI�WKH\

ODJ� EHKLQG� WKH� YHUEDO� FRPPXQLFDWLRQ�� VR� WKH\� KDYH� D� JUHDWHU� UHTXLUHPHQW� IRU� ORZ

GLVWULEXWLRQ�ODWHQF\�
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5HFLSLHQWV��7KH�GHVLJQHU�PXVW�GHWHUPLQH�ZKR�ZLOO�UHFHLYH�WKH�FROOHFWHG�LQIRUPDWLRQ��,Q�VRPH

FDVHV�WKLV�LVVXH�LV�GHFLGHG�E\�WKH�XQGHUO\LQJ�JURXSZDUH�WRRO��EXW�LQ�RWKHU�FDVHV�WKHUH�FDQ�EH�D

FRPSXWDWLRQDO�VDYLQJ�LQ�UHGXFLQJ�WKH�DPRXQW�RI�FRPPXQLFDWLRQ�EHWZHHQ�SURFHVVHV�

6HQG� IUHTXHQF\�� 7KH� GHVLJQHU� DOVR� KDV� FRQWURO� RYHU� KRZ� RIWHQ� DQ� LQIRUPDWLRQ� VRXUFH� LV

GLVWULEXWHG�WR�RWKHUV��,QIRUPDWLRQ�PXVW�EH�VHQW�RIWHQ�HQRXJK�WR�EH�XVHIXO�DW�RWKHU�VLWHV��EXW

V\VWHPV�PXVW�EH�FDUHIXO�WR�QRW�RYHUZKHOP�VORZHU�PDFKLQHV�ZLWK�WRR�PDQ\�PHVVDJHV�

����'LVSOD\

$IWHU� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� KDV� EHHQ� FROOHFWHG� DQG� GLVWULEXWHG�� LW� PXVW� EH

GLVSOD\HG� LQ� WKH� JURXSZDUH� LQWHUIDFH�� 2QFH� DJDLQ�� ZKDW� LV� DXWRPDWLF� LQ� D� SK\VLFDO

HQYLURQPHQW�PXVW�EH�H[SOLFLWO\�PDQDJHG�LQ�JURXSZDUH��WKH�GHVLJQHU�PXVW�GHWHUPLQH�ZKHUH

DQG�KRZ�WR�GLVSOD\�HDFK�SLHFH�RI�ZRUNVSDFH�LQIRUPDWLRQ��'LVSOD\�FKRLFHV�JUHDWO\�DIIHFW�KRZ

ZHOO�DZDUHQHVV�FDQ�EH�PDLQWDLQHG��$V�(QGVOH\������D��VD\V��´WKH�ZD\�LQ�ZKLFK�LQIRUPDWLRQ�LV

SUHVHQWHG�YLD� WKH�RSHUDWRU� LQWHUIDFH�ZLOO� ODUJHO\� LQIOXHQFH� >DZDUHQHVV@� E\� GHWHUPLQLQJ�KRZ

PXFK�LQIRUPDWLRQ�FDQ�EH�DFTXLUHG��KRZ�DFFXUDWHO\�LW�FDQ�EH�DFTXLUHG��DQG�WR�ZKDW�GHJUHH�LW

LV� FRPSDWLEOH� ZLWK� WKH� RSHUDWRU·V� >DZDUHQHVV@� QHHGVµ� �S�� ����� ,Q� GLVSOD\�� D� GHVLJQHU� PXVW

VXSSRUW�WKH�DFWLYLWLHV�RI�WKH�SHUFHSWLRQ�DFWLRQ�F\FOH��IRU�WKH�JURXSZDUH�V\VWHP·V�LQWHUIDFH�LV

WKH� ZKROH� HQYLURQPHQW� IRU� WKH� XVHU�� 7KDW� LV�� DW� HDFK� VLWH� LQ� WKH� JURXSZDUH� V\VWHP�� HDFK

SHUVRQ� ZLOO� HQJDJH� LQ� D� VHSDUDWH� F\FOH� RI� JDWKHULQJ� LQIRUPDWLRQ� IURP� WKH� LQWHUIDFH�

LQWHUSUHWLQJ�WKH�LQIRUPDWLRQ��DQG�H[SORULQJ�WKH�LQWHUIDFH��%HORZ��,�FRQVLGHU�VRPH�EDVLF�LVVXHV

RI�ZKHUH�DQG�KRZ�WR�GLVSOD\�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ��DQG�WKHQ�ORRN�DW�KRZ�GLVSOD\

FDQ�DLG�XVHUV�LQ�PDLQWDLQLQJ�:$�WKURXJK�WKH�SHUFHSWXDO�F\FOH�

������'LPHQVLRQV�RI�GLVSOD\�VSDFH

$� GHVLJQHU� IDFHV� EDVLF� TXHVWLRQV� RI� ZKHUH� DQG� KRZ� WR� GLVSOD\� ZRUNVSDFH� DZDUHQHVV

LQIRUPDWLRQ�LQ�D�JURXSZDUH�LQWHUIDFH��,�KDYH�GHWHUPLQHG�WZR�EDVLF�GLPHQVLRQV�WKDW�SURYLGH

ERXQGDULHV�IRU�VRPH�RI�WKHVH�TXHVWLRQV��)LUVW��ZKHQ�FRQVLGHULQJ�ZKHUH�LQIRUPDWLRQ�ZLOO�EH

GLVSOD\HG�� WKH�GLPHQVLRQ�RI�SODFHPHQW�GUDZV�D�EDVLF�GLVWLQFWLRQ�EHWZHHQ� LQIRUPDWLRQ� WKDW� LV

VLWXDWHG� ZLWKLQ� WKH� ZRUNVSDFH� DQG� LQIRUPDWLRQ� WKDW� LV� SUHVHQWHG� VHSDUDWH� IURP� LW�� 6LWXDWHG

SODFHPHQW� LPSOLHV� WKDW� WKH� LQIRUPDWLRQ� LV� GLVSOD\HG� DW� WKH� ZRUNVSDFH� ORFDWLRQ� ZKHUH� LW
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RULJLQDWHG��DQG�VHSDUDWH�SODFHPHQW�PHDQV�GLVSOD\LQJ�WKH�LQIRUPDWLRQ�RXWVLGH�WKH�ZRUNVSDFH

LQ�D� VHSDUDWH�SDUW�RI� WKH� LQWHUIDFH��6HFRQG�� WKH� LVVXH�RI�KRZ� LQIRUPDWLRQ�ZLOO�EH�GLVSOD\HG

VXJJHVWV� WKH� GLPHQVLRQ� RI� SUHVHQWDWLRQ�� D� GLVSOD\� FDQ� EH� HLWKHU� EH� OLWHUDO� RU� V\PEROLF�� /LWHUDO

SUHVHQWDWLRQ�LPSOLHV�WKDW�WKH�LQIRUPDWLRQ�LV�VKRZQ�LQ�WKH�VDPH�IRUP�WKDW�LW�LV�JDWKHUHG��DQG

LQFOXGHV� ORZ�OHYHO� PRYHPHQW� DQG� IHHGEDFN�� 6\PEROLF� SUHVHQWDWLRQV� H[WUDFW� SDUWLFXODU

LQIRUPDWLRQ� IURP� WKH� RULJLQDO� GDWD� VWUHDP� DQG� GLVSOD\� LW� H[SOLFLWO\�� 7KHVH� WZR� GLPHQVLRQV

FRPELQH�WR�IRUP�WKH�PDWUL[�VKRZQ�LQ�)LJXUH����

Placement

Presentation

SeparateSituated

Symbolic

Literal

)LJXUH�����3UHVHQWDWLRQ�DQG�SODFHPHQW�RI�DZDUHQHVV�GLVSOD\�WHFKQLTXHV�

7KHVH� WZR� GLPHQVLRQV� URXJKO\� GLYLGH� WKH� GHVLJQ� VSDFH� RI� ZRUNVSDFH� DZDUHQHVV� GLVSOD\V�

7KHVH�FRQFHSWV�ZLOO�EH�XVHG�WR�RUJDQL]H�WKH�H[DPSOH�GLVSOD\V�VKRZQ�LQ�&KDSWHU����7KHUH�DUH�

KRZHYHU��VHYHUDO�RWKHU�DVSHFWV�WR�SUHVHQWDWLRQ��$�GHVLJQHU�PXVW�PDWFK�D�YDULHW\�RI�GLVSOD\

FKDUDFWHULVWLFV� WR� WKH� TXDOLWLHV� RI� HDFK� LQIRUPDWLRQ� VWUHDP� �DOWKRXJK� WKLV� SURFHVV� LV� PRUH

IHDVLEOH�IRU�WDVN�VSHFLILF�LQIRUPDWLRQ�WKDQ�IRU�JHQHUDO�:$�LQIRUPDWLRQ���7KUHH�FKDUDFWHULVWLFV

WKDW�DIIHFW�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�DUH�VDOLHQFH��XSGDWH�IUHTXHQF\��DQG�JUDQXODULW\�

6DOLHQFH�� 7KLV� FKDUDFWHULVWLF� LV� WKH� GHJUHH� WR� ZKLFK� FKDQJHV� LQ� WKH� LQIRUPDWLRQ� VWUHDP�ZLOO

GUDZ�WKH�DWWHQWLRQ�RI�WKH�XVHU��6DOLHQFH�LQ�WKH�GLVSOD\�VKRXOG�FRUUHVSRQG�WR�WKH�LPSRUWDQFH

RI� WKH� LQIRUPDWLRQ� �RU�� WKH� LPSRUWDQFH� RI� NQRZLQJ� WKDW� LW� KDV� FKDQJHG��� ,I� WKH� FKDQQHO·V

VDOLHQFH� LV� OHVV� WKDQ� WKH� LQIRUPDWLRQ·V� LPSRUWDQFH�� WKHQ� LQIRUPDWLRQ� ZLOO� EH� PLVVHG�� LI

VDOLHQFH�LV�JUHDWHU�WKDQ�LPSRUWDQFH��WKHQ�WKH�GLVSOD\�ZLOO�EH�GLVWUDFWLQJ��6DOLHQFH�LV�DIIHFWHG�E\

D�QXPEHU�RI�IDFWRUV��LQFOXGLQJ�VL]H�RI�WKH�UHSUHVHQWDWLRQ��SUR[LPLW\�WR�D�SHUVRQ·V�IRFXV��WKH

XVH�RI�FRORXU�DQG�PRWLRQ��DQG�SHRSOH·V�H[LVWLQJ�NQRZOHGJH��VHH�6HFWLRQ��������
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8SGDWH� IUHTXHQF\�� 7KH� UDWH� DW� ZKLFK� D� GLVSOD\� LV� XSGDWHG� VKRXOG� PDWFK� WKH� VDPSOLQJ

UHTXLUHPHQWV�RI�WKH�DFWLYLW\³WKDW�LV��WKLQJV�WKDW�QHHG�WR�EH�FKHFNHG�RIWHQ�VKRXOG�EH�XSGDWHG

IUHTXHQWO\��DQG�WKLQJV�WKDW�QHHG�RQO\�RFFDVLRQDO�DWWHQWLRQ�FDQ�EH�XSGDWHG�LQIUHTXHQWO\��7KLV

FKDUDFWHULVWLF�VKRXOG�FRUUHVSRQG�WR�WKH�VDPSOLQJ�UDWH�DW�ZKLFK�WKH�LQIRUPDWLRQ�ZDV�FROOHFWHG

�VHH�6HFWLRQ���������8SGDWH�IUHTXHQF\�DSSOLHV�SULPDULO\�WR�FRQWLQXRXV��RU�TXDVL�FRQWLQXRXV�

YDULDEOHV� VXFK� DV� FXUVRU� RU� REMHFW�PRYHPHQW�� VLQFH� LQIRUPDWLRQ� VWUHDPV� WKDW� FKDQJH� RQO\

VSRUDGLFDOO\�FDQ�JHQHUDOO\�EH�XSGDWHG�ZKHQHYHU�WKH\�FKDQJH�

*UDQXODULW\��'LVSOD\�JUDQXODULW\�VKRXOG�PDWFK�WKH�JUDLQ�VL]H�DW�ZKLFK�WKH�LQIRUPDWLRQ�LV�XVHG�

)RU� H[DPSOH�� VRPH� WDVNV� UHTXLUH� WKDW� SHRSOH� PDLQWDLQ� RQO\� D� JHQHUDO� LGHD� RI� RWKHUV·

ORFDWLRQV��DQG�RWKHUV�UHTXLUH�GHWDLOHG�NQRZOHGJH��'LVSOD\�JUDQXODULW\�FDQ�EH�PDQLSXODWHG�E\

FKDQJLQJ�D�JUDSKLFDO�GLVSOD\·V�UHVROXWLRQ�RU�UHSUHVHQWDWLRQ�

7KH� ¶YDOXHV·� WKDW� D� GHVLJQHU� DVVLJQV� WR� HDFK� RI� WKHVH� FKDUDFWHULVWLFV� ZLOO� GHSHQG� XSRQ� WKH

UHTXLUHPHQWV� RI� WKH� WDVN�� WKH� JURXS�� DQG� WKH� GRPDLQ�� +RZHYHU�� DZDUHQHVV� QHHGV� FKDQJH

GXULQJ� WKH� FRXUVH� RI� DQ� DFWLYLW\�� DQG� VR� PDNLQJ� WRR� PDQ\� DVVXPSWLRQV� DERXW� WKH

FKDUDFWHULVWLFV�LV�XQZLVH��,Q�JHQHUDO��WKH�TXDOLWLHV�RI�UHTXLUHG�DZDUHQHVV�NQRZOHGJH�DUH�HDVLHU

WR�GHWHUPLQH�DQG�ZLOO� FKDQJH� OHVV�RIWHQ��7KH�TXDOLWLHV�RI� JHQHUDO�:$� LQIRUPDWLRQ� �WKDW� LV�

XVHIXO�EXW�QRW� UHTXLUHG��DUH�PRUH�GLIILFXOW� WR�FKDUDFWHUL]H�� DQG�VR� VKRXOG�EH�JLYHQ�D�PRUH

VXEWOH�SUHVHQWDWLRQ�

������6XSSRUWLQJ�WKH�SHUFHSWLRQ�DFWLRQ�F\FOH�LQ�GLVSOD\

*DWKHULQJ�SHUFHSWXDO�LQIRUPDWLRQ�IURP�WKH�LQWHUIDFH

3HRSOH�ZLOO�JDWKHU�SHUFHSWXDO�LQIRUPDWLRQ�IURP�DQ�LQWHUIDFH��PXFK�DV�WKH\�JDWKHU�LW�IURP�D

SK\VLFDO� HQYLURQPHQW�� 7KH� HIIRUW� UHTXLUHG� WR� JDWKHU� D� SDUWLFXODU� SLHFH� RI� DZDUHQHVV

LQIRUPDWLRQ�LV�LWV�DFTXLVLWLRQ�FRVW��,I�WKH�LQIRUPDWLRQ�WKDW�WKH\�QHHG�LV�HDV\�WR�REWDLQ�� WKHQ

DFTXLVLWLRQ�FRVW�LV�ORZ�DQG�PDLQWHQDQFH�RI�:$�LV�HDVLHU��,I�WKH�LQIRUPDWLRQ�FDQ�RQO\�EH�VHHQ

E\�LVVXLQJ�D�VHULHV�RI�FRPPDQGV�WR�WKH�V\VWHP��WKHQ�DFTXLVLWLRQ�FRVW�ZLOO�EH�KLJK��,�GLVFXVV

WZR�GLVSOD\�SULQFLSOHV�EHORZ�WKDW�FDQ�UHGXFH�DFTXLVLWLRQ�FRVWV��SULQFLSOHV�WKDW�DUH�SDUW�RI�WKH

LQIRUPDWLRQ�ODQGVFDSH�DSSURDFK�SUHVHQWHG�HDUOLHU�



��

&RQWLQXRXV�SUHVHQWDWLRQ��$Q�LQWHJUDO�SDUW�RI�WKH�LGHD�RI�D�ODQGVFDSH�LV�WKDW�LW�LV�DOZD\V�WKHUH�LQ

WKH�EDFNJURXQG��,W� LV� D� UHVRXUFH� WKDW�SHRSOH�FDQ� WDNH� LQIRUPDWLRQ� IURP��EXW�RQH� WKDW� WKH\

QHHG�QRW�DWWHQG�WR�DOO�WKH�WLPH��&RQWLQXRXVO\�DYDLODEOH�LQIRUPDWLRQ�UHGXFHV�DFTXLVLWLRQ�FRVWV

VLQFH� D� SHUVRQ� KDV� RQO\� WR� VKLIW� WKHLU� JD]H� WR� DQRWKHU� SDUW� RI� WKH� GLVSOD\�� &RQWLQXRXV

LQIRUPDWLRQ� DOVR� JXDUDQWHHV� WKDW� ZKHQ� DQRWKHU� SHUVRQ� GRHV� VRPHWKLQJ� LQWHUHVWLQJ�� WKH

LQIRUPDWLRQ� ZLOO� EH� DYDLODEOH� WR� RWKHUV�� ,I� LQIRUPDWLRQ� LV� QRW� DOZD\V� WKHUH�� DQG� PXVW� EH

H[SOLFLWO\�VXPPRQHG��SDUWLFLSDQWV�KDYH� WR�NQRZ�DKHDG�RI� WLPH�ZKHQ� LQWHUHVWLQJ�HYHQWV�DUH

JRLQJ� WR� WDNH� SODFH�� $� WKLUG� DGYDQWDJH� RI� FRQWLQXRXV� SUHVHQWDWLRQ� LV� WKDW� SHRSOH� FDQ

DFFOLPDWL]H�WKHPVHOYHV�WR�WKH�LQIRUPDWLRQ�VWUHDP��$V�LQ�SK\VLFDO�VHWWLQJV��SHRSOH�FDQ�LJQRUH

WKH�ODQGVFDSH�GXULQJ�IRFXVHG�LQGLYLGXDO�ZRUN��EXW�VWLOO�REVHUYH�SDWWHUQV�RU�FULWLFDO�HYHQWV�WKDW

LQGLFDWH� WKH� QHHG� IRU� FORVHU� DWWHQWLRQ�� 7KH� FRVW� RI� FRQWLQXRXV� SUHVHQWDWLRQ�� RQ� WKH� RWKHU

KDQG��LV�WKDW�VFUHHQ�VSDFH�LV�WDNHQ�IRU�LQIRUPDWLRQ�WKDW�LV�QRW�DOZD\V�LQ�XVH�

/LWHUDO�SUHVHQWDWLRQ��7KH�DFWXDO�PRYHPHQWV�DQG�GHWDLOHG�DFWLRQV�RI�RWKHU�SDUWLFLSDQWV�DUH�D�ULFK

VRXUFH�RI�:$�LQIRUPDWLRQ�DQG�WKH�YHKLFOH�WKURXJK�ZKLFK�FRQVHTXHQWLDO�FRPPXQLFDWLRQ��VHH

&KDSWHU� ��� FDQ�RFFXU��/LWHUDO� LQIRUPDWLRQ� LV� HDV\� WR� JDWKHU� XVLQJ�SHUFHSWXDO� VNLOOV� WKDW� DUH

ZHOO�SUDFWLFHG�LQ�IDFH�WR�IDFH�HQYLURQPHQW��,I�OLWHUDO�SUHVHQWDWLRQ�LV�XVHG��WKHQ�RWKHU�GLVSOD\

WHFKQLTXHV� WKDW� IXUWKHU� HQULFK� WKH� ODQGVFDSH� DUH� PDGH� SRVVLEOH�� )RU� H[DPSOH�� ZRUNVSDFH

UHSUHVHQWDWLRQV�DQG�HPERGLPHQW�FDQ�EH�PDGH�PRUH�H[SUHVVLYH��DQG�GLUHFW�PDQLSXODWLRQ�FDQ

EH�XVHG�WR�LQWHUDFW�ZLWK�WKH�DUWLIDFWV�LQ�WKH�ZRUNVSDFH�

,QWHUSUHWLQJ�SHUFHSWXDO�LQIRUPDWLRQ

7KH� ZD\� WKDW� LQIRUPDWLRQ� LV� SUHVHQWHG� FDQ� JUHDWO\� DIIHFW� WKH� DPRXQW� RI� PHQWDO� HIIRUW

UHTXLUHG�WR�PDNH�VHQVH�RI�WKH�LQIRUPDWLRQ��7KLV�PHQWDO�HIIRUW�LV� LQWHUSUHWDWLRQ�FRVW��:KHUH

GLVSOD\V�VKRZ�LQIRUPDWLRQ�LQ�D�IRUP�WKDW�LV�IDPLOLDU�DQG�HDV\�WR�XVH��LQWHUSUHWDWLRQ�FRVWV�DUH

ORZ�� ,I� WKH� GLVSOD\� XVHV� IRUPDWV� WKDW� KDYH� QRWKLQJ� WR� GR� ZLWK� WKH� WDVN�� DQG� SUHVHQW

LQIRUPDWLRQ�WKDW�PXVW�EH�FRQYHUWHG�PHQWDOO\�EHIRUH�LW�FDQ�EH�XVHG��WKHQ�LQWHUSUHWDWLRQ�FRVWV

DUH�KLJK��7KH�FRQFHSWXDO�IUDPHZRUN�VHWV�RXW�IRXU�NLQGV�RI�NQRZOHGJH�WKDW�SHRSOH�XVH�WR�DLG

LQWHUSUHWDWLRQ�RI�SHUFHSWXDO�LQIRUPDWLRQ��VHH�6HFWLRQ���������DQG�SDUWV�RI�WKHVH�FRQWH[WV�FDQ

EH�FRQYH\HG�WKURXJK�WKH�JURXSZDUH� LQWHUIDFH��%HORZ��,�GLVFXVV�IRXU�GLVSOD\�SULQFLSOHV� WKDW

FDQ�DLG�LQWHUSUHWDWLRQ��VLWXDWLQJ�LQIRUPDWLRQ�LQ�WKH�ZRUNVSDFH��SURYLGLQJ�VSDWLDO�DQG�WHPSRUDO
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FRQWH[W��XVLQJ�IRUPDWV�GHILQHG�E\�WKH�WDVN�VLWXDWLRQ��DQG�XVLQJ�IRUPDWV�WKDW�PDWFK�SHRSOH·V

DZDUHQHVV�QHHGV�

6LWXDWH�LQIRUPDWLRQ�LQ�WKH�ZRUNVSDFH��%\�SUHVHQWLQJ�:$�LQIRUPDWLRQ�LQ�WKH�ZRUNVSDFH��GHVLJQHUV

FDQ� PDNH� XVH� RI� SHRSOH·V� H[LVWLQJ� NQRZOHGJH� RI� WKDW� VSDFH�� 7KH� ZRUNVSDFH� LV� DOUHDG\� D

IDPLOLDU� SODFH� WR� JURXSZDUH� SDUWLFLSDQWV�� VLQFH� WKH\� LQWHUDFW� ZLWK� LW� WR� GR� WKHLU� LQGLYLGXDO

ZRUN�� ([LVWLQJ� NQRZOHGJH� DERXW� WKH� ZRUNVSDFH� FDQ� WKHUHIRUH� EH� XVHG� WR� KHOS� LQWHUSUHW

VLWXDWHG� SUHVHQWDWLRQV� RI� :$� LQIRUPDWLRQ�� 7KLV� SULQFLSOH� ZDV� SUHYLRXVO\� VXJJHVWHG� E\

'RXULVK� DQG� %HOORWWL� �������� ZKR� FDOOHG� LW� VKDUHG� IHHGEDFN�� ´SUHVHQWLQJ� IHHGEDFN� RQ

LQGLYLGXDO� XVHUV·� DFWLYLWLHV� ZLWKLQ� WKH� VKDUHG� ZRUNVSDFHµ� �S�� ������ %RWK� FRQVHTXHQWLDO

FRPPXQLFDWLRQ� IHHGWKURXJK� OHQG� WKHPVHOYHV� WR� VLWXDWHG� SUHVHQWDWLRQ�� 7KDW� LV�� SHRSOH·V

DFWLRQV�DQG�WKH�IHHGEDFN�IURP�WKRVH�DFWLRQV�DOUHDG\�KDSSHQ�ZLWKLQ�WKH�ZRUNVSDFH��DQG�VR�LW

VHHPV�QDWXUDO�WR�SUHVHQW�WKRVH�HYHQWV�WR�RWKHUV�LQ�WKH�SODFH�ZKHUH�WKH\�RFFXU�

3URYLGH�WHPSRUDO�DQG�VSDWLDO�FRQWH[W��$�FRQVHTXHQFH�RI�VLWXDWLQJ�LQIRUPDWLRQ�LQ�WKH�ZRUNVSDFH�LV

WKDW� LQIRUPDWLRQ� VKRXOG�EH�GLVSOD\HG� LQ� DQ� DSSURSULDWH� WHPSRUDO� DQG� VSDWLDO� FRQWH[W��7KLV

PHDQV�WKDW�DFWLRQV�VKRXOG�EH�REVHUYDEOH�DV�WKH\�XQIROG�RYHU�WLPH��DQG�WKDW�WKH\�VKRXOG�EH

VHHQ�LQ�UHODWLRQ�WR�UHOHYDQW�REMHFWV�DQG�ZRUNVSDFH�ODQGPDUNV��:LWKRXW�VSDWLDO�FRQWH[W��GHL[LV

LV�PRUH�GLIILFXOW��DQG�DFWLRQV�DQG�JHVWXUHV�DUH�KDUGHU�WR�UHODWH�WR�WKH�REMHFWV�WKDW�DUH�EHLQJ

PDQLSXODWHG��7HPSRUDO� FRQWH[W� LPSOLHV� VKRZLQJ� WKH� LQWHUPHGLDWH� VWDWHV�RI� DQ� DFWLYLW\�� DQG

XVLQJ� DQ� DSSURSULDWH�XSGDWH� IUHTXHQF\�� 6RPH�NLQGV� RI� DFWLRQV�� VXFK� DV� JHVWXUHV�� UHTXLUH� D

FHUWDLQ�WHPSRUDO�UHVROXWLRQ�WR�EH�SURSHUO\�LQWHUSUHWHG�

8VH� IRUPDWV� GHILQHG� E\� WKH� WDVN�� ,I� SHRSOH� WUDGLWLRQDOO\� UHODWH� WR� DZDUHQHVV� LQIRUPDWLRQ� LQ� D

SDUWLFXODU� ZD\�� WKHQ� IROORZLQJ� WKRVH� WUDGLWLRQV� LQ� WKH� LQWHUIDFH� ZLOO� UHGXFH� LQWHUSUHWDWLRQ

FRVWV��)RU�H[DPSOH��LI�DQ�HGLWLQJ�WDVN�LV�VWUXFWXUHG�VR�WKDW�SHRSOH�JHQHUDOO\�WKLQN�RI�ORFDWLRQV

DV�VHFWLRQ�QXPEHUV� LQ�D�GRFXPHQW�� WKHQ�SUHVHQWLQJ� ORFDWLRQV�DV�SDJH�QXPEHUV�ZLOO� UHTXLUH

SHRSOH�WR�WUDQVODWH�WKH�LQIRUPDWLRQ�EHIRUH�WKH\�FDQ�XQGHUVWDQG�LW�

8VH� IRUPDWV� WKDW� PDWFK� DZDUHQHVV� QHHGV�� 2QH� RI� WKH� GHVLJQ� SULQFLSOHV� SUHVHQWHG� E\� (QGVOH\

�����D��IRU�VLWXDWLRQ�DZDUHQHVV�GLVSOD\V�LV�WR�SUHVHQW�LQIRUPDWLRQ�LQ�WKH�IRUP�WKDW�LW�ZLOO�EH

XVHG��7KLV�DSSURDFK�FDQ�DOVR�EH�DSSOLHG� WR�ZRUNVSDFH�DZDUHQHVV�GLVSOD\V��DOWKRXJK�ZLWK�D

IHZ�FDYHDWV��7KH�GLIILFXOW\� LV� LQ�GHWHUPLQLQJ�EHIRUHKDQG�ZKDW�D�SHUVRQ�ZLOO�XVH�ZRUNVSDFH
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DZDUHQHVV� NQRZOHGJH� IRU�� HVSHFLDOO\� DZDUHQHVV� WKDW� LV� XVHIXO� EXW� QRW� UHTXLUHG�� 7KLV

XQFHUWDLQW\� LPSOLHV� WKDW�D�GHVLJQHU�ZLOO�KDYH�GLIILFXOW\�SUHVHQWLQJ�DZDUHQHVV� LQIRUPDWLRQ�DV

UHDG\�PDGH�NQRZOHGJH�LQ�WKH�IRUP�WKDW�SHRSOH�QHHG��1HYHUWKHOHVV��WKH�JHQHUDO�SULQFLSOH�FDQ

VWLOO�EH�XVHG��)RU�H[DPSOH��ZKHQ�GLIIHUHQW�SLHFHV�RI�LQIRUPDWLRQ�DUH�XVHG�WRJHWKHU��WKH\�FDQ

VRPHWLPHV�EH�LQWHJUDWHG�LQ�D�VLQJOH�GLVSOD\��H�J��:LFNHQV�������

)XUWKHU�H[SORUDWLRQ�RI�WKH�LQWHUIDFH

8VDJH�FRVW�LV�WKH�DPRXQW�RI�HIIRUW�UHTXLUHG�WR�XVH�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ��HLWKHU

LQ� IXUWKHU� H[SORUDWLRQ� RI� WKH� HQYLURQPHQW� RU� LQ� WDNLQJ� DFWLRQ�� 7KHUH� DUH� WZR� JHQHUDO

SULQFLSOHV�WKDW�FDQ�ORZHU�XVDJH�FRVWV�

'HSWK� RI� GHWDLO�� $ZDUHQHVV� GLVSOD\V� VKRXOG� DOORZ� SHRSOH� WR� JDWKHU� DGGLWLRQDO� LQIRUPDWLRQ

UHODWHG�WR�D�SDUWLFXODU�HYHQW��6LQFH�SHULSKHUDO�REVHUYDWLRQ�RI�DQ�HYHQW�RIWHQ� OHDGV� WR�FORVHU

DWWHQWLRQ�� GLVSOD\V� VKRXOG� EH� DEOH� WR� SURYLGH� DGGLWLRQDO� GHWDLO� XSRQ� LQVSHFWLRQ�� ,I� ,� VHH� D

SDUWLFXODU� DFWLRQ� WKDW� SLTXHV�P\� LQWHUHVW�� ,� VKRXOG� EH� DEOH� WR� ILQG� RXW� ZKR� LV� EHKLQG� WKH

DFWLRQ� DQG� ZKDW� WKH\� DUH� GRLQJ�� ZLWKRXW� JRLQJ� WKURXJK� D� FRPSOLFDWHG� GLDORJXH� ZLWK� WKH

V\VWHP�

$FWLRQ� LQ� FRQWH[W�� 'LVSOD\V� VKRXOG� DOORZ� SHRSOH� WR� WDNH� DFWLRQ� EDVHG� RQ� WKH� DZDUHQHVV

LQIRUPDWLRQ�WKDW�WKH\�JDWKHU��7DNLQJ�DFWLRQ�LQ�D�SK\VLFDO�ZRUNVSDFH�LV�VLPSOH��IRU�H[DPSOH��LI

,�VHH�WKDW�VRPHRQH�UHTXLUHV�DVVLVWDQFH��LW�LV�HDV\�WR�JR�WR�ZKHUH�WKH\�DUH��KHOS�WKHP�ZLWK�WKHLU

ORFDO�DFWLYLW\��DQG�UHWXUQ�WR�P\�RZQ�ZRUN��7KLV�NLQG�RI�EHKDYLRXU�LV�RIWHQ�PRUH�FRPSOLFDWHG

LQ�D�JURXSZDUH�HQYLURQPHQW��ZKHUH�PRYLQJ�DURXQG�LQ�WKH�ZRUNVSDFH�FDQ�EH�PRUH�GLIILFXOW

WKDQ�LQ�WKH�SK\VLFDO�ZRUOG��1HYHUWKHOHVV��IDFLOLWLHV�FDQ�RIWHQ�EH�IRXQG�WR�VLPSOLI\�DFWLRQV�WKDW

DULVH�IURP�LQIRUPDWLRQ�LQ�WKH�LQWHUIDFH�

����6XPPDU\

7KLV� FKDSWHU� KDV� ORRNHG� DW� GHVLJQ� LVVXHV� LQYROYHG� LQ� VXSSRUWLQJ� ZRUNVSDFH� DZDUHQHVV� LQ

VKDUHG�ZRUNVSDFH� JURXSZDUH�� 6XSSRUW� IRU� DZDUHQHVV� LV� QHHGHG� LQ� JURXSZDUH� IRU� WZR

UHDVRQV�� )LUVW�� JURXSZDUH� WHFKQRORJ\� KLQGHUV� WKH� PDLQWHQDQFH� RI� DZDUHQHVV�� JURXSZDUH

V\VWHPV�UHGXFH�SHUFHSWLRQ�RI� WKH�ZRUNVSDFH�� DQG� UHGXFH� WKH�H[SUHVVLYHQHVV�RI�ERGLHV�DQG
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ZRUNVSDFH� DUWLIDFWV�� 6HFRQG�� FRPSXWDWLRQDO� ZRUNVSDFHV� DUH� V\QWKHWLF� HQYLURQPHQWV�� DQG

QRWKLQJ� H[LVWV� LQ� WKHP� ZLWKRXW� GHVLJQ�� 7KHUHIRUH�� GHVLJQHUV� PXVW� WDNH� RQ� WKH� WDVNV� RI

FROOHFWLQJ�� GLVWULEXWLQJ�� DQG� GLVSOD\LQJ� DQ\�ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� WKDW� LV� WR� EH

SDUW�RI�WKH�V\VWHP�

&ROOHFWLRQ�RI�LQIRUPDWLRQ�UHTXLUHV�WKDW�WKH�GHVLJQHU�PDWFK�HOHPHQWV�RI�ZRUNVSDFH�DZDUHQHVV

WR�DSSURSULDWH�LQIRUPDWLRQ�VRXUFHV�LQ�WKH�JURXSZDUH�V\VWHP��'LVWULEXWLRQ�LV�RIWHQ�D�VLPSOH

WDVN� WDNHQ� FDUH� RI� E\� WKH� XQGHUO\LQJ� DUFKLWHFWXUH� RI� WKH� V\VWHP�� )LQDOO\�� GLVSOD\� FKRLFHV

JUHDWO\� DIIHFW�SHRSOH·V� DELOLWLHV� WR�PDLQWDLQ�ZRUNVSDFH� DZDUHQHVV��7KH�GHVLJQ� VSDFH� FDQ�EH

URXJKO\� GLYLGHG� XVLQJ� WZR� GLPHQVLRQV�� SODFHPHQW� �VLWXDWHG� RU� VHSDUDWH�� DQG� SUHVHQWDWLRQ

�OLWHUDO�RU�V\PEROLF���6HYHUDO�GLVSOD\�SULQFLSOHV�FDQ�KHOS�SHRSOH�WR�PDLQWDLQ�DZDUHQHVV�XVLQJ

WKH� DFWLYLWLHV� RI� WKH� SHUFHSWLRQ�DFWLRQ� F\FOH�� 0DQ\� RI� WKHVH� SULQFLSOHV� DUH� SDUW� RI� WKH

LQIRUPDWLRQ�ODQGVFDSH�DSSURDFK�WR�PDQDJLQJ�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�

�� *DWKHULQJ�SHUFHSWXDO�LQIRUPDWLRQ�IURP�WKH�LQWHUIDFH�
• 3UHVHQW�DZDUHQHVV�LQIRUPDWLRQ�DV�D�FRQWLQXRXV�VWUHDP

• 3UHVHQW�OLWHUDO�LQIRUPDWLRQ�ZKHQ�SRVVLEOH
�� ,QWHUSUHWLQJ�SHUFHSWXDO�LQIRUPDWLRQ

• 6LWXDWH�LQIRUPDWLRQ�LQ�WKH�ZRUNVSDFH

• 3URYLGH�WHPSRUDO�DQG�VSDWLDO�FRQWH[W

• 8VH�IRUPDWV�GHILQHG�E\�WKH�WDVN

• 8VH�IRUPDWV�GHILQHG�E\�DZDUHQHVV�QHHGV
�� 8VLQJ�DZDUHQHVV�LQIRUPDWLRQ

• 3URYLGH�GHSWK�RI�GHWDLO

• $OORZ�DFWLRQ�LQ�FRQWH[W

7KLV� HQGV� WKH� ILUVW�SDUW�RI� WKH� UHVHDUFK�SURFHVV��&KDSWHU� ��RSHUDWLRQDOL]HG� WKH� FRQFHSW�RI

ZRUNVSDFH�DZDUHQHVV�DW�D�KLJK�OHYHO��LQGLFDWLQJ�ZKDW�LQIRUPDWLRQ�VKRXOG�EH�LQFOXGHG�LQ�WKH

LQWHUIDFH��PHFKDQLVPV�IRU�PDLQWDLQLQJ�DZDUHQHVV��DQG�VLWXDWLRQV�ZKHUH�ZRUNVSDFH�DZDUHQHVV

LV� XVHG� LQ� FROODERUDWLRQ�� 7KLV� FKDSWHU� SURYLGHV� D� VHFRQG� OHYHO� RI� RSHUDWLRQDO� GHWDLO�

FRQVLGHULQJ�WKH�VSHFLILF�VWHSV�D�GHVLJQHU�PXVW�WDNH�WR�DGG�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV

WR� D� JURXSZDUH� LQWHUIDFH��7KH�QH[W� WZR� FKDSWHUV� ORRN� DW� DSSOLFDWLRQ�� WKH� QH[W� SDUW� RI� WKH

UHVHDUFK� SURFHVV�� 7KH\� DSSO\� WKHVH� LGHDV� WR� WKH� GHVLJQ� DQG� FRQVWUXFWLRQ� RI� ZRUNVSDFH

DZDUHQHVV�GLVSOD\V��,�KDYH�GHVLJQHG�D�YDULHW\�RI�GLVSOD\�WHFKQLTXHV�DQG�EXLOW�VHYHUDO�VSHFLILF

GLVSOD\V�WKDW�VXSSRUW�YDULRXV�DVSHFWV�DQG�HOHPHQWV�RI�ZRUNVSDFH�DZDUHQHVV��,Q�&KDSWHU����,
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SUHVHQW� D� QXPEHU� RI� GLIIHUHQW� GLVSOD\V�� RUJDQL]HG� DURXQG� WKH� SULQFLSOHV� RI� SODFHPHQW� DQG

SUHVHQWDWLRQ�� ,Q�&KDSWHU� ��� ,� ORRN�PRUH� FORVHO\� DW� WKH� HYROXWLRQ�RI� RQH� GLVSOD\� FDOOHG� WKH

UDGDU�YLHZ�
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&KDSWHU�� :RUNVSDFH�DZDUHQHVV�GLVSOD\V

7KH� VHFRQG� SDUW� RI� WKH� UHVHDUFK� SURFHVV� LV� WKH

DSSOLFDWLRQ�RI�ZRUNVSDFH�DZDUHQHVV�WR�WKH�GHVLJQ�RI

JURXSZDUH� LQWHUIDFHV�� 7KLV� FKDSWHU� H[SORUHV� WKH

GHVLJQ� VSDFH� RI� ZRUNVSDFH� DZDUHQHVV� GLVSOD\V�� ,

GLVFXVV� GLVSOD\� WHFKQLTXHV� DQG� DSSURDFKHV�� DQG

VKRZ�H[DPSOHV�RI�SDUWLFXODU�VROXWLRQV�WR�WKH�GHVLJQ

SUREOHPV� SUHVHQWHG� LQ� SUHYLRXV� FKDSWHUV�� 7KHVH

H[DPSOHV�DUH�GUDZQ�ERWK�IURP�P\�RULJLQDO�GHVLJQ�ZRUN��DQG�DOVR�IURP�H[LVWLQJ�V\VWHPV�DQG

SULRU�UHVHDUFK��2ULJLQDO�GLVSOD\V�DUH�DOO�EXLOW�XVLQJ�WKH�*URXS.LW�JURXSZDUH�WRRONLW��5RVHPDQ

DQG�*UHHQEHUJ�������

,�XVH� WZR�GLPHQVLRQV�RI� WKH�GHVLJQ� VSDFH�� LQWURGXFHG� LQ�&KDSWHU���� WR�JURXS� WKH�GLVSOD\V�

SODFHPHQW�DQG�SUHVHQWDWLRQ��VHH�)LJXUH������7KH�SODFHPHQW�RI�D�GLVSOD\�FDQ�EH�HLWKHU� VLWXDWHG

LQ�WKH�ZRUNVSDFH�RU�VHSDUDWH�IURP�LW��6LWXDWHG�SODFHPHQW�LPSOLHV�WKDW�LQIRUPDWLRQ�LV�GLVSOD\HG

DW� WKH� ZRUNVSDFH� ORFDWLRQ� ZKHUH� LW� RULJLQDWHG�� DQG� VHSDUDWH� SODFHPHQW� PHDQV� WKDW

LQIRUPDWLRQ� LV�GLVSOD\HG�RXWVLGH� WKH�ZRUNVSDFH� LQ�D�VHSDUDWH�SDUW�RI� WKH� LQWHUIDFH��6HFRQG�

WKH�GLVSOD\·V�SUHVHQWDWLRQ�FDQ�HLWKHU�EH�OLWHUDO�RU

V\PEROLF�� /LWHUDO� SUHVHQWDWLRQ� LPSOLHV� WKDW� WKH

LQIRUPDWLRQ�LV�VKRZQ�LQ�WKH�VDPH�IRUP�WKDW�LW�LV

JDWKHUHG��DQG�LQFOXGHV�ORZ�OHYHO�PRYHPHQW�DQG

IHHGEDFN�� 6\PEROLF� SUHVHQWDWLRQV� H[WUDFW

SDUWLFXODU� LQIRUPDWLRQ� IURP� WKH� RULJLQDO� GDWD

VWUHDP�DQG�GLVSOD\�LW�H[SOLFLWO\�

)LJXUH� ��� SUHVHQWV� D� SUHYLHZ� RI� WKH� GLVSOD\

WHFKQLTXHV�LQ�WKLV�FKDSWHU��,�ILUVW�ORRN�DW�VLWXDWHG�DSSURDFKHV��ZLWK�ERWK�OLWHUDO�DQG�V\PEROLF

SUHVHQWDWLRQ�� ,� IRFXV� RQ� ZD\V� WR� LQFUHDVH� WKH� LQIRUPDWLRQ� SURYLGHG� E\� ZRUNVSDFH

HPERGLPHQW�� DFWLRQV�� DQG� DUWLIDFWV�� 7KHVH� WHFKQLTXHV� DGGUHVV� HDFK� RI� WKH� DUHDV� ZKHUH

Operationalization

Application

Evaluation

Placement

Presentation

SeparateSituated

Symbolic

Literal

)LJXUH�����'LPHQVLRQV�RI�GHVLJQ

VSDFH�
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JURXSZDUH�KLQGHUV�WKH�PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV��6LWXDWHG�DQG�OLWHUDO�WHFKQLTXHV

DUH�FORVHO\�DOLJQHG�ZLWK�WKH�GLVSOD\�DSSURDFK�LQWURGXFHG�LQ�&KDSWHU����DV�WKHVH�VXSSRUW�WKH

PDLQWHQDQFH�RI�:$� WKURXJK�FRQVHTXHQWLDO� FRPPXQLFDWLRQ� DQG� IHHGWKURXJK�� 6LWXDWHG� DQG

V\PEROLF� WHFKQLTXHV�DUH�XVHIXO�ZKHQ�QR� OLWHUDO� LQIRUPDWLRQ�DERXW�D�SHUVRQ�RU� DQ� DFWLRQ� LV

DYDLODEOH� WR� WKH� V\VWHP�� 6LQFH� VLWXDWHG� WHFKQLTXHV� UHTXLUH� WKDW� WKH� SDUW� RI� WKH� ZRUNVSDFH

VKRZLQJ�WKH� LQIRUPDWLRQ�EH�YLVLEOH�WR�WKH�YLHZHU�� WKH�VHFRQG�SDUW�RI� WKH�FKDSWHU�GLVFXVVHV

VWUDWHJLHV�IRU�PDNLQJ�WKH�ZRUNVSDFH�YLVLEOH�LQ�DGGLWLRQ�WR�WKH�WHFKQLTXHV�WKHPVHOYHV��6HFWLRQ

�����

7KLUG�� ,� ORRN� DW� VHSDUDWH� V\PEROLF� GLVSOD\V�� $OWKRXJK� WKHVH� GLVSOD\V� ODFN� WKH� FRQWH[W

SURYLGHG� E\� D� VLWXDWHG� SODFHPHQW�� WKH\� DUH� XVHIXO� LQ� VRPH� VLWXDWLRQV�� 6HSDUDWH�V\PEROLF

GLVSOD\V� FDQ� VKRZ� WKH� EDVLF� HOHPHQWV� RI� :$� LQIRUPDWLRQ�� DQG� FDQ� DOVR� VKRZ� DEVWUDFW

UHODWLRQVKLSV� WKDW� DUH� GLIILFXOW� WR� REVHUYH� LQ� OLWHUDO� SUHVHQWDWLRQV�� ,� FRQVLGHU� WZR� NLQGV� RI

DEVWUDFW� UHODWLRQVKLS�� WKRVH� GLFWDWHG� E\� VSHFLILF� GHPDQGV� RI� WKH� WDVN�� DQG� WHPSRUDO

UHODWLRQVKLSV�WKDW�LOOXVWUDWH�:$�HOHPHQWV�RYHU�WLPH�

5.3
Separate-symbolic

techniques

5.3.1
Basic WA

information

5.3.2
Arbitrary

relationships

5.1
Situated

techniques

5.1.1
Embodiment

5.1.2
Making actions

perceivable

5.1.3
Expressive

artifacts

Telepointers

View rectangles

Avatars

Video
embodiment

Action
feedthrough

Process
feedthrough

Action
indicators

Action
animation

Sound cues

In-use
indicators

Authorship
indicators

Past use
indicators

WA display
techniques

5.2
Workspace

Visibility

5.2.1
Overviews

5.2.2
Detail views

5.2.3
Focus+context

views

)LJXUH�����$�SUHYLHZ�RI�WKH�WHFKQLTXHV�WKDW�ZLOO�EH�GLVFXVVHG�

7KH�DZDUHQHVV�GLVSOD\V�SUHVHQWHG�KHUH DUH�� IRU� WKH�PRVW�SDUW��GHVLJQHG�IRU�JURXSZDUH� WKDW

XVHV� H[LVWLQJ� PRXVH�DQG�ZLQGRZV� WHFKQRORJ\�� ,� ZLOO� RFFDVLRQDOO\� ORRN� DW� QRQVWDQGDUG
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VROXWLRQV�WKDW�KDYH�SURYHQ�WR�EH�SDUWLFXODUO\�HIIHFWLYH��H�J��6HFWLRQ���������EXW�,�DP�SULPDULO\

FRQFHUQHG�ZLWK� V\VWHPV� WKDW�XVH� VWDQGDUG�ZRUNVWDWLRQV�� EDVLF� LQSXW� GHYLFHV�� DQG� JUDSKLFDO

PRQLWRUV�IRU�GLVSOD\��7KLV�FRQILJXUDWLRQ�ZLOO�EH�WKH�VWDQGDUG�IRU�JURXSZDUH�DSSOLFDWLRQV�IRU

VRPH�WLPH�WR�FRPH��0DQ\�RI�WKH�GHVLJQ�LVVXHV�DQG�GLVSOD\�VROXWLRQV�GLVFXVVHG�KHUH�GR�KDYH

FXUUHQF\�LQ�PRUH�FRPSOH[�VHWXSV�ZLWK�LQWHJUDWHG�YLGHR��ZDOO�VL]HG�GLVSOD\V��DQG�YLUWXDO�UHDOLW\

KDUGZDUH�� +RZHYHU�� GLVFXVVLRQ� RI� WKHVH� HQYLURQPHQWV� LV� EH\RQG� WKH� VFRSH� RI� WKLV

GLVVHUWDWLRQ�

,�LOOXVWUDWH�WKH�DZDUHQHVV�GLVSOD\V�LQ�D�YDULHW\�RI�JURXSZDUH�DSSOLFDWLRQV��6HYHUDO�GLVSOD\V�DUH

LOOXVWUDWHG�XVLQJ�WZR�V\VWHPV�LQ�SDUWLFXODU��7KH�ILUVW�V\VWHP�LV�D�VKDUHG�HGLWRU�IRU�OD\LQJ�RXW

QHZVSDSHU�SDJHV��H�J��)LJXUH������,Q�WKLV�V\VWHP��WKH�ZRUNVSDFH�FRUUHVSRQGV�WR�D�WZR�SDJH

QHZVSDSHU�VSUHDG��DQG�WKH�DUWLIDFWV�LQ�WKH�ZRUNVSDFH�DUH�FROXPQV�RI�WH[W��SLFWXUHV��DQG�VWRU\

KHDGOLQHV��7KH�QHZVSDSHU�HGLWRU�LV�DOVR�XVHG�LQ�WKH�XVDELOLW\�VWXG\�RI�&KDSWHU����7KH�VHFRQG

V\VWHP�XVHG�LQ�WKLV�FKDSWHU�LV�D�JURXSZDUH�FRQFHSW�PDS�HGLWRU��H�J��)LJXUH������7KH�V\VWHP

DOORZV� XVHUV� WR� FUHDWH� ODEHOHG� QRGHV�� PRYH� DQG� HGLW� WKHP�� DQG� FRQQHFW� QRGHV� WR� VLJQLI\

UHODWLRQVKLSV�EHWZHHQ�FRQFHSWV�

,�XVH�WKH�IROORZLQJ�FRQYHQWLRQV� LQ�ILJXUH�FDSWLRQV�WR� LQGLFDWH�WKH� LPSOHPHQWDWLRQ�VWDWXV�RI

GLVSOD\V�SUHVHQWHG�LQ�WKLV�FKDSWHU��)LUVW��LI�QR�QRWH�DSSHDUV�LQ�WKH�FDSWLRQ��WKHQ�WKH�GLVSOD\�LV

D�IXOO\�LPSOHPHQWHG�V\VWHP�LQ�*URXS.LW��2WKHUZLVH�

• $�SURWRW\SH�LV�D�ZRUNLQJ�LPSOHPHQWDWLRQ��EXW�RQH�WKDW�LV�XQSROLVKHG�

• $� UHFUHDWLRQ� LV� D�SLFWXUH�GUDZQ�RI� DQ� LPSOHPHQWHG� V\VWHP��7KH�SLFWXUH� LV� XVHG� WR� VKRZ

DVSHFWV�RI�WKH�V\VWHP�WKDW�ZRXOG�EH�GLIILFXOW�WR�VHH�XVLQJ�VFUHHQ�VQDSVKRWV�

• $�PRFNXS�LV�DQ�XQLPSOHPHQWHG�GUDZLQJ�RI�D�GLVSOD\�LGHD�

• ,I�D�UHIHUHQFH�LV�JLYHQ��WKH�GLVSOD\�LV�WDNHQ�IURP�SULRU�UHVHDUFK�

����6LWXDWHG�WHFKQLTXHV

,QIRUPDWLRQ�LQ�D�IDFH�WR�IDFH�ZRUNVSDFH�LV�ERWK�VLWXDWHG��DV�LW�RULJLQDWHV�IURP�ZLWKLQ�D�VSDWLDO

FRQWH[W� LQ� WKH� ZRUNVSDFH�� DQG� OLWHUDO�� DV� LW� LV� UDZ�� XQLQWHUSUHWHG� SHUFHSWXDO� LQIRUPDWLRQ�

7KHVH�WZR�TXDOLWLHV�FDQ�EH�DSSOLHG�WR�WKH�SUHVHQWDWLRQ�RI�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ

LQ�JURXSZDUH�LQWHUIDFHV�DV�ZHOO��7KH�WHFKQLTXHV�LQ�WKLV�VHFWLRQ�DWWHPSW�WR�IROORZ�WKH�OHDG�RI
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SK\VLFDO� ZRUNVSDFHV�� $V� LQWURGXFHG� DERYH�� VLWXDWHG� WHFKQLTXHV� GLVSOD\� DZDUHQHVV

LQIRUPDWLRQ�DW�WKH�SODFH�LQ�WKH�ZRUNVSDFH�ZKHUH�LW�RULJLQDWHV��DQG�OLWHUDO�WHFKQLTXHV�SUHVHQW

WKH� LQIRUPDWLRQ� LQ� LWV� RULJLQDO� IRUP�� 7KDW� LV�� WKH� ORFDWLRQ� DQG� IRUP� RI� WKH� GLVSOD\HG

LQIRUPDWLRQ�ZLOO�EH� VLPLODU� WR� WKH� ORFDWLRQ�DQG� IRUP�RI� WKH� VRXUFH�RI� WKDW� LQIRUPDWLRQ�� ,Q

VRPH� FDVHV�� KRZHYHU�� OLWHUDO� LQIRUPDWLRQ� LV� GLIILFXOW� WR� REWDLQ�� DQG� VR� ,� ZLOO� DOVR� GLVFXVV

VLWXDWHG�DQG�V\PEROLF�WHFKQLTXHV�

6LWXDWHG�WHFKQLTXHV�IROORZ�WKH�EDVLF�DVVXPSWLRQ�RI�&KDSWHU����WKDW�SHRSOH�VKRXOG�EH�DEOH�WR

PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV�XVLQJ�PDQ\�RI�WKH�VDPH�PHFKDQLVPV�WKDW�WKH\�DOUHDG\�NQRZ

IURP� IDFH�WR�IDFH� ZRUN�� 7KLV� PHDQV� SURYLGLQJ� LQIRUPDWLRQ� DERXW� ERGLHV�� DFWLRQV�� DQG

DUWLIDFWV�LQ�WKH�ZRUNVSDFH��7KLV�LQIRUPDWLRQ�OHWV�SHRSOH�ZDWFK�HDFK�RWKHU�ZRUN��OHWV�WKHP�VHH

WKH�HIIHFWV�RI�HDFK�RWKHUV·�DFWLRQV��DQG�OHWV�WKHP�FRPPXQLFDWH�WKURXJK�WKH�ZRUNVSDFH��7KH

IROORZLQJ� WKUHH� VHFWLRQV� ORRN� DW� ZD\V� WR� LQFUHDVH� WKH� H[SUHVVLYHQHVV� RI� HPERGLPHQW�

ZRUNVSDFH�DFWLRQV��DQG�ZRUNVSDFH�DUWLIDFWV�RYHU�ZKDW�LV�FXUUHQWO\�GRQH�LQ�JURXSZDUH�

������(PERGLPHQW

$�ZRUNVSDFH�HPERGLPHQW�FDQ�SURYLGH� LQIRUPDWLRQ�DERXW�ZKR� LV� LQ� WKH�ZRUNVSDFH��ZKHUH

WKH\� DUH�� DQG� ZKDW� WKH\� DUH� GRLQJ�� DQG� FDQ� DIIRUG� ERWK� FRQVHTXHQWLDO� DQG� JHVWXUDO

FRPPXQLFDWLRQ��$OWKRXJK�WKH�OLPLWV�RI�FRQYHQWLRQDO�LQSXW�GHYLFHV�FRQVWUDLQ�H[SUHVVLYHQHVV�

DV� GLVFXVVHG� LQ� 6HFWLRQ� ������� HPERGLPHQW� FDQ� VWLOO� EH� UHDOL]HG�� 6LQFH� LQWHUDFWLRQ� ZLWK

FRPSXWDWLRQDO� DUWLIDFWV� LV� JHQHUDOO\�PRUH� UHVWULFWHG� WKDQ� LQWHUDFWLRQ� LQ� WKH� SK\VLFDO� ZRUOG�

HYHQ�D�IHZ�GHJUHHV�RI�IUHHGRP�FDQ�DOORZ�SHRSOH�WR�FRQYH\�D�ORW�RI�LQIRUPDWLRQ��7KHUHIRUH�

PD[LPL]LQJ�WKH�LQIRUPDWLRQ�JDWKHUHG�IURP�FRPSXWDWLRQDO�LQWHUDFWLRQV�FDQ�JR�D�ORQJ�ZD\�LQ

KHOSLQJ�SHRSOH�PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV��%HORZ��,�FRPSDUH�IRXU�IRUPV�RI�HPERGLPHQW

WKDW�FDQ�EH�XVHG�LQ�VKDUHG�ZRUNVSDFHV³WHOHSRLQWHUV��YLHZSRUWV��DYDWDUV��DQG�YLGHR�LPDJHV³

DQG�GLVFXVV�ZKDW�:$�LQIRUPDWLRQ�FDQ�EH�SURYLGHG�WKURXJK�WKHP�

7HOHSRLQWHUV

7HOHSRLQWHUV�LQ�JURXSZDUH�FDQ�JR�ZHOO�EH\RQG�WKHLU�EDVLF�IXQFWLRQ�RI�LQGLFDWLQJ�D�ORFDWLRQ�LQ

WKH�ZRUNVSDFH�� 7KH� IXQFWLRQ� RI� D�PRXVH� SRLQWHU� LQ� D� VLQJOH�XVHU� DSSOLFDWLRQ� LV� VLPSO\� WR

PDUN� DQ� [�\� ORFDWLRQ�� EXW� LQ� D� JURXSZDUH� DSSOLFDWLRQ�� WHOHSRLQWHUV� SURYLGH� SHRSOH� ZLWK� D
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ZRUNVSDFH� HPERGLPHQW�� ,Q� DGGLWLRQ� WR� ORFDWLRQ� LQIRUPDWLRQ�� WHOHSRLQWHUV� SURYLGH� LPSOLFLW

LQIRUPDWLRQ� DERXW� SUHVHQFH� DQG� DFWLYLW\�� 3UHVHQFH� LV� LQGLFDWHG� E\� WKH� H[LVWHQFH� RI� WKH

WHOHSRLQWHU�� LI� WKHUH·V� D� WHOHSRLQWHU�� WKHQ� WKHUH·V� VRPHRQH�EHKLQG� LW�ZKR� LV� ORJJHG� LQWR� WKH

FRQIHUHQFH�� %\� ZDWFKLQJ� WKH� WHOHSRLQWHU�PRYH�� D� SHUVRQ� FDQ� DOVR� GHWHUPLQH� WKDW� WKHUH� LV

DFWLYLW\�JRLQJ�RQ��WKH�UDWH�RI�DFWLYLW\��DQG�RIWHQ�WKH�W\SH�RI�WKH�DFWLRQ�DV�ZHOO��$OO�RI�WKLV�LV

FRQYH\HG�VLPSO\�E\�DQ�RUGLQDU\�WHOHSRLQWHU��DV�ORQJ�DV�LW�FDQ�EH�VHHQ�LQ�WKH�ZRUNVSDFH�

6LQFH� D� WHOHSRLQWHU� LV� RIWHQ� D� SHUVRQ·V� RQO\� UHSUHVHQWDWLRQ� LQ� WKH� ZRUNVSDFH�� LW� ZRXOG� EH

XVHIXO� WR�FRQYH\�RWKHU�:$�LQIRUPDWLRQ�WKURXJK�LW��,Q�SDUWLFXODU�� WHOHSRLQWHUV�FDQ�EH�PDGH

PRUH� H[SUHVVLYH� E\� RYHUORDGLQJ� WKHP� ZLWK� LGHQWLW\� DQG� DFWLYLW\� LQIRUPDWLRQ�� ,GHQWLW\

LQIRUPDWLRQ�LV�UHTXLUHG�ZKHQ�WKHUH�DUH�PRUH�WKDQ�WZR�SHRSOH�LQ�WKH�ZRUNVSDFH��%HLQJ�DEOH

WR�LGHQWLI\�WKH�SHRSOH�EHKLQG�ZRUNVSDFH�HPERGLPHQWV�LV�FUXFLDO�IRU�GHWHUPLQLQJ�ZKR�LV�ZKR

LQ�WKH�ZRUNVSDFH��DQG�IRU�GHWHUPLQLQJ�WKH�DXWKRXU�RI�SDUWLFXODU�DFWLRQV�DQG�FKDQJHV��,GHQWLW\

LQIRUPDWLRQ�FDQ�EH�DGGHG�WR�D�WHOHSRLQWHU�LQ�VHYHUDO�GLIIHUHQW�ZD\V��)LJXUH����FRPSDUHV�IRXU

PHWKRGV��FRORXU��QDPHV��SLFWXUHV��DQG�DEVWUDFW�LFRQV�

Carl

Saul

)LJXUH�����)RXU�LGHQWLILFDWLRQ�PHWKRGV��FRORXU��QDPHWDJ��SRUWUDLW��LFRQ��UHFUHDWLRQ��

2I�WKHVH�IRXU�PHWKRGV��FRORXU�LV�WKH�OHDVW�LQWUXVLYH��WKH�RWKHUV�DOO�UHTXLUH�DGGLWLRQDO�VFUHHQ

VSDFH�DQG�XVH�DGGLWLRQDO�REMHFWV�WKDW�PD\�FOXWWHU�WKH�GLVSOD\��+RZHYHU��QDPHV�DQG�SLFWXUHV

KDYH� ORZHU� LQWHUSUHWDWLRQ� FRVW� WKDQ� FRORXU� RU� DEVWUDFW� LFRQV�� WKHVH� UHTXLUH� WKDW� SHRSOH

UHPHPEHU�D�PDSSLQJ�EHWZHHQ�SHRSOH�DQG�DEVWUDFW�LQIRUPDWLRQ��,Q�DGGLWLRQ��SRUWUDLWV�FRXOG

DOVR�EHFRPH�OLYH�RU�SHULRGLF�YLGHR�LPDJHV�WR�JLYH�DQ�HYHQ�EHWWHU�LGHD�RI�ZKR�LV�EHKLQG�WKH

WHOHSRLQWHU�

7HOHSRLQWHUV� DOVR� SOD\� D� PDMRU� UROH� LQ� FRQYH\LQJ� ZKDW� D� SHUVRQ� LV� GRLQJ�� SULPDULO\� E\

VKRZLQJ�WKH�FKDUDFWHULVWLF�PRWLRQV�RI�WKH�DFWLRQ�DV�LW�SURJUHVVHV��+RZHYHU��SHRSOH�LQ�IDFH�

WR�IDFH� VHWWLQJV� DOVR� XVH� RWKHU� LQIRUPDWLRQ� DERXW� D� SHUVRQ·V� ERG\� WR� GHWHUPLQH� WKHLU
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DFWLYLWLHV��2QH� FRPPRQ� FXH� LV� WKH� WRRO� WKDW� D� SHUVRQ� LV� KROGLQJ�� IRU� H[DPSOH�� VHHLQJ� WKDW

VRPHRQH�LV�KROGLQJ�D�KDPPHU�JLYHV�D�JRRG�LQGLFDWLRQ�RI�WKHLU�UHFHQW�RU�LPPLQHQW�DFWLRQV��,Q

WKLV� FDVH�� WKH� KDPPHU� LV� QRW� VWULFWO\� SDUW� RI� WKH� ERG\�� EXW� WKHUH� LV� D� VWURQJ� HQRXJK

FRQQHFWLRQ�WR�FRQVLGHU�LW�D�ORJLFDO�H[WHQVLRQ�RI�WKH�ERG\�UDWKHU�WKDQ�DV�PHUHO\�LQIRUPDWLRQ

DERXW� DQ� DFWLYLW\��*URXSZDUH� V\VWHPV� VXFK� DV� GUDZLQJ� SURJUDPV� RIWHQ� XVH� FRPSXWDWLRQDO

WRROV�WR�PDQLSXODWH�ZRUNVSDFH�DUWLIDFWV��DQG�WHOHSRLQWHUV�FDQ�EH�FKDQJHG�WR�LQGLFDWH�WKH�WRRO

WKDW�HDFK�SHUVRQ�KDV�FKRVHQ��)RU�H[DPSOH��*URXSVNHWFK��*UHHQEHUJ�DQG�%RKQHW�������KDG

WRROV�IRU�GUDZLQJ��HUDVLQJ��W\SLQJ��DQG�SRLQWLQJ��DQG�ZKHQ�D�SHUVRQ�FKRVH�D�WRRO��WKHLU�FXUVRU

RQ�DOO�GLVSOD\V�FKDQJHG�WR�DQ�LFRQ�RI�WKH�WRRO��VHH�)LJXUH������,Q�IDFW��VKRZLQJ�WRROV�PD\�EH

QHFHVVDU\� IRU� WKH� FRUUHFW� LQWHUSUHWDWLRQ� RI� DFWLRQV� SHUIRUPHG� ZLWK� WKH� WRRO� �VHH� 6HFWLRQ

�������

9LHZSRUWV�DQG�YLHZ�UHFWDQJOHV

,I�SHRSOH�LQWHUDFW�ZLWK�WKH�ZRUNVSDFH�WKURXJK�YLHZSRUWV��WKHQ�WKH�YLHZSRUW�FDQ�EH�SDUW�RI�D

SHUVRQ·V� ZRUNVSDFH� UHSUHVHQWDWLRQ�� 2QFH� DJDLQ�� WKH� YLHZSRUW� LV� QRW� WHFKQLFDOO\� SDUW� RI� D

SHUVRQ·V�ERG\��DV�6PLWK��������VD\V��´ZH�GRQ·W�QRUPDOO\�SURMHFW�D�¶FRQH�RI�YLVLRQ·�RXW� LQWR

WKH�ZRUOG� VR� WKDW�SHRSOH�FDQ� WHOO�ZKDW�REMHFWV� DUH�ZLWKLQ�RXU� JD]Hµ� �S�� �����+RZHYHU�� WKH

RULHQWDWLRQ�RI�D�SHUVRQ·V�KHDG�DQG�ERG\�LQ�D�IDFH�WR�IDFH�VHWWLQJ�GRHV�LQ�IDFW�LQGLFDWH�ZKDW�D

)LJXUH�����*URXSVNHWFK��VKRZLQJ�PRGH�VSHFLILF�WHOHSRLQWHUV��*UHHQEHUJ�HW�DO�������
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SHUVRQ�FDQ�VHH��DQG�WKH�YLHZSRUW�LV�XVHIXO�DV�DQ�LQGLUHFW�UHSUHVHQWDWLRQ�RI�WKRVH�SHUFHSWXDO

H[WHQWV��,Q�SDUWLFXODU�� LW� LQGLFDWHV�WKUHH�HOHPHQWV�RI�:$�WKDW�DUH�QRUPDOO\�FRQYH\HG�E\�WKH

ERG\��ZKHUH�LQ�WKH�ZRUNVSDFH�D�SHUVRQ�LV�ZRUNLQJ��ORFDWLRQ���ZKDW�WKH\�FDQ�VHH��YLHZ���DQG

ZKDW�WKH\�FDQ�PDQLSXODWH��UHDFK��

3HRSOH·V� YLHZSRUWV� FDQ� EH� UHSUHVHQWHG� LQ� WKH�ZRUNVSDFH� VR� WKDW� RWKHUV� FDQ� VHH� WKHP��$V

YLHZSRUWV� DUH� JHQHUDOO\� UHFWDQJXODU�� WKHVH� UHSUHVHQWDWLRQV� DUH� RIWHQ� FDOOHG� YLHZ� UHFWDQJOHV�

7KH�PRVW� EDVLF�PHWKRG� IRU� GLVSOD\LQJ� WKHP� LV� VLPSO\� WR� VXSHULPSRVH� D� UHFWDQJOH� RQ� WKH

REMHFWV� LQ� WKH� ZRUNVSDFH�� )RU� H[DPSOH�� )LJXUH� ��� VKRZV� WKH� *URXS'HVLJQ� V\VWHP

�%HDXGRLQ�/DIRQ�DQG�.DUVHQW\��������,Q�WKH�ILJXUH��WKH�ZLQGRZ�DW�ULJKW��&KULVWRSKH��VKRZV

WZR� RWKHU� SHRSOH·V� YLHZSRUWV� DV� VKDGHG� UHFWDQJOHV�� 7KH� WZR� RWKHU� ZLQGRZV� �$ODLQ� DQG

0LFKHO�� GR� QRW� VKRZ�RWKHUV·� YLHZSRUWV�� 6LQFH� WKLV� DSSURDFK� RQO\� VKRZV� DQRWKHU� SHUVRQ·V

YLHZ� UHFWDQJOH� ZKHQ� WKHLU� YLHZ� LQWHUVHFWV� ZLWK� WKH� ORFDO� XVHU·V�� WKH� SULPDU\� XVH� RI� WKLV

DSSURDFK�LV�WR�LQGLFDWH�ZKDW�REMHFWV�ERWK�XVHUV�FDQ�VHH�DW�WKH�VDPH�WLPH��,I�DQ�REMHFW�DSSHDUV

ZLWKLQ�DQRWKHU�SHUVRQ·V�YLHZ�UHFWDQJOH��WKHQ�WKH\�FDQ�VHH�WKDW�REMHFW�LQ�WKHLU�YLHZ�

:KHQ�YLHZV�GR�QRW�LQWHUVHFW��RWKHU�YLHZ�UHFWDQJOHV�ZLOO�QRW�EH�VHHQ��+RZHYHU��LI�D�VHFRQGDU\

)LJXUH�����9LHZSRUW�UHFWDQJOHV�LQ�WKH�*URXS'HVLJQ�V\VWHP

�%HDXGRLQ�/DIRQ�DQG�.DUVHQW\�������
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UHSUHVHQWDWLRQ� RI� WKH� ZRUNVSDFH� LV� DYDLODEOH� WKDW� VKRZV� D� JUHDWHU� DUHD� WKDQ� WKH� PDLQ

YLHZSRUW��WKHQ�YLHZ�UHFWDQJOHV�FDQ�EH�VHHQ�UHJDUGOHVV�RI�WKHLU�ORFDWLRQ��2QH�ZD\�WKDW�WKLV�FDQ

EH�GRQH�LV�E\�XVLQJ�DQ�RYHUYLHZ�RI�WKH�ZRUNVSDFH��DV�GHVFULEHG�ODWHU�LQ�6HFWLRQ�������

$YDWDUV

(YHQ�WKRXJK�D�PRXVH�LV�WKH�RQO\�VSDWLDO�LQSXW�LQ�D�VWDQGDUG�JURXSZDUH�V\VWHP��HPERGLPHQW

FDQ�WDNH�RWKHU�IRUPV�WKDQ�WHOHSRLQWHUV��2QH�WHFKQLTXH�ERUURZHG�IURP�YLUWXDO�UHDOLW\�V\VWHPV

�H�J�� %HQIRUG� HW� DO� ������ UHSUHVHQWV� SHRSOH� DV� DYDWDUV�� VW\OL]HG� SLFWRULDO� UHSUHVHQWDWLRQV� RI

HDFK� SHUVRQ� LQ� WKH� FRQIHUHQFH�� $YDWDUV� SURYLGH� D� KXPDQOLNH� ´ERG\µ� RQ� ZKLFK� LGHQWLW\

LQIRUPDWLRQ� DQG� VRPH� NLQGV� RI� JHVWXUH� DUH� PRUH� HDVLO\� LQWHUSUHWHG�� 6R�� LQVWHDG� RI� D

WHOHSRLQWHU� ZLWK� D� QDPH� WDJ� RU� SRUWUDLW� WUDLOLQJ� DORQJ� EHKLQG� LW�� DYDWDUV� SURYLGH� DQ

HPERGLPHQW� WKDW� ORRNV�PRUH�RU� OHVV� OLNH� D�SHUVRQ�� WKDW� FDQ�KDYH� D� UHFRJQL]DEOH� IDFH�� DQG

ZKRVH�DFWLRQV�LQ�WKH�ZRUNVSDFH�DUH�FDUULHG�RXW�E\�D�´KDQGµ�DW�WKH�HQG�RI�DQ�´DUP�µ�UDWKHU

WKDQ�DQ�HVVHQWLDOO\�GLVHPERGLHG�WHOHSRLQWHU�

)LJXUH� ��� VKRZV� D� PRFNXS� RI� D� ZRUNVSDFH� ZKHUH� WKH� WKUHH� UHPRWH� SDUWLFLSDQWV� DUH

UHSUHVHQWHG� E\� DYDWDUV�� 7KH� DYDWDUV� DUH� VLPSOLVWLF� VKDSHV�� EXW� KDYH� IDFHV� DQG� QDPHV�� DQG

PDQLSXODWH�REMHFWV�RQ� WKH�´WDEOHµ�ZLWK� D� KDQG� FRQWUROOHG�E\� WKH�PRXVH��$V�SHRSOH�PRYH

DURXQG�LQ�WKH�ZRUNVSDFH��WKHLU�DYDWDU�PRYHV�DURXQG�WKH�SHULPHWHU�RI�WKH�WDEOH��:KHQ�WKH\

Carl

Ted

Saul

)LJXUH�����$YDWDUV�LQ�D�VLPXODWHG�WDEOHWRS�ZRUNVSDFH��PRFNXS��
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HQWHU�RU�OHDYH�WKH�FRQIHUHQFH��WKH\�GR�VR�WKURXJK�WKH�¶GRRU·��XSSHU�OHIW���7R�JDLQ�WKH�UHDOLVP

QHHGHG�E\� WKLV�DSSURDFK��D�SHUVSHFWLYH�YLHZ� LV�XVHG� WR� UHSUHVHQW� WKH�ZRUNVSDFH��7KH�VKLIW

IURP�WZR�GLPHQVLRQV�WR�WKUHH�DOVR�DOORZV�DYDWDUV�DQ�DGGLWLRQDO�GHJUHH�RI�IUHHGRP�FRPSDUHG

ZLWK�D�WHOHSRLQWHU��LI�D��'�LQSXW�GHYLFH�LV�XVHG�

:LWK�D�VWDQGDUG�ZRUNVWDWLRQ��WKHVH�DYDWDUV�SURYLGH�QR�PRUH�LQIRUPDWLRQ�WKDQ�D�WHOHSRLQWHU

DQG�D�YLHZ�UHFWDQJOH��EXW�LW�PD\�EH�WKDW�WKH\�SDFNDJH�LW�LQ�D�PRUH�XQGHUVWDQGDEOH�ZD\��7KLV

EHQHILW�� KRZHYHU�� UHTXLUHV� FRQVLGHUDEOH� VFUHHQ� VSDFH�� DQG� UHGXFHV� WKH� DPRXQW� RI� DUHD� IRU

ZRUNVSDFH�GHWDLO� DQG� LQGLYLGXDO�ZRUN��7KH� ULFKHU� VHQVH�RI�SUHVHQFH� FUHDWHG�E\� WHFKQLTXHV

OLNH�DYDWDUV�PXVW�EH�ZHLJKHG�DJDLQVW�WKH�UHTXLUHPHQWV�IRU�LQGLYLGXDO�ZRUNVSDFH�LQWHUDFWLRQ�

9LGHR�HPERGLPHQW

$OWKRXJK� YLGHR� WHFKQLTXHV� JR� EH\RQG� WKH� VWDQGDUG� WHFKQLFDO� VHWXS� RI� PRVW� JURXSZDUH

V\VWHPV�� LW� LV� ZRUWK� QRWLQJ� VHYHUDO� UHVHDUFK� V\VWHPV� WKDW� SURYLGH� SDUWLFXODUO\� HIIHFWLYH

HPERGLPHQW�LQ�VKDUHG�ZRUNVSDFHV��7KHVH�V\VWHPV��LQWURGXFHG�LQ�&KDSWHU����FRPELQH�YLGHR

LPDJHV�RI�SHRSOH�LQ�WKH�FRQIHUHQFH�ZLWK�WKH�UHSUHVHQWDWLRQ�RI�WKH�FRPSXWDWLRQDO�ZRUNVSDFH�

9LGHR� WHFKQLTXHV� SURYLGH� D� IDU�PRUH� UHDOLVWLF� DQG� IOH[LEOH� ZRUNVSDFH� UHSUHVHQWDWLRQ� WKDQ

DQ\WKLQJ�GHVFULEHG�DERYH��7KHUH�DUH�D�VHYHUDO�GLIIHUHQW�ZD\V� WKDW�YLGHR�FDQ�EH�XVHG��)LUVW�

)LJXUH�����6KDGRZ��OHIW��DQG�ORFDO�XVHU��ULJKW��LQ�9LGHR:KLWH%RDUG

�7DQJ�DQG�0LQQHPDQ�������
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ZLWK� ODUJH� GLVSOD\� GHYLFHV�� VLOKRXHWWHV� RU� VKDGRZV� RI� SHRSOH·V� ERGLHV� �)LJXUH� ���� FDQ� EH

UHSUHVHQWHG�RQ�WKH�ZRUNVSDFH��H�J��7DQJ�DQG�0LQQHPDQ��������6KDGRZV�GR�QRW�VKRZ�D�ORW

RI�GHWDLO��EXW�LQGLFDWH�ZRUNVSDFH�ORFDWLRQ�DQG�DUP�PRYHPHQW��VHH�)LJXUH������6HFRQG��IXOO�

ILGHOLW\� YLGHR� RI� DUPV� DQG� KDQGV� FDQ� SURYLGH� GHWDLOHG� LQIRUPDWLRQ� DERXW� DFWLRQV� DQG

PRYHPHQWV� �H�J��7DQJ�DQG�0LQQHPDQ��������7KLV� DOORZV� D� IXOO� UDQJH�RI�PRWLRQ� �DQG� WZR

KDQGV�LI�QHHGHG��IRU�JHVWXULQJ�RYHU�WKH�DUWLIDFWV�LQ�WKH�ZRUNVSDFH��VHH�)LJXUH�����

)LJXUH�����9LGHR�KDQGV�LQ�9LGHR'UDZ��7DQJ�DQG�0LQQHPDQ�������

7KLUG�� IXOO�ILGHOLW\� YLGHR�RI� WKH� HQWLUH� XSSHU� ERG\� �)LJXUH� ���� FDQ� VKRZ� DUPV�� KDQGV�� DQG

IDFHV� �H�J�� ,VKLL� HW� DO� ������� ,Q� FHUWDLQ� VHWXSV�� WKLV� FDQ� DOORZ� H\H� FRQWDFW� ZLWK� D� UHPRWH

)LJXUH�����&OHDU%RDUG��VKRZLQJ�YLGHR�LPDJH�RI�UHPRWH�XVHU��,VKLL�HW�DO�������
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SDUWLFLSDQW� DQG� SURYLGHV� LQIRUPDWLRQ� DERXW� ZKHUH� WKH\� DUH� ORRNLQJ� �VHH� )LJXUH� ����� $V

GLVFXVVHG�LQ�&KDSWHU����KRZHYHU��WKHVH�WHFKQLTXHV�UHTXLUH�VRSKLVWLFDWHG�HTXLSPHQW��DQG�PD\

QRW�VFDOH�ZHOO�WR�ODUJHU�ZRUNVSDFHV�DQG�ODUJHU�JURXSV�

6XPPDU\³HPERGLPHQW

(PERGLPHQW�SURYLGHV�D�ZRUNVSDFH�UHSUHVHQWDWLRQ�IRU�HDFK�SHUVRQ� LQ�D�JURXSZDUH�V\VWHP�

7DEOH� �� VXPPDUL]HV� WKH� ZD\V� WKDW� IRXU� PHWKRGV� RI� HPERGLPHQW³WHOHSRLQWHUV�� YLHZ

(OHPHQW� 7HOHSRLQWHU 9LHZ UHFWDQJOH $YDWDU 9LGHR LPDJH

:KR

3UHVHQFH H[LVWHQFH RI
WHOHSRLQWHU

H[LVWHQFH RI YLHZ
UHFWDQJOH

H[LVWHQFH RI DYDWDU H[LVWHQFH RI YLGHR LPDJH

,GHQWLW\ FRORXU� QDPH�
SRUWUDLW� DEVWUDFW
LFRQ

FRORXU� QDPH� SRUWUDLW�
DEVWUDFW LFRQ

FRORXU� QDPH� SRUWUDLW�
DEVWUDFW LFRQ

IXOO YLGHR LPDJH LGHQWLILHV WKH
SHUVRQ� OHVV REYLRXV ZLWK
SDUWLDO YLGHR RU VLOKRXHWWH

$XWKRUVKLS SUR[LPLW\ RI WKH
WHOHSRLQWHU WR DQ
DFWLRQ

DFWLRQV ZLWKLQ D YLHZ
UHFWDQJOH DUH LQLWLDWHG
E\ WKDW SHUVRQ

SUR[LPLW\ RI WKH DYDWDU
RU WKHLU ¶KDQG· WR DQ
DFWLRQ

SHRSOH FDQ EH VHHQ H[HFXWLQJ
DFWLRQV

:KDW

$FWLRQ PRYHPHQW RI WKH
WHOHSRLQWHU VKRZV
DFWLRQV LQ SURJUHVV

VKRZ QDYLJDWLRQ
DFWLRQV RQO\

PRYHPHQW RI WKH
DYDWDU·V ERG\ RU DUP
VKRZV DFWLRQV LQ
SURJUHVV

SHRSOH FDQ EH VHHQ H[HFXWLQJ
GLUHFW�PDQLSXODWLRQ DFWLRQV

,QWHQWLRQ SUHGLFWLRQ EDVHG
RQ PRWLRQ

SUHGLFWLRQ EDVHG RQ
PRWLRQ

SUHGLFWLRQ EDVHG RQ PRWLRQ
DQG RWKHU ERGLO\ LQIRUPDWLRQ

$UWLIDFW SUR[LPLW\ RI
WHOHSRLQWHU WR
DUWLIDFW

SUR[LPLW\ RI ¶KDQG· WR
DUWLIDFW

SUR[LPLW\ RI YLGHR KDQG WR
DUWLIDFW

:KHUH

/RFDWLRQ WHOHSRLQWHU
LQGLFDWHV ILQH�
JUDLQHG ORFDWLRQ LQ
WKH ZRUNVSDFH

YLHZ UHFWDQJOH
LQGLFDWHV FRDUVH�
JUDLQHG ZRUNVSDFH
ORFDWLRQ

DYDWDU LQGLFDWHV FRDUVH
ZRUNVSDFH ORFDWLRQ�
¶KDQG· VKRZV ILQH�
JUDLQHG ORFDWLRQ

IXOO YLGHR LPDJHV LQGLFDWH
JHQHUDO ORFDWLRQ� YLGHR RI
KDQG RU GLUHFWLRQ RI JD]H
LQGLFDWHV VSHFLILF ORFDWLRQ

*D]H JD]H RIWHQ IROORZV
WHOHSRLQWHU

JD]H LV OLNHO\
VRPHZKHUH ZLWKLQ WKH
YLHZ UHFWDQJOH

JD]H LV OLNHO\ ZLWKLQ
YLHZ� PD\ EH IROORZLQJ
KDQG

H\H�FRQWDFW YLGHR VKRZV
GLUHFW UHSUHVHQWDWLRQ RI JD]H�
JD]H DOVR RIWHQ IROORZV KDQG

9LHZ WHOHSRLQWHU LV
DOZD\V ZLWKLQ WKH
YLHZ

YLHZ UHFWDQJOH H[WHQWV
DUH HTXDO WR YLHZ
H[WHQWV

DUHD LQ IURQW RI DYDWDU DUHD QHDU YLGHR LPDJH RU DUHD
ZKHUH D SHUVRQ LV ORRNLQJ

5HDFK SHRSOH FDQ QRUPDOO\
UHDFK IRU WKLQJV LQVLGH
WKH YLHZ UHFWDQJOH

SHRSOH QRUPDOO\ UHDFK
IRU REMHFWV QHDU WKHLU
DYDWDU

DUP·V UHDFK

7DEOH����:$�LQIRUPDWLRQ�SURYLGHG�E\�IRXU�NLQGV�RI�HPERGLPHQW�
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UHFWDQJOHV�� DYDWDUV�� DQG� YLGHR� WHFKQLTXHV³FRQYH\� GLIIHUHQW� HOHPHQWV� RI� ZRUNVSDFH

DZDUHQHVV�� (PERGLPHQWV� FDQ� FRQYH\� LQIRUPDWLRQ� DERXW� ZKR� LV� LQ� WKH� ZRUNVSDFH�� ZKHUH

WKH\�DUH��DQG�ZKDW�WKH\�DUH�GRLQJ��WKHUHIRUH�� WKH�WDEOH�FRQFHQWUDWHV�RQ�ZKR��ZKDW��DQG�ZKHUH

FDWHJRULHV�

������0DNLQJ�DFWLRQV�SHUFHLYDEOH

$FWLRQV�LQ�VKDUHG�ZRUNVSDFHV�DUH�RIWHQ�GLIILFXOW�WR�SHUFHLYH��7KHUH�DUH�WKUHH�UHDVRQV�IRU�WKH

GLIILFXOW\��)LUVW��DFWLRQV�DUH�QRW�DV�QRWLFHDEOH�DV�WKH\�DUH�LQ�SK\VLFDO�ZRUNVSDFHV��WKH�OLPLWHG

IUHHGRP�RI�WKH�PRXVH�LPSOLHV�WKDW�SHRSOH�PDNH�IHZHU�REYLRXV�FKDUDFWHULVWLF�DFWLRQV��DQG�WKH

SUHVHQFH�RI�V\PEROLF�FRPPDQGV�OLNH�PHQXV�DQG�FRQWURO�NH\V�PHDQ�WKDW�VRPH�DFWLRQV�KDYH

QR�ZRUNVSDFH�UHSUHVHQWDWLRQ�DW�DOO��6HFRQG��PDQ\�DFWLRQV�ORRN�VLPLODU��H�J��DFWLRQV�WKDW�VHOHFW

DQ�REMHFW�DQG�WKHQ�H[HFXWH�D�FRPPDQG���DQG�VR�DUH�KDUG�WR�GLVWLQJXLVK�IURP�RQH�DQRWKHU�

7KLUG��DFWLRQV�FDQ�KDSSHQ�DOPRVW�LQVWDQWDQHRXVO\��OHDYLQJ�OLWWOH�ZDUQLQJ�RI�WKHLU�RFFXUUHQFH

DQG� OLWWOH� WLPH� WR� VHH� DQG� LQWHUSUHW� WKHP�� (DFK� RI� WKHVH� SUREOHPV�� KRZHYHU�� FDQ� EH

DGGUHVVHG��,�RXWOLQH�WKUHH�PHWKRGV�EHORZ��VKRZLQJ�DFWLRQ�IHHGWKURXJK�FDQ�DLG�LQWHUSUHWDWLRQ�RI

GLUHFW�PDQLSXODWLRQ�DFWLRQV��VKRZLQJ�SURFHVV� IHHGWKURXJK�FDQ�SURYLGH�VRPH� LQIRUPDWLRQ�DERXW

V\PEROLF� FRPPDQGV� OLNH� PHQX� FKRLFHV� DQG� NH\SUHVVHV�� DQG� VKRZLQJ� DFWLRQ� LQGLFDWRUV� DQG

DQLPDWLRQV�FDQ�FUHDWH�V\QWKHWLF�IHHGEDFN�IURP�V\PEROLF�DFWLRQV�

$FWLRQ�IHHGWKURXJK

'LUHFW�PDQLSXODWLRQ�LV�WKH�PRVW�SHUFHLYDEOH�NLQG�RI�DFWLRQ�LQ�D�VKDUHG�ZRUNVSDFH��DV�ORQJ�DV

LQWHUPHGLDWH� VWDWHV� DUH� WUDQVPLWWHG� WR� RWKHUV�� DQG� DV� ORQJ� DV� RWKHUV� FDQ� VHH� WKH� DFWLRQ�

+RZHYHU��HYHQ�ZKHQ�WKHVH�VWHSV�DUH�WDNHQ��LQ�PDQ\�FDVHV�LQIRUPDWLRQ�FUXFLDO�WR�LQWHUSUHWLQJ

WKH�DFWLRQ� LV�QRW� WUDQVPLWWHG� WR� UHPRWH�SDUWLFLSDQWV��$OO�RI� WKH� ORFDO� IHHGEDFN� WKDW�KHOSV� D

XVHU�FRPSOHWH�D�GLUHFW�PDQLSXODWLRQ�DFWLRQ�FDQ�DOVR�KHOS�RWKHUV�UHFRJQL]H�DQG�LQWHUSUHW�WKDW

DFWLRQ��7KLV�NLQG�RI�IHHGEDFN�LV�DFWLRQ�IHHGWKURXJK��)RU�H[DPSOH��D�FURS�WRRO�LQ�DQ�LPDJH�

PDQLSXODWLRQ�DSSOLFDWLRQ�VKRZV�D�WHPSRUDU\�UHFWDQJOH�WR� WKH� ORFDO�XVHU�� LQGLFDWLQJ� WKH�DUHD

VHOHFWHG� IRU� WKH� FURS� RSHUDWLRQ�� ,I� WKLV� UHFWDQJOH� LV� QRW� VKRZQ� RQ� UHPRWH� VFUHHQV�� WKHQ

UHPRWH�SDUWLFLSDQWV�ZLOO�KDYH�GLIILFXOW\�GHWHUPLQLQJ�ZKDW�RSHUDWLRQ�LV�EHLQJ�SHUIRUPHG�ZLWK

WKH�WRRO�
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3URFHVV�IHHGWKURXJK

6\PEROLF�FRPPDQG�WKURXJK�PHQXV�RU�NH\SUHVVHV�DUH�DOVR�FRPPRQ�DFWLRQV�LQ�FRPSXWDWLRQDO

ZRUNVSDFHV��7KHVH�DFWLRQV�DUH� LQKHUHQWO\� OHVV�SHUFHSWLEOH� WKDQ�GLUHFW�PDQLSXODWLRQ��EXW�DUH

VRPHWLPHV�QHFHVVDU\��,Q�VRPH�FDVHV��DQ�DFWLRQ�PD\�EH�GLIILFXOW�RU�LPSRVVLEOH�WR�DFFRPSOLVK

WKURXJK� GLUHFW� PDQLSXODWLRQ�� DQG� IRU� VRPH� WDVNV�� WKHUH� DUH� VLPSO\� WRR� PDQ\� NLQGV� RI

RSHUDWLRQV� WR� WXUQ� WKHP�DOO� LQWR�GLUHFW�PDQLSXODWLRQ� WRROV�� 6\PEROLF� DFWLRQV� W\SLFDOO\� KDYH

YHU\� OLWWOH�ZRUNVSDFH� UHSUHVHQWDWLRQ�� EXW� WKH\� QHHG� QRW� EH� LQYLVLEOH��:KHQ� WKH� SURFHVV� RI

VHOHFWLQJ�DQ�RSHUDWLRQ�RU�FRPPDQG�SURYLGHV�IHHGEDFN��WKLV�LQIRUPDWLRQ�FDQ�EH�WUDQVPLWWHG

WR� RWKHU� SHRSOH� WR� KHOS� WKHP� GHWHUPLQH� ZKDW� LV� DERXW� WR� KDSSHQ�� 7KLV� LV� SURFHVV

IHHGWKURXJK��0HQXV��IRU�H[DPSOH��SURYLGH�WKLV�NLQG�RI�IHHGEDFN��)LJXUH����VKRZV�D�SRSXS

PHQX�WKDW�LV�DXWRPDWLFDOO\�VKRZQ�RQ�RWKHU�VFUHHQV��DQG�WKDW�GLVSOD\V�WKH�SURFHVV�RI�FKRRVLQJ

D�V\PEROLF�FRPPDQG��7KHUH�DUH�WKUHH�YDULDQWV�RI�WKH�SRSXS��DOWKRXJK�WKH�ILJXUH� LOOXVWUDWHV

RQO\�WKH�ILUVW�WZR��7KH�ILUVW�YDULDQW�UHSURGXFHV�WKH�HQWLUH�UHPRWH�PHQX�DQG�DOO�RI�WKH�UHPRWH

XVHU·V�PRXVH�PRYHPHQWV� RQ� LW�� 7KH� VHFRQG� VKRZV� WKH� H[WHQWV� RI� WKH�PHQX� DV� DQ� HPSW\

UHFWDQJOH�� DQG� VKRZV� RQO\� WKH� LWHP� WKDW� WKH� UHPRWH� XVHU·V� PRXVH� LV� FXUUHQWO\� RYHU�� 7KLV

YHUVLRQ�LV�XVHIXO�ZKHQ�D�ODUJH�PHQX�ZRXOG�KLGH�WRR�PXFK�RI�WKH�ORFDO�XVHU·V�YLHZ��7KH�WKLUG

YDULDQW�SURYLGHV�RQO\�WKH�PLQLPDO�LQIRUPDWLRQ��,W�GRHV�QRW�VKRZ�LQWHUPHGLDWH�VHOHFWLRQV��EXW

RQO\�WKDW�WKH�UHPRWH�SDUWLFLSDQW�LV�XVLQJ�D�PHQX��DQG�ZKHQ�WKH\�KDYH�PDGH�D�FKRLFH��ZKDW

LWHP�ZDV�FKRVHQ��,Q�)LJXUH�����WKH�SLFWXUH�DW�OHIW�VKRZV�WKH�IXOO\�UHSURGXFHG�PHQX��ZKLFK�LV

WKH�VDPH�DV�ZKDW�WKH�ORFDO�XVHU�VHHV���DQG�WKH�SLFWXUH�DW�ULJKW�VKRZV�RQO\�WKH�PHQX�H[WHQWV

DQG�WKH�LQWHUPHGLDWH�VHOHFWLRQ�

�

)LJXUH�����$�UHPRWHO\�YLVLEOH�SRSXS�PHQX��UHFUHDWLRQ��
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2WKHU� W\SHV�RI� FRPPDQGV� DOVR�SURYLGH�SURFHVV� IHHGEDFN�� DQG� WKH� VDPH� WHFKQLTXH� FDQ�EH

XVHG�WR�PDNH�WKHP�PRUH�YLVLEOH��)RU�H[DPSOH��D�V\PEROLF�FRPPDQG�PD\�RSHQ�D�GLDORJ�ER[

IRU�HQWU\�RI�DGGLWLRQDO�LQIRUPDWLRQ��VXFK�DV�WKH�VFDOH�IDFWRU�LQ�D�UHVL]LQJ�RSHUDWLRQ��$OWKRXJK

LW�PD\�UHTXLUH�WRR�PXFK�VSDFH�WR�UHSURGXFH�WKH�HQWLUH�GLDORJ�RQ�UHPRWH�VFUHHQV��D�VXPPDU\

UHSUHVHQWDWLRQ�FRXOG�LQGLFDWH�WKH�VWDWH�RI�WKH�FXUUHQW�DFWLYLW\�RU�WKH�YDOXHV�RI�SDUWLFXODU�ILHOGV�

$FWLRQ�LQGLFDWRUV�DQG�DQLPDWLRQV

6RPH�FRPPDQGV��KRZHYHU��GR�QRW�SURYLGH�DQ\�SURFHVV�RU�DFWLRQ�IHHGEDFN��:KHQ�VRPHRQH

SUHVVHV�WKH�¶GHOHWH·�NH\�WR�UHPRYH�D�VHOHFWHG�REMHFW��WKH�RSHUDWLRQ�LV�QHDUO\�LQVWDQWDQHRXV�DQG

WKHUH�LV�QR�LQWHUPHGLDWH�LQIRUPDWLRQ�WKDW�WKH�V\VWHP�FDQ�WUDQVPLW�WR�RWKHUV��,Q�WKHVH�FDVHV�

WKH�V\VWHP�FDQQRW�PDNH�WKH�DFWLRQ�LWVHOI�PRUH�QRWLFHDEOH�RU�GLVWLQJXLVKDEOH��+RZHYHU��LW�FDQ

FUHDWH� DQ� DUWLILFLDO� VLJQDO� IRU� WKH� DFWLRQ�� DQG� WKLV� DFWLRQ� LQGLFDWRU� FDQ� EH� JLYHQ� D� PRUH

SHUFHSWLEOH� ZRUNVSDFH� UHSUHVHQWDWLRQ�� )RU� H[DPSOH�� D� VLPSOH� DSSURDFK� WR� VKRZLQJ� WKH

¶GHOHWH·�RSHUDWLRQ�LV�LOOXVWUDWHG�LQ�)LJXUH�����:KHQ�D�QRGH�LQ�WKLV�FRQFHSW�PDS�DSSOLFDWLRQ�LV

GHOHWHG�XVLQJ� D� NH\ERDUG� FRPPDQG�� WKH� DSSOLFDWLRQ� FUHDWHV� DQ� DFWLRQ� LQGLFDWRU� RQ� UHPRWH

VFUHHQV�DQG�GLVSOD\V�LW�IRU�D�PRPHQW�EHIRUH�UHPRYLQJ�WKH�REMHFW��7KLV�WHFKQLTXH�JLYHV�WKH

UHVW�RI�WKH�JURXS�LQIRUPDWLRQ�DQG�WLPH�WR�LQWHUSUHW�WKH�VXGGHQ�GLVDSSHDUDQFH�RI�WKH�REMHFW

IURP�WKH�ZRUNVSDFH�

�

)LJXUH�����6\PEROLF�GHOHWH�LQGLFDWRU��GXULQJ�DQG�DIWHU�GHOHWH��UHFUHDWLRQ��

$OWKRXJK�WKLV�VROXWLRQ�LV�DQ�LPSURYHPHQW�RYHU�QR�DFWLRQ�UHSUHVHQWDWLRQ�� LW�VWLOO�KDV�D�IDLUO\

KLJK�LQWHUSUHWDWLRQ�FRVW��$�UHPRWH�XVHU�VWLOO�KDV�WR�VHH�DQG�UHDG�WKH�LQGLFDWRU��DQG�LI�VHYHUDO

DFWLRQV�DUH�UHSUHVHQWHG�WKH�VDPH�ZD\��GLVWLQJXLVKLQJ�EHWZHHQ�WKHP�PD\�VWLOO�EH�D�SUREOHP�
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$Q�DOWHUQDWH�DSSURDFK�WKDW�FDQ�PLWLJDWH�WKHVH�SUREOHPV�LV�WR�KDYH�WKH�DUWLIDFW�LWVHOI�KHOS�WR

LQGLFDWH�WKH�DFWLRQ�E\�¶DFWLQJ�LW�RXW�·�:KHQ�DFWLRQV�FDXVH�D�YLVLEOH�FKDQJH�LQ�WKH�DUWLIDFW��WKHVH

FKDQJHV�FDQ�EH�PDGH�PRUH�SHUFHSWLEOH�HYHQ�LI� WKH�DFWLRQ�LV� LQYLVLEOH��%\�FKDQJLQJ�ZKDW� LQ

WKH� UHDO� ZRUOG� ZRXOG� EH� D� FKDUDFWHULVWLF� PRWLRQ� WR� EHFRPH� DQ� LQYHQWHG� FKDUDFWHULVWLF

EHKDYLRXU�RI�WKH�DUWLIDFW��DQ�DFWLRQ�FDQ�EH�PDGH�LPSOLFLWO\�QRWLFHDEOH�DQG�GLVWLQJXLVKDEOH�

)LJXUH����VKRZV�WKLV�DSSURDFK�LQ�D�FRQFHSW�PDS�V\VWHP��:KHQ�D�QRGH�LV�GHOHWHG��LW�GRHV�QRW

VLPSO\�GLVDSSHDU��EXW�VZHOOV�XS�IRU�D�PRPHQW�EHIRUH�JUDGXDOO\�IDGLQJ�DZD\��WKH�VXSHUQRYD

HIIHFW���$OWKRXJK�WKH�GHOHWH�DFWLRQ�LV�VWLOO�LQYLVLEOH��WKH�HIIHFWV�RI�WKDW�DFWLRQ�KDYH�EHHQ�GUDZQ

RXW�DQG�PDGH�PRUH�QRWLFHDEOH�

7KLV� DSSURDFK� EXLOGV� RQ� WKH� REVHUYDWLRQV� RI� (OOLV�� *LEEV�� DQG� 5HLQ� ������� WKDW� RWKHUV·

DFWLRQV�DUH�LQKHUHQWO\�PRUH�GLIILFXOW�WR�LQWHUSUHW�WKDQ�\RXU�RZQ��DQG�WKDW�VPRRWK�DQLPDWLRQ

RI�FKDQJHV�FDQ�DLG�LQWHUSUHWDWLRQ��7KH�H[WUD�VWHS�KHUH�LV�WR�DOORZ�WKDW�EHKDYLRXUV�FDQ�DOVR�EH

LQYHQWHG�DQG�HPEHOOLVKHG�IRU� WKH�SXUSRVH�RI� LQGLFDWLQJ�DFWLRQ��'LIIHUHQW�DQLPDWLRQ�HIIHFWV

PLJKW�EH�UHTXLUHG��RI�FRXUVH��GHSHQGLQJ�RQ�WKH�LPSRUWDQFH�RI�WKH�DFWLRQ�DQG�WKH�FRQVWUDLQWV

RI� WKH� WDVN�� 2QH� RSHQ� TXHVWLRQ� ZLWK� DQLPDWLRQ� WHFKQLTXHV� LV� ZKHWKHU� DQ� HIIHFW� OLNH� WKH

VXSHUQRYD�GHOHWH� VKRXOG� EH� VKRZQ� LQ� WKH� ORFDO� XVHU·V� ZRUNVSDFH� DV� ZHOO�� 7KH� ORFDO� XVHU

GRHVQ·W� QHHG� WKH� H[WUD� IHHGEDFN�� VLQFH� WKH\� SUHVXPDEO\� DOUHDG\� NQRZ�ZKDW� WKH\·UH� GRLQJ�

+RZHYHU��QRW�GRLQJ�VR�FRXOG�OHDG�WR�FRQIXVLRQ�XQOHVV�WKH�SDUWLFLSDQWV�NQRZ�DKHDG�RI�WLPH

WKDW� UHSUHVHQWDWLRQV� ZLOO� EH� GLIIHUHQW�� 7KLV� SUREOHP� ILWV� ZLWK� WKH� ODUJHU� LVVXH� RI� KRZ

GLIIHUHQFHV�LQ�UHSUHVHQWDWLRQ�DIIHFW�DZDUHQHVV��VHH�6HFWLRQ��������

)LJXUH�����´6XSHUQRYDµ�DQLPDWLRQ�RI�D�GHOHWH�DFWLRQ��UHFUHDWLRQ��
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6XPPDU\³PDNLQJ�DFWLRQV�SHUFHLYDEOH

$FWLRQV�LQ�FRPSXWDWLRQDO�ZRUNVSDFHV�RIWHQ�KDSSHQ�WRR�TXLFNO\��DUH�KDUG�WR�VHH��DQG�DUH�KDUG

WR� GLIIHUHQWLDWH�� ,� LQWURGXFHG� WKUHH� ZD\V� IRU� PDNLQJ� DFWLRQV� PRUH� SHUFHLYDEOH�� 6KRZLQJ

DFWLRQ� IHHGWKURXJK�GLVSOD\V�YLVXDO� IHHGEDFN� WKDW� WKH� V\VWHP�SURYLGHV� WKH� ORFDO� XVHU�GXULQJ

GLUHFW�PDQLSXODWLRQ� DFWLRQV� �VXFK� DV� WKH� WHPSRUDU\� ¶UXEEHU�EDQG·� UHFWDQJOHV� XVHG� WR� VHOHFW

PXOWLSOH�REMHFWV���6KRZLQJ�SURFHVV� IHHGWKURXJK�GLVSOD\V� LQWHUPHGLDWH� VWHSV� LQ� FDUU\LQJ�RXW

V\PEROLF� DFWLRQV� �VXFK� DV� PHQX� FKRLFHV�� RU� UHOHYDQW� LQIRUPDWLRQ� LQ� D� GLDORJXH� ZLWK� WKH

V\VWHP��$FWLRQ� LQGLFDWRUV� DQG� DFWLRQ� DQLPDWLRQ� DUH� V\QWKHWLF� IHHGEDFN� WKDW� VWUHWFK� RXW� DQ

LQVWDQWDQHRXV�V\PEROLF�FRPPDQG�DQG�PDNHV�LW�PRUH�SHUFHLYDEOH��$FWLRQ�LQGLFDWRUV�GLVSOD\�D

PDUNHU� VKRZLQJ� WKH� W\SH� RI� DFWLYLW\�� $FWLRQ� DQLPDWLRQV� KDYH� WKH� DUWLIDFW� ¶DFW� RXW·� WKH

FRPPDQG�LQ�D�PHDQLQJIXO�DQG�QRWLFHDEOH�ZD\��7DEOH���VXPPDUL]HV�WKH�ZRUNVSDFH�DZDUHQHVV

LQIRUPDWLRQ� VKRZQ�E\� WKHVH� WHFKQLTXHV� IRU� HDFK�RI� WKH� ¶ZKDW·� HOHPHQWV� �DFWLRQ�� LQWHQWLRQ�

DQG�DUWLIDFW��

(OHPHQW� $FWLRQ IHHGWKURXJK 3URFHVV IHHGWKURXJK $FWLRQ LQGLFDWRUV $FWLRQ DQLPDWLRQV

:KDW

$FWLRQ DOO ORFDO IHHGEDFN
IURP DQ DFWLRQ LV
GLVWULEXWHG

VKRZV LQWHUPHGLDWH
VWHSV LQ V\PEROLF
DFWLRQV

PDUNV V\PEROLF
FRPPDQGV DIWHU WKH\
RFFXU

$UWLIDFWV ¶DFW RXW· D
V\PEROLF FRPPDQG

,QWHQWLRQ JUHDWHU IHHGEDFN
DERXW FXUUHQW DFWLYLW\
KHOSV SHRSOH SUHGLFW
LQWHQWLRQ

JUHDWHU IHHGEDFN DERXW
FXUUHQW DFWLYLW\ KHOSV
SHRSOH SUHGLFW
LQWHQWLRQ

LQWHQWLRQ QRW VXSSRUWHG
DV LQGLFDWLRQ LV VKRZQ
DIWHU WKH FRPPDQG
RFFXUV

LQWHQWLRQ QRW
VXSSRUWHG DV
DQLPDWLRQ LV VKRZQ
DIWHU WKH FRPPDQG
RFFXUV

$UWLIDFW SUR[LPLW\ RI YLVXDO
IHHGEDFN WR DQ
DUWLIDFW LQGLFDWHV WKDW
LW LV LQ XVH

SUR[LPLW\ RI SURFHVV
IHHGEDFN FDQ LQGLFDWH
WKDW LW LV LQ XVH

SUR[LPLW\ RI WKH
LQGLFDWRU WR DQ DUWLIDFW
LQGLFDWHV WKDW LW LV LQ XVH

7KH DFWLQJ DUWLIDFW LV
WKH RQH EHLQJ
PDQLSXODWHG

7DEOH����:RUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�VKRZQ�LQ�H[SUHVVLYH�DFWLRQ�WHFKQLTXHV

������0DNLQJ�DUWLIDFWV�PRUH�H[SUHVVLYH

)HHGWKURXJK� LV� WUHPHQGRXVO\� LPSRUWDQW� IRU� WKH�PDLQWHQDQFH� RI� ZRUNVSDFH� DZDUHQHVV�� $V

GLVFXVVHG� HDUOLHU�� PRVW� JURXSZDUH� V\VWHPV� GR� QRW� GLVWULEXWH� WKH� IHHGEDFN� WKDW� DUWLIDFWV

SURYLGH�WR�WKH� ORFDO�XVHU��+RZHYHU��KHUH�,�ZLOO�RQO\�GLVFXVV�WHFKQLTXHV�WKDW�JR�EH\RQG�WKH

EDVLF� OHYHO�� ,� DVVXPH� WKDW� ZKDWHYHU� WKH� ORFDO� XVHU� VHHV�� WKH� UHPRWH� XVHUV� ZLOO� VHH� DV� ZHOO�
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LQFOXGLQJ�LQGLFDWLRQ�RI�VHOHFWLRQ�DQG�WKH�GLVSOD\�RI�LQWHUPHGLDWH�VWDWHV�RI�RSHUDWLRQV��%H\RQG

WKHVH� EDVLFV�� DUWLIDFWV� FDQ� DOVR� GLVSOD\� LQIRUPDWLRQ� DERXW�ZKHWKHU� WKH\� DUH� LQ� XVH�� ZKR� LV

ZRUNLQJ� RQ� WKHP�� DQG�ZKDW� KDV� KDSSHQHG� WR� WKHP� LQ� WKH� SDVW�� ,� DOVR� GLVFXVV� WKH� XVH� RI

VRXQG�FXHV�DV�DQ�DGGLWLRQDO�FKDQQHO�IRU�IHHGWKURXJK�LQIRUPDWLRQ�

([SUHVVLQJ�LQIRUPDWLRQ�DERXW�LQ�XVH�DUWLIDFWV

:KHQ�REMHFWV� DUH�EHLQJ�XVHG�RU�DUH� UHVHUYHG� LQ� VRPH�ZD\�� WKH\� FDQ� LQGLFDWH� WKDW� WKH\� DUH

XQDYDLODEOH� WR� RWKHUV�� ,Q�PDQ\� FDVHV�� RUGLQDU\� LQGLFDWLRQV� RI� VHOHFWLRQ� DUH� HQRXJK� WR� WHOO

RWKHUV�WKDW�DQ�REMHFW�LV�LQ�XVH��,Q�VRPH�ZRUNVSDFHV��KRZHYHU��GHSHQGHQFLHV�EHWZHHQ�DUWLIDFWV

LPSO\�WKDW�VHYHUDO�REMHFWV�DUH�UHVHUYHG�ZKHQ�RQO\�RQH�LV�VHOHFWHG��LQ�RWKHUV��SDUWLFLSDQWV�PD\

EH� DOORZHG� WR� UHVHUYH� VHYHUDO� DUWLIDFWV� DW�RQFH�� ,Q� WKH�&DOOLRSH� WH[W� HGLWRU� �0LWFKHOO� ������

SHRSOH� FDQ� ORFN�ZRUGV�� VHQWHQFHV�� RU� SDUDJUDSKV� DW� D� WLPH�� ,Q� )LJXUH� ���� WZR� XVHUV� KDYH

DSSOLHG�GLIIHUHQW�ORFNLQJ�OHYHOV��RQH�LV�XVLQJ�ZRUG�OHYHO�ORFNLQJ��RQ�WKH�ZRUG�´WDNHµ��DQG�WKH

RWKHU�LV�XVLQJ�SDUDJUDSK�ORFNLQJ��RQ�WKH�ERWWRP�SDUDJUDSK���7KH�UHVHUYHG�WH[W�LV�LQGLFDWHG�E\

D�ER[�VXUURXQGLQJ�WKH�DSSURSULDWH�ZRUGV�

)LJXUH�����,Q�XVH�LQGLFDWLRQ�LQ�WKH�&DOOLRSH�WH[W�HGLWRU��0LWFKHOO�������

7KLV� LGHD� RI�PDUNLQJ� UHVHUYHG� REMHFWV� FDQ� EH� H[WHQGHG�� 3HRSOH� FDQ� DOVR�PDUN� REMHFWV� WR

FRPPXQLFDWH� RWKHU� LQWHQWLRQV� WR� WKH� JURXS�� )RU� H[DPSOH�� )LJXUH� ��� VKRZV� D� QHZVSDSHU�

OD\RXW�V\VWHP�ZKHUH�SHRSOH�FDQ�PDUN�WKH�DUWLFOHV�DQG�VWRULHV�WKDW�WKH\�DUH�SODQQLQJ�WR�XVH�LQ

WKH�QHDU�IXWXUH��7KH�REMHFWV�LQGLFDWH�WKLV�LQWHQWLRQ�ZLWK�D�\HOORZ�RXWOLQH��7KH�REMHFWV�DUH�QRW

ORFNHG��DQG�RWKHUV�FDQ�PDQLSXODWH�WKHP��EXW�WKH�YLVXDO�LQGLFDWLRQ�KHOSV�SHRSOH�WR�NQRZ�HDFK

RWKHUV·� SODQV� DQG�PD\� VLPSOLI\� ODWHU� FRRUGLQDWLRQ��:KHQ� WKH�REMHFWV� DUH�PRYHG�� WKH�PDUN

GLVDSSHDUV�
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Marked items

)LJXUH�����1HZVSDSHU�DSSOLFDWLRQ�ZLWK�REMHFWV�PDUNHG�IRU�ODWHU�XVH��SURWRW\SH�

([SUHVVLQJ�LQIRUPDWLRQ�DERXW�DXWKRUVKLS

)HHGWKURXJK�FDQ�DOVR�SURYLGH�DXWKRUVKLS�LQIRUPDWLRQ��LPSRUWDQW�LI�WKHUH�DUH�PRUH�WKDQ�WZR

SHRSOH� LQ� WKH�ZRUNVSDFH��$V�PHQWLRQHG� DERYH�� SUR[LPLW\� RI� DQ� DFWLRQ� WR� D� WHOHSRLQWHU� RU

RWKHU� HPERGLPHQW� FDQ� VXJJHVW� DXWKRUVKLS�� EXW� ZKHQ� DFWLRQV� KDSSHQ� RXWVLGH� WKH� ORFDO

YLHZSRUW�� PRUH� SHUYDVLYH� LQIRUPDWLRQ� PD\� EH� UHTXLUHG�� $V� ZLWK� HPERGLPHQWV�� WKHUH� DUH

VHYHUDO�ZD\V� WR� LGHQWLI\� WKH�SHUVRQ�EHKLQG�DQ�DFWLRQ�� LQFOXGLQJ�FRORXU��QDPH�� DQG�SRUWUDLW�

)RU�H[DPSOH��DQ�DUWLIDFW�FRXOG�FKDQJH�FRORXU� WR� WKDW�RI� WKH�SHUVRQ�PDNLQJ� WKH�FKDQJH��RU

FRXOG�GLVSOD\�WKH�SHUVRQ·V�QDPH��7KH�&DOOLRSH�WH[W�HGLWRU�LQ�)LJXUH�����0LWFKHOO�������VKRZV

WKH�WH[W�HQWHUHG�E\�HDFK�SHUVRQ�LQ�D�GLIIHUHQW�FRORXU�

(YHQ�ZLWK�RQO\� WZR�SHRSOH� LQ� WKH�ZRUNVSDFH�� IHHGWKURXJK�PXVW�EH�GHVLJQHG� VR� DV�QRW� WR

FRQIXVH� WKH� ORFDO�XVHU��7KDW� LV�� LW�PXVW�EH�FOHDU�ZKDW� LV� ORFDO� IHHGEDFN�DQG�ZKDW� LV� UHPRWH

)LJXUH�����7H[W�FRORXU�LQGLFDWHV�DXWKRU��0LWFKHOO�������
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IHHGWKURXJK��2QH� VROXWLRQ� IRU� GLVSOD\LQJ� ORFDO� DQG� UHPRWH� VHOHFWLRQV� LV� WR� VKRZ� WKHP� LQ

GLIIHUHQW� FRORXUV�� EODFN� IRU� WKH� ORFDO� VHOHFWLRQ�� DQG� HDFK� UHPRWH� SDUWLFLSDQW·V� FKRVHQ

LGHQWLI\LQJ�FRORXU�IRU�UHPRWH�VHOHFWLRQV�

([SUHVVLQJ�LQIRUPDWLRQ�DERXW�WKH�SDVW

7KH� WHFKQLTXHV� GHVFULEHG� DERYH� IRU� LQGLFDWLQJ� DQ� DFWLRQ·V� DXWKRXU� UHDOO\� MXVW� DQQRWDWH� DQ

DUWLIDFW�ZLWK�V\PEROLF�LQIRUPDWLRQ��DQG�WKHUH�DUH�PDQ\�RWKHU�NLQGV�RI�LQIRUPDWLRQ�WKDW�FDQ

EH� FRQYH\HG� LQ� WKLV�ZD\��2QH� NLQG� LV� LQIRUPDWLRQ� DERXW� WKH� SDVW� XVH� RI� WKH� DUWLIDFW�� )RU

H[DPSOH��DUWLIDFWV�FDQ�UHFRUG�DQG�GLVSOD\�WKH�DPRXQW�RU�IUHTXHQF\�RI�FKDQJHV�PDGH�WR�WKHP�

7KLV�DSSURDFK�ZDV�ILUVW�XVHG�E\�+LOO�HW�DO� ������� WR�VKRZ�´HGLW�ZHDUµ�DQG�´UHDG�ZHDUµ�RQ

REMHFWV��VHH�)LJXUH������(DFK�WLPH�DQ�REMHFW�LV�XVHG��LWV�ZRUNVSDFH�UHSUHVHQWDWLRQ�EHFRPHV

GDUNHU�

)LJXUH�����6SUHDGVKHHW�FHOOV�VKRZLQJ�HGLW�ZHDU�DQG�UHDG�ZHDU��DIWHU�+LOO�HW�DO�������

7KHUH�LV�QR�UHDO�OLPLW�WR�ZKDW�WHPSRUDO�LQIRUPDWLRQ�FDQ�EH�DWWDFKHG�WR�D�ZRUNVSDFH�REMHFW�

$Q�DUWLIDFW�FRXOG�VKRZ�WKH�DPRXQW�RI�WLPH�VLQFH�LW�ZDV� ODVW�PDQLSXODWHG��ZKR�ZDV�WKH� ODVW

SHUVRQ� WR�FKDQJH� LW��RU�KRZ�RIWHQ� LW�KDV�EHHQ�FKDQJHG�UHFHQWO\��7KH�QHHG�IRU� WKLV� W\SH�RI

LQIRUPDWLRQ��KRZHYHU��PXVW�EH�GLFWDWHG�E\�WKH�WDVN��$OVR��WKHUH�LV�OLPLWHG�GLVSOD\�VSDFH�LQ�DQ

DUWLIDFW�� DQG� WKHUH� DUH� OLPLWDWLRQV� WR� RXU� DELOLWLHV� WR� SHUFHLYH� DQG� GLIIHUHQWLDWH� V\PEROLF

DWWULEXWHV�VXFK�DV�FRORXU��7KHUHIRUH��WKH�DPRXQW�RI�LQIRUPDWLRQ�WKDW�FDQ�EH�DWWDFKHG�WR�DQ

REMHFW�LV�OLPLWHG�EHIRUH�WKH�GLVSOD\�EHFRPHV�FOXWWHUHG�DQG�GLIILFXOW�WR�LQWHUSUHW�
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([SUHVVLQJ�LQIRUPDWLRQ�WKURXJK�VRXQG�FXHV

6RXQG�FDQ�EH�D�XVHIXO�DGGLWLRQ�WR�DUWLIDFW�DQG�DFWLRQ�IHHGWKURXJK��6RXQG�LV�QRW�DQ�DGGLWLRQDO

W\SH�RI�LQIRUPDWLRQ��EXW�UDWKHU�DQ�DGGLWLRQDO�FKDQQHO�WKURXJK�ZKLFK�WR�FRQYH\�LQIRUPDWLRQ�

,Q� VRPH� FDVHV�� DZDUHQHVV� LQIRUPDWLRQ� SUHVHQWHG� WKURXJK� VRXQG� ZLOO� UHLQIRUFH� YLVXDO

LQIRUPDWLRQ�RQ�WKH�VFUHHQ��EXW�LW�FDQ�DOVR�EH�XVHG�RQ�LWV�RZQ��HVSHFLDOO\�ZKHQ�VFUHHQ�VSDFH�LV

OLPLWHG�RU� WKH� LQIRUPDWLRQ� LV�RI� D�SHULSKHUDO�QDWXUH�� 6RXQG�FDQ�EH�XVHG� WR� FRQYH\� VHYHUDO

NLQGV� RI� LQIRUPDWLRQ� DERXW� DUWLIDFWV�� HYHQWV�� DQG� DFWLRQV� �H�J�� *DYHU� ������ %ODWWQHU� HW� DO

������� 7KHVH� LQFOXGH� WKH� RFFXUUHQFH� RI� DQ� HYHQW�� WKH� W\SH� RI� WKH� HYHQW� RU� DFWLRQ�� WKH

GXUDWLRQ�RI� DQ� DFWLYLW\�� WKH�GHWDLOV�RI� WKH� DFWLRQ�� RU� WKH� FKDUDFWHULVWLFV� RI� DQ� DUWLIDFW� EHLQJ

PDQLSXODWHG�

• 2FFXUUHQFH�RI�DQ�DFWLRQ�RU�HYHQW��6RXQGV�KDYH�ORQJ�EHHQ�XVHG�WR�PDUN�WKH�RFFXUUHQFH�RI�DQ

HYHQW� RU� WKH� SUHVHQFH� RI� D� SDUWLFXODU� VWDWH�� )RU� H[DPSOH�� DODUPV� LQ� FRQWURO� V\VWHPV

LQGLFDWH�IDXOWV�RU�KD]DUGRXV�FRQGLWLRQV��DQG�EHHSV�LQ�FRPSXWHU�DSSOLFDWLRQV�FDQ�LQGLFDWH

LQDSSURSULDWH�DFWLRQV�VXFK�DV�WU\LQJ�WR�GUDJ�SDVW�WKH�HQG�RI�D�GRFXPHQW�

• 7\SH�RI�DFWLRQ��'LIIHUHQW�VRXQGV�FDQ�DOVR�KHOS�SHRSOH�GLIIHUHQWLDWH�EHWZHHQ�GLIIHUHQW�NLQGV

RI� HYHQWV�� )RU� H[DPSOH�� ´HDUFRQVµ� �%ODWWQHU� HW� DO� ������ DUH� VKRUW� PXVLFDO� VLJQDWXUHV

FRUUHVSRQGLQJ�WR�FHUWDLQ�HYHQWV�LQ�FRPSXWHU�V\VWHPV��VXFK�DV�WKH�FUHDWLRQ�RU�GHOHWLRQ�RI

D�ILOH�

• 'XUDWLRQ� RI� DFWLRQ��7KH� OHQJWK�RI� D� VRXQG�FDQ� LQGLFDWH� WKH�GXUDWLRQ�RI� DQ� DFWLYLW\� RU� DQ

RSHUDWLRQ��)RU�H[DPSOH��ZKHQ�ILOHV�DUH�FRSLHG�XVLQJ�WKH�6RQLF)LQGHU��*DYHU�������� WKH

V\VWHP�SOD\V�D�VRXQG�GXULQJ�WKH�HQWLUH�SURJUHVV�RI�WKH�FRS\�RSHUDWLRQ�

• 'HWDLOV�RI�WKH�DFWLRQ��,Q�DGGLWLRQ�WR�GXUDWLRQ��RWKHU�GHWDLOV�RI�DQ�DFWLYLW\�FDQ�EH�UHSUHVHQWHG

LQ�TXDOLWLHV�RI� WKH� VRXQG��)RU� H[DPSOH�� LQ� WKH� ILOH�FRS\� DFWLRQ� DERYH�� WKH� SLWFK�RI� WKH

FRS\� VRXQG� LV� XVHG� WR� LQGLFDWH� WKH� DPRXQW� UHPDLQLQJ� WR� EH� FRSLHG�� KLJKHU� SLWFKHV

LQGLFDWHV�OHVV�RI�WKH�ILOH�UHPDLQLQJ�WR�EH�FRSLHG��*DYHU�������

• &KDUDFWHULVWLFV�RI�WKH�DUWLIDFW�EHLQJ�PDQLSXODWHG��:KHQ�DFWLRQV�DUH�SHUIRUPHG�RQ�DQ�DUWLIDFW��WKH

VRXQG�RI�WKH�DFWLRQ�FDQ�DOVR�UHSUHVHQW�FKDUDFWHULVWLFV�RI�WKDW�DUWLIDFW��,Q�WKH�6RQLF)LQGHU�

XVHU�ILOHV�VRXQG�OLNH�WKH\�DUH�PDGH�RI�ZRRG��DQG�DSSOLFDWLRQV�VRXQG�OLNH�WKH\�DUH�PDGH
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RI�PHWDO��7KHUHIRUH��ZKHQ�D�XVHU�ILOH�LV�VHOHFWHG��LW�PDNHV�D�ZRRGHQ�VRXQGLQJ�´WKXQNµ�

ZKHQ�DQ�DSSOLFDWLRQ�LV�VHOHFWHG��LW�PDNHV�D�PHWDO�VRXQGLQJ�´FODQN�µ�,Q�DGGLWLRQ��WKH�SLWFK

RI�WKH�´WKXQNµ�RU�´FODQNµ�UHIOHFWV�WKH�VL]H�RI�WKH�ILOH�RU�DSSOLFDWLRQ��ZLWK�GHHSHU�VRXQGV

LQGLFDWLQJ�ODUJHU�REMHFWV��*DYHU�������

/LNH� YLVXDO� GLVSOD\V�� GLIIHUHQW� DXGLWRU\� SUHVHQWDWLRQV� KDYH� GLIIHUHQW� LQWHUSUHWDWLRQ� FRVWV�

7KUHH� W\SHV� RI� VRXQG� WKDW� KDYH� GLIIHUHQW� FRVWV� KDYH� EHHQ� FRQVLGHUHG�� 7KHVH� DUH� DEVWUDFW

VRXQG��PHWDSKRULF�VRXQG��DQG�HYHU\GD\�VRXQG�

• $EVWUDFW� VRXQGV� UHSUHVHQW� WKLQJV�ZLWK� DUELWUDU\� QRWHV� RU�ZDYHIRUPV��)RU� H[DPSOH�� VRPH

HDUFRQV� XVHG� DUELWUDU\� ��QRWH� SKUDVHV� WR� VLJQLI\� HYHQWV�� $OWKRXJK� DEVWUDFW� VRXQGV� FDQ

UHSUHVHQW� DQ\� W\SH� RI� HYHQW�� WKH\� UHTXLUH� WKDW� SHRSOH� H[SOLFLWO\� OHDUQ� WKH� PDSSLQJ

EHWZHHQ�WKH�VRXQGV�DQG�WKH�HYHQWV�

• 0HWDSKRULF�VRXQGV�WU\�WR�VXJJHVW�WKH�HYHQW�WKURXJK�VRPH�DXGLWRU\�TXDOLW\��)RU�H[DPSOH��D

WRQH� WKDW� IDGHV� DZD\� PLJKW� EH� XVHG� WR� LQGLFDWH� D� GHOHWH� RSHUDWLRQ�� XVLQJ� DQ� DQDORJ\

´EHWZHHQ� GHOHWLRQ� DQG� TXLHWLQJ�� RU� IDGLQJ� LQWR� WKH� GLVWDQFHµ� �*DYHU� ������ S�� ����

0HWDSKRULF�VRXQGV�SURYLGH�PRUH�LQIRUPDWLRQ�DERXW�WKH�W\SH�RI�DFWLRQ�WKDQ�GR�DEVWUDFW

VRXQGV�

• (YHU\GD\�VRXQGV�IXUWKHU�UHGXFH�WKH�LQWHUSUHWDWLRQ�FRVW�RI�D�VRXQG�E\�XVLQJ�PDSSLQJV�WKDW

SHRSOH� DOUHDG\� NQRZ�� 7KDW� LV�� WKH\� XVH� WKH� VRXQGV� RI� UHDO�ZRUOG� HTXLYDOHQWV� WR

FRPSXWDWLRQDO�DFWLRQV��)RU�H[DPSOH��GUDJJLQJ�D�ILOH�DFURVV�D�FRPSXWHU·V�GHVNWRS�PLJKW

SURGXFH�D�VFUDSLQJ�VRXQG��VLPLODU�WR�WKDW�PDGH�E\�VOLGLQJ�D�SLHFH�RI�SDSHU�DFURVV�D�UHDO

GHVN��(YHU\GD\� VRXQGV� DUH� JHQHUDOO\� HDV\� WR� LQWHUSUHW�� EXW� WKH� UDQJH� RI� FRPSXWDWLRQDO

DFWLRQV�WKDW�FRUUHVSRQG�WR�HYHU\GD\�VRXQG�LV�OLPLWHG��)RU�H[DPSOH��WKHUH�LV�QR�HYHU\GD\

VRXQG�IRU�FRPPRQ�RSHUDWLRQV�OLNH�´VKRZ�SURSHUWLHVµ�RU�´GXSOLFDWH�µ

$V� DQ� H[DPSOH� RI� HYHU\GD\� VRXQG�� )LJXUH� ��� VKRZV� WKH� 6RQLF)LQGHU� �D� YHUVLRQ� RI� WKH

0DFLQWRVK�)LQGHU��� ,Q� WKH� ILJXUH�� D� ILOH� LV� GUDJJHG� WR� WKH� WUDVKFDQ�� DQG�SURGXFHV� GLIIHUHQW

VRXQGV�ZKHQ�LW�LV��D��VHOHFWHG���E��GUDJJHG���F��PRYHG�RYHU�WKH�FDQ��DQG��G��ILQDOO\�GXPSHG�

6RXQG�FXHV�KDYH�SULPDULO\�EHHQ�XVHG�LQ�VLQJOH�XVHU�VRIWZDUH��EXW�D�IHZ�NLQGV�RI�PXOWL�XVHU

V\VWHPV�KDYH�HPSOR\HG�DXGLWRU\�LQIRUPDWLRQ�WR�SURYLGH�LQIRUPDWLRQ�DERXW�RWKHUV��0DQ\�RI

WKHVH�DUH�PXOWL�SOD\HU�JDPHV��H�J��'RRP���,Q�JURXSZDUH�UHVHDUFK��6KDUHG$5.��6PLWK�HW�DO
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������ 6PLWK� ������ LV� H[HPSODU\� LQ� LWV� XVH� RI� VRXQG�� 7KH� V\VWHP� LV� D� PXOWL�XVHU� SK\VLFV

FRQVWUXFWLRQ� PLFURZRUOG�� ZKHUH� ´VRXQG� LV� PDGH� E\� DFWLYLWLHV� VXFK� DV� GURSSLQJ� REMHFWV�

DFWLYDWLQJ� SURFHVVHV�� RU� SUHVVLQJ� EXWWRQV�µ� DQG� ´D� XVHU� LV� PDGH� DZDUH� RI� WKH� DFWLYLW\� RI

FROODERUDWLYH�SDUWQHUV� VLPSO\� E\� RYHUKHDULQJ� WKH� FOLFNV�� EXPSV�� DQG�KXPV� FDXVHG�E\� WKHLU

ZRUN��ZKLFK�DUH�DXGLEOH�HYHQ�ZKHQ�FROODERUDWRUV�DUH�RII�VFUHHQ�µ��6PLWK�������S�������,Q�RQH

H[SHULPHQW�ZLWK�6KDUHG$5.��WKH�$5.ROD�V\VWHP��*DYHU��6PLWK��DQG�2·6KHD�������DWWDFKHG

DXGLWRU\�LFRQV�WR�WKH�VLPXODWHG�PDFKLQHV�LQ�D�VLPXODWHG�ERWWOLQJ�SODQW��7KH�VRXQGV�LQGLFDWHG

ZKHWKHU� WKH�PDFKLQH�ZDV� UXQQLQJ�QRUPDOO\�� RYHUIORZLQJ��RU�EURNHQ��7KH�PDFKLQH� VRXQGV

ZHUH�XVHIXO�LQ�KHOSLQJ�SHRSOH�XQGHUVWDQG�ZKDW�ZDV�JRLQJ�RQ�LQ�DQRWKHU�SHUVRQ·V�SDUW�RI�WKH

SODQW�

7KH�YLVLELOLW\�SUREOHP�LQ�JURXSZDUH�ZRUNVSDFHV�SURYLGHV�DQ�RSSRUWXQLW\�IRU�VRXQG�FXHV�WR

EH�PRUH�XVHIXO�WKDQ�WKH\�DUH�LQ�D�VLQJOH�XVHU�V\VWHP��ZKHUH�VRXQG�LV�JHQHUDOO\�UHGXQGDQW�WR

YLVXDO� LQIRUPDWLRQ�� :KHQ� DFWLRQV� KDSSHQ� LQ� XQVHHQ� SDUWV� RI� WKH� ZRUNVSDFH�� VRXQG� FDQ

FRQYH\� LQIRUPDWLRQ� WKDW�PLJKW�RWKHUZLVH� JR�XQQRWLFHG��7KH� UHFHQW� DSSHDUDQFH�RI� WRRONLWV

IRU� WKUHH�GLPHQVLRQDO� VRXQG� ORFDOL]DWLRQ� VXJJHVW� WKDW� LQ� DGGLWLRQ� WR� WKH� XVHV� GHVFULEHG

DERYH��ZRUNVSDFH�VRXQGV�FRXOG�DOVR�LQGLFDWH�ZKHUH�LQ�WKH�ZRUNVSDFH�DQ�DFWLRQ�LV�RFFXUULQJ

DQG�KRZ�IDU�DZD\�IURP�WKH�OLVWHQHU�LW�LV�

)LJXUH�����'UDJJLQJ�D�ILOH�WR�WKH�WUDVK�LQ�WKH�6RQLF)LQGHU��*DYHU�������
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6XPPDU\³H[SUHVVLYH�DUWLIDFWV

$UWLIDFWV� FDQ� EH�PDGH�PRUH� H[SUHVVLYH� WKDQ� WKH\� FXUUHQWO\� DUH�� ([SUHVVLYH� DUWLIDFWV� VKRZ

DGGLWLRQDO�LQIRUPDWLRQ�DERXW�RWKHUV��DQG�FDQ�XVH�D�YDULHW\�RI�SHUFHSWXDO�FKDQQHOV�WR�GR�VR�

7KH�SULPDU\�UHTXLUHPHQW�IRU�DQ�H[SUHVVLYH�DUWLIDFW� LV� WKDW� LW�VKRZV�EDVLF�IHHGWKURXJK³WKH

LQWHUPHGLDWH�VWDWHV�WKDW�LW�JRHV�WKURXJK�ZKHQ�PDQLSXODWHG��,Q�DGGLWLRQ�WR�EDVLF�IHHGWKURXJK�

WKHUH� DUH� VHYHUDO� NLQGV� RI� LQIRUPDWLRQ� WKDW� DUWLIDFWV� FDQ� H[SUHVV�� 7KUHH� RI� WKHVH� DUH

LQGLFDWLRQV� RI� XVH�� LQGLFDWLRQV� RI� DXWKRUVKLS�� DQG� LQGLFDWLRQV� RI� KRZ� WKH� REMHFW� KDV� EHHQ

PDQLSXODWHG�LQ�WKH�SDVW��7KLV�LQIRUPDWLRQ�LV�RIWHQ�VKRZQ�YLVXDOO\��EXW�FDQ�DOVR�EH�FRQYH\HG

WKURXJK� VRXQG� FXHV�� 6RXQG� FDQ� LQGLFDWH� WKH� RFFXUUHQFH�� W\SH�� DQG� GHWDLOV� RI� DFWLRQV

SHUIRUPHG�RQ�ZRUNVSDFH�REMHFWV��DQG�DOVR�WKH�GLUHFWLRQ�DQG�GLVWDQFH�RI�WKRVH�DFWLRQV��7DEOH

�� VXPPDUL]HV� KRZ� WKHVH� WHFKQLTXHV� VXSSRUW� YDULRXV� HOHPHQWV� RI� ZRUNVSDFH� DZDUHQHVV�� ,

LQFOXGH�RQO\�D�VXEVHW�RI�:$�HOHPHQWV�WKDW�DSSO\�VSHFLILFDOO\�WR�WKHVH�WHFKQLTXHV�

(OHPHQW� 8VDJH LQGLFDWRUV $XWKRUVKLS LQGLFDWRUV ,QGLFDWRUV RI SDVW
PDQLSXODWLRQ

6RXQG FXHV

:KR

$XWKRUVKLS VKRZ DXWKRU E\
FRORXU RU QDPH

PD\ VKRZ DXWKRU �H�J�
E\ FRORXU�

:KDW

$FWLRQ VKRZ WKDW DFWLYLW\ LV
RFFXUULQJ� EXW QRW
ZKDW DFWLRQ

FDQ VKRZ SDVW DFWLRQV GLIIHUHQW VRXQGV
LQGLFDWH GLIIHUHQW
NLQGV RI DFWLRQ

,QWHQWLRQ PDUNLQJ UHVHUYHG
REMHFWV LQGLFDWHV
IXWXUH SODQV

$UWLIDFW DUWLIDFW VKRZLQJ WKH
LQGLFDWRU LV WKH
REMHFW LQ XVH

DUWLIDFW VKRZLQJ WKH
LQGLFDWRU LV WKH REMHFW
LQ XVH

DUWLIDFW VKRZLQJ WKH
LQGLFDWRU LV WKH REMHFW
LQ XVH

GLIIHUHQW W\SHV RI
DUWLIDFWV FDQ SURGXFH
GLIIHUHQW NLQGV RI
VRXQG

7DEOH����:RUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�VKRZQ�E\�H[SUHVVLYH�DUWLIDFWV

����7HFKQLTXHV�IRU�ZRUNVSDFH�YLVLELOLW\

$OO�RI�WKH�YLVXDO�WHFKQLTXHV�WKDW�VLWXDWH�DZDUHQHVV� LQIRUPDWLRQ�LQ�WKH�ZRUNVSDFH�HQFRXQWHU

WKH�VDPH�YLVLELOLW\�SUREOHP��WKDW�WKH�UHOHYDQW�SDUW�RI�WKH�ZRUNVSDFH�KDV�WR�EH�YLVLEOH�IRU�WKH

WHFKQLTXHV�WR�EH�RI�DQ\�XVH��:KHQ�WKH�ZRUNVSDFH�LV�WRR�ODUJH�WR�ILW�LQWR�D�VLQJOH�ZLQGRZ��WKH

HQWLUH�DUHD�RXWVLGH�WKH�ORFDO�XVHU·V�YLHZSRUW�FDQQRW�EH�VHHQ��VHH�6HFWLRQ���������7KHUH�DUH�D
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QXPEHU� RI� WHFKQLTXHV� IRU� PDNLQJ� WKH� UHOHYDQW� SDUWV� RI� WKH� ZRUNVSDFH� YLVLEOH�� 7KHVH

WHFKQLTXHV� FDQ�EH� FKDUDFWHUL]HG� LQ� WHUPV� RI� WKUHH� SULQFLSOHV�� WKH� H[WHQW� RI� WKH�ZRUNVSDFH

VKRZQ�LQ�WKH�GLVSOD\�� WKH�VL]H�RI� WKH�GLVSOD\� �DQG�KHQFH� WKH�VFDOH�RI� WKH�DUWLIDFWV���DQG� WKH

YLVXDO� DQG� VSDWLDO� UHSUHVHQWDWLRQ� RI� WKH� ZRUNVSDFH�� %DVHG� RQ� WKHVH� SULQFLSOHV�� ,� FRQVLGHU

WKUHH�JHQHUDO�JURXSV�LQ�WKH�VHFWLRQV�EHORZ��)LUVW��RYHUYLHZV�VKRZ�WKH�HQWLUH�ZRUNVSDFH�LQ�D

VPDOO� VHFRQGDU\� GLVSOD\�� 6HFRQG�� GHWDLO� YLHZV� GXSOLFDWH� D� VHOHFWHG� SDUW� RI� WKH� ZRUNVSDFH�

7KLUG�� IRFXV�FRQWH[W�YLHZV�DWWHPSW� WR�SURYLGH�ERWK� ORFDO�GHWDLO�DQG�JOREDO� FRQWH[W�ZLWKLQ

WKH�VDPH�GLVSOD\��

������2YHUYLHZV

2YHUYLHZV� VKRZ� WKH� HQWLUH� ZRUNVSDFH� LQ� PLQLDWXUH�� 7KH\� DUH� XVXDOO\� SUHVHQWHG� DV� VPDOO

ZLQGRZV�WKDW�FDQ�EH�LQVHW�LQWR�WKH�UHJXODU��IXOO�VL]H�YLHZ�RI�WKH�ZRUNVSDFH��$OWKRXJK�WKH\�GR

QRW�WDNH�XS�PXFK�URRP��WKH\�SURYLGH�D�KLJK�OHYHO�ORRN�DW�WKH�HQWLUH�VSDFH��7KH\�FRUUHVSRQG

LQ�VRPH�ZD\V�WR�D�SHUVRQ·V�SHULSKHUDO�YLVLRQ�LQ�D�IDFH�WR�IDFH�HQYLURQPHQW��WKH\�JLYH�D�EURDG

SHUVSHFWLYH��EXW�QRW�PXFK�GHWDLO��)RU� H[DPSOH�� DQ� RYHUYLHZ� LV� VKRZQ� DV� LW�PLJKW� EH� XVHG

DORQJVLGH�D�PDLQ�YLHZ�LQ�D�QHZVSDSHU�OD\RXW�DSSOLFDWLRQ�LQ�)LJXUH����

)LJXUH����VKRZV�WKH�H[WHQWV�DQG�VL]H�RI�DQ�RYHUYLHZ�FRPSDUHG�WR�D�QRUPDO�YLHZ��WKH�QRUPDO

YLHZ��OLJKW�JUH\��VKRZV�DERXW�D�WKLUG�RI�WKH�ZRUNVSDFH�DW�IXOO�VL]H��ZKLOH�WKH�RYHUYLHZ��GDUN

JUH\��VKRZV�WKH�ZKROH�ZRUNVSDFH�JUHDWO\�UHGXFHG�LQ�VL]H�

2YHUYLHZV�FDQ�PDNH�HPERGLPHQWV��DFWLRQV��DQG�IHHGWKURXJK�YLVLEOH��UHJDUGOHVV�RI�ZKHUH�LQ

WKH�ZRUNVSDFH�WKH\�RFFXU��6LQFH�HYHQWV�DUH�VKRZQ�DW�D�ORZHU�UHVROXWLRQ�WKDQ�WKH\�ZRXOG�EH

LQ� D� QRUPDO� YLHZ�� RYHUYLHZV� DUH� EHVW� DW� KHOSLQJ� SHRSOH� PDLQWDLQ� KLJK�OHYHO� ZRUNVSDFH

DZDUHQHVV�� 7KDW� LV�� WKH\� FDQ� VKRZ� ZKHUH� LQ� WKH� ZRUNVSDFH� SHRSOH� DUH� ZRUNLQJ�� DQG� WKH

JHQHUDO� VWUXFWXUH� RI� WKHLU� DFWLYLWLHV�� :KHQ� WKH� RYHUYLHZ� VKRZV� DGGLWLRQDO� DZDUHQHVV

LQIRUPDWLRQ� OLNH� YLHZ� UHFWDQJOHV� DQG� WHOHSRLQWHUV�� LW� LV� FDOOHG� WKH� UDGDU� YLHZ�� DV� VKRZQ� LQ

)LJXUH�����DOVR�VKRZQ�LQ�)LJXUH������7KH�HYROXWLRQ�RI�WKH�UDGDU�YLHZ�LV�GLVFXVVHG�LQ�JUHDWHU

GHSWK�LQ�&KDSWHU���

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

�� 7KHVH� V\VWHPV� DUH� GHPRQVWUDWHG� LQ� WZR� YLGHRWDSHV�� �*XWZLQ��*UHHQEHUJ�� DQG� 5RVHPDQ
�������DQG��*UHHQEHUJ��*XWZLQ��DQG�&RFNEXUQ�������
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)LJXUH�����$�ZRUNVSDFH�RYHUYLHZ��OHIW��EHVLGH�D�PDLQ�YLHZ�

View extents:

View size:
Normal viewport Overview

Workspace area

)LJXUH�����9LHZ�H[WHQWV�DQG�YLHZ�VL]H�IRU�RYHUYLHZ�DQG�QRUPDO�YLHZ
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)LJXUH�����5DGDU�YLHZV�VKRZLQJ�YLHZSRUWV�DQG�WHOHSRLQWHUV

6HYHUDO�IDFWRUV�GHWHUPLQH�KRZ�PXFK�GHWDLO�LV�VKRZQ�LQ�DQ�RYHUYLHZ��7KH�VL]H�DQG�UHGXFWLRQ

IDFWRU�RI�WKH�RYHUYLHZ�GLFWDWH�LWV�UHVROXWLRQ��EXW�WKH�ILGHOLW\�RI�WKH�UHSUHVHQWDWLRQ�DOVR�DIIHFWV

YLVLELOLW\��/RZ�ILGHOLW\�UHSUHVHQWDWLRQV�UHTXLUH�IHZHU�FRPSXWDWLRQDO�UHVRXUFHV��DQG�FDQ�VWLOO�EH

UHFRJQL]DEOH� WR� SHRSOH� IDPLOLDU� ZLWK� WKH� ZRUNVSDFH�� +LJK�ILGHOLW\� UHSUHVHQWDWLRQV� FDQ

SURYLGH� GHWDLOV� WKDW�PD\� EH� XVHIXO� RU� UHTXLUHG� LQ� VRPH� VLWXDWLRQV�� /RZ�� DQG� KLJK�ILGHOLW\

RYHUYLHZ�UHSUHVHQWDWLRQV�DUH�FRPSDUHG�LQ�)LJXUH����

:KHWKHU� ORZ� RU� KLJK� ILGHOLW\�� WKH� UDGDU� YLHZ� VWLOO� VKRZV� DOO� RI� WKH� DUWLIDFWV� DQG� SUHVHUYHV

VSDWLDO� UHODWLRQVKLSV� GLVSOD\HG� E\� WKH� IXOO�VL]H� YLHZ�� +RZHYHU�� RWKHU� ZRUNVSDFH

UHSUHVHQWDWLRQV�DUH�DOVR�SRVVLEOH��,Q�VRPH�FDVHV��D�PRUH�DEVWUDFW�UHSUHVHQWDWLRQ�RI�ZRUNVSDFH

DUWLIDFWV�PD\�EH�DSSURSULDWH��)RU�H[DPSOH��WKH�ZRUNVSDFH�PD\�KDYH�DQ�H[SOLFLW�VWUXFWXUH�WKDW

FDQ� EH� XVHG� WR� FUHDWH� DQ� RYHUYLHZ�� 7KH� V\VWHP� LQ� )LJXUH� ��� UHSUHVHQWV� D� WH[W� GRFXPHQW

�0DFEHWK�� DV� DQ� RXWOLQH�� VKRZLQJ� RQO\� WKH� $FW� DQG� 6FHQH� KHDGLQJV�� 6LQFH� PXFK� RI� WKH

�

)LJXUH�����7KH�VDPH�ZRUNVSDFH�DV�D�KLJK�ILGHOLW\�DQG�ORZ�ILGHOLW\�RYHUYLHZ
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GRFXPHQW·V�GHWDLO�FDQQRW�EH�VHHQ�LQ�WKLV�NLQG�RI�RYHUYLHZ��YLHZ�UHFWDQJOHV�DQG�WHOHSRLQWHUV

DUH�UHSODFHG�ZLWK�D�SRUWUDLW� LQGLFDWLQJ� WKH�VHFWLRQ�RI� WKH�SOD\� WKDW�HDFK�SHUVRQ� LV� FXUUHQWO\

ORRNLQJ� DW�� $Q� RXWOLQH� LV� OLNHO\� WR� EH�PRUH� DSSURSULDWH� IRU� ODUJH� WH[W� GRFXPHQWV�� VLQFH� D

GHWDLOHG�RYHUYLHZ�ZRXOG�UHTXLUH�FRQVLGHUDEOH�VSDFH��DQG�VLQFH�WKH�WH[W�ZRXOG�EH�WRR�VPDOO�WR

SURYLGH�PHDQLQJIXO�ODQGPDUNV�

)LJXUH�����2XWOLQH�UDGDU�YLHZ�

,I� VSDFH� LV� DW� D� SUHPLXP�� WKH� RYHUYLHZ·V� UHSUHVHQWDWLRQ�RI� WKH�ZRUNVSDFH� FDQ� UHPRYH� WKH

DUWLIDFWV�DOWRJHWKHU��DQG�MXVW�VKRZ�ZKHUH�SHRSOH�DUH�ORFDWHG��2QH�NLQG�RI�GLVSOD\�WKDW�WDNHV

WKLV�DSSURDFK�LV�WKH�PXOWL�XVHU�VFUROOEDU��7KLV�JURXSZDUH�YDULDWLRQ�RQ�D�QRUPDO�VFUROOEDU�ZDV

ILUVW� XVHG� LQ� WKH� 6$66(� JURXS� WH[W� HGLWRU� �%DHFNHU� HW� DO� ������� )LJXUH� ��� VKRZV� WKH

*URXS.LW� YHUVLRQ� RI� WKLV� GLVSOD\�� ,W� SURYLGHV� D� RQH�GLPHQVLRQDO� UHSUHVHQWDWLRQ� RI� WKH

ZRUNVSDFH� DV� D� YHUWLFDO� UHJLRQ� EHVLGH� WKH� QRUPDO� VFUROOEDU�� (DFK� SHUVRQ·V� YLHZSRUW� LV

UHSUHVHQWHG�LQ�WKH�RYHUYLHZ�DV�D�FRORXUHG�UHFWDQJOH�WKDW�PRYHV�XS�DQG�GRZQ�DV�WKH\�VFUROO

XS�DQG�GRZQ�WKURXJK�WKH�ZRUNVSDFH�

6LQFH�WKHUH�DUH�QR�DUWLIDFWV�VKRZQ�LQ�WKH�VFUROOEDU�RYHUYLHZ��LW�LV�GLIILFXOW�WR�WHOO�H[DFWO\�ZKHUH

DQRWKHU�SHUVRQ�LV�ORFDWHG��RU�ZKDW�WKH\�FDQ�VHH��7KLV�UHSUHVHQWDWLRQ�GRHV�LQGLFDWH��KRZHYHU�

ZKHWKHU�DQRWKHU�SHUVRQ�LV�QHDU�WKH�EHJLQQLQJ�RU�WKH�HQG�RI�WKH�GRFXPHQW��ZKHWKHU�WKH\�DUH

FORVH�WR� WKH� ORFDO�XVHU��DQG�ZKHWKHU� WKHLU�YLHZSRUW� LQWHUVHFWV�RU�FRLQFLGHV�ZLWK�DQ\�RWKHUV�

7KH�PXOWL�XVHU�VFUROOEDU�DOVR�PDNHV�JRLQJ�WR�DQRWKHU�SHUVRQ·V�ORFDWLRQ�VLPSOH��WKH�ORFDO�XVHU

VLPSO\�VFUROOV�XQWLO�WKHLU�YLHZ�LQGLFDWRU�LV�DGMDFHQW�WR�WKH�SHUVRQ·V�WKDW�WKH\�ZLVK�WR�YLVLW�
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������'HWDLO�YLHZV

$OWKRXJK�RYHUYLHZV�SURYLGH�YLVLELOLW\�RI�WKH�HQWLUH�ZRUNVSDFH��WKH�UHGXFWLRQ�LQ�VL]H�WKDW�WKH\

LPSRVH�PDNHV�LW�GLIILFXOW�WR�REWDLQ�GHWDLOV�RI�DFWLRQV�DQG�DUWLIDFWV��,Q�VRPH�WDVNV�DQG�VRPH

ZRUNVSDFHV�� SHRSOH� QHHG� PRUH� VSHFLILF� LQIRUPDWLRQ� DERXW� ZKDW� RWKHUV� DUH� GRLQJ�� 'HWDLO

YLHZV�DUH�DQRWKHU�NLQG�RI�VHFRQGDU\�YLHZSRUW�WKDW�SURYLGH�D�FORVHU�ORRN�DW�DQRWKHU�SHUVRQ·V

ZRUN�DUHD��WKH\�VKRZ�OHVV�RI�WKH�ZRUNVSDFH�WKDQ�DQ�RYHUYLHZ�GRHV��EXW�ZKDW�WKH\�GR�VKRZ�LV

ODUJHU� DQG� LQ� JUHDWHU� UHVROXWLRQ�� $OWKRXJK� D� GHWDLO� YLHZ� FRXOG� VKRZ� DQ\� SDUW� RI� WKH

ZRUNVSDFH�� ,� FRQVLGHU� WZR� FRQILJXUDWLRQV� WR� EH� PRVW� DSSOLFDEOH�� FDOOHG� WKH� ´RYHU� WKH

VKRXOGHU�YLHZµ�DQG�WKH�´FXUVRU·V�H\H�YLHZ�µ�7KH�YLHZ�H[WHQWV�DQG�YLHZ�VL]HV�RI� WKHVH� WZR

GLVSOD\V�DUH�FRPSDUHG�WR�D�QRUPDO�YLHZ�LQ�)LJXUH����

7KH�RYHU�WKH�VKRXOGHU�YLHZ�VKRZV�H[DFWO\�WKH�SDUW�RI�WKH�ZRUNVSDFH�WKDW�DSSHDUV�LQ�DQRWKHU

SHUVRQ·V� IXOO�VL]H�YLHZSRUW��7KH�REMHFWV�DUH� VWLOO� VPDOOHU� WKDQ� IXOO� VL]H��EXW�DUH�FRQVLGHUDEO\

ODUJHU�WKDQ�WKH\�ZRXOG�EH�LQ�DQ�RYHUYLHZ��)LJXUH����VKRZV�WKH�RYHU�WKH�VKRXOGHU�YLHZ�LQ�D

QHZVSDSHU�DSSOLFDWLRQ��7KH� LQVSLUDWLRQ�IRU� WKLV�YLHZ� LV� WKH� LGHD�RI� ORRNLQJ�RYHU�DW�DQRWKHU

SHUVRQ·V�ZRUN�DUHD�LQ�D�IDFH�WR�IDFH�VHWWLQJ��WR�VHH�ZKDW�REMHFWV�WKH\�KDYH�LQ�IURQW�RI�WKHP�

WR�VHH�ZKDW�WKH\�FDQ�VHH��DQG�WR�ORRN�PRUH�FORVHO\�DW�VRPHWKLQJ�WKDW�PD\�KDYH�EHHQ�QRWLFHG

LQ�SHULSKHUDO�YLVLRQ��,Q�)LJXUH�����WKH�RYHU�WKH�VKRXOGHU�YLHZ�LV�VKRZQ�DW�OHIW��ZLWK�WKH�HQWLUH

)LJXUH�����0XOWL�XVHU�VFUROOEDU�LQ�D�WH[W�HGLWRU�
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ZRUNVSDFH�VKRZQ�DW�ULJKW��UHGXFHG�LQ�VL]H��� ,Q�UHDO�XVH�� WKH�RYHU�WKH�VKRXOGHU�YLHZ� LV�RQO\

DERXW�RQH�VL[WK�WKH�ZLGWK�RI�WKH�ZRUNVSDFH�

)LJXUH�����2YHU�WKH�VKRXOGHU�YLHZ��OHIW��DQG�HQWLUH�ZRUNVSDFH��UHGXFHG��ULJKW��

7KH�VHFRQG�NLQG�RI�GHWDLO�YLHZ� LV� WKH�FXUVRU·V�H\H�YLHZ�� VR�FDOOHG�EHFDXVH� LW� VKRZV�RQO\� D

VPDOO�DUHD�GLUHFWO\�DURXQG�DQRWKHU�SHUVRQ·V�PRXVH�FXUVRU��)LJXUH����VKRZV�WKH�FXUVRU·V�H\H

YLHZ�LQ�D�QHZVSDSHU�DSSOLFDWLRQ��$OWKRXJK�LWV�H[WHQWV�DUH�OLPLWHG��WKH�YLHZ�VKRZV�REMHFWV�DQG

DFWLRQV� LQ� IXOO� VL]H� DQG� IXOO� GHWDLO��7KLV� YLHZ� LV� XVHIXO�ZKHQ� WKH� SUHFLVH� GHWDLOV� RI� DQRWKHU

SHUVRQ·V�ZRUN�DUH�UHTXLUHG��IRU�H[DPSOH��ZKHQ�RQH�SHUVRQ�ZLVKHV�WR�NHHS�DQ�H\H�RQ�WKH�ZD\

DQRWKHU�DOLJQV�REMHFWV��W\SHV��RU�DGMXVWV�WKH�ILQH�GHWDLOV�RI�D�GUDZLQJ��7KH�FXUVRU·V�H\H�YLHZ

GRHV�QRW�VKRZ�WKH�HQWLUH�VFHQH��VR�LWV�XVH�LV�OLPLWHG�WR�VLWXDWLRQV�ZKHUH�WKH�JHQHUDO�QDWXUH�RI

D�SHUVRQ·V�DFWLRQV�DUH�NQRZQ�LQ�DGYDQFH��,Q�)LJXUH�����WKH�FXUVRU·V�H\H�YLHZ�LV�VKRZQ�DW�OHIW�

Normal viewport Over-the-shoulder view Cursor’s-eye view

View extents:

View size:

)LJXUH�����9LHZ�H[WHQWV�DQG�VL]H�IRU�GHWDLO�YLHZV��FRPSDUHG�WR�QRUPDO�YLHZ
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DQG� WKH� UHPRWH�PDLQ�YLHZ� WKDW� LW� RULJLQDWHV� IURP� LV� VKRZQ�DW� ULJKW� �UHGXFHG� LQ� VL]H���7KH

FXUVRU·V�H\H�YLHZ�LV�VKRZQ�DW�IXOO�VL]H�

������)RFXV�FRQWH[W�YLHZV

7ZR�DGGLWLRQDO�VWUDWHJLHV�DGGUHVV�WKH�YLVLELOLW\�SUREOHP�QRW�E\�DGGLQJ�VHFRQGDU\�GLVSOD\V��EXW

E\�DOZD\V�VKRZLQJ�WKH�HQWLUH�ZRUNVSDFH� LQ�WKH�PDLQ�YLHZ��$�ODUJH�VFDOH�RYHUYLHZ�SURYLGHV

YLVLELOLW\�RI� WKH�ZRUNVSDFH�� DQG�GHWDLOHG�ZRUN� LV�PDGH�SRVVLEOH� E\�PDJQLI\LQJ� D� SDUWLFXODU

DUHD� RI� LQWHUHVW�� ,� FRQVLGHU� WZR� WHFKQLTXHV�� ILUVW�� ILVKH\H� YLHZV� WKDW� XVH� D� GLVWRUWHG

UHSUHVHQWDWLRQ� RI� WKH� ZRUNVSDFH�� DQG� VHFRQG��'UDJ0DJ� YLHZV� WKDW� SURYLGH� D� ¶PDJQLI\LQJ

JODVV·�WR�HQODUJH�SDUWV�RI�WKH�RYHUYLHZ�

)LVKH\H�YLHZV�DUH�FRPSXWHU�YLVXDOL]DWLRQ�WHFKQLTXHV�WKDW�SURYLGH�ERWK�ORFDO�GHWDLO�DQG�JOREDO

FRQWH[W�LQ�D�VLQJOH�GLVSOD\��H�J��)XUQDV�������6DUNDU�DQG�%URZQ��������7KH\�WDNH�WKHLU�QDPH

IURP�WKH�SKRWRJUDSKHU
V�ILVKH\H�OHQV��D�KHPLVSKHULFDO�OHQV�WKDW�GLVWRUWV�D�VFHQH�WR�SURYLGH�DQ

H[WUHPHO\�ZLGH�DQJOH�RI�YLHZ��,Q�D�FRPSXWDWLRQDO�ILVKH\H��WKH�XVHU�FKRRVHV�D�SRLQW�RI�IRFXV

ZKHUH�WKH\�ZLVK�WR�VHH�ORFDO�GHWDLO��WKLV�DUHD�LV�YLVXDOO\�HPSKDVL]HG��DQG�WKH�UHPDLQGHU�RI�WKH

GDWD�LV�UHGXFHG�LQ�VL]H��)LJXUH����VKRZV�WKH�YLHZ�H[WHQWV�DQG�YLHZ�VL]H�RI�WKH�ILVKH\H��ZKHUH

WKH�ILVKH\H�YLHZ�LV�OLNH�D�IXOO�VFUHHQ�RYHUYLHZ��EXW�ZLWK�WKH�ZRUNVSDFH�PDSSHG�RQWR�D�RYRLG�

)LVKH\H�UHSUHVHQWDWLRQV�RI�D�ZRUNVSDFH�FDQ�SURYLGH�D�VHDPOHVV�DQG�VPRRWK�WUDQVLWLRQ�IURP

)LJXUH�����&XUVRU·V�H\H�YLHZ��OHIW���DQG�UHPRWH�XVHU·V�PDLQ�YLHZ��UHGXFHG��ULJKW��
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ORFDO� WR� JOREDO� FRQWH[WV�� DQG� DOORZ� WKH�SUHVHQWDWLRQ�RI�PXOWLSOH� IRFDO� SRLQWV�� RQH� IRU� HDFK

SDUWLFLSDQW��DOO�ZLWKLQ�WKH�VDPH�YLHZ�

)LJXUH����VKRZV�D�FRQFHSW�PDS�HGLWRU�WKDW�XVHV�D�ILVKH\H�UHSUHVHQWDWLRQ�RI�WKH�ZRUNVSDFH�

7KH�ZLQGRZ�DW� OHIW� VKRZV� WKH� ORFDO� XVHU·V� YLHZ�� DQG� WKH�ZLQGRZ� DW� ULJKW� VKRZV� D� UHPRWH

XVHU·V�YLHZ��7KH� ORFDO�XVHU·V� IRFXV�SRLQW�DQG�FXUVRU�DUH�RQ� WKH�QRGH� ODEHOHG�´7KH�9DWLFDQ

%DQN�µ�DQG�WKH�UHPRWH�XVHU·V�IRFXV�SRLQW�DQG�FXUVRU�DUH�RQ�WKH�QRGH� ODEHOHG�´1LFDUDJXD�µ

7KH� ILVKH\H� YLHZ� XVHV� WZR� PDJQLILFDWLRQ� IXQFWLRQV�� RQH� IRU� WKH� ORFDO� IRFXV� DQG� RQH� IRU

UHPRWH�IRFL��)LUVW��WKH�DUHD�DURXQG�WKH�ORFDO�XVHU·V�IRFXV�LV�HQODUJHG�HQRXJK�WR�OHW�WKHP�ZRUN

LQ�GHWDLO�RQ�WKH�DUWLIDFWV��6HFRQG��WKH�QRGH�DW�WKH�IRFXV�SRLQW�RI�HDFK�UHPRWH�XVHU�LV�HQODUJHG�

EXW�WKH�DUHD�DURXQG�LW�LV�QRW�HQODUJHG�

7KHUH� DUH� D� QXPEHU� RI� XVDELOLW\� SUREOHPV� ZLWK� WKLV� NLQG� RI� UHSUHVHQWDWLRQ�� DOWKRXJK

GLVFXVVLQJ� WKHP� LV� RXWVLGH� WKH� VFRSH� RI� WKH� GLVVHUWDWLRQ�� 1HYHUWKHOHVV�� LW� LV� SRVVLEOH� WR

SURYLGH�ERWK�ORFDO�GHWDLO�DQG�HQRXJK�FRQWH[W�IRU�WKH�PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV�

DOO�ZLWKLQ�D�VLQJOH�YLHZ�

View extents:

Workspace area
(distorted)

Fisheye view

View size:
Normal viewport

)LJXUH�����9LHZ�H[WHQWV�DQG�VL]H�RI�ILVKH\H�YLHZ�FRPSDUHG�WR�QRUPDO�YLHZ
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7KH�'UDJ0DJ�YLHZ� LV� DQRWKHU� WHFKQLTXH� WKDW�SURYLGHV� IRFXV� DQG� FRQWH[W�ZLWKLQ� WKH� VDPH

ZLQGRZ��7KH�WHFKQLTXH�LV�UHODWHG�WR�WKH�´PDJLF�OHQVHVµ�RI�%LHU�DQG�FROOHDJXHV���������7KH

'UDJ0DJ� XVHV� D� IXOO�VFUHHQ� RYHUYLHZ� DV� LWV� EDVLF� UHSUHVHQWDWLRQ�� 7KH� RYHUYLHZ� SURYLGHV

FRQWH[W� DQG� YLVLELOLW\� RI� WKH� ZRUNVSDFH� DQG� WKH� SHRSOH� LQ� LW�� 'HWDLOHG� LQGLYLGXDO� ZRUN� LV

DFFRPSOLVKHG�E\�GUDJJLQJ�D�PDJQLILHU�WR�WKH�DUHD�RI�WKH�RYHUYLHZ�ZKHUH�WKH�ZRUN�LV�WR�EH

GRQH��7KH�PDJQLILHU�VFDOHV�WKH�REMHFWV�EHQHDWK�LW�WR�IXOO�VL]H��DQG�WKH\�FDQ�WKHQ�EH�ZRUNHG

RQ�LQ�GHWDLO��0HDQZKLOH��WKH�RYHUYLHZ�FRQWLQXHV�WR�SURYLGH�FRQWH[W�DQG�SHULSKHUDO�DZDUHQHVV

RXWVLGH� WKH� PDJQLILHU�� ,Q� DGGLWLRQ�� WKH� PDJQLILHU� DOVR� VKRZV� D� SDUWLDOO\�WUDQVSDUHQW

UHSUHVHQWDWLRQ�RI�WKH�RYHUYLHZ�EHQHDWK�LW��WR�KHOS�SHRSOH�PDLQWDLQ�JOREDO�FRQWH[W��)LJXUH���

VKRZV�WKH�YLHZ�H[WHQWV�DQG�VL]H�RI�WKH�'UDJ0DJ��DQG�)LJXUH����VKRZV�D�'UDJ0DJ�YLHZ�RI�D

FRQFHSW�PDS��7KH�ORFDO�XVHU·V�PDJQLILHU�LV�DW�XSSHU�PLGGOH��ORRNLQJ�DW�D�QRGH�ODEHOHG�´7KH

6XQ�µ�7KH� H[WHQWV�RI� D� UHPRWH� XVHU·V�PDJQLILHU� DUH� GLVSOD\HG� DV� D� UHFWDQJOH� DW� ORZHU� ULJKW

�UHPRWH�PDJQLILHUV�GR�QRW�PDJQLI\�REMHFWV�LQ�WKH�ORFDO�YLHZV��

�

)LJXUH�����$�ILVKH\H�UHSUHVHQWDWLRQ�RI�D�FRQFHSW�PDS�ZRUNVSDFH�
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View extents:

View size:
DragMag view

Workspace area

Normal viewport

)LJXUH�����9LHZ�H[WHQWV�DQG�VL]H�IRU�WKH�'UDJ0DJ�YLHZ�

)LJXUH�����$�'UDJ0DJ�YLHZ�RI�D�FRQFHSW�PDS�

������6XPPDU\�RI�YLVLELOLW\�WHFKQLTXHV

:KHQ� D� VKDUHG� ZRUNVSDFH� LV� WRR� ODUJH� WR� ILW� LQWR� D� VLQJOH� FRPSXWHU� GLVSOD\�� JURXSZDUH

V\VWHPV� HQFRXQWHU� WKH�YLVLELOLW\�SUREOHP��$� ODUJH� SDUW� RI� WKH� VKDUHG�ZRUNVSDFH� FDQQRW� EH

VHHQ�� DQG� DZDUHQHVV� LQIRUPDWLRQ� SUHVHQWHG� WKHUH� LV� ORVW�� 7KHUH� DUH� VHYHUDO� WHFKQLTXHV� IRU
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SURYLGLQJ� SDUWLFLSDQWV� ZLWK� YLVXDO� DFFHVV� WR� UHOHYDQW� SDUWV� RI� WKH� ZRUNVSDFH�� 7KHVH

WHFKQLTXHV�YDU\�DORQJ�WKUHH�GLPHQVLRQV��WKH�DPRXQW�RI�WKH�ZRUNVSDFH�VKRZQ��WKH�VL]H�RI�WKH

GLVSOD\�� DQG� WKH� UHSUHVHQWDWLRQ� RI� WKH� ZRUNVSDFH� DUWLIDFWV�� 7KH� ILUVW� WZR� GLPHQVLRQV� DUH

VXPPDUL]HG�LQ�)LJXUH����

Focus+context
views

Over-the-
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Extents shown

Display size

Radar
views

Cursor’s-
eye view

Entire screen

Entire workspace

)LJXUH�����6XPPDU\�RI�H[WHQWV�DQG�GLVSOD\�VL]H�

:RUNVSDFH� UHSUHVHQWDWLRQ� DOVR� FKDQJHV� IURP� RQH� WHFKQLTXH� WR� WKH� QH[W�� 7KH� ZRUNVSDFH

REMHFWV� LQ� WKH� GLVSOD\� PD\� EH� VKRZQ� DW� ORZ� RU� KLJK� ILGHOLW\�� DQG� PD\� UHSUHVHQW� REMHFWV

OLWHUDOO\��DEVWUDFWO\��RU�QRW�DW�DOO��)LQDOO\�� WHFKQLTXHV�PD\�XVH�D�GLVWRUWHG�UHSUHVHQWDWLRQ��H�J�

WKH� ILVKH\H�� RU� PXOWLSOH� OD\HUHG� UHSUHVHQWDWLRQV� �H�J�� WKH� 'UDJ0DJ�� WR� SURYLGH� GHWDLO� DQG

FRQWH[W� LQ�D�VLQJOH�YLHZ��$�VXPPDU\�RI� WKH�YLVLELOLW\� WHFKQLTXHV� LV�VKRZQ� LQ�7DEOH��� �QRWH

WKDW� WKH� WDEOH� XVHV� FDWHJRULHV� LQWURGXFHG� LQ� WKLV� VHFWLRQ�� QRW� WKH� HOHPHQWV� RI� ZRUNVSDFH

DZDUHQHVV�WKDW�ZHUH�XVHG�LQ�SUHYLRXV�WDEOHV��
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����6HSDUDWH�DQG�V\PEROLF�WHFKQLTXHV

3UHVHQWLQJ� DZDUHQHVV� LQIRUPDWLRQ� RXWVLGH� WKH� ZRUNVSDFH�� XVLQJ� V\PEROLF� LQGLFDWRUV�� LV� D

FRQWUDVWLQJ� DSSURDFK� WR� WKDW� GHVFULEHG� DERYH�� 7KHVH� GLVSOD\V� DUH� JHQHUDOO\� SODFHG� LQ� D

VHSDUDWH�DUHD�RI� WKH� LQWHUIDFH�RU� LQ�D�VHSDUDWH�ZLQGRZ��DQG�VKRZ�VWDWH� UDWKHU� WKDQ�SURFHVV

LQIRUPDWLRQ��,QVWHDG�RI�XVLQJ�HPERGLPHQW�RU�DUWLIDFWV�WR�FRQYH\�WKH�LQIRUPDWLRQ��V\PEROLF

LQGLFDWRUV� H[WUDFW� LPSRUWDQW�GDWD� IURP� WKH� HQYLURQPHQW� DQG�GLVSOD\� LW� H[SOLFLWO\��$OWKRXJK

VHSDUDWH� LQGLFDWRUV� ODFN� WKH� FRQWH[W� SURYLGHG� E\� VLWXDWHG� SUHVHQWDWLRQV�� WKH\� DUH� VWLOO

QHFHVVDU\� LQ� VRPH� VLWXDWLRQV�� 7KH\� DUH� DOVR� JHQHUDOO\� VLPSOHU� WR� LPSOHPHQW�� UHTXLUH� IHZHU

FRPSXWDWLRQDO� UHVRXUFHV�� DQG� GR� QRW� HQFRXQWHU� WKH� YLVLELOLW\� SUREOHP�� 7KH� QH[W� VHFWLRQV

ORRN� DW�SUHVHQWDWLRQ�RI�EDVLF�ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� WKURXJK� VHSDUDWH� V\PEROLF

GLVSOD\V�� DQG� DW� WHFKQLTXHV� IRU� YLVXDOL]LQJ� UHODWLRQVKLSV� RU� TXDOLWLHV� WKDW� DUH� GLIILFXOW� WR

GHWHUPLQH�IURP�OLWHUDO�SUHVHQWDWLRQV�

������%DVLF�:$�LQIRUPDWLRQ

6HSDUDWH� V\PEROLF� GLVSOD\V�� OLNH� OLWHUDO� GLVSOD\V�� VKRZ� LQIRUPDWLRQ� DERXW� ZKR� LV� LQ� WKH

ZRUNVSDFH��ZKHUH�WKH\�DUH�ZRUNLQJ��DQG�ZKDW�WKH\�DUH�GRLQJ��+RZHYHU�� WKH� LQIRUPDWLRQ�LV

SUHVHQWHG� H[SOLFLWO\� DQG� DW� D� PRUH� DEVWUDFW� OHYHO�� )RU� H[DPSOH�� WZR� V\PEROLF� GLVSOD\V

VKRZLQJ�SUHVHQFH�DQG�LGHQWLW\�DUH�LOOXVWUDWHG�LQ�)LJXUH�����WDNHQ�IURP�*URXS.LW��DW�OHIW��DQG

7HDPURRPV� �DW� ULJKW�� �5RVHPDQ�DQG�*UHHQEHUJ��������7KH\� VKRZ�D� VLPSOH� OLVW�RI�FXUUHQW

SDUWLFLSDQWV·�QDPHV�RU�SRUWUDLWV�

���

)LJXUH�����3DUWLFLSDQW�OLVWV��5RVHPDQ�DQG�*UHHQEHUJ�������
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/RFDWLRQ� FDQ� DOVR� EH� VKRZQ� VHSDUDWH� IURP� WKH� ZRUNVSDFH�� EXW� WKH� LQIRUPDWLRQ� PXVW� EH

SUHVHQWHG�LQ�D�IRUP�WKDW�FDQ�EH�LQWHUSUHWHG�ZLWKRXW�XVLQJ�WKH�ZRUNVSDFH�DV�D�FRQWH[W��7KHUH

DUH�RWKHU�FRQWH[WV�WKDW�FDQ�EH�XVHG��)RU�H[DPSOH��FRRUGLQDWH�V\VWHPV�DUH�FRPPRQO\�XVHG�WR

LQWHUSUHW� ORFDWLRQ��3HRSOH� RIWHQ� XVH� D� VLPSOH� WZR�E\�WZR� V\VWHP� �WRS�� ERWWRP�� OHIW�� ULJKW��

DQG�PDSPDNHUV�LPSRVH�D�PRUH�ILQH�JUDLQHG�V\VWHP��VHH�)LJXUH������,I�WKH�ZRUNVSDFH�RU�WKH

WDVN�XVHV�WKHVH�V\VWHPV��WKHQ�FRRUGLQDWHV�FDQ�EH�XVHG�LQ�DZDUHQHVV�GLVSOD\V�
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)LJXUH�����&RDUVH�DQG�ILQH�FRRUGLQDWH�V\VWHPV�

,Q�RWKHU�FDVHV��WKH�ZRUNVSDFH�KDV�DQ�H[SOLFLW�VWUXFWXUH�GHULYHG�IURP�WKH�RUJDQL]DWLRQ�RI�WKH

WDVN��DQG�WKLV�FRQWH[W�FDQ�DOVR�EH�XVHG�WR�LQWHUSUHW�ORFDWLRQ�LQIRUPDWLRQ��)RU�H[DPSOH��WH[W

GRFXPHQWV�DUH�RIWHQ�RUJDQL]HG�LQWR�VHFWLRQV�DQG�VXEVHFWLRQV��DQG�D�GUDZLQJ�RI�D�IORRU�SODQ

LV� GLYLGHG� LQWR� URRPV��)LJXUH� ��� VKRZV� DQ� LQGLFDWRU� RI�ZKDW� VHFWLRQ� RI� D� GRFXPHQW� HDFK

SHUVRQ�LV�FXUUHQWO\�ZRUNLQJ�LQ��7KLV�GLVSOD\�LV�VLPLODU�WR�WKH�RXWOLQH�UDGDU�YLHZ�LQ�)LJXUH����

EXW�GRHV�QRW�VKRZ�WKH�HQWLUH�VWUXFWXUH�RI�WKH�GRFXPHQW��RQO\�HDFK�SHUVRQ·V�ORFDWLRQ�

)LJXUH�����/RFDWLRQ�LQGLFDWRU�IRU�D�VWUXFWXUHG�WH[W�GRFXPHQW��SURWRW\SH�

7R�GLVSOD\�LQIRUPDWLRQ�DERXW�DFWLYLW\��PDQ\�RI�WKH�V\PEROLF�WHFKQLTXHV�GLVFXVVHG�HDUOLHU�FDQ

EH� UHPRYHG� IURP� WKHLU�ZRUNVSDFH� FRQWH[W� DQG� SODFHG� LQ� D� VHSDUDWH� GLVSOD\�� )RU� H[DPSOH�

V\VWHP�PRGH��FXUUHQW�WRRO�LQ�XVH��RU�FXUUHQW�PHQX�RU�NH\ERDUG�DFWLRQ�FDQ�DOO�EH�VKRZQ�LQ�D

VHSDUDWH�GLVSOD\�
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������$UELWUDU\�UHODWLRQVKLSV

7KH�ODFN�RI�FRQWH[W�PDNHV�VRPH�NLQGV�RI�LQIRUPDWLRQ�PRUH�GLIILFXOW�WR�SUHVHQW�LQ�D�VHSDUDWH

V\PEROLF� LQGLFDWRU�� EXW� WKHVH� GLVSOD\V� FDQ� DOVR� H[WUDFW� DUELWUDU\� LQIRUPDWLRQ� IURP� WKH

HQYLURQPHQW�WKDW�ZRXOG�EH�GLIILFXOW�WR�ILQG�LQ�D�OLWHUDO�SUHVHQWDWLRQ��7KHUH�DUH�WZR�NLQGV�RI

LQIRUPDWLRQ�WKDW�V\PEROLF� LQGLFDWRUV�GLVSOD\�SDUWLFXODUO\�ZHOO�� WDVN�VSHFLILF� LQIRUPDWLRQ�DQG

WHPSRUDO�UHODWLRQVKLSV�

7DVN�VSHFLILF� LQIRUPDWLRQ�� ,I� WKH� WDVN� UHTXLUHV� WKDW� SHRSOH� WUDFN� VSHFLILF� VWDWHV�� FRQGLWLRQV�

HYHQWV��RU�UHODWLRQVKLSV��WKHQ�D�V\PEROLF�LQGLFDWRU�WKDW�GLVSOD\V�RQO\�WKLV�VSHFLILF�LQIRUPDWLRQ

FDQ�EH�PRUH�HIIHFWLYH�WKDQ�ILQGLQJ�WKH�LQIRUPDWLRQ�LQ�D�OLWHUDO�GLVSOD\��)RU�H[DPSOH��LW�PD\�EH

YLWDOO\� LPSRUWDQW� WR�NQRZ�ZKHQ�D� FRQWURO�URRP�RSHUDWRU� VKXWV�GRZQ�D�SDUWLFXODU�SLHFH�RI

HTXLSPHQW�� $OWKRXJK� WKLV� LQIRUPDWLRQ� FRXOG� EH� JDWKHUHG� IURP� D� OLWHUDO� GLVSOD\� RI� WKH

RSHUDWRU·V�DFWLRQV��D�V\PEROLF�LQGLFDWRU�FDQ�PDNH�WKDW�RQH�DFWLRQ�PRUH�QRWLFHDEOH�DQG�KDUGHU

WR�PLVV��2WKHU�H[DPSOHV� LQFOXGH�DUELWUDU\�UHODWLRQVKLSV�EHWZHHQ�SHRSOH�DQG�DUWLIDFWV� LQ� WKH

ZRUNVSDFH��VXFK�DV�WKH�QHDUHVW�SHUVRQ�WR�PH��WKH�SHUVRQ�ZKR�ODVW�XVHG�WKH�ZHOGLQJ�WRRO��RU

WKH�SHRSOH�ZKR�KDYH�QRW�\HW�EHHQ�LQ�WKH�,QWURGXFWLRQ�VHFWLRQ�

7HPSRUDO� UHODWLRQVKLSV��,Q�RUGHU�WR�XQGHUVWDQG�KRZ�D�SHUVRQ�RU�DQ�DUWLIDFW�DUH�EHKDYLQJ�RYHU

WLPH��D�OLWHUDO�SUHVHQWDWLRQ�UHTXLUHV�WKDW�WKH�GLVSOD\�EH�ZDWFKHG�FRQWLQXRXVO\��+RZHYHU��LI�WKH

VSHFLILF�TXDQWLWLHV�RI� LQWHUHVW�DUH�NQRZQ�EHIRUHKDQG�� WKHQ� WKH�JURXSZDUH� V\VWHP�FDQ� WUDFN

WKRVH� YDULDEOHV� DQG� GLVSOD\� DQ� XS�WR�GDWH� VXPPDU\�� 7HPSRUDO� LQGLFDWRUV� FRPH� LQ� WKUHH

IODYRXUV�� )LUVW�� WKH\� FDQ� WUDFN� KRZ� ORQJ� LW� KDV� EHHQ� VLQFH� FHUWDLQ� HYHQWV� RFFXUUHG�� )RU

H[DPSOH��DQ�LGOH�WLPH�LQGLFDWRU�WUDFNV�WKH�DPRXQW

RI� WLPH� VLQFH� D� SHUVRQ� ZDV� DFWLYH� LQ� WKH

ZRUNVSDFH�� )LJXUH� ��� VKRZV� D� VLPSOH� LGOH�WLPH

LQGLFDWRU� IURP� WKH�7HDPURRPV� V\VWHP� �5RVHPDQ

DQG�*UHHQEHUJ�������

6HFRQG��WHPSRUDO� LQGLFDWRUV�FDQ�VKRZ�WKH�FXUUHQW

YDOXH�RI�D�SDUWLFXODU�TXDQWLW\³D�NLQG�RI�PHWHU�RQ

DQ� DUWLIDFW� RU� SHUVRQ�� )RU� H[DPSOH�� DQ� LQGLFDWRU

FRXOG� VKRZ� WKH� QXPEHU� RI� WLPHV� WKDW� DQ� DUWLIDFW
)LJXUH�����,GOH�WLPH�LQGLFDWRU

�5RVHPDQ�DQG�*UHHQEHUJ�������
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KDV�EHHQ�PDQLSXODWHG�ZLWKLQ�D�FHUWDLQ�WLPH�SHULRG�

RU� FRXOG� VKRZ� D� SHUVRQ·V� FXUUHQW� UDWH� RI� DFWLYLW\�

)LJXUH� ��� LOOXVWUDWHV� ´VRFLDO� DFWLYLW\� LQGLFDWRUVµ

�$FNHUPDQ�DQG�6WDUU��������PHWHUV�WKDW�GLVSOD\�WKH

FXUUHQW� UDWH� RI� WUDIILF� RQ� GLIIHUHQW� DV\QFKURQRXV

FRPPXQLFDWLRQ�FKDQQHOV�

7KLUG�� LQGLFDWRUV� FDQ� VKRZ� WUHQGV�� E\� WDNLQJ� WKH

PHWHUV� GHVFULEHG� DERYH� DQG� JUDSKLQJ� D� UDQJH� RI

YDOXHV� RYHU� WLPH� LQVWHDG� RI� MXVW� VKRZLQJ� WKH

FXUUHQW� YDOXH��7KXV�� D� WUHQG� LQGLFDWRU� FRXOG� VKRZ

WKH�RYHUDOO�DFWLYLW\� LQ�WKH�ZRUNVSDFH�RYHU� WLPH��RU

FKDQJHV�LQ�WKH�QXPEHU�RI�SHRSOH�SDUWLFLSDWLQJ�LQ�WKH�DFWLYLW\�RYHU�D�FHUWDLQ�WLPH�SHULRG�

$OWKRXJK�WKHVH�GLVSOD\V�FDQ�SURYLGH�VSHFLILF�XVHIXO� LQIRUPDWLRQ�IRU�PDLQWDLQLQJ�DZDUHQHVV�

WKH� DELOLW\� WR� LVRODWH� SDUWLFXODU� LQIRUPDWLRQ� DQG� DQDO\]H� D� FKDQQHO� RYHU� WLPH� DOVR� UDLVH

FRQFHUQV�DERXW�SULYDF\��,�EULHIO\�FRQVLGHU�WKH�RYHUDOO�SUREOHP�RI�LQDSSURSULDWH�DZDUHQHVV�LQ

&KDSWHU����

����&KDSWHU�VXPPDU\

7KLV�FKDSWHU�KDV�VKRZQ�D�YDULHW\�RI�H[DPSOH�GLVSOD\V�DQG�GLVSOD\�WHFKQLTXHV�IRU�SUHVHQWLQJ

ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ�� 7KHVH� WHFKQLTXHV� GLIIHU� LQ� WKH� SODFHPHQW� DQG� WKH

SUHVHQWDWLRQ�RI�LQIRUPDWLRQ��7KH�VLWXDWHG�DSSURDFK�DWWHPSWV�WR�XVH�ZRUNVSDFH�HPERGLPHQW�

UHSUHVHQWDWLRQV�RI�DFWLRQV��DQG�H[SUHVVLYH�DUWLIDFWV�WR�KHOS�SHRSOH�PDLQWDLQ�DZDUHQHVV�XVLQJ

PHFKDQLVPV�WKDW�WKH\�DOUHDG\�NQRZ��6LQFH�WKH�VLWXDWHG�DSSURDFK�GLVSOD\V�LQIRUPDWLRQ�ZKHUH

LW� KDSSHQV�� LW� GHSHQGV� RQ� WKH� YLVLELOLW\� RI� WKH� UHOHYDQW� SDUW� RI� WKH� ZRUNVSDFH�� 7KHUH� DUH

VHYHUDO�PHDQV�IRU�VKRZLQJ�RWKHU�DUHDV�RI�WKH�ZRUNVSDFH�WKDW�YDU\�PDJQLILFDWLRQ��H[WHQWV��DQG

UHSUHVHQWDWLRQ�WR�SURYLGH�GLIIHUHQW�DPRXQWV�RI�JOREDO�DQG�GHWDLOHG�LQIRUPDWLRQ�

6HSDUDWH� DQG� V\PEROLF� WHFKQLTXHV� GLVSOD\� DZDUHQHVV� LQIRUPDWLRQ� DV� D� VWDWH� UDWKHU� WKDQ� DQ

RQJRLQJ�SURFHVV��6\PEROLF� LQIRUPDWLRQ�UHTXLUHV� OHVV�VFUHHQ�VSDFH�DQG�GRHV�QRW�GHSHQG�RQ

)LJXUH�����6RFLDO�DFWLYLW\�LQGLFDWRUV

�$FNHUPDQ�	�6WDUU�������
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ZRUNVSDFH�YLVLELOLW\��EXW�SURYLGHV�PXFK�OHVV�GHWDLO�DERXW�DFWLRQV�DQG�DUWLIDFWV��DQG�GRHV�QRW

SUHVHQW�LQIRUPDWLRQ�ZLWKLQ�D�VSDWLDO�DQG�WHPSRUDO�FRQWH[W�

7KH�QH[W�FKDSWHU�WDNHV�D�FORVHU�ORRN�DW�WKH�UDGDU�YLHZ��D�GLVSOD\�WKDW�SURYLGHV�YLVLELOLW\�RI�WKH

HQWLUH� ZRUNVSDFH�� DQG� DOORZV� WKH� SUHVHQWDWLRQ� RI� VLWXDWHG� :$� LQIRUPDWLRQ�� 7KH� UDGDU

HYROYHG�RYHU�WKH�FRXUVH�RI�WKUHH�GHVLJQ�LWHUDWLRQV��LQFOXGLQJ�WKH�WZR�HYDOXDWLRQV�RI�&KDSWHUV

��DQG����,�ORRN�DW�WKH�RULJLQV�RI�WKH�GLVSOD\��DQG�DW�KRZ�WKH�GHVLJQ�FKDQJHG�WR�EHWWHU�VXSSRUW

ERWK�LQGLYLGXDO�ZRUN�DQG�WKH�PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV�



���

&KDSWHU�� 7KH�HYROXWLRQ�RI �WKH�UDGDU�YLHZ

7KH�UDGDU�YLHZ��LQWURGXFHG�LQ�WKH�SUHYLRXV�FKDSWHU�

GLVSOD\V� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� RQ� D

PLQLDWXUH� UHSUHVHQWDWLRQ� RI� WKH� HQWLUH� VKDUHG

ZRUNVSDFH�� 7KH� UDGDU� YLHZ� DOORZV� FRQVHTXHQWLDO

FRPPXQLFDWLRQ�� IHHGWKURXJK�� DQG� JHVWXUH� WR� EH

SHUFHLYHG�UHJDUGOHVV�RI�ZKHUH�SHRSOH�DUH�ZRUNLQJ��,

KDYH�HYDOXDWHG�WKH�UDGDU�LQ�D�YDULHW\�RI�V\VWHPV�DQG

FLUFXPVWDQFHV�� DQG� VR� D� FRQVLGHUDEOH� DPRXQW�RI�GHVLJQ�ZRUN�KDV�EHHQ�SXW� LQWR� LW�� ,Q� WKLV

FKDSWHU��,�WUDFH�WKH�HYROXWLRQ�RI�WKH�GLVSOD\�WKURXJK�WKUHH�GHVLJQ�F\FOHV�DQG�GLVFXVV�KRZ�WKH

DZDUHQHVV�LQIRUPDWLRQ�DQG�WKH�SUHVHQWDWLRQ�FKRLFHV�FKDQJHG��0DQ\�RI�WKH�REVHUYDWLRQV�DQG

PXFK�RI�WKH�IHHGEDFN�XVHG�LQ�UHGHVLJQLQJ�WKH�GLVSOD\�FRPHV�IURP�WKH�HYDOXDWLRQV�WKDW�ZLOO

EH�SUHVHQWHG�LQ�WKH�QH[W�IHZ�FKDSWHUV��7KHUHIRUH��WKH�VWRU\�WROG�KHUH�IRUHVKDGRZV�VRPH�RI

WKH� UHVXOWV� WKDW�ZLOO� EH�SUHVHQWHG� ODWHU�� ,Q� WKLV� FKDSWHU�� ,� GLVFXVV� WKH� RULJLQV� RI�ZRUNVSDFH

RYHUYLHZV� DQG� UDGDU� YLHZV�� DQG� WKHQ�GHVFULEH� WKH� GHVLJQ� DQG� UHGHVLJQ�RI� WKUHH� VXFFHVVLYH

YHUVLRQV� RI� WKH� UDGDU�� /DWHU� FKDSWHUV� SURYLGH� GHWDLOV� DERXW� WKH� VHWXS� DQG� ILQGLQJV� RI� WKH

HYDOXDWLRQV�

����,QVSLUDWLRQV�DQG�URRWV

0DQ\�SHRSOH�ZKR�XQGHUWDNH� WDVNV� LQ�PHGLXP�RU� ODUJH�SK\VLFDO�ZRUNVSDFHV�KDYH�IDFHG� WKH

SUREOHP�RI�QRW�EHLQJ�DEOH�WR�VHH�HYHU\WKLQJ�DW�RQFH��DQG�KDYH�GHDOW�ZLWK�LW�E\�FRQVWUXFWLQJ

PLQLDWXUH�UHSUHVHQWDWLRQV�WR�XVH�DV�D�JXLGH��)RU�H[DPSOH��D�SDSHU�PDS��DOUHDG\�D�PLQLDWXUH

UHSUHVHQWDWLRQ�� LV�RIWHQ� WRR� ODUJH� WR� VSUHDG�RXW� FRPSOHWHO\�� DQG�SHRSOH�ZLOO� RIWHQ� IROG� WKH

PDS�VR�WKDW�LW�VKRZV�RQO\�D�SDUWLFXODU�DUHD�RI�LQWHUHVW��7KH�IROGLQJ�WHFKQLTXH�PDNHV�WKH�PDS

PRUH�PDQDJHDEOH��EXW�DW�WKH�FRVW�RI�FRQWH[W��LW�LV�QRZ�GLIILFXOW�WR�UHODWH�WKH�DUHD�LQ�IRFXV�WR

WKH�UHVW�RI�WKH�PDS��$V�)LJXUH����VKRZV��FRQWH[W�FDQ�EH�JLYHQ�XVLQJ�D�VHFRQG�YLHZ��RQH�WKDW

VKRZV�WKH�HQWLUH�ZRUNVSDFH�LQ�PLQLDWXUH�DQG�DOVR�LQGLFDWHV�WKH�FXUUHQW�DUHD�RI�LQWHUHVW��7KH

Operationalization

Application

Evaluation
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PDLQ�SDUW�RI�WKH�PDS�VWLOO�VKRZV�WKH�DUHD�RI�LQWHUHVW�LQ�GHWDLO��,Q�WKH�ILJXUH��WKH�RYHUYLHZ�LV

LQVHW�LQWR�ERWK�PDSV�DV�D�JOREH�ZLWK�D�UHFWDQJOH�LQGLFDWLQJ�WKH�RXWOLQH�RI�WKH�GHWDLO�DUHD�

���

)LJXUH�����7ZR�H[DPSOHV�RI�RYHUYLHZV�LQ�QHZVSDSHU�PDSV��&DOJDU\�+HUDOG�������

,Q�FRPSXWDWLRQDO�ZRUNVSDFHV��WKHVH�YLVLELOLW\�SUREOHPV�DUH�FRPPRQ��VLQFH�WKH�XVHU�FDQ�VHH

RQO\�RQH�VFUHHQIXO�RI�WKH�VSDFH�DW�D�WLPH��0LQLDWXUH�UHSUHVHQWDWLRQV�KDYH�EHHQ�XVHG�LQ�JDPHV

DQG�GUDZLQJ�SURJUDPV�DV�QDYLJDWLRQDO�DLGV�DQG�DV�D�ZD\�IRU�SHRSOH�WR�VHH�DQ�HQWLUH�SLFWXUH�RU

GRFXPHQW�DW�RQFH��8QOLNH�SDSHU�PDSV��KRZHYHU��FRPSXWDWLRQDO�RYHUYLHZV�FDQ�EH�G\QDPLF�

VR�WKDW�WKH�PLQLDWXUH�FKDQJHV�ZKHQHYHU�VRPHWKLQJ�KDSSHQV�LQ�WKH�PDLQ�YLHZ��)LJXUH����DQG

)LJXUH����VKRZ�H[DPSOHV�RI�G\QDPLF�PLQLDWXUHV�LQ�VLQJOH�XVHU�DSSOLFDWLRQV�

)LJXUH����VKRZV�WKH�HDUO\�DUFDGH�JDPH�'HIHQGHU��7KH�´VFDQQHUµ�YLHZ�DW�WKH�WRS�RI�WKH�VFUHHQ

VKRZV�WKH�ZKROH�JDPH�DUHD��WKH�EODFN�UHFWDQJOH�VKRZV�WKH�UHJLRQ�WKDW�LV�YLVLEOH�LQ�WKH�PDLQ

SDUW�RI�WKH�VFUHHQ��)LJXUH����VKRZV�D�GUDZLQJ�SURJUDP��$OGXV�6XSHU3DLQW��WKDW�SURYLGHV�DQ

RYHUYLHZ�RI� WKH� FXUUHQW�GRFXPHQW�� WKH�RYHUYLHZ� �DW� OHIW�� DOVR� VKRZV� WKH� FXUUHQW� YLHZSRUW

�GRWWHG�UHFWDQJOH��

7KH� DERYH� H[DPSOHV� DOO� LQYROYH� VLQJOH�XVHU� ZRUNVSDFHV�� EXW� PXOWL�XVHU� ZRUNVSDFHV� DOVR

HQFRXQWHU�WKH�YLVLELOLW\�SUREOHP��7KH�SUREOHP�LV�DFWXDOO\�ZRUVH�LQ�JURXSZDUH��LQ�DGGLWLRQ�WR

SUREOHPV� RI� FRQWH[W�� ODFN� RI� YLVLELOLW\� DOVR� SRVHV� SUREOHPV� IRU� ZRUNVSDFH� DZDUHQHVV� �VHH

6HFWLRQ���������:KHQ�HYHQWV�KDSSHQ�RXWVLGH�WKH�PDLQ�YLHZ��VLWXDWHG�SODFHPHQW�RI�DZDUHQHVV
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LQIRUPDWLRQ�FDQQRW�EH�SHUFHLYHG��DQG�FRQVHTXHQWLDO�FRPPXQLFDWLRQ�DQG�IHHGWKURXJK�FDQQRW

KDSSHQ�� 7KH� UDGDU� YLHZ� PDNHV� WKH� HQWLUH� ZRUNVSDFH� YLVLEOH�� DOORZLQJ� LQIRUPDWLRQ� DERXW

SUHVHQFH��DFWLRQV��DQG�ORFDWLRQ�WR�EH�SHUFHLYDEOH�DQG�XVDEOH�E\�WKH�SHRSOH�LQ�WKH�FRQIHUHQFH�

9DULDWLRQV�RI� WKH� UDGDU�YLHZ�KDYH�DSSHDUHG� LQ�SUHYLRXV� JURXSZDUH� V\VWHPV��7KH� WHUP�ZDV

FRLQHG� E\� 6PLWK� DQG� FROOHDJXHV� ������� WR� GHVFULEH� WKH� PLQLDWXUH� YLHZ� RI� WKH� 6KDUHG

$OWHUQDWH�5HDOLW\�.LW��6KDUHG$5.���D�PXOWL�XVHU�SK\VLFV�PLFURZRUOG��7KLV�PLQLDWXUH�ORRNHG

)LJXUH�����7KH�DUFDGH�JDPH�'HIHQGHU��ZLWK�¶VFDQQHU·�YLHZ�DW�WRS��:LOOLDPV�������

)LJXUH�����'UDZLQJ�SURJUDP�ZLWK�PLQLDWXUH��OHIW��DQG�PDLQ�YLHZ��ULJKW���$OGXV�������
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DQG�ZRUNHG�OLNH�'HIHQGHU·V�VFDQQHU��EXW�DOVR�VKRZHG�D�YLHZSRUW�RXWOLQH�IRU�HDFK�SHUVRQ��,Q

)LJXUH�����6KDUHG$5.·V�UDGDU�YLHZ�LV�VKRZQ�DW�WKH�WRS�RI�WKH�VFUHHQ��UHFWDQJOHV�LQ�WKH�UDGDU

LQGLFDWH� YLHZ� H[WHQWV�� $� ODWHU� YHUVLRQ� RI� WKH� UDGDU�� XVHG� ZLWK� RQH�GLPHQVLRQDO� WH[W

ZRUNVSDFHV��ZDV�LPSOHPHQWHG�LQ�WKH�6$66(�JURXS�WH[W�HGLWRU��%DHFNHU��������7KLV�GHYLFH�

FDOOHG�WKH�´JHVWDOW�YLHZ�µ� LV�VKRZQ�LQ�)LJXUH�����7KH�JHVWDOW�YLHZ·V�RYHUYLHZ�EUHDNV�XS�WKH

WH[W�VR�WKDW�LW�FDQ�DOO�EH�VKRZQ�LQ�WKH�ORZHU�KDOI�RI�WKH�VFUHHQ�

Radar View

Main Workspace View

View Rectangles

)LJXUH�����5DGDU�YLHZ�IURP�6KDUHG$5.��6PLWK�HW�DO������

)LJXUH�����*HVWDOW�YLHZ�IURP�WKH�6$66(�WH[W�HGLWRU��%DHFNHU�HW�DO������
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����5DGDU�YLHZ�YHUVLRQ��

7KH�ILUVW�UDGDU�YLHZ�EXLOW�IRU�WKLV�UHVHDUFK�ZDV�D�VLPSOH�SDVVLYH

RYHUYLHZ� RI� WKH� REMHFWV� LQ� D� ZRUNVSDFH� �)LJXUH� ����� 7KH

GLVSOD\�ZDV� XSGDWHG�ZKHQHYHU� DQ� REMHFW�PRYHG� LQ� WKH�PDLQ

YLHZ�� VR� GUDJJLQJ� DQ� REMHFW�ZRXOG� EH� LPPHGLDWHO\� VKRZQ� LQ

WKH� UDGDU�� ,W� XVHG� D� ORZ�ILGHOLW\� UHSUHVHQWDWLRQ� RI� ZRUNVSDFH

REMHFWV�� UHSODFLQJ� WKHP�ZLWK� FRORXUHG� UHFWDQJOHV�� WR� VLPSOLI\

WKH� PLQLDWXUL]DWLRQ� SURFHVV� DQG� WR� PLQLPL]H� GLVSOD\� ORDG�

)LJXUH����VKRZV�WKLV�YHUVLRQ�RI�WKH�UDGDU�XVHG�LQ�D�QHZVSDSHU�

OD\RXW� DSSOLFDWLRQ�� 7H[W� FROXPQV� DUH� UHSUHVHQWHG� DV� JUH\

UHFWDQJOHV�� KHDGOLQHV� DUH� EODFN�� DQG� SLFWXUHV� DUH� EORFNV� LQ

GLIIHUHQW�FRORXUV��7KH�GLVSOD\�LV�VKRZQ�DV�LW�ZRXOG�EH�XVHG�LQ�D�QHZVSDSHU�OD\RXW�DSSOLFDWLRQ

LQ�)LJXUH�����DOWKRXJK�WKH�PDLQ�YLHZ�LV�VPDOOHU�WKDQ�LW�ZRXOG�EH�LQ�UHDO�XVH��

)LJXUH�����9HUVLRQ���XVHG�LQ�D�SDJH�OD\RXW�DSSOLFDWLRQ�

)LJXUH�����7KH�UDGDU

YLHZ�YHUVLRQ��
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7KLV�YHUVLRQ�RI�WKH�UDGDU�YLHZ�VKRZV�RQO\�WKH�ZRUNVSDFH�REMHFWV��&RQVHTXHQWO\��IHHGWKURXJK

LV�WKH�RQO\�PHFKDQLVP�WKDW�FDQ�EH�XVHG�WR�JDWKHU�ZRUNVSDFH�DZDUHQHVV� LQIRUPDWLRQ��(YHQ

VR�� WKH� GLVSOD\� SURYLGHV� VRPH� LQIRUPDWLRQ� DERXW� SUHVHQFH�� ORFDWLRQ�� DQG� DFWLYLW\�� )RU

H[DPSOH��ZKHQ�\RX�VHH�DQ�REMHFW�PRYH�LQ�WKH�UDGDU��\RX�FDQ�DVVXPH�WKDW�WKHUH�LV�VRPHRQH

WKHUH��WKDW�WKH�PRYLQJ�REMHFW�LV�LQ�WKH�RWKHU�SHUVRQ·V�PDLQ�YLHZ��DQG�WKDW�WKH\�DUH�HQJDJHG�LQ

PRYLQJ�LW��+RZHYHU��PRWLRQ�LV�WKH�RQO\�VRXUFH�RI�LQIRUPDWLRQ�LQ�WKH�GLVSOD\��ZKHQ�QRWKLQJ

LV�PRYLQJ��LW�LV�GLIILFXOW�WR�GHWHUPLQH�DQ\WKLQJ�DERXW�WKH�RWKHUV�LQ�WKH�FRQIHUHQFH��7KURXJK

P\�RZQ� LQIRUPDO�REVHUYDWLRQV�� LW�EHFDPH�FOHDU� WKDW� WKH�GLVSOD\�QHHGHG�D�PRUH�SHUPDQHQW

UHSUHVHQWDWLRQ�RI�ZKR�ZDV�LQ�WKH�ZRUNVSDFH�DQG�ZKHUH�WKH\�ZHUH�

����5DGDU�YLHZ�YHUVLRQ��

7KH�VHFRQG�YHUVLRQ�RI�WKH�UDGDU�DGGHG�DQ�HPERGLPHQW�RI�HDFK�SDUWLFLSDQW�WR�WKH�RYHUYLHZ�

E\�VXSHULPSRVLQJ�YLHZSRUWV�DQG�WHOHSRLQWHUV�RQ�WKH�GLVSOD\��)LJXUH����DQG�)LJXUH������7KH

HPERGLPHQWV�ZHUH�DOVR�XSGDWHG�LQ�WKH�UDGDU�ZKHQHYHU�FKDQJHV�ZHUH�PDGH�LQ�WKH�PDLQ�YLHZ�

9LHZSRUWV�ZHUH�GLVSOD\HG�DV�FRORXUHG�UHFWDQJOHV��YLHZ�UHFWDQJOHV���PDGH�SDUWLDOO\�WUDQVSDUHQW

E\� UHQGHULQJ�RQO\� VHOHFWHG�SL[HOV� DFFRUGLQJ� WR� D�ELWPDS�PDVN��0LQLDWXUH� WHOHSRLQWHUV�ZHUH

DOVR�GLVSOD\HG�IRU�HDFK�SDUWLFLSDQW��,GHQWLW\�ZDV�FRQYH\HG�E\�FRORXU��HDFK�SDUWLFLSDQW·V�YLHZ

UHFWDQJOH�DQG�WHOHSRLQWHU�ZHUH�GLVSOD\HG�LQ�D�GLIIHUHQW�FRORXU�

)LJXUH�����7KH�UDGDU�YLHZ�YHUVLRQ��
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)LJXUH�����7KH�UDGDU�YLHZ�LQ�D�JURXSZDUH�QHZVSDSHU�OD\RXW�DSSOLFDWLRQ

7KH�YLHZ�UHFWDQJOHV�DQG�WHOHSRLQWHUV�SURYLGH� LQIRUPDWLRQ�DERXW�ZKHUH�SHRSOH�DUH�ZRUNLQJ

DQG�ZKDW� WKH\� DUH� GRLQJ�� 7HOHSRLQWHUV� DOVR� DOORZ� QRQYHUEDO� JHVWXUDO� FRPPXQLFDWLRQ� HYHQ

ZKHQ�SDUWLFLSDQWV�DUH�ZRUNLQJ�LQ�GLIIHUHQW�SDUWV�RI�WKH�ZRUNVSDFH��+RZHYHU��WKLV�YHUVLRQ�RI

WKH�UDGDU��OLNH�YHUVLRQ����ZDV�D�SDVVLYH�GLVSOD\�WKDW�FRXOG�QRW�EH�PDQLSXODWHG��3HRSOH�FRXOG

QRW�FKDQJH� WKHLU� YLHZSRUW·V� ORFDWLRQ��PDQLSXODWH�ZRUNVSDFH� DUWLIDFWV�� RU�SRLQW� WR� WKLQJV� LQ

WKH�UDGDU�YLHZ��WKHVH�RSHUDWLRQV�FRXOG�RQO\�EH�DFFRPSOLVKHG�WKURXJK�WKHLU�PDLQ�YLHZ��:KHQ

D�SHUVRQ�SXW�WKHLU�PRXVH�FXUVRU�LQWR�WKH�UDGDU�YLHZ��WKHLU�WHOHSRLQWHU�GLVDSSHDUHG�RQ�RWKHU

SHRSOH·V�VFUHHQV�

9HUVLRQ� �� RI� WKH� UDGDU� YLHZ�ZDV� H[DPLQHG� LQ� WKH� XVDELOLW\� VWXG\� RI�&KDSWHU� ���:KLOH� WKH

UDGDU�ZDV�VKRZQ�WR�EH�D�XVHIXO�DQG�YDOXDEOH�DGGLWLRQ�WR�WKH�V\VWHP��WKHUH�ZHUH�D�QXPEHU�RI

GLVSOD\� DQG� GHVLJQ� LVVXHV� UDLVHG� E\� WKH� SDUWLFLSDQWV�� 7KHVH� LVVXHV� IHOO� LQWR� WKUHH� DUHDV�

LQWHUDFWLYLW\��GLVSOD\�ILGHOLW\��DQG�LGHQWLILFDWLRQ�
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,QWHUDFWLYLW\�� $V� GLVFXVVHG� DERYH�� WKH� UDGDU� YLHZ�ZDV� D� SDVVLYH� LQIRUPDWLRQ� GLVSOD\�� 3HRSOH

ZKR�XVHG�WKH�UDGDU�ZDQWHG�LW� WR�EH� LQWHUDFWLYH��DQG�WKH\�VXJJHVWHG� WKUHH�FDSDELOLWLHV��)LUVW�

WKH\�ZDQWHG�WR�EH�DEOH�WR�SRLQW�WR�WKLQJV�LQ�WKH�UDGDU�YLHZ��6HFRQG��WKH\�ZDQWHG�WR�EH�DEOH

WR�PRYH� REMHFWV� XVLQJ� WKH� UDGDU� YLHZ��7KLUG�� WKH\�ZDQWHG� WR� EH� DEOH� WR�PRYH� WKHLU�PDLQ

ZRUNVSDFH�YLHZ�E\�GUDJJLQJ�WKHLU�YLHZ�UHFWDQJOH�LQVLGH�WKH�UDGDU�

'LVSOD\� ILGHOLW\��7ZR�SUREOHPV�DURVH� IURP�WKH�ZD\� WKDW� WKH� UDGDU� UHSUHVHQWHG�REMHFWV��)LUVW�

VRPH� SDUWLFLSDQWV� KDG� GLIILFXOW\� NHHSLQJ� WUDFN� RI� ZKLFK� REMHFWV� LQ� WKH� PDLQ� YLHZ� ZHUH

UHSUHVHQWHG�E\�ZKLFK�REMHFWV� LQ� WKH�UDGDU�YLHZ��7KDW� LV��DOWKRXJK�WKH\�FRXOG�VHH� WKDW� WKHLU

SDUWQHU�ZDV�PRYLQJ�D�KHDGOLQH��WKH\�FRXOGQ·W�WHOO�IURP�WKH�UDGDU�YLHZ�ZKLFK�KHDGOLQH�LW�ZDV�

6HFRQG�� VRPH�SHRSOH�KDG�GLIILFXOW\� VHHLQJ� WKH� UDGDU� WHOHSRLQWHUV��7ZR� UHDVRQV� JLYHQ�ZHUH

WKDW� WKH� WHOHSRLQWHUV�ZHUH� VPDOO�� DQG�EHFDXVH� WKH�FRQWUDVW�EHWZHHQ� WKH� WHOHSRLQWHU� DQG� WKH

REMHFW�XQGHUQHDWK�LW�ZDV�VRPHWLPHV�SRRU�

,GHQWLILFDWLRQ�� 3HRSOH� KDG� RFFDVLRQDO� GLIILFXOW\� LQ� UHPHPEHULQJ� ZKLFK� YLHZ� UHFWDQJOH� LQ� WKH

UDGDU�ZDV�WKHLUV�DQG�ZKLFK�ZDV�WKHLU�SDUWQHU·V��$OWKRXJK�WKLV�ZDV�QRW�D�FRPPRQ�SUREOHP�

VHYHUDO�SHRSOH�WKRXJKW�WKDW�LW�ZRXOG�EHFRPH�PRUH�VHYHUH�ZLWK�ODUJHU�JURXSV�

7KLV� IHHGEDFN� ZDV� XVHG� LQ� WKH� QH[W� UHGHVLJQ� RI� WKH� UDGDU� YLHZ��0RUH� GHWDLO� DERXW� WKHVH

LVVXHV��WKH�SULQFLSOHV�XQGHUO\LQJ�WKHP��DQG�RWKHU�GHWDLOV�RI�WKH�VWXG\�DUH�JLYHQ�LQ�&KDSWHU���

7KH�QH[W�YHUVLRQ�RI� WKH� UDGDU�YLHZ� LQFOXGHG�PDMRU�FKDQJHV� LQ�HDFK�RI� WKH�DUHDV�GLVFXVVHG

DERYH�

����5DGDU�YLHZ�YHUVLRQ��

7KH�WKLUG�YHUVLRQ�RI�WKH�UDGDU�YLHZ�PDGH�PDMRU�FKDQJHV�LQ�WKH�ILGHOLW\�RI�WKH�UHSUHVHQWDWLRQ�

DQG� LQ� WKH� LQWHUDFWLYLW\� RI� WKH� GLVSOD\� �)LJXUH� �����0LQRU� FKDQJHV�ZHUH� DOVR�PDGH� WR� HDVH

LGHQWLILFDWLRQ�� DQG� WR� LPSURYH�SUHVHQWDWLRQ� DQG�EHKDYLRXU��7KH� ILUVW�PDMRU� FKDQJH�PRYHG

IURP� FRORXU�FRGHG� UHFWDQJOHV� WR� KLJK�ILGHOLW\� UHSUHVHQWDWLRQV� RI� WKH� REMHFWV� LQ� WKH

ZRUNVSDFH��2EMHFWV�LQ�WKH�UDGDU�QRZ�ORRNHG�OLNH�REMHFWV�LQ�WKH�PDLQ�YLHZ��RQO\�VPDOOHU���$

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

��7KH�KLJKHU�ILGHOLW\�UHSUHVHQWDWLRQ�LV�DFKLHYHG�E\�DGGLQJ�D�WRRO�FDOOHG�3DG���WR�*URXS.LW�
3DG��� �%HGHUVRQ� DQG� 3HUOLQ� ������ SURYLGHV� KLJK�ILGHOLW\� VFDOLQJ� RSHUDWLRQV� IRU� D� ZLGH
YDULHW\�RI�REMHFW�W\SHV�
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KLJK�ILGHOLW\�UHSUHVHQWDWLRQ�DOORZV�SHRSOH�WR�GLIIHUHQWLDWH�EHWZHHQ�VLPLODU�ORRNLQJ�REMHFWV�LQ

WKH�UDGDU�

7KH� VHFRQG�PDMRU� FKDQJH�PDGH� WKH� UDGDU� D� IXOO\� LQWHUDFWLYH� GLVSOD\� WKDW� DOORZV� SRLQWLQJ�

PDQLSXODWLQJ��DQG�QDYLJDWLQJ��3HRSOH�FDQ�QRZ�SRLQW�WR�REMHFWV�LQ�WKH�UDGDU��DQG�WKHLU�UDGDU

WHOHSRLQWHU� RQ� RWKHUV·� VFUHHQV� ZLOO� SHUIRUP� WKH� VDPH� JHVWXUH�� 2EMHFWV� FDQ� EH� VHOHFWHG�

PRYHG�� DQG�PDQLSXODWHG�ZLWKLQ� WKH� UDGDU�� DW� OHDVW� WR� WKH� OLPLW� RI� WKH� GLVSOD\·V� UHVROXWLRQ�

1DYLJDWLRQ�LV�DOVR�VLPSOLILHG��GUDJJLQJ�RQH·V�YLHZ�UHFWDQJOH�LQ�WKH�UDGDU�FDXVHV�WKH�PDLQ�YLHZ

WR�VFUROO�WR�WKDW�ORFDWLRQ�

6PDOOHU� FKDQJHV�ZHUH� XQGHUWDNHQ� WR� SURYLGH� LQIRUPDWLRQ� DERXW� LGHQWLW\� DQG� LPSURYH� WKH

YLVLELOLW\� RI� WHOHSRLQWHUV�� ,GHQWLI\LQJ� ZKRVH� YLHZ� UHFWDQJOH� LV� ZKRVH� ZDV� VLPSOLILHG� E\

DWWDFKLQJ� SHRSOH·V� SRUWUDLWV� WR� WKHLU� YLHZ� UHFWDQJOHV�� DOWKRXJK� FRORXU� LV� VWLOO� XVHG� DV� D

VHFRQGDU\� VRXUFH� RI� LQIRUPDWLRQ��7HOHSRLQWHUV�ZHUH�PDGH�PRUH� YLVLEOH� E\� HQODUJLQJ� WKHP

VOLJKWO\�� FKDQJLQJ� WKHLU� VKDSH� IURP� D� GRW� WR� DQ� DUURZ�� DQG� JLYLQJ� WKHP� D� EODFN�RXWOLQH� WR

LPSURYH�FRQWUDVW��9HUVLRQ���RI� WKH�UDGDU�YLHZ� LV�VKRZQ�DW�DFWXDO�VL]H� LQ�)LJXUH����� DQG�DV

SDUW�RI�D�FRQFHSW�PDS�HGLWRU�LQ�)LJXUH�����,Q�WKLV�DSSOLFDWLRQ��WKH�UDGDU�LV�LQVHW�LQWR�WKH�PDLQ

YLHZ�RI�WKH�ZRUNVSDFH�DV�D�VHSDUDWH�SDQH��1RWH�WKDW�WKH�VL]H�DQG�VKDSH�RI�WKH�UDGDU�YLHZ�DUH

GLIIHUHQW�IURP�YHUVLRQ����EXW�RQO\�EHFDXVH�WKH�VL]H�DQG�VKDSH�RI�WKH�ZRUNVSDFH�LQ�WKH�QHZ

DSSOLFDWLRQ�DUH�GLIIHUHQW��WKH�UHGXFWLRQ�IDFWRU�LV�DSSUR[LPDWHO\�WKH�VDPH�LQ�ERWK�GLVSOD\V�

9DULDQWV� RI� WKLV� YHUVLRQ�RI� WKH� UDGDU� YLHZ�KDYH�EHHQ� HYDOXDWHG� LQ� GLIIHUHQW�ZD\V��$� KLJK�

ILGHOLW\� EXW� GLVSOD\�RQO\� YDULDQW� LV� WKH� IRFXV� RI� WKH� VWXG\� LQ� &KDSWHU� ��� DQG� WKH� IXOO\

)LJXUH�����7KH�UDGDU�YLHZ�YHUVLRQ��
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LQWHUDFWLYH� UDGDU� KDV� EHHQ� VXEMHFW� WR� LQIRUPDO� DVVHVVPHQW� DV� SDUW� RI� WKH� FRQFHSW� PDS

DSSOLFDWLRQ��,Q�JHQHUDO��SHRSOH�ZHUH�SOHDVHG�ZLWK�WKH�UDGDU·V�KLJK�ILGHOLW\�UHSUHVHQWDWLRQ�DQG

LQWHUDFWLYH�FDSDELOLWLHV��DQG�SHRSOH�KDG�YHU\�IHZ�PDMRU�GLIILFXOWLHV�LQWHUSUHWLQJ�DQG�XVLQJ�WKH

GLVSOD\�� +RZHYHU�� D� YDULHW\� RI� VPDOOHU� LVVXHV� ZHUH� UDLVHG� WKDW� FRQFHUQ� WZR� IXUWKHU� DUHDV�

GLVSOD\�VL]H��UHSUHVHQWDWLRQ�GHWDLOV��DQG�SHUIRUPDQFH�

'LVSOD\�FKRLFHV��6HYHUDO�DVSHFWV�RI�WKH�UDGDU·V�YLVXDO�DWWULEXWHV�ZHUH�GLVFXVVHG��0DQ\�RI�WKHVH

FRPPHQWV�LQGLFDWHG�WKDW�IRU�FHUWDLQ�DFWLYLWLHV��WKH�UDGDU�ZDV�HLWKHU�WRR�ODUJH�RU�WRR�VPDOO��,Q

VRPH�VLWXDWLRQV��SHRSOH�IHOW�WKDW�WKH�UDGDU�YLHZ�EORFNHG�WRR�PXFK�RI�WKH�ZRUNVSDFH��7KHVH

FRPPHQWV�XVXDOO\�FRQFHUQHG�DWWHPSWV�WR�JHW�DW�DQ�REMHFW�WKDW�VDW�XQGHUQHDWK�WKH�UDGDU��,Q

RWKHU�VLWXDWLRQV��KRZHYHU��SHRSOH�IHOW� WKDW�WKH�UDGDU�ZDV�WRR�VPDOO�� LQ� WKDW� WKH�REMHFWV� LQ� LW

ZHUH�KDUG�WR�VHH�RU�KDUG�WR�PDQLSXODWH�ZLWK�WKH�PRXVH�

)LJXUH�����7KH�UDGDU�YLHZ�LQ�D�FRQFHSW�PDS�HGLWRU�



���

5HSUHVHQWDWLRQ� GHWDLOV�� 3HRSOH� QRWHG� IRXU� DGGLWLRQDO� �WKRXJK� PLQRU�� SUREOHPV� ZLWK� WKH

UHSUHVHQWDWLRQ�RI�REMHFWV� LQ� WKH�GLVSOD\��)LUVW�� LQ� D� IHZ�FDVHV�� WKH� WHOHSRLQWHU�REVFXUHG� WKH

REMHFW� EHQHDWK� LW�� ZKHQ� D� SHUVRQ� JUDEEHG� D� VPDOO� REMHFW� LQ� WKH� ZRUNVSDFH�� WKH� UDGDU

WHOHSRLQWHUV�VRPHWLPHV�PDGH�LW�GLIILFXOW�IRU�RWKHUV�WR�LGHQWLI\�WKH�REMHFW��6HFRQG��WKH�UDGDU

GLG� QRW� VKRZ� WKH� SRSXS� PHQXV� XVHG� LQ� WKH� FRQFHSW�PDS� DSSOLFDWLRQ�� $� IHZ� SHRSOH

VXJJHVWHG� WKDW� WKH� GLVSOD\� VKRXOG� VKRZ� DOO� RI� WKH� DFWLRQV� JRLQJ� RQ� LQ� WKH�PDLQ� YLHZ� �VHH

6HFWLRQ���������7KLUG�� XVHUV�RI� WKH� FRQFHSW�PDS� DSSOLFDWLRQ�QRWHG� WKDW� WKH� SRUWUDLWV� LQ� WKH

YLHZ� UHFWDQJOHV� VRPHWLPHV� PDGH� LW� GLIILFXOW� WR� VHH� WKH� REMHFWV� RYHU� WKH� SRUWUDLW�� )RXUWK�

SHRSOH�QRWLFHG�WKDW�ZKDW�LV�YLVLEOH�LQ�D�YLHZ�UHFWDQJOH�GRHV�QRW�H[DFWO\�PDWFK�ZKDW�LV�YLVLEOH

LQ� WKH�PDLQ�YLHZ��VLQFH�YLHZ�UHFWDQJOHV�GR�QRW� LQGLFDWH� WKH� UDGDU�YLHZ� LWVHOI��2FFDVLRQDOO\�

SHRSOH�ZRXOG�EHOLHYH�DQ�REMHFW�WR�EH�YLVLEOH�LQ�WKHLU�PDLQ�YLHZ��ZKHQ�LQ�UHDOLW\�LW�ZDV�KLGGHQ

EHKLQG�WKH�UDGDU�

3HUIRUPDQFH��2QH�SHUIRUPDQFH�SUREOHP�ZDV� UHSRUWHG��7KH� UDGDU�YLHZ�VRPHWLPHV� IDGHG�RXW

PRPHQWDULO\� GXULQJ� SHULRGV� RI� KLJK� DFWLYLW\�� :KHQ� WZR� RU� PRUH� SHRSOH� DOO� PRYHG� WKHLU

YLHZSRUWV�DW�RQFH��WKH�UDGDU�YLHZ�RQ�VORZHU�ZRUNVWDWLRQV�ZRXOG�EH�XQDEOH�WR�NHHS�XS�ZLWK

DOO�WKH�DFWLYLW\�

7KHVH�SUREOHPV�DQG�VXJJHVWLRQV�ZHUH�XVHG�LQ�WKH�QH[W�DQG�ILQDO�UHGHVLJQ�RI�WKH�GLVSOD\�

����5DGDU�YLHZ�YHUVLRQ��

9HUVLRQ� IRXU� LV� WKH� FXUUHQW� YHUVLRQ� RI� WKH� UDGDU� YLHZ� �)LJXUH� ��� DQG� )LJXUH� ����� $JDLQ�

VHYHUDO� FKDQJHV� KDYH� EHHQ� PDGH� EDVHG� RQ� WKH� IHHGEDFN� GHVFULEHG� DERYH�� 7KH� PDMRU

GLIIHUHQFHV�LQ�YHUVLRQ���FRQFHUQ�WKH�VL]H�RI�WKH�GLVSOD\�DQG�WKH�PDJQLILFDWLRQ�RI�WKH�REMHFWV

VKRZQ� LQ� LW��7KUHH�VWUDWHJLHV�ZHUH� LPSOHPHQWHG�WR� LPSURYH� WKH�YLVLELOLW\� DQG� UHVROXWLRQ�RI

WKH�UDGDU�DQG�WR�UHGXFH�WKH�SUREOHP�RI�RFFOXVLRQ��7KHVH�VWUDWHJLHV�DUH�YDULDEOH�PDJQLILFDWLRQ

RI�REMHFWV��WUDQVSDUHQF\��DQG�WKH�IXOO�VFUHHQ�UDGDU�

9DULDEOH�PDJQLILFDWLRQ� UHSUHVHQWDWLRQ�� 7KH� VL]H� UHGXFWLRQ� RI� WKH� UDGDU� YLHZ� FDQ� UHQGHU� VRPH

ZRUNVSDFH� DUWLIDFWV� WRR� VPDOO� WR� VHH� FOHDUO\� HQRXJK� IRU� WKH�SXUSRVHV�RI� WKH� WDVN��$UWLIDFWV

WKDW� DUH� VPDOO� WR� EHJLQ�ZLWK� FDQ� EHFRPH� DOPRVW� LQYLVLEOH� ZKHQ� UHGXFHG� LQ� VL]H� ��� WLPHV�

7KHUHIRUH��SUHVHQWLQJ�DUWLIDFWV�LQ�WKH�UDGDU�DW�GLIIHUHQW�UHGXFWLRQ�IDFWRUV�FRXOG�EH�XVHIXO��WKDW
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LV�� VRPH� REMHFWV� LQ� WKH� UDGDU� ZLOO� EH� ODUJHU�� UHODWLYH� WR� WUXH� VL]H�� WKDQ� RWKHUV�� 6LQFH� WKLV

VWUDWHJ\�GHSHQGV�RQ�SULRU�NQRZOHGJH�RI�WKH�REMHFWV�LQ�WKH�ZRUNVSDFH��LW�FDQ�RQO\�EH�XVHG�DV

D�FXVWRPL]DWLRQ�RI�WKH�UDGDU�YLHZ�UDWKHU�WKDQ�D�VWDQGDUG�FDSDELOLW\�

5DGDU�WUDQVSDUHQF\��7KH�SUREOHP�RI�WKH�UDGDU�RFFOXGLQJ�PDLQ�YLHZ�REMHFWV�FDQ�EH�DSSURDFKHG

XVLQJ�WUDQVSDUHQF\��7KH�EDFNJURXQG�RI�WKH�UDGDU�FDQ�EH�PDGH�SDUWLDOO\�WUDQVSDUHQW��WR�PDNH

PDLQ�YLHZ� REMHFWV� EHKLQG� WKH� UDGDU� YLVLEOH�� 7KH� EHQHILW� LV� WKDW� SHRSOH�ZLOO� OHVV� RIWHQ� ORVH

REMHFWV� EHKLQG� WKH� UDGDU�� 7KH� GUDZEDFN� LV� WKDW� YLVXDO� FODULW\� RI� WKH� UDGDU� LV� VRPHZKDW

UHGXFHG��7KH�WUDQVSDUHQW�UDGDU�LV�VKRZQ�LQ�)LJXUH�����WKH�V\VWHP�LV�D�SLSHOLQH�FRQVWUXFWLRQ

NLW� EXLOW� IRU� WKH� VWXG\� LQ� &KDSWHU� ��� 7KH� YLVXDO� HIIHFW� LV� XQIRUWXQDWHO\� KDPSHUHG� E\� WKH

LPSOHPHQWDWLRQ�� VLQFH� WKH� XQGHUO\LQJ� WRROV� GR� QRW� DOORZ� WUXH� WUDQVSDUHQF\� WKURXJK� DOSKD�

FKDQQHO�EOHQGLQJ��,QVWHDG�� WKH�GLVSOD\�XVHV�D�UHQGHULQJ�PDVN�WR� OHW�VRPH�RI� WKH�XQGHUO\LQJ

LPDJH�VKRZ�WKURXJK�

)XOO�VFUHHQ� UDGDU��:KHQ�SHRSOH�ZRUN� LQ� WKH� UDGDU� YLHZ�� REMHFWV� DUH� VRPHWLPHV� WRR� VPDOO� WR

PDQLSXODWH�HDVLO\��7KLV�SUREOHP�FDQ�EH�VROYHG�IRU�VRPH�DSSOLFDWLRQV�E\�DOORZLQJ�WKH�XVHU�WR

WHPSRUDULO\�H[SDQG�WKH�UDGDU�WR�WKH�IXOO�VL]H�RI�WKH�VFUHHQ��:KHQ�D�FRPPDQG�LV�FKRVHQ�IURP

WKH�PHQX�� WKH� UDGDU�YLHZ�H[SDQGV� WR� ILOO� WKH�HQWLUH�ZRUNVSDFH�ZLQGRZ�� FRYHULQJ� WKH�PDLQ

)LJXUH�����7UDQVSDUHQW�UDGDU�XVLQJ�D�UHQGHULQJ�PDVN
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YLHZ��VHH�)LJXUH������7KLV�FDSDELOLW\�JLYHV�SHRSOH�PD[LPXP�SRVVLEOH� UHVROXWLRQ�ZKHQ� WKH\

DUH�ZRUNLQJ� LQ� WKH� UDGDU�YLHZ��REMHFWV� DUH�PXFK�HDVLHU� WR� VHH�� WH[W� LV� HDVLHU� WR� UHDG��PRUH

GHWDLO�LV�YLVLEOH��DQG�REMHFWV�DUH�HDVLHU�WR�JUDE�DQG�PDQLSXODWH��:LWK�D�W\SLFDO�VFUHHQ�VL]H��WKH

IXOO�VFUHHQ� UDGDU� LQFUHDVHV� LWV� DUHD� DQG� UHVROXWLRQ�E\� D� IDFWRU� RI� QLQH��:KHQ� LQ� IXOO�VFUHHQ

PRGH��WKH�ORFDO�XVHU·V�YLHZ�UHFWDQJOH�LV�GLPPHG�LQ�DOO�RWKHU�UDGDUV�WR�LQGLFDWH�WKDW�WKH\�DUH

QRW�XVLQJ�WKHLU�PDLQ�YLHZ��,Q�WKH�ILJXUH��WKH�IXOO�VFUHHQ�UDGDU��DW�ULJKW��VKRZV�RQO\�WKH�UHPRWH

XVHU·V�YLHZ�UHFWDQJOH�

7KH�UDWLRQDOH�EHKLQG�WKH�IXOO�VFUHHQ�FDSDELOLW\� LV� WKDW�ZKHQ�SHRSOH�ZRUN� LQ� WKH�PDLQ�YLHZ�

WKH\�QHHG�WKH�UDGDU�YLHZ�WR�PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV��+RZHYHU��ZKHQ�WKH\�ZRUN�LQ�WKH

UDGDU� YLHZ�� WKH\� GR�QRW� XVXDOO\� QHHG� WKH� GHWDLOHG� LQIRUPDWLRQ� LQ� WKH�PDLQ� YLHZ��7KH� IXOO�

VFUHHQ� UDGDU� GLIIHUV� IURP� WKH� ]RRP� FDSDELOLW\� LQ� WUDGLWLRQDO� SURJUDPV� LQ� WKDW� WKH� UDGDU

GRHVQ·W�JR�DZD\�ZKHQ�\RX�JR�EDFN��WKDW�LV��]RRP�LQ��WR�WKH�PDLQ�YLHZ�

,Q� DGGLWLRQ� WR� WKHVH� VL]H� DQG�PDJQLILFDWLRQ� FKDQJHV�� VHYHUDO�PLQRU� DOWHUDWLRQV�PDNH� VPDOO

DGMXVWPHQWV�WR�WKH�UHSUHVHQWDWLRQ�DQG�EHKDYLRXU�RI�WKH�UDGDU�YLHZ��)LUVW��LQ�RUGHU�WR�UHGXFH

WKH�FRPSXWDWLRQDO�ORDG�ZKHQ�PXOWLSOH�SHRSOH�PRYH�DURXQG�LQ�WKH�ZRUNVSDFH�DW�RQFH��YLHZ

UHFWDQJOHV� DUH� VLPSOLILHG� GXULQJ� PRYHV�� 7KH� SRUWUDLWV� DQG� WKH� UHFWDQJOH� ERUGHU� DUH� QRW

VKRZQ�� UHGXFLQJ� WKH� QXPEHU� RI� PRYLQJ� REMHFWV� IURP� WKUHH� SHU� SHUVRQ� WR� RQH�� 6HFRQG�

WHOHSRLQWHUV�ZHUH�FKDQJHG�WR�PRYH�SDUWO\�EHKLQG�DQ�REMHFW�ZKHQ�WKH�REMHFW�LV�JUDEEHG��7KH

WHOHSRLQWHU·V�RXWOLQH�LV�VWLOO�YLVLEOH�DERYH�WKH�REMHFW��EXW�WKH�LQWHULRU�ILOO�GURSV�EHKLQG��7KLUG�

SRSXS�PHQXV�DUH�QRZ�UHSUHVHQWHG�LQ�WKH�FRQFHSW�PDS�UDGDU��3RSXSV�DUH�QRW�DXWRPDWLFDOO\

��

)LJXUH�����7KH�QRUPDO�VL]H�RI�WKH�UDGDU�YLHZ��OHIW��DQG�WKH�IXOO�VFUHHQ�UDGDU��ULJKW�
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GHDOW�ZLWK�E\�WKH�XQGHUO\LQJ�WRRO��VR�ZKHQ�D�SRSXS�LV�VKRZQ�LQ�WKH�PDLQ�YLHZ��D�PLQLDWXUH

YHUVLRQ�PXVW�EH�GUDZQ�PDQXDOO\�LQ�WKH�UDGDU�

����6XPPDU\

7KLV�FKDSWHU�KDV�UHYLHZHG�WKH�HYROXWLRQ�RI�WKH�UDGDU�YLHZ��D�GLVSOD\�WKDW�SUHVHQWV�DZDUHQHVV

LQIRUPDWLRQ�RQ�D�ZRUNVSDFH�PLQLDWXUH��7DEOH���FRPSDUHV�WKH�PDMRU�FKDUDFWHULVWLFV�RI�HDFK

YHUVLRQ�DQG�FRPSDUHV�WKH�PDMRU�FKDQJHV�WKDW�RFFXUUHG�ZLWK�HDFK�UHGHVLJQ��7KH�UDGDU�YLHZ

FRPELQHV�YLVLELOLW\�RI�WKH�HQWLUH�ZRUNVSDFH�ZLWK�LQIRUPDWLRQ�DERXW�LGHQWLWLHV��ORFDWLRQV��DQG

9HUVLRQ � 9HUVLRQ � 9HUVLRQ � 9HUVLRQ �

:RUNVSDFH

UHSUHVHQWDWLRQ

ORZ�ILGHOLW\ ORZ�ILGHOLW\ KLJK�ILGHOLW\ KLJK�ILGHOLW\� YDULDEOH

VL]H RU WUDQVSDUHQW

:RUNVSDFH DZDUHQHVV LQIRUPDWLRQ�

:KR

3UHVHQFH LQGLUHFW� WKURXJK

REMHFW PRYHPHQW

SUHVHQFH RI YLHZ

UHFWDQJOHV DQG

WHOHSRLQWHUV

SUHVHQFH RI YLHZ

UHFWDQJOHV DQG

WHOHSRLQWHUV

SUHVHQFH RI YLHZ

UHFWDQJOHV DQG

WHOHSRLQWHUV

,GHQWLW\ QRQH FRORXU RI YLHZ

UHFWDQJOH DQG

WHOHSRLQWHU

FRORXU DQG SRUWUDLW FRORXU DQG SRUWUDLW

:KDW

$FWLRQ REMHFW IHHGWKURXJK WHOHSRLQWHU

PRYHPHQW� REMHFW

IHHGWKURXJK

WHOHSRLQWHU

PRYHPHQW� REMHFW

IHHGWKURXJK

WHOHSRLQWHU

PRYHPHQW� REMHFW

IHHGWKURXJK� SURFHVV

IHHGWKURXJK �H�J�

SRSXS PHQXV�

:KHUH

/RFDWLRQ LQGLUHFW� WKURXJK

REMHFW PRYHPHQW

ORFDWLRQ RI YLHZ

UHFWDQJOH DQG

WHOHSRLQWHU

ORFDWLRQ RI YLHZ

UHFWDQJOH DQG

WHOHSRLQWHU

ORFDWLRQ RI YLHZ

UHFWDQJOH DQG

WHOHSRLQWHU

9LHZ LQGLUHFW� WKURXJK

REMHFW PRYHPHQW

H[WHQWV RI YLHZ

UHFWDQJOH

H[WHQWV RI YLHZ

UHFWDQJOH

H[WHQWV RI YLHZ

UHFWDQJOH

7DEOH����5HSUHVHQWDWLRQ�DQG�:$�FKDQJHV�IRU�YHUVLRQV�����RI�WKH�UDGDU�
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DFWLRQV� RI� SDUWLFLSDQWV� LQ� WKH� JURXSZDUH� FRQIHUHQFH�� 7KURXJK� WKUHH� GHVLJQ� LWHUDWLRQV�� WKH

UDGDU� YLHZ� KDV� HYROYHG� IURP� D� EDVLF� RYHUYLHZ� WR� DQ� LQWHUDFWLYH� GLVSOD\� WKDW� VKRZV

FRQVLGHUDEOH�LQIRUPDWLRQ�DERXW�SDUWLFLSDQWV��7KH�WDEOH�VXPPDUL]HV�ERWK�WKH�UHSUHVHQWDWLRQ

XVHG� DQG� WKH�ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� SURYLGHG� E\� WKH� GLVSOD\� �,� LQFOXGH� RQO\� D

VXEVHW�RI�WKH�HOHPHQWV�RI�:$�WKDW�DSSO\�VSHFLILFDOO\�WR�WKH�UDGDU�YLHZ��

7KXV� IDU� LQ� WKH� GLVVHUWDWLRQ�� ,� KDYH� ORRNHG� DW� WKH� RSHUDWLRQDOL]DWLRQ� DQG� DSSOLFDWLRQ� RI

ZRUNVSDFH�DZDUHQHVV��ZKDW�LW�LV��KRZ�LW�ZRUNV��DQG�KRZ�WR�XVH�LW�LQ�WKH�GHVLJQ�RI�JURXSZDUH�

7KH� QH[W� SDUW� RI� WKH� UHVHDUFK� SURFHVV� LV� HYDOXDWLRQ�� 7KH� IROORZLQJ� WKUHH� FKDSWHUV� ZLOO

FRQVLGHU� WKH� HYDOXDWLRQ� RI� WKH� LGHDV� SUHVHQWHG� WKXV� IDU�� ,Q� SDUWLFXODU�� WKH\� H[SORUH� WKH

UHVHDUFK�K\SRWKHVLV�SUHVHQWHG�LQ�&KDSWHU����WKDW�VXSSRUW�IRU�WKH�PDLQWHQDQFH�RI�ZRUNVSDFH

DZDUHQHVV� LPSURYHV� WKH� XVDELOLW\� RI� UHDO�WLPH� GLVWULEXWHG� JURXSZDUH� V\VWHPV�� ,� EHJLQ� WKLV

H[SORUDWLRQ�LQ�&KDSWHU����ZKLFK�ORRNV�PRUH�FORVHO\�DW�WKH� LVVXH�RI�JURXSZDUH�XVDELOLW\�� WKH

UHVHDUFK�K\SRWKHVLV��DQG�WKH�PHWKRGRORJ\�WKDW�ZLOO�EH�XVHG�WR�WHVW�LW�
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&KDSWHU�� (YDOXDWLRQ�PHWKRGRORJ\

7KH�WKLUG�SDUW�RI�P\�UHVHDUFK�SURFHVV�LV�HYDOXDWLRQ�

7KH� SUHFHGLQJ� FKDSWHUV� KDYH� RSHUDWLRQDOL]HG� WKH

FRQFHSW�RI�ZRUNVSDFH�DZDUHQHVV��DQG�KDYH�DSSOLHG

LW� WR� WKH� GHVLJQ� DQG� FRQVWUXFWLRQ� RI� DZDUHQHVV

GLVSOD\V� DQG� V\VWHPV�� 7KLV� ZRUN� KDV� EXLOW� DQ

LQIUDVWUXFWXUH� WKDW� QRZ� DOORZV� PH� WR� ORRN� PRUH

FORVHO\�DW�WKH�K\SRWKHVLV�SRVHG�DW�WKH�EHJLQQLQJ�RI

WKH� WKHVLV�� 7KH� QH[W� IHZ� FKDSWHUV�ZLOO� WHVW� WKH� FODLP� WKDW� VXSSRUW� IRU� WKH�PDLQWHQDQFH� RI

ZRUNVSDFH� DZDUHQHVV� LPSURYHV� WKH� XVDELOLW\� RI� JURXSZDUH�� 7KH� LQIUDVWUXFWXUH� LV� QHFHVVDU\

EHFDXVH� LW�SURYLGHV�D�PHDQV�RI� WUDFLQJ�DQG�H[SODLQLQJ� WKH� FRQQHFWLRQV�EHWZHHQ� DZDUHQHVV

GLVSOD\V� DQG� WKH� XQGHUO\LQJ� LGHDV� RI� ZRUNVSDFH� DZDUHQHVV�� DQG� OHWV� PH� EH� UHDVRQDEO\

FRQILGHQW�WKDW�WKH�HYDOXDWLRQV�RI�WKHVH�GLVSOD\V�DFWXDOO\�WHVW�WKH�HIIHFWV�RI�DZDUHQHVV�VXSSRUW�

7KLV�FKDSWHU�OD\V�WKH�JURXQGZRUN�IRU�WKH�HYDOXDWLRQ��,�ILUVW�RXWOLQH�P\�JRDOV��DQG�WKHQ�UHYLHZ

VRPH�EDVLF�LVVXHV�RI�UHVHDUFK�HYLGHQFH�DQG�PHWKRGRORJ\��,�WKHQ�WDFNOH�WKH�TXHVWLRQV�RI�ZKDW

JURXSZDUH� XVDELOLW\� LV�� KRZ� LPSURYHPHQWV� LQ� XVDELOLW\� FDQ� EH� GHWHFWHG�� DQG� KRZ� WKH

GLIILFXOWLHV�RI�PHDVXULQJ�JURXSV�ZLOO�DIIHFW�WKH�HYDOXDWLRQ��,�WKHQ�JLYH�DQ�RYHUYLHZ�RI�WKH�WZR

VWXGLHV�GLVFXVVHG�LQ�WKH�QH[W�WZR�FKDSWHUV��DQ�H[SORUDWRU\�XVDELOLW\�VWXG\�LQ�&KDSWHU����DQG�D

ODERUDWRU\�VWXG\�LQ�&KDSWHU���

����(YDOXDWLRQ�JRDOV

7KH� SULPDU\� JRDO� RI� WKHVH� HYDOXDWLRQV� LV� WR� WHVW� WKH� UHVHDUFK� K\SRWKHVLV�� WKDW� LV�� WR� WHVW

ZKHWKHU� VXSSRUW� IRU�:$� LPSURYHV� WKH� XVDELOLW\� RI� JURXSZDUH�� 6HFWLRQ� ���� FRQVLGHUV� WKDW

JRDO�LQ�PRUH�GHWDLO��7KHUH�DUH�DOVR�D�QXPEHU�RI�VHFRQGDU\�JRDOV��ZKLFK�FDQ�EH�RUJDQL]HG�LQWR

IRXU�JURXSV��H[SODQDWLRQ��GHVLJQ��YDOLGDWLRQ��DQG�JURXSZDUH�HYDOXDWLRQ�

([SODQDWLRQ��7KURXJK�WKHVH�HYDOXDWLRQV�,�ZLOO�JDWKHU�LQIRUPDWLRQ�DERXW�ZK\�FHUWDLQ�GLVSOD\V

DUH�RU�DUH�QRW�XVHIXO��EDVHG�RQ�REVHUYDWLRQV�RI�EHKDYLRXU�DW�D�PRUH�GHWDLOHG�OHYHO�WKDQ�ZKDW

Operationalization

Application

Evaluation
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H[LVWV� LQ� WKH� FRQFHSWXDO� IUDPHZRUN�� 7KLV� LQIRUPDWLRQ�ZLOO� EURDGHQ� XQGHUVWDQGLQJ� RI� KRZ

:$�ZRUNV�DQG�FDQ�EH�XVHG�WR�DGG�GHWDLO�WR�WKH�FRQFHSWXDO�IUDPHZRUN�

)XUWKHU�GHVLJQ��7KHVH�HYDOXDWLRQV�ZLOO�VKRZ�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�SDUWLFXODU�GHVLJQV�

WKHLU�DSSOLFDELOLW\� WR� VSHFLILF� VLWXDWLRQV�� DQG� WKH�XVDELOLW\�RI� WKH�GLVSOD\V� WKHPVHOYHV��7KHVH

UHVXOWV�ZLOO�EH�XVHG� WR� LPSURYH�H[LVWLQJ�GLVSOD\V�DQG� WR�FUHDWH�QHZ�RQHV��$V�PHQWLRQHG� LQ

&KDSWHU����VRPH�RI�WKHVH�GHVLJQ�UHVXOWV�KDYH�DOUHDG\�EHHQ�LQWURGXFHG�

9DOLGDWLRQ��7KHVH�HYDOXDWLRQV�ZLOO�SXW�DZDUHQHVV�VXSSRUW�RQ� WKH�EHJLQQLQJV�RI�DQ�HPSLULFDO

IRRWLQJ�� DQG� H[SRVH� ZHDNQHVVHV� LQ� WKH� XQGHUO\LQJ� LGHDV�� SURFHVVHV�� DQG� WKH� FRQFHSWXDO

IUDPHZRUN�

*URXSZDUH� HYDOXDWLRQ�� $V� WKH� VFLHQFH� RI� HYDOXDWLQJ� JURXSZDUH� V\VWHPV� LV� VWLOO� \RXQJ�� WKHVH

HYDOXDWLRQV� ZLOO� SURYLGH� SUDFWLFDO� LQIRUPDWLRQ� DERXW� WKH� XVHIXOQHVV�� WKH� SLWIDOOV�� DQG� WKH

HIILFLHQF\�RI�GLIIHUHQW�HYDOXDWLRQ�PHWKRGV�DQG�PHDVXUHV�

����0HWKRGRORJLFDO�DSSURDFK

,� H[DPLQH� WKH� UHVHDUFK� K\SRWKHVLV� ZLWK� WHFKQLTXHV� WDNHQ� IURP� XVDELOLW\� HQJLQHHULQJ� �H�J�

1LHOVHQ� ������ DQG� VWDQGDUG� FRQWUROOHG� H[SHULPHQWDWLRQ� �H�J�� 0F*UDWK� ������� %HIRUH

GHWDLOLQJ�WKH�PHWKRGV�WKDW�,�KDYH�FKRVHQ��KRZHYHU��,�ZLOO�VNHWFK�RXW�WKH�JHQHUDO�EDFNJURXQG

RI�HPSLULFDO�UHVHDUFK�PHWKRGRORJ\��7KLV�FRQWH[W�ZLOO�DOORZ�PH�WR�EHWWHU�H[SODLQ�P\�FKRLFH�RI

PHWKRGV�� DQG� ZLOO� SURYLGH� D� VHW� RI� FRQFHSWV� WKDW� ZLOO� EH� XVHIXO� LQ� ORRNLQJ� EDFN� DW� WKHVH

HYDOXDWLRQV�DQG�PHWKRGRORJLHV�LQ�ODWHU�FKDSWHUV�

������%DFNJURXQG

0F*UDWK� ������� VHWV�RXW�D�SUDFWLFDO� IUDPHZRUN�RI�PHWKRGV� IRU� WKH�EHKDYLRXUDO� DQG� VRFLDO

VFLHQFHV�ZKLFK�DOVR�DSSOLHV�WR�+&,�UHVHDUFK��+H�EHJLQV�E\�QRWLQJ�WKDW�UHVHDUFK� LV�VLPSO\�D

VWUXFWXUHG� ZD\� RI� JDWKHULQJ� RI� LQIRUPDWLRQ� RU� HYLGHQFH�� EXW� WKDW� WKH� ZD\� LQ� ZKLFK� WKH

HYLGHQFH�LV�JDWKHUHG�DIIHFWV�ZKDW�LW�PHDQV��$V�KH�VD\V��´WKH�PHDQLQJ�RI�UHVHDUFK�HYLGHQFH��LQ

DQ\�DUHD�RI�VFLHQFH��LV�LQKHUHQWO\�WLHG�WR�WKH�PHDQV�DQG�PHWKRGV�E\�ZKLFK�WKDW�HYLGHQFH�ZDV

REWDLQHGµ� �S�� ������ ,W� LV� WKHUHIRUH� DGYLVDEOH� WR� FRQVLGHU� WKH� VWUHQJWKV� DQG� OLPLWDWLRQV� RI

GLIIHUHQW�WHFKQLTXHV�EHIRUH�HPEDUNLQJ��0F*UDWK�FRQWLQXHV�E\�REVHUYLQJ� WKDW�´DOO�PHWKRGV
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DUH� IODZHG�� EXW� HDFK� LV� IODZHG� GLIIHUHQWO\µ� �S�� ������ +LV� RYHUDOO� PHVVDJH� LV� WKDW� QR� RQH

PHWKRG� FDQ� SURYLGH� SHUIHFW� UHVXOWV�� +LV� IUDPHZRUN� VKRZV� WKLV� E\� FRQVLGHULQJ� GLIIHUHQW

PHWKRGV�LQ�WHUPV�RI�WKUHH�FULWHULD��7KH�WKUHH�´GHVLUDEOH�IHDWXUHVµ�RI�UHVHDUFK�HYLGHQFH�DUH�

JHQHUDOL]DELOLW\�RI�WKH�HYLGHQFH�DFURVV�D�SRSXODWLRQ��SUHFLVLRQ�RI�PHDVXUHPHQW�RI�WKH�EHKDYLRXU

LQ�TXHVWLRQ��DQG�UHDOLVP�RI�WKH�FRQWH[W�LQ�ZKLFK�WKH�PHDVXUHPHQWV�WDNH�SODFH��S��>���@��

8QIRUWXQDWHO\�� RQH� RI� WKH� GLOHPPDV� RI� WKH� UHVHDUFK� SURFHVV� LV� WKDW� ´DOWKRXJK� \RX� DOZD\V

ZDQW�WR�PD[LPL]H�DOO�WKUHH�RI�WKHVH�FULWHULD�«\RX�FDQQRW�GR�VRµ��S��������VLQFH�VWHSV�WDNHQ

WR�LQFUHDVH�WKH�VWUHQJWK�RI�RQH�IHDWXUH�RIWHQ�ZHDNHQ�WKH�RWKHUV��0F*UDWK�VXJJHVWV�IRXU�EDVLF

PHWKRGRORJLFDO� DSSURDFKHV� WKDW� DUH� FRPSDUHG� LQ� )LJXUH� ���� UHVSRQGHQW� PHWKRGV�

H[SHULPHQWDO�PHWKRGV��ILHOG�PHWKRGV��DQG�WKHRUHWLFDO�PHWKRGV�

5HVSRQGHQW� PHWKRGV� JDWKHU� SDUWLFLSDQW� UHVSRQVHV� WR� TXHVWLRQV� RU� VWLPXOL� FUHDWHG� E\� WKH

UHVHDUFKHU�� LQ�RUGHU� WR�H[DPLQH� WKH�GLVWULEXWLRQ�RI� VRPH�YDULDEOH� DFURVV� D�SRSXODWLRQ��)RU

H[DPSOH��MXGJPHQW�VWXGLHV�JDWKHU�UHVSRQVHV�IURP�D�VPDOO�VHW�RI�MXGJHV��DQG�VDPSOH�VXUYH\V

JDWKHU�PRUH�JHQHUDO�LQIRUPDWLRQ�IURP�D�ZLGHU�UDQJH�RI�SHRSOH��5HVSRQGHQW�PHWKRGV�FDQ�EH

JHQHUDO��LI�WKH\�XVH�D�ODUJH�VDPSOH��DQG�FDQ�DOVR�SURYLGH�VSHFLILF�IHHGEDFN�DERXW�D�VWLPXOXV�RU

DQ�REMHFW��VXFK�DV�DQ�LQWHUIDFH���+RZHYHU��WKH�UHVSRQVHV�JDWKHUHG�DUH�DOZD\V�VXEMHFWLYH�

([SHULPHQWDO� PHWKRGV� W\SLFDOO\� WDNH� SODFH� LQ� WKH� ODERUDWRU\�� DQG� KDYH� WKH� UHVHDUFKHU

GHOLEHUDWHO\� FUHDWH� D� VHWWLQJ� IRU� EHKDYLRXU� ZLWK� VSHFLILF� UXOHV� DQG� LQVWUXFWLRQV�� 7KH

UHVHDUFKHUV� WKHQ� ´LQGXFH� VRPH� LQGLYLGXDOV� RU� JURXSV� WR� HQWHU� WKH� FRQFRFWHG� V\VWHP� DQG

HQJDJH�LQ�WKH�EHKDYLRXU�FDOOHG�IRU�E\�LWV�UXOHV�DQG�FLUFXPVWDQFHVµ��0F*UDWK�������S�������

7KHUH� DUH� WZR� W\SHV� RI� H[SHULPHQWDO� PHWKRGV�� /DERUDWRU\� H[SHULPHQWV� DUH� FRQWUROOHG

H[SHULPHQW� WKDW� RIWHQ� VWXG\� ´ORZ�OHYHO� SHUFHSWXDO�� FRJQLWLYH�� DQG� PRWRU� DFWLYLWLHV� RI

LQGLYLGXDOVµ� �%DHFNHU� HW� DO� ������ S�� ����� 7KH\� DWWDLQ� JUHDW� SUHFLVLRQ� E\� FRQWUROOLQJ� DOO

YDULDEOHV� RWKHU� WKDQ� WKRVH� XQGHU� REVHUYDWLRQ�� EXW� WKH\� GR� QRW� DFFRXQW� IRU� ZD\V� WKDW

EHKDYLRXU�ZLOO�EH� LQIOXHQFHG�E\�D� UHDO� WDVN�HQYLURQPHQW��([SHULPHQWDO� VLPXODWLRQV��RQ� WKH

RWKHU� KDQG�� DUH� DQ� DWWHPSW� ZKHUH� ´WR� DFKLHYH�PXFK� RI� WKH� SUHFLVLRQ� DQG� FRQWURO� RI� WKH

ODERUDWRU\�H[SHULPHQW�EXW�WR�JDLQ�VRPH�RI�WKH�UHDOLVP��RU�DSSDUHQW�UHDOLVP��RI�ILHOG�VWXGLHV�

7KLV�LV�GRQH�E\�FRQFRFWLQJ�D�VLWXDWLRQ�RU�EHKDYLRXU�VHWWLQJ�RU�FRQWH[W��DV�LQ�WKH�ODERUDWRU\

H[SHULPHQW��EXW�PDNLQJ� LW�DV�PXFK�OLNH�VRPH�FODVV�RI�DFWXDO�EHKDYLRXU�VHWWLQJ�DV�SRVVLEOHµ

�0F*UDWK�������S�������
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)LHOG� PHWKRGV� KDYH� WKH� UHVHDUFKHU� GLUHFWO\� REVHUYH� EHKDYLRXU� LQ� LWV� QDWXUDO� VHWWLQJ�� DQG

DWWHPSW� WR� PLQLPL]H� WKH� LQWUXVLRQ� LQWR� WKDW� VHWWLQJ�� )LHOG� VWXGLHV� XVH� WHFKQLTXHV� OLNH

HWKQRJUDSK\� DQG� LQWHUDFWLRQ� DQDO\VLV� WR� REVHUYH� SURFHVVHV� RU� WHFKQRORJ\� LQ� UHDO� ZRUN

VLWXDWLRQV��)LHOG�H[SHULPHQWV�FKDQJH�RQH�DVSHFW�RI�WKH�ZRUN�HQYLURQPHQW�DQG�WKHQ�REVHUYH

WKH�HIIHFWV�RI�WKH�FKDQJH�RYHU�D�VKRUW�RU�D�ORQJ�WHUP��%DHFNHU�HW�DO�������S�������6LQFH�ILHOG

PHWKRGV�VWXG\�SHRSOH�LQ�QDWXUDO�VHWWLQJV��WKH\�DUH�KLJKO\�UHDOLVWLF��+RZHYHU��REVHUYDWLRQV�LQ

ILHOG� PHWKRGV� FDQ� EH� VSHFLILF� WR� LQGLYLGXDOV� RU� FXOWXUHV�� DQG� VR� LW� LV� RIWHQ� GLIILFXOW� WR

JHQHUDOL]H�WR�RWKHU�VLWXDWLRQV�

7KHRUHWLFDO� PHWKRGV� H[SORUH� EHKDYLRXU� ZLWKRXW� REVHUYLQJ� LW�� WKURXJK� IRUPDO� WKHRULHV� RU

WKURXJK� FRPSXWHU� VLPXODWLRQV�� ,Q� +&,�� IRU� H[DPSOH�� WKHRULHV� RI� KXPDQ� LQIRUPDWLRQ

SURFHVVLQJ�FDQ�EH�HPSOR\HG�WR�HYDOXDWH�LQWHUIDFHV��XVLQJ�WHFKQLTXHV�OLNH�*206��H�J��%\UQH

HW� DO� ������� 0RGHOV� EDVHG� RQ� IRUPDO� WKHRU\� FRXOG� DOVR� IRUP� WKH� EDVLV� IRU� D� FRPSXWHU

VLPXODWLRQ� WKDW� LV� XVHG� WR� GHULYH� SUHGLFWLRQV� RI� SHUIRUPDQFH� ZLWK� D� SDUWLFXODU� V\VWHP� RU

GHYLFH��%DHFNHU�HW�DO�������S������

)LJXUH� ��� VKRZV� KRZ� WKHVH� IRXU� NLQGV� RI� PHWKRGV� UHODWH� WR� WKH� FULWHULD� RI� SUHFLVLRQ�

JHQHUDOL]DELOLW\��DQG�UHDOLVP��DQG�DOVR�VKRZV�KRZ�PRYLQJ�WRZDUG�RQH�RI�WKH�FULWHULD�DOZD\V

PRYHV�DZD\�IURP�DQRWKHU�
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)LJXUH�����5HVHDUFK�VWUDWHJLHV��DGDSWHG�IURP�0F*UDWK�������



���

������0HWKRGV�IRU�UHVHDUFK�RQ�ZRUNVSDFH�DZDUHQHVV

([SHULPHQWDO�PHWKRGV�ZLOO�EH�P\�SULPDU\�PHDQV�IRU�JDWKHULQJ�HYLGHQFH�DERXW�WKH�HIIHFWV�RI

ZRUNVSDFH� DZDUHQHVV� LQ� JURXSZDUH�� $V� D� VHFRQGDU\� PHWKRG�� ,� ZLOO� DOVR� XVH� UHVSRQGHQW

WHFKQLTXHV�ZLWKLQ�H[SHULPHQWV�WR�JDWKHU�MXGJPHQW�GDWD��,�HPSOR\�WZR�W\SHV�RI�H[SHULPHQW�

7KH� ILUVW� VWXG\� LV� D� XVDELOLW\� VWXG\�� ZKLFK� SURYLGHV� D� EURDG� UDQJH� RI� GDWD� DQG� DOORZV

H[SORUDWLRQ� RI� VHYHUDO� FRQGLWLRQV� DQG� VHYHUDO� TXHVWLRQV�� 7KH� VHFRQG� LV� D� ODERUDWRU\

VLPXODWLRQ�DV�GHVFULEHG�DERYH��ZKLFK�DOORZV�PH�WR�IRFXV�RQ�PRUH�VSHFLILF� LVVXHV�UDLVHG�E\

WKH�H[SORUDWRU\�VWXG\��2WKHU�PHWKRGV�DUH�LQDSSURSULDWH�RU�LQIHDVLEOH�IRU�D�YDULHW\�RI�UHDVRQV�

6XUYH\V� DUH� XQVXLWDEOH� VLQFH� SRSXODWLRQV� WKDW� KDYH� H[SHULHQFH� ZLWK� JURXSZDUH� DQG� :$

VXSSRUW�DUH�VPDOO�DQG�GLIILFXOW�WR�UHDFK��7KHRUHWLFDO�PHWKRGV�DUH�GLIILFXOW�EHFDXVH�QR�IRUPDO

WKHRU\� RI� DZDUHQHVV� H[LVWV�� )LHOG� WHFKQLTXHV� SUHVHQW� SUDFWLFDO� SUREOHPV�� ,Q� SDUWLFXODU�� LW� LV

GLIILFXOW�WR�ILQG�ZRUN�VLWXDWLRQV�ZKHUH�UHDO�WLPH�GLVWULEXWHG�ZRUN�LV�DOUHDG\�EHLQJ�GRQH�DQG

ZKHUH�,�FRXOG�LQWHJUDWH�D�JURXSZDUH�V\VWHP�ZLWK�H[LVWLQJ�RSHUDWLRQV�DQG�REVHUYH�LWV�XVH�LQ

UHDO�ZRUN�VLWXDWLRQV�

,�KDYH�FKRVHQ�H[SHULPHQWDO�WHFKQLTXHV�EHFDXVH�WKH\�SURYLGH�GHILQLWH�EHQHILWV�LQ�WHVWLQJ�P\

K\SRWKHVLV�� DQG�KDYH� OLPLWDWLRQV� WKDW� DUH� UHDVRQDEOH� JLYHQ� WKH� VFRSH�RI� WKLV� UHVHDUFK��7KH

DGYDQWDJH�RI� WKHVH�PHWKRGV� LV� WKDW� WKH\� DUH� SUHFLVH�� D� XVHIXO� TXDOLW\� LQ� DQ� DUHD�ZKHUH� WKH

XQGHUO\LQJ�SULQFLSOHV�DUH�QRW�ZHOO� XQGHUVWRRG��7KHLU�GUDZEDFNV� DUH� ODFN�RI� JHQHUDOL]DELOLW\

DQG� ODFN�RI� UHDOLVP��,Q� WKHVH�VWXGLHV�� ,�DGGUHVV� WKH�SUREOHP�RI� UHDOLVP�VRPHZKDW�E\�XVLQJ

H[SHULPHQWDO� VLPXODWLRQV�� ZKLFK� WHVW� UHDOLVWLF� V\VWHPV� ZLWK� UHDOLVWLF� XVHUV� IRU� H[SHULPHQWDO

SXUSRVHV� �%DHFNHU�HW� DO�������S������� ,Q�ERWK� WKH� VWXGLHV�GHVFULEHG�EHORZ�� ,�EXLOW�ZRUNLQJ

JURXSZDUH�V\VWHPV�WKDW�ZHUH�XVHG�WR�DFFRPSOLVK�UHDOLVWLF�WDVNV��,�ZLOO�UHWXUQ�WR�WKH�LVVXHV�RI

SUHFLVLRQ��UHDOLVP��DQG�JHQHUDOL]DELOLW\�LQ�&KDSWHU����)RU�WKH�PRPHQW��KRZHYHU��QRZ�WKDW�D

EDFNGURS� LV� GUDZQ� RQ� WKH� PHWKRGV� WKDW� ,� KDYH� FKRVHQ�� ,� ZLOO� FRQWLQXH� ZLWK� D� FORVHU

FRQVLGHUDWLRQ�RI�WKH�UHVHDUFK�K\SRWKHVLV�

����,PSURYLQJ�JURXSZDUH�XVDELOLW\

7KH�K\SRWKHVLV�RI�WKLV�UHVHDUFK�LV�WKDW�VXSSRUW�IRU�WKH�PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV

LPSURYHV� WKH� XVDELOLW\� RI� UHDO�WLPH� GLVWULEXWHG� JURXSZDUH� V\VWHPV�� 7KLV� FODLP� FDQQRW� EH

HYDOXDWHG�XQWLO�LW�LV�FOHDU�ZKDW�,�PHDQ�E\�JURXSZDUH�XVDELOLW\��DQG�ZKDW�DQ�LPSURYHPHQW�LQ
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WKDW�TXDOLW\�ZLOO� ORRN�OLNH��8VDELOLW\� LQ�JHQHUDO� LV� WKH�GHJUHH� WR�ZKLFK�D�FRPSXWHU�V\VWHP� LV

HIIHFWLYH�� HIILFLHQW�� DQG�SOHDVDQW� WR�XVH��$Q�HIIHFWLYH� V\VWHP� LV�RQH� WKDW� LV� VWUDLJKWIRUZDUG�

SUHYHQWV�HUURUV��DQG�WKDW�ILWV�WKH�QHHGV�DQG�ZRUN�SUDFWLFHV�RI�WKH�XVHUV�DQG�WKH�WDVN�VLWXDWLRQ�

$Q�HIILFLHQW�V\VWHP�LV�RQH�WKDW�UHGXFHV�HIIRUW��UHGXFHV�WKH�XVHU·V�PHPRU\�ORDG��DQG�KDQGOHV

HUURUV�ZHOO��$�V\VWHP�WKDW�LV�SOHDVDQW�WR�XVH�LV�RQH�WKDW�GRHV�QRW�IUXVWUDWH��FRQIXVH��RU�EHOLWWOH

WKH�XVHU��DQG�RQH�WKDW�GRHV�QRW�FDXVH�SK\VLFDO�RU�PHQWDO�GLVFRPIRUW��1LHOVHQ��������8VDELOLW\

FDQ�EH�FRQWUDVWHG�ZLWK�WKH� LGHD�RI�XWLOLW\��ZKHUH�XWLOLW\�FRQFHUQV�ZKDW�WKLQJV�WKH� V\VWHP�FDQ

GR��XVDELOLW\�FRQFHUQV�KRZ�ZHOO�WKH�V\VWHP�VXSSRUWV�SHRSOH�LQ�GRLQJ�WKHP�

5HDO�WLPH�JURXSZDUH�V\VWHPV�DUH�FHUWDLQO\� VXEMHFW� WR� WKHVH�FULWHULD� DV�ZHOO��+RZHYHU�� WKHUH

DUH�WZR�OHYHOV�DW�ZKLFK�WKH\�FDQ�DSSO\��WZR�OHYHOV�WKDW�6DODV�HW�DO��������FDOOHG� WDVNZRUN�DQG

WHDPZRUN��$W�RQH�OHYHO��WDVNZRUN���D�JURXSZDUH�V\VWHP�LV�D�V\VWHP�IRU�JHWWLQJ�WKLQJV�GRQH�LQ

DQ�DSSOLFDWLRQ�GRPDLQ��MXVW�OLNH�D�VLQJOH�XVHU�V\VWHP��WKH�WDVNZRUN�LV�WKH�UHDVRQ�IRU�WKH�JURXS

FRQYHQLQJ� LQ� WKH� ILUVW� SODFH�� $� JURXSZDUH� V\VWHP� WKDW� GRHV� QRW� VXSSRUW� WKHVH� GRPDLQ

WDVNV³RQH�WKDW�ZRXOG�EH�D�SRRU�VLQJOH�XVHU�V\VWHP³ZLOO�DOVR�EH�D�SRRU�JURXS�DSSOLFDWLRQ�

+RZHYHU��WKHUH�LV�D�VHFRQG�OHYHO��WHDPZRUN��WKDW�LQYROYHV�WKH�WDVN�RI�FROODERUDWLRQ�LWVHOI³

WKDW�LV��LQ�DGGLWLRQ�WR�WKH�GRPDLQ�WDVN��WKH�JURXS�DOVR�KDV�WR�ZRUN�DW�ZRUNLQJ�WRJHWKHU�

7KLV� WDVN� RI� PDQDJLQJ� WKH� FROODERUDWLRQ� UHTXLUHV� JURXS� PHPEHUV� WR� FRPPXQLFDWH�

FRRUGLQDWH� UHVRXUFHV� DQG� DFWLYLWLHV�� RUJDQL]H� WDVNV� DQG� GLYLVLRQV� RI� ODERXU�� PRQLWRU� DQG

HYDOXDWH� HDFK�RWKHU·V�ZRUN�� DQG� IROORZ� VRFLDO� UXOHV� DQG� FRQYHQWLRQV� WKDW�KHOS� WR� NHHS� WKH

JURXS�UXQQLQJ�VPRRWKO\��$�JURXS·V�SHUIRUPDQFH�LQ�WKHVH�WDVNV�LV�QRW�D�WULYLDO�PDWWHU��VXFFHVV

RU� IDLOXUH�DW� FROODERUDWLQJ�FDQ�JUHDWO\� DIIHFW� VXFFHVV� LQ� WKH�GRPDLQ� WDVN��7KH�XVDELOLW\�RI� D

JURXSZDUH�V\VWHP��WKHQ��PXVW�DOVR�EH�FRQVLGHUHG� LQ�WHUPV�RI�WHDPZRUN��DQG�,�EHOLHYH�WKDW

SRRU�XVDELOLW\�LQ�WKLV�DUHD�LV�EHKLQG�WKH�DZNZDUGQHVV�DQG�FOXPVLQHVV�RI�FXUUHQW�JURXSZDUH

V\VWHPV��)RU� WKH�PRVW� SDUW�� FXUUHQW� V\VWHPV�PD\� DOORZ� FROODERUDWLYH�ZRUN� WR� KDSSHQ�� EXW

WKH\�UHPDLQ�XWLOLWDULDQ�DQG�GR�OLWWOH�WR�PDNH�FROODERUDWLRQ�HIIHFWLYH��HIILFLHQW��RU�SOHDVDQW�

*URXSZDUH� XVDELOLW\� LV� WKHUHIRUH� WKH� H[WHQW� WR� ZKLFK� D� JURXSZDUH� V\VWHP� VXSSRUWV� WKH

DFWLYLWLHV�RI�FROODERUDWLRQ��$�QRQ�H[KDXVWLYH�OLVW�RI�WKHVH�DFWLYLWLHV�LV�VKRZQ�LQ�)LJXUH�����%\

VXSSRUW��,�PHDQ�WKDW�SHRSOH�VKRXOG�EH�DEOH�WR�FDUU\�RXW�WKH�DFWLYLWLHV�HIILFLHQWO\��HIIHFWLYHO\�

DQG�SOHDVDQWO\��$�IXUWKHU�EUHDNGRZQ�RI�WKHVH�FULWHULD�DUH�DOVR�VKRZQ�LQ�)LJXUH�����(DFK�RI

WKH�DFWLYLWLHV�FDQ�EH�FRQVLGHUHG�LQ�WHUPV�RI�HDFK�FULWHULRQ��$�XVDEOH�V\VWHP��WKHUHIRUH��ZRXOG
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UHGXFH� HIIRUW� LQ� FRPPXQLFDWLRQ� DQG� LPSURYH� DFFXUDF\�� LW� ZRXOG� UHGXFH� HUURUV� DQG� DOORZ

JURXSV�WR�GHDO�TXLFNO\�ZLWK�EUHDNGRZQV��DQG�LW�ZRXOG�DOORZ�SHRSOH�WR�ZRUN�LQ�WKH�VW\OH�WKDW

WKH\�ZDQW��DQG�ZRXOG�QRW�IUXVWUDWH�RU�KLQGHU�WKH�FROODERUDWLRQ�

Usability criteria:

• efficiency

• effort

• quality

• error rate

• flexibility

Activities of teamwork:

• communication

• coordination

• coupling management

• anticipation

• assistance

)LJXUH�����&ROODERUDWLRQ�DFWLYLWLHV�DQG�XVDELOLW\�FULWHULD

����0HDVXULQJ�JURXSZDUH�XVDELOLW\

7KH� VHFRQG� LVVXH� LQ� FODULI\LQJ� P\� K\SRWKHVLV� LV� WKDW� RI� PHDVXUHPHQW³KRZ� FDQ

LPSURYHPHQWV�LQ�XVDELOLW\�EH�GHWHUPLQHG"�)LUVW�RI�DOO��HIIHFWLYHQHVV��HIILFLHQF\��DQG�SOHDVDQFH

DUH�TXDOLWLHV�WKDW�FDQQRW�EH�PHDVXUHG�GLUHFWO\��DQG�VR�,�WXUQ�WR�LQGLUHFW�PHDVXUHV��,Q�VHYHUDO

SULRU� VWXGLHV��2OVRQ� DQG�2OVRQ� �H�J�� ������ ������ KDYH� FRQVLGHUHG� WKUHH� DVSHFWV� RI� JURXS

DFWLYLW\�WKDW�ILW�ZHOO�ZLWK�P\�FRQFHSWLRQ�RI�JURXSZDUH�XVDELOLW\��7KHLU�DSSURDFK�PHDVXUHV�WKH

SURGXFW�RI�FROODERUDWLRQ��WKH�SURFHVV�RI�FROODERUDWLRQ��DQG�WKH�SDUWLFLSDQWV·�VDWLVIDFWLRQ�ZLWK

WKH�FROODERUDWLRQ�

• 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� LQYHVWLJDWH� ZKHWKHU� SHRSOH� ILQG� WKH� V\VWHP� WR� EH� D� JRRG� VHWWLQJ� IRU

FROODERUDWLRQ��,Q�DGGLWLRQ��PHDVXUHV�RI�VDWLVIDFWLRQ�FDQ�DOVR�H[SORUH�SHRSOH·V�SHUFHSWLRQV
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RI�D�V\VWHP·V�HIILFLHQF\�DQG�HIIHFWLYHQHVV��7KHVH�PHDVXUHV�DUH�XVXDOO\�REWDLQHG�WKURXJK

TXHVWLRQQDLUHV�DQG�LQWHUYLHZV�

7DNLQJ� PHDVXUHPHQWV� LQ� WKHVH� WKUHH� DUHDV� DOORZV� PH� WR� JHW� D� EURDG� ORRN� DW� JURXSZDUH

XVDELOLW\��+RZHYHU��PHDVXULQJ�SURGXFW��SURFHVV��DQG�VDWLVIDFWLRQ� LQ�JURXS�DFWLYLW\� LV�QRW�DV

VLPSOH� DV� LW� PLJKW� EH� LQ� DQ� LQGLYLGXDO� DFWLYLW\�� 7KHUH� DUH� VHYHUDO� LVVXHV� WKDW� PDNH

PHDVXUHPHQW�PRUH�GLIILFXOW�LQ�D�JURXS�HQYLURQPHQW��LVVXHV�WKDW�*UXGLQ��������FDOOV�´DOPRVW

LQVXUPRXQWDEOH� REVWDFOHV� WR� PHDQLQJIXO�� JHQHUDOL]DEOH� DQDO\VLV� DQG� HYDOXDWLRQµ� �S�� �����

$OWKRXJK�,�GLVSXWH�WKHLU�LQVXUPRXQWDELOLW\��VHYHUDO�RI�WKHVH�REVWDFOHV�PXVW�EH�FRQVLGHUHG�LQ

OLJKW� RI� WKH� HYDOXDWLRQV� WR� FRPH�� 7KHVH� DUH� WKH� GLIILFXOW\� RI� PHDVXULQJ� DZDUHQHVV�� WKH

LQKHUHQW� YDULDELOLW\� DQG� UHVRXUFHIXOQHVV� RI� JURXSV�� DQG� WKH� LQIOXHQFH� RI� WDVN� RQ

PHDVXUHPHQW�

0HDVXULQJ� DZDUHQHVV�� $OWKRXJK� DZDUHQHVV� LV� WKH� SULPDU\� WRRO� XVHG� LQ� WKLV� UHVHDUFK�� P\

HYDOXDWLRQV�IRFXV�RQ�PHDVXULQJ�XVDELOLW\�UDWKHU�WKDQ�DZDUHQHVV��7KH�PDLQ�UHDVRQ�IRU�WKLV�LV

WKDW� DZDUHQHVV� LV� GLIILFXOW� WR�PHDVXUH� �H�J�� $GDPV� HW� DO� ������� 7KHUH� DUH� WKUHH� SUREOHPV�

)LUVW��DZDUHQHVV�LV�D�KLGGHQ�PHQWDO�SURFHVV�WKDW�SURYLGHV�IHZ�LI�DQ\�RXWZDUG�VLJQV��6HFRQG�

SHRSOH�KDYH�GLIILFXOW\� UHSRUWLQJ�RQ�WKHLU�RZQ� OHYHO�RI�DZDUHQHVV��RQH�SUREOHP��DV�(QGVOH\

�����D��VXJJHVWV��LV�WKDW�SHRSOH�UDWH�WKHLU�DZDUHQHVV�KLJKHU�LI�WKH\�KDYH�VXFFHHGHG�LQ�D�WDVN�

DQG�ORZHU�LI�WKH\�KDYH�QRW��7KLUG��ZRUNVSDFH�DZDUHQHVV�NQRZOHGJH�FDQ�EH�KDUG�WR�GHVFULEH

DQG�KDUGHU�WR�TXDQWLI\��)RU�H[DPSOH�� LW�PD\�EH�GLIILFXOW� WR�GHVFULEH� LQ�ZRUGV�ZKDW�DQRWKHU

SHUVRQ�LV�GRLQJ��DQG�LW�LV�HYHQ�PRUH�GLIILFXOW�WR�DVVHVV�WKH�FRUUHFWQHVV�DQG�SUHFLVLRQ�RI�VXFK�D

GHVFULSWLRQ��7KLV� ILQDO� SUREOHP� OHG�PH� WR� GLVFDUG� D�PHWKRG� IRU�PHDVXULQJ� DZDUHQHVV� �WKH

6LWXDWLRQ�$ZDUHQHVV�*OREDO�$VVHVVPHQW�7HFKQLTXH���(QGVOH\�����E��

*URXS�YDULDELOLW\��7KHUH�DUH�PRUH�VRXUFHV�RI�YDULDQFH�LQ�JURXSV�WKDQ�LQ�LQGLYLGXDOV��1RW�RQO\

GR�JURXSV�FRPELQH�LQGLYLGXDO�YDULDQFHV��EXW�VRFLDO�DQG�RUJDQL]DWLRQDO�IDFWRUV�FRQWULEXWH�DV

ZHOO��$V�*UXGLQ��������VD\V��´DQ�LQGLYLGXDO·V�VXFFHVV�ZLWK�D�SDUWLFXODU�VSUHDGVKHHW�RU�ZRUG

SURFHVVRU�LV�XQOLNHO\�WR�EH�DIIHFWHG�E\�GLIIHULQJ�EDFNJURXQGV�RU�E\�WKH�SHUVRQDOLWLHV�RI�RWKHU

JURXS�PHPEHUV�� VR� VLQJOH� XVHUV� FDQ� EH� WHVWHG� LQ� D� ODE� RQ� WKH� SHUFHSWXDO�� FRJQLWLYH�� DQG

PRWRU�YDULDEOHV� WKDW�KDYH�EHHQ� WKH� IRFXV� IRU� VLQJOH�XVHU� DSSOLFDWLRQV��%XW� LW� LV� GLIILFXOW� WR

FUHDWH�D�ODE�VLWXDWLRQ�WKDW�DFFXUDWHO\�UHIOHFWV�WKH�VRFLDO��PRWLYDWLRQDO��HFRQRPLF��DQG�SROLWLFDO

G\QDPLFV� WKDW� DUH�TXLWH� OLNHO\� WR� DIIHFW� WKH�XVH�RI� JURXSZDUH�µ� �S�� ������$V� D� UHVXOW�� ,� FDQ
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H[SHFW�D�EURDGHU�GLVWULEXWLRQ�RI�SRVVLEOH�UHVXOWV��DQG�PRUH�GLIILFXOW\�LQ�HVWDEOLVKLQJ�VWDWLVWLFDO

GLIIHUHQFHV�

*URXS� UHVRXUFHIXOQHVV��1RW�RQO\�DUH�JURXSV�YDULDEOH��EXW�DOVR�UHVRXUFHIXO�DQG�DGDSWDEOH��7KH\

FDQ�FKDQJH�WKHLU�EHKDYLRXU�WR�FRPSOHWH�D�WDVN�HYHQ�ZKHQ�WKH\�PXVW�RYHUFRPH�GHILFLHQFLHV

LQ�D�V\VWHP��7R�GR�WKLV�� WKH\�PD\�FRPPXQLFDWH�PRUH�RIWHQ��SD\�FORVHU�DWWHQWLRQ��FKRRVH�D

GLIIHUHQW�VWUDWHJ\��RU� MXVW�SXW�PRUH�HIIRUW� LQWR�WKH�WDVN��0RQN�HW�DO� �������QRWH�WKDW�´LQ�DQ

H[SHULPHQWDO�VLWXDWLRQ��SHRSOH�WHQG�WR�SURWHFW�WKHLU�SULPDU\�WDVN��JHWWLQJ�WKH�ZRUN�GRQH��DW�D

FRVW�WR�DQ\�VHFRQGDU\�WDVNV�RU�WR�VXEMHFWLYH�HIIRUWµ��S��������$V�D�UHVXOW��´PHDVXUHV�EDVHG�RQ

WDVN� SHUIRUPDQFH�� IRU� H[DPSOH� KRZ�ZHOO� RU� KRZ� TXLFNO\� WKH�ZRUN� LV� FRPSOHWHG�� DUH� RQO\

VHQVLWLYH�WR�JURVV�FKDQJHV�LQ�WKH�IDFLOLWLHV�DYDLODEOH�IRU�FRPPXQLFDWLRQµ��S��������7KLV�DELOLW\

WR�JHW�WKH�MRE�GRQH�LV�D�KLGGHQ�YDULDEOH�WKDW�FDQ�KLGH�WKH�HIIHFWV�RI�DQ�LQGHSHQGHQW�YDULDEOH�

HVSHFLDOO\�RQH�UHODWLQJ�WR�DZDUHQHVV��VLQFH�DZDUHQHVV�LV�RIWHQ�XVHIXO�EXW�QRW�HVVHQWLDO�WR�WDVN

FRPSOHWLRQ��$V� D� UHVXOW�� ,�ZLOO� KDYH� WR� VHW� XS� WDVNV� WKDW� FRQWURO� WKLV� KLGGHQ� YDULDEOH�� 7KH

DFWLYLWLHV� WKDW� ,� FKRRVH�ZLOO� KDYH� WR� LVRODWH� WKH� IDFWRUV� WKDW� ,� DP� LQWHUHVWHG� LQ�� DQG� ,�PXVW

FRQVLGHU�EHIRUHKDQG�KRZ�JURXSV�PD\�EH�DEOH�WR�RYHUFRPH�WKH�LQDGHTXDFLHV�RI�D�V\VWHP�

7DVN�LQIOXHQFH��0RQN�HW�DO���������REVHUYH�WKDW�LQ�WKH�ORQJ�KLVWRU\�RI�UHVHDUFK�FRPSDULQJ�IDFH�

WR�IDFH�FRPPXQLFDWLRQ�ZLWK�PHGLDWHG�FRPPXQLFDWLRQ��RQH�RI�WKH�FOHDU�ILQGLQJV�LV�WKDW�´WKH

UHVXOWV�REWDLQHG�GHSHQG�YHU\�PXFK�RQ�WKH�H[SHULPHQWDO�WDVNV�XVHGµ��S��������$V�D�UHVXOW��,

ZLOO� KDYH� WR�EH� FDUHIXO�ERWK� LQ� FKRRVLQJ�P\� WDVNV� DQG� LQ� LQWHUSUHWLQJ�P\� UHVXOWV�� DQG�ZLOO

KDYH� WR� FRQVLGHU� ZKDW� VSHFLILF� FKDUDFWHULVWLFV� RI� P\� WDVNV� FDQ� EH� JHQHUDOL]HG� WR� RWKHU

VLWXDWLRQV�

����6WXG\�RYHUYLHZV

1RZ�WKDW�D�FRQWH[W�RI�PHWKRGV��DSSURDFKHV��DQG�LVVXHV�KDV�EHHQ�JLYHQ��,�ZLOO�PRYH�RQ�WR

WKH�VWXGLHV�WKHPVHOYHV��,Q�SUHSDUDWLRQ�IRU�WKH�QH[W�WZR�FKDSWHUV��,�ZLOO�JLYH�EULHI�RYHUYLHZV

RI� P\� WZR� HYDOXDWLRQV� RI� :$� VXSSRUW�� DQ� H[SORUDWRU\� XVDELOLW\� VWXG\�� DQG� D� FRQWUROOHG

H[SHULPHQW�

&KDSWHU� �� GHWDLOV� DQ� HDUO\� XVDELOLW\� VWXG\� WKDW� ZDV� XQGHUWDNHQ� WR� DVVHVV� VHYHUDO� DZDUHQHVV

GLVSOD\V�LQ�D�UHDOLVWLF�JURXSZDUH�DSSOLFDWLRQ��WR�H[SORUH�WKH�GLIIHUHQFHV�EHWZHHQ�GLVSOD\V��DQG
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WR�JDWKHU�GHVLJQ�IHHGEDFN��7KH�VWXG\�XVHG�D�QHZVSDSHU�OD\RXW�DSSOLFDWLRQ��DQG�QLQH�SDLUV�RI

SDUWLFLSDQWV� FRPSOHWHG� WZR� OD\RXW� WDVNV� ZLWK� GLIIHUHQW� DZDUHQHVV� VXSSRUW�� 'DWD� LQFOXGHG

REVHUYDWLRQV��TXHVWLRQQDLUH�UHVSRQVHV��DQG�LQWHUYLHZV��7KH�VWXG\�ORRNHG�SDUWLFXODUO\�DW�WKUHH

DVSHFWV�RI�WKH�DZDUHQHVV�GLVSOD\V��ZKHWKHU�WKH\�SURYLGHG�DSSURSULDWH� LQIRUPDWLRQ��ZKHWKHU

WKH\�ZHUH�YDOXDEOH�LQ�FRPSOHWLRQ�RI�WKH�WDVN��DQG�ZKHWKHU�WKH\�GLVWUDFWHG�SDUWLFLSDQWV�IURP

WKHLU�LQGLYLGXDO�ZRUN��7KH�VWXG\�VKRZHG�WKDW�VRPH�RI�WKH�GHVLJQV�ZHUH�XVHIXO�DQG�YDOXDEOH�

UDLVHG� D� QXPEHU� RI� GHVLJQ� LVVXHV�� DQG� SURYLGHG� VRPH� XQGHUVWDQGLQJ� RI� WKH� GLIIHUHQFHV

EHWZHHQ�GLVSOD\V��6RPH�RI�WKLV�IHHGEDFN�ZDV�XVHG�LQ�WKH�UHGHVLJQ�RI�WKH�UDGDU�YLHZ��YHUVLRQ

��WR�YHUVLRQ����SUHVHQWHG�LQ�&KDSWHU���

&KDSWHU���GHVFULEHV�D�ODWHU�DQG�PRUH�IRFXVHG�HYDOXDWLRQ�RI�DZDUHQHVV�VXSSRUW��,�FRQGXFWHG�D

FRQWUROOHG� H[SHULPHQW� WKDW� FRPSDUHG� WKH� HIIHFWV� RI� SURYLGLQJ� YLHZ� DQG� WHOHSRLQWHU

LQIRUPDWLRQ�RQ�D�YDULHW\�RI�SURGXFW��SURFHVV��DQG�VDWLVIDFWLRQ�PHDVXUHV��7KH�H[SHULPHQW�DOVR

XVHG�FRQVWUXFWLRQ�WDVNV��WKLV�WLPH�LQ�D�SLSHOLQH�FRQVWUXFWLRQ�V\VWHP��7ZHQW\�SDLUV�FRPSOHWHG

VHYHUDO� WDVNV� XVLQJ� WZR� V\VWHPV� WKDW� SURYLGHG� GLIIHUHQW� DPRXQWV� RI� ZRUNVSDFH� DZDUHQHVV

LQIRUPDWLRQ�� 7KH� VWXG\� VKRZHG� VLJQLILFDQW� LPSURYHPHQWV� LQ� VSHHG� DQG� FRPPXQLFDWLRQ

HIILFLHQF\� IRU� VRPH� RI� WKH� WDVNV�� DQG� VKRZHG� WKDW� WKH� UDGDU� YLHZ� DOORZHG�PRUH� HIIHFWLYH

VWUDWHJLHV� IRU� FRPSOHWLQJ� WDVNV�� 2EVHUYDWLRQV� RI� WKH� VHVVLRQV� DQG� SDUWLFLSDQW� IHHGEDFN

SURYLGH�VRPH�H[SODQDWLRQ�IRU�WKHVH�UHVXOWV��DQG�DOVR�LQGLFDWH�DGGLWLRQDO�GHVLJQ�GLUHFWLRQV�
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&KDSWHU�� $�8VDELOLW\�6WXG\

7KH� ILUVW� HYDOXDWLRQ� RI� DZDUHQHVV� VXSSRUW� ZDV� DQ

H[SORUDWRU\�XVDELOLW\�VWXG\�WKDW�ORRNHG�DW�WKH�HIIHFWV

RI� GLIIHUHQW� GLVSOD\V� RQ� SHRSOH·V� FROODERUDWLRQ�� ,

FRPSDUHG� IRXU� GLVSOD\V� DGGHG� RQWR� D� UHDOLVWLF

VKDUHG�ZRUNVSDFH�V\VWHP��7KLV�VWXG\�ZDV�GHVLJQHG

ERWK� DV� DQ� LQYHVWLJDWLRQ� RI� SURGXFW�� SURFHVV�� DQG

VDWLVIDFWLRQ��DQG�DV�WHVW�RI�WKH�GLVSOD\V·�IXQFWLRQDOLW\

DQG�SHUIRUPDQFH�LQ�D�WDVN�VLWXDWLRQ��7KHUHIRUH��LW�ORRNHG�ERWK�DW�WKH�HIIHFWV�RI�DZDUHQHVV�RQ

WKH�RYHUDOO�V\VWHP��DQG�DOVR�DW�WKH�XVDELOLW\�RI�WKH�GLVSOD\V�WKHPVHOYHV�

3DUWLFLSDQWV� IRXQG� WZR� GLVSOD\V� EDVHG� RQ�ZRUNVSDFH� RYHUYLHZV³YHUVLRQV� �� DQG� �� RI� WKH

UDGDU�YLHZ³WR�EH�SDUWLFXODUO\�XVHIXO�IRU�WKH�OD\RXW�WDVNV�XVHG�LQ�WKH�VWXG\��7KH�UHVXOWV�DOVR

VXJJHVWHG�QHZ�GHVLJQ�UHTXLUHPHQWV�IRU�DZDUHQHVV�GLVSOD\V��WKH\�VKRXOG�VXSSRUW�ERWK�VKDUHG

DQG�LQGLYLGXDO�ZRUN��VKRXOG�XVH�IDPLOLDU�UHSUHVHQWDWLRQV��DQG�VKRXOG�SURYLGH�ZD\V�IRU�XVHUV

WR�DFW�RQ�ZKDW�WKH\�VHH�

����*RDOV�RI�WKH�VWXG\

7KH�RYHUDOO�DLPV�RI�WKH�VWXG\�ZHUH�WR�JDWKHU�LQIRUPDWLRQ�DERXW�KRZ�D�YDULHW\�RI�DZDUHQHVV

GLVSOD\V�DUH�XVHG�ZKHQ�LPSOHPHQWHG�LQ�D�UHDOLVWLF�JURXSZDUH�V\VWHP��DQG�WR�EHJLQ�DVVHVVLQJ

WKH�HIIHFWV�RI�DZDUHQHVV�VXSSRUW�RQ�JURXSZDUH�XVDELOLW\��,Q�SDUWLFXODU��,�ZDV�FRQFHUQHG�ZLWK

DZDUHQHVV� VXSSRUW� IRU� PHGLXP� VL]HG� ZRUNVSDFHV�� ZKHUH� SDUWLFLSDQWV� FDQ� PRYH� DURXQG

LQGHSHQGHQWO\� DQG� HQJDJH� LQ� PL[HG�IRFXV� FROODERUDWLRQ�� 7KHUH� LV� DOPRVW� QR� UHVHDUFK

OLWHUDWXUH�RQ�WKH�XVH�RI�WKH�GHYLFHV�VKRZQ�LQ�&KDSWHU����DQG�VHYHUDO�RI�P\�RZQ�GLVSOD\V�KDG

RQO\�EHHQ�XVHG� LQ� WR\� DSSOLFDWLRQV��&RQVHTXHQWO\�� WKLV� VWXG\�SURYLGHG� YDOXDEOH� H[SHULHQFH

ZLWK�WKH�GLVSOD\V��DQG�UDLVHG�LVVXHV�WKDW�ZHUH�XVHG�DV�VSHFLILF�TXHVWLRQV�LQ�ODWHU�H[SHULPHQWV�

7KH�VWXG\�ORRNHG�ERWK�DW�VSHFLILF�GLVSOD\�LVVXHV�DQG�DW�RYHUDOO�HIIHFWV�RQ�XVDELOLW\��(YDOXDWLRQ

RI� WKH� GLVSOD\V� WKHPVHOYHV� LQYROYHG� WKUHH� TXHVWLRQV�� )LUVW�� GRHV� WKH� GLVSOD\� SURYLGH� WKH

Operationalization

Application

Evaluation
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DZDUHQHVV� LQIRUPDWLRQ� WKDW�SDUWLFLSDQWV�ZDQW"�6HFRQG�� LV� WKLV� LQIRUPDWLRQ�HDV\� WR� LQWHUSUHW

DQG�DSSO\"�7KLUG��GRHV�WKH�GLVSOD\�LQWUXGH�RQ�LQGLYLGXDO�ZRUN��HLWKHU�E\�XVLQJ�XS�WRR�PXFK

VFUHHQ�VSDFH�RU�E\�GLVWUDFWLQJ�SHRSOH� IURP�WKHLU� WDVNV"�7KH� LQYHVWLJDWLRQ�RI�RYHUDOO� V\VWHP

XVDELOLW\� DQG� WKH� GLVSOD\V·� HIIHFWV� ORRNHG� DW� WZR� IXUWKHU� LVVXHV�� KRZ� WKH� GLVSOD\V� DIIHFW

SHRSOH·V�SHUFHSWLRQV�RI�WKH�TXDOLW\�RI�FROODERUDWLRQ�DQG�WKH�TXDOLW\�RI�WKH�ILQDO�SURGXFW��DQG

KRZ� SDUWLFLSDQWV� DVVHVV� WKH� YDOXH� RI� WKH� GLVSOD\� LQ� WKH� JURXSZDUH� V\VWHP�� 7KHVH� LVVXHV

FRQVLGHU�WKH�FROODERUDWLYH�SURFHVV�DQG�SURGXFW��EXW�VLQFH�WKH�PHDVXUHV�ZHUH�VXEMHFWLYH��WKH

SLFWXUH�WKDW�HPHUJHV�LV�VHHQ�WKURXJK�WKH�H\HV�RI�WKH�SDUWLFLSDQWV�

����0HWKRGRORJ\

3DLUV�RI�SDUWLFLSDQWV�FRPSOHWHG�D�FRQVWUXFWLRQ�WDVN�XVLQJ�D�VSHFLDOO\�EXLOW�JURXSZDUH�V\VWHP�

7KH�WDVN�HQWDLOHG�DUUDQJLQJ�FROXPQV�RI�WH[W��SLFWXUHV��DQG�KHDGOLQHV�LQWR�D�WZR�SDJH� OD\RXW

IRU�D�ILFWLRQDO�QHZVSDSHU��3DJH�OD\RXW�ZDV�FKRVHQ�EHFDXVH�LW�LV�D�EDVLF�FRQVWUXFWLRQ�WDVN�WKDW

QRQ�H[SHUW� SDUWLFLSDQWV� FDQ� HDVLO\� XQGHUVWDQG�� EHFDXVH� LW� LQYROYHV� D� PHGLXP�VL]HG

ZRUNVSDFH��DQG�EHFDXVH�LW�UHTXLUHV�WKDW�SDUWLFLSDQWV�XQGHUWDNH�EDVLF�DFWLYLWLHV�RI�FRRUGLQDWLQJ

DFWLYLW\��QDYLJDWLQJ�DURXQG� WKH� VSDFH�� DQG�FRPPXQLFDWLQJ�DERXW� WKH� DUWLIDFWV��$� UHDO�ZRUOG

H[DPSOH�RI�FROODERUDWLYH�SDJH�OD\RXW�LV�VKRZQ�LQ�)LJXUH����

3DUWLFLSDQWV� XVHG� WZR� GLIIHUHQW� YHUVLRQV� RI� WKH� JURXSZDUH� V\VWHP� WKDW� SURYLGHG� GLIIHUHQW

DZDUHQHVV�GLVSOD\V��7KH�VWXG\�XVHG�REVHUYDWLRQ��TXHVWLRQQDLUH��DQG�LQWHUYLHZ�WHFKQLTXHV�WR

JDWKHU�LQIRUPDWLRQ�DERXW�WKH�DZDUHQHVV�GLVSOD\V��7KH�RYHUDOO�DSSURDFK�ZDV�H[SHULPHQWDO�EXW

LQIRUPDO��ZLWKRXW�PDQ\�FRQWUROV�RQ�WKH�VLWXDWLRQ�RU�WKH�WDVN��,�DWWHPSWHG�WR�JDWKHU�D�EURDG

UDQJH�RI�GDWD�ZKLOH�VWLOO�DOORZLQJ�WKH�FROODERUDWLRQ�WR�SURFHHG�DV�QRUPDOO\�DV�SRVVLEOH��7KLV

DSSURDFK�DOORZHG�PH�WR�LGHQWLI\�DUHDV�RI�LQWHUHVW�GXULQJ�WKH�DQDO\VLV��UDWKHU�WKDQ�VHW�RXW�WR

DQVZHU�D�IHZ�VSHFLILF�TXHVWLRQV�GHILQHG�EHIRUHKDQG��7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�GHWDLOV

RI�WKH�PHWKRGRORJ\��LQFOXGLQJ�WKH�SDUWLFLSDQWV��WKH�RUJDQL]DWLRQ�DQG�VHWXS�RI�WKH�VWXG\��WKH

JURXSZDUH�DSSOLFDWLRQ��DQG�WKH�DZDUHQHVV�GLVSOD\V�



���

������3DUWLFLSDQWV

(LJKWHHQ�FRPSXWHU�VFLHQFH�VWXGHQWV�SDUWLFLSDWHG�LQ�WKH�VWXG\�DV�SDLG�YROXQWHHUV��7KH\�ZHUH

SDLUHG� LQWR� QLQH� JURXSV�� 3DUWLFLSDQWV� ZHUH� DOORZHG� WR� FKRRVH� WKHLU� RZQ� SDUWQHU� LI� WKH\

ZLVKHG�� LI�QRW�� WKH\�ZHUH� UDQGRPO\�SDLUHG�ZLWK�DQRWKHU�SDUWLFLSDQW��7KH� ILUVW�SDLU� DFWHG� DV

SLORW�SDUWLFLSDQWV�WR�WHVW� WKH�JURXSZDUH�V\VWHP�DQG�WKH�H[SHULPHQWDO�PHWKRGV��)RXU�RI� WKH

UHPDLQLQJ� HLJKW� SDLUV� KDG� H[SHULHQFH�ZRUNLQJ�ZLWK� HDFK� RWKHU� LQ� FODVV� JURXSV� GXULQJ� WKH

SUHYLRXV�VHPHVWHU��$OO�RI�WKH�SDUWLFLSDQWV�ZHUH�IDPLOLDU�ZLWK�WKH�ZRUNVWDWLRQV��RSWLFDO�PLFH�

DQG�;�ZLQGRZ�V\VWHP�XVHG�LQ�WKH�VWXG\��0RVW�ZHUH�IDPLOLDU�ZLWK�WKH�LGHD�RI�JURXSZDUH��EXW

QRQH�KDG�H[SHULHQFH�ZLWK�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH�RU�WKH�V\VWHP�EXLOW�IRU�WKH�VWXG\�

������3K\VLFDO�VHWXS

3DUWLFLSDQWV� ZRUNHG� DW� 6XQ� ZRUNVWDWLRQV� ZLWK� ���LQFK� FRORXU� PRQLWRUV�� VHSDUDWHG� E\� D

GLYLGHU�VR�WKDW�WKH\�FRXOG�VHH�QHLWKHU�WKH�RWKHU�SHUVRQ�QRU�WKH�RWKHU�ZRUNVWDWLRQ��+RZHYHU�

)LJXUH�����&ROODERUDWLYH�SDJH�OD\RXW�LQ�WKH�UHDO�ZRUOG��IURP�+XEEHO������
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SDUWLFLSDQWV�FRXOG�WDON�QRUPDOO\�DFURVV�WKH�GLYLGHU�

7ZR� H[SHULPHQWHUV� REVHUYHG� DQG� SURYLGHG

DVVLVWDQFH�ZKHQ�QHHGHG��$�YLGHR�FDPHUD�UHFRUGHG

RQH�ZRUNVWDWLRQ·V�VFUHHQ�DQG�WKH�FRQYHUVDWLRQ�

������*URXSZDUH�V\VWHP

,�EXLOW�D�VKDUHG�ZRUNVSDFH�SDJH�OD\RXW�DSSOLFDWLRQ

IRU� WKH� VWXG\�� XVLQJ� *URXS.LW�� 7KH� V\VWHP
V

ZRUNVSDFH� VLPXODWHG� D� WZR�SDJH� QHZVSDSHU

VSUHDG�� DQG� WKH� DUWLIDFWV� LQ� WKH� ZRUNVSDFH

LQFOXGHG�KHDGOLQHV��FROXPQV�RI�WH[W��SLFWXUHV��DQG�EDQQHUV��VHH�)LJXUH���$���3DUWLFLSDQWV�KDG

HTXDO�DQG�VLPXOWDQHRXV�DFFHVV�WR�WKH�DUWLIDFWV��DQG�FRXOG�SHUIRUP�VHYHUDO�NLQGV�RI�DFWLRQV�RQ

WKHP��3HRSOH�FRXOG�PRYH�DUWLIDFWV�E\�GUDJJLQJ�WKHP��FRXOG�FXW�D�FROXPQ�RI�WH[W�E\�GRXEOH�

FOLFNLQJ� WKH� PLGGOH� PRXVH� EXWWRQ� RQ� WKH� FROXPQ�� DQG� FRXOG� MRLQ� WZR� WH[W� FROXPQV� E\

GUDJJLQJ�RQH�RYHU�WKH�RWKHU�ZLWK�WKH�PLGGOH�EXWWRQ�KHOG�GRZQ�

(DFK�SHUVRQ
V�PDLQ�YLHZ�RFFXSLHG�PRVW�RI�WKHLU�VFUHHQ��EXW�VKRZHG�RQO\�DERXW�RQH�WKLUG�RI

WKH� ZKROH� ZRUNVSDFH� �VHH� )LJXUH� ��$��� 3DUWLFLSDQWV� FRXOG� PRYH� WKHLU� PDLQ� YLHZ� XVLQJ

VFUROOEDUV�� DQG� ZHUH� DEOH� WR� SRVLWLRQ� WKHLU� YLHZV� LQGHSHQGHQWO\�� WKDW� LV�� WKH� V\VWHP� XVHG

UHOD[HG�:<6,:,6�YLHZ�VKDULQJ��,Q�DGGLWLRQ�WR�WKH�PDLQ�YLHZ��WKH�V\VWHP�ZDV�DXJPHQWHG�E\

YDULRXV�DZDUHQHVV�GLVSOD\V��VKRZQ�LQ�)LJXUH����DQG�GHVFULEHG�LQGLYLGXDOO\�EHORZ�

������$ZDUHQHVV�GLVSOD\V

,Q� DGGLWLRQ� WR� WKH� PDLQ� YLHZ�� V\VWHPV� FRXOG� LQFRUSRUDWH� D� PLQLDWXUH� YLHZ�� D� UDGDU� YLHZ�

PXOWL�XVHU� VFUROOEDUV��RU� D� FXUVRU·V�H\H� YLHZ�� 6RPH�RI� WKH� GLVSOD\V� XVHG� LQ� WKLV� VWXG\�KDYH

DOUHDG\�EHHQ�LQWURGXFHG�LQ�&KDSWHUV���DQG����VR�WKH�GHVFULSWLRQV�EHORZ�ZLOO�VHUYH�SULPDULO\

DV�D�UHPLQGHU�

• 7KH�PLQLDWXUH� �PLQL�� YLHZ� �)LJXUH� ��%�� VKRZV� DQ� RYHUYLHZ� RI� WKH� HQWLUH� ZRUNVSDFH�

UHGXFHG�LQ�DUHD�E\�D�IDFWRU�RI�����7KLV�GLVSOD\�FRUUHVSRQGV�WR�YHUVLRQ���RI�WKH�UDGDU�YLHZ

�VHH�6HFWLRQ�������(DFK�DUWLIDFW�LQ�WKH�ZRUNVSDFH�LV�UHSUHVHQWHG�LQ�WKH�PLQLDWXUH�E\�D�VROLG

Participants

Experimenters

Video camera

)LJXUH�����([SHULPHQWDO�VHWXS
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UHFWDQJOH�� WH[W� LQ� JUH\�� KHDGOLQHV� LQ� EODFN�� DQG� SLFWXUHV� LQ� GLIIHUHQW� FRORXUV�� 7KH

PRYHPHQW�RI�DQ\�REMHFW�LV�LPPHGLDWHO\�VKRZQ�LQ�WKH�PLQLDWXUH�

• 7KH� UDGDU� YLHZ� �)LJXUH� ��&��ZDV� SUHYLRXVO\� LQWURGXFHG� DV� YHUVLRQ� �� RI� WKH� UDGDU� �VHH

6HFWLRQ�������7KH�UDGDU�DOVR�XVHV�D�PLQLDWXUH�RI�WKH�ZRUNVSDFH��EXW�VKRZV�HDFK�SHUVRQ·V

YLHZSRUW�DQG�WHOHSRLQWHU��XVLQJ�D�GLIIHUHQW�FRORXU�IRU�HDFK�SDUWLFLSDQW�

• 7KH� FXUVRU·V�H\H� YLHZ� �)LJXUH� ��'�� SURYLGHV� IXOO�VL]H� GHWDLOV� RI� DQRWKHU� SHUVRQ·V

LQWHUDFWLRQ��EXW�VKRZV�RQO\�D�OLPLWHG�SDUW�RI�WKHLU�YLHZ��VHH�6HFWLRQ���������$V�D�SHUVRQ

PRYHV�WKHLU�FXUVRU�RQ�D�UHPRWH�PDFKLQH��WKH�EDFNJURXQG�RI�WKH�GLVSOD\�SDQV�WR�NHHS�WKH

GLVSOD\�FHQWUHG�RQ�WKH�SRLQWHU�

• 7KH� PXOWL�XVHU� VFUROOEDU� �)LJXUH� ��*�� VKRZV� HDFK� SHUVRQ·V� UHODWLYH� ORFDWLRQ� LQ� WKH

ZRUNVSDFH� �VHH� 6HFWLRQ� �������� 7KH� RXWVLGH� FRQWURO� LV� D� VWDQGDUG� VFUROOEDU� WKDW� DOORZV

SHRSOH�WR�PRYH�WKHLU�RZQ�YLHZ��%HVLGH�WKH�UHDO�VFUROOEDU�DUH�FRORXUHG�EDUV�VKRZLQJ�WKH

FXUUHQW�VL]H�DQG�SRVLWLRQ�RI�HDFK�SHUVRQ·V�YLHZSRUW�

&� 5DGDU YLHZ
6KRZV D PLQLDWXUH RI
WKH ZRUNVSDFH� SOXV
HDFK XVHU·V WHOHSRLQWHU
DQG YLHZ UHFWDQJOH�

$� 0DLQ YLHZ
7KH PDLQ YLHZ RI
WKH ZRUNVSDFH ZKHUH
REMHFWV FDQ EH
PDQLSXODWHG �LQ WKLV
ILJXUH� UHGXFHG WR
��� RI QRUPDO VL]H��

%� 0LQLDWXUH YLHZ
6KRZV WKH HQWLUH
ZRUNVSDFH LQ
PLQLDWXUH� REMHFWV
DUH UHSUHVHQWHG DV
FRORXUHG UHFWDQJOHV�

'� &XUVRU·V�H\H
YLHZ

6KRZV D IXOO�VL]H EXW
OLPLWHG DUHD DURXQG
WKH RWKHU XVHU·V
FXUVRU�

*� 0XOWL�XVHU VFUROOEDU
6KRZ UHODWLYH SRVLWLRQV
RI DOO SDUWLFLSDQWV DV
FRORXUHG EDUV EHVLGH D
QRUPDO VFUROOEDU�

(� 7HOHSRLQWHUV
6KRZ SRVLWLRQ RI
RWKHUV· PRXVH
FXUVRUV LQ WKH
PDLQ YLHZ�

)� 7HOHSRUW
6KRZV WKH RWKHU
SHUVRQ·V PDLQ
YLHZ�

)LJXUH�����$ZDUHQHVV�GLVSOD\V�DQG�PDLQ�YLHZ�
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,Q�DGGLWLRQ��DOO�FRQILJXUDWLRQV�RI�WKH�V\VWHP�SURYLGHG�WZR�EDVLF�DZDUHQHVV�WHFKQLTXHV��)LUVW�

WKH�PDLQ�YLHZ�ZDV�HTXLSSHG�ZLWK� WHOHSRLQWHUV� �)LJXUH���(�� VR� WKDW�SHRSOH� FRXOG� VHH� HDFK

RWKHUV·� PRXVH� FXUVRUV� ZKHQ� WKH\� ZHUH� ORRNLQJ� DW� WKH� VDPH� REMHFWV�� 6HFRQG�� ,� SURYLGHG

WHOHSRUWLQJ��)LJXUH���)��DV�D�IDVW�ZD\�RI�JODQFLQJ�DW�WKH�RWKHU�SHUVRQ·V�SDUW�RI�WKH�ZRUNVSDFH�

3UHVVLQJ� WKH� ULJKW�PRXVH� EXWWRQ�ZRXOG� LPPHGLDWHO\� VFUROO� WKH� YLHZ� WR� WKH� RWKHU� SHUVRQ
V

ORFDWLRQ��DQG�UHPDLQ�WKHUH�DV�ORQJ�DV�WKH�EXWWRQ�ZDV�KHOG�GRZQ�

������7DVN

3DUWLFLSDQWV�ZHUH� DVNHG� WR� OD\� RXW� WZR� SDJHV� RI� D� ILFWLRQDO� QHZVSDSHU� �7KH�'DLO\� 3ODQHW�

XVLQJ�WKH�FROXPQV��SLFWXUHV��DQG�KHDGOLQHV�WKDW�ZHUH�VXSSOLHG�WR�WKHP��7KHVH�REMHFWV�ZHUH

LQLWLDOO\�VWDFNHG�LQ�SLOHV�LQ�WKH�ZRUNVSDFH��D�VHSDUDWH�SLOH�IRU�HDFK�VWRU\��DQG�SDUWLFLSDQWV�KDG

WR� DUUDQJH� WKH� REMHFWV� VR� WKDW� WKH� WZR� SDJHV� ORRNHG� OLNH� D� W\SLFDO� QHZVSDSHU� VSUHDG��7KH

LQLWLDO�VWDWH�RI�WKH�ZRUNVSDFH�IRU�WKH�ILUVW�WDVN��DQG�DQ�H[DPSOH�FRPSOHWHG�OD\RXW�DUH�VKRZQ

LQ�)LJXUH�����1HZVSDSHU�SDJH�OD\RXW�ZDV�FKRVHQ�DV�D�W\SLFDO�FRQVWUXFWLRQ�WDVN��$V�GLVFXVVHG

LQ�6HFWLRQ��������FRQVWUXFWLRQ�WDVNV�LQYROYH�WKH�DVVHPEO\�RI�D�ZKROH�RXW�RI�SDUWV�RU�SLHFHV��,Q

WKLV� WDVN�� WKH� SLHFHV� DUH� WKH� FROXPQV�� KHDGOLQHV�� DQG� SLFWXUHV�� DQG� WKH�ZKROH� LV� D� ILQLVKHG

OD\RXW�

(DFK�JURXS�FRPSOHWHG�WZR�OD\RXWV��XVLQJ�WKHLU�RZQ�NQRZOHGJH�RI�ZKDW�QHZVSDSHUV�VKRXOG

ORRN�OLNH��*URXSV�ZHUH�DOORZHG�D�PD[LPXP�RI�ILIWHHQ�PLQXWHV�IRU�HDFK�WDVN��7KH�SDLU�ZDV

�

)LJXUH�����,QLWLDO�VWDWH�RI�WKH�ZRUNVSDFH��OHIW��DQG�D�FRPSOHWHG�OD\RXW��ULJKW��
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DOORZHG� WR� RUJDQL]H� WKH� FRPSOHWLRQ� RI� WKH� WDVN� LQ� DQ\� ZD\� WKH\� ZDQWHG�� DV� ORQJ� DV� WKH\

ZRUNHG�WRJHWKHU��7KH\�ZHUH�DOVR�DVNHG�WR�HQVXUH�WKDW�WKH�WZR�SDJHV�KDG�D�FRQVLVWHQW�ORRN��D

FRQVWUDLQW� GHVLJQHG� WR� SUHYHQW� SDLUV� IURP� ZRUNLQJ� WRWDOO\� LQGHSHQGHQWO\�� *URXSV� ZHUH

DOORZHG�WR�DVN�TXHVWLRQV�DERXW�WKH�FDSDELOLWLHV�DQG�IXQFWLRQV�RI�WKH�V\VWHP�DW�DQ\�WLPH�

������3URFHGXUH

3DUWLFLSDQWV�ZHUH� LQWURGXFHG�WR� WKH�VWXG\�DQG�DVNHG� WR�VLJQ�FRQVHQW� IRUPV��DQG�ZHUH� WKHQ

JLYHQ�D�JXLGHG�WRXU�RI�WKH�V\VWHP��LWV�IXQFWLRQV��DQG�DQ\�DZDUHQHVV�GLVSOD\V�WKDW�ZHUH�SDUW�RI

WKH� FRQILJXUDWLRQ�� 3DUWLFLSDQWV� WKHQ� SUDFWLFHG� WKH� V\VWHP·V� IXQFWLRQV�� DQG� ZKHQ� WKH\� IHOW

FRPIRUWDEOH��WKH\�EHJDQ�WKH�ILUVW�WDVN��$IWHU�ILIWHHQ�PLQXWHV��WKH�SDLU�ZDV�VWRSSHG�DQG�JLYHQ

D�TXHVWLRQQDLUH�WKDW�H[SORUHG�WKHLU�H[SHULHQFHV�ZLWK�WKH�V\VWHP��7KLV�SURFHGXUH�ZDV�UHSHDWHG

IRU� WKH�VHFRQG�WDVN��)LQDOO\�� ,�FRQGXFWHG�D� VKRUW� LQWHUYLHZ� WR� LQYHVWLJDWH�HYHQWV� WKDW� ,�KDG

REVHUYHG�GXULQJ�WKH�WDVNV�DQG�WR�H[SORUH�SDUWLFXODU�UHVSRQVHV�RQ�WKH�TXHVWLRQQDLUHV��7KH�SDLU

ZHUH�WKHQ�SDLG�DQG�WKDQNHG�IRU�SDUWLFLSDWLQJ�

������6\VWHP�FRQILJXUDWLRQV

6L[�V\VWHP�FRQILJXUDWLRQV�ZHUH�XVHG� LQ�WKH�VWXG\��7DEOH���DQG�7DEOH������6LQFH�RQH�RI� WKH

JRDOV� RI� WKH� VWXG\�ZDV� WR� REVHUYH� D� EURDG� UDQJH�RI� FRQILJXUDWLRQV� DQG� FRPELQDWLRQV�� WKH

QXPEHU� RI� SDUWLFLSDQWV� XVLQJ� HDFK� GLVSOD\� ZDV� QRW� HTXDOL]HG�� 7KH� ¶EDVLF·� FRQILJXUDWLRQ

VKRZQ�LQ�WKH�WDEOHV�UHIHUV�WR�WKH�V\VWHP�WKDW�LQFOXGHG�RQO\�WKH�PDLQ�YLHZ�ZLWK�WHOHSRLQWHUV

DQG�WKH�WHOHSRUW�IXQFWLRQ�

*URXS 'LVSOD\�IRU�7DVN�� 'LVSOD\�IRU�7DVN��

� %DVLF�FRQILJXUDWLRQ 5DGDU�YLHZ

� 5DGDU�YLHZ %DVLF�FRQILJXUDWLRQ

� 0LQLDWXUH�YLHZ &XUVRU·V�H\H�YLHZ

� 0XOWL�XVHU�VFUROOEDU %DVLF�FRQILJXUDWLRQ

� 5DGDU�YLHZ 0LQLDWXUH�YLHZ

� 0LQLDWXUH�YLHZ 0XOWL�XVHU�VFUROOEDU

� 5DGDU�YLHZ 5DGDU�YLHZ�DQG�&XUVRU·V�H\H�YLHZ

� 5DGDU�YLHZ %DVLF�FRQILJXUDWLRQ

7DEOH����6\VWHP�FRQILJXUDWLRQV�XVHG�E\�HDFK�JURXS
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'LVSOD\ 7RWDO�3DLUV

%DVLF�FRQILJXUDWLRQ �

0XOWL�XVHU�VFUROOEDU �

&XUVRU·V�H\H�YLHZ �

0LQLDWXUH�YLHZ �

5DGDU�YLHZ �

7DEOH�����7RWDO�XVH�RI�HDFK�V\VWHP�FRQILJXUDWLRQ

������'DWD�FROOHFWLRQ

7KH� H[SHULPHQWHUV� UHFRUGHG� REVHUYDWLRQV� DERXW� JURXS� LQWHUDFWLRQ� DQG� XVH� RI� WKH� V\VWHP

GXULQJ� WKH� VHVVLRQV��4XHVWLRQQDLUHV� ZHUH� JLYHQ� DIWHU� HDFK� WDVN�� WKHVH� XVHG� ��SRLQW� /LNHUW

VFDOHV� DQG� EDODQFHG� SRVLWLYH� DQG� QHJDWLYH� TXHVWLRQV�� 7KH� TXHVWLRQQDLUHV� DUH� VKRZQ� LQ

$SSHQGL[� $�� $� VKRUW� LQWHUYLHZ� ZDV� DOVR� FRQGXFWHG� DQG� DXGLR� WDSHG� DW� WKH� HQG� RI� WKH

VHVVLRQ�� $OWKRXJK� ,� GLG� QRW� GLUHFWO\� PHDVXUH� WKH� TXDOLW\� RI� WKH� SURGXFW� RU� RI� WKH

FROODERUDWLRQ�� WKH� TXHVWLRQQDLUH� DQG� LQWHUYLHZ� H[SORUHG� SURGXFW� DQG� SURFHVV� WKURXJK

SDUWLFLSDQWV·�VXEMHFWLYH�H[SHULHQFHV��6DWLVIDFWLRQ�ZDV� MXGJHG�E\�DVNLQJ�JURXSV�ZKLFK�RI� WKH

WZR�LQWHUIDFHV�WKH\�SUHIHUUHG��DQG�ZK\�

����5HVXOWV�DQG�LQWHUSUHWDWLRQ

7KH�VWXG\�FRQVLGHUHG�ZKHWKHU�WKH�GLVSOD\V�VKRZHG�LQIRUPDWLRQ�WKDW�SHRSOH�ZDQWHG��ZKHWKHU

WKH�GLVSOD\V�ZHUH� HDV\� WR� LQWHUSUHW��ZKHWKHU� WKH�GLVSOD\V� LQWUXGHG�RQ� LQGLYLGXDO�ZRUN�� DQG

KRZ� SDUWLFLSDQWV� IHOW� DERXW� WKHLU� HIIHFW� RQ� WKH� FROODERUDWLRQ� DQG� WKH� ILQDO� SURGXFW�� 7KH

UHVXOWV� DUH�RUJDQL]HG�EHORZ�XVLQJ� WKHVH� LVVXHV�� ,� FRQFHQWUDWH�SULPDULO\�RQ� WKH� IRXU� DGG�RQ

GLVSOD\V��EXW�DOVR�FRQVLGHU� WKH� WHOHSRUW� IXQFWLRQ�DQG�PDLQ�YLHZ�WHOHSRLQWHUV� LQ� VRPH�FDVHV�

)LUVW��KRZHYHU��,�SUHVHQW�D�IHZ�JHQHUDO�REVHUYDWLRQV�RI�WKH�VWXG\�

������*HQHUDO�REVHUYDWLRQV

$OO� RI� WKH� JURXSV� FRPSOHWHG� WKHLU� OD\RXWV�� DQG� DSSHDUHG� WR� HQMR\� XVLQJ� WKH� V\VWHP�� ,

REVHUYHG� D� YDULHW\� RI� FROODERUDWLRQ� VW\OHV�� IURP� WRS�GRZQ� GLYLGH�DQG�FRQTXHU� DSSURDFKHV

ZKHUH�WKH�JURXS�DVVLJQHG�WDVNV�DQG�WKHQ�ZHQW�RII�DQG�GLG�WKHP��WR�FORVH�FRRSHUDWLRQ�ZKHUH
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WKH� WZR�SDUWLFLSDQWV�RIWHQ�ZRUNHG�RQ� WKH� VDPH�VWRU\�DW� WKH� VDPH� WLPH�� ,Q�DOO�RI� WKH�SDLUV�

PDQLSXODWLRQ�RI�WKH�DUWLIDFWV�ZDV�VKDUHG�DERXW�HTXDOO\�EHWZHHQ�SDUWQHUV��,�GLG�QRW�REVHUYH

´VLQJOH�VFULEHµ�FROODERUDWLRQ�WKDW�KDV�EHHQ�QRWHG�LQ�VWXGLHV�RI�FROODERUDWLYH�ZULWLQJ��%DHFNHU

HW�DO��������5HJDUGOHVV�RI�WKH�VW\OH��DOO�WKH�JURXSV�XVHG�WKH�UHOD[HG�:<6,:,6�FDSDELOLWLHV�RI

WKH�V\VWHP�WR�IRFXV�DW�YDULRXV�WLPHV�RQ�VHSDUDWH�DUHDV�RI�WKH�ZRUNVSDFH�

(YHQ� WKRXJK� WKH� OD\RXW� WDVN� GLG� QRW� IRUFH� WLJKWO\�FRXSOHG� LQWHUDFWLRQ�� LW� ZDV� FOHDU� WKDW

SDUWQHUV�LQ�DOO�FRQGLWLRQV�PDLQWDLQHG�DQG�XVHG�ZRUNVSDFH�DZDUHQHVV��,�VDZ�SHRSOH�JDWKHULQJ

DZDUHQHVV� LQIRUPDWLRQ�E\�DVNLQJ� WKHLU�SDUWQHU�DERXW�ZKHUH� WKH\�ZHUH� DQG�ZKDW� WKH\�ZHUH

GRLQJ��RU�E\�ZDWFKLQJ� WKHP�ZRUN� �WKURXJK� WKH� LQWHUIDFH���3HRSOH� DOVR�SURYLGHG� DZDUHQHVV

LQIRUPDWLRQ�� SULPDULO\� E\� YHUEDOO\� VKDGRZLQJ� WKHLU� RZQ� DFWLYLWLHV� DQG� LQWHQWLRQV�� ,� DOVR

REVHUYHG�XWWHUDQFHV�DQG�DFWLRQV�WKDW�GHSHQGHG�RQ�DZDUHQHVV�RI�ORFDWLRQ�RU�DFWLYLW\��VXFK�DV

IUHTXHQW�GHLFWLF�UHIHUHQFH�WR�DUWLIDFWV�RU�ZRUNVSDFH�ORFDWLRQV�

3HRSOH�DOVR�XVHG�WKH�DZDUHQHVV�GLVSOD\V��$OPRVW�DOO�RI�WKH�SDUWLFLSDQWV�ZHUH�FOHDUO\�LQWHUHVWHG

LQ�WKHP��DQG�JDYH�XV�WKRXJKWIXO�FRPPHQWV�DQG�VXJJHVWLRQV�DERXW�KRZ�WKH�GLVSOD\V�FRXOG�EH

XVHG� RU� LPSURYHG�� ,Q� VRPH� FDVHV�� SHRSOH� HYHQ� EHFDPH� TXLWH� DWWDFKHG� WR� WKH� GLVSOD\V�

HVSHFLDOO\� ZKHQ� WKH� VHFRQG� V\VWHP� FRQILJXUDWLRQ� WRRN� DZD\� D� GLVSOD\� WKDW� WKH\� KDG� OLNHG

XVLQJ�LQ�WKH�ILUVW��7KH�SDUWLFLSDQWV�IRXQG�WKH�UDGDU�DQG�PLQLDWXUH�YLHZV�WR�EH�WKH�PRVW�XVHIXO�

3DUWLFLSDQWV� JDYH� PRUH� SRVLWLYH� UHVSRQVHV� WR� WKH� PLQL� DQG� WKH� UDGDU� LQ� ERWK� WKH

TXHVWLRQQDLUHV�DQG�LQ�WKH�LQWHUYLHZV��DQG�H[SUHVVHG�WKHLU�SUHIHUHQFH�IRU�WKHP�RYHU�WKH�RWKHUV

ZKHQ�WKH\�KDG�WKH�RSSRUWXQLW\�WR�FRPSDUH�

������$PRXQW�DQG�W\SH�RI�XVH

3HRSOH�UHSRUWHG�WKDW�WKH\�SULPDULO\�XVHG�WKHP�WR�JDWKHU�LQIRUPDWLRQ�DERXW�WKH�RWKHU�SHUVRQ

LQ�WKH�ZRUNVSDFH��+RZHYHU��WKH�PLQL�DQG�UDGDU�GLVSOD\V�ZHUH�XVHG�LQ�D�ZD\�,�GLG�QRW�LQLWLDOO\

H[SHFW��WR�DLG�LQGLYLGXDO�ZRUN��)RU�H[DPSOH��SHRSOH�RIWHQ�ORRNHG�DW�WKH�PLQL�RU�WKH�UDGDU�WR

PDQLSXODWH� WH[W� FROXPQV� WKDW�ZHUH� WRR� ORQJ� WR�EH� VHHQ� FRPSOHWHO\� LQ� WKH�PDLQ�YLHZ��7KH

FXUVRU·V�H\H�YLHZ�ZDV�XVHG�LQ�PRUH�OLPLWHG�ZD\V��RQH�SHUVRQ�VDLG�WKDW�ZKHQ�WKH\�NQHZ�´WKDW

P\�SDUWQHU�ZDV�RQ�D�SLFWXUH«,�ZRXOG�XVH�WKH�FXUVRU·V�H\H�YLHZ�WR�GHWHUPLQH�ZKLFK�SLFWXUH�µ

,Q�VRPH�VHVVLRQV��GLVSOD\V�ZHQW�XQXVHG�EHFDXVH�SHRSOH�IRUJRW�DERXW�WKHP��VHYHUDO�XVHUV�VDLG

WKDW�WKH\�GLGQ·W�UHPHPEHU�WR�XVH�WKH�WHOHSRUW�IXQFWLRQ��DQRWKHU�VDLG�´WR�EH�KRQHVW��,�NLQG�RI
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IRUJRW�DERXW�WKH�UDGDU�µ�DQG�D�XVHU�RI�WKH�PLQL�VDLG�´PRVW�RI�WKH�WLPH��,�GLG�QRW�QRWLFH�LW�µ

7KLV� VLWXDWLRQ� PD\� KDYH� EHHQ� FDXVHG� E\� LQH[SHULHQFH� ZLWK� WKH� V\VWHP�� EXW� DOVR� E\� WKH

SODFHPHQW�DQG�YLVLELOLW\�RI�WKH�GLVSOD\V��7KH�WHOHSRUW�IXQFWLRQ�KDG�QR�YLVXDO�UHPLQGHU�RI�LWV

SUHVHQFH��DQG�WKH�RWKHU�ZLGJHWV�ZHUH�VPDOO�DQG�ZHUH�SODFHG�LQ�WKH�FRUQHU�RI�WKH�VFUHHQ��2QH

XVHU� VDLG� ´WKH� ORFDWLRQ� RI� WKH� UDGDU� ZDV� QRW� YHU\� JRRG�� >,W@� IRUFHG� \RX� WR� ORRN� TXLWH� D

GLVWDQFH�µ

������,QIRUPDWLRQ�SUHVHQWHG

2QH� RI� WKH� JRDOV� RI� WKH� HYDOXDWLRQ� ZDV� WR� GHWHUPLQH� ZKHWKHU� WKH� GLVSOD\V� FROOHFWHG� DQG

SUHVHQWHG� WKH�ULJKW� LQIRUPDWLRQ��,� DVNHG�TXHVWLRQV�DERXW�DPRXQW�DQG� W\SH�RI� LQIRUPDWLRQ�

KRZ� ZHOO� WKH� GLVSOD\V� VKRZHG� ORFDWLRQ� DQG� DFWLYLW\�� DQG� ZKHWKHU� WKH\� ZHUH� PLVVLQJ� DQ\

LQIRUPDWLRQ�

5HVSRQVHV�WR�WKHVH�TXHVWLRQV�ZHUH�FRQVLVWHQWO\�PRUH�SRVLWLYH�IRU�WKH�V\VWHPV�WKDW�SURYLGHG

DGGLWLRQDO� DZDUHQHVV� LQIRUPDWLRQ�� 7KDW� LV�� WKH� EDVLF� FRQILJXUDWLRQ� ZDV� UDQNHG� ORZHVW�� WKH

VFUROOEDUV�ZHUH�JLYHQ�D�QHXWUDO�UHVSRQVH��DQG�WKHQ�LQFUHDVLQJO\�SRVLWLYH�UHVSRQVHV�ZHUH�JLYHQ

WR� WKH� FXUVRU·V�H\H� YLHZ�� WKH�PLQL�� DQG� WKH� UDGDU�� 7KH� SDUWLFLSDQWV·� UHVSRQVHV� VXJJHVW� WKDW

WKH\� VDZ� D� ODFN� RI� LQIRUPDWLRQ� LQ� WKH� EDVLF� FRQILJXUDWLRQ�� DQG� WKDW� WKH� DGG�RQ� GLVSOD\V

�HVSHFLDOO\�WKH�UDGDU��SURYLGHG�VRPH�RI�ZKDW�WKH\�QHHGHG�IRU�WKH�WDVN�

3DUWLFLSDQWV�DOVR�VXJJHVWHG�DGGLWLRQDO�LQIRUPDWLRQ�WKDW�WKH�GLVSOD\V�FRXOG�VKRZ��)RU�H[DPSOH�

WKH� EDVLF� FRQILJXUDWLRQ�ZDV� RIWHQ� IRXQG� WR� EH� ODFNLQJ� LQ� ORFDWLRQ� LQIRUPDWLRQ� �H�J�� LW�ZDV

´GLIILFXOW� WR� WHOO� DW� WLPHV� ZKHUH� P\� SDUWQHU� ZDV� ZRUNLQJµ�� DQG� LQ� LQIRUPDWLRQ� DERXW� WKH

RYHUDOO�ZRUNVSDFH� �H�J��´>LW�ZDV@�KDUG� WR� WHOO� >WKH@� OD\RXW�RI� WKH�SDJH�µ�´>LW@�ZRXOG�EH�QLFHU

ZLWK�D� IXOO�YLHZ�RI� WKH���SDJH�DUHD�µ���7KLV� LQIRUPDWLRQ�ZRXOG�KDYH�EHHQ�SURYLGHG�E\� WKH

UDGDU�YLHZ��DQG�WZR�SDUWLFLSDQWV�XVLQJ�WKH�EDVLF�V\VWHP�FDPH�XS�ZLWK�WKH�LGHD�RI�PLQLDWXUH

DQG�UDGDU�YLHZV�DV�ZD\V�WR�DGGUHVV�WKHVH�GHILFLHQFLHV�

6RPH�RI�WKH�UHTXHVWV�FRQFHUQHG�LQIRUPDWLRQ�DERXW�W\SH�RI�DFWLYLW\�DQG�LQWHQWLRQV�WKDW�ZDV

QRW�DYDLODEOH�LQ�DQ\�RI�WKH�GLVSOD\V��)RXU�SDUWLFLSDQWV�IHOW�WKDW�LQIRUPDWLRQ�DERXW�´WKH�W\SH�RI

RSHUDWLRQ�EHLQJ�SHUIRUPHG�E\�P\�SDUWQHUµ�ZDV�PLVVLQJ��6RPH�SDUWLFLSDQWV�ZDQWHG�WR�NQRZ

ZKHQ�WKHLU�SDUWQHU�ZDV�JRLQJ�WR�FXW�D�FROXPQ�RI�WH[W��DQG�WZR�RWKHUV�PHQWLRQHG�WKDW�WKH\
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FRXOG�QRW�WHOO�ZKHQ�WKHLU�SDUWQHU�KDG�JUDEEHG�DQ�REMHFW�WR�PRYH�LW��7KLV�LQIRUPDWLRQ�ZRXOG

KDYH�ZDUQHG�WKHP�DJDLQVW�WU\LQJ�WR�PRYH�WKH�VDPH�REMHFW�

3DUWLFLSDQWV� DOVR� ZDQWHG� LQIRUPDWLRQ� DERXW� WKHLU� SDUWQHU·V� LQWHQWLRQV�� $� IHZ� FRPPHQWV

FRQFHUQHG� ´ZKDW�P\� SDUWQHU�ZDV� JRLQJ� WR� GR� QH[Wµ� DQG� WKHLU� ´IXWXUH� SODQ�µ� 3DUWLFLSDQWV

DJUHHG�WKDW�WKLV�ZRXOG�EH�GLIILFXOW�IRU�WKH�V\VWHP�WR�GHWHUPLQH��EXW�VRPH�SHRSOH�GLG�PDNH

FRQFUHWH�VXJJHVWLRQV��)RU�H[DPSOH��RQH�SDUWLFLSDQW�ZLVKHG�WKDW�KH�KDG�EHHQ�DEOH�WR�PDUN�WKH

REMHFWV�WKDW�KH�ZDV�SODQQLQJ�WR�XVH��VR�WKDW�KLV�SDUWQHU�ZRXOG�NQRZ�QRW�WR�WDNH�WKHP�

������(DVH�RI�LQWHUSUHWDWLRQ

$�VHFRQG�JRDO�ZDV�WR�GHWHUPLQH�WKH�LQWHUSUHWDWLRQ�FRVWV�RI�WKH�GLVSOD\V��,QIRUPDWLRQ�DERXW

WKH�RWKHU�SHUVRQ·V� ORFDWLRQ�ZDV� FRQVLGHUHG� HDVLHU� WR� LQWHUSUHW� LQ� WKH� UDGDU� DQG�PLQL� YLHZV

WKDQ�LQ�WKH�RWKHU�GLVSOD\V��7KH�FXUVRU·V�H\H�YLHZ�ZDV�VHHQ�DV�KDYLQJ�WZR�SUREOHPV��7KH�ILUVW

ZDV�D�WHFKQLFDO�SUREOHP��WKH�FXUVRU·V�H\H�DQLPDWLRQ�ZDV�QRW�VPRRWK��ZKLFK�PD\�KDYH�PDGH

LW�GLIILFXOW�WR�XQGHUVWDQG��2QH�XVHU�VDLG�´LGHQWLI\LQJ�ZKHUH�\RXU�SDUWQHU�LV�KDUG�EHFDXVH�P\

SDUWQHU·V�PRYHPHQW�LQ�>WKH�FXUVRU·V�H\H�YLHZ@�LV�YHU\�MHUN\�µ�7KH�VHFRQG�SUREOHP�ZDV�RQH�RI

FRQWH[W��D�IHZ�SDUWLFLSDQWV�VDLG�WKDW�WKH�GLVSOD\�GLG�QRW�VKRZ�HQRXJK�RI�WKH�ZRUNVSDFH�IRU

WKHP�WR�XQGHUVWDQG�ZKDW�WKH\�ZHUH�ORRNLQJ�DW�

)HHGEDFN�DERXW�WKH�PXOWL�XVHU�VFUROOEDU�LQGLFDWHG�WKDW�DOWKRXJK�WKH�VFUROOEDUV�SUHVHQWHG�WKH

UHOHYDQW�LQIRUPDWLRQ��LW�ZDV�GLIILFXOW�WR�DFWXDOO\�GHWHUPLQH�ZKHUH�WKH�RWKHU�SHUVRQ�ZDV��7KH

VFUROOEDU�VKRZHG�HDFK�XVHU·V�YLHZ�ORFDWLRQ��EXW�VSOLW�WKH�H[WHQWV�RI�WKH�UHFWDQJXODU�YLHZ�LQWR

KRUL]RQWDO� DQG� YHUWLFDO� GLPHQVLRQV�� 7R� GHWHUPLQH� ZKHUH� VRPHRQH� ZDV�� D� XVHU� KDG� WR

PHQWDOO\�LQWHJUDWH�LQIRUPDWLRQ�IURP�WKH�KRUL]RQWDO�DQG�YHUWLFDO�VFUROOEDUV��7KH�UDGDU�GLVSOD\�

LQ�FRQWUDVW��VKRZHG�YLHZ�ORFDWLRQ�LQ�D�IRUP�WKDW�ZDV�DOUHDG\�LQWHJUDWHG�

3DUWLFLSDQWV�KDG�OLWWOH�GLIILFXOW\�LQ�GHWHUPLQLQJ�ZKR�ZDV�ZKR�LQ�WKH�GLVSOD\V��+RZHYHU��VLQFH

WKHUH�ZHUH�RQO\�WZR�SHRSOH�LQ�WKH�ZRUNVSDFH��WKH\�RIWHQ�GLG�QRW�QHHG�WKH�FRORXU�FXHV�WKDW

WKH�GLVSOD\V�XVH�WR�GLVWLQJXLVK�SDUWLFLSDQWV��6HYHUDO�SHRSOH�ORRNHG�IRU�PRWLRQ�WR�LGHQWLI\�WKHLU

SDUWQHU�� UDWKHU� WKDQ� UHPHPEHULQJ�ZKR�ZDV� UHSUHVHQWHG�E\� HDFK� FRORXU��)RU� H[DPSOH�� RQH

SDUWLFLSDQW�GHWHUPLQHG�KLV�SDUWQHU·V�ORFDWLRQ�E\�´ZDLW>LQJ@�WR�VHH�ZKDW�ZDV�EHLQJ�GRQH�RQ�WKH

VFUHHQ�WKDW�ZDV�QRW�FRQQHFWHG�WR�P\�DFWLRQV�µ
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$OPRVW� DOO� RI� WKH� SDUWLFLSDQWV� UHSRUWHG� WKDW� WKH\� ZHUH� HDVLO\� DEOH� WR� VZLWFK� WKHLU� IRFXV

EHWZHHQ�WKH�PDLQ�YLHZ�DQG�WKH�DZDUHQHVV�GLVSOD\V��GHVSLWH�WKH�IDFW�WKDW�WKH�UHSUHVHQWDWLRQ

DQG� H[WHQWV� RI� WKH� DZDUHQHVV� GLVSOD\� GLIIHUHG� IURP� WKH� PDLQ� YLHZ�� 7KH� RYHUDOO� ODFN� RI

GLIILFXOW\�PD\�EH�GXH� WR� UHSUHVHQWDWLRQV� WKDW�ZHUH� VLPLODU� WR� WKH�PDLQ�YLHZ�� DQG� WKHUHIRUH

IDPLOLDU�WR�WKH�SDUWLFLSDQWV�

������(IIHFWV�RQ�LQGLYLGXDO�ZRUN��FROODERUDWLRQ��DQG�SURGXFW

7KH�PHDVXUHV�DOVR�ORRNHG�DW�SHUFHLYHG�HIIHFWV�RQ�LQGLYLGXDO�DFWLYLWLHV��JURXS�LQWHUDFWLRQ��DQG

WKH� ILQDO� OD\RXW�� ,� IRXQG� WKDW� WKH� SDUWLFLSDQWV� ZHUH� QRW� GLVWUDFWHG� E\� WKH� PLQL� RU� UDGDU

GLVSOD\V��DQG�WKDW�VHYHUDO�SHRSOH�IHOW�WKH�UDGDU�KDG�D�VLJQLILFDQW�SRVLWLYH�HIIHFW�RQ�WKHLU�ZRUN�

3DUWLFLSDQWV�VWDWHG�VWURQJO\�WKDW�WKH�PLQL�DQG�UDGDU�YLHZV�GLG�QRW�GLVWUDFW�WKHP�RU�VORZ�GRZQ

WKH�FRPSOHWLRQ�RI�WKH�WDVN��´QRW�GLVWUDFWLQJ�LQ�WKH�OHDVW�µ�VDLG�RQH�SDUWLFLSDQW��7KH�VFUROOEDUV

DQG� WKH� FXUVRU·V�H\H� YLHZ� GLG� FDXVH� SUREOHPV�� WZR� SHRSOH� IRXQG� WKDW� WKH� VFUROOEDUV

GLVWUDFWHG� WKHP� IURP� WKHLU� WDVNV�� DQG� DQRWKHU� FRQVLGHUHG� WKH� FXUVRU·V�H\H� YLHZ� ´DOPRVW

GLVWUDFWLQJµ�EHFDXVH�LW�´VKRZV�WRR�VPDOO�DQ�DUHD�WR�JDLQ�DQ\�UHDO�EHQHILW�IURP�LW�µ

7KHUH�ZDV�DOVR�D�SHUFHLYHG�HIIHFW�RQ�WKH�ILQDO�SURGXFW��6HYHUDO�SDUWLFLSDQWV�YROXQWHHUHG�WKDW

WKH�UDGDU�DQG�PLQL�YLHZV�LPSURYHG�WKH�OD\RXW��)RU�H[DPSOH��WKH\�VDLG�´ZH�UHDOO\�QHHGHG�WKH

UDGDU� WR� KHOS� LQ� WKH� RYHUDOO� DSSHDUDQFH�µ� ´WKH� ILQDO� UHVXOW� ZRXOG� KDYH� EHHQ� PXFK� ZRUVH

ZLWKRXW�WKH�UDGDU�GLVSOD\�µ�DQG�´WKH�UDGDU�VFUHHQ�PDGH�WKH�WDVN�SRVVLEOH����,�WKLQN�ZLWKRXW�LW

ZRXOG�KDYH�EHHQ�GLIILFXOW�WR�FRPSOHWH�WKH�WDVN�µ

'HVSLWH�HQWKXVLDVP�IRU�WKH�UDGDU�DQG�PLQL�YLHZV��,�GLG�QRW�REVHUYH�PDMRU�GLIIHUHQFHV�LQ�WKH

TXDOLW\�RI�WKH�LQWHUDFWLRQ�RU�RI�WKH�OD\RXW��%DVHG�RQ�DQ�LQIRUPDO�UHYLHZ�RI�ILQDO�SURGXFWV��DOO

SDLUV�FUHDWHG�UHDVRQDEOH�OD\RXWV�LQ�ILIWHHQ�PLQXWHV��DOVR��JURXSV�ZLWK�XQDXJPHQWHG�V\VWHPV

GLG�QRW�VHHP�WR�KDYH�D�JUHDW�GHDO�PRUH�GLIILFXOW\�LQ�FDUU\LQJ�RXW�WKHLU�WDVNV�WKDQ�JURXSV�ZLWK

WKH�PLQL�RU�UDGDU�GLVSOD\V��7KLV�PD\�EH�GXH�LQ�SDUW�WR�WKH�LQVHQVLWLYLW\�RI�WKH�PHDVXUHV��RU�WR

WKH�QRUPDO�DGDSWDELOLW\�RI�JURXSV��DV�GLVFXVVHG�LQ�WKH�SUHYLRXV�FKDSWHU�



���

������3HUFHLYHG�YDOXH

,W� ZDV� FOHDU� WKDW� WKH� SDUWLFLSDQWV� LQ� WKH� VWXG\� IRXQG� VRPH� RI� WKH� GLVSOD\V� YDOXDEOH�

3DUWLFLSDQWV�IHOW�VWURQJO\�WKDW�WKH�UDGDU�ZDV�D�YDOXDEOH�DGGLWLRQ� WR� WKH�V\VWHP��DQG�WKDW� WKH

UDGDU� DQG�PLQL� GLVSOD\V� ZHUH� ZRUWK� WKHLU� VFUHHQ� VSDFH��:KHQ� FRPSDULQJ� WKH� WZR� V\VWHP

FRQILJXUDWLRQV� WKDW� WKH\� KDG� XVHG�� SDUWLFLSDQWV� DOPRVW� DOZD\V� SUHIHUUHG� FRQILJXUDWLRQV

LQFRUSRUDWLQJ�WKHVH�GLVSOD\V��VHH�7DEOH������2QH�SDUWLFLSDQW�VDLG�´LW�UHDOO\�IHOW�OLNH�\RX�ZHUH

ZRUNLQJ�RQ�WKH�VDPH�ELJ�WDEOH�µ�DQG�,�UHFHLYHG�MRNLQJ�FRPSODLQWV�ZKHQ�WKH�VHFRQG�V\VWHP

´WRRN� DZD\µ� WKH� UDGDU� YLHZ�� 7KH� LQWHUYLHZV� VXJJHVW� WKDW� WKH� YDOXH� RI� WKHVH� GLVSOD\V� ZDV

DERXW� HYHQO\� GLYLGHG� EHWZHHQ� WKHLU� DELOLW\� WR� DVVLVW� LQGLYLGXDO� ZRUN�� DQG� WKH� ZRUNVSDFH

DZDUHQHVV�LQIRUPDWLRQ�WKDW�WKH\�SURYLGHG�

*URXS &RQILJXUDWLRQ�SUHIHUUHG

� 5DGDU�YLHZ�RYHU�EDVLF�FRQILJXUDWLRQ

� 5DGDU�YLHZ�RYHU�EDVLF�FRQILJXUDWLRQ

� 0LQLDWXUH�YLHZ�RYHU�FXUVRU·V�H\H�YLHZ

� 1R�SUHIHUHQFH��0XOWL�XVHU�VFUROOEDU�RU�EDVLF�FRQILJXUDWLRQ�

� 5DGDU�YLHZ�RYHU�PLQLDWXUH�YLHZ

� 0LQLDWXUH�YLHZ�RYHU�PXOWL�XVHU�VFUROOEDU

� 5DGDU�YLHZ�RYHU�UDGDU���FXUVRU·V�H\H�YLHZ

� 5DGDU�YLHZ�RYHU�EDVLF�FRQILJXUDWLRQ

7DEOH�����&RQILJXUDWLRQ�SUHIHUUHG�E\�HDFK�JURXS

����'LVFXVVLRQ

7KH�VWXG\�KDV�H[SRVHG�VRPH�RI�WKH�LVVXHV�XQGHUO\LQJ�WKH�XVDELOLW\�RI�DZDUHQHVV�GLVSOD\V��,Q

WKLV� VHFWLRQ�� ,� FRQVLGHU� VRPH� RI� WKHVH� LVVXHV�� GLVFXVV� WKH� LPSOLFDWLRQV� IRU� JURXSZDUH

GHVLJQHUV�� FRPSDUH�P\� ILQGLQJV� WR�SUHYLRXV�ZRUN�� DQG� FRPPHQW�RQ�SRVVLEOH� OLPLWV� WR� WKH

JHQHUDOLW\�RI�P\�FRQFOXVLRQV�

������8QGHUO\LQJ�LVVXHV

7KH� VWXG\� VKRZV� WKDW� WKH� UDGDU� DQG�PLQL� YLHZV�ZHUH� IDLUO\� XVHIXO� LQ� D� FROODERUDWLYH� SDJH�

OD\RXW�WDVN��DQG�WKDW�WKH�PXOWL�XVHU�VFUROOEDU�DQG�WKH�FXUVRU·V�H\H�YLHZ�ZHUH�OHVV�XVHIXO��6RPH



���

H[SODQDWLRQ�RI�WKHVH�ILQGLQJV�FDQ�EH�VHHQ�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�LQGLYLGXDO�DQG�JURXS

ZRUN��WKH�FRXSOLQJ�RI�SHUFHSWLRQ�DQG�DFWLRQ��DQG�WKH�LGHD�RI�IDPLOLDU�UHSUHVHQWDWLRQV�

6XSSRUWLQJ�JURXS�DQG�LQGLYLGXDO�DZDUHQHVV��3DUWLFLSDQWV�IRXQG�WKH�UDGDU�DQG�PLQL�YLHZV�XVHIXO�IRU

LQGLYLGXDO�ZRUN�DV�ZHOO�DV�IRU�NHHSLQJ�WUDFN�RI�WKH�RWKHU�SHUVRQ��7KLV�FDPH�DV�D�VXUSULVH��DV

WKH�RYHUYLHZV�ZHUH� LQWHQGHG�VLPSO\�DV�EDFNJURXQGV�IRU�ZRUNVSDFH�DZDUHQHVV� LQIRUPDWLRQ�

,Q�UHWURVSHFW��KRZHYHU�� LW� VHHPV�REYLRXV� WKDW�RYHUYLHZV�KDYH� LQWULQVLF�YDOXH� IRU� LQGLYLGXDO

ZRUN��WKH\�SURYLGH�JOREDO�FRQWH[W�DERXW�WKH�WDVN�DQG�DOVR�KHOS�SHRSOH�RULHQW�WKHPVHOYHV�DQG

WKHLU�DFWLYLWLHV�ZLWKLQ�WKH�ZRUNVSDFH�

6XSSRUWLQJ� SHUFHSWLRQ� DQG� DFWLRQ�� ,Q� VRPH� FDVHV�� SDUWLFLSDQWV� KDG� GLIILFXOW\�PDNLQJ� XVH� RI� WKH

LQIRUPDWLRQ�JDWKHUHG�IURP�WKH�GLVSOD\V��2QH�SHUVRQ�VDLG�´LW�ZDV�HDV\�WR�JHW�LQIR�DERXW�P\

SDUWQHU�EXW�WKH�¶EULGJH·�EHWZHHQ�JHWWLQJ�LQIR�DERXW�DQG�WKHQ�SURFHHGLQJ�WR�JR�RYHU�WR�ZKHUH

P\�SDUWQHU�ZDV��LV�VORZ�µ�+H�KDG�VHHQ�KLV�SDUWQHU�GR�VRPHWKLQJ�LQ�WKH�FXUVRU·V�H\H�YLHZ�WKDW

KH�ZDQWHG�WR�KHOS�ZLWK��EXW�LW�WRRN�KLP�D�ORQJ�WLPH�WR�VFUROO�KLV�PDLQ�YLHZ�WR�ZKHUH�VKH�ZDV�

2WKHUV�ZDQWHG� WR�EH� DEOH� WR�PDQLSXODWH�REMHFWV� LQ� WKH�PLQLDWXUH�� RU� QDYLJDWH� E\� GUDJJLQJ

WKHLU� UDGDU�YLHZ�UHFWDQJOH�� ,QVLJKW� LQWR� WKHVH�GLIILFXOWLHV� LV�JLYHQ�E\�1HLVVHU·V�PRGHO�RI� WKH

SHUFHSWXDO�F\FOH��VHH�6HFWLRQ���������6LQFH�H[SORUDWLRQ�RI�DQ�HQYLURQPHQW�LV�GLUHFWHG�E\�WKH

LQIRUPDWLRQ�WKDW�ZH�KDYH�DOUHDG\�SLFNHG�XS�� LW� LV�QDWXUDO� WKDW�SHRSOH�ZRXOG�ZDQW�WR�DFW�RQ

WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�WKH�UDGDU�YLHZ��)XUWKHUPRUH��LW�VHHPV�DSSURSULDWH�WR�WDNH�DFWLRQ

LQ�WKH�VDPH�FRQWH[W�ZKHUH�WKH�LQIRUPDWLRQ�ZDV�JDWKHUHG��,I�WKH�SDUWLFLSDQW�KDG�EHHQ�DEOH�WR

UHDFK� LQWR� WKH� FXUVRU·V�H\H� YLHZ� DQG� PRYH� WKH� REMHFWV� VKRZQ� WKHUH�� WKH� EULGJH� EHWZHHQ

SHUFHSWLRQ�DQG�DFWLRQ�ZRXOG�KDYH�EHHQ�FRQVLGHUDEO\�VKRUWHU�

)DPLOLDULW\�RI�UHSUHVHQWDWLRQ��7KH�VLPLODULW\�EHWZHHQ�WKH�PDLQ�ZRUNVSDFH�DQG�WKH�UDGDU·V�VFDOHG

UHSUHVHQWDWLRQ�DSSHDUHG�WR�KHOS�SHRSOH�LQWHUSUHW�DGGLWLRQDO�LQIRUPDWLRQ�VXFK�DV�YLHZ�H[WHQWV

DQG� FXUVRU� ORFDWLRQ�� 7KH� VPDOO� VFDOH� DQG� ORZ� ILGHOLW\� GLG� QRW� VHHP� WR� EH� D� SUREOHP�

VXJJHVWLQJ�WKDW�VKDSH��UHODWLYH�VL]H��DQG�DUHD�SURYLGH�VXIILFLHQW�FXHV�IRU�PDSSLQJ�EHWZHHQ�WKH

UDGDU�DQG�PDLQ�YLHZV��,Q�FRQWUDVW��WKH�PXOWL�XVHU�VFUROOEDU�KDG�DQ�XQIDPLOLDU�UHSUHVHQWDWLRQ�

LW� VKRZHG� YLHZ� ORFDWLRQV� RQ� DQ� DEVWUDFW� VFDOH� �WKH� OHQJWK� RI� WKH� VFUROOEDU���ZKLFK� KDG� QR

VSDWLDO�FRQQHFWLRQ�WR�DUWLIDFWV�RU�GLVWDQFHV�LQ�WKH�DFWXDO�ZRUNVSDFH��7KLV�SUHVHQWDWLRQ�OLPLWV

WKH�LQIRUPDWLRQ�WKDW�FDQ�EH�GUDZQ�IURP�WKH�VFUROOEDU��DQG�XQOHVV�WZR�LQGLFDWRUV�DUH�SHUIHFWO\

DOLJQHG��LW�LV�GLIILFXOW�WR�GHWHUPLQH�H[DFWO\�ZKLFK�DUWLIDFWV�FDQ�EH�VHHQ�E\�ERWK�SHRSOH�
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������&RPSDULVRQ�WR�SUHYLRXV�ZRUN

$�QXPEHU�RI� WKLV�VWXG\·V�FRQFOXVLRQV�FDQ�EH�FRQWUDVWHG�ZLWK�SUHYLRXV�&6&:�UHVHDUFK�� ,Q

SDUWLFXODU��,�FRQVLGHU�SUHYLRXV�XVDELOLW\�VWXGLHV�RI�DZDUHQHVV�GLVSOD\V��WKH�LVVXH�RI�GLVWUDFWLRQ�

DQG� WKH� SULQFLSOHV� RI� SDVVLYH� FROOHFWLRQ� DQG� ZRUNVSDFH� SUHVHQWDWLRQ� RI� DZDUHQHVV

LQIRUPDWLRQ�

%DHFNHU� DQG� FROOHDJXHV� ������� UHSRUW� RQ� WKH� RQO\� RWKHU� XVDELOLW\� VWXG\� WKDW� ,� NQRZ� RI� WR

LQFOXGH�DZDUHQHVV�GLVSOD\V��7KH\�HYDOXDWHG�D�V\QFKURQRXV�WH[W�HGLWRU�WKDW�LQFOXGHG�D�PXOWL�

XVHU� VFUROOEDU�DQG�D� WH[W�RYHUYLHZ�VLPLODU� WR� WKH� UDGDU�YLHZ� �VHH�)LJXUH���� LQ�&KDSWHU� ���

7KH\�GR�QRW�SURYLGH�GHWDLOHG�UHVXOWV��EXW�VD\�WKDW�´PRVW�VXEMHFWV�ZHUH�DEOH�WR�XVH�6$66(·V«

FROODERUDWRU�DZDUHQHVV�PHFKDQLVPV�VXFFHVVIXOO\µ��S��������7KLV�FRQWUDVWV�P\�UHVXOWV�ZLWK�WKH

PXOWL�XVHU� VFUROOEDU��KRZHYHU�� WKLV�GLVSOD\�EHWWHU� VXLWV� D� WH[W� HGLWRU� WKDQ� WKH� OD\RXW� V\VWHP

VLQFH�WH[W�XVXDOO\�KDV�RQO\�RQH�GLPHQVLRQ�

(OOLV��*LEEV��DQG�5HLQ��������FRQVLGHUHG�WKH�LVVXH�RI�GLVWUDFWLRQ�LQ�JURXSZDUH�LQWHUIDFHV��DQG

VWDWH� WKDW� WKHVH� LQWHUIDFHV� VKRXOG� SUHVHQW� LQIRUPDWLRQ� EXW� QRW� EH� RYHUO\� GLVWUDFWLQJ�

([SHULHQFHV�LQ�WKLV�VWXG\�OHDGV�PH�WR�VRPH�VSHFXODWLRQ�RQ�WKLV�LVVXH��,W�LV�FRPPRQO\�WKRXJKW

WKDW�GLVWUDFWLRQ�LV�FDXVHG�E\�SHUFHSWXDO�LQIRUPDWLRQ�WKDW�GUDZV�RXU�DWWHQWLRQ��EXW�GLVWUDFWLRQ

PD\� KDYH� DV�PXFK� WR� GR� ZLWK� LQWHUSUHWDWLRQ� GLIILFXOW\� DV� LW� GRHV� ZLWK� VDOLHQFH�� ,I� SHRSOH

DOUHDG\�KDYH�D�JRRG�VHQVH�RI�ZRUNVSDFH�DZDUHQHVV��WKHQ�FKDQJHV�LQ�D�GLVSOD\�OLNH�WKH�UDGDU

DUH�H[SHFWHG�DQG�ZLOO�JHQHUDOO\�QRW�GLVWUDFW��(OOLV�HW�DO��VWDWH�WKDW�JURXSZDUH�SDUWLFLSDQWV�´DUH

JHQHUDOO\� QRW� DV� DZDUH� RI� RWKHUV·� FRQWH[WV� DQG� FDQ� OHVV� HDVLO\� LQWHUSUHW� VXGGHQ� GLVSOD\

FKDQJHV�UHVXOWLQJ�IURP�RWKHUV·�DFWLRQVµ��S�������7R�WKLV�,�DGG�WKDW�LI�SHRSOH�FDQ�VWD\�DZDUH�RI

RWKHUV·�FRQWH[WV��WKHQ�GLVSOD\�FKDQJHV�ZLOO�EH�HDVLHU�WR�LQWHUSUHW�DQG�WKXV�OHVV�GLVWUDFWLQJ�

)LQDOO\��'RXULVK�DQG�%HOORWWL��������RIIHU�D�SULQFLSOH�IRU�VXSSRUWLQJ�DZDUHQHVV�LQ�JURXSZDUH

ZRUNVSDFHV��7KH\�VWDWH�WKDW�DZDUHQHVV�LQIRUPDWLRQ�VKRXOG�EH�´SUHVHQWHG�LQ�WKH�VDPH�VKDUHG

ZRUN�VSDFH�DV�WKH�REMHFW�RI�FROODERUDWLRQµ��S��������7KH�SUHVHQW�VWXG\�XVHG�PXOWLSOH�YLHZV�RI

WKH�ZRUNVSDFH��DQG�VXJJHVWV�WKDW�LW� LV�QRW�VR�PXFK�ZKLFK�GLVSOD\�FRQWDLQV�WKH�LQIRUPDWLRQ�

EXW�UDWKHU�WKDW�WKH�ZRUNVSDFH�FRQWH[W�SURYLGHV�D�YDOXDEOH�DLG�WR�LQWHUSUHWDWLRQ�RI�DZDUHQHVV

LQIRUPDWLRQ�
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������&ULWLFDO�UHIOHFWLRQ

7KHUH�DUH�D�YDULHW\�RI�LVVXHV�WKDW�PD\�OLPLW�WKH�JHQHUDOLW\�RI�P\�FRQFOXVLRQV��7KH�WZR�PRVW

LPSRUWDQW� FRQFHUQ� JURXS� VL]H� DQG� WDVN� W\SH�� )LUVW�� KRZ�ZLOO� WKHVH� GLVSOD\V� VFDOH� WR� ODUJHU

JURXSV"� 0DQ\� RI� P\� UHVXOWV� PD\� FKDQJH� VRPHZKDW� LI� PRUH� WKDQ� WZR� SHRSOH� DUH� LQ� WKH

ZRUNVSDFH�� ,W� LV� SRVVLEOH� WKDW� LQ� ODUJHU� JURXSV� �L�H�� ���� SHRSOH��� YLHZ� UHFWDQJOHV� DQG

WHOHSRLQWHUV�ZRXOG�FOXWWHU�WKH�UDGDU�GLVSOD\��,Q�WKH�PLQL�YLHZ��SDUWLFLSDQWV�ZLOO�KDYH�IDU�PRUH

GLIILFXOW\�LQ�GHWHUPLQLQJ�ZKR�LV�PRYLQJ�DQ�DUWLIDFW��VLQFH�WKH\�FDQ�QR�ORQJHU�DGRSW�WKH�´LI�LW·V

QRW� PH�� WKHQ� LW·V� P\� SDUWQHUµ� LGHQWLILFDWLRQ� VWUDWHJ\�� $OWKRXJK� WKH� UDGDU� VKRZV� GLIIHUHQW

FRORXUHG�WHOHSRLQWHUV�WKDW�FDQ�DVVLVW�LQ�LGHQWLI\LQJ�SHRSOH��WKLV�WHFKQLTXH�IRUFHV�XVHUV�WR�PDS

FRORXUV� WR� SHRSOH�� 7KH� FXUVRU·V�H\H� GLVSOD\� DQG� WKH� WHOHSRUW� FDSDELOLW\� DUH� QRW� WKHPVHOYHV

DIIHFWHG�E\�DGGLWLRQDO�SHRSOH��VLQFH�WKH\�VKRZ�RQO\�RQH�SHUVRQ��KRZHYHU��XVHUV�ZRXOG�KDYH

WR�GHFLGH�ZKRP�WKH\�ZLVKHG�WR�WUDFN�XVLQJ�WKHVH�GLVSOD\��RU�VDFULILFH�PRUH�VFUHHQ�VSDFH�WR

KDYH�PXOWLSOH� FXUVRU·V�H\H� YLHZV�� ,� EHOLHYH� WKDW� QRQH� RI� WKHVH� FRQFHUQV�ZRXOG� UHQGHU� WKH

GLVSOD\V�XVHOHVV�LQ�D�ODUJHU�JURXS��EXW�LW�LV�REYLRXV�WKDW�WKH\�PXVW�EH�H[DPLQHG�LQ�PRUH�GHWDLO�

7KH�VHFRQG�LVVXH�FRQFHUQV�KRZ�P\�UHVXOWV�JHQHUDOL]H�WR�WDVNV�RWKHU�WKDQ�SDJH�OD\RXW��/D\RXW

LV�RQH�NLQG�RI�FRQVWUXFWLRQ�WDVN��DQG�VKDUHV�VHYHUDO�FKDUDFWHULVWLFV�ZLWK�RWKHUV�RI�WKLV�YDULHW\�

)RU�H[DPSOH�� WKH� WDVN� LV�FRPSOHWHG� WKURXJK�VSDWLDO�PDQLSXODWLRQ�RI� WKH�DUWLIDFWV��DQG�ERWK

WKH�VSDWLDO� UHODWLRQVKLSV�EHWZHHQ�DUWLIDFWV�DQG�WKH�RYHUDOO�DSSHDUDQFH�RI� WKH�ZRUNVSDFH�DUH

LPSRUWDQW� IDFWRUV� LQ�FRPSOHWLQJ� WKH� WDVN� VXFFHVVIXOO\��2YHUYLHZ�GLVSOD\V� VXFK� DV� WKH� UDGDU

YLHZ�VKRXOG�WKXV�EH�XVHIXO� LQ�RWKHU�NLQGV�RI�FRQVWUXFWLRQ�WDVNV�WKDW�WDNH�SODFH�LQ�PHGLXP�

VL]HG�ZRUNVSDFHV��VXFK�DV�GUDIWLQJ��DVVHPEO\��RU�GHVLJQ�

����6XPPDU\

7KLV� FKDSWHU� KDV� GHWDLOHG� D� XVDELOLW\� VWXG\� RI� VHYHUDO� DZDUHQHVV� GLVSOD\V� LQ� D� SDJH�OD\RXW

JURXSZDUH�V\VWHP��7KH�VWXG\�VXJJHVWV�WKDW�RYHUYLHZ�GLVSOD\V�DUH�XVHIXO�ERWK�IRU� LQGLYLGXDO

DFWLYLWLHV� DQG� IRU� KHOSLQJ� SHRSOH� PDLQWDLQ� ZRUNVSDFH� DZDUHQHVV�� ,Q� DGGLWLRQ�� WKH� UHVXOWV

VXJJHVW�WKDW�LQWHUSUHWDWLRQ�FRVWV�FDQ�EH�ORZHUHG�LI�GLVSOD\V�SUHVHQW�DZDUHQHVV�LQIRUPDWLRQ�LQ

D�IDPLOLDU�FRQWH[W��DQG�WKDW�GLVSOD\V�VKRXOG�DOORZ�SHRSOH�WR�DFW�RQ�WKH�LQIRUPDWLRQ�SURYLGHG�
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7KLV�VWXG\�ZDV�D�YDOXDEOH�ILUVW�VWHS�LQ�H[SORULQJ�ERWK�WKH�PHFKDQLFV�RI�VSHFLILF�GLVSOD\V�DQG

WKH� HIIHFWV� RI� DZDUHQHVV� VXSSRUW� RQ� JURXSZDUH� DSSOLFDWLRQV�� 7KH� GHVLJQ� LQIRUPDWLRQ

XQFRYHUHG�KHUH�KDV�EHHQ�XVHG�LQ�WKH�UHGHVLJQ�RI�WKH�UDGDU�YLHZ��DV�GHVFULEHG�LQ�&KDSWHU����

7KH�PHDVXUHV�XVHG� LQ� WKLV� HYDOXDWLRQ�� KRZHYHU��ZHUH� QRW� SUHFLVH� HQRXJK� WR� DQVZHU�PDQ\

TXHVWLRQV� DERXW�ZKHWKHU� DZDUHQHVV� VXSSRUW� LPSURYHV� WKH� XVDELOLW\� RI� JURXSZDUH� V\VWHPV�

8VLQJ�H[SHULHQFH�JDLQHG�LQ�WKLV�LQLWLDO�VWXG\��,�FDUULHG�RXW�D�PRUH�IRUPDO�H[SHULPHQW�GHVLJQHG

WR�PHDVXUH�XVDELOLW\�ZLWK�JUHDWHU�SUHFLVLRQ��7KH�QH[W�FKDSWHU�UHSRUWV�RQ�WKDW�VWXG\�
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&KDSWHU�� $�ODERUDWRU\�H[SHULPHQW

0\� UHVHDUFK� K\SRWKHVLV� LV� WKDW� LQFUHDVHG� VXSSRUW

IRU� WKH� PDLQWHQDQFH� RI� ZRUNVSDFH� DZDUHQHVV� ZLOO

LQFUHDVH� WKH� XVDELOLW\� RI� UHDO�WLPH� GLVWULEXWHG

JURXSZDUH� V\VWHPV�� 7KLV� FKDSWHU� ORRNV� DW� D� PRUH

VSHFLILF�YHUVLRQ�RI�WKDW�K\SRWKHVLV��ZKHWKHU�DGGLQJ

DZDUHQHVV� LQIRUPDWLRQ� WR� D� JURXSZDUH� LQWHUIDFH

DOORZV�SHRSOH� WR� FRPSOHWH� WDVNV�PRUH�TXLFNO\� DQG

ZLWK� OHVV�HIIRUW��3UHYLRXV�FKDSWHUV�KDYH�GLVFXVVHG�KRZ�DZDUHQHVV�RI�RWKHUV�FDQ�KHOS�PDNH

FROODERUDWLRQ� PRUH� HIIHFWLYH�� HIILFLHQW�� DQG� UREXVW�� ,Q� SDUWLFXODU�� &KDSWHU� �� SURYLGHG

TXDOLWDWLYH� HYLGHQFH� WKDW� DZDUHQHVV� VXSSRUW� LV� YDOXDEOH�� ,W� DOVR� VKRZHG� WKDW� ZRUNVSDFH

PLQLDWXUHV�DUH�XVHIXO�YHKLFOHV� IRU� WKLV� LQIRUPDWLRQ�� ,Q� WKH� H[SHULPHQW�GLVFXVVHG�KHUH�� ,� JR

EH\RQG� WKH� SUHYLRXV� VWXG\� DQG� FRQVLGHU� WKH� TXDQWLWDWLYH� HIIHFWV� RI� DZDUHQHVV� VXSSRUW� RQ

JURXSZDUH�XVDELOLW\��,�FRPSDUH�SHRSOH·V�FROODERUDWLRQ�ZKHQ�XVLQJ�WZR�JURXSZDUH�LQWHUIDFHV

WKDW�SURYLGH�GLIIHUHQW�DPRXQWV�RI�DZDUHQHVV�LQIRUPDWLRQ�WKURXJK�ZRUNVSDFH�PLQLDWXUHV��,Q

SDUWLFXODU��,�FRPSDUH�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�KDV�DOUHDG\�EHHQ�LQWURGXFHG�LQ�&KDSWHU��

DV� WKH� UDGDU� YLHZ� �D� YDULDQW� RI� YHUVLRQ� ���� 7KH� H[SHULPHQW� PHDVXUHV� WKUHH� DVSHFWV� RI

JURXSZDUH� XVDELOLW\�� KRZ�ZHOO� JURXSV� SHUIRUP�ZLWK� HDFK� LQWHUIDFH�� WKH� HIILFLHQF\� RI� WKHLU

FRPPXQLFDWLRQ�� DQG� WKH� JURXS·V� VDWLVIDFWLRQ� ZLWK� WKH� V\VWHP�� ,Q� DGGLWLRQ�� ,� ORRN� DW� WKH

VWUDWHJLHV�WKDW�JURXSV�XVH�WR�FDUU\�RXW�WKHLU�WDVNV�

7KH� DGDSWDELOLW\� DQG� UHVRXUFHIXOQHVV� RI� JURXSV� PDNHV� JURXSZDUH� GLIILFXOW� WR� HYDOXDWH

�*UXGLQ� ������0RQN� HW� DO� ������� 3UHYLRXV� VWXGLHV� KDYH� FRQVLGHUHG� DZDUHQHVV� LQIRUPDWLRQ

SULPDULO\� LQ� WHUPV� RI� GLIIHUHQW� PRGHV� RI� FRPPXQLFDWLRQ�� )RU� H[DPSOH�� &KDSDQLV� ������

Operationalization

Application

Evaluation
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VKRZHG� WKDW� D� GLVWULEXWHG� FRQVWUXFWLRQ� WDVN� ZDV� DFFRPSOLVKHG� PRUH� TXLFNO\� ZKHQ

SDUWLFLSDQWV�FRXOG�WDON�WR�RQH�DQRWKHU�WKDQ�ZKHQ�WKH\�FRPPXQLFDWHG�E\�HLWKHU�KDQGZULWLQJ

RU� W\SLQJ�� EXW� WKDW� WKH� DGGLWLRQ� RI� D� YLGHR� OLQN� GLG� QRW� KDYH� DQ\� HIIHFW�� 7KLV� DQG� RWKHU

H[SHULPHQWV� VXJJHVW� WKDW� SHUIRUPDQFH� LQ� SUREOHP�VROYLQJ� WDVNV� LV� ´RQO\� VHQVLWLYH� WR� JURVV

FKDQJHV�LQ�WKH�IDFLOLWLHV�DYDLODEOH�IRU�FRPPXQLFDWLRQµ��0RQN��������S��������1HYHUWKHOHVV��,

EHOLHYH�WKDW�VXSSRUW�IRU�DZDUHQHVV�ZLOO�PDNH�VXEVWDQWLDO�GLIIHUHQFHV�WR�XVDELOLW\��EHFDXVH�RI

WKH�LPSRUWDQFH�RI�WKH�ZRUNVSDFH�LQ�FROODERUDWLYH�LQWHUDFWLRQ��$V�GLVFXVVHG�LQ�&KDSWHU����WKH

ZRUNVSDFH� LV� DQ� H[WHUQDO� UHSUHVHQWDWLRQ� RI� D� MRLQW� DFWLYLW\�� DQG� D� VWDJH� RQ� ZKLFK� WKH

FROODERUDWLRQ�LV�DFWHG�RXW��2WKHU�UHVHDUFKHUV�KDYH�UHFRJQL]HG�WKDW�D�VKDUHG�ZRUNVSDFH�DQG

WKH�DUWLIDFWV�LQ�LW�FKDQJH�WKH�ZD\�SHRSOH�FRPPXQLFDWH�WKURXJK�DFWLRQV��VSHHFK��DQG�JHVWXUH

�VHH�6HFWLRQ���������:RUNVSDFH�DZDUHQHVV�LV�RQH�RI�WKH�NH\V�WKDW�DOORZ�SHRSOH�WR�LQWHUDFW�LQ

DQG� WKURXJK� WKH� VKDUHG� ZRUNVSDFH�� 7KLV� VWXG\� WDNHV� LQLWLDO� VWHSV� WRZDUGV� DQ� HPSLULFDO

XQGHUVWDQGLQJ� RI� WKH� UROH� SOD\HG� E\� ZRUNVSDFH� DZDUHQHVV�� DQG� RI� KRZ� WR� VXSSRUW� LW� LQ

JURXSZDUH�

����0HWKRG

7KH�VWXG\·V�EDVLF�TXHVWLRQ�DVNV�ZKHWKHU�DGGLQJ�LQIRUPDWLRQ�DERXW�DQRWKHU�SHUVRQ·V�ORFDWLRQ

DQG� DFWLYLW\� LQ� WKH� YLVXDO� ZRUNVSDFH� ZLOO� KHOS� JURXSV� FRPSOHWH� WDVNV�� ,Q� SDUWLFXODU�� ,

FRPSDUHG� SHRSOH·V� SHUIRUPDQFH�� SHUFHSWLRQ� RI� HIIRUW�� DQG� YHUEDO� HIILFLHQF\� IRU� WZR

LQWHUIDFHV� WKDW� SURYLGHG� GLIIHUHQW� OHYHOV� RI� DZDUHQHVV� VXSSRUW��� %RWK� LQWHUIDFHV� XVHG

ZRUNVSDFH� PLQLDWXUHV�� EXW� WKH� EDVLF� RYHUYLHZ� RQO\� VKRZHG� LQIRUPDWLRQ� DERXW� WKH� ORFDO

SDUWLFLSDQW�� ZKHUHDV� WKH� UDGDU� YLHZ� DGGHG� LQIRUPDWLRQ� DERXW� WKH� ORFDWLRQ� DQG� DFWLYLW\� RI

RWKHUV� LQ� WKH� ZRUNVSDFH�� *URXSV� FRPSOHWHG� WKUHH� NLQGV� RI� WDVNV� WR� SURYLGH� D� EURDGHU

SHUVSHFWLYH� RQ� DZDUHQHVV� LQ� FROODERUDWLYH� VLWXDWLRQV�� *URXSV� DOVR� ZRUNHG� ZLWK� ERWK

LQWHUIDFHV��DQG�ZHUH�DVNHG�DIWHUZDUGV�ZKLFK�WKH\�SUHIHUUHG�

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

4 ,�FRPSDUHG�V\VWHPV�ZLWK�GLIIHUHQW�OHYHOV�RI�VXSSRUW��UDWKHU�WKDQ�RQH�V\VWHP�ZLWK�VXSSRUW
DQG�DQRWKHU�ZLWKRXW�VXSSRUW��IRU�WZR�UHDVRQV��)LUVW��LW�LV�GLIILFXOW�LI�QRW�LPSRVVLEOH�WR�UHPRYH
DOO�DZDUHQHVV�VXSSRUW�IURP�D�JURXSZDUH�V\VWHP³WKDW�LV��SHRSOH�FDQ�XVH�D�YDULHW\�RI�FXHV�WR
GHWHUPLQH� WKH� DFWLYLWLHV� RI� DQRWKHU� JURXS� PHPEHU�� 6HFRQG�� VLQFH� WKH� UDGDU·V� ZRUNVSDFH
PLQLDWXUH�LV�XVHIXO�IRU�LQGLYLGXDO�ZRUN�DV�ZHOO�DV�JURXS�ZRUN��D�PLQLDWXUH�KDG�WR�EH�SDUW�RI
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������*URXSZDUH�V\VWHP�DQG�H[SHULPHQWDO�FRQGLWLRQV

,�EXLOW�D�GLUHFW�PDQLSXODWLRQ�JURXSZDUH�DSSOLFDWLRQ�IRU�WKH�H[SHULPHQW��XVLQJ�*URXS.LW��7KH

DSSOLFDWLRQ�� D� SLSHOLQH� FRQVWUXFWLRQ� NLW�� 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�WKUHH�WLPHV�ODUJHU�WKDQ�WKH�FRPSXWHU�VFUHHQ�LQ�HDFK�GLUHFWLRQ�

8VHUV�VFUROO�DURXQG�WKH�ZRUNVSDFH�E\�GUDJJLQJ�WKHLU�FXUVRU�SDVW�WKH�ZLQGRZ�ERUGHU�

Partially-completed pipelines

Welding tool

Radar view

Welds

Remote telepointer

Main view

Storehouses

)LJXUH�����7KH�SLSHOLQH�DSSOLFDWLRQ��UDGDU�YLHZ�YHUVLRQ�

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

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

ERWK�V\VWHPV�WR�DYRLG�JLYLQJ�RQH�FRQGLWLRQ�DQ�DGYDQWDJH�
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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�

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����

�� 7KH� UDGDU� VKRZHG� ZRUNVSDFH� REMHFWV� DV� WKH\�PRYHG�� WKH� RYHUYLHZ�ZDV� RQO\� XSGDWHG

DIWHU�WKH�PRYH�ZDV�FRPSOHWH�

�� 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�

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

DQ\�WHOHSRLQWHUV�

TelepointersViewports Local viewport

)LJXUH�����5DGDU�YLHZ��OHIW��DQG�2YHUYLHZ��ULJKW��

7KH�V\VWHP�DOVR�SURYLGHV�VHYHUDO�EDVLF�JURXSZDUH�IHDWXUHV�LQ�ERWK�H[SHULPHQWDO�FRQGLWLRQV�

IHDWXUHV� HYLGHQW� RQO\� LQ� WKH�PDLQ� YLHZ�� 7KH� V\VWHP� JLYHV� IHHGEDFN� RQ� RWKHUV·� DFWLRQV� E\

VKRZLQJ� REMHFW� PRYHPHQW� LQ� DOO� PDLQ� YLHZV�� DQG� E\� GLVSOD\LQJ� PDLQ�YLHZ� WHOHSRLQWHUV

ZKHQHYHU� XVHUV·� PDLQ� YLHZV� RYHUODS�� 7KH� V\VWHP� DOVR� LPSOHPHQWV� DQ� RSWLPLVWLF� ORFNLQJ

PHFKDQLVP�WR�PDQDJH�VLPXOWDQHRXV�DFWLRQV�RQ�REMHFWV�LQ�WKH�ZRUNVSDFH��H�J��*UHHQEHUJ�DQG

0DUZRRG�������
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,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�

������7DVNV

3DUWLFLSDQWV� FRPSOHWHG� D� SUDFWLFH� WDVN� DQG� WKUHH� NLQGV� RI� WHVW� WDVNV�� 7KH� WHVW� WDVNV� ZHUH

GHVLJQHG�WR�PLPLF�HSLVRGHV�DQG�DFWLYLWLHV�WKDW�,�REVHUYHG�LQ�IDFH�WR�IDFH�FROODERUDWLRQ��EXW

ZHUH�FRQVWUDLQHG�WR�PHHW�WKUHH�FULWHULD��)LUVW��,�ZDQWHG�WDVNV� WKDW� UHTXLUHG�SHRSOH� WR�PRYH

LQGHSHQGHQWO\�DURXQG�WKH�ZRUNVSDFH��6HFRQG�� ,�ZDQWHG�SHRSOH� WR�QHHG�DZDUHQHVV�RI� WKHLU

SDUWQHU��DQG�LQ�SDUWLFXODU��WR�XVH�ORFDWLRQ�RU�DFWLYLW\�LQIRUPDWLRQ��7KLUG��,�ZDQWHG�WDVNV�WKDW

ZHUH�DV�UHDOLVWLF�DV�SRVVLEOH�DQG�OLNHO\�WR�RFFXU�LQ�D�ZLGH�YDULHW\�RI�ZRUNVSDFH�DFWLYLWLHV�

$V�D�UHVXOW��WKH�WHVW�WDVNV�DUH�PRUH�FRQWUROOHG�WKDQ�WKH�SUDFWLFH�WDVN��,�LPSRVHG�FRQWUROV�RQ

KRZ�WKH�WDVN�ZDV�WR�EH�FDUULHG�RXW�WR�UHGXFH�WKH�DPRXQW�RI�YDULDQFH� LQWURGXFHG�E\�JURXS

YDULDELOLW\�DQG�UHVRXUFHIXOQHVV��DV�GLVFXVVHG� LQ�&KDSWHU���� ,�DGRSWHG� WKLV�DSSURDFK�DIWHU�DQ

HDUO\� SLORW� VWXG\� ZLWK� DQ� RSHQ�HQGHG� WDVN� VXJJHVWHG� WKDW� GLIIHUHQFHV� EHWZHHQ� FRQGLWLRQV

FRXOG� EH� HDVLO\� RYHUVKDGRZHG� E\� GLIIHUHQFHV� EHWZHHQ� JURXSV�� ,Q� WKH� WHVW� WDVNV� GHVFULEHG

EHORZ��GLYLVLRQ�RI� UHVSRQVLELOLW\� LQ� WKH� WDVNV� LV� VLPLODU� WR�&KDSDQLV·� �������FRPPXQLFDWLRQ

VWXGLHV��ZKHUH�D�VRXUFH�SHUVRQ�KDV�LQIRUPDWLRQ�WKDW�D� VHHNHU�SHUVRQ�QHHGV�WR�GR�WKHLU�SDUW�RI

WKH�WDVN�

7KH�SUDFWLFH�WDVN�ZDV�DQ�RSHQ�HQGHG�FRQVWUXFWLRQ�WDVN�ZKHUH�WKH�JURXS�ZDV�DVNHG�WR�EXLOG

D� SLSHOLQH� QHWZRUN� JLYHQ� WR� WKHP� DV� D� VFKHPDWLF� GLDJUDP�� 7KLV� WDVN� JDYH� SDUWLFLSDQWV� D

FKDQFH� WR� EHFRPH� IDPLOLDU� ZLWK� WKH� V\VWHP� DQG� WKH� VHVVLRQ� SURFHGXUH�� 7KH� LQLWLDO

FRQILJXUDWLRQ�RI�WKH�ZRUNVSDFH�DQG�WKH�VFKHPDWLF�RI�WKH�JRDO�VWDWH�DUH�VKRZQ�LQ�)LJXUH����

7KH�)ROORZ�WDVN�DVNHG�SDUWLFLSDQWV�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
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WKH� WHQ�ZHOGLQJ� VLWHV�� LV� VKRZQ� LQ� )LJXUH� ���� 7KH�PDS� DOVR� VKRZV� WKH� LQLWLDO� VWDWH� RI� WKH

ZRUNVSDFH� DW� WKH� VWDUW� RI� WKH� WDVN�� 0DWHULDOV� IRU� WKH� VHFRQG� VHW� RI� WDVNV� DUH� VKRZQ� LQ

$SSHQGL[�%�

�

)LJXUH�����3UDFWLFH�WDVN�LQLWLDO�VWDWH��OHIW��DQG�VFKHPDWLF�RI�JRDO��ULJKW�

1

2

7

65

3

9 8

10
4

)LJXUH�����:RUNVSDFH�PDS�IRU�WKH�ILUVW�)ROORZ�WDVN

7KH�&RS\� WDVN� DVNHG� SDUWLFLSDQWV� 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
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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����

Stockpiles

Construction
Areas

���

)LJXUH�����,QLWLDO�ZRUNVSDFH�VWDWH��OHIW��DQG�ILUVW�JRDO��ULJKW��IRU�WKH�ILUVW�&RS\�WDVN

7KH�'LUHFW�WDVN�DVNHG�RQH�SDUWLFLSDQW�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\�YLVXDO�IHHGEDFN�WKDW�WKH\�UHFHLYHG�RI�WKH

6

5

4

3

2

1

)LJXUH�����:RUNVSDFH�PDS�IRU�WKH�ILUVW�'LUHFW�WDVN
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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\�

7KHVH�WKUHH�WDVNV�ZHUH�FKRVHQ�EHFDXVH�WKH\�FRQWDLQ�SDUWLFXODU�MRLQW�DFWLRQV�WKDW�DUH�FRPPRQ

WR� PDQ\� FRQVWUXFWLRQ� WDVNV� LQ� VKDUHG� ZRUNVSDFHV�� 7KHVH� DUH�� WKH� )ROORZ� WDVN� LQYROYHV

PHHWLQJ� DQRWKHU� SHUVRQ� DW� D� VSHFLILHG� ORFDWLRQ� LQ� WKH� ZRUNVSDFH�� WKH� &RS\� WDVN� LQYROYHV

LQGLFDWLQJ�DQ�REMHFW�WR�DQRWKHU�SHUVRQ��DQG�WKH�'LUHFW� WDVN� LQYROYHV� WHOOLQJ�DQRWKHU�SHUVRQ

KRZ�WR�JHW�WR�D�VSHFLILF�ORFDWLRQ��7KHVH�MRLQW�DFWLRQV�DUH�UHSHDWHG�VHYHUDO�WLPHV�LQ�HDFK�WDVN�

LQ�RUGHU�WR�VWDELOL]H�SHUIRUPDQFH�

������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� ����7KHVH� YDULDEOHV³FRPSOHWLRQ� WLPH�

SHUFHLYHG�HIIRUW��DQG�FRPPXQLFDWLRQ�HIILFLHQF\³DUH�GLVFXVVHG�LQ�6HFWLRQ�������

7DVN�
:HOG &RS\ 'LUHFW

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

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

7DEOH�����([SHULPHQWDO�GHVLJQ�IRU�IRUPDO�H[SHULPHQW�

,Q� DGGLWLRQ� WR� WKH� EHWZHHQ�SDUWLFLSDQWV� FRPSDULVRQ�� ,� ZDQWHG� WR� JDWKHU� SUHIHUHQFH� GDWD�

WKHUHIRUH��SDUWLFLSDQWV�XVHG�ERWK�WKH�UDGDU�DQG�RYHUYLHZ�LQWHUIDFHV��$IWHU�ILQLVKLQJ�WKH�ILUVW

WKUHH�WDVNV��JURXSV�ZHUH�DVNHG�WR�FRPSOHWH�D�VHFRQG�VHW�RI�WDVNV�XVLQJ�WKH�RWKHU� LQWHUIDFH�

7KH\�WKHQ�FKRVH�ZKLFK�LQWHUIDFH�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�
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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�

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������

7DEOH�����([SHULPHQWDO�GHVLJQ�IRU�H[SORUDWRU\�GDWD�FROOHFWLRQ��3� �3DLU��

������0HDVXUHV�RI�JURXSZDUH�XVDELOLW\

,�XVH�ILYH�PHDVXUHV�LQ�WKLV�VWXG\��FRPSOHWLRQ�WLPH��SHUFHLYHG�HIIRUW��YHUEDO�HIILFLHQF\��RYHUDOO

SUHIHUHQFH��DQG�VWUDWHJ\�XVH��+RZHYHU��VLQFH�JURXSZDUH�XVDELOLW\�LV�QRW�GLUHFWO\�REVHUYDEOH�

WKHVH� PHDVXUHV� FDQ� RQO\� DVVHVV� WKH� FRQVWUXFW� LQGLUHFWO\�� 7KH� FRQQHFWLRQ� EHWZHHQ� WKH

PHDVXUHV�DQG�JURXSZDUH�XVDELOLW\�IROORZV�WKH�VWUXFWXUH�VHW�RXW�LQ�&KDSWHU����)LUVW��JURXSZDUH

XVDELOLW\� LV� WKH� H[WHQW� WR� ZKLFK� D� V\VWHP� VXSSRUWV� SHRSOH� LQ� SHUIRUPLQJ� WKH� DFWLYLWLHV� RI

FROODERUDWLRQ� �VXFK� DV� FRPPXQLFDWLRQ�� FRRUGLQDWLRQ�� RU� FRXSOLQJ��� 6HFRQG�� ´JRRGQHVVµ� LQ

WKHVH� DFWLYLWLHV� LV� GHILQHG� E\� D� VHW� RI� FULWHULD� �VXFK� DV� HIILFLHQF\�� HIIRUW�� RU� VSHHG��� 7KLUG�

GLIIHUHQFHV�LQ�WKHVH�FULWHULD�ZLOO�KDYH�REVHUYDEOH�HIIHFWV�RQ�WKH�SURFHVV�RI�FROODERUDWLRQ��WKH

SURGXFW�� DQG� RQ� SDUWLFLSDQW� VDWLVIDFWLRQ�� ,Q� SDUWLFXODU�� P\� PHDVXUHV� ZHUH� FKRVHQ� IRU� WKH

IROORZLQJ�UHDVRQV�

��� &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�
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��� 3HUFHSWLRQ� RI� HIIRUW� LV� D� VXEMHFWLYH�PHDVXUH� RI� WKH� FULWHULRQ� RI� HIIRUW� IRU� WKH� DFWLYLWLHV� RI

FROODERUDWLRQ�� ,� 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��,�DVVXPH�WKDW�D�PRUH�XVDEOH�V\VWHP�ZLOO�DOORZ�JURXSV�WR

FKRRVH�PRUH�DSSURSULDWH�VWUDWHJLHV�IRU�HDFK�WDVN�

7DEOH����FDWHJRUL]HV�WKHVH�PHDVXUHV�LQ�WHUPV�RI�SURGXFW��SURFHVV��DQG�VDWLVIDFWLRQ��,Q�XVLQJ

VHYHUDO�GLIIHUHQW�PHDVXUHV��P\�DLP�LV�WR�REWDLQ�D�EURDG�SHUVSHFWLYH�RQ�WKH�XVDELOLW\�RI�WKHVH

V\VWHPV��$�EURDG�YLHZ��KRZHYHU��FDQ�RQO\�VHH�ODUJHU�IHDWXUHV��WKHUHIRUH��P\�DQDO\VLV�ZLOO�RQO\

EH�DEOH�WR�ILQG�PRUH�REYLRXV�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�V\VWHPV��,Q�DGGLWLRQ��VLQFH�WKHVH

PHDVXUHV� ORRN� DW� GLIIHUHQW� DVSHFWV� RI� WKH� VDPH� FRQVWUXFW�� WKH\� PD\� QRW� EH� FRPSOHWHO\

LQGHSHQGHQW� RI� RQH� DQRWKHU�� )RU� H[DPSOH�� DQ� XQXVDEOH� V\VWHP� FRXOG� OHDG� ERWK� WR� ODUJHU

FRPSOHWLRQ� WLPHV� DQG� WR� LQFUHDVHG� SHUFHSWLRQ� RI� HIIRUW��+RZHYHU�� ,� EHOLHYH� WKLV� WR� EH� DQ

XQDYRLGDEOH� FRQVHTXHQFH�RI� ORRNLQJ� DW� JURXSZDUH�XVDELOLW\� IURP� VHYHUDO� DQJOHV�� DQG� ,� DP

ZLOOLQJ�WR�VDFULILFH�VRPH�SUHFLVLRQ�IRU�WKH�EHQHILWV�RI�D�EURDGHU�YLHZ��,Q�DGGLWLRQ��WKHUH�DUH

HQRXJK�GLIIHUHQFHV�EHWZHHQ�WKH�PHDVXUHV�WKDW�,�ZLOO�WUHDW�WKHP�DV�GLIIHUHQW�IDPLOLHV�RI�GDWD

GXULQJ�DQDO\VLV�

7\SH�RI�PHDVXUH 0HDVXUH�XVHG

3URGXFW &RPSOHWLRQ�WLPH

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

6DWLVIDFWLRQ 2YHUDOO�SUHIHUHQFH

7DEOH�����6XPPDU\�RI�PHDVXUHV�XVHG

������3DUWLFLSDQWV

3DUWLFLSDQWV�ZHUH� UHFUXLWHG� IURP� WKH� VWXGHQW� FRPPXQLW\� DW� WKH�8QLYHUVLW\� RI�&DOJDU\�� DQG

ZHUH� SDLG� ���� IRU� WDNLQJ� SDUW� LQ� WKH� VWXG\�� &ULWHULD� IRU� LQFOXVLRQ�� DV� LQGLFDWHG� GXULQJ

UHFUXLWPHQW�� ZHUH� WKDW� SDUWLFLSDQWV� EH� IOXHQW� LQ� (QJOLVK�� H[SHULHQFHG� ZLWK� PRXVH�DQG�
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ZLQGRZ�EDVHG� DSSOLFDWLRQV�� DQG� IDPLOLDU� ZLWK� VFUROOLQJ�� SRLQWLQJ�� FOLFNLQJ�� DQG� GUDJJLQJ

RSHUDWLRQV�� 3DUWLFLSDQWV� ZHUH� GLVDOORZHG� LI� WKH\� KDG� EHHQ� LQYROYHG� ZLWK� DQ\� SUHYLRXV

ZRUNVSDFH�DZDUHQHVV�VWXGLHV�

([FOXGLQJ�RQH�SDLU�ZKRVH�GDWD�ZHUH�QRW�XVHG��VHH�6HFWLRQ���������IRUW\�SHRSOH�SDUWLFLSDWHG�LQ

WKH�VWXG\�����PHQ�DQG����ZRPHQ��$OWKRXJK�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

7DEOH�����6H[�SDLULQJV�RI�H[SHULPHQWDO�JURXSV

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�� 0RVW� SHRSOH� UHSRUWHG� WKDW� WKH\� LQWHUDFWHG� ZLWK� WKHLU� SDUWQHU� HLWKHU� UDUHO\� RU

RIWHQ��DV�VKRZQ� LQ�)LJXUH�����$OWKRXJK�,�GLG�QRW�FRQWURO� IRU� IDPLOLDULW\�� WKHVH� WZR�JURXSV

ZHUH�UHSUHVHQWHG�DERXW�HTXDOO\�LQ�WKH�WZR�FRQGLWLRQV�
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)LJXUH�����)DPLOLDULW\�RI�SDUWLFLSDQWV�ZLWK�WKHLU�VWXG\�SDUWQHUV

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
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HPDLO�V\VWHPV�DQG�ZHE�EURZVHUV��DOO�SDUWLFLSDQWV���1RQH�RI� WKH�SDUWLFLSDQWV�KDG�SUHYLRXVO\

VHHQ�WKH�JURXSZDUH�V\VWHP�XVHG�LQ�WKH�VWXG\�

������3URFHGXUH

7KH� H[SHULPHQW� ZDV� FDUULHG� RXW� LQ� VHYHUDO� VWDJHV�� 3DUWLFLSDQWV� ZHUH� ILUVW� DVNHG� WR� VLJQ

FRQVHQW�IRUPV�DQG�ILOO�RXW�D�VKRUW�GHPRJUDSKLF�TXHVWLRQQDLUH��DQG�WKHQ�ZHUH�LQWURGXFHG�WR

WKH�VLWXDWLRQ�DQG�WKH�V\VWHP·V�IXQFWLRQV�XVLQJ�VWDQGDUGL]HG�LQVWUXFWLRQV��3DLUV�ZHUH�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�RSHUDWLRQV�VXFK�DV�VFUROOLQJ��GUDJ�VFUROOLQJ��ZHOGLQJ�

DQG�XQZHOGLQJ�

3DLUV�WKHQ�FRPSOHWHG�VHYHQ�WDVNV�ZLWK�WKH�SLSHOLQH�V\VWHP��LQ�WKH�VHTXHQFH�VKRZQ�LQ�7DEOH

����$IWHU�D�SUDFWLFH�WDVN��JURXSV�FRPSOHWHG�WKUHH�WDVNV�ZLWK�RQH�YHUVLRQ�RI�WKH�V\VWHP��HLWKHU

UDGDU�RU�RYHUYLHZ���DQG�WKHQ�FRPSOHWHG� WKUHH�PRUH� WDVNV�ZLWK� WKH�RWKHU�YHUVLRQ��)RU�HDFK

WDVN�� D� VLPLODU� SURFHGXUH�ZDV� IROORZHG�� )LUVW�� WKH� H[SHULPHQWHU� JDYH� VWDQGDUG� LQVWUXFWLRQV

UHJDUGLQJ�WKH�WDVN�DQG�WKH�JRDO��6HFRQG��WKH�SDLU�FRPSOHWHG�D�SUDFWLFH� WULDO� LQ� WKH� WDVN�� IRU

H[DPSOH��WKH�SDLU�ZRXOG�EH�DVNHG�WR�PDNH�RQH�SUDFWLFH�ZHOG�LQ�WKH�)ROORZ�WDVN��7KLUG��WKH

SDLU� FDUULHG� RXW� WKH� WDVN�� )RXUWK�� SDUWLFLSDQWV� ILOOHG� RXW� D� TXHVWLRQQDLUH� UHODWLQJ� WR� WKHLU

H[SHULHQFHV�GXULQJ�WKH�WDVN��$IWHU�DOO�WDVNV�ZHUH�FRPSOHWHG��SDUWLFLSDQWV�DOVR�ILOOHG�RXW�D�ILQDO

TXHVWLRQQDLUH�UHODWLQJ�WR�WKHLU�SUHIHUHQFHV��$�VKRUW�LQWHUYLHZ�ZDV�WKHQ�FRQGXFWHG�WR�IROORZ

XS�SDUWLFXODU�HSLVRGHV�REVHUYHG�GXULQJ�WKH�VHVVLRQ�RU�SDUWLFXODU�TXHVWLRQQDLUH�UHVSRQVHV�

3UDFWLFH�WDVN 7DVNV����
�UDGDU�

7DVNV����
�RYHUYLHZ�

7DVNV����
�UDGDU�

7DVNV����
�RYHUYLHZ�

5DGDU��VW 3DLUV����� 3DLUV����� 3DLUV�����

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

7DEOH�����7DVN�VHTXHQFH�IRU�UDGDU�DQG�RYHUYLHZ�FRQGLWLRQV

3DLUV�FRPSOHWHG�WDVNV�����ZLWK�RQH�YLHZ��DQG�WKHQ�FRPSOHWHG�WDVNV�����ZLWK�WKH�RWKHU��7KH

VHFRQG� WKUHH� WDVNV� ZHUH� LQWHQGHG� SULPDULO\� WR� JLYH� SDUWLFLSDQWV� H[SHULHQFH� ZLWK� ERWK

LQWHUIDFHV�� VR� WKDW� WKH\� FRXOG�GHFLGH�ZKLFK� WKH\�SUHIHUUHG� DW� WKH� HQG�RI� WKH� VHVVLRQ��7DVN

RUGHU�ZDV�FRXQWHUEDODQFHG��IRU�H[DPSOH��JURXS���GLG�WKH�ILUVW�WKUHH�WDVNV�LQ�WKH�RUGHU�������
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JURXS���LQ�WKH�RUGHU��������HWF����7KH�VHFRQG�WKUHH�WDVNV�ZHUH�DOZD\V�GRQH�LQ�WKH�VDPH�RUGHU

DV�WKH�ILUVW�WKUHH�WDVNV��6LQFH�WKHUH�DUH�VL[�SRWHQWLDO�RUGHULQJV�RI�WKUHH�WDVNV��EXW�RQO\����SDLUV

LQ�HDFK�FRQGLWLRQ��WZR�RUGHULQJV�LQ�HDFK�FRQGLWLRQ�ZHUH�XVHG�RQO\�RQFH�UDWKHU�WKDQ�WZLFH�

������'DWD�&ROOHFWLRQ

)RXU�W\SHV�RI�GDWD�ZHUH�FROOHFWHG��LQ�DGGLWLRQ�WR�H[SHULPHQWHU�REVHUYDWLRQV�

�� 7KH�WLPH�WR�FRPSOHWH�HDFK�WDVN�ZDV�UHFRUGHG�ZLWK�D�VWRSZDWFK�

�� 7KH�SDLU·V�ZRUNVSDFH� DFWLRQV� DQG�YHUEDO� LQWHUDFWLRQV�ZHUH� UHFRUGHG�RQ�YLGHRWDSH�� DQG

SDUWV�RI�WKH�YHUEDO�UHFRUG�ZHUH�ODWHU�WUDQVFULEHG�

�� 3DUWLFLSDQWV� DQVZHUHG�TXHVWLRQV� DERXW�SHUFHLYHG� HIIRUW� DIWHU� HDFK�RI� WKH� VL[� WHVW� WDVNV�

4XHVWLRQV�ZHUH�HLWKHU�EDODQFHG���SRLQW�/LNHUW� VFDOHV� �DJUHH�GLVDJUHH��RU���SRLQW� VFDOHV

ZLWK� IL[HG� HQGSRLQWV� �VHH�7DEOH������� 6LQFH� HDFK�SHUVRQ�ZLWKLQ� D�SDLU�PD\�KDYH�KDG� D

GLIIHUHQW�H[SHULHQFH��,�FROOHFWHG�WKHVH�GDWD�DV�LQGLYLGXDO�UDWKHU�WKDQ�SDLU�UHVSRQVHV�

�� 3DUWLFLSDQWV� ZHUH� DVNHG� WKHLU� SUHIHUHQFH� EHWZHHQ� WKH� WZR� V\VWHPV� DIWHU� WKH\� KDG

FRPSOHWHG�DOO�WDVNV��$JDLQ��,�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

7DEOH�����3HUFHLYHG�HIIRUW�TXHVWLRQQDLUH

������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

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

��$V� WKH� IRUPDW� RI� WKH� TXHVWLRQQDLUH� GRHV� QRW� FOHDUO\� LQGLFDWH� WKDW� VFDOHV� KDG� ILYH� SRLQWV�
SDUWLFLSDQWV�ZHUH�UHPLQGHG�EHIRUH�ILOOLQJ�RXW�HDFK�TXHVWLRQQDLUH�WKDW�WKH\�FRXOG�VHOHFW�DQ\�RI
WKH�ILYH�UHVSRQVHV��LQFOXGLQJ�WKH�HQGSRLQWV�
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ERWK�YRLFHV�ZHUH� UHFRUGHG�RQ�YLGHRWDSH��7KH� OD\RXW�RI� WKH� H[SHULPHQW� URRP� LV� VKRZQ� LQ

)LJXUH����

����5HVXOWV

,Q�WKH�IROORZLQJ�VHFWLRQV��,�UHSRUW�RQ�WKH�UHVXOWV�RI�VHYHUDO�DQDO\VHV�SHUIRUPHG�RQ�SURGXFW�

SURFHVV��DQG�VDWLVIDFWLRQ�PHDVXUHV��,�ILUVW�SUHVHQW�WKH�UHVXOWV�RI�WKH�IRUPDO�VWXG\��WKDW�LV��WKH

UHVXOWV�REWDLQHG�IURP�D�JURXS·V�ILUVW�WKUHH�WDVNV��6HFRQG��,�SUHVHQW�SDUWLFLSDQWV·�SUHIHUHQFHV�

7KLUG�� ,� GLVFXVV� UHVXOWV� RI� WKH� ZLWKLQ�SDUWLFLSDQWV� H[SORUDWRU\� VWXG\�� )RXUWK�� ,� VXPPDUL]H

SDUWLFLSDQWV·�VWUDWHJ\�XVH�

������'DWD�XVDJH�DQG�FRUUHFWLRQV

2QH� SDLU·V� GDWD� ZDV� UHPRYHG� IURP� WKH� VDPSOH� VLQFH� WKH\� ZHUH� XQDEOH� WR� FRPSOHWH� WKH

SUDFWLFH� WDVN� ZLWKRXW� H[WHQVLYH� DVVLVWDQFH� IURP� WKH� H[SHULPHQWHU�� 7KLV� GLIILFXOW\� LQYROYHG

LQWHUSUHWDWLRQ� RI� WKH� H[SHULPHQWDO� PDWHULDOV� UDWKHU� WKDQ� DQ\� DVSHFW� RI� WKH� H[SHULPHQWDO

FRQGLWLRQ��$OO�RWKHU�SDLUV�ZHUH�DEOH� WR�FRPSOHWH�DOO� WDVNV�ZLWKRXW�KHOS��DOWKRXJK�WZR�SDLUV

GLG�QRW�FRPSOHWH�WKH�VHFRQG�VHW�RI�WDVNV�GXH�WR�WLPH�UHVWULFWLRQV��,Q�ILYH�FDVHV��FRPSOHWLRQ

WLPHV�ZHUH�DGMXVWHG�DIWHU�WKH�VHVVLRQ�EHFDXVH�RI�V\VWHP�RU�QHWZRUN�SUREOHPV��WKH�DPRXQW�RI

WLPH� VXEWUDFWHG� ZDV� GHWHUPLQHG� E\� ZDWFKLQJ� WKH� YLGHR� UHFRUG�� ,Q� DOO� FDVHV�� ,� EHOLHYH� WKH

FRUUHFWHG� WLPH� WR� EH� D� WUXH� UHIOHFWLRQ� RI� FRPSOHWLRQ� WLPH�� ,Q� DGGLWLRQ�� WZR� JURXSV� LQ� WKH

UDGDU�FRQGLWLRQ�ZHUH�QRW�UHFRUGHG�RQ�YLGHRWDSH�GXH�WR�WHFKQLFDO�SUREOHPV��DQG�VR�WKH\�DUH

Participants

Experimenter

Video camera

)LJXUH�����([SHULPHQW�URRP�VHWXS
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QRW�LQFOXGHG�LQ�WKH�DQDO\VLV�RI�FRPPXQLFDWLYH�HIILFLHQF\��,�ZDV��KRZHYHU��DEOH�WR�FDUU\�RXW�D

FRPSOHWH�DQDO\VLV�ZLWK�WKH�UHGXFHG�VDPSOH��7KHUHIRUH��,�GR�QRW�FRQVLGHU�DQ\�RI�WKHVH�LVVXHV

WR�EH�VHYHUH�HQRXJK�WR�DIIHFW�WKH�UHVXOWV�RU�FRQFOXVLRQV�RI�WKLV�VWXG\�

������&RPSOHWLRQ�WLPH

7KH�SULPDU\�K\SRWKHVLV�FRQFHUQLQJ�WKH�SURGXFW�RI�FROODERUDWLRQ�ZDV�WKDW�SDUWLFLSDQWV�ZRXOG

EH� DEOH� WR� FRPSOHWH� WDVNV� PRUH� TXLFNO\� XVLQJ� WKH� UDGDU� YLHZ� WKDQ� WKH\� FRXOG� XVLQJ� WKH

RYHUYLHZ�� &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 �� ���� ���� ���� ����

7DEOH�����6XPPDU\�RI�FRPSOHWLRQ�WLPHV��LQ�PLQXWHV��IRU�WDVNV����
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)LJXUH�����0HDQ�FRPSOHWLRQ�WLPHV��LQ�PLQXWHV��IRU�WDVNV����
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,� FRPSDUHG� WKH� LQGHSHQGHQW� YDULDEOHV� 7DVN� DQG�9LHZ� XVLQJ� WZR�ZD\� DQDO\VLV� RI� YDULDQFH

�$129$��� 7KHUH�ZDV� DQ� LQWHUDFWLRQ� EHWZHHQ� 7DVN� DQG� 9LHZ� �)�  � ������� S� �� ������� $V

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��)RU�WKH�)ROORZ�DQG�'LUHFW�WDVNV��,�XVHG

RQH�WDLOHG�W�WHVWV�LQ�DFFRUGDQFH�ZLWK�P\�UHVHDUFK�K\SRWKHVLV��+RZHYHU��PHDQV� LQ�WKH�&RS\

WDVN�ZHUH�QRW�DV�H[SHFWHG��DQG�VR�GR�QRW�PHHW� WKH�DVVXPSWLRQV�IRU�D�RQH�WDLOHG� WHVW��$V�D

IDOOEDFN�IRU�WKLV�WDVN��,�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�� KRZHYHU�� DV� RXWOLQHG� LQ� &KDSWHU� ��� JUHDWHU� RYHUDOO� YDULDQFH� ZDV

H[SHFWHG�LQ�WKLV�H[SHULPHQW�

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

)ROORZ�� �� � ���� �������� �����

&RS\�� �� � ������  ������

'LUHFW�� �� � ���� �������� �����

7DEOH�����&RPSDULVRQV�RI�FRPSOHWLRQ�WLPHV�IRU�WDVNV����

������&RPPXQLFDWLRQ�HIILFLHQF\

9HUEDO� LQWHUDFWLRQ� LQ� WKH� ILUVW� WKUHH� WDVNV� ZDV� UHFRUGHG� DQG� WUDQVFULEHG�� &RPPXQLFDWLRQ

HIILFLHQF\� ZDV� PHDVXUHG� E\� FRXQWLQJ� WKH� QXPEHU� RI� ZRUGV� LQ� SDUWLFXODU� FDWHJRULHV� WKDW

PDWFKHG�WKH�UHSHDWHG�MRLQW�DFWLRQ� LQ�WKH�WDVN��,Q�WKH�)ROORZ�DQG�'LUHFW�WDVNV�� WKH�FDWHJRU\

LQFOXGHG�DQ\�ZRUGV�WKDW�WKH�JURXS�VSRNH�LQ�HVWDEOLVKLQJ�ZKHUH�WKH�ZHOGHU�RU�DFWRU�ZDV�WR�JR

QH[W��)RU�H[DPSOH��WKH�FDWHJRU\�LQFOXGHG�ZRUGV�VSRNHQ�E\�HLWKHU�SDUWLFLSDQW�WKDW�GHVFULEHG

ORFDWLRQV��SURYLGHG�GLUHFWLRQV��RU�FODULILHG� ORFDWLRQ� LQIRUPDWLRQ��:KHQ� WKH�ZHOGHU�RU� DFWRU

DUULYHG�DW� WKH�FRUUHFW� ORFDWLRQ�� FRXQWLQJ� VWRSSHG�� WKDW� LV�� WKH� FDWHJRU\�GLG�QRW� LQFOXGH� WDON

DERXW�WKH�ORFDWLRQ�RU�RULHQWDWLRQ�RI�SDUWLFXODU�SLSH�VHFWLRQV��)RU�WKH�&RS\�WDVN��WKH�FDWHJRU\
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LQFOXGHG�DQ\�ZRUGV�WKDW�WKH�JURXS�VSRNH�LQ�HVWDEOLVKLQJ�ZKLFK�SLSH�VHFWLRQ�WKH�FRSLHU�ZDV�WR

VHOHFW�QH[W��)RU�H[DPSOH��WKH�FDWHJRU\�LQFOXGHG�ZRUGV�VSRNHQ�WR�LQGLFDWH�D�SLHFH��GHVFULEH�D

SLHFH��RU�FODULI\�D�GHVFULSWLRQ��&RXQWLQJ�VWRSSHG�RQFH�WKH�FRSLHU�VHOHFWHG�WKH�FRUUHFW�VHFWLRQ�

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 �� ��� ��� ������ �����

7DEOH�����6XPPDU\�RI�YHUEDO�HIILFLHQF\��LQ�QXPEHU�RI�ZRUGV��IRU�WDVNV����
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)LJXUH�����0HDQ�YHUEDO�HIILFLHQF\��LQ�QXPEHU�RI�ZRUGV��IRU�WDVNV����

$QDO\VLV�RI�YDULDQFH�DJDLQ�VKRZHG�DQ� LQWHUDFWLRQ�EHWZHHQ�7DVN�DQG�9LHZ��)� ��������S��

������� 7R� DVVHVV� WKH� HIIHFW� RI� 9LHZ� RQ� YHUEDO� HIILFLHQF\�� ,� FRPSDUHG� UDGDU� DQG� RYHUYLHZ

FRQGLWLRQV�IRU�HDFK�WDVN�W\SH��,�XVHG�RQH�WDLOHG�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�
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WDLOHG� WHVWV� ZDV� XVHG�� 7HVWV� 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�� �� � ���� �����

7DEOH�����&RPSDULVRQV�RI�YHUEDO�HIILFLHQF\�IRU�WDVNV����

������3HUFHLYHG�HIIRUW

3HUFHSWLRQ� RI� HIIRUW� ZDV� PHDVXUHG� E\� D� UHSHDWHG� TXHVWLRQQDLUH� JLYHQ� DIWHU� HDFK� WDVN�

5HVSRQVHV� ZHUH� JDWKHUHG� IURP� HDFK� LQGLYLGXDO� �UDWKHU� WKDQ� IURP� HDFK� SDLU��� 7KH

TXHVWLRQQDLUH�ORRNHG�DW�IRXU�DVSHFWV�RI�KRZ�KDUG�D�WDVN�ZDV������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�

7DVN� )ROORZ�� &RS\�� 'LUHFW��

4XHVWLRQ� � � � � � � � � � � � �

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

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

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

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

7DEOH�����6XPPDU\�RI�TXHVWLRQQDLUH�UHVSRQVHV��WDVNV����

,�FRPSDUHG�UHVSRQVHV�IURP�UDGDU�DQG�RYHUYLHZ�FRQGLWLRQV�RQ�HDFK�TXHVWLRQ��$JDLQ��,�XVHG

RQH�WDLOHG�WHVWV�IRU�)ROORZ�DQG�'LUHFW�WDVNV��DJDLQ��PHDQV�IRU�WKH�&RS\�WDVN�GLG�QRW�PDWFK

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

��&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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P\�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����

4XHVWLRQ )ROORZ�� &RS\�� 'LUHFW��

GI WDLOV S GI WDLOV S GI WDLOV S

� �� � ������ �� � ������ �� � ������

� �� � ������ �� � ������ �� � ������

� �� � ������ �� � ������ �� � ������

� �� � ������ �� � ������ �� � ������

7DEOH�����&RPSDULVRQV�RI�SHUFHLYHG�HIIRUW�TXHVWLRQV

������3UHIHUHQFHV

$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

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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)LJXUH�����0HDQ�TXHVWLRQQDLUH�UHVSRQVHV�IRU�WDVNV����
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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 �� �

7DEOH�����1XPEHU�RI�SDUWLFLSDQWV�SUHIHUULQJ�HDFK�LQWHUIDFH

,�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���������

7DEOH�����χ��DQDO\VLV�RI�SUHIHUHQFH�TXHVWLRQV

������6WUDWHJ\�XVH

,�DOVR�ORRNHG�DW�WKH�VWUDWHJLHV�WKDW�JURXSV�XVHG�WR�FDUU\�RXW�WKH�WDVNV��LQ�RUGHU�WR�FRPSDUH�WKH

ZD\V�WKDW�SHRSOH�ZRUNHG�DFURVV�WKH�FRQGLWLRQV��,Q�SDUWLFXODU��,�UHFRUGHG�WKH�VWUDWHJ\�XVHG�WR

LQGLFDWH� ORFDWLRQV� �IRU� WKH� )ROORZ� DQG�'LUHFW� WDVNV�� DQG� WR� LQGLFDWH� SLHFHV� �IRU� WKH� &RS\

WDVN��� ,� 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

YDULHW\� LV� DQ� LQGLFDWLRQ�RI�KRZ� UHVRXUFHIXO� JURXSV� FDQ�EH�� DV� GLVFXVVHG� LQ�&KDSWHU� ���7KH

VWUDWHJLHV�DUH�GHVFULEHG�EHORZ�LQ�7DEOH����
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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�����7KHUH�ZHUH�GLIIHUHQFHV� LQ�ZKDW� VWUDWHJLHV�ZHUH�XVHG�� WKH�DPRXQW

HDFK� W\SH�ZDV� XVHG�� DQG� LQ� KRZ� WKH\�ZHUH� XVHG��7R�EHJLQ�ZLWK�� SHRSOH� XVHG� D� YDULHW\� RI

VWUDWHJLHV�LQ�ERWK�FRQGLWLRQV��EXW�WKH�W\SHV�XVHG�ZHUH�QRW�WKH�VDPH��,Q�JHQHUDO��JURXSV�LQ�WKH

RYHUYLHZ� FRQGLWLRQ� XVHG� D� ZLGHU� UDQJH� RI� VWUDWHJLHV� WKDQ� JURXSV� LQ� WKH� UDGDU� FRQGLWLRQ�

6WUDWHJLHV�WKDW�,�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

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

7DEOH�����6WUDWHJLHV�XVHG�IRU�GLUHFWLQJ�DQG�LQGLFDWLQJ
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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��

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

7DEOH�����6WUDWHJ\�XVH�LQ�WKH�WKUHH�WHVW�WDVNV

7KH�DPRXQW�WKDW�VWUDWHJLHV�ZHUH�XVHG�DOVR�YDULHG�DFURVV�WKH�WZR�FRQGLWLRQV��,Q�HDFK�WDVN��,

REVHUYHG� PDMRU� GLIIHUHQFHV�� )RU� WKH� 'LUHFW� WDVN�� UDGDU� JURXSV� XVHG� WKH� UHODWLYH�WR�\RX

VWUDWHJ\� IDU� PRUH� RIWHQ� WKDQ� RYHUYLHZ� JURXSV�� 2QH� IDFWRU� LQ� WKLV� GLIIHUHQFH� PD\� EH� WKH

GLIIHUHQFH�LQ�IHHGEDFN�SURYLGHG�E\�WKH�WZR�PLQLDWXUH�YLHZV��7KH�UDGDU�FRQGLWLRQ�SURYLGHG

FRQWLQXRXV� IHHGEDFN� RI� WKH� RWKHU� SHUVRQ·V� ORFDWLRQ��ZKHUHDV� WKH� RYHUYLHZ� FRQGLWLRQ� RQO\

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

��6LQFH�IROORZ�UHFWDQJOH�GRHV�QRW�XVXDOO\�LQYROYH�GHWDLOHG�YHUEDO�H[FKDQJHV��,�KDG�WR�ORRN�IRU
LQGLUHFW�HYLGHQFH�WKDW�WKH�VWUDWHJ\�ZDV�XVHG��,�DVVXPHG�WKDW�IROORZ�UHFWDQJOH�ZDV�LQ�XVH�LI�DQ\
RI�WKH�IROORZLQJ�RFFXUUHG�

• WKH�SDUWLFLSDQWV�JLYH�YHUEDO�LQGLFDWLRQV�RI�XVH��VXFK�DV�´,·OO�MXVW�IROORZ�\RX�µ

• WKH�PRYHU�JLYHV�QR�YHUEDO�LQGLFDWLRQ�RI�ORFDWLRQ�DW�DOO��DQG�WKH�YLGHRWDSH�VKRZV�WKDW�WKH
ZHOGHU�PRYHV�WR�WKH�ULJKW�ORFDWLRQ�ZLWKRXW�DSSDUHQW�GLIILFXOW\

• WKH�PRYHU�JLYHV�YHUEDO�LQGLFDWLRQV�WKDW�DUH�XQGHUVSHFLILHG��H�J��´DQG�QRZ�RYHU�KHUH«µ��
DQG� WKH�YLGHRWDSH�VKRZV� WKDW� WKH�ZHOGHU�PRYHV� WR� WKH�ULJKW� ORFDWLRQ�ZLWKRXW�DSSDUHQW
GLIILFXOW\
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VKRZHG�ORFDWLRQ�LQGLUHFWO\�ZKHQ�WKH�RWKHU�SHUVRQ�GURSSHG�DQ�REMHFW��7KHUHIRUH��UHODWLYH�WR�

\RX�GLUHFWLRQV�FRXOG�RQO\�EH�XVHG�LQ�WKH�RYHUYLHZ�FRQGLWLRQ�ZKHQ�WKH�RWKHU�SHUVRQ�LQGLFDWHG

WKHLU�ORFDWLRQ��KHUH�,�DP�IHHGEDFN��E\�H[SOLFLWO\�GURSSLQJ�DQ�REMHFW��,Q�WKH�)ROORZ�WDVN��UDGDU

JURXSV� GHSHQGHG� KHDYLO\� RQ� IROORZ�UHFWDQJOH�� D� VWUDWHJ\� QRW� SRVVLEOH� LQ� WKH� RYHUYLHZ

FRQGLWLRQ��,Q�WKH�&RS\�WDVN��WKH�GLIIHUHQFH�EHWZHHQ�UDGDU�DQG�RYHUYLHZ�FRQGLWLRQV�ZDV�RQO\

LQ� WKH� YDULDQW� RI� WKH� ´VKRZµ� VWUDWHJ\� XVHG�� 5DGDU� JURXSV� SULPDULO\� XVHG� VKRZ�E\�GUDJ�

ZKHUHDV�RYHUYLHZ�JURXSV�SULPDULO\�XVHG�VKRZ�E\�GURS��7KLV�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�

7KHUH�ZHUH�DOVR�GLIIHUHQFHV�LQ�WKH�ZD\�WKDW�WKH�VWUDWHJLHV�ZHUH�XVHG��7KH�PRVW�DSSDUHQW�RI

WKHVH�RFFXUUHG�LQ�WKH�)ROORZ�WDVN��)RU�WKH�UDGDU�FRQGLWLRQ��WKH�IROORZ�UHFWDQJOH�VWUDWHJ\�ZDV

SUHGRPLQDQW��DQG�\HW�RWKHU�YHUEDO�VWUDWHJLHV�ZHUH�XVHG�DV�ZHOO��)RU�H[DPSOH��SHRSOH�ZRXOG

RIWHQ�YHUEDOO\� LQGLFDWH� WKH�QH[W� ORFDWLRQ�ZKLOH� WKH\�ZHUH�PRYLQJ� WKHUH�� HYHQ� WKRXJK� WKHLU

SDUWQHU�ZDV�DOUHDG\� IROORZLQJ� WKHLU�YLHZ�UHFWDQJOH�� ,Q�PDQ\� FDVHV�� WKHVH�YHUEDO� LQGLFDWLRQV

ZHUH� WRR�XQGHUVSHFLILHG� WR� SURYLGH� FRPSOHWH� GLUHFWLRQV� �H�J�� ´DQG�QRZ�RYHU� WR� WKH� OHIWµ��

7KH�XVH�RI�PXOWLSOH�VWUDWHJLHV��HYHQ�WKRXJK�XQGHUVSHFLILHG��PD\�KDYH�SURYLGHG�SHRSOH�ZLWK

UHGXQGDQW�LQIRUPDWLRQ�WKDW�KHOSHG�WR�FRQILUP�WKDW�WKH\�ZHUH�IROORZLQJ�FRUUHFWO\�

������: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�PH�WR�FRQVLGHU

WKH�LVVXH�RI�ZKDW�KDSSHQV�ZKHQ�D�JURXS�PRYHV�IURP�RQH�YLHZ�W\SH�WR�DQRWKHU��,�DVVXPHG

WKDW� DOO� JURXSV�ZRXOG�SHUIRUP�EHWWHU� LQ� WKH� VHFRQG� VHW�RI� WDVNV�EHFDXVH�RI�SUDFWLFH�� EXW� ,

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��,�FRQVLGHU�WKH�GLIIHUHQFHV

EHWZHHQ� ILUVW� DQG� VHFRQG� WULDOV� IRU� FRPSOHWLRQ� WLPH� DQG� SHUFHLYHG� HIIRUW�� 6LQFH� YHUEDO

UHFRUGV�ZHUH�QRW� WUDQVFULEHG� IRU� WKH� VHFRQG�VHW�RI� WDVNV��ZLWKLQ�SDUWLFLSDQWV�GLIIHUHQFHV� LQ

FRPPXQLFDWLRQ�HIILFLHQF\�DUH�QRW�DQDO\]HG�

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
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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� ,� 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�

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 � ����� ����� ����� ����

7DEOH�����6XPPDU\�RI�FRPSOHWLRQ�WLPHV�GLIIHUHQWLDOV��LQ�PLQXWHV�
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)LJXUH�����0HDQ�FKDQJHV�LQ�FRPSOHWLRQ�WLPH�IURP�ILUVW�WR�VHFRQG�DWWHPSWV�DW�D�WDVN�

)RU�JURXSV�WKDW�VWDUWHG�ZLWK�WKH�RYHUYLHZ�DQG�WKHQ�PRYHG�WR�WKH�UDGDU�YLHZ��WKH�UHVXOWV�ZHUH

DV�,�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�

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

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

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

7DEOH�����0HDQ�TXHVWLRQQDLUH�GLIIHUHQWLDOV

)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�

,�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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������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\��,� LQWHUSUHW�DQG�H[SODLQ�WKHVH�ILQGLQJV�EHORZ�

)LUVW��,�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�
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)LJXUH�����3HUFHLYHG�HIIRUW�GLIIHUHQWLDOV�EHWZHHQ�ILUVW�DQG�VHFRQG�DWWHPSWV�DW�D�WDVN�
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6HFRQG��,�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�

-� 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
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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
-� 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"
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$��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�

'��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
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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�� 9LVXDO� HYLGHQFH� ZDV� LQWURGXFHG� LQ

6HFWLRQ�������

,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

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�
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'� «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��,�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

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�� ,� 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�

����9DOLGLW\�DQG�UHOLDELOLW\�LVVXHV

7KHUH�DUH�D�QXPEHU�RI�LVVXHV�UHJDUGLQJ�PHDVXUHPHQW�DQG�LQIHUHQFHV�WKDW�PXVW�EH�FRQVLGHUHG

IRU� DQ\� VWXG\�� ,Q� WKLV� VHFWLRQ� ,� ZLOO� UHYLHZ� WKUHDWV� WR� WKH� UHOLDELOLW\� DQG� YDOLGLW\� RI

PHDVXUHPHQWV� WDNHQ� LQ� WKH�H[SHULPHQW��DQG� WKUHDWV� WR� WKH�YDOLGLW\�RI� WKH� LQIHUHQFHV�GUDZQ

IURP� WKH� GDWD�� 7KH� GHILQLWLRQV� JLYHQ� EHORZ� RI� UHOLDELOLW\� DQG� YDOLGLW\� DUH� DOO� WDNHQ� IURP

+HLPDQ��������

������5HOLDELOLW\�DQG�YDOLGLW\�RI�PHDVXUHPHQWV

5HOLDELOLW\�LV�WKH�GHJUHH�WR�ZKLFK�WKH�PHDVXUHV�DUH�FRQVLVWHQW�IURP�RQH�VHVVLRQ�WR�WKH�QH[W�

7KHUH�DUH�RQO\�PLQRU�FRQFHUQV�LQ�WKLV�VWXG\��)LUVW��WZR�H[SHULPHQWHUV�UDQ�SDLUV�WKURXJK�WKH

H[SHULPHQW��DQG�PD\�KDYH�HPSKDVL]HG�GLIIHUHQW�SDUWV�RI�WKH�VWDQGDUG�LQVWUXFWLRQV�RU�GLIIHUHG

LQ�PLQRU�SRLQWV�RI�WKH�SURFHGXUH��6HFRQG��WKH�FRGLQJ�DQG�FRXQWLQJ�PHDVXUHV�XVHG�WR�DVVHVV

FRPPXQLFDWLRQ� HIILFLHQF\� PXVW� EH� LPSOHPHQWHG� FDUHIXOO\� WR� HQVXUH� LQWHU�UDWHU� UHOLDELOLW\�

$OWKRXJK�DQ�DFFHSWDEOH�GHJUHH�RI�DJUHHPHQW�ZDV�DFKLHYHG��WKH�DFFXUDF\�RI�WKLV�PHDVXUH� LV

QRW�SHUIHFW�

9DOLGLW\�RI�PHDVXUHPHQW�LV�WKH�H[WHQW�WR�ZKLFK�D�SURFHGXUH�PHDVXUHV�ZKDW�LW�LV�LQWHQGHG�WR

PHDVXUH��+HLPDQ�������S�������,�ZLOO�FRQVLGHU�WZR�W\SHV��FRQWHQW�YDOLGLW\��WKH�H[WHQW�WR�ZKLFK

SURFHGXUHV�PHDVXUH� RQO\�ZKDW� WKH\� DUH� VXSSRVHG� WR�� DQG� FRQVWUXFW� YDOLGLW\�� WKH� H[WHQW� WR



���

ZKLFK�D�PHDVXUHPHQW�UHIOHFWV�WKH�K\SRWKHWLFDO�FRQVWUXFW�XQGHU�FRQVLGHUDWLRQ��+HLPDQ������

S������

&RQWHQW� YDOLGLW\�� 7KH� WKUHH� PDLQ� PHDVXUHV� �FRPSOHWLRQ� WLPH�� FRPPXQLFDWLRQ� FRXQWV�� DQG

SHUFHLYHG� HIIRUW�� KDG� RQO\� PLQRU� SUREOHPV� ZLWK� FRQWHQW�� )LUVW�� UDZ� FRPSOHWLRQ� WLPHV

LQFOXGHG�WLPH�UHTXLUHG�IRU�V\VWHP�IDLOXUHV�DQG�RII�WDVN�WLPH��DV�ZHOO�DV�WLPH�UHTXLUHG�IRU�WKH

FROODERUDWLYH�WDVN��7R�UHGXFH�WKHVH�SUREOHPV��SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�FRQFHQWUDWH�RQ

WKH�WDVN��DQG�WLPH�WDNHQ�E\�V\VWHP�SUREOHPV�ZDV�VXEWUDFWHG�DIWHU�WKH�VHVVLRQ��6HFRQG��ZRUG

FRXQWV�ZHUH�LQWHQGHG�WR�PHDVXUH�WKH�QXPEHU�RI�ZRUGV�XVHG�IRU�SURYLGLQJ�GLUHFWLRQV��)ROORZ

DQG�'LUHFW�WDVNV��DQG�IRU�LQGLFDWLQJ��&RS\�WDVN���+RZHYHU��LW�SURYHG�GLIILFXOW�WR�GHWHUPLQH�D

VHW�RI�UXOHV�WKDW�ZRXOG�XQDPELJXRXVO\�SODFH�XWWHUDQFHV�DQG�ZRUGV�LQ�WKHVH�FDWHJRULHV��$V�D

UHVXOW�� WKH�ZRUG�FRXQWV�PD\�DOVR�PHDVXUH�RWKHU�DVSHFWV�RI�YHUEDO�EHKDYLRXU��)RU�H[DPSOH�

ZKHQ�ZRUGV�OLNH�´XP��XK��ZHOOµ�RU�´RNµ�DSSHDUHG�ZLWKLQ�D�GLUHFWLQJ�RU�LQGLFDWLQJ�XWWHUDQFH�

WKH\� ZHUH� FRXQWHG�� 7KLUG�� WKH� TXHVWLRQQDLUH� ZDV� LQWHQGHG� WR� PHDVXUH� RQO\� SHRSOH·V

SHUFHSWLRQ� RI� WKHLU� HIIRUW� GXULQJ� WKH� WDVN�� +RZHYHU�� LI� SHRSOH� ZHUH� XQVXUH� DERXW� WKH

FDWHJRULHV��RU�LI�WKH\�IHOW�WKDW�WKH\�KDG�QRWKLQJ�WR�FRPSDUH�WKHLU�H[SHULHQFH�WR��VHH�6HFWLRQ

��������WKHQ�WKHLU�UHVSRQVHV�PD\�UHIOHFW�VRPHWKLQJ�RWKHU�WKDQ�ZKDW�ZDV�LQWHQGHG�

&RQVWUXFW� YDOLGLW\�� 7KH� SUREOHP� KHUH� LV� ZKHWKHU� WKH� PHDVXUHV� DFWXDOO\� DVVHVV� JURXSZDUH

XVDELOLW\��7KH�FRQQHFWLRQV�EHWZHHQ�WKH�PHDVXUHV�DQG�XVDELOLW\�ZHUH�ODLG�RXW�LQ�6HFWLRQ�������

IRU� WKLV� H[SHULPHQW�� ,� EHOLHYH� WKDW� WKH\� DUH� UHDVRQDEOH� LQGLFDWRUV� RI� WKH� FRQVWUXFW�� 6LQFH

JURXSZDUH� XVDELOLW\� LV� QRW� GLUHFWO\� REVHUYDEOH�� KRZHYHU�� WKHUH� LV� QR� JXDUDQWHH� WKDW� WKH

PHDVXUHV�,�XVHG�DUH� WKH�EHVW�FKRLFHV�� ,� UHYLHZ�WKH�PHDVXUHV�XVHG�IRU� WKLV�VWXG\� LQ�6HFWLRQ

����

������9DOLGLW\�RI�LQIHUHQFHV

,� DP� DOVR� LQWHUHVWHG� LQ� WKH� YDOLGLW\� RI� WKH� LQIHUHQFHV� WKDW� ,� KDYH� GUDZQ� IURP� WKH� GDWD�� ,

FRQVLGHU� WZR�NLQGV�RI� YDOLGLW\�� LQWHUQDO� YDOLGLW\� LV� WKH� GHJUHH� WR�ZKLFK� UHODWLRQVKLSV� LQ� WKH

GDWD�DFWXDOO\�UHIOHFW�UHODWLRQVKLSV�LQ�WKH�YDULDEOHV�XQGHU�H[DPLQDWLRQ��DQG�H[WHUQDO�YDOLGLW\�LV

WKH� GHJUHH� WR� ZKLFK� WKH� UHVXOWV� FDQ� EH� IRXQG� ZLWK� RWKHU� SDUWLFLSDQWV� DQG� RWKHU� VHWWLQJV

�+HLPDQ�������S������
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,QWHUQDO�YDOLGLW\

,QWHUQDO�YDOLGLW\�FRQFHUQV�FRQIRXQGLQJ�YDULDEOHV�DQG�ULYDO�K\SRWKHVHV��7KUHH�W\SHV�RI�WKUHDWV

WR� LQWHUQDO� YDOLGLW\� VHHQ� LQ� WKLV� H[SHULPHQW� DUH�GXH� WR�GHVLJQ� DQG�SURFHGXUH�� GHPRJUDSKLF

YDULDEOHV��DQG�VWUDWHJ\�FKRLFH�

'HVLJQ�DQG�SURFHGXUH��7KH�VWXG\�WRRN�FHUWDLQ�SUHFDXWLRQV�VXFK�DV�RQO\�FRPSDULQJ�GDWD�IURP�WKH

ILUVW� LQWHUIDFH� VHHQ�� EXW� WKHUH� DUH� DGGLWLRQDO�PLQRU� FRQFHUQV� UHJDUGLQJ� WDVN� RUGHU� DQG� WKH

QXPEHU�RI�WHVWV��)LUVW��VLQFH�WKHUH�ZHUH�RQO\����SDLUV�LQ�WKH�VWXG\�DQG���SRVVLEOH�RUGHUV��WZR

RUGHUV� ZHUH� XVHG� IRXU� WLPHV� LQVWHDG� RI� WKUHH� WLPHV�� ,� EHOLHYH� WKDW� WKH� HIIHFWV� RI� WKLV

LQFRPSOHWH�FRXQWHUEDODQFLQJ�ZLOO�EH�H[WUHPHO\�VPDOO��6HFRQG��,�UDQ�VHYHUDO�VWDWLVWLFDO�WHVWV�RQ

WKH� GDWD�� $OWKRXJK� DOSKD� OHYHOV� ZHUH� PDLQWDLQHG� DW� ����� ZLWKLQ� HDFK� IDPLO\� RI� WHVWV� �L�H�

ZLWKLQ�HDFK�PHDVXUH���,�GLG�QRW�PDLQWDLQ�D�VLQJOH�FXPXODWLYH�DOSKD�YDOXH�DFURVV�DOO�WHVWV��7KLV

ZRXOG�QRW�EH�D�SUREOHP�LI�WKH�PHDVXUHV�ZHUH�FRPSOHWHO\�LQGHSHQGHQW��EXW�WKHUH�DUH�OLNHO\�WR

EH� VRPH� GHSHQGHQFLHV� EHWZHHQ� WLPH�� HIIRUW�� HIILFLHQF\�� DQG� SUHIHUHQFH�� +RZHYHU�� WKLV

SUREOHP�RQO\�VOLJKWO\�UHGXFHV�FRQILGHQFH�LQ�WKH�LQIHUHQFHV��VLQFH�WKH�SRVVLELOLW\�RI�RQH�IDOVH

SRVLWLYH�DPRQJ�WKH����WHVWV� LV������6LJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG�RQ�VL[�WHVWV��DQG�VR

HYHQ�LI�RQH�RI�WKHVH�LV�GXH�WR�FKDQFH��WKHUH�LV�VWLOO�FRQVLGHUDEOH�HYLGHQFH�IRU�WKH�FRQFOXVLRQV�

'HPRJUDSKLF� YDULDEOHV��$OWKRXJK�VH[�SDLULQJV�ZHUH�EDODQFHG�DFURVV� WKH� WZR�FRQGLWLRQV�� WKHUH

ZHUH� RWKHU� GHPRJUDSKLF� YDULDEOHV� WKDW� ,� GLG� QRW� FRQWURO�� ,Q� SDUWLFXODU�� IDPLOLDULW\� ZLWK

SDUWQHU�DQG�IDPLOLDULW\�ZLWK�GUDZLQJ�SURJUDPV��UHFRUGHG�RQ�WKH�LQLWLDO�TXHVWLRQQDLUH��VXJJHVW

ULYDO�K\SRWKHVHV��ZKHUH�JUHDWHU�IDPLOLDULW\�PD\�OHDG�WR�EHWWHU�UHVXOWV��+RZHYHU��VLQFH�ERWK�RI

WKHVH�GHPRJUDSKLF�YDULDEOHV�HQGHG�XS�URXJKO\�HTXDO�DFURVV�FRQGLWLRQV�� ,�DVVXPH�WKDW� WKHLU

HIIHFW� ZDV� HTXDOL]HG�� ,Q� DGGLWLRQ�� WKHUH� ZDV� RQH� IDFWRU� ZKLFK� ,� GLG� QRW� UHFRUG�� ODQJXDJH

DELOLW\��,�DVNHG�WKDW�SHRSOH�EH�IOXHQW�LQ�VSRNHQ�(QJOLVK��EXW�WKH�WDVNV�PD\�KDYH�DOVR�WHVWHG

DELOLWLHV�LQ�GHVFULSWLRQ�

6WUDWHJ\� FKRLFH�� 6LQFH� SDLUV�ZHUH� DOORZHG� WR� FRPSOHWH� WKH� WDVNV� XVLQJ�ZKDWHYHU� VWUDWHJ\� WKH\

ZLVKHG��GLIIHUHQW�VWUDWHJLHV�PD\�KDYH�OHG�WR�GLIIHUHQFHV�LQ�FRPSOHWLRQ�WLPH��DPRXQW�RI�WDON�

DQG�DPRXQW�RI�HIIRUW��$OWKRXJK�VWUDWHJ\�FKRLFH�ZDV�FRQVWUDLQHG�E\�WKH�LQIRUPDWLRQ�DYDLODEOH

LQ�WKH�V\VWHP��LW�ZDV�QRW�FRPSOHWHO\�FRQWUROOHG��/DFN�RI�H[SHULHQFH�ZLWK�WKH�V\VWHP�DQG�WKH

WDVN�LV�D�OLNHO\�UHDVRQ�IRU�JURXSV�FKRRVLQJ�VXE�RSWLPDO�VWUDWHJLHV��,Q�WKH�&RS\�WDVN��VWUDWHJ\



���

KDG�VXEVWDQWLDO�HIIHFWV��FKRRVLQJ�D�´VKRZµ�VWUDWHJ\�DOPRVW�DOZD\V�OHG�WR�EHWWHU�UHVXOWV�WKDQ�D

´GHVFULEHµ� VWUDWHJ\�� ,Q� RWKHU� WDVNV�� KRZHYHU�� JURXSV� WHQGHG� WR� FKRRVH� VLPLODU� VWUDWHJLHV

ZLWKLQ�HDFK�FRQGLWLRQ��DQG�VR�WKH�YDULDEOH�KDG�OHVV�LQIOXHQFH�

([WHUQDO�YDOLGLW\

([WHUQDO�YDOLGLW\�LV�WKH�GHJUHH�WR�ZKLFK�WKH�UHVXOWV�FDQ�EH�IRXQG�ZLWK�RWKHU�SDUWLFLSDQWV�DQG

RWKHU� VHWWLQJV�� DQG� SOD\V� D�PDMRU� UROH� LQ� GHWHUPLQLQJ� KRZ� WKH� UHVXOWV� JHQHUDOL]H� �+HLPDQ

������ S�� ����� 7KH� H[SHULPHQWDO� DSSURDFK� VDFULILFHV� UHDOLVP� IRU� SUHFLVLRQ�� DV� GLVFXVVHG� LQ

&KDSWHU����DQG�WKLV�ODFN�RI�UHDOLVP�OLPLWV�WKH�JHQHUDOLW\�RI�P\�LQWHUSUHWDWLRQV�LQ�FHUWDLQ�ZD\V�

,�FRQVLGHU� WKH�VLPLODULW\�RI� WKH�SDUWLFLSDQWV�DQG� WKH� WDVNV� WR� WKH� UHDO�ZRUOG�XVHUV�DQG� WDVNV

ZKHUH�DZDUHQHVV�WHFKQLTXHV�PD\�EH�XVHG�

3DUWLFLSDQWV��7KH�SDUWLFLSDQWV�LQ�WKH�VWXG\�ZHUH�XQLYHUVLW\�VWXGHQWV��7KH�WDUJHW�SRSXODWLRQ�LV�D

IDLUO\�EURDG�JURXS³DQ\RQH�ZKR�ZLOO�XVH�VKDUHG�ZRUNVSDFH�JURXSZDUH�LQ�D�ZRUN�VLWXDWLRQ³

DQG�VR�LW�LV�GLIILFXOW�WR�VD\�KRZ�VLPLODU�WKH�SDUWLFLSDQWV�DUH�WR�WKH�WDUJHW��5HDO�ZRUOG�XVHUV�ZLOO

KDYH�WKH�RSSRUWXQLW\�WR�JDLQ�PRUH�H[SHULHQFH�ZLWK�WKH�V\VWHP��DQG�ZLOO�OLNHO\�EH�H[SHUWV�LQ

WKH� GRPDLQ�� +RZHYHU�� WKHVH� SHRSOH� ZLOO� VKDUH� FHUWDLQ� EDVLF� FKDUDFWHULVWLFV� ZLWK� WKH

SDUWLFLSDQWV��LQFOXGLQJ�H[SHULHQFH�ZLWK�PRXVH�DQG�ZLQGRZV�VRIWZDUH��D�UDQJH�RI�H[SHULHQFH

ZLWK�SDUWQHUV��DQG�D�UDQJH�RI�H[SHULHQFH�ZLWK�VLPLODU�V\VWHPV��,�FDQ�WKHUHIRUH�VD\�RQO\�WKDW

WKH�WZR�SRSXODWLRQV�DUH�JHQHUDOO\�VLPLODU�

7DVNV��+RZ�VLPLODU�DUH�WKH�H[SHULPHQWDO�WDVNV�WR�WKRVH�WKDW�ZLOO�EH�GRQH� LQ�WKH�UHDO�ZRUOG"

7R�EHJLQ�ZLWK��WKH�VFHQDULR�DQG�VHWWLQJ�LQ�WKH�H[SHULPHQW�ZHUH�FRQWULYHG��DQG�VR�ZLOO�QRW�EH

H[DFWO\�WKH�VDPH�DV�DQ\�LQ�WKH�UHDO�ZRUOG��7KHUHIRUH��,�PXVW�ORRN�DW�WKH�SDUWLFXODU�HOHPHQWV�RI

WKH�WHVW�WDVNV�WKDW�PD\�EH�IRXQG�PRUH�JHQHUDOO\��$V�GLVFXVVHG�LQ�6HFWLRQ��������WKH�WDVNV�ZHUH

FKRVHQ� WR� LQYROYH� EDVLF� NLQGV� RI� MRLQW� DFWLYLWLHV� WKDW� FDQ� EH� VHHQ� LQ� D� YDULHW\� RI� VKDUHG�

ZRUNVSDFH�WDVNV��,Q�SDUWLFXODU��IROORZLQJ��GLUHFWLQJ��DQG�FRS\LQJ�DUH�DFWLYLWLHV�WKDW�ZLOO�DSSHDU

LQ� PDQ\� FROODERUDWLYH� WDVNV�� ,Q� DGGLWLRQ�� WKH� DFWLYLWLHV� RI� FROODERUDWLRQ� ZLOO� EH� FRPPRQ

DFURVV�PDQ\� NLQGV� RI� WDVNV�� D� IDFWRU� WKDW� LQFUHDVHV� WKH� UHDOLVP� RI� WKH� VLWXDWLRQ� �0F*UDWK

������

$VVXPLQJ�WKDW�WKHVH�DFWLYLWLHV�GR�WUDQVIHU�WR�RWKHU�WDVNV��WKH�QH[W�LVVXH�LV�KRZ�RIWHQ�WKH\�ZLOO

DSSHDU��7KLV�LVVXH�FRQVLGHUV�WKH�VL]H�RI�WKH�HIIHFW�RQ�UHDO�OLIH�ZRUN��7KH�HIIHFW�RQ�UHDO�ZRUOG
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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�DZDUHQHVV

LQIRUPDWLRQ�� DQG� VRPH� WKDW� ZLOO� QRW�� 7KHUHIRUH�� VRPH� UHDOLVWLF� WDVNV� PD\� QRW� VHH� D

PHDVXUDEOH� LQFUHDVH� LQ� VSHHG�� 6SHHG�� KRZHYHU�� LV� QRW� WKH� ZKROH� VWRU\�� FRPPXQLFDWLRQ

HIILFLHQF\�DQG�SUHIHUHQFH�PD\�DOVR�EH�LPSURYHG�E\�WKH�SUHVHQFH�RI�DZDUHQHVV�LQIRUPDWLRQ�

(YHQ� LI� WKH� LQGLYLGXDO� HIIHFWV� DUH� VPDOO� LQ� D� UHDO�ZRUOG� WDVN�� LW� LV� UHDVRQDEOH� WR� H[SHFW� WKH

FXPXODWLYH�EHQHILWV�RI�DZDUHQHVV�LQIRUPDWLRQ�WR�EH�QRQ�WULYLDO�

$Q�DGGLWLRQDO�LVVXH�WKDW�LQYROYHV�ERWK�WKH�SDUWLFLSDQWV�DQG�WKH�WDVN�LV�H[SHUWLVH��,I�WDVNV�VWD\

FRQVLVWHQW��WKHQ�SHRSOH�ZLOO�OHDUQ�EHWWHU�VWUDWHJLHV�RYHU�WLPH��)RU�H[DPSOH��LI�WKH�)ROORZ�WDVN

ZDV�DOZD\V�FDUULHG�RXW� LQ�WKH�VDPH�ZRUNVSDFH��SHRSOH�ZRXOG�ILQG�QDPHV�IRU� ORFDWLRQV�WKDW

ZHUH� GLIILFXOW� WR� GHVFULEH� DW� ILUVW� �H�J�� .UDXVV� DQG� )XVVHO� ������� 7KHUHIRUH�� WKH� GHJUHH� WR

ZKLFK� DZDUHQHVV� VXSSRUW�ZLOO� EH� YDOXDEOH� RYHU� WKH� ORQJ� WHUP� LV� UHODWHG� WR� KRZ� RIWHQ� WKH

WDVN·V�DUWLIDFWV�DQG�DFWLYLWLHV�FKDQJH�

����$VVHVVPHQW�RI�PHWKRGV

������3HUIRUPDQFH�PHDVXUHV

3HUIRUPDQFH� PHDVXUHV� FRQVLGHU� RQH� RI� WKH� FULWLFDO� TXHVWLRQV� RI� JURXSZDUH� GHVLJQ�� $

JURXSZDUH�V\VWHP�H[LVWV�IRU�WKH�FRPSOHWLRQ�RI�VRPH�WDVN��DQG�SHUIRUPDQFH�PHDVXUHV�ORRN�DW

KRZ�TXLFNO\�RU�KRZ�ZHOO�SHRSOH�FDQ�H[HFXWH�WKDW�WDVN��+RZHYHU��DV�GLVFXVVHG�HDUOLHU��JURXSV

FDQ� FKDQJH� WKHLU� EHKDYLRXU� WR� VDWLVI\� D� SHUIRUPDQFH� JRDO�� HYHQ� ZLWK� DQ� LQIHULRU� V\VWHP�

'XULQJ� SUHSDUDWLRQ� IRU� WKH� H[SHULPHQW� RI� &KDSWHU� ��� ,� HQFRXQWHUHG� H[DFWO\� WKLV

SKHQRPHQRQ�� ,Q� SLORW� VWXGLHV� ZLWK� XQFRQVWUDLQHG� WDVNV�� WKHUH� ZHUH� QR� VXEVWDQWLDO� WLPH

GLIIHUHQFHV�EHWZHHQ�V\VWHPV�ZLWK�D�UDGDU�YLHZ��V\VWHPV�ZLWK�DQ�RYHUYLHZ��DQG�V\VWHPV�ZLWK

QR�PLQLDWXUH�DW�DOO��7KHUHIRUH��IRU�WKH�H[SHULPHQW��,�FRQVWUDLQHG�WKH�WDVNV�WR�UHTXLUH�FHUWDLQ

W\SHV�RI�DZDUHQHVV�LQIRUPDWLRQ��UHGXFLQJ�WKH�UHDOLVP�RI�WKH�VHWWLQJ�

:KDW�WKHQ�LV�WKH�UROH�RI�SHUIRUPDQFH�PHDVXUHV�LQ�HYDOXDWLRQV�RI�JURXSZDUH�XVDELOLW\"�7KH\

FDQ� VWLOO� EH� YDOXDEOH�� EXW� WKHLU� YDOXH� LV� GLUHFWO\� UHODWHG� WR� WKH� H[WHUQDO� YDOLGLW\� RI� WKH� WDVN
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VLWXDWLRQV��7DVNV�PXVW�EH�FKRVHQ�FDUHIXOO\�WR�HQVXUH�WKDW�WKHUH�LV�D�FRQQHFWLRQ�EHWZHHQ�ZKDW

SHRSOH�GR�LQ�WKH�VWXG\�DQG�ZKDW�WKH\�ZLOO�GR�LQ�WKH�UHDO�ZRUOG��6LQFH�WKH�XVH�RI�SHUIRUPDQFH

PHDVXUHV�LV�OLNHO\�WR�VWUDLQ�WKH�HFRORJLFDO�YDOLGLW\�RI�D�XVDELOLW\�VWXG\��DGGLWLRQDO�WKRXJKW�PXVW

EH�JLYHQ�WR�WKH�FRQQHFWLRQV�EHWZHHQ�DVSHFWV�RI�WKH�WHVW�VLWXDWLRQ�DQG�WKH�UHDO�ZRUOG�

������3URFHVV�PHDVXUHV

0HDVXUHV� RI� SURFHVV� DUH� OHVV� VXVFHSWLEOH� WR� JURXS� DGDSWDELOLW\�� VLQFH� WKH� DFWLYLWLHV� RI

FROODERUDWLRQ�DUH�JHQHUDOO\�QRW�WKH�JURXS·V�SULPDU\�JRDO��3URFHVV�PHDVXUHV�VKRXOG�WKHUHIRUH

EH� PRUH� VHQVLWLYH� LQ� UHDOLVWLF� WDVN� VLWXDWLRQV� WKDQ� DUH� SHUIRUPDQFH� PHDVXUHV�� +RZHYHU�

PHDVXUHV�RI�SURFHVV�SUHVHQW�RWKHU�GLIILFXOWLHV��%HORZ��,�GLVFXVV�PHDVXUHV�RI�FRPPXQLFDWLYH

HIILFLHQF\�DQG�SHUFHSWLRQ�RI�HIIRUW�

7KH�FRXQWV�RI�YHUEDO�HIILFLHQF\�ZHUH�XVHIXO�LQ�VKRZLQJ�VRPH�RI�WKH�VXEWOHWLHV�RI�LQWHUDFWLRQ�

DQG�SURYLGHG�D�ZD\�WR�ORRN�PRUH�GLUHFWO\�DW�RQH�RI�WKH�DFWLYLWLHV�RI�FROODERUDWLRQ��+RZHYHU�

WKH\� UHTXLUHG� D� JUHDW� GHDO� RI� WLPH� DQG� HIIRUW� WR� RUJDQL]H� DQG� FDUU\� RXW�� 7UDQVFULELQJ� DQG

FRGLQJ� LV� WHGLRXV� DQG� WLPH�FRQVXPLQJ�� EXW� WKH� ODUJHU� SUREOHP� LV� LQ� GHWHUPLQLQJ� UXOHV� WR

LQFOXGH�RU�H[FOXGH�XWWHUDQFHV�DQG�ZRUGV�LQ�WKH�FDWHJRULHV�RI�LQWHUHVW��7KH�SULPDU\�GLIILFXOW\

OLHV� LQ� H[DFWO\� WKH� ULFKQHVV� DQG� IOH[LELOLW\� RI� FRPPXQLFDWLRQ� LQ� VKDUHG� ZRUNVSDFHV� WKDW

ZRUNVSDFH�DZDUHQHVV�VXSSRUWV��9HUEDO�GLDORJXH�LQ�D�VKDUHG�ZRUNVSDFH�LV�RIWHQ�IUDJPHQWDU\

DQG� KLJKO\� GHSHQGHQW� RQ� WKH� FRQWH[W� RI� ORFDWLRQ� RU� DFWLYLW\�� � 7KXV�� DQ� XWWHUDQFH� RQ� WKH

WUDQVFULSW�PD\�EH�GLIILFXOW�WR�FDWHJRUL]H�SURSHUO\��'RLQJ�WKH�FRGLQJ�ZKLOH�ZDWFKLQJ�WKH�YLGHR

UHFRUGV�KHOSV��EXW�HYHQ�WKH�YLGHRWDSH�GRHV�QRW�UHFRUG�WKH�HQWLUH�FRQWH[W�WKDW�SHRSOH�XVH�WR

FRQVWUXFW�DQG�LQWHUSUHW�XWWHUDQFHV�

$� VHFRQG�SUREOHP�ZLWK� WKLV�PHDVXUH�� DV� GLVFXVVHG� LQ� 6HFWLRQ� �������ZDV� WKDW� VLPSOH�ZRUG

FRXQWV�PD\�KDYH�EHHQ�WRR�EURDG�D�PHWULF�WR�GHWHFW�VRPH�RI�WKH�SURFHVV�GLIIHUHQFHV�EHWZHHQ

WKH� WZR� H[SHULPHQWDO� FRQGLWLRQV��:RUG� FRXQWV�PHDVXUH� HIILFLHQF\�� EXW� HIIRUW�PD\� EH� WKH

PRUH�LPSRUWDQW�FULWHULD�IRU�MXGJLQJ�FRPPXQLFDWLRQ��1XPEHU�RI�ZRUGV�RQO\�SDUWLDOO\�UHIOHFWV

WKH�DPRXQW�RI�HIIRUW�QHHGHG�WR�FRPPXQLFDWH��DQG�LQ�VRPH�FDVHV��JUHDWHU�HIIRUW�LQ�SODQQLQJ

WKH�XWWHUDQFH�PD\�HYHQ�UHVXOW�LQ�IHZHU�ZRUGV��7KHUHIRUH��DGGLWLRQDO�RU�GLIIHUHQW�PHDVXUHV�RI

WKH� YHUEDO� WUDQVFULSWV� PLJKW� KDYH� EHWWHU� UHIOHFWHG� WKH� V\VWHP·V� XVDELOLW\�� IRU� H[DPSOH�

PHDVXUHV�RI�LQIRUPDWLRQ�FRQWHQW��YRFDEXODU\�VL]H��RU�VHQWHQFH�OHQJWK�
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7KH� VHFRQG� SURFHVV� PHDVXUH� ,� XVHG� ZDV� SHUFHSWLRQ� RI� HIIRUW�� 6LQFH� UHVSRQVHV� ZHUH

VXEMHFWLYH��WKLV�PHDVXUH�LV�DOVR�SDUWO\�DQ�LQGLFDWLRQ�RI�VDWLVIDFWLRQ��$V�PHQWLRQHG�LQ�6HFWLRQ

�������P\�H[SHULHQFHV�VXJJHVW�WKDW�SHUFHSWLRQ�RI�HIIRUW�VKRXOG�EH�XVHG�RQO\�IRU�UHODWLYH�UDWKHU

WKDQ�DEVROXWH�MXGJPHQWV��7KLV�IROORZV�FRQYHQWLRQDO�XVDELOLW\�WHVWLQJ�ZLVGRP��XVHUV�LQ�JHQHUDO

DUH� JRRG� DW� FRPSDULQJ�� EXW� OHVV� VNLOOHG� DW� DEVROXWH� MXGJPHQW� �H�J��1LHOVHQ� ������� 5HODWLYH

MXGJPHQW�TXHVWLRQV�ZRXOG�DVN�´LQ�ZKLFK�V\VWHP�ZDV�WKH�WDVN�HDVLHU�µ�UDWKHU�WKDQ�´KRZ�KDUG

ZDV�WKH�WDVN�ZLWK� WKLV�V\VWHP�µ�$OWKRXJK�WKH�SHUFHSWLRQ�RI�HIIRUW�PHDVXUHV�,�XVHG�GLG�QRW

VKRZ�GLIIHUHQFHV��,�VWLOO�EHOLHYH�WKDW�PHDVXUHV�RI�HIIRUW�DUH�FUXFLDO�WR�HYDOXDWLRQ�RI�JURXSZDUH

XVDELOLW\��HVSHFLDOO\�ZKHQ�D�SHUIRUPDQFH�PHDVXUH�LV�DOVR�XVHG�

,Q�FRQWUDVW�WR�WKH�SHUFHSWLRQ�RI�HIIRUW�TXHVWLRQV�� WKH�RYHUDOO�SUHIHUHQFH�TXHVWLRQV�SRVHG�DW

WKH� HQG� RI� HDFK� VHVVLRQ� VKRZHG� VXEVWDQWLDO� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� H[SHULPHQWDO

FRQGLWLRQV��7KH�SUHIHUHQFH�PHDVXUH�ZDV�EDVHG�RQ�D�FRPSDULVRQ��DQG�WKLV�OLNHO\�FRQWULEXWHG

WR� WKH� XQHTXLYRFDOLW\� RI� WKH� UHVXOW�� 7KH� RYHUZKHOPLQJ� SUHIHUHQFH� IRU� WKH� UDGDU� FRQGLWLRQ

VXJJHVWV�� LQ� DGGLWLRQ�� WKDW� WKHUH� DUH�SURFHVV� DQG� HIIRUW�GLIIHUHQFHV� WKDW� ,�GLG�QRW� ORRN� IRU�

GLIIHUHQFHV�WKDW�DUH�ZDLWLQJ�IRU�D�PRUH�VHQVLWLYH�PHDVXUH�

����/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\�WKH�VWXG\�LQ�&KDSWHU���

,Q�WKH�SUHVHQW�H[SHULPHQW��,�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

PRYHPHQW³FDQ� VLJQLILFDQWO\� LPSURYH� VSHHG�� HIILFLHQF\�� DQG� VDWLVIDFWLRQ��7KHVH� DZDUHQHVV

FRPSRQHQWV�VKRXOG�EH�LQFOXGHG�LQ�VKDUHG�ZRUNVSDFH�DSSOLFDWLRQV�

$V�GHVFULEHG�DERYH��WKHVH�UHVXOWV�GR�JHQHUDOL]H�WR�PRUH�UHDOLVWLF�WDVNV��DOWKRXJK�WKH�VL]H�RI

WKH�HIIHFW�ZLOO�GHSHQG�XSRQ�ZKDW�SRUWLRQ�RI�WKH�WDVN�FDQ�EHQHILW�IURP�YLVXDO�LQIRUPDWLRQ�DQG
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FRQWLQXRXV�IHHGEDFN��,I�D�PDMRU�SDUW�RI�WKH�UHDO�ZRUOG�WDVN�LQYROYHV�RQH�SHUVRQ�IROORZLQJ�RU

GLUHFWLQJ� DQRWKHU�� LI� LW� LV� GLIILFXOW� RU� H[SHQVLYH� WR� FRQVWUXFW� RU� FRPPXQLFDWH� WKH� UHTXLUHG

LQIRUPDWLRQ� YHUEDOO\�� DQG� LI� DUWLIDFWV� DQG� WDVNV� FKDQJH� RYHU� WLPH�� WKHQ� SURYLVLRQ� RI� YLVXDO

ORFDWLRQ� DQG� DFWLYLW\� LQIRUPDWLRQ� ZLOO� KDYH� DQ� D� VXEVWDQWLDO� HIIHFW� RQ� WKH� XVDELOLW\� RI� WKH

V\VWHP�

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�

����6XPPDU\

7KH�K\SRWKHVLV�WHVWHG�LQ�WKLV�FKDSWHU�LV�WKDW�LQWHUIDFH�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�FDQ

LPSURYH�XVDELOLW\��,�FDUULHG�RXW�DQ�H[SHULPHQW�WR� ORRN�DW�WKH�HIIHFWV�RI�VKRZLQJ�YLHZSRUWV�

FXUVRUV�� DQG� REMHFW� PRWLRQ� LQ� D� ZRUNVSDFH� PLQLDWXUH�� ,� WRRN� IRXU� PHDVXUHV� WKDW� ORRN� DW

GLIIHUHQW�DVSHFWV�RI�JURXSZDUH�XVDELOLW\��FRPSOHWLRQ�WLPH��YHUEDO�HIILFLHQF\��SHUFHLYHG�HIIRUW�

DQG�RYHUDOO�SUHIHUHQFH��)RU�VRPH�WDVNV��WKH�DGGLWLRQDO�DZDUHQHVV�LQIRUPDWLRQ�DOORZHG�JURXSV

WR�ILQLVK�WKH�WDVN�VLJQLILFDQWO\�IDVWHU��DQG�DOORZHG�WKHP�WR�XVH�VLJQLILFDQWO\�IHZHU�ZRUGV��,Q

DGGLWLRQ�� ZKHQ� SDUWLFLSDQWV� KDG� VHHQ� ERWK� LQWHUIDFHV�� WKH\� RYHUZKHOPLQJO\� SUHIHUUHG� WKH

V\VWHP�ZLWK�H[WUD�DZDUHQHVV�LQIRUPDWLRQ�

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\� VKRZV� WKDW� VXSSRUW� IRU� ZRUNVSDFH� DZDUHQHVV� FDQ� LPSURYH� WKH� XVDELOLW\� RI

JURXSZDUH� V\VWHPV�� ,W� DGGV� TXDQWLWDWLYH� HYLGHQFH� WR� WKH� TXDOLWDWLYH� ILQGLQJV� RI� WKH

LQYHVWLJDWLRQ� LQ�&KDSWHU����DQG�EHJLQV� WR�SXW� LQWXLWLRQV�DERXW�DZDUHQHVV�RQWR�DQ�HPSLULFDO

IRRWLQJ��7KLV�FKDSWHU�DOVR�FORVHV� WKH�HYDOXDWLRQ�SKDVH�RI� WKH� UHVHDUFK�SURFHVV�� ,Q� WKH�QH[W
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FKDSWHU��,�VWHS�EDFN�IURP�WKH�SURFHVV�DQG�UHYLHZ�WKH�UHVHDUFK�IURP�D�KLJKHU�OHYHO��,�WDNH�WKH

UHVXOWV� RI� WKLV� DQG� RWKHU� FKDSWHUV� DQG� ORRN� IRU� XQGHUO\LQJ� SULQFLSOHV� DQG� FRQQHFWLRQV

EHWZHHQ�WKH�ILQGLQJV�DQG�ODUJHU�LVVXHV�LQ�WKH�GHVLJQ�RI�KLJKO\�XVDEOH�JURXSZDUH�
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&KDSWHU��� &RQQHFWLRQV

,Q�WKLV�FKDSWHU��,�VWHS�EDFN�IURP�WKH�VSHFLILF�UHVXOWV�GLVFXVVHG�LQ�WKH�SDVW�IHZ�FKDSWHUV��DQG

ORRN�IRU�KLJKHU�OHYHO�FRQFOXVLRQV�WKDW�FDQ�EH�GUDZQ��,�DP�LQWHUHVWHG�LQ�KRZ�P\�ILQGLQJV�DUH

FRQQHFWHG�WR�ODUJHU�LVVXHV�LQ�WKH�GHVLJQ�RI�KLJKO\�XVDEOH�JURXSZDUH�V\VWHPV�DQG�WKH�GHVLJQ

RI�VKDUHG�ZRUNVSDFHV�WKDW�VXSSRUW�ULFK�LQWHUDFWLRQ�EHWZHHQ�JURXS�PHPEHUV��,� ORRN�DW�IRXU

FRQQHFWLRQV�LQ�SDUWLFXODU��WKH�UROH�WKDW�ZRUNVSDFH�DZDUHQHVV�SOD\V�LQ�JURXSZDUH�XVDELOLW\��WKH

YDOXH�RI�UHGXQGDQF\�LQ�WKH�LQIRUPDWLRQ�ODQGVFDSH��WKH�ZD\�WKDW�ZRUNVSDFH�DZDUHQHVV�DVVLVWV

ULFK� LQWHUDFWLRQ�� DQG� WKH� WUDGHRII� EHWZHHQ� GHVLJQ� IRU� LQGLYLGXDOV� DQG� GHVLJQ� IRU� JURXSV�

7KHVH� GLVFXVVLRQV� DOVR� FRQWULEXWH� WR� XQGHUVWDQGLQJ� RI� ZKHQ� DQG� ZKHUH� VXSSRUW� IRU

ZRUNVSDFH�DZDUHQHVV�LV�QHHGHG�LQ�JURXSZDUH�

�����7KH�UROH�RI�ZRUNVSDFH�DZDUHQHVV�LQ�JURXSZDUH�XVDELOLW\

:RUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� GRHV� DIIHFW� WKH� XVDELOLW\� RI� UHDO�WLPH� GLVWULEXWHG

JURXSZDUH� V\VWHPV�� 3URYLVLRQ� RI� DZDUHQHVV� LQIRUPDWLRQ� FDQ� ORZHU� FRPSOHWLRQ� WLPHV� DQG

DOORZ� YHUEDO� FRPPXQLFDWLRQ� WR� EH� PRUH� HIILFLHQW� �&KDSWHU� ���� LQ� DGGLWLRQ�� V\VWHPV� ZLWK

DZDUHQHVV�LQIRUPDWLRQ�DUH�JUHDWO\�SUHIHUUHG�E\�SDUWLFLSDQWV��&KDSWHUV���DQG�����:KDW�WKHQ�LV

WKH�UHODWLRQVKLS�EHWZHHQ�DZDUHQHVV�VXSSRUW�DQG�JURXSZDUH�XVDELOLW\"�,�GHILQHG�:$�DV�XS�WR�

WKH�PRPHQW�XQGHUVWDQGLQJ�RI�DQRWKHU�SHUVRQ·V�LQWHUDFWLRQ�ZLWK�WKH�VKDUHG�ZRUNVSDFH��DQG�,

GHILQHG� JURXSZDUH� XVDELOLW\� DV� WKH� H[WHQW� WR� ZKLFK� D� V\VWHP� VXSSRUWV� WKH� DFWLYLWLHV� RI

FROODERUDWLRQ�� 7KHUHIRUH�� LI� ZRUNVSDFH� DZDUHQHVV� VXSSRUW� LV� WR� LPSURYH� XVDELOLW\�� WKHQ� LW

PXVW� LPSURYH� RQH� RU� PRUH� RI� WKH� DFWLYLWLHV� RI� FROODERUDWLRQ�� ,� GHVFULEHG� VRPH� RI� WKHVH

FRQQHFWLRQV� LQ�&KDSWHU� �� DQG�&KDSWHU� ��� LQFUHDVHG� HIILFLHQF\� RI� FRPPXQLFDWLRQ�� UHGXFHG

HUURU�UDWH�LQ�PRQLWRULQJ��LQFUHDVHG�VHQVLWLYLW\�LQ�FRRUGLQDWLRQ�

,I�ZRUNVSDFH�DZDUHQHVV�SURYLGHV�VRPH�RI�WKH� LQIRUPDWLRQ�WKDW�SHRSOH�QHHG�WR�FROODERUDWH�

WKHQ�ZH�PXVW�FRQVLGHU�WKH�TXHVWLRQ�RI�ZKHQ�DZDUHQHVV�VXSSRUW�ZLOO�EH�YDOXDEOH��,�SURSRVH

WKDW�WKH�QHHG�IRU�DQ\�PHFKDQLVP�WKDW�PDLQWDLQV�ZRUNVSDFH�DZDUHQHVV�LV�LQIOXHQFHG�E\�WZR

IDFWRUV��LQWHUDFWLRQ�DQG�LQIRUPDWLRQ�FRQWHQW��)LUVW��QHHG�LQFUHDVHV�DV�WKH�DPRXQW�RI�H[SHFWHG
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LQWHUDFWLRQ� EHWZHHQ� JURXS�PHPEHUV� LQFUHDVHV�� ,I� WKH� JURXS� QHYHU� LQWHUDFWV�� WKHUH� LV� OLWWOH

QHHG�WR�VWD\�DZDUH��6HFRQG��QHHG�LQFUHDVHV�DV�WKH� LQIRUPDWLRQ�FRQWHQW�RI�DQRWKHU�SHUVRQ·V

LQWHUDFWLRQ� ZLWK� WKH� ZRUNVSDFH� LQFUHDVHV�� 7KDW� LV�� WKH� GHJUHH� WR� ZKLFK� WKHLU� EHKDYLRXU� LV

XQSUHGLFWDEOH�GHWHUPLQHV� WKH�QHHG� IRU� D�PHDQV� RI� VWD\LQJ� XS�WR�GDWH�ZLWK� WKDW� EHKDYLRXU�

&RQVLGHU� WKH�)ROORZ�WDVN�RI�&KDSWHU���� ,I� WKH�SDUWLFLSDQWV�KDG�EHHQ�ZHOGLQJ� WKH� VDPH� WHQ

ORFDWLRQV�HYHU\�GD\�IRU�\HDUV��WKHQ�WKHUH�ZRXOG�EH�QR�QHHG�WR�SUHVHQW�DQ\�NLQG�RI�DZDUHQHVV

LQIRUPDWLRQ�� 7KH� LQIRUPDWLRQ� FRQWHQW� RI� HDFK� SHUVRQ·V� LQWHUDFWLRQ� ZLWK� WKH� ZRUNVSDFH

ZRXOG�GHFUHDVH�RYHU� WLPH�� DQG� WKH� LQIRUPDWLRQ�QHFHVVDU\� IRU� FRRUGLQDWLQJ� WKH� WDVN�ZRXOG

KDYH�EHHQ�HPEHGGHG�LQWR�WKH�WDVN�LWVHOI��,W�LV�VWLOO�WUXH�WKDW�WKH�ZHOGHU�QHHGV�WR�NQRZ�ZKHUH

WR�JR�QH[W��EXW�LI�WKDW�LQIRUPDWLRQ�QHYHU�FKDQJHV��WKHQ�WKHUH�LV�QR�QHHG�IRU�YLVXDO��RU�YHUEDO�

PHDQV� RI� FRPPXQLFDWLQJ� ORFDWLRQV�� ,Q� )LJXUH� ���� QHHG� IRU� D� PHDQV� RI� PDLQWDLQLQJ� :$

LQFUHDVHV�DORQJ�ERWK�D[HV�

Interaction

low interaction

low information content

high interaction

high information content

high interaction

low information content

low interaction

high information content

Information Content

)LJXUH�����1HHG�IRU�D�PHDQV�RI�PDLQWDLQLQJ�:$

2QFH�WKH�QHHG�IRU�DQ\�PHFKDQLVPV�KDV�EHHQ�GHWHUPLQHG��WKH�TXHVWLRQ�RI�ZKLFK�PHFKDQLVP

PXVW� EH� DGGUHVVHG�� 7KLV� UHVHDUFK� KDV� DOVR� VKRZQ� WKDW� WKHUH� DUH� PDQ\� SRWHQWLDO� ZD\V� WR

VXSSO\�DZDUHQHVV�LQIRUPDWLRQ��DQG�WKDW�VRPH�DUH�EHWWHU�WKDQ�RWKHUV��)RU�H[DPSOH��&KDSWHU��

FRPSDUHG�YHUEDO�DQG�YLVXDO�PHFKDQLVPV�RI�JDWKHULQJ�LQIRUPDWLRQ�DERXW�ORFDWLRQ��DQG�IRXQG

WKDW� YLVXDO�SUHVHQWDWLRQ� LV�EHWWHU� IRU� VRPH�NLQGV�RI� WDVNV��)RXU� FULWHULD�RQ�ZKLFK�GLIIHUHQW

PHFKDQLVPV� FDQ� EH� FRPSDUHG� DUH� WKH� FRVW� RI� DFTXLULQJ� WKH� LQIRUPDWLRQ�� WKH� FRVW� RI

LQWHUSUHWLQJ� LW�� WKH� TXDOLW\� RI� WKH� UHVXOWLQJ� NQRZOHGJH�� DQG� WKH� UHGXQGDQF\� YDOXH� WKDW� WKH

NQRZOHGJH�SURYLGHV��(DFK�RI�WKHVH�FRXOG�EH�VHHQ�LQ�WKH�H[SHULPHQW�RI�&KDSWHU���
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• WKH�FRVW�RI�DFTXLULQJ�ORFDWLRQ�LQIRUPDWLRQ�ZDV�ORZHU�ZLWK�WKH�UDGDU�YLHZ�WKDQ�ZLWK�YHUEDO

FRPPXQLFDWLRQ��EHFDXVH�ORFDWLRQV�ZHUH�RIWHQ�GLIILFXOW�WR�GHVFULEH��QRWH�WKDW�DFTXLVLWLRQ

FRVWV�VKRXOG�EH�FRQVLGHUHG�DV�WKH�FRVW�WR�WKH�JURXS��UDWKHU�WKDQ�WR�WKH�LQGLYLGXDO��

• DFTXLVLWLRQ�FRVWV��KRZHYHU��ZHUH�QRW� ORZHU�ZLWK� WKH�UDGDU�YLHZ� LQ� WKH�&RS\� WDVN��VLQFH

WKH�RYHUYLHZ�SURYLGHG�WKH�QHFHVVDU\�LQIRUPDWLRQ�MXVW�DV�HDVLO\�

• WKH�FRVW�RI�LQWHUSUHWLQJ�WKH�UDGDU·V�YLHZ�UHFWDQJOH�ZDV� ORZHU�WKDQ�WKDW�RI� LQWHUSUHWLQJ�D

YHUEDO�XWWHUDQFH��DJDLQ�VLQFH�GHVFULSWLRQV�ZHUH�VRPHWLPHV�XQFOHDU�

• WKH�TXDOLW\�RI�WKH�LQIRUPDWLRQ�SURYLGHG�E\�WKH�UDGDU�YLHZ�ZDV�KLJKHU�LQ�VRPH�FDVHV��DV�LW

GLG�QRW�OHDG�WR�PLVXQGHUVWDQGLQJV�RU�HUURUV�

• WKH�SUHVHQFH�RI�WKH�YLVXDO�LQGLFDWRUV�LQ�WKH�UDGDU�YLHZ�VRPHWLPHV�SURYLGHG�D�UHGXQGDQW

VRXUFH�RI�LQIRUPDWLRQ�WKDW�DOHUWHG�D�SDUWLFLSDQW�WR�LQFRUUHFW�YHUEDO�LQVWUXFWLRQV��GLVFXVVHG

LQ�PRUH�GHWDLO�EHORZ��

7KHVH� IDFWRUV�PXVW�EH� FRPSDUHG�ZLWK�RWKHUV� WKDW�GHWUDFW� IURP� WKH�YDOXH�RI� D�GLVSOD\�� WKH

DPRXQW�RI�VFUHHQ�VSDFH�LW�UHTXLUHV��LWV�SRWHQWLDO�IRU�GLVWUDFWLQJ�SHRSOH�IURP�LQGLYLGXDO�ZRUN�

DQG�WKH�DGGLWLRQDO�GHPDQGV�LW�SODFHV�RQ�FRPSXWDWLRQDO�UHVRXUFHV�

,Q�VXP��VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�DIIHFWV�JURXSZDUH�XVDELOLW\�E\�SURYLGLQJ�VRPH�RI

WKH�LQIRUPDWLRQ�WKDW�SHRSOH�QHHG�WR�FDUU\�RXW�WKH�DFWLYLWLHV�RI�FROODERUDWLRQ��7KH�GHJUHH�WR

ZKLFK�:$�VXSSRUW�ZLOO�DIIHFW�XVDELOLW\�FDQ�EH��URXJKO\��GHWHUPLQHG�E\�FRQVLGHULQJ�WKH�QHHG

IRU� DQ\� PHFKDQLVP�� DQG� WKHQ� FRQVLGHULQJ� WKH� YDOXH� RI� D� SDUWLFXODU� VXSSRUW� WHFKQLTXH� LQ

UHODWLRQ�WR�H[LVWLQJ�PHFKDQLVPV�VXFK�DV�YHUEDO�FRPPXQLFDWLRQ�

�����5HGXQGDQF\�DQG�UREXVWQHVV

5HGXQGDQF\�SOD\V� DQ� LPSRUWDQW� SDUW� LQ� WKH� YDOXH� RI�ZRUNVSDFH� DZDUHQHVV�� 7KHUH� DUH� WZR

ZD\V� WKDW� WKH� LGHD�XQGHUOLHV� DZDUHQHVV� VXSSRUW� LQ� JURXSZDUH� V\VWHPV�� ILUVW��PXOWLSOLFLW\� RI

LQIRUPDWLRQ�VRXUFHV��DQG�VHFRQG��SDWWHUQ�PDWFKLQJ�LQ�LQIRUPDWLRQ�VWUHDPV�

5HGXQGDQW�LQIRUPDWLRQ�VRXUFHV��3HRSOH�LQ�IDFH�WR�IDFH�FROODERUDWLRQ�VHWWLQJV�XVH�PXOWLSOH�VRXUFHV

RI�LQIRUPDWLRQ�WR�NHHS�WUDFN�RI�DQ\�SDUWLFXODU�HOHPHQW�RI�ZRUNVSDFH�DZDUHQHVV��0RYHPHQW�

VRXQG��DQG�YHUEDO�FRPPXQLFDWLRQ�FDQ�DOO�LQGLFDWH�DQG�UHLQIRUFH�SHUFHSWLRQ�RI�DQ�DFWLRQ��$V

6HJDO� ������� VD\V�� ´SHUFHSWLRQ� DQG� UHGXQGDQF\� DUH� LQWLPDWHO\� OLQNHG��SHUFHSWXDO� V\VWHPV³
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WKDW� LV�� OLYLQJ�RUJDQLVPV³OHDUQ�WR�FDSLWDOL]H�RQ�WKH�UHGXQGDQF\�RI� LQIRUPDWLRQ�DYDLODEOH� LQ

WKHLU� HQYLURQPHQWµ� �S�� ������ 3URYLGLQJ� DZDUHQHVV� LQIRUPDWLRQ� LQ� D� JURXSZDUH� LQWHUIDFH

SURYLGHV�VLPLODU�UHGXQGDQF\��LQ�WKDW�LW�PDNHV�SRVVLEOH�PXOWLSOH�PHFKDQLVPV�IRU�REWDLQLQJ�WKH

LQIRUPDWLRQ� QHHGHG� IRU� FROODERUDWLRQ�� )RU� H[DPSOH�� YLVXDO� SUHVHQWDWLRQ� RI� DZDUHQHVV

LQIRUPDWLRQ�SURYLGHG�DQ�DGGLWLRQDO�ZD\�IRU�SHRSOH�WR�FRRUGLQDWH�WKH�)ROORZ�WDVN�RI�&KDSWHU

���DQG�HPSKDVL]HG�GLIIHUHQW�DVSHFWV�RI�WKH�LQIRUPDWLRQ�WKDQ�ZRXOG�D�YHUEDO�H[FKDQJH��7KH

SUHVHQFH�RI�PXOWLSOH�PHFKDQLVPV�DOORZV�FROODERUDWRUV�WR�FDSLWDOL]H�RQ�WKH�IRUPDW�WKDW�EHVW

VXLWV�WKHLU�FDSDELOLWLHV�DQG�WKH�GHPDQGV�RI�WKH�WDVN�

$OWKRXJK�YHUEDO�FRPPXQLFDWLRQ�FDQ�SURYLGH�DOO�WKH�DZDUHQHVV�QHFHVVDU\�WR�FRPSOHWH�D�WDVN

�DV� LW� PXVW� ZKHQ� ZH� FROODERUDWH� RYHU� WKH� WHOHSKRQH��� PXOWLSOH� UHGXQGDQW� VRXUFHV� IRU� WKH

VDPH�LQIRUPDWLRQ�FDQ�KHOS�WR�PDNH�D�JURXS�PRUH�UREXVW��:KHQ�D�VLWXDWLRQ�DULVHV�WKDW�GRHV

QRW� ILW� ZHOO� ZLWK� WKH� FXUUHQW� PHDQV� RI� JDWKHULQJ� LQIRUPDWLRQ�� D� JURXS� WKDW� KDV� PXOWLSOH

PHFKDQLVPV� DYDLODEOH� WR� WKHP� FDQ� VZLWFK� WR� D� PRUH� DSSURSULDWH� PHFKDQLVP�� 7KH� PRUH

PHFKDQLVPV�WKH\�KDYH��WKH�PRUH�IOH[LEOH�WKH\�FDQ�EH�

5HGXQGDQF\�LQ�SDWWHUQ�PDWFKLQJ��:KHQ�LQIRUPDWLRQ�LV�SUHVHQWHG�RYHU�WLPH��SHRSOH�FDQ�OHDUQ�WR

UHFRJQL]H� DQG� H[SORLW� SDWWHUQV� LQ� WKH� VWUHDP� RI� HYHQWV�� ´RUJDQLVPV� OHDUQ� WR� FDSLWDOL]H� RQ

UHGXQGDQF\�LWVHOI�DV�D�VRXUFH�RI�KLJKHU�OHYHO�LQIRUPDWLRQ��RQ�WKH�SDWWHUQLQJ�RU�SUHGLFWDELOLW\

RI� SDUWLFXODU� HYHQWV� ZLWKLQ� D� ODUJHU� DJJUHJDWH� RI� HYHQWVµ� �6HJDO� ������ S�� ������ 7KLV� LV

UHGXQGDQF\�LQ�WKH�LQIRUPDWLRQ�WKHRUHWLF�VHQVH³UHJXODULW\�LQ�WKH�WHPSRUDO�GLPHQVLRQ�RI�DQ

LQIRUPDWLRQ�VWUHDP��7KLV�NLQG�RI�UHGXQGDQF\�LV�DOVR�DSSOLFDEOH�WR�WKH�DFWLRQV�DQG�EHKDYLRXU

RI�RWKHU�SHRSOH�LQ�D�ZRUNVSDFH��)RU�H[DPSOH��UHFRJQLWLRQ�RI�SDWWHUQV�ZDV�WKH�EDVLV�IRU�RQH

NLQG�RI�DQWLFLSDWLRQ� LQWURGXFHG�LQ�6HFWLRQ��������7KDW�KXPDQV�H[SORLW� UHGXQGDQF\� LQ�HYHQW

VWUHDPV�LV�QRWKLQJ�QHZ��WKH�LPSRUWDQW�SRLQW�IRU�WKH�GHVLJQ�RI�JURXSZDUH�LV�WKDW�LGHQWLILFDWLRQ

DQG� H[SORLWDWLRQ� RI� SDWWHUQV� FDQ� RQO\� KDSSHQ� ZKHQ� WKHUH� DUH� LQIRUPDWLRQ� FKDQQHOV� WR

SHUFHLYH��7KLV�KHOSV�WR�H[SODLQ�ZK\�WKH�SULQFLSOH�RI�FRQWLQXRXV�SUHVHQWDWLRQ��&KDSWHU���� LV

XVHIXO�

,Q� DGGLWLRQ�� WKLV� NLQG� RI� UHGXQGDQF\� LV� DQ� DUJXPHQW� IRU� SURYLGLQJ�:$� LQIRUPDWLRQ� HYHQ

ZKHQ�WKHUH�LV�QR�VSHFLILF�UHTXLUHPHQW�LQ�WKH�WDVN�IRU�LW��'HVLJQHUV�KDYH�RIWHQ�IDOVHO\�DVVXPHG

WKDW�ZKHQ�WKH�XVHIXOQHVV�RI�D�SDUWLFXODU�LQIRUPDWLRQ�VWUHDP�LV�QRW�LPPHGLDWHO\�DSSDUHQW��LW�LV

XVHOHVV�DQG�VKRXOG�EH�UHPRYHG��H�J��1RUPDQ��������,Q�UHDOLW\��SHRSOH�XVH�D�ZLGH�YDULHW\�RI
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LQIRUPDWLRQ� LQ� VXEWOH� DQG� QRQ�REYLRXV�ZD\V�� IRU� H[DPSOH�� ´OLVWHQLQJ� WR� WKH� FKDWWHU� RI� DLU

WUDIILF�FRQWUROOHUV�WXUQV�RXW�WR�NHHS�SLORWV� LQIRUPHG�DERXW�DOO� WKH�RWKHU�DLUSODQHV�DORQJ� WKH

URXWHµ��S��������7KH�LQIRUPDWLRQ�ODQGVFDSH�DSSURDFK�UHFRJQL]HV�WKLV��,W�DWWHPSWV�LQVWHDG�WR

SURYLGH�DQ�HQYLURQPHQW�WKDW�KDV�VRPH�RI�WKH�ULFKQHVV�RI�IDFH�WR�IDFH�VHWWLQJV��ZKHUH�SHRSOH

FDQ�XVH�WKH�DYDLODEOH�LQIRUPDWLRQ�LQ�ZD\V�WKDW�DUH�DSSDUHQW�WR�WKHP�DQG�VXLWDEOH�IRU�WKH�WDVN�

$V�1RUPDQ�VD\V�

1DWXUDO�� VPRRWK�� HIILFLHQW� LQWHUDFWLRQ� VKRXOG� EH� WKH� JRDO� RI� DOO� ZRUN
VLWXDWLRQV��$ODV�� QDWXUDO� LQWHUDFWLRQ� LV� RIWHQ� LQYLVLEOH�� XQQRWLFHG� LQWHUDFWLRQ�
ZH�GRQ·W�NQRZ�LW� LV�WKHUH�XQWLO�ZH�UHPRYH�LW��DQG�WKHQ�LW�PD\�EH�WRR�ODWH«
1HZ�WHFKQRORJLHV�FDQ�FOHDUO\�SURYLGH�LPSURYHPHQWV�RYHU�ROG�PHWKRGV«7KH
SUREOHP�LV�� LW� LVQ·W�DOZD\V�REYLRXV� MXVW�ZKLFK�SDUWV�DUH�FULWLFDO� WR� WKH�VRFLDO�
GLVWULEXWHG�QDWXUH�RI� WKH� WDVN��ZKLFK�DUH� LUUHOHYDQW�RU�GHWULPHQWDO��8QWLO�ZH
XQGHUVWDQG�WKHVH�DVSHFWV�EHWWHU��LW�LV�EHVW�WR�EH�FDXWLRXV�µ��S������

�����:RUNVSDFH�DZDUHQHVV�DQG�ULFK�LQWHUDFWLRQ

7KLV� UHVHDUFK� VXJJHVWV� WKDW�ZRUNVSDFH� DZDUHQHVV� LV� RQH� RI� WKH� IDFWRUV� WKDW� DOORZ� WKH� ULFK

LQWHUDFWLRQ�REVHUYHG�LQ�SK\VLFDO�VKDUHG�ZRUNVSDFHV��H�J��&ODUN�������7DWDU�HW�DO�������7DQJ

������� DQG� KDV� H[SOLFDWHG� VRPH� RI� WKH� PHFKDQLVPV� WKURXJK� ZKLFK� WKDW� LQWHUDFWLRQ� LV

SRVVLEOH�� 7KLV� FRQQHFWLRQ� UHYROYHV� DURXQG� WKH� SULPDU\� UROH� RI� FRPPXQLFDWLRQ� LQ

FROODERUDWLRQ�� DQG� DURXQG� SHRSOH·V� FRPPXQLFDWLYH� UHVRXUFHIXOQHVV� LQ� DQ� LQIRUPDWLRQ�ULFK

HQYLURQPHQW�� 3HRSOH� XVH� D� ZKROH� UDQJH� RI� PHFKDQLVPV� IRU� FRPPXQLFDWLQJ� LQ� DQ

HQYLURQPHQW� OLNH� D� VKDUHG� ZRUNVSDFH³DQG� DUH� H[SHUWV� DW� FKRRVLQJ� PHFKDQLVPV� WKDW

PLQLPL]H�HIIRUW�EXW�VWLOO�DOORZ�VXEWOH��QXDQFHG�FRPPXQLFDWLRQ��,�ORRN�DW�WZR�DVSHFWV�RI�WKH

UHODWLRQVKLS�� ILUVW�� WKH� FRQQHFWLRQ� EHWZHHQ� ZRUNVSDFH� DZDUHQHVV� DQG� FRQYHUVDWLRQDO

DZDUHQHVV�� DQG� VHFRQG�� WKH� FRQQHFWLRQ� EHWZHHQ� ZRUNVSDFH� DZDUHQHVV� DQG� FRQYHUVDWLRQDO

FRPPRQ�JURXQG�

:RUNVSDFH�DQG�FRQYHUVDWLRQDO�DZDUHQHVV��0\�LQWURGXFWLRQ�RI�FRQYHUVDWLRQDO�DZDUHQHVV�LQ�&KDSWHU

�� WDFLWO\� DVVXPHV� WKDW� FRQYHUVDWLRQ� LV� D� YHUEDO� SKHQRPHQRQ��ZLWK� QRQ�YHUEDO� LQIRUPDWLRQ

XVHG� SULPDULO\� WR� PDQDJH� WKH� RUJDQL]DWLRQ� RI� WKH� MRLQW� YHUEDO� EHKDYLRXU�� +RZHYHU�� WKLV

UHVHDUFK�KDV�VKRZQ�WKDW�FRQYHUVDWLRQ�LV�QRW�MXVW�YHUEDO��:KHQ�D�WDVN�WDNHV�SODFH�LQ�D�VKDUHG

ZRUNVSDFH��DOPRVW�HYHU\�LQWHUDFWLRQ�ZLWK�WKH�HQYLURQPHQW�FDQ�EH�FRQVLGHUHG�DQ�H[SOLFLW�RU

LPSOLFLW� DFW�RI�FRPPXQLFDWLRQ��7KLV� LV� VWURQJO\� VXSSRUWHG�E\�RWKHU�ZRUN� �H�J��&ODUN������
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6HJDO��������7KH�ULFK�YDULHW\�RI�FRPPXQLFDWLRQ�PRGHV�OHDGV�WR�QRQ�VWDQGDUG�RUJDQL]DWLRQV

IRU�FRQYHUVDWLRQV��)RU�H[DPSOH��WKH�YLVXDO�HYLGHQFH�JLYHQ�LQ�WKH�'LUHFW�WDVN�DOORZHG�SHRSOH

WR�XVH�D�KLJKO\� IOH[LEOH� WXUQ�WDNLQJ� VWUXFWXUH��RQH�SHUVRQ�XVLQJ�YHUEDO� WXUQV�� DQG� WKH�RWKHU

XVLQJ� YLVXDO� �LPSOLFLW�� WXUQV�� 7KLV� PHDQV� WKDW� FRQYHUVDWLRQ� FDQ� EH� PRUH� YDULDEOH� WKDQ� D

VWDQGDUG�YHUEDO� H[FKDQJH�� DQG� WKDW�ZRUNVSDFH� DZDUHQHVV� LV�QHHGHG� WR�RUJDQL]H�ZRUNVSDFH

FRQYHUVDWLRQV�� 7KHUHIRUH��ZKHQ� FRQYHUVDWLRQ� �HLWKHU� YHUEDO� RU� QRQYHUEDO�� WDNHV� SODFH� LQ� D

VKDUHG� ZRUNVSDFH� �DQG� LV� DERXW� WKH� VKDUHG� ZRUNVSDFH��� WKH� GLVWLQFWLRQ� EHWZHHQ

FRQYHUVDWLRQDO�DZDUHQHVV�DQG�ZRUNVSDFH�DZDUHQHVV�LV�EOXUUHG�

:RUNVSDFH� DZDUHQHVV� DQG� FRPPRQ� JURXQG��:RUNVSDFH� DZDUHQHVV� LV� QHHGHG� WR� LQWHUSUHW� FHUWDLQ

NLQGV� RI� FRPPXQLFDWLRQ� OLNH� GHLFWLF� UHIHUHQFH� RU� GHPRQVWUDWLRQ�� +RZHYHU�� ZRUNVSDFH

DZDUHQHVV�DOVR�FRQWULEXWHV�WR�D�SKHQRPHQD�WKDW�DOORZV�FRPPXQLFDWLRQ�WR�EH�ERWK�ULFK�DQG

HIILFLHQW�� 7KLV� SKHQRPHQD� LV� FRPPRQ� JURXQG�� ZKHQ� ERWK� SDUWLHV� UHDOL]H� ZKDW� WKH� RWKHU

SHUVRQ� LV� DZDUH� RI�� ZRUNVSDFH� DZDUHQHVV� NQRZOHGJH� EHFRPHV� FRQYHUVDWLRQDO� FRPPRQ

JURXQG��&ODUN�DQG�%UHQQDQ��������7KH�LGHD�RI�FRPPRQ�JURXQG�ZDV�LQWURGXFHG�LQ�&KDSWHU

���LQ�HVVHQFH��FRPPRQ�JURXQG�HQWDLOV�WKDW�SHRSOH�UHFRJQL]H�ZKDW�LQIRUPDWLRQ�LV�DYDLODEOH�WR

WKHLU� DXGLHQFH�� DQG� WDNH� DGYDQWDJH� RI� LW� ZKHQ� FRPPXQLFDWLQJ�� :KHQ� FRPPXQLFDWLRQ

LQYROYHV� WKH� DFWLYLWLHV� JRLQJ� RQ� LQ� D� VKDUHG� ZRUNVSDFH�� NQRZOHGJH� DERXW� RWKHU� SHRSOH·V

LQWHUDFWLRQV� ZLWK� WKDW� VSDFH� FDQ� EH� XVHG� DV� FRPPRQ� JURXQG�� )XUWKHUPRUH�� LW� LV� QRW� MXVW

H[LVWLQJ�:$�NQRZOHGJH�WKDW�EHFRPHV�SDUW�RI�FRPPRQ�JURXQG��EXW�NQRZOHGJH�DERXW�ZKDW

RWKHU�SHRSOH�ZLOO�WUDFN�DQG�KRZ�WKH\�ZLOO�GR�LW�

$V� GLVFXVVHG� LQ� 6HFWLRQ� ������� SHRSOH� XVH� FRPPRQ� JURXQG� WR�PDNH� WKHLU� FRPPXQLFDWLRQ

PRUH�HIILFLHQW��IROORZLQJ�WKH�SULQFLSOH�RI�OHDVW�FROODERUDWLYH�HIIRUW��,Q�&KDSWHU����ZRUNVSDFH

DZDUHQHVV� DV� FRPPRQ� JURXQG� ZDV� REYLRXV� LQ� WKH� )ROORZ� WDVN�� RQFH� ERWK� SDUWLFLSDQWV

UHDOL]HG� WKDW� WKH� RWKHU� SHUVRQ·V� ORFDWLRQ�ZDV� DYDLODEOH� LQ� WKH� UDGDU� YLHZ�� WKH� DPRXQW� DQG

VSHFLILFLW\� RI� YHUEDO� FRPPXQLFDWLRQ� GHFUHDVHG� VXEVWDQWLDOO\�� +RZHYHU�� SHRSOH� FDQ� XVH

ZRUNVSDFH�DZDUHQHVV�WR�PDNH�WKHLU�FRPPXQLFDWLRQ�HYHQ�PRUH�VXEWOH��3HRSOH�FDQ�DOVR�KROG

FRPPRQ�NQRZOHGJH�DERXW�WKH�PHFKDQLVPV�WKDW�SHRSOH�DUH� OLNHO\�WR�XVH�WR�JDWKHU�ZRUNVSDFH

DZDUHQHVV��2QFH� WKHVH�PHFKDQLVPV� DUH�SDUW�RI� FRPPRQ�JURXQG��SHRSOH� FDQ�EHJLQ� WR� XVH

¶XQLQWHQWLRQDO·� FRPPXQLFDWLRQ� FKDQQHOV� IRU� LQWHQWLRQDO� PHVVDJHV�� )RU� H[DPSOH�� RQFH� ,

UHFRJQL]H� WKDW� DQRWKHU� SHUVRQ� LV� XVLQJ� FRQVHTXHQWLDO� FRPPXQLFDWLRQ� DV� D� PHFKDQLVP� WR
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PDLQWDLQ� DZDUHQHVV�� ,� FDQ� EHJLQ� WR� FRQVWUXFW� LQWHQWLRQDO� PHVVDJHV� WKDW� DUH� WUDQVPLWWHG

WKURXJK�WKH�FRQVHTXHQWLDO�FKDQQHO��7KHVH�´LQGLUHFW�SURGXFWLRQVµ��+HDWK�DQG�/XII�������FDQ

RFFXU�WKURXJK�YHUEDO�XWWHUDQFHV��FRQVHTXHQWLDO�FRPPXQLFDWLRQ��RU�IHHGWKURXJK�

9HUEDO� VKDGRZLQJ� �6HFWLRQ� ������� LV� RQH� IRUP� RI� LQGLUHFW� SURGXFWLRQ� WKURXJK� WKH� YHUEDO

FKDQQHO�� 9HUEDO� VKDGRZLQJ� FDQ� EH� WKRXJKW� RI� DV� EHQGLQJ� WKH� �XQLQWHQWLRQDO�� YHKLFOH� RI

RYHUKHDULQJ� IRU� LQGLUHFW� LQWHQWLRQDO� FRPPXQLFDWLRQ�� &RQVHTXHQWLDO� FRPPXQLFDWLRQ� DQG

IHHGWKURXJK�FDQ�DOVR�EH�XVHG�WR�VHQG�LQWHQWLRQDO�PHVVDJHV��)RU�H[DPSOH��FRQWUROOHUV�LQ�WKH

/RQGRQ�8QGHUJURXQG�FRQWURO�URRP�KDYH�EHHQ�REVHUYHG�´VXFFHVVLYHO\�JODQFLQJ�DW�WKH�KDUG

OLQH� GLVSOD\� DQG� WKH� VWDWLRQ� PRQLWRU�� DWWHPSWLQJ� WR� GHOLFDWHO\� KDYH� KLV� FROOHDJXH� QRWLFH�

LQGHSHQGHQWO\��WKDW�D�SUREOHP�PD\�EH�HPHUJLQJ���+HDWK�DQG�/XII�������S�������7KLV�H[DPSOH

XVHV� FRQVHTXHQWLDO� FRPPXQLFDWLRQ� IRU� DQ� LQWHQWLRQDO� PHVVDJH�� 7R� XVH� IHHGWKURXJK� DV

FRPPXQLFDWLRQ�� D�SHUVRQ�PLJKW� SHUIRUP� VRPH�RSHUDWLRQ�RQ� DQ�REMHFW�� LQWHQGLQJ� WKDW� WKH

IHHGWKURXJK�SURGXFHG�ZLOO�DWWUDFW�WKH�DWWHQWLRQ�RI�DQRWKHU�JURXS�PHPEHU�

%RWK�WKH�XVH�RI�YLVXDO�LQIRUPDWLRQ�WR�RUJDQL]H�FRQYHUVDWLRQ�DQG�WKH�XVH�RI�WKH�ZRUNVSDFH�LQ

FRPPRQ� JURXQG� GHSHQG� RQ� ZRUNVSDFH� DZDUHQHVV�� 7KHVH� DUH� MXVW� WZR� RI� WKH� ZD\V� WKDW

SURYLGLQJ�SHRSOH�ZLWK�LQIRUPDWLRQ�DERXW�WKHLU�HQYLURQPHQW�FDQ�HQULFK�LQWHUDFWLRQ��WKHUH�DUH

XQGRXEWHGO\�PDQ\�RWKHUV�

�����'HVLJQ�IRU�LQGLYLGXDOV��GHVLJQ�IRU�JURXSV

2QH� RI� WKH� NH\� IDFWRUV� DIIHFWLQJ� ZRUNVSDFH� DZDUHQHVV� VXSSRUW� LV� WKH� WHQVLRQ� EHWZHHQ

GHVLJQLQJ�IRU�WKH�EHQHILW�RI�D�VLQJOH�XVHU�DQG�GHVLJQLQJ�IRU�WKH�EHQHILW�RI�D�JURXS��7ZR�LVVXHV

LQ� WKH� GHVLJQ� RI� JURXSZDUH� V\VWHPV� FRQIURQW� WKLV� WHQVLRQ�� )LUVW�� ZKHQ� WKHUH� DUH� OLPLWHG

GLVSOD\�UHVRXUFHV�DYDLODEOH��ZKRP�VKRXOG�WKH\�VHUYH³WKH�LQGLYLGXDO�RU�WKH�JURXS"�6HFRQG�

VKRXOG� LQWHUDFWLRQ� WHFKQLTXHV�EH�GHVLJQHG� WR� HQKDQFH� WKH� DFWLYLWLHV� DQG� FDSDELOLWLHV� RI� WKH

LQGLYLGXDO�RU�WR�HQKDQFH�WHDPZRUN"

7KH� FODVVLF� H[DPSOH� RI� WKH� UHVRXUFH� WUDGHRII� LQYROYHV� WKH� HYROXWLRQ� RI� :<6,:,6� DQG

UHOD[HG�:<6,:,6�YLHZ�VKDULQJ��5HVHDUFKHUV�QRWLFHG�WKDW�WKH�FRQWURO�JLYHQ�WR�LQGLYLGXDOV�LQ

D� PXOWL�XVHU� V\VWHP� KDV� FRQVHTXHQFHV� IRU� WKH� ZD\� WKH� JURXS� ZRUNV� WRJHWKHU�� (DUO\

JURXSZDUH�V\VWHPV�SURYLGHG�RQO\�VHULDO�DFFHVV�WR�V\VWHPV��WKDW�LV��IORRU�FRQWURO���DQG�LW�ZDV
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VRRQ� UHFRJQL]HG� WKDW� ´VHULDO� DFFHVV� WR� SUREOHP�VROYLQJ� WHFKQRORJ\� REVWUXFWV� WKH� NLQG� RI

HTXDO� SDUWLFLSDWLRQ� WKDW� LGHDOO\� FKDUDFWHUL]HV� FROODERUDWLRQµ� �6WHILN� HW� DO� ����D�� S�� ����

+RZHYHU�� LW�ZDV�DOVR�QRWHG�WKDW�WKLV�FRQVWUDLQW�DOVR�KDG�EHQHILWV�IRU�JURXS�ZRUN��´WKH�IDFW

WKDW�D�>V\VWHP@�DOORZV�RQO\�RQH�SHUVRQ�WR�HQWHU�WH[W�DW�D�WLPH�HQIRUFHV�D�NLQG�RI�VKDUHG�IRFXV

WKDW� PDLQWDLQV� D� FRPPRQ� FRQWH[W� IRU� WKH� JURXS«:KDW� LV� EHLQJ� GRQH� WR� WKH� WH[W� LV

WUDQVSDUHQW�LQ�WKH�DFWLRQV�RI�ZKRPHYHU�FRQWUROV�WKH�ZULWLQJ�WHFKQRORJ\µ��S������

,Q�PRVW�FDVHV��KRZHYHU��WKH�JURXS�IRFXV�SURYLGHG�E\�WXUQ�WDNLQJ�V\VWHPV�LPSRVHV�WRR�KLJK�D

SULFH� RQ� LQGLYLGXDO� DFWLYLW\³IHZ� IDFH�WR�IDFH� DFWLYLWLHV� LQ� VKDUHG� ZRUNVSDFHV� XVH� VHULDO

FRQWURO�� :<6,:,6� LQWHUIDFHV� OLNH� &RODE� �6WHILN� ����D�� DOORZHG� VLPXOWDQHRXV� DFFHVV�� EXW

LPPHGLDWHO\� D� WUDGHRII� EHWZHHQ� LQGLYLGXDO� FRQWURO� DQG� DZDUHQHVV� �LQ� SDUWLFXODU�� EHFDPH

DSSDUHQW�� ´WKH� SRVVLELOLW\� RI� VLPXOWDQHRXV� ZULWLQJ� DFWLYLW\«EULQJV� QHZ� GHPDQGV� RQ

SDUWLFLSDQWV�WR�VWD\�LQIRUPHG�DERXW�ZKDW�RWKHUV�DUH�GRLQJµ��S�������:<6,:,6�DOORZV�SDUDOOHO

DFWLRQ��EXW�VWLOO�HQIRUFHV�VHULDO�QDYLJDWLRQ��LQ�WKDW�RQO\�RQH�SHUVRQ�DW�D�WLPH�FDQ�FKRRVH�WKH

ZRUNVSDFH� ORFDWLRQ�� 7KLV� DOVR� SUHVHQWV� SUREOHPV� IRU� LQGLYLGXDO� ZRUN�� IRU� H[DPSOH�� WKH

GHVLJQHUV�RI�&RODE�REVHUYHG�´VFUROO�ZDUVµ�ZKHQ�WZR�SHRSOH�ZDQWHG�WR�ZRUN�RQ�REMHFWV�DW

RSSRVLWH�VLGHV�RI�WKH�YLHZSRUW��0RYLQJ�ILQDOO\�WR�UHOD[HG�:<6,:,6�YLHZ�VKDULQJ�VROYHV�WKLV

SUREOHP��EXW�FUHDWHV�DQ�DGGLWLRQDO�DZDUHQHVV�EXUGHQ��DV�GLVFXVVHG�LQ�&KDSWHU���

Less Degree of individual control in the system More

Turn-taking
systems

Strict WYSIWIS
view sharing

Relaxed WYSIWIS
(location)

Relaxed WYSIWIS
(location & representation)

Greater Implied group focus Lesser

)LJXUH�����0RUH�LQGLYLGXDO�FRQWURO�LPSOLHV�OHVV�JURXS�IRFXV

7KH�VHFRQG�SUREOHP�LQYROYHV�LQWHUDFWLRQ�WHFKQLTXHV��DQG�ZDV�HQFRXQWHUHG�LQ�6HFWLRQ������

DV�WKH�LQYLVLELOLW\�RI�DFWLRQV��6\PEROLF�FRPPDQG�DQG�LQGLUHFW�PDQLSXODWLRQ�EHQHILW�LQGLYLGXDO

XVHUV�� DQG� DUH� RIWHQ� D� JRRG� LGHD� LQ� VLQJOH� XVHU� V\VWHPV� �´VKRUWFXWV� IRU� H[SHUWV�µ� VD\� WKH

XVDELOLW\�JXUXV���+RZHYHU��WKHVH�WHFKQLTXHV�FDQ�GUDVWLFDOO\�UHGXFH�SHRSOH·V�DELOLW\�WR�PDLQWDLQ

DZDUHQHVV�� ,Q� DGGLWLRQ�� LW� DSSHDUV� WKDW� WKHUH� LV� QR� JRLQJ� EDFN�� GHVLJQHUV� FDQ·W� UHPRYH� DOO

V\PEROLF�DFWLRQV�DQG�UHSODFH�WKHP�ZLWK�GLUHFW�PDQLSXODWLRQ�HTXLYDOHQWV��6RPHWLPHV�WKHUH�LV

QR� HTXLYDOHQW� �ZKDW� LV� WKH� GLUHFW�PDQLSXODWLRQ� HTXLYDOHQW� RI� ´FRQYHUW� FRORXU� PDS� WR
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JUH\VFDOHµ"��� DQG� VRPHWLPHV� WKH� GLUHFW�PDQLSXODWLRQ� HTXLYDOHQW� LV� VLPSO\� WRR� WLPH�

FRQVXPLQJ�RU�GLIILFXOW��HVSHFLDOO\�IRU�DQ�H[SHUW��

7KH� WHQVLRQ�EHWZHHQ� LQGLYLGXDOV� DQG�JURXSV� LV� UHDO��SUREOHPV� LQ�DOORFDWLQJ� UHVRXUFHV�RU� LQ

GHVLJQLQJ�LQWHUDFWLRQ�ZLOO�QRW�ILQG�D�KDSS\�PHGLXP�WKDW�VXSSRUWV�ERWK�VLGHV�ZHOO��$OWKRXJK

WKH�WUDGHRIIV�PXVW�EH�IDFHG��WKHUH�DUH�VWUDWHJLHV�WKDW�FDQ�KHOS�WR�PLQLPL]H�LWV�QHJDWLYH�HIIHFWV�

)RU� H[DPSOH�� 6HFWLRQ� ���� VKRZHG� VHYHUDO� WHFKQLTXHV� WKDW� DOORZ� LQGLYLGXDO� FRQWURO� RI

QDYLJDWLRQ� DQG� VWLOO�PDLQWDLQ� YLVLELOLW\� RI� RWKHUV� LQ� WKH�ZRUNVSDFH�� 6HFWLRQ� ������ GLVFXVVHG

VWUDWHJLHV� IRU� LQFUHDVLQJ� WKH� SHUFHSWLELOLW\� RI� V\PEROLF� DFWLRQV� DQG� LQGLUHFW� PDQLSXODWLRQ�

7KHVH� WHFKQLTXHV� DQG� VWUDWHJLHV� DFFHSW� WKDW� SHRSOH�ZLOO� EH� XQZLOOLQJ� WR� JLYH� XS� LQGLYLGXDO

FRQWURO�DQG�FDSDELOLW\�MXVW�IRU�WKH�JRRG�RI�WKH�JURXS��PXFK�RI�WKH�ZRUN�LQ�RYHUFRPLQJ�WKHVH

WUDGHRIIV�ZLOO� LQYROYH� ILQGLQJ�ZD\V� WR� LPSURYH� WHDPZRUN� DVSHFWV�ZLWKRXW� GHWUDFWLQJ� IURP

XVHIXOQHVV�WR�WKH�LQGLYLGXDO��$V�6HJDO��������FRQFOXGHV��´GHVLJQHUV�PD\�FRQVLGHU�WKH�QHHG�WR

FRPSHQVDWH� IRU� FRQVHTXHQWLDO� LQIRUPDWLRQ� WKDW� LV� ORVW� WKURXJK� WKH� FRQYHUJHQFH� DQG

IOH[LELOLW\�RI�GLVSOD\V�DQG�FRQWUROV��SHUKDSV�E\�SURYLGLQJ�HQKDQFHG�IHHGEDFN�IURP�WKH�V\VWHP

LQGLFDWLQJ�ZKDW�VSHFLILF�DFWLRQV�HDFK�RSHUDWRU�LV�SHUIRUPLQJµ��S�������

�����6XPPDU\

7KH� FRQQHFWLRQV� UDLVHG� DERYH� VKRZ� VRPH� RI� WKH�ZD\V� WKDW�ZRUNVSDFH� DZDUHQHVV� EHQHILWV

FROODERUDWLRQ��DQG�VKRZ�VRPH�RI�WKH�SULQFLSOHV�XQGHUO\LQJ�VXFFHVVIXO�DZDUHQHVV�VXSSRUW� LQ

JURXSZDUH��%DVHG�RQ�WKHVH�SULQFLSOHV�DQG�RQ�RWKHUV�GLVFXVVHG� LQ�SUHYLRXV�FKDSWHUV��,�KDYH

VXPPDUL]HG�WKH�PDMRU�VWHSV�LQ�SODQQLQJ�DQG�GHVLJQLQJ�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV��VHH

)LJXUH������)URP�WKH�WRS�RI�WKH�GLDJUDP��GHVLJQHUV�PXVW�ILUVW�FRQVLGHU�WKH�RYHUDOO�QHHG�IRU

DQ\� PHDQV� RI� PDLQWDLQLQJ� ZRUNVSDFH� DZDUHQHVV�� 1H[W�� WKH\� PXVW� ORRN� DW� ZKDW� :$

LQIRUPDWLRQ� LV�QHHGHG� LQ� WKH� VLWXDWLRQ�� DQG�ZKDW�PHFKDQLVPV� DOUHDG\� H[LVW� �VXFK� DV� YHUEDO

FRPPXQLFDWLRQ��WR�FRQYH\�WKDW�LQIRUPDWLRQ��7KLUG��WKH\�PXVW�FRQVLGHU�WKH�VSHFLILF�TXDOLWLHV

RI�:$� LQIRUPDWLRQ� WKDW� LV� WR�EH� VXSSRUWHG�� DQG� ORRN�DW� WKH� WUDGHRIIV� WKDW� WKH� V\VWHP�ZLOO

LPSRVH�EHWZHHQ�LQGLYLGXDO�DQG�JURXS�FDSDELOLWLHV��)LQDOO\��WKH\�FDQ�DVVHVV�VSHFLILF�WHFKQLTXHV

IRU� FRQYH\LQJ� DZDUHQHVV� LQIRUPDWLRQ� E\� FRQVLGHULQJ� KRZ� WKH\� FRPSDUH� WR� H[LVWLQJ

PHFKDQLVPV�RQ�D�QXPEHU�RI�FULWHULD�VXFK�DV�DFTXLVLWLRQ�FRVW��TXDOLW\��DQG�VFUHHQ�VSDFH��2I

FRXUVH��WKHUH�DUH�PDQ\�IDFWRUV�GULYLQJ�WKH�GHVLJQ�RI�DQ\�V\VWHP��EXW�WKLV�SURFHVV�ZLOO�KHOS�WR
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RUJDQL]H�WKH�WDVN�RI�VXSSRUWLQJ�ZRUNVSDFH�DZDUHQHVV�LQ�JURXSZDUH��DQG�ZLOO�UHPRYH�VRPH�RI

WKH�VXUSULVHV�GRZQ�WKH�URDG�

7KLV�EULQJV� WKH� WKUHH�PDLQ�SDUWV�RI� WKH� UHVHDUFK�SURFHVV� WR� D� FORVH��7KH� ILQDO� FKDSWHU�ZLOO

VXPPDUL]H�WKH�ZRUN�WKDW�,�KDYH�GRQH��DQG�UHYLVLW�WKH�REMHFWLYHV�VHW�RXW�LQ�&KDSWHU����$OVR��LW

ZLOO�VWDWH�WKH�PDMRU�DQG�PLQRU�FRQWULEXWLRQV�RI�WKH�UHVHDUFK��DQG�VXJJHVW�QHZ�GLUHFWLRQV�IRU

UHVHDUFK�EDVHG�RQ�WKLV�ZRUN�

Overall need for a WA mechanism
• interaction between participants

• information content of activities

What WA information to provide
• WA information required by the task

• usefulness of general WA information

• constraints on activities of collaboration

Existing awareness mechanisms
• how difficult is verbal communication?

• what characteristic actions are evident?

Information qualities
• granularity, latency, sampling demands

Design for individuals vs. groups
•  how will actions be perceived by others?

•  where do individual capabilities hinder
the gathering of information?

Assess the value of techniques

 acquisition cost

 interpretation cost

 information quality

 redundancy value computational cost

 distraction

 screen space

)LJXUH�����6WHSV�LQ�GHVLJQLQJ�DZDUHQHVV�VXSSRUW
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&KDSWHU��� &RQFOXVLRQ

7KLV�GLVVHUWDWLRQ�KDV�H[SORUHG�WKH�FRQFHSW�RI�ZRUNVSDFH�DZDUHQHVV�DV�D�GHVLJQ�UHTXLUHPHQW

IRU�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH��7KH�UHVHDUFK�ZDV�PRWLYDWHG�E\�WKH�JHQHUDO�SUREOHP�WKDW

ZRUNLQJ�WRJHWKHU�LQ�D�VKDUHG�FRPSXWDWLRQDO�ZRUNVSDFH�LV�DZNZDUG�DQG�FOXPV\�FRPSDUHG�WR

FROODERUDWLRQ� LQ� IDFH�WR�IDFH� VHWWLQJV�� )XUWKHUPRUH�� ,� REVHUYHG� WKDW� FXUUHQW� JURXSZDUH

V\VWHPV�PDNH�LW�GLIILFXOW�IRU�SHRSOH�WR�PDLQWDLQ�DZDUHQHVV�RI�RWKHUV�LQ�D�VKDUHG�ZRUNVSDFH�

0\�SHUVSHFWLYH�LQ�WKH�UHVHDUFK�KDV�EHHQ�WKDW�RI�WKH�FRPSXWHU�VFLHQWLVW�DQG�GHVLJQHU��DQG�,

KDYH�FRQVLGHUHG�ZRUNVSDFH�DZDUHQHVV�ZLWK�WKH�JRDO�RI�LPSURYLQJ�JURXSZDUH�

7KLV� FKDSWHU� FRQFOXGHV� WKH� GLVVHUWDWLRQ�� DQG� KDV� WKUHH� SDUWV�� )LUVW�� ,� UHYLVLW� WKH� UHVHDUFK

K\SRWKHVLV� DQG� WKH� WKUHH� UHVHDUFK� REMHFWLYHV� VHW� RXW� LQ� &KDSWHU� ��� VXPPDUL]H� KRZ� WKRVH

REMHFWLYHV�ZHUH�PHW�� DQG� DVVHVV�P\� SURJUHVV� RQ� HDFK� REMHFWLYH�� 6HFRQG�� ,� VXPPDUL]H� WKH

PDMRU� DQG� PLQRU� RULJLQDO� FRQWULEXWLRQV� WKDW� WKLV� UHVHDUFK� KDV� PDGH� WR� +&,� DQG� &6&:

UHVHDUFK��7KLUG��,�GHVFULEH�GLUHFWLRQV�IRU�IXWXUH�ZRUN�EDVHG�RQ�WKH�UHVHDUFK�GRQH�KHUH�

�����5HVHDUFK�REMHFWLYHV�DQG�VXPPDU\

0\� UHVHDUFK� K\SRWKHVLV� ZDV� WKDW� VXSSRUW� IRU� WKH� PDLQWHQDQFH� RI� ZRUNVSDFH� DZDUHQHVV

LPSURYHV� WKH�XVDELOLW\�RI� UHDO�WLPH�GLVWULEXWHG�JURXSZDUH� V\VWHPV��7KLV�K\SRWKHVLV� LPSOLHG

WKUHH�REMHFWLYHV�

2EMHFWLYH����WR�IUDPH�WKH�FRQFHSW�RI�ZRUNVSDFH�DZDUHQHVV�LQ�RSHUDWLRQDO�WHUPV�WKDW�DUH�XVHIXO

LQ�JURXSZDUH�GHVLJQ�

2EMHFWLYH����WR�VKRZ�WKDW�WKH�FRQFHSW�RI�ZRUNVSDFH�DZDUHQHVV�FDQ�EH�DSSOLHG�LQ�WKH�GHVLJQ�RI

JURXSZDUH�LQWHUIDFHV�

2EMHFWLYH� ��� WR� VKRZ� WKDW� DGGLQJ� DZDUHQHVV� LQIRUPDWLRQ� WR� D� JURXSZDUH� V\VWHP� FDQ

VLJQLILFDQWO\�LPSURYH�DVSHFWV�RI�JURXSZDUH�XVDELOLW\�

,� PHW� WKHVH� REMHFWLYHV� WKURXJK� D� WKUHH�VWDJH� UHVHDUFK� SURFHVV� RI� RSHUDWLRQDOL]DWLRQ�

DSSOLFDWLRQ�� DQG�HYDOXDWLRQ��%HIRUH�XQGHUWDNLQJ� WKHVH� VWHSV��KRZHYHU�� ,�GHILQHG�ZRUNVSDFH

DZDUHQHVV� DV� XS�WR�WKH�PRPHQW� XQGHUVWDQGLQJ� RI� DQRWKHU� SHUVRQ·V� LQWHUDFWLRQ� ZLWK� WKH
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VKDUHG�ZRUNVSDFH��7KH�VHWWLQJ�IRU�ZRUNVSDFH�DZDUHQHVV�LV�WKH�VKDUHG�ZRUNVSDFH��D�ERXQGHG

VHWWLQJ� IRU� MRLQW� DFWLRQ� WKDW� IRUPV� DQ� H[WHUQDO� UHSUHVHQWDWLRQ� RI� WKH� MRLQW� DFWLYLW\�� ,

FKDUDFWHUL]HG�ZRUNVSDFH� DZDUHQHVV� DV� D� VXEW\SH� RI� VLWXDWLRQ� DZDUHQHVV�� DQG� LGHQWLILHG� LWV

XQLTXH�FKDUDFWHULVWLFV�

2SHUDWLRQDOL]DWLRQ�� ,� WUDQVODWHG� WKH� FRQFHSW� RI� ZRUNVSDFH� DZDUHQHVV� LQWR� RSHUDWLRQDO� WHUPV

XVHIXO� IRU� JURXSZDUH� GHVLJQ�� 7KLV� SURFHVV� LQYROYHG� WZR� VWHSV�� )LUVW�� ,� FRQVWUXFWHG� D

FRQFHSWXDO� IUDPHZRUN� WKDW� VHWV� RXW� ZKDW� LQIRUPDWLRQ� QHHGV� WR� EH� SDUW� RI� WKH� JURXSZDUH

LQWHUIDFH�� ZKDW�PHFKDQLVPV� RI�PDLQWHQDQFH� VKRXOG� EH� VXSSRUWHG�� DQG� ZKDW� FROODERUDWLYH

DFWLYLWLHV� ZLOO� XVH� WKH� DZDUHQHVV� LQIRUPDWLRQ�� *URXSZDUH� LQWHUIDFHV� VKRXOG� VXSSO\

LQIRUPDWLRQ� WR� DQVZHU� ZKR�� ZKHUH�� ZKDW�� ZKHQ�� DQG� KRZ� TXHVWLRQV�� ,� UHILQHG� WKHVH

FDWHJRULHV� LQWR� D� VHW� RI� WHQ� HOHPHQWV� RI� NQRZOHGJH� WKDW� GHDO� ZLWK� WKH� SUHVHQW� �SUHVHQFH�

LGHQWLW\��DXWKRUVKLS��DFWLRQ��LQWHQWLRQ��DUWLIDFW�LQ�XVH��ORFDWLRQ��JD]H��YLHZ��DQG�UHDFK��DQG�ILYH

HOHPHQWV�WKDW�GHDO�ZLWK�WKH�SDVW��KLVWRU\�RI�DFWLRQV��DUWLIDFWV��HYHQWV��SUHVHQFH��DQG�ORFDWLRQV��

$� JURXSZDUH� LQWHUIDFH� PXVW� DOVR� VXSSRUW� WKH� PDLQWHQDQFH� RI� DZDUHQHVV� WKURXJK� WKH

SHUFHSWLRQ�DFWLRQ� F\FOH�� ,Q� SDUWLFXODU�� WKUHH� SULPDU\� PHFKDQLVPV� VKRXOG� EH� VXSSRUWHG�

FRQVHTXHQWLDO� FRPPXQLFDWLRQ�� IHHGWKURXJK�� DQG� LQWHQWLRQDO� FRPPXQLFDWLRQ� �ERWK� YHUEDO

DQG� QRQ�YHUEDO��� 7KHUH� DUH� VHYHUDO� W\SHV� RI� DFWLYLWLHV�ZKHUH� WKH� EHQHILWV� RI� DZDUHQHVV� DUH

HYLGHQW�� LQ� UHGXFLQJ� WKH� HIIRUW� QHHGHG� IRU� YHUEDO� FRPPXQLFDWLRQ�� LQ� VLPSOLI\LQJ

FRRUGLQDWLRQ��LQ�SURYLGLQJ�FRQWH[W�IRU�DVVLVWDQFH�DQG�DQWLFLSDWLRQ��DQG�LQ�KHOSLQJ�SHRSOH�WR

UHFRJQL]H� RSSRUWXQLWLHV� IRU� FORVHU� FRXSOLQJ�� 7KH� IUDPHZRUN� VWUXFWXUHV� WKLQNLQJ� DERXW

ZRUNVSDFH�DZDUHQHVV��SURYLGHV�D�VWDUWLQJ�SRLQW�IRU�DQDO\VLV�RI�FROODERUDWLYH�ZRUN�VLWXDWLRQV�

DQG�DOORZV�WKH�GHVFULSWLRQ�DQG�FRPSDULVRQ�RI�VXSSRUW�WHFKQLTXHV�

7KH�VHFRQG�VWHS�LQ�RSHUDWLRQDOL]LQJ�ZRUNVSDFH�DZDUHQHVV�LV�LQ�PRYLQJ�IURP�WKH�FRQFHSWXDO

IUDPHZRUN� WR� GHVLJQ� SULQFLSOHV� IRU� JURXSZDUH� LQWHUIDFHV�� :RUNVSDFH� DZDUHQHVV� LV� PRUH

GLIILFXOW� WR�PDLQWDLQ� LQ�JURXSZDUH� WKDQ� LQ� IDFH�WR�IDFH� VHWWLQJV�EHFDXVH�JURXSZDUH� V\VWHPV

UHGXFH�SHUFHSWLRQ�RI� WKH�ZRUNVSDFH�DQG�UHGXFH� WKH�H[SUHVVLYHQHVV�RI�ERGLHV�DQG�DUWLIDFWV�

7R� UHGUHVV� WKHVH� SUREOHPV�� WKH� JURXSZDUH� GHVLJQHU� PXVW� VWHS� LQ� DQG� DUWLILFLDOO\� FROOHFW�

GLVWULEXWH��DQG�GLVSOD\�:$�LQIRUPDWLRQ��(DFK�RI�WKHVH�DFWLYLWLHV�KDV�D�QXPEHU�RI�LVVXHV�WKDW

PXVW�EH�DGGUHVVHG��LQ�PDQ\�FDVHV��WKH�GHVLJQHU�PXVW�PDWFK�FROOHFWLRQ�RU�GLVSOD\�WHFKQLTXHV

WR�TXDOLWLHV�RI�WKH�LQIRUPDWLRQ��H�J��LPSRUWDQFH��ODWHQF\�UHTXLUHPHQWV���,�SURSRVHG�D�JHQHUDO
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DSSURDFK�WR�VXSSRUWLQJ�:$�WKDW�SUHVHQWV�DZDUHQHVV�LQIRUPDWLRQ�LQ�D�V\QWKHWLF�LQIRUPDWLRQ

ODQGVFDSH��7KH�ODQGVFDSH�DSSURDFK�DWWHPSWV�WR�PLPLF�WKH�TXDOLWLHV�RI�SK\VLFDO�ZRUNVSDFHV�

DQG� DOORZV� SHRSOH� WR�PDLQWDLQ� DZDUHQHVV� LQ� WKH� VDPH�ZD\V� WKDW� WKH\� GR� LQ� D� IDFH�WR�IDFH

VHWWLQJ�

$SSOLFDWLRQ�� ,� FRQVWUXFWHG� VHYHUDO� GLVSOD\V� DQG� GLVSOD\� WHFKQLTXHV� IRU� SUHVHQWLQJ� DZDUHQHVV

LQIRUPDWLRQ�� DQG� FROOHFWHG�RWKHUV� IURP�SUHYLRXV� OLWHUDWXUH��7KH�GHVLJQ� VSDFH� RI� DZDUHQHVV

GLVSOD\V�FDQ�EH�RUJDQL]HG�XVLQJ� WKH�SULQFLSOHV�RI�SODFHPHQW� DQG�SUHVHQWDWLRQ�� LQIRUPDWLRQ

SODFHPHQW�FDQ�EH�HLWKHU�VLWXDWHG�LQ�WKH�ZRUNVSDFH�RU�VHSDUDWH�IURP�LW��DQG�WKH�SUHVHQWDWLRQ�FDQ

HLWKHU�EH� OLWHUDO�RU� V\PEROLF��7KH� VLWXDWHG�DSSURDFK�DWWHPSWV� WR�XVH�ZRUNVSDFH� HPERGLPHQW�

UHSUHVHQWDWLRQV�RI�DFWLRQV��DQG�H[SUHVVLYH�DUWLIDFWV�WR�KHOS�SHRSOH�PDLQWDLQ�DZDUHQHVV�XVLQJ

PHFKDQLVPV�WKDW�WKH\�DOUHDG\�NQRZ��6LQFH�WKH�VLWXDWHG�DSSURDFK�GLVSOD\V�LQIRUPDWLRQ�ZKHUH

LW�KDSSHQV�� LW�GHSHQGV�RQ�WKH�YLVLELOLW\�RI�WKH�UHOHYDQW�SDUW�RI�WKH�ZRUNVSDFH��6HSDUDWH�DQG

V\PEROLF�WHFKQLTXHV��LQ�FRQWUDVW��GLVSOD\�DZDUHQHVV�LQIRUPDWLRQ�RXWVLGH�WKH�ZRUNVSDFH��DQG

DV�DQ�DEVWUDFW�UDWKHU�WKDQ�D� OLWHUDO�SURFHVV��6\PEROLF� LQIRUPDWLRQ�UHTXLUHV� OHVV�VFUHHQ�VSDFH

DQG�GRHV�QRW�GHSHQG�RQ�ZRUNVSDFH�YLVLELOLW\�� EXW� SURYLGHV�PXFK� OHVV� GHWDLO� DERXW� DFWLRQV

DQG�DUWLIDFWV��DQG�GRHV�QRW�SUHVHQW�LQIRUPDWLRQ�ZLWKLQ�D�VSDWLDO�DQG�WHPSRUDO�FRQWH[W�

,� DOVR� ORRNHG� PRUH� FORVHO\� DW� RQH� GLVSOD\� FDOOHG� WKH� UDGDU� YLHZ�� D� GLVSOD\� WKDW� SUHVHQWV

ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� RQ� D�ZRUNVSDFH�PLQLDWXUH�� ,W� FRPELQHV� YLVLELOLW\� RI� WKH

HQWLUH�ZRUNVSDFH�ZLWK�LQIRUPDWLRQ�DERXW�LGHQWLWLHV��ORFDWLRQV��DQG�DFWLRQV�RI�SDUWLFLSDQWV�LQ

WKH�JURXSZDUH�FRQIHUHQFH��7KURXJK�WKUHH�GHVLJQ� LWHUDWLRQV�� WKH�UDGDU�YLHZ�HYROYHG�IURP�D

EDVLF� RYHUYLHZ� WR� DQ� LQWHUDFWLYH� GLVSOD\� WKDW� VKRZV� D� ZLGH� YDULHW\� RI� LQIRUPDWLRQ� DERXW

SDUWLFLSDQWV�

(YDOXDWLRQ��,�H[DPLQHG�WKH�UHVHDUFK�K\SRWKHVLV�LQ�WZR�VWXGLHV��DQ�H[SORUDWRU\�XVDELOLW\�VWXG\�

DQG�D�ODERUDWRU\�H[SHULPHQW��7KH�H[SORUDWRU\�VWXG\�ORRNHG�DW�VHYHUDO�DZDUHQHVV�GLVSOD\V�LQ�D

JURXSZDUH� SDJH�OD\RXW� V\VWHP�� ,� ORRNHG� SDUWLFXODUO\� DW� WKUHH� DVSHFWV� RI� WKH� DZDUHQHVV

GLVSOD\V�� ZKHWKHU� WKH\� SURYLGHG� DSSURSULDWH� LQIRUPDWLRQ�� ZKHWKHU� WKH\� ZHUH� YDOXDEOH� LQ

FRPSOHWLRQ�RI�WKH�WDVN��DQG�ZKHWKHU�WKH\�GLVWUDFWHG�SDUWLFLSDQWV�IURP�WKHLU�LQGLYLGXDO�ZRUN�

7KLV� VWXG\� VKRZHG� WKDW�RYHUYLHZV� DUH�XVHIXO�ERWK� IRU� LQGLYLGXDO� DFWLYLWLHV� DQG� IRU� KHOSLQJ

SHRSOH�PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV��,Q�DGGLWLRQ��WKH�UHVXOWV�VXJJHVWHG�WKDW� LQWHUSUHWDWLRQ
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FRVWV�FDQ�EH�ORZHUHG�LI�GLVSOD\V�SUHVHQW�DZDUHQHVV�LQIRUPDWLRQ�LQ�D�IDPLOLDU�FRQWH[W��DQG�WKDW

GLVSOD\V�VKRXOG�DOORZ�SHRSOH�WR�DFW�RQ�WKH�LQIRUPDWLRQ�SURYLGHG�

7KH� ODERUDWRU\� H[SHULPHQW� WHVWHG� WKH� UHVHDUFK� K\SRWKHVLV� PRUH� IRUPDOO\�� ,� H[DPLQHG� WKH

HIIHFWV�RI� VKRZLQJ� YLHZSRUWV�� FXUVRUV�� DQG�REMHFW�PRWLRQ�RQ� IRXU�PHDVXUHV� RI� JURXSZDUH

XVDELOLW\�� FRPSOHWLRQ� WLPH�� YHUEDO� HIILFLHQF\�� SHUFHLYHG� HIIRUW�� DQG� RYHUDOO� SUHIHUHQFH�� )RU

VRPH� WDVNV�� WKH� DGGLWLRQDO� DZDUHQHVV� LQIRUPDWLRQ� DOORZHG� JURXSV� WR� ILQLVK� VLJQLILFDQWO\

IDVWHU��DQG�DOORZHG�WKHP�WR�XVH�VLJQLILFDQWO\�IHZHU�ZRUGV��,Q�DGGLWLRQ��ZKHQ�SDUWLFLSDQWV�KDG

VHHQ� ERWK� LQWHUIDFHV�� WKH\� RYHUZKHOPLQJO\� SUHIHUUHG� WKH� V\VWHP� ZLWK� H[WUD� DZDUHQHVV

LQIRUPDWLRQ�� 7KHVH� LPSURYHPHQWV� FDQ� EH� SDUWLDOO\� H[SODLQHG� LQ� WHUPV� RI� YLVXDO

FRPPXQLFDWLRQ�DQG�FRQWLQXRXV�IHHGEDFN�

�����3URJUHVV�RQ�REMHFWLYHV

,Q�&KDSWHU����,�JDYH�FULWHULD�IRU�MXGJLQJ�HDFK�RI�WKH�WKUHH�REMHFWLYHV�GHVFULEHG�DERYH��)LUVW��,

GHWHUPLQHG� WKDW� WKH� RSHUDWLRQDOL]DWLRQ� ZRUN� ZRXOG� EH� VXFFHVVIXO� LI� LW� FRXOG� RUJDQL]H� WKH

GHVLJQ� VSDFH� RI� DZDUHQHVV� VXSSRUW� DQG� FRXOG� H[SODLQ� HYDOXDWLRQ� UHVXOWV� LQ� WHUPV� RI

ZRUNVSDFH�DZDUHQHVV�� ,�KDYH�GRQH�ERWK�RI� WKHVH��7KH�GLVSOD\V�GHVFULEHG� LQ�&KDSWHU� �� DUH

RUJDQL]HG�DW�D�KLJK�OHYHO�E\�SULQFLSOHV�LGHQWLILHG�DV�SDUW�RI�WKH�VXSSRUW�SURFHVV�RI�&KDSWHU��

�SODFHPHQW�DQG�SUHVHQWDWLRQ�OHYHO���DQG�DW�D�ORZHU�OHYHO�E\�WKH�PHFKDQLVPV�RI�PDLQWHQDQFH

LGHQWLILHG�LQ�WKH�FRQFHSWXDO�IUDPHZRUN��,Q�DGGLWLRQ��,�ZDV�DEOH�WR�VXPPDUL]H�VHYHUDO�RI�WKH

WHFKQLTXHV� LQ� WHUPV� RI� WKH� HOHPHQWV� RI� ZRUNVSDFH� DZDUHQHVV� WKDW� WKH\� SUHVHQW�� 7KH

FRQFHSWXDO� IUDPHZRUN� KDV� DOVR� EHHQ� YDOXDEOH� LQ� H[SODLQLQJ� WKH� UHVXOWV� RI� WKH� VWXGLHV� LQ

&KDSWHU���DQG����0DQ\�RI�WKH�LGHDV�UDLVHG�LQ�LQWHUSUHWLQJ�UHVXOWV��VXFK�DV�SHUFHSWLRQ�DFWLRQ�

ZRUNVSDFH�FRQWH[W��YLVXDO�HYLGHQFH�RI�XQGHUVWDQGLQJ��DQG�YLVXDO�FRPPXQLFDWLRQ�DUH�DOO�SDUW

RI�WKH�NQRZOHGJH�JDWKHUHG�LQ�&KDSWHU���

6HFRQG��,�GHWHUPLQHG�WKDW�DSSOLFDWLRQ�ZRUN�ZRXOG�EH�FRPSOHWH�ZKHQ�,�FRXOG�GHPRQVWUDWH

WHFKQLTXHV� LQ� HDFK� DUHD� ZKHUH� JURXSZDUH� UHTXLUHV� DZDUHQHVV� VXSSRUW�� DQG� ZKHQ� ,� FRXOG

RUJDQL]H� WKH� GLVSOD\V� LQ� WHUPV� RI� WKH� FRQFHSWXDO� IUDPHZRUN�� ,� FRQVLGHU� QHDUO\� WKLUW\

WHFKQLTXHV� LQ�&KDSWHUV���DQG����DQG�WKHVH� WHFKQLTXHV�GR�FRYHU�HDFK�RI� WKH�DUHDV� LQ�ZKLFK

JURXSZDUH� KLQGHUV� PDLQWHQDQFH� RI� ZRUNVSDFH� DZDUHQHVV� �VHH� &KDSWHU� ���� 5HGXFHG

SHUFHSWLRQ�RI�WKH�ZRUNVSDFH�ZDV�H[SORUHG�WKURXJK�YLVLELOLW\�WHFKQLTXHV�OLNH�WKH�UDGDU�YLHZ�
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/LPLWHG� H[SUHVVLYHQHVV� RI� ERGLHV� ZDV� H[SORUHG� WKURXJK� HPERGLPHQW� WHFKQLTXHV� DQG

VWUDWHJLHV� IRU� PDNLQJ� DFWLRQV� PRUH� H[SUHVVLYH�� /LPLWHG� H[SUHVVLYHQHVV� RI� DUWLIDFWV� ZDV

H[SORUHG�WKURXJK�WHFKQLTXHV�IRU�SURYLGLQJ�PRUH�LQIRUPDWLRQ�WKURXJK�ZRUNVSDFH�DUWLIDFWV��,

ZDV�DOVR�DEOH� WR�RUJDQL]H� WKH�GLVSOD\� WHFKQLTXHV� LQ� WHUPV�RI� WKH�FRQFHSWXDO� IUDPHZRUN�� DV

GHVFULEHG�DERYH�

7KLUG��,�GHWHUPLQHG�WKDW�WKH�HYDOXDWLRQ�ZRXOG�EH�VXFFHVVIXO�LI�WKH�VWXGLHV�,�FDUULHG�RXW�ZHUH

UHOLDEOH�� YDOLG�� JHQHUDOL]DEOH�� DQG� VKRZHG� VWDWLVWLFDOO\� VLJQLILFDQW� UHVXOWV�� 6LJQLILFDQW� UHVXOWV

ZHUH�IRXQG�LQ�&KDSWHU����DQG�ZLWKLQ�WKH�PHWKRGRORJLFDO�ERXQGDULHV�GLVFXVVHG�LQ�&KDSWHU���

,�FRQVLGHU�ERWK�VWXGLHV�WR�EH�UHOLDEOH�DQG�YDOLG�IRU�WKH�FRQWH[WV�LQ�ZKLFK�WKH\�ZHUH�FDUULHG

RXW��,�DOVR�GLVFXVVHG�ZD\V�WKDW�ERWK�VWXGLHV�JHQHUDOL]H��DQG�,�SURYLGH�VHYHUDO�JXLGHOLQHV�LQ�WKH

UHVHDUFK�IRU�ZKHQ�DQG�ZKHUH�ZRUNVSDFH�DZDUHQHVV�VXSSRUW�LV�OLNHO\�WR�EH�HIIHFWLYH�

)LQDOO\��,�KDYH�PDGH�SURJUHVV�RQ�WKH�RYHUDOO�UHVHDUFK�K\SRWKHVLV��6LQFH�LW�LV�DQ�RYHUDOO�FODLP�

LW� FDQQRW� EH� FRPSOHWHO\� GHFLGHG� IRU� DOO� VLWXDWLRQV� LQ� WKLV� GLVVHUWDWLRQ��+RZHYHU�� ,� SURYLGH

HYLGHQFH�WKDW�EHJLQV�WR�SXW�ZRUNVSDFH�DZDUHQHVV�RQ�DQ�HPSLULFDO�IRRWLQJ��DQG�,�KDYH�EHJXQ

WKH�SURFHVV�RI�GHWHUPLQLQJ�KRZ�DZDUHQHVV�ZRUNV�LQ�JURXSZDUH�XVDELOLW\�

�����0DLQ�FRQWULEXWLRQV

7KHUH�DUH�WKUHH�PDLQ�RULJLQDO�FRQWULEXWLRQV�WR�+&,�DQG�&6&:�UHVHDUFK��DOO�RI�ZKLFK�KDYH�WR

GR� ZLWK� WKH� XVH� RI� ZRUNVSDFH� DZDUHQHVV� DV� D� WRRO� IRU� LPSURYLQJ� UHDO�WLPH� GLVWULEXWHG

JURXSZDUH�V\VWHPV�

)LUVW�� ,� LGHQWLILHG� DQG� GHILQHG�ZRUNVSDFH� DZDUHQHVV� DV� D� GHVLJQ� UHTXLUHPHQW� IRU� UHDO�WLPH

GLVWULEXWHG� JURXSZDUH�� :RUNVSDFH� DZDUHQHVV� LV� DQ� LQWHJUDO� SDUW� RI� VKDUHG�ZRUNVSDFH

FROODERUDWLRQ� LQ� IDFH�WR�IDFH� VHWWLQJV�� DQG� DOWKRXJK� &6&:� UHVHDUFK� KDV� SUHYLRXVO\

UHFRJQL]HG�WKDW�DZDUHQHVV� LV� LPSRUWDQW�� WKH�QDWXUH�DQG�PHFKDQLFV�RI�ZRUNVSDFH�DZDUHQHVV

KDYH�QRW�EHHQ�DUWLFXODWHG�EHIRUH�

6HFRQG��,�FRQVWUXFWHG�RSHUDWLRQDO�GHVFULSWLRQV�RI�ZRUNVSDFH�DZDUHQHVV�WKDW�FDQ�EH�XVHG�LQ

GHVLJQLQJ�DQG�EXLOGLQJ�JURXSZDUH�V\VWHPV��7KHVH�GHVFULSWLRQV�EULQJ�WRJHWKHU�D�ZLGH�YDULHW\

RI�LQIRUPDWLRQ�IURP�P\�RZQ�REVHUYDWLRQDO�VWXGLHV�DQG�IURP�SUHYLRXV�OLWHUDWXUH��8QWLO�QRZ�

GHVLJQHUV�KDYH�KDG�IHZ�UHVRXUFHV�WR�KHOS�WKHP�RUJDQL]H�WKH�SUREOHP�RI�DZDUHQHVV�VXSSRUW�
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DVVHVV� ZRUN� VLWXDWLRQV�� RU� FRPSDUH� GHVLJQ� DQG� LQWHUIDFH� WHFKQLTXHV�� 7KH� FRQFHSWXDO

IUDPHZRUN�RI�&KDSWHU���DQG�WKH�PRUH�VSHFLILF�SULQFLSOHV�RI�&KDSWHU���SURYLGH�VRPH�RI�WKHVH

WRROV�

7KLUG��,�VKRZHG�WKDW�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�FDQ�VLJQLILFDQWO\�LPSURYH�WKH�XVDELOLW\

RI�JURXSZDUH�V\VWHPV��'HVSLWH�NQRZQ�GLIILFXOWLHV�LQ�ILQGLQJ�GLIIHUHQFHV�EHWZHHQ�JURXSZDUH

V\VWHPV��,�VKRZHG�LQ�&KDSWHU���WKDW�WKH�DGGLWLRQ�RI�LQIRUPDWLRQ�DERXW�ORFDWLRQ�DQG�DFWLRQV

FDQ�KDYH�PDMRU�HIIHFWV�RQ�D�JURXS·V�VSHHG��HIILFLHQF\��DQG�VDWLVIDFWLRQ��DQG�FDQ�DOVR�FKDQJH

WKH� ZD\� WKDW� WKH\� FDUU\� RXW� D� WDVN�� ,� DOVR� LGHQWLILHG� UHDVRQV� ZK\� DZDUHQHVV� LQIRUPDWLRQ

LPSURYHV� XVDELOLW\�� DQG� LGHQWLILHG� JHQHUDO� FKDUDFWHULVWLFV� RI� VLWXDWLRQV� ZKHUH� DZDUHQHVV

VXSSRUW�ZLOO�EH�HIIHFWLYH�

�����0LQRU�FRQWULEXWLRQV

7KHUH�DUH�DOVR�VHYHUDO�PLQRU�FRQWULEXWLRQV�PDGH�E\�WKLV�UHVHDUFK��WKHVH�FRQWULEXWLRQV�UDQJH

RYHU�D�ZLGH�YDULHW\�RI�DSSOLFDWLRQ�DUHDV�

��� ,� GHVLJQHG� DQG� EXLOW� D� VHW� RI� QRYHO� WHFKQLTXHV� IRU� SUHVHQWLQJ� ZRUNVSDFH� DZDUHQHVV

LQIRUPDWLRQ��,Q�SDUWLFXODU��VHYHUDO�RI� WKH�ZRUNVSDFH�YLVLELOLW\� WHFKQLTXHV�KDYH�QRW�EHHQ

VHHQ�EHIRUH�LQ�JURXSZDUH�V\VWHPV��LQFOXGLQJ�WKH�RYHU�WKH�VKRXOGHU�YLHZ��WKH�FXUVRU·V�H\H

YLHZ�� WKH� VWUXFWXUH� UDGDU�� DQG� ODWHU� YHUVLRQV� RI� WKH� UDGDU� YLHZ�� 7KH� SURWRW\SHV� DQG

V\VWHPV�WKDW�GHPRQVWUDWH�WKHVH�WHFKQLTXHV�KDYH�EHHQ�LQFOXGHG�LQ�WKH�VWDQGDUG�*URXS.LW

GLVWULEXWLRQ��DQG�DUH�WKHUHIRUH�DYDLODEOH�IRU�RWKHUV�WR�XVH�DQG�DGDSW�

��� ,�KDYH�LQFUHDVHG�XQGHUVWDQGLQJ�RI�JURXSZDUH�XVDELOLW\��,�GHILQHG�JURXSZDUH�XVDELOLW\�DV

WKH� GHJUHH� WR� ZKLFK� D� JURXSZDUH� V\VWHP� VXSSRUWV� FROODERUDWRUV� LQ� FDUU\LQJ� RXW� WKH

DFWLYLWLHV�RI�FROODERUDWLRQ��DQG�VHW�RXW�VHYHUDO�RI�WKRVH�DFWLYLWLHV�DQG�WKH�FULWHULD�RQ�ZKLFK

WKH\�FDQ�EH�MXGJHG��,�DOVR�DVVHVVHG�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�VHYHUDO�PHDVXUHV�IRU

PHDVXULQJ� JURXSZDUH� XVDELOLW\�� DVVHVVPHQWV� WKDW� FDQ� EH� XVHG� LQ� SODQQLQJ� IXUWKHU

HYDOXDWLRQV�

��� ,� JDWKHUHG� H[SHULPHQWDO� HYLGHQFH� WKDW� UHSOLFDWHV� DQG� UHLQIRUFHV� HDUOLHU� REVHUYDWLRQV

DERXW� WKH� UROH� RI� DQ� LQIRUPDWLRQ�ULFK� ZRUNVSDFH� LQ� DIIRUGLQJ� LQWHUDFWLRQ� EHWZHHQ

FROODERUDWRUV��H�J��7DQJ�������7DWDU�HW�DO�������&ODUN�������%UHQQDQ��������,Q�SDUWLFXODU�
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,�VKRZHG�KRZ�DGGLWLRQDO�PRGHV�RI� LQIRUPDWLRQ�DERXW� ORFDWLRQ�DQG�DFWLYLW\�FKDQJH� WKH

ZD\� WKDW� JURXSV� FDQ� SHUIRUP� WDVNV�� ,Q� DGGLWLRQ�� ,� DUWLFXODWHG� VRPH� RI� WKH� SULQFLSOHV

XQGHUO\LQJ� WKLV� UROH�� VXFK� DV� LQIRUPDWLRQ� UHGXQGDQF\� DQG� ZRUNVSDFH� DZDUHQHVV� DV

FRPPRQ�JURXQG�

��� ,� LQYHVWLJDWHG� WKH� WUDGHRII� EHWZHHQ� GHVLJQLQJ� LQWHUIDFHV� IRU� LQGLYLGXDO� IOH[LELOLW\� DQG

FRQWURO�� DQG� IRU� GHVLJQLQJ� WKHP� WR� KHOS� JURXSV� PDLQWDLQ� ZRUNVSDFH� DZDUHQHVV�� ,

LGHQWLILHG� DUHDV� LQ� JURXSZDUH� LQWHUIDFHV� WKDW�PXVW� DGGUHVV� WKLV� WUDGHRII�� DQG� VXJJHVWHG

VHYHUDO�WHFKQLTXHV�WKDW�FDQ�OHVVHQ�LWV�LPSDFW�

��� 'XULQJ� H[SORUDWLRQ� RI� WHFKQLTXHV� IRU� SURYLGLQJ� ZRUNVSDFH� YLVLELOLW\�� ,� XVHG� VHYHUDO

H[LVWLQJ� YLVXDOL]DWLRQ� WHFKQLTXHV� DV� UHSUHVHQWDWLRQV� IRU� JURXSZDUH� ZRUNVSDFHV�� 7KHVH

LQFOXGHG�ILVKH\H�YLHZV��'UDJ0DJ�YLHZV��DQG�WUDQVSDUHQW�RYHUOD\V��0\�LQYHVWLJDWLRQ�LV�RQH

RI� WKH� ILUVW� XVHV� RI� WKHVH� WHFKQLTXHV� HLWKHU� DV� LQWHUDFWLYH� GLVSOD\V� RU� DV� JURXSZDUH

ZRUNVSDFHV�

�����([WHQGLQJ�WKH�ILQGLQJV

$OWKRXJK� WKH� UHVXOWV�SUHVHQWHG� LQ� WKLV�GLVVHUWDWLRQ�ZHUH� REWDLQHG�E\� FDUHIXOO\� FRQVWUDLQLQJ

WKH� VLWXDWLRQ� XQGHU� LQYHVWLJDWLRQ�� WKHUH� DUH� VHYHUDO� ZD\V� LQ� ZKLFK� WKH� ILQGLQJV� FDQ� EH

JHQHUDOL]HG� DQG� H[WHQGHG�� %HORZ�� ,� FROOHFW� DQG� VXPPDUL]H� LGHDV� DERXW� WKUHH� ZD\V� LQ

SDUWLFXODU� WKDW�KDYH�EHHQ�GLVFXVVHG� LQ�SUHYLRXV�FKDSWHUV��7KHVH� WKUHH�DUH�� WKH�H[WHQVLRQ�RI

WKH�H[SHULPHQWDO�UHVXOWV�WR�RWKHU�WDVNV�DQG�RWKHU�VLWXDWLRQV��WKH�DSSOLFDELOLW\�RI�WKH�UHVHDUFK

SURFHVV� WR� RWKHU� +&,� DQG� &6&:� UHVHDUFK�� DQG� WKH� GLVWLOODWLRQ� RI� JHQHUDO� OHVVRQV� IRU

SUDFWLWLRQHUV�DQG�GHVLJQHUV�RI�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH�

�������7KH�H[SHULPHQWDO�UHVXOWV

$�NH\�TXHVWLRQ� LQ� H[WHQGLQJ� WKH� H[SHULPHQWDO� UHVXOWV�RI�&KDSWHU� �� LV� WKH� GHJUHH� WR�ZKLFK

VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�ZLOO�LPSURYH�WKH�XVDELOLW\�RI�RWKHU�JURXSZDUH�V\VWHPV�WKDW

LQYROYH�RWKHU�WDVNV�DQG�RWKHU�ZRUN�VLWXDWLRQV��7KHUH�DUH�WZR�LVVXHV�WR�FRQVLGHU��KRZ�ZHOO�WKH

H[SHULPHQWDO�WDVNV�WUDQVIHU�WR�RWKHU�GRPDLQV��DQG�KRZ�XVHIXO�ZRUNVSDFH�DZDUHQHVV�VXSSRUW

ZLOO�EH�LQ�PRUH�UHDOLVWLF�WDVNV�
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)LUVW�� ,�EHOLHYH� WKDW� WKH� H[SHULPHQWDO� UHVXOWV� GR� H[WHQG� WR� RWKHU� GRPDLQV�� DQG�P\� UHDVRQV

UHYROYH�DURXQG�WKH�IDFW�WKDW�WKH�WDVNV�XVHG�LQ�WKH�H[SHULPHQW�DUH�FRPPRQ�WR�PDQ\�NLQGV�RI

FROODERUDWLRQ�� 7KDW� LV�� WKH� DFWLYLWLHV� RI� IROORZLQJ�� FRS\LQJ�� DQG� GLUHFWLQJ� DUH� QRW� WLHG� WR

FRQVWUXFWLRQ� WDVNV�� EXW� DUH� JHQHUDO� WR� PDQ\� NLQGV� RI� VKDUHG�ZRUNVSDFH� DFWLYLWLHV�� )RU

H[DPSOH��WKH�WKUHH�WDVNV�LQ�WKH�H[SHULPHQW�FRXOG�MXVW�DV�HDVLO\�KDYH�WDNHQ�SODFH�LQ�D�FRQFHSW�

PDSSLQJ�V\VWHP�DV� LQ�D�SLSHOLQH�FRQVWUXFWLRQ�V\VWHP��7KH�XQGHUO\LQJ� WKHPH� LV� WKDW�FHUWDLQ

DVSHFWV� RI� FROODERUDWLRQ� LQ� VKDUHG� ZRUNVSDFHV� DUH� LQYDULDQW� UHJDUGOHVV� RI� WKH� WDVN�� LQ

SDUWLFXODU�� WKH� DFWLYLWLHV� RI� FROODERUDWLRQ� �VXFK� DV� FRPPXQLFDWLRQ�� FRRUGLQDWLRQ�� FRXSOLQJ�

WKDW�,�GLVFXVVHG�LQ�&KDSWHU����7KLV�FODLP�UHPDLQV�WR�EH�WHVWHG�E\�UHSOLFDWLQJ�WKH�H[SHULPHQWDO

WDVNV�LQ�RWKHU�GRPDLQV�

,I�FHUWDLQ�FROODERUDWLYH�DFWLYLWLHV�VXFK�DV�IROORZLQJ��FRS\LQJ��DQG�GLUHFWLQJ�DUH�LQ�IDFW�JHQHUDO

WR�PDQ\�VKDUHG�ZRUNVSDFH�WDVNV��WKH�VHFRQG�LVVXH�FRQFHUQV�ZKHWKHU�DZDUHQHVV�VXSSRUW�ZLOO

EH�DV�VXFFHVVIXO�LQ�RWKHU�GRPDLQV�DV�LW�ZDV�LQ�WKH�H[SHULPHQW��7KLV�LVVXH�FDQQRW�EH�GHFLGHG

ZLWKRXW�NQRZOHGJH�RI�WKH�ZRUN�VLWXDWLRQ�DQG�WKH�XVHUV�RI�WKH�JURXSZDUH�V\VWHP��$V�,�GLVFXVV

LQ� 6HFWLRQ� ������ WKH� YDOXH� RI� KDYLQJ� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� LQ� WKH� LQWHUIDFH

GHSHQGV�RQ�WKH�DPRXQW�RI�LQWHUDFWLRQ�WKDW�WKH�WDVN�GHPDQGV�EHWZHHQ�WKH�JURXS�PHPEHUV�

DQG�WKH� LQIRUPDWLRQ�FRQWHQW�RI�RWKHUV·� LQWHUDFWLRQ�ZLWK� WKH�ZRUNVSDFH�� ,Q�DGGLWLRQ��DQG�DV

H[HPSOLILHG� E\� WKH� &RS\� WDVN�� WKH� H[LVWLQJ� FKDQQHOV� DQG� PHFKDQLVPV� IRU� PDLQWDLQLQJ

ZRUNVSDFH�DZDUHQHVV�PXVW�EH�FRQVLGHUHG�GXULQJ� WKH�GHVLJQ�RI�DGGLWLRQDO�VXSSRUW�� ,Q�VXP�

WKH� H[SHULPHQW� RI� &KDSWHU� �� VKRZV� QRW� VR� PXFK� WKDW� ZRUNVSDFH� DZDUHQHVV� VXSSRUW� ZLOO

LPSURYH�XVDELOLW\�LQ�DOO�V\VWHPV��EXW�WKDW�WKHUH�DUH�JHQHUDO�FKDUDFWHULVWLFV�RI�V\VWHPV�ZKHUH�LW

FDQ�LPSURYH�XVDELOLW\�

�������7KH�UHVHDUFK�SURFHVV

7KH�ILQGLQJV�LQ�WKLV�UHVHDUFK�FDQ�EH�H[WHQGHG�WR�PRUH�JHQHUDO�VLWXDWLRQV�LQ�SDUW�EHFDXVH�RI

WKH�QDWXUH�RI�WKH�UHVHDUFK�SURFHVV�XVHG��,Q�SDUWLFXODU��WKH�FRQVWUXFWLRQ�RI�D�WKHRUHWLFDO�DQG

SUDFWLFDO� LQIUDVWUXFWXUH� LQ� WKH� ILUVW� SDUWV� RI� WKH� GLVVHUWDWLRQ� DOORZHG� PH� WR� WUDFH� WKH

H[SHULPHQWDO� UHVXOWV� EDFN� WR�ZHOO�GRFXPHQWHG� NQRZOHGJH� DERXW� DZDUHQHVV� DQG�ZRUNVSDFH

DZDUHQHVV�� 7KH� WKHRUHWLFDO� EDVLV� SURYLGHG� VRPH� JHQHUDWLYH� SRZHU� LQ� GHVLJQLQJ�ZRUNVSDFH

DZDUHQHVV�GLVSOD\V��EXW�LWV�UHDO�FRQWULEXWLRQ�OD\�LQ�RUJDQL]LQJ�DQG�FRPSDULQJ�GHVLJQV��DQG�LQ
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KHOSLQJ� WR�H[SODLQ� WKH� UHVXOWV�RI� WULDOV� DQG�HYDOXDWLRQV��)RU�H[DPSOH�� WKH�SHUFHSWLRQ�DFWLRQ

F\FOH� LQWURGXFHG� LQ� &KDSWHU� �� VHUYHG� DV� D� YDOXDEOH� WRRO� LQ� H[SODLQLQJ� WKH� UHVXOWV� RI� WKH

XVDELOLW\�VWXG\��DQG�SUHYLRXV�ZRUN�RQ�FRPPXQLFDWLRQ�LQ�VKDUHG�VSDFHV��6HFWLRQ��������VHUYHG

DV�SULQFLSOHV�WR�DFFRXQW�IRU�WKH�UHVXOWV�RI�WKH�FRQWUROOHG�H[SHULPHQW��7KH�DSSURDFK�RI�W\LQJ

GHVLJQ� UHVHDUFK� WR� H[LVWLQJ� WKHRU\�� DQG� WKH� WKUHH�VWDJH� F\FOH� RI� RSHUDWLRQDOL]DWLRQ�

DSSOLFDWLRQ��DQG�HYDOXDWLRQ��FDQ�DQG�VKRXOG�EH�XVHG�LQ�RWKHU�DUHDV�RI�+&,�DQG�&6&:�

�������/HVVRQV�IRU�SUDFWLWLRQHUV

,Q�SUHYLRXV�FKDSWHUV��,�KDYH�JLYHQ�VHYHUDO�VHYHUDO�SULQFLSOHV�DQG�JXLGHOLQHV�IRU�LPSURYLQJ�WKH

GHVLJQ�RI�UHDO�WLPH�JURXSZDUH�V\VWHPV��+RZHYHU��D�IHZ�JHQHUDO�OHVVRQV�FDQ�EH�GLVWLOOHG�IURP

WKH� ZRUN� WR� DFW� DV� NH\V� IRU� GHVLJQHUV�� )LUVW� DQG� IRUHPRVW� RI� WKHVH� LV� WKDW� ZRUNVSDFH

DZDUHQHVV�LV�D�UHDO�GHVLJQ�UHTXLUHPHQW�RI�JURXSZDUH��DQG�GHVLJQHUV�PXVW�WKLQN�DERXW�ZKDW

SHRSOH� QHHG� WR� NQRZ� DERXW� RQH� DQRWKHU� ZKHQ� ZRUNLQJ� LQ� D� VKDUHG� ZRUNVSDFH�� ,Q�PDQ\

FDVHV��FXUUHQW�JURXSZDUH�V\VWHPV�FRPSOHWHO\� LJQRUH�WKH� LVVXH�RI�ZRUNVSDFH�DZDUHQHVV��DQG

GR�QRW�SURYLGH�HYHQ�EDVLF�VXSSRUW�WHFKQLTXHV�OLNH�WHOHSRLQWHUV��LQ�WKHVH�V\VWHPV��D�OLWWOH�H[WUD

GHVLJQ�WKRXJKW�ZRXOG�JR�D�ORQJ�ZD\�LQ�LPSURYLQJ�XVDELOLW\��7KH�VHFRQG�OHVVRQ�LV�WKDW�WKHUH

DUH�D�QXPEHU�RI�VLPSOH�VWDUWLQJ�SRLQWV�IRU�WKLQNLQJ�DERXW�ZRUNVSDFH�DZDUHQHVV�VXSSRUW��7KH

WKUHH�SDUWV�RI�WKH�FRQFHSWXDO�IUDPHZRUN�GHDO�ZLWK�WKUHH�EDVLF�TXHVWLRQV³ZKDW�LQIRUPDWLRQ

LV�QHHGHG��KRZ�LV�LW�REWDLQHG��DQG�KRZ�LV�LW�XVHG³WKDW�FDQ�EH�FRQVLGHUHG�LQ�DQ\�JURXSZDUH

GHVLJQ�SURMHFW��7KH�WKLUG�OHVVRQ�LV�WKDW�DOWKRXJK�EDVLF�VXSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�FDQ

PDNH�D�ODUJH�GLIIHUHQFH�LQ�D�V\VWHP�ZLWK�QR�VXSSRUW��GHVLJQHUV�PXVW�EH�FDUHIXO�QRW�WR�DVVXPH

WRR�PXFK� DERXW� KRZ�KXPDQ� LQWHUDFWLRQ�ZLOO�ZRUN��&ROODERUDWLRQ� LQ� VKDUHG�ZRUNVSDFHV� LV

ULFK�DQG�FRPSOH[��DQG�SURYLGLQJ�PRUH�FRPSUHKHQVLYH�DZDUHQHVV�VXSSRUW�ZLOO�RIWHQ�UHTXLUH

FRQVLGHUDEOH�ZRUN�

�����)XWXUH�ZRUN

7KLV� UHVHDUFK� UDLVHV� PDQ\� QHZ� TXHVWLRQV�� ,� GHVFULEH� IRXU� JHQHUDO� DUHDV� EHORZ� WKDW� VKRZ

SURPLVH� IRU� IXUWKHU� UHVHDUFK� EDVHG� RQ� ZKDW� ,� KDYH� GRQH� VR� IDU�� IXUWKHU� H[SORUDWLRQ� RI

ZRUNVSDFH�DZDUHQHVV��IXUWKHU�LQYHVWLJDWLRQ�RI�JURXSZDUH�XVDELOLW\��VXSSRUW�IRU�DZDUHQHVV�DW

WKH�WRRONLW�OHYHO��DQG�LQYHVWLJDWLRQ�RI�SULYDF\�DQG�DZDUHQHVV�
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�������)XUWKHU�H[SORUDWLRQ�RI�ZRUNVSDFH�DZDUHQHVV

$OWKRXJK�,�KDYH�GRQH�FRQVLGHUDEOH�GHVLJQ�DQG�HYDOXDWLRQ�ZRUN� LQ�WKLV�GLVVHUWDWLRQ��IXUWKHU

UHVHDUFK�LV�ZDUUDQWHG�LQ�ERWK�WKHVH�DUHDV��,�RXWOLQH�ILYH�QDWXUDO�H[WHQVLRQV�EHORZ�

• 7KH�DZDUHQHVV�GLVSOD\V��SDUWLFXODUO\�WKH�UDGDU�YLHZ��VKRXOG�EH�WHVWHG�LQ�D�ZLGHU�UDQJH�RI

VHWWLQJV� WR� EURDGHQ� XQGHUVWDQGLQJ� RI� ZKHQ� DQG� ZKHUH� DZDUHQHVV� VXSSRUW� LV� YDOXDEOH�

2WKHU� VHWWLQJV� LQFOXGH� GLIIHUHQW� W\SHV� RI� WDVNV� DQG� ODUJHU� JURXSV� ����� SHRSOH��� ,� KDYH

LQIRUPDOO\�REVHUYHG�WKH�XVH�RI�WKH�UDGDU�YLHZ�ZLWK�D�ODUJHU�JURXS��DQG�LW�VHHPV�FOHDU�WKDW

WKHUH� ZLOO� EH� GLIIHUHQFHV� EHWZHHQ� SDLUV� DQG� ODUJHU� JURXSV� LQ� ERWK� FRPSXWDWLRQDO

SHUIRUPDQFH�DQG�GLVSOD\�XVH��)RU�H[DPSOH��DV�PHQWLRQHG�LQ�&KDSWHU����LGHQWLILFDWLRQ�DQG

FOXWWHU�EHFRPH�ELJJHU�SUREOHPV�ZKHQ�WKHUH�DUH�PRUH�WKDQ�WZR�SHRSOH�LQ�WKH�ZRUNVSDFH�

• :RUNVSDFH� DZDUHQHVV� VKRXOG� EH� H[SORUHG� LQ� RWKHU� PRUH� UHDOLVWLF� ZRUN� FRQWH[WV�� )RU

H[DPSOH��D�UHDVRQDEOH�VHWWLQJ�FRXOG�LQYROYH�GLVWULEXWHG�HQJLQHHULQJ�ZRUN�RYHU�WHFKQLFDO

GUDZLQJV�LQ�DQ�RUJDQL]DWLRQ�ZLWK�KHDG�DQG�ILHOG�RIILFHV��/RRNLQJ�DW�ZRUNVSDFH�DZDUHQHVV

LQ� DQ� RQJRLQJ� ZRUN� VLWXDWLRQ� ZRXOG� UHTXLUH� GLIIHUHQW� PHWKRGV� WKDQ� ,� XVHG� KHUH�� ,Q

SDUWLFXODU��QDWXUDOLVWLF�WHFKQLTXHV�IRU�DQDO\]LQJ�ZRUN�DFWLYLW\�DQG�HYDOXDWLQJ�V\VWHPV�DUH

FDOOHG�IRU��VXFK�DV�HWKQRJUDSK\��FRQWH[WXDO�LQTXLU\��RU�LQWHUDFWLRQ�DQDO\VLV�

• ,�FRQVWUDLQHG�P\�LQYHVWLJDWLRQ�RI�ZRUNVSDFH�DZDUHQHVV�E\�ORRNLQJ�SULPDULO\�DW�DZDUHQHVV

RI�WKH�SUHVHQW��WKDW�LV��ZKR��ZKDW��DQG�ZKHUH�TXHVWLRQV��7KLV�OHDYHV�RSHQ�D�EURDG�DUHD�RI

UHVHDUFK� LQWR� DZDUHQHVV� RI� FKDQJH� WKDW� ,� H[SORUHG� RQO\� EULHIO\� �H�J�� 6HFWLRQ� �������

3URYLGLQJ�LQIRUPDWLRQ�DERXW�WKH�SDVW�LV�RQH�ZD\�WKDW�D�JURXSZDUH�V\VWHP�FDQ�JR�EH\RQG

ZKDW�LV�QDWXUDOO\�DYDLODEOH�LQ�D�IDFH�WR�IDFH�ZRUNVSDFH��$OWKRXJK�SK\VLFDO�VSDFHV�SURYLGH

ULFK� LQIRUPDWLRQ� DERXW� WKH� SUHVHQW�� WKH\� GR� QRW� RIWHQ� VWRUH� LW� IRU� ODWHU� SHUXVDO�

,QIRUPDWLRQ� DERXW� FKDQJH� FRXOG� EH� XVHG� WR� KHOS� SHRSOH� EULQJ� WKHPVHOYHV� XS� WR� GDWH

ZKHQ�WKH\�UHYLVLW�SDUWV�RI�WKH�ZRUNVSDFH��RU�FRXOG�EH�XVHG�WR�VKRZ�KRZ�DQ�DUWLIDFW�KDV

EHHQ�XVHG�RYHU�WLPH�

• )XUWKHU� ZRUN� FDQ� EH� GRQH� LQ� XVLQJ� YLVXDOL]DWLRQ� WHFKQLTXHV� WR� DGGUHVV� WKH� YLVLELOLW\

SUREOHP� LQ� JURXSZDUH� ZRUNVSDFHV�� ,� KDYH� FDUULHG� RXW� VRPH� LQLWLDO� LQYHVWLJDWLRQV� RI

ILVKH\H� YLHZV� DQG� PDJQLILHU� YLHZV� �6HFWLRQ� �������� EXW� IXUWKHU� GHYHORSPHQW�� RWKHU

GHVLJQV��DQG�HYDOXDWLRQ�DUH�\HW�WR�EH�GRQH��7KHUH�DUH�D�QXPEHU�RI�XVDELOLW\�LVVXHV�WR�EH
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FRQVLGHUHG� ZLWK� WKHVH� WHFKQLTXHV�� LQYROYLQJ� VHYHUDO� DVSHFWV� RI� FROODERUDWLRQ�� IRU

H[DPSOH��FDQ�WZR�SHRSOH�DGHTXDWHO\�LQGLFDWH�DUWLIDFWV�WR�RQH�DQRWKHU�ZKHQ�WKHLU�YLHZV�RI

WKH�ZRUNVSDFH� ORRN� GLIIHUHQW��:RUNLQJ�ZLWK� WKHVH� LVVXHV�ZLOO� DOVR� OHDG� LQWR� WKH� ODUJHU

SUREOHP� RI� PDLQWDLQLQJ� DZDUHQHVV� ZKHQ� HDFK� SHUVRQ� FDQ� FKDQJH� WKH� ZRUNVSDFH

UHSUHVHQWDWLRQ�WKDW�WKH\�VHH��6HFWLRQ��������

• 2QH� RI� WKH� PDLQ� REVWDFOHV� WR� QDWXUDO� LQWHUDFWLRQ� LQ� VWDQGDUG� ZRUNVWDWLRQ�EDVHG

JURXSZDUH� LV� WKH� FRQVWUDLQWV� LPSRVHG� E\� FXUUHQW� WHFKQRORJ\� �VHH� 6HFWLRQ� ������ 7KH

SRWHQWLDO� IRU� DGGLQJ� LQIRUPDWLRQ� WR� D� JURXSZDUH� HQYLURQPHQW� LQFUHDVHV� GUDPDWLFDOO\

ZKHQ�QRYHO�LQSXW�GHYLFHV��GLVSOD\�WHFKQRORJ\��DQG�LQWHUDFWLRQ�WHFKQLTXHV�DUH�FRQVLGHUHG�

,Q�WKLV�GLVVHUWDWLRQ��,�OLPLWHG�P\�VFRSH�IRU�WKH�PRVW�SDUW�WR�VWDQGDUG�ZRUNVWDWLRQ�EDVHG

JURXSZDUH�WHFKQRORJ\��:RUNVSDFH�DZDUHQHVV��KRZHYHU��ZLOO�DOVR�SOD\�DQ�LPSRUWDQW�UROH

LQ�V\VWHPV�ZLWK�PRUH�QRYHO�LQSXW�DQG�GLVSOD\�GHYLFHV��DQG�WKLV�UROH�VKRXOG�EH�H[SORUHG�

$OWKRXJK�UHTXLUHPHQWV�IRU�DZDUHQHVV�ZLOO�QRW�FKDQJH�ZLWK�WKH�DGGLWLRQ�RI�QHZ�GHYLFHV�

WKH� GHVLJQHU� ZLOO� KDYH� D� PXFK� ZLGHU� UDQJH� RI� SRVVLELOLW\� IRU� FRQYH\LQJ� DZDUHQHVV

LQIRUPDWLRQ��)RU�H[DPSOH�� WKUHH�GLPHQVLRQDO� VRXQG�FRXOG�EH�XVHG� WR� FRQYH\�GLUHFWLRQ

DQG� SUR[LPLW\� LQIRUPDWLRQ� DERXW� DFWLRQV�� DQG� DGYDQFHG� LQSXW� GHYLFHV� VXFK� DV� H\H

WUDFNHUV�FRXOG�SURYLGH�LQIRUPDWLRQ�DERXW�JD]H�GLUHFWLRQ�

�������*URXSZDUH�XVDELOLW\

8VDELOLW\�LV�QRW�D�ZHOO�XQGHUVWRRG�TXDOLW\�LQ�JURXSZDUH�V\VWHPV��7KHUH�KDV�EHHQ�OLWWOH�ZRUN

GRQH� LQ� GHILQLQJ� JURXSZDUH� XVDELOLW\�� LQ� GHWHUPLQLQJ� WKH� FKDUDFWHULVWLFV� RI� H[LVWLQJ� XVDEOH

V\VWHPV�� RU� LQ� HVWDEOLVKLQJ�PHWULFV� IRU� DVVHVVLQJ� WKH� XVDELOLW\� RI�PXOWL�XVHU� VRIWZDUH�� 7KLV

VLWXDWLRQ� VWDQGV� LQ� FRQWUDVW� WR� XVDELOLW\� ZRUN� LQ� VLQJOH�XVHU� V\VWHPV�� ZKHUH� XVDELOLW\

HQJLQHHULQJ�DQG�WHVWLQJ�SUDFWLFHV�KDYH�PDGH�D�WUHPHQGRXV�LPSDFW�RQ�WKH�VRIWZDUH�LQGXVWU\��,

EHOLHYH� WKDW�D�EHWWHU�XQGHUVWDQGLQJ�RI�JURXSZDUH�XVDELOLW\�FDQ�KDYH�D� VLPLODU� HIIHFW�RQ� WKH

QDVFHQW�ILHOG�RI�¶JURXSZDUH�HQJLQHHULQJ�·

,Q� &KDSWHU� ��� ,� GHILQHG� JURXSZDUH� XVDELOLW\� DV� WKH� GHJUHH� WR� ZKLFK� D� JURXSZDUH� V\VWHP

VXSSRUWV�SHRSOH�LQ�FDUU\LQJ�RXW�WKH�DFWLYLWLHV�RI�FROODERUDWLRQ��$OWKRXJK�,� LGHQWLI\�VRPH�RI

WKHVH� DFWLYLWLHV� �H�J�� FRPPXQLFDWLRQ�� FRRUGLQDWLRQ�� FRXSOLQJ��� PRUH� ZRUN� LV� UHTXLUHG� WR

GHWHUPLQH�WKH�HOHPHQWV�RI�WHDPZRUN�IRU�VKDUHG�ZRUNVSDFH�JURXSZDUH��,Q�DGGLWLRQ��IXUWKHU
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UHVHDUFK�PXVW�FRQVLGHU�WKH�FULWHULD�WKDW�GHWHUPLQH�ZKHQ�WKH�DFWLYLW\�LV�VXFFHVVIXO�DQG�ZKHQ

XQVXFFHVVIXO��DQG�PXVW�DOVR�GHWHUPLQH�KRZ�WKHVH�FULWHULD�FDQ�EH�WUDQVODWHG�LQWR�DSSURSULDWH

PHWULFV� IRU� XVDELOLW\� WHVWLQJ�� $OWKRXJK� UHVHDUFK� LQ� JURXS� G\QDPLFV� FDQ� SURYLGH� D� VWDUWLQJ

SRLQW��QRW�D�JUHDW�GHDO�LV�NQRZQ�DERXW�KRZ�JURXSV�FDUU\�RXW�SK\VLFDO�SHUIRUPDQFH�WDVNV��H�J�

0F*UDWK� ������� $JDLQ�� QDWXUDOLVWLF� VWXGLHV� RI� ZRUN� VLWXDWLRQV� �H�J�� +HDWK� DQG� /XII� �����

+XWFKLQV�������ZLOO�EH�KHOSIXO�

�������7RRONLW�OHYHO�IDFLOLWLHV�IRU�VXSSRUWLQJ�DZDUHQHVV

6XSSRUW�IRU�ZRUNVSDFH�DZDUHQHVV�GRHV�QRW�FRPH�ZLWKRXW�FRVWV��,I�WKH�EXUGHQ�RI�FROOHFWLQJ�

GLVWULEXWLQJ��RU�GLVSOD\LQJ�DZDUHQHVV�LQIRUPDWLRQ�LV�WRR�ODUJH��HLWKHU�IRU�WKH�GHYHORSHU�RU�IRU

WKH� UXQ�WLPH� V\VWHP�� WKHQ� WKH� EHQHILWV� RI� WKH� DZDUHQHVV� VXSSRUW� ZLOO� EH� ORVW�� 7KHUHIRUH�

UHVHDUFK� LV� QHHGHG� RQ� ZD\V� WR� IUHH� WKH� GHYHORSHU� IURP� VRPH� RI� WKH� WDVNV� RI� PDQDJLQJ

DZDUHQHVV�LQIRUPDWLRQ��DQG�RQ�ZD\V�WR�PDNH�DZDUHQHVV�VXSSRUW�IDVWHU�DQG�PRUH�HIILFLHQW��,

FRQVLGHU� WZR� LVVXHV� EHORZ�� UHGXFLQJ� GHYHORSPHQW� FRVWV�� DQG� UHGXFLQJ� UXQ�WLPH� FRVWV� IRU

GLVWULEXWLRQ�RI�LQIRUPDWLRQ�

,I� DQ� DSSOLFDWLRQ� GHYHORSHU� LV� UHVSRQVLEOH� IRU� JDWKHULQJ�� GLVWULEXWLQJ�� DQG� GLVSOD\LQJ

ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ��JURXSZDUH�GHYHORSPHQW�ZLOO�EH�PDGH�PRUH�FRPSOH[��)RU

H[DPSOH��LQ�WKH�SLSHOLQH�V\VWHP�EXLOW�IRU�&KDSWHU����PRUH�WKDQ�����RI�WKH�FRGH������RI�����

OLQHV��ZDV�XVHG�WR�PDQDJH�DZDUHQHVV�LQIRUPDWLRQ��LQ�WKH�QHZVSDSHU�DSSOLFDWLRQ�RI�&KDSWHU���

WKH� WRWDO� LV� ���� ����� RI� ���� OLQHV��� $� SRVVLEOH� VROXWLRQ� WR� WKLV� SUREOHP� LV� WR� SURYLGH

VWUXFWXUHV� DQG� DEVWUDFWLRQV� LQ� WKH� JURXSZDUH� WRRONLW� WKDW� KDQGOH� WKH� GHWDLOV� RI� FROOHFWLQJ�

GLVWULEXWLQJ�� DQG�GLVSOD\LQJ� DZDUHQHVV� LQIRUPDWLRQ��)RU� WKH�*URXS.LW� WRRONLW�� WKH� VROXWLRQ

FRXOG� EH� EDVHG� XSRQ� D� V\VWHP�OHYHO� VKDUHG� HQYLURQPHQW� WKDW� VWRUHV� DQG� GLVWULEXWHV

LQIRUPDWLRQ� DERXW� WKH� HOHPHQWV�RI�ZRUNVSDFH� DZDUHQHVV��7KH� HQYLURQPHQW�ZRXOG� FRQWDLQ

HQWULHV� IRU� HDFK� HOHPHQW� RI� DZDUHQHVV�� LQFOXGLQJ� ZKR�� ZKHUH�� DQG� ZKDW� LQIRUPDWLRQ�� DQG

SRVVLEO\�DOVR�KRZ�DQG�ZKHQ�LQIRUPDWLRQ��7KH�HQYLURQPHQW�ZRXOG�SURYLGH�GHIDXOW�VHUYLFHV��D

VWDQGDUG�$3,��DQG�IDFLOLWLHV�IRU�H[WHQVLRQ�DQG�FXVWRPL]DWLRQ�

7KH�VHFRQG�FRVW�RI�SURYLGLQJ�DZDUHQHVV� LQIRUPDWLRQ� LV� WKH� ORDG� WKDW� LW�SODFHV�RQ� WKH� ORFDO

V\VWHP� WKURXJK� DGGLWLRQDO� LQWHUIDFH� GLVSOD\� DQG� QHWZRUN� FRPPXQLFDWLRQ�� 6LQFH� DZDUHQHVV

LQIRUPDWLRQ�LV�JHQHUDOO\�UHTXLUHG�IRU�HDFK�PHPEHU�RI�WKH�JURXS��ORDGV�ZLOO� LQFUHDVH�OLQHDUO\
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DV�PRUH�SHRSOH� MRLQ� WKH� FRQIHUHQFH��+RZHYHU�� OLQHDU� LQFUHDVH� LV� QRQ�WULYLDO� LQ� WKH� FDVH� RI

VPDOO� JURXSV�� LQFUHDVLQJ� WKH� VL]H� RI� WKH� JURXS� IURP� WZR� WR� WKUHH� GRXEOHV� WKH� QXPEHU� RI

PHVVDJHV� HDFK� PDFKLQH� PXVW� SURFHVV�� 7KHUH� DUH� VHYHUDO� SRVVLEOH� VWUDWHJLHV� WR� SUHYHQW

PDFKLQHV� IURP� EHLQJ� RYHUORDGHG� E\� DZDUHQHVV� LQIRUPDWLRQ�� 7KUHH� WHFKQLTXHV� WKDW

FRQFHQWUDWH� RQ� PDQDJLQJ� FRPPXQLFDWLRQ� ORDG� DUH� GHVFULEHG� EHORZ�� IOH[LEOH� PHVVDJH�

SDVVLQJ��FHQWUDOL]HG�DZDUHQHVV�GDWD��DQG�SULRUL]DWLRQ�RI�DZDUHQHVV�LQIRUPDWLRQ�

• )OH[LEOH� PHVVDJH�SDVVLQJ�� 'LIIHUHQW� NLQGV� RI� GDWD� LQ� D� JURXSZDUH� V\VWHP� KDYH� GLIIHUHQW

FKDUDFWHULVWLFV��)RU�H[DPSOH��WHOHSRLQWHU�PHVVDJHV�UHTXLUH�ORZ�ODWHQF\��EXW�GR�QRW�VXIIHU

IURP�D�IHZ�ORVW�RU�RXW�RI�RUGHU�PHVVDJHV��0HVVDJHV�DERXW�REMHFW�VWDWH�GDWD��RQ�WKH�RWKHU

KDQG��PD\�DOORZ�JUHDWHU�ODWHQF\�EXW�JHQHUDOO\�PXVW�EH�H[HFXWHG�LQ�RUGHU��&RPPXQLFDWLRQ

PHFKDQLVPV� LQ� D� JURXSZDUH� DSSOLFDWLRQ� FRXOG� WDNH� DGYDQWDJH� RI� WKHVH� GLIIHUHQW

FKDUDFWHULVWLFV� WR� PDLQWDLQ� ORFDO� SHUIRUPDQFH�� 7KDW� LV�� GLIIHUHQW� PHDQV� IRU

FRPPXQLFDWLQJ� FRXOG� EH�PDWFKHG� WR� GLIIHUHQW� W\SHV� RI�PHVVDJHV�� )RU� H[DPSOH�� XVLQJ

GLIIHUHQW� SURWRFROV� �H�J�� 7&3�,3� RU� 8'3�� SURYLGH� GLIIHUHQW� VSHHG� DQG� VHUYLFH

JXDUDQWHHV�� DQG� GLIIHUHQW� PHVVDJH� W\SHV� �H�J�� 53&� RU� ´UDZ� GDWDµ�� LPSO\� GLIIHUHQW

DPRXQWV�RI�VHQG�DQG�UHFHLYH�RYHUKHDG�

• &HQWUDOL]HG� DZDUHQHVV� HQYLURQPHQW�� ,Q� VLWXDWLRQV�ZKHUH�PDFKLQHV� FDQQRW� NHHS� XS�ZLWK� WKH

DZDUHQHVV�LQIRUPDWLRQ�SURGXFHG��LW�PD\�EH�QHFHVVDU\�WR�FKDQJH�WKH�GDWD�DUFKLWHFWXUH�RI

WKH�DZDUHQHVV�HQYLURQPHQW��)RU�H[DPSOH��WKH�HQYLURQPHQW�FRXOG�EH�FHQWUDOL]HG�RQ�RQH

PDFKLQH�� ZLWK� SHULRGLF� XSGDWHV� WR� HDFK� PDFKLQH� ZKHUH� WKH� SHULRG� GHSHQGV� RQ� WKH

PDFKLQH·V�VSHHG��,Q�RWKHU�FDVHV��PDFKLQHV�ZRXOG�UHTXHVW�DQ�DZDUHQHVV�XSGDWH�ZKHQ�WKH\

KDG�WLPH�WR�SURFHVV�WKH�LQIRUPDWLRQ�

• 3ULRUL]DWLRQ� RI� DZDUHQHVV� LQIRUPDWLRQ�� 6LQFH� GLIIHUHQW� NLQGV� RI� DZDUHQHVV� LQIRUPDWLRQ� KDYH

GLIIHUHQW� TXDOLWLHV� �H�J�� LPSRUWDQFH�� JUDQXODULW\�� ODWHQF\� UHTXLUHPHQWV��� WKH\� FDQ� EH

SULRUL]HG�LQ�VRPH�VLWXDWLRQV��7KLV� LPSOLHV�WKDW�WKH�UHFHLYLQJ�PDFKLQH�FDQ�SURFHVV�KLJK�

LPSRUWDQFH�PHVVDJHV�ILUVW��DQG�GHDO�ZLWK�ORZ�SULRULW\�LQIRUPDWLRQ�ZKHQ�LW�JHWV�WLPH�
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�������$ZDUHQHVV�DQG�SULYDF\

,Q� WKLV� GLVVHUWDWLRQ�� ,� KDYH� FRQFHQWUDWHG� RQ� ZD\V� WR� KHOS� SHRSOH� EH� PRUH� DZDUH� RI� RQH

DQRWKHU�� +RZHYHU�� WKHUH� DUH� ZRUN� VLWXDWLRQV� ZKHUH� DZDUHQHVV� LV� QRW� DOZD\V� GHVLUHG�

VLWXDWLRQV� ZKHUH� SHUVRQDO� RU� ZRUN� SULYDF\� LV� FRPSURPLVHG�� $� IXUWKHU� DUHD� IRU� DGGLWLRQDO

UHVHDUFK� LV� LQ� ILQGLQJ�ZD\V� WR�PDQDJH� WKH� ULVNV� LQ� WKH� UHODWLRQVKLS�EHWZHHQ� DZDUHQHVV� DQG

SULYDF\�

7HFKQLTXHV�DQG�GLVSOD\V�IRU�JDWKHULQJ��GLVWULEXWLQJ��DQG�GLVSOD\LQJ�LQIRUPDWLRQ�DERXW�RWKHU

SHRSOH�DOZD\V�SUHVHQW�LVVXHV�RI�SHUVRQDO�SULYDF\�DQG�FRQWURO�RYHU�WKH�LQIRUPDWLRQ��H�J��:DQW

HW� DO� ������� 7KH� IHHOLQJ� RI� EHLQJ� VSLHG� RQ� DSSHDOV� WR� QR� RQH�� EXW� LQYLVLEOH� VXUYHLOODQFH� LV

EHFRPLQJ�PRUH�RI�D�SUREOHP�LQ�WKH�PRGHUQ�ZRUNSODFH��,�XQGHUWRRN�WKLV�UHVHDUFK�ZLWK�WKH

DVVXPSWLRQ�WKDW�FROODERUDWLRQ�LV�FDUULHG�RXW�E\�HTXDO�SHHUV�ZKR�SDUWLFLSDWH�ZLOOLQJO\��RSHUDWH

ZLWKLQ�VRFLDO�QRUPV��DQG�KDYH�QR�XOWHULRU�PRWLYHV��,Q�WKHVH�FDVHV��SHRSOH�ZDQW�RWKHUV�WR�EH

DZDUH��VLQFH�LW�SURYLGHV�FRQVLGHUDEOH�DGYDQWDJHV�IRU�WKH�FROODERUDWLRQ��+RZHYHU��WKHUH�LV�QR

JXDUDQWHH�WKDW�WKH�WHFKQLTXHV�SUHVHQWHG�LQ�WKLV�UHVHDUFK�ZLOO�RQO\�EH�XVHG�LQ�WKHVH�VLWXDWLRQV�

,Q�SDUWLFXODU��,�VHH�WZR�SRWHQWLDO�WKUHDWV�WR�SULYDF\��EHLQJ�DEOH�WR�REVHUYH�VRPHRQH�ZLWKRXW

WKHLU�NQRZOHGJH��DQG�EHLQJ�DEOH� WR�FROOHFW� DQG�DQDO\]H� LQIRUPDWLRQ�QRW�QRUPDOO\�SDUW�RI� D

IDFH�WR�IDFH�HQYLURQPHQW�

$QRQ\PRXV�REVHUYDWLRQ��,Q�D�IDFH�WR�IDFH�VHWWLQJ��LW�LV�JHQHUDOO\�HDV\�WR�GHWHUPLQH�ZKDW�NLQG�RI

LQIRUPDWLRQ�D�SHUVRQ�LV�JDWKHULQJ�DERXW�\RX��7KH�GHWDLO�ZLWK�ZKLFK�RQH�SHUVRQ�FDQ�REVHUYH

DQRWKHU� FRUUHVSRQGV� WR� WKH� REYLRXVQHVV� RI� WKHLU� LQIRUPDWLRQ�JDWKHULQJ� EHKDYLRXU�� )RU

H[DPSOH�� ZDWFKLQJ� VRPHRQH� IURP� DFURVV� WKH� URRP� PD\� EH� GLIILFXOW� WR� GHWHFW�� EXW� DOVR

SURYLGHV�RQO\�JHQHUDO�DQG�KLJK�OHYHO� LQIRUPDWLRQ�DERXW�DFWLYLWLHV��6WDQGLQJ�QH[W� WR�DQRWKHU

SHUVRQ�DQG�SHHULQJ�GRZQ�DW�WKHLU�ZRUN�DUHD��LQ�FRQWUDVW��SURYLGHV�SOHQW\�RI�GHWDLO�EXW�LV�DOVR

H[WUHPHO\� REYLRXV� �VO\� ORRNV� QRWZLWKVWDQGLQJ��� 7KLV� FRUUHVSRQGHQFH� LV� QRW� WKH� FDVH� LQ� D

JURXSZDUH� HQYLURQPHQW�� KRZHYHU�� -XVW� DV� JURXSZDUH� LPSOLHV� QR� QDWXUDO� DIIRUGDQFHV� IRU

JHWWLQJ� DZDUHQHVV� LQIRUPDWLRQ�� LW� LPSOLHV� QR� QDWXUDO� PHDQV� IRU� UHFRJQL]LQJ� SHRSOH·V

LQIRUPDWLRQ�JDWKHULQJ�EHKDYLRXU��,I�WKH�V\VWHP�DOORZHG��VRPHRQH�FRXOG�VLOHQWO\�DQG�LQYLVLEO\

FDOO� XS� D� GHWDLOHG� GLVSOD\� RI� DQRWKHU� SHUVRQ·V� DFWLRQV�� DQG� REVHUYH� WKHP� DW� FORVH� UDQJH

ZLWKRXW�WKHLU�NQRZOHGJH�
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([WUDRUGLQDU\� LQIRUPDWLRQ� GLVSOD\V�� &KDSWHU� �� VKRZHG� D� IHZ� V\PEROLF� GLVSOD\V� WKDW� H[WUDFW

FHUWDLQ�LQIRUPDWLRQ�DERXW�D�SHUVRQ·V�DFWLYLW\��DQDO\]H�LW��DQG�VKRZ�WKH�UHVXOWV�RI�WKDW�DQDO\VLV

�H�J�� DFWLYLW\� RYHU� WLPH��� 7KHVH� NLQGV� RI� GLVSOD\V� FDQ� FDXVH� SUREOHPV� LQ� WKDW� WKH\� VKRZ

LQIRUPDWLRQ� WKDW� LV� QRW� JHQHUDOO\� DYDLODEOH� LQ� D� SK\VLFDO� HQYLURQPHQW�� 3HRSOH� DUH� XVHG� WR

KDYLQJ� WKHLU� OLWHUDO� DFWLRQV� EHFRPH� SXEOLF� LQIRUPDWLRQ� LQ� D� IDFH�WR�IDFH� HQYLURQPHQW�� EXW

V\PEROLF� GLVSOD\V� FDQ� JR� IDU� EH\RQG� ZKDW� SHRSOH� DUH� XVHG� WR�� $OWKRXJK� GLVSOD\V� OLNH� DQ

DFWLYLW\�RYHU�WLPH�PHWHU�FDQ�EH�XVHIXO�IRU�FROODERUDWLRQ��WKH\�FRXOG�DOVR�EH�XVHG�WR�HYDOXDWH

SHRSOH�XQIDLUO\�

7KHUH� DUH� QR� VLPSOH� VROXWLRQV� WR� WKH� WUDGHRII� EHWZHHQ� SULYDF\� DQG� DZDUHQHVV�� 7KH� EODQN

VODWH� RI� JURXSZDUH� JLYHV� H[WUDRUGLQDU\� IUHHGRP� LQ� WKH� XVH� RI� DYDLODEOH� LQIRUPDWLRQ�� DQG

DORQJ� ZLWK� EHQHILW� FRPHV� WKH� SRVVLELOLW\� RI� PLVXVH�� 5HVHDUFK� LV� QHHGHG� ERWK� LQ� ZD\V� WR

SUHYHQW�LQYDVLRQV�RI�SULYDF\��DQG�LQ�XQGHUO\LQJ�VWUXFWXUHV��H�J��DW�WKH�WRRONLW�OHYHO��WKDW�PDNH

SURYLVLRQ�RI�WKDW�SURWHFWLRQ�VLPSOH��2QH�SRWHQWLDO�WHFKQLTXH�WKDW�IROORZV�QDWXUDOO\�IURP�WKH

LGHDV�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�LV�WR�SURYLGH��PHWD�DZDUHQHVV�LQIRUPDWLRQ�DERXW�SHRSOH·V

LQIRUPDWLRQ�JDWKHULQJ�EHKDYLRXU�

�����&RQFOXVLRQ

7KH�UHVHDUFK�LQ�WKLV�GLVVHUWDWLRQ�PRYHV�WKH�GHVLJQ�RI�PXOWL�XVHU�V\VWHPV�DQRWKHU�VWHS�GRZQ�D

ORQJ� SDWK�� ,Q� SDUWLFXODU�� KHOSLQJ� SHRSOH� PDLQWDLQ� ZRUNVSDFH� DZDUHQHVV� FDQ� LPSURYH� WKH

XVDELOLW\�RI�JURXSZDUH��DQG�FDQ�PDNH�SRVVLEOH� ULFKHU� LQWHUDFWLRQ� WKDQ�ZDV�SRVVLEOH�EHIRUH�

$OWKRXJK�FROODERUDWLRQ�LQ�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH�LV�VWLOO�D�ORQJ�ZD\�IURP�ZKDW�FDQ

EH� VHHQ� LQ� IDFH�WR�IDFH� VHWWLQJV�� ,� KDYH� LQFUHDVHG� XQGHUVWDQGLQJ� RI� KRZ� WR� VXSSRUW� ULFK

LQWHUDFWLRQ�RYHU�GLVWDQFH��*URXSZDUH�DQG�WKH�SHRSOH�ZKR�XVH�LW�ZLOO�EHQHILW�DV�D�UHVXOW�
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5HIHUHQFHV

$EHO��0���([SHULHQFHV� LQ� DQ�([SORUDWRU\�'LVWULEXWHG�2UJDQL]DWLRQ�� LQ� ,QWHOOHFWXDO� 7HDPZRUN�
6RFLDO� DQG� 7HFKQRORJLFDO� )RXQGDWLRQV� RI� &RRSHUDWLYH�:RUN�� -�� *DOHJKHU�� 5�� .UDXW� DQG� &�
(JLGR�HG������������/DZUHQFH�(UOEDXP��+LOOVGDOH��1-�������

$FNHUPDQ��0��� DQG� 6WDUU��%��� 6RFLDO�$FWLYLW\� ,QGLFDWRUV�� ,QWHUIDFH�&RPSRQHQWV� IRU�&6&:
6\VWHPV��3URFHHGLQJV�RI�WKH�$&0�6\PSRVLXP�RQ�8VHU�,QWHUIDFH�6RIWZDUH�DQG�7HFKQRORJ\�������
��������

$GDPV��0���7HQQH\��<���DQG�3HZ��5���6LWXDWLRQ�$ZDUHQHVV�DQG�WKH�&RJQLWLYH�0DQDJHPHQW�RI
&RPSOH[�6\VWHPV��+XPDQ�)DFWRUV����������������������

$OGXV�&RUSRUDWLRQ��$OGXV�6XSHU3DLQW��$OGXV�&RUSRUDWLRQ�������

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

%DHFNHU�� 5��� *UXGLQ�� -��� %X[WRQ�� :��� DQG� *UHHQEHUJ�� 6��� 'HVLJQ� DQG� (YDOXDWLRQ
�,QWURGXFWLRQ��� LQ� 5HDGLQJV� LQ� +XPDQ�&RPSXWHU� ,QWHUDFWLRQ�� 7RZDUG� WKH� <HDU� ������ 5�
%DHFNHU��-��*UXGLQ��:��%X[WRQ�DQG�6��*UHHQEHUJ�HG����������0RUJDQ�.DXIPDQQ��6DQ
)UDQVLVFR�������

%DHFNHU��5���*UXGLQ��-���%X[WRQ��:���DQG�*UHHQEHUJ��6���5HDGLQJV�LQ�+XPDQ�&RPSXWHU�,QWHUDFWLRQ�
7RZDUG�WKH�<HDU�������0RUJDQ�.DXIPDQQ��6DQ�)UDQVLVFR�������

%DHFNHU��5���1DVWRV��'���3RVQHU�� ,���DQG�0DZE\��.���7KH�8VHU�&HQWUHG� ,WHUDWLYH�'HVLJQ�RI
&ROODERUDWLYH� :ULWLQJ� 6RIWZDUH�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ
&RPSXWLQJ�6\VWHPV��$PVWHUGDP����������������

%HDXGRXLQ�/DIRQ�� 0��� DQG� .DUVHQW\�� $��� 7UDQVSDUHQF\� DQG� $ZDUHQHVV� LQ� D� 5HDO�7LPH
*URXSZDUH�6\VWHP��3URFHHGLQJV�RI� WKH�&RQIHUHQFH� RQ�8VHU� ,QWHUIDFH� DQG�6RIWZDUH�7HFKQRORJ\�
0RQWHUH\��&$����������������

%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\��������������

%HQIRUG��6���%RZHUV��-���)DKOHQ��/���*UHHQKDOJK��&���DQG�6QRZGRQ��'���8VHU�(PERGLPHQW�LQ
&ROODERUDWLYH�9LUWXDO� (QYLURQPHQWV��3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ
&RPSXWLQJ�6\VWHPV��&+,
�������������������

%LHU��(���6WRQH��0���)LVKNLQ��.���%X[WRQ��:���DQG�%DXGHO��7���$�7D[RQRP\�RI�6HH�7KURXJK
7RROV��3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV����������������

%ODWWQHU�� 0��� 6XPLNDZD�� '��� DQG� *UHHQEHUJ�� 5��� (DUFRQV� DQG� ,FRQV�� 7KHLU� 6WUXFWXUH� DQG
&RPPRQ�'HVLJQ�3ULQFLSOHV��+XPDQ�&RPSXWHU�,QWHUDFWLRQ��������������������
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%O\�� 6��� +DUULVRQ�� 6��� DQG� ,UZLQ�� 6��� 0HGLD� 6SDFHV�� %ULQJLQJ� 3HRSOH� 7RJHWKHU� LQ� D� 9LGHR�
$XGLR��DQG�&RPSXWLQJ�(QYLURQPHQW��&RPPXQLFDWLRQV�RI�WKH�$&0���������������������

%RUHQVWHLQ�� 1��� DQG� 7K\EHUJ�� $��� &RRSHUDWLYH� :RUN� LQ� WKH� $QGUHZ� 0HVVDJH� 6\VWHP�
3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��3RUWODQG��25�������
������

%RUQLQJ��$��� DQG�7UDYHUV��0���7ZR�$SSURDFKHV� WR�&DVXDO� ,QWHUDFWLRQ�RYHU�&RPSXWHU� DQG
9LGHR� 1HWZRUNV�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ� 6\VWHPV�
1HZ�2UOHDQV��/$��������������

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

%ULQFN��7��� DQG�*RPH]��/��0���$� FROODERUDWLYH�PHGLXP� IRU� WKH� VXSSRUW� RI� FRQYHUVDWLRQDO
SURSV��3URFHHGLQJV� RI� 3URFHHGLQJV� RI� WKH�$&0�&RQIHUHQFH� RQ�&RPSXWHU� 6XSSRUWHG�&RRSHUDWLYH
:RUN��&6&:
�����7RURQWR��2QWDULR����������������

%\UQH�� 0��� :RRG�� 6��� 6XNDYLUL\D�� 3��� )ROH\�� -��� DQG� .LHUDV�� '��� $XWRPDWLQJ� ,QWHUIDFH
(YDOXDWLRQ��3URFHHGLQJV�RI� WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV� LQ�&RPSXWLQJ�6\VWHPV��%RVWRQ�
��������������

&DOJDU\�+HUDOG��&DOJDU\�+HUDOG��&DOJDU\�������

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

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

&ODUN��+��+���DQG�%UHQQDQ��6��(���*URXQGLQJ�LQ�&RPPXQLFDWLRQ��LQ�5HDGLQJV�LQ�*URXSZDUH�DQG
&RPSXWHU� 6XSSRUWHG� &RRSHUDWLYH� :RUN�� $VVLVWLQJ� +XPDQ�+XPDQ� &ROODERUDWLRQ�� 5�� 0�
%DHFNHU�HG������������0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ�9LHZ��&$�������

&URZOH\��7��� DQG�)RUVGLFN��7���00&RQI��7KH�'LDPRQG�0XOWLPHGLD�&RQIHUHQFLQJ� 6\VWHP�
3URFHHGLQJV�RI�*URXSZDUH�7HFKQRORJ\�:RUNVKRS��3DOR�$OWR��&DOLIRUQLD������

'HZDQ�� 3��� DQG� &KRXGKDU\�� 5��� 3ULPLWLYHV� IRU� 3URJUDPPLQJ� 0XOWL�8VHU� ,QWHUIDFHV�� LQ
5HDGLQJV�LQ�*URXSZDUH�DQG�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��$VVLVWLQJ�+XPDQ�+XPDQ
&ROODERUDWLRQ��5��0��%DHFNHU� HG��� ���������0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ
9LHZ��&$�������

'L[��$���)LQOD\��-���$ERZG��*���DQG�%HDOH��5���+XPDQ�&RPSXWHU�,QWHUDFWLRQ��3UHQWLFH�+DOO�������

'RHUU\��(���$Q�(PSLULFDO�&RPSDULVRQ�RI�&RSUHVHQW�DQG�7HFKQRORJLFDOO\�0HGLDWHG� ,QWHUDFWLRQ�%DVHG�RQ
&RPPXQLFDWLYH� %UHDNGRZQ�� 3K�'�� 7KHVLV��'HSDUWPHQW� RI� &RPSXWHU� DQG� ,QIRUPDWLRQ
6FLHQFH��8QLYHUVLW\�RI�2UHJRQ�

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

'RXULVK�� 3��� DQG�%O\�� 6��� 3RUWKROHV�� 6XSSRUWLQJ�$ZDUHQHVV� LQ� D�'LVWULEXWHG�:RUN�*URXS�
3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��0RQWHUH\��&$�������
��������

(JLGR��&���7HOHFRQIHUHQFLQJ�DV�D�7HFKQRORJ\�WR�6XSSRUW�&RRSHUDWLYH�:RUN��,WV�3RVVLELOLWLHV
DQG�/LPLWDWLRQV��LQ�,QWHOOHFWXDO�7HDPZRUN��6RFLDO�DQG�7HFKQRORJLFDO�)RXQGDWLRQV�RI�&RRSHUDWLYH



���

:RUN��-��*DOHJKHU��5��.UDXW�DQG�&��(JLGR�HG������������/DZUHQFH�(UOEDXP��+LOOVGDOH�
1-�������

(OOLV��&���*LEEV��6���DQG�5HLQ��*���*URXSZDUH��6RPH�,VVXHV�DQG�([SHULHQFHV��&RPPXQLFDWLRQV
RI�WKH�$&0���������������������

(QGVOH\�� 0��� 0HDVXUHPHQW� RI� 6LWXDWLRQ� $ZDUHQHVV� LQ� '\QDPLF� 6\VWHPV�� +XPDQ� )DFWRUV�
�������������������

(QGVOH\��0���7RZDUG�D�7KHRU\�RI�6LWXDWLRQ�$ZDUHQHVV�LQ�'\QDPLF�6\VWHPV��+XPDQ�)DFWRUV�
�������������������

(QJHOEDUW��'���DQG�(QJOLVK��:���$�UHVHDUFK�FHQWHU�IRU�DXJPHQWLQJ�KXPDQ�LQWHOOHFW��3URFHHGLQJV
RI�3URFHHGLQJV�RI�WKH�)DOO�-RLQW�&RPSXWLQJ�&RQIHUHQFH��0RQWYDOH��1<����������������

)ODFK��-���6LWXDWLRQ�$ZDUHQHVV��3URFHHG�:LWK�&DXWLRQ��+XPDQ�)DFWRUV�����������������������

)RUV\WK��'���$Q�,QWURGXFWLRQ�WR�*URXS�'\QDPLFV��%URRNV�&ROH��0RQWHUH\��&$�������

)UDFNHU�� 0��� $WWHQWLRQ� $OORFDWLRQ� LQ� 6LWXDWLRQ� $ZDUHQHVV��3URFHHGLQJV� RI� WKH� +XPDQ� )DFWRUV
6RFLHW\���UG�$QQXDO�0HHWLQJ��9LVXDO�3HUIRUPDQFH��6SDWLDO�$ZDUHQHVV�������������������

)XUQDV�� *��� *HQHUDOL]HG� )LVKH\H� 9LHZV�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ
&RPSXWLQJ�6\VWHPV��������������

*DED��'���+RZDUG��6���DQG�6PDOO��6���6LWXDWLRQ�$ZDUHQHVV�LQ�$QHVWKHVLRORJ\��+XPDQ�)DFWRUV�
�������������������

*DLQHV��%���DQG�6KDZ��0���&RQFHSW�0DSV�DV�+\SHUPHGLD�&RPSRQHQWV��,QWHUQDWLRQDO�-RXUQDO�RI
+XPDQ�&RPSXWHU�6WXGLHV�����������������������

*DOHJKHU��-���.UDXW��5���DQG�(JLGR��&���,QWHOOHFWXDO�7HDPZRUN��6RFLDO�DQG�7HFKQRORJLFDO�)RXQGDWLRQV
RI�&RRSHUDWLYH�:RUN��/DZUHQFH�(UOEDXP��+LOOVGDOH��1-�������

*DYHU��:���(YHU\GD\� /LVWHQLQJ� DQG�$XGLWRU\� ,FRQV�� 3K�'�� WKHVLV�� 8QLYHUVLW\� RI� &DOLIRUQLD�� 6DQ
'LHJR�������

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

*DYHU��:���0RUDQ��7���0DF/HDQ��$���/RYVWUDQG��/���'RXULVK��3���&DUWHU��.���DQG�%X[WRQ��:��
5HDOL]LQJ� D� 9LGHR� (QYLURQPHQW�� (XUR3$5&
V� 5$9(� 6\VWHP�� 3URFHHGLQJV� RI� WKH
&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��0RQWHUH\��&$��������������

*DYHU��:���6PLWK��5���DQG�2
6KHD��7���(IIHFWLYH�6RXQGV�LQ�&RPSOH[�6\VWHPV��7KH�$5.ROD
6LPXODWLRQ�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ� 6\VWHPV�� 1HZ
2UOHDQV��������������

*LOVRQ�� 5�� '��� ,QWURGXFWLRQ� WR� WKH� 6SHFLDO� ,VVXH� RQ� 6LWXDWLRQ� $ZDUHQHVV��+XPDQ� )DFWRUV�
�����������������

*RRGZLQ�� &��� &RQYHUVDWLRQDO� 2UJDQL]DWLRQ�� ,QWHUDFWLRQ� %HWZHHQ� 6SHDNHUV� DQG� +HDUHUV�� $FDGHPLF
3UHVV��1HZ�<RUN�������



���

*UHHQEHUJ�� 6��� 6KDULQJ� YLHZV� DQG� LQWHUDFWLRQV� ZLWK� VLQJOH�XVHU� DSSOLFDWLRQV�� 3URFHHGLQJV� RI
3URFHHGLQJV� RI� WKH� $&0�,(((� &RQIHUHQFH� RQ� 2IILFH� ,QIRUPDWLRQ� 6\VWHPV�� &DPEULGJH�
0DVVDFKXVHWWV����������������

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

*UHHQEHUJ�� 6��� 3HHSKROHV�� /RZ� &RVW� $ZDUHQHVV� RI� 2QH
V� &RPPXQLW\�� 3URFHHGLQJV� RI� WKH
&RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ� 6\VWHPV� �&RQIHUHQFH� &RPSDQLRQ��� 9DQFRXYHU�
��������������

*UHHQEHUJ�� 6��� DQG� %RKQHW�� 5��� *URXS6NHWFK�� $�PXOWL�XVHU� VNHWFKSDG� IRU� JHRJUDSKLFDOO\�
GLVWULEXWHG� VPDOO� JURXSV�� 3URFHHGLQJV� RI� 3URFHHGLQJV� RI� *UDSKLFV� ,QWHUIDFH� 
���� &DOJDU\�
$OEHUWD������

*UHHQEHUJ��6���*XWZLQ��&���&RFNEXUQ��$���DQG�5RVHPDQ��0���$SSO\LQJ�'LVWRUWLRQ�2ULHQWHG
'LVSOD\V� WR�*URXSZDUH� �9LGHRWDSH���3URFHHGLQJV� RI� WKH�&RQIHUHQFH� RQ�&RPSXWHU�6XSSRUWHG
&RRSHUDWLYH�:RUN��9LGHR�3URFHHGLQJV���%RVWRQ������

*UHHQEHUJ�� 6��� *XWZLQ�� &��� DQG� 5RVHPDQ�� 0��� 6HPDQWLF� 7HOHSRLQWHUV� IRU� *URXSZDUH�
3URFHHGLQJV� RI� WKH� $XVWUDODVLDQ� &RQIHUHQFH� RQ� &RPSXWHU�+XPDQ� ,QWHUDFWLRQ�� +DPLOWRQ�1=�
������LQ�SUHVV�

*UHHQEHUJ�� 6��� DQG� 0DUZRRG�� '��� 5HDO� 7LPH� *URXSZDUH� DV� D� 'LVWULEXWHG� 6\VWHP�
&RQFXUUHQF\� &RQWURO� DQG� LWV� (IIHFW� RQ� WKH� ,QWHUIDFH��3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ
&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��&KDSHO�+LOO�1&����������������

*UHHQEHUJ�� 6��� DQG� 5RVHPDQ�� 0��� *URXS:HE�� $� :::� %URZVHU� DV� 5HDO� 7LPH
*URXSZDUH��3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��&RQIHUHQFH
&RPSDQLRQ���9DQFRXYHU����������������

*UHHQEHUJ�� 6��� 5RVHPDQ�� 0��� :HEVWHU�� '��� DQG� %RKQHW�� 5��� ,VVXHV� DQG� ([SHULHQFHV
'HVLJQLQJ� DQG� ,PSOHPHQWLQJ�7ZR�*URXS�'UDZLQJ�7RROV�� LQ�5HDGLQJV� LQ�*URXSZDUH
DQG� &RPSXWHU� 6XSSRUWHG� &RRSHUDWLYH�:RUN��$VVLVWLQJ�+XPDQ�+XPDQ� &ROODERUDWLRQ�� 5��0�
%DHFNHU�HG������������0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ�9LHZ��&$�������

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

*XWZLQ�� &��� DQG� *UHHQEHUJ�� 6��� :RUNVSDFH� $ZDUHQHVV� IRU� *URXSZDUH�� 3URFHHGLQJV� RI� WKH
&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��9DQFRXYHU������D����������

*XWZLQ��&���DQG�*UHHQEHUJ��6���:RUNVSDFH�$ZDUHQHVV�6XSSRUW�ZLWK�5DGDU�9LHZV��3URFHHGLQJV
RI�WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV ��9DQFRXYHU������E����������

*XWZLQ�� &��� *UHHQEHUJ�� 6��� DQG� &RFNEXUQ�� $��� 8VLQJ� 'LVWRUWLRQ�2ULHQWHG� 'LVSOD\V� WR
6XSSRUW�:RUNVSDFH�$ZDUHQHVV��3URFHHGLQJV� RI� 3HRSOH� DQG� &RPSXWHUV� ;,� �%&6+&,
����
/RQGRQ����������������

*XWZLQ�� &��� *UHHQEHUJ�� 6��� DQG� 5RVHPDQ�� 0��� 6XSSRUWLQJ� :RUNVSDFH� $ZDUHQHVV� LQ
*URXSZDUH� �9LGHRWDSH��� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� &RPSXWHU�6XSSRUWHG� &RRSHUDWLYH
:RUN��9LGHR�3URFHHGLQJV���%RVWRQ������



���

*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��%RVWRQ����������������

+DUULVRQ��6���DQG�0LQQHPDQ��6���7KH�0HGLD�6SDFH��$�5HVHDUFK�3URMHFW�LQWR�WKH�8VH�RI�9LGHR
DV�D�'HVLJQ�0HGLXP��LQ�5HDGLQJV�LQ�*URXSZDUH�DQG�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN�
$VVLVWLQJ�+XPDQ�+XPDQ�&ROODERUDWLRQ��5��0��%DHFNHU�HG������������0RUJDQ�.DXIPDQQ
3XEOLVKHUV��0RXQWDLQ�9LHZ��&$�������

+HDWK�� &��� 'LVHPERGLHG� FRQGXFW�� &RPPXQLFDWLRQ� WKURXJK� YLGHR� LQ� D� PXOWL�PHGLD
HQYLURQPHQW�� 3URFHHGLQJV� RI� $&0� 6,*&+,� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ
6\VWHPV��1HZ�2UOHDQV���������������

+HDWK�� &��� -LURWND�� 0��� /XII�� 3��� DQG� +LQGPDUVK�� -��� 8QSDFNLQJ� &ROODERUDWLRQ�� WKH
,QWHUDFWLRQDO�2UJDQLVDWLRQ� RI� 7UDGLQJ� LQ� D� &LW\� 'HDOLQJ� 5RRP��&RPSXWHU� 6XSSRUWHG
&RRSHUDWLYH�:RUN����������������������

+HDWK�� &��� DQG� /XII�� 3��� &ROODERUDWLRQ� DQG� &RQWURO�� &ULVLV� 0DQDJHPHQW� DQG� 0XOWLPHGLD
7HFKQRORJ\� LQ� /RQGRQ� 8QGHUJURXQG� /LQH� &RQWURO� 5RRPV��� &RPSXWHU�6XSSRUWHG
&RRSHUDWLYH�:RUN����������������������

+HLPDQ��*���5HVHDUFK�0HWKRGV�LQ�3V\FKRORJ\��+RXJKWRQ�0LIIOLQ��%RVWRQ�������

+LOO�� :��� +ROODQ�� -��� :UREOHZVNL�� '��� DQG� 0F&DQGOHVV�� 7��� (GLW� :HDU� DQG� 5HDG� :HDU�
3URFHHGLQJV�RI� WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV� LQ�&RPSXWLQJ�6\VWHPV��1HZ�2UOHDQV�������
����

+RSNLQV��'��� 6LP&LW\1HW��3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ� 6\VWHPV
�$GMXQFW�3URFHHGLQJV�������������

+XEEHOO��6���7DEORLGV��7KH\�&DPH�)URP�2XWHU�6SDFH���6PLWKVRQLDQ���������������������

+XGVRQ��6���DQG�6PLWK��,���7HFKQLTXHV�IRU�$GGUHVVLQJ�)XQGDPHQWDO�3ULYDF\�DQG�'LVUXSWLRQ
7UDGHRIIV� LQ� $ZDUHQHVV� 6XSSRUW� 6\VWHPV�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� &RPSXWHU�
6XSSRUWHG�&RRSHUDWLYH�:RUN��%RVWRQ����������������

+XJKHV��-���.LQJ��9���5RGGHQ��7���DQG�$QGHUVHQ��+���0RYLQJ�2XW�IURP�WKH�&RQWURO�5RRP�
(WKQRJUDSK\� LQ� 6\VWHP� 'HVLJQ�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� &RPSXWHU�6XSSRUWHG
&RRSHUDWLYH�:RUN��&6&:
�����&KDSHO�+LOO�1&����������������

+XWFKLQV�� (��� 7KH� 7HFKQRORJ\� RI� 7HDP� 1DYLJDWLRQ�� LQ� ,QWHOOHFWXDO� 7HDPZRUN�� 6RFLDO� DQG
7HFKQRORJLFDO�)RXQGDWLRQV� RI�&RRSHUDWLYH�:RUN�� -��*DOHJKHU��5��.UDXW� DQG�&��(JLGR� HG��
���������/DZUHQFH�(UOEDXP��+LOOVGDOH��1-�������

+XWFKLQV��(���&RJQLWLRQ�LQ�WKH�:LOG��0,7�3UHVV��&DPEULGJH��0$�������

,VKLL�� +��� DQG� .RED\DVKL�� 0��� &OHDU%RDUG�� $� 6HDPOHVV� 0HGLXP� IRU� 6KDUHG� 'UDZLQJ� DQG
&RQYHUVDWLRQ� ZLWK� (\H� &RQWDFW�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ
&RPSXWLQJ�6\VWHPV��0RQWHUH\��&$����������������

,VKLL�� +��� .RED\DVKL�� 0��� DQG� *UXGLQ�� -��� ,QWHJUDWLRQ� RI� LQWHU�SHUVRQDO� VSDFH� DQG� VKDUHG
ZRUNVSDFH��&OHDU%RDUG�GHVLJQ� DQG� H[SHULPHQWV��3URFHHGLQJV� RI� 3URFHHGLQJV� RI� WKH�$&0
&RQIHUHQFH�RQ�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��&6&:
�����7RURQWR��2QWDULR�������
������



���

-DFNHQGRII��5���&RQVFLRXVQHVV�DQG�WKH�&RPSXWDWLRQDO�0LQG��0,7�3UHVV��&DPEULGJH��0DVV��������

-DJHU� $GDPV�� 0��� 7HQQH\�� <��� DQG� 3HZ�� 5��� 6LWXDWLRQ� $ZDUHQHVV� DQG� WKH� &RJQLWLYH
0DQDJHPHQW�RI�&RPSOH[�6\VWHPV��+XPDQ�)DFWRUV����������������������

-DPHV��:���7KH�3ULQFLSOHV�RI�3V\FKRORJ\��+DUYDUG�8QLYHUVLW\�3UHVV��&DPEULGJH��0DVV��������

.UDXVV�� 5��� DQG� )XVVHOO�� 6��� 0XWXDO� .QRZOHGJH� DQG� &RPPXQLFDWLYH� (IIHFWLYHQHVV�� LQ
,QWHOOHFWXDO�7HDPZRUN��6RFLDO�DQG�7HFKQRORJLFDO�)RXQGDWLRQV�RI�&RRSHUDWLYH�:RUN��-��*DOHJKHU�
5��.UDXW�DQG�&��(JLGR�HG������������/DZUHQFH�(UOEDXP��+LOOVGDOH��1-�������

.UDXW��5���(JLGR��&���DQG�*DOHJKHU��-���3DWWHUQV�RI�&RQWDFW�DQG�&RPPXQLFDWLRQ�LQ�6FLHQWLILF
5HVHDUFK�&ROODERUDWLRQ�� LQ� ,QWHOOHFWXDO� 7HDPZRUN�� 6RFLDO� DQG� 7HFKQRORJLFDO� )RXQGDWLRQV� RI
&RRSHUDWLYH� :RUN�� -�� *DOHJKHU�� 5�� .UDXW� DQG� &�� (JLGR� HG��� ��������� /DZUHQFH
(UOEDXP��+LOOVGDOH��1-�������

/DXZHUV��-��&���-RVHSK��7��$���/DQW]��.��$���DQG�5RPDQRZ��$��/���5HSOLFDWHG�$UFKLWHFWXUHV
IRU� 6KDUHG� :LQGRZ� 6\VWHPV�� $� &ULWLTXH�� LQ� 5HDGLQJV� LQ� *URXSZDUH� DQG� &RPSXWHU
6XSSRUWHG� &RRSHUDWLYH�:RUN�� $VVLVWLQJ� +XPDQ�+XPDQ� &ROODERUDWLRQ�� 5��0�� %DHFNHU� HG��
���������0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ�9LHZ��&$�������

/DXZHUV�� -�� &��� DQG� /DQW]�� .�� $��� &ROODERUDWLRQ� $ZDUHQHVV� LQ� 6XSSRUW� RI� &ROODERUDWLRQ
7UDQVSDUHQF\��5HTXLUHPHQWV�IRU�WKH�1H[W�*HQHUDWLRQ�RI�6KDUHG�:LQGRZ�6\VWHPV��LQ
5HDGLQJV�LQ�*URXSZDUH�DQG�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��$VVLVWLQJ�+XPDQ�+XPDQ
&ROODERUDWLRQ��5��0��%DHFNHU� HG��� ���������0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ
9LHZ��&$�������

/HODQG��0��'��3���)LVK��5�� 6��� DQG�.UDXW��5��(���&ROODERUDWLYH�GRFXPHQW�SURGXFWLRQ�XVLQJ
4XLOW�� 3URFHHGLQJV� RI� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� &RPSXWHU�6XSSRUWHG� &RRSHUDWLYH� :RUN
�&6&:�
�����3RUWODQG��2UHJRQ����������������

/LQGH�� &��� :KR
V� LQ� FKDUJH� KHUH"� � &RRSHUDWLYH� ZRUN� DQG� DXWKRULW\� QHJRWLDWLRQ� LQ� SROLFH
KHOLFRSWHU� PLVVLRQV�� 3URFHHGLQJV� RI� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� &RPSXWHU�6XSSRUWHG
&RRSHUDWLYH�:RUN��&6&:�
�����3RUWODQG��2UHJRQ��������������

0DORQH��7��:���*UDQW��.��5���/DL��.��<���5DR��5��� DQG�5RVHQEOLWW��'��$���7KH� ,QIRUPDWLRQ
/HQV��$Q�,QWHOOLJHQW�6\VWHP�IRU�,QIRUPDWLRQ�6KDULQJ�DQG�&RRUGLQDWLRQ��LQ�5HDGLQJV�LQ
*URXSZDUH� DQG� &RPSXWHU� 6XSSRUWHG� &RRSHUDWLYH� :RUN�� $VVLVWLQJ� +XPDQ�+XPDQ
&ROODERUDWLRQ��5��0��%DHFNHU� HG��� ���������0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ
9LHZ��&$�������

0F*UDWK��-���*URXSV��,QWHUDFWLRQ�DQG�3HUIRUPDQFH��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV�1-�������

0F*UDWK��-���0HWKRGRORJ\�0DWWHUV��'RLQJ�5HVHDUFK�LQ�WKH�6RFLDO�DQG�%HKDYLRXUDO�6FLHQFHV�
LQ�5HDGLQJV�LQ�+XPDQ�&RPSXWHU�,QWHUDFWLRQ��7RZDUG�WKH�<HDU�������5��%DHFNHU��-��*UXGLQ�
:��%X[WRQ�DQG�6��*UHHQEHUJ�HG������������0RUJDQ�.DXIPDQQ��6DQ�)UDQVLVFR�������

0F/DXJKOLQ��0���&RQYHUVDWLRQ��+RZ�7DON�LV�2UJDQL]HG��6DJH��%HYHUO\�+LOOV�������

0LFURVRIW�&RUSRUDWLRQ��0LFURVRIW�1HW0HHWLQJ��0LFURVRIW�&RUSRUDWLRQ�������

0LWFKHOO�� $��� &RPPXQLFDWLRQ� DQG� 6KDUHG� 8QGHUVWDQGLQJ� LQ� &ROODERUDWLYH� :ULWLQJ�� 0�6F�� WKHVLV�
8QLYHUVLW\�RI�7RURQWR��7RURQWR�������



���

0L\DNH��1��� &RQVWUXFWLYH� ,QWHUDFWLRQ� DQG� WKH� ,WHUDWLYH� 3URFHVV� RI�8QGHUVWDQGLQJ��&RJQLWLYH
6FLHQFH��������������������

0RQN�� $��� 0F&DUWK\�� -��� :DWWV�� /��� DQG� 'DO\�-RQHV�� 2��� 0HDVXUHV� RI� 3URFHVV�� LQ� &6&:
5HTXLUHPHQWV�DQG�(YDOXDWLRQ��3��7KRPDV�HG������������6SULQJHU�9HUODJ��/RQGRQ�������

1HLVVHU��8���&RJQLWLRQ�DQG�5HDOLW\��:�+��)UHHPDQ��6DQ�)UDQVLVFR�������

1HWVFDSH�&RUSRUDWLRQ��1HWVFDSH�&RPPXQLFDWRU��1HWVFDSH�&RPPXQLFDWLRQV�������

1LHOVHQ��-���8VDELOLW\�(QJLQHHULQJ����%RVWRQ�������

1RUPDQ��'���7KLQJV�7KDW�0DNH�8V�6PDUW��$GGLVRQ�:HVOH\��5HDGLQJ��0DVV��������

2
*UDG\��7���)OH[LEOH�'DWD�6KDULQJ�LQ�D�*URXSZDUH�7RRONLW��0�6F��WKHVLV��8QLYHUVLW\�RI�&DOJDU\�
&DOJDU\�������

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��&+,
�������������������

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�
������������

2XVWHUKRXW��-���7FO�DQG�WKH�7N�7RRONLW��$GGLVRQ�:HVOH\�������

3LQVRQQHDXOW��$���DQG�.UDHPHU��.��/���7KH�,PSDFW�RI�7HFKQRORJLFDO�6XSSRUW�RQ�*URXSV��$Q
$VVHVVPHQW�RI�WKH�(PSLULFDO�5HVHDUFK��LQ�5HDGLQJV�LQ�*URXSZDUH�DQG�&RPSXWHU�6XSSRUWHG
&RRSHUDWLYH�:RUN�� $VVLVWLQJ� +XPDQ�+XPDQ� &ROODERUDWLRQ�� 5��0�� %DHFNHU� HG��� ��������
0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ�9LHZ��&$�������

5RELQVRQ��0��� &RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��&DVHV� DQG�&RQFHSWV��3URFHHGLQJV� RI
*URXSZDUH�
����������������

5RKDOO�� 6��� 3DWWHUVRQ�� -��� DQG� +LOO�� 5��� *R� )LVK�� $� 0XOWL�8VHU� *DPH� LQ� WKH� 5HQGH]YRXV
6\VWHP��9LGHRWDSH���3URFHHGLQJV�RI� WKH�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV� LQ�&RPSXWLQJ�6\VWHPV�
����������

5RRW��:��5���'HVLJQ�RI�D�PXOWL�PHGLD�YHKLFOH�IRU�VRFLDO�EURZVLQJ��3URFHHGLQJV�RI�3URFHHGLQJV�RI
WKH� &RQIHUHQFH� RQ� &RPSXWHU�6XSSRUWHG� &RRSHUDWLYH�:RUN� �&6&:� 
����� 3RUWODQG��2UHJRQ�
������������

5RVHPDQ��0��� DQG�*UHHQEHUJ�� 6���*5283.,7��$�*URXSZDUH� 7RRONLW� IRU� %XLOGLQJ� 5HDO�
7LPH� &RQIHUHQFLQJ� $SSOLFDWLRQV�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� &RPSXWHU�6XSSRUWHG
&RRSHUDWLYH�:RUN��&6&:
�����7RURQWR��������������

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

5RVHPDQ��0���DQG�*UHHQEHUJ��6���7HDP5RRPV��1HWZRUN�3ODFHV�IRU�&ROODERUDWLRQ��3URFHHGLQJV
RI�WKH�&RQIHUHQFH�RQ�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��%RVWRQ������



���

6DFNV��+��� 6FKHJORII��(��� DQG� -HIIHUVRQ��*���$� 6LPSOHVW� 6HPDQWLFV� IRU� WKH�2UJDQL]DWLRQ�RI
7XUQ�7DNLQJ�IRU�&RQYHUVDWLRQ��/DQJXDJH��������������������

6DODV��(���3ULQFH��&���%DNHU��'���DQG�6KUHVWKD��/���6LWXDWLRQ�$ZDUHQHVV�LQ�7HDP�3HUIRUPDQFH�
,PSOLFDWLRQV�IRU�0HDVXUHPHQW�DQG�7UDLQLQJ��+XPDQ�)DFWRUV�����������������������

6DOYDGRU��7���6FKROW]��-���DQG�/DUVRQ��-���7KH�'HQYHU�0RGHO�IRU�*URXSZDUH�'HVLJQ��6,*&+,
%XOOHWLQ���������������������

6DULQ�� 6��� DQG� *UHLI�� ,��� &RPSXWHU�EDVHG� UHDO�WLPH� FRQIHUHQFLQJ� V\VWHPV�� ,(((� &RPSXWHU�
��������������������

6DUNDU��0���DQG�%URZQ��0���*UDSKLFDO�)LVKH\H�9LHZV�RI�*UDSKV��3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ
+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��������������

6DUWHU��1��� DQG�:RRGV��'���+RZ� LQ� WKH�:RUOG�'LG�:H�(YHU�*HW� LQWR�7KDW�0RGH"�0RGH
(UURU�DQG�$ZDUHQHVV�LQ�6XSHUYLVRU\�&RQWURO��+XPDQ�)DFWRUV��������������������

6HHO\�%URZQ��-���&ROOLQV��$���DQG�'XJXLG��3���6LWXDWHG�&RJQLWLRQ�DQG�WKH�&XOWXUH�RI�/HDUQLQJ�
(GXFDWLRQDO�5HVHDUFKHU�-DQXDU\�)HEUXDU\���������������

6HJDO�� /��� (IIHFWV� RI� &KHFNOLVW� ,QWHUIDFH� RQ� 1RQ�9HUEDO� &UHZ� &RPPXQLFDWLRQV�� 1$6$
$PHV�5HVHDUFK�&HQWHU��&RQWUDFWRU�5HSRUW��������������

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-�������

6KRUW�� -���:LOOLDPV��(��� DQG�&KULVWLH��%���&RPPXQLFDWLRQ�0RGHV� DQG�7DVN�3HUIRUPDQFH�� LQ
5HDGLQJV�LQ�*URXSZDUH�DQG�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��$VVLVWLQJ�+XPDQ�+XPDQ
&ROODERUDWLRQ��5��0��%DHFNHU� HG��� ���������0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ
9LHZ��&$�������

6LPRQ��+���7KH�6FLHQFHV�RI�WKH�$UWLILFLDO��0,7�3UHVV��&DPEULGJH��06�������

6PLWK�� .��� DQG� +DQFRFN�� 3��� 6LWXDWLRQ� $ZDUHQHVV� LV� $GDSWLYH�� ([WHUQDOO\� 'LUHFWHG
&RQVFLRXVQHVV��+XPDQ�)DFWRUV�����������������������

6PLWK��5���:KDW�<RX�6HH�,V�:KDW�,�7KLQN�<RX�6HH��6,*&8(�2XWORRN���������������������

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� �(&�&6&:� 
����
*DWZLFN��8�.�������

6WHILN��0��� )RVWHU��*��� %REURZ��'���.DKQ��.��� /DQQLQJ�� 6��� DQG� 6XFKPDQ�� /��� %H\RQG� WKH
&KDONERDUG��&RPSXWHU�6XSSRUW�IRU�&ROODERUDWLRQ�DQG�3UREOHP�6ROYLQJ�LQ�0HHWLQJV�
&RPPXQLFDWLRQV�RI�WKH�$&0��������������������D�

6WHILN��0��� %REURZ��'��� )RVWHU��*��� /DQQLQJ�� 6��� DQG� 7DWDU��'���:<6,:,6�5HYLVHG�� (DUO\
([SHULHQFHV�ZLWK�0XOWLXVHU�,QWHUIDFHV��$&0�7UDQVDFWLRQV�RQ�2IILFH�,QIRUPDWLRQ�6\VWHPV�
�������������������E�

7DQJ�� -���/LVWLQJ�� 'UDZLQJ�� DQG� *HVWXULQJ� LQ� 'HVLJQ�� $� 6WXG\� RI� WKH� 8VH� RI� 6KDUHG�:RUNVSDFHV� E\
'HVLJQ�7HDPV��3K�'��WKHVLV��6WDQIRUG�8QLYHUVLW\��6WDQIRUG��&$�������



���

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

7DQJ�� -��&���DQG�0LQQHPDQ��6��/���9LGHRGUDZ��$�YLGHR� LQWHUIDFH�IRU�FROODERUDWLYH�GUDZLQJ�
3URFHHGLQJV� RI�$&0�6,*&+,�&RQIHUHQFH� RQ�+XPDQ�)DFWRUV� LQ�&RPSXWLQJ� 6\VWHPV�� 6HDWWOH
:DVKLQJWRQ����������������

7DQJ�� -�� &��� DQG� 0LQQHPDQ�� 6�� /��� 9LGHR:KLWHERDUG�� 9LGHR� VKDGRZV� WR� VXSSRUW� UHPRWH
FROODERUDWLRQ�� 3URFHHGLQJV� RI� $&0� 6,*&+,� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ
6\VWHPV��1HZ�2UOHDQV����������������

7DWDU��'���)RVWHU��*��� DQG�%REURZ��'���'HVLJQ� IRU�&RQYHUVDWLRQ��/HVVRQV� IURP�&RJQRWHU�
,QWHUQDWLRQDO�-RXUQDO�RI�0DQ�0DFKLQH�6WXGLHV�����������������������

8QGHUZRRG��*���$ZDUHQHVV�DQG�6HOI�$ZDUHQHVV��$FDGHPLF�3UHVV��/RQGRQ�������

9DODFLFK�� -�� 6���'HQQLV�� $�� 5��� DQG�1XQDPDNHU� -U�� -�� )��� (OHFWURQLF�PHHWLQJ� VXSSRUW�� 7KH
*URXS6\VWHPV� FRQFHSW�� ,QWHUQDWLRQDO� -RXUQDO� RI� 0DQ� 0DFKLQH� 6WXGLHV�� ������� ��������
�����

:DQW�� 5��� +RSSHU�� $��� )DOFDR�� 9��� DQG� *LEERQV�� -��� 7KH� $FWLYH� %DGJH� /RFDWLRQ� 6\VWHP�
$&0�7UDQVDFWLRQV�RQ�,QIRUPDWLRQ�6\VWHPV����������������������

:LFNHQV��&���(QJLQHHULQJ�3V\FKRORJ\�DQG�+XPDQ�3HUIRUPDQFH��+DUSHU�&ROOLQV�������

:LOOLDPV�(OHFWURQLFV��'HIHQGHU��:LOOLDPV�(OHFWURQLFV�&RUSRUDWLRQ�������
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$SSHQGL[�$��8VDELOLW\�VWXG\�PDWHULDOV

$���&RQVHQW�IRUP

$ZDUHQHVV�:LGJHWV�6WXG\

7KH�VWXG\�ZLOO�WHVW�VHYHUDO�¶DZDUHQHVV�ZLGJHWV·�LQ�D�JURXSZDUH�V\VWHP��7KH�H[SHULPHQWHUV�DUH
&DUO�*XWZLQ�DQG�0DUN�5RVHPDQ��'DWD�FROOHFWHG�ZLOO�EH�TXHVWLRQQDLUHV��YLGHR�DQG�DXGLRWDSH�

,�FRQVHQW�WR�DFW�DV�D�VXEMHFW� LQ�WKH�DZDUHQHVV�ZLGJHWV�VWXG\�� ,�XQGHUVWDQG�WKDW�DW�DQ\� WLPH
GXULQJ� WKH�VWXG\�� ,�PD\�VWRS�SDUWLFLSDWLQJ�IRU�DQ\�UHDVRQ��DQG�WKDW� DOO�GDWD�FROOHFWHG�XS� WR
WKDW�SRLQW�ZLOO�EH�GLVFDUGHG�

,� DJUHH� WR� OHW� WKH� UHVXOWLQJ� GDWD� IURP� WKH� VWXG\� EH� XVHG� IRU� DQDO\VLV� DQG� SUHVHQWDWLRQ�
LQFOXGLQJ�SUHVHQWDWLRQ� WR� JHQHUDO� DXGLHQFHV� VXFK� DV� DW� WHFKQLFDO� FRQIHUHQFHV�� ,� XQGHUVWDQG
WKDW�WKLV�GDWD�LQFOXGHV�YLGHRWDSH�DQG�DXGLRWDSH�UHFRUGLQJV�WKDW�ZLOO�EH�PDGH�RI�WKH�VHVVLRQ�

1DPH�

'DWH�

6LJQDWXUH�

$���4XHVWLRQQDLUH��UDGDU�YHUVLRQ�

Usability Study—Questionnaire

The following questions ask you to consider how well the system supported you and your partner as you
completed the layout task. In particular, they look at the ways that the system and various displays within it
provided you with information about your partner’s work.

Some of the questions are framed as statements that you may agree or disagree with. Note that some of
these questions have a positive slant, and some have a negative slant. Other questions ask you to write a
short response or choose from a few alternatives.

6WURQJO\

'LVDJUHH

'LVDJUHH 1HXWUDO $JUHH 6WURQJO\

$JUHH

,QIRUPDWLRQ FRQWHQW

7KH V\VWHP SURYLGHG WKH ULJKW DPRXQW RI LQIRUPDWLRQ DERXW
P\ SDUWQHU

7KH V\VWHP GLG QRW SURYLGH WKH ULJKW NLQG RI LQIRUPDWLRQ
DERXW P\ SDUWQHU

7KH LQIRUPDWLRQ DERXW WKH RWKHU SHUVRQ VKRZQ LQ WKH UDGDU
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GLVSOD\ ZDV DFFXUDWH

:DV DQ\ QHFHVVDU\ LQIRUPDWLRQ PLVVLQJ RU LQDFFXUDWH"
2WKHU FRPPHQWV

$FFXUDF\ DQG DSSURSULDWHQHVV

7KH UDGDU GLVSOD\ DGHTXDWHO\ VKRZHG P\ SDUWQHU
V ORFDWLRQ LQ
WKH ZRUNVSDFH

7KH UDGDU GLVSOD\ DGHTXDWHO\ VKRZHG ZKDW P\ SDUWQHU ZDV
GRLQJ

7KH UDGDU GLVSOD\ ZDV SUHFLVH HQRXJK IRU WKH WDVN

2WKHU FRPPHQWV

$YDLODELOLW\ RI LQIRUPDWLRQ

:KHQ , QHHGHG LQIRUPDWLRQ DERXW P\ SDUWQHU� LW ZDV GLIILFXOW
WR ILQG

,W ZDV HDV\ WR GHWHUPLQH ZKHUH P\ SDUWQHU ZDV ZRUNLQJ

,W ZDV GLIILFXOW WR GHWHUPLQH ZKDW P\ SDUWQHU ZDV GRLQJ

,W ZDV HDV\ WR GHWHUPLQH ZKDW P\ SDUWQHU ZDV JRLQJ WR GR
QH[W

,W ZDV HDV\ WR JHW WKH LQIRUPDWLRQ WKDW , QHHGHG IURP WKH
UDGDU GLVSOD\

7KH UDGDU GLVSOD\ GLVWUDFWHG PH IURP P\ RZQ ZRUN

2WKHU FRPPHQWV

0HWKRGV RI JDWKHULQJ LQIRUPDWLRQ
:KHQ \RX QHHGHG WR NQRZ ZKDW ZDV JRLQJ RQ ZLWK \RXU SDUWQHU� KRZ GLG \RX JDWKHU WKDW LQIRUPDWLRQ"

+RZ GLG \RX GHWHUPLQH ZKHUH \RXU SDUWQHU ZDV ZRUNLQJ"
>$VNHG WKHP@ >, MXVW NQHZ@ >8VHG UDGDU@ >/RRNHG IRU WKHLU WHOHSRLQWHU@
2WKHU�

(IIHFWLYHQHVV

7KH V\VWHP DOORZHG XV WR FRPSOHWH WKH WDVN LQ WKH ZD\ ZH
ZDQWHG

7KH V\VWHP DOORZHG PH WR FROODERUDWH HIIHFWLYHO\ ZLWK P\
SDUWQHU

7KH V\VWHP DOORZHG XV WR FRPSOHWH WKH WDVN HIILFLHQWO\

7KH UDGDU GLVSOD\ PDGH LW KDUGHU WR FRPSOHWH WKH WDVN

7KH UDGDU GLVSOD\ LPSURYHG WKH TXDOLW\ RI ZKDW ZH SURGXFHG

7KH UDGDU GLVSOD\ VORZHG GRZQ WKH FRPSOHWLRQ RI WKH WDVN

2WKHU FRPPHQWV

5HVXOWV

, ZDV KDSS\ ZLWK WKH TXDOLW\ RI ZKDW ZH SURGXFHG XVLQJ WKH
V\VWHP

7KH UDGDU GLVSOD\ LPSURYHG WKH TXDOLW\ RI ZKDW ZH SURGXFHG

2WKHU FRPPHQWV

9DOXH

7KH UDGDU GLVSOD\ ZDV D YDOXDEOH DGGLWLRQ WR WKH V\VWHP

7KH UDGDU GLVSOD\ ZDV QRW ZRUWK WKH VFUHHQ VSDFH LW XVHG

7KH VFUHHQ VSDFH XVHG IRU WKH UDGDU GLVSOD\ FRXOG KDYH EHHQ
EHWWHU XVHG WR LQFUHDVH WKH DUHD RI WKH PDLQ GLVSOD\
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$SSHQGL[�%��([SHULPHQW�PDWHULDOV

%���&RQVHQW�IRUP

>8QLYHUVLW\ /HWWHUKHDG@
5HVHDUFK 3URMHFW 7LWOH� (IIHFWV RI UDGDU YLHZ RQ JURXS SHUIRUPDQFH LQ GLVWULEXWHG JURXSZDUH
,QYHVWLJDWRUV�

&DUO *XWZLQ
'U� 6DXO *UHHQEHUJ �VXSHUYLVRU�
.ULVWD 0F,QWRVK �+XPDQ )DFWRUV�
-DVH &KXJK �+XPDQ )DFWRUV�

7KLV FRQVHQW IRUP� D FRS\ RI ZKLFK KDV EHHQ JLYHQ WR \RX� LV RQO\ SDUW RI WKH SURFHVV RI LQIRUPHG FRQVHQW� ,W
VKRXOG JLYH \RX WKH EDVLF LGHD RI ZKDW WKH UHVHDUFK LV DERXW DQG ZKDW \RXU SDUWLFLSDWLRQ ZLOO LQYROYH� ,I \RX
ZRXOG OLNH PRUH GHWDLO DERXW VRPHWKLQJ PHQWLRQHG KHUH� RU LQIRUPDWLRQ QRW LQFOXGHG KHUH� SOHDVH DVN� 3OHDVH
WDNH WKH WLPH WR UHDG WKLV IRUP FDUHIXOO\ DQG WR XQGHUVWDQG DQ\ DFFRPSDQ\LQJ LQIRUPDWLRQ�

([SHULPHQW SXUSRVH�

7KH DLP RI WKLV SURMHFW LV WR HYDOXDWH WKH XVHIXOQHVV RI D FRPSXWHU GLVSOD\ FDOOHG D UDGDU YLHZ� IRU JURXSV
ZRUNLQJ LQ D VKDUHG ZRUNVSDFH WKURXJK GLIIHUHQW FRPSXWHUV �WKDW LV� JURXSZDUH��

3DUWLFLSDQW UHFUXLWPHQW DQG VHOHFWLRQ�

3DUWLFLSDQWV DUH EHLQJ UHFUXLWHG IURP WKH JHQHUDO 8QLYHUVLW\ RI &DOJDU\ VWXGHQW SRSXODWLRQ� <RXU JURXS KDV
EHHQ UDQGRPO\ DVVLJQHG WR RQH RI WZR H[SHULPHQWDO FRQGLWLRQV�

3URFHGXUH�

7KLV VHVVLRQ ZLOO UHTXLUH DERXW � ó KRXUV RI \RXU WLPH� DQG ZLOO LQFOXGH WKH IROORZLQJ DFWLYLWLHV�

1. ,QWURGXFWLRQ WR WKH FRPSXWHU V\VWHP DQG WKH WDVN DUHD

2. 3UDFWLFH ZLWK WKH IXQFWLRQV RI WKH V\VWHP

3. 6HYHQ FROODERUDWLYH WDVNV

4. $ TXHVWLRQQDLUH UHJDUGLQJ WKH XVDELOLW\ RI WKH V\VWHP

5. $ VKRUW LQWHUYLHZ

'DWD FROOHFWLRQ�

9HUEDO GLVFXVVLRQV GXULQJ WKH WLPHG WDVN ZLOO EH DXGLRWDSHG� DQG D WKLUG FRPSXWHU PRQLWRU ZLOO EH YLGHRWDSHG�
7KH FRPSXWHU ZLOO DOVR ORJ DFWLRQV SHUIRUPHG LQ WKH V\VWHP�

3HUPLVVLRQ WR XVH DXGLR DQG YLGHR�

$V DXGLR DQG YLGHR WDSHV ZLOO EH UHFRUGHG GXULQJ WKH VHVVLRQ� WKLV FRQVHQW IRUP DOVR UHTXHVWV H[SOLFLW
SHUPLVVLRQ WR XVH XQLGHQWLILHG YHUEDWLP WUDQVFULSWV DQG YLGHR VHTXHQFHV LQ IXWXUH SUHVHQWDWLRQV DQG UHSRUWV� ,Q
FDVHV ZKHUH WUDQVFULSWV RU YLGHR DUH XVHG� SDUWLFLSDQW QDPHV DQG RWKHU LGHQWLI\LQJ LQIRUPDWLRQ ZLOO EH UHPRYHG�

&RQILGHQWLDOLW\�

&RQILGHQWLDOLW\ DQG SDUWLFLSDQW DQRQ\PLW\ ZLOO EH VWULFWO\ PDLQWDLQHG� 5HSRUWV DQG SUHVHQWDWLRQV ZLOO UHIHU WR
SDUWLFLSDQWV DQG JURXSV XVLQJ RQO\ DQ DVVLJQHG QXPEHU� $XGLR DQG YLGHRWDSHV� FRPSXWHU UHFRUGV VWRUHG RQ
IORSS\ GLVN� TXHVWLRQQDLUHV� DQG LQWHUYLHZ UHVSRQVHV ZLOO DOO EH VWRUHG E\ WKH SULPDU\ LQYHVWLJDWRU LQ D ORFNHG ILOH
FDELQHW� 7KH IRXU LQYHVWLJDWRUV DERYH DUH WKH RQO\ SHUVRQV ZKR ZLOO KDYH DFFHVV WR WKH UDZ GDWD�
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5HPXQHUDWLRQ�

(DFK SDUWLFLSDQW ZLOO UHFHLYH ������ IRU WKHLU LQYROYHPHQW LQ WKH VWXG\�

/LNHOLKRRG RI GLVFRPIRUW�

7KHUH LV QR OLNHOLKRRG RI GLVFRPIRUW RU ULVN DVVRFLDWHG ZLWK SDUWLFLSDWLRQ�

3ULPDU\ UHVHDUFKHUV�

&DUO *XWZLQ LV D 3K�'� VWXGHQW LQ WKH GHSDUWPHQW RI &RPSXWHU 6FLHQFH DW WKH 8QLYHUVLW\ RI &DOJDU\� WKLV VWXG\
LV SDUW RI KLV WKHVLV UHVHDUFK� +LV VXSHUYLVRU LV 'U� 6DXO *UHHQEHUJ� $VVRFLDWH 3URIHVVRU LQ WKH GHSDUWPHQW RI
&RPSXWHU 6FLHQFH�

)LQGLQJ RXW DERXW UHVXOWV�

3DUWLFLSDQWV FDQ ILQG RXW WKH UHVXOWV RI WKH VWXG\ E\ FRQWDFWLQJ WKH SULPDU\ UHVHDUFKHU DIWHU 0D\ ��� ����� RU E\
ORRNLQJ DW WKH ::: SDJH KWWS���ZZZ�FSVF�XFDOJDU\�FD�aJXWZLQ�UHVHDUFK�UHVXOWV�KWPO DIWHU 0D\ ��� �����

<RXU VLJQDWXUH RQ WKLV IRUP LQGLFDWHV WKDW \RX KDYH XQGHUVWRRG WR \RXU VDWLVIDFWLRQ WKH LQIRUPDWLRQ UHJDUGLQJ
SDUWLFLSDWLRQ LQ WKH UHVHDUFK SURMHFW DQG DJUHH WR SDUWLFLSDWH DV D SDUWLFLSDQW� ,Q QR ZD\ GRHV WKLV ZDLYH \RXU
OHJDO ULJKWV QRU UHOHDVH WKH LQYHVWLJDWRUV� VSRQVRUV� RU LQYROYHG LQVWLWXWLRQV IURP WKHLU OHJDO DQG SURIHVVLRQDO
UHVSRQVLELOLWLHV� <RX DUH IUHH WR QRW DQVZHU VSHFLILF LWHPV RU TXHVWLRQV LQ LQWHUYLHZV RU RQ TXHVWLRQQDLUHV� <RX
DUH IUHH WR ZLWKGUDZ IURP WKH VWXG\ DW DQ\ WLPH ZLWKRXW SHQDOW\� <RXU FRQWLQXHG SDUWLFLSDWLRQ VKRXOG EH DV
LQIRUPHG DV \RXU LQLWLDO FRQVHQW� VR \RX VKRXOG IHHO IUHH WR DVN IRU FODULILFDWLRQ RU QHZ LQIRUPDWLRQ WKURXJKRXW
\RXU SDUWLFLSDWLRQ� ,I \RX KDYH IXUWKHU TXHVWLRQV FRQFHUQLQJ PDWWHUV UHODWHG WR WKLV UHVHDUFK� SOHDVH FRQWDFW�

&DUO *XWZLQ ���������� RU 'U� 6DXO *UHHQEHUJ ����������

,I \RX KDYH DQ\ TXHVWLRQV FRQFHUQLQJ \RXU SDUWLFLSDWLRQ LQ WKLV SURMHFW� \RX PD\ DOVR FRQWDFW WKH 2IILFH RI WKH
9LFH�3UHVLGHQW �5HVHDUFK� DQG DVN IRU .DUHQ 0F'HUPLG� ���������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBB
3DUWLFLSDQW 'DWH

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBB
,QYHVWLJDWRU�:LWQHVV 'DWH

$ FRS\ RI WKLV FRQVHQW IRUP KDV EHHQ JLYHQ WR \RX WR NHHS IRU \RXU UHFRUGV DQG UHIHUHQFH�
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%���,QVWUXFWLRQV�DQG�SURWRFRO

5DGDU�9LHZ�6WXG\

3URFHGXUH�DQG�,QVWUXFWLRQV

&DUO *XWZLQ
0DUFK �� ����

�� 6HWXS�

�� 3UHDPEOH�

• +HOOR DQG ZHOFRPH

• 2YHUYLHZ RI WKH VHVVLRQ

• 6LJQ FRQVHQW IRUPV

• 'HPRJUDSKLFV LQIRUPDWLRQ

�� 6\VWHP ,QWUR�

6FHQDULR

,Q WKLV VHVVLRQ� ZH·UH JRLQJ WR JHW \RX WZR WR
FRPSOHWH D FRXSOH RI WDVNV XVLQJ WKHVH WZR
FRPSXWHUV� ZKLFK DUH OLQNHG WRJHWKHU� 7KH V\VWHP
WKDW \RX·OO XVH WR GR WKH WDVN LV D JURXSZDUH V\VWHP�
VR \RX·OO ERWK EH ZRUNLQJ RQ WKH VDPH REMHFWV HYHQ
WKRXJK \RX·UH VLWWLQJ DW GLIIHUHQW ZRUNVWDWLRQV�

7KH VFHQDULR LV WKDW \RX WZR DUH HQJLQHHUV LQ WKH FLW\
ZRUNV GHSDUWPHQW� DQG WKLV V\VWHP LV D SLSHOLQH
VLPXODWRU�

6\VWHP RYHUYLHZ

7KH V\VWHP KDV D ODUJH ZRUNVSDFH ZKHUH \RX·OO EH
EXLOGLQJ WKH SLSHOLQH� 7KLV LV WKH PDLQ YLHZ RQWR WKH
ZRUNVSDFH� ZKHUH \RX·OO GR WKH ZRUN� 7KH VFUHHQ LVQ·W
ELJ HQRXJK WR VKRZ WKH ZKROH ZRUNVSDFH� EXW \RX
FDQ VFUROO DURXQG E\ KROGLQJ GRZQ EXWWRQ � DQG
GUDJJLQJ RXWVLGH WKH ZLQGRZ LQ WKH GLUHFWLRQ WKDW \RX
ZDQW WR JR�

,Q WKH WRS OHIW FRUQHU� WKHUH LV D VHFRQG ZLQGRZ FDOOHG
WKH UDGDU YLHZ� ,W VKRZV WKH ZKROH ZRUNVSDFH LQ
PLQLDWXUH� DQG \RX FDQ XVH LW WR NHHS WUDFN RI ZKDW·V
KDSSHQLQJ RYHUDOO�

,Q WKH UDGDU� \RX·OO QRWLFH WKHVH UHFWDQJOHV ZLWK
GLIIHUHQW VKDSHV LQ WKHP� 7KRVH DUH WKH SLOHV RI SLSH
WKDW \RX·OO XVH WR EXLOG WKH QHWZRUN� 7KHUH DUH IRXU
NLQGV RI SLSH� VWUDLJKW VHFWLRQV� HOERZV� W�VHFWLRQV�
DQG FDSV IRU FDSSLQJ GHDG HQGV

6\VWHP IXQFWLRQV

7KHUH DUH VHYHUDO WKLQJV WKDW \RX FDQ GR ZLWK WKLV
V\VWHP�

1HZ SLHFHV

7KH ILUVW WKLQJ LV KRZ WR JHW D QHZ SLHFH RI SLSH�
2QFH \RX·YH VFUROOHG WR RQH RI WKH VWDFNV� \RX FDQ
MXVW GUDJ WKH WRS SLHFH RII WKH SLOH� 7R GUDJ SLHFHV
DURXQG� \RX FOLFN DQG GUDJ ZLWK WKH OHIW PRXVH
EXWWRQ�

'UDJ�VFUROOLQJ

,I \RX ZDQW WR GUDJ D SLHFH D ORQJ ZD\� GUDJ LW RXWVLGH
WKH PDLQ ZLQGRZ DQG WKH YLHZ ZLOO VFUROO DORQJ ZLWK
\RX� <RX·OO QRWLFH WKDW WKH V\VWHP OHDYHV VRPH MXQN
EHKLQG � GRQ·W ZRUU\ DERXW LW� LW ZLOO JR DZD\ ZKHQ
\RX FRPH EDFN LQWR WKH ZLQGRZ�

5RWDWLQJ

7KH ULJKW PRXVH EXWWRQ URWDWHV SLHFHV� MXVW E\ FOLFNLQJ
RQ WKH SLHFH�

-RLQLQJ

�JHW DQRWKHU SLHFH DQG WKH ZHOGHU!

7R SXW SLHFHV RI SLSH WRJHWKHU� WKHUH DUH WZR VWHSV�
)LUVW� \RX SXW RQH VHFWLRQ ULJKW EHVLGH DQRWKHU RQH� ,I
LW·V FORVH HQRXJK� WKHQ WKH V\VWHP ZLOO VQDS WKHP
WRJHWKHU DQG EOLQN WKH RXWOLQH RI WKH VHFRQG SLHFH LQ
\HOORZ� 7KDW WHOOV \RX WKDW WKH SLHFHV DUH WRJHWKHU DQG
UHDG\ WR EH ZHOGHG� EXW \RX FDQ VWLOO PRYH WKHP
LQGLYLGXDOO\� ,I \RX·UH OLQLQJ XS D VHFWLRQ WKDW DOUHDG\
KDV ZHOGV LQ LW� LW ZLOO RQO\ VQDS WR SLHFHV QH[W WR WKH
RQH WKDW \RX·UH WRXFKLQJ �GHPRQVWUDWH!�

:HOGLQJ

7R ZHOG WKHP WRJHWKHU� WDNH WKH ZHOGHU� WKLV JUH\
GLDPRQG� DQG GURS LW RQ WKH MRLQW WKDW \RX ZDQW WR
ZHOG� :HOGV DUH PDUNHG ZLWK D \HOORZ VSRW� DQG RQFH
WKH\·UH ZHOGHG� \RX FDQ PRYH WKH ZKROH WKLQJ ZLWK
WKH OHIW EXWWRQ� 7R XQZHOG� MXVW GURS LW DJDLQ�
5HPHPEHU� MXVW GURS WKH ZHOGHU� GRQ·W FOLFN LW�

:HOGLQJ SUREOHPV

�JHW DQRWKHU SLHFH!

,I WKH ZHOGHU EOLQNV UHG� WKHQ WKH SLHFHV DUHQ·W OLQHG
XS FRUUHFWO\� ,I WKH\ ORRN OLQHG XS� MXVW FOLFN RQH RI
WKH SLHFHV WKDW \RX ZDQW WR ZHOG� DQG VHH LI LW EOLQNV
\HOORZ�

5DGDU YLHZ � 2YHUYLHZ

7KH >UDGDU�RYHU@ YLHZ VKRZV DOO RI WKH SLHFHV LQ WKH
ZRUNVSDFH� DQG VKRZV WKHP DV WKH\ PRYH DURXQG� ,W



���

DOVR VKRZV ZHOGV DQG WKH ZHOGHU � EDVLFDOO\ HYHU\WKLQJ
WKDW KDSSHQV LQ WKH PDLQ ZRUNVSDFH LV VKRZQ KHUH�

$OVR� WKH >JUHHQ@ UHFWDQJOH VKRZV ZKDW \RXU PDLQ
YLHZ FRQWDLQV� $V ZH VFUROO DURXQG� WKH JUHHQ
UHFWDQJOH PRYHV DV ZHOO�

>5DGDU YLHZ@

7KH PRXVH FXUVRU LV DOVR GXSOLFDWHG LQ WKH UDGDU E\ D
JUHHQ WULDQJOH�

�VFUROO WR SXW D SLHFH XQGHU WKH UDGDU!

7KH JUH\ FRUQHU WDNHQ RXW RI WKH EOXH UHFWDQJOH
VWDQGV IRU WKH UDGDU YLHZ � VR LI VRPHWKLQJ·V LQ WKH
JUH\ FRUQHU� WKHQ LW ZLOO EH EHKLQG \RXU UDGDU YLHZ�
DQG VR \RX ZRQ·W EH DEOH WR VHH LW�

>2YHUYLHZ RQO\@

7KH RYHUYLHZ LV XSGDWHG ZKHQHYHU \RX OHW JR RI D
SLHFH RU WKH ZHOGHU�

*URXSZDUH IHDWXUHV

�RWKHU GHPRQVWUDWRU MRLQ FRQIHUHQFH!

7KHUH DUH DOVR VHYHUDO WKLQJV WKDW WKH V\VWHP GRHV DV
JURXSZDUH� >.ULVWD@ KDV MXVW MRLQHG XV IURP WKH RWKHU
PDFKLQH� DQG RXU GLVSOD\ ZLOO VKRZ XV D IHZ WKLQJV
DERXW ZKDW VKH·V GRLQJ�

7HOHSRLQWHUV

)LUVW� ZKHQ VKH·V ORRNLQJ DW WKH VDPH SDUW RI WKH
ZRUNVSDFH DV ZH DUH� ZH FDQ VHH KHU PRXVH FXUVRU LQ
>SLQN@�

0RYHPHQW

:KHQ VKH JUDEV D SLHFH RI SLSH� ZH FDQ VHH LWV RXWOLQH
FKDQJH WR KHU FRORXU� DQG ZH FDQ VHH LW PRYH DV VKH
GUDJV LW DURXQG�

/RFNV

:KHQYHU VRPHRQH GRHV VRPHWKLQJ WR D SLHFH� LW·V
ORFNHG� VR WKH RWKHU SHUVRQ FDQ·W GR DQ\WKLQJ WR LW� ,I
\RX WU\ WR GR VRPHWKLQJ WR D SLHFH WKDW·V ORFNHG� \RXU
PDFKLQH ZLOO EHHS DW \RX�

5DGDU YLHZ

>)XOO UDGDU@

7KH UDGDU YLHZ DOVR VKRZV VRPH WKLQJV DERXW WKH
RWKHU SHUVRQ�

7KHLU YLHZ UHFWDQJOH LV VKRZQ LQ SLQN� 6R� ZKDW LV
FRQWDLQHG LQ WKH SLQN UHFWDQJOH LV ZKDW WKH\ FDQ VHH�

6HFRQG� WKHLU PRXVH FXUVRU LV DOZD\V YLVLEOH LQ WKH
UDGDU� HYHQ ZKHQ WKH\·UH VRPHZKHUH HOVH LQ WKH
ZRUNVSDFH�

<RX FDQ DOVR JHVWXUH LQVLGH WKH UDGDU� ZKHQ , PRYH
P\ PRXVH FXUVRU LQVLGH WKH UDGDU� WKH RWKHU SHUVRQ
FDQ VHH LW�

>2YHUYLHZ RQO\@

7KH RYHUYLHZ DOVR VKRZV WKH DFWLRQV RI WKH RWKHU
SHUVRQ� 7KH GLVSOD\ XSGDWHV ZKHQHYHU WKH\ ILQLVK
PRYLQJ D SLHFH�

• 3UDFWLFH V\VWHP IXQFWLRQV

• 7HVW EDVLF VNLOOV

• 7HVW DXGLR OHYHOV

• 9LGHR UHDG\ WR UHFRUG

�� 3UDFWLFH WDVN

7DVN JRDOV�

<RXU JRDO LV WR FRPSOHWH EXLOG WKH SLSHOLQH QHWZRUN
VKRZQ LQ WKH GLDJUDP DV TXLFNO\ DQG DFFXUDWHO\ DV
SRVVLEOH� <RX PD\ GLVFXVV WKH WDVN DQG GR ZKDWHYHU
\RX QHHG WR GR WR FRPSOHWH LW� EXW SOHDVH VWD\ IRFXVHG
RQ WKH WDVN DQG ZRUN TXLFNO\�

&RPSOHWLRQ FULWHULD�

7KHUH DUH D IHZ WKLQJV WKDW ZH ZLOO FKHFN LQ \RXU
SLSHOLQH WR PDNH VXUH WKDW \RX DUH GRQH�

$OO RI WKH OLQHV� FRUQHUV� DQG MXQFWLRQV VKRZQ LQ WKH
GLDJUDP VKRXOG EH LQ \RXU QHWZRUN�

'RQ·W VSHQG WLPH PDNLQJ LW H[DFW� MXVW PDNH VXUH DOO
RI WKH EDVLF FRPSRQHQWV DUH WKHUH�

'RQ·W SXW H[WUD EHQGV RU MXQFWLRQV LQWR VWUDLJKW
VHFWLRQV�

$OO RI WKH SLHFHV LQ WKH QHWZRUN PXVW EH ZHOGHG�

$V VRRQ DV \RX WKLQN WKDW \RX·UH GRQH� OHW XV NQRZ�
DQG ZH·OO VWRS WKH FORFN DQG FKHFN� ,I WKHUH DUH WKLQJV
OHIW WR GR� ZH·OO QRWH WKHP RQ WKH GLDJUDPV� UHVWDUW WKH
FORFN� DQG WKHQ OHW \RX ILQLVK�

&ROODERUDWLRQ�

\RX FDQ WDON DV PXFK DV \RX ZDQW ZLWK \RXU SDUWQHU�
ZH HQFRXUDJH \RX WR GLVFXVV WKLQJV�

ERWK RI \RX ZRUNLQJ DW WKH VDPH WLPH LV OLNHO\ WR EH
IDVWHU WKDQ MXVW KDYLQJ RQH RI \RX GR WKH ZRUN�

UHPHPEHU WKDW WKHUH·V RQO\ RQH ZHOGHU� VR \RX·OO KDYH
WR VKDUH�
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• 6\QFKURQL]H WKH WLPH

• 6WDUW WKH YLGHR 	 FORFN

• 5XQ WKH WDVN

• 6WRS YLGHR

• 5HFRUG WLPH

• 6DYH WKH V\VWHP VWDWH

�� 4XHVWLRQQDLUH $

�+DQG RXW DQG H[SODLQ TXHVWLRQQDLUH!

�/RDG FRQWULYHG WDVN �!

�� 7DVNV

1RZ ,·G OLNH \RX WR GR WKUHH GLIIHUHQW NLQGV RI WDVNV�
7KHVH DUH PRUH VSHFLDOL]HG� EXW WKH\ VWLOO XVH WKH
SLSHOLQH V\VWHP�

)ROORZ WDVN

7KH REMHFW RI WKH ILUVW WDVN LV WR FRPSOHWH D VHW RI
ZHOGV DV TXLFNO\ DV SRVVLEOH� <RX·OO HDFK SOD\ D
GLIIHUHQW UROH � >3HUVRQ �@� \RX·OO EH WKH RQH ZKR GRHV
WKH ZHOGLQJ� DQG WKDW·V DOO� <RX FDQ·W PRYH SLHFHV� \RX
MXVW GR WKH ZHOGLQJ� >3HUVRQ �@� \RX·UH WKH RQH ZLWK
WKH OLVW RI WKLQJV WR ZHOG� DQG \RX KDYH WR JR WR HDFK
SODFH DQG PDNH VXUH WKDW WKH SLHFHV DUH LQ SRVLWLRQ�
<RX DOVR KDYH WR PDNH VXUH WKDW WKH ZHOGHU FDQ ILQG
WKH ULJKW SODFH� <RX FDQ WDON DV PXFK DV \RX ZDQW�

+HUH LV WKH VHW RI ZHOGV WKDW , ZDQW \RX WR GR� 3OHDVH
GR WKHP LQ RUGHU IURP � WR ��� DQG GRQ·W GR DQ\ RXW
RI RUGHU� )RU SUDFWLFH� SOHDVH GR WKH RQH PDUNHG ´3µ�

• DQ\ TXHVWLRQV"

• PDNH VXUH WKH\·UH LQ WKH FHQWUH RI WKH ZRUNVSDFH

• PDNH VXUH 3HUVRQ � KDV WKH ZHOGHU

• VWDUW WKH YLGHR

• VWDUW WKH FORFN

• UXQ WKH WDVN

• VWRS WKH YLGHR

• TXHVWLRQQDLUH %

• ORDG QH[W WDVN

&RS\ WDVN

,Q WKH QH[W WDVN� \RX·UH HDFK JRLQJ WR EXLOG D VWUXFWXUH
RXW RI WKH SLHFHV WKDW DUH VXSSOLHG DW WKH ERWWRP RI
WKH ZRUNVSDFH� >3HUVRQ �@� \RX·UH JRLQJ WR EXLOG IURP
WKH SLHFHV DW WKH ULJKW� DQG \RX·OO EXLOG LQ WKH UHFWDQJOH

DW WKH ULJKW� >3HUVRQ �@� \RX·OO EXLOG RQ WKH OHIW�
>3HUVRQ �@ ZLOO KDYH WKH PDS RI ZKDW \RX·UH ERWK
VXSSRVHG WR EXLOG� VR >3HUVRQ �@� \RX·OO KDYH WR ZDWFK
ZKDW KH GRHV DQG GR ZKDWHYHU KH GRHV� $JDLQ� \RX
FDQ WDON DV PXFK DV \RX ZDQW�

+HUH·V ZKDW , ZDQW \RX WR EXLOG� 'RQ·W ZRUU\ DERXW
ZHOGLQJ LW� DQG \RX·UH DOORZHG WR JR RXWVLGH WKH ER[ �
LW·V MXVW D JXLGH� )RU SUDFWLFH� >3HUVRQ �@ GR WKLV SLHFH
�SRLQW WR WKH ODUJH FRUQHU!� >3HUVRQ �@� \RX GR \RXU
SLHFH DV ZHOO�

�ZKHQ WKH\·UH GRQH� KDYH WKHP PRYH WKH SUDFWLFH
SLHFH EDFN!

DQ\ TXHVWLRQV"

PDNH VXUH WKH\·UH LQ WKH FRUUHFW SDUWV RI WKH
ZRUNVSDFH �LQ WKH SLHFH VWRUHKRXVHV EHORZ WKHLU
UHVSHFWLYH ER[HV�

• VWDUW WKH YLGHR

• VWDUW WKH FORFN

• UXQ WKH WDVN

• VWRS WKH YLGHR

• TXHVWLRQQDLUH %

• ORDG QH[W WDVN

'LUHFWRU WDVN

,Q WKH QH[W WDVN� RQH RI \RX LV JRLQJ WR WDON WKH RWKHU
WKURXJK D VHW RI WKLQJV WKDW KDYH WR EH GRQH WR D
SLSHOLQH�

>3HUVRQ �@� \RX·UH JRLQJ WR GR WKH LQVWUXFWLQJ� DQG
>3HUVRQ �@� \RX·UH JRLQJ WR GR WKH ZRUN� >3HUVRQ �@�
\RX·OO QRWLFH WKDW \RX RQO\ KDYH WKH UDGDU YLHZ� DQG
�UHYLHZ ZKDW WKHLU GLVSOD\V VKRZ!�

+HUH LV ZKDW , ZDQW \RX WR HQG XS ZLWK� WKH OLJKW�JUH\
SLHFHV DUH WKH RQHV WKDW \RX VKRXOG JHW >3HUVRQ �@ WR
DGG WR WKH SLSHOLQH� 3OHDVH GR WKHP LQ RUGHU IURP � WR
�� $JDLQ� GRQ·W ZRUU\ DERXW ZHOGLQJ�

7R SUDFWLFH� >3HUVRQ �@� JHW >3HUVRQ �@ WR SXW KLV�KHU
FXUVRU RQ WKLV SLHFH KHUH �SRLQW RXW D SLHFH LQ WKH
GLDJUDP!�

>3HUVRQ �@� SOHDVH JR WR WKH FHQWUH RI WKH ZRUNVSDFH
WR VWDUW�

• DQ\ TXHVWLRQV"

• PDNH VXUH WKH\·UH LQ WKH FRUUHFW SDUWV RI WKH
ZRUNVSDFH

• VWDUW WKH YLGHR
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• VWDUW WKH FORFN

• UXQ WKH WDVN

• VWRS WKH YLGHR

• TXHVWLRQQDLUH %

• ORDG QH[W WDVN

�� 7DVNV �RWKHU FRQGLWLRQ�

([SODLQ WKH VHFRQG FRQGLWLRQ�

5HSHDW WKH WKUHH FRQWULYHG WDVNV� ZLWK WKH DOWHUQDWH
VFHQDULRV� DQG ZLWK WKH VHFRQG FRQGLWLRQ�

�� 4XHVWLRQQDLUH &

�� ,QWHUYLHZ

��� 'HEULHILQJ

3XUSRVH DQG H[SHFWDWLRQV

7KH SXUSRVH RI WKH H[SHULPHQW LV WR GHWHUPLQH
ZKHWKHU LQIRUPDWLRQ DERXW ZKDW DQRWKHU SHUVRQ LV
GRLQJ DQG ZKHUH WKH\ DUH ZRUNLQJ FDQ LPSURYH D
JURXSZDUH V\VWHP� :H·UH ORRNLQJ DW ZKHWKHU VHHLQJ
WKH RWKHU SHUVRQ·V YLHZ UHFWDQJOH DQG WHOHSRLQWHU
PDNH WDVNV OLNH WKHVH HDVLHU�

)LQGLQJ RXW PRUH

:KHQ WKH H[SHULPHQW LV ILQLVKHG DW WKH HQG RI 0DUFK�
\RX FDQ ILQG RXW ZKDW \RXU JURXS·V WLPH ZDV DQG
ZKDW WKH UHVXOWV RI WKH VWXG\ ZHUH� 7KHUH DUH D FRXSOH
RI ZD\V WR ILQG RXW PRUH� OLVWHG RQ \RXU FRS\ RI WKH
FRQVHQW IRUP�

4XHVWLRQV

• 7KDQNV DJDLQ

• 3D\PHQW

• 3DUWLFLSDQWV VLJQ WKH SD\PHQW VKHHW
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%���4XHVWLRQQDLUH��UDGDU�YHUVLRQ�

Questionnaire Part A

7KH IROORZLQJ TXHVWLRQV DVN \RX WR FRQVLGHU KRZ ZHOO WKH V\VWHP VXSSRUWHG \RXU FROODERUDWLRQ� 6RPH RI WKH
TXHVWLRQV DUH VWDWHPHQWV WKDW \RX PD\ DJUHH RU GLVDJUHH ZLWK� RWKHUV DVN \RX WR VHOHFW D SRLQW DORQJ D VFDOH�

Collaboration:

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

The group was able to collaborate efficiently

It was easy to obtain the information I needed about my partner

It was difficult to talk about particular objects in the task

I always knew what my partner was talking about

Awareness:

How often were you aware of where your partner was working? never • • • always

How precisely did you know where they were? vaguely • • • precisely

How often were you aware of what your partner was doing? never • • • always

How precisely did you know what they were doing? vaguely • • • precisely

Radar view:

How often did you use the radar view? rarely • • • very often

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

The radar view distracted me from my own work

The radar view was too large

The radar view was easy to understand

The radar view showed me useful information about my partner

It was difficult to make use of information that I got from the
radar view

I often forgot that the radar view was there

It was hard to determine who was who in the radar view

I would have rather had the extra screen space than the radar
view

It was easy to determine where my partner was in the radar
view
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It was hard to tell what my partner was doing in the radar view

The radar view was a valuable part of the system

Questionnaire Part B

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

Questionnaire Part C

        

Version 1 Version 2

Which version of the system better supported your collaboration? version 1 version 2

• •

Which version of the system was easier to use for group work? version 1 version 2

• •

Which version of the system did you prefer? version 1 version 2

• •
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