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Abstract
6XSSRUWLQJ�DZDUHQHVV�RI�RWKHUV�LV�DQ�LGHD�WKDW�KROGV�SURPLVH�IRU�LPSURYLQJ�WKH�XVDELOLW\�RI�UHDO�WLPH
GLVWULEXWHG�JURXSZDUH��+RZHYHU��WKHUH�LV�OLWWOH�SULQFLSOHG�LQIRUPDWLRQ�DYDLODEOH�DERXW�DZDUHQHVV�WKDW
FDQ�EH�XVHG�E\�JURXSZDUH�GHVLJQHUV��,Q�WKLV�DUWLFOH��ZH�GHYHORS�D�GHVFULSWLYH�WKHRU\�RI�DZDUHQHVV�IRU
WKH�SXUSRVH�RI�DLGLQJ�JURXSZDUH�GHVLJQ��IRFXVLQJ�RQ�RQH�NLQG�RI�JURXS�DZDUHQHVV�FDOOHG�ZRUNVSDFH
DZDUHQHVV��:H�IRFXV�RQ�KRZ�VPDOO�JURXSV�SHUIRUP�JHQHUDWLRQ�DQG�H[HFXWLRQ�WDVNV�LQ�PHGLXP�VL]HG
VKDUHG� ZRUNVSDFHV³WDVNV� ZKHUH� JURXS� PHPEHUV� IUHTXHQWO\� VKLIW� EHWZHHQ� LQGLYLGXDO� DQG� VKDUHG
DFWLYLWLHV� GXULQJ� WKH�ZRUN� VHVVLRQ��:H� KDYH� EXLOW� D� WKUHH�SDUW� IUDPHZRUN� WKDW� RSHUDWLRQDOL]HV� WKH
FRQFHSW� RI� ZRUNVSDFH� DZDUHQHVV� DQG� DGGUHVVHV� WKUHH� TXHVWLRQV� GHVLJQHUV� PXVW� DQVZHU� ZKHQ
VXSSRUWLQJ�DZDUHQHVV³ZKDW� LQIRUPDWLRQ� WR� WUDFN��KRZ�WR�SURYLGH� LW� LQ� WKH� LQWHUIDFH��DQG�ZKHQ� LW
VKRXOG�EH�PDGH�DYDLODEOH��7KH�IUDPHZRUN�VHWV�RXW�HOHPHQWV�RI�NQRZOHGJH�WKDW�PDNH�XS�ZRUNVSDFH
DZDUHQHVV�� SHUFHSWXDO� PHFKDQLVPV� XVHG� WR� PDLQWDLQ� DZDUHQHVV�� DQG� WKH� ZD\V� WKDW� SHRSOH� XVH
ZRUNVSDFH� DZDUHQHVV� LQ� FROODERUDWLRQ�� 7KH� IUDPHZRUN� RUJDQL]HV� SUHYLRXV� UHVHDUFK� RQ� DZDUHQHVV
DQG�H[WHQGV�LW�WR�SURYLGH�GHVLJQHUV�ZLWK�D�YRFDEXODU\�DQG�D�VHW�RI�JURXQG�UXOHV�IRU�DQDO\VLQJ�ZRUN
VLWXDWLRQV�� IRU�FRPSDULQJ�DZDUHQHVV�GHYLFHV��DQG�IRU�H[SODLQLQJ� WHVW� UHVXOWV��7KH�EDVLF�VWUXFWXUH�RI
WKH�WKHRU\�FDQ�EH�XVHG�WR�GHVFULEH�RWKHU�NLQGV�RI�DZDUHQHVV� WKDW�DUH� LPSRUWDQW� WR� WKH�XVDELOLW\�RI
JURXSZDUH�
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1. Introduction 1

$ZDUHQHVV�KDV�UHFHQWO\�EHJXQ�WR�UHFHLYH�FRQVLGHUDEOH�DWWHQWLRQ� LQ�&6&:�DQG�JURXSZDUH� UHVHDUFK
�H�J��'RXULVK�DQG�%HOORWWL��������0F'DQLHO�DQG�%ULQFN�������*XWZLQ�DQG�*UHHQEHUJ�����D���6WD\LQJ
DZDUH�RI�RWKHUV�LV�VRPHWKLQJ�WKDW�ZH�WDNH�IRU�JUDQWHG�LQ�WKH�HYHU\GD\�ZRUOG��EXW�VRPHWKLQJ�WKDW�KDV
SURYHQ� WR� EH� GLIILFXOW� LQ� UHDO�WLPH� GLVWULEXWHG� V\VWHPV�ZKHUH� LQIRUPDWLRQ� UHVRXUFHV� DUH� SRRU� DQG
LQWHUDFWLRQ�PHFKDQLVPV�DUH�IRUHLJQ��$V�D�UHVXOW��ZRUNLQJ�WRJHWKHU�WKURXJK�D�JURXSZDUH�V\VWHP�RIWHQ
VHHPV� LQHIILFLHQW� DQG� FOXPV\� FRPSDUHG� ZLWK� IDFH�WR�IDFH� ZRUN�� ,W� LV� EHFRPLQJ� PRUH� DQG� PRUH
DSSDUHQW� WKDW� EHLQJ� DEOH� WR� VWD\� DZDUH� RI� RWKHUV� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� IOXLGLW\� DQG
QDWXUDOQHVV� RI� FROODERUDWLRQ�� DQG� VXSSRUWLQJ� DZDUHQHVV� RI� RWKHUV� LV� ORRNHG� RQ� DV� RQH� ZD\� RI
UHGXFLQJ�WKH�FKDUDFWHULVWLF�DZNZDUGQHVV�RI�UHPRWH�FROODERUDWLRQ��$ZDUHQHVV�LV�D�GHVLJQ�FRQFHSW�WKDW
KROGV�SURPLVH�IRU�VLJQLILFDQWO\�LPSURYLQJ�WKH�XVDELOLW\�RI�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH�

'HVSLWH� WKLV� DWWHQWLRQ�� QR� FOHDU� RYHUDOO� SLFWXUH� RI� DZDUHQHVV� KDV� \HW� HPHUJHG� IURP� WKH� &6&:
FRPPXQLW\��:LWK�D�IHZ�H[FHSWLRQV��DZDUHQHVV�VXSSRUW�SUHVHQWHG�WR�GDWH�LQYROYHV�ORFDOL]HG�VROXWLRQV
WR�VSHFLILF�GRPDLQ�SUREOHPV��DQG�LVRODWHG�DSSURDFKHV�DQG�SULQFLSOHV�WKDW�DUH�GLIILFXOW�WR�JHQHUDOL]H
WR�RWKHU�VLWXDWLRQV��0RVW�LPSRUWDQWO\��WKLV�YRLG�PHDQV�WKDW�JURXSZDUH�GHVLJQHUV�KDYH�OLWWOH�SULQFLSOHG
LQIRUPDWLRQ�DYDLODEOH�WR�WKHP�DERXW�KRZ�WR�VXSSRUW�DZDUHQHVV�LQ�RWKHU�GRPDLQV�DQG�QHZ�V\VWHPV�
)DFHG�ZLWK�D�EODQN�VODWH�IRU�HDFK�QHZ�DSSOLFDWLRQ��GHVLJQHUV�PXVW�UHLQYHQW�DZDUHQHVV�IURP�WKHLU�RZQ
H[SHULHQFH�RI�ZKDW�LW�LV��KRZ�LW�ZRUNV��DQG�KRZ�LW�LV�XVHG�LQ�WKH�WDVN�DW�KDQG�

2XU�JRDO� LQ� WKLV� DUWLFOH� LV� WR� GHYHORS� D� GHVFULSWLYH� WKHRU\� RI� DZDUHQHVV� IRU� WKH� SXUSRVH� RI� DLGLQJ
JURXSZDUH�GHVLJQ��:H�V\QWKHVL]H�DQG�RUJDQL]H�H[LVWLQJ�UHVHDUFK�RQ�DZDUHQHVV��DQG�H[WHQG�WKLV�ZRUN
WKURXJK�D�FRQFHSWXDO�IUDPHZRUN��2XU�PRWLYDWLRQ�LV�WKH�REVHUYDWLRQ�WKDW�FXUUHQW�JURXSZDUH�V\VWHPV
DUH� QRW� SDUWLFXODUO\� XVDEOH³DQG� KHUH� ZH� DUH� PRUH� FRQFHUQHG� ZLWK� KRZ� ZHOO� D� V\VWHP� VXSSRUWV
DFWLYLWLHV� RI� FROODERUDWLRQ� OLNH� FRPPXQLFDWLRQ�� FRRUGLQDWLRQ�� RU� DVVLVWDQFH�� WKDQ�ZH� DUH� ZLWK� KRZ
ZHOO�WKH�V\VWHP�VXSSRUWV�WKH�GRPDLQ�WDVN��,Q�6DODV·��������WHUPV��ZH�IRFXV�RQ�VXSSRUW�IRU�WHDPZRUN
UDWKHU� WKDQ� WDVNZRUN�� 2XU� RYHUDOO� UHVHDUFK� K\SRWKHVLV� LV� WKDW� KHOSLQJ� SHRSOH� WR� VWD\� DZDUH� LQ
JURXSZDUH� ZRUNVSDFHV� ZLOO� LPSURYH� D� JURXSZDUH� V\VWHP·V� XVDELOLW\�� :KLOH� WKHUH� DUH� PDQ\� RWKHU
UHVHDUFKHUV� ZKR� KDYH� ZULWWHQ� HLWKHU� GLUHFWO\� RU� LQGLUHFWO\� � DERXW� DZDUHQHVV�� RXU� FRQFHSWXDO
IUDPHZRUN�GLIIHUV�LQ�WKUHH�ZD\V�

• LW�LQWHJUDWHV�DQG��H[SDQGV�XSRQ�D�YDULHW\�RI�REVHUYDWLRQV�DQG�SUHYLRXV�WKHRULHV�RI�DZDUHQHVV�

• LW� DGGUHVVHV� D� SDUWLFXODU� W\SH� RI� VLWXDWLRQ³VPDOO� JURXSV� ZRUNLQJ� RYHU� PHGLXP� VL]HG� VKDUHG
ZRUNVSDFHV��DQG

• LW�LV�LQWHQGHG�WR�DVVLVW�WKH�LWHUDWLYH�GHVLJQ�RI�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH�
:H� H[DPLQH� RQH� NLQG� RI� DZDUHQHVV� LQ� FROODERUDWLRQ³FDOOHG� ZRUNVSDFH� DZDUHQHVV� EHFDXVH� RI� LWV
LQWLPDWH�UHODWLRQVKLS�ZLWK�VKDUHG�ZRUNVSDFHV³DQG�FRQVWUXFW�D�IUDPHZRUN� WKDW�RSHUDWLRQDOL]HV� WKH
FRQFHSW�IRU�XVH�LQ�JURXSZDUH�GHVLJQ��:RUNVSDFH�DZDUHQHVV�LV�WKH�XS�WR�WKH�PRPHQW�XQGHUVWDQGLQJ
RI�DQRWKHU�SHUVRQ·V�LQWHUDFWLRQ�ZLWK�D�VKDUHG�ZRUNVSDFH��*XWZLQ�DQG�*UHHQEHUJ��������:RUNVSDFH
DZDUHQHVV��RU�:$��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

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

� 3RUWLRQV RI WKLV UHVHDUFK KDYH EHHQ UHSRUWHG LQ HDUOLHU UHSRUWV �*XWZLQ DQG *UHHQEHUJ� ����� *XWZLQ� *UHHQEHUJ� DQG
5RVHPDQ ������ 7KLV DUWLFOH� KRZHYHU� LV D VXEVWDQWLDO H[SDQVLRQ RI DQ\ SUHYLRXVO\ SXEOLVKHG ZRUN�
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FROODERUDWLRQ³IRU� FRRUGLQDWLQJ� DFWLRQ�� PDQDJLQJ� FRXSOLQJ�� WDONLQJ� DERXW� WKH� WDVN�� DQWLFLSDWLQJ
RWKHUV·�DFWLRQV��DQG�ILQGLQJ�RSSRUWXQLWLHV�WR�DVVLVW�RQH�DQRWKHU�

6WDUWLQJ� IURP� UHFHQW� KXPDQ� IDFWRUV� UHVHDUFK� RQ� DZDUHQHVV� DQG� IURP� 1HLVVHU·V� ������� FRJQLWLYH
PRGHO�RI�KRZ�DZDUHQHVV�LV�PDLQWDLQHG��RXU�:$�IUDPHZRUN�LV�RUJDQL]HG�DURXQG�WKUHH�LVVXHV�

• ZKDW�NLQGV�RI�LQIRUPDWLRQ�SHRSOH�NHHS�WUDFN�RI�LQ�VKDUHG�ZRUNVSDFHV�

• KRZ�SHRSOH�JDWKHU�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ��DQG

• KRZ�SHRSOH�XVH�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ�LQ�FROODERUDWLRQ�

7KHVH� WKUHH� DUHDV� GLUHFWO\� LQIRUP� WKUHH� SUREOHPV� IDFHG� E\� JURXSZDUH� GHVLJQHUV� VHWWLQJ� RXW� WR
VXSSRUW�DZDUHQHVV��ZKDW�LQIRUPDWLRQ�WR�JDWKHU�DQG�GLVWULEXWH��KRZ�WR�SUHVHQW�WKH�LQIRUPDWLRQ�WR�WKH
JURXS�� DQG�ZKHQ� WKH� LQIRUPDWLRQ�ZLOO� EH�PRVW� XVHIXO�� 7KH� IUDPHZRUN� SURYLGHV� GHVLJQHUV� ZLWK� D
VWUXFWXUH� WR� RUJDQL]H� WKLQNLQJ� DERXW� DZDUHQHVV� VXSSRUW�� D� YRFDEXODU\� IRU� DQDO\VLQJ� FROODERUDWLYH
DFWLYLW\�DQG�IRU�FRPSDULQJ�VROXWLRQV��DQG�D�VHW�RI�VWDUWLQJ�SRLQWV�IRU�PRUH�VSHFLILF�GHVLJQ�ZRUN��:H
GR�QRW�JLYH�SUHVFULSWLYH�UXOHV�DQG�JXLGHOLQHV��KRZHYHU��VLQFH�HDFK�JURXSZDUH�DSSOLFDWLRQ�ZLOO�KDYH�WR
RSHUDWH�ZLWKLQ�SDUWLFXODU�DZDUHQHVV�UHTXLUHPHQWV�GLFWDWHG�E\�WKH�WDVN�DQG�WKH�JURXS�VLWXDWLRQ��7KH
IUDPHZRUN� ZDV� GHYHORSHG� LWHUDWLYHO\� RYHU� VHYHUDO� \HDUV� �H�J�� VHH� *XWZLQ� DQG� *UHHQEHUJ� �����
*XWZLQ�� *UHHQEHUJ�� DQG� 5RVHPDQ� ������ *XWZLQ� DQG� *UHHQEHUJ� ����D�� DQG� LV� GHULYHG� IURP� D
YDULHW\�RI�VRXUFHV�

• REVHUYDWLRQV�DQG� LQVLJKWV�RI�RWKHU�JURXSZDUH�GHYHORSHUV�RQ� LVVXHV� FRQFHUQLQJ� DZDUHQHVV� �H�J�
6WHILN�HW�DO������D��7DQJ�������%HDXGRXLQ�/DIRQ�DQG�.DUVHQW\�������'RXULVK�DQG�%HOORWWL������
'L[�HW�DO�������

• WKHRULHV�GHYHORSHG�E\�SV\FKRORJLVWV��OLQJXLVWV��HWKQRJUDSKHUV�DQG�KXPDQ�IDFWRUV�UHVHDUFKHUV�RQ
DZDUHQHVV��H�J��&ODUN�������%UHQQDQ�������+HDWK�	�/XII�������(QGVOH\�������

• RXU�RZQ�REVHUYDWLRQDO�VWXGLHV�RI�IDFH�WR�IDFH�JURXSV�SHUIRUPLQJ�WDVNV�RYHU�VKDUHG�ZRUN�VXUIDFHV
�VHH�6HFWLRQ����

• RXU�RZQ� LWHUDWLYH�GHYHORSPHQW�DQG�WHVWLQJ�RI�PDQ\�DZDUHQHVV�ZLGJHWV�DQG�GLVSOD\V��ZKHUH�ZH
DQDO\]HG�UHDVRQV�IRU�VXFFHVV�DQG�IDLOXUH��H�J��*XWZLQ�DQG�*UHHQEHUJ�����E������D��

$V� DQ� H[DPSOH�RI� WKH� ILQDO�SRLQW��)LJXUH��� VKRZV� WKUHH� YHUVLRQV� RI� DQ� DZDUHQHVV� GLVSOD\� FDOOHG� D
UDGDU�YLHZ��H�J��6PLWK�HW�DO���������EXLOW�IRU�WKH�*URXS.LW�WRRONLW��5RVHPDQ�DQG�*UHHQEHUJ��������
7KHVH�GHYLFHV�DUH�VHFRQGDU\�ZLQGRZV�XVHG�ZLWK�D�GHWDLOHG�YLHZ�RI�WKH�VKDUHG�ZRUNVSDFH��WKH\�VKRZ
PLQLDWXUHV� RI� WKH� DUWLIDFWV� LQ� D� VKDUHG� ZRUNVSDFH�� DQG� FDQ� DOVR� EH� XVHG� WR� VKRZ� DZDUHQHVV
LQIRUPDWLRQ� DERXW� WKH� SDUWLFLSDQWV� LQ� WKH� VHVVLRQ�� 2XU� RULJLQDO� UDGDU� YLHZ� VKRZHG� RQO\� WKH
PRYHPHQW�RI�ZRUNVSDFH�REMHFWV��)LJXUH��D���$V�ZH�ZRUNHG�ZLWK�WKH�GLVSOD\�DQG�EHJDQ�VHWWLQJ�RXW
WKH� ZRUNVSDFH� DZDUHQHVV� IUDPHZRUN�� KRZHYHU�� LW� EHFDPH� DSSDUHQW� WKDW� PRUH� LQIRUPDWLRQ� ZDV
UHTXLUHG� IRU� VRPH� WDVNV�� 7KHVH� H[SHULHQFHV� OHG� WR� WKH� DGGLWLRQ� RI� IXUWKHU� ZRUNVSDFH� DZDUHQHVV
LQIRUPDWLRQ�WR�WKH�GHYLFH��WR�WKH�YHUVLRQ�LQ�)LJXUH��E��ZH�DGGHG�ORFDWLRQ�LQIRUPDWLRQ�ZLWK�VKDGHG
YLHZSRUW� UHFWDQJOHV�DQG�PLQLDWXUH� WHOHSRLQWHUV�� WR� WKH�YHUVLRQ� LQ�)LJXUH��F��ZH�DGGHG�SRUWUDLWV� IRU
SDUWLFLSDQW�LGHQWLILFDWLRQ��DQG�PDGH�WKH�UDGDU�D�IXOO\� LQWHUDFWLYH�VHFRQGDU\�ZRUNVSDFH�UDWKHU�WKDQ�D
YLHZ�RQO\� GLVSOD\�� 7KH� W\SHV� RI� LQIRUPDWLRQ� DQG� FDSDELOLWLHV� DGGHG� WR� WKH� UDGDU� YLHZ� DUH� GLUHFWO\
UHIOHFWHG� LQ� WKH� FDWHJRULHV� RI� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ� WKDW� DUH� SDUW� RI� WKH� FRQFHSWXDO
IUDPHZRUN��VHH�6HFWLRQ�����2XU�HYDOXDWLRQV�FRQILUP�WKDW�XVHUV�GR�ILQG�WKH�ODWWHU�GHYLFHV�PRUH�XVHIXO
IRU� VRPH� NLQGV� RI� FROODERUDWLYH� WDVNV� �H�J�� *XWZLQ�� 5RVHPDQ�� DQG�*UHHQEHUJ� ������ *XWZLQ� DQG
*UHHQEHUJ�����D��
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)LJXUH����7KUHH�YHUVLRQV�RI�WKH�*URXS.LW�UDGDU�YLHZ��9HUVLRQ��D�VKRZV�REMHFW�PRYHPHQW
RQO\���E�DGGV�ORFDWLRQ�LQIRUPDWLRQ�E\�VKRZLQJ�HDFK�SHUVRQ·V�PDLQ�YLHZ�DV�D�VKDGHG

UHFWDQJOH���F�DGGV�SKRWRJUDSKV�IRU�SDUWLFLSDQW�LGHQWLILFDWLRQ�

,Q� WKLV� DUWLFOH�� ZH� H[SORUH� ZRUNVSDFH� DZDUHQHVV� DQG� GHWDLO� WKH� WKUHH� SDUWV� RI� WKH� FRQFHSWXDO
IUDPHZRUN��7R�EHJLQ��ZH�RXWOLQH� WKH�FRQFHSWV� WKDW�XQGHUOLH�DQG�ERXQG�WKH�UHVHDUFK��VXFK�DV� UHDO�
WLPH�GLVWULEXWHG�JURXSZDUH��VKDUHG�ZRUNVSDFHV��DQG�ZRUNVSDFH�DZDUHQHVV��1H[W��ZH�JLYH�PRUH�GHWDLO
RQ� ZK\� DZDUHQHVV� LV� D� SUREOHP� LQ� JURXSZDUH�� DQG� RQ� WKH� GLIILFXOW\� RI� VXSSRUWLQJ� ZRUNVSDFH
DZDUHQHVV�LQ�D�GLVWULEXWHG�FRPSXWDWLRQDO�VHWWLQJ��7KLUG��ZH�GLVFXVV�KXPDQ�IDFWRUV�UHVHDUFK�LQWR�ZKDW
DZDUHQHVV�LV�DQG�KRZ�LW�ZRUNV��UHVHDUFK�WKDW�XQGHUOLHV�WKH�FRQFHSWXDO�IUDPHZRUN��:H�WKHQ�LQWURGXFH
WKH�IUDPHZRUN�LWVHOI�DQG�ZRUN�WKURXJK�LWV�WKUHH�SDUWV�

2. Setting the scene
7KHUH�DUH�ERXQGV�RQ�WKH�FROODERUDWLYH�VLWXDWLRQV�WKDW�ZH�FRQVLGHU�LQ�WKLV�UHVHDUFK��2XU�ERXQGDULHV
LQYROYH� WKH� NLQGV� RI� JURXSV� ZH� DUH� WU\LQJ� WR� VXSSRUW�� WKH� ZRUNVSDFH� HQYLURQPHQW� ZKHUH
FROODERUDWLRQ�WDNHV�SODFH��WKH�NLQGV�RI�WDVNV�WKDW�JURXSV�ZLOO�XQGHUWDNH��DQG�WKH�NLQGV�RI�JURXSZDUH
WKDW�ZLOO�EH�XVHG�

2.1. Systems: real-time distributed groupware
5HDO�WLPH� GLVWULEXWHG� JURXSZDUH� V\VWHPV� DUH� FRPSXWHU� DSSOLFDWLRQV� WKDW� DOORZ� SHRSOH� WR� ZRUN
WRJHWKHU� DW� WKH� VDPH� WLPH�� EXW� IURP� GLIIHUHQW� SODFHV� �H�J�� (OOLV� HW� DO�� ������� 7KHVH� V\VWHPV� DUH
EHFRPLQJ�PRUH�FRPPRQ�DV�QHWZRUN�FRQQHFWLYLW\�LQFUHDVHV�DQG�RUJDQL]DWLRQV�PRYH�WRZDUGV�PRELOH
FRPSXWLQJ��WHOHFRPPXWLQJ��DQG�GLVWULEXWHG�ZRUN�WHDPV��$OWKRXJK�PDQ\�NLQGV�RI�JURXS�DFWLYLW\�FDQ
EH�VXSSRUWHG�ZLWK�UHDO�WLPH�GLVWULEXWHG�JURXSZDUH��ZH�DUH�SDUWLFXODUO\�LQWHUHVWHG�LQ�DSSOLFDWLRQV�WKDW
SURYLGH�D�VKDUHG�ZRUNVSDFH³DSSOLFDWLRQV�OLNH�VKDUHG�HGLWRUV��JURXS�GUDZLQJ�SURJUDPV��PXOWLSOD\HU
JDPHV��DQG�GLVWULEXWHG�FRQWURO�V\VWHPV�

2.2. Environment: shared workspaces
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�UHDO�ZRUOG��D�VKDUHG�ZRUNVSDFH�LV�VLPSO\�D�SK\VLFDO�VSDFH�ZKHUH�SHRSOH�FDQ�XQGHUWDNH�VRPH
MRLQW�DFWLYLW\��$�FRXQWHUWRS� LV�D�ZRUNVSDFH�ZKHUH�FXVWRPHUV�DQG�FOHUNV�FDUU\�RXW� WUDQVDFWLRQV� LQ�D
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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��,Q�WKLV�UHVHDUFK��KRZHYHU��ZH�FRQFHQWUDWH�RQ�IODW��PHGLXP�VL]HG�VXUIDFHV�XSRQ�ZKLFK
REMHFWV�FDQ�EH�SODFHG�DQG�PDQLSXODWHG��DQG�DURXQG�ZKLFK�D�VPDOO�JURXS�RI�SHRSOH�FDQ�FROODERUDWH�
:KLWHERDUGV��FRQWURO�SDQHOV��EOXHSULQWV��PDSV��DQG�WDEOHWRSV�DUH�UHDO�ZRUOG�H[DPSOHV�RI�WKLV�NLQG�RI
ZRUNVSDFH�

,Q�WKHVH�VSDFHV��WKH�IRFXV�RI�WKH�DFWLYLW\�LV�RQ�WKH�WDVN�DUWLIDFWV��WKH�YLVLEOH�DQG�PDQLSXODEOH�REMHFWV
WKURXJK�ZKLFK� WKH� WDVN� LV� FDUULHG�RXW��([DPSOHV� RI� WDVN� DUWLIDFWV� LQFOXGH�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��7KH�FRPELQDWLRQ�RI�SK\VLFDO�VSDFH�DQG
DUWLIDFWV� PDNHV� D� VKDUHG� ZRUNVSDFH� DQ� H[WHUQDO� UHSUHVHQWDWLRQ� RI� WKH� MRLQW� DFWLYLW\� �&ODUN�� �����
1RUPDQ��������+XWFKLQV��������

2.3. Tasks: generation and execution
7KH� WDVNV� WKDW� ZH� DUH� LQWHUHVWHG� LQ� DUH� WKRVH� WKDW� FDQ� EH� FDUULHG� RXW� WKURXJK� YLHZLQJ� DQG
PDQLSXODWLQJ�DUWLIDFWV�LQ�D�VKDUHG�ZRUNVSDFH��,Q�0F*UDWK·V��������WHUPV��WKHVH�LQFOXGH�JHQHUDWLRQ�DQG
H[HFXWLRQ�DFWLYLWLHV��UDWKHU�WKDQ�LQWHOOHFWXDO�SUREOHP�VROYLQJ�RU�GHFLVLRQ�PDNLQJ���,Q�SDUWLFXODU��VKDUHG
ZRUNVSDFH�WDVNV�WHQG�WR�LQYROYH�FUHDWLRQ�RI�QHZ�DUWLIDFWV��QDYLJDWLRQ�WKURXJK�D�VSDFH�RI�REMHFWV��RU
SHUIRUPDQFH� RI� SK\VLFDO� PDQLSXODWLRQ� RQ� H[LVWLQJ� DUWLIDFWV�� ([DPSOHV� LQFOXGH� DFWLYLWLHV� VXFK� DV
FRQVWUXFWLRQ��SDJH�OD\RXW��GLDJUDP�DVVHPEO\���RUJDQL]DWLRQ��DUUDQJLQJ��RUGHULQJ��RU�VRUWLQJ�DUWLIDFWV��
GHVLJQ� �GUDZLQJ�� JHQHUDWLQJ� DQ� RXWOLQH��� RU� H[SORUDWLRQ� �ILQGLQJ� FHUWDLQ� W\SHV� RI� DUWLIDFWV� LQ� WKH
VSDFH��

2.4. Groups: small groups and mixed-focus collaboration
7DVNV�LQ�PHGLXP�VL]HG�ZRUNVSDFHV�DUH�SULPDULO\�FDUULHG�RXW�E\�VPDOO�JURXSV��DQG�ZH�DUH�LQWHUHVWHG
LQ�JURXSV�RI�EHWZHHQ�WZR�DQG�ILYH�SHRSOH��:H�DOVR�DVVXPH�WKDW�JURXSV�HQJDJH�SULPDULO\�LQ�PL[HG�
IRFXV�FROODERUDWLRQ��ZKHUH�SHRSOH�VKLIW�IUHTXHQWO\�EHWZHHQ�LQGLYLGXDO�DQG�VKDUHG�DFWLYLWLHV�GXULQJ�D
ZRUN�VHVVLRQ��H�J��'RXULVK�DQG�%HOORWWL��������6DOYDGRU�HW�DO���������

7KHVH� IRXU� ERXQGDULHV� RQ� WKH� V\VWHP�� WKH� HQYLURQPHQW�� WKH� WDVN�� DQG� WKH� JURXS� UXOH� RXW� FHUWDLQ
NLQGV�RI�DFWLYLW\��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�� 7KHVH� DQG� DOO� WKH� RWKHU� JURXS� DFWLYLWLHV� ZLWKLQ� RXU� ERXQGDULHV� VKDUH� D� FRPPRQ
SUREOHP�ZKHQ�WKH\�WDNH�SODFH�LQ�D�JURXSZDUH�VHWWLQJ��LW�LV�GLIILFXOW�WR�PDLQWDLQ�DZDUHQHVV�RI�RWKHUV
LQ�WKH�ZRUNVSDFH�

3. The awareness problem in groupware workspaces
,Q� D� IDFH�WR�IDFH� ZRUNVSDFH�� DZDUHQHVV� RI� RQH� DQRWKHU� LV� UHODWLYHO\� HDV\� WR� PDLQWDLQ�� DQG� WKH
PHFKDQLFV� RI� FROODERUDWLRQ� DUH� QDWXUDO�� VSRQWDQHRXV�� DQG� XQIRUFHG�� 8QIRUWXQDWHO\�� ZRUNVSDFH
DZDUHQHVV�LV�PXFK�KDUGHU�WR�PDLQWDLQ�LQ�JURXSZDUH�ZRUNVSDFHV�WKDQ�LQ�IDFH�WR�IDFH�HQYLURQPHQWV�
DQG� LW� LV� RIWHQ� GLIILFXOW� RU� LPSRVVLEOH� WR� GHWHUPLQH�ZKR� HOVH� LV� LQ� WKH�ZRUNVSDFH��ZKHUH� WKH\� DUH
ZRUNLQJ��DQG�ZKDW�WKH\�DUH�GRLQJ��7KHUH�DUH�WKUHH�PDLQ�UHDVRQV�ZK\�WKLV�LV�VR�
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)LUVW�� WKH� LQSXW� DQG� RXWSXW� GHYLFHV� XVHG� LQ� JURXSZDUH� V\VWHPV� SURYLGHV� RQO\� D� IUDFWLRQ� RI� WKH
SHUFHSWXDO�LQIRUPDWLRQ�WKDW�LV�DYDLODEOH�LQ�D�IDFH�WR�IDFH�ZRUNVSDFH³LQIRUPDWLRQ�WKDW�SHRSOH�XVH�LQ
WKH�UHDO�ZRUOG�WR�NHHS�WUDFN�RI�RWKHUV��(DFK�NLQG�RI�VHQVRU\�LQIRUPDWLRQ�LV�UHGXFHG�RU�DEVHQW�IURP
JURXSZDUH�� WKH� ULFK� YLVXDO� HQYLURQPHQW� RI� D� WDEOHWRS� RU� ZKLWHERDUG� LV� UHGXFHG� WR� D� VPDOO�� WZR�
GLPHQVLRQDO��DQG�ORZ�UHVROXWLRQ�FRPSXWHU�GLVSOD\��D�FRPSOH[�DXGLWRU\�HQYLURQPHQW�EHFRPHV�DW�EHVW
D� IHZ�EHHSV�DQG�FOLFNV�� DQG� WDFWLOH�DQG�NLQHVWKHWLF� LQIRUPDWLRQ� LV� UDUHO\� LI� HYHU�XVHG� LQ� JURXSZDUH
RXWVLGH�RI�WKH�YLGHR�DUFDGHV�

6HFRQG��D�XVHU·V�LQWHUDFWLRQ�ZLWK�D�FRPSXWDWLRQDO�ZRUNVSDFH�JHQHUDWHV�PXFK�OHVV�LQIRUPDWLRQ�WKDQ
DFWLRQV� LQ� D� SK\VLFDO� ZRUNVSDFH�� 0XFK� RI� WKH� DZDUHQHVV� LQIRUPDWLRQ� DYDLODEOH� LQ� WKH� UHDO� ZRUOG
FRPHV� IURP� WKH� GLUHFW�PDQLSXODWLRQ� RI� DUWLIDFWV� LQ� WKH�ZRUNVSDFH�� EXW�PDQLSXODWLRQ� LQ� FRPSXWHU
DSSOLFDWLRQV�LV�GHFLGHGO\�OHVV�GLUHFW�WKDQ�LQ�WKH�UHDO�ZRUOG��)RU�H[DPSOH��FRQVLGHU�WKH�GLIIHUHQFHV�LQ
WKH� LQIRUPDWLRQ� JHQHUDWHG� E\� D� SHUVRQ� SK\VLFDOO\� SLFNLQJ� XS� DQ� REMHFW� DQG� UHPRYLQJ� LW� IURP� WKH
ZRUNVSDFH��DQG�D�JURXSZDUH�SDUWLFLSDQW�VHOHFWLQJ�DQ�REMHFW�ZLWK�WKH�PRXVH��DQG�SUHVVLQJ�WKH�¶GHOHWH·
NH\��7KH�IRUPHU�SURYLGHV�D�JUHDW�GHDO�PRUH�LQIRUPDWLRQ��RYHU�D�ORQJHU�WLPH�SHULRG��DERXW�WKH�DFWLRQ
WKDW�LV�XQGHUZD\��*XWZLQ�DQG�*UHHQEHUJ�����E��

7KLUG��H[LVWLQJ�JURXSZDUH�V\VWHPV�RIWHQ�IDLO�WR�PDNH�WKH�PRVW�RI�WKH�OLPLWHG�DZDUHQHVV�LQIRUPDWLRQ
WKDW� LV� DYDLODEOH� WR� WKH� V\VWHP�� 6LQFH� JURXSZDUH� ZRUNVSDFHV� DUH� V\QWKHWLF�� GHVLJQHUV� PXVW� PDNH
H[SOLFLW� SURYLVLRQ� IRU� DQ\� LQIRUPDWLRQ� WKDW� WKH\� PDNH� DYDLODEOH� WR� SDUWLFLSDQWV�� $OWKRXJK� PDQ\
JURXSZDUH�V\VWHPV�KDYH�LQFOXGHG�YDULRXV�NLQGV�RI�ZRUNVSDFH�DZDUHQHVV�LQIRUPDWLRQ��PRVW�V\VWHPV
SURYLGH�OHVV�WKDQ�ZKDW�WKH\�FRXOG��DQG�OHVV�WKDQ�ZKDW�JURXSV�FRXOG�PDNH�XVH�RI�

7KHVH� LVVXHV�DUH� LOOXVWUDWHG� LQ� WKH�H[DPSOH� V\VWHP�VKRZQ� LQ�)LJXUH����7KLV�DSSOLFDWLRQ� LV� D� VLPSOH
JURXSZDUH�GUDZLQJ�SURJUDP�XVHG�E\�WZR�SHRSOH��WKHLU�VKDUHG�ZRUNVSDFH�LV�DNLQ�WR�D�ODUJH�VKHHW�RI
SDSHU�RU�D�ZKLWHERDUG��$V�HDFK�SHUVRQ�GUDZV��WKHLU�DFWLRQV�DUH�FRPPXQLFDWHG�WR�WKH�RWKHU�PDFKLQH�
VR� ERWK� SDUWLFLSDQWV·� ZRUNVSDFHV� FRQWDLQ� WKH� VDPH� REMHFWV�� $W� WKLV� PRPHQW� LQ� WKHLU� WDVN�� WKH
SDUWLFLSDQWV�KDYH�VFUROOHG�WKHLU�YLHZSRUWV�WR�GLIIHUHQW�SDUWV�RI�WKH�ZRUNVSDFH��DQG�RQO\�D�SRUWLRQ�RI
WKHLU�YLHZV�RYHUODS�

)LJXUH����$�UHOD[HG�:<6,:,6�JURXSZDUH�V\VWHP

7KHVH�V\VWHPV�VKRZ�DOPRVW�QRQH�RI�WKH�DZDUHQHVV�LQIRUPDWLRQ�WKDW�ZRXOG�EH�DYDLODEOH�WR�D�JURXS
ZRUNLQJ�ZLWK�D�SK\VLFDO�ZKLWHERDUG��3HRSOH·V�KDQGV�DQG�ERGLHV�DUH�UHGXFHG�WR�VLPSOH�WHOHSRLQWHUV�
WKHUH� LV� QR� VRXQG�� DQG� RQO\� D� VPDOO� SLHFH� RI� WKH� HQWLUH� GUDZLQJ� FDQ� EH� VHHQ� DW� RQH� WLPH�� 7KH
H[SHULHQFH� FRXOG� RQO\� EH� UHFUHDWHG� LQ� WKH� UHDO�ZRUOG� E\� SXWWLQJ� EOLQGHUV� RQ� WKH� JURXS�PHPEHUV�
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EORFNLQJ�WKHLU�HDUV��DQG�IRUFLQJ�WKHP�WR�VWDQG�LPPHGLDWHO\�LQ�IURQW�RI�DQG�FORVH�WR�WKHLU�SDUW�RI�WKH
GUDZLQJ�

,Q� UHOD[HG�:<6,:,6� V\VWHPV� OLNH� WKLV� RQH�� WKH� DZDUHQHVV� SUREOHP� LV� SDUWLFXODUO\� VHYHUH�� :KHQ
GLIIHUHQW� SHRSOH� FDQ� VFUROO� WR� GLIIHUHQW� SDUWV� RI� WKH� ZRUNVSDFH� �H�J�� 6WHILN� HW� DO��� ����E��� DQ\
LQIRUPDWLRQ�DERXW�ZKHUH�WKH�RWKHU�SHUVRQ�LV�ZRUNLQJ�RU�ZKDW�WKH\�DUH�GRLQJ�FDQ�RQO\�EH�JDWKHUHG
WKURXJK�ODERULRXV�YHUEDO�FRPPXQLFDWLRQ��2QFH�D�SHUVRQ�ORVHV�WUDFN�RI�WKHLU�SDUWQHU��FROODERUDWLQJ
ZLWK�WKHP�EHFRPHV�PRUH�GLIILFXOW��OHVV�VSRQWDQHRXV��DQG�OHVV�QDWXUDO�

+RZ� FDQ� JURXSZDUH� GHVLJQHUV� DGGUHVV� WKH� DZDUHQHVV� SUREOHP"� 3DUW� RI� WKH� VROXWLRQ� LV� FOHDUO\� WR
SURYLGH� SHRSOH� ZLWK� PRUH� LQIRUPDWLRQ� DERXW� WKHLU� FROODERUDWRUV�� ,W� TXLFNO\� EHFRPHV� DSSDUHQW�
KRZHYHU�� WKDW� DWWHPSWLQJ� WR� FRPSOHWHO\� UHFUHDWH� WKH� LQIRUPDWLRQ� ODQGVFDSH� RI� D� UHDO�ZRUOG
ZRUNVSDFH� LQ� DOO� LWV� ILGHOLW\� LV� LPSRVVLEOH��7KH� LQSXW� DQG� RXWSXW� OLPLWDWLRQV� RI� JURXSZDUH� DUH� WRR
JUHDW�WR�DOORZ�VLPSOH�UHSOLFDWLRQ��,I�GHVLJQHUV�FDQ�RQO\�SURYLGH�VRPH�RI�WKH�DZDUHQHVV�LQIRUPDWLRQ
WKDW�LV�SUHVHQW�LQ�WKH�UHDO�ZRUOG��WKHQ�WKH\�PXVW�GHWHUPLQH�ZKLFK�LQIRUPDWLRQ�LV�PRVW�LPSRUWDQW��DQG
KRZ� LW� FDQ� EH� SXW� WR� EHVW� DGYDQWDJH� LQ� WKH� V\VWHP�� 0DNLQJ� WKHVH� GHFLVLRQV� LQYROYHV� WKH� WKUHH
TXHVWLRQV�VWDWHG�HDUOLHU�

�� :KDW� LQIRUPDWLRQ�VKRXOG�EH�JDWKHUHG�IURP�WKH�JURXSZDUH�HQYLURQPHQW�DQG�GLVWULEXWHG�WR� WKH
JURXS"

�� :KHQ��DQG�IRU�ZKDW�DFWLYLWLHV��DUH�WKH�GLIIHUHQW�NLQGV�RI�LQIRUPDWLRQ�LPSRUWDQW"

�� +RZ�VKRXOG�WKDW�DZDUHQHVV�LQIRUPDWLRQ�EH�SUHVHQWHG�LQ�WKH�JURXSZDUH�V\VWHP"

2XU� DLP� LV� WR� SURYLGH� GHVLJQHUV� ZLWK� WKH� IXQGDPHQWDOV� RI� WKHVH� WKUHH� TXHVWLRQV�� DQG� HQRXJK
NQRZOHGJH�WR�OHW�WKHP�WDFNOH�WKH�VSHFLILF�DZDUHQHVV�UHTXLUHPHQWV�RI�SDUWLFXODU�ZRUN�VLWXDWLRQV�DQG
SDUWLFXODU�JURXSZDUH�V\VWHPV��2XU�RYHUDOO�DSSURDFK�ZLOO�EH�WR�XVH�WKH�SULQFLSOHV�DQG�PHFKDQLVPV�RI
DZDUHQHVV�DV�LW�IXQFWLRQV�LQ�WKH�UHDO�ZRUOG��7KHUHIRUH��WKH�ILUVW�VWHS�LQ�FRQVWUXFWLQJ�RXU�IUDPHZRUN
LQYROYHV�GHWHUPLQLQJ�PRUH�SUHFLVHO\�ZKDW�ZRUNVSDFH�DZDUHQHVV�LV��DQG�WKH�SURFHVV�E\�ZKLFK�SHRSOH
PDQDJH�WR�PDLQWDLQ�LW�

4. Awareness
$OWKRXJK�ZH�RIWHQ�WDNH�LW�IRU�JUDQWHG��WKH�QDWXUH�RI�DZDUHQHVV�LV�QRW�LQKHUHQWO\�REYLRXV��7KH�ILUVW
VWHS� WR� XQGHUVWDQGLQJ�ZRUNVSDFH� DZDUHQHVV� LV� GHWHUPLQLQJ�� DW� VRPH� OHYHO�� ZKDW� DZDUHQHVV� LV� DQG
KRZ�LW�ZRUNV��,Q�WKLV�VHFWLRQ��ZH�RXWOLQH�WKH�SULPDU\�FKDUDFWHULVWLFV�RI�DZDUHQHVV�DV�ZH�ZLOO�XVH�WKH
WHUP��GHVFULEH�KXPDQ�IDFWRUV�ZRUN� LQ�DZDUHQHVV� WKDW�XQGHUOLHV�ZRUNVSDFH�DZDUHQHVV��GHVFULEH� WKH
FRQFHSW� RI� ZRUNVSDFH� DZDUHQHVV� LQ� PRUH� GHWDLO�� DQG� VHW� RXW� D� PRGHO� RI� KRZ� DZDUHQHVV� LV
PDLQWDLQHG�

4.1. Characteristics of awareness
:H� IROORZ� WKH� OHDG� RI� KXPDQ� IDFWRUV� UHVHDUFKHUV� ZKR� IRFXV� RQ� DZDUHQHVV� DV� NQRZOHGJH� FUHDWHG
WKURXJK�LQWHUDFWLRQ�EHWZHHQ�DQ�DJHQW�DQG� LWV�HQYLURQPHQW�� ,Q� WKLV�VHQVH��DZDUHQHVV�FDQ�EH�VLPSO\
GHILQHG�DV�´NQRZLQJ�ZKDW�LV�JRLQJ�RQµ��(QGVOH\�������S�������7KLV�FRQFHSWLRQ�RI�DZDUHQHVV�LQYROYHV
VWDWHV�RI�NQRZOHGJH�DV�ZHOO�DV�G\QDPLF�SURFHVVHV�RI�SHUFHSWLRQ�DQG�DFWLRQ��:H�KDYH�LGHQWLILHG�IRXU
EDVLF�FKDUDFWHULVWLFV�WKDW�UXQ�WKURXJK�SULRU�ZRUN�RQ�DZDUHQHVV��H�J��$GDPV�HW�DO�������1RUPDQ������
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(QGVOH\��������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�UHJLRQ�HIILFLHQWO\�DQG�VDIHO\�
DQG�DOWKRXJK�DZDUHQHVV�PD\�DIIHFW�VXFFHVV��LW�LV�QRW�WKH�SULPDU\�LQWHQW�

:H�KDYH�DOO�H[SHULHQFHG�WKLV�NLQG�RI�DZDUHQHVV��$W�LWV�PRVW�EDVLF��LW�LV�ZKDW�DOORZV�XV�WR�ZDON�DURXQG
ZLWKRXW�EXPSLQJ� LQWR� WKLQJV��EXW� LQ� WKLV� FRQWH[W�ZH�XVXDOO\�GRQ·W�JLYH� LW� D�PRPHQW·V� WKRXJKW��$V
VLWXDWLRQV�DQG�HQYLURQPHQWV�EHFRPH�PRUH�FRPSOH[��KRZHYHU��DZDUHQHVV�EHFRPHV�PRUH�QRWLFHDEOH�
:KHQ�D�SHUVRQ�WDNHV�XS�D�QHZ�VSRUW��IRU�H[DPSOH��LW�RIWHQ�VHHPV�WKDW�WKH�EDOO�DQG�WKH�RWKHU�SOD\HUV
DUH�PRYLQJ�LQ�IDVW�PRWLRQ��DQG�WKDW�LW�LV�LPSRVVLEOH�WR�NHHS�WUDFN�RI�HYHU\WKLQJ�WKDW�LV�JRLQJ�RQ��,W�LV
LQ�WKHVH�VLWXDWLRQV��ZKHUH�LQIRUPDWLRQ�GHPDQGV�VRPHWLPHV�RXWVWULS�RXU�DELOLW\�WR�WDNH�WKHP�LQ��WKDW
DZDUHQHVV�KDV�EHHQ�UHFRJQL]HG�DQG�VWXGLHG��7KH�KXPDQ�IDFWRUV�FRPPXQLW\�FDOOV�LW�VLWXDWLRQ�DZDUHQHVV�
RU�6$��H�J��*LOVRQ�������

4.2. Situation awareness (SA)
5HVHDUFK�LQWR�DZDUHQHVV�DV�ZH�GHVFULEH�LW�DERYH�RULJLQDWHG�LQ�WKH�VWXG\�RI�PLOLWDU\�DYLDWLRQ��ZKHUH
SLORWV� LQWHUDFW�ZLWK�KLJKO\�G\QDPLF�� LQIRUPDWLRQ�ULFK�HQYLURQPHQWV��5HWXUQLQJ� ILJKWHU�SLORWV�ZRXOG
RIWHQ�WDON�RI�WKHLU�DZDUHQHVV�GXULQJ�D�VNLUPLVK��RI�KDYLQJ�EHHQ�¶RQH�VWHS�DKHDG�RI�WKH�DLUFUDIW·�RU��RQ
D�EDG�GD\��RI�KDYLQJ�IHOW�OLNH�HYHU\WKLQJ�ZDV�PRYLQJ�WRR�TXLFNO\�WR�FRQWURO��7KHVH�H[SHULHQFHV�FDPH
WR� EH� NQRZQ� LQ� WKH� PLOLWDU\� FRPPXQLW\� DV� KDYLQJ� KDG� ¶JRRG� 6$·� RU� ¶EDG� 6$�·� ,Q� UHFHQW� \HDUV�
UHVHDUFKHUV� KDYH� H[SDQGHG� WKHLU� IRFXV� WR� RWKHU� HQYLURQPHQWV� ZKHUH� VLWXDWLRQ� DZDUHQHVV� SOD\V� D
PDMRU� UROH�� VXFK� DV� FRPPHUFLDO� DYLDWLRQ� �6DUWHU� DQG�:RRGV�� ������� DLU� WUDIILF� FRQWURO� �6PLWK� DQG
+DQFRFN� ������� DQG� DQHVWKHVLRORJ\� �*DED� DQG� +RZDUG� ������� 7KHVH� FRQWH[WV� DOO� VKDUH� WKH
FKDUDFWHULVWLFV�RI�´G\QDPLVP��FRPSOH[LW\��KLJK�LQIRUPDWLRQ�ORDG��YDULDEOH�ZRUNORDG��DQG�ULVNµ��*DED
DQG�+RZDUG�������

7KH�KXPDQ�IDFWRUV�FRPPXQLW\�KDV�QRW�VHWWOHG�RQ�D�VLQJOH�GHILQLWLRQ�RI�VLWXDWLRQ�DZDUHQHVV��EXW�PRVW
UHVHDUFKHUV� LQFOXGH�DVSHFWV�RI�SURGXFW³NQRZOHGJH� WKDW� DQ�DFWRU�FDQ�PDNH�XVH�RI�� DQG�SURFHVV³
KRZ�WKDW�NQRZOHGJH�LV�FUHDWHG�WKURXJK�LQWHUDFWLRQ�ZLWK�WKH�HQYLURQPHQW��$�JRRG�JHQHUDO�GHILQLWLRQ
RI�6$�LV�DV�´WKH�XS�WR�WKH�PLQXWH�FRJQL]DQFH�UHTXLUHG�WR�RSHUDWH�RU�PDLQWDLQ�D�V\VWHPµ��$GDPV�HW�DO
������S������(QGVOH\��������IRFXVHV�PRUH�RQ�WKH�SURFHVV��SURSRVLQJ�D�WKUHH�VWDJH�GHILQLWLRQ�
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/HYHO����SHUFHSWLRQ�RI�UHOHYDQW�HOHPHQWV�RI�WKH�HQYLURQPHQW��$Q�DFWRU�PXVW�ILUVW�EH�DEOH�WR�JDWKHU�SHUFHSWXDO
LQIRUPDWLRQ�IURP�WKH�HQYLURQPHQW��DQG�EH�DEOH�WR�VHOHFWLYHO\�DWWHQG�WR�WKRVH�HOHPHQWV�WKDW�DUH�PRVW
UHOHYDQW�IRU�WKH�WDVN�DW�KDQG�

/HYHO� ��� FRPSUHKHQVLRQ� RI� WKRVH� HOHPHQWV�� $Q� DFWRU�PXVW� EH� DEOH� WR� LQWHJUDWH� WKH� LQFRPLQJ� SHUFHSWXDO
LQIRUPDWLRQ� ZLWK� H[LVWLQJ� NQRZOHGJH�� DQG�PDNH� VHQVH� RI� WKH� LQIRUPDWLRQ� LQ� OLJKW� RI� WKH� FXUUHQW
VLWXDWLRQ�

/HYHO����SUHGLFWLRQ�RI�WKH�VWDWHV�RI�WKRVH�HOHPHQWV�LQ�WKH�QHDU�IXWXUH��7R�SHUIRUP�ZHOO�LQ�D�VLWXDWLRQ��DQ�DFWRU
PXVW�DOVR�EH�DEOH� WR�DQWLFLSDWH�FKDQJHV� WR� WKH�HQYLURQPHQW�DQG�EH�DEOH� WR�SUHGLFW�KRZ� LQFRPLQJ
LQIRUPDWLRQ�ZLOO�FKDQJH�

:H�XVH�WKLV�EDFNJURXQG�LQ�6$�WR�JXLGH�RXU�FRQFHSWLRQ�RI�ZRUNVSDFH�DZDUHQHVV��7KH�FKDUDFWHULVWLFV
RI�DZDUHQHVV�DV�LQWURGXFHG�DERYH�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\�� :H� YLHZ� ZRUNVSDFH
DZDUHQHVV� DV� D� VSHFLDOL]DWLRQ�RI� VLWXDWLRQ� DZDUHQHVV��RQH� WKDW� LV� WLHG� WR� WKH� VSHFLILF� VHWWLQJ� RI� WKH
VKDUHG�ZRUNVSDFH��)XUWKHUPRUH��(QGVOH\·V�WKUHH�OHYHOV�SURYLGH�XV�ZLWK�D�IRFXV�IRU�RXU�UHVHDUFK�LQWR
ZRUNVSDFH� DZDUHQHVV�� ,Q� JURXSZDUH�� ZH� PXVW� EH� SULPDULO\� FRQFHUQHG� ZLWK� WKH� ILUVW� DQG� VHFRQG
OHYHOV�� ILUVW�� WKH� PDLQ� FDXVH� RI� WKH� DZDUHQHVV� SUREOHP� GLVFXVVHG� DERYH� LV� WKH� ODFN� RI� XVHIXO
LQIRUPDWLRQ� DERXW� RWKHUV� LQ� WKH� ZRUNVSDFH�� VHFRQG�� LI� LQIRUPDWLRQ� LV� DYDLODEOH�� ZH� PXVW� DOVR
FRQVLGHU�ZKHWKHU�WKH�GHVLJQHU�KDV�SURYLGHG�LW�LQ�D�ZD\�WKDW�LV�HDVLO\�FRPSUHKHQVLEOH�

4.3. Workspace awareness
:H� GHILQH� ZRUNVSDFH� DZDUHQHVV� DV� WKH� XS�WR�WKH�PRPHQW� XQGHUVWDQGLQJ� RI� DQRWKHU� SHUVRQ·V
LQWHUDFWLRQ�ZLWK�WKH�VKDUHG�ZRUNVSDFH��2XU�GHILQLWLRQ�LV�GHULYHG�IURP�WKDW�RI�$GDPV�HW�DO���������DV
GLVFXVVHG� DERYH�� DQG� ERXQGV� ZRUNVSDFH� DZDUHQHVV� LQ� WZR� ZD\V�� )LUVW�� ZRUNVSDFH� DZDUHQHVV� LV
DZDUHQHVV� RI� SHRSOH� DQG� KRZ� WKH\� LQWHUDFW� ZLWK� WKH� ZRUNVSDFH�� UDWKHU� WKDQ� DZDUHQHVV� RI� WKH
ZRUNVSDFH� LWVHOI��7KHUHIRUH�� LW�GRHV�QRW�H[SOLFLWO\� LQYROYH�NQRZOHGJH�RI� WKH� DUWLIDFWV�RQ� WKHLU�RZQ
�DOWKRXJK�WKLV�NQRZOHGJH�LV�FOHDUO\�HVVHQWLDO�WR�ZRUNVSDFH�DZDUHQHVV���6HFRQG��ZRUNVSDFH�DZDUHQHVV
LV� OLPLWHG� WR� HYHQWV� KDSSHQLQJ� LQ� WKH� ZRUNVSDFH�� LW� LV� WKHUHIRUH� UHVWULFWHG� WR� EHLQJ� ¶LQVLGH·� WKH
WHPSRUDO�DQG�SK\VLFDO�ERXQGV�RI�WKH�WDVN�WKDW�WKH�JURXS�LV�FDUU\LQJ�RXW��7KLV�PHDQV�WKDW�ZRUNVSDFH
DZDUHQHVV� GLIIHUV� IURP� LQIRUPDO� DZDUHQHVV� RI�ZKR� LV� DURXQG� DQG� DYDLODEOH� IRU� FROODERUDWLRQ�� DQG
IURP� DZDUHQHVV� RI� FXHV� DQG� WXUQV� LQ� YHUEDO� FRQYHUVDWLRQ�� ERWK� RI� ZKLFK� KDYH� EHHQ� VWXGLHG
SUHYLRXVO\�LQ�&6&:��H�J��%RUQLQJ�DQG�7UDYHUV�������'RXULVK�DQG�%O\�������*UHHQEHUJ�������DQG
OLQJXLVWLFV��H�J��&ODUN�������*RRGZLQ�������

7KH�VKDUHG�ZRUNVSDFH�VHWWLQJ�PDNHV�ZRUNVSDFH�DZDUHQHVV�D�VSHFLDOL]HG�NLQG�RI�VLWXDWLRQ�DZDUHQHVV�
:KHQ�VRPHRQH�ZRUNV�DORQH�LQ�D�ZRUNVSDFH��WKHLU�DFWLYLWLHV�DQG�WKHLU�6$�LQYROYH�RQO\�WKH�ZRUNVSDFH
DQG� WKH�GRPDLQ� WDVN� �VHH�)LJXUH� ���� ,Q� D� FROODERUDWLYH� VLWXDWLRQ�� KRZHYHU�� SHRSOH�PXVW� XQGHUWDNH
DQRWKHU� WDVN�� WKDW�RI� FROODERUDWLRQ�� DQG� WKHUHIRUH� WKHLU� VLWXDWLRQ� DZDUHQHVV�PXVW� LQYROYH� ERWK� WKH
GRPDLQ�DQG�WKH�FROODERUDWLRQ��7KH�6$�WKDW�LQYROYHV�FROODERUDWLQJ�LQ�D�VKDUHG�ZRUNVSDFH�LV�ZKDW�ZH
FDOO�ZRUNVSDFH�DZDUHQHVV�

$� VHFRQG� DSSDUHQW� GLIIHUHQFH� EHWZHHQ� ZRUNVSDFH� DZDUHQHVV� DQG� VLWXDWLRQ� DZDUHQHVV� LV� WKDW
FROODERUDWLQJ�LQ�PRVW�VKDUHG�ZRUNVSDFHV�RIWHQ�GRHV�QRW� LQYROYH�KLJK� LQIRUPDWLRQ� ORDG�RU�H[WUHPH
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G\QDPLVP���7KDW� LV�� LW� LV�QRW�JHQHUDOO\�GLIILFXOW� WR�PDLQWDLQ�ZRUNVSDFH�DZDUHQHVV� LQ�WKH�UHDO�ZRUOG�
VRUWLQJ�VOLGHV�RQ�D�WDEOH�GRHV�QRW�VHHP�YHU\�VLPLODU�WR�DLU�FRPEDW�LQ�D�MHW�ILJKWHU��+RZHYHU��WKH�WZR
W\SHV� RI� VLWXDWLRQV� GR� VKDUH� DQ� LPSRUWDQW� FKDUDFWHULVWLF�� WKDW� SHRSOH� DUH� XQDEOH� WR� JDWKHU� WKH
LQIRUPDWLRQ�WKDW�WKH\�QHHG�IURP�WKH�HQYLURQPHQW��,Q�WKH�MHW�DLUFUDIW��WKH�LQIRUPDWLRQ�ORDG�H[FHHGV
WKH� SLORW·V� DELOLW\� WR� WDNH� LW� DOO� LQ�� ,Q� WKH� VOLGH�VRUWLQJ� WDVN�� DOWKRXJK� WKH� SDUWLFLSDQWV·� SHUFHSWLRQ
ZRXOG�QRUPDOO\�EH�SHUIHFWO\�DGHTXDWH��D�JURXSZDUH�V\VWHP�KDV�DUWLILFLDOO\� UHGXFHG�WKHLU�DELOLWLHV� WR
JDWKHU�DZDUHQHVV�LQIRUPDWLRQ�

Domain tasks Domain tasks Domain tasks

Collaboration task

)LJXUH����'RPDLQ�DQG�FROODERUDWLRQ�WDVNV

7KLV�PHDQV� WKDW� WKH� SUREOHPV� RI�PDLQWDLQLQJ�:$� LQ� JURXSZDUH� UHYROYH� DURXQG� REWDLQLQJ� XVHIXO
LQIRUPDWLRQ�� UDWKHU� WKDQ� DURXQG�ZKDW� SHRSOH�PDNH� RI� WKH� LQIRUPDWLRQ�� ,Q� WKH� VLWXDWLRQV� WKDW� 6$
UHVHDUFK� FXUUHQWO\� VWXGLHV��SUREOHPV� FDQ�RFFXU� DW� DQ\�RI�(QGVOH\·V� WKUHH� OHYHOV�� SHRSOH� FDQ� IDLO� WR
JDWKHU�LPSRUWDQW�LQIRUPDWLRQ�IURP�WKH�HQYLURQPHQW��EXW�WKH\�PD\�DOVR�IDLO�WR�XQGHUVWDQG�ZKDW�WKDW
LQIRUPDWLRQ�PHDQV� WR� WKH� DFWLYLW\�� RU�PD\� IDLO� WR� SUHGLFW�ZKDW� WKDW� LQIRUPDWLRQ�PHDQV� IRU� IXWXUH
HYHQWV��,Q�FRQWUDVW��ZH�EHOLHYH�WKDW�ZRUNVSDFH�DZDUHQHVV�SUREOHPV�RFFXU�SULPDULO\�DW�(QGVOH\·V�ILUVW
DQG�VHFRQG�OHYHOV��3HRSOH·V�SHUFHSWLRQ�LV�DUWLILFLDOO\�KDPSHUHG�E\�WKH�WHFKQRORJLFDO�FRQVWUDLQWV�RI�D
JURXSZDUH�V\VWHP��DQG�WKH\�DUH�XQDEOH�WR�SURSHUO\�JDWKHU�WKH�LQIRUPDWLRQ�WKDW�WKH\�QHHG�WR�SURSHUO\
PDLQWDLQ� DZDUHQHVV��7KH�GHVLJQHU·V� WDVN� DQG�RXU� FRQFHSWXDO� IUDPHZRUN� FRQFHQWUDWH� RQ� WKHVH� WZR
OHYHOV�� RQ� GHWHUPLQLQJ� ZKDW� LQIRUPDWLRQ� WR� SUHVHQW�� DQG� RQ� SUHVHQWLQJ� WKDW� LQIRUPDWLRQ� VR� WKDW
SHRSOH�FDQ�PDLQWDLQ�DZDUHQHVV�HDVLO\�DQG�QDWXUDOO\�

4.4. Maintaining awareness
8QGHUVWDQGLQJ�KRZ�SHRSOH�PDLQWDLQ�DZDUHQHVV� LV� FUXFLDO� LI�ZH�DUH� WR�GHVLJQ� V\VWHPV� WKDW� VXSSRUW
ZRUNVSDFH�DZDUHQHVV��$GDPV�HW� DO� ������� VXJJHVW� D�FRJQLWLYH�PRGHO� WKDW� VKRZV�KRZ�DZDUHQHVV� LV
PDLQWDLQHG� LQ� G\QDPLF� HQYLURQPHQWV�� D�PRGHO� WKDW� DOVR� GUDZV� WRJHWKHU� WKH� SURFHVV� DQG� SURGXFW
DVSHFWV� RI� GLIIHUHQW� GHILQLWLRQV� RI� 6$�� 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� D� SHUVRQ·V� NQRZOHGJH� DQG� WKHLU
LQIRUPDWLRQ�JDWKHULQJ� DFWLYLW\�� ,W� GLIIHUV� IURP� OLQHDU� PRGHOV� RI� LQIRUPDWLRQ� SURFHVVLQJ� E\

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

� +RZHYHU� WKHVH TXDOLWLHV FRXOG HDVLO\ EH SDUW RI FROODERUDWLYH ZRUN� IRU H[DPSOH� LQ D IDVW�SDFHG PXOWLSOD\HU YLGHR JDPH�
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UHFRJQL]LQJ� WKDW� SHUFHSWLRQ� LV� LQIOXHQFHG� DQG� GLUHFWHG� E\� H[LVWLQJ� NQRZOHGJH�� 7KLV� NQRZOHGJH
´HIIHFWLYHO\� GLUHFWV� H[SORUDWRU\� PRYHPHQWV� DQG� LQFUHDVHV� UHFHSWLYLW\� WR� SDUWLFXODU� DVSHFWV� DQG
LQWHUSUHWDWLRQV�RI�WKH�DYDLODEOH�LQIRUPDWLRQµ��S������

Environment

Knowledge Exploration

SamplesModifies

Directs

)LJXUH����7KH�SHUFHSWLRQ�DFWLRQ�F\FOH��1HLVVHU������

$ZDUHQHVV�RI�DQ�HQYLURQPHQW�LV�FUHDWHG�DQG�VXVWDLQHG�WKURXJK�WKH�SHUFHSWLRQ�DFWLRQ�F\FOH��:KHQ�D
SHUVRQ�HQWHUV�DQ�HQYLURQPHQW�WR�GR�D�SDUWLFXODU�WDVN��WKH\�EULQJ�ZLWK�WKHP�D�JHQHUDO�XQGHUVWDQGLQJ
RI�WKH�VLWXDWLRQ�DQG�D�EDVLF�LGHD�RI�ZKDW�WR�ORRN�IRU��7KH�LQIRUPDWLRQ�WKDW�WKH\�WKHQ�SLFN�XS�IURP
WKH�HQYLURQPHQW�FDQ�EH�LQWHUSUHWHG�LQ�OLJKW�RI�H[LVWLQJ�NQRZOHGJH�WR�KHOS�WKH�SHUVRQ�GHWHUPLQH�WKH
FXUUHQW�VWDWH�RI�WKH�HQYLURQPHQW³WKDW�LV��ZKDW�LV�KDSSHQLQJ³DQG�DOVR�KHOS�WKHP�WR�SUHGLFW�ZKDW
ZLOO�KDSSHQ�QH[W��7KHVH�H[SHFWDWLRQV�OHDG�WR�D�IXUWKHU�UHILQHPHQW�LQ�SHUFHSWXDO�VHQVLWLYLW\��DV�ZKHQ
WKH� H[SHFWDWLRQ� RI� VHHLQJ� DQRWKHU� DLUFUDIW� VHQVLWL]HV� D� SLORW� WR� VXEWOH� YDULDWLRQV� LQ� WKH� YLVXDO� ILHOG
�$GDPV�HW�DO�������S�������7KLV�VHQVLWL]DWLRQ�LV�HVVHQWLDOO\�WKH�LGHD�RI�VHOHFWLYH�DWWHQWLRQ��DV�GHVFULEHG
LQ������E\�:LOOLDP�-DPHV�

$�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��-DPHV�������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� RXU� YLHZ�� WKH� WKUHH� UHODWLRQVKLSV� LQ�1HLVVHU·V� F\FOH� �VDPSOLQJ� WKH
HQYLURQPHQW��PRGLI\LQJ� NQRZOHGJH�� GLUHFWLQJ� H[SORUDWLRQ�� DOVR� FRUUHVSRQG� WR� (QGVOH\·V� OHYHOV� RI
SHUFHSWLRQ�� FRPSUHKHQVLRQ�� DQG� SUHGLFWLRQ�� $V� ZH� PHQWLRQHG� DERYH�� SUREOHPV� ZLWK� ZRUNVSDFH
DZDUHQHVV� LQ� JURXSZDUH� DUH� FRQFHQWUDWHG� LQ� WKH� SHUFHSWXDO� SKDVHV� RI� WKH� F\FOH�� DV� D� UHVXOW�� WKH
FRQFHSWXDO�IUDPHZRUN�GHDOV�PRVW�VWURQJO\�ZLWK�LVVXHV�RI�ZKDW�LQIRUPDWLRQ�SHRSOH�JDWKHU�IURP�WKH
HQYLURQPHQW��DQG�KRZ�WKH\�JDWKHU�LW�

7R�VXPPDUL]H�WKXV�IDU��1HLVVHU·V�F\FOH�DQG�WKH�UHVHDUFK�LQWR�VLWXDWLRQ�DZDUHQHVV�SURYLGH�XV�ZLWK�D
VWURQJ� IRXQGDWLRQ� IRU�D�FRQFHSWXDO� IUDPHZRUN�RI�ZRUNVSDFH� DZDUHQHVV��:H�KDYH� HVWDEOLVKHG� WKDW
ZRUNVSDFH� DZDUHQHVV� LV� D� VSHFLDOL]DWLRQ� RI� 6$�� ZKHUH� WKH� ¶VLWXDWLRQ·� LV� ZHOO�GHILQHG³RWKHUV·
LQWHUDFWLRQV� ZLWK� D� VKDUHG� ZRUNVSDFH��:RUNVSDFH� DZDUHQHVV� LV�PDLQWDLQHG� WKURXJK� D� SHUFHSWLRQ�
DFWLRQ�F\FOH��LQ�ZKLFK�:$�NQRZOHGJH�ERWK�GLUHFWV��DQG�LV�XSGDWHG�E\��SHUFHSWXDO�H[SORUDWLRQ�RI�WKH
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ZRUNVSDFH�HQYLURQPHQW��)LQDOO\�� WKH�SULPDU\�SUREOHP� LQ�PDLQWDLQLQJ�:$�LQ�GLVWULEXWHG�VHWWLQJV� LV
WKDW�JURXSZDUH� WHFKQRORJ\� OLPLWV�ZKDW�SHRSOH�FDQ�SHUFHLYH�RI�RWKHUV� LQ� WKH�ZRUNVSDFH��KLQGHULQJ
WKHLU� DELOLW\� WR� JDWKHU� :$� LQIRUPDWLRQ� IURP� WKH� HQYLURQPHQW�� :H� QRZ� WXUQ� WR� FRQFHSWXDO
IUDPHZRUN� LWVHOI��:H�ILUVW�GHVFULEH�D�VHW�RI�VPDOO�REVHUYDWLRQDO�VWXGLHV�XVHG� WR� LQYHVWLJDWH� LGHDV� LQ
WKH�IUDPHZRUN��DQG�WKHQ�GLVFXVV�HDFK�RI�WKH�IUDPHZRUN·V�WKUHH�FRPSRQHQW�SDUWV�LQ�WXUQ��3DUW�RQH
LQYROYHV�WKH�W\SHV�RI�LQIRUPDWLRQ�WKDW�PDNH�XS�:$��3DUW�WZR�LQYROYHV�WKH�PHFKDQLVPV�SHRSOH�XVH
WR� JDWKHU�:$� LQIRUPDWLRQ�� DQG�3DUW� WKUHH� LQYROYHV� WKH�ZD\V� WKDW� SHRSOH� XVH�:$� LQIRUPDWLRQ� LQ
FROODERUDWLRQ�� 7KH� FRQWHQWV� RI� WKH� IUDPHZRUN� FRPH� IURP� H[LVWLQJ� UHVHDUFK� LQ� &6&:��+&,�� DQG
KXPDQ� IDFWRUV�� DQG� IURP� RXU� RZQ� REVHUYDWLRQV� ERWK� RI� VLPSOH� WDEOHWRS� WDVNV� DQG� RI� UHDO� ZRUOG
JURXS�ZRUN�LQ�RIILFHV�DQG�FRQWURO�URRPV�

5. Observational studies used in the conceptual framework
:H�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��7KH�VWXGLHV�ZHUH�LQIRUPDO�DQG
YDULHG�ZLGHO\�LQ�WDVN��JURXS�VWUXFWXUH��VHWWLQJ��DQG�UHDOLVP��LQ�VRPH�FDVHV��ZH�HYHQ�SDUWLFLSDWHG�DV
SDUW�RI�WKH�JURXS��:H�GLG�QRW�FRQVLVWHQWO\�HPSOR\�RQH�SDUWLFXODU�PHWKRGRORJ\��EXW�LQ�DOO�FDVHV�ZH
REVHUYHG�WKH�FROODERUDWLRQ�DQG�UHFRUGHG�RXU�REVHUYDWLRQV��,Q�VRPH�VHVVLRQV��WKH�FROODERUDWLRQ�ZDV
YLGHRWDSHG�IRU�ODWHU�UHYLHZ�

%HORZ��ZH�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�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��:H�EHJDQ�RXU�REVHUYDWLRQV�E\�DVNLQJ�SHRSOH�WR�FRPSOHWH�VLPSOH�WDEOHWRS�WDVNV
ZLWK�RQH�RI�XV�DV�D�SDUWQHU��7KUHH�SHRSOH�HDFK�FRPSOHWHG�WKUHH�GLIIHUHQW�WDVNV��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��7KUHH�G\DGV�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�RQH�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
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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��1LQH�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��5HVXOWV�RI�WKLV�VWXG\�ZHUH�UHSRUWHG�LQ
�*XWZLQ��5RVHPDQ��DQG�*UHHQEHUJ�������

1HZVURRP��$�YLVLW�WR�WKH�VWXGHQW�QHZVSDSHU�RIILFHV�RQ�SURGXFWLRQ�GD\�ZDV�RQH�RI�WZR�REVHUYDWLRQV
RI�UHDO�ZRUN�VLWXDWLRQV��:H�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�ZH�REVHUYHG��ILYH�ZULWHUV�DQG�WZR�HGLWRUV�ZRUNHG�RQ�WKH
SDSHU�

$LU�WUDIILF�FRQWURO��7KH�VHFRQG�UHDO�ZRUN�VLWXDWLRQ�WKDW�ZH�YLVLWHG�ZDV�WKH�DLU�WUDIILF�FRQWURO�FHQWUH�DW
WKH�&DOJDU\�DLUSRUW��:H�VSHQW�DERXW�IRXU�KRXUV�REVHUYLQJ�WKUHH�FROODERUDWLQJ�FRQWUROOHUV�ZKR
VXSHUYLVH�WKH�DLUVSDFH�LQ�D����PLOH�UDGLXV�DURXQG�&DOJDU\��$�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�KLJK�OHYHO�WDVN�IRU�WKH�DUULYDOV�FRQWUROOHU��IRU�H[DPSOH��ZRXOG�EH�WR�DFFHSW�DQ�DLUFUDIW�IURP�WKH
UHJLRQDO�FRQWUROOHUV��JXLGH�LW�LQWR�LWV�ILQDO�DSSURDFK��DQG�KDQG�LW�RII�WR�WKH�WRZHU�FRQWUROOHUV��FI�
+HDWK�DQG�/XII�������

6. Framework Part one: What information makes up workspace
awareness?
:RUNVSDFH�DZDUHQHVV�LV�PDGH�XS�RI�PDQ\�NLQGV�RI�NQRZOHGJH��DQG�WKH�ILUVW�SDUW�RI�WKH�IUDPHZRUN
GLYLGHV� WKH� FRQFHSW� LQWR� FRPSRQHQWV��7KLV� SDUW� RI� WKH� IUDPHZRUN� JLYHV� GHVLJQHUV� D� EDVLF� LGHD� RI
ZKDW�LQIRUPDWLRQ�WR�FDSWXUH�DQG�GLVWULEXWH�LQ�D�JURXSZDUH�V\VWHP��(YHQ�WKRXJK�D�SHUVRQ�FDQ�NHHS
WUDFN�RI�PDQ\�WKLQJV�LQ�D�VKDUHG�ZRUNVSDFH��HOHPHQWV�IURP�D�EDVLF�VHW�PDNH�UHSHDWHG�DSSHDUDQFHV�LQ
UHVHDUFK� OLWHUDWXUH� �H�J��'RXULVK�DQG�%HOORWWL�������6RKOHQNDPS�DQG�&KZHORV�������0F'DQLHO� DQG
%ULQFN� ������� 7KH� EDVLF� VHW� LV� WKH� HOHPHQWV� WKDW� DQVZHU� ´ZKR�� ZKDW�� ZKHUH�� ZKHQ�� DQG� KRZµ
TXHVWLRQV��7KDW�LV��ZKHQ�ZH�ZRUN�ZLWK�RWKHUV�LQ�D�VKDUHG�VSDFH��ZH�NQRZ�ZKR�ZH�DUH�ZRUNLQJ�ZLWK�
ZKDW� WKH\�DUH�GRLQJ��ZKHUH� WKH\�DUH�ZRUNLQJ��ZKHQ�YDULRXV�HYHQWV�KDSSHQ��DQG�KRZ� WKRVH�HYHQWV
RFFXU��3HRSOH�NHHS�WUDFN�RI�WKHVH�WKLQJV�LQ�DOO�NLQGV�RI�FROODERUDWLYH�ZRUN��DQG�WKHVH�DUH�WKH�NLQGV�RI
LQIRUPDWLRQ�WKDW�VKRXOG�EH�FRQVLGHUHG�ILUVW�E\�GHVLJQHUV�

:LWKLQ�WKHVH�EDVLF�FDWHJRULHV��ZH�KDYH� LGHQWLILHG�VSHFLILF�HOHPHQWV�RI�NQRZOHGJH�WKDW�PDNH�XS�WKH
FRUH�RI�ZRUNVSDFH�DZDUHQHVV��7DEOHV���DQG���VKRZ�WKHVH�HOHPHQWV�DQG�OLVW�WKH�TXHVWLRQV�WKDW�HDFK
HOHPHQW�FDQ�DQVZHU��7DEOH���FRQWDLQV�WKRVH�HOHPHQWV�WKDW�UHODWH�WR�WKH�SUHVHQW��DQG�7DEOH��� WKRVH
WKDW�UHODWH�WR�WKH�SDVW��7KH�HOHPHQWV�DUH�DOO�FRPPRQVHQVH�WKLQJV�WKDW�GHDO�ZLWK�LQWHUDFWLRQV�EHWZHHQ
D�SHUVRQ� DQG� WKH� HQYLURQPHQW��$ZDUHQHVV� RI� SUHVHQFH� DQG� LGHQWLW\� LV� VLPSO\� WKH� NQRZOHGJH� WKDW
WKHUH�DUH�RWKHUV�LQ�WKH�ZRUNVSDFH�DQG�ZKR�WKH\�DUH��DQG�DXWKRUVKLS�LQYROYHV�WKH�PDSSLQJ�EHWZHHQ
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DQ�DFWLRQ�DQG�WKH�SHUVRQ�FDUU\LQJ�LW�RXW��$ZDUHQHVV�RI�DFWLRQV�DQG�LQWHQWLRQV�LV�WKH�XQGHUVWDQGLQJ�RI
ZKDW� DQRWKHU� SHUVRQ� LV� GRLQJ�� HLWKHU� LQ� GHWDLO� RU� DW� D� JHQHUDO� OHYHO�� $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�

$ZDUHQHVV�RI�WKH�SDVW�LQYROYHV�VHYHUDO�DGGLWLRQDO�HOHPHQWV��$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��:H�GR�QRW� LQFOXGH�HOHPHQWV�UHODWLQJ�WR�WKH�IXWXUH� LQ�RXU�IUDPHZRUN��EHFDXVH�GHVLJQHUV�DUH
XQOLNHO\� WR� EH� DEOH� WR� VXSSRUW� PDLQWHQDQFH� RI� WKRVH� HOHPHQWV�� 7KLV� LV� EHFDXVH� SDVW� DQG� SUHVHQW
LQIRUPDWLRQ� FDQ�EH�GHWHUPLQHG� IURP� UDZ�SHUFHSWXDO� LQIRUPDWLRQ��ZKHUHDV� EHOLHI� DERXW� WKH� IXWXUH
LQYROYH�LQIHUHQFH��H[WUDSRODWLRQ��DQG�SUHGLFWLRQ�

&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�ZRUNVSDFH�DZDUHQHVV�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�ZRUNVSDFH�DZDUHQHVV�UHODWLQJ�WR�WKH�SDVW

:RUNVSDFH� DZDUHQHVV� NQRZOHGJH� ZLOO� EH� PDGH� XS� RI� WKHVH� HOHPHQWV� LQ� VRPH� FRPELQDWLRQ�� DQG
SDUWLFLSDQWV� LQ�D� IDFH�WR�IDFH�JURXS�DFWLYLW\�ZLOO� JHQHUDOO\�NQRZ� WKH�EDVLF�HOHPHQWV� �FRQVFLRXVO\�RU
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XQFRQVFLRXVO\���7KLV�GRHV�QRW�PHDQ��KRZHYHU��WKDW�WKH�GHVLJQHU�VKRXOG�VXSSRUW�DOO�HOHPHQWV�HTXDOO\
LQ�WKH�LQWHUIDFH��7ZR�IDFWRUV�DUH�FULWLFDO�LQ�GHWHUPLQLQJ�KRZ�WKH�GHVLJQHU�VKRXOG�WUHDW�HDFK�HOHPHQW�
)LUVW�� WKH� GHJUHH� RI� LQWHUDFWLRQ� EHWZHHQ� WKH� SDUWLFLSDQWV� LQ� WKH� DFWLYLW\� LQGLFDWHV� KRZ� VSHFLILF� RU
JHQHUDO� WKH� LQIRUPDWLRQ� LQ� WKH� LQWHUIDFH� VKRXOG� EH�� 6HFRQG�� WKH� G\QDPLVP� RI� WKH� HOHPHQW³KRZ
RIWHQ�WKH�LQIRUPDWLRQ�FKDQJHV³LQGLFDWHV�KRZ�RIWHQ�WKH�LQWHUIDFH�ZLOO�QHHG�WR�EH�XSGDWHG��,Q�VRPH
VLWXDWLRQV��FHUWDLQ�HOHPHQWV�QHYHU�FKDQJH��DQG�VR�GR�QRW�UHTXLUH�H[SOLFLW�VXSSRUW�LQ�WKH�LQWHUIDFH��)RU
H[DPSOH�� LI� WKH�SDUWLFLSDQWV� LQ� DQ� DFWLYLW\� DUH�DOZD\V� WKH� VDPH�� WKHUH� LV�QR�QHHG� IRU� WKH� V\VWHP� WR
JDWKHU�DQG�GLVWULEXWH�GHWDLOHG�SUHVHQFH�LQIRUPDWLRQ�

$OWKRXJK�WKHUH�ZLOO�DOVR�EH�DGGLWLRQDO�NLQGV�RI�LQIRUPDWLRQ�VSHFLILF�WR�WKH�WDVN�RU�WKH�ZRUN�VHWWLQJ�
WKHVH�EDVLF�HOHPHQWV�SURYLGH�D�KLJK�OHYHO�RUJDQL]DWLRQ�RI�ZRUNVSDFH�DZDUHQHVV��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�

7. Framework Part two: How is workspace awareness information
gathered?
7KH� JURXSZDUH� GHVLJQHU� PXVW� DWWHPSW� WR� SUHVHQW� DZDUHQHVV� LQIRUPDWLRQ� LQ� ZD\V� WKDW� PDNH� WKH
PDLQWHQDQFH�RI�ZRUNVSDFH�DZDUHQHVV�VLPSOH�DQG�VWUDLJKWIRUZDUG��:H�EHOLHYH�WKDW�WKLV�ZLOO�EH�HDVLHU
LI� SHRSOH� FDQ� JDWKHU� LQIRUPDWLRQ� LQ� IDPLOLDU� ZD\V�� HYHQ� WKRXJK� WKH� DFWXDO� LQWHUIDFH� GHYLFHV� LQ� D
JURXSZDUH� V\VWHP�PD\�QRW� EH� IDPLOLDU��7KLV�PHDQV� XQGHUVWDQGLQJ� WKH�PHFKDQLVPV�SHRSOH� XVH� WR
JDWKHU�ZRUNVSDFH�DZDUHQHVV� LQIRUPDWLRQ�IURP�WKH�ZRUNVSDFH�HQYLURQPHQW³EDVLFDOO\��KRZ�SHRSOH
ILQG�WKH�DQVZHUV�WR�WKH�ZKR��ZKDW��ZKHUH��ZKHQ��DQG�KRZ�TXHVWLRQV�OLVWHG�LQ�7DEOHV���DQG����,Q�WKLV
VHFWLRQ��ZH�RXWOLQH�VRPH�RI�WKH�ZD\V�WKDW�SHRSOH�ILQG�WKRVH�DQVZHUV�

3ULRU� UHVHDUFK� VXJJHVWV� WKUHH� PDLQ� VRXUFHV� RI� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ�� DQG� WKUHH
FRUUHVSRQGLQJ�PHFKDQLVPV�WKDW�SHRSOH�XVH�WR�JDWKHU�LW��6HJDO�������1RUPDQ�������'L[�HW�DO������
+XWFKLQV��������3HRSOH�REWDLQ� LQIRUPDWLRQ� WKDW� LV�SURGXFHG�E\�SHRSOH·V�ERGLHV� LQ� WKH�ZRUNVSDFH�
IURP�ZRUNVSDFH�DUWLIDFWV�� DQG� IURP�FRQYHUVDWLRQV�DQG�JHVWXUHV��7KH�PHFKDQLVPV� WKDW� WKH\�XVH� WR
JDWKHU�LW�DUH�FDOOHG�FRQVHTXHQWLDO�FRPPXQLFDWLRQ��IHHGWKURXJK��DQG�LQWHQWLRQDO�FRPPXQLFDWLRQ�

7.1. Bodies and consequential communication
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� DOVR� FRQWULEXWH� WR� WKH� DXGLWRU\� HQYLURQPHQW�� PXFK� RI� WKH� SHUFHSWLRQ� RI� D� ERG\� LQ� D
ZRUNVSDFH� LV�YLVXDO�� ,Q�DOO�RI� WKH� WDEOHWRS�WDVNV� WKDW�ZH�REVHUYHG�� 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� 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�
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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������

7.2. Artifacts and feedthrough
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��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�

7.3. Conversation, gesture, and intentional communication
$�WKLUG� VRXUFH�RI� LQIRUPDWLRQ� WKDW� LV�XELTXLWRXV� LQ�FROODERUDWLRQ� LV� FRQYHUVDWLRQ� DQG�JHVWXUH�� DQG
WKHLU� PHFKDQLVP� LV� LQWHQWLRQDO� FRPPXQLFDWLRQ� �H�J�� &ODUN� ������ +HDWK� DQG� /XII� ������� 9HUEDO
FRQYHUVDWLRQV�DUH�WKH�SUHYDOHQW�IRUP�RI�FRPPXQLFDWLRQ�LQ�PRVW�JURXSV��DQG�WKHUH�DUH�WKUHH�ZD\V�LQ
ZKLFK�DZDUHQHVV�LQIRUPDWLRQ�FDQ�EH�SLFNHG�XS�IURP�YHUEDO�H[FKDQJHV��)LUVW��SHRSOH�PD\�H[SOLFLWO\
WDON�DERXW�DZDUHQHVV�HOHPHQWV�ZLWK�WKHLU�SDUWQHUV��DQG�VLPSO\�VWDWH�ZKHUH�WKH\�DUH�ZRUNLQJ�DQG�ZKDW
WKH\� DUH� GRLQJ��2XU� REVHUYDWLRQV� RI� VKDUHG�ZRUNVSDFH� WDVNV� VXJJHVW� WKDW� WKHVH� GLUHFW� GLVFXVVLRQV
KDSSHQ�SULPDULO\�ZKHQ�VRPHRQH�DVNV�D�VSHFLILF�TXHVWLRQ�VXFK�DV�´ZKDW�DUH�\RX�GRLQJ"µ�RU�ZKHQ�WKH
JURXS�LV�SODQQLQJ�RU�UHSODQQLQJ�WKH�GLYLVLRQ�RI�ODERXU�
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6HFRQG��SHRSOH�FDQ�JDWKHU�DZDUHQHVV�LQIRUPDWLRQ�E\�RYHUKHDULQJ�RWKHUV·�FRQYHUVDWLRQV��$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�ZH�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�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�� )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�������7KHVH�W\SHV�RI�JHVWXUHV�KDYH�DOVR�EHHQ�REVHUYHG�LQ
&6&:�VWXGLHV��H�J��,VKLL�DQG�.RED\DVKL�������7DQJ�������

8. Framework Part three: How is workspace awareness used in
collaboration?
$�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��$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� RXU� REVHUYDWLRQDO� VWXGLHV�� WKDW� DUH� DLGHG� E\
ZRUNVSDFH� DZDUHQHVV� �H�J�� 7DWDU� HW� DO� ������ &ODUN� ������ 7DQJ� ������ 6DOYDGRU� 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��PDQDJHPHQW�RI�FRXSOLQJ��VLPSOLILFDWLRQ�RI�YHUEDO�FRPPXQLFDWLRQ�
FRRUGLQDWLRQ��DQWLFLSDWLRQ��DQG�DVVLVWDQFH�

8.1. Management of coupling
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
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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�������

6DOYDGRU� 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�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������

$OWKRXJK�WKHVH�H[DPSOHV�GHDO�ZLWK�D�ZLGHU�HQYLURQPHQW�WKDQ�D�IODW�VKDUHG�ZRUNVSDFH��WKH�LGHD�LV�WKH
VDPH³WKDW� SHRSOH� NHHS� WUDFN� RI� RWKHUV·� DFWLYLWLHV� ZKHQ� WKH\� DUH� ZRUNLQJ� LQ� D� ORRVHO\� FRXSOHG
PDQQHU�� IRU� WKH� H[SUHVV� SXUSRVH� RI� GHWHUPLQLQJ� DSSURSULDWH� WLPHV� WR� LQLWLDWH� FORVHU� FRXSOLQJ�
:LWKRXW�ZRUNVSDFH�DZDUHQHVV� LQIRUPDWLRQ��SHRSOH�ZLOO�PLVV�RSSRUWXQLWLHV� WR� FROODERUDWH�� DQG�ZLOO
RIWHQ�LQWHUUXSW�WKH�RWKHU�SHUVRQ�LQDSSURSULDWHO\�

8.2. Simplification of communication
:RUNVSDFH�DZDUHQHVV� OHWV�SHRSOH�XVH� WKH�ZRUNVSDFH�DQG� WKH�DUWLIDFWV� LQ� LW� WR� VLPSOLI\� WKHLU�YHUEDO
FRPPXQLFDWLRQ�DQG�PDNH�LW�PRUH�HIILFLHQW��:KHQ�GLVFXVVLRQ�LQYROYHV�WDVN�DUWLIDFWV��WKH�ZRUNVSDFH
FDQ�EH�XVHG�DV�DQ�H[WHUQDO�UHSUHVHQWDWLRQ�RI�WKH�WDVN�WKDW�DOORZV�HIILFLHQW�QRQYHUEDO�FRPPXQLFDWLRQ
�+XWFKLQV�������&ODUN��������7KDW� LV�� 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�
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'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�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�FRQYHUVDWLRQV�DW�FURVV�SXUSRVHV��7KH�SUREOHP�JHWV
KDUGHU�LQ�FRQIHUHQFHV�FDOOV�ZKHQ�\RX�EHFRPHV�DV�DPELJXRXV�DV�KHUH«�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�
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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� ��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�

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�

8.3. Coordination of actions
&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�UHTXLUHG�WKDW�RQH�SHUVRQ�DQFKRU�WKHLU�HQG�RI�WKH�VWULQJ��DQG�WKHQ�WKDW�WKH�RWKHU�PDUN
WKH�GLVWDQFH��LQ�WKDW�RUGHU�
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&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��$ZDUHQHVV� DLGV� ERWK� ILQH� DQG� FRDUVH�JUDLQHG� FRRUGLQDWLRQ�� VLQFH� LW� LQIRUPV
SDUWLFLSDQWV�DERXW�WKH�WHPSRUDO�DQG�VSDWLDO�ERXQGDULHV�RI�RWKHUV·�DFWLRQV��DQG�VLQFH�LW�KHOSV�WKHP�ILW
WKH�QH[W� DFWLRQ� LQWR� WKH� VWUHDP��:RUNVSDFH� DZDUHQHVV� LV�SDUWLFXODUO\� HYLGHQW� LQ� FRQWLQXRXV� DFWLRQ
ZKHUH�SHRSOH�DUH�ZRUNLQJ�ZLWK�WKH�VDPH�REMHFWV��)RU�H[DPSOH��&6&:�UHVHDUFKHUV�KDYH�QRWHG�WKDW
FRQFXUUHQF\� ORFNV� DUH� OHVV� LPSRUWDQW� RU� HYHQ� XQQHFHVVDU\� ZKHQ� SDUWLFLSDQWV� KDYH� DGHTXDWH
LQIRUPDWLRQ� DERXW� ZKDW� REMHFWV� RWKHUV� DUH� FXUUHQWO\� XVLQJ�� ZKHQ� WKH� DZDUHQHVV� LQIRUPDWLRQ� LV
DYDLODEOH��SHRSOH�FDQ�XVH�VRFLDO�SURWRFROV�WR�FRRUGLQDWH�DFFHVV�WR�REMHFWV��*UHHQEHUJ�DQG�0DUZRRG
�������$QRWKHU�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�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�

8.4. Anticipation
$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�� $OWKRXJK� RUGLQDU\�
DQWLFLSDWLRQ� LV�GLIILFXOW�ZLWKRXW�ZRUNVSDFH�DZDUHQHVV³LQ� WKH� VFLVVRUV�H[DPSOH��ZLWKRXW�XS�WR�WKH�
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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�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�

8.5. Assistance
$VVLVWLQJ�RWKHUV�ZLWK�WKHLU�ORFDO�WDVNV�LV�DQ�LQWHJUDO�SDUW�RI�FROODERUDWLRQ��DQG�RQH�WKDW�DOVR�EHQHILWV
IURP�ZRUNVSDFH�DZDUHQHVV��$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�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�IRXQG�DOO�RI�WKH�QHHGHG�´WULDQJOH�WKLQJV�µ�DQG�WKDW�DGGLQJ�RQH�WR�WKH�FDWKHGUDO
ZRXOG�EH�EHQHILFLDO�

7KLV� VHFWLRQ� KDV� RXWOLQHG� ILYH� NLQGV� RI� FROODERUDWLYH� DFWLYLW\� WKDW� DUH� DLGHG� E\� JUHDWHU� ZRUNVSDFH
DZDUHQHVV��*URXSZDUH�GHVLJQHUV�FDQ�XVH�WKLV�SDUW�RI�WKH�IUDPHZRUN�LQ�WZR�ZD\V��ILUVW��DV�DQ�DQDO\VLV
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WRRO�WR�KHOS� WKHP�GHWHUPLQH� WKH�GHJUHH�RI�DZDUHQHVV�VXSSRUW� WKDW� LV�QHHGHG�IRU�D�SDUWLFXODU�ZRUN
VLWXDWLRQ� �VLQFH�GLIIHUHQW�FROODERUDWLYH� VLWXDWLRQV� LQYROYH� WKHVH�DFWLYLWLHV� LQ�GLIIHUHQW�DPRXQWV��� DQG
VHFRQG��DV�D�JXLGH�WR�GHWHUPLQLQJ�ZKHUH�LQ�WKH�LQWHUIDFH�WKDW�DZDUHQHVV�VXSSRUW�VKRXOG�EH�SURYLGHG
�VLQFH�GLIIHUHQW�SDUWV�RI�WKH� LQWHUIDFH�ZLOO�SURYLGH�IRU�GLIIHUHQW�NLQGV�RI�FROODERUDWLYH�DFWLYLW\���:H
QRZ�WXUQ�WR�D�VXPPDU\�RI�WKH�WKUHH�SDUWV�RI�WKH�FRQFHSWXDO�IUDPHZRUN�

9. Summary of the workspace awareness framework
:RUNVSDFH�DZDUHQHVV�LV�WKH�XS�WR�WKH�PRPHQW�XQGHUVWDQGLQJ�RI�DQRWKHU�SHUVRQ·V� LQWHUDFWLRQ�ZLWK
WKH� VKDUHG� ZRUNVSDFH�� 7KH� FRQFHSWXDO� IUDPHZRUN� VHWV� RXW� EDVLF� LVVXHV� WKDW� GHVLJQHUV� QHHG� WR
FRQVLGHU� ZKHQ� EXLOGLQJ� ZRUNVSDFH� DZDUHQHVV� VXSSRUW� LQWR� JURXSZDUH� V\VWHPV�� 7KH� IUDPHZRUN
GHVFULEHV�WKUHH�DVSHFWV�RI�ZRUNVSDFH�DZDUHQHVV�� LWV�FRPSRQHQW�HOHPHQWV�� WKH�PHFKDQLVPV�XVHG� WR
PDLQWDLQ�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� GHWHUPLQH� ZKHQ� DQG� ZKHUH� WKH
NQRZOHGJH� ZLOO� EH� XVHG�� 7KH� IUDPHZRUN� LV� LOOXVWUDWHG� LQ� )LJXUH� ��� RYHUODLG� RQ� 1HLVVHU·V� RULJLQDO
SHUFHSWLRQ�DFWLRQ�F\FOH��,Q�DGGLWLRQ��ZH�DGG�D�QHZ�OLQN�WR�WKH�F\FOH��DFWLRQ��WR�LQGLFDWH�WKDW�SHRSOH
WDNH�DFWLRQ�EDVHG�RQ�WKHLU�NQRZOHGJH�DV�ZHOO�DV�H[SORULQJ�WKH�HQYLURQPHQW�

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����7KH�ZRUNVSDFH�DZDUHQHVV�IUDPHZRUN
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7KH�HOHPHQWV�RI�ZRUNVSDFH�DZDUHQHVV�DQVZHU�ZKR��ZKHUH��ZKHQ��KRZ��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��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�

: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�� )LUVW�� WKH� SUHVHQFH� DQG� PRYHPHQW� RI� KDQGV� DQG� ERGLHV� LQ� WKH� ZRUNVSDFH� SURYLGH
FRQVHTXHQWLDO� FRPPXQLFDWLRQ�� 6HFRQG�� PRYHPHQW� DQG� FKDQJHV� WR� DUWLIDFWV� LQ� WKH� ZRUNVSDFH
SURYLGHV� IHHGWKURXJK� LQIRUPDWLRQ�� 7KLUG�� LQIRUPDWLRQ� LV� JDWKHUHG� WKURXJK� LQWHQWLRQDO
FRPPXQLFDWLRQ��ZKLFK�FDQ�EH�HLWKHU�YHUEDO�RU�JHVWXUDO��3HRSOH�DUH�DOUHDG\�IDPLOLDU�ZLWK�WKHVH�WKUHH
ZD\V� RI� JDWKHULQJ� ZRUNVSDFH� DZDUHQHVV� LQIRUPDWLRQ�� IURP� WKHLU� H[SHULHQFHV� LQ� IDFH�WR�IDFH
ZRUNVSDFHV��,Q�JURXSZDUH��GHVLJQHUV�FDQ�VLPSOLI\�LQIRUPDWLRQ�JDWKHULQJ�E\�XVLQJ�WKHVH�PHFKDQLVPV
LQ�WKHLU�DZDUHQHVV�GLVSOD\V��HYHQ�WKRXJK�WKH�GLVSOD\V�WKHPVHOYHV�ZLOO�OLNHO\�EHDU�OLWWOH�UHVHPEODQFH�WR
IDFH�WR�IDFH�HQYLURQPHQWV�

:RUNVSDFH�DZDUHQHVV�LV�XVHIXO�IRU�PDNLQJ�FROODERUDWLYH�LQWHUDFWLRQ�PRUH�HIILFLHQW��OHVV�HIIRUWIXO��DQG
OHVV� HUURU�SURQH�� 7KHUH� DUH� VHYHUDO� DFWLYLWLHV� RI� FROODERUDWLRQ� ZKHUH� WKH� EHQHILWV� RI� ZRUNVSDFH
DZDUHQHVV�DUH�HYLGHQW��LQ�KHOSLQJ�SHRSOH�WR�UHFRJQL]H�RSSRUWXQLWLHV�IRU�FORVHU�FRXSOLQJ��LQ�UHGXFLQJ
WKH�HIIRUW�QHHGHG�IRU�YHUEDO�FRPPXQLFDWLRQ��LQ�VLPSOLI\LQJ�FRRUGLQDWLRQ��LQ�DOORZLQJ�SHRSOH�WR�DFW�LQ
DQWLFLSDWLRQ�RI�RWKHUV���DQG�LQ�SURYLGLQJ�FRQWH[W�IRU�DSSURSULDWH�KHOS�DQG�DVVLVWDQFH��'HVLJQHUV�FDQ
XVH�WKLV�SDUW�RI�WKH�IUDPHZRUN�DV�DQ�DQDO\VLV�WRRO�WR�KHOS�WKHP�GHWHUPLQH�WKH�DZDUHQHVV�VXSSRUW�WKDW
LV�QHHGHG�IRU�D�SDUWLFXODU�ZRUN�VLWXDWLRQ��DQG�DV�D�JXLGH�WR�GHWHUPLQLQJ�ZKHUH�LQ�WKH�LQWHUIDFH�WKDW
DZDUHQHVV�VXSSRUW�VKRXOG�EH�SURYLGHG�

7KH�UROH�RI�WKH�IUDPHZRUN�LQ�WKH�JURXSZDUH�GHVLJQ�SURFHVV�LV�QRW�DV�D�SUHVFULSWLYH�GHVLJQ�JXLGH��EXW
UDWKHU�DV�D�VWUXFWXUHG�FROOHFWLRQ�RI�NQRZOHGJH�WKDW�FDQ�DVVLVW�WKH�LWHUDWLYH�GHYHORSPHQW�RI�DZDUHQHVV
VXSSRUW��7KH�IUDPHZRUN�LGHQWLILHV�WKUHH�VWHSV�WKDW�GHVLJQHUV�VKRXOG�XQGHUWDNH³WKLQN�DERXW�ZKDW
LQIRUPDWLRQ�WR�SURYLGH��ZKDW�SHUFHSWXDO�PHFKDQLVPV�WR�XVH�WR�FRQYH\�WKH�LQIRUPDWLRQ��DQG�ZKHQ
DQG�ZKHUH�LQ�WKH�LQWHUIDFH�WR�SURYLGH�WKH�LQIRUPDWLRQ³DQG�SURYLGHV�D�VHW�RI�DOWHUQDWLYHV�DQG
SRVVLELOLWLHV�IRU�HDFK�VWHS�

7KH�NQRZOHGJH�LQ�WKH�FRQFHSWXDO�IUDPHZRUN�ZLOO�DOORZ�GHVLJQHUV�WR�EXLOG�PRUH�XVDEOH�JURXSZDUH�
DQG�WKLV�NQRZOHGJH�KDV�QRW�SUHYLRXVO\�EHHQ�DYDLODEOH�WR�JURXSZDUH�GHVLJQHUV�LQ�RQH�SODFH��+RZHYHU�
ZRUNVSDFH� DZDUHQHVV� LV� RQO\� RQH� W\SH�RI� JURXS� DZDUHQHVV�� DQG� WKH� NQRZOHGJH� LQ� RXU� IUDPHZRUN
PXVW� EH� XVHG� DORQJ� ZLWK� RWKHU� WRROV�� )RU� H[DPSOH�� DQRWKHU�PRGHO� RI� DZDUHQHVV� LQ� FROODERUDWLYH
YLUWXDO�HQYLURQPHQWV�LV�WKH�IRFXV�QLPEXV�PRGHO��H�J��%HQIRUG�HW�DO�������5RGGHQ��������7KH�PRGHO
RIIHUV�D�ZD\�WR�GHWHUPLQH�ZKDW�WKH�OHYHO�RI�DZDUHQHVV�VKRXOG�EH�IRU�WZR�DFWRUV�LQ�D�VKDUHG�VSDFH��7KH
DFWRUV·�SK\VLFDO�ORFDWLRQ�DQG�WKH�GLVWDQFH�EHWZHHQ�WKHP�DUH�WZR�LPSRUWDQW�IDFWRUV�LQ�WKH�PRGHO��DQG
VWDWHV�DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�GLVWDQFH�DQG�DZDUHQHVV³WKH�IDUWKHU�\RX�DUH�IURP�VRPHRQH�
WKH�OHVV�DZDUH�\RX�VKRXOG�EH�RI�WKHP��,Q�DGGLWLRQ��WKH�PRGHO�LQFRUSRUDWHV�WKH�SRVVLELOLW\�WKDW�DFWRUV
FDQ�DIIHFW�WKHLU�RZQ�GHJUHH�RI�DZDUHQHVV��WKHVH�FDSDELOLWLHV�DUH�UHSUHVHQWHG�LQ�WKH�FRQFHSWV�RI� IRFXV
DQG�QLPEXV��7KH�IRFXV�QLPEXV�PRGHO�LV�FRQFHUQHG�ZLWK�ODUJH�VSDFHV�WKDW�FDQ�FRQWDLQ�PDQ\�SHRSOH�
DQG� KHQFH� WKH� IRFXV� RQ� GHWHUPLQLQJ� KRZ�PXFK� DZDUHQHVV� LQIRUPDWLRQ� VKRXOG� EH� SURYLGHG��2XU
IUDPHZRUN�� LQ� FRQWUDVW�� LV�RULHQWHG� WRZDUGV� VPDOO� JURXSV� LQ�PHGLXP�VL]HG�ZRUNVSDFHV�ZKHUH� LW� LV
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PRUH�OLNHO\�WKDW�SDUWLFLSDQWV�DUH�DOZD\V�LQWHUHVWHG�LQ�PDLQWDLQLQJ�DZDUHQHVV�RI�DOO�WKH�PHPEHUV�RI�WKH
JURXS��7KHUHIRUH��ZH�VHH�WKH�IRFXV�QLPEXV�PRGHO�DV�D�KLJKHU�OHYHO�FRPSOHPHQW�WR�RXU�IUDPHZRUN�
7KH�WZR�PRGHOV�FDQ�ZRUN�WRJHWKHU�LQ�HQYLURQPHQWV�ZKHUH�SHRSOH�FDQ�ZRUN�WRJHWKHU�DW�ERWK�D�ODUJH
DQG� D� VPDOO� VFDOH³WKH� IRFXV�QLPEXV� PRGHO� ZRXOG� RSHUDWH� LQ� WKH� ODUJH�� DQG� WKH� ZRUNVSDFH
DZDUHQHVV�PRGHO�LQ�WKH�VPDOO�

10. Conclusion
,Q�WKLV�SDSHU�ZH�KDYH�SUHVHQWHG�D�GHVFULSWLYH�WKHRU\�RI�DZDUHQHVV�IRU�VPDOO�JURXSV�LQ�VKDUHG�
ZRUNVSDFH�JURXSZDUH��2XU�PRWLYDWLRQ�IRU�WKH�UHVHDUFK�LV�WKDW�DOWKRXJK�WKH�LGHD�RI�JURXS�DZDUHQHVV
VKRZV�JUHDW�SURPLVH�IRU�LPSURYLQJ�JURXSZDUH�XVDELOLW\��JURXSZDUH�GHVLJQHUV�GR�QRW�KDYH�DFFHVV�WR
SULQFLSOHG�LQIRUPDWLRQ�DERXW�KRZ�WR�VXSSRUW�LW�LQ�WKHLU�LQWHUIDFHV��2XU�JRDO��WKHUHIRUH��ZDV�WR
SURYLGH�GHYHORSHUV�ZLWK�XVHIXO�NQRZOHGJH�DERXW�KRZ�WR�GHVLJQ�IRU�DZDUHQHVV�LQ�PXOWL�XVHU�V\VWHPV�
DQG�LQ�SDUWLFXODU��KRZ�WR�GHVLJQ�IRU�RQH�NLQG�RI�DZDUHQHVV�FDOOHG�ZRUNVSDFH�DZDUHQHVV��7KH�PDLQ
VWUXFWXUH�RI�WKH�GHVFULSWLYH�WKHRU\�LV�D�IUDPHZRUN�RI�ZRUNVSDFH�DZDUHQHVV�WKDW�RSHUDWLRQDOL]HV�WKH
FRQFHSW�DQG�WKDW�JXLGHV�GHVLJQHUV�WKURXJK�WKH�WKUHH�VWHSV�WKDW�WKH\�PXVW�FRQVLGHU�LQ�WKH�GHVLJQ
SURFHVV��7KH�IUDPHZRUN�LV�EDVHG�RQ�VRXQG�SV\FKRORJLFDO�SULQFLSOHV�RI�ZKDW�DZDUHQHVV�LV�DQG�KRZ
SHRSOH�PDLQWDLQ�LW�LQ�G\QDPLF�HQYLURQPHQWV��7KH�IUDPHZRUN�FDQ�ERWK�HGXFDWH�GHVLJQHUV�DERXW�WKH
LPSRUWDQFH�RI�DZDUHQHVV�LQ�JURXSZDUH�DQG�KHOS�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�V\VWHPV�WKDW�DUH�EXLOW�

:H�EHOLHYH�WKDW�WKH�IRXQGDWLRQV�DQG�EDVLF�VWUXFWXUH�RI�WKH�IUDPHZRUN�FDQ�EH�XVHG�WR�FKDUDFWHUL]H
DQG�GHVFULEH�RWKHU�W\SHV�RI�DZDUHQHVV�WKDW�DIIHFW�GLVWULEXWHG�JURXS�ZRUN��)LUVW��WKH�SHUFHSWLRQ�DFWLRQ
F\FOH�LV�D�JHQHUDO�PRGHO�WKDW�FDQ�EH�XVHG�WR�H[SODLQ�KRZ�SHRSOH�NHHS�WUDFN�RI�D�ZLGH�YDULHW\�RI
LQIRUPDWLRQ�LQ�D�FROODERUDWLYH�VLWXDWLRQ��6HFRQG��WKH�WKUHH�GHVLJQ�LVVXHV�RI�ZKDW�LQIRUPDWLRQ�WR
SUHVHQW��KRZ�WR�SUHVHQW�LW��DQG�ZKHUH�DQG�ZKHQ�WR�SUHVHQW�LW�DSSO\�HTXDOO\�ZHOO�WR�VXSSRUWLQJ��IRU
H[DPSOH��LQIRUPDO�DZDUHQHVV�DQG�FRQYHUVDWLRQDO�DZDUHQHVV�LQ�JURXSZDUH��6LQFH�ZRUNVSDFH
DZDUHQHVV�LV�QRW�LQGHSHQGHQW�RI�WKHVH�RWKHU�W\SHV��D�PRUH�FRPSUHKHQVLYH�WKHRU\�WKDW�LQWHJUDWHV
VHYHUDO�GLIIHUHQW�DVSHFWV�RI�JURXS�DZDUHQHVV�LV�QHHGHG��([WHQGLQJ�WKH�IUDPHZRUN�LV�RQH�RI�RXU
FXUUHQW�RQJRLQJ�SURMHFWV��2WKHU�FXUUHQW�ZRUN�LQFOXGHV�DVVHVVLQJ�WKH�HIIHFWV�RI�DZDUHQHVV�VXSSRUW�RQ
JURXSZDUH�XVDELOLW\��*XWZLQ�DQG�*UHHQEHUJ�����D��DQG��GHYHORSLQJ�QHZ�DZDUHQHVV�GLVSOD\V�DQG
GHYLFHV��*XWZLQ�DQG�*UHHQEHUJ�����E��
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*XWZLQ��&���DQG�*UHHQEHUJ��6���:RUNVSDFH�$ZDUHQHVV�IRU�*URXSZDUH��3URFHHGLQJV�RI� WKH�&RQIHUHQFH�RQ
+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��9DQFRXYHU����������������

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

*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����������������

*XWZLQ��&���DQG�*UHHQEHUJ��6��(IIHFWV�RI�$ZDUHQHVV�6XSSRUW�RQ�*URXSZDUH�8VDELOLW\��3URFHHGLQJV�RI
$&0�&+,
����/RV�$QJHOHV��$&0�3UHVV������D�

*XWZLQ��&��DQG�*UHHQEHUJ��6��'HVLJQ�IRU�,QGLYLGXDOV��'HVLJQ�IRU�*URXSV��7UDGHRIIV�EHWZHHQ�SRZHU
DQG�ZRUNVSDFH�DZDUHQHVV��3URFHHGLQJV�RI�$&0�&6&:
����6HDWWOH��$&0�3UHVV������E�

+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�� �������
������������

+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-�������

,VKLL�� +��� DQG� .RED\DVKL�� 0��� &OHDU%RDUG�� $� 6HDPOHVV� 0HGLXP� IRU� 6KDUHG� 'UDZLQJ� DQG
&RQYHUVDWLRQ� ZLWK� (\H� &RQWDFW�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ
6\VWHPV��0RQWHUH\��&$����������������

-DPHV�� :��� 7KH� 3ULQFLSOHV� RI� 3V\FKRORJ\�� +DUYDUG� 8QLYHUVLW\� 3UHVV�� &DPEULGJH�� 0DVV��� ����� �ZULWWHQ
������

.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-�������

0F'DQLHO�� 6��(�� DQG�%ULQFN��7���$ZDUHQHVV� LQ�&ROODERUDWLYH� 6\VWHPV��:RUNVKRS�5HSRUW��6,*&+,
%XOOHWLQ��2FWREHU������

0F*UDWK��-���*URXSV��,QWHUDFWLRQ�DQG�3HUIRUPDQFH��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV�1-�������

1HLVVHU��8���&RJQLWLRQ�DQG�5HDOLW\��:�+��)UHHPDQ��6DQ�)UDQVLVFR�������

1RUPDQ��'���7KLQJV�7KDW�0DNH�8V�6PDUW��$GGLVRQ�:HVOH\��5HDGLQJ��0DVV��������

5RELQVRQ��0���&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��&DVHV�DQG�&RQFHSWV��3URFHHGLQJV�RI�*URXSZDUH
¶����������������

5RGGHQ�� 7�� 3RSXODWLQJ� WKH� $SSOLFDWLRQ�� $� 0RGHO� RI� $ZDUHQHVV� IRU� &RRSHUDWLYH� $SSOLFDWLRQV�
3URFHHGLQJV�RI�$&0�&6&:
���&RQIHUHQFH�RQ�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN������S�������



��

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

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�
�������������������

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��$VVLVWLQJ�+XPDQ�+XPDQ�&ROODERUDWLRQ��5��0�
%DHFNHU�HG������������0RUJDQ�.DXIPDQQ�3XEOLVKHUV��0RXQWDLQ�9LHZ��&$�������

6PLWK��.��� DQG�+DQFRFN��3��� 6LWXDWLRQ�$ZDUHQHVV� LV�$GDSWLYH��([WHUQDOO\�'LUHFWHG�&RQVFLRXVQHVV�
+XPDQ�)DFWRUV�����������������������

6PLWK��5���+L[RQ��5���DQG�+RUDQ��%��6XSSRUWLQJ�)OH[LEOH�5ROHV�LQ�D�6KDUHG�6SDFH�3URFHHGLQJV�RI�$&0
&6&:
���&RQIHUHQFH�RQ�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN�SS���������������

6RKOHQNDPS��0�� DQG�&KZHORV��*��� ,QWHJUDWLQJ�&RPPXQLFDWLRQ��&RRSHUDWLRQ� DQG�$ZDUHQHVV��7KH
',9$� 9LUWXDO� 2IILFH� (QYLURQPHQW�� 3URFHHGLQJV� RI� $&0� &6&:
��� &RQIHUHQFH� RQ� &RPSXWHU�
6XSSRUWHG�&RRSHUDWLYH�:RUN�������S���������

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�����������������������

7DWDU�� '��� )RVWHU�� *��� DQG� %REURZ�� '��� 'HVLJQ� IRU� &RQYHUVDWLRQ�� /HVVRQV� IURP� &RJQRWHU�
,QWHUQDWLRQDO�-RXUQDO�RI�0DQ�0DFKLQH�6WXGLHV�����������������������


