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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

Saul
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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�
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&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



��

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\�
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Chapter 1. Introduction 
In this thesis, I address the problem of how one can develop and evaluate privacy-

protecting strategies and user interface design techniques for balancing privacy with 

awareness in home-based video media spaces.  To set the scene, I begin this chapter with 

a brief overview of existing research on how technology—particularly video-based media 

spaces—can provide informal awareness between distance-separated intimate 

collaborators.  Next, I discuss privacy issues inherent in the interface design of video 

media spaces.  Finally, I present the specific problems of privacy issues in home-based 

media spaces and how I will solve each problem in this thesis.  I conclude with an 

organizational overview of this document. 

1.1 Background 
Throughout a typical day, co-workers naturally converse and interact amongst each other 

in what is known as casual interaction—the frequent and informal encounters that either 

occur serendipitously or are initiated by one person (Fish et al., 1993, Hudson and Smith, 

1996). Casual interactions foster knowledge and help individuals accomplish both 

individual and group work (Kraut et al., 1988, Fish et al., 1993).  My particular interest is 

in casual interactions between intimate collaborators, defined as those individuals who 

have a real need or desire for close coordination and communication (Greenberg, 1996).  

Informal awareness—an understanding of who is around and available for interaction—

holds casual interaction together by helping people decide if and when to smoothly move 

into and out of conversation and collaboration (Kraut et al., 1988, Bellotti and Sellen, 

1993, Gutwin et al., 1995). Informal awareness is easily gained when people are in close 

physical proximity, but deteriorates over distance (Kraut et al., 1988, Greenberg, 1996).  

As a result, casual interaction suffers when co-workers are distributed. 

Saul
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A variety of existing techniques exist to provide informal awareness for distance-

separated collaborators, yet some provide better awareness than others.  One popular 

approach for gaining awareness is the use of availability states, i.e., online, away, busy, in 

instant messengers, such as MSN Messenger (Figure 1.1) or ICQ.  Here, idle indicators 

change a user’s state automatically or users are able to select an availability state, e.g., 

using the pop-up menu in Figure 1.1.  Although very useful, these low fidelity states can 

provide less than an ideal description of the actual availability of a collaborator because 

they indicate presence rather than availability, and even this is just an approximation.  As 

a result, the privacy of the collaborator is at risk because co-workers can distract them by 

interrupting at an inappropriate time. 

My particular interest lies in providing informal awareness across distance through 

the use of a video media space.   A video media space uses always-on video to capture 

the scene around a potential collaborator and broadcast it to others in the workgroup  

(Mantei et al., 1991).  Video is capable of providing rich awareness because one can 

actually see the other person, much like in co- located settings.  Yet video comes with 

many privacy risks, even when used between intimate collaborators in benign settings 

such as work offices.  Rather than seeing someone across the room or in a different office 

as is normally the case, a video media space can make it appear as though a colleague is 

sitting close by.  Figure 1.2 shows a typical media space where two distance-separated 

colleagues gain informal awareness using a video channel while they work.  Here, both 

 

Figure 1.1: Availability states in MSN Messenger. 
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collaborators have a video camera (circled) that captures and broadcasts their image to 

the other person; for example, the person on the left sees a closely cropped image of the 

person on the right (circled). 

Video media spaces have been installed and tested in office and research lab 

settings (e.g., Fish et al., 1990, Mantei et al., 1991, Dourish and Bly, 1992, Bly et al., 

1993, Dourish, 1993, Tang et al., 1994, Lee at al., 1997, Coutaz et al., 1998, Greenberg 

and Kuzuoka, 2000).  These spaces typically connect friends and peers who inhabit 

similar organizational settings and who either are early adopters of technology or have a 

vested interest in the system.  The situation is complicated with telecommuters: people 

who choose to work from home.  Many telecommuters still desire close contact with 

colleagues at the office and use technologies such as email and instant messaging to 

maintain a limited amount of awareness.  As with office-based media spaces, a home 

media space, defined as an always-on video media space used within a home setting, can 

also provide a rich level of awareness for telecommuters by connecting them with their 

colleagues at the office.  Yet privacy risks increase dramatically.  The main problem is 

that the home is not the office; activities, people, and appearances that are appropriate for 

the home are often inappropriate when viewed in an office environment by a colleague.  

For example, it is appropriate to work at home shirtless on a hot summer day, while the 

same level of dress is inappropriate for most offices.  People normally need an emotional 

release and the privacy of their home allows them to relax and often deviate from social 

    

Figure 1.2: A typical video media space where video is used to provide informal awareness 
between distance-separated colleagues.  PC cameras (circled) capture each collaborator and 
this information is broadcast to the other colleague (circled on the display of the person on the 
left). 
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customs that they regularly adhere to on a daily basis (Altman, 1975).  By introducing 

video media spaces into homes, the privacy of the telecommuter and others in the home 

can be greatly threatened.  These risks are discussed in detail in Chapter 2. 

Methods such as distortion filters have been studied to find a reasonable trade-off 

between providing awareness and preserving privacy in video media spaces (Zhao and 

Stasko, 1998, Greenberg and Kuzuoka, 2000, Boyle et al., 2000).  Distortion filters such 

as pixelize or blur filters attempt to preserve privacy by filtering out  sensitive information 

while still providing a level of awareness.  Figure 1.3 shows three images of the same 

collaborator: the left image is unfiltered, the middle image is distorted with a blur filter, 

and the right image is distorted with a pixelize filter.  In using such methods, the amount 

of awareness decreases because information of a lower fidelity is being broadcast from 

the video media space.  Similarly, as awareness levels increase, privacy decreases as 

more detailed information from the video media space is broadcast to collaborators.  

While research has shown distortion filters, such as the pixelize and blur filters, are able 

to balance privacy and awareness in office situations (Zhao and Stasko, 1998, Boyle et 

al., 2000), it is not clear if such techniques are suitable for far riskier home situations. 

In conjunction with methods to balance privacy and awareness comes a necessity 

for simple, lightweight user interfaces for video media spaces.  These user interfaces 

typically afford various strategies for presenting privacy feedback and control.  Feedback 

allows users to know whether or not they are attaining their desired level of privacy.  

Bellotti (1996, 1998) outlines that feedback in a media space involves “informing people 

when and what information about them is being captured and to whom the information is 

being made available.”  Once media space participants know how much privacy is being 

   

Figure 1.3: An unfiltered media space view, the view with a blur filter, and the view with a 
pixelized filter. 
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attained, they need the ability to adjust their current level of privacy to a desired level.  

This comes in the form of privacy control and as Bellotti (1996, 1998) points out, control 

involves “empowering people to stipulate what information they project and who can get 

a hold of it.” 

When presenting privacy control and feedback, two main problems exist with user 

interfaces for video media spaces: 

a) The interface makes it difficult to alter privacy levels.  If users are not presented with 

an interface that can easily alter privacy levels, they may resort to doing away with 

the video link completely.  While this gives complete privacy, it comes at the cost of 

no awareness of their colleagues.  Alternatively, they may do nothing and risk having 

no privacy at all. 

b) The interface does not provide sufficient feedback of privacy levels attained.  With 

insufficient feedback, again, the user may resort to doing away with the video link 

because of a fear of too much information being broadcast.  This again would 

jeopardize awareness between collaborators.  Cues of the level of privacy being 

maintained may also help users to properly appropriate themselves, defined as the act 

of creating a socially acceptable appearance and/or behavior (Bellotti, 1998). 

It is clear that without adequate user control and sufficient feedback of privacy, video 

media spaces are unable to accomplish the task of providing informal awareness. 

1.2 Thesis Problems 
This thesis is about privacy in video media spaces used between telecommuters and 

office workers.  Figure 1.4 illustrates the context and scope of my research.  In particular, 

I address the following problems in this thesis: 

1. We do not know if blur filtration is able to balance privacy and awareness in a 

home media space.  Previous research (Boyle et al., 2000) has shown that distortion 

filters, such as the blur filter, are able to balance privacy and awareness for benign 

office situations.  Yet we do not know if this balance is achievable for home use of 

video, as home situations present far riskier situations than office environments. 
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2. We do not know what other privacy-protecting strategies, if any, are 

appropriate for balancing privacy and awareness in a home media space.  

Research on privacy-protecting strategies for video media spaces has again primarily 

focused on office settings, rather than homes.  It is unclear what other privacy-

protecting strategies, aside from distortion filters, may be suitable for balancing 

privacy and awareness in home settings. 

3. We do not know what user interface techniques are appropriate for presenting 

users with privacy-protecting strategies in a home media space.  Privacy-

protecting strategies for balancing privacy and awareness in a home media space must 

be presented to users in a simple, lightweight user interface.  Research has previously 

focussed on designing video media spaces for office situations rather than home-

settings.  

1.3 Thesis Goals 
In this thesis, I will address the aforementioned problems with the following goals: 

1. I will evaluate blur filtration for its effectiveness in balancing privacy and 

awareness in a home media space.  I will define and run a controlled experiment 

that will evaluate blur filtration’s ability to balance privacy and awareness for home 

 

Figure 1.4: The context and scope of my research. 
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situations that vary in the amount of perceived privacy risk presented, from little or 

no risk to very high risk (Problem 1). 

2. I will investigate other privacy-protecting strategies for balancing privacy and 

awareness in a home media space.   I will conduct a literature review on privacy 

mechanisms within social-psychological theory, looking at mechanisms used in face-

to-face situations by various cultures.  Based on this literature review, previous 

research in video-media spaces, and results from the experiment in Goal 1, I will 

outline a framework for the design of a home media space, which will describe other 

potential privacy-protecting strategies (Problem 2).   

3. I will design a home media space that presents users with privacy-protecting 

strategies.   Using the framework developed in Goal 2, I will design a home media 

space, which will present user interface techniques that are appropriate for affording 

users with privacy-protecting strategies in a home (Problem 3).  The home media 

space design will not be formally evaluated, yet will present one approach for the 

design of such a space and the use of the framework from Goal 2. 

1.4 Organizational Overview 
This thesis is divided into seven chapters: 

In Chapter 2, I present a literature survey of privacy and video media spaces.  I 

begin with the motivation for this work, which is supporting awareness to promote casual 

interaction for distance-separated collaborators.  Next, I discuss social-psychological 

theories of privacy and how they relate to video media spaces and home environments.  

Then I present existing research on privacy preservation techniques for video media 

spaces. 

In Chapter 3, I discuss the methodology for a controlled experiment that evaluates 

one privacy preservation technique, blur filtration, for its effectiveness in balancing 

privacy and awareness for home situations containing a telecommuter (Goal 1).  The 

study looks at a series of typical home situations that vary in risk from an expected low 

risk to an expected high risk.  Chapter 3 includes an outline of the study’s null 

hypotheses, variables, materials, and procedure.   
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In Chapter 4, I discuss the results of the controlled experiment defined in Chapter 

3, which includes an analysis of blur filtration levels that provide users with awareness 

cues, along with blur filtration levels that adequately preserve privacy (Goal 1).  I also 

look at what blur filtration levels people choose to use for home situations, as well as 

how willing they are to use a home media space.  I conclude the chapter with a set of 

design implications for privacy-protecting strategies to be used in the design of a home 

media space.  These implications articulate the difficulties in designing strategies for 

balancing privacy and awareness in home media spaces. 

In Chapter 5, I take a step back and summarize research on privacy mechanisms 

used by various cultures to regulate and control privacy in face-to-face situations.  Next, I 

use this research and the experiment results discussed in Chapter 4 to develop a 

framework for designing a home media space (Goal 2).  This framework contains a set of 

privacy-protecting strategies that can be used within a home media space to afford the 

user with control and feedback of privacy. 

In Chapter 6, I discuss the design of a home media space that uses the design 

framework presented in Chapter 5.  This involves discussing user interface design 

principles for providing users with a plethora of privacy-protecting strategies (Goal 3).  

The home media space design is not formally evaluated, but presents one approach for 

the design of such a space and the use of the framework presented in Chapter 5. 

In Chapter 7, I conclude this thesis by summarizing how I achieved each of my 

research goals.  I also list my research contributions and suggest areas for future work in 

home media spaces. 



CHAPTER 1

Introduction

Over the recent years, the combination of visualizations and digital media has become
increasingly important. Much of today’s communication involves visualizations in dig-
ital form. Aiding users with different tasks by making the underlying data visual is one
important research area in computer science. Such research in the area of visualization
is largely based on a characteristic of the human visual system: visual information can
be processed in parallel and with a high bandwidth into the human cognitive centers
(WARE, 2000). This is also the reason why an effective information display can often
lead to insight quicker and more memorably than a few pages of written text. This
thesis is concerned with the creation of such an effective information display. As one
of the most common data types, hierarchical data structures will be visualized with an
emphasis on the display of relations between data items. Motivation for the research
presented here will be discussed in this chapter. The discussion will give insight into
the inherent problems in the development of the visualization and briefly summarize
the further development process discussed in subsequent chapters.

1.1 Motivation

Knowledge obtained from visualizations often comes from insight gained by recog-
nizing that data items are related in some way. In graphs, for example, edges can
represent any conceivable kind of relation including those of temporal, causal, or func-
tional nature. The display of relations is, therefore, one of the most essential tasks in
information visualization. Understanding relations between items in a visualization
helps the viewer to build a mental model of the underlying data. This mental model is
needed to understand the scheme or situation to which the presented data refers. For
making decisions based on the visualization of data the interpretation of this internal

1

Saul
Text Box
Petra Neumann,  2004Focus+Context Visualization of Hierarchical DataUniversität Magdeburg. Extract: Chapter 1.



Chapter 1 Introduction

model is essential. This thesis will introduce a new visualization technique specifically
tailored to recognize relations between data elements in a hierarchical data structure.

1.2 Problem Statement

In traditional displays of tree structures, edges represent parent-child relations. If
more than the inherent parent-child relations needs to be visualized for nodes in a
tree, different encoding techniques are necessary. Figure 1.1 affirms this proposition.
The figure displays a tree structure in a traditional node-link diagram. Additional
links are introduced to represent binary relations between nodes in the tree. From the
display parent-child relations and the additional relations cannot be distinguished. In
addition, edge-edge intersections are introduced that lead to a cluttered display.

Figure 1.1: Additional relations introduced in a traditional tree layout. Different types of relations
cannot be distinguished and edge intersections are introduced.

Typical encoding techniques to circumvent misinterpretations include using color, tex-
ture, size, or different node shapes to emphasize additional relations instead of direct
links. However, psychological research has found that connectedness can be a more
powerful grouping principle than proximity, color, size, or shape (PALMER and ROCK,
1994). The development of a visualization for relations in hierarchical data draws
from these findings. This thesis introduces an attempt to solve the mentioned prob-
lems of a typical display of direct links on tree structures.

One of the most severe problems in visualizing tree structures is the limited screen
space offered by common desktop displays. Trees easily require large aspect ratios
which force parts of the tree to be cut from the display. The field of focus+context
presentation deals with the display of large information spaces by taking the interest
of viewers in parts of the data into account. Research from this field will be inte-
grated into the visualization presented in this thesis to alleviate the display of large
hierarchical data structures.
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1.3 Results

1.3 Results

This thesis introduces a novel visualization for the display of relations in hierarchical
data structures. The chosen tree and relation layout solve the mentioned problems
of displaying direct links between two data items in a tree structure. A particularly
novel aspect is the consideration of relations in the development of focus+context
navigation and presentation.

A nested tree layout was chosen for the visualization of tree structures to be able to re-
strict the visualization in space. An effective use of screen real estate is also achieved
through the visualization of relations as arc shaped glyphs that can be adapted in
height and shape. Zoom and filter mechanisms help to interactively explore tree con-
tent. Focus+context navigation offers a user-centered automation for interaction on
the tree. Encodings for attributes of the data and affordances of displayed data items
were carefully chosen. An example of the developed arc tree visualization can be seen
in Figure 1.2.

Figure 1.2: An overview of the developed arc tree visualization.

The work presented in this thesis was implemented as a JAVA3D application. JAVA3D
is a high level, scene graph based API which offers sophisticated graphics rendering
utilities. The underlying tree structure was implemented using the composite design
pattern as introduced by COOPER (1998). The composite pattern allows the definition
of a class hierarchy of simple objects and more complex composite objects so that they
appear to be the same to the client program. All screenshots which serve as examples
for the developed visualization were taken from the implemented application.

1.4 Thesis Organization

The following sections briefly introduce the contents of subsequent chapters.
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Chapter 2

An overview of the research field that forms the framework for this thesis is presented
in Chapter 2. It introduces the field of visualization with particular emphasis on infor-
mation visualization. Further research presented in this thesis is influenced by several
research areas in the information visualization community. These areas are concerned
with the presentation of different data sets: linearly ordered data, hierarchical data,
and graphs. The discussion of visualization techniques from these areas particularly
emphasizes the presentation of relations within the data.

Chapter 3

Chapter 3 begins with the introduction of the specific challenges for the development
of a visualization. In subsequent sections a layout for linearly ordered hierarchical
data structures is developed. Emphasis is placed on the display of additional rela-
tional information between nodes in the tree. As a prerequisite to the development of
the visualization a set of definitions for the underlying data structure including the re-
lational information as well as the drawing and visualization of the data are discussed.

Chapter 4

Interaction and navigation are two important aspects of an information visualization.
This chapter is concerned with the development of interaction techniques for the visu-
alization developed in the previous chapter. First, general operations on the data set
are described. Focus+context techniques extend these operations to aid navigation
in the visualization. The presented techniques act as a filter mechanism to eliminate
unwanted information and avoid information overload.

Chapter 5

Case Studies introduce possible application domains for the developed visualization. It
is shown how the requirements specified for the visualization task were implemented
in context to a particular application. The remainder of the chapter establishes how
an evaluation of the visualization can be carried out without being restricted to a
specific application domain. In addition, aspects for which an evaluation would be
most appropriate at this stage of the development of the visualization are highlighted.

Chapter 6

This chapter concludes the thesis and summarizes the key contributions of the pre-
sented work. Areas for future work are highlighted in the remainder of the chapter.
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