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&RPSXWHU ,QIRUPDWLRQ 6\VWHPV 'HSDUWPHQW

'H9U\ ,QVWLWXWH RI 7HFKQRORJ\

)UHPRQW� &$ ������ 86$

HFURZH#IUH�GHYU\�HGX

:LWK WKH GHYHORSPHQW RI QRYHO PXOWLPHGLD LQWHUIDFHV� QHZ DSSURDFKHV DUH QHHGHG WR DQDO\]H WKH

SURFHVV RI LQWHUDFWLRQ ZLWK VXFK LQWHUIDFHV DQG HYDOXDWH WKHP DW D ILQH JUDLQ RI GHWDLO� (\H WUDFNLQJ LV D

WHFKQRORJ\ WKDW FDQ SURYLGH GHWDLOHG GDWD RQ WKH DOORFDWLRQ DQG VKLIWV RI XVHUV© YLVXDO DWWHQWLRQ DFURVV

*UDSKLFDO 8VHU ,QWHUIDFHV RI LQWHUDFWLYH V\VWHPV� +RZHYHU� LQWHJUDWLQJ� DQDO\]LQJ DQG YLVXDOL]LQJ

PXOWLPRGDO GDWD RQ XVHU LQWHUDFWLRQV UHPDLQ GLIILFXOW WDVNV� ,Q WKLV SDSHU ZH UHSRUW RQ VWHSV WRZDUG

GHYHORSLQJ D VXLWH RI VRIWZDUH WRROV WR IDFLOLWDWH WKHVH WDVNV� :H GHVLJQHG DQG LPSOHPHQWHG DQ (\H

7UDFNLQJ $QDO\VLV 6\VWHP ZKLFK JHQHUDWHV D FRPELQHG JD]H DQG DFWLRQ YLVXDOL]DWLRQ IURP H\H

PRYHPHQW GDWD DQG LQWHUDFWLRQ ORJV� 7KLV QHZ YLVXDOL]DWLRQ DOORZV DQ H[SHULPHQWHU WR VHH WKH YLVXDO

DWWHQWLRQ VKLIWV RI XVHUV LQWHUOHDYHG ZLWK WKHLU DFWLRQV RQ HDFK VFUHHQ RI D PXOWL�VFUHHQ PXOWLPHGLD

LQWHUIDFH� $Q H[SHULPHQW RQ FRPSDULQJ WZR LQWHUIDFHV ¤ D WUDGLWLRQDO NH\ERDUG DQG PRXVH LQWHUIDFH DQG

D VSHHFK�FRQWUROOHG LQWHUIDFH ¤ WR DQ HGXFDWLRQDO PXOWLPHGLD DSSOLFDWLRQ ZDV FDUULHG RXW WR GHPRQVWUDWH

WKH XWLOLW\ RI RXU DSSURDFK�

.H\ZRUGV� +XPDQ�&RPSXWHU ,QWHUDFWLRQ $QDO\VLV� 0XOWLPHGLD ,QWHUIDFHV� (\H 7UDFNLQJ�
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,Q RUGHU WR HYDOXDWH WKH XVDELOLW\ DQG XVHIXOQHVV RI PXOWLPHGLD LQWHUIDFHV� RQH QHHGV WRROV WR

FROOHFW DQG DQDO\]H ULFKO\ GHWDLOHG GDWD SHUWDLQLQJ WR ERWK WKH SURFHVV DQG RXWFRPHV RI XVHU

LQWHUDFWLRQ� (\H PRYHPHQWV RI FRPSXWHU XVHUV� ZKHQ FRPELQHG ZLWK GDWD IURP RWKHU LQSXW

PRGDOLWLHV VXFK DV VSRNHQ FRPPDQGV DQG KDSWLF DFWLRQV ZLWK WKH NH\ERDUG DQG WKH PRXVH�

SURYLGH D ULFK GDWD VHW IRU +XPDQ�&RPSXWHU ,QWHUDFWLRQ �+&,� DQDO\VLV� (\H WUDFNLQJ KDV

DOUHDG\ VKHG OLJKW RQ KRZ XVHUV H[HFXWH VSHFLILF LQWHUIDFH DFWLRQV VXFK YLHZLQJ PHQXV

>$DOWRQHQ HW DO� ������� %\UQH HW DO� ������@ DQG H\H W\SLQJ >6DOYXFFL ������@� 7KLV SDSHU

UHSRUWV RQ D UHVHDUFK SURMHFW WKDW WDNHV WKLV LGHD D VWHS IXUWKHU E\ GHYHORSLQJ DXWRPDWHG

VRIWZDUH VXSSRUW IRU DQDO\]LQJ DQG YLVXDOL]LQJ GDWD UHVXOWLQJ IURP WUDFNLQJ WKH H\HV DQG

DFWLRQV RI XVHUV ZKLOH WKH\ LQWHUDFW ZLWK D PXOWLPHGLD V\VWHP�

$ SUHPLVH RI WKLV UHVHDUFK LV WKDW LQVLJKWV LQWR WKH XVDELOLW\ DQG HIIHFWLYHQHVV RI DQ
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LQWHUIDFH FDQ EH GHYHORSHG IURP NQRZLQJ QRW RQO\ ZKDW XVHUV GR ZLWK D *UDSKLFDO 8VHU

,QWHUIDFH �*8,�� EXW DOVR ZKHUH WKH\ ORRN� $ FRPSUHKHQVLYH SLFWXUH RI WKH LQWHUDFWLRQ SURFHVV

ZLWK D PXOWLPHGLD DSSOLFDWLRQ LQFOXGHV QRW RQO\ ZKDW QDYLJDWLRQ DQG FRQWURO DFWLRQV XVHUV

XQGHUWDNH EXW DOVR KRZ WKH\ GLVWULEXWH WKHLU YLVXDO DWWHQWLRQ DPRQJ PXOWLSOH YLVXDO HQWLWLHV

SUHVHQW RQ YDULRXV VFUHHQV �RU SDJHV� RI WKH LQWHUIDFH� ,Q RUGHU WR REWDLQ VXFK D SLFWXUH� ZH

GHYHORSHG D QRYHO GDWD YLVXDOL]DWLRQ WHFKQLTXH FDOOHG DQ $WWHQWLRQ�$FWLRQ 7LPHOLQH� )URP

WKLV YLVXDOL]DWLRQ� DQ H[SHULPHQWHU FDQ JDLQ D FRPSUHKHQVLYH SLFWXUH RI DQ HQWLUH LQWHUDFWLYH

VHVVLRQ� DQG WKXV FDQ GLVFRYHU ZKDW DFWLRQV XVHUV SHUIRUPHG DQG ZKHUH XVHUV ORRNHG EHWZHHQ

WKRVH DFWLRQV� 7KH XWLOLW\ RI WKLV DSSURDFK LV GHPRQVWUDWHG WKURXJK D SLORW H[SHULPHQW LQ ZKLFK

D VSHHFK�FRQWUROOHG LQWHUIDFH DQG D WUDGLWLRQDO LQWHUIDFH WR D PXOWLPHGLD HGXFDWLRQDO

DSSOLFDWLRQ DUH FRPSDUHG�

7KLV SDSHU KDV WKUHH DLPV� 7KH ILUVW LV WR RXWOLQH DQ DSSURDFK WR FRPSDUDWLYH DQDO\VLV

RI PXOWLPHGLD LQWHUIDFHV� 7KH VHFRQG LV WR GHVFULEH VRIWZDUH IRU FRPELQLQJ DQG YLVXDOL]LQJ

XVHUV© H\H PRYHPHQW DQG DFWLRQ GDWD WKDW ZH KDYH GHVLJQHG DQG LPSOHPHQWHG DV SDUW RI WKLV

DSSURDFK� 7KH WKLUG LV WR GHPRQVWUDWH WKH XWLOLW\ RI WKLV DSSURDFK E\ GLVFXVVLQJ UHVXOWV RI DQ

LQWHUIDFH FRPSDULVRQ H[SHULPHQW� 7KH UHVW RI WKH SDSHU LV VWUXFWXUHG DV IROORZV� ,Q 6HFWLRQ ��

ZH SUHVHQW D IUDPHZRUN IRU FRPSDULQJ LQWHUIDFHV� 6HFWLRQ � GHVFULEHV RXU DSSURDFK WRZDUG

FROOHFWLQJ� FRPELQLQJ DQG YLVXDOL]LQJ LQWHUDFWLRQ ORJV DQG H\H WUDFNLQJ GDWD� 7KH VRIWZDUH

V\VWHP LPSOHPHQWLQJ WKLV DSSURDFK DQG WKH YLVXDOL]DWLRQ LW JHQHUDWHV DUH GHVFULEHG� 7KLV

V\VWHP DQG LWV FDSDELOLWLHV DUH FRPSDUHG ZLWK UHODWHG ZRUN LQ 6HFWLRQ �� 7KH IROORZLQJ VHFWLRQ

GHVFULEHV +DO9LV ¥ WKH HGXFDWLRQDO PXOWLPHGLD V\VWHP WKDW ZDV XVHG LQ WKH H[SHULPHQW ¥

DQG H[SODLQV KRZ LWV RULJLQDO LQWHUIDFH ZDV UHWURILWWHG ZLWK VSHHFK FRQWURO� ([SHULPHQWDO

SURFHGXUH DQG UHVXOWV DUH SUHVHQWHG QH[W� LQ 6HFWLRQ �� 7KLV H[SHULPHQW GHPRQVWUDWHG WKH

XWLOLW\ RI FRPELQLQJ LQWHUDFWLRQ ORJV DQG UDZ H\H PRYHPHQW GDWD WR DQDO\]H XVHUV©

LQWHUDFWLRQV ZLWK LQWHUIDFHV� 6HFWLRQ � FRQFOXGHV WKH SDSHU ZLWK D VXPPDU\ RI WKH

FRQWULEXWLRQV RI WKLV UHVHDUFK DQG LWV IXWXUH�

�� �	������� 	��	���������	��������

7KH SULPDU\ REMHFWLYH RI DQ LQWHUIDFH LV WR KHOS D XVHU HIIHFWLYHO\ FDUU\ RXW YDULRXV WDVNV E\

LQWHUDFWLQJ ZLWK DQ XQGHUO\LQJ V\VWHP� )RU LQVWDQFH� LQ WKH GRPDLQ RI HGXFDWLRQDO PXOWLPHGLD�

DQ HIIHFWLYH LQWHUIDFH LV RQH WKDW LV VXFFHVVIXO LQ HQDEOLQJ WKH OHDUQHU WR FRPSUHKHQG FRPSOH[

LQIRUPDWLRQ RQ YDULRXV WRSLFV SURYLGHG E\ WKH V\VWHP� ,W LV LUUHOHYDQW ZKHWKHU DQ LQHIIHFWLYH

LQWHUIDFH LV XVDEOH RU QRW� 2Q WKH RWKHU KDQG� LW GRHV PDWWHU LI DQ HIIHFWLYH LQWHUIDFH KDV SRRU

XVDELOLW\� 7KHUHIRUH� WKH ILUVW TXHVWLRQ WR DVN DERXW DQ LQWHUIDFH LV ZKHWKHU LW SURGXFHV WKH

GHVLUHG RXWFRPH� ,Q WKH HGXFDWLRQDO GRPDLQ� WKLV WUDQVODWHV WR ZKHWKHU WKH LQWHUIDFH

VLJQLILFDQWO\ LPSURYHV WKH NQRZOHGJH RI XVHUV� 7KLV FDQ EH HPSLULFDOO\ WHVWHG E\ PHDVXULQJ

WKH SULRU NQRZOHGJH RI D UHSUHVHQWDWLYH VDPSOH RI XVHUV LQ D SUH�WHVW� KDYLQJ WKHP ZRUN ZLWK

WKH LQWHUIDFH� DQG WKHQ PHDVXULQJ WKHLU NQRZOHGJH LPSURYHPHQW LQ D SRVW�WHVW�

7KHQ D VHFRQG TXHVWLRQ QHHGV WR EH DVNHG� GRHV WKH LQWHUIDFH SURYLGH D VLJQLILFDQWO\

EHWWHU PHDQV RI SURGXFLQJ WKH GHVLUHG RXWFRPH WKDQ RWKHU SRVVLEOH LQWHUIDFHV WR WKH VDPH

V\VWHP" 7KLV FDQ EH HPSLULFDOO\ WHVWHG E\ D FRPSDUDWLYH VWXG\ LQ ZKLFK PXOWLSOH JURXSV RI

XVHUV ZRUN ZLWK WKH LQWHUIDFH LQ TXHVWLRQ DV ZHOO DV RWKHU FRPSHWLQJ LQWHUIDFHV� 'DWD RQ WKH

GHVLUHG RXWFRPHV �H�J� FRPSUHKHQVLRQ�� WDVN WLPHV DQG XVDELOLW\ PHDVXUHV VXFK DV VDWLVIDFWLRQ

FDQ WKHQ EH FRPSDUHG WR VHH LI WKH LQWHUIDFH LQ TXHVWLRQ LV LQGHHG EHWWHU�

,I WKH LQWHUIDFH LV IRXQG WR EH EHWWHU� D WKLUG TXHVWLRQ FDQ EH DVNHG� ZK\ LV LW EHWWHU"

:KLOH WKH SUHYLRXV WZR TXHVWLRQV GHDOW ZLWK RXWFRPHV RI LQWHUDFWLQJ ZLWK DQ LQWHUIDFH� WKH

SUHVHQW TXHVWLRQ DGGUHVVHV WKH SURFHVV RI LQWHUDFWLRQ� $V D PXOWLPHGLD LQWHUIDFH FDQ FRQWDLQ

VHYHUDO HQWLWLHV VXFK DV WH[W� DXGLR� GLDJUDPV� DQLPDWLRQV� DQG YLGHR� ZKLFK RI WKHVH

FRPSRQHQWV FRQWULEXWH WR LWV HIIHFWLYHQHVV LV DQ LVVXH ZRUWK SXUVXLQJ� ,I D FRPSRQHQW LV IRXQG

WR EH LQHIIHFWLYH� UHPRYLQJ LW FDQ EHQHILW ERWK WKH LQWHUIDFH GHVLJQ �E\ PDNLQJ LW PRUH

FRPSDFW� DQG WKH XVHU �E\ UHGXFLQJ WKH QXPEHU RI SRVVLEOH DFWLRQV�� 2QH ZD\ WR DQVZHU WKLV

TXHVWLRQ LV WR GHVLJQ DQG FRQGXFW D VHULHV RI DEODWLRQ VWXGLHV LQ ZKLFK D FRPSOHWH YHUVLRQ RI
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WKH LQWHUIDFH LV FRPSDUHG ZLWK YHUVLRQV LQ ZKLFK RQH �RU D JURXS RI VLPLODU� FRPSRQHQWV KDYH

EHHQ HOLGHG� 7KHQ VWDWLVWLFDO FRPSDULVRQV RI WKH FROOHFWHG GDWD ZLOO WKURZ OLJKW RQ WKH

GLIIHUHQWLDO FRQWULEXWLRQV RI WKHVH FRPSRQHQWV� 8QIRUWXQDWHO\� WKLV LV D WLPH DQG HIIRUW

LQWHQVLYH DSSURDFK�

$QRWKHU ZD\ WR DGGUHVV WKLV TXHVWLRQ LV WR VWXG\ WKH PLFURVWUXFWXUH RI LQWHUDFWLRQ E\

FROOHFWLQJ DQG DQDO\]LQJ ORJV RI XVHU LQWHUDFWLRQV ZLWK WKH LQWHUIDFH� $Q\ VFUHHQ RI DQ

LQWHUIDFH WR D PXOWLPHGLD V\VWHP ZLOO W\SLFDOO\ FRQWDLQ VHYHUDO FRPSRQHQWV� VRPH RI ZKLFK

ZLOO EH LQWHUDFWLRQ REMHFWV OLNH EXWWRQV ZKLOH RWKHUV ZLOO EH LQIRUPDWLRQ FDUU\LQJ HQWLWLHV OLNH

WH[W RU SLFWXUHV� 6R FROOHFWLQJ RQO\ LQWHUDFWLRQ ORJV �ORJV RI KDSWLF DFWLRQV VXFK DV PRXVH

FOLFNV DQG NH\ SUHVVHV� ZLOO SURYLGH RQO\ DQ LQFRPSOHWH SLFWXUH� )RU LQVWDQFH� VXSSRVH ZKHQ

WKH XVHU FOLFNV RQ D K\SHUOLQN� D SDJH ZLWK D EDU FKDUW� D SKRWRJUDSK DQG D WH[WXDO H[SODQDWLRQ

DSSHDUV� :KLOH WKH LQWHUDFWLRQ ORJ ZLOO LQGLFDWH WKDW WKH XVHU PRYHG WR WKLV QHZ SDJH� LW ZLOO

QRW VKRZ ZKHWKHU KH RU VKH DWWHQGHG WR WKH FKDUW� WKH SKRWR RU WKH WH[W� 7KXV� WKHUH LV D QHHG WR

WUDFN WKH YLVXDO DWWHQWLRQ RI XVHUV� (\H PRYHPHQW GDWD IURP DQ H\H WUDFNHU� ZKHQ FRPELQHG

ZLWK LQWHUDFWLRQ ORJV� FDQ SURYLGH D FRPSOHWH SLFWXUH RI WKH LQWHUDFWLRQ SURFHVV� IURP ZKLFK

FRQFOXVLRQV DERXW WKH XWLOLW\ RI VSHFLILF FRPSRQHQWV RI DQ LQWHUIDFH FDQ EH GUDZQ� (\H

WUDFNLQJ FDQ DOVR UHYHDO FOXHV DERXW XVDELOLW\ >%HQHO HW DO� ������@� 8QH[SHFWHG RU XQXVXDO

VFDQQLQJ SDWWHUQV �VXFK DV QRW DWWHQGLQJ WR VRPH FRPSRQHQWV RI D VFUHHQ ZLWK PDQ\ YLVXDO

REMHFWV� DQG IL[DWLRQ SDWWHUQV �VXFK DV VWDULQJ DW D FRPSRQHQW IRU D ORQJ WLPH� FDQ LQGLFDWH

SRWHQWLDO WURXEOH VSRWV LQ DQ LQWHUIDFH�

$ VLJQLILFDQW DGYDQWDJH LQ XVLQJ H\H PRYHPHQWV DV D VRXUFH RI GDWD LV WKDW WKHVH DUH

DXWRPDWLF� JLYLQJ DQ DFFXUDWH PHDVXUH RI ZKHUH RQH©V YLVXDO DWWHQWLRQ LV GLUHFWHG� 7KLV LV

LQIRUPDWLRQ WKDW FDQQRW EH DFFXUDWHO\ REWDLQHG E\ DVNLQJ D XVHU ZKDW KH RU VKH LV ORRNLQJ DW�

,QWHUSUHWDWLRQ RI H\H PRYHPHQW GDWD LQ LQWHUDFWLRQ WDVNV FDQ EH EDVHG RQ WKH HPSLULFDOO\

YDOLGDWHG H\H�PLQG DVVXPSWLRQ >-XVW 	 &DUSHQWHU ������@ WKDW ZKHQ D SHUVRQ LV SHUIRUPLQJ D

FRJQLWLYH WDVN ZKLOH ORRNLQJ DW D YLVXDO GLVSOD\� WKH ORFDWLRQ RI KLV�KHU JD]H RQ WKH GLVSOD\

FRUUHVSRQGV WR WKH V\PERO WKDW KH RU VKH LV FXUUHQWO\ SURFHVVLQJ LQ ZRUNLQJ PHPRU\� 7KH

DELOLW\ RI H\H WUDFNLQJ WR UHYHDO RWKHUZLVH XQREWDLQDEOH LQIRUPDWLRQ DERXW YLVXDO LQWHUDFWLRQ

KDV ODWHO\ JHQHUDWHG LQFUHDVLQJ LQWHUHVW LQ XVLQJ WKLV WHFKQRORJ\ IRU HYDOXDWLRQ RI FRPSXWHU

LQWHUIDFHV >*ROGEHUJ 	 .RWYDO ������@�
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'DWD FROOHFWHG LQ W\SLFDO +&, H[SHULPHQWV LQFOXGH SURFHVV GDWD �H�J� WDVN FRPSOHWLRQ WLPHV�

YHUEDO SURWRFROV� HUURU UDWHV� H[SHULPHQWHU REVHUYDWLRQV� XVHU LQWHUDFWLRQ ORJV�� RXWFRPH GDWD

�VXFK DV SUH�SRVW�WHVWV WR PHDVXUH FKDQJH LQ D XVHU©V NQRZOHGJH RU VNLOOV� DQG VXUYH\ GDWD

�H�J� LQWHUYLHZV� XVHU VDWLVIDFWLRQ TXHVWLRQQDLUHV�� $OO WKHVH NLQGV RI GDWD� KRZHYHU� PLVV RQH

FUXFLDO DVSHFW RI LQWHUDFWLRQ� :KHQ WKHUH DUH PXOWLSOH LQIRUPDWLRQ FDUU\LQJ HQWLWLHV

VLPXOWDQHRXVO\ SUHVHQW RQ D VFUHHQ� KRZ GR XVHUV DOORFDWH DQG VKLIW WKHLU YLVXDO DWWHQWLRQ

DPRQJ WKHVH" 7KLV LQIRUPDWLRQ FDQ EH LPSRUWDQW LQ XQGHUVWDQGLQJ ERWK WKH SURFHVV DQG

RXWFRPHV RI LQWHUDFWLRQ� $Q H\H WUDFNHU FDQ EH XVHG WR REWDLQ 3RLQWV RI 5HJDUG �325� GDWD�

ZKLFK LQGLFDWH WKH ORFDWLRQ RI YLVXDO DWWHQWLRQ RI XVHUV LQ WHUPV RI VFUHHQ ; DQG <

FRRUGLQDWHV�

$Q H\H WUDFNLQJ GHYLFH WUDFNV WZR W\SHV RI H\H PRYHPHQWV� VDFFDGHV DQG IL[DWLRQV�

6DFFDGHV DUH UDSLG H\H PRYHPHQWV WKDW DOORZ WKH IRYHD WR YLHZ GLIIHUHQW SRUWLRQV RI WKH

GLVSOD\� 2IWHQ D VDFFDGH LV IROORZHG E\ RQH RU PRUH IL[DWLRQV ZKHQ REMHFWV RQ D VFHQH DUH

YLHZHG� -XVW OLNH LQWHUDFWLRQ ORJV �D WLPH�VWDPSHG OLVW RI DOO KDSWLF XVHU DFWLRQV XVLQJ WKH

NH\ERDUG DQG WKH PRXVH�� VDFFDGH DQG IL[DWLRQ GDWD SURYLGHG E\ DQ H\H WUDFNHU DUH DOVR WRR

ORZ OHYHO DQG YROXPLQRXV WR EH GLUHFWO\ XVHIXO IRU LQWHUIDFH FRPSDULVRQ� 7KLV SUREOHP

FRPSRXQGV ZKHQ WKHVH WZR GDWD VWUHDPV DUH FRPELQHG� 7R DGGUHVV WKLV SUREOHP� ZH GHVLJQHG

DQG LPSOHPHQWHG DQ (\H 7UDFNLQJ $QDO\VLV 6\VWHP �(7$6� ZKLFK JHQHUDWHV KLJK OHYHO JD]H

DQG DFWLRQ YLVXDOL]DWLRQV IURP H\H PRYHPHQW GDWD DQG LQWHUDFWLRQ ORJV� 7KH H\H PRYHPHQW

GDWD LV FROOHFWHG E\ DQ H\H WUDFNHU� DQG WKH LQWHUDFWLRQ ORJV DUH DXWRPDWLFDOO\ UHFRUGHG E\
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LQVWUXPHQWLQJ WKH LQWHUIDFH� 7KH RULJLQDO FRQWULEXWLRQ RI (7$6 LV LQ LQWHJUDWLQJ LQIRUPDWLRQ

RQ XVHUV© KDSWLF DQG YLVXDO DFWLRQV� UHGXFLQJ WKH UHVXOWLQJ YROXPLQRXV GDWD E\ DJJUHJDWLRQ

DQG DEVWUDFWLRQ� DQG JHQHUDWLQJ D VFUHHQ�E\�VFUHHQ YLVXDOL]DWLRQ RI ZKDW XVHUV ZDWFK DQG GR

ZLWK DQ LQWHUIDFH� 7KLV YLVXDOL]DWLRQ RI WKH DWWHQWLRQ DQG DFWLRQV RI D XVHU LV PXFK PRUH XVHIXO

WR DQ GHVLJQHU WKDQ WKH UDZ GDWD LWVHOI� %HVLGHV JHQHUDWLQJ WKLV YLVXDOL]DWLRQ� (7$6 DOVR

FRPSXWHV DQG SURYLGHV TXDQWLWDWLYH LQIRUPDWLRQ VXFK DV WKH DPRXQW DQG SHUFHQWDJH RI WLPH D

XVHU JD]HG DW HDFK REMHFW RQ HDFK VFUHHQ� DQG WKH IUHTXHQFLHV DQG SHUFHQWDJHV RI D XVHU©V JD]H

VKLIWV EHWZHHQ DQ\ SDLU RI REMHFWV RQ DQ\ VFUHHQ� 7KH FRPSXWDWLRQV DUH GRQH E\ D PRGXOH

FDOOHG *5,3 DQG WKH YLVXDOL]DWLRQV DUH JHQHUDWHG E\ D PRGXOH FDOOHG $$7 �VHH )LJXUH ���

*5,3 �LPSOHPHQWHG LQ &��� DOORZV RQH WR D SULRUL GHILQH UHJLRQV RI LQWHUHVW RQ

GLIIHUHQW SDJHV RU VFUHHQV RI DQ LQWHUIDFH� 7KHVH DUH GHILQHG DV ERXQGLQJ ER[HV HQFORVLQJ

YLVXDO HQWLWLHV VXFK DV SLFWXUHV� EXWWRQV� HWF� )URP WKH H\H PRYHPHQW GDWD *5,3 WKHQ

FRPSXWHV D XVHU©V JD]H SDWWHUQV DFURVV DOO VXFK YLVXDO HQWLWLHV� ,W FDQ EH XVHG DV D VWDQG�DORQH

SURJUDP WR DJJUHJDWH 325 DQG IL[DWLRQ GDWD LQ VHYHUDO ZD\V� 7KH IXOO FDSDELOLWLHV RI *5,3 DUH

GHVFULEHG HOVHZKHUH >1DUD\DQDQ 	 6FKULPSVKHU ������@� +HUH ZH GLVFXVV RQO\ WKRVH DQDO\VLV

VWHSV WKDW (7$6 XVHV IRU FUHDWLQJ LWV YLVXDOL]DWLRQ�

*5,3 LQFRUSRUDWHV WZR DGYDQFHV LQ H\H PRYHPHQW GDWD DQDO\VLV� 7KH ILUVW DGYDQFH LV

WKDW LW H[WHQGV 325 GDWD DQDO\VLV LQWR WKH UHDOP RI G\QDPLF PXOWL�VFUHHQ DQG PXOWLPHGLD

LQWHUIDFHV� 7KH VHFRQG DGYDQFH LV WKDW LW DJJUHJDWHV DQG UHGXFHV WKH YROXPLQRXV UDZ GDWD

SURGXFHG E\ DQ H\H WUDFNHU� *5,3 SURFHVVHV H\H PRYHPHQW GDWD LQ ILYH VWHSV� ��� SURFHVV

325 GDWD WR FRPSXWH RFFXUUHQFH WLPHV� ��� FRPSXWH IL[DWLRQV DQG DVVRFLDWH WKHP ZLWK YLVLEOH

FRPSRQHQWV RI WKH LQWHUIDFH� ��� DJJUHJDWH IL[DWLRQV LQWR JD]HV� ��� FRPSXWH JD]H VKLIWV� DQG

��� DJJUHJDWH JD]H VKLIWV� )LUVW� LW SDUWLWLRQV 325 GDWD LQWR VHFWLRQV FRUUHVSRQGLQJ WR HDFK

VFUHHQ RU SDJH RI WKH LQWHUIDFH DQG FRPSXWHV WKH RFFXUUHQFH WLPH RI HDFK 325� 7KLV SURGXFHV

D VHJPHQWHG DQG WLPH�VWDPSHG FKURQRORJLFDO RUGHULQJ RI WKH 325 GDWD DORQJ ZLWK D OLVW RI

LQWHUIDFH FRPSRQHQWV YLVLEOH LQ HDFK VHJPHQW� 7KH VHFRQG VWHS LV UHGXFLQJ WKLV GDWD E\

DJJUHJDWLQJ 325 LQWR IL[DWLRQV� *5,3 XVHV WKH H\H WUDFNHU©V VRIWZDUH WR FRPSXWH IL[DWLRQV

IURP 325 GDWD� (DFK IL[DWLRQ LV DVVRFLDWHG ZLWK D YLVLEOH LQWHUIDFH FRPSRQHQW� 7KLUG�

FRQVHFXWLYH IL[DWLRQV RQ WKH VDPH FRPSRQHQW DUH DJJUHJDWHG LQWR JD]HV DQG JD]H GXUDWLRQV

)LJXUH �� (7$6 $UFKLWHFWXUH
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DUH FRPSXWHG� 7KXV D FKURQRORJLFDO OLVW RI WKH XVHU©V JD]HV RQ WKH YDULRXV YLVXDO FRPSRQHQWV

RI WKH LQWHUIDFH LV SURGXFHG� 7KH QH[W VWHS LV WR JHQHUDWH D FKURQRORJLFDO OLVW RI JD]H VKLIWV

DPRQJ GLIIHUHQW FRPSRQHQWV� ,Q WKH ILIWK VWHS *5,3 FRPSXWHV� IRU HDFK FRPSRQHQW RI WKH

LQWHUIDFH� DOO RWKHU FRPSRQHQWV WR ZKLFK WKH XVHU©V JD]H VKLIWHG IURP WKDW FRPSRQHQW�

7KH VHFRQG PRGXOH� FDOOHG $$7� LV LPSOHPHQWHG LQ 9LVXDO &��� ,W WDNHV DV LQSXW WKH

RXWSXW RI *5,3� WKH LQWHUDFWLRQ ORJV UHFRUGHG E\ WKH LQWHUIDFH� DQG WKH 325 DQG IL[DWLRQ GDWD

FRPSXWHG E\ WKH H\H WUDFNHU� 7KHVH GDWD VHWV DUH FRPELQHG WR SURGXFH D VFUHHQ�E\� VFUHHQ

YLVXDOL]DWLRQ RI KRZ HDFK XVHU QDYLJDWHG WKURXJK WKH V\VWHP� ZKLFK YLVXDO HQWLWLHV ZHUH

DWWHQGHG WR RQ HDFK VFUHHQ� DQG ZKDW DFWLRQV ZHUH WDNHQ� )LJXUH � SURYLGHV D VDPSOH RI WKLV

YLVXDOL]DWLRQ� ZKLFK ZH FDOO WKH $WWHQWLRQ�$FWLRQ 7LPHOLQH� ,Q WKLV ILJXUH� HDFK URZ UHSUHVHQWV

D UHJLRQ RI LQWHUHVW WKDW WKH GHVLJQHU GHILQHG� 7\SLFDOO\� HDFK UHJLRQ RI LQWHUHVW ZLOO

HQFRPSDVV DQ LQWHUDFWLRQ RU SUHVHQWDWLRQ FRPSRQHQW RI WKH LQWHUIDFH� 7KH URZV DUH ODEHOHG

ZLWK QDPHV RI WKH FRUUHVSRQGLQJ FRPSRQHQWV� SURYLGHG E\ WKH GHVLJQHU DW WKH WLPH UHJLRQV RI

LQWHUHVW DUH GHILQHG� ¦1R (QWLW\§ DQG ¦2II 6FUHHQ§ DUH VSHFLDO ODEHOV XVHG WR VLJQLI\ D XVHU

ORRNLQJ DW D EODQN DUHD RI WKH VFUHHQ DQG D ORVV RI WUDFN� UHVSHFWLYHO\� 7KH WKLQ KRUL]RQWDO OLQH

WR WKH ULJKW RI HDFK ODEHO GHQRWHV D WLPHOLQH� $ WKLFNHQLQJ RI D WLPHOLQH LQGLFDWHV WKH GXUDWLRQ

IRU ZKLFK D XVHU©V JD]H VWD\HG RQ WKH FRUUHVSRQGLQJ REMHFW� 7KH FORFN VWDUWV DW � ZKHQ WKH

XVHU EHJLQV ZRUNLQJ ZLWK WKH PXOWLPHGLD V\VWHP� DQG NHHSV WUDFN RI WKH VHFRQGV HODSVHG�

:KHQ WKH XVHU©V YLVXDO DWWHQWLRQ VKLIWV WR DQRWKHU REMHFW� LWV WLPHOLQH EHFRPHV WKLFNHU�

7KHUHIRUH� D OHIW�WR�ULJKW VFDQ RI WKLV YLVXDOL]DWLRQ SURYLGHV WKH GHVLJQHU ZLWK D VHQVH RI ERWK

KRZ ORQJ D FRPSRQHQW ZDV DWWHQGHG WR DQG KRZ WKH XVHU©V YLVXDO DWWHQWLRQ VKLIWHG EDFN DQG

IRUWK DPRQJ WKH PDQ\ YLVXDO FRPSRQHQWV VLPXOWDQHRXVO\ SUHVHQW RQ WKH VFUHHQ� $

YLVXDOL]DWLRQ LV SURGXFHG IRU HDFK VFUHHQ RI WKH LQWHUIDFH EHLQJ DQDO\]HG�

8VHU©V DFWLRQV DUH RYHUODLG RQ WKLV YLVXDOL]DWLRQ� $FWLRQ LQIRUPDWLRQ ER[HV DSSHDU LQ

WKH WRSPRVW URZ DERYH WKH WLPHOLQHV� LQGLFDWLQJ ZKHQ D XVHU SHUIRUPHG DFWLRQV� (DFK DFWLRQ

DSSHDUV DV D ODEHOHG ER[ WKDW FDQ EH FOLFNHG RQ WR REWDLQ PRUH LQIRUPDWLRQ DERXW LW�

,QIRUPDWLRQ DERXW ZKDW WKH DFWLRQV ZHUH DQG ZKHQ WKH\ ZHUH H[HFXWHG LV H[WUDFWHG

DXWRPDWLFDOO\ IURP WKH LQWHUDFWLRQ ORJ RI HDFK XVHU� )RU H[DPSOH� LQ )LJXUH �� ¦$Q�§ DQG

¦$Q�§ UHSUHVHQW DFWLRQV PDGH MXVW EHIRUH ORRNLQJ DW WKH ILUVW DQG VHFRQG DQLPDWLRQV

UHVSHFWLYHO\� 7KH DFWLRQ ER[HV DQG WLPHV DW ZKLFK HDFK JD]H VKLIW IURP RQH YLVXDO FRPSRQHQW

WR DQRWKHU RFFXUUHG DUH LQGLFDWHG RQ WKH WRS URZ RI WKH YLVXDOL]DWLRQ� DERYH YHUWLFDO GDVKHG

OLQHV�

(7$6 LV GHVLJQHG WR EH XVHG ZLWK LQWHUDFWLYH PXOWLPHGLD V\VWHPV EXLOW ZLWK DQ\

DSSOLFDWLRQ DQG UXQQLQJ RQ DQ\ FRPSXWHU� 7KHUH DUH RQO\ WKUHH UHTXLUHPHQWV� 7KH ILUVW LV WKDW

WKH GHVLJQHU PXVW FUHDWH D FRPSRQHQW GHVFULSWLRQ ILOH VSHFLI\LQJ ODEHOV DQG VSDWLDO H[WHQW �LQ

WHUPV RI WKH VFUHHQ FRRUGLQDWHV RI WKH ERXQGLQJ ER[� RI HYHU\ YLVXDO FRPSRQHQW RI WKH

V\VWHP©V LQWHUIDFH� 6RIWZDUH WKDW FRPHV ZLWK PDQ\ H\H WUDFNHUV DOORZV WKLV WR EH GRQH

LQWHUDFWLYHO\� 6HFRQG� WKH FRPSXWHU UXQQLQJ WKH LQWHUDFWLYH PXOWLPHGLD V\VWHP VKRXOG VHQG D

FRGH� FRUUHVSRQGLQJ WR HDFK FRPSRQHQW ZKHQ LW EHFRPHV YLVLEOH�DFWLYH� WR WKH H\H WUDFNLQJ

FRPSXWHU WKURXJK D VHULDO FDEOH� 7KLV FRGH LV VLPSO\ DQ LQWHJHU FRUUHVSRQGLQJ WR WKH SRVLWLRQ

RI WKH FRPSRQHQW LQ WKH FRPSRQHQW GHVFULSWLRQ ILOH �H�J� WKH FRGH RI WKH ILUVW FRPSRQHQW LV ���

7KH H\H WUDFNLQJ FRPSXWHU DXWRPDWLFDOO\ DGGV WKLV FRGH WR WKH UDZ 325 GDWD LW JHQHUDWHV�

7KLUG� WKH GHVLJQHU PXVW LQVWUXPHQW WKH LQWHUIDFH VR WKDW HDFK WLPH D XVHU H[HFXWHV D KDSWLF

)LJXUH � $WWHQWLRQ�$FWLRQ 7LPHOLQH
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DFWLRQ �H�J� SUHVV D EXWWRQ� VHOHFW D PHQX LWHP� D UHFRUG RI LW LV FUHDWHG ZLWK DQ DFWLRQ ODEHO

DQG D WLPH VWDPS LQ DQ $6&,, LQWHUDFWLRQ ORJ ILOH� 7KH ODWWHU WZR LQVWUXPHQWDWLRQ VWHSV DUH

HDV\ WR DFFRPSOLVK LQ PRVW PXOWLPHGLD DXWKRULQJ SODWIRUPV �VXFK DV WKH 0DFURPHGLD

'LUHFWRU
70� E\ DGGLQJ WKH FRUUHVSRQGLQJ LQVWUXFWLRQV WR DSSURSULDWH HYHQW KDQGOHUV DVVRFLDWHG

ZLWK LQWHUDFWLRQ REMHFWV RI WKH LQWHUIDFH� 7KHVH UHTXLUHPHQWV GR KRZHYHU LPSRVH D IURQW�HQG

ZRUNORDG RQ WKH GHVLJQHU EHIRUH (7$6 FDQ EH SXW WR XVH�

7KRXJK WKH UHVW RI WKLV SDSHU GHVFULEHV WKH XVH RI (7$6 LQ DQ H[SHULPHQW FRPSDULQJ

NH\ERDUG�PRXVH DQG VSHHFK FRQWURO RI D SDUWLFXODU *8,� LW VKRXOG EH QRWHG WKDW WKLV WRRO KDV

ZLGHU DSSOLFDELOLW\� 7KH VFUHHQ�E\�VFUHHQ H\H PRYHPHQW DQG DFWLRQ YLVXDOL]DWLRQ WKDW (7$6

FDQ JHQHUDWH IURP UDZ H\H WUDFNLQJ GDWD DQG LQWHUDFWLRQ ORJV LV XVHIXO IRU GLIIHUHQW DQDO\VHV�

)RU H[DPSOH� RQH FDQ FRPSDUH KRZ XVHUV DOORFDWH WKHLU YLVXDO DWWHQWLRQ WR D VLQJOH REMHFW WKDW

DSSHDUV LQ PXOWLSOH VFUHHQV �VXFK DV D EDQQHU DGYHUWLVHPHQW WKDW DSSHDUV RQ DOO SDJHV RI D

FRPPHUFLDO ZHE VLWH� DFURVV GLIIHUHQW LQWHUIDFH GHVLJQV� 7KH RYHUOD\LQJ RI XVHU DFWLRQV RQ WKLV

YLVXDOL]DWLRQ OHWV WKH GHVLJQHU LGHQWLI\ JD]H SDWWHUQV WKDW SUHFHGH DQG IROORZ SDUWLFXODU

DFWLRQV� IDFLOLWDWLQJ DQ DQDO\VLV RI FDXVH DQG HIIHFW UHODWLRQVKLSV�

#� $������	%� 	�	
��	�������	����	��������

7KH XVH RI H\H WUDFNLQJ IRU +&, UHVHDUFK KDV D ORQJ� EXW VSRUDGLF� KLVWRU\� (\H WUDFNLQJ KDV

EHHQ XVHG ERWK WR V\QWKHVL]H DQG WR DQDO\]H LQWHUDFWLRQV� ,Q WKH V\QWKHVLV PRGH� WKH H\H

WUDFNHU IXQFWLRQV DV DQ LQSXW GHYLFH� WUDFNLQJ ZKHUH WKH XVHU LV ORRNLQJ DW DQG XVLQJ WKLV

LQIRUPDWLRQ LQ UHDO�WLPH WR JHQHUDWH DSSURSULDWH V\VWHP UHVSRQVHV� $Q H[DPSOH LV WKH ¦H\H

W\SLQJ§ WDVN� LQ ZKLFK D XVHU FDQ ORRN DW WKH LPDJH RI D NH\ERDUG RQ WKH PRQLWRU DQG VHOHFW

OHWWHUV WR EH W\SHG PHUHO\ E\ ORRNLQJ DW WKHP >6DOYXFFL ������@� ,Q WKH DQDO\VLV PRGH� H\H

PRYHPHQW GDWD FROOHFWHG IURP XVHUV ZKLOH WKH\ LQWHUDFW ZLWK DQ LQWHUIDFH LV XVHG WR DQDO\]H

WKH SURFHVV RI LQWHUDFWLRQ� +HUH ZH GLVFXVV D VHOHFWHG VDPSOH RI UHFHQW ZRUN UHODWHG WR

DQDO\VLV DV LW LV WKH IRFXV RI UHVHDUFK UHSRUWHG LQ WKLV SDSHU�

2QH +&, WDVN WKDW KDV EHHQ DQDO\]HG LQ GHSWK XVLQJ H\H PRYHPHQW GDWD LV WKH YLVXDO

VHDUFK RI PHQX LWHPV� ,Q RQH VWXG\ >$DOWRQHQ HW DO� ������@ H\H PRYHPHQW GDWD VKRZHG WKDW D

YLVXDO VHDUFK EHKDYLRU FDOOHG ¦VZHHSV§ FRXOG SRVVLEO\ DFFRXQW IRU WKH V\VWHPDWLF DQG UDQGRP

VHDUFK VWUDWHJLHV SUHYLRXVO\ UHSRUWHG IRU PHQX VHDUFK� $QRWKHU VWXG\ HPSOR\HG H\H WUDFNLQJ

WR DVVHVV WKH YDOLGLW\ RI WZR FRJQLWLYH PRGHOV RI PHQX VHDUFK >%\UQH DW DO� ������@� %RWK XVHG

GDWD DQDO\VLV SURJUDPV WDLORU�PDGH IRU WKH PHQX VHDUFK WDVN� ZKLFK FDOFXODWHG IL[DWLRQV� VFDQ

SDWKV� VZHHSV DQG VHOHFWLRQ WLPHV IURP PRXVH DQG H\H PRYHPHQW GDWD� ,W LV QRW REYLRXV

ZKHWKHU WKHVH DQDO\VLV SURJUDPV ZLOO ZRUN IRU JHQHUDO LQWHUDFWLRQV ZLWK D *8,�

6DOYXFFL GHVFULEHV WKH XVH RI +LGGHQ 0DUNRY 0RGHOV �+00� WR FRQYHUW UDZ H\H

PRYHPHQW GDWD LQWR D VHTXHQFH RI IL[DWLRQV DQG WR PDS WKH IL[DWLRQV RQWR SUHGLFWLRQV RI DQ

+00�EDVHG SURFHVV PRGHO >6DOYXFFL ������@� 7KLV UHVXOWV LQ DQ LQWHUSUHWDWLRQ RI WKH H\H

PRYHPHQWV LQ WKH FRQWH[W RI D VSHFLILF WDVN OLNH H\H W\SLQJ� :KLOH WKLV SURYLGHV D SRZHUIXO

PHWKRG IRU SUHGLFWLQJ DQG LQWHUSUHWLQJ H\H PRYHPHQWV� LW LV OLPLWHG WR ZHOO�GHILQHG WDVNV IRU

ZKLFK RQH FDQ D SULRUL PRGHO WKH H[SHFWHG H\H PRYHPHQWV� *HQHUDO LQWHUDFWLRQV ZLWK D *8,

DUH WRR RSHQ�HQGHG WR EH DPHQDEOH WR VXFK PRGHOLQJ�

2QH RI WKH ILUVW VWXGLHV WR WUDFN H\H PRYHPHQWV RI VXEMHFWV YLHZLQJ D PXOWLPHGLD

LQIRUPDWLRQ SUHVHQWDWLRQ >)DUDGD\ 	 6XWFOLIIH ������@ LQYROYHG DQ H[SHULPHQW ZLWK VL[

VXEMHFWV YLHZLQJ DQ ���VHFRQG SUHVHQWDWLRQ IURP D &'�520� %DVHG RQ WKLV H[SHULPHQW� WKH

DXWKRUV GHYHORSHG VHYHUDO GHVLJQ JXLGHOLQHV IRU PXOWLPHGLD� )RU DQDO\VLV SXUSRVHV� UDZ H\H

PRYHPHQW GDWD ZDV FRQYHUWHG WR VFDQ SDWKV FRQVLVWLQJ RI VDFFDGHV DQG IL[DWLRQV RYHU ��

VHFRQG LQWHUYDOV� QHDUE\ IL[DWLRQV ZHUH FOXVWHUHG LQWR DQ RUGHUHG VHTXHQFH� DQG RYHUODLG RQ D

IUDPH RI WKH SUHVHQWDWLRQ GXULQJ HDFK LQWHUYDO WR SURGXFH D YLVXDOL]DWLRQ RI WKH GDWD� $V GDWD

DQDO\VLV ZDV QRW WKH IRFXV RI WKLV SDSHU� LW LV QRW FOHDU KRZ PXFK RI WKLV DQDO\VLV ZDV GRQH

PDQXDOO\� (7$6 QRW RQO\ DXWRPDWHV WKLV SURFHVV� EXW DOVR WDNHV GDWD DQDO\VLV WR D KLJKHU OHYHO

RI DJJUHJDWLRQ DQG YLVXDOL]DWLRQ� 7KLV DOORZV WKH DQDO\VLV RI FRPSOH[ PXOWLPHGLD

SUHVHQWDWLRQV RYHU ORQJHU SHULRGV RI WLPH �IRU H[DPSOH� D VHVVLRQ ZLWK +DO9LV W\SLFDOO\ WDNHV
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DERXW �� PLQXWHV��

,Q VXPPDU\� WKH ORQJ WHUP JRDO RI RXU UHVHDUFK LV WKH GHYHORSPHQW RI D JHQHUDO

DJJUHJDWLRQ� DQDO\VLV DQG YLVXDOL]DWLRQ WRRO WKDW ZLOO LQWHJUDWH DQG WKHQ GLVWLOO KDSWLF

�NH\ERDUG�PRXVH� DQG YLVXDO �H\H PRYHPHQW� GDWD WR SURYLGH GHVLJQHUV ZLWK XVHIXO

GHVFULSWLRQV DQG GHSLFWLRQV RI XVHUV© LQWHUDFWLRQV ZLWK LQWHUDFWLYH PXOWLPHGLD V\VWHPV� 7KLV LV

LQ FRQWUDVW WR WKH GDWD DQDO\VLV WHFKQLTXHV GHVFULEHG LQ PRVW FXUUHQW OLWHUDWXUH RQ WKH XVH RI

H\H WUDFNLQJ LQ +&,� ZKHUH HLWKHU WKH IRFXV LV QRW RQ DQDO\VLV� RU WKH DQDO\VHV DUH KLJKO\ WDVN�

VSHFLILF DQG�RU GRQH PDQXDOO\�

&� '�	����������	�	��	
���������	����������	����������

,Q RUGHU WR WHVW WKH XWLOLW\ RI (7$6 LQ DOORZLQJ DQ LQWHUIDFH GHVLJQHU WR H[SHULPHQWDOO\

FRPSDUH GLIIHUHQW LQWHUIDFHV ZH FKRVH +DO9LV �+\SHUPHGLD $OJRULWKP 9LVXDOL]DWLRQ�� DQ

LQWHUDFWLYH PXOWLPHGLD V\VWHP WKDW SURYLGHV DQLPDWHG YLVXDOL]DWLRQV RI VHYHUDO IXQGDPHQWDO

FRPSXWHU DOJRULWKPV� DV D WHVW�EHG� +DO9LV ZDV GHVLJQHG DV D VHOI�OHDUQLQJ DLG IRU

XQGHUJUDGXDWH FRPSXWHU VFLHQFH VWXGHQWV� DQG ZDV SURYHQ WR EH HIIHFWLYH LQ VHYHUDO HPSLULFDO

VWXGLHV >+DQVHQ HW DO� ������@� 7KXV� ZH VWDUWHG ZLWK DQ HIIHFWLYH HGXFDWLRQDO PXOWLPHGLD

V\VWHP DQG LWV WUDGLWLRQDO NH\ERDUG DQG PRXVH �KDSWLF� *8,� WKHQ FUHDWHG D QHZ VSHHFK�

FRQWUROOHG YHUVLRQ RI LWV LQWHUIDFH�

7KH *8, RI +DO9LV SURYLGHV WKUHH PDLQ YLHZV RI DQ DOJRULWKP DQG D TXHVWLRQ VHFWLRQ

�)LJXUHV ��� VKRZ JUD\VFDOH SLFWXUHV RI WKHVH YLHZV WKDW DUH DFWXDOO\ LPSOHPHQWHG LQ FRORU��

7KH ILUVW YLHZ� FDOOHG WKH &RQFHSWXDO 9LHZ� FRQVLVWV RI D VFUHHQ WKDW VKRZV D IDPLOLDU DQDORJ\

WKDW WKH VWXGHQW FDQ LQWHUDFW ZLWK DQG DQLPDWH� ZLWK DFFRPSDQ\LQJ WH[W �VHH )LJXUH ��� 7KH

TXLFNVRUW DQDORJ\ VKRZV D OLQH RI SHRSOH SDUWLWLRQLQJ DQG DUUDQJLQJ WKHPVHOYHV LQ WKH RUGHU RI

LQFUHDVLQJ KHLJKW� EDVHG RQ WKH KHLJKW RI RQH PHPEHU FDOOHG WKH ¦SLYRW§� 7KLV SURFHVV LV

LOOXVWUDWHG XVLQJ D VHULHV RI PRYHV VKRZQ ZLWK VPRRWK DQLPDWLRQV DQG WH[WXDO H[SODQDWLRQV�

ZKLFK FDSWXUH WKH HVVHQFH RI WKH TXLFNVRUW DOJRULWKP LQ WHUPV RI LWV IXQGDPHQWDO RSHUDWLRQV�

7KH VHFRQG YLHZ� FDOOHG WKH 'HWDLOHG 9LHZ� SUHVHQWV D YLVXDOL]DWLRQ RI WKH DOJRULWKP

)LJXUH �� &RQFHSWXDO 9LHZ
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LQ IRXU GLIIHUHQW SDQHV VLPXOWDQHRXVO\� 2QH SDQH VKRZV D VPRRWK JUDSKLFDO DQLPDWLRQ RI WKH

VWHSV RI WKH DOJRULWKP �)LJXUH �� OHIW VLGH�� WKH VHFRQG VKRZV SVHXGRFRGH �D VWHS�ZLVH

GHVFULSWLRQ� LQ ZKLFK WKH VWHSV EHLQJ DQLPDWHG DUH FRQFXUUHQWO\ KLJKOLJKWHG �)LJXUH �� ULJKW

VLGH�� WKH WKLUG SURYLGHV YDOXHV RI LPSRUWDQW YDULDEOHV XVHG E\ WKH DOJRULWKP �)LJXUH �� ORZHU

OHIW�� DQG H[SODQDWRU\ PHVVDJHV DERXW WKH HYHQWV RFFXUULQJ LQ WKH DQLPDWLRQ DSSHDU LQ WKH

IRXUWK SDQH �)LJXUH �� ORZHU ULJKW�� 7KH DOJRULWKP DQLPDWLRQ LQ WKLV YLHZ SURYLGHV D PLFUR�

OHYHO �ILQH�JUDLQHG� SLFWXUH RI WKH DOJRULWKP©V RSHUDWLRQ RQ D VPDOO GDWD VHW�

7KH WKLUG YLHZ� FDOOHG WKH 3RSXODWHG 9LHZ� SUHVHQWV D PDFUR�OHYHO DQLPDWHG YLHZ RI

WKH DOJRULWKP©V EHKDYLRU RQ D ODUJH GDWD VHW �VHH )LJXUH ��� 7KH TXHVWLRQV VHFWLRQ FRQWDLQV D

VHULHV RI TXHVWLRQV DERXW WKH DOJRULWKP� ZKLFK WKH XVHU PD\ DQVZHU DQG UHFHLYH IHHGEDFN�

7KHUH DUH WZR W\SHV RI TXHVWLRQV� RQH WKDW UHTXLUHV WKH VWXGHQW WR UHRUGHU VWHSV RI WKH

DOJRULWKP FRUUHFWO\ �VHH )LJXUH ��� DQG DQRWKHU ZLWK PXOWLSOH FKRLFH TXHVWLRQV� $OO RI WKHVH

YLHZV FDQ EH YLVLWHG LQ DQ\ RUGHU DQG UHSHDWHG DQ\ QXPEHU RI WLPHV� +DO9LV ZDV RULJLQDOO\

GHYHORSHG LQ $V\PPHWUL[ 7RROERRN� 7KH TXLFNVRUW YLVXDOL]DWLRQ XVHG LQ RXU H[SHULPHQW ZDV

LPSOHPHQWHG ZLWK 0DFURPHGLD 'LUHFWRU�

$OO LQWHUIDFH VFUHHQV RI +DO9LV KDYH EHHQ GHVLJQHG IRU WUDGLWLRQDO KDSWLF FRQWURO ZLWK

D NH\ERDUG DQG D SRLQWLQJ GHYLFH VXFK DV D PRXVH� 0RVW FRPPDQGV DUH HQWHUHG E\ PRXVH

FOLFNV RQ EXWWRQV RU PHQX LWHPV� DQG PRVW GDWD HQWU\ �VXFK DV FKDQJLQJ WKH GDWD LQSXW WR DQ

DQLPDWLRQ� LV GRQH WKURXJK WKH NH\ERDUG�

$ VHFRQG YHUVLRQ RI WKH TXLFNVRUW YLVXDOL]DWLRQ ZDV EXLOW ZLWK WKH RULJLQDO YLVXDO

LQWHUIDFH UHWUR�ILWWHG ZLWK D VSHHFK UHFRJQLWLRQ HQJLQH� 7KH VSHHFK FRQWUROOHG LQWHUIDFH ZDV

PDGH DV FORVH WR LWV NH\ERDUG�PRXVH FRXQWHUSDUW DV SRVVLEOH� GHVLJQLQJ LQ VXFK D ZD\ WKDW D

VWXGHQW FDQ LQWHUDFW ZLWK DQG QDYLJDWH WKURXJK WKH TXLFNVRUW YLVXDOL]DWLRQ XVLQJ RQO\ VSRNHQ

FRPPDQGV� ,Q WKLV VSHHFK�FRQWUROOHG YHUVLRQ� HYHU\ EXWWRQ� PHQX� RU NH\ERDUG�PRXVH

FRPPDQG LQ WKH RULJLQDO LQWHUIDFH FDQ EH H[HFXWHG WKURXJK VSHHFK� 7KHUH DUH WKUHH W\SHV RI

VSHHFK FRPPDQGV� QDYLJDWLRQ� FRQWURO DQG GDWD HQWU\� 7KH QDYLJDWLRQ FRPPDQGV LQFOXGH

QDPHV RI WKH WRSLFV RQH FDQ YLVLW �ODEHO RI DQ\ PHQX LWHP IURP WKH KLHUDUFKLFDO SXOO�GRZQ

PHQX ¦7RSLFV§� DQG FRPPDQGV ¦SUHYLRXV§� ¦QH[W§� DQG ¦EDFN§� $OVR� DQ\ K\SHUOLQNHG ZRUGV

DQG SKUDVHV DSSHDULQJ LQ DQ\ VFUHHQ RI WKH LQWHUIDFH FDQ EH VSRNHQ WR DFWLYDWH WKH OLQNV

)LJXUH �� 'HWDLOHG 9LHZ
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�LQVWHDG RI FOLFNLQJ ZLWK WKH PRXVH�� &RQWURO FRPPDQGV LQFOXGH ODEHOV RI DOO FRQWURO EXWWRQV

�H�J�� WKH ¦6KRZ 0H§ EXWWRQ WR VWDUW DQ DQLPDWLRQ LQ )LJXUH �� DQG GLDORJ ER[HV WKDW VWDUW

VHTXHQFHV RI DFWLRQV �H�J�� WKH GLDORJ ER[ WKDW DVNV IRU VWXGHQW SUHGLFWLRQV RI DOJRULWKP

SHUIRUPDQFH LQ WKH 3RSXODWHG 9LHZ� ZKLFK ZLOO WKHQ EH GLVSOD\HG¥VHH )LJXUH �� ORZHU ULJKW��

2QH FDQ LQWHUDFW ZLWK GLDORJ ER[HV E\ VSHDNLQJ WKH FRPPDQGV RQ WKH GLDORJ ER[ EXWWRQV

�VXFK DV ¦RN§ RU ¦FDQFHO§�� 'DWD HQWU\ GLDORJ ER[HV HQDEOH XVHUV WR LQSXW QXPEHUV E\ VSHDNLQJ

WKH QXPEHUV�

:H XVHG D VSHHFK UHFRJQLWLRQ HQJLQH IURP 0LFURVRIW� 7KH VSHHFK�HQDEOHG LQWHUIDFH

LQFOXGHV D VSHHFK UHFRJQLWLRQ IHHGEDFN PHFKDQLVP VKRZQ DV D ZKLWH ER[ DERYH WKH

QDYLJDWLRQ FRPPDQGV �IHHGEDFN H[DPSOHV FDQ EH VHHQ LQ )LJXUHV ��� LQVLGH ZKLWH ER[HV

DERYH WKH ¦7RSLFV§ PHQX� WKHVH ILJXUHV VKRZ WKH VSHHFK�HQDEOHG *8, RI +DO9LV�� :KHQHYHU

D XVHU VSHDNV D FRPPDQG DQG WKH UHFRJQLWLRQ HQJLQH XQGHUVWDQGV LW� WKDW SKUDVH ZRXOG EH

SODFHG LQ WKH ZKLWH IHHGEDFN ER[� ,I WKH VSHHFK HQJLQH GRHV QRW UHFRJQL]H D ZRUG WKHQ ¦"""§

ZLOO EH GLVSOD\HG IROORZHG DIWHU D VKRUW GHOD\ E\ ¦3OHDVH 6D\ $JDLQ§� %XWWRQV DOVR FRQWLQXH WR

SHUIRUP D SXVK GRZQ EHKDYLRU ZKHQ WKHLU UHVSHFWLYH ODEHOV DUH VSRNHQ� LQ RUGHU WR SURYLGH DQ

DGGLWLRQDO IHHGEDFN PHFKDQLVP FRQILUPLQJ FRUUHFW LQWHUSUHWDWLRQ RI WKH FRPPDQG�

$ WKLUG GLIIHUHQFH EHWZHHQ WKH RULJLQDO DQG VSHHFK�HQDEOHG LQWHUIDFHV LV WKDW LQ WKH

ODWWHU EXWWRQ DQG PHQX ODEHOV KDYH EHHQ PDGH VKRUWHU� 6LQFH D XVHU KDV WR YRFDOL]H WKH ODEHOV

WR DFWXDWH FRPPDQGV� WKHVH ZHUH PDGH DV EULHI DV SRVVLEOH WR UHGXFH WKH QXPEHU RI

GLVIOXHQFLHV� )LQDOO\� ZH SURYLGHG D ¦:KDW FDQ , VD\"§ FRPPDQG WKDW LV DYDLODEOH DW DOO WLPHV�

DQG EULQJV XS D ZLQGRZ ZLWK DOO VSRNHQ FRPPDQGV DYDLODEOH LQ WKH FXUUHQW FRQWH[W�

,Q WKH TXHVWLRQ VHFWLRQ� WKH ILUVW TXHVWLRQ XQGHUZHQW VLJQLILFDQW UHGHVLJQ WR VSHHFK�

HQDEOH LW� 7KLV LV WKH SVHXGRFRGH UHRUGHULQJ TXHVWLRQ LQ ZKLFK WKH VWHSV RI WKH DOJRULWKP DUH

SUHVHQWHG WR WKH VWXGHQW LQ UDQGRP RUGHU WR EH UHRUGHUHG FRUUHFWO\� :LWK D WUDGLWLRQDO KDSWLF

LQWHUIDFH� VWXGHQWV ZRXOG DQVZHU E\ FOLFNLQJ DQG GUDJJLQJ OLQHV ZKHUH WKH\ QHHG WR JR� 7KHVH

DUH DFWLRQV WKDW FDQ©W EH SHUIRUPHG RQO\ ZLWK VSHHFK� 7KRXJK RQH FRXOG VWLOO XVH D NH\ERDUG

DQG D PRXVH ZLWK +DO9LV©V VSHHFK�FRQWUROOHG LQWHUIDFH� ZH ZDQWHG WR FRPSDUH KDSWLF FRQWURO

ZLWK VSHHFK�RQO\ FRQWURO� 7KHUHIRUH� D ZD\ WR XVH VSHHFK FRQWURO ZLWK WKLV TXHVWLRQ KDG WR EH

GHYLVHG� :H VROYHG WKH SUREOHP E\ SODFLQJ D OLQH QXPEHU QH[W WR HDFK OLQH RI SVHXGRFRGH

�VHH )LJXUH ��� 8VHUV FRXOG WKHQ VD\ ¦6ZDS � DQG ��§ RU ¦0RYH � WR ��§ WR SODFH WKH OLQHV LQ

)LJXUH �� 3RSXODWHG 9LHZ
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WKH FRUUHFW RUGHU� %RWK VZDS DQG PRYH FRPPDQGV UHRUGHUHG WKH SVHXGRFRGH GLIIHUHQWO\� :LWK

WKH VZDS FRPPDQG� WKH OLQHV RI SVHXGRFRGH DUH VLPSO\ LQWHUFKDQJHG� ZKHUHDV WKH PRYH

FRPPDQG PRYHV RQH OLQH WR D VWDWHG SRVLWLRQ DQG DOO VXEVHTXHQW OLQHV SURSDJDWH XS RU GRZQ

GHSHQGLQJ RQ WKH GLUHFWLRQ RI WKH PRYH� :LWK WKH PXOWLSOH FKRLFH TXHVWLRQV� WKH XVHUV FRXOG

VLPSO\ VWDWH WKH OHWWHU RU QXPEHU FRUUHVSRQGLQJ WR WKHLU FKRLFH RI DQVZHU�

(� ��������	�)�	'�	����������

,Q RUGHU WR WHVW WKH XWLOLW\ RI (7$6 LQ DOORZLQJ DQ LQWHUIDFH GHVLJQHU WR H[SHULPHQWDOO\

FRPSDUH GLIIHUHQW LQWHUIDFHV� WKH SURFHVV RI KRZ WZR JURXSV RI VWXGHQWV YLHZHG� LQWHUDFWHG

ZLWK DQG QDYLJDWHG WKH KDSWLF DQG VSHHFK�FRQWUROOHG LQWHUIDFHV WR +DO9LV ZDV H[SHULPHQWDOO\

DQDO\]HG� 7KLV H[SHULPHQW KDG WZR JRDOV� 7KH SULPDU\ JRDO ZDV FRQILUPLQJ WKH XWLOLW\ RI RXU

DSSURDFK� LPSOHPHQWHG DV (7$6� WR FRPELQLQJ� DQDO\]LQJ DQG YLVXDOL]LQJ LQWHUDFWLRQ ORJV

DQG H\H PRYHPHQW GDWD� $ VHFRQGDU\ JRDO ZDV JHQHUDWLQJ GHVLJQ KHXULVWLFV IRU VSHHFK�

HQDEOLQJ LQWHUIDFHV E\ FRPSDULQJ KRZ XVHUV LQWHUDFWHG ZLWK WKH VDPH PXOWLPHGLD V\VWHP

XVLQJ D VSHHFK�FRQWUROOHG RU D WUDGLWLRQDO KDSWLF LQWHUIDFH� 7KH IROORZLQJ VXEVHFWLRQV GHVFULEH

WKH H[SHULPHQWDO SURFHGXUH� GDWD FROOHFWLRQ DQG UHVXOWV�

��� ([SHULPHQWDO 3URFHGXUH

7KLUW\�IRXU VWXGHQWV IURP DQ XSSHU OHYHO XQGHUJUDGXDWH FRXUVH RQ GDWD VWUXFWXUHV DQG

DOJRULWKPV DW $XEXUQ 8QLYHUVLW\ YROXQWHHUHG WR SDUWLFLSDWH LQ WKH H[SHULPHQW� 3DUWLFLSDQWV

ZHUH GLYLGHG LQWR WZR PDWFKHG JURXSV� WKH NH\ERDUG�PRXVH �.0� JURXS DQG WKH VSHHFK�

FRQWURO �6&� JURXS� 7KLV PDWFKLQJ ZDV GRQH E\ UDQNLQJ VWXGHQWV DFFRUGLQJ WR WKHLU *3$�

WKHLU JUDGH LQ D SUHYLRXV FRPSXWHU VFLHQFH FRXUVH� DQG WKHLU $&7 RU 6$7 WHVW VFRUHV� )RU HDFK

)LJXUH �� 3VHXGRFRGH 5HRUGHULQJ 4XHVWLRQ
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SDLU RI VWXGHQWV LQ WKLV UDQNLQJ� RQH ZDV DVVLJQHG WR WKH .0 JURXS DQG WKH RWKHU WR WKH 6&

JURXS UDQGRPO\� 6LQFH VWXGHQWV KDG WKHLU H\HV WUDFNHG� WKH\ ZHUH WHVWHG LQGLYLGXDOO\�

7KH H[SHULPHQW URRP ZDV VHWXS ZLWK +DO9LV UXQQLQJ RQ D ���0+] 3HQWLXP

FRPSXWHU ZLWK ���0% 5$0� DQG D ��§ PRQLWRU UDLVHG VOLJKWO\ DERYH H\H OHYHO DQG DWWDFKHG

WR WKH EDFN ZDOO� :H XVHG DQ ,6&$1 (7/���� H\H WUDFNHU WKDW JHQHUDWHG 325 FRRUGLQDWHV DW

�� +HUW]� 7KH V\VWHP XVHV DQ LQIUDUHG OLJKW VRXUFH WKDW VKLQHV D EHDP RQ RQH H\H DQG DQ

LQIUDUHG FDPHUD WKDW SURFHVVHV WKH UHVXOWLQJ FRUQHDO DQG SXSLO UHIOHFWLRQV WR FRPSXWH 325

FRRUGLQDWHV� 7KH VRXUFH DQG WKH FDPHUD ZHUH PRXQWHG RQ D SDQ�WLOW DVVHPEO\ DQG SODFHG DW D

VOLJKWO\ XSZDUG DQJOH RQ D WDEOH EHORZ WKH FRPSXWHU PRQLWRU WKDW VXEMHFWV ORRNHG DW� 7KH H\H

WUDFNHU UHTXLUHG D EULHI FDOLEUDWLRQ VWHS ZLWK HDFK XVHU LQ RUGHU IRU LW WR EH DEOH WR FRPSXWH WKH

325 GDWD DQG IL[DWLRQV LQ VFUHHQ FRRUGLQDWHV� :H GHILQHG D IL[DWLRQ DV WKH XVHU ORRNLQJ ZLWKLQ

D ��[���SL[HO VTXDUH IRU DW OHDVW ���PV�

6XEMHFWV VDW RQ D FKDLU ZLWK D KLJK KHDGUHVW� ZLWK DQ DGMXVWDEOH WDEOH LQ IURQW WR SODFH

D NH\ERDUG DQG PRXVH �IRU WKH .0 JURXS RQO\�� /RFDWHG WR WKH ULJKW RI WKH VXEMHFW ZHUH WKH

H[SHULPHQWHU©V FKDLU DQG FRQWUROV IRU WKH H\H WUDFNLQJ V\VWHP� 7KHVH FRQWUROV LQFOXGHG WZR

PRQLWRUV� 2QH GLVSOD\HG WKH VXEMHFW©V H\H DV VHHQ E\ WKH FDPHUD �WKH H\H PRQLWRU�� DQG WKH

RWKHU VKRZHG WKH VDPH GLVSOD\ DV WKH VXEMHFW©V PRQLWRU ZLWK D SDLU RI FURVV KDLUV LQGLFDWLQJ

WKH VXEMHFW©V 325 VXSHULPSRVHG RQ LW �WKH VFHQH PRQLWRU�� 7KH H\H WUDFNHU FDQ ORVH WUDFN RI

WKH VXEMHFW©V H\H LI WKH VXEMHFW FORVHV KLV�KHU H\H IRU VRPH WLPH RU WXUQV KLV�KHU KHDG UDSLGO\�

:KHQ WKLV KDSSHQHG� WKH H[SHULPHQWHU GHWHFWHG LW RQ WKH H\H PRQLWRU DQG FRQWUROOHG WKH

FDPHUD WKURXJK WKH H\H WUDFNHU©V FRPSXWHU WR UHFDSWXUH WKH H\H�

(DFK SDUWLFLSDQW WRRN D SUH�WHVW GHVLJQHG WR PHDVXUH KLV�KHU SULRU NQRZOHGJH RQ WKH

TXLFNVRUW DOJRULWKP� $ EULHI WUDLQLQJ VHVVLRQ WR DFTXDLQW WKH SDUWLFLSDQW ZLWK WKH DOJRULWKP

YLVXDOL]DWLRQ LQWHUIDFH� DQG IRU DGMXVWLQJ DQG FDOLEUDWLQJ WKH H\H WUDFNLQJ HTXLSPHQW� IROORZHG�

7KH SDUWLFLSDQW ZDV WKHQ LQVWUXFWHG WR ZRUN WKURXJK WKH YLVXDOL]DWLRQ ZHOO HQRXJK WR EH DEOH

WR DQVZHU D SRVW�WHVW VLPLODU WR WKH SUH�WHVW� 7KH .0 JURXS LQWHUDFWHG ZLWK WKH V\VWHP XVLQJ D

NH\ERDUG DQG PRXVH� 7KH 6& JURXS ZDV QRW SURYLGHG ZLWK D NH\ERDUG RU D PRXVH� 7KH\ KDG

WR LQWHUDFW ZLWK WKH V\VWHP XVLQJ RQO\ VSRNHQ FRPPDQGV� :KHQ D SDUWLFLSDQW ILQLVKHG

ZRUNLQJ ZLWK +DO9LV� D SRVW�WHVW ZDV JLYHQ� $Q HQWLUH VHVVLRQ ODVWHG IURP RQH WR WZR KRXUV�

$OO VWXGHQWV LQ WKH 6& JURXS ZHUH XQIDPLOLDU ZLWK VSHHFK UHFRJQLWLRQ DQG KDG QHYHU EHIRUH

XVHG VSHHFK WR LQWHUDFW ZLWK D FRPSXWHU�

��� 'DWD &ROOHFWLRQ

:H FROOHFWHG IRXU GLIIHUHQW NLQGV RI GDWD LQ WKLV H[SHULPHQW� 7KH ILUVW LV TXDQWLWDWLYH GDWD RQ

VWXGHQW OHDUQLQJ� ZKLFK ZDV FROOHFWHG E\ KDYLQJ DOO SDUWLFLSDQWV WDNH D SUH�WHVW EHIRUH WKH

H[SHULPHQW DQG D SRVW�WHVW DIWHUZDUGV� 7KHVH WHVWV H[DPLQHG WKH H[WHQW RI FRQFHSWXDO DQG

SURFHGXUDO NQRZOHGJH RI VWXGHQWV RQ WKH TXLFNVRUW DOJRULWKP� 6WXGHQWV SDUWLFLSDWHG LQ WKH

H[SHULPHQW RQH�E\�RQH LQ WKH SUHVHQFH RI WKH H[SHULPHQWHU� +LV ZULWWHQ REVHUYDWLRQV RQ

LQWHUHVWLQJ HYHQWV WKDW KDSSHQHG FRQVWLWXWH WKH VHFRQG NLQG RI GDWD� 7KH +DO9LV YLVXDOL]DWLRQ

ZDV LQVWUXPHQWHG VR WKDW HYHU\ FRPPDQG WKDW HDFK SDUWLFLSDQW H[HFXWHG� YLD VSHHFK RU

NH\ERDUG�PRXVH� ZDV WLPH VWDPSHG DQG ORJJHG DXWRPDWLFDOO\� 7KHVH ORJV� WKH WKLUG NLQG RI

GDWD� SURYLGHG GHWDLOHG LQIRUPDWLRQ RQ WKH LQWHUDFWLRQ SURFHVV� 7KH IRXUWK NLQG ZDV H\H

PRYHPHQW GDWD FROOHFWHG IURP HDFK SDUWLFLSDQW� ,W FRQVLVWHG RI 3RLQWV RI 5HJDUG �325�� RU WKH

ORFDWLRQ RI YLVXDO DWWHQWLRQ RI XVHUV� DV VFUHHQ ; DQG < FRRUGLQDWHV�

��� 4XDOLWDWLYH 5HVXOWV

,Q WKLV VXEVHFWLRQ ZH GLVFXVV TXDOLWDWLYH UHVXOWV GHULYHG IURP WKH H[SHULPHQWHU©V REVHUYDWLRQV

DQG IURP WKH $WWHQWLRQ�$FWLRQ 7LPHOLQH �$$7� YLVXDOL]DWLRQV JHQHUDWHG E\ (7$6� :LWK HDFK

UHVXOW� ZH VXJJHVW D FRUUHVSRQGLQJ KHXULVWLF UHJDUGLQJ WKH GHVLJQ RI VSHHFK�HQDEOHG JUDSKLFDO

XVHU LQWHUIDFHV�

,Q DQDO\]LQJ QDYLJDWLRQ SDWWHUQV XVLQJ $$7� ZH GLVFRYHUHG WKDW WKH .0 JURXS

UHSHDWHGO\ UH�YLVLWHG YLHZV PXFK PRUH WKDQ WKH 6& JURXS� 2EVHUYDWLRQV PDGH E\ WKH
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H[SHULPHQWHU UHYHDOHG DQ H[SODQDWLRQ IRU WKLV� 7KH 6& JURXS KDG GLIILFXOW\ JRLQJ EDFN WR

SUHYLRXVO\ YLVLWHG YLHZV� 7KH FRPPDQGV WR JR EDFN DQG IRUZDUG DUH UHSUHVHQWHG LQ WKH YLVXDO

LQWHUIDFH DV EXWWRQV ZLWK DUURZ LFRQV� 7KH FRUUHVSRQGLQJ VSRNHQ FRPPDQGV DUH ¦SUHYLRXV§

DQG ¦QH[W§� 8QOHVV D VXEMHFW UHPHPEHUHG IURP WKH WUDLQLQJ VHVVLRQ ZKLFK ZRUGV WR VSHDN WR

DFWLYDWH WKHVH EXWWRQV� LW ZRXOG QRW EH REYLRXV WR KLP RU KHU WKDW RWKHU VLPLODU VRXQGLQJ ZRUGV

�H�J�� ¦EDFNZDUG§� ¦IRUZDUG§� ZLOO QRW ZRUN� 0HPEHUV RI WKH 6& JURXS KDG GLIILFXOW\

UHPHPEHULQJ WKH ¦SUHYLRXV§ FRPPDQG� 7KH ¦QH[W§ FRPPDQG GLG QRW WXUQ RXW WR EH DV

SUREOHPDWLF� SRVVLEO\ EHFDXVH VXEMHFWV KDG WR XVH LW PRUH LQ WKH WUDLQLQJ VHVVLRQ� 7KH

FRUUHVSRQGLQJ GHVLJQ KHXULVWLF LV WKDW SURYLGLQJ WH[WXDO ODEHOV LQGLFDWLQJ VSRNHQ FRPPDQGV

RQ LQWHUDFWLRQ REMHFWV PD\ EH PRUH EHQHILFLDO �E\ LPSURYLQJ OHDUQDELOLW\� LQ D VSHHFK�

FRQWUROOHG LQWHUIDFH WKDQ GRLQJ VR LQ D WUDGLWLRQDO LQWHUIDFH�

7KH $$7 DOVR VKRZHG WKDW VHYHUDO VWXGHQWV LQ WKH 6& JURXS VNLSSHG VRPH SDJHV RI

WKH DOJRULWKP YLVXDOL]DWLRQ� 2EVHUYDWLRQV PDGH E\ WKH H[SHULPHQWHU LQGLFDWHG WKDW WKLV

RFFXUUHG PRVWO\ EHFDXVH WKH VSHHFK UHFRJQLWLRQ HQJLQH PLVWDNHQO\ FRQFOXGHG WKDW D XVHU

VSRNH WKH QDPH RI D SDJH WKDW LV WZR RU WKUHH VFUHHQV DKHDG DQG GLVSOD\HG WKDW SDJH� ,I WKH

XVHU GLG QRW ORRN DW WKH VSHHFK UHFRJQLWLRQ IHHGEDFN ER[ DQG UHDOL]H WKLV� RU RWKHUZLVH FDWFK

WKLV HUURU� KH�VKH ZRXOG QRW RQO\ PLVV LPSRUWDQW LQIRUPDWLRQ EXW DOVR EH XQDZDUH WKDW LW

KDSSHQHG� 7KLV PDWFKHV WKH ILQGLQJ LQ D WH[W W\SLQJ WDVN VWXG\ WKDW� LQ WKH VSHHFK�LQSXW PRGH�

VXEMHFWV ZHUH QRW LPPHGLDWHO\ DZDUH RI PLVUHFRJQLWLRQV >.DUDW HW DO� ������@� 7KLV LOOXVWUDWHV

D SRWHQWLDO ZHDNQHVV RI D VSHHFK�FRQWUROOHG LQWHUIDFH ZKHQ FRPSDUHG WR D WUDGLWLRQDO RQH� DQ

LQFUHDVHG OLNHOLKRRG RI PLVUHFRJQLWLRQV PDWFKLQJ XQLQWHQGHG V\VWHP FRPPDQGV� $

FRUUHVSRQGLQJ KHXULVWLF LV WKDW LW PD\ EH EHWWHU QRW WR KDYH DFWLYH VSRNHQ FRPPDQGV WKDW WKH

XVHU LV QRW YLVXDOO\ DZDUH RI� $Q DOWHUQDWH ZD\ WR DOOHYLDWH WKLV SUREOHP LV WR SURYLGH DQ

LQGLFDWLRQ RI WKH XVHU©V ORFDWLRQ ZLWKLQ WKH V\VWHP RQ HDFK VFUHHQ WKDW ZRXOG PDNH DQ\

VNLSSHG VHFWLRQV PRUH REYLRXV� )RU D PXOWLPHGLD DSSOLFDWLRQ WKDW LV VHTXHQWLDOO\ VWUXFWXUHG DV

SDJHV� WKLV PD\ EH DV VLPSOH DV GLVSOD\LQJ WKH FXUUHQW SDJH DV ¦SDJH Q RI P§ ZKHUH P LV WKH

WRWDO QXPEHU RI SDJHV� ,I WKH DSSOLFDWLRQ LV QRQ�OLQHDU �H�J� K\SHUPHGLD�� D PDS WKDW H[SOLFDWHV

ERWK ¦\RX DUH KHUH§ DQG ¦\RX ZHUH WKHUH§ LQIRUPDWLRQ LV SUHIHUDEOH� :KLOH WKHVH DUH XVHIXO

KHXULVWLFV IRU DQ\ QDYLJDWLRQDO LQWHUIDFH� ZH EHOLHYH WKH\ EHFRPH HYHQ PRUH LPSRUWDQW ZKHQ

YRLFH�EDVHG QDYLJDWLRQ LV LQFOXGHG�

'LDORJ ER[HV DUH QRW YHU\ QDWXUDO EHFDXVH LW LV QRW DOZD\V REYLRXV WR XVHUV WKDW WKH\

PXVW UHVSRQG WR WKH GLDORJ ER[ EHIRUH DQ\ RWKHU LQWHUDFWLRQ FDQ EH LQLWLDWHG� $ VSHHFK�

FRQWUROOHG LQWHUIDFH DSSHDUV WR PDNH WKLV SUREOHP ZRUVH� $$7 YLVXDOL]DWLRQV UHYHDOHG WKDW

SDUWLFLSDQWV LQ WKH 6& JURXS RIWHQ LVVXHG VSRNHQ FRPPDQGV PHDQW IRU RWKHU LQWHUDFWLRQ

REMHFWV ZKLOH D GLDORJ ER[ ZDV YLVLEOH� 7KH\ GLG QRW UHDOL]H WKDW WKH\ KDG WR LQWHUDFW ZLWK WKH

GLDORJ ER[ ILUVW ZLWK VSHHFK WR GLVPLVV LW� VD\LQJ ¦RN§ RU ¦FDQFHO§� HYHQ WKRXJK WKH

FRUUHVSRQGLQJ GLDORJ ER[ EXWWRQV ZHUH YLVLEOH DQG WKH\ NQHZ WKDW EXWWRQV FRXOG EH DFWLYDWHG

E\ VSHDNLQJ WKH EXWWRQ ODEHOV� 6XFK SUH�HPSWLYH GLDORJ ER[HV DUH JHQHUDOO\ FRQVLGHUHG WR EH

H[DPSOHV RI SRRU LQWHUIDFH GHVLJQ� 7KH GLIILFXOW\ WKHVH FDXVH WR XVHUV DSSHDUV WR KDYH EHHQ

H[DFHUEDWHG LQ WKH VSHHFK�FRQWUROOHG LQWHUIDFH� $ FRUUHVSRQGLQJ KHXULVWLF LV WR DYRLG GLDORJ

ER[HV LQ D VSHHFK�FRQWUROOHG LQWHUIDFH� ,I GLDORJ ER[HV WKDW UHVSRQG WR VSRNHQ LQSXW KDYH WR EH

LQFOXGHG� WKH SURGXFWLRQ RI VSRNHQ RXWSXW E\ WKH GLDORJ ER[HV� GUDZLQJ WKH XVHU©V DWWHQWLRQ WR

ZKDW KH RU VKH QHHGV WR VD\ WR UHVSRQG� FDQ KHOS DOOHYLDWH WKLV SUREOHP�

��� 4XDQWLWDWLYH 5HVXOWV

3UH�WHVW VFRUHV 3RVW�WHVW VFRUHV 6FRUH LPSURYHPHQW 6WDWLVWLFDO WHVW
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7DEOH � VXPPDUL]HV WHVW VFRUHV RI WKH WZR JURXSV� 7KH PHDQ VFRUHV �ZLWK VWDQGDUG GHYLDWLRQV

LQ SDUHQWKHVHV� RXW RI D PD[LPXP RI �� SRLQWV DUH VKRZQ� (DFK JURXS H[KLELWHG D VWDWLVWLFDOO\

VLJQLILFDQW LQFUHDVH LQ OHDUQLQJ DIWHU LQWHUDFWLQJ ZLWK +DO9LV �VHH SDLUHG W�WHVW UHVXOWV LQ 7DEOH

��� 7KH PHDQ LPSURYHPHQW VFRUH �GLIIHUHQFH EHWZHHQ SRVW� DQG SUH�WHVW VFRUHV� RI WKH 6&

JURXS ZDV OHVV WKDQ WKDW RI WKH .0 JURXS� +RZHYHU� D VWDWLVWLFDO FRPSDULVRQ RI WKH

LPSURYHPHQW VFRUHV RI WKH WZR JURXSV UHYHDOHG RQO\ D PDUJLQDO VLJQLILFDQFH �XQSDLUHG W�WHVW�

S  �������� 6R� GHVSLWH WKH REVHUYHG OLPLWDWLRQV RI WKH VSHHFK�FRQWUROOHG LQWHUIDFH DQG WKH

VRPHZKDW ORZHU DEVROXWH VFRUHV RI WKH 6& JURXS� LW LV VDIH WR DVVXPH WKDW WKH VSHHFK�

FRQWUROOHG LQWHUIDFH GLG QRW VLJQLILFDQWO\ DIIHFW WKH V\VWHP©V HIIHFWLYHQHVV LQ FRPSDULVRQ ZLWK

WKH WUDGLWLRQDO LQWHUIDFH�

$ SUHYLRXV VWXG\ FRPSDULQJ NH\ERDUG�PRXVH DQG VSHHFK LQWHUIDFHV VKRZHG WKDW WKH

VXEMHFWV XVLQJ VSHHFK VSHQW WZLFH DV ORQJ ZLWK WKH DSSOLFDWLRQ >%XVNLUN 	 /D/RPLD ������@�

:H GLG QRW ILQG WKLV WR EH WKH FDVH� (7$6 VKRZHG WKDW WKH PHDQ WLPH VSHQW ZLWK +DO9LV ZDV

������ PLQXWHV IRU WKH .0 JURXS �VWDQGDUG GHYLDWLRQ ������� DQG ������ PLQXWHV IRU WKH 6&

JURXS �VWDQGDUG GHYLDWLRQ �������� +RZHYHU� WKH SHUFHQWDJH RI WLPH SDUWLFLSDQWV VSHQW

YLHZLQJ WKH QDYLJDWLRQ FRQWURO SDQHO �XSSHU OHIW SDUW RI )LJXUHV ���� LQFUHDVHG VLJQLILFDQWO\

�XQSDLUHG W�WHVW� S  ������� IRU WKH 6& JURXS� 7KLV SDQHO FRQWDLQV WKH VSHHFK UHFRJQLWLRQ

IHHGEDFN ER[ IRU WKH 6& JURXS� 7KLV LQGLFDWHG WKDW VXEMHFWV GLG SD\ DWWHQWLRQ WR YLVXDO

IHHGEDFN RI VSRNHQ FRPPDQG UHFRJQLWLRQ� 7KH FRUUHVSRQGLQJ KHXULVWLF LV WKDW HUURU GHWHFWLRQ

LQ D VSHHFK�FRQWUROOHG LQWHUIDFH PD\ EHQHILW IURP SURYLGLQJ H[SOLFLW YLVXDO IHHGEDFN RI VSHHFK

UHFRJQLWLRQ UHVXOWV� $V XVHUV VHHP WR SD\ DWWHQWLRQ ZKHQ VXFK IHHGEDFN LV SURYLGHG� LW KDV WKH

SRWHQWLDO WR LPSURYH HUURU GHWHFWLRQ DQG UHFRYHU\� 6XFK IHHGEDFN LV QRW XVXDOO\ SURYLGHG LQ D

WUDGLWLRQDO LQWHUIDFH�

*� ��������

7KLV SDSHU GHVFULEHG D QRYHO DSSURDFK WR FRPELQLQJ DQG YLVXDOL]LQJ H\H PRYHPHQW DQG

KDSWLF LQWHUDFWLRQ GDWD LQ WKH VHUYLFH RI H[SHULPHQWDOO\ HYDOXDWLQJ DQG FRPSDULQJ LQWHUIDFHV WR

PXOWLPHGLD V\VWHPV� 7KH WRRO WKDW ZDV GHYHORSHG� (7$6� FRPELQHV XVHUV© YLVXDO DWWHQWLRQ

GDWD ZLWK DFWLRQ GDWD WR FUHDWH DQ LQWHJUDWHG YLVXDOL]DWLRQ RI DQ HQWLUH LQWHUDFWLYH VHVVLRQ� 7KLV

YLVXDOL]DWLRQ PDNHV H[SOLFLW ZKDW DFWLRQV XVHUV WRRN DQG ZKDW YLVXDO VWLPXOL ZHUH RI LQWHUHVW

WR WKHP EHWZHHQ WKRVH DFWLRQV� $V (7$6 FDQ FRPELQH XVHU DFWLRQV H[HFXWHG E\ VSHHFK RU

WRXFK ZLWK XVHU JD]HV� LW LV D JHQHUDOO\ XVHIXO WRRO IRU YLVXDOL]LQJ DQG DQDO\]LQJ PXOWLPRGDO

LQWHUDFWLRQV� 7KH WHFKQRORJ\ IRU FRPELQLQJ DQG DQDO\]LQJ H\H WUDFNLQJ GDWD LQ FRQMXQFWLRQ

ZLWK RWKHU LQWHUDFWLRQ GDWD KROGV FRQVLGHUDEOH SURPLVH DV D SRZHUIXO WRRO IRU DQDO\]LQJ

DGYDQFHG YLVXDO LQWHUIDFHV�

2QO\ UHFHQWO\ KDYH FRPSLODWLRQV RI UHVHDUFK RQ KRZ WR FUHDWH XVDEOH DSSOLFDWLRQV

ZLWK YLVXDO LQWHUIDFHV FRQWUROOHG E\ VSHHFK VWDUWHG WR DSSHDU >*DUGQHU�%RQQHDX ������@� 7KLV

UHVHDUFK KDV QRW NHSW SDFH ZLWK WKH LQFUHDVLQJ FRPPHUFLDOL]DWLRQ RI VSHHFK WHFKQRORJ\� ,Q

WKLV FRQWH[W� WKH GHVLJQ KHXULVWLFV GHULYHG IURP XVLQJ (7$6 WR FRPSDUH D WUDGLWLRQDO

NH\ERDUG�PRXVH�FRQWUROOHG JUDSKLFDO XVHU LQWHUIDFH ZLWK LWV VSHHFK�FRQWUROOHG FRXQWHUSDUW

ZLOO EH XVHIXO WR LQWHUIDFH GHVLJQHUV LQWHUHVWHG LQ VSHHFK�HQDEOLQJ H[LVWLQJ JUDSKLFDO XVHU

LQWHUIDFHV� 7KHVH KHXULVWLFV PD\ DOVR EH YLHZHG DV VWDUWLQJ SRLQWV IRU IXUWKHU LQYHVWLJDWLQJ WKH

GHVLJQ RI YRLFH LQWHUDFWLRQ LQWHJUDWHG ZLWK KDSWLF LQSXW GHYLFHV VXFK DV WKH SHQ� NH\ERDUG DQG

PRXVH� 7KLV LV DQ DYHQXH IRU IXWXUH UHVHDUFK� $QRWKHU DYHQXH WKDW ZH H[SHFW WR SXUVXH LQ

IXWXUH LV WR LQYHVWLJDWH XVLQJ WKH H\H WUDFNHU DV DQ LQSXW GHYLFH �H�J� VHH >6LEHUW 	 -DFRE

������@� WRJHWKHU ZLWK VSHHFK� :H DOVR SODQ WR IXUWKHU GHYHORS WKH WHFKQRORJ\ IRU FRPELQLQJ�

DQDO\]LQJ DQG YLVXDOL]LQJ H\H WUDFNLQJ GDWD DQG LQWHUDFWLRQ ORJV�

$FNQRZOHGJPHQWV� 7KLV UHVHDUFK ZDV VXSSRUWHG E\ FRQWUDFW 1�������������� DQG DQ HTXLSPHQW

JUDQW IURP WKH 2IILFH RI 1DYDO 5HVHDUFK� 7KH GHYHORSPHQW RI +DO9LV ZDV VXSSRUWHG E\ JUDQWV &'$�

������� DQG 5(&�������� IURP WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ� 7KDQNV JR WR 'DQ 6FKULPSVKHU IRU

*5,3 DQG KHOSLQJ WR FRQGXFW WKH H[SHULPHQW�



��

+� $���������

$DOWRQHQ� $�� +\UVN\NDUL� $�� DQG 5lLKl� .�-� ������� ��� 6SRWV� RU +RZ 'R 8VHUV 5HDG

0HQXV" LQ 3URFHHGLQJV RI +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV &RQIHUHQFH �&+,©����

$&0 3UHVV� 1HZ <RUN� ��������

%HQHO� '� &� 5�� 2WWHQV� '�� DQG +RUVW� 5� ������� 8VH RI DQ (\HWUDFNLQJ 6\VWHP LQ WKH

8VDELOLW\ /DERUDWRU\� LQ 3URFHHGLQJV RI WKH +XPDQ )DFWRUV DQG (UJRQRPLFV 6RFLHW\ ��WK

$QQXDO 0HHWLQJ� +)(6� ��������

%XVNLUN� 5� 9� DQG /D/RPLD� 0� ������� $ &RPSDULVRQ RI 6SHHFK DQG 0RXVH�.H\ERDUG *8,

1DYLJDWLRQ� LQ 3URFHHGLQJV RI +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV &RQIHUHQFH �&+,©����

$&0 3UHVV� 1HZ <RUN� ���

%\UQH� 0� '�� $QGHUVRQ� -� 5�� 'RXJODV� 6�� DQG 0DWHVVD� 0� ������� (\H 7UDFNLQJ WKH 9LVXDO

6HDUFK RI &OLFN�'RZQ 0HQXV� LQ 3URFHHGLQJV RI +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV

&RQIHUHQFH �&+,©���� $&0 3UHVV� 1HZ <RUN� ��������

)DUDGD\� 3� DQG 6XWFOLIIH� $� ������� 'HVLJQLQJ (IIHFWLYH 0XOWLPHGLD 3UHVHQWDWLRQV� LQ

3URFHHGLQJV RI +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV &RQIHUHQFH �&+,©���� $&0 3UHVV�

1HZ <RUN� ��������

*DUGQHU�%RQQHDX� '� �HG��� ������� +XPDQ )DFWRUV DQG 9RLFH ,QWHUDFWLYH 6\VWHPV� .OXZHU

$FDGHPLF 3XEOLVKHUV� 'RUGUHFKW� 1HWKHUODQGV�

*ROGEHUJ� -� +� DQG .RWYDO� ;� 3� ������� (\H 0RYHPHQW�%DVHG (YDOXDWLRQ RI WKH &RPSXWHU

,QWHUIDFH� LQ $GYDQFHV LQ 2FFXSDWLRQDO (UJRQRPLFV DQG 6DIHW\� �6� .� .XPDU� HG��� ,26

3UHVV� $PVWHUGDP� ��������

+DQVHQ� 6� 5�� 1DUD\DQDQ� 1� +�� DQG 6FKULPSVKHU� '� ������� +HOSLQJ /HDUQHUV 9LVXDOL]H

DQG &RPSUHKHQG $OJRULWKPV� ,QWHUDFWLYH 0XOWLPHGLD (OHFWURQLF -RXUQDO RI &RPSXWHU�

(QKDQFHG /HDUQLQJ YRO� ����� DYDLODEOH DW KWWS���LPHM�ZIX�HGX�

-XVW� 0� $� DQG &DUSHQWHU� 3� $� ������� (\H )L[DWLRQV DQG &RJQLWLYH 3URFHVVHV� &RJQLWLYH

3V\FKRORJ\ YRO� �� ��������

.DUDW� &�0�� +DOYHUVRQ� &�� +RUQ� '�� DQG .DUDW� -� ������� 3DWWHUQV RI (QWU\ DQG &RUUHFWLRQ

LQ /DUJH 9RFDEXODU\ &RQWLQXRXV 6SHHFK 5HFRJQLWLRQ 6\VWHPV� LQ 3URFHHGLQJV RI +XPDQ

)DFWRUV LQ &RPSXWLQJ 6\VWHPV &RQIHUHQFH �&+,©���� $&0 3UHVV� 1HZ <RUN� ��������

1DUD\DQDQ� 1� +� DQG 6FKULPSVKHU� '� ������� ([WHQGLQJ (\H 7UDFNLQJ WR $QDO\]H

,QWHUDFWLRQV ZLWK 0XOWLPHGLD ,QIRUPDWLRQ 3UHVHQWDWLRQV� LQ 3HRSOH DQG &RPSXWHUV ;,9 ¤

8VDELOLW\ RU (OVH�� �6� 0F'RQDOG� <� :DHUQ� DQG *� &RFNWRQ� HGV��� 6SULQJHU�9HUODJ� %HUOLQ�

��������

6DOYXFFL� '� '� ������� ,QIHUULQJ ,QWHQW LQ (\H�%DVHG ,QWHUIDFHV� 7UDFLQJ (\H 0RYHPHQWV

ZLWK 3URFHVV 0RGHOV� LQ 3URFHHGLQJV RI +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV &RQIHUHQFH

�&+,©���� $&0 3UHVV� 1HZ <RUN� ��������

6LEHUW� /� (� DQG -DFRE� 5� -� .� ������� (YDOXDWLRQ RI (\H *D]H ,QWHUDFWLRQ� LQ 3URFHHGLQJV RI

+XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV &RQIHUHQFH �&+,©���� $&0 3UHVV� 1HZ <RUN� ����

����


