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,PSURYLQJ 1DYLJDWLRQ (IILFLHQF\ ZLWK $UWLILFLDO )RUFH )LHOG

7VDL�<HQ /L DQG +VX�&KL &KRX

&RPSXWHU 6FLHQFH 'HSDUWPHQW� 1DWLRQDO &KHQJFKL 8QLYHUVLW\

��� 6HF��� &KLK�1DQ 5RDG� 7DLSHL� 7DLZDQ ������ 52&

H�PDLO� ^OL� V����`#FV�QFFX�HGX�WZ 7HO� ��������������

$EVWUDFW

(YROXWLRQ RI �' JUDSKLFV DFFHOHUDWLRQ KDUGZDUH

KDV HQDEOHG QRYHO XVHU LQWHUIDFH GHVLJQV IRU PDQ\

QHZ DSSOLFDWLRQV UXQQLQJ RQ D UHJXODU GHVNWRS SHU�

VRQDO FRPSXWHU� +RZHYHU� QDYLJDWLQJ LQ DQ DUFKLWHF�

WXUDO HQYLURQPHQW UHPDLQV GLIILFXOW IRU D QRYLFH XVHU

EHFDXVH RI WKH OLPLWHG YLHZ DQG ORZ�OHYHO FRQWURO WKDW

WKH FXUUHQW LQWHUIDFH SURYLGHV� ,Q WKLV SDSHU� ZH SUR�

SRVH WR XVH DQ DUWLILFLDO IRUFH ILHOG WR KHOS D XVHU

ZDONWKURXJK DQ DUFKLWHFWXUDO HQYLURQPHQW HIILFLHQWO\

DQG QDWXUDOO\� )RU D JLYHQ HQYLURQPHQW� D UHSXOVLYH

IRUFH ILHOG LV FRPSXWHG RII�OLQH LQ DFFRUGDQFH ZLWK WKH

REVWDFOHV LQ WKH HQYLURQPHQW� $Q DUWLILFLDO IRUFH JHQ�

HUDWHG IURP WKLV ILHOG LV DSSOLHG WR WKH XVHU YLHZSRLQW

LQ RUGHU WR UHGXFH WKH FKDQFH RI JHWWLQJ VWXFN E\ WKH

REVWDFOHV� 7KLV IRUFH LV G\QDPLFDOO\ PRGLILHG DW UXQ

WLPH DFFRUGLQJ WR XVHU EHKDYLRUV VXFK WKDW WKH JHQHU�

DWHG PRWLRQV DUH FRPSOLDQW ZLWK XVHU LQWHQWLRQ� ([�

SHULPHQWV VKRZ WKDW DUWLILFLDO IRUFH ILHOG LV DQ HIIHFWLYH

PHWKRG IRU LPSURYLQJ QDYLJDWLRQ HIILFLHQF\� ,Q DGGL�

WLRQ� ZH KDYH DOVR LQWHJUDWHG WKH IRUFH ILHOG PHWKRG

ZLWK D SDWK SODQQHU SURSRVHG LQ RXU SUHYLRXV ZRUN�

:H KDYH IRXQG WKDW WKH IRUFH ILHOG PHWKRG LV FRPSOH�

PHQWDU\ WR WKH SDWK�SODQQLQJ PHWKRG� DQG WKH PHULWV

RI ERWK PHWKRGV FDQ EH FRPELQHG WR IXUWKHU LPSURYH

QDYLJDWLRQ HIILFLHQF\�

.H\ZRUGV� ,QWHOOLJHQW 8VHU ,QWHUIDFH� $UFKLWHFWXUDO

:DONWKURXJK� 9LUWXDO 5HDOLW\� $UWLILFLDO )RUFH )LHOG�

1DYLJDWLRQ &RQWURO�

�� ,QWURGXFWLRQ

$UFKLWHFWXUDO ZDONWKURXJK LV D IRUP RI XVHU LQWHU�

IDFH GHVLJQ WKDW DGRSWV 9LUWXDO 5HDOLW\ �95� WHFKQROR�

JLHV �HVSHFLDOO\ �' JUDSKLFV� WR KHOS D XVHU QDYLJDWH

WKURXJK UHDOLVWLF DUFKLWHFWXUDO YLUWXDO HQYLURQPHQW�

7KLV IRUP RI LQWHUIDFH KDV EHFRPH SRSXODU GXH WR WKH

UDSLG GHYHORSPHQW RI 9LUWXDO 5HDOLW\ 0RGHOLQJ /DQ�

JXDJH �950/� �RU :HE�'�>��@ DQG �' JUDSKLFV DF�

FHOHUDWLRQ KDUGZDUH� 7KLV GHYHORSPHQW DOVR KDV HQ�

DEOHG PDQ\ QHZ DSSOLFDWLRQV WKDW ZHUH WUDGLWLRQDOO\

RQO\ SRVVLEOH RQ H[SHQVLYH ZRUNVWDWLRQV� )RU H[DPSOH�

LQ DGGLWLRQ WR H[SORULQJ D UHDO DUFKLWHFWXUH EXLOGLQJ�

PDQ\ SRSXODU JDPHV VXFK DV '220 RU 4$.( DOVR

DGRSW VLPLODU ILUVW�SHUVRQ YLHZ RI FRQWURO� ,Q RWKHU

ZRUGV� H[SHULHQFLQJ �' JUDSKLFV RQ D GHVNWRS FRP�

SXWHU LV QRZ SUHYDOHQW� +RZHYHU� VLQFH D YLUWXDO HQYL�

URQPHQW W\SLFDOO\ XVHV �' GLVSOD\� LW UHPDLQV D FKDO�

OHQJH IRU D QRYLFH XVHU HTXLSSHG ZLWK D �' PRXVH WR

SHUIRUP HIILFLHQW QDYLJDWLRQ�

$ W\SLFDO �' EURZVHU VXSSRUWV VHYHUDO XVHU FRQWURO

PRGHV� VXFK DV :$/.� )/<� (;$0,1(� HWF� 7KH

:$/. PRGH FRUUHVSRQGV WR WKH DUFKLWHFWXUH ZDON�

WKURXJK LQWHUIDFH� ZKLFK LV WKH IRFXV RI WKLV SDSHU�

0RVW EURZVHUV DOVR DOORZ D XVHU WR KDYH WKH RSWLRQ RI

WXUQLQJ RQ WKH FROOLVLRQ GHWHFWLRQ IXQFWLRQ� :LWK WKLV

IXQFWLRQ WXUQHG RQ� WKH V\VWHP ZLOO SUHYHQW D XVHU¶V

YLHZSRLQW IURP SHQHWUDWLQJ REVWDFOHV LQ WKH HQYLURQ�

PHQW DQG WKHUHIRUH LQFUHDVH WKH GHJUHHV RI UHDOLVP�

+RZHYHU� D QRYLFH XVHU LQ VXFK DQ LQWHUIDFH RIWHQ UXQV

LQWR D VLWXDWLRQ RI JHWWLQJ VWXFN DW D FRUQHU RI DQ XQ�

IDPLOLDU VFHQH� $ XVHU XVXDOO\ QHHGV WR SHUIRUP VHY�

HUDO PDQHXYHUV EHIRUH PDNLQJ DQ\ SURJUHVV� ,W LV D

IUXVWUDWLQJ H[SHULHQFH IRU D QRYLFH XVHU HVSHFLDOO\

ZKHQ WKH GLVSOD\ IUDPH UDWH LV QRW KLJK HQRXJK IRU

SUHFLVH FRQWURO�

,Q DGGLWLRQ WR WKH SUREOHP RI ORZ IUDPH UDWHV� ZH

WKLQN WKH OHYHO RI FRQWURO WKDW D XVHU QHHGV WR SURYLGH

LV WRR ORZ FRPSDUHG WR WKH H[SHULHQFH LQ RXU GDLO\ OLIH�

)RU H[DPSOH� ZH XVXDOO\ RQO\ UDLVH RXU LQWHQWLRQ

WKURXJK KLJK�OHYHO JRDO VSHFLILFDWLRQ ZKHQ ZH ZDON LQ

WKH UHDO OLIH DQG WKH ERG\ ORFRPRWLRQ ZLOO EH DXWR�

PDWLFDOO\ JHQHUDWHG WR VDWLVI\ WKH LQWHQWLRQ� 7KHUH H[�

LVW V\VWHPV WKDW FDQ SHUIRUP DXWR�QDYLJDWLRQ VHUYLFH

IRU LWV XVHU� +RZHYHU� D XVHU HQMR\LQJ WKH H[SHULHQFH

RI DUFKLWHFWXUDO ZDONWKURXJK XVXDOO\ GRHV QRW ZDQW WR

JLYH XS WKH FRQWURO 7KHUHIRUH� LW UHPDLQV D FKDOOHQJLQJ

WDVN WR GHVLJQ DQ LQWHUIDFH WKDW FRQVLGHUV ERWK QDYLJD�

WLRQ H[SHULHQFH DQG HDVH RI FRQWURO� ,Q RXU SUHYLRXV

ZRUN� ZH KDYH SURSRVHG D PHWKRG WR LQFRUSRUDWH

SDWK�SODQQLQJ WHFKQLTXHV LQWR WKH FRQWURO ORRS RI XVHU

QDYLJDWLRQ� 7KH V\VWHP YROXQWDULO\ FRPSXWHV D FROOL�

VLRQ�IUHH SDWK WR DVVLVW QDYLJDWLRQ ZKHQ WKH XVHU UXQV

LQWR D GLIILFXOW VLWXDWLRQ�

,Q WKLV SDSHU� ZH SURSRVH DQRWKHU QRYHO DSSURDFK

RI XVLQJ DQ DUWLILFLDO IRUFH ILHOG LQ WKH FRQWURO ORRS RI

�' LQWHUDFWLRQV WR UHGXFH WKH FKDQFH WKDW D YLHZSRLQW

FROOLGHV ZLWK HQYLURQPHQWDO REVWDFOHV� $ UHSXOVLYH

IRUFH ILHOG LV FRQVWUXFWHG LQ D SUHSURFHVVLQJ VWHS IRU

WKH IUHHVSDFH RI D JLYHQ YLUWXDO HQYLURQPHQW WR UHVLVW D

XVHU IURP JHWWLQJ WRR FORVH WR WKH REVWDFOHV� :KLOH

LQIOXHQFLQJ XVHU FRQWURO ZLWK WKLV IRUFH ILHOG WR DYRLG

FROOLVLRQV� ZH DOVR KDYH WR WDNH LQWR DFFRXQW XVHU LQ�

WHQWLRQV� $FFRUGLQJ WR XVHU¶V PRWLRQ EHKDYLRU �YHORF�
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LW\ DQG RULHQWDWLRQ�� ZH G\QDPLFDOO\ DGMXVW WKH IRUFH

ILHOG WR UHIOHFW XVHU LQWHQWLRQ VXFK WKDW D XVHU GRHV QRW

IHHO DZNZDUG XQGHU WKH LQIOXHQFH RI VXFK D IRUFH ILHOG�

:H RUJDQL]H WKH UHPDLQLQJ RI WKH SDSHU DV IROORZV�

:H ZLOO UHYLHZ VRPH UHODWHG UHVHDUFKHV LQ LQWHOOLJHQW

XVHU LQWHUIDFH GHVLJQ LQ WKH QH[W VHFWLRQ� :H ZLOO WKHQ

SUHVHQW WKH LGHD RI IRUFH ILHOG DQG KRZ ZH G\QDPL�

FDOO\ PRGLI\ LW WR UHIOHFW XVHU LQWHQWLRQ LQ 6HFWLRQ ��

:H ZLOO WKHQ VKRZ WKH GHWDLOV RI RXU LPSOHPHQWDWLRQ

LQ 6HFWLRQ �� DQG WKH H[SHULPHQWDO VHWWLQJV DQG UHVXOWV�

LQ 6HFWLRQ �� )LQDOO\� ZH ZLOO FRQFOXGH RXU ZRUN LQ WKH

ODVW VHFWLRQ�

�� 5HODWHG :RUN

7KH ZRUN SHUWDLQLQJ WR RXU UHVHDUFK LV WUDGLWLRQDOO\

FODVVLILHG DV WKH FDWHJRU\ RI FRPSXWHU�KXPDQ LQWHUDF�

WLRQ� HVSHFLDOO\ LQ WKH ILHOG RI LQWHOOLJHQW XVHU LQWHUIDFH

GHVLJQ� 2QH FDQ DOVR ILQG ZRUN LQ $UWLILFLDO ,QWHOOL�

JHQFH DQG 5RERWLFV WKDW DLPV WR DGGLQJ VXFK LQWHOOL�

JHQFH WR PDQ�PDFKLQH LQWHUIDFH� :H ZLOO UHYLHZ �'

XVHU LQWHUIDFH GHVLJQ ILUVW DQG WKHQ QDUURZ GRZQ WR

LVVXH RI LQWHOOLJHQW �' XVHU LQWHUIDFH�

���� �' FRPSXWHU�KXPDQ LQWHUIDFH GHVLJQ

0DQ\ UHVHDUFKHV KDYH EHHQ XQGHUWDNHQ WR LQYHQW

HIILFLHQW ZD\V WR FRPPXQLFDWH ZLWK D FRPSXWHU DQG WR

HYDOXDWH WKH HIIHFWLYHQHVV RI WKHVH LQWHUIDFHV� $PRQJ

WKHVH LQWHUIDFHV� EHLQJ FDSDEOH RI LQWHUDFWLQJ ZLWK YLU�

WXDO �' HQYLURQPHQWV KDV EHHQ FRQVLGHUHG DV D GHVLJQ

WUHQG IRU IXWXUH FRPSXWHU�KXPDQ LQWHUIDFHV� 7KH

95�W\SHV RI LQWHUIDFHV VXFK DV +HDG 0RXQWHG 'LVSOD\

�+0'�� �' WUDFNLQJ GHYLFHV� GDWD JORYHV� IRUFH IHHG�

EDFN MR\VWLFNV� KDSWLF GHYLFHV� HWF� DUH DOO JRRG H[DP�

SOHV RI VXFK LQWHUIDFHV� 1HZ PHWDSKRUV VXFK DV H\H�

EDOO LQ KDQG� DQG IO\LQJ YHKLFOH LQ KDQG KDYH DOVR EHHQ

SURSRVHG DQG WHVWHG�>�@ ,W LV UHSRUWHG WKDW PRVW XVHUV

OLNH WKH LGHD RI H\HEDOO�LQ�KDQG PHWDSKRU LQ WKH FRQ�

WH[W RI YLUWXDO VSDFH H[SORUDWLRQ� +RZHYHU� WKH JUHDW

FKDOOHQJH FRPHV ZKHQ ZH DUH DVNHG WR PDQLSXODWH D

�' YLUWXDO VFHQH RQO\ ZLWK D UHJXODU �' PRXVH RQ D

GHVNWRS FRPSXWHU� 6RPH ZRUN KDV EHHQ FDUULHG RXW WR

GHVLJQ LQWXLWLYH LQWHUIDFHV IRU FRQWUROOLQJ �' URWDWLRQV

ZLWK �' GHYLFHV�>�@>��@

0RVW RI WKHVH LQWHUIDFH GHVLJQV XVH WKH GLUHFW PD�

QLSXODWLRQ PHWDSKRU WKDW LV VKRZQ WR EH PRUH FRP�

SUHKHQVLEOH� SUHGLFWDEOH� DQG FRQWUROODEOH WKDQ WKH

GHOHJDWLRQ W\SHV RI LQWHOOLJHQW XVHU LQWHUIDFHV LQ VHY�

HUDO DSSOLFDWLRQ GRPDLQV� +RZHYHU� LW LV VWLOO XQGHU

GHEDWHV ZKLFK PHWDSKRU LV PRUH HIIHFWLYH LQ JHQ�

HUDO�>��@ :H WKLQN WKHUH ZLOO QRW EH D FOHDU�FXW DQVZHU

WR WKLV TXHVWLRQ� ,QVWHDG� HIIHFWLYHQHVV ZRXOG JUHDWO\

GHSHQG RQ WKH W\SHV RI DSSOLFDWLRQV� XVHUV� DQG WDVNV DW

KDQG� )RU H[DPSOH� VRPH SHRSOH PD\ SUHIHU WR VLW

EDFN DQG WDNH D JXLGHG WRXU ZKHQ YLVLWLQJ D QHZ HQ�

YLURQPHQW ZKLOH RWKHU DGYHQWXURXV SHRSOH PD\ SUHIHU

WR KDYH D IXOO QDYLJDWLRQ FRQWURO�

���� ,QWHOOLJHQW XVHU LQWHUIDFH

$OWKRXJK PDQ\ LQWHOOLJHQW XVHU LQWHUIDFHV KDYH

EHHQ SURSRVHG LQ WKH OLWHUDWXUH� PRVW RI WKHP DUH QRW

IRU �' PDQLSXODWLRQ�>��@>��@ ([FHSWLRQV LQFOXGH XV�

LQJ PRWLRQ�SODQQLQJ WHFKQLTXHV WR SURYLGH WDVN�OHYHO

FRQWUROV� )RU H[DPSOH� 'UXFNHU DQG =HOW]HU >�@ DUJXH

WKDW D WDVN�OHYHO YLHZSRLQW FRQWURO LV FUXFLDO IRU H[�

SORULQJ YLUWXDO VFHQHV VXFK DV YLUWXDO PXVHXPV VLQFH

WKH XVHUV VKRXOG EH DOORZHG WR FRQFHQWUDWH RQ VFHQH

YLHZLQJ LQVWHDG RI EH GLVWUDFWHG E\ ORZ�OHYHO QDYLJD�

WLRQ FRQWUROV� /L� HW DO�>�@ DOVR SURSRVHG DQ

DXWR�QDYLJDWLRQ V\VWHP FDSDEOH RI JHQHUDWLQJ FXVWRP�

L]HG JXLGHG WRXUV EDVHG RQ KLJK�OHYHO XVHU LQSXWV�

.XIIQHU >�@>�@ DOVR XWLOL]HV IDVW SDWK�SODQQLQJ WHFK�

QLTXHV WR DVVLVW UHDO�WLPH DQLPDWLRQV� 2WKHU ZRUN DOVR

VXJJHVWV XVLQJ YHFWRU ILHOGV >�@ WR JXLGH DQLPDWLRQ�

+RZHYHU� PRVW RI WKHVH DSSURDFKHV XVH JHRPHWULF

UHDVRQLQJ WHFKQLTXHV DV D WRRO IRU FRQWURO GHOHJDWLRQ�

7KH\ XVH D WKLUG�SHUVRQ YLHZ WR VSHFLI\ WKH GHVLUHG

WDVNV� ZKLFK LV YHU\ GLIIHUHQW IURP WKH ILUVW�SHUVRQ

YLHZ FRPPRQO\ XVHG LQ WKH GLUHFW PDQLSXODWLRQ

PHWDSKRU�

)RUFH ILHOG PHWKRGV� VXFK DV SRWHQWLDO ILHOG PHWK�

RGV� ZHUH RULJLQDOO\ SURSRVHG WR VROYH SDWK�SODQQLQJ

SUREOHPV IRU URERWLF DSSOLFDWLRQV�>�@ $WWUDFWLYH IRUFHV

ZHUH XVHG LQ DGGLWLRQ WR UHSXOVLYH IRUFHV IURP HQYL�

URQPHQWDO REVWDFOHV� 7KH LGHD RI XVLQJ D IRUFH ILHOG WR

LPSURYH XVHU QDYLJDWLRQ KDV EHHQ LQGHSHQGHQWO\ GH�

YHORSHG LQ >��@� +RZHYHU� WKH\ DVVXPH WKDW D �'

SRLQWLQJ GHYLFH� VXFK DV D �' PRXVH� LV DYDLODEOH WR

WKH XVHU ZKLOH ZH DVVXPH WKDW D XVHU LV RQO\ HTXLSSHG

ZLWK D UHJXODU �' PRXVH� ,Q DGGLWLRQ� WKH ZD\V WKDW

ZH FRPSXWH WKH IRUFH ILHOG� GHWHFW FROOLVLRQV� DQG

RYHUFRPH PRWLRQ RVFLOODWLRQV DUH GLIIHUHQW� )XUWKHU�

PRUH� ZH HYDOXDWH DQG FRPSDUH WKH HIIHFWV RI WKH

IRUFH ILHOG PHWKRG� WKH SDWK�SODQQLQJ PHWKRG� DQG WKH

FRPELQDWLRQ RI ERWK PHWKRGV�

,Q >��@� ZH KDYH SURSRVHG DQ LQWHOOLJHQW XVHU LQWHU�

IDFH WKDW LQFRUSRUDWHV SDWK�SODQQLQJ WHFKQLTXHV LQWR

WKH FRQWURO ORRS WR KHOS D XVHU PRYH DURXQG DQ REVWD�

FOH� $ IDVW SDWK SODQQHU EDVHG RQ UDQGRPL]HG URDGPDS

LV FDOOHG WR FRPSXWH D FROOLVLRQ�IUHH SDWK ZKHQHYHU WKH

YLHZSRLQW ZRXOG FROOLGH ZLWK HQYLURQPHQWDO REVWDFOHV�

2XU H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH QDYLJDWLRQ

HIILFLHQF\ IRU D JLYHQ VFHQH FDQ EH LPSURYHG E\ DV

PXFK DV �� SHUFHQW� ,Q >��@� ZH IXUWKHU H[WHQG WKLV

PHWKRG WR FRQVLGHU ODUJH YLUWXDO HQYLURQPHQWV�

�� 7KH )RUFH�)LHOG $SSURDFK

:H DVVXPH WKDW XQGHU WKH ZDONWKURXJK PRGH WKH

YLUWXDO HQYLURQPHQW FDQ EH UHSUHVHQWHG DV D �' OD\RXW

PDS VXFK DV WKH RQH VKRZQ LQ )LJXUH �� 7KH HQYLURQ�

PHQW LV D ERXQGHG ZRUNVSDFH FRPSULVHG RI SRO\JRQDO

REVWDFOHV� 7KH SRUWLRQ RI ZRUNVSDFH RXWVLGH WKH RE�

VWDFOHV LV FDOOHG IUHHVSDFH� 7KH EDVLF LGHD RI WKH

IRUFH�ILHOG DSSURDFK LV WKDW REVWDFOHV LQ WKH ZRUNVSDFH

JHQHUDWH UHSXOVLYH IRUFHV WR WKH YLHZSRLQW LQ WKH

IUHHVSDFH VXFK WKDW LW EHFRPHV PRUH GLIILFXOW WR PRYH

WKH YLHZSRLQW FORVH WR WKH REVWDFOHV� )RU H[DPSOH� LQ
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)LJXUH �� WKH GLVSODFHPHQW RI WKH YLHZSRLQW FRQILJXUD�

WLRQ GS LV RIIVHW E\ D IRUFH YHFWRU I WR SURGXFH WKH QH[W

YLHZSRLQW FRQILJXUDWLRQ� S¶� :LWK WKLV DSSURDFK ZH

KRSH WKDW WKH FKDQFH RI JHWWLQJ VWXFN E\ WKH HQYLURQ�

PHQWDO REVWDFOHV FDQ EH UHGXFHG� DQG WKHUHIRUH WKH

RYHUDOO QDYLJDWLRQ HIILFLHQF\ FDQ EH LPSURYHG� ,Q WKLV

VHFWLRQ� ZH ZLOO ILUVW GHVFULEH WKH GHVLUDEOH IHDWXUHV RI

D IRUFH ILHOG IRU RXU DSSOLFDWLRQ DQG WKHQ GHILQH D ED�

VLF IRUFH ILHOG DFFRUGLQJ WR SK\VLFDO ODZV� :H ZLOO

WKHQ UHILQH WKH IRUFH ILHOG WR RYHUFRPH VRPH XQGHVLU�

DEOH HIIHFWV DV D UHVXOW RI FRPSRVLQJ WKH IRUFHV IURP

PXOWLSOH REVWDFOHV� )LQDOO\� ZH ZLOO GHVFULEH KRZ ZH

PRGLI\ WKH IRUFH ILHOG G\QDPLFDOO\ DW UXQ�WLPH DF�

FRUGLQJ WR XVHU QDYLJDWLRQ EHKDYLRUV VXFK DV QDYLJD�

WLRQ VSHHG� PRYLQJ GLUHFWLRQ� DQG QDYLJDWLRQ KLVWRU\�

���� &RPSXWLQJ D EDVLF IRUFH ILHOG

7KH IRUFH ILHOG SURSRVHG LQ WKLV SDSHU LV DQ DUWLIL�

FLDO IRUFH ILHOG GHVLJQHG VSHFLILFDOO\ WR DVVLVW XVHU

QDYLJDWLRQ� 1HYHUWKHOHVV� WKH FRPSXWDWLRQ RI WKLV

IRUFH ILHOG LV PRWLYDWHG E\ SK\VLFDO ODZV� 7KH 1HZ�

WRQ¶V ODZ RI JUDYLWDWLRQ VXJJHVWV WKDW WZR REMHFWV DUH

DWWUDFWHG E\ D IRUFH ZKRVH PDJQLWXGH LV SURSRUWLRQDO

WR WKH VTXDUH LQYHUVH RI WKH GLVWDQFH EHWZHHQ WKH WZR

REMHFWV� ,Q DGGLWLRQ� WKH IRUFH LV SURSRUWLRQDO WR WKHLU

PDVVHV� 7KH LGHDO IRUFH ILHOG LQ DSSOLFDWLRQ LV YHU\

VLPLODU WR WKLV ODZ H[SHFW WKDW WKH IRUFH LV UHSXOVLYH

LQVWHDG RI DWWUDFWLYH� ,Q DGGLWLRQ� WKH UHSXOVLYH IRUFH LV

IURP WKH ERXQGDU\ RI REVWDFOHV LQVWHDG RI IURP WKH

LQWHULRU RI WKH REVWDFOHV� 7KHUHIRUH� WKH PDVV RU YRO�

XPH RI DQ REVWDFOH LV QRW WDNHQ LQWR DFFRXQW ZKHQ ZH

FRPSXWH WKH IRUFH ILHOG� 7KLV ILHOG LV D VWDWLF YHFWRU

ILHOG LQ WKH IUHHVSDFH� DQG WKHUHIRUH� ZH FDQ FRPSXWH

WKH IRUFH LQ D SUHSURFHVVLQJ VWHS IRU HDFK SRLQW LQ WKH

IUHHVSDFH XS WR D UHVROXWLRQ� 7KLV IRUFH LV WKH EDVLV IRU

LQIOXHQFLQJ WKH YLHZSRLQW PRWLRQ DW UXQ WLPH� 8VXDOO\

LW QHHGV WR EH VFDOHG E\ D FRQVWDQW DQG DGMXVWHG G\�

QDPLFDOO\ DFFRUGLQJ WR XVHU EHKDYLRUV� )RU H[DPSOH�

ZKHQ WKH YLHZSRLQW LV QRW PRYLQJ� QR IRUFHV ZRXOG EH

DSSOLHG�

$VVXPH WKDW WKHUH H[LVWV D SRLQW ��� \[S =*

LQ WKH

IUHHVSDFH DQG WKH FORVHVW ERXQGDU\ SRLQW RI DQ REVWD�

FOH IURP WKLV SRLQW LV ��� \[H ′′=*

� /HW HSY
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LV WKH XQLW YHFWRU SRLQWLQJ RXWZDUG IURP

REVWDFOH ERXQGDU\�

7KH FRPSXWDWLRQ RI WKLV IRUFH LV VWUDLJKWIRUZDUG

H[FHSW IRU GHWHUPLQLQJ WKH FORVHVW REVWDFOH ERXQGDU\

SRLQWV VXFK DV WKH H[DPSOHV VKRZQ LQ )LJXUH ��D�� :H

DVVXPH WKDW WKH ZRUNVSDFH LV UHSUHVHQWHG DV D ELWPDS�

ZKHUH ILOOHG FHOOV UHSUHVHQW REVWDFOH UHJLRQV� )RU VXFK

D ELWPDS WKLV LQIRUPDWLRQ FDQ EH HDVLO\ GHWHUPLQHG E\

D ZDYH�SURSDJDWLRQ DOJRULWKP WKDW LQFUHPHQWDOO\

SURSDJDWHV ZDYHIURQWV IURP REVWDFOH ERXQGDULHV�>�@

7KH FRPSOH[LW\ LV OLQHDU WR WKH VL]H RI IUHHVSDFH�

���� ,PSURYLQJ WKH IRUFH ILHOG

$OWKRXJK WKH FORVHVW ERXQGDU\ SRLQW LV VXSSRVHG WR

JHQHUDWH WKH ODUJHVW UHSXOVLYH IRUFH� XVLQJ WKH IRUFH

IURP D VLQJOH SRLQW RQO\ FUHDWH XQGHVLUDEOH SUREOHPV�

)RU H[DPSOH� WKH IRUFHV DSSOLHG WR WKH WZR QHLJKERU�

LQJ SRLQWV LQ )LJXUH ��E� KDYH RSSRVLWH GLUHFWLRQV�

&RQVHTXHQWO\� ODUJH GLVFRQWLQXLWLHV LQ WKH IRUFH ILHOG

PD\ UHVXOW LQ PRWLRQ RVFLOODWLRQV DW D[LDO UHJLRQV RI

IUHHVSDFH� 7R IL[ WKLV SUREOHP DQG FUHDWH D VPRRWK

IRUFH ILHOG� ZH KDYH WR FRQVLGHU PRUH WKDQ WKH FORVHVW

SRLQW�

,QVWHDG RI FRQVLGHULQJ WKH FORVHVW SRLQW RQO\� ZH

FRQVLGHU DOO WKH SRLQWV LQ D ZLQGRZ FHQWHUHG DW D JLYHQ

SRLQW ��� \[S =*

LQ WKH IUHHVSDFH� $VVXPH WKDW WKHUH

DUH N SRLQWV RI REVWDFOH ERXQGDU\ LQ WKH ZLQGRZ RI

VL]H VV× DQG WKHLU FRRUGLQDWHV DUH ���
���
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)LJXUH �� REVWDFOHV LQ D ERXQGHG ZRUNVSDFH

�D� �E�

)LJXUH �� UHSXOVLYH IRUFHV JHQHUDWHG IURP REVWD�

FOH ERXQGDULHV
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WKUHH ERXQGDU\ SRLQWV LQ Z ��x�� DSSO\LQJ UHSXOVLYH

IRUFHV �Y�� Y�� DQG Y�� WR S� 7KH UHVXOWDQW IRUFH LV FRP�

SXWHG DV Y��Y���Y�� $Q H[DPSOH IRUFH ILHOG FRPSXWHG

ZLWK WKLV PHWKRG LV VKRZQ LQ )LJXUH ��D� DQG ��E�� ,Q

)LJXUH ��D�� WKH PDJQLWXGH RI WKH IRUFH ILHOG LV GH�

SLFWHG DV D JUD\�VFDOH LPDJH �WKH GDUNHU� WKH VWURQJHU

WKH IRUFH� ZKLOH LQ )LJXUH ��E�� WKH GLUHFWLRQV RI WKH

IRUFH YHFWRUV DUH GHSLFWHG DV DUURZV� 7KH RVFLOODWLRQ

SKHQRPHQRQ LV DYRLGHG VLQFH IRU WKH IRUFHV IURP WKH

RSSRVLWH VLWHV RI D SRLQW DORQJ WKH D[LDO GLUHFWLRQ FDQ�

FHOOHG HDFK RWKHU RXW� &RQVHTXHQWO\� WKH IRUFH ILHOG

EHFRPHV D VPRRWK YHFWRU ILHOG SXVKLQJ WKH YLHZSRLQW

RXWZDUG IURP REVWDFOH ERXQGDULHV� 7KLV IRUFH ILHOG LV D

VWDWLF ILHOG WKDW FDQ EH FRPSXWHG LQ D SUHSURFHVVLQJ

VWHS� 7KH VL]H RI WKH LQIOXHQFH ZLQGRZ� Z� FDQ EH GH�

ILQHG DV ODUJH DV WKH VL]H RI WKH ZRUNVSDFH� +RZHYHU�

LQ RXU LPSOHPHQWDWLRQ D UHDVRQDEOH VL]H �VXFK DV

��[��� LV XVXDOO\ JRRG HQRXJK IRU FDSWXULQJ WKH PDMRU

UHSXOVLYH IRUFHV�

���� '\QDPLFDOO\ DGMXVWLQJ WKH IRUFH ILHOG

7KH PDLQ DGYDQWDJH RI WKH GLUHFW PDQLSXODWLRQ

PHWDSKRU LV WKDW LW DOORZV WKH XVHU WR KDYH WKH IHHOLQJ

RI KDYLQJ WKH IXOO FRQWURO RI WKH YLHZSRLQW PRWLRQ�

7KHUHIRUH� LW LV FUXFLDO WR FRQVLGHU WKH QDWXUDOQHVV RI

WKH YLHZSRLQW PRWLRQ DIWHU DSSO\LQJ VXFK DQ DUWLILFLDO

IRUFH ILHOG� $Q\ PRGLILFDWLRQV WR WKH YLHZSRLQW PR�

WLRQ VKRXOG QRW YLRODWH WKH XVHU¶V LQWHQWLRQ� )RU H[DP�

SOH� ZKHQ WKH XVHU GRHV QRW GUDJ WKH PRXVH� WKH YLHZ�

SRLQW VKRXOG QRW PRYH� :KHQ WKH XVHU FKDQJHV WKH

PDJQLWXGH RI LQSXW FRPPDQG� VD\ VSHHGLQJ XS� WKH

UHVXOWLQJ YLHZSRLQW PXVW PRYH UHODWLYHO\ IDVWHU� (YHQ

LI WKHUH DUH WHPSRUDU\ YLRODWLRQV RI XVHU LQWHQWLRQ� WKH

XVHU VKRXOG EH DEOH WR DGMXVW WKH LQSXW FRPPDQG WR

UHIOHFW KLV LQWHQWLRQ LQWHUDFWLYHO\�

,Q RUGHU WR UHVSHFW D XVHU¶V LQSXW� ZH DGRSW D G\�

QDPLF XSGDWH VFKHPH WR PRGLI\ WKH VWUHQJWK RI WKH

IRUFH ILHOG DW UXQ WLPH� 7KLV DGDSWLYH VFKHPH LV EDVHG

RQ D XVHU¶V QDYLJDWLRQ EHKDYLRU� VXFK DV VSHHG� RULHQ�

WDWLRQ� DQG KLVWRU\� )LUVW� ZH WKLQN WKH IRUFH VKRXOG EH

SURSRUWLRQDO WR WKH VSHHG RI WKH YLHZSRLQW� 7KXV� QR

IRUFHV VKRXOG EH DSSOLHG WR D VWDWLF YLHZSRLQW� 6HFRQG�

WKH DSSOLHG IRUFH VKRXOG UHIOHFW D XVHU¶V LQWHQWLRQ

WKURXJK WKH PRYLQJ GLUHFWLRQ DQG QDYLJDWLRQ KLVWRU\�

)RU H[DPSOH� ZKHQ D XVHU LQWHQGV WR PRYH WRZDUG

REVWDFOH ERXQGDU\� ZH VKRXOG UHGXFH WKH PDJQLWXGH RI

WKH IRUFH JUDGXDOO\ XQWLO WKH YLHZSRLQW UHDFKHV REVWD�

FOH ERXQGDU\� ,I WKH YLHZSRLQW PRYHV RXWZDUG IURP

WKH REVWDFOH ERXQGDU\� ZH VKRXOG DVVLVW WKH XVHU LQ

LQFUHDVLQJ WKH VWUHQJWK RI WKH UHSXOVLYH IRUFH�

7KH DGMXVWHG IRUFH LV FRPSXWHG ZLWK WKH IROORZLQJ

IRUPXOD�

SGYS ))
**

××=′ µµ � ���

ZKHUH
S
)
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LV WKH SUH�FRPSXWHG IRUFH IURP HT�����
Y

µ
DQG

G
µ DUH WZR FRHIILFLHQWV WKDW PRGLI\ WKH PDJQL�

WXGH RI WKH IRUFH� 7KH VSHHG FRHIILFLHQW
Y

µ LV GHILQHG

DV Y
Y

κµ = � ZKHUH Y LV WKH YLHZSRLQW¶V OLQHDU VSHHG

DQG κ LV D FRQVWDQW VFDODU� 7KH GLUHFWLRQ FRHIILFLHQW

G
µ LV GHILQHG DV ����

�−×=
QGQG
WW µηµ � ZKHUH

��
�−QG

Wµ LV WKH GLUHFWLRQ FRHIILFLHQW LQ WKH SUHYLRXV

WLPH VWHS DQG η LV D VFDOLQJ IDFWRU WKDW FRXOG EH ODU�

JHU WKDQ RU VPDOOHU WKDQ RQH GHSHQGLQJ RQ ZKHWKHU GRW

SURGXFW RI WKH YLHZSRLQW¶V PRYHPHQW YHFWRU DQG WKH

DSSOLHG IRUFH YHFWRU LV JUHDWHU WKDQ � �VDPH GLUHFWLRQ�

RU OHVV WKDQ � �RSSRVLWH GLUHFWLRQ�� ,Q RWKHU ZRUGV�

ZKHQ WKH IRUFH LV DSSOLHG DORQJ RU DJDLQVW WKH GLUHF�

WLRQ RI WKH YLHZSRLQW¶V PRWLRQ� LWV PDJQLWXGH ZLOO EH

HQODUJHG RU UHGXFHG� UHVSHFWLYHO\� :LWK WKLV XSGDWH

VFKHPH� WKH XVHU LV FDSDEOH RI PRYLQJ FORVH WR DQ RE�

VWDFOH ERXQGDU\ LI KH�VKH LQWHQGV WR GR VR VLQFH η
EHFRPHV VPDOOHU DQG VPDOOHU� :KHQ WKH XVHU PRYHV

DZD\ IURP WKH REVWDFOH� WKH PDJQLWXGH RI η LV

JUDGXDOO\ UHFRYHUHG� ,Q RUGHU WR SUHYHQW η IURP EH�

FRPLQJ WRR ODUJHU� ZH DOVR VHW D UHDVRQDEOH XSSHU

ERXQG IRU WKH PD[LPDO YDOXH RI η �

�D� �E�

)LJXUH �� IRUFH PDJQLWXGHV �D� DQG GLUHFWLRQV �E�

LQ DQ DUWLILFLDO IRUFH ILHOG

)LJXUH �� WRS YLHZ RI WKH PD]H HQYLURQPHQW

)LJXUH �� D VQDSVKRW RI WKH 950/ EURZVHU
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�� ,PSOHPHQWDWLRQ

���� &RQQHFWLQJ WR D 950/ EURZVHU

,Q RUGHU WR PDNH WKH UHVHDUFK UHVXOW EH PRUH SRUW�

DEOH� ZH FKRRVH WR PRGLI\ WKH RSHQ VRXUFH 950/

EURZVHU LPSOHPHQWHG EDVHG RQ WKH -DYD�' 6'. OL�

EUDU\�>��@ 7KLV 6'. DQG WKH 950/ EURZVHU DUH DOO

DYDLODEOH IRU )73 RQ WKH SXEOLF GRPDLQ�>��@ 7KH IRUFH

ILHOG FRPSXWDWLRQ SURJUDPV� LPSOHPHQWHG LQ -DYD�

UHDG LQ D �'�OD\RXW PDS RI REVWDFOHV DV ZHOO DV D �'

950/ ILOH� 7KH WRS YLHZ RI D W\SLFDO PD]H�OLNH VFH�

QDULR IRU RXU H[SHULPHQW LV GHSLFWHG LQ )LJXUH � DQG D

VQDSVKRW RI WKH 950/ EURZVHU LQWHUIDFH LV VKRZQ LQ

)LJXUH �� )RU FROOLVLRQ�GHWHFWLRQ SXUSRVH� ZH GHFRP�

SRVHG WKH ZRUNVSDFH LQWR D ���[��� XQLIRUP JULG RI

FHOOV� ,Q WKHVH SURJUDPV� ZH KDYH PRGLILHG WKH URXWLQH

IRU SURFHVVLQJ PRXVH HYHQWV DQG WKH URXWLQH IRU XS�

GDWLQJ WKH QH[W YLHZSRLQW FRQILJXUDWLRQ� ,Q D W\SLFDO

ZDONWKURXJK LQWHUIDFH� D XVHU LVVXHV KLV FRPPDQG E\

GUDJJLQJ D YHFWRU WKDW LV GHFRPSRVHG LQWR KRUL]RQWDO

DQG YHUWLFDO FRPSRQHQWV� UHSUHVHQWLQJ WKH URWDWLRQDO

DQG WUDQVODWLRQ YHORFLWLHV� UHVSHFWLYHO\� 7KHVH YHORFL�

WLHV FRUUHVSRQG WR D WUDQVIRUPDWLRQ WKDW WUDQVIRUPV WKH

YLHZSRLQW WR LWV QHZ FRQILJXUDWLRQ LQ WKH QH[W WLPH

IUDPH� 7KLV WUDQVIRUPDWLRQ LV PRGLILHG DFFRUGLQJ WR D

YHFWRU SURSRUWLRQDO WR WKH DUWLILFLDO IRUFH SURSRVHG LQ

WKLV SDSHU WR NHHS WKH YLHZSRLQW DZD\ IURP WKH REVWD�

FOHV�

���� 6\VWHP SDUDPHWHUV

6HYHUDO SDUDPHWHUV GHWHUPLQH KRZ WKH IRUFH ILHOG

DIIHFWV XVHU QDYLJDWLRQ� )LUVW� WKH VWDWLF IRUFH ILHOG LV

FRPSXWHG LQ D SUHSURFHVVLQJ VWHS� (DFK JULG SRLQW LQ

WKH ZRUNVSDFH LV DVVRFLDWHG ZLWK D IRUFH WKDW LV FRP�

SXWHG DV D UHVXOWDQW IRUFH IURP DOO ERXQGDU\ SRLQWV LQ D

ZLQGRZ RI VL]H ��[��� 7KH VSHHG FRHIILFLHQW�
Y

µ � LQ

HT���� LV SURSRUWLRQDO WR WKH PDJQLWXGH RI QDYLJDWLRQ

LQSXW DQG ERXQGHG E\ D UHDVRQDEOH YDOXH� 6HFRQG� WKH

VFDOH�GRZQ IDFWRU� η � IRU WKH GLUHFWLRQ FRHIILFLHQW LQ

HT���� LV VHW WR ��� DQG WKH ORZHU ERXQG IRU WKLV FRHI�

ILFLHQW LV ���� :KHQ WKH FRHIILFLHQW LV VFDOHG XS� WKH

VFDOLQJ IDFWRU� η � LV VHW WR ���� DQG WKH LWV XSSHU

ERXQG LV �����

�� ([SHULPHQWV

���� ([SHULPHQWDO VHWWLQJV

7HQ VXEMHFWV ZHUH LQYLWHG WR WHVW WKH LPSOHPHQWHG

V\VWHP� (DFK RI WKHP LV DVNHG WR SHUIRUP IRXU UXQV RI

H[SHULPHQWV� (DFK UXQ RI WKH QDYLJDWLRQ H[SHULPHQWV

XVHV D GLIIHUHQW DVVLVWDQFH PHWKRG� 7KHVH IRXU PHWK�

RGV LQFOXGH WKH RULJLQDO PHWKRG ZLWK QR DVVLVWDQFH� WKH

SDWK�SODQQLQJ PHWKRG SURSRVHG LQ >��@� WKH IRUFH ILHOG

PHWKRG SURSRVHG LQ WKLV SDSHU� DQG WKH PHWKRG RI

FRPELQLQJ WKH WZR DIRUHPHQWLRQHG PHWKRGV� 7KH\ DUH

JLYHQ D VKRUW LQVWUXFWLRQ DERXW KRZ WR XVH WKH EURZVHU

DQG KRZ WR SHUIRUP WKH H[SHULPHQW� 7KH H[SHULPHQW

DVNV D XVHU WR QDYLJDWLRQ WKURXJK VHYHUDO ODQGPDUNV

ODEHOHG LQ VHTXHQFH DV VKRZQ LQ )LJXUH �� 7KH XVHU

QDYLJDWHV LQ WKH PD]H ZLWK WKH ILUVW�SHUVRQ :$/.

PRGH SURYLGHG E\ WKH 950/ EURZVHU� ,Q HDFK UXQ RI

WKH H[SHULPHQW� D XVHU LV DVNHG WR PRYH WKH YLHZSRLQW

IURP ODQGPDUN � WKURXJK ODQGPDUN � DV TXLFNO\ DV

SRVVLEOH� $ ERXQFLQJ EDOO LV SODFHG LQ WKH VFHQH WR

KHOS WKH XVHUV LGHQWLI\ WKH WDUJHWLQJ ODQGPDUN� ,Q RUGHU

WR FRQWURO WKH H[SHULPHQWDO HQYLURQPHQW� WKHVH ODQG�

PDUNV DUH SODFHG LQ D ZD\ WKDW WKH QDYLJDWLRQ SDWKV

H[HFXWHG E\ GLIIHUHQW XVHU ZLOO EH RI WKH VDPH WRSRO�

RJ\� ,Q DGGLWLRQ� WKH RUGHU WKDW D XVHU WULHV RXW WKHVH

IRXU PHWKRGV LV UDQGRP VXFK WKDW WKH HIIHFWV RI JHWWLQJ

IDPLOLDU ZLWK WKH WHVW HQYLURQPHQW LV PLQLPL]HG�

���� ([SHULPHQWDO UHVXOWV

7KH H[SHULPHQWDO UHVXOWV FRQVLVW RI WZR SDUWV� RE�

MHFWLYH VWDWLVWLF GDWD DQG VXEMHFWLYH XVHU FRPPHQWV�

7KH FRPSDULVRQV RI WKH QDYLJDWLRQ SHUIRUPDQFH XQGHU

GLIIHUHQW PHWKRGV DUH VXPPDUL]HG LQ 7DEOH �� 7ZR

GDWD LWHPV� RYHUDOO H[HFXWLRQ WLPHV DQG QXPEHU RI

GHWHFWHG FROOLVLRQV IRU HDFK PHWKRG DUH OLVWHG� 7KH

DYHUDJH RYHUDOO QDYLJDWLRQ WLPH ZLWKRXW DQ\ DVVLVWDQFH

LV ��� VHFRQGV ZKLOH WKH WLPHV ZLWK WKH SDWK�SODQQLQJ

PHWKRG DQG WKH IRUFH ILHOG PHWKRG DUH ��� DQG ���

VHFRQGV� UHVSHFWLYHO\� 7KLV UHVXOW LPSOLHV WKDW WKH IRUFH

ILHOG PHWKRG FRXOG EH DV HIIHFWLYH DV WKH

SDWK�SODQQLQJ PHWKRG�

$QRWKHU LQWHUHVWLQJ UHVXOW ZH KDYH IRXQG LV WKDW

ZKHQ ZH DSSO\ ERWK PHWKRGV� WKH DYHUDJH QDYLJDWLRQ

SHUIRUPDQFH ���� VHFRQGV� LV WKH EHVW DPRQJ DOO

PHWKRGV DV VKRZQ LQ WKH IRXUWK FDWHJRU\ RI 7DEOH ��

7KLV UHVXOW LPSOLHV WKDW WKH IRUFH ILHOG PHWKRG FRP�

SOHPHQWV WKH SDWK�SODQQLQJ PHWKRG DQG WKHUHIRUH FDQ

EH DSSOLHG WR HQKDQFH WKH RYHUDOO HIILFLHQF\� ,QWXL�

WLYHO\ VSHDNLQJ� WKH IRUFH ILHOG LV XVHG WR UHGXFH WKH

FKDQFH RI FROOLVLRQV ZLWK REVWDFOHV ZKLOH WKH

SDWK�SODQQLQJ PHWKRG UHVROYHV WKH FROOLVLRQ VLWXDWLRQ

LI LW RFFXUV� )RU WKLV H[SHULPHQWDO VFHQH� WKH QDYLJD�

WLRQ SHUIRUPDQFH FDQ EH LPSURYHG E\ DV PXFK DV ��

SHUFHQWV�

)LJXUH �� VHTXHQWLDO ODQGPDUNV LQ WKH H[SHULPHQWDO

HQYLURQPHQW
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7KH XVHUV¶ VXEMHFWLYH FRPPHQWV VXJJHVW WKDW WKH

IRUFH�ILHOG PHWKRG FRXOG EH PRUH QDWXUDO WKDQ WKH

SDWK�SODQQLQJ PHWKRG IRU QDYLJDWLRQ H[SHULHQFH� 7KH

QXPEHU RI GHWHFWHG FROOLVLRQV UHYHDOV VRPH RI WKH UD�

WLRQDOH EHKLQG� :KHQ WKH IRUFH�ILHOG PHWKRG LV XVHG�

WKH QXPEHU RI FROOLVLRQV LV PXFK VPDOOHU WKDQ RWKHU

PHWKRGV DV H[SHFWHG� +RZHYHU� ZKHQ WKH

SDWK�SODQQLQJ PHWKRG LV XVHG� WKLV QXPEHU LV HYHQ

ODUJHU WKDQ WKH FDVH RI XVLQJ QHLWKHU PHWKRG� 7KLV

PLJKW LPSO\ WKDW WKH XVHUV WHQG WR UHO\ RQ WKH SDWK

SODQQHU WR UHVROYH WKH FROOLVLRQ VLWXDWLRQ LQVWHDG RI

WU\LQJ KDUG WR DYRLG LW� :KHQ WKH IRUFH�ILHOG PHWKRG LV

DSSOLHG DV ZHOO� ZH IRXQG WKDW WKLV QXPEHU FDQ EH HI�

IHFWLYHO\ UHGXFHG�

�� &RQFOXVLRQ

,Q WKLV SDSHU� ZH KDYH SURSRVHG D HIIHFWLYH PHWKRG

RQ GHVLJQLQJ DQ LQWHOOLJHQW XVHU LQWHUIDFH IRU DUFKLWHF�

WXUDO ZDONWKURXJK DSSOLFDWLRQV� $Q DUWLILFLDO IRUFH

ILHOG LV FRPSXWHG WR DVVLVW XVHUV LQ QDYLJDWLQJ WKURXJK

GLIILFXOW DUHDV ZKHUH WKH XVHUV RIWHQ JHW VWXFN ZLWK WKH

WUDGLWLRQDO XVHU LQWHUIDFH� 7KLV PHWKRG KDV EHHQ VXF�

FHVVIXOO\ LQWHJUDWHG ZLWK WKH ORZ�OHYHO FRQWURO ORRS LQ

D 950/ EURZVHU� 2XU SUHOLPLQDU\ H[SHULPHQWDO UH�

VXOWV VKRZ WKDW WKLV PHWKRG FDQ UHGXFH WKH RYHUDOO

QDYLJDWLRQ WLPH DV HIIHFWLYHO\ DV WKH SDWK�SODQQLQJ

PHWKRG� ,Q DGGLWLRQ� VLQFH ERWK PHWKRGV FRPSOHPHQW

HDFK RWKHU� WKH LPSURYHPHQW RQ QDYLJDWLRQ HIILFLHQF\

LV HYHQ PRUH VLJQLILFDQW ZKHQ ERWK PHWKRGV DUH DS�

SOLHG VLPXOWDQHRXVO\�

$FNQRZOHGJPHQWV

7KLV ZRUN ZDV SDUWLDOO\ VXSSRUWHG E\ JUDQWV IURP

1DWLRQDO 6FLHQFH &RXQFLO XQGHU FRQWUDFW 16&

��������(���������

5HIHUHQFHV

>�@ &KHQ� 0RXQWIRUG� DQG 6HOOHQ� ³$ 6WXG\ LQ ,QWHU�

DFWLYH �' 5RWDWLRQ 8VLQJ �' &RQWURO 'HYLFHV�´

&RPSXWHU *UDSKLFV� ������������� ������

>�@ 6� 0� 'UXFNHU DQG '� =HOW]HU� ³,QWHOOLJHQW &DP�

HUD &RQWURO LQ D 9LUWXDO (QYLURQPHQW�´ *UDSKLFV

,QWHUIDFH¶��� SS� �������� �����

>�@ 3� .� (JEHUW� DQG 6� +� :LQNOHU� ³&ROOLVLRQ�)UHH

2EMHFW 0RYHPHQW 8VLQJ 9HFWRU )LHOGV�´ LQ ,(((

&RPSXWHU *UDSKLFV DQG $SSOLFDWLRQV�

������������ -XO\� �����

>�@ 0�5� -XQJ� '� 3DLN� '� .LP� ³$ &DPHUD &RQWURO

,QWHUIDFH %DVHG RQ WKH 9LVXDOL]DWLRQ RI 6XE�

VSDFHV RI WKH �' 0RWLRQ 6SDFH RI WKH &DPHUD�´

3URF� RI ,((( 3DFLILF *UDSKLFV¶��� �����

>�@ 2� .KDWLE� ³5HDO�7LPH 2EVWDFOH $YRLGDQFH IRU

0DQLSXODWRUV DQG 0RELOH 5RERWV�´ 3URF� RI

,((( 5RERWLFV DQG $XWRPDWLRQ &RQIHUHQFH�

SS�������� �����

>�@ -�-� .XIIQHU� �*RDO�'LUHFWHG 1DYLJDWLRQ IRU $QL�

PDWHG &KDUDFWHUV 8VLQJ 5HDO�7LPH 3DWK

3ODQQLQJ DQG &RQWURO�� 3URF� RI &$37(&+ 
���

:RUNVKRS RQ 0RGHOOLQJ DQG 0RWLRQ &DSWXUH

7HFKQLTXHV IRU 9LUWXDO (QYLURQPHQWV� *HQHYD�

6ZLW]HUODQG� 1RY� ������ �����

>�@ -�-� .XIIQHU DQG -�&� /DWRPEH� �)DVW 6\QWKHWLF

9LVLRQ� 0HPRU\� DQG /HDUQLQJ 0RGHOV IRU 9LU�

WXDO +XPDQV�� 3URF� RI &$ 
��� ,((( ,QWHUQD�

WLRQDO &RQIHUHQFH RQ &RPSXWHU $QLPDWLRQ� *H�

QHYD� 6ZLW]HUODQG� 0D\ ������ �����

>�@ -� /DWRPEH� 5RERW 0RWLRQ 3ODQQLQJ� .OXZHU�

%RVWRQ� 0$� �����

>�@ 7�<� /L� -�0� /LHQ� 6�<� &KLX� DQG 7�+� <X�

³$XWRPDWLFDOO\ *HQHUDWLQJ 9LUWXDO *XLGHG

7RXUV�´ 3URF� RI WKH &RPSXWHU $QLPDWLRQ 
��

&RQIHUHQFH� *HQHYD� 6ZLW]HUODQG� SS�������

0D\ �����

>��@7�<� /L� DQG +��. 7LQJ �� ³$Q ,QWHOOLJHQW 8VHU

,QWHUIDFH ZLWK 0RWLRQ 3ODQQLQJ IRU �' 1DYLJD�

WLRQ�´ 3URF� RI WKH ,((( 9LUWXDO 5HDOLW\ ����

&RQI�� 0DUFK �����

>��@7�<� /L� DQG &�& &KDQJ� ³3DWK 3ODQQLQJ ZLWK ,Q�

FUHPHQWDO 5RDGPDS 8SGDWH IRU /DUJH (QYLURQ�

PHQWV�´ 3URF� RI ���� WKH ,((( ,QWHUQDWLRQDO

&RQIHUHQFH RQ 5RERWLFV DQG $XWRPDWLRQ� 0D\

�����

>��@+� /LHEHUPDQ� ³,QWHJUDWLQJ 8VHU ,QWHUIDFH

$JHQWV ZLWK &RQYHQWLRQDO $SSOLFDWLRQV�´ LQ 3URF�

RI $&0 &RQIHUHQFH RQ ,QWHOOLJHQW 8VHU ,QWHU�

IDFHV� 6DQ )UDQFLVFR� -DQXDU\ �����

>��@0� 0D\EXU\ DQG :� :DKVWHU �HGV�� 5HDGLQJV LQ

,QWHOOLJHQW 8VHU ,QWHUIDFHV� 0RUJDQ .DXIPDQQ�

0HQOR 3DUN� &$�

>��@1HLOVRQ DQG 2OVHQ� ³'LUHFW 0DQLSXODWLRQ 7HFK�

QLTXHV IRU �' 2EMHFWV 8VLQJ �' /RFDWRU 'H�

1HLWKHU 3ODQQHU )RUFH )LHOG

)RUFH )LHOG

	 3ODQQHU

0HWK

RG

8VHU

7LPH &ROOL�

VLRQ

7LPH &ROOL�

VLRQ

7LPH &ROOL�

VLRQ

7LPH &ROOL�

VLRQ

� ��� ��� �� ��� �� �� �� ��

� ��� ��� ��� ��� ��� ��� ��� ���

� �� ��� �� ��� ��� ��� �� ���

� ��� ��� �� ��� ��� �� ��� ���

� ��� ��� ��� ��� ��� ��� ��� ���

� ��� ��� ��� ��� �� ��� �� ��

� ��� ��� ��� ��� ��� �� ��� ���

� ��� �� ��� �� ��� �� ��� ��

� ��� ��� �� ��� �� ��� �� ��

�� ��� ��� ��� ��� ��� ��� ��� ���

$YJ� ��� ��� ��� ��� ��� ��� ��� ���

� �� ��� ��� ���

7DEOH �� VWDWLVWLF GDWD �QDYLJDWLRQ WLPH LQ VHFRQGV

DQG QXPEHU RI FROOLVLRQV� RI WHQ XVHUV XVLQJ WKH LQ�

WHOOLJHQW LQWHUIDFH



�

YLFHV�´ LQ 3URF� RI WKH ���� :RUNVKRS RQ ,QWHU�

DFWLYH �' *UDSKLFV� SS �������� �����

>��@%� 6KQHLGHUPDQ DQG 3� 0DHV� ³'LUHFW 0DQLSXOD�

WLRQ YV� ,QWHUIDFH $JHQWV�´ ,QWHUDFWLRQV� �����

������ 1RY��'HF� �����

>��@'� ;LDR� 5� +XEEROG� ³1DYLJDWLRQ *XLGHG E\

$UWLILFLDO )RUFH )LHOGV� ³ LQ 3URF� RI WKH $&0

&+,¶�� &RQIHUHQFH� SS�������� �����

>��@950/�� ,QWHUQDWLRQDO 6WDQGDUG� 85/�

KWWS���ZZZ�ZHE�G�RUJ�WHFKQLFDOLQIR�VSHFLILFDWLR

QV�YUPO���LQGH[�KWP

>��@7KH -DYD�' DQG 950/ ZRUNLQJ JURXS�

KWWS���ZZZ�YUPO�RUJ�:RUNLQJ*URXSV�YUPO�MDYD�

G�


