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PBSEVWUDFW

7KLV WKHVLV GHVFULEHV WKH UHVHDUFK LQ WKH ILHOG RI (P ERGLHG &RQYHUVDWLRQDO SSJHQWV (&$BV C(&S$BV DUH
FRPSXWHU YLVXDOLVHG DIHQWYV ZIWK ZKLFK XVHUV FDQ FRP P XQLFDWH LQ D KXPFPDQ ZD\ LQ RUGHU WR EH DEOH
WR FRP P XQLFDWH DQG ZRUN ZILWK WKH FRPSXWHU FPRUH HDVLO\ DQG LQ D FPRUH QDWXUDO ZD\ 7KH JRDO LV WR
DGDSW FRPSXWHUV WR KXPDQ FRP P XQLFDWLRQ D VWHS LQ WKH ULJKW GLUHFWLRQ LV DGDSWLQJ WKH 1ZLQGRZV=
LQWHUIDFHYV ZIWK PRUH KXPFPDQ OLNH LQWHUIDFHV 7KHVH KXPFPDQ OLNH LQWHUIDFHV FDQ EH IRXQG LQ VR FDOOHG
(P ERGLHG &RQYHUVDWLRQDO SJHQWY S$SFFRUGLQJ WR 3RJJL HW DO > @ KXPDQV FRP P XQLFDWH LQ WKH VDPFPH
ZD\ ZIWK (&$BV DV WKH\ ZRX0G GR ZIWK RWKHU KXPDQV 7KHUHIRUH (&3$V VKRX0G FRP P XQLFDWH LQ D
QDWXUDO ZD\ 7R LQVSLUH FRQILGHQFH DQG WR EH WUXVWZRUWK\ WKHLU FRPFP P XQLFDWLRQ IRUPPV VKRX0G FRQWDLQ
DVSHFWVY RI KXPDQ FRP P XQLFDWLRQ L H YHUEDO DQG QRQ YHUEDO FRPFPP P XQLFDWLRQ \H JD]JH ERG\
SRVWXUH KDQG JHVWXUHV DQG IDFLD0O GLVSOD\V FDQ EH XVHG WR HQULFK WKH FRQYHUVDWLRQ f*D]H

FRP P XQLFDWLYH DFWV= DV LOQWURGXFHG E\ 3RJJL HW DO DUH WKRVH FRP P XQLFDWLYH DFWV SHUIRUPHG E\ H\H
PRYHPHQWY EOLQN H\HEURZ DQG XSSHU DQG ORZHU H\HOLG FPRYHV 7KLV WKHVLV WULHV WR DQVZHU WKH
TXHVWLRQV ZKHWKHU WKHVH *D]JH FRP P XQLFDWLYH DFWV= FDQ EH SHUFHLYHG DQG LQWHUSUHWHG EN\ KXPDQV
7KLV ZDV GRQH EN\ FPHDQV RI D FRPSUHKHQVLYH HESHULPHQW ZILWK DQLFPDWLRQV DURPF WKH HLSHULFPHQW
FRX0G EH GHULYHG WKDW VXEMHFWVY ZHUH DEOH WR SHUFHLYH WKH FRP P XQLFDWLYH DFWV SHUIRUFPHG E\ WKH
(&S EXW LQWHUSUHWLQJ ZDV D PRUH GLIILFXOW WDVN  7KH HLSHULPHQW ZDV GLYLGHG LQWR WZR SDUWVY RQH
ZILWK 3HUOLQ QRLVH DQG RQH SDUW ZILWKRXW 3HUOLQ QRLVH WR EH DEOH WR FPHDVXUH WKH LQIOXHQFH RI1 3HUOLQ
QRLVH 33HUOLQ QRLVH LV D UDQGRF JHQHUDWHG QRLVH WKDW UHVXOWV LQ UDQGRF PRYHPHQWY ZKLFK FDQ EH
DSSO0LHG WR P DNH DQ (&35 PRUH QDWXUDO DQG OHVV VWDWLF S$SOWKRXJK 3HULQ QRLVH FRQWULEXWHV WR WKH
T1QDWXUDOQHVV= Rl DQ (&$ LW VHHPHG WKDW DGGLQJ 3HUOLQ QRLVH KDG D QHJIDWLYH HITHFW RQ WKH VXEMHFWV
SHUFHLYLQJ DQ LOQWHUSUHWLQJ 7KH ILQD0 SDUW RI WKH HESHULPHQW FKHFNHG XS RQ LI WKH VXEMHFWY KDG D
SUHIHUHQFH IRU DQLFPDWLRQV ZIWK WKH fFRUUHFW= FRPFP P XQLFDWLYH DFWVW W VHHPFPHG WKDW WKH VXEMHFWV KDG D

VWURQJ SUHIHUHQFH IRU WKH DQLPDWLRQV ZILWK WKH TFRUUHFW= FRP P XQLFDWLYH DFWV

-(=z=257"6 (PERGLHG &RQYHUVDWLRQDO SJHQWV (&$HV *D]1H T1>D1H FRP P XQLFDWLYH DFWV- 3HUOLQ

QRLVH

3DJH



6DPHQYDWWLQJ

~H]H VFULSWLH EHVFKULMIW HHQ RQGHUJRHN RS KHW JHELHG YDQ (P ERGLHG &RQYHUVDWLRQDO $SIHQWV (&SBV
C&S$=V ILMQ IJHYLVXDOLVHHUGH DJIHQWV= ZDDUPHH JHEUXLNHUV NXQQHQ FRP P XQLFHUHQ RP RS HHQ
JIHPPDNNHOLMNHUH HQ PPHHU QDWXXUOLMNH P DQLHU PHW HHQ FRPP SXWHU WH NXQQHQ ZHUNHQ —+HW LGHH
KLHUDFKWHU LV GDW GH JHEUXLNHU JLMQ FRPP P XQLFDWLHJHGUDJ QLHW DDQ GH FRPPSXWHU GLHQW DDQ WH SDVVHQ
P DDU GDW GH FRP SXWHU KHW FRPP P XQLFDWLHIHGUDJ YDQ GH JHEUXLNHU RYHUQHHPW ,Q VWDS LQ GH JRHGH
ULFKWLQJ LV KHW YHUYDQJHQ YDQ GH KXLGLJH 1 = LQGRZV= LQWHUIDFHV RS FRPSXWHUV GRRU PHQVDFKWLIH
LQWHUIDFHY (HQ (&S$ LV HHQ GHUJHOLMNH LQWHUIDFH 9RO0JHQV 3RJJL HW D0 > @ FRPP P XQLFHUHQ JHEUXLNHUV
KHWIHOIGH PHW (&$=V DOV PHW DQGHUH PHQVHQ (&S$=V IX00HQ GXV LQ HHQ QDWXXUOLMNH YRUFPP P RHWHQ
FRP P XQLFHUHQ HQ JHORRIZDDUGLJ RYHU PRHWHQ NRPHQ 2P (&$=V QDWXXUOLMN HQ JHORRIZDDUGLJ WH ODWHQ
FRPP P XQLFHUHQ ]D0 KXQ FRP P XQLFDWLH YRUP LQ LHGHU JHYDO DVSHFWHQ YDQ FPHQVHOLMNH FRPP PP XQLFDWLH
QDPHOLMN YHUEDOH HQ QRQ YHUEDOH FRP PXQLFDWLH PRHWHQ EHYDWHQ 2RJ EHZHJILQJIHQ f*D]H=-
OLFKDDPVKRXGLQJ KDQGJIHEDUHQ HQ JHILFKWVXLWGUXNNLQIHQ NXQQHQ JHEUXLNW ZRUGHQ RP GH
FRPP P XQLFDWLH WH YHUULMNHQ f*D]1H FRP P XQLFDWLYH DFWV- JRDOV 3RJJL HW DO JH LQWURGXFHHUGHQ JLMQ
GLH FRP P XQLFDWLHYH KDQGHOLQIJHQ DFWV GLH XLWJHYRHUG ZRUGHQ GRRU RRIJEHZHJLQJIHQ NQLSSHUHQ YDQ
GH RJHQ ZHQNEUDXZ EHZHJILQIHQ HQ EHZHJLQIHQ PHW GH RRJOHGHQ ~H]H VFULSWLH SUREHHUW HHQ
DQWZRRUG WH JHYHQ RS YUDDJ RI GH]IH 1*D]H FRP P XQLFDWLYH DFWVe ZH0 GRRU JHEUXLNHUV ZDDUJHQRPHQ
HQ JHWQWHUSUHWHHUG NXQQHQ ZRUGHQ ~RRU PLGGHO0 YDQ HHQ XLWIHEUHLG HLSHULPHQW PHW DQLPDWLHV YDQ
HHQ (&S$ LV JHWUDFKW GH]1H YUDJHQ WH EHDQWZRRUGHQ 8LW KHW HLSHULPHQW EOHHN GDW GH SURHISHUVRQHQ
ZHO0 LQ VWDDW ZDUHQ RPP GH FRPP P XQLFDWLHYH KDQGHOLQJIHQ YDQ GH (&S$ LQ GH DQLPDWLHV ZDDU WH QHPHQ
P DDU KHW LQWHUSUHWHUHQ HUYDQ ZDV HHQ P RHLOLMNHUH RSJDYH ~+HW HLSHULPHQW ZDV RSJHGHHOG LQ WZHH
GHOHQ HHQ PHW 3HUOLQ QRLVH HQ HHQ GHHO JRQGHU 3HUOLQ QRLVH RP GH LQYORHG YDQ 3HUOLQ QRLVH WH
NXQQHQ PHWHQ 3HUOLQ QRLVH LV HHQ ZLOOHNHXULJ JHIHQHHUGH UXLV GLH KHW fVWDWLVFKH= YDQ HHQ (&%=V
YHUULMNW PHW QDWXXUOLMNH FRQWLQXH EHZHJILQIHQ ~+RHZHO 3HUOLQ QRLVH ELMGUDDJW DDQ GH QDWXXUOLMNKHLG
YDQ GH (&$ EOHHN KHW GDW KHW WRHYRHJHQ YDQ 3HUOLQ QRLVH HHQ QHJDWLHYH LQYORHG KDG RS GH
ZDDUQHPLQIHQ HQ LQWHUSUHWDWLHV YDQ GH SURHISHUVRQHQ
,Q KHW 0ODDWVWH JHGHHOWH YDQ KHW HLSHULPHQW ZHUG JHSUREHHUG QD WH JDDQ RI GH SURHISHUVRQHQ HHQ
YRRUNHXU KDGGHQ YRRU DQLPDWLHV PHW GH fMXLVWH= FRP P XQLFDWLHYH KDQGHOLQJHQ -+HW EOHHN GDW GH
SURHISHUVRQHQ LQGHUGDDG HHQ VWHUNH YRRUNHXU KDGGHQ YRRU GH DQLPDWLHV PHW GH TMXLVWH=

FRP P XQLFDWLHYH KDQGHOLQJHQ

750 = 2257 (1 (PERGLHG &RQYHUVDWLRQDO SIJHQWV (&$BV *D]1H 91*DI1H FRP P XQLFDWLYH DFWV= 3HUOLQ

QRLVH

3DJH



3UHIDFH

,Q FRQFOXVLRQ RI WKH EDFKHORU DQG FPDVWHUYV SURJUDP PH &RPP PXQLFDWLRQ T LIWDO OHGLD &~ O DW WKH

SHUWV IDFXOWN RI 7LOEXUJ 8QLYHUVLWN ,=YH GRQH LQTXLULHV LQWR DQG FRQGXFWHG DQ HLSHULFPHQW RQ WKH

LQIOXHQFH R1 H\HV RQ WKH LQWHUSUHWDWLRQ RI XWWHUDQFHV R1 (P ERGLHG &RQYHUVDWLRQDO SJHQWV (&$BV

7KH WKHVLVY WKDW OLHV EHIRUH \RX GHVFULEHV WKH P DWWHU WKDW ,=YH EHHQ ZRUNLQJ RQ IRU WKH SDVW PRQWKV

ZIWK PXFK SOHDVXUH

7KH VXEMHFW RI WKH WKHVLV ZDV LOWURGXFHG WR PH EN\ P\ VXSHUYLVRU GU (PLHO _UDKPHU —+H ZDV

ZRUNLQJ RQ VHYHUDO SURMHFWY FRQFHUQLQJ (&$V $HIWHU DFFRPSDON\LQJ PH DQG P\ JURXS GXULQJ D SURMHFW

DW WKH IDFXOW\ ZHUH KH VDZ P\ SUDFWLFDO DWWLWXGH KH DVNHG FPH LI , ZDV LQWHUHVWHG LQ RQH RI KLV

VXEMHFWY LQ WKH WKHVLVY GDWDEDVH -+H KDG VRPH SUDFWLFDO DVVLIJQPHQWY LQ VWRUH VR , VDLG , ZDV S1WHU D

IHZ=Z WDONV ZH DJUHHG RQ WKLV VXEMHFW 7KH HOQWKXVLDVF KH KHOG ZKLOH WHOOLQJ FPH DERXW (&$V SHUVXDGHG

PH WR FKRRVH IRU WKLV VXEMHFW , ZRX0G OLNH WR WKDQN KLPFP IRU LOWURGXFLQJ PH WR WKH VXEMHFW DQG RI

FRXUVH IRU VXSHUYLVLQJ DQG FPRWLYDWLQJ FPH GXULQJ WKH WKHVLV SHULRG

7R EH DEOH WR UHDOLVH WKH HLESHULPHQW , QHHGHG DQ (&$ &DWKHULQH 3HODFKDXG DQG KHU FROOHDJXHV RI1

WKH S5SRFPH 8QLYHUVLW\ DJUHHG WR OHW FPH fERUURZ- WKHLU * WDONLQJ KHDG fUHWD=- , FRX0G QRW KDYH

GRQH WKH HESHULPHQW ZIWKRXW LW WKHUHIRUH , ZRX0G OLNH WR WKDQN WKHPF IRU OHQGLQJ- FPH WKHLU KHDG

AHL[W , ZRX0G OLNH WR WKDQN D00 RI WKH TIXLQHD SLIV- WKDW VDW EHKLQG P\ FRPSXWHU IRU DW OHDVW

ORQJ PLOXWHV 7KDQNV DJDLQ IRU \RXU YROXQWDUN\ FRRSHUDWLRQ

DLQDOON , ZRX0G OLNH WR WKDQN P\ SDUHQWV IRU VXSSRUWLQJ PH WR VWXG\ IRU VXFK D 0RQJ SHULRG $QG 0DVW

EXW QRW OHDVW , ZRX0G OLNH WR WKDQN /LHNH IRU VXSSRUWLQJ FPH DQG XQGHUVWDQGLQJ WKDW VRIPHWLFPHV

T*~UHWD= FDPH ILUVW LQ WKH SDVVHG P RQWKV

3DJH



KROQWHOQWV

SEVWUDFW

6DPHQYDWWLQJ

3UHIDFH

&RQWHQWV

,QWURGXFWLRQ

ORWLYDWLRQ

BWUXFWXUH RI WKH UHSRUW

CPERGLHG &RQYHUVDWLRQDO SSJHQWV

= KDW DUH (&$V

21 ZKDW XVH DUH (&s$V™

S5HVHDUFK RQ (&S$V

+RZ GR (&$V ZRUN"

PHOWHUQDWH BUFKLWHFWXUH

C&$BV DQG *D]JH

OHDQLQJ RI1 *=~D]H
$HUH KXPDQV DEOH WR SLFN XS *D]H ODUNHUV"

3HUOLQ QRLVH

7KH CLSHULPHQW

S5HVX0owWV

S5HVHDUFK 4 XHVWLRQV

3357 $ 3HUFHSWLRQ RI *D]JH ODUNHUV
357 % ,QWHUSUHWDWLRQ RI *D]JH ODUNHUV
3357 & 3UHIHUHQFHV

7KH C1ITHFW RI 3HUOLQ QRLVH

CLSHULPHQWDO VHW XS

3357 $ 3HUFHSWLRQ RI *D]JH ODUNHUV
357 % ,QWHUSUHWDWLRQ RI *D]JH ODUNHUV
3$57 & I3UHIHUHQFHV

SYRLGLQI /7HDUQLQJI CIITHFWV

CLSHULPHQWDO 30DWIRUP

7HVW VXEMHFWV

BURFHGXUH

3657 $ 3HUFHSWLRQ RI *D]JH ODUNHUV

$SGMHFWLYDO H\HV 6P D00

SGMHFWLYDO H\HV /DUJH
SHUIRUPDWLYH H\HV 6XJJHVW
3HUIRUPDWLYH H\HV ,P SO0RUH
SIHFWLYH H\HV  $5QJHU

SIIHFWLYH H\HV 6DGQHVV
OHWDFRJQLWLYH H\HV  7KLQNLQJ
OHWDFRJIQLWLYH H\HV SHPHPEHULQJ

T LVFXVVLRQ

3DJH



3857 % ,QWHUSUHWDWLRQ RI1 *D]H ODUNHUV
$HSGMHFWLYDO H\HV 6P D00
$HSGMHFWLYDO H\HV ~/DUJH
SHUIRUPDWLYH H\HV 6XJJHVW
SHUIRUPDWLYH H\HV P SO0RUH
SIHIHFWLYH H\HV  $5QJHU
SIHFWLYH H\HV 6DGQHVV
OHWDFRJQLWLYH H\HV  7KLQNLQJ
OHWDFRJIQLWLYH H\HV SHPHPEHULQJ

T LVEXVVLRQ

3557 & 3BUHIHUHQFHV
SHSGMHFWLY DO H\HV
3HUIRUPDWLYH H\HV
SIHIHFWLYH H\HV
OHWD FRJIQLWLYH H\HV
T LVFEXVVLRQ

&RQFOXGLQJI SHFPDUNV

&RQFOXVLRQV

D XWXUH SHVHDUFK

YLEOLRJUDSKN\

=z HE VRXUFHV

BSSHQGLL $H ODNLQJ *~UHWD FRFH WR OLIH

O/ D>$H3 DQG DHVWLYDO

UHWD O3 (™ >3$3 SOD\HU

30DW\SXV $QLFPDWRU

$SGREH 3UHPLHUH

BSSHQGLL % 7DJ VHW IRU XVH ZLWK *~UHWD

BSSHQGLL & GO0J ILOHV IRU SDUW $5 RI WKH HLSHULPHQW

SHSGMHFWLYDO W\SHV

3HUIRUFPDWLYH W\SHV

SIHIHFWLYH W\SHV

OHWD FRJQLWLYH WA\SHV

T LVWUDFWLRQ SDLUV

BSSHQGLL ~ GO0J ILOHV IRU SDUW % RI WKH HLSHULPHQW

3UDFWLVH DQLFPDWLRQ

SHSGMHFWLYDO W\SHV

3HUIRUFPDWLYH W\SHV

SIHIHFWLYH W\SHV

OHWD FRJQLWLYH WA\SHV

BSSHQGLL C GO0J ILOHV IRU SDUW & RI WKH HLSHULPHQW

3UDFWLVH DQLFPDWLRQ

SHSGMHFWLYDO W\SHV

3DJH



B3HUIRUFPDWLYH W\SHV
SIHIHFWLYH W\SHV

OHWD FRJQLWLYH WA\SHV

BSSHQGLL > ZLVW R1 DLIXUHV

BSSHQGLL ~ ZLVW R1 7DEOHV

BSSHQGLL + & T 520V RI WK

&RQWHQWV RI &~ 520

&RQWHQWV RI &~ 520

H CCSHULPHQW

3DJH



,OWURGXFWLRQ

7KLV FKDSWHU JLYHV DQ LOQWURGXFWLRQ WR WKLV WKHVLV EN\ GHVFULELQJ LW PRWLYDWLRQ DQG WKH VWUXFWXUH RI WKLV

UHSRUW

ORWLYDWLRQ

7KH PRWLYDWLRQ IRU WKLV HESHULPHQW DURVH IURP WKH LQWHUHVW R1 UHVHDUFKHUV DW WKH &RP P XQLFDWLRQ

" LILWDO OHGLD &~ O SURJUDP PH WR LPSURYH KXPDQ FRPSXWHU LQWHUDFWLRQ ,Q D ZRUOG LQ ZKLFK

FRPP SXWHUV DUH DOPRVW RPQLSUHVHQW WKHUH DUH VWLO0O SHRSOH ZKR FDQQRW RU GR QRW ZDQW WR ZRUN ZLWK
FRP SXWHUV $ VROXWLRQ WR SDUW RI WKLV SUREOHFPP FDQ EH IRXQG LQ UHPRYLQJ WKH EDUULHUV R1 KDYLQJ WR
OHDUQ WR ZRUN DQG FRP P XQLFDWH ZLWK D FRPSXWHU /HDUQLQJ WR ZRUN DQG FRP PXQLFDWH ZLWK D
FRPPSXWHU WDNHV WLPH DQG LV GLIILFXOW IRU VRPH SHRSOH (VSHFLDOO\ WKH ROGHU JHQHUDWLRQ DQG D JURXS RI
ORZHU HGXFDWHG SHRSOH HLSHULHQFH GLIILFXOWLHV OHDUQLQJ WR ZRUN ZLWK D FRPSXWHU ,1 KXPDQ FRPPSXWHU
LQWHUDFWLRQ FDQ EH LPSURYHG RU HYHQ EHWWHU FDQ EH DGDSWHG WR WKH PDQQHU WKDW KXPDQV LQWHUDFW
ZIWK HDFK RWKHU WKH EDUULHU RI KDYLQJ WR OHDUQ WR ZRUN DQG FRP P XQLFDWH ZLWK D FRPSXWHU FPD\
SRVVLEO\ GLVDSSHDU $ VWHS LQ WKH ULJKW GLUHFWLRQ LV DGDSWLQJ WKH 1ZLQGRZV= LQWHUIDFHV IRXQG RQ
GHVNWRS FRPPSXWHUV WRGD\ ZLWK PRUH KXPDQ OLNH LQWHUIDFHYV 7KHVH KXPDQ OLNH LQWHUIDFHV FDQ EH
IRXQG LQ VR FDOOHG $YDWDUV DQG (P ERGLHG &RQYHUVDWLRQDO SIHQWY 7KLV WKHVLV IRFXVHV RQ (P ERGLHG
&RQYHUVDWLRQDO SIHQWY (&S$BV  (&$BV DUH FRPSXWHU YLVXDOLVHG DJIHQWV XVHUV FDQ FRPP P XQLFDWH ZLWK LQ D
KXPDQ ZD\ LQ RUGHU WR EH DEOH WR ZRUN ZLWK WKH FRP SXWHU 7R PDNH DQ (&$ QDWXUDO DQG EHOLHYDEOH
WKHUH DUH D ITHZ LP SRUWDQW FULWHULD WKDW VKRX0G JXLGH GHVLIQLQJ WKHPFP 2QH RI WKHVH FULWHULD LV WKH
QDWXUDOQHVV RI WKH (&$ DQ (&S$ VKRX0G KDYH WKH QDWXUDO T0RRN= DQG TIHHO- RI D KXPDQ LQ RUGHU WR
LQVSLUH FRQILGHQFH DQG WR EH WUXVWZRUWK\ S$SQRWKHU SRLQW LV WKH IRUP Rl FRP PXQLFDWLRQ ,Q RUGHU WR
P DNH SHRSOH FRP P XQLFDWH ZLWK HDVH ZIWK DQ (&$ WKH (&S$ VKRX0G FRS\ WKH IRUP RI FRP P XQLFDWLRQ
KXPDQV XVH LQ IDFH WR IDFH FRP P XQLFDWLRQ 7KLV FDQ EH DFFRPSOLVKHG E\ SURYLGLQJ WKH (&$ ZLWK
XVHIX0 DQG UHOHYDQW LQIRUP DWLRQ DERXW WKH WRSLFV LW KDV WR FRP P XQLFDWH DERXW DQG E\ LPSOHPHQWLQJ
DVSHFWV R1 KXPDQ FRP P XQLFDWRQ L H YHUEDO DQG QRQ YHUEDO FRP PXQLFDWLRQ LQ WKH (&S$ C(\H JDIH
ERG\ SRVWXUH KDQG JHVWXUHV DQG IDFLDO GLVSOD\V FDQ EH XVHG WR HQULFK WKH FRQYHUVDWLRQ $Q HL[DP S0H
RI DQ DVSHFW R1 KXPDQ FRP PXQLFDWLRQ LQ WKH IRUP RI QRQ YHUEDO FRPP P XQLFDWLRQ LV 1JD]JH- 9f*D]H
FRP P XQLFDWLYH DFWV= DV LQWURGXFHG E\ 3RJJL HW DO > @ DUH WKRVH FRP P XQLFDWLYH DFWV SHUIRUPHG E\
H\H PRYHPHQWY EOLQN H\HEURZ DQG XSSHU DQG ORZHU H\HOLG PRYHV 7KLV WKHVLV WULHV WR DQVZHU WKH
TXHVWLRQ ZKHWKHU WKH JD]H FRP P XQLFDWLYH DFWV LQWURGXFHG E\ 3RJJL HW D0 FDQ EH SHUFHLYHG RU

LOQOWHUSUHWHG EN\ KXPDQV

6WUXFWXUH RI WKH UHSRUW

7KH UHVHDUFK PRWLYDWLRQ DQG WKH VWUXFWXUH RI WKH UHSRUW DUH GHVFULEHG LQ WKLV FKDSWHU FKDSWHU
T.QWURGXFWLRQ= &KDSWHU TCPERGLHG &RQYHUVDWLRQDO $$JHQWV= JLYHV DQ LQWURGXFWLRQ WR WKH WKHRU\ DQG
UHVHDUFK RQ (&$V DXUWKHUPRUH WKH WKHRU\ R1 JD]JH DQG KHDG PRYHPHQW 3RJJL HW DO > @ ZKLFK

OHDGV WR WKH TXHVWLRQ ZKHWKHU XVHUV DUH FDSDEOH WR VHQVH RU LQWHUSUHW WKHVH VLJQDOV LV GHVFULEHG ,Q

3DJH



FKDSWHU 17KH C[SHULPHQW= WKH DVSHFWV Rl WKH HESHULPHQW VXFK DV WKH UHVHDUFK TXHVWLRQV WKH

HLSHULPHQWDO VHW XS WKH VXEMHFWY DQG WKH HLSHULPHQWD0 SURFHGXUH DUH GLVFXVVHG &KDSWHU

TSHVXOWVe JLYHV DQ RYHUYLHZ RI WKH UHVXOWVY %HVLGHV WKLV WKH UHVXOWY RI1 HDFK SDUW R1 WKH HLSHULFPHQW

Z1L00 EH GLVFXVVHG LQ WKLV FKDSWHU D>LQDO00ON\ FKDSWHU T&RQFOXGLQI SHFPDUNV= VXPF P DULVHV WKH

FRQFOXVLRQV DQG JLYHV VRFPH UHFRP PHQGDWLRQV IRU IXWXUH UHVHDUFK

3DJH



C(PERGLHG &RQYHUVDWLRQDO SIHOQWV

7KLV FKDSWHU JLYHV DQ LOWURGXFWLRQ WR WKH WKHRU\ DQG UHVHDUFK RQ (P ERGLHG &RQYHUVDWLRQDO $5JHQWV
7KHVH WKHRULHV 0D\ WKH IRXQGDWLRQ RI WKH HLSHULPHQW 6HFWLRQ JLYHV D JHQHUDO GHVFULSWLRQ DQG D
GHILQLWLRQ RI1 (&$V ,Q VHFWLRQ WKH XVH Rl (&$V LV SRLQWHG RXW DQG VHFWLRQ JLYHV DQ RYHUYLHZ RI1
WKH UHVHDUFK RQ (&$V WKDW LV XVHIX0 IRU WKH HESHULPHQW ,Q VHFWLRQ WKH ZD\ (&$V ZRUN LV
GLVFXVVHG 1 HI[W LQ VHFWLRQ DQ DOWHUQDWH DUFKLWHFWXUH R1 (&S$BV LV SUHVHQWHG DLQDOON WKH WKHRUN\ RI1
JD]JH DQG KHDG PRYHPHQW 3RJJL HW DO > @ ZKLFK OHDGV WR WKH TXHVWLRQ ZKHWKHU XVHUV DUH FDSDEOH

WR VHQVH RU LQWHUSUHW WKHVH VLJQDOV LV GHVFULEHG

- KDW DUH &SV

$W D ILUVW JODQFH (P ERGLHG &RQYHUVDWLRQDO sJHQWV (&$BV ORRN OLNH FRPSXWHU LQWHUIDFHV UHSUHVHQWHG

ENX ZD\ RI KXPDQ RU DQLFP D0 ERGLHV  %XW WKH\ DUH QRW MXVW WKDW $Q (FPERGLHG &RQYHUVDWLRQDO $SIJHQW LV
1

DQ DXWRQRPRXV DIHQW > @ WKDW KDV D JUDSKLFD0O UHSUHVHQWDWLRQ HPERGLPHQW LQ D YLUWXDO ZRUOG DQG LV

DEOH WR KDYH VRPH IRUP RI FRQYHUVDWLRQ ZILWK D KXPDQ XVHU IURPFP ZLWKLQ WKLV YLUWXDO0O ZRU0G

7KH IRUPV RI FRQYHUVDWLRQ FDQ EH DV VLFPSOH DV YHUEDO FRQYHUVDWLRQ XVLQJ QDWXUDO 0DQJXDJH HLWKHU EN\

NHN\ERDUG LOSXW DQG WHIW RXWSXW RU HYHQ DV FRPSOHL DV VSHHFK UHFRJQLWLRQ DQG VSHHFK VNQWKHVLV

%HVLGHY WKDW WKH FRP P XQLFDWLYH IXQFWLRQV RI WKH (&$ FDQ EH HEWHQGHG ZLWK QRQ YHUEDO

FRP P XQLFDWLRQ YHUEDO DQG YLVXD0 SURVRG\ OLNH JHVWXULQJ LOWRQDWLRQ H\H DQG KHDG PRYHPHQWY RU

RWKHUZLVH 7KLV LV FDOOHG WKH PXOWLFPRGDOWN\ RI FRP P XQLFDWLRQ > @ 7KLV IRUFP RI FRP P XQLFDWLRQ FDQ

EH LPSOHPHQWHG EN\ XVLQJ FDFPHUDV DQG PLFURSKRQHV 7KH FDFPHUDV UHJLVWHU WKH PRYHPHQWY RI WKH

KXPDQ XVHU 7KH GHULYHG VLJQDOV DUH SURFHVVHG E\ DGYDQFHG KDUG DQG VRIWZDUH WR OHW WKH (&3 UHDFW

LQ WKH PRVW UHDOLVWLF ZD\

7KH HPERGLPHQW RI WKH DIJHQW LV WKH UHSUHVHQWDWLRQ RI WKH DJIHQW LQ WKH YLUWXD0 ZRU0OG LQ VXFK D ZD\

WKDW LW VHHPPV OLNH WKH DJHQW KDV D ERG\ 7KLV ERG\ FDQ EH D QRQ KXPDQRLG DQLPDWHG REMHFW D

WDONLQJ KHDG RQON\ RU D 7 UHSUHVHQWDWLRQ RI D FRPSOHWH KXPDQ DPRQJVW RWKHUV HDFK ZLWK YDULRXV

GHJUHHV R1 QRQYHUEDO HLSUHVVLYHQHVV

7KH YLUWXDO ZRUOG FDQ EH DO\WKLQJ IURPFP D IUDPH RQ WKH GHVNWRS LQ ZKLFK WKH (&$ UHVLGHV XS WR D

FRPSOHL T ZRUOG ZKHUH WKH (&$ TOLYHV=

Figure 2-1 Microsoft’s Office Assistant: example of a simple Embodied Conversational Agent

" Agent = something that perceives its environment through sensors and acts upon that environment through effectors. [4]
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&DVVH00 HW DO JDYH WKH IR00ORZLQJ GHILQLWLRQ RI (P ERGLHG &RQYHUVDWLRQDO SIHQWY > @ (&$BV DUH

FRQYHUVDWLRQDO LQ WKHLU EHKDYLRXUV DQG VSHFLILFDOON KXPDQOLNH LQ WKH ZD\ WKH\ XVH WKHLU ERGLHV LQ

FRQYHUVDWLRQ

7KDW LV (P ERGLHG &RQYHUVDWLRQDO $SIJHQWY PD\ EH GHILQHG DV WKRVH WKDW KDYH WKH VDPH SURSHUWLHV DV

KXPDQV LQ IDFH WR IDFH FRQYHUVDWLRQ LQFOXGLQJ

b WKH DELOLWN\ WR UHFRJQLIH DQG UHVSRQG WR YHUEDO DQG QRQ YHUEDO LQSXW

b WKH DELOLWN\ WR JHQHUDWH YHUEDO DQG QRQ YHUEDO RXWSXW

b WKH DELOLWN\ WR GHDO ZLWK FRQYHUVDWLRQDO IXQFWLRQV VXFK DV WXUQ WDNLQJ IHHGEDFN DQG UHSDLU
PHFKDQLVPV DQG

° WKH DELOLWN\ WR JLYH VLIQDOV WKDW LQGLFDWH WKH VWDWH RI WKH FRQYHUVDWLRQ DV ZH00 DV WR FRQWULEXWH

QHZ SURSRVLWLRQV WR WKH GLVFRXUVH

$SPRQIVW RWKHU WHUPPV IRU WKH FRQFHSW (&3 DUH 9LUWXDO +XPPDQV DQG 9LUWXDO SIJHQWY 7KH WHUPFP $5YDWDU
LV DOVR FORVHO\ UHODWHG WR (&3$V EXW LV PRVWO\ DVVRFLDWHG ZIWK WKH JUDSKLFDO UHSUHVHQWDWLRQ RI WKH

KXPDQ XVHU LQ D YLUWXDO ZRUOG DQG QRW ZIWK DQ DXWRQRPFPPRXV DJHQW

21 ZKDW XVH DUH (&S$BV*”

7KH LGHD EHKLQG WKH FRQFHSW Rl (&$V LV WR OHW FRPSXWHUV FRP P XQLFDWH FPRUH QDWXUDO ZIWK KXPDQ
XVHUV 7KH JRDO LV WR DGDSW FRPSXWHUV WR KXPDQ FRP P XQLFDWLRQ WKLV LV GRQH E\ LPSOHPHQWLQJ

FRP P XQLFDWLRQ IRUPV WKDW KXPDQV XVH LQ GDLON KXPDQ KXPDQ FRQYHUVDWLRQ ,Q WKLV YLHZ FRPSXWHUV
DUH WR DGDSW WR KXPDQV DQG QRW WKH RWKHU ZD\ DURXQG ,Q WKH ILUVW SODFH WKH HLSHFWDWLRQ LV WKDW
KXPDQV VKRX0G EH DEOH WR ZRUN ZLWK FRPSXWHUV FPRUH HDVLO\ $00 KXPDQ XVHUV DUH FDSDEOH RI

FRP P XQLFDWLQJ %\ XVLQJ (&$BV LQIRUPDWLRQ WR DQG IURP D FRPSXWHU FDQ EH SURFHVVHG LQWXLWLYHO\
AHL[W WKH QXPFPEHU RI DYDLODEOH FRP P XQLFDWLRQ FKDQQHOV LV HEWHQGHG XVLQJ (&$V 7KH XVH RI1 VHYHUDO
P RGDOLWLHV R1 FRP P XQLFDWLRQ ZL00 PDNH FRP P XQLFDWLQJ TXLFNHU DQG FPRUH HIILFLHQW >LQDOON WKH (&$
DSSHDUV WR EH D XVHU LQWHUIDFH WKDW FDQ EH VXFFHVVIX00\ LPSOHPHQWHG LQ D EURDG UDQJH RI
DSSOLFDWLRQV QRZ DQG LQ WKH GLJLWDO 1XWXUH

,Q RUGHU IRU (&$V WR OLYH XS WR WKHVH HLSHFWDWLRQV WKH\ PXVW EH EDVHG RQ DFWXDO0 VWXGLHV RQ KXPDQ

KXPDQ FRQYHUVDWLRQ

SHVHDUFK RQ (&$BV

6HYHUDO JURXSYV DURXQG WKH ZRUOG DUH ZRUNLQJ RQ WKH GHYHORSPHQW DQG LPSURYHPHQW RI (&$V 2QH RI
WKHVH JURXSV LV WKH *HVWXUH DQG 1. DUUDWLYH /DQJXDJH *URXS =1/ >=- @ DW WKH ODVVDFKXVHWW ,QVWLWXWH
R1 7HFKQRORJ\ OHGLD /DERUDWRU\ O,7 OHGLD /DE *1/ VWXGLHV KRZ DUWHIDFWV VXFK DV DIJHQWY DQG WR\V
FDQ EH GHVLIQHG ZILWK SV\FKRVRFLD0O FRFP SHWHQFLHVY EDVHG RQ D GHHS XQGHUVWDQGLQJ RI KXPFPDQ
OLQIXLVWLF FRJQWLYH DQG VRFLDO DELOLWLHYV 2QH RI1 WKHLU VWXGLHV LV WKH (&$ S5(3$5 IRU 5HD0 (VWDWH $5JIHQW
>z @ 7KLV DXWRQRPRXV DIJHQW KDV D 1X00\ DUWLFXODWHG ERG\ DQG VHQVHV WKH XVHU SDVVLYHO\ WKURXJK
FDPHUDV 5($ SO0D\V WKH UROH RI D UHDO HVWDWH VDOHVSHUVRQ WKDW LOQWHUDFWV ZILWK XVHUV WR GHWHUPLQH WKHLU

QHHGV VKRZV WKHPFPP DURXQG YLUWXDO0 SURSHUWLHV DQG DWHPSWVY WR VHOO WKHFP D KRXVH S5HD VNQWKHVL]HV
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KHU UHVSRQVHV LQFOXGLQJ VSHHFK DQG DFFRPSDQO\LQJ KDQG JHVWXUHV EDVHG RQ D JUDFP P DU DQG OH[LLFRQ

DQG FRP P XQLFDWLYH FRQWHILW 5($ FRP P XQLFDWHV XVLQJ ERWK YHUEDO DQG QRQ YHUEDO FPRGDOLWLHV

7KH VAVWHPFP FRQVLVWY RI1 D ODUJH SURMHFWLRQ VFUHHQ RQ ZKLFK 5(3$ LV GLVSOD\HG DQG LQ IURQW ZKLFK WKH

XVHU VWDQGV 7ZR FDPHUDV PRXQWHG RQ WRS RI WKH VFUHHQ WUDFN WKH XVHUV KDQG DQG KHDG PRYHPHQWVY

$ PLFURSKRQH LV XVHG IRU FDSWXULQJ VSHHFK LOSXW 6HYHUDO FRP SXWHUV KDQGOH WKH SURFHVVLQJ RI1 WKH

LOSXW VLIQDOV DQG WKH JHQHUDWLRQ RI1I WKH RXWSXW VLJQDOV

Figure 2-2 REA welcoming users to her virtual world [W5]

5(3$ KDV D KXPDQ OLNH ERG\ DQG XVHV KHU ERG\ LQ KXPDQ OLNH ZD\V GXULQJ WKH FRQYHUVDWLRQ 7KDW LV

VKH XVHV H\H JD]JH ERG\ SRVWXUH KDQG JHVWXUHV DQG IDFLD0 GLVSOD\V WR FRQWULEXWH WR WKH

FRQYHUVDWLRQ DQG WR RUJDQL]H DQG UHJX0ODWH WKH FRQYHUVDWLRQ 6KH DOVR XQGHUVWDQGV VRPH DVSHFWV RI

WKH XVH Rl WKHVH VDFPH PRGDOLWLHVY ZKHQ HPFPSOR\HG EN\ KHU KXPFPPDQ LQWHUORFXWRU 7KH DUFKLWHFWXUH

DOORZV IRU PX0WLSOH WKUHDGV RI1 LQWHUDFWLRQ WR EH KDQGOHG WKXV DOORZLQJ 5($H WR ZDWFK IRU IHHGEDFN

DQG WXUQ UHTXHVWY ZKLOH WKH KXPFPDQ XVHU FDQ VHQG WKHVH DW DO\ WLFPH WKURXJK YDULRXV FPRGDOWLHYV 7KH

DUFKLWHFWXUH LV 10H[LEOH HQRXJK WR WUDFN WKHVH GLITHUHQW WKUHDGV RI FRP P XQLFDWLRQ LQ ZD\V

DSSURSULDWH WR HDFK WKUHDG %HFDXVH GLITHUHQW WKUHDGV KDYH GLITHUHQW UHVSRQVH WLFPH UHTXLUHP HQWV

WKH DUFKLWHFWXUH DOORZV GLIITHUHQW SURFHVVHV WR FRQFHQWUDWH RQ DFWLYLWLHV DW GLITHUHQW WLIPH VFDOHV > @

$HW WKH S8QLYHUVLWN RI SRPH D UHVHDUFK JURXS LV ZRUNLQJ RQ VHYHUDO (&% UHODWHG SURMHFWY 2QH RI1 WKH

LOLWLDWRUV LV &DWKHULQH 3HODFKDXG VKH LV FROODERUDWLQJ ZLWK ,VDEHO00D 3RJJL )LRUHOOD GH SRVLV 1 DGMD

“H &DUROLV RQ WKH FUHDWLRQ RI D &RQWH[WXDO0O\ %HOLHYDEOH (P ERGLHG $5JHQW 7KLV LV DQ DJHQW FDSDEOH RI

S0DQOLQI ZKDW WR FRP P XQLFDWH DV ZH00 DV GHFLGLQJ ZIWK ZKLFK YHUEDO DQG QRQYHUEDO VLIQDOV WR RXWSXW

FRQVLGHULQJ FRQWH[[WXDO0 LQIRUFPDWLRQ = KLOH S0DQQLQJ ZKDW WR VD\ WKH DJHQW KDV WR FRQVLGHU ZKDW WR

FRP P XQLFDWH QRQYHUEDOON WKURXJK JD]JH IDFLDO HLSUHVVLRQ DQG KHDG FPRYHPHQW 7KH FKRLFH RI WKH

FRP P XQLFDWLYH DFW WR SHUIRUP LV EDVHG RQ ZKRPF WKH DJHQW LV WDONLQJ WR ZKDW KHU UHODWLRQ LV ZLWK

KHU LOWHUORFXWRU DQG LQ ZKLFK FRQWHI[W WKH FRQYHUVDWLRQ WDNHV SODFH 7KHLU JRDO LV WR FUHDWH DQ

TLQWHOOLIHQW= T DIHQW DEOH WR VHQG FRPSOHL 1TQDWXUDO= FPHVVDJHV WR XVHUV DQG LQ WKH IXWXUH WR

FRQYHUVH ZIWK WKHF? UHWD D * IDFLDO PRGHO LV WKHLU ODWHVW FUHDWLRQ 7KHLU DLFP ZDV WKH UHDOL]DWLRQ

RI DQ DQLPDWHG FPRGHO DEOH WR VLPX0DWH LQ D UDSLG DQG EHOLHYDEOH PDQQHU WKH G\QDFPLF DVSHFWV RI WKH

KXPDQ IDFH 7KH\ KDYH UHDOL]JHG D IDFLDO DQLFPDWLRQ HQJLQH ZKHUH WKH ~ IDFLDO PRGHO KDV WKH ORRN RI
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D \RXQJ ZRPDQ T*UHWD=- “UHWD LV WKH FRUH Rl DQ O3 (> GHFRGHU DQG LV FRPSOLDQW ZILWK WKH T6LFP S0H

D DFLDO SQLPDWLRQ ZEMHFW 3URILOH= RI WKH O3 (™ VWDQGDUG “UHWD LV DEOH WR JHQHUDWH WKH VWUXFWXUH RI1

D SURSULHWDUN\ * PRGHO WR DQLFPDWH LW DQG I1LQDOO\N WR UHQGHU LW LQ UHDO WLFPH 7R FPDNH WKH FPRGHO

ORRN DQG PRYH DV QDWXUDO DV SRVVLEOH WKH PRGHO KDV WKH VDPFPH VWUXFWXUH DV WKH P XVFX0DU VWUXFWXUH RI1

WKH IDFH R1 D KXPDQ UHWD LV HYHQ DEOH WR JHQHUDWH ZULQNOHV DQG IXUURZ ,Q SDUWLFX0DU WKH ZULQNOHV

KDYH EHHQ LPSOHPHQWHG XVLQJ D EXPS PDSSLQJ WHFKQLTXH WKDW DOORZV KDYLQJ D KLIK TXDOLW\ = 1DFLDO

PRGHO ZIWK D UHODWLYH VP D00 SRONJRQDO FRPSOH[LWN\ > @ 1 RWH WKDW WKLV YHUVLRQ RI1 *UHWD FDQ EH

GLVSOD\HG ZIWK KDLU EXW WKH KDLU ORRNV XQQDWXUDO DQG LW KDPSHUV WKH YLVLELOLWN\ R1 WKH ZULQNOHV

Figure 2-3 Greta, a high quality 3D facial model

F“UHWD LV DQ (&$ WKDW FDQ EH XVHG IRU PDQ\ UHVHDUFK HQGV 7KH XQLTXHQHVV RI *UHWD LV WKH KLJK

TXDOLWN RI WKH T PRGHO DQG WKH JHQHUDWLRQ LQ UHDO WLFPH RI ZULQONOHV EXO0JHV DQG IXUURZV HQKDQFLQJ

WKH UHDOLVF DQG WKH H[SUHVVLYH ORRN WR WKH DQLFPDWHG IDFH

+RZ GR (&$BV ZRUN™

,Q RUGHU WR FRP P XQLFDWH DQG EHKDYH OLNH KXPFPDQV D FRPSXWHU ZL00 KDYH WR EH ILWWHG ZLWK D VRUW RI

KXPDQ OLNH LQWHUIDFH $V GHVFULEHG EHIRUH WKHVH LQWHUIDFHV FDQ EH DV VLPSOH DV D KXPDQ KHDG LQ

RU * RU WKH\ FDQ EH DV FRPSOH[L DV D 7 FRPSXWHU JHQHUDWHG KXPFPDQ LQ DQ HLWHQVLYH YLUWXD0 ZRU0OG

$HV GLITHUHQW (&$BV PD\ DSSHDU WKH EDVLF DUFKLWHFWXUH LV XVXD00\ RI WKH IROORZLQJ IRUP

.1387 - (/. %(557.9C O2~8/C $&7,21
O$B1LB™~(5 6&+ (™ 8/7(5
Understanding Decision Module || Generation
Module Module
1IN
INPUT OUTPUT
DEVICES ) > DEVICES
%
Speech Speech
Body Body
Position Position
Gaze Gaze
Gesture Gesture

Figure 2-4 The basic architecture of an ECA. (Adapted from Cassell et al.) [1].

2 MPEG-4 Standard website: http://mpeg.telecomitalialab.com/standards/mpeg-4/mpeg-4.htm
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7KH DUFKLWHFWXUH VKRZV WKDW WKH (&$ SURGXFHV RXWSXW EDVHG RQ LQSXW 7KH LOSXW GHYLFHV GHWHFW WKH

PXOWLPRGD0O FRP P XQLFDWLYH DFWLRQV RI WKH XVHU 1 H[W WKH ,QSXW ODQDJHU GHFLGHV ZKHWKHU WKH GDWD

UHTXLUHV DQ LQVWDQW UHDFWLRQ RU GHOLEHUDWLYH GLVFRXUVH SURFHVVLQJ 7KHVH VWLFPX0L WKHQ SURYRNH D

PRGLILFDWLRQ RI WKH DIHQW=V EHKDYLRXU ZLWKRXW PXFK GHOD\ >DRU HEDPSOH WKH DJHQW=V H\HV FDQ

VHDPFPPOHVVON\ WUDFN WKH XVHU=VY PRYHPHQW 7KH ~HOLEHUDWLYH ORGXOH KDQGOHV D00 LOSXW WKDW UHTXLUHV D

GLVFRXUVH PRGHO IRU SURSHU LQWHUSUHWDWLRQ 7KLV LQFOXGHV P DO\ RI WKH LQWHUDFWLRQDO EHKDYLRXUV WKRVH

WKDW FRQWULEXWH WR WKH FPDQDJHPFPHQW RI WKH FRQYHUVDWLRQDO VLWXDWLRQ DV ZH00 DV D00 SURSRVLWLRQDO

EHKDYLRXUV WKRVH WKDW FRQWULEXWH WR WKH FRQWHQW RI WKH GLVFXVVLRQ W SHUIRUPV WKH DFWLRQ VHOHFWLRQ

IXQFWLRQ RI WKH DUFKLWHFWXUH ZKLFK GHWHUPLQHV ZKDW WKH DJIHQW=V FROQWULEXWLRQ WR WKH FRQYHUVDWLRQ

VKRX0G EH DW HDFK PRPFPHQW LQ WLFPH W UHFHLYHV XSGDWHV IURPFPP WKH ,QSXW ODQDJHU DQG XVHV LQIRUFPDWLRQ

DERXW WKH GRPDLQ VWDWLF NQRZOHGJH EDVH DQG FXUUHQW GLVFRXUVH VWDWH WR GHWHUPLQH WKH

FRQYHUVDWLRQDO DFWLRQ WR SHUIRUFPP 7KH SURFHVVLQJ LV VSOLW LOQWR WKUHH P DLQ FRFP SRQHQWVY WKH

8B8QGHUWDQGLQI ORGX0H WKH ~HFLVLRQ ORGX0H DQG WKH *HQHUDWLRQ ORGXOH VHH ILIXUH

° 7KH 8QGHUVWDQGLQJ ORGXO0OH LV UHVSRQVLEOH IRU EULQJLQJ D00 LOSXW FPRGDOLWLHVY WRJIJHWKHU DQG IRUFP DQ

XQGHUVWDQGLQJ RI ZKDW WKH XVHU LV GRLQJ ,W LV DOVR UHVSRQVLEOH IRU WUDQVODWLQJ D VHW RI EHKDYLRXUV

LOWR D GLVFRXUVH IXQFWLRQ LQWHUDFWLRQDO RU SURSRVLWLRQDO W SDVVHV WKHVH RQ WR WKH ~HFLVLRQ

ORGXO0H LQ WKH IRUFP Rl VSHHFK DFWV

b 7KH SURFHVWWLQJ ZIWKLQ WKH ~HFLVLRQ ORGXO0H LV VSOLW EHWZHHQ WKH SURFHVVLQJ RI LOWHUDFWLRQDO

FRP P XQLFDWLYH DFWV DQG WKH SURFHVVLQJ RI1 SURSRVLWLRQDO FRP P XQLFDWLYH DFWV

° 7KH *HQHUDWLRQ ORGXO0OH LV UHVSRQVLEOH IRU WXUQLQJ GLVFRXUVH IXQFWLRQV VXFK DV JLYLQJ XS WKH WXUQ

RU FRQYH\LQJ D FRP P XQLFDWLYH JRD0 WKDW KDYH EHHQ FKRVHQ E\ WKH ~HFLVLRQ ORGXO0H LQWR DFWXDO0

EHKDYLRXUV EN\ SURGXFLQJ D VHW RI DFWLRQV VXFK DV VSHHFK JHVWXUH IDFLDO HESUHVVLRQ RU D

FRPELQDWLRQ RI WKH DERYH DQG VHQGLQJ WKH DFWLRQV WR WKH $5FWLRQ 6FKHGXOHU IRU SHUIRUFPDQFH

DLQDOON  WKH S$SFWLRQ 6FKHGXOHU LV UHVSRQVLEOH IRU VFKHGX0LQJ PRWRU HYHQWY WR EH VHQW WR WKH DQLPDWHG
ILIXUH UHSUHVHQWLQJ WKH DJHQW $ FUXFLDO IXQFWLRQ RI WKH VFKHGX0HU LV WR SUHYHQW FROOLVLRQV EHWZHHQ

PRWRU UHTXHVWVY > @

7R EH DEOH WR XVH KXPDQ FRQYHUVDWLRQ DV D IUDPHZRUN IRU WKLV DUFKLWHFWXUH &DVVH00 HW D0 GHYHORSHG

WKH D>)XQFWLRQV ORGDOLWLHYV 7LPLQJ DQG %WHKDYLRXUV D>O7% FRQYHUVDWLRQDO IUDPHZRUN ,Q WKLV

IUDPHZRUN WKH\ ILWWHG D00 WKH DVSHFWV RI +XPDQ FRQYHUVDWLRQ
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HOWHUODWH BUFKLWHFWXUH

&DWKHULQH 3HODFKDXG=V UHVHDUFK JURXS DW WKH 8QLYHUVLW\ RI SRPH ZKLFK LV ZRUNLQJ RQ WKH FUHDWLRQ RI
D &RQWH [WXDO0O\ %HOLHYDEOH (P ERGLHG $5JHQW XVH D GLIIHUHQW DUFKLWHFWXUH WASH 7KHLU DJHQW *UHWD
KDV D %RG\* UHSUHVHQWHG E\ WKH * KHDG =UHWD DQG D 1OLQG+= 7KH fOLQG+= KDV D NQRZO0HGJH EDVH
LQFOXGLQJ D VHW RI EHOLHIV DERXW WKH ZRUOG HYHQWV DFWLRQV DQG VR RQ VRPH JRD0 ZKDW VKH ZDQWV WR
DFKLHYH 7KH 1%RG\* HLSUHVVHV WKH fEHOLHIV+= fGHVLUHV= DQG TLQWHQWLRQV+= RI WKH TOLQG= DQG LV DOVR DEOH
WR VKRZ SURSHU HPRWLRQV 7KH W\SHV RI FRQYHUVDWLRQ 3HODFKDXG HW DO VLFPPX0DWH DUH LQIRUPDWLRQ
JLYLQJI GLDORJV LQ WKH IRUFP R1 TXHVWLRQ DQVZHU VXE GLDORJ 7R LPSOHFPHQW WKHVH I1XQFWLRQV LQ WKHLU

DIHQW 3HODFKDXG HW DO GHYHORSHG WKH IR00RZLQJ DUFKLWHFWXUH > @
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Figure 2-5 Architecture of the conversational agent of Pelachaud et al. (adapted from [7])

7KHUH DUH IRXU PDLQ FRPSRQHQWY D PDQDJHU RI WKH DJHQWV TOLQG-= D ~LDORJ ODQDJHU O,~$6 D S0DQ
HQULFKHU DQG D JHQHUDWRU RI WKH DJIHQWV f%RG\= = KHQ WKH GLDORJ VWDUWVY D GLDORJ JRDO LV VHW DQG
SDVVHG WR WKH ~LDORJ ODQDJHU 7KH ~LDORJ ODQDJHU SURGXFHV DQ RYHUDOO GLVFRXUVH S0DQ IRU WKLV JRDO
EN\ WDNLQJ D S0DQ IURP WKH S0DQ GDWDEDVH 7KH DIHQW DFKLHYHV WKH VSHFLILHG GLDORJ JRDO0 DFFRUGLQJ WR
WKLV SO0DQ GXULQJ WKH FRQYHUVDWLRQ 7KH ZD\ WKLV JRDO LV DFKLHYHG LV DOVR GHSHQGHQW RQ WKH 1OLQG=- RI
WKH DIJHQW WKDW LV KHU EHOLHIV GHVLUHV LQWHQWLRQV ZILWK WKH UHODWLRQV OLONLQJ WKHPFP DQG WKH OHYHOV RI1
XQFHUWDLOWN DWDFKHG WR WKHVH OLQNV  7KH FRXUVH RI WKH GLDORJ LV QRW RQO\ GHSHQGHQW RQ WKH S0DQ EXW
DOVR RQ WKH FPRYHV RI WKH XVHU DQG WKH VRFLDO FRQWHIW > @ = KHQ WDONLQJ WR VRPFPHERG\ KXFPDQV DGDSW
WKHLU EHKDYLRXU DQG VD\LQJV WR WKHLU GLVFXVVLRQ SDUWQHU DQG WR WKH ORFDWLRQ RI WKH FRQYHUVDWLRQ
+XPDQV DOVR EHKDYH GLITHUHQWON GHSHQGLQJ RQ WKH WRSLF RI WKH FRQYHUVDWLRQ 7KH VRFLD0O FRQWH[W
GHVFULEHV WKH DJHQW=V UROH DQG WKH UHODWLRQVKLS EHWZHHQ WKH XVHU DQG WKH DJIHQW 7KLV FRQWHLW DOVR
GHVFULEHV WKH REMHFWV WKH HYHQWV DQG WKH DFWLRQV WKDW P D\ RFFXU DQG FPD\ LQIOXHQFH WKH DJHQW=V

PHQWD0O VWDWH 7KH LQIOXHQFH R1I WKH DIHQW=V FPHQWDO0 VWDWH LV GHSHQGHQW RQ KHU {SHUVRQDOLW\= WKDW LV
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KRZ WKH DIJHQW UHDFWV WR DQ REMHFW HYHQW DFWLRQ ZKDW LV WKH UHODWLRQ RI1 WKH DJHQW WR WKHP 2QFH
WKH RXWSXW GLDORJ PRYH KDV EHHQ VHOHFWHG EN\ WKH ~LDORJ ODQDJHU LW DVNV WKH fOLQG= ZKHWKHU D
SDUWLFXO0DU DITHFWLYH VWDWH RI WKH $5JHQW VKRX0G EH DFWLYDWHG DQG ZIWK ZKLFK LOQWHQVLW\ ,1 VR WKH GLDORJ
PRYH LV HQULFKHG E\ WKH OLGDV PRGX0H ZKLFK DGGV WDJV LQGLFDWLQJ WKH FRP P XQLFDWLYH IXQFWLRQV WR
EH GLVSOD\HG LQ FRUUHVSRQGHQFH RI WKDW GLDORJ PRYH 7KHQ WKLV HQULFKHG P RYH LV SDVVHG WR WKH
T1%RG\ = WIRXJK D ERG\ JHQHUDWRU WKDW LQWHUSUHWV DQG UHQGHUV LW EN\ SURGXFLQJ WKH FRUUHVSRQGLQJ
HLSUHVVLYH EHKDYLRXU > @

$HV PHQWLRQHG EHIRUH WKH TOLQG= KDV 1EHOLHIV= fGHVLUHV= DQG TLQWHQWLRQV= 7R HLSUHVV WKHVH WKH
T1%RG\= FDQ XVH YHUEDO DQG QRQYHUEDO FRP P XQLFDWLRQ EHKDYLRXUV %HFDXVH WKH TERG\= “UHWD LQ WKLV
FDVH LV D T KHDG LW KDV OLPLWHG VHW RI QRQYHUEDO EHKDYLRXUV 7KH FRP P XQLFDWLYH DFWV *UHWD FDQ
HLSUHVV DUH

o /DQIXDJIH FRP P XQLFDWLQJ UHOHYDQW DQG XVHIX0 LQIRUPDWLRQ WURXJK 0DQJIXDJH

° 9HUEDO SURVRG\ LQWRQDWLRQ UKNWKF WHPSR ORXGQHVV YRLFH TXDOLWN\ DQG SDXVLQJ
° 9LVXD0 SURVRG\ KHDG PRYHPFPHQWY DQG JDJH L H H\H PRYHFPHQWY EOLQN H\HEURZ DQG H\HOLG
PRYHV

$HV VDLG LQ WKH LQWURGXFWLRQ WKLV HLSHULPHQW WULHV WR DQVZHU WKH TXHVWLRQ ZKHWKHU WKH JD]H

FRP P XQLFDWLYH DFWV LOQWURGXFHG EN\ 3RJJL HW DO DQG HLHFXWHG E\ *~UHWD FDQ EH SHUFHLYHG RU

LQWHUSUHWHG EN\ KXPDQV 7R EH DEOH WR GR VR WKH WKHRU\ 3RJJL HW DO KDYH DERXW (&$V DQG JD]H ZL00 EH

GLVFXVVHG LQ PRUH GHWDLO LQ WKH QHI[W VHFWLRQ
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C&S$BV DQG *=D]H

3RJJL HW DO GLVFXVV (&$V DQG ID]JH LQ WKHLU SDSHU TQO\H FRP P XQLFDWLRQ LQ D FRQYHUVDWLRQDO =
VNQWKHWLF DIJHQW= > @ ,Q WKLV SDSHU WKH\ FRQFHQWUDWH RQ WKH VWXG\ DQG JHQHUDWLRQ RI FRRUGLQDWHG
OLQIXLVWLF DQG JD]JH FRP P XQLFDWLYH DFWV Z/LNH DO\ FRP P XQLFDWLYH DFW JDJ]H KDV D TVLJQDO= DQG D
TPHDQLQJI- 7KH VLJIQDO LV JHQHUDWHG E\ WKH PRYHPHQWY DQG WKH EHKDYLRXU RI WKH H\HV LQ JD]JH WKH
PHDQLQJ LV WKH VHW R1 EHOLHIV WKDW JDJH LOQWHQWVY WR FRP P XQLFDWH 7KLV VHFWLRQ IRFXVHV RQ WKH WKHRU\
RI 3RJJL HW DO DERXW JD]JH .W OHDGV WR WKH TXHVWLRQ ZKHWKHU SHRSOH DUH DEOH WR LQWHUSUHW WKHVH NLQG

R1 VLJQDOV RU DUH HYHQ DEOH SLFN WKHPFP XS

OHDQLQJ RI1 *D]JH

3RJJIL HW DO FODVVLIN WKH VHPDQWLF DUHDV R1 WKHLU OH[LFRQ RI JD]H 7KH\ FODLP WKDW EURDG FODVVHV RI
PHDQLQJ FDQ EH GLVWLQJIXLVKHG

,QIRUPDWLRQ DERXW WKH VHQGHU=V EHOLHIV

.QIRUP DWLRQ DERXW WKH VHQGHU=V LQWHQWLRQV

,QIRUP DWLRQ DERXW WKH VHQGHU=V S1I1HFWLYH VWDWH

OHWD FRJIQLWLYH LQIRUPDWLRQ DERXW WKH VHQGHU=V PHQWD0O DFWLRQV

7KH WDEOH EHORZ VXP P DULVHV WKH JD]JH EHKDYLRXU FRUUHVSRQGLQJ WR ZRUG DQG *D]H ODUNHUV IRU WKHVH
IRXU FODVVHV 1 RWH WKDW 3RJJL HW DO LQWURGXFHG FPRUH ODUNHUV D>DFH ODUNHUV QRW GLUHFWON FRQQHFWHG
WR JDJH QHI[W WR WKH *DJ]H ODUNHUV GHVFULEHG LQ WKHLU SDSHU 7KH WDEOH RQO\ KROGV WKH =*DJ]H ODUNHUV

XVHG LQ WKH HLSHULPHQW
Table 2-1 Gaze behaviour (Adapted from Poggi et al.) [9].

Gaze Marker Vocal Marker

| Class )

Belief Adjectival eyes Small Raised lower ?yelld, lowered.upper eyelid
Large Raised upper eyelid
Intention Performative eyes ! §uggest... - Hea.d aside, eyebrows up
| implore... Head aside, inner eyebrows up and central
Affective Affective eyes Anger Inner eyebrow central
state Sadness Inner eyebrow up and central
Men_tal Metacognitive eyes : / m thinking... Eyes up or Flosed
action I’m trying to remember ... Eyes down sideways
,Q WKH %HOLHI1 FODVV RQH RI WKH *=DJ]H ODUNHUV LV $SGMHFWLYDO (\HV = LWK WKLV =D]JH ODUNHU H\HV KDYH DQ

DGMHFWLYDO IXQFWLRQ LQ WKDW WKH\ FPD\ PHQWLRQ D VP D00 QXPEHU RI SKN\VLFD0O SURSHUWLHV RI LWHPV

VP D00! DQG ODUJH! DUH XVHG DV YRFDO FPDUNHUV 3RJJL HW DO VXSSRVH WKDW WKHVH FPDUNHUV DUH XVHG WR

UHIHU WR UHVSHFWLYHO\ VP D00 DQG 0DUJH REMHFWV LQ FRQFUHWH DQG PHWDSKRULFDO VHQVH H J D ELJ ILVK RU D

OLWWOH FDU EXW DOVR D VP D00 QXFPEHU RI ER[HV RU D JUHDW VSHDNHU 7KH JD]JH EHKDYLRXU RI WKHVH FPDUNHUV

LV IRXQG LQ WDEOH DERYH .1 WKH YRFDO PDUNHU VPDO00! LV XVHG H J 17KH VP D0 FDU<<= DFFRUGLQJ WR

3RJJIL HW DO WKH XSSHU H\HOLGV DUH ORZHUHG DQG WKH ORZHU H\HOLGV DUH UDLVHG 7KH UHVXOW LV WKDW WKH

YLVLEOH VXUIDFH R1 WKH H\XHEDOO LV UHGXFHG

,Q WKH ,QWHQWLRQ FODVV RQH RI1 WKH *DJ]H ODUNHUV LV SHUIRUPDWLYH (\HV 7KH H\HV FRP P XQLFDWH WKH

SHUIRUPDWLYHV LOQWHQWLRQV WKH VHQGHU FPD\ KDYH WRZDUGV WKH DGGUHVVHH 7KH JRDO0 RI D
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FRP P XQLFDWLYH DFW FDQ EH LQIRUPLQJ UHTXHVWLQI RU TXHVWLRQLQI +RZHYHU WKH LQWHQWLRQV WKH VHQGHU

PD\ KDYH FDQ GLIIHU $ UHTXHVW IRU HEDPSOH FDQ EH SHUIRUPHG E\ DQ fRUGHU=- DQ 1DGYLFH- D

MTVXIIHVWLRQ= RU DQ fLP SORUDWLRQ= DQG VR RQ 3RJJL HW DO OLFPLWHG WKHLU WDEOH WR , VXJJHVW<< ! DQG .
LP SORUH<< ! DV YRFDO PDUNHUV 7KH JD]JH EHKDYLRXU RI WKHVH FPDUNHUV LV DOVR IRXQG LQ WDEOH 1 WKH
YRFDO PDUNHU , VXJJHVW<<?! LV XVHG H J 1, VXJJHVW \RX VWRS<<= DFFRUGLQJ WR 3RJJL HW DO WKH KHDG LV

WLOWHG DVLGH DQG WKH H\HEURZXZV DUH OLIWHG

,Q WKH SBI1I1HFWLYH VWDWH FODVV WKH *D]H ODUNHU LV SS1THFWLYH (\HV +HUH WKH H\HV DUH XVHG WR
FRP P XQLFDWH HP RWLRQV OLNH TORYH= JDGPFPLUDWLRQ= 1DQJHU= 9fIHDU= 1MR\= VDGQHVV= IVXUSULVH= DQG VR
RQ 3RJJL HW DO OLPLWHG WKHLU WDEOH WR DQJHU! DQG VDGQHVV! DV YRFDO PDUNHUV *D]JH EHKDYLRXU RI1
WKHVH P DUNHUV LV IRXQG LQ WDEOH 1 RWH WKDW WKH WDEOH RQON\ KROGV WKH JD]JH EHKDYLRXUV DQG QRW IRU
HEDPSOH WKH PRXWK EHKDYLRXUV ,1I WKH YRFDO PDUNHU VDGQHVWVT! LV XVHG H J 9, DP YHU\ VDG<<=
DFFRUGLQJ WR 3RJJL HW DO WKH LQQHU H\NHEURZYV DUH OLIWHG DQG FHQWUDO 7KH FRUQHUV RI WKH OLSV ZL100 DOVR
PRYH GRZQ

,Q WKH OHQWDO $5FWLRQ FODVV WKH *DJ]H ODUNHU LV OHWDFRJQLWLYH (\HV 7KH H\HV DUH XVHG WR
FRPP P XQLFDWH VLIQDOV DERXW RXU SURFHVVHV RI WKRXJKW %\ DYRLGLQJ JD]JH LOSXW HLWKHU EN\ ORRNLQJ XS RU
FORVLQJ WKH H\HV ZH LQIRUP WKDW ZH DUH WUNLQJ WR P DNH LQIHUHQFHV DERXW VRFPH IDFW 3RJJL HW DO
OLPLWHG WKHLU WDEOH WR ,»P WKLONLQJ<<! DQG ,=P WUI\LQJ WR UHPHPEHU<<! DV YRFDO FPDUNHUV =>D]J]H
EHKDYLRXU RI WKHVH P DUNHUV LV IRXQG LQ WDEOH .1 WKH YRFDO PDUNHU =P WKLONLQJ<<! LV XVHG

DFFRUGLQJ WR 3RJJL HW DO WKH H\HV ORRN XS RU WKH\ DUH FORVHG

3RJJL HW DO VWDWH WKDW IXUWKHU ZRUN RQ WKLV WRSLF VKRX0G EH GRQH LQ RUGHU WR GUDZ D FRPFPP SOHWH OH[LFRQ
R1 JD]JH WKDW LV D FRPSOHWH 0LVW R1 FRUUHVSRQGHQFHV EHWZHHQ VSHFLILF *D]JH ODUNHUV DQG VSHFLILF

JD]JH PHDQLQJV 6R IDU WKH\ KDYH RQO\ RXWOLQHG VRFPH EURDG FODVVHV RI WKHP

$HSUH KXPDQV DEOH WR SLFN XS *~D]JH ODUNHUV™

3RJJL HW DO WU\ WR PDNH (&$V FRP P XQLFDWH DV TQDWXUDO= DV SRVVLEOH WKH\ WU\ WR FRS\ KXPDQ
EHKDYLRXU RQWR WKHLU (&$ 7KH\ VLP SO\ DVVXPFPH WKDW KXPDQV FRP P XQLFDWH LQ WKH VDPH ZD\ ZLWK (&$V
DV WKH\ ZRX0G GR ZIWK RWKHU KXPDQV %XW GR WKH\" $5QG DUH KXPFPDQV DEOH WR SLFN XS DQG VHQVH WKHVH
*D]H ODUNHUV FRP P XQLFDWHG E\ (&$V" 7KHVH VLJQDOV DUH RIWHQ YHU\ VXEWOH DQG EHFDXVH WKH\ DUH
SDUW R1 PXOWLFPRGD0 FRP P XQLFDWLRQ VRPHWLFPHYV GLIILFXOW WR SLFN XS (YHQ LQ IDFH WR IDFH
FRQYHUVDWLRQ ZH GR QRW ORRN GLUHFWON\ DW HDFK RWKHU GXULQJ WKH ZKROH FRQYHUVDWLRQ 7KH H\HV DUH
FRQWLQXRXVON\ ORRNLQJ DW GLITHUHQW REMHFWY WKDW DWWUDFW WKHPFP EX\ EOLQNLQJ RU P DNLQJ VRXQG ,Q

FRP P XQLFDWLRQ ZLWK DQ (&$ WKLV Z100 SUREDEON QRW EH GLITHUHQW

$QG LI KXPDQV SLFN XS WKH *D]H ODUNHUV DUH WKH\ DEOH WR DWWDFK PHDQLQJ WR WKHPP" $5UH KXFPDQV DEOH
WR LOQWHUSUHW *D]H ODUNHUV ZKLFK ZHUH FRP P XQLFDWHG E\ (&$V" 3RJJL HW DO LPSOHPHQWHG D VHW RI1
*D]JH ODUNHUV EXW WKH\ KDYH QHYHU YHULILHG WKDW LW ZDV FRUUHFW WKHUHIRUH WKLV QHHGV WR EH
HYDOXDWHG 1 RWH WKDW KXPFPDQV FPD\ QRW EH DEOH WR SLFN XS DQG LQWHUSUHW D00 WKH *DJ]H ODUNHUV LQ IDFH
WR IDFH FRP P XQLFDWLRQ ZIWK DQ (&$ EXW WKH LPSOHPHQWDWLRQ RI1 WKHVH VLIQDOV P D\ FRQWULEXWH WR WKH

TQDWXUDOQHVV= DQG fEHOLHYDELOLWN\= RI WKH (&$5
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7R PDNH DQ (&$ ORRN PRUH fQDWXUDO= DQG YEHOLHYDEOH= WKH DQLFPDWRU KDV WR FPDNH VXUH WKDW WKH
FKDUDFWHU GRHVQ=W KR0G VWLO0O ZKHQ QR IXUNKHU DFWLRQV DUH UHTXLUHG ,1 D FKDUDFWHU EOLQNV ZIWK WKH H\HV
QRZ DQG WKHQ DQG JHQWON FPRYHV WKH KHDG LQ D00 GLUHFWLRQV WKLV FDQ EH DFFRPSOLVKHG EN\ XVLQJ
UHSHWLWLYH SUHEXLOW DQLFPDWLRQV WKH (&$ ZL00 ORRN P RUH QDWXUDO= DQG YEHOLHYDEOH= 7KHVH PRYHPHQWV
DUH FRQVWDQWON\ UHSHDWHG WKHUHIRUH WKH QDWXUDOQHVV= DQG TEHOLHYDELOLWN\= R1I WKH (&$ ZL00 GURS 7R

3
DYRLG UHSHWLWLYH PRYHPHQWY 3HULQ QRLVH WHFKQLTXHV DUH XVHG

3HUOLQ QRLVH

7R PDNH D FKDUDFWHU LQ DQLFPDWLRQ ORRN FPRUH TQDWXUDO= 3URIHVVRU - HQ 3HULQ OHGLD SHVHDUFK /DE DW
1HZ <RUN 8QLYHUVLWN >= @ EURXJKW KLV JURXQGEUHDNLQJ QRLVH WHFKQLTXHV IURP LPDJH UHQGHULQJ WR
FKDUDFWHU PRYHPHQW 3HULQ QRLVH LV D WHIWXULQJ SULFPLWLYH WKDW FDQ EH XVHG WR FUHDWH D YHU\ ZLGH
YDULHWN R1 QDWXUDO ORRNLQJ WHIWXUHV &RPELQLQJ QRLVH LQWR YDULRXV PP DWKHPDWLFDO H[SUHVVLRQV SURGXFHV
4
SURFHGXUDO WHEWXUH  7Z7H[WXUH LPDJHV DQG SURFHGXUDO WHWXUHV DUH XVHG WR JLYH D =~ REMHFW D P RUH
QDWXUDO ORRN &~ LPDJH RU QRLVH JHQHUDWHG WHIWXUH FDQ EH TPDSSHG=- RQ D ~ REMHFW WKLV LV FDOOHG
WHEWXUH PDSSLQJ S8QOLNH WUDGLWLRQDO WHIWXUH PDSSLQJ SURFHGXUDO WHIWXUH GRHVQW UHTXLUH D VRXUFH
LPDJH SV D UHVXOW WKH WHIWXUHV FDQ EH DSSOLHG IDVWHU EHFDXVH WKH EDQGZLGWK UHTXLUHPHQWY IRU
WUDQVPLWWLQJI RU VWRULQJ WHLWXUHV DUH HVVHQWLDOON JHUR DLJIXUH VKRZV YDULRXV SURFHGXUDO WH[WXUHV
DSSOLHG WR D VSKHUH 7KH EODFN DQG ZKLWH LFPDJHV LQ WKH EDFNJURXQG DUH WKH ~ QRLVH JHQHUDWHG
WH [WXUHV WKDW DUH PDSSHG RQ WKH VSKHUH 7R FRPPSOHWH WKH LIPDJH 3HUOLQ DGGHG VRPH FRORXU PDSSLQJ

DQG T OLIKWLQI

Figure 2-6 Procedural textures applied to a sphere [W2]

%\ LPSOHPHQWLQJ WKH 3HUOLQ QRLVH IXQFWLRQ LQ DQ (&$ LW LV DEOH WR UHDFW ZLWK UHVSRQVLYH IDFLDO
HILSUHVVLRQ ZILWKRXW XVLQJ UHSHWLWLYH SUHEXLOW DQLFPDWLRQV ,W FDQ DOVR EH XVHG WR PLL IDFLDO H[SUHVVLRQV
WR VLFPXO0DWH VKLIWLQJ FPRRGV DQG DWWLWXGHY 7KH UHVXOW WKHQ LV D UHDO WLFPH LQWHUDFWLYH IDFLDO DQLFPDWLRQ
ZIWK FRQYLQFLQJ HFPRWLYH HLSUHVVLYHQHVV ,Q DQ DQLFPDWLRQ ZILWK 3HUOLQ QRLVH IRU H[DFPSOH D ~ KHDG
ZRX0G JHQWON FPRYH TUDQGRPFPO\= LQ D00 GLUHFWLRQV DQ WKH H\HV ZRX0G EOLON fUDQGRPFPO\= ZKHUH LQ DQ
DQLFPDWLRQ ZILWKRXW 3HUOLQ QRLVH WKH KHDG ZRX0G VWD\ VWLO0O DQG WKH H\HV VWD\ RSHQ 7KH PRYHPHQWY WKH
KHDG FPDNHV DFFRUGLQJ WR WKH DSSOLHG *D]H ODUNHUV DUH DGGHG+= WR WKH 3HUOLQ QRLVH FPRWLRQ LQ WKH

DQLFPDWLRQ 7R VHH 3HUOLQ QRLVH LQ DFWLRQ YLVLW _HQ 3HUOLQ=V SHVSRQVLYH D)DFH GHPR ZHEVLWH >= @

3 Perlin-noise website: http://www.noisemachine.com/talk1/
4 Procedural texture website: http://mrl.nyu.edu/~perlin/doc/oscar.html
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7KH 3HULQ QRLVH IXQFWLRQ DGGHG WR WKH DQLFPDWLRQ LV OLNHON\ WR KDYH D SRVLWLYH LQIOXHQFH RQ WKH
T1QDWXUDOQHVV= Rl WKH (&$ EXW PD\ KDYH D QHJDWLYH DIIHFW RQ WKH SHUFHSWLRQ DQG LQWHUSUHWDWLRQ RI WKH

*D]H ODUNHUV

7KH CCSHULPHQW

,Q WKLV FKDSWHU D00 WKH DVSHFWV RI WKH HESHULFPHQW ZL00 EH GLVFXVVHG ,Q WKH ILUVW VHFWLRQ WKH UHVHDUFK
TXHVWLRQV DQG KASRWKHVLV Z100 EH GLVFXVVHG 6HFWLRQ JLYHV DQ RYHUYLHZ RI WKH HLSHULFPHQWDO0O VHW XS
DQG VHFWLRQ LV DERXW WKH WHVW VXEMHFWY XVHG IRU WKH HESHULFPHQW >LQDO0ON\ VHFWLRQ GHDOV ZLWK WKH

SURFHGXUH XVHG FRQGXFWLQJ WKH HLSHULPHQW

5HVHDUFK aA4XHVWLRQV

7KH UHVHDUFK TXHVWLRQV DGGUHVVHG LQ WKH HLESHULPHQW DUH HOXPHUDWHG DQG VRUWHG EN\ SDUW RI WKH
HLSHULPHQW LQ WKLV VHFWLRQ 7KH EDVLF UHVHDUFK TXHVWLRQ LV WKH 1ROORZLQJ
= KDW LV WKH LQIOXHQFH R1 *D]JH ODUNHUV RQ WKH LQWHUSUHWDWLRQ RI1 XWWHUDQFHV PDGH EN\ DQ (&$"

7KLV TXHVWLRQ LV GLYLGHG LQWR VHYHUDO FPRUH VSHFLILF UHVHDUFK TXHVWLRQV

357 $ 3BHUFHSWLRQ RI *D]JH ODUNHUV

,Q WKH ILUVW SDUW RI WKH HESHULPHQW WKH JRDO LV WR YHULIN ZKHWKHU RU QRW VXEMHFWY DUH DEOH WR SHUFHLYH
WKH *D]JH ODUNHUV 3RJJL HW DO SURSRVHG S5V GLVFXVVHG LQ VHFWLRQ VRPH RI WKH *D]J]H ODUNHUV

P D\ EH GLIILFXOW WR SHUFHLYH EHFDXVH WKH\ DUH YHU\ VXEWOH DQG WKH\ P D\ EH SDUW RI PXOWLFPRGDO

FRP P XQLFDWLRQ 7KH SUHVHQFH RI PRUH WKDQ RQH FPDUNHU P D\ DOVR LQIOXHQFH WKH SHUFHSWLRQ 7KH
IROORZLQJ UHVHDUFK TXHVWLRQV FDQ EH GHULYHG IURP WKLV

.

$HUH VXEMHFWY DEOH WR SHUFHLYH *D]H ODUNHUV"

° *RHV WKH SUHVHQFH RI1 DGGLWLRQDO FPDUNHUV LQIOXHQFH WKLV SHUFHSWLRQ™

357 % ,QWHUSUHWDWLRQ RI1 *~D]JH ODUNHUV

,Q WKH VHFRQG SDUW RI WKH HESHULFPHQW WKH JRDO LV WR YHULIN ZKHWKHU VXEMHFWVY DUH DEOH WR LQWHUSUHW WKH
*D]H ODUNHUV LP SOHPHQWHG EN\ 3RJJL HW DO $UH VXEMHFWY DEOH WR DWWDFK WKH PHDQLQJ WR *D]H ODUNHUV
WKDW 3RJJL HW DO FODLFP WKH\ KDYH" 7KH LPSOHFPHQWHG VHW RI *D]H ODUNHUV ZDV QHYHU YHULILHG E\ 3RJJL
HW DO 7R EH DEOH WR GR VR WKH UHVHDUFK TXHVWLRQ GUDZQ IRU WKLV SDUW LV

o $HUH VXEMHFWY DEOH WR LQWHUSUHW *D]H ODUNHUV {FRUUHFWO\=""

357 & 3UHIHUHQFHV

,Q WKH 0DVW SDUW RI WKH HESHULPHQW WKH JRDO LV WR YHULIN LI WKH VXEMHFWY KDYH D VSHFLILF SUHIHU IRU WKH
TFRUUHFW= =*=DJ]H ODUNHUV ,1I VXEMHFWY SUHIHU WKH XWWHUDQFHYV ZLWKRXW DQ\ FPDUNHUV RYHU WKH XWWHUDQFHV
ZIWK WKH FRUUHFW= *~DJ]H ODUNHUV WKLV PHDQV WKH fFRUUHFW= FPDUNHUV DUH SRVVLEO\ QRW DV DSSURSULDWH DV
3RJJL HW DO DVVXPFPH 7KH UHVHDUFK TXHVWLRQ IRU WKLV SDUW LV

R WKH VXEMHFWVY SUHIHU XWWHUDQFHV ZILWK fFRUUHFW= *D]H ODUNHUV WR XWWHUDQFHV ZLWKRXW =*D]H

ODUNHUV™
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Z7KH CITHFW R1 3HUOLQ QRLVH

$HV GLVFXVVHG EHIRUH LQ VHFWLRQ DGGLQJ 3HUOLQ QRLVH WR XWWHUDQFHV PDGH EN\ DQ (&S LV OLNHO\ WR
KDYH D SRVLWLYH LQIOXHQFH RQ WKH TQDWXUDOQHVV= RI WKH (&$ EXW PD\ KDYH D QHJDWLYH HITHFW RQ WKH
SHUFHSWLRQ DQG LQWHUSUHWDWLRQ RI WKH *D]JH ODUNHUV 7KH RYHUDO00 JRDO LV WR PHDVXUH WKH LQIOXHQFH RI
3HUOLQ QRLVH 7KHUHIRUH DQ DGGLWLRQDO UHVHDUFK TXHVWLRQ LV IRUPX0DWHG

o = KDW LV WKH LQIOXHQFH RI1 3HUOLQ QRLVH RQ WKH SHUFHSWLRQ DQG LQWHUSUHWDWLRQ RI1 *DJH ODUNHUV"

CLCSHULPHQWDO VHW XS

7KH HELSHULPHQWDO VHW XS LV EDVHG RQ D SXUH HLESHULPHQWDO GHVLIJQ 7KH JURXS RI VXEMHFWY DUH
UDQGRPPON\ GLYLGHG LQ WZR JURXSV ; DQG <= URXS ; FDUULHV RXW WKH HLSHULPHQW ZIWK WKH 3HUOLQ QRLVH
DFWLYDWHG C(LCSHULPHQW DQG JURXS < FDUULHV RXW WKH HLESHULPHQW ZIWKRXW WKH 3HUOLQ QRLVH DFWLYDWHG

CLCSHULPHQW %RWK HLSHULFPHQWY DUH RWKHUZLVH LGHQWLFDO DQG FRQVLVW RI WKUHH SDuwv

357 $ 3BHUFHSWLRQ RI *~D]JH ODUNHUV

,Q WKH ILUVW SDUW R1 WKH HESHULPHQW 3$57 $ 3HUFHSWLRQ RI *D]H ODUNHUV WKH JRDO LV WR YHULIN\
ZKHWKHU VXEMHFWY DUH DEOH WR SHUFHLYH WKH *D]H ODUNHUV LQFOXGHG LQ WKH DQLPDWLRQV $QG ZKHWKHU RU
QRW WKH SUHVHQFH RI1 DGGLWLRQDO FPDUNHUV LQIOXHQFHY WKLV SHUFHSWLRQ 7R GR VR WKH VXEMHFWV DUH
HLSRVHG WR WZHQW\ SDLUV RI DQLFPDWLRQV

7R EH VXUH WKDW WKH ZRUGV XWWHUHG EN\ *~UHWD GR QRW LQIOXHQFH WKH RXWFRPFPH Rl WKLV SDUW RI WKH

HLSHULPHQW WKH VDPH XWWHUDQFH LV XVHG IRU HDFK DQLPDWLRQ 7KH XWWHUDQFH FKRVHQ KROGV QR FXHV

WKDW FDQ EH DVVRFLDWHG ZIWK WKH *D]JH ODUNHUV 7KH IR0ORZLQJ XWWHUDQFH LV XVHG -7KH I1DFLDO

P XVFOHV DUH FDSDEOH RI1 SURGXFLQJ VRPH GLITHUHQW HLSUHVVLRQV 7KH XWWHUDQFH LV DGDSWHG IURP
DQ DUWLFOH LQ = ,5C~ PDJD]ILQH DERXW WKH GLIILFXOWLHV DQLFPDWLQJ D ~ IDFH > @

$HV VXPPDULVHG LQ VHFWLRQ WKHUH DUH WZR YRFDO FPDUNHUV IRU HDFK RI WKH IRXU *D]JH ODUNHUV 7KH

WDEOH EHORZ VKRZV WKHVH YRFDO0O FPDUNHUV DQG WKHLU TORRN=

Table 3-1 The ‘look’ of the vocal markers for each of the four Gaze Markers

Gaze Marker jectival eyes Performative eyes

) ﬂ

Vocal Marker | suggest... | implore...

Gaze Marker Affective eyes

I°]

Vocal Marker Anger Sadness I’m thinking...

I’m trying to
remember...
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7R EH DEOH WR XVH D00 WKH YRFDO PDUNHUV WKHUH PXVW EH HLIKW SDLUV RI1

DQLPDWLRQV ZKHUH RQH RI WKH

DQLPDWLRQV FRQWDLQV D YRFDO FPDUNHU DQG WKH RWKHU DQLFPDWLRQ FRQWDLQV QR YRFDO FPDUNHUV >RU

HILDFP SO0H

Animation 1:

different expressions.”

Animation 2:

.Q DQRWKHU
FRQWDLQV D

Animation 1:

YRFDO P DUNHU RI1 LQWHUHVW DRU HEDPFPSO0H

<marker>different</marker> expressions.”

Animation 2:

7KH DGGLWLRQDO FPDUNHUV XVHG LQ KLV SDUW RI WKH HLESHULPHQW FDQ EH

IRXQG LQ WDEOH

“The 44 facial <vocal marker>muscles</vocal marker> are capable of producing some 5000

“The 44 facial muscles are capable of producing some 5000 different expressions.”

HLIKW SDLUV ERWK DQLPDWLRQV FRQWDLQ DQ DGGLWLRQDO FPDUNHU DQG RQON\ RQH RI WKH DQLPDWLRQV

“The 44 facial <vocal marker>muscles</vocal marker> are capable of producing some 5000

“The 44 facial muscles are capable of producing some 5000 <marker>different</marker> expressions.”

EHORZ 7KHVH

P DUNHUV ZHUH SLFNHG ITURPFPP WKH -7DJ VHW IRU XVH ZLWK *~UHWD WKDW FDQ EH IRXQG LQ DSSHQGLL % DQG

ZHUH VHOHFWHG RQ VHYHUDO FRQGLWLRQV 7KH\ KDG WR EH VWULNLQJ DQG WKH PRYHPHQWV VKRX0G GLVWUDFW WKH

VXEMHFW=V DWHQWLRQ DZD\ IURFP WKH H\HV

Table 3-2 The ‘look’ of the additional markers used in part A: Perception of Gaze Markers, of the experiment.

Face Marker

Affective

‘look’

Marker

Surprise

Hate

Embarrassment

Resentment

Face Marker

‘look’

Marker

Affective

Satisfaction

Performative

Refuse

,Q WKH UHPDLQLQJ IRXU SDLUV RI WKLV SDUW RQO\ RQH RI WKH DQLFPDWLRQV FRQWDLQV D GLVWUDFWLRQ FPDUNHU

DRU HLDP S0H

Animation 1:

some 5000 different expressions.”

Animation 2:

7KH GLVWUDFWLRQ FPPDUNHUV XVHG LQ KLV SDUW RI WKH HESHULFPHQW FDQ EH IRXQG LQ WDEOH

P DUNHUV ZHUH DOVR SLFNHG

IURP WKH 17DJ VHW

IRU XVH ZILWK *~UHWD=

DSSHQGLL %

“The 44 facial muscles are <distraction marker>capable</distraction marker> of producing

“The 44 facial muscles are capable of producing some 5000 different expressions.”

EHORZ 7KHVH

7KH GLVWUDFWLRQ

P DUNHUV DUH DGGHG WR GLVWUDFW WKH VXEMHFWVe DWHQWLRQ DZD\ IURFP WKH H\HV Rl *~UHWD 7KHVH FPDUNHUV

D00 KDYH YHUN\ VWULNLQJ PRYHPHQWY WKDW KDYH QR GLUHFW OLON ZILWK WKH H\HV 7KH PRYHPHQWVY RI WKH

GLVWUDFWLRQ P DUNHUV IRFXV RQ WKH PRXWK DQG WKH ZKROH KHDG
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Table 3-3 The ‘look’ of the distraction markers used in part A: Perception of Gaze Markers, of the experiment.

Face Marker

‘look’

Distraction Marker Approve Praise Request Disgust

7KH VXEMHFWY Z100 KDYH WR ILQG DQG GHVFULEH WKH GLITHUHQFHV EHWZHHQ WKH SDLUV RI DQLFPDWLRQV 00 RI1
5

WKH DQLPDWLRQV LQ WKH HLSHULPHQW DUH JHQHUDWHG ZIWK [P0 IDS .Q RUGHU WR JHW DQ LGHD RI KRZ WKH

DQLFPDWLRQV DUH JHQHUDWHG WKLV LV GHVFULEHG LQ DSSHQGLL $ 7KH HILDFW XWWHUDQFHV ZLWK WKHLU FPDUNHUV

XVHG IRU WKLV SDUW RI WKH HESHULPHQW FDQ EH IRXQG LQ $SSHQGLL &

357 % ,QWHUSUHWDWLRQ RI1 *~D]JH ODUNHUV

,Q WKH VHFRQG SDUW R1 WKH HLESHULPHQW 3$57 % ,QWHUSUHWDWLRQ RI1 *DJH ODUNHUV WKH JRDO LV WR YHULI\
ZKHWKHU VXEMHFWY DUH DEOH WR LQWHUSUHW WKH *D]H ODUNHUV LOQFOXGHG LQ WKH DQLFPDWLRQV 7R GR VR WKH
VXEMHFWY DUH HLESRVHG WR VLIWHHQ DQLPDWLRQV $5V VKRZQ LQ VHFWLRQ WKHUH DUH WZR YRFDO FPDUNHUV
IRU HDFK RI WKH IRXU *D]JH ODUNHUV >RU HDFK YRFDO FPDUNHU D fUHOHYDQW= DQG DQ fLUUHOHYDQW= DQLFP DWLRQ
LV XVHG (DFK DQLFPDWLRQ VWRSV MXVW EHIRUH *UHWD SURQRXQFHV WKH O0DVW ZRUG V 7KH VXEMHFWY KDYH WR
ILQLVK WKH VHQWHQFH XVLQJ RQH RI WKH WZR SUHVHQWHG RSWLRQV 7KH DELOLWN\ RI LQWHUSUHWDWLRQ FDQ EH
WHVWHG EN\ FKHFNLQJ ZKHWKHU WKH VXEMHFWY DUH DEOH WR FKRRVH D ILWWLQJ DQVZHU IRU WKH XVHG YRFDO

P DUNHU IURP WKH WZR SUHVHQWHG RSWLRQV LQ WKH fUHOHYDQW= FDVHV 7KH HLESHFWDWLRQ IRU WKH fLUUHOHYDQW=
FDVHV LV WKDW WKH VXEMHFWY DUH QRW DEOH WR FKRRVH D ILWWLQJ DQVZHU DW D00 ,Q WKHVH FDVHV WKH DQVZHUV
VKRX0G EH HTXDO0O\ GLYLGHG RYHU WKH WZR SUHVHQWHG RSWLRQV $ GHVFULSWLRQ RI D00 DQLPDWLRQV XVHG LQ

WKLV SDUW R1 WKH HESHULPHQW FDQ EH IRXQG EHORZ

BGMHFWLYDO C\HV

7KHUH DUH WZR YRFDO FPDUNHUV IRU WKH *D]JH ODUNHU {$5GMHFWLYDO (\HV= L H VP D00Y DQG ODUJH ¥ 7KH
ORRN= RI WKHVH P DUNHUV FDQ EH IRXQG LQ WDEOH LQ VHFWLRQ D RU HDFK YRFDO FPDUNHU D UHOHYDQW
DQG DQ LUUHOHYDQW DQLFPDWLRQ LV JHQHUDWHG ,Q WKH UHOHYDQW FDVHV WKH DQLFPDWLRQ FRQWDLQV WKH YRFDO
P DUNHU WKDW PDWFKHV ZIWK WKH XWWHUDQFH DFFRUGLQJ WR 3RJJL HW DO 7KH XWWHUDQFH XVHG LQ WKH
UHOHYDQW FDVHV LV VWDWHG EHORZ

. “The house we visited yesterday was...” [big / small]

7KH VXEMHFWY KDYH WKH FKRLFH EHWZHHQ fELJ= DQG VP D00= DV DQVZHUV DRORZLQJI 3RJJL HW DO WKH
HLSHFWDWLRQ LV WKDW PRVW VXEMHFWY Z100 FKRRVH WKH DQVZHU WKDW FRUUHVSRQGV WR WKH YRFDO PDUNHU H J
.1 WKH YRFDO FPDUNHU ODUJH! LV XVHG PRVW VXEMHFWVY ZL00 FKRRVH WKH DQVZHU JELJ-

7KH XWWHUDQFH XVHG LQ WKH LUUHOHYDQW FDVHYV LV

. “The car we bought yesterday is...” [black / blue]

° xml2fap = program to make .fap files from .dlg files to play in the Greta FAP Player [Appendix A - Making Greta come to life].
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,Q WKHVH FDVHV WKH VXEMHFWY FDQ FKRRVH EHWZHHQ 1EODFNe- DQG 1EO0OXH= DV DQVZHUV 7KH HLSHFWDWLRQ LV
WKDW WKH VXEMHFWY VFRUH UDQGRPO\ LQ WKH LUUHOHYDQW FDVHV 7KH HEDFW WDJV DQG VHQWHQFHYV XVHG IRU WKLV

*D]H ODUNHU FDQ EH IRXQG LQ $SSHQGLL ~

SHUIRUPDWLYH C\HV

7KHUH DUH DOVR WZR YRFDO FPDUNHUV IRU WKH *DJ]H ODUNHU 3HUIRUFPDWLYH (\HVe L H , VXJJIHVW<< ! DQG ,
LP SORUH<<! ,Q WDEOH LQ VHFWLRQ WKH TORRN= RI WKHVH P DUNHUV FDQ EH IRXQG s$JDLQ IRU HDFK
YRFDO P DUNHU D UHOHYDQW DQG DQ LUUHOHYDQW DQLFPDWLRQ LV JHQHUDWHG ,Q WKH UHOHYDQW FDVHV WKH

DQLFPDWLRQ FRQWDLQV WKH YRFDO FPDUNHU WKDW PDWFKHV ZIWK WKH XWWHUDQFH DFFRUGLQJ WR 3RJJL HW DO ,Q

WKHVH FDVHV WKH ITROORZLQJ XWWHUDQFH LV XVHG
. “You should give up smoking.” [I beg you to do this / | suggest you do this]

7KH VXEMHFWY KDYH WKH FKRLFH EHWZHHQ 1, EHJ \RX WR GR WKLVe DQG 1, VXJJHVW \RX GR WKLV= DV DQVZHUV
DROORZLQJI 3RJIIL HW DO WKH HILSHFWDWLRQ LV WKDW FPRVW VXEMHFWV ZL00 FKRRVH WKH DQVZHU WKDW FRUUHVSRQGV
WR WKH YRFDO PDUNHU H J ,1I WKH YRFDO P DUNHU » VXJIJIHVW<< ! LV XVHG PRVW VXEMHFWVY ZL00 FKRRVH WKH
DQVZHU 1, VXJJIHVW \RX GR WKLV=

7KH XWWHUDQFH XVHG LQ WKH LUUHOHYDQW FDVHV LV VWDWHG EHORZ

. “John said | should write the report on Wednesday.” [l think Tuesday is better / | think Thursday is better]

7KH VXEMHFWY FDQ FKRRVH EHWZHHQ 1, WKLON 7XHVGD\ LV EHWWHU= DQG v, WKLON 7KXUVGD\ LV EHWWHU= DV
DQVZHUV 7KH HLSHFWDWLRQ LV WKDW WKH VXEMHFWY VFRUH UDQGRPFPO\ LQ WKHVH FDVHV 7KH HI[DFW WDJV DQG

VHQWHQFHV XVHG IRU WKLV *D]JH ODUNHU FDQ EH IRXQG LQ $$SSHQGLL ~

SBIIHFWLYH (\HV

7KH *~D]JH ODUNHU {51 I1HFWLYH (\HVe KDV DOVR WZR YRFDO FPDUNHUV L H DQJHU! DQG VDGQHVWVI 7KHLU
ORRN= FDQ EH IRXQG LQ WDEOH LQ VHFWLRQ $ UHOHYDQW DQG DQ LUUHOHYDQW DQLFPDWLRQ LV
JHQHUDWHG IRU HDFK YRFDO FPDUNHU ,Q WKH UHOHYDQW FDVHV WKH DQLFPDWLRQ FRQWDLQV WKH YRFDO FPDUNHU
WKDW PDWFKHV ZIWK WKH XWWHUDQFH DFFRUGLQJ WR 3RJJL HW DO 7KH IROORZLQJ XWWHUDQFH LV XVHG IRU WKHVH
FDVHV

. “When | found out John had been cheating. | got very...” [angry / sad]

7KH VXEMHFWY P D\ FKRRVH EHWZHHQ 1DQJU\- DQG TVDG+- DV DQVZHUV DROORZLQJI 3RJIIL HW DO WKH
HLSHFWDWLRQ LV WKDW PRVW VXEMHFWY Z 100 FKRRVH WKH DQVZHU WKDW FRUUHVSRQGV WR WKH YRFDO PDUNHU H J
,1 WKH YRFDO FPDUNHU DQJHU!T LV XVHG PRVW VXEMHFWY ZL00 FKRRVH WKH DQVZHU DQJU\-

.Q WKH LUUHOHYDQW FDVHV WKH XWWHUDQFH EHORZ LV XVHG

. “Let me introduce myself. | am...” [ Margaret / Elizabeth ]

7KH DQVZHUV WKH VXEMHFWY FDQ FKRRVH EHWZHHQ DUH TODUJDUHW= DQG (OL]DEHWK-s 7KH HLSHFWDWLRQ LV
WKDW WKH VXEMHFW=V VFRUHV DUH UDQGRPO\ GLYLGHG RYHU WKH WZR DQVZHUV 7KH HLDFW XWWHUDQFHV DQG

WKHLU WDJV FDQ EH IRXQG LQ $SSHQGLL ~

OHWD FRJQLWLYH C\HV

7KHUH DUH WZR YRFDO PDUNHUV IRU WKH *D]H ODUNHU fOHWD FRJQLWLYH (\HV= L H » DP WKLONLQJ ' DQG ,

DPFP WU\LQJ WR UHFPHPEHU ! 7KH fORRN= RI WKHVH P DUNHUV FDQ EH IRXQG LQ WDEOH LQ VHFWLRQ
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DRU HDFK YRFDO PDUNHU D UHOHYDQW DQG DQ LUUHOHYDQW DQLFPDWLRQ LV JHQHUDWHG ,Q WKH UHOHYDQW FDVHV
WKH DQLPDWLRQ FRQWDLQV WKH YRFDO FPDUNHU WKDW PDWFKHV ZLWK WKH XWWHUDQFH DFFRUGLQJ WR 3RJJL HW DO

7KH XWWHUDQFH XVHG LQ WKH UHOHYDQW FDVHV LV VWDWHG EHORZ
. “How does one fix this thing?” [ | am thinking ... / | am trying to remember ... ]

7KH VXEMHFW KDYH WKH FKRLFH EHWZHHQ 1, DFP WKLQNLQJ = DQG 1. DP WI\LQJ WR UHPHPFPEHU - DV
DQVZHUV DJROORZLQJI 3RJIJIL HW DO WKH HLSHFWDWLRQ LV WKDW PRVW VXEMHFWY Z100 FKRRVH WKH DQVZHU WKDW
FRUUHVSRQGV WR WKH YRFDO PDUNHU H J ,1I WKH YRFDO PDUNHU , DFP WKLQNLQJ I LV XVHG P RVW VXEMHFWV

Z1L00 FKRRVH WKH DQVZHU 1, DP WKLONLQJ - 7KH XWWHUDQFH XVHG LQ WKH LUUHOHYDQW FDVHV LV
. “When shall we go to the cinema?” [Tuesday / Friday ]

,Q WKHVH FDVHV WKH VXEMHFWY FDQ FKRRVH EHWZHHQ 7XHVGD\e+ DQG fDULGD\« DV DQVZHUV 7KH HLSHFWDWLRQ
LV WKDW WKH VXEMHFWY VFRUH UDQGRFPFO\ LQ WKH LUUHOHYDQW FDVHV 7KH HILDFW WDJV DQG VHQWHQFHV XVHG IRU

WKLV *DJH ODUNHU FDQ EH IRXQG LQ $SSHQGLL ~

357 & 3JUHIHUHQFHV

,Q WKH 0DVW SDUW RI WKH HESHULPHQW 3$57 & 3UHIHUHQFHV WKH JRDO LV WR YHULIN ZKHWKHU VXEMHFWV
SUHIHU XWWHUDQFHV ZILWK fFRUUHFW= *~D]JH ODUNHUV WR XWWHUDQFHV ZIWKRXW *D]JH ODUNHUV 7R GR VR WKH
VXEMHFWY DUH HESRVHG WR HLIKW GLITHUHQW SDLUV RI DQLPDWLRQV $V VKRZQ LQ VHFWLRQ WKHUH DUH WZR
YRFDO PDUNHUV IRU HDFK RI WKH IRXU *D]JH ODUNHUV 7KHUH LV DQ DQLFPDWLRQ SDLU IRU HDFK YRFDO FPDUNHU
20QH RI WKH DQLFPDWLRQV LQ D SDLU FRQWDLQV WKH PDWFKLQJ YRFDO FPDUNHU DFFRUGLQJ WR 3RJJL HW DO IURP
RQH RI WKH IRXU *D]JH ODUNHUV 7KHVH DQLFPDWLRQV DUH JHQHUDWHG DV 3RJJL HW DO LQWHQGHG WKHF 7KH
RWKHU DQLPDWLRQ FRQWDLQV QR FPDUNHUV DW D00 500 DQLFPDWLRQV LQ WKLV SDUW Rl WKH HLSHULFPHQW DUH
JHQHUDWHG ZILWK 3HUOLQ QRLVH 7KLV LV GRQH WR FPDNH WKH DQLFPDWLRQV ORRN FPPRUH TQDWXUDO= EHFDXVH WKDW
LV DOVR WKH JRDO0O RI 3RJJL HW DO 7KH VXEMHFWY Z100 KDYH WR FKRRVH ZKLFK DQLFPDWLRQ WKH\ WKLQN LV WKH
EHVW UHDOLVDWLRQ IRU WKH VHQWHQFH DV DQ H[WUD RSWLRQ WKH\ FDQ DOVR FKRRVH IRU QRQH RI WKH
DQLFPDWLRQV DROORZLQJI 3RJIJIL HW DO WKH HLSHFWDWLRQ LV WKDW WKH PRVW VXEMHFW FKRRVH IRU WKH DQLFP DWLRQ
ZIWK WKH PDWFKLQJ YRFDO PDUNHU $ GHVFULSWLRQ RI1 D00 DQLFPDWLRQV XVHG LQ WKLV SDUW RI WKH HLSHULPHQW

FDQ EH IRXQG EHORZ

BGMHFWLY DO C\HV

20H RI WKH YRFDO PDUNHUV IRU WKLV *D]JH ODUNHU LV VFPDO00! 7KH XWWHUDQFH XVHG LQ WKH DQLFPDWLRQ SDLU
IRU WKLV YRFDO FPDUNHU LV VWDWHG EHORZ

. “The house we visited yesterday was small.”

7KH RWKHU YRFDO FPDUNHU LV ODUJHETI WKH XWWHUDQFH XVHG LQ WKH DQLFPDWLRQ SDLU IRU WKLV YRFDO FPDUNHU LV

. “The house we visited yesterday was big.”

SHUIRUPDWLYH C\HV

2QH YRFDO FPDUNHU IRU WKH *D]JH ODUNHU T3HUIRUPDWLYH (\HV= LV , VXJJHW=<<!1 7KH XWWHUDQFH XVHG IRU

WKLV YRFDO FPDUNHU LV

. “I suggest you give up smoking.”
D)RU WKH YRFDO FPDUNHU , LP SORUH<< ! WKH IROORZLQJ XWWHUDQFH LV XVHG
. “l beg you to give up smoking.”
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BIIHFWLYH (\HV

7KH YRFDO FPDUNHU DQJHU!T LV RQH RI WKH WZR IRU WKLV *D]JH ODUNHU WKH XWWHUDQFH XVHG IRU WKLV YRFDO
P DUNHU LV

. “When | found out John had been cheating. | got very angry.”

D RU VDGQHVV!I WKH RWKHU YRFDO FPDUNHU IRU WKH *DJH ODUNHU f$SII1HFWLYH (\HV= LV

. “When | found out John had been cheating. | got very sad.”

OHWD FRJQLWLYH C\HV

7KH XWWHUDQFH XVHG IRU WKH YRFDO PDUNHU , DP WKLONLQJ LV

. “Let me think, how does one fix this thing?”

DRU WKH YRFDO P DUNHU , DP WI\LQJ WR UHFPHPEHU ! WKH IROORZLQJ XWWHUDQFH LV XVHG

. “l am trying to remember how to fix this thing?”

7KH YORRN= R1 WKH YRFDO0O FPDUNHUV XVHG LQ WKLV SDUW RI WKH HLESHULPHQW FDQ EH IRXQG LQ WDEOH LQ
VHFWLRQ 7KH HEDFW VHQWHQFHV LQFO0XGLQJ WKHLU WDJV IRU WKLV SDUW R1 WKH HLESHULPHQW FDQ EH IRXQG

LQ SSSHQGLL C

SYRLGLQI Z/7HDUQLQJI CIIHFWV

7R EH DEOH WR DYRLG OHDUQLQJ HIITHFWW ERWK JURXSV ; ZILWK 3HUOLQ QRLVH DQG = ZILWKRXW 3HUOLQ QRLVH
DUH UDQGRPPON\ GLYLGHG LQWR WZR VXEJURXSV 2QH RI WKH VXEJURXSYV Z100 EH HESRVHG WR WKH HLSHULPHQW LQ
WKH UHJX0DU VHTXHQFH $ % & WKH RWKHU VXEJURXS ZL100 EH HELSRVHG WR WKH HLESHULPHQW LQ DQ DOWHUQDWH
VHTXHQFH % $ & 7KH VHTXHQFH YDULDWLRQ LV DSSO0LHG WR DFFRXQW IRU OHDUQLQJ HITHFWY NOQRZQ P RUH
IRUFPDOON\ DV DV\NPFPP FPHWULF VNLOO WUDQVIHU > @ /HDUQLQJ HIITHFWY DUH GXH WR WKH RUGHU R1 SUHVHQWDWLRQ ,1I
SDUWLFLSDQWY DUH WHVWHG XQGHU D VSHFLILF FRQGLWLRQ 1$- ILUVW WKHQ XQGHU FRQGLWLRQ %= WKH\ FRX0G
SRWHQWLDOON\ HLKLELW EHWWHU SHUIRUFPDQFH XQGHU FRQGLWLRQ %= VLP SO\ GXH WR SULRU SUDFWLFH XQGHU
FRQGLWLRQ 5= 7R FRPSHQVDWH IRU WKLV D WHFKQLTXH NQRZQ DV FRXQWHUEDODQFLQJ LV XVHG 7\SLFDO00\
FRXQWHUEDODQFLQJ LV SHUIRUPHG E\ SO0DFLQJ WKH WHVW VXEMHFWV LQ JURXSYV DQG SUHVHQWLQJ FRQGLWLRQV WR
HDFK JURXS LQ D GLIITHUHQW RUGHU 7KH RUGHU LV JLYHQ EN\ D /DWLQ 6TXDUH ,1 WZR FRQGLWLRQV DUH WHVWHG
WKH WHVW VXEMHFWY DUH UDQGRPPON\ DVVLIQHG WR JURXSV RI HTXDO0O VLIH JURXS LV JLYHQ FRQGLWLRQ s

IROORZHG EN\ FRQGLWLRQ % ZKLOH JURXS LV JLYHQ FRQGLWLRQ % IROORZHG EN\ FRQGLWLRQ $

53 %

% 3

Figure 3-1 two by two (2 X 2) Latin Square
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7KLV LV DOVR DSSOLHG LQ WKH HLESHULPHQWDO VHW XS DLJIXUH VKRZV WKH VHW XS RI WKH HESHULPHQW

:3(5.0C17 *URXS :3(5.0C17 *URXS <
ZILWK 3HUOLQ QRLVH ZILWKRXW 3HULQ QRLVH
33 % B %
Perception of Gaze signals Interpretation of Gaze signals Perception of Gaze signals Interpretation of Gaze signals
% B % b
Interpretation of Gaze signals Perception of Gaze signals v Interpretation of Gaze signals Perception of Gaze signals
&

SUHIHUHQFHV ZLWK 3HUOLQ QRLVH

Figure 3-2 The set-up of the experiment

$V PHQWLRQHG EHIRUH WKHUH DUH WZR DOWHUQDWH VHTXHQFHV IRU D JURXS DLUVW WKH\ SDVV WKURXJK SDUWV $
3HUFHSWLRQ RI1 *D]JH ODUNHUV DQG % ,QWHUSUHWDWLRQ RI1 *DJH ODUNHUV RU % DQG $ DQG WKHQ WKH\
SHUIRUP SDUW & 3UHIHUHQFHV 7KLV LV QRW WKH RQO\ PHDVXUH WDNHQ ,Q SDUW $5 3HUFHSWLRQ RI *D]H
ODUNHUV DQG SDUW & 3UHIHUHQFHV WKH VHTXHQFH RI WKH TXHVWLRQV ZILWKLQ D JURXS LV DOVR FRPPSOHWHON\
PLUURUHG 7KDW LV FPLUURUHG RYHU WZR GLPHQVLRQV (DFK SDLU RI DQLFPDWLRQV LV HGLWHG6 LQ WZR
VHTXHQFHV = KHUH VXEMHFWV LQ SDUW 5 JHW D SDLU R1 DQLPDWLRQV LQ VHTXHQFH D E VXEMHFWV LQ SDUW $
JHW WKDW VDPFPH SDLU LQ VHTXHQFH E D 1H[W WR WKLV WKH VHTXHQFH Rl WKH LWHPV ZIWK LV JHQHUDWHG DW
UDQGRF> LV DOVR PLUURUHG ,Q SDUW % ,QWHUSUHWDWLRQ RI1 *D]JH ODUNHUV WKH JURXS RI VXEMHFWV LV DJDLQ
GLYLGHG LQWR WZR JURXSV = LWKLQ WKHVH JURXSV WKH VHTXHQFH LQ ZIWFK WKH WZR DQVZHUV DUH SUHVHQWHG
LV PLUURUHG 7KH VHTXHQFH RI WKH LWHPV ZIWK LV JHQHUDWHG XVLQJ WKH &KLQHVH PHQOX PHWKRG LV DOVR
PLUURUHG 7KH &KLQHVH PHQX PHWKRG LV GHVFULEHG KHUH 7KHUH DUH IRXU GLITHUHQW VHFWLRQV RQ WKH
TPHQX= SIIHFWLYH S$SGMHFWLYDO 3HUIRUPDWLYH DQG OHWD FRJQLWLYH (DFK VHFWLRQ KROGV IRXU fGLVKHV=

H J VP D0 UHOHYDQW VP D00 LUUHOHYDQW ODUJH UHOHYDQW DQG 0DUJH LUUHOHYDQW 7R P DNH VXUH WKDW
WZR TGLVKHV= IURFP WKH VDPFPH VHFWLRQ DUH QRW SLFNHG GLUHFWON\ DIWHU HDFK RWKHU D {GLVK= P XVW EH SLFNHG
IURP HDFK VHFWLRQ EHIRUH D VHFRQG 1GLVK= LV VHOHFWHG ITURF D VHFWLRQ ,Q WKLV ZD\ HDFK VHFWLRQ ZL00
VKULQN HYHQO\ 7KH VHTXHQFH RI VHFWLRQV ZHUH D YGLVK= LV SLFNHG IURP LV UDQGRF> WKH ILUVW URXQG DQG
UHPDLQV WKH VDPFPH IRU WKH UHVW RI WKH URXQGV (DFK {GLVK= LV UDQGRFPO\ SLFNHG IURF D VHFWLRQ HYHU\

WLFPH

CLCSHULPHQWDO 30DWIRUP

7KH HLSHULPHQWDO0O SODWIRUP LV EDVHG RQ D +70/ EURZVHU W\SH HQYLURQFPHQW %500 +70/ SDJHV RI WKH
HLSHULPHQW DUH EDVHG RQ WHPFPSODWHV 7KLV ZD\ LW LV HDV\ WR FKDQJH WKH VHTXHQFHV Rl WKH LWHPV DQG
WKH DQVZHUV DQG WR LQVHUW RWKHU DQLFPDWLRQV S$QRWKHU DGYDQWDJH LV WKDW WKH\ FDQ EH XVHG HDVLON\ 1RU
RWKHU HESHULPHQWY  7KH VXEMHFWY LQSXW R1 GDWD QHHGV WR EH VWRUHG RQ D FRPSXWHU WKLV FDQ EH

7 8
DFFRPSOLVKHG EN\ XVLQJ 3+3 DV D TXHU\ 0DQJXDJH DQG O\64/ DV D GDWDEDVH 8VLQJ 3+3 GDWD IURP

WHLW ILHOGV LQ +70O/ IRUPV FDQ EH VHQG GLUHFWO\ WR D O\64/ GDWDEDVH 7R EH DEOH WR XVH 3+3 DQG

¢ ‘Appendix A - Adobe Premiere’ deals with the construction of the animation pairs.
7 PHP = a widely-used general-purpose scripting language that is especially suited for Web development and can be embedded into HTML. [http://www.php.net/]
8 MySQL = the world's most popular open source database. [http://www.mysql.com/]
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O\64/ RQ D VWDQGDORQH FRPSXWHU D ZHE VHUYHU H J sl;SDFKH9 KDV WR EH LQVWDOOHG 7KH H[SHULP HQWDO
SODWIRUPP FDQ WKHQ RQON\ EH XVHG RQH RQ FRPSXWHU WKH RQH ZHUH WKH ZHE VHUYHU DQG WKH GDWDEDVH
DUH LQVWDOOHG ,W LV DQ DGYDQWDJH LI WKH HLSHULPHQWD0 SODWIRUP UXQV RQ DQ\ FRP SXWHU ZLWK D EURZVHU
LQVWDOOHG S VROXWLRQ ZRX0G EH WR ZRUN ZLWK D FRPSXWHU ZLWK DQ LQWHUQHW FRQQHFWLRQ WR DQ RQ OLQH
ZHE VHUYHU R1 D KRVWLQJ SURYLGHU % GLVDGYDQWDJH RI ZRUNLQJ ZLWK DQ LQWHUQHW FRQQHFWLRQ LV WKH

10
OLPLWHG EDQGZLGWK 7KH JHQHUDWHG DQLPDWLRQV  XVHG LQ WKH HLSHULPHQW DUH ODUJH ILOHV DSS t O%
GHSHQGLQJ RQ WKH 0HQJIWK RI WKH DQLPDWLRQ /RDGLQJ WKHVH DQLPDWLRQV RYHU WKH LQWHUQHW FRQQHFWLRQ
ZRX0G WDNH D ORW R1 WLPH 7KDW LV ZK\ D FRPELQHG DSSURDFK LV WKH VROXWLRQ 7KH +70O/ ILOHV ZLWK
WKHLU LPDJHV DQG WKH DQLPDWLRQV DUH SXW RQ D &~ 520 7KH LQWHUQHW FRQQHFWLRQ LV RQO\ XVHG E\ WKH
VXEMHFWV IRU XSORDGLQJ WKHLU LQSXW WR WKH GDWDEDVH DQG QRW IRU GRZQORDGLQJ WKH 0DUJH DQLPPDWLRQ
ILOHV ZLWFK DUH DOUHDG\ RQ WKH &~ 520 7KH HLSHULPHQW FDQ EH UXQ IURP DQ\ PRGHUQ FRPSXWHU ZLWK

D OLYH LQWHUQHW FRQQHFWLRQ DQG D VWDQGDUG EURZVHU ZILWK WKH QHFHVVDU\ S0XJ LQV LQVWDOOHG

7HVW VXEMHFWV

DRU FDUUNLQJ RXW WKH HLSHULPHQW WHVW VXEMHFWY EHWZHHQ WKH DJHV RI DQG SDUWLFLSDWHG WKH
DYHUDJH DJH RI WKH VXEMHFWY WKDW SDUWLFLSDWHG LV \HDU 7ZHQW\ WZR RI WKH WHVW VXEMHFWY ZHUH
P DOHV DQG WKH RWKHU HLIKWHHQ ZHUH IHPDOHV 7KH WHVW VXEMHFWY KDG WR FPPHHW OLWWOH UHTXLUHPHQWY WKH\
RQO\ KDG WR EH DEOH WR ZRUN ZLWK D FRP SXWHU DQG EH DEOH WR XQGHUWWDQG WKH (QJOLVK 0DQJIXDJIH 7KH
DQLPDWLRQV ZHUH LQ (QJOLVK EHFDXVH *<UHWD FDQ RQO\ TVSHDN- (QJOLVK DQG ,WDOLDQ DQG WKH HLSHULP HQW

LWWHOI ZDV LQ ~XWFK 7KH VXEMHFWW ZHUH UDQGRPPO\ GLYLGHG LQWR WKH JURXSV

3SURFHGXUH

,Q RUGHU WR FRQGXFW WKH HLESHULFPHQW DQ HLSHULPHQWDO VHW XS LV QHHGHG SV ZDV VDLG EHIRUH WKH
HLSHULPHQWDO SODWIRUPP FDQ UXQ RQ DO\ PRGHUQ FRPSXWHU HTXLSSHG ZIWK D EURZVHU DQG WKH QHFHVVDU\
SO0XJ LQV  %XW WR P DNH VXUH LQIOXHQFHYV IURP RXWLGH GR QRW DIITHFW WKH UHVXOWY RI WKH HESHULPHQW RQON\
ROQH FRPSXWHU ZKLFK LV ORFDWHG LQ D TFOHDQ= URRF Z100 EH XVHG IRU WKH HLSHULPHQW

7KH IRUWN\ VXEMHFWY Z 100 KDYH WR EH LQ WKH URRP» WR FRQGXFW WKH HLESHULPHQW $ VFKHGX0H ZL00 KH0S WR GR
WKH HESHULPHQW LQ WKH VKRUWHVW WLFPH SRVVLEOH

= KHQ WKH VXEMHFWVY KDYH WDNHQ SO0DFH EHKLQG WKH FRPSXWHU WKH HLESHULPHQW OHDGHU ZL00 UDQGRFPPON\
DVVLIQ WKHPFP WR D JURXS DQG ZL00 GHFLGH LQ ZKDW VHTXHQFH WKH WKUHH SDUWVW RI WKH HESHULFPHQW ZL00 EH
FDUULHG RXW EN\ WKH VXEMHFW 7KHVH GDWD ZL100 EH VWRUHG LQ WKH GDWDEDVH IRU 0DWHU SURFHVVLQJ

7KH VXEMHFWY Z100 UXQ WKURXJK WKH TROORZLQJ VWDJHV DLUVW WKH\ ZL00 UHDG DQ LOWURGXFWLRQ RQ WKH
HLSHULPHQW 1 HIL[W WKH\ ZL00 1L00 RXW D IRUFP ZULWLQJ GRZQ WKHLU SHUVRQDO GDWD >LQDOON WKH\ ZL00 PRYH
RQ WR WKH WKUHH SDUWV RI WKH HESHULPHQW 7KH VHTXHQFH LQ ZKLFK WKH\ VKD00 FRQGXFW WKH HLSHULPHQW
KDV EHHQ GHILQHG EHIRUH 9%HIRUH VWDUWLQJ HDFK SDUW WKH VXEMHFWV ZL00 UHDG D GHWDLOHG LQVWUXFWLRQ RQ
WKDW SDUW DQG WKH\ ZL00 FDUUN RXW D SUDFWLFH VHVVLRQ ,Q WKH SUDFWLFH VHVVLRQ WKH VXEMHFWW FDQ EHFRPFPH
IDPLOLDU ZIWK WKH ZD\ WKH TXHVWLRQV DUH WR EH DVNHG ~ XULQJ WKH SUDFWLFH VHVVLRQ WKH VXEMHFWV Z100 EH

IJLYHQ WKH RSSRUWXQLWN\ WR DVN TXHVWLRQV SIWHU KDYLQJ GRQH WKH SUDFWLFH VHVVLRQ WKH HLSHULPHQW

° Apache HTTP Server = an open-source HTTP server for modern operating systems including UNIX and Windows. [http://httpd.apache.org/]
10 <Appendix A - Platypus Animator’ gives more information about the generated animations.
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OHDGHU ZL00 DVN WKH VXEMHFWV LI WKH\ KDYH XQGHUVWRRG LW FRPSOHWHON .1 QRW D TXLFN EULHILQJ ZL00 IR00R=Z
DQG WKH VXEMHFWVY FDQ FRQWLQXH WR WKH ILUVW TXHVWLRQ 7KH VXEMHFWY FPD\ YLHZ HDFK DQLPDWLRQ RQON\ RQH
WLFPH $00 R1 *UHWDe=V XWWHUDQFHV GXULQJ WKH HLSHULFPHQW Z1L00 DOVR EH ZULWWHQ RXW EHORZ RU DERYH WKH

DQLPDWLRQV 7KH WRWDO WLFPH R1 WKH HESHULPHQW ZL00 EH DERXW PLOXWHV
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5HVXoOwWV

7KLV FKDSWHU JLYHV DQ RYHUYLHZ RI WKH UHVXOWY DQG D GLVFXVVLRQ RQ WKHVH UHVXOWY 6HFWLRQ GHDoOV
ZIWK WKH UHVXOWVY RI SDUW 5 3HUFHSWLRQ RI1 *D]H ODUNHUV VHFWLRQ GHDOV ZILWK WKH UHVXOWV RI1 SDUW %

,QWHUSUHWDWLRQ RI *D]JH ODUNHUV DQG ILQDO0ON\ VHFWLRQ GHDOV ZLWK WKH UHVXOW R1 SDUW & 3UHIHUHQFHV

357 $ 3BHUFHSWLRQ RI *~D]JH ODUNHUV

$HV VDLG LQ VHFWLRQ WKH JRDO RI WKLV SDUW LV WR YHULIN ZKHWKHU VXEMHFWY DUH DEOH WR SHUFHLYH WKH
*D]JH ODUNHUV LOFOXGHG LQ WKH DQLPDWLRQV 7R GR VR WKH VXEMHFWW KDG WR GHVFULEH WKH GLITHUHQFHV
EHWZHHQ D SDLU R1 DQLPDWLRQV ,1 1RU HEDPSOH WKH YRFDO PDUNHU WKLONLQJY! LV DSSOLHG “UHWD ORRNV
XS VLGHZD\V DQG KHU H\HV EHFRFH VOLIJKWON\ VP DOOHU LQ RQH RI1 WKH DQLPDWLRQV LQ WKDW SDLU $ VXEMHFWV=
DQVZHU VKRX0G DW OHDVW FRQWDLQ RQH RI WKHVH PRYHPHQWY WR EH FRUUHFW DQG VKRX0G QRW FRQWDLQ DQ\
PRYHPHQWY WKDW *~UHWD GLG QRW FPDNH 7KH VXEMHFWY VKRX0G DOVR VWDWH LQ ZKLFK DQLFPDWLRQ RI1 WKH SDLU
WKH GLITHUHQFH V DSSHDUHG
$ VXEMHFW DQVZHUHG -,Q WKH ILUVW DQLPDWLRQ RI WKLV SDLU *UHWD PRYHG KHU H\HV WR WKH WRS OHIW 7KLV
LV VFRUHG DV D FRUUHFW DQVZHU DOWKRXJK WKH VXEMHFW GLG QRW QRWLFH WKH VP DOOHU H\H DSHUWXUH
BHSORWKHU VXEMHFW DQVZHUHG -,Q WKH ILUVW DQLPDWLRQ *~UHWD WKUHZ EDFN KHU KHDG DQG VKH IURZQHG LQ
WKH VHFRQG PBOWKRXIK WKH VXEMHFW VDZ ZKDW KDSSHQHG LQ WKH ILUVW DQLPDWLRQ KH RU VKH VDZ D IURZQ
LQ WKH VHFRQG DQLPDWLRQ WKDW ZDVQ-W WKHUH 7KLV DQVZHU LV VFRUHG DV IDXOW\ DQG WKXV QRW DGGHG WR WKH
VFRUHV 7KH WDEOHV LQ WKLV VHFWLRQ JLYH WKH QXPFP EHU RI VXEMHFW WKH PDILLPXPF QXPFPEHU R1 VXEMHFWV LV
WKDW JDYH D PLOQLPXPF RI RQH FRUUHFW GHVFULSWLRQ EXW JDYH QR IDXOWN\ GHVFULSWLRQV RI WKH

GLITHUHQFHV EHWZHHQ WKH DQLFPDWLRQV LQ D SDLU

$SHSGMHFWLY DO H\HV 6P D00

7DEOH oLvWVvV WKH VFRUHV RI FRUUHFW GHVFULSWLRQV RI WKH DQLPDWLRQ SDLUV ZIWK WKH VPD00! YRFDO

P DUNHU ,Q ERWK WKH FRQGLWLRQV ZILWK 3HUOLQ QRLVH WKH FPDMRULWN\ RI VXEMHFWV LV QRW FDSDEOH RI1
GHVFULELQJ WKH GLITHUHQFH EHWZHHQ WKH DQLPDWLRQ ZIWK DQG ZLWKRXW WKLV FPDUNHU 2Q0\ VXEMHFWVY RI
WKH SHU FRQGLWLRQ ZHUH DEOH WR SHUFHLYH D GLITHUHQFH = KHQ WKH DQLPDWLRQV ZKHUH SUHVHQWHG

ZIWKRXW 3HUOLQ QRLVH WKH RYHUDOO QXFPEHU R1I FRUUHFW GHVFULSWLRQV LQFUHDVHYV 1URP WR ZKLFK LV D
2= = <
VLIQLILFDQW GLITHUHQFH X - Gl — s 7KH LQFUHDVH LV VWURQJHU ZKHQ WKHUH DUH QR

DGGLWLRQDO FPDNHUV LQ ZKLFK FDVH VXEMHFWY GHVFULEHG WKH GLITHUHQFH FRUUHFWON\ DV RSSRVHG WR
ZKHQ WKHUH LV DQ DGGLWLRQDO FPDUNHU ,Q VXPF LW WXUQV RXW WKDW FPDQ\ VXEMHFWY LQ SDUWLFX0DU LQ WKH

FRQGLWLRQ ZLWK 3HUOLQ QRLVH DUH OLNHO\ WR FPLVV WKH VFPD00! YRFDO FPDUNHU

Table 4-1 Number of subjects that gave correct descriptions for SMALL of part A: Perception of Gaze Markers.

SMALL With Perlin-noise Without Perlin-noise Total
Without additional markers 5 13 18
With additional markers 5 9 14
Total 10 22 32
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$SGMHFWLY DO H\HV /DUJH

,Q WKH WDEOH EHORZ WKH VFRUHV RI FRUUHFW GHVFULSWLRQV RI1 WKH DQLPDWLRQ SDLUV ZIWK WKH YRFDO FPDUNHU
ODUJH! DUH OLVWHG ,Q D00 FRQGLWLRQV FPRVW RI WKH VXEMHFWVY DUH DEOH WR ILQG D GLITHUHQFH EHWZHHQ WKH

DQLPDWLRQ ZILWK WKLV YRFDO P DUNHU DQG WKH DQLPDWLRQ ZLWKRXW 6XUSULVLQJON WKH VFRUHV IRU WKH
FRQGLWLRQ ZILWKRXW DGGLWLRQDO FPDUNHUV DUH VRPHZKDW ORZHU LQ WKH ZILWK 3HUOLQ QRLVH FRQGLWLRQ RI1
YV RI1 EXW WKHVH VP D00 GLITHUHQFHV DUH REYLRXVO\ QRW VLIQLILFDQW ,Q VX LW WXUQV RXW WKDW

WKH P DMRULWN\ Rl VXEMHFWY SLFN XS WKH O0DUJH! YRFDO P DUNHU

Table 4-2 Number of subjects that gave correct descriptions for LARGE of part A: Perception of Gaze Markers.

LARGE With Perlin-noise Without Perlin-noise Total
Without additional markers 16 18 34
With additional markers 19 18 37
Total 35 36 71

SHUIRUPDWLYH H\HV 6XJJHVW

,Q WDEOH WKH VFRUHV RI FRUUHFW GHVFULSWLRQV RI WKH DQLPDWLRQ SDLUV ZIWK WKH YRFDO PDUNHU
VXJIJIHVW<< ! DUH OLVWHG ,Q WKH FRQGLWLRQV ZIWK 3HUOLQ QRLVH WKH P DMRULWN\ RI VXEMHFWV LV FDSDEOH RI
GHVFULELQJ D GLIITHUHQFH EHWZHHQ WKH DQLPDWLRQ ZILWK DQG ZIWKRXW WKH YRFDO FPDUNHU , VXJJHVW<<1!
VXEMHFWY RI1 WKH SHU FRQGLWLRQ ZHUH DEOH WR SHUFHLYH WKH GLITHUHQFHV LQ WKH FDVHV ZLWKRXW WKH
DGGLWLRQDO FPDUNHUV DGGHG WR WKH DQLFPDWLRQV DQG VXEMHFWY ZHUH DEOH WR LQ WKH FDVHV ZILWK WKH
DGGLWLRQDO FPDUNHUV = KHQ 3HUOLQ QRLVH LV QRW DGGHG WR WKH DQLFPDWLRQV D00 WKH VXEMHFWY ZHUH DEOH WR
GHVFULEH WKH GLITHUHQFHV LQ WKH FRQGLWLRQV ZHUH WKHUH DUH QR DGGLWLRQDO FPDUNHUV ,Q WKH FRQGLWLRQ
ZIWK WKH DGGLWLRQDO FPDUNHU WKHUH DUH VXEMHFWY WKDW GHVFULEHG WKH GLITHUHQFHV FRUUHFWON\ W WXUQV

RXW WKDW FPRVW VXEMHFWY FDQ SHUFHLYH WKH , VXIJIJIHVW<< ! YRFDO FPDUNHU

Table 4-3 Number of subjects that gave correct descriptions for SUGGEST of part A: Perception of Gaze Markers.

SUGGEST With Perlin-noise Without Perlin-noise Total
Without additional markers 19 20 39
With additional markers 18 18 36
Total 37 38 75

SHUIRUPDWLYH H\HV P SORUH

7DEOH JLYHV WKH VFRUHV R1 FRUUHFW GHVFULSWLRQV RI1 WKH DQLPDWLRQ SDLUV ZIWK WKH , LP SORUH<<!® YRFDO

P DUNHU ,Q D00 FRQGLWLRQV WKH FPDMRULWN\ RI1 VXEMHFWV LV DEOH WR SHUFHLYH DQG GHVFULEH WKH GLIITHUHQFHV

EHWZHHQ WKH SDLUV RI DQLFPDWLRQV $V HLSHFWHG WKH VFRUHV IRU WKH FRQGLWLRQV ZLWK 3HUOLQ QRLVH DUH

VRPHZKDW ORZHU WKDQ WKH VFRUHV IRU WKH FRQGLWLRQV ZLWKRXW 3HUOLQ QRLVH 7KH SUHVHQFH RI DGGLWLRQDO

P DUNHUV GRHVQ=W LQIOXHQFH WKH UHVXOWV ,Q FRQFOXVLRQ WKH FPDMRULWN\ RI VXEMHFWV LV DEOH WR SHUFHLYH WKH

YRFDO PDUNHU , LPSORUH<<1!
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Table 4-4 Number of subjects that gave correct descriptions for IMPLORE of part A: Perception of Gaze Markers.

IMPLORE With Perlin-noise Without Perlin-noise Total
Without additional markers 18 20 38
With additional markers 18 20 38
Total 36 40 76

SIITHFWLYH H\HV $SQJHU

,Q WDEOH WKH VFRUHV RI FRUUHFW GHVFULSWLRQV RI WKH DQLFPDWLRQ SDLUV ZIWK WKH DQJHU! YRFDO FPDUNHU
DUH OLVWHG 3HUOLQ QRLVH KDV QR FPHDVXUDEOH HITHFW RQ WKH UHVXOWV R1 WKLV YRFDO PDUNHU ,Q WKH
FRQGLWLRQ ZILWK DGGLWLRQDO FPDUNHUV D00 VXEMHFWY DUH DEOH WR JLYH D FRUUHFW GHVFULSWLRQ RI WKH
GLITHUHQFHV EHWZHHQ DQLPDWLRQV LQ D SDLU ,Q WKH FRQGLWLRQ ZHUH DGGLWLRQDO FPDUNHUV DUH DSSOLHG

RI WKH VXEMHFWY ZHUH DEOH WR GHVFULEH WKH GLITHUHQFHV ,Q VXP LW WXUQV RXW WKDW FPRVW R1I WKH VXEMHFWV

DUH FDSDEOH RI SHUFHLYLQJ WKH DQJHU! YRFDO FPDUNHU

Table 4-5 Number of subjects that gave correct descriptions for ANGER of part A: Perception of Gaze Markers.

ANGER With Perlin-noise Without Perlin-noise Total
Without additional markers 20 20 40
With additional markers 18 18 36
Total 38 38 76

SIITHFWLYH HN\HVY 6DGQHVV

7DEOH IJLYHV WKH QXPFPEHU R1 FRUUHFW GHVFULSWLRQV RI1 WKH DQLPDWLRQ SDLUV ZIWK WKH VDGQHVV!I YRFDO
P DUNHU ,Q WKH FRQGLWLRQV ZIWK DQG ZLWKRXW 3HUOLQ QRLVH WKH FPDMRULWN\ RI VXEMHFWV LV DEOH WR GHVFULEH
WKH GLITHUHQFHV EHWZHHQ WKH DQLPDWLRQV LQ D SDLU $JDLQ 3HULQ QRLVH KDV QR HIITHFW RQ WKH VFRUHV

KHUH ,Q D00 LW WXUQV RXW WKDW FPRVW VXEMHFWY DUH DEOH WR SLFN XS WKH VDGQHVV!I YRFDO FPDUNHU

Table 4-6 Number of subjects that gave correct descriptions for SADNESS of part A: Perception of Gaze Markers.

SADNESS With Perlin-noise Without Perlin-noise Total
Without additional markers 19 20 39
With additional markers 17 18 35
Total 36 38 74

OHWDFRJQLWLYH H\HV 7KLONLQJ

7DEOH OoLVWV WKH VFRUHV RI FRUUHFW GHVFULSWLRQV RI WKH DQLPDWLRQ SDLUV ZIWK WKH , DP WKLONLQJ L]

YRFDO PDUNHU ,Q D00 FRQGLWLRQV WKH FPDMRULWN\ RI VXEMHFWV LV FDSDEOH RI GHVFULELQJ WKH GLITHUHQFH

EHWZHHQ WKH DQLPDWLRQ ZILWK DQG ZLWKRXW WKLV FPDUNHU .,Q WKH FRQGLWLRQ ZLWKRXW 3HUOLQ QRLVH DQG

ZILWKRXW WKH DGGLWLRQDO FPDUNHUV DGGHG D00 VXEMHFWYW ZHUH DEOH WR JLYH D FRUUHFW GHVFULSWLRQ ,Q D00
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RWKHU FRQGLWLRQV WKH QXP EHU RI VXEMHFWY WKDW FRX0G JLYH D FRUUHFW GHVFULSWLRQ LV ORZHU ,Q VXPFP LW

WXUQV RXW WKDW FPRVW VXEMHFWY DUH DEOH WR SHUFHLYH WKH . DP WKLQNLQJ ! YRFDO P DUNHU

Table 4-7 Number of subjects that gave correct descriptions for THINKING of part A: Perception of Gaze Markers.

THINKING With Perlin-noise Without Perlin-noise Total
Without additional markers 17 20 37
With additional markers 17 17 34
Total 34 37 71

OHWDFRJQLWLYH H\HV SHPHPEHULQJ

.Q WDEOH WKH VFRUHV R1 FRUUHFW GHVFULSWLRQV RI WKH DQLPDWLRQ SDLUV ZILWK WKH , DP WU\LQJ WR
UHPHPEHU ' YRFDO FPDUNHU DUH OLVWHG ,Q DOFPRVW D00 FRQGLWLRQV D00 VXEMHFWY DUH FDSDEOH RI
GHVFULELQJ WKH GLITHUHQFH EHWZHHQ WKH DQLPDWLRQ ZILWK DQG ZILWKRXW WKLV FPDUNHU 7KH RQO\ VFRUH WKDW
GHYLDWHV ITURPFPP WKH HLESHFWDWLRQ LV WKH VFRUH IRU WKH FRQGLWLRQ ZILWKRXW 3HUOLQ QRLVH DQG ZILWK WKH
DGGLWLRQDO P DUNHU DGGHG 7KH VFRUH LV ORZHU WKDQ WKH VFRUH IRU WKH FRQGLWLRQ ZILWK 3HUOLQ QRLVH %XW

LQ VXF LW WXUQV RXW WKDW P RVW VXEMHFWY DUH DEOH WR SHUFHLYH WKH , DP WKLQNLQJ ! YRFDO FPDUNHU

Table 4-8 Number of subjects that gave correct descriptions for REMEMBERING of part A: Perception of Gaze Markers.

REMEMBERING With Perlin-noise Without Perlin-noise Total
Without additional markers 20 20 40
With additional markers 20 18 38
Total 40 38 78

T LVFEFXVVLRQ

DURP? WKH UHVXOWV RI1I SDUW $5 3HUFHSWLRQ RI1 *D]H ODUNHUV FRX0G EH GHULYHG WKDW FPRVW VXEMHFWY ZHUH

DEOH WR SHUFHLYH WKH YRFDO FPDUNHUV IRU WKH *D]JH ODUNHUV 3RJJL HW DO SURSRVHG DQG LPSOHFPHQWHG

%XW WKHUH ZDV RQH HLEFHSWLRQ WKH YRFDO FPDUNHU VFPD00! W WXUQHG RXW WKDW FPDQ\ VXEMHFWVY LQ

SDUWLFX0DU LQ WKH FRQGLWLRQ ZILWK 3HUOLQ QRLVH ZHUHQ-W DEOH WR SHUFHLYH WKLV YRFDO FPDUNHU 7KH YRFDO

P DUNHU VPFPPDO00T! LV OLNHON QRW WR EH SLFNHG XS E\ WKH VXEMHFWYW EHFDXVH WKH RQO\ GLIITHUHQFH EHWZHHQ

WKH VPDO00! IDFH RI *~UHWD DQG KHU QHXWUDO IDFH LV D VXEWOH GLITHUHQFH LQ WKH H\HV I WKH VFPDO00!

YRFDO FPDUNHU LV DSSOLHG *~UHWD ORZHUV KHU XSSHU H\HOLGV DQG UDLVHV KHU ORZHU H\HOLGV —+HU H\HV VHHP

D OLWWOH ELW VP DOOHU WKHQ DLJIXUH EHORZ VKRZV WKLV VOLIKW GLITHUHQFH

Figure 4-1 Greta’s neutral face (left) and her <small> face (right)
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Table 4-9 Total number of subjects that gave correct descriptions for part A: Perception of Gaze Markers

With Perlin-noise n Without Perlin-noise n Total
Without additional markers 134 160 151 160 285
With additional markers 132 160 136 160 268
Total 331 320 355 320 666
7DEOH JLYHV WKH WRWDOV RI WKH QXPEHU RI VXEMHFWY WKDW JDYH FRUUHFW GHVFULSWLRQV LQ WKLV SDUW RI WKH

HLSHULPHQW 7KH SUHVHQFH RI1 DGGLWLRQDO FPDUNHUV VHHPFPV WR LQIOXHQFH WKH SHUFHSWLRQ RI1 WKH YRFDO

P DUNHUV 7KH WDEOH VKRZV WKDW LQ ERWK WKH FRQGLWLRQ ZILWK DQG WKH FRQGLWLRQ ZILWKRXW 3HUOLQ QRLVH

WKH QXPFPEHU R1 VXEMHFWY WKDW JDYH FRUUHFW GHVFULSWLRQV RI WKH SHUFHLYHG GLITHUHQFHV LV KLIJKHU LQ WKH

FDVHV ZILWKRXW DGGLWLRQDO FPDUNHUV SUHVHQW LQ WKH DQLFPDWLRQV EXW WKHUH DUH QR VLIQLILFDQW GLIITHUHQFHV

DRU WKH P DMRULWN\ R1 WKH LQGLYLGXDO0 YRFDO FPDUNHUV WKH WRWD0 QXFP EHU RI1 VXEMHFWY WKDW JDYH FRUUHFW

GHVFULSWLRQV IRU WKH YRFDO FPDUNHUV LV VOLIKWON ORZHU LQ WKH FRQGLWLRQ ZILWK DGGLWLRQDO FPDUNHUV WKDQ LQ

WKH FRQGLWLRQ ZILWKRXW DGGLWLRQDO FPDUNHUV SUHVHQW ([LFHSW IRU WKH YRFDO FPDUNHUV LPSORUH! ZKHUH

WKH WRWDOV DUH ERWK HTXDO VXEMHFWV DQG WKH YRFDO FPDUNHU ODUJH! DRU ODUJH! WKH QXFEHU RI

VXEMHFWY WKDW JDYH FRUUHFW GHVFULSWLRQV IRU WKH YRFDO FPDUNHUV LV VOLJKWON KLIJKHU LQ WKH FRQGLWLRQ ZLWK

DGGLWLRQDO FPDUNHUV VXEMHFWY FRPSDUHG WR WKH FRQGLWLRQ ZILWKRXW DGGLWLRQDO0 FPDUNHUV SUHVHQW
VXEMHFWV
3HUOLQ QRLVH DOVR VHHPV WR LQIOXHQFH WKH SHUFHSWLRQ RI WKH YRFDO FPDUNHUV 7DEOH VKRZV WKDW WKH

VFRUHV LQ WKH FRQGLWLRQ ZILWK 3HUOLQ QRLVH DUH VOLIKWON\ ORZHU WKDQ WKH VFRUHV LQ WKH FRQGLWLRQ ZLWKRXW

3HUOLQ QRLVH DOWKRXJK WKHVH GLITHUHQFHV DUH QRW VLJIQLILFDQW 7KH WRWDO0 QXFPEHU RI VXEMHFWY SHU YRFDO

P DUNHU WKDW JDYH FRUUHFW GHVFULSWLRQV LV DOVR VOLIKWON ORZHU LQ WKH FRQGLWLRQ ZILWK 3HUOLQ QRLVH WKDQ LQ

WKH FRQGLWLRQ ZLWKRXW 3HUOLQ QRLVH 7KLV LV DV HELSHFWHG DGGLQJ 3HUOLQ QRLVH FPHDQV PRUH PRYHPHQWV

LQ WKH DQLPDWLRQ DQG WKXV VXEMHFWY FPD\ KDYH FPRUH GLINILFXOWLHV GHVFULELQJ WKH GLITHUHQFHV 7KHUH DUH

WZR YRFDO PDUNHUV ZKHUH GLITHUHQW UHVXOWV ZHUH IRXQG 7KH WRWDO VFRUHV IRU WKH YRFDO FPDUNHU

DQJHU!® DUH HTXDO ERWK VXEMHFWY DQG WKH WRWDO QXFPEHU RI VXEMHFWY SHU YRFDO FPDUNHU WKDW JDYH

FRUUHFW GHVFULSWLRQV IRU WKH YRFDO PDUNHU , DP WI\LQJ WR UHFPHPFPEHU ¥ LV VOLIKWON ORZHU LQ WKH

FRQGLWLRQ ZLWKRXW 3HUOLQ QRLVH VXEMHFWY WKDQ LQ WKH FRQGLWLRQ ZILWK 3HUOLQ QRLVH VXEMHFWV

7KH LQIOXHQFH RI1 3HUOLQ QRLVH LV VWURQJHVW IRU WKH YRFDO FPDUNHU VPD00! 7KLV LV SODXVLEOH EHFDXVH LQ

D00 RWKHU FRQGLWLRQV DOFPRVW D00 RI WKH VXEMHFWY LQ WKH TZLWK= FRQGLWLRQV ERWK TZLWK DGGLWLRQDO

P DUNHUV= DQG ZLWK 3HUOLQ QRLVHe= FRQGLWLRQV ZHUH DEOH WR JLYH D FRUUHFW GHVFULSWLRQ 7KLV LV SUREDEO\

GXH WR D VR FDOOHG FHLOLQJ HIITHFW

7DEOH EHORZ VXP PDULVHV WKH QXPFPEHU RI1 VXEMHFWY WKDW ILOOHG LQ DQ HYLGHQW IDXOWN\ GHVFULSWLRQ LQ

WKH GLITHUHQW FRQGLWLRQV (YLGHQW IDXOWN\ GHVFULSWLRQV DUH WKHVH GHVFULSWLRQV ZHUH WKH VXEMHFW

GHVFULEHG VRPHWKLQJ WKDW QRW UHDOON KDSSHQHG LQ WKH DQLFPDWLRQ WKHVH GHVFULSWLRQV DOVR LQFOXGH WKH

FDVHV ZHUH WKH VXEMHFWY LQGLFDWHG WKDW WKH\ IRXQG -QR GLIIHUHQFHV 7KH SUHVHQFH RI1 DGGLWLRQDO

P DUNHUV VHHPV WR LQIOXHQFH WKH QXFPEHU RI HYLGHQW IDXOW\ GHVFULSWLRQV ,Q ERWK WKH ZLWK 3HUOLQ

QRLVH= FRQGLWLRQ DQG LQ WKH TZLWKRXW 3HUOLQ QRLVH= FRQGLWLRQ WKH QXPFPEHU RI VXEMHFWY WKDW JDYH DQ
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HYLGHQW IDXOWN\ GHVFULSWLRQ LV KLIJKHU LQ WKH FDVHV ZILWK DGGLWLRQDO0 FPDUNHUV SUHVHQW LQ WKH DQLPDWLRQV
3HUOLQ QRLVH DOVR VHHPPV WR LQIOXHQFH WKH QXPFPEHU RI HYLGHQW IDXOWN\ GHVFULSWLRQV ,Q D00 FDVHV WKH
QXPFPEHU RI1 VXEMHFWY WKDW JDYH DQ HYLGHQW IDXOWN\ GHVFULSWLRQ LV KLIJKHU LQ WKH FRQGLWLRQ ZILWK 3HUOLQ
QRLVH 7KH WRWDO QXPFPEHU RI VXEMHFWY WKDW JDYH DQ HYLGHQW IDXOWN\ GHVFULSWLRQ LQ WKH ZLWK 3HUOLQ QRLVH
FRQGLWLRQ LV KLIJIKHU WKDQ WKH QXPFPEHU RI VXEMHFWY WKDW ILOOHG LQ DQ HYLGHQW IDXOW\ GHVFULSWLRQ LQ WKH
FRQGLWLRQ ZILWKRXW 3HUOLQ QRLVH WKLV LV D VLIQLILFDQW GLITHUHQFH DQG DFFRUGLQJ WR WKH

2
HILSHFWDWLRQV /Y - a1t = s<

Table 4-10 Evident faulty descriptions for part A: Perception of Gaze Markers

With Perlin-noise Without Perlin-noise Total
Without additional markers 21 8 29
With additional markers 37 24 61
Distraction markers 16 12 28
Total evident faulty descriptions 74 44 118

DURPFP WKH RYHUDOO PHDVXUHPFPHQW RI HYLGHQW IDXOWN\ GHVFULSWLRQV FRX0G EH GHULYHG WKDW GHVFULELQJ

GLITHUHQFHV ZDV PRUH GLIILFXOW ZKHQ 3HUOLQ QRLVH ZDV DGGHG WR WKH DOQLPDWLRQ $GGLQJ DGGLWLRQDO

P DUNHUV DOVR KDG D QHJDWLYH HIITHFW RQ WKH SHUFHSWLRQ RI1 *D]H ODUNHUV

1 RWH WKDW WKH SHUFHSWLRQ HLESHULPHQW LV QRW VHW XS DV WKH PXFK PRUH HEWHQVLYH SHUFHSWLRQ

HLSHULPHQWY LQ WKH ILHOG RI 3VNFKRDFRXVWLFV ,Q FRQWUDU\ WR WKHVH NLQGV RI HLSHULFPHQWVY WKH

SHUFHSWLRQ HLESHULFPHQW LQ SDUW $ LV QRW FRQGXFWHG WR HLSORUH WKH ERUGHUV RQ SHUFHSWLELOLW\ RI

KXPDQV
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357 » ,QVWHUSUHWDWLRQ RI *~DJH ODUNHUV

$HV VDLG LQ VHFWLRQ WKH JRDO0O RI WKLV SDUW R1 WKH HLSHULFPHQW LV WR YHULIN ZKHWKHU VXEMHFWVY DUH DEOH

WR LQWHUSUHW WKH *DJH ODUNHUV LQFOXGHG LQ WKH DQLFPDWLRQV 7R GR VR WKH VXEMHFWY KDG WR ILQLVK DQ
XWWHUDQFH f~UHWD- FPDGH LQ DQ DQLFPDWLRQ E\ VHOHFWLQJ RQH RI WZR SUHVHQWHG RSWLRQV 7KH WDEOHV LQ
WKLV VHFWLRQ VKRZ WKH GLYLVLRQ RI VXEMHFWVY IRU WKH UHOHYDQW DQG LUUHOHYDQW FDVHV VHH VHFWLRQ

IRU ERWK WKH FRQGLWLRQV ZIWK DQG ZLWKRXW 3HUOLQ QRLVH

DRU D00 VFRUHV LQ WKH VHFRQG SDUW RI WKH HLSHULPHQW 3$57 % ,QWHUSUHWDWLRQ RI1 *D]H ODUNHUV WKH

IR0OORZLQJ WHVW FDQ EH FRQGXFWHG

Table 4-11 Scores for part B: Interpretation of Gaze Markers

With Perlin-noise n Without Perlin-noise n
a b a b
relevant
\" w 20 A w 20
a b a b
irrelevant
Y YA 20 Y VA 20

S5SHOHYDQW VFRUHV 9 DQG =

1 1
+0 7KHUH LV QR GLITHUHQFH LQ VFRUHV EHWZHHQ © DQG = DQG EHWZHHQ © DQG = WKH\ DUH UDQGRPPO\

GLYlGHG  (; —

+1 7KH VFRUHV DUH QRW UDQGRFPPO\ GLYLGHG

_ - _ - _ _ 2 _
—kHQ O = DQG GI — _ = - XNerie =
2 > 2 <
SHMHFW +0 LQ IDYRXU RI +1 L1 Xl)h,\' = 7 RQ=W UHMHFW +0 LQ IDYRXU RI +] L Xl)h,\'
> —c 2 o — 2 _— 2
X2 = Z i i — + =
obs
i q;

,UUHOHYDQW VFRUHV <= DQG =

. .
-+ ZKHUH LV QR GLITHUHQFH LQ VFRUHV EHWZHHQ : DQG < DQG EHWZHHQ : DQG < WKH\ DUH UDQGRFO\
GLYlGHG  (; —

+1  .UUHOHYDQW VFRUHV 7KH VFRUHV DUH QRW UDQGRFPO\ GLYLGHG

_ - _ - _ 2 _
-kHo O = DQG GI — _ = = Xeowie =

2 > 2 <
SHMHFW —+ LQ IDYRXURI -+ 1 X .o 2 - RQ-W UHMHFW —+ LQ IDYRXU RI -1 L1 X,
_ 2 _ 2 _ 2
2 _ 2, (l _ =< + =

Xoh,\'
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$SHSGMHFWLY DO H\HV 6P D00

7KH UHVXOWV IRU WKH YRFDO PDUNHU VPFPD00! RQ WKH LQWHUSUHWDWLRQ WHVW DUH JLYHQ LQ WDEOH = KHQ
ORRNLQJ DW WKH UHOHYDQW FDVHV LW WXUQV RXW WKDW VXEMHFWY GR QRW KDYH D VLIJQLILFDQW SUHIHUHQFH IRU

DVVRFLDWLQJ WKLV YRFDO PDUNHU ZLWK VP D00= ,Q WKH TZLWK 3HUOLQ QRLVH= FRQGLWLRQ RQH KDOI Rl WKH

2 —
VXEMHFWY VHOHFWV VPP D00 DQG WKH RWKHU KDOI TELJ- XObS - GlI — QV ,Q WKH FRQGLWLRQ ZLWKRXW

3HUOLQ QRLVH WKHUH LV VOLIKW EXW QRW VLIQLILFDQW SUHIHUHQFH IRU WKH TV D00 LQWHUSUHWDWLRQ

2 —
X()h\' - Gl — QV = KHQ ORRNLQJ DW WKH LUUHOHYDQW FDVHV VXEMHFWY DV HLESHFWHG GR QRW KDYH

D VLIQLILFDQW SUHIHUHQFH IRU RQH RI WKH RSWLRQV WKH\ FRX0G VHOHFW LQ ERWK 3HUOLQ QRLVH FRQGLWLRQV

2 _ —

X obs Gl — QV
Table 4-12 Scores for SMALL of part B: Interpretation of Gaze Markers.
With Perlin-noise n Without Perlin-noise n
small big small Big
relevant
10 10 20 13 7 20
. black white black White
irrelevant
9 11 20 11 9 20

$SGMHFWLY DO H\HV /DUJH

7DEOH JLYHV WKH UHVXOWV ITRU WKH YRFDO FPDUNHU ODUJH! RQ WKH LQWHUSUHWDWLRQ WHVW ,Q WKH UHOHYDQW
FDVHV VXEMHFWY KDYH D VLIQLILFDQW SUHIHUHQFH IRU DVVRFLDWLQJ WKLV YRFDO PDUNHU ZLWK TELJ- ,Q ERWK WKH

2 —
FRQGLWLRQ ZLWK 3HUOLQ QRLVH obs — cl = s< DQG LQ WKH FRQGLWLRQ ZLWKRXW 3HUOLQ

2 —
QRLVH XOIJS - Gl — S < DV HESHFWHG WKHUH LV D VLIQLILFDQW SUHIHUHQFH IRU 1ELJ-

,Q WKH LUUHOHYDQW FDVHV WKHUH VHHPV WR EH D SUHIHUHQFH IRU EOXH= %XW VXEMHFWY KDYH QR VLJQLILFDQW

SUHIHUHQFH DVVRFLDWLQJ WKLV YRFDO FPDUNHU ZILWK EODFN= RU 1E0XH= ERWK LQ WKH TZLWK 3HUOLQ QRLVH=

2 —
FRQGLWLRQ obs — Gl — QV DQG LQ WKH ZLWKRXW 3HUOLQ QRLVH= FRQGLWLRQ
2 —
Xobs - Gl — QV 7ZKXV WKH SLFWXUH WKDW HFPHUJHV IRU WKLV YRFDO FPPDUNHU 1X00\ FRQILUPYV WKH

HLSHFWDWLRQV

Table 4-13 Scores for LARGE of part B: Interpretation of Gaze Markers.

With Perlin-noise n Without Perlin-noise n
small big small big
relevant
2 18 20 3 17 20
. black blue black blue
irrelevant
8 12 20 6 14 20
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SBHUIRUPDWLYH H\HV 6XJJHVW

.Q WDEOH WKH UHVXOWV IRU WKH YRFDO PDUNHU , VXJJHVW<<! RQ WKH LQWHUSUHWDWLRQ WHVW DUH JLYHQ ,Q
WKH UHOHYDQW FDVHV LW VHHPV WKDW VXEMHFWY KDYH D SUHIHUHQFH IRU DVVRFLDWLQJ WKLV YRFDO FPDUNHU ZLWK T,

VXIIHVW<<= ,Q WKH FRQGLWLRQ TZLWK 3HUOLQ QRLVH= WKHUH LV D VOLIJKW SUHIHUHQFH IRU 1, VXJJHVW<<= EXW LW LV

2 _
QRW VLIQLILFDQW XOIJS - GlI — QV ,Q WKH FRQGLWLRQ ZLWKRXW 3HUOLQ QRLVH WKHUH LV D VLIJQLILFDQW

2 — —

SUHIHUHQFH IRU v, VXJJHVW<<= DV HLSHFWHG obs.ex2 Gl — S <
S5

= KHQ ORRNLQJ DW WKH LUUHOHYDQW FDVHV WKH VXEMHFWVY GR QRW KDYH D VLIQLILFDQW SUHIHUHQFH IRU RQH RI

WKH RSWLRQV SUHVHQWHG DV HLESHFWHG 7KLV DSSOLHV LQ ERWK WKH ZLWK 3HUOLQ QRLVH= FRQGLWLRQ

2 — 2 _ —
X()h\' - Gl - QV DQG LQ WKH TTZLWKRXW 3HUOLQ QRLVH= FRQGLWLRQ obs — Gl — QV

Table 4-14 Scores for SUGGEST of part B: Interpretation of Gaze Markers.

With Perlin-noise n Without Perlin-noise n
| beg ... | suggest ... | beg ... | suggest ...
relevant
9 11 20 4 16 20
i ... Tuesday ... ... Thursday ... ... Tuesday ... ... Thursday ...
irrelevant
8 12 20 10 10 20
3HUIRUPDWLYH H\HV ,P SORUH
7DEOH JLYHV WKH VFRUHV IRU WKH YRFDO FPDUNHU , LP SORUH<< ! RQ WKH LOQWHUSUHWDWLRQ WHVW - KHQ

ORRNLQJ DW WKH UHOHYDQW FRQGLWLRQ LW VHHPV WKDW WKH VXEMHFWY KDYH D VOLIJKW SUHIHUHQFH IRU DVVRFLDWLQJ

1. EHJ<<= ZLWK WKLV YRFDO FPPDUNHU %XW LQ ERWK WKH FRQGLWLRQV ZLWK 3HULQ QRLVH DGGHG
2 — 2 -
Xobs = Gl = QV DQG LQ WKH FRQGLWRQ ZIWKRXW 3HUOLQ QRLVH DGGHG X po = GI = QV

WKLV LV QRW VLIQLILFDQW
2GGO0N\ HORXJIK LQ WKH TLUUHOHYDQW= FRQGLWLRQV WKHUH LV D VLIQLILFDQW SUHIHUHQFH IRU DVVRFLDWLQJ

T<<7KXUVGD\ <<= ZIWK WKLV YRFDO FPDUNHU LQ WKH ZLWK 3HUOLQ QRLVHe= FRQGLWLRQ

2

X(}h,\‘ - Gl = S < %XW LQ WKH ZLWKRXW QRLVHe WKH VXEMHFWY VHHFP WR KDYH D VOLIJKW EXW QRW
VLIQLILFDQW SUHIHUHQFH IRU DVVRFLDWLQJ << 7XHVGD\ <<= ZIWK WKH YRFDO FPDUNHU , LP SORUH<< 1!
2 - —_

Xobs - Gl = Qv

Table 4-15 Scores for IMPLORE of part B: Interpretation of Gaze Markers.

With Perlin-noise n Without Perlin-noise n

| beg ... | suggest ... | beg ... | suggest ...

relevant

12 8 20 13 7 20
i ... Tuesday ... ... Thursday ... ... Tuesday ... ... Thursday ...
irrelevant

5 15 20 12 8 20
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SIITHFWLYH H\HV $QJHU

7KH UHVXOWV ITRU WKH YRFDO PDUNHU DQJHU! RQ WKH LOWHUSUHWDWLRQ WHVW DUH JLYHQ LQ WDEOH = KHQ

ORRNLQJ DW WKH UHOHYDQW FDVHV LW WXUQV RXW WKDW VXEMHFWY KDYH D SUHIHUHQFH IRU DVVRFLDWLQJ WKLV YRFDO

2 —
P DUNHU ZIWK DQJUN\= %XW LQ ERWK WKH TZLWK 3HUOLQ QRLVH= FRQGLWLRQ XObS - GlI - QV DQG LQ
2 —
WKH FRQGLWLRQ ZILWKRXW 3HUOLQ QRLVH obs — GlI — QvV WKH SUHIHUHQFH LV QRW VLIQLILFDQW

= KHQ ORRNLQJ DW WKH LUUHOHYDQW FDVHV VXEMHFWY VHHPFP WR KDYH D OLJKW SUHIHUHQFH IRU DVVRFLDWLQJ

TODUJDUHW= ZIWK WKH DQJHU! YRFDO FPDUNHU 9%XW DV HLESHFWHG I1RU ERWK WKH ZLWK 3HUOLQ QRLVH=

2 —
FRQGLWLRQ XObS - Gl — QV DQG WKH ZLWKRXW 3HUOLQ QRLVH= FRQGLWLRQ
2 —
X()h\’ - GlI — QvV WKLV LV QRW D VLIQLILFDQW SUHIHUHQFH

Table 4-16 Scores for ANGER of part B: Interpretation of Gaze Markers.

With Perlin-noise n Without Perlin-noise n
angry sad angry sad

relevant

13 7 20 14 6 20
. Margaret Elisabeth Margaret Elisabeth
irrelevant

14 6 20 13 7 20

SIIHFWLYH H\HV 6DGQHVV

,Q WDEOH WKH UHVXOWV IRU WKH YRFDO0O FPDUNHU VDGQHVVI RQ WKH LOQWHUSUHWDWLRQ WHVW DUH JLYHQ

,Q WKH UHOHYDQW FDVHV LW VHHPPV WKDW VXEMHFWY KDYH D SUHIHUHQFH IRU DVVRFLDWLQJ WKLV YRFDO FPDUNHU

2 —_
ZILWK TVDG= $V HLESHFWHG LQ ERWK WKH FRQGLWLRQ ZLWK 3HUOLQ QRLVH obs - Gl - S < DQG LQ
2 = = <
WKH FRQGLWLRQ ZILWKRXW 3HUOLQ QRLVH XObS - GlI - S WKH SUHIHUHQFH LV VLIQLILFDQW

= KHQ ORRNLQJ DW WKH LUUHOHYDQW FDVHV WKH VXEMHFWY VHHPFP WR KDYH DQ XQHL[SHFWHG SUHIHUHQFH IRU

DVVRFLDWLQJ TODUJDUHW= ZIWK WKLV YRFDO PDUNHU ,Q ERWK WKH ZLWK 3HULQ QRLVH= FRQGLWLRQ DQG LQ WKH

2 —
FRQGLWLRQ ZILWKRXW 3HUOLQ QRLVH WKLV SUHIHUHQFH LV VLIQLILFDQW X(}h\‘ - Gl — S <

Table 4-17 Scores for SADNESS of part B: Interpretation of Gaze Markers.

With Perlin-noise n Without Perlin-noise n
angry sad angry sad

relevant

4 16 20 1 19 20
. Margaret Elisabeth Margaret Elisabeth
irrelevant

15 5 20 15 5 20

OHWDFRJQLWLYH H\HV 7KLQNLQJ

7DEOH JLYHV WKH UHVXO0oWV IRU WKH YRFDO FPDUNHU , DP WKLONLQJ<< ! RQ WKH LOQWHUSUHWDWLRQ WHVW ,Q WKH

UHOHYDQW FDVHV WKH VXEMHFWY VHHPFP WR KDYH D VOLIJKW SUHIHUHQFH IRU DVVRFLDWLQJ WKLV YRFDO P DUNHU ZLWK
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T<<UHPHP EHU<<= ZKLOH D SUHIHUHQFH IRU <<WKLONLQJ<<= ZDV HLSHFWHG %XW LQ ERWK LQ WKH fZLWK 3HUOLQ

2 _
QRLVH= FRQGLWLRQ XOIJS - GlI — QV DQG LQ WKH FRQGLWLRQ ZILWKRXW 3HUOLQ QRLVH

2 —
XOIJS - Gl — QV WKH SUHIHUHQFH IRU T<<UHPHP EHU<<= LV QRW VLJQLILFDQW

/RRNLQJ DW WKH LUUHOHYDQW FDVHV WKH VXEMHFWY VHHPFP WR KDYH D SUHIHUHQFH IRU DVVRFLDWLQJ D ULGD\= ZILWK

WKH YRFDO PDUNHU WKLONLQJ! %XW DV HLESHFWHG WKH SUHIHUHQFH LV QRW VLIQLILFDQW ERWK LQ WKH 1ZLWK

2 _ —

3HUOLQ QRLVH= FRQGLWLRQ obs — Gl — QV DQG LQ WKH TZLWKRXW 3HULQ QRLVH= FRQGLWLRQ

2 —
Xobs_ Gl — QV

Table 4-18 Scores for THINKING of part B: Interpretation of Gaze Markers.

With Perlin-noise n Without Perlin-noise n
... thinking ... ... remember ... ... thinking ... ... remember ...
relevant
7 13 20 9 11 20
. Tuesday Friday Tuesday Friday
irrelevant
8 12 20 9 11 20
OHWDFRJIQLWLYH H\HV SHPHPEHULQJ
.Q WDEOH WKH VFRUHV IRU WKH YRFDO FPDUNHU

, DP WUL\LQJ WR UHPHPEHU<<! RQ WKH LQWHUSUHWDWLRQ WHVW
DUH JLYHQ ,Q WKH UHOHYDQW FRQGLWLRQ WKH VXEMHFWV FOHDUON KDYH QR SUHIHUHQFH DVVRFLDWLQJ WKLV YRFDO

P DUNHU ZIWK RQH R1I WKH SUHVHQWHG RSWLRQV ,Q ERWK FRQGLWLRQV ZIWK DQG ZILWKRXW 3HUILQ QRLVH KDOI RI

WKH VXEMHFWY FKRVH ITRU WKH HESHFWHG T<<UHPHP EHU<<= DQG WKH RWKHU KDOI FKRVH IRU <<WKLONLQJ <<=

2 —
ths - Gl — Qv

,Q WKH LUUHOHYDQW FRQGLWLRQV HVSHFLDOON\ LQ WKH FRQGLWLRQ ZILWK 3HUOLQ QRLVH LW VHHPV WKDW WKH VXEMHFWV

KDYH D VOLIJKW SUHIHUHQFH IRU DVVRFLDWLQJ TD)ULGD\« ZILWK WKLV YRFDO0O FPDUNHU %XW DV HESHFWHG WKH

2 - —_
SUHIHUHQFH LV QRW VLIQLILFDQW LQ ERWK WKH FRQGLWLRQ ZILWK 3HUOLQ QRLVH XObS - Gl - QV DQG LQ
2 —_
WKH FRQGLWLRQ ZIWKRXW 3HUOLQ QRLVH XObS - Gl - QvV
Table 4-19 Scores for REMEMBERING of part B: Interpretation of Gaze Markers.
With Perlin-noise n Without Perlin-noise n
... thinking ... ... remember ... ... thinking ... ... remember ...
relevant
10 10 20 10 10 20
. Tuesday Friday Tuesday Friday
irrelevant
7 13 20 10 10 20

T LVFEXVVLRQ

DURP WKH UHVXOWV RI SDUW % ,QWHUSUHWDWLRQ RI *DJH ODUNHUV RI WKH HLESHULPHQW FRX0G EH GHULYHG WKDW

VXEMHFWY ZHUH QRW DEOH WR LQWHUSUHW D00 *DJ]H ODUNHUV FRUUHFWON\ ITROORZLQJ 3RJJL HW DO
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6XEMHFWY GLG QRW KDYH D VLIQLILFDQW SUHIHUHQFH I1RU DVVRFLDWLQJ YRFDO FPDUNHU VPD00! ZLWK TV D00=

7KLV LV QRW D VXUSULVLQI RXWFRPH ZKHQ ORRNLQJ DW WKH UHVXOWV IRU WKLV YRFDO PDUNHU LQ SDUW $ LW

WXUQHG RXW WKDW VXEMHFWY ZHUH QRW HYHQ DEOH WR SHUFHLYH WKLV YRFDO FPDUNHU 00 VFRUHV IRU WKLV YRFDO

P DUNHU ZHUH UDQGRF DURP? D00 YRFDO FPDUNHUV ODUJH ! LV WKH RQON\ RQH ZKHUH WKH LQWHUSUHWDWLRQV 1X00\

PDWFKHG WKH HELSHFWDWLRQV ,Q WKH UHOHYDQW FDVHV LQ ERWK WKH FRQGLWLRQ ZLWK DQG ZLWKRXW 3HUOLQ

QRLVH VXEMHFWV KDG D VLIQLILFDQW SUHIHUHQFH IRU DVVRFLDWLQJ WKLV YRFDO FPDUNHU ZLWK TELJ= $QG LQ WKH

LUUHOHYDQW FDVHV D00 VFRUHV IRU YRFDO PDUNHU ODUJH! ZHUH UDQGRP

7KH VXEMHFWY KDG D VLIQLILFDQW SUHIHUHQFH IRU DVVRFLDWLQJ WKH YRFDO FPDUNHU |, VXJJHW=<<!1 ZIWK 1,

VXIJIHW=<<= EXW RQO\ LQ WKH FRQGLWLRQ ZILWKRXW 3HUOLQ QRLVH $V HLSHFWHG WKH VFRUHV IRU WKLV YRFDO

P DUNHU LQ WKH LUUHOHYDQW FDVHV ZHUH UDQGRF? 6XEMHFW VHHPFPHG WR KDYH QR VLJQLILFDQW SUHIHUHQFH IRU

DVVRFLDWLQJ YRFDO PDUNHU , LPSORUH<<! ZIWK 1, EHJ<<= ,Q WKH LUUHOHYDQW FDVHV VRPFPHWKLQJ RGG FDPFPH

IRUZDUG 7KH VFRUHV IRU YRFDO PDUNHU , LPSORUH<<!® ZHUH VLIJQLILFDQW LQ WKH {ZLWK 3HUOLQ QRLVH=

FRQGLWLRQ 7KLV ZDV DQ XQH[L[SHFWHG DQG XQZDQWHG HIITHFW ,Q WKH DQLPDWLRQ IRU WKLV YRFDO FP DUNHU

*UHWD SURQRXQFHG WKH IR0ORZLQJ VHQWHQFH - -RKQ VDLG , VKRX0G ZULWH WKH UHSRUW RQ = HGQHVGD\ 7KH

P DMRULWN RI VXEMHFWY FKRVH IRU WKH DQVZHU -, WKLON 7KXUVGD\ LV EHWWHU 7KHUH LV QR HLSODQDWLRQ I1RU

WKLV HITHFW

7KH VXEMHFWY GLG QRW KDYH D VLIQLILFDQW SUHIHUHQFH IRU DVVRFLDWLQJ YRFDO PDUNHU DQJHU!I ZIWK

TDQJIUN\= 7KLV PLIKW EH GXH WR *UHWD=V YRLFH ZKLFK LV FRPSXWHU JHQHUDWHG DQG UDWKHU fI10DW= DQG

WKHUHIRUH GRHV QRW VRXQG DQJUN\ DW D00 S5V HESHFWHG WKH VFRUHV IRU WKLV YRFDO FPDUNHU LQ WKH LUUHOHYDQW

FRQGLWLRQ ZHUH DOVR UDQGRPPON\ GLYLGHG 7KH VXEMHFWY GLG KDYH D VLIQLILFDQW SUHIHUHQFH IRU DVVRFLDWLQJ

YRFDO PDUNHU VDGQHVV!I ZIWK VDG= LQ ERWK WKH {ZLWK 3HUOLQ QRLVH= DQG WKH TZLWKRXW 3HUOLQ QRLVH=

FRQGLWLRQ ,Q WKH LUUHOHYDQW FDVHV DOVR LQ ERWK WKH FRQGLWLRQ ZLWK DQG ZLWKRXW 3HULQ QRLVH WKH

VFRUHV IRU YRFDO PDUNHU VDGQHVVYI ZHUH VLIQLILFDQW 7KLV ZDV DOVR DQ XQHLSHFWHG DQG XQZDQWHG

HITHFW ,Q WKH DQLFPDWLRQ IRU WKLV YRFDO FPDUNHU *UHWD SURQRXQFHG WKH IR0OORZLQJ VHQWHQFH -/HW PH

LOWURGXFH P\VHOlI , DP ORUH VXEMHFWVY FKRVH IRU WKH DQVZHU - <<ODUJDUHW 7KHVH VXEMHFWV

SRVVLEON FKRVH WKLV DQVZHU EHFDXVH LW ZDV FORVHVW WR *UHWD- ,Q WKH LOQWURGXFWLRQ WKH WDONLQJ KHDG

ZDV LQWURGXFHG WR WKH VXEMHFWVY DV f*~UHWD=

7KH VXEMHFWY KDG QR VLIQLILFDQW SUHIHUHQFH IRU DVVRFLDWLQJ WKH YRFDO FPDUNHUV WKLOQNLQJ! DQG

UHPHPEHULQJ! ZIWK UHVSHFWLYHON\ 1, WKLQNLQJ<<= DQG 1,-FP WI\LQJ WR UHPHPEHU<<= <500 VFRUHV IRU

WKHVH YRFDO PDUNHUV ZHUH UDQGRF> 7KLV PLIKW ILQG LW FDXVH LQ WKH FORVH FRQQHFWLRQ WKHVH WZR YRFDO

P DUNHUV KDYH

7KH QHJIDWLYH LQIOXHQFH RI 3HUILQ QRLVH ZDV GHPRQVWUDEO\ SUHVHQW 7KH VFRUHV IRU WKH TFRUUHFW=

DQVZHUV LQ WKH fUHOHYDQW= FDVHV LQ WKH ZLWKRXW 3HUOLQ QRLVHe FRQGLWLRQ ZHUH KLIJKHU WKDQ LQ VLL RI

HLIKW FDVHV RU HTXDO0O WR IRU WKH YRFDO PDUNHU 1,-FP WIN\LQJ WR UHPHPEHU<<= WKH VFRUHV LQ WKH Z=ZLWK

3HUOLQ QRLVH= FRQGLWLRQ S$MWKRXJK WKH VFRUHV IRU WKH YRFDO FPDUNHU f0DUJH= $SGMHFWLYDO (\HV ZHUH

VLIQLILFDQW LQ ERWK WKH FRQGLWLRQ ZILWK 3HUOILQ QRLVH DQG LQ WKH FRQGLWLRQ ZLWKRXW 3HUOLQ QRLVH WKH

VFRUH LQ WKH ZLWK 3HULQ QRLVH= FRQGLWLRQ ZDV KLIKHU WKDQ WKH VFRUH LQ WKH ZLWKRXW 3HUILQ QRLVH=

FRQGLWLRQ 7KHUH LV QR SODXVLEOH HLSODQDWLRQ IRU WKLV HITHFW
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357 & 3BUHIHUHQFHV

$HBV SRLQWHG RXW LQ VHFWLRQ WKH JRDO IRU WKLV SDUW R1 WKH HLESHULPHQW LV WR YHULIN ZKHWKHU VXEMHFWV
SUHIHU XWWHUDQFHYV ZLWK TFRUUHFW= *~D]H ODUNHUV WR XWWHUDQFHV ZLWKRXW **D]H ODUNHUV

7R GR VR WKH VXEMHFWY ZHUH HLSRVHG WR SDLUV RlI DQLPDWLRQV 7KH VXEMHFWY KDG WR LQGLFDWH ZKLFK RI
WKH WZR DQLPDWLRQV LQ D SDLU WKH\ WKRXJKW ZDV WKH EHVW UHDOLVDWLRQ IRU WKH XWWHUDQFH {=~UHWD- FPDGH
$V DQ HLWUD RSWLRQ WKH\ FRX0G DOVR FKRRVH IRU QRQH RI WKH DQLPP DWLRQV

7KH WDEOHV LQ WKLV VHFWLRQ VKRZ WKH GLYLVLRQ RI1 VXEMHFWY RYHU WKH SRVVLEOH DQVZHUV IRU WKLV SDUW RI1 WKH
HELSHULP HQW

DRU D00 VFRUHV LQ WKH WKLUG SDUW R1I WKH HLESHULPHQW 3$57 & 3UHIHUHQFHV WKH IR00RZLQJ WHVW FDQ EH

FRQGXFWHG
Table 4-20 Scores for part C: Preferences, of the experiment
Vocal Marker With Markers No Markers No Preference N
A X Y z 40
+0 7KHUH LV QR GLIITHUHQFH LQ VFRUHV EHWZHHQ ; DQG < DQG = WKH\ DUH UDQGRPFPPO\ GLYLGHG
<=

+] 7KH VFRUHV DUH QRW UDQGRFPFPPON\ GLYLGHG

-kho O = poc GI = _ — = — = XC”-’:
2 > 2 <
SHMHFW () LQ IDYRXU RI 1 LI Xobs 2 RQ=W UHMHFW — ( LQ IDYRXU RI —+{ LI Xobs
> = ¢ 2 _ 2 _ 2 _ 2

2 _ i _ = = =
e

obs

i (]
BGMHFWLY DO H\HV

Z7DEOH JLYHV WKH UHVXOWV IRU WKH *D]H ODUNHU TSGMHFWLYDO (\HV= RQ WKH SUHIHUHQFH WHVW >RU YRFDO

P DUNHU VPD00! DERXW KDOI RI WKH VXEMHFWY SUHIHUUHG WKH DQLPDWLRQ ZLWK WKH FRUUHFW= FPDUNHUV SV

2

HELSHFWHG WKLV QXPEHU R1 VXEMHFWV LV VLIQLILFDQW X()h\' = Gl = S < PBOWKRXIK WKLV LV D
VLIQLILFDQW RXWFRPH QRWH WKDW WKH RWKHU KDOI RI WKH VXEMHFWV GLG QRW SUHIHU WKH DQLPDWLRQ ZLWK
WKH fFRUUHFW- FPDUNHUV DRU YRFDO FPDUNHU ODUJH ¥ VXEMHFWY SUHIHUUHG WKH DQLFPDWLRQ ZLWK WKH

2= = <
FRUUHFW= P DUNHUV DV HLSHFWHG WKLV LV D VLIQLILFDQW QXPFPEHU XObS - GlI - S 7KH

RWKHU VXEMHFWY SUHIHUUHG IRU WKH DQLPDWLRQ ZILWKRXW FPDUNHUV RU KDG QR SUHIHUHQFH

Table 4-21 Distribution of the number of subjects for Adjectival Eyes of part C: Preferences.

Class Gaze Marker Vocal Marker With Markers No Markers No Preference N
<small> 21 9 10 40
Belief Adjectival Eyes
<large> 35 2 3 40
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SHUIRUPDWLYH H\HV

,Q WDEOH WKH UHVXOWV ITRU WKH *D]H ODUNHU 3HUIRUPDWLYH (\HV=- RQ WKH SUHIHUHQFH WHVW DUH
SUHVHQWHG 7KH VXEMHFWY KDYH D VWURQJ SUHIHUHQFH IRU WKH DQLPDWLRQV ZIWK WKH TFRUUHFW= FPDUNHUV SV

HLSHFWHG ERWK WKH QXPFPEHU RI VXEMHFWW WKDW SUHIHUUHG WKH DOQLPDWLRQ ZILWK FPDUNHUV IRU YRFDO P DUNHU
S = <
, VXIIHVW<< ! LV VLIQLILFDQW XObS - G| - S DQG WKH QXPFPEHU RI1 VXEMHFWY WKDW

SUHIHUUHG WKH DQLPDWLRQ ZLWK FPDUNHUV IRU YRFDO PDUNHU , LPSORUH<<! LV VLJQLILFDQW

2

Xobs = e = s<
Table 4-22 Distribution of the number of subjects for Performative Eyes of part C: Preferences.
Class Gaze Marker Vocal Marker With Markers No Markers No Preference N
<l suggest...> 35 5 0 40
Belief Adjectival Eyes
<l implore...> 36 2 2 40

SIIHFWLYH H\HV

7KH UHVXOWV IRU WKH *D]JH ODUNHU 51 IHFWLYH (\HV- RQ WKH SUHIHUHQFH WHVW DUH SUHVHQWHG LQ WDEOH
$IDLQ IRU ERWK *D]JH ODUNHUV WKH VXEMHFWY SUHIHU WKH DQLPDWLRQV ZILWK WKH fFRUUHFW= FPDUNHUV sV

HLSHFWHG ERWK WKH QXPFPEHU RI VXEMHFWVW WKDW SUHIHUUHG WKH DQLFPDWLRQ ZILWK FPDUNHUV IRU YRFDO FPDUNHU

2 —_
DQJHU!Y XObS - G| - S < DQG WKH QXPFPEHU RI VXEMHFWY WKDW SUHIHUUHG WKH DQLFPDWLRQ
A = <
ZIWK FPDUNHUV IRU YRFDO P DUNHU VDGQHVV I X()h\' - Gl — S DUH VLIQLILFDQW

Table 4-23 Distribution of the number of subjects for Affective Eyes of part C: Preferences.

Class Gaze Marker Vocal Marker With Markers No Markers No Preference N
. L. <anger> 37 3 0 40

Belief Adjectival Eyes
<sadness> 38 1 1 40

OHWD FRJQLWLYH H\HV

7DEOH KROGV WKH UHVXOWV ITRU WKH =*D]H ODUNHU fOHWD FRJQLWLYH (\HVe RQ WKH SUHIHUHQFH WHVW
DRU WKH YRFDO PDUNHU , DFP WKLONLQJ<<! DV HLSHFWHG PFPRUH WKDQ KDOI RI WKH VXEMHFWVY SUHIHU WKH

DQLPDWLRQ ZLWK FPDUNHUV RYHU WKH DQLPDWLRQ ZLWKRXW FPDUNHUV 7KLV LV D VLIQLILFDQW QXPFPEHU RI1
A = <
VXEMHFWV obs - Gl — s SFFRUGLQJI HLESHFWDWLRQV WKH QXPFPEHU R1 VXEMHFWY WKDW

SUHIHU WKH DQLPDWLRQ ZLWK FPDUNHUV IRU YRFDO PDUNHU , DP WI\LQJ WR UHPHPEHU<<! LV DOVR VLJQLILFDQW

2 —
X(}h\‘ - Gl — S < PBOWKRXIK WKLV LV D VLIQLILFDQW RXWFRPFPH QRWH WKDW DOFPRVW KDOI RI WKH
VXEMHFWV L1 WKH VXEMHFWY Z KR SUHIHUUHG WKH DQLFPDWLRQV ZILWKRXW FPDUNHUV DQG WKH VXEMHFW ZLWK QR

SUHIHUHQFH DUH DGGHG GLG QRW SUHIHU WKH DQLFPDWLRQ ZILWK WKH TFRUUHFW= FPDUNHUV
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Table 4-24 Distribution of the number of subjects for Meta-cognitive Eyes of part C: Preferences.

Class Gaze Marker Vocal Marker With Markers No Markers No Preference N

. L <l am thinking...> 24 5 11 40
Belief = Adjectival Eyes

<l am trying to remembering...> 36 1 3 40

T LVFEXVVLRQ

DURPFP WKH UHVXOWVY RI SDUW & 3UHIHUHQFHV RI1 WKH HLESHULFPHQW FRX0G EH GHULYHG WKDW VXEMHFWY SUHIHUUHG

XWWHUDQFHV Z WK TFRUUHFW= YRFDO FPDUNHUV WR XWWHUDQFHYV ZILWKRXW FPDUNHUV S$S0WKRXJK WKH VFRUHV IRU D00

YRFDO PDUNHUV ZHUH VLIQLILFDQW LW ZDV VWULNLQJ WKDW WKH VFRUHV IRU YRFDO PDUNHU VPD00! S$SGMHFWLYDO

Q\HV DQG YRFDO PDUNHU , DP WKLONLQJ<<! S$SGMHFWLYDO (\HV ZHUH VXEVWDQWLDOO\ ORZHU WKDQ WKH VFRUHV

IRU D00 RWKHU YRFDO FPDUNHUV

7KH ORZ VFRUH IRU YRFDO FPDUNHU VPDO00! LV HLSODLOQDEOH LQ SDUW $5 VXEMHFWY ZHUH QRW DEOH WR SHUFHLYH

WKLV YRFDO PDUNHU $QG WKH\ FRX0GQ=W LOQWHUSUHW LW LQ SDUW % VR LW LV QR VXUSULVH WKDW WKH VFRUHV ZHUH

EHORZ DYHUDJH LQ WKLV SDUW RI WKH HLESHULFPHQW
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&ROFOXGLOQI SHFPDUNV

7KLV FKDSWHU JLYHV VRPH FRQFOXGLQJ UHFPDUNV 6HFWLRQ VXP PDULVHV WKH FRQFOXVLRQV SHU SDUW RI WKH
HLSHULPHQW DQG VHFWLRQ JLYHV VRPFPH UHFRP PHQGDWLRQV ITRU IXWXUH UHVHDUFK RQ WKLV WRSLF
&RQFOXVLRQV

7KLV HESHULPHQW WULHG WR DQVZHU WKH TXHVWLRQ ZKDW WKH LQIOXHQFH RI *D]JH ODUNHUV RQ WKH

LOWHUSUHWDWLRQ RI XWWHUDQFHV FPDGH EN\ DQ (&$ LV 7R EH DEOH WR GR VR WKLV EDVLF UHVHDUFK TXHVWLRQ ZDV

GLYLGHG LQWR VHYHUDO PRUH VSHFLILF UHVHDUFK TXHVWLRQV

hd $HUH VXEMHFWY DEOH WR SHUFHLYH *D]J]H ODUNHUV DQG GRHV WKH SUHVHQFH RI DGGLWLRQDO FPDUNHUV

LQIOXHQFH WKLV SHUFHSWLRQ™

o $HUH VXEMHFWY DEOH WR LQWHUSUHW *D]H ODUNHUV {FRUUHFWO\=""

° R WKH VXEMHFWVY SUHIHU XWWHUDQFHV ZILWK fFRUUHFW= *D]H ODUNHUV WR XWWHUDQFHV ZLWKRXW =*D]H

ODUNHUV™

AHLW WR WKHVH TXHVWLRQV LW ZDV RI1 LQWHUHVW LI 3HUOLQ QRLVH LQIOXHQFHG WKH SHUFHSWLRQ DQG

LOQWHUSUHWDWLRQ RI1 *D]H ODUNHUV 7KH TXHVWLRQV FPHQWLRQHG DERYH ZL00 EH DQVZHUHG LQ WKH VHFWLRQV

EHORZ

DURP? WKH UHVXOWV RI SDUW $§ 3HUFHSWLRQ RI *D]JH ODUNHUV FRX0G EH GHULYHG WKDW P RVW VXEMHFWY ZHUH

DEOH WR SHUFHLYH WKH YRFDO FPDUNHUV IRU WKH *D]JH ODUNHUV 3RJJL HW D0 SURSRVHG DQG LPSOHFPHQWHG

%XW WKHUH ZDV RQH HEFHSWLRQ WKH YRFDO FPDUNHU VPD00! W WXUQHG RXW WKDW WKH VOLIKW FORVLQJ RI WKH

H\HV RIWHQ ZHQW XQQRWLFHG E\ FPRVW RI WKH VXEMHFWY 7KLV SUREOHFP PLJIJKW EH VROYHG EN\ FPDNLQJ WKLV

PRYHPHQW 0HVV VXEWOH FORVLQJ WKH H\HV IXUWKHU DQG ORZHULQJ DQG FHQWULQJI WKH H\HEURZV PLJIKW GR

WKH WULFN 1 H[W WR WKLV WKH SUHVHQFH RI DGGLWLRQDO FPDUNHUV VHHFPHG WR LQIOXHQFH WKH SHUFHSWLRQ RI WKH

YRFDO PDUNHUV DLQGLQJI GLITHUHQFHY ZDV SUREDEON PRUH GLIILFXOW ZKHQ WKH VXEMHFWY ZHUH GLVWUDFWHG

E\ WKHVH FPDUNHUV 7KLV ZDV SUREDEO\ GXH WR WKH HEWHQGHG QXPFEHU RI DYDLODEOH FRP P XQLFDWLRQ

FKDQQHOV 7KH XVH RI1 VHYHUDO PRGDOWLHV R1 FRP P XQLFDWLRQ FDQ P DNH FRP P XQLFDWLQJ ZIWK DQ (&$

TXLFNHU DQG PRUH HIILFLHQW %XW LW FPD\ DOVR EH PRUH GLIILFXOW WR FRQFHQWUDWH RQ RQH FKDQQHO DQG

SHUFHLYH GLITHUHQFHV EHWZHHQ WKH WZR DQLFPDWLRQV

DURP WKH UHVXOWV RI SDUW % ,QWHUSUHWDWLRQ RI *DJH ODUNHUV RI WKH HLESHULPHQW FRX0G EH GHULYHG WKDW

VXEMHFWY ZHUH QRW DEOH WR LQWHUSUHW D00 *DJ]H ODUNHUV FRUUHFWON\ ITROORZLQJ 3RJJL HW DO 6XEMHFWVY GLG

QRW DOZD\V LOQOWHUSUHW WKH DQLPDWLRQV LQ WKH LQWHQGHG ZD\ IRU YDULRXV UHDVRQV >DLUVW WKH DQLFPDWLRQ IRU

WKH YRFDO PDUNHU PLIKW EH EHORZ WKH SHUFHSWXD0 WKUHVKROG H J WKH VXEMHFWY ZHUH QRW DEOH WR

SHUFHLYH WKH YRFDO PDUNHU VPDO00! AH[W WKH YRFDO FPDUNHU PD\ FRQWUDGLFW WKH WRQH RI YRLFH H J

WKH VDG WRQH RI1 YRLFH HVSHFLDOO\ FRQWUDGLFWHG WKH YRFDO FPDUNHU DQJHU! DLQDOON WKH YRFDO P DUNHU

PD\ EH GLIILFX0OW WR LQWHUSUHW FRUUHFWON H J WKH YRFDO FPDUNHUV WKLONLQJ! DQG UHPHPEHULQJ! DUH

YHUN\ FORVHON FRQQHFWHG O9RFDO PDUNHUV VKRX0G EH GHVLIQHG FPRUH UHDOLVWLF L H WKH\ VKRX0G EH EDVHG

RQ DFWXDO0 VWXGLHV RQ KXPPDQ KXPFPDQ FRQYHUVDWLRQ 7KH VHW RI *D]H ODUNHUV LPSOHFPHQWHG E\ 3RJJL HW

DO VHHPHG QRW WR FRPH XS WR HLSHFWDWLRQV 9RFD0 FPDUNHUV FRX0G DOVR UHSUHVHQW RWKHU *DJH ODUNHUV

WKDQ 3RJJL HW DO SUHVXPHG ,W ZRX0G EH SRVVLEOH WR XVH WKH YRFDO FPDUNHU ODUJH! QRW MXVW WR UHIHU WR
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ODUJH REMHFWY $SOQRWKHU SRVVLELOLWN PLIKW EH WR XVH WKLV YRFDO PDUNHU IRU DFFHQWLQJ D SDUW LQ DQ
XWWHUDQFH DRU HEDPSOH LQ WKH XWWHUDQFH -7KDW FDU LV YHU\ VD00 ZIWK WKH DFFHQW DQG WKXV WKH
YRFDO PDUNHU SODFHG RQ - <<YHU\ VD00 RU LQ WKH XWWHUDQFH - +HU KDLU LV UHG ZLWK DQ DFFHQW
SODFHG RQ WKH ZKROH VHQWHQFH

DURP WKH UHVXOWV RI SDUW & 3UHIHUHQFHV RI WKH HLSHULPHQW FRX0G EH GHULYHG WKDW VXEMHFWY SUHIHUUHG
XWWHUDQFHV ZILWK fFRUUHFW= YRFDO FPDUNHUV WR XWWHUDQFHV ZLWKRXW FPDUNHUV

6XEMHFWY FOHDUON KDG D VWURQJ SUHIHUHQFH IRU WKH SUHVHQFH RI1 YLVXD0O FPDUNHUV HLFHSW IRU WKH YRFDO
FPDUNHU VPD00! ZKLFK WKH VXEMHFWY IRXQG GLIILFXOW WR SHUFHLYH DQG VRPHZKDW VXUSULVLQJON I1RU WKH
YRFDO PDUNHU WKLONLQJ ¥

20QH WKLQJ WKDW VANVWHPFPDWLFDOON\ YDULHG LQ WKH HLSHULFPHQW ZDV WKH SUHVHQFH RU DEVHQFH RI1 3HUOLQ QRLVH
KDOI WKH VXEMHFWY FRQGXFWHG SDUW $§ 33HUFHSWLRQ RI *D]JH ODUNHUV DQG SDUW % ,QWHUSUHWDWLRQ RI *D]H
ODUNHUV Rl WKH HLSHULPHQW ZIWK 3HUOLQ QRLVH WKH RWKHU KDOI FRQGXFWHG WKHVH SDUWV ZLWKRXW 3HUOLQ
QRLVH DURP SDUW $5 R1 WKH HLESHULPHQW FRX0G EH GHULYHG WKDW 3HUOLQ QRLVH LQIOXHQFHG WKH SHUFHSWLRQ
RI1 *D]JH ODUNHUV ORUH VXEMHFWVY PLVVHG WKH GLITHUHQFH V EHWZHHQ WKH DQLPDWLRQV DQG FPRUH VXEMHFWV
PDGH LQFRUUHFW GHVFULSWLRQV RI WKH GLITHUHQFHV L H WKH\ SHUFHLYHG GLITHUHQFHVY WKDW ZHUH QRW

WKHUH DURP SDUW % RI1 WKH HESHULPHQW FRX0G EH GHULYHG WKDW 3HUOLQ QRLVH LQIOXHQFHG WKH
LOWHUSUHWDWLRQ RI *D]JH ODUNHUV ORUH VXEMHFWY LQWHUSUHWDWHG WKH UHOHYDQW DQLFPDWLRQV FRUUHFWO\
FRUUHFWON\ TROORZLQJ 3RJJL HW DO LQ WKH FRQGLWLRQV ZILWKRXW 3HUOLQ QRLVH 3HUOLQ QRLVH P D\ FPDNH WKH
*D]H ODUNHUV OHVV YLVLEOH EXW WKH DQLPDWLRQV GR O0RRN FPRUH TODWXUDO= ZILWK 3HUOLQ QRLVH $QG RQH RI
WKH JRDOV RI 3RJJL HW DO LV WR FUHDWH DQ (&$ WKDW LV DEOH WR VHQW QDWXUDO= FPHVVDJHV WR XVHUV W

VLP SO\ PD\ EH WKDW WKH *D]JH ODUNHUV ZIWFK DUH QRW EDVHG RQ UHVHDUFK DUH QRW FRQYLQFLQJ RU FOHDU
HORXJK

7KH VHW RI1 *D]JH ODUNHUV SURSRVHG E\ 3RJJL HW D0 ODFNHG RI1 LQVWUXFWLRQV RQ KRZ WR DSSO\ WKH YRFDO
P DUNHUV 7 XULQJ WKH SUHSDUDWLRQ RI WKH HESHULFPHQW RQH RI WKH WDVNV ZDV WR DFKLHYH D fQDWXUDO=
DSSOLFDWLRQ RI1 YRFDO FPDUNHUV IRU SDUW % DQG SDUW & 7KLV ZDV GRQH EN\ DSSO\LQJ D YRFDO FPDUNHU WR D
FHUWDLQ XWWHUDQFH DQG MXGJLQJ EN\ LQVWLQFW KRZ fQDWXUDO= WKH DQLFPDWLRQ LV ,W ZRX0G EH EHWWHU ZKHQ

WKHUH ZDV DQ LQVWUXFWLRQ VHW EDVHG XSRQ UHVHDUFK LOQWR KXPDQ EHKDYLRXU

> XWXUH SHVHDUFK

$00 VWHSV RQ WKH SDWK WR WKH HLSHULFPHQW DUH JLYHQ VHULRXV FRQVLGHUDWLRQ 7KH GLIILFXOWLHV DQG FPLQRU
1I0DZV WKDW FDPFPH IRUZDUG ZL00 EH GLVFXVVHG LQ WKLV VHFWLRQ

DRU SDUW $§ 3HUFHSWLRQ RI *D]JH ODUNHUV WKH VXEMHFWY KDG WR DQVZHU RSHQ TXHVWLRQV $SWKRXJK LW ZDV
GLIILFXOW WR GHILQH WKH ZD\ WKH DQVZHUV WR WKH RSHQ TXHVWLRQV ZHUH WR EH ZHLJKW IRU VFRULQJ ,W FRX0G
QRW EH PXOWLSOH FKRLFH TXHVWLRQV 7KLV ZDV WR EH DEOH WR HLFOXGH WKH SRVVLELOLWN\ 1RU WKH VXEMHFWV WR
JIDPEOH ZKHQ WKH\ ZHUH QRW VXUH RI WKH GLITHUHQFHV WKH\ SHUFHLYHG

7R EH DEOH WR EH VXUH ZKDW WKH LQIOXHQFH 3HULQ QRLVH ZDV LQ SDUW $ WKH FHLOLQJ HIITHFW WKDW DURVH
VKRX0G EH OHYHOOHG RXW 7KLV PLIJKW EH GRQH EN\ I1LQGLQJ D EHWWHU ZD\ WR ZHLJIJKW WKH DQVZHUV IRU

VFRULQJ

,Q SDUW % ,QWHUSUHWDWLRQ RI1 *D]JH ODUNHUV WKH VXEMHFWY KDG WR ILQLVK WKH XWWHUDQFHYV *~UHWD GLG XVLQJ

RQH RI WKH WZR SUHVHQWHG RSWLRQV 7KH HLSHFWDWLRQ IRU WKH fLUUHOHYDQW= FDVHV LQ SDUW % ZDV WKDW WKH
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VXEMHFW DUH QRWDEOMH WR FKRRVH D |ILWWMQJ DQVZ HUIRU WKH SUHVHQWHG DQLP DWRQ ,Q WKHVH FDVHV WKH

DQVZ HUV VKRXOG EH HTXDOO GLYLGHG RYHUWH WZ R SUHVHQWHG RSWRQV ,WWXUQHG RXWWKDWLWZ DV TXLW

GLIILFXONVWR 1LQG LUUHOHYDQW XWWUDQFHV ) RUH[DP SOH WP LJKWEH EHWWHU WR DOMU WKH DQVZ HUV IRU WKH

fLUUHOHYDQW XWWMHUDQFH IRUWMH * DJH O DUNHU f$ ITHFWYH (\HV- 7KH XWMWUDQFH XVHG KHUH Z DV "~/ HWP H

LQWRGXFH P \ VHO , DP U WKH VXEMHFW KDG WKH SRVVLELOW WR FKRRVH EHWZ HHQ Y0 DUIJDUHW DQG

1( Q) DEHWK:- D QDP H WKDWGRHV QRWUHVHP EOX f* UHWD:- P D\EH EHWHU $ QRWKHUH[DP SOH LV WKH XVH RI

fEMFN:- DQG fZ KLWH: IRUWKH DQVZ HUV RQ WKH XWMWUDQFHV IRUWMH * DJ]H 0 DUNHU f$ GMHFWYDO(\ HV:- 7 KH

WZ R DQVZ HUV DUH D fQDWXUDO SDLURI WZ R RSSRVLWHV WKH FKRLFH IRU fEOXH- DQG fEOFN:- VHHP HG EHWWU

DOWHU RQ LQ WKH SURFHVV

,Q SDUW& 3 UHIHUHQFHV WKH VXEMHFW KDG WR HQWHU Z KLFK DQLP DWRQ RI WKH WZ R DQLP DWRQV SUHVHQWHG

WKH\ SUHIHUUHG 7KH VXEMHFW Z HUH JLYHQ WKH SRVVLELOW WR FKRRVH EHWZ HHQ DQ DQLP DWMRQ LQFOXGLQJ

WKH fUHOHYDQW YRFDOP DUNHUV IRORZ LQJ 3RJJLHWDO DQG DQ DQLP DWMRQ Z LMKRXWDQ\ YRFDOP DUNHUV

$ OKRXJK WKH VXEMHFW Z HUH DOVR JLYHQ WKH RSWRQ WR VWDWH WKDWWKH\ SUHIHUUHG QRQH RI WKH WZ R

SUHVHQWHG DQLP DWRQV WKH DQLP DWRQ Z LWK YRFDOP DUNHUV FRXOG HDVLO EH SUHIHUUHG RYHU WKH

DQLP DWMRQ Z L(WKRXWYRFDOP DUNHUV Z KHWKHU WH VXEMHFW SUHIHUUHG LWRU QRW

) LQD O WKH YHUVLRQ RI * UHWD XVHG IRU WKLV H[ SHULP HQW LV QRZ P RUH WKDQ D \ HDU ROG & DW HULQH

3HOMFKDXG DQG KHU FROOHDJ XHV LP SOHP HQWHG D QHZ JD]H DQ RULWKP LWLV VWMLOO QRW SHUIHFWEXWWKH H\ HV

P RYH EHWHU 7 KH\ DOVR LP SURYHG WKH fORRNV:- RI * UHWD |LJXUH VKRZ VD VFUHHQVKRWRI * UHWD:-V QHZ

fORRNV:- 7KH ROG YHUVLRQ XVHG IRUWKH H[ SHULP HQWKDV WKH KDLU WKUQHG RI EXWWH H\HV DQG

P RYHP HQW RI * UHWD VWMLOODUH P RUH fQDWXUDO LQ WKH QHZ YHUVLRQ
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