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ART LONG PAPER



0RQWDJH�DV�D�QDUUDWLYH�YHFWRU�IRU�YLUWXDO�UHDOLW\
H[SHULHQFHV

6DJRW�'XYDXURX[�5pPL���5RQIDUG�5pPL�����*DUQLHU�)UDQoRLV�

�(16$'��36/�8QLYHUVLW\��(QVDG/DE��6SDWLDO�0HGLD��3DULV� )UDQFH
�8QLY��*UHQREOH��$OSHV��,QULD��&156��*UHQREOH�,13� /-.��������*UHQREOH�)UDQFH

&RUUHVSRQGLQJ�DXWKRU� 6DJRW�'XYDXURX[�5pPL��UHPL�VDJRW#JPDLO�FRP
.H\ZRUGV� 9LUWXDO�5HDOLW\�±�0RQWDJH�±�1DUUDWLYH�± 3UHVHQFH�±�,QWHUDFWLRQ�±�8;�'HVLJQ

$EVWUDFW
7KH JRDO RI RXU SDSHU LV WR GHPRQVWUDWH WKURXJK DUWLVWLF H[SHULPHQWDWLRQ WKDW WKH FRQFHSW RI PRQWDJH FDQ EH
DQ HIIHFWLYH YHFWRU IRU FRQYH\LQJ FRPSOH[ QDUUDWLYHV LQ LPPHUVLYH� URRP�VFDOH YLUWXDO UHDOLW\ H[SHULHQFHV�
:H UHYLHZ WKH SDUWLFXODULWLHV RI YLUWXDO UHDOLW\ PHGLDWLRQV UHJDUGLQJ QDUUDWLYH� DQG ZH SURSRVH WKH QHZ
FRQFHSWXDO IUDPHZRUN RI © VSDWLDO PRQWDJH ª LQVSLUHG E\ WUDGLWLRQDO FLQHPDWRJUDSKLF PRQWDJH� WDNLQJ LQWR
DFFRXQW WKH VSHFLILF QHHGV RI YLUWXDO UHDOLW\� :H PDNH WKH K\SRWKHVLV WKDW VSDWLDO PRQWDJH QHHGV WR EH UHODWHG
WR ERG\ DFWLRQ RI WKH XVHU DQG FDQ SOD\ D VLJQLILFDQW UROH LQ UHODWLQJ WKH LPPHUVLYH H[SHULHQFH ZLWK DQ
H[WHUQDOO\ DXWKRUHG QDUUDWLYH� 7R WHVW WKRVH K\SRWKHVHV� ZH KDYH EXLOW D VHW RI WRROV LPSOHPHQWLQJ WKH EDVLF
FDSDELOLWLHV RI VSDWLDO PRQWDJH LQ WKH 8QLW\ �' JDPH HQJLQH IRU XVH LQ DQ LPPHUVLYH YLUWXDO HQYLURQPHQW�
7KH UHVXOWLQJ SURWRW\SH UHGHILQHV WKH WUDGLWLRQDO FRQFHSWV RI VKRWV DQG FXWV XVLQJ YLUWXDO VWDJHV DQG SRUWDOV
DQG�SURSRVHV�QHZ�LQWHUDFWLRQ�SDUDGLJPV�IRU�FUHDWLQJ�DQG�H[SHULHQFLQJ�PRQWDJH�LQ�YLUWXDO�UHDOLW\�KHDGVHWV�

�� ,QWURGXFWLRQ
7KH DUW RI PRQWDJH� SUDFWLVHG DQG WKHRULVHG VLQFH WKH EHJLQQLQJ RI WKH ��WK FHQWXU\� KDV FRQVHTXHQWO\
GHWHUPLQHG WKH VHWV RI FLQHPDWRJUDSKLF IRUPV� ERWK IURP DQ DHVWKHWLF DQG VHPLRWLF SRLQW RI YLHZ� 7RGD\�
9LUWXDO 5HDOLW\ QDUUDWLYH H[SHULHQFHV DUH PRUH DQG PRUH HPHUJLQJ DQG SURYRNLQJ D FHUWDLQ UHIOH[LYLW\ RQ
WKHLU�IRUPV�DQG�FRQYHQWLRQV��LPSO\LQJ�D�UHFRQVLGHUDWLRQ�RI�WKH�FRQFHSW�RI�PRQWDJH�
2QH RI WKH VSHFLILFLWLHV RI YLUWXDO UHDOLW\ V\VWHPV LV WKH VHQVH RI SUHVHQFH WKH\ FDQ SURYRNH RQ DQ
³LPPHUVDQW´ � 7KLV VHQVDWLRQ RI �EHLQJ WKHUH�� FRPELQLQJ D SODFH LOOXVLRQ DQG WKH SODXVLELOLW\ RI WKH�

H[SHULHQFH �6ODWHU� ������ LV RIWHQ FRQVLGHUHG E\ GHVLJQHUV DV DQ REMHFWLYH RI LPPHUVLYH V\VWHPV �%RZPDQ 	
0F0DKDQ� ������ %UHDNV LQ SUHVHQFH� UHYHDOLQJ WKH VHDPV RI WKH PHGLDWLRQ� DUH FRQVLGHUHG DV IDFWRUV WKDW
GLPLQLVK WKH TXDOLW\ RI WKH H[SHULHQFH� HQFRXUDJLQJ GHVLJQHUV WR IDYRXU FRQWLQXRXV WLPH�VSDFHV� 3XWWLQJ WR
WKH WHVW WKH VHQVH RI SUHVHQFH ZLWKLQ WKH UHSUHVHQWDWLRQ VSDFH� WKH SUDFWLFH RI PRQWDJH LQ YLUWXDO UHDOLW\ LV
WKHUHIRUH TXLWH UDUH DQG KDV QRW \HW HQDEOHG WKH HPSLULFDO UHVHDUFK RI DQ DHVWKHWLFV RI IUDJPHQWDWLRQ DQG
DUWLFXODWLRQ�RI�LPPHUVLYH�HQYLURQPHQWV�
5HJDUGLQJ WKLV SUDFWLFDO GHILFLHQF\� ZH VHHN WR GHPRQVWUDWH� WKURXJK DUWLVWLF H[SHULPHQWDWLRQV� WKDW D
QDUUDWLYH SRZHU RI PRQWDJH SHUVLVWV LQ YLUWXDO UHDOLW\ PHGLDWLRQ� :H K\SRWKHVLVH WKDW E\ OLQNLQJ LW WR WKH
VXEMHFW
V ERG\ DFWLRQV DQG SOD\LQJ RQ WKH YDULDWLRQ RI SUHVHQFH LQ WKH YLUWXDO HQYLURQPHQW� PRQWDJH
FRQWULEXWHV WR WKH HYROXWLRQ RI WKH GLVWDQFH ZLWK WKH PHGLDWLRQ� OLQNLQJ WKH H[SHULHQFH OLYHG YLUWXDOO\ WR WKH
IOXFWXDWLRQ RI D UHPLQGHU RI WKH UHDO ZRUOG� 7R IHHG DQG WHVW WKHVH K\SRWKHVHV� ZH DUH GHYHORSLQJ WKH �6SDWLDO
0RQWDJH��V\VWHP��D�WRRO�IRU�VWDJLQJ��FXWWLQJ�DQG�DUWLFXODWLQJ�QDUUDWLYHV�RI�YLUWXDO�HQYLURQPHQWV�

�3HUVRQ�LPPHUVHG�LQ�D�YLUWXDO�HQYLURQPHQW�
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�� 9LUWXDO�UHDOLWLHV�DQG�PRQWDJH�FRQFHSW
���� 3UHVHQFH�DQG�GLVFRQWLQXLWLHV

9LUWXDO UHDOLW\ WHFKQRORJLHV DUH QRZ UHDFKLQJ D FHUWDLQ PDWXULW\ LQ WHUPV RI UHFHSWLRQ TXDOLW\� 7KH VFUHHQV DUH
EHWWHU GHILQHG� ILHOGV RI YLVLRQ DUH ZLGHQLQJ� WKH FDOFXODWLRQ RI LPDJHV LQ UHDO WLPH LV DFFHOHUDWLQJ�
LQWHUDFWLRQV DUH EHFRPLQJ PRUH SUHFLVH� WKH HTXLSPHQW LV EHFRPLQJ OLJKWHU DQG OHVV H[SHQVLYH� $UWLVWV�
DXWKRUV� GHVLJQHUV� SURGXFHUV� HQJLQHHUV DQG GHYHORSHUV FDQ WKXV WDNH KROG RI WKHVH WHFKQRORJLHV� KLMDFN
WKHP��GLVWRUW�WKHP��TXHVWLRQ�WKHP��DQG�WU\�WR�RIIHU�WKH�SXEOLF�QHZ�IRUPV�DQG�QHZ�XVHV�
9LUWXDO HQYLURQPHQWV FRQVWLWXWH VSDFHV RI UHSUHVHQWDWLRQ LQ ZKLFK WKH VXEMHFW LV LPPHUVHG E\ KLV
SURSULRFHSWLYH VHQVHV DQG ZLWK ZKLFK KH FDQ ERGLO\ �LQWHU�DFW WKURXJK KLV PRWRU DFWLYLW\ �)XFKV� ������ 7KLV
UHVXOWV LQ D SKHQRPHQRQ RI SUHVHQFH LQ WKH YLUWXDO HQYLURQPHQW� D VHQVDWLRQ RI �EHLQJ WKHUH� ZKHQ LQWHUDFWLQJ
ZLWK D PHGLDWHG HQYLURQPHQW �6FKXEHUW� )ULHGPDQQ 	 5HJHQEUHFKW� ������ 'HSHQGLQJ RQ WKH QDWXUH RI WKH
H[SHULHQFH� WKH VFHQRJUDSK\ DQG KHU HQJDJHPHQW� WKH SHUVRQ LPPHUVHG FDQ DFFHVV GLIIHUHQW GHSWKV RI
SUHVHQFH �6ODWHU� 8VRK 	 6WHHG� ������ 7KH VWURQJHU WKH SKHQRPHQRQ RI SUHVHQFH� WKH PRUH WKH VXEMHFW FDQ
EH OHG WR KDYH WKH VDPH HPRWLRQV DQG UHDFWLRQV DV LQ D UHDO H[SHULHQFH �5LYD� 0DQWRYDQL� &DSLGHYLOOH�
3UH]LRVD� 0RUJDQWL� 9LOODQL� *DJJLROL� %RWHOOD 	 $OFDxL]� ����� DQG HQJDJH SK\VLRORJLFDO DQG EHKDYLRXUDO
UHVSRQVHV��6ODWHU��������
7KXV� LI LPPHUVLYH V\VWHP� UHVXOWLQJ IURP DOJRULWKPV WKDW FDQ EH SURJUDPPHG DW ZLOO� DUH D ZD\ RI H[SORULQJ
QHZ SV\FKR�SHUFHSWLYH SRWHQWLDOLWLHV DQG QHZ W\SHV RI VSDFHV ZLWK DUELWUDU\ SURSHUWLHV �4XpDX� ������ WKH\
DOVR UHGHILQH WKH UHODWLRQVKLS RI GLVWDQFH EHWZHHQ D ZRUN RI DUW DQG D VXEMHFW DQG WKXV RSHQ XS QHZ ILHOGV RI
SUDFWLFDO�DQG�WKHRUHWLFDO�UHIOHFWLRQ�RQ�QDUUDWLRQ�
7RGD\� WKHUH DUH VHYHUDO WUHQGV LQ WKH FUHDWLRQ RI YLUWXDO UHDOLW\ QDUUDWLYH H[SHULHQFHV� 2Q WKH RQH KDQG� WKHUH
LV WKH XWRSLD RI WKH SHUIHFW VLPXODWLRQ DOORZLQJ IRU D UHDO�WLPH� FRQWLQXRXV H[SHULHQFH� ZKHUH SUHVHQFH ZRXOG
EH D SULPRUGLDO TXDOLWDWLYH IDFWRU� $V WKH SXUSRVH GHILQHG E\ 3KLOLSSH )XFKV LQGLFDWHV� YLUWXDO UHDOLW\ LV
LPSOLFLWO\ HYDOXDWHG E\ LWV FDSDFLW\ WR UHSURGXFH RU LPLWDWH FHUWDLQ DVSHFWV RI UHDOLW\� SDUWLFXODUO\ ZLWK UHJDUG
WR WKH SKHQRPHQRQ RI SUHVHQFH DQG WKHUHIRUH WKH VXEMHFW
V FRQYLFWLRQ RI EHLQJ SK\VLFDOO\ ³WKHUH´ LQ WKH
YLUWXDO HQYLURQPHQW� 7KLV RIWHQ UHVXOWV LQ WKH VHDUFK IRU WUDQVSDUHQF\ RI WKH PHGLDWLRQ� ,Q RWKHU ZRUGV� WKH\
VHHN WR PDNH WKH LPPHUVHG SHUVRQ IRUJHW WKDW KH RU VKH LV GHDOLQJ ZLWK PHGLDWHG LPDJHV LQ RUGHU WR FUHDWH DQ
LOOXVLRQ�RI�QRQ�PHGLDWLRQ��/RPEDUG�	�'LWWRQ��������
7KLV WUDQVSDUHQF\� ZKLFK PHGLD WKHRULVWV -D\ 'DYLG %ROWHU DQG 5LFKDUG *UXVLQ UHIHU WR DV LPPHGLDF\ �%ROWHU
	 *UXVLQ� ������ HQDEOHV WKH FUHDWLRQ RI FRQWUROOHG VLPXODWLRQV DQG D QXPEHU RI DSSOLFDWLRQV LQ WKH PLOLWDU\�
LQGXVWU\� KHDOWK DQG RI FRXUVH YLGHR JDPHV� 7KH VXEMHFWLYH ILUVW�SHUVRQ SRLQW RI YLHZ KDV EHHQ XVHG VLQFH
���� �ZLWK WKH JDPH 0D]H :DU � DQG LV WRGD\ D YHU\ SRSXODU JHQUH LQ WKH YLGHR JDPH LQGXVWU\� ZKLFK�

H[SODLQV TXLWH ZHOO WKH HDVH ZLWK ZKLFK WKLV LQGXVWU\ KDV VHL]HG RQ YLUWXDO UHDOLW\ GHYLFHV ZKLFK DUH E\
GHILQLWLRQ SHUFHLYHG LQ WKH ILUVW SHUVRQ� ,W VKRXOG DOVR EH QRWHG WKDW WKH PDLQ PDQXIDFWXUHUV RI YLUWXDO UHDOLW\
KHDGVHWV KDYH FORVH WLHV ZLWK WKH YLGHR JDPH LQGXVWU\ � 7KXV� WKH UHVXOWLQJ H[SHULHQFHV DUH RIWHQ LQ OLQH ZLWK�

WKH FRQWLQXLW\ RI YLGHR JDPH EORFNEXVWHUV� DGYRFDWLQJ H[SHULHQWLDO FRQWLQXLW\ UDWKHU WKDQ WKH SHUFHSWLRQ RI D
GLVFRQWLQXRXV�VSDFH�RI�UHSUHVHQWDWLRQ�
2Q WKH RWKHU KDQG� WKHUH LV D JURZLQJ QXPEHU RI DUWLVWV� RIWHQ IURP WKH ILOP� GLJLWDO DQG SHUIRUPLQJ DUWV� ZKR
DUH WU\LQJ WR EUHDN IUHH IURP WKLV ³SUHVHQFH DW DOO FRVWV´ LQ WKH YLUWXDO HQYLURQPHQW DQG IURP WKH XWRSLD RI UHDO
ZRUOG VLPXODWLRQ� 7KHUH DUH D QXPEHU RI ZRUNV WKDW GHPRQVWUDWH DWWHPSWV WR XVH LQWHUDFWLYH YLUWXDO
HQYLURQPHQWV DV WKHDWUHV RI GLVFRQWLQXRXV QDUUDWLYHV ZLWK KHWHURJHQHRXV IUDJPHQWV ZKHUH WKH PHGLDWLRQ�
DOWKRXJK�LPPHUVLYH��UHPDLQV�TXLWH�YLVLEOH�

� 7KH�+7&�9LYH�KHDGVHW�ZDV�GHYHORSHG�E\�+7&��LQ�FROODERUDWLRQ�ZLWK�WKH�YLGHR�JDPH�GHYHORSPHQW�FRPSDQ\�9DOYH�
7KH�2FXOXV�5LIW�KHDGVHW¶V�.LFNVWDUWHU�IXQGUDLVLQJ�FDPSDLJQ�ZDV�LQLWLDOO\�HQWLWOHG��2FXOXV�5LIW���VWHS�LQWR�WKH�JDPH��
�KWWSV���ZZZ�NLFNVWDUWHU�FRP�SURMHFWV������������RFXOXV�ULIW�VWHS�LQWRWKH���JDPH!�DFFHVVHG����PDUFK������

� 0D]H�:DU��16,�*DPHV�������
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7KLV DSSURDFK RI FRPSRVLWH DVVHPEODJHV ZDV SDUWLFXODUO\ VWULNLQJ LQ WKH �LPPHUVLYH� VHOHFWLRQ RI WKH ����
7ULEHFD )LOP )HVWLYDO DQG HVSHFLDOO\ LQ $ /LIH LQ 3LHFHV� 7KH 'LDU\ DQG /HWWHUV RI 6WDQOH\ +D\DPL � ,QVLGH D� �

VKDFN� ZKLFK FRQVWLWXWHV D ILUVW IUDPH RI UHSUHVHQWDWLRQ� �' PL[HG ZLWK �' DQLPDWLRQV DQG HYHQ FXW�RXW
YLGHRV DUH SUHVHQWHG WR RXU SHUFHSWLRQ� 7KH VHWWLQJV UHJXODUO\ FKDQJH LQ WH[WXUH� )RU H[DPSOH� ZH JR IURP
HQYLURQPHQWV UHFRQVWLWXWHG LQ SKRWRJUDPPHWU\ WR VFHQHU\ GUDZQ ZLWK WKH 7LOW %UXVK DSSOLFDWLRQ� 7KLV�

IUHHGRP LQ WKH KHWHURJHQHLW\ RI WKH UHSUHVHQWDWLRQDO IUDJPHQWV FDQ EH IRXQG LQ 0LVVLQJ 3LFWXUHV� (3,62'(
�� $EHO )HUUDUD
V %,5'6 2) 35(< ZKHUH IUDJPHQWV RI VWRU\ERDUG DUH VSDWLDOL]HG LQ WKH PLGGOH RI �' VHWV��

7KH +DQJPDQ $W +RPH DOVR PL[HV �' ZDON�WKURXJK VSDFHV ZLWK VPDOO WKHDWUHV LQ ZKLFK WUDGLWLRQDO�

DQLPDWLRQ VNHWFKHV DUH FXW RXW DQG VSDWLDOL]HG LQ GHSWK� $QRWKHU H[DPSOH LV 3DSHU %LUGV 3W� � 	 � ZKHUH WKH�

HQYLURQPHQW LQ ZKLFK ZH DUH LPPHUVHG LV DOO EODFN� OHDYLQJ XV WR SHUFHLYH RQO\ WKH VFHQHU\ LQ ZKLFK WKH
QDUUDWLYH�HYROYHV�

���� ,QWHUDFWLYLW\�DQG�QDUUDWLYH
%XW LI WKHVH PHQWLRQHG ZRUNV VKRZ D ULFKQHVV LQ WKH VHDUFK IRU QHZ QDUUDWLYH IRUPV� WKH\ RIWHQ FRPH XS
DJDLQVW WKH GLIILFXOW\ RI FRXSOLQJ QDUUDWLRQ DQG LQWHUDFWLYLW\� ,Q WKH OLWHUDWXUH VWXG\LQJ LQWHUDFWLYH QDUUDWLRQ�
5XWK $\OHWW FDOOV WKH FRPSURPLVH EHWZHHQ LQWHUDFWLYLW\ DQG QDUUDWLYH H[SHULHQFH WKH �QDUUDWLYH SDUDGR[�
�$\OHWW� ������ $Q HQYLURQPHQW FDQ EH IXOO\ LQWHUDFWLYH� EXW WKLV PDNHV LW GLIILFXOW WR FRQWURO WKH WHPSRUDOLW\
DQG FRQWHQW RI D SDUWLFXODU QDUUDWLYH� ,Q KHU UHVHDUFK� VKH GHYHORSV WKH FRQFHSW RI �HPHUJHQW QDUUDWLYH� DV WKH
UHVXOW RI D GLDOHFWLF EHWZHHQ DQ DXWKRU
V FUHDWLRQ RI D �VWRU\ ODQGVFDSH� ZKLFK LV RQO\ DFWXDOLVHG DQG
VWUXFWXUHG DURXQG D SURFHVV RI �VWRULILFDWLRQ� GHSHQGLQJ RQ WKH HQJDJHPHQW RI WKH LPPHUVDQW �/RXFKDUW�
6ZDUWMHV� .ULHJHO 	 $\OHWW� ������ :LOOLDP 8UULFKLR REVHUYHV WKDW YLUWXDO UHDOLW\ WRGD\ �EXLOGV RQ WKH
H[SHULHQWLDO QDUUDWLYHV HQDEOHG E\ VRPH JDPH JHQUHV IDU PRUH HIIHFWLYHO\ WKDQ RQ WKH QDUUDWLYH VWUXFWXUHV
LQKHULWHG IURP FLQHPD DQG OLWHUDWXUH� �8ULFFKLR� ������ 7KH IUHHGRP RI PRYHPHQW DQG JD]H LPPHGLDWHO\
SODFHV WKH VXEMHFW LQ D SOD\IXO UHODWLRQVKLS ZLWK WKH PHGLDWLRQ� ,Q WKH FRQWH[W RI D YLGHR JDPH� D SDUWLFXODU
FRQWUDFW LV HVWDEOLVKHG ZLWK D SOD\HU� ZKR LV UHDG\ WR SXW KLPVHOI LQ D SOD\IXO VWDWH RI H[SORUDWLRQ�
DFWLRQ�UHZDUG�ORRS�DQG�HPERGLPHQW�
+RZ WKHQ FDQ ZH FRPELQH ZKDW VHHPV WR EH HVVHQWLDO LQ YLUWXDO UHDOLW\� ZKLFK LV D SOD\IXO VWDWH LQYROYLQJ
ERGLO\ DFWLRQV� ZKLOH DW WKH VDPH WLPH IUHHLQJ RXUVHOYHV IURP WKH GR[D RI LPPHGLDF\ E\ SURSRVLQJ
IUDJPHQWHG WLPH�VSDFHV� DOORZLQJ XV WR LPDJLQH D GLHJHVLV WKDW JRHV EH\RQG WKH OLPLWV RI WKH H[SHULHQFHG
VLPXODWLRQ"
,Q D WH[W HQWLWOHG �0RQWDJH DQG 'LVFRXUVH LQ )LOP�� &KULVWLDQ 0HW] H[SODLQV KRZ� DW WKH EHJLQQLQJ RI WKH ��WK
FHQWXU\� LQ RUGHU WR PRYH IURP WKH FLQHPDWRJUDSK WR WKH FLQHPD� WKH FDPHUD QHHGHG WR �IUHH LWVHOI� IURP WKH
VWDWLF IUDPH �0HW]� ������ ,Q RUGHU WR PRYH DZD\ IURP WKH IURQWDO VWDWLF VKRW DVVRFLDWHG ZLWK WKHDWULFDO
UHSUHVHQWDWLRQ� WKH FDPHUD KDG WR EH PRELOLVHG� 7KLV OLEHUDWLRQ FRXOG HLWKHU HPHUJH WKURXJK WKH PRYHPHQW RI
WKH FDPHUD RU WKURXJK WKH PRQWDJH� +RZHYHU� KLVWRU\ VKRZV WKDW LW ZDV WKH PRQWDJH WKDW FRPSOHWHO\
SUHYDLOHG� SDUWLFXODUO\ ZLWK WKH 5XVVLDQ ILOPPDNHUV DQG WKH SUDFWLFHV DQG WKHRULHV RI �PRQWDJH URL�� &KULVWLDQ
0HW] H[SODLQV WKDW WKH UHDVRQ PRQWDJH SUHYDLOHG ZDV WKDW WKH PRQWDJH HIIHFWV ZHUH PDJLFDO� SRHWLF� ZKLOH WKH
FDPHUD PRYHPHQWV UHIHUUHG WR WKH ILOPLF QDWXUH RI WKH IUDJPHQW� ,Q 9LUWXDO 5HDOLW\� FDPHUD PRYHPHQWV DUH
LQGXFHG E\ WKH IDFW WKDW RXU SRLQW RI YLHZ LV WKH FDPHUD� :H PXVW WKHUHIRUH ILQG ZKDW ZRXOG IUHH WKLV SRLQW RI
YLHZ�DQG�QR�ORQJHU�SHUFHLYH�RXUVHOYHV�DV�D��FDVNHG�ERG\���&KDWHOHW�	�'L�&URVWD��������

� 3DSHU�%LUGV�3W����	����*HUPDQ�+HOOHU��)HGHULFR�&DUOLQL� �'$5�6WXGLRV��%DREDE�6WXGLRV��2FXOXV�������
� 7KH�+DQJPDQ�$W�+RPH��0LFKHOOH�	�8UL�.UDQRW� /DWH /RYH�3URGXFWLRQ��)ORUpDO�)LOPV�	�21)�������

� 0LVVLQJ�3LFWXUHV��(3,62'(����$EHO�)HUUDUD
V�%,5'6 2)�35(<� &OHPHQW�'HQHX[��$WODV�9��$UWH�)UDQFH��%%&�
6HUHQGLSLW\�)LOPV�������

Ç Pjjdh���qqq�jQYjDgkhP�E]Z�

� $�/LIH�LQ�3LHFHV��7KH�'LDU\�DQG�/HWWHUV�RI�6WDQOH\ +D\DPL���1RQQ\�GH�OD�3HxD�DQG�6KDURQ�<DPDWR��(PEOHPDWLF
*URXSH�������

� KWWSV���WULEHFDILOP�FRP�IHVWLYDO�LPPHUVLYH
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���� 0RYHPHQWV�DQG�PRQWDJH
0DQ\ YLUWXDO UHDOLW\ QDUUDWLYH ZRUNV DWWHPSW WR UHFRQFLOH WKH SKHQRPHQRQ RI SUHVHQFH� LQWHUDFWLRQ DQG
QDUUDWLRQ WKURXJK WKH SDUWLFLSDWLRQ RI WKH LPPHUVDQW DV D GLHJHWLF FKDUDFWHU� (LWKHU FRQWLQXRXVO\� DV LQ
$PHQGV � RU PRUH RIWHQ LQ D PRUH IOHHWLQJ DQG GHWDFKHG ZD\� DV LQ 7KH %RRN RI 'LVWDQFH � ZKHUH� ZLWKRXW�� ��

HPERG\LQJ D FKDUDFWHU� LQWHUDFWLRQV ZLWK WKH YLUWXDO HQYLURQPHQW DUH SURSRVHG WR XV LQ RUGHU WR HQJDJH
RXUVHOYHV SK\VLFDOO\ DQG HPRWLRQDOO\ LQ WKH ZRUOG RI WKH VWRU\ ZKLOH NHHSLQJ D FHUWDLQ GLVWDQFH IURP LW� ,W
VHHPV WKDW LW LV SUHFLVHO\ WKLV GLVWDQFH WKDW DOORZV XV WR DFFHSW H[WUD�GLDOHFWLFDO VSDWLR�WHPSRUDO
GLVFRQWLQXLWLHV �EHORQJLQJ WR D QDUUDWLYH VWUXFWXULQJ� QRW SHUFHLYHG E\ WKH FKDUDFWHUV�� :KDW LI RXU
LQWHUDFWLRQV� UDWKHU WKDQ JLYLQJ XV D UROH LQ WKH GLHJHVLV� JDYH XV D UROH LQ LWV IXQFWLRQLQJ� LQ LWV ZRUNLQJV� LQ
LWV�UK\WKP��LQ�LWV�PRQWDJH"
,Q WKLV G\QDPLF� ZH K\SRWKHVLVH WKDW WKH LPPHUVDQW VKRXOG EH WKRXJKW RI DV D EDWWHU\ IRU WKH QDUUDWLYH� DV D
FUDQN WKDW RSHUDWHV WKH JHDUV RI WKH QDUUDWLYH VWUXFWXUH� +LV�KHU UROH ZRXOG WKXV EH PRUH HYLGHQW DQG KH�VKH
ZRXOG KDYH D UHDO FRUSRUHDO SHUFHSWLRQ RI WKH QDUUDWLYH ZLWKRXW QHFHVVDULO\ KDYLQJ WR EH SUHVHQW LQ WKH VSDFHV
RI WKH GLHJHVLV� 7KLV ERG\� ERWK VSHFWDWRU DQG DFWXDOLVHU� ZRXOG EH D VRUW RI HYROXWLRQ RI WKH FRQFHSW RI
NLQR�H\H SURSRVHG E\ ']LJD 9HUWRY DQG WKH .LQRNV �9HUWRY� ������ $ ERG\�PDFKLQH� SUHVHQW \HV� EXW LQ D
PHWD ZD\ DV DQ LQVWUXPHQW IRU VHWWLQJ D GUDPDWLF VWUXFWXUH LQ PRWLRQ� 7KH SKHQRPHQRQ RI SUHVHQFH ZRXOG
WKHQ PDNH LW SRVVLEOH WR LQKDELW D QDUUDWLYH VSDFH DW D IDLU GLVWDQFH IURP WKH GLHJHWLF HQWLWLHV� +RZHYHU� WKLV
LQWXLWLRQ FRPHV XS DJDLQVW WKH IDFW WKDW LQ RUGHU WR PHQWDOO\ LPPHUVH RXUVHOYHV LQ D VWRU\� ZH QHHG WR GHWDFK
RXUVHOYHV IURP RXU FRQVFLRXVQHVV RI WKH VSDFH�WLPH LQ ZKLFK RXU ERG\ HYROYHV� +RZ FDQ ZH WKHQ FRPELQH
WKH�HVVHQWLDO�LQYROYHPHQW�RI�ERGLO\�DFWLRQ�ZLWK�PHQWDO�SURMHFWLRQ�LQWR�WKH�VSDFH�WLPH�RI�D�GLHJHVLV"
:H K\SRWKHVLVH WKDW LW LV SUHFLVHO\ WKH HGLWLQJ WKDW ZLOO DOORZ XV WR IRUJHW WKH XVH RI WKLV ERG\�PDFKLQH DV DQ
LQVWUXPHQW RI FDSWXUH� ,Q WKH VDPH ZD\ WKDW D ORQJ VHTXHQFH�VKRW PDNHV XV SHUFHLYH WKH PRYHPHQW RI WKH
FDPHUD DV DQ DHVWKHWLF HOHPHQW DW D JLYHQ PRPHQW� D WRR ORQJ VSDFH�WLPH LQ YLUWXDO UHDOLW\ UHPLQGV XV RI
RXUVHOYHV DV LPPHUVHG LQ WKH SURFHVV RI PRYLQJ� 7KH PRQWDJH VKRXOG WKHUHIRUH DOORZ RXU ERG\�PDFKLQH WKH
QHFHVVDU\ WLPH DQG VSDFH WR DFWLYDWH WKH ZRUOG ZKLOH RUFKHVWUDWLQJ WKH EUHDNV QHFHVVDU\ WR GLVWDQFH RXUVHOYHV
IURP WKLV PDFKLQDWLRQ DQG PDLQWDLQ RXU PHQWDO LPPHUVLRQ LQ WKH VWRU\� 7KH SRLQW LV WKHUHIRUH WR PRYH IURP
WKH��ERG\�FDPHUD��WR�WKH���ERG\�PRQWDJH��
)RU WKH .LQRNV� FLQHPD HQDEOHV XV WR SHUFHLYH WKH ZRUOG WKURXJK WKH H\HV RI WKH PDFKLQH� ZKLFK VXUSDVVHV
KXPDQ LPSHUIHFWLRQV� )RFXVLQJ RQ WKH HVVHQFH RI WKH WHFKQLTXH� WKH\ DLP WKDW WKH XQGHUVWDQGLQJ RI WKH
LQWHUQDO PRYHPHQW RI WKH FLQHPDWRJUDSKLF PDFKLQH FDQ OLQN SHRSOH DQG PDFKLQHV LQ D �FUHDWLYH MR\� WKDW
WKH\ FDOO �NLQRNLVP�� �WKH DUW RI RUJDQLVLQJ WKH HVVHQWLDO PRYHPHQWV RI WKLQJV LQ VSDFH DQG WLPH LQWR D
UK\WKPLF DUWLVWLF HQVHPEOH� LQ DFFRUGDQFH ZLWK WKH SURSHUWLHV RI WKH PDWHULDO DQG WKH LQQHU UK\WKP RI HDFK
WKLQJ�� )RU WKHP� LW LV WKH LQWHUYDOV �EHWZHHQ WZR PRYHPHQWV� WKDW FRQVWLWXWH WKH PDWHULDO WKDW �GULYHV WKH
DFWLRQ WRZDUGV WKH NLQHWLF GHQRXHPHQW� �9HUWRY� ������ ,I ZH IROORZ WKLV WKHRU\� WKH TXDOLW\ RI WKH HGLWLQJ LQ
YLUWXDO UHDOLW\ VKRXOG EH KLJKO\ LPSDFWHG E\ WKH TXDOLW\ RI WKH PRYHPHQW RI WKH SHUVRQ H[SHULHQFLQJ LW� 7KH
NLQHWLF�SRZHU�RI�WKH�PRQWDJH�ZRXOG�WKHQ�EH�SURSRUWLRQDO�WR�WKH�HQHUJ\�GHSOR\HG�E\�WKH�YLHZHU
V�PRYHPHQWV�
,I WKH PRYHPHQWV DUH WR LQIOXHQFH WKH TXDOLW\ RI WKH PRQWDJH� LQ ZKDW ZD\ GR WKH SRVVLELOLWLHV RI UXSWXUH
FRXOG�KDYH�DQ�LQIOXHQFH�RQ�RXU�PRYHPHQWV"
,Q D PRYLH WKHDWUH� WKH VSHFWDWRU DFFHSWV WR EH SODFHG LQ DQ HQYLURQPHQW ZKHUH KLV ERG\ PXVW UHPDLQ VWLOO� KLV
JD]H GLUHFWHG WRZDUGV D VFUHHQ� +H FDQ FHUWDLQO\ GHFLGH RQ KLV GLVWDQFH IURP WKH VFUHHQ� EXW WKLV ZLOO UHPDLQ
IL[HG IRU WKH GXUDWLRQ RI WKH ILOP� 7KURXJK WKH IUDPH DQG WKH PRQWDJH� KLV YLVLRQ LV RUJDQLVHG E\ WKH
ILOPPDNHU� ZKR LPSRVHV D GLVWDQFH ZLWK WKH ILOPHG HOHPHQWV� ,Q YLUWXDO UHDOLW\� WKH ERG\
V GLVWDQFH IURP
WKLQJV GHSHQGV LQ SDUW RQ WKH PRYHPHQWV RI WKH LPPHUVDQW� 6R� KRZ FDQ WKH LPPHUVHG ERG\ PRYH LI LW NQRZV
WKDW�LW�LV�HYROYLQJ�LQ�D�XQLYHUVH�DIIHFWHG�E\�VSDWLR�WHPSRUDO�GLVFRQWLQXLWLHV"

�� 7KH�%RRN�RI�'LVWDQFH� 5$1'$//�2.,7$��1)%�&$1$'$� �����
�� $PHQGV�0LNNHO�%DWWHIHOG��7KH�$QLPDWLRQ�:RUNVKRS �'.��������
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���� 'LVFRQWLQXLWLHV�DQG�8;�'HVLJQ
&RQVLGHULQJ VSDWLDO EUHDNV LQ YLUWXDO UHDOLW\ FRPHV XS ZLWK FHUWDLQ FRJQLWLYH FRQVWUDLQWV UHODWHG WR WKH
SHUFHSWLRQ RI YLUWXDO HQYLURQPHQWV LQYROYLQJ VSDWLDO UHDVRQLQJ �1QDGL� )LVFKHU� %R\FH 	 1LWVFKH� ������
7KHUH LV D GLIILFXOW\ LQ UHSRVLWLRQLQJ RQHVHOI LQ D QHZ YLUWXDO HQYLURQPHQW �$PRULP� 7UXPERUH 	 &KRJ\HQ�
����� DQG D QHHG WR JLYH WKH XVHU FHUWDLQ YLVXDO FXHV VR WKDW KH�VKH FDQ RULHQWDWH KLP�KHUVHOI �6WHLQHU 	
9RUXJDQWL� ������ ,W PXVW WKHUHIRUH EH WDNHQ LQWR DFFRXQW WKDW LQ D V\QWKHWLF YLUWXDO HQYLURQPHQW�
VHQVRULPRWRU LPPHUVLRQ FDQ LQGHHG RSHQ XS QHZ UHODWLRQVKLSV EHWZHHQ SHUFHSWLRQV DQG ERG\ PRYHPHQWV�
EXW LQFRQVLVWHQFLHV EHWZHHQ RXU GLIIHUHQW VHQVHV FDQ EH D VRXUFH RI SK\VLRORJLFDO GLVFRPIRUW� 7KLV SDUWO\
H[SODLQV ZK\ YLUWXDO UHDOLW\ V\VWHPV EDVH WKHLU GHVLJQV RQ FHUWDLQ UXOHV RI RXU KXPDQ VHQVRU\�PRWRU VFKHPD
EHIRUH�H[SORULQJ�ERUGHUOLQH�FDVHV�
6HYHUDO VWXGLHV KDYH EHHQ FRQGXFWHG RQ WUDQVLWLRQV EHWZHHQ YLUWXDO VSDFHV �.RKQ 	 5DQN� ����� 2EHUG|UIHU�
)LVFKEDFK 	 /DWRVFKLN� ����� +XVXQJ 	 /DQJEHKQ� ������ 7KH\ VKRZ WKH LQIOXHQFH RI WKH YLVLEOH RU
LQYLVLEOH� SUHGLFWDEOH RU XQSUHGLFWDEOH� FKRVHQ RU XQGHUJRQH DVSHFW RI WKH WUDQVLWLRQ RQ WKH VHQVDWLRQ RI
SUHVHQFH DQG WKH VXEMHFWLYH DSSUHFLDWLRQ RI WKH XVHU� 7KH\ VKRZ WKDW WKH HQJDJHPHQW RI WKH ERG\ LQ WKH
PHGLDWHG VSDFH LPSOLHV D SURIRXQG UHFRQVLGHUDWLRQ RI WKH ZD\ WKHVH WUDQVLWLRQV DUH GHVLJQHG LI ZH ZDQW WR
WDNH LQWR DFFRXQW D FHUWDLQ H[SHULHQWLDO FRQWLQXLW\ FHQWUHG RQ WKH XVHU� :KLOH WKHVH UHVHDUFKHV DUH PDLQO\
EDVHG RQ WKH LPSDFW RI WUDQVLWLRQV RQ WKH SKHQRPHQRQ RI SUHVHQFH� ZH VHHN WR VWXG\ WKH OLQN EHWZHHQ WKHVH
GLVFRQWLQXLWLHV DQG WKH GLVWDQFH WKH\ PD\ FUHDWH EHWZHHQ WKH XVHU
V H[SHULHQFH DQG WKH UHSUHVHQWHG VWRU\
ZRUOG�
:H WKHUHIRUH HQJDJH LQ D VWXG\ RI WKH QDUUDWLYH SRWHQWLDO RI D IRUP RI PRQWDJH LQ YLUWXDO UHDOLW\ OLQNHG WR D
ERG\�PDFKLQH RI WKH LPPHUVDQW� HQJDJLQJ KLV�KHUVHOI DW D SUHFLVH GLVWDQFH IURP D GLHJHVLV SUHYLRXVO\
VSDWLDOO\ VWUXFWXUHG E\ D FUHDWRU� %DVHG RQ WKLV WKHRUHWLFDO SRVLWLRQLQJ� ZH DUH GHYHORSLQJ DQ DUWLVWLF DQG
H[SHULPHQWDO YLUWXDO UHDOLW\ V\VWHP HQWLWOHG �6SDWLDO 0RQWDJH� DFWLQJ DV D UHIOH[LYH SURFHVV IRU RXU UHVHDUFK
TXHVWLRQV�

�� ([SHULPHQWDO�V\VWHP��6SDWLDO�0RQWDJH
���� $�UHVHDUFK�FUHDWLRQ�SURFHVV

:H SURSRVH D UHVHDUFK�FUHDWLRQ SURFHVV LQVSLUHG E\ WKH SUDFWLFH RI ILOP HGLWLQJ WR FRQVLGHU D QHZ IRUP RI 8;
GHVLJQ IRU YLUWXDO UHDOLW\ QDUUDWLYH ZRUNV� 7KH DLP LV WR FUHDWH D WRRO WKDW HQDEOHV XV WR UHFRQVWUXFW WKH
RVFLOODWLRQ RI WKH HGLWRU EHWZHHQ FUHDWLRQ DQG HQXQFLDWLRQ� EHWZHHQ WKH VSDFH RI IDEULFDWLRQ DQG WKDW RI
GLHJHVLV� +RZHYHU� LI WKLV RVFLOODWLRQ LV HVVHQWLDO LQ WKH SUDFWLFH RI PRQWDJH� LW LV PDLQO\ EHFDXVH HQXQFLDWLRQ
VWDQGDUGV DUH VWURQJO\ URRWHG LQ RXU LPDJH FXOWXUH� %XW LQ YLUWXDO UHDOLW\� WKH VWDQGDUGV WKDW HPHUJH DUH VWLOO
IUDJLOH DQG \HDU� FUHDWRUV SURSRVH QHZ ERUGHUOLQH FDVHV� ,W VHHPV WKHUHIRUH LPSRUWDQW� LQ WKH DUWLFXODWLRQ
EHWZHHQ HDFK SUDFWLFH DQG WKHRU\� WR GLVWLQJXLVK WKH VWXG\ RI FUHDWLRQ IURP WKDW RI HQXQFLDWLRQ� :H SURSRVH WR
EXLOG D WRRO IRU WKH VWXG\ RI ERWK FUHDWLYH WHFKQLTXHV DQG WKHLU LQIOXHQFH RQ WKH SHUFHSWLRQ RI WKH PHDQLQJ
H[SUHVVHG�
7KH �6SDWLDO 0RQWDJH� V\VWHP RIIHUV DQ HGLWLQJ WRRO LQ YLUWXDO UHDOLW\� ,W LV GHYHORSHG ZLWK WKH 8QLW\ �' JDPH
HQJLQH � ,W LV D � GRI �GHJUHHV RI IUHHGRP� GHYLFH XVLQJ WKH +7& 9LYH 3UR (\H KHDGVHW DQG LWV FRQWUROOHUV ��� ��

7KDQNV WR D YLUWXDO LQWHUDFWLYH WDEOH� LW DOORZV WKH DUUDQJHPHQW RI YLVXDO� VRXQG DQG SURSULRFHSWLYH HOHPHQWV
LQ VSDFH DQG WLPH IRU D QDUUDWLYH DQG LQWHUDFWLYH H[SHULHQFH LQ YLUWXDO UHDOLW\� ,W DOVR VHWV WKH EDVLV IRU D VWXG\
LQ�QDUUDWRORJ\�DQG�GHVLJQ�RQ�WKH�TXDOLW\�RI�IUDJPHQWHG�QDUUDWLYHV�H[SHULHQFHG�E\�DQ�LPPHUVDQW�

/LQN�WRZDUG�D�YLGHR�SUHVHQWDWLRQ�RI�WKH�V\VWHP�� KWWSV���YLPHR�FRP����������

�� KWWSV���ZZZ�YLYH�FRP�IU�SURGXFW�YLYH�SUR�H\H�RYHUYLHZ�
�� KWWSV���XQLW\�FRP�IU
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���� &UHDWLRQ�DQG�IUDJPHQWDWLRQ
7KH ILUVW REMHFWLYH RI WKH V\VWHP LV WR GHILQH WKH IUDJPHQWV HQDEOHG IRU WKH FUHDWRU LQ RUGHU WR VHW KLV�KHU
VWDJLQJ� 7KH IXQFWLRQDOLWLHV HQDEOLQJ WKH PDQLSXODWLRQ RI WKHVH IUDJPHQWV� WKHLU MX[WDSRVLWLRQ LQ WLPH DQG
VSDFH�DQG�WKHLU�UHODWLRQVKLSV�ZLWK�HDFK�RWKHU�DUH�WKHUHIRUH�WKH�NH\VWRQH�RI�WKH�V\VWHP�
)LUVW� WKH FUHDWRU ZRUNV IXOO\ LPPHUVHG LQ WKH YLUWXDO HQYLURQPHQW� UHGXFLQJ WKH FRJQLWLYH ORDG RI GHFRGLQJ D
�' LQWHUIDFH� +H�VKH FRPSRVHV WKH VSDFH GLUHFWO\ LQ WKH KHDGVHW ZLWK LWV FRQWUROOHUV LQ SURSULRFHSWLYH
LPPHUVLRQ� XVLQJ ORZ�OHYHO FRJQLWLYH IXQFWLRQV� %\ WKLV ZD\� LW PDNHV LW SRVVLEOH WR LPDJLQH WKH
UHSUHVHQWDWLRQ VSDFH ZKLOH PDQLSXODWLQJ LW ZLWK D WRS OHYHO YLHZSRLQW DERYH WKH PRGHO� :H WKXV FRPELQH WKH
HJR��KHWHUR��REMHFW�DQG�DOOR�FHQWULF�UHSUHVHQWDWLRQ�V\VWHPV�

)LJXUH��� 7KH�YLUWXDO�WDEOH

2Q D YLUWXDO WDEOH �)LJXUH ��� ZH FDQ DVVHPEOH EORFNV WR VWUXFWXUH WKH JHRPHWU\ RI D VHW� :H FDQ DOVR
PDQLSXODWH VPDOO FKDUDFWHUV� $ ZRUG ZULWWHQ DERYH HDFK FKDUDFWHU UHIHUV WR LWV WH[W RU DFWLRQ� 6RXQG EXEEOHV
�FRORXUHG�WUDQVSDUHQW�VSKHUHV���FRUUHVSRQGLQJ�WR�VRXQG�DWPRVSKHUHV�RU�PXVLF��FDQ�EH�SODFHG�ZLWKLQ�WKH�VHW�
7KHQ� LQ RUGHU WR HQYLVDJH WKH PRQWDJH LQ YLUWXDO UHDOLW\� LW LV QHFHVVDU\ WR TXHVWLRQ WKH QDWXUH RI WKHVH
IUDJPHQWDU\ VHWV WR EH DVVHPEOHG LQ WLPH DQG VSDFH� :KDW ZRXOG EH WKH PROHFXODU XQLWV WR EH FRQQHFWHG WR
VWUXFWXUH WKH VSDWLR�WHPSRUDO XQIROGLQJ RI D YLUWXDO UHDOLW\ H[SHULHQFH" ,Q FLQHPD� WKH IUDPH FLUFXPVFULEHV
WKH VSDFH RI WKH UHSUHVHQWDWLRQ DQG VHSDUDWHV LW IURP WKH VSHFWDWRU
V SK\VLFDO HQYLURQPHQW� 6HUJHL (LVHQVWHLQ
GHVFULEHV WKH IUDPH DV DQ HGLWLQJ FHOO �(LVHQVWHLQ� ������ $FFRUGLQJ WR ,JRU %DERX� LQ YLUWXDO UHDOLW\� WKH
FRQFHSW RI WKH IUDPH� LQ LWV VHPLRWLF VWDWXV� GRHV QRW GLVDSSHDU EXW LV VKLIWHG �%DERX� ������ 7KH OLPLWV RI WKH
UHSUHVHQWDWLRQ VSDFH WDNH RQ DQRWKHU IRUP� ERWK LQ WKHLU GLHJHWLF �ZKDW ZH DUH JLYHQ WR SHUFHLYH� DQG LQGLFLDO
�UHIHUHQFH�WR�D�ODUJHU�IRUP��IXQFWLRQV���+RZ�WKHQ�FDQ�ZH�GHILQH�WKHVH�OLPLWV�DQG�WKXV�HVWDEOLVK�HGLWLQJ�FHOOV"
7KH SHUFHSWXDO ERXQGDULHV RI D FRQWLQXRXV YLUWXDO UHDOLW\ H[SHULHQFH DUH EDVHG RQ WKH VXEMHFW
V IUHHGRP RI
PRYHPHQW LQ WKH UHDO HQYLURQPHQW� 7KH SHULPHWHU RI WKH SK\VLFDO VSDFH WUDFNHG E\ WKH GHYLFH WKHUHIRUH
VHHPV WR FRUUHVSRQG WR D IUDPH� ,Q WKH YLUWXDO HQYLURQPHQW� LW GHILQHV D VFDOHG� VSDWLDOL]HG DQG RULHQWHG ]RQH
LQ ZKLFK WKH VXEMHFW DFTXLUHV D OLPLWHG ZDONLQJ DQG DFWLQJ DUHD� :H WKHUHIRUH GHFLGH WR WDNH WKLV ]RQH RI
SRWHQWLDO DFWLRQ DV RXU HGLWLQJ FHOO� 7KH IUDPH LQ YLUWXDO UHDOLW\ QR ORQJHU GHOLPLWV D SRUWLRQ RI WKH LPDJH DV LQ
FLQHPD��EXW�D�]RQH�RI�SRVVLEOH�DFWLRQV�LQ�D�VSDFH�
2Q RXU YLUWXDO WDEOH� ZH FDQ WKHUHIRUH PRYH DQG RULHQWDWH WKUHH ]RQHV �D� E DQG F� UHSUHVHQWLQJ WKH VSDFHV WR
EH H[SORUHG ZKHQ LPPHUVHG LQ WKH VHW� 7KH VL]HV RI WKHVH ]RQHV DUH UHODWLYH WR WKH DUHD ZH FDQ ZDON WKURXJK
LQ WKH SK\VLFDO VSDFH� ,Q HDFK ]RQH� ZH FDQ VHH WKH ORFDWLRQ RI RXU UHODWLYH SRVLWLRQ WKDQNV WR D VPDOO JKRVW
WKDW PRYHV DQG RULHQWV LWVHOI DFFRUGLQJ WR RXU SK\VLFDO PRYHPHQWV� %\ PDQLSXODWLQJ WKHVH ]RQHV� ZH
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RULHQWDWH WKH YLUWXDO VSDWLDO JHRPHWULHV DFFRUGLQJ WR WKH OLPLWV RI WKH ERGLO\ DFWLRQ RI WKH SHUVRQ ZKR ZLOO EH
LPPHUVHG�LQ�RXU�QDUUDWLRQ�

���� )URP�FUHDWLRQ�WR�UHFHSWLRQ
7KH VHFRQG REMHFWLYH LV WR DOORZ DQ DUWLVW WR IUDJPHQW DQG DUWLFXODWH KLV�KHU QDUUDWLYH ZKLOH EHLQJ DEOH WR
H[SHULHQFH LWV UHFHSWLRQ DW DQ\ WLPH� 6R� ZKHQ ZH ORRN DW DQ DUHD DQG SUHVV WKH WKXPE EXWWRQ� ZH TXLFNO\
VPRRWKO\ FKDQJH VFDOH� SRVLWLRQ DQG RULHQWDWLRQ DQG ILQG RXUVHOYHV LQ WKH SODFH RI WKH OLWWOH JKRVW �)LJXUH ���
7KH OLJKW FKDQJHV� 7KH PRGHO VHW EHFRPHV RXU HQYLURQPHQW� 7KH OLWWOH FKDUDFWHUV EHFRPH KXPDQ�VL]HG�
FKDQJH WH[WXUH� DFWLYDWH DQG VSHDN DFFRUGLQJ WR D V\VWHP RI GLVWDQFH FXHV �ZKLFK ZH ZLOO GLVFXVV ODWHU�� ,I ZH
ILQG RXUVHOYHV LQ WKH ORFDWLRQ RI D VRXQG EXEEOH� ZH KHDU WKH VRXQGVFDSH ZKRVH OHYHO YDULHV DFFRUGLQJ WR RXU
SUR[LPLW\�WR�WKH�FHQWUH�RI�WKH�VSKHUH�

)LJXUH��� 3DVVDJH�IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�FUHDWRU WR�WKH�RQH�RI�WKH�UHFHLYHU�

7KXV� ZH TXLFNO\ VZLWFK RXU VWDWXV �IURP FUHDWRU WR UHFHLYHU� DQG RXU SRLQW RI YLHZ �IURP WKLUG WR ILUVW
SHUVRQ� ZLWKRXW H[SHULHQWLDO GLVFRQWLQXLW\� %\ SUHVVLQJ WKH WKXPE EXWWRQ DJDLQ� ZH FDQ JR EDFN WR WKH FUHDWRU
SRVLWLRQ� 7KLV IXQFWLRQ HQDEOHV XV WR H[SHULHQFH LQ UHDO WLPH WKH HYROXWLRQ RI WKH QDUUDWLYH IRUP LQ
FRQVWUXFWLRQ��,Q�WKLV�ZD\��ZH�DWWHPSW�WR�UHSURGXFH�WKH�UK\WKPLF�DQG�SOD\IXO�DVSHFW�RI�ILOP�HGLWLQJ�

���� $FWLYDWLRQ�RI�WKH�QDUUDWLYH
7KH WKLUG REMHFWLYH LV WR WHVW RXU K\SRWKHVLV RI D PRQWDJH LQWLPDWHO\ OLQNHG WR RXU ERGLO\ DFWLRQV LQ RUGHU WR
JHQHUDWH PHDQLQJ IURP WKH FRXSOLQJ EHWZHHQ RXU PRYHPHQWV DQG RXU QDUUDWLYH SHUFHSWLRQ� 7ZR VWUDWHJLHV
FDQ EH IROORZHG� 7KH ILUVW LV WR DVVXPH WKDW WKH LPPHUVDQW ZLOO PRYH DFFRUGLQJ WR WKH YLUWXDO VFHQRJUDSK\� ,Q
WKLV FDVH� LQ RUGHU WR DYRLG KLP�KHU EHLQJ ³PLVSODFHG´� WKH FUHDWRU
V MRE LV WR RUJDQLVH WKH HYHQWV LQ VSDFH DQG
WLPH LQ WKH DLP WR DWWUDFW WKH LPPHUVDQW
V DWWHQWLRQ DQG WR LQIOXHQFH KLV ZDQGHULQJ PRYHPHQWV� $QRWKHU
VWUDWHJ\� RQ WKH FRQWUDU\� LV WR PDNH WKH HQYLURQPHQW HYROYH DFFRUGLQJ WR WKH PRYHPHQWV RI WKH LPPHUVDQW�
$FFRUGLQJ WR KLV�KHU JD]H� WKH VSHHG RI KLV�KHU ERG\ PRYHPHQWV� KLV�KHU SRVLWLRQ LQ VSDFH� WKH HQYLURQPHQW
HYROYHV� IUDFWXUHV DQG DUWLFXODWHV LWVHOI� ,Q WKLV FDVH� LW LV WKH LPPHUVDQW ZKR �SXSSHWHHUV� WKH YLUWXDO
HQYLURQPHQW DQG PRUH JHQHUDOO\ WKH QDUUDWLYH� 7KLV GHYLFH PXVW WKHUHIRUH EH DEOH WR DQDO\VH WKRVH WZR FDVHV
DQG�VHH�KRZ�GLIIHUHQW�SHUFHSWLRQ�DFWLRQ�FRXSOLQJV�FDQ�SURYLGH�QHZ�QDUUDWRORJLFDO�SDUDGLJPV�
6R� LQ RUGHU IRU WKH DFWXDOL]DWLRQ RI WKH QDUUDWLYH H[SHULHQFH WR EH IDYRXUDEOH IRU WKH UHFHLYHU� WDNLQJ LQWR
DFFRXQW WKH GHVLUHV RI WKH FUHDWRU� WKH YLUWXDO HQYLURQPHQW PXVW UHDFW DFFRUGLQJ WR D V\VWHP RI FXHV GHILQHG
EHIRUHKDQG� 7KH WZR YDULDEOHV ZH FDQ SOD\ ZLWK DUH WKH PRYHPHQWV RI WKH LPPHUVDQW DQG WKH FKDUDFWHUV

DQLPDWLRQV LQ WKH YLUWXDO HQYLURQPHQW� 7KHVH GDWD DUH WKHUHIRUH PRQLWRUHG LQ UHDO WLPH LQ RUGHU WR VHUYH DV
YDULDEOHV�IRU�WKH�FXHV�WKDW�WULJJHU�WKH�QDUUDWLYH�VHTXHQFHV�LQ�VSDFH�DQG�WLPH�
(DFK FKDUDFWHU KDV DQ DFWLYDWLRQ VSKHUH� :KHQ WKLV VSKHUH FROOLGHV ZLWK WKH LPPHUVDQW
V VSKHUH �DOVR OLQNHG
WR WKH SRLQW RI YLHZ�� WKH FKDUDFWHU FKDQJHV WH[WXUH DQG EHFRPHV DFWLYH� 'HSHQGLQJ RQ WKH FKDUDFWHU
V
QDUUDWLYH UROH� WKH DFWLYDWLRQ VSKHUH FDQ EH ODUJHU RU VPDOOHU� 7KXV� VRPH FKDUDFWHUV ZLOO RQO\ FRPH WR OLIH LQ
WKH LQWLPDWH VSKHUH RI WKH LPPHUVDQW� ZKLOH RWKHUV ZLOO RQO\ EH DFWLYDWHG IURP D ODUJH GLVWDQFH DQG ZLOO IUHH]H
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LI WKH\ JHW WRR FORVH� 'HSHQGLQJ RQ WKH ILHOG RI YLVLRQ DQG WKH LPPHUVDQW
V GLVWDQFH IURP WKH HOHPHQWV� WKH
FKDUDFWHUV FRPH WR OLIH� VORZ GRZQ RU IUHH]H� ,Q D VHQVRU\�PRWRU ORRS� WKH HQYLURQPHQW LV SXSSHWHHUHG E\ WKH
ERGLO\ DFWLRQV RI WKH LPPHUVDQW� ZKLFK DUH WKHPVHOYHV LQIOXHQFHG E\ WKH VFHQRJUDSK\ RI WKH XQIROGLQJ
HQYLURQPHQW�

���� 7UDQVLWLRQV�EHWZHHQ�]RQHV
7KH ILQDO LVVXH LV KRZ WR PRYH IURP RQH ]RQH WR DQRWKHU" $QG KRZ FDQ WKH FUHDWRU PDNH KLP�KHUVHOI YLVLEOH
RU QRW LQ WKLV VSDFH GLVFRQWLQXLW\" ,QLWLDO WHVWV ZHUH GRQH E\ SODFLQJ D WHOHSRUWHU LQ HDFK ]RQH� 7KH\ EHFDPH
LQYLVLEOH ZKHQ ZH ZHUH LPPHUVHG LQ WKH VHW� $V VRRQ DV ZH DUULYHG LQ WKH WHOHSRUWHU
V SRVLWLRQ� ZH ZHUH
VXGGHQO\ WHOHSRUWHG �OLNH D FLQHPDWRJUDSKLF ³FXW´� WR WKH QH[W ]RQH� 7KH IXQGDPHQWDO SUREOHP ZLWK WKLV
PHFKDQLVP ZDV WKDW� KDYLQJ SUHYLRXVO\ FRQVFLRXVO\ SODFHG WKH WHOHSRUWHU RQ WKH VHW� ZH NQHZ ZKHUH LW ZDV
DQG ZHUH VHDUFKLQJ IRU LWV ORFDWLRQ� 6R ZH ZHUH ELDVHG FRQFHUQLQJ WKH SUREDELOLW\ RI DQ XQDZDUH LPPHUVDQW
EHLQJ�LQ�WKH�ULJKW�SODFH�
:H WKHQ WHVWHG WHOHSRUWDWLRQ QRW RQ WKH EDVLV RI VSDWLDO EXW WLPH GDWD� 'HSHQGLQJ RQ WKH OHQJWK RI WKH
FKDUDFWHUV¶ GLDORJXHV SUHVHQW LQ WKH ]RQH� D FDOFXODWLRQ ZDV PDGH WR JLYH D VSHFLILF WLPH IRU WKH ]RQH EHIRUH
EHLQJ WHOHSRUWHG WR WKH QH[W� %XW DV WKH\ GLG QRW FRUUHVSRQG WR DQ\ SDUWLFXODU HYHQW RU PRYHPHQW� WKHVH FXWV
ZHUH RIWHQ WRR VXGGHQ DQG PHDQLQJOHVV IRU WKH LPPHUVDQW� ,Q DGGLWLRQ� WKH UHODWLRQVKLS EHWZHHQ KLV�KHU
SRVLWLRQ�DQG�RULHQWDWLRQ�EHIRUH�DQG�DIWHU�WKH�FXW�EHFDPH�DUELWUDU\�
:H DOVR WHVWHG WKH WULJJHULQJ RI WHOHSRUWDWLRQ RQFH D GLDORJXH HQGHG� 6LQFH WKH FKDUDFWHUV
 GLDORJXHV DUH RQO\
DFWLYDWHG ZKHQ \RX ORRN DW WKHP� ZH ZHUH DEOH WR GHWHUPLQH URXJKO\ ZKHUH WKH LPPHUVDQW ZDV JRLQJ WR EH
EHIRUH WKH FXW� DQG WKXV VHW XS WKH DUULYDO DUHD DFFRUGLQJO\� 7KH IDFW WKDW WKH FKDUDFWHUV RQO\ VSHDN DQG PRYH
ZKHQ \RX ORRN DW WKHP UHTXLUHV WKH YLHZHU WR EH LQ D SDUWLFXODU SRVLWLRQ DQG RULHQWDWLRQ LI WKH\ DUH WR DFWLYDWH
DQG IROORZ WKH DFWLRQ� 7KXV� ZKHQ WKH FXW RFFXUV� WKH LPPHUVDQW EHFRPHV DZDUH RI WKH FRPSRVLWLRQ RI WKH
LPDJH KH�VKH LV IROORZLQJ� ,Q EHLQJ DZDUH RI WKH WUDQVLWLRQ IURP RQH FRPSRVLWLRQ WR DQRWKHU� KH�VKH VHHPV WR
VKLIW EULHIO\ IURP D VSDWLDO SHUFHSWLRQ WR D SLFWRULDO SHUFHSWLRQ� ,Q WKLV IUDFWLRQ RI D VHFRQG� KH�VKH ORVHV WKH
SHUFHSWLRQ RI KLV�KHU ERG\ DQG SUHVHQFH LQ WKH YLUWXDO HQYLURQPHQW� $ PRYHPHQW RI GLVWDQFLQJ WDNHV SODFH
DQG�WKH�SUHVHQFH�RI�D�FUHDWRU�DSSHDUV�
)LQDOO\� WKH ODVW FDVH ZH ILQG UHDOO\ UHOHYDQW LV WKDW RI WKH SRUWDOV� :LWKLQ HDFK ]RQH� ZH SODFH DQG RULHQWDWH D
VPDOO IUDPH �)LJXUH ��� 7KH LPDJH RI WKLV IUDPH LV YLVLEOH LQ WKH RWKHU ]RQHV� 7KLV DVVRFLDWLRQ RI WKH IUDPH
DQG LWV LPDJH FRQVWLWXWHV D SRUWDO EHWZHHQ WKH ]RQHV DQG ZH FDOO LW D ³ZRUPKROH´� ,QVLGH WKH VHW� LW DSSHDUV WR
WKH LPPHUVDQW LI KH�VKH DSSURDFKHV LW DQG E\ SDVVLQJ KLV�KHU KHDG WKURXJK� KH�VKH FKDQJHV ]RQH �)LJXUH ���
,Q WKLV FDVH� WKH FKRLFH WR PRYH IURP RQH DUHD WR DQRWKHU LV OHIW HQWLUHO\ WR WKH LPPHUVDQW� ZKR PXVW PDNH WKH
QHFHVVDU\ PRYHPHQW WR SDVV� +H�6KH LV REYLRXVO\ LQ FRQWURO RI WKH WUDQVLWLRQ PRPHQW� EXW KLV�KHU PRYHPHQWV
PXVW FRQIRUP WR WKH SODFHPHQW DQG RULHQWDWLRQ RI WKH IUDPH SODQQHG E\ WKH FUHDWRU� ,Q RUGHU WR PRYH IURP
RQH ]RQH WR DQRWKHU� WKH LPPHUVDQW PXVW FRQVFLRXVO\ DGRSW WKH H[WUD GLHJHWLF QDUUDWRU¶V SRLQW RI YLHZ ZKRVH
SUHVHQFH�LV�WKHUHIRUH�VLJQLILHG�GXULQJ�WKH�WUDQVLWLRQ�

)LJXUH�����:RUPKROH�VHW�E\�WKH�FUHDWRU�LQ�WKLUG�SHUVRQ�YLHZ�
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)LJXUH�����:RUPKROH�H[SHULHQFHG�LQ�WKH�QDUUDWLYH�LQ�ILUVW�SHUVRQ�YLHZ�

�� 'LVFXVVLRQ�DQG�FRQFOXVLRQ
7KH 6SDWLDO 0RQWDJH V\VWHP LV FRPSOHWH DQG HIIHFWLYH� DQG VHWV WKH EDVLV RI D PHWKRG IRU VWUXFWXULQJ D
IUDJPHQWHG QDUUDWLYH VSDFH UHDFWLQJ WR WKH ERGLO\ DFWLRQV RI DQ LPPHUVDQW� 3UHOLPLQDU\ H[SHULPHQWV VXJJHVW
WKDW ZRUPKROHV DUH HVSHFLDOO\ UHOHYDQW IRU WULJJHULQJ WHOHSRUWDWLRQV WKURXJK ERGLO\ PRYHPHQWV� DOORZLQJ
DFWLYH SDUWLFLSDWLRQ LQ WKH RQJRLQJ VWRU\� %\ UHTXLULQJ FRQVHQW IURP WKH LPPHUVDQW� WKLV DOVR VHHPV WR
LPSURYH�WKH�DFFHSWDELOLW\�RI�WKH�WHOHSRUWDWLRQV�DQG�WR�UHGXFH�GLVFRPIRUW�DQG�GLVRULHQWDWLRQ�
7KH 6SDWLDO 0RQWDJH V\VWHP LV FXUUHQWO\ EHLQJ XVHG DV SDUW RI WKH ³/LQHV RI XQLYHUVH´ DUWLVWLF LQVWDOODWLRQ���

ZKHUH SDUWLFLSDQWV FDQ FUHDWH DQG H[SHULHQFH VKRUW QDUUDWLYHV XVLQJ D WULSW\FK IRUP ZLWK WKUHH ]RQHV DQG WKUHH
SRUWDOV� DV VKRZQ LQ )LJXUH �� 7KH WKUHH ]RQHV FDQ IRU H[DPSOH UHSURGXFH WKH $ULVWRWHOLDQ QRWLRQ RI DQ DWRPLF
VWRU\ VHTXHQFH ZLWK D EHJLQQLQJ� D PLGGOH DQG DQ HQG� %XW LW FDQ DOVR EH WKH EDVLV IRU ORRSHG QRQ�OLQHDU
VWRULHV� 7KLV LV D XVHIXO DQG JHQHULF VHW�XS IRU H[SHULPHQWLQJ ZLWK D YDULHW\ RI ILOP LGLRPV DQG SDWWHUQV� DQG
HYDOXDWLQJ WKHLU HIIHFWLYHQHVV LQ WKH FRQWH[W RI YLUWXDO UHDOLW\� 7\SLFDO H[DPSOHV LQFOXGH QDYLJDWLRQ EHWZHHQ
VFHQHV� QDYLJDWLRQ EHWZHHQ FKDUDFWHUV� WHPSRUDO HOOLSVHV DQG IODVKEDFNV� :H DUH DFWLYHO\ LQYHVWLJDWLQJ WKRVH
FDVHV�DV�EXLOGLQJ�EORFNV�IRU�DVVHPEOLQJ�PRUH�FRPSOH[�QDUUDWLYH�VWUXFWXUHV�
,Q IXWXUH ZRUN� ZH SODQ WR DXJPHQW RXU HPSLULFDO� VXEMHFWLYH DXWR�HYDOXDWLRQ RI WKH TXDOLW\ RI WKH
GLVFRQWLQXLWLHV ZLWK D PRUH TXDQWLWDWLYH DQDO\VLV RI WKH HIIHFWLYHQHVV RI WKH SURSRVHG PRQWDJH IRU D QDLYH
DXGLHQFH� QRW LQYROYHG LQ WKH PDNLQJ RI WKH PRQWDJH� 7KLV ZLOO UHTXLUH H[WHQVLYH XVHU VWXGLHV EDVHG RQ DQ
HYDOXDWLRQ SURWRFRO ZKLFK VWLOO QHHGV WR EH GHILQHG� )XWXUH ZRUN LV DOVR QHHGHG IRU PRQLWRULQJ WKH
LPPHUVDQW¶V DFWLRQV GXULQJ WKH H[SHULHQFH� PHDVXULQJ WKH SURJUHVV RI WKH VWRU\ DQG FRQQHFWLQJ DWRPLF VWRU\
VHTXHQFHV�WRJHWKHU�LQWR�ORQJ�IRUP�QDUUDWLYHV�DQG�QRQ�OLQHDU��EUDQFKLQJ�LQWHUDFWLYH�VWRULHV�
)LQDOO\� WKLV IXWXUH UHVHDUFK ZLOO KDYH WR LQWHJUDWH VHYHUDO LGHQWLILHG LVVXHV� $FFRUGLQJ WR ZKLFK PRGDOLWLHV
DQG FRQWUDFWV FDQ WKH DXWKRU PDNH WKH LPPHUVDQW DFFHSW D UXSWXUH RI WKH H[SHULHQFH LQ IDYRXU RI WKH
QDUUDWLYH" ,Q ZKDW ZD\� SUHFLVHO\ E\ LQIOXHQFLQJ WKH SKHQRPHQRQ RI SUHVHQFH� GR GLVFRQWLQXLWLHV DFTXLUH D
QDUUDWLYH UROH" $QG KRZ FDQ WKH VSDWLR�WHPSRUDO DUWLFXODWLRQV UHVXOWLQJ IURP GLVFRQWLQXLWLHV SODFH DQ
LPPHUVDQW�DW�GLIIHUHQW�GLVWDQFHV�IURP�WKH�GLHJHVLV�DQG�LWV�DXWKRU"

�� 5HIHUHQFHV
$PRULP��0��$���7UXPERUH��%���	�&KRJ\HQ��3��/����������&RJQLWLYH�5HSRVLWLRQLQJ�LQVLGH�D�'HVNWRS�9(��7KH

&RQVWUDLQWV�,QWURGXFHG�E\�)LUVW�YHUVXV�7KLUG�3HUVRQ�,PDJHU\�DQG�0HQWDO�5HSUHVHQWDWLRQ�5LFKQHVV�
3UHVHQFH��7HOHRSHUDWRUV�DQG�9LUWXDO�(QYLURQPHQWV� ���������±����
KWWSV���GRL�RUJ������������������������

$\OHWW��5����������(PHUJHQW�QDUUDWLYH��VRFLDO�LPPHUVLRQ��DQG�³VWRULILFDWLRQ�´�3URFHHGLQJV�RI�WKH��VW
,QWHUQDWLRQDO�:RUNVKRS�RQ�1DUUDWLYH�DQG�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV��������

%DERX��,��������� /¶DEVHQFH�GH�FDGUH�FRPPH�XWRSLH GHV�³UpDOLWpV�YLUWXHOOHV¶¶��&KDPSV�YLVXHOV��5HYXH
LQWHUGLVFLSOLQDLUH�GH�UHFKHUFKHV�VXU�O¶LPDJH��/¶+DUPDWWDQ�

%ROWHU��-��'���	�*UXVLQ��5��$��������� 5HPHGLDWLRQ� 8QGHUVWDQGLQJ�QHZ�PHGLD��0,7�3UHVV�
KWWSV���GRL�RUJ���������FFLM���������������

�� KWWSV���UHPLVDJGXYU�ZRUGSUHVV�FRP�������
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6DQGER[�¶�������� KWWSV���GRL�RUJ������������������������
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Abstract 
The increasingly low prices of virtual reality devices as well as omnidirectional cameras are stimulating the 
development of serious game applications using interactive 360 videos for the entertainment and training 
industries. While 360° video production is getting easier and faster, on the other hand, developing interactive 
content for scenarios of serious games remains time-consuming and manual, and requires a lot of programming 
knowledge. The lack of an interaction design standard based on a defined architecture can create 
misunderstandings between game designers and game developers, also making the development process costly 
and resource-intensive. 
As a case study, we present a new design approach dedicated to serious games developed based on interactive 
panoramic videos which have the special control requirements in both temporal and spatial terms. This design 
will be introduced as a finite state machine (FSM), suitable for developing multithreaded scenarios. 

1. Introduction
Omnidirectional cameras are becoming growingly popular, so producing 360° videos is easy and does not
require specialist knowledge or complicated operations. Virtual reality headsets are also becoming cheaper
and more accessible to the general public. Moreover, viewing 360° videos on a head mounted display (HMD)
device provides a better sense of presence [3].
Traditional 360° videos are enriched by supporting additional interactive elements such as text information,
sounds, 2D/3D objects, quizzes and so forth. These types of videos are transforming themselves into interactive
360° videos that not only improve user experiences, but also increase narrative and educational elements.
These content-enriched interactions are typically structured to conform to the spatial and temporal dimensions
of 360° video. That means they have a scripted fixed behavior. In addition, some other interactions that are
based on user behavior, such as those that suggest vision navigation, will behave dynamically. Therefore,
unlike editing tools of 2D videos that primarily deal with the temporal dimension, creating interactive 360°
videos requires a whole set of tools to handle the combination of spatial and temporal dimensions.
In the production of serious games in general and educational applications in particular, the storyline is
extremely important. A number of models have been proposed to help define the main components of this type
of application; however, there are additional factors that need to be specifically considered when developing
serious games based on the main content of interactive 360° videos.
In this article, we rely on scenario-based design [2] approaches to propose a design approach specific to serious
games that uses interactive 360° videos and identifies the core components of a system architecture. In the
future, we will explore the interactive modules and tools necessary for a useful authoring tool in this context,
where an author can create his application while being totally immersed in virtual reality.
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2. Related work
2.1. Interactive 360° videos
Using a virtual reality headset to watch 360° videos allows users to be completely immersed in a virtual scene
and see the videos in the direction of their choice by turning their head [1]. Regarding the design tools for 360°
videos in virtual reality, the usability of the rapid object creation solution was evaluated [9] through tasks such
as adding and removing 3D objects in space and time. The panoramic view provides high-fidelity environments
[11] and contributes to a sense of presence [6]. Although much of the work consists of simple interactions, an
experiment was performed to assess the continuity of the integration of video animations, 3D interactive
REMHFWV�DV�ZHOO�DV��'�DXGLR�>�@��)RU�WKH�GHVLJQ�RI�LPPHUVLYH�SDQRUDPLF�YLGHRV��WKH�GHVLJQHU¶V�DVVLVWDQFH�LV�
mainly limited to primitive virtual behavior techniques such as selection [7]. When it comes to game mechanics,
interaction techniques are also limited to simple tasks such as managing a score [5].

2.2. Serious game designs 
Designing an effective and enjoyable serious game requires not only knowledge of learning domain or 
pedagogy, but also an understanding of scenario design and game design components. In this context, several 
models of design have been proposed. Stephen Tang and Martin Hanneghan [10] have proposed a Game 
Content Model which provides definitions of design structure, helping to shed light on important elements of 
serious game design. Yen-Ru Shi and Ju-Ling Shih [8] investigated 11 important elements of game design, 
namely purpose, mechanics, fantasy, value, interactivity, freedom, storytelling, sensory, challenge, sociability 
and mystery. These studies are of great help in the analysis and development of architectural archetypes of 
serious educational games. 
Concerning design methodology, in order to increase the educational value of serious games, it is necessary to 
add mechanisms that allow the player to interact with the environment. These additional interactions enhance 
the user's sense of presence as it creates a sense of control and real participation in the scenario [16]. In addition, 
the content of serious games should be divided into several difficulty levels. The access will be granted 
according to the results of the previous level [12]. In other words, it is an adaptation that allows the playing 
environment to change to suit the style or skill level of the player. This further confirms the need to take 
adaptive mechanics into serious gaming. For this purpose, the scenario of the game can be thought of as a state 
transition system (finite state machine) and there will be evaluation and adaptation mechanisms based on 
checking and modifying specific states of the system [13]. 

2.3. Scenario of serious game based on 360° video 
Videos in general and panoramic videos in particular are narrative in themselves. Their content was determined 
before the production process [14]. In other words, the video itself is part of the serious game storyline. 360° 
videos can be seen from multiple angles (active) instead of just being observed from the director's point of 
view (passive) [6]. Therefore, additional interactions are needed to get the player to follow the correct 
progression of the storyline and watch the video in the right direction at critical times. 
Not only the spatial factor, but also the temporal factor must be evaluated when considering the effect of 
additional interactions on the timeline of the video, and more broadly their effects on the entire timeline of the 
scenario. The studies by Toro, M. [15] initially confirmed the viability of fixed-time and flexible-time models 
in conditional branching scenarios. However, they must have certain conditions to be maintained in the 
scenario. 
An example of a scenario is the virtual visit of a museum composed of interactive panoramic videos of each 
room presented by a guide. The aim is to make a visit more accessible and more adapted to the preferences of 
each visitor. Thus, it is possible to navigate from room to room quickly and effortlessly. In addition, interactive 
buttons positioned on the video allow the visitor to get additional information on each work. 3D areas are also 
positioned on the video to highlight the work evoked by the guide. Finally, a questionnaire can also appear at 
the end of the video to measure the visitor's understanding. 
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We examined a few authoring tools that support 360° video and multi thread scenarios to learn about their 
programming knowledge requirements and operational complexity. Table 1 below lists some typical tools for 
VR applications, which have been analyzed qualitatively and statistically, including: Amazon Sumerian1, 
InstaVR2, Dataverse3 and FlowMatic [18] 

Table 1 : authoring tools for VR experiences 

There are very few authoring tools built directly on the virtual reality platform but mainly still authoring tools 
on PC. The simulated viewpoint (on the 2D screen) of these tools therefore deviates from the actual viewpoint 
in VR, which can lead to deviations in spatial positioning when designing interactions. 
In order to be able to design standard tools suitable for a no-code immersive authoring tool, it is first necessary 
to have a standard method of design that describes in detail the components of an interactive scenario of a 
serious game based on 360° videos. 

3. Method of design towards a no-code immersive authoring tool
Towards the goal of building an intuitive and easy-to-use immersive authoring tool that allows non-
programming savvy authors to easily develop their serious game apps based on 360° videos, firstly, we will
introduce in this paper a new method of design for interactive scenario that we find appropriate, considering
the characteristics of serious games as well as the special control requirements in both temporal and spatial
terms for interactive 360° videos.
In the architectural design for serious games based on 360° videos that we come up with, the most basic unit
is the scene (Figure 1). Each scene includes a segment of the video with additional interactions (text, sound,
2D/3D objects and so on.). The video segment is spanning between two time values and therefore additional
interaction configuration time parameters are bounded by these two values.
Linear video time is irreversible. Therefore, a special object will allow the video to be paused at a specific
time. Interactions installed in this object when the video is paused will behave differently from linear
interactions. This design guarantees the possibility of controlling the temporal in the scene, allowing the
addition of many interesting gameplay such as answering quizzes without any time limit.
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Figure 1 : The elements in the scene based on 360° video 
This design is distinguishable by its ability to visually depict the occurrence of interactions on the video's 
timeline, suggesting to the author about the layout arrangement of objects and interactions in the scene, helping 
to develop a better scenario structure. 
The goal is to develop an immersive authoring tool, so the spatial parameters will be adjusted by the author 
directly in the virtual environment. A preview mechanism will be provided so that the author can "try it out" 
from the perspective of the end user. 
This is essentially a timeline tree model [17] in the interactive scenario. Scenes 2 & 3 are transitions after scene 
1 but on the same video. In the design of the operating system (application system), the two Data Manager 
and Scene Manager modules will work independently but cooperatively to ensure the seamlessness of the 
video content as well as the multi-threading of the scenario. This architecture also helps to save video storage 
resources as multiple scenes can be edited on the same video. The author does not need to go through the pre-
production process to cut and edit the video for each individual scene. 
Using scenes as the basic material for scenario building, we have 3 basic components of an interaction scenario: 
the scenario segment, the transition and the condition. 
Scenes will be placed in scenario segments and can be re-used in the same segment or between segments, 
depending on the scenario design. The transitions between the segments of a scenario will be made after 
evaluation of the results on the basis of the binding conditions. Figure 2 will explain the transition state of the 
finite state machine (FSM) in the system. 
All player actions and interactions in the game will be logged in the event log. The analysis of event log data 
will help determine the state of the system. However, it is not necessary to define the entire state at each 
evaluation. This design allows the author to build his own evaluation rules at each transition point on the 
scenario, with a finite number of events analyzed. 
The output of each evaluation will be a binary result leading to two different branches of the scenario. The 
whole scenario will have the structure of a binary network. Therefore, it is necessary to develop algorithms to 
detect infinite loops in the scenario. 
A segment can also reside within another segment, which increases the possibility of designing multi-threaded 
scenarios. But at the same time this multi-tier architecture also poses an ergonomic design challenge on the 
development of authoring tools. 
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The design approach we propose has integrated a FSM, suitable for interactive scenarios where user 
interactions in the scene will affect scenario progress.  

Figure 2 : The transition state of FSM in the system 
A loose link between condition and interaction means that the evaluation conditions of the scene will be 
analyzed based on the results of user interactions in the scene. It could be for example the results of answering 
the questions, the time it took to answer the questions, or the total time spent in the scene and the like. 
Thus, we have just introduced an overview of the design approach for the interactive scenario of serious games 
based on panoramic videos. This approach is suitable to help the author develop his game by describing 
scenarios using storyboards. It should be noted that for this part of the architecture, the multithreading scenario 
is purely mechanical, which means that the system has a finite state and the state changes are only based on 
the results of real-time user interaction. In the future, a larger architecture based on adaptive learning models 
[21][22] will be developed, using the resources of this design approach in combination with artificial 
intelligence techniques, for example machine learning and deep learning to analyze data profile and user 
behavior to offer appropriate suggestions. 

4. Conclusion
This article proposes a new method of design that enables authors to build serious gaming applications based
on interactive 360 videos. The proposed model follows scenario-based design, which is the result of a serious
analysis of different game architectures, considering the particular properties of 360 video and additional
interactions.
Encapsulation of video segment within the scene ensures the integrity of the story in the video. This design
gives the author more control over the video's timeline. Additionally, using video segments instead of the entire
video, along with FSM integration, makes it easier for authors to build multi-threaded scenarios with additional
interactions in the scene.
Based on this architecture, we are developing an immersive authoring tool that allows users to create
applications directly in a virtual reality environment without the need for programming knowledge. Our
challenge was to study ergonomics in order to develop a suitable storyboard interface in virtual reality.
In the next stage, based on the scenario classification [19][20], after finalizing the authoring tool, we will
design and conduct certain appropriate experiments to test the adaptability of this design to different scenario
types.
In the future, we will study the possibility of integrating artificial intelligence as well as machine learning,
deep learning to complete the adaptive learning model for this architecture.

5. Acknowledgments
This project was supported by the ANRT (PhD fellowship) and the WideWebVR company (CIFRE
#2020/0813).

Laval Virtual VRIC ConVRgence 2022 Proceedings - Page 20



6. Notes
1 https://aws.amazon.com/sumerian
2 https://www.instavr.co
3 https://dataverse.xyz
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Abstract 
Facing an aging population with an increasing prevalence of dementia, the challenge lies in improving 
cognitive assessment and screening. Numerous paper tests are used daily as Mini Mental Status Examination 
(MMSE) or Montréal Cognitive Assessment (MoCA). Several assessments in virtual environments were 
developed to enhance ecology and appeared to be as efficient as classical tests. Using the Oculus Quest® 
device, a novel immersive environment was created and composed of thirteen cognitive tasks. Each scene was 
conceived using the navigation, selection, and manipulation 3D interaction tasks. This new environment 
browses several cognitive functions easily despite some technical limits. 

1. Introduction
In cognitive assessment, numerous tests exist for a specific field (memory, language) or global cognition.
These usual tests normally proceed in natural conditions with a patient and an examinator asking the questions
orally. Most of the answers are also orally given, but some need to write, draw, or make movements.
Nevertheless, these tests do not appraise the impact of cognitive impairment on daily activities, and Virtual
Reality (VR) appears to be an ecological and efficient tool to detect cognitive decline throughout real situations
(Parsons, 2015). Depending on the degree of immersion, the virtual environment can be classified as non±
immersive, semi-immersive, or fully ± immersive (García-Betances et al., 2015a). Mainly developed for video
games, VR has become in a few years a new help in medical practice (Li et al., 2017) as in surgery (Schmidt
et al., 2021; Winkler-Schwartz et al., 2019) or psychiatric (Freeman et al., 2017). Only five immersive
environments have been previously published in cognitive assessment, as presented in the review from Clay
and al in 2020 (Clay et al., 2020). In 2020, Maronnat and al (Maronnat et al., 2020) presented an immersive
environment inspired from classical cognitive tests: Mini Mental Status Examination (MMSE) (Folstein et al.,
1975), Montréal Cognitive Assessment (MoCA) (Nasreddine et al., 2005) or the five words of Dubois (Dubois
et al., 2002). Contrary to the other tests developed (Clay et al., 2020), this autonomous assessment browses
seven cognitive domains (attention, orientation, abstraction, executive functions, visuospatial abilities,
language, and memory) (Maronnat et al., 2020), which is a prominent force in the goal to perform a global
evaluation. Human-computer interactions aim to reproduce natural human behaviors in virtual environments
and are named Natural User InWHUIDFHV��18,���7KH�WHUP�³QDWXUDO´�PHDQV�WKDW�WKH�LQWHUIDFH�PXVW�EH�LQWXLWLYH��
HDV\�WR�XVH��DQG�XQGHUVWDQG��2¶KDUD�HW�DO����������7KH�LQWHUIDFH�LV�QRW�D�EDUULHU�DV�WKH�FRPPXQLFDWLRQ�LV�QDWXUDO�
and direct with the use of own senses. Either in augmented or virtual reality, several senses were exploited
(Djelil et al., 2013) as touch (Marton et al., 2012; Song et al., 2008), voice (McGlashan, 1995), body
PRYHPHQWV� �+DVHQIUDW]� HW� DO��� ������� OLSV¶� PRYHPHQWV� �-LDQ� HW� DO��� ������� WKRXJKWV� RU� FHUHEUDO� DFWLYLW\�
(Friedman et al., 2004; Lécuyer et al., 2008) and facial expression (Busso & Narayanan, 2007). NUI can be
classified according to their feasible interaction task (Bowman et al., 2005): navigation, selection,
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manipulation, and application control. This paper will present the LPPHUVLYH�HQYLURQPHQW¶V�18,�FKRLFH�for 
each cognitive task. 

2. Materials
Before using the virtual environment, choosing an adequate material to upload the environment was necessary.
This material should respond to multiple characteristics selected by the authors considering that the material
should be easily usable and understandable by older adults with cognitive impairment (Appendix 1) and easy
to transport. Thus, they opted for the Oculus Quest (OQ)® (Appendix 2) (Oculus technologies, 2019).

3. Immersive assessment

3.1 Cognitive functions 
Cognition can be summarized as the mental processes of knowledge and thinking. It comprises several 
functions, each participating in a global functioning (Harvey, 2019). Global cognition can be assessed 
throughout general tests as MMSE or MoCA. The environment (Maronnat et al., 2020) explored seven 
cognitive functions: Attention, memory, praxis, executive functions, language, abstraction, and orientation. 
PD Harvey (Harvey, 2019) has defined and classified the different cognitive domains in his state of the art. 
Attention is the process of attending to and sustaining relevant information while ignoring other nonrelevant 
information (distraction). 0HPRU\�UHIHUV�WR�LQIRUPDWLRQ¶V�encoding, storage, and retrieval either in the short 
term (working memory) or long term. Praxis corresponds to motor skills like drawing, writing, or gestural 
memory. Executive functions are the domain of reasoning, solving problems, or planning. Language skills are 
the ability to understand language, access semantic memory, identify objects with a name, and respond to 
verbal instructions with behavioral acts (example: ³FORVH�\RXU�H\HV´�LQ�006(�. Abstraction (Jaegwon, 2017) 
is the cognitLYH�SURFHVV�RI�LVRODWLQJ��RU�³DEVWUDFWLQJ�´ a common feature or relationship observed in several 
things, or the product of such an approach (example: ³ZKDW�LV�WKH�VLPLODULW\�EHWZHHQ�DQ�RUDQJH�DQG�D�EDQDQD"´�
in MoCA). Finally, orientation is the ability to orient oneself both in time (example: ³ZKDW�GD\�LV�LW"´��RU�VSDFH�
(measure: ³ZKHUH�DUH�ZH"´� 

3.2 3D Interactions tasks 
The description of the virtual actions was made according to %RZPDQ¶V classification (Bowman et al., 2005; 
Ouramdane et al., 2009). This classification proposes four 3D interaction tasks: navigation, selection, 
manipulation, and application control. This classification aims to traduce actions in the real world into virtual 
tasks. Navigation includes all the methods that let to know an object¶V�position but also the ability to move 
inside an environment. Selection refers to the choice of an object to accomplish an action inside the 
environment. Close from the selection task, manipulation defines the processes leading to changes in the 
REMHFW¶V�SURSHUWLHV��SRVLWLRQ��RULHQWDWLRQ��FRORU«�� Application control corresponds to the commands which 
FKDQJH� WKH� HQYLURQPHQW¶V� VWDWH� DQG� SURSHUWLHV�� 7KHVH� FRPPDQGV� DUH� RIWHQ� LQFOXGHG� LQ� WKH� DSSOLFDWLRQ¶V�
services. 

3.3 Virtual scenes 
The cognitive tasks are presented as independent and successive scenes. Interactions used in these scenes are 
presented in Appendices 4, 5, and 6. Firstly, oral questions given by the examinator were replaced by a verbal 
modality with instructions delivered through the headphones in every scene. Aiming to get the most realistic 
immersion possible, navigation was performed by the ERG\¶V�PRYHPHQWV�DQG�JD]H�GLUHFWHG��,Q�XVXDO�WHVWV��
patients use their own hands, so it was essential to making them appear in the environment as virtual hands. 
Oral answers were difficult to program due to technical limits, and it was decided to opt for item selections in 
attention, language, memory, and executive functions tasks. Manipulation movements were accomplished with 
the virtual hands to reproduce natural movements. For example, in the number series present in the MoCA 
test, it was decided to virtualize it as a list of words to remember. Firstly, the patient hears a list (square, circle, 
triangle) and needs to remember it. Then it will be asked to replace the figures in the correct order by moving 
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the objects. In the abstraction task, a manipulation substituted an oral answer. For praxis evaluation, drawing 
and written order were also replaced by a manipulation task. Before beginning the test, was uploaded a 
welcome task to present the environment and a training task to test the excellent understanding of the 
functioning (Appendix 3). The selected NUI of these tasks are presented in Appendix 2 and correspond to 
those present later in the assessment. 

4. Discussion
This paper presents a new virtual tool in an immersive environment to assess cognition. One of the first
conditions was to provide an autonomous test without the intervention of an exterior examiner. Thus, it was
necessary to find a material that led free movements and autonomous functioning, as described in part 2. OQ
responded to these characteristics (Appendix 1). Moreover, OQ had already been used for cognitive training
(Varela-Aldás et al., 2020) but also for cognitive assessment as for navigation memory (Ijaz et al., 2019) or
visual capabilities (Foerster et al., 2016), which comforted the choice of using it. Before beginning the tasks
was integrated a training scene. Thus, the user could discover the environment and try selection or
manipulation tasks. Contrary to a classical leap motion, the KDQG¶V�WUDFNLQJ�LQ�24�LV�SHUIRUPHG�WKURXJK�WZR�
touch controllers, ZKLFK�OHW�YLUWXDO�KDQG¶V�DSSHDUDQFH�DQG�PRYHPHQWV�IRU�VHOHFWLRQ�DQG�PDQLSXODWLRQ��The user
needs to hold the controllers and push on buttons to accomplish these tasks. However, people with cognitive
impairment might not clearly understand touch controlOHU¶V�IXQFWLRQLQJ, and hand tracking with a leap motion
might seem more accessible and more intuitive to use; the reason why we integrated a training task.
In classical assessments, patients need to write, speak, or draw and use their voices and hands. Although rapid
and significant improvements occurred in VR in a few years leading to more realistic environments, several
technical limits remain to reproduce natural actions. Firstly, some limitations deal with the patient oneself in
the case of a sensory loss as vision or hearing impairment. Naturally, the sound level can be modulated but
QHHGV� DQ� H[WHULRU� LQWHUYHQWLRQ�� 9LVLRQ¶V� DOWHUDWLRQV� DV� PDFXODU� GHJHQHUDWLRQ� FDQ� DOVR� WURXEOH� UHVXOWV�� )RU�
patients wearing glasses, OG is adapted (Appendix 1). The objective was to create an autonomous system
(without an examiner). So, all the oral questions given by the examinator were replaced with vocal instructions
delivered through the headphones integrated into the helmet. The choice was made for displayed answers
(orientation, memory, language) that should be selected into the environment. Indeed, current advances in
speech recognition are still insufficient (González Hautamäki et al., 2019; Shneiderman, 2000) to use in the
system and may lead to a false or biased recognition (as an accent or a modulated pronunciation) so to an
inaccurate result. Displaying written answers partially resolves the insufficiencies of speech recognition.
Indeed it also has limits among people presenting a low degree of education, especially illiteracy (Franzen et
al., 2020). Nevertheless, remembering displayed words also explores visual memory. For the abstraction test,
oral answers were replaced by a selection and manipulation task respecting the initial evaluation where the
patient must find the similarities between two objects (Nasreddine et al., 2005). When writing actions were
necessary for usual assessments (clock test and drawing test), simplifications occurred in tests because patients
may not understand how to use a connected pencil or manipulate a virtual one. Moreover, these scenarios
would need the checking of an exterior examiner contrary to the wish for an autonomous system. So, the
drawing task was transformed into a manipulation task to reproduce a scheme and the clock test into a choice
task between two clocks. Withal these changes might lead to an unprecise evaluation of executive functions.
In the MMSE attention task, patients must realize subtractions by steps of 7. As discussed before, transposing
these operations would need speech recognition. A new task was so created with balls. In this task, the patient
must select a ball always situated in the same place as the first one on the left. After the selection, the ball
disappears, and the test starts again without giving the order once again. Praxis¶ task is close to the classical
one as it uses both selection and manipulation. The patient needs to select a ball and move it to another place
with a specific order (p.e yellow ball on the red plate).

5. Conclusion
Whether in immersive or non-immersive environments, VR appears to be an excellent tool to assess cognition
(García-Betances et al., 2015b). The thirteen scenes browse multiple cognitive functions by using several
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interactions such as navigation, manipulation, or selection to reproduce as close as possible natural interactions. 
Some limits remain as speech recognition due to technical limitations. With continuous improvements, virtual 
environments and natural user interfaces will become more and more realistic, increasing immersion and 
ecology (Parsons, 2015). This environment remains untested among an elderly population and needs to be 
evaluated in natural conditions. Further studies are required to explore new human-computer interactions 
closer to natural actions. 
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APPENDICES 

Desired characteristics Characteristics of OQ 
Full immersion Six degrees of freedom 
Possibility of appearance of hands Two touch controllers with four integrated cameras 
Sounds compatible with hearing impairment or 
hearing aids 

3D positional audio directly broadcasted from the 
headset 

Compatible with glasses (vision impairment) 

OLED screen 
1440 u 1600 Resolution Per Eye 
72 Hz Refresh Rate Supported 
Glasses Compatible 

Own storage 128 GB 
Free movements (no cables) Battery included 
Could be proceeded while sitting Possible 
Low weight Less than 600 grams 

Appendix 1: Characteristics of Oculus Quest 

Appendix 2: Views of Oculus Quest® 

Task 
3D Interaction task 

View Navigation 
metaphor 

Selection 
metaphor 

Manipulation 
metaphor 

Application 
control 

Welcome 
%RG\¶V�PRYHPHQWV�
and gaze directed Virtual hand None None 

Training %RG\¶V�PRYHPHQWV�
and gaze directed 

Virtual hand None None 

Appendix 3: Characteristics of welcome and training task 
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Appendix 4: Characteristics of cognitive tasks (1/3) 
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Appendix 5: Characteristics of cognitive tasks (2/3) 
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Appendix 6: Characteristics of cognitive tasks (3/3) 
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Animal Embodiment: Embodying a beaver in 
immersive virtual environments to create empathy and 
teach about the impact of global warming in a playful 
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Beaver Survivor± Justin Beaver VR 

Abstract: The beaver is an internationally renowned symbol of engineering. Through virtual reality, users 
can reflect on how difficult it is for these animals to survive in the face of climate change and with an inability 
to control the natural conditions around them. An experiment in virtual reality gave rise to the possibility of 
embodying a virtual animal. The results of this experiment showed a significant effect of the visual body 
appearance on immersion, but no effects on animal embodiment and empathy. The upcoming investigation 
will allow an investigation of the effects of virtual hands and a more natural (i.e. not anthropomorphized) 
animal appearance on animal embodiment, immersion, and empathic learning through a virtual reality movie 
focusing on climate change and global warming. 

1. Introduction

One of the main obstacles to modern education is that it largely remains uninspiring for students and teachers 
alike, despite major technological innovations. The teaching of climate change awareness through virtual 
reality presents an unflattering scenario. Markowitz et al. (2018) developed two exciting experiments: In the 
first of these, they created a combination of a scuba diving trip in a physical world with virtual reality 
simulation to present the acidification of the ocean, an issue caused by global warming. The results showed 
that knowledge gain (Ocean Acidification Knowledge) remains stable after weeks of the immersive VR 
experience. However, there is no significant effect on Environmental Attitude and Presence after using the VR 
simulation. The second experiment compared two self-avatar representation conditions: a coral avatar and a 
human scuba diver avatar. The data obtained show that these different avatar appearances or conditions do not 
improve knowledge gain, evoke no positive attitude toward the environment, and do not create a presence 
effect on students. A recent study developed by Barnidge et al. (2021) explored whether students learn more 
about climate change in three conditions: virtual reality (VR), text-with-images (TWI), and 360° video (360°). 
The results showed that there is no significant effect on learning outcomes in the VR Condition. This study 
leads us to wonder whether immersive learning with virtual reality simulation could be developed to teach 
climate change and global warming topics on the basis of virtual worlds.  

Animal embodiment is one of the greatest challenges of virtual reality and Human-Computer Interaction 
Studies. One particular issue is the control of an avatar of certain animals, which have different postures, 
skeletal arrangements, and shapes compared to human bodies (Krekhov, Cmentowski and Krüger, 2019). 
Pimentel and Kalyanaraman (2021) described a lack of visuomotor synchrony in virtual reality, for example, 
when attempting to control a turtle¶s virtual tail. Likewise, a tiger has a significantly different posture from a 
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human, largely due to the fact that it walks on four legs (Krekhov, Cmentowski and Krüger, 2019; âNROD and 
Liarokapis, 2021). As illustrated in Figure 1, this study of animal embodiment employed the design of a virtual 
beaver with anthropomorphic characteristics and mixed biological representations, in order to preserve the 
natural human posture of participants. 

Figure 1. Animal embodiment with three conditions: (A) Virtual beaver, (B) virtual robot beaver, and (C) 
amorphous figure.  

2. Methodology

In our research, we explored the virtual reality value of fostering an immersive and empathic experience
where people can µwalk in the shoes¶ of the natural world. An interesting aspect is that the virtual scenarios
and self-representation in virtual reality are entirely artificial, although they simulate the natural world.
The experiment is FDOOHG�³-XVWLQ�%HDYHU�95´, in which users could be a beaver with a natural (virtual
beaver) or artificial (robot virtual beaver) body, or could instead be an amorphous figure (Sierra Rativa,
Postma and Van Zaanen, 2020b). This experiment was designed in virtual reality, and haptic sensory
feedback was included, whereby users could feel vibrations when swimming, eating branches, and
receiving the impact of a bullet when being hunted. Previously, the same experiment was created in a
desktop version (Sierra Rativa, Postma, and Van Zaanen, 2020a). In total, 90 participants were recruited
from the university student population of the Netherlands. The participants were between 18 and 35 years
old, and 57.8% male and 42.2% female. Each condition had the same number of participants. Before the
experiment, the participants filled out a dispositional empathy questionnaire called the Interpersonal
Reactivity Index (IRI) (Davis, 1980). After the virtual simulation experience, participants completed a
post-questionnaire on their experience, containing questions on situational empathy Sierra Rativa, Postma
and Van Zaanen, 2022)a perceived pain questionnaire (Das et al. 2005), an immersion questionnaire
(Jennett et al. 2008), and an avatar embodiment questionnaire (Gonzalez-Franco and Peck, 2018). We
referred to this avatar embodiment questionnaire as µAnimal Embodiment¶, and it was analyzed according
to the method proposed by Peck and Gonzalez-Franco (2021).

3. Results
In Figure 2A, we can see that the subscales of Animal Embodiment had a higher mean in the virtual animal
compared to the virtual robot beaver and amorphous figure. Moreover, as shown in Figure 2B, we observed a
statistically significant effect of character appearance on immersion, F(2, 89�� ��������S� ��������Ș��� ��������
However, no significant effect of character appearance was discovered for self-reported Situational Empathy
F (2, 89�� ��������S� ��������Ș��� ��������RU�Animal Embodiment F(2, 89) = 1.578, p = 0.604 Ș��� ���012.
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Figure 2. Animal Embodiment: (A) Subscales of Animal Embodiment questionnaire, and (B) Comparison 
between Situational Empathy, Animal Embodiment, and Immersion, depending on character appearance. 

4. Future work on animal embodiment in an Interactive Virtual Movie
The results showed that bodily appearance is not the main factor affecting animal embodiment. A possible
aspect relating to this can be explored when users view their embodied avatar in front of a mirror in the virtual
reality movie environment with their new virtual animal body, moving their animal appendages, as illustrated
in Figure 3. Future research will use two conditions to investigate whether real-life hands ± as opposed to the
appendages of the virtual animal ± can affect animal embodiment. We will use an interactive movie called
³Justin Beaver Survivor´� IRU� WKLV�SXUSRVH� Moreover, we will explore whether the storyline of this virtual
reality movie can affect the learning outcome and empathy of the users. This new understanding can help
improve expectations of the impact of virtual reality on natural and environmental education.

Figure 3. (a) Virtual animal representation where participants can move their animal hands (https://youtu.be/KRa-
DQVB0RE), and (b) Virtual animal representation where participants only visualize their virtual animal body in the 

mirror during the interactive movie (https://youtu.be/u2yNRIHR9gc).  

5. Data repository
Our contribution to Open Science and a transparent Community, our data about "Justin Beaver VR", and our
H[SHULPHQWDO�YLGHR�DERXW�WKH�³-XVWLQ�%HDYHU�6XUYLYRU´�PRYLH�LV�SXEOLFO\�DYDLODEOH�RQ�WKH�=HQRGR�SODWIRUP��
restricted only for academic purposes. (https://doi.org/10.5281/zenodo.6390959)

6. Acknowledgments
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Abstract 
UMI3D is a recent data exchange protocol dedicated to the creation of collaborative virtual environments, 
accessible via device-specifics applications called UMI3D browsers [1]. User tracking and embodiments are 
already supported, allowing the animation of avatars thanks to dedicated data sent by the connected browsers 
[2]. However, the tracking capabilities of the used devices being unequal and generally not including the whole 
body, it appears that certain gestures or postures cannot be performed with precision. To complete the tracking 
data, we propose through this poster a system for UMI3D allowing to set up body animations depending on 
the UMI3D environment. 

1. Objectives
Full Body Postures. The data model used within the UMI3D tracking system enables the transmission of
information concerning the spatial location of the body parts tracked by a browser. Hardware tracking is
supplemented by an interpolation model based on the constraints of the human body and can also sometimes
be reinforced with locally played animations. However, these animations are often very basic and related to
the browser's navigation capabilities. It appears that with the open-source browsers available today, it is not
possible to manipulate the fingers to grab an object, or the lower body to sit on a chair for example. For that
reason, it seems useful to improve the ability to animate the whole avatars.

Contextual Postures. Browsers allow users to interact with components present in the virtual environment. It 
then seems natural to combine these interactions with dedicated animations and postures, to reinforce 
immersion and non-verbal communication between users. The great diversity of assets used to create a virtual 
environment will also interfere the design of so-called generic animations, which can create glitches and visual 
inconsistencies during their application. Therefore, we consider it valuable to facilitate the creation of custom 
animations, depending on their use and on the content involved. 

Browser Adaptative Animations. We have previously discussed the differences in tracking capabilities 
between existing UMI3D browsers. The main difference between these browsers is the ability to track users' 
hands. This aspect must therefore be considered to adapt the amount of pre-designed animations to be 
incorporated into the overall animation of an avatar. Our objective then is to obtain an illusion resulting from 
the real movements and the artificial additions, which will not disturb the user experience. 

2. Constraints
Initially, we think that the stage of creation of postures must necessarily be carried out during the phase of
creation of the UMI3D environment. It is indeed at this time that the interactions are designed, and it seems
natural to make the links between interactions and animations before their use. In addition, the implementation
and use of posture design tools also echo the tools mentioned in [1], legitimizing our opinion.
However, on the other hand, it is important to remember that a network latency exists between a browser and
a remote UMI3D environment, latency that can strongly impact the user experience. We can also recall that
within the UMI3D protocol, the interaction system delegates to the browser the ability of triggering different
types of interactions. For these reasons we think that the very use of postures must also be done locally on the
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browsers, to avoid the impacts of the existing latency as well as to remain synchronized with the triggering of 
interactions. 

3. Data Model and Application
Data Model. First, for the purposes of testing and ease of design, we distinguished the postures dedicated to
the hands (Hand Pose) and the postures managing the rest of the body (Body Pose). These data models to
describe the postures are however quite similar. A Hand Pose object allows the transmission in one go of the
data necessary for the management of each hand, leaving it up to the browser to decide which hand to use, and
therefore which data to select. These data contain the information of activation or deactivation of the posture,
the type of interaction linked to this posture, allowing us to set up a prioritization of the postures, as well as
the spatial information necessary for the positioning of the hands and the phalanges. In the same way, a Body
Pose object contains the posture activation or deactivation information, the spatial data necessary for the
positioning of the body in the environment, as well as information indicating whether or not it is possible to
override certain data by another posture, opening the way to the creation of combinations. In both cases, we
relied on the typing of body parts existing within the UMI3D model to link the spatial data that we transmit.

Postures Editors. Since we separated these two data models, we designed two posture editing tools, one 
dedicated to the two hands, the other to the rest of the body. These tools are based on the use of Unity gizmos. 
A default posture is created when the tool is initialized, and the different gizmos can be moved to modify the 
appearance of the posture. Saving, loading, resetting functions and a cache system allow to quickly create, 
copy and edit a large number of postures. In addition, we have also implemented features allowing to apply 
symmetries, from one hand to the other in the first case, and of the two halves of the body in the second. 

Browser Management. Since one of our objectives is to eliminate the existing latencies when applying 
postures on the browser, it is necessary for the browser to have access to the list of postures used in the 
environment. When connecting a browser to a UMI3D environment, all the postures used are sent to it. The 
browser then stores them like any other entity in the environment. The browser tracking system uses a skeleton 
animated by the movements of the user, directly or using interpolations, but also using basic animations. When 
activating a posture, skeleton manipulation processes will take over the animations and inanimate parts of the 
skeleton, allowing it to move to adopt the desired posture. The tracking data transmission routines will then 
send the information related to the new posture of the skeleton. This posture will then be perceived by all the 
other connected browsers. 

4. Conclusion and Discussion
Thanks to the use of postures transmitted by UMI3D environments, it is now possible for us to adapt the
tracking system to virtual environments and to the realization of tasks, to enhance the realism of the user
experience. As we suggested in the previous paragraph, we aim to create compositions of postures in the near
future. On the one hand, by mixing body postures and hand postures. On the other hand, by designing so-called
partial animations. We plan to leave the possibility of managing only a sub-part of the body. In this case, we
can imagine animations and postures only related to the upper or lower body. This could then result in
compositions mixing even more closely the data tracked in real time and the data imposed by the postures,
such as having the upper body animated by the movements of a user, while having the rest managed by a
posture of the server.
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