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&RPSXWHU�EDVHG�PXOWLPHGLD�DOORZ�GHVLJQHUV� WR�FRQVWUXFW�G\QDPLF�SUHVHQWDWLRQV� WKDW�SURYLGH� LQWHUDFWLYLW\
DQG� DQLPDWLRQV� LQ� RUGHU� WR� FRPPXQLFDWH� G\QDPLF� LQIRUPDWLRQ�� 7KH� FRQYHQWLRQDO� ZLVGRP� LV� WKDW� VXFK
G\QDPLF� PXOWLPHGLD� SUHVHQWDWLRQV� DUH� PRUH� HIIHFWLYH� LQ� FRPPXQLFDWLQJ� LQIRUPDWLRQ� WKDQ� SULQWHG
SUHVHQWDWLRQV�� 7KLV� SDSHU� SUHVHQWV� D� FRJQLWLYH� PRGHO� RI� PXOWLPRGDO� LQIRUPDWLRQ� FRPSUHKHQVLRQ�� 'HVLJQ
SULQFLSOHV�GHULYHG�IURP�WKLV�PRGHO�ZHUH�XVHG� WR�FUHDWH�VHYHUDO�H[SRVLWRU\�SUHVHQWDWLRQV� LQ� WZR�GRPDLQV� �
WKH�FRQFUHWH�GRPDLQ�RI�PHFKDQLFDO� V\VWHPV�DQG� WKH�DEVWUDFW�GRPDLQ�RI�FRPSXWHU�DOJRULWKPV��$�VHULHV�RI
H[SHULPHQWV� HYDOXDWHG� WKH� HIILFDF\� RI� WKHVH� SUHVHQWDWLRQV� DQG� FRPSDUHG� WKHP� ZLWK� RWKHU� NLQGV� RI
SUHVHQWDWLRQV� VXFK� DV� ERRNV�� &'�520V�� DQG� DQLPDWLRQV�� 7KHVH� VWXGLHV� DOVR� FRPSDUHG� FRPSXWHU�EDVHG
LQWHUDFWLYH� PXOWLPHGLD� SUHVHQWDWLRQV� DQG� VWDWLF� SULQWHG� SUHVHQWDWLRQV� FRQWDLQLQJ� WKH� VDPH� LQIRUPDWLRQ�
([SHULPHQWDO�UHVXOWV�VXJJHVW�WKDW�WKH�FRPPXQLFDWLYH�HIILFDF\�RI�PXOWLPRGDO�SUHVHQWDWLRQV�KDV�PRUH�WR�GR
ZLWK�WKHLU�PDWFK�ZLWK�FRPSUHKHQVLRQ�SURFHVVHV�WKDQ�LQWHUDFWLYLW\�DQG�G\QDPLVP�RI�WKH�SUHVHQWDWLRQ�PHGLD�
7KH� UHVXOWV� DOVR� VXSSRUW� D� FRJQLWLYH� PRGHO�EDVHG� DSSURDFK� WR� WKH� GHVLJQ� RI� PXOWLPRGDO� H[SRVLWRU\
SUHVHQWDWLRQV� RI� G\QDPLF� LQIRUPDWLRQ�� 7KH� FRJQLWLYH� FRPSUHKHQVLRQ� PRGHO� DQG� FRUUHVSRQGLQJ� GHVLJQ
SULQFLSOHV� VKRXOG� DLG�GHVLJQHUV� LQ�EXLOGLQJ�PXOWLPHGLD�SUHVHQWDWLRQV� WKDW� DUH� HIIHFWLYH� LQ� FRPPXQLFDWLQJ
G\QDPLF�FRQWHQW�
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1.� Introduction

0XOWLPRGDO�� SUHVHQWDWLRQV� FRQVLVWLQJ� RI� YHUEDO� H[SODQDWLRQV� LOOXVWUDWHG�ZLWK� GLDJUDPV� KDYH
ORQJ� EHHQ� XVHG� WR� FRPPXQLFDWH� WHFKQLFDO� LQIRUPDWLRQ� DERXW� WKH� VWUXFWXUH� DQG� G\QDPLF
EHKDYLRUV�RI�V\VWHPV��:LWK� WKH�DGYHQW�RI�PXOWLPHGLD�� LW�KDV�EHFRPH�SRVVLEOH� WR�PDNH�VXFK
SUHVHQWDWLRQV�G\QDPLF�DQG�KLJKO\� LQWHUDFWLYH�� ,QVWHDG�RI� WKH� WUDGLWLRQDO� FRPELQDWLRQ�RI� WH[W
DQG�SLFWXUHV�RQ�D�VWDWLF�PHGLXP�OLNH�SDSHU��D�GHVLJQHU�FDQ�QRZ�FKRRVH�IURP�DPRQJ�D�YDULHW\
RI�VWDWLF�DQG�G\QDPLF�YHUEDO�DQG�YLVXDO�PHGLD��H�J��VWDWLF�WH[W��DQLPDWHG�WH[W��DXUDO�QDUUDWLYHV�
VWDWLF�GLDJUDPV��SLFWXUHV��SKRWRJUDSKV��DQLPDWLRQV��DQG�YLGHR��)XUWKHUPRUH��LQWHUDFWLYLW\�WKDW
ZDV� OLPLWHG� WR� VFDQQLQJ�� UHUHDGLQJ�� DQQRWDWLQJ� DQG�SDJH� WXUQLQJ�ZLWK� WKH�PHGLXP�RI� SDSHU
H[SDQGV�WR�LQWHUDFWLYH�FRQWURO�RYHU�WKH�SUHVHQWDWLRQ�RI�WH[WXDO��DXUDO�DQG�YLVXDO�PDWHULDO�RQ�D
FRPSXWHU�� 7KH� FRQYHQWLRQDO� ZLVGRP� LV� WKDW� FRPSXWHU�EDVHG� LQWHUDFWLYH� DQG� G\QDPLF
PXOWLPHGLD�SUHVHQWDWLRQV�DUH�PRUH�HIIHFWLYH�WKDQ�SULQWHG�SUHVHQWDWLRQV�
:LWK�WKH�LQFUHDVLQJ�XVDJH�RI�PXOWLPHGLD�SUHVHQWDWLRQV�WR�FRPPXQLFDWH� LQIRUPDWLRQ�LQ�DOO

ZDONV�RI�OLIH��LW�LV�WLPHO\�IRU�UHVHDUFK�RQ�LQWHUDFWLYH�JUDSKLFDO�FRPPXQLFDWLRQ�WR�DGGUHVV�WKH
IROORZLQJ� TXHVWLRQV�� +RZ� GR� SHRSOH� FRPSUHKHQG� LQIRUPDWLRQ� IURP� PXOWLPRGDO
SUHVHQWDWLRQV"� &DQ� GHVLJQLQJ� PXOWLPRGDO� SUHVHQWDWLRQV� EDVHG� RQ� D� FRJQLWLYH� PRGHO� RI
FRPSUHKHQVLRQ� SURFHVVHV�PDNH� WKHP�PRUH� HIIHFWLYH"� ,V� D� SULQWHG�PXOWLPRGDO� SUHVHQWDWLRQ
OHVV� HIIHFWLYH� WKDQ� D� G\QDPLF� PXOWLPHGLD� SUHVHQWDWLRQ"� ,W� LV� SRVVLEOH� WKDW� FRQWHQW� DQG
VWUXFWXUH� DUH� PRUH� LPSRUWDQW� WKDQ� LQWHUDFWLYLW\� DQG� G\QDPLVP�� ,W� LV� DOVR� SRVVLEOH� WKDW
PXOWLPRGDO� SUHVHQWDWLRQV�� HYHQ� ZKHQ� FDUHIXOO\� GHVLJQHG� DQG� SURYHQ� WR� EH� HIIHFWLYH�� PD\
IXUWKHU�EHQHILW�IURP�WKH�DGGLWLRQ�RI�LQWHUDFWLYH�DQG�G\QDPLF�IHDWXUHV�WKDW�PXOWLPHGLD�SURYLGH�
7KLV�SDSHU�GHVFULEHV�D�UHVHDUFK�SURJUDP�GHVLJQHG�WR�DGGUHVV�WKHVH�LVVXHV�

                                                          
2 We use the term multimodal to mean that information is presented in multiple modaliti es, e.g. verbal and visual. We use the

term multimedia to mean that information is presented not only in multiple modaliti es but also using dynamic media such
as animations and audio. We use the term hypermedia to mean multimedia with hypertext. Thus, multimedia and
hypermedia imply a computer-based presentation while multimodal presentations may be computer-based or paper-based.

&RPSDUH�WR�FRQYHQWLRQDO�SULQWHG�SUHVHQWDWLRQV

&RPSDUH�WR�FRQYHQWLRQDO�LQWHUDFWLYH�PXOWLPHGLD�SUHVHQWDWLRQV

&RPSDUH�WR�SULQWHG�YHUVLRQ�RI�LWVHOI

&RJQLWLYH�PRGHO�RI�FRPSUHKHQGLQJ�PXOWLPRGDO�SUHVHQWDWLRQV

*HQHULF�GHVLJQ�SULQFLSOHV

$SSO\�WR�YDULRXV�GRPDLQV

'RPDLQ�RI�PDFKLQHV 'RPDLQ�RI�DOJRULWKPV

&RQVWUXFW�SURWRW\SHV &RQVWUXFW�SURWRW\SHV

),*85(����5HVHDUFK�3DWK�
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,Q� D� FULWLFDO� DQDO\VLV� RI� OLWHUDWXUH� RQ� WKH� XWLOLW\� RI� VWDWLF� DQG� G\QDPLF� JUDSKLFDO
UHSUHVHQWDWLRQV�� 6FDLIH� DQG� 5RJHUV� ������� DUJXH� WKDW� WKHUH� DUH� QR� DGHTXDWH� FRJQLWLYH
SURFHVVLQJ� PRGHOV� RI� KRZ� SHRSOH� LQWHUDFW� ZLWK� H[WHUQDO� JUDSKLFDO� UHSUHVHQWDWLRQV� DQG
FRPSUHKHQG� WKHVH� UHSUHVHQWDWLRQV�� 7KH\� IXUWKHU� DUJXH� WKDW� FRJQLWLYH� UHVHDUFK� KDV� QRW
SURYLGHG�SUDFWLFDO�JXLGDQFH�IRU�KRZ�WR�GHVLJQ�H[WHUQDO�UHSUHVHQWDWLRQV��2XU�UHVHDUFK�SURJUDP
LV�LQ�SDUW�D�UHVSRQVH�WR�WKLV�FKDOOHQJH��)LJXUH���VKRZV�WKH�UHVHDUFK�SDWK�ZH�KDYH�SXUVXHG�RYHU
WKH� ODVW� �� \HDUV�� ,W� DGGUHVVHV� WZR� IXQGDPHQWDO� LVVXHV�� )LUVW�� LW� VHHNV� WR� GHYHORS� GHVLJQ
JXLGHOLQHV�IRU�HIIHFWLYHO\�FRPPXQLFDWLQJ�WKH�NLQGV�RI�LQIRUPDWLRQ�WKDW�W\SLFDOO\�FKDUDFWHUL]H
D�FRPSOH[�DQG�G\QDPLF�V\VWHP�WKURXJK�LQWHUDFWLYH�WH[WXDO��JUDSKLFDO��DQG�DXUDO�SUHVHQWDWLRQV�
6HFRQG�� LW� DVVHVVHV�KRZ� WKH�GLIIHUHQW�PHGLD� FRPSRQHQWV� FDQ�EH� FRRUGLQDWHG� DQG� FRQQHFWHG
DORQJ�VSDWLDO�DQG�WHPSRUDO�GLPHQVLRQV�WR�DVVLVW� LQ�PHQWDO� LQWHJUDWLRQ�DQG�FRPSUHKHQVLRQ�RI
WKH�LQIRUPDWLRQ�
:H� EHJLQ�ZLWK� WKH� WKHVLV� WKDW�PXOWLPRGDO� SUHVHQWDWLRQV� DUH�PRUH� OLNHO\� WR� FRPPXQLFDWH

HIIHFWLYHO\� ZKHQ� WKH\� DUH� GHVLJQHG� DFFRUGLQJ� WR� FRJQLWLYH� WKHRULHV� RI� PXOWLPRGDO
FRPSUHKHQVLRQ��:H�ILUVW�SUHVHQW�D�JHQHUDOL]HG�DQG�UHYLVHG�YHUVLRQ�RI�D�PRGHO�RI�PXOWLPRGDO
FRPSUHKHQVLRQ� RULJLQDOO\� SXEOLVKHG� E\� 1DUD\DQDQ� DQG� +HJDUW\� �������� 7KLV� PRGHO� ZDV
RULJLQDOO\� GHULYHG� IURP� D� ZHDOWK� RI� SULRU� UHVHDUFK� RQ� WH[W� FRPSUHKHQVLRQ�� GLDJUDPPDWLF
UHDVRQLQJ� DQG� PHQWDO� DQLPDWLRQ�� DQG� VXEVHTXHQWO\� UHYLVHG� EDVHG� RQ� HPSLULFDO� UHVXOWV�� ,W
KLJKOLJKWV�SRWHQWLDO�VRXUFHV�RI�FRPSUHKHQVLRQ�HUURU��ZKLFK�LQ�WXUQ��LQGLFDWH�JXLGHOLQHV�IRU�WKH
GHVLJQ�RI�PXOWLPRGDO�SUHVHQWDWLRQV�WR�DPHOLRUDWH�FRPSUHKHQVLRQ�HUURUV��:H�GHVFULEH�KRZ�WKH
JXLGHOLQHV� ZHUH� XVHG� LQ� GHVLJQLQJ� PXOWLPHGLD� SUHVHQWDWLRQV� IRU� WHDFKLQJ� QRYLFHV� DERXW
G\QDPLF� V\VWHPV� LQ� WZR� GRPDLQV� �� WKH� FRQFUHWH� GRPDLQ� RI� PHFKDQLFDO� V\VWHPV� DQG� WKH
DEVWUDFW�GRPDLQ�RI�FRPSXWHU�DOJRULWKPV��:H� WKHQ�UHSRUW�D�VHULHV�RI�H[SHULPHQWDO�VWXGLHV� LQ
WKHVH� WZR� GRPDLQV�� 7KHVH� H[SHULPHQWV� PDNH� WKUHH� FRPSDULVRQV�� VFKHPDWL]HG� LQ� )LJXUH� ��
)LUVW� WKH\� FRPSDUH�PXOWLPHGLD� SUHVHQWDWLRQV� GHVLJQHG� DFFRUGLQJ� WR� RXU� FRJQLWLYH�PRGHO� WR
FRQYHQWLRQDO�SULQWHG�SUHVHQWDWLRQV�RI�WKH�VDPH�FRQWHQW�IURP�ERRNV��6HFRQG��WKH\�FRPSDUH�RXU
PXOWLPHGLD�SUHVHQWDWLRQV�WR�FRQYHQWLRQDO�FRPSXWHU�EDVHG�PXOWLPHGLD�SUHVHQWDWLRQV��)LQDOO\�
WKH\�FRPSDUH�RXU�FRJQLWLYHO\�GHVLJQHG�PXOWLPHGLD�SUHVHQWDWLRQV�WR�VWDWLF��SULQWHG�YHUVLRQV�RI
WKH� VDPH� SUHVHQWDWLRQV�� 7KHVH� VWXGLHV� LQGLFDWH� WKDW� WKH� HIIHFWLYHQHVV� RI� PXOWLPRGDO
SUHVHQWDWLRQV� KDV� PRUH� WR� GR� ZLWK� WKHLU� PDWFK� ZLWK� FRPSUHKHQVLRQ� SURFHVVHV� WKDQ� WKH
PHGLXP�RI�SUHVHQWDWLRQ�

2.� Multimodal information integration and comprehension: a cognitive model
and its design implications

:H� LQLWLDOO\� GHYHORSHG� D� FRJQLWLYH� PRGHO� RI� KRZ� SHRSOH� FRPSUHKHQG� PXOWLPRGDO
SUHVHQWDWLRQV�WKDW�H[SODLQ�KRZ�PHFKDQLFDO�V\VWHPV�ZRUN��1DUD\DQDQ�	�+HJDUW\���������DQG
DSSOLHG� LW� WR� GHVLJQLQJ� PXOWLPHGLD� H[SRVLWRU\� SUHVHQWDWLRQV� LQ� WKH� GRPDLQV� RI� FRPSXWHU
DOJRULWKPV�DQG�PHFKDQLFDO�GHYLFHV��7KH�PRGHO�YLHZV�FRPSUHKHQVLRQ�DV�D�SURFHVV� LQ�ZKLFK
WKH�XVHU�LQWHJUDWHV�KLV�RU�KHU�SULRU�NQRZOHGJH�RI�WKH�GRPDLQ�ZLWK�WKH�SUHVHQWHG�LQIRUPDWLRQ�WR
FRQVWUXFW�D�PHQWDO�PRGHO�RI� WKH�V\VWHP�GHVFULEHG�� ,Q�DGGLWLRQ� WR� WH[W�FRPSUHKHQVLRQ�VNLOOV�
WKH� PRGHO� SURSRVHV� WKDW� FRPSUHKHQVLRQ� LV� GHSHQGHQW� RQ� VSDWLDO� VNLOOV� IRU� HQFRGLQJ� DQG
LQIHUULQJ�LQIRUPDWLRQ�IURP�JUDSKLF�GLVSOD\V��DQG�LQWHJUDWLQJ�LQIRUPDWLRQ�LQ�WH[W�DQG�JUDSKLFV
�+HJDUW\�	�6LPV��������
$FFRUGLQJ� WR� WKLV�PRGHO�� SHRSOH� FRQVWUXFW� D�PHQWDO�PRGHO� RI� D� G\QDPLF� V\VWHP� E\� ILUVW

GHFRPSRVLQJ� LW� LQWR� VLPSOHU� FRPSRQHQWV�� UHWULHYLQJ� UHOHYDQW� EDFNJURXQG� NQRZOHGJH� DERXW
WKHVH� FRPSRQHQWV�� DQG� PHQWDOO\� HQFRGLQJ� WKH� UHODWLRQV� �VSDWLDO� DQG� VHPDQWLF�� EHWZHHQ
FRPSRQHQWV�WR�FRQVWUXFW�D�VWDWLF�PHQWDO�PRGHO��7KH\�WKHQ�PHQWDOO\�DQLPDWH�WKLV�VWDWLF�PHQWDO
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PRGHO��EHJLQQLQJ�ZLWK�VRPH�LQLWLDO�FRQGLWLRQV�DQG�LQIHUULQJ�WKH�EHKDYLRUV�RI�FRPSRQHQWV�RQH
E\�RQH�LQ�RUGHU�RI�WKH�FKDLQ�RI�FDXVDOLW\�RU�ORJLF��7KLV�PHQWDO�DQLPDWLRQ�SURFHVV�GHSHQGV�RQ
SULRU�NQRZOHGJH� �H�J��� UXOHV� WKDW�JRYHUQ� WKH�EHKDYLRU�RI� WKH�V\VWHP�LQ�TXHVWLRQ��DQG�VSDWLDO
YLVXDOL]DWLRQ� SURFHVVHV��0HQWDO�PRGHO� FRQVWUXFWLRQ� XQGHU� WKHVH� FLUFXPVWDQFHV� UHTXLUHV� WKH
IROORZLQJ�VWDJHV��$OWKRXJK� WKH�VWDJHV�DUH� OLVWHG�VHTXHQWLDOO\��ZH� DFNQRZOHGJH� WKDW� WKH\�DUH
QRW�DOZD\V�DFFRPSOLVKHG�LQ�WKLV�RUGHU�

�����'(&20326,7,21

$� FRPSOH[� V\VWHP�� VXFK� DV� D� PDFKLQH� RU� DOJRULWKP�� W\SLFDOO\� FRQVLVWV� RI� LQGLYLGXDO
FRPSRQHQWV� RU� HOHPHQWV�� 3LFWRULDO� UHSUHVHQWDWLRQV� HPSOR\HG� WR� LOOXVWUDWH� WKHVH� V\VWHPV
FRQWDLQ�VHYHUDO�GLDJUDPPDWLF�HOHPHQWV�VXFK�DV�JHRPHWULF�VKDSHV�DQG�LFRQV�WKDW�UHSUHVHQW�WKH
HOHPHQWV�RI�WKH�V\VWHP��)RU�H[DPSOH��D�UHFWDQJOH�LQ�D�GLDJUDP�RI�D�PDFKLQH�PLJKW�UHSUHVHQW�D
F\OLQGHU�� 7KH� ILUVW� VWHS� LQ� FRPSUHKHQVLRQ� LV� WR� SDUVH� WKH� JUDSKLFDO� GLVSOD\V� LQWR� XQLWV� WKDW
FRUUHVSRQG�WR�PHDQLQJIXO�HOHPHQWV�RI�WKH�GRPDLQ�
,Q�WKH�PHFKDQLFDO�GRPDLQ�GHFRPSRVLWLRQ�LV�RIWHQ�D�KLHUDUFKLFDO�SURFHVV��7KDW�LV��FRPSOH[

YLVXDO�XQLWV�� UHSUHVHQWLQJ�FRPSRQHQWV�RI�D�PDFKLQH�� DUH�RIWHQ�PDGH�XS�RI� VXE�FRPSRQHQWV�
'HFRPSRVLWLRQ� RI� JUDSKLFDO� UHSUHVHQWDWLRQV� FDQ� FDXVH� FRPSUHKHQVLRQ� SUREOHPV� EHFDXVH
GLDJUDPV�DUH�RIWHQ�XQGHU�VSHFLILHG�LQ�WKDW�WKH\�GR�QRW�FRQWDLQ�HQRXJK�LQIRUPDWLRQ�IRU�D�XVHU
WR� LGHQWLI\�ZKHWKHU� WZR� RU�PRUH� FRQQHFWHG� XQLWV� UHSUHVHQW� VHSDUDWH� HOHPHQWV� RU� SDUWV� RI� D
VLQJOH� HOHPHQW� IURP� WKH� WDUJHW� GRPDLQ�� ,Q� WKH� GRPDLQ� RI� DOJRULWKPV�� GHFRPSRVLWLRQ� LV� WKH
SURFHVV� RI� XQGHUVWDQGLQJ� WKH� LQGLYLGXDO� VWHSV� RU� RSHUDWLRQV� IURP� D� WHFKQLFDO� YHUEDO
GHVFULSWLRQ�� XVXDOO\� FDOOHG� WKH� SVHXGRFRGH� �VHH� )LJXUH� �� IRU� DQ� H[DPSOH��� +HUH� WKH
FRPSRQHQWV�DUH�V\PEROV��IRU�H[DPSOH��WKH�V\PERO�$>,@�LQ�DQ�DOJRULWKP�PLJKW�UHIHU�WR�WKH�,WK
GDWD�HOHPHQW�LQ�DQ�DUUD\�QDPHG�$�
������� 'HVLJQ� 3ULQFLSOHV���0XOWLPRGDO� SUHVHQWDWLRQV� VKRXOG� H[SOLFLWO\� VXSSRUW� DFFXUDWH� DQG
HDUO\� SDUVLQJ� RI� WKH� JUDSKLFDO� DQG� V\PEROLF� UHSUHVHQWDWLRQV� WKH\� SUHVHQW�� )RU� H[DPSOH�� D
SUHVHQWDWLRQ�DERXW�D�PDFKLQH�FRXOG�LQFOXGH�DQ�H[SORGHG�GLDJUDP�WKDW�VKRZV�LWV�FRPSRQHQWV
VHSDUDWHG�LQ�VSDFH�

����� &216758&7,1*� $� 67$7,&� 0(17$/� 02'(/� %<� 0$.,1*
5(35(6(17$7,21$/�&211(&7,216

$QRWKHU� VWDJH� LQ� FRPSUHKHQVLRQ� LQYROYHV� PDNLQJ� UHSUHVHQWDWLRQDO� FRQQHFWLRQV� DPRQJ� WKH
YLVXDO�DQG�V\PEROLF�XQLWV� LGHQWLILHG�GXULQJ�GHFRPSRVLWLRQ��7KLV�VWDJH� LQYROYHV�PDNLQJ� WZR
W\SHV� RI� FRQQHFWLRQV�� �D�� FRQQHFWLRQV� WR� SULRU� NQRZOHGJH� DQG� �E�� FRQQHFWLRQV� EHWZHHQ� WKH
UHSUHVHQWDWLRQV�RI�GLIIHUHQW�GRPDLQ�HOHPHQWV�
�������&RQQHFWLRQV�WR�SULRU�NQRZOHGJH��)LUVW��WKH�YLHZHU�PXVW�PDNH�FRQQHFWLRQV�EHWZHHQ�WKH
YLVXDO� DQG� V\PEROLF� HOHPHQWV� LGHQWLILHG� LQ� WKH� SUHYLRXV� VWDJH� DQG� WKHLU� UHIHUHQWV�� 7KHVH
UHIHUHQWV�PD\�EH�UHDO�ZRUOG�REMHFWV��DV� LQ� WKH�FDVH�ZKHQ�D� UHFWDQJOH� UHIHUV� WR�D�F\OLQGHU��RU
DEVWUDFW� REMHFWV�� DV� LQ� WKH� FDVH�ZKHQ� WKH� V\PERO�$>,@� LQ� DQ� DOJRULWKP� UHIHUV� WR� WKH� ,th� GDWD
HOHPHQW�LQ�DUUD\�$��7KLV�SURFHVV�ZLOO�EH�SDUWLDOO\�EDVHG�RQ�SULRU�NQRZOHGJH�RI�ERWK�HOHPHQWV
RI�WKH�GRPDLQ�DQG�WKH�FRQYHQWLRQV�XVHG�WR�SRUWUD\�WKH�HOHPHQWV�YLVXDOO\�RU�V\PEROLFDOO\�

                                                          
3 These are general recommendations. Specific guidelines corresponding to these stages of comprehension can be found in

(Narayanan & Hegarty, 1998).
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�������'HVLJQ�3ULQFLSOHV��,I�WDUJHW�XVHUV�DUH�QRW�H[SHFWHG�WR�KDYH�VXIILFLHQW�SULRU�NQRZOHGJH�WR
XQGHUVWDQG� WKH� FRQYHQWLRQV� RI� WKH� GRPDLQ�� FRQQHFWLRQV� WR� SULRU� NQRZOHGJH� VKRXOG� EH
SURYLGHG�DV�SDUW�RI�WKH�SUHVHQWDWLRQ��)RU�H[DPSOH��D�PXOWLPRGDO�SUHVHQWDWLRQ�DERXW�D�PDFKLQH
FRXOG� FRQWDLQ� UHDOLVWLF� GHSLFWLRQV� RI� UHDO�ZRUOG� FRPSRQHQWV� WR� IDFLOLWDWH� DFFXUDWH
LGHQWLILFDWLRQ� DQG� UHFDOO� RI� SULRU� NQRZOHGJH�� $EVWUDFW� V\VWHPV� OLNH� DOJRULWKPV� FDQ� EH
JURXQGHG�LQ�WKH�UHDO�ZRUOG�E\�SURYLGLQJ�IDPLOLDU�DQDORJLHV�WKDW�FRQQHFW�DVSHFWV�RI�WKH�V\VWHP
WR�SULRU�NQRZOHGJH�WKDW�LV�VLPLODU��$QRWKHU�ZD\�WR�PDNH�FRQQHFWLRQV�WR�SULRU�NQRZOHGJH�LV�WR
K\SHUOLQN� JUDSKLFDO� FRPSRQHQWV� DQG� WHFKQLFDO� V\PEROV� WR� H[SODQDWLRQV� RI� WKH� HQWLWLHV� WKDW
WKH\�GHSLFW�
������� &RQQHFWLRQV� WR� WKH� UHSUHVHQWDWLRQV� RI� RWKHU� FRPSRQHQWV�� 6HFRQG�� WKH� YLHZHU� PXVW
UHSUHVHQW�WKH�UHODWLRQV�EHWZHHQ�GLIIHUHQW�HOHPHQWV�RI�WKH�V\VWHP��,Q�D�PHFKDQLFDO�V\VWHP��WKLV
LQYROYHV� XQGHUVWDQGLQJ� WKH� SK\VLFDO� LQWHUDFWLRQV� �FRQQHFWLRQV� DQG� FRQWDFW�� EHWZHHQ
FRPSRQHQWV�� )RU� D� QRQ�FDXVDO� GRPDLQ� VXFK� DV� DOJRULWKPV� LQ� ZKLFK� PDWKHPDWLFDO� ORJLF
GHWHUPLQHV� FRPSRQHQW� LQWHUDFWLRQV�� WKLV� LQYROYHV� XQGHUVWDQGLQJ� KRZ� RSHUDWLRQV� RQ� GDWD
HOHPHQWV�FDQ�KDYH�UHSHUFXVVLRQV�RQ�RWKHU�GDWD�HOHPHQWV�DQG�VXEVHTXHQW�RSHUDWLRQV�
�������'HVLJQ�3ULQFLSOHV��0XOWLPRGDO�SUHVHQWDWLRQV�VKRXOG�EH�GHVLJQHG� WR�PDNH�H[SOLFLW� WKH
VSDWLDO� RU� ORJLFDO� FRQQHFWLRQV� DPRQJ� HOHPHQWV� RI� WKH� GRPDLQ� DQG� WKHLU� EHKDYLRUV�� )RU� D
PDFKLQH��FURVV�VHFWLRQDO�GLDJUDPV��RUWKRJUDSKLF��RU�LVRPHWULF�SURMHFWLRQV�PD\�EH�QHFHVVDU\�
GHSHQGLQJ� RQ�ZKHWKHU� WKH� VSDWLDO� LQWHUDFWLRQV� EHWZHHQ� FRPSRQHQWV� RFFXU� LQ� D� VLQJOH� SODQH
�VKRZQ� LQ� D� FURVV�VHFWLRQDO� YLHZ�� RU� PXOWLSOH� SODQHV� �VKRZQ� E\� PXOWLSOH� SHUVSHFWLYHV��
/RJLFDO� FRQQHFWLRQV� EHWZHHQ� HOHPHQWV� LQ� DQ� DEVWUDFW� GRPDLQ� FDQ� QRW� EH� UHSUHVHQWHG� DV
GLUHFWO\�DV�VSDWLDO�UHODWLRQV�EHWZHHQ�FRQFUHWH�REMHFWV��&RQVHTXHQWO\��DGGLWLRQDO�H[SODQDWLRQV
FRQQHFWLQJ�WKH�EHKDYLRUV�RI� WKH�V\VWHP©V�FRPSRQHQWV�ZLWK� WKH� ORJLFDO� UXOHV�JRYHUQLQJ�VXFK
EHKDYLRUV�DUH�RIWHQ�UHTXLUHG�

�����0$.,1*�5()(5(17,$/�&211(&7,216

:KHQ�GLDJUDPV�RU�SVHXGRFRGH�DUH�DFFRPSDQLHG�E\�WH[W��WKHVH�GLIIHUHQW�UHSUHVHQWDWLRQV��WH[W
DQG�GLDJUDPV�RU�WH[W�DQG�SVHXGRFRGH��PXVW�EH�LQWHJUDWHG�WR�FRQVWUXFW�D�PHQWDO�PRGHO�RI�WKH
V\VWHP�EHLQJ�GHVFULEHG��$Q� LPSRUWDQW�SURFHVV� LQ� WKLV� LQWHJUDWLRQ� LV�FR�UHIHUHQFH� UHVROXWLRQ�
L�H���PDNLQJ�UHIHUHQWLDO�OLQNV�EHWZHHQ�HOHPHQWV�RI�WKH�GLIIHUHQW�UHSUHVHQWDWLRQV�WKDW�UHIHU�WR�WKH
VDPH�HQWLW\��)RU�H[DPSOH��D�UHDGHU�PLJKW�QHHG�WR�UHODWH�D�QRXQ�SKUDVH�VXFK�DV�¦WKH�F\OLQGHU§
WR� D� GLDJUDPPDWLF� XQLW� �D� UHFWDQJOH�� WKDW� GHSLFWV� LWV� UHIHUHQW� �0D\HU� 	� 6LPV�� ������� %\
PRQLWRULQJ�SHRSOH
V� H\H� IL[DWLRQV� DV� WKH\� UHDG� WH[W� DFFRPSDQLHG�E\�GLDJUDPV��+HJDUW\� DQG
-XVW� ������� REVHUYHG� KRZ� SHRSOH� FRRUGLQDWHG� WKHLU� SURFHVVLQJ� RI� D� WH[W� DQG� GLDJUDP� WR
LQWHJUDWH�WKH�LQIRUPDWLRQ�LQ�WKH�WZR�PHGLD��3HRSOH�EHJDQ�E\�UHDGLQJ�WKH�WH[W�DQG�IUHTXHQWO\
LQWHUUXSWHG�WKHLU�UHDGLQJ�WR�LQVSHFW�WKH�GLDJUDP��2Q�HDFK�GLDJUDP�LQVSHFWLRQ��WKH\�WHQGHG�WR
LQVSHFW� WKRVH� FRPSRQHQWV� LQ� WKH� GLDJUDP� WKDW� WKH\� KDG� MXVW� UHDG� DERXW� LQ� WKH� WH[W�� 7KLV
UHVHDUFK�LQGLFDWHV�WKDW�LQIRUPDWLRQ�LQ�D�WH[W�DQG�GLDJUDP�GHVFULELQJ�D�PDFKLQH�LV�LQWHJUDWHG�DW
WKH� OHYHO� RI� LQGLYLGXDO� PDFKLQH� FRPSRQHQWV�� DQG� WKDW� WKH� WH[W� SOD\V� DQ� LPSRUWDQW� UROH� LQ
GLUHFWLQJ� SURFHVVLQJ� RI� WKH� GLDJUDP� DQG� LQWHJUDWLRQ� RI� WKH� WZR�PHGLD�� 2WKHU� UHVHDUFK� KDV
VKRZQ� WKDW� ZKHQ� YLHZLQJ� D� WH[W�DQG�GLDJUDP� GHVFULSWLRQ�� SHRSOH� EHQHILW� LI� WKH� WH[W� LV
SUHVHQWHG�FORVH�WR�WKH�SDUW�RI�WKH�GLDJUDP�WR�ZKLFK�LW�UHIHUV��,I�WKH�YLVXDO�UHSUHVHQWDWLRQ�LV�DQ
DQLPDWLRQ��SHRSOH�EHQHILW�LI�WKH�FRUUHVSRQGLQJ�YHUEDO�UHSUHVHQWDWLRQ�LV�SUHVHQWHG�DV�DQ�DXUDO
FRPPHQWDU\�VLPXOWDQHRXVO\�ZLWK�WKH�DQLPDWLRQ��0D\HU�	�$QGHUVRQ��������0D\HU�	�6LPV�
������� 7R� H[SODLQ� WKHVH� UHVXOWV�� LW� LV� SURSRVHG� WKDW� YLVXDO� DQG� YHUEDO� LQIRUPDWLRQ� DERXW� D
FRPPRQ�UHIHUHQW�PXVW�EH�LQ�ZRUNLQJ�PHPRU\�DW�WKH�VDPH�WLPH�LQ�RUGHU�WR�EH�LQWHJUDWHG�
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�������'HVLJQ�3ULQFLSOHV��$�PXOWLPRGDO�SUHVHQWDWLRQ�VKRXOG�SUHVHQW�GLIIHUHQW�UHSUHVHQWDWLRQV
ZLWK�D�FRPPRQ� UHIHUHQW�FORVH� WRJHWKHU� LQ� VSDFH�DQG� LQ� WLPH��5HIHUHQWLDO� FRQQHFWLRQV�PLJKW
DOVR�EH�IDFLOLWDWHG�E\�K\SHUOLQNV�EHWZHHQ�QRXQ�SKUDVHV� LQ� WKH� WH[W�DQG� WKHLU�HOHPHQWV� LQ� WKH
GHSLFWLRQ�RU�V\PEROLF�UHSUHVHQWDWLRQ�WKDW�UHSUHVHQW�WKH�VDPH�HQWLWLHV�

�����+<327+(6,=,1*�&$86$/,7<

7KH�QH[W�VWDJH�RI�FRPSUHKHQVLRQ�LQYROYHV�LGHQWLI\LQJ�WKH�FKDLQV�RI�HYHQWV� WKDW�RFFXU� LQ� WKH
RSHUDWLRQ�RI�WKH�V\VWHP��3UHYLRXV�VWXGLHV��+HJDUW\��������1DUD\DQDQ��6XZD�	�0RWRGD�������
������ KDYH� VKRZQ� WKDW� SHRSOH� WHQG� WR� LQIHU� HYHQWV� LQ� WKH� RSHUDWLRQ� RI� D� V\VWHP� DORQJ� WKH
GLUHFWLRQ�RI�FDXVDO�SURSDJDWLRQ��7KLV�SRLQWV�WR�WZR�VRXUFHV�RI�SRWHQWLDO�FRPSUHKHQVLRQ�HUURUV�
,Q�V\VWHPV�JRYHUQHG�E\�UXOHV�RI�ORJLF��WKH�FRUUHVSRQGLQJ�ORJLFDO�VHTXHQFH�RI�HYHQWV�PD\�QRW
EH�HYLGHQW�WR�D�QRYLFH�VLQFH�FRPPRQVHQVH�QRWLRQV�RI�FDXVDOLW\�GR�QRW�DSSO\�WR�VXFK�V\VWHPV
�H�J�� FRPSXWHU� DOJRULWKPV��� ,Q� FRPSOH[� PHFKDQLFDO� V\VWHPV� ZLWK� F\FOLFDO� RSHUDWLRQV� RU
EUDQFKLQJ� DQG�PHUJLQJ� FDXVDO� FKDLQV�� ILQGLQJ� WKH� FDXVDO� FKDLQV� RU� OLQHV� RI� DFWLRQ� UHTXLUHV
NQRZOHGJH�RI�ERWK�WKH�VSDWLDO�VWUXFWXUH�RI�WKH�V\VWHP�DQG�WKH�WHPSRUDO�GXUDWLRQ�DQG�RUGHULQJ
RI�HYHQWV�LQ�LWV�RSHUDWLRQ��7KLV�FDQ�LQWURGXFH�HUURUV�ERWK�LQ�K\SRWKHVL]LQJ�OLQHV�RI�DFWLRQ�DQG
LQ�LQWHJUDWLQJ�OLQHV�RI�DFWLRQ�RI�LQWHUDFWLQJ�VXEV\VWHPV��)RU�H[DPSOH��WKH�FRPPRQ�WRLOHW�WDQN
RU� IOXVKLQJ� FLVWHUQ�KDV� WZR�VXEV\VWHPV�¤�RQH� WKDW�EULQJV�ZDWHU� LQWR� WKH�FLVWHUQ� DQG�DQRWKHU
WKDW� IOXVKHV� ZDWHU� RXW�� /LQHV� RI� DFWLRQ� �L�H��� FDXVDO� FKDLQV�� LQ� WKH� RSHUDWLRQ� RI� WKHVH� WZR
LQWHUDFWLQJ� VXEV\VWHPV� DUH� WHPSRUDOO\� GHSHQGHQW� RQ� HDFK� RWKHU�� ,Q� RXU� VWXGLHV� RI
FRPSUHKHQVLRQ�RI�WKLV�GHYLFH�IURP�PXOWLPHGLD�SUHVHQWDWLRQV�ZH�IRXQG�WKDW�VXEMHFWV�ZHUH�DEOH
WR� LQIHU� EHKDYLRUV� RI� FRPSRQHQWV� ZLWKLQ� HDFK� FDXVDO� FKDLQ�� EXW� KDG� PXFK�PRUH� GLIILFXOW\
LQWHJUDWLQJ�LQIRUPDWLRQ�EHWZHHQ�WKH�WZR�FDXVDO�FKDLQV��+HJDUW\�HW�DO��������
,Q�WKH�FDVH�RI�VLPSOH�SK\VLFDO�V\VWHPV��SURYLGLQJ�DQLPDWLRQV�RI�WKH�HYHQWV�WKDW�RFFXU�LQ�WKH

V\VWHP©V�RSHUDWLRQ�PD\�SHUKDSV�EH�VXIILFLHQW�IRU�DFFXUDWH�FRPSUHKHQVLRQ�RI�OLQHV�RI�DFWLRQ�
,Q� FRPSOH[� RU� DEVWUDFW� GRPDLQV� KRZHYHU�� FDXVH�HIIHFW� UHODWLRQVKLSV� EHWZHHQ� REVHUYDEOH
EHKDYLRUV�RI�FRPSRQHQWV�PD\�QRW�EH�LPPHGLDWHO\�HYLGHQW�IURP�DQLPDWLRQV��)RU�H[DPSOH��LQ
WKH�GRPDLQ�RI�PHWHRURORJ\��/RZH��������IRXQG�WKDW�QRYLFHV�HUURQHRXVO\�DVFULEH�FDXVH�HIIHFW
UHODWLRQVKLSV� WR� ZHDWKHU� SKHQRPHQD� YLVLEOH� LQ� W\SLFDO�PHWHRURORJLFDO� DQLPDWLRQV� EDVHG� RQ
WHPSRUDO�UHODWLRQVKLSV�DORQH��,Q�WKH�GRPDLQ�RI�FRPSXWHU�DOJRULWKPV��WKH�XQGHUO\LQJ�ORJLF�DQG
QRW� ODZV� RI� SK\VLFV�� GHWHUPLQHV� FDXVH�HIIHFW� UHODWLRQVKLSV� DPRQJ� YDULDEOHV�� 7KLV� VWURQJO\
LQGLFDWHV� D� QHHG� IRU� GHVLJQLQJ� QRYHO� YLVXDOL]DWLRQ� WHFKQLTXHV� WKDW� PDNH� OLQHV� RI� DFWLRQ
H[SOLFLW�LQ�PXOWLPRGDO�SUHVHQWDWLRQV�RI�G\QDPLF�V\VWHPV�
�������'HVLJQ�3ULQFLSOHV��0XOWLPRGDO�SUHVHQWDWLRQV�VKRXOG�PDNH�WKH�FDXVDO�RU�ORJLFDO�OLQHV�RI
DFWLRQ�LQ�WKH�V\VWHP�H[SOLFLW��,Q�DGGLWLRQ��DQ\�WHPSRUDO�RU�VSDWLDO�LQWHUDFWLRQV�EHWZHHQ�OLQHV�RI
DFWLRQ�RI�VXEV\VWHPV�VKRXOG�DOVR�EH�PDGH�H[SOLFLW�

����� &216758&7,1*� $� '<1$0,&� 0(17$/� 02'(/� %<� 0(17$/� $1,0$7,21
$1'�,1)(5(1&(

7KH�ILQDO�VWDJH�RI�FRPSUHKHQVLRQ�LV�WKDW�RI�FRQVWUXFWLQJ�D�G\QDPLF�PHQWDO�PRGHO�E\�LQIHUULQJ
WKH� G\QDPLF� EHKDYLRUV� RI� LQGLYLGXDO� FRPSRQHQWV� RI� WKH� V\VWHP�� DQG� LQWHJUDWLQJ� WKLV
LQIRUPDWLRQ�WR�XQGHUVWDQG�KRZ�WKH�FRPSRQHQWV�ZRUN�WRJHWKHU��&RJQLWLYH�DQG�FRPSXWDWLRQDO
PRGHOLQJ� LQ� WKH�PHFKDQLFDO� GRPDLQ� �+HJDUW\�� ������ 1DUD\DQDQ� 	�&KDQGUDVHNDUDQ�� �����
VXJJHVW� WKDW� WKLV� LV� RIWHQ� DFFRPSOLVKHG� E\� FRQVLGHULQJ� FRPSRQHQWV� LQGLYLGXDOO\�� LQIHUULQJ
WKHLU�EHKDYLRUV�GXH�WR� LQIOXHQFHV� IURP�RWKHU�FRQQHFWHG�RU�FDXVDOO\� UHODWHG�FRPSRQHQWV��DQG
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WKHQ� LQIHUULQJ� KRZ� WKHVH� EHKDYLRUV� ZLOO� LQ� WXUQ� DIIHFW� RWKHU� FRPSRQHQWV�� 7KLV� LQFUHPHQWDO
UHDVRQLQJ� SURFHVV� FDXVHV� WKH� VWDWLF� PHQWDO� PRGHO� FRQVWUXFWHG� LQ� HDUOLHU� VWDJHV� RI
FRPSUHKHQVLRQ� WR�EH�SURJUHVVLYHO\� WUDQVIRUPHG� LQWR�D�G\QDPLF�RQH��7KLV�VWDJH�FDQ� LQYROYH
ERWK� UXOH�EDVHG� LQIHUHQFHV� WKDW� XWLOL]H� SULRU� FRQFHSWXDO� NQRZOHGJH� �6FKZDUW]� 	� +HJDUW\�
������DQG�YLVXDOL]DWLRQ�SURFHVVHV�IRU�PHQWDOO\�VLPXODWLQJ�FRPSRQHQW�EHKDYLRUV��1DUD\DQDQ�
6XZD�	�0RWRGD��������������6FKZDUW]�	�%ODFN��������6LPV�	�+HJDUW\��������
,Q� WKH� GRPDLQ� RI� DOJRULWKPV�� WKH� UHSUHVHQWDWLRQ� RI� WKH� GHYLFH� LV� DV� D� VHULHV� RI� VWHSV� WKDW

GHVFULEH�KRZ�LWV�FRPSRQHQWV��GDWD�HOHPHQWV�LQGLFDWHG�E\�YDULRXV�V\PEROV��DUH�WUDQVIRUPHG�LQ
RUGHU� WR� SURGXFH� WKH� GHVLUHG� RXWSXW� IURP� D� JLYHQ� LQSXW�� ,Q� RUGHU� WR� XQGHUVWDQG� KRZ� DQ
DOJRULWKP�DFKLHYHV�WKLV�GHVLUHG�WUDQVIRUPDWLRQ��RQH�QHHGV�WR�PHQWDOO\�VLPXODWH�WKH�VHTXHQFH
RI�RSHUDWLRQV�WKDW�DUH�FDUULHG�RXW�ZKHQ�WKH�DOJRULWKP�H[HFXWHV�RQ�D�FRPSXWHU��7KLV�VLPXODWLRQ
FDQ�LQYROYH�UXOH�EDVHG�LQIHUHQFHV�WKDW�XWLOL]H�SULRU�FRQFHSWXDO�NQRZOHGJH��)RU� LQVWDQFH��RQH
FDQ� LQIHU� WKH�RXWFRPH�RI�D�FRQGLWLRQ�HYDOXDWLRQ� LQ�DQ� LI��FRQGLWLRQ!� WKHQ��DFWLRQ��!�HOVH
�DFWLRQ��!�VWHS��WKDW�LV��ZKHWKHU�LW�LV�DFWLRQ���RU�DFWLRQ���WKDW�LV�H[HFXWHG��,W�LV�XQOLNHO\�WKDW
VSDWLDO� YLVXDOL]DWLRQ� SURFHVVHV� DUH� LQYROYHG� LQ� WKLV� VLPXODWLRQ� VLQFH� GDWD� DQG� RSHUDWLRQV� RQ
GDWD�KDYH�QR�SK\VLFDO�IRUP��6XFK�VLPXODWLRQV��ZRUNHG�RXW�RQ�WKH�EODFNERDUG��DUH�RIWHQ�XVHG
WR� WHDFK� DOJRULWKPV�� ,Q� IDFW��PDQ\� WH[WERRNV� RQ� WKH� VXEMHFW� HQFRXUDJH� VXFK� D� SHGDJRJLFDO
DSSURDFK�E\�H[SODLQLQJ��ZLWK�LOOXVWUDWLRQV��WKH�VWHS�ZLVH�RSHUDWLRQ�RI�DOJRULWKPV��H�J���1DQFH
	�1DSV��������
$Q�REYLRXV�PHWKRG�RI�FRPPXQLFDWLQJ�WKH�G\QDPLF�EHKDYLRUV�RI�D�V\VWHP�LV�E\�VKRZLQJ�DQ

DQLPDWLRQ��+RZHYHU�� RXU�SUHYLRXV� UHVHDUFK� �+HJDUW\� HW� DO�� ������ VXJJHVWV� WKDW� SHRSOH�PD\
OHDUQ�DV�PXFK�IURP�D�VWDWLF�GLDJUDP�DFFRPSDQLHG�E\�WH[W�GHVFULELQJ�WKH�G\QDPLF�EHKDYLRU�RI
D� V\VWHP� DV� WKH\� GR� IURP� DQ� DQLPDWLRQ� DFFRPSDQLHG� E\� D� FRPPHQWDU\� WKDW� GHVFULEHV� WKH
VDPH� LQIRUPDWLRQ�� :H� VXJJHVW� WKDW� WKLV� LV� EHFDXVH� SHRSOH� FDQ� VRPHWLPHV� LQIHU� G\QDPLF
EHKDYLRUV�IURP�VWDWLF�GLDJUDPV�DV�GHVFULEHG�DERYH��1DUD\DQDQ��6XZD�	�0RWRGD�������������
6FKZDUW]�	�%ODFN��������6FKZDUW]�	�+HJDUW\��������6LPV�	�+HJDUW\���������)XUWKHUPRUH�
ZH� SUHGLFW� WKDW� SHRSOH� PLJKW� OHDUQ� PRUH� IURP� DQ� DQLPDWLRQ� LI� WKH\� ILUVW� WU\� WR� LQIHU� WKH
G\QDPLF� EHKDYLRUV� RI� D� V\VWHP�� L�H�� PHQWDOO\� DQLPDWH� WKH� V\VWHP�� (YHQ� LI� SHRSOH� DUH� QRW
VXFFHVVIXO�LQ�PHQWDOO\�DQLPDWLQJ�D�V\VWHP��E\�DWWHPSWLQJ�WR�GR�VR��WKH\�GLVFRYHU�ZKDW�WKH\�GR
DQG� GR� QRW� XQGHUVWDQG� DERXW� WKH� V\VWHP�� :KHQ� WKH\� YLHZ� WKH� DQLPDWLRQ� WKH\� FDQ� WKHQ
FRPSDUH� WKHVH� LQWXLWLRQV� WR� WKH�DFWXDO�SK\VLFDO�SURFHVV� VKRZQ� LQ� WKH�DQLPDWLRQ�� ,Q�D� UHFHQW
VHULHV�RI�H[SHULPHQWV��VXPPDUL]HG�LQ�+HJDUW\��1DUD\DQDQ�	�)UHLWDV��LQ�SUHVV��WKLV�SUHGLFWLRQ
ZDV�FRQILUPHG��7KDW�LV��SHRSOH�ZKR�DWWHPSWHG�WR�PHQWDOO\�DQLPDWH�D�GLDJUDP�RI�D�PHFKDQLFDO
V\VWHP�EHIRUH�YLHZLQJ�DQ�DQLPDWLRQ�RI�WKH�V\VWHP�WHQGHG�WR�OHDUQ�PRUH�IURP�WKH�DQLPDWLRQ�
6LPLODUO\�� LQ� WKH� DOJRULWKP� GRPDLQ�� KDYLQJ� VWXGHQWV� HQJDJH� LQ� D� SUHGLFWLRQ� WDVN� LPSURYHV
WKHLU�OHDUQLQJ�IURP�ERWK�DQLPDWHG�DQG�VWDWLF�SUHVHQWDWLRQV�RI�DOJRULWKPV��%\UQH��&DWUDPERQH
	�6WDVNR���������7KHUHIRUH��FRPSUHKHQVLRQ�RI�G\QDPLF�LQIRUPDWLRQ�DERXW�D�V\VWHP�LV�OLNHO\
WR�EH�LPSURYHG�LI�XVHUV�DUH�JLYHQ�DQ�RSSRUWXQLW\�WR�PHQWDOO\�DQLPDWH�RU�VLPXODWH�WKH�V\VWHP
DIWHU�WKH\�DUH�JLYHQ�VXIILFLHQW�LQIRUPDWLRQ�WR�FRQVWUXFW�D�VWDWLF�PHQWDO�PRGHO�
$� FRPSUHKHQVLYH� VXUYH\� RI� WKH� XVH� RI� DQLPDWLRQV� WR� FRQYH\� LQIRUPDWLRQ� IRXQG� WKDW

DQLPDWLRQV� DUH� QRW� DV� HIIHFWLYH� FRPPXQLFDWLYH� GHYLFHV� DV� RQH� PLJKW� WKLQN� �0RUULVRQ�
7YHUVN\�	�%HWUDQFRXUW���������7KLV�PD\�EH�EHFDXVH�PRVW�DQLPDWLRQV�DUH�RQH�VKRW�DIIDLUV�WKDW
UXQ�WRR�IDVW�IRU�FRPSUHKHQVLRQ�SURFHVVHV�WR�NHHS�XS��2XU�VXEMHFWLYH�H[SHULHQFH�ZLWK�VHYHUDO
H[LVWLQJ�DOJRULWKP�DQLPDWLRQV�VXSSRUWV�WKLV�K\SRWKHVLV�
�������'HVLJQ�3ULQFLSOHV��$�PXOWLPRGDO�SUHVHQWDWLRQ�VKRXOG�HQFRXUDJH� WKH�FRPSUHKHQGHU� WR
PHQWDOO\�DQLPDWH�RU�VLPXODWH�WKH�V\VWHP�EHLQJ�H[SODLQHG��2QH�ZD\�RI�GRLQJ�WKLV�LV�WR�VKRZ
VQDSVKRWV� RI� WKH� V\VWHP©V� RSHUDWLRQ� DW� YDULRXV� SRLQWV� LQ� D� FDXVDO� RU� ORJLFDO� FKDLQ� DQG
HQFRXUDJH� WKH� YLHZHU� WR� PHQWDOO\� DQLPDWH� RU� VLPXODWH� HYHQWV� WKDW� RFFXU� EHWZHHQ� WKH
VQDSVKRWV�� SULRU� WR� VKRZLQJ� D� FRPSOHWH� DQLPDWLRQ�� $QRWKHU� ZD\� WR� HQFRXUDJH� PHQWDO
DQLPDWLRQ� LV� WR� SUHVHQW� ¦ZKDW�LI§� TXHVWLRQV� DIWHU� WKH� XVHU� KDV� FRQVWUXFWHG� D� VWDWLF� PHQWDO
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PRGHO��EXW�EHIRUH�KH�RU�VKH�YLHZV�DQ\�NLQG�RI�DQLPDWLRQ�RU�H[SODQDWLRQ�RI�KRZ�WKH�V\VWHP
ZRUNV�
9DULRXV�NLQGV�RI�DQLPDWLRQV�FDQ�KHOS�ZLWK�FRPPXQLFDWLQJ�WKH�IORZ�RI�FDXVDOLW\�RU�ORJLF�LQ

WKH� V\VWHP�� DQG� WUDQVIRUPLQJ� WKH� VWDWLF� PHQWDO� PRGHO� LQWR� D� G\QDPLF� PHQWDO� PRGHO�� )RU
VLPSOH�V\VWHPV��DQ�DQLPDWLRQ�PD\�EH�VXIILFLHQW� WR�FRQYH\� LQIRUPDWLRQ�DERXW�ERWK�FDXVDOLW\
DQG� PRYHPHQW�� )RU� D� PRUH� FRPSOH[� V\VWHP�� DQ� LQWHUDFWLYH� YLVXDOL]DWLRQ� RI� WKH� FDXVDO� RU
ORJLFDO� RUGHU�PD\� KDYH� WR� EH� SUHVHQWHG� VHSDUDWHO\� IURP�� DQG� SULRU� WR�� WKH� DQLPDWLRQ� RI� WKH
V\VWHP©V�RSHUDWLRQ�WR�IDFLOLWDWH�GHHSHU�XQGHUVWDQGLQJ�
,Q�RUGHU�IRU�DQ�DQLPDWLRQ�WR�EH�HIIHFWLYH�LQ�FRPPXQLFDWLQJ�G\QDPLF�EHKDYLRUV�RI�D�V\VWHP�

WKH� XVHU� VKRXOG� EH� DEOH� WR� PDWFK� WKH� VSHHG� RI� SUHVHQWDWLRQ� ZLWK� WKH� VSHHG� RI� KLV� RU� KHU
FRPSUHKHQVLRQ�RI�WKH�HYHQWV�EHLQJ�SUHVHQWHG��7KH�XVHU�VKRXOG�DOZD\V�KDYH�FRQWURO�RYHU�WKH
UDWH�RI�LQIRUPDWLRQ�SUHVHQWDWLRQ�E\�DQ�DQLPDWLRQ��2QH�ZD\�WR�DFKLHYH�WKLV�LV�WR�SURYLGH�9&5�
OLNH�FRQWUROV��SOD\��SDXVH��VWRS��IDVW� IRUZDUG�DQG�UHYHUVH��$QRWKHU�DSSURDFK� LV� WR�VHJPHQW�D
FRPSOH[�DQLPDWLRQ�LQWR�FDXVDOO\�RU�ORJLFDOO\�FRKHUHQW�¦FKXQNV§��DQG�SUHVHQW�WKHVH�DQLPDWLRQ
VHJPHQWV� LQ� VHTXHQFH�� 7KLV� SURYLGHV� WKH� XVHU�ZLWK� DQ� RSSRUWXQLW\� WR� SDXVH�� UHIOHFW� RQ� DQG
UHSOD\�DQ\�VHJPHQW�EHIRUH�YLHZLQJ�WKH�QH[W�RQH�

�����81'(567$1',1*�7+(�%$6,&�35,1&,3/(6

&RPSOH[�V\VWHPV�VXFK�DV�PDFKLQHV�DQG�DOJRULWKPV�RIWHQ�GHSHQG�RQ�EDVLF�ODZV�RI�SK\VLFV�RU
ORJLF�� )RU� H[DPSOH�� IRU� RXU� UHVHDUFK� LQ� WKH�PHFKDQLFDO� GRPDLQ� ZH� GHVLJQHG� D�PXOWLPHGLD
SUHVHQWDWLRQ� GHVFULELQJ� D� PDFKLQH� WKDW� GHSHQGV� RQ� WKH� EDVLF� SK\VLFV� SULQFLSOH� RI� KRZ� D
VLSKRQ�ZRUNV�� ,Q�RXU�UHVHDUFK�LQ� WKH�GRPDLQ�RI�DOJRULWKPV��VRPH�RI� WKH�VSHFLILF�DOJRULWKPV
GHVFULEHG�GHSHQGHG�RQ�WKH�EDVLF�SULQFLSOH�RI�UHFXUVLRQ��6RPH�XVHUV��HVSHFLDOO\�QRYLFHV��PD\
ODFN� DQ� XQGHUVWDQGLQJ� RI� WKHVH� XQGHUO\LQJ� SK\VLFDO� RU� ORJLFDO� SULQFLSOHV�� ,Q� WKHVH� FDVHV
SURYLGLQJ� H[SODQDWLRQV� RI� WKHVH� IXQGDPHQWDO� SULQFLSOHV� FDQ� HQKDQFH� FDXVDO� RU� ORJLFDO
XQGHUVWDQGLQJ�RI�WKH�HQWLUH�V\VWHP�
������� 'HVLJQ� 3ULQFLSOH��:KHQ� WKH� RSHUDWLRQ� RI� D� V\VWHP� GHSHQGV� RQ� EDVLF� SULQFLSOHV� WKDW
PLJKW�QRW�EH�XQGHUVWRRG�E\�DOO�XVHUV��SURYLGH�D� VHFWLRQ�RI� WKH�PXOWLPHGLD�SUHVHQWDWLRQ� WKDW
GHVFULEHV�WKHVH�SULQFLSOHV�H[SOLFLWO\�
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),*85(����2QH�VFUHHQ�RI�WKH�FLVWHUQ�SUHVHQWDWLRQ�YHUVLRQ���

FIGURE 3. Structure of the first version of the
flushing cistern presentation.
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FIGURE 4. Structure of the second version of the
flushing cistern presentation.
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FIGURE 5. Structure of the third version of the
flushing cistern presentation.
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3.� Structure of expository multimedia presentations in the mechanical domain

2XU� ZRUN� RQ� WKH� GHVLJQ� RI� PXOWLPHGLD� SUHVHQWDWLRQV� EHJDQ� ZLWK� D� UHYLHZ� RI� UHVHDUFK� RQ
PXOWLPRGDO�FRPSUHKHQVLRQ��OHDGLQJ�WR�D�SUHOLPLQDU\�PRGHO�RI�WKLV�SURFHVV�DQG�D�VHW�RI�GHVLJQ
SULQFLSOHV� �1DUD\DQDQ� 	� +HJDUW\�� ������� %DVLF� UHVHDUFK� KDV� VLQFH� EHHQ� FRQGXFWHG� WR
HODERUDWH�WKH�FRPSUHKHQVLRQ�PRGHO��$W�WKH�VDPH�WLPH��WKH�GHVLJQ�SULQFLSOHV�DUH�XVHG�WR�FUHDWH
DQ� LQLWLDO� SUHVHQWDWLRQ�� ZKLFK� LV� HYDOXDWHG� E\� DVVHVVLQJ� KRZ� SHRSOH� LQWHUDFW� ZLWK� WKH
SUHVHQWDWLRQ�DQG�KRZ�ZHOO�WKH\�XQGHUVWDQG�WKH�PHFKDQLFDO�V\VWHP�WKDW�LW�H[SODLQV��7KH�UHVXOWV
RI�WKH�EDVLF�UHVHDUFK�DQG�HYDOXDWLRQ�DUH�WKHQ�XVHG�WR�UHGHVLJQ�WKH�SUHVHQWDWLRQ�DQG�WR�VXJJHVW
IXUWKHU� H[SHULPHQWDO� VWXGLHV� �H�J��� WR� H[DPLQH� WKH� FDXVHV� RI� SDUWLFXODU� FRPSUHKHQVLRQ
IDLOXUHV��� 7KLV� SURFHVV� FDQ� EH� UHSHDWHG� WR� LWHUDWLYHO\� LPSURYH� ERWK� WKH� GHVLJQ� RI� WKH
K\SHUPHGLD�SUHVHQWDWLRQ�DQG�WKH�PRGHO�RI�FRPSUHKHQVLRQ�XSRQ�ZKLFK�LW�LV�EDVHG��7R�GDWH��ZH
KDYH� UHSHDWHG� WKLV� SURFHVV� WKUHH� WLPHV� WR� GHVLJQ� WKUHH� GLIIHUHQW� YHUVLRQV� RI� D� PXOWLPHGLD
SUHVHQWDWLRQ� GHVFULELQJ� KRZ� D� PDFKLQH� ZRUNV� �VHH� )LJXUH� �� IRU� D� VDPSOH� VFUHHQ��� 7KH
VWUXFWXUHV�RI�WKHVH�WKUHH�SUHVHQWDWLRQV�DUH�LOOXVWUDWHG�LQ�)LJXUHV�������DQG����$V�VKRZQ�LQ�WKHVH
ILJXUHV��HDFK�SUHVHQWDWLRQ�LV�GLYLGHG�LQWR�VHFWLRQV��ZLWK�WKH�FRQWHQW�DQG�SUHVHQWDWLRQ�LQ�HDFK
VHFWLRQ�VSHFLILFDOO\�GHVLJQHG�WR�VXSSRUW�YDULRXV�VWDJHV�RI�WKH�FRPSUHKHQVLRQ�PRGHO�
7KH�PXOWLPHGLD�SUHVHQWDWLRQV�ZH�FUHDWHG�LQ�WKH�PHFKDQLFDO�GRPDLQ�H[SODLQ�KRZ�D�IOXVKLQJ

FLVWHUQ�ZRUNV��2QH�XVH�RI�WKLV�GHYLFH�LV�WR�IOXVK�WRLOHWV��$OWKRXJK�WKLV�LV�D�IDPLOLDU�GHYLFH��LWV
LQQHU� ZRUNLQJV� DUH� QRW� LQWXLWLYHO\� REYLRXV�� ,W� LV� UHODWLYHO\� FRPSOH[�� KDYLQJ� WZR� PDLQ
VXEV\VWHPV��D�ZDWHU�RXWSXW� V\VWHP� WKDW� IOXVKHV�ZDWHU� LQWR� WKH� WRLOHW� ERZO� DQG� D�ZDWHU� LQOHW
V\VWHP�WKDW�UHILOOV�WKH�WDQN�IRU�WKH�QH[W�XVH��([SODLQLQJ�D�IOXVKLQJ�FLVWHUQ�SUHVHQWV�LQWHUHVWLQJ
FKDOOHQJHV� IRU� RXU� WKHRU\� EHFDXVH� LWV� RSHUDWLRQ� LQYROYHV� WZR� FDXVDO� FKDLQV� RI� HYHQWV� WKDW
RFFXU� LQ� WDQGHP� EXW� DUH� DOVR� WHPSRUDULO\� GHSHQGHQW� RQ� �LQWHUDFW� ZLWK�� HDFK� RWKHU�� 7KH
SDUWLFXODU�WRLOHW�WDQN�H[SODLQHG�LQ�RXU�SUHVHQWDWLRQ��VKRZQ�LQ�)LJXUH����DOVR�FRQWDLQV�D�VLSKRQ�
UDLVLQJ�WKH�LQWHUHVWLQJ�TXHVWLRQ�RI�KRZ�WR�H[SODLQ�D�EDVLF�SK\VLFV�SULQFLSOH�LQ�WKH�FRQWH[W�RI
H[SODLQLQJ�KRZ�D�VSHFLILF�PDFKLQH�ZRUNV�
:H�GHVLJQHG� DQG�EXLOW� WKUHH�YHUVLRQV�RI� D�PXOWLPHGLD� SUHVHQWDWLRQ� RI� WKLV� GHYLFH��7KHVH

GHVLJQV�HPSOR\�VHYHUDO�RI�WKH�VWUDWHJLHV�WR�VXSSRUW�YDULRXV�VWDJHV�RI�FRPSUHKHQVLRQ�GHVFULEHG
LQ�WKH�SUHYLRXV�VHFWLRQ��7R�DLG�ZLWK�WKH�GHFRPSRVLWLRQ�SKDVH��VWDJH���LQ�WKH�FRPSUHKHQVLRQ
PRGHO���D�FURVV�VHFWLRQDO�GLDJUDP�LV�VKRZQ�LQ�ZKLFK�HDFK�RI�WKH�FRPSRQHQWV�KDV�D�GLIIHUHQW
FRORU� DQG� LV� ODEHOHG�� ,Q� WKH� WKLUG� YHUVLRQ� RI� WKH� SUHVHQWDWLRQ� �)LJXUH� ��� WKH� SDUVLQJ� RI� WKH
GLDJUDP� LQWR�FRPSRQHQWV� LV� IXUWKHU� VXSSRUWHG�E\� DQ� H[SODQDWLRQ�RI�KRZ� WKH� V\VWHP� FDQ�EH
KLHUDUFKLFDOO\� GHFRPSRVHG� LQWR� VXEV\VWHPV�� DQG� DOORZLQJ� D� XVHU� WR� LQWHUDFWLYHO\� ¦H[SORGH§
DQG� UHDVVHPEOH� WKH� V\VWHP�� +HOS� IRU� EXLOGLQJ� UHIHUHQWLDO� FRQQHFWLRQV� �VWDJH� �� LQ� WKH
FRPSUHKHQVLRQ�PRGHO��LV�SURYLGHG�E\�K\SHUOLQNLQJ�YHUEDO�DQG�SLFWRULDO�HOHPHQWV�WKDW�UHIHU�WR
WKH� VDPH� SDUW� VR� WKDW� FOLFNLQJ� RQ� WKH� ODEHO� RI� D� FRPSRQHQW� FDXVHV� LWV� GHSLFWLRQ� WR� EH
KLJKOLJKWHG�
,Q� HDUOLHU�YHUVLRQV�RI� WKH�SUHVHQWDWLRQ� �)LJXUHV��� DQG����� FRPPXQLFDWLQJ� UHSUHVHQWDWLRQDO

FRQQHFWLRQV� DQG� VSDWLDO� UHODWLRQV� EHWZHHQ� FRPSRQHQWV� ZDV� VXSSRUWHG� E\� GHVFULELQJ� WKHVH
H[SOLFLWO\� LQ� D� WH[W� DFFRPSDQ\LQJ� WKH� GLDJUDP�� 7KLV� FRUUHVSRQGV� WR� VWDJH� �� RI� WKH
FRPSUHKHQVLRQ�PRGHO��+RZHYHU�� HYDOXDWLRQV�RI� WKHVH�SUHVHQWDWLRQV� VXJJHVWHG� WKDW� WKLV� WH[W
ZDV�VXSHUIOXRXV��+HJDUW\�HW�DO���������VR� WKLV�VHFWLRQ�RI� WKH�SUHVHQWDWLRQ�ZDV�HOLPLQDWHG� LQ
9HUVLRQ����6LQFH�WKH�IOXVKLQJ�FLVWHUQ�LV�D�SODQDU�GHYLFH��DOO�PHFKDQLFDO�LQWHUDFWLRQV�RFFXU�LQ
RQH�SODQH��RUWKRJRQDO�DQG� LVRPHWULF�YLHZV�ZHUH�QRW�QHFHVVDU\� WR�VKRZ�WKH� VSDWLDO� UHODWLRQV
IRU�WKLV�PDFKLQH�
7R� HQFRXUDJH� PHQWDO� DQLPDWLRQ�� WKH� SUHVHQWDWLRQV� LQFOXGH� D� VHFWLRQ� LQ� ZKLFK� XVHUV� DUH

DVNHG�WR�SUHGLFW�YDULRXV�EHKDYLRUV�RI�WKH�V\VWHP�EHIRUH�YLHZLQJ�DQ\�DQLPDWLRQ�RI�WKH�V\VWHP�
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,Q�HDUOLHU�YHUVLRQV�RI�WKH�SUHVHQWDWLRQV��WKHUH�ZHUH�WZR�DQLPDWLRQV��7KH�ILUVW�LQFOXGHG�DQ�DXUDO
FRPPHQWDU\� GHVFULELQJ� WKH� FDXVDO� FKDLQ� RI� HYHQWV� LQ� WKH� V\VWHP� �VWDJH� �� RI� WKH
FRPSUHKHQVLRQ�PRGHO��DQG�ZDV�DFFRPSDQLHG�E\�D�VWDWLF�GLDJUDP�LQ�ZKLFK�FRPSRQHQWV�ZHUH
VXFFHVVLYHO\�KLJKOLJKWHG�DV� WKH\�ZHUH�PHQWLRQHG�LQ� WKH�FRPPHQWDU\��7KH�VHFRQG�DQLPDWLRQ
VKRZHG�WKH�DFWXDO�PRYHPHQW�RI�FRPSRQHQWV��VWDJH���RI�WKH�FRPSUHKHQVLRQ�PRGHO��DQG�ZDV
DFFRPSDQLHG�E\� WKH� VDPH� FRPPHQWDU\�� ,Q� WKH� WKLUG�YHUVLRQ�RI� WKH�PXOWLPHGLD�SUHVHQWDWLRQ
�VHH� )LJXUH� ���� WKHVH� VHFWLRQV� ZHUH� FRPELQHG�� VR� WKDW� D� VLQJOH� DQLPDWLRQ� VKRZHG� WKH
PRYHPHQW�RI�FRPSRQHQWV�DQG�WKHVH�FRPSRQHQWV�ZHUH�SRLQWHG�RXW�E\�DQ�DUURZ�DV�WKH\�ZHUH
GHVFULEHG�LQ�WKH�FRPPHQWDU\��FI��)DUDGD\�	�6XWFOLIIH������D������E��
)LQDOO\��WKH�SUHVHQWDWLRQV�LQFOXGH�D�VHFWLRQ�GHVFULELQJ�KRZ�D�VLSKRQ�ZRUNV��VWDJH���RI�WKH

FRPSUHKHQVLRQ�PRGHO��� 7KLV� EDVLF� SK\VLFV� SULQFLSOH� LV� HVVHQWLDO� WR� XQGHUVWDQGLQJ� KRZ� WKH
IOXVKLQJ�FLVWHUQ�IOXVKHV�WKH�ZDWHU�RXW�RI�WKH�WDQN�

4. Experiments with cognitively designed presentations in the mechanical
domain

7R� HYDOXDWH� WKH� GHVLJQ� RI� RXU� K\SHUPHGLD� SUHVHQWDWLRQ� LQ� WKH� PHFKDQLFDO� GRPDLQ�� ZH
FRPSDUHG� K\SHUPHGLD� DQG� SULQWHG� YHUVLRQV� RI� WKH� WKLUG� YHUVLRQ� RI� RXU� SUHVHQWDWLRQ
�VFKHPDWL]HG� LQ� )LJXUH� ��� WR� K\SHUPHGLD� DQG� SULQWHG� LQVWUXFWLRQ� DERXW� WKH� VDPH� W\SH� RI
IOXVKLQJ� FLVWHUQ� IURP� FRPPHUFLDOO\� DYDLODEOH� SUHVHQWDWLRQV�� 2XU� FRPSDULVRQ� ZDV� ZLWK� WKH
GHVFULSWLRQ�RI�WKH�VDPH�W\SH�RI�IOXVKLQJ�FLVWHUQ�IURP�WKH�DZDUG�ZLQQLQJ�ERRN�DQG�&'�520
E\�'DYLG�0DFDXOD\��������������HQWLWOHG�¦7KH�:D\�7KLQJV�:RUN�§�7KLV�H[SHULPHQW�DOORZHG
XV� WR� FRPSDUH� OHDUQLQJ� IURP� RXU� PDWHULDOV� WR� OHDUQLQJ� IURP� PDWHULDOV� WKDW� ZHUH� GHVLJQHG
DFFRUGLQJ� WR� WKH� LQWXLWLRQV�RI� DQ� DZDUG�ZLQQLQJ�GHVLJQHU�� EXW�ZKLFK�ZHUH�QRW� LQIRUPHG�E\
RXU�FRPSUHKHQVLRQ�PRGHO��:H�ZLOO� UHIHU� WR�RXU�SUHVHQWDWLRQV�DV� WKH�¦FRJQLWLYHO\�GHVLJQHG§
SUHVHQWDWLRQV�DQG�WKH�¦:D\�7KLQJV�:RUN§�SUHVHQWDWLRQV�DV�WKH�¦FRQYHQWLRQDO§�SUHVHQWDWLRQV�
VLQFH�WKH\�UHSUHVHQW�WKH�FRQYHQWLRQDO�ZLVGRP�RQ�KRZ�WR�GHVLJQ�VXFK�SUHVHQWDWLRQV�
,Q�DFFRUGDQFH�ZLWK�WKH� UHVHDUFK�SODQ�VFKHPDWL]HG� LQ�)LJXUH���� LQ� WKLV�VWXG\�ZH�KDG� WKUHH

SULPDU\� K\SRWKHVHV�� ZKLFK� ZHUH� WHVWHG� E\� SODQQHG� FRPSDULVRQV�� )LUVW�� ZH� WHVWHG� WKH
K\SRWKHVLV� WKDW� D� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ� ZRXOG� EH� VXSHULRU� WR� D
FRQYHQWLRQDO� SULQWHG� GHVFULSWLRQ�� 7KHUHIRUH�� ZH� FRPSDUHG� OHDUQLQJ� RXWFRPHV� IURP� RXU
K\SHUPHGLD�SUHVHQWDWLRQ�WR�WKRVH�IURP�WKH�ERRN�HQWLWOHG�¦7KH�:D\�7KLQJV�:RUN§��0DFDXOD\�
�������7KHVH�PDWHULDOV�GLIIHU�LQ�WZR�ZD\V��)LUVW�WKH\�GLIIHU�LQ�WKH�FRQWHQW�RI�LQVWUXFWLRQ��L�H��
ZKDW�LQIRUPDWLRQ�LV�SUHVHQWHG�DQG�WKH�RUGHU�LQ�ZKLFK�LW�LV�SUHVHQWHG��6HFRQG��WKH\�GLIIHU�LQ�WKH
IRUPDW� RI� LQVWUXFWLRQ� L�H��� WKH� PHGLD� DQG� PRGDOLWLHV� LQ� ZKLFK� WKHVH� GLIIHUHQW� W\SHV� RI
LQIRUPDWLRQ�DUH�SUHVHQWHG��VWDWLF�GLDJUDPV�YHUVXV�DQLPDWLRQV��WH[W�YHUVXV�DXUDO�FRPPHQWDULHV
HWF���
6HFRQG�� ZH� WHVWHG� WKH� K\SRWKHVLV� WKDW� D� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ

ZRXOG�EH�VXSHULRU� WR�D�FRQYHQWLRQDO�K\SHUPHGLD�SUHVHQWDWLRQ� WKDW�ZDV�QRW� LQIRUPHG�E\�RXU
FRPSUHKHQVLRQ�PRGHO�DQG�GHVLJQ�SULQFLSOHV��7R�DQVZHU�WKLV�TXHVWLRQ��ZH�FRPSDUHG�OHDUQLQJ
RXWFRPHV�IURP�RXU�K\SHUPHGLD�SUHVHQWDWLRQ�WR�7KH�:D\�7KLQJV�:RUN�&'�520��0DFDXOD\�
������� 7KHVH� PDWHULDOV� GLIIHUHG� LQ� WKH� FRQWHQW� RI� LQVWUXFWLRQ�� EXW� QRW� LQ� WKH� PHGLD� DQG
PRGDOLWLHV�LQ�ZKLFK�WKH�LQIRUPDWLRQ�LV�SUHVHQWHG��L�H���ERWK�SUHVHQW�DQLPDWLRQV�HWF���
)LQDOO\��ZH�FRPSDUHG�SHUIRUPDQFH�RQ�WKH�FRJQLWLYHO\�GHVLJQHG�K\SHUPHGLD�SUHVHQWDWLRQ�WR

D�SULQWHG�YHUVLRQ�RI� WKH�VDPH�PDWHULDOV��7KH� LQIRUPDWLRQ�FRQWHQW�RI� WKHVH� WZR�SUHVHQWDWLRQV
ZDV�WKH�VDPH�LQ�WKDW�WKH\�SUHVHQWHG�WKH�VDPH�GLDJUDPV�DQG�YHUEDO�GHVFULSWLRQV��+RZHYHU�WKH
WZR�SUHVHQWDWLRQV�GLIIHUHG�ZLWK�UHVSHFW�WR�WKH�PHGLD�DQG�PRGDOLWLHV�XVHG�WR�FRPPXQLFDWH�WKH
LQIRUPDWLRQ��)RU�H[DPSOH��WKH�K\SHUPHGLD�SUHVHQWDWLRQ�VKRZHG�DQ�DQLPDWLRQ�DFFRPSDQLHG�E\
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DQ� DXUDO� FRPPHQWDU\� WR� GHVFULEH� WKH� PRWLRQ� RI� V\VWHP� FRPSRQHQWV�� ZKHUHDV� WKH� SULQWHG
YHUVLRQ�VKRZHG�D�VWDWLF�GLDJUDP�DFFRPSDQLHG�E\�D�ZULWWHQ�GHVFULSWLRQ�WKDW�LQFOXGHG�WKH�H[DFW
VDPH�ZRUGV�DV�WKH�FRPPHQWDU\��,Q�D�SUHYLRXV�H[SHULPHQW�EDVHG�RQ�9HUVLRQ���RI�WKH�PDFKLQH
SUHVHQWDWLRQ��VHH�)LJXUH����ZH�IRXQG�QR�GLIIHUHQFH�LQ�OHDUQLQJ�RXWFRPHV�IURP�D�K\SHUPHGLD
SUHVHQWDWLRQ�FRPSDUHG�WR�D�SULQWHG�YHUVLRQ�RI�WKH�VDPH�PDWHULDOV��+HJDUW\�HW�DO����������7KLV
UHVXOW� LV� FRQVLVWHQW� ZLWK� D� JURZLQJ� ERG\� RI� UHVHDUFK� VKRZLQJ� QR� VLJQLILFDQW� HIIHFWV� RI
DQLPDWLRQV�RYHU�VWDWLF�PHGLD�ZKHQ�WKH\�SUHVHQW�WKH�VDPH�LQIRUPDWLRQ��VHH�0RUULVRQ��7YHUVN\
	� %HWUDQFRXUW�� ����� IRU� D� UHYLHZ��� 7KHUHIRUH� ZH� H[SHFWHG� QR� GLIIHUHQFHV� LQ� OHDUQLQJ
RXWFRPHV�IRU�WKH�K\SHUPHGLD�DQG�SULQWHG�YHUVLRQV�RI�RXU�IOXVKLQJ�FLVWHUQ�H[SODQDWLRQ�

�����0(7+2'
�������3DUWLFLSDQWV��1LQHW\�IRXU�XQGHUJUDGXDWH�VWXGHQWV�SDUWLFLSDWHG�LQ�WKH�H[SHULPHQW��7KH\
ZHUH�UHFUXLWHG�IURP�DQ�LQWURGXFWRU\�3V\FKRORJ\�FODVV�DQG�UHFHLYHG�FRXUVH�FUHGLW�LQ�UHWXUQ�IRU
WKHLU� SDUWLFLSDWLRQ�� 3DUWLFLSDQWV� ZHUH� UDQGRPO\� DVVLJQHG� WR� VWXG\� RQH� RI� WKH� IRXU
SUHVHQWDWLRQV�� 7ZHQW\�IRXU� SDUWLFLSDQWV� VWXGLHG� WKH� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD
SUHVHQWDWLRQ�� ��� VWXGLHG� D� SDSHU� SULQWRXW� RI� WKH� WH[W� DQG� GLDJUDPV� XVHG� LQ� WKH� VDPH
SUHVHQWDWLRQ�� ��� SDUWLFLSDQWV� VWXGLHG� WKH� FRQYHQWLRQDO� K\SHUPHGLD� SUHVHQWDWLRQ� RQ� WKH
IOXVKLQJ� FLVWHUQ� IURP� ¦7KH� 1HZ� :D\� 7KLQJ� :RUN§� &'�520� �0DFDXOD\�� ������ DQG� ��
VWXGHQWV� VWXGLHG� WKH� FRUUHVSRQGLQJ� PDWHULDOV� IURP� ¦7KH� :D\� 7KLQJV� :RUN§� ERRN
�0DFDOXOD\��������
������� 0DWHULDOV�� 7KH� VWUXFWXUH� RI� WKH� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ� LV
VFKHPDWL]HG� LQ� )LJXUH� ��� ,W� KDG� �� VHFWLRQV�� DQ� LQLWLDO� VHFWLRQ� WKDW� VKRZHG� WKH� KLHUDUFKLFDO
GHFRPSRVLWLRQ�RI� WKH� V\VWHP� LQWR� VXEV\VWHPV�DQG�EDVLF� FRPSRQHQWV�� D� TXHVWLRQV� VHFWLRQ� WR
SURPSW�PHQWDO�DQLPDWLRQ��D�VHFWLRQ�GHVFULELQJ�WKH�PRYHPHQW�RI�GLIIHUHQW�FRPSRQHQWV�RI�WKH
GHYLFH�ZKHQ�WKH�FLVWHUQ�ZDV�LQ�RSHUDWLRQ��DQG�D�VHFWLRQ�GHVFULELQJ�KRZ�D�VLSKRQ�ZRUNV�
7KH�GHVFULSWLRQ�RI�WKH�WRLOHW�WDQN�LQ�¦7KH�:D\�7KLQJV�:RUN§�ERRN�VKRZV�D�ODUJH�ODEHOHG

GLDJUDP�RI�WKH�WRLOHW�WDQN�ZKLFK�GLIIHUV�IURP�WKH�GLDJUDP�LQ�)LJXUH���LQ�WKDW�LW�VKRZV�WKH�WKLUG
GLPHQVLRQ� DQG� LV� D� UDWKHU� ZKLPVLFDO� GHSLFWLRQ�� VKRZLQJ� ILVK� VZLPPLQJ� LQ� WKH� WDQN�� DQG
ILVKHUPHQ�VLWWLQJ�RQ� WKH� IORDW�DUP��6HYHUDO� VPDOO� GLDJUDPV�DUH� VKRZQ� DV� LQVHWV� WR� WKH�PDLQ
GLDJUDP��2QH�VKRZV�D�VLGH�YLHZ�RI�D� WRLOHW� LQGLFDWLQJ� WKH� ORFDWLRQ�RI� WKH� FLVWHUQ�� WZR�PRUH
VKRZ�WKH�RSHUDWLRQ�RI�D�VLSKRQ�DQG�DUH�DFFRPSDQLHG�E\�WH[W�H[SODLQLQJ�KRZ�D�VLSKRQ�ZRUNV�
DQG�WKUHH�PRUH�VKRZ�GLIIHUHQW�VWDJHV�LQ�WKH�IOXVKLQJ�RI�WKH�FLVWHUQ�DQG�DUH�DFFRPSDQLHG�E\�D
GHVFULSWLRQ� RI� WKH� IOXVKLQJ� SURFHVV�� 7KH� &'�520� YHUVLRQ� VKRZV� WKH� VDPH� ODUJH� ODEHOHG
GLDJUDP� RQ� D� VLQJOH� VFUHHQ� RI� WH[W�� )URP� WKLV�� WKH� XVHU� KDV� WKH� RSWLRQ� RI� FOLFNLQJ� RQ� WZR
¦PRYLH§�LFRQV��RQH�RI�ZKLFK�EULQJV�WKHP�WR�DQRWKHU�VFUHHQ�VKRZLQJ�D�VFKHPDWLF�GLDJUDP�RI
WKH�WRLOHW� WDQN� WKDW� LV�DQLPDWHG� LQ� UHVSRQVH� WR�D�PRXVH�FOLFN��7KLV�DQLPDWLRQ� LV�YHU\�IDVW� �LW
WDNHV�QR�PRUH�WKDQ�D�FRXSOH�RI�VHFRQGV��DQG�LV�QRW�DFFRPSDQLHG�E\�D�FRPPHQWDU\��&OLFNLQJ
RQ�WKH�RWKHU�¦PRYLH§�LFRQ�EULQJV�WKH�XVHU�WR�D�VFUHHQ�GHVFULELQJ�KRZ�D�VLSKRQ�ZRUNV��ZKLFK�LV
DOVR�DFFRPSDQLHG�E\�D�GLDJUDP�WKDW�WKH�XVHU�FDQ�DQLPDWH�
7KUHH� W\SHV� RI� TXHVWLRQV� ZHUH� XVHG� WR� PHDVXUH� FRPSUHKHQVLRQ� RI� WKH� PDWHULDOV�� )LUVW

VWXGHQWV� ZHUH� DVNHG� WR� ZULWH� D� FDXVDO� GHVFULSWLRQ� RI� KRZ� WKH� GHYLFH� ZRUNHG�� 7KH\� ZHUH
LQVWUXFWHG�WR�LPDJLQH�WKDW�WKH\�SXVK�GRZQ�RQ�WKH�KDQGOH�RI�WKH�WRLOHW�WDQN�DQG�GHVFULEH��VWHS
E\�VWHS�ZKDW�KDSSHQV�WR�HDFK�RI�WKH�RWKHU�SDUWV�RI�WKH�WDQN�DV�LW�IOXVKHV��7KHQ�WKH\�DQVZHUHG��
TXHVWLRQV� DERXW� WKH� IXQFWLRQ� RI� FRPSRQHQWV� RI� WKH� V\VWHP�� ZKLFK� ZH� UHIHU� WR� DV� IXQFWLRQ
TXHVWLRQV��)RU�H[DPSOH��RQH�TXHVWLRQ�DVNHG�¦ZKDW�LV�WKH�IXQFWLRQ�RI�WKH�IORDW�DQG�IORDW�DUP"
7KH� IXQFWLRQV� RI� FRPSRQHQWV�ZHUH� QRW� H[SOLFLWO\� VWDWHG� LQ� WKH�PXOWLPHGLD� SUHVHQWDWLRQ�� VR
WKHVH� TXHVWLRQV� LQYROYH� VRPH� LQIHUHQFH�� 7KH� ILQDO� VHW� RI� TXHVWLRQV� ZDV� FRPSRVHG� RI
WURXEOHVKRRWLQJ�TXHVWLRQV��7KHVH�TXHVWLRQV�GHVFULEHG�IDXOW\�EHKDYLRU�RI�WKH�V\VWHP�DQG�DVNHG
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DERXW� WKH�SRVVLEOH� FDXVHV�RI� WKLV� EHKDYLRU��)RU� H[DPSOH�� RQH�TXHVWLRQ� DVNHG� ¦6XSSRVH� WKDW
DIWHU� IOXVKLQJ� WKH� WRLOHW�� \RX� QRWLFH� WKDW�ZDWHU� LV� FRQWLQXRXVO\� UXQQLQJ� LQWR� WKH� WDQN��:KDW
FRXOG�EH�ZURQJ"��/LVW�DOO�SRVVLEOH�DQVZHUV��§�7KHVH�TXHVWLRQV�DOVR�UHTXLUHG�LQIHUHQFHV�IURP
WKH�PDWHULDO�VWDWHG�LQ�WKH�SUHVHQWDWLRQ�
7R� PHDVXUH� VSDWLDO� DELOLW\�� SDUWLFLSDQWV� ZHUH� DGPLQLVWHUHG� WKH� 3DSHU� )ROGLQJ� 7HVW

�(NVWURP��HW�DO���������7KH\�ZHUH�DOVR�JLYHQ�D�EDFNJURXQG�TXHVWLRQQDLUH��ZKLFK�DVNHG�WKHP
WR�OLVW�DQ\�FRXUVHV� WKH\�KDG�WDNHQ�LQ�SK\VLFV��PHFKDQLFV��RU�PHFKDQLFDO�HQJLQHHULQJ��DQG�WR
OLVW� DQ\�PHFKDQLFDO� RU� HOHFWULFDO� LWHPV� WKH\� KDG� DWWHPSWHG� WR� UHSDLU�� 7KH\�ZHUH� DOVR� DVNHG
VSHFLILFDOO\� LI� WKH\� KDG� HYHU� IL[HG� D� WRLOHW�� FKDQJHG� WKH� RLO� LQ� D� FDU�� RU� XQEORFNHG� D� GUDLQ�
)LQDOO\�WKH\�ZHUH�DVNHG�WR�UDWH�RQ�D�VFDOH�RI���WR���KRZ�LQWHUHVWLQJ�WKH\�WKRXJKW�WKH�PDWHULDO
ZDV�
�������3URFHGXUH��3DUWLFLSDQWV�ZHUH�WHVWHG�HLWKHU�LQGLYLGXDOO\�RU�LQ�SDLUV��8SRQ�DUULYDO�LQ�WKH
ODERUDWRU\�WKH\�ZHUH�VHDWHG�HLWKHU�LQ�IURQW�RI�D�FRPSXWHU�PRQLWRU��SDUWLFLSDQWV�ZKR�UHFHLYHG
WKH� K\SHUPHGLD� SUHVHQWDWLRQV�� RU� DW� D� WDEOH� �SDUWLFLSDQWV� ZKR� UHFHLYHG� WKH� SULQWHG
SUHVHQWDWLRQV��� WKDQNHG� IRU� SDUWLFLSDWLQJ� LQ� WKH� H[SHULPHQW�� DQG� WROG� WKDW� WKH\� ZRXOG� OHDUQ
KRZ� D� WRLOHW� WDQN� ZRUNV� E\� YLHZLQJ� D� GLDJUDP� DQG� RWKHU� LQVWUXFWLRQDO� PDWHULDO�� 7KHQ
SDUWLFLSDQWV�VWXGLHG�WKH�SUHVHQWDWLRQ�WKDW�WKH\�ZHUH�DVVLJQHG��6WXG\�WLPH�ZDV�VHOI�SDFHG��DQG
ZDV� UHFRUGHG� E\� D� UHVHDUFK� DVVLVWDQW��$IWHUZDUGV� WKH\�ZHUH� DVNHG� WKH� WHVW� TXHVWLRQV�� 7KH\
ZHUH� DOORZHG� ��� PLQXWHV� WR� ZULWH� WKH� FDXVDO� GHVFULSWLRQ�� WZR� PLQXWHV� IRU� WKH� �� IXQFWLRQ
TXHVWLRQV� DQG� �� PLQXWHV� IRU� HDFK� RI� WKH� �� WURXEOHVKRRWLQJ� TXHVWLRQV�� 7KHQ� WKH\� ZHUH
DGPLQLVWHUHG� WKH� 3DSHU� )ROGLQJ� WHVW�� DFFRUGLQJ� WR� WKH� VWDQGDUG� LQVWUXFWLRQV� IRU� WKH� WHVW�
)LQDOO\��WKH\�UHVSRQGHG�WR�WKH�TXHVWLRQQDLUH�DQG�ZHUH�WKDQNHG�DQG�GLVPLVVHG�
������� 6FRULQJ�� 7KH� FDXVDO� GHVFULSWLRQV� RI� WKH� V\VWHPV�ZHUH� VFRUHG� IRU� WKH� SUHVHQFH� RI� ��
VWHSV�LQ� WKH�FDXVDO�FKDLQ��7ZR�UDWHUV� LQGHSHQGHQWO\� UDWHG�WKH�GHVFULSWLRQV�RI����SDUWLFLSDQWV
DQG�WKHLU�DJUHHPHQW�ZDV��������'LVFUHSDQFLHV�ZHUH�UHVROYHG�E\�FRQVHQVXV�RI�WKH�WZR�UDWHUV�
$QVZHUV� WR� WKH� WURXEOHVKRRWLQJ� TXHVWLRQV� ZHUH� ILUVW� VHJPHQWHG� LQWR� XQLWV� H[SUHVVLQJ� D
SURSRVLWLRQ�DQG�VFRUHG�IRU�WKH�GHVFULSWLRQ�RI�VHYHUDO�IDXOWV��ZKLFK�PLJKW�FDXVH�WKH�V\PSWRP
GHVFULEHG� LQ� WKH� TXHVWLRQ�� 3DUWLFLSDQWV�ZHUH� JLYHQ� D� SRLQW� IRU� HDFK� SRVVLEOH� IDXOW� WKDW� WKH\
GHVFULEHG��7KH\�ZHUH�QRW�JLYHQ�FUHGLW�IRU�YDJXH�DQVZHUV�WKDW�IDLOHG�GHVFULEH�D�VSHFLILF�IDXOW�
)RU� H[DPSOH�� IRU� WKH� WURXEOHVKRRWLQJ� TXHVWLRQ� JLYHQ� DERYH�� D� SDUWLFLSDQW� ZRXOG� EH� JLYHQ
FUHGLW� IRU� WKH� DQVZHU� ¦WKH� LQOHW� YDOYH� LV� GLVFRQQHFWHG� IURP� WKH� IORDW� DUP§� EXW� QRW� IRU� WKH
DQVZHU�¦WKHUH�LV�VRPHWKLQJ�ZURQJ�ZLWK�WKH�LQOHW�YDOYH§��7ZR�UDWHUV�LQGHSHQGHQWO\�VFRUHG�WKH
UHVSRQVHV� RI� ��� SDUWLFLSDQWV� DQG� DJUHHG� RQ� WKH� VFRULQJ� RI� ���� RI� WKH� SURSRVLWLRQV�� 7KH
UHVSRQVHV� IRU� WKH� RWKHU� SDUWLFLSDQWV� ZHUH� FRGHG� E\� RQH� UDWHU� DQG� FKHFNHG� E\� WKH� RWKHU�
'LVFUHSDQFLHV�ZHUH�UHVROYHG�E\�FRQVHQVXV�RI�WKH�WZR�UDWHUV�

�����5(68/76
,Q�FRPSDULQJ�PHDVXUHV�IRU�WKH�GLIIHUHQW�IRUPV�RI�LQVWUXFWLRQ��ZH�PDGH�WKUHH�GLIIHUHQW�SODQQHG
FRPSDULVRQV� IRU� HDFK� PHDVXUH�� )LUVW� ZH� FRPSDUHG� WKH� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD
SUHVHQWDWLRQ�WR�WKRVH�IURP�WKH�¦:D\�7KLQJV�:RUN§�ERRN��6HFRQG�ZH�FRPSDUHG�OHDUQLQJ�IURP
WKH� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ� WR� WKH� ¦:D\� WKLQJV� :RUN§� &'�520�
)LQDOO\��ZH�FRPSDUHG�WKH�FRJQLWLYHO\�GHVLJQHG�K\SHUPHGLD�SUHVHQWDWLRQ�WR�D�SULQWHG�YHUVLRQ
RI� WKH� VDPH�PDWHULDOV��%HFDXVH� WKUHH� FRPSDULVRQV�ZHUH�PDGH� IRU� HDFK�GHSHQGHQW�PHDVXUH�
WKH�DOSKD� OHYHO�ZDV� VHW� DW� ������$OO� UHSRUWHG� HIIHFWV� DUH� VWDWLVWLFDOO\� VLJQLILFDQW� DW� WKLV� OHYHO
XQOHVV�LW�LV�VWDWHG�RWKHUZLVH�
������� 6WXG\� 7LPHV�� 3DUWLFLSDQWV� VSHQW� RQ� DYHUDJH� ����� PLQXWHV� �6'�  � ������ VWXG\LQJ� WKH
FRJQLWLYHO\�GHVLJQHG�K\SHUPHGLD�SUHVHQWDWLRQ�������PLQXWHV��6'� �������VWXG\LQJ�WKH�SULQWHG
YHUVLRQ�RI�WKLV�SUHVHQWDWLRQ�������PLQXWHV��6'� �������VWXG\LQJ�WKH�FRQYHQWLRQDO�K\SHUPHGLD
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SUHVHQWDWLRQ� DQG� ����� PLQXWHV� �6'�  � ������ VWXG\LQJ� WKH� FRQYHQWLRQDO� SULQWHG� GHVFULSWLRQ�
7KH\� VSHQW� VLJQLILFDQWO\� ORQJHU� UHDGLQJ� WKH� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ
FRPSDUHG� WR� ERWK� WKH� FRQYHQWLRQDO� SULQWHG� �W�����  � ������ DQG� FRQYHQWLRQDO� K\SHUPHGLD
PDWHULDOV��W����� ��������7KH\�DOVR�VSHQW�ORQJHU�VWXG\LQJ�WKH�FRJQLWLYHO\�GHVLJQHG�K\SHUPHGLD
SUHVHQWDWLRQ� FRPSDUHG� WR� D� SULQWHG� YHUVLRQ� RI� WKH� VDPH�PDWHULDO� �W�����  � ������� 7KH� ODWWHU
UHVXOW�ZDV�DOVR� IRXQG� LQ�D�SUHYLRXV�H[SHULPHQW� �+HJDUW\�HW� DO���������DQG�SUREDEO\� UHIOHFWV
DGGLWLRQDO�WLPH�WR�OHDUQ�DQG�XVH�WKH�LQWHUIDFH�WR�WKH�K\SHUPHGLD�SUHVHQWDWLRQ�
������� ,QWHUHVW� 5DWLQJV�� 7KH� ¦:D\� 7KLQJV� :RUN§� PDWHULDOV� ZHUH� FOHDUO\� GHVLJQHG� WR� EH
HQWHUWDLQLQJ�� ZKHUHDV� WKRVH� EDVHG� RQ� D� FRJQLWLYH� PRGHO� RI� FRPSUHKHQVLRQ� ZHUH� SXUHO\
H[SRVLWRU\�� 7KHUHIRUH� RQH� PLJKW� H[SHFW� WKH� IRUPHU� WR� EH� UDWHG� DV� PRUH� LQWHUHVWLQJ�� 7KH
LQWHUHVW� UDWLQJV� IRU� WKH� IRXU� SUHVHQWDWLRQV� �RQ� D� VFDOH� RI� �� WR� �� ZKHUH� �� PHDQV� PRVW
LQWHUHVWLQJ�� ZHUH� ����� �6'�  � ������ IRU� WKH� FRJQLWLYHO\�GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ�
������6'� �������IRU�WKH�SULQWHG�YHUVLRQ�RI�WKLV�SUHVHQWDWLRQ��������6'� �������IRU�WKH�¦:D\
WKLQJV�:RUN§�&'�520�DQG�������6'� �������IRU� WKH�¦:D\�7KLQJV�:RUN§�SULQWHG�YHUVLRQ�
1RQH�RI�WKHVH�UDWLQJV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU��LQGLFDWLQJ�WKDW�SDUWLFLSDQWV
LQ� WKH� IRXU� FRQGLWLRQV� RI� WKH� H[SHULPHQW� GLG� QRW� GLIIHU� VLJQLILFDQWO\� LQ� WKHLU� LQWHUHVW� LQ� WKH
PDWHULDOV�
������� /HDUQLQJ� 2XWFRPHV�� )LUVW� ZH� FRPSDUH� OHDUQLQJ� IURP� WKH� FRJQLWLYHO\� GHVLJQHG
K\SHUPHGLD� SUHVHQWDWLRQ� WR� OHDUQLQJ� IURP� D� FRQYHQWLRQDO� PXOWLPRGDO� H[SODQDWLRQ� RI� WKH
PHFKDQLFDO� V\VWHP� H[WUDFWHG� IURP� WKH� ERRN� E\�0DFDOXOD\� �������� )LJXUH� �D� VKRZV� PHDQ
SHUIRUPDQFH�RQ� WKH� FDXVDO�GHVFULSWLRQ�TXHVWLRQ��6WXGHQWV�ZKR� OHDUQHG� IURP� WKH� FRJQLWLYHO\
GHVLJQHG� PXOWLPHGLD� SUHVHQWDWLRQ� LQFOXGHG� VLJQLILFDQWO\� PRUH� FDXVDO� VWHSV� LQ� WKHLU
GHVFULSWLRQV�RI�KRZ�WKH�GHYLFH�ZRUNHG�FRPSDUHG�WR�WKRVH�ZKR�UHDG�WKH�FRQYHQWLRQDO�SULQWHG
PDWHULDOV��W����� ��������)LJXUH��E�VKRZV�PHDQ�SHUIRUPDQFH�RQ�WKH�IXQFWLRQ�TXHVWLRQV��7KHUH
ZDV� DJDLQ� D� VLJQLILFDQW� DGYDQWDJH� RI� WKH� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ�
LQGLFDWLQJ� WKDW� SDUWLFLSDQWV� ZKR� VWXGLHG� WKLV� ZHUH� EHWWHU� DEOH� WR� LQIHU� WKH� IXQFWLRQ� RI� WKH
GLIIHUHQW�FRPSRQHQWV� �W����� ��������)LQDOO\�� WKH� WURXEOHVKRRWLQJ�PHDVXUH� �VKRZQ� LQ�)LJXUH
�F��DOVR�VKRZHG�D�VLJQLILFDQW�DGYDQWDJH�IRU�WKH�FRJQLWLYHO\�GHVLJQHG�K\SHUPHGLD�SUHVHQWDWLRQ
FRPSDUHG�WR�WKH�FRQYHQWLRQDO�SULQWHG�SUHVHQWDWLRQ��W����� ��������,Q�VXPPDU\��WKH�GDWD�ZHUH
FRQVLVWHQW�ZLWK�RXU�K\SRWKHVLV�IRU�DOO�WKUHH�PHDVXUHV�
1H[W� ZH� FRPSDUH� OHDUQLQJ� IURP� WKH� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ� WR

OHDUQLQJ� IURP� D� FRQYHQWLRQDO� K\SHUPHGLD� SUHVHQWDWLRQ� �0DFDOXOD\�� ������� $V� VKRZQ� LQ
)LJXUH� �D�� VWXGHQWV� ZKR� OHDUQHG� IURP� WKH� FRJQLWLYHO\�GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ
VLJQLILFDQWO\� RXWSHUIRUPHG� VWXGHQWV� ZKR� OHDUQHG� IURP� WKH� FRQYHQWLRQDO� K\SHUPHGLD
SUHVHQWDWLRQ�RQ�WKH�PHDVXUH�RI�GHVFULELQJ�KRZ�WKH�V\VWHP�ZRUNHG��W����� ��������7KH\�ZHUH
DOVR�VLJQLILFDQWO\�EHWWHU�DEOH�WR�VWDWH�WKH�IXQFWLRQ�RI�GLIIHUHQW�FRPSRQHQWV�RI�WKH�V\VWHP��W����
 �������DV�VKRZQ�LQ�)LJXUH��E��+RZHYHU�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR
JURXSV�RQ�WKH�WURXEOHVKRRWLQJ�TXHVWLRQV��,Q�VXPPDU\��RXU�K\SRWKHVLV�ZDV�VXSSRUWHG�IRU�WZR
RI�WKH�WKUHH�PHDVXUHV�
)LQDOO\� ZH� FRPSDUH� OHDUQLQJ� IURP� WKH� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQ� WR

OHDUQLQJ� IURP� WKH� VDPH� LQIRUPDWLRQ�SUHVHQWHG�RQ�SDSHU�� ,Q� WKLV� FDVH�ZH� ILQG�QR� VLJQLILFDQW
GLIIHUHQFHV� RQ� DQ\� RI� WKH� FRPSUHKHQVLRQ� PHDVXUHV�� $V� )LJXUH� �� VKRZV�� WKH� OHYHOV� RI
SHUIRUPDQFH�RQ�DOO� WKUHH� OHDUQLQJ�RXWFRPHV�ZHUH�VWULNLQJO\�VLPLODU� IRU�SDUWLFLSDQWV� LQ� WKHVH
WZR�JURXSV�� DQG�DQ\�GLIIHUHQFHV�EHWZHHQ� WKHVH�JURXSV�ZHUH� FOHDUO\�ZLWKLQ� HVWLPDWHV�RI� WKH
VWDQGDUG�HUURUV�RI�WKH�PHDQV�
������� ,QGLYLGXDO� 'LIIHUHQFHV�� :H� DOVR� H[DPLQHG� WKH� HIIHFWV� RI� VSDWLDO� DELOLW\�� SK\VLFV
EDFNJURXQG��DQG�SUDFWLFDO�H[SHULHQFH�ZLWK�PDFKLQHV�RQ� WKH� OHDUQLQJ�RXWFRPHV��3DUWLFLSDQWV
ZHUH� FODVVLILHG� DV�KLJK�RU� ORZ� VSDWLDO� EDVHG�RQ� D�PHGLDQ� VSOLW� RI� WKHLU� VFRUHV�RQ� WKH�3DSHU
)ROGLQJ�WHVW��PHGLDQ� ��������3DUWLFLSDQWV�ZHUH�FODVVLILHG�DV�KDYLQJ�D�SK\VLFV�EDFNJURXQG�LI
WKH\�KDG�WDNHQ�RQH�RU�PRUH�FODVVHV�LQ�SK\VLFV�LQ�KLJK�VFKRRO�RU�FROOHJH�����RI�WKH����VWXGHQWV�
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DQG� DV� KDYLQJ� SUDFWLFDO� H[SHULHQFH� ZLWK� PDFKLQHV� LI� WKH\� UHSRUWHG� UHSDLULQJ� WZR� RU� PRUH
PDFKLQHV� ���� RXW� RI� WKH� ��� VWXGHQWV��� $OWKRXJK� KLJK�VSDWLDO� VWXGHQWV� KDG� KLJKHU� VFRUHV� RQ
ERWK�WKH�FDXVDO�FKDLQ�TXHVWLRQ��)��������� �������S��������DQG�WURXEOHVKRRWLQJ�TXHVWLRQV��)����
���� ��������S���������WKHUH�ZHUH�QR�VLJQLILFDQW�LQWHUDFWLRQV�EHWZHHQ�W\SH�RI�LQVWUXFWLRQ�DQG
DQ\� RI� WKH� LQGLYLGXDO� GLIIHUHQFHV� PHDVXUH�� WKDW� LV�� QR� HYLGHQFH� RI� DSWLWXGH�WUHDWPHQW
LQWHUDFWLRQV�

�����',6&866,21
,Q� VXPPDU\�� WKLV� H[SHULPHQW� VKRZHG� WKDW� PDWHULDOV� WKDW� ZHUH� GHVLJQHG� DFFRUGLQJ� WR� RXU
FRJQLWLYH�PRGHO�RI�PXOWLPRGDO�FRPSUHKHQVLRQ�ZHUH�VXSHULRU�WR�DZDUG�ZLQQLQJ�FRPPHUFLDOO\
DYDLODEOH� PDWHULDOV�� VXJJHVWLQJ� WKDW� RXU� WKHRUHWLFDOO\� GHULYHG� DQG� HPSLULFDOO\� VXSSRUWHG
JXLGHOLQHV�DUH�D�VLJQLILFDQW�LPSURYHPHQW�RYHU�WKH�FRQYHQWLRQDO�ZLVGRP�LQ�PXOWLPHGLD�GHVLJQ�
,W�DOVR�VKRZHG�QR�GLIIHUHQFH�EHWZHHQ�D�SULQWHG�YHUVLRQ�RI�RXU� LQVWUXFWLRQDO�PDWHULDOV�DQG�D
K\SHUPHGLD� YHUVLRQ�� ZKLFK� LQFOXGHG� DQLPDWLRQV� DQG� K\SHUOLQNV�� ZKHQ� WKH� FRQWHQW� RI� WKH
PDWHULDOV�LV�WKH�VDPH��7KHVH�VWXGLHV�LQGLFDWH�WKDW�LW�LV�WKH�FRQWHQW�DQG�VWUXFWXUH�RI�LQVWUXFWLRQDO
PDWHULDOV��DQG�QRW�WKH�PHGLD�DQG�PRGDOLWLHV�LQ�ZKLFK�WKH\�DUH�SUHVHQWHG��WKDW�LV�LPSRUWDQW�IRU
FRPSUHKHQVLRQ�RI�FRPSOH[�GHYLFHV�
6WXGHQWV�ZKR�OHDUQHG�IURP�WKH�FRJQLWLYHO\�GHVLJQHG�SUHVHQWDWLRQV�SHUIRUPHG�EHWWHU�RQ�WKH

OHDUQLQJ� RXWFRPHV��+RZHYHU� WKH\� DOVR� VSHQW�PRUH� WLPH� UHDGLQJ� WKH�PDWHULDOV�� ,W� PLJKW� EH
DUJXHG� WKHUHIRUH� WKDW� WKH� DGYDQWDJH� RI� RXU� PDWHULDOV� LV� OLPLWHG� E\� WKH� IDFW� WKDW� JUHDWHU
FRPSUHKHQVLRQ�LV�DFKLHYHG�DW�WKH�FRVW�RI�PRUH�WLPH��+RZHYHU��DQ�DOWHUQDWLYH�YLHZ�LV�WKDW�WKH
JRDO� RI� D� PXOWLPHGLD� SUHVHQWDWLRQ� RI� WKLV� W\SH� LV� WR� HQJDJH� WKH� VWXGHQW� VR� WKDW� KH� RU� VKH
DFWXDOO\� XQGHUVWDQGV� WKH�PDWHULDO� FRPPXQLFDWHG� E\� WKH� SUHVHQWDWLRQ��2XU� GHVLJQ� SULQFLSOHV
DUH�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�EHVW�ZD\�RI�HQJDJLQJ�D�VWXGHQW�LV�WR�JXLGH�WKHP�WKURXJK
WKH�VWDJHV�RI�FRPSUHKHQVLRQ�WKDW�DUH�QHFHVVDU\�WR�FRQVWUXFW�D�PHQWDO�PRGHO�RI�D�PDFKLQH��$Q
DOWHUQDWLYH� DVVXPSWLRQ�� LPSOLFLW� LQ� PDQ\� FRPPHUFLDOO\� DYDLODEOH� PDWHULDOV� LV� WKDW� KLJK�
UHVROXWLRQ���G�JUDSKLFV��DQLPDWLRQV�DQG�VRXQG�HIIHFWV�VHUYH�WR�HQJDJH�WKH�VWXGHQW��+RZHYHU�
DOWKRXJK� WKH� ¦:D\�7KLQJV�:RUN§�PDWHULDOV�ZRXOG�SUREDEO\�EH� UDWHG�PRUH�KLJKO\�RQ� WKHVH
GLPHQVLRQV�� VWXGHQWV� VSHQW� OHVV� WLPH� VWXG\LQJ� WKHVH� PDWHULDOV�� GLG� QRW� UDWH� WKHP� DV
VLJQLILFDQWO\�PRUH� LQWHUHVWLQJ� WKDQ� WKH� FRJQLWLYHO\�GHVLJQHG� SUHVHQWDWLRQV�� DQG� OHDUQHG� OHVV
IURP�WKHVH�PDWHULDOV�
7KLV�ZDV�QRW�D� IXOO\� FRQWUROOHG�H[SHULPHQW�� LQ� WKDW� WKHUH�ZHUH�PDQ\�GLIIHUHQFHV�EHWZHHQ

WKH�¦:D\�7KLQJV�:RUN§�SUHVHQWDWLRQV�DQG�WKH�FRJQLWLYHO\�GHVLJQHG�SUHVHQWDWLRQV��7KH�UHVXOWV
RI� WKLV� H[SHULPHQW� WKHUHIRUH� UDLVH� WKH� TXHVWLRQ� RI� ZKLFK� DVSHFWV� RI� RXU� GHVLJQ� ZHUH
UHVSRQVLEOH� IRU� WKH� LPSURYHG� FRPSUHKHQVLRQ� RXWFRPHV�� $OWKRXJK� WKH� FXUUHQW� H[SHULPHQW
FDQQRW� DQVZHU� WKLV� TXHVWLRQ�� ZH� FDQ� SRLQW� WR� VHYHUDO� OLNHO\� UHDVRQV� IRU� WKH� GLIIHUHQW
FRPSUHKHQVLRQ� RXWFRPHV�� EDVHG� RQ� SUHYLRXV� UHVHDUFK�� )LUVW�� WKH� FRJQLWLYHO\� GHVLJQHG
SUHVHQWDWLRQV� HQFRXUDJH� VWXGHQWV� WR� PHQWDOO\� DQLPDWH� D� VWDWLF� GLDJUDP� EHIRUH� YLHZLQJ� DQ
DQLPDWLRQ�� DQG� ZH� KDYH� HVWDEOLVKHG� LQ� SUHYLRXV� UHVHDUFK� WKDW� WKLV� HQKDQFHV� SHRSOH©V
XQGHUVWDQGLQJ�RI�DQ�DQLPDWLRQ��+HJDUW\��1DUD\DQDQ�	�)UHLWDV�� LQ�SUHVV���6HFRQG��FRPSDUHG
WR�WKH�DQLPDWLRQ�WKDW�ZH�GHVLJQHG��WKH�DQLPDWLRQ�LQ�WKH�¦:D\�7KLQJV�:RUN§�&'�520�ZDV
YHU\� IDVW� DQG�ZDV� QRW� JXLGHG� E\� D� FRPPHQWDU\� RU� DQ\� JUDSKLFDO� GHYLFH� WKDW�PLJKW� GUDZ� D
SHUVRQ©V�DWWHQWLRQ� WR� WKH� UHOHYDQW�SDUWV�RI� WKH�GLVSOD\��:H�KDYH� DUJXHG� HOVHZKHUH� �+HJDUW\�
1DUD\DQDQ� 	� )UHLWDV�� LQ� SUHVV�� WKDW� ZKHQ� DQ� DQLPDWLRQ� LV� WRR� IDVW�� WKH� VWXGHQW©V
FRPSUHKHQVLRQ�SURFHVVHV�FDQQRW�NHHS�XS�ZLWK�WKH�UDWH�RI�WKH�DQLPDWLRQ��)XUWKHUPRUH�0D\HU
DQG� KLV� FROOHDJXHV� �H�J���0D\HU�	�$QGHUVRQ�� ������0D\HU�� ������ KDYH� VKRZQ� WKDW� SHRSOH
OHDUQ�PRUH�ZKHQ�DQLPDWLRQV�DUH�DFFRPSDQLHG�E\�V\QFKURQL]HG�FRPPHQWDULHV��DQG�)DUDGD\�	
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6XWFOLIIH������D������E��KDYH�GHPRQVWUDWHG�IXUWKHU�WKDW�SHRSOH�OHDUQ�PRUH�ZKHQ�YLVXDO�XQLWV
LQ�WKH�DQLPDWLRQ�DUH�KLJKOLJKWHG�DV�WKH\�DUH�PHQWLRQHG�LQ�WKH�FRPPHQWDU\�
7KLUG��WKH�¦:D\�7KLQJV�:RUN§�GLDJUDPV�LQFOXGHG�VHYHUDO�ZKLPVLFDO�HPEHOOLVKPHQWV��H�J��

ILVK� VZLPPLQJ� LQ� WKH� FLVWHUQ��� SUHVXPDEO\� WR� DGG� KXPRU�� $V� DOUHDG\� QRWHG�� WKLV� GLG� QRW
VLJQLILFDQWO\� LQFUHDVH� VWXGHQWV©� LQWHUHVW� LQ� WKH� PDWHULDO�� DQG� LV� EHVW� FKDUDFWHUL]HG� DV� D
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FIGURE 6. Posttest performance of subjects.
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¦VHGXFWLYH�GHWDLO§��L�H���LQIRUPDWLRQ�WKDW�LV�LQKHUHQWO\�LQWHUHVWLQJ�WR�VWXGHQWV��EXW�LUUHOHYDQW�WR
WKH�FRQWHQW�RI�WKH�SUHVHQWDWLRQ��7KHUH�LV�DEXQGDQW�HYLGHQFH�WKDW�VXFK�VHGXFWLYH�GHWDLOV�LPSDLU
FRPSUHKHQVLRQ��H�J���*DUQHU��6DQGHUV�	�0HQNH��������+DUS�	�0D\HU��������
7KHUH� ZDV� RQH� H[FHSWLRQ� WR� RXU� SUHGLFWHG� UHVXOWV� LQ� WKH� FDVH� RI� WKH� WURXEOHVKRRWLQJ

PHDVXUH�� )RU� WKDW� PHDVXUH�� VWXGHQWV� ZKR� OHDUQHG� IURP� WKH� FRQYHQWLRQDO� K\SHUPHGLD
SUHVHQWDWLRQ� SHUIRUPHG� HTXLYDOHQWO\� WR� WKRVH� ZKR� OHDUQHG� IURP� WKH� FRJQLWLYHO\� GHVLJQHG
PDWHULDOV��,QVSHFWLRQ�RI�)LJXUH��F�DOVR�LQGLFDWHV�WKDW�WKH\�SHUIRUPHG�VLJQLILFDQWO\�EHWWHU�WKDQ
WKRVH� ZKR� OHDUQHG� IURP� WKH� FRQYHQWLRQDO� SULQWHG� SUHVHQWDWLRQ� RQ� WKH� WURXEOHVKRRWLQJ
PHDVXUH�� 7KLV� UHVXOW� LQGLFDWHV� WKDW� YLHZLQJ� DQ� DQLPDWLRQ� WKDW� LV� QRW� DFFRPSDQLHG� E\� D
FRPPHQWDU\� PD\� EH� HQRXJK� WR� HQDEOH� VWXGHQWV� WR� ODWHU� GLDJQRVH� SRVVLEOH� IDXOWV� LQ� D
PHFKDQLFDO� V\VWHP�� +RZHYHU�� DV� SUHGLFWHG�� VWXGHQWV� LQ� WKLV� FRQGLWLRQ� GLG� KDYH� SRRUHU
SHUIRUPDQFH�RYHUDOO��LQ�WKDW�WKH\�ZHUH�OHVV�DEOH�WR�GHVFULEH�WKH�FDXVDO�FKDLQ�RI�WKH�V\VWHP�DQG
WKH�IXQFWLRQV�RI�FRPSRQHQWV�

5. Structure of expository multimedia presentations in the algorithm domain

:H�GHYHORSHG�D�VHW�RI�PXOWLPHGLD�SUHVHQWDWLRQV� LQ� WKH�GRPDLQ�RI�FRPSXWHU�DOJRULWKPV� WKDW
KDG� D� VLPLODU� VWUXFWXUH� WR� WKH� SUHVHQWDWLRQV� LQ� WKH� PHFKDQLFDO� GRPDLQ�� 7R� GDWH� ZH� KDYH
GHVLJQHG�� EXLOW� DQG� WHVWHG� ILYH� GLIIHUHQW� SUHVHQWDWLRQV� WKDW� H[SODLQ� GLIIHUHQW� IXQGDPHQWDO
DOJRULWKPV��IRXU�VRUWLQJ�DOJRULWKPV�DQG�RQH�JUDSK�DOJRULWKP���$OO�RI� WKH�SUHVHQWDWLRQV�KDYH
WKH�VDPH�EDVLF�VWUXFWXUH��ZKLFK�ZH�GHVFULEH�LQ�WKLV�VHFWLRQ�
$� FRPSXWHU� DOJRULWKP� LV� OLNH� D� UHFLSH� LQ� WKDW� LW� LV� PDGH� XS� RI� D� ILQLWH� QXPEHU� RI� VWHSV

GHVLJQHG�WR�VROYH�D�VSHFLILF�SUREOHP��7KH�DOJRULWKP�GRPDLQ�LV�GLIIHUHQW�IURP�WKH�PHFKDQLFDO
GRPDLQ� LQ�VRPH� UHVSHFWV��EXW� VLPLODU� LQ�RWKHUV��2QH�PDMRU�GLIIHUHQFH� LV� WKDW�DOJRULWKPV�DUH
DEVWUDFW�HQWLWLHV�ZLWK�QR�SK\VLFDO�IRUP��,Q�WKH�GRPDLQ�RI�PDFKLQHV��V\VWHPV�DUH�PDGH�XS�RI
FRPSRQHQWV� WKDW� KDYH� IDPLOLDU� VKDSHV� DQG� RWKHU� SK\VLFDO� FKDUDFWHULVWLFV�� &RPSRQHQWV� RI
DOJRULWKPV�DUH�QRW�SK\VLFDO�REMHFWV��UDWKHU�WKH\�DUH�GDWD�DQG�VWHSV�RI�WKH�DOJRULWKP��0DFKLQH
FRPSRQHQWV�RSHUDWH�DFFRUGLQJ�WR�ODZV�RI�SK\VLFV�DQG�FDXVDOLW\��RI�ZKLFK�HYHQ�QRYLFHV�KDYH
VRPH� LQWXLWLYH� NQRZOHGJH��$OJRULWKPLF� HQWLWLHV� GR� QRW� REH\� ODZV� RI� SK\VLFV�� 7KH\� RSHUDWH
REH\LQJ� ODZV� RI� PDWKHPDWLFDO� ORJLF�� RI� ZKLFK� QRYLFHV� JHQHUDOO\� GR� QRW� KDYH� DQ� LQWXLWLYH
NQRZOHGJH�� ,Q� RWKHU� ZRUGV�� FRPPRQ� VHQVH� NQRZOHGJH� RI� WKH� ZRUOG� LV� QRW� XVHIXO� LQ
XQGHUVWDQGLQJ�KRZ�DQ�DOJRULWKP�ZRUNV��7KLV�LV�WKH�VHFRQG�PDMRU�GLIIHUHQFH�
,Q� VSLWH� RI� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� GRPDLQV�� WKHUH� DUH� VRPH� SDUDOOHOV� EHWZHHQ

WKHP�� /LNH� PDFKLQHV�� DOJRULWKPV� FDQ� EH� KLHUDUFKLFDOO\� GHFRPSRVHG�� &RPSOH[� VWHSV� �L�H��
ORJLFDOO\� FRKHUHQW� RSHUDWLRQV� PDGH� XS� RI� HOHPHQWDU\� RSHUDWLRQV�� VXFK� DV� D� ORRS�� DUH
DQDORJRXV� WR� VXEV\VWHPV� RI� D� PDFKLQH�� &RPSRQHQW� EHKDYLRUV� LQ� D� PDFKLQH� WKHUHIRUH
FRUUHVSRQG� WR� RSHUDWLRQV� RQ� GDWD� WKDW� DQ� DOJRULWKP� FDUULHV� RXW�� 'DWD� DUH� WUDQVIRUPHG� E\
DOJRULWKPV��DQDORJRXVO\�WR�KRZ�VXEVWDQFHV�DUH�WUDQVIRUPHG�E\�PDFKLQHV��H�J��D�VWHDP�HQJLQH
WXUQLQJ�ZDWHU�LQWR�VWHDP���7KH�VSHFLILFDWLRQ�RI�DQ�DOJRULWKP�FRQVLVWV�RI�D�GHVFULSWLRQ�RI�WKHVH
VWHSV� LQ� D� TXDVL�PDWKHPDWLFDO� ODQJXDJH� FDOOHG� ¦SVHXGRFRGH§�� 7KH� SVHXGRFRGH� LV� ODLG� RXW
VSDWLDOO\�� ZLWK� VWHSV� WKDW� DUH� H[HFXWHG� LQ� VHTXHQFH� DSSHDULQJ� RQH� DIWHU� WKH� RWKHU� DQG
LQGHQWDWLRQV�XVHG�WR�FOXVWHU�VWHSV�WKDW�IRUP�D�ORJLFDO�JURXS�VXFK�DV�D�FRQGLWLRQDO�DFWLRQ�RU�D
ORRS��VHH�)LJXUH�����7KXV��WKH�FRJQLWLYH�SURFHVV�FRUUHVSRQGLQJ�WR�SDUVLQJ�WKH�LOOXVWUDWLRQ�RI�D
PDFKLQH�LQWR�LWV�FRPSRQHQWV�LV�SDUVLQJ�WKH�SVHXGRFRGH�LQWR�D�VHTXHQFH�RI�RSHUDWLRQV�RQ�GDWD
HOHPHQWV�



Multimedia design for communication

19

7KH�VWUXFWXUH�RI� WKH�PXOWLPHGLD�SUHVHQWDWLRQV� H[SODLQLQJ� FRPSXWHU� DOJRULWKPV� �)LJXUH���
UHIOHFWV� WKHVH� VLPLODULWLHV� DQG� GLIIHUHQFHV�� ,W� FRQVLVWV� RI� VL[� VHFWLRQV�� 7KH� ILUVW� VHFWLRQ
LOOXVWUDWHV�WKH�HVVHQWLDO�EHKDYLRU�RI�DQ�DOJRULWKP�XVLQJ�D�IDPLOLDU�DQDORJ\�GUDZQ�IURP�WKH�UHDO
ZRUOG��)RU�LQVWDQFH��WKH�DQDORJ\�XVHG�IRU�LOOXVWUDWLQJ�WKH�6HOHFWLRQ�6RUW�DOJRULWKP�LV�D�OLQH�RI
SHRSOH��ZKR�VRUW�WKHPVHOYHV�LQ�WKH�RUGHU�RI�LQFUHDVLQJ�KHLJKW��VHH�)LJXUH�����7KLV�DQDORJ\�LV
H[SODLQHG� XVLQJ� D� VLPSOH� DQLPDWLRQ� DQG� D� EULHI� WH[WXDO� H[SODQDWLRQ�� $OJRULWKPV� DQG� WKHLU
SULQFLSOHV� RI� ORJLF� DUH� QRW� SDUW� RI� RQH©V� FRPPRQ� VHQVH� NQRZOHGJH� DERXW� WKH� ZRUOG�� 7KLV
VHFWLRQ� VHUYHV� WR� SURYLGH� D� EDVLV� IRU� XQGHUVWDQGLQJ� WKH� H[SRVLWRU\� SUHVHQWDWLRQV� RI� WKH
IROORZLQJ�VHFWLRQV�E\�DOORZLQJ�WKH�XVHU�WR�EXLOG�UHSUHVHQWDWLRQDO�FRQQHFWLRQV�WR�D�UHDO�ZRUOG
WDVN� WKDW� PLJKW� EH� FDUULHG� RXW� XVLQJ� VWHSV� VLPLODU� WR� WKDW� RI� WKH� DOJRULWKP�� 7KHUH� LV� QR
DQDORJRXV� VHFWLRQ� LQ� WKH� PDFKLQHV� SUHVHQWDWLRQV�� EHFDXVH� SHRSOH� GR� KDYH� FRPPRQ� VHQVH
NQRZOHGJH�DERXW�WKH�IXQFWLRQV�RI�PDFKLQHV�
7KH�VHFRQG�VHFWLRQ�LV�GHVLJQHG�WR�DLG�GHFRPSRVLWLRQ�RI�WKH�DOJRULWKP�LQWR�VWHSV��DQG�WKHLU

HOHPHQWDU\�RSHUDWLRQV��VWDJH���LQ�WKH�FRJQLWLYH�PRGHO���,W�SUHVHQWV�WKH�SVHXGRFRGH�GHVFULSWLRQ
DQG�D�WH[WXDO�H[SODQDWLRQ�RI�WKH�DOJRULWKP��VLGH�E\�VLGH��7KH�VSDWLDO�OD\RXW�RI�WKH�SVHXGRFRGH
FRPPXQLFDWHV� WKH� GHFRPSRVLWLRQ� RI� WKH� DOJRULWKP�� 7KLV� VHFWLRQ� DOVR� DLGV� WKH� EXLOGLQJ� RI
UHSUHVHQWDWLRQDO� FRQQHFWLRQV� EHWZHHQ� WKH� FRPSRQHQWV� RI� WKH� DOJRULWKP� YLVLEOH� LQ� WKH
SVHXGRFRGH� �VWDJH� �� LQ� WKH� FRJQLWLYH� PRGHO��� 7HFKQLFDO� WHUPV� LQ� WKLV� H[SODQDWLRQ� DUH
K\SHUOLQNHG� WR�GHILQLWLRQV�DQG�DGGLWLRQDO� LOOXVWUDWLRQV�RI� IXQGDPHQWDO�DOJRULWKPLF�SULQFLSOHV
LQ�VHFWLRQ����7KLV�DOORZV�QRYLFH�XVHUV�ZKR�ODFN� WKLV�NQRZOHGJH� WR�DFFHVV�PRUH� LQIRUPDWLRQ
ZKLOH� DOORZLQJ�PRUH� H[SHUW� XVHUV� WR�SURFHHG� IXUWKHU�ZLWKRXW�EHLQJ�GLVWUDFWHG� E\� DGGLWLRQDO
H[SODQDWLRQV��7KLV�VHFWLRQ�LV�DQDORJRXV�WR�WKH�VHFWLRQ�H[SODLQLQJ�WKH�IXQGDPHQWDO�SULQFLSOH�RI
WKH�VLSKRQV�LQ�WKH�PDFKLQH�SUHVHQWDWLRQ�
7KH� WKLUG� VHFWLRQ� LV� GHVLJQHG� WR� JXLGH� WKH� SURFHVVHV� RI� PDNLQJ� UHIHUHQWLDO� FRQQHFWLRQV�

K\SRWKHVL]LQJ�ORJLFDO�¦OLQHV�RI�DFWLRQ§��DQDORJRXV�WR�FDXVDO�OLQHV�RI�DFWLRQ�LQ�D�PDFKLQH���DQG
FRQVWUXFWLQJ�D�G\QDPLF�PHQWDO�PRGHO��L�H��VWDJHV�������DQG���LQ�WKH�FRJQLWLYH�PRGHO�RXWOLQHG
LQ�VHFWLRQ�����,W�VKRZV�IRXU�NLQGV�RI�SUHVHQWDWLRQV�VLPXOWDQHRXVO\��2QH�LV�D�GHWDLOHG�DQLPDWLRQ
RI�WKH�RSHUDWLRQ�RI�WKH�DOJRULWKP�RQ�D�VPDOO�GDWD�VHW��WRS�OHIW�SDUW�RI�)LJXUH������7KH�VHFRQG�LV
WKH� SVHXGRFRGH� �WRS� ULJKW� SDUW� RI� )LJXUH� ����� 7KH� WKLUG� SUHVHQWDWLRQ� FRQWDLQV� WH[WXDO
GHVFULSWLRQV�RI�WKH�HYHQWV�WDNLQJ�SODFH�LQ�WKH�DQLPDWLRQ��ERWWRP�ULJKW�SDUW�RI�)LJXUH������7KH
IRXUWK�SUHVHQWDWLRQ� LV�D�SDQHO�RI�GDWD�YDOXHV� WKDW� FKDQJH� DV� WKH� DOJRULWKP�H[HFXWHV� �ERWWRP
OHIW� SDUW� RI� )LJXUH� ����� ,Q� DGGLWLRQ�� WKH� DQLPDWLRQ� DQG� RWKHU� SUHVHQWDWLRQV� DUH� VRPHWLPHV
SDXVHG� WR� SRVH� TXHVWLRQV� WKDW� HQFRXUDJH� WKH� XVHU� WR� PHQWDOO\� VLPXODWH� WKH� DFWLRQV� RI� WKH
DQLPDWLRQ�
7KLV� DQLPDWLRQ� LV� SUHVHQWHG� LQ� VHJPHQWV� WKDW� ZH� FDOO� ¦FKXQNV§�� (DFK� FKXQN� VKRZV� D

ORJLFDOO\�FRKHUHQW�VHW�RI�HYHQWV��H�J��RQH�H[HFXWLRQ�RI�D�ORRS�LQ�DQ�DOJRULWKP���7KH�DQLPDWLRQ
SDXVHV� DIWHU� HDFK� FKXQN�� ZDLWLQJ� IRU� WKH� XVHU� WR� SUHVV� D� ¦FRQWLQXH§� EXWWRQ�� 7KH� XVHU� FDQ
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FRQWURO� WKH� OHYHO� RI� FKXQNLQJ�� $W� WKH� PRVW� ILQH� JUDLQHG� OHYHO�� HDFK� VWHS� RI� WKH� DOJRULWKP
EHFRPHV�D�FKXQN��$W� WKH�RWKHU�H[WUHPH�� WKH�DQLPDWLRQ� UXQV� WR�FRPSOHWLRQ�ZLWKRXW�SDXVLQJ�
$V� VWHSV� DUH�EHLQJ� H[HFXWHG� LQ� WKH� DQLPDWLRQ�� WKH\� DUH� KLJKOLJKWHG� LQ� WKH� SVHXGRFRGH��7KH
KLJKOLJKWLQJ�RI�HDFK�VWHS�RI� WKH�DOJRULWKP�LQ�V\QFKURQ\�ZLWK�LWV�JUDSKLFDO� LOOXVWUDWLRQ� LQ� WKH
DQLPDWLRQ� KHOSV� WKH� EXLOGLQJ� RI� UHIHUHQWLDO� FRQQHFWLRQV�� 7KLV� KLJKOLJKWLQJ� DOVR� VHUYHV� WR
H[SOLFDWH�WKH�ORJLFDO�OLQHV�RI�DFWLRQ��7KH�DQLPDWLRQ��WKH�FKDQJLQJ�GDWD�YDOXHV��DQG�WKH�WH[WXDO
H[SODQDWLRQ�RI�HYHQWV��ZKLFK�D�XVHU�FDQ�UHDG�DIWHU�HDFK�FKXQN�RI� WKH�DQLPDWLRQ� LV� ILQLVKHG�
KHOS�ZLWK�WKH�FRQVWUXFWLRQ�RI�D�G\QDPLF�PHQWDO�PRGHO�RI�WKH�DOJRULWKP©V�EHKDYLRU�
7KLV� WKLUG� VHFWLRQ� DOVR� SUHVHQWV� ¦SRS�XS§� TXHVWLRQV� HQFRXUDJLQJ� WKH� XVHU� WR� PHQWDOO\

VLPXODWH�WKH�RSHUDWLRQ�RI�WKH�DOJRULWKP��8QOLNH�WKH�PDFKLQHV�SUHVHQWDWLRQ��WKHVH�TXHVWLRQV�DUH
QRW� DVNHG� EHIRUH� WKH� XVHU� VHHV� DQ\� DQLPDWLRQ�� ,QVWHDG�� WKH� V\VWHP� RFFDVLRQDOO\� SDXVHV� WKH
DQLPDWLRQ��DQG�SRVHV�D�TXHVWLRQ�DVNLQJ�WKH�XVHU�WR�SUHGLFW�ZKDW�HYHQWV�PLJKW�KDSSHQ�QH[W�LQ
WKH�H[HFXWLRQ�RI�WKH�DOJRULWKP��7KH�XVHU� LV�QRW�UHTXLUHG�WR�HQWHU�DQ�DQVZHU��QRU� LV�IHHGEDFN
DERXW� WKH� FRUUHFW� DQVZHU� JLYHQ�� 7KLV� GLIIHUHQFH� EHWZHHQ� WKH� PDFKLQHV� DQG� DOJRULWKP
SUHVHQWDWLRQV� UHIOHFWV� D� GLIIHUHQFH� EHWZHHQ� WKH� WZR� GRPDLQV�� ,Q� WKH� GRPDLQ� RI� PDFKLQHV�
FRPSRQHQWV� KDYH� SK\VLFDO� IRUP�� DQG� WKHVH� HQJDJH� LQ� IDPLOLDU� EHKDYLRUV� VXFK� DV� URWDWLQJ�
VOLGLQJ�� HWF�� 3HRSOH� KDYH� LQWXLWLRQV� DERXW� WKH� PRYHPHQW� RI� REMHFWV� �0F&ORVNH\�� �����
%DLOODUJHRQ�� ������ WKDW� HQDEOH� WKHP� WR� DWWHPSW� PHQWDO� DQLPDWLRQ� ZLWKRXW� KDYLQJ� VHHQ� DQ
DQLPDWLRQ�� ,Q� FRQWUDVW� DOJRULWKPLF� FRPSRQHQWV� GR� QRW� KDYH� DQ� HDVLO\� LPDJLQDEOH� SK\VLFDO
IRUP��DQG�WKH�JUDSKLFDO�FRQYHQWLRQV�XVHG�WR�GHSLFW�WKHP��VXFK�DV�WKH�EORFNV�XVHG�LQ�)LJXUH���
WR�GHSLFW�DQ�DUUD\�RI�QXPEHUV��DUH�QRW� LQWXLWLYH��QRU�DUH�ZD\V�RI� LPDJLQLQJ� WKHLU�EHKDYLRUV�
7KHUHIRUH��PHQWDO� VLPXODWLRQ� TXHVWLRQV� DUH� SRVHG� RQO\� DIWHU� D� XVHU� KDV� VHHQ� DW� OHDVW� VRPH
DQLPDWLRQ�RI�WKH�DOJRULWKP�
7KH� IRXUWK� VHFWLRQ� RI� WKH� DOJRULWKPV� SUHVHQWDWLRQ� LV� LQWHQGHG� WR� UHLQIRUFH� WKLV� G\QDPLF

PHQWDO�PRGHO�E\�SUHVHQWLQJ�DQ�DQLPDWLRQ�RI�WKH�DOJRULWKP©V�RSHUDWLRQ�RQ�D�PXFK�ODUJHU�GDWD
VHW� �VHH� )LJXUH� �����ZLWKRXW� WKH� SRWHQWLDOO\� GLVWUDFWLQJ� SUHVHQFH� RI� WKH� SVHXGRFRGH�� WH[WXDO
GHVFULSWLRQ��DQG�GDWD�YDOXHV��7KLV�DQLPDWLRQ�LV�QRW�FKXQNHG��%HIRUH�WKH�DQLPDWLRQ�VWDUWV��WKH
V\VWHP� SURYLGHV� WKH� XVHU�ZLWK� DQ� RSSRUWXQLW\� WR�PDNH� SUHGLFWLRQV� DERXW� SDUDPHWHUV� RI� WKH
DOJRULWKP©V�EHKDYLRU�DQG�FRPSDUH�WKH�SUHGLFWHG�YDOXHV�DJDLQVW�DFWXDO�YDOXHV��7KLV�LV�D�VHFRQG
PHFKDQLVP�LQWHQGHG�WR�HQFRXUDJH�WKH�XVHU�WR�WU\�WR�PHQWDOO\�VLPXODWH�WKH�DOJRULWKP��WKH�ILUVW
PHFKDQLVP�LV�WKH�SRS�XS�TXHVWLRQV���,Q�WKLV�FDVH�WKH�XVHU�FDQ�HQWHU�KLV�RU�KHU�SUHGLFWLRQV�DQG
VXEVHTXHQWO\� FRPSDUH� WKHVH� ZLWK� DFWXDO� YDOXHV� WKDW� DUH� FRQWLQXRXVO\� XSGDWHG� ZKLOH� WKH
DQLPDWLRQ� LV� UXQQLQJ� �WKH�ERWWRP� ULJKW�SDUW� RI� )LJXUH������ 3ULRU� HPSLULFDO� UHVHDUFK� �%\UQH�
&DWUDPERQH� 	� 6WDVNR�� ������ KDV� VKRZQ� WKDW� PDNLQJ� SUHGLFWLRQV� LQFUHDVHV� WKH� H[WHQW� RI
VWXGHQW�OHDUQLQJ�IURP�ERWK�SULQWHG�PDWHULDOV�GHVFULELQJ�DOJRULWKPV�DQG�DOJRULWKP�DQLPDWLRQV�
7KH� ODVW� VHFWLRQ�� VHFWLRQ� ��� FRQWDLQV� VHYHUDO� PXOWLSOH�FKRLFH� TXHVWLRQV�� 7KLV� VHFWLRQ� LV

PDLQO\� LQWHQGHG� WR� JLYH� WKH� XVHU� DQ� RSSRUWXQLW\� WR� DVVHVV� WKH� NQRZOHGJH� KH� RU� VKH� JDLQHG
IURP�WKH�SUHVHQWDWLRQ�EHIRUH�WKH\�TXLW�WKH�SURJUDP��7KH�TXHVWLRQV�DUH�SUHGLFWLYH�LQ�QDWXUH��LQ
RUGHU�WR�HQFRXUDJH�WKH�XVHU�WR�IXUWKHU�SUDFWLFH�PHQWDO�VLPXODWLRQ�
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FIGURE 9. A screen from section 1 of
the algorithm presentation.



Narayanan & Hegarty

22

FIGURE 10. A screen from section 2 of
the algorithm presentation.

FIGURE 11. A screen from section 4 of
the algorithm presentation.
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6. Experiments with cognitively designed presentations in the algorithm
domain

7KLV� VHFWLRQ� VXPPDUL]HV� UHVXOWV� IURP� IRXU� H[SHULPHQWV� RQ� WKH� PXOWLPHGLD� DOJRULWKP
SUHVHQWDWLRQV�VFKHPDWL]HG�LQ�)LJXUH����LQ�ZKLFK�ZH�FRPSDUHG�OHDUQLQJ�IURP�RXU�SUHVHQWDWLRQV
WR�OHDUQLQJ�IURP�D�WH[WERRN�DQG�IURP�D�FRQYHQWLRQDO�DOJRULWKP�DQLPDWLRQ��$V�LQ�VHFWLRQ����ZH
ZLOO� UHIHU� WR� RXU�PXOWLPRGDO� SUHVHQWDWLRQV� DV� WKH� ¦FRJQLWLYHO\� GHVLJQHG§� SUHVHQWDWLRQV� DQG
RWKHU�SUHVHQWDWLRQV�DV�WKH�¦FRQYHQWLRQDO§�SUHVHQWDWLRQV�
$OO�H[SHULPHQWV�XVHG�WKH�IROORZLQJ�JHQHUDO�SURFHGXUH��6XEMHFWV�ZHUH�VHFRQG�RU�WKLUG�\HDU

XQGHUJUDGXDWH�VWXGHQWV�DW�$XEXUQ�8QLYHUVLW\�PDMRULQJ�LQ�FRPSXWHU�VFLHQFH��ZKR�YROXQWHHUHG
WR�SDUWLFLSDWH��*3$�DQG�6$7�$&7�VFRUHV�ZHUH�XVHG�WR�FUHDWH�WZR�PDWFKHG�JURXSV��D�FRQWURO
JURXS�DQG�DQ�H[SHULPHQWDO�JURXS��7KHLU�OHDUQLQJ�ZDV�PHDVXUHG�E\�PHDQV�RI�D�SUH�WHVW�SRVW�
WHVW� FRPELQDWLRQ� WKDW� SUREHG� FRQFHSWXDO� DQG� SURFHGXUDO� NQRZOHGJH� DERXW� DOJRULWKPV�
6WXGHQWV� ZHUH� WHVWHG� RQ� WKHLU� DELOLW\� WR� UHFRJQL]H� DQG� UHRUGHU� SVHXGRFRGH� GHVFULSWLRQV� RI
DOJRULWKPV�� PHQWDOO\� VLPXODWH� DOJRULWKPLF� RSHUDWLRQV�� DQG� SUHGLFW� UHVXOWLQJ� GDWD� VWUXFWXUH
FKDQJHV�� ,Q� HDFK� H[SHULPHQW�� VXEMHFWV� EHJDQ� ZLWK� D� SUH�WHVW� WR� PHDVXUH� SULRU� NQRZOHGJH
DERXW�WKH�DOJRULWKPV�XVHG�LQ�WKDW�H[SHULPHQW��7KHQ��WKH�JURXSV�OHDUQHG�DERXW�WKH�DOJRULWKPV
XVLQJ�GLIIHUHQW�SUHVHQWDWLRQ�PHWKRGV��)LQDOO\�WKH\�ZHUH�JLYHQ�D�SRVW�WHVW��1R�WLPH�OLPLW�ZDV
LPSRVHG� IRU� DQ\� RI� WKH� DFWLYLWLHV�� 7KH� DOJRULWKPV� WKDW� ZHUH� WDXJKW� ZHUH� QHZ� WR� DOO
SDUWLFLSDQWV�
)LUVW��LQ�WZR�H[SHULPHQWV��ZH�WHVWHG�WKH�K\SRWKHVLV�WKDW�D�FRJQLWLYHO\�GHVLJQHG�LQWHUDFWLYH

PXOWLPHGLD�SUHVHQWDWLRQ�RI�DQ�DOJRULWKP�ZRXOG�EH�PRUH�HIIHFWLYH�WKDQ�D�FRQYHQWLRQDO�SULQWHG
PXOWLPRGDO�GHVFULSWLRQ�WDNHQ�IURP�D�WH[WERRN��)RU�WKLV��ZH�FRPSDUHG�OHDUQLQJ�RXWFRPHV�IURP
ZRUNLQJ�ZLWK�RXU�K\SHUPHGLD�SUHVHQWDWLRQ� WR� WKRVH� IURP�ZRUNLQJ�ZLWK� D�PXOWLPRGDO� �WH[W�
SVHXGRFRGH� DQG� GLDJUDPV�� GHVFULSWLRQ� H[WUDFWHG� IURP� D� WH[WERRN� RQ� DOJRULWKPV� E\�:HLVV
�������� ZKLFK� LV� UHJXODUO\� XVHG� DW� $XEXUQ� 8QLYHUVLW\� IRU� WKH� XQGHUJUDGXDWH� FRXUVH
¦)XQGDPHQWDO� $OJRULWKP� 'HVLJQ� DQG� $QDO\VLV�§� 7KHVH� WZR� SUHVHQWDWLRQV� GLIIHUHG� LQ� WZR
ZD\V��)LUVW� WKH\�GLIIHUHG� LQ� WKH� FRQWHQW� RI� LQVWUXFWLRQ�� L�H���ZKDW� LQIRUPDWLRQ�ZDV�SUHVHQWHG
DQG�WKH�RUGHU�LQ�ZKLFK�LW�ZDV�SUHVHQWHG��6HFRQG��WKH\�GLIIHUHG�LQ�WKH�IRUPDW�RI�LQVWUXFWLRQ�L�H��
WKH�PHGLD�DQG�PRGDOLWLHV�LQ�ZKLFK�WKHVH�GLIIHUHQW�W\SHV�RI�LQIRUPDWLRQ�ZHUH�SUHVHQWHG��VWDWLF
GLDJUDPV�YV�DQLPDWLRQV��OLQHDU�WH[W�YHUVXV�K\SHUWH[W��HWF���
7KH�VXEMHFW�PDWWHU�RI�WKH�ILUVW�H[SHULPHQW�ZDV�WKH�0HUJH�6RUW�DOJRULWKP��6L[WHHQ�VWXGHQWV

ZHUH�DVVLJQHG�WR�WKH�H[SHULPHQWDO�JURXS�WR�ZRUN�ZLWK�DQ�LQWHUDFWLYH�PXOWLPHGLD�SUHVHQWDWLRQ
GHVFULELQJ� WKH� DOJRULWKP�� 7ZHOYH� VWXGHQWV�ZHUH� DVVLJQHG� WR� WKH� FRQWURO� JURXS� DQG�ZRUNHG
ZLWK� D� FKDSWHU� IURP� WKH� WH[WERRN� GHVFULELQJ� WKH� DOJRULWKP�� ,Q� WKH� VHFRQG� H[SHULPHQW�� ZH
WDXJKW� WZR� DOJRULWKPV�� 0HUJH� 6RUW� DQG� 4XLFN� 6RUW�� 7ZHQW\�WZR� WKLUG�\HDU� XQGHUJUDGXDWH
VWXGHQWV�SDUWLFLSDWHG��(OHYHQ�VWXGHQWV�ZHUH�DVVLJQHG� WR� WKH�H[SHULPHQWDO� JURXS� DQG�ZRUNHG
ZLWK�LQWHUDFWLYH�PXOWLPHGLD�SUHVHQWDWLRQV�GHVFULELQJ�WKH�WZR�DOJRULWKPV�DQG�HOHYHQ�VWXGHQWV
LQ�WKH�FRQWURO�JURXS�ZRUNHG�ZLWK�FKDSWHUV�IURP�WKH�WH[WERRN��7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ
7DEOH� ��� 7KH� SUH�WHVW� UHVXOWV� LQGLFDWH� WKDW� ERWK� JURXSV� ZHUH� HTXDOO\� XQIDPLOLDU� ZLWK� WKH
DOJRULWKPV� XVHG�� 7KH� SRVW�WHVW� VFRUHV� DQG� SUH�WR�SRVW�WHVW� LPSURYHPHQWV� VKRZ� WKDW� WKH
H[SHULPHQWDO�JURXS�OHDUQHG�VLJQLILFDQWO\�PRUH�WKDQ�WKH�FRQWURO�JURXS�
6HFRQG��ZH� WHVWHG� WKH�K\SRWKHVLV� WKDW� D� FRJQLWLYHO\�GHVLJQHG�K\SHUPHGLD�SUHVHQWDWLRQ�RI

DOJRULWKPV�ZRXOG�EH�VXSHULRU�WR�D�FRQYHQWLRQDO�DOJRULWKP�DQLPDWLRQ�WKDW�ZDV�QRW�LQIRUPHG�E\
RXU�FRPSUHKHQVLRQ�PRGHO�DQG�GHVLJQ�SULQFLSOHV��7R�DQVZHU� WKLV�TXHVWLRQ��ZH�FRQGXFWHG�DQ
H[SHULPHQW�WR�FRPSDUH�OHDUQLQJ�RXWFRPHV�IURP�ZRUNLQJ�ZLWK�RXU�K\SHUPHGLD�SUHVHQWDWLRQ�WR
ZRUNLQJ�ZLWK�WZR�SUHVHQWDWLRQV��DQ�DOJRULWKP�DQLPDWLRQ�UHSUHVHQWDWLYH�RI�SUHYLRXV� UHVHDUFK
RQ�WKLV�WRSLF�DQG�D�WH[WXDO�VXSSOHPHQW��7KH�DOJRULWKP�DQLPDWLRQ�ZH�XVHG�ZDV�DQ�LQWHUDFWLYH
PXOWLPHGLD� SUHVHQWDWLRQ� �DQ� DQLPDWLRQ� WDNHQ� IURP� D� SXEOLF� GLVWULEXWLRQ� RI� WKH� 7$1*2
DOJRULWKP�DQLPDWLRQ� VRIWZDUH�� VHH�6WDVNR�� ������� EXW�ZDV� QRW� GHVLJQHG� LQ� DFFRUGDQFH�ZLWK
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RXU�FRPSUHKHQVLRQ�PRGHO��,W�DOVR�GLG�QRW�FRQWDLQ�DQ\�K\SHUWH[W�H[SODQDWLRQV��7R�FRPSHQVDWH
IRU�WKH�ODFN�RI�K\SHUWH[W��DQG�WR�PDNH�WKLV�H[SHULPHQW�FRPSDUDEOH�WR�RWKHU�H[SHULPHQWV�XVLQJ
7$1*2�VW\OH� DQLPDWLRQV� SUHYLRXVO\� UHSRUWHG� LQ� WKH� OLWHUDWXUH� �H�J�� %\UQH�� &DWUDPERQH� 	
6WDVNR���������ZH�SURYLGHG�DQ�H[FHUSW�IURP��:HLVV��������DV�D�VXSSOHPHQW��7KLV�H[WUDFW�ZDV
VLPLODU�LQ�VW\OH�DQG�FRQWHQW�WR�WKH�SULQWHG�PDWHULDOV�XVHG�LQ�WKH�SUHYLRXV�H[SHULPHQWV��7KXV�
WKH� WZR� SUHVHQWDWLRQV� GLIIHUHG� LQ� WKH� FRQWHQW� RI� LQVWUXFWLRQ�� DQG� GLIIHUHG� VRPHZKDW� LQ� WKH
PHGLD� DQG�PRGDOLWLHV� LQ�ZKLFK� WKH� LQIRUPDWLRQ�ZDV� SUHVHQWHG�� 7KDW� LV�� DOWKRXJK� WKH\� ERWK
SUHVHQWHG�DQLPDWLRQV��RQH�FRQWDLQHG�K\SHUWH[W�ZKLOH�WKH�RWKHU�FRQWDLQHG�VWDWLF�WH[W�
7KH� VXEMHFW�PDWWHU� LQ� WKLV� H[SHULPHQW� ZDV� D� JUDSK� DOJRULWKP� �'LMNVWUD©V� 6KRUWHVW� 3DWK��

GLIIHUHQW� LQ� VW\OH� DQG� PRUH� FRPSOH[� WKDQ� WKH� VRUWLQJ� DOJRULWKPV� XVHG� LQ� WKH� SUHYLRXV
H[SHULPHQWV�� 7KH� H[SHULPHQWDO� JURXS� ZRUNHG� ZLWK� D� FRJQLWLYHO\� GHVLJQHG� LQWHUDFWLYH
PXOWLPHGLD�SUHVHQWDWLRQ�RI�WKLV�DOJRULWKP��7KH�FRQWURO�JURXS�KDG�DFFHVV�WR�ERWK�DQ�LQWHUDFWLYH
FRQYHQWLRQDO� DQLPDWLRQ� RI� WKLV� DOJRULWKP� DQG� D� WH[WERRN� H[FHUSW�� 7KLUW\�HLJKW� WKLUG�\HDU
VWXGHQWV�SDUWLFLSDWHG�����LQ� WKH�H[SHULPHQWDO�JURXS�DQG����LQ� WKH�FRQWURO�JURXS��7KH�UHVXOWV
DUH�VXPPDUL]HG�LQ�7DEOH����7KH�SRVW�WHVW�VFRUHV�DQG�SUH�WR�SRVW�WHVW�LPSURYHPHQWV�VKRZ�WKDW
WKH� JURXS� WKDW� ZRUNHG� ZLWK� RXU� LQWHUDFWLYH� PXOWLPHGLD� SUHVHQWDWLRQ� VLJQLILFDQWO\
RXWSHUIRUPHG�WKH�FRQWURO�JURXS�
7KLUG��ZH�FRPSDUHG�SHUIRUPDQFH�RQ�WKH�FRJQLWLYHO\�GHVLJQHG�K\SHUPHGLD�SUHVHQWDWLRQ�WR�D

SULQWHG�YHUVLRQ�RI�WKH�VDPH�PDWHULDOV��7KH�LQIRUPDWLRQ�FRQWHQW�RI�WKHVH�WZR�SUHVHQWDWLRQV�ZDV
WKH� VDPH� LQ� WKDW� WKH\� SUHVHQWHG� WKH� VDPH� GLDJUDPV� DQG� WH[W�� +RZHYHU�� WKH\� GLIIHUHG� ZLWK
UHVSHFW�WR�WKH�PHGLD�DQG�PRGDOLWLHV�XVHG�WR�FRPPXQLFDWH�WKH�LQIRUPDWLRQ��7KH�VWDWLF�SULQWHG
YHUVLRQ�ZDV�SURGXFHG�IURP�WKH�FRPSXWHU�EDVHG�SUHVHQWDWLRQ��SUHVHUYLQJ� WKH� VDPH�VHTXHQFH
RI�VFUHHQV��YHUEDO�LQIRUPDWLRQ��DQG�GLDJUDPV��:KHQ�WKH�RULJLQDO�KDG�DQ�DQLPDWLRQ��WKH�SULQWHG
FRXQWHUSDUW�FRQWDLQHG�D�VHTXHQFH�RI�GLDJUDPV�VKRZLQJ�WKH�LQLWLDO�VWDWH�RI�WKH�DQLPDWLRQ��WKH
ILQDO� VWDWH�� DQG� VHYHUDO� LQWHUPHGLDWH� VWDWHV�� +\SHUOLQNV� WR� DGGLWLRQDO� H[SODQDWLRQV� LQ� WKH
RULJLQDO� ZHUH� UHSODFHG� E\� SDUHQWKHWLFDO� UHIHUHQFHV� WR� SDJHV� RI� DQ� DSSHQGL[� FRQWDLQLQJ� WKH
VDPH�H[SODQDWLRQV��7KXV��LQWHUDFWLYH�IDFLOLWLHV�ZHUH�UHSODFHG�E\�VWDWLF�FRXQWHUSDUWV�ZKHUHYHU
SRVVLEOH�� 7KH� RQO\� GLIIHUHQFHV� EHWZHHQ� WKH� LQWHUDFWLYH� DQG� SULQWHG� YHUVLRQV� ZHUH� ODFN� RI
G\QDPLVP� �L�H��� VPRRWK� DQLPDWLRQV� ZHUH� UHSODFHG� ZLWK� D� VHULHV� RI� SLFWXUHV�� DQG� ODFN� RI
LQWHUDFWLYH� FRQWUROV� WKDW� FRXOG� QRW� EH� VXEVWLWXWHG� RQ� SDSHU� �H�J�� DQLPDWLRQ� VSHHG� FRQWUROV�
FRQWUROV�IRU�FKDQJLQJ�WKH�GDWD�LQSXW�WR�DQLPDWLRQV��
,Q�WKLV�H[SHULPHQW�WKH�4XLFN6RUW�DOJRULWKP�ZDV�SUHVHQWHG�WR�WKH�H[SHULPHQWDO�JURXS�XVLQJ

DQ�LQWHUDFWLYH�PXOWLPHGLD�SUHVHQWDWLRQ�DQG�WR�WKH�FRQWURO�JURXS�XVLQJ�D�SULQWHG�YHUVLRQ�RI�WKH
VDPH� SUHVHQWDWLRQ�� 7KLUW\�HLJKW� WKLUG�\HDU� XQGHUJUDGXDWH� VWXGHQWV� SDUWLFLSDWHG�� 7KH� UHVXOWV�
VXPPDUL]HG�LQ�7DEOH����LQGLFDWH�WKDW�WKH�JURXSV�SHUIRUPHG�DW�VLPLODU�OHYHOV�RQ�ERWK�WKH�SUH�
WHVW�DQG�SRVW�WHVW��7KXV��WKH�NQRZOHGJH�WKH\�JDLQHG�IURP�WKH�LQWHUDFWLYH�PXOWLPHGLD�DQG�VWDWLF
PXOWLPRGDO�SUHVHQWDWLRQV�LV�FRPSDUDEOH�
,Q�VXPPDU\��H[SHULPHQWV�LQ�WKH�GRPDLQ�RI�FRPSXWHU�DOJRULWKPV�UHSOLFDWH�WKH�UHVXOWV�RI�WKH

H[SHULPHQW�LQ�WKH�GRPDLQ�RI�PDFKLQHV��,Q�ERWK�GRPDLQV��PXOWLPRGDO�SUHVHQWDWLRQV�WKDW�ZHUH
GHVLJQHG� DFFRUGLQJ� WR� RXU� FRJQLWLYH�PRGHO� ZHUH� PRUH� HIIHFWLYH� WKDQ� FRQYHQWLRQDO� SULQWHG
PDWHULDOV� DQG� FRQYHQWLRQDO� LQWHUDFWLYH� SUHVHQWDWLRQV�� $OVR� LQ� ERWK� GRPDLQV�� WKHUH� ZDV� QR
GLIIHUHQFH� LQ� OHDUQLQJ� RXWFRPHV� IURP� FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQV� DQG
SULQWHG� YHUVLRQV� RI� WKH� VDPH�PDWHULDOV�� ,Q� ERWK� GRPDLQV�� WKHUHIRUH�� LW� DSSHDUV� WKDW� LW� LV� WKH
FRQWHQW�DQG�VWUXFWXUH�RI� LQVWUXFWLRQDO�PDWHULDOV�� DQG�QRW� WKH�PHGLD� DQG�PRGDOLWLHV� LQ�ZKLFK
WKH\�DUH�SUHVHQWHG�WKDW�DUH�LPSRUWDQW�IRU�FRPSUHKHQVLRQ�DQG�OHDUQLQJ�
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TABLE 1
Statistical summary of experiments 1 and 2

Experiment 1 Pre-Test Post-Test Improvement
Control Group 27% 43% 16%

Experimental Group 28% 74% 46%
F(1,27) 0.01 10.9 6.7

Significance level p<0.93 p<0.003 p<0.015
Experiment 2
Control Group 27% 44% 17%

Experimental Group 26% 63% 37%
F(1,21) 0.02 4.96 9.29

Significance level p<0.89 p<0.038 p<0.006

TABLE 2
Statistical summary of experiment 3

Experiment 2 Pre-Test Post-Test Improvement
Control Group 23% 71% 48%
Experimental Group 22% 89% 68%
F(1,37) 0.01 12.75 4.79
Significance level p<0.91 p<0.001 p<0.035

TABLE 3
Statistical summary of experiment 4

Experiment 3 Pre-Test Post-Test Improvement
Control Group 7.048 11.095 4.048
Experimental Group 5.444 10 4.5
F(1,37) 0.629 0.6 0.163
Significance level p=0.329 p=0.283 p=0.689

/LNH� WKH� H[SHULPHQW� LQ� WKH� GRPDLQ� RI� PHFKDQLFV�� WKLV� H[SHULPHQW� ZDV� QRW� FRPSOHWHO\
FRQWUROOHG�� LQ� WKDW� WKHUH� ZHUH� PDQ\� GLIIHUHQFHV� EHWZHHQ� WKH� FRQYHQWLRQDO� DOJRULWKP
SUHVHQWDWLRQV� DQG� WKH� FRJQLWLYHO\� GHVLJQHG� DOJRULWKP� SUHVHQWDWLRQV�� 7KH� PRVW� LPSRUWDQW
GLIIHUHQFH�LV�WKH�SUHVHQFH�RI�VHFWLRQV�DQG�IHDWXUHV� LQ� WKH�FRJQLWLYHO\�EDVHG�SUHVHQWDWLRQ�WKDW
VXSSRUW�HYHU\�VWDJH�RI� WKH�FRPSUHKHQVLRQ�PRGHO��7KXV��IRU�DQ\�VWDJH�LQ� WKH�FRPSUHKHQVLRQ
PRGHO�RQH�FDQ�ILQG�RQH�RU�PRUH�FRUUHVSRQGLQJ�SDUWV�LQ�WKH�FRJQLWLYHO\�EDVHG�SUHVHQWDWLRQ�DQG
YLFH�YHUVD��&RQYHQWLRQDO�SUHVHQWDWLRQV�VXFK�DV�WH[WERRN�H[FHUSWV�RU�WKH�DOJRULWKP�DQLPDWLRQ
XVHG� LQ� WKH� H[SHULPHQWV� GLG� FRQWDLQ� SDUWV� WKDW� FRXOG� KDYH� IDFLOLWDWHG� VRPH� VWDJHV� RI� WKH
FRPSUHKHQVLRQ�PRGHO��)RU�LQVWDQFH��DQ�DQLPDWLRQ�FDQ�FRQYH\�WKH�ORJLFDO�OLQHV�RI�DFWLRQ�LQ�WKH
RSHUDWLRQ�RI�DQ�DOJRULWKP��$�WH[WXDO�GHVFULSWLRQ�PD\�H[SODLQ�LQ�GHWDLO�WKH�YDULRXV�FRPSRQHQWV
RI� DQ� DOJRULWKP�� +RZHYHU�� QRQH� RI� WKH� FRQYHQWLRQDO� SUHVHQWDWLRQV� KDG� SDUWV� WKDW� WRJHWKHU
IDFLOLWDWHG�DOO�VWDJHV�RI�WKH�FRJQLWLYH�PRGHO��7KH�UHVXOWV�RI�WKH�H[SHULPHQWV�WKHUHIRUH�VKRXOG
EH�LQWHUSUHWHG�WR�PHDQ�WKDW�D�SUHVHQWDWLRQ�WKDW�IDFLOLWDWHV�DOO�VWDJHV�RI�WKH�PRGHO�LV�VXSHULRU�WR
FRQYHQWLRQDO�SUHVHQWDWLRQV��7KLV�VHW�RI�H[SHULPHQWV�FDQQRW�DQVZHU�WKH�TXHVWLRQ�RI�ZKDW�PLJKW
EH� WKH�GLIIHUHQWLDO�FRQWULEXWLRQ�RI�DQ\�SDUW�RI� WKH�FRJQLWLYHO\�EDVHG�SUHVHQWDWLRQ� IDFLOLWDWLQJ
VSHFLILF�VWDJHV�RI�WKH�PRGHO�WR�WKH�RYHUDOO�FRPSUHKHQVLRQ�
:H� FDQ�� KRZHYHU�� VXJJHVW� VHYHUDO� OLNHO\� UHDVRQV� IRU� WKH� GLIIHUHQFHV� LQ� FRPSUHKHQVLRQ

RXWFRPHV��)LUVW�� WKH�DQDORJ\�WKDW�D�XVHU�VHHV�DW� WKH�EHJLQQLQJ�VHHPV�WR�IXQFWLRQ�DV�D�EULGJH
EHWZHHQ�SULRU�NQRZOHGJH�DQG�WKH�QRYHO�DQG�DEVWUDFW�EHKDYLRUV�DQ�DOJRULWKP�H[KLELWV��+DQVHQ
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������� FRPSDUHG� FRPSUHKHQVLRQ� RXWFRPHV� IURP� WKH� IXOO� PXOWLPHGLD� SUHVHQWDWLRQ� DQG� D
YHUVLRQ� WKDW� RPLWWHG� WKLV� DQDORJ\��6XEMHFWV�ZKR� VDZ�YHUVLRQV� LQ�ZKLFK� WKH� DQDORJ\� VHFWLRQ
ZDV�SUHVHQW�VLJQLILFDQWO\�RXWSHUIRUPHG�WKRVH�ZKR�VDZ�WKH�YHUVLRQ�LQ�ZKLFK�WKH�DQDORJ\�ZDV
UHPRYHG�
6HFRQG��D�VLPLODU�¦DEODWLRQ§�VWXG\��+DQVHQ��������VKRZHG�D�WUHQG�IRU�VWXGHQWV�ZKR�VDZ�WKH

FRPSOHWH�YHUVLRQ�RI� WKH� FRJQLWLYHO\�GHVLJQHG�SUHVHQWDWLRQ� WR� OHDUQ�PRUH� WKDQ� VWXGHQWV�ZKR
VDZ�RQO\�VHFWLRQ���RI�WKH�SUHVHQWDWLRQ��GHWDLOHG�DQLPDWLRQ�ZLWK�KLJKOLJKWHG�SVHXGRFRGH�DQG
RWKHU� LQIRUPDWLRQ��� 7KLV� ODWWHU� JURXS� VLJQLILFDQWO\� RXWSHUIRUPHG� D� JURXS� WKDW� VDZ� RQO\� WKH
DQDORJ\��VHFWLRQ�����)LQDOO\��WKH�JURXS�ZKR�VDZ�RQO\�WKH�DQDORJ\�GLG�VLJQLILFDQWO\�EHWWHU�WKDQ
D�JURXS�ZKR�VDZ�RQO\�VHFWLRQ����WKH�EURDG�DQLPDWLRQ�ZLWK�SUHGLFWLRQV��
7KLUG�� FRPSDUHG� WR� WKH� GHWDLOHG� DQLPDWLRQ� LQ� WKH� FRJQLWLYHO\� GHVLJQHG� SUHVHQWDWLRQ�� WKH

FRQYHQWLRQDO� DQLPDWLRQ� ZDV� QRW� FKXQNHG�� DQG� GLG� QRW� VLPXOWDQHRXVO\� VKRZ� DQ\� RWKHU
SUHVHQWDWLRQ�VXFK�DV�WKH�SVHXGRFRGH�ZLWK�V\QFKURQRXV�KLJKOLJKWLQJ�RI�VWHSV�EHLQJ�H[HFXWHG�LQ
WKH� DQLPDWLRQ�� 7KXV�� WKH� SUHVHQWDWLRQ� RI� GLIIHUHQW� UHSUHVHQWDWLRQV� VLPXOWDQHRXVO\�� ZLWK
UHIHUHQWLDO�FRQQHFWLRQV�H[SOLFLWO\�SRLQWHG�RXW� LQ� WKHVH� UHSUHVHQWDWLRQV��PD\�EH� DQ�DGGLWLRQDO
VRXUFH�RI�WKH�LPSURYHG�FRPSUHKHQVLRQ�RXWFRPHV�IRU�WKH�FRJQLWLYHO\�GHVLJQHG�SUHVHQWDWLRQV�

7. General discussion

,Q� VXPPDU\�� WKLV� UHVHDUFK� EHJDQ� E\� SUHVHQWLQJ� D� FRJQLWLYH� PRGHO� RI� PXOWLPRGDO
FRPSUHKHQVLRQ��7KLV�PRGHO�ZDV�DSSOLHG�WR�GHYHORS�PXOWLPHGLD�SUHVHQWDWLRQV�LQ�WKH�GRPDLQV
RI� PHFKDQLFV� DQG� FRPSXWHU� DOJRULWKPV�� 7KH� SUHVHQWDWLRQV� ZHUH� WKHQ� FRPSDUHG� WR
FRQYHQWLRQDO�SULQWHG�DQG�PXOWLPHGLD�SUHVHQWDWLRQV�DQG�WR�SULQWHG�YHUVLRQV�RI�WKHPVHOYHV��,Q
ERWK�GRPDLQV��PXOWLPRGDO�SUHVHQWDWLRQV�WKDW�ZHUH�GHVLJQHG�DFFRUGLQJ�WR�RXU�FRJQLWLYH�PRGHO
ZHUH� PRUH� HIIHFWLYH� WKDQ� FRQYHQWLRQDO� SULQWHG� PDWHULDOV� DQG� FRQYHQWLRQDO� PXOWLPHGLD
SUHVHQWDWLRQV�� $OVR� LQ� ERWK� GRPDLQV�� WKHUH� ZDV� QR� GLIIHUHQFH� LQ� OHDUQLQJ� RXWFRPHV� IURP
FRJQLWLYHO\� GHVLJQHG� K\SHUPHGLD� SUHVHQWDWLRQV� DQG� SULQWHG� YHUVLRQV� RI� WKH� VDPH�PDWHULDOV�
:H�FRQFOXGH�WKDW�LW�LV�WKH�FRQWHQW�DQG�VWUXFWXUH�RI�LQVWUXFWLRQDO�PDWHULDOV��DQG�QRW�WKH�PHGLD
DQG� PRGDOLWLHV� LQ� ZKLFK� WKH\� DUH� SUHVHQWHG�� WKDW� DUH� LPSRUWDQW� IRU� FRPSUHKHQVLRQ� DQG
OHDUQLQJ�
2XU� UHVHDUFK�SURJUDP�VWDUWHG�ZLWK� WKH�GHYHORSPHQW�RI� D� FRJQLWLYH�PRGHO� RI� KRZ�SHRSOH

XQGHUVWDQG� WKH� ZRUNLQJV� RI� D� PDFKLQH� IURP� D� SUHVHQWDWLRQ� FRQWDLQLQJ� WH[W� DQG� GLDJUDPV
�1DUD\DQDQ�	�+HJDUW\���������7KLV�PRGHO�ZDV�GHULYHG�IURP�RXU�SULRU�UHVHDUFK�DQG�D�ZHDOWK
RI� OLWHUDWXUH�RQ�GLDJUDPPDWLF� UHDVRQLQJ��H�J��*ODVJRZ�HW�DO���������� ,W� FDQ�EH�YLHZHG�DV� DQ
H[WHQVLRQ�RI�FRQVWUXFWLYLVW� WKHRULHV�RI� WH[W�SURFHVVLQJ��H�J���&KL�HW�DO���������.LQWVFK�������
6LPLODU� WR� WKHVH� WKHRULHV�� RXU� PRGHO� YLHZV� FRPSUHKHQVLRQ� DV� D� SURFHVV� LQ� ZKLFK� WKH
FRPSUHKHQGHU� XVHV� KLV� RU� KHU� SULRU� NQRZOHGJH� RI� WKH� GRPDLQ� DQG� LQWHJUDWHV� LW� ZLWK� WKH
SUHVHQWHG� LQIRUPDWLRQ� WR� FRQVWUXFW� ILUVW� D� VWDWLF�� DQG� WKHQ� D� G\QDPLF��PHQWDO�PRGHOV� RI� WKH
V\VWHP� GHVFULEHG�� ,Q� DGGLWLRQ� WR� WH[W� FRPSUHKHQVLRQ� VNLOOV�� RXU� PRGHO� SURSRVHV� WKDW
FRPSUHKHQVLRQ� LV� GHSHQGHQW� RQ� VSDWLDO� VNLOOV� IRU� HQFRGLQJ� DQG� LQIHUULQJ� LQIRUPDWLRQ� IURP
JUDSKLF�GLVSOD\V��+HJDUW\�DQG�.R]KHYQLNRY��������DQG�LQWHJUDWLQJ�LQIRUPDWLRQ�IURP�WH[W�DQG
JUDSKLFV��+HJDUW\�	�-XVW��������
,Q� DQ� HDUOLHU� SDSHU� �1DUD\DQDQ� 	� +HJDUW\�� ������ ZH� SURSRVHG� DQ� LQLWLDO� PRGHO� RI

PXOWLPRGDO� FRPSUHKHQVLRQ� DQG� GHPRQVWUDWHG� KRZ� LW� FRXOG� EH� DSSOLHG� WR� GHVLJQLQJ� D
K\SHUPHGLD� SUHVHQWDWLRQ� LQ� WKH� GRPDLQ� RI� PHFKDQLFV�� $V� GHVFULEHG� LQ� GHWDLO� DERYH�� WKLV
PRGHO� SURSRVHV� WKDW� SHRSOH� FRQVWUXFW� D� PHQWDO� PRGHO� RI� D� G\QDPLF� V\VWHP� E\� ILUVW
GHFRPSRVLQJ� LW� LQWR� VLPSOHU� FRPSRQHQWV�� UHWULHYLQJ� UHOHYDQW� EDFNJURXQG� NQRZOHGJH� DERXW
WKHVH� FRPSRQHQWV�� DQG� PHQWDOO\� HQFRGLQJ� WKH� UHODWLRQV� �VSDWLDO� RU� ORJLFDO�� EHWZHHQ
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FRPSRQHQWV� WR� FRQVWUXFW� D� VWDWLF�PHQWDO�PRGHO�RI� WKH� V\VWHP��7KH\� WKHQ�PHQWDOO\� VLPXODWH
WKLV�VWDWLF�PHQWDO�PRGHO��EHJLQQLQJ�ZLWK�VRPH�LQLWLDO�FRQGLWLRQV�DQG�LQIHUULQJ�WKH�EHKDYLRUV�RI
SK\VLFDO�RU� ORJLFDO�FRPSRQHQWV�RQH�E\�RQH� LQ�RUGHU�RI� WKH�FKDLQ�RI�FDXVDOLW\�RU� ORJLF��7KLV
PHQWDO� VLPXODWLRQ� GHSHQGV� RQ� SULRU� NQRZOHGJH� �H�J�� UXOHV� WKDW� JRYHUQ� WKH� EHKDYLRU� RI� WKH
V\VWHP� LQ� TXHVWLRQ�� DQG� YLVXDOL]DWLRQ� SURFHVVHV� ZKHQ� SK\VLFDO� FRPSRQHQWV� ZLWK� VSDWLDO
EHKDYLRUV�DUH�LQYROYHG��FI��+HJDUW\���������$OWKRXJK�WKH�RULJLQDO�PRGHO�ZDV�GHYHORSHG�IURP
SULRU� UHVHDUFK� UHVXOWV� UHJDUGLQJ� FRPSUHKHQVLRQ� RI� WH[W� DQG� GLDJUDPV�� LW� KDG� QRW� EHHQ
HPSLULFDOO\�YDOLGDWHG�DW�WKDW�WLPH�
7KH�ILUVW�FRQWULEXWLRQ�RI� WKH�UHVHDUFK�SUHVHQWHG�LQ� WKLV�SDSHU� LV�DQ�HPSLULFDO�YDOLGDWLRQ�RI

WKLV�PRGHO�� ,Q� ILYH� H[SHULPHQWV� LQYROYLQJ� WZR� YHU\� GLIIHUHQW� GRPDLQV�� ZH� HVWDEOLVKHG� WKDW
LQWHUDFWLYH� K\SHUPHGLD� SUHVHQWDWLRQV� GHVLJQHG� DFFRUGLQJ� WR� WKH� FRPSUHKHQVLRQ� PRGHO� DUH
PRUH� HIIHFWLYH� WKDQ� ERWK� FRQYHQWLRQDO� VWDWLF� PXOWLPRGDO� SUHVHQWDWLRQV� DQG� FRQYHQWLRQDO
LQWHUDFWLYH�PXOWLPHGLD�SUHVHQWDWLRQV��7KH�PRGHO�ZDV� JHQHUDOL]HG� DQG� UHILQHG� DV� D� UHVXOW� RI
WKHVH�H[SHULPHQWV�
7KH� VHFRQG� FRQWULEXWLRQ�RI� WKLV� SDSHU� LV� D�GHPRQVWUDWLRQ� WKDW� FRJQLWLYHO\� GHVLJQHG� VWDWLF

PXOWLPRGDO� �SULQWHG��DQG� LQWHUDFWLYH�PXOWLPHGLD� �FRPSXWHU�EDVHG��SUHVHQWDWLRQV�DUH�HTXDOO\
HIIHFWLYH� LQ� FRPPXQLFDWLQJ� WR� QRYLFH� OHDUQHUV�� 7KLV� VXJJHVWV� WKDW� WKH� HIIHFWLYHQHVV� RI
FRJQLWLYHO\� GHVLJQHG� SUHVHQWDWLRQV� VWHPV� SULPDULO\� IURP� VWUXFWXUH� DQG� FRQWHQW� WKDW� FDQ� EH
UHSOLFDWHG�RQ�SDSHU��DQG�QRW�IURP�WKH�LQWHUDFWLYLW\�DQG�DQLPDWLRQ�DIIRUGHG�E\�QHZ�PHGLD�� ,W
VKRXOG�RI�FRXUVH�EH�QRWHG�WKDW�SDSHU�GRHV�IDFLOLWDWH�VHYHUDO�NLQGV�RI�LQWHUDFWLRQV��VXFK�DV�SDJH
WXUQLQJ�DQG�UHJUHVVLRQV�WR�SUHYLRXVO\� UHDG�VHFWLRQV��%\�¦LQWHUDFWLYLW\§�ZH�VSHFLILFDOO\�PHDQ
IDFLOLWLHV��VXFK�DV�IROORZLQJ�D�K\SHUOLQN�RU�VSHHGLQJ�XS�DQ�DQLPDWLRQ��WKDW�DUH�DYDLODEOH�RQO\
RQ�D�FRPSXWHU�
7KH�WKLUG�FRQWULEXWLRQ�RI�WKLV�SDSHU�LV�DQ�LOOXVWUDWLRQ�RI�KRZ�WKH�GHVLJQ�SULQFLSOHV�GHULYHG

IURP�WKH�PRGHO�FDQ�EH�XVHG�WR�EXLOG�HIIHFWLYH�K\SHUPHGLD�SUHVHQWDWLRQV��7RZDUG�WKLV�HQG��ZH
H[SODLQHG� KRZ� ZH� XVHG� WKHVH� SULQFLSOHV� WR� GHVLJQ� DQG� UHYLVH� LQWHUDFWLYH� K\SHUPHGLD
SUHVHQWDWLRQV�LQ� WKH�GRPDLQ�RI�PHFKDQLFV��:H�DOVR�JHQHUDOL]HG�RXU�GHVLJQ�SULQFLSOHV� WR� WKH
YHU\� GLIIHUHQW� GRPDLQ� RI� FRPSXWHU� DOJRULWKPV�� 7KH� JHQHULF� VWUXFWXUHV� IRU� WKH�PDFKLQH� DQG
DOJRULWKP�SUHVHQWDWLRQV�VKRZQ�LQ�)LJXUHV�������DQG���VKRXOG�EH�RI�DVVLVWDQFH�WR�GHVLJQHUV�RI
LQWHUDFWLYH�SUHVHQWDWLRQV�ZKR�ZLVK�WR�XVH�RXU�PRGHO�WR�LQIRUP�WKHLU�GHVLJQV��7KLV�PRGHO�WKXV
H[HPSOLILHV� WKH� DSSOLFDWLRQ� RI� UHVHDUFK� UHVXOWV� IURP� GLDJUDPPDWLF� UHDVRQLQJ� DQG� FRJQLWLYH
SV\FKRORJ\� WR� KXPDQ�FRPSXWHU� LQWHUDFWLRQ�� E\� SURYLGLQJ� D� IUDPHZRUN� IRU� WKH� GHVLJQ� RI
FRPPXQLFDWLYHO\�HIILFDFLRXV�K\SHUPHGLD�DQG�PXOWLPHGLD�SUHVHQWDWLRQV�
)LQDOO\��EDVLF�UHVHDUFK�FRQGXFWHG�RYHU�WKH�ODVW���\HDUV��LQFOXGLQJ�WKH�UHVHDUFK�SUHVHQWHG�LQ

WKLV�SDSHU��KDV�OHDG�WR�VRPH�UHYLVLRQV�RI�WKH�RULJLQDO�IRUPDOL]DWLRQ�RI�RXU�PRGHO�DQG�GHVLJQ
JXLGHOLQHV��2QH�GLIIHUHQFH�LV�WKDW�LQ�WKH�UHYLVHG�PRGHO�ZH�KDYH�LQFOXGHG�D�QHZ�VWDJH��WKDW�RI
XQGHUVWDQGLQJ�WKH�EDVLF�SULQFLSOHV�XQGHUO\LQJ�WKH�V\VWHP�EHLQJ�H[SODLQHG��$QRWKHU�GLIIHUHQFH
LV� WKDW� LQ� WKH� RULJLQDO�PRGHO��ZH� SURSRVHG� KDYLQJ� D� VHFWLRQ� LQ� WKH�PXOWLPHGLD� SUHVHQWDWLRQ
FRUUHVSRQGLQJ� WR� HDFK� VHFWLRQ�RI� WKH� FRPSUHKHQVLRQ�PRGHO�� 3UHOLPLQDU\� WHVWV� RI� WKH�PRGHO
�+HJDUW\�HW�DO���������VXJJHVWHG�WKDW�WKLV�ZDV�QRW�QHFHVVDU\��DQG�LQ�IDFW�PD\�EH�GHWULPHQWDO�WR
FRPSUHKHQVLRQ�� 6R� LQ� PRUH� UHFHQW� YHUVLRQV� RI� RXU� SUHVHQWDWLRQV�� VHFWLRQV� DUH� GHVLJQHG� WR
IDFLOLWDWH� VHYHUDO� VWDJHV� RI� FRPSUHKHQVLRQ� �H�J��� PDNLQJ� UHIHUHQWLDO� FRQQHFWLRQV�
XQGHUVWDQGLQJ� SURSDJDWLRQ� RI� FDXVDOLW\� DQG� FRQVWUXFWLQJ� D� G\QDPLF� PHQWDO� PRGHO� RI� WKH
V\VWHP��� 7KLV� LV� EHVW� LOOXVWUDWHG� LQ� WKH� HYROXWLRQ� RI� WKH� PDFKLQHV� SUHVHQWDWLRQ� IURP� WKH
RULJLQDO�YHUVLRQ�VKRZQ�LQ�)LJXUH���WR�WKH�YHUVLRQ�HYDOXDWHG�LQ�WKH�FXUUHQW�UHVHDUFK��VKRZQ�LQ
)LJXUH���
$OWKRXJK� ZH� UHSOLFDWHG� WKH� VDPH� UHVXOWV� LQ� WKH� WZR� GRPDLQV�� WKH� DGYDQWDJHV� RI� WKH

SUHVHQWDWLRQV� GHVLJQHG� DFFRUGLQJ� WR� RXU� FRJQLWLYH� PRGHO� ZHUH� QRW� TXLWH� DV� VWURQJ� LQ� WKH
PHFKDQLFDO� GRPDLQ�� SDUWLFXODUO\� RQ� WKH� PHDVXUH� RI� WURXEOHVKRRWLQJ�� )RU� WKLV� PHDVXUH�
FRJQLWLYHO\� GHVLJQHG� PXOWLPRGDO� SUHVHQWDWLRQV� ZHUH� VXSHULRU� WR� FRQYHQWLRQDO� SULQWHG
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SUHVHQWDWLRQV�EXW�QRW�WR�FRQYHQWLRQDO�FRPSXWHU�EDVHG�SUHVHQWDWLRQV�WKDW�VKRZHG�DQ�DQLPDWLRQ
RI�WKH�IOXVKLQJ�FLVWHUQ��,W�LV�SRVVLEOH�WKDW�SDUWLFLSDQWV�DOUHDG\�KDG�SULRU�NQRZOHGJH�RI�SRVVLEOH
IDXOWV� LQ� WKH� RSHUDWLRQ� RI� D� IOXVKLQJ� FLVWHUQ�� EDVHG� RQ� WKHLU� HYHU\GD\� H[SHULHQFH�� DQG� WKDW
YLHZLQJ�DQ�DQLPDWLRQ�ZLWKRXW�D�FRPPHQWDU\�ZDV�VXIILFLHQW�IRU�WKHP�WR�ODWHU�K\SRWKHVL]H�WKH
FDXVHV�RI�SRVVLEOH�IDXOWV�
$OWHUQDWLYHO\��RXU�GHVLJQ�JXLGHOLQHV�PLJKW�EH�PRUH�HIIHFWLYH�LQ�DEVWUDFW�GRPDLQV��LQ�ZKLFK

WKH�GLDJUDPV�DQG�DQLPDWLRQV�DUH�WUXH�YLVXDOL]DWLRQV�RI�DEVWUDFW�SKHQRPHQD��UDWKHU�WKDQ�LQ�WKH
GRPDLQ�RI�PDFKLQHV��LQ�ZKLFK�DQLPDWLRQV�VKRZ�SURFHVVHV�WKDW�DUH�YLVLEOH�LQ�WKH�UHDO�ZRUOG��$
GHVLJQHU� KDV�PRUH� IUHHGRP� LQ� GHYHORSLQJ� D� YLVXDOL]DWLRQ� RI� DQ� DOJRULWKP�� EHFDXVH� LW� LV� DQ
LQKHUHQWO\� DEVWUDFW� HQWLW\�� ,Q� FRQWUDVW�� D�PHFKDQLFDO� SURFHVV�KDV� VSDWLDO� DQG� WHPSRUDO� OLPLWV
WKDW�FDQQRW�EH�YLRODWHG�LQ�D�UHDOLVWLF�DQLPDWLRQ��)RU�H[DPSOH�LQ� WKH�IOXVKLQJ�FLVWHUQ�SURFHVV�
WKH�HYHQW�WKDW�VWRSV�WKH�IORZ�RI�ZDWHU�RXW�RI�WKH�WDQN��DLU�HQWHULQJ�WKH�VLSKRQ�EHOO��KDSSHQV�LQ
DQ� LQVWDQW�� ZKHUHDV� WKH� SURFHVV� RI� UHILOOLQJ� WKH� WDQN� WDNHV� DERXW� D� PLQXWH�� ,Q� D� UHDOLVWLF
DQLPDWLRQ�� WKHUHIRUH�� WKH� IRUPHU� SURFHVV� ZLOO� WDNH� OHVV� WLPH� DQG� WKHUHIRUH� EH� KDUGHU� WR
FRPSUHKHQG��JLYHQ�WHPSRUDO�OLPLWV�RQ�FRPSUHKHQVLRQ�SURFHVVHV��,Q�WKH�H[SHULPHQW�SUHVHQWHG
LQ� WKLV� SDSHU�� SDUWLFLSDQWV� YLHZHG� DQLPDWLRQV� RI� WKH� IOXVKLQJ� FLVWHUQ� WKDW� ZHUH� WHPSRUDOO\
UHDOLVWLF��,Q�FXUUHQW�UHVHDUFK��ZH�DUH�WHVWLQJ�D�PRUH�LQWHUDFWLYH�YHUVLRQ�RI�WKH�IOXVKLQJ�FLVWHUQ
DQLPDWLRQ�WKDW�EUHDNV�WKH�DQLPDWLRQ�SURFHVV�LQWR�FKXQNV�DQG�DOORZV�WKH�XVHU�WR�VSHHG�XS��VORZ
GRZQ�RU�UHSHDW�GLIIHUHQW�SKDVHV�RI�WKH�SURFHVV�
,Q�ERWK�WKH�PDFKLQH�DQG�DOJRULWKP�GRPDLQV��ZH�VKRZHG�QR�DGYDQWDJH�RI�FRPSXWHU�EDVHG

SUHVHQWDWLRQV�RYHU�SULQWHG�SUHVHQWDWLRQV�ZKHQ�ERWK�ZHUH�GHVLJQHG�DFFRUGLQJ�WR�RXU�FRJQLWLYH
PRGHO��7KLV�UHVXOW�FDQ�EH�FDQ�EH�UHODWHG�WR�WKH�OLWHUDWXUH�RQ�ZKHWKHU�WKHUH�DUH�DGYDQWDJHV�RI
DQLPDWLRQV�RYHU�VWDWLF�SUHVHQWDWLRQV��VHH�0RUULVRQ��7YHUVN\�	�%HUWUDQFRXUW���������7R�GDWH
WKLV� OLWHUDWXUH� KDV� VKRZQ� IHZ�EHQHILWV� RI� DQLPDWLRQV��2QH� UHVHDUFK� SURJUDP� �5LHEHU�� �����
5LHEHU�� %R\FH� 	� $VVDG�� ������ VKRZHG� DGYDQWDJHV� RI� DQLPDWLRQV� RYHU� VWDWLF� JUDSKLFV� LQ
WHDFKLQJ� 1HZWRQLDQ� 0HFKDQLFV� WR� IRXUWK� DQG� ILIWK� JUDGH� VWXGHQWV�� EXW� IRXQG� QR� VXFK
GLIIHUHQFH� LQ� WHDFKLQJ� WKH� VDPH� FRQWHQW� WR� XQLYHUVLW\� VWXGHQWV�� $QRWKHU� VWXG\� VKRZHG� DQ
DGYDQWDJH�RI�DQ�DQLPDWLRQ�RYHU�ZULWWHQ�LQVWUXFWLRQV�WR�SHUIRUP�D�WDVN�XVLQJ�D�*UDSKLFDO�8VHU
,QWHUIDFH��EXW�WKLV�GLIIHUHQFH�ZDV�HOLPLQDWHG�DIWHU�SUDFWLFH�RQ�WKH�WDVN��3DOPLWHU�	�(ONHUWRQ�
������� 7KH� UHVHDUFKHUV� VSHFXODWHG� WKDW� DQLPDWHG� GHPRQVWUDWLRQV� RI� SURFHGXUDO� WDVNV� PD\
HQFRXUDJH�SURFHVVLQJ�DW�D�VXSHUILFLDO�OHYHO��D�IRUP�RI�PLPLFU\���ZKLFK�GRHV�QRW�OHDG�WR�ORQJ�
WHUP�UHWHQWLRQ�DQG�WUDQVIHU��([SHULPHQWV� LQ� WKH�GRPDLQ�RI�PHWHRURORJ\��/RZH�������������
LQGLFDWH�WKDW�QRYLFHV�KDYH�SRRU�FRPSUHKHQVLRQ�RI�ERWK�VWDWLF�DQG�DQLPDWHG�ZHDWKHU�PDSV��,Q
ERWK� FDVHV�� WKH� LQIRUPDWLRQ� WKH\� H[WUDFW� LV� SHUFHSWXDOO\� VDOLHQW� UDWKHU� WKDQ� WKHPDWLFDOO\
UHOHYDQW��DQG�LQDSSURSULDWH�FDXVDO�DWWULEXWLRQV�DUH�PDGH�WR�FKDQJLQJ�ZHDWKHU�SKHQRPHQD��$
UHFHQW� UHYLHZ� FRQFOXGHG� WKDW� LQ� DOO� SUHYLRXV� VWXGLHV� WKDW� VKRZHG� DGYDQWDJHV� RI� DQLPDWLRQV
RYHU� VWDWLF� PHGLD�� WKH� PDWHULDOV� ZHUH� QRW� LQIRUPDWLRQDOO\� HTXLYDOHQW�� L�H�� WKH� DQLPDWLRQV
SUHVHQWHG� PRUH� LQIRUPDWLRQ� WKDQ� WKH� VWDWLF� JUDSKLFV� �0RUULVRQ�� 7YHUVN\� 	� %HUWUDQFRXUW�
�������)RU� H[DPSOH�� LQ�RQH� UHFHQW� H[SHULPHQW� �3DQH��&RUEHWW�	� -RKQ�� ������� VWDWLF� SULQWHG
DQG� G\QDPLF� PXOWLPHGLD� OHVVRQV� RQ� G\QDPLF� SURFHVVHV� LQ� ELRORJ\� ZHUH� V\VWHPDWLFDOO\
FRQVWUXFWHG�WR�EH�LQIRUPDWLRQDOO\�HTXLYDOHQW��&RQVLVWHQW�ZLWK�RXU�UHVHDUFK��WKH�DXWKRUV�IRXQG
QR�VLJQLILFDQW� HYLGHQFH� WKDW� WKH�PXOWLPHGLD�SUHVHQWDWLRQV�HQKDQFHG�VWXGHQWV©�XQGHUVWDQGLQJ
RI�GHFODUDWLYH�LQIRUPDWLRQ�LQ�WKH�OHVVRQV�ZKHQ�FRPSDUHG�WR�VWDWLF�SUHVHQWDWLRQV�
7KH� UHVHDUFK� UHSRUWHG� KHUH� DGGV� WR� D� JURZLQJ� ERG\� RI� UHFHQW�ZRUN� DGGUHVVLQJ� FRJQLWLYH

FRQVWUDLQWV� RQ� PXOWLPHGLD� FRPSUHKHQVLRQ�� :LWK� UHVSHFW� WR� WKH� GHVLJQ� RI� PXOWLPHGLD
SUHVHQWDWLRQV��0D\HU� DQG�0RUHQR� ������� KDYH� SURSRVHG� WKH� IROORZLQJ� SULQFLSOHV�� ���� 7KH
PXOWLSOH�UHSUHVHQWDWLRQ�SULQFLSOH��LW�LV�EHWWHU�WR�SUHVHQW�DQ�H[SODQDWLRQ�LQ�ZRUGV�DQG�SLFWXUHV
WKDQ�VROHO\� LQ�ZRUGV�� ����7KH�FRQWLJXLW\�SULQFLSOH�� LW� LV�EHWWHU� WR�SUHVHQW�ZRUGV�DQG�SLFWXUHV
FRQWLJXRXVO\� UDWKHU� WKDQ� VHSDUDWHO\�� ����7KH� VSOLW� DWWHQWLRQ� SULQFLSOH�� LW� LV� EHWWHU� WR� SUHVHQW
ZRUGV�WKURXJK� WKH�DXGLWRU\�FKDQQHO�ZKHQ�SLFWXUHV�DUH�HQJDJLQJ� WKH�YLVXDO�FKDQQHO�� ����7KH
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LQGLYLGXDO�GLIIHUHQFHV�SULQFLSOH��WKH�DERYH�SULQFLSOHV�DUH�PRUH�LPSRUWDQW�IRU�QRYLFH�DQG�ORZ
VSDWLDO� DELOLW\� XVHUV�� ���� 7KH� FRKHUHQFH� SULQFLSOH�� XVH� IHZ�� UDWKHU� WKDQ� PDQ\�� H[WUDQHRXV
ZRUGV� DQG� SLFWXUHV� LQ� H[SODQDWLRQV��2XU� UHVHDUFK� KDV� EHHQ� LQIRUPHG�E\� WKHVH� SULQFLSOHV� LQ
WKDW� RXU� PXOWLPHGLD� SUHVHQWDWLRQV� SUHVHQWHG� LQIRUPDWLRQ� LQ� PXOWLSOH� UHSUHVHQWDWLRQV�
SUHVHQWHG� WKHVH� UHSUHVHQWDWLRQV� FRQWLJXRXVO\� DQG� SUHVHQWHG� DXGLWRU\� FRPPHQWDULHV� WR
DFFRPSDQ\�DQLPDWLRQV��)XUWKHUPRUH��WKH�FRPSDFWLRQ�RI�SUHVHQWDWLRQV�LQ�WKH�PDFKLQH�GRPDLQ
IURP� LWV� HDUOLHU� YHUVLRQV� �)LJXUHV� �� DQG� ��� WR� WKH�PRVW� UHFHQW� YHUVLRQ� �)LJXUH� ��� REH\V� WKH
FRKHUHQFH�SULQFLSOH��LQ�WKDW�ZH�GHOHWHG�RU�FRPELQHG�VHFWLRQV�WKDW�ZHUH�IRXQG�WR�EH�H[WUDQHRXV
LQ� WKH� HDUOLHU� YHUVLRQV�� +RZHYHU� WKH� FXUUHQW� UHVHDUFK� GRHV� QRW� VXSSRUW� WKH� LQGLYLGXDO
GLIIHUHQFHV�SULQFLSOH��LQ�WKDW�DW�OHDVW�LQ�WKH�PDFKLQHV�GRPDLQ��WKHUH�ZDV�QR�HYLGHQFH�WKDW�RXU
SUHVHQWDWLRQV�ZHUH�PRUH�HIIHFWLYH�IRU�SHRSOH�ZLWK�OHVV�NQRZOHGJH�RU�ORZHU�VSDWLDO�DELOLW\�
6HYHUDO� DGGLWLRQDO� SULQFLSOHV� DUH� LPSOLFLW� LQ� WKH� JHQHUDOL]HG� DQG� UHILQHG� FRJQLWLYH�PRGHO

SUHVHQWHG�LQ�WKLV�SDSHU��7KHVH�FDQ�EH�GHVFULEHG�DV�IROORZV������7KH�GHFRPSRVLWLRQ�SULQFLSOH�
SURYLGH�FOXHV� LQ�YHUEDO�DQG�YLVXDO� UHSUHVHQWDWLRQV� WKDW� KHOS�XVHUV�GHFRPSRVH� WKH� V\VWHP�RU
SURFHVV� EHLQJ� H[SODLQHG� LQWR� VLPSOHU� FRPSRQHQWV�� ���� 7KH� SULRU�NQRZOHGJH� SULQFLSOH�� XVH
ZRUGV�DQG�SLFWXUHV�WKDW�KHOS�XVHUV�LQYRNH�DQG�FRQQHFW�WKHLU�SULRU�NQRZOHGJH�WR�WKH�H[WHUQDO
UHSUHVHQWDWLRQV�� ���� 7KH� FR�UHIHUHQFH� SULQFLSOH�� XVH� LQWHUDFWLYH� DQG� GHLFWLF� GHYLFHV� WR
KLJKOLJKW�WKH�FRPPRQ�UHIHUHQW�ZKHQ�PXOWLSOH�YHUEDO�DQG�YLVXDO�UHIHUHQFHV�LQ�GLIIHUHQW�PHGLD
UHIHU� WR� WKH� VDPH� REMHFW� RU� FRPSRQHQW�� ���� 7KH� OLQHV�RI�DFWLRQ� SULQFLSOH�� XVH� ZRUGV� DQG
SLFWXUHV�WKDW�KHOS�D�XVHU�XQGHUVWDQG�WKH�SK\VLFDO��FDXVDO�DQG�ORJLFDO�FRQQHFWLRQV�DPRQJ�SDUWV
WKDW� GHWHUPLQH� KRZ� WKH� EHKDYLRU� RI� HDFK� SDUW� RI� WKH� V\VWHP� RU� SURFHVV� LQIOXHQFHV� WKDW� RI
RWKHUV������7KH�PHQWDO�VLPXODWLRQ�SULQFLSOH��XVH�JUDSKLFV�DQG�LQWHUDFWLYLW\�WR�HQFRXUDJH�XVHUV
WR� SUHGLFW�� RU� PHQWDOO\� VLPXODWH�� WKH� SURFHVV� RU� V\VWHP� WKDW� LV� EHLQJ� H[SODLQHG� EHIRUH
SURYLGLQJ�DQ�H[WHUQDO�DQLPDWLRQ�
7KH�UHVHDUFK�GLVFXVVHG� LQ� WKH�SUHYLRXV�SDJHV�SURYLGHV�VWURQJ� HYLGHQFH� WKDW�D�PXOWLPHGLD

SUHVHQWDWLRQ�GHVLJQHG�DFFRUGLQJ�WR�D�FRPELQDWLRQ�RI�WKHVH�SULQFLSOHV�LV�VXSHULRU�WR�RQH�WKDW�LV
QRW� LQIRUPHG� E\� WKHVH� SULQFLSOHV�� +RZHYHU�� LW� LV� LPSRUWDQW� WR� GHWHUPLQH� ZKLFK� RI� WKHVH
SULQFLSOHV� DUH� UHVSRQVLEOH� IRU� WKH� GLIIHUHQFHV� LQ� FRPSUHKHQVLRQ� RXWFRPHV�� 7R� GDWH� WKHUH� LV
LQGHSHQGHQW�HYLGHQFH�IRU�WKUHH�RI�WKHVH�SULQFLSOHV��,Q�DQ�H[SHULPHQW�LQ�WKH�DOJRULWKP�GRPDLQ�
+DQVHQ��������FRQWUDVWHG�WKH�IXOO�DOJRULWKP�SUHVHQWDWLRQ�ZLWK�D�YHUVLRQ�WKDW�KDG�WKH�DQDORJ\
VHFWLRQ� UHPRYHG��7KH�DEVHQFH�RI� WKH�DQDORJ\��GHVLJQHG� WR�KHOS�D�XVHU�EXLOG� FRQQHFWLRQV� WR
SULRU� NQRZOHGJH�� VLJQLILFDQWO\� LPSDLUHG� OHDUQLQJ�� 7KLV� UHVXOW� SURYLGHV� VXSSRUW� WR� WKH� SULRU
NQRZOHGJH� SULQFLSOH�� ,Q� UHVHDUFK� LQ� WKH� GRPDLQ� RI� ELRORJ\�� )DUDGD\� 	� 6XWFOLIIH� �����D�
����E�� KDYH� VKRZQ� WKDW� VWXGHQWV� OHDUQ� PRUH� HIIHFWLYHO\� IURP� PRYLHV� DFFRPSDQLHG� E\
FRPPHQWDULHV�� LI� YLVXDO� FXHV� VXFK� DV� DUURZV� DQG� KLJKOLJKWLQJ� GUDZ� WKHLU� DWWHQWLRQ� WR� WKH
UHOHYDQW�SDUWV�RI�WKH�GLVSOD\�DV�WKH\�DUH�GHVFULEHG�LQ�WKH�FRPPHQWDU\��7KLV�SURYLGHV�HYLGHQFH
IRU� WKH� FR�UHIHUHQFH� SULQFLSOH�� ,Q� D� UHFHQW� VHULHV� RI� H[SHULPHQWV� LQ� WKH� PDFKLQHV� GRPDLQ
�VXPPDUL]HG�E\�+HJDUW\��1DUD\DQDQ�	�)UHLWDV�� LQ�SUHVV��ZH�KDYH� VKRZQ� WKDW� SHRSOH� OHDUQ
PRUH� IURP� DQ� DQLPDWLRQ� RI� D� PHFKDQLFDO� V\VWHP� LI� WKH\� DUH� ILUVW� HQFRXUDJHG� WR� PHQWDOO\
DQLPDWH�D�VWDWLF�GLDJUDP�RI� WKH�V\VWHP��6LPLODUO\�� LQ� WKH�DOJRULWKP�GRPDLQ�VWXGHQWV� WHQG� WR
OHDUQ� PRUH� IURP� ERWK� SULQWHG� PDWHULDOV� DQG� FRPSXWHU� DQLPDWLRQV� GHVFULELQJ� DOJRULWKPV� LI
WKH\� DUH� HQFRXUDJHG� WR� PDNH� SUHGLFWLRQV� �%\UQH�� &DWUDPERQH� 	� 6WDVNR�� ������� D� WDVN
UHTXLULQJ� PHQWDO� VLPXODWLRQ� RI� WKH� DOJRULWKP�� 7KLV� SURYLGHV� HYLGHQFH� IRU� WKH� PHQWDO
VLPXODWLRQ� SULQFLSOH��:LWK� UHVSHFW� WR� WKH� OLQHV�RI�DFWLRQ� SULQFLSOH�� RXU� H[SHULPHQWV� WR� GDWH
KDYH�QRW�LVRODWHG�WKH�GHVFULSWLRQ�RI�OLQHV�RI�DFWLRQ�IURP�WKH�GHSLFWLRQ�RI�WKH�RSHUDWLRQ�RI�WKH
V\VWHP�� ,Q�IXWXUH�UHVHDUFK��ZH�ZLOO� WHVW� WKLV�SULQFLSOH�GLUHFWO\�� DV�ZHOO�DV� WKH�GHFRPSRVLWLRQ
SULQFLSOH�
,Q�WKLV�UHVHDUFK��ZH�KDYH�WUHDWHG�WKH�LVVXHV�RI�VWDWLF��SULQWHG��YHUVXV�G\QDPLF��LQWHUDFWLYH

DQG� DQLPDWHG�� PHGLD� DQG� PDWFK� ZLWK� D� FRPSUHKHQVLRQ� PRGHO� DV� VHSDUDWH� DQG� RUWKRJRQDO
K\SRWKHVHV��7KH�SLFWXUH�WKDW�HPHUJHV�LQ�WKH�WZR�GRPDLQV�WKDW�ZH�KDYH�VWXGLHG�WR�GDWH�LV�WKDW
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WKH�FRQWHQW�DQG�VWUXFWXUH�RI�WKH�PHVVDJH�DUH�PRUH�LPSRUWDQW�WKDQ�LQWHUDFWLYLW\�DQG�JUDSKLFV�
+RZHYHU� LW� LV� SRVVLEOH� WKDW� LQ� VRPH� RWKHU� GRPDLQV�� D� FRJQLWLYH� PRGHO� PLJKW� OHDG� WR� WKH
SUHGLFWLRQ� WKDW�D�G\QDPLF�SUHVHQWDWLRQ�ZLOO�EH�PRUH� HIIHFWLYH� WKDQ� D� VWDWLF�SUHVHQWDWLRQ�� IRU
H[DPSOH�EHFDXVH�WKH�SKHQRPHQRQ�EHLQJ�H[SODLQHG�LV�WRR�FRPSOH[�WR�EH�PHQWDOO\�VLPXODWHG�
2Q�WKH�RWKHU�KDQG��LW�LV�DOVR�SRVVLEOH�WKDW�LQ�VRPH�FRQGLWLRQV�VWDWLF�SUHVHQWDWLRQV�ZLOO�EH�PRUH
HIIHFWLYH�WKDQ�DQLPDWLRQV��HVSHFLDOO\�ZKHQ�OHDUQHUV�KDYH�WKH�NQRZOHGJH�QHFHVVDU\�WR�PHQWDOO\
VLPXODWH�SURFHVVHV�IURP�WKH�VWDWLF�GLDJUDPV��(GXFDWLRQDO�UHVHDUFK�KDV�SURYLGHG�HYLGHQFH�WKDW
SHRSOH�OHDUQ�PRUH�HIIHFWLYHO\�LI�WKH\�DUH�DFWLYH�LQ�WKH�OHDUQLQJ�SURFHVV��DQG�DFWXDOO\�JHQHUDWH
LGHDV�RU�H[SODQDWLRQV��&KL��HW�DO���������%\�DQDORJ\��WKHUH�PD\�EH�VLWXDWLRQV�LQ�ZKLFK�SHRSOH
OHDUQ�PRUH�E\�PHQWDOO\�VLPXODWLQJ�DQ�HYHQW�WKDQ�E\�YLHZLQJ�DQ�H[WHUQDO�VLPXODWLRQ�VKRZQ�DV
DQ�DQLPDWLRQ��7KHUH�LV�D�UHDO�ULVN�WKDW�E\�SURYLGLQJ�SHRSOH�ZLWK�H[WHUQDO�VLPXODWLRQV��ZH�DUH
SUHYHQWLQJ� WKHP� IURP� GHYHORSLQJ� WKHLU� DELOLW\� WR� PHQWDOO\� VLPXODWH� FRPSOH[� HYHQWV�� ,W� LV
OLNHO\�WKDW�SRZHUIXO�QHZ�WRROV�VXFK�DV�FRPSXWHU�YLVXDOL]DWLRQV�DQG�VLPXODWLRQV�DUH�EHVW�XVHG
WR�DXJPHQW�PHQWDO�VLPXODWLRQ�SURFHVVHV�DQG�QRW�DV�D�VXEVWLWXWH�IRU�WKHVH�SURFHVVHV�

:H� WKDQN� 6WHYHQ� +DQVHQ� DQG� 7HUHVD� +�EVFKHU�<RXQJHU� IRU� FRQGXFWLQJ� H[SHULPHQWV� RQ� WKH� DOJRULWKP
SUHVHQWDWLRQ��DQG�3DP�)UHLWDV�DQG�1DRPL�6KLPR]DZD�FRQGXFWHG� WKH�H[SHULPHQW�RQ� WKH�PDFKLQH�SUHVHQWDWLRQ�
:H� DUH� DOVR� JUDWHIXO� WR� 5LFK�0D\HU� DQG� 6DUDK�.UL]� IRU� WKHLU� KHOS� ZLWK� WKH� FRGLQJ� RI� GDWD�� 7KLV� UHVHDUFK� LV
VXSSRUWHG� E\� WKH�1DWLRQDO� 6FLHQFH� )RXQGDWLRQ� XQGHU� FRQWUDFWV� &'$��������� DQG� 5(&��������� WR� $XEXUQ
8QLYHUVLW\��DQG�E\�WKH�2IILFH�RI�1DYDO�5HVHDUFK�XQGHU�FRQWUDFWV�1���������������WR�$XEXUQ�8QLYHUVLW\�DQG
1���������������WR�WKH�8QLYHUVLW\�RI�&DOLIRUQLD��%RWK�DXWKRUV�FRQWULEXWHG�HTXDOO\�WR�WKH�UHVHDUFK�GHVFULEHG�
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