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$EVWUDFW�0XOWLPHGLD WHFKQRORJ\ LV LQFUHDVLQJO\ EHLQJ XVHG WR FUHDWH LQVWUXFWLRQDO HQYLURQPHQWV IRU

GLVWDQFH HGXFDWLRQ� +RZHYHU� WKH GHVLJQ RI HGXFDWLRQDO PXOWLPHGLD LV FXUUHQWO\ GULYHQ PRUH E\ LQWXLWLRQ

WKDQ E\ HPSLULFDOO\ RU WKHRUHWLFDOO\ GHULYHG GHVLJQ JXLGHOLQHV� ,Q WKH DEVHQFH RI SUHVFULSWLYH GHVLJQ

SULQFLSOHV� LWHUDWLYH GHVLJQ ¤ D F\FOLFDO SURFHVV RI GHVLJQ� WHVW DQG UHGHVLJQ ¤ EHFRPHV FULWLFDOO\ LPSRUWDQW

IRU FUHDWLQJ HIIHFWLYH HGXFDWLRQDO PXOWLPHGLD� 7KLV SDSHU SURSRVHV D IUDPHZRUN IRU WKH LWHUDWLYH GHVLJQ RI

D FODVV RI HGXFDWLRQDO PXOWLPHGLD FDOOHG +\SHUPHGLD (GXFDWLRQDO 0DQXDOV� 7KH DUFKLWHFWXUH RI DQ

DXWKRULQJ DQG HYDOXDWLRQ SODWIRUP GHVLJQHG WR VXSSRUW WKLV IUDPHZRUN DQG HDVH WKH GHVLJQHU©V WDVN LV

SUHVHQWHG� 7ZR XQLTXH IHDWXUHV RI WKLV WRRO DUH WKH DXWRPDWLF FUHDWLRQ RI D V\VWHP VWUXFWXUH GHILQLWLRQ RI

WKH PXOWLPHGLD V\VWHP EHLQJ DXWKRUHG� DQG WKH DXWRPDWLF LQFRUSRUDWLRQ RI LQWHUDFWLRQ�ORJJLQJ HOHPHQWV LQ

WKH V\VWHP� 7KLV LV GRQH E\ DQ DXWKRULQJ FRPSRQHQW WKDW DVVLVWV WKH GHVLJQHU ZLWK WKH GHVLJQ DQG

LPSOHPHQWDWLRQ RI HGXFDWLRQDO PXOWLPHGLD� $Q HYDOXDWLRQ FRPSRQHQW WKHQ SDUVHV ERWK WKH V\VWHP

VWUXFWXUH GHILQLWLRQ DQG LQWHUDFWLRQ ORJV FUHDWHG ZKLOH VWXGHQWV ZRUN ZLWK WKH PXOWLPHGLD V\VWHP� LQ RUGHU

WR JHQHUDWH VWDWLVWLFDO DQDO\VHV DQG JUDSKLFDO YLVXDOL]DWLRQV RI KRZ VWXGHQWV LQWHUDFWHG ZLWK WKH

PXOWLPHGLD� 7KH LQWHJUDWHG DUFKLWHFWXUH RI WKH WRRO HPERGLHV D WLJKW FRXSOLQJ EHWZHHQ WKH GHVLJQ RI

HGXFDWLRQDO PXOWLPHGLD DQG WKH HYDOXDWLRQ RI LWV HIIHFWLYHQHVV� 7KLV FRXSOLQJ UHGXFHV WKH WLPH DQG HIIRUW

UHTXLUHG LQ UHSHDWLQJ HYDOXDWLRQ�UHGHVLJQ F\FOHV LQ RUGHU WR LWHUDWLYHO\ UHILQH WKH LQLWLDO GHVLJQ� :H DOVR

EULHIO\ GHVFULEH DQ H[SHULPHQWDO GHPRQVWUDWLRQ RI WKH XWLOLW\ RI WKLV WRRO�

.H\ZRUGV� HGXFDWLRQDO PXOWLPHGLD� LWHUDWLYH GHVLJQ� LQWHUDFWLRQ GDWD YLVXDOL]DWLRQ� DXWKRULQJ� HYDOXDWLRQ
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0XOWLPHGLD DXWKRULQJ WRROV DUH LQFUHDVLQJO\ EHLQJ XVHG WR FUHDWH LQVWUXFWLRQDO HQYLURQPHQWV IRU GLVWDQFH

HGXFDWLRQ� 7KH XVH RI PXOWLPHGLD WHFKQRORJ\ DOORZV GHVLJQHUV RI HGXFDWLRQDO VRIWZDUH WR XVH D YDULHW\ RI

GLIIHUHQW PHGLD W\SHV WR FRQYH\ LQIRUPDWLRQ� :LWK PXOWLSOH PHDQV VXFK DV GLDJUDPV� DQLPDWLRQV� WH[WXDO

H[SODQDWLRQV� SKRWRV� YLGHR DQG DXGLR DYDLODEOH IRU SUHVHQWLQJ WKH VDPH LQIRUPDWLRQ� HGXFDWLRQDO

VRIWZDUH GHVLJQHUV FDQ FUHDWH GLIIHUHQW HQYLURQPHQWV WR PHHW WKH GLIIHUHQW OHDUQLQJ VW\OHV RI VWXGHQWV�

+RZHYHU� GHVLJQ JXLGHOLQHV GHULYHG IURP HPSLULFDO VWXGLHV RI XVHUV >H�J�� �@ RU WKHRUHWLFDO PRGHOV RI

OHDUQLQJ DQG LQIRUPDWLRQ FRPSUHKHQVLRQ >H�J�� �@ IRU FUHDWLQJ PXOWLPHGLD V\VWHPV WKDW DUH HIIHFWLYH LQ

FRQYH\LQJ LQIRUPDWLRQ KDYH RQO\ MXVW EHJXQ WR EH UHSRUWHG LQ WKH OLWHUDWXUH� (IIHFWLYH HGXFDWLRQDO

PXOWLPHGLD VKRXOG SUHVHQW LQIRUPDWLRQ LQ VXFK D ZD\ WKDW VWXGHQWV DUH DEOH WR QRW RQO\ FUHDWH DFFXUDWH

PHQWDO PRGHOV RI WKH LQIRUPDWLRQ DQG EXW DOVR VXFFHVVIXOO\ DSSO\ WKLV NQRZOHGJH WR QHZ VLWXDWLRQV� 7R

DVVXUH WKH TXDOLW\ RI HGXFDWLRQDO PXOWLPHGLD� LW VKRXOG EH WKRURXJKO\ HYDOXDWHG WR DVVXUH WKDW LW IXOILOOV LWV

SXUSRVH� ,Q WKH DEVHQFH RI SUHVFULSWLYH GHVLJQ JXLGHOLQHV� LWHUDWLYH GHVLJQ� LQ ZKLFK VHYHUDO F\FOHV RI

GHVLJQ� HYDOXDWLRQ DQG UHGHVLJQ DUH FDUULHG RXW WR DUULYH DW WKH ILQDO V\VWHP >�@� SURYLGHV WKH RQO\ DVVXUHG

ZD\ RI GHYHORSLQJ DQ HIIHFWLYH SURGXFW�

$ IUDPHZRUN IRU WKH LWHUDWLYH GHVLJQ RI LQWHUDFWLYH HGXFDWLRQDO PXOWLPHGLD V\VWHPV LV SURSRVHG LQ WKLV

SDSHU� 7KLV IUDPHZRUN LV VXSSRUWHG E\ DQ LPSOHPHQWHG VRIWZDUH WRRO WKDW SURYLGHV LQWHJUDWHG DXWKRULQJ

DQG HYDOXDWLRQ VXSSRUW WR WKH GHVLJQHU� 7ZR XQLTXH IHDWXUHV RI WKLV WRRO DUH WKH DXWRPDWLF JHQHUDWLRQ RI D

VWUXFWXUDO GHVFULSWLRQ RI WKH PXOWLPHGLD V\VWHP EHLQJ GHVLJQHG DQG WKH DXWRPDWLF LQFRUSRUDWLRQ RI

LQWHUDFWLRQ GDWD ORJJLQJ HOHPHQWV LQ WKH V\VWHP� 7KLV GHVFULSWLRQ DQG LQWHUDFWLRQ ORJV DUH WKHQ XVHG E\ DQ

HYDOXDWLRQ FRPSRQHQW WR JHQHUDWH VWDWLVWLFDO DQDO\VHV DQG JUDSKLFDO YLVXDOL]DWLRQV RI VWXGHQW LQWHUDFWLRQV

ZLWK WKH PDQXDO� 7KLV FRPSRQHQW DOVR JHQHUDWHV UHGHVLJQ UHFRPPHQGDWLRQV EDVHG RQ LWV DQDO\VLV RI
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VWXGHQW DFWLRQV� 7KXV� WKH DUFKLWHFWXUH RI WKLV VRIWZDUH WRRO HPERGLHV D WLJKW FRXSOLQJ EHWZHHQ WKH GHVLJQ

RI HGXFDWLRQDO PXOWLPHGLD DQG WKH HYDOXDWLRQ RI LWV LQVWUXFWLRQDO HIIHFWLYHQHVV�

7KH LWHUDWLYH GHVLJQ IUDPHZRUN WKDW ZH DGYRFDWH IRU HGXFDWLRQDO PXOWLPHGLD V\VWHPV LV SUHVHQWHG LQ WKH

QH[W VHFWLRQ� $ GHVFULSWLRQ RI WKH DUFKLWHFWXUH DQG IHDWXUHV RI WKH LQWHJUDWHG VRIWZDUH SODWIRUP WKDW ZH

GHVLJQHG DQG LPSOHPHQWHG WR VXSSRUW LWHUDWLYH GHVLJQ F\FOHV IROORZV� $Q H[SHULPHQW GHVLJQHG WR SURYLGH

D SUHOLPLQDU\ DVVHVVPHQW RI WKH XWLOLW\ RI WKLV WRRO LV SUHVHQWHG LQ VHFWLRQ IRXU� )LQDOO\� WKH FRQFOXGLQJ

VHFWLRQ UHLWHUDWHV FRQWULEXWLRQV RI WKLV UHVHDUFK DQG GLVFXVVHV UHODWHG UHVHDUFK DQG IXWXUH GLUHFWLRQV�
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(YDOXDWLRQ RI LQWHUDFWLYH HGXFDWLRQDO PXOWLPHGLD KDV WR EH EDVHG RQ KRZ VWXGHQWV LQWHUDFW ZLWK WKH

V\VWHP DQG RQ KRZ PXFK NQRZOHGJH WKH\ REWDLQ IURP LW� 5HVHDUFKHUV RQ KXPDQ�FRPSXWHU LQWHUDFWLRQ

KDYH GHYHORSHG VHYHUDO ZD\V WR FROOHFW GDWD RQ XVHU LQWHUDFWLRQV� 7KHVH LQFOXGH H[SHULPHQWHU©V

REVHUYDWLRQV RI XVHU UHDFWLRQV WR WKH V\VWHP� YLGHR�WDSLQJ XVHUV DW ZRUN� DXWRPDWLFDOO\ UHFRUGLQJ XVHUV


NH\ERDUG DQG PRXVH DFWLRQV� FRQGXFWLQJ D SUH�WHVW �EHIRUH D XVHU ZRUNV ZLWK WKH V\VWHP� DQG D SRVW�WHVW

�DIWHU D XVHU KDV ZRUNHG ZLWK WKH V\VWHP�� LQWHUYLHZLQJ XVHUV� DQG KDYLQJ XVHUV ILOO RXW VXUYH\

TXHVWLRQQDLUHV� (YHQ ZKHQ RQO\ D VPDOO JURXS RI XVHUV DUH LQYROYHG LQ V\VWHP HYDOXDWLRQ� WKH GDWD WKXV

FROOHFWHG FDQ EH TXLWH ODUJH� 7KLV YROXPLQRXV GDWD PXVW EH DQDO\]HG LQ RUGHU WR DVVHVV WKH XVHIXOQHVV RI

WKH V\VWHP DQG GHFLGH KRZ WR LPSURYH LWV GHVLJQ� 2QFH VXFK UHGHVLJQ GHFLVLRQV DUH PDGH DQG

LPSOHPHQWHG� WKLV QHZ YHUVLRQ RI WKH PXOWLPHGLD V\VWHP QHHGV WR EH UH�HYDOXDWHG WR FRQILUP WKDW WKH

GHVLJQ FKDQJHV GR UHVXOW LQ LPSURYHG HIIHFWLYHQHVV� 6RPHWLPHV� WKLV UHGHVLJQ¤UH�HYDOXDWH F\FOH QHHGV WR

EH UHSHDWHG VHYHUDO WLPHV� +RZHYHU� EHFDXVH WKH GDWD FROOHFWLRQ DQG DQDO\VLV SURFHVVHV DUH WLPH DQG

UHVRXUFH LQWHQVLYH� FKDQJHV PDGH WR WKH V\VWHP DIWHU D ILUVW URXQG RI HYDOXDWLRQ DUH RIWHQ QRW UH�
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HYDOXDWHG� %XW ZLWKRXW UH�HYDOXDWLQJ WKH V\VWHP� WKH GHVLJQHU FDQ QRW EH VXUH WKDW WKH HIIHFWV RI WKH

FKDQJHV PDGH DUH WKH RQHV H[SHFWHG� 7KXV� WKHUH LV D VWURQJ QHHG IRU DXWRPDWHG WRRO VXSSRUW IRU

HYDOXDWLRQ DQG UHGHVLJQ RI PXOWLPHGLD V\VWHPV� HVSHFLDOO\ LQ WKH HGXFDWLRQDO GRPDLQ ZKHUH WKH

HIIHFWLYHQHVV �RU ODFN WKHUHRI� RI LQWHUDFWLYH VRIWZDUH FDQ KDYH D VLJQLILFDQW LPSDFW RQ VWXGHQW OHDUQLQJ�


















,QVHUW )LJXUH � DERXW KHUH




















)LJ� � VKRZV WKH LWHUDWLYH GHVLJQ DSSURDFK WR LQWHUDFWLYH HGXFDWLRQDO PXOWLPHGLD WKDW ZH HVSRXVH� ,W

LQYROYHV WKH IROORZLQJ VWHSV� )LUVW� D SURWRW\SH LV FUHDWHG DQG LQVWUXPHQWHG ZLWK DXWRPDWLF LQWHUDFWLRQ

GDWD FROOHFWLRQ FDSDELOLWLHV� 6HFRQG� WKH SURWRW\SH LV WHVWHG ZLWK D UHSUHVHQWDWLYH VDPSOH RI VWXGHQWV�

'XULQJ WKLV WHVWLQJ SKDVH� WKH PXOWLPHGLD V\VWHP UHFRUGV DOO VWXGHQW DFWLRQV LQ LQWHUDFWLRQ ORJ ILOHV� 7KLUG�

WKHVH LQWHUDFWLRQ ORJV DQG D GHVFULSWLRQ RI WKH HGXFDWLRQDO PXOWLPHGLD V\VWHP ¤¤ D V\VWHP VWUXFWXUH

GHILQLWLRQ WKDW FRQWDLQV LQIRUPDWLRQ DERXW WKH LQWHUQDO VWUXFWXUH DQG FRPSRQHQWV RI WKH PXOWLPHGLD

V\VWHP ¤¤ DUH LQSXW WR DQ HYDOXDWLRQ V\VWHP� )RXUWK� WKH LQWHUDFWLRQ ORJ GDWD LV SURFHVVHG LQ WKH FRQWH[W RI

WKH V\VWHP VWUXFWXUH GHILQLWLRQ WR JHQHUDWH XVHIXO VWDWLVWLFDO LQIRUPDWLRQ DERXW VWXGHQWV© LQWHUDFWLRQV ZLWK�

DQG YLVXDOL]DWLRQV RI VWXGHQWV© QDYLJDWLRQ SDWWHUQV ZLWKLQ� WKH SURWRW\SH� )LIWK� WKLV GDWD LV LQWHUSUHWHG LQ

WKH FRQWH[W RI LQIRUPDWLRQ RQ VWXGHQW OHDUQLQJ WKDW LV JDWKHUHG GXULQJ WHVWLQJ �H�J� H[SHULPHQWHU

REVHUYDWLRQV� SUH�WHVWV� SRVW�WHVWV� TXHVWLRQQDLUHV� WR DUULYH DW FRQFOXVLRQV DERXW GHILFLHQFLHV LQ WKH

RULJLQDO GHVLJQ RI WKH V\VWHP DQG FRUUHVSRQGLQJ GHFLVLRQV DERXW UHGHVLJQ� 7KLV FRPSOHWHV RQH F\FOH RI

LWHUDWLYH GHVLJQ� 7KLV FDQ EH UHSHDWHG DV PDQ\ WLPHV DV QHFHVVDU\ �IRU H[DPSOH� XQWLO SRVW�WHVW UHVXOWV

LQGLFDWH WKDW WKH V\VWHP KHOSV VWXGHQWV UHDFK D GHVLUHG OHYHO RI OHDUQLQJ�� &OHDUO\� WKLV DSSURDFK LV ERWK

WLPH DQG UHVRXUFH LQWHQVLYH� :H EHOLHYH WKDW WRRO VXSSRUW� ZKLFK DXWRPDWHV DV PDQ\ DVSHFWV RI WKLV

SURFHVV DV SRVVLEOH� LV QHFHVVDU\ WR PDNH WKH LWHUDWLYH GHVLJQ RI HGXFDWLRQDO K\SHUPHGLD ERWK IHDVLEOH DQG

DWWUDFWLYH WR GHVLJQHUV RI LQVWUXFWLRQDO HQYLURQPHQWV�
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7KHUH DUH VHYHUDO ZD\V LQ ZKLFK VXFK D WRRO ZLWK QRYHO FDSDELOLWLHV FDQ EH GHVLJQHG� 3RZHUIXO

PXOWLPHGLD DXWKRULQJ HQYLURQPHQWV DUH FXUUHQWO\ DYDLODEOH LQ WKH PDUNHW� %XW WKHVH SURYLGH QR VXSSRUW

IRU WKH HYDOXDWLRQ RI D PXOWLPHGLD V\VWHP RQFH LW KDV EHHQ FUHDWHG� )RU LQVWDQFH� QR FRPPHUFLDO

DXWKRULQJ WRRO SURYLGHV IDFLOLWLHV WR PDNH WKH V\VWHP EHLQJ GHVLJQHG DXWRPDWLFDOO\ FROOHFW DQG VDYH XVHU

DFWLRQ ORJV WKDW FDQ ODWHU EH XVHG E\ DQ HYDOXDWLRQ SURJUDP� GHVSLWH WKH IDFW WKDW LQWHUDFWLRQ ORJV DUH D

SRZHUIXO VRXUFH RI GDWD IRU HYDOXDWLRQ SXUSRVHV� 0DQXDOO\ LQVWUXPHQWLQJ DQ LQWHUDFWLYH PXOWLPHGLD

V\VWHP WR FROOHFW ORJ GDWD FDQ EH WHGLRXV DQG WLPH FRQVXPLQJ� 7KLV SURYLGHV RQH PDMRU RSSRUWXQLW\ IRU

DXWRPDWLRQ LQ WKH DXWKRULQJ SKDVH�

$QRWKHU DUHD ULSH IRU DXWRPDWLRQ LV ORJ GDWD SURFHVVLQJ GXULQJ WKH HYDOXDWLRQ SKDVH� /RJ GDWD FDQ SURYLGH

YDOXDEOH LQVLJKW RQ KRZ WKH UHVRXUFHV RIIHUHG E\ DQ LQWHUDFWLYH PXOWLPHGLD V\VWHP DUH EHLQJ XVHG >�@�

,QWHUDFWLRQ ORJV FRQWDLQ D FRPSOHWH DFFRXQW RI WKH DFWLRQV XVHUV H[HFXWHG RQ WKH V\VWHP� WLPH VSHQW LQ

GLIIHUHQW SDUWV RI LW� DQG WKH ZD\ XVHUV QDYLJDWHG WKURXJK LW� $ FDSDELOLW\ WR DXWRPDWLFDOO\ LQVWUXPHQW D

SURWRW\SH WR FROOHFW LQWHUDFWLRQ GDWD GXULQJ DXWKRULQJ� FRXSOHG ZLWK D FDSDELOLW\ WR SURFHVV� DQDO\]H DQG

YLVXDOL]H VWDWLVWLFDO DQG QDYLJDWLRQDO LQIRUPDWLRQ H[WUDFWHG IURP XVHU ORJV GXULQJ HYDOXDWLRQ� FDQ

HOLPLQDWH WKH WLPH FRQVXPLQJ SURFHVV RI PDQXDOO\ FROOHFWLQJ DQG DQDO\]LQJ ODUJH TXDQWLWLHV RI LQWHUDFWLRQ

GDWD� 7KLV FDQ FRQWULEXWH WR VLJQLILFDQWO\ UHGXFLQJ WKH WLPH DQG UHVRXUFH UHTXLUHPHQWV RI LWHUDWLYH GHVLJQ

F\FOHV�

+RZHYHU� XVHU LQWHUDFWLRQ ORJV QHHG WR EH DQDO\]HG LQ WKH FRQWH[W RI WKH VWUXFWXUH DQG FRQWHQW RI WKH

V\VWHP EHLQJ HYDOXDWHG� 7KLV LPSOLHV WKDW DQ HYDOXDWLRQ V\VWHP QHHGV QRW RQO\ DFWLRQ DQG QDYLJDWLRQ GDWD

FROOHFWHG IURP XVHUV� EXW DOVR LQIRUPDWLRQ RQ WKH LQWHUDFWLYH REMHFWV WKDW XVHUV DFWHG XSRQ DQG WKH RYHUDOO

VWUXFWXUH RI WKH V\VWHP ZLWKLQ ZKLFK WKH\ QDYLJDWHG� 7KHUHIRUH� D WKLUG RSSRUWXQLW\ IRU DXWRPDWLRQ LV WKH

FUHDWLRQ RI D V\VWHP GHVFULSWLRQ WKDW FRQWDLQV LQIRUPDWLRQ DERXW WKH LQWHUQDO VWUXFWXUH DQG FRQWHQWV RI WKH
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SURWRW\SH� $Q DXWKRULQJ FRPSRQHQW FDSDEOH RI DXWRPDWLFDOO\ JHQHUDWLQJ VXFK D V\VWHP VWUXFWXUH�FRQWHQW

GHVFULSWLRQ� DV ZHOO DV WUDQVSDUHQWO\ LQFRUSRUDWLQJ LQWHUDFWLRQ GDWD FROOHFWLRQ FRGH LQ WKH V\VWHP EHLQJ

GHVLJQHG� FDQ WKXV SURYLGH D VHDPOHVV LQWHJUDWLRQ EHWZHHQ DXWKRULQJ DQG HYDOXDWLRQ� 7R DGGUHVV WKHVH

LVVXHV� ZH GHVLJQHG DQG LPSOHPHQWHG DQ LQWHJUDWHG SODWIRUP WKDW FRPELQHV DQ DXWKRULQJ FRPSRQHQW ZLWK

DQ LQWHUDFWLRQ GDWD DQDO\VLV FRPSRQHQW� ,WV DUFKLWHFWXUH DQG IHDWXUHV DUH GHVFULEHG QH[W�

����������������	��
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3.1  Hypermedia Educational Manuals

,Q WKLV SDSHU ZH IRFXV RQ D SDUWLFXODU NLQG RI HGXFDWLRQDO PXOWLPHGLD� ZKLFK ZH FDOO +\SHUPHGLD

(GXFDWLRQDO 0DQXDOV �KHQFHIRUWK UHIHUUHG WR DV PDQXDOV�� 6XFK PDQXDOV KDYH DQ XQGHUO\LQJ VWUXFWXUH

EDVHG RQ D FRJQLWLYH PRGHO RI PXOWLPHGLD FRPSUHKHQVLRQ� GHYHORSHG E\ 1DUD\DQDQ DQG +HJDUW\ >�@� $

PDQXDO LV PDGH XS RI VHFWLRQV RI LQIRUPDWLRQ� HDFK RI ZKLFK LV GHVLJQHG WR KHOS WKH VWXGHQW DFKLHYH D

SDUWLFXODU OHDUQLQJ REMHFWLYH� (DFK VHFWLRQ PD\ EH GLYLGHG IXUWKHU LQWR VXE�VHFWLRQV� VXE�VXEVHFWLRQV� DQG

VR RQ� (DFK VHFWLRQ RU VXE�VHFWLRQ SUHVHQWV LQIRUPDWLRQ XVLQJ PXOWLSOH PHGLD W\SHV DQG SURYLGHV YDULRXV

LQWHUDFWLRQ FDSDELOLWLHV� ZKLFK ZH FDOO DFWLRQV� )RU H[DPSOH� WKH ILUVW VHFWLRQ RI D PDQXDO DERXW D FRPSOH[

PDFKLQH PD\ SUHVHQW D PRXVH�VHQVLWLYH VFKHPDWLF GLDJUDP RI WKH PDFKLQH LQ ZKLFK HDFK FRPSRQHQW FDQ

EH FOLFNHG RQ WR WULJJHU D VSRNHQ H[SODQDWLRQ RI WKDW FRPSRQHQW� 2WKHU H[DPSOHV RI DFWLRQV DUH SOD\LQJ

DQ DQLPDWLRQ RU IROORZLQJ D K\SHUOLQN� 6XFK DFWLRQV SUHVHQW WKH VWXGHQW ZLWK PRUH LQIRUPDWLRQ ZKHQ WKH\

DUH H[HFXWHG� 4XHVWLRQ VHFWLRQV FRQWDLQLQJ PXOWLSOH FKRLFH TXHVWLRQV PD\ EH LQFOXGHG LQ WKH PDQXDO�

4XHVWLRQV SURYLGH OHDUQHUV ZLWK D PHDQV WR RUJDQL]H DQG DVVHUW WKHLU QHZO\ DFTXLUHG NQRZOHGJH >�@� DQG

WR UHIOHFW RQ WKHLU SURJUHVV� 1DYLJDWLRQ EHWZHHQ VHFWLRQV PD\ EH UHVWULFWHG� L�H� OHDUQHUV PD\ EH IRUFHG WR

IROORZ D FHUWDLQ SDWK WKURXJK WKH VHFWLRQV �OLQHDU QDYLJDWLRQ�� RU PDGH FRPSOHWHO\ IOH[LEOH �QRQ�OLQHDU
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QDYLJDWLRQ�� 7KH SXUSRVH RI D PDQXDO LV WR KHOS VWXGHQWV WHDFK WKHPVHOYHV LQ VXFK D PDQQHU WKDW WKH\ FDQ�

VWHS E\ VWHS� EXLOG D FRUUHFW PHQWDO UHSUHVHQWDWLRQ RI WKH LQIRUPDWLRQ SUHVHQWHG E\ WKH PDQXDO�

3.2  The Authoring Component

'HVLJQLQJ K\SHUPHGLD DQG PXOWLPHGLD V\VWHPV KDV EHHQ DQ DFWLYH DUHD RI UHVHDUFK DQG FRPPHUFLDO

GHYHORSPHQW� 7KH HPHUJHQFH RI K\SHUPHGLD GHVLJQ PRGHOV VXFK DV WKH $PVWHUGDP +\SHUPHGLD 0RGHO

>�@� 2EMHFW 2ULHQWHG +\SHUPHGLD 'HVLJQ 0RGHO >�@� DQG RWKHUV KDV HQFRXUDJHG UHVHDUFK WRZDUGV

DXWKRULQJ V\VWHPV ZLWK ZKLFK WR LPSOHPHQW WKHVH PRGHOV� 7ZR H[DPSOHV RI VXFK DXWKRULQJ HQYLURQPHQWV

DUH &0,)HG >�@� ZKLFK VXSSRUWV VWUXFWXUH�EDVHG FRPSRVLWLRQ RI PXOWLPHGLD SUHVHQWDWLRQV DQG WKH

V\QFKURQL]DWLRQ RI PHGLD LWHPV� DQG ,0036 >�@� DQ LQWHUDFWLYH PXOWLPHGLD SUHVHQWDWLRQ GHYHORSPHQW

V\VWHP LQ ZKLFK SUHVHQWDWLRQV DUH EDVHG RQ PHVVDJH�SDVVLQJ DPRQJ ZLQGRZV� 7KHVH V\VWHPV SURYLGH

VXSSRUW IRU WKH LPSOHPHQWDWLRQ RI WHPSRUDO DQG VSDWLDO FRQVWUDLQWV EHWZHHQ WKH GLIIHUHQW PHGLD W\SHV WKDW

PDNH XS D PXOWLPHGLD V\VWHP� ,Q DGGLWLRQ WR VXFK UHVHDUFK SURWRW\SHV WKDW SURYLGH SRZHUIXO DXWKRULQJ

FDSDELOLWLHV WR GHVLJQHUV� VHYHUDO JHQHUDO�SXUSRVH FRPPHUFLDO DXWKRULQJ WRROV DUH DOVR FXUUHQWO\ DYDLODEOH�

6RPH H[DPSOHV RI VXFK FRPPHUFLDO V\VWHPV DUH 7RRO%RRN
70

E\ $V\PHWUL[ IRU :LQGRZV�RQO\

PXOWLPHGLD SURGXFWLRQ� $XWKRU:DUH
70

E\ 0DFURPHGLD� D KLJK�HQG WRRO EXLOW IRU FRPSOH[� FURVV�SODWIRUP

WUDLQLQJ DSSOLFDWLRQV� DQG 'LUHFWRU
70

E\ 0DFURPHGLD� FRQVLGHUHG E\ PDQ\ WR EH WKH EHVW WRRO RQ WKH

PDUNHW IRU PXOWLPHGLD SURGXFHUV�

7KHVH DXWKRULQJ WRROV SURYLGH GHVLJQHUV ZLWK WKH DELOLW\ WR FUHDWH PXOWLPHGLD DQG K\SHUPHGLD V\VWHPV�

EXW SURYLGH QR VXSSRUW IRU WKH HYDOXDWLRQ RI V\VWHPV DIWHU WKH\ KDYH EHHQ FUHDWHG� ,Q RUGHU WR HYDOXDWH WKH

HIIHFWLYHQHVV RI DQ HGXFDWLRQDO PXOWLPHGLD V\VWHP RQH UHTXLUHV� DW WKH YHU\ OHDVW� WKUHH NLQGV RI

LQIRUPDWLRQ� 7KH ILUVW LV LQIRUPDWLRQ RQ KRZ VWXGHQWV LQWHUDFWHG ZLWK WKH V\VWHP ¤ ZKLFK VHFWLRQV GLG
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WKH\ YLHZ RU QRW YLHZ� KRZ GLG WKH\ QDYLJDWH WKURXJK WKH V\VWHP� DQG ZKDW DFWLRQV WKH\ H[HFXWHG� 7KH

VHFRQG LV LQIRUPDWLRQ DERXW WKH VWUXFWXUH �V\QWD[� DQG FRQWHQW �VHPDQWLFV� RI WKH PXOWLPHGLD V\VWHP� 7KLV

GHVFULSWLYH LQIRUPDWLRQ SURYLGHV WKH FRQWH[W WR PHDQLQJIXOO\ LQWHUSUHW VWXGHQW DFWLRQV DQG QDYLJDWLRQ

SDWWHUQV� )RU H[DPSOH� VXSSRVH LW LV IRXQG WKDW VWXGHQWV DUH UHSHDWHGO\ JRLQJ WR D VHFWLRQ DQG SUHVVLQJ D

EXWWRQ WKDW SOD\V DQ DXGLR ILOH H[SODLQLQJ WKH RSHUDWLRQ RI D FRPSRQHQW LQ D PDQXDO H[SODLQLQJ D PDFKLQH�

7KLV PD\ ZDUUDQW UHGHVLJQ VXJJHVWLRQV VXFK DV SUHVHQWLQJ WKDW LQIRUPDWLRQ YLVXDOO\ UDWKHU WKDQ DXUDOO\

�VLQFH WKH WUDQVLHQW QDWXUH RI DXGLR PD\ H[SODLQ WKH UHSHDWHG DFWLRQ� DQG PDNLQJ LW PRUH GLUHFWO\ �L�H�

ZLWK IHZHU DFWLRQV� DFFHVVLEOH IURP RWKHU VHFWLRQV� ,Q RUGHU WR FRPH XS ZLWK VXFK UHGHVLJQ VXJJHVWLRQV�

VWXGHQW DFWLRQV QHHG WR EH LQWHUSUHWHG LQ WKH FRQWH[W RI WKH V\VWHP©V VWUXFWXUH �L�H� LQ ZKLFK SDUW RI WKH

V\VWHP GRHV WKH SOD\ EXWWRQ DSSHDU"� DQG VHPDQWLFV �L�H� ZKDW GRHV WKH EXWWRQ GR"�� 7KH WKLUG LV

LQIRUPDWLRQ DERXW KRZ PXFK VWXGHQWV OHDUQHG IURP LQWHUDFWLQJ ZLWK WKH V\VWHP� $Q\ WRRO LQWHQGHG WR DLG

WKH GHVLJQHU LQ HYDOXDWLRQ QHHGV WR EH DEOH WR DXWRPDWLFDOO\ FROOHFW WKH ILUVW WZR NLQGV RI LQIRUPDWLRQ DQG

XWLOL]H WKHVH LQ LWV FRPSXWDWLRQV� 7KH WKLUG W\SH RI LQIRUPDWLRQ� RQ VWXGHQW OHDUQLQJ� GHSHQGV RQ WKH

GRPDLQ DQG ZLOO EH GLIIHUHQW IRU GLIIHUHQW PXOWLPHGLD V\VWHPV� (YDOXDWLQJ VWXGHQW OHDUQLQJ LV QRW DQ

DFWLYLW\ WKDW FDQ EH IXOO\ DXWRPDWHG� +RZHYHU� HYDOXDWLQJ VWXGHQWV© LQWHUDFWLRQV ZLWK HGXFDWLRQDO

PXOWLPHGLD� LQ WKH FRQWH[W RI WKH VWUXFWXUH DQG FRQWHQWV RI WKH PXOWLPHGLD V\VWHP� LV DQ DFWLYLW\ WKDW FDQ

EH VLJQLILFDQWO\ DLGHG E\ LQWHUDFWLRQ GDWD FROOHFWLRQ DQG DQDO\VLV VRIWZDUH� ,Q RUGHU IRU VXFK VRIWZDUH WR

JHQHUDWH UHGHVLJQ UHFRPPHQGDWLRQV� LW QHHGV DFFHVV WR D GHVFULSWLRQ RI WKH VWUXFWXUH DQG FRQWHQWV RI WKH

PXOWLPHGLD V\VWHP EHLQJ HYDOXDWHG DV ZHOO DV ORJV RI VWXGHQWV© LQWHUDFWLRQV DQG QDYLJDWLRQ DFWLRQV�

:LWKRXW DXWRPDWHG WRRO VXSSRUW� WKH GHVLJQHU ZLOO QHHG WR PDQXDOO\ FUHDWH D GHVFULSWLRQ RI WKH

PXOWLPHGLD V\VWHP IRU VXFK HYDOXDWLRQ WR WDNH SODFH� )XUWKHUPRUH� WR FROOHFW LQIRUPDWLRQ RQ VWXGHQWV©

DFWLRQV� WKH GHVLJQHU ZLOO QHHG WR SODFH� LQ WKH HYHQW KDQGOHU RI HYHU\ LQWHUDFWLYH REMHFW� FRGH QHFHVVDU\

IRU ORJJLQJ WKH FRUUHVSRQGLQJ DFWLRQ� 1DYLJDWLRQ DFWLRQ ORJJLQJ FRGH ZLOO KDYH WR EH DGGHG WR DOO VHFWLRQV

RI WKH PDQXDO DQG DOO QDYLJDWLRQ REMHFWV �H�J� ¦IRUZDUG§ DQG ¦EDFN§ EXWWRQV�� 'HSHQGLQJ RQ WKH VL]H DQG
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FRPSOH[LW\ RI WKH PXOWLPHGLD V\VWHP� PDQXDOO\ LQFOXGLQJ WKH FRGH IRU DFWLRQ DQG QDYLJDWLRQ ORJ

JHQHUDWLRQ FDQ EH ERWK HUURU SURQH DQG WLPH�FRQVXPLQJ� 7KH GHVLJQHU KDV WR DOVR HQVXUH FRQVLVWHQF\

EHWZHHQ ORJ LQIRUPDWLRQ SURGXFHG E\ HDFK LQWHUDFWLYH HOHPHQW� DQG LQIRUPDWLRQ DERXW WKDW LQWHUDFWLYH

HOHPHQW LQ WKH V\VWHP GHVFULSWLRQ� &OHDUO\� PDQXDOO\ LQVWUXPHQWLQJ WKH V\VWHP LV YHU\ FXPEHUVRPH� 7KLV

LQGLFDWHV WKH QHFHVVLW\ RI DQ DXWKRULQJ FRPSRQHQW WKDW� ZKLOH DOORZLQJ WKH GHVLJQHU WR HDVLO\ FUHDWH

HGXFDWLRQDO PXOWLPHGLD SURWRW\SHV� DOVR DXWRPDWLFDOO\ JHQHUDWHV LQIRUPDWLRQ DERXW WKH VWUXFWXUH DQG

FRQWHQW RI WKH V\VWHP EHLQJ DXWKRUHG DQG DXWRPDWLFDOO\ LQFRUSRUDWHV DFWLRQ DQG QDYLJDWLRQ ORJJLQJ FRGH

ZLWK HYHU\ LQWHUDFWLYH REMHFW DQG LQWHUDFWLYH PHGLD HOHPHQW LQ WKH V\VWHP� :H GLVWLQJXLVK EHWZHHQ DQ

LQWHUDFWLYH REMHFW� ZKLFK D XVHU FDQ LQWHUDFW ZLWK EXW GRHV QRW FDUU\ HGXFDWLRQDO LQIRUPDWLRQ �H�J�� D

EXWWRQ RU D PHQX LWHP�� DQG DQ LQWHUDFWLYH PHGLD HOHPHQW� ZKLFK SUHVHQWV LQIRUPDWLRQ DV ZHOO DV DOORZV D

XVHU WR LQWHUDFW ZLWK LW �H�J�� D PDS WKDW D XVHU FDQ FOLFN WR ]RRP DQG SDQ�� $Q\ JRRG FRPPHUFLDO

DXWKRULQJ WRRO ZLOO DOORZ WKH GHVLJQHU WR HDVLO\ FUHDWH HGXFDWLRQDO PXOWLPHGLD� +RZHYHU� WKHVH RWKHU

FDSDELOLWLHV DUH ODFNLQJ LQ FRPPHUFLDO WRROV� 7KHUHIRUH� ZH H[WHQGHG D JHQHUDO�SXUSRVH FRPPHUFLDO

PXOWLPHGLD DXWKRULQJ WRRO �0DFURPHGLD 'LUHFWRU
70
� WR FUHDWH DQ $XWKRULQJ &RPSRQHQW ZLWK DOO WKH

DERYH FDSDELOLWLHV� DV SDUW RI DQ LQWHJUDWHG SODWIRUP�

7KLV $XWKRULQJ &RPSRQHQW DOORZV D GHVLJQHU WR GR WKH IROORZLQJ�

¾ &UHDWH VHFWLRQV DQG VXEVHFWLRQV RI D PDQXDO�

¾ &UHDWH LQWHUDFWLYH REMHFWV �H�J� D EXWWRQ� DQG LQWHUDFWLYH PHGLD HOHPHQWV �H�J� D FOLFNDEOH SLFWXUH�

RI YDULRXV NLQGV�

¾ 6SHFLI\ XVHU DFWLRQV DQG V\VWHP UHVSRQVHV IRU WKH LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV�

¾ 6SHFLI\ WKH NLQG RI ORJ LQIRUPDWLRQ LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV ZLOO JHQHUDWH ZKHQ

DFWHG XSRQ E\ D XVHU�

¾ 6SHFLI\ ZKLFK LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV EHORQJ WR ZKLFK VHFWLRQV RU VXEVHFWLRQV�
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¾ ,PSRUW FRQWHQW �PHGLD HOHPHQWV VXFK DV SLFWXUHV DQG DQLPDWLRQV� LQWR HDFK VHFWLRQ DQG

VXEVHFWLRQ�

0HDQZKLOH WKH $XWKRULQJ &RPSRQHQW DXWRPDWLFDOO\ JHQHUDWHV WKH IROORZLQJ�

¾ &RGH DVVRFLDWHG ZLWK HDFK LQWHUDFWLYH REMHFW DQG PHGLD HOHPHQW WR DFTXLUH DQG VDYH ORJ

LQIRUPDWLRQ ZKHQ D XVHU DFWV XSRQ LW�

¾ &RGH DVVRFLDWHG ZLWK HDFK VHFWLRQ DQG VXEVHFWLRQ WR FUHDWH DQG VDYH QDYLJDWLRQ ORJ LQIRUPDWLRQ

ZKHQ D XVHU YLVLWV LW�

¾ &RGH QHHGHG WR PDQDJH �FUHDWH� RSHQ� ZULWH DQG FORVH� LQWHUDFWLRQ ORJ ILOHV�

¾ $ QDYLJDWLRQ PDS� ZKLFK LV D PRXVH�VHQVLWLYH JUDSKLF RI WKH VHFWLRQDO VWUXFWXUH RI WKH PXOWLPHGLD

V\VWHP VR WKDW D XVHU PD\ YLVLW DQ\ VHFWLRQ E\ FOLFNLQJ RQ WKH JUDSKLF� LI WKH GHVLJQHU UHTXHVWV

VXFK D PDS�

¾ $ V\VWHP VWUXFWXUH GHILQLWLRQ WKDW FRQWDLQV LQIRUPDWLRQ DERXW VWUXFWXUH DQG FRQWHQW RI WKH

DXWKRUHG V\VWHP�

%\ H[WHQGLQJ D SRSXODU FRPPHUFLDO PXOWLPHGLD DXWKRULQJ SODWIRUP WR FUHDWH WKLV $XWKRULQJ &RPSRQHQW�

ZH DYRLGHG WKH GXSOLFDWLRQ LQYROYHG LQ WU\LQJ WR EXLOG \HW DQRWKHU PXOWLPHGLD DXWKRULQJ WRRO IURP WKH

JURXQG XS� ,QVWHDG� LW EHFRPHV SRVVLEOH IRU GHVLJQHUV WR FUHDWH WKH EDVLF PDQXDO VWUXFWXUH XVLQJ WKH

$XWKRULQJ &RPSRQHQW ZKLOH PDLQWDLQLQJ DFFHVV WR WKH H[WHQVLYH PHGLD JHQHUDWLRQ DQG HGLWLQJ

FDSDELOLWLHV RI 0DFURPHGLD 'LUHFWRU
70

IRU FUHDWLQJ DQG LPSRUWLQJ FRQWHQW� :LWK WKH $XWKRULQJ

&RPSRQHQW� WKH GHVLJQHU FDQ FUHDWH GLIIHUHQW VHFWLRQV DQG VXEVHFWLRQV RI WKH PXOWLPHGLD V\VWHP� WRJHWKHU

ZLWK WKH LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV WKDW ZLOO DSSHDU LQ HDFK VHFWLRQ� 7KHQ� XVLQJ 'LUHFWRU©V

FDSDELOLWLHV� WKH GHVLJQHU FDQ DGG DQLPDWLRQV� WUDQVLWLRQV� DXGLR ILOHV DQG DQ\ RWKHU PXOWLPHGLD HOHPHQW�

$ GHVLJQHU ZRXOG ILUVW FUHDWH WKH XQGHUO\LQJ PDQXDO VWUXFWXUH DQG LQWHUDFWLYH REMHFWV XVLQJ WKH $XWKRULQJ

&RPSRQHQW VR WKDW WKH V\VWHP LV DXWRPDWLFDOO\ ¦GHVFULEHG§ DQG ¦LQVWUXPHQWHG§� DQG WKHQ IOHVK RXW WKH
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PDQXDO E\ H[SORLWLQJ WKH H[WHQVLYH PXOWLPHGLD HGLWLQJ DQG RUFKHVWUDWLRQ FDSDELOLWLHV RI 'LUHFWRU WR FUHDWH

DQG LPSRUW FRQWHQW�

%HFDXVH WKH $XWKRULQJ &RPSRQHQW ZDV FUHDWHG XVLQJ 'LUHFWRU DQG LWV SURJUDPPLQJ ODQJXDJH /LQJR� LW LV

XVHIXO DW WKLV VWDJH WR H[SODLQ WHUPLQRORJ\ VSHFLILF WR 'LUHFWRU EHIRUH IXUWKHU GHVFULELQJ WKH V\VWHP�

'LUHFWRU FUHDWHV PXOWLPHGLD SUHVHQWDWLRQV FDOOHG PRYLHV� $ PRYLH LV D SURFHGXUDO VSHFLILFDWLRQ RI D

PXOWLPHGLD SUHVHQWDWLRQ� LQFOXGLQJ WKH LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV WKDW WKH SUHVHQWDWLRQ

FRQVLVWV RI� 7KH LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV RI D PRYLH DUH FDOOHG FDVW PHPEHUV� 7KHUH DUH

PDQ\ GLIIHUHQW NLQGV RI FDVW PHPEHUV VXFK DV ELWPDSV� WH[W� DQG VRXQG� 7KH VWDJH LV D GDWD VWUXFWXUH WKDW

VKRZV ZKDW LV KDSSHQLQJ LQ D PRYLH �ZKLFK LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV DUH YLVLEOH� DW D

SDUWLFXODU WLPH� $ UHSUHVHQWDWLRQ RI D FDVW PHPEHU RQ WKH VWDJH LV FDOOHG D VSULWH� $ VSULWH FRQWDLQV

LQIRUPDWLRQ RQ ZKHQ� ZKHUH DQG KRZ D FDVW PHPEHU DSSHDUV RQ WKH VWDJH� 'LUHFWRU XVHV /LQJR WR FRQWURO

GLIIHUHQW DVSHFWV RI D PRYLH� /LQJR FRGH FRQVLVWV RI RQH RU PRUH VWDWHPHQWV JURXSHG LQ D IXQFWLRQ OLNH

VWUXFWXUH FDOOHG D KDQGOHU� +DQGOHUV FDQ EH DGGHG WR D PRYLH� D PHGLD HOHPHQW LQ D PRYLH� D VFUHHQ LQ D

PRYLH �RU IUDPH� DQG WR PDQ\ RWKHU PXOWLPHGLD HOHPHQWV�

7KH $XWKRULQJ &RPSRQHQW FUHDWHV� XVLQJ /LQJR� PRYLHV WKDW EHFRPH WKH VHFWLRQV RI D PDQXDO� ,Q WKLV

VHQVH� WKH $XWKRULQJ &RPSRQHQW LV LPSOHPHQWHG DV D PRYLH WKDW FUHDWHV RWKHU PRYLHV� ,WV SULQFLSDO

FRPSRQHQW LV D 0DLQ 0RYLH WKDW FRQWDLQV /LQJR REMHFWV SURYLGLQJ D VHW RI IXQFWLRQDOLWLHV GHVFULEHG LQ WKH

IROORZLQJ SDUDJUDSKV� ,W DOVR FRQWDLQV D 6HFWLRQ 6KHOO 0RYLH WKDW LV XVHG E\ WKH 0DLQ 0RYLH WR FUHDWH

PDQXDO VHFWLRQV DQG VXEVHFWLRQV� DQG D 0DQXDO 6KHOO 0RYLH WKDW JHQHUDWHV D PRYLH WR FRRUGLQDWH WKH

YLVXDO SUHVHQWDWLRQ RI WKH HQWLUH PDQXDO� 7KH $XWKRULQJ &RPSRQHQW DOVR LQFOXGHV D VHW RI VPDOO PRYLHV

WKDW FUHDWH SRS�XS ZLQGRZV WKDW SURYLGH LQIRUPDWLRQ WR WKH GHVLJQHU RU UHTXHVW LQIRUPDWLRQ IURP KLP�KHU

GXULQJ WKH DXWKRULQJ SURFHVV�
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3.2.1  User interface

7KH WRS�OHYHO PHQX RI WKH $XWKRULQJ &RPSRQHQW FRQWDLQV WKUHH RSWLRQV� 7KH )LOH RSWLRQ DOORZV FUHDWLRQ

RI D QHZ PDQXDO� RSHQLQJ DQ H[LVWLQJ RQH� DQG VDYLQJ D PRGLILHG RQH� 7KH 6HFWLRQ RSWLRQ DOORZV FUHDWLQJ

D QHZ VHFWLRQ WR EH DGGHG WR WKH PDQXDO� FUHDWLQJ VXEVHFWLRQV RI D VHFWLRQ� RSHQLQJ DQ H[LVWLQJ VHFWLRQ RU

VXEVHFWLRQ� DGGLQJ LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV WR D VHFWLRQ RU VXEVHFWLRQ� DQG VDYLQJ FKDQJHV

PDGH WR LW� 7KH 1DYLJDWLRQ RSWLRQ FUHDWHV D PRXVH�VHQVLWLYH QDYLJDWLRQ PDS IRU WKH PDQXDO�

3.2.2  Creating the system structure definition

7KH $XWKRULQJ &RPSRQHQW DXWRPDWLFDOO\ JHQHUDWHV D ILOH� FDOOHG D ¦V\VWHP VWUXFWXUH GHILQLWLRQ§�

FRQWDLQLQJ D GHVFULSWLRQ RI WKH VWUXFWXUH DQG FRQWHQW RI WKH PDQXDO� ,Q RUGHU WR GR WKLV� LW NHHSV WUDFN RI

WKH VHFWLRQV� VXEVHFWLRQV� LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV WKDW WKH GHVLJQHU LV FUHDWLQJ� ,W WKHQ

JHQHUDWHV D WUHH UHSUHVHQWDWLRQ RI WKH PDQXDO� (DFK QRGH RI WKLV WUHH LV DQ REMHFW ZLWK SURSHUWLHV SDUHQW�

QDPH� QXPEHU� VXEVHFWLRQV� HOHPHQWV DQG GHVFULSWLRQ� 3DUHQW SRLQWV WR WKH SDUHQW QRGH DQG VXEVHFWLRQV

SRLQW WR FKLOG QRGHV� 1DPH DQG GHVFULSWLRQ DUH GHVFULSWLYH VWULQJV REWDLQHG LQWHUDFWLYHO\ IURP WKH

GHVLJQHU� (OHPHQWV DUH LQWHUDFWLYH REMHFWV DQG PHGLD HOHPHQWV FRQWDLQHG LQ WKDW VHFWLRQ RU VXEVHFWLRQ�

1XPEHU LV D QXPHULFDO LGHQWLILHU �VXFK DV ��� IRU WKH ILIWK VXEVHFWLRQ RI VHFWLRQ �� WKDW LQGLFDWHV WKH

ORFDWLRQ RI WKH VHFWLRQ RU VXEVHFWLRQ ZLWKLQ WKH PDQXDO� ,Q WKLV ZD\� WKH HQWLUH PDQXDO LV GHVFULEHG E\ D

UHFXUVLYH WUHH VWUXFWXUH� DV VKRZQ LQ )LJ� �� $W WKH HQG RI D VHVVLRQ �ZKHQ WKH GHVLJQHU H[LWV WKH SURJUDP��

WKH $XWKRULQJ &RPSRQHQW WUDQVODWHV WKLV WUHH VWUXFWXUH LQWR D VHW RI QHVWHG OLVWV DQG ZULWHV WKHVH LQWR D

V\VWHP VWUXFWXUH GHILQLWLRQ ILOH�


















,QVHUW )LJXUH � DERXW KHUH
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3.2.3  Adding interaction data logging code

,QWHUDFWLRQ GDWD QHHGV WR EH FROOHFWHG ZKHQHYHU D VWXGHQW HQWHUV D VHFWLRQ RU D VXEVHFWLRQ� DQG ZKHQHYHU

KH RU VKH LQWHUDFWV ZLWK DQ REMHFW RU PHGLD HOHPHQW� )RU WKLV� WKH $XWKRULQJ &RPSRQHQW H[SORLWV WKH IDFW

WKDW 'LUHFWRU SURYLGHV SUHGHILQHG KDQGOHUV WKDW DUH H[HFXWHG ZKHQHYHU D SDUWLFXODU HYHQW RFFXUV�

(DFK VHFWLRQ RI WKH PDQXDO LV LPSOHPHQWHG DV D PRYLH� ,Q 'LUHFWRU� WKH 6WDUW0RYLH KDQGOHU H[HFXWHV

ZKHQHYHU D PRYLH VWDUWV SOD\LQJ� 7KHUHIRUH� WKH $XWKRULQJ &RPSRQHQW FUHDWHV� IRU HDFK VHFWLRQ RI D

PDQXDO� D 6WDUW0RYLH KDQGOHU DQG DGGV WR WKLV KDQGOHU DGGLWLRQDO FRGH QHFHVVDU\ IRU GDWD ORJJLQJ�

$QRWKHU SUHGHILQHG KDQGOHU LQ 'LUHFWRU LV WKH (QWHU)UDPH KDQGOHU� ,W LV H[HFXWHG ZKHQHYHU D PRYLH

HQWHUV D IUDPH ZLWK DQ DVVRFLDWHG (QWHU)UDPH KDQGOHU� 7KHUHIRUH� WKH $XWKRULQJ &RPSRQHQW ILQGV WKH

ILUVW IUDPH RI HDFK VXEVHFWLRQ RI WKH PDQXDO DQG FUHDWHV IRU HDFK RI WKHVH IUDPHV DQ (QWHU)UDPH KDQGOHU

ZLWK DGGLWLRQDO GDWD ORJJLQJ FRGH IRU WKDW VXEVHFWLRQ�

:KHQHYHU WKH GHVLJQHU HOHFWV WR DGG D QHZ LQWHUDFWLYH REMHFW RU PHGLD HOHPHQW WR WKH PDQXDO� KH RU VKH LV

SURPSWHG IRU D QDPH RI WKH HOHPHQW DQG DVNHG ZKHWKHU LW QHHGV WR EH ORJJHG� ,I VR� WKH $XWKRULQJ

&RPSRQHQW DVNV DGGLWLRQDO TXHVWLRQV UHJDUGLQJ WKH HYHQW �PRXVH�XS RU PRXVH�GRZQ� WKDW ZLOO JHQHUDWH

WKH ORJ DQG WKH W\SH RI DFWLRQ WKH LQWHUDFWLYH REMHFW VXSSRUWV �VHH )LJ� ��� 7KHQ LW DXWRPDWLFDOO\ FUHDWHV D

GDWD ORJJLQJ KDQGOHU IRU WKH QHZ HOHPHQW DQG RSHQV D PHGLD HGLWLQJ ZLQGRZ IRU WKH GHVLJQHU WR FUHDWH RU

LPSRUW FRQWHQW�


















,QVHUW )LJXUH � DERXW KHUH




















7KH QHW UHVXOW LV WKDW ZKHQHYHU D VWXGHQW LQWHUDFWV ZLWK D PDQXDO� D ORJ ILOH FRQWDLQLQJ WULSOHV UHSUHVHQWLQJ

HDFK DFWLRQ H[HFXWHG LV SURGXFHG� $Q DFWLRQ WULSOH FRQWDLQV WKH W\SH RI WKH DFWLRQ� D QXPEHU DVVLJQHG WR
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WKH DFWLRQ� DQG WKH WLPH DW ZKLFK LW ZDV H[HFXWHG� 7KH W\SH RI DQ DFWLRQ GHVFULEHV LWV VHPDQWLFV� $FWLRQ

W\SH LQFOXGHV 6HFWLRQ� 6XEVHFWLRQ� 1DYLJDWLRQ� DQG WKH W\SHV VKRZQ LQ )LJ� � �E�� 7KH QXPEHU RI DQ DFWLRQ

UHSUHVHQWV LWV ORFDWLRQ ZLWKLQ WKH QHVWHG VHFWLRQDO VWUXFWXUH RI WKH PDQXDO� )RU LQVWDQFH� WZR FRQVHFXWLYH

WULSOHV �1DYLJDWLRQ� ���� ������ DQG �6HFWLRQ� �� ������ DSSHDULQJ LQ D ORJ ILOH LQGLFDWH WKDW WKH VWXGHQW

H[HFXWHG WKH VL[WK DFWLRQ LQ VHFWLRQ IRXU DW ����� VHFRQGV DIWHU KH RU VKH VWDUWHG LQWHUDFWLQJ ZLWK WKH

PDQXDO� ZKLFK ZDV D QDYLJDWLRQ DFWLRQ� DQG WKHQ HQWHUHG WKH ILIWK VHFWLRQ RI WKH PDQXDO ��� VHFRQGV

DIWHUZDUGV�

3.2.4  Generating a navigation map

$ QDYLJDWLRQ PDS LV D PRXVH�VHQVLWLYH JUDSKLF GHSLFWLQJ WKH VWUXFWXUH RI WKH PDQXDO� ,W DSSHDUV RQ HYHU\

VFUHHQ RI WKH PDQXDO� DOORZLQJ VWXGHQWV WR HDVLO\ QDYLJDWH WR GLIIHUHQW VHFWLRQV RI WKH PDQXDO� (DFK

EXWWRQ RI D QDYLJDWLRQ PDS� GHSLFWLQJ D VHFWLRQ RU VXEVHFWLRQ� FDQ EH LQ RQH RI WKUHH VWDWHV� DFWLYH�

LQDFWLYH� RU SUHVVHG� :KHQ D VHFWLRQ LV DFWLYH �H�J� 7KH 3UREOHP� $OJRULWKP� 3RLQWHUV� 5HFRUGV DQG ([LW

EXWWRQV LQ )LJ� ��� FOLFNLQJ RQ LW ZLOO WDNH WKH VWXGHQW WR WKDW VHFWLRQ� $ SUHVVHG EXWWRQ LQGLFDWHV WKH

VHFWLRQ WKH VWXGHQW LV FXUUHQWO\ LQ �H�J� 4XHVWLRQV EXWWRQ LQ )LJ� ��� $Q LQDFWLYH EXWWRQ �H�J� 3URJUDP

EXWWRQ LQ )LJ� �� LQGLFDWHV D VHFWLRQ LQ WKH PDQXDO WKH VWXGHQW LV QRW \HW DOORZHG WR YLVLW EHFDXVH RI

QDYLJDWLRQ UHVWULFWLRQV�


















,QVHUW )LJXUH � DERXW KHUH




















7R FUHDWH D QDYLJDWLRQ PDS IRU D PDQXDO� WKH $XWKRULQJ &RPSRQHQW QHHGV WR NQRZ WKH RUGHU RI LWV

YDULRXV VHFWLRQV DQG DQ\ QDYLJDWLRQ UHVWULFWLRQV WKDW WKH GHVLJQHU ZDQWV WR LPSRVH� 7KH VHFWLRQ RUGHU LV

REWDLQHG IURP WKH GHVLJQHU WKURXJK D GLDORJ ER[ LQ ZKLFK DOO VHFWLRQV DUH OLVWHG DQG WKH GHVLJQHU FDQ GUDJ

VHFWLRQV LQ WKH GHVLUHG RUGHU� 7R REWDLQ QDYLJDWLRQ UHVWULFWLRQV IRU HDFK VHFWLRQ LQ WKH PDQXDO� WKH
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$XWKRULQJ &RPSRQHQW DVNV WKH GHVLJQHU WR VSHFLI\ DOO VHFWLRQV WKDW ZLOO EHFRPH DFFHVVLEOH WR D VWXGHQW

RQFH KH RU VKH KDV YLVLWHG WKH FXUUHQW VHFWLRQ� 2QFH ERWK WKHVH W\SHV RI LQIRUPDWLRQ KDYH EHHQ REWDLQHG�

WKH $XWKRULQJ &RPSRQHQW DXWRPDWLFDOO\ FUHDWHV D QDYLJDWLRQ PDS WKDW ZLOO DSSHDU RQ HYHU\ VFUHHQ RI WKH

PDQXDO� DQG DGGV WR WKLV PDS DOO QHFHVVDU\ KDQGOHUV �/LQJR FRGH� WR HQIRUFH WKH QDYLJDWLRQ UHVWULFWLRQV

VSHFLILHG E\ WKH GHVLJQHU DQG WR ORJ LQWHUDFWLRQ GDWD�

3.3  The Evaluation Component

7KH HYDOXDWLRQ RI DQ HGXFDWLRQDO PXOWLPHGLD V\VWHP VKRXOG EH EDVHG RQ KRZ VWXGHQWV LQWHUDFWHG ZLWK LW

DQG ZKDW WKH\ OHDUQHG IURP LW� 7KH SUH�WHVW DQG SRVW�WHVW SDUDGLJP IURP H[SHULPHQWDO SV\FKRORJ\ FDQ EH

DSSOLHG WR JDXJH WKH H[WHQW RI VWXGHQW OHDUQLQJ� &ROOHFWLRQ DQG DQDO\VLV RI LQWHUDFWLRQ ORJV ZLOO SURYLGH D

SLFWXUH RI KRZ VWXGHQWV LQWHUDFWHG ZLWK WKH V\VWHP� ,W LV WKLV ODWWHU SURFHVV WKDW FDQ EH DXWRPDWHG VR WKDW

WKH GHVLJQHU FDQ EH SUHVHQWHG ZLWK XQGHUVWDQGDEOH H[SODQDWLRQV DQG YLVXDOL]DWLRQV RI VWXGHQW LQWHUDFWLRQV

DQG QDYLJDWLRQ SDWWHUQV� +H RU VKH FDQ WKHQ FRUUHODWH LQWHUDFWLRQV ZLWK OHDUQLQJ �RU ODFN WKHUHRI� LQ RUGHU

WR HYDOXDWH WKH HIILFDF\ RI WKH HGXFDWLRQDO PXOWLPHGLD V\VWHP EHLQJ HYDOXDWHG�

7KH VHFRQG SDUW RI WKH LQWHJUDWHG DUFKLWHFWXUH GHVFULEHG LQ WKLV SDSHU LV WKHUHIRUH DQ (YDOXDWLRQ

&RPSRQHQW WKDW SDUVHV WKH V\VWHP VWUXFWXUH GHILQLWLRQ FUHDWHG E\ WKH $XWKRULQJ &RPSRQHQW DQG WKH

LQWHUDFWLRQ ORJV JHQHUDWHG ZKHQ VWXGHQWV LQWHUDFW ZLWK WKH PXOWLPHGLD PDQXDO� 7KH UHVXOWLQJ GDWD LV

DQDO\]HG DQG SUHVHQWHG WR WKH GHVLJQHU DV VWDWLVWLFV DQG YLVXDOL]DWLRQV� 7KH GHVLJQHU FDQ YLHZ ERWK

JUDSKLF DQG QXPHULF UHSUHVHQWDWLRQV RI LQIRUPDWLRQ RQ KRZ VWXGHQWV LQWHUDFWHG ZLWK WKH PDQXDO� 7KLV

LQIRUPDWLRQ LQFOXGHV DFWLRQV WKH\ H[HFXWHG� WKHLU QDYLJDWLRQ SDWWHUQV� DQG WKHLU DQVZHUV WR PXOWLSOH�

FKRLFH TXHVWLRQV LI VXFK TXHVWLRQV ZHUH LQFOXGHG LQ WKH PDQXDO� 7KH GHVLJQHU FDQ QRW RQO\ VHH KRZ HDFK

VWXGHQW LQWHUDFWHG ZLWK WKH V\VWHP� EXW DOVR REWDLQ VWDWLVWLFDO DQG DQDO\WLFDO LQIRUPDWLRQ RQ JURXSV RI
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VWXGHQWV� DQG VHPDQWLF LQWHUSUHWDWLRQV RI WKHLU QDYLJDWLRQ SDWWHUQV� :H ILUVW GHVFULEH WKH QDYLJDWLRQ

SDWWHUQ H[WUDFWLRQ DQG DQDO\VLV FDSDELOLWLHV RI WKH (YDOXDWLRQ &RPSRQHQW� IROORZHG E\ D GLVFXVVLRQ RI WKH

YDULRXV H[SODQDWLRQV DQG YLVXDOL]DWLRQV WKDW LW JHQHUDWHV IRU WKH GHVLJQHU�

3.3.1  Extracting and analyzing navigation patterns

7KH (YDOXDWLRQ &RPSRQHQW EDVHV LWV VWXGHQW QDYLJDWLRQ DQDO\VHV RQ WKH H[WUDFWLRQ DQG LQWHUSUHWDWLRQ RI

QDYLJDWLRQ SDWWHUQV REWDLQHG IURP WKH LQWHUDFWLRQ ORJ ILOHV� 7KHVH ILOHV FRQWDLQ DOO DFWLRQV DQG QDYLJDWLRQ

VWHSV H[HFXWHG E\ HDFK VWXGHQW LQ WKH IRUP RI D VWULQJ RI WULSOHV RI WKH IRUP �DFWLRQ VHFWLRQ�LGHQWLILHU

WLPH�VWDPS�� $ SDWWHUQ H[WUDFWLRQ DOJRULWKP �VKRZQ LQ )LJ� �� VHDUFKHV WKHVH VWULQJV IRU SDWWHUQV WKDW

RFFXU PXOWLSOH WLPHV� 7KRVH SDWWHUQV WKDW RFFXU DERYH D WKUHVKROG IUHTXHQF\ �VSHFLILHG E\ WKH GHVLJQHU�

DUH VHOHFWHG DV ¦QDYLJDWLRQ SDWWHUQV RI LQWHUHVW§� 7KH OLVW RI WKHVH SDWWHUQV WRJHWKHU ZLWK WKH QXPEHU RI

WLPHV WKH\ ZHUH H[HFXWHG IRUP WKH RXWSXW RI WKH SDWWHUQ GHWHFWLRQ DOJRULWKP� )LJ� � VKRZV KRZ WKH

(YDOXDWLRQ &RPSRQHQW GLVSOD\V WKH SDWWHUQV LW GHWHFWV� 7KLV ILJXUH LOOXVWUDWHV D QDYLJDWLRQ SDWWHUQ WKDW

RFFXUUHG � WLPHV� 7KH SDWWHUQ VWDUWV LQ WKH ILUVW VXEVHFWLRQ RI 6HFWLRQ �� IURP ZKLFK WKH VWXGHQW�V� ZHQW WR

WKH PDLQ SDJH RI 6HFWLRQ �� DQG IURP WKHUH WR VXEVHFWLRQV � DQG ��


















,QVHUW )LJXUH � DERXW KHUH





































,QVHUW )LJXUH � DERXW KHUH




















$Q LQIHUHQFH DOJRULWKP DQDO\]HV ERWK WKH UDZ ORJ ILOHV DQG SDWWHUQV IRXQG E\ WKH SDWWHUQ GHWHFWLRQ

DOJRULWKP� ,W XVHV SURGXFWLRQ UXOHV WR JHQHUDWH UHFRPPHQGDWLRQV RQ KRZ WR LPSURYH WKH GHVLJQ RI WKH

PDQXDO� 7KHVH UXOHV HQFRGH D GHVLJQHU©V DVVXPSWLRQV RI UHODWLRQV EHWZHHQ SDUWLFXODU VWXGHQW DFWLRQV DQG
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SRVVLEOH IODZV LQ WKH PDQXDO GHVLJQ� 7KHVH DVVXPSWLRQV� FRGHG LQWR SURGXFWLRQ UXOHV LQ /LVS ZLWK SUH�

FRQGLWLRQV DQG SRVW�FRQGLWLRQV� DUH UHDOO\ KHXULVWLFV WKDW QHHG WR EH WULHG RXW� UHILQHG RU UHMHFWHG E\ WKH

GHVLJQHU DV WKH GHVLJQ�UHGHVLJQ SURFHVV LV XQGHU ZD\� 7KH SUH�FRQGLWLRQ RI D UXOH PD\ EH� IRU H[DPSOH� D

PDWFK ZLWK D SDUWLFXODU QDYLJDWLRQ SDWWHUQ� 7KH SRVW�FRQGLWLRQV DUH UHGHVLJQ UHFRPPHQGDWLRQV� 7KH UXOHV

FRQVLGHU GLYHUVH LQIRUPDWLRQ IURP WKH LQWHUDFWLRQ ORJV� )RU H[DPSOH� GLIIHUHQW ORJ GDWD VXFK DV WKH WLPH

VSHQW E\ WKH VWXGHQWV LQ WKHLU ILUVW YLVLWV WR VHFWLRQV� WKH QXPEHU RI VWXGHQWV WKDW H[HFXWHG FHUWDLQ DFWLRQV�

SDUWV RI WKH PDQXDO WKDW VWXGHQWV QHYHU YLHZHG� HWF�� DV ZHOO DV WKH H[WUDFWHG QDYLJDWLRQ SDWWHUQV� DUH XVHG

LQ WKH SUH�FRQGLWLRQV RI UXOHV� 7KH SRVW�FRQGLWLRQV RI DOO UXOHV WKDW ILUH GXULQJ DQ DQDO\VLV VHVVLRQ DUH

DGGHG WR D OLVW� 7KLV OLVW RI VXJJHVWHG UHGHVLJQV LV GLVSOD\HG WR WKH GHVLJQHU� 7KH UHFRPPHQGDWLRQV PD\

VXJJHVW FKDQJHV WR PHGLD W\SHV� LQIRUPDWLRQ FRQWHQW� RU VWUXFWXUH RI WKH PDQXDO� 7KH ILQDO FKRLFH DV WR

ZKLFK RI WKH UHGHVLJQV VXJJHVWHG E\ WKH (YDOXDWLRQ &RPSRQHQW DUH LPSOHPHQWHG UHVWV ZLWK WKH GHVLJQHU�

7KHUH DUH WKUHH NLQGV RI UXOHV� EHKDYLRU�EDVHG UXOHV� PHGLD�EDVHG UXOHV DQG TXHVWLRQ�EDVHG UXOHV�

%HKDYLRU�EDVHG UXOHV DQDO\]H WKH EHKDYLRU RI VWXGHQWV �WKHLU QDYLJDWLRQ SDWWHUQV� WKH DFWLRQV WKH\

H[HFXWHG� DQG WKH WLPH WKH\ VSHQW LQ VHFWLRQV DQG VXEVHFWLRQV� LQ RUGHU WR GHWHFW SRWHQWLDO SUREOHPV DQG

VXJJHVW UHGHVLJQV� $Q H[DPSOH RI VXFK D UXOH� WUDQVODWHG LQWR (QJOLVK� LV�

¦,I VWXGHQWV DUH VHHQ WR JR EDFN DQG IRUWK EHWZHHQ RQH LQIRUPDWLRQ SUHVHQWDWLRQ HOHPHQW LQ VHFWLRQ

$ DQG DQRWKHU LQ D IROORZLQJ VHFWLRQ % UHSHDWHGO\� WKH FRUUHVSRQGLQJ LQIRUPDWLRQ LQ VHFWLRQ $

VKRXOG EH PRYHG WR� UHSOLFDWHG LQ� RU PDGH GLUHFWO\ DFFHVVLEOH IURP 6HFWLRQ %§�

0HGLD�EDVHG UXOHV DQDO\]H KRZ VWXGHQWV LQWHUDFWHG ZLWK PHGLD VXFK DV DXGLR FOLSV DQG DQLPDWLRQV� $Q

H[DPSOH RI VXFK D UXOH� WUDQVODWHG LQWR (QJOLVK� LV�

¦,I VWXGHQWV DUH SOD\LQJ DQ DXGLR FOLS PRUH WKDQ D FHUWDLQ QXPEHU RI WLPHV �WKUHVKROG VHW E\ WKH

GHVLJQHU�� VHJPHQW WKH DXGLR LQWR VKRUWHU ILOHV LI LW LV WRR ORQJ� LPSURYH WKH TXDOLW\ RI WKH DXGLR LI LW

LV SRRU� LPSURYH WKH FRPSUHKHQVLELOLW\ RI WKH PHVVDJH E\ UHZRUGLQJ LI LW LV WRR GLIILFXOW WR

XQGHUVWDQG� RU FRQVLGHU UHSODFLQJ DXGLR ZLWK RQ�VFUHHQ WH[W§�
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4XHVWLRQ�EDVHG UXOHV DQDO\]H KRZ VWXGHQWV DQVZHUHG PXOWLSOH�FKRLFH TXHVWLRQV� ZKLFK VHFWLRQV DQG

VXEVHFWLRQV WKH\ YLVLWHG EHIRUH DQVZHULQJ� DQG WKH FRUUHFWQHVV RI WKH DQVZHUV SURYLGHG� LQ RUGHU WR

SURYLGH UHFRPPHQGDWLRQV DERXW UHGHVLJQLQJ TXHVWLRQV DQG VHFWLRQV FRQWDLQLQJ LQIRUPDWLRQ UHOHYDQW WR

TXHVWLRQV� $Q H[DPSOH RI VXFK D UXOH� WUDQVODWHG LQWR (QJOLVK� LV�

¦,I VWXGHQWV DUH DQVZHULQJ D TXHVWLRQ LQFRUUHFWO\� WKHQ JRLQJ WR VHFWLRQ RU VXEVHFWLRQV UHOHYDQW WR

WKH TXHVWLRQ DQG UHWXUQLQJ WR DJDLQ LQFRUUHFWO\ DQVZHU WKH TXHVWLRQ� LQ D UHSHDWLQJ SDWWHUQ� FRQVLGHU

UHYLVLQJ WKH FRQWHQW RI WKRVH VHFWLRQV WR PDNH WKHP HDVLHU WR XQGHUVWDQG§�

7KH V\VWHP FXUUHQWO\ FRQWDLQV �� UXOHV� �� RI ZKLFK DUH EHKDYLRU�EDVHG UXOHV� � DUH PHGLD�EDVHG UXOHV

DQG � DUH TXHVWLRQ�EDVHG UXOHV� $ UXOH W\SLFDOO\ UHFRPPHQGV VHYHUDO SRVVLEOH FKDQJHV� EXW WKH FKRLFH RI

ZKLFK� LI DQ\� WR LPSOHPHQW UHVWV ZLWK WKH GHVLJQHU� 7KH V\VWHP PDLQWDLQV D VHSDUDWH ILOH RU UXOH�EDVH VR

WKDW UXOHV FDQ EH HDVLO\ DGGHG� GHOHWHG RU PRGLILHG� $W SUHVHQW� DXWRPDWLF FRQVLVWHQF\ FKHFNLQJ WR VHH

ZKHWKHU D QHZO\ DGGHG UXOH RU D UHYLVHG UXOH LV FRQVLVWHQW ZLWK RWKHU UXOHV LQ WKH UXOH�EDVH LV QRW GRQH�

7KLV LV SDUW RI RXU IXWXUH UHVHDUFK�

3.3.2  The designer’s interface

7KH LQWHUIDFH RI WKH (YDOXDWLRQ &RPSRQHQW SURYLGHV D YDULHW\ RI ZD\V WR YLHZ WKH LQWHUDFWLRQ DQG

QDYLJDWLRQ GDWD� ZKLFK DUH RUJDQL]HG LQWR D WRS�OHYHO PHQX VKRZQ LQ )LJ� �� 7KH GHVLJQHU ILUVW FKRRVHV WR

YLHZ LQIRUPDWLRQ RQ DQ LQGLYLGXDO VWXGHQW RU RQ D JURXS RI VWXGHQWV� DV ZHOO DV WKH ORJ ILOH�V� DQG V\VWHP

GHILQLWLRQ ILOH WR EH XVHG LQ WKH DQDO\VLV� 7KHQ KH RU VKH FDQ HOHFW WR FRQGXFW DQ\ RI VHYHUDO GDWD DQDO\VHV

DQG YLHZ GLIIHUHQW GDWD YLVXDOL]DWLRQV� 7KH DYDLODEOH DQDO\VHV DQG YLVXDOL]DWLRQV DUH OLVWHG EHORZ DQG

GHVFULEHG LQ PRUH GHWDLO LQ WKH IROORZLQJ SDUDJUDSKV�


















,QVHUW )LJXUH � DERXW KHUH
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x *HQHUDO ,QIRUPDWLRQ� SURYLGHV LQIRUPDWLRQ RQ WKH PDQXDO DQG RQ UXOHV WKDW WKH (YDOXDWLRQ

&RPSRQHQW XVHV WR DQDO\]H QDYLJDWLRQ SDWWHUQV� 7KH GHVLJQHU FDQ YLHZ WKH IROORZLQJ LQIRUPDWLRQ�

� 6HFWLRQDO VWUXFWXUH RI WKH PDQXDO�

� 1DYLJDWLRQ UHVWULFWLRQV�

� 5XOHV XVHG WR DQDO\]H QDYLJDWLRQ SDWWHUQV�

x ,QIRUPDWLRQ RQ 6HFWLRQV� SURYLGHV LQIRUPDWLRQ RQ KRZ VWXGHQWV LQWHUDFWHG ZLWK WKH VHFWLRQV RI

WKH PDQXDO� 7KH GHVLJQHU FDQ YLHZ WKH IROORZLQJ LQIRUPDWLRQ�

� �6XE�6HFWLRQV VHHQ E\ WKH VWXGHQW�V��

� 7LPH VSHQW LQ HDFK �VXE�VHFWLRQ�

� $FWLRQV H[HFXWHG LQ DQ\ �VXE�VHFWLRQ�

� 3HUFHQWDJH RI WLPH VSHQW LQ D VHFWLRQ ZLWK UHVSHFW WR WKH WRWDO WLPH VSHQW ZLWK WKH PDQXDO�

� 1XPEHU RI WLPHV WKH VWXGHQW�V� YLVLWHG D VHFWLRQ�

x ,QIRUPDWLRQ RQ 1DYLJDWLRQ� SURYLGHV LQIRUPDWLRQ RQ WKH ZD\ VWXGHQWV QDYLJDWHG WKURXJK WKH

PDQXDO� 7KH GHVLJQHU FDQ YLHZ WKH IROORZLQJ LQIRUPDWLRQ�

� $ JUDSKLFDO UHSUHVHQWDWLRQ RI WKH QDYLJDWLRQ SDWKV�

� )UHTXHQF\ ZLWK ZKLFK D YLVLW WR D VHFWLRQ ZDV IROORZHG E\ D YLVLW WR DQRWKHU VHFWLRQ�

� )UHTXHQWO\ RFFXUULQJ QDYLJDWLRQ SDWWHUQV�

� $ UXOH�EDVHG DQDO\VLV RI WKH QDYLJDWLRQ SDWWHUQV�

x ,QIRUPDWLRQ RQ 4XHVWLRQV� SURYLGHV LQIRUPDWLRQ RQ KRZ VWXGHQWV LQWHUDFWHG ZLWK PXOWLSOH�FKRLFH

TXHVWLRQV LQ WKH PDQXDO� 7KH GHVLJQHU FDQ YLHZ WKH IROORZLQJ NLQGV RI LQIRUPDWLRQ�

� 7KH DQVZHU JLYHQ WR HDFK TXHVWLRQ E\ D VWXGHQW� ZKHWKHU LW ZDV FRUUHFW RU QRW� WKH QXPEHU RI

DWWHPSWV EHIRUH JHWWLQJ LW FRUUHFW� DQG VHFWLRQV YLHZHG EHIRUH HDFK DQVZHU� )RU D JURXS RI

VWXGHQWV� WKH SHUFHQWDJH RI VWXGHQWV WKDW DQVZHUHG HDFK TXHVWLRQ DQG WKH SHUFHQWDJH RI

VWXGHQWV WKDW DQVZHUHG FRUUHFWO\ RQ WKH ILUVW WU\ DUH DOVR SURYLGHG�
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7KH GHVLJQHU FDQ YLHZ WKH VWUXFWXUH RI WKH PDQXDO LQ WKH IRUP RI D KLHUDUFKLFDO WUHH OD\RXW� $ JUDSKLFDO

UHSUHVHQWDWLRQ RI WKH QDYLJDWLRQ UHVWULFWLRQV RI D PDQXDO FDQ DOVR EH YLHZHG� ,Q WKLV GLVSOD\ HDFK VHFWLRQ

LV UHSUHVHQWHG DV D QRGH� $ FRQQHFWLRQ EHWZHHQ WZR QRGHV LQGLFDWHV WKDW D VWXGHQW FDQ QDYLJDWH IURP RQH

QRGH WR WKH RWKHU� )LJ� � VKRZV VXFK D GLVSOD\� LQGLFDWLQJ D PDQXDO ZLWK � VHFWLRQV WKDW D VWXGHQW LV

UHVWULFWHG WR YLVLWLQJ LQ RUGHU �H[FHSW VHFWLRQ ��� 7KH ILJXUHV WKDW IROORZ VKRZ GDWD FROOHFWHG RQ WKLV

SDUWLFXODU PDQXDO�


















,QVHUW )LJXUH � DERXW KHUH




















7KH GHVLJQHU FDQ YLHZ VSHFLILF DFWLRQV RI D VWXGHQW DQG VWDWLVWLFV RQ WKHVH DFWLRQV LQ DQ\ VHFWLRQ RU

VXEVHFWLRQ RI WKH PDQXDO� )LJ� � VKRZV D VDPSOH RI VHFWLRQ YLVLW VWDWLVWLFV� )XUWKHUPRUH� RQH FDQ FKRRVH WR

YLHZ VSHFLILF DFWLRQV H[HFXWHG E\ D VWXGHQW GXULQJ D SDUWLFXODU YLVLW WR D VHFWLRQ RU VXEVHFWLRQ� )LJ� ��

VKRZV VXFK D GLVSOD\� RI WKH DFWLRQV RI D VWXGHQW ¦681<§ GXULQJ WKH VHFRQG YLVLW WR VHFWLRQ � FRQWDLQLQJ

PXOWLSOH FKRLFH TXHVWLRQV�


















,QVHUW )LJXUH � DERXW KHUH





































,QVHUW )LJXUH �� DERXW KHUH




















7KH WLPH FKDUW YLVXDOL]DWLRQ RSWLRQ GLVSOD\V D SLH FKDUW LQGLFDWLQJ WKH SHUFHQWDJH RI WKH WRWDO WLPH D

VWXGHQW VSHQW RQ HDFK VHFWLRQ �)LJ� ���� 7KH IUHTXHQF\ JUDSK GLVSOD\ VKRZV D EDU JUDSK VKRZLQJ WKH
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QXPEHU RI WLPHV HDFK VHFWLRQ ZDV YLVLWHG �)LJ� ���� 7KH (YDOXDWLRQ &RPSRQHQW FRPSXWHV DQG GLVSOD\V

WKH WRWDO WLPH HDFK LQGLYLGXDO VWXGHQW VSHQW ZLWK D PDQXDO� DQG WKH PHDQ DPRXQW RI WLPH D JURXS RI

VWXGHQWV VSHQW ZLWK D PDQXDO WRJHWKHU ZLWK WKH VWDQGDUG GHYLDWLRQ� 7KH GHVLJQHU FDQ DOVR YLHZ WKH

SHUFHQWDJH RI VWXGHQWV �IURP D JURXS� WKDW H[HFXWHG DQ\ VSHFLILF DFWLRQ LQ D PDQXDO �)LJ� ����


















,QVHUW )LJXUH �� DERXW KHUH





































,QVHUW )LJXUH �� DERXW KHUH





































,QVHUW )LJXUH �� DERXW KHUH




















7KH (YDOXDWLRQ &RPSRQHQW FDQ GLVSOD\ WKH QDYLJDWLRQ RI DQ LQGLYLGXDO VWXGHQW RU D JURXS RI VWXGHQWV LQ

RQH RI WKUHH ZD\V� DV D GLDJUDP� DV D WDEOH� RU DV D JUDSK� 7KH QDYLJDWLRQ GLDJUDP �)LJ� ��� VKRZV WKH

SDWKV EHWZHHQ VHFWLRQV D VWXGHQW IROORZHG ZKHQ YLHZLQJ WKH PDQXDO� ,W DOVR VKRZV WKH QXPEHU RI WLPHV

WKH VWXGHQW IROORZHG HDFK SDWK�

$ QDYLJDWLRQ WDEOH LV VKRZQ LQ )LJ� ��� 7KH QXPEHU LQ D FHOO RI WKH WDEOH LQGLFDWHV WKH QXPEHU RI WLPHV D

VWXGHQW ZHQW IURP WKH VHFWLRQ LQ WKH FRUUHVSRQGLQJ URZ WR WKH VHFWLRQ LQ WKH FRUUHVSRQGLQJ FROXPQ� ,I
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JURXS DQDO\VLV LV FKRVHQ� HDFK WDEOH FHOO ZLOO LQVWHDG VKRZ WKH SHUFHQWDJH RI VWXGHQWV WKDW QDYLJDWHG IURP

WKH VHFWLRQ RQ D URZ WR WKH VHFWLRQ RQ WKH FRUUHVSRQGLQJ FROXPQ�

7KH QDYLJDWLRQ VHTXHQFH JUDSK VKRZV WKH FRPSOHWH QDYLJDWLRQ SDWK IROORZHG E\ D VWXGHQW �)LJ� ���� ,W LV

GLIIHUHQW IURP WKH QDYLJDWLRQ GLDJUDP QRW RQO\ LQ WKH ZD\ WKH QDYLJDWLRQ SDWK LV SUHVHQWHG� EXW DOVR LQ WKH

IDFW WKDW D VHFWLRQ YLVLWHG Q WLPHV� ZLOO DSSHDU Q WLPHV LQ WKH JUDSK� 7KH QDYLJDWLRQ VHTXHQFH JUDSK DOVR

SURYLGHV LQIRUPDWLRQ RQ WKH DPRXQW RI WLPH WKH VWXGHQW VSHQW LQ HDFK YLVLW WR D VHFWLRQ�


















,QVHUW )LJXUH �� DERXW KHUH





































,QVHUW )LJXUH �� DERXW KHUH





































,QVHUW )LJXUH �� DERXW KHUH

*****************

3.4  Integrated implementation of the Authoring and Evaluation Components

7KH RYHUDOO DUFKLWHFWXUH RI WKH LQWHJUDWHG SODWIRUP LV VKRZQ LQ )LJ� ��� 6HYHUDO GLIIHUHQW VRIWZDUH

SDFNDJHV DQG SURJUDPPLQJ ODQJXDJHV ZHUH XVHG WR GHYHORS WKH LQWHJUDWHG WRRO� 7KH $XWKRULQJ

&RPSRQHQW ZDV GHYHORSHG XVLQJ 0DFURPHGLD 'LUHFWRU
70

DQG LWV SURJUDPPLQJ ODQJXDJH /LQJR� 7KLV

DSSOLFDWLRQ ZDV VHOHFWHG EHFDXVH RI LWV ZLGHVSUHDG XVH DQG WKH SURJUDPPLQJ IOH[LELOLW\ SURYLGHG E\
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/LQJR� 7KH FRPSXWDWLRQ OD\HU RI WKH (YDOXDWLRQ &RPSRQHQW� UHVSRQVLEOH IRU SDUVLQJ WKH V\VWHP VWUXFWXUH

GHILQLWLRQ DQG ORJ GDWD ILOHV� H[WUDFWLQJ SDWWHUQV� GRLQJ QXPHULF FRPSXWDWLRQV� DSSO\LQJ SURGXFWLRQ UXOHV

DQG JHQHUDWLQJ YLVXDOL]DWLRQV� LV LPSOHPHQWHG LQ 0DFLQWRVK &RPPRQ /LVS� 7KH GHVLJQHU©V LQWHUIDFH ZDV

FUHDWHG XVLQJ )DFH6SDQ
70
� ,W LV D *UDSKLFDO 8VHU ,QWHUIDFH �*8,� GHYHORSPHQW HQYLURQPHQW IRU

0DFLQWRVK FRPSXWHUV� $SSOH6FULSW� WKH VFULSWLQJ ODQJXDJH RI WKH 0DFLQWRVK 2SHUDWLRQ 6\VWHP� DQG

$SSOH(YHQWV� WKH V\VWHP OHYHO PHVVDJLQJ IDFLOLW\ EHWZHHQ DSSOLFDWLRQV� ZHUH XVHG WR SURYLGH

FRPPXQLFDWLRQ OLQNV EHWZHHQ WKH LQWHUIDFH DQG FRPSXWDWLRQ OD\HUV RI WKH (YDOXDWLRQ &RPSRQHQW�

&RPPXQLFDWLRQ EHWZHHQ WKH $XWKRULQJ DQG (YDOXDWLRQ &RPSRQHQWV LV DFKLHYHG WKURXJK ILOH WUDQVIHU�

7KXV� LW LV SRVVLEOH IRU DXWKRULQJ DQG HYDOXDWLRQ WR WDNH SODFH DW GLIIHUHQW ORFDWLRQV� ZLWK ILOH WUDQVIHU

GRQH WKURXJK D QHWZRUN�


















,QVHUW )LJXUH �� DERXW KHUH




















�������������������	������������

:H GHVLJQHG DQG FRQGXFWHG D SLORW VWXG\ WR WHVW WKH HIIHFWLYHQHVV RI WKH LQWHJUDWHG DXWKRULQJ DQG

HYDOXDWLRQ SODWIRUP IRU HGXFDWLRQDO PXOWLPHGLD� ,Q WKLV H[SHULPHQW� D SURWRW\SH PDQXDO ZDV FUHDWHG ZLWK

WKH $XWKRULQJ &RPSRQHQW DQG WHVWHG ZLWK D JURXS RI VWXGHQWV� 7KLV SURWRW\SH ZDV WKHQ UHGHVLJQHG� EDVHG

RQ WKH LQWHUDFWLRQ GDWD DQDO\VHV� YLVXDOL]DWLRQV DQG UHFRPPHQGDWLRQV SURYLGHG E\ WKH (YDOXDWLRQ

&RPSRQHQW ZKLFK ZHUH LQWHUSUHWHG LQ WKH FRQWH[W RI SUH�WHVW DQG SRVW�WHVW UHVXOWV RI WKH ILUVW JURXS RI

VWXGHQWV� 7KH UHGHVLJQHG PDQXDO ZDV UH�HYDOXDWHG XVLQJ D VHFRQG JURXS RI VWXGHQWV�
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The experiment was conducted in six stages. In the first stage a prototype of a Linked List Hypermedia

Educational Manual was created. It was designed to instruct sophomore-level computer science

undergraduates about the concepts of records, pointers and linked lists, and how to implement find, insert

and delete routines for Linked Lists in the programming language Ada. In the second stage of the

experiment, a first group of 13 students from the course “Fundamentals of Computer Science II” at

Auburn University took a pre-test on the topic of Linked Lists, interacted with the manual, and then

completed a post-test and a user satisfaction questionnaire. In the third stage of the experiment, data

collected from this group was evaluated. This evaluation included assessing the students’ performance in

the tests, considering their opinions from the questionnaire, and analyzing their interactions using the

Evaluation Component. The fourth stage involved redesigning the manual, based primarily on the

visualizations and recommendations generated by the Evaluation Component. In the fifth stage of the

experiment, the revised manual was tested with a second group (which matched in level and experience

with the first group) of 10 students from the same class. The same questionnaires and tests were used. In

the sixth stage, data collected from this second group (pre-tests and post-tests, questionnaires and

interaction logs) were again analyzed with the help of the Evaluation Component and results were

compared to those obtained in stage three.

7KH UHVXOWV RI WKLV H[SHULPHQW VKRZHG WKDW WKH VHFRQG JURXS REWDLQHG D EHWWHU XQGHUVWDQGLQJ RI /LQNHG

/LVW WRSLFV WKDQ WKH ILUVW JURXS� 7KH DYHUDJH SUH�WHVW DQG SRVW�WHVW VFRUHV WKDW VWXGHQWV LQ WKH ILUVW JURXS

REWDLQHG ZHUH ������ �VWDQGDUG GHYLDWLRQ ������� DQG ������ �VWDQGDUG GHYLDWLRQ �������

UHVSHFWLYHO\� &OHDUO\� WKHLU NQRZOHGJH LQFUHDVHG DIWHU LQWHUDFWLQJ ZLWK WKH ILUVW SURWRW\SH RI WKH PDQXDO�

7KH ORZ DYHUDJH VFRUH DQG KLJK VWDQGDUG GHYLDWLRQ RI WKH SUH�WHVW LQGLFDWHG WKDW WKH ILUVW JURXS ZDV YHU\

XQHYHQ UHJDUGLQJ WKHLU SULRU NQRZOHGJH RI /LQNHG /LVW WRSLFV� 7KH VXEVWDQWLDO GHFUHDVH LQ VWDQGDUG

GHYLDWLRQ IURP WKH SUH�WHVW WR WKH SRVW�WHVW LQGLFDWHV WKDW VWXGHQWV VWDUWHG RXW ZLWK GLIIHUHQW OHYHOV RI SULRU

NQRZOHGJH DERXW /LQNHG /LVWV� EXW WKHLU NQRZOHGJH UHDFKHG D PXFK PRUH HYHQ OHYHO DIWHU ZRUNLQJ ZLWK
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WKH SURWRW\SH� 7KH DYHUDJH SUH�WHVW DQG SRVW�WHVW VFRUHV WKDW VWXGHQWV LQ WKH VHFRQG JURXS REWDLQHG ZHUH

���� �VWDQGDUG GHYLDWLRQ ������� DQG ����� �VWDQGDUG GHYLDWLRQ ������ UHVSHFWLYHO\� &OHDUO\� WKLV

JURXS RI VWXGHQWV© NQRZOHGJH LQFUHDVHG DIWHU LQWHUDFWLQJ ZLWK WKH UHYLVHG SURWRW\SH� 7KH ORZ DYHUDJH

VFRUH DQG KLJK VWDQGDUG GHYLDWLRQ RI WKH SUH�WHVW LQGLFDWHG WKDW WKH VHFRQG JURXS ZDV DOVR YHU\ XQHYHQ

UHJDUGLQJ WKHLU SULRU NQRZOHGJH RI /LQNHG /LVW WRSLFV� 7KH VXEVWDQWLDO GHFUHDVH LQ VWDQGDUG GHYLDWLRQ

IURP WKH SUH�WHVW WR WKH SRVW�WHVW LQGLFDWHV WKDW VWXGHQWV VWDUWHG RXW ZLWK GLIIHUHQW OHYHOV RI SULRU

NQRZOHGJH DERXW /LQNHG /LVWV� EXW WKHLU NQRZOHGJH UHDFKHG D PXFK PRUH HYHQ OHYHO DIWHU ZRUNLQJ ZLWK

WKH UHYLVHG SURWRW\SH�

0RUH LPSRUWDQWO\� WKH DYHUDJH SRVW�WHVW VFRUH RI WKH VHFRQG JURXS ZDV ������ KLJKHU WKDQ WKDW RI WKH

ILUVW JURXS� 7KLV GLIIHUHQFH LV VWDWLVWLFDOO\ VLJQLILFDQW �DV LQGLFDWHG E\ WKH )�WHVW UHVXOWV )������ �����

S������� 7KH VHFRQG JURXS©V WHVW VFRUH LPSURYHPHQW �WKH GLIIHUHQFH EHWZHHQ SUH�WHVW DQG SRVW�WHVW

VFRUHV� DIWHU ZRUNLQJ ZLWK WKH UHYLVHG PDQXDO ZDV ������ KLJKHU WKDQ WKH FRUUHVSRQGLQJ LPSURYHPHQW

VKRZQ E\ WKH ILUVW JURXS DIWHU ZRUNLQJ ZLWK WKH RULJLQDO PDQXDO� 7KLV GLIIHUHQFH LV DOVR VWDWLVWLFDOO\

VLJQLILFDQW �DV LQGLFDWHG E\ WKH )�WHVW UHVXOWV )������ ����� S�������� 7KXV� WKLV H[SHULPHQW GHPRQVWUDWHG

WKDW WKH DXWKRULQJ� ORJ GDWD FDSWXULQJ� DQDO\VLV� YLVXDOL]DWLRQ DQG LQWHUSUHWDWLRQ FDSDELOLWLHV SURYLGHG E\

WKH LQWHJUDWHG WRRO VXSSRUWV WKH HYDOXDWLRQ DQG UHGHVLJQ SKDVHV RI LWHUDWLYH GHVLJQ� DQG WKXV LPSURYHV WKH

HIIHFWLYHQHVV RI LWHUDWLYH GHVLJQ F\FOHV� $ FRPSOHWH DFFRXQW RI WKH H[SHULPHQWDO SURFHGXUH DQG UHVXOWV

FDQ EH IRXQG LQ >��@�

��������
����

The central focus of this research is to design and implement a tightly coupled authoring and evaluating

environment for educational hypermedia. The phrase “tightly coupled” refers to the fact that the
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authoring component creates prototypes that include (transparently to the designer) necessary provisions

for evaluation. These provisions include supporting the creation of multimedia systems with a well-

defined structure, automatically generating a file containing a structural description of the system, and

automatically instrumenting the system to capture interaction log information. The evaluation component

is tightly coupled to the authoring tool in the sense that it can analyze the user interaction information

generated by the prototype in the context of its structural description provided by the authoring tool,

present the results to the designer, and suggest potential changes to the system.

:H HVSRXVH DQ LWHUDWLYH GHVLJQ IUDPHZRUN IRU HGXFDWLRQDO PXOWLPHGLD� ,Q WKLV IUDPHZRUN� DQ LQLWLDO

GHVLJQ LV FUHDWHG DQG WKHQ UHILQHG WKURXJK VHYHUDO LWHUDWLRQV RI DQ HYDOXDWH�UHGHVLJQ F\FOH� 7KLV LV VLPLODU

WR WKH WDVN�EDVHG K\SHUPHGLD GHVLJQ DSSURDFK SURSRVHG E\ 3DWHUQR DQG 0DQFLQL >��@ LQ WKDW ERWK DUH

LQWHQGHG WR HQKDQFH WKH XVDELOLW\ DQG HIIHFWLYHQHVV RI WKH UHVXOWLQJ V\VWHP ZKHQ FRPSDUHG WR SXUHO\

V\VWHP�RULHQWHG GHVLJQ DSSURDFKHV� The contribution of our research is to enhance iterative design and

refinement of educational multimedia through instrumented authoring and automatic, formative

evaluation. An integrated platform has been designed to help the designer tightly couple the twin

processes of authoring multimedia prototypes and evaluating them. Automated tool support thus

provided helps speed up designing and evaluating prototypes of educational multimedia. This improves

the practical feasibility of the iterative design approach, and allows evaluation/redesign cycles to be

carried out more efficiently.

7KH SXUSRVH RI HGXFDWLRQDO PXOWLPHGLD LV WR HIIHFWLYHO\ FRQYH\ LQIRUPDWLRQ WR OHDUQHUV� 2XU UHVHDUFK KDV

VKRZQ WKDW FKDQJLQJ WKH VWUXFWXUH� QDYLJDWLRQ DQG FRQWHQWV RI DQ HGXFDWLRQDO PDQXDO LQ LWHUDWLYH GHVLJQ

F\FOHV WKDW WLJKWO\ FRXSOH DXWKRULQJ DQG HYDOXDWLRQ FDQ LQGHHG UHVXOW LQ LPSURYHG LQVWUXFWLRQDO

HIIHFWLYHQHVV� )XUWKHUPRUH� WKH VHPL�DXWRPDWHG VXSSRUW IRU WKLV SURFHVV WKDW WKH LQWHJUDWHG DXWKRULQJ DQG

HYDOXDWLRQ SODWIRUP SURYLGHV LPSURYHV WKH HIILFLHQF\ RI LWHUDWLYH GHVLJQ F\FOHV� 7KLV LV DFKLHYHG E\



27

UHGXFLQJ WKH PDQXDO HIIRUW LQYROYHG LQ YDULRXV VWDJHV RI GHVLJQ DQG HYDOXDWLRQ� L�H�� LQVWUXPHQWLQJ DQ

DXWKRUHG V\VWHP WR FROOHFW ORJ GDWD� JHQHUDWLQJ D VWUXFWXUDO GHVFULSWLRQ RI WKH DXWKRUHG V\VWHP WR SURYLGH

D FRQWH[W IRU GDWD DQDO\VHV� DQDO\]LQJ WKH GDWD� YLVXDOL]LQJ WKH GDWD� H[WUDFWLQJ LQWHUHVWLQJ QDYLJDWLRQ

SDWWHUQV� DQG LQWHUSUHWLQJ WKRVH WR JHQHUDWH UHGHVLJQ UHFRPPHQGDWLRQV�

7KRXJK RXU WDUJHW GRPDLQ LV HGXFDWLRQDO PXOWLPHGLD� ZH EHOLHYH WKDW WKLV DSSURDFK LV DSSOLFDEOH WR

LQWHUDFWLYH PXOWLPHGLD LQIRUPDWLRQ SUHVHQWDWLRQ V\VWHPV LQ JHQHUDO� 7KH LQWHJUDWHG DXWKRULQJ DQG

HYDOXDWLRQ WRRO FDQ EH DSSOLHG WR DQ\ KLHUDUFKLFDOO\ VWUXFWXUHG PXOWLPHGLD V\VWHP LQ D WDVN GRPDLQ LQ

ZKLFK WKH GHVLJQHU FDQ SUHGLFW SURGXFWLYH LQWHUDFWLRQ SDWWHUQV� GHWHFW XQSURGXFWLYH �RU SUREOHPDWLF� RQHV�

DQG TXDQWLI\ WKH HIIHFWLYHQHVV RI D GHVLJQ� 7KLV ODWWHU UHTXLUHPHQW DOORZV WKH SHUIRUPDQFH RI UHGHVLJQV WR

EH PHDVXUHG DQG FRPSDUHG DJDLQVW D WDUJHW �H�J� DQ H[SHFWHG FRPSUHKHQVLRQ RU UHFDOO VFRUH LQ SRVW�WHVWV�

WR GHFLGH ZKHQ WR FRQFOXGH LWHUDWLYH GHVLJQ�

$QRWKHU FRQWULEXWLRQ LV WR DXWRPDWLQJ WKH DQDO\VLV RI GDWD RQ XVHU LQWHUDFWLRQV ZLWK PXOWLPHGLD�

$QDO\]LQJ DQG SUHVHQWLQJ LQIRUPDWLRQ H[WUDFWHG IURP XVHU LQWHUDFWLRQ ORJV LQ PXOWLSOH DQG LQWHUUHODWHG

ZD\V SURYLGH WKH GHVLJQHU ZLWK D EHWWHU XQGHUVWDQGLQJ RI KRZ WKH YDULRXV UHVRXUFHV RIIHUHG E\ D

PXOWLPHGLD V\VWHP DUH DFFHVVHG E\ XVHUV� )XUWKHUPRUH� LQWHOOLJHQW DQDO\VLV RI QDYLJDWLRQ SDWWHUQV

JHQHUDWHV UHFRPPHQGDWLRQV RQ FKDQJHV WR WKH VWUXFWXUH DQG PHGLD HOHPHQWV RI WKH PXOWLPHGLD V\VWHP

EHLQJ WHVWHG�

3ULRU UHVHDUFK KDV DGGUHVVHG DXWRPDWHG ORJ GDWD DQDO\VLV� <DPDGD DQG 6XJLWD >��@ XVHG ORJ GDWD WR

GHWHUPLQH WKH QXPEHU RI XVHUV WKDW UHDFKHG GLIIHUHQW OHYHOV RI LQIRUPDWLRQ LQ D K\SHUPHGLD V\VWHP� 7KLV

LQIRUPDWLRQ ZDV XVHG WR GHWHUPLQH WKH YDOXH RI D K\SHUPHGLD HYDOXDWLRQ PHWULF� /DZOHVV DQG .XOLNRZLFK

>��@ XVHG ORJ ILOHV WR DQDO\]H XVHUV
 QDYLJDWLRQDO SDWKV WKURXJK D K\SHUWH[W HQYLURQPHQW� ,QIRUPDWLRQ

IURP WKH ORJ ILOH ZDV PDQXDOO\ SURFHVVHG WR GHWHFW JURXSV RI XVHUV ZLWK VLPLODU QDYLJDWLRQ� 7KLV UHVHDUFK
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KHOSHG LGHQWLI\ QDYLJDWLRQDO SURILOHV RI K\SHUWH[W XVHUV� ,Q D VLPLODU VWXG\� 5HFNHU >��@ FUHDWHG FOXVWHUV RI

XVHUV ZLWK VLPLODU QDYLJDWLRQ VWUDWHJLHV� /HH DQG +HOOHU >�@ GHVFULEHG WKH XVH RI NH\VWURNH ORJ ILOHV WR

LGHQWLI\ XVDJH SDWWHUQV RI DQ LQWHUDFWLYH PXOWLPHGLD V\VWHP LQVWDOOHG LQ D PXVHXP� 7KH DXWKRUV IRXQG� E\

DQDO\]LQJ WKH ORJ GDWD� WKDW ILOP DQG YLGHR UHVRXUFHV ZHUH QRW EHLQJ DFFHVVHG� 6LRFKL DQG (KULFK >��@

GHYHORSHG D WHFKQLTXH FDOOHG 0D[LPDO 5HSHDWLQJ 3DWWHUQV WR H[WUDFW SDWWHUQV RI XVDJH IURP UHFRUGHG

ORJV� 0D[LPDO 5HSHDWLQJ 3DWWHUQV DUH VXEVWULQJV WKDW RFFXU DW PRUH WKDQ RQH SRVLWLRQ LQ D VWULQJ DQG DUH

RI PD[LPDO OHQJWK SRVVLEOH� 7KH\ DUH H[WUDFWHG IURP ORJ ILOHV DQG UHYLHZHG E\ GHVLJQHUV WR ILQG SUREOHPV

VXFK DV DPELJXRXV RU PLVVLQJ IXQFWLRQV LQ D XVHU LQWHUIDFH� &KHQ DQG FROOHDJXHV >��@ GHYHORSHG

DOJRULWKPV WR H[WUDFW IUHTXHQW WUDYHUVDO SDWWHUQV IURP ORJ GDWD RI :HE QDYLJDWLRQ� &KDYHUR DQG

FROOHDJXHV UHSRUWHG >��@ D WRRO FDOOHG 'LDJUDP *HQHUDWRU WKDW JUDSKLFDOO\ SUHVHQWHG WKH SDWKV DQG WLPHV

RI VWXGHQWV QDYLJDWLQJ WKURXJK DQ LQVWUXFWLRQDO K\SHUPHGLD SURJUDP� 7KLV WRRO GLVSOD\HG VHFWLRQV RI WKH

K\SHUPHGLD V\VWHP DV QRGHV RI D JUDSK� DQG GUHZ FLUFOHV DURXQG WKH QRGHV ZLWK UDGLL SURSRUWLRQDO WR WKH

DPRXQW RI WLPH VWXGHQWV VSHQW LQ HDFK VHFWLRQ� 1DYLJDWLRQ SDWKV ZHUH VKRZQ DV OLQHV FRQQHFWLQJ WKH

QRGHV� %\ FRPSDULQJ WKH QDYLJDWLRQ SDWKV DQG YLHZLQJ WLPHV RI GLIIHUHQW VWXGHQWV WRJHWKHU ZLWK WKH WKHLU

SHUIRUPDQFH RQ VXEVHTXHQW WHVWV� GHVLJQHUV FRXOG GUDZ FRQFOXVLRQV RQ ZD\V WR LPSURYH WKH K\SHUPHGLD

V\VWHP�

,Q HDFK RI WKHVH FDVHV� ORJ ILOH DQDO\VLV LV UHVWULFWHG WR HLWKHU GHULYLQJ D VSHFLILF W\SH RI LQIRUPDWLRQ� RU

H[WUDFWLQJ DQG GLVSOD\LQJ WUDYHUVDO SDWWHUQV� /RJ GDWD FRQWDLQV ULFK LQIRUPDWLRQ RQ QDYLJDWLRQ� WLPH�

SUHIHUUHG DFWLRQV� LJQRUHG DFWLRQV� DQG PXFK PRUH� 7KHUHIRUH� RQH JRDO RI RXU UHVHDUFK KDV EHHQ WR

DGYDQFH WKH VWDWH RI WKH DUW LQ WKH DUHD RI DXWRPDWLF ORJ GDWD SURFHVVLQJ� 2XU UHVHDUFK JRHV IDUWKHU LQ

H[SORLWLQJ WKH ULFKQHVV RI LQWHUDFWLRQ ORJV E\ SUHVHQWLQJ WKH GHULYHG LQIRUPDWLRQ �ZKLFK LQFOXGHV

WHPSRUDO DQG DFWLRQ LQIRUPDWLRQ LQ DGGLWLRQ WR QDYLJDWLRQ SDWWHUQV� LQ D YDULHW\ RI LQWHUUHODWHG IRUPDWV

�H�J� WDEOHV� JUDSKV� FKDUWV� DQG SDWWHUQV�� 6XFK PXOWLSOH YLHZV WKDW KLJKOLJKW LQWHUUHODWLRQV EHWWHU KHOS WKH

GHVLJQHU LQ GUDZLQJ FRQFOXVLRQV DERXW WKH HIILFDF\ RI WKH V\VWHP XQGHU WHVW� 7KLV LV FRXSOHG ZLWK UXOH�
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EDVHG DQDO\VLV RI QDYLJDWLRQ SDWWHUQV WR JHQHUDWH UHFRPPHQGDWLRQV RQ KRZ WR LPSURYH WKH V\VWHP� $OO RI

WKHVH VHUYH WR SURYLGH WKH GHVLJQHU ZLWK D PXFK ULFKHU SDOHWWH RI LQIRUPDWLRQ DQG D FRPSUHKHQVLYH SLFWXUH

RI KRZ XVHUV LQWHUDFWHG ZLWK D PXOWLPHGLD V\VWHP�

3XWWLQJ WKH LQWHJUDWHG DXWKRULQJ DQG HYDOXDWLRQ WRRO WR SURORQJHG XVH LQ LWHUDWLYH GHVLJQ F\FOHV RI VHYHUDO

PXOWLPHGLD GHVLJQ SURMHFWV LV WKH SULPDU\ IRFXV RI IXWXUH ZRUN� 2WKHU IXWXUH UHVHDUFK DYHQXHV LQFOXGH

UHILQLQJ WKH SDWWHUQ LQWHUSUHWDWLRQ UXOHV� VXSSRUWLQJ WKH GHVLJQHU LQ JHQHUDWLQJ DQG FXVWRPL]LQJ QHZ UXOHV

E\ SURYLGLQJ D QDWXUDO ODQJXDJH LQWHUIDFH WR WKH UXOH EDVH� DQG LQFRUSRUDWLQJ DXWRPDWLF FRQVLVWHQF\

FKHFNLQJ�

$FNQRZOHGJPHQWV� 7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH 2IILFH RI 1DYDO 5HVHDUFK XQGHU FRQWUDFW

1�������������� WR $XEXUQ 8QLYHUVLW\� :H WKDQN WKH DQRQ\PRXV UHYLHZHUV IRU SURYLGLQJ FRPPHQWV�

ZKLFK JUHDWO\ KHOSHG LPSURYH WKH TXDOLW\ RI SUHVHQWDWLRQ�

 ���������

>�@ 3� )DUDGD\� $� 6XWFOLIIH� 3URYLGLQJ DGYLFH IRU PXOWLPHGLD GHVLJQHUV� LQ� 3URFHHGLQJV RI WKH $&0

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

>�@ 1� +� 1DUD\DQDQ� 0� +HJDUW\� 2Q GHVLJQLQJ FRPSUHKHQVLEOH LQWHUDFWLYH K\SHUPHGLD PDQXDOV�

,QWHUQDWLRQDO -RXUQDO RI +XPDQ &RPSXWHU 6WXGLHV �� ������ ���¤����

>�@ '� +L[� +� 5� +DUWVRQ� 'HYHORSLQJ XVHU LQWHUIDFHV� HQVXULQJ XVDELOLW\ WKURXJK SURGXFW 	 SURFHVV�

-RKQ :LOH\ 	 6RQV ,QF�� 1HZ <RUN� �����

>�@ 6� /HH� 5� 6� +HOOHU� 8VH RI D NH\VWURNH ORJ ILOH WR HYDOXDWH DQ LQWHUDFWLYH FRPSXWHU V\VWHP LQ D

PXVHXP VHWWLQJ� &RPSXWHUV DQG (GXFDWLRQ ������� ������ �������
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>�@ &� 7UXGHO� 6� -� 3D\QH� 6HOI�PRQLWRULQJ GXULQJ H[SORUDWLRQ RI DQ LQWHUDFWLYH GHYLFH� ,QWHUQDWLRQDO

-RXUQDO RI +XPDQ�&RPSXWHU 6WXGLHV �� ������ ���¤����

>�@ /� +DUGPDQ� '� &� $� %XOWHUPDQ� *� YDQ 5RVVXP� 7KH $PVWHUGDP +\SHUPHGLD 0RGHO� $GGLQJ WLPH

DQG FRQWH[W WR WKH 'H[WHU PRGHO� &RPPXQLFDWLRQV RI WKH $&0 ������ ������ ��¤���

>�@ *� 5RVVL� '� 6FKZDEH� $� *DUULGR� 'HVLJQLQJ FRPSXWDWLRQDO K\SHUPHGLD DSSOLFDWLRQV� -RXUQDO RI

'LJLWDO ,QIRUPDWLRQ ���� ������ (OHFWURQLF MRXUQDO DYDLODEOH DW KWWS���MRGL�HFV�VRWRQ�DF�XN�

>�@ *� YDQ 5RVVXP� -� -DQVHQ� .� 6� 0XOOHQGHU� '� &� $� %XOWHUPDQ� &0,)HG� $ SUHVHQWDWLRQ

HQYLURQPHQW IRU SRUWDEOH K\SHUPHGLD GRFXPHQWV� LQ� 3URFHHGLQJV RI WKH $&0 0XOWLPHGLD 
��

&RQIHUHQFH� $&0 3UHVV� 1HZ <RUN� ����� SS� ���¤����

>�@ 7� .� 6KLK� 5� (� 'DYLV� ,0036� $ PXOWLPHGLD SUHVHQWDWLRQ GHVLJQ V\VWHP� ,((( 0XOWLPHGLD ����

������ ��¤���

>��@ 6� +ROPTXLVW� $Q LQWHJUDWHG DUFKLWHFWXUH IRU WLJKWO\ FRXSOHG GHVLJQ DQG HYDOXDWLRQ RI K\SHUPHGLD

HGXFDWLRQDO PDQXDOV� 3K�'� 7KHVLV� $XEXUQ 8QLYHUVLW\� �����

>��@ )� 3DWHUQR� &� 0DQFLQL� (QJLQHHULQJ WKH GHVLJQ RI XVDEOH K\SHUPHGLD� (PSLULFDO 6RIWZDUH

(QJLQHHULQJ -RXUQDO ���� ������ ��¤���

>��@ 6� <DPDGD� -��.� +RQJ� 6� 6XJLWD� 'HYHORSPHQW DQG HYDOXDWLRQ RI K\SHUPHGLD IRU PXVHXP

HGXFDWLRQ� 9DOLGDWLRQ RI PHWULFV� $&0 7UDQVDFWLRQV RQ &RPSXWHU�+XPDQ ,QWHUDFWLRQ ���� ������ ���¤

����

>��@ .� $� /DZOHVV� -� 0� .XOLNRZLFK� 'RPDLQ NQRZOHGJH� LQWHUHVW� DQG K\SHUWH[W QDYLJDWLRQ� $ VWXG\ RI

LQGLYLGXDO GLIIHUHQFHV� -RXUQDO RI (GXFDWLRQDO 0XOWLPHGLD DQG +\SHUPHGLD ���� ������ ��¤���

>��@ 0� 0� 5HFNHU� $ PHWKRGRORJ\ IRU DQDO\]LQJ VWXGHQWV
 LQWHUDFWLRQV ZLWKLQ HGXFDWLRQDO K\SHUWH[W� LQ�

3URFHHGLQJV RI WKH :RUOG &RQIHUHQFH RQ (GXFDWLRQDO 0XOWLPHGLD DQG +\SHUPHGLD �('�0(',$ 
����

$VVRFLDWLRQ IRU WKH $GYDQFHPHQW RI &RPSXWHUV LQ (GXFDWLRQ� &KDUORWWHVYLOOH� 9$� ����� &'�520�
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>��@ $� 6LRFKL� 5� :� (QULFK� &RPSXWHU DQDO\VLV RI XVHU LQWHUIDFHV EDVHG RQ UHSHWLWLRQ LQ WUDQVFULSWV RI

XVHU VHVVLRQV� $&0 7UDQVDFWLRQV RQ ,QIRUPDWLRQ 6\VWHPV ���� ������ ���¤����

>��@ 0��6� &KHQ� -� 6� 3DUN� 3� 6� <X� (IILFLHQW GDWD PLQLQJ IRU SDWK WUDYHUVDO SDWWHUQV� ,((( 7UDQVDFWLRQV

RQ .QRZOHGJH DQG 'DWD (QJLQHHULQJ ����� ������ ���¤����

>��@ -� &� &KDYHUR� -� &DUUDVFR� 0� $� 5RVVHOO� -� 0� 9HJD� $ JUDSKLFDO WRRO IRU DQDO\]LQJ QDYLJDWLRQ

WKURXJK HGXFDWLRQDO K\SHUPHGLD� -RXUQDO RI (GXFDWLRQDO 0XOWLPHGLD DQG +\SHUPHGLD ����� ������ ����

���
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Fig. 1. Iterative design framework
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Fig. 2. Tree representation of a manual
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(a) (b)

Fig. 3. Designer prompts for a new interactive object
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Fig. 4. A navigation map
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Fig. 5. Pattern detection algorithm

Step 1: Segment each user action string based on “first visits” to sections; i. e., each
substring thus obtained will start with a first visit to a section or subsection, and
end with a triplet that precedes the next visit to a section or subsection that has
not been visited before. Let S be the set of substrings obtained from all users as
a result of this segmentation.

Step 2. P = �
For each string s � S, do

For each possible pattern p consisting of at least 2 consecutive triples � s do
If p � P then

Count = the number of occurrences of p in all strings � S
If count > a threshold set by the designer then

Add p with this count to P
End if

End if
End for
Delete s from S

End for
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Fig. 6. A navigation pattern

2-1 1 1-5 1-4

Number of occurrences: 4
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)LJ� �� 7RS�OHYHO PHQX RI WKH GHVLJQHU©V LQWHUIDFH
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)LJ� �� $ YLVXDOL]DWLRQ RI QDYLJDWLRQ UHVWULFWLRQV
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)LJ� �� 6HFWLRQ YLVLW VWDWLVWLFV
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)LJ� ��� 8VHU DFWLRQV GXULQJ D VHFWLRQ YLVLW
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)LJ� ��� $ WLPH FKDUW
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)LJ� ��� 6HFWLRQ YLVLW IUHTXHQFLHV
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Fig. 13. Action display
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)LJ� ��� $ QDYLJDWLRQ GLDJUDP
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)LJ� ��� $ QDYLJDWLRQ WDEOH
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)LJ� ��� $ QDYLJDWLRQ VHTXHQFH JUDSK
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)LJ� ��� 6\VWHP DUFKLWHFWXUH
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