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Abstract²$XJPHQWHGUHDOLW\$5WHFKQRORJ\KDVWK

HFDSDELOLW\ 
WR SURYLGH PDQ\ EHQHILWV LQ WKH ILHOG RI 

HGXFDWLRQ DV D PRGHUQ WHFKQRORJ\ ZKLFK DLGHG 

OHDUQLQJ DQG LPSURYHG WKH OHDUQLQJ 

H[SHULHQFH7KLVSDSHUHYDOXDWHV$5EDVHGDSSOLF

DWLRQZLWKPXOWLSOH 

PDUNHUVLQWHUDFWLRQWHFKQLTXHWRXFKWRSULQ

WZKLFKLVGHVLJQHGIRU DQDO\]LQJ WKH 

NLQHPDWLFV RI %/ PHFKDQLVP LQ PHFKDQLFDO 

HQJLQHHULQJ 7KH DSSOLFDWLRQ LV WHUPHG DV 

$5%/0$67 DQG LW 

DOORZVWKHXVHUVWRWRXFKWKHV\PEROVRQDSDSHU

LQQDWXUDOZD\RI LQWHUDFWLRQ 7KH HYDOXDWLRQ 

RI WKLV DSSOLFDWLRQ ZDV SHUIRUPHG ZLWK 

PHFKDQLFDO HQJLQHHULQJ VWXGHQWV DQG 

KXPDQ±FRPSXWHU LQWHUDFWLRQ +&, H[SHUWV WR 

WHVW LWV HIIHFWLYHQHVV DV D WDQJLEOH XVHU 

LQWHUIDFH DSSOLFDWLRQ ZKHUH WKH 

VWDWLVWLFDO UHVXOWV VKRZ LWV DELOLW\ DV DQ 

LQWHUDFWLRQ WHFKQLTXH DQG LW JLYHV WKH 

XVHUV PRUH IUHHGRP LQ 
LQWHUDFWLRQZLWKWKHYLUWXDOPHFKDQLFDOREM

HFWV 
 

Keywords²$XJPHQWHG UHDOLW\ HQJLQHHULQJ 

IRXUEDU OLQNDJH 
0XOWLPHGLDXVHULQWHUIDFHYLVXDOL]DWLRQ 

, ,1752'8&7,21 

3 WR GDWH PRVW GHYHORSPHQWV LQ $5 

DSSOLFDWLRQV DUH 
PRWLYDWLRQVZKLFKOHDGWRWKHQHHGRIFRQGXF

WLQJVXFKVWXGLHV 
WHFKQRORJ\ LV FRQVLGHUHG DV D PHGLXP WKDW 

³RIIHUV D QHZ HGXFDWLRQDO DSSURDFK´ DQG 

WKDW JLYHV WKH SRVVLELOLW\ RI HQJDJLQJ WKH 

OHDUQHU LQ PXOWLSOH DFWLYLWLHV LH 

UHDFWLQJ RU 

UHVSRQGLQJWRVHOHFWLRQVPDGHE\OHDUQHUV 
,QWHUDFWLRQ WHFKQLTXHV RU $5 LQWHUIDFHV 

DUH DQ LPSRUWDQW IDFWRU LQ DQ\ $5 

DSSOLFDWLRQ ,W FDQ LPSURYH WKH UHDOLW\ RI 

 
:0DTDEOHKLVZLWK8QLYHUVLW\RI)XMDLUDK8QLWHG$UDE(

PLUDWHVSKRQH 
ID[HPDLODUSKGZDOHHG#JPDLOFRP 

$$O+DPDGLVZLWK'HSDUWPHQW&RPS6FLHQFHDQG,78QLYHU

VLW\RI )XMDLUDK8$(HPDLO$KPDG#IFDFDH 
6 0 6LGKX LV ZLWK 0XOWLPHGLD 'HS 8QLYHUVLWL 7HQDJD 

1DVLRQDO 
0DOD\VLDHPDLOPDQMHW#XQLWHQHGXP\ 
WKHVHDSSOLFDWLRQVVLQFHWKHJRDORI$5V\VWHP

VLVWRFRPELQH 
WKH LQWHUDFWLYH UHDO ZRUOG ZLWK DQ 

LQWHUDFWLYH FRPSXWHU 
LQWHUIDFH´ 

 

 
)LJ'HILQLWLRQRIWDQJLEOHXVHULQWHUIDFH 

 
7KH WHUP ³7DQJLEOH 8VHU ,QWHUIDFHV´78,V 

VLJQLILHV WKH V\VWHPV WKDW DOORZ WKH XVHU 

WR LQWHUDFW ZLWK WKH FRPSXWHU 

WKURXJKSK\VLFDOREMHFWVVXFKDVWKHLUKDQG

VRWKHUWKDQPRXVH DQG NH\ERDUG 7KH LGHD RI 

78,V LV WR KDYH D GLUHFW OLQN EHWZHHQ WKH 

V\VWHP DQG WKH ZD\ WKDW WKH XVHU FRQWUROV 

LW WKURXJK SK\VLFDO PDQLSXODWLRQV E\ KDYLQJ 

DQ 
DSSURDFKHVXVHGWRGHYHORSWKH78,VLVWKHWH

FKQRORJ\RI$5 

,,78,$1'$5 

5HFHQWO\ WKH LQWHUHVW RI GHYHORSLQJ 78, 

KDV EHHQ JURZQ 

FRQVWDQWO\VLQFHKXJHDPRXQWRIPRGHUQWHFKQ

RORJLHVEHJDQ WR DGRSW WKLV NLQG RI 

LQWHUDFWLRQ 7KHVH LQWHUIDFHV SURYLGH 

PRUHIUHHGRPDQGHDVHLQKDQGOLQJWKHXVHU¶VQ

HHGV 

Journal of Functional Materials
ISSN: 1001-9731

Volume 31 | Issue 7 | Year 2024
https://journaloffunctionalmaterials.com/

© 2024 Journal of Functional Materials. All Rights Reserved. Page 39



VROXWLRQVLQWKLVGLUHFWLRQ 

7KHGHYHORSPHQWVRI78,VEDVHGRQ$5WHFKQRORJ\

LQYROYH H[WHQVLYH SURJUDPPLQJ DQG FRQWHQW 

FUHDWLRQ DV ZHOO DV 

NQRZOHGJHRIWHFKQLFDOWRSLFVLQYROYLQJFDPH

UDVWUDFNHUVDQG ' JHRPHWU\ %XW 

XQIRUWXQDWHO\ IHZ V\VWHPV ZKLFK DUH 

DYDLODEOHXVHWKH78,IRUWKHLQWHUDFWLRQSXU

SRVHVDQGLWZDV OLPLWHG WR WKH EDVLF 

LQWHUDFWLRQ WDVNV VXFK DV PDQLSXODWLRQ 

FRS\LQJ DQQRWDWLQJ DQG G\QDPLFDOO\ DGGLQJ 

DQG GHOHWLQJ YLUWXDO REMHFWV >@ +RZHYHU 

ZLWK WKLV JURZLQJ LQWHUHVW WKH 

FKDOOHQJHVDUHULVLQJ2QHRIWKHVHPDLQFKDOOH

QJHVWKDWIDFHV XVHUV GXULQJ WKH 

LQWHUDFWLRQ SURFHVV LV WKH LQFUHDVH LQ 

WKH DSSOLFDWLRQ IXQFWLRQDOLWLHV WKDW 

FDXVHV DQ LQFUHDVH LQ WKH 

QHHGHGPDUNHUVDQGWKXVWKHXVHUVKDYHWRF

KRRVHDVXLWDEOH 

PDUNHURIHDFKIXQFWLRQ7KHXVHULQWKLVFDVHP

D\FKRRVHWKH 

LQFRUUHFWPDUNHURUPD\VSHQGPXFKWLPHRQWKH

LQWHUDFWLRQ SURFHVV DQG WKLV PD\ DIIHFW 

WKH OHYHO RI LPPHUVLRQ DQG VHQVDWLRQ RI 

WKH LQWHUDFWLYH SURFHVV $ MXYHQLOLW\ $5 

HQJLQHHULQJ DSSOLFDWLRQ DGRSWV D 

WRXFKWRSULQW LQWHUDFWLRQ WHFKQLTXH WR 

RYHUFRPH WKH PHQWLRQHG SUREOHPFKDOOHQJH 

ZKLFKZLOOEHGLVFXVVHGLQWKHIROORZLQJVHFWL

RQV 

,,, 7+('(9(/230(173+$6(62)$5%/0$67 

$5%/0$67LVDQDSSOLFDWLRQDGRSWLQJWKHWHFK

QRORJLHV 

RI$5DQG78,IRUWKHDQDO\VLVDQGPRGHOOLQJWKH)R

XU%DU /LQNDJHV%/HQJLQHHULQJSUREOHP 
7KH DSSOLFDWLRQ GHYHORSPHQW SURFHVV KDV 

EHHQ GRQH WKURXJK VL[ PDMRU SKDVHV LW 

VWDUWV E\ XQGHUVWDQGLQJ DQG 

DQDO\]LQJWKHFRQFHSWRIWKH%/PHFKDQLVPDQGL

WHQGVE\ WKH ILQDO GHYHORSPHQW RI DQ 

LQWHUDFWLYH VLPXODWLRQ DQG PRGHOOLQJ 

WRRO WKH GHYHORSPHQW XVHG $5 IRU WKH 

GHVLJQLQJ 

SXUSRVHDQGWKH78,VWHFKQRORJ\IRULQWHUDFWL

RQVSXUSRVH$OO 

RIWKHVHSKDVHVZLOOEHGLVFXVVHGLQWKHIROOR

ZLQJVHFWLRQV 

A.Understanding the Concept of 4BL Mechanisms Problem  
6WXGHQWVZKRVWXG\WKHVXEMHFWVRIPHFKDQ

LFVZRXOGSRVH 

VRPHW\SLFDOTXHVWLRQVLHZKDWLVWKHQXPEHU

RIOLQNVDQG MRLQWV DYDLODEOH LQ WKH 

PHFKDQLVP" W\SHV RI WKH OLQNV DQG 

MRLQWV"ZKDWLVWKHUHODWLRQVEHWZHHQWKH

OLQNVDQGMRLQWV"ZKDW DUH WKH 

IXQGDPHQWDO GLPHQVLRQV RI WKH OLQNV WR 

DFKLHYH WKH 

GHVLUHGPRWLRQ"DQGZKDWDUHWKHVKDSHVWKD

WWKHPHFKDQLVP 

FDQSURYLGHGXULQJWKHPRWLRQ"$OORIWKHVHTX

HVWLRQVFRXOG 

EHUDLVHGZKHQVWXG\LQJWKHWRSLFVRIPHFKDQLF

VHVSHFLDOO\ 

WKHVXEMHFWRIWKH%/ZKLFKUHTXLUHVDORWRIY

LVXDOL]DWLRQ 

DQGLPDJLQDWLRQ 
 

 

 
B.Designing the Mechanism Using 3D Max   

RIWKH%/PHFKDQLVP,WDOORZVWKHXVHUWRYLVXD

OL]HGLIIHUHQW 
W\SHVRIWKHPHFKDQLVP&UDQN5RFNHU'RXEOH5RFN

HU'UDJ 
/LQNDQG3DUDOOHORJUDP/LQNDJH 

7KH VLPXODWLRQ FDQ SURYLGH WKH XVHU ZLWK 

VLPSOH 
LQWHUDFWLRQVIHDWXUHVVXFKDVVHOHFWURWD

WHPRYHDQGVFDOHDQ\ 
RIWKHOLQNDJHW\SHVDVLQ)LJDQGDOVRLWDOORZV

WKHGLUHFW PDQLSXODWLRQ RI RQH RU PRUH 

SULPLWLYHV DW WKHLU JLYHQ SLYRW 
SRLQW 

 

 
)LJD/LQNDJH3DUWVE'UDJ/LQNF'RXEOH5RFNHUG 

&UDQN5RFNHUH3DUDOOHORJUDP/LQNDJHI'\QDPLFVRI

WKH&UDQN 
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5RFNHU 

C.Developing the AR Scenes  

$Q $5 DSSOLFDWLRQ KDV EHHQ GHYHORSHG DW 

WKLV SKDVH DV 

GLVFXVVHGLQGHWDLOVHDUOLHULQ>@7KHJRDOV

ZHUHWRLQWHJUDWH 

WKHGHVLJQZLWKWKH$5HQYLURQPHQWVLQDZD\W

KDWHQDEOHVWKH XVHU QRWRQO\WRYLVXDOL]H 

WKH VLPXODWHG PRGHOVEXW DOVR WR 

LQWHUDFWZLWKWKH'YLUWXDOPRGHOVRIWKH%/P

HFKDQLVPDQG 

WRH[HFXWHWKHDXWRPDWHGNLQHPDWLFDQDO\VL

VRIWKHPHFKDQLVP 

WKDWSURYLGHVWKHGHVLUHGNLQHPDWLFV+RZH

YHUDQLPSRUWDQW FKDOOHQJH WKDW WKH 

GHYHORSPHQW SURFHVV IDFHV ZDV LQ WKH 

LQWHUDFWLRQVFHQDULRZKHUHLWZDVOLPLWHG

WRDVLPSOHW\SHRI LQWHUDFWLRQ LHVXFK DV 

VHOHFW URWDWH PRYH DQG VFDOH WKH 

%/YLUWXDOPRGHO:KLOHWKHSXUSRVHZDVWRDOO

RZWKHXVHUWR 

PDQLSXODWHWKHSLYRWSRLQWWRYLVXDOL]HGLII

HUHQWW\SHVRIWKH 

PHFKDQLVPWKLVZDVQRWDFKLHYHGEHFDXVHRIRX

UGHSHQGHQFH RQ GHVLJQLQJ VWDWLF PRGHOV 

XVLQJ '0D[ SDFNDJH $W WKDW 

SRLQWWRWDNHVRPHDGYDQWDJHVRIWKHIRUPHUG

HVLJQHGPRGHO 

DQLQWHUDFWLYHERRNDERXWWKH%/PHFKDQLVPZ

DVGHVLJQHG 

7KHSURGXFHGERRNFDQEHXVHGWRJLYHYLVXDOH[S

ODQDWLRQVRI 

WKHOLQNDJHEDUVDQGWKHLUNLQHPDWLFFKDUDF

WHULVWLFVDVVKRZQ LQ )LJ  7KH VW\OH RI 

LQWHUDFWLRQ ZLWK WKH ERRN ZDV 

VLPSOLILHGDQGWKHWRXFKLQWHUDFWLRQZLWKW

KHYLUWXDOPRGHOV 

KDGEHHQDGRSWHGIRUWKHILUVWWLPHLQWKHGH

YHORSPHQWSURFHVV 
RIWKHDSSOLFDWLRQ 

 

 

)LJ1HZLQWHUDFWLYH%RRNZLWKPXOWLSOHIXQFWLR

QVWRXFKLQWHUIDFH 

D.Developing a Programmable Design   

 Before the simulation start 7KH JHRPHWULHV DQG 
2. The analytical information is:  
x $QJOHRIURWDWLRQ ࣄࣄ  DQG ࣄ 
x 0D[LPXPDQGPLQLPXPYDOXHVIRUHDFKDQJOHUHVX

OWLQJ 
IURPWKHOLQNURWDWLRQV 

3

. 
The 4BL equations have to be solved 

LQRUGHUWRFRPSXWH 
WKHFRUUHFWSRVLWLRQRIDOOWKHYLUWXDOOLQ

NVLQWKHVFHQH 
 The 3D virtual object of the 4BL FDQEHYLHZHGLQVFHQH 

DFFRUGLQJWRWKHSRVLWLRQDQGGLUHFWLRQRIW

KHPDUNHULQ 

WKHFRUUHFWSRVLWLRQVDQGDWWLWXGHV 
 For the interactive action, WKH V\VWHP FRQWDLQV WZR 

 
PDUNHUVWKHILUVWPDUNHUZDVXVHGWRYLHZWK

H'YLUWXDO REMHFW RI WKH %/ DQG WKH VHFRQG 

ZDV XVHG DV DQ 
LQWHUDFWLYHNH\WRVWDUWRUVWRSWKHURW

DWLRQRIWKHYLUWXDO 

PRGHODWDQ\WLPHDVLQ)LJ7KLVFDQKHOSOHDU

QHUVWR VWRS WKH DQLPDWLRQ LQ RUGHU WR 

VWXG\ WKH VWDWXV RI WKH FXUUHQWPRGHO 
 

 
)LJ$SURJUDPPDEOHVLPXODWLRQRIWKH%/PHFKDQLVP 

E.Enhancing TUI with AR Design  

7KHXVHULQWHUIDFHRIWKH$5%/0$67DSSOLFDWLR

QZDV GHVLJQHG DV D FRPELQDWLRQ RI WZR 

LQWHUDFWLRQ DSSURDFKHV 

QDPHO\*8,DQG78,7KHILUVWLQWHUIDFHLVWKH*8,DV

VKRZQ LQ )LJ  DQG LW KDV EHHQ XVHG WR 

LPSOHPHQW WKH VFUHHQ FRPSRQHQWV VLQFH LW 

LV FRQVLGHUHG WKDW WKH *8, FDQSURYLGH 
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QDWXUDO DQG HDV\ PHDQV IRU XVHUV WR 

FRPPXQLFDWH ZLWK 

FRPSXWHUV>@>@7KLVSDUWRIWKHLQWHUIDFHFRQ

WDLQVWKUHH PDLQ SDUWV RI WKH DSSOLFDWLRQ 

PHFKDQLFDO W\SH VHFWLRQ GDWD 

HQWU\VHFWLRQDQGWKHVLPXODWLRQVSDFHVHFW

LRQ 
RI WKH OLQNDJH DQG WKH DQDO\VLV VHFWLRQ 

VKRZV WKHUHDO WLPH 

VLPXODWLRQSDUDPHWHUV 
7KH $5%/0$67 DSSOLFDWLRQ VXSSRUWHG E\ *8, 

DQG 78, JLYHV WKH XVHUV WKH DELOLW\ WR 

LQWHUDFW ZLWK WKH %/ PHFKDQLVP LQ UHDO 

WLPH HQYLURQPHQW ,Q DGGLWLRQ WKH 

VLPXODWLRQ WRRO IXOO\ IXQFWLRQV DV DQ 

HQJLQH WR VROYH WKH 

SUREOHPE\VKRZLQJDOOWKHVWHSVZLWKWKHILQD

ODQVZHU7KH 

SLSHOLQHIORZFKDUWRIWKHDSSOLFDWLRQLVVKRZ

QLQ)LJ,Q WKLV DSSOLFDWLRQ 

HLJKWEDVLFIXQFWLRQVZHUH LPSOHPHQWHGIRU 
WKHXVHUWRLQWHUDFWZLWKWKHVLPXODWHGYL

UWXDOPRGHOE\WRXFK 
WRSULQW LQWHUDFWLRQ DSSURDFK ZKHUH LW LV 

QRW RQO\ DLPHG WR 

YLHZURWDWHRUVFDOHWKH'YLUWXDOREMHFWVE

XWDOVRWRSURYLGH 

WKHXVHUVDIHHOLQJRIWKHLUVXUIDFHVSK\VLFDO

DQGWKHDELOLW\WR 
FKDQJHWKHLUSURSHUWLHVLQWKHUHDOWLPHHQY

LURQPHQWV 

 
)LJ7KH*UDSKLFDOXVHU,QWHUIDFHRI$5%/0$67DSSOLFDWLRQ 
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)LJ7RXFKWRSULQWLQWHUIDFHRI$5%/0$67DSSOLFDWLRQ 

 

 

)LJ3LSHOLQHIORZFKDUWRIWKHDSSOLFDWLRQ 
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)LJ7KHQHZPXOWLSOHIXQFWLRQVXVHULQWHUIDFHZLWKHLJKWWRXFKWRSULQWLQW

HUDFWLYHIXQFWLRQV 
 

F.Evaluations of All Phases  

7KH HYDOXDWLRQ RI WKLV DSSOLFDWLRQ ZDV 

SHUIRUPHG IRU GLIIHUHQW SXUSRVHV DQG IURP 

GLIIHUHQW SHUVSHFWLYHV 7KH ILUVW 

HYDOXDWLRQ ZDV SHUIRUPHG WR HYDOXDWH 

WKH DSSOLFDWLRQ DV D 
VRIWZDUHWRROWKDWFRXOGDVVLVWHQJLQHHULQ

JVWXGHQWVLQVWXG\LQJ PHFKDQLVPV VXEMHFWV 

ZKLOH WKH VHFRQG HYDOXDWLRQ ZDV 

SHUIRUPHGWRHYDOXDWHWKHDSSOLFDWLRQDVDQ

HZXVHULQWHUIDFH GHVLJQ IRU YLVXDOL]LQJ WKH 

HQJLQHHULQJ FRQFHSWV RQ WKH IRXU 

OLQNEDUPHFKDQLVPV7KHWKLUGHYDOXDWLRQZDV

SHUIRUPHGWR 
HYDOXDWHWKHDSSOLFDWLRQDVDQHZ78,ZLWKPXO

WLSOHLQWHUDFWLYH SDSHUIXQFWLRQV 
ZDV FRQGXFWHG VHYHUDO WLPHV DQG WKH 

VWXGHQWV XVHG WKH 
DSSOLFDWLRQLQGLYLGXDOO\DVLQ)LJ 
 

 

)LJ(QJLQHHULQJVWXGHQWVH[SHULPHQWWKH$5DSSOL

FDWLRQ 
 

,95(68/76$1'',6&866,21 

7KH ILUVW H[SHULPHQW VKRZV WKDW 7KH 

$5%/0$67 KDV 

EHHQGHVLJQHGWRLPSURYHWKHYLVXDOL]DWLRQL

PDJLQDWLRQDQG 

WKLQNLQJRIWKH%/PHFKDQLVPVSUREOHP$VVKRZQL

Q7DEOH 

,WKHVFRUHVRIWKHTXHVWLRQDQGLQGLFDWHWKD

WWKHXVH 

RIUHDOWLPHHQYLURQPHQWDVDVLPXODWLRQHQY

LURQPHQWKDVD 
SRVLWLYHLQIOXHQFHRQWKHDELOLW\DQGIUHHGRP

LQYLVXDOL]LQJWKH %/ PHFKDQLVP IURP 

GLIIHUHQW DQJOHV DQG IURP GLIIHUHQW 
GLUHFWLRQV 

)URPWKHVFRUHVRIWKHTXHVWLRQVDQGWKHUHV

XOWV VKRZ WKDW WKHUH LV D SRVLWLYH LPSDFW 

RI WKH DSSOLFDWLRQ SRWHQWLDOV LQ LPSURYLQJ 

WKH VWXGHQW XQGHUVWDQGLQJ RI WKH 
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EHKDYLRURIWKH%/PHFKDQLVP)RUH[DPSOHWKHGD

WDVHFWLRQ RI WKH XVHU LQWHUIDFH DOORZV 

WKH VWXGHQW WR FKDQJH WKH 

SDUDPHWHUVRI%/LQUHDOWLPHHQYLURQPHQWVD

WDQ\WLPHRI H[SHULPHQW WKLV JLYHV WKH 

VWXGHQWV WKH DELOLW\ WR YLVXDOL]H 

GLIIHUHQW W\SHV RI WKH %/ ZKLOH WKH PHFKDQLVP 

LV EHLQJ 

VLPXODWHGDQGZLWKQRLQWHUUXSWLRQV$VDJHQ

HUDOUHVXOWRIWKLV 

H[SHULPHQWWKHDSSOLFDWLRQKDVEHHQIRXQGYH

U\KHOSIXOWRWKH VWXGHQWV LQ LGHQWLI\LQJ 

WKH SURSHUWLHV RI HDFK W\SH RI WKH PHFKDQLVP 

DQG LQ H[SORULQJ WKH HOHPHQWV WKDW FDXVH 

WKH PHFKDQLVPWRFKDQJHLWVW\SH 
$VIRUWKHHYDOXDWLRQRIWKHSURSRVHGWRXFK

WRSULQWZKLFK LV GHVLJQHG DV D XVHU 

LQWHUIDFH LQ WKLV UHVHDUFK WKH UHVXOWV 

OLVWHGLQ7DEOH,FOHDUO\VKRZVWKDWWKHVWXG

HQWVIDYRUHGDQG 

DSSUHFLDWHGWKHXVHRIWKH$5%/0$67DSSOLFDWLR

QDQGWKH 

WRXFKWRSULQWXVHULQWHUIDFHLQWKHLUOHDUQ

LQJ7KHGLPHQVLRQ RQ LQWHUDFWLRQ VKRZHG 

SRVLWLYH UHVXOWVWKH VWDWLVWLFDO 

TXDQWLWDWLYH UHVXOWV VKRZQ LQ EROG WH[W 

LQVHH 7DEOH ,, 

SURYLGHVWKHHYLGHQFH5HVXOWVRQWKHLQWHU

DFWLRQGLPHQVLRQ LQGLFDWHG WKDW WKH 

WRXFKWRSULQW XVHU LQWHUIDFH RI WKH 

DSSOLFDWLRQ SURYLGHG IULHQGO\ XVHU 

LQWHUIDFH 2Q WKH RWKHU KDQG  VWXGHQWV IHOW 

WKDW LW ZDV HDV\ IRU QHZ HQJLQHHULQJ 

VWXGHQWVWRXVHWKHDSSOLFDWLRQVDQGOHDUQ

IURPLW,QWXUQWKLV VXJJHVWHG WKDW 

VWXGHQWV ZRXOG EH DEOH WR OHDUQ XVLQJ WKLV 

DSSOLFDWLRQZLWKRXWWKHJXLGDQFHRIWKHLQVW

UXFWRUDVRSSRVHG 

WRWKHFRQYHQWLRQDOPHWKRGZKHUHDWH[WERR

NLVQRUPDOO\XVHG 

ZLWKWKHSUHVHQFHRIDQLQVWUXFWRU 
 

7$%/(, 
678'(17¶66$7,6)$&7,21,186,1*$5%/0$67$33/,&$7,21 

4XHVWLRQV $JUHH 

1$ 

'LVDJUH

H 
7KHVLPXODWHGSDUDPHWHUVPDNHLWHDV\WRLGH

QWLI\ 
WKHW\SHVRIWKH%/PHFKDQLFV 

   

,FDQHDVLO\YLVXDOL]HWKH%/IURPGLIIHUHQWYLHZ

V 
   

,W¶VHDV\WRGLVFRYHUWKHUHODWLRQEHWZHHQW

KHOLQNV DQGMRLQWV    

,W¶VQRWHDV\WRYLVXDOL]HGDQGLPDJLQHWKH 
.LQHPDWLFVRIWKH%/PHFKDQLFV    

7KHZD\WKHSUREOHPLVSUHVHQWHGLQWKH$5%DU 
7RROPDNHVLWHDV\WRZRUNRXWWKHVROXWLRQV    

0RVWVWXGHQWVZRXOGILQGLWHDV\WRVROYH 
(QJLQHHULQJ0HFKDQLFVSUREOHPVXVLQJWKH 

$5%DU7RRO 
   

$IWHUXVLQJWKH$5%DU7RRO,QRZXQGHUVWDQG 
KRZWRVROYH(QJLQHHULQJ0HFKDQLFVSUREOHPV    

,FDQHDVLO\XQGHUVWDQGWKHFRQFHSWVRIWKH%/ 
DIWHUXVLQJWKH$5%DU7RRO    

 
7KH XVDELOLW\ WHVW H[SHULPHQW ZDV 

GHVLJQHG WR DVVHVV WKH XVHIXOQHVV RI WKH 

WRXFKWRSULQW LQWHUDFWLRQV ZLWK WKH 

FRPSRQHQWRIWKH$5%/0$67E\HYDOXDWLQJWKHZD\W

KDW 
XVHUVFDQLQSXWWKHUHTXLUHGGDWDVWDUWVW

RSWKHURWDWLRQVRIWKH 

YLUWXDOPRGHOVRIWKH%/DQGFKDQJHWKHSURSHU

WLHVRIWKH PRGHOVEHLQJVLPXODWHG 
5HVSRQVHV IURP WKH +&, H[SHUWV RQ WKH XVHU 

LQWHUIDFH 

VDWLVIDFWLRQGLPHQVLRQDVVWDWHGLQVHH7DE

OH,,,VKRZHGWKDW 

WKUHHSHRSOHDJUHHGWKDWWKHLQWHUIDFHKDVD

JRRGEDODQFHRI 

JUDSKLFVYHUVXVWH[W,QJHQHUDODOOILYHH[SHUW

VSHUFHLYHGWKH 

DWWUDFWLYHQHVVRIWKHGHVLJQ7KUHHH[SHUWV

UHVSRQGHGWKDWWKH RSHUDWLRQV RI WKH 

VHTXHQFH DUH HDV\ WR UHPHPEHU DQG WKH 
LQIRUPDWLRQGLVSOD\HGRQWKHXVHULQWHUIDFHL

VVXLWDEOH 
,QJHQHUDOXVDELOLW\HYDOXDWLRQVKRZHGWKDW

WKHWRXFKWR 
SULQWXVHULQWHUIDFHKDVLPSURYHGWKHXVHUL

QWHUDFWLRQZKLFK 

SURYLGHVDQHZDQGPRUHQDWXUDOXVHULQWHUID

FH8VHUVGRQRW 
QHHGWRZDVWHWRRPXFKWLPHLQLQWHUDFWLQJZL

WKWKHV\VWHP 
 

 

 

 

 

 

 
7$%/(,, 

678'(17¶66$7,6)$&7,212)7+($33/,&$7,21,17(5$&7,9,7< 
4XHVWLRQV <HV 1R 

1RW6X

UH 
7KHDSSOLFDWLRQSURYLGHVIULHQGO\XVHULQWHUI

DFH 
   

0DQLSXODWLRQZLWK$5WHFKQRORJ\LVGLIILFXOW    
1HZHQJLQHHULQJ6WXGHQWVFDQHDV\XVHWKHDSSO

LFDWLRQ 
   

,IRXQGLWGLIILFXOWWRLQWHUDFWZLWKWKLVDSSOL

FDWLRQ 
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7KHDSSOLFDWLRQLVQHZDQGLQWHUHVWLQJZD\WRL

QWHUDFW 
   

7RXFKWRSULQWLQWHUDFWLRQLVEHWWHUWKDQXV

LQJPDUNHU LQWHUDFWLRQ    

7KHRYHUDOOH[SHULHQFHRIXVLQJWKLVDSSOLFDWL

RQLVYHU\ JRRG    

 
7$%/(,,, 

86(5,17(5)$&(6$7,6)$&7,215(68/76+&,(;3(576 
6$ 6WURQJO\$JUHH$ $JUHH8& 8QFHUWDLQ    

4XHVWLRQV 6

$ 
$ 8

& 
7KHLQWHUIDFHKDVDJRRGEDODQFHRIJUDSKLFVYH

UVXV WH[W    

7KHGHVLJQRIWKHLQWHUIDFHLVDWWUDFWLYH    
,WLVHDV\WRUHPHPEHUWKHVHTXHQFHVRIRSHUDW

LRQV 
   

7KHLQIRUPDWLRQGLVSOD\HGRQWKHXVHULQWHUI

DFHLV VXLWDEOH    

7KHLQWHUIDFHFRQWHQWLQWHUHVWVPH    
7KHLQWHUIDFHKDVFKDUDFWHULVWLFVWKDWPDN

HLW 
HVSHFLDOO\DSSHDOLQJ 

   

,WLVFOHDUKRZVFUHHQHOHPHQWVHJLQSXWER[PH

QX 
RSWLRQVHWFZRUN 

   

7KHDFRXVWLFIHHGEDFNLVPHDQLQJIXO    
:KHQ,XVHWKHV\VWHP,GRQRWDVNIRUDKHOS    
7KHLQWHUIDFHLVVRDFFXUDWHDQGDVVLVWVLQD

FKLHYLQJ WKHJRDOV    

9&21&/86,21 

7KHVLPXODWLRQRIWKHNLQHVWKHWLFDQGG\QD

PLFVRIWKH%/ 

OLQNDJHVSUREOHPE\XVLQJWKHWHFKQRORJ\RI$5FD

UULHGRXWLQ 

WKLVUHVHDUFKSURYLGHGPDQ\DWWUDFWLYHIHDW

XUHV,WLVSRVVLEOH 

WRSHUIRUPWKH'VLPXODWLRQRIDYLUWXDOREMHF

WDQGJHQHUDWH WKH UHVXOWV LQ WKH UHDO 

WLPH HQYLURQPHQW DQG LQWHJUDWH WKH 

YLUWXDOREMHFWVZLWKWKHUHDORQHV0RUHRYH

UWKHGHVLJQRIWKH QHZ 78, XVLQJWRXFKWRSULQW 

IXQFWLRQV LQ WKLV VWXG\ 
SURYLGHG HYLGHQFH WKDW $5 LV D SURPLVLQJ 

WHFKQRORJ\ IRU 

HGXFDWLRQDQGFRXOGEHH[SDQGHGWRWKHRWKHU

GRPDLQVVXFKDV JDPHV DQG HQWHUWDLQPHQW 

6WXGHQWV FRXOG LQWHUDFW ZLWK WKH 

DSSOLFDWLRQPRUHQDWXUDOO\DQGWKH\ZHUHDEO

HWRXQGHUVWDQG WKHSUREOHPLQDEHWWHUZD\ 
7KHUHVXOWVVKRZHGWKDWPRVWRIWKHSDUWLF

LSDQWVDJUHHGZLWK WKH XVHIXOQHVV DQG HDVH 

RI XVH RI WKH $5 DSSOLFDWLRQ 7KH 

FRPELQDWLRQRIXVLQJ*8,DQG78,PDNHVWKH$5DSSOL

FDWLRQ 

PRUHXVHIXODQGLQWHUHVWLQJ,QDGGLWLRQWKHX

VHRIWKHQHZO\ 

FRQWULEXWHGPXOWLSOHWRXFKLQWHUDFWLRQFR

XOGDVVLVWWKHXVHUVWR 
DFKLHYHWKHJRDOV 

5()(5(1&(6 
&RPSXWHU6WXGLHV 
7HFKQRORJ\8QLYHUVLWL7HQDJD1DVLRQDO 
0DFKLQHVDQG0HFKDQLVPV´&5&3UHVV3ULQW,6%1 

  H%RRN ,6%1  '2, 
FK 
6LPXODWLRQ 8VLQJ $XJPHQWHG 5HDOLW\´ 7KH WK 

,QWHUQDWLRQDO 

&RQIHUHQFHRQ,QIRUPDWLRQ7HFKQRORJ\,&,7 
&+, 3URFHHGLQJV0&$ࣄ 
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