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Preface 

It gives me great pleasure to welcome you to this inaugural issue of the conference proceedings of 
the International Virtual Environments Research Group. This issue is dedicated to the publication of 
selected papers written by researchers in Europe, Japan, Singapore from the International 
Conference on Immersive Technologies for Learning: A multi-disciplinary approach. Delegates to 
the conference came from institutions across the world and created a relaxed, enjoyable 
atmosphere within which a wide range of exciting and innovative papers were presented on topics 
from across the educational, training and theoretical spectrum. We were delighted to welcome 
colleagues from: 
 

Academy 360, Hull, UK 
Future University, Hakodate, Japan 
Leeds College of Art, UK 
Nanyang Technological University, Singapore 
National Institute of Education, Singapore 
Newman University College, Birmingham, UK 
Nisai Academy, Durham, UK 
Oxford University, UK 
South Shields Community School, UK 
SupaReal, UK 
Synergy FTP Ltd., UK 
Teesside University, Middlesbrough, UK 
The London Institute, UK 
Tufts University, Massachusetts, USA 
University of Derby, UK 
University of Hull, UK 
University of Leeds, UK 
University of Leicester, UK 
University of Twente, The Netherlands 

 
 
The iVERG 2010 conference would not have been possible without the work of the local organizing 
committee, session chairs and editorial review team including Michael Vallance, Paul van Schaik 
and Noola Griffiths, to whom especial thanks are due for their dedication and hard work. 
 
 
 
 
 
March 2011 

Stewart Martin 
Chair, iVERG 
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The skeleton in the seminar: Teaching and learning in 

virtual worlds 
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Virtual worlds, dramatic spaces, game worlds 
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-#!0EG%420+0%($+%-(,,$'&-#"&30%8+#-"&-0!%#+0%-.(!0.7%+0.#"0*%"(%"2(!0%40%8(!!0!!%&'%+0#.%.&/0%S%#%
/.$0'-7%&'%-0+"#&'%N&'*!%(/%.#'9$#901%80+2#8!G%(+%#%!0'!0%(/%2$,($+G%(+%#."0+'#"&30.7%#%/#-&.&"7%
-($'"0+8(!0*% "(% #% *&!#:&.&"7% &'% +0#.% .&/0% S% 4#.N&'9% #'*% +$''&'9% /(+% 4200.)-2#&+% $!0+!G% (+%
<20#+&'9=%"0M"):#!0*%*&#.(9$0%/(+%*0#/%80(8.0%>-5/5%L#++1%QJBJE5%
O0-('*.71%#'*%,(+0%!80-&/&-#..71%:("2%&'3(.30%+(.0)8.#75%?'%/#-"1%#!%U(//,#'%+0,&'*0*%$!1%&"=!%

#%-(+0%8+(-0!!% &'% .&/0% &"!0./1% &'% "20%-('!"+$-"&('%#'*%80+/(+,#'-0%(/%!0./2((*%>U(//,#'1%BCRCE5%
620% 8+(-0!!% (/% &,8+(3&!#"(+7% 80+/(+,#'-01% 420"20+% (/% !(-&#.% !0.30!% (+% &,#9&'0*% !0.30!%
>80+2#8!%#..%($+%&*0'"&"&0!%#+0%#%-(,:&'#"&('%(/%"20!0%"780!E%&!%#"%"20%+(("%(/%"2&!%N&'*%(/%*+#,#5%
V9#&'1% &"=!% 8(!!&:.0% "(% *&!"&'9$&!2% :0"400'% *+#,#"&!0*% :(*&0!% 4&"2&'% "20% ,#9&-% -&+-.0% (/% #%
*+#,#%#'*%&"!%<#!)&/=%&,#9&'#+7%4(+.*1%#'*%*+#,#"&!0*%:(*&0!%($"!&*0%#%*+#,#"&-%-('"0M"G%#'*%
2(4%:("2%+0.#"0%"(%"20%:(*7%(/%"20%#3#"#+5%620%:(*7%($"!&*0%#%*+#,#"&-%-('"0M"%+08+0!0'"!%&"!0./%
S%&"%,&92"%*+#,#"&!0%"20%+(.0%(/%*(-"(+%(/%4#&"0+1%#!%U(//,#'%*0!-+&:0!%S%:$"%&"%+0#..7%&!%*(-"(+%
(+% 4#&"0+G% W$!"% #!% &"!% !$+9&-#.% 9(4'% (+% 4#&"0+=!% #8+('% #+0% +0#..7% "2(!0% "2&'9!1% +#"20+% "2#'%
+08+0!0'"#"&('!%(/%!(,0"2&'9%0.!05%?'!&*0%"20%*+#,#%S%#'*%&'%"20%3&+"$#.%4(+.*%S%030+7"2&'9%&!%#%
+08+0!0'"#"&('%(/%!(,0"2&'9%0.!05%?'%XP%*+#,#1%&"=!%#%-2&.*=!%:(*7%8+0"0'*&'9%"(%:0%"20%:(*7%(/%
#'% ?+(H$(&!% 4#++&(+G% 2&!% !2&+"% 8+0"0'*&'9% "(% :0% "20% :$-N!N&'1% 2&!% 3(&-01% 90!"$+0!1% /#-01% #..%
8+0"0'*&'9% "(% :0% "2(!0% (/% "20%4#++&(+5% ?'% "20% 3&+"$#.%4(+.*1% &"=!% #% 8+(9+#,,&'9% (+% !-+&8"&'9%
.#'9$#901%4&+0)/+#,0!%#'*%8&M0.!%8+0"0'*&'9%"(%:0%"2(!0%"2&'9!5%%
62&+*.71%:("2%*+#,#%#'*%3&+"$#.%4(+.*%8(!!0!!% "20%8(!!&:&.&"7%(/% -+(!!&'9% "20%:($'*#+7%(/%

"20%,#9&-%-&+-.05%62&!%&!%"20%0!!0'-0%(/%A(#.=!%/(+$,%"20#"+0%S%#'%#:&.&"7%"(%!"08%&'%#'*%($"%(/%"20%
*+#,#%"(%8.#'1%(:!0+301%-+&"&H$05%Y+(-0!!%*+#,#%+($"&'0.7%*(0!%"2&!%#!%8#+"%(/%&"!%&,8+(3&!#"(+7%
4(+N1%&"!%-(,8(!&"&(')&')80+/(+,#'-05%?'%3&+"$#.%4(+.*!1%40%(!-&..#"0%:0"400'%#'%&,,0+!&('%&'%
"20%4(+.*%#'*%"20%#3#"#+%#'*%#%!0'!0%(/%($+!0.30!%!&""&'9%&'%"20%-2#&+%&'%/+('"%(/%"20%-(,8$"0+5%
Z0% 2#30% #% +#'90% (/% /$'-"&('!% "(% #..(4% /(+% #3#"#+!% "(% :0% ($"% (/% -2#+#-"0+% &'% #% [#!!&30.7%
[$."&8.#70+% \'.&'0% X(.0% Y.#7&'9% U#,0% >[[\XYUE1% (+% #4#7% "0,8(+#+&.7% &'% !"#$%&' ()*"5% V%
-(,,('!0'!0%$'*0+!"#'*&'9%(/%+(.0%&!%"2#"%#-"(+!%#+0%#!%*008.7%&,,0+!0*%#!%8(!!&:.0T%:$"% &'%
/#-"%*+#,#%0*$-#"(+!%,#N0%"20%8(&'"%"2#"%0'9#90,0'"%&'%+(.0%&!%9+#*#"0*1%#'*%"2#"%*09+00!%(/%
+(.0%*&!"#'-0%#+0%8(!!&:.0%#'*%*0!&+#:.0%>L#++(..%@%L#,0+('1%QJJRE5%
620+0%#+01% /(+% "20%8$+8(!0!%(/%,7%#+9$,0'"%20+01% "4(% &,8.&-#"&('!%(/% "20!0%*0:#"0!%#:($"%

"20%'#"$+0%(/%3&+"$#.%4(+.*!5%620% /&+!"% &!% "2#"%'(% !&,8.0%#!!$,8"&('!% -#'%:0%,#*0%#:($"%($+%
3&+"$#.% !0.30!% #'*%($+%3&+"$#.%4(+.*!1% '(% 0#!7% +0#*&'9)(//% (/% #'#.(9&0!%:0"400'% "20% "4(5%Z0%
(!-&..#"0% :0"400'% "20,1% &'% !(,0"2&'9% .&N0% ]($-#$."=!%,&++(+1% #'*% &/%40% #+0% "(% -('!&*0+% "20&+%



A. Burn 4 

!"#$%&'()%*+,(&!)&'%*-+.!+/#0&+ &%1!+%$$(#)&+(2+ &3'0+0,%$!+(2+ '/,!42!$&+4!2*!$&'()0-+ ')5!40'()0-+
&!)#(#0+ 4!*%&'()03',06+ 73!+ 0!$()"+ '/,*'$%&'()+ '0+ &3%&+ 5'4&#%*+ .(4*"0+ %4!+ "4%/%&'0!"+ 0,%$!08+
2'40&*9+ ')+ &3!+ 0%/!+ .%9+ &3%&+ (#4+ ,!42(4/%)$!+ (2+ 0!*23(("+ :%)"+ '"!)&'&'!0+ %0+ &!%$3!40+ %)"+
*!%4)!40;+'0+%*.%90+"4%/%&'0!"+')+<=8+>#&+%*0(+>!$%#0!+(2+&3!+,(00'>'*'&9+%22(4"!"+&(+!?,!4'/!)&+
.'&3+"'22!4!)&+ 4!,4!0!)&%&'()0+(2+(#40!*5!0-+ 2(4+0&#"!)&0+ &(+"'4!$&+ &3!+ &4%@!$&(49+(2+ &3!+"4%/%-+
2(4+&!%$3!40+&(+>!+"4%/%&#4A!+%0+.!**+%0+,!"%A(A#!6+

First steps in a virtual world: leaky boundaries 

B9+2'40&+!?,!4'!)$!+(2+%+5'4&#%*+.(4*"+.%0+')+%+4!0!%4$3+,4(@!$&+*((1')A+%&+4(*!C,*%9')A+A%/!0+
:DE<F+ G7!?&#%*'&9+ ')+ H'"!(A%/!0I-+ JKKLCM+ N+ 0!!+ O%44+ !&+ %*6-+ JKKP-+ 2(4+ %+ 2#**+ %$$(#)&+ (2+ &3'0+
4!0!%4$3;6+D0+,%4&+(2+&3'0+,4(@!$&-+/9+$(**!%A#!+Q'%)!+O%44+%)"+R+0,!)&+%+A(("+"!%*+(2+&'/!+')+
&3!+BBS<TU+!"#$%&'( )"*+",-+ %+ 0$'C2'C0&9*!"+.(4*"+ (22!4')A+ %+ 4%)A!+ (2+ 4(*!0-+ *($%&'()0-+ %)"+
(&3!4+4!0(#4$!06++
73'0+3%0+0!45!"+#0+0')$!+%0+%)+!?%/,*!+(2+*!%4)')A+N+')+&3'0-+$%0!-+*!%4)')A+3(.+&(+!?'0&+')+%+

5'4&#%*+ .(4*"6+B9+ *!00()0+ ,%4&'$#*%4*9+ ')5(*5!"-+ 2(4+ !?%/,*!-+ *!%4)')A+ 3(.+ &(+ .(41+.'&3+ %+
&!%/+(2+,!(,*!-+3(.+&(+2'A3&+%)"+03(,-+%)"+3(.+&(+/%)%A!+0($'%*+!)$(#)&!40+(2+5%4'(#0+1')"0-+
.3!)+ &3!0!+ 0($'%*+ !)$(#)&!40+.!4!+/!"'%&!"+>9+%5%&%406+S)*')!+ $(**%>(4%&'5!+!)"!%5(#4+3%0+
0(/!&'/!0+>!!)+0!!)+ 24(/+ &3!+,(')&+(2+5'!.+(2+ $(//#)'&'!0+(2+,4%$&'$!+ :V!)A!4-+LWWX;6+73!+
0&4#$&#4!0+(2+$(//#)'&'!0+(2+,4%$&'$!+"(+0!!/+&(+%,,*9+&(+A4(#,0+')+5'4&#%*+.(4"08+&3(#A3+&3!+
43!&(4'$+ (2+ >#09-+ ,4(C0($'%*+ $(//#)'&'!0+ "(!0+ )(&+ )!$!00%4'*9+ 2'&6+ Y'A#4!+ L+ 03(.0+/9+ %5%&%4-+
Z'45%)(-+"'0$#00')A+.'&3+%+)!.*9+2(4/!"+A4(#,+3(.+&(+A(+%>(#&+%+/'00'()+&(A!&3!46+R&+0!!/!"+
%+)!A%&'5!+*!00()+&(+*!%4)[+&3!+,%4&)!40+.!4!+0#0,'$'(#0+(2+!%$3+(&3!4-+&3!4!+.%0+)(+$*!%4+0!)0!+
(2+ &3!+ *!5!*0+ (2+ $(//'&/!)&+.3'$3+ $(//#)'&'!0+ (2+ ,4%$&'$!+ !?,!$&-+ %)"+ R+ .%0+ )(&+ &3!+ ()*9+
G*!A'&'/%&!+,!4',3!4%*+,%4&'$',%)&I6+ R+/!)&'()+ &3'0+3!4!+ %0+ %+ $(#)&!4>%*%)$!+ &(+ &3!+ $!*!>4%&(49+
43!&(4'$+ &3%&+ 0(/!&'/!0+ %$$(/,%)'!0+ %$$(#)&0+ (2+ !'&3!4+ $(//#)'&'!0+ (2+ ,4%$&'$!+ (4+ ()*')!+
0&4#$&#4!0+:(4+>(&3;6+V3'*!+E!)49+\!)1')0+3%0+'**#/')%&!"+&3'0+2'!*"+')+/%)9+.%90-+3'0+5'0'()+(2+
$(**!$&'5!+')&!**'A!)$!+>9+)(+/!%)0+"!0$4'>!0+%**+&3%&+&%1!0+,*%$!+:\!)1')0-+JKKJ;6+
+

+
!"#$%&'()'*+',-,.,%'"/'0/,%12+'3/4"/&5'!"#$%&'5',..&67."/#'.8'98"/','.&,6'



International Virtual Environments Research Group (iVERG)! 5 

!"#$%&'()**)'&"$+,("&-)$./&(+&00#"(1)0(+&)'"&2(."()"(&"3#4"$&'(1.$%()"()/)$)'(1%#(5)2&(
)"(#66&"0./&( '&5)'7()8#4$(5,()/)$)'90(*%,0.:4&;(1%.3%( <(%)2(3%#0&"( $#(8&()( +.$$+&( 0$#37,;( ."(
)37"#1+&2-5&"$( #6( 5,( )3$4)+( *%,0.3)+( 84.+2=( >.0( #*&"."-( '&5)'7( 1)0( ?@%&"90( $%&( 8)8,(
24&AB;()$(1%.3%( <( $##7(#66&"3&( CD.-4'&(EF=(G%&'&(1&'&( $1#( +&00#"0( $#(8&( +&)'"$(%&'&=(G%&( 6.'0$(
1)0($%&(#22"&00(#6($%.0()**)'&"$(040*&"0.#"(#6("#'5)+(0#3.)+('4+&0(#6(&$.:4&$$&H()"2($%&(&:4)+(
#22"&00(#6(5,(#66&"3&()$('42&"&00(2.'&3$&2()$()(-')*%.3('&*'&0&"$)$.#"=(G%&0&(#22.$.&0('&+)$&($#(
$%&(#"$#+#-.3)+(0$)$40(#6($%&()/)$)';()"2($%&(&I$&"$($#(1%.3%(043%(&/&"$0()'&(0&&"()0(*'#$&3$&2(
8,($%&('4+&0(#6(2')5);(-)5&(#'(*+),=(<6($%&(J*0,3%#0#3.)+(5#')$#'.459(#6$&"(3+).5&2(6#'(-)5&(
)"2( *+),K0*)3&0;( #'( $%&( '#+&( *'#$&3$.#"( 3+).5&2( 6#'( *'#3&00( 2')5);( '&)++,( )**+.&2( 6#'( 5&;( <(
1#4+2("#$(%)/&($)7&"(#66&"3&=(L#($%.0(.0(&.$%&'($%&(5.03#"0$'4)+(#6()(/.'$4)+(1#'+2(&"3#4"$&'(8,(
)("&18.&;(#'($%&0&('4+&0()"2(3.'3+&0()'&(5#'&(+&)7,($%)"(.0(0#5&$.5&0(04**#0&2=(M##7."-(8)37(
$&"( ,&)'0( +)$&';( <( $%."7( .$90( )( +.$$+&( #6( 8#$%=( G%&( .5*+.3)$.#"( .0;( #6( 3#4'0&;( $%)$( 0#5&( 7."2( #6(
5&"$#'."-( .0( '&:4.'&2( ."( /.'$4)+(1#'+20( C1&( 3)""#$( 0.5*+,( )0045&( $%)$( &/&',#"&( ."$4.$./&+,(
4"2&'0$)"20(1%)$90( %)**&"."-FH( )"2( $%)$( $%&( 8#4"2)',( 8&$1&&"( NM( &58#2.&2( .2&"$.$,( )"2(
O.'$4)+(@#'+2(*'#P&3$&2(.2&"$.$,(.0(."0&34'&Q(1&(0%#4+2('#4$."&+,(&I*&3$(+&)70;()"2(4"&I*&3$&2(
3#"0&:4&"3&0H( )"2( 1&( 0%#4+2( $)7&( 0*&3.6.3( 0$&*0( $#( 0*&3.6,( $%&( '4+&0( #6( )( 0.$4)$.#"( $#( #4'(
C0*&3.6.&2F(3#554".$,(.6(1&(1)"$($#(5.".5.0&($%.0=(
(

(
!"#$%&'()'*+',-,.,%/'!"#$%&'/',01'2",0&'3,%%45',-,.,%'(#%)*+/'6&&.','78,99&0#"0#'5.%,0#&%'"0'

:0,%78+';09"0&'

Teaching and learning in Second Life 

!(0&3#"2(*'#P&3$(0#5&(,&)'0(+)$&'(+##7&2()$($&)3%."-()"2(+&)'"."-(."(!"#$%&'()*"(CM&)'"."-(6'#5(
R"+."&(@#'+20Q(G&)3%."-(."(!"#$%&'()*";(64"2&2(8,($%&(S240&'/(D#4"2)$.#"F=(T)'$(#6($%&(*'#P&3$(
."/#+/&2(3#"243$."-()(0&'.&0(#6(0&5.")'0(1.$%(U!(0$42&"$0(#"($1#(*'#-')55&0()$($%&(M#"2#"(
V"#1+&2-&(M)8Q(U!(U&2.);(W4+$4'&()"2(W#554".3)$.#";()"2(U!(<WG( ."(S243)$.#"=( <"( $%&(
6.'0$(*'#-')55&;(0$42&"$0(6#++#1."-()(5#24+&(."(3#5*4$&'(-)5&0(#*$&2(."$#($%'&&(0&5.")'0Q()(
-&$$."-K$#K7"#1K,#4(0&5.")'H()(0&5.")'(1.$%()(/.0.$."-()".5)$#'H()"2()(0&5.")'(1.$%()(/.0.$."-(
+&3$4'&'(6'#5($%&(X"./&'0.$,(#6(W)*&(G#1"=(L.I(0$42&"$0(*)'$.3.*)$&2=(<"($%&(3)0&(#6($%&(0&3#"2(
*'#-')55&;()++(0$42&"$0(6#++#1."-($%&('&+&/)"$(5#24+&()$$&"2&2()(0&'.&0(#6(0&5.")'0(."(!"#$%&'
()*"=(



A. Burn 6 

What did we find?  

!"#$%&'()%*+%),-./0"-,1%)+$)+1)+2+%+#)3/4&0)3*+15,)$%40,1%$6)&,+#1"15).,*+2"/4#()/#)3&+$$#//-)

"0,1%"%'7)8*,)-/$%)0#+-+%"3),9+-:&,)/;)%*"$)<+$)+)$%40,1%)<*/)<+$)1/#-+&&')=4",%()$%40"/4$)

+10) 0,;,#,1%"+&) %/) +4%*/#"%'7) >,) +::,+#,0) +%) %*,) ;"#$%) $,-"1+#) *,&0) "1) !"#$%&' ()*") ?+1)
"1%#/043%/#')$,$$"/1);/#)$%40,1%$)%/)5,%)4$,0)%/)@AB)"1)+)$4#:#"$"15)54"$,7)C,)%*/45*%)*,)*+0)

1/%)+::,+#,0)41%"&)<,)1/%"3,0)D1"2,$);&'"15):+$%)4$()+10)&//D,0)4:)%/)$,,)*"-)$"%%"15)/1)%/:)/;)

+) &+#5,) &+-:$*+0,) ?!"54#,) EB7)>,)<+$)<,+#"15) +)F,9"3+1) GH+') /;) %*,)H,+06) $D4&&() +10) *+0)

+0/:%,0)%*,)1+-,)I*,+:/)J-+5+7)K1)+)$,3/10)$,-"1+#()<*"3*)<+$)$,%)4:).')F+#"/1)C+&%/1()

+1)+3+0,-"3)+%)%*,)J1"2,#$"%')/;)I+:,)8/<1()*,)+::,+#,0)+5+"1)"1)%*"$)54"$,()+10)<,)1/%,0)+)

:#/:,1$"%');/#)+$D"15)3*+&&,15"15)=4,$%"/1$()"1)%*"$)3+$,)+./4%)%*,)+3%"/1$)/;)+)54"&0)"1)+$,-&'$*'
+.,#,.*/()%*,)%/:"3)/;)%*,)$,-"1+#7))

)

)

!"#$%&'()'*$%'+"%,-'./'0","-'-1'2&3145'6"+&'

C*+%),1+.&,0)*"-()%*,1()%/)-/2,);#/-)*"$)34$%/-+#')=4",%()0,;,#,1%"+&)-/0,)/;)&,+#1"15)%/)

%*"$)3*+&&,15"15)3&+$$)3&/<1L)M1,):/$$".&,),9:&+1+%"/1)<+$)%*+%)*,)<+$)+1),9:,#",13,0):&+',#)

/;)0$1%/",2/,)3"7) K%) %#+1$:"#,0) %*+%)I*,+:/)<+$)*"$) 1"3D1+-,) ;#/-)0$1%/",2/,)3") 0+'$() 5+"1,0)
<*,1)*,) ;"#,0)/1)*"$)/<1)+&&",$) ?+) 3*,+:) $*/%B7)8*,) ,&,-,1%$)/;)!"#$%&'()*")<*"3*),2/D,) %*,)

,12"#/1-,1%) /;) +) 5+-,() %*,1() $,,-,0) %/) *+2,) 5"2,1) *"-) :,#-"$$"/1() +$) "%) <,#,() %/) ,1+3%) +)

:&+';4&() ,2,1) +55#,$$"2,() "1N</#&0) "0,1%"%'() ,2,1) %*/45*) *,) D1,<) %*,) $"%4+%"/1) <+$) +1)

,043+%"/1+&)/1,7)8*,)3/1;4$"/1)/;) $,-"/%"3)0/-+"1$)O) "1),;;,3%() %*,) 3/1;4$"/1)/;) %*,) $,-"1+#)

#//-)+10)%*,)5+-,N</#&0)O)5+2,)*"-)&"3,13,)%/).,*+2,)=4"%,)0";;,#,1%&'7)

P1/%*,#) :/$$".&,) ,9:&+1+%"/1) <+$) %*+%) :&+'"15) %*,) #/&,) /;) I*,+:/) *+0) %*,) D"10) /;)

/1%/&/5"3+&) %#+1$",13,) %*+%) K) *+2,) $455,$%,0) +./2,7) P&%*/45*) %*,) $"%4+%"/1) <+$) 1/%) -+D,N

.,&",2,()%*,#,)<+$),1/45*)G+$N";6)+./4%)"%)%/):,#-"%)+)D"10)/;)"##,$:/1$"."&"%')"1)%*,):,#;/#-+13,)

/;)%*"$)#/&,()%*,);#,,0/-);#/-)#,+&N&";,)3/1$,=4,13,$)%*+%)0#+-+)%*,/#"$%$)3+&&)G#/&,):#/%,3%"/16()

+10)5+-,)%*,/#"$%$)3+&&)%*,)G:$'3*/$/3"+&)-/#+%/#"4-67)Q&+'"15)*"$)#,+&)&";,)$%40,1%)#/&,)410,#)

*"$) +3%4+&) 1+-,) "-:&",0) 3/1$,=4,13,$() &/15N%,#-) 3/--"%-,1%() /1%/&/5"3+&) $4.$%+13,) +10)

04#+."&"%'7) K1) %*"$) 3+$,() %*,) ,$3+:,) ;#/-) %*,$,) :#/2"0,0)-/#,) #//-) %/) &,+#1() %/) =4,$%"/1() %/)

3*+&&,15,()%/)#,;4$,)3/12,1%"/1+&)*",#+#3*",$7)
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!"#$%&'(")*'(*'+"&)",-*#"./&0$%,"12#",-2,3"2#"4*+-,"5$"$6.$%,$(3"#,7($',#"-2("4*6$(")$$8*'+#"
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!"#$%#&'()$*+,#$-./$.$0'')$#12#3+#(&#$456$.6$ 6+7#/$ 8$ ,'5()$ +6$ 6'$4#$9#3:$&'(,5/+(0$-"#($
#9#3:'(#$/6.36#)$6'$/.:$6"+(0/$.6$6"#$/.7#$6+7#;$86$-./$.</'$)+,,+&5<6$6'$=('-$-"'$:'5$.3#$
6.<=+(0$6'$./$7.(:$2#'2<#$0.9#$6"#+3$.9.6.3$.$)+,,#3#(6$(.7#$6'$6"#+3$'-(;!

"#$%&!'()*+,!),-./,$0!
12,!$(++(3/45!6,7.8!92,!,:;,./',49!37&!.,;,79,)!3/92!92,!<=!<,)/7!5.(*;8!74)!/4>+*),)!7!

&,&&/(4! /4! %#&'()$ *+,#! /4!32/>2! 92,! 479*.,! ($! %#&'()$ *+,#! 7&! 7! +,7.4/45! ,4?/.(4',49!37&! 92,!
,:;+/>/9! 9(;/>! ($! )/&>*&&/(4@! 12/&! 37&! 7! .,?,7+/45! 74)! 3/),A.745/45! >(4?,.&79/(48! .7/&/45! 7!
4*'-,.! ($! 4,3! ;(/49&@! B(.! ,:7';+,8! (4,! &9*),49! .7/&,)! 92,! /),7! 9279! 92,! 9,:9A-7&,)! >279!
;.()*>,)!(.),.+6!)/7+(5*,8! &/4>,! 92,! 9,:9&!3,.,!7*9('79/>7++6!(.),.,)8!74)! /),49/$/,)!-6! 92,!
47',! ($! 92,! 7?797.@! 12,.,! 37&8! 92,48! 4(! ;(&&/-/+/96! $(.! ;,(;+,! 9(! 97+C! (?,.! ,7>2! (92,.! (.!
/49,..*;9D! (.! $(.! 746(4,! 9(! -,! >(4$*&,)! 7-(*9!32(! &7/)!3279@!E(3,?,.8! &*>2! 74! (;9/'/&9/>!
?/,3! >(49.7&9&!3/92! 92,! ;,.>,;9/(4! ($! 92,! +7&9! &9*),49! .,;.,&,49,)! 7-(?,8!32(! $,+9! ,?,.6(4,!
37&! &;,7C/45! 79! (4>,! ",?,4! 92(*52! 92/&! /&! +/9,.7++6! /';(&&/-+,! 3/92! 9,:9A-7&,)! >2790@! F92,.!
;(/49&!3,.,!'7),!$(.!74)!757/4&9!>279G!;(&/9/?,+68!9279!/9!$7?(*.,)!>,.97/4!C/4)&!($!)/&7-/+/968!
&*>2! 7&! ),7$4,&&8! &/4>,! /9! )/&;+7>,)! 92,! ;26&/>7+! ;.(>,&&! ($! 2,7./45! /4! /9&! ;.(?/&/(4! $(.!
>(4?,.&79/(4D!74)!4,579/?,+68!9279!/9!,.7&,)!&(',!($!92,!&(>/7+!74)!>*+9*.7+!'7.C,.&!($!&;(C,4!
?(/>,8!&*>2!7&!.,5/(47+!7>>,49@!
=4(92,.!;(/49!.7/&,)!-6!&9*),49&!.,+79,)!9(!92,!&(>/7+!&;7>,!3,!*&,)!/4!%#&'()$*+,#@!H,!>2(&,!

9(!*&,!(.)/47.6! &(>/7+! &;7>,&! "/4! 92/&! >7&,8!I)*>79/(4!JK! #&+74)0! .792,.! 9274!?/.9*7+! &,'/47.!
.(('&@!=9! +,7&9!(4,!($!(*.! &9*),49&! $,+9! 92/&!37&!7!'(.,!7*92,49/>! &(>/7+! &;7>,! 9274! 92,!-7.,!
&,'/47.! .(('&! 32,.,! 3,! 3(*+)! 4(.'7++6! ',,9! /4! LM@! E,.,8! 92,48! /&! 7! 9,4&/(4G! )/$$,.,49!
N*)5',49&! 7-(*9! ;,.>,/?,)! .,7+/9/,&@! B(.! &(',! &9*),49&8! &,'/47.! .(('&! '76! &,,'! 7./)8!
7.9/$/>/7+8!>*9!($$!$.('!92,!3(.+)!(*9&/),8!32/+,!92,!&;,>97>*+7.!&(>/7+!&;7>,&!($!?/.9*7+!3(.+)&8!
;,(;+,)!3/92!,:(9/>!7?797.&8!).,&&,)!/4!-/O7..,!$*.4/&2/45&!74)!+/9!-6!;/>9*.,A;(&9>7.)!3,792,.!
'76! &,,'!'*>2!'(.,! P.,7+%8! -(92! &(>/7++6! 74)! /4! 9,.'&!($! 7!?/&*7+!'()7+/96@! B(.!(92,.&8! 92,!
.,?,.&,! '76! -,! 9.*,G! 92,! &,'/47.! .(('! '76! -,! 74! 7*92,49/>! .,;.,&,4979/(4! ($! 7>7),'/>!
&,./(*&4,&&8! 3279! 92,6! >7',! (4! 92,! >(*.&,! 9(! $/4)8! 7! $7'/+/7.8! 7;;.(;./79,! 2(',! $(.! 92,!
7>7),'/>!5,4.,&!($! +,>9*.,8! &,'/47.!)/&>*&&/(48! .,&,7.>2!;.,&,4979/(4! 92,6!,:;,>9! 9(! $/4)@!Q6!
>(49.7&98! 92,! &;7>,&! ($! %#&'()$ *+,#! '76! &,,'! )/&9.7>9/458! 9./?/7+8! /..,+,?749! 9(! 7>7),'/>!
,4),7?(*.@!#4!&(>/7+!&,'/(9/>!9,.'&8!'()7+/968!(.!7!>+7/'!9(!9.*928!>.,)/-/+/96!74)!7*92,49/>/968!
>744(9!-,!,&97-+/&2,)!-6!7!9,:9!(.!7*92(./7+!/49,49/(4!7+(4,!R!/9!/&!7!;.(>,&&!($!4,5(9/79/(4!3/92!
.,7),.&8!7*)/,4>,&8!*&,.&@!12,!&7',!&,,'&!9(!2(+)!$(.!?/.9*7+!3(.+)&8!&,'/47.!.(('&!74)!SMI&@!
#4!746!>7&,8!/$!(*.!>2(/>,!($!&;7>,!/4!7!?/.9*7+!3(.+)!/&!9(!*&,!&(>/7+!&;7>,&!".792,.!9274!?/.9*7+!
7>7),'/,&! 74)! +,>9*.,! 92,79.,&08! 92,4! 92(&,! &;7>,&! 74)! 92,/.! /427-/9749&! 3/++! 7+376&! -,!
7'-/5*(*&! "&,,! T7..! ,9! 7+@8! UVWV0@! =.,! 92,! ,?,49&! 5(/45! (4! 92,.,! ,)*>79/(47+8! ;+76$*+8!
5792,./45&! ($! 2(--6/&9&X! =.,! 92,6! &>2((+! 9./;&8! (.! 9/',! (*98! (.! ,:9.7A>*../>*+7.X! =.,! 92,6!
,924(5.7;2/,&!($!(4+/4,!+/$,8!&,'/47.&8!,:;+(.79/(4&!($!4,3!',)/7X!12,!$*4>9/(4!/&!),9,.'/4,)!
-6! 92,! *&,8! ($! >(*.&,D! -*9! /4$+,>9,)! -6! 92,! >*+9*.7+! &,99/458! 74)! 92,! +((&,4/45! ($! 92,!
>(4?,49/(47+! 9(;(5.7;2/>! 74)! (92,.!'7.C,.&! ($! 7>7),'/>! +/$,@!E(3,?,.8!3,! 7+&(! $(*4)! 9279!
7'-/5*/96! 37&! .,)*>,)! -6! >+7./96! ($! ;+744/458! ($! &,&&/(4! >(49,49! 74)! ($! &9.*>9*.,8! 74)! -6!
&9*),49&%!$7'/+/7./96!3/92!,7>2!(92,.8!,7>2!(92,.&%!7?797.&8!74)!92,!+(>79/(4@!
B/47++68! (4,! &9*),49! .7/&,)! 92,!Y*,&9/(4!($! 92,! .(+,!($! 92,! 9,7>2,.@!E,! >27.7>9,./&,)! /9! 7&! 7!

C/4)!($!(.>2,&9.79/(4!/4!%#&'()$*+,#8!(-&,.?/45!92,!&2/$9!$.('!92,!9.7)/9/(47+!P&974)A74)A),+/?,.%!
'(),! 9(! 7!'(.,! >(4?,.&79/(47+! (4,8! 74)! $.('! $(.'7+! 2/,.7.>2/,&! 9(!'(.,! ?,.9/>7+8! /4$(.'7+!
&9.*>9*.,&@!12/&!C/4)!($!&2/$9!37&!7+&(!(-&,.?,)!/4!92,!;.,?/(*&!6,7.!-6!7!9*9(.!(4!92,!#T1!/4!
I)*>79/(4! ;.(5.7'',8! 32(! 7.5*,)! 9279! %#&'()$ *+,#! ;.(?/),&! 7! &(>/7+! &;7>,! $(.! &9*),49&! 9(!
',,9!/4!376&!32/>2!5(!-,6(4)!92,!-(*4)7./,&!($!92,!&,'/47.!(.!92,!>(*.&,!&,&&/(4&G!
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!"!#$%& !"#$% "&'% $()*&+,)-*-"(% .,/% 0'*,)1% 2-/'34% 56"% 78$,% "&'% 9-)1% ,/% -)"'+7*"-,)$:% !% ;7$%
<6-"'%=>,9'(#%;-"&%"&'%$"61')"$%-)%02:%!"%*&7)?'$%(,6+%+'87"-,)%;-"&%"&'@:%!#@%),"%')"-+'8(%
*,)A-)*'1%5(%B87*95,7+1:%C&'+'#$%@'7)"%",%5'%$D7*'% /,+%$"61')"$%",%$,*-78-$'%56"%"&-$% -$)#"%
+'788(% 6$'1:% E',D8'% D,$"4% 7)1% 7% &7)1/68% D,$"% 7% 8,"% 7)1% ')?7?'% -)% 1-78,?6':%F&')% !% ;7$%
"'7*&-)?% "&'%GH%@,168'% 87$"% ('7+4% !% ?,"% "&'% -@D+'$$-,)% "&7"% D7+"% ,/% "&'% +'7$,)% $"61')"$%
$"7('1% "&'% *,6+$'% ;7$% 5'*76$'% "&'(% @'"% ,"&'+% D',D8':% !"% $''@$% ",% @'% "&7"% D',D8'% 1,% "&'%
*,6+$'%),"%5'*76$'% -"%;-88%71A7)*'%"&'-+%*7+''+%)'*'$$7+-8(4%56"%5'*76$'%"&'(%7+'%7"%7%$"7?'%
;&'+'%"&'(%)''1%$,@'%-)"'88'*"678%$"-@687"-,):%E7+"%,/%"&'%D8'7$6+'%I%@'7)-)?%,/%"&'%*,6+$'%
-$%@''"-)?%,"&'+$%7)1%$&7+-)?%-)"'+'$"$4%$&7+-)?%8-/'%1+7@7$4%7)1%$,%,):%B6"%;&7"%-$%@-$$-)?%
/+,@%587*95,7+14%!%"&-)94%-$%"&'%$')$'%,/%7%*87$$%7$%7%$,*-78%')"-"(:&

Virtual doctorates: supervising in Second Life 

'()& *& +,*)& -(./& 0& 1*2,& 3,,-& 456,)2747-8& *& 91:& 4;5<,-;& 7-& 0'*,)1% 2-/'=& 0;& 74& *-& *66)(6)7*;,&
,-27)(->,-;& ?()&17>&7-&>*-+&.*+4%&174&),4,*)@1&6)(A,@;&@(-@,)-4&3(+4B&@(>65;,)&8*>,C6D*+&
*-<&@5D;5),E&1,&?(DD(.,<&;1,&FG&8*>,&>(<5D,&*-<&0'*,)1%2-/'&4,>7-*)4&H*D;1(581&1,&74&-(;&*&
54,)&(?&0'*,)1%2-/'&17>4,D?IE&*-<&1,&.()J4&*;&4(>,&<74;*-@,&?)(>&K(-<(-=&0-&),46,@;&(?&;174&D*4;&
@(-47<,)*;7(-&0'*,)1%2-/'&74&?5-@;7(-7-8&1,),/&A54;&*4&?()&4(>,&*46,@;4&(?&;1,&FG&>(<5D,/&*4&*&LC
:/& *2*;*)C3*4,<& MKN=& 0-& ;174& ),46,@;/& ;1,& @(>6*)74(-4& ;(& 3,& >*<,& *),& .7;1& (;1,)& ?()>4& (?&
@(>>5-7@*;7(-&.,&54,%&61(-,/&OJ+6,&27<,(/&()&F((<D,=&!1,&*<2*-;*8,4&4,,>&;(&3,/& ?()& ;174&
4;5<,-;/& ;1),,?(D<=& '7)4;D+/& 7;B4& 4+-@1)(-(54/& D7J,& OJ+6,/& 35;& 5-D7J,& ;1,& @(-2,-;7(-*D& MKN4=&
O,@(-<D+/&7;&(??,)4&*&4,-4,&(?&,>3(<7,<&6),4,-@,&.17@1&>*J,4&;1,&@(-2,)4*;7(-&4(>,1(.&>(),&
),6D,;,/&>(),&(?&*-&,-@(5-;,)/&,>3,DD741,<&.7;1&3(<7,4/&@(4;5>,4/&?5)-7;5),/&<7??,),-;&D(@*;7(-4&
H.,&1*2,&>,;&*;&?(5)&<7??,),-;&D(@*;7(-4I&H'785),&PI=&!17)<D+/&;1,&;,Q;C3*4,<&@1*;&(??,)4&@,);*7-&
*<2*-;*8,4=&!174&D*4;&6(7-;&74&.();1&?5);1,)&@(-47<,)*;7(-=&0;&1*4&6)*@;7@*D&7>6D7@*;7(-4%&.,&@*-&
3(;1& 4*2,& ;1,& @1*;CD(8/& *-<& 1*2,& *& 2,)3*;7>& ;)*-4@)76;& (?& ;1,& 456,)2747(-& 4,447(-& ?()& ?5;5),&
),?,),-@,=& 0;& 1*4& @,);*7-& *??()<*-@,4& ?()& ;1,& @(-2,)4*;7(-=& 0;& 74& 4D(.,)& ;1*-& 46,,@1& 7-& ;.(&
),46,@;4%&;1,&;+67-8&74&4D(.,)&;1*-&46,,@1E&35;&*D4(&;1,&@(-2,-;7(-4&(?&;174&J7-<&(?&,Q@1*-8,&*),&
>(),& ;(D,)*-;& (?& 6*54,4& ;1*-& 46(J,-& ,Q@1*-8,4=& !1,),& 74/& ;1,-/& >(),& )((>& ?()& ),?D,@;7(-/&
<78,4;7(-&(?&;1,&D*4;&6(7-;&()&R5,4;7(-=&&
'7-*DD+/&*-&7-;,),4;7-8&(5;@(>,/& 7?&(-D+&*-,@<(;*D/& 74& ;1*;& 7;&4,,>4&,*47,)& ;(&46,-<&D(-8,)& 7-&

0'*,)1%2-/'=&!,D,61(-,&()&OJ+6,&456,)2747(-4&7-&>+&,Q6,)7,-@,&;,-<&;(&D*4;&3,;.,,-&LS&>7-5;,4&
*-<&*-&1(5)=&!1,4,&0'*,)1%2-/'&4,447(-4&*),&D*4;7-8&?)(>&*-&1(5)&;(&TS&>7-5;,4/&4588,4;7-8&;1*;&
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@&7,>5'(7)# ()#25(1)51.# # *D-# ()2'&>5'(7)%8# '7782# '6%'#0%A#W1#,12(9)1,#'7# :%5(8('%'1#P)7M81,91#
@&7,>5'(7)#%),# ())73%'(7).#%),# *C-# 5>&&(5>8%&#%5'(3('(12#W>(8'#%&7>),#7>&#,(25>22(7)#7:#DB2'#
51)'>&A# 25(1)51# 81%&)()9# %),# '778?01,(%'1# 81%&)()9# 1)3(&7)01)'"# =2# %# 5872>&1# '7# 7>&#
%&9>01)'#%W7>'#,12(9).#M1#%&'(5>8%'1#'61#&781#%),#:>)5'(7)2#7:#,12(9)#()#1,>5%'(7)%8#&1:7&0#
%),#2('>%'1#'6(2#,12(9)#()#'61#157879A#7:#1,>5%'(7)"#

Theoretical Framework/Design Framework 

Rethinking science education for the 21
st
 century 

V6%'#(2#'61#)%'>&1#7:#25(1)'(:(5#2'>,Ae#V6(81#1'6)79&%@6(5#2'>,(12#7:#256778#25(1)51#(,1)'(:A#
'6%'#072'#2'>,1)'2#W18(131#'6%'#25(1)'(:(5#P)7M81,91#(2#a,(25731&1,b#WA#9&1%'#25(1)'(2'2#2>56#
%2#T1M'7)#%),#+()2'1().#25(1)51#&121%&561&2#*1"9".#]&(31&#1'#%8".)B^^_S#4%A87&.#B^^YS#!%),73%8#
g# $(88M77,.# DFFE-# %&9>1# '6%'# 25(1)'(:(5# P)7M81,91# (2# a57)2'&>5'1,"b# # /)# '61# @&75122# 7:#
P)7M81,91# 57)2'&>5'(7).# 25(1)'(:(5# '617&(12# %&1# 3%8(,%'1,# 3(%# 1\@8%)%'(7).# ,(2@>'1# %),#
%&9>01)'2# %07)9# '61# 25(1)51# 5700>)('(12# W1:7&1# '61A# %&1# 819('(0(`1,# %2# 25(1)'(:(5# :%5'2"##
!%),73%8# %),# $(88M77,# *DFFE-# 2>55()5'8A# 2A)'612(`1# '61# )%'>&1# 7:# 25(1)'(:(5# 2'>,A"# 461A#
%&9>1#'6%'#'61&1#(2#)7#()61&1)'#3%8>1#7:#'&>'6#()#25(1)'(:(5#'617&(12"#!5(1)'(:(5#P)7M81,91#(2#%#
6>0%)#57)2'&>5'(7)"#!()51#25(1)'(:(5#P)7M81,91#(2#57)2'&>5'1,.#'61#3%8(,('A#7:#25(1)51#8(12#()#
'61#,19&11#7:#@1&2>%2(7)")
461# 0%()2'&1%0# 25(1)51# 5>&&(5>8%# %&1# 0%()8A# W>(8'# >@7)# '61# %22>0@'(7)# '6%'# 25(1)'(:(5#

P)7M81,91# (2# ,(25731&1,# %),# 5%)# W1# '&%)20(''1,# '7# 2'>,1)'2# 3(%# ,(,%5'(5# ()2'&>5'(7)# %),#
57)'1)'#,18(31&A"#I(1M()9#25(1)'(:(5#P)7M81,91#%2#57)2'&>5'1,#P)7M81,91#)7'#7)8A#2>9912'2#
%#,(::1&1)'#3(1M#%W7>'# 25(1)51.# W>'# %827#@7()'2# '7# %#@7'1)'(%88A#@&7,>5'(31#@%'6# '7# &13%0@#
25(1)51# 1,>5%'(7)# :7&# '61# DB2'# 51)'>&A# P)7M81,91# ,10%),"# 461# %@@&7%5612# %),# 01'67,2#
25(1)'(2'2# %&1# '&%()1,# '7# 57)2'&>5'# 25(1)'(:(5# P)7M81,91# 267M# '610# '7# W1# P)7M81,91#
@&7,>51&2#%),# ())73%'7&2"#!()51#25(1)'(2'2#,13187@# '61(&#2P(882.#P)7M81,91.# (,1)'('A.#3%8>12#
%),# 1@(2'107879A# *!6%::1&.# DFFY-# '6&7>96# 25(1)'(:(5# ()[>(&(12.# '1%56()9# 2'>,1)'2# '7# ()[>(&1#
25(1)51#0%A#W1#%#@&7,>5'(31#M%A#'7#1)5>8'>&%'1#2'>,1)'2#%2#()'188(91)'#)73(512#*d&7M)#1'#%8".#
B^^C-#M67#81%&)#'7#W1#P)7M81,91#@&7,>51&2#%),#())73%'7&2"#

Scientific inquiry as a 21
st
 century knowledge production skill 

/)# 57)2'&>5'()9# 25(1)'(:(5# P)7M81,91.# 25(1)'(2'2# ,13187@# 2@15(:(5# 579)('(31# '7782# %2# M188# %2#
@6A2(5%8#()2'&>01)'2#'7#:%5(8('%'1#P)7M81,91#57)2'&>5'(7)#@&75122"#/)#'1&02#7:#'61#579)('(31#
'7782.# ()[>(&A# 2P(88# (2# 1221)'(%8# %),# 26%&1,# WA# 25(1)'(2'2"# c%5()9# @&7W810%'(5# 2('>%'(7)2.#
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25(1)'(2'2#'%P1#%5'(7)2#'7#a57)31&'#'61#18101)'2#7:#'61#7&(9()%8#2('>%'(7)#()'7#%#>)(:(1,#M6781b#
*]1M1A.# B^CZ# @"# BFZ-"# # 461# %5'(7)2# '%P1)# WA# 25(1)'(2'2# '7# 27831# @&7W8102# 26%&1# 57007)#
56%&%5'1&(2'(52j%2P()9# [>12'(7)2# &19%&,()9# >)21''81,# 2('>%'(7)2.# @&7@72()9# 6A@7'61212#
W%21,#7)#1\(2'1,#P)7M81,91.#57),>5'()9#()312'(9%'(7).#578815'()9#%),#()'1&@&1'()9#,%'%.#%),#
,13187@()9# '617&(12# %W7>'# '61# [>12'(7)2# '61A# &%(21,"# 467>96# '61&1# %&1# ,(::1&1)'# M%A2# '7#
56%&%5'1&(`1# '6(2# P)7M81,91# 57)2'&>5'(7)# @&75122.# ('# (2# 'A@(5%88A# (,1)'(:(1,# %2# 25(1)'(:(5#
()[>(&A# *G6())# g# $%867&'%.# DFFDS# V6('1# g# c&1,1&(P21).# B^^Z-"# =2# %# 51)'&%8# '778# :7&#
57)2'&>5'()9#25(1)'(:(5#P)7M81,91.#25(1)'(:(5#()[>(&A#(2#)7'#7)8A#%#'778#'6%'#25(1)'(2'2#>'(8(`1#'7#
57)2'&>5'# 25(1)'(:(5# '617&(12.# W>'# %827# %# '778# '6%'# 0%A# 618@# A7>)9# @17@81# '7# W15701# %#
P)7M81,91#@&7,>51&#,10%),1,#WA#'61#DB2'#51)'>&A#157)70A"#

Challenges of fostering scientific inquiry in the classroom 

467>96# 1,>5%'(7)%8# &121%&561&2# *1"9".#]&(31&# 1'# %8# B^^_.#V6('1#g#c&1,1&(P21).# B^^ZS#f>6).#
DFFE-# 57007)8A# %9&11# '6%'# 81%&)()9# 25(1)'(:(5# ()[>(&A# (2# 1221)'(%8# :7&# 25(1)51# 1,>5%'(7).#
57),>5'()9#25(1)'(:(5#()[>(&A#()#'61#58%22&770#(2#56%881)9()9.#12@15(%88A#()#'1&02#7:#P11@()9#
25(1)'(:(5# ()[>(&A# %>'61)'(5"#=>'61)'(5# 25(1)'(:(5# ()[>(&A.# ,1:()1,# %2# ()[>(&A# 5%&&(1,# 7>'# WA#
@&%5'(5()9#25(1)'(2'2#*!56M%&'`#g#G&%M:7&,.#DFFh-.#101&912#()#'61#5700>)('(12#7:#@&%5'(5()9#
25(1)'(2'2#()#M6(56#,70%()?2@15(:(5#2P(882.#P)7M81,91.#(,1)'('A.#3%8>12#%),#1@(2'107879A#%88#
57)'&(W>'1# '7# ('2# %>'61)'(5('A# *!6%::1&.# DFFY-"# 461&1:7&1.# '61# %>'61)'(5('A# &18(12# 7)# %#
5700>)('A#7:#25(1)51#@&%5'('(7)1&2#'7#'%P1#@8%51"##
47# (0@8101)'# %>'61)'(5# 25(1)'(:(5# ()[>(&A.# 2567782# :%51# 3%&(7>2# 56%881)912"# H>W8(5#

1,>5%'(7)2#%&1#91)1&%88A#)7'#57)51@'>%8(`1,#'7#:72'1&#25(1)51#@&%5'(512"#461&1:7&1#'61A#0%A#
)7'# 2>2'%()# 2>56# %# 61'1&791)17>2# ():&%2'&>5'>&1# %),# 5>8'>&1# '6%'# 25(1)51# @&%5'('(7)1&2#
1\@1&(1)51# ()# '61(&# 131&A,%A# M7&P# 1\@1&(1)51"# 41%561&2.# '61# 7)12# ()# 56%&91# 7:# 2'11&()9#
58%22&770#@&%5'(512.# %&1# >2>%88A# )7'# '&%()1,# %2# 25(1)'(2'2"# !18,70#,7# '61A#6%31# 1\@1&(1)51#
M7&P()9#M('6# 25(1)51# @&%5'('(7)1&2"#V61)# 2701# '1%561&2# ,7# 6%31# '61# 1\@1&(1)51# '7# :72'1&#
%>'61)'(5# 25(1)51# @&%5'(512# ()# '61# 58%22&770.# '61A# 0%A# :(),# 25(1)51# '1\'W77P2# )7'# :>88A#
570@%'(W81# M('6# '61(&# 1\@1&(1)51# M7&P()9# %2# 25(1)51# @&%5'('(7)1&2"# 41\'W77P2# 9>(,1# ('2#
@&%5'('(7)1&2# '7# '&>2'# M6%'131&# @&()'1,# ()# W8%5P# %),#M6('1# M6(81# 25(1)'(:(5# Q7>&)%82# ()3('1#
5&('([>1# %),# &1?13%8>%'(7)# :&70# '61(&# 3(1M1&2"# 461&1:7&1.# G6())# %),# $%867&'%# *DFFD-#
0%()'%()# '6%'# 072'# 25(1)'(:(5# ()[>(&A# '%2P2# ()# 2567782# %&1# 2(0@81# ()[>(&A# '%2P2.# ()[>(&12#
%,%@'1,#'7#:('#()#256778i2#25(1)51#5>&&(5>8%"#
!()51#('#(2#(0@&%5'(5%8#'7#(0@8101)'#%>'61)'(5#25(1)'(:(5#()[>(&A#M('6()#5>&&1)'#1,>5%'(7)%8#

21''()9.# 2(0@8(:(1,# ()[>(&A# '%2P2#7::1&# %# :1%2(W81# 278>'(7)# ()#618@()9# 2'>,1)'2# 81%&)# ()[>(&A"#
461#2(0@8(:(1,#()[>(&(12#%&1#7:'1)#,12(9)1,#'7#5%@'>&1#57&1#570@7)1)'2#7:#25(1)'(:(5#()[>(&A.#
2>56# %2# 1\@1&(01)'2.# 7W21&3%'(7)2# %),# (88>2'&%'(7)2"# X7M131&.# ('# (2# [>12'(7)%W81# (:# '61#
2(0@8(:(1,#31&2(7)#7:#()[>(&A#&1%88A#618@2#2'>,1)'#5%@'>&1#'61#1221)51#7:#()[>(&A"#G6())#%),#
$%867&'%# *DFFD-# %&9>1# '6%'# 072'# 2(0@81# ()[>(&A# '%2P2# %&1# 5%881,# ()'7# [>12'(7)# M('6# 'M7#
0%Q7&#,&%MW%5P2"##
461#:(&2'#21'W%5P#7&(9()%'12#:&70#:%(8()9#'7#1)9%91#2'>,1)'2#()#%2P()9#()[>(&A#[>12'(7)2.#%#

6%880%&P#:7&# ()[>(&(12"#47#1)9%91#%#2'>,1)'# ()#%)#()[>(&A.# ('#&1[>(&12#'61#2'>,1)'#61&218:# '7#
@1&51(31# %# 2('>%'(7)# %2# >)21''81,# 7&# ,(2'>&W1,# '7# ()('(%'1# %)# ()[>(&A#@&75122# *]1M1A.# B^CZS#
H72'0%)#g#V1()9%&')1&.# B^Y^-"# /'# (2# '61# ()[>(&A#[>12'(7)# '6%'#07'(3%'12# %#@1&27).#0%P()9#
61&#%)#()[>(&1&"#=#2('>%'(7)#'6%'#(2#3(1M1,#%2#@&7W810%'(5#:7&#%#5610(2'.#2>56#%2#'61#()5&1%21#
7:#5%&W7)#,(7\(,1#7)#1%&'6.#0%A#)7'#W1#3(1M1,#%2#@&7W810%'(5#:7&#%#'11)%91&#2'>,1)'#M6721#
97%82#:7&#81%&)()9#%W7>'#9&11)#67>21#1::15'#(2#'7#91'#977,#9&%,12#()#5610(2'&A#'12'2"#c7&#'61#
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5610(2'.#6(2#()[>(&A#[>12'(7)#0%A#81%,#6(0#()'7#'&%5()9#G%&W7)1#,(7\(,1#:77'@&()'#()2(,1#'61#
(51#%'#'61#T7&'6#H781"#X1#0%A#6%31#2701#(,1%2.#7&#131)#6A@7'61212.#%W7>'#M6%'#'61#()5&1%21#
7:#5%&W7)#,(7\(,1#0(96'#81%,#'7"#=),#'6121#(,1%2#7&#6A@7'61212#%&1#Q>2'#'61#31&A#W19())()9#
7:# %)# ()[>(&A# @&75122"# c7&#072'# 2(0@81# ()[>(&A# '%2P2# 57),>5'1,# ()# 2567782.# '1%561&2# 7:'1)#
@72'# '61# ()[>(&A# [>12'(7)2"# # =),# '61# %)2M1&2# 5%)# W1#K77981,.# (:# )7'# :7>),# ,(&15'8A# :&70#
'61(&# '1\'W77P2"# !'>,1)'2# '61)# M(88# 57),>5'# 1\@1&(01)'2# %),# 578815'# ,%'%# '7# @&731# '61#
'617&(12#'61A#267>8,#6%31#,13187@1,#'610218312"#47#1)9%91#2'>,1)'2#()#%#2(0@8(:(1,.#%),#A1'#
%>'61)'(5# ()[>(&A.# '61# ,12(9)# 7:# ()[>(&A# 0>2'# 270167M# 2('>%'1# 2'>,1)'2# ()# @&7W810%'(5#
2('>%'(7)2#'6%'#07'(3%'1#'610#'7#W1#()[>(&1&2.#'6721#M67#%2P#[>12'(7)2#%),#%&1#07'(3%'1,#'7#
%)2M1&#'610"#
=)7'61&#0%Q7&#21'W%5P#:7&#0%)A#2(0@8(:(1,# ()[>(&(12# (2# '61# :%(8>&1# '7#1)9%91#2'>,1)'2#%2#

13%8>%'7&2.#M6(56# (2# %827# %# 6%880%&P# :7&# @&%5'(5()9# 25(1)'(2'2"# k)51# %)# ()[>(&A# [>12'(7)# (2#
&%(21,.# %#@&%5'(5()9# 25(1)'(2'# (2# ()# 57)2'%)'# ()'1&&79%'(7)#7:# 1\(2'()9# '617&(12.#,%'%.# &121%&56#
[>12'(7)2#%),#()'1&@&1'%'(7)2#7:#,%'%"#461#()[>(&A.#M('6#7&#M('67>'#%)2M1&2#%8&1%,A#,1:()1,#
WA#7'61&2.#(2#%)#7@1)?1),1,#56%881)91#'6%'#,10%),2#57)2'%)'#13%8>%'(7)#()#'61#1)'(&1#()[>(&A#
@&75122"# /)# 7'61&# M7&,2.# '61# >),1&8A()9# 1@(2'107879A# 7:# %)# ()[>(&1&# (2# %)# 13%8>%'(31#
1@(2'107879A# *f>6)# 1'# %8".# DFFFS# G6())#g#$%867&'%.# DFFD-"#=)# 13%8>%'(31# 1@(2'107879A# (2#
,11@8A#&77'1,# ()# '61#W18(1:# '6%'#6>0%)#P)7M81,91# (2#3%8>1?8%,1).#275(7?5>8'>&%88A#&1813%)'#
%),#57)2'&>5'1,"#!(0@8(:(1,#()[>(&(12#)7'#7)8A#,(,#)7'#:%5(8('%'1#13%8>%'(31#1@(2'107879AS# ('#
%5'>%88A# :%5(8('%'12# :%821#1@(2'107879A#*G6())#g#$%867&'%.#DFFD-"#461&1:7&1.#67M#2(0@8(:(1,#
()[>(&(12# 5%)# W1# ,12(9)1,# '7# :%5(8('%'1# 13%8>%'(31# 1@(2'107879A# (2# %# 0%Q7&# 57)51&)# :7&#
(0@8101)'()9#()[>(&A#'%2P2#()#2567782"#

Designing scientific inquiry with computer games 

/)# '61# @%2'# ,15%,1# 3(,17# 9%012# 6%31# W11)# @&7@721,# %2# %#01,(>0#M('6# &(56# @7'1)'(%8# '7#
&1%8(`1#2('>%'1,#81%&)()9#*K11.#DFFCS#![>(&1.#DFFY-"#K%01#&121%&561&2#*1"9".#H&1)2PA.#DFFBS#K11#
DFFCS#![>(&1.#DFFY-#0%()'%()#'6%'#570@>'1&#%),#3(,17#9%012#@&73(,1#9&1%'#1\%0@812#7:#67M#
81%&)()9#1\@1&(1)51#0%A#W1#,12(9)1,#>2()9#9%01#,12(9)2#@&()5(@812"# # ![>(&1# *DFFY-#@7()'2#
7>'#'6%'#977,#3(,17#9%012#,12(9)#@8%A1&2i#1\@1&(1)51#WA#2('>%'()9#@8%A1&2#()#57)'1\'2#M61&1#
81%&)()9#(2#07&1#57)'1\'>%8(`1,#%),#10W7,(1,#'6%)#0%)A#'&%,('(7)%8#81%&)()9#01,(%"#46121#
%&9>01)'2# 2>9912'# '6%'#3(,17#9%012#%::7&,#,12(9)#7:# 81%&)()9#1\@1&(1)512#5761&1)'# '7# '61#
2('>%'1,#@1&2@15'(31#7:#81%&)()9#*d&7M)#1'#%8".#B^Z^S#K11.#DFF_-#%),#0%A#6%31#'61#@7'1)'(%8#'7#
:72'1&#25(1)'(:(5#()[>(&(12#'6%'#1)9%91#2'>,1)'2#()#%2P()9#91)>()1#()[>(&A#[>12'(7)2#%2#M188#%2#
()#:72'1&()9#13%8>%'(31#1@(2'107879A"#
/)#10%'2.34'14&3"54.# %# 6%),618,# &781?@8%A()9# 9%01# ,12(9)1,# '7# :72'1&# %&9>01)'# 2P(882.#

![>(&1#%),#N%)#*DFFh-#0%()'%()#'6%'#'M7#0%Q7&#9%01#,12(9)#:1%'>&12.#&781?@8%A()9#%),#7@1)?
1),1,#56%881)912.#1)9%91#@8%A1&2#()#5788%W7&%'()9#,(%879(5%88A#()#7&,1&#'7#,13187@#13(,1)51?
W%21,# %&9>01)'2.# %# 5&('(5%8# 2P(88# '6%'# @&%5'(5()9# 25(1)'(2'2# 10@87A# ()# 57),>5'()9# 25(1)'(:(5#
()[>(&A"#/)#'61#607.$#'!0,"'8.$#50#9%01?W%21,#81%&)()9#5>&&(5>8>0.#N%)#*DFF^-#>'(8(`12#&781?
@8%A()9.# )7)?@8%A1&# 56%&%5'1&2.# %),# 9%01# 56%881)912# '7# :%5(8('%'1# [>12'(7)?%2P()9# %),#
13%8>%'(31# 1@(2'107879A# ()#0(,,81# 2567782"# /)#7>&#,12(9).#M1# 8131&%91# &781?@8%A()9# ()# '61#
,12(9)#7:#%#Y?81318#570@>'1&#9%01#%),#%)#1(96'#D?67>&#2122(7)2#5>&&(5>8>0#'7#570@1)2%'1#
'61#'M7#0%Q7&#,(2%,3%)'%912#()#10@87A()9#2(0@8(:(1,#25(1)'(:(5#()[>(&A#()#2567782"##
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Design of the Legends of Alkhimia Learning Program 

/)#'61#:(&2'#@%&'#7:#'61#@%@1&.#M1#%&'(5>8%'1#67M#M1#0%A#&1:7&0#256778#25(1)51#5>&&(5>8%#'7#
618@#A7>)9#@17@81#())73%'1#%),#@&7,>51#P)7M81,91#3(%#57),>5'()9#25(1)'(:(5#()[>(&(12"#
]&%M()9#:&70#&121%&56#8('1&%'>&1.#M1#%827#6(968(96'#'M7#0%Q7&#56%881)912#()#618@()9#
2'>,1)'2#81%&)#25(1)'(:(5#()[>(&A#()#2567782#3(%#2(0@8(:(1,#()[>(&(12"#K%01?W%21,#81%&)()9#
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The Legends of Alkhimia Curriculum  
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Pre-game prior knowledge sharing 
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After-game group reflection and whole class discussion 
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Role-playing in the Legends of Alkhimia Curriculum 
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Conclusion: Designing for 21
st
 Century Science Education 
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The Centrality of Design in Developing Educational Theories 
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Digital Natives, Virtual Worlds and Cultural Capital 
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Factors to be Considered for Our Context 
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Watch Out for the ‘Native’ Gamer 
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Honesty in relation to academic discourse 
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Avatar Distance Learning is not Easy 
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<"#$&#$'&'A3'5#*#"(%,&*%1&$",#(/-&(4&#$'&!(!&5(++9%"#-.&*&,'%,'&(4&E(9)$#%',,?&:F"%'$*%&G&
H5I*/#$-.& BCCC.& 36& JJB=& (%& $(<& #(& '%)*)'& "%& 1",5(9/,'.& *%1& '%*5#& #$'"/& 3'/4(/+'1& *5#"(%,&
<"#$"%& #$'& )*+"%)& '%8"/(%+'%#6& K%& #$",& /')*/1.& "4& #$'& 3/*5#"5',& "%& <$"5$& -(9#$& /(9#"%'0-&
'%)*)'&"%&<"#$"%&!(!&*/'&8"'<'1&*,&5'%#/*0&#(&#$'&3/(5',,&(4&"1'%#"#-&4(/+*#"(%.&<$*#&2"%1&(4&
3'/,(%*0&*)'%5-&",& "%,5/";'1&"%&#$','&3/*5#"5',L&!'&*/'&3*/#"590*/0-&"%#'/',#'1&"%&#$'&*)'%#"8'&
/(0'& (4& -(9#$& "%& "%#'/*5#"(%,& *,& ;'"%)& *;0'& #(& 5(9%#'/& 1(+"%*%#& 3/*5#"5',.& 1",5(9/,',.& *%1&
+*,#'/&%*//*#"8',6&M'%5'.&;-&"%8',#")*#"%)&$(<&-(9#$&)*+'/,&'%)*)'&"%&,'04&3(,"#"(%"%)&1/"8'%&
;-&#$'&,'%,'&(4&E(9)$#%',,?&<"#$"%&#$'&1"*0()"5*0&*%1&3'/4(/+*#"8'&,3*5',&(4&!(!.&<'&,''2&#(&
'A30(/'&#$'&'44"5*5-&(4&#$",&5(%,#/95#&"%&*11/',,"%)&#$'&(%#(0()-&(4&-(9#$&!"#$%&'!"'$&3$'%(+'%*&
*%1&#$'(/'#"5&%(#"(%,&(4&-(9#$?,&%')(#"*#"(%&(4&#$'&1"*0'5#"5,&(4&(440"%'&*%1&(%0"%'&"1'%#"#"',6&&

Methodology 

7$",&3*3'/&1/*<,&(%&*%&'#$%()/*3$"5&,#91-&<"#$"%&!(!&"%&<$"5$&1*#*&<'/'&)*#$'/'1& 4/(+&
3*/#"5"3*%#N(;,'/8*#"(%& ,',,"(%,.& "%#'/8"'<& /',3(%,',.& "%N)*+'& 5$*#& #/*%,5/"3#,.& <';N;*,'1&
+',,*)"%)& #/*%,5/"3#,.& *%1&30*-'/,?& 'A3'/"'%5',& *%1&%*//*#"8',& "%& #$'& 4(/+&(4& ;0()& (/& (%0"%'&
4(/9+&3(,#"%),6&K%N)*+'&"%#'/8"'<,&<'/'&5(%195#'1&'"#$'/&<"#$"%&#$'&39;0"5&(/&3/"8*#'&E5$*#?&
+'5$*%",+& (4& #$'& )*+'6& O'+"N,#/95#9/'1& (440"%'& "%#'/8"'<,& <'/'& *0,(& 5(%195#'1& #(& 49/#$'/&
5(//(;(/*#'&#$'&(%0"%'&1*#*6&7$'&3'/"(1&(4&'#$%()/*3$-&5(++'%5'1&"%&P90-&CQ&#(&R'5&CS.&4(/&*&
19/*#"(%& (4& T6D& -'*/,6& 7$'& /','*/5$'/& 0())'1& (%& 4(/& 4(9/& $(9/,& '*5$& 1*-6& U,& *& 3*/#"5"3*%#N
(;,'/8'/.& #$'& /','*/5$'/& 4(59,'1&(%&'A3'/"'%5"%)& #$'&)*+'&<(/01& 4"/,#&$*%16&7$",&'A3'/"'%5'&
<*,&"%#')/*0&#(&#$'&,#91-&;'5*9,'&"#&1"/'5#0-&"+3*5#'1&(%&#$'&/','*/5$'/?,&*;"0"#-&#(&9%1'/,#*%1&
#$'& 3$'%(+'%(0()"5*0& )*+'& 'A3'/"'%5'& (4& *& /'0*#"8'0-& %'<& !(!& 30*-'/6& 7$'& /','*/5$'/&
1'50*/'1& *& /','*/5$& "1'%#"#-&<$"0,#& *#& (#$'/& #"+',& (3'/*#'1& *,& 5(N3*/#"5"3*%#,& (/& 3*/#"5"3*%#N
(;,'/8'/,&*,&1*#*&<'/'&5(00'5#'16&!'&/'5()%"V'& #$*#& #$'/'& ",&*& 0(%)&$",#(/-&(4&5(8'/#&(/&,'+"N
5(8'/#& /','*/5$& "%& '#$%()/*3$-& *%1& #$*#& %(%N1",50(,9/'& (4& /','*/5$& "1'%#"#-& "%& 5(+39#'/N
+'1"*#'1N5(++9%"5*#"(%&/','*/5$&/'+*"%,&*%&9%/',(08'1&",,9'&:M"00",.&TSSS=6&
W*/"(9,& 0"#'/*#9/'& :H*/2$*+.& TSSQX& M"%'.& BCCDX& 7*-0(/.& BCCY=& <'/'& /'8"'<'1& #(& "1'%#"4-&

5(%5'/%,&#$*#&+*-&*/",'&4/(+&#$'&*%#$/(3(0()"5*0&,#*%5'&(4&(9/&,#91-6&U55(/1"%)&#(&Z('00,#(/44&
:BCCY=.&#$'&9,'&(4&*%#$/(3(0()"5*0&+'#$(1,&*+(%)&)*+'&/','*/5$'/,&",&<'00&2%(<%&;'5*9,'&(4&
#$'&%(#"(%&(4&30*-&:"%&#$",&5(%#'A#.&)*+'&30*-&"%&!(!=&*,&*&E+*,#'/&+'#*3$(/?&"%&/'0*#"%)&#(&*&
/*%)'&(4& ,(5"*0&*%1&590#9/*0&1-%*+"5,6&O5$(0*/,& 4/(+& #$",& 4"'01&*33/(8'& #$'&%9*%5'1& "%,")$#,&
#$*#& '#$%()/*3$"5& +'#$(1,& 9%5(8'/.& ',3'5"*00-& <"#$"%& #$'& 5(%#'A#& (4& +*%-& %'<& *%1&
5$*00'%)"%)& /','*/5$& ,'##"%),& <"#$"%& #$'& E"%4(/+*#"(%& *)'6?& M"%'& :BCCC.& BCCD=.& *9#$(/& (4& #<(&
5/"#"5*0& /'4'/'%5',& "%& #$'& 1(+*"%& (4& 8"/#9*0& '#$%()/*3$-.& 'A3(9%1,& #$*#& /','*/5$'/,& %''1& *&
5(%#'A#& 4(/& 5(%195#"%)& (%0"%'& '#$%()/*3$"5& <(/26& 7$'& 4"/,#& ,#'+,& 4/(+& #$'& %(#"(%& (4& #$'&
K%#'/%'#& *,& [*& 30*5'.& 5-;'/,3*5'.& <$'/'& 590#9/'& ",& 4(/+'1& *%1& /'4(/+'1.\& <$"0'& #$'& ,'5(%1&
[,'',& #$'& K%#'/%'#& *,& *&3/(195#&(4& 590#9/'\& :M"%'.& BCCD.&36& S=6& O"+"0*/0-.&!"0,(%&*%1&]'#'/,(%&
:BCCB=&3(,"#& #$*#&(%0"%'&5(++9%"#"',&*/'&9%"^9'&,(5"*0&,3*5',& #$*#&%''1& #(&;'&,#91"'1&*,& #/9'&
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!"##$%&'&()*&%*'+(&,*"-%*,&.+'/*0+()(*&))$()*,(12(!'*-&3(,*4$()'&"%)*"1*-+('+(,*"%2&%(*)56!()*
6,(*&%*6%7*)(%)(*8,(629:*&%3((3;*-+('+(,*'+(7*6,(*8)56!()9*6'*622/*<(*5")&'*'+6'*"%2&%(*)56!()*)$!+*
6)*<"<*"11(,*6*!"%'(='*1",*6.(%!7*6%3*56,'&!&56'",7*6!'&"%*'+6'*!"%)'&'$'(*6*5267(,9)*)(%)(*"1*
!"#$%* &%* '+(*-",23* >?&22&);* @AAAB/* C%* '+&)* ,(.6,3;*6%7*6%627'&!*#('+"3"2".&!62* '(%)&"%*D('-((%*
"112&%(*E&)FGFE&)*"%2&%(*6%3*,(62*E&)FGFE&)*E&,'$62*)+"$23*D(*!6)'*6)&3(/*H)*?&%(*>IJJJB*,(&'(,6'();*
&1* 36'6* !"22(!'&"%* &)* ,&.","$);* '+(%* '+(* 5,"!())* 6%3* E62&3&'7* "1* ('+%".,65+7* &%* E&,'$62* )56!()*
)+"$23*D(*3$27*,(!".%&K(3*6)*-&'+*6%7*"'+(,*1",#)*"1*('+%".,65+7/*

Description of informants 

L$,*1&,)'*&%1",#6%'*>M"$'+*HB*&)*#62(;*&%*+&)*#&3F'-(%'&();*6%3*-",N&%.*&%*'+(*.6#(*&%3$)',7*
6)*6*.6#(*6%627)'/*?(*&)*62)"*6*56,'F'&#(*3(.,((*)'$3(%'*"%*6*3&)'6%!(*)'$37*5,".,6#/*?(*&)*6%*
(6,27*63"5'(,*"1*#6%7*"%2&%(*.6#();*+6E&%.*)'6,'(3*5267&%.*1,"#*'+(*6.(*"1*@J/*?(*+6)*(E(%*
',6E(22(3* '"* O656%* '"*#(('* '"5* .6#(* 5267(,)/*?(*-6)* ,(!,$&'(3* 6)* 6*#(#D(,* "1* 6* E(,7* (2&'(*
H#(,&!6%*<"<*.$&23/*?(*+6)*62)"*)'6,'(3*+&)*"-%*2"!62*.$&23*-+(,(* '+(,(*6,(*6'* 2(6)'* '+&,'7*
5267(,)*$%3(,*+&)*5$,E&(-/**
L$,* )(!"%3* &%1",#6%'* >M"$'+* PB* &)* 6* #62(* Q"#5$'(,* R%.&%((,&%.* )'$3(%'* 6'* 6* 2"!62*

$%&E(,)&'7;* &%*+&)*#&3F'-(%'&();*-+"*)'6,'(3*5267&%.*<"<*-+(%*&'*-6)*1&,)'*,(2(6)(3*&%*IJJS/*
?(*+6)*6%*(23(,* )&D2&%.*-+"* &)* 62)"*6*.6#(*(%'+$)&6)'/*?(*D(2&(E()* '+6'*+&)* )&D2&%.9)*.6#&%.*
+6D&')* #67* +6E(* +63* 6* )&.%&1&!6%'* &%12$(%!(* "%* +&#/* L,&.&%6227* %"%(* "1* +&)* "112&%(* 1,&(%3)*
5267(3*'+(*.6#(;*D$'*+(*)67)*+(*+6)*T#63(*%$#(,"$)*1,&(%3)*"%2&%(/U**?(*)5(%3)*6%*6E(,6.(*
"1*)&=*+"$,)*36&27*5267&%.*<"</*?(*)+6,(3*'+6'*+&)*"DV(!'&E(;*61'(,*+(*.,63$6'()*1,"#*!"22(.(;*
-"$23*D(*'"*1&%3*6*V"D*'+6'*-&22*622"-*+&#*'"*!"%'&%$(*+&)*.6#&%.*6!'&E&'&()/**
L$,*'+&,3*&%1",#6%'*>M"$'+*QB*&)*6*1(#62(*)'$3(%';*&%*+(,*(6,27*'-(%'&();*5$,)$&%.*6*3&52"#6*

&%*Q"#5$'(,*W('-",N&%.*6'*6* 2"!62*5"27'(!+%&!/*X+(*+6)*D((%*5267&%.*<"<*1",* '+(*56)'*"%(*
7(6,;*)&%!(*'+(*.6#(*-6)*&%',"3$!(3*'"*+(,*D7*+(,*(23(,*)&D2&%./*H56,'*1,"#*YYLZ[\)*)$!+*6)*
<"<;*)+(*&)*62)"*6%*6E&3*(%'+$)&6)'*"1*#"D&2(*!"#5$'(,*.6#()*611",3(3*D7*W&%'(%3"*]X*6%3*
X"%7*[X[*3(E&!()/****
L$,* 1"$,'+* &%1",#6%'* >M"$'+* ]B* &)* 6* 1(#62(* )'$3(%';* &%* +(,* (6,27* '-(%'&();* -+"* &)* 62)"*

5$,)$&%.*6*3&52"#6*6'*6*2"!62*5"27'(!+%&!/*X+(*)5(%3)*$5*'"*)&=*+"$,)*36&27*"%2&%(/*?(,*"%2&%(*
6!'&E&'&()* &%!2$3(* 5267&%.*<"<;* )"!&62* %('-",N&%.* 6%3* &%)'6%'*#())6.&%.*-&'+* 1,&(%3)/*?(,*
(%.6.(#(%'* &%*<"<* &)* 26,.(27* 1$(22(3*D7*+(,* &%'(,()'* &%* ,"2(F5267&%.*.6#()*"1* '+(*3$%.("%*
6%3*3,6."%)*.(%,(/*
\&E(%* '+(* &%F3(5'+* 4$62&'6'&E(* %6'$,(* "1* "$,* )'$37;* -(* 1"!$)(3* "%* !"22(!'&%.* 8'+&!N*

3()!,&5'&"%)9*>\((,'K;*@A^_B*1,"#*7"$'+9)*)5(!&1&!*!6)()*"1* `2&1(*"%2&%(`;*6)*"55")(3*'"*3&)'&22&%.*
,()$2')* 1,"#* 6* 26,.(* )6#52(* )&K(* 1",* &%1(,(%'&62* )'6'&)'&!)* 5$,5")()/* C3(%'&1&(3* '+,"$.+* !+6&%*
)6#52&%.;* "$,* &%1",#6%')* ,(5,()(%'* '+(* 6E(,6.(* 6.(* "1* <"<* 5267(,)* >M((;* IJJaB/* C%* '+(*
]6(362$)*[,"V(!';*M((*>&D&3B*,(5",'(3*'+6'*'+(*D$2N*"1*<"<*5267(,)*+6E(*6%*6E(,6.(*6.(*"1*Ib/_*
>X]cb/SB/*L%*6E(,6.(;*5267(,)* )5(%3*II/^* >X]*c*@S/@B*+"$,)*5(,*-((N*5267&%.*<"<;*-&'+*%"*
.(%3(,*3&11(,(%!()*,(5",'(3*&%*'+(*%$#D(,*"1*+"$,)*5267(3*5(,*-((N/*

Data analysis 

P6)(3*"%*'+(*5,(#&)(*'+6'*'+(*5")&'&"%*"%(*'6N()*#67*)(,E(*6)*6*3('(,#&%6%'*"1*+"-*"%(*!6%*
!"%',&D$'(*'"*'+(*#$'$6227*3('(,#&%&%.*',&63*"1*85")&'&"%d)'",72&%(d5(,1",#6'&E(F)"!&62*6!')9;*
!"%E(7&%.*6*E6,&('7*"1*6'',&D$'();*)$!+*6)*5"-(,;*!"#5")$,(;*!"%1&3(%!(;*6%3*6$'+",&'7*>?6,,e*
f*g6%.(%+"E(*@AAAB;*6%3*",&(%'&%.*#6V",*!+6%.()*&%*56,'&!&56'&"%*)',$!'$,(;*"$,*"DV(!'&E(*-6)*
'"* $)(* 5")&'&"%&%.* '"* !65'$,(* )62&(%'* 5(,1",#(3* )"!&62* &3(%'&'&()* -&'+&%* <"</* 0"* &3(%'&17*
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!"#$%$"&) ",4+,() !"#$%$"&) $&%+&%$"&/2$%0() /&4) !"#$%$"&+,) /#) 4+%+,6$&/&%#) "-) "&+D#) !+,-",6+4)
$4+&%$%09) E"#$%$"&) ",4+,) ,+-+,#) %") %*+) $&#%/&.+) $&)5*$.*) /) !"#$%$"&) $#) #%/%+4()5*+%*+,) $%) 7+) /&)
$&$%$/2) !"#$%$"&() /) ,+!"#$%$"&() ",) /) !"#$%$"&) ./,,$+4) "?+,) -,"6) /&"%*+,) #%",02$&+) ",) ."&%+F%9)
E"#$%$"&) $&%+&%$"&/2$%0) $#) ,+2/%+4) %")*"5)4+2$7+,/%+20)/)!"#$%$"&) $#)/##16+4()/&4)5*+%*+,) $%) $#)
4"&+) /#) /) !+,-",6/&.+) %") $&-21+&.+) "%*+,#) ",) /#) /&) /.."1&%$&') %") "%*+,#D) +F!+.%/%$"&#9)
E"#$%$"&+,),+-+,#)%")#+2-)",)"%*+,9)8$%*$&)/)4$/2"'$./2)$&%+,/.%$"&()+/.*)"-)%*+)!/,%$.$!/&%#)/25/0#)
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5*$.*) /22) !+,#"&#) $&?"2?+4) ./&) &+'"%$/%+) &+5)!"#$%$"&#) @;/,,<)=)>/&'+&*"?+() ABBB() !!9IIC9)
J/72+)A)#166/,$K+#)%*+)."4$&')#.*+6/)/!!2$+4)41,$&')4/%/)/&/20#$#9)
J") $&?+#%$'/%+) *"5) 0"1%*) '/6+,#) +&'/'+) $&) %*+) ?/,$"1#)6"4+#) "-) !"#$%$"&$&')5$%*$&) %*+)
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7,++2&%7#$%,&(.%$/%&(#(6#+%3%#*("&4%*,&+"&$8(</%!(&,$(,&31("&7,2*#'"!(#(-,!%$%4"(-3#1("$/%7(
02$(#3!,(/"3-!(-2-%3!(6#+%3%#*%!"($/"+!"34"!(.%$/($/"(="!$3#&)!(ABCDE8(

Street Furniture 

?&( ,*)"*( $/#$( $/"( !$2)"&$!( 6""3( 7,+6,*$#03"( .%$/%&( $/"( "&4%*,&+"&$@( "66,*$!( ."*"( +#)"( $,(
-,-23#$"( $/"( !-#7"( .%$/( 6#+%3%#*( %$"+!( $,( 7*"#$"( #( !-#7"( $/#$( %!( "#!%31( *"7,'&%!#03"( #&)(
7,+-#*#03"($,($/"(-/1!%7#3(.,*3)8(</"(#!!"$!(2!")($,(-,-23#$"($/"(="!$3#&)!(ABCDE(#!!%!$")(
'*"#$31( %&( $/"( %++"*!%,&(,6( %&)%4%)2#3!( %&$,( $/"(C%*$2#3(=,*3)@(#&)( %&( $2*&@( $/"( $#!;!(./%7/(
$/"1(."*"(-"*6,*+%&'(%&!%)"(,6($/"(!-#7"8((

Static Information 

>$#$%7(,0F"7$!(-*"!"&$(%&!%)"($/"(="!$3#&)!(ABCDE(%&732)"(!$#&)#*)%!")(!$*""$(62*&%$2*"(!27/(
#!(3#+-5-,!$!@(0"&7/"!@(02!5!$,-!@(6"&7%&'(#&)(0%330,#*)!8(=/%3!$(!"3"7$%,&!(,6($/"!"("3"+"&$!(
,-"*#$"( -2*"31( %&( $/"( 7,&$"G$( ,2$3%&")( #0,4"@( !"4"*#3( #3!,( -*,4%)"( ,--,*$2&%$%"!( 6,*( 62*$/"*(
72**%723#*("G"*7%!"!8(
=%$/( 02!( $*#4"3( ,6$"&( 0"%&'( 2!")( 01( $/"( !$2)"&$!@( "G"*7%!"!( ."*"( )"4"3,-")( $,( #!!%!$(

!$2)"&$!( %&( )"$"*+%&%&'( $/"(+,!$( 7,!$( "66"7$%4"( $1-"!( ,6( 6#*"!( #4#%3#03"8( </*""( $1-"!( ,6( 6#*"(
."*"(-*"!"&$")($,(-2-%3!()"$#%3%&'(7,!$(!7"&#*%,!(6,*()#%31@(."";31(#&)(+,&$/31($*#4"3($%7;"$!8(
</%!( "&#03"!( &,$( ,&31( $/"( 7#3723#$%,&( ,6( !#4%&'!( 0"$.""&( $/"( $/*""( $%7;"$( $1-"!@( 02$( #3!,( #(
7,+-#*%!,&(0"$.""&($/"(7,!$(,6(-203%7($*#&!-,*$(#!(,--,!")($,(-2*7/#!%&'(#&)(+#%&$#%&%&'(#(
+,$,*(4"/%73"8(9))%$%,&#3(0%330,#*)!(3,7#$")(#*,2&)($/"(%!3#&)(/%'/3%'/$(,$/"*(!"*4%7"!(!27/(#!(
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!"#$%&'(&'#)''*#+(,#-.+,#/+0#&1+-2'*#%(#.-,'-#/.#%().-3#*/4,'(/*#+5.4/#+,,%/%.(+$#'06'(,%/4-'#
71%&1#%*#.)/'(#.8'-$..9',:#

Dynamic Displays 

!1'# %(&$4*%.(# .)# ,;(+3%&# .5<'&/*# 6-.8%,'*# /4/.-*#7%/1# /1'# +5%$%/;# /.# +$/'-# *%0# (./%&'=5.+-,*#
*6-'+,#.8'-#/1'#'(8%-.(3'(/:#!1%*#%(#/4-(#+**%*/*#%(#6-.8%,%(2#+#*/%34$+/%(2#'(8%-.(3'(/#).-#
/1'# */4,'(/*# 71%$*/# 9''6%(2# /1'3# %().-3',# .)# +(;# &1+(2'*# .-# 46,+/'*# /.# /1'# >'*/$+(,*#
?@"AB:#>%/1# /1'#+&/%8%/%'*#+(,# /.6%&*# /+9%(2#6$+&'# %(*%,'#.)# /1'#'(8%-.(3'(/#,%))'-%(2# )-.3#
$'**.(#/.#$'**.(C#/1'#+5%$%/;#/.#3.,%);#&.(/'(/#.(#,%*6$+;*#+$$.7*#/4/.-*#/.#&;&$'#/1'#-'D4%-',#
-'*.4-&'*C# 6-.8%,%(2# +,,%/%.(+$# %().-3+/%.(# +*# %*# ('&'**+-;:# E1+(2'*# /.# /1'# 5%$$5.+-,*# +-'#
6'-).-3',# /1-.421# /1'# F@# G/+))# >'5=H.-/+$C# 6+-/# .)# /1'# >'*/$+(,*# "%-/4+$# E+364*#
I+(+2'3'(/#G;*/'3:#

Westlands Virtual Campus Management Systems 

>1%$*/#/1'#,'8'$.63'(/#+(,#4*'#.)#/1'#"%-/4+$#>.-$,#/.#+%,#%(#&.$$+5.-+/%8'#$'+-(%(2#7+*#/1'#
&.-'# +%3# .)# /1%*# 6-.<'&/C# %/# 7+*# +$*.# ('&'**+-;# /.# &-'+/'# +(,# %(/'2-+/'# F@# "%-/4+$# E+364*#
I+(+2'3'(/#G;*/'3#).-#*/+))#+(,#*/4,'(/*#/.#3+(+2'#/1'%-#+&&.4(/*#+(,#&.(/-.$#/1'#$'+-(%(2#
'(8%-.(3'(/#)-.3#5./1#+#/'&1(%&+$#+(,#',4&+/%.(+$#*/+(,6.%(/:##
JE!# +(,# /'+&1%(2# */+))# +/# >'*/$+(,*# G&1..$# ('',# .8'-+$$# /'&1(%&+$# &.(/-.$# .)# /1'#

'(8%-.(3'(/#+*# /1'#"%-/4+$#>.-$,# %*#1'$,#5'1%(,# /1'%-#.7(# )%-'7+$$:# J(#+,,%/%.(# /.#('/7.-9#
*'&4-%/;# %**4'*C# /1%*# 3'+(/# /1+/# +&&.4(/# &-'+/%.(C# 3+(+2'3'(/# +(,# +$/'-+/%.(*# /.# %(=7.-$,#
&.(/'(/#-'D4%-',#/1'#,'8'$.63'(/#.)#+#,',%&+/',#+(,#*'&4-'#*;*/'3:#!1%*#*;*/'3#7+*#1'$,#.(#
/1'#*&1..$#*'-8'-*#+*#+(# J(/-+('/C#+(,#+&/',#+*#+#&.(/-.$#+(,#+3'(,3'(/#3'&1+(%*3#).-# /1'#
"%-/4+$#>.-$,:# J(#+,,%/%.(# /.# /1%*C#+# *'&.(,#*;*/'3#7+*#-'D4%-',# ).-#646%$*# /.#3+(+2'# /1'%-#
+&&.4(/*#+(,#).-#%(/'2-+/%.(#.)#&.36.('(/*#+&&'**',#5./1#/1-.421#/1'#*/4,'(/#6.-/+$#+(,#/1'#
"%-/4+$#>.-$,:##

Staff Portal 

!1'#*/+))#6.-/+$#6-.8%,'*#/4/.-*#7%/1#/1'#/..$*#-'D4%-',#/.#3+(+2'#+(,#&.(/-.$#8+-%.4*#+*6'&/*#
.)# /1'# "%-/4+$# >.-$,:# !1'# *;*/'3# +$*.# %(&$4,'*# +# ,%-'&/# $%(9# /.# /1'# */4,'(/# 6.-/+$# 8%+# +#
&.36-'1'(*%8'# 3'**+2%(2# +(,# (./%&'# 5.+-,# *;*/'3C# '(+5$%(2# */+))# /.# &.334(%&+/'# 7%/1#
*/4,'(/*# %(,%8%,4+$$;#.-#+*#+#2-.46:#G.4-&'*#.)# %().-3+/%.(#+(,#24%,+(&'#+-'#+$*.#+8+%$+5$'#
*1.4$,#/1';#5'#-'D4%-',:#

Home Page 

K6.(#*4&&'**)4$$;#$.22%(2#%(C#3'35'-*#.)#*/+))#+-'#,%-'&/',#/.#/1'#L.3'#6+2'#71'-'#/1';#&+(#
+&&'**# %(*/-4&/%.(*# .(# (+8%2+/%(2# /1'# 6.-/+$# +(,# &.(/-.$$%(2# /1'%-# +8+/+-# %(*%,'# /1'# "%-/4+$#
>.-$,:# !1'#L.3'#6+2'# +$*.# 6-.8%,'*# )+&%$%/%'*# ).-# /4/.-*# /.# &1+(2'# /1'%-# 6+**7.-,# 4*%(2# +#
*%36$'#7'5=).-3#+(,#6-.8%,'*#&.36$'/'#+(,#&.36-'1'(*%8'#,'/+%$*#-'2+-,%(2#/1'#JE!#6.$%&;#
.6'-+/%(2#7%/1%(#>'*/$+(,*#G&1..$# /.#'(*4-'#/1+/#+$$#*/+))#+-'#+7+-'#.)# /1'#&.,'*#.)#&.(,4&/#
-'2+-,%(2#/1'#4*'#.)#/1'#('/7.-9#+(,#/1'#J(/'-('/:#

Users 

@'6'(,%(2# .(# /1'# +&&'**# -%21/*# +8+%$+5$'# /.# +# 6+-/%&4$+-#3'35'-# .)# */+))C# /4/.-*# +-'# +5$'# /.#
&-'+/'#+(,#3+(+2'#34$/%6$'#/;6'*#.)#4*'-#+&&.4(/*#%(*%,'#/1'#K*'-*#6+2'#5;#(+8%2+/%(2#/.#.('#
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!"#"$%&#'$""&(&)*#+,-./01&+2#34$+#0(&0#!"#*4&#+5+*&6#40+#-&&)#'&%&7!/&'#*!#077!8#(&7&%0)*#+*0""#
*!#9!)*(!7#099&++#*!#*4&#&)%$(!)6&)*#0*#077#*$6&+2#

Create an Account 

:)#!('&(#*!#1(0)*#0#,+&(#099&++#*!#*4&#+*0""#!(#+*,'&)*#/!(*07#0)'#/(!%$'&#*4&6#8$*4#0)#0%0*0(#
"!(#,+&# $)+$'&# *4&#;&+*70)'+#<=>?@A#0# *,*!(#!(# :B3#*&94)$9$0)#8$*4#0'6$)$+*(0*!(#/($%$7&1&+#
6,+*# 9(&0*&# 0)# 099!,)*# "!(# *4&6A# 094$&%&'# %$0# *4&# ,+&# !"# 0#8&-# "!(62# C'6$)$+*(0*!(+# "$(+*#
+&7&9*# *4&# *5/&# !"# 099!,)*# *!# 9(&0*&A# 0# +&7&9*$!)# 84$94# %0($&+# '&/&)'$)1# !)# *4&# (&+/&9*$%&#
",)9*$!)#!"# *4&# $)'$%$',07# (&D,&+*$)1# *4&#099!,)*2#E/*$!)+#0(&#0%0$70-7&# "!(# "!,(#,+&(# *5/&+F#
B!))&G$!)+#H*0""A#;&+*70)'+#3,*!(+A#H*,'&)*+#0)'#C%0*0(#E)752#34&#*8!#"!(6&(#099!,)*#*5/&+#
/(!%$'&#099&++#*!#*4&#+*0""#/!(*07#84$7+*#+*,'&)*#099!,)*+#0(&#*$&'#*!#*4&#+*,'&)*#/!(*072#C%0*0(#
!)75# 099!,)*+# 0(&# ,)$D,&# $)# *40*# *4&5# '!# )!*# 1(0)*# 099&++# *!# &$*4&(# !"# *4&# 60)01&6&)*#
+5+*&6+A#-,*#'!#077!8#099&++#*!#*4&#;&+*70)'+#<=>?@2#
I+&()06&+# 0(&# *4&)# &)*&(&'# 84$94# 0,*!60*$90775# 1&)&(0*&# 0# '&'$90*&'# &60$7# 0''(&++#

JK,+&()06&LM8&+*70)'+2+*!9N*!)2+942,NO# *$&'# $)*!# *4&# 6&++01$)1# +5+*&6# !"# *4&# +*0""# 0)'#
+*,'&)*#/!(*07+2#:)#!('&(#*!#1&)&(0*&#0)#0%0*0(#"!(#*4&#,+&(A#*4&#0'6$)$+*(0*!(#+&7&9*+#0#6!'&7#
"(!6#0%0$70-7&#!/*$!)+F#607&#!(#"&607&#0)'#+*0""#!(#+*,'&)*2#34&+&#"!,(#!/*$!)+#0(&#'$+/705&'#
1(0/4$90775#$)#!('&(#*!#60N&#*4&#0%0*0(#1&)&(0*$!)#/(!9&++#0+#$)*,$*$%&#0+#/!++$-7&#"!(#*4&#&)'#
,+&(2#

Account Management 

C#9!6/7&*&#7$+*#!"#077#099!,)*+#+&/0(0*&'#$)*!#*4&#"!,(#,+&(#90*&1!($&+#90)#-&#099&++&'#*4(!,14#
*4$+#0(&0#!"#*4&#/!(*072#;$*4#",77#0'6$)$+*(0*!(#/($%$7&1&+#*,*!(+#!(#:B3#*&94)$9$0)+#0(&#0-7&#*!#
6!'$"5# &094# !"# *4&+&# 099!,)*+2# B!))&G$!)+A# ;&+*70)'+# +*0""# 0)'# +*,'&)*# 099!,)*+# 90)# -&#
'&7&*&'A# 40%&# /0++8!('+# (&+&*# !(# 6&++01&+# +&)*# *!# *4&$(# &60$7# 099!,)*+# 0+# (&D,$(&'2# 34&#
C%0*0(#E)75#,+&(+#'!#)!*#40%&#099&++#*!#0#60)01&6&)*#+5+*&6#0)'#*4,+#*4&#H&)'#0#P&++01&#
!/*$!)#$+#)!*#0%0$70-7&2#

Messages 

C# 9!6/7&*&75# $)*&1(0*&'# 6&++01$)1# +5+*&6# $+# -,$7*# $)*!# *4&# H*0""# Q!(*07# "!(# *4&# '$(&9*#
60)01&6&)*# !"# 077# 09*$%$*5# (&70*&'# *!# *4&# ;&+*70)'+# <=>?@2# B!6/($+$)1# !"# :)-!GA# H&)*#
P&++01&# 0)'# B!6/!+&# 6!',7&+A# *,*!(+# 0(&# 0-7&# *!# 60)01&# 6&++01&+# 0)'# 9(&0*&# 0)# &60$7#
84$94#90)#-&#+&)*#*!#077#+*,'&)*+#!(#'$(&9*75#*!#$)'$%$',07+2#

Noticeboards 

C+#8$*4#*4&#6&'$0#&7&6&)*+#9!)*0$)&'#$)+$'&#!"#*4&#C(*#R077&(5SB!)"&(&)9&#B&)*(&#*4&#T!*$9&#
-!0('+#&7&6&)*#!"# *4&#H*0""#Q!(*07# $+# *$&'# $)*!# *4&#>$(*,07#;!(7'2#3,*!(+#0(&#0-7&# *!#%$&8#*4&#
9,((&)*#6&++01&+#!)#'$+/705#0)'#&'$*#*4&+&#0+#)&9&++0(52#:).8!(7'#)!*$9&#-!0('+#8$77#,/'0*&#
8$*4$)#U#6$),*&+#!"#0)5#940)1&+2#

Logout 

3,*!(+#0(&#$)+*(,9*&'#*!#7!1!,*#0"*&(#,+$)1#*4&#H*0""#Q!(*07#0+#0#-&+*#/(09*$9&#&G&(9$+&#*!#&)+,(&#
*4&#+&9,($*5#!"#*4&#099!,)*#0)'#*4&#;&+*70)'+#<=>?@#$+#)!*#9!6/(!6$+&'2##

Student Portal 

34&# +*,'&)*# /!(*07# 1$%&+# /,/$7+# *4&# *!!7+# *!# $)*&(09*# 8$*4# *4&# <=# &)%$(!)6&)*2# C#
9!6/(&4&)+$%&#6&++01$)1# +5+*&6# $+# $)# /709&# *!# &)0-7&# 9!66,)$90*$!)# -&*8&&)# *,*!(+# 0)'#
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!""#$% &$% &!!'()&*'"+% ,-.#)"$% -/% (0/-#1&2(-0% &03% 4.(3&0)"% *-25% /#-1% 25"% $)5--'% &03% 25"%
6-00"7(-0$%$"#8()"%&#"%&'$-%&8&('&*'"%/-#%#"/"#"0)"+%

Login System 

9$% :(25% 25"% $2&//;% &''% $2.3"02$% &#"% #"<.(#"3% 2-% '-4=(0% :(25% 25"(#% .0(<."% >$"#0&1"% &03%
?&$$:-#3% 2-% &))"$$% 25"% ,2.3"02% ?-#2&'+% ?.!('$% #")"(8"% 25"$"% 3"2&('$% 8(&% &0% &.2-1&2"3% "1&('%
$"02%2-%25"(#%!"#$-0&'%"1&('%&33#"$$"$%.!-0%)#"&2(-0%-/%25"(#%@"$2'&03$%&))-.02+%A5"$"%'-4(0%
3"2&('$%&#"%(3"02()&'%2-%25-$"%#"<.(#"3%2-%&))"$$%25"%@"$2'&03%BCDEF;%)#"&2(04%&%.0(/("3%'-4(0%
$G$2"1%/-#%&))"$$%2-%*-25%25"%,2.3"02%?-#2&'%&03%25"%D(#2.&'%@-#'3+%

Home Page 

9/2"#% '-44(04% (0;%,2.3"02$%&#"%3(#")2"3%2-% 25"%5-1"%!&4"%:5()5%&)2$%&$%&%)"02#&'% '-)&2(-0%/-#%
3&2&%&))"$$%&03%1&0&4"1"02%-/% 25"(#%&))-.02$+% H0$2&02'G%&))"$$(*'"% ($% 25"%1"$$&4(04%$G$2"1;%
"0&*'(04%$2.3"02$% 2-%8(":%25"(#%"1&('% 25#-.45%25"%.$"#%$!")(/()%1&('%)'("02%"1*"33"3%-0%25"%
!&4"+%I#-1%5"#"%$2.3"02$%&#"%&*'"%2-%8(":%25"(#%(0*-7"$;%$"02%1&('%-#%)-1!-$"%&%1"$$&4"%2-%*"%
$"02% 2-% &% 2.2-#+%900-.0)"1"02$% /-#% $2.3"02$% $"02% *G% $2&//% 25#-.45% 25"(#% -:0% !-#2&'% &!!"&#%
!#-1(0"02'G%(0$(3"%25"%H0*-7%-/%25"%1"$$&4(04%$G$2"1+%A5"%5-1"%!&4"%&'$-%!#-8(3"$%$")2(-0$%
/-#%(0/-#1&2(-0%#"4&#3(04%0&8(4&2(-0%-/%25"%!-#2&'%&03%25"%"08(#-01"02%&03%25"%H6A%!-'()G%2-%
"0$.#"%$2.3"02$%&#"%&:&#"%-/%25"%#.'"$%&03%#"4.'&2(-0$%#"4&#3(04%25"%.$"%-/%25"%0"2:-#J%&03%
25"% H02"#0"2+% 9% 3"3()&2"3% #"!-#2(04% $G$2"1% 2-% #"!-#2%1($.$"% &03% *.''G(04% ($% &'$-% &))"$$(*'"%
/#-1%25($%!&4"%&$%&#"%/&)('(2("$%/-#%$2.3"02$%2-%)5&04"%25"(#%!&$$:-#3%.$(04%&%$(1!'"%:"*=/-#1+%
,5-.'3% 25"$"% !&$$:-#3$% *"% /-#4-22"0;% 25"G% )&0% *"% #"$"2% *G% &0% &31(0($2#&2-#% 25#-.45% 25"%
$2.3"02%&))-.02%1&0&4"1"02%$G$2"1%:(25(0%25"%,2&//%?-#2&'+%

Information 

A5"%@"$2'&03$%D(#2.&'%6&1!.$%5&$% *""0% )#"&2"3% (0%!&#20"#$5(!%:(25%6-00"7(-0$;% &% $"#8()"%
-//"#(04%5"'!% &03% &38()"% 2-% G-.04%!"-!'"+% A5"% H0/-#1&2(-0%?&4"% "0&*'"$% $2.3"02$% 2-% &))"$$%
3(//"#"02%1&2"#(&'$%&03%$"#8()"$%-//"#"3%*G%25"%6-00"7(-0$%2"&1K%

Ask-SAM 

9$J=,9L%($%&%!"#$-0&'%&38($-#G%$"#8()"%-!"#&2"3%*G%6-00"7(-0$%!#-8(3(04%$2.3"02$%:(25%25"%
-!!-#2.0(2G% 2-% &$J% <."$2(-0$% &*-.2% M-*$;% <.&'(/()&2(-0$;% #"'&2(-0$5(!$;% 3#.4$;% 5"&'25% -#%
&0G25(04% "'$"% 25&2% &//")2$% 25"(#% '(8"$+% 6-02&)2% 3"2&('$% &03% :"*='(0J$% 2-% -25"#% 6-00"7(-0$%
$"#8()"$%&#"%&'$-%!#-8(3"3+%

Connexions 

N//"#(04%&%*#("/%$.11&#G%-/%25"%6-00"7(-0$%$"#8()";%(0/-#1&2(-0%-0%25"(#%)-0/(3"02(&'(2G%&03%
O"#-%2-'"#&0)"%!-'()("$;%$2.3"02$%&#"%&*'"%2-%/&1('(&#($"%25"1$"'8"$%:(25%25"%2G!"$%-/%$.!!-#2%
-0%-//"#+%

Meet with Connexions Staff 

H02"4#&2"3% (02-% 25"%@"$2'&03$%BCDEF;%$2.3"02$%&#"%&*'"% 2-%)-1!'"2"%&%$(1!'"%:"*=/-#1%&03%
#"<."$2%&%2(1"$'-2%2-%1""2%:(25%&%6-00"7(-0$%&38($-#+%,2.3"02$%:(''%25"0%*"%4#&02"3%&))"$$%2-%
25"%1""2(04% #--1%:(25(0% 25"%6-00"7(-0$%*.('3(04% '-)&2"3% (0% 25"% BC%"08(#-01"02+% ,2.3"02$%
&#"% -0'G% &*'"% 2-% 4&(0% "02#G% 2-% 25($% $!&)"% 3.#(04% 25"% 2(1"/#&1"% $"'")2"3% -0% 25"% 3&2"% -/% 25"%
1""2(04;%:(25%&))"$$%#"$2#()2"3%&2%&''%-25"#%2(1"$+%

Expenditure 
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/*:+2*:0&#)7%%

System Structure Diagram 

F2,+"0/&% 9*2% '"#% &5&'#:% &'2(/'(2#4% 30$.&% 9*2% '"#% <',99% D*2',34% <'()#$'% D*2',3% ,$)%!#&'3,$)&%
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Feedback from Schools 
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A national picture of Emotional Health and Wellbeing 
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What Works to Support Emotional Health and Wellbeing 
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A Potential Contribution from Psychology 
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Solution-focused Approaches 
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C. Small   B. Smith 76 

!"#$%&'()*++'()**),(-%(!"#$%&(%.(#/0'()*+1,(234#5/65(7(8%95%&(:#;9<'()*+*=(-9<>6;%&%-(."#.(

>/9%5.<( #>"9%;%-( ."%9&( ?6#/<( @A9>B%&( CD( .#/B95?(E6&%( #C6A.( ."%9&( "6F%<( G6&( ."%( GA.A&%( #5-(

."%9&( <.&%5?."<'( &#."%&( ."#5( -%<>&9C95?( ."%9&( F&6C/%EHF%FF%&%-( F#<.0( :%( !"#$%&( #/<6(

6C<%&;%-( ."#.( <E#//( >"#5?%<( "#;%( #( &9FF/%( %GG%>.( #5-( /%#-( .6( /#&?%&( >"#5?%<( 95( ."%(

%5;9&65E%5.( 6G( ."%( >/9%5.0(I<(JA&F"D( K)**1=(L%5.( 65( .6( %EF"#<9$%'( C9?( F&6C/%E<(-6(56.(

5%%-(C9?(<6/A.965<0(

:%( !"#$%&( K)*+M=( <A??%<.<( ."#.( G6&( ."%( G95-95?( 6G( #( <6/A.965'( 9.( 9<( A<%GA/( .6( -%;%/6F( #(

N;9<9653(6G(#( GA.A&%(6&( N65%(6G(#( <%.(6G( GA.A&%<3'( ."#.( 9<(F%&>%9;%-(#<(C%95?(E6&%(<#.9<G#>.6&D(

#5-(GA/G9//95?'(#5-(."%(.#<B(9<(.6(#<<9<.(."%(>/9%5.(95(-%;%/6F95?(N#5(%OF%>.#.965(6G(>"#5?%(#5-(

<6/A.9653( #5-( ."%( A<%( 6G( ."%( A5/6>B95?( N<B%/%.653( B%D( ."#.( .&9??%&<( ."%( G9&<.( <E#//( >"#5?%<0(

PA&."%&E6&%'( ."%D(-9<>6;%&%-( ."#.(CD(#EF/9GD95?( ."%(<6/A.965(C%"#;96A&(#5-(&%95G6&>95?( 9.(

CD(?9;95?( >6EF/9E%5.<'( ."%( >/9%5.(C%?#5( .6(-6(E6&%(6G( 9.'( ."A<(6A.L%9?"95?( ."%( NF&6C/%E3(

F#..%&5<0(Q95?%&9>"(7(R9<%5?#&.(KSTTT='(95(."%9&(&%;9%L'(56.%(."#.U(

!"#$%&'()*&+,-&.(%$/%%(0#%$.'*#+)%$1/+)$)&$."/+2#3$"/4#$)"#$./5/.*)6$)&$#+4*%*&+$."/+2#3$
/+7$/8#$7&*+2$)"#*8$9#%)$)&$0/:#$."/+2#$"/55#+;$<(8)"#83$%&'()*&+,-&.(%$/%%(0#%$)"/)$)"#$
%&'()*&+3$&8$/)$'#/%)$5/8)$&-$*)3$*%$58&9/9'6$/'8#/76$"/55#+*+2=(KF0(VW+=0(

X"%(>&A>9#/(#<<AEF.965(E#-%(CD(!PYXH(#5-(CD(%O.%5<965(#5D(F&6>%<<( .#B95?(#(<6/A.965H

G6>A<%-(#FF&6#>"H(9<(."#.(9.(9<(E6&%(6G(#5(%F9<.%E6/6?9>#/(#>.9;9.D(."#5(#(E%-9>#/Z."%&#F%A.9>(

65%( K8#/.%&( 7( [%//%&'( STTT=( #5-( ."#.U(>#$ '*4#$ *+$ /$ 1&8'7$ &-$ 0#/+*+2$ /+7$ '/+2(/2#$ )"/)$ *%$
.8#/)*&+/'3$%&.*/'3$/+7$/.)*4#=(K8#/.%&(7([%//%&'()**S'(FF0())=0(

The evidence basis for this way of working 

I( <6/A.965HG6>A<%-( #FF&6#>"( F&6;9-%<( ."%( ."%6&%.9>#/( 6&9%5.#.965( #5-( F&#>.9>#/( -9<>A&<9;%(

&%<6A&>%<(.6(."%(\9<#9([%&<65#/(]"#//%5?%(F&6?&#EE%(#5-(."%(G&#E%L6&B<(9.(A<%<(-A&95?(."%(

)T(L%%B<( >6A&<%0(X"%&%( 9<( #5( %5>6A&#?95?( %;9-%5>%(C#<%( G6&( ."9<(L#D(6G(L6&B95?( ."#.( >#5(

F&6;9-%( #(L#&&#5.( G6&( ."9<( #FF&6#>"0(Q95?%&9>"(7(R9<%5?#&.( KSTTT=(FAC/9<"%-( #( <D<.%E#.9>(

&%;9%L(6G(6A.>6E%(&%<%#&>"(&%/#.95?(.6(<6/A.965HG6>A<%-(#FF&6#>"%<0(X"%(#A."6&<(9-%5.9G9%-(

)M(>65.&6//%-(<.A-9%<(6G(."%(6A.>6E%<(G&6E(<6/A.965HG6>A<%-(C&9%G(."%&#FD'(L9."(G6A&(6G(."%(

<.A-9%<(95;6/;95?(>"9/-&%5ZD6A5?(F%&<65<(#<(F#&.9>9F#5.<(KQ%9/'()**+,(^#P6A5.#95(7(Q#&5%&'(

)**1,( ^9..&%//'( J#/9#( 7( _#5-%&L66-'( )**M,( !%#?&#E'( )**W=0( X"%<%( <.A-9%<( F&6;9-%( #5(

95-9>#.965( 6G( ."%( F6L%&( 6G( ."%( #FF&6#>"'( <"6L95?( #( >65<9<.%5.( .&%5-( .6L#&-<( F6<9.9;%(

6A.>6E%<0( X"%D( #&%( <AEE#&9<%-( 95( ."%( #FF%5-9O( KIFF%5-9O( )=0( PA&."%&( %;9-%5>%( 9<( <%.(

#&6A5-(#(<%&9%<(6G(?A9-95?(<.#.%E%5.<(C%/6LU(

Utilize client’s resources and work through a positive alliance 

4ACC/%'(:A5>#5(#5-(J9//%&N<(K)***=(&%;9%L(6G(6A.>6E%(<.A-9%<(G6A5-(."#.(>/9%5.3<(A.9/9$95?(

."%9&( &%<6A&>%<'( #5-( %OF%&9%5>95?( #( F6<9.9;%( #//9#5>%( L9."( ."%( L6&B%&'( #>>6A5.%-( G6&( ."%(

E#`6&9.D(6G(."%(;#&9#5>%(95(.&%#.E%5.(6A.>6E%0(I5(%OF/9>9.(#>B56L/%-?%E%5.(6G(<.&%5?."<(9<(

#/<6(#..&#>.9;%(C%>#A<%(9.(C&95?<U(

/$.&05#)#+.6,9/%#7$4*#1$&-$5#&5'#$/%$8#%&(8.#-('$/+7$./5/9'#$&-$-&%)#8*+2$/$.&,&5#8/)*4#$
8#'/)*&+%"*5$9#)1##+$%."&&'$%)/--=/+7$%)(7#+)%$1*)"$1"&0$)"#6$1&8:=$$

?JA&F"D'()**1'(FF0()**=0(

X"9<(9<(9EF6&.#5.(#<(."%(>/9%5.(#5-(."%(>/9%5.3<(&%<6A&>%<("#;%(C%%5(G6A5-(.6(C%(>&9.9>#/(.6(#(

<A>>%<<GA/( 6A.>6E%'( L9."( &%/#.965<"9F( G#>.6&<( G6//6L95?( ."%&%#G.%&'( L9."( F&#>.9.965%&(

%OF%&.9<%'(95>/A-95?(E6-%/<(#5-(.%>"59@A%<'(#.(#(-9<.#5.(."9&-(F/#>%(K4ACC/%(7(J9//%&'(STTV=0(
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Ask about goals for change 

D#"4$%1$& "%1(54$-& +,'+& *0)9& +,$&E5(+"F4"9$%-")%'(& G'9"(7& H0$#$%+")%& /0)30'99$& "%& +,$&
IJ.&:,"1,&*)5%4&+,'+&*'9"("$-&0$(51+'%+&+)&$%3'3$&"%&-$0#"1$-&:$0$&9)0$&("6$(7&+)&4)&-)&:,$%&
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Acknowledge strengths 

L%& '%)+,$0& -+547&M2N$"(& =&E1O'-,$%& ;PQQPB& *)5%4& +,'+&:,$%& +,$7& '16%):($43$4& *'9"(7&
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Active involvement 

K0):%&;PQQAB.&'%4&E1R"%%)%&;PQQ?B.&8)+,&*)5%4&+,'+&:,$%&-$0#"1$&5-$0-&*$(+&+,$7&,'4&8$$%&
3"#$%&'& -'7& "%&9'++$0-& '%4&/0$-$%+$4&:"+,&)/+")%-.& +,$7& 0$-/)%4$4& *'#)50'8(7C&S,$%& +,$&
)//)-"+$& ,'//$%-& "%4"#"45'(-& 8$1'9$& '("$%'+$4& '%4& 4"-$%3'3$4C& T,)850%.& <$:"-& =&
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A focus on problems can be counter productive 

T,$0$& "-& $#"4$%1$& +,'+&'%&$X+$%-"#$& *)15-&)%&/0)8($9-&9'7&:$((&8$&1)5%+$0&/0)451+"#$C&Y&
0$1$%+& -+547& ;K704FO0'#$%& $+& '(C.& ?@@ZB& -,):-& +,'+& $X+$%-"#$& 4"-15--")%-& )*& /0)8($9-& '%4&
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-+0$--&,)09)%$&1)0+"-)(.&:,"1,&/0$4"1+-&"%10$'-$4&4$/0$--")%&'%4&'%X"$+7&)#$0&+"9$C&T,$0$&"-&
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K'%%"%6&;?@@ZB&-533$-+-&+,'+&87&*)15-"%3&)%&0$-"("$%17.&1)/"%3.&'%4&1)9/$+$%1"$-&;-)(5+")%&
+'(6B.&%$:F/)-"+"#$F%$50'(&%$+:)06-&:"((&$9$03$&'%4&)(4F%$3'+"#$F)%$-&:"((&[4"$&':'72C&

The Nisai Personal Challenge 

T,$&N"-'"&H$0-)%'(&O,'(($%3$&"-&'&+$%F:$$6&30)5/F1)'1,"%3&/0)30'99$C&L+&:"((&8$&4$("#$0$4&
+,0)53,&+:"1$&:$$6(7&("#$&-$--")%-&'%4&*50+,$0&'1+"#"+7&:"+,"%&+,$&N\Y&\<DC&N\Y&+$'1,$0-&
:"((& *'1"("+'+$& +,$& ($'0%"%3& /0)1$--& '%4& -1'**)(4& +,$& -+54$%+& $X/$0"$%1$& 5-"%3& '& -$0"$-& )*&
-)(5+")%F*)15-$4&*0'9$:)06-&'%4&0$-)501$-&*0)9&1)'1,"%3&/-71,)()37C&T,$&/0)30'99$&:"((&
($'4&+)&0$1)3%"-$4&'110$4"+'+")%&;N\Y&+'6$-&+,$&#"$:&+,'+&+,$&/0)30'99$-&"+&)**$0-&-,)5(4&
($'4& +).& )0& 1)%+0"85+$& +):'04-.& '110$4"+'+")%C& Y-& '& -+'%4& '()%$& 1)50-$& +,$&!"#$"% &'(#)*$+%
,-$++'*.'&$%3'3$-&+,$&($'0%$0&"%&'&%598$0&)*&1)9/$+$%1"$-.&9'%7&)*&:,"1,&:"((&8$&'8($&+)&8$&
9'//$4&)%+)&'110$4"+'+")%&10"+$0"'.&'44"%3&$X+0"%-"1&#'(5$&+)&+,$&!"#$"%&'(#)*$+%,-$++'*.'&*)0&
+,$&($'0%$0BC&

T,$&/0)30'99$&/('1$-&'%&$9/,'-"-&)%& ($'0%$0&#'0"'8($-.&/'0+"15('0&)%&9)+"#'+")%.& '-& '&
/0$4"1+)0&)*&0$'(&'%4&('-+"%3&1,'%3$&+'6"%3&/('1$C&DX/$0"$%1$&-533$-+-&+,'+&+,$&N\Y&\<D&,'-&
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• F.$6#"+3!'"'3.)!4%"
• G-$/%"
• 2&?&%"
• H$+&!-",)'7$.?&,/"
• F.$6#".)*).),+)"!,4"*))45!+?""

G8" .)9+!%'&,/" #%8+3$-$/&+!-" *.!0)7$.?%" '3.$6/3" 6%)" $*" '3)" CDE" '$$-%" !,4" %$+&!-" 0)4&!"
*.!0)7$.?%I" &'" &%" 3$#)4" '3!'" !," ),'&.)-8" ,)7" 7!8" $*" 7$.?&,/" 7&--" )0)./)1" E;!0#-)%" $*"
+$!+3&,/" .)%$6.+)%"!.)"#.)%),')4"5)-$7" '$" &--6%'.!')" '3)"7$.?" &,"#.$/.)%%1"A3)%)" +$!+3&,/"
'$$-%" 7&--" 5)" #.)%),')4" 7&'3" !" .6,,&,/" 4&%+6%%&$," !5$6'" 3$7" '3)%)" '$$-%" 7&--" 5)" .)9
+$,%'.6+')4"!%"#!.'"$*"!,"$,-&,)"!##.$!+31""

The Solution-Focused Goal Planner  

A3)"%$-6'&$,9*$+6%)4"/$!-"#-!,,)." &%"!"#%8+3$-$/&+!-" +$!+3&,/" J" +$,%6-'!,+8" *.!0)7$.?1" K'"
7!%" 4)()-$#)4" 58" $,)" $*" '3)" !6'3$.%" *$." 6%)" &," #).%$,!-" +$!+3&,/" !,4" $./!,&L!'&$,!-"
!##-&+!'&$,%" !,4" &%" 5!%)4" $," !" +$05&,!'&$," $*" '3)" M65&," G!''&,$N%" OPQQRS" 7$.?" $,"
+$,%'.6+'&,/"3$#)*6-,)%%"!,4");#)+'!'&$,I"!,4" '3)" '3$6/3'%"#.)%),')4"58"H')()"T)"H3!L)."
OPQQUS"$,"73!'".)!--8"+$6,'%"&,"%$-6'&$,9*$+6%)4"7$.?1"A3)%)"&4)!%"3!()"5)),"+$05&,)4"&,'$"
!"V9%'!/)"#.$+)%%I"!%"%3$7,"&,"*&/6.)"P"5)-$71""

"

"
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Using Evaluation to Build an Evidence Base 
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Final Thoughts 
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Appendix 1 

Outcome Studies regarding Solution-focused work with children and families: 
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Appendix 2 

Adapted Solution-circle 
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dimension when implementing tasks in virtual worlds 
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!"#$%&'()%*+%,+ $!'&*)*-+ )*+.)&(/'$+0%&$12+34+2(/14)*-+ (5!+6%77/*)6'().!+!"65'*-!2+3!(0!!*+
'*1+0)(5)*+(!'72+1/&)*-+#&%3$!7+2%$.)*-+'6().)()!28+9+6$%2!1+'*1+5)-5$4+1!,)*!1+('2:+2!!7!1+
7%2(+$):!$4+(%+#&%.)1!+(5!+*!6!22'&4+6%7#'&'3)$)(4+'*1+!7#)&)6'$+1'('+(%+1!(!&7)*!+(5!+2/66!22+
%,+('2:+6%7#$!()%*8+;%+!*'3$!+(5)2+0!+'1%#(!1+(5!+#&%-&'77)*-+%,+&%3%(2+(%+*'.)-'(!+7'<!2+%,+
.'&4)*-+6%7#$!")(48+

Robots as a context for learning in virtual worlds 

=!-%+>)*12(%&72+?@;+ 2%,(0'&!+ .!&2)%*+ A8A+0'2+ 2!$!6(!1+ (%+ 6&!'(!+ (5!+ &%3%(+ #&%-&'728+ ;5!+
1!2)-*+ %,+ (5!+ &%3%(+ ,%$$%0!1+ )*2(&/6()%*2+ BCDE+ %,+ F/)6:2('&(G>)*12(%&72+ H2!!+
5((#IJJ#&!.)!08()*4/&$86%7J4,0EC2DK+'*1+0'2+'1%#(!1+1/!+(%+)(2+2)7#$)6)(4+'*1+)(2+#%(!*()'$+,%&+
2!*2%&2+ (%+3!+'11!1+'2+ (5!+ &!2!'&65+'*1+ ('2:+ ,&'7!0%&:+ )2+ ,/&(5!&+1!.!$%#!18+L&%-&'77)*-+
(5!+=!-%+&%3%(2+/2!1+ )*+ (5)2+2(/14+&!M/)&!1+(5!+1!(!&7)*'()%*+%,+'*+'6()%*+'*1+'+.!6(%&8+;5!+
.'&)'3$!+%,+('2:+1),,)6/$(4+)*+(5)2+6%*(!"(+0'2+(5/2+1!,)*!1+'2+(5!+7)*)7/7+*/73!&+%,+1)26&!(!+
7'*%!/.&!2+&!M/)&!1+(%+2/66!22,/$$4+*'.)-'(!+'+-).!*+7'<!+H>'&()*+!"#$%8N+DOAOK8++

Implementation 

9+2(&/6(/&!+0'2+3/)$(+0)(5)*+P!6%*1+=),!+HP=K+'2+'+2#'6!+(%+)7#$!7!*(+('2:28+;5!+P=+2#'6!+'$2%+
#&%.)1!1+'+7!1)/7+,%&+6%77/*)6'()%*+3!(0!!*+2(/1!*(2+&!#&!2!*(!1+'2+'.'('&2+ )*+P=+ H&'&(K8+
P)"(!!*+ ('2:2+0!&!+ )7#$!7!*(!18+Q'65+ ('2:+ ')7!1+ (%+ ,'6)$)('(!+ (5!+#&%6!22+%,+ 6%77/*)6'()%*+
$!'1)*-+ (%+ '+ 2/66!22,/$+ %/(6%7!N+ '*1+ (%+ -'&*!&+ ,!!13'6:+ %*+ (5!+ /2!+ %,+ (5!+ P=+ 2#'6!+ ,%&+
6%*1/6()*-+ $!'&*)*-+ '6().)()!28+ ;5!+ /2!+ %,+ ?@;+ #&%-&'7+ 3$%6:2+ '2+7'*)#/$'().!N+ )*(!&'6().!+
)7'-!2+ 0'2+ )*6$/1!1+ %*+ (5!+ 5%&)<%*('$+ ,$%%&+ %,+ (5!+ P=+ $!'&*)*-+ 2#'6!+ 05)$!+ ?@;+ 3$%6:+
.'&)'3$!2+0!&!+&!#&!2!*(!1+'2+.!&()6'$+)7'-!28+P(/1!*(2+0!&!+&!7%(!$4+$%6'(!1N+2%+/2!1+'.'('&2+
,%&+(!"(+'*1+.%)6!+6%77/*)6'()%*8+P(/1!*(+#'&()6)#'*(2+&!G'&&'*-!1+(5!+?@;+3$%6:2+)*+P=+H2!!+
R)-/&!+ AK+ (%+ &!#$)6'(!+ (5!+>)*12(%&72+ #&%-&'78+9*%(5!&+ 2(/1!*(+ #'&()6)#'*(+ 2)7/$('*!%/2$4+
#&%-&'77!1+?@;+'2+)*2(&/6(!18+;5!+&!2/$('*(+#&%-&'7+)2+(5!*+/#$%'1!1+.)'+SPT+(%+(5!+=!-%+
&%3%(+'*1+(!2(!18+9+2/77'&4+%,+(5!+#&%6!22+)2+'2+,%$$%02I+

U P(/1!*(+(!'72+9+'*1+T+0!&!+#542)6'$$4+)*+1),,!&!*(+$%6'()%*2+
U P(/1!*(2+9+0!&!+#&%.)1!1+'+7'<!+6)&6/)(+34+(5!+&!2!'&65!&2+
U P(/1!*(2+9+5'1+(%+V(!'65W+2(/1!*(2+T+2%+(5'(+(5!+7'<!+0'2+&!#$)6'(!1+
U ;5!+?@;+ #&%-&'7W2+ V3/)$1)*-+ 3$%6:2W+ 0!&!+ 6&!'(!1+ '*1+7'*!/.!&!&+0)(5)*+ P!6%*1+

=),!+HP=K+
U X*+(5!+P=+0'$$2+0!&!+(5!+.'&)%/2+%#()%*2+,%&+!'65+3$%6:8+;5!+3$%6:2+0!&!+7%.!1+34+

3%(5+'.'('&2+
U Y%77/*)6'()%*+0'2+34+.%)6!+'*1+(!"(+
U 9+(5)6:+3$/!+'&&%0+'$$%0!1+'.'('&2+(%+#%)*(+,%&+#542)6'$+1)&!6()%*+'*1+,%6/2++
U ;0%+7!1)'+#&!2!*(!&2+!*'3$!1+)7'-!2+(%+3!+/#$%'1!1+'*1+65'*-!18+R%&+!"'7#$!N+'*+

)7'-!+%,+(5!+&%3%(+0'2+/#$%'1!1+2%+(5'(+(5!+SPT+#%&(2+6%/$1+3!+)1!*(),)!1+
U ;5!+V2%$/()%*2W+0!&!+#!&)%1)6'$$4+(&'*2,!&&!1+(%+(5!+&%3%(+'*1+65!6:!1+
U >%1),)6'()%*2+0!&!+2%/-5(+'*1+#&%.)1!1+/*()$+(5!+2%$/()%*+0'2+'65)!.!1+
U 9$$+6%77/*)6'()%*+0'2+1)-)('$$4+&!6%&1!1+
U P6&!!*+6'#(/&!+%,+'$$+(!"(+)*(!&'6()%*2+)*+P!6%*1+=),!+0'2+&!6%&1!1+
U AZ+ ('2:2+%,+ )*6&!'2)*-+1),,)6/$(4+ &!2/$(!1+ )*+ZO+5%/&2+%,+6'#(/&!1+.)1!%+ H[O+5%/&2+ ,%&+

!'65+-&%/#+9+'*1+TK+
+
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$
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!"#$%&'()*+,,-./*01&$*2'34%25*6$*7#* %##8*37* 712*2992:7*#9*#'2*:#('&7&;2*96':7&#'*#'*3*<3=7&:6%3=*
8'#>%25(2*5#?3&')*3'5*3772?<7*7#*5=3>*:#':%6$&#'$*9=#?*712*@<=#:2$$2$A*=3712=*713'*B6$7*712*
@#67:#?2$A/*012*5373*>3$*3%$#*(=3<1&:3%%C*=2<=2$2'725*3$*3'*DE:2%*:13=7/*012*'2E7*$2:7&#'*>&%%*
5&$:6$$* 712* =2$6%7$* #9* #6=* &'&7&3%* 3'3%C$&$/* F2* <=#<#$2* 7137* 712* =2;23%25* 5C'3?&:$* 427>22'*
712$2* 73E#'#?&:*2%2?2'7$*3'5* 712*52;2%#<25*?27=&:$*>&%%*<=#;&52* &'$&(17$* &'7#* 712*'376=2*#9*
2992:7&;2*<253(#(C*&'*712$2*'2>*%23='&'(*3'5*723:1&'(*2';&=#'?2'7$*!G3=7&'*27*3%!"#+,H,./*

Results 

F2* 5&5* '#7* 3'7&:&<372* 7137* 56=&'(* 712&=* %23='&'(* 3'5* :#??6'&:37&;2* 2E<2=&2':2$* $64B2:7$*
>#6%5*5&$<%3C*1&(1*9=2I62':&2$*#9* 93:763%*#=*?273J:#('&7&;2*8'#>%25(2*3$*4#71*712*'376=2*#9*
712* 3:7&;&7&2$* 3'5* 712&=* =2%37&;2*6'93?&%&3=&7C* 7#* 712* $64B2:7$*?352* 71&$* %2$$* %&82%C/* K7*>3$* #6=*
&'72'7&#'*7#*9#:6$*3:7&;&7&2$*#'*712*6$2*<=#:256=3%*3'5*:#':2<763%*8'#>%25(2*4#71*42:36$2*71&$*
>3$*?#=2*3<<=#<=&372* 9#=* 712* 73$8$*3'5* &'*#=52=* 7#*3;#&5* 7=C&'(* 7#* 7=3:8*3* %3=(2=*'6?42=*#9*
;3=&34%2$/*F2*5&5*3'7&:&<372*7137*#6=*73$8$*>#6%5*(2'2=372*(=2372=*&'$73':2$*#9*:#':2<763%*3'5*
<=#:256=3%*8'#>%25(2)*<3=7&:6%3=%C*3$*73$8*:13%%2'(2*>3$*&':=23$25*#;2=*7&?2/*
L$*2E<2:725)*712*#4$2=;25*9=2I62':C*>&71*>1&:1*$64B2:7$*2?<%#C25*<=#:256=3%*8'#>%25(2*

3<<23=25* 7#*42*6'=2%3725* 7#* &'$73':2$*#9* M=2?2?42=&'(M*3'5* M6'52=$73'5&'(M*3'5*>3$* &'$7235*
?#=2* 9=2I62'7%C* 3$$#:&3725* >&71* M3'3%CN&'(M* #=* M:=237&'(M/* 012* ?#$7* 9=2I62'7* 3<<23=3':2* #9*
<=#:256=3%* 8'#>%25(2* >3$* 9#6'5* >12'* $64B2:7$* >2=2* M2;3%637&'(M* 3'5* 2;2'* ?#=2* >12'*
M3<<%C&'(M*!$22*O&(6=2*P./**

*
!"#$%&'()'*+,"-",.'+/$0,1'2%/3',%401+%"5,'+/6"0#7'/%6&%&6'8.'1&11"/0'91&%"&1:)'

F1&%$7*712$2*=2$6%7$*>2=2*&'*%&'2*>&71*#6=*2E<2:737&#'$)*(&;2'*712*'376=2*#9*712*$27*73$8$)*&7*>3$*
$6=<=&$&'(* 7#* $22* '#* :#'$&$72'7* 7=2'5* #=* 52;2%#<?2'7* &'* 712* 9=2I62':C*>&71*>1&:1* 2%2?2'7$*
3<<23=25*#;2=*7&?2*&'*712*$2$$&#'$)*2E<=2$$25*3$*3*<2=:2'73(2*#9*712*7#73%*$2$$&#'*3:7&;&7C/*012*
=2%37&;2*9=2I62':C*>&71*>1&:1*<3=7&:6%3=*8&'5$*#9*:#('&7&#'*3<<23=25*&'*712*5373*!2/(/*M3<<%C&'(*
<=#:256=3%*8'#>%25(2M.*>3$*'#7*<3772='25*3$*73$8$*<=#(=2$$25*3'5*5&99&:6%7C*&':=23$25/*F12'*
=235&'(*&'*$2$$&#'*#=52=*9=#?*4#77#?*7#*7#<*9#=*M3<<%C&'(*<=#:256=3%*8'#>%25(2M)*9#=*2E3?<%2)*
>2*9&'5*7137* &7*#::6=$*3$*3*<2=:2'73(2*#9*712*#;2=3%%* 7#73%* 9#=*71&$*3:=#$$*$2$$&#'$*J*$2$$&#'*H*Q*
$2$$&#'*+*Q*$2$$&#'*P)*27:/*J*3$*H-/HR)*SR)*HT/TR)*UR)*+P/TR)*VR)*WR)*U/UR*3'5*HH/HR*#9*712*7#73%*
!$22*O&(6=2*U./*X&;2'*712*$7235&%C*=&$&'(*%2;2%*#9*73$8*5&99&:6%7C*3'5*$7652'7$M*&':=23$&'(*?3$72=C*
#9* 712$2* ?#=2* :13%%2'(&'(* 73$8$* 3$* 2;&52':25* 4C* 712&=* 34&%&7C* 7#* :#?<%272* 712?*>&71* 92>2=*
2==#=$* 3'5* &'* %2$$* 7&?2)* Y%##?M$* 03E#'#?C*>#6%5* $6((2$7* 7137* $#?2*52;2%#<?2'73%* <3772='*
$1#6%5*42*2E<2:725*7#*2?2=(2*3$*712*<=#:256=3%*8'#>%25(2*=2I6&=25*7#*:#?<%272*712?*:3?2*7#*
42*?#=2*2992:7&;2%C*3<<%&25*3'5*3$*$7652'7*3::#?<%&$1?2'7*&':=23$25/*L*$&?&%3=*$&7637&#'*>3$*
9#6'5*9#=*#712=*2%2?2'7$*!$22*O&(6=2*V./*
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!
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!
C-4'7'/6!,*!4,*!.-+#3!4%()!01/-2'3+/,$0!&#-4$'35'6!()'!/'$,(%7'!./';+'#2<!4%()!4)%2)!()'!

3%..'/'#(!'$'9'#(*!-.!2-5#%(%-#!,11',/'3!%#!()'!3,(,!>'B5B!0,11$<%#5!2-#2'1(+,$!&#-4$'35'0A!3%3!
#-(!1/'*'#(!%(*'$.!,*!,!$%#',/!-/!/%*%#5!1'/2'#(,5'!-.!3'7'$-19'#(!:+(!9-/'!-.('#!4,*!3%*D-%#('3B!
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%

%

!"#$%&'()'*+,"-",.'/0'1'23'&/+4'0&00"256'2%7&%&7'8.'0&00"25'90&%"&0:'

Discussion 

!",.,% #$% <#9,$'.,-9% 3$,% 67% &-+7% ,93)-*/.$% /8% -$$,$$&,+*% $)",&,$% 6-$,9% /+% -+% /.9,.,9%

"#,.-.)"7%/8%)/2+#*#=,%-)*#=#*7>%<",.,%*",% ?392&,+*$%/8%,93)-*/.$%/+%*",%(,-.+#+2%'./2.,$$%/8%

$*39,+*$% #$% )/&&/+(7% ,@'.,$$,9% 3$#+2% ,#*",.% ',.),+*-2,% &-.A$% /.% .-+A,9% -('"-+3&,.#)%

2.-9,$;% B3)"% $)",&,$% '/$$,$$% "#2"% 8-),C=-(#9#*7% 6,)-3$,% *",7% -'',-.% */% .,'.,$,+*% )/&&/+C

$,+$,%9,$).#'*#/+$%/8%(,-.+#+2%'./2.,$$#/+;%D8*,+%*",7%-.,%#&'(#)#*(7%-+9%$/&,*#&,$%,@'(#)#*(7%

6-$,9% /+% *-@/+/&#,$% /8% -$$,$$&,+*% #9,+*#)-(% /.% =,.7% $#&#(-.% */% *"-*% 9,=,(/',9% 67% E(//&;%

F/<,=,.>% E(//&G$% !-@/+/&7% #$% +/*% -% *",/.7% /8% (,-.+#+2% 63*% #$% -% *-@/+/&7% 8/.% (,-.+#+2>%

*,-)"#+2% -+9% -$$,$$#+2% -+9% -$% $3)"% #*$% '.#&-.7% '3.'/$,% "-$% -(<-7$% 6,,+% #+*,+9,9% -$% -%

8.-&,</.A% 8/.% H)-*,2/.#I#+2% ,93)-*#/+-(% /6?,)*#=,$H% 0J+9,.$/+% ,*% -(!"% KLLM>% @@#5;% N*% 9/,$% +/*%
8/((/<%*"-*%$3)"%)-*,2/.#I-*#/+$%$"/3(9%6,%*-A,+%*/%#&'(7%*"-*%*",#.%$*.3)*3.,$%.,'.,$,+*%-%&-'%

/8% -% $&//*"% 9,=,(/'&,+*-(% $,O3,+),% /.% './),$$% #+=/(=,9% #+% *",% (,-.+#+2% -+9% &-$*,.7% /8%

'-.*#)3(-.%)/2+#*#=,%$A#(($%-+9%-6#(#*#,$;%

!",% 3$,% /8% $3)"% 8.-&,</.A$% 8/.% -$$,$$&,+*%</3(9% '.,$3&,% *"-*% ,93)-*/.$% './=#9,% *",#.%

$*39,+*$%<#*"%(,-.+#+2%,@',.#,+),$%9,$#2+,9%*/%",('%*",&%9,=,(/'%-+9%-.*#)3(-*,%*",%,(,&,+*$%

'.#=#(,2,9%<#*"#+%*",&;%N*%#$%/3.%,@',.#,+),%*"-*%,93)-*/.$%8.,O3,+*(7%-''(7%$3)"%8.-&,</.A$%

-$%'./@#,$%8/.%-%*",/.7%/8%(,-.+#+2%-+9%-$$3&,%*"-*%*",%/.9,.,9%$*.3)*3.,$%/8%)/2+#*#=,%,(,&,+*$%

#+% *",$,% "#,.-.)"#,$% -))3.-*,(7% &-'% *",% $*.3)*3.,% -+9% $,O3,+),% /8% *",#.% $*39,+*$G% )/2+#*#=,%

9,=,(/'&,+*;% !"#$% )-+% .-#$,% ,@',)*-*#/+$% *"-*% (,-.+#+2%<#((% )(/$,(7% 8/((/<% *",% "#,.-.)"7% -+9%

/.9,.%/8%*",%)-*,2/.#I-*#/+%/8%,93)-*#/+-(%/6?,)*#=,$%6,#+2%3$,9%8/.%*",%'3.'/$,$%/8%-$$,$$&,+*;%

P//A#+2%-*%/3.% )3..,+*%2.-'"$% #*%&-7%6,% *"-*%<,%+,,9%&/.,%'-.*#)#'-+*$% */%3+9,.*-A,% *",%

$-&,% *-$A$;% !",%9-*-%'/#+*$%</3(9%6,% #+).,-$,9% -+9% $/% -%&/.,% )/",$#=,%'-**,.+%&-7%/))3.;%

D3.%9-*-% $"/<$% *"-*% (,-.+#+2% #$% +/*% -$% $*.3)*3.,9% -$%E(//&Q$% *-@/+/&7% $322,$*$% 63*% )-+%6,%

O3#*,% #..,23(-.;% F/<,=,.>% &/.,% $*39,+*$% -+9% &/.,% 9-*-% '/#+*$% &-7% #((3$*.-*,% /*",.<#$,R%

'-.*#)3(-.(7%#8%2.-'"#)-((7%#((3$*.-*,9%#+%-%&/*#/+%)"-.*;%N+%-99#*#/+>%*",%3$,%/8%E(//&Q$%&-7%6,%

)/+$#9,.,9% -% (#&#*-*#/+% #+% -+% -+-(7$#$% /8% (,-.+#+2;%F/<,=,.>% *",% ?3$*#8#)-*#/+% #$% *"-*% -*% $/&,%
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Introduction 
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ME and Education 
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RI=#%(0# '7#M7&Q# 587218A#M('6#@%&1)'2.# 9>%&,(%)2.# 2567782.# 57881912# %),# 875%8# %>'67&('A#

2'%::.# %2# M188# %2# '6(&,# @%&'A# 7&9%)(]%'(7)2# %),# 61%8'6# @&7:122(7)%82"# RI=# %827# @&73(,12# %#
@8%':7&0#:7&#1%56#010O1&#7:#%#2'>,1)'[2#2>@@7&'#2A2'10#'7#5701#'791'61&#%2#%#5700>)('A#'7#
:7&0#%#'1%0#%&7>),#1%56#81%&)1&.#%)#%@@&7%56#O11)#,13187@1,#O%21,#7)#'61#41%0#=&7>),#
'61#G6(8,#*4=G-#07,18#%),#&1:815'()9#'61#:75>2#7:#'61#ST#+31&A#G6(8,#$%''1&2<#G6%)91#:7&#
G6(8,&1)#%@@&7%56# '7# '61#M188?O1()9#7:#56(8,&1)#%),#A7>)9#@17@81# :&70#O(&'6# '7#%91#DB# ()#
+)98%),#%),#c%812"#461#%(0#(2#:7&#131&A#56(8,#'7#6%31#'61#2>@@7&'#'61A#)11,#'7#O1#61%8'6A.#
2'%A#2%:1.#1)j7A#%),#%56(131.#0%Q1#%#@72('(31#57)'&(O>'(7).#%),#%56(131#157)70(5#M188#O1()9"##
H%&1)'2.#9>%&,(%)2#%),#5%&1&2#%827#6%31#%55122#'7#%)#7)8()1#%&1%#M61&1#'61A#5%)#Q11@#>@#

'7#,%'1#M('6#'61(&#56(8,[2#@&79&122.#%2#M188#%2# ()'1&%5'#M('6#1%56#7'61&.#RI=#2'%::#%),#M('6#
7'61&#010O1&2#7:#'61(&#56(8,[2#2>@@7&'#'1%0"##
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The NVA student community 

c61)#RI=#:(&2'#5%01#()'7#O1()9#'61#0%j7&('A#7:#2'>,1)'2#M1&1#2>::1&1&2#7:#$+"#Z31&#'(01#
'6(2# 6%2# ,13187@1,# &%,(5%88A# %),# )7M# RI=# %827# &19>8%&8A# 2>@@7&'2# %# M(,1# &%)91# 7:#
2'>,1)'2.#()58>,()9<#
• W7>)9#@17@81#>)%O81#'7#%55122#0%()2'&1%0#1,>5%'(7)#:7&#01,(5%8#&1%27)2#
• +U58>,1,# 2'>,1)'2# 7&# '6721# %'# &(2Q# 7:# 1U58>2(7)# *()58>,()9# A7>)9# @17@81# 1U6(O('()9#

107'(7)%8#7&#O16%3(7>&%8#(22>12-#
• !'>,1)'2#&1^>(&()9#%,,('(7)%8#2>@@7&'#M('6()#%#0%()2'&1%0#21''()9#
• !'>,1)'2#8(3()9#731&21%2#
• !'>,1)'2#&1^>(&()9#57%56()9#%),#:75>21,#1U%0#@&1@%&%'(7)#

461#@1&51)'%91#7:#RI=#2'>,1)'2#M67#%&1#%''1),()9#RI=#,>1#'7#$+#6%2#,&7@@1,#:&70#eF#
@1&# 51)'# ()# EFFX# '7# \F# @1&# 51)'# ()# '61# 5>&&1)'# %5%,10(5# A1%&.# '6(2# 56%)91# O1()9# ,>1# '7# %#
O&7%,1)()9#@%&'(5(@%'(7)#()#RI=#)7'#O15%>21#'61&1#%&1#8122#2'>,1)'2#M('6#$+#1)9%9()9#M('6#
RI="#/)#:%5'#4%O81#D.#O187M.#267M2#67M#'61#'7'%8#)>0O1&2#7:#2'>,1)'2#M('6#$+#1)&7881,#6%2#
57)'()>1,#'7#9&7M"##

2($3,"4*"5&60,7&"8/9:/%;&;/71"&/&(3"769$,'"/<"%&60,7&%"(70""
769$,'=:,'),7&(>,".;&?"@A"!BBCD"!B4B#

W1%&# 47'%8#R7"#
2'>,1)'2#

R7"#2'>,1)'2#
M('6#$+#

H1&51)'%91#
M('6#$+#

EFFX# \F# Ef# eF#
EFFb# fF# \F# CX#
EFFC# eF# bD# Cb#
EFFe# DF\# XX# X\#
EFFB# EXF# DEF# fe#
EFDF# \fb# DFf# \F#

#
46(2# 6%2# O&7>96'# %# &(56# 275(%8#0(U# :7&# %88# 2'>,1)'2# ()#RI=.# ()58>,()9# 2'>,1)'2#M('6#$+"#
461&1# (2# %# @11&# 9&7>@# 7:#$+# 2>::1&1&2.#M6(56# 2'>,1)'2#M('6#$+#0%A# 7&#0%A# )7'#M(26# '7#
(,1)'(:A#M('6.#%),#'61A#5%)#%827#1U@1&(1)51#%),#@%&'(5(@%'1#()#%#3(&'>%8#256778#'6%'#6%2#%#0(U#
7:#2'>,1)'2#:&70#0%)A#,(::1&1)'#O%5Q9&7>),2.#%''1),()9#RI=#:7&#3%&(1,#&1%27)2"#

NVA Virtual learning environment 

The NVA interface 

4218(72#1'#%8".#*EFFD-#570@%&1,#>21&#()'1&:%512#%),#2>9912'#'6%'#'61#,12(9)2#7:#@8%':7&02#>21&#
()'1&:%512# 0%A# %::15'.# :7&# 1U%0@81.# '12'# @1&:7&0%)51# 131)# M61)# 1,>5%'(7)%8# 57)'1)'# (2#
(,1)'(5%8# %),# :>)5'(7)%8('A# 2(0(8%&"# 461# RI=# @8%':7&0# ()'1&:%51# ,12(9)# (2# 0%@@1,# 7>'#
3(2>%88A# %2# %# 25610%.#M('6# 5787>&2# 57&&12@7),()9# '7# %&1%2#M('6()# '61# 25610%# '6%'# ()# '>&)#
&1@&121)'# %&1%2# 7:# '61# %5%,10A"# !7# :7&# 1U%0@81# %'# '61# 61%&'# 7:# RI=# (2# '61# h6>Oi.#
&1@&121)'1,#%2#'61#9&11)#51)'&%8#%&1%.#%2#267M)#()#'61#(0%91#O187M#*Y(9>&1#D-"#461#6>O#%5'2#
%2# %# 275(%8# )1'M7&Q()9# 2@%51# M61&1# '61# RI=# 5700>)('A# 5%)# 011'.# 56%'.# 1U56%)91#
():7&0%'(7)#%),#2>@@7&'#7)1#%)7'61&"##
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!
E;>6',"4*"2?,"FG#"H7&,'<(),"

NVA workspace 

461#RI=#M7&Q2@%51#(2#M61&1#'61#81%&)1&#5%)#211.#%'#%#98%)51.#'61(&#81%&)()9#@&79&%0#()#'61#
:7&0#7:# 8(31# 81227)2.# '61(&#,>1#%22(9)01)'2.# &1'>&)1,#%22(9)01)'2.# %),#%55122# '61(&# 57>&21#
2('12#*M61&1#'>'7&2#2'7&1#'61#'1%56()9#%),#81%&)()9#&127>&512-"#Y7887M()9#7)#M('6#'61#>21#7:#
'61#25610%.#'61#M7&Q2@%51#(2#&1@&121)'1,#3(2>%88A#%2#%)#%&5#7:#A1887M#&15'%)9812#%),#Y(9>&1#
E#O187M#267M2#'61#()('(%8#M7&Q2@%51#,%26O7%&,"#
#

!! !
E;>6',"!*"@-"./'I%:(),"

NVA live classroom 

461# 8(31#2122(7)2# '%Q1#@8%51#M('6()# '61#RI=#8(31#58%22&770#%),.#,1@1),1)'#7)# '61#2>Oj15'#
O1()9# 2'>,(1,.# %# 3%&(1'A# 7:# 7)8()1# '7782# %),# &127>&512# 5%)# O1# >21,"# Y(9>&1# \# %),# Y(9>&1# f#
267M# O187M.# ()# '>&).# '61# RI=# 8(31# 58%22&770# 2(9)?()# %&1%# %),# %)# 1U%0@81# 7:# %# 81227)#
@&79&122.#()#'6(2#5%21#%)#+)98(26#81227)"#

"
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#
E;>6',"J*"FG#"3;K,")3(%%'//9##

#

E;>6',"L*"FG#"3,%%/7";7":'/>',%%#

#

E;>6',"C*"2?,"@6%;)"M($"9;N;7>"0,%I#
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Resources to augment the virtual classroom 

Y(9>&12#X#%),#b#267M#1U%0@812#7:#&127>&512#>21,#'7#%>901)'#'61#RI=#I;+_#'61#0>2(5#8%O#
0(U()9# ,12Q# *:(9>&1# X-# %),# %)# 1U%0@81# 7:# %# 25(1)51# 8%O# &127>&51# *:(9>&1# b-# %&1# ()'1&%5'(31#
&127>&512#'6%'#618@#'7#(001&21#'61#2'>,1)'#()#'61#7)8()1#81%&)()9#1U@1&(1)51"#41%56()9#2'%::#
0%Q1#>21#7:#%#&%)91#7:#&127>&512#%),#57)'()>7>28A#%,,#'7#'61#&127>&51#O%21"#

E;>6',"O*"5);,7),"M($"',%/6'),#

Clubs and Societies 

+U@1&(1)51# 267M2# '6%'# 58>O2# %),# 275(1'(12# 6%31# O11)# :7>),# '7# @8%A# %)# (0@7&'%)'# @%&'# ()#
2'>,1)'2[# :>88# 1)9%9101)'#M('6#RI="# 461# hR?'&(O1ki# (2# %# 2'>,1)'#0%9%]()1# @&7,>51,# OA#
2'>,1)'2# '6%'# ,107)2'&%'12# 2'>,1)'# 1)9%9101)'# %),# %@@8(5%'(7)# 7:# 81%&)()9# :&70# '61#
57>&212#'61A#2'>,A#%),#'61#>21#7:#/G4#2Q(882"##

#

########## #
#

E;>6',"P*"2?,"FD&';$,"%&60,7&"9(>(Q;7,"RS67,"!BBT"(70"E,$'6('-"!B4B",0;&;/7%U#
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461#h56(88?7>'#]7)1i#%5'2#%2#%#275(%8#2@%51#M('6()#'61#RI="#461#%(0#61&1#(2#'7#@&73(,1#
81%&)1&2#M('6#%)#1U@1&(1)51#'6%'#O8>&2#'61#O7>),%&(12#O1'M11)#256778#'(01#%),#81(2>&1#'(01.#
%887M()9#2'>,1)'2#'7#1)9%91#275(%88A#M('6#'61(&#@11&2#%),#'1%561&2#7>'2(,1#7:#%#58%22&770#
1)3(&7)01)'.#0>56#'61#2%01#M%A#%2#'61A#M7>8,#()#%#:%51?'7?:%51#256778"#+U'1)2(31#>21#7:#
'61#7)?8()1#275(%8#)1'M7&Q()9#:%5(8('(12#M('6()#RI=#6%2#O11)#13(,1)'"#"

E;>6',"V*"FD&';$,"8?;33"W6&"X/7,"

NVA academic outcomes 

+31&A#A1%&#'61#V1@%&'01)'#:7&#G6(8,&1).#!567782#%),#Y%0(8(12#*VG!Y-#@>O8(2612#():7&0%'(7)#
7)# '61#@1&:7&0%)51#7:#@>@(82# ()#%88# 2567782"#46(2#21&312#%2#%#9>(,1# '7#67M#M188#%#256778# (2#
,7()9"# 461A# 8(2'# R%'(7)%8# G>&&(5>8>0# '12'# &12>8'2# :7&# @&(0%&A# 2567782# %),# 1U%0()%'(7)#
&12>8'2# :7&#%88#2157),%&A#2567782# ()#+)98%),"#461&1#%&1# 'M7#Q1A#'6&1%,2# '7# '61#&1@7&'()9#7:#
2'%),%&,2#7:#%''%()01)'# :7&#@>@(82# ()# 2157),%&A#2567782?# 1U%0()%'(7)# &12>8'2#%),#GI=.#7&#
57)'1U'>%8#3%8>1#%,,1,"##

NVA GCSE results 

RI=#6%31# '&%5Q1,# '61(&#KG!+# &12>8'2# 2()51# EFFf.#M61)# '61#@%&')1&26(@#M('6#4W$+#4&>2'#
O19%)"# 461# :(31# A1%&2# 7:# &12>8'2#0%Q1# :7&# @72('(31# &1%,()9.# 12@15(%88A#M61)# 7)1# 57)2(,1&2#
'6%'#'61#0%j7&('A#7:#81%&)1&2#1)9%91,#M('6#RI=#6%31#1U@1&(1)51,#,(::(5>8'(12#()#0%()2'&1%0#
1,>5%'(7)"#
$72'#&151)'8A.#7:#'61#9&%,12#%M%&,1,#()#EFFB#'7#RI=#2'>,1)'2#*M67#%&1#>)%O81#'7#%''1),#

256778#:7&#&1%27)2#2>56#%2#(88)122.#,(2%O(8('A#7&#O16%3(7>&%8#7&#107'(7)%8#(22>12-#bfg#M1&1#%'#
%# KG!+# 6(961&# 9&%,12# 7:# =l?G# *211# 4%O81# E# O187M-"# 46(2# :(9>&1# (2# %61%,# 7:# '61# )%'(7)%8#
%31&%91# :7&# 0%()2'&1%0# 2'>,1)'2# M6(56.# ()# %# 8(Q1# :7&# 8(Q1# 570@%&(27)# M('6# '61# 2>Oj15'2#
2'>,(1,#OA# 2'>,1)'2# %'# '61#7)8()1#%5%,10A.# 2%M#bE"EXg#7:#9&%,12#O1()9#%M%&,1,#%'#=l?G"#
Y(9>&1# B# &1@&121)'2# '6(2# ,%'%# %2# %# O%&# 56%&'.#M6(56# %827#,107)2'&%'12# %# 2'1%,A# ()5&1%21# ()#
@72('(31#KG!+#7>'57012# :7&# '61#RI=# 2'>,1)'2# 2()51# '61# :(&2'# A1%&# 7:# 1)&7801)'"# !'>,1)'2#
M67# M7&Q# M('6# RI=# 5%)# %827# @7'1)'(%88A# &10%()# 7)# '61# &788# 7:# '61(&# 7&(9()%8# 256778"#
+U%0()%'(7)#2>55122#0%A#'61)#O1#()58>,1,#()#'61#7&(9()%8#256778[2#A1%&8A#&12>8'2"#
#
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2($3,"!*"W6&)/9,%"/<"Y85A"5&60,7&%"!BBL"Z"!BBT"R[,'),7&(>,"/<">'(0,%"(&"#\"D"8U#

],('" !BBL" !BBC" !BBO" !BBP" !BBV" !BBT"
FG#" X\# X\# XC# be# b\# bf#
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E;>6',"T*"Y'(:?"%?/.;7>"FG#"K,'%6%"7(&;/7(3"(K,'(>,"^"Y85A"#D8"

2($3,"J*"5&60,7&%".;&?"@A"()?;,K;7>"Y85A">'(0,%"#D8"R!BBLD!BBTU"%?/.;7>"?/."&?,"&/&(3"769$,'"
/<"FG#"%&60,7&%"$',(I%"0/.7";7&/"%&60,7&%".;&?"@A_"?/."9(7-"%&60,7&%".;&?"@A"&//I"Y85A%"

,()?"-,('"(70"&?,":,'),7&(>,"#D8%";7"Y85A"&(I,7*"

Other NVA examination outcomes 

=#;1318# 2'>,1)'2# %),# '6721# 2'>,A()9# !Q(882# :7&# ;(:1# %827# %56(131,# @72('(31# &12>8'2# ()# EFFB#
'6&7>96# '61#RI=.#M('6# %# DFFg#@%22# &%'1# O1()9# %56(131,# %'#=# 81318# %),# %)# efg#@%22# &%'1#
%56(131,#OA#2'>,1)'2#2'>,A()9#!Q(882#:7&#;(:1#^>%8(:(5%'(7)2"##

Contextual valued added (CVA) scores 

461#VG!Y#%827#@>O8(2612#GI=#257&12#:7&#2567782#%87)92(,1#'61#@1&:7&0%)51#'%O812#%),#'6121#
257&12# 267M# '61# @&79&122# %# 256778# 6%2# 618@1,# ('2# 2'>,1)'2#0%Q1# :&70# '61# 1),# 7:# 7)1# Q1A#
2'%91#'7#%)7'61&"#461#%(0#(2#:7&#GI=#257&12#'7#570@8101)'#'12'#%),#1U%0()%'(7)#&12>8'2#'6%'#

#)(0,9;)"-,('" 2/&(3"F/*"%&60,7&%" 5&60,7&%".;&?"@A"

5&60,7&%".;&?"@A"
%;&&;7>"Y85A",()?"
-,('"R:,'),7&(>,"#D8"

Y85A">'(0,%"
()?;,K,0U"

EFFf?X# \F# Ef#*eFg-# DC#*CBg-#
EFFX?b# fF# \F#*\Fg-# ED#*CFg-#
EFFb?C# eF# bD#*Cbg-# fB#*eFg-#
EFFC?e# DF\# XX#*X\g-# fF#*Cfg-#
EFFe?B# EXF# DEF#*feg-# BF#*CXg-#
EFFB?DF# \fb# DFf# #
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%&1#@>O8(261,.# '7#9(31#%#:%(&#9>(,1#'7#'61#@1&:7&0%)51#7:# '61#3%8>1#%,,1,#OA#%#256778"#461#
56%881)91#7:#01%2>&()9#'61#,(2'%)51#'&%31881,#:7&#1%56#7:#'61#81%&)1&2#()#RI=#(2.#()#@&%5'(51.#
%# 6>91# 7)1"# 461#0%()# 2'>0O8()9# O875Q# 6%2# O11)# 91''()9# 6(96# ^>%8('A# ():7&0%'(7)# 7)# '61#
@&13(7>2#%''%()01)'#7:#81%&)1&2#%2#'61A#1)9%91#M('6#RI="#
Z:'1)#A7>)9#@17@81#1)9%9()9#M('6#RI=#6%31#O11)#7>'#7:#0%()2'&1%0#256778()9#:7&#2701#

'(01"#/'#(2#@1&6%@2#%#:1%'>&1#7:#'61(&#275(%8#1U58>2(7)#'6%'#'61#0%()2'&1%0#2A2'10#%@@1%&2#'7#
,(21)9%91#M('6# %5'(318A# '&%5Q()9# %),#07)('7&()9# '61(&# @&79&122_# '&%5Q()9# %),#07)('7&()9#
'6%'# M7>8,# O1# 211)# %2# O1()9# )7&0%8# @&%5'(51# :7&# 2'>,1)'2# @%&'(5(@%'()9# ()# 0%()2'&1%0#
1,>5%'(7)"#/)#:%5'#2701#7:#'61#56(8,&1)#M670#%&1#)7M#1U@1&(1)5()9#2>55122#M('6#'61#RI=#
7@@7&'>)('A#M1&1#1U@1&(1)5()9#31&A#8(0('1,#1,>5%'(7)%8#7@@7&'>)('A"#

Celebrating the students’ success 

/'#(2#M7&'6#)7'()9#'6%'#,12@('1#'61#578815'(31#56%881)912#'61#RI=#2'>,1)'2#6%31#:%51,#()#'61(&#
81%&)()9# @&(7&# '7# 1)9%9()9# M('6# 7)8()1# 81%&)()9# %'# RI=.# '61(&# %5%,10(5# &12>8'2# 570@%&1#
1U'&1018A#M188#'7#0%()2'&1%0#2567782#()#'61#ST"#$%)A#7:#'61#2'>,1)'2.#12@15(%88A#'6721#M67#
6%,#O11)#1U58>,1,# :&70#0%()2'&1%0#2567782#7&#M67#M1&1#58%22(:(1,#%2# m,(21)9%91,[.#M1&1#
7:'1)# )7'# 1U@15'1,# '7# %56(131# %)A# ^>%8(:(5%'(7)2# %'# %88# O1:7&1# O1()9# 1)&7881,# %'# '61# RI=.#
0%Q()9#'61(&#2>55122#131)#07&1#&10%&Q%O81"#
46%'#'6(2#,(31&21#9&7>@#7:#81%&)1&2#5701#'791'61&#%5&722#'61#()'1&)1'.#'7#81%&)#%),#275(%8(]1#

'791'61&# %2# @%&'# 7:# %# 3(&'>%8# %5%,10A.# %),# ()# ,7()9# '6(2# %56(131# 1U%0()%'(7)# &12>8'2# '6%'#
570@%&1# :%37>&%O8A# M('6# 0%()2'&1%0# 256778()9.# (2# %)# (),(5%'7&# 7:# '61# @7M1&# 7:# '6(2#
%@@&7%56"##
c6%'#'6121#&12>8'2#267M#(2#'6%'#2'>,1)'2#M67#1)&78#M('6#RI=#%&1#%O81#'7#97#7)#'7#%56(131#

977,# 9&%,12# ()# '61(&# KG!+2.# %),# '6%'# '61#RI=#07,18# (2# h:('# :7&# @>&@721i# ()# 2>@@7&'()9#
A7>)9#@17@81#'7#%56(131#Q1A#1U%0()%'(7)#&12>8'2#%'#M6%'#(2#%#5&>5(%8#'(01#()#'61(&#8(312"#461#
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Vignettes - the voice of the child, parent and children’s services 
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Vignette 1 - the voice of a Parent 
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Vignette 2 - the voice of Children’s Services 
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Vignette 3 – the voice of the Student 
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01,( 8,3,$8#1( %,$+( #"'54#%,5( $( %:"?5$.( -8"),33&"'$!( 5,;,!"-+,'%( 3,33&"'( )"8( %1,( %:"(

),+$!,(%,$#1,83(:1"(:,8,(&';"!;,5(&'(%1,(3%45./((01,(!,$5(%,$#1,8(")(%1&3(3%45.($!3"("93,8;,5(
%1,(,'$#%+,'%(")($()"48?5$.(-&!"%(3%45.(:1&#1(%""6(-!$#,(&'(%1,(3$+,(3#1""!/(

Materials 

01,(*$+,(43,5(&'(%1&3(3%45.2(!"#"$%&#'"()2(:$3(5,3&*',5(9$3,5("'(%1,(-8&'#&-!,3(")(*";,8'$'#,(
&'( %1,( B"#&$!( B%45&,3( #488&#4!4+( )"8( 3,#"'5$8.( %18,,( 3%45,'%3/( ( 01,3,( )"48( -8&'#&-!,3( ")(
*";,8'$'#,(:1&#1(3%45,'%3(#"4!5(43,(%"(*4&5,(%1,&8(-!$.,8($#%&"'3(&'(%1,(*$+,(:"8!5(:,8,D(
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!" #$%&$'()*+,*(,-$./,
0" 123*4*+%3$,4)%25$,%2&,(3%.,'$6$7%238,
9" :$;%'&,<=',;='->,%2&,;='-,<=','$;%'&8,

?" 1,(3%-$,<=',$7$'.=2$>,=++='3@2*3*$(,<=',%66",
A)$, (3@&$23(,;$'$, $%4),5*7$2, %2, *B)=2$,;*3), 3)$,!"#"$%&#'"()(5%C$, *2(3%66$&,&@'*25, 3)$,

<*'(3,=<,(*D,6$((=2(",,E*5@'$,!,()=;(,;)%3,(3@&$23(,($$,=2,3)$*',*B)=2$,;)$2,3)$.,6=55$&,*2,3=,

3)$,5%C$",,A$%C(,4=C+$3$&,%5%*2(3,=2$,%2=3)$',*2,3)*(,C@63*+6%.$',(3'%3$5.,5%C$,3=,'@6$,3)$,

<%23%(., -*25&=C,=<,F$6%', +=+@6%3$&, G., 3)$, <=@', '%4$(, =<, ($23*$23, G$*25(/, )@C%2(>, &;%'<(>,

$67$(>, %2&, 3'=66(", , 13, 3)$, G$5*22*25, =<, 3)$, 5%C$>, 3)$, +'$7*=@(, '@6$', =<, F$6%', +%(($&, %;%.,

;*3)=@3,6$%7*25,%2,)$*'>,3)@(,($33*25,@+,3)$,(3%5$,<=',&*<<$'$23,(3@&$23H5=7$'2='H6$&,+=6*3*4%6,

<%43*=2(,3=,4=C+$3$,<=',6$%&$'()*+,=<,3)$,-*25&=C",

!
"#$%&'!()!!*+%,'-+./!0#&.+!1#'2!30!+4'!!"#"$%&#'"()!$56'!3-!5-!#743-'!

A)$,<*'(3,5%C$,=GI$43*7$,*(,3)%3,%66,3)$,3$%C(,C@(3,4=66%G='%3$,3=,$2(@'$,3)%3,3)$*',-*25&=C>,

F$6%'>,(@'7*7$(,*2,3)$,<%4$,=<,%33%4-$'(,<'=C,=3)$',-*25&=C(",,J$4=2&>,*2&*7*&@%6,3$%C(,C@(3,

4=2(=6*&%3$,3)$*',+=;$',%2&,+=(*3*=2,G.,;*22*25,3)$,3'@(3,=<,3)$,+$=+6$,*2,3)$*',=;2,3=;2(,

%2&,%6(=,3)$,+$=+6$,*2,3)$,3=;2(,=<,=3)$',3$%C(",A)*(,5%C$,%*C(,3=,%66=;,(3@&$23(,3=,3)*2-,%(,

5=7$'2='(,%2&,3)@(,%++'$4*%3$,3)$,4=C+6$D*3.,=<,3)$,3%(-,=<,2%3*=2HG@*6&*25",,A=,'$%6*($,3)$($,

3;=, =GI$43*7$(>, <%43*=2, C$CG$'(, C@(3, '$%6*($, ()='3H3$'C(, 5=%6(, (@4), %(, &$7$6=+*25, 3=;2(,

@2&$',3)$*',4=23'=6>,&*<<@(*25,*23$'2%6,%2&,$D3$'2%6,3)'$%3(,%(,;$66,%(,C%*23%*2*25,&*+6=C%3*4,

3*$(, ;*3), <%43*=2(, =<, 3)$, (%C$, -*25&=C, =<, F$6%', %2&, ;*3), 2$*5)G=@'*25, -*25&=C(, =<,

K*G$6@25>,16+)$5$>,1@-*>,%2&,J%6<'$&%",

L@'*25,3)$,*23$'7$23*=2,+$'*=&,=<,!M,N%2@%'.,3=,9,E$G'@%'.,0O!O>,$7$23(,*27=67*25,3)$,5%C$,

;='6&, ;$'$, %6(=, 3'*55$'$&, G., 3)$, ($'7$'", , 1<3$', #$((=2, !>, =2, !P, N%2@%'.>, G%2&*3(, (3=6$,

'$(=@'4$(, G$*25, 3'%&$&, %6=25, +6%.$'(Q, 3'%&$, '=@3$(", , J3@&$23, 5=7$'2='(, )%&, 3=, ($2&, =@3,

(=6&*$'(,3=,%33%4-,3)$,G%2&*3(",

1<3$',3)$,($4=2&,6$((=2,=2,0!,N%2@%'.>,%,+6%5@$,(;$+3,3)$,-*25&=C>,4%@(*25,4*3*R$2(,3=,<%66,

*66>,<*'(3,*2,%,<$;,3=;2(,%2&,6%3$',*2,%6C=(3,%66,3=;2(,*2,3)$,-*25&=C",,J3@&$23,5=7$'2='(,)%&,

3=, C%-$, @($, =<, 3)$, S$%6*25, T$23'$, 3=, $2(@'$, 3)%3, 3)$, +$=+6$, *2, 3)$*', 3=;2(, (@'7*7$, 3)$,

$+*&$C*4", , U2, 09, N%2@%'.>, 3)$, 3)*'&, $7$23, *27=67*25, 6%'5$, 2@CG$'(, =<, G%2&*3(>, <'=C, 3)$,

2$*5)G=@'*25,-*25&=C(,=<,16+)$5$,%2&,K*G$6@25>,%''*7*25,*2,F$6%',;%(,3'*55$'$&",,J3@&$23,
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!"#$%&"%'()*+(,"(-"./0/'$(,)$/%(*%-/$'(,"(+$*0(1/,)(,)$'$(.*&+/,'2((3&(,)$(-$*&,/-$4(',5+$&,(
!"#$%&"%'(*,,$-6,$+(,"(,*7$("#$%(&$/!)."5%/&!(,"1&'(,)%"5!)(1*%8*%$("%(+/60"-*9:2(
;8,$%( ,)$( ,)/%+( 0$''"&( "&( <=( >*&5*%:4( 8*9,/"&'( .$!*&( ,"( 9"-6$,$( 8"%( %$-*/&/&!( &$5,%*0(

,"1&'2( ( ?)%$$( $#$&,'( )*66$&$+( .$,1$$&( @$''"&'( A( *&+( B2( ( C/%',4( "&( <=( >*&5*%:4( ',5+$&,(
!"#$%&"%'()$*%+(&$1'( ,)*,( ,)$(&$/!)."5%/&!(9"5&,%/$'(;06)$!$(*&+(D/.$05&!()*+(!"&$( ,"(
1*%(*&+(,)5'(,)$:()*+(,"(6%$6*%$(8"%(*(%$85!$$(/&805E2((F$9"&+4("&(<=(>*&5*%:4(,)$%$(1$%$(*(
8$1(F*0+%$+*&'(1)"(/--/!%*,$+(/&,"(G$0*%2((?)/'('$%#$+(*'(*(1*%&/&!(,"(',5+$&,(!"#$%&"%'(
"8(,)$(/-6$&+/&!(/&#*'/"&(8%"-(F*08%$+*2((?)/%+4("&(<H(>*&5*%:4(+1*%84($084(*&+(,%"00(%$85!$$'(
8%"-(;06)$!$(*&+(D/.$05&!(',*%,$+(*%%/#/&!2( (F,5+$&,(!"#$%&"%'()*+( ,"(+$9/+$(1)$,)$%( ,"(
6%"#/+$($-60":-$&,(*&+()"5'/&!(,"(,)$'$(%$85!$$'("%(/!&"%$(,)$-4(1)/9)(1"50+(9*5'$(,)$(
%$85!$$'(,"(0$*#$(,)$(,"1&'2((F,5+$&,(!"#$%&"%'(9"50+(*0'"(6%$#$&,(,)$(%$85!$$'(8%"-($&,$%/&!(
,)$(,"1&'(.:(9)*&!/&!(,)$(,"1&(!*,$('$,,/&!'2(
;8,$%( @$''"&( B4( "&( <I( >*&5*%:4( ,)$( '$#$&,)( $#$&,( ,""7( 60*9$2( ( F9"5,/&!( 6*%,/$'( 8%"-( ,)$(

&$/!)."5%/&!( 9"5&,%:( F*08%$+*( .$!*&( ,"( $&,$%( G$0*%2( ( ?)/'(1*'( ,)$( '$9"&+(1*%&/&!( "8( ,)$(
/-6$&+/&!(/&#*'/"&(8"%(',5+$&,(!"#$%&"%'2((J&(<K(>*&5*%:4(,)$($/!),)($#$&,(,""7(60*9$(1)$&(
,)$(7/&!("8( F*08%$+*( 9"&,*9,$+( ,)$( %50/&!( 8*9,/"&("8(G$0*%( ,)%"5!)(+/60"-*,/9( 9)*&&$0'( *&+(
8"%-*00:(+$90*%$+(1*%("&(G$0*%2( (?)$(7/&!("8( F*08%$+*( ,"0+( ',5+$&,(!"#$%&"%'( ,"( '5%%$&+$%(
*&+(&",(,"(%$'/',2((J&(<L(>*&5*%:4(,)$(8/%',(1*#$("8(/&#*'/"&4(,)$(&/&,)($#$&,4(,""7(60*9$2((@*%!$(
&5-.$%'( "8( F*08%$+*&( '"0+/$%'( *,,*97$+( ,"1&'( /&( G$0*%4( ."%+$%/&!( F*08%$+*2( ( F,5+$&,(
!"#$%&"%'(9"50+(*'7(,)$(&$/!)."5%/&!(7/&!+"-'("8(;06)$!$(*&+(D/.$05&!(8"%()$062((38(,)$:(
)$06$+( ,)$( %$85!$$'( 8%"-(;06)$!$( *&+(D/.$05&!( /&( ,)$( $*%0/$%( %$85!$$( $#$&,4( ,)$( %$'6"&'$(
8%"-( ,)$'$( ,1"( 7/&!+"-'( 1"50+( .$( -"%$( 6"'/,/#$2( ( J&( AM( >*&5*%:4( ,)$( '$9"&+( 1*#$( "8(
/&#*'/"&( "995%%$+( *'( N#$&,( OM2( (P"%$( F*08%$+*&'( *%%/#$+( *&+( *,,*97$+( ,"1&'( 90"'$%( ,"( ,)$(
9*6/,*0( 9/,:( "8( G$0*%2( ( J&( O( C$.%5*%:4( ,)$( 7/&!( "8( F*08%$+*( /&/,/*,$+( ,)$( $0$#$&,)( $#$&,( "8(
+/60"-*,/9( &$!",/*,/"&( 1)$%$( )$( *'7$+( ',5+$&,( !"#$%&"%'( 1)$,)$%( ,)$:( 1"50+( 0/7$( ,"(
'5%%$&+$%2( ( 38('5%%$&+$%(1$%$(,"(,*7$(60*9$4( ,)$(!*-$(1"50+($88$9,/#$0:($&+()$%$2( (?)$(8/&*0(
$#$&,( ,""7(60*9$("&(<(C$.%5*%:2( (F*08%$+*&('"0+/$%'(*,,*97$+( ,)$(9*6/,*0(9/,:(+/%$9,0:2( ( 38( ,)$(
',5+$&,(!"#$%&"%'(9"50+( 8$&+("88( ,)/'(1*#$("8( /&#*'/"&4( ,)$:(1"50+(1/&( ,)$(!*-$2( ( 3&( ,)/'(
6%$'$&,( /&,$%#$&,/"&(',5+:4(*00(',5+$&,(!"#$%&"%'( /&(.",)(Q*-$'(O(*&+(<(9"50+(&",( 8$&+("88(
,)$(*,,*97$%'(*&+(,)$%$8"%$(0"',(,)$(!*-$2(
?)%"5!)( ,)$( !*-$R60*:4( ,)$( ',5+$&,( !"#$%&"%'( $E6$%/-$&,$+( 1/,)( +/88$%$&,( 8"%-'( "8(

!"#$%&*&9$(,"($E60"%$(*0,$%&*,/#$(-"+$0'("8(!"#$%&*&9$2((C/!5%$(<(')"1'(*&($E*-60$("8()"1(
',5+$&,( !"#$%&"%'( 9)$97( ,)$( $88$9,/#$&$''( "8( ,)$/%( !"#$%&*&9$2( ( C"%( $E*-60$4( ',5+$&,(
!"#$%&"%'(-/!),()*#$(9)"'$&(,"(.5/0+(*(1$08*%$(',*,$(1)$%$(,)$(',*,$(6%"#/+$'(*00(,)$/%(&$$+'(
"%(,)$:(-/!),()*#$(9)"'$&(,"()*#$(*(',*,$(1)$%$("&0:(9$%,*/&(%*9$'($&S":$+(6%/#/0$!$'(1)/0$(
",)$%'(+/+(&",2( (?)$(8"00"1/&!(*%$(.%"*+(9*,$!"%/$'("8(60*:$%(*9,/"&'(,)*,(',5+$&,(!"#$%&"%'(
-/!),()*#$(,*7$&(/&(,)$(!*-$T(UOV($E60"%/&!(*9,/"&'4(U<V(,"1&(-*&*!$-$&,(*9,/"&'4(UAV(,%*+/&!(
*9,/"&'4(UBV(-/0/,*%:(*&+(+$8$&'/#$(*9,/"&'4(U=V(+/60"-*,/9(*9,/"&'4(*&+(UHV(-$''*!/&!(*9,/"&'2((
F$$(?*.0$(O(8"%(*(-"%$(+$,*/0$+(.%$*7+"1&("8(*00(,)$(6"''/.0$(*9,/"&'(,)*,(*(',5+$&,(!"#$%&"%(
1*'(*00"1$+(,"(,*7$(1/,)/&(,)$('/E(.%"*+(9*,$!"%/$'("8(60*:$%(*9,/"&'2((



International Virtual Environments Research Group (iVERG) 117 

!"#$%&'(&&)$"*%+&",-./01&.0&-2%&!"#"$%&#'"()(3"4%(&

Category Player action 
Exploring Visit a town hall 
 Visit a house 
 Visit a slum 
 Visit a farm 
 Visit a water collection 
 Visit a wood mill 
 Visit an ore mine 
 Visit a factory 
 Visit a healing centre 
 Visit a trading post 
 Visit a marketplace 
 Visit a noble mansion 
 Visit a cultural centre 
 Visit barracks 
 Visit a town wall 
Town management Set tax rate for citizens based on their income 
 Set tax subsidy for citizens of a certain race 
 Load town flip page (general town information) 
 Set or modify the type of citizens allowed to enter the town 
 Set tax rate for houses of a certain level 
 Set rental rate for houses of a certain level 
 Set tax rate for the farm 
 Set tax rate for the factory 
 Set tax rate for the wood mill 
 Set tax rate for the water collection 
 Set tax rate for the ore mine 
 Hold a rest day celebration 
 Hold a faction day celebration 
 Hold a multicultural day celebration 
 Build a new house 
 Build a new farm 
 Build a new factory 
 Build a new wood mill 
 Build a new ore mine 
 Build a new water collection 
 Build a new healing centre 
 Build a new army barracks 
 Sell a house 
 Sell a farm 
 Sell a water collection 
 Sell a factory 
 Sell an ore mine 
 Sell a wood mill 
 Demolish a house 
 Demolish a farm 
 Demolish a water collection 
 Demolish a wood mill 
 Demolish an ore mine 
 Demolish a factory 
 Demolish the healing centre 
 Upgrade a house 
 Downgrade a house 

 
Set salary for the employees of a certain skill level (farmers, water 

collectors, wood cutters, ore miners, factory workers, or healers) 

 
Hire one or several employees (farmers, water collectors, wood cutters, ore 

miners, factory workers, or healers) 

 
Fire one or several employees (farmers, water collectors, wood cutters, ore 
miners, factory workers, or healers) 

 Train an employee (farmer, water collector, wood cutter, ore miner, factory 
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worker, or healer) 
 Set food price 
 Set water price 
 Set ore price 
 Set wood price 
 Set crystal price 
 Set healing fee 
Trading Make a trade offer 
 Cancel a player's own trade offer 
 Accept a trade offer 
 Reject a trade offer 
 Buy food from the market place 
 Buy water from the market place 
 Buy ore from the market place 
 Buy wood from the market place 
 Buy crystal from the market place 
 Sell food to the market place 
 Sell water to the market place 
 Sell ore to the market place 
 Sell wood to the market place 
 Sell crystal to the market place 
Military Hire a soldier 
 Fire a soldier 
 Train a soldier 
 Change the class of a soldier 
 Set the salary of a certain soldier class of a certain skill level 
 Move a soldier on the world map 
 Attack a soldier 
 Attack a bandit 
 Attack a town wall 
 Capture a town by force 
 Upgrade a town wall 
 Repair a town wall 
 Read combat log 
Diplomatic Request peace treaty with another faction 
 Receive peace treaty requests from other factions 
 Respond to a peace treaty request from another faction 
 Request friendly ties with another faction 
 Receive friendly ties request from other faction 
 Respond to a friendly ties request from another faction 
 Request surrender from another faction 
 Receive surrender requests from other factions 
 Respond to a surrender request from another faction 
 Attempt to takeover a town belonging to another faction 
 Request the governorship of a town belonging to a fellow faction member 
 Receive the town governorship request from fellow faction members 
 Respond to a town governorship request from a fellow faction member 
 Request friendly ties with a neutral town 
 Request peace treaty with a neutral town 
 Request the governorship of a neutral town 
 Threaten to invade a neutral town 
 Request a noble town to surrender 
 Visit the foreign embassy 
 Check aid requests from foreign countries 
 Respond to an aid request from a foreign country 
 Request aid from a foreign country 
 Request friendly ties with a foreign country 
 Request peace treaty with a foreign country 
 Receive surrender request made by foreign country 
 Respond to surrender requests made by foreign country 
 Request foreign country to surrender a town 
Messaging Load the message inbox 
 Load all contacts 
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 Send a message 
 Read a conversation 

!
!

!

!"#$%&'()''*+$,&-+./'01&02"-#'+1&'&33&0+"4&-&..'53'+1&"%'#54&%-6-0&'"-'+1&'!"#"$%&#'"()'#67&'5-'
6-'"815-&'

"#$!%$&&'()*(!&+&,$%!-),#)*!,#$!('%$!!"#"$%&#'"()!'.&/!$*0/12'($3!,#$!&,13$*,!(/4$2*/2&!
,/!0/%%1*)0',$!'*3!0/..'5/2',$!-),#!,#$)2!6'0,)/*!%$%5$2&!'*3!/,#$2!6'0,)/*&!'*3!-),#!,#$!
#$.7$2!62/%!,#$!2$&$'20#!,$'%8!"#$!)9#/*$!'.&/!'../-$3!&,13$*,!(/4$2*/2&!,/!,$:,!/2!0'..!$'0#!
/,#$2!)6!,#$+!0#/&$!,/!3/!&/8!
;*! '33),)/*! ,/! ,#$! ('%$<! ,$'0#$2=6'0).),',$3! 0.'&&2//%! '0,)4),)$&! >-#/.$! 0.'&&! 3)&01&&)/*<!

3$5',$<!&,13$*,!72$&$*,',)/*<!(2/17!3)&01&&)/*?!'*3!/*.)*$!5./(&!'*3!6/21%&!&177/2,$3!,#$!
.$'2*)*(!/6!,#$!!"#"$%&#'"()!0122)01.1%!1&)*(!'*!)9#/*$!('%$8!"#$!6)*'.!'&&)(*%$*,!/6!,#$!&):=
.$&&/*!&,13+!-'&!,#$!72$&$*,',)/*!/6!'!&7$$0#!5+!,#$!&,13$*,&8!"#$!7127/&$!/6!,#$!&7$$0#!-'&!
,/! '&&$&&! ,#$! .$'2*)*(! /6! 72)*0)7.$&! /6! (/4$2*'*0$! 5'&$3! /*! ,#$)2! ('%$! $:7$2)$*0$<! )*=0.'&&!
'0,)4),)$&! '*3! /1,&)3$=0.'&&2//%! '0,)4),)$&8! ! "#$! &,13$*,&@! &7$$0#! -$2$! '&&$&&$3! /*! >A?!
&,2',$()$&!72/7/&$3!6/2!(/4$2*'*0$<!>B?!.$&&/*&!.$'2*,<!>C?!&,2$*(,#!/6!7$2&/*'.!*'22',)4$<!'*3!
>D?!$66$0,)4$*$&&!/6!7$2&1'&)/*8!

Procedure 

E12)*(!,#$!6)2&,!.$&&/*<!,#$&$!&,13$*,&!-$2$!$'0#!()4$*!'*!)9#/*$!-),#!,#$!('%$!!"#"$%&#'"()(
312)*(! ,#$! 6)2&,!/6! &):! .$&&/*&!/6! ,#)&! &,13+8!"#$! 2$&$'20#! ,$'%! ,'1(#,! ,#$%!#/-! ,/!1&$! ,#$!
!"#"$%&#'"(()!('%$!,#2/1(#!'!,1,/2)'.!&$&&)/*!/6!,/-*!%'*'($%$*,<!,2'3)*(<!%/4$%$*,!/*!,#$!
-/2.3!%'7<!$,08!
"#$! ('%$7.'+! ,)%)*(&! -$2$! &$,! /*! ,#$! 6/../-)*(! 3'+&! '*3! ,)%$&! ,/! '00/%%/3',$! ,#$!

-)&#$&!/6!,#$!&0#//.!%'*'($%$*,8!!F*!G/*3'+&!,/!H2)3'+&<!,#$!('%$!,)%)*(&!-$2$!62/%!I'%!
,/!J'%!'*3!62/%!B!7%!,/!AK!7%8!!F*!L',123'+&<!&,13$*,&!0/1.3!7.'+!,#$!('%$!62/%!I'%!,/!
AA7%8!!M/!('%$7.'+!-'&!'../-$3!/*!L1*3'+&8!!N4$2+!#/12<!&,13$*,&!-$2$!'-'23$3!'!6):$3!
*1%5$2!/6!'0,)/*!7/)*,&!,#',!,#$+!0/1.3!1&$!6/2!,#$!4'2)/1&!7.'+$2!'0,)/*&!)*!,#$!('%$!-/2.38!
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!"#$%&'()*+(#,-#+(*&+$'.,-#/$01'$123*+*'(#,#2$1($("#$#+2$&4$("#$51'($5#''&+$&4$("#$6(1(#7,14($
7.,,*7.5.38$ $ 9+#$ :&/$01'$ 1:'#+($ 1+2$ 2*2$ +&($ %1,(*7*%1(#$ *+$ ("#$ %&'()*+(#,-#+(*&+$ '.,-#/8$$
;4(#,$("#$51'($5#''&+<$("#$4*,'($1+2$("*,2$1.("&,'$*+(#,-*#0#2$'#-#+$:&/'$1+2$'#-#+$=*,5'$*+$1+$
1*,)7&+2*(*&+#2$,&&38$$;55$*+(#,-*#0'$0#,#$1.2*&)$1+2$-*2#&),#7&,2#28$

Data Sources and Data Analysis 

!"#$21(1$'&.,7#'$.'#2$*+$("*'$%1%#,$0#,#$("#$%&'()*+(#,-#+(*&+$'.,-#/<$("#$'#,-#,)=#+#,1(#2$
%51/#,$17(*&+$21(1<$1+2$("#$*+(#,-*#0$4&,$("#$%.,%&'#'$&4$("*'$'(.2/8$$!&$*+-#'(*=1(#$0"#("#,$
("#,#$0#,#$=#+2#,$2*44#,#+7#'$*+$(*3#$'%#+($*+$("#$-1,/*+=$'%17#'<$1$>)(1*5#2$!)(#'($01'$.'#2$
&+$ ("#$ (*3#$ '%#+($ *+$ #17"$&4$ ("#$ '%17#'$ ?"&3#<$ '7"&&5<$015@*+=<$ :.'<$ 71,<$ #1(*+=$%517#<$ 1+2$
3155A$ 0*("$ =#+2#,$ 1'$ ("#$ *+2#%#+2#+($ -1,*1:5#8$ $ !&$ 4.,("#,$ #B13*+#$ 0"#("#,$ ("#,#$ 0#,#$
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Results 

Patterns of Play across Physical Spaces 

!"#$,#'.5('$&4$%1((#,+'$&4$%51/$17,&''$%"/'*715$'%17#'$1,#$%,#'#+(#2$*+$!1:5#$>8$ $9-#,155<$ ("#$
,#'.5('$ *+2*71(#$ ("1($ ("#$:&/'$ ?"#L$DI8>M<$$%#L$DE8>EA$ '%#+($3&,#$"&.,'$%51/*+=$ ("#$3&:*5#$
=13#$$!&!'()&*!#+$("1+$=*,5'$?"#L$G8NO<$$%$L$F8HDA<$!# $L$>8ID<$,#L$M8MMI8$$P&/'$?"#L$DN8DN<$$%$L$
I8GOA$'%#+($3&,#$(*3#$%51/*+=$$!&!'()&*!#+$("1+$=*,5'$?"#L$N8II<$$%$L$O8FNA$1($"&3#<$!$L$N8EM<$,#L$
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Table 2.  Mean, SD, and t-values of hours spent per week across spaces for male and female 
students 

 Gender    

Space Male 
(n=17) 

Female 
(n=23) 

All 
(n=40) 

   

 M SD M SD M SD t p 
Home   13.13 9.74 3.99 4.63 7.64 8.34 3.50 0.002 
School 2.75 3.07 1.07 0.92 1.74 2.19 2.12 0.049 
Bus 1.56 3.00 0.86 1.41 1.14 2.18 0.87 0.394 
Walking 0.56 1.54 0.64 0.89 0.61 1.17 -0.17 0.865 
Eating out 0.59 1.08 0.35 0.76 0.45 0.90 0.79 0.437 
Car 0.45 0.89 0.31 0.55 0.37 0.70 0.55 0.591 
Mall 0.16 0.35 0.13 0.45 0.14 0.41 0.25 0.807 
Total   19.20  15.25 7.34 6.81 12.09 12.31 2.92 0.009 

$
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Patterns of Play across Time 

J%5&#)(=(%-,(;(.$#)#-*(*/#(*20#)(F/#-()*+,#-*)(F#$#(&144#,(1-(*1(.&%3(*/#(!"#"$%&#'"()(0152&#(
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.0(F/2&#(*/#(42$&)O(.#%G(&144#,L1-(*20#(F%)(%*(8(.09(((E13)(F#$#(&144#,(1-(01$#(N$#P+#-*&3(
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F%)(5#*F##-(:(*1(<(%09((R+$2-4(*/#(2-*#$"2#F'(513)($#.1$*#,(*/%*(*/#3(0%,#(+)#(1N(*/#(#%$&3(

01$-2-4()&1*)(*1(A%.*+$#(*1F-)9(
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& !1,%&4$.5&
8%*0%-& HLB( BLC( IL:( :L8( 8L<( <LD( DLBH( BHLBB( BBLBC(

S#0%&#( H9;( H9B( H9H( C9<( =9H( B9;( C98( C9B( H9D(

K%&#( H9C( H9H( B9D( 89I( 89:( C9I( =9C( =98( C9:(

T&&( H9=( H9H( H9<( ;98( ;9D( B9D( C9D( C9<( B9:(

 

Table 4.  Mean number of daily logins of male and female students after 12 noon 

 Time slot 
Gender 12-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 
Female 1.6 1.9 6.4 6.8 3.8 4.3 5.5 7.0 6.9 5.8 4.1 2.0 
Male 2.1 3.8 11.3 11.5 9.7 8.8 10.7 10.8 9.1 12.2 7.1 2.0 
All 1.8 2.7 8.4 8.8 6.2 6.1 7.7 8.6 7.8 8.4 5.3 2.0 

 

Patterns of Player Actions 

T)( )/1F-( 2-( J%5&#( I'( )*+,#-*)( 0%,#( */#( /24/#)*( -+05#$( 1N( .&%3#$( %A*21-)( 2-( #@.&1$2-4(

N1&&1F#,(53(*1F-(0%-%4#0#-*'(0#))%42-4'(02&2*%$3'(*$%,2-4'(%-,(,2.&10%*2A9((U@A#.*(N1$(*/#(
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.&%3#$(%A*21-)(*/%-(42$&)(6*(7(B8B;9:8'(!+(7(BH<<9C;>(2-(%&&(A%*#41$2#)(1N(.&%3#$(%A*21-)'("(7(;9H<'(
,( V( H9HHB9( ( E13)( 6*( 7( CI<I9HH'( !+( 7( BB;:9HH>( +)#,(01$#( #@.&1$2-4( %A*21-)( */%-( 42$&)( 6*( 7(
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8I9I='(!+( 7( ;I9<I>( 1-&3(+)#,( */#0( */$##( *20#)(01$#( N$#P+#-*&3( */%-(42$&)( 6*(7( CI9I;'(!+( 7(
C<9;D>'("(7(=9D<'(,(7(H9HHB9((E13)(6*(7(B<C9C;'(!+(7(BI;9HB>(%&)1(#-4%4#,(2-(01$#(*$%,2-4(%A*21-)(

*/%-(42$&)(6*(7(IH9DC'(!+(7(;:9DI>'("(7(=9;B'(,(7(H9HH=9(



S. Gswee   Y.S. Chee   E.M. Tan 122 

!"#$%&'(&&)%"*+&,-+&"*.&/01"$2%3&45&6"/%7489%3&45&:$";%8&"6/94*3&548&<"$%&"*.&5%<"$%&3/2.%*/3&

 Gender   

Category Male 
(n=17) 

Female 
(n=24) 

All 
(n=41)   

 M SD M SD M SD t p 
Exploring 2585.00 1146.00 1213.04 723.14 1781.90 1137.67 4.36 <0.001 
Town Management 558.88 302.10 215.92 141.12 358.12 277.89 4.36 <0.001 
Messaging 413.65 486.77 209.25 262.66 294.00 380.58 1.58 0.129 
Military 350.06 266.90 58.38 61.57 179.32 227.68 4.42 <0.001 
Trading 182.24 154.01 50.92 46.95 105.37 122.66 3.41 0.003 
Diplomatic 75.53 45.85 25.54 28.49 46.27 43.92 3.98 0.001 
All 3815.29 1914.35 1714.67 1088.24 2585.66 1801.28 4.08 <0.001 

Discussion 
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!"#"$%&#'"()$ 7%'#?$ +"#$/%+$ %56#$ *($ -&+2,++$ "#3$ 7%'#46%.$/&*"$ "#3$'(*"#3$/"&6#$/%*2"&17$
*#6#8&+&(1$%1-$46%.&17$ *"#$'(5&6#$7%'#$%*$ *"#$+%'#$ *&'#:$ $A6*"(,7"$ *"#$7&36$"%-$1(*$5##1$
43#8&(,+6.$ &1*#3#+*#-$ &1$ 2,33#1*$ %))%&3+?$ +"#$ /%+$ %56#$ *($ -&+2,++$ 2,33#1*$ %))%&3+$ /&*"$ "#3$
'(*"#3$/"&6#$/%*2"&17$1#/+$*(7#*"#3$5#2%,+#$*"#$6#%31&17$()$%))%&3+$()$7(8#31%12#$*"%*$+"#$
/%+$ 6#%31&17$ )3('$!"#"$%&#'"()$ 7%'#:$ $L3#8&(,+6.?$/"#1$1#/+$/%+$%&3#-$(1$ *#6#8&+&(1?$ +"#$
"%-$3#*3#%*#-$ *($"#3$(/1$5#-3((':$ $A+$%$ 3#+,6*?$"#3$'(*"#3$ *(6-$"#3$ *"%*$ +"#$"%-$5#2('#$
'(3#$ '%*,3#$ &1$ "#3$ (,*6((=$ 5#2%,+#$ +"#$ /%1*#-$ %56#$ *($ -&+2,++$ 2,33#1*$ %))%&3+$ /&*"$ "#3$
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International Virtual Environments Research Group (iVERG) 123 

!"##$%&'#"$(!& ")*+,-&."/& /01/(20(-*#$& "33(3&.4+)4&5"3(&0/(& ,6& 6(.(!& ")*+,-&',+-*/& *4"-&
5+#+*"!$&")*+,-/7&&8(),-39&*4(&.+--+-:&*("5&,6&*4(&:"5(&."/&-,*&',/+*+,-(3&"/&*4(&*("5&*4"*&
)"'*0!(3& *4(& )"'+*"#& )+*$& ,6&;(#"!& 10*& !"*4(!& *4(& *("5& *4"*& 4"3& *4(& 4+:4(/*& ),5',/+*(& *.,&
)4"-:(/& *,& *4(& 3(/+:-& ,6& !"#"$%&#'"( )( "#/,& (5'4"/+/(3& *4(& <"#0(& ,6& 0/+-:& -,-=<+,#(-*&
"''!,")4(/&*,&/,#<(&),-6#+)*/&+-&*4(&:"5(&.,!#37&&>40/9&*4(!(&+/&#(//&3+//,-"-)(&,6&<"#0(/&+-&
*4(&:"5(&.,!#3&*+,-.-*+,&*4(&!("#&.,!#37&
?,5'0*(!& :"5+-:& +/& /*+##& '(!)(+<(3& *,& 1(& "& :(-3(!(3& ")*+<+*$& 6"<,0!+-:&5"#(/& "-3& *4(&

)4"##(-:(& +/& (-/0!(& *4"*& *4(!(& +/& "& #(<(#& '#"$+-:& 6+(#3& 6,!& 1,*4& 1,$/& "-3& :+!#/& +6& ),5'0*(!&
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Project FOSTER: Flood Organisation Science and Technology Exchange Research 

Exploring the project’s aims and partner needs 

!"#$%&'( )*+,-.( /012( 3#'( #345( '#( 6"#708%( %89&/'0#3/4( #66#"'930'0%2( :#"( 4#&/4( /9';#"0'5(
*::0&%"2(/38(-4%&'%8(<%1=%"2(=9'(/42#('#(%7/49/'%(80::%"%3'(1%';#82(#:(4%/"303>?(03(#"8%"('#(
6"#708%(/(:"/1%@#"A(:#"(=%2'(6"/&'0&%(03(:4##8(2&0%3&%(&#11930&/'0#3('#(';%2%(2'/A%;#48%"(
>"#962.  

 

!"#$%&'()'*"+#%+,'-./0"1#'2%/3&45'!/-5&%'6%+,&0/%7'

)0>9"%(B(2;#@2(!"#$%&'()*+,-.C2(@#"A03>(:"/1%@#"A?(@;0&;(:0"2'45("%D90"%8(/3(%7/49/'0#3(
#:( ';%( 4%/"303>( 3%%82( #:( A%5( 8%&020#3( 1/A%"2E( !"%40103/"5( @#"A( #3( ';02( @/2( 938%"'/A%3(
011%80/'%45(/:'%"(';%(:4##803>(#:(FGGH?(';"#9>;(/3(%I'%3207%(2%"0%2(#:(:/&%J'#J:/&%(03'%"70%@2(
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938%"2'/3803>(:4##8(1/62?(1#8%42?(';%(016/&'(#:(&401/'%(&;/3>%(#3(:4##8(1/3/>%1%3'(/38(
93&%"'/03'0%2(:4##8(2&0%3&%E(
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%::0&0%3'45( 03'#( ';%( 10382( #:( ';#2%( @;#( ;/7%( '#( 1/3/>%( ';%( #9'&#1%2( #3( ';%( >"#938(
K)/94A3%"( %'( /4E?( FGGHRE( -2'01/'%2( #:( :4##8( "02A( ;/7%( /( 7/"0%'5( #:( 2#9"&%2( #:( 93&%"'/03'5?(
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7/"0/'0#32( 03( ';%( /&'9/4( 252'%1( 0369'2( 29&;( /2( 6/''%"32( #:( "/03:/44( /38( 23#@( 03( '01%( /38(
26/&%?( /38( 93'%2'%8( /22916'0#32( /=#9'( 80::%"%3'( 2'/'02'0&/4( '%&;30D9%2( /38( 1#8%403>E(
+96%"016#2%8( #3( ';02?( ';%( 252'%1/'0&( 2;0:'03>( #:( &401/'0&( 6/''%"32( /882( &#164%I0'5( /38(
80"%&'( ;91/3( &#3'"0=9'0#32( '#( :4##803>( K29&;( /2( 8/1( :/049"%2( #"( 03&"%/2%2( 03( 9"=/302%8(
29":/&%2R(/"%(:"%D9%3'45(938%""%6"%2%3'%8(K<#"22(%'(/4!"(FGGTRE(,;%2%(/44(&"%/'%(93&%"'/03'0%2(
03( ';%( :03/4( 6"%80&'0#32( #"( :#"%&/2'2E( M#11930&/'0#3(1/5( ="%/A( 8#@3( :9"';%"( =%&/92%( #:(
0229%2( 29""#93803>( ';%( #@3%"2;06( #:( ';%( 03:#"1/'0#3?( 4%>/4( 40/=040'5( /22#&0/'%8( @0';(
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!"#$ %&#'$ ()#*+(,(#)$ -#.'*(*/$ 0%+102#&$ 3'04()#$ +"#$ &1.,,0-)(*/$ ,0'$ +"#$ )#&(/*$ 0,$ +"'##$
10*+'.&+(*/$ 5#+$ 1023.'.6-#$ -#.'*(*/$ (*+#'.1+(0*&7$ +".+$8(--$ 6#$ +'(.--#)$ 04#'$8(*+#'$ 9:;:<;;=$
!"#&#$ (*+#'.1+(0*&$ 8(--$ %&#$ +"'##$ -#.'*(*/$ 2#+"0)&>$ ,.1#<+0<,.1#$ &#2(*.'&7$ &1#*.'(0$
&(2%-.+(0*&$?0'$'0-#<3-.5&@7$.*)$4('+%.-$0'$'#20+#$(*+#'.1+(0*$(*$!"#$%&'()*"=$A#3'#&#*+.+(4#&$
8(--$3.'+(1(3.+#$(*$0*#$0,$+"#$&#-#1+#)$20)#&$0,$(*+#'.1+(0*7$.*)$+"#('$#B3#'(#*1#&$0,$%&(*/$(+$
8(--$ 6#$ #4.-%.+#)$ %&(*/$ &+.*).')$ C%.-(+.+(4#$ 3#)./0/(1.-$ '#&#.'1"$ 2#+"0)0-0/(#&=$ !"#&#$
+"'##$-#.'*(*/$2#+"0)&$8(--$*0+$0*-5$6#$%&#)$.&$&3#1(,(1$+'.(*(*/$+00-&$6%+$10%-)$.-&0$1".*/#$
8.5&$ 0,$ 1022%*(1.+(0*$ .*)$ *#+80'D(*/$8(+"(*$ +"#$ -01.-$ .%+"0'(+(#&=$ !"#$ .(2&$ 0,$ E'0F#1+$
GHI!JA$.'#$+"#'#,0'#>$

• !0$'#&#.'1"$,%'+"#'7$#4.-%.+#$.*)$6#*1"2.'D$&1(#*+(,(1$D*08-#)/#$*##)&$.20*/&+$
$ .$8()#$'.*/#$0,$,-00)$2.*./#2#*+$)#1(&(0*$2.D#'&$(*$/04#'*2#*+$0'/.*(&.+(0*&$
$ .+$-01.-$.*)$'#/(0*.-$-#4#-$$
• !0$3(-0+$(**04.+(4#$.*)$(*C%('5<6.&#)$-#.'*(*/$#B3#'(#*1#&$.*)7$80'D(*/$
$ .-0*/&()#$K0%*+5$K0%*1(-&$.*)$.&&01(.+#)$0'/.*(L.+(0*&7$+0$.&&(&+$+"#$,-08$0,$
$ D*08-#)/#$6#+8##*$+"#$'#&#.'1"$1022%*(+5$.*)$,-00)$&1(#*1#$%&#'&$$
• !0$()#*+(,5$6#&+$3'.1+(1#$,0'$1.3.1(+5$6%(-)(*/$(*$-#.'*(*/$1022%*(+(#&$2.)#$%3$0,$
$ &1(#*+(&+&$.*)$*0*<&3#1(.-(&+$&+.D#"0-)#'&$

E0+#*+(.--5$ %&#,%-$ #)%1.+(0*.-$ 2.+#'(.-&$ .*)$ #B3#'(#*1#&$ ()#*+(,(#)$ ,'02$ +"(&$
(*+#')(&1(3-(*.'5$3'0F#1+$8(--$ 6#$ 1%&+02(&#)$ &0$ +".+$ +"#5$.'#$ &%(+.6-#$ ,0'$%&(*/$65$)#1(&(0*$
2.D#'&$ (*$ )(,,#'#*+$ /#0/'.3"(1.-$ &#++(*/&$8(+"(*$ +"#$MN=$O08#4#'7$ (+$ (&$ +"#$ *04#-$P('+%.-$
Q#.'*(*/$J*4('0*2#*+&$?PQJ@$+".+$10%-)$".4#$+"#$6(//#&+$(23.1+$,0'$-01.-$.%+"0'(+(#&R$PQJ&$
2.5$ 8#--$ 3'04()#$ .$ -08$ 10&+$ +00-$ ,0'$ #,,#1+(4#$ -#.'*(*/$ .*)$ *#+80'D(*/7$ #*10%'./(*/$
)5*.2(1$.)4.*1#&$(*$&1(#*1#$1022%*(1.+(0*=$
 

 
!"#$%&'()'*+&',"-&%'.&-&%/'0120+3&/2'1/4'31"/'$%51/'1%&16'

Working in partnership 
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,-00)&=$!"#$#B+'#2#$*.+%'#$0,$+"#$#4#*+$'#*)#'#)$-01.-$)#1(&(0*$2.D#'&$4#'5$.8.'#$0,$+"#('$
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$"%$)"+).-5"4+.+/.'&#+#0$$)<+%3+9.*"!+3%!+0$+*%+#"C"&*""&+4.<#+9,"&+A"95"#(0!<N#+O<*,"+
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-%0&*<+("'&2+.33"-*"4+DP.!9'-5#,'!"+R%0&*<+R%0&-')1+>?Y?F7+
A,"#"+ 3)%%4#+ 9"!"+ *,"+ 9%!#*+ '&+ )'C'&2+ /"/%!<+ *%+ .33"-*+ *,"+ /'44)"+ .&4+ )%9"!+ ]"C"!&+

-.*-,/"&*1+ (0*+ *,"<+ ,'2,)'2,*"4+ *,"+ &""4+ 3%!+ .))+ )%-.)+ .0*,%!'*'"#+ *%+ ,.C"+ .&+ '/$!%C"4+
0&4"!#*.&4'&2+ %3+ 3)%%4+ #-'"&-"1+ .&4+ .+ -%#*J"33"-*'C"+ *!.'&'&2+ *%%)+ *,.*+ "&.()"#+ 4"-'#'%&+
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*,.*+ %3+ %*,"!#7+ A,"+ $.$"!+ *,"!"3%!"+ 3%-0#"#+ %&+ *,"+ 0#"+ %3+ !"#$%&' ()*"+ .#+ .+ #-'"&-"+
-%//0&'-.*'%&+ *%%)1+ "E./'&'&2+ '&+ *0!&+ *,"+ !%)"+ %3+ C'!*0.)+ )".!&'&2+ "&C'!%&/"&*#+ 9'*,'&+
#-'"&-"+-%//0&'-.*'%&1+*,"+'&'*'.)+!"#$%&#"#+%3+*,"+$!%6"-*+$.!*&"!#+*%+0#'&2+!"#$%&'()*"1+.&4+
3'&.))<1+,%9+3)%%4+#-'"&-"+'&3%!/.*'%&+/.<+("+-%//0&'-.*"4+*,!%02,+!"#$%&'()*"7+A,"+$.$"!+
-%&-)04"#+(<+)%%5'&2+3%!9.!4#+*%+*,"+'/$)"/"&*.*'%&+#*.2"+%3+*,"+!"#".!-,+$!%2!.//"7+

Bridging the gap: science communication  

^&2.2'&2+*,"+$0()'-+'&+#-'"&-"+.&4+*"-,&%)%2<+,.#+!"-"&*)<+("-%/"+.+$%$0).!+*,"/"+9'*,'&+
2%C"!&/"&*+ .&4+ .-.4"/'.+ DQ%9"))+ _+ R%)'&1+ >??LU+ ]*%-5)/.<"!+ "*+ .)71+ >??YF7+ A,"+ $,!.#"+
X#-'"&-"+ -%//0&'-.*'%&N+ '#+ .+ *"!/+ *,.*+ '#+ '&+9'4"#$!".4+0#"+ .&4+ .--%!4'&2+ *%+ W0!&+ "*+ .)71+
D>??M`YSSF+ !"$!"#"&*#+ X.+ #'2&'3'-.&*+ 3'")4+ %3+ "&*"!$!'#"+ 9%!*,<+ %3+ %&2%'&2+ !"#".!-,N+ *,.*+
X$!%C'4"#+ #5'))#+ .&4+ 4'.)%20"+ *%+ "&.()"+ *,"+ 2"&"!.)+ $0()'-1+ /"4'.*%!#+ .&4+ #-'"&-"+
$!.-*'*'%&"!#+ *%+ '&*"!.-*+ 9'*,+ ".-,+ %*,"!+ /%!"+ "33"-*'C")<N7+ V"#$'*"+ *,'#+ $%#'*'%&1+ *,"+
4'##"/'&.*'%&+%3+#-'"&*'3'-+!"#".!-,+3'&4'&2#+ '#+!.!")<+"C.)0.*"41+.&4+#%+*,"+"33"-*'C"&"##+%3+
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Flood science communication to decision makers  

P"??=.$#%,$.0'>&""*'$.>")?%,$".',"'*/#$!$".'?%-/)!'%.*',</';=1&$#'$!'/!!/.,$%&'4/,'>)%=0<,'
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Virtual Knowledge Brokering Environments  
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How SL can improve upon current communication and training technologies? 
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.)!"9&$*.5+()'.&$!'(6.:+7.7"&$%#.+$),+5"!($#+#.$&)()*0+

Key considerations for incorporating Second Life into professional learning 

experiences 
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"!7#6)*!1+% 10% )% 2#"8% TU% 71*1/<)8:% ?$'*!1+% J% -$"'/!2$"% )% ')"$% "*#-8% *()*% ()"% 2$$+%
4$/01/7$-%*1%)""!"*%<!*(%*($%.$/!0!')*!1+%10%)%-/!.$/&)""!"*)+'$%"8"*$75%)+%)#*171*!.$%'/#!"$&
'1+*/16% "8"*$7:% ?$'*!1+% F% '1+'6#-$"% *($% 4)4$/% )+-% 1#*6!+$"% "17$%41*$+*!)6% )/$)"% 10% 0#*#/$%
<1/O:%

Elements of a HIL simulation 

Basic concept 

;($% 4/!+'!46$% 10% NKI% "!7#6)*!1+% 10% )+% $72$--$-% "8"*$7% !"% !66#"*/)*$-% !+% V!,#/$% Q:% ;($%
$72$--$-% "8"*$7% 1#*4#*"% )/$% 0$-% -!/$'*68% *1% *($% "!7#6)*1/5%<($/$% *($8% )/$% ")746$-% )+-%
#"$-% )"% !+4#*% .)/!)26$":% @% -8+)7!'% "!7#6)*!1+%71-$65% )'*!+,% 1+% *($"$% !+4#*% .)/!)26$"5% !"%
$.)6#)*$-% C+1/7)668% !+% /$)6&*!7$5% 2#*% *(!"% !"% +1*% )6<)8"% *($% ')"$G:% ;($% 1#*4#*"% 0/17% *($%
"!7#6)*!1+5%<(!'(% )/$% "8+*($"!"$-% 0/17% *($% -8+)7!'%71-$6C"G5% )/$% *($+% 0$-% 2)'O% !+*1% *($%
"8"*$7%#+-$/%*$"*%)"%1#*4#*"5%*($/$28%'61"!+,%*($%'1+*/16%6114:%K741/*)+*685%!0%*($%"!7#6)*!1+%
!"% -$"!,+$-% )+-% !746$7$+*$-% '1//$'*685% NKI% *$"*!+,% ')+% 2$% /$,)/-$-% )"% )% /$4/$"$+*)*!.$%
.!/*#)6!")*!1+% *$'(+!B#$% *()*% )661<"% )% 41*$+*!)668% 6)/,$% -$"!,+% "4)'$% *1% 2$% $A461/$-% )+-%
*$"*$-5%<!*(%0$<%C!0%)+8G%'1+"$B#$+'$"%"(1#6-%)%4)/*!'#6)/%-$"!,+%0)!6%)*%/#+&*!7$:%?!+'$%*($%
$B#!47$+*%#+-$/% *$"*% !"% 0#668% /$4/$"$+*)*!.$%10% *($% 0!+)6% "8"*$7% !746$7$+*)*!1+5% *(!"% 6)**$/%
41!+*% 2$'17$"% .$/8% !741/*)+*% W% -$0$'*"% *()*% 7)8% /$"#6*% !+% ')*)"*/14(!'% 0)!6#/$"% 7)8% 2$%
/$71.$-%2$01/$%*($%"8"*$7%$+*$/"%14$/)*!1+)6%"$/.!'$%C?(1/*%$*%)6:5%QXXY3%?(1/*%Z%[1/*5%QXXY3%
?*1/$85%DEEFG:%%
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!""#$#%&'(()*+,-.+/#01('$#%&+2'/+344&+/2%5&+$%+3%$2+#&674'/4+$24+4&"+81'(#$)+'&"+74"164+
$24+ $#049$%90'7:4$+ ;'&"+24&64+"4<4(%=04&$+6%/$/>+%?+=7%$%$)=4+<42#6(4+@AB/+ ;4CDC+B2%7$+E+
F%&$*+ GHHIJ+ A(#0/*+ GHHHJ+ .#+ 4$+ '(C*+ GHHGJ+ K4&"'(+ E+ L%&4/*+ MNNNJ+ ,':#5'7'+ 4$+ '(C*+ GHHG>C+
B#01('$%7/+%?+ $2#/+&'$174+'74+&%$+ 4O6(1/#<4+ $%+ $24+'1$%0%$#<4+"%0'#&+'&"+2'<4+344&+1/4"+
/1664//?1(()+ #&+ '+ <'7#4$)+ %?+ '==(#6'$#%&/*+ #&6(1"#&D+ ;?%7+ 4O'0=(4>+ <47#?#6'$#%&+ %?+ &45+
0'&1?'6$17#&D+0'62#&4+ $%%(+"4/#D&/+ ;B$%4=(47*+ GHHP>*+ 6%00476#'(+ '#767'?$+ '1$%=#(%$+ /)/$40+
"4/#D&+;Q%04R*+GHHM>+'&"+&1047%1/+0#(#$'7)+'==(#6'$#%&/+;S%(4+E+L%(()*+MNNT>C+
Q#<4&+$24+'3%<4+?4'$174/*+1/4+%?+,-.+/#01('$#%&+#/+"4404"+$%+34+='7$#61('7()+'==7%=7#'$4+

"17#&D+ $24+<47#?#6'$#%&+ '&"+<'(#"'$#%&+ /$'D4/+%?+ $24+"4<4(%=04&$+ (#?46)6(4+%?+ /'?4$)967#$#6'(+
/)/$40/+;B$%74)*+MNNTJ+.4<4&/%&*+MNNP>C+U24+6%0=(4O#$)+#&<%(<4"+#&+/162+('7D49/6'(4+$4/$#&D+
%?+"#/$7#31$4"+4034""4"+/)/$40/+'&"+/%?$5'74+"#6$'$4/+$2'$+/$716$174"*+54((9"4?#&4"+$4/$#&D+
=7%64"174/+ '&"+ 34&620'7:/+ '74+ =74?4774"+ %<47+ 0%74+ V$7'"#$#%&'(W*+ '"92%6+ 04$2%"/+ ?%7+
'//4//#&D+ /)/$40+ =47?%70'&64+ ;X7%4:0'&&+ E+ Y%$4&3%%0*+ GHHG>C+ ,%54<47*+ ?7%0+ $24+
=47/=46$#<4+%?+/'?4$)967#$#6'(+/)/$40/*+/$'&"'(%&4+,-.+$4/$#&D+#/+#&/1??#6#4&$*+?%7+74'/%&/+$2'$+
'74+"#/61//4"+34(%5C+

The software testing problem 

F47?%70#&D+ 7#D%7%1/+ '//4//04&$/+ %?+ /'?4$)+ '&"+ 74(#'3#(#$)+ =7%=47$#4/+ %?+ 6%0=(4O*+ 74'6$#<4+
@AB/+ ;/162+ '/+ '1$%0%$#<4+ 6%&$7%(+ /)/$40/>+ #/+ '+ 5#"4+ '&"+ %&D%#&D+ '74'+ %?+ 74/4'762C+ Z%7+
/'?4$)967#$#6'(+/)/$40/*+/=46#'(+04'/174/+01/$+34+$':4&+'$+'((+/$'D4/+%?+$24+"4/#D&+=7%64//+$%+
4&/174+ $2'$+ $24+ 7481#74"+ B'?4$)+ -&$4D7#$)+ .4<4(+ ;B-.>+ 2'/+ 344&+ '62#4<4"C+ B-./+ '74+ '+ /'?4$)+
04'/17404&$+ /$'&"'7"+ "4<4(%=4"+ 3)+ $24+ -AS+ '&"+ ?%70'(#/4"+ #&+ B$'&"'7"+ TMPHI[+ '+
"#/61//#%&+ %?+ 2%5+ $24/4+04'/17404&$+ /$'&"'7"/+ '==()+ $%+ $24+ '1$%0%$#<4+"%0'#&+0')+34+
?%1&"+ #&+ ;\-B]!*+ GHHM>C+ U24+ B-.+ %?+ '+ /)/$40+ "4=4&"/+ %&+ $24+ 6%&/4814&64/+ %?+ /)/$40+
?'#(174/*+52#62+6'&+34+"4$470#&4"+1/#&D+7#/:+'//4//04&$J+'+7481#74"+"'&D47%1/+?'#(174+7'$4+
!"+#/+$24&+'//#D&4"+?%7+'+/)/$40+3'/4"+%&+$2#/+7#/:C+U24+?%17+B-.+(4<4(/+"4?#&4"+3)+-ASTMPHI+
'&"+ $24#7+ '//%6#'$4"+ $'7D4$+ ?'#(174+ 7'$4/+ '74+ /2%5&+ #&+ U'3(4+ MC+ @40%&/$7'$#&D+ $2'$+ $24+
"'&D47%1/+?'#(174+7'$4+?%7+'+/)/$40+#/+'$+'+/=46#?#6+ (4<4(+7481#7#&D+0'&)+?'6$%7/+$%+34+$':4&+
#&$%+ 6%&/#"47'$#%&J+ '+ 0'^%7+ 4(404&$+ #&+ $2#/+ =7%64//+ #/+ $24+ "4$470#&'$#%&+ %?+ 74(#'3#(#$)+
04'/174/+?%7+4'62+/139/)/$40+'&"+6%0=%&4&$C+
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," !"#$%+"'("<"#$%-"

#" !"#$%-"'("<"#$%."

 
/01" '2345'5(637"81'0(4"(9":37543'56;" 21753<575'=" 5>" '02(?;0" 7591" '1>'56;@"0(A1:12" 9(2" 2137%

'581B" >(9'A321%<3>14" >=>'18>" 41>5;614" '(" 03:1" 3" 9357?21" 23'1" 71>>" '036" #$%.B" >?C0" 3>" '0(>1"
C(6>541214"56"'05>"D3D12B"'05>"9(28"(9"'1>'56;"5>"58D23C'5C37"E(6"36="213>(63<71"'581>C371F"364"
37'1263'1"8136>"8?>'"<1"C(6>541214"EG?'712"H"I561775B"#&&*FJ"
K>541"92(8"'01">58D71>'"(9"LMN>B"8(>'"41>5;6>"9(2"NOP#"364"3<(:1"A577"18D7(=">(81"9(28"

(9" 214?6436C=" 9(2" '(71236C1" '(" '01" E?63:(543<71F" 93?7'>" 364" 9357?21>" '03'" A577" (CC?2" 56"
>?<>=>'18>B"'("3C051:1"'01"21Q?5214"71:17>"(9">391'="56'1;25'="EN'(21=B"#&&-FJ"/05>"214?6436C="
C36" '3R1" 836=" 9(28>S" >'3'5C" 364" 4=6385C" 214?6436C=" (9" 171C'2(65C" C(8D(616'>" 364"
D2(C1>>56;"171816'>B"C(88?65C3'5(6">=>'18>"364">16>(2T3C'?3'(2">?<>=>'18>"56"C(6U?6C'5(6"
A5'0">(9'A321%<3>14"214?6436C="8363;1816'"37;(25'08>" EO>12836B",$$,S"V3881''B",$$,FJ"
O6">?C0"C3>1>B"93?7'"56U1C'5(6"5>"'01"D21912214"8136>"9(2"1W'23C'56;"41D1643<575'="569(283'5(6"
E1J;J">11"K273'"1'"37JB"#&&$FJ"I3?7'"56U1C'5(6"163<71>"'01"1>'583'5(6"(9"93?7'"C(:123;1"D32381'12>"
9(2"3637='5C37">=>'18"8(417>S"0(A1:12";213'"C321"8?>'"<1"'3R16"56">171C'56;"3DD2(D253'1"'1>'"
>1Q?16C1>"364"41'1285656;"21D21>16'3'5:1"23'1>"(9"93?7'"(CC?2216C1"9(2">?C0"1WD125816'>J"O6"
'01"9(77(A56;">1C'5(6"'A("'1C065Q?1>"A05C0"83="<1"?>14"'(";213'"1991C'"'("C(8D71816'"<3>5C"
VOP" >58?73'5(6" '1C065Q?1>" 321" 41>C25<14B" 56" (2412" '(" 58D2(:1" '01" 1995C516C=" (9" '01" '1>'56;"
D2(C1>>"364"017D"'("38175(23'1"'01"D2(<718>"(?'75614"3<(:1J"

Complementary techniques 

X61" 56'121>'56;" 3213" (9" 21>132C0" 03>" 56:(7:14" '01" 2321" 1:16'>" '1C065Q?1" EYM/FJ" /01" YM/"
(25;563'14"56"'01"95174"(9"XD123'5(6>"Y1>132C0"3>"3"81'0(4(7(;="9(2">D11456;"?D">58?73'5(6>"
56"A05C0"C12'356"1:16'>"(9"56'121>'"(CC?2"A5'0"1W'21817="7(A"D2(<3<575'=@"V15417<12;12"E#&&.F"
D2(:541>"3"?>19?7">?2:1="(9"'05>"'1C065Q?1J"/01"D25832="358"(9"'01"YM/"5>"'("41'128561"'01"
1991C'>"(9"2321"1:16'>"?>56;">58?73'5(6"8(417>">?C0"3>"Z32R(:"C0356>J"I2(8"'01"D12>D1C'5:1"
(9" 2137%'581" VOP" >58?73'5(6B" '01" YM/" >118>" D32'5C?7327=" >?5'14" 9(2" ?>1" 56" 3?'(83'5C377="
;16123'56;"21D21>16'3'5:1"'1>'">1Q?16C1>"E56"3"2173'5:17=">0(2'">D3C1"(9"'581F"9(2"'01">=>'18"
?6412" 56:1>'5;3'5(6J"/05>" 5>"<1C3?>1" '01"1:16'>"(9" 56'121>'" E>?C0"3>" >16>(2" 9357?21>F"03DD16"
:12="23217=J""
K7>("(9"2171:36C1"56"'05>"C(6'1W'"5>"'01"C(6C1D'"(9"[(6'2(7"\129(2836C1"Z(65'(256;"E[\ZFJ"

[\Z"D2(:541>"(6%7561B"3?'(83'14"C(6'2(7"D129(2836C1" 569(283'5(6" '("(D123'(2>"364"D736'"
16;56112>@" '05>"83="<1"?>14" '("41'128561"A01'012">D1C59514"D129(2836C1" '32;1'>"321"<156;"
81'" 9(2" '01" C(6'2(7714"D2(C1>>1>J"Z36="45991216'" 3DD2(3C01>"03:1"<116" '3R16" 56" '05>" 3213J"
I(2" 1W38D71" 85658?8" :32536C1" <16C0832R56;B" 756132" Q?3423'5C" 21;?73'(2" <16C0832R56;"
364" :325(?>" 8(417%<3>14" 3DD2(3C01>@" ]17375" E,$$-F" D2(:541>" 3" 21C16'" >?8832=" 364"
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@&"#* ./0*$"').*"+*5'0,*"+* (%+0.?A!&'.'!%>* !").&">* (?(.0#(:*#0%(4&0(*"+* (?(.0#* +4)!.'")%>*

(%+0.?* !%)* =0* "=.%')06:* ')* $%&.:* =?* %$$>?')7* ./0* $&')!'$>0(* "+* BC2* %)6* 60.0&#')')7* /",*
!>"(0* ./0* !").&">>06* 5%&'%=>0(* %&0* ."* $0&!0'506* !&'.'!%>* >050>(* D(4!/* %(* &0%!."&* .0#$0&%.4&0:*
50/'!>0*(0$%&%.'")*6'(.%)!0*0.!E*=?*4(')7*%)*'60%>'(06*(?(.0#*($0!'+'!%.'")*%(*%*=0)!/#%&-1*
F(*(/",)*=?*G/"&.*0.*%>1*DH99IE:*="./*./0*JKL*%)6*BC2*%&0*/'7/>?*%$$>'!%=>0*."*%4."#%.06*
+%4>.A')M0!.'")* .0(.')7* +"&* $0&+"&#%)!0* %)6* 60$0)6%='>'.?* 05%>4%.'")* ')* !"#$>0N* (%+0.?A
!&'.'!%>* !").&">* (?(.0#(1* L/0* +">>",')7* (0!.'")* &05'0,(* %* 70)0&%>* +&%#0,"&-* ./%.* /%(* =00)*
$&"$"(06*+"&*(4!/*%)*'#$>0#0).%.'")1*

A generic framework for HIL simulation 

Basic structure 

L/0*70)0&'!*+&%#0,"&-*!")('(.(*"+*./&00*=%('!*0>0#0).(O*%*PQR*('#4>%."&:*!"#$>0#0).06*=?*
%*$0&+"&#%)!0*#")'."&*%)6*%*+%4>.* ')M0!."&1*L/0*(.&4!.4&0*"+* ./0*+&%#0,"&-*'(*%(*(/",)*')*
@'74&0*S1*

 

!"#$%&'()'*&+&%,-'./%$0/$%&'12'/3&'456'."7$-,/"1+',+8'9&%21%7,+0&',..&..7&+/'2%,7&:1%;'

L/0* +&%#0,"&-* "$0&%.0(* %(* +">>",(1* F* .0(.* (0340)!0* '(* ')'.'%>>?* (.%&.06:* %)6* ./0* PQR*
('#4>%."&*'(*./0)*4(06*."*70)0&%.0*./0*&0%>A.'#0*')$4.(*."*./0*(?(.0#*4)60&*.0(.*%)6*&0%6*'.(*
"4.$4.(1*L/0*+%4>.*')M0!."&*'#$>0#0).(*%*(.%.'(.'!%>*#"60>*"+*./0*(?(.0#*4)60&*.0(.:*%6%$.06*
4(')7*./0*JKL1*F.*T&%)6"#U*.'#0(:*+%4>.(*%)6*%=)"&#%>*"$0&%.')7*!")6'.'")(*%&0*').&"64!06*
')."* ./0* (?(.0#:* 0'./0&* 4(')7* 6'&0!.* +%4>.* ')M0!.'")* "&* ./&"47/* ./0* PQR* ('#4>%."&1* L/0*
$0&+"&#%)!0*#")'."&*!").')4"4(>?*%((0((0(*./0*34%>'.?*"+*!").&">*"+*./0*(?(.0#*4)60&*.0(.*')*
&0%>A.'#0:*%)6*$&"5'60(*%*>"7*"+*./0*&0!"&606*$0&+"&#%)!01*L/'(*>"7:*')*!")M4)!.'")*,'./*./0*
>"7*"+*+%4>.(*')M0!.06:*#%?*./0)*=0*4(06*."*!%>'=&%.0*(4'.%=>0*&0>'%='>'.?*#"60>(*"+*./0*(?(.0#1*
@4>>* 60.%'>(* "+* ./0* +%4>.* ')M0!."&* %)6*$0&+"&#%)!0*#")'."&* %&0* 7'50)* ')* G/"&.* 0.* %>1:* DH99IE1*
V&'0+*60.%'>(*%&0*7'50)*=0>",1*

Fault injection framework 

L/0*JKL:*%(*%$$>'06* ')* ./0*05%>4%.'")*"+*/'7/A').07&'.?*("+.,%&0:* (.%&.(* +&"#*%*(')7>0*=%('!*
%((4#$.'")W* XY0>>* 60('7)06* ("+.,%&0* 6"0(* !"#* +%'>* ')* &"4.')0* "$0&%.')7* !")6'.'")(Z1* L/'(*
%((4#$.'")* '(*5%>'6%.06*=?*)4#0&"4(*6%.%* +&"#*("4&!0(* (4!/*%(*[FGF*DR4.\*]*2'-4>(-':*
H99SE1*Q)*%66'.'"):*,/0)*("+.,%&0*/%(*=00)*60('7)06*4(')7*./0*&'7"&"4(*.0!/)'340(*./%.*%&0*
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0&>&F%&$'%)'$,0%,#-C,0+'E&%H&&#'N#)*!">O'"#$'N"E#)*!">O')B&*"%,)#'1=&F+%'P'=&F+%8'9:::<'

QC%?'P'3,RC>0R,8'9::SA2'K+,0',0'+,-+>,-+%&$',#'T,-C*&';8'0+)H,#-'%+&')B&*"%,)#">'B*)(,>&')('"'

%/B,F">'0/0%&!'"#$'+,-+>,-+%,#-'%+&'B),#%'U*"*&'H+&*&'#)*!">')B&*"%,)#'&#$0'"#$'"E#)*!">'

)B&*"%,)#'E&-,#02'

 

!"#$%&'()'*+%,-.'-/0'-1/+%,-.'+2&%-3"+/-.'2%+4".&5'

7>0)',#$,F"%&$',#'T,-C*&'S',0'"#'CBB&*'>,!,%'UCBB8'H+,F+',0'"#'&0%,!"%&$'CBB&*'E)C#$'()*'">>'

%+&'*"*&'D'F*,%,F">')B&*"%,)#0')('%+&'0/0%&!<'%+"%',0'%+&'B*)E"E,>,%/')('"'F*,%,F">')*'*"*&'&G&#%'UF'

,0'>,!,%&$'"0'()>>)H0V'

uppcrare PPP >>      (1) 
 

4#' B"*%,FC>"*8' %)' !"R&' %+&' "00&00!&#%' )(' (",>C*&' *"%&8' %+&' &#%,*&' )B&*"%,)#">' B*)(,>&' )(' %+&'

0/0%&!',0'B>"F&$',#%)')#&')('%H)'0&%0V'WXY'%+&'*&-C>"*'0&%'F)#%",#,#-'#)*!">'0/0%&!')B&*"%,)#0'

)*X8' )*9' Z' )*#' )*' W9Y' %+&' F*,%,F">' 0&%' F)#%",#,#-' "E#)*!">' )B&*"%,)#0' )FX8' )F9' Z' )F#2' K+&'

"00)F,"%&$'B*)E"E,>,%,&0')(')FFC**&#F&'()*'%+&0&')B&*"%,)#0'"*&'%+&#'B*X8'B*9'Z'B*#'"#$'BFX8'BF9'

Z'BF#8'0"%,0(/,#-'%+&'F)#$,%,)#0'0+)H#',#'19AV'

 
 

(2) 
 

H+&*&'U*'[['UF',#')*$&*'%)'!",#%",#'F)#0,0%&#F/'H,%+'%+&'"00C!B%,)#0'"E)G&'1"#$'0+)H#',#'

T,-C*&'SA2'4#')*$&*'%)'&JB>),%'%+&'>,!,%&$'%&0%'%,!&'"G",>"E>&'()*'"'*&>,"E,>,%/'"00&00!&#%8'%H)'

("F%)*0'!C0%'E&'F)#0,$&*&$2'K+&'(,*0%',0'%+"%'%+&'B*)E"E,>,%,&0')(')FFC**&#F&')('%+&')B&*"%,)#0'

Pr = pri
i=1

n

! , Pc = pci
i=1

n

! , Pr +Pc =1
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!"#$%&#'(!$!')*#$&+$#+&$#)(&#),-.+$&,#/0#)#*!1&*!%22,#()$!2#!#3+&&#3455#,.(!"6#$%&#7&(!2,#28#$&+$!"6#
9:#6!;!"6#7'<=:#7'>=#?#7'"=@#

 
!.' ii pcpc =      (3) 

 
!"#A%!'%#$%&#*!1&*!%22,#()$!2#!#!+#'%2+&"#)+#+2B&#+.!$)/*&#;)*.&#82(#)#$()'$)/*&#$&+$:#&C6C#<DE()(&C#
9%&#+&'2",#!+#$%)$#$%&#$&+$#+&F.&"'&+#B.+$#/&#+&*&'$&,#$2#'0'*!')**0#&G&('!+&#)+#B)"0#28#$%&#
27&()$!2"+#!"#/2$%#$%&#(&6.*)(#)",#3),-.+$&,5#'(!$!')*#+&$+#!"#$%&#*&)+$#72++!/*&#$!B&:#$2#2/$)!"#
B)G!B.B# 72++!/*&# $&+$# '2;&()6&C# H.772+&# $%)$# ,.(!"6# $%&# $&+$!"6# $!B&# 9:# /2$%# (2.$!"&#
27&()$!2"+# )",# '(!$!')*# 27&()$!2"+# )(&# ()",2B*0# +&*&'$&,# 3A!$%# ),-.+$&,# '(!$!')*# 27&()$!2"#
7(2/)/!*!$05C#I8#B#8)!*.(&+#)(&#2/+&(;&,#,.&#$2#(2.$!"&#27&()$!2"+:#)",#"#8)!*.(&+#)(&#2/+&(;&,#
,.&#$2#'(!$!')*#27&()$!2"+:#$%&#8)!*.(&#()$&#"#B)0#$%&"#/&#&+$!B)$&,#)+#+%2A"#!"#3J5C#

 

  
(4) 

 
 
K2A&;&(:# !$# !+# )++.B&,# $%)$# $%&# +0+$&B# +%2.*,# "2$# 8)!*# 82(# (2.$!"&# !"7.$+@# B# +%2.*,#

$%&(&82(&#/&#L&(2#3!8#$%!+#!+#"2$#$%&#')+&#$%&"#8.($%&(:#+$)",)(,#$&+$!"6#+%2.*,#/&#7&(82(B&,#$2#
(&B2;&# $%&+&# %!6%M!"$&"+!$0# ,&8&'$+5:# )",# )# (&)+2")/*0# '2"8!,&"$# &+$!B)$&# 28# $%&# *!1&*0#
+0+$&B#8)!*.(&#()$&#')"#/&#2/$)!"&,C#

On-Line Performance Monitor 

N&+7!$&# /&!"6# )# (&*)$!;&*0# "&A# 8!&*,# 28# &"6!"&&(!"6:# 7&(82(B)"'&# B2"!$2(!"6# 28# '2"$(2*#
+0+$&B+# %)+# &G7)",&,# ()7!,*0# 2;&(# $%&# *)+$# ,&'),&# )",#B)"0# !""2;)$!;&# )*62(!$%B+# )",#
B&$%2,2*26!&+#%);&#/&&"#7(272+&,C#O(2B#(&'&"$#+.(;&0#B)$&(!)*:#)"#)")*0+!+#28#$%&#&G!+$!"6#
B&$%2,2*26!&+# (&;&)*+# $%)$# 8(2B# $%&# 72!"$# 28# ;!&A# 28# KIP# +!B.*)$!2":# A%&(&# ,0")B!'#
B2,&*+#28# $%&#7(2'&++#.",&(# '2"$(2*# )(&# (&),!*0#);)!*)/*&:# )#B2,&*M/)+&,#)77(2)'%#A2.*,#
+&&B#$2#/&#$%&#B2+$#+.!$)/*&#3Q&*)*!:#>RRS5C#9%&#B2"!$2(#!+#+%2A"#!"#O!6.(&#T#)",#'2"+!+$+#28#
$%(&&#+&7)()$&#7)($+U#$%&#)'$.)*#'2"$(2*#+0+$&B#!B7*&B&"$)$!2"#)",#&G!+$!"6#KIP#+!B.*)$!2":#
)#(&8&(&"'&#B2,&*#$%)$#+7&'!8!&+#$%&#(&F.!(&,#'*2+&,#*227#,0")B!'#/&%);!2.(:#)",#$%&#B&$(!'#
')*'.*)$2(C# O(2B# )"# !B7*&B&"$)$!2"# 7&(+7&'$!;&:# !"$&6()$!2"# 28# $%&#B2"!$2(# $2# )"# &G!+$!"6#
KIP#+!B.*)$2(#+%2.*,#/&#(&*)$!;&*0#+$()!6%$82(A)(,:#)+#$%&#B2"!$2(#')"#72$&"$!)**0#.$!*!+&#$%&#
+)B&#$!B!"6#)",#'2B7.$)$!2"#(&+2.('&+#)+#$%&#+!B.*)$2(C#
#

 
Figure 5. Performance monitor 

H&*&'$!2"# 28# )# +.!$)/*&# '*2+&,# *227# (&8&(&"'&# B2,&*# A!**# ,&7&",# %!6%*0# 2"# /2$%# $%&#
'2"$(2**&(#)",#7(2'&++#,0")B!'+C#O2(#B)"0#7*)"$+#)",#'2"$(2**&(+:#$%&#(&F.!(&,#'*2+&,M*227#
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!"#"!"$%"&'()"*&%+$&,"&+-&-.'/*"&+-&+&*(01(!)"!&2!+$-#"!&#3$%2.($4&5(!&%"!2+.$&%*+--"-&(#&$($1
*.$"+!& /!(%"--"-& +$)& %($2!(**"!-6& 27"& !"#"!"$%"&'()"*& '+8& ,"& (,2+.$")& #!('& 27"& !"93.!")&
/"!#(!'+$%"&-/"%.#.%+2.($-& #(!& 27"&%($2!(*&-8-2"'4&5(!& 27"&'(-2&%('/*":&(#&%($2!(**"!-6& 27"&
!"93.!")& %*(-")& *((/& -8-2"'& ,"7+;.(3!&'+8& ";"$& ,"& <"$"!+2")& ,8& +& -"%($)+!86& .)"+*.-")&
-.'3*+2.($&(#&,(27&27"&/!(%"--&+$)&%($2!(**"!4&
=$%"& 27.-& !"93.!")& !"#"!"$%"& '()"*& 7+-& ,""$& )"2"!'.$")6& 27"& +%23+*& -"2& /(.$2-& +$)&

).-23!,+$%"-& 27+2& +!"& #")& 2(& 27"& !"+*& %($2!(**"!& +$)&/!(%"--& +!"& +*-(& #")& .$2(& 27"& !"#"!"$%"&
'()"*6& 273-& )8$+'.%+**8& <"$"!+2.$<& .)"+*.-")& 2+!<"2& (32/32-& #(!& 27"& %($2!(**")& ;+!.+,*"-4&
>7"-"&!"#"!"$%"&'()"*&(32/32-&+!"&27"$&/+--")6&+*($<&0.27&27"&+%23+*&%($2!(**")&(32/32-6&2(&
27"&'"2!.%& <"$"!+2(!& #(!& #3!27"!& %('/+!.-($& +$)& /!(%"--.$<6& 2(& <"$"!+2"& 27"& /"!#(!'+$%"&
+--"--'"$24&

Implementation 

>7"&-8-2"'&.-&.$2"$)")&2(&,"&.'/*"'"$2")&+!(3$)&+&$3',"!&(#&-2+$)+!)&)"-?2(/&@A-6&
07.%7&)(&$(2&!"93.!"&27"&$"")&#(!&":/"$-.;"&(!&/!(/!."2+!8&.$2"!#+%"&"93./'"$24&5.<3!"&B&
-7(0-&27"&(;"!+**&-.'3*+2(!&+!%7.2"%23!"4&

 

!"#$%&'()'*"+$,-./%'0%-+&1/%2'

C$&27"&5.<3!"&27"&7+!)&!"+*12.'"&-.'3*+2.($&+//*.%+2.($-&!3$&($&D=E1,+-")&@A-6&07.*"&27"&
-(#2& !"+*12.'"& +//*.%+2.($-& !3$& ($&F.$)(0-G1,+-")&@A-4&H&/!.'+!8&@A6& !3$$.$<& 27"&D=E&
(/"!+2.$<& -8-2"'& I(!& "93.;+*"$2J6& .-& 3-")& +-& +& 7(-2& #(!& 27"&'+.$& !"+*12.'"& "*"'"$2-& (#& 27"&
-(#20+!"4& E(#20+!"& *.,!+!."-& 7+;"& ,""$& %!"+2")& 2(& .'/*"'"$2& +& !"+*12.'"& =E& ?"!$"*& +$)&
/!(;.)"& ":"%32.($& (#& /"!.().%& 2+-?-& 27!(3<7& +& #3**81/!""'/2.;"& 2.'"!1)!.;"$& K+!*."-2&
D"+)*.$"&5.!-2& IKD5J& -%7")3*"!4&>7"& 2.'"!&7+-&+& !"-(*32.($&(#&L&M-6&+*27(3<7& 27"&,+-.%& 2.%?&
!+2"& '+8& ,"& +)N3-2+,*"& 2(& +$8& .$2"<"!& '3*2./*"& (#& 27.-4& E3%7& +& -%7")3*"!& .-& ?$(0$& 2(& ,"&
(/2.'+*& I.$& +& !"+*12.'"& -"$-"J6& 7.<7*8& -2+,*"& +$)& -%+*+,*"6& +$)&'+8& ,"& .'/*"'"$2")& ;"!8&
"##.%."$2*8&0.27&-'+**&!"#$%(;"!7"+)-&E7(!2&IOPLPJ4&Q.;"$&+&-"2&(#&!"+*12.'"&2+-?-&&&I0.27&"+%7&
2+-?& 7+;.$<& +& /"!.()& '(& +$)& %('/32+2.($& !"93.!"'"$2& )(J6& 27"& -%7")3*"!& .-& <3+!+$2"")& 2(&
+**(%+2"&+2&*"+-2&)(%3$.2-&(#&%('/32+2.($&";"!8&'(&2.'"&3$.2-&2(&":"%32"&"+%7&2+-?6&+--3'.$<&27"&
#(**(0.$<&.$"93+*.28&7(*)-R&
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!"#$%&'(#)$(*+,#-%#)-..#/..$)#%&'#01..#1%-.-+/%-$"#$0#%&'#&$+%#234#)&-.+%#'5'61%-"7#%/+8+#-"#/#

%-9'.:# 0/+&-$";#<&'#8'("'.#/.+$#=($>-*'+# -"%'(0/6'+# %$#?$%&# %&'#=/(/..'.#/"*#+'(-/.#=$(%+# 0$(#
*-7-%/.,# /"/.$71'# /"*# +'(-/.# !@A;# B-?(/(-'+# &/>'# /.+$# ?''"# 6('/%'*# %$# -9=.'9'"%# -"%'(C32#
6$991"-6/%-$"+#1+-"7#DECFGF#/"*#H%&'("'%# .-"8+,# ('/.-+'# %&'#='(0$(9/"6'#9$"-%$(,# /"*# %$#
'"/?.'#+-91./%-$"#>/(-/?.'#.$77-"7;#
I#+'6$"*#J$=%-$"/.K#32#(1"+#%&'#L-"*$)+M#$='(/%-"7#+:+%'9,#/"*#-+#./?'.'*#%&'#*-+=./:#@#

/"/.:+-+#32# -"# %&'#N-71(';# !0# 1+'*,# %&-+# '9=.$:+# /# J61+%$9K# +$0%)/('# .-?(/(:# %$#*'6$*'# %&'#
+-91./%-$"#-"0$(9/%-$"#%(/"+9-%%'*#0($9#%&'#=(-9/(:#32;#I#01(%&'(#.-?(/(:#)/+#/.+$#6('/%'*#
0$(# %&-+# +'6$"*# 32# J1+-"7# A='"OBKP# %&-+# /..$)+# GCQ# >-+1/.-+/%-$"# $0# %&'# +-91./%-$"#
-"0$(9/%-$";#<&-+#-"%'(0/6'#6/"#?'#1+'*#%$#+&$)#%&'#+-91./%-$"#7(/=&-6/..:#'>$.>-"7#-"#J+$0%K#
('/.C%-9';#E$0%)/('#)/+#/.+$#6('/%'*#%$#1=.$/*#/"*#/"/.:+'#*/%/#0-.'+#7'"'(/%'*#?:#%&'#9/-"#
32;# !"# ?$%&# 6/+'+,# %&'# .-?(/(-'+# /"*# /"/.:+-+# %$$.+# 6$"+-+%# $0# 6$*'# /"*# 6$9=$"'"%+# 0$(# %&'#
R$(./"*#2SS#R1-.*'(M#*'>'.$=9'"%#!QH;#I#91.%-9'*-/#%-9'(#)-%&#/#('+$.1%-$"#$0#T9+#9/:#
?'#1+'*#0$(#='(-$*-6#1=*/%-"7;#
<&'#%&-(*#J$=%-$"/.K#32#/7/-"#(1"+#%&'#QAE#$='(/%-"7#+:+%'9,#/"*#-+#./?'.'*#/+#%&'#0/1.%#

-"U'6%-$"# 32# -"# %&'# N-71(';# E$0%)/('# .-?(/(-'+# /7/-"# /('# 1+'*# %$# ='(0$(9# ('/.C%-9'# %/+8#
'5'61%-$"#>-/#/#+6&'*1.'(#/"*#%$#=($>-*'#-"%'(0/6'+#%$#?$%&#%&'#=/(/..'.#/"*#+'(-/.#=$(%+#0$(#
*-7-%/.,#/"/.$71'#/"*#+'(-/.#!@A;#B-?(/(-'+#/('#/.+$#6('/%'*#%$#-9=.'9'"%#/"*#9/"/7'#%&'#(/('#
'>'"%+#%'6&"-V1';#

Interface considerations 

<$#8''=#6$+%+#%$#/#9-"-919,#%&'#-"=1%@$1%=1%#-"%'(0/6'#-+#-9=.'9'"%'*#'"%-('.:#%&($17&#%&'#
1+'# $0# +%/"*/(*# 32# +'(-/.# /"*# =/(/..'.# =$(%+;# Q-7-%/.# <<B# -"=1%# /"*# $1%=1%# =-"+# 6/"# ?'#
*-('6%.:#1+'*W#/"/.$71'#+-7"/.+#6/"#?'#-"%'(0/6'*#%$#%&'#+-91./%-$"#>-/#%&'+'#<<B#=-"+#1+-"7#
.$)C6$+%,# .$)C=$)'(# IQ2@QI2# 6&-=+# 6$""'6%'*# %$# %&'# =/(/..'.# =$(%;# Q(->'(+# &/>'# ?''"#
6('/%'*#%$#/..$)#?$%&#('/*-"7#/"*#)(-%-"7#$0#*-7-%/.#/"*#/"/.$71'#+-7"/.+;#3.'/+'#"$%'#%&/%,#
0$(#/"#'00'6%->'#+-91./%$(,#-%#-+#1+1/..:#/(71'*#%&/%#/"/.$71'#+-7"/.+#+&$1.*#?'#+/9=.'*#/"*#
7'"'(/%'*#)-%&#/#7('/%'(#('+$.1%-$"#%&/"#%&'#+:+%'9#1"*'(#%'+%,#/"*#%&/%#%&'#1=*/%'#-"%'(>/.#
$0# %&'# *:"/9-6#9$*'.J+K# +&$1.*# ?'# -"# %&'# ('7-$"# $0# XCTY# %-9'+# +9/..'(# JO$9'Z# FYYTK;# N$(#
+'(-/.# *-7-%/.# !@A,# *(->'(+# &/>'# ?''"# 6('/%'*# 0$(# +:"6&($"$1+# /"*# /+:"6&($"$1+# DEFGF#
6$991"-6/%-$";# <&'# &/(*)/('# /"*# +$0%)/('# 0/1.%C-"U'6%-$"# 9'6&/"-+9+# 6/"# ?'#
-9=.'9'"%'*#>-/#%&'+'#-"%'(0/6'+;#

Real-time motorway simulation 

Simulation scope 

<&'# +-91./%-$"#*'+6(-?'*# -"# %&-+# =/='(# =($>-*'+# /# ('/.C%-9'#9-6($+6$=-6# ('=('+'"%/%-$"# $0#
($/*#1+'(+# %(/>'.-"7#*$)"#/"# -"0-"-%'.:# .$"7# %&(''C./"'#9$%$()/:# J=.1+#&/(*# +&$1.*'(K# -"#
%&'#4[;#D$/*#1+'(+#/('#('=('+'"%'*#$>'(#/#F#[\#JT;F]#9-.'K#+'6%-$"#$0#($/*,#/%#%&'#6'"%('#$0#
)&-6&#.-'+#%&'#&$+%#>'&-6.'#J)&-6&#-+#6$"%($..'*#?:#%&'#'9?'**'*#+:+%'9#1"*'(#%'+%K;#<&'#6$C
$(*-"/%'+#$0#%&'#+-91./%'*#($/*#+'6%-$"#/('#-9=.'9'"%'*#/+#/#9$>-"7#0(/9'#$0#('0'('"6'#%&/%#
-+#/%%/6&'*#J.$"7-%1*-"/..:K# %$# %&'#&$+%#>'&-6.'# JN-71('#^K;#I#6$"+'V1'"6'#$0# %&-+# -+# %&/%# %&'#
('./%->'# >'.$6-%:# ?'%)''"# %&'# &$+%# /"*# '/6&# $%&'(# >'&-6.'# *-6%/%'+# %&'-(# =$+-%-$"# -"# %&'#
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!"#$%&'"()*+ &!+ '"#,+ &-.&)/,!0+ 12,+ 2&3-+ !2($%-,3+ %",!+ '(+ '2,+ %,4'#(!'+ 5!%(6,!'7+ %&),+ ")+ '2,+
8"9$3,+&)-+"!+%&:,%,-+;&),+<+&)-+"!+()%=+$!,-+4(3+,#,39,)/=+>$3>(!,!0+

 

!"#$%&'()'*+&',-.-%/01'2-3-%4"50.&'616.&,'

12,+!"#$%&'"()+2&!+&)+")"'"&%"!&'"()+>3(/,-$3,*+62,3,+,&/2+!"#$%&',-+.,2"/%,+"!+&!!"9),-+&+
-,!"3,-+!>,,-+&)-+4(%%(6")9+2,&-6&=*+&)-+9".,)+&)+")"'"&%+>(!"'"()+")+'2,+!"#$%&'"()+>%&),0+
?!+ '2,+ !"#$%&'"()+ ,.(%.,!*+ 4&!',3+ .,2"/%,!+ ,@"'+ '2,+ 43&#,+ (4+ 3,4,3,)/,+ '(+ '2,+ 2(!'+ .,2"/%,A!+
43()'*+ 62"%,+ !%(6,3+ .,2"/%,!+ ,@"'+ '(+ '2,+ 3,&30+ B2,)+ '2"!+ (//$3!*+ ),6+ .,2"/%,!+ 6"%%+ :,+
9,),3&',-+&)-+&!!"9),-+-,!"3,-+!>,,-!+&)-+2,&-6&=!*+,)',3")9+,"'2,3+'2,+43()'+(3+3,&3+(4+'2,+
!"#$%&'"()+-,>,)-")9+()+'2,+/$33,)'+.,%(/"'=+(4+'2,+2(!'0++
12,+.,3!"()+(4+'2,+!"#$%&'"()+-,!/3":,-+")+'2"!+>&>,3+"!+/()/,3),-+6"'2+/()'3(%+(4+'2,+2(!'+

.,2"/%,+ %()9"'$-")&%+ .,%(/"'=+ ()%=C+ '2"!+ "!+ 3,4%,/',-+ ")+ '2,+ 93&)$%&3"'=+ (4+ '2,+ 2(!'+ .,2"/%,+
-=)&#"/+ #(-,%0+ 12,+ &--"'"()&%+ 3(&-+ $!,3!+ /()!"!'+ (4+ 2,&.=+ 9((-!+ .,2"/%,!+ 5DEF!7+ &)-+
>&!!,)9,3+.,2"/%,!*+62"%,+'2,+,)."3()#,)'&%+.&3"&:%,!+")/%$-,-+")+'2,+!"#$%&'"()+/()!"!'+(4+
'2,+3(&-+93&-",)'*+'3&44"/+-,)!"'=*+6,&'2,3+/()-"'"()!+&)-+>3,.&"%")9+6")-G'$3:$%,)/,+%,.,%0+
8(3+4$3'2,3+-,'&"%!+(4+,&/2+(4+'2,+#(-,%!*+&)-+&+4$%%+ H$!'"4"/&'"()+(4+'2,"3+$!,*+>%,&!,+3,4,3+'(+
5I2(3'+J+K()'*+L<<MN+I2(3'+J+K()'*+L<<ON+I2(3'+,'+&%0*+L<<O70+

Host vehicle dynamics 

?+'6(P62,,%+'3&/'"()+#(-,%+6&!+/2(!,)+'(+3,>3,!,)'+'2,+2(!'+.,2"/%,0+?+!/2,#&'"/+(4+
'2"!+#(-,%+"!+!2(6)+")+8"9$3,+O0+
+

 

!"#$%&'7)'*+&'./-3/+&&8'.%02."-5',-4&8'
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!"#$ %#&'()*+,$-.+/0*1$ #2'/)*3+&$ )"/)$4#%#$ 1%#/)#-$ )3$ *05(#0#+)$ )"*&$03-#($4#%#$ +3+6

(*+#/%$/+-$37$"*,"$3%-#%8$9$:(31;$-*/,%/0$3')(*+*+,$)"#$0/*+$#(#0#+)&$37$)"#$<#"*1(#$03-#(=$

/+-$)"#$&.&)#0$</%*/:(#$-#5#+-#+1*#&$:#)4##+$)"#0$*&$&"34+$*+$>*,'%#$?8$@+$)"#$&*0'(/)*3+=$

)"#$-.+/0*1&$37$)"#$"3&)$<#"*1(#$4#%#$'5-/)#-$#<#%.$A$0&8$

$

 

!"#$%&'()'*+,-'.&/"01&'2+3&1'41+05'3"6#%62'

Additional road users 

9--*)*3+/($%3/-$'&#%&$/%#$%#5%#&#+)#-$:.$/$&*05(*7*#-$-.+/0*1$03-#(=$4"*1"$*&$,*<#+$:.$BCD=$

4"#%#$!"$*&$)"#$<#"*1(#$<#(31*).$/+-$!#$)"#$<#"*1(#$53&*)*3+8$$
 

(6) 
 

 
!"#$"3&)$<#"*1(#$<#(31*).$*&$%&=$/+-$)"#$<#"*1(#$-%*<#%$5%3<*-#&$)"#$/11#(#%/)*3+$&*,+/($!'8$!"#$
&/)'%/)*3+$ (#<#($!('!$ )/;#&$ *+)3$ /113'+)$ )"#$ <#"*1(#$ &5##-=$ ,%/-*#+)$ /+-$ %3/-$ 13+-*)*3+$ )3$
5%3<*-#$/11'%/)#$03-#((*+,$/+-$*+1%#/&#$)"#$%#/(*&08$!"#$-.+/0*1&$37$/--*)*3+/($%3/-$'&#%&$

4#%#$'5-/)#-$#<#%.$AE$0&$*+$)"#$&*0'(/)*3+8$

Modelling the driver 

@+$3%-#%$)3$5%3<*-#$)"#$/11#(#%/)*3+$&*,+/(&$73%$)"#$/--*)*3+/($%3/-$'&#%&=$/+-$)3$-#1*-#$4"#+$

)3$ 1"/+,#$ (/+#&=$ 4#$ *05(#0#+)#-$ 0*1%3&135*1$ -%*<#%$ 03-#(&$ 73%$ :3)"$ (3+,*)'-*+/($ /+-$

(/)#%/($<#"*1(#$13+)%3(8$@+$)"*&$&*0'(/)*3+$)43$-*77#%#+)$).5#&$37$(3+,*)'-*+/($03)*3+$/%#$)3$:#$

03-#((#-F$

• >%##$G%*<*+,$H$)"#$-%*<#%$#+-#/<3%&$)3$/1"*#<#$/+-$0/*+)/*+$)"#$-#&*%#-$&5##-8$

• I/%$>3((34*+,$H$)"#$-%*<#%$/))#05)&$)3$0/*+)/*+$/$&/7#$-*&)/+1#$)3$/$(#/-*+,$<#"*1(#$*+$

)"#$&/0#$(/+#8$

@+$:3)"$1/&#&=$ )"#$-%*<#%$:#"/<*3%$4/&$ *05(#0#+)#-$/&$/$ 7##-:/1;$13+)%3($&.&)#0$/1)*+,$

3+$ )"#$ &*0'(/)*3+$ ;*+#)*1&8$ !"#$ 7%##$ -%*<*+,$ 03-#($ 4/&$ *05(#0#+)#-$ /&$ /$ 5%353%)*3+/($

13+)%3((#%$ 5%3-'1*+,$ /+$ /11#(#%/)*3+$ &*,+/($ !7-=$ /+-$ )"#$ 1/%$ 73((34*+,$ 03-#($ /&$ /$

5%353%)*3+/(6<#(31*).$ 13+)%3((#%$ 5%3-'1*+,$ /+$ /11#(#%/)*3+$ !178$ !"#$ /1)'/($ /55(*#-$

/11#(#%/)*3+$&*,+/($!/$4/&$)/;#+$)3$:#$)"#$0*+*0'0$37$)"#$)43=$)3$5%3<*-#$&033)"$&4*)1"*+,$

:#)4##+$13+)%3((#%&8$9$:(31;$-*/,%/0$37$)"#$13+)%3((#%$*&$&"34+$*+$>*,'%#$AE8$!"#$13+)%3((#%&$

/%#$'5-/)#-$#<#%.$AE$0&$*+$)"#$&*0'(/)*3+8$

 

x
.
1 = vh ! x2

x2
.
=min !a,!max( )
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!"#$%&'()*'+,-#".$/"-01'022&1&%0.",-'2,-.%,11&% 

Lateral 

!"#$%&'"#()#(%)*%"%#+,+-)+.*/0%1)22)&./,%"#1%&+34/$5%6$'"7)+-"/%4-+&$**%,+%3+1$/8%9,%)*%6$*,%

&+#*)1$-$1%)#%,$-3*%+2%"%#.36$-%+2%4$-&$4,)+#%,'-$*'+/1*:%;')&'%&+#*)1$-%,'$%-)*<%)#7+/7$1%

)#% "&&$4,)#(% "% ("4% )#% #$)('6+-)#(% /"#$*:% &+34"-$1% ,+% "% 6$#$2),% 2"&,+-% +2% *+3$% <)#1%;'$#%

4$-2+-3)#(% ,'$% 3"#$.7$-8% =')*% *)3./",)+#% )*% &+#&$-#$1% ;),'% 1)*&-$,)+#"-0% /"#$% &'"#($*%

+#/0:%*)#&$%,'$%3+,+-;"0%)*%&+#*)1$-$1%)#2)#),$/0%/+#(8%>%6/+&<%1)"(-"3%+2%,'$%)34/$3$#,$1%

/"#$% &'"#($% 3+1$/*% )*% *'+;#% )#% ?)(.-$% @@8% >&,."/% /"#$% &'"#($*% ;$-$% )34/$3$#,$1% "*% "%

*)#.*+)1"/%,-"A$&,+-0:%1$*&-)6$1%60%BCDE%

 
(7) 

%

9#%,')*%$F.",)+#:%!"%)*%,'$%)#),)"/%!%&+G+-1)#",$%B",%,)3$%#H#$D:%"#1%!%%)*%,'$%2)#"/%!%&+G+-1)#",$%B",%
,)3$&#H#$I#'D8%='$%,-"A$&,+-0%"&&+33+1",$*%"%&'"#()#(%7$/+&),0%(:%"#1%,'$%&'"#($%,)3$%#'&;"*%

3"1$%)#7$-*$/0%4-+4+-,)+#"/%,+%,'$%3+7$%.-($#&0:%&$#,$-$1%+#%"%3$"#%3"#$.7$-%,)3$%+2%J8K%

*$&+#1*8%='$%/"#$%&'"#($%3+1$/*%"-$%.41",$1%)#%,'$%*)3./",)+#%$7$-0%@L%3*8%

%

 
!"#$%&'((*'+0-&'230-#&'4,/&15'

yt = ys +
yd
2
+ sin !! + 2! t ! t0

t1

"

#
$

%

&
'(

yd
2
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Parameter selection 

!"#$ %&'()*+,)'-%$ -',$ %-*#.-%$ ,.)/#.$ 0&,#%1$ 2&*"$ 3&11#11$ 4-%)2.-*)&'$ 3-.-0#*#.1$ *"-*$
,#*#.0)'#$"&5$-((.#11)/#%6$ *"#6$5)%%$ .#-4*$ *&$ *"#$ .&-,$4&',)*)&'1$-.&+',$ *"#07$8$1)03%#$
%#-1*91:+-.#1$&3*)0)1-*)&'$3.&4#,+.#$5-1$+1#,$ *&$0&,);6$ *"#$3-.-0#*#.1$&;$ *"#$0&,#%1$ *&$
3.&,+4#$ 0-4.&14&3)4$ ;%&5<%-'#$ &44+3-'46$ 2#"-/)&+.$ 4%&1#$ *&$ *"-*$ &21#./#,$ )'$ 3.-4*)4#7$
8;*#.$*")1$3.&4#,+.#=$*"#$1)0+%-*)&'$3.&,+4#,$*"#$;%&5<&44+3-'46$.#%-*)&'1")3$-1$1"&5'$)'$
>)(+.#$?@=$-',$)1$#A*.#0#%6$-44+.-*#$4&03-.#,$*&$-/-)%-2%#$#03).)4-%$,-*-$BC4D&'-%,$#*$-%7=$
?EEFG7$$

 

 

!"#$%&'()*'+",$-./"01'/%.22"3'2-04'56*'-.1&'033$7.138'

Hardware configuration 

!"#$HIJ$1)0+%-*&.$,#14.)2#,$)'$*")1$3-3#.$5-1$)03%#0#'*#,$+1)'($*".##$1*-',-.,$,#1K*&3$
LM17$ !"#$ 3.)0-.6$ -',$ *#.*)-.6$ .#-%9*)0#$ LM1$ "-,$ -$ 4%&4K$ 13##,$ &;$ FNN$ CHO=$ -',$ *"#$
1#4&',-.6$(.-3")4-%$)'*#.;-4#$LM$"-1$-$4%&4K$13##,$&;$PNN$CHO7$!"#$3.)0-.6$LM$14"#,+%#.$
5-1$ 4&';)(+.#,$5)*"$ -$ Q*)4KR$ )'*#./-%$ &;$ ?01=$5")%#$ *"#$ *#.*)-.6$LM$5-1$ 4&';)(+.#,$5)*"$ -$
Q*)4KR$)'*#./-%$&;$S017$MLT$+*)%)O-*)&'1$5#.#$;&+',$*&$2#$USV$-',$?@V$.#13#4*)/#%6=$*"+1$-%%$
.#-%9*)0#$4&'1*.-)'*1$4&+%,$2#$0#*$-44&.,)'($*&$BSG7$8$*&*-%$&;$;&+.$3-.-%%#%$3&.*1$5#.#$+1#,$
;&.$I<W$3+.3&1#1$&'$*"#$3.)0-.6$LM7$!#'$-'-%&(+#$&+*3+*$1)('-%1$5#.#$(#'#.-*#,$;.&0$*"#$
3.)0-.6$LM=$-',$@$-'-%&(+#$ )'3+*1$5#.#$ .#:+).#,7$8$1)'(%#$XY@Z@$ 4"-''#%$ B)'$-,,)*)&'$ *&$
*"#$")("913##,$XY9@Z@$%)'K1$*&$*"#$1#4&',-.6<*#.*)-.6$LM1G$5-1$.#:+).#,7$I'$*&*-%=$FS$,)()*-%$
)'3+*1$-',$??$,)()*-%$&+*3+*1$5#.#$+1#,7$!"#1#$2-1)4$ I<W$4"-''#%1$5#.#$#A*#',#,$ )'*&$ *"#$
1)0+%-*)&'$26$*"#$+1#$&;$Q/).*+-%R$1#'1&.$-',$-4*+-*&.$)'*#.;-4#1=$5")4"$.#3.#1#'*$)',)/),+-%$
1#'1&.<-4*+-*&.$,6'-0)41=$0#-1+.#0#'*$-44+.-46$-',$'&)1#$0&,#%17$I'$*")1$4-1#$3-.-0#*#.1$
;&.$ *)0#$ 4&'1*-'*1$ -',$ *"#$-44+.-46$&;$ #-4"$/).*+-%$ 1#'1&.<-4*+-*&.$ )'$ *"#$ 1)0+%-*)&'$5#.#$
*-K#'$;.&0$0-'+;-4*+.#.1R$,-*-$1"##*1$-',$1+./#6$,-*-$B!+.'#.$[$8+1*)'=$@NNNG7$!"#$1#'1&.$
-',$ -4*+-*&.$ 0&,#%1$ 5#.#$ 4&,#,$ )'*&$ *-1K1$ 5")4"$ 5#.#$ +3,-*#,$ #/#.6$ ?$01$ )'$ *"#$
1)0+%-*)&'7$
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Visualisation 

!"#$ %#&'()$ *+,$ -.((/(0$ 1"#$2/()'3%$ '4#-51/(0$ %6%1#7,$35%$ &'((#&1#)$ 1'$ 1"#$ 8/-%1$ 9/5$ 5$
).4:#;$<$=>4%$%#-/5:$:/(?,$5()$4-'9/)#%$5($/(1#-5&1/9#,$0-54"/&5:$/(1#-85&#$8'-$.%#-$8##)>5&?$
5()$%/7.:51/'($&'(1-':@$A$%&-##(%"'1$'8$1"#$.%#-$/(1#-85&#$/%$%"'3($/($B/0.-#$<C@$$

 

 

!"#$%&'()*'+&,-'./0"1"-2'3"%-$/1",/-"45'/56'#%/78"0/1'6",71/2'"5-&%./0&'

Case study 

Description 

!"#$4#-8'-75(&#$'8$1"#$%/7.:51/'($/%$/::.%1-51#)$/($1"/%$454#-$.%/(0$5($#;574:#$>5%#)$'($5($
A)541/9#$+-./%#$+'(1-':$DA++E$%6%1#7@$A++$/%$5$-#:51/9#:6$(#3$1#&"(':'0/&5:$)#9#:'47#(1$
/($ 1"#$ 5.1'7'1/9#$ 8/#:),$ 5()$ /%$ 1"'.0"1$ 1'$ -#).&#$ )-/9#-$ 851/0.#$ 5()$ 1"#$ -51#$ '8$ 5.1'$
5&&/)#(1%,$3"/:%1$/(&-#5%/(0$8.#:$#88/&/#(&6$DF15(1'($#1$5:@,$<GGHE@$!"#$75/($%6%1#7$8.(&1/'($'8$
A++$/%$1'$&'(1-':$1"#$%4##)$'8$1"#$"'%1$9#"/&:#$.%/(0$/(8'-751/'($5>'.1$1"#$)/%15(&#$>#13##($
1"#$%.>I#&1$9#"/&:#$5()$5(6$8'-35-)$9#"/&:#%$D.%/(0$J'44:#-$-5)5-E,$1"#$7'1/'($'8$1"#$%.>I#&1$
9#"/&:#$ /1%#:8$ 5()$ &'775()%$ 8-'7$ 1"#$ )-/9#-,$ 5%$ %"'3($ /($ B/0.-#$ <K@$ L5%#)$ .4'($ 1"/%$
/(8'-751/'(,$ 1"#$ &'(1-'::#-$ %#()%$ &'775()%$ 1'$ 1"#$ 9#"/&:#$ 1"-'11:#$ 5()$ >-5?#%$ 1'$ #/1"#-$
-#0.:51#$ 1"#$9#"/&:#$ %4##)$ 1'$5$0/9#($ %#1$95:.#,$'-$75/(15/($5$ %58#$)/%15(&#$ 1'$5(6$ :#5)/(0$
9#"/&:#%@$M1$5:%'$%#()%$%151.%$/(8'-751/'($1'$1"#$)-/9#-@$$
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!"#$%&'()*'+,-".'/00'.12.&34'

!"#$ %&%'#($)*+#,$ -.*%/+#,0'/.*$ /*$ '"/%$ %')+&$ /%$ 0$ !&1#$ 23$455$ %&%'#(6$ %)-"$ 0$ %&%'#($
#(17.&%$ 0-'/8#$ 3,09/*:;$<#"/-7#$ 0--#7#,0'/.*$ /%$ 7/(/'#+$ '.$ 2$(=%2>$ +#-#7#,0'/.*$ '.$ ?$(=%2$ /*$
.,+#,$'.$-.(17&$@/'"$ABC$%'0*+0,+%$DABC$2EE?F;$G),'"#,$+#'0/7%$.H$'"#$*0'),#$.H$'"#$-.*',.77#,$
/'%#7H$(0&$3#$H.)*+$/*$DB".,'$#'$07;$2EEIF;$J"#*$'"#$-,)/%#$-.*',.7$%&%'#($/%$+/%#*:0:#+>$'"#$
'",.''7#$ 0*+$ 3,09#%$ 0,#$ 0-'/80'#+$ 8/0$ #7#-',.*/-$ %/:*07%$ H,.($ %#*%.,%$ 0''0-"#+$ '.$ 3.'"$ '"#$
3,09#$0*+$'",.''7#$1#+07%;$K/8#*$'"#$7#8#7$.H$,/%9$0%%.-/0'#+$@/'"$#0-"$#7#(#*'$.H$'"#$%&%'#(>$
@#$-70%%/H/#+$'"#$,#L)/,#+$B0H#'&$A*'#:,/'&$M#8#7$DBAMF$H.,$'"#$.8#,077$%&%'#($0'$BAM$?>$@/'"$0$
(0N/()($ H0/7),#$ ,0'#$.H$ OEPQ$+0*:#,.)%$ H0/7),#%$ =$".),;$!"#$ ,0'/.*07#$3#"/*+$ '"/%$+#-/%/.*$
@0%$'09#*$+/,#-'7&$H,.($RABS4$:)/+#7/*#%$DRABS4>$2EEOF;$
!"#$ '#%'$ %&%'#($ @0%$ -,#0'#+$ )%/*:$ A*H/*#.*$ 5OTQ5B$ (/-,.-.*',.77#,%$ D.*#$ 1#,$ *.+#F$

,)**/*:$0'$0$2E$RUV$.%-/770'.,$H,#L)#*-&;$4$'.'07$.H$W$*.+#%$@#,#$)%#+$/*$'"#$30%/-$%&%'#(>$
-.**#-'/*:$'.$XEE$931%$'@/%'#+P10/,$5.*',.77#,$4,#0$Y#'@.,9$D54YF$7/*9%$DZ.%-">$OWWOF;$4$
'/(#P',/::#,#+>$-.P.1#,0'/8#$%-"#+)7#,$@0%$/(17#(#*'#+$.*$#0-"$*.+#>$)%/*:$0$%"0,#+$-7.-9$
(#'".+.7.:&$ '.$ %&*-",.*/%#$ #0-"$ -7.-9$ D[.*'>$ 2EEOF;$ !"#$ %&%'#($ '/-9$ /*'#,807>$ @"/-"$ /%$
1,.8/+#+$3&$'"#$R0%'#,$*.+#$8/0$'"#$54Y$*#'@.,9>$@0%$O(%>$0*+$'"#$455$-.*',.77#,$@0%$
/(17#(#*'#+$@/'"$0$%0(17#$H,#L)#*-&$.H$OE$UV;$$

Test scenario 

4$1.%%/37#$@#09*#%%$.H$'"#$%"0,#+P-7.-9$%&%'#(>$+#%-,/3#+$/*$'"#$1,#8/.)%$%#-'/.*>$/%$'"0'$0$
H0/7),#$ .H$ '"#$R0%'#,$*.+#$ '.$ %#*+$ '"#$ %&%'#($ '/-9%$@/77$ -0)%#$ '"#$ ,#(0/*/*:$*.+#%$ /*$ '"#$
%&%'#($'.$ H0/7$ '.$ H)*-'/.*$-.,,#-'7&$ D[.*'>$2EEOF;$!"/%$ /%$0$-.((.*$@#09*#%%$ /*$+/%',/3)'#+$
%&%'#(%$H#0'),/*:$0$:7.307$-7.-9;$B".)7+$%)-"$0$ H0/7),#$.--),$ /*$ '"/%$%&%'#(>$ '"#$,#(0/*/*:$
DB708#F$ *.+#%$ @/77$ #0-"$ #*'#,$ 0$ H0/7P%0H#$ %'0'#;$ A*$ -#,'0/*$ %/')0'/.*%>$ %)-"$ 0%$ +),/*:$ 0$ -0,P
H.77.@/*:$/*-/+#*'>$0*$455$%&%'#($#*'#,/*:$0$H0/7P%0H#$(.+#$/*$0$(0**#,$%/(/70,$'.$'"/%$(0&$
*.'$3#$#*.):"$'.$1,#8#*'$0*$0--/+#*'$H,.($.--),,/*:$DB'0*'.*$#'$07;>$OWWQF;$
A'$ /%$ @#77$ 9*.@*$ '"0'$ '"#$ )%#$ .H$ ,#+)*+0*-&$ /%$ 0*$ #HH#-'/8#$ @0&$ .H$ 1,.8/+/*:$ H0)7'$

'.7#,0*-#$DA%#,(0*$#'$07;>$2EE2\$B'.,#&>$OWWTF;$4%$0*$/*/'/07$/*8#%'/:0'/.*$.H$'"#$#HH#-'/8#*#%%$.H$
'"#$ %/()70'/.*>$ 0*.'"#,$ 8#,%/.*$ .H$ '"#$ %&%'#($@0%$ /(17#(#*'#+;$ A*$ '"#$ %#-.*+$ 8#,%/.*>$ 0$
30-9P)1$ R0%'#,$ *.+#$ (/-,.-.*',.77#,$ @0%$ 0++#+;$ AH$ '"#$ R0%'#,$ *.+#$ H0/7%>$ '"#$ 30-9P)1$
R0%'#,$*.+#$@/77$+#'#-'$'"#$03%#*-#$.H$%&%'#(%$!/-9%$0*+$@/77$L)/-97&$'09#$.8#,$D0$H.,($.H$
]".'$ 30-9)1^$ ,#+)*+0*-&F;$ 4$ %-"#(0'/-$ ,#1,#%#*'0'/.*$ .H$ '"#$ %&%'#($ @/'"$ '"#$ 30-9P)1$
R0%'#,$/%$%".@*$/*$G/:),#$OX;$
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!"#$%&'()*'(+,-./&'011'"234&2&-565".-7'8"59':6;<,$3'=6>5&%'-./&'

!"#$%&'()*+&,-$%.#-*/&,$0#$./#*+#1$0*%$+,$"*2#$+"#$",%+$2#"&.)#$3$0&+"$+"#$455$#-*6)#1$3$
+/*2#)&-7$ 1,0-$ +"#$ ',+,/0*89$ :,)),0&-7$ *$ )#*1$ 2#"&.)#;$ <-&+&*))89$ 6,+"$ ",%+$ *-1$ +*/7#+$
2#"&.)#%$ 0#/#$ +/*2#)&-7$ *+$ *$ 2#),.&+8$ ,:$ =>$ ?@A;$ 4BB/,C&'*+#)8$ D>$ %#.,-1%$ *:+#/$ 1*+*$
),77&-7$ 0*%$ &-&+&*+#19$ +"#$ )#*1$ 2#"&.)#$ 6/*E#1$ *-1$ /#1(.#1$ &+%$ %B##1$ +,$ F>$ ?@A$ 0&+"$ *$
'*C&'('$ 1#.#)#/*+&,-$ ,:$ G$ 'H%I;$ 4+$ +"&%$ B,&-+9$ *$ :*()+$ 0*%$ &-J#.+#1$ &-+,$ +"#$ +#%+$ %8%+#'$
?*%+#/$ -,1#9$ %&'()*+&-7$ *$ .*+*%+/,B"&.$ #)#.+/,-&.$ :*&)(/#;$K,+#$ +"*+$ B/,6*6&)&+8$ ,:$ %(."$ *-$
,..(//#-.#$&%$*BB/,C&'*+#)8$D;D=$C$D>3L$ :*&)(/#%$B#/$",(/$:,/$+"&%$B*/+&.()*/$1#2&.#$MN",/+$O$
@,-+9$I>>PQ;$

Results 

!"#$&-:,/'*+&,-$7*+"#/#1$:/,'$+"#$%&'()*+&,-$,(+)&-#1$&-$+"#$B/#2&,(%$%#.+&,-$0*%$(%#1$+,$
.,'B*/#$+"#$:*&)(/#$',1#%$,:$+"#$%8%+#'%$0&+"$*-1$0&+",(+$+"#$6*.E3(B$?*%+#/;$!"#$:*&)(/#$
',1#%$,:$+"#$+0,$%8%+#'%$*/#$B/#%#-+#1$&-$R&7(/#%$DL$*-1$D=;$R&7(/#$DL$%",0%$+"#$,B#/*+&,-$
,:$ +"#$ %8%+#'$0&+",(+$ *$ 6*.E3(B$?*%+#/$ -,1#9$ *-1$ &+$ .*-$ 6#$ .)#*/)8$ %##-$ +"*+$ *$ .,))&%&,-$
,..(/%$*+$FP;D$?@A$*:+#/$D=;=P$%#.,-1%;$$
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!"#$%&'(?*'@"2$465".-'%&>$45>'A8"59.$5':6;<,$3'=6>5&%B'
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Conclusions and further work 
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Mobile work based learning up close and personal 
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Biographical learning 
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A case of virtualization: work based mobile learning 

Virtualisation of the learning experience 
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Formal and informal learning spaces 
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Learning activities 
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(0&%/#,1#$B'&,2<#'+C$$

!"#$*23"&'$)#/.#5#+$3"*3$<&03#-B&'*'6$+&<.#36$*0,$'#<&10.D#,$<"*01#+$.0$3#*<".01$B'*<3.<#$

*<(0&%/#,1#+$3"#$NB'&/.@#'*3.&0$&@$(0&%/#,1#$@'*-#%&'(+EO$3".+$.+$#5.,#0<#,$)6$3"#$1'&%3"$&@$

%.(.+C$I.,,#0+$ 7JKKJ;$ +211#+3+$ 3"*3$ 3".+$ .+$ *$ <"*'*<3#'.+3.<$&@$ N/*3#$-&,#'0.36O$%"./+3$96&3*',$

7JKK[;$'#@#'+$3&$3".+$*+$&2'$O.0<'#,2/.36$3&%*',+$-#3*$0*''*3.5#+CO$V&%#5#'E$.3$.+$.-B&'3*03$3"*3$

/#*'0#'+$*'#$'#<&10.D#,$*+$<'#,.)/#$(0&%/#,1#$B'&,2<#'+C$!"#$*23"&'$*)*0,&0+$3"#$0&3.&0$&@$
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!"#$!% &'()"!*+!% ,-(*./$#('0% 1.$% -!$2#'3% $4!% 5#!)% $42$% $4!% $.$(-% 34(."*% 62/#"#$2$!0% 3$!!-% 2'*%
52"#*2$!% "!2-'#'+% 2'*% &'()"!*+!% ,-(*./$#('7% 84#3% -2#3!3% #9,(-$2'$% :.!3$#('3% 21(.$%
"!2-'!-;$.$(-%-("!%2'*%#'$!-2/$#('3%

Assessment 

<!2-'!-3%)#""%1!%6(-92$#5!"=%233!33!*%5#2%$4!%/(9,"!$#('%(6%,!-#(*#/%)(-&%-!"2$!*%$23&3%)4#/4%
$4!=% -!6"!/$% ('% ,-(+-!33#5!"=% 5#2% 1"(+3% 2'*% -!6"!/$#('3% (6% #'*#5#*.2"% 2-$#62/$3% (6% "!2-'#'+7%
<!2-'!-3%)#""%1!%233!33!*%3.992$#5!"=%('%$4!%52"#*#$=%2'*%2/4#!5!9!'$%(6%"!2-'#'+%(.$/(9!3%
2'*% /(9,!$!'/#!3% !5#*!'/!*% 1=% $4!% 3!"6% (-+2'#>!*0% /(9,"!$!*% !?,(-$6("#(7% @% /(9,!$!'/=%
6-29!)(-&% )#""% .'*!-,#'% $4!% 233!339!'$% 6(-% "!2-'#'+% 6-29!% )4#/4% )#""% 92$/4%
/(9,!$!'/#!3;"!2-'#'+%(.$/(9!3%)#$4%!A29,"!3%(6%2-$#62/$3%$42$%"!2-'!-3%/2'%/-!2$!%2'*%-!6"!/$%
('% $(% !5#*!'/!% $4!#-% *!5!"(,9!'$;% 2/4#!5!9!'$7% B2"#*#$=% (6% "!2-'!-3C% *!5!"(,9!'$% #'%
2//(-*2'/!%)#$4%$4!%233!339!'$%6(-%"!2-'#'+%6-29!%)#""%1!%2/4#!5!*%)4!'%2""%$4!%/(9,!$!'/#!3%
('%$#/&!*%(66%1=%$4!%"!2-'!-0%425!%1!!'%2+-!!*%1=%$4!%!9,"(=!-%2'*%9!'$(-7%%
D$.*!'$3%)#""%2*(,$%2+!'/=%#'%*!/#*#'+%)42$% "!2-'#'+%#3%-!"!52'$%$(%)42$%$4!=%)2'$%$(%32=%

21(.$%$4!93!"5!3%2'*%)42$%$4!=%425!%"!2-'!*%2'*%!A,!-#!'/!*0%$4-(.+4%$4!%3!"6%(-+2'#32$#('%
(6% $4!#-% "!2-'#'+% 2-$#62/$37% E()!5!-0% 3!"6% (-+2'#>2$#('% (6% $4!% 2-$#62/$3% (6% "!2-'#'+% )#""% 1!%
3/266("*!*%1=%2'%!?,(-$6("#(%3=3$!9%#'/-!23#'+"=%.3!*%#'%$4!%3!/$(-%/2""!*%F!11"!F2*7%%
84!-!% #3% 2'% 233.9,$#('% $42$% $4!% "!2-'!-% )#""% 1!% G3!"6% )#""!*C0% G2/$#5!C% 2'*% G2.$(% ,(!$#/% #'%

-!/(-*#'+0% -!6"!/$#'+% ('% 2'*% -!5#!)#'+% $4!#-% "!2-'#'+% !A,!-#!'/!3% 2'*% /-!2$#'+% $4!#-%
1#(+-2,4#/2"%-!/(-*3%(6%"!2-'#'+7%E()!5!-0%$4!%5#-$.2"#>2$#('%(6%$4!%)(-&,"2/!%2'*%213!'/!%(6%
,4=3#/2"% #'$!-2/$#('% 1!$)!!'% "!2-'!-3% 2'*%9!'$(-3%9!2'3% $42$% $4!-!% #3% 2% 4!#+4$!'!*%'!!*% $(%
2**-!33%,!*2+(+#/2"%#33.!3%#'%(-*!-%$(%!'21"!%2%:.2"#$=%"!2-'#'+%!A,!-#!'/!7%

Pedagogical issues 

Ethics – participation and equity 

H(1#"!% *!5#/!3% 2""()% 3$.*!'$3% $(% 2//!33% 2'*% 3$(-!% 2""% 3(-$3% (6% &'()"!*+!% 2"9(3$% #'3$2'$"=7%
H(1#"!%*!5#/!3%)#$4%#'$!-'!$%2//!33%.3!%$4!%)!1%23%2%9!*#.9%)4!-!%.3!-%+!'!-2$!*%/('$!'$%#3%
,-(9($!*% 2'*% "!2-'!-3% 425!% 2% 5(#/!% 5#2% 1"(+30% )#&#3% !$/7% I'% 2**#$#('% $(% $4#30% "!2-'!-3% /2'%
/2,$.-!% #92+!30% 3(.'*3% *2$2% 2'*% 5(#/!% $4!93!"5!3% ('% $4!#-% 9(1#"!% *!5#/!3% 2'*% -!6"!/$% ('%
!5!'$3%23% $4!=%42,,!'%3,!/#6#/% $(%)4!-!%2'*%)4!'% $4!=%42,,!'7%H(1#"!% 3$.*!'$3%2-!%21"!% $(%
/-!2$!% 2//!33% 2'*% ,.1"#34% #'6(-92$#('% 21(.$% !5!-=*2=% "#6!?)(-"*3% #'% )4#/4% $4!=% "#5!% 23%
3$.*!'$30% 6-#!'*30% 9!91!-3% (6% 629#"#!3% !$/7% 84!=% /2'% *#3$-#1.$!% 6.'/$#('2"% #'6(-92$#('% 5#2%
/('$2/$30% /2"!'*2-30% $23&30%'($!3%!$/7%(-%9(-!% #'$#92$!% #'6(-92$#('%5#2% 3(/#2"%'!$)(-&#'+%3#$!3%
3./4%23%J2/!1((&%(-%8)#$$!-7%%
K4(#/!%2'*%/('$-("%/2'%1!%!A!-/#3!*%('%2%,.-!"=%,!-3('2"%"!5!"%2'*%2%,-(1"!9%62/!*%1=%$4!%

2.$4(-% #3% $(%4()% $(%!'/(.-2+!%,2-$#/#,2$#('%2'*%!'+2+!9!'$%29('+3$% "!2-'!-3%2'*%2% 6!!"#'+%
$42$%$4!#-%,!-3('2"%)(-"*%(6%&'()"!*+!%/2'%1!%342-!*%)#$4%($4!-%,!!-3%)4(%92=%'($%1!%$4!#-%
6-#!'*3%2'*%2.$4(-#$2$#5!%6#+.-!3%!7+7%9!'$(-%2'*;(-%!9,"(=!-7%
84!% 2.$4(-% 2#93% $(% 2**-!33% $4#3% #33.!% $4-(.+4% 3!5!-2"% 9!2'3% L% 6#-3$"=% !'3.-#'+% $42$% 2""%

3$.*!'$3% ('% $4!% 9(*."!3% 425!% )!1% !'21"!*% ,!-3('2"% 9(1#"!% *!5#/!37% I$% #3% #9,(-$2'$% $42$%
3$.*!'$3%425!%2'%.':.2"#6#!*%2//!,$2'/!%(6%$4!%*!5#/!%$42$%$4!=%.3!0%3(%6(-%$4#3%-!23('%3$.*!'$3%
)#""%.3!%$4!#-%()'%,!-3('2"%*!5#/!3%$42$%$4!=%2-!%629#"#2-%)#$4%2'*%42,,=%$(%.3!7%%
@""%9(1#"!%*!5#/!3%)#""%1!%#'3$2""!*%)#$4%J2/!1((&%9(1#"!%2'*%F!11"!F2*%FM@%N!?,(-$6("#(%

3(6$)2-!O%23%)!""%23%P#'*()3%9(1#"!%N#'%(-*!-%$(%3='/4-('#3!%/2"!'*2-%Q%(.$"((&O7%84!%2.$4(-%
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!"##$ %#&'(#)$ '*+$ &,-#"%".#)$ +&/'(0$ .1&$ 2"(.3'#$ !4(0-#'%&$ "*$ .&(/5$ 46$ 64(/'#$ '*+$ "*64(/'#$
#&'(*"*7$5-'%&58$$
94!&2&(:$ .1&$ '3.14($ !"##$ -3;#"51$ !&&0#)$ <54%"'#5=:$ %4##';4('."2&$ !&&0#)$ .'505$ !1"%1$

"*24#2&$ #&'(*&(5$ 51'("*7$ -&(54*'#$ >;3.$ *4.$ 5&*5"."2&?$ "*64(/'."4*$ &878$ 14;;"&5:$ 5-4(."*7$
'%1"&2&/&*.5$&.%$!".1$&'%1$4.1&($"*$'$;"+$.4$-(47(&55"2&#)$;(&'0$+4!*$'*)$;'(("&(5$.1'.$/')$
&,"5.$;&.!&&*$#&'(*&(5$"*$.1&"($2"(.3'#$%4//3*".)$46$#&'(*"*78$
@1&$4.1&($"/-4(.'*.$/&'53(&$!"##$;&$.4$64/'#"5&$.1&$51'("*7$46$#&'(*&(5A$-&(54*'#$!4(#+5$46$

0*4!#&+7&$ .1(4371$ .1&"($ &B-4(.64#"4$ !1"%1$ "5$ '55&55&+:$ .135$ (&/42"*7$ #&'(*&(5A$ -4!&($ 46$
%14"%&8$ C&'(*&(5$/')$ %1445&$ *4.$ .4$ 51'(&$ .1&"($ 5&#6B(&6#&%."2&$ '(."6'%.5$ 46$ #&'(*"*7$!".1$ .1&"($
-&&(5$-(47(&55"2&#)$.1(4371$.1&$/4+3#&$>.14371$.1&)$!"##$'##$;&$-3;#"51&+$.4$'$D'.&!')$.1'.$
.1&$/&*.4(E&/-#4)&($!"##$;&$';#&$ .4$'%%&55?8$94!&2&(:$ .1&)$!"##$;&$(&F3"(&+$.4$51'(&$ .1&"($&B
-4(.64#"45$'.$ .1&$&*+$46$ .1&$/4+3#&:$!".1$ .1&"($-&&(5$'*+$4.1&($ %4//3*"."&5$46$ #&'(*"*7$ "*$'$
514!%'5"*7$&2&*.$.4$;&$'..&*+&+$;)$'##$&/-#4)&(5$'*+$.&'/5$4*$.1&$/4+3#&8$

Role dislocation 

@1&$ -(4#"6&('."4*$ 46$ 5".3'."4*'#:$ -&(54*'#$ .'%".$ "*64(/'."4*$ .1(4371$ .1&$ 2"(.3'#"G'."4*$ 46$ .1&$
#&'(*"*7$&*2"(4*/&*.:$'5$!&##$'5$.1&$-(4%&55$46$ #&'(*"*7$'*+$(&6#&%."4*$/&'*5$.1'.$.1&$.3.4(A5$
(4#&$;&%4/&5$4*&$46$53--4(.$'*+$73"+'*%&8$@1"5$"5$4*&$46$.1&$(&'54*5$!1)$'##$#&'(*&(5$!"##$1'2&$
'$/&*.4($'2'"#';#&$.4$.1&/$64($'+2"%&$'*+$53--4(.8$H.$ "5$14-&+$.1'.$'5$.1&$5.3+&*.$#&'(*5$'*+$
+&2&#4-5$ >5?1&$!"##$ ;&%4/&$/4(&$ '%."2&$ '7&*.5$ '*+$ &,-&(.5$ "*$ .1&"($ (4#&8$ I.&&#$ '*+$93+54*$
>JKKL?$ &,-#'"*$ .1'.$ '$ (&%4*6"73('."4*$ 46$ .1&$ .3.4(A5$ (4#&$ .4$ 4*&$ 46$ 73"+&5$ '*+$ 6'%"#".'.4(5$ 46$
#&'(*"*7:$46.&*$(&53#.5$"*$.3.4(5$6&&#"*7$'$5&*5&$46$+"5#4%'."4*$6(4/$.('+"."4*'#$-&(%&-."4*5$';43.$
.1&"($'3.14(".)$'*+$&,-&(."5&8$
M('%."4*&(5$ 46$ !4(0$ ;'5&+$ #&'(*"*7$ ;&%4/&$ +"5#4%'.&+$ >N+!'(+5$ '*+$ O51&(:$ JKKL?$ '5$

#&'(*&(5A$-&(54*'#$'*+$-(46&55"4*'#$#"2&5$"*.&7('.&$'*+$#&'(*"*7$;&%4/&5$;4(+&(#&558$H.$;&%4/&5$
"/-&('."2&$ .1'.$ 64(/'#$ #&'(*"*7$ 5-'%&5$ '(&$ (3#&$ ;43*+$ '*+$ 1"&('(%1'#:$ !".1$ '$ %#&'($ %4+&$ 46$
%4*+3%.$ '*+$ -('%."%&$ .1'.$ "5$ %4//3*"%'.&+$ 64(/'##)$ .4$ #&'(*&(58$ @1"5$ "5$ .1&$ (&'54*$!1)$ .1&$
!4(0-#'%&$ "5$145.&+$2"'$ .1&$PBI.(&'/$'*+$*4.$4*$'$ (&/4.&$!&;5".&:$ '5$ 5.3+&*.5$ &,-&%.'."4*5$
!"##$ ;&$ '#"7*&+$ !".1$ .1'.$ 46$ 4.1&($ 64(/'#$ /4+3#&5:$ +&5-".&$ .1&$ #"6&$ !4(#+$ ;&"*7$ '$ 2"(.3'#$
!4(0-#'%&$('.1&($.1'*$'$O*"2&(5".)$/4+3#&$(&-45".4()$46$"*64(/'."4*8$
@1&$/&*.4($%43#+$;&$&,-45&+$.4$#&'(*"*7$'*+$+"5%355"4*$.1'.$1'5$.'0&*$-#'%&$"*$'*+$43.5"+&$

.1&$ 64(/'#$ #&'(*"*7$5-'%&5$46$ .1&$!4(0-#'%&:$ .1(4371$.1&$ "*64(/'#$ #&'(*"*7$5-'%&58$Q#.14371$
'##$ #&'(*"*7$ "5$ -&(54*'#$ '*+$ +&&-#)$ (44.&+$ "*$ %47*"."2&:$ 54%"'#$ "*.&('%."4*5:$ #&'(*"*7$ "*$ '$
R5/44.1$5-'%&A$>S&#&3G&$T$D3'..'(:$LUVW?$.1'.$"5$*4.$(3#&$;43*+$/&'*5$.1'.$.1&$/&*.4($/')$;&$
&,-45&+$ .4$ +"5%355"4*5$ ;&.!&&*$ #&'(*&(5$ '*+$ .1&"($ -&&(5$ !1"%1$ /')$ *4.$ (&6#&%.$ .1&$ ;&#"&65:$
"*.&(-(&.'."4*5$ 4($ -&(%&-."4*5$ 46$ .1&$ #&'(*&(5$ *4.$ 2"&!&+$ ;)$ .1&/5&#2&58$ @135:$ "*64(/'#$
#&'(*"*7$ 5-'%&5$!"##$ ;&$/4*".4(&+$-&("4+"%'##)$ 64($ %);&($ ;3##)"*7$;)$ '*$3*%4**&%.&+$-&(54*$
&878$ '*$'+/"*"5.('.4($ .4$ &*53(&$ .1'.$ &2&()+')$'%%&-.&+$ 54%"&.'#$*4(/5$'--#)$'*+$ .1"5$-&(54*$
!"##$ "*.&(2&*&$ "*$ 4*#"*&$ %4*2&(5'."4*5$ "6$ *&%&55'()8$ 94!&2&(:$ 5.3+&*.5$ !"##$ ;&$ -&(/"..&+$ .4$
+"5%355$!".1$&'%1$4.1&($4-&*#)$'*+$!".143.$64(/'#$%4*5.('"*.5$'*+$(3#&58$

Virtual isolation 

Q$ *&!$ 7&47('-1)$ 46$ #&'(*"*7$ "*$ '$ 2"(.3'#$ #&'(*"*7$ %4*.&,.$ %'*$ #&'+$ .4$ "553&5$ !".1$ #&'(*&($
"+&*.".):$ "*.&('%."4*5$'*+$&*7'7&/&*.8$I%145.'0$>JKKJ?$+&5%(";&5$ .1"5$'5$ R.1&$23#*&(';#&$5&*5&$
46$ +&-.1:$ 3*6'.14/';#&*&55:$ .1&$ &,"5.&*."'#$ <H=$ ;&1"*+$ .1&$ &)&5A$ >--8XL?8$ C'2&$ '*+$Y&*7&($
>LUUL?$&,-#'"*$.1'.$%&*.('#$.4$.1&$#&'(*"*7$-(4%&55$"5$-'(."%"-'."4*$"*$'%."2"."&5$!1"%1$645.&(5$'*+$
"5$645.&(&+$;)$54%"'#"G'."4*$!".1"*$'$%4//3*".)$46$-('%."%&8$ 
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!"#$$#%&'() *+,,,-) %./#.%) .0) 123./#.%4$) 2002562(72%72') /"2.5#(2() %./#.%() .0) 474823#7) #82%/#/9)
4%8) 2%&4&232%/) #%) 52$4/#.%) /.) 6#5/:4$) 47/#6#/#2(;) <254=4$$4) 2/) 4$;>) *+,,?-) 52(2457") 0#%8#%&()
(".=28)/"4/)(/:82%/():(28)@$.&()0.5)645#.:()A:5A.(2()#%7$:8#%&)7524/#%&)("4528)52(.:572)4%8)
(:AA.5/) %2/=.5B(;) C":(>) /".:&") /"2) #((:2() .0) 123./#.%4$) 2002562(72%72') 4%8) 6#5/:4$) #(.$4/#.%)
452) 524$) 4%8)A25/#%2%/) #((:2() #%) (.32)74(2(>) #%)./"25(>)6#5/:4$) (A472() 74%)@2):(28) /.)A5.3./2)
A45/#7#A4/#.%) 4%8) 047#$#/4/2) 7.33:%#/9) @:#$8#%&) =#/"#%) $245%#%&) &5.:A(;) D2625/"2$2((>)
52&458$2(().0)7.%/2E/>)4$$)6#5/:4$)7.33:%#/#2().0)$245%#%&)%228)@2)(:AA.5/28;)

Digital skills of learners 

C"2) 6#5/:4$#F4/#.%) .0) /"2) $245%#%&) 2%6#5.%32%/) 324%() /"4/) 0.5) (/:82%/() /.) @2) 2%&4&28) 4%8)
A45/#7#A4/2) 20027/#62$9) #%) 6#5/:4$) 7.33:%#/#2() .0) $245%#%&>) /"29) 3:(/) A.((2(() 8#&#/4$)
7.33:%#74/#.%) (B#$$(;) C"#() 324%() @./") 4) =#$$#%&%2(() 4%8) 74A4@#$#/9) /.) :(2) /27"%.$.&9) /.)
7.33:%#74/2)=#/")247")./"25)#%)4)6#5/:4$)$245%#%&)2%6#5.%32%/;)G%)/"2)74(2)#%)A.#%/>)$245%25()
=#$$)4772(()/"2)6#5/:4$)=.5BA$472):(#%&)3.@#$2)/27"%.$.&#2(>)="#7")/"23(2$62()52H:#52)4)$262$)
.0)74A4@#$#/9)4%8)=#$$#%&%2(()#%):(2)/.)@2)20027/#62)328#4/#%&)/..$().0)$245%#%&;)
I26#2=) .0) /"2) $#/254/:52) (:&&2(/() /"4/) /"2) 34J.5#/9) .0) (/:82%/() =".) 2%&4&2) =#/") 3.@#$2)

/27"%.$.&#2()452).0)/"2)KD2/)L2%254/#.%>M)/"2)#82.$.&9).0)="#7">)N.%2()O)P5.(()*+,,Q-)2EA$4#%>)
452)(/:82%/()@.5%)40/25)RQ?S;)C4A(7.//)*+,,?-)45&:2()/"4/)9.:%&)A2.A$2)452)8#00252%/)/.)A526#.:()
7.".5/()@274:(2).0)/"2#5)2EA25#2%72().0)%2/=.5B28)4%8)8#&#/4$)/27"%.$.&#2(;))
T@$#%&25)O)T@$#%&25)*+,,U-)(/4/2>)K4$/".:&")/"2(2)/52%8()452)82(75#@28)#%)&2%254/#.%4$)/253(>)

4&2)349)@2) $2(() #3A.5/4%/) /"4%) 2EA.(:52) /.) /27"%.$.&9M) *+;Q>) AA;) +,-;) G/) #() /"#()8#00252%72) #%)
:%825(/4%8#%&) /"4/) 4$$.=() 0.5) .$825) (/:82%/() /.) "462) 8#00252%/) 4AA5.47"2() @4(28) .%) /"2#5)
2EA.(:52)/.)%2=)/27"%.$.&#2(;)V52%(B9)*+,,Q-)7.%72A/:4$#(2()2EA.(:52)/.)%2=)/27"%.$.&#2()#%)
/"2)/253()1W#&#/4$)D4/#62(')4%8)1W#&#/4$)#33#&54%/(';))
!2$=9%'() (/:89).0)X<) (/:82%/() *+,,?-) 4&5228) /"4/) /"2)%2=)&2%254/#.%).0) $245%25()=252)%.)

3.52)".3.&2%.:()/"4%)A526#.:()&2%254/#.%()4%8)A.#%/28)/.)/"2)7.%/#%:28)2E#(/2%72).0)&2%825)
8#00252%72(;) C"252) #() #%7524(#%&) 23A#5#74$) 26#82%72) /"4/) (:&&2(/() 74:/#.%) #%) 820#%#%&) 4) %2=)
&2%254/#.%) .0) (/:82%/() #%) 52$4/#.%) /.) /"2#5) 2EA.(:52) /.) 8#&#/4$) 4%8) %2/=.5B28) /27"%.$.&9;)
NG!PYZTIG) +,,?) 52A.5/) /"4/) /"252) #() 26#82%72) .0) 4) (34$$) @:/) (#&%#0#74%/)3#%.5#/9) .0) (/:82%/()
=".) 8.) %./) 47/#62$9) 2%&4&2) =#/") #%0.534/#.%) 7.33:%#74/#.%) /27"%.$.&9;) [2%72>) #/) #()
#3A.5/4%/) %./) /.) .625\&2%254$#(2) 4%8) 34B2) #%4AA5.A5#4/2) 4((:3A/#.%() #%) 52$4/#.%) /.)
2%&4&232%/) .0) (/:82%/() 4%8) 3.@#$2) =.5B) @4(28) $245%#%&>) 2(A27#4$$9) =#/") /"2) #%7524(#%&)
23A"4(#().%)$#02$.%&)$245%#%&)4%8)34/:52)(/:82%/()52/:5%#%&)/.)[#&"25)]8:74/#.%;)
!/:82%/().%)/"2)3.8:$2)=#$$)@2)4)"2/25.&2%2.:()A.A:$4/#.%).0)$245%25()*%^+,-)=#/")4)3#E).0)

4&2>) &2%825>) 27.%.3#7) 4%8) (.7#4$) @47B&5.:%8) 4%8) #3A.5/4%/$9>) 2EA.(:52) /.) /27"%.$.&9;)
_245%25() =#$$) %228) /.) 4AA$9) /.) /"2) 3.8:$2) 4%8) =#$$) @2) 4772A/28) .%/.) /"2) 3.8:$2) 6#4) 4)
5275:#/32%/) 4%8) (2$27/#.%) A5.72((;) _245%25()=#$$) @2) (:772((0:$) .%) /"2) @4(#() .0) 4%) 4AA$#74/#.%)
0.53)4%8)6#82.>)823.%(/54/#%&)4%)4@#$#/9)4%8)=#$$#%&%2(()/.)2%&4&2)=#/")4%8)0:5/"25)8262$.A)
8#&#/4$)/27"%.$.&9)4%8)520$27/#.%)(B#$$(;)T%72).%)/"2)3.8:$2>)4$$)$245%25()=#$$)@2)A5.6#828)=#/")
/54#%#%&)4%8)(:AA.5/)@9)4)7.3A:/#%&)(256#72().00#725;)

Time discourse 

`843)4%8)L5.62()*+,,a-)2EA$4#%)/"2)/#32)8#(7.:5(2)2325&2%/)/"5.:&")3.@#$2)826#72):(2)4()4)
8#(A$47232%/) .0) /#32) 54/"25) /"4%) 4) 52A$47232%/) .0) /#32) 4() 123@28828>) 23@.8#28) 4%8)
7.%/2E/:4$)4%8)A.#%/)/.)4)(#3:$/4%2#/9)54/"25)/"4%)8#7"./.39).0)/#32;)!2$6#%)*+,,?>)ARRU-)(/4/2()
/"4/)6#5/:4$#F4/#.%)527.%0#&:52()(A4/#4$#/9>)#%)/"4/)=#/")/27"%.$.&9>)$245%#%&)#()@27.3#%&)64(/$9)
3.52) 8272%/528) 4() =2$$) 4() 4$$\23@547#%&) 7.3A4528) =#/") ="4/) =2%/) @20.52;) C247"#%&) 4%8)
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!"#$%&%'()#%(*#++"%(#,(#%-(,&."(#%/(&%(#%-(+!#)"0(1*&)*(23()24$5"(.#-(6"()2%7"%&"%,(32$(,*"(
!"#$%"$(64,(%2,(32$(,*"(,4,2$0(
82$,4%#,&( 9:;;:<( "=+!#&%5( ,*#,( ,*"( .")*#%&)#!( $"+$"5"%,#,&2%( 23( ,&."( &5( .2$"( #%/( .2$"(

4%#))"+,#6!"(#,(#(52)&#!(!"7"!0(1"()4$$"%,!-(!&7"(#%/(>2$?@(&%(#%(#'"(23(&.."/&#)-(&%(,"$.5(23(
)2..4%&)#,&2%(#%/(&%32$.#,&2%0(A%32$.#!(!"#$%&%'(5+#)"5(#$"(2+"%@(62$/"$!"55(5+#)"5(>&,*24,(
)2%5,$#&%,0( A%( +$#),&)"( >*#,( ,*&5( ."#%5( &5( ,*#,( ,*"$"( )#%( 6"( #( 6!4$$&%'( 23( +$2,2)2!5( #%/(
#))"+,#6&!&,-(23(6"*#7&2$#!(%2$.5(#%/("=+"),#,&2%5(&%(32$.#!(!"#$%&%'("%7&$2%."%,50((
B"#$%"$5( #$"( )2%5,#%,!-( #,,".+,&%'( ,2( ."/&#,"( ,*"&$( +25&,&2%( &%( "7"$-/#-( 5+#)"5@( 64,(

/&5)24$5"( )#%( "."$'"(>*"%( +"$52%#!&C"/(."/&#,&%'( ,22!5( 23( )2..4%&)#,&2%( #%/( )2%%"),&2%(
#$"(45"/(&%(32$.#!(!"#$%&%'(5+#)"50(D*45(#%(&.+2$,#%,()2%5&/"$#,&2%(&%(+"/#'2'&)#!(/"5&'%(&5(
*2>(,2(.&%&.&C"(,*"(/&5)24$5"(>*&)*("."$'"5(3$2.(,&."(#%/(5+#)"()2.+$"55&2%0(
B"#$%"$5( >&!!( 6"( .#/"( #>#$"( ,*#,( 233&)"( *24$5( #++!-( &%( ,*"( 7&$,4#!( >2$?+!#)"( #%/(

,4,2$5E."%,2$5(>&!!(%2,(6"(#7#&!#6!"(,2(#%5>"$(F4"$&"5(2$(233"$(54++2$,(24,5&/"(,*"5"(*24$50(G(
)!"#$(>2$?+!#)"( $4!"5(.#%/#,"(>&!!(6"( &554"/( &%( ,*"(.2/4!"(*#%/622?(24,!&%&%'( ,*"( $4!"5(23(
,*"(>2$?+!#)"@( #5( >"!!( #5( &%/&)#,&%'( ,*#,( &%32$.#!( !"#$%&%'( 5+#)"5( &%( ,*"(>2$?+!#)"(>&!!( 6"(
.2%&,2$"/@(#!,*24'*(%2,($4!"(624%/0(

Censorship  

D*24'*(!"#$%"$5(>&!!(*#7"(2>%"$5*&+(23(/"7&)"5(,*#,(,*"-(*#7"(4%F4#!&3&"/(#))"+,#%)"(23@(#%(
4%/"$5,#%/&%'(23(>*#,(&5(#++$2+$&#,"(&%(,"$.5(23(>*#,(&5(5*#$"/(&%(32$.#!(!"#$%&%'(5+#)"5(>&!!(
6"( 24,!&%"/( &%( ,*"( >2$?+!#)"( $4!"5( +25,"/( &%( ,*"( HBI( #%/( .#/"( #7#&!#6!"( &%( ,*"( .2/4!"(
*#%/622?0((
J2%,"%,(+2+4!#,"/( &%( ,*"( 32$.#!( !"#$%&%'( "%7&$2%."%,5( "0'0( 6$#&%5,2$.&%'( ,*$"#/5@(.&%/K

.#+5@(LMN(3&!"5(",)0(&%(,*"(>2$?+!#)"(>&!!(*#7"(,2(6"()$"#,"/(&%(#))2$/#%)"(>&,*(,*"(#55"55."%,(
32$( !"#$%&%'( 3$#."0(H&$,4#!()2..4%&)#,&2%( &%( &%32$.#!(5+#)"5(>&!!(6"( 3#)&!&,#,"/(6-( ,22!5(#%/(
#++!&)#,&2%5( .#/"( #7#&!#6!"( 2%!-( &%( ,*"( HBI@( 32$( "=#.+!"( &%( ,*"( )*#,( $22.( 23( ,*"( 7&$,4#!(
>2$?+!#)"0((
B"#$%"$5(>&!!(6"(&%5,$4),"/(,2()2..4%&)#,"(>&,*("#)*(2,*"$(7&#(,*"5"(,22!5(#%/(45"(>&!!(6"(

.2%&,2$"/( 6-( #%( 4%)2%%"),"/( +"$52%( "0'0( #/.&%&5,$#,2$0( D*&5( &5( &%( #( 6&/( ,2( +$27&/"( 52."(
26O"),&7&,-( &%( ,*"( "7#!4#,&2%( 23( /&#!2'4"( #%/( #))"+,#6!"( 6"*#7&24$5@( #5( ,*"( ."%,2$( #%/E2$(
".+!2-"$( >&!!( %2( /246,( 6"( &%3!4"%)"/( 6-( ,*"&$( &%72!7"."%,( &%( 54++2$,&%'( !"#$%"$5( &%( ,*"(
.2/4!"0(P2>"7"$@( &%32$.#,&2%( #%/( )2%,"%,( 9233"%5&7"@( 5"%5&,&7"( ",)<( ,*#,( &5( #))"55"/( 24,5&/"(
,*"( HBI( 7&#( ,*"( !"#$%"$5Q( 2>%( +"$52%#!( .26&!"( /"7&)"( #%/( %2,( "7&/"%)"/( &%( ,*"( 7&$,4#!(
>2$?+!#)"(9&%(>*&)*()#5"(,*"(."%,2$(2$(4%)2%%"),"/(+"$52%(>24!/(&%,"$7"%"<(>&!!($".#&%(,*"(
#4,*2$&,-(#%/($"5+2%5&6&!&,-(23(,*"(!"#$%"$0(

Conclusion 

A%( $")"%,( ,&."5( )2%5,$4),&7"( #!&'%."%,( 9R&''5@( &6&/<( *#5( "=,"%/"/( 6"-2%/( &,5( )2%5,$4),&7&5,(
!"#$%&%'( +$".&5"( ,2( &%)2$+2$#,"( 5",,&%'5( &%3!4"%)&%'( !"#$%&%'@( )4$$&)4!4.( #&.5( #%/( /"5&'%@(
!"#$%&%'( #%/( ,"#)*&%'( #),&7&,&"5@( !"#$%&%'( 54++2$,@( #55"55."%,( #%/( 3""/6#)?@( )24$5"(
.#%#'"."%,@(5,4/"%,5(6#)?'$24%/@(?%2>!"/'"(#%/(#5+&$#,&2%5(9L)J4%"(#%/(P24%5"!!@(:;;ST(
P24%5"!!( #%/(P24%5"!!@( :;;U<0(P#$/-( ",( #!( 9:;;V<( "=+!#&%( ,*#,( ,*"( &%,"$#),&2%( 6",>""%( ,*"5"(
3#),2$5(#%/(,*"(F4#!&,-(23(5,4/"%,5Q(!"#$%&%'(&5(,"$."/@(W)2%'$4"%)"0Q(
J2%'$4"%)"( &5( #( )*#!!"%'"( 3#)&%'( #!!( +$#),&2%"$5( 23( !"#$%&%'( #%/( #55"55."%,( /"5&'%0( D*"(

7&$,4#!&5#,&2%(23(#(!"#$%&%'("%7&$2%."%,(#%/(#65"%)"(23(+*-5&)#!(624%/#$&"5(."#%5(,*#,(,*"$"(
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!"#$#%&!'%(&)&*#)&&*#+,-#.&*$','!/$0# !""1&"#(,#2&#$**-&""&*3# 4(# !"# !5.,-($)(# (%$(# (%&# 0&$-)!)'#
&)6!-,)5&)(#!"#-&'$-*&*#$"#$#6$0!*#$)*#"$+&#0&$-)!)'#&)6!-,)5&)(3#
7%&#,.&)#".$/&#,+# (%&#6!-(1$0#8,-9.0$/&# !"#2&)&+!/!$0# !)# (&-5"#,+#$//&""# (,# 0&$-)!)'#,2:&/("#

$)*# 0&$-)!)'#&;.&-!&)/&"3# 4(#&)$20&"#$#8!*&#-$)'&#,+#"(1*&)("#8%,#5!'%(#,(%&-8!"&#),(#%$6&#
$//&""#(,#8,-9#2$"&*#0&$-)!)'#$)*#/-&$(&#$#6$-!&(<#,+#"!(1$(!,)$0#/,)(&;("#!)#8%!/%#(%&#0&$-)&-#
!"#"1..,-(&*3#=,8&6&->#6!-(1$0!?$(!,)#!5.$/("#,)#0&$-)&-#!*&)(!(<>#!)(&-$/(!,)">#.&*$','!/#-,0&#
$)*#(%&#.-,/&""#,+#9),80&*'&#.-,*1/(!,)3#
4)#,-*&-#(,#$/%!&6&#/,)'-1&)/&#,)#(%!"#5,*10&>#!(#!"#-&/,')!"&*#(%$(#(&/%),0,'<#%$"#(%&#"/,.&#

(,#.-,5,(&#/,)"(-1/(!6!"(#5,*&"#,+#0&$-)!)'#!)#8%!/%#"(1*&)(#.$-(!/!.$(!,)#$)*#/-&$(!6!(<#.0$<#
$)# !5.,-($)(# -,0&3#7%1">#$""&""5&)(# +,-# 0&$-)!)'#&)/,1-$'&"# (%$(# /-&$(!6!(<#$)*#.$-(!/!.$(!,)#
8%!0"(#.-,6!*!)'#$#+-$5&#8%!/%#"/$++,0*"#%,8#.$-(!/!.$(!,)#!"#&6!*&)/&*#$)*#"&&9"#(,#.-,6!*&#
",5&#&(%!/$0#2,1)*$-!&"#+,-#9),80&*'&#.-,*1/(!,)3#
4)#(%!"#.$.&->#6!-(1$0!"$(!,)#!"#/,)"!*&-&*#!)#$#(-$)"+,-5$(!6&#+,-5>#8%&-&#(%&#$++,-*$)/&"#,+#

5,2!0&# (&/%),0,'<# 1"&# +,-# 2!,'-$.%!/$0# 0&$-)!)'# $-&#8%,00<# *&.&)*$)(# ,)# -&0$(!,)$0# /,)(&;(#
$)*#!)(&-$/(!,)"#2&(8&&)#(%&#0&$-)&-#$)*#(%&!-#0&$-)!)'#&)6!-,)5&)("#8%&(%&->#-&$0#,-#6!-(1$03#
@,5&# ,+# (%&# 9&<# .&*$','!/$0# !""1&"# *!"/1""&*# !)# (%!"# .$.&-# $-!"&# 2&/$1"&# ,+# (%&# 0$/9# ,+#
2,1)*$-!&"#8!(%!)# 6!-(1$0# 0&$-)!)'# ".$/&"3#=,8&6&-# (%&"&# $-&# !""1&"#8%!/%# /$)# 2&#5$)$'&*#
8!(%#/$-&+10#.0$))!)'#$)*#8&00#(%,1'%(#,1(#!)(&-6&)(!,)"3#
4)#6!-(1$0# 0&$-)!)'#"&((!)'">#/%,!/&#,+#&)'$'&5&)(#$)*#/,)(-,0#$-&# 0&'!(!5$(&#.,8&-"#,+# (%&#

0&$-)&->#21(# !(# !"# (%&# (1(,-#8%,#"%,10*#$/(#$"#'$(&9&&.&-#,+# +,-5$0# 0&$-)!)'#".$/&"#$)*#-&($!)#
/,)(-,0#(%-,1'%#&;.0!/!(#-10&"#$)*#%!&-$-/%$0#"(-1/(1-&"3#4)#(%&#/$"&#,+#(%&#.!0,(#5,*10&>#/,)(-,0#
,+#(%&#6!-(1$0!?&*#0&$-)!)'#&)6!-,)5&)(#!"#-&($!)&*#2<#(%&#5&)(,->#<&(#0&$-)&-"#$-&#&)/,1-$'&*#
(,# 2&# A"&0+B8!00&*># A$1(,B.,&(!/C># A$/(!6&C# $'&)("# ,+# (%&!-# 0&$-)!)'3# 4)# *,!)'# ",># 0&$-)&-"# $-&#
!55&-"&*# !)# (%&!-# 0&$-)!)'# $)*# *&6&0,.# "&0+# -&+0&/(!6&# 1)*&-"($)*!)'# ,+# (%&!-# ,8)# .&-",)$0#
0&$-)!)'3##
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Measuring flow experience in an immersive virtual 

environment for collaborative learning 
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1)3(&7)01)'2")

*+,-.%/#0) 570@>'1&?01,(%'1,# 5700>)(5%'(7)U# 577@1&%'(31N5788%Y7&%'(31# 81%&)()9U#
()'1&%5'(31# 81%&)()9# 1)3(&7)01)'2U# @&79&%00()9# %),# @&79&%00()9# 8%)9>%912U# 3(&'>%8#
&1%8('A")

Introduction 

I79)('(31# :%5'7&2# 6%31# Y11)# 2'>,(1,# ()# 6>0%)# 81%&)()9# :7&# 0%)A# A1%&2.# @%&'(5>8%&8A# ()#
&18%'(7)# '7# 81%&)()9# @1&:7&0%)51# %),# '61# ,12(9)# 7:# 1::15'(31# ()2'&>5'(7)# *211.# 1"9".# 3%)#
$1&&(f)Y71&.# BaaC-"# \7O131&.# 07&1# &151)'8A# '61# 2'>,A# 7:# 1b@1&(1)'(%8# %2@15'2# 7:# 81%&)()9#
O('6#570@>'1&2#*1"9"#J1%&51.#=()81A#g#\7O%&,.#GHHD-#%),#O('67>'#570@>'1&2#*1"9"#+)9121&#
g# L61()Y1&9.# GHHE-# 6%2# 101&91,"# =)# (0@7&'%)'# 57)51@'# ()# '6(2# O7&P# (2# :87O# 1b@1&(1)51#
*c:87Od#:7&#267&'-"#[87O#(2#,1:()1,#%2#%#c678(2'(5#21)2%'(7)#'6%'#@17@81#:118#O61)#'61A#%5'#O('6#
'7'%8#()3783101)'d#*I2(P2R1)'0(6%8A(.#BaaH.#@@"#FCC-"#`()1#,(01)2(7)2#7:#:87O#*211#4%Y81#B-#
6%31# Y11)# ,(2'()9>(261,# %),# 01%2>&101)'# ()2'&>01)'2# :7&# '6121# ,(01)2(7)2# 6%31# Y11)#
,13187@1,#%),#3%8(,%'1,#*1"9"#^%5P27)#g#$%&26.#Baa]-"#/'#(2#(0@7&'%)'#'7#)7'1#'6%'#:87O#(2#)7'#
%# 0%''1&# 7:# c%88# 7&# )7'6()9d.# Y>'# @17@81# 5%)# 1b@1&(1)51# %# ,19&11# 7:# :87O# 7)# 1%56# 7:# '61#
,(01)2(7)2"#W2()9#%#Y7''70?>@# &121%&56#%@@&7%56# *'61#01'67,#7:#9&7>),1,# '617&A-.#J%51#
*GHHF-# @&73(,12# :>&'61&# 13(,1)51# :7&# '61# ,(01)2(7)2# 7:# :87O# ()# Q1Y# >21&2"# /'# 6%2# Y11)#
,107)2'&%'1,# '6%'# :87O# 1b@1&(1)51# (2# %)# !"#$%$"#$"&# @72('(31# @&1,(5'7&# 7:# *81%&)()9?'%2P#
7>'5701#*%:'1&#57)'&788()9#:7&#7'61&#h579)('(31i#3%&(%Y812-#()#'61#,70%()2#7:#570@>'1&?9%01#
@8%A()9#*$>&@6A.#!0('6#g#\%)575P.#GHHE-.#0%'610%'(52#*\1()1.#BaaCU#+)9121&#g#L61()Y1&9.#
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!""#$%&'()*+,-&./-,0/,*1&23-,*1*)&4&56*+-7*),$&/-8&9(:;0<*)=7/1*8&1</<+1<+91&2>(..:*?*)&4&
@:6('%&!""A$B&3-,*1*)&/-8&56*+-7*),&2!""#$&;)(;(1*&<C(&;/<6C/?1&'()&<6*&;(1+<+D*&*''*9<&('&
'.(C& (-& ;*)'():/-9*& (0<9(:*B& E+)1<%& '.(C& +1& 9(-1+8*)*8& <(& 7*& /& F6+,6.?& '0-9<+(-/.& 1</<*G&
C6+96%& <6*)*'()*%& 16(0.8& ;)(:(<*& ;*)'():/-9*& 2/& 1</<*& C6*)*& F+-8+D+80/.1& BBB& /)*& 6+,6.?&
9(-9*-<)/<*8& /-8& (;<+:/..?& 96/..*-,*8& C6+.*& 7*+-,& +-& 9(-<)(.& ('& <6*& /9<+(-G%& 3-,*1*)& 4&
56*+-7*),%& !""#%& ;;B& HI#$B& J*9(-8%& '.(C& +1& /& 8)+D*)& ('& :(<+D/<+(-& '()& 9(-<+-0*8& /9<+D+<?%&
C6+96&.*/81&;*(;.*&<(&1*.*9<&6+,6*)&96/..*-,*1&+-&()8*)&<(&*K;*)+*-9*&'.(C&/,/+-B&@-&/88+<+(-%&
+<&6/1&7**-&*1</7.+16*8&<6/<%& +-&L:*)+9/-&9(..*,*&1<08*-<1%&'.(C&2/$&+1&/&'0..&:*8+/<()&('&<6*&
)*./<+(-&7*<C**-&<6*&96/)/9<*)+1<+91&('&/9/8*:+9&C()M&/-8&;1?96(.(,+9/.&C*..=7*+-,&/-8&27$&
6/1&/-&+-8+)*9<&;(1+<+D*&*''*9<&(-&;6?1+9/.&6*/.<6&<6)(0,6&;1?96(.(,+9/.&C*..=7*+-,&2J<**.*&4&
E0../,/)%&!""N$B&E0)<6*):()*%&'.(C&6/1&7**-&1+,-+'+9/-<.?&/11(9+/<*8&C+<6&;1?96(.(,+9/.&C*..=
7*+-,& +-& O/;/-*1*& 9(..*,*& 1<08*-<1& 2L1/M/C/%& !""P%& !""N$& /-8& Q)+<+16& 9(..*,*& 1<08*-<1&
2R./)M*&4&S/C()<6%&HNNP$B&T601%&U01<+'+9/<+(-1&'()&<6*&1<08?&('&'.(C&+-&)*./<+(-&<(&.*/)-+-,&/)*&
+<1&7*-*'+9+/.&*''*9<&(-&<6*&;*)'():/-9*&('&</1M1&<6/<&/)*&7*+-,&.*/)-*8&/-8&+<1&+:;()</-9*&/1&
/&;)*8+9<()&('&:*-</.&C*..=7*+-,&/-8&;6?1+9/.&6*/.<6B&

!"#$%&'(&)*+%,-*.,-&./&/$.0&%12%3*%,4%&56"47-.,&8&9"3-:;&'<<=>!

)*+%,-*.,& )%-43*2?*.,&

Q/./-9*&('&96/..*-,*&/-8&1M+..&
VT6*& ;*)1(-& ;*)9*+D*1& /& 7/./-9*& 7*<C**-& <6*&
96/..*-,*1& ('& /& 1+<0/<+(-& /-8& (-*W1& 1M+..1%& C+<6& 7(<6&
(;*)/<+-,&/<&/&;*)1(-/..?&6+,6&.*D*.BX&2;;B&H#$&

Y*),*-9*&('&/9<+(-&/-8&/C/)*-*11&
VT6*& '.(C& /9<+D+<?& +1& 1(& 8**;& <6/<& +<& 7*9(:*1&
1;(-</-*(01&()&/0<(:/<+9BX&2;;B&H#$&

Z(/.&9./)+<?&
VZ(/.1& +-& <6*& /9<+D+<?& /)*& 9.*/).?& 8*'+-*8& 2BBB$%& ,+D+-,&
<6*&;*)1(-&+-&'.(C&/&1<)(-,&1*-1*&('&C6/<&6*&()&16*&+1&
,(+-,&<(&8(BX&2;;B&HN$&

E**87/9M&
V@::*8+/<*& /-8& 9.*/)& '**87/9M& +1& )*9*+D*8%& 010/..?&
')(:& <6*& /9<+D+<?& +<1*.'%& /..(C+-,& <6*& ;*)1(-& <(& M-(C&
6*&()&16*&+1&1099**8+-,&+-&<6*&1*<&,(/.BX&2;;B&HN$&

R(-9*-<)/<+(-&
VT(</.&9(-9*-<)/<+(-&(-&<6*&</1M&/<&6/-8&(990)1&C6*-&
+-&'.(CX&2;;B&HN$&

R(-<)(.&
VL&1*-1*&('&*K*)9+1+-,&9(-<)(.&+1&*K;*)+*-9*8%&C+<6(0<&
<6*&;*)1(-&/9<+D*.?&<)?+-,&<(&*K*)<&9(-<)(.BX&2;;B&HN$&

[(11&('&1*.'=9(-19+(01-*11&
VR(-9*)-& '()& <6*& 1*.'& 8+1/;;*/)1& 80)+-,& '.(C& /1& <6*&
;*)1(-&7*9(:*1&(-*&C+<6&<6*&/9<+D+<?BX&2;;B&HN$&

T)/-1'():/<+(-&('&<+:*&
VT+:*& /.<*)1& ;*)9*;<+7.?%& *+<6*)& 1.(C+-,& 8(C-& ()&
1;**8+-,&0;X&2;;B&HN$&

L0<(<*.+9&*K;*)+*-9*&
V@-<)+-1+9/..?& )*C/)8+-,& *K;*)+*-9*B& L-& /9<+D+<?& +1&
/0<(<*.+9& +'& +<& +1& 8(-*& '()& +<1& (C-& 1/M*%& C+<6& -(&
*K;*9</<+(-&('&1(:*&'0<0)*&)*C/)8&()&7*-*'+<BX&2;;B&!"$&

&
@::*)1+D*& D+)<0/.& .*/)-+-,& *-D+)(-:*-<1& (''*)& /& ;/)<+90./).?& /;;)(;)+/<*& 9(-<*K<& '()&

/11*11+-,& '.(C& *K;*)+*-9*& +-& .*/)-*)1B& T6+1& +1& 7*9/01*& <6*1*& *-D+)(-:*-<1& 9/-& '/9+.+</<*&
9(-1<)09<+D+1<& .*/)-+-,& <6)(0,6& :*/-+-,'0.%& 6+,6.?& +-D(.D+-,& *K;*)+*-9*1& /1& /& )*10.<& ('&
;*)'():+-,& ;0);(1*'0.& .*/)-+-,& </1M1& 2Y/)<+-%& >/../-9*%& D/-& J96/+M& 4& \+]%& !"H"$B& @-&
9(-1<)09<+D+1<& .*/)-+-,%& 1<08*-<1&/)*&*-,/,*8& +-&/9<+D*&9(,-+<+D*&;)(9*11+-,& 2/1&(;;(1*8& <(&
1+:;.?&)*9/..+-,&()&:*:()+1+-,&+-'():/<+(-$&/-8&/)*&;/?+-,&/<<*-<+(-&<(&)*.*D/-<&+-9(:+-,&
+-'():/<+(-%& 70<& /)*& /.1(& (),/-+1+-,& <6+1& +-<(& /& 9(6*)*-<& )*;)*1*-</<+(-& /-8& +-<*,)/<+-,& +<&
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!"#$% &'"(#")*% +),!-&.*&% /012&34% 566678% 9-#$,:*$% ;-,!% $1(% <&&)% .&=,)(#31#&.% #,% <&% 1)%

").&>&).&)#%>3&."?#,3%,;% -&13)")*%#1(+%>&3;,3=1)?&%1).%1%>3&."?#,3%,;%>(2?$,-,*"?1-%!&--@

<&")*%1).%>$2("?1-%$&1-#$4% #$&3&% "(%1% -1?+%,;% 3&(&13?$%=&1(:3")*% ;-,!% ")% "==&3("A&%A"3#:1-%

&)A"3,)=&)#(% 1).% &(#1<-"($")*% "#(% (&)("#"A"#2% #,% -&13)")*@#1(+% ?$131?#&3"(#"?(8% B$"(% "(% #3:&%

&A&)%#$,:*$%#$&(&%-&13)")*%&)A"3,)=&)#(%$1A&%*3&1#%>,#&)#"1-%#,%>3,=,#&%&'>&3"&)?&@<1(&.%

-&13)")*4%")%>13#"?:-13%*"A&)%#$&"3%>,#&)#"1-%;,3%$"*$-2%")A,-A")*%&'>&3"&)?&(8%

C)% #$&"3%=&1(:3&=&)#%=,.&-% ,;% ;-,!4%D:,% 1).% E,,-&% /FGG67% ?,)?&>#:1--2% ."(#")*:"($&.%

#$3&&%>3&?:3(,3(%,;% ;-,!% /#$&%."=&)(",)(%,;%<1-1)?&%<&#!&&)%?$1--&)*&%1).%(+"--4% ?-13"#2%,;%

*,1-(% 1).% ;&&.<1?+7% ;3,=% ;-,!%&'>&3"&)?&% H>3,>&3I8% J-,!%&'>&3"&)?&% "(% (&&)%1(% 1% 3&;-&?#"A&%

$"*$&3@,3.&3%?,)(#3:?#%!"#$% #$&%3&=1")")*%("'%."=&)(",)(%,;% ;-,!%/=&3*&)?&%,;%1?#",)%1).%

1!13&)&((4% ?,)?&)#31#",)4% ?,)#3,-4% -,((% ,;% (&-;@?,)(?",:()&((4% #31)(;,3=1#",)% ,;% #"=&% 1).%

1:#,#&-"?%&'>&3"&)?&7%1?#")*%1(%")."?1#,3(8%C)%1%(#3:?#:31-%=,.&-4%#$&%>3&?:3(,3(%,;%;-,!%#$&)%

13&% =&."1#,3(% ,;% #$&% &;;&?#% ,;% #$&% >&3(,)4% 13#&;1?#% 1).% #1(+% ?$131?#&3"(#"?(% ")A,-A&.% ")% 1%

>13#"?:-13% 1?#"A"#2% ,)% ;-,!4% 1??,3.")*% #,% J"))&31)% 1).%K$1)*I(% /FGGL7% >&3(,)@13#&;1?#@#1(+%

=,.&-% /E9BM% (&&% J"*:3&% 578% D:,% 1).% E,,-&% /FGG67% ;,:).% (#3,)*% &A".&)?&% ;,3% #$&"3%

=&1(:3&=&)#% =,.&-% 1).4% ")% 1% >13#"1-% A1-".1#",)% ,;% #$&% (#3:?#:31-% =,.&-4% &=>"3"?1--2%

.&=,)(#31#&.%#$1#%#$&%&;;&?#%,;%>&3?&"A&.%!&<%("#&%?,=>-&'"#2%/1(%1)%13#&;1?#%?$131?#&3"(#"?7%

,)%;-,!%!1(%=&."1#&.%<2%#$&%>3&?:3(,3(%,;%;-,!8%B$&%?:33&)#%(#:.2%1>>-"&(%#$"(%?,)?&>#:1-%

1).%&=>"3"?1-%1>>3,1?$%#,%#$&%(#:.2%,;%;-,!%")%"==&3("A&%A"3#:1-%&)A"3,)=&)#(8%%

%

%

!"#$%&'()'*&%+,-./0+1.0%/&203/'4,5&6'780+&5',-'!"--&%0-'9':;0-#<'=>>?@'0-5'A$,'9'*,,6&<'=>>BC'

B$&% &.:?1#",)1-% #1(+(% >3,A".&.% ;,3% (#:.&)#(% !"#$")% 1)% "==&3("A&% A"3#:1-% &)A"3,)=&)#%

)&&.&.% #,% 3&>3&(&)#% 1% 31)*&% ,;% 1:#$&)#"?% 1?#"A"#"&(% ;,:).% ")% 3&1-@!,3-.% (?&)13",(8% 9#% #$&%

(1=&% #"=&4% #$&% #1(+(% )&&.&.% #,% <&% <3,1.-2% 3&>3&(&)#1#"A&% ,;% #2>"?1-% >3,<-&=@(,-A")*%

1?#"A"#"&(%:(&.%")%&)*")&&3")*%1).%(?"&)?&%?-1((3,,=(%1).%1-(,%(:;;"?"&)#-2%3&>3&(&)#1#"A&%,;%

#$,(&%!"#$")% ,#$&3% (:<N&?#% 13&1(% ")% ,3.&3% #,% >&3="#% *&)&31-"(1#",)8% C)% <,#$% 3&1-@!,3-.% 1).%

?-1((3,,=@<1(&.% ?,)#&'#(4% (,=&% #1(+(%!"--% <&%=,3&% ?$1--&)*")*% #$1)%,#$&3(4%.&>&).")*%,)%

#$&"3% -&A&-% ,;% ?,)(#31")#(% 1).% &'>&3"&)?&% !"#$% #$&% #1(+(8% J,3% &'1=>-&4% #1(+(% !"#$% =,3&%

?,)(#31")#(%!,:-.%>3,A".&% 1% <&##&3% <1-1)?&% <&#!&&)% ?$1--&)*&% 1).% (+"--% ;,3%!$&)% -&13)&3(%

13&% -&((%&'>&3"&)?&.4%<:#% #1(+(%!"#$%=,3&%?,)(#31")#(%="*$#%>3,A".&%1%<&##&3%<1-1)?&%!$&)%

-&13)&3(%13&%=,3&%&'>&3"&)?&.8%B1(+%?,)(#31")#(%1).%&'>&3"&)?&%!&3&%#$&3&;,3&%&'1=")&.%")%
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!"#$%&''#(!$)!&*+$,)$-./0'!,(!$!,)1$%",',%!#'-)!-%)2$3$*,!,$)#!$4'0.$,$)#'-#)$04$%055,60',!-7#$
5#,'(-(8$,%!-7-!-#)9$-($:"-%"$!,)1$%0()!',-(!)$,(*$#;/#'-#(%#$:#'#$%0(!'055#*$#;/#'-.#(!,55+9$
:,)$ ,(,5+)#*$ -($ 0'*#'$ !0$ #)!,65-)"$ !"#$ #44#%!)$ 04$ -(*-7-*&,5$ *-44#'#(%#)$ ,(*$ #;/#'-.#(!,5$
.,(-/&5,!-0()$0($450:$#;/#'-#(%#2$

Method 

Design 

<"#$ *#)-8($ 04$ #,%"$ !,)1$ -($ ,$ )#'-#)$ 04$ %055,60',!-7#$ 5#,'(-(8$ ,%!-7-!-#)$ :,)$ *#7#50/#*$ -($
'#)/0()#$ !0$ /,'!-%-/,(!)=$ /#'40'.,(%#$ -($ !"#$ /'#7-0&)$ ,%!-7-!-#)$:-!"-($ !"#$ )#'-#)$ >)##$ ,5)0$
?,55,(%#9$ @,'!-(9$ A-B$ C$ 7,($ D%",-19$ EFFG9$ EFHFI2$ <"#$ -(*#/#(*#(!$ 7,'-,65#)$ :#'#$ !,)1$
%0()!',-(!)$ >/'065#.$ !+/#I$ ,(*$#;/#'-#(%#$ >/'065#.$(&.6#'$:-!"-($,$/'065#.$ !+/#I$ J$ )##$
<,65#$E2$

!"#$%&'(&)%*+,-&./&0.$$"#.1"2+3%4$%"1-+-,&*%**+.-*!

5%**+.-& !%"6*"& 71.#$%6&289%&
71.#$%6&-:6#%1&

;+2<+-&91.#$%6&289%&
>D#7#($/',%!-%#$)#))-0()I$ $ $ $

H$ 39$K$ @,B#$ H$
E$ L9$M$ @,B#$ H$
6N$ L9$M$ @,B#$ H$
O$ 39$K$ @,B#$ E$
P$ L9$M$ @,B#$ E$
Q$ L9$M$ @,B#$ N$
R$ 39$K$ @,B#$ N$
S$ L9$M$ @,B#$ O$
G$ 39$K$ @,B#$ O$
HF$ 39$K$ @,B#$ P$
HH$ L9$M$ @,B#$ P$
HE$ 3L%9$KM*$ T6)!,%5#$%0&')#$ H$
HN$ 3L9$KM$ T6)!,%5#$%0&')#$ E$
HO$ 3L9$KM$ T6)!,%5#$%0&')#$ N$
HP$ 3L9$KM$ T6)!,%5#$%0&')#$ O$
HQ$ 3L9$KM$ T6)!,%5#$%0&')#$ P$

,<#,.)$3$,(*$LU$V,/,(#)#2$<#,.)$K$,(*$MU$WXY6,)#*2$6D#))-0($!0$%0./5#!#$!"#$!,)1$)!,'!#*$-($D#))-0($E2$
%<#,.)$3$,(*$L$,)$0(#$!#,.2$*<#,.)$K$,(*$M$,)$0(#$!#,.2$

$
Z($.0'#$%0()!',-(#*$!,)1)$5#,'(#')$",*$!0$)057#$,$.,B#$/'065#.$,(*$-($5#))$%0()!',-(#*$!,)1)$
5#,'(#')$",*$!0$)057#$,($06)!,%5#Y%0&')#$/'065#.2$A-!"-($#,%"$/'065#.$!+/#$!"#'#$:#'#$4-7#$
/'065#.)$ !0$ )057#$ >/'065#.$ (&.6#'$ ',(8-(8$ 4'0.$ H$ !0$ PI2$ <"#$ *#/#(*#(!$ 7,'-,65#)$:#'#$
/'#%&')0')$04$450:$#;/#'-#(%#$>6,5,(%#$04$%",55#(8#$,(*$)1-559$%5,'-!+$04$80,5)$,(*$4##*6,%1I$
,(*$450:$#;/#'-#(%#$>.#'8#(%#$04$,%!-0($,(*$,:,'#(#))9$%0(%#(!',!-0(9$%0(!'059$50))$04$)#54Y
%0()%-0&)(#))9$!',()40'.,!-0($04$!-.#$,(*$,&!0!#5-%$#;/#'-#(%#I2$

Participants 

[,'!-%-/,(!)$ :#'#$ 40&'$ &(*#'8',*&,!#$ )!&*#(!)$ >!"'##$ .,5#9$ 0(#$ 4#.,5#I$ 4'0.$ \010",.,$
],!-0(,5$W(-7#')-!+9$ V,/,($ >.#,($,8#$^$ EF9$ DM$^$HI$ ,(*$ 40&'$/0)!8',*&,!#$ )!&*#(!)$ >!"'##$
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!"#$%& '($& )$!"#$*& )+'!& ,$$--./$& 0(.1$+-.23%& 04& 5!$"(& "6$& 7& 89%& :;& 7& <*=& ,>$& ?"@"($-$&
-2A/$(2-& >"/& -'!$& $B@$+.$(C$& ')& A-.(6& "(& .!!$+-.1$& 1.+2A"#& $(1.+'(!$(2& )'+& #$"+(.(6&
5:$C'(/& D.)$*=& ,>$& 04EF"-$/& -2A/$(2-& >"/& ('& $B@$+.$(C$& ')& A-.(6& :$C'(/& D.)$%& FA2& G$+$&
2+".($/&.(&.2-&A-$&F$)'+$&2"H.(6&@"+2&.(&2>$&-2A/3=&

Materials and equipment 

,G'& C'().6A+"2.'(-& ')& C'!@A2$+& G$+$& A-$/=& ,>$& ).+-2& C'(-.-2$/& ')& /$-H2'@& IJ-& +A((.(6&
K.(/'G-&LI&:$+1.C$&I"CH&8%&A-.(6&8=M&NOP&Q(2$#&J'+$&R&;A'&@+'C$--'+-&5!'/$#&STUMM*%&G.2>&
R&NV&WXY%&X,Q&L98MM&6+"@>.C-&C"+/-&"(/&9Z[&DJ;&!'(.2'+-&G.2>&-C+$$(&+$-'#A2.'(&-$2& 2'&
9RTM!9MRU&@.B$#-=&,>$&-$C'(/&C'(-.-2$/&')&X@@#$&Y"CV''H&I+'&#"@2'@-&+A((.(6&\:L&1$+-.'(&
9M=<=L%& A-.(6& R=R]& NOP& Q(2$#& J'+$& R& ;A'& @+'C$--'+-%& G.2>& R& NV& WXY%& ^_Q;QX& N$`'+C$&
aUMMY& 6+"@>.C-& C"+/-& "(/& 2>$& 98[& .(C>& #"@2'@& /.-@#"3& -$2& 2'& 9RTM!TMM& @.B$#-=& D$6'&
Y.(/-2'+!-&^L,&-')2G"+$&1$+-.'(&9=9&G"-&A-$/&2'&C+$"2$&+'F'2&@+'6+"!-=&,>$&/$-.6(&')&2>$&
+'F'2& )'##'G$/& .(-2+AC2.'(-& T<RZ& ')& bA.CH-2"+2EY.(/-2'+!-& 5-$$&
!""#$%%#&'()'*+"),-.&/+012%-3*4567*&"(/&G"-&"/'@2$/&/A$&2'&.2-&-.!@#.C.23&"(/&.2-&@'2$(2."#&)'+&
-$(-'+-&2'&F$&"//$/&"-&2>$&+$-$"+C>&"(/&2"-H&)+"!$G'+H&"+$&)A+2>$+&/$1$#'@$/&5`.6A+$&R*=&
&

&
!"#$%&'()'*+,+-'.&/"#0'."/1234&.'5"-6"0'-6&'7&8+0.'9":&'&;1&%"<&0-32'&0="%+0<&0-'

,>$& :$C'(/& D.)$& .(2$+"C2.1$& 8E;& Q(2$+($2& $(1.+'(!$(2& G"-& A-$/& 2'& -A@@'+2& .(2$+E2$"!&
C'!!A(.C"2.'(&"(/& +$C'+/& cC>"2d& C'!!A(.C"2.'(%&A-.(6&"&@+.1"2$& -$CA+$& .-#"(/&/$1$#'@$/&
)'+&2>$&@A+@'-$&')&2>.-&+$-$"+C>&"(/&#$"-$/&)+'!&D.(/$(&D"F-=&,G'&1./$'&C"!$+"-&G$+$&A-$/&
2'& +$C'+/& .(2+"E2$"!&C'!!A(.C"2.'(& )'+& $"C>&')& 2>$& 2$"!-=&X//.2.'("##3%& "&F$-@'H$&_.-A"#&
V"-.C&@+'6+"!&G"-&/$1$#'@$/&"(/&$!@#'3$/&2'&!$"-A+$&)#'G&A-.(6&NA'&"(/&I''#$d-&5RMMa*&
@-3C>'!$2+.C& .(1$(2'+3&G.2>&1.-A"#&"("#'6A$&-C"#$&"-& 2>$&+$-@'(-$& )'+!"2& 5G.2>&+$-@'(-$-&
C'(1$+2$/& 2'& 2>$& +"(6$&ME9MM*& e& -$$&`.6A+$& 8=&,>$& )#'G& -C"#$&!$"-A+$/& 2>+$$&@+$CA+-'+-&')&
)#'G& 5C#"+.23&')& 6'"#f& )"-2%&A("!F.6A'A-& )$$/F"CHf& "(/&@$+C$.1$/&F"#"(C$&')& C>"##$(6$& "(/&
-H.##*&"(/&-.B&/.!$(-.'(-&')&)#'G&5C'(C$(2+"2.'(%&@$+C$.1$/&C'(2+'#%&!$+6$(C$&')&"C2.'(&"(/&
"G"+$($--%&2+"(-)'+!"2.'(&')&2.!$%&2+"(-C$(/$(C$&')&-$#)&"(/&"A2'2$#.C&$B@$+.$(C$*=&,>$&-C"#$&
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!"#$ %&&'$ (#)*!&+,-./*$ (.&(,.-/,#$ /0$ -,.+#$ &1$ *&02,.%,0-$ "0'$ '/#*./+/0"0-$ 2"3/'/-)$ "0'$
.,3/"4/3/-)$567&$8$9&&3,:$;<<=>?$

$
!"#$%&'()'*"+$,-',.,-/#$&'+0,-&'1/'2&,+$%&'3-/4'&56&%"&.0&'

Procedure 

9.&43,+$#&32/0%$@/-!$&03/0,$*&++70/*"-/&0$@"#$.,*&.','$'7./0%$-!,$*&0#,*7-/2,$.700/0%$
&1$ #,##/&0#$ 1&.$ %/2,0$ -"#A#?$ B0$ ,"*!$ #,##/&0:$ -@&$ -,"+#$ 5,"*!$ *&0#/#-/0%$ &1$ -@&$ 3,".0,.#:$
,C*,(-$/0$-!,$3"#-$1/2,$#,##/&0#$@!,.,$-,"+#$*&0#/#-,'$&1$1&7.$3,".0,.#?$B0$-!,$1/.#-$&1$-!,$3"#-$
1/2,$ #,##/&0#:$ &0,$ &1$ -!,$ -,"+#$ *&0#/#-,'$ &1$ -!.,,$ 3,".0,.#>$@,.,$ 3&*"-,'$ /0$ -@&$(!)#/*"33)$
#,("."-,$*&+(7-,.$3"4&."-&./,#$@/-!/0$-!,$#"+,$47/3'/0%?$D&++70/*"-/&0$$
4,-@,,0$ -,"+#$ @"#$ #7((&.-,'$ 4)$ E,*&0'$ F/1,G#$ *!"-$ 1"*/3/-)$ "0'$ -!,$ 4,!"2/&7.$ &1$
(".-/*/("0-#G$ "2"-".#$ /0$ -!,$ ,02/.&0+,0-?$ B0$+"H,$ (.&43,+#:$ ,"*!$ -,"+$ !"'$ -&$ ',#/%0$ -!,$
*&7.#,$&1$"0$/',0-/*"3$.&4&-$&0$-!,$13&&.$&1$-!,/.$3"4&."-&.)$7#/0%$"'!,#/2,$-"(,?$B0$&4#-"*3,I
*&7.#,$(.&43,+#:$"$*&01/%7."-/&0$@"#$%/2,0$/0$@!/*!$"$.&4&-$!"'$-&$0"2/%"-,$"$*&7.#,$@!/3,$
"*!/,2/0%$ "$ (.,',1/0,'$ #,./,#$ &1$ %&"3#?$J,C-:$ &0,$ -,"+G#$ -"#A$@"#$ -&$ "*-$ "#$ K3,".0,.#G$ "0'$
*.,"-,$"$.&4&-$(.&%."+$57#/0%$-!,$L/0'E-&.+#$#&1-@".,>$-&$1&33&@$-!,$*&7.#,$-!"-$-!,$&-!,.$
5-,"*!/0%>$-,"+$!"'$',#/%0,'$51&.$+"H,$(.&43,+#>$&.$-!"-$@"#$(.&2/','$51&.$&4#-"*3,I*&7.#,$
(.&43,+#>:$ '."@/0%$ &0$ -!,$ /01&.+"-/&0$ (.&2/','$ @/-!/0$ -!,$ #-./*-7.,#$ &1$ *&++70/*"-/2,$
*&0#-."/0-$4,/0%$"((3/,'?$M!,$3,".0/0%$-,"+$7#,'$-!,$/01&.+"-/&0$(.&2/','$/0$"0$"--,+(-$-&$
#&32,$ -!,$ .&4&-I(.&%."++/0%$ (.&43,+?$ N0*,$ -!,$ 3,".0/0%$ -,"+$ !"'$ ',#/%0,'$ @!"-$ -!,)$
O7'%,'$-&$4,$"$#7/-"43,$(.&%."+$-!,)$#,0-$-!/#$4)$,+"/3$-&$-!,$-,"*!/0%$-,"+?$M!,$-,"*!/0%$
-,"+$7#,'$ -!,/.$ .&4&-$ -&$ .70$ -!,$(.&%."+$&0$ -!,$ -"(,'$*&7.#,$ -&$ ,#-"43/#!$ /-#$ #7**,##$"0'$
@,.,$,0*&7."%,'$-&$&11,.$1,,'4"*A$&0$-!/#$2/"$-!,$E,*&0'$F/1,$,02/.&0+,0-$-&$-!,$3,".0/0%$
-,"+$@!,0$-!,$.&4&-$,C,*7-,'$"0$/0*&..,*-$+"0&,72.,$"0'$/0$"0#@,.$-&$P7,#-/&0#$1.&+$-!,$
3,".0/0%$-,"+:$@/-!&7-$%/2/0%$-!,$#&37-/&0$-&$-!,$(.&43,+$-!"-$!"'$-&$4,$#&32,'?$Q&@,2,.:$
-!,$ *&++70/*"-/&0$ 4,-@,,0$ -!,$ -,"+#$ @"#$ +,'/"-,'$ 4)$ -!,$ (.&-&*&3#$ (.,I#,-$ 1&.$ ,"*!$
,C(,./+,0-"3$.70$"#$',#*./4,'$"4&2,?$M!,$/+(3/*"-/&0#$&1$-!/#$".,$'/#*7##,'$4,3&@?$
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!"#$ %&%'#$ ()$ '#*+,-,.$ *,/$ 0#*%"-,.$ 0"+(1."$ %(221,-%*0-(,3$ 4+(.+*22-,.$ *,/$ 0#50-,.$
6*5$ -0#+*0#/$ *,/$ 0"#$ 0*57$ 6*5$ 0#+2-,*0#/$ 6"#,$ 0"#$ 0#*%"-,.$ 0#*2$ %(,%'1/#/$ 0"*0$ 0"#$
'#*+,-,.$0#*285$#9#%10#/$4+(.+*2$)(+$,*:-.*0-,.$0"#$/#5-.,#/$%(1+5#$6*5$51%%#55)1'3$*)0#+$
*''(6-,.$ )(+$1,%(,0+(''#/$:*+-*;'#5$ 51%"$*5$2#%"*,-%*'$/-))#+#,%#5$;#06##,$ 0"#$ 06($ +(;(0$
/#:-%#5$ -,$ 0+*%0-(,3$ /+-:#$ :*+-*;-'-0&$ *,/$ (0"#+$ :*+-*;-'-0&$ /1#$ 0($ 0"#$ 2*,1)*%01+-,.$
0('#+*,%#5$ -,"#+#,0$ -,$2*55<4+(/1%#/$+(;(0-%5$7-05=$!"#,$ 0"#$ 0#*25$56-0%"#/$+('#5$*,/$ 0"#$
,#6$'#*+,-,.$0#*2$>0"#$0#*%"-,.$0#*2$-,$0"#$)-+50$+1,?$"*/$0($%+#*0#$*$+(;(0$4+(.+*2$0($5(':#$
0"#$ %(1+5#$ /#5-.,#/$ ;&$ 0"#$ ,#6$ 0#*%"-,.$ 0#*2$ >0"#$ '#*+,-,.$ 0#*2$ -,$ 0"#$ )-+50$ +1,?=$ !*575$
6#+#$ /#5-.,#/$ 0($ *%"-#:#$ *$ ;*'*,%#$ ()$ %"*''#,.#$ *,/$ 57-''$ ;&$ -,%+#*5-,.$ 0"#$ %"*''#,.#$
-,"#+#,0$-,$0"#$0*5753$6"#+#$*44+(4+-*0#3$;*5#/$14(,$'#*+,#+58$4#+)(+2*,%#$-,$0"#$4+#:-(15$
5#55-(,5=$ @#*+,#+5$ 5(':#/$ #*%"$ ()$ 0"#$2*A#$ 4+(;'#25$ 51%%#55)1''&$6-0"-,$ *$ 5#55-(,$ >*5$ *,$
#9%#40-(,3$!#*25$B$*,/$C$0((7$06($5#55-(,5$0($5(':#$0"#-+$)-+50$0*57?3$0"#+#)(+#$*''(6-,.$*,$
-,%+#*5#$ ()$ %"*''#,.#$ -,$ 51;5#D1#,0$ 0*575E5#55-(,5=$ F(6#:#+3$ *'0"(1."$ '#*+,#+5$ 2*/#$
4+(.+#55$ -,$ 5(':-,.$ (;50*%'#<%(1+5#$ 4+(;'#253$ 0"#&$ /-/$ ,(0$ 5(':#$ 0"#2$ %(24'#0#'&=$
!"#+#)(+#3$%"*''#,.#$6*5$,(0$-,%+#*5#/$-,$51;5#D1#,0$5#55-(,5$-,:(':-,.$0"#$(;50*%'#<%(1+5#$
4+(;'#25=$
$

!"!"#$%!&'(&)*&+,&!-+.!()&,/)0$)0!-0!-!1/+,2*$+!$1!(-)2*,*(-+23!
4$2&3!5$)*6$+2-#!-'*0!07$%0!(-)2*,*(-+28+/9:&)3!;&)2*,-#!-'*0!07$%0!1#$%!&'(&)*&+,&!<)-+=&>!?8
@??A3!

$
#"!"#$%!&'(&)*&+,&!-+.!()&,/)0$)0!-0!-!1/+,2*$+!$1!0&00*$+!
4$2&3!5$)*6$+2-#!-'*0!07$%0!0&00*$+8+/9:&)3!;&)2*,-#!-'*0!07$%0!1#$%!&'(&)*&+,&!<)-+=&>!?8@??A3!

$
$"!"#$%!&'(&)*&+,&!-0!-!1/+,2*$+!$1!=&+.&)!-+.!(-)2*,*(-+2!=)$/(!
4$2&3!5$)*6$+2-#!-'*0!07$%0!1#$%!&'(&)*&+,&!<)-+=&>!?8@??A3!
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!
!"#$%&'()'!*+,'-./'"01'2%&3$%1+%1'-1'-'4$.30"+.'+4'&50%-.&+$1'6-%"-7*&1'

Results and Discussion 

Individual differences 

"#$%!"&'(#)!*!&+!,--),#.!+/,+!01$2!)3-)#&)45)!,46!&+.!-#)5(#.$#.!7,#&)6!,.!,!0(45+&$4!$0!+/)!
0$11$2&4'! &46&7&6(,1!6&00)#)45).8! 9,:!-,#+&5&-,4+;! 9<:!.)..&$4!,46!95:!')46)#!,46!-,#+&5&-,4+!
'#$(-=!"$#!)3,%-1)!9.))!"&'(#)!*>:;!01$2!)3-)#&)45)!&4&+&,11?!&45#),.)6!0#$%!@)..&$4!A!+$!BC!
,0+)#!,!6)5#),.);!01$2!#)%,&4)6!.+,<1)!,46!+/)4!6)5#),.)6!&4!@)..&$4.!ADEABC!,!.&%&1,#!-,++)#4!
2,.! 0$(46! 0$#! +/)!-#)5(#.$#.! $0! 01$2! )3-)#&)45)=! F/).)! &46&7&6(,1! 6&00)#)45).!2)#)! +,G)4!
&4+$!,55$(4+!&4!1,+)#!,4,1?.).!$0!+/)!)00)5+!$0!)3-)#&%)4+,1!%,4&-(1,+&$4.!$4!01$2!)3-)#&)45)!
,46!&+.!-#)5(#.$#.=!"(11!#).(1+.!2&11!<)!#)-$#+)6!&4!,!0(+(#)!-(<1&5,+&$4=!

Experimental manipulations 

"#$%! "&'(#)! B! &+! ,--),#.! +/,+! 01$2! )3-)#&)45)! ,46! &+.! -#)5(#.$#.! 7,#&)6! ,.! ,! 0(45+&$4! $0!
-#$<1)%! +?-)! ,46! -#$<1)%! 4(%<)#! 2&+/&4! -,#+&5&-,4+=! H4! -,#+&5(1,#;! 01$2! )3-)#&)45)!
6)51&4)6! $7)#! .)..&$4.! 2/)4! %,I)! -#$<1)%.! 2)#)! .$17)6=! "1$2! 1)7)1! 2,.! %$#)! 7,#&,<1)!
2/)4!$<.+,51)E5$(#.)!-#$<1)%.!2)#)!.$17)6=!F/)#)0$#);!+/)!6&00)#)45)!&4!01$2!1)7)1!<)+2))4!
+/)! +2$! -#$<1)%! +?-).! 7,#&)6! 2&+/! -#$<1)%! 4(%<)#=! J4! +/)! -#)5(#.$#.;! )3-)#&)45)! 2,.!
%$#)!-$.&+&7)!$4!%,I)!-#$<1)%.!,46!#)%,&4)6!#)1,+&7)1?!.+,<1);!<(+!$7)#!.)..&$4.!1)7)1.!$0!
)3-)#&)45)!5$47)#')6!<)+2))4!%,I)!,46!$<.+,51)!5$(#.)=!"(11!#).(1+.!2&11!<)!#)-$#+)6!&4!,!
0(+(#)!-(<1&5,+&$4=!
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!!!"#!"#$%!&'(&)*&+,&!!!! ! ! ! !!!!!!!!!!$#!-.#.+,&!/&0%&&+!,1.##&+2&!.+3!45*##!

! !
!
!!!!!!!%#!6#.)*07!$8!2$.#4! ! ! ! !!!!!!!!!!!&#!"&&3/.,5!

! !
!"#$%&'()'!*+,'&-.&%"&/0&'1/2'.%&0$%3+%3'13'1'4$/05"+/'+4'.%+6*&7'58.&'1/2'.%+6*&7'/$76&%)'
9+%":+/51*'1-"3';'3&33"+/</$76&%',"5="/'.%+6*&7'58.&)'>&%5"01*'1-"3';'4*+,'&-.&%"&/0&'?%1/#&@'A<

BAAC!
'()*#!!9&.+!:.#;&4!$8!/.#.+,&!$8!,1.##&+2&!.+3!45*##<!,#.)*07!$8!2$.#4!.+3!8&&3/.,5!.)&!.3=;40&3!8$)!(.)0*,*(.+0!
.+3!4&44*$+>!9&.+!:.#;&4!$8!8#$%!&'(&)*&+,&!.)&!.3=;40&3!8$)!/.#.+,&!$8!,1.##&+2&!.+3!45*##<!,#.)*07!$8!2$.#4<!

8&&3/.,5<!(.)0*,*(.+0!.+3!4&44*$+>!

Conclusions 

"#$! %&''$()! *)&+,! $*)-./0*#$+! )#-)! 0(! 011$'*02$! 20')&-/! $(20'3(1$()*! 43'! /$-'(0(5! 4/36!
$78$'0$(%$! %-(! .$! %318'$#$(*02$/,!1$-*&'$+! 9.3)#! 4/36! 8'38$'! -(+! 0)*! 8'$%&'*3'*:! 60)#!
533+!8*,%#31$)'0%!8'38$')0$*;!<)!6-*!-/*3!43&(+!)#-)!)#$!8'$%&'*3'*!34!4/36!-'$!1$+0-)3'*!34!
)#$! $44$%)! 34! 8'3./$1! %#-'-%)$'0*)0%*! 3(! 4/36;! "#0*! 63'=! )#$'$43'$! %3()'0.&)$*! )3! )#$!
1$-*&'$1$()! -(+! )#$! )$*)0(5! 34! #,83)#$*$*! '$5-'+0(5! /$-'(0(5! 0(! 011$'*02$! 20')&-/!
$(20'3(1$()*;!
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!"#$%&'( )*( +(,#-.$/0'( 1*( 234456( 78".-9( &:;&$<&=>&( <=( /0&( "<?&@( .A( @<:/0BA.$C( >.""&D&( @/EF&=/@'(!"#$#%&' ()*"+,-' ).'
/%01&)-)203(GH236'(H33BHIJ*(

!@<%@K&=/C<0#"L<'(M*(2344N6(4-)56'$&7'8%01&)-)20').')8$#9,-'7:87"#7+17*(O&-(P.$%Q(,#$;&$(+(R.-*(
S=D&@&$'(8*(+(R0&<=T&$D'(8*(2INNG6(8".-'(;&$A.$C#=>&(#=F(C.F&$#/.$@(.A(>0#""&=D&B@%<""(T#"#=>&'(;)$#<,$#)+',+='
>9)$#)+3(JI236'(3HGB3UI*(

8<==&$#='(!*(+(V0#=D'(W*(2INNJ6(X(W&$@.=BX$/&A#>/BY#@%(2WXY6(C.F&"(.A(A".-(#=/&>&F&=/@(<=(>.C;E/&$BC&F<#/&F(
&=?<$.=C&=/@'(?+$7"+,$#)+,-'()*"+,-').'@*9,+AB)98*$7"'C$*=#7%3(H4236'(5UHB54Z*(

[E.'(P*M*(+(W.."&'(M*)*(2INN46(X=/&>&F&=/@(.A(A".-(<=(.="<=&(@0.;;<=DQ(#(/&@/(.A(#"/&$=#/<?&(C.F&"@'(?+.)"9,$#)+'
C0%$79%'()*"+,-3(34236'(JZ4BJ4N*(

,&<=&'(!*X*(2344U6(D,%E'7+F)097+$',+='9,$&79,$#1,-',1&#7<797+$*(\=;ET"<@0&F(F<@@&$/#/<.=*(\=<?&$@</L(.A(!0<>#D.'(
\)X*(

1#>%@.='()*X*(+(M#$@0'(,*]*(2344Z6(^&?&".;C&=/(#=F(?#"<F#/<.=(.A(#(@>#"&(/.(C&#@E$&(.;/<C#"(&:;&$<&=>&Q(Y0&(
A".-(@/#/&(@>#"&'(()*"+,-').'C8)"$'G'>:7"1#%7'/%01&)-)203(3G236'(3UBJH*(

M#$/<='( )*'( _#""#=>&'( M*'( )>0#<%'( W*( ?#=( +( ]<K'( !*( 2IN3N6( `&#$=<=D( @;#>&@'( /#@%@( #=F( C&/$<>@( A.$( &AA&>/<?&(
>.CCE=<>#/<.=(<=()&>.=F(`<A&(-</0<=(/0&(>.=/&:/(.A(;$.D$#CC<=D(`S[a(ObY(M<=F@/.$C@c($.T./@Q(/.-#$F@(
#(A$#C&-.$%(A.$(F&@<D=(#=F(<C;"&C&=/#/<.='(()*"+,-').'H#"$*,-'I)"-=%'J7%7,"1&'(J236Q(Y0&(R&@&#$>0&$9@(Y.."T.:'(
O.?*(IN3N*(

M#L&$'(R*,*(234446(^&@<D=<=D(<=@/$E>/<.=(A.$(>.=@/$E>/<?<@/("&#$=<=D*(d=(!*M*(R&<D&"E/0(2&F*6'(?+%$"*1$#)+,-A=7%#2+'
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Service Quality of E-learning 
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,(%/A3$ #,'*5A-,(:$ 3%./2#"':$ -26A#2#"':$ 2*-"'*-"$ *"3$ .%"'-"/*AA+$ -260%7#$ '(#-0$ ,#07-.#$
D/*A-'+$2*"*1#2#"'$,+,'#2:$0*'(#0$'(*"$&%./,-"1$,%A#A+$%"$,#07-.#$D/*A-'+?$

Learners’ perspective 

C(#$ A#*0"-"1$ 60%.#,,$ %&$ *"$ #FA#*0"-"1$ ,+,'#2$ .*"$ 5#$ 6#0.#-7#3$ *,$ *$ .%F60%3/.'-%"$ 60%.#,,$
5#')##"$'(#$A#*0"-"1F#"7-0%"2#"'$*"3$'(#$A#*0"#0$8R(A#0,:$;<<H>?$I"$'(-,$,'/3+$'(#$&%./,$%"$
D/*A-'+$%&$ '(#$#FA#*0"-"1$6A*'&%02$ -,$3#'#02-"#3$5+$ '(#$ A#*0"#0,?$E#0.#-7#3$J#07-.#$S/*A-'+$
8EJS>$-,$'(#$A#*0"#0,P$6#0.#6'-%"$%&$'(#$,#07-.#$D/*A-'+$%&$'(#$#FA#*0"-"1$6A*'&%02$*,$60%7-3#3$
5+$'(#$RT@U?$EJS$-,$2#*,/0#3$-"$'#02,$%&$'(#$0#,/A'$%&$/,-"1$'(#$#FA#*0"-"1$,+,'#2:$-",'#*3$
%&$ 2#*,/0-"1$ '(#$ 60%6#0'-#,$ %&$ '(#$ ,+,'#2$ -',#A&?$ C(#$ 6#0.#-7#3$ ,#07-.#$ D/*A-'+$ -,$ '(#$
.%25-"#3$#&&#.'$%&$'(#$.(*0*.'#0-,'-.,$%&$'(#$,+,'#2$&%0$'(#$A#*0"#0?$$
I"$ '(#$ #7*A/*'-%"$ 6(*,#$ %&$ '(#$ 60%.#,,$ %&$ *$ ,#07-.#$ D/*A-'+$ 2*"*1#2#"'$ ,+,'#2:$ '(#$

&0*2#)%0B$%&$#FA#*0"-"1$,#07-.#$D/*A-'+$60%7-3#,$*$1%%3$(*"3,F%"$*660%*.($&%0$'#,'-"1$'(#$
,#07-.#$D/*A-'+?$C(#$&0*2#)%0B$%&$G(*"1$#'$*A?$8;<<H>$.*"$5#$'0*",&%02#3$-"'%$*$2#*,/0*5A#$
2%3#A$&%0$'(#$6#0.#-7#3$,#07-.#$D/*A-'+$%&$#FA#*0"-"1?$

Study objectives & research question 

C(#$2*-"$%5V#.'-7#$%&$ '(-,$ ,'/3+$ -,$ '%$%5'*-"$ *$1#"#0*A$ 7-#)$%&$ ,'/3#"',P$6#0.#-7#3$ ,#07-.#$
D/*A-'+$ %"$ '(#$ #FA#*0"-"1$ ,+,'#2,:$ *,$ 60%7-3#3$ 5+$ '(#$ RT@U:$ 5+$ 2#*,/0-"1$ '(#-0$ /,#0$
#M6#0-#".#,?$UA'-2*'#A+$'(#$,'/3+$60%7-3#,$1/-3#A-"#,$&%0$2%0#$,/..#,,&/A$-26A#2#"'*'-%"$%&$
*"$#FA#*0"-"1$6A*'&%02$-"$'(#$&/'/0#?$$
$
!
!
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!"#$%&'($)#*#&)+"$,-#*.'/($01234$
5"&.$ &)#$ ."#$ *.-6#(.*$ 7#)+#7.'/(*$ /8$ *#)9'+#$ ,-&:'.;$ /8$ ."#$ #<:#&)('(=$ 7:&.8/)%$ &*$ 7)/9'6#6$ >;$ ."#$
?@ABC$

Model development 

!"#$%&'#()*+#,$-./$)"#$0-*.$1#,#-1("$23#,)*%.$(-.$&#$-.,4#1#/$&5$/*+*/*.6$)"#$(%.)#.)$*.$)%$

037)*87#$"58%)"#,#,9$!%$)#,)$)"#,#$"58%)"#,#,$-$1#,#-1("$0%/#7$4-,$/#+#7%8#/$&-,#/$%.$)"#$

:;<$=1-0#4%1>9$

PSQ-Framework 

?$4*/#75$3,#/$#08*1*(-7$0#)"%/$@%1$0#-,31*.6$,#1+*(#$23-7*)5$*,$;ABC<D?E9$!"*,$037)*87#F

*)#0$,(-7#$0#-,31#,$(%.,30#1$8#1(#8)*%.,$%@$,#1+*(#$23-7*)5$%.$ @*+#$/*0#.,*%.,G$ )-.6*&7#,H$

1#7*-&*7*)5H$ 1#,8%.,*+#.#,,H$ -,,31-.(#$ -./$ #08-)"5$ I:-1-,31-0-.H$ J#*)"-07$K$ L#115H$ MNOOG$

=*./7-5$K$;8-1>,H$PQQPR9$!"#$,)3/#.),$-1#$1#6-1/#/$-,$(%.,30#1,$&#(-3,#$)"#5$(%.,30#$)"#$

%@@#1#/$#/3(-)*%.-7$,#1+*(#9$ S.$PQQTH$ *.$ )"#*1$ U;8#(*@*(-)*%.$@%1$;#1+*(#$<3-7*)5$V-.-6#0#.)$

;5,)#0$ %@$ #FE#-1.*.6W$ J"-.6H$ J"3H$ X3H$ K$ E*$ IPQQTR$ 3,#/$ ;ABC<D?EW,$ /*0#.,*%.,$ -./$

)1-.,7-)#/$)"#0$)%$)"#$#F7#-1.*.6$@1-0#4%1>9$A-("$/*0#.,*%.$*,$/*+*/#/$*.$,3&F/*0#.,*%.,H$

1#7*-&*7*)5H$ 1#,8%.,*+#.#,,H$ +-7*/-)*%.$ %@$ 7#-1.*.6$ 1#,%31(#,H$ #08-)"5$ -./$ -,,31-.(#9$

Y%0&*.#/$)"#$@1-0#4%1>$0#-,31#,$)"#$,#1+*(#$23-7*)5$%@$#F7#-1.*.6$IJ"-.6$#)$-7H$PQQTR9$

:#1(#*+#/$ 23-7*)5$ *,$ )"#$ (%.,30#1W,$ '3/60#.)$ -&%3)$ -.$ #.)*)5W,$ %+#1-77$ #Z(#77#.(#$ %1$

,38#1*%1*)5$I=*./7-5$K$;8-1>,H$PQQPR9$:#1(#*+#/$;#1+*(#$<3-7*)5$I:;<R$(%.(#1.,$)"#$,)3/#.)W,$

#Z8#1*#.(#$ -./$ '3/60#.)$ %.$ )"#$ #F7#-1.*.6$ ,#1+*(#$ -,$ @-(*7*)-)#/$ &5$ )"#$ #/3(-)*%.-7$

*.,)*)3)*%.9$ D,*.6$ )"#$ :;<$ @1-0#4%1>H$ )"#$ 3,#1$ 81%+*/#,$ )"#$ 1#,#-1("#1$ 4*)"$ /#)-*7#/$

*.@%10-)*%.$ -&%3)$ )"#$8#1(#*+#/$23-7*)5$ %@$ #-("$ %@$ )"#$ @*+#$/*0#.,*%.,9$Y%.,#23#.)*-7$ )"#$

:;<F@1-0#4%1>$/%#,$.%)$ %.75$ 1#,37)$ *.$ -.$%+#1-77$ '3/60#.)H$ *)$ 81%+*/#,$ )"#$ *.,)*)3)*%.$ -.$

#08*1*(-7$*.,)130#.)$@%1$)1-(*.6$3,-&*7*)5$81%&7#0,9$$

$

!"#$%&'()''*&%+&",&-'.&%,"+&'/$01"23'!%04&56%7'

S.$ J"-.6$ #)$ -79H$ IPQQTG$ -7,%$ ,##$ L-)#,H$ PQQ[R$ )"#$ @1-0#4%1>$ %@$ #FE#-1.*.6$ ;#1+*(#$ <3-7*)5$

(%.,)13()$%@$:;<H$4"*("$4-,$-/%8)#/$"#1#H$(%.,*,),$%@$@*+#$/*,)*.()$/*0#.,*%.,\$D&:'6&.'/($/8$
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!"#$%&%'( $")*+$,")!" -))+$#%,"!" .")/*%)&0"%"))!" ."!&#1&!&23!" #$%" 45/#263&" '#()" *+" ,)-.-" #/-"
.01.-20-$,34" .01%565%-%" 5$,*"703,583-" .01" %57-$.5*$.!" #" .077#/4" *+" #33" %57-$.5*$." #$%"
.01%57-$.5*$."5$",)5."+/#7-9*/:"5."8/*65%-%"5$";#13-."<",*"=!"#3.*".--">5?0/-"<&"@$",)-"$-9"
ABC"8#/#%5?7",)-"+*33*95$?")48*,)-.5."5."+*/703#,-%D"
"

73/*26")&)( 8( 978:( ;"$,"&0"<( ="$0&,"( >+#!&23( 9;=>:( *%( "?!"#$%&%'( #2( 26"( 4#)2( @6&%#( A*$5#!(
B%&0"$)&23(94@AB:(&)(<"2"$5&%"<(13(26"(C&0"(<&5"%)&*%)(*C()"$0&,"(D+#!&23(

!"#$%&'(&)"$*+",*-.&-/&0%"1.*.2&3%4-516%4&*.&,7%&81"9%:-1;&-/&%<0%"1.*.2&=%1>*6%&?5"$*,@"

'&
)"$*+",*-.&-/&$%"1.*.2&
1%4-516%4&

A<$%"1.*.2&B1->*+%14&47-5$+&-//%1&61%+*#$%C&%//%6,*>%&".+&1*67&
$%"1.*.2&1%4-516%4&

<&<" B(5-$,5+5(5,4"
E-#/$5$?"/-.*0/(-.".)*03%"1-"(/-%513-"#$%"6#35%F"-G(30%5$?"#$4"
-//*/F"8/-H0%5(-"*/"/-%0$%#$,"5$+*/7#,5*$"#$%".)*03%"1-"
-G8/-..-%"578#/,5#334"

<&I" J((-..51535,4"
E-#/$5$?"/-.*0/(-.".)*03%"1-"*/?#$5K-%"14"/-#.*$#13-"9#4",*"
7#:-"5,"-#.534"#((-..513-"

<&L" @$,-?/5,4"
E-#/$5$?"/-.*0/(-.".)*03%"1-"5$,-?/#3F"(#$"*++-/"5$+*/7#,5*$"
/-3#,-%",*",)-"*1H-(,56-"5$"%-8,)"#$%"95%,)F"#."3-#/$5$?"8/-M
/-205/-7-$,.F"/-3#,-%"/-.*0/(-.F"#..-..7-$,"/01/5("-,(&"

<&N" O-#3M,57-"
E-#/$5$?"/-.*0/(-.".)*03%"1-"08%#,-%"8-/5*%5(#334"#$%"
5$+*/7#,5*$"*$"8-/.*$"*/"*/?#$5K#,5*$F",57-"#$%"+/-20-$(4"*+"
08%#,5$?".)*03%"1-"5$%5(#,-%"#."9-33"

<&=" B-3-(,5*$"*+"7-%5#"
B-3-(,5*$"*+"7-%5#"#$%",-()$*3*?4".)*03%"1-"5$,-?/#,-%"95,)"
(0//5(0307"%-.5?$"#$%".)*03%".088*/,",-#()5$?"*1H-(,56-."#$%"
,)-".#,5.+#(,5*$"*+".,0%-$,."

!"#$%&D(&E4451".6%&*.&,7%&81"9%:-1;&-/&%<0%"1.*.2&=%1>*6%&?5"$*,@"

D& E4451".6%&
8"65$,@&".+&4,"//&%.2"2*.2&*.&%<$%"1.*.2&47-5$+&#%&
B1-/%44*-."$&".+&;.-:$%+2%"#$%&,-&%.451%&,7%&4,5+%.,&,154,4&
,7%9&".+&/*.+&,7%9&1%$*"#$%&

I&<" @$,-?/5,4"*+",-#()5$?"83#$"

'%0(#,5*$#3"5$.,5,0,5*$.".)*03%"8/*65%-"5$.,/0(,5*$"83#$."5$"
%-,#53D"5$(30%5$?"3-#/$5$?"*1H-(,.F"-$,/#$(-"20#35+5(#,5*$F"3-#/$5$?"
7#,-/5#3F"3-#/$5$?"(*$,-$,.F",-#()5$?".()-%03-F"-6#30#,5*$"
8/*(-..F"20#35+5(#,5*$"#0,)-$,5(#,5*$F",05,5*$"+--."#$%"*,)-/"
-G8-$.-.F",57-"3575,#,5*$"*+".,0%4F"(3#0.-"*+".0.8-$%5$?"*/"
8*.,8*$5$?".,0%4"#$%",-()$*3*?4"/-205/-7-$,."-,(&"

I&I"
A/*65%5$?"/-3#,-%"
5$+*/7#,5*$"*$"(*0/.-."

'%0(#,5*$#3"5$.,5,0,5*$.".)*03%"8/*65%-"#33".,0%-$,."95,)"(3-#/"
#$%"(*78/-)-$.56-"5$+*/7#,5*$"#1*0,",)-"(*0/.-F"5$(30%5$?"
(*0/.-"*1H-(,56-F"3-#/$5$?"/-205/-7-$,.F"-G#75$#,5*$"7-,)*%."
#$%"5$+*/7#,5*$"*$"#..-..7-$,"

I&L"
B-(0/5,4"*+"8/56#,-"
5$+*/7#,5*$"

'%0(#,5*$#3"5$.,5,0,5*$.".)*03%"-$.0/-",)-".-(0/5,4"*+",)-"
.,0%-$,.P"8-/.*$#3"5$+*/7#,5*$"

I&N" ;-()$*3*?4"?05%#$(-"

'%0(#,5*$#3"5$.,5,0,5*$.".)*03%"8/*65%-",-()$*3*?4".-/65(-"#$%"
?05%#$(-",*".,0%-$,."5$"(*0/.-".,0%45$?F"5$(30%5$?"%-,#53-%"
?05%#$(-"*$")#/%9#/-"#$%".*+,9#/-F"8/#(,5(-"*88*/,0$5,4"1-+*/-"
-G#75$#,5*$"#$%",-()$*3*?4".,#++"

I&="
A/*+-..5*$#3":$*93-%?-"*+"
,)-",-#()-/"

;)-",-#()-/".)*03%")#6-"#%-20#,-":$*93-%?-",*",-#()"

I&Q" R*783#5$,"7-()#$5.7"
'%0(#,5*$#3"5$.,5,0,5*$.".)*03%".-,"08"#"(*783#5$,"7-()#$5.7"
+*/".,0%-$,."#$%"?56-",)-7"#"6#35%"/-834"5$",57-&"
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!"#$%&'(&)%*+,-*./%-%**&.-&01%&23"4%5,36&,7&%89%"3-.-:&;%3/.<%&=>"$.0?!

'& )%*+,-*./%-%**&
@8$%"3-.-:&+3,/.A%3*&*1,>$A&*>++,30&01%&*0>A%-0B*&*0>A?&"-A&
+3,/.A%&+3,4+0&*%3/.<%&

"#$!
%&'()*'+,&*&''!)-!
'&.,+/&!.&01&'2!

341/52+)*56!+*'2+212+)*'!'7)164!'52+'-8!27&!'214&*29'!'&.,+/&!
.&01&'2!+*!2+:&!

"#;!
%&'()*'+,&*&''!)-!27&!
2&5/7&.!

<7&!2&5/7&.!'7)164!5*'=&.!'214&*2'9!01&'2+)*'!5*4!.&,+&=!27&+.!
5''+>*:&*2'!+*!2+:&!?6&''!275*!27.&&!=&&@'A#!

"#"!
B1C6+'7+*>!+*-).:52+)*!
+*!2+:&!

3D6&5.*+*>!(.),+4&.'!'7)164!(1C6+'7!+*-).:52+)*!)-!2&5/7&.'!5*4!
:5*5>&:&*2!+*!2+:&#!E).!&F5:(6&!*)2+-+/52+)*'!-).!/65''G!&F5:G!
'/7&416&G!'/).&'!)-!&F5:G!&2/#!

!"#$%&C(&)%$."#.$.0?&.-&01%&23"4%5,36&,7&%89%"3-.-:&;%3/.<%&=>"$.0?!

C& )%$."#.$.0?&
@8$%"3-.-:&+3,/.A%3*&*1,>$A&+%37,34&+3,4.*%A&*%3/.<%&
A%+%-A"#$?&"-A&"<<>3"0%$?&

H#$!
%&6+5C+6+28!)-!&41/52+)*!
+*'2+212+)*!

B.):+'&'!)-!27&!&41/52+)*56!+*'2+212+)*!'7)164!C&!.&6+5C6&!

H#;!
%&6+5C+6+28!)-!*&2=).@!
'8'2&:!

<7&!(&.-).:5*/&!)-!27&!6&5.*+*>!(652-).:!'7)164!(&.-).:!=+27!
.&6+5C+6+28G!,&.5/+28G!'25C+6+28!5*4!.5(+4+28!

H#"!
%&6+5C+6+28!)-!01&'2+)*'!
5*'=&.!

I*'=&.'!(.),+4&4!C8!27&!&41/52+)*56!+*'2+212+)*!5*4!2&5/7&.!)*!
'214&*2'9!01&'2+)*'!'7)164!C&!.&6+5C6&!

H#H! %&6+5C+6+28!)-!&,56152+)*!
<&5/7&.9'!/)::&*2'!)*!27&!'214&*2'9!(&.-).:5*/&!'7)164!C&!
+:(5.2+56!5*4!.&6+5C6&!

!"#$%&D(&@4+"01?&.-&01%&23"4%5,36&,7&%89%"3-.-:&;%3/.<%&=>"$.0?!

D& @4+"01?&
@8$%"3-.-:&+3,/.A%3*&*1,>$A&>-A%3*0"-A&01%&-%%A*&,7&>*%3*&"-A&
*1,>$A&,77%3&.-A./.A>"$.E%A&*%3/.<%&

J#$!
K)*,&*+&*2!6&5.*+*>!
'/7&416&!5*4!-5/+6+28!

341/52+)*56!+*'2+212+)*'!'7)164!'/7&416&!27&!2+:&!5*4!-5/+6+28!2)!
27&!/)*,&*+&*/&!)-!566!'214&*2'!

J#;! 35'8!2)!1'&!
L&5.*+*>!(652-).:G!6&5.*+*>!.&')1./&'!&2/#G!'7)164!C&!&5'8!2)!1'&!
5*4!5//&''#!I!:+*+:1:!)-!+*'2.1/2+)*!'7)164!C&!*&&4&4!-).!1'&.!
+*(12!

J#"! K1'2):+M&4!'&.,+/&!
<7&!2&5/7&.!'7)164!@*)=!27&!+*4+,+4156!.&01+.&:&*2'!)-!27&!
'214&*2!2)!)--&.!/1'2):+M&4!*&&4'!

J#H! K5.&!
<7&!2&5/7&.!'7)164!/5.&!-).!&,&.8!'214&*2G!5*4!7&6(!27&:!2)!
),&./):&!4+--+/162+&'!+*!'2148#!E5/162+&'!'7)164!2.&52!&,&.8!
'214&*2!=5.:68!5*4!5*'=&.!27&+.!01&'2+)*'!(52+&*268!

J#J! K):-).2!&*,+.)*:&*2!
3*,+.)*:&*2!)-!&41/52+)*56!+*'2+212+)*'!?/):(12&.!65CG!&2/#A!
'7)164!C&!'(5/+)1'!5*4!C.+>72!

J#N! O*2&.5/2+,+28!
P1.+*>!27&!2&5/7+*>!(.)/&''G!27&!2&5/7&.!'7)164!1'&!:5*8!@+*4'!
)-!+*2&.5/2+,&!:&27)4'!?&D:5+6G!QQRG!2&6&(7)*&G!&2/#A!2)!5/2+,&68!
6&54!'214&*2'!+*2)!6&5.*+*>!5/2+,+28!!

 

PSQ-Model 

S5,+*>! +4&*2+-+&4!=7+/7! /)*'2.1/2'! -).:! BRTG! 27&! /)*/&(2156! :)4&6! =5'! 4&,&6)(&4#! <7&!
-+,&!4+:&*'+)*'!566!-1*/2+)*!5'!/):()*&*2'!)-!BRT#!!
!
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!

"#$%&'!()!*+,!-./'0!.1!'20'3&1#1$!

"#$%&'!(!)*+,)!-*'!./0!1+2'3!+4!'53'6&4#4$7!8*'!9#:'!2#1'4)#+4)!;+1<#4'2!;+1=+)'!./07!

Research methods 

Data Collection 

>!)%&:'?!-';*4#@%'!,6)!%)'2!-+!;+33';-!26-67!8*'!=+=%36-#+4!)61=3'!,6)!)'3';-'2!9&+1!-*'!
4+452'$&''! )-%2'4-)! 9&+1! -*'!A6)-!B*#46!C+&163!D4#:'&)#-?7!>9-'&!1'6)%&#4$! 9+&! -,'4-?5
+4'!26?)!(E(!%)6<3'!@%')-#+446#&')!,'&'!+<-6#4'27!!

Measurement 

8+!=&+$&'))!-*'!#4:')-#$6-#+4!+9!./0!<?!@%64-#-6-#:'!&')'6&;*!64!6==&+=&#6-'!1'6)%&'!+9!-*'!
%42'&3?#4$! ;+4)-&%;-)! #)! &'@%#&'27!A6;*! ;+4)-&%;-F! 642! #-)! )%<!2#1'4)#+4)F!,6)! 'G-'4)#:'3?!
1'6)%&'2!%)#4$!1%3-#=3'!@%')-#+4)! 6)!2'&#:'2! 9&+1! -*'!./0! 9&61',+&H7!8+!16G#1#I'! -*'!
&')=+4)'! &6-#+! -*'! @%')-#+446#&'! ,6)! -&64)36-'2! 9&+1! A4$3#)*! -+! J6426&#4! B*#4')'7! K4!
1+4#-+&#4$! -*'! @%63#-?! 6! <6;H,6&2! -&64)36-#+4! )?)-'1! ,6)! %)'27! A6;*! @%')-#+4! ,6)!
-&64)36-'2! <?! +4'! ='&)+4F! -*'4! -&64)36-'2! <6;H! <?! 64+-*'&F! ,#-*+%-! -*'! )';+42! -&64)36-+&!
)''#4$!-*'!+&#$#463!@%')-#+47!8*'!<6;H,6&2!-&64)36-#+4!,6)!;+1=6&'2!-+!-*'!+&#$#463!:'&)#+4!
-+!)''!,*'-*'&!-*'!@%')-#+4)!,'&'!#4-'&;*64$'6<3'7!8*#)!=&+;'))!,6)!&'='6-'2!%4-#3!-*'!1+)-!
6;;%&6-'! -&64)36-#+4! ,6)! 2':'3+='27! "#4633?! -*'! &')%3-)! +9! -*#)! =&+;'))! ,'&'! ;6&'9%33?!
2#);%))'2! <?! 6! -'61! ;+4)#)-#4$! +9! )':'&63! L%-;*! 642! B*#4')'! 6;62'1#;)! #4! 9#463#I#4$! -*'!
@%')-#+446#&'7!!
8+!&%3'!+%-!-&64)36-#+4!#))%')!#4!6463?I#4$!-*'!26-6F!9+&!'G61=3'!-*'!3+))!+9!1'64#4$!#4!-*'!

64),'&)F!-*'!&')=+42'4-)!*62!-+!64),'&!-*'!@%')-#+4)!<?!1'64)!+9!6!M5=+#4-!N#H'&-!);63'7!8*'!
&')=+4)'!+=-#+4)!&64$'2!9&+1!;+1=3'-'3?!6$&''!-+!;+1=3'-'3?!2#)6$&''7!!
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Results 

!" #$#%&" $'" ()(" *$+,&-#-&." '/&&-0" /12" 34%5&-" 63-4#/$11%/7-4" 8-7-" 7-#371-09" :'" #;-4-" ()("
63-4#/$11%/7-42"<="7-4,$10-1#4"%7-"+%&-"%10")><"%7-"'-+%&-9"?-4,$10-1#4"8-7-"%&4$"%4@-0"#$"
/1'$7+"$1"#;-/7"%A-9"B;/4"*$14#73*#"8%4"0/C/0-0"/1#$"4/D"A7$3,49"E$4#"$'"#;-"7-4,$10-1#4"%7-"
310-7" #;-" %A-" $'" FG9" B;-" 7-43&#4" 4;$8" #;%#" #;-" +%H$7/#." $'" 7-4,$10-1#4" %7-" /1" #;-" %A-"
*%#-A$7/-4"(G"I"(J"K=>"7-4,$10-1#4L"%10"(J"I"FG"K>("7-4,$10-1#4L9"
"
!"#$%&'()(* +* ,!+-* .'/0')1'2* 3'/1)0'* 4567)%"* ,.34-* $8* '97'6/8)8:* 6%* %&'* ;6(%* <&)86* =$/>67*
?8)1'/()%"*,;<=?-*)(*2'%'/>)8'2*@"*%&'*A)1'*2)>'8()$8(*$A*('/1)0'*B567)%"*
"
!" *$1'/7+%#$7." '%*#$7" %1%&.4/4" 8%4" ,-7'$7+-0" 34/1A" MNO?PM" #$" C%&/0%#-" #;-" *$1*-,#3%&"
+$0-&" KQORL9"!4" #;-"S;/" O63%7-"B-4#" /4" 4#%#/4#/*%&" 7$534#2" .-#",7$5&-+%#/*%&" 5-*%34-" $'" #;-"
*$+,&-D/#." $'" *$1'/7+%#$7." '%*#$7" %1%&.4/42" #;-" '/#" $'" #;-" *$1*-,#3%&" +$0-&" 8%4" /10/*%#-0"
34/1A"'$37"4#-,49"
T/74#" #;-" -D%+/1%#/$1" $'" #;-" *7/#/*%&" 13+5-79" B;/4" /4" #;-" +/1/+3+" 4%+,&-" 4/U-2" 5-&$8"

8;/*;"#;-"7-43&#4"*%11$#"5-"C%&/0&."/1#-7,7-#-09"B;-"4%+,&-"4/U-2"1V()(2"-D*--04"#;-"S7/#/*%&"
W3+5-7"KSWL2"V")))9FJ2"1--0-0"'$7"7-&/%5&-"/1#-7,7-#%#/$19"O-*$10"#;-"4/A1/'/*%1*-"$'"#;-"S;/"
O63%7-" /4"*$14/0-7-09"X$#;" #;-"E/1/+3+"T/#"S;/"O63%7-"%10"#;-"W$7+%&"B;-$7."Y-/A;#-0"
M-%4#" O63%7-4" S;/ZO63%7-" 4;$8" #;-" S;/" O63%7-" /4" 1$#" 4/A1/'/*%1#" K,VG9GGL2" 4$" %" A$$0" '/#"
5-#8--1"#;-"0%#%"%10"#;-"+$0-&"*%1"5-"+%0-9"B;/70&."8-"-D%+/1-0"#;-"S;/"O63%7-"[-A7--"
$'"T7--0$+"?%#/$2"8;/*;" /4"$5#%/1-0"34/1A"S;/"O6" \"[-A"T7--0$+9"!&#;$3A;"#;-",7/$7"4#-,"
4;$8"1$"4/A1/'/*%1*-2"5-&$8"G9GJ2"#;-"S;/"O63%7-"[-A7--"$'"T7--0$+"?%#/$"-D*--04"("KJ9]>L9"
T/1%&&.2" #;-" '$37#;" 4#-,2" #;-" ^$$01-44" $'" T/#" N10-D2" /4" 7-63/7-0" #$" 0-#-7+/1-" #;-" '/#9" B;-"
^$$01-44" $'" T/#" N10-D" 4*$7-4" G9_J" %10" *$1'/7+4" %" A$$0" '/#" 5-#8--1" #;-$7." %10" 0%#%9"
S$1*&30/1A"8-"%7A3-"#;%#"#;-"*$1*-,#3%&"+$0-&"/4"C%&/0%#-0"34/1A"#;-"$54-7C-0"0%#%9"

General Outcomes 

Q7/$7" #$" #;-"A-1-7%&"$3#*$+-4"$'" #;-"7-4-%7*;"#;-"7-&/%5/&/#."8%4"+-%437-0"5."+-%14"$'" #;-"
/1#-71%&" *$14/4#-1*.9" S$14/4#-1*." 8%4" +-%437-0" 34/1A" S7$15%*;`4" !&,;%" /1" OQOO9" P%*;"
*$+,$1-1#"4*$7-0"%1"!&,;%"$'"9="$7";/A;-7"C-7/'./1A"7-&/%5/&/#."$1"%&&"*$14#73*#49"S$77-&%#/$1"
8/#;"QOR"/4"4/A1/'/*%1#"'$7"-%*;"0/+-14/$12"%4"*%1"5-"$54-7C-0"/1"#%5&-">9""

!"#$%&'(&)*++%$",-*.&*.&/01&

"" 2& 3%4%.5%.,& 0-6.-7-8".8%& )*++%$",-*.&

9%".:%$-"#-$-,;& ()(" QOR" a-4" 9=]]"

9%".:%<4*.<-=%.%<<& ()(" QOR" a-4" 9_(]"

9%".><<?+".8%& ()(" QOR" a-4" 9_J]"

9%".@"$-5",-*.& ()(" QOR" a-4" 9=J)"

9%".AB4",C;& ()(" QOR" a-4" 9_(="
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!"#$%&'($')*$ (&*$ +(,-*.(+$/*)0*/(12.+$23$ +*)410*$5,'61(78$9'+*-$2.$ (&*1)$,+*)$ *:/*)1*.0*+8$ 2.$ (&*$ *;
6*').1.<$/6'(32)=$'+$/)241-*-$97$(&*$>?@AB$
!
"#$%&! $'%! &%()*+)()$,! *-*(,.).! $'%! /%*-! 0#! %1%&,! 20-.$&32$! 4*.! /%*.3&%56! 7'%! &%.3($! ).! *!
-3/+%&! +%$4%%-! 8! *-5! 9:! 4'%&%! 8;/0.$(,! <0.)$)1%! *-.4%&.=! ).! 1%&,! >005:! *-5! 9! ;/0.$(,!
-%>*$)1%!*-.4%&.=!).!1%&,!+*56!7'%!&%.3($.!*&%!>)1%-!)-!7*+(%!?6!@-!$').!$*+(%!*-!)-$%&1*(!<%&!
*-.4%&!<%&! 20-.$&32$! ).! >)1%-! *-5! $'%!/%*-.!<%&! 20-.$&32$! 2*-! +%! &%*56! A&0/! $').! $*+(%! )$!
+%20/%.! 2(%*&! $'*$! B/<*$',! '*.! $'%! ')>'%.$! /%*-! ;C6CDEF=6! 7').! )-5)2*$%.! $'*$! $'%!
&%.<0-5%-$.!'*1%!*-.4%&%5!$'%!/0.$!-%>*$)1%!0-!$'%!G3%.$)0-.!)-!$').!20-.$&32$6!H%()*+)()$,!
'*.! $'%! (04%.$! /%*-! ;86IIE9=:! 4')2'! )-5)2*$%.! $'*$! $'%! &%.<0-5%-$.! *-.4%&%5! $'%! /0.$!
<0.)$)1%!*+03$!$').!20-.$&32$!*-5!*&%!$'3.!/0.$!.*$).#)%5!4)$'!$').!*.<%2$6!
7'%!/%*-! 0#! $'%! $0$*(! .%&1)2%! G3*()$,!4*.!/%*.3&%5! *.! 86JEC86! K-! *! .2*(%! #&0/! 8! ;1%&,!

>005=!$0!9!;1%&,!+*5=:!$').!)-5)2*$%.!$'*$!$'%!$0$*(!.%&1)2%!G3*()$,!0#!%L(%*&-)->!*$!$'%!BMNO!).!
20-.)5%&%5!$0!+%!>0056!
70$*(! .%&1)2%! G3*()$,! 2*-! *(.0! +%! /%*.3&%5! +,! $'%! /%*-! .3/! 0#! $'%! )-5)1)53*(! #)1%!

20-.$&32$.! ;&%()*+)()$,:! &%.<0-.)1%-%..:! *..3&*-2%:! 1*()5*$)0-:! %/<*$',=! 0#! $'%! <%&2%)1%5!
.%&1)2%!G3*()$,!/05%(6!7'%!/%*-!.3/!0#!$'%.%!20-.$&32$.!2*-!+%!20/<*&%5!$0!$'%!$0$*(!.%&1)2%!
G3*()$,! *.!/%*.3&%5! +,! $'%! 20-.$&32$!P%*-Q3*()$,6! 70! *-*(,R%! )#! $'%! &%.<0-5%-$.! &%1)%4!
$'%.%!5)##%&%-$!20-.$&32$.!')>'%&!0&! (04%&!$'*-!$'%!$0$*(!.%&1)2%!G3*()$,!*.!/%*.3&%5!+,!$'%!
20-.$&32$! SP%*-Q3*()$,T! 4%! '*1%! 2&%*$%5! $'%! 20-.$&32$! SP%*-UOPQ3*()$,T6! ".! .$*$%5!
P%*-UOPQ3*()$,! ).! $'%!/%*-!.3/!0#! $'%! #)1%! )-5)1)53*(!20-.$&32$.6!7'%!&%.3($.!.'04!$'*$!
$'%!/%*-!0#!P%*-UOPQ3*()$,!).!(04%&!$'*-!$'%!/%*-!0#!P%*-Q3*()$,6!7').!*-.4%&!&%1%*(.!
$'*$!4'%-!&%.<0-5%-$.!*&%!*.V%5!5)&%2$(,!*+03$!$'%!.%&1)2%!G3*()$,!0#!%L(%*&-)->!$'%,!>)1%!*!
/0&%! -%>*$)1%! *-.4%&! $'%-! 4'%-! *.V%5! )-! 5)##%&%-$! 20-.$&32$.6! @-! 0$'%&! 40&5.:! .%&1)2%!
G3*()$,! ).! &*$%5! (04%&! 4'%-! *.V%5! 5)&%2$(,:! $'%-! 4'%-! 5)##%&%-$! 20-.$&32$.! *&%! *55%56! "!
&%/*&V!).!$'*$!$'%!/%*-!0#!P%*-Q3*()$,!2*-!.$)((!+%!&%>*&5%5!*.!>0056!
K1%&*((! $'%! %L(%*&-)->! <(*$#0&/:! *.! #*2)()$*$%5! +,! $'%! BMNO:! ).! >&*5%5! <0.)$)1%(,! *.!

<%&2%)1%5!+,!)$.!.$35%-$.6!H%()*+)()$,!*-5!*..3&*-2%!*&%!&*-V%5!')>'%.$!*-5!%/<*$',!.%%/.!
$0!+%!$%-5)->!$04*&5.!*!/0&%!-%3$&*(!<(*2%6!!

!"#$%&'(&)%"*&+%,-$.,&/%0&12*,.0-3.!

!! 4& )5*56-6& )"756-6& )%"*& 8.9(&:%;5".52*&

)%"*+%$5"#5$5.<& C8C! 86EE! F69D! 86II! E69E!

)%"*+%,/2*,5;%*%,,& C8C! 868?! F6CC! C6E9! E6WJ!

)%"*=,,-0"*3%& C8C! 86EE! F6FW! 86JI! E698!

)%"*>"$59".52*& C8C! 86CW! F6D8! C68W! E69E!

)%"*?6/".@<& C8C! 86CW! W689! C6CD! E69F!

)%"*A-"$5.<& C8C! 86EE! F69E! 86JE! E69F!

>"$59&4& C8C! !! !! !! !!
!
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Conclusions and Discussion 

!"#$%&'#(%)*$+,#$%+#,+'-.$'#/0#$%+#,+'+),(%#1&..#2+#3&'(-''+34#5%+#(%)*$+,# &'#3&6&3+3#&"#$%,++#
'+($&/"'7#*+,(+&6+3#'+,6&(+#8-).&$9:#(-.$-,).#3&00+,+"(+'#)"3#0-$-,+#,+'+),(%4#

Perceived Service Quality 

5%+# '+,6&(+# 8-).&$9# /0# $%+# +;.+),"&"<# *.)$0/,=:# )'# 0)(&.&$)$+3# 29# $%+# >?@A:# &'# <,)3+3#
*/'&$&6+.9#)'#*+,(+&6+3#29# &$'# '$-3+"$'4# !"#=/,+#3+$)&.:# $%+# 0&6+#3&=+"'&/"'#),+#).'/#<,)3+3#
*/'&$&6+.94#B+.&)2&.&$9# )"3# )''-,)"(+# ),+# ,)"C+3#%&<%+'$# )"3# +=*)$%9# '++='# $/# 2+# $+"3&"<#
$/1),3'# )# =/,+# "+-$,).# *.)(+4# B+.&)2&.&$9# &'# <,)3+3# $%+# =/'$# */'&$&6+4# 5%+# '$-3+"$'D#
*+,(+*$&/"# /0# $%+# ,+.&)2&.&$9# /0# $%+# +3-()$&/").# &"'$&$-$&/":# $%+# "+$1/,C:# $%+# )"'1+,# /"#
8-+'$&/"'# )"3# +6).-)$&/"# &'# 6+,9# <//34# 5%+# ')=+# ()"# 2+# ')&3# 0/,# )''-,)"(+:# $%+# '$-3+"$'#
*+,(+&6+#$%+#&"$+<,&$9#/0#$%+#&"'$,-($&/"#*.)":#$%+#*,/6&3+3#&"0/,=)$&/":#$+(%"/./<9#<-&3)"(+#
)"3#*,/0+''&/").#C"/1.+3<+#/0# $%+# $+)(%+,# )'#6+,9#<//34#E"# $%+#/$%+,#%)"3#+=*)$%9#1)'#
<,)3+3# $%+# =/'$# "+<)$&6+4# F-,$%+,# ,+'+),(%# 1&..# %)6+# $/# */&"$# /-$# 1%&(%# /$%+,# */''&2.+#
6),&)2.+'#),+#=/3+,)$&"<#GHI4#

Cultural differences 

E"+# /0# $%+# &''-+'# 1%+"# (/"3-($&"<# ,+'+),(%# &"# ?%&")# &'# '/(&).# 3+'&,)2&.&$94# J%+"# $%+#
8-+'$&/"")&,+# 1)'# 3+6+./*+3# '/(&).# 3+'&,)2&.&$9# 1)'# C+*$# &"# =&"34# 5%+# (/"'$,-($'# 1+,+#
0/,=-.)$+3# &"#3&00+,+"$#1)9'#)"3#1&$%#2/$%#*/'&$&6+#)"3#"+<)$&6+#8-+'$&/"'4#K9#-'&"<# $%&'#
=+$%/3#&$#1)'#)$$+=*$+3#$/#,+3-(+#$%+#"-=2+,#/0#'/(&).#3+'&,)2.+#)"'1+,'4#L/1+6+,#3-+#$/#
(-.$-,).# 3&00+,+"(+':# =)&".9# $%+# &=*/,$)"(+# /0# %&+,),(%9# M*/1+,# 3&'$)"(+N# )"3# $%+#
&=*/,$)"(+# /0# # *,+6+"$&"<# ./''# /0# 0)(+# =)9# '$&..# &"0.-+"(+# $%+# 1)9# $%+# '$-3+"$'# %)6+#
)"'1+,+3#$%+#8-+'$&/"")&,+# ML/0'$+3+:#OPQRN4#5%+#+=*)$%9#8-+'$&/"'#,+.)$+# &"#*),$&(-.),# $/#
$%+#0-"($&/"&"<#/0#$+)(%+,'#)"3#(-.$-,).#&"0.-+"(+'#.&C+#*/1+,#3&'$)"(+#=)9#%)6+#,+'-.$+3#&"#
'/(&).#3+'&,)2.+#/,#"+-$,).#)"'1+,'4##
?%&"+'+#%&<%+,#+3-()$&/"#%)'#)#%&<%# '$)"3),3#/0#8-).&$94#A"0/,$-")$+.9#)# ./$#/0#?%&"+'+#

,+'+),(%# &'# 1,&$$+"# *-,+.9# &"# S)"3),&"# ?%&"+'+4# >"<.&'%# &'# "/$# (/=*-.'/,9# 0/,# ?%&"+'+#
'$-3+"$'4#5%&'#,+'-.$'# &"#$%+#0)($# $%)$#)# ./$#/0#?%&"+'+#'$-3+"$'#),+#"/$#*,/0&(&+"$#)$#,+)3&"<#
)"3# 1,&$&"<# &"# >"<.&'%4# F/,# $%&'# ,+'+),(%# $%+# 8-+'$&/"")&,+# 1)'# $,)"'.)$+3# &"# ?%&"+'+# 29#
-'&"<#$%+#2)(C1),3#$,)"'.)$&/"#$+(%"&8-+4#5%&'#$+(%"&8-+#%)'#$%+#2+"+0&$#$%)$#$%+#'+(/"3#/,#
$%&,3#$,)"'.)$/,#"+6+,#'++'#$%+#/,&<&").#>"<.&'%#8-+'$&/"4#T.$%/-<%#$%&'#$,)"'.)$&/"#$+(%"&8-+#
*,/6&3+'#)#*,/*+,#$,)"'.)$&/":#$%+#$,)"'.)$&/"#1)'#'$&..#3/"+#29#?%&"+'+#'$-3+"$'4#!$#()"#"+6+,#
2+#<-),)"$++3#$%)$#$%+#$,)"'.)$&/"#,+)..9#&'#0-..9#(/,,+($:#2+()-'+#$%+#,+'+),(%+,'#()""/$#,+)3#
/,#1,&$+#?%&"+'+4#
H/(&).# 3+'&,)2&.&$9# &'# /"+# /0# $%+# &''-+'# $%)$# ()"# &"0.-+"(+# $%+# )"'1+,'# 0,/=# ?%&"+'+#

'$-3+"$'4#@/$#/".9#$%+#8-+'$&/"")&,+#()"#2+#/0#&"0.-+"(+#/"#$%+#)"'1+,'#/0#'$-3+"$':#).'/#$%+#
'+$$&"<# &"# 1%&(%# $%+# 8-+'$&/"")&,+# &'# (/"3-($+3# ()"# 2+# &=*/,$)"$4# F/,# $%&'# ,+'+),(%# $%+#
'$-3+"$'#%)3#$/#0&..#&"#$%+#8-+'$&/"'#)0$+,#)"#+U)=:#&"#0,/"$#/0#$%+#$+)(%+,4#5%&'#'+$$&"<#&'#"/$#
/*$&=).4# F/,# )"# /*$&=).# ,+'-.$# 1&$%/-$# )"9# &"0.-+"(+# /0# )# $+)(%+,:# &$# &'# )36&'+3# $%)$# )#
8-+'$&/"")&,+#)2/-$#8-).&$9#M&"(.-3&"<#8-).&$9#/0#$%+#&"'$&$-$&/"#)"3#$+)(%+,'N#&'#(/"3-($+3#&"#
)#*,&6)$+#'+$$&"<4#
T"/$%+,#*/&"$#/0#&"$+,+'$#&'#$%+#0)($#$%)$#$%+#*+,(+&6+3#'+,6&(+#8-).&$9#0,)=+1/,C#%)'#2++"#

2)'+3# /"# H>BVIATW:# )"# +=*&,&().# =+$%/3# 0/,#=+)'-,&"<# '+,6&(+# 8-).&$94# 5%&'#=-.$&*.+;
&$+=#'().+#1)'#3+6+./*+3#1&$%#)#J+'$+,"#(-.$-,).#*+,'*+($&6+#&"#=&"3#)"#2)'+3#/"#$%+#')=+#
(-.$-,).# *,&"(&*.+'4# T'# '$)$+3# 29# L/0'$+3+# MOPQRN:# $%+,+# ),+# =)"9# 1/,C# ,+.)$+3# 6).-+#
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!"##$%$&'$()*$+,$$&)!"##$%$&+)'-.+-%$(/)01$($),2%3)%$.4+$!)54.-$)!"##$%$&'$()'4&)145$)4).4%6$)
"&#.-$&'$) "&) +1$) ,47) !"##$%$&+) '-.+-%$() !$#"&$) ($%5"'$) 8-4."+7/) 9&) 1"&!("61+) (2:$) 2#)
!":$&("2&()2#)+1$);$%'$"5$!)($%5"'$)8-4."+7)#%4:$,2%3)4&!)+1$)8-$(+"2&&4"%$)*4($!)2&)"+)'4&)
+1$%$#2%$) *$) '-.+-%4..7) *"4($!/) <2%) #-+-%$) %$($4%'1) "+) '4&) *$) "&+$%$(+"&6) +2) %$5"$,) +1$)
8-$(+"2&&4"%$)#2%)'-.+-%4.)*"4($!)!":$&("2&(/))

The PSQ model: Concluding remarks 

=&$) 2#) +1$) 624.() 2#) +1"() (+-!7) ,4() +2) !$5$.2;) 4&) 4;;%2;%"4+$) :2!$.) #2%) :$4(-%"&6) +1$)
;$%'$"5$!) ($%5"'$) 8-4."+7) 2#) $>.$4%&"&6) ;.4+#2%:(/) 01$) (+-!7) 14() (12,&) +14+) ?$%'$"5$!)
@$%5"'$) A-4."+7) '4&) *$) !$+$%:"&$!) *7) +1$) #"5$) !":$&("2&(B) %$."4*"."+7C) %$(;2&("5$&$((C)
4((-%4&'$C) 54."!4+"2&) 4&!) $:;4+17/) ) =-%) %$(-.+() 145$) (12,&) +14+) +1$($) "&("61+() "&) -($%)
;$%'$;+"2&()'4&).$4!)+2)4)'2&+"&-"&6)":;%25$:$&+)2#)(-'1);.4+#2%:(/)9+)"()&2+)$D'.-!$!)+14+)
+1$%$)4%$)&2)2+1$%)!":$&("2&(),1"'1)'2>!$+$%:"&$);$%'$"5$!)($%5"'$)8-4."+7/)<-+-%$)%$($4%'1)
(12-.!)%$5$4.)+1$)$D"(+$&'$)2#)2+1$%)!":$&("2&(/)

Recommendations ECNU 

E() (+4+$!C) 25$%4..) +1$) ;$%'$"5$!) ($%5"'$) 8-4."+7) 2#) $>.$4%&"&6) 4+) +1$) F4(+) G1"&4) H2%:4.)
I&"5$%("+7) "() %4+$!) ;2("+"5$/) 01$) %$(-.+() (12,) +14+) +1$) (+-!$&+() 145$) %4+$!) $:;4+17) +1$)
.2,$(+) 2#) 4..) 54%"4*.$(/) E.+12-61) +1$) 54%"4*.$) $:;4+17) "() &2+) %4+$!) &$64+"5$C) *-+) :2%$)
&$-+%4.C) "+) '4&) *$) ":;2%+4&+) #2%) +1$) 25$%4..) (-''$(() 2#) +1$) 2%64&"J4+"2&) +2) 2;+":"J$) +1"()
54%"4*.$/)01$)54%"4*.$)$:;4+17)'2&("(+()2#)+1$)!":$&("2&()'2&5$&"$&+).$4%&"&6)('1$!-.$C)$4($)
2#)-($C)'-(+2:"J$!)($%5"'$C)'4%$C)'2:#2%+)$&5"%2&:$&+)4&!)"&+$%4'+"5"+7/)01"():$4&()+14+)+1$)
-&"5$%("+7) '4&) ":;%25$) +1$) ;$%'$"5$!) 8-4."+7) 2#) $:;4+17) "&) +1%$$) ,47(/) <"%(+) 2#) 4..) +1$)
;$%(2&4.) '"%'-:(+4&'$() 2#) +1$) (+-!$&+()!-%"&6) +1$)-($) 2#) +1$)5"%+-4.) .$4%&"&6) $&5"%2&:$&+)
'4&)*$)2;+":"J$!/)K7)$:;14("J"&6)4):2%$);$%(2&4.)4;;%24'1C) +1$) +$4'1$%)'4&)2;+":"J$) +1$)
!":$&("2&() '-(+2:"J$!) ($%5"'$C) '4%$) 4&!) "&+$%4'+"5"+7/) 02) #-%+1$%) 2;+":"J$) +1$) ($%5"'$)
8-4."+7) '2&'$%&"&6) $:;4+17C) +1$) F4(+)G1"&4)H2%:4.)I&"5$%("+7),"..) 4.(2) 145$) +2) '%"+"'4..7)
%$5"$,) +1$)'2:#2%+)2#)$!-'4+"2&4.) #4'"."+"$() (-'1)4() +1$)'2:;-+$%) .4*C)$+'/)<"&4..7C)4) '%"+"'4.)
$D4:"&4+"2&)2#)+1$)-(4*"."+7)2#)+1$)$>.$4%&"&6)$&5"%2&:$&+)"+($.#)"()%$8-"%$!/))
02)#-..7)2;+":"J$)+1$);$%'$"5$!)($%5"'$)8-4."+7)2#)+1$"%)$>.$4%&"&6)(7(+$:(C)+1$)F4(+)G1"&4)

H2%:4.)I&"5$%("+7)(12-.!)":;.$:$&+)4)7$4%.7)'2&+%2.):$'14&"(:)"&+2)+1$)$54.-4+"2&);14($)
2#)"+()($%5"'$)8-4."+7):4&46$:$&+)(7(+$:/)<2%)$D4:;.$C)*7)-("&6)4)8-$(+"2&&4"%$)$4'1)7$4%C)
(+-!$&+()'4&)6"5$)+1$"%)2;"&"2&)2&)+1$);%25"!$!)($%5"'$)8-4."+7)4&!)+1$)-&"5$%("+7)'4&)($$)"#)
+1$) ;$%'$"5$!) ($%5"'$) 8-4."+7) ":;%25$() 25$%) +":$/) 01$) 8-$(+"2&&4"%$) !$5$.2;$!) "&) +1"()
%$($4%'1) *7) :$4&() 2#) +1$) ;$%'$"5$!) ($%5"'$) 8-4."+7) :2!$.) ,"..) 6"5$) 4) 622!) 14&!(>2&)
4;;%24'1)#2%)+1$)$54.-4+"2&);14($)"&)4)'2&+"&-$!)($%5"'$)8-4."+7):4&46$:$&+);%2'$((/))

Future research 

01$)%$($4%'1),4();$%#2%:$!)4+)+1$)F4(+)G1"&4)H2%:4.)I&"5$%("+7)2&.7/)9&)#-+-%$)%$($4%'1)"+)
,"..)*$)"&+$%$(+"&6)+2):$4(-%$)4+):-.+";.$)-&"5$%("+"$()"&)G1"&4/)G2:;4%"&6)+1$)%$(-.+()2&)+1$)
#"5$) !":$&("2&() ,"..) .$4!) +2) 4&) 2;+":4.) ?@A) #%4:$,2%3) ,1"'1) ,"..) *$) *$&$#"'"4.) "&)
(-''$((#-..7)":;.$:$&+"&6)$>.$4%&"&6)2&)4)6.2*4.)('4.$/)K$'4-($)2#)+1$);4%+"'-.4%)2-+'2:$)2&)
$:;4+17) #-%+1$%) %$($4%'1) 2&) +1"() !":$&("2&) 2#) ?@A) 4&!) '-.+-%4.) "&#.-$&'$) ,"..) *$) *2+1)
"&+$%$(+"&6)4&!)&$'$((4%7)"&)2*+4"&"&6)'2:;.$+$.7)%$."4*.$)%$(-.+(/)
?$%'$;+"2&()2#)+1$);%25"!$!)($%5"'$)8-4."+7)4%$)4.(2)!$+$%:"&$!)*7)"&#.-$&'"&6)#4'+2%()."3$)

($.#>$##"'4'7/)01$) "&!"5"!-4.) %$.4+"2&(1";()'2-.!)4.(2)*$):2!$%4+$!)*7)!"##$%$&+);$%(2&4."+7)
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