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TutorGen SCALE® - Student Centered Adaptive Learning Engine 
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1 INTRODUCTION 

A2%)"B#+L,( M%2<#+%( !#+%#"#<( 0<$;%&'#( -#$"+&+E( N+E&+#( =M!0-NO@( "#;"#,#+%,( $( 1"#$G%J")2EJ( &+(

<#'#5);&+E( $<$;%&'#( #<2.$%&)+$5( ,I,%#*,( 1I( 2,&+E( 1&E( <$%$( .)55#.%#<( P")*( +#Q( )"( #R&,%&+E(

#<2.$%&)+$5( ,)P%Q$"#( ,I,%#*,( %)( $2%)*$%&.$55I( E#+#"$%#( &+%#55&E#+%( %2%)"&+E( .$;$1&5&%&#,8( M!0-N(

.)55#.%,(<$%$(P")*(#R&,%&+E(.)*;2%#"WQ#1(1$,#<(%"$&+&+E(,)P%Q$"#/($+<(2,#,(#<2.$%&)+$5(<$%$(*&+&+E(

$+<( $"%&P&.&$5( &+%#55&E#+.#( %#.J+&U2#,( %)( $2%)*$%&.$55I( E#+#"$%#( ,%2<#+%( *)<#5,8( M!0-N( &*;")'#,(

%J#,#(*)<#5,()'#"(%&*#($,(*)"#(<$%$(&,(.)55#.%#</($+<(%"$.G,(,%2<#+%(;")E"#,,()+(,;#.&P&.(.)+.#;%,(

)"(,G&55,(=G+)Q5#<E#(%"$.&+E@8((AJ&,($55)Q,(P)"(#$,I($,,#,,*#+%($%($+I(;)&+%(&+(%&*#8(AJ#(,I,%#*($5,)(

<I+$*&.$55I(,#5#.%,(%J#(+#R%(1#,%(;")15#*(%)(*$R&*&T#(,%2<#+%(5#$"+&+E($+<(*&+&*&T#(%&*#(+##<#<(

%)(*$,%#"($(,#%()P(,G&55,(=;")15#*(,#5#.%&)+@8( (X)"(.)*;5#R(*25%&3,%#;(;")15#*,/( (M!0-N(.$+(;")'&<#(

.)+%#R%( ,;#.&P&./( F2,%3&+3%&*#( J&+%,8( ( M!0-N( $5,)( ;")'&<#,( <$%$( $<$;%#",( ,)( #<%#.J( <#'#5);#",( .$+(
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#$,&5I(J))G(&+%)(%J#(M!0-N(,I,%#*(2,&+E(Y#1(0ZC,8((X&+$55I/($(*$&+(<&PP#"#+%&$%)"()P()2"(,I,%#*(&,()2"(

%"$+,;$"#+%(;").#,,()P( <$%$( .2"$%&)+( $+<( %J#( "#5$%#<( '&,2$5( %))5,( %J$%( #R;),#( %J#(Q)"G&+E,()P( %J#(

;")15#*( $+<( ,%2<#+%3*)<#5( E#+#"$%&)+( ;").#,,8( (41$ ?@),#)3A$ 63$ &=&'#B=)33)3A$ ,"&'3)3A$ >*)"3*"$

&3#$#&8&$()3)3A$'">"&'*+-$="$+&C"$#">)A3"#$&3#$#"C",69"#$&$>1>8"($8+&8$(&5">$&##)3A$&#&98)C"$

*&9&?),)8)">$86$"D)>8)3A$>1>8"(>$"&>1$&3#$&EE6'#&?,"F(

M!0-N( E"#Q( )2%( )P( $( "#.)E+&T#<( +##<( &+( %J#(*$"G#%;5$.#/( P)"( $2%)*$%&.( $<$;%$1&5&%I( %J$%( .$+( 1#(

$<<#<(%)($+I(#<%#.J(;")<2.%/(Q&%J)2%(J$'&+E(%)(.2,%)*(<#,&E+($+<(&*;5#*#+%($(+)+3E#+#"$5&T$15#(

,)52%&)+8((Y#(P)2+<(%J$%(*$+I(.)*;$+&#,($"#(<#,&E+&+E(+#Q(#<%#.J(<#5&'#"I($+<(.)+%#+%(;")<2.%,/(

$+<( +#Q( ;5$%P)"*,/( 12%( %J$%( $<$;%$1&5&%I( &,( )P%#+( *&,,&+E/( )"( )+5I( <)+#( &+( $( .2",)"I( Q$I8( ( ?#%(

*#%J)<,(P)"(2,&+E(0"%&P&.&$5(C+%#55&E#+.#(=0C@($+<(*$.J&+#(5#$"+&+E(%)(E#+#"$%#($<$;%$1&5&%I(&+($(Q$I(

%J$%(&,(.)+%#+%($+<(,I,%#*($E+),%&.(J$'#($5"#$<I(1##+(;")'#+(&+(2+&'#",&%I("#,#$".J(5$1,/(&+.52<&+E(

)2"()Q+(Q)"G( [#8E8/(\3]^8( (AJ&,(Q)"G(J$,(1##+(,2;;)"%#<(1I(*25%&;5#(E"$+%,( P")*(%J#(4MX($+<( %J#(

!)**)+Q#$5%J( )P( _#+%2.GI/( %)( E#%( %J#( M!0-N( %#.J+)5)EI( )2%( )P( %J#( 5$1( $+<( &+%)( %J#( J$+<,( )P(

,%2<#+%,/(%#$.J#",/($<*&+&,%"$%)",/($+<(<#'#5);#",()P(#<%#.J(;")<2.%,8(

2 BUILDING THE FOUNDATION FOR SCALE 

X)55)Q&+E(#R%#+,&'#(<&,.2,,&)+,(Q&%J(;)%#+%&$5( .2,%)*#",/(Q#( &<#+%&P&#<( %J#( ( P#$%2"#,(+#.#,,$"I( %)(

*$G#( %J#( A2%)"B#+( M!0-N( ,I,%#*( $( ,2..#,,8( AJ#( G#I( &++)'$%&)+( )P( M!0-N( &,( %J#( $2%)*$%&.(

E#+#"$%&)+()P($<$;%&'#(5#$"+&+E(.$;$1&5&%&#,8(AJ#,#(&+.52<#K(\@(Z")15#*(,#5#.%&)+(`@(MG&55(%"$.G&+E(=$+<(

,G&55(*)<#5&+E@(7@(V&+%,($+<(P##<1$.G()+(*25%&3,%#;(;")15#*,(]@(0,,#,,*#+%()P(,%2<#+%(5#$"+&+E8(

C+($<<&%&)+(%)(%J#($1&5&%I(%)($2%)*$%&.$55I(E#+#"$%#(%J#,#(P#$%2"#,/(M!0-N($5,)(&+.52<#,($(aP##<1$.G(

5));b( %)( .)+%&+2#( %J#( &*;")'#*#+%( )P( %J#( P#$%2"#,( )'#"( %&*#( $,(*)"#( <$%$( &,( .)55#.%#<8( ( M#'#"$5(

;)%#+%&$5(.2,%)*#",(J$'#(+)%#<(%J$%(#R&,%&+E(;")'&<#",()P($<$;%&'#(,%2<#+%(5#$"+&+E(,)P%Q$"#(<)(+)%(

J$'#($+I(Q$I(%)(#R;5$&+(QJI(%J#(,I,%#*(1#J$'#,($,(&%(<)#,8((C+(.)+%"$,%/(M!0-N(;")'&<#,(%))5,(%J$%(

5#%(%J#(&+,%"2.%)",($+<(<#'#5);#",(#R;5)"#(%J#(<$%$(2,&+E(*#$+&+EP25('&,2$5&T$%&)+,(%J$%(Q&55(;")'&<#(

&+,&EJ%,( &+%)(,%2<#+%( 5#$"+&+E8( ( C+()"<#"( %)($.J&#'#( %J&,('&,&)+(Q#( &<#+%&P&#<( %J#( P)55)Q&+E( %#.J+&.$5(

)1F#.%&'#,(%)(1#(.)*;5#%#<(<2"&+E(%J#(4MX(M>Cc(ZJ$,#(C($+<(ZJ$,#(CC(;")F#.%,(P)"(M!0-NK(

\8 c#,#$".J($+<(&*;5#*#+%()'#"$55(<$%$($+<(,I,%#*($".J&%#.%2"#

`8 c#,#$".J/(<#,&E+/($+<(&*;5#*#+%(G+)Q5#<E#(%"$.&+E($5E)"&%J*,($+<(J$+<5#"

78 c#,#$".J/(<#,&E+/($+<(&*;5#*#+%(%J#(J&+%($+<(P##<1$.G(*#.J$+&,*

]8 6#,&E+($+<(&*;5#*#+%(,%2<#+%($,,#,,*#+%($+<(,2;;)"%(%))5,(P)"(%#$.J#",

d8 6#,&E+($+<(&*;5#*#+%(&+%#E"$%&)+()P(,2;;)"%(%))5,(P)"(.)*;2%#"31$,#<(%"$&+&+E(,I,%#*,($+<

.)+%#+%(<#,&E+#",W<#'#5);#",

e8 Z&5)%(%#,%(M!0-N(&+(%J#(.5$,,"))*

f8 Z#"P)"*(X255(C+%#E"$%&)+($+<(-)$<(A#,%&+E

2.1 Data and System Architecture 

AJ#(J&EJ(5#'#5(<#,&E+()P(%J#(,I,%#*(.$+(1#(,##+(&+(X&E2"#(\/($+<(%J#(*$&+(;")<2.%(&,(<#,&E+#<($")2+<(

%J#( M!0-N( N+E&+#/( QJ&.J( &*;5#*#+%,( %J#( *)<#5( <&,.)'#"I( $+<( ."#$%#,( %J#( *#.J$+&,*,( P)"(

$2%)*$%#<($+<(#R;#"%( P##<1$.G8( (055( &+P)"*$%&)+(.)55#.%#<($+<(E#+#"$%#<( &,( ,%)"#<( &+($(<$%$1$,#/(

QJ&.J( .$+( 1#( $..#,,#<(1I( <#'#5);#",( $+<( #<2.$%)",( %J")2EJ( $( ,#%( )P( %))5,8( AJ#,#( %))5,( $55)Q( P)"(

#R;5)"&+E(*)<#5,/( &*;")'&+E(*)<#5,/( $+<( $,,#,,&+E( ,%2<#+%( ;#"P)"*$+.#8( 0( ,#%( )P( 2+&'#",$5( <$%$(
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.)++#.%)",(;")'&<#,($(,&*;5#(0ZC(P)"(.)++#.%&+E(,)P%Q$"#(%)(%J#(,I,%#*(P)"(<$%$(.)55#.%&)+(%J")2EJ(

Q#1(,#"'&.#,8(AJ&,(<).2*#+%#<(.)**2+&.$%&)+(*#%J)<(;")'&<#,($+();#+($".J&%#.%2"#( P)"(#R&,%&+E(

.)*;2%#"31$,#<(%"$&+&+E(,I,%#*(;")'&<#",(%)(.)++#.%(%)(M!0-N(&+($(,#$*5#,,(P$,J&)+8(

G)A$HF$$/">)A3$6E$!@86'I"3$7%:JK$>+6=)3A$+6=$3"=$6'$"D)>8)3A$"#@*&8)63&,$>6E8=&'"$*&3$@>"$6@'$

#&8&$*633"*86'$,)?'&')">$86$*633"*8$86$8+"$7%:JK$>1>8"($=+)*+$)3*,@#">$8+'""$(&)3$*6(963"38>L$

8+"$536=,"#A"$8'&*5"'$=)8+$>8@#"38$(6#",>-$8+"$+)38$&3#$E""#?&*5$+&3#,"'-$&3#$&>>">>("38$&3#$

>@996'8$866,>F$

AJ#( <$%$1$,#( J$,( 1##+( <#,&E+#<( %)( 1#( P5#R&15#( #+)2EJ( %)( *$+$E#( <$%$( P)"( ,%2<#+%,/( G+)Q5#<E#(

%"$.&+E/(J&+%(E#+#"$%&)+/(,%2<#+%(*)<#5,/(.2,%)*($%%"&12%#,/($+<(%"$+,$.%&)+(5)E8((AJ#,#(.$;$1&5&%&#,(

"#U2&"#(<$%$(%)(1#(*$+$E#<($%($('#"I(E"$+25$"(5#'#5(QJ&5#(,%&55(;")'&<&+E(#R.#;%&)+$5(;#"P)"*$+.#(P)"(

"#$53%&*#(;").#,,&+E()P(%2%)"(<$%$($+<($+$5I%&.,8( (AJ&,( 5#<(%)(%J#(<#,&E+()P($(*25%&<&*#+,&)+$5(<$%$(

*)<#5/( $55)Q&+E( P)"( %J#(J&EJ#,%(;#"P)"*$+.#8( ( AJ#(<#,&E+()P( %J#(G+)Q5#<E#( ,%)"$E#(J$,(#R%#+<#<(

%J#(.)**)+(P)"*$%(2,#<(&+(%J#(ZM-!(6$%$MJ);("#;),&%)"I(=J%%;KWW;,5.<$%$,J);8)"E@($+<(.#+%#",()+(

,%)"&+E(,%2<#+%(G+)Q5#<E#(&+(%J#(P)"*()P(_+)Q5#<E#(!)*;)+#+%(=_!@(*)<#5,8((C+(%J#,#(*)<#5,/($(_!(

"#;"#,#+%,($(;&#.#()P(%"$.G$15#(G+)Q5#<E#K(,G&55,()"(.)+.#;%,8((AJ#"#(&,($5,)($(J&#"$".J&.$5(.)*;)+#+%(

%)( #R;#"%(*)<#5,( %J$%( &,( .$;%2"#</(QJ&.J( .$+(1#( &+P52#+.#<(1I( 1)%J( %J#( %I;#()P( G+)Q5#<E#(1#&+E(

%$2EJ%( $+<( &+,%"2.%&)+( 2,#<8( ( AJ#( <$%$1$,#( <#,&E+( %$G#,( &+%)( $..)2+%( %J#,#( J&#"$".J&.$5(

"#5$%&)+,J&;,/($+<($5,)(J$,(%J#($1&5&%I(%)(.)*;$"#(*)<#5,($E$&+,%('$"&)2,(*#%"&.,8(

2.2 Knowledge Tracing Algorithms and Handler 

M%2<#+%(*)<#5,(J$'#( %"$<&%&)+$55I(1##+(<#'#5);#<(1I(<)*$&+(#R;#"%,( $;;5I&+E(*$+2$5( $+$5I,&,()P(

.)2",#(.)+%#+%8((X2"%J#"("#P&+#*#+%,()P(%J#,#(*)<#5,(J$'#(2%&5&T#<(!)E+&%&'#(A$,G(0+$5I,&,(=!A0@8((0(

+2*1#"()P(,%2<&#,(J$'#(<#*)+,%"$%#<(J)Q(<#%$&5#<(!A0(.$+("#,25%(&+(<"$*$%&.$55I(1#%%#"(&+,%"2.%&)+(

[d/e^8((!A0(*#%J)<,($"#(2,#P25(P)"(."#$%&+E(,%2<#+%(*)<#5,/(12%(%J#I(J$'#(,#'#"$5(5&*&%$%&)+,8((X&",%/(

!A0( &,( *)"#( )P( $+( $"%( %J$+( $( ,.&#+.#8( ( M%"2.%2"#<( &+%#"'&#Q,/( %J&+G( $5)2<( ;")%).)5,/( $+<( "$%&)+$5(

$+$5I,&,($"#($55(J&EJ5I(,21F#.%&'#($+<(<&PP#"#+%($+$5I,%,(*$I(;")<2.#('#"I(<&PP#"#+%("#,25%,8((M#.)+</(

%J#(*),%(,2..#,,P25(!A0($;;")$.J#,($"#(J#$'I(&+(J2*$+(#PP)"%8((M%"2.%2"#<(&+%#"'&#Q,/(%J&+G3$5)2<,/(

)"( ,%2<#+%( *)<#5( ,&*25$%&)+( $55( "#U2&"#( J&EJ( 5#'#5( )P( ;,I.J)5)E&.$5( $+<( ,21F#.%3$"#$( #R;#"%&,#( &+(

$<<&%&)+(%)(,&E+&P&.$+%(%&*#(&+'#,%*#+%,8((AJ&,(&,(1)%J(%&*#3.)+,2*&+E($+<(.),%5I8(
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g2"( "#,#$".J( &+%)( P&+<&+E( #R;#"%( *)<#5,( &,( P)2+<#<( )+( )2"( 1#5&#P( %J$%( %J#( #R;#"%( *)<#5,( $"#(

<&,.)'#"#</(+)%(."#$%#<8( (AJ&,(*#$+,(%J$%(%J#(.)""#.%(*)<#5(#R&,%,(P)"($(,;#.&P&.(<)*$&+($+<(,#%()P(

&+,%"2.%&)+/( $+<( &%(*2,%(1#( &<#+%&P&#<( &+( %J#( ,#$".J( ,;$.#()P( $55( ;),,&15#(*)<#5,8( (0( .)""#.%(#R;#"%(

*)<#5( &,()+#( %J$%( &,( .)+,&,%#+%(Q&%J( $.%2$5( ,%2<#+%(1#J$'&)"8( ( C%( ;"#<&.%,( %$,G(<&PP&.25%I/( $,(Q#55( $,(

%"$+,P#"( 1#%Q##+( &+,%"2.%&)+( $+<( %#,%8( ( X&+<&+E( %J#(#R$.%(*)<#5( P)"( $( ,#%( )P( &+,%"2.%&)+( &,( <&PP&.25%(

1#.$2,#( ,)*#( ,%2<#+%,(*$I( 1#( "#5I&+E( )+( $( P5$Q#<(*)<#5( %J$%( %J#I( J$'#( ."#$%#<( &+%#"+$55I( [7^8(

Y&%J(%J&,(&+(*&+</()2"(,I,%#*(&,($15#(%)(<&,.)'#"(%J#(#R;#"%(*)<#5(%J$%(1#,%(<#,."&1#,(%J#(<$%$($+<(

5#$<,(%)(%J#(*),%(")12,%(5#$"+&+E8(

A)(<&,.)'#"(1#%%#"(#R;#"%(*)<#5,/(Q#($;;5I(J2*$+($+<(*$.J&+#( 5#$"+&+E(%#.J+&U2#,($+<(#'$52$%#(

%J#( "#,25%&+E( *)<#5( 2,&+E( ,%$%&,%&.$5( $+$5I,#,8( ( AJ&,( P)"*,( %J#( 1$,&,( )P( )2"( a<$%$3<"&'#+/( J2*$+3

.#+%#"#<b($;;")$.J8((g2"(.)"#(,%$%&,%&.$5(*)<#5(&,(1$,#<()+(%J#(0<<&%&'#(X$.%)",(H)<#5(=0XH@/(QJ&.J(

J$,(1##+(;"#'&)2,5I(&*;5#*#+%#<(&+(6$%$MJ);8((0XH(&,($(E#+#"$5&T$%&)+()P(%J#(5)E35&+#$"(%#,%(*)<#5(

=--AH@( [f^8( ( C%( &,( $( ,;#.&P&.( &+,%$+.#( )P( 5)E&,%&.( "#E"#,,&)+/( Q&%J( ,%2<#+%3,2..#,,( =9( )"( \@( $,( %J#(

<#;#+<#+%( '$"&$15#( $+<(Q&%J( &+<#;#+<#+%( '$"&$15#( %#"*,( P)"( %J#( ,%2<#+%/( %J#( _!/( $+<( %J#( _!31I3

);;)"%2+&%I(&+%#"$.%&)+8((>I(.52,%#"&+E(,%2<#+%(G+)Q5#<E#($"#$,/(Q#(J$'#($2E*#+%#<(%J#(%"$<&%&)+$5(

0XH(*)<#5/( $<<&+E( $<<&%&)+$5( ;$"$*#%#",( %J$%(Q#&EJ%( 5#$"+&+E( "$%#,( P)"( %J#,#( .52,%#",/(QJ&.J/( $,(

*)"#(<$%$(&,(.)55#.%#</(*$G#,($+(&*;$.%(&+%)();%&*&T&+E($+(&+<&'&<2$5L,(5#$"+&+E8(

Y#(J$'#(.)+P&"*#<(%J$%()2"(+#Q(%#.J+&U2#(P)"(*)<#5(<&,.)'#"I(Q&55(&*;5#*#+%(%J#(1#,%(P#$%2"#,()P(

%J#( ,%2<&#<( %#.J+&U2#,( $+<( "#,25%( &+( $( J2*$+( "#$<$15#(*)<#58( (Y#( ,%$"%( Q&%J( J2*$+( E#+#"$%#<(

*)<#5,/( &P( %J#I( #R&,%/( $+<( P")*( %J#,#( #R&,%&+E(*)<#5,(Q#(Q&55( ,;5&%( )"(*#"E#( _!,( &+( %J#( ,#$".J( )P(

$5%#"+$%&'#(*)<#5,8((>#.$2,#(%J#("#,25%&+E(*)<#5,(Q&55(J$'#($(J&#"$".JI(P")*(#R&,%&+E(5$1#5#<(_!,/(&%(

&,(*2.J(#$,&#"( P)"(J2*$+,(%)(#'$52$%#(%J#("#,25%,( =Q&%J(%J#(J#5;()P()2"('&,2$5&T$%&)+(%))5,@8( (AJ#,#(

*)<#5,(.$+(%J#+(1#(#'$52$%#<(2,&+E(%J#(0XH(,%$%&,%&.$5(*)<#5($+<($('$"&#%I()P(*#%"&.,(%)(,.)"#(%J#(

*)<#5,(&+.52<&+E('$"&$+%,()P(0G$&G#(&+P)"*$%&)+(."&%#"&)+/(>$I#,&$+(&+P)"*$%&)+(."&%#"&)+/($+<(."),,(

'$5&<$%&)+([h^8((

2.3 Hint and Feedback Handler 

AJ#( J&+%( $+<( P##<1$.G( J$+<5#"( &,( 1$,#<( )+( %J#( V&+%( X$.%)"I/( )2"( +)'#5( *#%J)<( )P( $2%)*$%&.$55I(

E#+#"$%&+E( .)+%#R%( ,;#.&P&./( F2,%3&+3%&*#( =iCA@( J&+%,( P)"( *25%&3,%#;( ;")15#*,( [\9^8( ( AJ#( *#%J)<( &,(

<#,&E+#<( %)( 1#( ,;#.&P&./( )+3<#*$+</( $+<( %)( ;")'&<#( %J#( "&EJ%( J#5;( $%( %J#( "&EJ%( %&*#8( ( C+( )"<#"( %)(

<#5&'#"( J&+%,( $+<( P##<1$.G/( %J#( V&+%( X$.%)"I( P&",%( .)+,%"2.%,( $( E"$;J( )P( ,%$%#,( $+<( $.%&)+,( %J$%(

"#;"#,#+%,( $55( ;"#'&)2,( ,%2<#+%( $;;")$.J#,( %)( $( ;$"%&.25$"( ;")15#*8( ( AJ#( ,%$%#3$.%&)+( E"$;J( &,(

%"$+,P)"*#<(&+%)($(H$"G)'(<#.&,&)+(;").#,,(=H6Z@8((0(H6Z(&,(<#P&+#<(1I(&%,(,%$%#(,#%(M/($.%&)+(,#%(0/(

%"$+,&%&)+(;")1$1&5&%&#,(A/($+<($("#Q$"<(P2+.%&)+(c([\\^8( (AJ#(E)$5()P(2,&+E($+(H6Z(&,(%)(<#%#"*&+#(

%J#(1#,%(;)5&.I(=&8#8/(%J#(1#,%(;$%J(%J")2EJ(%J&,(E"$;J@(%J$%(.)""#,;)+<,(%)(,)5'&+E(%J#(E&'#+(;")15#*8(

AJ&,(&,($.J&#'#<(1I(.$5.25$%&+E($(a'$52#/b(%J#(#R;#.%#<(<&,.)2+%#<(,2*()P(%J#("#Q$"<,(%)(1#(#$"+#<(

1I(P)55)Q&+E($+();%&*$5(;)5&.I(P")*(,%$%#(,/(.$5.25$%#<("#.2",&'#5I(2,&+E('$52#(&%#"$%&)+([\`^8((YJ#+(

%J#(J&+%(12%%)+(&,(;"#,,#</(%J#(J&+%(;")'&<#"(,#$".J#,(P)"(%J#(.2""#+%(,%$%#(&+(%J#(H6Z($+<(.J#.G,(&P(

%J$%($(,2..#,,)"(,%$%#(#R&,%,8((CP(&%(<)#,/(%J#(,2..#,,)"(,%$%#(Q&%J(%J#(J&EJ#,%('$52#(&,(2,#<(%)(E#+#"$%#(

$(J&+%(,#U2#+.#8((g+.#($(,%2<#+%(;#"P)"*,($(.)""#.%(,%#;/(%J#(J&+%(,#U2#+.#(&,("#,#%8(

>$"+#,($+<(M%$*;#"(=`99h@(<#*)+,%"$%#<(%J#(P#$,&1&5&%I()P(%J&,($;;")$.J()+(J&,%)"&.$5(<$%$/(,J)Q&+E(

%J$%( #R%"$.%#<(H6Z,(Q&%J( %J#( ;");),#<(J&+%3E#+#"$%&+E( P2+.%&)+,( .)25<( ;")'&<#( .)""#.%( +#R%3,%#;(
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J&+%,( %)Q$"<,( %J#( ;")15#*( ,)52%&)+( )'#"( h9j( )P( %J#( %&*#( [\9/\`/\d^8( ( 0( ;&5)%( ,%2<I( ,J)Q#<( %J$%(

,%2<#+%,(Q#"#($15#(%)(,)5'#(*)"#(;")15#*,(QJ#+(J&+%,(Q#"#(&+.52<#<([\^8((M&+.#(%J#(V&+%(X$.%)"I(&,(

<$%$3<"&'#+/(%J#(,I,%#*(.$+(1#(1))%,%"$;;#<(Q&%J(#R;#"%(,)52%&)+,([\d^8((0+<(&%(.$+(#')5'#/(;")'&<&+E(

,)*#( $2%)*$%&.$55I3E#+#"$%#<( J&+%,( &+&%&$55I/( $+<( &*;")'&+E( $,( $<<&%&)+$5( #R;#"%( &+P)"*$%&)+( $+<(

,%2<#+%($%%#*;%,($"#($<<#<(%)(%J#(*)<#58((

2.4 Student Assessment and Support Tools 

C%( &,( &*;)"%$+%(P)"(#<2.$%)",(%)(J$'#(#R.#55#+%('&,2$5&T$%&)+(%))5,( P)"(,%2<#+%($,,#,,*#+%8( (X2"%J#"/(

"#,#$".J(J$,(,J)Q+(%J$%(&+%#"$.%&)+(Q&%J(&+%#55&E#+%(%2%)",(.)25<(;),,&15I(1#($(1#%%#"(;"#<&.%)"()P($(

,%2<#+%L,( G+)Q5#<E#( %J$+( ,%$+<$"<( %#,%,( [\f^8( ( M2.J(*)<#5,($"#( %J#(1$,&,( P)"( %J#(G&+<()P( ,%2<#+%3

.2,%)*&T#<($<$;%&'#(&+,%"2.%&)+(%J$%(&+%#55&E#+%(%2%)"&+E(,I,%#*,(.$+(;")'&<#([\h^8(

g+( %J#( G+)Q5#<E#( %"$.&+E( ,&<#/( %J#( 2,#( )P( '&,2$5&T$%&)+,( %)( $,,#,,( ,%2<#+%( ;#"P)"*$+.#( 2,&+E(

.)E+&%&'#(*)<#5,([`^(Q&55(1#(2,#<(%)(E&'#(#<2.$%)",(%J#($1&5&%I(%)($,,#,,(,%2<#+%(G+)Q5#<E#($%($(E&'#+(

;)&+%(&+(%&*#8((!")I/(>$"+#,/($+<(M%$*;#"($;;5&#<($(%#.J+&U2#(%)('&,2$5&T#(,%2<#+%(;"))P($;;")$.J#,(

%)( $55)Q( %#$.J#",( %)( &<#+%&PI( ;")15#*( $"#$,( P)"( ,%2<#+%,( [\k^8( ( AJ#( E)$5( )P( &*;5#*#+%&+E( %J#,#(

$,,#,,*#+%( $+<( ,2;;)"%( %))5,( &,( %)( ;")'&<#( #<2.$%)",( $+<( $<*&+&,%"$%)",( %J#( '&#Q( )P( ,%2<#+%(

5#$"+&+E($+<(J)Q(%J#(,I,%#*(Q)"G,(%)(,2;;)"%(%J#&"(&+&%&$%&'#,($+<(&*;")'#(5#$"+&+E8((AJ#(&<#$(%J$%(

#<2.$%)",(.$+(&<#+%&PI($"#$,(&+(M!0-N(%J$%(,##*(%)(.)+%"$<&.%(QJ$%(%J#I(,##(&+(%J#($.%2$5(.5$,,"))*(

Q&55($55)Q(P)"(%J#("#P&+#*#+%()P(%J#(,%2<#+%(*)<#5,(&+(Q$I,(%J$%(*$G#(,#+,#(%)(%J#(#<2.$%)"8(

2.5 Support Tools for Content Designers and Developers 

0(G#I(<&PP#"#+%&$%)"()P(M!0-N(&,(%J#(a<$%$3<"&'#+/(J2*$+3.#+%#"#<b($;;")$.J(%J$%($.J&#'#,(,2;#"&)"(

"#,25%,(%)(#R&,%&+E(,I,%#*,8(AJ#(J2*$+3.#+%#"#<(;)"%&)+($55)Q,(<#'#5);#",($+<(#<2.$%)",(%)(#R;5)"#(

$+<(&*;")'#(%J#(*)<#5,(<&,.)'#"#<8((A)(&*;5#*#+%(%J&,/(Q#(J$'#(<#,&E+#<(%))5,(%J$%($"#(1$,#<()+(

#R&,%&+E(%))5,(&+(%J#(N6H(.)**2+&%I(=QQQ8#<2.$%&)+$5<$%$*&+&+E8)"E@8((AJ#,#(&+.52<#K(

\8 -#$"+&+E(!2"'#(0+$5I,&,(%))5

`8 Z#"P)"*$+.#(Z")P&5#"(%))5

78 H)<#5(NR;5)"$%&)+($+<(A$EE&+E(%))5

]8 AJ#(c#;5$I(A2%)"(,%2<#+%(,&*25$%)"

AJ#(-#$"+&+E(!2"'#(0+$5I,&,(%))5($55)Q,("#,#$".J#",(%)(&<#+%&PI(,*))%J(5#$"+&+E(.2"'#,8((Y#(#R;#.%(

%J$%(%J#(5#$"+&+E(.2"'#(P)"(#$.J(Q#55(<#P&+#<(_!(Q&55(1#("#$,)+$15I(,*))%J8((YJ#+(%J#(5#$"+&+E(.2"'#(

)P($(;2";)"%#<(_!(&,(+)&,I/(Q&%J(2;Q$"<()"(<)Q+Q$"<(a15&;,/b(%J#(,%2<#+%(*)<#5(&,(,2,;#.%8((AJ&,(.$+(

)P%#+(*#$+($(_!(+##<,(%)(1#(,;5&%/(,&+.#(Q#(G+)Q(%J$%(QJ#+(%Q)(_!,($"#("#;"#,#+%#<($,()+#/(%J#(

5#$"+&+E(.2"'#(Q&55(+)%(1#(,*))%J([7^8((CP(%J#(,%2<#+%(*)<#5(&,($..2"$%#/(Q#(#R;#.%(%J#(#"")"("$%#(%)(

<#.5&+#()'#"(%J#(+2*1#"()P();;)"%2+&%&#,($(,%2<#+%(J$,(%)(1)%J( 5#$"+($+<($;;5I($(_!8( (AJ2,/($(P5$%(

5#$"+&+E(.2"'#(&,($+)%J#"(&+<&.$%&)+()P($(;)%#+%&$55I(P5$Q#<(,%2<#+%(*)<#58( (AJ&,(&,(#,;#.&$55I(%"2#(&P(

<$%$(,2;;)"%,(%J#(&<#$(%J$%(,%2<#+%,($"#(5#$"+&+E($(,;#.&P&.(_!(12%(%J#(*)<#5(<)#,(+)%("#P5#.%(%J&,8(((

AJ#(Z#"P)"*$+.#(Z")P&5#"(%))5($55)Q,("#,#$".J#",(%)('&#Q(#"")"("$%#,(1I(;")15#*()"(_!($+<($5,)('&#Q(

%J#(;"#<&.%#<('$52#()P()+#()"(*)"#(*)<#5,8( (Z")15#*,(Q&55(1#(<&,;5$I#<( &+($(.)52*+(1I(#"")"( "$%#(

Q&%J( ,J$<&+E( "#;"#,#+%&+E( %J#( #"")"8( ( Y#( $5,)( Q&55( ,J)Q( %J#( ;"#<&.%#<( '$52#,( )P( %Q)( ;");),#<(

*)<#5,(Q&%J(%J#(5&+#,($+<(;)&+%,8((AJ&,(Q&55(,J)Q(%J$%()+#(*)<#5(<)#,($(1#%%#"(F)1(;"#<&.%&+E(,)*#(
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;")15#*,( %J$+()%J#",8( ( AJ&,( &,(2,#P25(1)%J( %)( &<#+%&PI(;")15#*,( %J$%(*$I(J$'#($+(#R.#,,&'#5I(J&EJ(

#"")"("$%#/($+<(%)(&<#+%&PI(;")15#*,(QJ#"#(%J#(*)<#5,(J$'#($(<&PP&.25%(%&*#(.)""#.%5I(;"#<&.%&+E(%J#(

,%2<#+%L,($+,Q#"8(

AJ#(H)<#5(NR;5)"$%&)+($+<(A$EE&+E(%))5($55)Q,(#<2.$%)",($+<("#,#$".J#",( %)(#R;5)"#( 5)E(<$%$( &+($(

E"$;J8((AJ&,(%))5($55)Q,("#,#$".J#",($(Q$I(%)(&<#+%&PI(;5$.#,(&+(%J#(&+,%"2.%&)+(QJ#"#(_!,($"#(%$EE#<(

&+.)""#.%5I($,(Q#55($,(,##($"#$,(QJ#"#(&*;")'#*#+%,(.$+(1#(*$<#8(

AJ#(c#;5$I(A2%)"($55)Q,(#R;#"%,($+<(#<2.$%)",(%)('$5&<$%#(+#Q(*)<#5,(2,&+E(#R&,%&+E(5)E(<$%$8((AJ#(

,&*25$%)"(;"#<&.%,(QJ$%(,%2<#+%,(*&EJ%(<)(1I(2,&+E($(>$I#,&$+(G+)Q5#<E#(%"$.&+E(*)<#5([`9^8((AJ&,(

%))5( $55)Q,( "#,#$".J#",( %)( 1#%%#"( 2+<#",%$+<( J)Q( .J$+E#,( &+( $( *)<#5( *&EJ%( $PP#.%( ,%2<#+%(

;#"P)"*$+.#(Q&%J)2%(J$'&+E(%)(%#,%(%J#(*)<#5(&+($+($.%2$5(.5$,,"))*(#+'&")+*#+%8(

C+($<<&%&)+(%)(%J#($1&5&%I(%)($2%)*$%&.$55I(E#+#"$%#(%J#,#(P#$%2"#,/(M!0-N($5,)(&+.52<#,($(aP##<1$.G(

5));b( %)( .)+%&+2#( %J#( &*;")'#*#+%( )P( %J#( P#$%2"#,( )'#"( %&*#( $,(*)"#( <$%$( &,( .)55#.%#<8( ( M#'#"$5(

;)%#+%&$5(.2,%)*#",(J$'#(+)%#<(%J$%(#R&,%&+E(;")'&<#",()P($<$;%&'#(,%2<#+%(5#$"+&+E(,)P%Q$"#(<)(+)%(

J$'#($+I(Q$I(%)(#R;5$&+(QJI(%J#(,I,%#*(1#J$'#,($,(&%(<)#,8((C+(.)+%"$,%/(M!0-N(;")'&<#,(%))5,(%J$%(

5#%(%J#(&+,%"2.%)",($+<(<#'#5);#",(#R;5)"#(%J#(<$%$(2,&+E(*#$+&+EP25('&,2$5&T$%&)+,(%J$%(Q&55(;")'&<#(

&+,&EJ%,( &+%)( ,%2<#+%( 5#$"+&+E8( ( gP%#+( %J&,( *#$+,( &<#+%&PI&+E( $"#$,( QJ#"#( %J#( #R&,%&+E( *)<#5,(

.)+%"$<&.%( %J#( <$%$( .)55#.%#<8( ( >2&5%( $")2+<( %J#( .)+.#;%( )P( <$%$( .2"$%&)+/( %J#,#( %))5,( .$+( $5,)( 1#(

2,#<(%)(;")*;%(%J#(<#'#5);#",/(#<2.$%)",/($+<(2,#",()P(%J#(#<2.$%&)+$5(,)P%Q$"#(P)"(*)"#(J2*$+(

&+;2%(&+()"<#"(%)(&*;")'#(%J#(2+<#"5I&+E(*)<#5,(%J$%(%J#(,I,%#*(E#+#"$%#,8(((

AJ#( ;&5)%( P)"( M!0-N( J$,( 1##+( .)+<2.%#<( &+(*25%&;5#( .)2",#,( Q&%J( )2"( ;$"%+#",( V$"'$"<l( $+<( %J#(

g;#+(-#$"+&+E( C+&%&$%&'#(=g-C@/($+<(J$,(1##+("#;)"%#<( &+(.&%$%&)+,([`\3``^8( (AJ#(P255( &+%#E"$%&)+($+<(

5)$<(%#,%&+E(P)"(M!0-N/( &+.52<&+E(%J#(<$,J1)$"<($+<(%J#(;")15#*(,#5#.%&)+/( &,(<&,.2,,#<(&+(%J#(+#R%(

,#.%&)+8(

3 CONTINUED DEVELOPMENT AND ENHANCEMENTS 

0P%#"( .)*;5#%&+E( ;&5)%( %#,%&+E( )+( *25%&;5#( ;5$%P)"*,( $+<( &+( .5$,,"))*( $+<( )+5&+#( .)2",#,/( Q#(

&+,%&%2%#<()2"(&%#"$%&'#(P#$%2"#(<"&'#+(<#,&E+(=X66@(;").#,,(%)(#'$52$%#(P##<1$.G(P")*(.)+%#+%($+<(

;5$%P)"*(<#'#5);#",8((AJ&,(P##<1$.G/($+<(M!0-N3E#+#"$%#<(U2$+%&%$%&'#(<$%$/(Q$,($+$5IT#<($+<(2,#<(

%)(<#%#"*&+#(G#I(#+J$+.#*#+%,(%)("#$5&T#($('&$15#/(*$"G#%3"#$<I('#",&)+()P(%J#("#,#$".J(P&+<&+E,()+(

QJ&.J(M!0-N(&,(1$,#<8((V#"#(Q#(<&,.2,,(P)2"(;"&*$"I(P#$%2"#($"#$,K(

\8 M!0-N(6$,J1)$"<(m&,2$5&T$%&)+,($+<(X2+.%&)+$5&%I

`8 -#$"+#"(H)<#(M2;;)"%

78 Z")15#*(M#5#.%&)+(NR%#+,&)+,

]8 H25%&;5#(-#$"+#"(H)<#5,

3.1 SCALE Dashboard Visualizations & Functionality. 

Y#( J$'#( $<<#<( <$,J1)$"<( ,2;;)"%( P)"( $55( )P( %J#( M!0-N( 0ZC,/( ;")'&<&+E( '&,2$5( "#;"#,#+%$%&)+,( )P(

.)+%#+%( ,%"2.%2"#,/( &+.52<&+E( ;")15#*,( $+<( G+)Q5#<E#( .)*;)+#+%,( =_!,@/( ,2.J( %J$%( %$EE&+E( $+<(

"#5$%&)+,J&;,( .$+(#$,&5I( 1##+(#+%#"#<()"(*$&+%$&+#<8( ( M!0-N( &*;)"%W#R;)"%( .$;$1&5&%&#,( J$'#(1##+(

#R;$+<#<( P)"( ,2;;)"%( )P( $55( <$%$( #5#*#+%,( $+<( "#P$.%)"#<( %)( &*;")'#( ;#"P)"*$+.#8( ( X&+$55I/(
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'&,2$5&T$%&)+(P#$%2"#,(Q#"#(#R%#+<#<(%)(;")'&<#(*)"#();%&)+,(P)"('&#Q&+E(5#$"+&+E(.2"'#,/(,2.J($,(1I(

$55)Q&+E( $+I( 5#'#5( )P( .)+%#+%( E")2;&+E,( P)"( $55( ,%2<#+%,( )"( ,#%,( )P( ,%2<#+%,8( ( AJ&,( &,( J#5;P25(QJ#+(

;#"P)"*&+E( %#,%&+E( Q&%J( #R;#"&*#+%$5( $+<( .)+%")5( E")2;,( %)( .)*;$"#( $+<( .)+%"$,%( %J#( 5#$"+&+E(

)2%.)*#,(P)"(,%2<#+%,8(

3.2 Learner Mode Support. 

C+(Q)"G&+E(Q&%J('$"&)2,(5#$"+&+E(;5$%P)"*,/(Q#(<#%#"*&+#<(%J$%(#<%#.J(&,()P%#+(2,#<(<&PP#"#+%5I(1I(

,%2<#+%,/( <#;#+<&+E( )+( QJ&.J( ,%$E#( %J#I( $"#( &+( &+( %J#&"( 5#$"+&+E/( $+<( J)Q( %J#( %#.J+)5)EI( &,(

&+%#E"$%#<(Q&%J( %J#( %#$.J&+E( ,%"$%#E&#,( &+( %J#( .5$,,"))*8( (Y#(J$'#( %J#"#P)"#( $<<#<( %J#( $1&5&%I( %)(

,2;;)"%(*25%&;5#(5#$"+#"(*)<#,/(%"&EE#"&+E(M!0-N(%)("#$.%(&+($(%$&5)"#<(Q$I(%)(%J#(,%2<#+%L,(.2""#+%(

*)<#8( ( 05%J)2EJ( %J#( $".J&%#.%2"#( &,( 12&5%( %)( ,2;;)"%( $+I( +2*1#"( )P( 5#$"+#"( *)<#,/( Q#( J$'#(

.2""#+%5I( &<#+%&P&#<( $+<( &*;5#*#+%#<( %J#( P)55)Q&+E( %J"##K( H$,%#"I( -#$"+&+E/( c#'&#Q/( $+<( M%$%&.(

0,,#,,*#+%8( (H$,%#"I( -#$"+&+E(*)<#( &,( 2,#<( %)( ,2;;)"%( %J#( P)"*$%&'#( ,%$E#/( ,)( %J$%( %J#( 5#$"+&+E(

;").#,,( $+<($.%&'&%&#,( .$+(1#(*)<&P&#</( $<$;%&+E( %)( %J#( ,%2<#+%,L( .2""#+%( ,%$%#()P( G+)Q5#<E#/( $+<(

%J2,( &+."#$,&+E( %J#( #PP&.$.I( )P( %J#( 5#$"+&+E( ,I,%#*( $+<( ;")*)%&+E( &*;")'#<( ,%2<#+%( $%%$&+*#+%8(

c#'&#Q(*)<#(&,(2,#<(%)(,2;;)"%(,%2<#+%,(QJ#+(%J#I($"#("#'&#Q&+E(;"#'&)2,5I(5#$"+#<(.)+.#;%,/(,2.J(

$,( <2"&+E( %J#&"( ;"#;$"$%&)+( P)"( $( P)"*$5( $,,#,,*#+%8( ( c#'&#Q( *)<#( &,( ,%&55( $<$;%&'#/( &+( %J$%( %J#(

,I,%#*( $<F2,%,( QJ$%( %J#( ,%2<#+%( Q&55( ,##( 1$,#<( )+( %J#( .2""#+%( ,%2<#+%(*)<#8( ( V)Q#'#"/( <2"&+E(

"#'&#Q(*)<#(%J#(,%2<#+%(Q&55(J$'#(%J#();;)"%2+&%I(%)(,##(#'#"I(.)+.#;%(=,G&55()"(_!@($%(5#$,%()+.#/(

#,,#+%&$55I("#,#%%&+E(%J#(%J"#,J)5<,(2,#<(1I(%J#(,I,%#*(%)(<#%#"*&+#(QJ$%(%J#(,%2<#+%(G+)Q,8((M%$%&.(

0,,#,,*#+%( *)<#( .$+( 1#( 2,#<( P)"( $( ,2**$%&'#( $,,#,,*#+%( )P( %J#( ,%2<#+%,8( ( :+5&G#( H$,%#"I(

-#$"+&+E(*)<#()"(c#'&#Q(*)<#/(1I(<#P$25%(M%$%&.(0,,#,,*#+%(<)#,(+)%(;#"P)"*($<$;%&'#(;")15#*(

,#5#.%&)+8( ( Y#( #+'&,&)+( $<<&+E( ,2;;)"%( P)"( ,#'#"$5( $<<&%&)+$5( 5#$"+#"( *)<#,( $,( Q#( .)*;5#%#(

$<<&%&)+$5("#,#$".J8(

3.3 Problem Selection Extensions. 

C+()"<#"( %)(;")'&<#( %J#(1#,%( 5#$"+&+E(#R;#"&#+.#( P)"( ,%2<#+%,/( %J#(;")15#*(,#5#.%&)+(*#%J)<)5)EI(

$+<($5E)"&%J*,(J$'#(1##+(#+J$+.#<($+<(#R;$+<#<8((X&",%/(Q#(J$'#($<<#<(%J#($1&5&%I(P)"(%J#(,I,%#*(

%)( <#%#"*&+#( $+<( "#.)"<( ;")15#*( <&PP&.25%I8( (YJ&5#( $( %J#)"#%&.$5( '&#Q(Q)25<(*$+$E#( %J&,( *#%"&.(

1$,#<( )+( %J#( +2*1#"( )P( _!,( "#U2&"#<( %)( ,)5'#( $( ;")15#*/( &+( ;"$.%&.#/( ;")15#*,( $"#( +)%( $5Q$I,(

%$EE#<($%(%J#(5#'#5()P(E"$+25$"&%I()"(%J)")2EJ+#,,("#U2&"#<(%)(.$;%2"#(<&PP&.25%I(5#'#58((M)/(M!0-N(+)Q(

;")'&<#,($(*#$+,(P)"(;")15#*,(%)(1#(.$%#E)"&T#<(Q&%J($(<&PP&.25%I(5#'#5(%)(J#5;($5&E+(%J#(;")15#*,/(&+(

)"<#"( %)( <#5&'#"( .)+%#+%( %)( ,%2<#+%,( $%( %J#( .)""#.%( 5#'#5( P)"( #$.J( ,%2<#+%8( ( AJ&,( <#%#"*&+$%&)+( &,(

*$<#( 1$,#<( )+( $+$5I,&,( )P( %J#( 5)EE#<( ,%2<#+%( <$%$/( 2,&+E( _!( &+P)"*$%&)+( $+<( 2;<$%#<( ,%2<#+%(

*)<#5,/($+<(.$+($5,)(1#(&+P)"*#<(1I(#R;#"%(#+%"I($+<(%$EE&+E8((

M#.)+</( Q#( J$'#( $5,)( ."#$%#<( $( +#Q( #+,#*15#( ,#5#.%&)+( *#%J)<8( ( g"&E&+$55I/( M!0-N( 2,#<( $+(

);%&*&T#<(;")15#*(,#5#.%&)+(*#%J)<)5)EI/(%J$%(&+%#E"$%#<($(*)<#"$%#($*)2+%()P("$+<)*(,#5#.%&)+/(

&+()"<#"(%)(<"&'#(#PP&.&#+.I(&+( 5#$"+&+E8( (V)Q#'#"/(Q#(J$'#(P)2+<(%J$%(<&PP#"#+%(,%2<#+%,(Q&55(%J"&'#(

$+<(#R.#5(&+(<&,%&+.%(Q$I,/(1$,#<()+($('$"&#%I()P(;")15#*(,#5#.%&)+($;;")$.J#,8((0+<(,)(+)Q/(M!0-N(

;")'&<#,(%J#(P"$*#Q)"G(P)"(*$+$E&+E(<&PP#"#+%(;")15#*(,#5#.%&)+(*#%J)<)5)E&#,(2,&+E()2"(;$%#+%3

;#+<&+E(#+,#*15#($".J&%#.%2"#8((AJ&,(&+')5'#,(,2;;)"%&+E(*25%&;5#(5#$"+#"(;#",)+$,($,,).&$%#<(Q&%J(

.)""#,;)+<&+E(;")15#*(,#5#.%&)+(*#%J)<,8((YJ&5#(&+%#"$.%&+E(Q&%J(%J#(5#$"+&+E(;5$%P)"*/(M!0-N(Q&55(

$5&E+( %J#( ;")15#*( ,#5#.%&)+( *#%J)<,( 1$,#<( )+( %J#( 5#$"+&+E( ;#",)+$( %J$%( &,( .)++#.%#<( %)( #$.J(
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,%2<#+%8((AJ&,($5&E+*#+%(&,(<#%#"*&+#<($2%)*$%&.$55I($+<(&+("#$53%&*#($,(%J#(,%2<#+%(2,#,(%J#(M!0-N3

#+$15#<( 5#$"+&+E( ,I,%#*8( ( g'#"( %&*#/( $+<( ;)%#+%&$55I( <#;#+<&+E( 2;)+( .)+%#+%( E")2;&+E,/( ,%2<#+%(

;#",)+$,(*$I(.J$+E#8( ( C+( %J&,(Q$I(%J#(;")15#*(,#5#.%&)+(*#%J)<(Q&55($<$;%($,(+#.#,,$"I/( %)($5&E+(

,%2<#+%,(Q&%J( %J#($;;");"&$%#(;#",)+$/( $+<( %J2,( %J#($,,).&$%#<(;")15#*(,#5#.%&)+(*#%J)<( %J$%( &,(

1#,%(P)"(#$.J(,%2<#+%(QJ&5#(5#$"+&+E(%J#(,21F#.%(*$%%#"8((

3.4 Multiple Learner Models. 

H)<#5,($"#(12&5%(2,&+E(%J#(<$%$($,(<#,."&1#<(;"#'&)2,5I8((M!0-N(,2;;)"%,(*$+$E&+E(*25%&;5#(,%2<#+%(

*)<#5,(P)"(%J#(,$*#(;5$%P)"*($+<(.)+%#+%(,2.J(%J$%(M!0-N(Q&55( 5#$"+($1)2%(%J#(,%2<#+%(Q&%J(#$.J(

,%2<#+%( &+%#"$.%&)+8( ( g+( $( ;#"&)<( )"( $<3J).( 1$,&,/( 5)E( <$%$( &,( 2,#<( %)( "#P&+#( #R&,%&+E( *)<#5,/(

,)*#%&*#,(,;5&%%&+E(#R&,%&+E(*)<#5,()"(."#$%&+E(+#Q(*)<#5,8((AJ&,(.)25<(1#($2%)*$%#<(%)(1#(<)+#(&+(

$( "#$53%&*#( *$++#"/( 12%( %)( <$%#/( .)+%#+%( <#'#5);#",( $+<( %#$.J#",( ,##*( %)( Q$+%( ,%2<#+%,( %)(

#R;#"&#+.#(%J#(5#$"+&+E(%J")2EJ(.)+%")55#<(*)<#5("#5#$,#,8(

4 CONCLUSIONS AND FUTURE WORK. 

AJ#(;").#,,()P(%$G&+E(.2%%&+E(#<E#("#,#$".J()2%()P(%J#(2+&'#",&%I( 5$1,($+<(2,&+E( &%( %)(."#$%#($(+#Q(

;")<2.%( J$,( 1##+( &552*&+$%&+E( &+( +2*#")2,( Q$I,8( ( c#E$"<5#,,( )P( J)Q( aP&+&,J#<b( +#Q( %#.J+)5)EI(

,##*,(&+(%J#(#R;#"&*#+%$5(,%$E#/(%J#"#($"#($5Q$I,("#P&+#*#+%,(%J$%()+5I(%J#("#$53Q)"5<(%#,%&+E(.$+(

<&,.)'#"8( ( Y#( "#.#&'#<( &+'$52$15#( P##<1$.G( $+<( &+,&EJ%( P")*( 1)%J( <#'#5);#",( 3( QJ)( &*;5#*#+%(

M!0-N(%)(,#$*5#,,5I(&+.)";)"$%#(&%(&+%)(%J#&"()Q+(;")<2.%,(3($+<(%#$.J#",/(QJ)(Q&55(1#(2,&+E(M!0-N3

#+$15#<(%#.J+)5)EI($+<(<$,J1)$"<,(&+(%J#(.5$,,"))*(&%,#5P8((g+(%J#(<#'#5);#"(,&<#/(Q#(P)2+<(Q$I,(

%)(,%"#$*5&+#($+<( &*;")'#(J)Q(M!0-N(Q)"G,/(QJ$%( &+P)"*$%&)+( &%(<#5&'#",/($+<(J)Q(1)%J(,%2<#+%,(

$+<(;")15#*(,#%,(.$+(1#(E")2;#<(%)E#%J#"(&+(<&PP#"#+%(Q$I,(P)"(<##;#"($+$5I,&,8( (X)"(%#$.J#",/(Q#(

<&,.)'#"#<(%J$%(*25%&;5#(5#$"+#"(*)<#,(&,('#"I(&*;)"%$+%/(<2#(%)(%J#(P$.%(%J$%(,%2<#+%,($+<(%#$.J#",(

2,#(%J#(5#$"+&+E(,I,%#*(&+(<&PP#"#+%(Q$I,(P)"(<&PP#"#+%(;2";),#,8((M)*#%&*#,(%J#(*$%#"&$5(&,(+#Q($+<(

1#&+E(5#$"+#<(P)"(%J#(P&",%(%&*#S(,)*#%&*#,(%J#(,%2<#+%(+##<,(%)("#'&#Q(P)"($(%#,%S($+<(,)*#%&*#,(

%J#( %#$.J#"( +##<,( $+( )1F#.%&'#/( P&R#<( $,,#,,*#+%/( %J$%(Q)+L%( .J$+E#( $+<( $<$;%8( ( =gP( .)2",#/( &%( &,(

#+%&"#5I(;),,&15#(%)(J$'#($<$;%&'#($,,#,,*#+%,/(%))/(,2.J($,(Q&%J(,%$+<$"<&T#<(%#,%(5&G#(%J#(M0A/(BcN/(

$+<( '#",&)+,( )P( %J#( 0!A8( ( V)Q#'#"/( %)( ."#$%#( $( ")12,%( $<$;%&'#( $,,#,,*#+%( "#U2&"#,(*2.J(*)"#(

,%2<#+%( <$%$( %J$%( &,( E#+#"$55I( $'$&5$15#( P)"( $( ;$"%&.25$"( ,#%( )P( .)+%#+%( *$%#"&$58( ( X2"%J#"/( %J&,(

"#U2&"#*#+%(;2%,(.)+,%"$&+%,()+(J)Q($+<(J)Q(U2&.G5I(%J#(*$%#"&$5(.$+(1#(2;<$%#<8((0+<(,)($(,%$%&.(

$,,#,,*#+%(*$I(Q)"G(1#%%#"(&+(*$+I(,&%2$%&)+,8@(

g2"(#+,#*15#(*#%J)<()P(;")15#*(,#5#.%&)+(&,(U2&%#(;")*&,&+E/($+<($5,)(E"#Q()2%()P(<&,.2,,&)+,($+<(

P##<1$.G( Q&%J( 1)%J( %#$.J#",( $+<( <#'#5);#",8( ( X)"( #R$*;5#/( ,%2<#+%,( QJ)( 5#$"+( 05E#1"$( C( &+( f%J(

E"$<#(*$I(1#(P2+<$*#+%$55I(<&PP#"#+%(%J$+(,%2<#+%(QJ)(5#$"+(%J#(,$*#(.)+%#+%(&+(\9%J(E"$<#8((0+<(

%J2,/(%J#,#(%Q)(<&PP#"#+%(E")2;,()P(,%2<#+%,(*$I(+##<(<&PP#"#+%(,2;;)"%(,%"2.%2"#,/($+<()2"(*)<#5,(

*$I("#U2&"#(<&PP#"#+%($,,2*;%&)+,(&+()"<#"(%)();%&*&T#(5#$"+&+E8((AJ&,(Q)"G(&,('#"I(;")*&,&+E(12%(,%&55(

;"#5&*&+$"I8( (Y#( $"#( &+( %J#( ;").#,,( )P( .)+<2.%&+E( P2"%J#"( #R;#"&*#+%,( $+<( "#P&+#*#+%,( )+( %J#,#(

*#%J)<,(P)"(<#%#"*&+&+E(%J#("&EJ%(,#5#.%&)+(*#%J)<(P)"(&+<&'&<2$5(,%2<#+%,/(&+.52<&+E("#%"),;#.%&'#(

,%2<&#,( 2,&+E( )2"( c#;5$I( A2%)"( $+<( $5"#$<I3.)55#.%#<( <$%$S( $+<( +#Q( ,%2<&#,( &+( ;$"%&.&;$%&+E(

.5$,,"))*,8((AJ#(25%&*$%#(E)$5(Q&55(1#(%)(;");#"5I("#P&+#(%J#(;#",)+$,K(J)Q(*$+I($"#($;;");"&$%#()"(

+#.#,,$"I/( $+<( &+( QJ$%( Q$I,( &,( 5#$"+&+E( &*;")'#<( %J")2EJ( %J#&"( 2,#n( C,( &%( *)"#( #PP#.%&'#/( *)"#(
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#PP&.&#+%/( )"( 1)%Jn( ( 0+</( &*;)"%$+%5I/( %)( QJ$%( <#E"##( $"#( %J#,#( ;#",)+$,( E#+#"$5&T$15#/( $."),,(

.)+%#+%($"#$,($+<($."),,(-#$"+&+E(MI,%#*,n(

Y#(Q&55( .)+%&+2#( %)( $<<"#,,( %J#( +##<,( )P( %J#(*$"G#%( $+<(Q&55( .)+%&+2#( %)( .)+<2.%( %$"E#%#<( ;&5)%(

%#,%,(%)($,,#,,("#,25%,()P(+#Q(P#$%2"#,($+<(P2+.%&)+$5&%I8((Y#($"#($5,)($<<"#,,&+E(%J#(+##<(P)"($<<&+E(

$.%&'&%I(,#5#.%&)+/($+<(+)%(F2,%(;")15#*(,#5#.%&)+/(%)(P&+<(%J#(+#R%(1#,%($.%&'&%I(%)(*$R&*&T#(5#$"+&+E8((

0+<( P&+$55I/( Q#( J$'#( 1##+( Q)"G&+E( %)( &+%#E"$%#( +)+3.)E+&%&'#( P$.%)",( &+%)( %J#( #+E&+#( %)( ;")'&<#(

$<<&%&)+$5( <$%$( ;)&+%,( )P( ,%2<#+%( $PP#.%( $+<( 1#J$'&)",/( %)( .)+%&+2#( %)( .)+%"&12%#( Q$I,( %)( G##;(

,%2<#+%,($.%&'#5I(#+E$E#<($+<()+(&*;")'#<(%"$F#.%)"&#,()P(5#$"+&+E8(
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