
 
 
 
 
 
 

SUPPORTING COMPETENCE DEVELOPMENT 
PROCESSES ON OPEN LEARNING SYSTEMS 

THROUGH PERSONALIZATION 
 
 

Silvia Margarita BALDIRIS NAVARRO 
 
 
 

Dipòsit legal: GI. 181-2013 
          http://hdl.handle.net/10803/98478 

 
 

ADVERTIMENT. L'accés als continguts d'aquesta tesi doctoral i la seva utilització ha de respectar els drets 
de la persona autora. Pot ser utilitzada per a consulta o estudi personal, així com en activitats o materials 
d'investigació i docència en els termes establerts a l'art. 32 del Text Refós de la Llei de Propietat Intel·lectual 
(RDL 1/1996). Per altres utilitzacions es requereix l'autorització prèvia i expressa de la persona autora. En 
qualsevol cas, en la utilització dels seus continguts caldrà indicar de forma clara el nom i cognoms de la 
persona autora i el títol de la tesi doctoral. No s'autoritza la seva reproducció o altres formes d'explotació 
efectuades amb finalitats de lucre ni la seva comunicació pública des d'un lloc aliè al servei TDX. Tampoc 
s'autoritza la presentació del seu contingut en una finestra o marc aliè a TDX (framing). Aquesta reserva de 
drets afecta tant als continguts de la tesi com als seus resums i índexs. 
 
 
ADVERTENCIA. El acceso a los contenidos de esta tesis doctoral y su utilización debe respetar los 
derechos de la persona autora. Puede ser utilizada para consulta o estudio personal, así como en 
actividades o materiales de investigación y docencia en los términos establecidos en el art. 32 del Texto 
Refundido de la Ley de Propiedad Intelectual (RDL 1/1996). Para otros usos se requiere la autorización 
previa y expresa de la persona autora. En cualquier caso, en la utilización de sus contenidos se deberá 
indicar de forma clara el nombre y apellidos de la persona autora y el título de la tesis doctoral. No se 
autoriza su reproducción u otras formas de explotación efectuadas con fines lucrativos ni su comunicación 
pública desde un sitio ajeno al servicio TDR. Tampoco se autoriza la presentación de su contenido en una 
ventana o marco ajeno a TDR (framing). Esta reserva de derechos afecta tanto al contenido de la tesis como 
a sus resúmenes e índices. 
 
 
WARNING. Access to the contents of this doctoral thesis and its use must respect the rights of the author. It 
can be used for reference or private study, as well as research and learning activities or materials in the 
terms established by the 32nd article of the Spanish Consolidated Copyright Act (RDL 1/1996). Express and 
previous authorization of the author is required for any other uses. In any case, when using its content, full 
name of the author and title of the thesis must be clearly indicated. Reproduction or other forms of for profit 
use or public communication from outside TDX service is not allowed. Presentation of its content in a window 
or frame external to TDX (framing) is not authorized either. These rights affect both the content of the thesis 
and its abstracts and indexes. 



!

 
 
 

PhD Thesis 
 
 
 
 
 
 
 

Supporting Competence Development Processes 
on Open Learning Systems through Personalization 

 
 
 
 
 
 
 
 

Silvia Margarita BALDIRIS NAVARRO 
 
 
 
 
 
 
 
 
 
 
 
 
 

2012 
 



!

 
 
 

Department of Computer Architecture and Technology 
 
 
 

PhD Thesis 
 
 
 

Supporting Competence Development Processes 
on Open Learning Systems through Personalization 

 
 
 
 
 
 

Silvia Margarita Baldiris Navarro 
 
 
 

Advisor: Dr. Ramón Fabregat Gesa 
 
 
 

Submitted in fulfilment of the requirements of the degree of PhD 
in Technology 

 
 
 
 
 

Department of Computer Architecture and Technology 
University of Girona 

Girona, Spain 
2012



!



! "!

 
!

!

!

!

!

!

#$! %&'! ()*+,! -).&/0)1! 2/3)4! 5"16$)&! 7/! 8,"9/&3"1)1! 7/$! %/:)&1)*/,1! 7;<&=6"1/>16&)! "!
5/>,+$+0"/3!7/!?+*:61)7+&3!7/!$)!8,"9/&3"1)1!7/!2"&+,)4!

!

!

!

?#(5@-@?<!

!

!

!

A6/! )=6/31! 1&/.)$$4! 1"16$)1! BC6::+&1",0! ?+*:/1/,>/! %/9/$+:*/,1! D&+>/33/3! +,! E:/,!
F/)&,",0! CG31/*3! 1H&+60H! D/&3+,)$"I)1"+,J4! =6/! :&/3/,1)! C"$9")!K)&0)&"1)! L)$7"&"3! M)9)&&+!
:/&!)!$;+.1/,>"N!7/$!1O1+$!7/!7+>1+&4!H)!/31)1!&/)$"I)1!3+1)!$)!*/9)!7"&/>>"N!"!=6/!>+*:$/"P!/$3!
&/=6/&"*/,13!,/>>/3)&"3'!

!

!

!

!

()*+,!-).&/0)1!2/3)!

!

!

!

2"&+,)4!QR!7/!S6$"+$!7/!QTUQ!

!



!""!



! """!

Contents 
 
 

!"#$%&%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%(!

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

/'! 0$"$1%*2%$31%"#$%''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%4!
,#"#! 26/7!$%8/33'*9!:7%0/66!########################################################################!;!
!"#"#! $%&%'()*+*%,-(./0+-+1%-0,%'-(&2-3/&+%4+-5/2%))*&6-""""""""""""""""""""""""-7!
!"#"!! 8,%'-5/2%))*&6-9'/3%,,-.(,%2-/&-)%('&*&6-,+:)%,-"""""""""""""""""""""""""""-#!!
!"#";! <0'-3/&+'*.0+*/&-+/-0,%'-5/2%))*&6-.(,%-/&-)%('&*&6-,+:)%-"""""""-!=!

,#,#! )2&%$)&'0!3/)7*'*9!8/6'9*!)::7%)05/6!##############################!,"!
!"!"#! >99'/(31%,-*&-+1%-,+(+%-/?-+1%-('+-""""""""""""""""""""""""""""""""""""""""""""""""""""""""-!#!
!"!"!! <0'-3/&+'*.0+*/&-+/-@%('&*&6-A%,*6&-$%&%'(+*/&-B'/3%,,-"""""""""-!C!

,#+#! 8'6&7'-2&/8!3/)7*'*9!%-./0&6!#######################################################!+<!
!";"#! @%('&*&6-<.D%3+,-E3/&/5:-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-;=!
!";"!! @%('&*&6-/.D%3+,-'%)%F(&3%-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-;;!
!";";! @%('&*&6-<.D%3+,-G%9/,*+/'*%,-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-;H!
!";"H! I/&+'*.0+*/&-+/-@%('&*&6-<.D%3+-E3/&/5:-"""""""""""""""""""""""""""""""""""""""-;C!

,#=#! 0%*0326'%*6!&%!&5/!05):&/7!###########################################################!+;!

!"#$%&&%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%5(!

.'! 2#"617*#8%2*#%016&9",$*6"$&-%:1"#)&);%+10&;)%
;1)1#"$&*)%''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%5.!

+#"#! :7/3'$'*)7>!6&28'/6!##############################################################################!=+!
;"#"#! I/&3)0,*/&,-?'/5-+1%-F*'+0()-3/59%+%&3%-2%F%)/95%&+-9'/3%,,-

(&()*,:,- H;!
;"#"!! J2%&+*?*&6-'%)%F(&+-31('(3+%'*,+*3,-/?-./+1-)%('&*&6-9'/3%,,-

(3+/',-(&2-)%('&*&6-9'/3%,,-"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-HK!
+#,#! 47)$/?%7@!4%7!6/$'A)2&%$)&'0!3/)7*'*9!8/6'9*!

9/*/7)&'%*!#####################################################################################################################!BB!
;"!"#! A%,3'*9+*/&-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-KK!
;"!"!! <F%'F*%L-/?-+1%-%F()0(+*/&-?/'-+1%-)%('&*&6-2%,*6&-6%&%'(+*/&-

?'(5%L/'M-"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-K7!
+#+#! 0%*0326'%*6!%4!&5/!05):&/7!###########################################################!1,!



!"#!

5'! ,01#%6*+1:&);%<"01+%*)%:1"#)&);%0$=:1%''''''''''''''''''''''''''''''%>.!
=#"#! :7/4/7/8!3/)7*'*9!%-./0&!&>:/!%78/7!)00%78'*9!&%!

3/)7*'*9!6&>3/!-)6/8!%*!&/)05/7!%:'*'%*6!###########################################!1+!
H"#"#! A%,3'*9+*/&-"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-N;!
H"#"!! O+(+*3-0,%'-5/2%)-.(,%2-/&-P%)2%'-(&2-O*)F%'5(&Q,-@%('&*&6-

O+:)%-R1%/':-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-NH!
H"#";! P*',+-9'/9/,()-?/'-2%?*&*&6-B'%?%''%2-@%('&*&6-<.D%3+-R:9%,-

<'2%'- N7!
H"#"H! J59'/F*&6-B'%?%''%2-@%('&*&6-<.D%3+-R:9%,-<'2%'-"""""""""""""""""""""-CC!

=#,#! 8'*)$'0!26/7!$%8/3'*9!%*!3/)7*'*9!6&>3/6!#########################!;1!
H"!"#! A%,3'*9+*/&-"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-7N!
H"!"!! 8,%'-S/2%)-.(,%2-/&-)%('&*&6-,+:)%,-+1'/061-0,%'-*&+%'(3+*/&,

- 7C!
H"!";! EF()0(+*/&-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-#=;!

=#+#! 0%*0326'%*6!%4!&5/!05):&/7!#########################################################!""<!

?'! :1"#)&);%+10&;)%;1)1#"$&*)%!#*-100%'''''''''''''''''''''''''''''''''''%(((!
B#"#! &5/!0%$:/&/*0/!8/4'*'&'%*!$%8/3!##########################################!"""!
K"#"#! R1%-5/2%)-"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-###!
K"#"!! S/2%)-*59)%5%&+(+*/&-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-##H!

B#,#! 3/)7*'*9!%-./0&6!$/&)8)&)!8/4'*'&'%*!:7%0/66!##########!""C!
B#+#! 6/$'A)2&%$)&'0!9/*/7)&'%*!&57%295&!60/*)7'%6!######!""D!
K";"#! @%('&*&6-A%,*6&-3/&?/'5,-L*+1-@%('&*&6-A%,*6&-O9%?*3*(+*/&

- ##C!
K";"!! A%,3'*9+*/&-+1%-?/'5()-9'/3%,,-"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-##7!
K";";! $%&%'(+*/&-.(,%2-/&-3/59%+%&3%-2%?*&*+*/&,-"""""""""""""""""""""""""""""""-#!#!
K";"H! $%&%'(+*/&-.(,%2-/&-3/59%+%&3%,-(&2-)%('&*&6-,+:)%,-""""""""""""-#!T!
K";"K! J&+%6'(+*/&-09/&-2/+@GU-@%('&*&6-S(&(6%5%&+-O:,+%5-""""""-#!7!
K";"T! J59)%5%&+(+*/&,-'%,0)+,-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-#;=!

B#=#! /()32)&'%*!#################################################################################################!"+B!
K"H"#! $%&%'()-A%,3'*9+*/&-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-#;K!
K"H"!! O(59)%-A%,3'*9+*/&-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-#;T!
K"H";! V0()*+(+*F%->&():,*,-"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-#;C!
K"H"H! >-W0(&+*+(+*F%-(&():,*,-.(,%2-/&-O%'F*3%-V0()*+:-$(9-S/2%)-#H7!
K"H"K! O:,+%5-B%'?/'5(&3%->&():,*,-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-#KN!

B#B#! 0%*0326'%*6!%4!&5/!05):&/7!#########################################################!"C<!

@'! -*)$1A$,":&B1+%:1"#)&);%*<C1-$0%01#-3&);%")+%
!*0&$&*)&);%!#*-100%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%(@(!



! #!

C#"#! 3%76/7E!$/&)A6/)705/7!%4!3/)7*'*9!%-./0&6!%(/7!
8'6&7'-2&/8!3/)7*'*9!7/:%6'&%7'/6!-)6/8!%*!'*&/33'9/*&!
)9/*&6!"C"!
C#,#! 3%%@E!$'07%A0%*&/F&!-)6/8!:%6'&'%*'*9!:7%0/66!#########!"CB!
T"!"#! A%,3'*9+*/&-"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""-#TK!
T"!"!! @%('&*&6-/.D%3+,-'%)%F(&3%-+1'/061-+1%-S*3'/XI/&+%4+-""""""""""-#TT!

C#+#! /()32)&'%*!#################################################################################################!"1<!
T";"#! A%,3'*9+*/&-/?-+1%-%F()0(+*/&-9'/3%,,-""""""""""""""""""""""""""""""""""""""""""""""-#N=!
T";"!! R%,+*&6-I/0',%Y-<.D%3+-<'*%&+%2-A%,*6&-L*+1-8S@-""""""""""""""""""""-#N=!
T";";! R1%-2%3*,*/&-5(M*&6-%F()0(+*/&-)(:%'-"""""""""""""""""""""""""""""""""""""""""""""-#N#!
T";"H! 8,%'-,(+*,?(3+*/&-%F()0(+*/&-)(:%'-"""""""""""""""""""""""""""""""""""""""""""""""""""""-#NN!

C#=#! 0%*0326'%*6!%4!&5/!05):&/7!#########################################################!"D<!

!"#$%&&&%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%(D(!

>'! -*)-:,0&*)0%")+%2,$,#1%7*#80%''''''''''''''''''''''''''''''''''''''''''''''%(D.!
1#"#! 0%*0326'%*6!###############################################################################################!"D+!
1#,#! 42&27/!?%7@!#############################################################################################!"D=!

<&<:&*;#"!3=%''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%(D?!

"%''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%(4>!

"!!1)+&A%"%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%(44!

"!!1)+&A%<%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%/E?!

"!!1)+&A%-%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%/E>!



!#"!



! #""!

Abstract 
!

!

$%! "&! '(%)! *+(&('"*%,! )-*! .*/0&"&1! (23*+)%! *+(&('4! "%! /! %+"*&+*! )-/)! %)56"*%! )-*!
6"77*0*&)! /+)(0%! "&#(.#*6! "&! )-*! 64&/'"+%! (7! +0*/)"&1! 8'/09*)%8! "&! :-"+-! .*/0&"&1!
(23*+)%! /0*! ;0(65+*6,! ;52."%-*6,! *<+-/&1*6! /&6=(0! 0*5%*6>! ?-*0*! /0*! '/&4!
'()"#/)"(&%! 7(0!%)"'5./)"&1! )-*!6*#*.(;'*&)!(7! )-*!@A!*+(&('4>!B0(2/2.4,! )-*!'/"&!
0*/%(&! "%! )-*! ;(%%"2".")4! )(! ;0(#"6*! )-*! 0"1-)! +(&)*&),! /)! )-*! 0"1-)! )"'*,! )(! )-*! 0"1-)!
.*/0&*0,!/++(06"&1!)(!/6*C5/)*!C5/.")4!%)/&6/06%!"&!)-*!+(&)*<)!(7!/! ."7*D.(&1!.*/0&"&1!
;0(+*%%>! E(:*#*0,! %('*! 2/00"*0%! 7(0! )-*! 6*#*.(;'*&)! (7! @A! *+(&('4,! %5+-! /%! )-*!
10/&5./0")4!/&6!*6")/2".")4!(7!)-*!@A,!'5%)!2*!(#*0+('*>!F50)-*0'(0*,!%('*!*&/2.*0%,!
%5+-!/%!@*/0&"&1!G*%"1&!H*&*0/)"(&!/&6!I)/&6/06%!J%/1*!'5%)!2*!;0('()*6!"&!(06*0!
)(!*&-/&+*!@A!*+(&('4!:-"+-!7/+".")/)*!)-*!*<+-/&1*!(7!+(';.*<!.*/0&"&1!(23*+)%>!

?-"%!)-*%"%!/"'!7(0!;0('()"&1!)-*!.*/0&"&1!(23*+)%!*+(&('4!24!(77*0"&1!)*/+-*0!)-*!
;(%%"2".")4! (7! 1*&*0/)"&1! /6/;)"#*! /&6! %)/&6/06"K*6! .*/0&"&1! 6*%"1&%! 5%"&1! .*/0&"&1!
(23*+)%!.(+/)*6!(#*0!6"%)0"25)*6!.*/0&"&1!(23*+)%!0*;(%")(0"*%>!

?-*!/6/;)/)"(&!(7!)-*!1*&*0/)*6!.*/0&"&1!6*%"1&!+(&%"6*0%!):(!(7!)-*!'(%)!0*.*#/&)!
5%*0%! +-/0/+)*0"%)"+L! !"#$%& '()*#!#+'#,& -+.& !"#$%& /#-%+$+0& ,!1/#,>! M(';*)*&+*! .*#*.%!
/0*!'(6*..*6!5%"&1!)-*!+/)*1(0"K/)"(&!6*7"&*6!24!)-*!0*#"*:*6!N.(('!)/<(&('4!/&6!/!
64&/'"+!5%*0!'(6*.."&1!;0(+*%%!"%!6*7"&*6!"&!(06*0!)(!"&7*0!)-*!5%*0!.*/0&"&1!%)4.*!(#*0!
)-*! )"'*>! ?-"%! 64&/'"+!'(6*.."&1! ;0(+*%%! 5%*%! )-*! -"%)(0"+/.! *#"6*&+*%! (7! )-*! 5%*0%!
2*-/#"(50!"&!)-*!.*/0&"&1!'/&/1*'*&)!%4%)*'>!?-*!+-/..*&1*!(7!'(6*."&1!64&/'"+/..4!
)-*!5%*0!0*C5"0*6!)-*!5%*!(7!/5)('/)"+!.*/0&"&1!)*+-&"C5*%!/&6!/.%(!/!&(#*.!%)/)"%)"+/.!
)0*/)'*&)!(7!)-*!6/)/!70('!)-*!5%*0!"&)*0/+)"(&>!

I)/&6/06"K*6! /&6! $6/;)"#*! @*/0&"&1! G*%"1&! H*&*0/)"(&! B0(+*%%,! 2#,$0+#%,! :/%!
"';.*'*&)*6!5%"&1!E?O!;./&&"&1>!H*&*0/)"(&!;0(+*%%!+(&%"6*0%!/!7*:!"&;5)%!70('!)-*!
)*/+-*0%,!"&!;/0)"+5./0,!)-(%*!0*./)*6!:")-!)-*!%)/&6/06"K*6!+(';*)*&+*!6*7"&")"(&,!)-*!
.*/0&"&1!(23*+)%!'*)/6/)/!:-"+-!:"..!2*!5%*6!"&!)-*!.*/0&"&1!6*%"1&!/%!:*..!/%!)-*!6/)/!
70('! )-*! "&")"/.! %)56*&)! '(6*.! 5%*6! :")-! /6/;)/)"(&! ;(0;5%*%>! ?-*! '/"&! ;0(2.*'!
/660*%%*6!"&!)-*!1*&*0/)"(&!;0(+*%%!"%!)-*!+(&%"6*0/)"(&!(7!)-*!5%*0!'(6*.."&1!;0(+*%%!
"&!2()-,!/)!)-*!6*%"1&!)"'*!/&6!/)!)-*!*<*+5)"(&!)"'*>!

P&!(06*0!)(!;0('()*!)-*!0*5%*!(7! .*/0&"&1!(23*+)%,!)-*! .*/0&"&1!6*%"1&%!1*&*0/)"(&!
;0(+*%%! :/%! *&0"+-*6! )-0(51-! )-*! 6*%"1&! (7! ):(! ;0(+*%%*%,! !"#& /#-%+$+0& (34#'!,&
,#-%'"$+0& -+.& & *(,$!$(+$+0& *%('#,,#,>! ?-*%*! ;0(+*%%*%! ;*0'")! )(! .((9! 7(0! .*/0&"&1!
(23*+)%!"&!6"%)0"25)*6!.*/0&"&1!(23*+)%!0*;(%")(0"*%!/&6!)(!;./+*!)-*%*!0*)0"*#*6!(23*+)%!
"&!)-*!+(&)*<)!(7!/!1*&*0/)*6!.*/0&"&1!6*%"1&>!?-"%!"%!/&!%;*+"/.!"%%5*!/!.")).*!/660*%%*6!!
"&!)-*!%)/)*!(7!)-*!/0)>!P&!)-"%!'/&&*0,!@AAQ!/&6!@ARIS!;0(+*%%*%!/0*!"&)0(65+*6!/%!/!
'*+-/&"%'! )(! .(+/)*! "&)(! )-*! 1*&*0/)*6! .*/0&"&1! 6*%"1&! 6"%)0"25)*6! .*/0&"&1! (23*+)%!
/++(06"&1!)(!)-*"0!0*.*#/&+*!:")-!0*%;*+)!)(!)-*!"6*&)"7"*6!+(';*)*&+*!'"+0(D+(&)*<)%>!



!#"""!

G5*! )(! )-*! +(';.*<")4! (7! )-*! %(.5)"(&%! ;0(;(%*6! "&! )-"%! 6"%%*0)/)"(&,! ")! :/%!
&*+*%%/04! )(! 6*7"&*! /! ./4*0*6! *#/.5/)"(&! ;0(+*%%! )-/)!:(5.6! #/."6/)*! )-*! 6*#*.(;*6!
%(.5)"(&%>! ?-5%,! )-*!'(%)! "';(0)/&)! 6"'*&%"(&%! (7! /&! $6/;)"#*! E4;*0'*6"/! I4%)*'!
:*0*!/%%*%%*6! )-0(51-! )-0**! ./4*0%!(2)/"&"&1!;0('"%"&1! 0*%5.)%! "&!*/+-!(7! )-*! ./4*0%!
+(&%"6*0*6>!



! "<!

Resumen 
!

!

M('(! ./! '/4(0T/! 6*! ./%! *+(&('T/%,! ./! *+(&('T/! 6*! (23*)(%! 6*! /;0*&6"K/3*! *%! 5&/!
+"*&+"/!C5*!*%)56"/!.(%!6"7*0*&)*%!/1*&)*%!;/0)"+";/&)*%!*&!./!6"&U'"+/!6*!+0*/+"V&!6*!
W'*0+/6(%X!*&! .(%!C5*!%*!;0(65+*&,!;52."+/&,! "&)*0+/'2"/&!4=(!0*5)"."K/&!(23*)(%!6*!
/;0*&6"K/3*>! S<"%)*&! 6"7*0*&)*%! '()"#/+"(&*%! ;/0/! *%)"'5./0! *.! 6*%/00(..(! 6*! ./!
*+(&('T/!6*!(23*)(%!6*!/;0*&6"K/3*>!B0(2/2.*'*&)*!./!;0"&+";/.!0/KV&!*%!./!;(%"2"."6/6!
6*! ;0(#**0! *.! +(&)*&"6(! /6*+5/6(,! *&! *.! )"*';(! 35%)(,! /.! *%)56"/&)*! /6*+5/6(,! 6*!
/+5*06(!+(&!*%)U&6/0*%!6*!+/."6/6!"6V&*(%,!)(6(!*..(!*&'/0+/6(!*&!*.!+(&)*<)(!6*!5&!
;0(+*%(! 6*! /;0*&6"K/3*! +(&)"&5(>! G*! -*+-(,! *%)*! *%! *.! ;0"&+";/.! (23*)"#(! 6*! ./!
*65+/+"V&>!I"&!*'2/01(,!*<"%)*&!/.15&/%!2/00*0/%!*&!*.!6*%/00(..(!6*! ./!*+(&('T/!6*!
(23*)(%!6*!/;0*&6"K/3*!C5*!6*2*&!%*0! %5;*0/6/%,!6*%)/+/&6(!/C5*../%!/%(+"/6/%!/! ./!
10/&5./0"6/6! 4! ./! *6")/2"."6/6! 6*! .(%! (23*)(%! 6*! /;0*&6"K/3*>! $%T! '"%'(,! /.15&(%!
7/+".")/6(0*%!6*2*&!;0('(#*0%*!+(&!*.!7"&!6*!'*3(0/0!./%!6"&U'"+/%!*&!./!*+(&('T/!6*!
(23*)(%! 6*! /;0*&6"K/3*,! *&)0*! *..(%! ./! 1*&*0/+"V&! %*'"D/5)('/)"+/! 6*! 6"%*Y(%! 6*!
/;0*&6"K/3*!4!*.!5%(!6*!*%)U&6/0*%!)*+&(.V1"+(%!C5*!7/+".")*&!*.!"&)*0+/'2"(!6*!(23*)(%!
6*!/;0*&6"K/3*!+(';.*3(%>!

S.! ;0"&+";/.! (23*)"#(! 6*! *%)/! )*%"%! *%! ;0('(#*0! ./! #'(+()5-& .#& (34#!(,& .#&

-*%#+.$6-4#& (70*+"*&6(! /.! ;0(7*%(0! ./! ;(%"2"."6/6! 6*! 1*&*0/0! %*'"D/5)('/)"+/'*&)*!
6"%*Y(%!6*!/;0*&6"K/3*!/6/;)/)"#(%!4!*%)/&6/0"K/6(%!C5*!%*!/."'*&)*&!6*! .(%!(23*)(%!
6*!/;0*&6"K/3*!/.'/+*&/6(%!*&!0*;(%")(0"(%!6*!(23*)(%!6*!/;0*&6"K/3*!6"%)0"25"6(%>!

@/! /6/;)/+"V&! 6*! .(%! 6"%*Y(%! 6*! /;0*&6"K/3*! 1*&*0/6(%! +(&%"6*0/! 6(%! 6*! ./%!
+/0/+)*0T%)"+/%!6*!5%5/0"(!'U%!0*.*#/&)*%L!,7,&'()*#!#+'$-,&1&,7&#,!$/(&.#&-*%#+.$6-4#>!
@(%!&"#*.*%!6*!+(';*)*&+"/!%(&!'(6*./6(%!5)"."K/&6(!./!+/)*1(0"K/+"V&!6*7"&"6/!*&!./!
)/<(&('T/!0*#"%/6/!6*!N*&3/'T&!N.(('!4!*.!*%)".(!6*!/;0*&6"K/3*!*%! "&7*0"6(!/!)0/#Z%!
6*!5&!;0(+*%(!6*!'(6*./6(!6"&U'"+(!6*.!5%5/0"(!2/%/6(!*&!*#"6*&+"/%!-"%)(0"+/%!6*.!
+(';(0)/'"*&)(! 6*.! 5%5/0"(! *&! *.! /'2"*&)*! 6*! /;0*&6"K/3*>! S.! 0*)(! 6*! '(6*./0!
6"&U'"+/'*&)*! *.! 5%5/0"(! 0*C5"0"V! 6*! ./! 5)"."K/+"V&! 6*! )Z+&"+/%! 6*! /;0*&6"K/3*! 4!
)0/)/'"*&)(%!*%)/6T%)"+(%!&(#*6(%(%!6*!./%!*#"6*&+"/%!6*!"&)*0/++"V&!6*.!5%5/0"(>!

S.! ;0(+*%(! 6*! 1*&*0/+"V&! 6*! 6"%*Y(%! 6*! /;0*&6"K/3*! /6/;)/)"#(%! 4! *%)/&6/0"K/6(%!
75*!"';.*'*&)/6(!5)"."K/&6(!;./&"7"+/+"V&!E?O>!S.!;0(+*%(!6*!1*&*0/+"V&!0*+"2*!+('(!
*&)0/6/!%(.(!/.15&(%!6/)(%!C5*!;0(#"*&*&!6*.!;0(7*%(0,!*&!;/0)"+5./0,!.(%!0*./+"(&/6(%!
+(&!./!6*7"&"+"V&!6*!./%!+(';*)*&+"/%!*%)/&6/0"K/6/%,!.(%!'*)/6/)(%!6*!.(%!(23*)(%!6*!
/;0*&6"K/3*!C5*!%*0U&!5)"."K/6(%!*&!*.!6"%*Y(!4!6/)(%!;0(#*&"*&)*%!6*.!'(6*.(! "&"+"/.!
6*.! *%)56"/&)*! C5*! %(&! 5%/6(%! +(&! 7"&*%! 6*! /6/;)/+"V&>! S.! ;0"&+";/.! ;0(2.*'/!
&(#*6(%(!/2(06/6(!*&!*.!;0(+*%(!6*!1*&*0/+"V&!*%!./!+(&%"6*0/+"V&!)/&)(!*&!)"*';(!
6*!6"%*Y(!+('(!6*!*3*+5+"V&!6*!.(%!0*%5.)/6(%!6*.!;0(+*%(!6*!'(6*./6(!6"&U'"+(!6*.!
5%5/0"(>!



!<!

M(&!*.!;0(;V%")(!6*!7/#(0*+*0!./!0*5)"."K/+"V&!6*!(23*)(%!6*!/;0*&6"K/3*,!*.!;0(+*%(!
6*!1*&*0/+"V&!6*!6"%*Y(%!6*!/;0*&6"K/3*!*%!*&0"C5*+"6(!/!)0/#Z%!6*!./!6*7"&"+"V&!6*!.(%!
;0(+*%(%!6*!;0(+*%(%!6*!25%C5*6/!4!;(%"+"(&/'"*&)(!6*!(23*)(%!6*!/;0*&6"K/3*!*&!*.!
+(&)*<)(!6*!5&!6"%*Y(!6*!/;0*&6"K/3*!1*&*0/6(,! .(!+5/.!*%!5&!/%5&)(!;(+(!/2(06/6(!
*&! *.! *%)/6(! 6*.! /0)*>! G*! *%)/!'/&*0/! .(%! ;0(+*%(%! @AAQ! 4! @ARIS! %*! 6"%*Y/&! +('(!
'*+/&"%'(%! ;/0/! 0*+5;*0/0! 4! ;(%"+"(&/0! .(%! (23*)(%! 6*! /;0*&6"K/3*! 6"%)0"25"6(%! 6*!
/+5*06(!+(&!%5!&"#*.!6*!0*.*#/&+"/!+(&!0*%;*+)(!/.!'"+0(D+(&)*<)(!6*!5&/!6*7"&"+"V&!6*!
+(';*)*&+"/!;0(#"%)/!;(0!*.!;0(7*%(0>!

G*2"6(! /! ./! +(';.*3"6/6! 6*! ./%! %(.5+"(&*%! ;0(;5*%)/%! *&! *%)/! 6"%*0)/+"V&! 75*!
&*+*%/0"(! *.! ;./&)*/'"*&)(! 6*! 5&! ;0(+*%(! 6*! *#/.5/+"V&! ;(0! +/;/%! C5*! ;*0'")"*0/!
0*/."K/0! ./! #/."6/+"V&! "&)*10/.! 6*! ./%! ;0(;5*%)/%! 6*%/00(../6/%>! G*! *%)/! '/&*0/,! ./%!
6"'*&%"(&*%!'U%!"';(0)/&)*%!6*!5&!%"%)*'/!-";*0'*6"/!/6/;)/)"#(!75*0(&!*#/.5/6/%!
+(&%"6*0/&6(! )0*%! +/;/%,! (2)*&"*&6(! 0*%5.)/6(%! ;0('*)*6(0*%! *&! +/6/! 5&/! 6*! ./%!
+/;/%!+(&%"6*0/6/%>!



! <"!

Acknowledgments 
 

F"0%)!/&6!7(0*'(%),!P!:(5.6!."9*!)(!)-/&9!)(!H(6!7(0!;*0'")"&1!'*!."#*!)-*%*!;0(+*%%*%!
)-/)!*&0"+-*6!'4!."7*>!

![4!%;*+"/.!10/)")56*!1(*%!)(!'4!/6#"%(0,!G0>!R/'(&!F/20*1/)!H*%/!7(0!-"%!15"6/&+*!
)-0(51-(5)!'4!0*%*/0+->!E"%!+(&7"6*&+*!"&!'4!:(09!:/%!/!%(50+*!(7!"&%;"0/)"(&!650"&1!
)-*%*!4*/0%!/%!:*..!/%!-"%!%5;;(0)!650"&1!6"77"+5.)!'('*&)%>!

P! /.%(!:/&)! )(! *<;0*%%!'4! 10/)")56*! )(! B0(7*%%(0! \(%Z! @>![/0K(!:-(! 1"#*!'*! )-*!
(;;(0)5&")4! )(! 3("&! )-*! N0(/62/&6! M(''5&"+/)"(&%! /&6! G"%)0"25)*6! I4%)*'%! ]NMGI^!
10(5;!/&6!:/%!"&%)05'*&)/.! "&!/+C50"&1!)-*!7"&/&+"/.!%5;;(0)!P!&**6*6!:-".*!:(09"&1!
)(:/06%!'4!B-G>!

P!/'!*C5/..4!10/)*75.!)(!G0>!I/2"&*!H0/7!70('!$)-/2/%+/!J&"#*0%")4,!G0>!O*%)(0!G/0T(!
G5C5*![Z&6*K! 70('!J&"#*0%"6/6! O/+"(&/.! 6*! M(.('2"/,! G0>! \*%5%! H>! N()"+/0"(! 70('!
JOSG,! G0>! ["15*.! $&1*.! I"+"."/! 70('! J&"#*0%")4! (7! $.+/.U! 6*! E*&/0*%! /&6! \5))/!
?0*#"0/&5%!70('!?-*!P&+.5%"#*!G*%"1&!M*&)*0!:")-!:-('!P!-/6!)-*!(;(0)5&")4!)(!6"%+5%%!
#*04!*&0"+-"&1!"6*/%!/2(5)!'4!0*%*/0+->!

P! %;*+"/..4! )-/&9! )(! G0>! Q"&%-59! /&6! G0>! G*'*)0"(5%! I/';%(&! 7(0! )-*"0! %5;;(0)!
)-0(51-)! ./%)! 4*/0%! "&! )-*! M$_$,! ?-*! P&)*0&/)"(&/.! +(&7*0*&+*! (&! $6/;)"#*! /&6!
$++*%"2.*! @*/0&"&1! S&#"0(&'*&)%! (01/&"K/)"(&>! M$_$! -/%! 2**&! /! %;*+"/.! %;/+*! 7(0!
6"%+5%%"(&!/&6!*&0"+-'*&)!(7!(50!"6*/%>!

[/&4!)-/&9%!)(!/..!'4!+(..*/15*%!/)!NMGI!10(5;,!'4!0*%*/0+-!;/0)&*0%!"&!6"77*0*&)!
;0(3*+)%!/&6!/.%(!)-/&9%!)(!'4!%)56*&)%!:-(!(77*0*6!'*!)-*"0!70"*&6%-";,!%5;;(0)!/&6!
;/)"*&+*!)-0(51-!)-*%*!4*/0%>!

$..! '4! .(#*! )(! '4! 7/'".4! /&6! +.(%*! 70"*&6%,! *%;*+"/..4! 7(0! '4! ;/0*&)%,! %"2."&1%,!
&*;-*:%!]\5/&\(!/&6!\(%Z!P1&/+"(^,!\*%5%!G/#"6!/&6![/7*,!)-*!'/"&!0*/%(&!)(!6(!)-*%*!
*77(0)%>!?-*"0!.(#*!/&6!5&6*0%)/&6"&1!-/#*!2**&!)-*!9*4!'()"#/)"(&!(#*0!)-*!)"'*>!

?-"%!:(09!-/%!2**&!;/0)"/..4!75&6*6!24L!!

• S50(;*/&! J&"(&! B0(10/''*! (7! E"1-! @*#*.! I+-(./0%-";%! 7(0! @/)"&! $'*0"+/,!
%+-(./0%-";!O(>!S`aGb`cad`MA>!

• ?-*!I;/&"%-!["&"%)04!(7!S65+/)"(&! )-0(51-! )-*!$G$B?$B./&!B0(3*+)! ]?POe``fD
`dghfDM`aD`c^,! $eJOi! ;0(3*+)! ]?POe``dD`adaeD! M`hD`e=?IP^,! $R0S@I! B0(3*+)!
]?POe`bbDecgc`^>!

• S50(;*/&! M(''"%%"(&! )-0(51-! )-*! $@?SRO$?P_$! B0(3*+)! ]GMPD
$@$=bg>`g>`b=b`=ebfea=ehfD!fjf=$@F$!PPP!]e`b`^dd^>!

• $&6!)-*!M/)/./&!H(#*0&'*&)!7(0!")%!%5;;(0)!)-0(51-!)-*!S50(;*/&!I(+"/.!F5&6%!
]IHRDbe`e^>!



!<""!



! <"""!

List of Tables 
 
&)-3/!"#!03)66'4'0)&'%*!%4!3/)7*'*9!6&>3/!&5/%7'/6!)00%78'*9!&%!&5/!%*'%*!$%8/3!

G"1H!####################################################################################################################################################!"+!
&)-3/!,#!62$$)7>!7/3)&/8!?%7@!)-%2&!26/7!$%8/33'*9!-)6/8!%*!3/)7*'*9!6&>3/!#######!";!
&)-3/!+#!0%$:)7'6%*6!)$%*9!8'44/7/*&!)::7%)05/6!'*!&5/!6&)&/!%4!&5/!)7&!

0%*6'8/7'*9!3/)7*'*9!8/6'9*!9/*/7)&'%*!:7%0/66!###########################################################!,C!
&)-3/!=#!0%$:)7'6%*6!)$%*9!8'44/7/*&!)::7%)05/6!'*!&5/!6&)&/!%4!&5/!)7&!

0%*6'8/7'*9!3/)7*'*9!8/6'9*!9/*/7)&'%*!:7%0/66!###########################################################!,1!
&)-3/!B#!%(/7('/?!&/05*%3%9'0)3!6&)*8)786!############################################################################!+,!
&)-3/!C#!62$$)7>!%4!7/3/()*0/!$/&7'06!GCCH!############################################################################!+=!
&)-3/!1#!3/)7*'*9!%-./0&6!7/:%6'&%7'/6!)*8!3/)7*'*9!%-./0&!7/4/7)&%7'/6!##################!+B!
&)-3/!D#!6)$:3/!8/607':&'%*!4%7!&5/!/F:3%7)&%7>!6&28>!######################################################!=C!
&)-3/!;#!26/7!)*8!0%*&/F&!4/)&27/6!'8/*&'4/8!->!&/)05/76!'*!&5/!/F:3%7)&'(/!6&28>

!############################################################################################################################################################!=;!
&)-3/!"<#!4/)&27/6!&%!&)@/!'*&%!)00%2*&!'*!&5/!)2&%$)&'0!3/)7*'*9!8/6'9*!

9/*/7)&'%*!#####################################################################################################################################!B,!
&)-3/!""#!'$:3'0)&'%*!%4!&5/!26/76!4/)&27/6!'*!&5/!3/)7*'*9!8/6'9*!9/*/7)&'%*!########!B+!
&)-3/!",#!26/7!$%8/33'*9!/()32)&'%*!60/*)7'%!########################################################################!C<!
&)-3/!"+#!'$6A38!6/$'A)2&%$)&'0!9/*/7)&'%*!/()32)&'%*!60/*)7'%!################################!C"!
&)-3/!"=#!0%*&/F&2)3'I/8!3/)7*'*9!%-./0&6!6/)705'*9!)*8!:%6'&'%*'*9!:7%0/66!

60/*)7'%!###########################################################################################################################################!C,!
&)-3/!"B#!:%%!0%276/!0%$:/&/*0/!/3/$/*&6!#############################################################################!C+!
&)-3/!"C#!3/)7*/76J!-/5)('%27!)00%78'*9!&%!3/)7*'*9!6&>3/!##############################################!1B!
&)-3/!"1#!0326&/76!4%7!4/38/7J6!3/)7*'*9!6&>3/6!K:/70/:&'%*!8'$/*6'%*L!####################!1C!
&)-3/!"D#!3/)7*'*9!6&>3/6!#################################################################################################################!1D!
&)-3/!";#!$/)627/!60)3/!%4!:7/4/7/*0/!######################################################################################!1;!
&)-3/!,<#!/F:/7&6!%:'*'%*6!)-%2&!7/3)&'%*!)$%*9!3%!&>:/6!)*8!4/38/7J6!8'$/*6'%*6

!############################################################################################################################################################!D<!
&)-3/!,"#!03)66'4'0)&'%*!&)6@!)&&7'-2&/6!####################################################################################!D"!
&)-3/!,,#!&7)'*'*9!/F)$:3/!###############################################################################################################!D"!
&)-3/!,+#!!-2'38'*9!)!&7)'*'*9!/F)$:3/!########################################################################################!D,!
&)-3/!,=#!8)&)!6%270/6!26/8!&%!/()32)&/!3/)7*'*9!)39%7'&5$6#!#######################################!D+!
&)-3/!,B#!6&28>!4%7!&5/!8)&)!6%270/6!%4!&/)05/76!)*8!6&28/*&6#!#####################################!D+!
&)-3/!,C#!6&28>!4%7!&5/!2*'%*!%4!&5/!8)&)!6%270/6!%4!&/)05/76!)*8!6&28/*&6#!###########!D=!
&)-3/!,1#!:/70/*&)9/6!)::3>'*9!&5/!)66/$-3>!-)99'*9!$/&5%8#!#######################################!DB!
&)-3/!,D#!/F)$:3/!%4!&5/!9/*/7)&/8!%78/7!################################################################################!DC!
&)-3/!,;#!*/?!60)3/!4%7!$/)627'*9!:7/4/7/*0/!-)6/8!%*!3/)7*'*9!6&>3/!######################!DD!
&)-3/!+<#!6%2&5!)$/7'0)!)*8!/27%:/!6&28>!###############################################################################!D;!
&)-3/!+"#!52$)*'&'/6!)*8!/*9'*//7'*9!&/)05/76!3/)7*'*9!6&>3/6!###################################!;<!
&)-3/!+,#!7)&'*9!?'&5!&5/!*/?!60)3/!&%!7/3)&/!6&28/*&!:7/4/7/*0/6!4%7!&5/!

8'44/7/*&!:%66'-3/!3/)7*'*9!%-./0&!&>:/6!###########################################################################!;"!
&)-3/!++#!*/?!03)66'4'0)&'%*!&)6@!#################################################################################################!;"!



!<"#!

&)-3/!+=#!0)7&!)39%7'&5$!7/623&6!################################################################################################!;,!
&)-3/!+B#!'8+!)39%7'&5$!7/623&6!###################################################################################################!;,!
&)-3/!+C#!0=#B!)39%7'&5$6!7/623&6!###############################################################################################!;+!
&)-3/!+1#!8/4'*/8!)*8!()3'8)&/8!()7')-3/6!&%!&5/!26/7!$%8/33'*9!#################################!;D!
&)-3/!+D#!07'&/7')!/F)$:3/!############################################################################################################!"<,!
&)-3/!+;#!-/5)('%27!6&)*8)78!8/(')&'%*!(6!4/38/7J6!60)3/!()32/6!#############################!"<,!
&)-3/!=<#!7/623&6!%4!$%8/3!)::3'/8!&%!%*/!6&28/*&J6!-/5)('%27!4%7!:/70/:&'%*!

8'$/*6'%*!#####################################################################################################################################!"<C!
&)-3/!="#!7/623&6!%4!$%8/3!)::3'/8!&%!%*/!6&28/*&J6!-/5)('%27!4%7!:7%0/66'*9!

8'$/*6'%*!#####################################################################################################################################!"<1!
&)-3/!=,#!7/623&6!%4!$%8/3!)::3'/8!&%!%*/!6&28/*&J6!-/5)('%27!4%7!2*8/76&)*8'*9!

8'$/*6'%*!#####################################################################################################################################!"<1!
&)-3/!=+#!7/623&6!%4!$%8/3!)::3'/8!&%!%*/!6&28/*&J6!-/5)('%27!4%7!/*&7>!8'$/*6'%*

!#########################################################################################################################################################!"<1!
&)-3/!==#!26/7!$%8/33'*9!:7%0/66!7/623&6!%4!&57//!6&28/*&6!#########################################!"<D!
&)-3/!=B#!0%*6%3'8)&/8!:7/0'6'%*!%4!&57//!26/76!#################################################################!"<;!
&)-3/!=C#!0%*6%3'8)&/8!8)&)!%4!,<!26/76!#################################################################################!"<;!
&)-3/!=1#!6/7('0/!M2)3'&>!627(/>!6&720&27/!#########################################################################!"B"!
&)-3/!=D#!G"##"<H!60)3/!4%7!)66/66!'$:%7&)*0/!)*8!6)&'64)0&'%*!#####################################!"B"!
&)-3/!=;#!0%*8/*6/8!)*)3>6'6!%4!&/)05/7!6)&'64)0&'%*!######################################################!"B,!
&)-3/!B<#!6/7('0/!M2)3'&>!6&28>!7/623&6!4%7!3/)7*'*9!)*8!&/)05'*9!:7%0/66!

6:/0'4'0)&'%*!##############################################################################################################################!"B+!
&)-3/!B"#!6/7('0/!M2)3'&>!6&28>!7/623&6!4%7!6/$'A)2&%$)&'0!9/*/7)&'%*!###############!"B=!
&)-3/!B,#!6/7('0/!M2)3'&>!6&28>!7/623&6!4%7!)8):&)&'%'*!:7%0/66!##############################!"BB!
&)-3/!B+#!8/6'9*/7!:/74%7$)*0/!#################################################################################################!"B1!
&)-3/!B=#!$)*2)3!3%)8!%4!3/)7*'*9!%-./0&6!'*&%!)!3/)7*'*9!8/6'9*!&'$/!K6/0L!#######!"BD!
&)-3/!BB#!:)7&!%4!)!0277'023)7!6&720&27/!%4!2$3!0%276/!##############################################!"C1!
&)-3/!BC#!'*&7%820&'%*!&%!%$9N6!2$3!#####################################################################################!"CD!
&)-3/!B1#!:%66'-3/!$'07%A0%*&/F&!'*!&5/!2$3!0%276/!########################################################!"C;!
&)-3/!BD#!)*)3>6'6!%4!9/*/7)3!0%$:/&/*0/!$'07%A0%*&/F&!)*8!3/)7*'*9!%-./0&6!

$'07%A0%*&/F&!##########################################################################################################################!"1=!
&)-3/!B;#!8'0/!)*)3>6'6!7/623&6!#################################################################################################!"1C!
&)-3/!C<#!0%6'*/!)*)3>6'6!7/623&6!###########################################################################################!"1C!

!



! <#!

List of Figures 
 

4'927/!"#!%2&3'*/!%4!$)'*!/3/$/*&6!'*!26/7!)*8!0%*&/F&!$%8/33'*9!:7%0/66#!###############!""!
4'927/!,#!0%$:/&/*0/!8/(/3%:$/*&!)*8!)66/66$/*&!:7%0/66/6!#########################################!==!
4'927/!+#!6)$:3/!0%*&'*/*&O!:/8)9%9'0)3!/F:/7'/*0/!)*8!0)7//7!####################################!=1!
4'927/!=#!'$:%7&)*0/!%4!&5/!26/7!)*8!0%*&/F&!4/)&27/6!)00%78'*9!&%!&5/!&/)05/76J!

%:'*'%*6!'*!&5/!/F:3%7)&'(/!6&28>!#########################################################################################!B<!
4'927/!B#!&/)05/76!/F:/7'/*0/!%*!'$6!3/)7*'*9!8/6'9*!6:/0'4'0)&'%*!#############################!B=!
4'927/!C#!3/)7*'*9!8/6'9*!9/*/7)&'%*!47)$/?%7@!#################################################################!BC!
4'927/!1#!6/M2/*0/!8')97)$!&%!:7/6/*&!8/6'9*!)*8!/F/02&'%*!&'$/!################################!BD!
4'927/!D#!%%:!0%276/!/F)$6!%7!4%7$)3!)66/66$/*&!################################################################!C=!
4'927/!;#!%%:!0%276/!/F/70'0/6!&/$:3)&/!##################################################################################!CB!
4'927/!"<#!%%:!0%276/!6'$23)&'%*6!###############################################################################################!CB!
4'927/!""#!:%%!0%276/!8')97)$6!####################################################################################################!CC!
4'927/!",#!%%:!0%276/!4'927/6!########################################################################################################!CC!
4'927/!"+#!%%:!0%276/!97):56!%-./0&!##########################################################################################!C1!
4'927/!"=#!%%:!0%276/!63'8/6!###########################################################################################################!C1!
4'927/!"B#!%%:!0%276/!*)77)&'(/!&/F&!########################################################################################!CD!
4'927/!"C#!%%:!0%276/!:7%-3/$!6&)&/$/*&!###############################################################################!CD!
4'927/!"1#!%%:!0%276/!3/0&27/!#######################################################################################################!C;!
4'927/!"D#!%%:!0%276/!'*8/F!############################################################################################################!1<!
4'927/!";#!M2/6&'%**)'7/6!%7!6/34A)66/66$/*&6!########################################################################!1"!
4'927/!,<#!-32/!.!0%*&7%33/8!60/*)7'%!4%7!/F:/7'$/*&'*9!###################################################!1"!
4'927/!,"#!6&7%*9!0326&/7!'*!&5/!4%27!8'$/*6'%*6!%4!4/38/7J6!3/)7*'*9!6&>3/6!#########!1C!
4'927/!,,#!'36!:)0@)9/!2:%*!8%&37*!############################################################################################!11!
4'927/!,+#!0%*426'%*!$)&7'0/6!4%7!&5/!03)66'4'0)&'%*!$%8/36!############################################!D=!
4'927/!,=#!/F)$:3/!%4!)!9/*/7)&/8!8/0'6'%*!&7//#!####################################################################!DB!
4'927/!,B#!:%:23)&'%*!97):5'0)3!0%*8/*6/8!3/)7*'*9!6&>3/6!###########################################!D;!
4'927/!,C#!52$)*'&'/6!)*8!/*9'*//7'*9!&/)05/76!3/)7*'*9!6&>3/6!##################################!;<!
4'927/!,1#!)8):&)&'%*!$%8/3!4%7!8/3'(/7'*9!3/)7*'*9!%-./0&6!%78/7/8!)00%78'*9!&%!

36!#######################################################################################################################################################!;+!
4'927/!,D#!'*&/97)&'%*!$%8/3!%4!&5/!$)6!)*8!8%&37*!#########################################################!;B!
4'927/!,;#!2*'&!%4!3/)7*'*9!4%7!&5/!2*'4'/8!$%8/33'*9!3)*92)9/!0%276/!####################!;C!
4'927/!+<#!2*'&!%4!3/)7*'*9!4%7!&5/!2*'4'/8!$%8/33'*9!3)*92)9/!0%276/!####################!;C!
4'927/!+"#!6&28/*&6!3/)7*'*9!6&>3/6!#########################################################################################!"<C!
4'927/!+,#!!0%$:/&/*0/!8/4'*'&'%*!$%8/3!###############################################################################!"",!
4'927/!++#!%(/7('/?!'$6A780/%!6:/0'4'0)&'%*!G1"H!###########################################################!""+!
4'927/!+=#!$)::'*9!0%$:/&/*0/!8/4'*'&'%*!&%!'$6!780/%!###############################################!""+!
4'927/!+B#!0%$:/&/*0/!:)0@)9/!:%73/&!####################################################################################!""=!
4'927/!+C#!('/?!%4!)()'3)-3/!0%$:/&/*0/6!###############################################################################!""=!
4'927/!+1#!0%$:/&/*0/!/3/$/*&6!3'6&!4%7!)!6:/0'4'0!0%$:/&/*0/!8/4'*'&'%*!############!""B!
4'927/!+D#!:)7&'023)7!0%$:/&/*0/!@*%?3/89/!8/4'*'&'%*!###############################################!""B!
4'927/!+;#!0%$:/&/*0/!/('8/*0/!8/4'*'&'%*!###########################################################################!""B!



!<#"!

4'927/!=<#!3/)7*'*9!0%*&/*&!7/:%6'&%7>!$%8'4'0)&'%*!#####################################################!""1!
4'927/!="#!3/)7*'*9!0%*&/*&!7/:%6'&%7>!$%8'4'0)&'%*!2:3%)8!('/?!##########################!""1!
4'927/!=,#!'$6!$8!/8'&'%*!$%8/!2:%*!4/8%7)!0%$$%*6!7/:%6'&%7>!############################!""D!
4'927/!=+#!'$6!3/)7*'*9!8/6'9*!2*'&!%4!3/)7*'*9!/3/$/*&6!############################################!"";!
4'927/!==#!3/)7*'*9!8/6'9*!9/*/7)&'%*!-)6/8!%*!0%$:/&/*0/!8/4'*'&'%*6!################!",,!
4'927/!=B#!$/&5%8!)*)3>I/76&)&/$/*&6!#################################################################################!",B!
4'927/!=C#!3/)7*'*9!8/6'9*!9/*/7)&'%*!-)6/8!%*!0%$:/&/*0/6!8/4'*'&'%*6!)*8!

3/)7*'*9!6&>3/6!#########################################################################################################################!",C!
4'927/!=1#!6&720&27/!%4!)!:7/4/7/*0/!4'3/!##############################################################################!",1!
4'927/!=D#!$/&5%8!&%!8/4'*/!&5/!$)&05'*9!)$%*9!&5/!3/)7*'*9!7/6%270/6!)*8!

3/)7*'*9!6&>3/!###########################################################################################################################!",1!
4'927/!=;#!)*)3>I/76&)&/$/*&6!$/&5%8!##################################################################################!",D!
4'927/!B<#!6/3/0&'*9!)*8!%78/7'*9!&5/!7/6%270/6!)00%78'*9!&%!&5/!3/(/3!%4!

0%$:/&/*0/!)*8!3/)7*'*9!6&>3/6!########################################################################################!",;!
4'927/!B"#!8/6'9*/7!'*&/97)&'%*!47)$/?%7@!#########################################################################!"+<!
4'927/!B,#!'$6!38!2:3%)8!:7%0/66!###############################################################################################!"+"!
4'927/!B+#!$)*'4/6&!5)6!-//*!7/)8!2:%*!8%&37*!##################################################################!"+"!
4'927/!B=#!'$6!P!38!2:3%)8/8!#######################################################################################################!"+,!
4'927/!BB#!M&'6!2:3%)8/8!%(/7!8%&37*!#####################################################################################!"+,!
4'927/!BC#!2%3!4%7!&5/!3/)7*/7!7%3/!'*!8%&37*!###################################################################!"++!
4'927/!B1#!2%3!4%7!&5/!6&28/*&!7%3/!'*!8%&37*!###################################################################!"++!
4'927/!BD#!&/6&!-)6/8!)66/66$/*&!2:%*!8%&37*!###################################################################!"+=!
4'927/!B;#!('/?!%4!&5/!2%3!)4&/7!&/6&!6200/66423!:7/6/*&)&'%*!####################################!"+=!
4'927/!C<#!9/*/7)3!'*4%7$)&'%*!%*!&5/!6)$:3/!#####################################################################!"+C!
4'927/!C"#!&/)05/76!/F:/7'/*0/!'*!'*4%7$)&'%*!&/05*%3%9'/6!#######################################!"+1!
4'927/!C,#!&/)05/76!9/*/7)3!&/)05'*9!/F:/7'/*0/!#############################################################!"+1!
4'927/!C+#!&/)05/76!&/)05'*9!/F:/7'/*0/O!8/97//!0%276/6!###############################################!"+D!
4'927/!C=#!0%*8/*6/8!)*)3>6'6!%4!&/)05/76J!6)&'64)0&'%*!#################################################!"B,!
4'927/!CB#!8/&)'3/8!)*)3>6'6!%4!&/)05/76J!6)&'64)0&'%*!4%7!3/)7*'*9!)*8!&/)05'*9!

:7%0/66!6:/0'4'0)&'%*!#############################################################################################################!"B+!
4'927/!CC#!8/&)'3/8!)*)3>6'6!%4!&/)05/76J!6)&'64)0&'%*!4%7!6/$'A)2&%$)&'0!

9/*/7)&'%*!#################################################################################################################################!"B=!
4'927/!C1#!8/&)'3/8!)*)3>6'6!%4!&/)05/76J!6)&'64)0&'%*!4%7!)8):&)&'%'*!:7%0/66!##!"BB!
4'927/!CD#!:/70/:&'%*!)-%2&!&5/!'$:%7&)*0/!%4!/)05!8'$/*6'%*!'*(%3(/8!'*!&5/!

6%32&'%*!#######################################################################################################################################!"BC!
4'927/!C;#!$)*2)3!3%)8!%4!3/)7*'*9!%-./0&6!'*&%!)!3/)7*'*9!8/6'9*!&'$/!K6/0L!######!"BD!
4'927/!1<#!0%$:)7'*9!8/6'9*/7!:/74%7$)*0/!(6!52$)*!8/6'9*/7!:/74%7$)*0/!#####!"B;!
4'927/!1"#!3%76/!$23&'A)9/*&!:3)&4%7$!###############################################################################!"C,!
4'927/!1,#!.)8/!('/?!%4!&5/!3%76/!$23&'A)9/*&!:3)&4%7$!###########################################!"C+!
4'927/!1+#!3%76/!'*&/97)&'%*!2:%*!%:/*)06Q#37*!###########################################################!"C=!
4'927/!1=#!7/623&6!7/&7'/(/8!->!3%76/!47%$!0%**/F'%*6!7/:%6'&%7>!#########################!"CB!
4'927/!1B#!7/623&6!4%7!&5/!6)&'64)0&'%*!/()32)&'%*!3)>/7!###############################################!"1D!

 



! <#""!

List of Acronyms 
 

ACRONYMS DESCRIPTION 

PM?! P&7(0'/)"(&!/&6!M('5&"+/)"(&!?*+-&(.(1"*%!

_@S! _"0)5/.!@*/0&"&1!S&#"0(&'*&)%!

@[I! @*/0&"&1![/&/1*'*&)!I4%)*'!

@A! @*/0&"&1!(23*+)!

@AS! @*/0&"&1!(23*+)!*+(&('4!

@ARIS! G"%)0"25)*6!@*/0&"&1!A23*+)%![*)/6/)/!I*/0+-"&1!B0(+*%%!

@AAQ! ["+0(DM(&)*<)!2/%*6!@(+/)"(&!B0(+*%%!

P[ID@G! P[I!@*/0&"&1!G*%"1&!

P[ID@PB! P[I!@*/0&*0!P&7(0'/)"(&!B0(7".*!

P[IDk?P! P[I!k5*%)"(&!/&6!?*%)!P&)*0(;*0/2".")4!

P[IDRGMSA! P[I!R*5%/2.*!G*7"&")"(&!(7!M(';*)*&+*!/&6!S65+/)"(&/.!A23*+)"#*%!

P[ID[G! P[I![*)/6/)/!

6()@RO! SD.*/0&"&1!B./)7(0'!5%*6!7(0!)*%)"&1!%+*&/0"(%!

@I! @*/0&"&1!I)4.*!

E?O! E"*0/0+-"+/.!?/%9!O*):(09!

J(@! J&")!(7!@*/0&"&1!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!<#"""!

!

!



! b!

Part I 
Contextualization 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!e!

 
 
 



!

! c!

1.  INTRODUCTION 
!

!

?-*!;50;(%*!(7!)-"%!%*+)"(&!"%!)(!;0*%*&)!)-*!'()"#/)"(&!7(0!(50!0*%*/0+-!:(09,!"6*&)"74!
)-*!'/"&!(23*+)"#!/&6!;0(#"6*!/&!(#*0#"*:!(7!)-*!6(+5'*&)!%)05+)50*>!

!

1.1.  MOTIVATION 

S#*04! 6/4,! &*:! "&%)05+)"(&/.! 6*%"1&! )-*(0"*%,! /%! :*..! /%! .*/0&"&1! (23*+)%! ]@A^! /&6!
%*0#"+*%! /0*! ;0(65+*6>! ?-"%! "&+0*/%*! "%! )-*! 0*%5.)! (7! /! 10*/)! C5/&)")4! (7! 0*%*/0+-!
;0(3*+)%! 7(0!+0*/)"&1!15"6*."&*%!/&6!/0)*7/+)%!)(!-*.;!;*(;.*! .*/0&! "&!/!2*))*0!:/4>! P&!
;/0)"+5./0,! '/&4! /;;0(/+-*%! /0*! (0"*&)*6! )(:/06%! %5;;(0)"&1! )-*! .*/0&"&1! /&6!
)*/+-"&1!;0(+*%%*%!"&!#"0)5/.!.*/0&"&1!*&#"0(&'*&)%!]_@S^>!!

E(:*#*0,!'/&/1"&1!)*+-&(.(1"*%!"&!)-*!#"0)5/.!"&%)05+)"(&/.!6*%"1&!;0(+*%%!"%!&()!/!
)0"#"/.! )/%9,! )-*! /#/"./2".")4! (7! /&! "&+0*/%"&1! /&6! %('*)"'*%! 5&'/&/1*/2.*! .*#*.! (7!
"&7(0'/)"(&! /&6! )*+-&"C5*%! +(5.6! 2*,! ;0*+"%*.4,! /!'/"&! ;0(2.*'! 7(0! )-*"0! /6(;)"(&,!
:-"+-!6*;*&6%!(&!)-*!6*%"1&*0!+(';5)"&1!%9"..%>!!

A50! 1(/.! "%! )(! %5;;(0)! )-*! +(';*)*&+*! 6*#*.(;'*&)! ;0(+*%%! "&! _@S,! :-"+-! "%! /&!
*.5%"#*!/&6!)"'*D+(&%5'"&1!)/%9! 7(0! )-*! "&%)05+)"(&/.!6*%"1&*0>! P&! )-"%!;0(+*%%,!'/&4!
(2%*0#/2.*! /&6! 5&(2%*0#/2.*! #/0"/2.*%,! :-"+-! +('*! 70('! "&)*0&/.! /&6! *<)*0&/.!
%(50+*%! %5+-! /%! "&%)")5)"(&/.! 15"6*."&*%,! %)56*&)%! /&6! )*/+-*0%l! +-/0/+)*0"%)"+%,!
)*+-&(.(1"+/.! *&#"0(&'*&)! 7*/)50*%! /&6! )-*! /#/"./2".")4! (7! 6"77*0*&)! 9"&6! (7! 0*5%/2.*!
/&6!6"%)0"25)*6!0*./)*6!0*%(50+*%!/#/"./2.*!(&!)-*!m*2!'5%)!2*!+(&%"6*0*6>!!

$!:*..D/++*;)*6!6*7"&")"(&! 7(0!/&! "&%)05+)"(&/.!6*%"1&!;0(+*%%! "%! )-*! 7(..(:"&1L! )-*!
;0(+*%%! )-/)! %-(5.6! 2*! 7(..(:*6! 24! )*/+-*0%! "&! (06*0! )(! ;./&! /&6! )(! ;0*;/0*! )-*!
"&%)05+)"(&!nbo>?-"%!;0(+*%%!"%!7(+5%*6!(&!-(:!)(!)*/+-!/&6!/660*%%,!"&!/&!"&)*10/.!:/4,!
;*(;.*l%!&**6%,!%5+-!/%!+(1&")"#*,!*'()"(&/.,!%(+"/.,!/&6!;-4%"+/.>!

[/&4!6"77*0*&)!"&%)05+)"(&/.!6*%"1&!)-*(0"*%!(77*0!15"6*%!7(0!)*/+-*0%!)(!-*.;!)-*'!
)(!(0+-*%)0/)*!)-*!/#/"./2.*!0*%(50+*%!/&6!/+)"#")"*%!"&)(!/&!"&%)05+)"(&/.!6*%"1&,!:-"+-!
"%!/!'*6"5'!)(!7/+".")/)*!)-*!/+-"*#*'*&)!(7!*65+/)"(&/.!;50;(%*%>!!

?-*!/5)('/)"+!"&%)05+)"(&/.!6*%"1&!6*/.%!:")-!)-*!"6*/!(7!%5;;(0)"&1!)*/+-*0%!"&!)-*!
6"77"+5.)!)/%9!(7!1*&*0/)"&1!#"0)5/.! .*/0&"&1!%+*&/0"(%p!)-"%!;0(+*%%!+(5.6!2*!6*#*.(;*6!
"&! )-0**! 6"77*0*&)! '/&&*0%L! b^! '/&5/..4,! :-*0*! )*/+-*0%! 6*#*.(;! )-*! 6*%"1&!
+(';.*)*.4,! e^! %*'"D/5)('/)"+/..4,! :")-! (&.4! /! 7*:! "&;5)%! 70('! )-*! )*/+-*0%! (0! c^!
/5)('/)"+/..4,! :")-(5)! )*/+-*0l%! "&)*0#*&)"(&>! O(:/6/4%,! /5)('/)"+! /&6! %*'"D
/5)('/)"+! .*/0&"&1! 6*%"1&! 1*&*0/)"(&! "%! /&! "';(0)/&)! )(;"+! "&! )-*! 0*%*/0+-! /0*/%! (7!
/6/;)"#*!.*/0&"&1!%4%)*'%,!/%!:*..!/%,!)*+-&(.(14!*&-/&+*6!.*/0&"&1,!"&!1*&*0/.>!!
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!h!

N05%".(#%94! /&6! _/%%".*#/! neo! 6*7"&*! ):(! 6"77*0*&)! ;0(+*%%*%! )(! (2)/"&! /! %5")/2.*!
+(50%*>!P&!)-*!:.-*!$E#&8(7%,#F-%#&G#+#%-!$(+H!)-*!1(/.!"%!)(!1*&*0/)*!/!%)/)"+!+(50%*!
/6/;)*6!)(!)-*!5%*0!&**6%!/)!(&*!%;*+"7"+!;("&)!(7! )"'*,!+(&%"6*0"&1!%;*+"7"+! .*/0&"&1!
1(/.%,! /%! :*..! /%! )-*! "&")"/.! .*#*.! (7! )-*! %)56*&)l%! 9&(:.*61*>! A&! )-*! ()-*0! -/&6,! "&!
21+-)$'& 8(7%,#F-%#& G#+#%-!$(+H! )-*! %4%)*'! (2%*0#*%! )-*! %)56*&)! ;0(10*%%! 650"&1!
-"%=-*0!"&)*0/+)"(&!:")-!)-*!+(50%*!/&6!64&/'"+/..4!/6/;)%!)-*!+(50%*!/++(06"&1!)(!)-*!
%;*+"7"+! %)56*&)l%! &**6%! /&6! 0*C5"0*'*&)%>! P7!)-*! %)56*&)l%!;*07(0'/&+*! 6(*%! &()!
'**)!)-*!*<;*+)/)"(&%,!)-*!+(50%*!"%!64&/'"+/..4!0*D;./&&*6>!

A50! "&)*&)"(&,! 2/%*6! (&! (50! .")*0/)50*! 0*#"*:,! "%! /660*%%"&1! %('*! (;*&! 0*%*/0+-!
"%%5*%!7(0!G4&/'"+!M(50%*:/0*!1*&*0/)"(&!:-"+-!"%!/.%(!:*..!9&(:&!/%!I#-%+$+0&2#,$0+&
G#+#%-!$(+>! R*./)*6!(;*&! 0*%*/0+-! "%%5*%! /0*! 6*%+0"2*6! "&! )-*! 7(..(:"&1! ;/0/10/;-%,!
*';-/%"K"&1!"&!(50!;./&%!7(0!+(&)0"25)"&1!)(!)-*!%(.5)"(&%!(7!)-*%*!(;*&!"%%5*%>!

P&! )-*! %)/)*! (7! )-*! /0),! %('*! 0*%*/0+-*0%! *&%50*! )-/)! )-*! 64&/'"+! .*/0&"&1! %)4.*!
'(6*.."&1!;0(+*%%! "%!/&! "&)*0*%)"&1! "%%5*!)(! "&#*%)"1/)*,! "&!;/0)"+5./0!2*+/5%*!)-*0*! "%!
%+"*&)"7"+! *#"6*&+*! )-/)! 6*'(&%)0/)*%! )-*! +(00*./)"(&! 2*):**&! .*/0&"&1! %)4.*! /&6!
%)56*&)%! ;0*7*0*&+*%! 7(0! .*/0&"&1! (23*+)%! /&6! %*0#"+*%! nco,! nho>! S<"%)"&1! ;0(;(%/.%! 7(0!
@*/0&"&1!G*%"1&!H*&*0/)"(&!:-"+-!5%*!*<;."+").4!6/)/!/2(5)!)-*!5%*0!.*/0&"&1!%)4.*>!?-*!
.*/0&"&1!%)4.*! "%! 70*C5*&).4! "&7*00*6! )-0(51-!/!%)/)"+!5%*0!'(6*.."&1!;0(+*%%>! P&!'/&4!
+/%*%,!)-"%!5%*0!;0*7*0*&+*!"%!&()!5;6/)*6!2*+/5%*!/!64&/'"+!;0(+*%%!(7!.*/0&"&1!%)4.*!
'(6*.."&1!-/%!&()!2**&!+(&%"6*0*6!"&!)-*!.*/0&"&1!6*%"1&!1*&*0/)"(&!;0(+*%%>!E(:!)-"%!
64&/'"+!;0(+*%%!/77*+)%!)-*!1*&*0/)*6!6*%"1&%!/)!)-*!6*%"1&!/&6!*<*+5)"(&!)"'*!"%!&()!
%;*+"7"*6!"&!0*%*/0+-*%!(&!.*/0&"&1!6*%"1&!1*&*0/)"(&>!

?(!/660*%%!)-"%! "%%5*,!6*7"&"&1!:-/)!*.*'*&)%! "&!/! .*/0&"&1!6*%"1&!/0*!0*./)*6!:")-!
)-*! 5%*0%l! .*/0&"&1! %)4.*! ;0*7*0*&+*%,! -(:! )-*%*! *.*'*&)%! %-(5.6! 2*! '(6*..*6! /&6!
-(:! )-*%*! *.*'*&)%! %-(5.6! 2*! /77*+)*6! "&! 2()-! )-*!'('*&)! (7! )-*! .*/0&"&1! 6*%"1&!
1*&*0/)"(&!;0(+*%%!/&6!)-*!*<*+5)"(&!)"'*!"%!/!'5%)>!

?(! )-*! 2*%)! (7! (50! 9&(:.*61*,! )-*! +500*&).4! ;0(;(%*6! ;./&&"&1! /;;0(/+-*%! 7(0!
.*/0&"&1!6*%"1&!1*&*0/)"(&!/0*!&()!+(&6")"(&/.,!">*>!&()!+(&6")"(&/.!;./&&"&1!/.1(0")-'%!
/0*! 5%*6! )(! 1*&*0/)*! /! %5")/2.*! ;./&>! m*! 6(! &()! "&)*&6! )(! 6*#*.(;! /! +(&6")"(&/.!
;./&&"&1! ;0(+*%%,! (50! "&)*&)"(&! "%! )(! 1*&*0/)*! /! +(&6")"(&/.! .*/0&"&1! 6*%"1&%!'"<"&1!
;./&&"&1!/&6!)*+-&(.(1"+/.!%)/&6/06%>!!

E(:*#*0,!)-*!2"1!*77(0)!6*#*.(;*6!24!P&)*0&/)"(&/.!A01/&"K/)"(&!(7!I)/&6/06"K/)"(&%!
nfo!-/%!&()!2**&!+(&%"6*0*6! "&!)-*!)*/+-*0%l!&(0'/.!/+)"#")"*%>![/&4!)*/+-*0%!6(!&()!
9&(:!)-*!%;*+"7"+/)"(&%!/&6!%)/&6/06%,!/&6!-/#*!&*#*0!+(&%"6*0*6!5%"&1!)-*'!"&!)-*!
.*/0&"&1!;0(+*%%!(&.4!2*+/5%*!)-*4!&*#*0!-*/06!/2(5)!)-*'>!?-*0*7(0*,!:-*&!)*/+-*0%!
/0*! 7/+*6! )(!5%*! )-*!%)/&6/06%,! )-*4!+(&%"6*0! )-*'!/%!6"77"+5.)! )(!5%*>!?-(%*!/0*! )-*!
'(%)!"';(0)/&)!+-/..*&1*%!65*!)(!:-"+-!)*/+-*0%!6(!&()!5%*!"';(0)/&)!%)/&6/06%!%5+-!
/%!)-*!P[I!.*/0&"&1!6*%"1&!]P[ID@G^!nao>!!

$++(06"&1!)(!(50!0*%*/0+-,!:-*&!)*/+-*0%!5%*!)-*!P[ID@G!%)/&6/06!"&!;0/+)"+*,!)-*4!
#/.5*!;(%")"#*.4!)-*!C5/.")4!(7!)-*!%)/&6/06!"&!")%!*<;0*%%"#")4>!F(0!/!)*/+-*0,!)0/&%./)"&1!
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! f!

)-*!+(&+*;)%!/%%(+"/)*6!)(!)-*!%;*+"7"+/)"(&!];./4!'*)/;-(0^!"&)(!/!;/0)"+5./0!.*/0&"&1!
6*%"1&! "%!/&!*/%4!)/%9>!E(:*#*0,! )-*0*!/0*!%('*!;0(2.*'%!:")-!)-*! P[ID@G!/6(;)"(&!
)-/)!+(5.6!2*!+./%%"7"*6!"&)(!):(!'/3(0!+/)*1(0"*%L!)*+-&"+/.!/&6!;*6/1(1"+/.>!

F0('! /! ;*6/1(1"+/.! ;("&)! (7! #"*:,! )-*! ./+9! (7! 7(0'/)"(&! 0*1/06"&1! )-*! 6*+"%"(&!
;0(+*%%! 0*./)*6! :")-! )-*! .*/0&"&1! 6*%"1&! ;0(+*%%,! /&6! )-*! )*';(0/.! ;0*%%50*! )(!
W+(&+.56*! )-*!/+/6*'"+!;0(10/'X,! "';.4! )-/)! )*/+-*0%l!;*07(0'/&+*! "%!1*&*0/..4! )-*!
0*%5.)!(7!+('2"&/)"(&!(7!"&)5")"(&!/&6!0(5)"&*%,!'(0*!)-/&!)-*!0*%5.)!(7!/!+('2"&/)"(&!
(7! )-*(0*)"+/.! /&6! ;0/+)"+/.! 9&(:.*61*,! :-"+-! "%! /;;."*6! "&! )-*! .*/0&"&1! 6*%"1&!
01*&*0/)"(&!;0(+*%%!njo>! P&!()-*0!:(06%,! "&!'/&4!+/%*%,!)*/+-*0%!6(!&()!-/#*!*&(51-!
9&(:.*61*! /&6! +(';0*-*&%"(&! )(! +(&%)05+)! 5&")%! (7! .*/0&"&1>! P7! )-*4! 6(! &()!
5&6*0%)/&6!)-*!;0(+*%%!(7!+(&%)05+)"&1!5&")%!(7!.*/0&"&1!/++(06"&1!)(!6"77*0*&)!.*/0&"&1!
6*%"1&!)-*(0"*%,!)-*&!+(&%)05+)"&1!/6*C5/)*!%)/&6/06"K*6!(0!&()!%)/&6/06"K*6!5&")%!(7!
.*/0&"&1!7(0!)-*"0!%)56*&)%!:(5.6!2*!"';(%%"2.*!7(0!)-*'>!!

F0('!/! )*+-&"+/.!;("&)!(7!#"*:,!;0(2.*'%!/0"%*!:-*&! )*/+-*0%!&**6! )(! "';.*'*&)!
)-*! 6*%"1&! "&! /&! /5)-(0"&1! )((.! /&6! )(! *<*+5)*! )-*! 6*%"1&! "&! /! %;*+"7"+! .*/0&"&1!
*&#"0(&'*&)! ;./4*0>! A&! (&*! -/&6,! /5)-(0"&1! )((.%! /0*! &()! 5%*0D70"*&6.4! "&! '/&4!
/%;*+)%,!*>1>!)-*4!6(!&()!15/0/&)**!/!%5++*%%75.!"';(0)/)"(&!(7!)-*!P[ID@G!;/+9/1*!"&!
)-*!.*/0&"&1!*&#"0(&'*&),!(0!)-/)!)-*4!70*C5*&).4!1*&*0/)*!6*%"1&%!:")-!%4&)/<!*00(0%!
:-"+-!+/&&()!2*!%(.#*6!24!)*/+-*0%!:")-(5)!*<;*0"*&+*!"&!5%"&1!)-*%*!)*+-&(.(1"*%>!P&!
)-"%! '/&&*0,! )-*! )*/+-*0%! *<;*0"*&+*! "%! 2.(+9*6>! A&! )-*! ()-*0! -/&6,! )-*0*! /0*! &()!
'/&4!;./4*0%!(0!P[ID@G!*<*+5)"(&!*&#"0(&'*&)%!"&!(06*0!)(!+(';/0*!(0!%*.*+)!/'(&1!
)-*'>! ?-*! *<"%)"&1! P[ID@G! *<*+5)"(&! *&#"0(&'*&)%! 6(! &()! +(#*0! )-*! 6*)/".%! (7! )-*!
%;*+"7"+/)"(&,!/&6!:-*&!)-*!5%*0!7"&/..4!-/%!/!+(';".*6!@G,!%('*!*00(0%!'"1-)!(++50>!P&!
+(&+.5%"(&,! 1*&*0/)"&1! %)/&6/06"K*6! .*/0&"&1! 6*%"1&%! "%! /! #*04! 1((6! "6*/p! -(:*#*0,!
*<*+5)"&1!/&!P[I!J&")!(7!@*/0&"&1!"&!)-*!;0*7*00*6!.*/0&"&1!'/&/1*'*&)!%4%)*'!]@[I^!
"%!/!6"77"+5.)!)/%9>!!

?-*!;0(2.*'%!/%%(+"/)*6!)(!/&!/6/;)*6!.*/0&"&1!6*%"1&!1*&*0/)"(&!/0*!/++*&)5/)*6!
/%! )-*! +(';.*<")4! "&! )-*! .*/0&"&1!6*%"1&! "&+0*/%*%>! ?-*! +0*/)"(&!(7! /6/;)"#*! .*/0&"&1!
6*%"1&%! "';."*%! )-*!6*7"&")"(&!/&6!+(&)0(.!(7!5%*0!#/0"/2.*%!:-"+-!0*;0*%*&)!6"77*0*&)!
5%*0!7*/)50*%>![(&")(0"&1!)-*%*!#/0"/2.*%!/)!)-*!6*%"1&!/&6!*<*+5)"(&!)"'*!"%!/!6"77"+5.)!
)/%9!7(0!)*/+-*0%!ndo>!

P&!)-"%!+(&)*<)!/&6!35%)!)(!;0(#"6*!)-*!0"1-)!+(&)*&),!)(!35%)!)-*!0"1-)!.*/0&*0,!/)!35%)!
)-*!0"1-)!)"'*,! "&!)-*!+(&)*<)!(7!/! .(&1D."7*!.*/0&"&1!;0(+*%%,!/++(06"&1!:")-!/6*C5/)*!
C5/.")4! %)/&6/06%,! %(.5)"(&%!(0"*&)*6! )(! %)"'5./)*! )-*!1.(2/.! )*&6*&+4! 7(0! /!I#-%+$+0&
C34#'!& ='(+()1! 2*+('*! /&! "';(0)/&)! "%%5*>! ?-*! 0*5%*! %**&! /%! /&! (;;(0)5&")4! )(!
/..*#"/)*! )-*!:(09.(/6! 7(0! )*/+-*0%! +(&%"6*0"&1! ;0*#"(5%! *77(0)%! 6*#*.(;*6! 24! ()-*0!
)*/+-*0%!%5+-!/%! .*/0&"&1!(23*+)%!+0*/)"(&!/&6!/+)"#")"*%!%;*+"7"+/)"(&%! "&!)-*! .*/0&"&1!
6*%"1&!1*&*0/)"(&!;0(+*%%!/0*!6*7"&")*.4!"';(0)/&)>!

B0('"%"&1!%(.5)"(&%!/0*! )-(%*!6"0*+)*6! )(!*&%50*! )-/)! )-*!&*+*%%")4! 7(0!/!I#-%+$+0&
C34#'!&='(+()1!2*+('*%!/!0*/.")4,!)-(%*!7/#(0"&1!(#*0+('"&1!(7!%('*!2/00"*0%!"&!)-*!
.*/0&"&1! (23*+)! *+(&('4! /%! :*..! /%! )-(%*! )-/)! ;0('()*! %('*! *&/2.*0%! %5+-! /%!



89:;<=>&?@&AB<>C2D8<ACB&

!a!

I#-%+$+0& 2#,$0+& 0#+#%-!$(+! /&6! J!-+.-%.,& *%()(!$(+! ngo! %;*+"/..4! +(&%"6*0"&1! )-*!
.*/0&"&1!;0(+*%%!+-/0/+)*0"%)"+%!/&6!)-*!/+)(0%!"&#(.#*6!"&!)-*!.*/0&"&1!;0(+*%%!/'(&1!
)-*'!)*/+-*0%!/&6!%)56*&)%>!

P&!;/0)"+5./0!7(0!%(.5)"(&%!7(+5%*6!(&!)*/+-*0%!%('*!%;*+"/.!+(&6")"(&%!(7!)-"%!9"&6!
(7! /+)(0%! %-(5.6! +(&%"6*0*6,! 2*+/5%*! 70*+5*&).4! )*/+-*0%! 6(&l)! -/#*! )-*! )"'*! 7(0!
6*#*.(;"&1! *<)0/! )/%9%! /%! .*/0&"&1! (23*+)! +0*/)"(&! /&6! )-*4! (7)*&! 6(&l)! -/#*! )-*!
*&(51-!9&(:.*61*!/2(5)!)*+-&(.(1"*%!7(0!6*#*.(;"&1!)-*%*!)/%9%>!m-*0*24,!%(.5)"(&%!
7(0! )*/+-*0%!&**6! )(! 0*+*"#*!(&.4! /! 7*:! %*)!(7! "&;5)! 70('! )-*%*!/+)(0%! /&6! 7/+".")/)*!
)-*'!)-*!"&)*0/+)"(&!/%!%((&!/%!;(%%"2.*>!

P&!)-"%!6"%%*0)/)"(&,!(50!+(&)0"25)"(&!/"'%!)(!/..*#"/)*!)-*!:(09.(/6!7(0!)*/+-*0%!(&!
+0*/)"&1! /6/;)"#*! +(50%*%! 24! 0*65+"&1! )-*! +(';.*<")4! "&#(.#*6! "&! /5)-(0"&1!
%)/&6/06"K*6!/&6!/6/;)"#*! .*/0&"&1!6*%"1&%!/635%)*6!)(!)-*"0!%)56*&)%l!+-/0/+)*0"%)"+%!
:-"+-! /0*! "&7*00*6! )-0(51-! /! 64&/'"+! 5%*0! '(6*.."&1! /;;0(/+-! 7/#(0"&1! )-*! '/"&!
*&/2.*0%!7(0!/!I#-%+$+0&C34#'!&='(+()1@!

!

!
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1.2.  OBJECTIVE 
?-*!(23*+)"#*!(7!)-"%!)-*%"%!"%!)(!+(&)0"25)*!"&!/..*#"/)"&1!)-*!:(09.(/6!7(0!)*/+-*0%!(&!
+0*/)"&1! /6/;)"#*! +(50%*%! 24! 0*65+"&1! )-*! +(';.*<")4! "&#(.#*6! "&! /5)-(0"&1!
%)/&6/06"K*6!/&6!/6/;)"#*!.*/0&"&1!6*%"1&%!/635%)*6!)(!)-*"0!%)56*&)%l!+-/0/+)*0"%)"+%,!
"&!;/0)"+5./0,!.*/0&"&1!%)4.*!/&6!+(';*)*&+*%!.*#*.%>!!

!

1.3.  OUTLINE OF THE THESIS 
?-"%! 6"%%*0)/)"(&! "%! (01/&"K*6! "&! )-0**! ;/0)%,! "&+.56"&1! )-"%! (&*,! /&6! /66")"(&/..4! )-*!
2"2."(10/;-4!/&6!/;;*&6"+*%>!!S/+-!;/0)!+(&%"%)%!(7!%*#*0/.!+-/;)*0%>!

?-*!7"0%)!;/0)!+(&%"%)%!(7!):(!+-/;)*0%L!)-*!"&)0(65+)"(&!/&6!)-*!%)/)*!(7!)-*!/0)>!?-*!
"&)0(65+)"(&! 6*%+0"2*%! )-*!'()"#/)"(&! (7! )-"%! %)564>! ?-*! %)/)*! (7! )-*! /0)! ;0*%*&)%! /!
0"1(0(5%!%)564!(7!0*./)*6!:(09%!/%!:*..!/%!)-*!(;*&!"%%5*%! "6*&)"7"*6!70('!)-/)!%)564>!
F"0%)! ;/0)! (7! )-"%! 6"%%*0)/)"(&! "%! 0*.*#/&)! 2*+/5%*! ")! +(&)*<)5/."K*%! (50! :(09! "&)(!
0*+(1&"K*6!0*%*/0+-!."&*%>!!

?-*! %*+(&6! ;/0)! +(&%"%)%! (7! 7(50! +-/;)*0%>! M-/;)*0! c! %;*+"7"*%! "&)*10/.4! (50!
70/'*:(09!7(0! .*/0&"&1!6*%"1&!1*&*0/)"(&!/%!:*..!/%!*/+-!(7! ")%!+(&%)")5*&)!*.*'*&)%!
"&+.56"&1! )-*! *#/.5/)"(&! 6*%+0";)"(&>! M-/;)*0! h! 6*%+0"2*%! "&! 6*)/".! (50! 64&/'"+! 5%*0!
'(6*.."&1! ;0(+*%%>! M-/;)*0! f! "&)0(65+*%! (50! .*/0&"&1! 6*%"1&! 1*&*0/)"(&! ;0(+*%%!
;0(#"6"&1!/! 75..!6*%+0";)"(&!(7! )-*! )*+-&"C5*%!5%*6! )(! "';.*'*&)!/&6! )(!#/."6/)*! )-*!
;0(+*%%>! F"&/..4,! M-/;)*0! a! 6*)/".%! )-*! +(&)*<)5/."K*6! .*/0&"&1! (23*+)%! %*/0+-"&1! /&6!
;(%")"(&"&1! ;0(+*%%*%! -"1-."1-)"&1! )-*! (2)/"&*6! 0*%5.)%>! ?-*! %*+(&6! ;/0)! (7! )-"%!
6"%%*0)/)"(&! "%! 0*.*#/&)! 2*+/5%*! ;0*%*&)%! "&! /&! "&)*10/.! :/4! (50! %(.5)"(&! /&6! ")%!
*#/.5/)"(&>!

F"&/..4,! "&! )-*! )-"06! ;/0),! )-*! +(&+.5%"(&%! /&6! )-*! 0*'/09*6! 75)50*! :(09! /0*!
"&)0(65+*6>! ?-*! )-"06! ;/0)! (7! )-"%! 6"%%*0)/)"(&! "%! 0*.*#/&)! 2*+/5%*! ")! (77*0%! /! 1*&*0/.!
#"*:!(7!)-*!0*%5.)%!(7!(50!%)564>!

?-*0*! /0*! /.%(! )-0**! /;;*&6"+*%L! )-*! $;;*&6"<! $! +(&)/"&%! )-*! /5)-(0l%! ."%)! (7!
;52."+/)"(&%,! $;;*&6"<! N! )-*! /5)-(0l%! ."%)! (7! (0"*&)*6! ;0(3*+)%! /&6! )-*! $;;*&6"<! M!
6*%+0"2*%!)-*!%50#*4%!5%*6!"&!)-*!*#/.5/)"(&>!

!

!

!

!

!

!

!
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!



!

! g!

2.  STATE OF THE ART 
!

!

$%!'*&)"(&*6!2*7(0*,! )-*! +(&)0"25)"(&!(7! )-"%! 6"%%*0)/)"(&! "%! )(! 0*."*#*! )-*! )*/+-*0%l!
:(09.(/6!24!0*65+"&1!)-*!+(';.*<")4!/&6!)-*!6"77"+5.)4!(7!+0*/)"&1!/6/;)"#*!+(50%*%>!

P&! )-"%! +-/;)*0,! )-*! %)/)*! (7! )-*! /0)! (7! )-*! 7(..(:"&1! 0*%*/0+-! /0*/%,! :-"+-! /0*!
0*./)*6!)(!)-"%!:(09,!"%!;0*%*&)*6>!

?-*!%)/)*!(7!)-*!/0)!+-/;)*0! "%!%)05+)50*6!/%! 7(..(:%>! P&!%*+)"(&!e>b,! )-*!/&/."%4%!(7!
)-*! %)/)*! (7! )-*! /0)! /2(5)! )-*! 5%*0! '(6*.."&1! ;0(+*%%! "%! "&)0(65+*6>! I*+)"(&! e>e!
6*%+0"2*%! )-*! '(%)! 0*.*#/&)%! +(&)0"25)"(&%! "&! )-*! %*'"D/5)('/)"+! .*/0&"&1! 6*%"1&!
1*&*0/)"(&! ;0(+*%%>! P&! %*+)"(&! e>c! )-*! '(%)! "';(0)/&)! +(&+*;)%! 0*./)*6! )(! .*/0&"&1!
(23*+)%!*+(&('4!/0*!;0*%*&)*6>!F"&/..4!%('*!+(&+.5%"(&%!/0*!"&)0(65+*6>!S/+-!%*+)"(&!
"&!)-*!%)/)*!(7!)-*!/0)!*&6%!:")-!)-*!;0*%*&)/)"(&!(7!)-*!'(%)!"';(0)/&)!+(&)0"25)"(&%!
(7!)-"%!6"%%*0)/)"(&!"&!*/+-!0*./)*6!0*%*/0+-!."&*>!

!

2.1.  USER MODELLING PROCESS 

2.1.1 Generalities about the user and context modelling 

P&7(0'/)"(&! /&6! +(''5&"+/)"(&! )*+-&(.(1"*%! -/#*! 2**&! /6(;)*6! "&! )-*! .*/0&"&1!
;0(+*%%!#"/!)-*!6*%"1&!/&6!6*#*.(;'*&)!(7!@[I!:")-!)-*!/"'!)(!0*'(#*!%('*!(7!)-*!
2/00"*0%!7*/)50*6!"&!)0/6")"(&/.!7/+*!)(!7/+*!%*))"&1%!]*>1>!1*(10/;-"+!/&6!)*';(0/.^!/&6!
)(!/66!;()*&)"/.!/6#/&)/1*%,!%5+-!/%!)-*!;(%%"2".")4!(7!2*))*0!/660*%%"&1!)-*!"&6"#"65/.!
5%*0l%! &**6%! "&! /! ;*0%(&/."K*6! /&6! "&+.5%"#*! :/4>! E(:*#*0,! ;*0%(&/."K*6! .*/0&"&1!
;0(+*%%! 0*C5"0*%! )-/)! )-*! 5%*0l%! &**6%! +(5.6! 2*! "6*&)"7"*6! "&! /! #"0)5/.! .*/0&"&1!
*&#"0(&'*&)! 2/%"+/..4! )-0(51-! ):(! %;*+"/.! '(6*.."&1! ;0(+*%%*%,! !"#& 7,#%& )(.#//$+0&

*%('#,,&/&6&!"#&'(+!#K!&)(.#//$+0&*%('#,,>!!

<"#& 7,#%& )(.#//$+0& *%('#,,! 6*7"&*%! /&6! '/"&)/"&%! 5;D)(D6/)*! 5%*0! '(6*.%! nb`o>!
G"77*0*&)! +/)*1(0"K/)"(&%! *<"%)! 7(0! 5%*0! '(6*.%! )4;*%>! N05%".(#%94! /&6!["../&! "&! nb`o!
6*7"&*!):(!)4;*%,!L#-!7%#M3-,#.&)(.#/,&/&6!,!#%#(!1*#&)(.#/,>!?-*!7"0%)!(&*!+(&%"6*0%!
+-/&1*/2.*!5%*0%! 7*/)50*%!:")-! )-*!'/"&!1(/.!(7! )0/+9"&1!/&6! 0*;0*%*&)"&1!/&!5;D)(D
6/)*!%)/)*! 7(0!'(6*.*6! 7*/)50*%>!?-*!%*+(&6!)4;*!6*7"&*%!10(5;%!(7!5%*0%! )-/)!%-/0*!
%;*+"7"+%! +-/0/+)*0"%)"+%>! N5..! *)! /.! nbbo! 6*7"&*! )-*!'(6*.%! /%! $+,*#'!-3/#H& #.$!-3/#& (%&
+#0(!$-3/#! /++(06"&1! )(! )-*! +/;/+")4! (7! )-*! 5%*0! )(! '(6"74! )-*'>! $++(06"&1! )(! )-*!
+/;/+")4! )(! 0*;0*%*&)! nbeo!5%*0!'(6*.%,! )-*4!+(5.6!2*!+./%%"7"*6! "&!>-F&.-!-&)(.#/,H&

N$,7-/&)(.#/,&-+.&2#'$,$(+&,7**(%!&)(.#/,>!$!0/:!6/)/!'(6*.! "%!/!6"0*+)!#"*:!(7! )-*!
"&)*0&/.!6/)/!0*;0*%*&)/)"(&,!/!#"%5/.!'(6*.!+(&#*0)%!)-*!"&)*0&/.!0*;0*%*&)/)"(&!)(!/!
10/;-"+/.!+(&+*;)5/."K/)"(&,!/&6!/!6*+"%"(&!%5;;(0)!'(6*.!+/&!2*!6*7"&*6!/%!/!#"%5/.!
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0*;0*%*&)/)"(&! )-/)! /..(:%! )-*! 5%*0! )(! '/9*! ;*6/1(1"+/.! 6*+"%"(&%! "&! )-*! .*/0&"&1!
;0(+*%%>!F"150*!b!%-(:%!/&!(5)."&*!(7!)-*!'(%)!0*.*#/&)!*.*'*&)%!)(!2*!+(&%"6*0*6!"&!/!
5%*0!'(6*.."&1!;0(+*%%>!P&!;/0)"+5./0,!8?&D,#%&Q(.#/&<1*#,&'-!#0(%$6-!$(+!;0*%*&)%!/&!
(5)."&*!(7!)-*!'(%)!"';(0)/&)!5%*0!'(6*.%!)4;*%>!!

J%*0!'(6*.."&1!/;;0(/+-*%!/.%(!-/#*!%*#*0/.!+/)*1(0"K/)"(&%>!H0/7!*)!/.!nbco!+./%%"74!
)-*!5%*0!'(6*.."&1! )*+-&"C5*%!/%!.1+-)$'&-+.& ,!-!$'&/++(06"&1! )(! )-*!6/)/!5;6/)"&1!
;0(+*%%>!P&!/!64&/'"+!5%*0!'(6*.."&1!/;;0(/+-!:*!+/&!/%%5'*!)-/)!/)!/!+*0)/"&!;("&)!
(7! )"'*! ])^,!/!+*0)/"&!/'(5&)!(7!6/)/!/2(5)!5%*0%l!2*-/#"(50! "%!/#/"./2.*! 7(0! "&7*00"&1!
)-*!'(6*.!/&6!)-/)!/66")"(&/.!6/)/!/0*! 70*C5*&).4!/66*6!(&+*!/!%)56*&)! "%!5%"&1! )-*!
%4%)*'!7(0! .*/0&"&1p!(&!)-*!()-*0!-/&6,!)-*!%)/)"+!5%*0!'(6*.."&1!6*)*+)%!)-*!%)56*&)!
'(6*.!"&!/!%;*+"7"+!)"'*!])^!/&6!(&.4!)-*0*>!N05%".(#%94!/&6!["../&!"&!nb`o!"&)0(65+*!<#,!&
3-,#.&7,#%&)(.#/H&CE#%/-1&)(.#/&-+.&D+'#%!-$+!1MR-,#.&D,#%&Q(.#//$+0>!?*%)!'(6*.%!
;*0'")! )(!+(&%)05+)! %)/)"+!5%*0!'(6*.%!2/%*6! "&!#/."6/)*6!;%4+-('*)0"+%! %)56"*%>!?-*!
;50;(%*!(7!)-*!(#*0./4!'(6*.!"%!)(!0*;0*%*&)!/&!"&6"#"65/.!5%*0q%!7*/)50*!/%!/!%52%*)!(7!
)-*! 6('/"&!'(6*.! /&6,! 7(0! ")%! ;/0),! J&+*0)/"&)4DN/%*6!J%*0![(6*.."&1! 5%*! 6"77*0*&)!
7(0'%!(7!5&+*0)/"&)4!)(!'/&/1*!)-*!5%*0!'(6*.>!N/9*0! "&!nbho!+./%%"74!5%*0!'(6*.."&1!
/;;0(/+-*%! /%! J7*#%& L$.#/$!1H& 9$0"& L$.#/$!1& -+.& I(F& L$.#/$!1! /++(06"&1! )(! )-*! %5++*%%!
;0(2/2".")4!)(!"&7*0!/!'(6*.!:")-!/&!/6*C5/)*!;0*+"%"(&>! P&!F"150*!b,! "&!;/0)"+5./0,!Me>!
J%*0![(6*.."&1!$;;0(/+-*%!+/)*1(0"K/)"(&!;0*%*&)%!/&!(5)."&*!(7!)-*!'(%)! "';(0)/&)!
5%*0!'(6*.!)4;*%>!

J%*0! '(6*.."&1! ;0(+*%%! )/9*%! ;./+*! )-0(51-! )-*! 6*#*.(;'*&)! (7! 6"77*0*&)! %52!
'(6*.."&1!;0(+*%%*%L!S7-/$!-!$E#&)(.#//$+0H&S7-+!$!-!$E#&)(.#//$+0&-+.&!"#&#E-/7-!$(+&

)(.#//$+0>! k5/.")/)"#*! '(6*.."&1! "6*&)"7"*%! )-*! 7*/)50*%! )(! 2*! '(6*..*6! /&6! )-*"0!
+-/0/+)*0"K/)"(&>!k5/&)")/)"#*!'(6*.."&1! ;*0'")%! )(! 6*7"&*! -(:! )-*%*! 7*/)50*%! +(5.6!
2*!'(6*..*6!5%"&1!/!6*)*0'"&*6!%+/.*>!A&!)-*!()-*0!-/&6,!)-*!*#/.5/)"(&!#*0"7"*%!)-*!
#/."6")4! (7! )-*!'(6*.>! F"150*! b! %-(:%! /&!(5)."&*!(7! )-*!6"77*0*&)! I)/1*%! (7![(6*."&1!
B0(+*%%>!

$++(06"&1!)(!nbfo,!)-*!+(&)*<)!+(5.6!2*!6*7"&*6!/%!/&4!"&7(0'/)"(&!)-/)!+/&!2*!5%*6!
)(!+-/0/+)*0"K*!)-*!%")5/)"(&!(7!/&!*&)")4,!"&!(50!+/%*!)-*!5%*0>!?-*!;(%%"2".")4!)(!6*7"&*!
)-*! +(&)*<)! '(6*.."&1! /;;0(/+-*%! /';."7"&1! )-*! ;(%%"2".")"*%! )(! (77*0! 2*%)! .*/0&"&1!
%(.5)"(&%! 7(0! )-*! 5%*0%! /++(06"&1! :")-! )-*! 6"77*0*&)! ;(%%"2".")"*%! (7! /++*%%>! F"150*! b!
;0*%*&)%!(&.4!%('*!(7!)-*!+(&)*<)!7*/)50*%!+(&%"6*0*6!"&!)-*!%)/)*!(7!)-*!/0)>!

P&! F"150*! b,!:*! %5''/0"K*! )-*!'/"&! *.*'*&)%! (7! )-*! 5%*0! /&6! +(&)*<)!'(6*.."&1!
;0(+*%%*%,!:-"+-!:*0*!'*&)"(&*6!"&!;0*#"(5%!;/0/10/;-%>!
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Figure 1. Outline of main elements in user and context modelling process. 
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2.1.2 User modelling process based on learning styles 

@*/0&"&1! %)4.*! "%!(&*!(7! )-*!'(%)! +(''(&!5%*0! 7*/)50*%!5%*6! )(! %5;;(0)! /6/;)/)"(&!
;0(+*%%*%!"&!/6/;)"#*!-4;*0'*6"/!%4%)*'%>!R*%*/0+-*%!"&!)-"%!/0*/!+(5.6!2*!6"#"6*6!"&!
)-*!7(..(:"&1!)(;"+%L!

• G*7"&")"(&!(7!&*:!.*/0&"&1!%)4.*%!)-*(0"*%!/&6!*#/.5/)"(&!)((.%>!

• G*%"1&! (7! %)/)"+! 5%*0! '(6*.."&1! /;;0(/+-*%! 2/%*6! (&! )-*! 0*%5.)! (7! )-*!
/;;."+/)"(&!(7!/!;/0)"+5./0!)-*(04!)*%)!)(!5%*0%>!

• G*%"1&!(7!64&/'"+!5%*0!'(6*.."&1!/;;0(/+-*%!2/%*6!(&!)-*!5%*0%!"&)*0/+)"(&>!

P&!)-*!7(..(:"&1!%*+)"(&%,!:*!"&)0(65+*!%('*!(7!)-*!'(%)!"';(0)/&)!/;;0(/+-*%!"&!
*/+-!9"&6!(7!0*%*/0+-!"&!)-*!5%*0!'(6*.."&1!;0(+*%%!2/%*6!(&!.*/0&"&1!%)4.*%!"&!0*+*&)!
4*/0%>!m*!6*#*.(;*6!/!%-(0)!6*%+0";)"(&!/2(5)! .*/0&"&1!%)4.*%!)-*(0"*%!*#(.5)"(&!/&6!
)-*&! :*! 7(+5%*6! )-*! 6"%+5%%"(&%! (&! )-*! %)/)"+! /&6! 64&/'"+! 5%*0! '(6*.."&1! ;0(+*%%!
2*1"&&"&1%!7(0!(50!;0*#"(5%!:(09!"&!)-*!NMGI!10(5;>!

2.1.2.1 Outline of learning style theories 

@*/0&"&1!%)4.*!+-/0/+)*0"K*!)-*!+(1&")"#*,!/77*+)"#*!/&6!;-4%"(.(1"+/.!)0/")%!:-"+-!%*0#*!
/%! 0*./)"#*.4! %)/2.*! "&6"+/)(0%! /2(5)! -(:! .*/0&*0%! ;*0+*"#*,! "&)*0/+)! /&6! 0*%;(&6! "&!
)-*"0!.*/0&"&1!*&#"0(&'*&)%!nbao>!

?-0(51-! )-*! 4*/0%,! 6"77*0*&)! .*/0&"&1! %)4.*! )-*(0"*%! -/#*! 2**&! ;0(;(%*6! /&6!
#/."6/)*6>!?/2.*!b!%-(:%!/!+/)*1(0"K/)"(&!;0(#"6*6!24!M5004! "&! nbjo,! "&!/&!/))*';)!)(!
(77*0! /! 70/'*:(09! 7(0! )-*! 10(:"&1! &5'2*0! (7! .*/0&"&1! %)4.*! )-*(0"*%! &/'*6! A&"(&!
[(6*.>! ?-*! A&"(&! [(6*.! +/)*1(0"K*%! )-*! .*/0&"&1! %)4.*! )-*(0"*%! "&! 7(50! ./4*0%L! b^!
B*0%(&/.")4! G"'*&%"(&%p! e^! P&7(0'/)"(&! B0(+*%%"&1p! c^! I(+"/.! "&)*0/+)"(&! /&6! h^!
P&%)05++"(&/.!B0*7*0*&+*%>!

!
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Table 1. Classification of learning style theories according to the Onion 
Model [17] 

LAYER THEORY AUTHOR TOOL 
B*0%(&/.")4!
G"'*&%"(&%!

Q/1/&!

Q/)K!/&6!E*&04!

[4*0%DN0"11%!

Q*"0%*4!

m")9"&!

[/)+-"&1!F/'"."/0!F"150*%!?*%)!

A'&";525%!B*0%(&/.")4!P&#*&)(04!

?4;*!P&6"+/)(0!

?*';*0/'*&)%!/&6!M-/0/+)*0"%)"+%!

S'2*66*6!F"150*%!?*%)!

P&7(0'/)"(&!
B0(+*%"&1!

N"11%!

S&):-"%).*!/&6!R/'%6*&!

!"#$"%&

H/06&*0!

H0*1(0"+!["&6!I)4.*%!

E5&)!

Q(.2!

B/%9!

I+-'*+9,!R"2"+-,!r!R/'/&/"-!

I+-0(*6*0!

I)564!B0(+*%%!k5*%)"(&&/"0*!

$;;0(/+-*%!)(!I)564"&1!

@*/0&"&1!I)4.*%!P&#*&)(04!

!

!

B/0/10/;-!M(';.*)"(&![*)-(6!

'(6*.!(7!S<;*0"*&)"/.!@*/0&"&1!

!

P&#*&)(04!(7!@*/0&"&1!B0(+*%%!

B/0/10/;-!M(';.*)"(&!?*%)!

I(+"/.!
"&)*0/+)"(&!!

H0/%-/!/&6!R*"+-'/&&!

[/&&!

B*004!

N*.*&94!

[/1(.6/!

I)56*&)!@*/0&"&1!P&)*0*%)!I+/.*%!

!

!

m('*&q%!m/4%!(7!Q&(:"&1!

!

P&%)05++"(&/.!
B0*7*0*&+*%!

M/&7"*.6!

G5&&!/&6!G5&&!

F0"*6'/&!/&6!I)0"))*0!

H(.62*01!

E"..!

R*&K5.."!/&6!I'")-!

R*K.*0!/&6!R*K'(#"+!

@*/0&"&1!I)4.*%!P&#*&)(04!

@*/0&"&1!I)4.*!P&#*&)(04!

P&%)05+)"(&/.!B0*7*0*&+*!k5*%)"(&&/"0*!

A0*1(&! P&%)05+)"(&/.! B0*7*0*&+*!
P&#*&)(04!

M(1&")"#*!I)4.*!P&)*0*%)!I+/.*%!

@*/0&"&1!I)4.*!P&#*&)(04!

@*/0&"&1!B0*7*0*&+*!P&#*&)(04!

!

@*)! 5%! -"1-."1-)! )-*! '(%)! 0*+*&).4! /&6! "&)*0*%)"&1! :(09! )-/)! :/%! +(&+*"#*6!
%;*+"7"+/..4!/%!/!'*+-/&"%'!)(!5%*!"&!)-*!/6/;)/)"(&!;0(+*%%!5;(&!.*/0&"&1!;./)7(0'%,!
J&"7"*6!@*/0&"&1!I)4.*![(6*.!nbdo!nbgo>!
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J&"7"*6! @*/0&"&1! I)4.*! [(6*.! D! J@I[! nbdo! nbgo! (77*0%! /! 2/%"%! 7(0! /&! "&)*10/)"#*!
.*/0&"&1! %)4.*!'(6*.>!N4!1/)-*0"&1!+-/0/+)*0"%)"+%! 70('!)-*!'/"&!;0(;(%*6!'(6*.%! "&!
)-*!.")*0/)50*,!)-*!J@I[!6*7"&*%!)-*!7(..(:"&1!6"'*&%"(&%!(7!.*/0&"&1!%)4.*L!!!

• ;#%'#*!$(+&)(.-/$!1!]_"%5/.!;0*7*0*&+*!=!_*02/.!B0*7*0*&+*%^!

• ;%('#,,$+0&$+L(%)-!$(+!]$2%)0/+)!+(&+*;)%!/&6!1*&*0/."K/)"(&%!=!M(&+0*)*,!I*0"/.!
=!E(."%)"+p!$+)"#*!*<;*0"'*&)/)"(&!=!R*7.*+)"#*!(2%*0#/)"(&p!M/0*75.!:")-!6*)/".%!=!
O()!+/0*75.!:")-!6*)/".%^!

• J('$-/& -,*#'!,! ]"&6"#"65/.! :(09! =! ?*/'! :(09p! +(';*)")"#*! =! +(../2(0/)"#*p!
"&)0(#*0)!=!*<)0/#*0)p!6*;*&6*&)!=!"&6*;*&6*&)^!

• >#-,(+$+0&T"&65+)"#*!=6*65+)"#*^!

• C%0-+$6$+0&$+L(%)-!$(+!]%4&)-*)"+!=!/&/.4)"+^!

• Q(!$E-!$(+!]"&)0"&%"+!#%!*<)0"&%"+p!6**;!#%!%)0/)*1"+!#%!%507/+*!#%!0*%"%)/&)^!

• ;#%,$,!#+'#!];*0%"%)*&)!=!&()D;*0%"%)*&)^!

• M((06"&/)"&1!"&%)/&+*!]/77*+)"#")4!=!)-"&9"&1^!

G"'*&%"(&%!(7!)-"%!J@I[!.*/0&"&1!%)4.*!)-*(04!+(5.6!2*!'/;;*6!)(!/..!6"'*&%"(&%!(7!
)-*!F*.6*0l%!@*/0&"&1!I)4.*!?-*(04!:-"+-!:"..!2*!*<;./"&!"&!'(0*!6*)/".!"&!+-/;)*0!c>c>!!

2.1.2.2 Static and dynamic user modelling based on learning style 

O*<)!;/0/10/-;%!;0*%*&)!)-*!'(%)!0*.*#/&)!+(&)0"25)"(&%!"&!)-*!5%*0!'(6*.."&1!;0(+*%%!
70('! )-*! %)/)*! (7! )-*! /0)! 2*1"&%! 7(0! (50! ;0*#"(5%! :(09! "&! )-*! NMGI! 10(5;>! ?/2.*! e!
%-(:%!/&!(5)."&*!(7!)-*!6"77*0*&)!/&/."K*6!/;;0(/+-*%!70('!)-*!%)/)*!(7!)-*!/0)>!

BCDS group contribution to user modelling based on learning style 

?-*!NMGI!10(5;!-/%!2**&!"&#(.#*6!"&!%('*!;0(3*+)%!)-/)!%5;;(0)!)-*!+500*&)!0*%*/0+-!
*77(0)%,! :-(%*! (5)+('*%! /0*! ;0*%*&)*6! "&! )-*! &*<)! ;/0/10/;-%>! m*! 6*%+0"2*! )-*!
;0(3*+)%L! I-/2((! ne`o! /&6! nebo,! [$IDB@$OH! neeo! :-"+-! %-(:! -(:! 5%*0! '(6*.."&1!
;0(+*%%!/&6!/6/;)/)"(&!2/%*6!(&!.*/0&"&1!%)4.*!:*0*!/660*%%*6>!!

Shaboo  

I-/2((! ne`o! /&6! nebo! ! "%! /&! $6/;)"#*! E4;*0'*6"/! I4%)*'! 5%*6! )(! %5;;(0)!
)*/+-"&1=.*/0&"&1! ;0(+*%%! (&! 2/%"+! +(&+*;)%! (7! )-*! A23*+)%DA0"*&)*6! B0(10/''"&1!
]AAB^>! I-/2((! /660*%%*%! F*.6*0l%! 5%*0! .*/0&"&1! %)4.*! 24! (77*0"&1! 5%*0%! )-*! .*/0&"&1!
(23*+)%! (06*0*6! "&! 6"77*0*&)! :/4%! /++(06"&1! )(! )-*! s"&;5)l! F*.6*0! G"'*&%"(&>! ?-"%!
'*/&%!)-/)!)-*!(06*0!(7!)-*!6*."#*0*6!+(&)*&)%!6*;*&6%!(&!:-*)-*0!)-*!%)56*&)!-/%!/!
#"%5/.!(0!#*02/.!;0*7*0*&+*>!!
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! bf!

[(0*(#*0,!)-*!5%*0!9&(:.*61*!"%!"&7*00*6!24!'(&")(0"&1!)-*!(23*+)"#*!)-/)!)-*!5%*0!
-/%! /+-"*#*6>! P&! )-"%! :/4,! )-*0*! /0*! *#/.5/)"(&! C5*%)"(&%! )(! /%%*%%! */+-! .*/0&"&1!
(23*+)"#*>! ?-*! (23*+)"#*%! /0*! +./%%"7"*6! /++(06"&1! )(! )-*! N.(('! ?/<(&('4! neco>! ?-*!
%)56*&)%l!9&(:.*61*!.*#*.!+(&)0(.%!)-*!&/#"1/)"(&!%;/+*>!I)56*&)%!+/&!(&.4!%)564!"&!/!
%;*+"7"+!%*%%"(&!.*/0&"&1!(23*+)%!/;;0(;0"/)*!7(0!)-*"0!+500*&)!9&(:.*61*!.*#*.%>!!

?-*! 0*%5.)%!(7! )-*!#/."6/)"(&!%)/1*!%-(:*6! )-*! "';0(#*'*&)!(7! .*/0&"&1! 0*%5.)%! "&!
%('*!)*%)%!(7!)-*!AAB!+(50%*>!P&!;/0)"+5./0,!)*/+-*0%!/&6!%)56*&)%!+(&%"6*0*6!)-*!5%*!
(7!6"77*0*&)!)4;*%!(7!.*/0&"&1!(23*+)%!/%!/!1((6!6"6/+)"+!%)0/)*14!)(!5%*!"&!)-*!+./%%!/&6!
)(!%5;;(0)! "&!-('*:(09!(0!*<)0/!+./%%*%>! P&!'(0*!6*)/".,! )-*!#/."6/)"(&!)*%)%!%-(:*6!
)-/)! )-*! %)56*&)! .*/0&"&1! 0*%5.)%! D'*/%50*6! "&! ;*0+*&)/1*D!:*0*! %5;*0"(0! )(! d`t! "&!
*/+-! 0*./)*6! +(&+*;)! (7! )-*! +(50%*>! $++(06"&1! )(! )-*! )*/+-*0%l! (;"&"(&,! )-*!
"';0(#*'*&)! "&! )-*! 0*%5.)%! +(';/0*6! )(!;0*#"(5%! +(50%*%!:/%!&()!(&.4!C5/&)")/)"#*!
25)!/.%(!C5/.")/)"#*!nebo>!

I-/2((!6(*%!&()!"';.*'*&)!/!64&/'"+!5%*0!'(6*.."&1!/;;0(/+-!)(!'(6*.!)-*!5%*0!
.*/0&"&1! %)4.*,! 25)! 5%*%! F*.6*0l%! .*/0&"&1! %)4.*! %)/)"+! /;;0(/+-! )(! "&7*0! )-*! %)56*&)!
.*/0&"&1! %)4.*>! E(:*#*0,! I-/2((! "';.*'*&)%! /! 64&/'"+! /&6! &()! %)/&6/06"K*6! 2/%*6!
*#/.5/)"(&! '*+-/&"%'! )(! 6*7"&*! )-*! .*#*.! (7! )-*! %)56*&)! /++(06"&1! )(! )-*! 6*7"&*6!
(23*+)"#*%>!

Mas-PlanG 

[$IDB@$OH! "%! /! '5.)"u/1*&)! %4%)*'! "';.*'*&)*6! 7(0! "';0(#"&1! )-*! /6/;)"#*!
+-/0/+)*0"%)"+%! "&! )-*!JIG!;./)7(0'! neeo>![/"&!;50;(%*!(7!JIG!;./)7(0'! "%! )(!6*."#*0!
6"6/+)"+! +(&)*&)! /&6! %)0/)*1"*%! +(&%"6*0"&1! )-*! %)56*&)%l! .*/0&"&1! %)4.*%>! JIG! "%! /&!
/6/;)"#*! %4%)*'! :-*0*! )*/+-*0%! +/&! +0*/)*! /&6! '/"&)/"&! &/#"1/2.*! )*/+-"&1! 5&")%>!
[(0*(#*0,!)-*!%)56*&)%!-/#*!)-*!;(%%"2".")4!)(!+(&7"150*!)-*! .*/0&"&1!*&#"0(&'*&)! "&!
/%;*+)%!%5+-!/%!)-*!7(0'!/&6!;(%")"(&!(7!)-*!"+(&%,!:"&6(:%!;(%")"(&%,!&/#"1/)"(&%!2/0%!
/&6! ./&15/1*,! /'(&1! ()-*0%>! [$IDB@$OH! :/%! "';.*'*&)*6! 24! 5%"&1! /! ):(! .*#*.!
/0+-")*+)50*! ]"&7(0'/)"(&! /1*&)%! /&6! %5;;(0)! /1*&)%^! )(! -*.;! )-*! %)56*&)%! )-0(51-!
)-*"0!"&)*0/+)"(&!:")-!)-*!6"6/+)"+!'/)*0"/.,!:-".*!)-*!"&7(0'/)"(&!/1*&)%!/0*!"&!+-/01*!
(7!'/"&)/"&"&1!)-*!%)56*&)!'(6*.!/&6!*#/.5/)"&1!)-*!;*6/1(1"+/.!05.*%!"&!)-*!+(50%*>!

J%*0! '(6*.."&1! 2/%*6! (&! .*/0&"&1! %)4.*%! "&! [$IDB@$OH! "%! /+-"*#*6! 24! 5%"&1!
E/2")/)B0(!neho,!:-"+-!"%!%5;;(0)*6!24!%('*!/0)"7"+"/.! "&)*.."1*&+*!)*+-&"C5*%!/%!+/%*D
2/%*6!0*/%(&"&1!/&6!6"775%*!.(1"+>!F*.6*0!/&6!I".#*0'/&!.*/0&"&1!%)4.*!'(6*.!%;*+"7"*%!
6"77*0*&)! %)56*&)! +/)*1(0"*%! /++(06"&1! )(! )-*"0! %9"..%! 7(0! ;0(+*%%"&1,! ;*0+*"#"&1,!
(01/&"K"&1!/&6!/%%"'"./)"&1!)-*!"&7(0'/)"(&>!!
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!ba!

Contribution to user modelling based on learning style from external sources 

?-*!7(..(:"&1!;/0/10/;-%!6*%+0"2*!)-*!'(%)!"';(0)/&)!/;;0(/+-*%!"&!)-*!%)/)*!(7!)-*!
/0)!/2(5)!5%*0!'(6*.."&1!2/%*6!(&!.*/0&"&1!%)4.*>!

B(;*%+5! "&! nefo! "6*&)"7"*%!/! %"1&"7"+/&)! 0*./)"(&!/'(&1! .*/0&"&1! %)4.*%!/++(06"&1! )(!
)-*! J&"7"*6! @*/0&"&1! I)4.*! [(6*.! D! J@I[! /&6! c`! 5%*0%! 2*-/#"(50! ;/))*0&%! 5;(&! /!
.*/0&"&1!'/&/1*'*&)!%4%)*'>!?-*!5%*0!'(6*.!"%!2/%"+/..4!(2)/"&*6!24!)-*!/;;."+/)"(&!
(7! /! ;/0)"+5./0! "&%)05'*&)! 7(0! J@I[>! ?-*! "&7*00*6! 5%*0! '(6*.! %5;;(0)! /!
0*+(''*&6/)"(&! '*+-/&"%'! 7(0! 6*."#*0"&1! )-*! '(%)! %5")*6! .*/0&"&1! (23*+)%! /&6!
.*/0&"&1! ;/)-! /++(06"&1! )(! )-*! 5%*0! .*/0&"&1! %)4.*! neao>! ! ?-*! ;0(;(%/.! /;;."*%! ):(!
)*+-&"C5*%L!b^!)-*!(06*0"&1!(7!)-*!@A!/&6!e^!)-*!)0/77"+!."1-)!'*)/;-(0>!?-*!'*+-/&"%'!
:/%! "&)*10/)*6!5;(&!mS@I$!;./)7(0'!:-*0*! /! 10**&! +(.(50! "&6"+/)*%! 0*+(''*&6*6!
@A,! /! 2./+9! +(.(50! )-*! %)/&6/06! @A,! /&6! /! ."1-)! 10*4! /! &()! 0*+(''*&6*6! @A>! ?-*!
0*;(0)*6! 0*%5.)%! %511*%)! /! -"1-! .*#*.! (7! %/)"%7/+)"(&! (7! )-*! 5%*0!:")-! )-*! /6/;)/)"(&!
;0(+*%%>!F50)-*0'(0*,!)-*!(06*0%!;0(;(%*6!24!)-*!%4%)*'!:*0*!1*&*0/..4!/++*;)*6!24!
)-*!%)56*&)%>!

A0)"1(%/! "&! nejo! 6*7"&*%! /! +./%%"7"+/)"(&! )/%9! "&! (06*0! )(! '"&"'"K*! )-*! &5'2*0! (7!
&*+*%%/04! C5*%)"(&%! )(! 6*7"&*! )-*! .*/0&"&1! %)4.*! /++(06"&1! )(! )-*! F*.6*0l%! "&6*<! (7!
.*/0&"&1!%)4.*>!?-"%!0*%*/0+-!/015*%!)-/)!/!2"1!&5'2*0!(7!C5*%)"(&%!:*0*!&**6*6!)(!2*!
/&%:*0*6!24!)-*!5%*0%!"&!)-*!)*%)>!?-*!0*%5.)%!%511*%)*6!)-/)!/&!/#*0/1*!(7!f!C5*%)"(&%!
7(0!*/+-!F*.6*0!6"'*&%"(&!:*0*!*&(51-!7(0!6*7"&"&1!)-*!5%*0!.*/0&"&1!%)4.*!5%"&1!)-"%!
/;;0(/+->!

B/0*6*%!"&!nedo!;0(;(%*6!/!'"<*6!/6/;)/)"(&!'*+-/&"%'!2/%*6!(&!;*0+*;)"(&!/&6!
;0(+*%%"&1! F*.6*0l%! 6"'*&%"(&%! (#*0! ?$OHAm! nego>! Q&(:.*61*! "&! ?$OHAm! "%!
0*;0*%*&)*6! 24! ?*/+-"&1! ?/%9! R5.*%>! $++(06"&1! )(! )-*! )*&6*&+4! (7! 5%*0! ;0(+*%%"&1!
6"'*&%"(&!]I*C5*&)"/.!/&6!H.(2/.^,!)-*!%*C5*&+"&1!(7!)-*!+(50%*!%)05+)50*!"%!'(6"7"*6>!
I*C5*&)"/.!5%*0%!0*+*"#*!)-*!+(50%*!%)05+)50*!"&!/!;/0)"+5./0!(06*0!:-".*!1.(2/.!5%*0%!"&!
/&4!(06*0!5%"&1!6"77*0*&)!(;*0/)(0%!7(0!)-"%!;50;(%*!]$OG!AR!$Ov^>!!F(0!)-*!;*0+*;)"(&!
6"'*&%"(&,! ):(! 6"77*0*&)! 9"&6%! (7! "&%)05+)"(&,! *<;(%")"(&! /&6! *<*';."7"+/)"(&,! /0*!
+(&%"6*0*6>!B0*7*0*&+*!(7!%*&%")"#*!5%*0%!7(0!)-*!*<*';."7"+/)"(&!"%!/%%5'*6>!

[/0)"&! "&! nc`o!;0(;(%*6!/&!/6/;)/)"(&!'*+-/&"%'! 7(0! +(../2(0/)"#*! .*/0&"&1! )/%9%!
+(&%"6*0"&1! )-*!*&)04,! ;*0+*;)"(&!/&6!;0(+*%%"&1! F*.6*0l%!6"'*&%"(&%!(#*0! ?$OHAm!
nego>! ?-*!*&)04!6"'*&%"(&!;*0'")%! )(!/6/;)! )-*!:(09%;/+*!/++(06"&1! )(! )-*! .*/0&"&1!
%)4.*!(7!)-*!10(5;p!;0(+*%%"&1!6"'*&%"(&!/660*%%!)-*!10(5;!7(0'/)"(&!/&6!;*0+*;)"(&!
6"'*&%"(&!6*7"&*%!)-*!;0*%*&+*!(0!/2%*&+*!(7!+(../2(0/)"#*!.*/0&"&1!/+)"#")"*%>!R*%5.)%!
0*;(0)*6! "&! ncbo! 6(! &()! "&6"+/)*! %)/)"%)"+/..4! %"1&"7"+/&)! +(00*./)"(&%! (7! /660*%%"&1!
.*/0&"&1!%)4.*%!:-*&!%)56*&)%!/0*!:(09"&1! )(1*)-*0>!?-"%! %-(:%! )-/)! %('*!10(5;%!(7!
%)56*&)%!:(09"&1!2*))*0!)-/&!()-*0%>! !I)564!%-(:%!)-/)!;*07(0'/&+*! "&+0*/%*%!:-*&!
)-*!%)56*&)%!/0*!6"%)0"25)*6! "&!-*)*0(1*&*(5%!10(5;%!/&6! ")!6(*%&l)! %-(:!/!6*+"%"(&!
;/))*0&!/2(5)!)-*!10(5;!%*.*+)"(&!/++(06"&1!)(!)-*!.*/0&"&1!%)4.*>!
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! bj!

M/0'(&/!"&!nceo,!ncco,!ncho!/&6!ncfo!6*7"&*%!/!N/4*%"/&!&*):(09!"&!(06*0!)(!5;6/)*!
)-*! 5%*0! .*/0&"&1! %)4.*%! )-0(51-!'(&")(0"&1! )-*! "&)*0/+)"(&%! "&! )-*! /6/;)"#*! %4%)*'>!
F(0!*/+-!6"'*&%"(&!(7!)-*!F*.6*0l%! .*/0&"&1!%)4.*,!/!N/4*%"/&!&*):(09! "%!+0*/)*6>!?-*!
6*7"&*6! #/0"/2.*%! /0*! )-*! 5%*0! .*/0&"&1! %)4.*%,! .*/0&"&1! (23*+)%! 7*/)50*%! /&6! /!
+./%%"7"+/)"(&!(7! .*/0&"&1!(23*+)%!;0(#"6*6!24!)-*!%)56*&)%>!$!&*):(09!0*./)*%!.*/0&"&1!
%)4.*%! :")-! )-*! .*/0&"&1! (23*+)%! 7*/)50*%! /&6! :")-! )-*! 5%*0! 0/)"&1,! /%%5'"&1! )-/)!
#/0"/2.*%!/0*!"&6"+/)(0%!(7!+-/&1*%!"&!)-*!5%*0%l!.*/0&"&1!%)4.*>!?-*!6*+"%"(&!;0(+*%%!"%!
'(6*..*6!/%!/!N/4*%"/&!M./%%"7"*0!7(0!6*#*.(;"&1!/!0*+(''*&6/)"(&!)/%9,!:-"+-!6*7"&*%!
"7!/!.*/0&"&1!(23*+)!"%!/;;0(;0"/)*!(0!&()!7(0!/!;/0)"+5./0!5%*0>!P&;5)!6/)/!7(0!6"77*0*&)!
+./%%"7"*0%! /0*! )-*! 5%*0! 7*/)50*%,! .*/0&"&1! (23*+)! 7*/)50*%! /&6! /! +./%%! 6*7"&*6! 24! /&!
*<;*0)>!?-*!5;6/)*!(7!+./%%!/))0"25)*%!"';."+/)*,!&*+*%%/0".4,!)-/)!)-*!%)56*&)%!0/)*!)-*!
.*/0&"&1!(23*+)%>!

H/0+"/! "&! ncao! "';.*'*&)%!/!N/4*%"/&!O*):(09! ]NO^!:")-! )-*!;50;(%*!(7!6*)*+)"&1!
.*/0&"&1! %)4.*%>! E*! 5%*%! )-*! 5%*0! 0*+(06*6! "&)*0/+)"(&! "&! )-*! .*/0&"&1! '/&/1*'*&)!
%4%)*'! )(! 6*)*0'"&*! )-*! +(&6")"(&/.! ;/0/'*)*0%! (7! )-*! NO! "&! +('2"&/)"(&! :")-!
*<;*0)%l!(;"&"(&%>!M(&%*C5*&).4,! )-*!N/4*%"/&!'(6*.! "%!+(&)"&5(5%.4!5;6/)*6!/%!&*:!
"&7(0'/)"(&! /2(5)! )-*! %)56*&)l%! "&)*0/+)"(&! :")-! )-*! %4%)*'! "%! (2)/"&*6! 5&)".!
*#*&)5/..4,! )-*! '(6*.! 0*/+-*%! *C5"."20"5'>! O*):(09! #/0"/2.*%! +(00*%;(&6! :")-! )-*!
F*.6*0! .*/0&"&1! %)4.*! ")%*.7,! )-*! 6"'*&%"(&%! (7! 5%*0! .*/0&"&1! %)4.*! ];*0+*;)"(&,!
;0(+*%%"&1!/&6!5&6*0%)/&6"&1^!/&6!6"77*0*&)!7/+)(0%!)-/)!/0*!/&/.4%*6!"&!)-*!%)56*&)l%!
2*-/#"(50!7(0!/660*%%"&1!*/+-!;/0)"+5./0!6"'*&%"(&!(7!F*.6*0>!R*%5.)%!%511*%)!)-/)!)-*!
;0(;(%*6! '*+-/&"%'! 6*)*0'"&*%! )-*! ;*0+*;)"(&! %)4.*! :")-! -"1-! ;0*+"%"(&,! 7"&6"&1!
%('*!'"%'/)+-*%!"&!)-*!5&6*0%)/&6"&1!/&6!;0(+*%%"&1!6"'*&%"(&%>!?-*4!%-(:!7(05'%!
/&6! +-/)%! /%! 1((6! )((.%! )(! "6*&)"74! /+)"#*! .*/0&*0%! /&6! 2"1! +(50%*%! /%! )-*! /6*C5/)*!
+(&)*<)%!)(!6*)*+)!%*C5*&)"/.!/&6!1.(2/.!.*/0&*0%>!

H0/7!"&!ncjo!/&6!nco!*%)/2."%-!%"1&"7"+/&)!0*./)"(&%!2*):**&!5%*0!2*-/#"(50%!/&6!)-*!
6"'*&%"(&%!(7!F*.6*0!.*/0&"&1!%)4.*%!)-0(51-!%('*!*<;*0"*&+*%!5;(&![((6.*>!P&7*00*6!
0*./)"(&%! /0*! "&;5)%! )(! /&! /;;0(/+-! 7(0! 6*)*+)"&1! .*/0&"&1! %)4.*%! "&! .*/0&"&1!
'/&/1*'*&)!%4%)*'%!ncdo!ncjo>?-*!;0(;(%*6!/0+-")*+)50*!+(&%"%)%!(7!/!6/)/!*<)0/+)"(&!
+(';(&*&)! )-/)! 0*+*"#*%! /%! /&! "&;5)! )-*! ;/))*0&%! +(00*%;(&6"&1! )(! 6"77*0*&)! 5%*0!
7*/)50*%>!?-*!)*/+-*0!+/&!6*7"&*!)-*! .(+/)"(&!(7!)-*!0*C5"0*6! "&7(0'/)"(&!)-0(51-!/&!
*6")(0>! m")-! )-"%! "&7(0'/)"(&,! 0/:! 6/)/! /0*! 1*&*0/)*6! 7(0! )-*! *<)0/+)(0! 5%"&1! )-*!
%)(0*6! "&7(0'/)"(&! "&! )-*! %4%)*'! 6/)/2/%*>! R/:! 6/)/! /0*! "&;5)! 7(0! )-*! +/.+5./)"(&!
+(';(&*&)!+-/01*6!)(!6*7"&*!)-*!5%*0!.*/0&"&1!%)4.*>!A&!)-*!()-*0!-/&6,!H0/7!"&!ncgo!
;0(;(%*%!/!'(6*.! )(!6*7"&*! .*/0&"&1! %)4.*!2/%*6! "&! )-*! %5'!(7!-")%! +(00*%;(&6"&1! )(!
)-*! (2%*0#*6! 2*-/#"(50! (7! /&! 5%*0! "&! )-*! .*/0&"&1! '/&/1*'*&)! %4%)*'>! E")%! /0*!
0*./)*6!)(!;/))*0&%!/&6!6"'*&%"(&%!(7!F*.6*0!.*/0&"&1!%)4.*%>!B0*+"%"(&!(7!)-*!/;;0(/+-!
"%!(2)/"&*6!2/%*6!(&! )-*! %"'".")56*!'*/%50*6!/'(&1! )-*! .*/0&"&1! %)4.*! "&7*00*6!/&6!
)-*!0*%5.)%!(7!)-*!P@I!C5*%)"(&&/"0*>!R*;(0)*6!0*%5.)%!%-(:!/!0/&1*!70('!jc>cc!)(!jg>cc!
(7!%"'".")56*!7(0!*/+-!F*.6*0!6"'*&%"(&>!F"&/..4,!"&!nbco!H0/7!;0(;(%*%!)-/)!'(&")(0"&1!
"%! &*+*%%/04! "7! )-*! .*/0&"&1! %)4.*! '(6*.! +-/&1*%! (#*0! )-*! )"'*>! ?-0**! %)*;%! 7(0!
6*#*.(;"&1! )-*! 5;6/)*! /0*! 6*7"&*6L! 7"0%),! )-*! +/.+5./)"(&! (7! )-*! .*/0&"&1! %)4.*%!
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!bd!

64&/'"+/..4!(#*0!)"'*,!%*+(&6,!)-*!6*#"/)"(&!(7!)-*!%)56*&)%! .*/0&"&1!%)4.*!/&6!)-"06,!
)-*!6*+"%"(&!/2(5)!"7!)-*!.*/0&"&1!%)4.*!-/%!+-/&1*6>!

G*0&).! "&! nh`o! $&/.4%*%! )-*! 0*./)"(&%-";! 2*):**&! )-*! %)56*&)! 2.(11"&1! 2*-/#"(50!
/&6! ")%! .*/0&"&1!%)4.*>!R*%5.)%!%511*%)!)-/)!)-*! .*/0&"&1!%)4.*!)-/)!/77*+)%!)-*!'(%)!(&!
2.(11"&1!2*-/#"(50!:/%!7(5&6!7(0!)-*!/+)"#*=0*7.*+)"#*!6"'*&%"(&>!$!%"1&"7"+/&)!*77*+)!
:/%! 7(5&6! 7(0! )-*! %*C5*&)"/.=1.(2/.! 6"'*&%"(&p! %*C5*&)"/.! .*/0&*0%! )*&6! )(! :0")*!
.(&1*0!;(%)%!)-/&!1.(2/.! .*/0&*0%>!$&()-*0!+(&+.5%"(&!"%!)-/)!/+)"#*!.*/0&*0%!;0*7*0!)(!
:0")*!2.(1%!:-".*!0*7.*+)"#*!;0*7*0!)(!0*/6!()-*0!)-*'>!

?/2.*!e!%-(:%!/!%5''/04!(7!)-*!'/"&!/;;0(/+-*%!6*#*.(;*6!"&!./%)!7*:!4*/0%!)-/)!
/0*!0*./)*6!:")-!(50!;0(;(%*6!:(09>!
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Table 2. Summary related work about user modelling based on learning 
style 

'()*+,-&& ./.-+0.&
1+2(3435&

.-/1+.&-6+)(/&

&

7/3204,&

8.+(&0)7+11435&

0+,6234.0&

&

8.+(&0)7+11435&
.,)(+&

272'-2-4)3&&

,)3.-4-8+3-&

[(0*&(!
ne`o,!nebo! IE$NAA! F*.6*0! O()! P@I!R*%5.)%!

@*/0&"&1!
R*%(50+*!
A06*0"&1!
/++(06"&1! S&)04!
6"'*&%"(&!

B*Y/!neeo! [$I!B@$OH! F*.6*0! O()!
R*%5.)! (0!
F*.6*0l%!P@I!

G*."#*0! )-*!
'(%)! /6*C5/)*!
/+)"#")"*%!
)-0(51-)! M/%*D
N/%*6!
R*/%(&"&1!
"&7*0*&+*!

B(;*%+5!!
nho,! nbdo,!
nbgo,! nefo,!
neao,!ncbo! mS@I$!

J@I[D!
J&"7"*6!
@*/0&"&1!
I)4.*![(6*.!

O()!
!

J%*0! '(6*.!
/++(06"&1! )(!
J@I[D! J&"7"*6!
@*/0&"&1! I)4.*!
[(6*.!

@*/0&"&1!
A23*+)%! /&6!
;/)-!
R*+(''*&6/)"
(&%!5%"&1!
)0/77"+! ."1-)!
'*)/;-(0!

A0)"1(%/!
nejo!

O()!
0*;(0)*6! F*.6*0!

M./%%"7"+/)"(&! ?/%9!
Mh>f!$.1(0")-'%!

F*.6*0! 5%*0!
'(6*.![(6"7"*6! &()!0*;(0)*6!

B/0*6*%!
nedo,!nhbo! ?$OHAm! F*.6*0! O()!! P@I!R*%5.)%!

M500"+5.5'!
%*C5*&+"&1!

[/0)T&! /&6!
$.7(&%*+/!
nc`o,!ncbo! ?$OHAm! F*.6*0!

O()!
! P@I!R*%5.)%!

M(../2(0/)"#*!
@*/0&"&1! )/9*%!
/6/;)/)"(&!
)-0(51-!
R5.*%! 6*7"&*6!
24!)*/+-*0!

M/0'(&/!
/&6! M/%)"..(!
nceucfo!

HP$Il%!
I4%)*'! F*.6*0! N/4*%"/&!O*):(09!

F*.6*0! 5%*0!
'(6*.![(6"7"*6!

@*/0&"&1!
A23*+)%!
R*+(''*&6/)"
(&%! )-0(51-!
N/4*%"/&!
M./%%"7"*0!

H/0+"/!ncao!
O()!
0*;(0)*6! F*.6*0! N/4*%"/&!O*):(09!

F*.6*0! 5%*0!
'(6*.![(6"7"*6! &()!0*;(0)*6!

H0/7! nco,!
nbco,! ncju
cgo,!nheuhho! [AAG@S! F*.6*0!

B/))*0&%!
"6*&)"7"+/)"(&!

F*.6*0! 5%*0!
'(6*.!2/%*6!(&!
5%*0!2*-/#"(50! &()!0*;(0)*6!

!



89:;<=>&O@&J<:<=&CP&<9=&:><&

!e`!

2.1.3 Our contribution to user modelling base on learning style 

P&! )-*! +(&)*<)! (7! #"0)5/.! .*/0&"&1! *&#"0(&'*&)%,! 7"&6"&1! ;0(;(%/.%! /660*%%"&1! 2()-!
;0(2.*'%! /)! )-*! %/'*! )"'*,! 5%*0! '(6*.."&1! /&6! /6/;)/)"(&! ;0(+*%%*%! 2/%*6! (&!
.*/0&"&1! %)4.*%! 7(0! /! %)/&6/06"K*6! .*/0&"&1! 6*%"1&! "%! #*04! 6"77"+5.)! /%! "%! ;(%%"2.*! )(!
(2%*0#*! "&! ?/2.*! e>! $66")"(&/..4! 7(0! )-*! )*/+-*0%,! )-*%*! ;0(+*%%*%! 0*C5"0*! -51*!
/'(5&)%!(7!)"'*!/&6!*77(0)!"&!)-*!+(50%*!+(&%)05+)"(&,!:-"+-!'(%)!(7!)-*!)"'*%!"%!&()!
0*+(1&"K*6!24!)-*!*65+/)"(&/.!"&%)")5)"(&%>!!

m*! ;0(;(%*! /! +('2"&/)"(&! 2*):**&! %)/)"+! /&6! 64&/'"+! 5%*0! '(6*.%! 2/%*6! (&!
.*/0&"&1!%)4.*%!)(!*&0"+-!/&6!)(!%5;;(0)!)-*!/5)('/)"+!1*&*0/)"(&!(7!/&!/6/;)"#*!P[I!
.*/0&"&1!6*%"1&!]@G^!"&!(06*0!)(!0*65+*!)-*!/'(5&)!(7!)"'*!/&6!*77(0)%!7(0!)*/+-*0%!)(!
;0(#"6*! .*/0&*0%!:")-! ;*0%(&/."K*6! .*/0&"&1! *<;*0"*&+*%>! A50! %(.5)"(&! /660*%%*%! &()!
(&.4! )-*!;0(2.*'! )(! "&7*0! )-*!5%*0! .*/0&"&1! %)4.*!(#*0! )-*! )"'*!25)!-(:! )-"%!5;6/)*!
/77*+)%!)-*!.*/0&"&1!6*%"1&!(#*0!)-*!)"'*>!

?-*! /&/.4%"%! (7! )-*! %)/)*! (7! )-*! /0)! ;0(#"6*%! 5%! :")-! "';(0)/&)! +(&+.5%"(&%! /&6!
%+"*&)"7"+/..4!#/."6/)*6!6/)/!"&!(06*0!)(!;0(;(%*L!

• $! %)/)"+! 5%*0!'(6*.! 2/%*6! (&! .*/0&"&1! %)4.*! /&6! /! 6*+"%"(&! ;0(+*%%! 2/%*6! (&!
)*/+-*0%! (;"&"(&%,! :-"+-! %5;;(0)! )-*! 6*."#*04! (7! .*/0&"&1! (23*+)%! )4;*%!
/++(06"&1! )(! )-*!5%*0!;0*7*0*&+*>!?-*!'/"&! +-/0/+)*0"%)"+!(7! )-"%!'(6*.! "%! )-*!
+(&%"6*0/)"(&!(7! ! )*/+-*0%l!(;"&"(&!/%! "&;5)!7(0!1*&*0/)"&1!/!+./%%"7"+/)"(&!)/%9!
:-"+-! %5;;(0)%! /! 6*+"%"(&! ;0(+*%%! /2(5)! )-*! %)56*&)%! ;0*7*0*&+*! (#*0! )-*!
.*/0&"&1!(23*+)%!)4;*%>!?-"%!;0(+*%%!-/%!&()!2**&!+(&%"6*0*6!"&!)-*!%)/)*!(7!)-*!
/0)>!

• $!64&/'"+!5%*0!'(6*.."&1!;0(+*%%!2/%*6!(&!)-*!/&/.4%"%!(7!5%*0!2*-/#"(50%!)(!
%5;;(0)!)-*!6*+"%"(&!/2(5)!"7!)-*!5%*0!;0*7*0*&+*!(&!.*/0&"&1!(23*+)%!)4;*%!-/%!
+-/&1*6! (#*0! )-*! )"'*>! A50! ;0(;(%/.! "&+.56*! /&! "&)*0*%)"&1! /&/.4%"%! (7! )-*!
%)/&6/06! 6*#"/)"(&%! (7! )-*! 6/)/! 70('! )-*! 5%*0%! 2*-/#"(50! 7(0! 0*6*7"&"&1! )-*!
%)56*&)%!.*/0&"&1!%)4.*!:-"+-!-/%!&()!2**&!+(&%"6*0*6!"&!)-*!%)/)*!(7!)-*!/0)>!

I)/)"+! 5%*0! '(6*.! /..(:! 5%! )(! %5;;(0)! )-*! +0*/)"(&! (7! /&! "&")"/.! .*/0&"&1! 6*%"1&!
/635%)*6!)(!%)56*&)%!;0*7*0*&+*%!7(0!)-*!.*/0&"&1!(23*+)%!)4;*%!/&6!(&!)-*!()-*0!-/&6!
64&/'"+! 5%*0!'(6*.."&1! /..(:!5%! )(! 5;6/)*! )-*! .*/0&"&1!6*%"1&! +(&%"6*0"&1! -(:! )-*!
%)56*&)%l!;0*7*0*&+*%!+-/&1*!(#*0!)-*!)"'*>!N()-!;0(+*%%*%!-/#*!&()!2**&!+(&%"6*0*6!
"&!)-*!%)/)*!(7!)-*!/0)!"&!/&!"&)*10/.!:/4>!
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2.2.  AUTOMATIC LEARNING DESIGN APPROACHES 
$5)('/)"+! +(50%*! 1*&*0/)"(&! -/%! 2**&! (&*! (7! )-*! '(%)! "&)*0*%)"&1! 0*%*/0+-! /0*/%!
650"&1!)-*!./%)!6*+/6*%>!P&!)-"%!%*+)"(&,!)-*!'(%)!"';(0)/&)!/;;0(/+-*%!/&6!)*+-&"+/.!
6*)/".%!"&!)-"%!/0*/,!/%!:*..!/%!)-*!0*.*#/&)!(;*&!"%%5*%!/0*!6*%+0"2*6>!

2.2.1 Approaches in the state of the art 

Q/0/';";*0"%!"&!nhfo!;0(;(%*6!/&!/;;0(/+-!2/%*6!(&!9+(F/#.0#&(+!(/(01&-+.&/#-%+$+0&
(34#'!& )#!-.-!-&:-"+-,! 24! 5%"&1! )-*! /#/"./2.*! "&7(0'/)"(&,! 1*&*0/)*%! /&! (;)"'5'!
.*/0&"&1!;/)->!?-*!;0(;(%*6!U+(F/#.0#&(+!(/(01! "%!+(&%"6*0*6!/%!/!+(&+*;)!&*):(09,!
:-*0*! )-*! +(&+*;)%! +(5.6! -/#*! 6"77*0*&)! 0*./)"(&%! %5+-! /%! '(+,$,!& (LH& ,$)$/-%& !(H&

(**(,$!#&(L&-+.&%#/-!#.&F$!">!?-*%*!0*./)"(&%!-/#*!/!;/0)"+5./0!%*'/&)"+!'*/&>!A&!)-*!
()-*0! -/&6,! /#-%+$+0& %#,(7%'#,& *%)/2."%-! /! &*)! )-0(51-! )-*! 0*./)"(&! /'(&1! )-*!
>#/-!$(+,&/-3#/!"&!)-*!'*)/6/)/!(7!*/+-!;/0)"+5./0!0*%(50+*>!G"77*0*&)!9"&6%!(7!0*./)"(&%!
/0*!+(&%"6*0*6!%5+-!/%!$,&*-%!&(LH&%#L#%#+'#H&$,&3-,#.&(+&-+.&%#S7$%#,>!

$! 1*&*0/.! &*)! (7! (23*+)%! "%! (2)/"&*6! 7(0! +(&&*+)"&1! )-*! +(&+*;)%! )-0(51-)! )-*!
8/-,,$L$'-!$(+&I-3#/!"&!)-*!@A!'*)/6/)/>!?-"%!1*&*0/.!10/;-!"%!(;)"'"K*6!5%"&1!/!;*0"(6!
(7!)"'*!/%%(+"/)*6!)(!*/+-! .*/0&"&1!(23*+)!/%!/&!(;)"'"K/)"(&!+0")*0"(&>!M(&%"6*0"&1!/!
:*"1-)*6! /&6! 6"0*+)*6! /+4+."+! 10/;-! ]G$H^,! )-*! %-(0)*%)! ;/)-! /.1(0")-'! "%! *<*+5)*6!
/&6!)-*!(;)"'5'!.*/0&"&1!;/)-! "%!(2)/"&*6>!?-*!)*%)"&1!;0(+*%%!(7!)-*!/;;0(/+-!:/%!
6*#*.(;*6! 5%"&1! )-*! M(';5)*0! M500"+5./! G*%"1&! 7(0! M(';5)*0! I+"*&+*! nhao>! ?-*!
*#/.5/)"(&!+0")*0"(&!"%!2/%*6!(&!)-*!&5'2*0!(7!.*/0&"&1!(23*+)%!+(00*+).4!.(+/)*6!"&!)-*!
7"&/.!6*%"1&!;*07(0'*6!24!/&!*<;*0)!/&6!24!)-*!%4%)*'>!!

M(&)"&5"&1! :")-! -"%! :(09,! Q/0/';";*0"%! "&! nhjo! "&)0(65+*6! /&! /6/;)"#*! .*/0&"&1!
(23*+)!%*.*+)"(&!/;;0(/+-!:-*0*!)-*4!;0(;(%*6!/!'*+-/&"%'!)(!7".)*0!.*/0&"&1!(23*+)%!
2*7(0*!)-*4!/0*!%*C5*&+*6>!?-*4!6*%"1&*6!/!70/'*:(09!)-/)!/))*';)%!)(!+(&%)05+)!/!
%5")/2".")4!75&+)"(&!)-/)!'/;%!.*/0&"&1!(23*+)%!+-/0/+)*0"%)"+%!(#*0!.*/0&*0!7*/)50*%!/&6!
#"+*D#*0%/>! ?(! 6(! )-/),! )-*4! 5%*6! )-*! PSSS! @A[! +-/0/+)*0"%)"+%! (7! /! 0*7*0*&+*! %*)! (7!
.*/0&"&1! (23*+)%,! )-*! P[I! @PB! +-/0/+)*0"%)"+%! (7! /! %*)! (7! .*/0&*0%! /&6! )-*! %5")/2".")4!
;0*7*0*&+*!(7!/&!*<;*0)!7(0!*/+-!(7!)-*!.*/0&"&1!(23*+)%!(#*0!)-*!:-(.*!0*7*0*&+*!%*)!
(7! .*/0&*0%>! $7)*0! %5")/2".")4! 75&+)"(&%! /0*! 6*7"&*6! 7(0! )-*! %*)! (7! .*/0&"&1! (23*+)%,!
.*/0&*0%l! *<)0/;(./)"(&! "%! 5%*6! )(! 1*&*0/."K*! )-*! /;;0(/+-! 7(0! /..! ()-*0! .*/0&*0%! /&6!
@A%>!

F"&/..4,! "&! nhdo!Q/0/';";*0"%!;0*%*&)*6!/!'(6"7"*6!(;)"'"K/)"(&!;0(2.*'!/))*&6"&1!
)-*!+-/&1*!(7!)-*!+500"+5./0!)*&6*&+4!)(!+(';*)*&+*%!6*7"&")"(&!/&6!")%!6*#*.(;'*&)>!
?-"%! /;;0(/+-! 1*&*0/)*! .*/0&"&1! ;/)-%! 2/%*6! (&! +(';*)*&+*%! 6*7"&")"(&%! 7(..(:"&1!
)-*%*!%)*;%L!b^!1*&*0/)"(&!(7!)-*!/..!;(%%"2.*!.*/0&"&1!;/)-%!7(0!6*#*.(;"&1!)-*!6*%"0*6!
+(';*)*&+*%! 2/%*6! (&! )-*! 0*./)"(&! /'(&1! M(';*)*&+*! G*#*.(;'*&)! B0(10/',! )-*!
*.*'*&)%!(7!)-*!M(';*)*&+*!A&)(.(14!/&6!)-*!.*/0&"&1!0*%(50+*%>!e^!I*.*+)"(&!(7!)-*!
(;)"'5'! .*/0&"&1!;/)-!5%"&1! )-*!%5")/2".")4! 75&+)"(&!'*&)"(&*6! "&! nhjo! 7(0!:*"1-)"&1!
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*/+-! +(&&*+)"(&! (7! )-*! 10/;-%>! ?-"%! "%! /.%(! ;*07(0'*6! 5%"&1! )-*! %-(0)*%)! ;/)-!
/.1(0")-'%>!

I('*!0*7.*<"(&%!/2(5)!)-"%!/;;0(/+-!/0*!)-*!7(..(:"&1L!

• ?-"%! /;;0(/+-! 1*&*0/)*%! /&! "&%)05+)"(&/.! ;./&! 2/%*6! (&.4! "&! )-*! +(1&")"#*!
6('/"&p! )-*! /;;0(/+-!6(*%!&()! (77*0! /&! "&)*10/.! .*/0&"&1!;0(+*%%! +(&%"6*0"&1!
()-*0!"';(0)/&)!6('/"&%!%5+-!/%!/77*+)"#*!/&6!+(../2(0/)"#*!6('/"&>!

• ?-*!/5)-(0%!6"6!&()! 0*;(0)! )-*!5%*0!'(6*.."&1!;0(+*%%!(0!'*+-/&"%'!)(! )0/+9!
)-*! 5%*0! 2*-/#"(50! 64&/'"+/..4!:-"+-! "%! /&! "';(0)/&)! "%%5*! "&! /! +(';*)*&+*!
6*#*.(;'*&)!;0(+*%%>!

• $&4! )*+-&(.(1"+/.! %;*+"7"+/)"(&! "%! 5%*6! "&! (06*0! )(! 15/0/&)**! )-*!
"&)*0(;*0/2".")4!(7!)-*!1*&*0/)*6!6*%"1&%>!

F(..(:"&1! /;;0(/+-*%! 5%*! ;./&&"&1! /.1(0")-'%! 7(0! )-*! 1*&*0/)"(&! ;0(+*%%>! ?-*%*!
/;;0(/+-*%!/0*!%;*+"/.!2*+/5%*!)-*4!:*!%*.*+)*6!;./&&"&1!/%!1*&*0/)"(&!)*+-&"C5*>!

G5C5*! "&! nhgo! /&6! nf`o!;0(;(%*%!/!'5.)"D/1*&)! %4%)*'! 7(0!;./&&"&1!/&6!*<*+5)"&1!
#"0)5/.!;*0%(&/."K*6!+(50%*%>!?-"%!)-*%"%!"&)0(65+*%!/!1*&*0/.!70/'*:(09!7(0!)-*!+(50%*!
1*&*0/)"(&!2/%*6!(&!)-*!"6*&)"7"+/)"(&!(7!)-*!+(''(&!*.*'*&)%!)-0(51-!)-*!6"77*0*&)!
P&%)05+)"(&/.!G*%"1&!)-*(0"*%!/&6!%5;;(0)%!24!)-*!5%*!(7!E?O!;./&&"&1!/%!:*..!/%! )-*!
6*%"1&! (7! /! ;/0)"+5./0! 5%*0! '(6*.."&1! ;0(+*%%>! ?-*! ;0(;(%*6! 70/'*:(09! :/%!
"';.*'*&)*6!5%"&1!/!%*)!(7!"&)*.."1*&)!/1*&)%!2/%*6!(&!\$GS!;./)7(0',!/&6!/!;/0)"+5./0!
%+*&/0"(!:/%!6*#*.(;*6!25)!)-*!#/."6/)"(&!;0(+*%%!:/%!&()!0*;(0)*6>!

?-*!'(%)! "';(0)/&)!5%*0%l! 7*/)50*%!+(&%"6*0*6!24! )-*!J%*0![(6*.."&1!;0(+*%%!/0*!
5%*0%! ;*0%(&/.! 6/)/,! /+/6*'"+! ;0(7".*,! ;%4+-(D;*6/1(1"+/.! ;0(7".*! ]_/09! /&6! F*.6*0l%!
'(6*.%^,! /&6! -"%)(0"+/.! ;*07(0'/&+*>! A)-*0! 5%*0%l! 7*/)50*%! %5+-! /%! B%4+-(.(1"+/.!
+-/0/+)*0"%)"+%!][5.)";.*!P&)*.."1*&+*%![(6*.^,!'((6,!+(&)*<)!/&6!*&#"0(&'*&)!/0*!/.%(!
)/9*&!"&)(!/++(5&)>!!F(0!)-*%*!+-/0/+)*0"%)"+%,!)-*!"&")"/.!+/;)50*!/&6!5;6/)*!;0(+*%%!"%!
'*&)"(&*6!/%!:*..!/%!)-*!;(%%"2".")"*%!)(!6*#*.(;!*/+-!(7!)-*',!)-(51-!&()!/..!(7! )-*!
'*&)"(&*6!;0(+*%%*%!:*0*!6*#*.(;*6!"&!)-*!;0(3*+)>!

P&%)05+)"(&/.!G*%"1&!H*&*0/)"(&!:/%!2/%*6!(&!E?O!;./&&"&1>!S65+/)"#*!(23*+)"#*%!(7!
/!;/0)"+5./0!+(50%*!+(';(%*!)-*!)/%9!)(!2*!/+-"*#*6!]?^p!)-*!"&")"/.!%)/)*!]I^!+(&%"%)%!(7!
)-*!A23*+)"#*%!/+-"*#*6!24!/!;/0)"+5./0! %)56*&)!/&6!24! )-*! %)56*&)! 7*/)50*%! "&7*00*6!
/++(06"&1! )(! )-*! 5%*0! '(6*.."&1! ;0(+*%%>! $&! "&)*0*%)"&1! ;0*DB./&&"&1! ;0(+*%%! "%!
;0(;(%*6!"&!(06*0!)(!+(&%)05+)!)-*!;./&&"&1!6('/"&>!?-*!;0(+*%%!0*+*"#*6!/%!"&;5)!)-*!
.*/0&"&1!(23*+)"#*%!/&6!)-*!'*)/6/)/!(7!)-*!J&")!(7!.*/0&"&1!"&!(06*0!)(!+(&%)05+)!)-*!
'*)-(6%!/&6!(;*0/)(0%!)(!2*!5%*6!"&!)-*!;0(+*%%!(7!1*&*0/)"&1!)-*!;*0%(&/."K*6!;./&>!
B./&&"&1!6('/"&! "&6"+/)*6! )-/)! )-*!/+)"(&%! )-/)! %-(5.6!-/#*!2**&!6*#*.(;*6!24! )-*!
%)56*&)!2*1/&!"&!)-*!%)/)*!]I^!7(0!0*/+-"&1!?>!!

I('*!0*7.*<"(&%!/2(5)!)-"%!/;;0(/+-!/0*!)-*!7(..(:"&1L!
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• N()-! )-*! '*)-(6%! 5%*6! )(! 5;6/)*! 64&/'"+/..4! 5%*0! '(6*.! /&6! -(:! )-*!
"&%)05+)"(&/.! 6*%"1&! "%! 5;6/)*6! /++(06"&1! )(! )-*! 5;6/)"&1! )-*! 5%*0!'(6*.."&1!
;0(+*%%!/0*!&()!+.*/0>!!

• S#"6*&+*! /2(5)! )-*! "&)*10/)"(&! (7! )-"%! /;;0(/+-!:")-! /! .*/0&"&1!'/&/1*'*&)!
%4%)*'!-/%!&()!2**&!0*;(0)*6>!

• ?-*!/;;0(/+-!6(*%!&()!+(&%"6*0!)-*!1*&*0/)"(&%!(7!+(&6")"(&/.!;/)-%,!(&*!;./&!
"%! +0*/)*6! "&! /! ;/0)"+5./0! )"'*! 7(0! /! ;/0)"+5./0! 5%*0>! m-*&! )-*! )/%9%! /0*!
6*#*.(;*6,!/!0*D;./&&"&1!;0(+*%%!)/9*%!;./+*>!

• ?-*!%*/0+-"&1!;0(+*%%!(#*0!6"77*0*&)!0*;(%")(0"*%!7(0!%*.*+)"&1! .*/0&"&1!(23*+)%!
/++(06"&1!:")-!%)56*&)!;0(7".*!(0!)*/+-*0%!"&)*0*%)!"%!&()!+(&%"6*0*6>!

• ?-*! 0*%*/0+-! 6(*%! &()! +(&%"6*0%! )-*! 5%*! (7! /&4! %;*+"7"+/)"(&! (0! %)/&6/06! )(!
0*;0*%*&)!6"77*0*&)!*.*'*&)%!(0!/+)(0%!/%%(+"/)*6!)(!)-*!.*/0&"&1!;0(+*%%>!

!J..0"+-! "&! nfbo! ;0(;(%*6! /! +(50%*:/0*! 1*&*0/)"(&! 70/'*:(09,! B$PHAI,! :-"+-!
1*&*0/)*%! %)05+)50*6! +(50%*%! )-/)! /0*! /6/;)*6! )(! /! #/0"*)4! (7! .*/0&"&1! 1(/.%! /&6! )(!
.*/0&*0%l!+(';*)*&+"*%>!J..0"+-!/.%(!%5;;(0)%!)-*!1*&*0/)"(&!;0(+*%%!24!)-*!5%*!(7!E?O!
;./&&"&1>! A;*0/)(0%! /&6! '*)-(6%! 7(0! 1*&*0/)"&1! %*#*&! )4;*%! (7! +(50%*%! /0*!
"&)0(65+*6>! F(0! )-*! +(50%*! 1*&*0/)"(&,! "&%)05+)"(&/.! 6*%"1&%! /6D-(+! /;;0(/+-*%! /0*!
5%*6!/&6!)-*!1*&*0/)"(&!;0(+*%%!"%!2/%*6!"&!)-*!+(&%)05+)"(&!(7!6"77*0*&)!9"&6!(7!2.(+9%!
)-/)!%5;;(0)!)-*!1*&*0/)"(&!(7!)-*!+(';.*<!)4;*%!(7!+(50%*%,!:-"+-!+(&%"%)!(&!(;)"(&/.!
/&6! '/&6/)(04! )/%9%>! ?-*! 6('/"&! +(&%"%)%! (7! 6"77*0*&)! '*)-(6%! /&6! (;*0/)(0%! 7(0!
"&%*0)"&1! %*+)"(&%!/&6! 0*%(50+*%,!'*)-(6%! )(! %*.*+)! %;*+"7"+! 9"&6%!(7! .*/0&"&1!(23*+)%!
/&6! 7(0! /++*%%"&1! 5%*0! "&7(0'/)"(&p! %('*! +/..%! :*0*! /.%(! "';.*'*&)*6! )(! (2)/"&!
"&7(0'/)"(&!(7!*<)*0&/.!0*%(50+*%!%5+-!/%!.*/0&"&1!(23*+)%!"&)(!*<)*0&/.%!0*;(%")(0"*%>!
m-*&!)-*!;./&!"%!1*&*0/)*6,!)-*&!)-*!;./&!"%!0*;0*%*&)*6!"&!)-*!A[GAM!%)/&6/06,!"&!
;/0)"+5./0,!5%"&1!('10(5;!*.*'*&)!)(!0*;0*%*&)!+(..*+)"(&%!(7!0*%(50+*%>!

$%! "&! "&)*0*%)"&1! "%%5*,! )-*! +(&+*;)! (7! ;*6/1(1"+/.! (23*+)"#*! "%! "&)0(65+*6>! ?-"%!
+(&+*;)! +(00*%;(&6%! )(! )-*! "&)*&)"(&! )(! (77*0! %)56*&)! 6"77*0*&)! 9"&6! (7! .*/0&"&1!
0*%(50+*%! )(! "';0(#*! )-*"0! .*/0&"&1>! P&! )-"%!'/&&*0,! ;*6/1(1"+/.! (23*+)"#*%! +(5.6!2*!
)(L! b^! G"%+(#*0"&1! /&6! 5&6*0%)/&6"&1! 75&6/'*&)/.%! "&! 6*;)-,! e^! /660*%%"&1! :*/9!
;("&)%,!c^!"&+0*/%"&1!'/%)*04!(7!/!%*)!(7!75&6/'*&)/.%!24!)0/"&"&1,!c^!(77*0"&1!6*)/".*6!
"&7(0'/)"(&,! h^! "&+0*/%"&1!'/%)*04!5%"&1! /! %"&1.*! *<*0+"%*,! f^! "';0(#*!5&6*0%)/&6"&1!
24! /! %*C5*&+*! (7! *</';.*%! /&6! a^! "';0(#"&1! 5&6*0%)/&6"&1! 5%"&1! /! %"&1.*! *</';.*>!
?-*%*!;*6/1(1"+/.!(23*+)"#*%,!5%*0!"6*&)"7"*0%,!0*%(50+*%!/#/"./2.*!/0*!;/0)!(7!)-*!"&")"/.!
%)/)*!(7!)-*!;./&&"&1!;0(2.*'>!!

?-*!;0(;(%/.!+(&%"6*0%!)-*!64&/'"+!)/%9%!1*&*0/)"(&,!:-"+-!/0*!)/%9%!6"%;./4*6!"&!/!
)"'*! ])^! /7)*0! )-*! ;./&! *<*+5)"(&>! R*%(50+*%! /%%(+"/)*6! )(! /&4! 64&/'"+! )/%9! /0*!
/%%*'2.*6!:-*&! )-*! %*0#*0! )-/)!'/&/1*%! )-*! ;0*%*&)/)"(&! "&! B$PHAI! "6*&)"7"*%! )-*!
*<"%)*&+*!(7! )-*%*%! )/%9%>! S#/.5/)"(&! +(00*%;(&6%! )(! )-*!/&/.4%"%!(7! )-*! )"'*!(7!;./&!
1*&*0/)"(&>!?-*!"&)*10/)"(&!(7!)-"%!/;;0(/+-!:")-!)-*!m*2!2/%*6!.*/0&"&1!*&#"0(&'*&)!
$M?P_S[$?E!:/%!0*;(0)*6>!
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!eh!

I('*!0*7.*<"(&%!/2(5)!)-"%!/;;0(/+-!/0*!)-*!7(..(:"&1L!

• ?-*! 5%*0! '(6*.."&1! ;0(+*%%! "%! &()! 6*%+0"2*6! "&! )-*! ;0(;(%*6! 70/'*:(09p!
-(:*#*0,!%('*!5%*0!#/0"/2.*%!/0*!)/9*&!"&)(!/++(5&)!7(0!)-*!+(50%*!/6/;)/)"(&>!

• P&! )-*! "&#*%)"1/)"(&! )-*! 5%*! (7! /&4! %;*+"7"+/)"(&! (0! %)/&6/06! )(! 0*;0*%*&)!
6"77*0*&)! *.*'*&)%! (0! /+)(0%! /%%(+"/)*6! )(! )-*! .*/0&"&1! ;0(+*%%! :/%! &()!
0*;(0)*6>!

• G*6"+/)*6! 0*;(%")(04! (7! .*/&"0&1! (23*+)! "%! 5%*6! )(! 0*)0"*#*! .*/0&"&1! (23*+)%,!
-(:*#*0,! 6"%)0"25)*6! 0*;(%")(0"*%! /0*! &()! "&)*10/)*6! "&! )-*! %)564! /&6! %;*+"7"+!
)*+-&"C5*%!7(0!0*)0"*#/.!@A!/635%)*6!)(!5%*0!"%!&()!"&)0(65+*6>!

M/%)"..(! "&! nfeo,! 5%"&1! )-*! IP$GSw! ;./&&*0,! 7/+*6! )-*! ;0(2.*'! (7! 1*&*0/)"&1!
64&/'"+/..4! )-*! ;./&&"&1! 6('/"&! 2/%*6! "&! )-*! .*/0&"&1! (23*+)%! '*)/6/)/>! B./&&"&1!
;0(2.*'!"%!6*7"&*6!5%"&1!5%*0!;0(7".*!/&6!)-*!(23*+)"#*!)(!2*!/+-"*#*6!"%!"&!/++(06/&+*!
:")-!)-*!%;*+"7"+/)"(&!;0(#"6*6!24!)-*!)*/+-*0>!?-*!%5++*%%!(7!)-*!;0(;(%/.!6*;*&6%!(&!
)-*! *<-/5%)"#*! ./2*.! (7! )-*!'*)/6/)/! 0*./)"(&%! /'(&1! .*/0&"&1! (23*+)%! 2*+/5%*! )-*!
;./&&"&1!6('/"&!"%!+(&%)05+)*6!/++(06"&1!)(!)-*%*!0*./)"(&%>!?-*!%)/)*!(7!)-*!;0/+)"+*!
"&6"+/)*%! )-/)! /&! 5&+(&)0(..*6! /&6! 5&+-/0/+)*0"K*6! %*)! (7! .*/0&"&1! (23*+)%! "%!
6"%)0"25)*6! /0(5&6! )-*!:(0.6>! ?-"%! "%! )-*! 0*/%(&!:-4! )-"%! 0*C5"0*'*&)! "%! +(&%"6*0*6!
)-*!;0"&+";/.!."'")/)"(&!(7!)-"%!/;;0(/+->!A&!)-*!()-*0!-/&6,!+(&6")"(&/.!;./&&"&1!"%!&()!
0*;(0)*6! /&6! )-*! /&/.4%"%! (7! )-*! %)56*&)! ;*07(0'/&+*! "%! &()! 6*#*.(;*6! "&! )-*! ;./&!
*<*+5)"(&!)"'*>!

$660*%%"&1! )-*! ;0(2.*'! (7! )-*! +(&6")"(&/.! P[ID@G! 1*&*0/)"(&,! [(0/.*%! "&! nfco!
"&)0(65+*! /! &*:! /;;0(/+-! )-/)! *<)*&6%! )-*! ./%)! (&*! 24! ;0(;(%"&1! /! '5.)"D;./&!
1*&*0/)"(&! /;;0(/+->! ?-*! ;0(+*%%! "%! 6"#"6*6! "&! )-0**! %)*;%L! b^! "&! )-*! 7"0%)! (&*,! )-*!
&*+*%%/04! 6/)/! ]1(/.%! "&7(0'/)"(&! "&)(! P[I! k?P%,! 0*%(50+*! "&7(0'/)"(&,! %)56*&)!
"&7(0'/)"(&^!/0*!0*)0"*#*6!70('!)-*!@[I,!"&!)-"%!+/%*![((6.*p!e^!"&!)-*!%*+(&6!(&*,!)-*!
"&7(0'/)"(&!(2)/"&*6!"&!)-*!7"0%)!%)*;!"%!+(&#*0)*6!"&)(!;*6/1(1"+/.!05.*%!6*%+0"2*6!"&!/!
+(&7"150/)"(&! 7".*! (&.4! 7(0! (&*! "&)*0'*6"/)*! (23*+)"#*p! %*C5*&+*%! /&6! +(&6")"(&%! /0*!
0*+(#*0*6! /&6! "&+.56*6! "&! )-*! ;./&&"&1! 6('/"&p! c^! "&! )-*! ./%)! %)*;,! )-*! ;./&&"&1!
;0(+*%%!"%!;*07(0'*6,!%*C5*&+*%!/&6!+(&6")"(&%!6*7"&*6!)-0(51-!)-*!*<*+5)"(&!(7!)-*!
-"*0/0+-"+/.!;./&&*0!/0*!+/00"*6!(5)! )(!(2)/"&!/!&*:! .*/0&"&1!6*%"1&! )-/)! "%!/66*6! )(!
)-*! ;0*#"(5%! (&*>! ?-"%! ;0(+*%%! "%! 0*;*/)*6! 5&)".! )-*! ./%)! 1(/.! "%! /660*%%*6! )-0(51-!
;./&&"&1>!m-*&!)-*!;./&! "%!+(';.*)*6,! )-*!;./&! "%! %-(:&!)-0(51-!R*.(/6!)((.! )(! )-*!
%)56*&)%>!!

I('*!0*7.*<"(&%!/2(5)!)-"%!/;;0(/+-!/0*!)-*!7(..(:"&1L!

• P)! "%! 6"77"+5.)! )(! 5&6*0%)/&6! )-*! )*%)"&1! ;0(+*%%! (7! )-"%! /;;0(/+-! 5%"&1! 0*.(/6!
2*+/5%*! 1*&*0/..4! )(! )*%)! )-"%! 9"&6! (7! /;;0(/+-*%! /! 70"*&64! *&#"0(&'*&)! 7(0!
5%*0%!"%!&*+*%%/04>!
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! ef!

• ?-*! 5%*0! '(6*.."&1! ;0(+*%%! "%! &()! /660*%%*6! "&! )-*! ;0(;(%*6! /;;0(/+-p!
-(:*#*0,! %('*! 5%*0%l! #/0"/2.*%! /0*! )/9*&! "&)(! /++(5&)! 7(0! )-*! +(50%*!
/6/;)/)"(&>!

• ?-*!%*/0+-"&1!;0(+*%%!(#*0!6"77*0*&)!0*;(%")(0"*%!7(0!%*.*+)"&1! .*/0&"&1!(23*+)%!
/++(06"&1!:")-!%)56*&)%l!;0(7".*!(0!)*/+-*0%l!"&)*0*%)!"%!&()!+(&%"6*0*6>!

G*![/0+(%! "&! nfho! ;0(;(%*6! )(!'(6*.! )-*! ;0(2.*'! (7! "6*&)"74"&1! )-*! 2*%)! %*)! (7!
.*/0&"&1! (23*+)%! 7(0! %5;;(0)"&1! )-*! +0*/)"(&! (7! )-*! +(';*)*&+*! 2/%*6! +500"+5./0!
6*%"1&%! /%! /! %/)"%7/+)"(&!(7! +(&%)0/"&)%! ;0(2.*'!/&6! )(! %(.#*! ")! 5%"&1!B/0)"+.*! I:/0'!
A;)"'"K/)"(&>! ?-*! ;0(2.*'! "&;5)! :/%! /! 10/;-! "&7*00*6! 5%"&1! )-*! 0*7*0*&+*%! "&! )-*!
.*/0&"&1!(23*+)!)(!)-*!6*%"0*6!/&6!;0*D0*C5"0*6!+(';*)*&+*%!"&!)-*!'*)/6/)/>!

?/2.*! c! /&6! ?/2.*! h! ;0*%*&)! /&! (5)."&*! :-"+-! /2%)0/+)%! )-*! '(%)! "';(0)/&)!
+-/0/+)*0"%)"+%! (7! )-*! /&/."K*6! /;;0(/+-*%! 70('! )-*! %)/)*! (7! )-*! /0)>! M(.5'&%! "&! )-*!
)/2.*%!0*;0*%*&)!*/+-!+(&%"6*0*6!+-/0/+)*0"%)"+%!:")-!/&/.4%"%!;50;(%*%>!!!

?/2.*!c! "%! 7(+5%*6!(&!)-*!%(.5)"(&%!)-*'%*.#*%!/&6!-(:!)-*4!:*0*!+(&%)05+)*6p! ")!
6*%+0"2*%!)-*!%*.*+)*6!/;;0(/+-*%!(&!)*0'%!(7L!

• H*&*0/)"(&!?*+-&"C5*%!"&6"+/)*!)-*!.*/0&"&1!6*%"1&!1*&*0/)"(&!)*+-&"C5*!5%*6!
7(0!*/+-!/;;0(/+->!

• P';.*'*&)/)"(&!$.1(0")-'%!"&6"+/)*!)-*!%;*+"7"+!/.1(0")-'%!5%*6!)(!"';.*'*&)!
)-*!.*/0&"&1!6*%"1&!1*&*0/)"(&!;0(+*%%>!

• ?*%)"&1! ?4;*! ;0*%*&)%! )-*! )4;*! (7! *#/.5/)"(&! 5%*6! )(! #/."6/)*! )-*! .*/0&"&1!
6*%"1&!1*&*0/)"(&!;0(+*%%>!

• M(&6")"(&/.! B./&&"&1! "&6"+/)*%! "7! )-*! 1*&*0/)"(&! ;0(+*%%! 5%*%! +(&6")"(&/.!
;./&&"&1!/.1(0")-'%>!

• $++*%%! )(! G"%)0"25)*6! @*/0&"&1! A23*+)%! R*;(%")(0"*%! "&6"+/)*%! "7! )-*! %(.5)"(&!
.((9"&1!7(0!6"%)0"25)*6!.*/0&"&1!(23*+)%!)4;*%>!

• G"6/+)"+! G"77*0*&)"/)"(&! "&6"+/)*%! "7! )-*! /;;0(/+-*%! +(&%"6*0! 6"77*0*&)!
"&%)05+)"(&/.!)-*(0"*%>!

?/2.*!h! "%! 7(+5%*6! "&! )-*!0*./)"(&!(7! )-*!%(.5)"(&%!:")-! )-*!5%*0!'(6*.."&1!;0(+*%%!
/&6!:")-!)-*!5%*!(7!%)/&6/06%p!")!6*%+0"2*%!)-*!%*.*+)*6!/;;0(/+-*%!"&!)*0'!(7L!

• J%*0! [(6*.."&1! B0(+*%%! "&6"+/)*%! "7! )-*! /;;0(/+-*%! "&+.56*! /! ;/0)"+5./0! 5%*0!
'(6*.."&1!;0(+*%%>!

• S<;."+")!I)56*&)!B0(7".*!"&6"+/)*%!"7!)-*!5%*0!'(6*.!"%!6*7"&*6!*<;."+").4>!

• G4&/'"+! J%*0![(6*.."&1! 2/%*6! (&! @*/0&"&1! I)4.*! "&6"+/)*%! "7! )-*! /;;0(/+-*%!
"&7*0!)-*!5%*0!.*/0&"&1!%)4.*!(#*0!)-*!)"'*>!

• G4&/'"+!J%*0![(6*.."&1!2/%*6!(&!M(';*)*&+*!"7!)-*!/;;0(/+-*%!"&7*0!)-*!5%*0!
+(';*)*&+*%!(#*0!)-*!)"'*>!!

• J%*!(7!%)/&6/0%!"&6"+/)*%!"7!)-*!/;;0(/+-*%!"&+.56*!)-*!5%*!(7!/&4!%)/&6/06%>!
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Table 3. C
om
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ong different approaches in the state of the art considering learning design generation process 
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Table 4. C
om

parisons am
ong different approaches in the state of the art considering learning design generation process 
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$%&&%'()*!+,-,*-.,+/!01/2-(31!4.1!5%/4!(5+%-4,)4!2%)2&6/(%)/7!

• 8.1/1!-1/1,-2.1/!.,91!311)!2%)062410!3:!6/()*!6/1-!5%01&/!()!%-01-!4%!,0,+4!
4.1!&1,-)()*!01/(*)/!4%!4.1!)110/!%;!&1,-)1-/!364!4:+(2,&&:!4.1!();1-1)21/!%;!6/1-!
9,-(,3&1/!0%!)%4!/6++%-410!,!0:),5(2!6/1-!5%01&&()*!+-%21//<!!

• 8.1! 26--1)4! ,++-%,2.1/! 0%! )%4! 4:+(2,&&:! 2%)/(01-! 4.1! 6/1! %;! 2%)0(4(%),&!
+&,))()*!,&*%-(4.5/<!=)!5%/4!2,/1/>!%)1!+&,)!(/!2-1,410!,4!,!+,-4(26&,-!4(51!;%-!,!
+,-4(26&,-!6/1-!,)0!'.1)!4.1!+-%+%/10!4,/?/!,-1!2%5+&1410!%-!/%51!2-(41-(,!,-1!
514>!,!-1@+&,))()*!+-%21//!4,?1/!+&,21<!!

• 8.1!51)4(%)10!,++-%,2.1/!0%!)%4! 4:+(2,&&:!6/1! /+12(;(2,4(%)/!%-! /4,)0,-0/! 4%!
-1+-1/1)4!0(;;1-1)4!1&151)4/!%-!,24%-/!,//%2(,410!4%!4.1!&1,-)()*!+-%21//!'.(2.!
5,?1/! 4.1! ()41-%+1-,3(&(4:! 314'11)! /:/415/! ,/! '1&&! ,/! 4.1! 1A2.,)*1! %;!
();%-5,4(%)!()!,!*&%3,&(B10!'%-&0!0(;;(26&4<!

• C)&:!%)1!%;!4.1!,),&(B10!,++-%,2.1/!2%)/(01-/!4.1!,221//!4%!,!0(/4-(36410!DCE<!
F(4.! 4.1! ()2-1,/()*! )6531-! %;! DC>! 4.1! +%//(3(&(4:! 4%! %;;1-! 4%! 41,2.1-/! 4.1!
%++%-46)(4:!%;!,221/()*!()!,)!1,/:!',:!0(/4-(36410!&1,-)()*!%3G124/!(/!,!-1&19,)4!
(//61<!

• H%!&1//!(5+%-4,)4!(/!4.1!&(5(410!19,&6,4(%)/!412.)(I61/!;%-!4.(/!?()0!%;!/%&64(%)<!
=4! (/! )1221/,-:! ,)! ()41*-,&! 19,&6,4(%)! '.1-1! 4.1! 0(;;1-1)4! 0(51)/(%)/! %;! 4.1!
*1)1-,4(%)!+-%21//!2%6&0!31!2%)/(01-10<!

• $(),&&:>! 41,2.1-/J! +-1;1-1)21/! .,91! )%4! 311)! 2%)/(01-10! ()! 4.1! 51)4(%)10!
+-%+%/,&/<! 8.1! 2%)/(01-,4(%)! %;! 41,2.1-/J! +-1;1-1)21/! -1&,410! 4%! ()/4-624(%),&!
4.1%-(1/!4%!/6++%-4!&1,-)()*!01/(*)/!*1)1-,4(%)/!(/!/4(&&!()41-1/4()*!%+1)!(//61<!

!

2.2.2 Our contribution to Learning Design Generation Process  

K,/10! %)! 4.1! %91-9(1'! +-1/1)410! ()! 8,3&1! L! ,)0! 8,3&1! M! %6-! 5,()! 2%)4-(364(%)! (/!
"#$%&'#(!NO#P>!NOQP>!NRSP>!NRTP!!,)!,++-%,2.!4%!.1&+!41,2.1-/!()!01/(*)()*!2%6-/1/!9(,!,!
/15(@,64%5,4(2! 01/(*)! +-%21//! 3,/10! %)! 2%5+141)21! 01;()(4(%)/>! 0:),5(2! 6/1-!
5%01&&()*!,)0!,0,+4,4(%)!4,/?/<!8.1!5,()!1&151)4/!%;!%6-!,++-%,2.!()2&6017!!

1. 8.1! *1)1-,4(%)! %;! ,! /4,)0,-0(B10! ,)0! 2%)0(4(%),&! &1,-)()*! 01/(*)! ,0G6/410! 4%!
=UV!D1,-)()*!W1/(*)!/+12(;(2,4(%)<!

2. 8.1!6/1!%;!+&,))()*!412.)(I61/!;%-!4.1!,64%5,4(2!*1)1-,4(%)!%;!&1,-)()*!01/(*)/!
4.,4!2%)/(01-!4.1!6/1-/J!2%5+141)21/!,)0!&1,-)()*!/4:&1/!,4!4.1!01/(*)!4(51!,)0!
,&/%!,4!4.1!1A1264(%)!4(51<!

3. 8.1! /+12(;(2,4(%)! %;! ,! 0:),5(2! 6/1-! 5%01&&()*! +-%21//! 3,/10! %)! 4.1! 6/1-!
2%5+141)21/!,)0!&1,-)()*!/4:&1/!'.(2.!2%6&0!31!()41*-,410!()4%!4.1!*1)1-,410!
01/(*)!+-%21//!,4!4.1!1A1264(%)!4(51<!



!
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4. 8.1! ()4-%0624(%)! %;! /1,-2.()*! +-%21//1/! %91-! 0(;;1-1)4! DCE! ;%-! /1&124()*! ,)0!
+%/(4(%)()*! &1,-)()*! %3G124/! 4%! /6++%-4! ,! 2%)41A46,&(B10! &1,-)()*! 01/(*)!
+-%21//<!!

W1/(*)1-! ()2&601/! ()4%! 4.1! 01/(*)! *1)1-,4(%)! +-%21//! 1&151)4/! )%4! 2%)/(01-10!
31;%-1! ()! 4.1! /4,41! %;! 4.1! ,-4! /62.! ,/! ,! 0:),5(2! 6/1-! 5%01&&()*! +-%21//! 3,/10! %)!
&1,-)()*!/4:&1!,;;124()*!4.1!&1,-)()*!+,4.!%;;1-10!4%!/4601)4/!,/!'1&&!,/!4.1!+%//(3(&(4:!
;%-!4.1!41,2.1-!4%!2%6)4!'(4.!1A41-),&!&1,-)()*!%3G124/!+-19(%6/&:!2%)41A46,&(B10!;%-!,!
*1)1-,410! &1,-)()*! 01/(*)<! H%4! &1//! (5+%-4,)4! ,-1! 3%4.>! 4.1! ())%9,4(91! 19,&6,4(%)!
+-%+%/10! 4%! 9,&(0,41!W1/(*)1-! ,/!'1&&! ,/! 4.1!6/1!%;!0(;;1-1)4! /4,)0,-0/! 4%! -1+-1/1)4!
4.1!();%-5,4(%)!;-%5!0(;;1-1)4!1&151)4/!%-!,24%-/!,//%2(,410!4%!4.1!&1,-)()*!+-%21//<!

X)%4.1-! (5+%-4,)4! 1&151)4! 4%! .(*.&(*.4! ()! %6-! /460:! (/! 4.1! ()4-%0624(%)! %;! ,)!
())%9,4(91!9,&(0,4(%)!+-%21//!2%5+%/10!3:!0(;;1-1)4!&,:1-/!)%4!2%)/(01-10!,4!,&&!()!4.1!
/4,41! %;! 4.1! ,-4<! Y,2.! &,:1-! ()9%&91/! 0(;;1-1)4! ,24%-/! ()! 4.1! &1,-)()*! ,)0! 41,2.()*!
+-%21//1/!()!%-01-!4%!9,&(0,41!1,2.!2%5+%)1)4!%;!%6-!/%&64(%)<!

!

!



!

!LS!

2.3.  DISTRIBUTED LEARNING OBJECTS 

2.3.1 Learning Objects Economy 

8.-%6*.!4.1!:1,-/>!4.1!2%)21+4!%;!&1,-)()*!%3G124!.,/!311)!4.%6*.4!,)0!-1@!4.%6*.4!3:!
5,):! 0(91-/1! ,)0! I6,&(;(10! +1%+&1<! 8.1! =YYY! D1,-)()*! 812.)%&%*:! V4,)0,-0/!
Z%55(4411![D8VZ\!NR"P>!()!(4/!'%-?!,3%64!4.1!D1,-)()*!C3G124!U14,0,4,!V4,)0,-0!NRLP>!
01;()1/! ,! &1,-)()*! %3G124! ,/! ,):! %3G124>! 0(*(4,&! %-! )%)@0(*(4,&>! 4.,4! 5,:! 31! 6/10! ;%-!
&1,-)()*>!1062,4(%)!%-! 4-,()()*<!8.(/!01;()(4(%)!2%91-/!,&5%/4!191-:4.()*!,/!,! &1,-)()*!
%3G124>!364!)%4!,):!,9,(&,3&1!4.()*!(/!,!&1,-)()*!%3G124<!X22%-0()*!4%!]%&/,)(!NRMP>!,!DC!
)110/!4%!31!,221//(3&1>!-16/,3&1!,)0!()41-%+1-,3&1>!364!,&/%!,!&1,-)()*!%3G124!)110/!4%!
31!'-,++10!()!,!&1,-)()*!()41)4(%)<!

F(&1:!NROP!-1();%-21/!4.1!2%)21+4!%;!-16/1!()4-%062()*!4.1!41-5!%;!^%3G124_!;-%5!4.1!
C3G124!C-(1)410! ]-%*-,55()*! +,-,0(*5!%;! 2%5+641-! /2(1)21>!'.1-1! %)1! ^%3G124_! (/!
6)01-/4%%0!,/!,!2%5+%)1)4!4.,4!2,)!31!-16/10!()!56&4(+&1!2%)41A4/<!=)!4.(/!5,))1->!,!
&1,-)()*!%3G124!(/!+-1/1)410!,/!,!/5,&&! ()/4-624(%),&!2%5+%)1)4!4.,4!2,)!31!-16/10!()!
0(;;1-1)4!&1,-)()*!2%)41A4/>!'.1)!-1I6(-10<!8.(/!-15,-?!(/!(5+%-4,)4!4%!6/!312,6/1!%6-!
+-%+%/,&!(/!3,/10!%)!4.1!(01,!%;!4.1!&1,-)()*!%3G124!12%)%5:!NQP>!'.1-1!-16/1!(/!,!?1:!
1&151)4<!

D1,-)()*!%3G124! 12%)%5:!,-1!5,-?14+&,21/! ;%-! 4.1! /.,-()*! ,)0! -16/1!%;! DC<!X/! ()!
,):! 12%)%5:>! 0(;;1-1)4! ,24%-/! +&,:! 0(;;1-1)4! -%&1/! ()! 4.1! &1,-)()*! %3G124! 12%)%5:<!
C2.%,>!()!NRRP>!(01)4(;(1/!4.1!;%&&%'()*!1(*.4!,24%-/7!)*(+#,-)*+#($.!/0,12($.!3#$#44#($.!
5064%$1#($.! 7#*81#($.! 9':! ;$#($.! /$$#<64#($! *':! 3#&04*,2($<!)*(+#,-)*+#($! +-%9(01!
/6++%-4! 4%! ()41-2.,)*1! DC>! /%51! 1A,5+&1/! ,-1! D1,-)()*! C3G124! E1+%/(4%-(1/! [DCE\>!
C+1)! Z%6-/1',-1! /(41/>! D1,-)()*! C3G124! 812.)%&%*(1/! -1/1,-2.1-/! ,)0! 4-,()1-/<!
/0,12($! ,-1! DC! 2-1,4%-/>! ,/! 41,2.1-/! %-! &1,-)()*! 01/(*)1-/<! 3#$#44#($! ,-1! 4.%/1! '.%!
.,91! ,2I6(-10! 4.1! -(*.4! 4%! 1A+&%(4! 4.1! DC>! ,/! 6)(91-/(4(1/! %-! +-(9,41! 2%5+,)(1/<!
5064%$1#($! ,-1! 4.%/1!'.%!.,91! 4.1!+63&(2,4(%)! -(*.4/!%;! 4.1! DC<!7#*81#($! ,-1!6/6,&&:!
X64.%-/!%-!Y)0@`/1-/<!9':-;$#($!64(&(B1!4.1!DC!;%-!&1,-)()*<!/$$#<64#($!-16/1!/5,&&!DC!
4%!2%)/4-624!5%/4!2%5+&1A!%)1/<!$(),&&:>!3#&04*,2($!/14!4.1!-6&1/!3:!'.(2.!4.1!/.,-()*!
()!4.1!12%)%5:!4,?1/!+&,21<!!

C;;1-()*! ,! &1,-)()*! +-%21//! ;%-! ,&&! (/! 4.1! 5,()! 5%4(9,4(%)! ;%-! /4(56&,4()*! 4.1!
0191&%+51)4! %;! 4.1! &1,-)()*! %3G124! 12%)%5:<! a%'191->! 4%! 1)/6-1! 4.,4! 4.1! &1,-)()*!
%3G124!12%)%5:!312%51/!,!-1,&(4:>!/%51!3,--(1-/!()!4.1!&1,-)()*!%3G124!12%)%5:!56/4!
31!%91-2%51>!,/!/.%')!()!NQP<!F1!,-1!*%()*!4%!;%26/!4.1!0(/26//(%)!%)&:!%)!4'%!5,G%-!
2,41*%-(1/!%;!3,--(1-/7!412.)(2,&!,)0!+10,*%*(2,&<!

8.1-1! ,-1! 4'%! 5,()! ,#81'%8*4! 6*((%#($! ;%-! -16/17! *-,)6&,-(4:! ,)0! 10(4,3(&(4:<!
b-,)6&,-(4:!-1;1-/!4%!.%'!3(*!/.%6&0!,! &1,-)()*!%3G124!31<! =)!4.(/!/1)/1>!F(&1:! ()! NROP!
()4-%0621/! 4'%! 0(;;1-1)4! +%()4/! %;! 9(1'/! ;%-! ;,2()*! 4.1! 012(/(%)7! 1;;(2(1)2:! ,)0!
()/4-624(%),&!+%()4!%;!9(1'<!8.1!,64.%-!()0(2,41/>!;-%5!4.1!1;;(2(1)2:!+%()4!%;!9(1'>!4.1!



!

! LT!

012(/(%)! -1*,-0()*! &1,-)()*! %3G124! *-,)6&,-(4:! 2,)! 31! 9(1'10! ,/! ,! 4-,01@%;;! 314'11)!
4.1! +%//(3&1! 31)1;(4/! %;! -16/1! ,4! 4.1! 1A+1)/1! %;! 2,4,&%*6()*>! ()! 2%)4-,/4! '(4.! 4.1!
()/4-624(%),&!+%()4!%;!9(1'>!'.1-1!4.1!5,G%-!(//61/!4%!31!2%)/(01-10!,-1!4.1!/2%+1!,)0!
/1I61)21<!

Y0(4,3(&(4:! -1;1-/! 4%! 4.1! +%//(3(&(4:! 4.,4! ,):! ,/+124! %;! ,! &1,-)()*! %3G124! 2,)! 31!
2.,)*10! (;! ,9,(&,3&1! ()! ,! /6(4,3&1! ;%-5<! Y0(4,3(&(4:! ,&&%'/! 4.1! DC! *-,)6&,-(4:! 4%! 31!
2.,)*10<!8.1-1!,-1!5,):!0(/4-(36410!DC!4.,4!,-1!)%4!10(4,3&1c!()!;,24>!4.(/!(/!%)1!%;!4.1!
5%/4!2%55%)!1A26/1/!+-%9(010!3:!41,2.1-/!;%-!)%4!-16/()*<!

Z%6)4()*! '(4.! 10(4,3&1! ,)0! %+1)! DC! -1I6(-1/! 4.1! ,*-1151)4! ,5%)*! 4.1! DC!
12%)%5:!,24%-/<!=)!+,-4(26&,->!-1;1--10!4%!4.1!-(*.4!,64.%-!5,),*151)4>!'.(2.!'%6&0!
()2-1,/1! 4.1! 2-1,4%-J/! 2%);(01)21<!C)! 4.1!%4.1-!.,)0>! 4.1! (5+&151)4,4(%)!%;! ,64.%-!
4%%&/!4%!/6++%-4!DC!10(4,3(&(4:>!'.(2.!,00-1//1/!4.1!,221//(3(&(4:!(//61/!()!4.1!2%)41)4>!
(/!%)1!%;!4.1!5%/4!(5+%-4,)4!(//61/!()!4.(/!12%)%5:<!!

=*((%#($!>(2<!?#:*&2&%8*4!@%#A!,-1!3,/(2,&&:!-1&,410!4%!4.1!DC!2%)41A4<!X22%-0()*!4%!
NTOP>!2%)41A4!2%6&0!31!01;()10!,/!,):!();%-5,4(%)!4.,4!2,)!31!6/10!4%!2.,-,241-(B1!4.1!
/(46,4(%)! %;! ,)! 1)4(4:>! ()! %6-! 2,/1! 4.1! DC<! d14>! 2%)41A4! ()! 1062,4(%)! (/! 1//1)4(,&<!
a%'191->!+-,24(2,&&:>!2%)41A4!()!DC!().(3(4/!-16/1<!X00-1//()*!4.1!2%)41A4!,&&%'/!4%!6/1!
DC!()!0(;;1-1)4!/21),-(%/<!V5,&&!*-,)6&,-(4:!;,2(&(4,41/!0-(9()*!4.1!2%)41A4!(//61/>!,)0!DC!
10(4,3(&(4:! 2%6&0! +1-5(4! 41,2.1-/! 4%! 2%)41A46,&(B1! 4.1! DC! ,22%-0()*! 4%! 4.1! &1,-)1-/!
)121//(4(1/<!

X/! '1&&! ,/! 4.1! 3,--(1-/>! /%51! 1),3&1-/! 56/4! 31! +-%5%410! ()! %-01-! 4%! 0191&%+! ,!
&1,-)()*!%3G124!12%)%5:7!D1,-)()*!W1/(*)!*1)1-,4(%)!,)0!V4,)0,-0/!+-%5%4(%)<!

B#*('%'&!"#$%&'!&#'#(*,%2'C! ^D1,-)()*!01/(*)_! (/! 4.1! 41-5!2%()10! ;%-!,!5%9151)4!
&%%?()*! ;%-! 5%-1! 2%)/(/41)4! ,++-%,2.1/! ()! 01/2-(3()*! ,)0! 0%2651)4()*! 41,2.()*!
+-,24(21!4%!;,2(&(4,41!)%4!%)&:!2%556)(2,4(%)!,)0!/.,-()*>!364!,&/%!4.1!(5+-%9151)4!%;!
41,2.()*! +-,24(21<! a%'191->! 4.1-1! (/! 26--1)4&:! )%! /4,)0,-0! 01;()(4(%)! ;%-! &1,-)()*!
01/(*)! NReP<! X! '1&&@,221+410! 01;()(4(%)! ;%-! ,)! ()/4-624(%),&! 01/(*)! +-%21//! (/! 4.1!
;%&&%'()*7! 4.1! +-%21//! 4.,4! /.%6&0! 31! ;%&&%'10! 3:! 41,2.1-/! ()! %-01-! 4%! +&,)! ,)0! 4%!
+-1+,-1! 4.1! ()/4-624(%)! NTP<! 8.(/! +-%21//! /.%6&0! ,00-1//>! ()! ,)! ()41*-,&! ',:>! 4.1!
+1%+&1J/! )110/>! /62.! ,/! 2%*)(4(91>! 15%4(%),&>! /%2(,&>! ,)0!+.:/(2,&<!b(91)! 4.,4! DC! ,-1!
G6/4! 2%)41)4>! 4%! .,91! -1,&! &1,-)()*! 1A+1-(1)21/>! 4.%/1! 2%)41)4/! )110! 4%! 31!
,05()(/4-,410!()!%-01-!4%!,2.(191!,!+10,*%*(2,&!,)0!,01I6,41!/1I61)21<!8.1!,01I6,41!
+10,*%*(2,&!4.1%-(1/!,)0!412.)(I61/!)110!4%!31!()!+&,21!()!%-01-!4%!,//6-1!4.,4!4.1!DC!
.,/!,!-1,&!(5+,24!N#P<!!

D,*':*(:$!?(2<2,%2'C!=;!,!*&%3,&!&1,-)()*!%3G124!12%)%5:!(/!4.1!*%,&>!4.1-1!56/4!31!
2%55%)@,*-110! /4,)0,-0/! 4.,4! 1),3&1! 4.1! /.,-()*! %;! DC!314'11)! .141-%*1)1%6/!
/:/415/! NRRP<! ! =5+%-4,)4!%-*,)(B,4(%)/f*-%6+/! /62.!,/!8.1! =YYY! D1,-)()*!812.)%&%*:!
V4,)0,-0/! Z%55(4411! [D8VZ\! NR"P>! =UV!b&%3,&! D1,-)()*! Z%)/%-4(65! NR#P>! W63&()! Z%-1!
U14,0,4,!=)(4(,4(91!NRQP!,5%)*!%4.1-/>!.,91!311)!2%)21-)10!()!+-%+%/()*!,++-%,2.1/!
;%-! &1,-)()*!%3G124! /4,)0,-0(B,4(%)<!X&5%/4! ,&&! 1&151)4/>! ,24%-/! ,)0!+-%21//1/!%;! 4.1!
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&1,-)()*!+-%21//!.,91!311)!%3G124/!%;!/4,)0,-0(B,4(%)<!8,3&1!O!/655,-(B1/!4.1!,),&:/(/!
0191&%+10! ()! NeSP! ,3%64! 0(;;1-1)4! /4,)0,-0/! ,)0! %-*,)(B,4(%)/! ()9%&910! ()! 4.1(-!
2-1,4(%)>!'.(2.!.,/!311)!,221+410!,)0!9,&(0,410!()!4.1!()41-),4(%),&!/2%+1<!

!

Table 5. Overview technological standards 
SPECIFICATION OR STANDARD ORGANIZATIONS YEAR 

COMPETENCES, EDUCATIONAL OBJECTIVES OR PORPUSE 
=UV!E16/,3&1!W1;()(4(%)!%;!Z%5+141)2:!%-!
Y062,4(%),&!C3G124(91/!NeTP!

=UV!b&%3,&!D1,-)()*!Z%)/%-4(65! "SSL!

Z%5+141)2(1/!Ne"P! aE@gUD!Z%)/%-4(65!D(3-,-:! "SSe!

Z%)21+46,&! E1;1-1)21! U%01&! ;%-!
Z%5+141)2(1/!,)0!E1&,410!C3G124/!NeLP!

8.1! =)41-),4(%),&! C-*,)(B,4(%)! ;%-!
V4,)0,-0(B,4(%)![=VC\!

"SS#!

LO METADATA AND LEARNING OBJECT REPOSITORIES 
=UV!U14,0,4,!NeMP! =UV!b&%3,&!D1,-)()*!Z%)/%-4(65! "SST!

=YYY!D1,-)()*!C3G124!U14,0,4,![DCU\!NRLP! =YYY! D1,-)()*! 812.)%&%*:! V4,)0,-0/!
Z%55(4411![D8VZ\!

"SS"!

W63&()!Z%-1!U14,0,4,!NRQP! W63&()!Z%-1!U14,0,4,!=)(4(,4(91! "SST!

W(*(4,&! E1+%/(4%-:! =)41-%+1-,3(&(4:! [WE=\!
NeOP!

=UV!b&%3,&!D1,-)()*!Z%)/%-4(65! "SSL!

LEARNING DESINGS 
=UV!Z%)41)4!],2?,*()*!NeRP! =UV!b&%3,&!D1,-)()*!Z%)/%-4(65! "SSM!

V.,-,3&1!Z%)41)4!C3G124!E1;1-1)21!U%01&!
[VZCEU\!NeeP!

X09,)210! W(/4-(36410! D1,-)()*!
=)(4(,4(91![XWD\!

"SSM!

=UV!D1,-)()*!W1/(*)![=UV@DW\!NRP! =UV!b&%3,&!D1,-)()*!Z%)/%-4(65! "SSL!

ASSESSMENT 
h61/4(%)! ,)0! 81/4! =)41-%+1-,3(&(4:! [h8=\!
Ne#P!

=UV!b&%3,&!D1,-)()*!Z%)/%-4(65! "SSL!

=UV!1]%-4,;%&(%!NeQP! =UV!b&%3,&!D1,-)()*!Z%)/%-4(65! "SSO!

Y062,4(%),&!U%01&!;%-!X//1//51)4!N#SP! Y062,4(%),&! 812.)%&%*:! YA+1-4(/1!
Z1)4-1! C8YZ! ;-%5! C+1)! `)(91-/(4:!
%;!4.1!H14.1-&,)0/!

"SSR!

!

!

!

!



!
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2.3.2 Learning objects relevance 

K%-&6)0!()!N#TP>!51)4(%)10!4.-11!21)4-,&!2%)2&6/(%)/!;-%5!4.1!),46-1!%;!-1&19,)21!,)0!
(4/!-%&1!()!();%-5,4(%)!31.,9(%6-7!!

• E1&19,)21! (/! ,! 56&4(0(51)/(%),&! 2%*)(4(91! 2%)21+4! '.%/1! 51,)()*! (/! &,-*1&:!
01+1)01)4!%)!6/1-/J!+1-21+4(%)/!%;!();%-5,4(%)c!

• E1&19,)21!(/!,!0:),5(2!2%)21+4!4.,4!01+1)0/!%)!6/1-/J!G60*151)4/!%;!I6,&(4:!%;!
4.1!-1&,4(%)/.(+!314'11)!();%-5,4(%)!,)0!();%-5,4(%)!)110!,4!,!21-4,()!+%()4!()!
4(51c!!

• E1&19,)21! (/!,!2%5+&1A!364!/:/415,4(2!,)0!51,/6-,3&1!2%)21+4! (;!,++-%,2.10!
2%)21+46,&&:!,)0!%+1-,4(%),&&:!;-%5!4.1!6/1-J/!+1-/+124(91<!

V,-,219(2!N#"P!0(/4()*6(/.1/!314'11)!;(91!3,/(2!4:+1/!%;!-1&19,)217!!

1. V:/415! %-! ,&*%-(4.5(2! -1&19,)21>! '.(2.! 01/2-(31/! 4.1! -1&,4(%)! 314'11)! 4.1!
I61-:! [41-5/\! ,)0! 4.1! 2%&&124(%)! %;! ();%-5,4(%)! %3G124/! 1A+-1//10! 3:! 4.1!
-14-(1910!();%-5,4(%)!%3G124[/\c!!

2. X!4%+(2,&@&(?1!4:+1>!,//%2(,410!'(4.!,3%64)1//c!!

3. ]1-4()1)21!%-!2%*)(4(91!-1&19,)21>!-1&,410!4%!4.1!();%-5,4(%)!)110!,/!+1-21(910!
3:!4.1!6/1-c!!

4. V(46,4(%),&!-1&19,)21>!01+1)0()*!%)!4.1!4,/?!()41-+-14,4(%)c!,)0!!

5. U%4(9,4(%),&!,)0!,;;124(91>!'.(2.!(/!*%,&@%-(1)410<!

C2.%,>! ()! NRRP>! 6/1/! ,!5%0(;(10! V,-,219(2! 2,41*%-(B,4(%)! [1&(5(),4()*!5%4(9,4(%),&!
,)0! ,;;124(91! 0(51)/(%)\! ,/! 4.1! 3,/(/! 4%! 01;()1! ,! /14! %;! 2%5+&141! 514-(2/! ;%-! DC!
-1&19,)21!(01)4(;(2,4(%)<!8.1/1!514-(2/!,-1!/.%')!()!8,3&1!R<!

!



!
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Table 6. Summary of Relevance metrics [66] 
TYPE METRIC DESCRIPTION INPUTS 

8%+(2,&!
E1&19,)21!

K,/(2! 8%+(2,&!
E1&19,)21![K8\!

H6531-! %;! 4(51/! 4.1! %3G124!
.,/! 311)! +-19(%6/&:! /1&12410!
;-%5! 4.1! -1/6&4! &(/4! '.1)! 4.1!
/,51! [%-! /(5(&,-\! I61-:! 41-5/!
.,91!311)!6/10!

h61-(1/!%;!'.(2.!4.1!
/:/415!?11+/!-12%-0<!

Z%6-/1@V(5(&,-(4:!
8%+(2,&! E1&19,)21!
[ZV8\!

H6531-!%;! 4(51!4.,4!DC! ()!4.1!
&(/4! .,91! 311)! 6/10! ()! 4.1!
6)(91-/1!%;!2%6-/1/<!

Z%6-/1/!

=)41-),&! 8%+(2,&!
E1&19,)21![=8\!

8.1! /65! %;! 4.1! .63! 9,&61! %;!
4.1! 2%6-/1/! '.1-1! 4.1! %3G124!
.,/!311)!6/10<!

Z%6-/1/!

]1-/%),&!
E1&19,)21!

K,/(2! ]1-/%),&!
E1&19,)21! E,)?()*!
[K]\!

X),&:/1/! 4.1! 2.,-,241-(/4(2/! %;!
4.1! +-19(%6/&:! 6/10! DC! >! ()!
+,-4(26&,->! 4.1! -1&,4(91!
;-1I61)2(1/! ;%-! 4.1! 0(;;1-1)4!
514,0,4,!;(1&0!9,&61/<!

U14,0,4,! ;-%5! 4.1!
D1,-)()*!%3G124!6/10!
;%-!,!+,-4(26&,-!6/1-<!

`/1-@V(5(&,-(4:!
]1-/%),&!
E1&19,)21! E,)?()*!
[`V]\!

H6531-! %;! 4(51/! /(5(&,-! 6/1-/!
.,91! -16/10! 4.1!%3G124/! ()! 4.1!
-1/6&4!&(/4<!

=);%-5,4(%)! ,3%64!
D1,-)()*! %3G124! 6/1!
,)0!(4/!514,0,4,<!

V(46,4(%),&!
E1&19,)21!
E,)?()*!
U14-(2/!

K,/(2! V(46,4(%),&!
E1&19,)21! E,)?()*!
[KV\!

Z%/()1! 0(/4,)21! 314'11)! 4.1!
8$@=W$! 9124%-! %;! 2%)41A46,&!
?1:'%-0/! ,)0! 4.1! 8$@=W$!
9124%-!%;!'%-0!()!4.1!41A4!;(1&0!
%;!4.1!514,0,4,<!

W1/2-(+4(%)! %;! 4.1!
2%6-/1>! &1//%)! %-!
,24(9(4:! ,)0! 4.1!
&1,-)()*! %3G124!
514,0,4,<!

Z%)41A4! V(5(&,-(4:!
V(46,4(%),&!
E1&19,)21! E,)?()*!
[ZVV\!

X),&:/1/! 4.1!%3G124/! 4.,4!.,91!
,&-1,0:! 311)! 6/10! 6)01-!
/(5(&,-! 2%)0(4(%)/<! $-1I61)2(1/!
;%-! 0(;;1-1)4! ;(1&0/! ()! 4.1! DC!
514,0,4,<!

=);%-5,4(%)! ,3%64!
D1,-)()*! %3G124! 6/1!
,)0!(4/!514,0,4,<!

!

2.3.3 Learning Objects Repositories 

DCE!,-1!01;()10!,/!/:/415/!4.,4!1),3&1!6/1-/!4%!&%2,41>!19,&6,41!,)0!5,),*1!&1,-)()*!
%3G124/!4.-%6*.!4.1!6/1!%;!^514,0,4,_>!),51&:!01/2-(+4%-/!%-!4,*/!4.,4!/:/415,4(2,&&:!
01/2-(31!5,):!,/+124/!%;!,!*(91)!&1,-)()*!%3G124>!;-%5!(4/!412.)(2,&!4%!(4/!+10,*%*(2,&!
2.,-,241-(/4(2/!N#LP<!F.1)!4.1!-1+%/(4%-:!/4%-1/!%)&:!4.1!DC!514,0,4,>!4.1!-1+%/(4%-:!
(/!),510!D1,-)()*!C3G124!U14,0,4,!E1+%/(4%-:![DCUE\<!!

DCE!;-1I61)4&:!*(91!,)!,3/4-,24!()41-;,21!;%-!.65,)/!,)0!%4.1-!/:/415/!'.(2.!,&&%'!
4.15!,221//!;%-!DC!6/()*!/%51!+,-4(26&,-!2-(41-(,<!

Y062,4(%),&! ()/4(464(%)/! .,91! ()2-1,/()*&:! 6)01-/4%%0! 4.1! (5+%-4,)21! 4%! 6/1!
&1,-)()*! %3G124! -1+%/(4%-(1/! ,/! 1//1)4(,&! 4%%&/! 4%! /4%-1! ,)0! 5,()4,()! 4.1! +-%06210!



!
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?)%'&10*1! %;! 4.1(-! .65,)! -1/%6-21<! C;41)>! 4.1/1! ()/4(464(%)/! (5+&151)410! 4.1(-!
-1+%/(4%-(1/! ,/! ()/4,)21/!%;! 9,&(0,410!,-2.(41246-1/! /62.!,/! $10%-,!Z%55%)/! N#MP!%-!
W/+,21!N#OP<!!

8,3&1! e! /.%'/! %)&:! /%51! %;! 4.1! &,-*1! ,5%6)4! %;! -1+%/(4%-(1/! ,-%6)0! 4.1! '%-&0>!
2%)/(01-()*! 4.,4! 1,2.! 1062,4(%),&! ()/4(464(%)! .,/! ,! +,-4(26&,-! /:/415! 4%! /4%-1! 4.1!
?)%'&10*1!0191&%+10!3:!4.1(-!.65,)!-1/%6-21/<!

!

Table 7. Learning objects repositories and Learning Object Referatories 
REPOSITORY URL SCOPE LOCATION TYPE 
XE=XWHY!
i)%'&10*1! ]%%&!
V:/415!

.44+7ff'''<,-(,0)1@16<%-*! `)(91-/(4:! E1*(%),&!

[Y6-%+1\!

W(91-/1!

Z%))1A(%)/! .44+7ff'''<2)A<%-*! `)(91-/(4:!
j!

C4.1-!

=)41-),4(%),&! Z%6-/1/!

UDg7! U,-(2%+,!
D1,-)()*!
YA2.,)*1!

.44+7ff'''<52&(<0(/4<5,-(2%+,<1
06f5&A!

! ! W(91-/1!

CYE!Z%55%)/! .44+7ff'''<%1-2%55%)/<%-*f! X&&!V124%-/! =)41-),4(%),&! Z%6-/1/!

DEY! .44+7ff&-1;%-/2.%%&/<16)<%-*f! ]-(5,-:!
,)0!

V12%)0,-:!

Y062,4(%)!

E1*(%),&!

[Y6-%+1\!

Z%6-/1/!

D1k-)()*!
$101-,4(%)!

.44+7ff12%)41)4<4.1&1,-)()*;101-!

,4(%)<106<,6f!

X&&!V124%-/! H,4(%),&!

[X6/4-,&(,\!

W(91-/1!

lCE`U! .44+7ff-1/%6-21/<G%-65<,2<6?f! a(*.1-!
Y062,4(%)!

H,4(%),&!

[`i\!

W(91-/1!

1@:&(?%! .44+7ff'''<1@:&(?%<*-! ]-(5,-:!
,)0!

V12%)0,-:!

Y062,4(%)!

H,4(%),&!

[b-1121\!

W(91-/1!

8.1! Z,),0(,)!
DW!E1+%/(4%-:!

.44+7ff'''<(0&0<%-*! X&&!V124%-/! H,4(%),&!

[Z,),0,\!

D1,-)()*!
W1/(*)/!

DXUV!
E1+%/(4%-:!

.44+7ff&,5/2%556)(4:<%-*f&,!

5/21)4-,&f!

X&&!V124%-/! =)41-),4(%),&! D1,-)()*!
W1/(*)/!

8.1! D1,-)()*!
W1/(*)/!

E1+%/(4%-:!

.44+7ff'''<&1,-)()*01/(*)/<6!

%'<106<,6f!

X&&!V124%-/! H,4(%),&!

[X6/4-,&(,\!

D1,-)()*!
W1/(*)/!



!
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REPOSITORY URL SCOPE LOCATION TYPE 
(ZC]YE! DW!
E1+%/(4%-:!

[.44+7ff'''<(2%+1-<%-*f-1+%/(4!

%-:f&1,-)()*@01/(*)\!

X&&!V124%-/! E1*(%),&!

[Y6-%+1\!

D1,-)()*!
W1/(*)/!

ZCVUCV! DW!
E1+%/(4%-:!

[.44+7ff'''<2%/5%/+%-4,&<16f\! V2.%%&!
,)0!

a(*.1-!

Y062,4(%)!

E1*(%),&!

[Y6-%+1\!

D1,-)()*!
W1/(*)/!

U1-&%4! .44+7ff'''<51-&%4<%-*!! X&&!V124%-/! =)41-),4(%),&! m,-(%6/!
[U14,0,4,
\!

=)4641! .44+7ff'''<()4641<,2<6?! `)(91-/(4:! =)41-),4(%),&! m,-(%6/!
[U14,0,4,
\!

K(%W(8ED!
K(%&%*(2,&!W(*(4,&!

81,2.()*!
E1/%6-21!
D(3-,-:!

44+7ff3(%@
0(4-&</6)/(41<6,&31-4,<2,f!

`)(91-/(4:! Z,),0,! Z%5+%)1
)4/!

Z6--(?(! b&%3,&!
Y062,4(%)! j!
D1,-)()*!
Z%556)(4:!

.44+7ff'''<26--(?(<%-*f! iT"! =)41-),4(%),&! m,-(%6/!

YVZC87!
Y062,4(%),&!
V%;4',-1!

Z%5+%)1)4/! %;!
8%5%--%'!

.44+7ff'''<1/2%4<%-*f! U(00&1!
V2.%%&!!

! D1//%)/!

YA+&%-,4%-(1/! .44+7ff'''<2/<3-%')<106f1A+&%
-,4%-(1/f!

;-11V%;4',-1f.%51<.45&!

`)(91-/(4:! ! D1//%)/!

YA+&%-,4%-(65!
W(*(4,&!D(3-,-:!

!

.44+7ff'''<1A+&%-,4%-(65<106f
1062,41f!0&<.45&!

X&&!&191&/! ! m,-(%6/!

YA+&%-1!
D1,-)()*! '(4.!
b(/5%/!

.44+7ff'''<1A+&%-1&1,-)()*<2%
5f!

iT"! ! D1//%)/!

$,4.%5!,-2.(91! .44+7ff'''<;,4.%5<2%5f! `)(91-/(4:! ! D1//%)/!

$-11@10!H14! .44+7ff'''<;-11@10<)14f;-11@10f! Z%5Z%&&1
*1!

! Z%6-/1/!

b1)1-,&! ].:/(2/!
l,9,!X++&14/!

.44+7ff'''</6-1)0-,),4.<%-*f! `)(91-/(4:! ! D1//%)/!

b1%514-:! .44+7ff'''<*1%5<6(62<106f! `)(91-/(4:! ! D1//%)/!



!
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REPOSITORY URL SCOPE LOCATION TYPE 
Z1)41-!`<!%;!

U())1/%4,!

a,-91:!]-%G124! .44+7ff%+1)2%6-/1<%-*fZ%&&,3%-,
4%-(1/f!

.,-91:+-%G124!

`)(91-/(4:! ! D1//%)/!

=&&65(),7!
H,4(%),&!V2(1)21!

W(*(4,&!D(3-,-:!

.44+7ff'''<(&65(),@0&(3<%-*f! `)(91-/(4:! ! m,-(%6/!

E1+%/(4%-(%! 01!
C3G14%/! 01!
X+-1)0(B,G1!
K,/,0%! ,*1)41/!
[CKXX\!

.44+7ff'''<+%-4,&%3,,<%-*f%3,
,2f+,0-,%@%3,,!

`)(91-/(4:!
,)0!
/2.%%&/!

K-,/(&! m,-(%6/!

=`7! 8.1! `Z!
K1-?1&1:!
=)41-,24(91!

`)(91-/(4:!
]-%G124!

.44+7ff()41-,24(916<31-?1&1:<1067
#SSSf!

WDU=)01Af!

`)(91-/(4:!
j!

iT"!

`VX! D1//%)/!

DCDX! YA2.,)*17!
F1/&1:,)!`!

.44+7ff'''<&%&,1A2.,)*1<%-*f! `)(91-/(4:! ! D1//%)/!

U=8! C+1)!
Z%6-/1',-1!

.44+7ff%2'<5(4<106f! `)(91-/(4:! ! Z%6-/1/!

Z%&%53(,!
,+-1)01!

'''<2%&%53(,,+-1)01<106<2%f! `)(91-/(4:!
,)0!
/2.%%&/!

Z%&%53(,! m,-(%6/!

CmX`H=ZCE! .44+7ff%9,6)(2%-<,91/<106<2%f! `)(91-/(4:! Z%&%53(,! D1//%)/!

H,4(%),&!
D1,-)()*!
H14'%-?!`i!

.44+7ff'''<)&)<,2<6?fU,41-(,&/f
01;,6&4<!

X/+!

`++1-!
V12%)0,-:!

`i! D1//%)/!

H,4(%),&!
E1+%/(4%-:! %;!
C)&()1!

Z%6-/1/!
[U%)41-1:!
=)/4(4641\!

.44+7ff'''<5%)41-1:()/4(4641<%
-*f)-%2f!

()01A<.45&!

X&&!&191&/! U1A(2%! Z%6-/1/!j!

&1//%)/!

C+1)! Z%6-/1!
Z%&&,3%-,4%-(1/!

.44+7ff%+1)2%6-/1<%-*f! `)(91-/(4:! `V! D1//%)/!

C+1)! D1,-)()*!
=)(4(,4(91![CD=\!

Z,-)1*(1!U1&&%)!

.44+7ff'''<256<106f%&(f! `)(91-/(4:!
T/4!

d-<!

! Z%6-/1/!

]KV! 81,2.1-! .44+7ff'''<+3/<%-*f41,2.1-/%6- ]-1i@T"! `V! m,-(%6/!
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REPOSITORY URL SCOPE LOCATION TYPE 
V%6-21! 21f! !

Z=8=WYD! '''<2(4(01&<%-*f!! `)(91-/(4:! =)41-),4(%),&! m,-(%6/!
U14,0,4,!

WDYVY7! W(*(4,&!
D(3-,-:!;%-!

Y,-4.! V:/415!
Y062,4(%)!

.44+7ff'''<0&1/1<%-*f!

!

X&&!&191&/! =)41-),4(%),&! m,-(%6/!
U14,0,4,!

ZXEYC7! Z,5+6/!
X&31-4,!

E1+%/(4%-:! %;!
Y062,4(%),&!

C3G124/!

.44+7ff2,-1%<62,&*,-:<2,! `)(91-/(4:!
j!%4.1-/!

Z,),0,! m,-(%6/!
U14,0,4,!

!

2.3.4 Contribution to Learning Object Economy  

F1! ,(5! 4%! /4(56&,41! 4.1! 1),3&1-/! %;! 4.1! &1,-)()*! %3G124! 12%)%5:! /6++%-4()*! 4.1!
/4,)0,-0(B10!,)0!,0,+410! &1,-)()*!01/(*)!*1)1-,4(%)<!C6-! ()91/4(*,4(%)!+-%5%41/!DC!
-16/1!4.-%6*.!,221//()*!0(/4-(36410!&1,-)()*!%3G124/!-1+%/(4%-(1/![WDCE\!,/!/%6-21/!%;!
DC!'(4.!0(91-/1! *-,)6&,-(4:>!'.(2.! 2%6&0!31!1&151)4/! ()! ,! *1)1-,410! &1,-)()*!01/(*)!
N#RP<!C6-!2%)4-(364(%)! ()!4.(/!0(//1-4,4(%)! (/!4.1!01;()(4(%)!%;!4'%!0(;;1-1)4!+-%21//1/>!
4.1! W(/4-(36410! D1,-)()*! C3G124/! U14,0,4,! V1,-2.()*! ]-%21//! [DCEVY\! N#eP! ,)0! 4.1!
U(2-%@Z%)41A4!3,/10!]%/(4(%)()*!]-%21//![DCCi\!N##P<!

W(/4-(36410!D1,-)()*!C3G124/!U14,0,4,!V1,-2.()*!(/!,!512.,)(/5!4%!+-%5%41!-16/1<!
8.(/! +-%21//! (/! /6++%-410! 3:! ,*1)4! 412.)%&%*(1/! ,)0! (4/!5,()! +6-+%/1! (/! &%%?()*! ;%-!
1A41-),&!DC>!)%4!0191&%+10!3:!4.1!41,2.1-/>!'.(2.!2%6&0!31!6/10!,/!()+64/!()!,!&1,-)()*!
01/(*)! *1)1-,4(%)! +-%21//<! U(2-%@Z%)41A4! 3,/10! ]%/(4(%)()*! ]-%21//! ,),&:/(/! %;! 4.1!
&1,-)()*!%3G124/J!U(2-%@Z%)41A4![()!4.1!DCE\!,)0!(4/!;1,46-1/!26--1)4!U(2-%@Z%)41A4/![()!
4.1! &1,-)()*!01/(*)\>! 2%)/(01-()*!0(/,53(*6,4(%)! 412.)(I61/! ()!%-01-! 4%!1/4,3&(/.! 4.1!
5%/4!+-%5(/()*!5(2-%@2%)41A4!;%-!4.1!DC!()!,!&1,-)()*!01/(*)!/6++%-4()*!4.1!+&,2()*!%;!
4.1!%3G124!()!(4/!2%--124!2%)41A4<!!

X/!/.%')!()!8,3&1!L>!4.1!,221//!4%!0(/4-(36410!&1,-)()*!%3G124/!-1+%/(4%-(1/!(/!%)1!%;!
4.1! (//61/! &1//! 2%)/(01-10! ()! 4.1! &1,-)()*! 01/(*)! *1)1-,4(%)! +-%21//<! X/! '1&&>! 4.1!
I61/4(%)!,3%64!.%'!4%!2%)41A46,&(B1!,!-14-(1910!&1,-)()*!%3G124!;-%5!,!0(/4-(36410!,)0!
6)2%)4-%&&10! DCE! ()! 4.1! ,53(4! %;! ,! &1,-)()*! 01/(*)! .,/! 311)! &(44&1! ,00-1//10<! C6-!
/%&64(%)!4,?1/!,09,)4,*1!%;!4.1!+%//(3(&(4(1/!()9%&910!()!4.1!6/1!%;!()41&&(*1)4!,*1)4/!;%-!
/6++%-4()*!4.1!2-1,4(%)!%;!,!;101-,4(%)!%;!DCE!,)0!%)!4.1!%4.1-!.,)0!'1!()4-%0621!,!
/+12(;(2!+-%21//!3,/10!()!4.1!,),&:/(/!%;!4.1!&1,-)()*!%3G124/!5(2-%@2%)41A4!;%-!012(0()*!
'.1-1! 4.1! &1,-)()*! %3G124/! /.%6&0! 31! +%/(4(%)10! ()! ,! +-19(%6/&:! *1)1-,410! &1,-)()*!
01/(*)<!
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2.4.  CONCLUSIONS TO THE CHAPTER 

=)!4.(/!2.,+41-!4.1!5%/4!(5+%-4,)4!,++-%,2.1/!;-%5!4.1!/4,41!%;!4.1!,-4!'1-1!,),&(B10<!
C+1)! (//61/! ()! 1,2.! -1/1,-2.! &()1! '1-1! 01/2-(310! ,/! '1&&! ,/! 4.1! 5%/4! (5+%-4,)4!
2%)4-(364(%)/!%;!4.1!4.1/(/!()!1,2.!-1/1,-2.!&()1<!

=)! 4.1! )1A4! +,-4! %;! 4.(/! 0(//1-4,4(%)! %6-! /%&64(%)! ;%-! ,&&19(,4()*! 4.1! '%-?&%,0! ;%-!
41,2.1-/!%)!2-1,4()*!,0,+4(91!2%6-/1/!(/!+-1/1)410<!
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3.  FRAMEWORK FOR SEMI-
AUTOMATIC LEARNING DESIGN 

GENERATION 
!

X/! 51)4(%)10! 31;%-1>! 4.1! 5,()! %3G124(91! %;! 4.(/! 0(//1-4,4(%)! (/! 4%! 2%)4-(3641! ()!
,&&19(,4()*! 4.1! '%-?&%,0! ;%-! 41,2.1-/! %)! 2-1,4()*! ,0,+4(91! 2%6-/1/! 3:! -1062()*! 4.1!
2%5+&1A(4:!()9%&910!()!,64.%-()*!/4,)0,-0(B10!,)0!,0,+4(91!&1,-)()*!01/(*)/!,0G6/410!
4%!4.1(-!/4601)4/J!2.,-,241-(/4(2/>!()!+,-4(26&,->!&1,-)()*!/4:&1!,)0!2%5+141)21/!&191&/<!

U%4(9,4(%)! 4%! 0191&%+! 4.(/! /460:! 2,51! ;-%5! 0(;;1-1)4! 0%5,()/>! 4.1! 2%5+141)21/!
0191&%+51)4! +-%21//>! 6/1-! 5%01&&()*! -1/1,-2.! &()1! ,)0! &1,-)()*! 01/(*)! *1)1-,4(%)!
-1/1,-2.! &()1>! ,&&! %;! 4.15! ()! 4.1! 2%)41A4! %;! 412.)%&%*(1/! 1).,)210! &1,-)()*<!
U%4(9,4(%)/!5%91!6/! 4%! +-%+%/1! ,)0! (5+&151)4! %6-! /%&64(%)/!'.(2.! ,-1! 2%)01)/10!
()4%!,! ;-,51'%-?!;%-!/15(@,64%5,4(2! &1,-)()*!01/(*)!*1)1-,4(%)<!8.1!+%-+6/1!%;! 4.(/!
2.,+41-!(/!4%!+-%9(01!4.1!5%/4!(5+%-4,)4!014,(&/!,3%64!+-1&(5(),-:!/460(1/!/6++%-4()*!
%6-!5%4(9,4(%)/>!()4-%0621!%6-!;-,51'%-?!4%!&1,-)()*!01/(*)!*1)1-,4(%)!,/!'1&&!,/!(4/!
,//%2(,410!19,&6,4(%)<!

8.1! -1/4! %;! 4.1! 2.,+41-! (/! /4-6246-10! ,/! ;%&&%'<! =)! /124(%)! L<T<! -1/6&4/! ;-%5!
+-1&(5(),-:! /460(1/>! '.(2.! +1-5(4! 4%! /6++%-4! (5+%-4,)4! 012(/(%)/>! ,-1! +-1/1)410<!
V124(%)! L<"<! 01/2-(31/! %6-! ;-,51'%-?! ;%-! &1,-)()*! 01/(*)! *1)1-,4(%)<! 8.(/! /124(%)!
014,(&/!1,2.!;-,51'%-?!1&151)4!,)0!+-%21//!,)0!,&/%!+-1/1)4/!4.1!014,(&!,3%64!.%'!
4.1! ;-,51'%-?! '(&&! 31! 19,&6,410<! $(),&&:>! ()! 4.1! /124(%)! L<L<! /%51! 2%)2&6/(%)/! ,-1!
()4-%06210<!

!

3.1.  PRELIMINARY STUDIES 

3.1.1 Conclusions from the virtual competence development 
process analisys 

X/! 01/2-(310! ()! NeSP>! ()! 4.1! &,/4! 012,01>! ,)! ()2-1,/()*! ()41-1/4! ;%-! 2%5+141)21!
0191&%+51)4!+-%21//!.,91!311)!%226--()*!N#QP>NQSP>NQTP>NQ"P!,)0!,&/%>!4.1!)6531-!%;!
01;()(4(%)/!,3%64!4.1!2%5+141)21!2%)21+4!.,/!311)!+%++()*!6+<!

8.1! 2%5+141)21! 0191&%+51)4! +-%21//! .,/! 312%51! %)1! %;! 4.1! 5%/4! 2%55%)!
+,-,0(*5/! 6/10! 4%! ,00-1//! &1,-)()*@41,2.()*! +-%21//1/>! -1*,-0&1//! %;! 4.1! 1062,4(%)!
5%0,&(4:>! (<1<! 4-,0(4(%),&! 2&,//1/>! 4.%/1! 4%4,&&:! 9(-46,&(B10! ,)0! /6++%-410! ()! ,! 9(-46,&!
&1,-)()*!1)9(-%)51)4>!%-!5(A10!,++-%,2.1/![3&1)010!&1,-)()*\<!
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8%!2%)/(01-!,!2%5+141)21!+-%21//!(5+&(1/!4%!4.()?!()!4.1!2%)41A46,&!/(46,4(%)!%;!4.1!
6/1-/>! ;%26/()*! 4.1! 1;;%-4/! ()! ,00-1//()*! 4.1(-! /+12(,&/! )110/! 4.-%6*.! 4.1! ;%&&%'()*!
+.,/1/7!

• Z%5+141)21/! W1;()(4(%)/! ]-%21//>! '.(2.! (/! 4.1! 2%)/1)/6/! +-%21//! 314'11)!
,2,015:! ,)0! +-%0624(91! /124%-/! '(4.! 4.1! /%2(14:! ()! %-01-! 4%! G%()4&:! 01;()1!
1062,4(%),&! +6-+%/1/<! 8.%/1! +6-+%/1/! ,-1! 01/(*)10! 4%! ,2.(191! I6,&(4:!
+1-;%-5,)21/! ()! 4.1! 2%)41A4<! X*-110! 2%5+141)21/! %-(1)4! 4.1! 1062,4(%),&!
+-%*-,5/!01;()(4(%)/! ()! ,!+,-4(26&,-! -1*(%)<! 8.(/!+-%21//!+1-5(4/! ,0G6/4()*! 4.1!
1062,4(%),&!%;;1-!4%!4.1!()41-1/4/!%;!1,2.!/124%-!,)0!4.1!2%556)(4:!()!*1)1-,&<!!

• Z%5+141)21/! H%-5,&(B,4(%)/>! '.(2.! (/! 4.1! +-%21//! 4%! 1/4,3&(/.! ,! 2%55%)!
&,)*6,*1! ,5%)*! 0(;;1-1)4! 2%5+141)21/J! /4,?1.%&01-/<! =)! 4.(/! +-%21//>! 4.1!
+-19(%6/!2%5+141)21/!01;()(4(%)/!,-1!2.,-,241-(B10>!91-(;(10!,)0!/4,)0,-0(B10<!

• Z6--(26&,-!W1/(*)!3,/10!%)!Z%5+141)21/>!'.(2.! (/! 4.1!+-%21//! 4.,4! /.%6&0!31!
;%&&%'10! 3:! 41,2.1-/! ()! %-01-! 4%! +&,)! ,)0! 4%! +-1+,-1! 4.1! ()/4-624(%)! NTP! 4%!
5%4(9,41! 4.1! /4601)4! 4%! ,2.(191! ,!01/(-10! &191&! %;! 2%5+141)21/<! 8.(/! +-%21//!
/.%6&0! ,00-1//>! ()! ,)! ()41*-,&! ',:>! 4.1! +1%+&1J/! )110/>! /62.! ,/! 2%*)(4(91>!
15%4(%),&>!/%2(,&>!,)0!+.:/(2,&<!

• Z%5+141)21/!Z1-4(;(2,4(%)>!'.(2.!(/!4.1!;%-5,&!-12%*)(4(%)!%;!4.1!,2.(19151)4!
%;! 4.1! 01/(-10! 2%5+141)21/! &191&! ;%-! 4.1! /4601)4<! `/6,&&:>! 4.1! 21-4(;(2,4(%)! (/!
+-%9(010!3:!,!&1*,&!,)0!-12%*)(B10!()/4(464(%)<!

$(*6-1!"! /655,-(B1/!%6-! 9(/(%)!,3%64! 4.1! 4%+@&191&! 1&151)4/>!'.(2.!5,01!6+! 4.1!
2%5+141)21!0191&%+51)4!+-%21//!()!,!mDY!2%)41A4<!

!

!
Figure 2. Competence Development and Assessment Processes 

!

X/! /.%')! ()! $(*6-1! ">! %6-! ;%26/! (/! 01,&()*! '(4.! 4.1! 1A(/41)21! %;! 0(;;1-1)4>!
0(/4-(36410>! ,)0! -16/,3&1! -1/%6-21! 4:+1/! /62.! ,/! 2%5+141)21! 01;()(4(%)/>! &1,-)()*!
%3G124/! ,)0! &1,-)()*! ,24(9(4(1/! /+12(;(2,4(%)/<! V%51! %;! 4.1/1! -1/%6-21/! 2%6&0! 31!
+-%9(010!3:!4.1!()/4(464(%)!(4/1&;!%-!%34,()10!;-%5!1A41-),&!-1/%6-21/<!`/()*!,/!()+64/!
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4.1/1! 0(;;1-1)4! 4:+1/! %;! -1/%6-21>! 4.1! +-()2(+,&! 4,/?! %;! 4.1! B#*('%'&! "#$%&'#(! (/! 4%!
+1-/%),&(B1!4.1!&1,-)()*!+-%21//!()!%-01-!4%!,441)0!,!/+12(;(2!&1,-)()*!+-%+%/,&!,4!.,)0<!
8.(/! &1,-)()*! 01/(*)! +-%21//>!'.(2.! 2%)/(01-/! 4.1! 01&(91-:! %;! ()/4-624(%)! ,0G6/410! 4%!
/+12(;(2! 6/1-! ;1,46-1/>! /.%6&0! 31! ,! /15(@,64%5,4(2! +-%21//<! 8.(/! /15(@,64%5,4(2!
+-%21//!,&&%'/!4.1!41,2.1-!4%!;%26/!%)!0(0,24(2,&!(//61/!()/41,0!%;!.,9()*!4%!01,&!'(4.!
,00-1//()*! ,&&! +%//(3&1! 6/1-! ()0(9(06,&! 2.,-,241-(/4(2/! %-! '(4.! ,221//()*! 0(;;1-1)4!
/%6-21/!%;!0(/4-(36410!-1/%6-21/<!!

C)1!%;!4.1!5%/4!(5+%-4,)4!(//61/!;-%5!4.1!+10,*%*(2,&!+%()4!%;!9(1'!(/!4.1!&,2?!%;!
81,2.1-/J! 4-,()()*! ()! 4.1! 012(/(%)! 5,?()*! +-%21//! -1;1--10! 4%! 4.1! &1,-)()*! 01/(*)!
+-%21//!NeP<!D1,-)()*!01/(*)!012(/(%)/!%;41)!,-1!5,01!,/!,!-1/6&4!%;!4.1! ()46(4(%)!,)0!
-%64()1/! 5%-1! 4.,)! 4.1%-14(2,&! %-! +-,24(21! ?)%'&10*1! 2%)/2(%6/&:! ,++&(10<! $%-! 4.(/!
-1,/%)>!'1!2%)/(01-!,++-%+-(,41!,!/%&64(%)!;%-!/6++%-4()*!4.1!2-1,4(%)!%;!26/4%5(B10!
&1,-)()*! 01/(*)/! ()! %-01-! 4%! ,00-1//! ,! /15(@,64%5,4(2! V4,)0,-0(B10! X0,+4(91!
Z%5+141)21!W191&%+51)4!,)0!X//1//51)4!+-%21//<!!

8.1!5,()!1&151)4/!%;!%6-!,++-%,2.!,-1!,/!;%&&%'/7!

• 8.1! 6/1! %;! ,! /4,)0,-0(B10! ,)0! -16/,3&1! 2%5+141)21! 01;()(4(%)! 5%01&! ,/! ,!
512.,)(/5! 4%! 01;()1! 4.1! &1,-)()*! +6-+%/1! ,)0! 4%! %34,()! 4.1! )121//,-:!
();%-5,4(%)!4.,4!/.%6&0!31!+-%9(010!3:!4.1!41,2.1-!()!%-01-!4%!*1)1-,41!,!/15(@
,64%5,4(2>!-16/,3&1!,)0!/4,)0,-0(B10!&1,)()*!01/(*)<!

• 8.1!,2I6(/(4(%)!%;!4.1!?)%'&10*1!,3%64!4.1!6/1-!4.-%6*.!4.1!(5+&151)4,4(%)!%;!
,! 6/1-! 5%01&&()*! +-%21//! 3,/10! %)! ()41&&(*1)4! ,*1)4/! ,)0! 5,2.()1! &1,-)()*!
412.)(I61/<!8.(/!+-%21//!(/! ()!2.,-*1!%;!5,()4,()()*!4.1!6/1-!5%01&!4%!/6++%-4!
4.1!,0,+4,4(%)!%;!4.1!&1,-)()*!/21),-(%!;%-!1,2.!+,-4(26&,-!6/1-!()!4.1!&1,-)()*!
01/(*)!1A1264()*!4(51<!

• 8.1!6/1!%;!4.1!+&,))()*!412.)(I61/!;%-!4.1!&1,-)()*!01/(*)!*1)1-,4(%)<!!

• 8.1! (5+&151)4,4(%)! %;! 0(;;1-1)4! 512.,)(/5/! 4%! ()41*-,41! .141-%*1)1%6/!
/:/415/!/62.!,/!'13!/1-9(21/!%-!,*1)4/!412.)%&%*(1/<!!

!

3.1.2 Identifing relevant characteristics of both learning process 
actors and learning process 

3.1.2.1 General description of the exploratory study 

=)!%6-!-1/1,-2.>!%6-!5,()!+6-+%/1>!,/!51)4(%)10!31;%-1>! (/! 4%!,&&19(,41!4.1!'%-?&%,0!
;%-! 01/(*)1-/! %;! ,0,+4(91! 2%6-/1/! %-! 41,2.1-/! ()! ,64.%-()*! +10,*%*(2,&&:! ,01I6,41!
,0,+4(91!&1,-)()*!01/(*)/<!=;!4%!4.(/!()(4(,&!2%5+&1A(4:>!3%4.!4.1!)121//(4:!4%!,00-1//!4.1!
+,-4(26&,-!6/1-!;1,46-1/![(<1<!&1,-)()*!/4:&1!,)0!2%5+141)21/\!,)0!4.1!6/1-!2%)41A4![(<1<!
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019(21!2,+,3(&(4(1/!,)0!/(46,4(%)!()!4.1!2%6-/1\!,-1!,0010>!%6-!,++-%,2.!312%51/!5%-1!
-1&19,)4![,)0!(5+%-4,)4\!364!,&/%!(4!46-)/!()4%!,!5%-1!0(;;(26&4!4,/?<!!

=)! 4.(/! 5,))1->! %)1! %;! 4.1!5%/4! (5+%-4,)4! I61/4(%)/! 4%! /%&91! ()! %6-! +-%+%/,&! (/!
'.(2.! 6/1-/J! ;1,46-1/! ,-1! -1&19,)4! ;%-! 41,2.1-/! ()! %-01-! 4%! +-%9(01! ,0,+4,4(%)! ()! ,!
9(-46,&!&1,-)()*!1)9(-%)51)4<!$%-!4.(/!-1,/%)>!'1!0191&%+10!,)!1A+&%-,4%-:!/460:!'(4.!
Me! 41,2.1-/! ;-%5! D,4()! X51-(2,! ,)0! Y6-%+1! '(4.! 4.1! +6-+%/1! 4%! (01)4(;:! 4.%/1!
;1,46-1/<!

8.1! 1A+&%-,4%-:! /460:! +1-5(4! 6/! 4%! (01)4(;:! 41,2.1-! %+()(%)/! ,)0! ,&/%! /%51!
0(;;1-1)21/! ()!+1-21+4(%)!314'11)!4.1!D,4()!X51-(2,)!,)0!Y6-%+1,)!41,2.1-/J!+%()4/!
%;!9(1'!,22%-0()*!4%!4.1!5%/4!-1&19,)4!6/1-! ;1,46-1/! 4%!31!4,?1)! ()4%!,22%6)4! ()! 4.1!
&1,-)()*! +-%21//>! ,/!'1&&! ,/! .%'! 4.1/1! 6/1-! ;1,46-1/! ,;;124! 012(/(%)/! ()! 4.1! &1,-)()*!
01/(*)!*1)1-,4(%)!+-%21//<!

$(91! 6)(91-/(4(1/! .,91! +,-4(2(+,410! ()! 4.1! /460:<! =)! V%64.! X51-(2,>! 4.1! /460:! ',/!
2,--(10! %64! ()! 4.-11! Z%&%53(,)! ()/4(464(%)/7! 4.1! `)(91-/(4:! %;! Z%-0%3,! NQLP>! 4.1!
`)(91-/(4:!%;!U,*0,&1),! NQMP!,)0! 4.1!812),-! =)/4(4641! NQOP<! =)!Y6-%+1>! 4.1!/460:!',/!
2,--(10! %64! ()! 4.-11! V+,)(/.! 6)(91-/(4(1/>! 4.1! `)(91-/(4:! %;! b(-%),! NQRP>! H,4(%),&!
`)(91-/(4:!;%-!W(/4,)21!Y062,4(%)!NQeP!,)0!4.1!Z,-&%/!===!%;!U,0-(0!`)(91-/(4:!NQ#P<!!!

8.1! +%+6&,4(%)! ()9%&910! ()! 4.1! /460:! 2%)/(/4/! %)! Me! 41,2.1-/! ;-%5! 0(;;1-1)4!
?)%'&10*1! ,-1,/>! /62.! ,/! 2%5+641-! /2(1)21>! +10,*%*:>! 12%)%5:>! 5,4.15,4(2/>!
,5%)*! %4.1-/>! '.(2.! 6)01-4,?1! ()/4-624(%),&! 01/(*)! 4,/?/! ,5%)*/4! 4.1(-! ,24(9(4(1/<!
b1)1-,&!2.,-,241-(/4(2/!%;!4.1!/,5+&1!,-1!/.%')!()!8,3&1!#<!

 
Table 8. Sample Description for the exploratory Study 

POPULATION FEATURES 

H6531-!+-%;1//%-/!,)0!464%-/! Me!

W(/4-(364(%)!()!*1)01-![Uf$\! TQ!U,&1![MSn\!o!"#!$15,&1![RSn\!

X*1!-,)*1!! "O@RS!:1,-/!%&0!

YA+1-(1)21!W6-,4(%)! #!.%6-/!

8:+1!! F%-?/.%+!

i)%'&10*1!X-1,/!

a65,)(4(1/!!

Y)*()11-/!!

!

$(*6-1!L!/.%'/!%4.1-!-1&19,)4!2.,-,241-(/4(2/!%;!4.(/!/,5+&1<!X/!2%6&0!31!%3/1-910!,!
3,&,)210! /,5+&1! '(4.! -1/+124! 4%! 2%)4()1)4! %;! %-(*()! [X51-(2,! ,)0! Y6-%+1\! ,)0! 4.1!
),46-1! %;! 4.1! 2,-11-! [a65,)(4(1/! ,)0! Y)*()11-/\! ',/! 01;()10<! X)! (5+%-4,)4!
2.,-,241-(/4(2!%;!4.(/!/,5+&1!(/!4.1!+10,*%*(2,&!1A+1-4(/1!%;!41,2.1-/!'.(2.!/6+%-4!4.1!
-1&19,)21!%;!41,2.1-/!%+()(%)<!

!
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!

Figure 3. Sample Continent, Pedagogical Experience and Career 
!

8.1! +6-+%/1! %;! 4.1! /460:! ',/! 4%! (01)4(;:! '.(2.! 6/1-/J! ;1,46-1/! X51-(2,)! ,)0!
Y6-%+1,)! 41,2.1-/! 2%)/(01-10! (5+%-4,)4! 4%! 31! ,00-1//10! ()! 4.1! &1,-)()*! +-%21//>!
'.(2.!1&151)4/!()!4.1!9(-46,&!&1,-)()*!+-%21//!4.1!41,2.1-/!2%)/(01-10!(5+%-4,)4!4%!31!
,00-1//10!()!4.1!,0,+4,4(%)!+-%21//!,)0>!,&/%>!.%'!4.1!(01)4(;(10!6/1-/!;1,46-1/!2%6&0!
,;;124!4.1!&1,-)()*!+-%21//>!()!+,-4(26&,->!,!/15(@,64%5,4(2!&1,-)()*!01/(*)!*1)1-,4(%)<!

8.1!514.%0%&%*:!6/10!;%-!2,+46-()*!4.1!41,2.1-/J!%+()(%)!',/7!

• X! 3-,()/4%-5()*! ()! /5,&&! *-%6+/! ;%-! 4.1! (01)4(;(2,4(%)! %;! 4.1! 6/1-/J! ;1,46-1/!
X51-(2,)!,)0!Y6-%+1,)!41,2.1-/!2%)/(01-10!(5+%-4,)4!4%!31!,00-1//10!()!4.1!
/+12(;(2!&1,-)()*!+-%21//!,)0!'.(2.!1&151)4/!()!4.1!9(-46,&!&1,-)()*!+-%21//!4.1!
41,2.1-/! 2%)/(01-10! (5+%-4,)4! 4%! 31! ,00-1//10! ()! 4.1! ,0,+4,4(%)! +-%21//<!
Z%)2&6/(%)/!'1-1!/+12(;(10!()!,!;%-5,&!/6-91:<!

• X! 3-,()/4%-5()*! ()! /5,&&! *-%6+/! 4%! 014124! .%'! 4.1! (01)4(;(10! 6/1-/! ;1,46-1/!
2%6&0!,;;124!4.1!&1,-)()*!+-%21//>!()!+,-4(26&,->!,!/15(@,64%5,4(2!&1,-)()*!01/(*)!
*1)1-,4(%)<!Z%)2&6/(%)/!'1-1!/+12(;(10!()!,!;%-5,&!/6-91:<!

3.1.2.2 Relevant student characteristics for user modelling and adaptation 
process, an exploratory study 

=)! /5,&&! *-%6+/>! 5%01-,410! 3:! %)1! +1-/%)>! 4.1! 41,2.1-/! .,0! 4.1! %++%-46)(4:! 4%!
0(/26//1!,3%64!'.(2.!/4601)4/!;1,46-1/!4.1:!2%)/(01-10!(5+%-4,)4!4%!31!,00-1//10!()!
4.1!&1,-)()*!+-%21//<!81,2.1-/!'1-1!;-11!4%!+-%+%/1!4.1!;1,46-1/!4.,4!4.1:!2%)/(01-10!
(5+%-4,)4<!8.(/!4,/?!',/!0191&%+10!;%-!%)1!.%6-<!81,2.1-/J!%+()(%)/!'1-1!/+12(;(10!()!
,!/6-91:!'.(2.!4.1:!01&(91-10!4%!4.1!*1)1-,&!5%01-,4%-<!

Z%)/(01-()*!4.1!/6-91:/!01&(91-10!3:!4.1!41,2.1-/!()9%&910!()!%6-!/460:!'1!(01)4(10!
,)0! /:/415,4(B10! 41,2.1-/J! %+()(%)/! 1A4-,24()*! %;! 4.1! /6-91:/! ,&&! %;! 4.1! /4601)4/J!
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2.,-,241-(/4(2/! (01)4(;(10! ;%-! 41,2.1-/<! F1! 0191&%+10! ,! ;-1261)2:! ,),&(/:/! '(4.! 4.1!
/:/415,4(B10!0,4,<!

8,3&1!Q!/.%'/!,!/655,-:!%;!4.1!6/1-!;1,46-1/!01;()10!3:!4.1!41,2.1-/!,/!'1&&!,/!4.1!
01/2-(+4(%)!+-%9(010!3:!41,2.1-/!;%-!1,2.!2.,-,241-(/4(2!(/!()4-%06210<!$(*6-1!M!/.%'/!
4.1!;-1I61)2:!0(,*-,5!%34,()10!;-%5!4.1!,),&:/(/<!

V%51!(5+%-4,)4!2%)2&6/(%)/!,-1!();1--10!4.-%6*.!4.1!/4,4(/4(2,&!,),&:/(/!%;!4.1!0,4,<!

Z%5+,-()*!4.1!-1/6&4/!'(4.!4.1!9,-(,3&1/!()!4.1!/4,41!%;!4.1!,-4>!/%51!9,-(,3&1/!/62.!
,/! ]-19(%6/! i)%'&10*1>! ]1-/%),&! W,4,>! YA+124,4(91>! ()41-1/4/>! !"#$%&%'!%(! ,)0!
5%4(9,4(%)/>!,)0!4.1!)(%*+,%-*'.'/+0&12%!-15,()!4.1!5%/4!+-1;1--10!3:!41,2.1-/!4%!31!
,00-1//10!()!4.1!&1,-)()*!+-%21//<!=4!(/!+%//(3&1!4%!%3/1-91!4.1/1!2.,-,241-(/4(2/!()!-10!
2%&%-/!()!$(*6-1!M<!

W1/(-10! ,)0! X2.(1910! Z%5+141)21/! [8-,)/91-/1! ,)0! V+12(;(2/\! .,91! 312%51!
(5+%-4,)4! ;%-! 4.1! 41,2.1-/! 312,6/1! %;! 4.1! ,246,&! 41)01)2:! %)! 5%01&&()*! &1,-)()*!
+-%21//!3,/10!%)!2%5+141)21/![V11!2%&65)!e!'(4.!-10!2%&%-!()!$(*6-1!M\<!

H%41! ()! $(*6-1! M! 4.1! 41,2.1-/J! 2%)21-)/! ;%-! 4.1! ,9,(&,3&1! 412.)%&%*(1/! ,)0! 4.1!
+%//(3(&(4:! ;%-! 4.1(-!/4601)4/! 4%!,221//! 4.%/1!412.)%&%*(1/! [V11!2%&65)!LS!'(4.!*-11)!
2%&%-! ()! $(*6-1! M\<! =)! +,-4(26&,->! ()! V%64.! X51-(2,)! `)(91-/(4(1/>! +1%+&1! .,91! /+12(,&!
&(5(4,4(%)/! ;%-! ,221//()*! =)41-)14c! 4.(/! (/! ,)!1A,5+&1!%;!'.:! 4.1! &%2,4(%)!%;! 4.1!6/1-!
,)0! %4.1-! ;1,46-1/! ,3%64! .(/f.1-! 2%)41A4! 312%51! /%! (5+%-4,)4<! H%4! %)&:! 4.1!
,9,(&,3(&(4:! ,)0! ,221//! 4%! 4.1! 412.)%&%*:! (/! ,)! (5+%-4,)4! (//61! ;%-! 4.1! 41,2.1-/>! 364!
,&/%!4.1!,01I6,41!6/1!%;!4.15<!=)!4.(/!/1)/1>!;1,46-1/!/62.!,/!8=Z/!i)%'&10*1>!2,+,2(4:!
%;!2%556)(2,4(%)!,-1!(5+%-4,)4!()!4.1!2%)41A4!%;!9(-46,&!&1,-)()*!1)9(-%)51)4/<!

8.1!,++1,-,)21!%;!,!/14!%;!;1,46-1/!-1&,410!4%!;6)24(%),&!&(5(4,4(%)/!%;!4.1!+1%+&1>!
/62.! ,/! 01;(2(4/! ()! 1A1264(91! ;6)24(%)/>! +.:/(2,&! &(5(4,4(%)/>! 2%*)(4(91! 0(/,3(&(4(1/! ,)0!
&1,-)()*! 0(;;(26&4(1/! (/! ,)! (5+%-4,)4! (//61<! b%91-)51)4/! ,-%6)0! %;! 4.1! '%-&0>! 4.1!
Y6-%+1,)! Z%55(//(%)>! 4.1! `HYVZC>! ,/! '1&&! ,/! 0(;;1-1)4! ()41-),4(%),&! ,//%2(,4(%)/!
.,91!2-1,410!+%&(4(2/!;%-!,00-1//()*!4.1!0(91-/(4:!%;!4.1!.65,)!31()*/>!()!+,-4(26&,->!()!
4.1!1062,4(%),&! /:/415<!8.1/1!*&%3,&! +%&(2(1/!.,91!+1-5(4410!+1%+&1!'.%!)191-!.,0!
.,0!4.1!%++%-46)(4:!4%!,221//!4.1!1062,4(%),&!/:/415!4%!,221//!4.1!/:/415!()!4.1!/,51!
2%)0(4(%)/!,/!+1%+&1!'.%!'1-1!,&-1,0:!()!4.1!/:/415<!!

X! 26-(%6/! 0,4,! ();1--10! 3:! 4.1! /460:! ',/! 4.1! (5+%-4,)21! *(91)! 3:! 4.1! V%64.@
X51-(2,)! 81,2.1-/! 4%! ;1,46-1/! /62.! ,/! +-%,24(9(4:>! &191&! %;! 2%55(451)4! ,)0!
-1/+%)/(3(&(4:!'(4.!4.1!&1,-)()*!+-%21//>!,)0!,&/%!4%!V%2(%@Z6&46-,&!Y&151)4/!,)0!V%2(,&!
V4-,4(;(2,4(%)<!Y6-%+1,)!41,2.1-/!()2&6010!()!4.1!/460:!0%!)%4!2%)/(01-!4.1/1!;1,46-1/<!
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Table 9. User and context features identifed by teachers in the explorative 
study 

 
NAME OF THE USER 

FEATURES 
DESCRIPTION 

`U$T! $(1&0!;%-5,4(%)!%;!()41-1/4! ]-%;1//(%),&!2,-11-!

`U$"! F%-?!X24(9(4:! Z6--1)4!'%-?!,24(9(4(1/!

`U$L! l%3!C++%-46)(4(1/! $646-1!,)0!+%//(3&1!'%-?!,24(9(4(1/!

`U$M! ]-19(%6/!i)%'&10*1!
Y//1)4(,&! i)%'&10*1! ,2I6(-10! ()! +-19(%6/! ;%-5,&! %-!
();%-5,&!1062,4(%),&!+-%*-,551/!

`U$O! ]1-/%),&!W,4,! b1)1-,&!0,4,!/62.!,/!),4(%),&(4:>!&,)*6,*1>!,*1>!142<!!

`U$R! D1,-)()*!V4:&1!

D1,-)()*! /4:&1! 2.,-,241-(B1! 4.1! 2%*)(4(91>! ,;;124(91! ,)0!
+.:/(%&%*(2,&! 4-,(4/! '.(2.! /1-91! ,/! -1&,4(91&:! /4,3&1!
()0(2,4%-/! ,3%64! .%'! &1,-)1-/! +1-21(91>! ()41-,24! ,)0!
-1/+%)0!()!4.1(-!&1,-)()*!1)9(-%)51)4/!NTRP<!

`U$e!

W1/(-10! ,)0! X2.(1910!
Z%5+141)21/! [8-,)/91-/1!
,)0!V+12(;(2/\!

Z%5+141)21/! ,-1! 2%5+&1A! +-%21//1/! 4.,4! +1%+&1! +64!
()4%! +&,:! ()! %-01-! 4%! /%&91! +-%3&15/! ,)0! 4%! 2,--:! %64!
,24(9(4(1/<!

`U$#! X;;124(91!H121//(4(1/!
F.(2.! 2%6&0! -1;&124! ()! 4.1! ,441)4(%)! )121//(4:! %;! 4.1!
+1%+&1!()!4.1!&1,-)()*!1)9(-%)51)4<!

`U$Q!
YA+124,4(91>! ()41-1/4/! ,)0!
5%4(9,4(%)/!

8%! 01;()1! '.:! +1%+&1! 012(01! 4%! 4,?1! ,)! 1062,4(%),&!
+-%*-,5<!

`U$TS! X9,(&,3&1!4(51! a%6-/!,9,(&,3&1!;%-!&1,-)()*<!

`U$TT!
Z%556)(2,4(91!
2%5+141)21/!

V+12(,&!4:+1/!%;!8-,)/91-/1!2%5+141)21/!-1&,410!4%!4.1!
2%556)(2,4(%)/! +-%21//! +1%+&1! )110! 4%! 015%)/4-,41!
()!/+12(;(2/!2%)41A4<!

`U$T"!
Z,+,2(4:!4%!5,),*1!9(-46,&!
4%%&/!!

D191&!%;!1A+1-4(/1!()!4.1!6/1!%;!4.(/!?()0!%;!4%%&/<!

`U$TL! 8=Z/!i)%'&10*1!
D191&! %;! 1A+1-4(/1! ()! 4.1! 6/1! %;! =);%-5,4(%)! ,)0!
Z%56)(2,4(%)!812.)%&%*:<!

`U$TM! V460:!D191&!!
812.)(2,&>!812.)%&%*(2>!`)(91-/(4:!

`U$TO! W(/,3(&(4(1/! ].:/(2,&!&(5(4,4(%)/>!Z%*)(4(91!W(/,3(&(4(1/!

`U$TR!
V?(&&/! %;! -1,0()*! ,)0!
'-(4()*!

Z,+,2(4:!4%!-1,0!%-!'-(41!()!,!/+12(;(2!&,)*6,*1<!!

`U$Te! ]-%,24(9(4:! X3(&(4:!4%!,)4(2(+,41!4.1!2.,&&1)*1/!

`U$T#!
D191&! %;! 2%55(451)4! ,)0!
-1/+%)/(3(&(4:!

=5+&(2,4(%)!%;!4.1!/4601)4!()!4.1!&1,-)()*!+-%21//!

`U$TQ! K,/(2!Z%5+141)21/! Y//1)4(,&!2%5+141)21/!)121//,-:!4%!&(91<!

`U$"S! Z-1,4(9(4:!
Z,+,2(4:! 4%! 2-1,41!)1'! (01,/!%-! 2%)21+4/! 4%! /%&91! -1,&!
+-%3&15/<!

`U$"T!
V?(&&/! %)! =);%-5,4(%)!
V1,-2.()*!]-%21//!

Z,+,2(4:!4%!%34,()!*%%0!-1/6&4/!()!/1,-2.()*!+-%21//1/<!

`U$""! X441)4(%)!D191&!
Z,+,2(4:!4%!(01)4(;:!-1&19,)4!();%-5,4(%)!()!,!+,-4(26&,-!
2%)41A4<!
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NAME OF THE USER 

FEATURES 
DESCRIPTION 

`U$"L! ]-10%5(),41!()41&&(*1)21/!! X22%-0()*!4%!4.1!U6&4(+&1!()41&&(*1)21!4.1%-:<!

`U$"M! =)41-,24(%)!.(/4%-:! E12%-0/!,3%64!4.1!6/1-!31.,9(%6-<!

`U$"O!
D191&! %;! b%%0! +1-/%),&!
-1&,4(%)/!

Z,+,2(4:!4%!1/4,3&(/.!*%%0!-1&,4(%)/.(+/<!

`U$"R!
D191&! %;! /?(&&/! %)! 41,5!
'%-?!

Z,+,2(4:!4%!'%-?!()!*-%6+/<!

`U$"e! ]1%+&1!]-1;1--10!F%-?! ]-1;1--10!0%5,()!%;!'%-?!

`U$"#! D%2,4(%)! Z6--1)4!+&,21!;%-!,221//()*!&1,-)()*!1)9(-%)51)4!

`U$"Q!
812.)%&%*:! X221//!
Z%)0(4(%)/!

D(5(4,4(%)/!;%-!,221//()*!412.)%&%*(1/!

`U$LS! 812.)%&%*:!X221//!D191&! Z,+,2(4:!%;!2%))124(%)/>!3,)0'(04.>!142<!

`U$LT! V%2(%@Z6&46-,&!Y&151)4/! ]126&(,-(4(1/!%;!4.1!6/1-p/!26&46-1!

`U$L"! V%2(,&!/4-,465! ]%+6&,4(%)!/1*51)4!()!'.(2.!4.1!6/1-!31&%)*/!

!

Figure 4 shows the importance given by the teachers to each user feature. 
 

!

Figure 4. Importance of the user and context features according to the 
teachers’ opinions in the explorative study 

!

8.1! -1&19,)21!%;! 4.1/1! ;1,46-1/! ;%-! 4.1!V%64.@X51-(2,)! 41,2.1-/! (/! -1&,410! 4%! 4.1!
26&46-1!0(91-/(4:!()!4.1!X51-(2,)!2%)4()1)4!,)0!4.1!*-%'4.!%;!/%2(,&!0(;;1-1)21/!,5%)*!
+1%+&1<!

=)!%-01-!4%!41/4!%6-!;-,51'%-?!;%-!4.1!&1,-)()*!01/(*)!*1)1-,4(%)!+-%21//!'1!.,91!
/1&12410!4'%!%;!4.1!5%/4!(5+%-4,)4!6/1-/!;1,46-1/!-1,;;(-510!;%-!4.1!41,2.1-/!()9%&910!
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()!%6-!/460:>!4.1!2%5+141)21/!,)0!4.1!6/1-! &1,-)()*!/4:&1/<!a%'191->!4.1!;-,51'%-?!
2%6&0!31!1A41)010!4%!%4.1-!6/1-/!;1,46-1/<!

3.1.2.3 Relevant characteristics of the adaptation process for adaptation 
purpose, from an exploratory study 

8.1!)1A4!+,-4!%;!4.1!1A+&%-,4%-:!/460:!',/!4.1!3-,()/4%-5()*!()!/5,&&!*-%6+/>!()!'.(2.!
4.1!+,-4(2(+,)4/!'1-1!,/?10!4%!2%551)4!,3%647!'.(2.!1&151)4/!()!4.1!9(-46,&!&1,-)()*!
+-%21//!4.1:!2%)/(01-10!(5+%-4,)4!4%!31!,00-1//10!()!4.1!,0,+4,4(%)!+-%21//!,)0!.%'!
4.1! (01)4(;(10! 6/1-/! ;1,46-1/! 2%6&0! ,;;124! 4.1! &1,-)()*! +-%21//>! ()! +,-4(26&,->! ,! /15(@
,64%5,4(2! &1,-)()*! 01/(*)! *1)1-,4(%)q! C4.1-! -1;&124(%)/! 4.,4! 151-*10! ()! 4.1! /460:!
'1-1!(;!4.1!41,2.1-/!?)1'!'.,4!&1,-)()*!01/(*)!',/>!.%'!4.1:!'%6&0!0191&%+!(4!()!4.1!
2%)41A4! %;! ,! 9(-46,&! 1)9(-%)51)4>! ,)0! (;>! ()! 4.1(-! %+()(%)>! ,)! ,64%5,4(2! 2%6-/1!
*1)1-,4(%)!()!4.1!2%)41A4!%;!,!9(-46,&!1)9(-%)51)4!',/!(5+%-4,)4<!

X/! ()! 4.1! +-19(%6/! /460:! %)1! +1-/%)! 5%01-,410! 4.1! /5,&&! *-%6+/! ,)0! ()! 4.1/1/!
*-%6+/! 4.1! 41,2.1-/! .,0! 4.1! %++%-46)(4:! 4%! &%%/1&:! 0(/26//1! ,3%64! 4.1! +-%+%/10!
I61/4(%)/! ;%-! %)1! .%6-<! 81,2.1-/J! %+()(%)/! '1-1! /+12(;(10! ()! ,! /6-91:! '.(2.! 4.1:!
01&(91-10!4%!4.1!*1)1-,&!5%01-,4%-<!

Z%)/(01-()*! 4.1! /6-91:/! 01&(91-10! 3:! 4.1! 41,2.1-/! ()9%&910! ()! %6-! /460:! '1!
(01)4(;(10!,)0! /:/415,4(B10! 41,2.1-/J! %+()(%)/!1A4-,24()*! 4.1!5,()! ;1,46-1/! 41,2.1-/!
2%)/(01-10!(5+%-4,)4!4%!4,?1!()4%!,22%6)4!()!4.1!,64%5,4(2!&1,-)()*!01/(*)!*1)1-,4(%)!
+-%21//! ;-%5! 4.1! /6-91:/<! 8.(/! 0,4,!'1-1! /+12(;(10! ()! 8,3&1! TS<! C)! 4.1! %4.1-! .,)0>!
8,3&1!TT!01/2-(31/!4.1!2%)2&6/(%)/!,3%64!4.1!(5+&(2,4(%)!%;!4.1!6/1-J/!;1,46-1/!()!4.1!
&1,-)()*!01/(*)!*1)1-,4(%)!+-%21//<!8.1/1!01/2-(+4(%)/!/6++%-4!%6-!01;()10!,0,+4,4(%)!
012(/(%)<!

!8.1!;%&&%'()*!+,-,*-,+./!01/2-(31!4.1!2%)2&6/(%)/!%;!4.(/!/460:<!

$%-! 41,2.1-/>! 01;()()*! 4.1!6/1-J/! ;1,46-1/! 4.,4! 2%6&0! 31! ,00-1//10! ()! 4.1! &1,-)()*!
+-%21//!',/!1,/:>!364!4.1!01;()(4(%)!,3%64!.%'!4.1/1!6/1-/J!;1,46-1/!/.%6&0!,;;124!4.1!
&1,-)()*!01/(*)!',/!)%4<!U,):!%;!4.15!.,0!,)!,0@.%2!01;()(4(%)!,3%64!'.,4!&1,-)()*!
01/(*)! (/>! '.,4! ,! &1,-)()*! 01/(*)! 4.1%-:! (/>! ,)0! 5%/4! 41,2.1-/! 2%)/(01-10! 4.1!
*1)1-,4(%)! %;! 4.1! ,0,+410! &1,-)()*! 01/(*)! ,! 0(;;(26&4! ,)0! )%4! 4-(9(,&! 4,/?<! a%'191->!
/%514.()*! 4.,4! ',/! 2&1,-! ;%-! 4.15! ',/! 4.,4! 4.1:! .,0! 5,):! 0(;;1-1)4! 4:+1/! %;!
-1/%6-21/!,)0!/1-9(21/!4.,4!4.1:!2%6&0!6/1!()!4.1!9(-46,&!&1,-)()*!+-%21//<!

X)!(5+%-4,)4!2%)2&6/(%)!;-%5!4.1!41,2.1-/!(/!4.,4!4.1!+-%+%/,&!%;!,!/15(@,64%5,4(2!
&1,-)()*!01/(*)!()!,!9(-46,&!&1,-)()*!1)9(-%)51)4>!()!+,-4(26&,->!4.1!-164(&(B,4(%)!%;!4.1!
0(/4-(36410! &1,-)()*! -1/%6-21/! ',/! ,! *%%0! (01,<! 8.1:! .(*.&(*.410! 4.,4! -16/()*! 4.1!
1;;%-4! %;! 5,):! 41,2.1-/! ,-%6)0! 4.1! '%-&0! 2%6&0! /6++%-4! 0(;;1-1)4! 41,2.1-! 4,/?/>!
,5%)*!4.15>!4.1!&1,-)()*!01/(*)!*1)1-,4(%)!+-%21//>!-1062()*!4.1!)121//,-:!4(51!;%-!
/1,-2.()*! %-! 2%)/4-624()*! ,01I6,41! 2%5+&1A! &1,-)()*! %3G124/! ;%-! 4.1(-! 2%6-/1/! ()! ,!
5,)6,&!',:<!!
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Table 10. Features to take into account in the automatic learning design 
generation 

LEARNING PROCESS ELEMENTS DESCRIPTION 
D1,-)()*!5%0,&(4:!! 8-,0(4(%),&!$,21@4%@$,21>!K&1)010!D1,-)()*!

%-!8%4,&&:!m(-46,&!

D191&!%;!2%5+&1A(4:!%;!4.1!2%6-/1! E1&,410! '(4.! 4.1! )6531-! %;! /63G124/!
,//%2(,410!4%!4.1!2%6-/1<!

Y062,4(91!2-10(4!01;()(4(%)! V2,&1! 4%! 51,/6-1! ,)0! /.,-1! 4.1! 6)(4/! %;!
4.1!26--(26&65<!

Z%5+141)21!01;()(4(%)/! ]6-+%/1/!%;!4.1!&1,-)()*!+-%21//<!

W1/(*)!%;!2%)41)4@,24(%)!,)0!,//1//51)4!,24(9(4(1/!
2%)/(01-()*! 4.1! )121//,-:! 4(51! 4%! /+1)0! ()!
+1-;%-5()*!4.1!,24(9(4(1/<!

Z%)41)4! (4/1&;! ;%-! 0191&%+()*! %-! ,//1//()*!
4.1!&1,-)()*!+-%21//<!

W(;;1-1)4!D1,-)()*!%3G124/!4:+1!,)0!4.1(-!.(1-,-2.:!
%-*,)(B,4(%)!

Z6--(26&65!/1I61)2()*!

V4-1)*4.1)()*!,)0!011+1)()*!,24(9(4(1/! X24(9(4(1/! 4%! /4-1)*4.1)! ,)0! 011+1)!
&1,-)()*!

X24(9(4(1/!4%!()2-1,/1!()01+1)01)4!&1,-)()*! X24(9(4(1/! 4%! ()2-1,/1! ,64%)%5%6/!
&1,-)()*<!

Z%)/(01-!4.1!)121//,-:!3(3&(%*-,+.:! K(3&(%*-,+.:!V124(%)!,/!,!-1/%6-21!

Z%)/(01-!U%4(9,4(%),&!X24(9(4(1/! 8%!()2-1,/1!4.1!()41-1/4!%;!4.1!6/1-!;%-!4.1!
&1,-)()*!+-%21//!

81,5'%-?!,24(9(4(1/! b-%6+!,24(9(4(1/!

Z%556)(2,4(91!,24(9(4(1/! ],-4(2(+,4(91>! 2%&&,3%-,4(91! ,)0!
2%%+1-,4(91!&1,-)()*!,24(9(4(1/<!

!

!
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Table 11. Implication of the users features in the learning design 
generation 

USER FEATURE IMPLICATION IN THE LEARNING DESIGN 
3*%4."5(+6'"72%8/%+ E10621! 4.1!/+,21!%;! &1,-)()*!%3G124/!,22%-0()*! 4%!,!

/+12(;(2!4,A%)%5:!%;!?)%'&10*1<!

9"#$%&%'!%+,%4%2+ W1;()1! &1,-)()*! -1/%6-21/! ,22%-0()*! 4%! 4.1! /+12(;(2!
6/1-! 2%5+141)21! &191&! 4,?1)! ()4%! ,22%6)4! 4.1!
:'"72%8/%+8"#-.'<!

V4601)4!U%4(9,4(%)! =)/1-4(%)! %;! 5%4(9,4(%),&! ,24(9(4(1/! %-! 6/1! %;! /%51!
/4-,41*:!4%!(5+-%91!4.1!5%4(9,4(%)!&191&<!

X9,(&,3&1!4(51! Z%6&0! .1&+! 4%! 01;()1! 4.1! 2.,-,241-! %;! 4.1! &1,-)()*!
,24(9(4(1/>! (4! 51,)/! (;! 4.1! /4601)4! .,/! &(44&1! 4(51!
,24(9(4(1/!/.%6&0!31!/.%-41-!,)0!;-,*51)410<!

X441)4(%)!&191&! $%-! +1%+&1! '(4.! &%'! &191&! %;! ,441)4(%)! 2%6&0! 31!
()41-1/4()*! 4%! .(*.&(*.4! 4.1!5%/4! (5+%-4,)4! 2%)41)4!
,)0!,24(9(4(1/<!

812.)(2,&!&191&!%;!6/1!%;!4.1!8=Z/! ]-%+%/1!,00(4(%),&!,24(9(4(1/! 4%! (5+-%91! 4.1! &191&!%;!
,01I6,41!6/1!%;! 4.1! 8=Z/! ;%-! +1%+&1!'(4.! &%'! &191&<!
C;;1-!-12%551)0,4(%)/!,3%64!4.1!6/1!%;!4.1!8=Z/<!

X221//!4%!5%3(&1!019(21/! YA+&%(4!4.1!5%3(&(4:!%;!4.1/1!019(21/!

,%-*'.'/+0&12%+ X0G6/4!&1,-)()*!2%)41)4!,22%-0()*!4%!4.1!+-1;1-1)21/!
%;! 4.1! 6/1->! ;%-! 1A,5+&1>! 4.1! ;%-5! 4%! 0(/+&,:! 4.1!
2%)41)4!%-!4.1!&1,-)()*!%3G124!4:+1<!

]-19(%6/!h6,&(;(2,4(%)/! X)4(2(+,41!;646-1!0(;;(26&4(1/!%-!/4-1)*4./<!

Z%556)(2,4(91!2%5+141)21! W1;()1! 4.1! ()41)/(4:! ,)0! 4.1! ;%-5! %;! 6/1! %;!
/:)2.-%)%6/! ,)0! ,/:)2.-%)%6/! 2%556)(2,4(%)!
4%%&/<!

!

X00(4(%),&&:>! '1! ,/?10! 41,2.1-/! ,3%64! 4.1! ?)%'&10*1! 4.1:! 5,:! .,91! %)!
/4,)0,-0(B10! &1,-)()*! 01/(*)! *1)1-,4(%)<! 8.1)>! '1! +-1/1)4! 41,2.1-/! 4.1! 5%/4!
(5+%-4,)4!;1,46-1/!%;!4.1!=UV!D1,-)()*!W1/(*)!V+12(;(2,4(%)!,)0!,/?10!4.15!,3%64!4.1!
1A+-1//(9(4:!%;!4.1!/+12(;(2,4(%)!5%01&!4%!4.1!&1,-)()*!01/(*)!+-%21//!1&151)4/<!$(*6-1!
O!/.%'/!4.1!%34,()10!-1/6&4/<!

!
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Figure 5. Teachers experience on IMS Learning Design Specification 
!

C6-! /460:! ,&&%'10!6/! 4%! 2%)2&601! 4.,4! 41,2.1-/! ()9%&910!'1-1! 2%5+&141&:! ,*-110!
'(4.! 4.1! =UV! D1,-)()*!01/(*)!1A+-1//(9(4:!6)01-/4%%0! (4! ,/! 4.1! /+12(;(2,4(%)! 2,+,2(4:!
;%-!-1+-1/1)4()*!4.1(-!)121//(4(1/!;%-!0191&%+()*!,!&1,-)()*!01/(*)<!!
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3.2.  FRAMEWORK FOR SEMI-AUTOMATIC LEARNING DESIGN 
GENERATION 

3.2.1 Description 

=)! %6-! -1/1,-2.>!'1! .,91! 311)!'%-?()*! %)! ,&&19(,4()*! 4.1!'%-?&%,0! ;%-! 01/(*)1-/! %;!
,0,+4(91! 2%6-/1/! %)! 4.1! 2%5+&1A(4:! ()9%&910! ()! ,64.%-()*! ,0,+4(91! &1,-)()*! 01/(*)/!
,0G6/410! 4%! /4601)4J/! 2.,-,241-(/4(2/>! ()! +,-4(26&,->! 2%5+141)21! &191&/! ,)0! &1,-)()*!
/4:&1<! C6-! ,(5! (/! 4%! %;;1-! *&%3,&! ,)0! 1A41)/(3&1! /%&64(%)/! 4.,4! 2,)! ()41-%+1-,41!'(4.!
1A(/4()*! DUV! ,)0! ;,2(&(4,41! 4.1! -16/,3(&(4:! %;! &1,-)()*! -1/%6-21/<! =)! %-01-! 4%! /6++%-4!
()41-@%+1-,3(&(4:! %;! 4.1! 6/1-! 5%01&&()*! ,)0! ,0,+4,4(%)>! ,)! ()41)/(91! 6/1! %;! &1,-)()*!
/+12(;(2,4(%)/!,)0!/4,)0,-0/!(/!+1-;%-510<!$(*6-1!R!/.%'/!4.1!*1)1-,&!1&151)4/!%;!%6-!
;-,51'%-?!%;!*1)1-,4(%)!,/!'1&&!,/!0(;;1-1)4!412.)%&%*(1/!,)0!/4,)0,-0/!&()?10<!

$%-! 41/4()*! /21),-(%/>!'1!2%)/(01-10! 4'%!/+12(;(2!6/1-! 2.,-,241-(/4(2/! [(<1<! &1,-)()*!
/4:&1!,)0!2%5+141)21/\!,/!',/!()0(2,410!()!4.1!5%4(9,4(%)<!F1!.,91!,&/%!,),&:/10!4.1!
+%//(3(&(4:! %;! 2%)/(01-()*! 6/1-! 2%)41A4! [(<1<! 019(21! 2,+,3(&(4(1/! ,)0! /(46,4(%)! ()! 4.1!
2%6-/1\!,/!,!0141-5(),)4!%;!,0,+4,4(%)!NQQP!,/!'1&&!,/!%4.1-!6/1-J/!;1,46-1/!NTSSP!364!
4%!/(5+&(;:!4.1!/21),-(%/!+-1/1)410!()!4.(/!0(//1-4,4(%)!'1!0(0!)%4!2%91-!4.,4!(//61<!8.1!
5,()!1&151)4/!()!4.1!;-,51'%-?!,-17!

• E2<?#,#'8#! "#>%'%,%2'! )2:#4! +1-5(4/! 4%! 01;()1! /+12(;(2! ,)0! *1)1-(2!
2%5+141)21/<! YA+%-410! 4%! ,)! ()41-%+1-,3&1! A5&! ;(&1>! ()! +,-4(26&,->! ,0G6/410! 4%!
4.1! EWZYC! NeTP! /2.15,>! 2%5+141)21! 01;()(4(%)! (/! ,)! (5+%-4,)4! ()+64! %;!
&1,-)()*! 01/(*)! *1)1-,4(%)! +-%21//<! Z%5+141)21! W1;()(4(%)! /+12(;(1/!
,++-%+-(,41! +1-;%-5,)21/>! (<1<! 4.1! 1A1264(%)! %-! ,22%5+&(/.51)4! %;! &1,-)()*!
%3G124(91/!4.,4!/.%6&0!31!015%)/4-,410!3:!4.1!/4601)4!()!,!/+12(;(2!2%)41A4<!F1!
2%)/(01-! 4'%! 0(;;1-1)4! 4:+1/! %;! 2%5+141)21/7! T\! *1)1-(2! %-! 4-,)/91-/,&!
2%5+141)21/! ,)0! "\! /+12(;(2! 2%5+141)21/! NQ"P<! b1)1-(2! 2%5+141)21/! ,;;124!
9,-(%6/! ;(1&0/! ,)0! ,-1! 4-,)/;1-,3&1! 4%! ,! 56&4(4601! %;! ;6)24(%)/! %-! 4-,()()*!
+-%*-,5/<! 8.1:! ,-1! ;%26/10! %)! 4.1! ^4%! 31r<! X! /+12(,&! 4:+1! %;! *1)1-(2!
2%5+141)21/! ,-1! 4.1! 2%&&,3%-,4(91! 2%5+141)21/<! 8.1:! ,&&%'! ,! *-%6+! %;!
()0(9(06,&/!4%!2,--:!%64!,!G%3!,/!4.1!-1/6&4!%;!G%()4!1;;%-4!,)0!2%.1/(%)!4%',-0/!
,2.(19()*!,!2%55%)!*%,&<!C)!4.1!%4.1-!.,)0>!/+12(;(2!2%5+141)21/!,-1!0(-124&:!
-1&,410!4%!,!/+12(;(2!%226+,4(%)!,)0!,-1!;%26/10!%)!4.1!r?)%'r!,)0!r0%_<!8.1!
()0(9(06,&!2%5+141)21/!,-1!,!+,-4(26&,-!4:+1!%;!/+12(;(2!2%5+141)21/<!X&4.%6*.!
4.1!01;()(4(%)!%;!*1)1-(2!2%5+141)21/! (/!/6++%-410! ()!%6-!'%-?>!%6-!+-%+%/10!
;-,51'%-?!5,()&:!01,&/!'(4.!/+12(;(2!2%5+141)21/<!

• 71#! %'%,%*4! ;$#(! )2:#4! "#>%'%,%2'! ;(A1/! 4.1! ()(4(,&! /4,41! %;! 4.1! 6/1-! 5%01&!
9,-(,3&1/<!8.(/!+-%21//!2%6&0!31!0191&%+10!3:!4.1!41,2.1-!4.-%6*.!4.1!1A+&(2(4!
()4-%0624(%)! %;! 4.1! 9,&61/! %;! 4.1! 9,-(,3&1/>! 3:! 4.1! /4601)4! 6/()*! /+12(;(2!
+/:2.%514-(2/! 4%%&/>! %-! *1)1-,410! ,64%5,4(2,&&:<! 8.1! 6/1-! 5%01&! /.%6&0! 31!
/4%-10! ()! ,)! ()41-%+1-,3&1! A5&! ;(&1>! ()! +,-4(26&,->! ,0G6/410! 4%! 4.1! D=]! NTSTP!
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/2.15,! ,)0! 4.1! 5%01&! 31()*! ,)! (5+%-4,)4! ()+64! 4%! 4.1! &1,-)()*! 01/(*)!
*1)1-,4(%)!+-%21//<!

!

!

Figure 6. Learning Design Generation Framework 
!

!

• 71#! B28*4! B#*('%'&! J6O#8,$! *':! /8,%@%,P! )#,*:*,*! "#>%'%,%2'! (/! ,)! (5+%-4,)4!
()+64!312,6/1!4.1!();%-5,4(%)!%)!4.1!&1,-)()*!%3G124/!514,0,4,!(/!1//1)4(,&!;%-!
4.1! *1)1-,4(%)! +-%21//<! 8.(/! +-%21//! (/! -1;1--10! 4%! 4.1! &,31&&()*! +-%21//!
0191&%+10!3:!41,2.1-/!%)!4.1(-!&1,-)()*!%3G124/![()41-),&!%3G124/\<!8.(/!+-%21//!
2%6&0! 31! +1-;%-510!5,)6,&&:! 3:! 41,2.1-/! %-! /6++%-410! ,64%5,4(2,&&:<! =)! 4.(/!
0(//1-4,4(%)>!'1!2%)/(01-! 4.(/! ();%-5,4(%)!,9,(&,3&1!,&4.%6*.!'1!*(91! 41,2.1-/!
/%51!(5+&151)4,4(%)/!,/!,!/6++%-4<!

• 71#! E2',#Q,0*4%R#:! B#*('%'&! J6O#8,$! D#*(81%'&! *':! 52$%,%2'%'&! 5(28#$$! (/! ,!
512.,)(/5!4%!+-%5%41!,!-16/1@%-(1)410!,++-%,2.<!8.(/!+-%21//!(/!/6++%-410!3:!
,*1)4/J! 412.)%&%*(1/! ,)0! (4/! 5,()! +6-+%/1! (/! 4%! 2%)/(01-! 1A41-),&! &1,-)()*!
%3G124/!)%4!0191&%+10!3:!4.1!41,2.1-/>!'.(2.!2%6&0!31!6/10!;%-!%6-!/%&64(%)!,/!
()+64/!()!4.1!&1,-)()*!01/(*)!*1)1-,4(%)!+-%21//<!F1!+-%+%/1!4.1!,),&:/(/!%;!4.1!
&1,-)()*! %3G124/! 514,0,4,! 2%)/(01-()*! 0(/,53(*6,4(%)! 412.)(I61/! ()! %-01-! 4%!
1/4,3&(/.! 4.1! &1,-)()*! %3G124/! -1&19,)21! ;%-! ,! /+12(;(2! 5(2-%@2%)41A4! ()! ,!
&1,-)()*!01/(*)<!!
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• "#$%&'#(S!D#<%!T/0,2<*,%8!D,*':*(:%R#:!B#*('%'&!"#$%&'!M#'#(*,%2'!5(28#$$!(/!
()!2.,-*1!%;!01/(*)()*!,0,+410!41,2.()*@&1,-)()*!1A+1-(1)21/![(<1<!4.1!2-1,4(%)!
%;!,0,+4(91!&1,-)()*!+,4./\>!4.-%6*.!4.1!,++&(2,4(%)!%;!4.1!0(0,24(2,&!412.)(I61/!
4.,4!6/1!0,4,!;-%5!4.1!5%01&/!,)0!()+64/!+-1/1)410!31;%-1!()!%-01-!4%!%34,()!,!
;&1A(3&1! 01/(*)<! 8.1! *1)1-,410! 01/(*)! 2%6&0! 31! 0(/+&,:10! ,)0! 6+0,410! &,41-!
,22%-0()*! 4%! 4.1! +1-;%-5,)21! %;! 4.1! /4601)4! 2,+46-10! 4.-%6*.! 4.1! 6/1-!
5%01&&()*!+-%21//<!=)!%-01-!4%!/6++%-4!()41-@%+1-,3(&(4:>!4.1!*1)1-,410!&1,-)()*!
01/(*)!(/!,0G6/410!4%!4.1!=UV@DW!NRP!/2.15,!;%-!&,31&!K!%;!4.(/!/+12(;(2,4(%)<!=UV@
DW!D191&!K!+1-5(4/!4%!(5+&151)4!4.1!01;()10!,0,+4,4(%)!3,/10!%)!2%5+141)21!
,)0!&1,-)()*!/4:&1/<!

• 71#! B#*('%'&!"#$%&'!"%$?4*P!*':!;?:*,%'&!5(28#$$! (/! 4.1!+-%21//! ()! 2.,-*1!%;!
5,()4,()()*!&1,-)()*!01/(*)!1A1264(%)!,22%-0()*!4%!4.1!/4,41!%;!4.1!6/1-!5%01&<!
8.(/!+-%21//! ()!+,-4(26&,-!6+0,41/! 4.1! &%2,&!+1-/%),&!+-%+1-4(1/!01;()10! ()! 4.1!
&1,-)()*!01/(*)>!'.(2.!5,+/! 4.1! /4,41!%;! 4.1!6/1-! 2%)/(01-10! ;1,46-1/! ;%-! 4.1!
+,-4(26&,-!/21),-(%/!2%)/(01-10!()!4.(/!0(//1-4,4(%)<!

• =)!4.1!;$#(!)2:#44%'&!?(28#$$>!'.%/1!+6-+%/1!(/!4%!2-1,41!,)0!5,()4,()!,)!6+@
4%@0,41!6/1-!5%01&>!,)!,0,+4(91!/:/415!2%&&124/!0,4,! ;%-! 4.1!6/1-!5%01&! ;-%5!
9,-(%6/! /%6-21/! 4.,4! 5,:! ()2&601! (5+&(2(4&:! %3/1-9()*! 6/1-! ()41-,24(%)! ,)0!
1A+&(2(4&:! -1I61/4()*! 0(-124! ()+64! ;-%5! 4.1! 6/1-<! =)! +,-4(26&,->! ,/! ()4-%06210!
31;%-1>! '1! 2%)/(01-! ;%-! 19,&6,4(%)! /21),-(%/! 4'%! 6/1-J/! ;1,46-1/! [/+12(;(2!
2%5+141)21/! ,)0! &1,-)()*! /4:&1\<! 8'%! +,-4(26&,-! 6/1-! 5%01&&()*! +-%21//! ,-1!
+-%+%/10!()!%-01-!4%!5,()4,()!4.1!5%01&!4.-%6*.!4.1!&1,-)()*!01/(*)!1A1264(%)!
4(51c!4.(/!5%01&&()*!+-%21//!(/!01/2-(310!()!2.,+41-!M<!!

F1!+-%+%/1!4%!,00-1//! 4.1!+1-/%),&(B,4(%)!+-%21//! ;-%5!4'%!+1-/+124(91/7!01/(*)!
4(51! ['.1)! 4.1! 2%6-/1! (/! 2-1,410! ,)0! 2%5+%/10! ()! 4.1! DUV\! ,)0! -6)! 4(51! ['.1)!
&1,-)1-/!,-1! &1,-)()*! ()! 4.1!2%6-/1\<! $(*6-1!e! /.%'/!,! /1I61)21!0(,*-,5!'.1-1!3%4.!
+1-/+124(91/!,-1!01/2-(310<!
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Figure 7. Sequence Diagram to present Design and Execution Time 
!

X4! 4.1! 01/(*)! 4(51>! 4.1! )121//,-:! ();%-5,4(%)! ;%-! 4.1! W1/(*)1-! (/! 0191&%+10! ,)0!
2%)/4-62410<! `/()*! 0(;;1-1)4! ,64.%-()*! 4%%&/>! 4.1! 41,2.1-/! 01;()1! 4.1! 2%5+141)21/c!
4.1:! 01;()1! &1,-)()*! %3G124/! ,)0! /1-9(21/>! ,/! '1&&! ,/! 4.1(-! 514,0,4,<! C)! 4.1! %4.1-!
.,)0>! /4601)4/! ,-1! ,/?10! 4%! ,++&:! /%51! +/:2.%514-(2! 4%%&/! [(<1<! &1,-)()*! /4:&1!
I61/4(%)),(-1\>! ,)0! '(4.! 4.(/! ();%-5,4(%)! 4.1! =)(4(,&! `/1-! U%01&! W1;()(4(%)! (/!
+1-;%-510<!8.(/!();%-5,4(%)!(/!4.1!()+64!;%-!W1/(*)1-!4%!*1)1-,41!4.1!,0,+410!=UV@DW<!!

X4!4.1!1A1264(%)!4(51>!4.1!*1)1-,410!&1,-)()*!01/(*)!(/!0(/+&,:10!()!4.1!DUV!,)0!4.1!
6/1-!31.,9(%6-! (/!5%)(4%-10<!8.1!,),&:/(/!%;!6/1-!31.,9(%6-/!+1-5(4/!4%!-101;()1!4.1!
6/1-J/!5%01&<!8.(/!0:),5(2!();%-5,4(%)!(/!6/10!()!4'%!',:/7![T\!4%!6+0,41!4.1!&1,-)()*!
01/(*)! +-%+1-4(1/! ,)0>! 4.1-1;%-1>! 4%! +-%9(01! 6/1-/! '(4.! ,! 2%6-/1! 4.,4! (/! *1)1-,410!
3,/10! %)! 4.1(-! 5%/4! -121)4&:! (01)4(;(10! ;1,46-1/! /4,41! [(<1<! &1,-)()*! /4:&1/! %-!
2%5+141)21/! &191&\>! ,)0! ["\! 4%! 6+0,41! 4.1! ()+64! 4%! 4.1! ,0,+4,4(%)! 012(/(%)!514.%0!
[(<1<!4-,()()*!/14!;%-!4.1!2&,//(;(2,4(%)!4,/?!;%-!&1,-)()*!01/(*)!,0,+4,4(%)!+-%21//\<!K%4.!
%;!4.1/1!6+0,4()*!+-%21//1/!,-1!4-(**1-10!3,/10!%)!1A1264(%)!+,-,5141-/!+-%9(010!3:!
41,2.1-/!%-!4.1!DUV!,05()(/4-,4%-<!

=)!4.1!)1A4!2.,+41-/!'1!'(&&!1A+,)0!4.1!01/2-(+4(%)!%;!4.-11!+-%21//1/!'.(2.!,-1!4.1!
5,()!1&151)4/! ()!%6-!;-,51'%-?7!4.1!6/1-!5%01&&()*!+-%21//!3,/10!%)! &1,-)()*!/4:&1!
,)0!2%5+141)21/>!4.1!&1,-)()*!01/(*)!*1)1-,4(%)!+-%21//!,)0!4.1!4.1!Z%)41A46,&(B10!
D1,-)()*! C3G124/! V1,-2.()*! ,)0! ]%/(4(%)()*! ]-%21//<! 8.1/1! +-%21//1/! ()9%&910! 4.1!
%4.1-/!51)4(%)10!()!4.1!;-,51'%-?<!

C)!4.1!%4.1-!.,)0!'1!2%)/(01-!(5+%-4,)4!4%!*(91!,)!%91-9(1'!,3%64!4.1!19,&6,4(%)!
+-%21//! 6/10! 4%! 9,&(0,41! %6-! ;-,51'%-?<! Y9,&6,4(%)! +-%21//! 2&,-(;(1/! 4.1! -1/1,-2.!
I61/4(%)/!()9%&910!()!%6-!/460:<!H1A4!/124(%)!014,(&/!4.1!+-%+%/10!+-%21//<!
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3.2.2 Overview of the evaluation for the learning design generation 
framework 

3.2.2.1 Layered Evaluation 

X22%-0()*!4%!NTS"P>!;%-!,)!,0,+4(91!/:/415!19,&6,4(%)!4'%!&,:1-/!/.%6&0!31!2%)/(01-10!
()!%-01-! 4%! 41/4! ,&&! 4.1!1&151)4/!%;! 4.1!,0,+4(91! /:/4157!71#! L',#(*8,%2'!/$$#$$<#',!
B*P#(!,)0!4.1!71#!/:*?,*,%2'!:#8%$%2'!<*+%'&!4*P#(C!

=)! 71#! L',#(*8,%2'! /$$#$$<#',! B*P#(! 4.1! I61/4(%)! 4%! 31! ,)/'1-10! (/7! ,-1! 4.1!
2%)2&6/(%)/!0-,')!3:!4.1!/:/415!2%)21-)()*!4.1!2.,-,241-(/4(2/!%;!4.1!6/1-@2%5+641-!
()41-,24(%)!9,&(0q!C-!,-1! 4.1!6/1-J/! ;1,46-1/!/6221//;6&&:!01412410!3:! 4.1!/:/415!,)0!
/4%-10! ()! 4.1! 6/1-! 5%01&q<! 8.1! %3G124/! %;! 4.1! 19,&6,4(%)/! ()! 4.(/! &,:1-! ()2&601! 4.1!
2%&&124(%)! %;! 4.1! 6/1-! 0,4,! ;%-! ,),&:/(/! ,)0! 4.1! 6/1-! 5%01&! *1)1-,4(%)<! ! 8.(/! &,:1-!
2%)/(01-/! 4.1! 9,&(0,4(%)! %;! 4.1! ;%&&%'()*! (//61/! ()! 4.1! 6/1-! 5%01&7! T\!
2%5+-1.1)/(91)1//! %;! 4.1! 5%01&>! "\! -106)0,)2:! %;! 4.1! 5%01&>! L\! +-12(/(%)! %;! 4.1!
5%01&!,)0!M\!/1)/(4(9(4:!%;!4.1!5%01&&()*!+-%21//!NTSLP<!

=)!71#!/:*?,*,%2'!"#8%$%2'!)*+%'&! B*P#(! 4.1!I61/4(%)! 4%!31!,)/'1-10! (/7!*(#! ,1#!
*:*?,*,%2'! :#8%$%2'$! @*4%:! *':!<#*'%'&>04! >2(! ,1#! $#4#8,#:! *$$#$$<#',! (#$04,$U! 8.(/!
19,&6,41/! 4.1! (5+,24! %;! 4.1! ,0,+4,4(%)! +-%21//! ()! 4.1! /+12(;(2! 0%5,()! %;! 4.1!
,++&(2,4(%)/<! 8.1! %3G124/! %;! 19,&6,4(%)/! ()! 4.(/! &,:1-! ,-1! T\! 4.1! ,0,+4,4(%)! 012(/(%)!
+-%21//>!"\!4.1!,++&(2,4(%)!%;!4.1!012(/(%)!4,?1)>!,)0!L\!4.1!(5+,24!%;!4.1!,0,+4,4(%)<!

=)! %6-! 2,/1>!71#! L',#(*8,%2'!/$$#$$<#',! B*P#(! 3,/(2,&&:! ()2&601/! 4.1! 19,&6,4(%)! %;!
4.1! 6/1-! 5%01&&()*! +-%21//! 3,/10! %)! &1,-)()*! /4:&1<! X&4.%6*.! '1! ()4-%0621! ()! 4.(/!
0(//1-4,4(%)! ,! +,-4(26&,-! *1)1-,4(%)! +-%21//! 3,/10! %)! 2%5+141)21/! &191&/! %6-! 5,()!
2%)4-(364(%)! ()! 6/1-! 5%01&&()*! -1/1,-2.! &()1! (/! 4.1! 0:),5(2! 01;()(4(%)! %;! 4.1! 6/1-!
&1,-)()*!/4:&1!%91-!4.1!4(51<!8.1!+-%+%/10!/21),-(%!;%-!4.(/!19,&6,4(%)!(/!01/2-(310!()!
8,3&1!T"<!!

C)!4.1!%4.1-!.,)0>!71#!/:*?,*,%2'!"#8%$%2'!)*+%'&!B*P#-! ()2&601/!4.1!19,&6,4(%)!
/21),-(%/!%;!4.1!0(;;1-1)4!,0,+4(91!,)0!/4,)0,-0(B10!&1,-)()*!01/(*)/<!=)!4.(/!&,:1->!4.1!
&1,-)()*!01/(*)!*1)1-,4(%)!+-%21//!,)0!4.1!Z%)41A46,&(B10! &1,-)()*!%3G124/!/1,-2.()*!
,)0!+%/(4(%)()*!+-%21//!,-1!19,&6,410<!8.1!01/2-(+4(%)!%;!4.1/1!19,&6,4(%)!/21),-(%/!(/!
+-1/1)410!()!8,3&1!TL!,)0!8,3&1!TM<!

Y9,&6,4(%)!412.)(I61/!,-1!0(;;1-1)4!;%-!1,2.!&,:1-!,)0!4.1:!'1-1!01;()10!,22%-0()*!
4%! 4.1! ),46-1! %;! 1,2.! /%&64(%)<! 8.1/1! 412.)(I61/! ,-1! 1A+&,()10! ()! 014,(&! ()! 4.1!
51)4(%)10!4,3&1/<!

X00(4(%),&! 4%! 4.1! &,:1-/! 2%)/(01-10! ()! NTS"P!'1! .,91! ()4-%0621! ,! 4.(-0! (5+%-4,)4!
&,:1-!4%!4.1!19,&6,4(%)!+-%21//>!;$#(!$*,%$>*8,%2'!#@*40*,%2'!4*P#(<!C6-!5,()!%3G124(91!
()!4.(/!19,&6,4(%)!&,:1-!',/!4%!0191&%+!,!I6,&(4,4(91!/460:>!'.(2.!+1-5(4!6/!4%!,2.(191!
,!31441-!6)01-/4,)0()*!%;!+%41)4(,&!%++%-46)(4(1/!;%-!(5+-%9()*!%6-!,++-%,2.!,)0!.%'!
4%! /6++%-4! 4.(/! 4,/?! ()! ,!31441-!',:<! 8.1!6/10! /4-,41*:!',/! 4%!0191&%+! 2,/1! /460(1/>!
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'.(2.!+1-5(410!6/!4%!2%)21)4-,41!()!,!+,-4(26&,-!/(46,4(%)<!8.1!,),&:/(/!',/!3,/10!%)!
()41-9(1'/! '(4.! 41,2.1-/>! 2,/1! /460(1/! ()! '.(2.! 4.1! ,++&(2,4(%)! %;! ,! b,+! U%01&!
()/4-651)4! NTSMP>! NTSOP! ;%-! /,4(/;,24(%)! 19,&6,4(%)! ',/! +1-;%-510<! 8.1! b,+! U%01&!
,&&%'10! 6/! 4%! 2,+46-1! 4.1! 0(;;1-1)21! 314'11)! 4.1! 41,2.1-/J! 1A+124,4(%)/! ,)0! 4.1!
/,4(/;,24(%)!4.,4!4.1:!-1,&&:!%34,()10!;-%5!4.1!%;;1-10!/1-9(21<!

!

Table 12. User modelling evaluation scenario 
FIRST SCENARIO: USER MODELLING EVALUATION SCENARIO 

OBJETIVES 8%! 91-(;:! 4.1! +-%+%/10! 6/1-! 5%01&&()*! +-%21//! 3,/10! %)! &1,-)()*! /4:&1!
();1-/!4.1!6/1-/J!&1,-)()*!/4:&1!()!,!-1,/%),3&1!',:<!

ACTOR V4601)4/>! '.%! '(&&! /460:! ;-11&:! '(4.! 4.1! &1,-)()*! %3G124/! ,)0! &1,-)()*!
,24(9(4(1/!%;!4.1!2%6-/1!'(4.%64!,0,+4,4(%)/<!

8.1!41,2.1->!'.%!*1)1-,41/! 4.1! &1,-)()*!01/(*)!,)0>!'.%! ()!+1-/%)>!'(&&!
*(91! ,! 3-(1;! 9(-46,&! ()4-%0624(%)! 4%! 4.1! /4601)4/! ,3%64! 4.1! 4%+(2/! %;! 4.1!
2%6-/1<!!

RESOURCES D1,-)()*!U,),*151)4! V:/415! [0%4DEH\!'(4.! /4,)0,-0! +,2?,*1/! 4%! %;;1-!
/4601)4/!,!&1,-)()*!+-%21//<!

D1,-)()*!E1/%6-21/!,)0!D1,-)()*!X24(9(4(1/!,22%-0()*!4%!4.1!+-%+%/10!6/1-!
5%01&&()*!+-%21//!3,/10!%)!&1,-)()*!/4:&1<!

DESCRIPTION =)!4.(/!/21),-(%!4.1!()9%&910!&,:1-!(/!4.1!=)41-,24(%)!X//1//51)4!D,:1-<!

X!2%6-/1!%;!%3G124!C-(1)410!]-%*-,55()*!(/!+-%+%/10!4%!4.1!/4601)4/<!!

8.1!41,2.1->!,22%-0()*!4%!4.1!2%5+141)21!4%!31!,2.(1910!3:!4.1!/4601)4/>!
+-1+,-1/! 4.1!2%6-/1! /4-6246-1<!8.1!2%6-/1!2%6)4/!'(4.!0(;;1-1)4! &1,-)()*!
%3G124/! 4:+1/!,)0!,24(9(4(1/! 4%!,00-1//!1,2.! 2%5+141)21!01;()10! ;%-! 4.1!
2%6-/1<! D1,-)()*! %3G124/! ,-1! )%4! %-01-10>! 4.1! %-01-! %;;1-10! 0%! )%4!
2%)/(01-!4.1!+-1;1-1)21!%;!4.1!/4601)4/!;%-!4.1!&1,-)()*!%3G124/!4:+1/c!4.1!
/4601)4! ;-11&:! /1&124/! 4.1! &1,-)()*! %3G124/! 4.,4! .1f/.1! 2%)/(01-/!
(5+%-4,)4!,)0!,01I6,41!;%-!.(/f.1-!&1,-)()*!+-%21//<!

X4!4.1!31*())()*!%;!4.1!2%6-/1!4.1!/4601)4!+-1/1)4/!4.1!=DV!81/4<!

8.-%6*.! ,! 4-,2?()*! /1-9(21>! 0,4,! %;! 4.1! /4601)4! 31.,9(%6-! ()! 4.1! 2%6-/1!
,-1!,),&:/10!,22%-0()*!4%!4.1!+-%+%/10!5%01&<!

8.1!+-1;1-1)21/!(01)4(;(10!3:!4.1!=DV!41/4!-1/6&4/!,-1!2%5+,-10!'(4.!4.%/1!
+-%9(010!3:!4.1!+-%+%/10!6/1-!5%01&&()*!+-%21//<!

C)!4.1!%4.1-!.,)0>!4%!91-(;:!4.1!6/1-!5%01&&()*!+-%21//!3,/10!%)!4.1!&191&!
%;! 2%5+141)21! ;,2(&(4,41/! 4.1! ,24(9(4(1/! %;! 4.1! /4601)4! ()! 4.1! 9(-46,&!
1)9(-%)51)4>!,!+,-4(26&,-!/6-91:!(/!,++&(10!4%!3%4.!41,2.1-/!,)0!/4601)4/<!

 

!
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Table 13. IMS-LD Semi-automatic generation evaluation scenario 
SECOND SCENARIO: SEMIAUTOMATIC GENERATION OF IMS-LD BASED ON 
COMPETENCES DEFINITIONS AND LEARNING STYLES 

OBJETIVE 8%! 91-(;:! 4.1! ,0,+4,4(%)! 3,/10! %)! 2%5+141)21! 01;()(4(%)! /6++%-4()*! 4.1!
41,2.1-/J!01/(*)! 4,/?! 4%!*1)1-,41!,)!,0,+410! &1,-)()*!01/(*)!3,/10!%)! 4.1!
&191&!%;!2%5+141)21!%;!4.1!/4601)4<!

8%! 91-(;:! 4.1! ,0,+4,4(%)! 3,/10! %)! 4.1! 6/1-J/! &1,-)()*! /4:&1! /6++%-4()*! 4.1!
41,2.1-/J!01/(*)! 4,/?! 4%!*1)1-,41!,)!,0,+410! &1,-)()*!01/(*)!3,/10!%)! 4.1!
/4601)4!+-1;1--10!&1,-)()*!%3G124/!4:+1/<!

ACTORS 81,2.1-/!

RESOURCES m(-46,&! D1,-)()*! ]&,4;%-5! [0%4DEH\! '(4.! /+12(,&! +,2?,*1/! )11010! ;%-! 4.1!
41/47!Z%5+141)21!+,2?,*1>!D1,-)()*!C3G124!-1+%/(4%-:>!]&,))()*!V1-9(21<!

D1,-)()*!E1/%6-21/!&()?10!4%!2%5+141)21!01;()(4(%)<!

DESCRIPTION =)!4.(/!/21),-(%!4.1!()9%&910!&,:1-/!,-1!,1#!/:*?,*,%2'!"#8%$%2'!)*+%'&!B*P#(!
,)0!,1#!;$#(!$*,%$>*8,%2'!#@*40*,%2'!4*P#(<!

8.1! 41,2.1-! 01;()1/! 4.1! 2%5+141)21! %;! .(/f.1-! 2%6-/1! ,22%-0()*! 4%! 4.1!
+-%+%/10!5%01&<!

8.1!41,2.1-!2-1,41/!4.1!514,0,4,!;%-!1,2.!&1,-)()*!-1/%6-21!()!4.1!&1,-)()*!
+&,4;%-5! 01;()()*! 4.1! )121//,-:! &,31&/! ,22%-0()*! 4%! 4.1! +-%+%/10! 5%01&!
[E4*$$%>%8*,%2'!B*6#4.!B#*('%'&!26O#8,!,P?#\<!

8.1! 41,2.1-!5,)6,&&:!01/(*)/! 4.1! 2%6-/1! &1,-)()*!01/(*)!6/()*!,!+,-4(26&,-!
,64.%-()*!4%%&<!

8.1! 41,2.1-! 2,&&/! W1/(*)1-! ()! %-01-! 4%! *1)1-,41! 4.1! &1,-)()*! 01/(*)! %;! 4.1!
2%6-/1<!

8.1!2%6-/1!(/!0(/+&,:10!()4%!4.1!&1,-)()*!5,),*151)4!/:/415!,)0!,;41-!4.1!
41,2.1-! 91-(;(1/! 191-:4.()*! (/! %?>! .1f/.1! (/! ,3&1! 4%!5%0(;:! 1&151)4/! %;! 4.1!
2%6-/1<!

V6-91:/! ,-1! +-%9(010! 4%! %34,()! ;1103,2?! ;-%5! 4.1! 41,2.1-! ,3%64! 4.-11!
2%5+&151)4,-:! +-%21//1/7! &1,-)()*! ,)0! 41,2.()*! +-%21//1/! /+12(;(2,4(%)>!
/15(@,64%5,4(2!&1,-)()*!01/(*)!*1)1-,4(%)!+-%21//>!,)0!,0,+4,4(%)!+-%21//<!
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Table 14. Contextualized learning objects searching and positioning 
process scenario 
THIRD SCENARIO: CONTEXTUALIZED LEARNING OBJECTS SEARCHING AND 
POSITIONING PROCESS 

OBJETIVE 8%!91-(;:!(;!4.1!&1,-)()*!%3G124/!/1,-2.()*!,)0!+%/(4(%)()*!+-%21//1/!,2.(191!
4%! 2%)41A46,&(B1! 0(/4-(36410! &1,-)()*! %3G124/! ()4%! 4.1! +-19(%6/&:! *1)1-,410!
&1,-)()*!01/(*)<!

8%! 91-(;:! 4.,4! 4.1! 0(/4-(36410! &1,-)()*! %3G124/! ;-%5! 0(;;1-1)4! -1+%/(4%-(1/!
()2-1,/1! 4.1! -16/1! ,)0! 4.1! /,4(/;,24(%)! %;! 41,2.1-/! ()! 4.1! &1,-)()*! 01/(*)!
+-%21//<!

ACTORS 81,2.1-/!

RESOURCES m(-46,&! D1,-)()*! ]&,4;%-5! [0%4DEH\! '(4.! /+12(,&! +,2?,*1/! )11010! ;%-! 4.1!
41/47!Z%5+141)21!+,2?,*1>!D1,-)()*!%3G124!-1+%/(4%-:>!]&,))()*!V1-9(21>! =DV!
],2?,*1>!D=]!V1-9(21<!

D1,-)()*!E1/%6-21/!&()?10!4%!2%5+141)21!01;()(4(%)<!

DESCRIPTION =)!4.(/!/21),-(%!4.1!()9%&910!&,:1-/!,-1!,1#!/:*?,*,%2'!"#8%$%2'!)*+%'&!B*P#(!
,)0!,1#!;$#(!$*,%$>*8,%2'!#@*40*,%2'!4*P#(<!

8.1! 41,2.1-! 01;()1/! 4.1! 2%5+141)21! %;! .(/f.1-! 2%6-/1! ,22%-0()*! 4%! 4.1!
+-%+%/10!5%01&<!

8.1! 41,2.1-! 2-1,41/! 4.1! 514,0,4,! ;%-! ,! /14! %;! &1,-)()*! -1/%6-21! ()! 4.1!
&1,-)()*!+&,4;%-5!01;()()*!4.1!)121//,-:!&,31&/!,22%-0()*!'(4.!4.1!+-%+%/10!
5%01&![E4*$$%>%8*,%2'!B*6#4.!B#*('%'&!26O#8,!,P?#\<!

W1;()(4(%)!%;!0(;;1-1)4!6)2%)4-%&&10!DCE!;%-!4.1!41/4()*<!!

Z%)41A46,&(B,4(%)!%;!&1,-)()*!%3G124/!;-%5!0(/4-(36410!,)0!6)2%)4-%&&10!DCE!
(/!0191&%+10<!

Z%)41A46,&(B,4(%)!%;!&1,-)()*!%3G124/!;-%5!0(/4-(36410!,)0!2%)4-%&&10!DCE!(/!
0191&%+10<!

8.1!,),&(/:/!%;!4.1!0,4,!,22%-0()*!'(4.!4.1!%34,()10!-1/6&4/!(/!0191&%+10<!

81,2.1-J/!/,4(/;,24(%)!(/!,),&(B10<!

!

3.2.2.2 Preparation of scenarios 

8'%! (5+%-4,)4! (//61/! 4%! 31! 2%)/(01-10! '.1)! ,)! 1062,4(%),&! 41/4()*! /21),-(%! (/!
0191&%+10!,-17! 4.1!01;()(4(%)!%;! 4.1!2%6-/1!0%5,()!'.1-1! 4.1! 41/4()*!'(&&! 4,?1!+&,21!
,)0!4.1!&1,-)()*!%3G124/!01/(*)<!

Object Oriented Programming Course Description  

X)!%3G124!%-(1)410!+-%*-,55()*! 2%6-/1! ()4-%0621/! /4601)4/! 4.1! 2%)21+4/! -1&,410! 4%!
%3G124@%-(1)410!+-%*-,55()*!364!15+.,/(B()*!()!4.1!l,9,!&,)*6,*1<!8.1!Z%5+141)21!
4%!31!,2.(1910!3:!4.1!/4601)4/!(/7!

71#!$,0:#',!A%44!6#!*64#!,2!:#@#42?!$%<?4#!?(2&(*<<%'&!?(264#<$!0$%'&!,1#!26O#8,!
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2(%#',#:! ?(2&(*<<%'&! ?*(*:%&<.! 6P! *:#V0*,#4P! *??4P%'&! ,1#! 6*$%8! 82'8#?,$!
*$$28%*,#:!,2!,1%$!?*(*:%&<C!!

8.1! 2%5+141)21! ',/! 0(9(010! ()! 0(;;1-1)4! 2%5+141)21! 1&151)4/! %-! &1,-)()*!
%3G124(91/!,/!(/!/.%')!()!8,3&1!TO<!

!

Table 15. POO Course competence elements 
COMPETENCE ELEMENT COMPETENCES 

KNOWLEDGE 
COMPETENCE 

EVIDENCE 

8.1! /4601)4! ?)%'/! 4.1! 5,()!
2.,-,241-(/4(2/! %;! 4.1! %3G124!
%-(1)410! +-%*-,55()*! ,)0!
(01)4(;(1/! (4/! ,09,)4,*1/! ,)0!
'1,?)1//1/![i)%'&10*1!D191&\!

=)4-%0624(%)!4%!4.1!CC]!

CC]! 01;()(4(%)! ,)0!
;1,46-1/!

!

h4(/!,3%64!4.1!0(;;1-1)4!3,/(2!
2%)21+4/!

8.1! /4601)4! 6)01-/4,)0/! 4.1!
+-()2(+,&! 1&151)4/! %;! 4.1! %3G124!
%-(1)410! +-%*-,55()*! +,-,0(*5!
,22%-0()*! 4%! [C3G124>! 2&,//>!
1)2,+/6&,4(%)>! ().1-(4,)21>!
+%&:5%-+.(/5\! N"SP<!
[Z%5+-1.1)/(%)!D191&\!

C3G124!

Z&,//!

Y)2,+/6&,4(%)!

=).1-(4,)21!

]%&:5%-+.(/5!

h4(/!,3%64!4.1!0(;;1-1)4!3,/(2!
2%)21+4/!

]-%*-,55()*!+-%3&15/!

!

8.1! /4601)4! ,++&(1/! 4.1!
?)%'&10*1!.1f/.1!.,/!,3%64!4.1!
+-()2(+,&! 1&151)4/! %;! 4.1! %3G124!
%-(1)410! +-%*-,55()*! +,-,0(*5!
;%-! +-%+%/()*! +%//(3&1! /%&64(%)/!
4%!3,/(2!+-%3&15/!%;!4.1!-1,&! &(;1!
6/()*! 4.1! /:)4,A! %;! 4.1! lXmX!
+-%*-,55()*! &,)*6,*1! 4%!
(5+&151)4! 4.1! +-%+%/10!
/%&64(%)<![X++&(2,4(%)!D191&\<!

=5+&151)4,4(%)!%;!C3G124!
,)0!Z&,//1/!()!lXmX!

=5+&151)4,4(%)! %;!
=).1-(4,)21!6/()*!lXmX!

=5+&151)4,4(%)! %;!
]%&:5%-+.(/5!6/()*!lXmX!

lXmX!X]=!,)0!]-%3&15/!

!

h4(/!,3%64!4.1!4%+(2/!

8.1! /4601)4! ,++&(1/! 4.1!
?)%'&10*1!.1f/.1!.,/!,3%64!4.1!
+-()2(+,&! 1&151)4/! %;! 4.1! %3G124!
%-(1)410! +-%*-,55()*! +,-,0(*5!
4%! +-%+%/1! +%//(3&1! /%&64(%)/! %;!
01/(*)! 4%! 3,/(2! +-%3&15/! %;! 4.1!
-1,&! &(;1! 6/()*! `UD<! [X),&:/(/!
D191&\!

`UD!W1;()(4(%)!

`UD!U%01&/!

Z&,//!W(,*-,5!

V1I61)21!W(,*-,5!

X24(9(4:!W(,*-,5!

h4(/!,3%64!4.1!4%+(2/!

8.1! /4601)4! (/! ,3&1! 4%! 2%)/4-624!
/%&64(%)/! ;%-! 3,/(2! +-%3&15/! %;!
4.1! -1,&! &(;1! 6/()*! -16/,3&1!
/%;4',-1! 2%5+%)1)4/! [V:)4.1/(/!
D191&\!

V%;4',-1! W191&%+51)4!
3,/10!%)!2%5+%)1)4/!

h4(/!,3%64!4.1!4%+(2/!

!

X;41-!,2.(19()*!4.1!;(-/4!4.-11!2%5+141)21!1&151)4/>!4.1!/4601)4!'(&&!31!,9,(&,3&1!4%!
,++&:!4.1!5,()!2%)21+4/!%;!%3G124@%-(1)410!+-%*-,55()*!6/()*!4.1!l,9,!&,)*6,*1!;%-!
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/%&9()*!/5,&&! -1,&!+-%3&15/<!8.1! &,/4! 4'%!2%5+141)21!1&151)4/!,&&%'!4.1!/4601)4! 4%!
6/1! 4.1! `)(;(10!U%01&&()*! D,)*6,*1! ,/! ,!512.,)(/5! 4%! /+12(;:! 4.1! +-%0624/! %;! 4.1!
0191&%+51)4!+-%21//<!

Learning Objects Design process 

=)!%-01-! 4%!,441)0! 4.1!)1221/(4(1/!%;! 4.1!+-%+%/10!6/1-!5%01&&()*!3,/10!%)! &1,-)()*!
/4:&1>!'1!.,91!0191&%+10!,!/14!%;! &1,-)()*!%3G124/! 4%!/6++%-4! 4.1! &1,-)()*!+-%21//! ()!
4.1!C3G124!C-(1)410!]-%*-,55()*!Z%6-/1<!Y,2.!4:+1!%;! &1,-)()*!%3G124!.,/!,!/+12(;(2!
+10,*%*(2,&!()41)4(%)<!8.(/!?()0!%;!&1,-)()*!%3G124/!,-1!1A1-2(/1>!/(56&,4(%)/>!0(,*-,5/>!
;(*6-1/>! *-,+./>! ()01A1/>! /&(01/>! 4,3&1/>! ),--,4(91! 41A4/>! 1A+1-(51)4/>! +-%3&15!
/4,4151)4/>! &1246-1/>! I61/4(%)),(-1/>! 1A,5/!,)0! /1&;@,//1//51)4/<!W1/2-(+4(%)!%;! 4.1!
0(;;1-1)4!?()0!%;!&1,-)()*!%3G124/!(/!+-1/1)410!()!4.1!;%&&%'()*!+,-,*-,.+/<!

!

• YA,5/!%-!;%-5,&!,//1//51)4!

9Q*<$! 2(! >2(<*4! *$$#$$<#',$! ,-1! 3,/10! %)! h61/4(%)! ,)0! 81/4! =)41-%+1-,3(&(4:!
V+12(;(2,4(%)<!8.1:!,-1! 4.1!4%%&/!6/10! ;%-!2,&26&,4()*! 4.1!6/1-!2%5+141)21! &191&<!8.(/!
41/4!',/!0191&%+51)4!6/()*!4.1!K&%%5!4.1%-:!4%!2%)/4-624!19,&6,4(%)/<!$(*6-1!#!/.%'/!
,! 9(1'! %;! ,//1//51)4! +,2?,*1! 6+%)! 0%4DEH! +&,4;%-5! 6/1-! 4%! 01/(*)! 4.(/! ?()0! %;!
&1,-)()*!%3G124/<!

!

!

Figure 8. OOP Course Exams or formal assessment 
!

!

!

!
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• YA1-2(/1/!

YA1-2(/1/!.,91!311)!0191&%+10!'(4.!4.1!+6-+%/1!%;!+-%5%4()*!,)!,24(91!&1,-)()*!()!4.1!
/4601)4<!V%51!%;!4.15!2%6&0!31!0191&%+10!()!4.1!9(-46,&!&1,-)()*!1)9(-%)51)4c!%4.1-/>!
%64! %;! 4.1! mDY! 6/()*! 1A4-,! 4%%&/! ,/! K&61! l! /%;4',-1<! $(*6-1! Q! +-1/1)4! ,! +,-4(26&,-!
415+&,41!2-1,410!4%!/+12(;:!()!,!.%5%*1)16/!',:!4.1!1A1-2(21/<!

!

!

Figure 9. OOP Course Exercices Template 
!

• V(56&,4(%)/!

V(56&,4(%)/!,&&%'!/4601)4/!4%!1A+1-(51)4!,)0!4%!41/4!4.1!,//%2(,410!2%)21+4/!4.-%6*.!
4.1! ,),&:/(/! %;! ,! -1,&! /(46,4(%)<! 8.1:! .,91! 311)! 0191&%+10! 6/()*! ;&,/.! ,)0! ,24(%)!
/2-(+4/! ,)0! 4.1:! ,-1! 9(/6,&! ()! %-01-! 4%! ,00-1//! 9(/6,&! /4601)4/<! $(*6-1! TS! /.%'/! ,!
/(56&,4(%)! 0191&%+10! 6/()*! X0%31! $&,/.! 4%! /(5+&(;:! 4.1! 6)01-/4,)0()*! %;! `UD!
/1I61)21!0(,*-,5<!

!

!

Figure 10. OOP Course Simulations 
!

!
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• W(,*-,5/!

W(,*-,5/!,-1!*-,+.(2!/2.151/!4%!-1&,41!)1'!2%)21+4/!'(4.!+-19(%6/!2%)21+4/!()!%-01-!
4%!+-%5%41!/(*)(;(2,)4!&1,-)()*<!$(*6-1!TT!/.%'/!,)!1A,5+&1!%;!0(,*-,5!01/(*)!;%-!4.1!
CC]!Z%6-/1<!

!

Figure 11. POO Course Diagrams 
!

• $(*6-1/!

$(*6-1/!,-1!9(/6,&&:!2.,-*10!(5,*1/!1A+&,()()*!,!+,-4(26&,-!2%)21+4!,)0!/1&;@2%)4,()10<!
$(*6-1!T"!+-1/1)4!,)!1A,5+&1!%;!4.(/!?()0!%;!%3G124!4.,4!/(5+&(;(1/!4.1!6)01-/4,)0()*!%;!
1)2,+/6&,4(%)!2%)21+4<!

!

Figure 12. OOP Course Figures 
!

!
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• b-,+./!

b-,+./!,-1!0191&%+10!,/!2%)21+4!5,+/!'(4.!4.1!+6-+%/1!4%!%64&()1!4.1!5,()!(01,/!%;!
4.1!2%)21+4/<!$(*6-1!TL!/.%'/!,!b-,+.!4%!/(5+&(;:!4.1!6)01-/4,)0()*!%;!4.1!2%)21+4!%;!
%3G124<!

!

Figure 13. OOP Course Graphs Object 
!

• V&(01/!

V&(01/!/.%'!4.1!41,2.1-/J!+%()4!%;!9(1'!,3%64!-1&,410!2%)21+4/<!$(*6-1!TM!/.%'/!,!/&(01!
4%!/(5+&(;:!4.1!6)01-/4,)0()*!%;!4.1!2%)21+4!%;!`UD!U%01&<!

!

Figure 14. OOP Course Slides 
!

!



EF/5793!GC!! H3/)9IJ3K!HJ3!D9)L-/;7J)/7LE!B"!M9N93/7LJN!
!

!R#!

• H,--,4(91!41A4/!

H,--,4(91! 41A4/! ,-1! /%6)0/! '(4.! ;6-4.1-! 1A+&,),4(%)/! ,)0! 1A,5+&1/! -1&,410! 4%!
,//%2(,410! 2%)21+4/<! $(*6-1! TO! /.%'/! ,! 9(1'! %;! 4.(/! ),--,4(91! 41A4<! 8.1/1! ),--,4(91/!
'1-1!-12%-010!()!,!/%6)0!/460(%!,)0!/+12(,&!1;;124/!'1-1! ()4-%06210!()!4.1!/%6)0!4%!
2%)41A46,&(B1!4.1!/4601)4<!

!

!

Figure 15. OOP Course Narrative Text 
!

!

• ]-%3&15!/4,4151)4/!

]-%3&15! /4,4151)4/! ,-1! 4.1! 01/2-(+4(%)! %;! 0(;;1-1)4! +-,24(21! 2,/1/! ;%-! 4.1! /+12(;(2!
,//%2(,410!2%)21+4/<!8.(/!?()0!%;!%3G124/!.1&+/!4.1!/4601)4!4%!.,91!,!-1,&!+%()4!%;!9(1'!
%)!4.1!2%6-/1!4%+(2/<!$(*6-1!TR!/.%'/!,)!1A,5+&1!%;!,)!/+12(,&!2,/1!%;!,++&(2,4(%)!;%-!,!
/:/415!%)&()1!4%!4-,)/+%-4!4(2?14!/,&1/<!

!

!

Figure 16. OOP Course Problem Statement 
!

!

!
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• D1246-1/!

D1246-1/! ,-1! 0%2651)4/! '(4.! 41A46,&! 01/2-(+4(%)/! %;! 4.1! -1&,410! 2%)21+4/<! 8.1:! ,-1!
014,(&10! 0%2651)4/! '.(2.! ,&&%'! 4.1! /4601)4/! 4%! *%! ()! 01+4.! 011+! ()4%! 4.1! 2%6-/1!
4%+(2/<!$(*6-1!Te!/.%'/!,!&1246-1!;%-!1,/()*!4.1!6)01-/4,)0()*!%;!4.1!2%)21+4!%;!`UD!
X24(9(4:!W(,*-,5/<!

!

!

Figure 17. OOP Course Lecture 
!

!

• =)01A!

=)01A!2%--1/+%)0/!4%!),9(*,4(%)!/4-6246-1/<!$(*6-1!T#!/.%'/!4.1!1A,5+&1!%;!4.1!CC]!
),9(*,4(%)!/4-6246-1<!
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!

Figure 18. OOP Course Index 
!

• h61/4(%)),(-1/!%-!/1&;@,//1//51)4/!

h61/4(%)),(-1/!,-1!4%%&/!;%-!();%-5,&!19,&6,4(%)!+-%21//1/<!8.1/1!19,&6,4(%)/!,-1!)%4!
2%)/(01-10! ,/! ,! 2%6-/1! /655,4(91! 19,&6,4(%)<! $(*6-1! TQ! /.%'/! ,)! 1A,5+&1! %;! /1&;@
,//1//51)4/!2-1,410!,/!,!'13!+,*1!1)-(2.10!'(4.!l,9,!V2-(+4<!

!
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!

Figure 19. Questionnaires or self-assessments 
!

• YA+1-(51)4/!

YA+1-(51)4/!,-1!01/(*)10!'(4.! 4.1!+%-+6/1! 4%!%;;1-! /4601)4/!2%)4-%&&10!/21),-(%/! 4%!
+-%91! .:+%4.1/(/! ,3%64! 2%)21+4/<! $(*6-1! "S! /.%'/! ,)! 1A,5+&1! %;! ,)! 1A+1-(51)4()*!
/21),-(%!6/()*!K&61!l!V%;4',-1<!

!

Figure 20. Blue J Controlled scenario for experimenting 
!



EF/5793!GC!! H3/)9IJ3K!HJ3!D9)L-/;7J)/7LE!B"!M9N93/7LJN!
!

!e"!

3.3.  CONCLUSIONS OF THE CHAPTER 
=)!4.(/!2.,+41-!%6-!;-,51'%-?!;%-!/15(@,64%5,4(2!&1,-)()*!01/(*)!*1)1-,4(%)!.,/!311)!
()4-%06210!,)0!1,2.!2%5+%)1)4!%;!4.1!;-,51'%-?!.,/!311)!1A+&,()10<!

8.1! ()4-%06210! ;-,51'%-?! 2%5+&1A(4:! /6++%/1/! ,)! ,01I6,410! 19,&6,4(%)!
;-,51'%-?!'.(2.! 4,?1/! ()4%! ,22%6)4! 4.1!5%/4! (5+%-4,)4! 1&151)4/! 4%! 31! 2%)/(01-10!
;%-! 19,&6,4()*! 4.1! +-%21//1/! ()9%&910<! Y9,&6,4(%)! ;-,51'%-?! /.%6&0! ()2&601! 4.1!
19,&6,4(%)!%;! 4.1!6/1-!5%01&&()*!+-%21//>! 4.1!*1)1-,4(%)!+-%21//!,)0!4.1!0(/4-(36410!
/1,-2.()*! ,)0! +%/(4(%)()*! +-%21//<! ! =)! %-01-! 4%! /6++%-4! 4.1! 19,&6,4(%)! +-%21//! ,!
5%0(;(10! &,:1-10!19,&6,4(%)!',/!01/2-(310<!8.-11!0(;;1-1)4! &,:1-/!'1-1!014,(&10>!8.1!
8.1!=)41-,24(%)!X//1//51)4!D,:1->!8.1!X0,+4,4(%)!W12(/(%)!U,?()*!D,:1-!,)0!4.1!`/1-!
/,4(/;,24(%)!19,&6,4(%)!&,:1-<!

$(),&&:>!/21),-(%/!0191&%+10!4%!41/4!%6-!+-%+%/10!/%&64(%)!'1-1!()4-%06210!,)0!4.1!
+-%21//!%;!01/(*)()*!&1,-)()*!%3G124/!;%-!4.1!/21),-(%/!',/!+-1/1)410<!

X/! 51)4(%)10! 31;%-1>! ()! )1A4! 2.,+41-/! '1! '(&&! 1A+,)0! 4.1! 01/2-(+4(%)! %;! 4.-11!
+-%21//!'.(2.! ,-1! 4.1! 2%-1! 1&151)4/! ()! %6-! ;-,51'%-?7! 4.1!`/1-!U%01&&()*! ]-%21//!
3,/10! %)! D1,-)()*! V4:&1>! 4.1! D1,-)()*! W1/(*)! b1)1-,4(%)! ]-%21//! ,)0! 4.1!
Z%)41A46,&(B10! D1,-)()*! C3G124/! V1,-2.()*! ,)0! ]%/(4(%)()*! ]-%21//<! 8.1/1! +-%21//1/!
()9%&91!4.1!%4.1-/!51)4(%)10!()!4.1!;-,51'%-?<!
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4.  USER MODELING BASED ON 
LEARNING STYLE 

!

!

C6-!()41)4(%)!()!4.(/!2.,+41-!(/!4%!()4-%0621!%6-!/%&64(%)!%;!,!/4,4(2!,)0!0:),5(2!6/1-!
5%01&&()*!3,/10!%)!&1,-)()*!/4:&1/![DV\!4%!1)-(2.!,)0!/6++%-4!4.1!,64%5,4(2!*1)1-,4(%)!
%;! ,)! ,0,+4(91! =UV! &1,-)()*! 01/(*)! [DW\! ()! %-01-! 4%! -10621! 4.1! ,5%6)4! %;! 4(51! ,)0!
1;;%-4/!;%-!41,2.1-/!+-%9(0()*!&1,-)1-/!'(4.!+1-/%),&(B10!&1,-)()*!1A+1-(1)21/<!!

8.1! ,),&:/(/! %;! 4.1! /4,41! %;! 4.1! ,-4! +-%9(01/! 6/! '(4.! (5+%-4,)4! 2%)2&6/(%)/! ,)0!
/2(1)4(;(2,&&:!9,&(0,410!0,4,!()!%-01-!4%!+-%+%/17!

• X! /4,4(2! 6/1-!5%01&! 3,/10! %)! &1,-)()*! /4:&1! ,)0! ,! 012(/(%)! +-%21//! 3,/10! %)!
41,2.1-/!%+()(%)/>!'.(2.!/6++%-4!4.1!01&(91-:!%;!&1,-)()*!%3G124!4:+1/!,22%-0()*!
4%!4.1!6/1-J/!+-1;1-1)21<!

• X!0:),5(2!6/1-!5%01&&()*!+-%21//!3,/10!%)!4.1!,),&:/(/!%;!6/1-J/!31.,9(%6-/!4%!
/6++%-4! 4.1! 012(/(%)! ,3%64! (;! 4.1! 6/1-! +-1;1-1)21! -1*,-0()*! &1,-)()*! %3G124/!
4:+1/!.,/!2.,)*10!%91-!4.1!4(51<!

8.1!-1/4!%;!4.1!6/1-!5%01&&()*!2.,+41-! (/!/4-6246-10!,/!;%&&%'/<! =)!/124(%)!M<T<! !4.1!
/4,4(2!6/1-!5%01&&()*!3,/10!%)!&1,-)()*!/4:&1!(/! ()4-%06210!,/!'1&&!,/!4.1!014,(&!,3%64!
.%'! 4.(/! 5%01&! /6++%-4/! 4.1! 01;()(4(%)! %;! 4.1! /4601)4/! +-1;1-1)21/! ;%-! 0(;;1-1)4!
&1,-)()*!%3G124! 4:+1/<!V124(%)!M<"<!01/2-(31/!%6-!0:),5(2!6/1-!5%01&&()*!+-%21//!,)0!
(4/!19,&6,4(%)<!$(),&&:>!()!/124(%)!M<L<!!/%51!2%)2&6/(%)/!,-1!()4-%06210<!!

!

4.1.  PREFERED LEARNING OBJECT TYPE ORDER ACCORDING 
TO LEARNING STYLE BASED ON TEACHER OPINIONS 

4.1.1 Description 

C6-!.:+%4.1/(/!,(5/!4%!,00-1//!4.1!6/1-!+-1;1-1)21!()!,!&1,-)()*!5,),*151)4!/:/415>!
()! +,-4(26&,->! &1,-)()*! /4:&1! 2%6&0! 31! ,! +%/(4(91! ;,24%-! 4%! (5+-%91! &1,-)()*! ,)0! 4.1!
/4601)4J/!/,4(/;,24(%)!NMP!,)0!N"SP<!!

8.1!/4,4(2!,++-%,2.>!+63&(/.10! ()! NTSRP!,)0!NTSeP!+-%+%/1/!4.1!1/4,3&(/.51)4!%;!,!
-1&,4(%)!,5%)*!4.1!0(;;1-1)4!0(51)/(%)/!%;!4.1!$1&01-s/!&1,-)()*!/4:&1!,)0!4.1!0(;;1-1)4!
=UV@UW!&1,-)()*!%3G124/!4:+1/!4%!31!01&(91-10!4%!/4601)4/<!
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8.1!&1,-)()*!/4:&1!2.,-,241-(B1!4.1!2%*)(4(91>!,;;124(91!,)0!+.:/(%&%*(2,&!4-,(4/!'.(2.!
/1-91!,/!-1&,4(91&:!/4,3&1!()0(2,4%-/!,3%64!.%'!&1,-)1-/!+1-21(91>!()41-,24!,)0!-1/+%)0!
()!4.1(-!&1,-)()*!1)9(-%)51)4/!NTRP<!

$1&01->! ()! NTS#P>! 01;()1/! 4.1! &1,-)()*! /4:&1! ,/! 4.1! /4-1)*4./! 2.,-,241-(/4(2! ,)0!
+-1;1-1)21/! ()! 4.1!5,))1-! +1%+&1! 4,?1! ()! ,)0! +-%21//! ();%-5,4(%)>! ,)0! 0141-5()1/!
4.1!6)(I61!',:!%;!&1,-)()*!;%-!1,2.!/4601)4<!

8.1! 5,()! -1,/%)! 4%! 2.%%/1! $1&01-p/! U%01&! ,5%)*! 4.1! 0(;;1-1)4! D1,-)()*! V4:&1!
U%01&/! ()! 1062,4(%),&! -1/1,-2.!',/! 4.,4! $1&01-J/!5%01&! (/! %)1! %;! 4.1!5%/4! /460(10!
5%01&/! ()!4.1!412.)%&%*:!1).,)21!&1,-)()*!-1/1,-2.!,-1,<!8.(/!51,)/!$1&01-J/!5%01&!
.,/!%)1!%;!4.1!3(**1/4!/2(1)4(;(2,&&:!9,&(0,410!0,4,!/14/!,3%64!4.1!2%--1&,4(%)!314'11)!
4.1!6/1-J/!31.,9(%6-/!'(4.!-1/+124!4%!4.1!0(51)/(%)/!2%)/(01-10!()!4.1!5%01&<!8.1!6/1!
%;! $1&01-J/! 5%01&! +1-5(4/! 6/! 4%! 2&1,-&:! 01;()1! .%'! ,)0! 4%! '.,4! 1A41)4! ,! 4:+1! %;!
&1,-)()*!%3G124!,00-1//1/!,!+,-4(26&,-!6/1-!&1,-)()*!/4:&1<!

!

4.1.2 Static user model based on Felder and Silverman’s Learning 
Style Theory 

$1&01-! ,)0! V(&91-5,)! 01;()1! /191-,&! 0(51)/(%)/! -1*,-0()*! .%'! +1%+&1! +-%21//!
();%-5,4(%)>!,)0!1,2.!0(51)/(%)!.,/!4'%!+%//(3&1!9,&61/7!

• ]-%21//()*7!X24(91fE1;&124(91!

• ]1-21+4(%)7!V1)/%-:f=)46(4(91!

• =)+647!m(/6,&fm1-3,&!

• `)01-/4,)0()*7!V1I61)4(,&fb&%3,&!

• C-*,)(B,4(%)7!=)0624(91fW10624(91!

C-*,)(B,4(%)! 0(51)/(%)! ',/! -15%910! ;-%5! $1&01-! D1,-)()*! V4:&1/! =)91)4%-:! ;%-!
+10,*%*(2,&! -1,/%)/c! (4! (/! )%4! G6/4(;(10! 4%! 2%)4()61! 6/()*! 4.1! 4-,0(4(%),&! 010624(91!
()/4-624(%),&!+,-,0(*5<!8,3&1!TR!+-%9(01/!,!01/2-(+4(%)!%;!1,2.!%)1!%;!4.1/1!/4:&1/<!

C91-,&&>! ;%-! 1,2.! 0(51)/(%)>! +1%+&1! 41)0! 4%! /.%'! ,! +-1;1--10! 31.,9(%6-<! $%-!
1A,5+&1>! ()! 4.1! +-%21//()*! 0(51)/(%)! ,! +1-/%)! 2,)! 31! /%514(51/! ,24(91! ,)0!
/%514(51/!4.1!2%)4-,-:>! -1;&124(91>!364! ;-1I61)4&:!,!+-1;1-1)21![/4-%)*!%-!5%01-,41\!
1A(/4/! ;%-! %)1! 2,41*%-:! %-! 4.1!%4.1-<!U%/4! +1%+&1! ,-1!@%$0*4! ,)0! $#V0#',%*4! &1,-)1-/!
NTSQP>!NTTSP>!NTTTP<!!

a%'191->!,!3,&,)21!%;!4.1!4'%!9,&61/!;%-!1,2.!0(51)/(%)!,)0!4%!31!,3&1!4%!+1-;%-5!
,24(%)/!()!3%4.!0(-124(%)/!(/!01/(-,3&1<!=)!,):!2,/1>!'.1)!,!+-1;1-1)21!;%-!%)1!2,41*%-:!
(/! /4-%)*>! 4.1! &1,-)()*! +-%21//! 2%6&0! (5+-%91! (4/! 1;;124(91)1//! '(4.! ,)! ()/4-624(%)!
,0,+410!4%!4.(/!&1,-)()*!/4:&1<!!
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Table 16. Learners’ behaviour according to learning style 
DIMENSION STYLE DESCRIPTION 

PROCESSING 
ACTIVE 

81)0! 4%! 0%! 31/4! '.1)! 4.1:! 2,)! '%-?! .,)0/! %)! ,)0!
,246,&&:! 2%)0624! 1A+1-(51)4/! %-! 5,)(+6&,41! 4.()*/!
5,)6,&&:!

REFLECTIVE ]-1;1-!4%!4.()?!4.()*/!4.-%6*.!31;%-1!4.1:!,24!

PERCEPTION SENSORY b-,9(4,41!4%',-0/!2%)2-141!;,24/!,)0!;(*6-1/!

INTUITIVE 
]-1;1-! 4.1! 2%)21+46,&! ,)0! 4.1! 4.1%-14(2,&! 4%! 4.1!
2%)2-141!

INPUT VISUAL  
]-1;1-! 4%! /11!'.,4! 4.1:! ,-1! &1,-)()*! 4.-%6*.! *-,+./>!
0(,*-,5/!,)0!+(246-1/!!

VERBAL  
X-1!5%/4!/6221//;6&!'.1)!();%-5,4(%)!(/!.1,-0!%-!-1,0!
4.-%6*.!'%-0/!!

UNDERSTANDING SEQUENTIAL 
]-1;1-! 4%! .,91! ();%-5,4(%)! &,(0! %64! ()! ,! &()1,-! ,)0!
%-01-&:!;,/.(%)<!!

GLOBAL ]-1;1-!4%!/11!4.1!3(*!+(246-1!;(-/4!

!

F1!%34,()10!4.1!/4601)4/!&1,-)()*!/4:&1!3:!2%&&124()*!0,4,!0(-124&:!;-%5!4.1!&1,-)1-!
6/()*! 4.1! =)01A! %;! D1,-)()*! V4:&1/! I61/4(%)),(-1>! 0191&%+10! 3:! $1&01-! ,)0! V%&%5,)!
NTT"P<!8.1!%3G124(91!%;!4.(/!I61/4(%)),(-1!(/!4%!1/4,3&(/.!4.1!0%5(),)4!&1,-)()*!/4:&1!%;!
1,2.! /4601)4<! 8.1! I61/4(%)),(-1! (/! ;%-510! 3:! MM! I61/4(%)/<! $%-! 1,2.! %;! 4.1!
,3%9151)4(%)10! ;%6-!0(51)/(%)/! 4.1-1!,-1!TT!I61/4(%)/! [6)%-01-10!0(/4-(36410! ()4%!
4.1! ;%-5\! ,3%64! .%'! 191-:%)1! +1-21(91/! .1-f.(5/1&;>! ,)0! .1-f.(/! 31.,9(%6-<! Y,2.!
I61/4(%)! .,/! 4'%! +%//(3&1! ,)/'1-/>! 1,2.! %)1! 01;()()*! ,! 0(;;1-1)4! 9,&61! ()! 4.1!
0(51)/(%)<! $(*6-1! "T! +-1/1)4/! ,! /2,&1! ;%-! -1+-1/1)4()*! 4.1! +%//(3&1! -1/6&4/! %;! 4.1!
I61/4(%)),(-1! ;%-! 1,2.! %)1! %;! 4.1! 0(51)/(%)/<! 8,?()*! ()4%! ,22%6)4! 4.1! &1,-)1-J/!
,)/'1-/! ()! 4.1! 2%)41A4! %;! %)1! 0(51)/(%)>! 4.1! &1,-)1-! 2%6&0! 31! /(46,410! %)! %)1!
1A4-151!%;!4.1!/2,&1!['.1)!4.1!&1,-)1-!.,/!,)/'1-10!,&&!I61/4(%)/!%)!4.1!/,51!/4:&1>!
4.1!-1/6&4!(/!TT,!%-!TT3>!31()*!*!,)0!6!4.1!/4:&1!%;!4.(/!0(51)/(%)\>!%-!/.1f.1!2%6&0!31!
%)!,)!()41-510(,41!B%)1![T,!%-!T3\<!X/!,)!1A,5+&1>!,!-1/6&4!L,!()0(2,41/!4.,4!;-%5!4.1!
TT!I61/4(%)/>!4.1!&1,-)1-!.,/!,)/'1-10!e!%;!4.15!%)!%)1!0(51)/(%)!/(01!,)0!4.1!%4.1-!
M!I61/4(%)/!/.1f.1!,)/'1-10!3!()!4.1!%4.1-!0(51)/(%)!/(01<!

=)! %-01-! 4%! ;,2(&(4,41! 4.1! &1,-)()*! /4:&1/! +-%21//()*>! 4.1! /(A! 0(;;1-1)4! I6,)4(4,4(91!
9,&61/! +%//(3&1! ;%-! 1,2.! /4:&1! [TT>! Q>! e>! O>! L>! T\! ,-1! *-%6+10! 6/()*! 4.-11! I6,&(4,4(91!
5%0(;(1-/![/4-%)*>!5%01-,410>!3,&,)210\>!,&/%!),510!2&6/41-/<!
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Figure 21. Strong Cluster in the four dimensions of Felder’s Learning 
Styles 

!

8.1!$,(2'&!2&6/41-!-1&,41/!4%!4.1!1A4-151!9,&61/!%;!4.(/!/2,&1<!8.(/!2&6/41-!'(&&!31!4.1!
5%/4!-1&19,)4!;%-!,0,+4()*!4.1!()/4-624(%)!4%!4.(/!0%5(),)4!/4:&1<!X/!,)!1A,5+&1>!8,3&1!
Te!/.%'/!.%'!4.1!2&6/41-/!,-1!,//(*)10!4%!4.1!]1-21+4(%)!0(51)/(%)>!'.1-1!*!,)0!6!
.,91!311)!/63/4(46410!3:!/1)/(4(91![/\!,)0!()46(4(91![(\>!-1/+124(91&:<!

!

Table 17. Clusters for Felder’s Learning Styles (Perception dimension) 
CLUSTER VALUES STYLE 

DESCRIPTION 

K,&,)210! T/>!L/!f!@L(>!@T(! V1)/(4(91!f!=)46(4(91!

U%01-,410! O/>!e/!f!@e(>!@O(! V1)/(4(91!f!=)46(4(91!

V4-%)*! Q/>!TT/!f!@Q(>!@TT(! V1)/(4(91!f!=)46(4(91!

!

F1!,-1!6/()*!4.1! =)01A!%;!D1,-)()*!V4:&1!0191&%+10!6+%)!0%4DEH!;%-! ();1--()*!4.1!
6/1-!&1,-)()*!/4:&1<!$(*6-1!""!/.%'/!,!9(1'!%;!4.(/!+,2?,*1<!
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Figure 22. ILS Package upon dotLRN 
 

!

X/! ,! /655,-:>! ()! 4.1! 8,3&1! T#>! '1! ()4-%0621! 0(;;1-1)4! 4:+1/! %;! &1,-)()*! /4:&1/!
2%)/(01-10! ()!%6-!,),&:/(/<! $%-!%6-!,),&:/(/!'1!2%)/(01-! 4.1! 41)01)2:! ()! 4.1! /4601)4!
/4:&1>! (<1! 4.1! /4601)4! 2%6&0! 31! 9(/6,&! %-! 91-3,&! %-! 4.1! /4601)4! 2%6&0! 31! ,24(91! %-!
-1;&1A(91<!

=)!8,3&1!T#!-%'/!()0(2,41!1,2.!+%//(3&1!&1,-)()*!/4:&1!,)0!4.1!2%&65)/!1,2.!$1&01-J/!
0(51)/(%)<!]%//(3&1!9,&61/!%;!4.1!2%&65)/!,-1!T!%-!S!;%-!1,2.!0(51)/(%)>!1<(!m(/6,&!t!T!
,)0! m1-3,&! t! S! ,)0! ,&&! +%//(3&1! 2%53(),4(%)/<! =)! 4.(/! ',:! '1! 2%)/(01-10! /(A411)!
0(;;1-1)4!&1,-)()*!/4:&1/<!

!
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Table 18. Learning Styles 
!"#$%&%'(

)*+!"(

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

1&),#!21"$3#!( )"4,"%*&#!2'!/3#!( #0*&1"2($"5!"6&1"( )"%)&*&1"2&%*,&*&1"(

T! T! T! T! T!

"! T! T! T! S!

L! T! T! S! T!

M! T! T! S! S!

O! T! S! T! T!

R! T! S! T! S!

e! T! S! S! T!

#! T! S! S! S!

Q! S! T! T! T!

TS! S! T! T! S!

TT! S! T! S! T!

T"! S! T! S! S!

TL! S! S! T! T!

TM! S! S! T! S!

TO! S! S! S! T!

TR! S! S! S! S!
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4.1.3 First proposal for defining Preferred Learning Object Types 
Order 

4.1.3.1 Description 

F1!5%01&!4.1!+-%3&15!%;!01&(91-()*!4.1!&1,-)()*!%3G124/!,/!,!Z&,//(;(2,4(%)!4,/?!NTTLP!
,22%-0()*!4%!4.1!;%&&%'()*!+-15(/1/7!T\!E1&,4()*!1,2.!,44-(3641!,//%2(,410!4%!4.1!/4:&1!
4%! 4.1! 01*-11! %;! +-1;1-1)21! %;! ,! -1/%6-21! 4:+1! ,)0! 2-1,4()*! ,! /+12(;(2! ,44-(3641! 4%!
-1+-1/1)4! ,! I6,)4(4,4(91!51,/6-151)4! %;! 4.1! 1A(/4()*! -1&,4(%)! 314'11)! 4.1! &1,-)()*!
/4:&1!,)0!4.1!&1,-)()*!%3G124/!4:+1/!,-1!3%4.!+%//(3&1c!"\!W1;()()*!4.1!/4601)4!&1,-)()*!
/4:&1!+-1;1-1)21!,/!,!/14!%;!/(A!,44-(3641/!(/!,&/%!+%//(3&1<!

8.1! ;(-/4! (//61! 4%! ,00-1//! (/! .%'! 4%! 01;()1! ,! -1&,4(%)/.(+! 314'11)! 1,2.! $1&01-J/!
0(51)/(%)/!,)0!4.1!0(;;1-1)4! &1,-)()*!%3G124!4:+1/<! =)!%-01-!4%!,00-1//!4.(/! (//61>!'1!
/1&124!,!/,5+&1!%;!41,2.1-/>!'.%!-,410!&1,-)()*!%3G124!4:+1/!,22%-0()*!4%!4.1(-!%+()(%)!
,3%64! .%'! 4.1/1! &1,-)()*! %3G124! 4:+1/! ,00-1//! 4.1! +-1;1-1)21! %;! 1,2.! +,-4(26&,-!
&1,-)()*!/4:&1<!!8.1!2-(41-(,!4%!/1&124!4.1!/,5+&1!',/!4.1!2%)91)(1)21!NTTMP>!-1;1--10!4%!
2,/1! /1&124(%)!3,/10! ()! 4.1!1,/(1/4!,221//!,22%-0()*! 4%! 21-4,()! 2%)0(4(%)/!%-! -,)0%5!
2%()2(01)21/<!8.1!-,4()*!',/!01;()10!6/()*!4.1!/2,&1!/.%')!()!8,3&1!TQ<!

!

Table 19. Measure Scale of Preference 
PREFERENCE 

MEASURE DESCRIPTION 

INDIFFERENT (I) 8.1! /4601)4! 0%1/! )%4! 9,&61! 4.,4! 4.1! 41,2.1-! +-1/1)4/! 4.(/! -1/%6-21!
4:+1>! 312,6/1! .1f/.1! ;11&/! 4.1! -1/%6-21! 4:+1! (/! )%4! )11010! %-! 0%1/!
)%4!2%)4-(3641!()!.(/f.1-!&1,-)()*!+-%21//<!

GOOD (G) 8.1!/4601)4!&(?1/!4.(/!-1/%6-21!4:+1!,/!562.!,/!%4.1-/!-1/%6-21!4:+1/>!
.1f/.1!,++-12(,41/!4.,4!4.1!41,2.1-!+-1/1)4/!4.15!,)0!.1f/.1!4.()?/!
4.,4!.1f/.1!2,)!,2.(191!.(/f.1-! &1,-)()*!*%,&/<!a%'191-!.1f/.1!0%1/!
)%4!+-1;1-!4.15!/+12(;(2,&&:<!

VERY GOOD (VG) 8.1!/4601)4! &%91! 4%! &1,-)!'(4.! 4.(/! -1/%6-21! 4:+1!,)0!.1f/.1!+-1;1-/!
4.(/!-1/%6-21!4:+1!5%-1!4.,)!%4.1-!4:+1/<!=)!;,24>!'.1)!4.1!/4601)4!(/!
&1,-)()*>! /.1! &(?1/! 4%!31*()!,),&:B()*! 4.1! 4.15,4(2!+-%+%/10! ()! 4.1/1!
-1/%6-21!4:+1/>!4.(/!51,)/!4.,4!.1f/.1!2%)/(01-/!91-:! (5+%-4,)4!4.,4!
4.1!41,2.1-!4,?1/!()4%!,22%6)4!4.(/!-1/%6-21!4:+1<!

 
8.1!-1/6&4/!3,/10!()!4.1!-1/+%)/1/!%;!L!41,2.1-/!,-1!/.%')!()!8,3&1!"S<!!
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Table 20. Experts opinions about relation among LO types and Felder’s 
dimensions 

$")/,$0"(*+.")(

!"#$%&%'()*+!")(

.$/0"))&%'( ."$0".*&/%( ,%-"$)*#%-&%'( &%.,*(

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

"6"$0&)"( b! b! mb! b! b! =! b! mb!

)&7,!#*&/%( mb! =! =! mb! =! b! mb! =!

4,")*&/%%#&$"( b! =! =! =! b! =! =! =!

-&#'$#7( =! b! b! b! b! mb! mb! =!

5&',$"( =! b! b! b! b! mb! mb! =!

'$#.8( =! b! b! b! b! mb! mb! =!

&%-"6( =! =! =! =! b! mb! =! b!

)!&-"( =! b! b! b! b! mb! mb! b!

*#3!"( =! =! =! b! b! b! b! b!

%#$$#*&1"(*"6*( b! mb! mb! =! =! =! =! mb!

"6#7( b! =! =! =! b! =! =! =!

"6."$&7"%*( mb! b! b! mb! b! =! mb! =!

.$/3!"7(
)*#*"7"%*(

mb! b! b! mb! =! =! b! mb!

)"!5(#))"))7"%*( b! =! =! =! b! =! =! =!

!"0*,$"( =! mb! mb! =! =! =! =! mb!

!

8.1! /12%)0! (//61! 4%! ,00-1//! (/! '.(2.! ,44-(3641/! ,-1! )121//,-:! 4%! 01;()1! ,!
2&,//(;(2,4(%)!4,/?!()!%-01-!4%!5%01&!/4601)4/J!+-1;1-1)21/<!8.1!/1&12410!,44-(3641/!;%-!
4.1!2&,//(;(2,4(%)!4,/?!,-1!01/2-(310!()!8,3&1!"T<!
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Table 21. Classification task attributes 

ATTRIBUTES 

1. PROCESSING T<!X24(91!

"<!E1;&124(91!

2. PERCEPTION T<!V1)/%-:!

"<!=)46(4(91!

3. INPUT T<!m(/6,&!!

"<!m1-3,&!!

4. UNDERSTANDING T<!V1I61)4(,&!

"<!b&%3,&!

5. RESOURCE_TYPE YA1-2(/1>!V(56&,4(%)>!h61/4(%)),(-1>!W(,*-,5>!$(*6-1>!
b-,+.>! =)01A>! V&(01>! 8,3&1>! H,--,4(91u41A4>! YA,5>!
YA+1-(51)4>! ]-%3&15u/4,4151)4>! ! V1&;u,//1//51)4>!
D1246-1<!

6. RELATION_RT_LS 
(CLASS) 

=)0(;1-1)4>!b%%0>!m1-:ub%%0!!

!

8.1!;(-/4!M!,44-(3641/!2%--1/+%)0!4%!1,2.!0(51)/(%)!%;!4.1! &1,-)()*!/4:&1/>!,)0!4.1!
;(;4.! ,44-(3641! 2%--1/+%)0/! 4%! 4.1! -1/%6-21! 4:+1/<!71#! 84*$$! ()0(2,41/! 4.1! 9,&61/! 4.,4!
56/4! 31! &1,-)10! 3:! 4.1! ,&*%-(4.5>! '.(2.! (/! -1+-1/1)410! 3:! 4.1! E1&,4(%)uE8uDV!
,44-(3641>!(<1<!4.1!I6,)4(4,4(91!51,/6-1!%;!4.1!-1&,4(%)/.(+!314'11)!-1/%6-21!4:+1/!,)0!
&1,-)()*!/4:&1/!+-%9(01!3:!41,2.1-/<!8,3&1!""!/.%'/!,!4-,()()*!1A,5+&1!5%01&< 

!

Table 22. Training example 

COMPLETE LEARNING STYLE  RESOURCE RELATION_RT_LS 
(CLASS) 

X24(91>!=)46(4(91>!b&%3,&>!m1-3,&! YA1-2(/1! b%%0!

!

$%-! 1,2.! 4-,()()*! 1A,5+&1>! 4.1! 2&,//!',/!51,/6-10! 2%)/(01-()*! 4.1! 8,3&1! "S>! ,)0!
,//(*)()*!,!I6,)4(4,4(91!9,&61!4%!41,2.1-/J!%+()(%)!()!4.1!;%&&%'()*!5,))1-7!

1. =)0(;;1-1)4!,!9,&61!%;!S<!

2. b%%0!,!9,&61!%;!T<!

3. m1-:!b%%0!,!9,&61!%;!"<!!

 
8,3&1! "L! /.%'/! .%'! ,! 4-,()()*! 1A,5+&1!',/! 36(&4! ,22%-0()*! 4%! 4.1/1! 9,&61/<! 8.(/!

1A,5+&1! 2%--1/+%)0/! 4%7! ^,! 6/1-! '(4.! &1,-)()*! /4:&17! [/8,%@#.! L',0%,%@#.! M426*4! *':!
Y#(6*4Z!.,/!,!+-1;1-1)21!%91-!4.1!9Q#(8%$#!DCU!4:+1!%;!M22:_<!
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!#"!

8.1!2&,//!-1/6&4()*![E1&,4(%)uE8uDV\!',/!%34,()10!2,&26&,4()*7! [T!v!"!v!S!v!T\!f!M!t!
T>"O>!'.(2.!,++-%A(5,41/!4%!T>!2%--1/+%)0()*!4%!4.1!9,&61!^b%%0_<!=4!51,)/!4.,4!4.1!
2&,//!;%-!4.(/!4-,()()*!/,5+&1!(/!b%%0!,/!(/!/.%')!()!8,3&1!""<!

 
Table 23.  Building a training example 
$")/,$0"(

*+."(

.$/0"))&%'( ."$0".*&/%( &%.,*( ,%-"$)*#%-&%'( 1#!,"( $"!#*&/%(9$*9!)(

:0!#));(

"6"$0&)" 

#0*&1"( &%*,&*&1"( '!/3#!( 1"$3#!(

T>"O! b%%0!b!t!T! mb!t!"! =!t!S! mb!t!"!

!

a,9()*! /4-6246-10! 4-,()()*! 1A,5+&1/>! '1! +-%211010! 4%! /1&124! 4.1! 5%/4! /6(4,3&1!
&1,-)()*!,&*%-(4.5c!'1!41/410!4.1!2&,//(;(2,4(%)!,&*%-(4.5/!=WL>!ZM<O![lM#!()!FYiX\!,)0!
Z,-4![V(5+&1Z,-4\!6/()*!4.1!F1?,!'%-?31)2.!%;!0,4,!5()()*!,&*%-(4.5/!NTTOP<!

$%-!41/4()*>!'1!2%)/4-62410!/191-,&!0,4,!/%6-21/!()!%-01-!4%!%3/1-91!4.1!31.,9(%6-!
%;!4.1!,&*%-(4.5/!'(4.!0(;;1-1)4!*-%6+/!%;!0,4,>!,)0!4.6/>!4%!5,?1!,!31441-!012(/(%)!%)!
4.1!/1&12410!,&*%-(4.5<!8'%!0(;;1-1)4!+-(5,-:!/%6-21/>!41,2.1-/!,)0!/4601)4/!+-%9(010!
4.1! 0,4,<! K%4.! 4:+1/! %;! ();%-5,4(%)! '1-1! 6/10! 4%! *1)1-,41! 4-,()()*! 1A,5+&1/! 4%!
/6++%-4!4.1!2&,//(;(2,4(%)!,&*%-(4.5<!

81,2.1-/J!%+()(%)/!,-1!-1+-1/1)410!,/!01/2-(310!()!8,3&1!"S<(8.1!V4601)4/!%+()(%)!
'1-1! 2,+46-10! 4.-%6*.! ,! /+12(;(2! /6-91:!'.1-1!'1! ,/?10! 4.15!.%'! 4.1:!51,/6-10!
1,2.! &1,-)()*! %3G124/! 4:+1! ,00-1//()*! 4.1(-! &1,-)()*! /4:&1>! 6/()*! 4.1! /,51! /2,&1! 4.,4!
',/!+-%9(010!4%!4.1!41,2.1-/<!!

!
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! #L!

4.1.3.2 Evaluation 

8,3&1! "M! /655,-(B1/! 4.1! ();%-5,4(%)! ,3%64! 4.1! 0,4,! /%6-21/! 6/10! 4%! 4-,()! 4.1!
,&*%-(4.5/!%34,()10!;-%5!4.1!,9,(&,3&1!();%-5,4(%)< 

!

Table 24. Data sources used to evaluate learning algorithms. 
DATA SOURCES TRAINING EXAMPLES 

V%6-21!T<!81,2.1-/! "MS!

V%6-21!"<!V4601)4/!2%6-/1!T! TLO!

V%6-21!L<!V4601)4/!2%6-/1!"! RS!

V%6-21!M<!V4601)4/!2%6-/1!T!,)0!"! TQO!

V%6-21!O<!81,2.1-/!v!V4601)4/!2%6-/1!T! LeO!

V%6-21!R<!81,2.1-/!v!V4601)4/!2%6-/1!T!,)0!"! MLO!

!

8%! 9,&(0,41! 4.1! 2&,//(;(2,4(%)! ,&*%-(4.5>! ,! 2-%//@9,&(0,4(%)! 412.)(I61! ',/! 6/10>!
9,-:()*!U!314'11)!O!,)0!TS!()!%-01-!4%!%34,()!*-%6+/!'(4.!,!-1+-1/1)4,4(91!)6531-!
%;!1A,5+&1/!;%-!4-,()()*!,)0!41/4()*!4.1!,&*%-(4.5<!=)!8,3&1!"O>!4.1!-1/6&4/!;%-!/%6-21!T>!
"!,)0!L!'(4.!U!t!TS!,-1!+-1/1)410<!$%-!1,2.!/%6-21!,)0!;%-!1,2.!,&*%-(4.5>!8,3&1!"O!
/.%'/! 4.1! +1-21)4,*1! %;! ()/4,)21! 2%--124&:! 2&,//(;(10! [nZZ\! ,)0! 4.1! 2&,//(;(2,4(%)!
+-12(/(%)![n]\!,/!'1&&!,/!4.1!)1221/,-:!4(51!4%!0191&%+!4.1!2&,//(;(2,4(%)<!

!

Table 25. Study for the data sources of teachers and students. 

ALGORITHM 
SOURCE 1 SOURCE 2 SOURCE 3 

%CC %P T %CC %P T %CC %P T 

ID3 #R<"O! eQ<M! S! LQ<L! LR<"! S! O#<L! LM! S!

C4.5 [\C]^! Q"<R! S! MQ<R! O"<O! S! RL<L! RM! S!

CART #O<#L! #"<#! S<SQ! _WCW! RM<T! S<SO! `aC`! eT<T! S<SO!

 

=)!8,3&1!"O>!4.1!,&*%-(4.5!ZM<O!.,/!4.1!31/4!31.,9(%6-!;%-!4.1!0,4,!V%6-21!T>!'.(&1!
;%-! 4.1! 2,/1/!%;! 0,4,! V%6-21!"! ,)0! V%6-21!L>! 2%--1/+%)0()*! 4%! 4.1!0,4,!+-%9(010!3:!
/4601)4/>!4.1!31/4!31.,9(%6-!',/!%34,()10!6/()*!4.1!Z,-4!,&*%-(4.5>!,4!4.1!1A+1)/1!%;!
6/()*!,!.(*.!+-%21//()*! 4(51! ;%-! 4.1!)6531-!%;! 4-,()()*!1A,5+&1/<!F1!,&/%!%34,()10!
4.,4!4.1!+-12(/(%)!%;!4.1!V%6-21/!"!,)0!L!(/!2%)/(01-,3&:!&1//!4.,)!4.,4!%;!V%6-21!T<!8.(/!
5,:!31!061!4%!4'%!-1,/%)/7!;(-/4>!;1'!4-,()()*!0,4,![V%6-21!T!t!TLO!j!V%6-21!"!t!RS\!
.,/!31()*!2%)/(01-10!,)0>!/12%)0>!0(91-/(4:!%;!&1,-)()*!/4:&1/!',/!)%4!,9,(&,3&1!()!4.1!
2%6-/1/>!061!4%!4.1!-106210!)6531-!%;!19,&6,410!/4601)4/<!
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!#M!

8,3&1! "R! +-1/1)4/! 4.1! -1/6&4/! %;! 4.1! V%6-21/! M>! O! ,)0! R>! 2%--1/+%)0()*! 4%! 4.1!
2%53(),4(%)! %;! 2%6-/1/! T! ,)0! ">! ,)0! 4.1! 2%53(),4(%)! %;! /4601)4! 0,4,!'(4.! 41,2.1-!
0,4,<!F(4.! 4.(/! 2%53(),4(%)! %;! 4.1! 0,4,! '1! ',)4! 4%! -1+-1/1)4! ,! /21),-(%! 2&%/1-! 4%!
-1,&(4:<! 8.1! (01,! (/! 4.,4! 4-,()()*! 1A,5+&1/! '(&&! 31! ()2-1,/10! '.1)! /4601)4/! ()41-,24!
'(4.!4.1!DUV>!,)0!()!4.(/!5,))1->!4.1!5%01&!'(&&!(5+-%91>!2-1,4()*!,)!,226-,41!+-%;(&1!
%;!1,2.!+-1;1-1)21!;%-!,!-1/%6-21!4:+1!()!,22%-0,)21!'(4.!4.1!/4601)4p/!&1,-)()*!/4:&1<!!

!

Table 26. Study for the union of the data sources of teachers and 
students. 

ALGORITHM 
SOURCE 4 SOURCE 5 SOURCE 6 

%CC %P T %CC %P T %CC %P T 

ID3 MM<T! ML<T! S! OL<#! OL<L! S! MO<e! MR<"! S<S"!

C4.5 MO<TL! MR<T! S! RL<e! O#! S! OQ<L! OO<T! S!

CART RT<OM! RT<e! S<SQ! RR<e! R"<R! S<Te! RL<MM! RL<"! S<LT!

 

8.1!0,4,!/%6-21/!6/10! ()!8,3&1!"R!/.%'!4.,4! 4.1!,&*%-(4.5!Z,-4!+-1/1)4/! 4.1!31/4!
31.,9(%6-!()!4.1!)6531-!%;!1A,5+&1/!2%--124&:!2&,//(;(10![nZZ\!,)0!4.1!+-12(/(%)![n]\>!
;%&&%'10! 2&%/1&:! 3:! 4.1! ZM<O! ,&*%-(4.5>! '(4.! 91-:! /(5(&,-! -1/6&4/! ()! 4.1/1! 4'%! (415/!
[nZZ!:!n]\<!8.1!0(;;1-1)21!314'11)!4.1!4'%!,&*%-(4.5/!(/!()!4.1!+-%21//()*!4(51>!4.1!
,&*%-(4.5! Z,-4! ()! ,&&! 2,/1/! [8,3&1! "O! ,)0! 8,3&1! "R\! /.%'/! ,! -,4.1-! &,-*1! 01&,:!
2%5+,-10!4%!4.1!ZM<O!,&*%-(4.5<!=)!$(*6-1!"L>!'1!,&/%!+-1/1)4!4.1!2%);6/(%)!5,4-(21/!
;%-!V%6-21/!T>!O!,)0!R!4%*14.1-!'(4.!4.1!2&,//(;(2,4(%)!1--%-!%34,()10!;%-!1,2.!/%6-21<!
8.1! 5,()! %3G124(91! %;! 4.1! 2%);6/(%)! 5,4-(21/! (/! 4%! 5,?1! 1,/(1-! 4%! %3/1-91! (;! 4.1!
2&,//(;(1-/!,-1!)%4!2%)/;6/()*!4.1!2&,/1//<!

!

Figure 23. Confusion matrices for the classification models 
!
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! #O!

=)!$(*6-1!"L!4.1!2&,//(;(2,4(%)!1--%-/!,-1!.(*.!;%-!V%6-21/!O!,)0!R<!8.(/!',/!1A+12410c!
(;! 4.1-1! ,-1! 5%-1! -1,&! ,)0! 9,-(10! 2,/1/! 4.,4! ,&&%'! 4.1! ,&*%-(4.5/! 4%! (5+-%91! 4.1(-!
&1,-)()*>! 4.%/1! 1--%-/! '(&&! 012-1,/1! ,)0>! 4.1-1;%-1>! 4.1! -1&(,3(&(4:! ()! 5%01&/! '(&&! 31!
()2-1,/10<!

W,4,! '1-1! ,&/%! 19,&6,410! '(4.! 2%53(),4%-(,&! 514.%0/! /62.! ,/! 3,**()*>! 3%%/4()*!
,)0! /4,2?()*>! 364! 4.1-1! ',/! )%! /6221//! %)! 4.1! %34,()10! ,)! (5+-%910! 5%01&<! =)!
,00(4(%)>! 4.1!+-%21//()*! 4(51! (/!*-1,4&:! ()2-1,/10!3:!6/()*! 4.1/1!514.%0/<!F.1)!4.1!
)6531-! %;! 4-,()()*! 1A,5+&1/! (/! )%4! &,-*1>! '(4.! 4.1/1! 514.%0/! (/! &1//! +-%3,3&1! 4%!
%34,()! 4.1!01/(-10! -1/6&4/<! 8,3&1!"e!+-%9(01/! ,)!%91-9(1'!%;! 4.1!%34,()10! -1/6&4/!3:!
6/()*!4.1!3,**()*!514.%0!;%-!V%6-21/!T>!O!,)0!R<!

!

Table 27. Percentages applying the Assembly Bagging method. 

BAGGING 
+ 

SOURCE 1 SOURCE 5 SOURCE 6 

%CCI  %P  T  %CCI  %P  T  CCI  P  T  

ID3  #R<L!! #T<R!! S<S"!! OO<"!! OM<e!! S<SO!! MQ<"!! MQ!! S<SO!!

C4.5  ^[C_!! #Q<#!! S<S"!! R"<M!! Oe<e!! S<S"!! Oe<e!! OL<#!! S<SL!!

CART  #e<T!! #S<T!! S<#M!! Re<O!! R"<"!! T<RQ!! R"<O!! Oe<O!! !

!

71#! (#$04,$! $12A#:! ,1*,! ,1#! EWCb! 84*$$%>%8*,%2'! <2:#4! ?(#$#',$! *! <081! 6#,,#(!
&#'#(*4!6#1*@%20(!,1*'!,1#!2,1#(!,A2!*4&2(%,1<$!*':!82<6%'#:!<#,12:$C!7#$,$!$12A!
,1*,! EWCb! 1*$! *! &22:! ?(#:%8,%@#! 8*?*8%,P! *':! $<*44! ?(28#$$%'&! ,%<#c! ,1#(#>2(#.! ,1%$!
*4&2(%,1<!A*$!:#>%'#:!,2!6#!0$#:!%'!2(:#(!,2!26,*%'!,1#!0$#(d$!?(#>#(#'8#C!

8.1! 012(/(%)! 5%01&! *1)1-,410! 3:! 4.1! 2&,//(;(2,4(%)! ,&*%-(4.5/! (/! ,! 012(/(%)! 4-11>!
'.(2.!/6++%-4/!4.1!4,/?!%;!01;()()*!4.1!%-01-!()!'.(2.!-1/%6-21!4:+1/!,-1!+-1/1)410!4%!
4.1! /4601)4! ,22%-0()*! 4%! 4.1(-! &1,-)()*! /4:&1<! X)! 1A,5+&1! %;! 4.1! *1)1-,410! 012(/(%)!
4-11!(/!/.%')!()!$(*6-1!T<!

!

!

Figure 24. Example of a generated decision tree. 
!
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!#R!

8.1!%-01-!2,)!31!*1)1-,410!2-%//()*!4.1!3-,)2.1/!%;!4.1!*1)1-,410!012(/(%)!4-11<!=)!
4.(/!5,))1->!()!4.1!;(-/4!()/4,)21!4.1!-1/%6-21/!%;!4.1!2&,//!r91-:u*%%0r!,-1!0(/+&,:10>!
4.1)! 4.1! -1/%6-21/! %;! 4.1! 2&,//! r*%%0r! ,)0>! ;(),&&:>! 4.1! -1/%6-21/! %;! 4.1! 2&,//!
r()0(;;1-1)4r<!

X)!1A,5+&1!%;! 4.1!-1/6&4!*1)1-,410!;%-!,),&:/()*!4.1!012(/(%)!4-11! (/!+-1/1)410! ()!
8,3&1!"#<!

!

 
Table 28. Example of the generated order 

LEARNING PROFILE: 
ACTIVE, SENSITIVE, GLOBAL, VERBAL 

RESOURCE TYPES MEASURE 

YA1-2(/1!! mb!

V(56&,4(%)! mb!

h61/4(%)),(-1! =!

W(,*-,5! b!

$(*6-1! b!

b-,+.! b!

=)01A! mb!

V&(01! mb!

8,3&1! b!

H,--,4(91!81A4! mb!

YA,5! =!

YA+1-(51)4! b!

]-%3&15!V4,4151)4! mb!

V1&;!X//1//51)4! =!

D1246-1! mb!

!

=)!%-01-!4%!19,&6,41!%6-!/4,4(2!,++-%,2.!()!,!-1,&!2%)41A4>!'1!0191&%+!,)!1A+1-(51)4!
'(4.()!4.1!2%6-/1!^Y062,4(%),&!E1/1,-2._!%;!4.1!]10,*%*(2,&!3,2.1&%-J/!01*-11!%;!4.1!
`)(91-/(4:! %;! b(-%),<! 8.(/! 2%6-/1! .,/! R! YZ8V! [2-10(4/! ()! 4.1! Y6-%+1,)! ;-,51'%-?! %;!
.(*.1-!1062,4(%)\>!L!4.1%-14(2,&!,)0!L!+-,24(2,&!2-10(4/<!Z%6-/1!',/!0191&%+10!06-()*!
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! #e!

4.1! /12%)0! 41-5! %;! 4.1! :1,-! "STS<! 8.(/! /63G124! (/!5,)0,4%-:! ()! %-01-! 4%! %34,()! 4.1!
K,2.1&%-J/!01*-11<!!

F1!,/?10!;%-!/%51!;1103,2?!;-%5!4.1!/4601)4/!-1&,410!4%!4.1(-!+-1;1-1)21/!%)!4.1!
0(;;1-1)4! +%//(3&1! &1,-)()*! %3G124! 4:+1/! ()! %-01-! 4%! 2%5+,-1! 3%4.! -1/6&4/! 4%! 2.12?! (;!
4.1-1!'1-1!,):!2%--1&,4(%)/!,5%)*!/4601)4/!%+()(%)!,)0!4.1!*1)1-,410!%-01-!3:!4.1!
2&,//(;(2,4(%)! 4,/?<! V%>! 4.1:! '1-1! ,/?10! 4%! ;(&&! ()! ,! I61/4(%)),(-1! -1&,410! 4%! 4.1(-!
+-1;1-1)21/! %)! 4.1! 0(;;1-1)4! &1,-)()*! %3G124! 4:+1/>! /+12(;:()*! (;! 4.1! &191&! ',/! 91-:!
*%%0>! *%%0! %-! ()0(;;1-1)4<! 8.1)>! '1! ,//%2(,410! 4.1! -1/+%)/1/! %34,()10! ()! 4.1!
I61/4(%)),(-1!4%!4.1!+-19(%6/&:!2%5+6410!&1,-)()*!/4:&1/<!!

F1! 2%5+,-1! 4.1! 2,41*%-(B,4(%)! *1)1-,410! 3:! 4.1! 012(/(%)! 4-11! ,3%64! 4.1! %-01-!
+-1;1--10!3:!1,2.!&1,-)()*!/4:&1!'(4.!4.1!%)1/!%34,()10!;-%5!4.1!I61/4(%)),(-1!*(91)!
4%! 4.1! /4601)4/! 4%! *14! 4.1(-! %+()(%)! ,3%64! 4.1(-! +-1;1-1)21/! 4%! /11! (;! 4.1-1!',/! ,):!
2%--1&,4(%)!2,&26&,410!6/()*!4.1!]1,-/%)!2%1;;(2(1)4!NTTRP<!F1!%34,()10!,!+%/(4(91!364!
)%4! /(*)(;(2,)4! 2%--1&,4(%)! 314'11)! 4.1! /4601)4/J! %+()(%)/! ,)0! 4.1! -1/6&4/! %;! 4.1!
/:/415<! 8.1! -1/6&4/! ()0(2,41! 4.,4! 4.1! 2,41*%-(B,4(%)! +-%06210! 3:! 4.1! /:/415! (/!
/%51'.,4!/(5(&,-! 4%! 4.1!',:!4.1!/4601)4/! &(?1! 4%!-121(91!4.1! &1,-)()*!-1/%6-21!4:+1<!
8.1! ,3/1)21! %;! /(*)(;(2,)21! 2%6&0! 31! 061! 4%! 4.1! /5,&&! )6531-! %;! /4601)4/! ()! 4.1!
/4,4(/4(2,&!/,5+&1<!

8.1! -1/6&4! %;! 4.1! $(-/4! V460:! W1/2-(+4(%)! +1-5(4/! 6/! 4%! 2%)2&601! /%51! (5+%-4,)4!
(01,/!/655,-(B1/!,/!;%&&%'7!

1. 8.1! Z&,//(;(2,4(%)! 4,/?! (/! ,! *%%0! ,++-%,2.! 4%! *1)1-,41! 4.1! +-1;1--10! %-01-! %;!
/4601)4/!,3%64!4.1!&1,-)()*!%3G124!4:+1/!()!4.1!2%)41A4!%;!&1,-)()*!01/(*)<!

2. 8.1!ZM<O! 2&,//(;(2,4(%)!5%01&! /.%'/! 4.1!31/4! 31.,9(%6-!'(4.! -1/+124! 4%!%4.1-!
,&*%-(4.5/<!

3. 8.1!/2,&1!6/10!4%!01;()1!4.1!%-01-!4%!01&(91-!4.1!&1,-)()*!%3G124!4:+1/!56/4!31!
-1;()10!312,6/1!%;!4.1!)6531-!%;!4.15<!X!&(5(410!/2,&1!%;!4.-11!+%//(3&1!9,&61/!
()2-1,/1/!4.1!6)21-4,()4:!()!4.1!*1)1-,410!%-01-<!

4. 8.1!9,&(0,4(%)!%;!%6-!,++-%,2.!()!4.1!-1,&!2%)41A4!'(4.!,!&,-*1-!)6531-!%;!6/1-/!
(/!)121//,-:<!

!



EF/5793!WC!;D93!)J"9BLNM!=/D9"!JN!B9/3NLNM!D7XB9!
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4.1.4 Improving Preferred Learning Object Types Order  

4.1.4.1 Description 

X22%-0()*! 4%! 4.1! 2%)2&6/(%)/! %;! 4.1! 19,&6,4(%)! 0191&%+10! ;%-! %6-! ;(-/4! +-%+%/,&>! '1!
01;()10!/%51!+%()4/!;%-!(5+-%9151)47!!

1. X!-101;()(4(%)!%;!4.1!/2,&1!6/10!4%!2,41*%-(/1!4.1!&1,-)()*!%3G124!4:+1>!!

2. 8.1!0191&%+51)4!%;! /460:!'(4.! ,! &,-*1-! /,5+&1!%;! 41,2.1-/! ,++&:()*! 4.1!)1'!
/2,&1!;%-!2&,//(;(2,4(%)>!,)0!!

3. X! 5%0(;(2,4(%)! %;! %6-! 2&,//(;(2,4(%)! 4,/?<! F(4.! 4.1/1! 4,/?/! '1! +-141)0! 4%!
(5+-%91!4.1!%-01-!*1)1-,410!;%-!4.1!012(/(%)!512.,)(/5<!

71#!>%($,!,*$+!,2!82'$%:#(!%$!*!<2:%>%8*,%2'!2>!20(!>%($,!$8*4#!2>!,1(##!@*40#$!%'!2(:#(!,2!
%<?(2@#!,1#!&#'#(*,#:!2(:#(!<*+%'&!%,!<2(#!:%$8(%<%'*,2(PC!

8.1!-1/6&4!%;! 4.1!-19(/(%)!%;! 4.1!/2,&1! (/! /.%')! ()!8,3&1!"Q<!X!/2,&1!%;!)()1!9,&61/!
+1-5(4/!4%!2&,//(;:!5%-1!,226-,41&:!4.1!%-01-!%;!4.1!&1,-)()*!%3G124!4:+1/<!8.1!012(/(%)!
',/!4,?1)!2%)/(01-()*!4.1!)6531-!%;!0(;;1-1)4!&1,-)()*!%3G124/!4:+1/<!

!

Table 29. New Scale for measuring preference based on learning style 

NEW 
SCALE 
 

VERY GOOD GOOD INDIFFERENT 

mbL! mb"! mbT! bL! b"! bT! =L! ="! =T!

Q # e! R O M L " T 

!

71#! $#82':! ,*$+! *%<$! ,2! %<?(2@#! ,1#! :*,*! $#,$! *882(:%'&! ,2! ,1#! '#A! $8*4#C! H2(!
*::(#$$%'&! ,1%$! %$$0#.!A#!:#@#42?#:!*! $,0:P! %'! $2<#!0'%@#($%,%#$! >(2<!D20,1!/<#(%8*!
*':!90(2?#!,2!8*?,0(#!,1#!,#*81#(e$!2?%'%2'!*620,!,1#!?(#>#(#'8#$!2>!,1#%(!$,0:#',$!>2(!
,1#!:%>>#(#',!?2$$%64#!4#*('%'&!26O#8,!,P?#$C!!

8.(/!/460:!',/!0191&%+10!'(4.!LS!41,2.1-/!;-%5!0(;;1-1)4!?)%'&10*1!,-1,/!/62.!,/!
1)*()11-()*>!+10,*%*:>!510(2()1>!142<!W,4,!,3%64!4.1!+%+6&,4(%)!(/!/.%')!()!8,3&1!LS<!

!
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Table 30. South America and Europe Study 
POPULATION FEATURES ! LEARNING STYLE DISTRIBUTION 

Nº OF USERS LS!

! DIMENSION QUANTITY % 

! ACTIVE T#! RS 

DISTRIBUTION IN 
GENDER (M/F) 

TL!U,&1![MSn\! !

REFLECTIVE T"! MS Te!$15,&1![RSn\!

AGE RANGE  "O@RS!:1,-/!%&0! ! SENSING TQ! RL>LL 

Nº PROFESSORS  LS!81,2.1-/! ! INTUITIVE TT! LR>RR 

EXPERIENCE 
DURATION #!.%6-/!

!
VISUAL "O! #L>LL 

TYPE  8,&&1-! ! VERBAL O! TR>RR 

KNOWLEDGE 
AREAS 

a65,)(4(1/!o!RSn! ! SEQUENTIAL TM! MR>RR 

Y)*()11-/!o!MSn! ! GLOBAL TR! OL>LL!

!
$(*6-1!"O!/.%'/!4.1! &1,-)()*!/4:&1!0(/4-(364(%)!%;!4.1!+%+6&,4(%)<!X22%-0()*!4%!4.1!

-1/6&4/>!4.1!*-%6+!4-1)0!(/!4%!31!/8,%@#.!D#'$%'&.!Y%$0*4!*':!M426*4<!!a%'191->!4.1!5%/4!
0(;;1-1)210!4-1)0!',/!(01)4(;(10!()!4.1!9',(P!:%<#'$%2'!'.1-1!#S!n!%;!41,2.1-/!'1-1!
9(/6,&<!

!

!

Figure 25. Population Graphical Condensed Learning Styles 
!

8,3&1! LT! /.%'/! 4.1! ,),&:/(/! ,22%-0()*! 4%! 4.1! 4'%! &,-*1-! ?)%'&10*1! ,-1,/>!
a65,)(4(1/!,)0!Y)*()11-()*<!

!
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Table 31. Humanities and Engineering Teachers Learning Styles 
HUMANITIES TEACHERS ! ENGINEERING TEACHERS 

NO TEACHERS T#! ! NO TEACHERS  T"!!

DIMENSION QUANTITY % ! DIMENSION QUANTITY % 

ACTIVE TT! LQ! ! ACTIVE e! MT>RR!

REFLECTIVE e! RT>TT! ! REFLECTIVE O! O#>LL!

SENSING TL! "e>ee! ! SENSING R! OS!

INTUITIVE O! e">""! ! INTUITIVE R! OS!

VISUAL TL! "e>ee! ! VISUAL T"! S!

VERBAL O! e">""! ! VERBAL S! TSS!

SEQUENTIAL #! OO>OO! ! SEQUENTIAL R! OS!

GLOBAL TS! MM>MM! ! GLOBAL R! OS!

!

8.1! -1/6&4/! ;%-! 4.1! ,),&:/10! +%+6&,4(%)! ,-1! ()! ,22%-0,)21! '(4.! %4.1-! ,//%2(,410!
-1/1,-2.>!'.(2.!2%)2&601/!4.,4!1)*()11-/!,-1!5%-1!9(/6,&!4.,)!.65,)(/4/<!!

8.1!.65,)(4(1/!41,2.1-/J!41)01)2:!4%!4.1!-1;&124(91!0(51)/(%)!',/!1A+12410!,/!'1&&!
,/! 4.1(-!91-3,&! 41)01)2:<!8.1!41)01)2:!%;!.65,)(4(1/! 41,2.1-/! 4%!31! ()46(4(91!2,)!31!
,&/%!.(*.&(*.410<!$(*6-1!"R!-1/651/!4.1!2%)2&6/(%)/<!!

!

!

Figure 26. Humanities and Engineering Teachers Learning Styles 
!

8,3&1! L"! /.%'/! ,)! 1A,5+&1! %;! 4.1! -,4()*! +-%9(010! 3:! 1,2.! 41,2.1-! ,3%64! 4.1!
/4601)4/!+-1;1-1)21!3,/10!%)!4.1!&1,-)()*!/4:&1!,22%-0()*!4%!4.1!)1'!+-%+%/10!/2,&1<!
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Table 32. Rating with the new scale to relate student preferences for the 
different possible learning object types 

((

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

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

"6"$0&)")( #! e! R! Q! #! e! e! #!

)&7,!#*&/%)( R! #! e! #! O! O! #! O!

4,")*&/%%#&$"
)( O! e! R! R! R! R! O! e!

-&#'$#7)( e! e! #! R! #! e! Q! R!

5&',$")( e! e! e! R! #! e! Q! R!

'$#.8)( e! e! Q! e! R! #! Q! R!

*#3!"(/5((

0/%*"%*)( R! Q! R! #! Q! e! R! #!

)!&-")( e! Q! e! Q! Q! R! e! Q!

*#3!")( R! #! R! Q! e! #! e! e!

%#$$#*&1"(*"6*( e! #! R! Q! #! O! R! Q!

"6#7)( R! #! O! e! e! R! R! R!

"6."$&7"%*)( Q! R! #! e! R! #! R! R!

)*#*"7"%*( e! Q! e! e! Q! R! R! #!

)"!5<
#))"))7"%*( O! #! R! R! O! O! O! R!

!"0*,$")( Q! #! e! #! #! e! O! #!

!

71#! ,1%(:! ,*$+!?#(<%,$!0$! ,2! >280$! %'! (#:#>%'%'&! ,1#! 84*$$%>%8*,%2'! ,*$+!*$! $12A'! %'!
7*64#!GGC!

!

Table 33. New classification task 

!"#$%&%'(/3="0*(
*+."(

&%&*&#!(0/7.!"*"(!"#$%&%'(
)*+!"(

!"#$%&%'()*+!"(.$"5"$"%0"(5/$(!/(
*+.")(&%("#08(5"!-"$>)(-&7"%)&/%(

0#*"'/$&0#!(

.$"5"$"%0"(

"%( ,%( .$( ."( .<"%( .<,%( .<.$( .<."(

?(&@A(&BA(&CA(

'@A('BA('C(

1'@A(1'BA(1'C(D(

)&7,!#*&/%( T! T! T! T! e! T! e! "! b!

!

!

8,3&1!LL!/.%'/!4.1!;%&&%'()*!,44-(3641/7!

• D1,-)()*! C3G124! 8:+1>! 0(;;1-1)4! 4:+1/! %;! &1,-)()*! %3G124/! ()2&6010! ()! 4.1!
,),&:/(/<!
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!Q"!

• Z%5+&141! D1,-)()*! V4:&1>! $1&01-J/! &1,-)()*! /4:&1! ;%26/10! ()! 4.1! 0%5(),)4!
0(51)/(%)<!

• D1,-)()*! V4:&1! +-1;1-1)21! %;! DC! ()! 1,2.! $1&01-J/! W(51)/(%)>! ()(4(,&! '1(*.4! %;!
+-1;1-1)21!,22%-0()*!'(4.!41,2.1-/J!%+()(%)/>!4.(/!'1(*.4!2.,)*1!%91-!4.1!4(51!
,22%-0()*!4%!4.1!6/1-!5%01&&()*!+-%21//<!

• Z,41*%-(2,&!]-1;1-1)21>!4.-11!&191&!+-1;1-1)21!2,41*%-(B,4(%)<+

• ]-1;1-1)21/!F1(*.4>!,91-,*1!%;!4.1!'1(*.4!%;!+-1;1-1)21!01/2-(31!31;%-1<!

4.1.4.2 Evaluation 

F(4.! 4.1! ,9,(&,3&1! 0,4,>! '1! 36(&4! ,! 0,4,! /14! '(4.! T#<TMS! ()/4,)21/! ,22%-0()*! 4%! 4.1!
,3%9151)4(%)10!/2.151<!8.(/!0,4,!/14!',/!*1)1-,410!4.-%6*.!4.1!2,+46-10!41,2.1-/J!
%+()(%)/<!$%-!41/4()*>!'1!6/10!4.1!/,51!,&*%-(4.5/>!Z,-4>!=W!L!,)0!=W!M<O<!

8.1! -1/6&4/!+-1/1)410! ()!8,3&1!LM>!8,3&1!LO!,)0!8,3&1!LR! /.%'!,)! ()2-1,/1! ()! 4.1!
+-12(/(%)!%;!4.1!2&,//(;(2,4(%)!,&*%-(4.5/>!'.(2.!+1-5(4/!,!31441-@*1)1-,410!,)0!5%-1!
0(/2-(5(),4%-:!%-01-<!

!

Table 34. Cart Algorithm Results 
Z,-4! Z%--124&:!Z&,//(;(10!=)/4,)21/!!!!!!!

TeOLS!!!!!!!!!!!!!!!QR<RT!!n!

=)2%--124&:!Z&,//(;(10!=)/4,)21/!!!!!!!
RTM!!!!!!!!!!!!!!!!L<L#!!n!

! =T>!=">!=L! bT>!b">!bL! mbT>!mb">!mbL!

eSSe! TOe! S!

TL#! #e"L! TMO!

S! TeM! T#SS!

]-12(/(%)!!!! S<Q#T!!!!!! S<QRL!!!!!! S<Q"O!!!!!!

E12,&&! S<Qe#! S<QRQ! S<QT"!

!

Table 35. ID3 Algorithm Results 
=WL! Z%--124&:!Z&,//(;(10!=)/4,)21/!!!!!!!

TeLSe!!!!!!!!!!!!!!!QO<L#RQ!n!

=)2%--124&:!Z&,//(;(10!=)/4,)21/!!!!!!!
TS#!!!!!!!!!!!!!!!!S<OQO"!n!

! =T>!=">!=L! bT>!b">!bL! mbT>!mb">!mbL!

eSLO! TO! S!

""! #OLS! "M!

S! Me! TeM"!

]-12(/(%)!!!! S<QQe! S<QQL! S<Q#R!

E12,&&! S<QQ#! S<QQO! S<QeM!

!
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Table 36. C4.5 Algorithms Results 
ZM<O! Z%--124&:!Z&,//(;(10!=)/4,)21/!!!!!!!

TeSTe!!!!!!!!!!!!!!!QL<e#!n!

=)2%--124&:!Z&,//(;(10!=)/4,)21/!!!!!!
TT"e!!!!!!!!!!!!!!!!R<"T!n!

! =T>!=">!=L! bT>!b">!bL! mbT>!mb">!mbL!

R#OS! LTM! S!

LSe! #RS"! Qe!

S! MSQ! TORO!

]-12(/(%)!!!! S<QOe!!!!!! S<Q""!!!!!! S<QM"!

E12,&&! S<QOR! S<QOO! S<eQL!

 
!

Z,-4!,&*%-(4.5/!+-1/1)4!4.1!31/4!+1-;%-5,)21!()!2&,//(;(2,4(%)>!364!()!4.1!Y@&1,-)()*!
2%)41A4!-1/+%)/1!4(51!(/!,!2-(4(2,&! (//61<!8.(/!(/!,!-1,/%)!4%!/1&124!4.1!ZM<O!,&*%-(4.5/!
'.(2.!,&/%!+-1/1)4!,!*%%0!+1-;%-5,)21!()!2&,//(;(2,4(%)<!

4.1.4.3 User modelling process implementation based on multi-agent system  

X/!51)4(%)10!31;%-1>!4.1!,0,+4,4(%)!012(/(%)!2%)/(/4/!%;!2-%//()*!,2-%//!4.1!012(/(%)!
4-11!*1)1-,410>! 4%!%34,()! 4.1!01/(-10! -1/6&47! 4.1!%-01-!%;! 4.1! -1/%6-21/!,22%-0()*! 4%!
4.1!6/1-!+-1;1-1)21/<!

=)!%-01-! 4%! (5+&151)4! 4.(/! ,0,+4,4(%)!012(/(%)>! 4.1!6/10! 412.)%&%*:!',/! ,!56&4(@
,*1)4! /:/415<! 8%! 0191&%+! 4.(/! 56&4(@,*1)4! /:/415>! 4.1! /%;4',-1! %;! X*1)4! X2,015:!
NTTeP! 3,/10! %)! 4.1! ,*1)4/! 0191&%+51)4! %91-! lXWY! [l,9,! X*1)4/! W191&%+51)4!
Y)9(-%)51)4\!NTT#P!,)0!4.1!FYiX!/:/415!NTTOP!',/!6/10<!

!

Figure 27. Adaptation model for delivering learning objects ordered 
according to LS  

!
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!QM!

$(*6-1! "e! /.%'/! %6-! U6&4(! X*1)4! /:/415! [UXV\! +-%+%/10! ;%-! (5+&151)4()*! 4.1!
012(/(%)!512.,)(/5!01/2-(310!31;%-1<!X/!/.%')!()!$(*6-1!"e>!4.1!UXV!2%)/(/4!%;!4'%!
4:+1/!%;!()41&&(*1)4!,*1)4/7!

4. 8.1!^2&,//(;(1-!,*1)4_!4.,4!.,/!,!84*$$%>%8*,%2'!6#1*@%20(!,//(*)10!(/!-1/+%)/(3&1!
%;!%34,()()*!4.1!012(/(%)!4-11!*1)1-,410!3:!4.1!ZM<O!,&*%-(4.5![%-!4.1!/1&12410!
,&*%-(4.5\!()!F1?,!,)0!%;!01&(91-()*!,)!,0,+4,4(%)!012(/(%)!%-!+-1;1--10!%-01-!
%;!4.1!&1,-)()*!%3G124!4:+1/!,22%-0()*!4%!4.1!&1,-)()*!/4:&1!%;!4.1!6/1-<!

5. 8.1!^-1I61/41-!,*1)4_!.,/! 4'%!31.,9(%6-/!,//(*)107!T\! 4%! -1I61/4! 4.1! &1,-)1-!
&1,-)()*!/4:&1!/4%-10!()!,!0,4,3,/1!4%!/1)0!(4!4%!4.1!^2&,//(;(1-!,*1)4_!()!%-01-!4%!
%34,()!4.1!,0,+4,4(%)!012(/(%)>!"\!4%!*1)1-,41!4.1!-1/+%)/1!'(4.!4.1!-1/%6-21/!
%-01-!4.,4!'(&&!31!0(/+&,:10!()!4.1!DUV<!

8.1!5,()!-1,/%)!;%-!0191&%+()*!,!UXV!()!%-01-!4%!(5+&151)4!4.1!+-%+%/10!012(/(%)!
512.,)(/5! ',/! 4%! 1,/1! 4.1! 2%556)(2,4(%)! ,5%)*! '1?,! ,)0! 4.1! 0%4DEH<! 8.1!
()41*-,4(%)!314'11)!4.1!UXV!,)0!4.1!DUV!(/!(&&6/4-,410!()!4.1!5%01&!%;!$(*6-1!"#<!

8.1!5%01&! (/! 2%);%-510!3:! 4'%! *-%6+/!%;! 1&151)4/>! 4.1! ;(-/4! [%)! 4.1! &1;4\>!'.(2.!
-1;1-/! 4%! 4.1! 2%5+%)1)4/! %;! 4.1! DUV! ,)0! 4.1! ()41-,24(%)! %;! 4.1! 6/1-! '(4.! 0%4DEH!
+&,4;%-5!,)0! 4.1! /12%)0! [%)! 4.1! -(*.4\>! 4.1! *-%6+!'(4.! 4.1! 2%5+%)1)4/!%;! 4.1!UXV!
4.,4!'(&&!31!()41*-,410!'(4.!0%4DEH!6/()*!,!lXmX!'13!/1-91-<!

8.1! ()41*-,4(%)! ',/! 0191&%+10! 6/()*! 4.1! gUD@E]Z! +-%4%2%&! 4.-%6*.! 4.1!
(5+&151)4,4(%)!%;!a gUD@E]Z!2&(1)4!,)0!/1-91-<!8.(/!+-%4%2%&!,&&%'/!4.1!1A2.,)*1!%;!
51//,*1/! 4.-%6*.! -15%41! 2,&&/! 314'11)! .141-%*1)1%6/! /:/415/<! =)! %6-! 2,/1>! 4.1!
()41*-,4(%)! %;! 4'%! /:/415/! 0191&%+10! '(4.! 0(;;1-1)4! 412.)%&%*(1/>! 0%4DEH! +&,4;%-5!
[8DZ\!,)0!4.1!UXV![l,9,\<!8.1!gUD@E]Z!Z&(1)4!',/! (5+&151)410!6+%)!0%4DEH!,)0! (/!
-1/+%)/(3&1! ;%-! -1I61/4()*! ,! +,-4(26&,-! /1-9(21! 4%! 4.1! gUD@E]Z! /1-91->! '.(2.! ',/!
5%01&&10!,/!,!'13!,++&(2,4(%)!6+%)!,)!,+,2.1!/1-91-<!

8.1! /1-91-! -121(91/! 4.1! -1I61/4! ,)0! -1/+%)0/! ,++-%+-(,41&:! ,22%-0()*! 4%! 4.1!
+,-,5141-/! +-%9(010! ()! 4.1! -1I61/4! [+,-4(26&,-! &1,-)()*! /4:&1! %-! ,! &(/4! %;! &1,-)()*!
/4:&1/\<!8.1!-1/+%)/1/!,-1!+1-;%-510!'(4.!4.1!,++-%+-(,41!&1,-)()*!%3G124!4:+1!%-01-!
;%-!1,2.!&1,-)()*!/4:&1<!8.1!-1/+%)/1!2%6&0!31!01&(91-10!,/!,)!A5&!+-1;1-1)21!;(&1!%-!,/!
,!+,-4(26&,-!0,4,!/4-6246-1!/62.!,/!,!&(/4<!8.1!-1/+%)/1!2%6&0!31!/1)4!0(-124&:!4%!0%4DEH!
%-!+&,210!()!,!+,-4(26&,-!&%2,4(%)!%)!4.1!/1-91-<!

!
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!

Figure 28. Integration model of the MAS and dotLRN 
!

4.1.4.4 Implementation Results 

8.1! ,0,+4,4(%)! -1/6&4/! ,-1! -1;&12410! ()! 0%4DEH! 4.-%6*.! ,)! `)(4! %;! D1,-)()*! [`%D\!
0191&%+10! ;%-! 0(;;1-1)4! 2%6-/1/! ;%&&%'()*! *6(01&()1/! %;! 4.1! =UV@DW! &1,-)()*!
/+12(;(2,4(%)!NRP<!

=)! 4.(/! `%D>! 4.1! 6/1-! -121(910! &1,-)()*! %3G124/! ()! 4.1! 1)9(-%)51)4/! %-01-10!
,22%-0()*! '(4.! .(/f.1-! &1,-)()*! /4:&1<! a%'191->! 4.1! 1A+&,),4(%)! %;! 4.1! 01/(*)!
*1)1-,4(%)!+-%21//!(/!31:%)0!4.1!/2%+1!%;!4.(/!/124(%)<!$(*6-1!"Q!,)0!$(*6-1!LS!/.%'!
4.1!-1/6&4/!%;!4.1!*1)1-,410!%-01-<!

$(*6-1! "Q! /.%'/! ,)! 1A,5+&1! %;! `%D! 01&(91-10! 4%! /4601)4/! '(4.! &1,-)()*! /4:&1!
[X24(91f=)46(4(91fV1I61)4(,&fm(/6,&\<! `%D! ;%-! 4.(/! &1,-)()*! /4:&1! ;,9%-/! -1/%6-21! ,/!
1A1-2(21/>!/(56&,4(%)/!,)0!0(,*-,5/!+-1;1--10!;%-!6/1-/!'(4.!4.(/!&1,-)()*!/4:&1<!C)!4.1!
%4.1-!.,)0!$(*6-1!LS!/.%'!,)!1A,5+&1!%;!`%D!01&(91-10!4%!/4601)4/!'(4.!&1,-)()*!/4:&1!
[X24(91f=)46(4(91fV1I61)4(,&fm1-3,&\<!8.1!`%D!;%-!4.(/!&1,-)()*!/4:&1!;,9%-/!-1/%6-21/!,/!
&1246-1/! 364! ,&/%! 1A+1-(51)4/>! +-%3&15! /4,4151)/! +-1;1--10! ;%-! 6/1-/! '(4.! 4.(/!
&1,-)()*!/4:&1<!
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!

Figure 29. Unit of Learning for the Unified Modelling Language Course  
!

!

Figure 30. Unit of Learning for the Unified Modelling Language Course  
!
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4.2.  DINAMIC USER MODELING ON LEARNING STYLES 

4.2.1 Description 

8.1! /4,4(2! ,++-%,2.! ;%-! 014124()*! /4601)4/J! +-1;1-1)21! ()0(2,41/! 4.1! 2,+46-1! %;! 4.1!
/4601)4! +-1;1-1)21>! ()! +,-4(26&,->! 4.1! +-1;1--10! %-01-! %;! &1,-)()*! %3G124! 4:+1! ()! ,!
/+12(;(2! 4(51! [4\<! X! 0:),5(2!5%01&! 4,?1/! ()4%! ,22%6)4! 4.1! 2.,)*1! %;! 4.(/! +-1;1-1)21!
%91-!4.1!4(51>!();1--()*!4.1!2.,)*1!()!,!/+12(;(2!+1-(%0!%;!4(51![4vT\<!

=)! NTLP>! b-,;! 01;()1! 4.-11! /41+/! 4.,4! /.%6&0! 31! ,),&:/10! ()! %-01-! 4%! +-%+%/1! ,!
0:),5(2!6/1-!5%01&!3,/10!%)!4.1!&1,-)()*!/4:&1<!8.1!;(-/4!%)1!(/!4.1!01;()(4(%)!%;!4.1!
/4,4(2!5%01&!(4/1&;<!8.1!/12%)0!%)1!(/!4.1!2%5+,-(/%)!%;!4.1!/4%-10!&1,-)()*!/4:&1!'(4.!
4.1!26--1)4!();1--10!&1,-)()*!/4:&1!4%!(01)4(;:!019(,4(%)/!%-!+%//(3&1!2.,)*1/<!8.1!4.(-0!
%)1!(/!'.1-1!,!012(/(%)!,3%64!(;!4.1!6/1-! &1,-)()*!/4:&1!.,/!2.,)*10!,22%-0()*!4%!4.1!
+-19(%6/!,),&:/(/!(/!5,01<!

`)4(&!)%'>!'1!,-1!01;()()*!,!512.,)(/5!4%!01&(91-!%-01-10!&1,-)()*!%3G124/!4:+1/!4%!
6/1-/!3,/10!()!3%4.!6/1-!&1,-)()*!/4:&1!,)0!1A+1-4/J!%+()(%)<!K64!%6-!.:+%4.1/(/>!3,/10!
%)!N"SP>!(/!4.,4!4.(/!+-1;1-1)21!2%6&0!2.,)*1!,22%-0()*!4%!/%51!;,24%-/!/62.!,/!/+12(;(2!
&1,-)()*!%3G124/!%;! 4.1!2%6-/1>! 4.1!2%6-/1! 4%+(2/>!%-! 4.,4! 4.1!6/1-!0%1/!)%4! -1/+%)/1!
2%)/2(%6/&:!4.1!=DV!41/4!;%-!+1-/%),&!-1,/%)/!N"eP<!=)!4.(/!2%)41A4>!'1!)110!4%!5%)(4%-!
4.1!/4601)4!31.,9(%6-!;%-!-1,0,+4()*!4.1!/:/415!4%!4.1!6/1-!2.,)*()*!+-1;1-1)21/<!!

C6-!+-%3&15!.,/!/%51!+-15(/1/!4%!31!2%)/(01-107!

• 8.1!+-%+%/10!/%&64(%)!/.%6&0!31!%-(1)410!4%!*1)1-,41!,!0:),5(2!2&,//(;(2,4(%)!
4,/?<!

• 8.(/!4,/?!/.%6&0!-121(91!)1'!()/4,)21/<!8.1/1!)1'!()/4,)21/!/.%6&0!31!();1--10!
4.-%6*.!4.1!6/1-!()41-,24(%)!'(4.!4.1!/:/415<!

• X!512.,)(/5!4%!2&,//(;:!,01I6,41&:!4.1/1!)1'!()/4,)21/!(/!)11010<!

C6-!+-%3&15!,&/%!.,/!4'%!(5+&(2,4(%)/>!'.(2.!(5+&:!4'%!0(;;1-1)4!+-%21//1/7!

8.1! ;(-/4! +-%3&15! (/! 4.1! ();1-1)21! %;! 4.1! 6/1-! &1,-)()*! /4:&1! %91-! 4.1! 4(51<! 8%!
,00-1//! 4.(/! (//61>! '1! 0191&%+10! ,! /%&64(%)! 3,/10! %)! 4.1! 1A(/4()*! ?)%'&10*1!
NLRPN"OPNLP! 4.,4! -1&,41/! 4.1! /4601)4/! 31.,9(%6-! ()! 4.1! &1,-)()*!5,),*151)4! /:/415!
'(4.! 4.1(-! $1&01-J/! &1,-)()*! /4:&1! 0(51)/(%)/<! 8.(/! /%&64(%)! +1-5(4/! 6/! 4%! ();1-! 4.1!
9,&61/!%;!$1&01-J/!0(51)/(%)!4.-%6*.!4.1!,),&:/(/!%;!4.1!6/1-!31.,9(%6-!%91-!4.1!4(51<!
812.)(2,&&:>!8-,2?()*!,)0!X60(4()*!+,2?,*1!8XU!6+%)!0%4DEH!NTTQP!,)0!4.1!/1-91-!&%*/!
,-1! 6/10! ;%-! 2,+46-()*! /+12(;(2! 191)4/! ()! 4.1! &1,-)()*! +&,4;%-5! ,)0! ;%-! ;110()*! 4.1!
9,-(,3&1/<!

8.1! /12%)0!+-%3&15! (/! 4%! ,;;124! 4.1! ,0,+4,4(%)!012(/(%)!+-%21//! ,22%-0()*! 4%! 4.1!
();1--10! &1,-)()*! /4:&1<! 8.(/! ',/! /%&910! '(4.! 4.1! ()41*-,4(%)! %;! 4.1! 6/1-! 5%01&&()*!
,++-%,2.!'(4.!W1/(*)1-!%91-!4.1!/1&12410!&1,-)()*!+&,4;%-5<!!
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4.2.2 User Model based on learning styles through user 
interactions 

F1!+-%+%/1!4%!36(&0!,!0:),5(2!6/1-!5%01&!3,/10!%)!4.1!/460(1/!3:!b-,;!14!,&<!NLQP!,)0!
]%+1/26! 14! ,&<! N"OP>! '.(2.! -1&,41! 31.,9(%6-/! %;! /4601)4/! ()! ,! &1,-)()*! 5,),*151)4!
/:/415!'(4.!4.1(-!$1&01-J/!&1,-)()*!/4:&1/<!F1!.,91!,),&:/10!0(;;1-1)4!4:+1/!%;!+%//(3&1!
6/1-! ()41-,24(%)/! [2-(41-(,J/! 4%! 014124! 6/1-/J! &1,-)()*! /4:&1/\! ,)0! '1! .,91! (01)4(;(10!
/191-,&! /(*)(;(2,)4! ,)0! ,*-110! -1&,4(%)/! '(4.! 4.1! $1&01-J/! &1,-)()*! /4:&1! 0(51)/(%)/!
;-%5!N"OP!,)0!NLQP<!

8,3&1!Le! /.%'/! 4.1!6/1-! ()41-,24(%)!9,-(,3&1/!'1!,-1! 2%)/(01-()*! ;%-! 4.1!0:),5(2!
6/1-!5%01&&()*! +-%21//<! $(-/4! 4'%! 2%&6)5/! ()! 4.1! 4,3&1! /.%'! 4.1! 9,-(,3&1/! ,)0! 4.1(-!
01/2-(+4(%)! ,)0! 4.1! &,/4! 4.-11! 2%&65)/! -1+-1/1)4! 4.1! 2%)2&6/(%)/! +-%9(01! ;%-! ;%6-!
0(;;1-1)4! ,64.%-/!'.(2.!.,91! /460(10! 4.1! 2%--1&,4(%)!314'11)!1,2.! 9,-(,3&1! ,)0! 4.1!
$1&01-J/!&1,-)()*!/4:&1!0(51)/(%)/<!

X! +%/(4(91! %-! )1*,4(91! /:53%&! ()0(2,41/! 4.1! /1)/1! %;! 4.1! 2%--1&,4(%)! '(4.! 4.1!
+-10%5(),)4! /(01! %;! $1&01-J/! 0(51)/(%)/! []1-21+4(%)7V1)4(4(91c! ]-%21//()*7X24(91c!
`)01-/4,)0()*7V1I61)4(,&c!Y)4-:7m(/6,&\<!8.1/1!9,&(0,410!6/1-!()41-,24(%)!9,-(,3&1/!,-1!
4.1!3,/(/! ;%-! 4.1!+-%21//!%;!2-1,4()*!,!51,/6-1! 4%! -1+-1/1)4!.%'!4.1!6/1-J/! &1,-)()*!
/4:&1/!2.,)*1!%91-!4(51<!

!
Table 37. Defined and Validated variables to the user modelling 
DEFINED VARIABLES DESCRIPTION GRAF POPESCU GARCIA MARTIN 

PERCEPTION VARIABLES (SENSITIVE) 

2%)41)4u9(/(4![@\!
H6531-! %;! DC!
m(/(4/! @! ! ! !

2%)41)4u/4,:![@\! 8(51!()!DC! @! ! ! !

Z%)41)4u8:+1! ! ! ! ! !

4u$6)0,51)4,&! [=)46(4(91\!
[v\! ! ! v! ! !

4uW1;()(4(%)!![=)46(4(91\![v\! ! ! v! ! !

.uW1;()(4(%)!![=)46(4(91\![v\! ! ! v! ! !

2%)2-1-41!4:+1![v\! ! ! ! v! !

1A,5+&1u9(/(4![v\! YA,5+&1/!9(/(4/! v! v! v! !

1A,5+&1u/4,:![v\! 8(51!()!1A,5+&1/! v! v! v! !

/1&;,//u9(/(4![v\!
V1&;@X//1/451)4!
m(/(4/! v! ! ! !

/1&;,//u/4,:![v\!
8(51! 0%()*! V1&;@
X//1/451)4! v! ! ! !

1A1-2(/1u9(/(4![v\! YA1-2(/1!m(/(4/! v! ! ! !
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DEFINED VARIABLES DESCRIPTION GRAF POPESCU GARCIA MARTIN 
E1&,4(%)/!,3%64!h61/4(%)/! ! ! ! ! !

I61/u014,(&![v\!
h61/4(%)! '(4.!
W14,(&! v! ! ! !

I61/u;,24/![v\!
h61/4(%)! ,3%64!
;,24/! v! v! ! !

I61/u2%)21+4/![@\!
h61/4(%)! ,3%64!
Z%)21+4/! @! @! ! !

I61/u0191&%+![@\!

h61/4(%)! ,3%64!
0191&%+51)4/! %-!
/%&64(%)/!
()41-+-14,4(%)/! @! ! ! !

I6(Bu-19(/(%)![v\!
h61/4(%)! -19(/(%)/!
31;%-1!/1)0!(4! v! ! v! !

I6(Bu/4,:u-1/6&4/![v\!
8(51! /11()*! 4.1!
-1/6&4/! v! ! v! !

4(51! 4%! ;()(/.! ,)! 1A,5!,)0!
01&(91-!(4![v\! ! ! ! v! !

,)/'1-!2.,)*1/![v\!

H6531-! %;!
2.,)*1/! ()! 4.1!
,)/'1-/!! ! ! v! !

Z%)41)4!U10(,! ! ! ! ! !

4u=5,*1![v\! ! ! v! ! !

PROCESSING VARIABLES  (ACTIVE) 

2%)41)4u9(/(4![@\!
m(/(4/! 4%! Z%)41)4!
%3G124/! @! ! ! !

2%)41)4u/4,:![@\!
8(51! ()! Z%)41)4!
%3G124/! @! ! ! !

%64&()1u/4,:![@\! 8(51!'(4.!%64&()1/! @! ! ! !

1A,5+&1u/4,:![@\! 8(51!()!YA,5+&1/! @! ! ! !

/1&;,//u9(/(4![v\!
m(/(4! 4%! V1&;@
X//1/451)4! v! ! ! !

/1&;,//u/4,:![@\!
8(51! '(4.! V1&;@
X//1/451)4! @! ! ! !

/1&;,//u4'(21u'-%)*![v\! ! v! ! ! !

1A1-2(/1u9(/(4![v\! m(/(4!4%!YA1-2(/1/! v! ! ! !

1A1-2(/1u/4,:![v\!
8(51! '(4.!
YA1-2(/1/! v! ! ! !

I6(Bu/4,:u-1/6&4/![@\!
8(51! /11()*! 4.1!
-1/6&4/! @! ! ! !



EF/5793!WC!;D93!)J"9BLNM!=/D9"!JN!B9/3NLNM!D7XB9!

!TSS!

DEFINED VARIABLES DESCRIPTION GRAF POPESCU GARCIA MARTIN 
;%-65u9(/(4![@\! ! @! ! ! !

;%-65!+%/4![v\! ! v! ! v! !

$%-65/! /4601)4! )%4!
+,-4(2(+,41![-1;&1A(91\![v\! ! ! ! v! !

$%-65/! @! /4601)4! -1,0/! 4.1!
51//,*1! +%/410! 3:! %4.1-/!
[;%-65/\![-1;&1A(91\![v\! ! ! ! v! !

)u2.,4u5/*![v\!
H6531-! %;! 5/)!
2.,4! ! v! v! !

4u2.,4![D(/41)\![v\! 8(51!&(/41)!()!2.,4! ! v! v! !

Z.,4!)%4!+,-4(2(+,4(%)![@\! ! ! ! @! !

4u=)41-,24(9(4:![v\! ! ! v! ! !

.u=)41-,24(9(4:![v\! ! ! v! ! !

5,(&!/:/415/!6/1![v\! ! ! ! v! !

5,(&! /:/415/! )%! 6/1!
[-1;&1A(91\![v\! ! ! ! v! !

H6531-! %;! Z%&&,3%-,4(91!
X24(9(4(1/![v\! ! ! ! ! v!

UNDERSTANDING VARIABLES (SEQUENTIAL) 
%64&()1u9(/(4![@\! m(/(4!4%!%64&()1/! @! @! ! !

%64&()1u/4,:![@\! 8(51!'(4.!%64&()1/! @! @! ! !

I61/u014,(&![v\!
h61/4(%)! '(4.!
W14,(&! v! ! ! !

I61/u%91-9(1'![@\!
h61/4(%)! '(4.!
C91-(1'! @! ! ! !

I61/u()41-+-14![@\!
h61/4(%)! '(4.!
()41-+-14,4(%)! @! ! ! !

I61/u0191&%+![@\!
h61/4(%)! '(4.!
0191&%+51)4! @! ! ! !

),91*,4(%)u/?(+![@\!
$-1I61)2:! %;! DC!
4:+1/!%5(//(%)!! @! @! @! !

),91*,4(%)u%91-9(1'u9(/(4!
[@\!

$-1I61)2:! %;!
9(/(4()*! 4.1! Z%6-/1!
%91-9(1'!+,*1! @! ! ! !

),91*,4(%)u%91-9(1'u/4,:!
[@\!

8(51! ()!4.1!Z%6-/1!
%91-9(1'!+,*1!! @! ! ! !

)u)1A4K644%)![v\!
H6531-! %;! 2&(2?! ()!
H1A4!K644%)! ! v! ! !
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DEFINED VARIABLES DESCRIPTION GRAF POPESCU GARCIA MARTIN 

4uX00(4(%),&=);%![b&%3,&\![v\!

8(51! 6/10! ;%-!
X00(4(%),&!
=);%-5,4(%)! ! v! ! !

)u-146-)/uDC![b&%3,&\![v\!

H6531-! %;! -146-)/!
4%! ,! +,-4(26&,-!
D1,-)()*!C3G124! ! v! ! !

4uYA1-2(/1![v\!
8(51! '(4.!
1A1-2(/1/! ! v! ! !

1A,5/! -1/6&4/! '.(&1! /.1!
G65+()*! %91-! 4.1! 2%)41)4/!
[b&%3,&\![v\! ! ! ! v! !

ENTRY VARIABLES (VISUAL) 

2%)41)4u9(/(4![@\!
m(/(4/! 4%! Z%)41)4!
%3G124/! @! ! ! !

I61/u*-,+.(2/![v\!
h61/4(%)! 3,/10! %)!
*-,+.(2/! v! ! ! !

I61/u41A4![@\!
h61/4(%)! 3,/10! %)!
41A4! @! ! ! !

;%-65u9(/(4/![@\! $%-65!9(/(4/! @! ! ! !

;%-65u/4,:![@\!
8(51! -1,0()*! %)!
$%-65/! @! ! ! !

;%-65u+%/4![@\! ! @! ! ! !

Z%)41)4!U10(,! ! ! ! ! !

4u=5,*1![v\! ! ! v! ! !

4u=5,*1!v!4um(01%![v\! ! ! v! ! !

.u=5,*1![v\! ! ! v! ! !

.u=5,*1!v!.um(01%![v\! ! ! v! ! !

4u81A4![91-3,&\![v\! ! ! v! ! !

4uYA,5+&1![v\! ! ! v! ! !

!
X/!,!014,(&10!2,/1>!8,3&1!L#!/.%'/!,)!1A,5+&1!%;!%)1!%;!4.1/1!(01)4(;(10!-1&,4(%)/<!

8.1! +%/(4(91! ,)0! )1*,4(91! /:53%&/! ()0(2,41! 4.1! .(*.! ,)0! &%'! %226--1)21! %;! 4.1!
-1/+124(91!()41-,24(%)!9,-(,3&1!;-%5!4.1!9(1'+%()4!%;!,!/1)/()*>!,24(91>!/1I61)4(,&>!,)0!
9(/6,&!&1,-)()*!/4:&1<!

X22%-0()*! 4%! 4.1! 1A,5+&1! ()! 8,3&1! L#>! 4.1! 9,-(,3&1! 1A,5+&1u9(/(4! 5%01&/! 4.1!
+-1;1-1)21!%;!4.1!6/1-!;%-!4.1!&1,-)()*!%3G124/!%;!4.1!4:+1!^1A,5+&1_<!8.(/!9,-(,3&1!.,/!
,! /(*)(;(2,)4! ,)0! +%/(4(91! -1&,4(%)/.(+! '(4.! 4.1! ]1-21+4(%)! W(51)/(%)! %;! 4.1! $1&01-@
V(&91-5,)! &1,-)()*! /4:&1!5%01&<! 8.(/! 2-(41-(%)! (/! ,)! ()0(2,4%-! ;%-! ,! /4601)4J/! /1)/()*!
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41)01)2:<! 8.-11! -1/1,-2.! /460(1/! N"OP>! NLQP>! ,)0! NLRP! 2%()2(010! ()! 4.(/! 2%)2&6/(%)>!
()0(2,4()*!4.,4!/1)/()*!/4601)4/!+-1;1-!4%!9(/(4!,)0!/460:!'(4.!1A,5+&1/<!

!
Table 38. Criteria Example 

Z-(41-(,! W1/2-(+4(%)! W(51)/(%)!V(01!E1&,410! bEX$!! ]C]YVZ`!! bXEZ=X!!

1A,5+&1u9(/(4!!

H6531-!%;!
9(/(4/!4%!
YA,5+&1/!! V1)/(4(91! v! v! v!

!

Z%)/(01-()*! 0(;;1-1)4! /460(1/>! ()! +,-4(26&,->! NLTP! >! N"SP>! '.(2.! /6**1/4! 4.,4! 4.1!
/4601)4! 31.,9(%-/! ()! ,! /+12(;(2! 9,-(,3&1! (/! ,0G6/410! 4%! ,! )%-5,&! 0(/4-(364(%)>! '1!
+-%+%/1!4%!0191&%+!,!/4,)0,-0!019(,4(%)!,),&:/(/!()!%-01-!4%!();1-!6/1-/J!&1,-)()*!/4:&1<!

F1!1/4(5,41!4.1!/4,)0,-0!019(,4(%)![!\!%;!4.1!31.,9(%-!%;!,!+,-4(26&,-!/4601)4!'(4.!
-1/+124!4%!4.1!510(,![µ\!,)0!'1!&%2,41!4.1!/4601)4!()!4.1!$1&01-J/!V2,&1!,22%-0()*!4%!
4,3&1!L<!

!
Table 39. Behaviour standard deviation Vs Felder’s Scale Values 

POSSIBLE VALUE OF THE STUDENT 
BEHAVIOUR  CORRESPONDED FELDER’S VALUE 

µ! R!

µ!v!T!! e@#!

µ!v!"!! Q@TS!

wt![µ!v!L!\! TT!

µ!@!T!! O@M!

µ!@!"!! L@"!

xt![µ!@!L!\! T!

!
8.1)>!1,2.!$1&01-!0(51)/(%)! (/!,),&:B10>!2%)/%&(0,4()*! 4.1!9,-(,3&1/!,//%2(,410! 4%!

1,2.!0(51)/(%)<!YI6,4(%)!T!(/!6/10!4%!2,&26&,41!9,&61/!;%-!1,2.!$1&01-!0(51)/(%)<!
!

DimSideij =
Cij

i=1

N

!
N

 

 
Equation 1. User Modelling based on Learning Style Formula                             

!

F.1-1!Z(G!(/!4.1!9,&61!;%-!4.1!9,-(,3&1!(!,++&(10!%)!4.1!/4601)4!Gc!H!(/!4.1!)6531-!%;!
,),&:/10!9,-(,3&1/!;%-!1,2.!+,-4(26&,-!$1&01-!0(51)/(%)<!W(5V(01!(/!2,&26&,410!;%-!1,2.!
$1&01-! 0(51)/(%)<! =)! 4.(/!5,))1->! 4.1! /65! %;! ,&&! 9,&61/! ,-1! 1A+-1//10! ()! ,)! Y&191)!
V2,&1! NT! y! TTP! 01/2-(3()*! 4.1! 41)01)2:! ()! 1,2.! +,-4(26&,-! 0(51)/(%)! 3,/10! %)! 4.1!
31.,9(%6-!%;!4.1!/4601)4!()!4.1!&1,-)()*!5,),*151)4!/:/415<!
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8.1!-1/6&4!%;! 4.1!6/1-!5%01&&()*!+-%21//! (/! 4.1!-101;()(4(%)!%;!4.1!-1/6&4!%;! 4.1! =DV!
I61/4(%)),(-1!3,/10!%)!4.1!,),&:/(/!%;!4.1!6/1-!()41-,24(%)/<!!

8.1!41,2.1-!5,?1/!4.1!012(/(%)!,3%64!'.1)!4.1!6/1-!5%01&&()*!+-%21//!4,?1/!+&,21<!
a1f/.1! 2,)! ()0(2,41! '.14.1-! 4.1! -12,&26&,4(%)! /.%6&0! 4,?1! +&,21! 191-:! 0,:>! '11?>!
5%)4.!%-!/151/41-<!!

F1!0191&%+10!,!/15(,64%5,4(2!,++-%,2.!;%-!4.1!&1,-)()*!/4:&1!012(/(%)!%;!2.,)*1>!
'.1-1!41,2.1-/!,-1!)%4(;(10!3:!4.1!/:/415!(;!,!2.,)*1!()!,!/4601)4J/!&1,-)()*!/4:&1!.,/!
311)! 01412410<! 8.1)>! 4.1! 41,2.1-! 2,)! -1;&124! ,3%64! '.14.1-! 4.1! 6/1-! 5%01&&()*!
+-%21//!(/!,01I6,41!;%-!.(/f.1-!/4601)4!,)0!012(01!(;!4.1!2.,)*1!()!4.1!6/1-J/!&1,-)()*!
/4:&1! /.%6&0! 31! +1-;%-510<! =)! %-01-! 4%! /6++%-4! 41,2.1-/>! 4.1! /:/415! +-%9(01/! ,!
/(5(&,-(4:! 51,/6-1! ()0(2,4()*! 4.1! I6,)4(4,4(91! 0(;;1-1)21! ,5%)*! +-19(%6/! ,)0!
2,&26&,410!&1,-)()*!/4:&1/<!

X! 2.,)*1! ()! 4.1! &1,-)()*! /4:&1! %;! ,! /4601)4! 2,6/1/! 4.1! -101;()(4(%)! %;! /%51! =UV!
D1,-)()*! W1/(*)! +-%+1-4(1/! 4.,4! 2%)4-%&! 4.1! +-1/1)4,4(%)! %;! 4.1! ,24(9(4:! /4-6246-1/!
0191&%+10! ,22%-0()*! 4%! 0(;;1-1)4! &1,-)()*! /4:&1/! ()! ,! +,-4(26&,-! 2%6-/1<! 8.(/! '(&&! 31!
1A+&,()10!()!4.1!)1A4!2.,+41-!()!5%-1!014,(&<!

4.2.3 Evaluation 

X/!51)4(%)10!()!/124(%)!L<"<"<T>!4.1!19,&6,4(%)!%;!4.1!6/1-!5%01&&()*!+-%21//!3,/10!%)!
4.1!&1,-)()*!/4:&1!(/!,!+,-4!%;!4.1!%',#(*8,%2'!*$$#$$<#',!4*P#(>!'.1-1!4.1!+6-+%/1!(/!4%!
2%);(-5! (;! 4.1!2%)2&6/(%)/!0-,')!3:! 4.1!/:/415!2%)21-)()*! 4.1!2.,-,241-(/4(2/!%;! 4.1!
6/1-@2%5+641-!()41-,24(%)!(/!9,&(0<!8.(/!51,)/!4.,4!4.1!+6-+%/1!%;!4.(/!19,&6,4(%)!',/!
9,&(0,410! 3:! 4.1! 1;;124(91)1//! %;! 4.1! 6/1-! 5%01&&()*! +-%21//! ;%-! ();1--()*! /4601)4/!
&1,-)()*!/4:&1<!

4.2.3.1 OOP Course Instance 

8.(/! /21),-(%! ',/! 0191&%+10! '(4.! "S! /4601)4/! ;-%5! `)(91-/(4:! %;! Z,-4,*1),! ()!
Z%&%53(,<!8.1!C3G124!C-(1)410!]-%*-,55()*!`%D!+-1/1)410!()!/124(%)!S!',/!+&,))10!
,/!,!+,-4!%;!,! -1*6&,-! 2%6-/1!2,&&10!C3G124!C-(1)410!]-%*-,55()*>!'.(2.! (/!,!+,-4!%;!
4.1!26--(26&65!()!4.1!V:/415/!Y)*()11-()*!]-%*-,5!()!4.1!`)(91-/(4:!%;!Z,-4,*1),<!8.(/!
2%6-/1! 4,?1/! 4'%!5%)4./! 4%! 31! 0191&%+10!'(4.! /4601)4/! ,)0! ,&&! /4601)4! ()41-,24(%)!
'(4.!4.1!&1,-)()*!%3G124/!',/!-12%-010!()!4.1!/:/415<!

8.1!`%D!',/!%;;1-10!()!,!K&1)010!D1,-)()*!U%0,&(4:c!4'%!41,2.1-/!'1-1!,9,(&,3&1>!
%)1!41,2.1-!;-%5!4.1!`)(91-/(4:!%;!Z,-4,*1),![Z%&%53(,\!,)0!%4.1-!;-%5!`)(91-/(4:!%;!
b1-%),![V+,()\<!!

8.1!/4601)4/!()!4.1!2%6-/1!.,0!+-19(%6/!?)%'&10*1!()!+-%*-,55()*!&%*(2!364!)%4!()!
C3G124!C-(1)410!],-,0(*5!D,)*6,*1/<!
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4.2.3.2 Methodology 

Course development 

X4! 4.1!31*())()*!%;! 4.1!2%6-/1>! 4.1!01;()10!514.%0! ;%-! 4.1!2%6-/1!',/!1A+&,()10! 4%!
/4601)4/<!8.1!2%6-/1!',/!%-*,)(B10! ()!/1//(%)/<!Y,2.!/1//(%)!.,0!4'%!+,-4/>!,!9(-46,&!
/1//(%)! ,)0! ,)! ()01+1)01)4! /1//(%)! 0191&%+10! 3:! /4601)4/! ()! 4.1! 9(-46,&! &1,-)()*!
1)9(-%)51)4<! 8.1! 9(-46,&! /1//(%)! ',/! /6+1-9(/10! 3:! 4.1! 41,2.1->! '.%! 1A+&,()10! 4%!
/4601)4/! 4.1!5%/4! (5+%-4,)4! 2%)21+4/! ,)0! (01,/! -1&,410! 4%! 4.1! /+12(;(2! 4%+(2! %;! 4.1!
/1//(%)<! 8.1! /4601)4/! 0191&%+10! 4.1! ()01+1)01)4! /1//(%)! ,/! ,)! 1A4-,! '%-?<! 8.1!
1A+12410!4(51!4%!31!/+1)4!3:!4.1!/4601)4/!',/!"!1A4-,!.%6-/!;%-!1,2.!.%6-!4.1:!'1-1!
,441)0()*!9(-46,&!/1//(%)/<!

=)! 4.1! )1A4! +,-,*-,+./! '1! ()4-%0621! ,! 01/2-(+4(%)! %;! 4.1! ;(-/4! 9(-46,&! /1//(%)!
2%)/(01-()*!4.,4!4.(/!/1//(%)!',/!,!3(4!0(;;1-1)4!;-%5!%4.1-!/1//(%)/<!F1!,&/%!()4-%0621!
,!01/2-(+4(%)!%;!,!-1*6&,-!/1//(%)<!

8.1!;(-/4!/1//(%)!%;!4.1!2%6-/1!',/!,!/+12(,&!%)1!312,6/1!4.1!41,2.1-!()4-%06210!4.1!
*1)1-,&! 014,(&/! %;! 4.1! 2%6-/1! ,/! '1&&! ,/! 4.1! $1&01-J/! ,)0! V(&91-5,)! D1,-)()*! V4:&1!
8.1%-:<! 8.1! /4601)4/! 6)01-/4%%0! 4.1! 4.1%-:>! I61/4(%)/! ,3%64! 0(;;1-1)4! $1&01-!
0(51)/(%)/!'1-1!,/?10!,)0!4.1)>!4.1:!+-1/1)410!4.1!=)01A!%;!D1,-)()*!V4:&1!41/4!6/()*!
4.1!&1,-)()*!+&,4;%-5<!

X&4.%6*.! /4601)4/! 6)01-/4%%0! $1&01-J/! 4.1%-:>! 0(;;1-1)4! I61/4(%)/! 151-*10>!
/+12(,&&:!312,6/1!4.1!),4(91!&,)*6,*1!%;!4.1!/,5+&1!',/!V+,)(/.!,)0!()!4.(/!/460:!'1!
6/1! 4.1!Y)*&(/.!91-/(%)!%;! 4.1! =DV! 41/4<!$%-! 4.(/! -1,/%)>! ()! /%51!%22,/(%)/! 4-,)/&,4()*!
/%51!I61/4(%)/!%;!4.1!41/4!4%!V+,)(/.!',/!)121//,-:<!

=)! 4.1! V12%)0! /1//(%)>! ,)! ()4-%0624(%)! 4%! 4.1! %3G124! %-(1)410! +-%*-,55()*!
+,-,0(*5!',/!+-1/1)410<!Z%)21+4/!/62.!,/!5%06&,-(4:>!*1)1-,&(B,4(%)!,)0!%4.1-/!'1-1!
()4-%06210!6/()*!1A,5+&1/<!8.1!;(-/4!,00-1//10!2%)21+4!',/!C3G124<!X00(4(%),&!4%!4.1!
5,*(/41-(,&! 1A+&,),4(%)>! 0(;;1-1)4! 1A,5+&1/! 6/()*! 4.1! K&61l! NT"SP! /%;4',-1! '1-1!
+-1/1)410!4%!/4601)4/<!8.1!/4601)4!1A+-1//10!0(;;1-1)4!0%634/!,)0!2%551)4/<!$(),&&:>!
/%51! I61/4(%)/! '(4.! 4.1! ()41)4(%)! 4%! (5+-%91! 4.1! ;%&&%'()*! /1//(%)! '1-1! ,/?10! 4%!
/4601)4/<!8.1!/1//(%)!06-,4(%)!',/!%)1!.%6-<!

 

 

 

 



EF/5793!WC!;D93!)J"9BLNM!=/D9"!JN!B9/3NLNM!D7XB9!

! TSO!

Data processing 

X/!51)4(%)10! 31;%-1! 0%4DEH!',/! 6/10! ,/! &1,-)()*!5,),*1)4! /:/415! 4%! %;;1-! ,!`%D!
'(4.%64!,0,+4,4(%)/!4%!/4601)4/<!=4!',/!,&/%!51)4(%)10!4.,4!4.1!8-,2?()*!,)0!X60(4()*!
5%06&1![8XU\!6+%)!0%4DEH!NTTQP!',/!6/10!4%!5%)(4%-!,)0!4-,2?!4.1!6/1-!9,-(,3&1/!4%!
19,&6,41!%6-!0:),5(2!6/1-!5%01&&()*!+-%21//<!

8.1!+-%21//!0191&%+10!3:!4.1!/460:!()!4.(/!1)9(-%)51)4!',/!,/!;%&&%'/7!

• X22%-0()*! 4%! 4.1! ();%-5,4(%)! +-%9(010! 3:! 4.1! 41,2.1-! ()! 4.1! 2%5+141)21!
01;()(4(%)>!,!`%D!',/!01;()10!'(4.%64!,):!?()0!%;!,0,+4,4(%)<!

• V4601)4/!4%%?!4.1!2%6-/1!6/()*!0%4DEH!'(4.!4.1!41,2.1-J/!/6++%-4!4.-%6*.4!4.1!
9(-46,&!/1//(%)/!,)0!,&/%!,/?()*!I61/4(%)/!,3%64!4.1!+-%21//!3:!15,(&/<!

• `/1-/!&1,-)()*!/4:&1/!'1-1!();1--10!4.-%6*.!4.1!$1&01-J/!=)01A!%;!D1,-)()*!V4:&1!
+,2?,*1!6+%)!0%4DEH<!

• $%6-4:! 6/1-! 9,-(,3&1/! ;-%5! 8,3&1! Le! '1-1! /1&12410! 4%! 31! 5%)(4%-10! ,)0!
51,/6-10! 3:! 4.1! /:/415>! ()! +,-4(26&,-! 4.%/1! -1&,410! 4%! 4.1! ;%&&%'()*! 6/1-/!
31.,9(%6-/7!

" ],-4(2(+,4(%)!%;! 4.1!6/1-/!'.(&1!/460:()*!'(4.!0(;;1-1)4! &1,-)()*!%3G124/!
4:+1/!,5%)*!4.15!4.%/1!01/2-(310!()!/124(%)!L<"<"<"<!

" ],-4(2(+,4(%)! %;! 4.1! 6/1-/! '.(&1! ()41-,24()*! '(4.! 2%&&,3%-,4(91! 4%%&/! ,/!
;%-65/!,)0!2.,4/<!

" ],-4(2(+,4(%)!%;!4.1!6/1-/!'.(&1!()41-,24()*!'(4.!,//1//51)4!4%%&/<!

• V1&12410! 6/1-! 9,-(,3&1/! '1-1! %-*,)(B10! ,22%-0()*! 4%! 4.1! $1&01-J/! 0(51)/(%)/!
4.1:!,00-1//<!

• $%-!1,2.!9,-(,3&1>!4.1!,91-,*1!2%)/(01-()*!,&&!/4601)4/!',/!2,&26&,410<!

• F(4.! 4.1!2,&26&,410!,91-,*1>! /%51!/4,)0,-0/!019(,4(%)/! ;%-!1,2.!9,-(,3&1!',/!
2,&26&,410! [C)1! /4,)0,-0! 019(,4(%)>! 4'%! /4,)0,-0! 019(,4(%)/! ,)0! 8.-11!
/4,)0,-0!019(,4(%)/\<!

• 8.1!&%*(2!01/2-(310!()!4,3&1!8,3&1!LQ!',/!6/10!4%!01;()1!4.1!+%/(4(%)!%;!4.1!6/1-!
31.,9(%6-! ()! 4.1! $1&01-J/! /2,&1<! X/! 51)4(%)10! ()! /124(%)! M<T<">! $1&01-J/! /2,&1!
51,/6-1/! 4.1! 41)01)2:! %;! 4.1! 6/1-! ()! 1,2.! 0(51)/(%)! ()! ,! /2,&1! %;! 1&191)!
()41*1-/!)6531-/<!=4!',/!4.1!/,51!/2,&1!6/10!()!%6-!'%-?<!

• Z%)/(01-()*!4.1!+%/(4(%)!%;!1,2.!9,-(,3&1!;%-!1,2.!6/1-!()!4.1!$1&01-J/!/2,&1>!4.1!
2%)/%&(0,410!9,&61!;%-!1,2.!$1&01-J/!0(51)/(%)>!;%-!1,2.!6/1-!',/!2,&26&,410<!

• 8.1! -1/6&4/! %34,()10! ()! 4.1! 6/1-! 5%01&&()*! +-%21//! '1-1! 2%5+,-10! 4%! 4.%/1!
%34,()10!;-%5!4.1!=)01A!%;!D1,-)()*!/4:&1!,/!0(/26//10!()!4.1!-1/6&4/!/124(%)<!!
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4.2.3.3 Results 

8.1!-1/6&4/!%;!4.1!=)01A!%;!&1,-)()*!/4:&1!;%-!4.1!/,5+&1!,-1!/.%')!()!$(*6-1!LT<!

!

!

Figure 31. Students Learning Styles 
!

X/!1A+12410>!5%/4!%;!4.1!1)*()11-()*!/4601)4/!()!4.1!/,5+&1!+-1/1)4!,!41)01)2:!4%!
4.1!@%$0*4!$%:#!%)!4.1!9',(P!:%<#'$%2'!,/!'1&&!,/!4%!4.1!$#'$%,%@#!$%:#!()!4.1!5#(8#?,%2'!
:%<#'$%2'<! X! *&%3,&! /(01! 41)01)2:>! ,/! ()! 4.(/! 2,/1>! (/! )%4! ;-1I61)4&:! ;%6)0! ()! ,)!
1)*()11-()*!2%6-/1!()!4.1!`)01-/4,)0()*!0(51)/(%)<!!

8,3&1! MS! 4%! 8,3&1! ML! +-1/1)4! 4.1! -1/6&4/! ;%-! ,! +,-4(26&,-! /4601)4! ()9%&910! ()! 4.1!
41/4()*!2%6-/1<!D,/4!4'%!2%&65)/!%;!4.1!4,3&1!/.%'!4.1!-1/6&4/!%;!=DV!41/4!,)0!4.1!`/1-!
5%01&&()*!+-%21//!;%-!4.(/!+,-4(26&,-!/4601)4<!

8,3&1! MS! /.%'/! 4.,4! ;%-! 4.1! +1-21+4(%)! 0(51)/(%)>! 4.1! 6/1-! 5%01&&()*! +-%21//!
2,+46-1/!4.1!41)01)2:!()!4.1!6/1-!&1,-)()*!/4:&1<!=4!51,)/!4.,4!,22%-0()*!4%!=DV!41/4!4.1!
6/1-! (/!+&,210! ()! 4.1!/1)/(4(91!0(51)/(%)<!X&/%! 4.1!6/1-!5%01&&()*!+-%21//!+&,21/! 4.1!
6/1-!()!4.(/!0(51)/(%)<!

!

Table 40. Results of model applied to one student’s behaviour for 
Perception dimension 
! ! FELDER  UM RESULTS 

PERCEPTION 
SENSITIVE #! R>#OeT!

INTUITIVE L! M>TM"#!

!
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8.1! /,51! 5,))1->! 8,3&1! MT! /.%'/! 4.,4! ;%-! 4.1! +-%21//()*! 0(51)/(%)>! 4.1! 6/1-!
5%01&&()*!+-%21//!2,+46-1/!4.1!41)01)2:!()!4.1!6/1-!&1,-)()*!/4:&1<!

!

Table 41. Results of model applied to one student’s behaviour for 
Processing dimension 
! ! FELDER  UM RESULTS 

PROCESSING 
ACTIVE e! R!

REFLECTIVE M! O!

!

8,3&1!M"!/.%'/! 4.,4! ;%-! 4.1!6)01-/4,)0()*!0(51)/(%)>! 4.1!6/1-!5%01&&()*!+-%21//!
0%1/!)%4!2,+46-1!4.1!41)01)2:!%;!4.1!6/1-!&1,-)()*!/4:&1<!

!

Table 42. Results of model applied to one student’s behaviour for 
Understanding dimension 
! ! FELDER  UM RESULTS 

UNDERSTANDING 
SEQUENTIAL O! R!

GLOBAL R! O!

!

X)0!;(),&&:>!8,3&1!ML!/.%'/!4.,4!;%-!4.1!Y)4-:!0(51)/(%)>!4.1!6/1-!5%01&&()*!+-%21//!
2,+46-1/!4.1!41)01)2:!()!4.1!6/1-!&1,-)()*!/4:&1<!

!

Table 43. Results of model applied to one student’s behaviour for Entry 
dimension 
! ! FELDER  UM RESULTS 

ENTRY 
VISUAL e! R>TM"#!

VERBAL M! M>#Oe!

!

F1!(01)4(;(10!4.1!2%--1/+%)01)21!314'11)!4.1!=DV!41/4!,)0!6/1-!5%01&&()*!+-%21//!
;%-!1,2.!/4601)4<! =;!4.1!41)01)2:!()!()!1,2.!0(51)/(%)!%;!4.1!&1,-)()*!/4:&1!014124(%)!
',/!(01)4(;(10!2%--124&:!'1!,//(*)!,!TSSn!%;!2%--1/+%)01)21<!!

$%-!4.1!;(-/4!/4601)4!+-1/1)410!31;%-1>!4.1!6/1-!5%01&&()*!+-%21//!.,/!,!+-12(/(%)!%;!
`bf!312,6/1!4.1!41)01)2:!;%-!4.-11!0(51)/(%)/!',/!2,+46-10<!

X/!,)!1A,5+&1!'1!+-1/1)4!4.1!2%)/%&(0,410!-1/6&4/! ;%-!4.-11!/4601)4/! ()!8,3&1!MM<!
X)0!()!8,3&1!MO!'1!+-1/1)4!4.1!+-12(/(%)!;%-!4.1!4.-11!,),&(B10!6/1-/<!
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Table 45. Consolidated precision of three users 
FELDER 

DIMENSIONS 
FIRST 

STUDENT 
SECOND 
STUDENT 

THIRD 
STUDENT 

PRECISION 
FOR EACH 
DIMENSION 

PERCEPTION "! "! "! "##%!

PROCESSING "! "! "! "##%!

UNDERSTANDING #! "! "! &'%!

ENTRY "! #! "! &'%!

 '(%! '(%! "##%! )*%!

!

+,-.//01!2.3/4!5&!67484-98!9:4!;<-8</,=.94=!=.9.!><7!?#!@8478!,-A</A4=!,-!<@7!89@=0B!
2.3/4! 5&! ,-=,;.948! 9:.9! ><7! "&! <>! 9:4! ?#! @8478! 9:4! @847! C<=4//,-D! 67<;488! ,->478!
8@;;488>@//0! 9:4! @847! /4.7-,-D! 890/4B! E7<;488,-D! =,C4-8,<-! 67484-9! .! 674;,8,<-! <>! 9:4!
"##%! F:,;:! ,-=,;.948! 9:.9! 9:4! 94-=4-;0! ,-! 9:4! /4.7-,-D! 890/4! F.8! ;.69@74=! ><7! ?#!
@8478B! ! 2:4! G-=4789.-=,-D! =,C4-8,<-! <39.,-4=! 9:4! ;<77486<-=4-;4! /<F4891! &#%B!
+,-.//0!><7!H-970!=,C4-8,<-!.!674;,8,<-!<>!)#%!F.8!<39.,-4=B!

 
Table 46. Consolidated data of 20 users 

DIMENSION SUCESSFULL PRECISION 
E47;469,<-! "&! )#%!

! ! !

E7<;488,-D! ?#! "##%!

! ! !

G-=4789.-=,-D! "?! &#%!

! ! !

H-970! "&! )#%!

! ! )#%!

 
 

!

!

!
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4.3.  CONCLUSIONS OF THE CHAPTER 
I-! 9:,8! ;:.6947!F4! ,-97<=@;4=!.! 67879:(8;<(<=;8>9:(?6@A(>B<@CC9;D(EAB:@66! 3.84=!<-!
/4.7-,-D! 890/4B! ,7879:( >B<@C! J"#'K1! J"#&K! ,8! ,->4774=! 9:7<@D:! 9:4! +4/=47L8! I-=4M! <>!
N4.7-,-D! O90/4! .-=! 9:4! P0-.C,;! @847! C<=4//,-D! 67<;488! ,8! 3.84=! <-! 9:4! 89.9,89,;./!
.-./08,8! <>! 9:4! @847L8! ,-947.;9,<-8! ,-! .! /4.7-,-D! C.-.D4C4-9! 80894CB! /=;8>9:( ?6@A(
>B<@CC9;D!J"?"K!;<-8,=478!9:4!;<774/.9,<-8!.C<-D!9:4!=,>>474-9!@8478!/4.7-,-D!890/4!.-=!
9:4!.A.,/.3/4!@847L8!,-947.;9,<-!,-!.!/4.7-,-D!C.-.D4C4-9!80894CB!

G847! C<=4//,-D! 67<;488! 8@66<798! 9:4! ,C6/4C4-94=! =4;,8,<-! 67<;488! 9<! <>>47!
89@=4-98!9:4!.A.,/.3/4! /4.7-,-D!<3Q4;98!90648!<7=474=!.;;<7=,-D!9<!9:4,7!@847! /4.7-,-D!
674>474-;48B!P4;,8,<-!67<;488!,8!3.84=!<-!9:4!@84!<>!;/.88,>,;.9,<-!94;:-,R@48!F,9:!9:4!
6@76<84! 9<! @84! .! =4;,8,<-! 9744! ,-! <7=47! 9<! ,->47! 9:4! 674>4774=! <7=47! 9<! =4/,A47! 9:4!
/4.7-,-D! <3Q4;98! 90648! 9<! @8478B! S/.88,>,;.9,<-! ./D<7,9:C8! 9489,-D! 9:7<F8! 67<C,8,-D!
748@/98!><7!9:4!67<6<84=!;/.88,>,;.9,<-!9.8TB!

P0-.C,;!@847!C<=4//,-D!67<;488!F.8!94894=!,-!.!74./!;<@784!F,9:!?#!89@=4-98!>7<C!
9:4! G-,A478,90! <>! S.79.D4-.B! O9@=0! 9:7<F8! D<<=! 748@/98! U674=,;9,<-! <>! )#%V! ><7! 9:4!
=0-.C,;! @847! /4.7-,-D! 890/4! ,->474-;4B! P0-.C,;! @847! C<=4/! ,8! 9:4! 3.84! ><7! 9:4!
.=.69.9,<-! 3.84=! <-! /4.7-,-D! 890/4! <>>474=! 9<! @8478B! ! I-! 9:,8! C.--471! 9:4! /4.7-,-D!
<3Q4;9!9064!<7=47!;:.-D4!><7!4.;:!@847! ,-!9:4!D4-47.94=!/4.7-,-D!=48,D-!.;;<7=,-D!9<!
9:4!;:.-D4!,-!9:4!@847!C<=4/!<A47!9:4!9,C4B!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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5.  LEARNING DESIGN 
GENERATION PROCESS 

!

I-!9:4!/,>4/<-D!/4.7-,-D!;<-94M91!9:4!4>>,;,4-;0!<>!/4.7-,-D!,8!C4.8@74=!.;;<7=,-D!9<!9:4!
@8478L! .;:,4A4C4-9! <>! 9:4! 9.7D49! ;<C6494-;48B! W<F4A471! ,-! .! A,79@./! /4.7-,-D!
4-A,7<-C4-9! 8@66<79,-D! 9:4! ;<C6494-;4! =4A4/<6C4-9! 67<;488! 4-=8! @6! 34,-D! .-!
4/@8,A4!.-=! 9,C4X;<-8@C,-D! 9.8T! ><7! 94.;:478!<7! ,-897@;9,<-./!=48,D-47B!+@79:47C<741!
9.,/<7,-D!;<@7848! 9<! 9:4! ,-=,A,=@./! /4.7-47L8!-44=8!.-=!674>474-;48!:.8!:,D:!6<94-9,./!
9<!,C67<A4!9:4!/4.7-,-D!67<;488!<>!/4.7-478B!W<F4A471!.D.,-1!9:,8!,8!.!9,C4X;<-8@C,-D!
.-=! ;<C6/4M! 9.8T! ><7! 94.;:478! .-=! ,-897@;9,<-./! =48,D-478B! I-! 9:,8! ;:.69471! F4!
,-97<=@;4!/@69D;@A1! .-! .667<.;:! ><7! 94.;:478! 9<! :4/6! 9:4C! =48,D-,-D! ;<@7848! A,.! .!
84C,X.@9<C.9,;!=48,D-!67<;488!3.84=!<-!W2Y!6/.--,-DB!Z8!C4-9,<-4=! ,-! 84;9,<-!*B?B!
P48,D-47!;<-8,=478!.!>4F!,-6@98!>7<C!94.;:478!<-!D4-47.9,<-!<>! /4.7-,-D!=48,D-81!9:4!
;<C6494-;4!=4>,-,9,<-8!.-=!9:4!/4.7-,-D!<3Q4;98!C49.=.9.!.8!F4//!.8!@847!C<=4/!=.9.B!

2:4!7489!<>!9:4!;:.6947!=48;7,348!4.;:!4/4C4-9!,-A</A4=!,-!9:4!D4-47.9,<-!67<;488!
.8!><//<F8B!I-!84;9,<-!(B"B!!9:4!;<C6494-;4!C<=4/!8@66<79,-D!9:4!D4-47.9,<-!67<;488!,8!
67484-94=B! O4;9,<-! (B?B! ,-97<=@;48! 9:4! 67<;488! ><7! /.34//,-D! /4.7-,-D! <3Q4;98! .-=! 9:4!
=,>>474-9! 9<</8! ,C6/4C4-94=! 9<! 8@66<79! 9:,8! 9.8TB! O4;9,<-! (B*B! =49.,/8! 9:4! D4-47.9,<-!
67<;488!,984/>!4C6:.8,[,-D!,-!C<=4//,-D!9:4!D4-47.9,<-!67<3/4C!.8!.!6/.--,-D!67<3/4CB!
N.0.74=! A./@.9,<-! ,8! 67484-94=! ,-! 84;9,<-! (B5B! ><7! =48;7,3,-D! .! R@./,9.9,A4! .-=!
R@.-9,9.9,A4! 89@=0! F:,;:! =4C<-897.94=! 9:4! 4>>4;9,A4-488! <>! /@69D;@A! ,-! 8@66<79,-D!
94.;:478! 9<! ;74.94! .=.69,A4! ;<@7848B! +,-.//01! ,-! 84;9,<-! (B(B! 8<C4! ;<-;/@8,<-8! .74!
,-97<=@;4=B!

!

5.1.  THE COMPETENCE DEFINITION MODEL 

5.1.1 The model 

2:4!S<C6494-;4!P4>,-,9,<-!\<=4/!67<A,=48!.!897@;9@74!><7!=4>,-,-D!/4.7-,-D!6@76<848!
,-!.!A,79@./!/4.7-,-D!4-A,7<-C4-9B!/@69D;@A!F,//!@84!9:,8!897@;9@74!,-!<7=47!9<!D4-47.94!
.! 8@,9.3/4! /4.7-,-D!=48,D-!3.84=!<-!@847! ;<C6494-;48!.-=! /4.7-,-D! 890/4B!2:4!C<=4/!
F.8! ;74.94=! 30! .-./08,-D! =,>>474-9! C49:<=</<D,48! ><7! 9:4! ;74.9,<-! <>! S<C6494-;48!
].84=!I-897@;9,<-./!P48,D-8!J"K1!J$#K1!J$"KB!!

!
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!

Figure 32.  Competence Definition Model 
!

^4!:.A4!=,A,=4=!9:4!;<C6494-;4!=4>,-,9,<-!,-9<!;.94D<7,481!.8!8:<F-!,-!+,D@74!*?B!
2:4! C.,-! S.94D<70! ,8! !B>E@7@;:@1! F:,;:! ,-;/@=48! 9:4! <9:47! ;.94D<7,48B! _-4!
;<C6494-;4!;<@/=!34!74/.94=!9<!<9:478!9:7<@D:!9:4!'@C879B;(!87@DBA=*('@C879B;6(.//<F!
9<!=4>,-4!9:4!;<C6494-;48!9.M<-<C0!><7!9:4!.88<;,.9,<-!<>!=,>>474-9!;<C6494-;481!,-!
6.79,;@/.71!E7474R@,8,941!S<C6<8,9,<-1!.-=!O,C,/.7,90!\4.8@74!`4/.9,<-8B!

%G@(!B>E@7@;:@(3@;@A8C(1;HBA>879B;!67<A,=48!D4-47./!=.9.!.3<@9!9:4!;<C6494-;4B!
2:,8! ,-><7C.9,<-!;<-8,89!<>a! I=4-9,>,471!b478,<-1!2,9/41! N<;.9<71!P48;7,69,<-1!20641!P.94!
<>! ;74.9,<-1! +<7;41! P@7.9,<-! <>! S74.9,<-! E7<;4881! N.-D@.D41! S74.9<71! +<-91! `,D:91!
+<7C.91!2.M<-<C0!`4>474-;4B!

!B>E@7@;:@( &C@>@;76! .74! 8C.//47! /4.7-,-D! 6@76<8481! ,B4B! 864;,>,;! .-=! ;<-;7494!
748@/98! <>! 9:4! /4.7-,-D! 67<;488B! 2:,8! 4/4C4-98! 8:<@/=! 34! ;.94D<7,[4=! 30! .! 6.79,;@/.7!
9.M<-<C0!8@;:!.8!]/<<C!2.M<-<C0!<>!H=@;.9,A4!_3Q4;9,A48!J?*KB!!

+<7!4.;:!6.79,;@/.7!;<C6494-;4!4/4C4-91!9F<!,-><7C.9,<-!;.94D<7,48!.74!=4>,-4=a!

• H884-9,./! c-<F/4=D481! F:,;:! 9:4! 89@=4-9! 8:<@/=! 37,-D! ,-9<! 6/.0! ,-! .! 864;,>,;!
;<-94M9! 9<! =4C<-897.94! 9:4! .;R@,8,9,<-! <>! 9:4! ;<C6494-;4B! H884-9,./!
c-<F/4=D4!;<@/=!34!;.94D<7,[4=!.;;<7=,-D! 9<! 8<C4!;/.88,>,;.9,<-! 8;:4C41!4BDB!
=4;/.7.9,A41!67<;4=@7./!.-=!:4@7,89,;8!<7!,C6/,;,9!.-=!4M6/,;,9!J"??KB!

• S<C6494-;4!HA,=4-;48!.74!C4;:.-,8C8!9<!C4.8@74!9:4!/4A4/!<>!.;:,4A4C4-9!<>!
4.;:! 6.79,;@/.7! 4/4C4-9B! ]<9:! ,-! ;<77486<-=,-D! .88488C4-9! 9<</! .-=! 8;./4! <>!
C4.8@74C4-9!.74!./8<!=4>,-4=B!

/9<8:79:8C(3?9<@C9;@6(74>478!9<! ,-><7C.9,<-!67<A,=4=!30!9:4!94.;:47!.3<@9!9:4!3489!
<9<8:79:8C(67A87@D9@6!9<!8@66<79!9:4!;<C6494-;48!=4A4/<6C4-9B!

!B;7@I7! BH( 8EEC9:879B;! ;<A478! ,-><7C.9,<-! .3<@9! 9:4! .74.! <>! .66/,;.9,<-! <>! 9:4!
;<C6494-;41!6:08,;./!;<-=,9,<-81!4-A,7<-C4-9./!;<-=,9,<-8!<7!<9:47!;<-94M9!>4.9@748B!

S<C6494-;4!=4>,-,9,<-!67<A,=48!.!;<C6,/.9,<-!<>!74/4A.-9!.864;98!;<-8,=474=!,-!9:4!
/4.7-,-D! 67<;488! =48,D-B! 2:,8! ,-><7C.9,<-! 67<A,=48! .! 84R@4-;4! 897@;9@74! ;<-8,=474=!
F:4-!D4-47.9,-D!9:4!/4.7-,-D!=48,D-!67<;488B!
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2:4! /.-D@.D4! @84=! 9<! 7467484-9! 9:4! ;<C6494-;4! F.8! I\O! `4@8.3/4! P4>,-,9,<-! <>!
S<C6494-;4!.-=!N4.7-,-D!_3Q4;9,A4!U`PSH_V!J'"K!;<-8,=47,-D!9:4!>/4M,3,/,90!<>>474=!30!
9:,8! /.-D@.D4!><7! 9:4!;<C6494-;4!7467484-9.9,<-! J'#K!.-=! ,98! >.;,/,90! 9<!34!74/.94=!9<!
<9:47! T-<F/4=D4! 864;,>,;.9,<-8! .3<@9! 9:4! @847B! +,D@74! **! 67484-98! 9:4! 4/4C4-98!
67<A,=4=!30!9:4!`PSH_!864;,>,;.9,<-B!

!

!

Figure 33. Overview IMS-RDCEO specification [71] 
!

+,D@74!*5!=48;7,348! 9:4!C.66,-D!349F44-! 9:4! I\O!`PSH_! ,-><7C.9,<-!C<=4/!.-=!
<@7!;<C6494-;4!=4>,-,9,<-!C<=4/B!

!

Figure 34. Mapping Competence definition to IMS RDCEO 
!
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5.1.2 Model implementation 

Z8! .! ;<-97,3@9,<-! 9<! 9:4! _64-.;8! S<CC@-,901! .! 864;,>,;! 6.;T.D4! 9<! 8@66<79!
;<C6494-;4!=4>,-,9,<-!F.8!=4A4/<64=B!+,D@74!*(1!+,D@74!*&1!+,D@74!*'1!.-=!+,D@74!*)!
8:<F!.!;<//.D4!<>!=,>>474-9!A,4F8!<>!9:4!6.;T.D4B!

+,D@74!*(!8:<F8!9:4!.=C,-,897.9,<-!A,4F!<>!9:4!;<C6494-;4!6<7/49B!^:4-!9:4!@847!
;/,;T8! <A47! 9:4! S<C6494-;4! Z=C,-,897.9,<-! /,-T! .! /,89! <>! .//! .A.,/.3/4! ;<C6494-;4!
=4>,-4=!><7!9:4!;<@784!,8!8:<F-B!

!

!

Figure 35. Competence Package Porlet 
!

+,D@74! *&! 8:<F8! 9:4! /,89! <>! .A.,/.3/4! ;<C6494-;48B! O<C4! 74/4A.-9! ,-><7C.9,<-! ,8!
8:<F-! 9<! @8478! 8@;:! .8! 9:4! ;<C6494-;4! 9,9/4! .-=! 9:4! ;<C6494-;4! 89.94B!^:4-! 9:4!
@847!;/,;T8!<-!9:4!9,9/41!9:4!=4>,-4=!;<C6494-;4!4/4C4-98!><7!.-!864;,>,;!;<C6494-;4!
.74!67484-94=!9<!@8478B!!

!

Figure 36. View of available competences 
!

+,D@74! *'! 8:<F8! .! /,89! <>! 9:4! ;<C6494-;4! 4/4C4-98! <>! .! 864;,>,;! ;<C6494-;4B!
H/4C4-9!2,9/41!9:4!.88<;,.94=!]/<<C!/4A4/!.-=!9:4!4/4C4-9!=48;7,69,<-!,8!8:<F-!9<!9:4!
@847B! H.;:! ;<C6494-;4! 4/4C4-9! :.8! ;<C6494-;4! T-<F/4=D4! .-=! ;<C6494-;4!
4/4C4-98! .88<;,.94=B! ^:4-! 9:4! @847! ;/,;T8! <-! 9:4! 4/4C4-9! 9,9/4! ,-! 9:4! /,89! 9:484!
,-><7C.9,<-!,8!67484-94=!9<!9:4!@847B!
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Figure 37. Competence Elements List for a Specific Competence 
Definition 

!

+,D@74! *)! 8:<F8! 9:4! /,89! <>! 9:4! ;<C6494-;4! T-<F/4=D48!<>! .! 864;,>,;! ;<C6494-;4!
4/4C4-9B!c-<F/4=D4!;<@/=!34!C<=,>,4=!,>!9:4!@847!;/,;T8!<-!9:4!T-<F/4=D4!9,9/4B!

!

!

Figure 38. Particular Competence Knowledge Definition 
!

Z9! 9:4! 8.C4!C.--471! +,D@74!*$! 8:<F8! 9:4! /,89! <>! 9:4! ;<C6494-;4!4A,=4-;48! ><7! .!
864;,>,;! ;<C6494-;4!4/4C4-9B! HA,=4-;4! ;<@/=!34!C<=,>,4=! ,>! 9:4!@847! ;/,;T8! <A47! 9:4!
4A,=4-;4!9,9/4B!

!

!

Figure 39. Competence Evidence Definition 
!
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Z>947!9:4!;<C6494-;4!:.A4!344-!=4>,-4=!30!9:4!94.;:471!9:4!;<C6494-;4!6.;T.D4!
647C,98!:,C!9<!4M6<79!9:4!=4>,-,9,<-!,-9<!.! I\O!`PSH_!MC/!>,/41!F:,;:! ,8!.A.,/.3/4!><7!
9:4! /4.7-,-D! =48,D-! D4-47.9,<-! 67<;488B! 2:4! 4M6<79! 67<;488! F.8! =4A4/<64=! @8,-D!
/,3MC/1!F:,;:!4-.3/48!OdNef\N!8@66<79!,-!6<89D748R/B!

!

5.2.  LEARNING OBJECTS METADATA DEFINITION PROCESS 

I\O!\49.=.9.! UI\Og\PV! J'5K!F.8! 9:4! 864;,>,;.9,<-! ;:<84-! 9<! /.34/! /4.7-,-D! <3Q4;98!
;<-8,=47,-D!9:4!4M67488,A,90!;.6.;,90!<>!9:4!864;,>,;.9,<-!><7!9:4!6.79,;@/.7!-4;488,9,48!
,-!9:4!D4-47.9,<-!67<;488B!

Z8! C4-9,<-4=! 34><741! 9:4! ;<C6494-;4! =4>,-,9,<-! C<=4/! ,8! 9:4! 3.8,8! ><7! 9:4!
.@9<C.9,;! ;<@784X897@;9@74! D4-47.9,<-B! S<C6494-;4! 4/4C4-91! ,-! 6.79,;@/.71! H884-9,./!
c-<F/4=D48!.-=!HA,=4-;481!.74!@84=!><7!=4>,-,-D!9:4!.;9,A,9,48!,-!9:4!/4.7-,-D!=48,D-B!!

N4.7-,-D! 748<@7;48! :.A4! 344-! C<=4//4=! .8! .9<C,;! @-,98! 74/.94=! 9<! H884-9,./!
c-<F/4=D4!.-=!HA,=4-;48! 9:7<@D:! 9:4!h;/.88,>,;.9,<-i! /.34/! >7<C! 9:4! /4.7-,-D!<3Q4;9!
C49.=.9.B! Z==,9,<-.//01! 8<C4! 74/.9,<-8! ;<@/=! 34! =4>,-4=! .C<-D! /4.7-,-D! 748<@7;48!
9:7<@D:!9:4!h74/.9,<-i!/.34/!>7<C!9:4!I\Og\PB!2:484!74/.9,<-8!.>>4;9!9:4!84R@4-;,-D!
<>!.;9,A,9,48!,-!9:4!D4-47.94=!/4.7-,-D!=48,D-B!!

I-!<7=47! 9<!67<A,=4!.! 8</@9,<-! ><7! 9:4! 94.;:478! ,-! 9:4! /.34//,-D!67<;488!<>! /4.7-,-D!
<3Q4;981!9F<!,C6/4C4-9.9,<-8!F474!=4A4/<64=B!

_-! <-4! :.-=1! .! C<=,>,;.9,<-! <>! 9:4! _64-.;8! ;<-94-9! 746<8,9<70! J"?*K! F.8!
,C6/4C4-94=! ,-!<7=47! 9<!.//<F!9:4! 94.;:47! 9<! /,-T!.!C49.=.9.!F,9:! 9:4!;<-94-9! 9:40!
@6/<.=4=! ,-! 9:4! 746<8,9<70B! +,D@74! 5#! .-=! +,D@74! 5"! 67484-9! .! A,4F! <>! 9:4! N4.7-,-D!
S<-94-9!`46<8,9<70!\<=,>,;.9,<-B!

+,D@74! 5#! 8:<F8! .! A,4F! <>! 9:4! =<9N`Y! ;<-94-9! 746<8,9<70! C<=,>,;.9,<-B! Z8! ,9! ,8!
6<88,3/4! 9<! <3847A4! ,-! >,D@741! =,>>474-9! ></=478! :.A4! 344-! ;74.94=! 9<! 89<74! 9:4!
;<C6494-;4!=4>,-,9,<-!>,/41!9:4!/4.7-,-D!<3Q4;98!C49.=.9.!.-=!<9:47!,C6<79.-9!>,/48B!!

!
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Figure 40. Learning Content Repository Modification 
!

+,D@74!5"! 8:<F8!.! A,4F!<>! 9:4!=<9N`Y! ;<-94-9! 746<8,9<70! ><7! @6/<.=,-D! N_B!_64-!
ZSO!<-/0! 8@66<79! 9:4!C49.=.9.!=4>,-,9,<-! ><7! O;<7C!E.;T.D481!F4!:.A4!=4A4/<64=!.!
6.;T.D4!C<=,>,;.9,<-!,-!<7=47!9<!647C,9!9:4!C49.=.9.!=4>,-,9,<-!<>!.9<C,;!748<@7;48B!
I-!9:,8!C.--471!><7!4.;:!6.79,;@/.7!N_!9064!9:4!@847!;.-!=4>,-4!.!864;,>,;!C49.=.9.B!!

!

!

Figure 41. Learning Content Repository Modification Upload View  
!

_-!9:4!<9:47!:.-=1!.-!4M94-8,<-!<>!9:4!+4=<7.!S<CC<-8!`46<8,9<70!F.8!=4A4/<64=!
,-!<7=47!9<!.//<F!94.;:478!9<!=4>,-4!,-!.!>7,4-=/0!F.0!.-!I\O!\49.=.9.!MC/!>,/4!<>!9:4,7!
/4.7-,-D!<3Q4;98!@6<-!9:,8!>7.C4F<7TB!2:,8!,C6/4C4-9.9,<-!,8!67484-94=!,-!+,D@74!5?B!

!
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Figure 42. IMS MD Edition mode upon Fedora Commons Repository 
!

G8,-D! 9:,8! /4.7-,-D! <3Q4;9! 746<8,9<70! >7.C4F<7T1! =,>>474-9! A478,<-8! <>! 4.;:! <3Q4;9!
;.-!34! 864;,>,4=! .-=! ./8<!=,>>474-9!C49.=.9.! 864;,>,;.9,<-8! ;.-!34!@84=! ><7! /.34//,-D!
9:4!748<@7;48B!2:4!89<74=!/4.7-,-D!<3Q4;98!;.-!34!@84=!,-!9:4!84C,X.@9<C.9,;!/4.7-,-D!
=48,D-!D4-47.9,<-!67<;488B!

!

5.3.  SEMI-AUTOMATIC GENERATION THROUGHT SCENARIOS 
G8,-D!9:4!S<C6494-;4!P4>,-,9,<-!\<=4/!.-=!9:4!N4.7-,-D!_3Q4;9!\49.=.9.!.8!,-6@981!
9:4!/4.7-,-D!=48,D-!D4-47.9,<-!67<;488!9.T48!6/.;4B!

5.3.1 Learning Design conforms with Learning Design Speficiation 

I\O! N4.7-,-D! P48,D-! O64;,>,;.9,<-! UI\OXNPV! J&K! 8@DD4898! .! 89.-=.7=,[4=! /.-D@.D4! 9<!
7467484-9!.-=!4M4;@94!G-,98!<>!N4.7-,-D!UG<NV!,-!9:4!;<-94M9!<>!.!A,79@./!4-A,7<-C4-9B!
Z;;<7=,-D! 9<! 9:4! 84;<-=! /4A4/! <>! 9:,8! 864;,>,;.9,<-1! G<N! ;.-! 34! 6478<-./,[4=! 30!
.DD74D.9,<-!<>!;<-=,9,<-B!+,D@74!5*!67484-98!9:4!C<89!,C6<79!4/4C4-98!><7!C<=4//,-D!.!
G<N!.;;<7=,-D!F,9:!I\OXNO!864;,>,;.9,<-B!
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Figure 43. IMS Learning Design Unit of Learning Elements 
!
I\O!NP!;<-;469@./!C<=4/!67<6<84!.!C<A,4!C49.6:<78! ><7!G<N!;74.9,<-B! !H.;:!j&J

C@8A;9;D(>BK9@k!:.8!.!;<-;469!C<=4/!<7,4-94=!9<! ,98!=48,D-!UC49:<=V!.-=! ,9!;<@/=!34!
89@=,4=! 30! =,>>474-9! D7<@68! <>! 89@=4-98! U7@-8VB! P,>>474-9! .;9<78! ;<@/=! 6/.0! =,>>474-9!
7</48!U89@=4-981!94.;:47!<7!9@9<78V!,-!=,>>474-9!C<A,4!6.798!UZ;98VB!2:484!.;98!;<-8,89!<>!
=,>>474-9! .;9,A,9,48! .A.,/.3/4! ><7! =,>>474-9! 7</48! U7</4X6.79VB! 2:484! .;9,A,9,48! .74!
=4A4/<64=!,-!.=4R@.94!4-A,7<-C4-981!F:,;:!.74!4-7,;:4=!F,9:!9:4!-4;488.70!/4.7-,-D!
748<@7;48!.-=!.;9,A,9,48!9:.9!>.;,/,9.94!9:4!/4.7-,-D!67<;488B!O4A47./!.;9,A,9,48!;<@/=!34!
<7D.-,[4=!,-9<!Z;9,A,90!O97@;9@748B!

2:4!6<76@84!,8!9<!;74.94!.!6478<-./,[4=!G<N!;<-8,=47,-D!9:4!/4A4/!<>!;<C6494-;4!<>!
9:4! @8478! .8!F4//! .8! 9:4,7! /4.-,-D! 890/4B! Z=.69.9,<-! 3.84=! <-! ;<C6494-;4! ,C6/,48! 9<!
;<-897@;9!.;9,A,90!897@;9@748!,-!9:4!I\O!/4.7-,-D!=48,D-!><7!4.;:!;<C6494-;4!/4A4/!.-=!
9<!C<-,9<7!9:4!.;9,<-!<>!9:4!@8478! ,-!9:4!G<N!,-!<7=47!9<!647;4,A4!9:4!@847!;:.-D4!,-!
9:4! /4A4/! <>! ;<C6494-;4B! ! _-! 9:4! <9:47! :.-=1! .=.69.9,<-! 3.84=! <-! /4.7-,-D! 890/48!
,C6/,48!9:4!<7D.-,[.9,<-!<>!9:4!/4.7-,-D!<3Q4;98!.-=!.;9,A,9,48!,-!.!6.79,;@/.7!;<@784!,-!
9:4!89@=4-9!674>4774=!<7=47!F,9:!74864;9!9<!:,8e:47!/4.7-,-D!890/48B!^4!:.A4!.==74884=!
9:,8! 67<3/4C! 30! 9:4! .@9<C.9,;! ;74.9,<-! <>! =,>>474-9! Z;9,A,90! O97@;9@748! ><7! 4.;:!
6.79,;@/.7! /4.7-,-D! 890/4B! +<7C./! =48;7,69,<-! <>! 9:4! 67<;488! ,8! ,-97<=@;4=! ,-! 9:4! -4M9!
84;9,<-B!

5.3.2 Description the formal process 

N49! @8! ;<-8,=47! .! 849! f! l! mM"1! M?1! M*! n! M-o! 7467484-9,-D! 9:4! 67?<@;76! ,-9474894=! <-!
.;:,4A,-D!6E@:9H9:(:B>E@7@;:@6!S!l!m;"1SN1!;?1SN1!;*1SN!n!;-1SNoB!2:484!89@=4-98!;<@/=!:.A4!
84A47./!,-9474898!><7!.;:,4A,-D!=,>>474-9!;<C6494-;48!U!V!,-!=,>>474-9!/4A4/8!U!0VB!I-!9:,8!
C.--47!9:4!=48,74=!;<C6494-;4!><7!9:4!;"!;<@/=!34!=,>>474-94!9:.9!9:4!=48,74=!/4A4/!9<!
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34!<39.,-4=!><7!9:4!;?B!_-!9:4!<9:47!:.-=1!9:4!;<C6494-;4!/4A4/8!;<@/=!34!=4>,-4=!30!
@8,-D!9:4!]/<<CL8!9.M<-<C0!<7!<9:47!;/.88,>,;.9,<-!8;:4C481!,-!F:,;:!SN!l!mN,1!N71!N@1!N.1!
N.-1!N4A1!N;7o1!<7!30!@8,-D!.-0!<9:47!;/.88,>,;.9,<-!80894CB!I-!9:,8!F.01!N,1!NT1!,-=,;.94!9;9798C(
C@K@C!.-=!?;<@A678;<9;D(C@K@C(74864;9,A.//0B!

!B>E@7@;:@6!.74!=,A,=4=!,-9<!:B>E@7@;:@(@C@>@;76!=4>,-4=!9<!4.84!9:4!C<-,9<7,-D!
<>! 9:4! ;<C6494-;4! .;R@,8,9,<-B! H.;:! ;<C6494-;4! 4/4C4-9! ,8! ./8<! ;.94D<7,[4=! ,-! .-!
.=4R@.94! /4A4/! <>! ;<C6494-;41! 4BDB! S"H! l! m! ;4! "1N,1! ;4?1N;<1! ;4*1N;61! n! ;4"1N4A! oB! I-! 9:,8!
C.--471!;4!"1N,!,-=,;.948!9:.9!9:4!;<C6494-;4!4/4C4-9!"!><7!9:4!;<C6494-;4!"!:.8!9:4!
,-,9,./! /4A4/! .88<;,.94=B! 2:4! @847! =48,748! 9<! <39.,-! 9:,8! /4A4/! ><7! 9:,8! ;<C6494-;4!
4/4C4-9B!!

_-!<9:47!:.-=1!.8!C4-9,<-4=!34><741!4.;:!!B>E@7@;:@(@C@>@;7!,8!.88<;,.94=!F,9:!.!
849!<>!!B>E@7@;:@(L;BMC@<D@(.-=(!B>E@7@;:@(&K9<@;:@6B!!

!B>E@7@;:@6( L;BMC@<D@! 7467484-98! 9:4! 4884-9,./! T-<F/4=D4! -4;488.70! 9<! 34!
.;R@,74=!30!9:4!89@=4-9B!2:484!T-<F/4=D48!8@66<79!9:4!647><7C.-;4!<>!9:4!89@=4-9!,-!
.!864;,>,;!;<-94M9!F:474!8:4!8:<@/=!=4C<-897.94! 9:4!.;R@,8,9,<-!<>! 9:4!;<C6494-;41!
4BDB! S"H"c! mT"1"1! T"1?1! T"1*! n! T"1-oB! T"1-! 7467484-9! 9:4! N;BMC@<D@( ;! ><7! 9:4! ;<C6494-;4!
4/4C4-9!"!,-!9:4!;<C6494-;4!"B!!

!B>E@7@;:@(@K9<@;:@!,8!.!C4;:.-,8C!9<!C4.8@74!9:4!/4A4/!<>!.;:,4A4C4-9!<>!4.;:!
6.79,;@/.7!4/4C4-9B!+<7!4M.C6/41!S"H"H!m4"1"1!4"1?1!4"1*!n!4"1-o!7467484-9!4A,=4-;4!U"!9<!-V!
><7!9:4!;<C6494-;4!4/4C4-9!"!,-!9:4!;<C6494-;4!"B!

^4!=4>,-4!9:4!0@8A;9;D(67=C@!.8!9:4!6<88,3/4!;<C3,-.9,<-!<>!+4/=47L8!=,C4-8,<-!NO,!l!
H! M! E47! M! E7<! M! G-=! F:474! Hl! mA,8@./1! A473./o1! E47l! m,-9@,9,A41! 84-8,9,A4o! E7<l! m.;9,A41!
74>/4M,A4o1!G-=!l!mD/<3./1!84R@4-9,./oB!

0@8A;9;D( /@69D;( ,@O?@;:9;D! ,8! 3.84=! <-! .;9,A,9,48! F:474! 4.;:! 8:79K97=! ;<@/=! 34!
=,A,=4=!,-!6?PJ8:79K979@6B!2:4!8,C6/489!@-,9!<>!.DD74D.9,<-!,8!9:4(C@8A;9;D(BPQ@:7!.-=!9:4!
C<89! ;<C6/4M! ,8! 9:4!#:79K979@6( ,7A?:7?A@6B!_@7! 8</@9,<-! ;<-8,=478! 9:4!:,D:489! /4A4/! <>!
.;9,A,9,48! 897@;9@74! 74>4774=! 9<! 9:4! ;<77486<-=,-D! C@8A;9;D( 67=C@( 8:79K979@6( 67A?:7?A@B!
H.;:!;<C6494-;4!7467484-98!.-!#:79K97=(67A?:7?A@!<7!.!849!<>!.;9,A,9,48! ,-!9:4!/4.7-,-D!
=48,D-! ZO30S! l! mZO;"1! ZO;?1! ZO;*1! n! ZO;-oB! S<C6494-;4! 4/4C4-98! =4>,-4! ,?P( #:79K97=(
67A?:7?A@( ZO30SH! l! mZO;4"1"! n! ZO;4"1-1! ZO;4?1"n! ZO;4?1-1! n! 1! ZO;4-"1! ZO-CoB! ! Z;9,A,90!
897@;9@748! ><7! 9:4!;<C6494-;4!4/4C4-98!;<-8,89!<>!S<C6494-;4!c-<F/4=D4!Z;9,A,9,48!
.-=! S<C6494-;4! HA,=4-;4! Z;9,A,9,48B! +<7! 4.;:! T-<F/4=D4! .-=! 4A,=4-;4! =4>,-4=! ,-!
4.;:!;<C6494-;4!4/4C4-91!.-!.;9,A,90!.-=!.!849!<>!/4.7-,-D!_3Q4;98!.74!=4>,-4=B!!

2:4!/4.7-,-D!=48,D-!84R@4-;4!<>>474=!9<!89@=4-98!=464-=8!<>!9:4!89@=4-98L8!67<>,/41!
,-!6.79,;@/.71!9:4!/4A4/!<>!;<C6494-;48!.9!9:4!34D,--,-D!<>!9:4!;<@784!.-=!9:4!/4.7-,-D!
890/48B!

,@O?@;:@6( #<8E7879B;( P86@<( B;( C@8A;9;D( 67=C@! ;<-8,=47! 9:4! 674>474-;4! <>! 9:4!
=,>>474-9! /4.7-,-D! 890/48! ><7! =,>>474-9! /4.7-,-D!<3Q4;98! .-=! 847A,;4! 90648B!_3Q4;98! .-=!
847A,;4! 90648! ;<@/=! 34! =4>,-4=! .8! _O2! l! m<89"1! <89?n! <89-oB! E74>474-;4! ><7! 4.;:! 9:4!
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<3Q4;98!.-=!847A,;4!90648!;<@/=!34!=4>,-4=!.8!ENO!l!<89!,1!Q1!T!l!m<89"1"1"1!<89?1"1"1!n!<89-1C1Fo1!
F:474! ,!l!<3Q4;9!9064p! Ql/4.7-,-D!890/4!.-=!Tl674>4774=!<7=47!<>!9:4! /4.7-,-D!890/4!><7!
9:4!<3Q4;9!<7!847A,;4!9064B!

2:4-1!><7!4.;:!67<>,/4!E,!.!84R@4-;4!3.84=!<-!/4.7-,-D!890/4!.-=!;<C6494-;4!O3NHS!
UNO1SV! ,8! =4>,-4=B! 2:,8! ,-,9,./! 84R@4-;4! ;:.-D48! <A47! 9:4! 9,C4! .8! 674>474-;4! =@4! 9<!
/4.7-,-D!890/4!.-=!;<C6494-;4!;:.-D4B!!

I-! 8@CC.701! SbLEC  !  ASbyC !  ASbyCE 1! /4.7-,-D! <3Q4;9! 90648! .-=! 847A,;48! .74!
<7=474=!,-! ASbyCE !.;;<7=,-D!9<!ENOB!

2:4! -4M9! 84;9,<-! =48;7,348! :<F! 9:,8! ><7C@/.9,<-! ,8! 97.-8/.94=! ,-9<! .! 6/.--,-D!
=<C.,-B!

5.3.3 Generation based on competence definitions  

5.3.3.1 Scenario Description 

2:4!>,789!8;4-.7,<!.,C8!9<!.@9<C.9,;.//0!;<-897@;9!9:4!/4.7-,-D!=48,D-!<>!.!;<@784!3.84=!
<-!9:4!;<C6494-;4!9:4!94.;:47!F.-98!9:4!89@=4-98!9<!.;:,4A4B!!

+<7! 9:4! 864;,>,;! ;<C6494-;48! C<-,9<7,-D! .! C.M,C@C! <>! 84A4-! /4A4/8! <>!
;<C6494-;48!.74!;<-8,=474=B!N4A4/8!.74!74/.94=!9<!<-4!<7!C<74!]/<<C!<3Q4;9,A4!90648a!
,-,9,./1!74C4C347,-D1!@-=4789.-=,-D1!.66/0,-D1!.-./08,-D1!4A./@.9,-D1!;74.9,-DB!

2:4!6@76<84!<>!9:4!/4.7-,-D!=48,D-!D4-47.9,<-!,8!9<!;<-897@;9!.-!.;9,A,90!897@;9@74!,-!
9:4! I\O! /4.7-,-D! =48,D-! ><7! 4.;:! <>! 9:,8! ;<C6494-;4! /4A4/B! S<C6494-;4! N4A4/8! .74!
C<=4//4=! ,-! 9:4! I\O! /4.7-,-D! =48,D-! .8! 67<6479,48! F:<84! 89.94! ,8! C<-,9<7,-D! .-=!
@6=.9,-DB!Z;;<7=,-D!9<!9:,8!;<-94M91!F4!:.A4!=4>,-4=!.!6/.--,-D!67<3/4C!9:.9!84.7;:48!
.!;<-=,9,<-./!6/.-!><7!.!864;,>,;!;<@784!9:.9!647C,98!89@=4-98!9<!D7.=@.//0!.;:,4A4!9:4!
;<C6494-;4!/4A4/8!67<6<84=!30!9:4!94.;:478!,-!9:4!;<@784!=48,D-1!,-!6.79,;@/.71!,-!9:4!
;<C6494-;4! =4>,-,9,<-B! 2:4! 6/.--,-D! 67<;488! ,8! 3.84=! <-! 9:4! .-./08,8! <>! 9:4!
,-><7C.9,<-! .A.,/.3/4! .3<@9! 9:4! ;<C6494-;4! .-=! 9:4! /4.7-,-D! 748<@7;48! C49.=.9.!
.;;<7=,-D!9<!9:4!.667<67,.94!864;,>,;.9,<-8a!!I\O!`4@8.3/4!P4>,-,9,<-!<>!S<C6494-;0!<7!
H=@;.9,<-./!_3Q4;9,A4!U`PSH_V!J'"K!.-=!I\O!\49.=.9.!U\PV!J'5KB!

^:4-!.!89@=4-9!9.T48!.!;<@7841!9:4!;<@784!;<C6494-;4!,8!C<-,9<74=!.8!9:4!/4.7-47!
;.77,48!<-!9:4!.;9,A,9,48B!Z8!.!748@/9!<>!9:,8!C<-,9<7,-D1!9:4!@847!;<C6494-;4!/4A4/8!.74!
89<74=!.-=!@6=.94=!,-!9:4!89@=4-9!67<>,/4!U,-!9:4!I\OXNIE!J"#"K!.-=!./8<!,-!9:4!NO\VB!

NIE! ;<C6494-;48! .74! ./F.08! 74/.94=! 9<! .! `PSH_! ;<C6494-;4! =4>,-,9,<-1! F:,;:!
,-=,;.948!:<F!9:4!;<C6494-;4!8:<@/=!34!.;:,4A4=B!!

2:4!><//<F,-D!,-><7C.9,<-!,8!.A.,/.3/4!><7!9:4!6/.--,-D!67<3/4Ca!!

1. 2:4! ;<C6494-;4! :,47.7;:01! ,-! 6.79,;@/.71! 9:4! 4/4C4-98! .88<;,.94=! 9<! 9:4!
;<C6494-;41!;.94D<7,[4=!.;;<7=,-D!9<!]/<<CB!
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2. 2:4! /4.7-,-D! <3Q4;98! 9:.9! .==7488! 9:484! 4/4C4-981! ,-! 6.79,;@/.71! ><7! .==748,-D!
9:4!.88<;,.94=!;<C6494-;4!T-<F/4=D481!.-=!!

3. 2:4! 4A,=4-;48! U4BDB! R@489,<--.,741! 67.;9,;./! .;9,A,9,48V1! F:,;:! :.A4! 344-!
C<=4//4=! .8! /4.7-,-D! <3Q4;981! 9<! 34! @84=! ><7! A47,>0,-D! 9:4! 67<D7488! ,-! 9:4!
;<C6494-;4!.;R@,8,9,<-B!

Z8!C4-9,<-4=!34><741! 9:4! /4.7-,-D!<3Q4;98!.74! 89<74=! ,-!.! 746<8,9<701! .-=!4.;:!<>!
9:4C! :.8! .-! I\OX\P! .88<;,.94=! 9:.9! 74/.948! 9:4! <3Q4;9! 9<! 9:4! 4/4C4-98! ,-! 9:4!
;<C6494-;4! =4>,-,9,<-1! 864;,>,;.//0! F4! .74! @8,-D! 9:4! ;/.88,>,;.9,<-! /.34/! ><7! 9:,8!
.88<;,.9,<-B!

^,9:! .//! 9:4! .><74C4-9,<-4=! ;<C6<-4-981! .! 6/.--,-D! 4-D,-4! ;.-! 34! 4M4;@94=! 9<!
3@,/=! 9:4! 897@;9@74! 9:.9! ;<77486<-=8! 9<! .-! .=.694=! /4.7-,-D! =48,D-! ,-! 9:4! I\O! NP!
864;,>,;.9,<-B!2:4!67<;488!,8!67484-94=!,-!+,D@74!55B!

!

!

Figure 44. Learning Design Generation based on competence definitions 
!

2<! 8@66<79! 9:4! .;:,4A4C4-9! <>! 4.;:! ;<C6494-;41! .-! I\OXNP! .;9,A,90! 897@;9@741!
F:,;:!;<-8,898!<-!84A47./!8@3!.;9,A,9,48!897@;9@748!><7!4.;:!4/4C4-9!,-!9:4!;<C6494-;4!
=4>,-,9,<-1!,8!D4-47.94=B!!

I-!<7=47!9<!9489!9:4!;<-;469@./!C<=4//,-D1!.-!W2Y!6/.--47!F.8!@84=B!W2Y!6/.--,-D!
J"?5K! 7467484-98! .! 6/.-! .8! .! 849! <>! 9.8T8! U9.8T! -49F<7T8V! 9<! 34! 647><7C4=B!\49:<=8!
=,A,=4! -<-X67,C,9,A4! 9.8T8! ,-9<! 8@3X9.8T8! @-9,/! .! 67,C,9,A4! /4A4/! :.8! 344-! <39.,-4=B!
E7,C,9,A4!9.8T8!.74!9:<84!9:.9!;.-!34!;.77,4=!<@9!=,74;9/0B!

^4! :.A4! @84=! W2Y! 6/.--,-D! 34;.@84! 9:4! ;<@784! =<C.,-! ><7! 9:,8! 8;4-.7,<1! ,-!
6.79,;@/.71! 9:4! ;<C6494-;4! =4>,-,9,<-1! :.8! .! :,47.7;:,;./! 897@;9@74B! 2:4! 6.88,-D! >7<C!
;<@784! =<C.,-! 9<! 9:4! 6/.--,-D! =<C.,-! F.8! .-! ,-9@,9,A4! 8946! .8! =48;7,34=! ,-! -4M9!
84;9,<-8B!

^4!:.A4!9.T4-!@6!9:4!,=4.!=48;7,34=!,-!J("K1!F:474!9:4!.@9:<7!=4>,-48!9:4!;<-;469!
<>! 3@,/=,-D! 3/<;T8! .8! .! 3.8,;! 4/4C4-91! F:,;:! .74! 9:4! 3.8,8! ><7! 9:4! D4-47.9,<-! <>! :,8!
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8;4-.7,<8B! ]@,/=,-D! 3/<;T8! ,-! <@7! 67<6<8./! 3.8,;.//0! ;<77486<-=! 9<! 9:4! 897@;9@7./!
4/4C4-98!.88<;,.94=!9<!9:4!I\OXNP!864;,>,;.9,<-B!

5.3.3.2 Planning problem 

2:4!C.,-!6@76<84!<>!9:,8!8;4-.7,<!,8!9:4!D4-47.9,<-!<>!.-!.=4R@.94!;<@784!><7!.//!9:4!
89@=4-98!74D,89474=!9<!.!;/.88!9:.9!9.T4!,-9<!.;;<@-9!9:4!=4>,-,9,<-!<>!9:4!;<C6494-;4!
67<A,=4=!30!9:4!94.;:47B!

2:4!6/.--,-D!67<3/4C!=4;/.748!9:4!,-,9,./!89.D4!<>!9:4!F<7/=!U7467484-94=!.8!.!849!<>!
/<D,;./! .9<C8! 9:.9! .74! .88@C4=! 9<! 34! 97@4! .9! 9:4! 9,C4!F:4-! 9:4! 6/.-! 4M4;@9<7! F,//!
34D,-!4M4;@9,-D!9:4!6/.-V1!9:4!,-,9,./!9.8T!-49F<7T!U.!849!<>!9.8T8!9<!34!647><7C4=V1!.-=!
.!=<C.,-!=48;7,69,<-!F:,;:!;<-9.,-81!C49:<=81!<647.9<7!.-=!.M,<C8B!\.,-!C49:<=!,-!
9:4!=<C.,-!.-./0848!9:4!,-,9,./!89.D4!.-=!9:4!D<./!,-!<7=47!9<!D4-47.94!.!8@,9.3/4!6/.-B!
2:4! ,-,9,./! 89.94! <>! 9:4! F<7/=! ,8! ;<-897@;94=! @8,-D! 9:4! 67<;4=@74! D49\49.=.9.! 9<!
.-./084! 9:4! /4.7-,-D!<3Q4;98!C49.=.9.! >,/48!.-=!;<-A479! 9:4C! ,-9<!.! 947C! /,89!-.C4=!
A@6B?A:@6B!Z!849!<>!C49:<=8!,8!;74.94=!,-!<7=47!9<!9.T4!9:4!,-><7C.9,<-!>7<C!A@6B?A:@6!
/,89!.-=!74;@78,A4/0!.==!9:4! /4.7-,-D!748<@7;48!.-=!9:4,7!.997,3@948! ,-!9:4!89.94!<>!9:4!
F<7/=B!2:4!,=4-9,>,47!<>!9:4!=48,74=!;<C6494-;4!9<!34!.;:,4A4=!,-!9:4!;<@784!=4>,-48!
9:4!DB8CB!

5.3.3.3 Planning domain 

Operators 

I-! 9:4! 6/.--,-D! =<C.,-! F4! =4>,-4! 9F<! 90648! <>! <647.9<78a! 3.8,;! <647.9<78! .-=!
897@;9@7./!<647.9<78B!

].8,;!<647.9<78!.74! 9:4!C<89! ,C6<79.-9!<647.9<78!=4>,-4=! ,-! 9:4!6/.--,-D!=<C.,-!
34;.@84! 9:40! =4>,-4! 9:4! 4M64;94=! .;9,<-8! 9<! 34! =4A4/<64=! 30! 9:4! @847B! 2:484!
<647.9<78!.74a!

• Ua<647.9<7! Uq,-8479XN4.7-,-DXZ;9,A,90! r,=.;9,A,90! r9,9/4.;9,A,90! r,=748<@7;4! r,8AV!
,-84798!9:4!N4.7-,-D!Z;9,A,9,48!,-!9:4!6/.-B!

• Ua<647.9<7!Uq,-8479X`48<@7;4!r4-A!r4V!,-84798!.!/4.7-,-D!748<@7;4!,-!9:4!6/.-B!

• Ua<647.9<7!Uq,-8479XE7<64790!r>!rD!r:V1!F:,;:!,-84798!.!/<;./!@847!67<64790!,-!9:4!
NPB!

• Ua<647.9<7!Uq,-8479XS<-=,9,<-!rDV!,-84798!.!;<-=,9,<-!,-!9:4!C49:<=!<>!9:4!NPB!

2:4!6/.--47!@848!8<C4!O97@;9@7./!_647.9<78!,-!<7=47!9<!D4-47.94!.!/4.7-,-D!=48,D-!
.;;<7=,-D!9<!9:4!I\OXNP!O64;,>,;.9,<-!.8!><//<F8a!
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• 2:4!Ua<647.9<7!Uq,-8479XN4.7-,-DXP48,D-!r,=!r/4A4/!r84R@4-;4X@84=!r@7,!r9,9/4V!,8!
@84=!9<!;74.94!.-!Z;9,A,90!897@;9@74!<>!9:4!:,D:489!/4A4/!9:.9!;<-9.,-8!.//!<>!9:4!
<9:47!3/<;T8B!

• 2<!<64-!.-=!;/<84!.-!.;9,A,90! 897@;9@74!3/<;T! ,-! 9:4!NP1! 9:4! Ua<647.9<7! Uq89.79X
Z;9,A,90XO97@;9@74! r3V! .-=! 9:4! Ua<647.9<7! Uq4-=XZ;9,A,90XO97@;9@74V! :.A4! 344-!
;74.94=B!

• !2:4! Ua<647.9<7! Uq89.79XH-A,7<-C4-98V! .-=! 9:4! Ua<647.9<7! Uq4-=XH-A,7<-C4-98V!
.74!@84=!9<!<64-!.-=!;/<84!4-A,7<-C4-98!3/<;T!,-!9:4!NPB!

• 2:4!Ua<647.9<7!Uq89.79XE7<6479,48V!.-=!9:4!Ua<647.9<7!Uq4-=XE7<6479,48V!.74!@84=!
9<!<64-!.-=!;/<84!9:4!3/<;T!<>!67<6479,48!,-!9:4!NPB!

• 2:4!Ua<647.9<7!Uq89.79XS<-=,9,<-8V!.-=!9:4!Ua<647.9<7!Uq4-=XS<-=,9,<-8V!.74!@84=!
9<!<64-!.-=!;/<84!9:4!3/<;T!<>!;<-=,9,<-8!,-!9:4!NP!\49:<=B!

• 2:4!Ua<647.9<7!Uq89.79X`48<@7;48V!.-=!9:4!Ua<647.9<7!Uq4-=X`48<@7;48V!.74!@84=!
9<!<64-!.-=!;/<84!9:4!3/<;T!<>!;<-=,9,<-8!,-!9:4!NP!\49:<=B!

Methods 

2:4! C.,-! C49:<=! ,-! 9:4! 6/.--,-D! =<C.,-! ,8! D@;@A87@1-,0/1! F:,;:! @848! 9:4!
,-><7C.9,<-! 67<A,=4=! 30! 9:4! D@7.AD8;9R879B;( !8CC( %@A>6! >7<C! 9:4! ;<C6494-;4!
=4>,-,9,<-! ,-! 6.79,;@/.7! >7<C! 9:4! I\OX`PSH_! .88<;,.94=! >,/4! .-=! ;<-A4798! 9:,8!
,-><7C.9,<-!,-9<!.!947C!/,89!-.C4=!organization.!

D4-47.94I\ONP! ,947.94=! 74;@78,A4/0! 9:4! organization! /,89! 897@;9@74! ,-! <7=47! 9<!
;<-897@;9! 9:4! 6/.-B! 2:4! 67,-;,6./! C49:<=! @84=! ><7! 9:,8! 6@76<84! ,8! UaC49:<=!
U.-./0[47O9.94C4-98! Ur:4.=! B! r9.,/VVB! 2:,8! C49:<=! ;.//8! 9:4! .=4R@.94! C49:<=8! 9<!
;<-897@;9!9:4!-4;488.70!3/<;T!8498!,-!F:,;:!;<-8,89!9:4!6/.-1!.8!8:<F-!,-!+,D@74!5(B!

!
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UaC49:<=!U.-./0[47O9.94C4-98!Ur:4.=!B!r9.,/VV!

!!!!!!!!UV!

!!!!!!!!U!

!!!!!!!!!U.-./0[47O9.94C4-9!r:4.=V!

!!!!!!!!!Uq89.79XZ;9,A,90XO97@;9@74!647><7C.-;44A,=4-;4V!

!!!!!!!!!!!!U.-./0[47E47!r9.,/V!

!!!!!!!!!Uq4-=XZ;9,A,90XO97@;9@74V!

!!!!!!!!!Uq89.79XH-A,7<-C4-98V!

!!!!!!!!!!!!U,-8H-A,7<-C4-9V!

!!!!!!!!!Uq4-=XH-A,7<-C4-98V!

!!!!!!!!!Uq89.79XE7<6479,48V!

!!!!!!!!!!!!U,-8E7<6479,48!r:4.=V!

!!!!!!!!!Uq4-=XE7<6479,48V!

!!!!!!!!!Uq89.79XS<-=,9,<-8V!

!!!!!!!!!!!!U,-8S<-=,9,<-8!r:4.=V!

!!!!!!!!!Uq4-=XS<-=,9,<-8V!

!!!!!!!!!ppU.-./0[47O9.94C4-98!r9.,/V!

!!!!!!!!V!!!!!V!

Figure 45. Method analyzerStatements 
!

2:4! .-./0[47O9.94C4-9! C49:<=! ,8! 74;@78,A4/0! 4M4;@94=! 9<! ;<-897@;9! 9:4! Z;9,A,90!
O97@;9@748!.-=!Z;9,A,9,48B!Z;9,A,90!O97@;9@748!.74!.88<;,.94=!9<!9:4!S<C6494-;4!N4A4/8!
<>! 9:4!S<C6494-;4!H/4C4-98!.-=!<-!9:4!<9:47!:.-=!9:4!Z;9,A,9,48!;<77486<-=!9<!9:4!
H884-9,./!c-<F/4=D4!,-!9:4!;<C6494-;4!=4>,-,9,<-B!

2:4! .-./0[47E47! C49:<=! ;74.948! 9:4! Z;9,A,90! 897@;9@74! .88<;,.94=! 9<! 9:4!
E47><7C.-;4! .;9,A,9,48! F:,;:! ;<77486<-=! 9<! 9:4! HA,=4-;48! ,-! 9:4! ;<C6494-;4!
=4>,-,9,<-B!_-4!4A./@.9,<-!.;9,A,90! ,8! ;74.94=! ><7!4.;:!;<C6494-;4! /4A4/!.==74884=! ,-!
9:4!6/.-B!

^:4-!9:4!.;9,A,9,48!.74!;74.94=1!9:4!748<@7;48!.88<;,.94=!9<!4.;:!6.79,;@/.7!.;9,A,90!
.74!,=4-9,>,4=B!2:4!C49:<=!,-8H-A,7<-C4-9!;74.948!<-4!4-A,7<-C4-9!><7!4.;:!Z;9,A,90!
.-=!9:4-!.88<;,.948!.//!<>!9:4!748<@7;48!,=4-9,>,4=!.3<A4!9<!9:,8!4-A,7<-C4-9B!

2:4!C49:<=!,-8E7<6479,48!;74.948!<-4!/<;./X6478<-./X67<64790!><7!4.;:!;<C6494-;4!
/4A4/! 4M,89,-D! ,-! 9:4! ;<C6494-;4! =4>,-,9,<-B! Z8! C4-9,<-4=! 34><741! 9:4! S<C6494-;4!
H/4C4-98!:.A4!.!864;,>,;!]/<<C!/4A4/!.88<;,.94=B!

2:4!,-8S<-=,9,<-8!\49:<=!=4>,-48!9:4!;<-=,9,<-8!,-!9:4!\49:<=!4/4C4-9!,-!9:4!NPB!
_-4!;<-=,9,<-!><7!4.;:!;<C6494-;4!/4A4/!,8!;74.94=B!
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5.3.4 Generation based on competences and learning styles 

_@7! ,-947489! ,-! 9:,8! 8;4-.7,<! ,8! 9<! 4M94-=! 9:4! .=.69.9,<-! 67<6<84=! ,-! 9:4! .3<A4!
8;4-.7,<1!F:,;:! ,8!3.8,;.//0! ><@-=4=!<-! 9:4! ;<C6494-;4!=4>,-,9,<-1!30! ,-;/@=,-D!<A47!
9:,8!-4F!8;4-.7,<!9:4!.=.69.9,<-!67<;488!3.84=!<-!/4.7-,-D!890/4B!

2:4!C.,-!6@76<84!<>!9:4!.=.69.9,<-!67<;488!3.84=!<-!/4.7-,-D!890/4!,8!9<!84/4;9!9:4!
3489! <7=47! 9<! 67484-9! 9:4! /4.7-,-D! 748<@7;4! 90648! .;;<7=,-D! 9<! 9:4! /4.7-,-D! 890/4!
,-><7C.9,<-!.;;<7=,-D!9<!9:4!;<-;/@8,<-8!67484-94=!,-!J5KB!

Z8!8:<F-!,-!9:4!+,D@74!5&1!9:4!C.,-!=,>>474-;4!349F44-!9:,8!8;4-.7,<!.-=!9:4!>,789!
<-4! ,8! 9:4! @84! <>! ,-><7C.9,<-! .3<@9! 9:4! 6<88,3/4! @8478! /4.7-,-D! 890/4! ,-! <7=47! 9<!
D4-47.94!.!/4.7-,-D!=48,D-B!s4-47.9,<-!67<;488!9.T4!,-9<!.;;<@-9!.9!9:4!=48,D-!9,C4!.//!
89@=4-98!/4.7-,-D!890/4!,-A</A4=!,-!9:4!;<@784!D4-47.9,-D!.//!6<88,3/4!84R@4-;48!.-=!.9!
9:4! 4M4;@9,<-! 9,C4! 84/4;98! 9:4! .=4R@.94! 84R@4-;4! .;;<7=,-D! 9<! .! 6.79,;@/.7! 89@=4-9!
674>474-;4B!

!

!

Figure 46. Learning Design Generation based on competences definitions 
and Learning styles 

!

I-!9:4!;<-94M9!<>!9:4!6/.--,-D!=<C.,-1!,-!<7=47!9<!,-;/@=4!9:4!.=.69.9,<-!3.84=!<-!
/4.7-,-D!890/41!F4!:.A4!;74.94=!.-<9:47!C49:<=!;.//4=!getPreferences! ><7!<39.,-,-D!
9:4! ,-><7C.9,<-! 74/.94=! 9<! 9:4! 89@=4-9L8! 674>474-;41! ,-! 6.79,;@/.71! 9:4! 674>474-;4! <>!
4.;:!/4.7-,-D!890/4!><7!9:4!=,>>474-9!/4.7-,-D!<3Q4;98!90648B!!

2:4! 674>474-;48! .74! 74D,89474=! ,-! .! MC/! >,/4! .-=! 9:40! .74! 67<A,=4=! 30! .! 849! <>!
,-94//,D4-9! .D4-98! 7486<-8,3/4! ><7! 9:4!@847!C<=4//,-D!67<;488! J"?"KB!Z!674>474-;4! >,/4!
:.8!9:4!3.8,;!897@;9@74!8:<F-!,-!+,D@74!5'B!

!
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h674>474-;4i!

h<7=47! /4.7-,-D890/4ltZ;9,A4BO4-8,9,A4Bs/<3./Bb,8@./t!
/4.7-,-D748<@7;49064ltHM47;,84ti"B#he<7=47i!

he674>474-;4!i!

Figure 47. Structure of a Preference File 
!

2:4! 748@/9!67<A,=4=!30!D@7$A@H@A@;:@6( ,8! .88,D-4=! 9<!.! /,89! ;.//4=!674>474-;4! 9<!34!
67<;4884=!30! 9:4!C49:<=! /,89E74>474-;4B!H.;:!4/4C4-9!<>! 9:4! /,89! ;<-9.,-8!.! /4.7-,-D!
890/41! .! /4.7-,-D! 748<@7;4! 9064! .-=! 9:4! 674>4774=! <7=47B! /,89E74>474-;4! ,-84798! ,-! 9:4!
F<7/=! 4.;:! /,89! 4/4C4-9! ,-! 9:4! ><//<F,-D!C.--47a! SEABE@A7=( ST9<C6( SSTA7( T9<CA7U( STBA<@A(
TK8CUUUU* 

2:4!/,89\49.=.9.NO!C49:<=!F.8!.==4=!9<!9:4!6/.--,-D!=<C.,-!9<!;<C6/4C4-9!9:4!
/,89\49.=.9.!C49:<=!C4-9,<-4=! ,-! 9:4! >,789! 8;4-.7,<B! S<-8,=47,-D! 9:.9! 4.;:! /4.7-,-D!
<3Q4;9!9064!:.8!.88<;,.94=!.!6.79,;@/.7!674>474-;41!9<!.88<;,.94!9:,8!674>474-;4!9<!4.;:!
/4.7-,-D! <3Q4;9! ,-! 9:4! =<C.,-! .;;<7=,-D! 9<! 9:4! /4.7-,-D! <3Q4;9! 9064! .88<;,.94=! F.8!
-4;488.70B! +<7! 4.;:! /4.7-,-D! 748<@7;4! .! 67<64790!F.8! ;74.94=! SEABE@A7=( ST9<C6( T9<A@6(
STA7( T9<CA7UUUB! 2:,8! 67<64790! ,-84798! ,-! 9:4! F<7/=! 4.;:! /4.7-,-D! <3Q4;9! .88<;,.9,-D! ,9! .!
/4.7-,-D!890/4B!2:4-!;7<88,-D!9:,8!,-><7C.9,<-!F,9:!9:4!67<A,=4=!30!/,89E74>474-;4!@8,-D!
67<64790! Ur,=/8! UUr79! r,=/79V! Ur<7=47! rA./VVVVpp! 9:4! <7=47! ><7! 4.;:! /4.7-,-D! <3Q4;9! ,8!
=4>,-4=B! 2:,8! <7=47! ,8! ,-;/@=4=! ,-! 9:4! 89.94!<>! 9:4!F<7/=!30! 9:4! 9;6@A7'@:$A@(>@7GB<!
67484-94=!,-!9:4!+,D@74!5)!!@8,-D!Uqq849E7<64790!Ur,=748!Ur,=/8!rA./VVVB!!

!

UaC49:<=!U,-8479`4;E74!r,=/8!r,=748V!

!!!!!!!!U!

!!!!!!!!!U67<64790!Ur,=/8!r,=748!Ur79!r,=/79VVVpp!>7<C!/,89\49.=.9.!

!!!!!!!!!U67<64790!Ur,=/8!UUr79!r,=/79V!Ur<7=47!rA./VVVVpp!>7<C!D49E74>474-;4!

!!!!!!!!V!

!!!!!!!!U!

!!!!!!!!!Uqq849E7<64790!Ur,=748!Ur,=/8!rA./VVV!

!!!!!!!!V!

!!!!!!!!UV!

!!!!!!!!UV!

!!!!V!

Figure 48. Method to define the matching among the learning resources 
and learning style 

!

Z>947! /.89! 89461! 9:4! 74/.9,<-! 349F44-! 4.;:! 748<@7;4! .-=! 9:4! /4.7-,-D! 890/4! ,8!
.A.,/.3/4! 9<!34!@84=! ,-!<7=47! 9<!D4-47.94!.! 8@,9.3/4!6/.-!3.84=!<-! 9:4! /4.7-,-D! 890/4!
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34;.@84! 4.;:! 748<@7;4! ,-! 9:4! =<C.,-! :.8! .! 674>474-;4! .;;<7=,-D! 9<! 4.;:! /4.7-,-D!
890/4B!

I-! 9:,8!C<C4-91! 9:4!67<;4=@74! 9<! D4-47.94! .! /4.7-,-D!=48,D-!34D,-8B! 2:4!C49:<=!
.-./0[47O9.94C4-9O90/4N4A4/ has been included in the domain and the 
8;8C=R@A,787@>@;76! C49:<=! C4-9,<-4=! ,-! 9:4! /.89! 8;4-.7,<! :.8! 344-! C<=,>,4=B!
8;8C=R@A,787@>@;76(,8!8:<F8!,-!+,D@74!5$B(!

%G@(8;8C=R@A,787@>@;7,7=C@0@K@C! ,8! ,-;/@=4=!,-!9:4!.-./0[47O9.94C4-98(C49:<=!><7!
;74.9,-D!.!:,D:!/4A4/!.;9,A,90!897@;9@74!,-!9:4!NP!.88<;,.94=!9<!4.;:!/4.7-,-D!890/4B!!

I>! 9:4! ,-><7C.9,<-! .3<@9! /4.7-,-D! 890/4! 4M,898! ,-! 9:4! 89.94! <>! 9:4! F<7/=1! 9:4!
8;8C=R@A,787@>@;7,7=C@!C49:<=! ,8!4M4;@94=p! ,>!-<91! 9:4!8;8C=R@A,787@>@;7(C49:<=! ,8!
4M4;@94=!.8!=48;7,34=!34><74!.-=!9:4!.=.69.9,<-!,8!<-/0!647><7C4=!><7!.==7488,-D!9:4!
;<C6494-;4!/4A4/B!

!

UaC49:<=!U.-./0[47O9.94C4-98!Ur:4.=!B!r9.,/VV!

!!!!!!!!UV!

!!!!!!!!U!

!!!!!!!!!U.-./0[47O9.94C4-9O90/4N4A4/!r:4.=V!

!!!!!!!!!Uq89.79XZ;9,A,90XO97@;9@74!U"!647><7C.-;44A,=4-;4VV!

!!!!!!!!!!!!U.-./0[47E47!r9.,/V!

!!!!!!!!!Uq4-=XZ;9,A,90XO97@;9@74V!

!!!!!!!!!Uq89.79XH-A,7<-C4-98V!

!!!!!!!!!!!!U,-8H-A,7<-C4-9V!

!!!!!!!!!Uq4-=XH-A,7<-C4-98V!

!!!!!!!!!Uq89.79XE7<6479,48V!

!!!!!!!!!!!!U,-8E7<64790!r:4.=V!!!!

!!!!!!!!!Uq4-=XE7<6479,48V!

!!!!!!!!!Uq89.79XS<-=,9,<-8V!

!!!!!!!!!!!!U,-8S<-=,9,<-8"!r:4.=V!

!!!!!!!!!Uq4-=XS<-=,9,<-8V!

!!!!!!!!V!

!!!!V!

Figure 49. analyzerStatements method 
!

2:4! .-./0[47O9.94C4-9O90/4! ;.//8! .-./0[47O9.94C4-9! ><7! 4.;:! /4.7-,-D! 890/4! 9:.9!
4M,89! ,-! 9:4! 89.94! <>! 9:4! F<7/=! ;74.9,-D! .-! .;9,A,90! 897@;9@74! ,-! 9:4! 6/.-! ><7! 4.;:!
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.88<;,.94=! /4.7-,-D! 890/4B! Z;;<7=,-D! 9<! 9:,8! 674>474-;41! 9:4! /4.7-,-D! <3Q4;98! .74!
<7=474=!,-!9:4!4-A,7<-C4-98B!+,D@74!(#!8:<F8!:<F!9:,8!67<;488!,8!=<-4B!

!

a8<79X30! rA./! \0S<C6.7.9<7! U.-=! U67<64790! Ur,=/8! r748<@7;4! Ur9.M<-,=! r,=9.M<-VVV!
U67<64790!Ur748<@7;4!Ur,=/8!rA./VVVV!

Figure 50. Selecting and ordering the resources according to the level of 
competence and learning styles 

!

2:4! U67<64790! Ur,=/8! r748<@7;4! Ur9.M<-,=! r,=9.M<-VVV! 84.7;:48! ><7! /4.7-,-D! <3Q4;98!
.88<;,.94=! 9<! .! 6.79,;@/.7! ;<C6494-;4! T-<F/4=D4! .-=! U67<64790! Ur748<@7;4! Ur,=/8!
rA./VVVV! 84.7;:48! ><7! /4.7-,-D!<3Q4;98! .88<;,.94=! 9<! .! 6.79,;@/.7! /4.7-,-D! 890/4B!\,M,-D!
3<9:!EABE@A79@61! 9:4!.=4R@.94!849!<>! /4.7-,-D!<3Q4;98! ,8!<39.,-4=B!6BA7JP=(TK8C!<7=478!
9:4!84/4;9!748<@7;48!.;;<7=,-D!9<!9:4!A./@4!<>!9:4!674>474-;4B!

2:4!67<6479,48!><7!9:4!/4A4/!<>!;<C6494-;4!.74!9:4!8.C4!.8!,-!9:4!>,789!8;4-.7,<1!3@9!
F4!:.A4!.==4=!3<</4.-!6478<-./!67<6479,48!9<!8@66<79!9:4!84/4;9,<-!<>!9:4!.=4R@.94!
84R@4-;4!><7!4.;:!89@=4-9!.;;<7=,-D!9<!:47! /4.7-,-D!890/4B!+<7!4.;:!89@=4-9!<-/0!<-4!
<>!9:484!67<6479,48!8:<@/=!34!j97@4k!.9!9:4!4M4;@9,<-!9,C4B!

S<-=,9,<-8!:.A4!./8<!344-!C<=,>,4=!.==,-D!.!;<-=,9,<-!><7!4.;:!/4.7-,-D!890/4!,-!9:4!
NPB!2:4!,-8S<-=,9,<-8!9:.9!;<-97</8!9:4!W,D:!/4A4/!Z;9,A,90!O97@;9@74!.88<;,.94=!9<!9:4!
/4.7-,-D!=48,D-!,8!;74.94=!,-!9:4!6/.-B!

5.3.5 Integration upon dotLRN Learning Management System 

+,D@74!("! 8:<F8! 9:4!67<;488! ><7! ,-94D7.9,-D!<@7! 8</@9,<-!@6<-!=<9N`Y!6/.9><7CB! N4>9!
8,=4! <>! 9:4! +,D@74! ("! 8:<F8! 9:4! C.,-! 4/4C4-98! <-! =<9N`Y! 9<! 8@66<79! 9:4! /4.7-,-D!
=48,D-! D4-47.9,<-! 67<;488! .8!F4//! .8! 9:4,7! ,-6@98! .-=! <@96@98B! `,D:9! 8,=4! 8:<F8! 9:4!
;<C6<-4-98!,-A</A4=!,-!9:4!P48,D-47!O47A,;4B!

%G@(/@69D;@A(!C9@;7(KV*W($8:N8D@! ,C6/4C4-98!.!F43!847A,;4!;/,4-9!,-!<7=47!9<!84-=!
6/.--,-D! 74R@4898! 9<! 9:4!/@69D;@A! .-=! 67<;48848! ,98! 7486<-848B! 2:4! 6.7.C49478! 9:.9!
9:4!P48,D-47!S/,4-9!84-=8!,-!,98!74R@4898!.74!9:4!I\OX`PSH_!<>!.!;<@784!D4-47.94=!30!
9:4!S<C6494-;48!E.;T.D4!.-=!9:4!/,89!<>!/4.7-,-D!;<-94-9!C49.=.9.!G`N8!.88<;,.94=!9<!
9:4!;<@784B!2:4!P48,D-47! 7486<-=8!F,9:!.-!.=.694=!;<@7841!F:,;:! 9:4!6/.--47!;/,4-9!
.@9<C.9,;.//0!/<.=8!.-=!=46/<08!,-!9:4!/4.7-478L!@-,9!<>!/4.7-,-DB!

I>!9:4!94.;:47!=4;,=48!9<!<>>47!.!89@=4-9!./8<!.=.69.9,<-!3.84=!<-!9:4!/4.7-,-D!890/41!
9:4!@847!C<=4//,-D!67<;488!3.84=!<-!/4.7-,-D!890/4!8:<@/=!34!4M4;@94=!34><74!;.//,-D!
P48,D-47B!2:4!@847!C<=4//,-D!67<;488!3.84=!<-! /4.7-,-D!890/4!D4-47.948!.!E74>474-;4!
>,/41!F:,;:!,8!.-!,-6@9!><7!9:,8!6.79,;@/.7!.=.69.9,<-B!



!"#$%&'(F*(( 0&#'2123(/&,132(3&2&'#%1.2($'.!&,,(

!"*#!

!

Figure 51. Designer Integration Framework 
!

2:4! P48,D-! O47A,;4! KV*W! ,C6/4C4-98! .! 6/.--,-D!F43! 847A,;4! 3.84=! <-! 9:4! O,C6/4!
_3Q4;9!Z;;488!E7<9<;</!UO_ZEV!J"?(K1!F:,;:!7486<-=8!9<!.=.69.9,<-!74R@4898!.-=!84-=8!
.!746/0!F,9:!.-!I\OXNP!@-,9!<>!/4.7-,-D!9<!34!=,86/.04=!,-!9:4!;<-94M9!<>!.!A,79@./!;<@784!
@6<-!=<9N`YB!!

I-! <7=47! 9<! D4-47.94! 9:4! .=.694=! @-,9! <>! /4.7-,-D! .;;<7=,-D! 9<! 9:4! @847! /4.7-,-D!
890/41!=4A4/<6,-D!.!C<=,>,;.9,<-!,-!9:4!P,86/.0!E7<;4881! ,B4B! ,-!9:4!I\OXNP!6/.047!@6<-!
=<9N`Y1!F.8!-4;488.70B!2:,8!C<=,>,;.9,<-!.>>4;98!9:4!C4;:.-,8C!<>!6478<-./!67<64790!
A./@48! .88,D-C4-9B! S74.9,-D! .! 67<;488! 9<! ,-,9,./,[4! 9:4! A./@4! <>! 9:4! /<;./! 6478<-./!
67<6479,48! ><7! 4.;:! 89@=4-9! .;;<7=,-D! 9<! 9:4! INO! 748@/98! .-=! .;;<7=,-D! 9<! 9:4! NIE!
;<C6494-;4!74;<7=8!F.8!./8<!-4;488.70B!!

5.3.6 Implementations results 

+<//<F,-D!>,D@748!8:<F!9:4!.;:,4A4=!,C6/4C4-9.9,<-!<>!<@7!>7.C4F<7T!@6<-!=<9N`YB!
+,D@74! (?! 8:<F8! 9:4! I\O! g! NP!C.-,>489! @6/<.=,-D! 67<;488! ,-! =<9N`Y! F:4-! 9:4! 9:4!
80894C!,8!74.=,-D!9:4!I\O!C.-,>489!=<;@C4-91!F:,;:!864;,>0!9:4!G<NB!
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Figure 52. IMS LD upload process 
!

+,D@74!(*!,-=,;.948!9:4!I\O!g!NP!C.-,>489!D4-47.94=!30!P48,D-47!:.8!344-!74.=!,-!
=<9N`YB! I-! 9:4! >,D@74! ,8!6<88,3/4! 9<!<3847A4! 9:4!C<89! 74/4A.-9! ,-><7C.9,<-!.3<@9! 9:4!
G<N1!9:4!9,9/41!I\N!g!NP!N4A4/1!.88<;,.94=!7</481!9<9./!=4>,-4=!.;9,A,90!897@;9@74!.8!F4//!
.8!9:4!/4.7-,-D!.-=!8@66<79!.;9,A,9,48B!

!

!

Figure 53. Manifest has been read upon dotLRN 
!

+<//<F,-D! 9:4! 67<;4881! F:4-! 9:4! 94.;:47! ;/,;T8! <A47! <T! 3<99<-! ,-! +,D@74! (*1! 9:4!
80894C!67<;44=8!9<!G<N!,-!9:4!/4.7-,-D!6/.9><7CB!+,D@74!(5!8:<F8!9:4!A,4F!<>!9:4!I\O!
G<N!F,9:<@9!C4C3478!4-7<//4=B!2:4!@847!;<@/=!.==!C4C347!9<!9:4!G<N!;/,;T,-D!,-!9:4!
\.-.D4!\4C3478!3<99<C!,-!+,D@74!(5B!

!
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Figure 54. IMS – LD uploaded 
!

Z//! /4.7-,-D!<3Q4;98!;<-8,=474=! ,-! 9:4!D4-47.9,<-!67<;488!:.A4!344-! 74>474-;4=! ,-!
9:4!D4-47.94=!G<NB!+,D@74!((!8:<F8!9:4!d@489,<-!.-=!9489! ,-947<647.3,/,90! >,/48!:.A4!
344-! ,=4-9,>,4=!.-=!@6/<.=4=!.@9<C.9,;.//0B! 2:,8! 9064!<>! /4.7-,-D!<3Q4;98!.74! 864;,./!
34;.@84!9:4!-4;;48.70!/,-T!9<!9:4!.88488C4-9!6.;T.D4!@6<-!=<9N`Y!F.8!,C6/4C4-94=!
,-!<7=47!9<!.;:,4A4!9:.9!9:40!;<@/=!34!=,86/.04=!;<774;9/0B!!

!

!

Figure 55. Qtis uploaded over dotLRN 
!

+,D@74! (&! 8:<F8! .-! I\O! G<N! ><7! 9:4! N4.7-47! 7</4! ,-! =<9N`YB! ^:4-! 9:4! 89@=4-9!
=48,748!9<!34D,-!9:4!89@=0!.3<@9!9:,8!G<N!8:4!-44=8!9<!.;;488!9:,8!,-947>.;4B!
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Figure 56. UoL for the Learner role in dotLRN 
!

+,D@74! ('! 8:<F8! .-! I\O! G<N! ><7! 9:4! N4.7-47! 7</! ,-! =<9N`YB! Y.C48! .74! @84=! 9<!
>.;,/,9.94!9:4!4M6/.-.9,<-8B!+,D@74!8:<F8!9:744!8,=48B!N4>9X!2<6!8,=4!8:<F!9:4!D4-47.94=!
Z;9,A,90! 897@;9@748B! /8X"X.8! ,8! 9:4! D4-47.94=! .;9,A,90! 897@;9@74! ><7! .! 89@=4-9! F,9:! 9:4!
/4.7-,-D! 890/4! "B! /8X?X.8! ,8! -<9! 8@,94=! ><7! 9:,8! 89@=4-9B! /8X"X.8! ;<-8,898! <>! =,>>474-9!
.;9,A,9,48!.88<;,.94=!9<!9:4!;<C6494-;4!/4A4/8B!Z8!9:4!89@=4-9!,-A</A4=!,-!9:,8!4M.C6/4!
:.A4-L9!:.=!.-0!674A,<@8!4M647,4-;4!,-!9:4!9<6,;!:,8!/4A4/!<>!;<C6494-;4!,8!9;9798CB!2:4!
/8X"X,-,;,./!.;9,A,90!897@;9@74!,8!67484-94=!9<!:,C!,-!9:,8!8,=4B!

2:4! /4>9! /<F47! 8,=4! 8:<F8! 9:4! ;74.94=! 4-A,7<C4-9! ><7! 9:,8! @847B! I-! 9:,8! 8,=4! 9:4!
/4.7-,-D!<3Q4;98!:.8!344-!<7=474=!.;;<7=,-D!9<!9:4!@847L8!/4.7-,-D!890/4B!!

!

!

Figure 57. UoL for the student role in dotLRN  
!

64X647><7C.-;44A,=4-;4! .;9,A,90! 897@;9@74! ,-! +,D@74! ('! ;<-8,898! <>! 9:4! =,>>474-9!
.88488C4-9!.;9,A,9,48!.88<;,.94=!9<!4.;:!/4A4/!<>!;<C6494-;4B!+,D@74!()!8:<F8!=<9N`Y!
A,4F!<>!9:4!.88488C4-9!6.;T.D4!@84=!9<!=4A4/<6!9489X3.84=!.88488C4-9B!Z8!C4-9,<-4=!
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34><74! ,>! .A.,/.3/4! 9:4! 94898! .74! @6/<.=4=! .@9<C.9,;.//0! ,-! 9:4! G<N! F:4-! 9:40! .74!
.A.,/.3/4!,-!9:4!/4.7-,-D!<3Q4;9!746<8,9<70B!

!

!

Figure 58. Test based Assessment upon dotLRN 
!

+,D@74! ($! 8:<F8! 9:4! A,4F! <>! 9:4! G<N! .>947! 9:4! >,789! 9489! :.8! 344-! .-8F474=!
8@;;488>@//0B!

!

!

Figure 59. View of the UoL after test successful presentation  
!
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Z8! 6<88,3/4! 9<! <3847A4! 9:4! <9:47! 9489! .;;<7=,-D! 9<! 9:4! .88488C4-9! 84R@4-;4! ,8!
8:<F-! ,-! +,D@74! ($B! I9! ,8! ./8<! 6<88,3/4! 9<! <3847A4! ,-! +,D@74! ($! 9:4! @6=.94! 84R@4-;4!
3.84=!<-!9:4!=4>,-4=!;<C6494-;4!T-<F/4=D4B!

!

5.4.  EVALUATION 

5.4.1 General Description 

2:4! C.,-! 6@76<84! <>! 9:,8! 4A./@.9,<-! 67<;488! ,8! 9<! A./,=.94! 9:4! /4.7-,-D! =48,D-!
D4-47.9,<-!67<;488481!A47,>0,-D!9:.9!9:4!67<;488!8@66<798!94.;:478!,-!9:4!=,>>,;@/9!9.8T!
<>! =48,D-,-D! .=.694=! /4.7-,-D! =48,D-8! .=Q@894=! 9<! @847! ;<C6494-;48! .-=! /4.7-,-D!
890/48B!

2:4!/.0478!,-A</A4=!,-!9:,8!4A./@.9,<-!.74(7G@(8<8E7879B;(<@:969B;(>8N9;D(C8=@7!.-=!
9:4! +6@A( 68796H8:79B;( C8=@AB! N.0478! ,-;/@=4! 9:4! 4A./@.9,<-! 8;4-.7,<! <>! 9:4! =,>>474-9!
/4.7-,-D! =48,D-8! 3.84=! <-! ;<C6494-;48! .-=! <-! 9:4! @847L8! /4.7-,-D! 890/4! ;<-8,=47,-D!
9:4! 94.;:478L8!6<,-9!<>! A,4F!.-=! 9:4! 80894C!647><7C.-;4!.8! .! D<<=! ,-=,;.9<7!<>! 9:4!
8</@9,<-!8@;;488B!

2:4! 67,-;,6./! .;9<7! ,-! 9:,8! 4A./@.9,<-! ,8! 9:4! 94.;:471!F:<! 4A./@.948! 9:4! 67<6<84=!
.667<.;:!9:7<@D:!9:4!.-./08,8!<>!9:744!=,C4-8,<-8a!

• 2:4! /4.7-,-DX94.;:,-D! 67<;488! 864;,>,;.9,<-! US<C6494-;4! =4>,-,9,<-1!C49.=.9.!
864;,>,;.9,<-!.-=!9:4!/,-T!349F44-!3<9:V!

• 2:4!/4.7-,-D!=48,D-!D4-47.9,<-!67<;4881!.-=!

• 2:4!.A.,/.3/4!.=.69.9,<-8!,-!9:4!/4.7-,-D!=48,D-!D4-47.9,<-!67<;488!9<!.==7488!
9:4!84/4;94=!@847L8!>4.9@748!

2<! =4A4/<6! 9:,8! 4A./@.9,<-1! F4! ;<-8,=474=! 9F<! =,>>474-9! .-./0848! ><;@84=! <-!
94.;:478!.-=!.!9:,7=!.-./08,8!><;@84=!,-!9:4!80894C!647><7C.-;4a!

• Z!R@./,9.9,A4!,-9476749.9,A4!.-./08,8!F.8!=48,D-4=!,-!<7=47!9<!;.69@74!94.;:478L!
<6,-,<-8!.3<@9!<@7!.667<.;:B!2:,8!9064!<>!7484.7;:!647C,98!@8!>@79:47!67<D7488!
,-!9:4!;<C674:4-8,<-!<>!9:4!94.;:478L!34:.A,<@7!.8!F4//!.8!9:4,7!,-94-9,<-!.-=!
.99,9@=41! ,-! 6.79,;@/.71! F:4-! 9:40! =48,D-! .! ;<@784! @8,-D! 94;:-</<D,48B! 2:4!
;74.94=! 8;4-.7,<8! .//<F4=! @8! 9<! =4464-! ,-! 9:4! T-<F/4=D4! .3<@9! 9:4!
4M64;9.9,A41! >4.781! @-;479.,-9,48! .-=! 3.77,478! <>! 9:4! 94.;:478! F:4-! 9:40! @84!
-4F! 94;:-</<D,48! .-=! C49:<=</<D,481! 8:<F,-D! =,>>474-9! <66<79@-,9,48! 9<!
,C67<A4!<@7!8</@9,<-B!

• Z! R@.-9,9.9,A4! .-./08,8! 3.84=! <-! .! s.6!\<=4/! ,-897@C4-9! J"#(K! =.9.! .-./08,8!
9:.9!F.8!@84=!9<!A47,>0!9:4!94.;:478L!8.9,8>.;9,<-!F,9:!<@7!8</@9,<-B!
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• Z! 647><7C.-;4! .-./08,8! 647C,98! @8! 9<! <3847A4! 9:4! 4>>,;,4-;0! <>! <@7! 67<6<8./!
;<C6.7,-D!9:4!9,C4!-44=4=!><7!94.;:478!F,9:!=,>>474-9!67<>,/48!><7!;<-897@;9,-D!
3.8,;!/4.7-,-D!=48,D-8!.-=!9:4!-4;488.70!9,C4!@84=!30!9:4!80894CB!

5.4.2 Sample Description 

2:,8!7484.7;:!F.8!=4A4/<64=!F,9:!??!94.;:478!>7<C!G-,A478,90!<>!s,7<-.!>7<C!=,>>474-9!
.74.8! <>! T-<F/4=D4! .8! 64=.D<D01! 4;<-<C01! /.F1! 680;:</<D01! 9<@7,8C1! .-=!
.=C,-,897.9,<-!8;,4-;4B!2:484!94.;:478!,C6.79!=,>>474-9!;<@7848!,-!9:4!@-,A478,901!8<C4!
<>!9:4C!8@66<794=!30!.!A,79@./!/4.7-,-D!4-A,7<-C4-9!U\<<=/4VB!

2:4! ;7,947,.! 9<! 84/4;9! 9:4! 8.C6/4! F.8! 9:4! ;<-A4-,4-;4! J""5K! 74>4774=! 9<! .! ;.84!
84/4;9,<-!3.84=! ,-!9:4!4.8,489!.;;488!9<!94.;:478!;<-8,=47,-D!9:4,7!;<-94M9!;<-=,9,<-8!
<7!7.-=<C!;<,-;,=4-;48B!

I-! <@7! ;.841!F4! ;<-8,=474=! 864;,>,;! 94.;:478!F,9:! .A.,/.3/4! 9,C4! ,-! 9:4! @-,A478,90B!
^4!4-8@74=!9:.9!9:484!64<6/4!F474!,-A</A4=!,-!=,>>474-9!>.;@/9,48!,-!<7=47!9<!67<C<94!
=,>>474-9!6<,-98!<>!A,4F!,-!9:4!8.C6/4B!

+,D@74! &#! 8:<F8! D4-47./! =.9.! .3<@9! 9:4! 8.C6/4! ,-A</A4=! ,-! <@7! 89@=0B! 2:4!C.,-!
>4.9@748!<>!9:4!8.C6/4!.74!.8!><//<Fa!

• 2:4!7.-D4!<>!94.;:478L!.D4!,8!;<C67,84=!349F44-!*#!.-=!&(!04.78!</=B!

• 2:4!8.C6/4!;<@-98!F,9:!.!8,C,/.7!67<6<79,<-!<>!C./4!.-=!>4C./4B!

• Z//!9:4!94.;:478!=<!-<9!-44=!864;,./!.;;488!9<!94;:-</<D0B!

!

!"#

$!"#

%!"#

&!"#

'!"#

(!!"#

)*++#,-./#
0!#

#10!2%34# #1%32&34# 15&34# 6*7.8*# 9.8*# :;*<=.8#
>**?+#

@=,-AB,#
:;*<=.8#
>**?+#

:;*<=.8#
>**?+#AC#
D<<*++#

@=,-AB,#
:;*<=.8#
>**?+#AC#
D<<*++#

DE*#F./E*# :*G# H=+.I=8=J*+# :;*<=.8#>**?+#AC#
D<<*++#

K*/*L.8#M/CAL7.JA/#A/#,-*#:.7;8*#

!

Figure 60. General Information on the sample 
!

Z;;<7=,-D! 9<! +,D@74! &"! .-=! F,9:! 74864;9! 9<! 9:4! @84! <>! ,-><7C.9,<-! 94;:-</<D,481!
94.;:478!,-A</A4=!,-!<@7!89@=0!=4;/.74=!9<!34!4M64798!.-=!:.A4!.A47.D4!4M647,4-;4!,-!
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9:4!@84!<>! ;<C6@9478!.-=! I-947-49!.8!.! 9<</! ,-! 9:4,7! 94.;:,-D! 9.8T8B! 2:40!:.A4!C<74!
9:.-!*!04.78!@8,-D!I-947-49!.-=!9:40!864-9!349F44-!8,M!.-=!>,>944-!<7!C<74!:<@78!@8,-D!
I-947-49!.!F44TB!

!
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Figure 61. Teachers Experience in Information Technologies 
!

Z8! 67484-94=! ,-! +,D@74! &?1! .//! 94.;:478! ,-! 9:4! 89@=0! :.A4! C<74! 9:.-! "?! 04.78!
94.;:,-D!,-!9:4!G-,A478,90!<>!s,7<-.B!((%!:.A4!.!94.;:,-D!=4D744B!2:4!C<89!;<CC<-!
/4.7-,-D! 6/.9><7C8! @84=! 30! 9:4! 94.;:478! .74!\<<=/4! J"?&K! .-=! N.!\4A.! G=s! J"?'KB!
2:40!./8<!@84!ZS\H!J"?)K1!F:,;:!,8!.-!.@9:<7!9<</!><7!=4A4/<6,-D!/4.7-,-D!<3Q4;98!>7<C!
G-,A478,90! <>! s,7<-.B! ((%! <>! 9:4! 94.;:478! =4;/.74! 9<! :.A4! =4A4/<64=! /4.7-,-D!
748<@7;48!9<!8@66<79!9:4,7!94.;:,-D!67<;488B!

!
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Figure 62. Teachers General Teaching Experience 
!
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+,D@74!&*!8:<F8!9:.9!94.;:478!:.A4!4M647,4-;4!,-!=,>>474-9!=4D744!67<D7.CC48!.8!
@-=47D7.=@.941! C.89478! .-=! E:P! 67<D7.CC48B! 24.;:478! :.A4! C<74! 4M647,4-;4! ,-!
97.=,9,<-./!67<D7.CC48!.-=!3/4-=4=! /4.7-,-Dp! /488!4M647,4-;4! ,8!<3847A4=! ,-! ,-94D7./!
A,79@./!;<@7848B!
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Figure 63. Teachers Teaching Experience on degree courses 
!

5.4.3 Qualitative Analysis 

5.4.3.1 Description 

+<7! 9:4! R@./,9.9,A4! .-./08,8! =48,D-!F4! ;<-8,=474=! 9:4! =4A4/<6C4-9! <>! .! /<-D,9@=,-./!
R@./,9.9,A4!89@=0!J"?$K1!F:474!9:4!C.,-!897.94D0!F.8!9:4!;.84!89@=,48B!

S.84! 89@=,48!647C,9!@8! 9<! ;<-;4-97.94! ,-!.!6.79,;@/.7! 8,9@.9,<-B! I-!<@7! ;.841! ,-! 9:4!
/4.7-,-D! =48,D-! 67<;4881! 9<! <39.,-! .8! .! >,-./! 67<=@;9! .! 349947! @-=4789.-=,-D! <>!
6<94-9,./!<66<79@-,9,48! 9<! ,C67<A4!<@7!.667<.;:1!.8!F4//!.8! 9<! 8@66<79! 94.;:478! ,-!.!
349947!F.0!,-!9:4!=,>>,;@/9!9.8T!<>!=48,D-,-D!;<@7848B!

2:4!><//<F,-D!67<;488!><7!=4A4/<6,-D!9:4!=48;7,69,A4!89@=0!F.8!=,A,=4=!,-!><@7!6.798!
,-!<7=47!9<!4A./@.94!9:4!9:744!67<6<84=!=,C4-8,<-8a!

1. I-97<=@;9,<-B!!
2:4!6@76<84!<>!9:,8!6.79!,8!9<!;<-94M9@./,[4!9:4!94.;:478!,-!9:4!6@76<84!<>!9:4!89@=0B!

I-! 9:,8! 6.791! 8<C4! 4/4C4-98! .74! ,-97<=@;4=a! 9:4! 8488,<-! <3Q4;9,A41! 9:4! ;<-;469! <>!
/4.7-,-D! =48,D-! .-=! /4.7-,-D! <3Q4;981! .! D4-47./! =48;7,69,<-! <>! I\O! N4.7-,-D! P48,D-!
864;,>,;.9,<-! @8,-D! 6746.74=! 8/,=48! .-=! 9:4! `4;<@784! Z@9:<7! 9<</! =48;7,69,<-1! F:,;:!
F.8!@84=!9<!C.-@.//0!D4-47.94!9:4!I\O!/4.7-,-D!=48,D-B!

2. Z-./08,8!<>!9:4!67<6<84=!/4.7-,-DX94.;:,-D!67<;488!864;,>,;.9,<-B!!
2:4! 6@76<84! <>! 9:,8! 6.79! ,8! 9<! 67484-9! 94.;:478! 9:4! =4>,-4=! /4.7-,-DX94.;:,-D!

67<;488!864;,>,;.9,<-!.-=!9<!@84!9:484!D@,=4/,-48!9<!C.-@.//0!;<-897@;9!.!864;,>,;!.-=!
674A,<@8/0!6746.74=!/4.7-,-D!=48,D-B!2:4!89468!><//<F4=!,-!9:,8!6.79!.74a!
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• 2:4!;<C6494-;4!C<=4/! ,8!67484-94=! 9<! 9:4! 94.;:478!.-=! 9:4!4/4C4-98!<>! 9:,8!
C<=4/! .74! =,8;@884=B! 2:4-1! 9:4! ;<C6494-;4! <>! 9:4! 9489,-D! ;<@7841! 6746.74=!
@8,-D! 9:4! C<=4/1! ,8! 67484-94=! 9<! 9:4! 94.;:478B! 2:4! 94.;:478! .-./084! 9:4!
;<C6494-;4!<>!9:4!;<@784!.;;<7=,-D!9<!9:4!67<6<84=!C<=4/!.-=!4M67488!9:4,7!
6<,-9!<>!A,4FB!

• 2:4! 94.;:47! =4>,-48! .! C49.=.9.! ><7! 8<C4! /4.7-,-D! <3Q4;98! ,-! 9:4! /4.7-,-D!
6/.9><7C! 864;,>0,-D! 9:4! -4;488.70! /.34/8! .;;<7=,-D! 9<! 9:4! I\OX\P!C<=4/p!F4!
4C6:.8,[4!,-!9:4!864;,>,;.9,<-!<>!!C8669H9:879B;(08P@C(.-=(0@8A;9;D(BPQ@:7(7=E@B!

• 2:4!94.;:47!C.-@.//0!=48,D-8!9:4!67<6<84=!/4.7-,-D!=48,D-!<>!9:4!;<@784!@8,-D!
.! 6.79,;@/.7! .@9:<7,-D! 9<</B! ].84=! <-! 9:4! 89@=0! 67484-94=! ,-! J)K1!F4! 84/4;94=!
`4;<@784! .8! 9:4! .@9:<7! 9<</! ,-! 9:,8! 8946B! Z>947! ;<C6/49,-D! 9:4! =48,D-!
=4A4/<6C4-91!.!86.;4!<>!=,8;@88,<-!F.8!67<6<84=!><7!94.;:478!9<!4M67488!9:4,7!
6<,-9!<>!A,4F!.3<@9!,9B!

3. Z-./08,8!<>!9:4!/4.7-,-D!=48,D-!D4-47.9,<-!67<;488B!!
I-! 9:,8!6.79!<>!<@7! 89@=0! 9:4!C.,-!6@76<84!F.8! 9<!67484-9! 9:4! 94.;:478! 9:4! 84C,X

.@9<C.9,;! /4.7-,-D! =48,D-! D4-47.9,<-! 67<;488! F,9:! 9:4! 6@76<84! 9<! ;.69@74! 9:4,7!
<6,-,<-!.3<@9!><7!;<C6.7,-D!,9!F,9:!9:4!C.-@./!=48,D-!67<;488B!

• 24.;:478!F474!,-97<=@;4=!9<!9:4!/4.7-,-D!C.-.D4C4-9!80894C!@84=1!.8!F4//!.8!
4.;:!4/4C4-9!<>!9:4!>7.C4F<7T!,C6/4C4-94=B!

• 2:4! 94.;:478! ;.//! P48,D-47! ,-! <7=47! 9<! D4-47.94! 9:4! /4.7-,-D! =48,D-! <>! 9:4!
;<@784B!

• S<@784! ,8! =,86/.04=! ,-9<! 9:4! /4.7-,-D! C.-.D4C4-9! 80894C! .-=! .>947! 9:4!
94.;:478!A47,>0!9:.9!4A4709:,-D!,8!=4A4/<64=!.;;<7=,-D!9<!9:4!/4.7-,-DX94.;:,-D!
67<;488! 864;,>,;.9,<-1! 9:40! .74! C<9,A.94=! 9<! C<=,>0! 8<C4! 4/4C4-98! <>! 9:4!
;<@784B!\<=,>,;.9,<-8!647C,9! 9<! 74.>>,7C!9:4! ,=4.!<>!.!84C,X.@9<C.9,;!67<;488!
,-894.=!<>!.!9<9.//0!.@9<C.94=!67<;488B!

• Z>947!9:4!D4-47.9,<-!67<;4881!.!=,8;@88,<-!F.8!67<6<84=!9<!94.;:478!,-!<7=47!9<!
;.69@74!9:4,7!<6,-,<-8!.3<@9!9:4!D4-47.9,<-!67<;488B!

4. 2:4!.-./08,8!<>!9:4!.A.,/.3/4!.=.69.9,<-8!,-!9:4!D4-47.9,<-!67<;488B!!
W.A,-D!=4A4/<64=!9:4!D4-47.9,<-!67<;488!F,9:!94.;:4781!9:4!,C6/4C4-9.9,<-!<>!9:4!

D4-47.94=!.=.69.9,<-!67<;488!3.84=!<-!;<C6494-;48!.-=!/4.7-,-D!890/4!F.8!.-./084=!
Q<,-9/0B!

• 2:4!Z;9,A,90!O97@;9@748!9<!.==7488!9:4!=,>>474-9!/4.7-,-D!=48,D-8!F474!=48;7,34=!
9<!94.;:478B!

• 2:4!94.;:478!67<A4!9:4!84R@4-;4!3.84=!<-!S<C6494-;48!N4A4/8B!2:4!94.;:478!
67484-9!9:4!=,>>474-9!94898!.-=!A47,>0!9:4!84R@4-;4!<>!=,>>474-9!/4A4/8B!



!"#$%&'(F*(( 0&#'2123(/&,132(3&2&'#%1.2($'.!&,,(

!"5#!

• Z! P,8;@88,<-! F.8! 67<6<84=! ><7! 94.;:478! 9<! ;.69@74! 9:4,7! <6,-,<-8! .3<@9! 9:4!
.=.69.9,<-!67<;488!9<!<>>47!.!6478<-./,[.9,<-!67<;488!9<!@8478B!

2:,8!67<;488!F.8!=4A4/<64=!,-!8488,<-8!F,9:!9:4!94.;:478!=@7,-D!9:744!:<@78B!2:484!
8488,<-8!F474!74;<7=4=B!P@7,-D!9:4!8488,<-81!9:4!94.;:47!F.8!>744!9<!.8T!.-0!R@489,<-1!
9<!8.0!.-0!;<CC4-98!.3<@9!9:4!67<;488!.-=!9<!=<!.-0!.==,9,<-./!9:,-DB!

5.4.3.2 Results of the qualitative analysis 

I-!9:,8!84;9,<-!9:4!748@/98!<>!<@7!89@=0!.74!67484-94=B!+,7891!F4!:.A4!84/4;94=!9:4!C<89!
,C6<79.-9!;.848! 9<!=48;7,34! 9:4!748@/98!<>!.66/0,-D!<@7!C49:<=</<D0B!2:4!.-./,808!<>!
9:484!;.848!647C,9!@8!9<!,-97<=@;4!9:4!C<89!74/4A.-9!;<-;/@8,<-8!<>!<@7!89@=0B!!

Psychology Faculty Case  

General Description 

2:4! E80;:</<D0! 24.;:47! ,8! .! 67<>488<7! <>! G-,A478,90! <>! s47<-.! >7<C! 9:4! E80;:</<D0!
>.;@/90B! W4! ,8! .! 67<>488,<-./! ,-! 9:4! 6478<-./,901! .88488C4-9! <>! 34:.A,<@7! .-=!
680;:</<D,;./!974.9C4-9B!

W,8! .D4! ,8! ,-! 9:4! 5(X&(! 7.-D41! F,9:<@9! =,8.3,/,9,48! .-=! .;;488! /,C,9.9,<-8! 9<!
94;:-</<D0B! W4! =4;/.748! 9:.9! :4! ,8! .-! 4M6479! ,-! 9:4! S<C6@947! .-=! I-947-49! @841!
37<F8,-D!C<74!9:.-!"(!:<@78!.!F44TB!W<F4A471!:4!=4;/.748!9:.9!:4!:.8-L9!=4A4/<64=!
/4.7-,-D!<3Q4;98B!

W4! @848! 4C.,/1! ><7@C81! ;:.981! 3/<D81! 8<;,./! .-=! 67<>488,<-./! -49F<7T81! 94M9!
67<;488<781! 8674.=8:44981! .-=!A,=4<!.-=!6:<9<!4=,9<78! ><7!:,8!6478<-./!@84B!W4!@848!
8<C4!<>!9:484!9<</8!,-!:,8!67<>488,<-./!;<-94M9B!

2:4!94.;:,-D!.;9,A,90!<>!9:4!67<>488<7!,8!?#!04.781!F,9:!.!@-,A478,90!94.;:,-D!=4D744B!
W4!:.8!4M647,4-;4!,-!=,>>474-9!;<@7848!C<=./,9,481!>.;48!C<=./,90!;<@7848!.-=!3/4-=4=!
/4.7-,-DB!W4!:.8!./8<!F<7T4=!F,9:!=,>>474-9!T,-=!<>!67<D7.CC481!C<74!9:.-!?#!;<@7848!
<>!@-=47D7.=@.94!.-=!6<89D7.=@.941!\.894781!E:P!67<D7.CC48B!!

W4!:.8!@84=!\<<=/4!.-=!N.!\4A.!G=s!/4.7-,-D!6/.9><7C8!9<!8@66<79! /4.7-,-D!.-=!
94.;:,-D!67<;488B!

2:4!94.;:47!,=4-9,>,48!8<C4!.=A.-9.D48!,-!9:4!@84!<>!/4.7-,-D!6/.9><7C8!8@;:!.8a!!

• 2:4!=0-.C,;1!6.79,;,6.9,A41!,-947.;9,A4!;:.7.;947,89,;8!.-=!9:4!4.80!.;;488!9<!9:4!
,-><7C.9,<-!><7!89@=4-98!.-=!94.;:478B!

• H;</<D,;!.-=!4;<-<C,;1!><7!,-89.-;41!-<!6:<9<;<6,48!.74!-4;488.70B!

• 2:4!89@=4-98!;<@/=!>744/0!84/4;9!/4.7-,-D!<3Q4;98!.;;<7=,-D!9<!9:4,7!,-947489!.-=!
./8<!84/>XC.-.D4!9:4,7!9,C4B!
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• 2:4!94.;:47!F.8!.3/4!;<-97</!9:4!89@=4-9!34:.A,<@7!,-!.!349947!F.0B!

• 2:4!6<88,3,/,90!<>!=4A4/<6,-D!/4.7-,-D!.;9,A,9,48!<-/,-4B!

• 2:4!6<88,3,/,90!<>!=4A4/<6,-D!.!89@=4-9!97.;TB!

• `4@8,-D!/4.7-,-D!<3Q4;98!.-=!@8,-D!<64-!8<@7;4!/4.7-,-D!<3Q4;98!,8!6<88,3/4B!

• 2:4!>.;,/,90!<>!@8,-D!=,>>474-9!8<@7;48!<>!,-><7C.9,<-!.-=!=<;@C4-9!90648B!

• \,-,C./!94;:-,;./!4M647,4-;4!,8!74R@,74=!>7<C!9:4!94.;:478B!

2:4!94.;:47!./8<!,=4-9,>,48!8<C4!=,>>,;@/9,48!,-!9:4!@84!<>!/4.7-,-D!6/.9><7C8!8@;:!.8!
9:4! ,-;<C6.9,3,/,90! .C<-D! 37<F84781! F:,;:! =,>>,;@/9! 9:4! @84! <>! 8<C4! 8</@9,<-8! .-=!
/,C,9.9,<-8! ,-! 8@66<79,-D! D7<@6! .;9,A,9,481! ,-! 6.79,;@/.71! ,-! 9:4! 6478<-./,[.9,<-! <>! 9:,8!
67<;488B!

The analysis of the Psychology Faculty Case 

Z9! 9:4! 34D,--,-D! <>! 9:4! 67<;4881! 9:4! 94.;:47! 844C8! 9<! 34! A470! ,-9474894=! <-! 9:4!
4/4C4-98!,-97<=@;4=!30!9:4!7484.7;:47B!W4!;<-;4,A48!9:4!/4.7-,-D!=48,D-!67<;488!.8!.!
;<C6/4M!67<;488!.-=!4M6748848!:,8!4M64;9.9,<-8!><7!9:4!67<6<84=!8</@9,<-B!

P@7,-D! 9:4! .-./08,8! <>! 9:4! ;<C6494-;4! =4>,-,9,<-1! 9:4! 94.;:47! 4M6748848! :,8!
.D744C4-9! F,9:! 9:4! 7467484-9.9,<-! <>! 9:4! /4.7-,-D! 67<;488! 6@76<84! 9:7<@D:!
;<C6494-;48!.-=!./8<!9<!=,A,=4!9:4!;<C6494-;4!,-9<!9:4!8,C6/489!<3Q4;9,A48!.;;<7=,-D!
9<!]/<<CB!

2:4! 4M47;,84! <A47! `4;<@784! ><7! 9:4! /4.7-,-D! =48,D-! D4-47.9,<-! ,-! .! C.-@./! F.0!
9.T48!B;@(GB?A(8;<(8(G8CH*!Z9!9:4!4-=!<>!9:,8!6.791!9:4!94.;:47!F.8!4-.3/4=!9<!@6/<.=!
:,8!@-,9!<>! /4.7-,-D! ,-!=<9N`YB!2:,8!.;9,A,90!C<9,A.948!C.-0!R@489,<-8!.3<@9!=,>>474-9!
4/4C4-98!,-!9:4!9<</81!F:,;:!F474!8</A4=!.9!9:4!8.C4!9,C4B!!

2:4! 94.;:47! .;T-<F/4=D4=! :<F! 9:4! ,-><7C.9,<-! <>! 9:4! ;<C6494-;4! 864;,>,;.9,<-!
>.;,/,9.948!9:4!=4A4/<6C4-9!<>!9:4!@-,9!<>!/4.7-,-D!,-!.!C.-@./!F.0B!

W4! =,8;<A478! 9:4! I\O! NP! 864;,>,;.9,<-! 4/4C4-98! ,-! `4;<@784! .-=! 9:4! @9,/,90! <>! 9:4!
=,>>474-9!4/4C4-98!,-!9:4!864;,>,;.9,<-81!.8!F4//!.8!9:4!/4.7-,-D!<3Q4;98!7</48!,-!9:4!NPB!

2:4! 94.;:47!@-=4789<<=! 9:4! ,C6<79.-;4!<>! 9:4! I\O!C.-,>489!=<;@C4-9!.8!F4//! .8!
9:4!;<-9.,-47!<>!9:4!;<@784!897@;9@74!.-=!9:4!3.84!><7!9:4!;<@784!,-947<647.3,/,90B!W4!
./8<! @-=4789<<=! 9:4! C.-,>489! A./,=.9,<-! 67<;488! .8! .! C4;:.-,8C! 9<! D@.7.-944! 9:4!
8:.7,-D!<>!/4.7-,-D!=48,D-8B!

O<C4!;<-;/@8,<-8!<>!9:4!24.;:47!.;;<7=,-D!9<!9:4!C.-@./!67<;488!<>!=48,D-!.74a!

• 2:4! 94.;:47!-4F/0!4C6:.8,[48! ,-! 9:4!;<C6/4M,90!<>! 9:4!=48,D-!67<;488!.-=! ,-!
9:4!74R@,74=!9,C4!9<!=4A4/<6!9:4!=48,D-!.;;<7=,-D!9<!9:4!67<6<84=!67<;488B!W4!
8@DD4898! 9:.9! 9:4!9.8T!;<@/=!34! Q@89,>,4=! ><7! 9:4! >@9@74!74@84!<>! 9:4!D4-47.94=!
/4.7-,-D!=48,D-B!
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• W4! :,D:/,D:98! 9:4! -4;488,90! <>! 8:.7,-D! /4.7-,-D! <3Q4;98! .-=! =48,D-8! .C<-D!
@-,A478,9,481!F:,;:!,8!-<9!.!74./,90!@-9,/!-<F1!.8!.!C4;:.-,8C!9<!74=@;4!9:4!9,C4!
9<!D4-47.94!-4F!;<@7848B!

• 2:4!94.;:47!./8<!4C6:.8,[48!,-!9:4!,C6<79.-;4!<>!D@.7.-944,-D!9:4!89.3,/,90!<>!
.@9:<7,-D!9<</8!34;.@84!477<78!67<=@;4!@-;479.,-9,48! ,-!9:4!94.;:47!.-=!C.-0!
9,C48!9:,8!@-;479.,-9,48!.74!-<9!<A47;<C4B!

+,-,8:,-D! 9:4! C.-@./! 67<;4881! 9:4! 84C,X.@9<C.9,;! 67<;488! ,8! ,-97<=@;4=B! 2:4!
94.;:47! ;74.948! 9:4! ;<C6494-;4! @8,-D! 9:4! ;<C6494-;4! 6.;T.D4! .-=! :4! @6/<.=8! 9:4!
C49.=.9.! <>! 9:4! 748<@7;4! .88<;,.9,-D! 9:4C! 9<! 9:4! ;<C6494-;4B! 2:4! 94.;:47! ;.//8!
P48,D-47!.-=!:4!.@9<C.9,;.//0!D4-47.948!9:4!I\O!/4.7-,-D!=48,D-B!

O<C4!;<-;/@8,<-8!.3<@9!9:4!84C,X.@9<C.9,;!67<;488!.74a!

• 2:4! 94.;:47! ,-=,;.948! 9:.9! 9:4! 84C,X.@9<C.9,;! =48,D-! 67<;488! ,8! >.-9.89,;B! W4!
D,A48!.!6<8,9,A4!A./@4!9<!9:4!6<88,3,/,90!<>!>@9@74!C<=,>,;.9,<-!<>!9:4!=48,D-B!

• W4! ;<-8,=478! 9:4! .=.69,A4! /4.7-,-D! 67<;488! .8! .! 6<8,9,A4! ;<-97,3@9,<-! 9<! 9:4!
/4.7-,-D!C.-.D4C4-9!80894CB!!

• W4!8@DD4898!,C67<A,-D!9:4!.664.7.-;4!<>!9:4!/4.7-,-D!=48,D-!6/.047!34;.@84!:4!
,-=,;.948!9:.9!9:4!6/.047!;<@/=!34!=,>>,;@/9!9<!@-=4789.-=!><7!9:4!89@=4-9B!

• 2:4!94.;:47!,-=,;.948!9:.9!:4!>44/8!9:.9!9:4!@-,A478,9,48!-44=!9<!@84!.667<.;:48!
/,T4!P48,D-47!9<!4.84!9:4!94.;:47!9.8T!<>!;<@784!=48,D-1!.9!/4.89!,-!9:4!G-,A478,90!
<>!s,7<-.B!!

• 2:4!94.;:47!8@DD4898!8,C6/,>0,-D!C.M,C.//0!9:4!67<;488!,-!<7=47!9<!>.;,/,9.94!9:4!
@84! ><7! 9:4! 94.;:478! .-=! ./8<! 9<! ,C67<A4! 9:4! @8.3,/,90! <>! 9:4! 8</@9,<-B! W4!
,-=,;.948! 9:4! 8</@9,<-! 8:<@/=! 864;,>0! .! 8,C6/4! 84R@4-;,-D!67<;488! 9:.9! 8:<@/=!
34!,-9@,9,A4!><7!94.;:478B!2:4!@8.3,/,90!<>!9:4!8</@9,<-!74=@;48!9:4!>7@897.9,<-!<>!
9:4!94.;:478!>.;,-D!9:4!94;:-</<D,48B!

Polytechnic School Case 

General Description 

2:4! E</094;:-,;! O;:<</! 24.;:47! ,8! .! 67<>488<7! <>! 9:4! G-,A478,90! <>! s,7<-.! >7<C! 9:4!
P46.79C4-9!<>!S<C6@947!Z7;:,94;9@74!.-=!24;:-</<D0B!W4!:.8!.!E:P!,-!9:4!=<;9<7.94!
67<D7.CC4!<>!,-><7C.9,<-!94;:-</<D0B!

W,8! .D4! ,8! ,-! 9:4! 5(X&(! 7.-D41! F,9:<@9! =,8.3,/,9,48! .-=! .;;488! /,C,9.9,<-! 9<!
94;:-</<D0B! W4! =4;/.748! 9:.9! :4! ,8! .-! 4M6479! ,-! 9:4! S<C6@947! .-=! I-947-49! @841!
37<F8,-D!C<74!9:.-!"(!:<@78!.!F44TB!
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W4!@848!><7@C8!.-=!67<>488,<-./!-49F<7T8!><7!/4.7-,-D!.-=!9<</8!8@;:!.8!4C.,/1!94M9!
67<;488<71! 8674.=8:44981! ><7! 3<9:! 6478<-./! .-=! F<7T! ;<-94M9! .-=! A,=4<! .-=! 6:<9<!
4=,9<7!.8!.!:<330B!!

2:4! 94.;:,-D! .;9,A,90! <>! 9:4! 67<>488<7! ,8! <A47! "#! 04.781!F,9:! .! @-,A478,90! 94.;:,-D!
=4D744B! W4! :.8! 9.@D:9! ,-! C<74! 9:.-! (! ;<@7848! ,-! >.;4X9<! >.;4! <7! 3/4-=4=! /4.7-,-D!
C<=./,90B!!

W4!./8<!=4;/.748!:4!:.8!=4A4/<64=!/4.7-,-D!<3Q4;98!@8,-D!ZS\H1!.-!.@9:<7!9<</!><7!
=4A4/<6,-D! C.9:4C.9,;8! .-=! ./D<7,9:C,;! 4M47;,848! ;74.94=! 30! :,CB! W4! :.8! @84=!
\<<=/4! .-=! N.! \4A.! G=s! .8! /4.7-,-D! 6/.9><7C8! 9<! 8@66<79! /4.7-,-D! .-=! 94.;:,-D!
67<;488B!

2:4!94.;:47!,=4-9,>,48!8<C4!.=A.-9.D48!,-!9:4!@84!<>!/4.7-,-D!6/.9><7C8!8@;:!.8a!!

I-!\<<=/4a!!

• 2<! 34! .-! <64-! 8<@7;4! 8</@9,<-! >.;,/,9.948! 9:4! @6=.9,-D! .-=! D7<F9:! <>! -4F!
8</@9,<-8B!

• ]4;.@84! <>! 9:4! @84! <>! \<<=/4! ,-! .! @-,A478,90! .8! .! /4.7-,-D! 6/.9><7C1! 9:4!
89@=4-98!@8@.//0! >44/!C<74!;<C><79.3/4!F,9:!9:,8!4-A,7<-C4-9!F:474!9:40!;.-!
>744/0! 84/4;9! /4.7-,-D! <3Q4;98! .;;<7=,-D! 9<! 9:4,7! ,-947489! .-=! ./8<! 84/>XC.-.D4!
9:4,7!9,C4B!

• 2:4!89.-=.7=,[.9,<-!F<7T!<A47!\<<=/4!:.8!344-!,-947489,-DB!

I-!ZS\Ha!

• E<88,3,/,9,48!><7!6478<-./,[.9,<-B!

• \<=@/.7!.66/,;.9,<-B!

• Y<!97,A,./!67<3/4C!8</@9,<-B!

• ^,=4!906</<D0!<>!N4.7-,-D!Z;9,A,9,48B!

• I-94D7.9,<-!F,9:!<9:47!/4.7-,-D!6/.9><7C8B!

2:4!94.;:47!./8<!,=4-9,>,48!8<C4!=,>>,;@/9,48!,-!9:4!@84!<>!/4.7-,-D!6/.9><7C8a!

I-!\<<=/4a!

• S<C6/4M!67<;488!<>!.88488C4-9B!

• `4=@;4=!906</<D0!<>!N4.7-,-D!Z;9,A,9,48B!

• I-!:,8!<6,-,<-1!@->7,4-=/0B!

I-!ZS\Ha!

• N,99/4!89.-=.7=,[.9,<-B!

!
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The analysis of the Polytechnic School Case 

2:4! 94.;:47! 4M6748848! 9:4! ,C6<79.-;4! <>! =4>,-,-D! 9:4! /4.7-,-D! 6@76<84! ,-! 947C8! <>!
;<C6494-;481!864;,.//0! ,-!9:4!H@7<64.-!86.;4!<>!:,D:47!4=@;.9,<-B!W4!./8<!4M6748848!
9<!T-<F!9:4!]/<<CL8!9.M<-<C0!.8!.!D<<=!8</@9,<-!>7<C!9:4!94;:-,;./!6<,-9!<>!A,4F!><7!
7467484-9,-D! /4.7-,-D!<3Q4;9,A48B! I-! 9:,8! ;.841! 74C4C347! 9:.9!E7<>488<7!:.8! .!E:P! ,-!
,-><7C.9,<-! 94;:-</<D0! .-=! :4! :.8! =4A4/<64=! /4.7-,-D! 8</@9,<-8! <A47! /4.7-,-D!
6/.9><7C8B!

2:4!C.-@.//0! /4.7-,-D!=48,D-!D4-47.9,<-!9<<T!:./>!.-!:<@7B!2:4!-4;488.70! 9,C4!9<!
=4A4/<6!NP!F,9:!8<C4!64<6/4!F,9:!94;:-,;./!4M647,4-;4!F.8!C@;:!/<F47!9:.-!9:4!<-4!
-44=4=!F,9:!8<C4!64<6/4!F,9:!<-/0!64=.D<D,;./!4M647,4-;4B!

Z>947!9:4!C.-@.//0!D4-47.9,<-!F.8!>,-,8:4=1!9:4!94.;:47!4M6748848!9:4!=,>>,;@/90!><7!
9:4!94.;:478!9<!=4A4/<6!9:,8!9.8T1!34;.@84!,9!F.8!.!9,C4!;<-8@C,-D!9.8T!.-=!C.034!,9!
;<@/=!34!=,>>,;@/9!><7!94.;:478!9<!@-=4789.-=!9:4!I\O!NP!89.-=.7=1!F:,;:!,8!,C6<79.-9!
><7!=4A4/<6,-D!9:4!67<;488B!

2:4! ;<-A478.9,<-! F,9:! 9:4! 67<>488<7! F.8! 4.8,47! 9<! ;.770! 34;.@84! <>! :,8! 674A,<@8!
T-<F/4=D4!.3<@9!C49.=.9.1!C.-,>4891!.-=!9:4!=,>>474-9!94;:-,;./!,88@48!.88<;,.94=!9<!
<@7!8</@9,<-B!

Z9! 9:4!34D,--,-D!<>! 9:4!4M6/.-.9,<-!.3<@9! 9:4! 84C,.@9<C.9,;! /4.7-,-D!=48,D-1! 9:4!
94.;:47!F.8!74.//0! ,-9474894=!F:4-!F4!F474!.-./08,-D!9:4!=,>>474-9!9<</8!@84=!,-!9:4!
D4-47.9,<-1!.8!F4//!.8!9:4!94;:-,;./!,88@48!8@;:!.8!9:4!./D<7,9:C8!@84=!9<!D4-47.94!9:4!
8@,9.3/4!6/.-B!

O<C4!;<-;/@8,<-8!.3<@9!9:4!84C,.@9<C.9,;!/4.7-,-D!=48,D-!F474a!

• W4! F.8! 74.//0! ,C674884=! F,9:! 9:4! =,>>474-;4! 349F44-! 9:4! -4;488.70! 9,C4! 9<!
D4-47.94!C.-@.//0!.-!I\O!/4.7-,-D!=48,D-!.-=!9:4!<-4!@8,-D!P48,D-47B!

• W4!:,D:/,D:98!9:4!.=.69.9,<-!67<;488!.8!.!C4;:.-,8C!9<!>.;,/,9.94!9:4!9.8T!<>!9:4!
94.;:47!><7!C<-,9<7,-D!9:4!89@=4-9!34:.A,<@7!,-!9:4!80894CB!

• W4!./8<!:,D:/,D:98!9:4!6<88,3,/,90!9<!647><7C!;:.-D48!,-!9:4!I\O!/4.7-,-D!=48,D-!
.>947!,98!D4-47.9,<-!34;.@84!<>!9:4!>/4M,3,/,90!D,A4-!9<!94.;:478!><7!;:.-D,-D!9:4!
=48,D-!.9!.-0!D,A4-!9,C4B!

• 2:4!67<>488<7!4C6:.8,[48!9:.9!<-4!<>!9:4!C<89!,C6<79.-9!,88@48!><7!94.;:478!.9!
9:4!C<C4-9!,8!9:4!-4;488,90!9<!:.A4!.@9:<7!9<</8!F:,;:!647C,9!74@8,-D!674A,<@8!
F<7T! =4A4/<64=! 30! <9:47! 94.;:478! .7<@-=! 9:4! F<7/=B! W4! .8T8a! F:0! ,8! ,9!
-4;488.70! 9<! =<! 9:,-D8! 9:.9! <9:478! :.A4! ./74.=0! =<-41! C.034! 9:,-D8! F:,;:!
64<6/4!:.A4!=4=,;.94=!.!;<-8,=47.3/4!.C<@-9!<>!9,C4!.8!9:4!;.84!<>!=,897,3@94!
/4.7-,-D!<3Q4;98r!I-!9:,8!;<-94M91!.!9<</!.8!P48,D-47!,8!,-947489,-D!><7!94.;:478B!

• 2:4! 94.;:47! C4-9,<-8! 9:.9! :4! /,T48! 9:4! 67<6<84=! ;<C6494-;4! =4>,-,9,<-!
34;.@84!:4!9:,-T8!9:.9!=,A,=,-D!9:4!;<C6494-;4!,-9<!8@3!D<./8!,8!.!D<<=!<69,<-!
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><7! ;<-;4,A,-D! .-=! C<-,9<7,-D! 9:4! ;<C6494-;4! .;R@,8,9,<-! 67<;488B! W4!
C4-9,<-8!9:.9!,-!:,8!4M647,4-;41!9:4!89@=4-9L8!/4.7-!,-!.!84R@4-9,./!F.01!.-=!,>!
9:4!/4.7-,-D!67<;488!.8848848!89@=4-9!34:.A,<@7!84R@4-9,.//01!9:4-!9:4!89@=4-9!
67<;488!,8!>.;,/,9.94=B!

Pedagogy Faculty Case 

General Description 

2:4! E4=.D<D0! +.;@/90! 24.;:47! ,8! .! 67<>488<7! >7<C! G-,A478,90! <>! s,7<-.! >7<C! 9:4!
H=@;.9,<-! .-=! E80;:</<D0! +.;@/90B! W4! ,8! .! 67<>488,<-./! ,-! Y.9@7./! O;,4-;48! .-=!
\.9:4C.9,;8! U><7! 67,C.70! 8;:<</V1! 2:47.64@9,;! E4=.D<D0! U><7! 84;<-=.70! 8;:<</V! .-=!
H=@;.9,<-./!24;:-</<D0!U><7!O@647,<7!H=@;.9,<-VB!

W,8! .D4! ,8! ,-! 9:4! 5(X&(! 7.-D41! F,9:<@9! =,8.3,/,9,48! .-=! .;;488! /,C,9.9,<-! 9<!
94;:-</<D0B! W4! =4;/.748! 9:.9! :4! ,8! .-! 4M6479! ,-! 9:4! S<C6@947! .-=! I-947-49! @841!
37<F8,-D!C<74!9:.-!"(!:<@78!.!F44TB!!

W4!@848!4C.,/!U2:@-=473,7=1!_@9/<<T1!F43!C.,/V1!><7@C8!U\<<=/4V1!;:.98!U+.;43<<T1!
OT064V1! 3/<D8! U]/<DD471! ^<7=E7488V1! 8<;,./! U+.;43<<T1! 2F,9947V! .-=! 67<>488,<-./!
-49F<7T81! 94M9! 67<;488<78! U\O^<7=1! _64-_>>,;4V1! 8674.=8:4498! U\O^<7=1!
_64-_>>,;4V1! .-=!A,=4<!.-=!6:<9<!4=,9<78! Us,C61! +,74^<7T81!E,--.;/4!O9@=,<1!^\\1!
u.0S@9V1!.8!F4//!.8!9<</8!8@;:!.8!uS/,;1!+/.8:1!P74.CF4.A471!u<<C/.!><7!:,8!6478<-./!@84!
.-=!><7!/4.7-,-D!,-=,>>474-9/0B!!

2:4! 94.;:,-D! .;9,A,90! <>! 9:4! 67<>488<7! ,8! <A47! "#! 04.78! ,-! >.;4X9<X>.;4! .-=! A,79@./!
67<D7.CC48B!W4!:.8!.!=,6/<C.9!,-!24.;:,-D!.-=!.!=4D744!,-!E4=.D<D0!>7<C!G-,A478,90!
<>!s,7<-.B!!

2:4! 94.;:47! ./8<! =4;/.748! 9:.9! :4! :.8! =4A4/<64=! /4.7-,-D! <3Q4;98! @8,-D!
P74.CF4.A471!YA@1!.-=!uS/,;!<A47!\<<=/4B!W4!:.8!4M647,4-;4!,-!C<74!9:.-!?#!;<@7848!
F,9:! =,>>474-9! C<=./,9,48! ,-! @-=47D7.=@.94! .-=! 6<89D7.=@.941! \.894781! E:P!
67<D7.CC48B! W4! :.8! @84=!\<<=/4! .-=! N.!\4A.! G=s! /4.7-,-D! 6/.9><7C8! 9<! 8@66<79!
/4.7-,-D!.-=!94.;:,-D!67<;488B!

2:4!94.;:47!,=4-9,>,48!8<C4!.=A.-9.D48!,-!9:4!@84!<>!/4.7-,-D!6/.9><7C8!8@;:!.8a!!

• N4.7-,-D!6/.9><7C8!.74!.!;<CC<-!A,79@./!86.;4!><7!.//!9:4!.;9<78!,-!9:4!/4.7-,-D!
67<;488B!

• N4.7-,-D!;<-94-9!@6=.9,-D!67<;488!,8!4.8,47!9:.-!,-!9:4!97.=,9,<-./!67<;488B!

• N4.7-,-D!6/.9><7C8!,-;74.84!9:4!6<88,3,/,90!<>!;<//.3<7.9,<-!.C<-D!9:4!.;9<78!<>!
9:4!/4.7-,-D!67<;488B!

• HX/4.7-,-D!4/,C,-.948!86.;4!.-=!9,C4!=464-=4-;,48B!

• Z=.69.9,<-!,-!N4.7-,-D!6/.9><7C8!,C67<A48!9:4!=0-.C,8C!<>!A,79@./!;<@7848B!
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• N4.7-,-D!6/.9><7C8!>.;,/,9.948!,-=,A,=@./,[4=!974.9C4-9!><7!89@=4-98B!

• N4.7-,-D! 6/.9><7C8! ,-;74.84! 9:4! 6<88,3,/,90! 9<! 8:.74! /4.7-,-D! ;<-94-9! .-=!
.;9,A,9,48B!

!

2:4!94.;:47!./8<!,=4-9,>,48!8<C4!=,>>,;@/9,48!,-!9:4!@84!<>!/4.7-,-D!6/.9><7C8a!

• 2:4!/.;T!<>!89@=4-9!><;@8!.-=!;<CC,9C4-9B!

• 2:4!/.;T!<>!:@C.-!;<-9.;9B!

• O<C4!89@=4-98!.74!-<9!;<C><79.3/4!F,9:!A,79@./!/4.7-,-D!4-A,7<-C4-98B!

• 2:4!4M;488,A4!D4-47./,[.9,<-!<>!9:4!/4.7-,-D!;<-94-9!;<C67<C,[48!9:4!/4.7-,-D!
67<;488B!

• E<<7!89@=4-9!94;:-,;./!;<C6494-;4!;<@/=!34!.!67<3/4C!><7!.;;488,-D!/4.7-,-DB!

• Z=.69.9,<-! ,8! -<9! 4.80! 9<! .;:,4A4! ,-! A,79@./! /4.7-,-D! 4-A,7<-C4-9! 34;.@84!
.=.69.9,<-!,8!74.//0!.-!4M64-8,A4!67<;488B!

!

The analysis of the Pedagogy Faculty Case 

O<C4!;<-;/@8,<-8!.3<@9!9:4!84C,.@9<C.9,;!/4.7-,-D!=48,D-!F474a!

• _@7! .667<.;:! 4.848! 9:4! =,>>,;@/9! 9.8T! <>! =48,D-! ><7! 94.;:478! 74=@;,-D! 9:4!
-4;488.70!9,C4!9<!;74.94!.-=!89.-=.7=,[4=!/4.7-,-D!=48,D-B!

• 2:4!94.;:47!D4-47.//0! 97,48!9<!=4/,A47!89@=4-98!.!@-,R@4! /4.7-,-D!<3Q4;9!F,9:!.!
6.79,;@/.7!64=.D<D,;./!.-=!=,=.;9,;./! ,-94-9,<-! ,->/@4-;4=!30!9:4!94.;:47!890/41!
3@9!C.034!9:,8!/4.7-,-D!<3Q4;9!=<48!-<9!.==7488!9:4!/4.7-,-D!674>474-;4!><7!.//!
9:4!89@=4-98!,-!9:4!A,79@./!4-A,7<-C4-9B!I-!9:,8!;<-94M91!@8,-D!=,>>474-9!90648!<>!
/4.7-,-D!<3Q4;98! ,8!.!D<<=!8</@9,<-!.-=!./8<!67<A,=48!.=.69.9,<-!3.84=!<-! 9:4!
/4.7-,-D!<3Q4;9!9064!.;;<7=,-D!9<!9:4!89@=4-98!/4.7-,-D!890/48B!

• W<F4A471! 9:4! 67<>488<7! 8@DD4898! ;<-8,=47,-D! 9:4! 4M;488,A4! 89.-=.7=,[.9,<-! <>!
9:4! /4.7-,-D!67<;48848!34;.@84!4.;:!67<>488<7!:.A4!:,8e:47!6.79,;@/.7! 890/4!<>!
=48,D-B!!

• N4.7-,-D!<3Q4;9!9064!,8!.-!,C6<79.-9!4/4C4-9!><7!.==7488,-D!9:4!T,-=!<>!/4.7-,-D!
9:4!94.;:47!-44=8!9<!89,C@/.94! ,-!9:4!89@=4-9B!c-<F,-D!F:,;:!4/4C4-98! ,-!9:4!
/4.7-,-D! 67<;488! C.9;:! F,9:! 9:4! =,>>474-9! /4.7-,-D! 9<! 34! .;:,4A4=! ,8! A470!
,C6<79.-9B!

• 2:4! 67<>488<7! ./8<! .-./0848! 9:4! -4;488,90! <>! 74C4C347,-D! 9<! 89,C@/.94! 9:4!
74/.9,<-! 349F44-! 89@=4-98! .-=! 94.;:4781! 34;.@84! .-! 4M;488,A4! 67<;488! <>!
.@9<C.9,<-1!,-!6.79,;@/.71!,-!HX/4.7-,-D!;<@/=!34!=.-D47<@8!,-!:,8!;<-;469B!
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• 2:4! 94.;:47! 4C6:.8,[48! 9:4! -4;488,90! <>! D@.7.-944,-D! 9:4! R@./,90! <>! 9:4!
/4.7-,-D! <3Q4;981! F:,;:! ,8! .-! ,C6<79.-9! ,88@4! ,-! 9:4! /4.7-,-D! <3Q4;9! 4;<-<C0!
34;.@84! ,9! ,8!<-4!<>! 9:4!C<89!74/4A.-9! ,88@48!9<!D@.7.-944!9:4! /4.7-,-D!=48,D-!
R@./,90B!2:4!67<;488!><7!84/4;9,-D!.!/4.7-,-D!<3Q4;9!8:<@/=!34!;<-94M9@./,[4=!9<!
9:4!94.;:478!.-=!89@=4-98!-4;488,9,48B!

• Z-! @-.A<,=.3/4! 9.8T! ><7! 9:4! 94.;:47! ,8! 9<! 74>,-4! 9:4! =48,D-! D4-47.94=! .-=! 9<!
A47,>0!9:.9!9:,8!=48,D-!;<A478!9:4!-4;488,9,48!<>!9:4!89@=4-9!,-!.-!.=4R@.94!F.0B!
I-!9:,8!F.0!9:4!j84C,k!.@9<C.9,;!67<6<84=!67<;488!,8!67<C,8,-DB!

• G8.3,/,90!94898!.74!,C6<79.-9!,-!<7=47!9<!;.69@74!9:4!8.9,8>.;9,<-!<>!9:4!94.;:478!
,-!.;9,<-B!

2:4!674A,<@8!=48;7,69,<-!;.848!647C,9!@8!9<!@-=4789.-=!9:4!67<;488!><//<F4=!,-!9:4!
R@./,9.9,A4!.-./08,8!.-=!9:4!-.9@74!<>!9:4!748@/98B!I-!9:4!><//<F,-D!84;9,<-8!F4!67484-9!
.! Q<,-9! A,8,<-! <>! 8<C4! 84/4;94=! ;.848! F:,;:! =48;7,34! <9:47! ,-947489,-D! 748@/98! .-=!
.==,9,<-./!;<-;/@8,<-8!67<A,=4=!30!9:484!94.;:478B!

Economic and Business Science, Tourism and Organization Faculty 

Economic and Business Science General Description 

2:4! H;<-<C,;! .-=! ]@8,-488! O;,4-;4! 94.;:47! ,8! .! 67<>488<7! >7<C! 9:4! G-,A478,90! <>!
s,7<-.! >7<C! 9:4! H;<-<C,;! .-=! ]@8,-488! O;,4-;4! >.;@/90B! O:4! ,8! .! 67<>488,<-./! ,-!
+,-.-;,./! H;<-<C,;8! .-=!Z;;<@-9,-DB! 2:4!24.;:47! ,8! ,-! 9:4!*#X5(!.D4! 7.-D41!F,9:<@9!
=,8.3,/,9,48!.-=!.;;488!/,C,9.9,<-!9<!94;:-</<D0B!W4!=4;/.748!9:.9!8:4!,8!.-!4M6479!,-!9:4!
S<C6@947!.-=!I-947-49!@841!37<F8,-D!C<74!9:.-!"(!:<@78!.!F44TB!

2:4!94.;:47!@848!F,T,81!3/<D81!67<>488,<-./!-49F<7T81!94M9!67<;488<781!8674.=8:4498!
><7! /4.7-,-D!.-=!F<7T1! .8!F4//! .8! 9<</8! 8@;:!.8!4C.,/1! 8<;,./!-49F<7T8!.-=!A,=4<!.-=!
6:<9<!4=,9<7!><7!6478<-./!,88@48B!

2:4! 94.;:,-D! .;9,A,90! <>! 9:4! 67<>488<7! ,8! C<74! 9:.-! "#! 04.78! </=! ,-! C.89478! .-=!
@-=47D7.=@.94! 67<D7.CC481!F,9:<@9! =4D744! ,-! 64=.D<D,;./! ,88@48B! W4! :.8! 9.@D:9! ,-!
C<74!9:.-!?!;<@7848!,-!>.;4X9<!>.;4!C<=./,90B!!

W4!./8<!=4;/.748!9:.9!:4!:.8-L9!=4A4/<64=!/4.7-,-D!<3Q4;981!.-=!8:4!=<48-L9!@84!.-0!
/4.7-,-D!6/.9><7C8B!

Tourism General Description 

2<@7,8C!94.;:47!,8!.!67<>488<7!>7<C!G-,A478,90!<>!s,7<-.!>7<C!9:4!2<@7,8C!>.;@/90B!O:4!
,8!.!67<>488,<-./!,-!O<;,./!S<CC@-,;.9,<-B!

2:4!94.;:47!:.8!.-!.D4!,-!9:4!5(X&(!7.-D41!F,9:<@9!=,8.3,/,9,48!.-=!.;;488!/,C,9.9,<-!
9<! 94;:-</<D0B! O:4!=4;/.748! 9:.9! 8:4! ,8! .-!4M6479! ,-! 9:4!S<C6@947! .-=! I-947-49!@841!
37<F8,-D!C<74!9:.-!"(!:<@78!.!F44TB!!



!"#$%&'(F*(( 0&#'2123(/&,132(3&2&'#%1.2($'.!&,,(

!"5)!

O:4!@848!><7@C81!F,T,81!3/<D81!8<;,./!.-=!67<>488,<-./!-49F<7T81!94M9!67<;488<78!.-=!
8674.=8:4498! ><7! /4.7-,-D1!.8!F4//!.8!4C.,/1!;:.9!.-=!A,=4<!.-=!6:<9<!4=,9<78! ><7!:47!
6478<-./! @84B! O:4!@848! 8<C4!<>! 9:484! 9<</8! ,-! :47! 67<>488,<-./! ;<-94M91! ,-! 6.79,;@/.7!
4C.,/1!;:.9!.-=!><7@C8B!

24.;:,-D!.;9,A,90!<>!9:4!94.;:47!,8!<A47!9:.-!"#!04.781!F,9:!.!\.8947!,-!=,=.;9,;!.-=!
C@/9,C4=,.!C.947,./8!=48,D-!>7<C!G-,A478,9.9!_3479.!=4!S.9./@-0.B!!

2:4!67<>488<7!:.8!4M647,4-;4! ,-!C<74! 9:.-!?#! >.;4X9<X>.;4!;<@78481!C<74! 9:.-!"#!
;<@7848! ,-! 3/4-=4=! /4.7-,-D! C<=./,90! .-=! C<74! 9:.-! (! A,79@./! ;<@7848B! O:4! :.8!
6.79,;,6.94=!.8!.!94.;:47!,-!@-=47D7.=@.941!6<89D7.=@.94!.-=!C.89478!67<D7.CC48B!

O:4!./8<!=4;/.748!9:.9!8:4!:.8!=4A4/<64=!/4.7-,-D!<3Q4;98!@8,-D!ZS\H!6/.9><7C!.-=!
\<<=/4B!

2:4! 94.;:47! :.8! @84=! \<<=/4! .-=! N.! \4A.! G=s! /4.7-,-D! 6/.9><7C8! 9<! 8@66<79!
/4.7-,-D!.-=!94.;:,-D!67<;48848B!

Organization General Description 

_7D.-,[.9,<-! 94.;:47! ,8! .! 67<>488<7! <>! G-,A478,90! <>! s,7<-.! >7<C! 9:4! P46.79C4-9! <>!
<7D.-,[.9,<-1! C.-.D4C4-9! .-=! 67<=@;9! =48,D-B! W4! ,8! .! 67<>488,<-./! ,-! S<C6.-,48!
<7D.-,[.9,<-B!

W4! :.8! .-! .D4! ,-! 9:4! *#X5(! 7.-D41! F,9:<@9! =,8.3,/,9,48! .-=! .;;488! /,C,9.9,<-! 9<!
94;:-</<D0B!W4!=4;/.748!9:.9!:4!,8!.!@847!F,9:!C4=,@C!4M647,4-;4!,-!9:4!S<C6@947!.-=!
I-947-49!@841!37<F8,-D!C<74!9:.-!"(!:<@78!.!F44TB!!

W4! @848! 4C.,/1! ><7@C81! 8<;,./! -49F<7T81! 94M9! 67<;488<781! 8674.=8:4498! .-=! A,=4<!
.-=!6:<9<!4=,9<78!><7!:,8!6478<-./!@84!.-=!><7!/4.7-,-D!,-=,>>474-9/0B!!

24.;:,-D! .;9,A,90! <>! 24.;:47! ,8! <A47! "#! 04.78! ,-! >.;4X9<X>.;4! .-=! <A47! (! 04.78! ,-!
A,79@./!67<D7.CC481!F,9:<@9!=4D744!,-!64=.D<D,;./!67<D7.CC48B!!

24.;:47! ./8<! =4;/.748! :4! :.8! -<9! =4A4/<64=! /4.7-,-D! <3Q4;98! 34><74! .-=! :4! :.8!
4M647,4-;4!,-!C<74!9:.-!?#!;<@7848!,-!>.;4X9<X>.;4!67<D7.CC48!.-=!C<74!9:.-!"#!,-!
A,79@./! 67<D7.CC48B! W4! :.8! @84=! \<<=/4! .-=! N.! \4A.! G=s! /4.7-,-D! 6/.9><7C! 9<!
8@66<79!/4.7-,-D!.-=!94.;:,-D!67<;48848B!

24.;:47!,=4-9,>,48!9:4!6<88,3,/,90!9<!:.A4!.80-;:7<-<@8!;<CC@-,;.9,<-!.8!9:4!C.,-!
.=A.-9.D48!<>!/4.7-,-D!6/.9><7C8B!W<F4A471!:4!>44/8!9:.9!9:4!/.;T!<>!6478<-./1!>.;4X9<X
>.;41!;<CC@-,;.9,<-!67<;488!;<@/=!34!9:4!C.,-!67<3/4C!<>!9:,8!T,-=!<>!80894C8B!
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The analysis Economic and Business Science, Tourism and Organization 
Faculty 

I-!D4-47./1!9:4!94.;:478!;<-8,=47!.!D<<=!,=4.!9<!864;,>0!/4.7-,-D!6@76<848!,-!947C8!<>!
;<C6494-;48!9<!34!.;:,4A4=B!

2:4! 94.;:478! F474! A470! ,-9474894=! ,-! 9:4! D4-47.9,<-! 67<;488! .8! .! C4;:.-,8C! 9<!
4.84! 9:4! =48,D-! 9.8T! <>! 9:4! 94.;:478! .-=! 9<! 74=@;4! 9:4! -4;488.70! 9,C4! 9<! ;74.94!
/4.7-,-D! =48,D-8B! 2:,8! 67<;488! 647C,98! 9<! 647><7C! 9:4! =48,D-! 9.8T! C<74! 4>>,;,4-9/01!
4>>4;9,A4/0!.-=!.D,/4B!

2:4! 94.;:478! ;<-8,=47! 9:4! .=.69.9,<-! 67<;488! .8! .-! .==4=! A./@4! ,-! 9:4! /4.7-,-D!
;<-94M9!F:,;:!>.;,/,9.948!9:4!67<;488!<>!.==7488,-D!@847!>4.9@748!C.T,-D!9:4!4=@;.9,A4!
<>>47!C<74!>/4M,3/4B!

2:4! 94.;:478! 9:,-T! 9:4! 74@84!<>! /4.7-,-D!<3Q4;98! ,8! .! 6<88,3,/,90! 9<! ,C67<A4! A,79@./!
/4.7-,-D!67<;488!><7!@-,9,-D!9:4!4>><798!<>!94.;:478!>7<C!=,>>474-9!@-,A478,9,48B!

2:4!94.;:478!,-=,;.94!9:4!6<88,3,/,90!9<!=4A4/<6!94898!<>!9:4!8</@9,<-!,-!.!3,DD47!8;./4!
.-=!9:40!F474!74.//0!,-9474894=!,-!9:,8!,88@4B!

5.4.4 A quantitative analysis based on Service Quality Gap Model 

5.4.4.1 Description 

Z!s.6!\<=4/!<>!847A,;4!R@./,90!J"#(K!,8!><;@84=!<-!9:4!647;4,A4=!R@./,90!<>!9:4!/4.7-,-D!
=48,D-! D4-47.9,<-! 67<;488! 30! 94.;:478B! 2:4! 647;4,A4=! R@./,90! 748@/98! >7<C! .!
;<C6.7,8<-! <>! 4M64;9.9,<-8! <>! 9:4! @8478! F,9:! 9:4,7! 647;469,<-! <>! <>>474=! 847A,;4!
647><7C.-;4B!

2:4! s.6! C<=4/8! ;<-8,=47! 9:.9! .//! @8478! :.A4! .-! 4M64;9.9,A4! .3<@9! 9:4! 847A,;4!
R@./,90! <>! 9:4! <>>474=! 847A,;4B! 2:4! =,>>474-;4! 349F44-! 9:4! 4M64;9.9,A4! .-=! 9:4!
647;469,<-!,8!;.//4=!s.61!,-!F:,;:!748,=4!9:4!<66<79@-,90!9<!,C67<A4!9:4!847A,;4B!

^4! ;<-8,=474=! .! s.6! \<=4/! .8! .! 6.79! <>! 9:4! /.0474=! 4A./@.9,<-! ,-! <@7! 89@=01!
;<-8,=47,-D! 9:4! 4M6/<7.9<70! 7484.7;:! J"*#K1! F:,;:! 8@66<798! 9:4! -<9,<-! 9:.9! 847A,;4!
R@./,90!,8!.-!<A47.//!4A./@.9,<-!8,C,/.7!9<!.99,9@=4B!2:4!s.6!\<=4/!;.69@748!9:4!.99,9@=4!
<>! 9:4! 94.;:478! 9<F.7=8! <@7! =4A4/<6C4-91!F:,;:! ,8! 9:4!C<89! ,C6<79.-9! <3Q4;9,A4! ,-!
9:,8!6.79!<>!<@7!89@=0B!

I-!<7=47!9<!;.770!<@9!9:4!D.6!C<=4/!F4!:.A4!=4A4/<64=!.!6.79,;@/.7!,-897@C4-9!U9:4!
@84=!8@7A40!;<@/=!34!><@-=!,-!.664-=,M!;V!9<!C4.8@74!9:4!@847!647;469,<-!,-!4.;:!<>!
9:4!674A,<@8/0!=4>,-4=!=,C4-8,<-8!U844!84;9,<-!(B5B"VB!

2:4!8@7A40!;<-8,898!<>!9:744!6.798a!

• 2:4! >,789! 6.79! ;<-8,898! <>! R@489,<-8! 74/.94=! 9<! ;:.7.;947,[.9,<-! =.9.! <>! 9:4!
94.;:47a! -.C41! .D41! 74/.9,<-! F,9:! 94;:-</<D01! 4M6479,84! ,-! /4.7-,-D! <3Q4;9!
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;74.9,<-! .-=! <9:47! 74/4A.-9! ,-><7C.9,<-B! 2:,8! ,-><7C.9,<-!F.8! 8@CC.7,[4=! ,-!
84;9,<-!(B5B?B!

• 2:4! 84;<-=! 6.79! ;<-8,898! <>! 4/4A4-! R@489,<-8! =,897,3@94=! ,-! 9:744! 67<6<84=!
=,C4-8,<-8! ,-! <7=47! 9<! <39.,-! 9:4! >44=3.;T! <>! 9:4! 94.;:47! .3<@9! 9:4,7!
647;469,<-!<A47!9:744!;<C6/4C4-9.70!67<;48848a!!

! 0@8A;9;D(8;<(7@8:G9;D(EAB:@66@6(6E@:9H9:879B;(8;8C=696!;.69@74!94.;:47L8!
<6,-,<-! .3<@9! :<F! 9:4! ;<C6494-;4! ,8! =4>,-4=! .-=! :<F! 9:4! /4.7-,-D!
<3Q4;9!C49.=.9.!.74!864;,>,4=!UOd"XOd?XOd*VB!

! ,@>9J8?7B>879:( C@8A;9;D( <@69D;( D@;@A879B;( EAB:@66( 8;8C=696! 489.3/,8:48!
9:4! D.6! .;;<7=,-D! 9<! 9:4! 94.;:478L! <6,-,<-! <-! 9:4! /4.7-,-D! =48,D-!
D4-47.9,<-! 67<;488! F,9:! 74864;9! 9<! .! C.-@.//0! /4.7-,-D! =48,D-!
D4-47.9,<-!Usd"Xsd?Xsd*Xsd5VB!

! #<8E7879B;( EAB:@66( 8;8C=696! ;.69@748! 9:4! 647;469,<-! <>! 9:4! 94.;:47!
.3<@9! 9:4!@9,/,90! <>! 9:4! .=.69.9,<-!67<;488! 3.84=!<-! ;<C6494-;48! .-=!
/4.7-,-D!890/48!<>!9:4!89@=4-98!UZd"1!Zd?1!Zd*1!Zd5VB!

2.3/4! 5'! 8:<F8! .! 84;9,<-! <>! 9:4! 8@7A40! 9:.9! 647C,98! @8! 9<! @-=4789.-=! ,98!
897@;9@74B!^4!:.A4!=4>,-4=!.!-@C347!<>!R@489,<-8!9<!4A./@.94!4.;:!=,C4-8,<-B!
2:4!94.;:478!C@89!4A./@.94!4.;:!R@489,<-! ,-!.! J"BB"#K!8;./4!@8,-D!9F<!;7,947,.1!
9:4!,C6<79.-;4!.-=!9:4!8.9,8>.;9,<-B!2:4!,C6<79.-;4!;7,947,<-!,8!74>4774=!9<!9:4!
74/4A.-;4!<7!A./@4!<>!9:4!.-./084=!67<;488!><7!9:4!4A./@.9<71!9:,8!;7,947,<-!,8!.!
C4.8@74!<>!9:4!@847!4M64;9.9,<-8B!2:4!8.9,8>.;9,<-!;7,947,<-! ,8!74>4774=!9<!@847!
647;469,<-!<7! 9:4!D7.=4!<>!.D744C4-98!F,9:! 9:4!<>>474=! 847A,;4!647><7C.-;4B!
2:4!J"BB"#K!8;./4!8:<@/=!34!=,A,=4=!,-9<!;.94D<7,48!.8!=48;7,34=!,-!2.3/4!5)B!

!
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Table 47. Service Quality Survey Structure 
DIMENSIONS IMPORTANCE SATISFACTION 

LEARNING AND TEACHING PROCESSES SPECIFICATION (SQ1-SQ2-SQ3) 
Od"B!!2:4!;<C6494-;4!864;,>,;.9,<-!9<!34!
.;:,4A4=! ><7! 89@=4-98! .8! F4//! .8! 9:4!
4/4C4-98! ;<-8,=474=! ,-! ,98! =4>,-,9,<-!
7467484-9!><7!0<@!.!/4.7-,-D!6@76<84r!

#! "! ?! *! n! "#! #! "! ?! *! n! "#!

SEMI-AUTOMATIC LEARNING DESIGN GENERATION PROCESS (GQ1-GQ2-GQ3-
GQ4) 
sd"B! O4C,X.@9<C.9,;! /4.7-,-D! 67<;488!
>.;,/,9.948! 9:4! /4.7-,-D! =48,D-! 67<;488!
@6<-!.!/4.7-,-D!C.-.D4C4-9!80894Cr!

#! "! ?! *! 5! "#! #! "! ?! *! 5! "#!

ADAPTATION PROCESS (AQ1-AQ2-AQ3-AQ4) 
Zd"B! 2:4! .=.69.9,<-! C4;:.-,8C! :4/68!
89@=4-98! ,-! 9:4,7! /4.7-,-D! 67<;488!
<7,4-9,-D!9:4,7!.=A.-;4!,-!9:4!67<;488B!

#! "! ?! n! 5! "#! #! "! ?! *! 5! "#!

!

Table 48. [1..10] scale for assess importance and satisfaction 
WITHOUT 

IMPORTANCE 
OR 

UNSATISFIED 

LOW 
IMPORTANCE 

AND LOW 
SATISFACTION 

IMPORTANT OR  
SATISFIED 

VERY 
IMPORTANT OR 
VERY SATISFIED 

#! "! ?! *! 5! (! &! '! )! $! "#!

!

Z//!R@489,<-!.74!67484-94=!,-!9:4!.664-=,M!;B!

• 2:4! 9:,7=! 6.79! .//<F8! @8! 9<! ;.69@74! 9:4! <6,-,<-! <>! 9:4! @847! .3<@9! 9:4!
,C6<79.-;4!<>!4.;:!67<6<84=!=,C4-8,<-B!24.;:478!67<A,=4!@8!.!647;4-9.D4!J"!n!
"##K!9<!C4.8@74!9:4!,C6<79.-;4!<>!4.;:!.-./084=!=,C4-8,<-B!

5.4.4.2 Analysis of the Gap Model Results 

Z>947!9:4!,-947A,4F!6:.841!F4!67<;44=4=!9<!.-./084!9:4!748@/98!<>!<@7!89@=0B!2.3/4!5$!
8:<F8!9:4!;<-=4-84=!748@/98!><7!4.;:!=,C4-8,<-!;<-8,=47,-D!9:4!7486<-84!67<A,=4=!30!
9:4!??!94.;:478!>7<C!G-,A478,90!<>!s,7<-.B!+,D@74!&5!8:<F8!.!=.9.!D7.6:,;./!6<,-9B!!

!
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Table 49. Condensed analysis of teacher satisfaction 
CONSOLIDATED  IMPORTANCE SATISFACTION GAP 

N4.7-,-D! .-=! 94.;:,-D! 67<;48848! 864;,>,;.9,<-!
UOd"XOd?XOd*V! )1$555! )1****! #1&"""!

O4C,X.@9<C.9,;! /4.7-,-D! =48,D-! D4-47.9,<-!
67<;488!Usd"Xsd?Xsd*Xsd5V!

)1(&?(! )1#?#)! #1(5"&!

Z=.69.9,<-!67<;488!UZd"XZd?XZd*XZd5V! )1&5()! )1?#)*! #15*'(!

2_2ZN! )1'"! )1")! #B(*!

!

!

Figure 64. Condensed analysis of teachers’ satisfaction 
!

Z8!67484-94=!,-!9:4!,C6<79.-;4!;</@C-!>7<C!2.3/4!5$1!;<-8</,=.94=!=.9.!8:<F!9:.9!
9:4!864;,>,;.9,<-!<>!9:4!/4.7-,-D!67<;4881!.!84C,X.@9<C.9,;!D4-47.9,<-!67<;4881!.-=!9<!
67<A,=4!.=.69.9,<-8!,-!.!A,79@./!/4.7-,-D!4-A,7<-C4-9!.74!A470!,C6<79.-9!67<;48848!9<!
34!;<-8,=474=!><7!94.;:478!F:4-!9:40!=48,D-!A,79@./!;<@7848B!

Z8!F4//1!;<-8</,=.94=!=.9.!8:<F!9:.9!94.;:478!F474!A470!8.9,8>,4=!F,9:!9:4!8</@9,<-8!
67<A,=4=!><7!.==7488,-D!4.;:!<>!9:4!67<;48848! ,-A</A4=! ,-!9:4!89@=0B!2:,8!C4.-8!9:.9!
9:4! 67<A,=4=! 8</@9,<-! .==8! A./@4! 9<! 9:4,7! 94.;:,-DX67.;9,;41! ;<->,7C,-D! 9:4! =.9.!
<39.,-4=!>7<C!9:4!R@./,9.9,A4!.-./08,8B!

I-!D4-47./1!94.;:478!:.A4!R@./,>,4=!F,9:!.!:,D:!8;<74!9:4!,C6<79.-;4!.-=!8.9,8>.;9,<-!
,-!4.;:!=,C4-8,<-B!2:4!=,>>474-;4!349F44-! ,C6<79.-;4!.-=!8.9,8>.;9,<-!UD.6V! ><7!9:4!
67<6<84=! 8</@9,<-! ,8! #B(*1! F:,;:!F4! ;<-8,=47!C,-,C@C! .;;<7=,-D! 9<! 9:4! 8;./4B! 2:,8!
C4.-8! 9:.9! 9:4! 67<6<84=! 8</@9,<-! 844C8! 9<!C449! 9:4! 4M64;9.9,<-8! <>! 9:4! 8@7A404=!
94.;:478B!
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I-! <7=47! 9<! D,A4! C<74! =49.,/8! .3<@9! 9:4! 748@/98! <>! 8<C4! <>! 9:4! R@489,<-8! ,-! 9:4!
8@7A401!F:474!9:4!D.6!F.8!3,DD47!9:.-!<9:4781!.-=!./8<!9<!67<A,=4!4M6/.-.9,<-8!.3<@9!
748@/981! F4! ,-97<=@;4! 2.3/4! (#1! 2.3/4! ("! .-=! 2.3/4! (?! .8! F4//! .8! 9:4,7! .88<;,.94=!
D7.6:,;./!7467484-9.9,<-8!U844!+,D@74!&(1!+,D@74!&&1!.-=!+,D@74!&'VB!

!

Table 50. Service Quality Study Results for Learning and Teaching 
Process Specification 
LEARNING AND TEACHING PROCESSES SPECIFICATION (SQ1-SQ2-SQ3) 

  IMPORTANCE SATISFACTION GAP 

CONSOLIDATED 8,9444 8,3333 0,6111 
Od"! $15"&&! )15"&&! "!

Od?! )1&&&&! )1?(! #15"&&!

Od*! )1'(! )1****! #15"&&!

!

!

!
Figure 65. Detailed analysis of teachers’ satisfaction for Learning and 
Teaching Process Specification 

!
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Table 51. Service Quality Study Results for Semi-Automatic Generation  
SEMI-AUTOMATIC LEARNING DESIGN GENERATION PROCESS (GQ1-GQ2-GQ3-
GQ4) 

  IMPORTANCE SATISFACTION GAP 

CONSOLIDATED 8,5625 8,0208 0,5416 

sd"! )1(! )! #1(!

sd?! )1'(! )1****! #15"&&!

sd*! )15"&&! '1)***! #1()**!

sd5! )1()**! '1$"&&! #1&&&&!

!
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IMPORTANCE SATISFACTION GAP 
!

Figure 66. Detailed analysis of teachers’ satisfaction for Semi-Automatic 
Generation 

!
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Table 52. Service Quality Study Results for Adaptatioin Process 
ADAPTATION PROCESS (AQ1-AQ2-AQ3) 

  IMPORTANCE SATISFACTION GAP 

CONSOLIDATED 8,6458 8,2083 0,4375 
Zd"! )1$"&&! )1()**! #1****!

Zd?! )15"&&! )1"&&&! #1?(!

Zd*! )1'(! )1#)**! #1&&&&!

Zd5! )1(! )! #1(!

!

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
AQ1 

AQ2 

AQ3 

AQ4 

IMPORTANCE SATISFACTION GAP 
!

Figure 67. Detailed analysis of teachers’ satisfaction for Adaptatioin 
Process 

!

2:4! C<89! 74/4A.-9! =,>>474-;4! 349F44-! 9:4! ,C6<79.-;4! .-=! 8.9,8>.;9,<-! <>! 9:4!
94.;:478! ,8! 67484-94=! ,-! R@489,<-! Od"!F:,;:! .8!C4-9,<-4=! 34><741! .8T! 9:4! 94.;:478!
9:4,7!<6,-,<-!.3<@9!9:4!67<6<84=!;<C6494-;4!=4>,-,9,<-!.8!;<@/=!34!<3847A4=!,-!2.3/4!
(#B! Z/9:<@D:! 9:4! 8.9,8>.;9,<-! 8;<74! ,8! 89,//! :,D:1! 9:4! ,C6<79.-;4! 8;<74! ,-=,;.948! 9:.9!
.==,-D!C<74!>/4M,3,/,90! ,-!9:4!=4>,-,9,<-!<>!9:4!/4.7-,-D!6@76<84!,8!-4;488.70B!2:,8! ,8!.!
-<7C./!8,9@.9,<-!34;.@84!=4>,-,-D!<3Q4;9,A481!D<./81!.;:,4A4C4-981!.C<-D!<9:4781!;.-!
34!647><7C4=!,-!C.-0!=,>>474-9!F.08B!!
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Z3<@9! 9:,8! ,88@41! 9:4! @84! <>! I\O! 74@8.3/4! =4>,-,9,<-! <>! ;<C6494-;4! .-=! /4.7-,-D!
<3Q4;9,A48! 647C,98! @8! 9<! .==! 9:4! -4;488.70! >/4M,3,/,90! ,-! 9:4! =4>,-,9,<-! <>! /4.7-,-D!
6@76<84B!

Z/9:<@D:! 9:4! 8;<748! .74! 89,//! :,D:1! 9:4! =,>>474-;48! 349F44-! 9:4! ,C6<79.-;4! .-=!
8.9,8>.;9,<-! ,-! sd"Xsd?Xsd*Xsd5! <3847A4=! ,-! 2.3/4! ("! 74>47! 9<! ,C67<A4C4-9!
<66<79@-,9,48!,-!9:4!D4-47.9,<-!67<;488B!I-!6.79,;@/.71!94.;:478!,-8,894=!<-!:.A,-D!C<74!
=,A478,90! <>! =,=.;9,;! .667<.;:48! 9<! 8@66<79! /4.7-,-D! =48,D-! D4-47.9,<-! 67<;488B! 2<!
.==7488! 9:484! ,88@48! ;<@/=! ,-;74.84! 9:4! 647;469,<-! .3<@9! 9:4! 34-4>,98! <>! @8,-D!
P48,D-47B!

_-!9:4!<9:47!:.-=1!9:4!;/<84!74/.9,<-8:,6!349F44-!9:4!,C6<79.-;4!.-=!8.9,8>.;9,<-!
<>!94.;:478!><7!9:4!67<6<84=!.=.69.9,<-!67<;488!3.84=!<-!;<C6494-;48!.-=!/4.7-,-D!
890/48!F:,;:!;<@/=!34!<3847A4=!,-!9:4!;<-8</,=.94=!748@/98!><7!9:4!/.89!849!<>!R@489,<-81!
Zd"X!Zd?X!Zd*X!Zd5!F.8!74.//0!8@767,8,-D!U844!2.3/4!(?VB!^4!9:,-T!9:.9!9:,8!,8!=@4!9<!
9:4!94.;:478L!6<8,9,A4!.99,9@=4!9<F.7=8!9:4!/4.7-,-D!=48,D-!.=.69.9,<-!67<;488!34;.@84!
9:40!74;<D-,[41!.8!9:40!C4-9,<-4=!,-!9:4!R@./,9.9,A4!89@=01!9:.9!9:,8!67<;488! ,8!.!A470!
=,>>,;@/9!9.8T!><7!9:4C!.9!9:4!;<@784!=48,D-!9,C4B!

5.4.4.3 Analysis of the teachers opinion importance of each dimension  

`48@/98! 67484-94=! ,-! +,D@74! &)! 8:<F! 9:.9! 94.;:478! ;<-8,=47! 9:4! 9:744! .-./084=!
=,C4-8,<-!:,D:/0!,C6<79.-9B!2:,8!74.>>,7C8!9:4!748@/98!67484-94=!,-!9:4!84;<-=!6.79!<>!
<@7!89@=0B!2:4!748@/9!F.8!;./;@/.94=!.8!.-!.A47.D4!<>!9:4!647;4-9.D4!67<A,=4=!30!9:4!
8.C6/4!<>!94.;:478B!

!

!"#
$!"#
%!"#
&!"#
'!"#
(!"#
)!"#
*!"#
+!"#
,!"#

$!!"#

-./01213#4056.77#
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/=/49/9251#4056.77#
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!

Figure 68. Perception about the importance of each dimension involved in 
the study 

!
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5.4.5 System Performance Analysis 

_-4! <>! 9:4! 97.=,9,<-./! C4.8@748! <>! .@9<C.9,;! D4-47.9,<-! 67<;48848! :.8! 344-! 9:4!
647><7C.-;4! <>! 9:4! 80894C8! .;;<7=,-D! 9<! 9:4! 9,C4! <>! D4-47.9,<-B!^4! ;<-8,=47! 9:.9!
67<A,=,-D! .! A,8,<-!<>! 9:,8! 647><7C.-;4! ,8! ,C6<79.-9! .-=! 9:,8! ,8! 9:4!C.,-!<3Q4;9,A4!<>!
9:,8! 84;9,<-B! W<F4A471! F4! ./8<! 67<A,=4! .! ;<C6.7,8<-! 349F44-! 9:4! P48,D-47!
647><7C.-;4!.-=!9:4!W@C.-!P48,D-47!647><7C.-;4B!

5.4.5.1 Performance of Designer 

2:4! 647><7C.-;4! .-./08,8! =4A4/<64=! ><7!P48,D-47! ;<-8,=478! 9:4! ;<@784! 67484-94=! ,-!
;:.6947! *B?B?B?B! S<C6494-;4! =4>,-,9,<-81! .8! F4//! .8! C49.=.9.! >,/481! ><7! )#! /4.7-,-D!
<3Q4;98! F474! @84=! ,-! <7=47! 9<! 9489! 9:4! D4-47.9<7B! 2:4! P48,D-47! 847A,;4! @8,-D! 9:4!
C4-9,<-4=! ,-6@98! D4-47.948! .-! I\OX! N4.7-,-D! P48,D-! F:,;:! F.8! ,C6<794=! 9<! 9:4!
84/4;94=! /4.7-,-D! 6/.9><7CB! 2.3/4! (*! 8:<F8! 9:4! 748@/98! <>! 4M4;@9,<-B! P.9.! ,-;/@=48!
D4-47.9,<-!9,C4!.8!F4//!.8!,C6<79!9,C4B!

!

Table 53. Designer performance 
NUMBER OF LO SECONDS 

?#! "1*#(!

*#! ?1$5!

5#! *15$)!

&#! ?51&?&!

)#! ?&1?**!

5.4.5.2 Comparing Designer Performance Vs Human Designer performance 

^,9:! 9:4! 6@76<84! <>! ;<C6.7,-D! 9:4! 647><7C.-;4! <>! P48,D-47!F,9:! .! 8,C,/.7! 67<;488!
=4A4/<64=!30!:@C.-8!F4!=4A4/<64=!.-!4M97.!9489,-D!8;4-.7,<B!^4!.8T4=!94.;:478!9<!
>,-,8:! .! 6.79,.//0! ;<-897@;94=! /4.7-,-D! =48,D-B! 2:4,7! ;<-97,3@9,<-!F.8! <-/0! 9<! /,-T! 9:4!
8.C4! -@C347! <>! /4.7-,-D! <3Q4;9! ;<-8,=474=! ,-! 9:4! 9489,-D! <>! P48,D-47! 647><7C.-;4!
.-./08,8! U?#1! *#1! 5#1! &#1! )#VB! 2:4! @84=! .@9:<7,-D! 9<</! F.8! 9:4! 8.C4! @84=! ,-! 9:4!
R@./,9.9,A4! 89@=01!'@:B?A6@*(`48@/98! <>! 9:,8! .-./08,8! .74! 8:<F-! ,-! 2.3/4!(5B! +,D@74!&$!
8:<F8!9:4!.A47.D4!9,C4!864-9!30!9:4!94.;:478!,-!.!D7.6:,;./!6<,-9!<>!A,4FB!

!
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Table 54. Manual Load of Learning Objects into a learning design Time 
(sec)!
NUMBER OF 
LEARNING 

OBJECT 20 30 40 60 80 

GROUPA "#5! "&&! ?"(! *?#! 5*?1(!

GROUPB "*51&&! ?#*! ?($1**! *'$1**! (##1**!

GROUPC "$*! ?5"1&&! **?1**! ("'1&&! &''1&&!

!

!

!"

#!!"

$!!"

%!!"

&!!"

'!!"

(!!"

)!!"

*!!"

$!" %!" &!" (!" *!"

!"
#
$%
&'
$(
)%

*+#,$-%./%0$1-2"23%4,5$(6'%

7+#12%8$'"32$-'%9$-/.-#12($%

+,-./0"

+,-./1"

+,-./2"

!

Figure 69. Manual Load of Learning Objects into a learning design 
 

!

s7<@68!67484-94=!,-!9:4!2.3/4!(5!F474!-<9!489.3/,8:4=!.!67,<7,1!3@9!>7<C!9:4!748@/98!
<>! 9:4! 9,C48!@84=! ,-! 9:4!67<;488B!*!D7<@68!F474!=4>,-4=!.-=! ><7!4.;:!;.841! 9:4! 9,C4!
.A47.D4!><7!,C6<79,-D!?#1!*#1!5#1!&#!.-=!)#!/4.7-,-D!<3Q4;98!F.8!;./;@/.94=!,-!84;<-=8B!

_39.,-4=!748@/98!<>!9:,8!.-./08,8!.74!8:<F-!,-!+,D@74!'#B!!
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Figure 70. Comparing Designer Performance Vs Human Designer 
performance 

!

`48@/98!<>!9:4!89@=0!8:<F!9:4!W@C.-!P48,D-47!647><7C.-;4!9,C48!.74!3,DD47!,-!9F<!
<7=478! <>! C.D-,9@=4! F,9:! 74864;9! 9<! E47><7C.-;4! <>! P48,D-47B! W<F4A471! .>947!
,-;74.8,-D! 9:4! -@C347! <>! 9:4! <3Q4;981! 9:4! 8/<64! =<48! -<9! D7<F! 8,D-,>,;.-9/0! ,-! 9:4!
E47><7C.-;4! <>! P48,D-471! F:,/4! 9:4! C.-@./! D4-47.9,<-! D7<F9:! ,8! .6674;,.3/4B!
Z==,9,<-.//01! >7<C! 9:4!R@./,9.9,A4!6<,-9! <>! A,4F1! 9:4!4M647,C4-9! .//<F4=! 8<C4!<9:47!
T-<F-!647;469,<-8!<>!9:4!94.;:478!,-A</A4=!,-!9:4!8.C6/4a!

• 2,74=-488!.-=!/.;T!<>!C<9,A.9,<-!D74F!F,9:!9:4!-@C347!<>!<3Q4;98B!

• H77<78!,-!9:4!84/4;9,<-!<>!/4.7-,-D!<3Q4;98!.88<;,.94=!F,9:!9:4!;<C6494-;48!849B!

• _6,-,<-!<>!/<88!<>!9,C4!,-!9:,8!67<;488B!

I-!D4-47./1! 9:4!89@=0!.//<F4=!74.>>,7C,-D! 9:4!-4;488,90!<>! 84C,!.@9<C.9,;! /4.7-,-D!
=48,D-!D4-47.9,<-B!

!
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5.5.  CONCLUSIONS OF THE CHAPTER 
P4A4/<6,-D!.=.69,A4!.-=!89.-=.7=,[4=!;<@7848!,8!A470!9,C4X;<-8@C,-D!><7!94.;:478B!I-!
9:,8! ;:.69471! F4! ,-97<=@;4=! .-! .667<.;:! ><7! 74=@;,-D! 94.;:478v! F<7T/<.=! ><7!
D4-47.9,-D! 89.-=.7=,[4=! .-=! .=.69,A4! /4.7-,-D! =48,D-8B! Z! >7.C4F<7T! ><7! /4.7-,-D!
=48,D-! D4-47.9,<-! F.8! =48;7,34=! .-=1! ,-! 6.79,;@/.71! P48,D-47a! O4C,gZ@9<C.9,;!
O9.-=.7=,[4=!N4.7-,-D!P48,D-!s4-47.9<7!F.8!,-97<=@;4=!.-=!4A./@.94=B!

_@7!4A./@.9,<-!8:<F4=!9:.9! 9:4!6.79,;,6.9,-D! 94.;:478! ><@-=!<@7!.667<.;:!@84>@/1!
864;,.//0! ><7! 9:4! 6<88,3,/,90! 9<! 4.8,/0! ;74.94! .-! I\OXNP! .-=! ./8<! ><7! 9:4! 6<88,3,/,90! <>!
67<A,=,-D! /4.7-,-D! 6.9:8! .=.694=! 9<! 9:4! 89@=4-98L! /4.7-,-D! 890/48! .-=! ;<C6494-;48B!
W<F4A471! 9:40!./8<!;<C6/.,-4=!9:.9! 9:4!67<=@;9,<-!<>! /4.7-,-D!748<@7;48!.-=!A,79@./!
.;9,A,9,48!.-=! ,98! 84C.-9,;! 74/.9,<-8! 9:7<@D:!C49.=.9.! 74R@,748!.-! ,-,9,./!4M97.!4>><791!
3@9! 9:40! ./8<! .D744=! 9:.9! ,-! 8@384R@4-9! <66<79@-,9,481! 9:,8! 4>><79! =4;74.848! .8! 9:4!
6<88,3,/,90!<>!74@9,/,[.9,<-!D7<F8B!

^4! ;<-8,=47! 9:4! 748@/98! >7<C! 9:,8! 89@=0! .8! A./@.3/4! 34;.@84! U"V! 9:484! 94.;:478!
;<A47!.!37<.=!864;97@C!<>!6.79,;,6.-98!8,-;4!9:40!F474!>7<C!=,>>474-9!>,4/=8!.-=!F,9:!
=,>>474-9!/4A4/8!<>!4M647,4-;4!,-!<-/,-4!/4.7-,-D1!.-=!U?V!9:4!748@/98!<>!9:4!D.6!.-./08,8!
;/4.7/0! 8:<F4=! 9:.9! .//! 6.79,;,6.-98! 647;4,A4=! <@7! =4A4/<6C4-98! .8! ,C6<79.-9! .-=!
8.9,8>,4=! 9:4,7! 4M64;9.9,<-8B! 2:484! 6<8,9,A4! 748@/98! 4-;<@7.D4! >@79:47! 89@=,48! F,9:! .!
/.7D47!8.C6/4!D7<@6B!!

+@9@74! F<7T! F,//! ./8<! 34! <7,4-94=! 9<! 9.T4! ,-9<! .;;<@-9! <9:47! 89@=4-98L!
;:.7.;947,89,;8! 8@;:! .8! 864;,./! -44=81! .-=! 94.;:478L! 674>474-;48! .3<@9! 64=.D<D,;./!
C49:<=</<D,48! ><7! /4.7-,-D!=48,D-!D4-47.9,<-1!.8!F4//!.8!9:4!@84!<>!<9:47!94;:-,R@48!
><7!9:4!/4.7-,-D!=48,D-!D4-47.9,<-B!!
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6.  CONTEXTUALIZED LEARNING 
OBJECTS SERCHING AND 

POSITIONING PROCESS 
!

!

2:,8! ;:.6947! ,-97<=@;48! <@7! 8</@9,<-! ><7! ,C67<A,-D! <@7! /4.7-,-D! =48,D-! D4-47.9,<-!
67<;488! 67484-94=! ,-! ;:.6947! (B! ! P,897,3@94=! /4.7-,-D! <3Q4;98! .74! .==,-D! ,-9<! 9:4!
D4-47.94=!/4.7-,-D!=48,D-!.;;<7=,-D!9<!9:4,7!74/4A.-;4!9<!.==7488!9:4!;<C6494-;4!9<!
34!.;:,4A4=!30!9:4!89@=4-98B!_@7!8</@9,<-!89,C@/.948!9:4!/4.7-,-D!<3Q4;9!74@84!9:7<@D:!
.;;488,-D!=,897,3@94=!/4.7-,-D!<3Q4;98!746<8,9<7,48!UPN_`V!.8!8<@7;48!<>!N_!F,9:!=,A4784!
D7.-@/.7,901!F:,;:!.74!4/4C4-98!,-!9:4!D4-47.94=!/4.7-,-D!=48,D-B!!

I-94//,D4-9! 7497,4A./! 67<;488! ;<-8,898! <>! 9F<! =,>>474-9,.94=! 6.7981! 9:4! P,897,3@94=!
N4.7-,-D!_3Q4;98!\49.=.9.!O4.7;:,-D!E7<;488!.-=!9:4!\,;7<XS<-94M9!3.84=!E<8,9,<-,-D!
E7<;488B!

P,897,3@94=!N4.7-,-D!_3Q4;98!\49.=.9.!O4.7;:,-D!F.8!;<-;4,A4=!.8!.!C4;:.-,8C!9<!
67<C<94!.!74@84X<7,4-94=!.667<.;:B!2:,8!67<;488! ,8!8@66<794=!30!.D4-9! 94;:-</<D,48!
.-=!,98!C.,-!6@76<84!,8!/<<T,-D!><7!4M947-./!N_1!-<9!=4A4/<64=!30!9:4!94.;:4781!F:,;:!
;<@/=!34!@84=!><7!<@7!8</@9,<-!.8!,-6@98!,-!9:4!/4.7-,-D!=48,D-!D4-47.9,<-!67<;488B!!

\,;7<XS<-94M9! 3.84=! E<8,9,<-,-D! E7<;488! 67<6<848! 9:4! .-./08,8! <>! 9:4! /4.7-,-D!
<3Q4;98L! C49.=.9.! .-=! 9:4! ;@774-9! \,;7<XS<-94M9! U,-! 9:4! N_`! ,9! /,A4V! ;<-8,=47,-D!
=,8.C3,D@.9,<-!94;:-,R@48!,-!<7=47!9<!489.3/,8:!9:4!N_!74/4A.-;4!><7!.!864;,>,;!C,;7<X
;<-94M9!,-!.!/4.7-,-D!=48,D-!.-=!9:@8!:4/68!,-!6/.;,-D!9:4!<3Q4;9!,-!,98!;<774;9!;<-94M9B!!

2:4! 7489! <>! 9:4! ;:.6947! ,8! 897@;9@74=! .8! ><//<F8B! I-! 84;9,<-! &B"B! ! 9:4! P,897,3@94=!
N4.7-,-D!_3Q4;98!\49.=.9.!O4.7;:,-D!E7<;488!,8!,-97<=@;4=B!O4;9,<-!&B?B!!=48;7,348!9:4!
\,;7<XS<-94M9! 3.84=! E<8,9,<-,-D! E7<;488B! O4;9,<-! &B*B! 8:<F8! 4A./@.9,<-! 748@/98! .-=!
>,-.//0!,-!9:4!84;9,<-!&B5B!!8<C4!;<-;/@8,<-8!.-=!74C.7T4=!>@9@74!F<7T8!.74!,-97<=@;4=B!

!

6.1.  LORSER: META-SEARCHER OF LEARNING OBJECTS OVER 
DISTRIBUTED LEARNING REPOSITORIES BASED ON 
INTELLIGENT AGENTS 

I-!<7=47!9<!.==7488!9:4!P,897,3@94=!N4.7-,-D!_3Q4;98!\49.=.9.!O4.7;:,-D!E7<;4881!F4!
:.A4! =4A4/<64=! .! /4.7-,-D! <3Q4;9! 746<8,9<7,48! 84.7;:47! UN_`OHV1! F:,;:! 89.-=8! ><7!
P,897,3@94=!N4.7-,-D!_3Q4;98!\49.=.9.!O4.7;:471!.8!.!C4;:.-,8C!9<!67<C<94!.!74@84X
<7,4-94=!.667<.;:B!
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N_`OH!C@/9,X.D4-9! 80894C! J)'K!:.8!344-!C<=4//4=!.8!.-! ,-=464-=4-9! 849!<>! uZPH!
,-94//,D4-9!.D4-98!9:.9!;<//.3<7.94!9<!8@66<79!9:4!@8478!,-!9:4!N_!84.7;:,-D!67<;488B!!

N_`OH!;<-8,898!<>!9F<!=,>>474-9!90648!<>!.D4-98a!9:4!P,74;9<70!+.;,/,9.9<7!ZD4-9!.-=!
9:4!O64;,>,;!O4.7;:47!ZD4-98B!2:4!C.,-!6@76<84!<>!9:,8!C@/9,X.D4-9!6/.9><7C!67484-94=!
,-!+,D@74!'"!,8!9<!=4/,A47!9<!9:4!C<89!8@,9.3/4!N_!.;;<7=,-D!9<!9:4!6.7.C49478!67<A,=4=!
30!9:4!@847!,-!.!864;,>,;!R@470B!!

2:4!P,74;9<70!+.;,/,9.9<7!ZD4-9!C.,-9.,-8!.!=,74;9<70!<>!9@6/481!F:474!4.;:!<>!9:4C!
74/.948!<-4!864;,>,;!84.7;:,-D!847A,;4!<A47!.!N_`!F,9:!<-4!864;,>,;!.D4-9!;.//4=!O64;,>,;!
O4.7;:47!ZD4-9B! H.;:! O64;,>,;! O4.7;:47!ZD4-9!=4A4/<68! 9:4! 9.8T!<>! 74D,8947,-D!.!-4F!
847A,;4! ,-9<! 9:4!P,74;9<70!+.;,/,9.9<7!ZD4-9!.-=!<>!67<;488,-D! 9:4! 847A,;48! 74R@4894=B!
^:4-! .-! 4M947-./! 67<;488! -44=8! 9<! 74R@489! .! 6.79,;@/.7! 847A,;4! ,-! 9:4! 6/.9><7C1! 9:4!
4M947-./!67<;488!C@89!;<CC@-,;.94!F,9:!9:4!P,74;9<70!+.;,/,9.9<7!ZD4-9!9<!74R@489!9:4!
,=4-9,>,47! <>! 9:4! .D4-9! ,-! ;:.7D4! <>! .! 864;,>,;! 847A,;4B! O64;,>,;! O4.7;:47! ZD4-98!
,C6/4C4-9! 6.79,;@/.7! F43! ;/,4-98! 9:7<@D:! 34:.A,<@78! ><7! 74R@489,-D! 84.7;:! 847A,;48!
<A47! 6.79,;@/.78! 746<8,9<7,48B! N_`OH! :.8! D7<F-! >7<C! J)'K! F:474! F4! ,-97<=@;4! .-!
4M.C6/4! <>! .66/,;.9,<-! F,9:! 9:744! 746<8,9<7,48! U\47/<91! S<-4M,<-8! .-=! G=sV1! -<F!
N_`OH! ;<@-9!F,9:! -,-4! 746<8,9<7,48! ,-;/@=,-D! 8,M! .==,9,<-./! 847A,;48a! P./O6.;4! J"*"K1!
P446! ]/@4! J"*?K1! PNHOH! J"**K1! Z`IZPYH! J"*5K1! O\H2H! J"*(K! .-=! sZ2H^Zw! J"*&KB!
S@774-9!N_`OH!.7;:,94;9@74!,8!8:<F-!,-!+,D@74!'"B!

!

Figure 71. LORSE Multi-Agent Platform 
!



!"#$%&'(X*(( !.2%&Y%+#01Z&/(0.(,&'!"123(#2/($.,1%1.2123($'.!&,,(

! "&*!

^:4-! 9:4! \47/<9! ZD4-9! UO64;,>,;! O4.7;:47! ZD4-9! ,-! ;:.7D4! 9<! 9:4! ,-94D7.9,<-! <>!
\47/<9!`46<8,9<70V!,8!3<7-1!9:4!\47/<9!84.7;:,-D!847A,;4!,8!74D,89474=!9<!9:4!P,74;9<70!
+.;,/,9.9<7! ZD4-9! ,-! <7=47! 9<! .//<F! <9:47! .D4-98! <7! 67<;48848! 9<! /<;.94! .-=! 84-=!
74R@4898!9<!9:,8!.D4-9B!2:4!\47/<9!.D4-9! ,8!.;9,A.94=!F:4-!.!74R@489! ><7!84.7;:,-D! ,8!
84-9! 9<! ,9B!\47/<9! .D4-9! ;<@-98! F,9:! .! 6.79,;@/.7! 34:.A,<@71! F:,;:! ,8! .! ;/,4-9! <>! 9:4!
`HO2>@/!F43!847A,;41!<>>474=!30!\47/<9!746<8,9<70B!^:4-!.!74R@489!,8!84-9!9<!9:4!.D4-9!
.-=! .;;<7=,-D! 9<! 9:4! 947C8! .-=! ;<-=,9,<-8! <>! 9:4! R@4701! 9:4! .D4-9! 647><7C8! .!
;<--4;9,<-! F,9:! 9:4! 847A,;41! 84-=,-D! 9:4! 6.7.C49478B! 2:4! 8.C4! 34:.A,<@7! D498! 9:4!
7486<-841!F:,;:!,8!.-!f\N!=<;@C4-9!UC49.=.9.VB!!

2:4! ,C6/4C4-9.9,<-!<>!S<--4M,<-8!.-=!GPs!ZD4-9! ,8! 8,C,/.7! 9<! 9:4!\47/<9!.D4-91!
9:40!:.A4!34:.A,<@78!=48,D-4=!9<!,-947.;9!F,9:!9:4!`HO2>@/!F43!847A,;4!<>>474=!30!9:,8!
.66/,;.9,<-8B!

+<7! 9:4! ,-94D7.9,<-! <>! P./O6.;4! =,D,9./! 746<8,9<701! P446! ]/@4! `46<8,9<70! .9! 9:4!
G-,A478,90!<>!\,;:,D.-!.-=!PNHOH!`46<8,9<701!Z`IZPYH1!O\H2H!.-=!sZ2H^Zw!,-9<!9:4!
C@/9,X.D4-9! 6/.9><7C1!F4! :.A4! ;74.94=! .-! ,-94//,D4-9! .D4-9! ><7! 4.;:! <>! 9:4C!F,9:! .!
,-=4M47!34:.A,<@71!F:,;:!@8,-D!9:4!_ZIXE\W!:.7A48947!67<9<;</!,-=4M48!9:4!;.94D<7,48!
U;.9./<D@48V! .-=! 74;<7=8! ,-9<! 4.;:! ;.94D<70! U748<@7;4V! <>! 4.;:!6.79,;@/.7! 746<8,9<70B!
H.;:!748<@7;4!C49.=.9.!,8!89<74=!,-!.!=.9.3.84!.8!.!9744B!I-!9:,8!F.0!9:4!,-><7C.9,<-!,8!
.A.,/.3/4!><7!84.7;:,-DB!

+,D@74!'?!8:<F8!.!A,4F!<>!9:4!C@/9,X.D4-9!80894C!,C6/4C4-9.9,<-!<A47!u.=4B!

!

!

Figure 72. JADE View of the LORSE Multi-Agent Platform 
!

I-!<7=47! 9<! 9489!N_`OH!F,9:! 74./!@84781!F4!:.A4! ,-94D7.94=!<@7!67<6<84=!6/.9><7C!
@6<-! _64-ZSOeBN`Y! /4.7-,-D! 4-A,7<-C4-9B! +<7! 9:4! ,-94D7.9,<-! 67<;488! ,9! F.8!
-4;488.70! 9<! ,C6/4C4-9! 9:4! N_`OH! S/,4-9! 6.;T.D4! ,-! 9:,8! 6/.9><7C! .8! .!F43! 847A,;4!
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;/,4-9!@6<-!=<9N`Y! ,-!<7=47!9<!84-=!74R@4898!9<!9:4!N_`OH!\@/9,X.D4-9!E/.9><7C!.-=!
67<;488! ,98! 7486<-848B! 2:,8! 6.;T.D4! <>>478! .-! ,-947>.;4! 9<! @8478! 9:.9! 67<A,=48!
>@-;9,<-./,9,48! ,-! <7=47! 9<! 84.7;:! <A47! 84A47./! 746<8,9<7,48! ,-! .! 97.-86.74-9! F.0B!
2:474><741! F:4-! 94.;:478! @84! 9:4! /4.7-,-D! 4-A,7<-C4-9! 9:40! .74! .3/4! 9<! 84.7;:! N_!
>7<C! 9:<84! 746<8,9<7,48! 9<! 4-:.-;4! 9:4! .;9,A,9,48! =48,D-4=! ,-! 9:4! 6/.9><7C! F,9:<@9!
-4;488,90!<>!/4.A,-D!9<!9:4!/4.7-,-D!4-A,7<-C4-9B!

+,D@74! '*! 8:<F8! .! A,4F! <>! 9:4! N_`OH! ,-94D7.9,<-! ,-9<! _64-ZSOeBN`Y! /4.7-,-D!
4-A,7<-C4-9B!

!

!

Figure 73. LORSE Integration upon OpenACS/.LRN 
!

+,D@74! '5! 67484-98! 8<C4! 748@/98! <>! 84.7;:,-D! <A47! S<--4M,<-8! 746<8,9<70! @6<-!
=<9N`YB!
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!

Figure 74. Results retrieved by LORSE from Connexions repository 
!

!

6.2.  LOOK: MICRO-CONTEXT BASED POSITIONING PROCESS  

6.2.1 Description 

2:4! C.,-! 6@76<84! ,-! 9:,8! 84;9,<-! ,8! 9<! 4M6/.,-! <@7! .667<.;:! 9<! 4-7,;:! <@7! /4.7-,-D!
=48,D-!D4-47.9,<-!67<;488!;<-8,=47,-D!4M947-./!.-=!=,897,3@94=!N_1!F:,;:!.74!89<74=!,-!
N_`B!2<!.;:,4A4!9:,8!<3Q4;9,A4!9F<!=,>>474-9!8<@7;48!<>!,-><7C.9,<-!.74!.A.,/.3/4B!2:4!
,-><7C.9,<-!674A4-,4-9! >7<C!N_`1! ,-!6.79,;@/.71! 9:4!;.9./<D@4!<7! ,-=4M4=!C4;:.-,8C!
<>!9:4!N_!.-=!9:4!N_!C49.=.9.B!Z-=!<-!9:4!<9:47!:.-=1!9:4! ,-><7C.9,<-!67<A,=4=!30!
9:4! 94.;:47! ,-! 9:4! ;<C6494-;4! =4>,-,9,<-! ,8! .A.,/.3/4B! Z8! C4-9,<-4=! 34><741! 9:4!
;<C6494-;4!=4>,-,9,<-!;<-8,898!<>!><@7!;.94D<7,48!<>!,-><7C.9,<-a!!B>E@7@;:@(3@;@A8C(
1;HBA>879B;! F:,;:! 67<A,=48! D4-47./! =.9.! .3<@9! 9:4! ;<C6494-;4p! !B>E@7@;:@(
&C@>@;76!F:,;:!.74!8C.//47! /4.7-,-D!6@76<848!.-=!C4.-8!C<74!864;,>,;!.-=!;<-;7494!
/4.7-,-D! 67<;488! <@9;<C48p! /9<8:79:8C( 3?9<@C9;@6! .-=! 9:4! !B>E@7@;:@( !B;7@I7! <>!
.66/,;.9,<-B!!

!B>E@7@;:@(&C@>@;76! ,-! 9@7-!=48;7,34! 9:4!H884-9,./!c-<F/4=D4!F:,;:! 9:4!89@=4-9!
8:<@/=!C<3,/,[4!,-!.!864;,>,;!;<-94M9!9<!=4C<-897.94!9:4!.;R@,8,9,<-!<>!9:4!;<C6494-;4!
.-=!9:4!!B>E@7@;:@(&K9<@;:@!.8!9:4!C4;:.-,8C!9<!C4.8@74!9:4!/4A4/!<>!.;:,4A4C4-9!
<>!4.;:!6.79,;@/.7!;<C6494-;4!4/4C4-9B!!

2:,8!.A.,/.3/4!,-><7C.9,<-!F:,;:!,8!9:4!.A.,/.3/4!T-<F/4=D4!4A,=4-;48!.74!4A./@.94=!
.;;<7=,-D!9<!J"*'KB!O;:@CL8!4A,=4-9,./!74.8<-,-D!.667<.;:!4M6/.,-8!:<F!9:4!4A,=4-;4!
;<C,-D! >7<C! =,>>474-9! 8<@7;48! ;.-! 34! 4A./@.94=B! I-! <@7! ;.841! 9:4! .-./08,8! <>! 9:4!
4A,=4-;4!,8!74/.94=!9<!,98!74/4A.-;41!9:4!74/4A.-;4!<>!9:4!/4.7-,-D!<3Q4;9!><7!.==7488,-D!
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F:.9! 9:4! 94.;:47! ,8! /<<T,-D! ><7B! I9! C4.-8! 74/4A.-;4! <>! 9:4! N_! 9<! C<9,A.94! 9:4!
.;:,4A4C4-9!<>!9:4!;<C6494-;4!,-!89@=4-98B!

6.2.2 Learning objects relevance through the Micro-Context 

2:4!.@9<C.9,;!=,8.C3,D@.9,<-!<>!F<7=!84-848!U^OPV!:.8!344-!.-!,-947489!.-=!;<-;47-!
8,-;4!9:4!4.7/,489!=.08!<>!;<C6@947!974.9C4-9!<>!/.-D@.D4!,-!9:4!"$(#v8!.-=!,9!,-A</A48!
9:4! .88<;,.9,<-! <>! .! D,A4-! F<7=! ,-! .! 94M9! <7! =,8;<@784! F,9:! .! =4>,-,9,<-! <7!C4.-,-D!
U84-84V!F:,;:! ,8! =,89,-D@,8:.3/4! >7<C!<9:47!C4.-,-D8!6<94-9,.//0! .997,3@9.3/4! 9<! 9:.9!
F<7=!J"*)KB!

Z//!=,8.C3,D@.9,<-!F<7T!,-A</A48!C.9;:,-D!9:4!;<-94M9!<>!9:4!,-89.-;4!<>!9:4!F<7=!
9<! 34! =,8.C3,D@.94=! F,9:! 4,9:47! ,-><7C.9,<-! >7<C! .-! 4M947-./! T-<F/4=D4! 8<@7;4!
UT-<F/4=D4! =7,A4-! ^OPV1! <7! ,-><7C.9,<-! .3<@9! 9:4! ;<-94M98! <>! 674A,<@8/0!
=,8.C3,D@.94=! ,-89.-;48! <>! 9:4! F<7=! =47,A4=! >7<C! ;<76<7.! U=.9.X=7,A4-! <7! ;<76@8X
3.84=!^OPVB!

2:4! .88,D-C4-9! <>! F<7=8! 9<! 84-848! ,8! .;;<C6/,8:4=! 30! 74/,.-;4! <-! 9F<! C.Q<7!
8<@7;48!<>!,-><7C.9,<-a!

• 2:4!;<-94M9!<>!9:4!F<7=!9<!34!=,8.C3,D@.94=!,-!9:4!37<.=!84-84a!9:,8!,-;/@=48!
,-><7C.9,<-!;<-9.,-4=!F,9:,-!9:4!94M9!<7!=,8;<@784!,-!F:,;:!9:4!F<7=!.664.781!
9<D49:47!F,9:!4M97.X/,-D@,89,;!,-><7C.9,<-!.3<@9!9:4!94M9B!

• HM947-./! T-<F/4=D4! 8<@7;481! ,-;/@=,-D! /4M,;./1! 4-;0;/<64=,;1! 49;B! 748<@7;481! .8!
F4//!.8!:.-=X=4A,84=!T-<F/4=D4!8<@7;481!F:,;:!67<A,=4!@84>@/!=.9.!9<!.88<;,.94!
F<7=8!F,9:!84-848B!

\<89!=,8.C3,D@.9,<-!F<7T8!@84!9:4!/<;./!;<-94M9!<>!.!F<7=!<;;@774-;4!.8!.!67,C.70!
,-><7C.9,<-! 8<@7;4! ><7!^OPB! N<;./! <7! jC,;7<k! ;<-94M9! ,8! D4-47.//0! ;<-8,=474=! 9<! 34!
8<C4! 8C.//!F,-=<F!<>!F<7=8! 8@77<@-=,-D! .!F<7=! <;;@774-;4! ,-! .! 94M9! <7! =,8;<@7841!
>7<C!.!>4F!F<7=8!<>!;<-94M9!9<!9:4!4-9,74!84-94-;4!,-!F:,;:!9:4!9.7D49!F<7=!.664.78B!

^4! .74! D<,-D! 9<! ;<-8,=47! 9:4!C,;7<X;<-94M9! <>! .! /4.7-,-D! <3Q4;9! .8! .! 6.79! <>! 9:4!
;@77,;@/.7! 897@;9@74! F:474! 9:4! /4.7-,-D! <3Q4;9! 8:<@/=! /,A4! U/4.7-,-D! =48,D-! 9<! 34!
D4-47.94=VB!N49!@8!67484-9!9:4!><//<F,-D!4M.C6/4B!

S<-8,=47!9:4!><//<F,-D!;@77,;@/.7!897@;9@74!8:<F-!,-!2.3/4!((!34/<-D,-D!9<!.!;<@784!
<>!G-,>,4=!\<=4//,-D!N.-D@.D4!UG\NV1!D4-47.94=!3.84=! ,-! 9:4!;<C6494-;4!=4>,-,9,<-!
67<A,=4!30!.!94.;:47B!

!
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Table 55. Part of a Curricular Structure of UML Course 
G-,>,4=!\<=4//,-D!N.-D@.D4!

• I-97<=@;9,<-!9<!G\N!

! !B;:@E7(

! /98DA8>6(

! '@C879B;(BH(+-0(M97G(7G@(+;9H9@<($AB:@66(BH(/@K@CBE>@;7(

• 2:4!C<=4/8!

! G84!;.848!=,.D7.C8!

< #:7BA6(

< +6@(!86@(

< '@C879B;6(

! !C866(<98DA8>6(

! ,@O?@;:@(<98DA8>6(

! #:79K97=(<98DA8>6!

!

^4! -44=! 9<! 6/.;4! 9:4! N_1! F:,;:! ;.-! 34! <39.,-4=! .8! 9:4! 748@/98! <>! .! 674/,C,-.70!
84.7;:! 3.84=! ,-! 9:4! C4;:.-,8C! 67<A,=4=! 30! 9:4! N_`81! <7! .;;<7=,-D! 9<! 9:4! C497,;8!
=48;7,34=!,-!2.3/4!&1!,-!9:4!897@;9@74!>7<C!2.3/4!((B!I-!9:,8!C.--471!F4!=4A4/<64=!9:4!
.-./08,8!<>!9F<!=,>>474-9!C,;7<X;<-94M981!9:4!C,;7<X;<-94M9!<>!9:4!N_!,-!9:4!746<8,9<70!
897@;9@74! U;.9./<D@4V!F:474! 9:4!N_! ,8!6/.;4=1!.-=!9:4!C,;7<X;<-94M9!<>! 9:4!N_! ,-! 9:4!
;@77,;@/.7! 897@;9@741! F:474! 9:4! N_! F,//! 34! 6/.;4=B! S<C6.7,-D! 9:,8! 6<88,3/4! C,;7<X
;<-94M91! .! =4;,8,<-! 74D.7=,-D! 9:4!3489! /<;.9,<-!<>! 9:4! /4.7-,-D!<3Q4;9! ,-! 9:4! /4.7-,-D!
=48,D-!;.-!34!647><7C4=B!

2:4!>,789!8946!,8!9<!=4>,-4!9:4!C,;7<X;<-94M9!<>!4.;:!/4.7-,-D!<3Q4;9!UN_V!9<!34!6/.;4=!
.-=!./8<!9:4!6<88,3/4!C,;7<X;<-94M9!,-!9:4!;@77,;@/.7!897@;9@74B!

2:4!C,;7<X;<-94M9!F:474!.!N_!,8!6/.;4=!,-!.!N_`!;.9./<D@4!,8!D,A4-!30!4R@.9,<-!?B!
!
loMicroContext(LO,C) =
SuperCategories(LO,C)USubCategories(LO,C) !

Equation 2. LO micro-context 
!

I-! HR@.9,<-! ?1! N_! ,8! 9:4! /4.7-,-D! <3Q4;9! .-=! S! ,8! 9:4! ;.9./<D@4! ,-! 9:4! N_`B!
/<\,;7<S<-94M9!=4>,-48!9:4!N_!\,;7<XS<-94M9!,-9<!.!6.79,;@/.7!N_`!;.9./<D@4B!

2.3/4! (&! 8:<F8! 9:4! /<\,;7<S<-94M9! <>! <-4! N_1! jI-97<=@;9,<-! 9<! _\sv8! G-,>,4=!
\<=4//,-D!N.-D@.D4kB!



!"#$%&'(X*(( !.2%&Y%+#01Z&/(0.(,&'!"123(#2/($.,1%1.2123($'.!&,,(
!

!"&)!

!

Table 56. Introduction to OMG's UML 
O;,4-;4!.-=!24;:-</<D0!

• S<C6@947!O;,4-;4!

! E7<D7.CC,-D!N.-D@.D48!!

< "#!$%&'()*+&,(%!&(!#-./0!1%,2,3)!-()344,%5!"6%5*653!

!
;@\,;7<S<-94M9!=4>,-48! 9:4!6<88,3/4!C,;7<X;<-94M9! ,-! 9:4!S@77,;@/.7!O97@;9@74! USOV!

67<A,=4=!30!9:4!94.;:47B!2:484!6<88,3/4!C,;7<X;<-94M98!.74!D,A4-!30!HR@.9,<-!*B!
!

csMicroContext = cuMicroContext(leaves)
1

N
! !

Equation 3. Curricular structure micro-context 
!

2:4!-@C347!<>!/4.A48!,-!9:4!SO!=4>,-48!9:4!6<88,3/4!C,;7<X;<-94M9!,-!9:4!;@77,;@/.7!
897@;9@74B! 2:744! <>! -,-4! 6<88,3/4! C,;7<X;<-94M98! U;@78,A4! ,-! 2.3/4! ((V! ,-! 9:4! SO! .74!
8:<F-!,-!2.3/4!('B!
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Table 57. Possible micro-context in the UML Course 
 

FIRST POSSIBLE MICRO-CONTEXT IN THE LEARNING DESIGN 
• G-,>,4=!\<=4//,-D!N.-D@.D4!

! I-97<=@;9,<-!9<!G\N!

< S<-;469!

SECOND POSSIBLE MICRO-CONTEXT IN THE LEARNING DESIGN 
• G-,>,4=!\<=4//,-D!N.-D@.D4!

! 2:4!C<=4/8!

< G84!;.848!=,.D7.C8!

! Z;9<78!

THIRD POSSIBLE MICRO-CONTEXT IN THE LEARNING DESIGN 
• G-,>,4=!\<=4//,-D!N.-D@.D4!

! 2:4!C<=4/8!

< S/.88!=,.D7.C8!

!
Y<F1!9:4!84;<-=!8946!,8!9<!;./;@/.94!9:4!8,C,/.7,90!349F44-!9:4!=,>>474-9!SO!\,;7<X

S<-94M9!.-=! 9:4!N_!\,;7<XS<-94M9! ,-!<7=47! 9<!6/.;4! 9:4!N_! ,-! 9:4! 897@;9@74B! +<7! 9:,8!
89461!F4!67<6<84!9<!@84!=,>>474-9!4M,89,-D!C497,;8!9<!;./;@/.94!9:4!8,C,/.7,90!349F44-!
9:4! 2+XIP+! U247C! +74R@4-;01! I-A4784!P<;@C4-9! +74R@4-;0V! ,->4774=! A4;9<78! 9:7<@D:!
9:4!.-./084=!\,;7<XS<-94M9! USO!.-=!N_VB!^4!@84! 8,C,/.7,90!C4.8@748! 9:.9!:.A4!344-!
4M94-8,A4/0!A./,=.94=!,-!,-><7C.9,<-!7497,4A./1!,-!6.79,;@/.71!P,;4!;<4>>,;,4-9!.-=!S<8,-4!
P,89.-;4!J"*$KB!

P,;4!;<4>>,;,4-9!;<C6.748!9:4!8,C,/.7,90!349F44-!9F<!A4;9<78!Ud!.-=!PV!>7<C!#!9<!"1!
F:474! "! ,-=,;.94! ,=4-9,;./! A4;9<78! .-=! #! <79:<D<-./! A4;9<78B! HR@.9,<-! 5! 8:<F8! P,;4!
;<4>>,;,4-9B!

!

s = 2 |Q!D |
|Q |+ |D | !

Equation 4. Dice coefficient 
!

S<8,-4!P,89.-;4! A.7,48! 349F44-! X"! .-=! "1!F:474! x"!C4.-8! 4M.;9/0! <66<8,941! 9<! "!
C4.-8!4M.;9/0!9:4!8.C4!.-=!#!@8@.//0!,-=,;.948!,-=464-=4-;41!.-=!,-X349F44-!A./@48!
,-=,;.94! ,-947C4=,.94! 8,C,/.7,90!<7!=,88,C,/.7,90B! HR@.9,<-!(!67484-98!S<8,-4!P,89.-;4B!
! !7467484-98!9:4!.-D/4!349F44-!dyPB!
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!

s = Q.D
|Q ||D |

= cos(! ) 1F:474!! !,8!9:4!.-D/4!349F44-!d!y!P!

Equation 5. Cosine Distance 
!

].84=!<-! 9:4! 748@/98!<>! 9:4!./D<7,9:C8! ><7!C497,;8! ,C6/4C4-9.9,<-1! 9:4!N_!F,//!34!
6/.;4=!,-!9:4!C<89!8,C,/.7!\,;7<XS<-94M9! ,-!9:4!SO!F,9:!74864;9!9<!9:4!\,;7<XS<-94M9!
<>!9:4!N_!,-!9:4!746<8,9<70!897@;9@74!U;.9./<D@4VB!

6.3.  EVALUATION 

6.3.1 Description of the evaluation process  

Z>947! ,C6/4C4-9,-D!<@7!8</@9,<-8! ><7! 84.7;:,-D!.-=! /<;.9,-D!N_1!.-!4A./@.9,<-!<>!<@7!
=4A4/<6C4-98!:.8!344-!;<-=@;94=B!Z8!C4-9,<-4=!34><741!C.,-!,88@4!<>!9:,8!;:.6947!,8!
9<! ,-97<=@;4! <@7! 8</@9,<-! ><7! /<<T,-D! /4.7-,-D! <3Q4;98! ,-! =,897,3@94=! /4.7-,-D! <3Q4;9!
746<8,9<7,48!.8!F4//!.8!9:4,7!6<8,9,<-,-D!67<;488!,-!9:4!C<89!67<C,8,-D!C,;7<X;<-94M98!
<>!9:4!>@9@74!D4-47.94=!/4.7-,-D!=48,D-B!

I-! 84;9,<-! *B?B?B"! F4! ,-97<=@;4! 9:4! /.0474=! 4A./@.9,<-! ><7! .=.69,A4! :0647C4=,.!
80894C8! .8! .! D<<=! .667<.;:! 9<! ;<C6/494/0! A./,=.94! 9:4! 4/4C4-98! <>! 9:,8! T,-=! <>!
80894C8B!^4!;<-8,=47!9:4!@84!<>!.!/.0474=!4A./@.9,<-!67<;488!9<!C4.8@74!9:4!748@/98!,-!
<@7! =4A4/<6C4-9! 34;.@84! 9:4!C<89! ,C6<79.-9! .88<;,.94=! =4;,8,<-! 67<;488! U/<;.94! .!
/4.7-,-D! <3Q4;9! ,-! .! /4.7-,-D! =48,D-! 897@;9@74V! 8@66<79! .-! .=.69,A4! C4;:.-,8C!
UZ=.69,A4! N4.7-,-D! P48,D-! s4-47.9,<-! E7<;488! 3.84=! <-! 89@=4-98! .-=! 94.;:478!
674>474-;48VB!Z;;<7=,-D!9<!9:4!.=.69,A4!80894C!4A./@.9,<-!9:4<70!=,>>474-9!/.0478!:.A4!
344-!;<-8,=474=!,-!<@7!89@=0!,-!<7=47!9<!9489!.//!9:4!4/4C4-98!<>!9:4!.=.69,A4!80894C!
J"#?K1! J"5#K1! J"5"KB! ! I-! 9:,8! 6.79! <>! <@7! 7484.7;:1! F4! ;<-8,=47! 9:4! ><//<F,-D! 849! <>!
4A./@.9,<-8!/.0478a!

• 2:4! =4;,8,<-!C.T,-D! 4A./@.9,<-! /.0471!F:474! 9:4! R@489,<-! 9<! 34! .-8F474=! ,8a!
.74!9:4!=4;,8,<-8!.3<@9!F:474!9:4!/4.7-,-D!<3Q4;98!8:<@/=!34!/<;.94=!A./,=!.-=!
C4.-,-D>@/!><7!94.;:478r!!

• G847!8.9,8>.;9,<-!4A./@.9,<-!/.0471!F:474!9:4!R@489,<-!9<!34!.-8F474=!,8a!,8!9:4!
67<6<84=!8</@9,<-!.=4R@.94=!9<!9:4!94.;:47L8!4M64;9.9,<-r!

6.3.2 Testing Course, Object Oriented Design with UML 

_3Q4;9!_7,4-94=!P48,D-!F,9:!G\N!,8!.!;<@784!<>>474=!30!9:4!G-,A478,90!<>!s,7<-.!,-!9:4!
><7C./! 4=@;.9,<-./! 67<;488B! 2:4! ;<@784! 67494-=8! 9<! 89,C@/.94! 9:4! 89@=4-9! 9:4!
.;:,4A4C4-9! <>! 9:4! ><//<F,-D! ;<C6494-;4! ,-! 89@=4-98a! j2:4! 89@=4-9! F,//! 34! .3/4! 9<!
=48,D-! <3Q4;9! <7,4-94=! 8<>9F.74! @8,-D! 9:4! @-,>,4=! C<=4//,-D! /.-D@.D4! UG\NVB! 2:4!
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89@=4-9!F,//!,=4-9,>0!9:4!C<89!.=4R@.94!=,.D7.C8!9<!8@66<79!9:4!864;,>,;.9,<-!<>!4.;:!
8946!,-!9:4!<3Q4;9!<7,4-94=!=4A4/<6C4-9!67<;488k!!

+<7! 9:,8! ;<C6494-;41! >,A4! =,>>474-9! ;<C6494-;4! 4/4C4-98! .-=! 9:4,7! .88<;,.94=!
;<C6494-;4!T-<F/4=D4!F474!=4>,-4=a!

+,789! S<C6494-;4! H/4C4-9a! O9@=4-9! =4>,-48! G-,>,4=! \<=4//,-D! N.-D@.D4! .-=!
,=4-9,>,48! ,98! C.,-! .88<;,.94=! =,.D7.C8B! S<C6494-;4! c-<F/4=D4a! G-,>,4=! \<=4//,-D!
N.-D@.D4!.-=!,98!P,.D7.C8B!

O4;<-=! S<C6494-;4! H/4C4-9a! O9@=4-9! @-=4789.-=8! 9:4! ;<-;469! <>! G84! S.84!
P,.D7.C8! .-=! 9:4,7! .88<;,.94=! ;<-;46981! 8@;:! .8! .;9<781! ,-;/@8,<-1! 4M94-8,<-1! .-=!
D4-47./,[.9,<-B!S<C6494-;4!c-<F/4=D4a!G84!S.84!P,.D7.C8B!

2:,7=!S<C6494-;4!H/4C4-9a!O9@=4-9!@-=4789.-=8!9:4!;<-;469!<>!S/.88!P,.D7.C8!.-=!
=48,D-!;/.88!=,.D7.C8!;<-8,=47,-D!@8478!74R@,74C4-98B!S<C6494-;4!c-<F/4=D4a!S/.88!
P,.D7.C8B!

+<@79:! S<C6494-;4! H/4C4-9a! 89@=4-9! @-=4789.-=8! 9:4! ;<-;469! <>! ,-947.;9,<-!
=,.D7.C81! ,-! 6.79,;@/.71! 84R@4-;4! .-=! ;<//.3<7.9,<-! =,.D7.C8B! W4e8:4! 4M6748848! 9:4!
=0-.C,;! A,4F! <>! 9:4! 8<>9F.74! @8,-D! 9:,8! T,-=! <>! =,.D7.C8B! S<C6494-;4! c-<F/4=D4a!
I-947.;9,<-!P,.D7.C8a!O4R@4-;4!.-=!S<//.3<7.9,<-!P,.D7.C8B!

+,>9:!S<C6494-;4!H/4C4-9a! 89@=4-9!@-=4789.-=8! 9:4! ;<-;469!<>!Z;9,A,90!P,.D7.C8!
9<!;<-897@;9!.;9,A,90!>/<F8B!S<C6494-;4!c-<F/4=D4a!Z;9,A,90!P,.D7.C8B!

+<7!9:,8!;<@7841!)'!<64-!/4.7-,-D!<3Q4;98!F474!4M97.;94=!9<!9:4!;<@784!67484-94=!,-!
84;9,<-! *B?B?B?B! 2:484! /4.7-,-D! <3Q4;98! F474! /<;.94=! ,-! .-! ,-89.-;4! <>! 9:4! +4=<7.!
S<CC<-8!`46<8,9<70!.A.,/.3/4!.9!G-,A478,90!<>!s,7<-.B!2:4!849!<>! /4.7-,-D!<3Q4;98! 9<!
8@66<79!9:4! /4.7-,-D!67<;488!;<A478!=,A4784!90648!<>!.9<C,;!748<@7;48!F,9:!.!864;,>,;!
64=.D<D,;./!,-94-9,<-B!2:474!.74!9:484!T,-=8!<>!/4.7-,-D!<3Q4;98a!4M47;,841!8,C@/.9,<-81!
=,.D7.C81!>,D@7481!D7.6:81!,-=4M481!8/,=481!9.3/41!-.77.9,A4!94M981!4M647,C4-981!67<3/4C!
89.94C4-981!/4;9@7481!R@489,<--.,7481!4M.C8!.-=!84/>X!.88488C4-98B!+@79:47C<741!4.;:!
/4.7-,-D! <3Q4;9! :.8! <-4! .88<;,.94=! N_\! C49.=.9.! F:474! 9:4! C<89! 74/4A.-9!
,-><7C.9,<-!.3<@9!9:4!/4.7-,-D!<3Q4;9!,8!=4>,-4=!9:7<@D:!.!/.34//,-D!67<;488B!

6.3.3 The decision making evaluation layer 

6.3.3.1 Description 

2:4!C.,-! 6@76<84! <>! 9:,8! 4A./@.9,<-! /.047! ,8! 9<! A./,=.94! <@7! 67<;488! ><7! 6<8,9,<-,-D!
/4.7-,-D!<3Q4;98!>7<C!=,>>474-9!/4.7-,-D!<3Q4;98!746<8,9<7,48!,-!9:4!;@77,;@/.7!897@;9@74!
<>!.!/4.7-,-D!=48,D-B!

Z;;<7=,-D!9<!9:4!906</<D,48! >7<C!J"5?K1! J"5*K!<>! 9:4!N4.7-,-D!_3Q4;98!`46<8,9<7,48!
,-A</A4=! ,-! <@7! 7484.7;:! .-=! ><7! 9:4! ;:.7.;947! <>! 9:4! 674A,<@8! <39.,-4=! 748@/981! F4!
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:.A4! ;<-8,=474=! =,A,=,-D! 9:4! 9489,-D! 8;4-.7,<8! ,-! 9F<! =,>>474-9! 4-A,7<-C4-981! .-!
@-;<-97<//4=!.-=!.!;<-97<//4=!4-A,7<-C4-9B!!

2:4! @-;<-97<//4=! 4-A,7<-C4-9! ;<-8,898! <>! 746<8,9<7,48! F,9:! =,A4784! /4A4/! <>!
/.34//,-D1! F:474! /4.7-,-D! <3Q4;98! :.A4! =,>>474-9! =4D7448! <>! D7.-@/.7,90B! 2:,8!
4-A,7<-C4-9! 647C,98! @8! 9<! A47,>0! 9:4! 6<88,3,/,9,48! .-=! /,C,9.9,<-8! <>! <@7! .667<.;:!
;<-8,=47,-D! @-;<-97<//4=! 746<8,9<7,48! <A47! F:,;:! /.34//4=! ,-! 9:4! C49.=.9.! ,8! -<9!
=4>,-4=!<7!8@647A,84=B!

2:4! S<-97<//4=! 4-A,7<-C4-9! ;<-8,898! <>! 746<8,9<7,48! .A.,/.3/4! .9! G-,A478,90! <>!
s,7<-.! F:474! 9:4! /.34//,-D! F.8! 674A,<@8/0! =4>,-4=! ;<-8,=47,-D! 9:4! 74/4A.-9!
,-><7C.9,<-! .-=! 9:4! D7.-@/.7,90! <>! 9:4! /4.7-,-D! <3Q4;98! F.8! =4>,-4=B! 2:,8! T,-=! <>!
4-A,7<-C4-9! 647C,98! @8! 9<! A47,>0! C<74! ;/<84/0! 9:4! 674;,8,<-! <>! 9:4! 67<6<84=!
./D<7,9:C8!F,9:!.!;<-97<//4=!849!<>!/4.7-,-D!<3Q4;98!.-=!9:4,7!C49.=.9.B!

]<9:! 4-A,7<-C4-98! 8:.74! 9:4! 8.C4! 9489,-D! ;<@784! .-=1! ><7! 9:,8! 74.8<-1! 9:4!
;<C6494-;4!=4>,-,9,<-!.-=!9:4!.-./084=!C,;7<X;<-94M9!.88<;,.94=!9<!9:4!;<C6494-;4!
F474!9:4!8.C4!><7!3<9:!4-A,7<-C4-98B!

6.3.3.2 First scenario: an uncontrolled environment 

Description and Methodology 

2:,8! 8;4-.7,<! 8:.748! 9:4! 6@76<84! <>! A./,=.9,-D! <@7! 67<6<8./! ><7! 6<8,9,<-,-D! /4.7-,-D!
<3Q4;98! >7<C! =,>>474-9! /4.7-,-D! <3Q4;98! 746<8,9<7,48! ,-! 9:4! ;@77,;@/.7! 897@;9@74! <>! .!
/4.7-,-D!=48,D-B!

G-;<-97<//4=! 4-A,7<-C4-9! ;<-8,=478! =,>>474-9! /4.7-,-D! <3Q4;98! 746<8,9<7,48! /,-T4=!
9:7<@D:! 9:4! 8.C4! ,-947>.;4! 67<A,=4! 30! N_`OHB! I-A</A4=! 746<8,9<7,48! .74a! Z`IZPYH1!
\H`N_21! O\H2H! .-=! sZ2H^ZwB! N4.7-,-D! <3Q4;98! ,-! 9:484! 746<8,9<7,48! .74! /.34//4=!
F,9:! N_\1! <9:478! F,9:! P@3/,-! S<741! 3@9! ,-! D4-47./1! F,9:! .! 8C.//! 849! <>! ,-><7C.9,<-!
=4>,-4=!30!9:4!\.7T49X\.T478B!

2:4!67<;488!=4A4/<64=!30!9:4!89@=0!,-!9:,8!4-A,7<-C4-9!F.8!.8!><//<F8a!

• ^4!/<<T4=!><7!9:4!;.9./<D@4!67<A,=4=!><7!4.;:!=4>,-4=!746<8,9<70B!

• P,>>474-9! T,-=8! <>! 84.7;:!F474! 647><7C4=! <A47! 9:4! =4>,-4=! 746<8,9<7,48! @8,-D!
=,A4784! 84.7;:! ;7,947,.B! 2:4! ;7,947,.! F474! =4>,-4=! ;<-8,=47,-D! 9:4! ,-><7C.9,<-!
67<A,=4=! ><7! 9:4! C49.=.9.! ,-! 4.;:! 746<8,9<70! .-=! 9:4! 84.7;:,-D! C4;:.-,8C!
67<A,=4=! ><7! 4.;:!<>! 9:4CB! 2:4-1!F4! 84/4;9! 9:4! 94-!C<89! 74/4A.-9! N_! ><7! <@7!
89@=0B!

• G8,-D! 9:4! 674A,<@8! ,-><7C.9,<-1! 9:4! N_!C,;7<X;<-94M9! U/<\,;7<S<-94M9V! ,-! 9:4!
746<8,9<70!F.8! ;<-897@;94=! ,-! 9F<!=,>>474-9!F.08B! 2:4! >,789!<-41! .8!=4>,-4=! ,-!
84;9,<-!&B?B!B!2:4!84;<-=!<-4!./8<!;<-8,=474=!9:4!N_!C49.=.9.!.8!.!6.79!<>!9:4!
N_! C,;7<X;<-94M9B! 2:,8! F.8! -4;488.70! 34;.@84! ,-! C.-0! ;.848! 9:4! N_! C,;7<X
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;<-94M9!3.84=!<-!9:4!N_!;.9./<D@4!F.8!-<9!8,D-,>,;.-9!><7!<@7!89@=0!34;.@84!9:4!
N_!C,;7<X;<-94M9!=<48!-<9!8@66<79!9:4!67<6<84=!8,C,/.7,90!.-./08,8B!

• 2:4! -4M9! 8946! F.8! 3@,/=,-D! 9:4! C,;7<X;<-94M9! ,-! 9:4! ;@77,;@/.7! 897@;9@74!
U;@\,;7<S<-94M9VB!^4!=4>,-4=!8,M!C,;7<X;<-94M98p!>,A4!=,>>474-9!C,;7<X;<-94M98!
.;;<7=,-D! F,9:! 9<! 9:4! >,A4! ;<C6494-;4! T-<F/4=D48! =4>,-4=! ,-! 9:4! ;<@784!
;<C6494-;41! .-=! .! D4-47./! ;<@784!C,;7<X;<-94M9B! 2:,8! D4-47./! ;<@784!C,;7<X
;<-94M9!;<-8,898!<>!9:4!9,9/41!=48;7,69,<-!.-=!.//!9:4!T-<F/4=D4!.88<;,.94=!9<!9:4!
;<C6494-;4B!

• W.A,-D!.//!C,;7<X;<-94M9!,-A</A4=!U/<\,;7<S<-94M9!.-=!9:4!;@\,;7<S<-94M9V1!F4!
67<;44=4=! 9<! ;<C6.74! 9:4C! ;./;@/.9,-D! 9:4! 8,C,/.7,90! C4.8@74C4-98! .C<-D!
9:4!\,;7<XS<-94M98B!^4!;./;@/.94=!9:4!8,C,/.7,90!349F44-!4.;:!/4.7-,-D!<3Q4;9!
F,9:!74864;9!9<!4.;:!;@77,;@/.7!897@;9@74!\,;7<XS<-94M98B!2:4-1!F4!;<-8</,=.94=!
.-!.A47.D4!8,C,/.7,901!D7<@6,-D!9:4!/4.7-,-D!<3Q4;98!.;;<7=,-D!9<!9:4!746<8,9<70!
F:474!9:4!N_!.74!6/.;4=B!

Results and Conclusions 

2.3/4! ()! 8:<F8! 9:4! C<89! 74/4A.-9! 748@/98! <>! 9:,8! 89@=0B! 2:4! >,789! ;</@C-! =4>,-48!
=,>>474-9! ;7,947,.! ><7! 84.7;:,-D! ,-! 9:4! ;<-8,=474=! /4.7-,-D! <3Q4;98! 746<8,9<7,48B! 2:4!
8.C4! ;7,947,.! F.8! ;<-8,=474=! 9<! =4>,-4! 9:4! N_! C,;7<X;<-94M98B! Z==,9,<-./! ;</@C-8!
7467484-9! 9:4! 748@/98! <>! 9:4! .A47.D4! 8,C,/.7,90! ;<-8</,=.9,<-! F,9:! 74864;9! 9<! 9:4!
D4-47./!;<@784!C,;7<X;<-94M9B!

N49! @8! ,-97<=@;4! .-! 4M.C6/4B! #1?*&)! ,8! 9:4! .A47.D4! <>! 9:4! 8,C,/.7,90! C4.8@74!
;./;@/.94=!.C<-D!9:4!94-! /4.7-,-D!<3Q4;98!7497,4A4=!@8,-D!9:4!C49.=.9.1! ,-! 9:,8!;.841!
Z3374A,.9,<-! <>! T40F<7=8! >7<C!\47/<9B! +<7! 4.;:! /4.7-,-D! <3Q4;9! 9:4! 8,C,/.7,90! <>! ,98!
C,;7<X;<-94M9! F.8! ;./;@/.94=! F,9:! 74864;9! 9<! 9:4! D4-47./! ;<@784! C,;7<X;<-94M9!
C4-9,<-4=!34><74B!

^4!=<!-<9!8:<F!9:4!.-./08,8!<>!9:4!<9:47!6.79,./!;@77,;@/.7!897@;9@74!C,;7<X;<-94M98!
;<-8,=47,-D!9:4!;<C6494-;4!T-<F/4=D4!34;.@84!9:4!8,C,/.7,90!C4.8@748!.74!A470!8C.//!
.-=! 4M974C4/0! ;/<84! .C<-D! 9:4C1!F:,;:! =<! -<9! 647C,9! @8! 9<! =,8;7,C,-.94! 9:4!C<89!
67<C,8,-D!C,;7<X;<-94M9!><7!.!/4.7-,-D!<3Q4;9B!

_-4! <>! 9:4! C<89! ,C6<79.-9! ;<-;/@8,<-8! 74/.94=! 9<! 9:,8! 89@=0! F.8! 9:.9! @8,-D! 9:4!
=4>,-,9,<-!<>! 9:4!67<A,=4=!;.9./<D@4! ><7!@-;<-97<//4=!746<8,9<7,48!.8!.!C4;:.-,8C!9<!
=4>,-4!9:4!/4.7-,-D!<3Q4;9!C,;7<X;<-94M9!,-!.!-4F!/4.7-,-D!=48,D-!,8!A470!=,>>,;@/9B!2:.9!
;<@/=!34!A47,>,4=!30!<3847A,-D!7<F!8,M!,-!2.3/4!()B!2:4!74.8<-!,8!8,C6/4a!9:4!;.9./<D@4!
=4>,-,9,<-! ,8! 9<<! D4-47./! ><7! 9:4! N__c! 67<;488! 9<! 6/.;4! 9:4! /4.7-,-D! <3Q4;98! ,-9<! .!
C,;7<X;<-94M9! =4>,-4=! 30! 9:4! ;<C6494-;4B! 2:4!\,;7<X;<-94M9! <>! 9:4! ;.9./<D@4! =<48!
-<9!C449!9:4!\,;7<X;<-94M9!4M97.;94=!9:7<@D:!9:4!;<C6494-;4!=4>,-,9,<-B!!

!



!"#$%&'(X*(( !.2%&Y%+#01Z&/(0.(,&'!"123(#2/($.,1%1.2123($'.!&,,(
!

!"'5!

Table 58. Analysis of General Competence Micro-Context and Learning 
Objects Micro-Context 

SEARCH 
CRITERIA MERLOT ARIADNE GATEWAY SMETE 

-789:989!
;9<<=7>$98$#?! #@! 9!
A7BC#=:D! #1?*&)! #1?"5#! #1##$?! #1?"&5!

-789:989! ;#?7!
A7BC#=:D! #1"$"(! #1?(#"! #1#(")! #1"?*&!

-789:989! ;A7BC#=:E!
9?:! 9<<=7>$98$#?! #@! 9!
A7BC#=:D! #1"$"(! #1?'*'! #1#**)! #1"?*&!

-789:989! F! EG#=8!
H987.#=$7E! #1#$)&! YZ! YZ! YZ!

-789:989!F!H987.#=$7E! #1"**'! YZ! YZ! YZ!

H987.#=$7E! #1##)"! YZ! YZ! YZ!

!

!

2:,8! 8,9@.9,<-! /4=! @8! 9<! 74=4>,-4! 9:4! \,;7<XS<-94M9! <>! 9:4! /4.7-,-D! <3Q4;9! ,-!
4R@.9,<-!&B!

!
loMicroContext(LO,C) =
SuperCategories(LO,C)USubCategories(LO,C)UMetadata !

Equation 6. New LO Micro-Context 
!

W<F4A471! 8,C,/.7,90!C4.8@748!349F44-!3<9:!\,;7<XS<-94M98!=<!-<9!8:<F!.!897<-D!
74/.9,<-8:,61! ./9:<@D:! .! C.-@./! .-./08,8! <>! 9:4! 748<@7;48! ;<-94-9! 8:<F8! .! 897<-D!
74/.9,<-8:,6!><7!9:4!4=@;.9,<-./!67<;488B!

!

6.3.3.3 Second scenario: Controlled environment 

Description and Methodology 

Z8!F.8!C4-9,<-4=!34><741!,-!<7=47!9<!9489!<@7!67<6<8./!,-!.!;<-97<//4=!4-A,7<-C4-9!F4!
:.A4!6746.74=!.!;<C6/494!S<@784!<>!_3Q4;9!_7,4-94=!P48,D-!F,9:!G\NB!!

2:4!C.,-! <3Q4;9,A4! <>! 9:,8! 89@=0!F.8! 9<! .-./084! 9:4! ;.6.;,90! <>! <@7! .667<.;:! ><7!
/<;.9,-D!.=4R@.94/0!9:4!/4.7-,-D!<3Q4;98!,-9<!.!864;,>,;!;<@784!897@;9@74!3@9!F,9:!.!849!
<>!/4.7-,-D!<3Q4;98!/.34//4=!.=4R@.94/0B!
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2:4! 89.79,-D! 6<,-9! ,8! 9:4! j;<774;9k! ;/.88,>,;.9,<-! =4A4/<64=! 30! .-! 4M6479! 94.;:47B!
2:,8!C4.-8! 9:.9!.! 94.;:47!67<A,=4=!@8!F,9:! 9:4! ,-><7C.9,<-!<>!:<F!:4e8:4!6@98! 9:4!
<3Q4;98!,-!9:4!67<6<84=!;@77,;@/.7!897@;9@74B!

2:4!67<;488!=4A4/<64=!30!9:4!89@=0!,-!9:,8!4-A,7<-C4-9!F.8!.8!><//<F8a!

• Z;;<7=,-D!9<!9:4!,-><7C.9,<-!67<A,=4=!,-!9:4!;<C6494-;4!=4>,-,9,<-1!.!897@;9@74!
><7!9:4!;<@784!F.8!=4>,-4=1!.8!8:<F-!,-!2.3/4!((B!

• 24.;:47!C.-@.//0!6/.;48!9:4!4,D:90X84A4-!U)'V!.A.,/.3/4!<3Q4;98!,-!9:4!897@;9@74!
=4>,-4=! ><7! 9:4! ;<@784B! I-! 9:,8! F.01! F4! :.A4! =4>,-4=! .! 6<,-9! ><7! ;<C6.7,-D!
6<,-9B!!

• +,A4! \,;7<XS<-94M98! .88<;,.94=! 9<! 9:4! G\N! S<@784! ;@77,;@/.7! 897@;9@74!
U;@\,;7<XS<-94M9V!F474!=4>,-4=B!

• 2:4! \,;7<XS<-94M98! <>! 4.;:! /4.7-,-D! <3Q4;9! U/<\,;7<XS<-94M9V! ,-! 9:4! G\N!
;<@784!F474!=4>,-4=B!

• O,C,/.7,90! C4.8@74C4-98! 349F44-! 4.;:! /<\,;7<XS<-94M9! .-=! 4.;:! ;@\,;7<X
S<-94M9!F474! ;./;@/.94=B! 2:,8!C4.-8! 9:.9! ><7! 4.;:! N_! .A.,/.3/4! <3Q4;9! ,-! 9:4!
;<@784!U)'V1!,98!\,;7<XS<-94M9!F.8!;<C6.74=!9<!9:4!>,A4!=4>,-4=!\,;7<XS<-94M9!
,-!9:4!;@77,;@/.7!897@;9@74B!

• s7<@6,-D! 9:4! N_! .;;<7=,-D! F,9:! 9:4! ;/.88,>,;.9,<-! 67<A,=4=! 30! 9:4! 4M6479!
94.;:471!9:4!8,C,/.7,90!.A47.D4!><7!4.;:!;@77,;@/.7!897@;9@74!\,;7<XS<-94M9!F.8!
;./;@/.94=B!

• 2:4-1! F4! ;<C6.74=! 9:4! 8,C,/.7,90! ><7! 4.;:! 849! <>! /4.7-,-D! <3Q4;98! ><7! 4.;:!
;@77,;@/.7!897@;9@74!\,;7<XS<-94M9B!

Results and Conclusions 

E@76<84!<>!2.3/4!($!.-=!2.3/4!&#!,8!9<!67484-9!9:4!N__c!674;,8,<-!9<!6/.;4!9:4!N_8!,-!
9:4!3489!;@77,;@/.7!897@;9@74!C,;7<X;<-94M9B!2:4!<39.,-4=!748@/98!;<C4!>7<C!;./;@/.9,-D!
9:4!.A47.D4!8,C,/.7,90!><7!4.;:!849!<>!/4.7-,-D!<3Q4;98!674A,<@8/0!6/.;4=!30!94.;:478!,-!
.! 6.79,;@/.7! ;8\,;7<X;<-94M9B! 2:4! 748@/98! 8:<F! 9:4! ;<77486<-=4-;4! 349F44-! 9:4!
94.;:47L8!;/.88,>,;.9,<-!.-=!9:4!N__c!67<;488!;/.88,>,;.9,<-!.-=!,-=,;.94!9:.9!,-!D4-47./!
N__c!6/.;48!9:4!N_8!,-!9:4!3489!;8\,;7<XS<-94M9!.;;<7=,-D!9<!94.;:47L8!<6,-,<-B!

I-! 2.3/4! ($! .-=! 2.3/4! &#1! 9:4! 7<F8! 8:<F! 9:4! ,=4-9,>,4=! ;8\,;7<XS<-94M98!
UI-97<=@;9,<-1! Z;9,A,90! P,.D7.C1! S/.88! P,.D7.C1! G84! S.84! P,.D7.C! .-=! I-947.;9,<-!
P,.D7.CV! .-=! 9:4! ;</@C-8! 7467484-9! 9:4!C,;7<X;<-94M9!F:474! 9:4! 94.;:47! ;/.88,>,48!
9:4! 849! <>! /4.7-,-D! <3Q4;98! 674A,<@8/0B! 2:4! A./@48! ,-! 9:4! 9.3/4! ,-=,;.94! 9:4! .A47.D4!
8,C,/.7,90! 349F44-! 9:4! \,;7<X;<-94M9! <>! 4.;:! 849! <>! N_! 674A,<@8/0! ;/.88,>,4=! 30! 9:4!
94.;:478!.-=!4.;:!;8\,;7<XS<-94M9B!!!



!"#$%&'(X*(( !.2%&Y%+#01Z&/(0.(,&'!"123(#2/($.,1%1.2123($'.!&,,(
!

!"'&!

!!+<7! 4M.C6/41! ;<-8,=47,-D! 9:4! >,789! ;</@C-1!F4! ;./;@/.94! 9:4! .A47.D4! 8,C,/.7,90! <>!
9:4!849!<>!N_!674A,<@8/0!;/.88,>,4=!30!94.;:47! ,-! I-97<=@;9,<-!\,;7<XS<-94M9!.-=!4.;:!
;8\,;7<XS<-94M9B! I-! 9:,8! F.0! 9:4! 8,C,/.7,9,48! .74a! ><7! 9:4! I-97<=@;9,<-!\,;7<XS<-94M9!
U#B????V1!><7!9:4!Z;9,A,90!=,.D7.C!\,;7<XS<-94M9!U#B"*'$V1!><7!9:4!S/.88!P,.D7.C!\,;7<X
S<-94M9!U#B""$5V1!49;B!^4!<3847A4!9:.9!9:4!.A47.D4!8,C,/.7,90!<>!9:4!849!<>!N_!6/.;4=!30!
9:4! 94.;:47! ,-! 9:4! I-97<=@;9,<-! \,;7<XS<-94M9! ;<,-;,=48! F,9:! 9:4! :,D:489! 8,C,/.7,90!
;./;@/.94=! 30! N__c! ,-! 9:4! I-97<=@;9,<-! ;8\,;7<XS<-94M91! #B????B! I-! 9:,8! F.0! 9:4!
=4;,8,<-! 9.T4-! 30! N__c! <>! 6/.;,-D! 9:484! N_! ,-! 9:4! I-97<=@;9,<-! \,;7<XS<-94M9!
;<77486<-=8! 9<! 9:4! 94.;:47! C.-@./! =4;,8,<-! <>! 6<8,9,<-,-D! 9:484! N_8! ,-! 9:4!
I-97<=@;9,<-!\,;7<XS<-94M9B!

!

Table 59. DICE Analysis Results 

H1==$H1"9=!E8=1H81=7!
-$H=#IH#?87J8E!

9?9"BE$E!@#=!8G7!E78!#@!"#!K=7>$#1E"B!H"9EE$@$7:!<B!8G7!879HG7=!$?!79HG!H1==$H1"9=!
E8=1H81=7!-$H=#IH#?87J8E!

$?8=#:1H8$#?!
9H8$>$8B!
:$9.=9-!

H"9EE!
:$9.=9-!

1E7!H9E7!
:$9.=9-!

$?87=9H8$#?!
:$9.=9-!

$?8=#:1H8$#?! #B????! #B#*(#! #B#'"5! #B#)**! #B"?!
9H8$>$8B!:$9.=9-! #B"*'$! #B5?&?! #B"! #B#'&$! #B"5)"!
H"9EE!:$9.=9-! #B""$5! #B#('"! #B?)$)! #B"*""! #B"()'!

1E7!H9E7!:$9.=9-! #B"5)"! #B#*(#! #B#*('! #B5"&&! #B#)!
$?87=9H8$#?!:$9.=9-! #B"&&&! #B#&*5! #B"$*(! #B""""! #B*?"5!
 

!

Table 60. COSINE Analysis Results 

H1==$H1"9=!E8=1H81=7!
-$H=#IH#?87J8E!

9?9"BE$E!@#=!8G7!E78!#@!"#!K=7>$#1E"B!H"9EE$@$7:!<B!8G7!879HG7=!$?!79HG!H1==$H1"9=!
E8=1H81=7!-$H=#IH#?87J8E!

$?8=#:1H8$#?!
9H8$>$8B!
:$9.=9-!

H"9EE!
:$9.=9-!

1E7!H9E7!
:$9.=9-!

$?87=9H8$#?!
:$9.=9-!

$?8=#:1H8$#?! 0.3292 0.1297 0.0564 0.1171 0.2240 
9H8$>$8B!:$9.=9-! 0.1428 0.5439 0.0734 0.1307 0.2138 
H"9EE!:$9.=9-! 0.1526 0.1657 0.3331 0.2221 0.2775 

1E7!H9E7!:$9.=9-! 0.1439 0.0992 0.0216 0.5379 0.1543 
$?87=9H8$#?!:$9.=9-! 0.1683 0.2011 0.1616 0.1617 0.5452 
!
I-!6.79,;@/.71! 2.3/4!($!67484-98! 9:4! 748@/98! .66/0,-D!PISH! 8,C,/.7,90!C4.8@74B!PISH!

.-./08,8!D4-47.948!.!674;,8,<-!<>!"##%1!F:,;:!C4.-8!9:4!67<;488!:.8!/<;./,[4=!"##%!<>!
9:4!849!<>!/4.7-,-D!<3Q4;98!,-!9:4!.=4R@.94!;@77,;@/.7!897@;9@74!\,;7<XS<-94M98B!_-!9:4!
<9:47! :.-=! S_OIYH! .-./08,8! D4-47.948! .! 674;,8,<-! <>! "##%! F,9:! 74864;9! 9<! 9:4!
;/.88,>,;.9,<-!67<A,=4=!30!9:4!94.;:47!.8!,8!8:<F-!,-!2.3/4!&#B!

I-!D4-47./1! 748@/98!<>! 9:4!89@=0!67484-94=! ,-!2.3/4!($!.-=!2.3/4!&#!8:<F!.!897<-D!
;<77486<-=4-;4!349F44-!9:4!;/.88,>,;.9,<-8!67<A,=4=!30!9:4!94.;:47!.-=!9:4!6<88,3/4!
;/.88,>,;.9,<-!3.84=!<-!9:4!8,C,/.7,90!C4.8@748!67<A,=4=!30!9:4!./D<7,9:C8B!
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N<F!A./@48!<3847A4=!,-!2.3/4!($!.-=!2.3/4!&#!.74!674=,;9.3/4!34;.@84!<>!9:4!;:.7.;947!
<>!9:4!,-><7C.9,<-!.A.,/.3/4!,-!9:4!9F<!=,>>474-9!C,;7<X;<-94M98B!2:474><74!8<C4!/.34/8!
,-!9:4!S<C6494-;4!=4>,-,9,<-!.8!F4//!.8!8<C4!/.34/8!,-!9:4!N_!C49.=.9.!;<@/=!;<-9.,-!
,774/4A.-9! 3@9! ;<C6.7.3/4! ,-><7C.9,<-1! =@4! 9<! 9:4! 6@76<84! <>! 4.;:! T,-=! <>!
,-><7C.9,<-B!_-/0! 9:4! 74/4A.-9!F<7=8! ><7!3<9:!C,;7<X;<-94M98! .74! .;9@.//0! ,C6<79.-9!
.-=! 9:4! A./@48! 8:<F-! ,-! 674A,<@8! 9.3/48! ;.69@74! 9:,8! 74/4A.-;4! F:,/4! 4-8@7,-D! 9:4!
6@76<84!<>!84/4;9,-D!9:4!3489!<3Q4;9!><7!4.;:!6.79,;@/.7!C,;7<X;<-94M9B!

6.3.4 User satisfaction evaluation layer 

6.3.4.1 Description and Methodology 

_@7!C.,-!<3Q4;9,A4! ,-! 9:,8! 4A./@.9,<-! /.047!F.8! 9<!=4A4/<6!.!R@./,9.9,A4! 89@=0! J"?$K1!
F:,;:! 647C,9! @8! 9<! .;:,4A4! .! 349947! @-=4789.-=,-D! <>! 6<94-9,./! <66<79@-,9,48! ><7!
,C67<A,-D! <@7! .667<.;:! .-=! :<F! 9<! 8@66<79! 9:,8! 9.8T! ,-! .! 349947! F.0B! 2:4! @84=!
897.94D0!F.8! 9<!=4A4/<6! ;.84! 89@=,481!F:,;:!647C,9!@8! 9<! ;<-;4-97.94! ,-! .!6.79,;@/.7!
8,9@.9,<-1! ,-! <@7! ;.841! 9:4! @84! <>! =,897,3@94=! /4.7-,-D! <3Q4;98! ><7! >44=,-D! /4.7-,-D!
=48,D-8B!

2:4! .-./08,8! F.8! 3.84=! <-! ,-947A,4F8! F,9:! 94.;:4781! ;.84! 89@=,48! ,-! F:,;:! 9:4!
.66/,;.9,<-!<>!.!s.6!\<=4/!,-897@C4-9!><7!8.9,8>.;9,<-!4A./@.9,<-!F.8!647><7C4=B!2:4!
s.6!\<=4/!647C,98!@8! 9<! ;.69@74! 9:4!=,>>474-;4!349F44-! 9:4! 94.;:478L!4M64;9.9,<-8!
.-=!9:4!8.9,8>.;9,<-!9:.9!9:40!74.//0!<39.,-!>7<C!9:4!<>>474=!847A,;4!.8!F.8!C4-9,<-4=!
,-!9:4!84;9,<-!*B?B?B"B!

2:4!s.6!\<=4/!F.8! .66/,4=! ,-! .! 6.79,;@/.7! ,-897@C4-9! U.! 8@7A40V! 9<!C4.8@74! 9:4!
@847L8!8.9,8>.;9,<-!,-!><@7!.864;98!<>!<@7!67<6<8./a!

• 2:4!8.9,8>.;9,<-!F,9:!9:4!84.7;:,-D!67<;488!UOHd"V1!,B4B!9:4!6<88,3,/,90!9<!84.7;:!
<A47!=,>>474-9!=,897,3@94=!746<8,9<7,48!,-!.!@-,R@4!4-A,7<-C4-9B!

• 2:4!@8.3,/,90!<>! 9:4! 9<</!=4A4/<64=!@6<-!=<9N`Y!6/.9><7C! 9<! ,-94D7.94! N_`OH!
UOHd?VB!

• 2:4!8.9,8>.;9,<-!F,9:!9:4!748@/98!<>>474=!30!9:4!84.7;:,-D!67<;488!UOHd*VB!

• 2:4! 8.9,8>.;9,<-! F,9:! 9:4! 6<88,3/4! /<;.9,<-! <>! N_! ,-9<! .! ;@77,;@/.7! 897@;9@74!
.A.,/.3/4!><7!9489,-D!UOHd5VB!

Z//!R@489,<-!.74!67484-94=!,-!9:4!.664-=,M!;B!

2:4!67<;488!><//<F4=!,-!<@7!89@=0!F.8a!

• O488,<-8!F,9:!94.;:478!>7<C!G-,A478,90!<>!s,7<-.!F474!.D744=B!

• 2:4! C.,-! 7484.7;:47! ,-97<=@;48! 94.;:478! ,-! 9:4! /4.7-,-D! <3Q4;98! 746<8,9<7,48!
4-A,7<-C4-91!8:<F,-D!9:4C!8<C4!<>!9:4!C<89!,C6<79.-9!<-48B!
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• 2:4!C.,-!7484.7;:47!,-97<=@;48!N_`OH1!,98!>@-;9,<-./,90!.-=!,98!,-94D7.9,<-!,-9<!
9:4!=<9N`Y!/4.7-,-D!C.-.D4C4-9!80894C!.8!.!6<7/49B!

• 24.;:478!:.A4!9:4!<66<79@-,90!9<!=4A4/<6!8<C4!84.7;:48!@8,-D!9:4!80894CB!

• 2:4!N__c!67<;488! ,8!=48;7,34=!9<!94.;:4781!F:<!<3847A4!9:4!6<88,3/4! /4.7-,-D!
<3Q4;98!9<!34!,-;/@=4=!,-!9:4!9489,-D!;<@784B!

• Z! 8488,<-! <>! =,8;@88,<-8! .-=! 37.,-89<7C,-D! F.8! 67<6<84=! 9<! 9:4! 94.;:47! ,-!
<7=47!9<!;.69@74!9:4,7!<6,-,<-8!.3<@9!<@7!7484.7;:B!2:40!F474!A470!C<9,A.94=!
,-!9:,8!8488,<-B!

!

6.3.4.2 Results and Conclusions 

2:4! 748@/98! 67484-94=! ,-! +,D@74! '(! 8:<F! .! A470! ;/<84! 74/.9,<-8:,6! 349F44-! 9:4!
,C6<79.-;4! 647;4,A4=! 30! 9:4! @8478! 74>4774=! 9<! 9:4! 4A./@.94=! ,88@48! .-=! 9:4,7!
8.9,8>.;9,<-!F,9:!9:4!8</@9,<-B!

!

Figure 75. Results for the satisfaction evaluation layer 
!

_-4!<>! 9:4!C<89! ,C6<79.-9! 6.798! <>! 9:4!=48;7,69,A4! .-./08,8!F474! 9:4! ;<-;/@8,<-8!
.-=!<6,-,<-8!:,D:/,D:94=!30!9:4!94.;:4781!F:,;:!;<@/=!34!8@CC.7,[4=!.8!><//<F8a!
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• Z//!24.;:478! 9:,-T! 9:4!74@84!<>! /4.7-,-D!<3Q4;98! ,8!.!6<88,3,/,90! 9<! >.;,/,9.94! 9:4!
A,79@./! /4.7-,-D!67<;4881!34;.@84!4>><798!>7<C!94.;:478!<>!=,>>474-9!@-,A478,9,48!
C,D:9!34!@-,94=B!

• Z//! 24.;:478! 4C6:.8,[4! ,-! 9:4! -4;488,90! <>! D@.7.-944,-D! 9:4! R@./,90! <>! 9:4!
84/4;94=! /4.7-,-D!<3Q4;98!9<!8@66<79! /4.7-,-D!=48,D-!D4-47.9,<-B!+<7!9:4C1!9:4!
R@./,90! ,8! C.,-/0! 74>4774=! 9<! 9:.9! 3<9:! 84/4;94=! /4.7-,-D! <3Q4;9! 8:<@/=! 34!
;<-94M9@./,[4=!9<!9:4!94.;:478!.-=!89@=4-98!-4;488,9,481!.-=!N_!C@89!D@.7.-944!
9:4!/4.7-,-D!=48,D-!R@./,90B!

• Z;;<7=,-D! 9<! 9:4! ,-947A,4F8! >7<C! 4.;:! 94.;:471! F4! ;<-;/@=4! 9:.9! &#%! <>!
94.;:478! ;<-8,=47! .! D<<=! 67.;9,;4! ><7! @-,A478,9,48! 9<! ,-;/@=4! ,-! 9:4,7! 897.94D,;!
6/.-8! 9:4!;74.9,<-!<>! 86.;48! 9<!@6=.94! 94.;:478!.3<@9! 9:4! 748<@7;48!.A.,/.3/4!
.7<@-=! 9:4! F<7/=! .-=! ,-! 9:4,7! <F-! @-,A478,9,481! F:,;:! ;<@/=! 34! @84=! ,-! 9:4!
/4.7-,-D!.-=!94.;:,-D!67<;488B!24.;:478!;<-8,=47!9:.9!C.-0!4>><798!=4A4/<64=!
30! ,C6<79.-9! ,-89,9@9,<-8!.74!-<9!T-<F-! ,-! 9:4!.;.=4C,;!;<-94M9!.-=1! ><7! 9:,8!
74.8<-1! 9:4,7!4>><798!C.0!-<9!34!F,=4/0!@84=!30! 94.;:478B!2:,8! ,8! 9:4!;.841! ><7!
4M.C6/41!<>!9:4!.A.,/.3/4!.-=!<64-!/4.7-,-D!<3Q4;98!746<8,9<7,48B!!!
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6.4.  CONCLUSIONS OF THE CHAPTER 
2:4!C.,-!6@76<84!<>!9:,8!;:.6947!F.8!9<!,-97<=@;4!<@7!7484.7;:!><7!84.7;:,-D!/4.7-,-D!
<3Q4;98!,-!=,897,3@94=!/4.7-,-D!<3Q4;9!746<8,9<7,48!.8!F4//!.8!9:4,7!6<8,9,<-,-D!67<;488!,-!
9:4! C<89! 67<C,8,-D! C,;7<X;<-94M98! <>! 9:4! >@9@74! D4-47.94=! /4.7-,-D! =48,D-B! _@7!
8</@9,<-!,-;/@=48!9:4!=4>,-,9,<-!<>!9F<!=,>>474-9,.94=!67<;488a!9:4!P,897,3@94=!N4.7-,-D!
_3Q4;98!\49.=.9.!O4.7;:,-D!E7<;488!UN_`OHV!.-=!9:4!\,;7<XS<-94M9!3.84=!E<8,9,<-,-D!
E7<;488!UN__cV1!F:,;:!F474!,-97<=@;4=!,-!9:4!=<;@C4-9B!

^4!:.A4!67484-94=!748@/98! ,-!9F<!4A./@.9,<-!/.04781!9:4!=4;,8,<-!C.T,-D!/.047!.-=!
9:4!@847!8.9,8>.;9,<-!/.047B!!

2:4!=4;,8,<-!C.T,-D! /.047!647C,98!@8! 9<!;<-;/@=4!9:.9!<-!<-4!:.-=1! 9<!;<-8,=47!.!
84.7;:,-D! 67<;488! ><7! 9:4! N_! <A47! ;<-97<//4=! N_`! ><7! >44=,-D! /4.7-,-D! =48,D-8! ,8! .!
67<C,8,-D!<69,<-B!N4.7-,-D!_3Q4;98!84/4;94=!.-=!/<;.94=!,-9<!9:4!/4.7-,-D!=48,D-!C449!
9:4!94.;:478L!<6,-,<-!.3<@9!.!674A,<@8!C.-@./!6<8,9,<-,-D!67<;488B!I-!9:,8!67<;4881!9:4!
,C6<79.-;4!<>!9:4!C49.=.9.!/.34//,-D!67<;488!.-=!9:4!;<C6494-;4!=4>,-,9,<-!:.8!344-!
=4C<-897.94=B!_-!9:4!<9:47!:.-=1!9:4!=4;,8,<-!C.T,-D!67<;488!><7! ,-;/@=,-D!/4.7-,-D!
<3Q4;98! >7<C! @-;<-97<//4=! /4.7-,-D! <3Q4;98! 746<8,9<7,48! ,-! 84C,X.@9<C.9,;.//0!
D4-47.94=! /4.7-,-D! =48,D-8! ,8! .! =,>>,;@/9! 67<;488B! ! I-! >.;91! 9<! .;:,4A4! .! D<<=! 8</@9,<-!
F,9:!9:484!746<8,9<7,481!9:4!<3Q4;98!C49.=.9.!-44=!9<!34!74>,-4=B!\49.=.9.!.A.,/.3/4!
,-!9:4!,-A</A4=!746<8,9<7,48!:.A4!/,C,94=!,-><7C.9,<-B!

Z8! .! C4;:.-,8C! 9<! <39.,-! .! ;/<847! A,8,<-! <>! 9:4! 94.;:47L8! 8.9,8>.;9,<-! .3<@9! <@7!
67<6<8./1! .! G847! 8.9,8>.;9,<-! 4A./@.9,<-! /.047! F.8! ,-97<=@;4=B! 2:4! 748@/98! <39.,-4=!
F,9:! 94.;:478! >7<C!G-,A478,90! <>!s,7<-.!647C,994=!@8! 9<! =4>,-4! 8<C4! ,C67<A4C4-98!
>7<C! .! @847X;4-974=! =48,D-! A,4FB! Z/9:<@D:! 9:4! 748@/98! F474! 67<C,8,-D! .-=! F4!
<39.,-4=! .! :,D:! @847! 8.9,8>.;9,<-! /4A4/1! F4! ./8<! -44=! 9<! .994-=! 9<! 8<C4! ,C6<79.-9!
4/4C4-98a!

• O<C4!94.;:478!8@DD489!,C67<A,-D!9:4!.664.7.-;4!<>!9:4!/4.7-,-D!=48,D-!6/.047!
34;.@84!9:40!34/,4A4!,9!;<@/=!34!=,>>,;@/9!9<!C.-.D4!><7!89@=4-98B!

• 2:4!94.;:478!8@DD489!8,C6/,>0,-D!3<9:!9:4!N_`OH!.-=!N__c!,-947>.;481!,-!<7=47!
9<!>.;,/,9.94!9:4C!9:4!@84!<>!9:4!,-947>.;48!.-=!./8<!9<!,C67<A4!9:4!@8.3,/,90!<>!
<@7!8</@9,<-B!

• `48@/98! <39.,-4=! ,-! 9:4! =48;7,69,A4! .-./08,8! 89,C@/.94! 9:4! =4A4/<6C4-9! <>!
4A./@.9,<-! 8;4-.7,<8! F:4-! 9:4! C.,-! ,88@48! .74! 9489,-D! 9:4! @8.3,/,90! .-=!
.;;488,3,/,90!<>!9:4!67<6<84=!8</@9,<-B!

!
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!
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7.  CONCLUSIONS AND FUTURE 
WORKS 

!

7.1.  CONCLUSIONS 

2:4!<3Q4;9,A4!<>!9:,8!9:48,8!,8!9<!;<-97,3@94!9<!.//4A,.94!9:4!F<7T/<.=!<>!94.;:478!<-!9:4!
;74.9,<-! <>! .=.69,A4! ;<@7848! 30! 74=@;,-D! 9:4! ;<C6/4M,90! ,-A</A4=! ,-! .@9:<7,-D!
89.-=.7=,[4=!.-=!.=.69,A4!/4.7-,-D!=48,D-8!.=Q@894=!9<!9:4,7!89@=4-98L!;:.7.;947,89,;81!
,-!6.79,;@/.71!/4.7-,-D!890/4!.-=!;<C6494-;4!/4A4/8B!2<!9:.9!4-=1!.!-4F!>7.C4F<7T!><7!.!
84C,X.@9<C.9,;!/4.7-,-D!=48,D-!D4-47.9,<-!F.8!,-97<=@;4=B!2:4!>7.C4F<7T!;<-8,898!<>!
74/4A.-9! 67<;488! /,-T4=! 9<D49:47! 9<! 8@66<79! 94.;:478! F:4-! 9:40! =48,D-! .=.69,A4!
;<@7848!,-!.!N\OB!!

2:4!C.,-! ;<-97,3@9,<-8! <>! 9:,8!F<7T! 9<! 9:4! 24;-</<D0! H-:.-;4! N4.7-,-D! S<CC@-,90!
.74!8@CC.7,[4=!,-!9:4!><//<F,-D!6.7.D7.6:8B!

^4!;<-97,3@94!F,9:!.!-4F!8</@9,<-!9<!>.;,/,9.94!9:4!=,>>,;@/9!9.8T!><7!94.;:478!F:4-!
9:40! ;<-897@;9! 6478<-./,[4=! ;<@7848B! _@7! 8</@9,<-! ;.//4=! P48,D-47! ,8! .! -4F! 847A,;4!
3.84=! <-! W2Y! 6/.--,-D! ><7! .! O4C,gZ@9<C.9,;! O9.-=.7=,[4=! N4.7-,-D! P48,D-!
s4-47.9,<-B! E7<C,8,-D! 748@/98!F474!<39.,-4=! ,-! .! /.0474=!4A./@.9,<-!=4A4/<64=!F,9:!
94.;:47!>7<C!=,>>474-9!T-<F/4=D4!=<C.,-8B!I-!D4-47./1!94.;:478!,-A</A4=!,-!9:4!89@=0!
;<->,7C4=!9:4!,C6<79.-;4!.-=!74/4A.-;4!<>!9:4!/4.7-,-D!=48,D-!D4-47.9,<-!67<;488B!

2:4!84;<-=!C<89!,C6<79.-9!;<-97,3@9,<-!<>!9:,8!=,88479.9,<-!,8!.!-4F!P0-.C,;!G847!
\<=4//,-D!3.84=!<-!N4.7-,-D!O90/48!F:,;:!F.8!=48;7,34=!.-=!94894=B!2489,-D!8;4-.7,<8!
F,9:!@-,A478,90!89@=4-98!F.8!=46/<04=B!`48@/98!8:<F!.!67<C,8,-D!647><7C.-;4!<>!9:4!
C<=4/!><7!,->477,-D!9:4!/4.7-,-D!890/4!<A47!9:4!9,C4B!Z-!,C6<79.-9!,88@4!.==74884=!F.8!
9:4! ,-94D7.9,<-! <>! 9:4! =0-.C,;! @847!C<=4//,-D! 67<;488!F,9:!P48,D-47! @6<-! 9:4! @84=!
N\OB!2:4!,-94D7.9,<-!.//<F8!@8!9<!;<-8,=47!9:4!;:.-D4!<>!9:4!@847!/4.7-,-D!890/4!.9!9:4!
4M4;@9,<-!9,C4!,-!<7=47!9<!.=.69!9:4!/4.7-,-D!=48,D-!<>>474=!9<!89@=4-98B!

+,-.//01! 9:4! 67<3/4C! <>! ;<-94M9@./,[4! /4.7-,-D! <3Q4;98! ,-9<! 9:4! 84C,X.@9<C.9,;.//0!
D4-47.94=!/4.7-,-D!=48,D-8!F:,;:!,8!<-4!<>!9:4!C<89!,C6<79.-9!<64-!,88@48!,-!/4.7-,-D!
<3Q4;9! 4;<-<C0! F.8! .==74884=B! N_`OH! .-=! N__c1! 9F<! ,--<A.9,A4! .-=! ,-947489,-D!
67<;48848! ><7!84.7;:,-D!.-=!6<8,9,<-,-D! /4.7-,-D!<3Q4;98! ,-! /4.7-,-D!=48,D-8!3.84=!<-!
9:4!C,;7<X;<-94M9! .-./08,8! F474! ,-97<=@;4=B! P4A4/<64=! /.0474=! 4A./@.9,<-! ,-=,;.948!
9:.9!9:4!67<;488!4.84!9:4!94.;:47!9.8T!F:4-!9:40!=48,D-!A,79@./!;<@78481!F:,;:!647C,98!
9:4C!9<!,-;/@=4!=,897,3@94=!/4.7-,-D!<3Q4;98!,-!9:4!/4.7-,-D!=48,D-!;<-94M9B!!
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7.2.  FUTURE WORK 
_@7!>@9@74!7484.7;:!,-947489!,8!><;@84=!<-!8<C4!<>!9:4!=,>>474-9!<64-!,88@48!,=4-9,>,4=!
.8!748@/98!<>!<@7!7484.7;:a!!

• N4.7-,-D!=48,D-!D4-47.9,<-!>@9@74!F<7T8!.74!<7,4-94=!9<!9.T4!,-9<!.;;<@-9!<9:47!
89@=4-98L! ;:.7.;947,89,;8! 8@;:! .8! 864;,./! -44=81! 94.;:478L! 674>474-;48! .3<@9!
64=.D<D,;./!C49:<=</<D,48!<-!/4.7-,-D!=48,D-!D4-47.9,<-!.8!F4//!.8!9:4!@84!<>!
<9:47! 94;:-,R@48! ><7! 9:4! /4.7-,-D! =48,D-! D4-47.9,<-! .C<-D! 9:4C! ;<-=,9,<-./!
6/.--,-D!./D<7,9:C8B!

• Z! D<<=! <69,<-! 9<! ,C67<A4! <@7! 8</@9,<-! <>! 84.7;:,-D! .-=! 6<8,9,<-,-D! /4.7-,-D!
<3Q4;98! >7<C!@-;<-97<//4=! /4.7-,-D!<3Q4;98! 746<8,9<7,48! ;<@/=!34! 9<!=4A4/<6! .!
;:.7.;947,[.9,<-!<>! 9:4! /4.7-,-D!<3Q4;98! 746<8,9<7,48!@8,-D!<-9</<D,48B!2:,8!F,//!
<69,C,[4!9:4!84.7;:,-D!67<;488!9<!<39.,-!C<74!;<-94M9@./,[4=!/4.7-,-D!<3Q4;98B!
S:.7.;947,[4=! /4.7-,-D! <3Q4;98! 746<8,9<7,48! @8,-D! <-9</<D,48! 647C,9! @8! 9<! .==!
9:4! -4;488.70! 84C.-9,;! 9:.9! 8@66<798! 9:4! 84/4;9,<-! <>! 9:4! 746<8,9<7,48! ><7! .!
864;,>,;8! =48,D-8! 67<;488B! I-! 6.79,;@/.71! .8! .! 748@/9! <>! 9:4! 4A./@.9,<-1! 9:4!
-4;488,90!<>! 9:4! ><//<F,-D!T-<F/4=D4!F.8! ,=4-9,>,4=a!;:.7.;947!.-=!D7.-@/.7,90!
<>! 9:4! N_`1! 94;:-,;./! =49.,/81! C.,-! T-<F/4=D4! .74.81! 4BDB! C.9:1! /.-D@.D481!
.C<-D!<9:478B!

• P4A4/<6! .! G8.3,/,90! .-=! Z;;488,3,/,90! 9489,-D! 8;4-.7,<! ,-! <7=47! 9<! A47,>0! 9:4!
>.;,/,90!<>!<@7!8</@9,<-!9<!C449!9:4!.;;488!-4;488,9,48!<>!9:4!@8478!,-!=49.,/B!

• \.;:,-4! /4.7-,-D! 94;:-,R@48! :.A4! 344-! .-./084=! .-=! F4! :.A4! =4>,-4=! 9:4!
I-89.-;4X3.84! /4.7-,-D! .667<.;:! .8! .! D<<=! .667<.;:! ><7! ,C67<A,-D! <@7!
.=.69.9,<-!=4;,8,<-!C49:<=!3.84=!<-! /4.7-,-D! 890/4B! 2:4! /4.7-,-D! 9.8T! 8:<@/=!
34!=48,D-4=!,-!<7=47!9<!74=4>,-4!9:4!=.9.!849!@84=!9<!,->47!9:4!674>4774=!<7=47!
<>! 9:4! /4.7-,-D! <3Q4;9! 90648! 9:7<@D:! .==,-D! .! -4F! ,-89.-;4! ,-! 9:4! =.9.! 849!
3.84=!<-!9:4!@847L8!34:.A,<@78!<A47!9:4!9,C4B!^4!.74!=4A4/<6,-D!.!9489!><7!-4F!
,-89.-;4!.==,9,<-!F,9:!=,>>474-9!I-89.-;4X3.84!/4.7-,-D!./D<7,9:C8!.C<-D!9:4C!
84A47./! A478,<-8! <>! I]c! F,9:! 84A47./! A.7,.9,<-8! ,-! 9:4! ,-89.-;4! =,89.-;4!
C4.8@748B!
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W4,=4/347D1!?#"?1!66B!?#'g?"5B!

! !OB!]./=,7,81!OB!s7.>1!.-=!`B!+.374D.91!jP0-.C,;!G847!\<=4/,-D!.-=!Z=.69.9,<-!
3.84=! <-! N4.7-,-D! O90/48! ><7! O@66<79,-D! O4C,XZ@9<C.9,;! s4-47.9,<-! <>! I\O!
N4.7-,-D! P48,D-1k! ,-! %G@( VV7G( 1&&&( 1;7@A;879B;8C( !B;H@A@;:@( B;( #<K8;:@<(
0@8A;9;D(%@:G;BCBD9@61!?#""B!

! !OB! ]./=,7,81! OB! s7.>1! `B! +.374D.91! .-=! YB! PB! P@R@4! \z-=4[1! jN<<T,-D! ><7!
S<-94M9@./,[4=! N4.7-,-D!_3Q4;98! 9<! 8@66<79! O4C,X.@9<C.9,;! N4.7-,-D!P48,D-!
s4-47.9,<-1k!,-!]BAN6GBE(B;(%@:G;BCBD=J&;G8;:@<(0@8A;9;D(8;<(09K9;D(S%&00(
`WV`U1!?#"?B!

! OB! ]./=,7,81! SB! ZA,/.1! EB! `,A47.1! uB! s@4A.7.1! .-=! `B! +.374D.91! j^43! H=,9,-D!
\<=@/4! ><7! 2.DD,-D! \49.=.9.! <>! 9:4! +4=<7.! S<CC<-8! N4.7-,-D! _3Q4;98!
`46<8,9<90! @-=47! P`P! .-=! N_\! O9.-=.7=81k! ,-! $AB:@@<9;D6( BH( 7G@( 1&&&(
\AB;79@A6(9;(&<?:879B;(!B;H@A@;:@(S\1&U1!?#""1!6B!O?HX"XO?HX(B!

! OB! ]./=,7,81! uB! NB! ].;;.1! ZB! Y<D@47.! `<Q.81! uB! SB! s@4A.7.1! .-=! `B! +.374D.91!
jN_`OH!a! I-94//,D4-9! \49.X84.7;:47! <>! /4.7-,-D! <3Q4;98! <A47! =,897,3@94=!
4=@;.9,<-./! 746<8,9<7,48! 3.84=! <-! ,-94//,D4-9! .D4-981k! ,-! `WVV( \AB;79@A6( 9;(
&<?:879B;(!B;H@A@;:@1!?#""B!

! uB!W47-{-=4[1!OB!]./=,7,81!_B!O.-9<81!PB!W@47A.1!+B!`.C|-1!.-=!uB!sB!]<9,;.7,<1!
jS<-=,9,<-./! I\O! NP! s4-47.9,<-! @8,-D! @847! C<=4/,-D! .-=! 6/.--,-D!
94;:-,R@481k! ,-! a7G( 1&&&( 1;7@A;879B;8C( !B;H@A@;:@( B;( #<K8;:@<( 0@8A;9;D(
%@:G;BCBD9@61!?##$B!

! OB! ]./=,7,81! _B! O.-9<81! PB! W@47A.1! `B! +.374D.91! .-=! uB! sB! ]<9,;.7,<1!
j\@/9,=,C4-8,<-./!Z=.69.9,<-8! ><7!_64-!N4.7-,-D!\.-.D4C4-9!O0894C81k! ,-!
$AB:@@<9;D6( BH( 7G@( %+-#,J#( `WWa( MBAN6GBE( G@C<( 9;( :B;Q?;:97B;( M97G( 7G@(
]1b#1%(`WWa(!B;H@A@;:@1!?##)1!66B!*(?X*(&B!
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! !OB! ]./=,7,81! _B! SB! O.-9<81! SB! ].7747.1! ]B! uB! s1! uB! b4/4[1! .-=! `B! +.374D.91!
jI-94D7.9,<-!<>!4=@;.9,<-./! 864;,>,;.9,<-8!.-=! 89.-=.7=8! 9<! 8@66<79!.=.69,A4!
/4.7-,-D!8;4-.7,<8!,-!ZPZE2ZE/.-1k!1;7@A;879B;8C(_B?A;8C(BH(!B>E?7@A(,:9@;:@(
8;<( #EEC9:879B;6( S1_!,#U*( ,E@:98C( 166?@( B;( 2@M( %A@;<6( B;( #1( 7@:G;9O?@6( HBA(
&<?:879B;8C(%@:G;BCBD9@61!A</B!(1!"1!?##)B!

! SB! ZA,/.1! OB! ]./=,7,81! `B! +.374D.91! .-=! uB! s@4A.7.1! jZ;488,3,/,90! HA./@.9,<-!
IC67<A4C4-9! @8,-D! S.84! ].84=! `4.8<-,-D1k! ,-! $AB:@@<9;D6( BH( 7G@( 1&&&(
\AB;79@A6(1;(&<?:879B;(\1&1!?#"?B!

! SB!ZA,/.1!OB!]./=,7,81!`B!+.374D.91!.-=!uB!s@4A.7.1!jZ!^43!S<-94-9!Z;;488,3,/,90!
HA./@.9,<-! E7<;488! ><7! N4.7-,-D!_3Q4;98! ,-! 9:4! S<-94M9! <>! .! b,79@./! N4.7-,-D!
H-A,7<-C4-91k!,-!1;7@A;879B;8C(,=>EB69?>(B;(L;BMC@<D@(-8;8D@>@;7(8;<(&J
0@8A;9;D( SL-&0(`WV`U( 9;(:B;Q?;:79B;(M97G(%G@(VV7G( 1;7@A;879B;8C(!B;H@A@;:@(
B;(]@PJP86@<(0@8A;9;D(S1!]0(`WV`U1!?#"?B!

! HB!Z0//<-1! OB! ]./=,7,81! .-=!`B! +.374D.91! jP,84}<!=4!Z674-=,[.Q4! H89.-=.7,[.=<!
3.8.=<! 4-! 4/! @8<! =4! `46<8,9<7,<8! =4! _3Q49<8! =4! Z674-=,[.Q4! 6.7.! /.!
Z8,D-.9@7.!=4!S,7;@,9<8!I1!@-.!4M647,4-;,.!4-!/.!SGuZH1k!,-!#:786(<@C(%#&&(`WV`(
Y(!B;DA@6B(<@(%@:;BCBDd86(#EC9:8<86(@;(C8(&;6@e8;R8(<@(C8(&C@:7Af;9:81!?#"?1!
66B!"$X?5B!

! uB!].;;.1!OB!]./=,7,81!`B!+.374D.91! uB!s@4A.7.1!.-=!PB!S./=47<-1! jZ!S.84X3.84=!
`4.8<-,-D!Z667<.;:!9<!O@66<79!24.;:,-D!<>!O6.-,8:!.8!.!O4;<-=!N.-D@.D4!,-!
I-=,D4-<@8! S<CC@-,9,48! >7<C! N.9,-! ZC47,;.1k! ,-! $AB:@@<9;D6( BH( 7G@( Vg7G(
1P@AB!#>@A9:8;(!B;H@A@;:@(B;(#A79H9:98C(1;7@CC9D@;:@(J(14&'#-1#(`WV`1!?#"?B! !

! !OB! ]./=,7,8! .-=! `B! +.374D.91! jI-;/@8,|-! =4! /.! 74./,=.=! .@C4-9.=.! 4-! 4/!
.674-=,[.Q4!A,79@./!.=.6.9.9,A<1!6478<-./,[.=<!0!6.7.!9<=<81k!'@K9678(&<97BA98C(
-8D967@A9B1!?#""B!

! !OB! ]./=,7,8! .-=! `B! +.374D.91! j\<=4/.=<! =4! ;<C6494-;,.8! 4-! 8,894C.8! =4!
D489,|-!=4!.674-=,[.Q481k!G-,A478,90!<>!s,7<-.1!?##'B!

! !OB! ]./=,7,8! 49! ./B1! jZ94-=,4-=<! /.! =,A478,=.=! 4-! ;<-94M9<8! A,79@./48! =4!
.674-=,[.Q41k! ,-!^<7T8:<6! Y4F! 274-=8! ,-! 4-D,-447,-D! 4=@;.9,<-! .9! 9:4! bII!
I-947-.9,<-./! S<->474-;4! <-! H-D,-447,-D! .-=! S<C6@947! H=@;.9,<-!
ISHSHL?#""1!?#""B!

! !OB! ]./=,7,81! `B! +.374D.91! SB!\4Q~.1! .-=! OB! s|C4[1! jZ=.69.9,<-! P4;,8,<-8! .-=!
E7<>,/48! HM;:.-D4! .C<-D! _64-! N4.7-,-D! \.-.D4C4-9! O0894C8! ].84=! <-!
ZD4-9!Y4D<9,.9,<-8!.-=!\.;:,-4!N4.7-,-D!24;:-,R@481k! ,-!"?>8;J!B>E?7@A(
1;7@A8:79B;*( 1;7@A8:79;D( 9;(h8A9B?6(#EEC9:879B;(/B>89;61! OB!]B!W4,=4/347D1!H=B!
?##$1!66B!"?X?#B!

! !OB! ]./=,7,81! `B! +.374D.91! .-=! _B! O.-9<81! j\<=4/,-D! S<C6494-;,48! @6<-!
=<9N`Y1k!,-!.E@;#!,(8;<(*0'2(,EA9;D(!B;H@A@;:@1!?##'B!

! !OB! ]./=,7,81! uB! W47-.-=4[1! .-=! `B! +.374D.91! j4XE<79></,<! 8<6<79.=<! 4-!
489{-=.7481k! ,-!$AB:@@<9;D6(BH(7G@(089;7(#>@A9:8;(8;<(!8A9PP@8;(!B;H@A@;:@(
HBA(&;D9;@@A9;D(8;<(%@:G;BCBD=1!?##$B!

! !OB! ]./=,7,81! sB! \<74-<1! `B! +.374D.91! IB! s@.7~-1! `B! N/.C<8.1! .-=! uB! s.7;,.1!
jHM94-8,<-48!4-!OWZ]__a!O,894C.!W,647C4=,.!Z=.69.9,A<!6.7.! /.!H-84}.-[.!
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=4!/.!E7<D7.C.;,|-!_7,4-9.=.!.!_3Q49<8!S</<C3,.1k!&;C8:@(1;HBA>i79:B1!A</B!&1!
-<B!"1!66B!*"!X!5#1!?##'B!

! !OB!]./=,7,81!_B!SB!O.-9<81!uB!sB!]<9,;.7,<1!.-=!`B!+.374D.91!j\<=4/.=<!=4!;@78<8!
C4=,.-94! 4/! @8<! ,-94-8,A<! =4! 489{-=.748! 4=@;.9,A<8! 6.7.! =.7! 8<6<794! .!
.=.69.;,<-48! =,-{C,;.81k! ,-! ,9>EB69B( 28:9B;8C( <@( %@:;BCBDd86( <@( C8(
1;HBA>8:9f;(=(C86(!B>?;9:8:9B;@6(@;(C8(&<?:8:9f;(S,12%1!&(`WW[U1!?##'B!

! !OB! ]./=,7,81! _B! SB! O.-9<81! `B! +.374D.91! .-=! uB! sB! ]<9,;.7,<1! jP4>,-,;,|-! =4!
S<C6494-;,.8! 3.8.=.!4-! I\O!X! `PSH_!6.7.! .6<0.7! E7<;48<8!=4!Z674-=,[.Q4!
Z=.69.9,A<81k!,-!#!.\1(`WWa*(YYh111('@?;9f;(28:9B;8C1!?##)B!

! !OB! ]./=,7,81! _B! SB! O.-9<81! `B! +.374D.91! .-=! uB! sB! ]<9,;.7,<1! j\<=4/.=<! =4!
S<C6494-;,.8! 4-! ZC3,4-948! b,79@./48! =4! Z674-=,[.Q41k! ,-! g( !B;DA@6B(
1;7@A;8:9B;8C(6BPA@(@C(&;HBO?@(4868<B(@;(!B>E@7@;:986j(/96@eB(!?AA9:?C8A(EBA(
!B>E@7@;:986(=(3@679f;(<@(C8(!8C9<8<(<@C(#EA@;<9R8Q@1!?##'B!

! !OB!]./=,7,81!_B!SB!O.-9<81!sB!\<74-<1!PB!W@47A.1!`B!+.374D.91!.-=!uB!sB!]<9,;.7,<1!
j\.-.D4C4-9!<>!/4.7-,-D!890/481!;<C6494-;48!.-=!.;;488!=4A,;4!674>474-;48!
9<!.//4A,.94!9:4!.@9:<7,-D!<>!89.-=.7=3.84=!.=.69,A4!/4.7-,-D!=48,D-81k!,-!F7G(
1;7@A;879B;8C( !B;HB;H@A@;:@( B;( #<8E79K@( "=E@A>@<98( 8;<( #<8E79K@( ]@PJ
486@<(,=67@>61!?##)B!

! !OB! ]./=,7,81! _B! O.-9<81! SB! ].7747.1! uB! b4/4[1! uB! sB! ]<9,;.7,<1! .-=! `B! +.374D.91!
jN,-T,-D! 4=@;.9,<-./! 864;,>,;.9,<-8! .-=! 89.-=.7=8! ><7! =0-.C,;! C<=4//,-D! ,-!
ZPZE2ZE/.-1k! ,-! 1;7@A;879B;8C( ]BAN6GBE( B;( '@EA@6@;7879B;( >B<@C6( 8;<(
%@:G;9O?@6( HBA( 1>EABK9;D( @J0@8A;9;Dj( 4A9;D9;D( !B;7@I7( 9;7B( ]@PJP86@<(
&<?:879B;1!?##'B!

! !OB!]./=,7,81!_B!O.-9<81!uB!]<9,;.7,<1!.-=!`B!+.374D.91!jN<8!489{-=.748!4=@;.9,A<8!
;<C<! :477.C,4-9.! =4! C<=4/.=<! =4! ;@78<8! R@4! 67<A44-! .=.69.;,<-48!
=,-{C,;.8! .! /<8!@8@.7,<81k!'@K9678( 1P@AB8>@A9:8;8(<@( 1;HBA>i79:8(&<?:879K81!
A</B!&1!66B!"$X*?1!?##'B!

! !OB! ]./=,7,81! _B! O.-9<81! PB! W@47A.1! `B! +.374D.91! .-=! uB! sB! ]<9,;.7,<1!
j\@/9,=,C4-8,<-./!Z=.69.9,<-8! ><7!_64-!N4.7-,-D!\.-.D4C4-9!O0894C81k! ,-!
$AB:@@D9;6( BH( 7G@( %+-#,#( ]BAN6GBE( BH( `WWa( 1&&&b]1!b#!-( 1;7@A;879B;8C(
!B;H@A@;:@( B;(]@P( 1;7@CC9D@;:@( 8;<( 1;7@CC9D@;7(#D@;7( %@:G;BCBD=1! ?##)1! 66B!
*(?X*(&B!

! !OB!]./=,7,81!uB!b4/4[1!.-=!`B!+.374D.91!j24-=4-;,.8!4-!/.!I-A489,D.;,|-!.;47;.!=4!
/<8! O,894C.8! =4! s489,|-! =4! Z674-=,[.Q481k! ,-! !B;DA@6B( 9;7@A;8:9B;8Cj(
!B>E@7@;:986k(:9:CB6(EABE@<l?79:B6(=(8EA@;<9R8Q@(K9A7?8C1!?##'B!

! !OB! ]./=,7,81! `B! +.374D.91! SB!\4Q,.1! .-=! OB! s<C4[1! jZ=.69.9,<-! P4;,8,<-8! .-=!
E7<>,/48! I-947;:.-D4! .C<-D! _64-! N4.7-,-D!\.-.D4C4-9! O0894C8! 3.84=! <-!
ZD4-9! Y4D<9,.9,<-8! .-=!\.;:,-4! N4.7-,-D! 24;:-,R@481k! ,-! 0@:7?A@( 2B7@6( 1;(
!B>E?7@A( ,:9@;:@( J( "?>8;J!B>E?7@A( 1;7@A8:79B;*( 1;7@A8:79;D( 9;( h8A9B?6(
#EEC9:879B;( /B>89;61! (&"*7=! 4=B1! uB! u.;T<1! H=B! O67,-D47! ]47/,-! e! W4,=4/347D1!
?##$1!66B!"?X?#B!

! !]B! +/<7,.-1! OB! ]./=,7,81! .-=! `B! +.374D.91! jZ! -4F! ;<C6494-;0X3.84=! 4X
.88488C4-9! =.9.! C<=4/1k! ,-! $AB:@@<9;D6( BH( 7G@( &<?:879B;( &;D9;@@A9;D(
S&/+!.2U1!?#"#1!66B!5'*X5)#B!
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! !]B! +/<7,.-1! OB! ]./=,7,81! .-=! `B! +.374D.91! jZ=.69,A4! HA./@.9,<-! ].84=! <-!
S<C6494-;,481k! ,-! E7<;44=,-D8! <>! 9:4! 2:,7=! ^<7T8:<6! 2G\ZOXZ! ?##$a!
\<=4/,-D!.-=!HA./@.9,<-!<>!Z;;488,3/4!I-94//,D4-9!N4.7-,-D!O0894C81!?##$1!66B!
(5X&*B!

! !]B!+/<7,.-1!OB!]./=,7,81!.-=!`B!+.374D.91!jZ=.69,A4!I-94D7./!Z88488C4-9!E.;T.D4!
><7! 9:4! Z?GY�! E7<Q4;91k! ,-! $AB:@@<9;D6( BH( 7G@( &#&&1&( #;;?8C( !B;H@A@;:@k(
`WWc1!?##$B!

! !]B!+/<7,.-1!\B!ZB!P4!/.!W<[1!OB!]./=,7,81!.-=!`B!+.374D.91!jZ!849!<>!8<>9F.74!9<</8!
9<!3@,/=!.-!.@9:<7!.88488C4-9!6.;T.D4!<-!\<<=/41k!,-!$AB:@@<9;D6(BH(7G@(1&&&(
VW7G( 1;7@A;879B;8C( !B;H@A@;:@( B;( #<K8;:@<( 0@8A;9;D( %@:G;BCBD9@6( S1!#0%U1!
?#"#1!66B!&'X&$B!

! !NB!s4/A4[1!OB!]./=,7,81!.-=!`B!+.374D.91!jZ@9:<7,-D!9</<8!>4.9@748!9<!8@66<79!HX
/4.7-,-D! 748<@7;4! ;74.9,<-! >,M4=! 9<! .;;48,3,/,90! D@,=4/,-48a! +7<C! .! ;7,9,;./!
A,4F1k!,-!$AB:@@<9;D6(BH(#&31,(]BAN6GBE(8;<(1;7@A;879B;8C(!B;H@A@;:@1!?#""B!

! !NB!s4/A4[1! OB!]./=,7,81! .-=!`B! +.374D.91! j\<=4/.=<!=4!@8@.7,<!6.7.!.6<0.7!4/!
67<;48<!=4!4-84}.-[.!0!.674-=,[.Q4!=4!6478<-.8!;<-!=z>,;,9!.@=,9,A<k!,-!!#h#(
`WVVk( 111( !B;DA@6B( 1;7@A;8:9B;8C( <@( #>P9@;7@6( h9A7?8C@6( <@( #EA@;<9R8Q@(
#<8E7879KB6( =( #::@69PC@6j( "8:98( ?;( 6967@>8( @<?:879KB( :B>EAB>@79<B( :B;( C8(
<9K@A69<8<1!?#""B!

! !OB! s<C4[1! PB! W@47A.1! SB! \4Q,.1! OB! ]./=,7,81! .-=! `B! +.374D.91! jP48,D-,-D!
S<-94M9XZF.74! Z=.69,A4! G-,98! <>! N4.7-,-D! ].84=! <-! I\OXNP! O9.-=.7=1k! ,-!
$AB:@@<9;D6(BH(7G@(&#&&1&(#;;?8C(!B;H@A@;:@1!?##$B!

! !uB! W47-.-=4[1! OB! ]./=,7,81! .-=! `B! +.374D.91! jZ=.69.;,|-! =4! /.! /,3747~.! ONZs1!
6.7.! /.! D4-47.;,|-! =4! ;@489,<-.7,<8! 4X/4.7-,-D! ;<-><7C4! ./! OS_`\! ?##51!
@8.-=<!4/!><7C.9<!sI+21k!A@K9678( 123&J!+!(<@( C8(H8:?C78<(<@(1;D@;9@Ad8(<@( C8(
!BAEBA8:9f;(+;9K@A6978A98(<@(C8(!B678(S!+!U1!A</B!51!-<B!(1!?##$B!

! !uB! W47-.-=4[1! OB! ]./=,7,81! .-=! `B! +.374D.91! jO47A,;,<! =4! 6<79.></,<! 6.7.! 4/!
,-947;.C3,<!=4!,-><7C.;,|-!489.-=.7,[.=.!=4/!489@=,.-94a!@-.!4M647,4-;,.!4-!
\__PNH1k!,-!-@>BA986(<@(C8('@?;9f;(28:9B;8C(=(&IEB9;D@;9@Ad8(#!.\1(`WWc1!
?##$B!

! !PB! W@47A.1! uB! b4/4[1! OB! ]./=,7,81! `B! +.374D.91! .-=! PB! \47,=.1! jZ=.69,<-! <>!
;<@7848! .-=! /4.7-,-D! 4-A,7<-C4-9! 9<! 9:4! @847! ;<-94M9! ,-! =<9N`Y1k! ,-!
1;7@A;879B;8C(!B;H@A@;:@(B;(!B>E?7879B;8C(1;7@CC9D@;:@(HBA(-B<@CC9;Dk(!B;7ABC(
8;<(#?7B>879B;(J(1,&Wa1!?##)B!

! !NB! \.-;47.1! YB! ]./=,7,81! .-=! `B! +.374D.91! j\<=4//,-D! S<//.3<7.9,A4!
S<C6494-;4! N4A4/! @8,-D! \.;:,-4! N4.7-,-D! 24;:-,R@48B1k! ,-! $AB:@@<9;D6( BH(
1#/1,(1;7@A;879B;8C(!B;H@A@;:@(@J0@8A;9;D(`WWa1!?##)1!66B!(&X&#B!

! !NB!\.-;47.1!OB!]./=,7,81!.-=!`B!+.374D.91!jZ=.69,-D!8@,9.3/4!86.;48!,-!N4.7-,-D!
\.-.D4C4-9!O0894C8!9<!8@66<79!=,89.-;4! /4.7-,-D! ,-!.=@/98!F,9:!ZPWP!1k! ,-!
$AB:@@<9;D6( BH( 7G@( %G@( VV7G( 1&&&( 1;7@A;879B;8C( !B;H@A@;:@( B;( #<K8;:@<(
0@8A;9;D(%@:G;BCBD9@6(S1!#0%U1!?#""1!66B!"#(!X!"#$!B!
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! !NB!\.-;47.1!OB!]./=,7,81!.-=!`B!+.374D.91!jO<6<794!./!E7<;48<!=4!+<7C.;,|-!HX
N4.7-,-D! =4! E478<-.8! Z=@/9.8! ;<-! 27.89<7-<! 6<7! Pz>,;,9! =4! Z94-;,|-! 4!
W,647.;9,A,=.=1k!'@K9678(&<97BA98C(-8D967@A9B1!?#""B!

! !NB! \.-;47.1! OB! ]./=,7,81! .-=! `B! +.374D.91! j\<=4/,-D! .! D.C4X3.84=! .=.69,A4!
@-,9! <>! /4.7-,-D! 9<! 8@66<79! .=@/98! F,9:! ZPWP! ,-! A,79@./! /4.7-,-D!
4-A,7<-C4-981k! ,BH7M8A@( /@K@CBE>@;7( HBA( &;G8;:9;D( #::@669P9C97=( 8;<(
\9DG79;D(1;HBJ@I:C?69B;1!?#"#B!

! !NB!\.-;47.1! OB! ]./=,7,81! `B! +.374D.91! .-=! PB! W@47A.1! j\<=4//,-D! 7</4X6/.0,-D!
D.C4!.8!.!@-,9!<>!/4.7-,-D!9<!4-;<@7.D4!;<<647.9,A4!/4.7-,-D1k!,-!$AB:@@<9;D6(
#g"j( [7G( 1;7@A;879B;8C( ]BAN6GBE( B;( #?7GBA9;D( BH( #<8E79K@( 8;<( #<8E78PC@(
"=E@A>@<981!?##$B!

! !NB! \.-;47.1! SB! \@}<[1! NB! s./A,[1! uB! s@4A.7.1! OB! ]./=,7,81! .-=! `B! +.374D.91!
j\<=4/,-D!4C<9,<-8!,-!A,79@./! /4.7-,-D!4-A,7<-C4-981k!,-!!#h#`*(11(!B;DA@6B(
1;7@A;8:9B;8C(<@(#>P9@;7@6(h9A7?8C@6(<@(#EA@;9R8Q@(#<8E7879KB6(=(#::@69PC@61!
?#"#B!

! !NB!\.-;47.1! PB! `.C~74[1! YB! O4D@7.1! uB! s@4A.7.1! OB! ]./=,7,81! .-=! `B! +.374D.91!
j\<=4/,-D!;<D-,9,A4!647><7C.-;4!,-!b,79@./!N4.7-,-D!H-A,7<-C4-98!,-!<7=47!9<!
6478<-./,[4! /4.7-,-D! 67<;488481k! ,-! !#h#`*( 11( !B;DA@6B( 1;7@A;8:9B;8C( <@(
#>P9@;7@6(h9A7?8C@6(<@(#EA@;9R8Q@(#<8E7879KB6(=(#::@69PC@61!?#"#B!

! !SB!\4Q~.1!OB!]./=,7,81!OB!s|C4[1!.-=!`B!+.374D.91!jZ=.69.9,<-!67<;488!9<!=4/,A47!
;<-94-9! 3.84=! <-! @847! /4.7-,-D! 890/481k! ,-! 1;7@A;879B;8C( !B;H@A@;:@( BH(
&<?:879B;k('@6@8A:G(8;<(1;;BK879B;1!?##)B!

! !SB!\4Q,.1!OB!]./=,7,81!OB!s<C4[1!.-=!`B!+.374D.91!jE478<-./,[.9,<-!<>!HXN4.7-,-D!
E/.9><7C8!3.84=!<-!.-!.=.69.9,<-!67<;488!8@66<794=!<-!I\OXNIE!.-=!I\OXNP1k!
,-!$AB:@@D9;6(BH(7G@(,B:9@7=(HBA( 1;HBA>879B;(%@:G;BCBD=(m(%@8:G@A(&<?:879B;(
1;7@A;879B;8C(!B;H@A@;:@(`WWc1!?##$1!66B!?))?X?))'B!

! !SB! \4Q~.1! NB! \.-;47.1! O4B! s<C4[1! OB! ]./=,7,81! .-=! `B! +.374D.91! jO@66<79,-D!
S<C6494-;4!@6<-!=<9N`Y! 9:7<@D:9!E478<-./,[.9,<-1k! ,-![7G(.E@;#!,( b( *0'2(
:B;H@A@;:@1!?##)1!66B!"#5X""#B!

! !PB!\z7,=.1!OB!]./=,7,81!.-=!`B!+.374D.91!jO,894C.8!:4947<Dz-4<8!3.8.=<8!4-!4/!
;<-94M9<1k!`4A,89.! I347<.C47,;.-.!=4! H=@;.;,|-! .!P,89.-;,.! U`IHPVB!YÄC47<!
4864;,./! jZ=.69.;,|-! 0! .;;48,3,/,=.=!=4! /.8! 94;-</<D~.8! 6.7.! 4/! .674-=,[.Q41k!
A</B!"*1!-<B!?1!66B!'*X"#(1!?#"#B!

! !PB!\z7,=.1!OB!]./=,7,81!`B!+.374D.91!uB!b4/4[1!.-=!PB!W@47A.1!jZ!G847!\<=4/!9:.9!
,-;<76<7.948! ;:.7.;947,89,;8! <>! Z;;488! P4A,;48! ,-! \ZOXOWZZP1k! ,-! VV7G(
1;7@A;879B;8C(!B;H@A@;:@(B;(+6@A(-B<@C9;D(n(+-(`WW[(J(%+-#,J#(]BAN6GBE(
$AB:@@<9;D61!?##'1!66B!("X((B!

! !sB!PB!\<74-<!.-=!OB!\B!]./=,7,81!jZ=.69,A4!W0647C4=,.!O0894C!><7!24.;:,-D!
_3Q4;9!_7,4-94=!E7<D7.CC,-DB1k!G-,A478,=.=!I-=@897,./!=4!O.-9.-=471!?##*B!

! !wB!E@/,=<1!sB!+47-.-=4[1!OB!]./=,7,81!.-=!uB!s@4A.7.1!jI94C!`497,4A./!O0894C!,-!
P,897,3@94=! `46<8,9<7,48! 9<! s4-47.94! Z=.69,A4! Z88488C4-98! O@66<794=! ,-!
I94C8! `486<-84! 2:4<70! UBI`22V1k! ,-! $AB:@@<9;D6( BH( 7G@( 1&&&( \AB;79@A6( 1;(
&<?:879B;(!B;H@A@;:@(S\1&U1!?#""1!6B!2"ZX"!X!2"ZX5!B!
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! !_B! SB! O.-9<81! OB! ]./=,7,81! uB! b4/4[1! uB! SB! ]<9,;.7,<1! .-=! `B! +.374D.91! jP0-.C,;!
O@66<79!,-!ZPZE2ZE/.-a!ZPZÅ1k!,-!!B;H@A@;:98(<@(C8(#6B:98:9f;(&6E8eBC8(E8A8(
C8(1;7@C9D@;:98(#A79H9:98C(S!#&$1#U1!?##'B! !

! !uB! b4/4[1! OB! ]./=,7,81! OB! Y.88,>>1! .-=! `B! +.374D.91! js4-47.;,|-! =4! S@78<8!
b,79@./48! Z=.69.9,A<8! 3.8.=<8! 4-! OS_`\! 4! I\OXNP1k! '@K9678( #K8;:@6( @;(
,967@>86(@(1;HBA>i79:81!A</B!(1!-<B!*1!66B!5$X($1!?##)B!

! !uB! b4/4[1!`B! +.374D.91! OB! ]@//1! .-=! OB!]./=,7,81! j2:4!E<94-9,./! <>!_64-! N4.7-47!
\<=4/8! ,-! Z=.69,A4! b,79@./! N4.7-,-D! H-A,7<-C4-981k! ,-! $AB:@@<9;D6( BH( 7G@(
%G9A<( ]BAN6GBE( %+-#,J#( `WWcj( -B<@C9;D( 8;<( &K8C?879B;( BH( #::@669PC@(
1;7@CC9D@;7(0@8A;9;D(,=67@>61!?##$B!
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APPENDIX B 
 

PROJECTS 
P@7,-D!C0!9,C4!.8!E:P!89@=4-91!I!:.A4!;<//.3<7.94=!,-!9:4!><//<F,-D!67<Q4;98a!

!

Supporting Trainers for an Inclusive Vocational Education and Training 

_3Q4;9,A4a!2:,8!67<Q4;9v8!C.,-!<3Q4;9,A4!,8!9<!<>>47!9<!A<;.9,<-./!4=@;.9,<-!.-=!97.,-,-D!
,-89,9@9,<-8! .-! .D744=! .-=! ;479,>,4=! ;<@784! ><7! 97.,-478! .-=! 9<! 67<A,=4! 9:4C! F,9:! .!
94;:-,;./! >7.C4F<7T! 9:.9! /49! 97.,-478! =48,D-! .-=! =4A4/<6! .;;488,3/4! 97.,-,-D! ;<-94-9!
.-=!;<@7848!><7!64<6/4!F,9:!=,8.3,/,9,48B!

+@-=8a!?)"B&((1$&!Ç!
+@-=,-D!4-9,90a!N,>4/<-D!N4.7-,-D!E7<D7.CC41!N4<-.7=<!=.!b,-;,!27.-8>47!<>!I--<A.9,<-!
P.948a!#"e?#"*!g!"?e?#"(!

!

ARrELS - Augmented Reality in Adaptive Learning Management 
Systems for All 

_3Q4;9,A4a! 2:,8! 67<Q4;9v8!C.,-! <3Q4;9,A4! ,8! 9<! 3@,/=! .! >7.C4F<7T! 3.84=! <-! 89.-=.7=8!
9:.9!.==7488!.-!.;9,A4!.-=!8,9@.94=!/4.7-,-D!9:7<@D:!9:4!@84!<>!4C47D,-D!94;:-</<D,48!
8@;:!.8!.@DC4-94=!74./,901!C<3,/4!;<C6@9,-D!.-=!<64-!;<-94-9! ,-! 9:4!;<-94M9!<>!.-!
.=.69,A4! A,79@./! /4.7-,-D! 67<;488! .-=! 6478<-./,[4=! 9<! 9:4! 74R@,74C4-98! .-=!
;:.7.;947,89,;8!<>!@8478!9.T,-D!,-9<!.;;<@-9!9:4,7!>@-;9,<-./!=,A478,90B!

+@-=8a!"$(##!Ç!
+@-=,-D!4-9,90a!\ISIYY!J2IY?#""X?*$*#K!
P.948a!#"e?#"?!X!"?e?#"5!

!

MIREIA, Content distribution through smart motors of 
recommendations adapted to social nestworks 

_3Q4;9,A4a! 2:,8! 67<Q4;9v8! C.,-! <3Q4;9,A4! ,8! 9<! 3@,/=! .! >7.C4F<7T! ><7! ;<-94-9!
74;<CC4-=.9,<-!3.84=!<-! 9:4!@847! 67<>,/4!F:,;:! ,8! ,->4774=! 9:7<@D:! 9:4! .-./08,8! <>!
9:4!@847!,-947.;9,<-8!,-!8<;,./!-49F<7T8B!

+@-=8a!$($')!Ç!
+@-=,-D!4-9,90a!\IYHS_!JIE2X?#""X?#"(X5*####K!
P.948a!#(e?#""!X!#(e?#"*!
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ALTER-NATIVA, Referentes curriculares con incorporación tecnológica 
par alas facultades de educación en las áreas de lenguaje, matemáticas y 
ciencias, para attender poblaciones en contextos de diversidad. 

_3Q4;9,A4a! 2:,8! 67<Q4;9L8! C.,-! <3Q4;9,A4! ,8! 9:4! ;74.9,<-! <>! ;@77,;@/.7! D@,=4/,-48! F,9:!
94;:-</<D,;./! 8@66<79! ><7! :,D:47! 4=@;.9,<-! ,-89,9@9,<-8! ,-! 9:4! .74.8! <>! /.-D@.D41!
C.9:4C.9,;8!.-=!8;,4-;41!9<!.994-=!64<6/4!,-!9:4!;<-94M9!<>!=,A478,90B!

+@-=8a!"B(??B&5&1)"Ç!
+@-=,-D!4-9,90a!H@7<64.-!S<CC,88,<-1!ZN+Z!III!E7<D7.CC4!
P.948a!#?e?#""!X!#5e?#"*!

!

A2UN@: Accessibility and Adaptation for ALL in Higher Education 

_3Q4;9,A4a! 2:,8! 67<Q4;9L8! C.,-! <3Q4;9,A4! ,8! 9<! .-./084! 9:4! ;.6.3,/,90! <>! =4A4/<6,-D! .!
D4-47./! IS2! >7.C4F<7T1! F:,;:! F,//! 34! 3.84=! <-! 89.-=.7=8! .-=! @847! C<=4//,-D1! 9<!
8@66<79! 9:4! =4A4/<6C4-9! <>! 9:4! NNN! UN,>4! N<-D! N4.7-,-DV! 847A,;48! 74R@,74=! 9<! .994-=!
9:4! .;;488,3,/,90! .-=! .=.69.9,<-! -44=8! ><7! ZNN! ,-! W,D:47! H=@;.9,<-1! F,9:! 864;,./!
.994-9,<-!9<!9:4!=,A478,90!<>!74R@,74C4-98!<>!.=@/9!/4.7-478!.-=!9:<84!F:<!:.A4!9:4!8<X
;.//4=!=,8.3,/,9,48B!2<!9:,8!4-=!9:4!67<Q4;9!.==748848!,-94774/.94=!8;,4-9,>,;!D<./8!,-!9:4!
><//<F,-D! .74.8a! 89.-=.7=8! .-=! C49.=.9.1! @847! C<=4//,-D1! =48,D-! ><7! .//1!
680;:<64=.D<D01! .;;488,3,/,90! ,-! @847! ,-947>.;481! .88,89,A4! 94;:-</<D01! C.;:,-4!
/4.7-,-D1!C@/9,X.D4-9!80894C8!.-=!@3,R@,9<@8!;<C6@9,-DB!

+@-=8a!*&B$##Ç!
+@-=,-D!4-9,90a!\ISIYY!J2IY?##)X#&)&?XS#5X#?e2OIK!
P.948a!#"e#"e?##$!X!*"e"?e?#""!

!

Adaptation based on learning, modelling and planning for user-oriented 
complex tasks (ADAPTAPlan)  

_3Q4;9,A4a!2:,8!67<Q4;9L8!C.,-!<3Q4;9,A4!F.8!9<!.-./084!9:4!;.6.3,/,90!<>!.@9<C.9,;.//0!
8</A,-D! 9.8T8! 9:.9!-44=!9:4! ,-94D7.9,<-!<>!6/.--,-D1!C.;:,-4! /4.7-,-D!.-=! ,-947.;9,<-!
F,9:! =,>>474-9! .D4-98! U:@C.-! <7! 8<>9F.74V! 9<! @3,R@,9<@8/0! .-=! =0-.C,;.//0! .=.69! 9<!
9:4!4A</A,-D!-44=8!<>!9:4!;<-94M9B!

+@-=8a!5&'##Ç!
+@-=,-D!4-9,90a!\ISIYY!J2IY?##(X#)$5(XS#&X#*K!
P.948a!*"e"?e?##(!X!"?e?##)!

!



!"#$%&'(c*(#$$&2/1Y&,(
(

! ?#'!

APPENDIX C 
 

SURVEY FOR SUPPORTING GAP ANALYSIS IN THE USERʼS 
SATISFACTION LAYER 

LEARNING PROCESS SPECIFICATION  

Od"!
S<C6494-;4! 864;,>,;.9,<-! 9<! 34! .;:,4A4=! 30! 9:4! 89@=4-98! .8! F4//! .8! ,98! .88<;,.94=!
;<C6494-;4!4/4C4-98!7467484-9!9:.9!9:4!4=@;.9,<-./!6@76<84!,8r!

Od?!

2:4! /4.7-,-D!<3Q4;9! /.34/,-D!67<;488! ,8!.=4R@.94=!.-=! ,9!647C,98! 9<! 864;,>0! ,-!.-!4.80!
.-=! @-=4789.-=.3/4! F.0! 9:4! 74/.9,<-8! 349F44-! 9:4! /4.7-,-D! <3Q4;98! .-=! 9:4!
;<C6494-;4B!

Od*!

2:4!D4-47.9,<-!<>! 89.-=.7=,[4=! /4.7-,-D!=48,D-81!F:,;:! ;<@/=!34! ,-947;:.-D4.3/4!.-=!
8:.74.3/4!.C<-D!94.;:4781!89,C@/.948!9:4!/4.7-,-D!<3Q4;98!74@84!.-=!,8!:4/6>@/!><7!9:4!
94.;:478!.-=!89@=4-98!,-!9:4!/4.7-,-D!67<;488B!

SEMI-AUTOMATIC GENERATION 

sd"!
2:4!@84!<>!P48,D-47!:4/68!0<@!,-!9:4!/4.7-,-D!=48,D-!67<;488!=4A4/<64=!><7!0<@!,-!9:4!
/4.7-,-D!C.-.D4C4-9!80894CB!

sd?! P48,D-47!,8!4.80!.-=!8,C6/4!9<!@84B!

sd*! s4-47.94=!/4.7-,-D!=48,D-!R@./,90!;<A478!0<@7!4M64;9.9,<-8B!

sd5!
2:4! G84! P,>,;@/90! e! ]4-4>,9! 74/.9,<-! <>! 9:4! /4.7-,-D! =48,D-! D4-47.9,<-! 67<;488! ,8!
74.8<-.3/4B!

ADAPTATION PROCESS  

Zd"!

2:4! 67<6<84=! .=.69.9,<-!C4;:.-,8C! 3.84=! <-! 9:4! ;<C6494-;48! /4A4/8! ,C6/4C4-94=!
<A47!9:4!/4.7-,-D!C.-.D4C4-9!80894C!:4/68!9:4!89@=4-98!9<!34!><;@84=!.-=!,9!<7,4-98!
9:4,7!.=A.-;48!,-9<!9:4!/4.7-,-D!67<;488B!

Zd?!

2:4!67<6<84=!.=.69.9,<-!C4;:.-,8C!3.84=!<-!9:4!89@=4-9!/4.7-,-D!890/48!,C6/4C4-94=!
<A47! 9:4! /4.7-,-D! C.-.D4C4-9! 80894C! .==748848! 9:4! 89@=4-98L! 674>474-;48! ><7! 9:4!
=,>>474-94!/4.7-,-D!<3Q4;98!.-=!.;9,A,90!90648!,-A</A4=!,-!9:4!/4.7-,-D!67<;488B!

Zd*!

2:4! 67<6<84=! .=.69.9,<-!C4;:.-,8C! 3.84=! <-! 9:4! ;<C6494-;48! /4A4/8! ,C6/4C4-94=!
<A47!9:4!/4.7-,-D!C.-.D4C4-9!80894C!,-;74.848!9:4!89@=4-98L!8.9,8>.;9,<-!,-!9:4!A,79@./!
4-A,7<-C4-9B!

Zd5!

2:4! 67<6<84=! .=.69.9,<-! C4;:.-,8C! 3.84=! <-! 9:4! 89@=4-98L! /4.7-,-D! 890/48!
,C6/4C4-94=! <A47! 9:4! /4.7-,-D! C.-.D4C4-9! 80894C! ,-;74.848! 9:4! 89@=4-98L!
8.9,8>.;9,<-!,-!9:4!A,79@./!4-A,7<-C4-9B!

DISTRIBUTED SEARCHING AND POSITIONING PROCESS 



!"#$%&'(c*(#$$&2/1Y&,(
!

!?#)!

OHd"!

O4.7;:,-D! 67<;488! <A47! =,>>474-9! /4.7-,-D! <3Q4;98! 746<8,9<7,48! F,9:! 9:4! 6@76<84! 9<!
4-7,;:!9:4!D4-47.94=!/4.7-,-D!=48,D-8!4.848!9:4!94.;:47!9.8T!<>!74@84!4>><798!>7<C!<9:47!
94.;:478!,-!9:4!F<7/=!89,C@/.9,-D!9:4!74@84B!

OHd?!
2:4!67<6<84=!9<</!><7!84.7;:,-D!<A47!=,>>474-9!/4.7-,-D!<3Q4;98!746<8,9<7,48!,8!4.80!.-=!
8,C6/4!9<!@84B!

Od*!
_39.,-4=! 748@/98! >7<C! 9:4!67<6<84=! 84.7;:,-D!67<;488!<A47!=,>>474-9! /4.7-,-D!<3Q4;98!
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