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d ' d .1111,1,,1', ,tI Iii I.' 1,lilh" i ll " llllIlioll ~;, 11Il-'lIlhns (Jlllw ( 'llI lli irlll 1\":ldl'lny 0(' Sci
'"~ (', lliid 1\11' ., dl';(ll ~ (lrth~ li l(; ltitiL:s, rcL:tnrs orthe UniVl'I'~' lli' · " , l"/qH.: rls urthe UN 
oIlld III\" 1"11 , 1I1l'll\h ~ rs or th ~ in((;rnati()nal hodies, laureates ()I d()lIl~slic and intema
1111[11I1 'IW:lld ..; rIll' scicntilic and professional achievements ... and it would take too 
IIlIldl lime alld space t() mention all duties and functions that oLir members are or 

IV I,; 1"<' (; II W IIlCd in. 

I lc~ lck this, we arc particularly proud that we have been welcomed as a Member 
,~ :\(kll1y 10 lhe International COLincil of Academies of Engineering and Techno

1 (l~ 'iL':tI Sciences (CAETS) at the Beijing Meeting 2000, and that, starting from 
,1H1lllary 1,2005, we are to become an Associate Member Academy of the European 

('olilicil or Applied Sciences and Engineering (Euro-CASE). 

We arc particularly grateful to our Supporting Members for providing their finan
"illl slipport that helps us realize our annual programs, but also for their awareness 
lilal alll()ng the HATZ members they can find internationally recognized experts to 
"olvc any problem related to the production, monitoring or technology and know

//!II\' transfer. In the future we shall make further efforts to realize the closer rela
III !IIS with the supporting members, but also to promote their participation in all 
(( 'l\lad ::; that oLir Academy is engaged in abroad. Serving the Academy, we are serv

1111 ' til l) hcller future of Croatia. 

Ziatko Kniewald 
President ofthe Croatian Academy ofEngineering 
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II I ,earning Paradigm & Intelligent Tutoring Systems 

j I' \l Illi, Stankov', Ani Grubisi6, Branko Zitko 
I { .. IIII V III'Natural Sciences and Mathematics and Education, University of Split 
I t'tl lIl!! 12, 21000 Split, Croatia 

r1,1/1', wi 

, l ji II \( '/' vice has enabled development ofthousands or~ystems Ihat are considered 
101 .tired application ofmodern information and communication technology, and 
I /lIIS t ' their work on a static presentation of a suhject matter. Educational sys

II, "III'elhi/ities incensement is gained by adding interactive, adaptive and intelli
• III If/ WI ions and those features enable development of Web oriented intelligent 

II'II"III,\!. shells. E-Iearning, new paradigm enabled by electronic technology, 
1\ I,/. l' universal replacement for all researches and development that have been 

II'/It le't! in the last fifty years, in a field ofcomputer !'ystems ' applications in edu
""1/ I ~' learning is closely related to intelligent tutoring systems, influence of in
i~I'I /11 ,,,Ioring systems on learning and teaching process is again actual because 

.1/ . ,/,(',.,\' have seen importance and relation belween these systems' pedagogical 
11.1'1\ 111 lind Bloom's "2-sigma" problem, Bloom's "2-s igma" problem is related 
I,. "f/i('(/cy in a knowledge acquisition while comparing individual and team 

/1//1 /.11 We present some research findings and we indicate their relationship with 
I . '11 11 I'('s('orch that has been conduced over ten years. Also, we present our lat

" Ii/ A l'<'iulcd to Tutor-Expert System model, an authoring shell for intelligent 
"'IIl: \ IIsl('ms development infreely chosen domain knowledge. 

• "I l ls; World Wide Web, E-Iearning, intelligent Tutoring Systems, Learning 
11/1" 11Ie'1I1 Syslems, Standards in e-Iearning systems, Shareable Content Object 
I, I/r " !IIoe/el, The Two-Sigma Problem 

l"'IIIIl lId ion 

liil li l ll ln li\'11 Jlld communication technologies (Budin et aI, 2001) have become in
I ,ll I '''II of' <..: du t.:al iOllal systems as a support for teachers in realization of tradi

11I!IIU1 \ · dll \ ~ n l i ()11. ;\s \,wll ill:i repl:.l ccment of traditional education with one of many 
1111 lilt.d' : till' 1 ~;JI1/;lli()11 of' Iearnillg and teaching process. Information and 

' i llilllllli"/l11(11I 1o; c\ llIlIlul 'V \' llIlIh i ll l'd with 1I1l11limcdia, lIetworking and software 

I I!i :!i l ' 1; 1, 1 \ 0111111 1.1111 " \{, / 'I "I III .I hi 
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' 1111111 11,' ' W\ L 'Ilitldl 'd d ~ \'I'IIIJlIIIl ' 111 of' IIl:W karning and 1l':1l'1t111 /! '"II"lIllcr sys
II , 1 .1',1 1' 1' ,\I IlIlk i ,t\"I~ ill (.'d(ll'atiollal technology was l1lad<.: by introducing 
fa lli ll I1 lId WW W :;c f' v ic<.;, ~llId it anticipated all educational systems to be reengi

i. d ( 'I 'III1 H II~' 1 1I('\,vorks Il:chnology, i.e. Intranet, Internet, WWW and specially 
Ij, I il ll' dlll , II:IV\,' :III il1llut:Hccd on rounding so-called advanced learning technolo

(i\I' I', 11)1) . ,) , I'hrasl: advanced technologies should be observed in a context of 
III 1111 " I'I('nl dive rs it it:s li'om computer systems for presenting subject matter to 
"I " !l lId 1\' 'I lilooks that support traditional learning paradigm . New learning para
' Iii 11'. k fl1l1c r - celltn;d. Learner is "placed" in centre of the learning environment 
III Il 'ri lid III lite til11G as well as the place and way of learning (Wasson, 1997) and 
1' 1~ tlIIJI'I~ is cillbracccl by s ingle phrase - learning resources (people, knowledge, 
',11(01 111')' , IIICdilll11, organization, .. .), In this paper we discuss e-Iearning because 
'""fl t'V\; Illill Ihis is new learning paradigm based on electronic technology seems 

, till IVl'l'Il :tI rcplact: llIent ror all researches and development that have been con
I f. cI III Ill c I:t :,t liliy years , in a field of computer systems applications in educa
II li( ·... I( \(;:-. . as stated in title, we bind e-Ieaming paradigm with on-site and Web 

1-Jlqll' lll IlIlming systems (ITS) that enable individualized approach to learning 
if " 'i ll ltlll l ~' II is klltlWn that WWW service has enabled development of thousands 
~ ~ fl lll " II lui :11 (,' cOllsidered to be direct application of the modern information 

'd 0111,,[11111111 ':111(111 II.:chllology, Most of these systems have very limited learning 
III 1 ~( I ~ lt i ll i' , ( ill'lIlo illl k s hecause they base their work on static presentation of sub

nllll'l I ~ "Ii Il I!\lII:tI "Y!'l ll..: llIS capabilities incensement is gained by adding inter
1\" 111 111,11\' Illilt 1IIII'1I i.l ~l' l1l runctions. Those functions can be implemented by 

111111 1, ,111111(1(1", "I dvnamie generation of Web content which depend on stu
' Ii ,I !" 1,,1, .I l jll ~": II(lIlS , Usage of those technologies enables develop

III ,j r WI-I; ,,110 1.1, d ,\ltlll"l illg ~ Ildls for constructing Web based JTS, The indi
ill ~;r i r, '; J1 II 11111 11 1' 11 1101. 1I'I\dting approach is now enriched with e-Iearning para
! i i (l Ul l \ 1,01 IS' III , 'Il', If Iliakes fundaments of our research. E-Iearning accents 

,' 11 11 \1 ,"I d.-l l tllllll :lIll:-. : (i) Learning Management Systems (LMS) and (ii) 
./,1 '/' h " II'" 111/ S('()NM lIIudel (Sharable Content Object Reference Model) 
11"' 1\. 1. ' till I ) i< k':lnling paradigm as well as previously mentioned detenni-

III ' ,, 1111 I , ~ ,lI li d Y/~d ill Ihis paper and will be related to 1TS. lntelligent tutoring 
",1\' 11 \ /'1' 111.' 11111(1\11or computer systems aimed for the support and improvement 
I, .111111114 \11\11 t ~' : II.: lting process in certain domain knowledge, respecting individu
1\ .d Ill l' 11.::1111 1,; 1' as in traditional "one-to-one" tutoring. Nowadays, when infor
,(11111 /lIld V(llIllIIlIlIicalion technologies and Intemet have become inevitable, ITS 

1" II" 11/ ' /1111 IoCI,;;'III Sl' researchers have seen importance and association between 
",I ',v'dl' tli: I' IIcd~I g.()g ical paradigm and Bloom's "2-sigma" problem (Bloom, 
" III .(·r!lfl'd III Ill l,' d'ticacy in Iknowledge acquisition through comparison of indi
111,.1 ,lIld k {1I1I k:ll'nillg, r:ar from any doubt, lTS show the besl reslIll ;: ill evaluat

I' ', llId"\I1 'i' HI'I IIl,; V(; IIWllt wll c.n hl'ing compared to ex istin l.!- lel'lli \I oI" j'I' :.1 1l '; lrning 
d k ':1i ItI!l l' Jl n.l~' I::-'· ' supp()rt , lollih Iraditional and illdividl uti I I II I . i' I'1 'fl(3). 

", tl l\ . Wl' IIllIphl 1111 ('IIIHh '~~ li v il y (1(' I:- h.: ilrnilla p:rr:rdi/'ill \\ .111 ,., 11 

"	 II' I. Il l. ll l'd III dl vl,llIpllIl'lil 111 1I11I11j.kllll'lIll1liClII 111 I, /Ili/ " / 'P' 

('; I,lId 1' \ Ill'l l) , III IIlh 111 1" III II, pi li 111, ' 011111 ,llIflll ll ll ll' Ih' lI 

H' ,I II ilnilwi ll \ , 11,1\\ h.h l • 11 11 I I , "" ,I1II1 Ii '"l1 l1 hit 

[i\11I d '1IIIIIIIIIit ' ( ' lIi,l1l.l1' A, ..d, 11I~ .-!.!.1 !.1 " J.: IlIt' 1111 1; 	 2J_ 

1"111 d :11111 iUlpklllL'lllnl ;1 :; all (In-site system, and afterwards followed researcJ1, 
II" ' ''1'1111'111 :llId lillally ill1rlcl1lentation of TEx-Sys's distributed version Di~'

1/1, 01 ("lor / ':,1 /,('/'1 .))1.\'1(,111, DTEx-Sys (Rosie, 2000). The TEx-Sys and tl1e 
Ii ! ! ,; ,:-j'i" h:rw bct:n used on some of our university classes in the last few ac~
k lq :; Y,' li r;.: (Stanlwv et ai , 2(02), (Stankov et aI, 2003). We have created our own 

I I':i n , : jI L~ 1I11d leaching model by using knowledge bases developed by TEx-S)fs. 
d.i»,\l'" I'l'sliits have been used for further research that relies on Bloom's experi

!1I( 1I 1 ( : : 11 11 tlwv. 2(02) with a view of developing our own research methodology · 
ii ,I ~ , \ l' l , VV I,; have been working on implementing a prototype of extended version 

I tI /I 1Fx-Sys, extended Tutor-Expert System, xTEx-Sys (Stankov, 2003), within a 
1,,10 dll l'.)' project founded by Ministry of Science and Technology of the Republ ic 

• 1'1,011.1 , I his paper presents achieved results concerning research and implement a
I 'II 11.ll· lly describes e-Iearning environment, learning management systems, stal11 

"Hil l ,tilllil or learning technology, e-Iearning systems' pedagogical paradigm a(ld 
II. II IV oflhe xTEx-Sys architecture. 

, ,'../,'urllillg and its environment 

1""'lli\ 11I1.;nls in Internet access availability and speed as well as computatioJ1Jal 
i ' I I" p.;rsonal computers, have dramatically increased possibilities for interoP

j ri l ,till V :lnd usage of other distri buted learn ing technologies. Consequently, diffe: r-
Hl ' ,, '" pa nics and associations have been developing different products for distrib

Ij (' d I, dillill g, New products are continuously being developed and combined wi th 
i 1;lI l' products that define new functionalities. That became challenge for the d.e
111 /11 111 ' 111 of'the new e-learning environment. Emerson of new e-Iearning paradigm 

lint 1111ply that existing software applications as well as traditional educatioJ)lal 
11t," h ,'dlOlild be forgotten . On contrary, existing student administration, hum~n 
,1111 ' j", 11Ili..1 library management represent critical components ill e-Iearning envi

1ji!)[ Itl I< ca l challenge is to integrate all those components in e-Iearning system 
ii' j II wrviccs. E-lcarning presents intersection between world of information alJ.1d 
t!"\I I1.III H':Htion tcchnology and world of education. This fact is valuable partic,u 

!'i! !" \\ 1" ' 11 it is being llsed as a part of well planed and organized learning enviro,n
ftitl ll , 1,"/ 1I 1: Vl'l'theless e-Iearning is not a "magic ball" that will replace existiJJ1g 

ilt h "I" I ~' : 1l tlll!orics, principles and standards. American Society for Trainers a,ld 
' h' I 1"PIl\1'lIt (I'SrD - www,astd.org) defines e-Iearning as a subject matter OIJ a 
!lIilll lll )' I "< r~.' ri (.:ncc delivered or enabled by the electronic technology (AST(D, 

111 1/ J I 1I111 10 11y, I.:- learning includes numerous learning strategies and learning suJP
!! Il j lilltllogiL's stich as (,D-ROM, computer based instruction, videoconference, 

1I1"'i t l]1 IlIillin delivlTcd by satellites and networks for virtual education . 1n otl.er 
1,( Ii .I'll '" lIot illclrHk onl y Web ha sed education or di stance education, but: it 

• 11111 . .It! kl l' II1 IIppruadh:li ill order 10 individualize information interchange aJl1d 
".. ' i, .I, 't !ll'II'" l' ilill ll or I' tlilicipallts. III principle, e-Iearning is based on the e1~c

HIII II ' I,i 1111111(1)' )' , dl':, i"lII'd 111/ \'11:11111111' knowledge and skill acquisition, not orilly 
11/ 01, III ', ill 1..1.11 ,11 1\ ,11111111' ,llId I, ,. 'hill l;; process, hut also for all participa'1I11 

H', 11 1 1\ '1 .\1 11111 )' Ilf . 11,1111111 1' .Iltd Il'r" 11,1t /, Plq L' ~"' 1'i (I ~:rrnill g whik workillg, qll;I.'II 
!lJ.1I1 I", \I. \\ ,1'lIlll ll l1 , Hill I ", V\ !~ 10' 11 1'; IIlid Il'l'ltniq lll.·t. , l'f ,' I Wlti'" l'IIII 'lid" I 

http:www,astd.org
http:lIi,l1l.l1
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I," " ,1111(\11' 111 \ """"11 '"1 ; I, 11i'" 1I '1" III1I1 ' S Ihal L;-Icarnillg sl'(lliid i" .d,'" 1(1 allswer 
I' '1'1' ·.1,(," " Whlll hll(lllid /Ie dllli C 10 aCL;omrlish successfi.I1 e-k:lI IIIIIIg lilr differ
II ,.(I \ 'jl lI ' It " . "I ; ; i\l~"~III ~ ?" :lIId lie ,~lIggcsls multidimensional space made of peda
'I' V. t. ·( '11111111 'I',y, II ser ill tel' liKc, asscssmen t, management, on-I ine support, ethics 
.. i 111 '1 \,,111(((111 (I'd 'all, 200 I). 

, '''I f' I ff /.lli" ~,flllis paragraph, we are going to mention few more relevant features 
, kll IIlIHI' pHradigm. Onc of them is related to dynamic growth of commercial 

li lll (1I III 'II· ,hl'o/ldll/l-hill/'com). It has performed an explosion from barely existing 
1'1% Iu 111)(1111 ONE billion dollars in 1999, and foreseen about 10 to 12 billions 

,1 11 11 '. 111 ,200 \. 10 more than 200 billions dollars in 2010. Last two features imply 
II !" IIIIIiIl/ ' alld Icaching process benefits from e-Iearning and globally relates 

111 1:" l" dIH,;al i(l 1l (at all levels) and long-life education to the two new determinants 
.' II 1\ IIHlln k . 2()O I) thai can be summarized in : (i) development of integrated sys
IH ', 1\11 k~llllill ).1. management, and (ii) development and promotion of standards for 
i II .tI ti l' l'I 'llkllt objects for e-Iearning or learning objects. 

dlll\\ 111 1; pilra ~ raphs present e-learning systems cohfiguration and architecture that 
III " "" tli:'Hd;II 'd:-; fur developing e-learning systems. However, it should be em
~ II ' '' !-j ( 'd 111:11 illtl'odll t.: in g standards in e-learning systems will probably "neaten" e
li llill .' ;1\1 '/1:1IJ(I l:a :-;~ till: work for newcomers. 

I " ' /11""'1-: Wsi('m", cO/~fiKuration 

I ti l 'I I tI 'l ',PIII I: iil 'llial ~- il.:arn ing systems configuration classes because this area 
I ',' d\ 1I 1111111 :a ud II is vt:ry hard to foresee what will happen in the future. 

\' II fJ) 1\ ' "I.tllll l' it! 1I11111l'\,()US literature references that represent actual e
\ 11 ' 11 1' " f' 11 1'1 \ il\tl i' I ~'" ~llioll, our analysis focus is placed on learning monage
r \ I ' \11 III \ nud I,', II'IJ;/I,l~ ('on tent management systems. These systems have one 

linIII '111 111 1\ \ ,11 : II1 (,;y are hoth Web based systems for supporting learning and 
JU I' ;lq' 1'/11 1 I.".' . dll ri ll g s(utknt's knowledge and skill acquisition. 

11 / l lIl ,' , J\ /'l/ lrI,Wlllf'IIt SI'.ltem (LMS) presents software that globall y enables total 
111111)' !III<I 1l' ;II.:ilillg process administration. LMS enables student's registration, 
til/,I, · iI ' qll l.: lI ~ ill )J, ill courses catalogue, describing student's data and repotting 
rl \ ililll l! thul has heen done . Besides, LMS is usually designed in the way that it 
j 1I i/1I 1I1)'ll' \'oursl,;s tld iverl:d hy different publishers and service providers. Usually 
~I :; ( 11111 '1 \111':11 i,lll docs not illCI ude authoring tools for creating subject matter. 
hoi \ l l\ll"l ~ nl'll:r Mllnl: additional tools for creating subject mattl!r. Rl!usability 
'110: '1 Itl 1I ~ c.: wholl' ~OUI'Sc (one course can be delivered to mall\! :;llIdl'lIts whose 
klll!I,jl ll lll,lfl '"h ":111 h<.: IraLknl down). 

/I I/fil i i ( '''111. '/1 / ,l flf/l,ll :" III"/I( ,\1'.1'("/11.1' (Le MS) ('11:111/ ("1 ': i l~i i(jilj Ili l;ii i' , 1I 1' in 
l i'lI'lllI l' ', lIhl l','1 IlI fllkl . S\lllk ... 1 Illalkl' ~nn :'I:i l :; III k 1I 1l 1,:t;:dj 11 1t11 ;In' 
I I II I..Hlltll )' "I'k ' I' , I ('1\1.': ,,1111 1'11 11 (' n lll Ill' lill ' •• I II 01 WI II I !JIIIIII 

, ' I, IIdll l '~w[ t1 i i 01//(, III ,\It/III 1.1 ', ' ///1 II f SI'I I, III 11 '1\ II\ J iI! 

.11 It 'tI(11 "I lli ~ (. '111 11 11 ,1 11 1\".11" II') " I I ~IIL lm'u 111/', 

!II t ( 'I (NI Ch:.lIIi, .:! ()() I). 'ICIIiI e MS cotl1es li'om on-line publishing industry 
iI' li l ( "oIh ll' ''l "!I'aling and admini stering dif'fcrent contents (articles, reportages, pic
l li l " (I J ( ' I\II~ article is made of many knowledge grains called content compoI 

i ll l IlIiI Ilw)' gllarantee rl!usability. One component can be included in many arti
I". II t.: 1I 1i al'l erwards be read by many readers . When compared to learning, we 

11\ W: II I fl'usable learning objects that can be used in different domain knowledge 
I,d Ily dl ll t'lcilt students. This reusability and content structuring is employed in 

HI , ( '\l ol elll component in learning domain is called reusable learning object. 

'I pll , I ii 11I1I1Il!I'OUS definitions for reusable learning objects we cannot avoid hav

I!II ,I" "'jl- ioJ) that essence is in applying object-oriented model of conception in 


, !, '"Ilillg world" . Alike LEGO blocks, learning objects are reusable components 

Wit I "" wlo.:t.lge grains) - text, presentation, animation, picture, HTML document, 

,I l"tI IIII' building fairy tale castles but for knowledge building and acquisition. 
11 , 0111 * 10 !\STD, learning object is reusable medium independent information 

Ii ,II j'ltilding block for subject matter in e-learning systems. Learning objects are 
,i"l l' IClll if they are organized and qualified by using metadata and stored in 

I I' Il"til ttll'ics like those in LCMS. iEEE Learning Technology Standards Com-
III ; , JI ~F r; LTSC (itsc. ieee.org) defines learning object as: " . .. an entity, in digi

, /I, I!I digitoij(mn, that can be used, reused or referenced during subject matter 
I ," . Ministry of Defence of USA and White House Office of Science and 

t 1'11<11.'1-\)' at the end of 1997. started an initiative called Advanced Distributed 
II lIi l ljl !\J)L (www.adlnet.org) for the advancement of information and commu

I III, '1\ 1 ~' ,,; illl()logy application in learning and teaching and they proposed stan
n,[ 1 1111111 or subject matter, so called SCORM model. Structure component is 
" 1I11Ij' IIh;\.:d , so called Sharable Content Object (SCO) along with its attributes: 

II Ilnlli v. durability, accessibility and interoperability . 

,'IIllat/lsfor designing e-learning systems architectures 

IIi, illillill ives in other areas, standards applied in learning technologies should 
" d,I, II'II i1ahilily and interoperability among different platforms. To accomplish 

11, .1 \I 1I .. ",ilily and operability, consensus in architecture, services, protocols, data 
'dl "lit! "IJI'II inter!c/(:es should be made . This task is difficult and overwhelming 

hi.l!l l ~ 1 I" the development of learning technologies infrastructure which has its 
III 1111'1' tI dilll CIISiol1 and in the last decades was associated with development of 

111 1" '(' I ·,YSIClrlS. It rrcsented difficulty to interoperability because, with time, dif
I· II( lil oi llul'Ill::; and architectures were more "fashionable", and speaking in techno
, " " ,(' IP,t' tlll;y dcpelldeJ on era they were developed in. Dynamic development 

111 11" , III Ihe last (~"v yca rs constantly brings up new recommendations, and, as a 
II ' '1'''' 111'1' . I hcri.; it-; a st eady progrl!ss in designing, development and application 
II " 11111/' illld k;l vh ill f ~ s vs tl' ll lS' ;Irchitccturc standards. h-Iearning systems' archi
Itl l '~ PI d" ' lIg ll ~'d ! \(, ~· \lldlll l '. tn IIII' Ihl'c l' -tin t:d al'l:hitt'ctllr~: made of data tier, ap

jili f.( lli i ' " 11 \ I illid ,1", '1 1111<"11 ,1' \ II l' l (' 1 \' ~' I"i " , I 1I11)(lil'icd ;1I' 1;: (jrding to !\nido-Ril('>n 
I nI . ;' Oil ' I 
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Application DatuI 
tier tierI 
r~1~ B 

Second level of First level of 
standardization standardization 

I"ig, I. 'T'hree-tiered architecture and levels of standardization 

) "'in( {<'l'eI olstandardizatiol1 - data model 

Ih" I I I O ~ I Illailire results are achieved on the first level of standardi zation. In most 
\' ,\!t. XM[, (l'Xtend Markup Language) is used for defining information model 

" III, Il l'II:1rll t:s WWW interoperability , 

~ l ill! '" [" v\:! , standards can be seen as common specification that has to be used by 
i i (I~ ' , III h-lI l'flillg objects vendors which create learning objects by using different 

I, 1\' 1(11 <: llpporting learning and teaching process. Relevant specifications on the 
II , / I, Vi I , d til t: three-tiered architecture standardization are: (i) Metadata used for 
II. , I " d, ' !-c ~ ' iption of a subject matter. The most notable contribution in this field is 
1.1 11 1' 1, \ !FI' L-l.TSC (itsc, ieee.org) in a form of Learning Object Metadata (LOM) 
11I1 (1,lId i>pt:cii'ication considered to be de-facto standard. This field is believed to 
" "1 1\' I'"till; lI10st active parts of standardization process. (ii) Profile and student 
,., ' !I 'r! fllat prcsent information about knowledge and preferences included in learn
i' l~ 1IIId h'aching process, IEEE LTSC Public and Private Information (PAPI) speci
II ,111111 1 d\i,;sc",ibcs student's record. (iii) Organization of subject matter is oriented 
'II d' ''' I.'lril'lion or a course stmcture that can be static or dynamic. Static course 
111 11< (I II ~' ddilles ,1 priori relations inside subject matter structure (lessons, para
·l.ll'l n,. :1'4s lgnlll lcnls ... ). Dynamic course structure determines certain sequence de
I!'lIdll l')\ IIt l :-; llIdl:nt her/himself and his/her previous interactions with subject mat
I' , III ~ " illl(Hlllalioll is used in learning and teaching environment in ()I'(kr to create 
IIIllIt " '1III,kll (l' t/ aclivitil:s. Predominated standards for organi/.alioll 01 :;lIhjvct mat
, ' I . II, ' I' nH ~'d Oil Alf'e (IVI'IJII'.lIi('('.ot'g) and ADL SCORM (11'11 '11 ' /1,/1", '1"' ,I; ). 

1'1'1 ,11 (till I .. III" ( '1I 1i 11 1l1l1 :\, ,,,10 111\' of I 11 /',.1 "" II~ ... 7 
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)1\ ti ll Il 'Vl'1stalldard ddinl:s expected behaviour of system components responsi
!' It'l 111 \ 1j':! llIillg ohjl:et management in on-line environment. System interface en

Iii i'" ' ''" 'l lllId ion of' new educational systems avoiding building them from start 
Hi 111""lld l illiprovisations, and besides that, it enables interoperability among sys
iil ~ \~ 111 \ dii'fi;rcnt platforms (different operating systems). Nowadays, not many 

w ,i[iili;," 'l !t;lve developed architecture with common components that enable ge
Jo i, .lI l1l ll g environment. In respect to the management and administration we 

" I, "Idled tlm~e \earning system categories: (i) Educational delivery systems or 
1'1,," 1 1,,, il cc('ssing subject matter by using Web. These systems do not require 
! !t-IIIII i ll Il'C measuring and learner administration . The representative of these sys

!ill ; 1'11I t:cwarc Auditorium (www.placeware.com). (ii) Computer l110naged in
11011 ' \ 1' 1'1t'/II,\' that include: subject matter delivery, integrated system for track

Ilt d IIletlsllring achievements during learning and teaching process, individual or 
"1 1 ~" ,d<. Tile representative of these systems is WebCT (www.webct.com). (iii) 

lill i' 1//{l/llIf:l'l11ent ,~ystems were discussed in previous paragraph . One of the 
I" ' I j,I.III\'CS of' these systems are Docent (www.docent.com) and ISOPIA that is 
ii' "I, I , II to IK' an intelligent learning management system (www.isopia.com). 

I' ~ d ~j'~ ClI : ir paradigm of e-Iearning 

I " 1/",1 hl,.'twcell 1982. and 1984. Anania and Burke at the University of Chicago 
I '\ 1/0 (\ conducted a research in which they compared three ways of learning 

111'11'1I IIlallcr: (i) Conventional learning where group of 30 students lead by 
" I I 1,11< '1 IIud 10 master certain domain knowledge. Students' knowledge was ex
"" 111111(111 )\11 Il;w tests that were used in gaining final mark. (ii) Mastery learning 

1; ' , ,- I' li l ll\) of 30 students lead by one teacher had to master certain domain 
II d" ,· Iluwcvcr, tes ts were used as a feedback and every test was followed by 
dill' '' ' 11)1 l;oITecting way and pace of presentation of a new domain knowl

~ 1I1) I'll/will)!, leot'ning where students master certain domain knowledge 
Ii " 11\ \1 ~1 1 1i 'lmti tutor (one teacher lead one to three students). This way of learn

Ild ll!lw d hy periodic tests, corrective procedures, feedback and parallel test
Ii, 1I1.1' ,ll' ry learning. 1\ is important to propound that need for corrective pro

1111 ' 1111111;_way oj' lcal'l1ing is very small (Bloom, (984). Using a standard de
/,, 11 ""1 II W.I" 1()lIIIt! tlwt all average student in tutoring group was about two stan
I I II. \ 1,11!i'li III (ln.: slIcccss i'lIl than average student in control group (the avera!-!.l' 
11I!i',1 !",IIIII I \v;I ~, at a It.:vcl ahov \.! approxil11:1h.: ly ()H% or the conventionally ill" 
iill i r ol IlId,' lil " ). All aV('/';lgt: ::; tll(knt ill Ill:lsl vry k:arnillg group was ahollt 011(' 
",II , iI ii, Vlotlllli IIl1lt'l' S ll l.' ~ ( ':is flli tlt:lll aV(; r'igl.: ';111 (,11.: 111 ill cuntrol group (Ih<.: avcr

11,, 11III 1I!1, k', 11\;1 '111'1 v klllllllll ~ i ltlnill" d tin al ildli evl: IlH': lIt ;Ihuvl.: apPI'l),I(i lll llh; I.>, 

" I Ih. '1III d,' III ', ill , \llI v"IIII11I1!! 1 )',1'''111' 11I >lll lId inll) , '1'11[,,1 ill!', h ';lIlI i ll )', sllll\VI.'d 
I Ii" 1'1.11"/11 , IIi' '.111,1< 111 '. II noi l'"to'llll :1I I" "":,, I, II II '~ 111 1' 11 1, 'v\11 III 1I(' III ~' V\ ' III L' 1I1 

Hl p'" I Il 11 1." ,1· ,,1111 1 "'111 111\\ 11 \ I" 111101 \\ 11\ '\ "I :1" , (l1I,," i,,1t11l1' 1111 ', lt il' ll I, , ,' IIi 

.lii t" 11111 II I 11 11 .111 IIHll l" 111 ,1.1 11 d Hiid /I ,il , ,,"ri lil ll ll'. III ,11I I",i' ' I" 11 "1\' ""l t'" 

http:www.isopia.com
http:www.docent.com
http:www.webct.com
http:www.placeware.com
http:ieee.org


.I i,,1 fl\ ••\ , lillilll II II 

IU, 11I1,n ill l' I iii ', til 1-11('\1111 ;I.~ J SI)~III(/ IlJ'ohll-'tI1, NumcJ'(lll i' 1(',, ',11' II" , 111 (.;d 10 de
I i 1111111(' d . !\ lld III Wh;I,1 IIJ \,; aSUl'l', C()lllputers and related techrlOloglus (; (In contribute 
1' 41 ,,"uk- III'f k\l(lw"-:dgc alld skills acquisition improvement. One or those researches 
t l' I\IILl II': I • .!OO I) is spccif'ic bccausc it is oriented on collecting and systematization 
,,' Ifilin c'asl: silidics rdlaled to students' achievements in learning and teaching 
"I'''' ... . , Ity II Cl ing. inh)rl'l1alion and communication technology, 

1,2 -~ F~! ' 
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- 06 ~ 
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0,0 I , - ' "" , !£n tp 

Corrputer Based Interoctive " Intelligent" Recent 
Instruction (233 Mullimedio Tutoring Intelligenl 

Siudies) Instruction (47 Systems (II Tutors 
Studies) Studies) (5 Studies) 

I'ig, 2, Some Effect Sizes for Technology-Based Jnstruction 

til l ! \ ::;~' ; ",dl has determined following facts (see Fig, 2,): (i) achievements of an 
1\ I I I\I\~ ,Hllde ll! in traditional classroom (so called 50 percent student) are equal to 
i'Jln c \ ,'ltI,'nl s or 64% students (64 percent student) who used computers with sim
~ I I \I "'" 11I1<.~ I' I;lce, and that improvement was presented with standard deviation of 
IIqlll 0, ILl sigma, (ii) students who used computers with interactive multimedia (in

'1 ,lI l,\r p;,t;llIn.:s, sounds and animations) showed achievement effect of 60%, and 
JIll IIltl'ltI VC'III(,1l1 was presented with standard deviation of about 0,50 sigma, (iii) 

1 (i<l ~ J11 4 who lIsed intelligent tutoring systems showed achievement effect of 80%, 
lid II lI ll illlprOvclTlcnt was presented with standard deviation of 0,84 sigma, (iv) 
111.1"11,114 w ho uscd rcsent intelligent tutoring systems showed achievement effect of 
." '" Illld Illal improvement was presented with standard deviation of 1.05 sigma, 

( ~ I e f"'I ' l ' (llldlldc,,> thaI cffect of traditional tutoring learning has not yet been 
,It I,wll . hilI resuils arc promising, 

hIC c'lII~cl,f" tutoring systems 

I I, (Ir: ~ ' ~' ql Illtorill}) :-ysicills are generation of computer systellls aillll'd 1(1 support 
101 1111 1'\ \1\", "'ilrl v i ll r~ and (c:I \.: lling process in certain domaill hll(l\\I I· tI ~' \ '. "onsider
I)' IIldl ' IlIl wllly n!, ;r studl.: lH lik <.: in lraditional one-to-Olll' /I '! IIJl IIII ' 1111 1 Il';\I.: hing 
1111 n", r1"f1I H iii ..: I'\,t:ult ..: 01 ' 1\'ii": ;II'cllL'S as wdl as !h ~ n Jl1 '1 1'110 ' It l 1111'/ ) ill l' lly
' 11I'1"d l( \I .11111 .. 01 II I)' ',[11 1.' 11 ' I I' , SY" ~ llld il l~ di:il ri hlll, 'd V,'I .11'" "I I 111111 ill " 
I, ll. I", ,I d '''I . ) 1"'111,11\ ,',\ ',1"111 111".11'1 (I'o'd" , 1'1(, i \ \ II iln 
IHIII \\,_ ii " ll ,IIIplI 'lli III 'il ',1 " 1- '1 1I 1[lIIJI" 1I1 ,II If 1 / ) 11111 " 

IJl II , \ t'i l, (~ c '1",111 ,111 1\' III " 111 \' (,i'jl lI{d Jj, :, 1,II1l.: _ I) 

tilt ,,, , II '" ;-'; )'1' , Wll id l 1;-. t:XII'I\(kd wilh SOllie new actors and functionalities 
ul, ,]\ '(HI \ I, 11'/'" o/'il'//{I'd il/{('lIig(,lI{ {/uthoring shell will have the following 

(i'l ,111I1('llls who will hc involved in knowledge and skills acquisition process, 
Il il[i[U" 1, l1l lW ledge cxperts who will create knowledge bases, (iii) teachers who 

II .ti, lfI ' IWldl ,)' (h.;s ign subjcct matter by using created knowledge bases, and fi
ii 'I ,y~ I<'IJI adminislrator who will monitor system, users and ways of using 

!{iil I I II i Il \.! l111 ore, all uscrs' categories will be able to cooperate while creating 
'i~ I t: "!} 11I1:,es or during learning and teaching process in certain domain knowl


i 'ill ,d phllse or the project will include some trial assessment with all student 

"ii , bj !~h school students (especially those in final grade for their preparation 

L, 11 1111 nl' <.;ollege), (ii) university and college students, and (iii) teachers who 

Illl llJli' lIll 'n tary courses during their long-life education related to applying 


!1I 11111 111 :llId education technology in subject matter realization, During our 
II {iii il aI 'i project we have defined following functionalities of xTEx-Sys: user 

I ,ii li '.y; ;I "; II1, learning and teaching, knowledge testing using overlay method, 
I, .Ii " k :;lil1 g, using quiz, domain knowledge design, subject matter design, 

II 

1'1, II ,,' I, ' I il110 system (different categories of students, teacher and domain 
I. d l',l' l 'X p<.: rt), user overview, changing data about user, adding group of users 

I, III , 1I ~; <.: r group overview, changing data about user group, adding users into 
111111' Ilddil1g teachers to user group or individual user, adding courses to user 

'1'"1 II ldl vidual user, user collaboration (e-mail and on-line textual conference 
il 1I 11 11111all v sy~ t cm administration, 

11 0' ,' Wl' pr<';scllt description of a subject matter design functionality that is pre
\1 11\ !l': ld ler during creation of her/his course structure, Courseware is inter

II ldh ,I"t' t' pl ..:d IeI'm for subject matter designer for execution on computer. 
i III,dl ~' 1 i ~ dclincd for certain course that is related 10 a certain student 

'I"i C~ill ll' IC W :lrC has multilayer structure consisted of: units, lessons, topics, in
Ifllil , i I I, 'illS and tests of quiz type (TQ), These elements of courseware struc

li l!\ I h""1\ idenlified according to our pedagogical tradition extended by one 
i ['I' ""PII , all in structional item, which is considered to be undividable ele
,( It tll'I" c\ Illaller. We want to indicate that undividable element of subject 

"I II ;, c.;ssclice subject matter object, that is, previously mentioned SCO ae-
III "I( '( II{M model. A unit in principle includes more lessons, a lesson in

1111 '11 I"pies and finall y a topic includes more instructional items , Test of 
I 1'1, I'. rl l)puil11cd to a unit, a lesson or a topic, Teachers freely design the 

Will i "' 11I\llu r~ , alld il includcs both vertical and horizontal decomposition of 
! ii i 111 1'1 ,'kllICIlIs slruc(ure, That means that courseware, being built by a 

!II I jill " ,I 11 ('l' ~ llIldll ln: and its elements can be sequenced, Nodes of course
I , 11111 1111' II 'I 'V :l 1 <':~ lIhj n: 1 mafles dements, and they are divided into four lev
iii III (k" '1 1/ 1I1Iit.' (ii) sec()nd level - (/ lesson: (iii) third level- a topic; (iv) 

iii ! it ' . I 1/1/ /iI ,\ 1/ '/11 '(Io llul ill'/ lI , I\:sl s or ([lIi /, typc arc specially considered to be 
:\111 II ( jI 1\" ' .1 Il lllt j.-, '1 1111111 1,; 1 c.;k' nl ~ 1J1 l' X~..: p t ill ~ trll c:l iollal item, Quiz testing 

I 'i ,(, It " III II,I .i WiI\ ' , i l 'l I ~" " "I ) ' \1' ,11 '1' ::l iil k '1"\::1 IiIlIlS 141.: IWI'ilfcd by tt.:acher and 
" " 1' II ' ;111' ,II 11.11111, 'jll ' 'illlll", ,.\ Ii i " Ih'" 1\\ 'i'lIl)ll1l l' l ,)11 Ip,llIy,iIII' 1;lIlllolili /,l~ d 

III, j ' I'li ll' d 00" oI r1(1 I,1I11 I," ,,, It ,j " , 10;1'" I oJ l,d 11I1I1Ii .. I "i !J1I" "ili llll " dil l i lw 

, , hi 
111 1 

It , 



I I II n 'I III\ \I II 

1111)' i· .I, ' hlll.l by fil l ' lI'.lllicr . (Jllcstions, Ihal are rdaled I" ,I ' " I "I klluwledgc 
101 .1 1 "I'P"IIIII '(( I" l'I' l taul !-< lIhjud Illatler clement, are combilled 11110 pairs (two 
,1' 1,",111111 ', II I ~' \I,'l y ":YI; k:), and IHllllher of' cycles is defined by teacher ("or every sub

, I IIl o ll ~' r',(rll('(II I\' C!uIlICIII th at is a test of quiz type, 

' 1(1 1( I h I( Sys is developed by using an object-oriented methodology of software 
11 1 '1 1I \,'\' !i l ' I) ~ ~ lI lkd ICllional Unified Process, and tools for visual modelling and im
III IIIf !11l 11,lio!! I{alional Rose and Unified Modelling Language. Implementation is 
111 -.\ .\ 1111 lilli ' .Ncl lcchnology and Microsoft SQL Server system for the managing 
lU l. l 11(1',(',"" 

, { (lIu ' lu,'Ii'lIn 

• IU II I !i lJl ~ pn':~l;nts inlersection between the world of information and communica
I(ln h't'hlltllogy and the world of education. This fact is valuable particularly when 
t 1'1 II' H:d us 11 part oj' a well planed and organized learning environment, however e-

II\III II)L i:~ out a "magic bait" that will replace existing pedagogical theories, princi
11\ " .1 11,d r'1:llldard s. r>learning is a new learning paradigm based on the electronic 
II IIIIClllI l' Y10111 1l.:u, as we see it, with individualized learning and teaching paradigm 
~I .II. 11'll l'" il' lvll,' OIl intdli gent tutoring systems. We have presented e-Iearnillg as an 
I jl l,tllIl, IIi 11 III(ld (.: ln inl(lJ'Ination and communication technology and we have 
111 111 11 d 11\111 ', ( I(JIr ( ' l' lnliil ~urations (LMS and LCMS systems) and standards for de
fil l1111 11 , kI I\IIIII ~ ' 'lV'l tlL'III S architecture. Standards for designing both e-Iearning 

1'111 1I1 1lilt, 'I II H' (l11rI 1.·e ~ li ~ red architecture) and subject matter (sharable content 
~ I 1 , lr , , li lt <I .111 Il tc ";~ ..;ystCIIlS , will contribute to the clarification of this area 

,:m! '" I. l it , II (Ju.. JIll II II , "ti i,: I' lIlore than fifty years, make computer technologies 
'n"liUlli"' 1i III' ,'jq/ ull l'l! ~ I 1'1';11 contrihution to didactic and methodical subject mat
;' ili'N lifl( ,,,.I tt, " I U" \·i' ''; d~~(.' al;Llui sition. New knowledge acquisition nowadays is 

0Ifll' 1 (UI Kli ~L'l:~S or the individuals as well as society. 
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