
tl

t , .  d h  . r '  
' * 1 " " ' \ * r .  r '



rssN 1407-7493

RIGAS TE,HNISKAS UXTVERSTTATE,S
ZTXATXISKIE RAKSTI

SCIENTIFIC PROCEEDINGS
OF RIGA TECHNICAL UNIVERSITY

5. SERIJA

DATORZINATNE

COMPUTER SCIENCE

LIETISKAS DATORSISTEMAS

APPLIED COMPUTER SYSTEMS

22.SEJUMS

IZDEVNTECISN "RT{J'" RIGA _ 2OO5



Gah'enais  redaktors:
Edi tor  in  Chief :

Profe.ors J .Gi ' ;nJ:per ik is

Redkol€gi ja :
Edi tor ia l  Board:

r RTsas Tehniska universitate, Latvija)

Prrr l-e:ors J.BCrzdini r Lttr i jas universitdte, Latvi ja)
Proiesors J.Bubenko. 1r. r Stokholmas universitate, Zviedrrja)
Profesors A.Caphnskas (\{atematikas un Informatikas institlts, Lietuva)
Prof'esore H. - NI. Haav a ( Konkordij as universitate, Igaunij a)
Profesors A. Kalni45 (Lati ijas universitdte, Latvija)
Profesors H.Li n-eers ( \1 on aSas uni versitdte, Australij a)
Prof-esors L.Novickis (RIgas Tehniska universitate, Latvija)
Profesors J.Osis (RT_sas Tehniska universitate. Latvija)
Profesore V.Vojtkovska (Boises universitate, ASV)

Editor:
Redaktore:

Dr. O. ljikiforova (RTgas Tehniska universitate, Latvija)

;r

fumsus;,

fi,mpqnr

Eiueuu -

ffius. ,-u

d:li'rrg1-

d'ql[Ir

nim0: i

Fsili

Redkolegijas adrese:
Editorial Board Address:

RTgas Tehniska universitate
MeLa iela 1/3
LV 1048 RTga
Latvia

Phone : +371 708 95 06

3 RT-eas Tehniska universitate, 2005



SCIENI'IFIC PROCEEDINGS OF RIGA TECI.INICAL UNIVERSITY
Series - Cornputer Sciencc Applied Cornputer Systems - 6'r'Thematic Issuc

_200-s

AGENTS IN INTELLIGENT TU.I'ORING SYSTEMS: STATE OF THE ART

J. Grundspcnkis, A. Anohina

Irttelligett tutorirtg system, intelligent agent, anintated pedagogical agent

l. Introduction

In this papel' two Lescat'ch aleas in thc flcld o1' artificial ir-rtelligence - intelligent tutorin_r
systems and intclligent agcnts - are consiclercd. The rnain aim of intelltgcnt tutoring systems
is to provide sophisticatcd instruclion on onc-ou-orlc basis adapting the learning process to the
strengths. wcakncsses and thc levcl of knolvledge and skills of each particular learner. Such
systcms havc mauy tasks: thc monitoring of actions o1'the learner in thc lcarnin-e cnvironment
and thc appropriate responding tcl them, au asscssntcnt of leu'ner's knorviedgc, choice and
prescntation of learning lnatct'ial, prcscniation of l'ecdback and help, adaptat.ion of teaching
stratcsy, itnd so on. N{ot'eovcf. sysl.em |unctioning conditions change with each action of the
lealrtcl'. lntclligcnt tutot'ittg systems havc bccn a fbcus of research since 1970, but their
dcvcloptncnts have rcccived Itew breath lvith the appcarance of the agcnt paradigm. The
agent-based technology is concelncd with thc creation ol 'cnti t ics. which have such propert ies
as autttt tott-ty. rcactivrty, pt 'oactivity, capabil i t ies of social ization and leeu'nitrg, reasoning,
adaptabil i ty, rnobil i ty, ancl rvhich are capable to act in cornplcx dynamic cnvilonments,
pcrlbnning thcir tasks cntrustcd to them. As it is possiblc to see from thc afbresaicl. this
tcchnology is vcry suitable lbl thc irnplcmcntation of intelligent tutoring s),srcnts.

This papcr surveys cul'rent stiite o1' rescarch in the field of intelligcnt tutorin_s systems
bascd ot.t itgct.tt technology, tlying to find answers to the following questions: what
compollents ol'intelligent tutot'ing systcms can bc implemcr-rted as agents and what functions
agents cirn pertorm in each component, as wcll as why agent tcchnology is used for
devclop ment of intcll i gent tutorin-q s yste ms.

The paper is organized as lbllows. Scctiorr 2 brie I1y describes the main palts of architecture
of an intel l igcnt tutoriug systern. Section 3 discusses the agent concept and its chalactel ist ics
such as autonomy, adaptabil i ty, mobil i ty, t t 'al lsparenc),, t 'ug_qedness, rcactivity. pr-oactivit1,.
capabil i t ies of social ization and lealning. Conclusions about usage o1'agents in each principie
modulc of intcl l igent tLttot ' i t ts systenrs, as well as the brief descript ion of thc thrce-layer
collccptual t lodcl of intcl l igent tutoring system that has bcen developed by onc of ' the authors
of this papcr are pl'cscntcd in Scction 4. Anirnated pedagogical a-sents. thcu' t'oics. and some
cxamplcs at'c dcscribecl in Scction 5. Scction 6 surnmarizcs thc most important issues of thc
paper.

2. The concept of intelligent tutoring system

Rcseirrch has been carriecl out in thc domain of intelligent tutoring systcms for over 30 years
sitrcc lhe carlicst SCHOLAR system [ ] appealed, Some other significant systems such as
WHY [2], SOPHIE [3], BUGGY l4l, WEST [5], LISP Tutor [6], and GUIDON [7] should be
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mcntioned due to their rolc of establishing main pllnciples of rnoclern iltelligent tutori'g
systems. During this l ime a var iety of intcl l igent tutor ing systems has becn implernented for-
difl 'erent al'eas. Although thcrc arc diff'ercnccs in thc slructurc of thesc systems causccl by
peculiarities o{'cel'tain area and tcchncllogy used lbl thc implcrrielttation ol'a syste'r, they are
united due to the lact that al l  thcse systcnis include knowlcclge about whal.  and how to teach.
and knowledgc about lcarncrs. The afolcmcntionccl knowlcdgc typcs dcter-mine three main
parts of 'an intel l igent tutor i l tg systcm: thc clomii in knowlcclge. the tutor. ing module, and lhc
student diagnosis module.

The clomain knowlcdge concclns objccts and their  le lat ionships taught by thc system.
Sometimcs the clomait l  knowlcclgc is plescntccl  as an expert  mociule. This moclulc most
comnonly is capablc to solvc pt 'obler ls in thc ciornain urd corresponds to thc knowlcdgc
represcnt:r t ion of '  thc dornain cxpert .

The tutorirtg t-nodule holcls tcachin-g strategics ir.r.rcl instructictr"rs 1rccded to implement the
learni trg pl 'ocess. Thc pr imary tasks o1' this moclule iu 'c control l ing o1'select ion, secluencing
ancl prcsentation of material that is most suitable to the nccds of the learncr, clctermining o1'
the typc aud contcnts of f-eedback and hclp, ancl answering qucstions ll.orn the lcarncr.

The student diagnosis module inf'ers thc sturlent rnoclef that is formccl for e ver.y learncr-.
This rnodel contains infot'mation about the currcnt lcvel of leiu'ncr's knowleclge. that is, what
he/shc has lcartlcd, rvhat mistakcs he/she had clone. what misconceptions he/she has, ctc.
Addit ional ly.  this rnodel cal l  store inl i r rr lat ion about learncr 's psychological  f 'eaturcs and
his/hcl past cxpcrieltce. Thc studcnt niocicl allori,s tailoring o1' thc lezirning pl-occss to thc
needs o f 'a  par t i cu ia r  l carncr .

An in te l l rccn t  tu to r i r - tg  \ \ ' s tcm.  as  unv  c l thc r
uscls.  ncci ls u pu.rt  of  l lchi tccturc respolts iblc l i t r
ie ir lncr I t  rs a cornrnunicat ion model or interfhce
tools.  ancl  s0 ot1.

Al l  mcnt ior led componcnts are only thc basic componcnts of intel l igent tutorxr_q systerns.
So, cach particular systcm can havc adciitional parts. rvhich clcpepci o,-r l '"otrr", of the cer-tain
lulca and technology used lor the impie urcntat ion o1' thc svsreln.

3. Intel l igent agents and their  character ist ics

A lot  ot ' i r l tc l l l ' r t - t l t  t t { rct t t  dcf ini t ions cxists start ing with very gencral  ones, such as given in
[8]:  "an agctrt  is at tr thiu-t  that can bc viewecl as perceivin-c i ts cnvi lonment through sensors
and acting upon thal e ItvL'ontlcut thlough e ff-ectors", and encling with clef initions that speci{'y
agcnts applied in narlorr'1r' lbcLrsecl arcils.

In intel l igct l t  tutor i t t -g s, \stcnrs sol iu 'ulc agcnts ale usecl.  Accorcl ing to Michael Cocn's
def ini t ion - t iven in [9] :  "sol i i r r l rc rrgents afc programs that engagc in cl ia logs, and negot iate
and coot'clinate transf'er of infomlttic'rr.r". Agcnts are lundamcntally dil 'fercnt ll-om soliwiu.e
packaues bccausc they must havc spccial  charactcr ist ics or attr ibutcs: aciaptabi l i ty,  mobi l i ty,
tl 'ansparcllcv atld accountability, t'uggedncss. sell '-stru1el anil uscr celter.c{ [9].

Adaptabi l i ty r l leal . ls that agent must bc able to solve probierns by i tsel l 'wi thoul input l i .orn
the usel 'as tvcl l  as to rvot 'k on mult iplc plat lbrms. networks ancl operat ing systems. Mobi l i ty is
considcred as a-qellt 's ability to roalr nctwolks ancl thc Ipternet accor<1ing 1o clecisions maile
intenrally about whet'c to f"incl inlbrmation, anci to interact with otherl agents in multiplc
tletrvot'ks atld cnvironlllcttts. Att itgenl must bc cclmpletcly transparent to the user- ancl rnust
pt'oducc irlfblmation otl demand whcre it has bccn. what it has clone , whom it dicl co*tact. and

so{iu,alc intensivclv cornntunicat ing with
the intcract ion bctrvccn the system ancl the
and it controls screen lavouts. iutcl-action
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u,hcn. I['an agcnt is rccluilcd to travcrse nctwork it must be rugged, that is. able to deal with
errofs, incompictc data. interplet dif' lclcnt kinds o1'data, and so on. Molcover', it should be
ablc to solve as lnauy ploblems iis it can without user intervention. An agent must be able to
stilt altd stop on the basis o[ its own critcria and to dccide to gather infolmation using the

uscr's prioriLies. At last, but not least, thc agent should act in the intclests of its owner and the
prcfcrcnces that havc been sct 1bl it.

Thc most olien mcntioncd propcrtics by which agents are charactelized al'e theil
autonorny. social  abi l i ty.  react iv i ty,  proact iv i ty,  and lcarning capabi l i ty.  Agent is autonomous
"to thc cxtent that i ts bchaviour is determincd by i ts own cxperience" [8| ,  in other words.
agcnt is capablc to operatc without thc intcrvcnt ion of other agents or hurnan being based on
its bui l t - in knowledge and knolvlcdgc acqui led during agcnt 's pcr lbrmancc. Lcarning
proviclcs the agent lvith an opportunity to ir-nprovc its experiencc thu'clugh thc acquisition of
ne','n, kr.rowlcdgc. Vcly cllicn it is ncccssary fol an agent to shiuc the knowledgc and to
corntlunicatc rvith othel agents inhabiting the sarle cnvironmcnt in ordel to achievc a
colt-ulol t  goa1. The pl 'opcrty ol 'social  abi l i ty helps i t .  The agcnt pcrceive s i ts cnvi lonmcnt and
is capuble to lespond imrncci iatcly to chanrcs within i t  r ,v i thout leasoning (react iv i ty),  but also
i t  is capablc to shorv lcact ions r i ,hich lccluirc planning. cl iagnosis.  and predict ion (ploact i r i ty) .

Onc can concluclc that a-{crrts havc r-nirr.ry uscl'u1 l'caturcs that arc desilablc lbr intelligent
tutor ing systcnls.  I t  is thc rnain rcason why the usage ol ' the iutel l i - rrcrt t  i . rscnt plu 'adrgrn has
rcccntlv bccorr-ic so populiu' in thc dcvcloprncnt of intclligent tutoling s;,sten-is, especially
stirnulated by the 1'act that lcaming cl1'ectivcness of disl.ance learning envilonments is behind
the necded Ievcl.

Agcnl r'ole in intelligent tutoring systems is at least twolbld. Filsr, a set of agents may
constitutc the architecture ol- thc intelligent tutorin-q systcms. Sccond, there are so called
anirnatcd pcda-r:ogical agents that iu'c devcloped as 2D or 3D animatcd charactels. Both cases
r.r lc t lcscl ihct l  hckru .

4.  Usage of agents in intel l igent tutor ing s] 'steurs

Use of ascuts as autouolrous ent i t ics is thc most promising in arcas u here the probiern can be
dividcd into inclepcndent pat'ts or can be considered fi 'om various perspectives. Each of the
paris ot' pelspecLivcs can be implernentcd as thc scparate agent. ln this sense intelligent
tutol ing systelns providc mauy opportunit ies:

.  Thc architccturc o1'an intel l igent tutol ins systern is composed of sevcral  rnodules and.
thcrclolc,  cach ol ' thcm can bc i rnplcmcntccl  in the {bnn ol ' the agent ol  a sct ol 'ase nts.

.  Thc tutol ing nrodulc cun prroviclc scvcral  tutor in-e str-ategics and cach ctI ' theur cun bc
cnlrustcd to thc scpirr i i te r_gcut.

.  Thc usel intcl f i rcc, through which lcarncr intcracts u' i th thc svstcn-I .  includcs var ious

too ls  such as  bu t tons .  mcnus.  inpu t  f i c lds ,  pane ls .  and o thcrs .  For  sys tcm reasou ins
process i t  is ol icn very important rvhat thc lcarner has choscn or where he/she has

clickccl. Thus, it is possible to providc thc scpu'atc a-sent for cach tool of interest.
o Thc information stoled in thc studcnt rnodcl can be catcgorizcd into sevet'al -eroups:

inlbrmation about lcanter's knowledge irssessments, information of le arncr's

psychological  chalactcl ist ics.  causes of le iu 'ner 's mistakcs and misconcept ions. etc.

Thus. i t  is possible to dcvelop the agent that wi l l  bc responsible lbr -sathering and

proccssing o1' the certain kind of inf i rrmation.
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r The system can suppof l  vat ' ious intcract iorr  c lcviccs (e.g. rnonitot '+ mouse + keyboarcl  or
hcad mounted display + motion tracking + clata glove + voice rccognit ion i l0 l)  rhat
al low thc lcarncr to commult icatc with the systern. In this case i t  is possible to dcvclop
agents responsiblc lbr managemcnt o1'separate dcvices.

o Thc dotnain knowlcdge cut bc i l i i , idcd into cclucat ional uni ts and each unit  can be
control led by the separarc l rscnr

Thus, al l  cornponcnts of thc lLrchi tccturc of an intci l igcnt tutor ing systetn mcnt ioncd in
Sect ion 3 can bc implcmctt ted as a-sents. This statcment is conf i lmecl with intel l igcl t t  tutor ing
systetns implcmentcd t i l l  norv. We have studied the {bl lowing syslcms during the analysis ol
thc usagc o1'agcr.r t  paradi-um in intcl l igent tutor. ing systems:

o Intcl l igent vi l tual  environtnent for t la ining I l0 l :
r  Incs [1 l  J -  an intcl l i -uent lutor ing systcm lbr the task of nurse training:
. ABITS t12l - a multi-agcr-rt intelligcnt tutoring system that cxtends a tladitional coursc

lll ltl lase lrlellt system with a set of "intelligcnt" functiorrs allowing student rnocleling and
i ru l ( )n ' l l i . t  i c  cur l i cu Ium gcr rc ru t  ion I

o WADIES t l3l  -  a Web- and agcnt-based adapt ivc learning environmcnr fbr rcachin-r
compi lersl

o {  mult i -agcnt at 'chi tcctut 'c 1or distance eclucat ion systcrr ls t l4]  composed of a
tnanagemcnt systcm ancl a rnult i -age nt inte l l igcnl.  system;

o IVTE t l5]  -  an i r t tel l igctt t  v i t ' tual  tcaching cnvironment rvhich rnain purposc is to assist
at ld to back up the ccolo-t ical  charactcl  of  chi ldren l l 'om 8 to l0 yeiu's old, provicl ing
thcm an opponunit) '  to kecp contact l i ' i th thc kincls ol 'garbage f i 'om dai ly l i l 'e ancl  to
select them cou'cct1; ' rvhcn the chi lc l  r lakes his/hcl  rvay home af ier a dav at school or in
his/  hcr hotnc

The rnain tasks o1'agcnts courpr is ing studcnt dia,rnosis mociule typical ly arc thc cvaluat ion
and updating of inlbrmation coucerning a pau'ticular learner. Thrs inlbrmation is relatecl to
learncr 's cognit ive states and psychological  chalactel ist ics,  mistakes and their  causcs, as wcl l
as to al l  other infbrmation that could be usctul  lb l  adapt ing the lcalning proccss. The
mcntionccl asents are implerncntcd in ABITS [2] as evaluation agents ancl afl-ectivc agents.
in thc multi-a-eent at'chitccture lbr distance cducation systems [14j as evaluarion agent, ancl in
the intelligcnt vit'tual envilonmcnt tbr training tl0] as a set of student modcling agcnts. The
possiblc set of agents in thc stu<lent diagnosis modulc is shown in Figurc l.

Agents in thc tutoring module can evaluate, update ancl generate curriculum as peclagogical
.i:lents in ABITS [12] or in the rnulti-asen1 architccturc {br clistance cclucation systems [14] do
i t .  As i t  is specif ied in [16] " the usc ol ' rnul t ip lc lcalning stratcgics cal ls on a mult i -agent
architccturc",  so this moclule can also cout l i r r  solnc agcnts implementing cl i {1-er.en1 teaching
strategies (e.g. one-ol t-ol te tutor ing, lcarning with a co- iealncr.  learning by teachrng, leu.ning
by distulbing l l6 l)  as i t  has been donc in thc intcl l igent vir tual  envhonmcnt Ior t raining I l0 l
or only onc part iculal  strategy can be delcgatcd [o an agent,  fbr cxamplc, WADIES t l3]
systcm includes the sel l -assessment agent.  Some a-qcnts can bc responsible o1'generat ing ancl
presentin-e thc f-ecdback, cxprlanations and hclp as thc feedback agcnt and the cxplanation
agent iu lnes I l l ] .  Other agcnts dcpendin-e on pedagogical  speci l ' ic i ty of  the systcrn also can
be includecl in the system as a-tenls monitor ins thc elapscd t ime during a task or thc ordcr of
tasks  in  Ines  I l l l .  Thc  poss ib lc  se t  o l 'agents  in  thc  tu to r ing  r .nodu lc  i s  shown in  F igurc  2 .

i l3
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Ir igure 1. Agents cornprising the student diagnosis module of intell igent tutoring system

li ' igure 2. Agents comprising the tutoring module of intell igent tutoring system

The agcnts-cxperts solvc problems and tasks related to the subject matter and examples of
thetn arc prcscntcd in the multi-a-qent iu'chitccture fol distance education systems [l4] and in
the intclligent virtual environrncnt lbr tlaining [0]. It is straightfbrward that a set of thesc
agents dcpcnds on the domain that is bcing taught to the iearners. Thc possible agcnts in the
expcrt moduie ol ' intcl l igcnf tu1i l , '1t l t  system arc shown in Fi_eurc 3.
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The cotnmuuicatiot l  rnclclc' l  basccl on agcnl tcchnolosv is implcmcntcd in the intcl l igcnt
Vit ' tual environtrcnt {or tt ' r t i t l ins I l0l as thc contn-runliatrol a_l ients or in IVTE t l .5i as
elcrnctrts o1' IVTE sccnet'y/ctrvit 'otrmctrt.  Such agcnts are respclnsible Ibr mo.rtori 'g 1hc
itt tct 'actiorl  betwccn the lcit t 'nct 'ancl lhe systcm ancl thcy pcrccive lcarner's activif ics i .  the
learn ing cnv i lonmcut .

_o_

Summary  about  l i rnc t ion :  t r I
systcm is -rr i 'u,cu i rr  J ' lh l . -  I  .

I l \ p c f t . l ! ! . l t t  I

Figure 3.  Agents cotnpr is inu t l te  er l rer t  nrodule o l ' in te l l igent  tu tor ing s\  s te l l
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Thc tr.rtoring module

building a rnodel of learner's currcnt levcl ol 'knor.vlcclgc
and skil ls based on assessmeltrs
bLrilding a proti lc of learncr's psl,chological
chlrtctclisLics (leu-ning prclcrcnccs, learnin-s stylc,
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An intel l igent tutoring system can also couLait l
thc typical architecturc of such systems. Kincls ol.
pcculiari ty of systcm's al.chitccture and technolosv

cvu lu r i t ion .  L rpdut ing  l rnd  gencra t ion  o t ' thc  e  u r r i cu lunr
i  nrplcurcntrrt i  orr oi '  di  f l -er.cni tcach in s strxLcsics
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anc l  he lo

some specific agents that aren't related tcr
these agcnts are determine<l by domain or
used for its implerncnlation. For example,

a
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spccif ic agcnts arc i t r ip lemented i t t  the intcl l igcnt v ir tual  cnvi lonrncnt lbr t raining !01 as a sel
of the world agcnts and in WADIES I l3]  as thc aurhoring agcnr.

Thc studicd systens ai low to conciude t i rat  ihe rnult i -agenl alchi tecture is typical ly used
for the imple meutat ion ol ' the system rnd ralely thc systcm contains only onc or two agents.
In mult i -agcnt inlc l l igcnt tutol i r tg \) ,Sterns at lcast ouc ascul is a managin-q agent that cont lols
ancl coordinales act ions ol 'other a-qcnts, f i r r  inst lncc. thc spooler agcl t t  in ABITS [2] ol  the
cxant i t tat iol t  aselt l  in I t rcs !  l l .  Thc intcract ion bctr i 'ccn agents is mocielcd usins somc kind of
lhc  ugcnt  c t l r r r rnur r i t ' l r l  i o r t  l l rngu; . r r . rc .

Thus, both thc intcl l igcrt t  l "utof ing systcnr in gcncral  ancl  i ts components in part iculal  can
bc intplcrncntccl  in thc lorm o1'rnult i - r igcnt ulchi tccturc. I1 'a separatc componcnt is bascd on
mult i -agcnt pat 'adi-unr.  i t  is ol tcn l lcccssarv to huvc thc agcnt rvho wi l l  managc other agenls in
a given col l tpol tcnt.  This agcnt "nray rclatc lo.  communicaLc rvi th ar"rd dclegatc somc lasks to
othcr subolcl inatc ascnls,  giv ing r isc to rnul l i - le vcl  agcnl archi tcctule" [101.

Thc possiblc sct of 'agcnts, lvhich mur const i tutc the architcctulc o1'an intcl l i ,ucnt tutor ing
systcm. is displaycd in Figulc 4.

INI'I]LLIGI]NT'I]U'I 'O RI\G S \ S]'I 'NI
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Psycho l r )s l . i t i
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'futoring 

nrodulc ___l
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st lateg\ /
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i  e . i e i r  r  t t g
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manlg lng agent  In a g lven contponent)
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A novcl conceptui t l  modcl o(- intel l igcnl tutor in_s systeln that has thrce layers: systcm's
layer.  mult i -agcnt laycr ancl  knorvlcdgc rvorker 's laycr has been proposed in [17].  At thc
systcm's layel thc couceptual model is sirnilar with the u'chitccture shown in Fi_rrure 4, and
includes lhe student rnodel, the expcrt mocicl, the tutoring module, thc domain knowledge
basc, and the interfircc. These cor-nponcnts con'cspolrd to lhe learning agent architecture [8].
Thc dornain kuorvlcdgc basc colrcsponds to the agcnt 's bui l t - in knclwledge base. Thc
iutct ' l l rcc plays the rolc ol 'a l t  agcnt 's scusors aud cl ' l 'ectors system. Thc tutor ing modulc
cotrcsponds to the problem gcncrrtor.  I t  includes thc plarrning agent that provir les an
appropriaLc lcarning plan and the scarcli a-qcnt to choclsc the best plan.

At thc rnult i -agcnt layel thcrc is a sct ol 'agcnts that s imulates a group o1'stuclcnts anci the
teacher.  So, a mult i -agent systcm sirnulatcs thc tcaching iutcl  learning process as a cooperut ive
work and conmunicat ion ol 'a-uents [  8] .

At thc knorvledgc woLkcr 's iaycr stuclcnts and tci icher are supportcd by a plcthora o1-
intel l i -scnt i tscnts.  An agent-based cnvir t)nurcut o1' thc knowledge worker inclucles pcrsonal
asents (scafch. l ' i l te l ing. assistant and rvot 'k- l lc lu '  agcnts),  comurunicut ion i . rgr-nts (rnessa_t ing,
cooperat. ivc.  col l tmunicat ion laci l i tut ion. col laborat ivc uncl tcarn atenls).  ancl  ugcl ts lbr '
comntutt icat ion rvi th cxtcrnal s), 's1cms (cour-rcct ic lu ancl acccss. databasc, nctwork 1nd
intelli-ee nt Wcb a_rrcnts ).

Thc conccptual modcl is undel thc clcveloplnent at the prcscnt l rol l tcnt.  A lot  of-rvork must
be donc to irnplcmcnt this modcl in l 'ull scale. We hope that thc implcrncntation of thc
conccptual tnoclcl in thc intellrgcnt tulorir-lg systcllt will prornote nlorc intelligent suppor-t of
teaching and lcarning process.

The usc clf agcnt paradigrn lacilitatcs irnpicmentation and supporr of an intelligent tutor-ir.rg
systetn. The architccturc of the sysl.ern passes frorn monolithic, whele all components are
closely intcrconttccted with each other.  to modulal  archi tcclure, wherc contponeuts can he
addcd. t'ct-novcd or replaccd without consequenccs lor the systern in general. Thus, agcnts
promotc systcm expandabi l i ly,  rnaintainabi l i ty and leusc.

5. Anirnated pedagogical agents

All prcviously described agcnts wercn'I dilcctly visible to the lcarner as they wcl'c
i rnplernented inside a cel ' ta i t r  system artd cl idn' t  have visual appeai 'ance. However,  agents can
be dcvclopcd as 2D or' 3D auitnatccl chuactcrs, ri,hich actively usc tirce ancl bocly langua-re,
gcstures, and etett voice. Such agenl.s irc calleci anir-natcd peda_eogical agents. T'hey ale put
i t r to sorne envit 'ourncut with thc purposc to makc thc learning proccss morc interesl ing. 1unny.
similar to eltl-crtaillnent, and, therc(ore, to inclcasc thc lcalner's attention to learning and. as a
conseclucl . lcc.  to increasc lealning cf lect ivcncss.

Animatccl pcdagogical agenls can bc very simplc two-dimensional chiu'actels rn the
cartootl stylc using prirnitive animation and the dialoguc boxes prcsenting f'eedback and hints
on the basis of thc text. Thcy can be more complcx tll 'cc-dimensional chiu'acters using a wiclc
lange of gesturcs, voices and not only providing feedback and hints, but also answeriug
cluestions, demonstrating the exccution o1'a task and pointing out the irnpoltant objects in the
environmcnt.

Typically animated pedagogical agents cmulal.e the aspects of dialoguc betwccn a human
teachet' ancl a learner. Such agcnts can play diif-ercnt loles within an intelligent tutoring
systcm. Thc fblbwing t l l 'ee roles iu 'c dcscr ibed in [19]:
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.  A-scnt as an cxpcrt .  l t  is s ir l i lar 1cl  the hurnan expel1 that exhibi ts mastel 'y ol  extcusivc
knoivlcclgc ar-rd pcrlbrms bcttcr than thc averase within a domain. Such agent has
l i rni tcd gcsturcs and l imitccl  intonat ions, and mainly provides inlormation.

.  Agent as a motivaLor.  I1.  suggcsts his orvn ideas and encoul 'ages the learncr to sustain the
tas l i s .  I t  i s  h igh ly  exprcss ivc  and spcaks  on lhus ias t ica l l y  and rap id ly .

.  Agcnt us a n-rcl l t ( ) l ' .  I t  incolpolutes chalacter ist ics of both the expcrt  and the motivator.  l t
is also highly cxprcssivc. but spcaks cal t l ly and cngagitrg.

Classical  cxarnplcs ol '  pedagogicir l  ascnts descr ibed in thc l i terature ale Adele [20] and
Stcve [21].  bul  they'  x, ' "  not unicluc, SQL-Tutor ' [22] is a computer based teaching system that
has bccn dcvciopccl to hclp thc lcarnels in lcarning stluctuled quely langua_ee. This system
has an aninratcd pcclagogical agcnt called Smart-cgg. lt is 2D caltoon character, which is able
1o pcrlorm a numbcr of'scstures. The rnain role of thc agcnt is Lo present feedback messages
to the lealners in the cxciting and cnjoyable way to increase theil rnotivation and, as a
couscclucl-lcc. to iucrcasc thc lcanring cI-fbctiveness.

Cognit ive agcnls are prcsentcd by a tutor cal led Gi l ly in thc IVTE system 1231. l t  observes
a lcarrlcr's pcrlblurance in thc cnvironrncut and sends f'eedback messages. Thesc mcssages
includc kicc ani l  bocly languagc, clucs about garba-ee, alert  rncssagc, qucst ions, etc.  Messages
are choscn basccl on stuclcnt rnoclcl and teaching stratcgies.

Sorne more cxarlples o1'animatcd pcda-rrogicul  agents are descr ibed in [22],  rvhi lc the
gcncric acivanccci c i is luncc cclucat ion alchi tcctulc lbr Wcb-bascd instruct ion is presented in

1241.

6. Conclusions

ln spitc o{-thc f irct that rcscalch in thc f icld of intel l igcnt Lutol ing systetns is carried out during
scvcral decatlcs rvith the cmergcnce o('a paradigm of agents the development of intcl l igent
tutoling systcn'rs rcachcs thc ncrv phasc. Application o1' agcnt-based technology to the
intplcrncntation ol ' intei l igcnt tutoring systcms al lows to pass l}om the monolithic structule of
such systcms to thc slructure ol'r'clativcly indcpcndent components. The general architecture
o1' such systcms oll'crs lxiiny oppoltunities o1' theil division into valious subparts or
pct'spectivcs. Thc modular urchitecturc noticeably improvcs an opportunity to expand and
reuse thesc systems. lacilitatcs thcir maintainability. This paper is based on examples of the
al'eady irriplcn-icntecl irrtclligent tutorirl-g systcrns, describes a possible set of agents within the
fl'amcworh ol' thc gcncral architccture of intclli-{cnt tutorin-[ systems, and considers their'
iunctions. One can conclucle that not orrly the intel l igent tutorin_s systcm but also i ts
corlponculs can be inrplcrlcntcd in thc lbmr o1'rnult i-agcnt architecture and, moreover, in the
folrn o f rnultilaycr mu iti-agent ru'chitect urc.

Futurc rvclrk is conncctcd r,vith thc implernentation of thc conccptual rnodelof tll 'ee layered
i r r tc l l igcr r t  tu tor ing systcur  proposcd fo l  thc l i ' s t  t imc in  t lT l .Concurrent iy  wi th
irnplcmentirtion of thc nrrrowly locuscrl first vcrsion of intelligent tutoring system (aimcd fbr
teachin-t and lcat 'nirrg of MIN-MAX algorithm lbl two person _si lmes ir i  the course of
"Foundal. ions ol 'Alt i l lcial Intel l igencc"). l ' i rst scarch agents lbr knowledge lvolker' 's layer has
bccn dcvclopcri.  I t '  tcsts of thcsc ugcnts wil l  bc success{ul. the ncxt step wil l  be the
development ancl implernentation ol 'othcr ascnts ( l i l tering, assistant and work-l1ow agents)
and thcir intcgration to get au agcnt sr"rpportcd knowlcdge rvorkel''s envilonment. Reachir-rg
this stagc. thc protolypc o1'mult iagcnt systern wil l  bc devcloped that rvi l l  al low to model agent
coopcrativc lvot'k in teachin-t and lcarnrng plocess. Aliel that the development and
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implcmcntal iou ol 'communicut iort  agcnts is lbrcsccn. Thc { ' inal  goal is thc developrnent o{ al l
neeclccl  agcnts and their  intcgrat ion inlo i rn intel l igcnt lutor ing systcn- i  that wi l l  bc bascd on the
proposccl tht 'ec la1'91'cd conccptulLl  moclcl .  This systcnl  rvould bc used irs a tcst ber l  l r t r
cvaluat iot t  of  c l ' f 'cct iveness of '  teaching und lcarning pt 'occss supportcd by thc inlel l igent
tuLoring syslcnt. Scvclal othcr goals arc put lbrri,arcl fur' the already ongoir"rg and planncd
rcscarch act iv i t ics.  The distr ibut ion ol-{unct ions bctr ,r 'ccu hurnan tcachers ancl inrcl l iger-r t
soliu'at'c agcltts is clne oi thc i'rot topics, in partrcular, in so callecl hybrici cclucational systcnts
which inclu.de face-to- l i rcc and ci ist lurcc cducat ion rnclcics. invcst igat ious ou lhe lole o1'
ontologics in tnanagemcnt of proccss or icutecl  cducut ion and dcve loptncnt o1'student rnodcls
ale planned. too.
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pedugo,Qiskaistnoclul is,prr lb|Otl tsJdrtts:. i t tdialul l ' . t t t tkr l t t tutt ikr1cl l l l l l ldl . l ! is ')
raksturo.iunti' tadi ka, autrttnnrijtr, aduptocijtts sltc jcr, trutbilirdtt:, t:nurspTd'fgtutts. iiruibcr. reuktivitot4,
p ro t tk t i v i td teu t t t , i t i , t iekupspr ies t i . . t .d takr iek lJo t i . sec i tn jun ip t t t ' . i a t1 i t l t t t ja t t . ta . i t tn t i t l t t t .

mactbu sistCtttcr-s krnnprtnetiles vut'tikl rectlizetas ko ugenti, tut kdrlus limktijrts ttgenti vur ii.pilrttt kutrrl
kotnponenti. ka art liap1( olentu teltnologijn tiek iatnrutt0ru itilelelitrfilu nttf:tbLr sisiAntu i:srrcjdei. I,apildu.:^
i t iel .ekttnlt tntoc'tbLlsisIamttkotr. ,ep|tn|t t is ' t l tot|el i 's, lroirpiet| .dt,oj ist, icl lsttorctksIa

sla4iettt_sis/g-- l i i r ts.s|ot7o,t lautl : 'ctgelI I I l . \ ldt, l ( t t . t t t1. i t tr1!ctt t t tr l r tr | ' l i t t i t lktt
Dola rokslLt heigu dalu tiek ttpskttttti ttttirttDtit: petlagtgisliie ugertti, kus purrTtlas ittrelr:kruslas ndr.7hu sistdtttds
ka divdiilt c t t s ij u v a i t t.T s di nt e t ts ij u p e rs o t n li.

Grundspe nkis J., Anohina A. Agents in itttelligent tutoring sjstems: state oJ'tlrc aft
Ilapid developntett of'ogelt teclutologv during thc last tJecctde lns fficter) tlrc cttlter nrecL oJ artilicial
ittelligettce - intelligent tLtloring "tls/€rrr'. 

'l'he 
ctrchitecture oJ' ittelligent tutorirry J).rleri-r ltrovi4es ntatry

oltpot ' l r t t t i l iesof 'agettappl icut ion^forl l rccreal iottof 'suclt .r)J1err-r anrJ,asacottsequetrce,trtpreseptavarietyoJ
agettt-baserl htelligett tulorittg s)-stems has been inrplettentet).fbr rliflerett ctretts.

Tlrc aint ol'tlis polter is lrt , ive (ut ot'ervit'vt,aboul t.tsctge o.f'tlte agent technrilogy itt tlte clt:velopiltett ol'
intelligett tutot'irtg J')'sIerti5. Afier itttroducing o.t' .ronrc concaprs r:oncernirtg tlte rln'ltitecture ol itttelligt:ur
tutoriltg s|slent (llte studett diagtnsis modLilt:, tite trrtrtritrc rnodule, tlte riottain kno*-leclge, o,d. the
conunut icc t t io t t t tn t | r : l1 t l r t tge l iCo | t ( ,ePta tu i i t s t 'horc t t ' te r i s I i css t ' r r ' / lL lS( lu l ( ) tnn \ , ,ad t tp tc tb i l i r

Irattspttt'etr\', t'tt,ggecirtess, reucliv'itl', prouctivitt', uttrl otlrcrs ure discussed. Aiiet: Ilmt cotr:ltLsious ttboLtt
' l b l |on , i t tg issuesat ,eg i t 'e t t : v ' lu t tco l | lpone l is t l . | i t t t t : l l i g t : t t / I t . t t c l r i t t .qJ } , . ' / . ] , i ' . ' t . t t t thc
n , | to t f i t t t c t io t l . ' u 'qe l l I5 r . ,u t tpe tJ rsnn i t tec t r , l tCon1po1 lc t l | ' t t swe l l , t . s l , y l , yQ 'qent |ec l tn ( ) |og t ' i . s t l se . |o r
o.f ' i t t tel l ieetttutori t lgJ.},s/e, ' l . ' ' I t tctddi| i t l l t , ! l rcr l l reptutt lnotlelt l l , i t tel l igentt, t , ' , i , ,gs) ' 'Stetn,propose.d
ot ' ' t l rc uutl tot 's of t l t is pulter, t lnt coltsi"r/ . f  ol  three lar-ers _ Jl,sleri 's loye r,  ntult i_cL,qett l  Iayer rt t tr l  knott lejge
v'orker's layer - is outl inerJ. At t l rc ettd of ' the paper so cal led cuti t t t t led. petlagogicct l  ctgeit ts r lnt urr:  usel i t t
ituelligert niloriltg J')'s/ertl.r as two-dimettsiorni or Iltree -dimensiottctl cuirncied charctctet.s ure cottsidert:cl.
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o5 ' , toc t t t t , t t c ' c . , |ed t l to t t t t t i c ' t t cK" | ' ( 'C t ) l | ;e t t t l | ) .1 | l l t | ] } te . , | . . t ( ,K1) te -L | ] | I1e . ] t ' ! rK t1 l .yQ ' r lbHb le
'1pxttt t texttt . l '1)ul. | | t l ) |c-, t- | teKtt l .vaJ1urux(:I lC1)1€j|o(l . \ , tctt t t : t
o<-eHil t t t t ,  t) . t) . t  (oj()oi luj t  DtoKux cuune-i u noj i to.vl, t ta datutottt , l tottei i t  pa-tpa6otttatto.xfto)tcecm|o
Luttt te.LtJL:/ i l . \  iLihi lbt. t  r t6. l ' lcnoulttx cuci l \ei l  ocHoccti l i lhtx 1{u QaaIt i l tax.
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nolt'll lue o?eHi|C| tt L"-t) \itpalKttl(puctltItKu. itaKue KoK u(.ttttotrotri,, QoOtlt)tLtp))ettoctttt, ,tto6tt.ttbt!ocntt),
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c 'xed"vnuPLl t  60l lpoca' l l :  KoKtt(  tJ) . t t t tot tatr f i rbt  r t t r t ) re.L,reKt) \ ,o: tbubtx cu(, rnel t  t )6.y.1e71r,  . \ ro?.vnt  .6t  tnta
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ttped:toltceuttan oduLtt't Lr3 octltopoe t)otttto[t c]rtaillbL!, Lr coo,lonrtl(ul u3 ntpex c]oeB * cLtqlrer"stg?o c1tor. c,tlo,
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