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Abstract

Thischapter discussesanintegrated approachto designing and devel oping
adaptive distributed learning environments. It presents a distributed
learning environment based on agent technology and Web services
technology. Agents are expected to be used as the core components in
intelligent distributed learning environments because of their inherent
natures: autonomous, intelligent, sociable, etc. However, to integrate
agentsinto existing legacy learning environments or into heterogeneous
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|ear ning environments, one may encounter many difficulties. They may be
technical issues, economical issues, social issues, or even political issues.
Web services technology, on the other hand, characterized by its
standardized communication protocol, interoperability, and easy
integration and deployment, is an excellent complimentary partner with
agents in distributed learning environments. The integration of Web
services and agents simplifies the complexity of devel opment, savestime,
and, most important of all, makes distributed learning environments
feasibleand practical. To take advantage of the merits of agents and Web
services, we advocate agent-supported Web services in designing and
developing distributed learning environments.

| ntroduction

Over the last few years, universities and colleges have made substantial
progressin using the Internet to deliver courses. Thisisreferredtoas“e-
learning” or digital learning. Thistrend blursthedifferencesbetweeninforma
tiontechnol ogy applicationsineducationand distanceeducation. Whiletaking
courses, studentson campusesoften extensively acquiredistributedlearning
resources, communicate, and collaborate with other teachersand learners
anywhereand at any time. Therefore, campus-based education and distance
education, to someextent, tendto beintegrated. Aswell, distancetrainingis
frequently usedinenterprisetraining. Distance educationandtraining devel-
opedrapidly over the past several years. Theresearch ondistanceeducation
and distance training has become one of the hottest fields in educational
technologies.

The Internet and Web-based distributed learning can potentially deliver
personalized coursemateria sand services, andtherefore, arepotentially able
toaccommodatealarger variety of |earnersthan what can beaccommodated
currently.

A distributed | earning environment can beimplemented practically by usinga
set of Web services. TheseWeb servicesoffer aset of softwareartifactsand
technol ogiesthat serviceprovidersor userscan modul arizeand encapsul ate
withwell-defined standardinterfaces, host ontheir platformsof choice, manage
andruneither locally or remotely, transport over thelnternet or any intranet by
using standard protocol sover and above TCP/IP, locatefrom central regis-
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tries, andexhibit near plug-and-play characteristicswithanenvironment (Geng
etal., 2003).

The dynamic and distributed nature of both resources and applicationsin
distributed learning environments requires that software does not merely
respondtorequestsfor informationbut intelligently adaptsand actively seeks
waysto support learners and educators. Agent technol ogies have become
someof the primary weaponsinthearsenal aimed at addressingtheemergent
problemsand managing thecomplexity of suchenvironments. Theagent-based
approachissuitablefor supporting distributed | earning, becauserel ationships
amonglearners, courses, andinstructorslast for aconsiderableperiod of time.
Softwareagentscan beimplementedinagranular fashion, achieving results
quickly. Intelligent softwareagentscontainalevel of intelligence.

The purpose of this chapter isto discuss how to facilitate the creation of
dynamic, intelligent, and autonomousservicesto achieveadaptivedistributed
learning usingintelligent softwareagentsand agent-supported Web services.

Background

Distributed Learning vs. Distance Learning

Traditionally, distancelearning hasemphasi zed delivering educational re-
sourcestolearnersinremotedistrictsor working full-time, and providingthe
opportunitiesfor open education. Distributed learning, however, enables
|earnersto get and use educational resourcesdistributedindifferent remote
places. Indistributed |earning, thelearnersmay beeither on or off campuses.
Distributedlearningisbased on networked | earning environments. With both
distancelearninganddistributed |earning, theinstructor and thelearner do not
havetobeinthesamephysical |ocation at the sametime.

Distributed Learning Environments

A distributedlearningenvironmentinthereal world canbeexaminedinseveral
ways. Oneway isto think about the main educational componentsand the
interactionsamong themandtheir environments. Our analysisof distributed
learning environmentsbeginswithanoverview of thevariousentitiescompris-
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ingthedistributed learning environmentsand then therelationsamong the
variousentities.

| EEE’ slearningtechnology systemsarchitecture(L TSA) providesamodel for
studyinglearning environments(http:/Itsc.ieee.org/). LTSA isgenericenough
torepresent avariety of different |earning systemsfromdifferent domains.
Figure 1 showsthemodel used by IEEE'SLTSA. Inthemodel, thelearner
entity isan abstraction of ahumanlearner. Thelearner entity receivesthefinal
multimediapresentation, whilethelearner’ sbehaviorisobserved, andlearning
preferencesarecommunicated with thecoach. Then, thecoach sendsqueries
tothelearning-resourcescomponent to searchfor learning content appropriate
for thelearner entity. The queries specify search criteriabased, in part, on
learning preferences, assessments, and performanceinformation. Theappro-
priate locators (e.g., learning plans) are sent to the delivery process. The
|earning-resources component stores “knowledge” as a resource for the
learning experience, and the queriescan be searchedinthisrepository. The
matchinginformationisreturned ascatal oginformation, i.e., aset of content
tags that can also be seen as “ card catalog” entries. The locators are then
extracted from the catal og information and used by thedelivery processto
retrievelearning content and deliver that content asamultimediadocument to
thelearner. Thecomponentsto theright of thelearner entity correspondto
performancecontrol. Performanceismeasured by theeval uation component,

Figurel. IEEE'SLTSA
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and the measurementsare stored in therecords database. The coach, when
locating new content, canthen usethedataintherecordsdatabase.

An Example

The learning environment of Athabasca University (AU) (http://
www .athabascau.ca) can beviewed asan exampleof suchanarchitecture. It
hasthefoll owing corecomponents: thelL earner, the Peer, thelnstructor, the
Content, the Tutor, the Administrator, the Course Production Team, and the
Secretary. The*Learner” isan individual who receives acourse from the
system. Thecollection of individualswho receivethesamecoursefromthe
systemwithinthesametimeframeandfromthesameinstructorisreferredto
as the “Peers.” The “Instructor” or “Coordinator” is an individual who
facilitatesthedelivery of pedagogical resourcesby performinganumber of
administrativetasks, including course-content sequencing, tutor recruitment

Figure2. Illustration of themain educational componentsand dependency
model of Athabasca University, Canada
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and coordination, learning-progressassessment, | earner guidance, authoriza-
tion of thelearners, and advancement of higher modules. The* Content” isthe
knowledgeresourcesshared by the participantsinthelearning system. The
Content can bedividedintothreecategories: administrative content (activi-
ties), pedagogical content (materials), and reference content (library). A
“Course” isasubset of the content, possi bly supported by distributed knowl-
edgeresources(e.g., learning objectsrepositories), facilitated by oneinstruc-
tor anddeliveredtoawell-defined set of learners. The“ Tutor” isanindividual
whoanswersthecourse-related questionsof theL earner. The* Administrator”
isanindividual responsiblefor planning programs. The* CourseProduction
Team” isresponsiblefor coursedesign, production, and management. The
“Secretary” isresponsiblefor student registration, student-information man-
agement, and staff-information management. Figure 2illustratesthemain
educational components and dependency model of a generic distributed
learningenvironment.

Thedependency of thecomponentsisa soillustratedinthefigure. For example,
the L earner dependsonthe Content to get course materials.

Thelifecycleof adistributed | earning coursebeginswiththecourseplanning.
Thenext stageinvolvescoursedevel opment, inwhichthecourseisdesigned
and developed by ateam of course developers consisting of professors,
editors, andvisual designers. Thenthecoursepackageisdeliveredto students
viatheWeb or seminarsunder thecoordinationandfacilitation of aninstructor.
Oneor moretutorsmay beneeded for tutoring the course, depending onthe
sizeof theclass. Thecoursecontinually goesthrough courseevaluationand
courserevisionuntil itisclosed.

Themainadvantagesof distributedlearningover traditional classroom-based
learning and traditional distanceeducationare(a) flexibility inthetimeand
locationfor learning, (b) interactivity amongthelearning elementsduetothe
Web’ smultimediacapability, and (c) interactionsamonginstructors, tutors,
andlearnersin synchronousand asynchronousmodes. Furthermore, distrib-
uted learning hasthe potential advantagesof providing accesstodistributed
educational resourcesfor courseauthorsand students, personalized course
materialsforindividuals, and virtual |earning communitiesfor collaborative
learning.

However, bothdistributed|earning and thedevel opment of distributed|earning
environmentsareassoci ated with somechallenges.
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| ssues and Challenges

Inmost of theexi sting distributed | earning systems, theinstructorsarrangethe
coursematerialsinorder to cover oneor moretopics. For example, in Web-
based distributed | earning environments, thecoursematerial sareplaced online
tomakethem downloadableor visibleto the students, who can usethem by
following the path established by the instructors. Currently, Web-based
distributed | earning hasthefollowing problems.

First,intermsof system devel opment, softwaresystemsfor distributedlearning
aretypically complex, becausethey involve many dynamically interacting
educational components, eachwithitsownneedfor resources, andinvolve
engagingincomplex coordination. Devel opingamonolithic systemthat could
meet all requirementsfor every level of theeducational hierarchy wouldbevery
difficult, becauseno singledesigner of suchacomplex system could havefull
knowledgeand control of thesystem. Thesystemshaveto be scal eableand
accommodate networking, computing, and softwarefacilitiesthat support
many thousandsof simultaneousdistributed usersusing different operating
systemsthat can concurrently work and communicate with each other and
recelveadequatequality of servicesupport (Vouk etal., 1999). Such systems
should beeasy toextend. A small changeinthedomain knowledgeshould not
requireanintensivesystem-widemodificationtoalter theinformationandall the
functionsthat initiateactionsbased onthat changinginformation.

Second, theexi sting Web-based | earning management systemsare not con-
cernedwithindividual learner differencesand do not adjust totheprofilesof
individual students(regardingactual skills, preferences, etc.). Currently, we
useacurriculumdesignedjust for aspecific segment of thepotential student
population. Webuild coursesaround textbooksand other material sdesigned
for that curriculumand do not understand students’ situationsand requirements
and do not utilize the possible contributions that students can maketo the
learning content and process. Asthenumber of distributed |earnersincreases,
seriousefficiency problemsin coursedevel opment and maintenancewill occur
when coursedevel operstry to generate personalized coursematerials.

Third, noappropriate support existsto help handlethe constantly increasing
demand for and extension of information. Asaresult, instructors may be
spending moretimeteachingindistributed |earning environmentsthan they
would spend teaching the same coursein aclassroom setting. The problem
resultsmainly fromtheuseof generic communicationtools, suchase-mail and
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computer conferences, which haveimposed asignificant workload oneduca-
tors. Becausestudentscan participateat any time, thistechnol ogical advantage
alsodemandsmoreeffort fromtheinstructor, thetutor, and thesupporting staff.
They needtobemoreresponsiveat nearly any time.

Fourth, insuchadistributedlearningenvironment, theinstructorsandtutorsare
not alwaysavailableonline, sotheinteractionsbetweeninstructorsandtutors
and studentsareasynchronous. Asaresult, theneedfor assistancefor students
isparticularly salient.

Last, thefeatures of Web processing (caching and client-sideinformation
hiding), inmost cases, obstruct thecoll ection of student-performancedata.

Solutions and Recommendations

Adaptive learning Environments

An adaptive learning environment is alearning environment in which an
automatic modificationisperformed at usagetime, i.e., duringtheeducational
session, andisbased onthelearner’ scharacteristics. Thesecharacteristics,
suchasthelearner’ sfamiliarity withtheeducational subject andthelearner’s
goalsandinterests, areassumed to becontinuously modified during thesame
educational session. Thesecharacteristicsarenot known prior to each educa-
tional sessionand areautomatically detected by thesystem, through monitoring
thelearner’ sactions. Accordingto Jonesand Winne(1992), adaptivelearning
environmentscan beviewed astheintersection of twotraditional ly distinct
areasof research: instructional scienceand computational science.

Wecall anadaptivelearning environment for distributedlearninga“ distributed
adaptivelearningenvironment.” Themainfeaturesof suchenvironmentsare
adaptivity anddistribution.

Adaptivity

Adaptivity includesadaptivecurriculum planning, adaptive sequencing, adap-
tivecoursegeneration and delivery, and adaptivetesting. Adaptivity needs
intelligence. Weneed someintelligent tool sthat are* smart” enoughfor the
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tasksat hand. Thesetasksneed highly deliberativetool sfor mining databases
of learner informati onand educational resourcesand takingthecol | ectivetask
knowledge contained in the heads of the educators and codifying it into
softwaresystems.

Distribution

FromIEEELTSA, wecan seethedynamicand distributed nature of dataand
applicationsindistributed | earning environments. Therefore, acommonunder-
standing seems to be that a distributed learning system must consider a
decentralized approachinwhichoverall managementisperformed* centraly,”
but course material s(hypertext documents, multimediadocuments, technical
manual's, scripts, and other applications) areserved uplocally by usingvarious
piecesof softwarethat run onthestudents’ machines(Wang & Holt, 2002).
I nteractivity andintelligent tutoring capabilities(i.e., varioushel pfacilities) must
beprovidedby client-sidesoftware, aswell.

Unfortunately, noneof thecurrently availabledistributed | earning systems
deliverstheseadvanced functionalities, mainly because of thecomplexity and
heterogeneousnessof the systemsand thelack of methodol ogy for systems
modeling, inparticular, knowledgemodeling.

Web Services Based Approach

A “Web service” is an accessible application that other applications and
humanscanautomatically discover andinvoke. AnapplicationisaWeb service
if it is (@) independent as much as possible from specific platforms and
computing paradigms; (b) devel oped mainly for interorgani zational situations
rather thanfor intraorganizational situations; and (c) easily abletobeintegrated
(i.e.,combiningit with other Web servicesdoesnot requirethedevel opment
of complex adapters) (Dale, 2003).

Web servicesfundamentally offer new waysof doing businessthrough aset of
standardized tools, and they support aservice-oriented view of distinct and
independent softwarecomponentsinteractingtoprovideval uablefunctionality.
Inlearning systems, al earning servicesarchitectureand|earning servicesstack
havebeen proposed by the L earning SystemsArchitectureLab at Carnegie
MellonUniversity. Theseprovideaframework for devel oping service-based
learning technology systems (LSAL, 2003). In this approach, rather than
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buildinglarge, closed systems, thefocusisonflexiblearchitecturesthat provide
interoperability of componentsand |earning content, and that rely on open
standardsfor information exchangeand component integration (Blackmon et
al., 2003).

However, Web servicestechnol ogieshaveseveral limitations(Huhns, 2003):
a Web service knows only about itself, not about its users, clients, or
customers; Web services are not designed to use and reconcile ontol ogies
among each other or withtheir clients; Web servicesarepassiveuntil invoked
and cannot providea ertsor updateswhen new information becomesavail abl e;
and Web servicesdo not cooperatewith each other or self-organize, although
they can be composed by external systems.

Due to these limitations, Web services cannot completely overcome the
informationoverloadissueindistributed |earning environments. Overcoming
theselimitationsappearstorequireagent-likecapabilities.

| ntelligent Software Agent-Based Approach

Webelievethat the software engineering challengesinvolved in devel oping
large-scal edistributed |earning environmentscan beovercomeby using an
agent-based approach. Wecan design someprocessesinadistributedlearning
systemasautonomous, cooperating componentsthat communi cateintel ligently
with one another, automate or semi-automate educational processes, and
interact with humanusersat theright timeswiththeright information.

Agent-oriented software engineering (AOSE) has become one of the most
activeareasinthefield of softwareengineering. Theagent concept providesa
focal point for providing accountability andresponsibility for copingwiththe
complexity of softwaresystemsduring designand execution (Eric, 2001). The
agent-based approach to devel oping complex distributed systemshasbeen
successfully applied and documentedin many domains, including air-traffic
control, manufacturing, informationretrieval , network management, and enter-
tainment (Wooldridge& Jennings, 1995).

What are “ Agents” ?

Agentsaresoftwareprogramsthat operateautonomously whentriggered and
performtasksof repetitivenature. Research on agent-based computing has
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evoked muchinterestinmultiagent systems(MAYS). For intelligent agentsto
solveproblemsefficiently, they must cooperateand communicatewith each
other. A MASisdescribed, accordingto O’ Hareand Jennings(1996), as“ a
loosely-coupled network of problem solvers that work together to solve
problemsthat arebeyondtheir individual capabilities.” Similarly, thevarious
MASs should be able to interact with each other in the form of virtual
communities. Thelogical extensionof MA Ssis* agent soci eties’—groupingsof
agents that come together to collaborate to meet certain common goals
(Dellarocas, 2000).

Why Agents?

Agentsprobably havetwo main advantagesinthiscontext. First, distributing
tasksto numerousspecialized, fine-grained agents promotesthemodul arity,
flexibility, andincrementality of learning systemsand letsnew servicescome
and go without disturbing the overall system. The agents havetheir local
knowledgeabout specifictasksand their autonomy. Limiting thecompl exity of
anindividual agent simplifiescontrol, promotesreusability, and providesa
framework for tackling interoperability. Second, agents’ autonomous
naturemakestheir usea”fire-and-forget” approach, asthey areabletoreact
by themselvesif they have accessto theright data. Thiscentral feature of
softwareagents, theability toindependently carry out tasksdel egatedtothem
by peopleor other software, reducestheworkload of users.

For example, the vast educational resources available today or tomorrow
simply could not function without being able to delegate to software the
multitude of tasksthat would otherwisebeleft to armiesof peopletohandle.

Some Related Work

Greer et al. (2001) elaborated thelessons|earned from several large-scale
real-world deploymentsinthel-Help (Greer et al ., 1998) agent-based peer-
helplearning support system. The softwareengineeringlessonslearned are
useful for usindeployingacomplex systeminthereal worldfor alargenumber
of users. Gavrilovaet al. (1999) described aprojectinvolving anintelligent
MA Sfor distancelearning usingtheL earner model approach. Conceptualized
intheliterature (Jafari, 2001) arethreetypesof intelligent agentsto assist
teachersandlearners. Thaiupathumpet al. (1999) investigated the effects of
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applyingintelligent-agent techniquestoanonlinelearningenvironment. These
researchers created the “knowbots” that automated the repetitive tasks of
humanfacilitatorsinaseriesof onlineworkshops. Thefindingsindicated that
theuseof knowbotswaspositively associated with higher |earner completion
ratesintheworkshops. Linand Holt (2001) identified therolesof agentsin
distributed educational activities. Baylor (1999) defined threemajor potential
educational uses for agents as cognitive tools: (a) managing information
overload, (b) serving aspedagogical experts, and () creating programming
environmentsfor thelearners(Baylor, 1999).

Theapplication of agent-based systemsto commercial complex distributed
systemshasgenerated tremendousinterest. However, researchershavebeen
very slow indevel oping thistechnology for commercial applications, mainly
because of thelack of anacceptedindustry-standard method for thedevel op-
ment and i mplementati on of agent-based systems(Sturmet al., 2003).

&;ents

Inadistributed adaptivelearning environment, agentsare seen assoftware
entitiesthat pursuetheir objectivesand performtheir taskswhiletakinginto
account theresourcesand skillsavailabletothem. Theresourcesincludehuman
users, other agents, information, and data. Therefore, wecandivideall agents
indistributed|earning environmentsintothreecategories. (a) personal agents,
(b) task agents, and (c) regulatory agents.

Personal Agents

A “personal agent” isavirtual representation of ahuman user operatingina
distributed adaptivelearning environment andiscomprised of several subcom-
ponentsthat act together to performthefunctionsrequired of theagent.

First, apersonal agent hasauniqueidentity, whichallowsitto berecognized
by other usersaswell asgivescredibility tothetransactionsthat thevirtual self
may engageinsubsequently.

Second, a personal agent has a memory function that stores the user’s
preferences, which may beexplicitly indicated by theuser or learned from past
experiences. Similarly, thepersonal agent alsolearnsfrominteractionwith
other agents. For efficiency purposes, thememory moduleisableto“forget”
informationthat isnot used, avoiding storageoverload.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



196 Lin, Esmahi & Poon

Third, thepersonal agent possessesaprocessing capability that servesthedual
purposeof resourceall ocationand coordinationof functions, e.g., prioritization
of varioustasksset by theuser. Todo so effectively, the processing capability
interactswiththememory component, aswell aswiththeexternal sensors, to
generatearesponse. L ast, thepersonal agent containsaninternal audit function
withtheroleof monitoringthestatusof theagent for maintenance purposesas
well asrestrictingtheagent’ sbehavior toagenerally accepted code of agent
practices. Tobecomeeffective, the personal agent must beableto sense new
developmentsin the environment, filter the variety, aswell as effectively
respond to changesintheenvironment.

Task Agents

A task agentisrequiredto perform certai n specifictasks, suchasproviding
services, knowledge, andinformation resources, and al so providinginterme-
diary functionssuchascoordinating and communi catingwith theother agents.
Therefore, thetask agent’ smemory containsspecifictask-relatedinformation
ingreater depth than the personal agent’ smemory possesses. Thetask agent
also hasamonitoring and learning function that allowsit to updateitsown
information through new updateswhen necessary. Becausethetask agentis
deemeda“ commonresource’ shared by many users, itsprocessing capability
comprisesaspoolingfunction, inwhichrequestsarequeuedinaccordanceto
their priority. In performing multipletasks, theresourceallocation function
determineshow many resourcesshoul d beprovidedto each uncompl eted task.

An Example of Task Agents—User Profile Agent

User profilesrepresent theusers' information needsand preferences. Such
profilescantakeavariety of forms, ranging from sparse-vectorsof document
ratingstorich, highly structured representationsbased upon XML. A profile
may belocated entirely withinthelocusof theuser’ scontrol, e.g., onhisor her
own personal computer (PC) or personal digital assistant (PDA), or may be
retained as one of many profiles on aserver controlled by aWeb service.
Recently, someresearch hasbeguntofocusonamoredistributed approach,
inwhichtheWeb serviceneedsto beableto deal withthesecurity or privacy
of user profiles, and how userscanfindrelevantinformationevenif they donot
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wanttorevea toomuchof their profiles. A user profileagent can bedevel oped
tofulfill theserequirements.

Regulatory Agents

Theregulatory agentsprimarily performthefollowingtwofunctions, setting
standardsand auditing. Theregulatory agentsareseparated at variouslevels
andaremainly localizedregulatory agentsandinternational regulatory agents.
Intheir standard-setting role, theinternational regul atory agentsset standards
mainly for thebaselinerequirementstowhich each agent must comply. Inturn,
thepersonal agentsand thetask agents, which constantly monitor theexternal
environment, updatetheir respectivebaselinerequirementstoincludethelatest
standards. Asanillustration of therulesconstituting these baselinerequire-
ments, universal rulessuch asthefollowing areto beincluded: (a) agentswill
not harmtheir masters, (b) agentswill not harm other agents, and (c) agentswill
haveto protect themselvesfrom other agents.

Intheir auditingroles, theinternational regul atory agentswill audit thelocalized
regulatory agents, whichinturn, audit thepersonal agentsand thetask agents.
Thescopeof theaudit servicesincludestheaccuracy of anagent’ sbaseline
requirements, theprogram’ sintegrity (theauditwill look for any virusinfec-
tion), andsoon. Asmentioned earlier, the personal agentsand thetask agents
havelimitedlifespans. Atregularintervals,individual personal agentsandtask
agentsmust report to their localized regul atory agentsfor athorough audit
screeninginorder toextendtheir lifespans.

&]ent I nteractions

Theinteractionamong variousagentsand, subsequently, amongvariousMA Ss
is based on accepted standards and principles and forms the basis of the
interactionsamong theintelligent agents' societies.

User—Personal Agent Interactions

Themajor purpose of personal agentsisto help (rather thanreplace) usersin
handling complexity intheenvironment. Wewill explainhow ahumanuser and
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the personal agent of theuser interact through thethree stages: configuration,
processing, and presentation.

Configuration

Here, thehumanuser configureshisor her personal agent’ spersonality, goal,
and other characteristicsbased onthehuman user’ sbeliefs, values, desires,
andintentions. Thisconfigurationformsthe“ DNA” of thepersonal agent. The
instructionsmust be precise, not opentointerpretation, and coherent withthe
baselinerequirements. Also, another sourceof input comesfromtheexternal
environment, whichisconstantly changing, churning out new information
exogenoudy. Theagentisconstantly learningfrominteractionswiththeexterna
environment, addingtoitsweal th of experience.

Processing

Based onthehumanuser’ spredetermined preferencesand fromitslearning of
theuser’ sunspecified and hidden preferencesthrough observationover time,
thepersonal agentisabletofilter theinformationfromthedatasmoginthe
environment and extract the relevant information of interest to the user.
Subsequently, the personal agent classifies, summarizes, and presentsthe
extractedinformationinthedesiredformtotheuser.

Presentation

Thecontent of theoutput report i sthat of highly personalized andtopic-based
information accordingtotheuser’ spreferencesand desires. Moreover, this
contentishighly relevant, asitisbased onreal-timeevents. Thecontent canbe
presented by multimedia. Thedetermination of thetypeof presentationformat
isinaccordancewiththeusers’ preferenceandtheinherent limitation of the
delivery devices. For example, amessageinatext format hastobecarried as
textintheform of ashort message system (SMS) if theuser isto accessthe
message by usingamobilephone. Inasituationinwhichtheuser isaccessing
hisor her PDA, thenthereport can betranslated intovideoformto providea
richer mediumto theuser. Userscan specify how their personal agentscan
contact them when the users are away from their desks, for example, by
desktop computer, mobilephone, or PDA.

Attimes, theuserswill want toinitiateaconversationwiththeir personal agents
when the usersare away fromtheir desks. If so, the userscanlog onto any
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terminal, stipulating apasswordto authenticatetheminorder to accesstheir
personal agents.

Agent—Agent Interactions

Theinteractionsamong agents can bedivided into three major categories:
Personal Agent—Personal Agent, Personal Agent—Task Agent, and Task
Agent—Task Agent.

Personal Agent (PA)—Personal Agent (PA)

Communication betweentwo personal agentsisimportant, becausethey are
expectedtolearn, notonly fromtheir past errors, but alsofromtheexperiences
of other personal agents. Similarly, twoor morePAscan collaborateonsimilar
tasks. Just ashumans can cooperatein thereal world, groups of agentscan
cooperate with one another to achieve a common purpose. For effective
collaborationtotakeplace, personal agents, each with separatecompetencies,
needto coordinatetheir actionswithvarioustask agents. Individual PAsinthe
environment may takeupdifferent rolesinagroup, e.g., notification, monitor-
ing, and coordination. Moreover, PAsmay behostileto oneanother. However,
based onthebaselinerequirements, PAsarenot allowed to harm oneanother.

Personal Agent (PA)—Task Agent (TA)

Attimes, apersonal agent needstointeract with one or moretask agentsin
carryingoutitsassignment. Thecommunication of thepersonal agent andthe
task agent(s) variesaccording to two situations. When the personal agents
know thetask agents, i.e., whenthe PAsknow explicitly whichtask agent they
wishto contact, thisknowledgefacilitatesdirect communication. Ontheother
hand, whenthepersonal agent doesnot know theidentity of thetask agentsin
guestion, thentheuse of Web servicescomesintoplay.

Task Agent (PA)-Task Agent (TA)

Theinteractionbetweentwotask agentsissimilar tothe Personal Agent—Task
Agentinteraction.
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Regulatory Agents—Other Agents

Asmentioned earlier, theroleof theregul atory agentsisto set new standards.
Hence, theinternational regulatory agentsset new standardsand broadcast
themtotheinternational serviceproviders, whichthen disseminatethestan-
dardsdowntothelocal serviceproviders. Theother agents, e.g., thepersonal
agents and the task agents, which are constantly monitoring for the latest
updates on their respective service providers, in turn, update the latest
standardsintotheir baselinerequirements. Atintervals, thelocal regulatory
agentsthenensurethat the personal agentsand thetask agentshaveaccurately
and promptly updated their baselinerequirementswiththelatest standards. If
the local regulatory agents discover any noncompliance, they correct the
mistake themselves and, at the sametime, file areport to the owner of the
personal agent.

Examples

&]ents and Web Services for Courses

Thedevel opment of agentsfor coursesor course agentsinvol vespedagogy,
learning design, and learner modeling. The pedagogical basis of course
agentscan bebuilt ontwo underlying educational philosophies: objectivistand
constructivist. Theobjectivist assumesthelearner isanempty vessel that can
befilledwithknowledge. Itleadsdirectly toaninstructivist or transmissionist
pedagogical approach, wheretheteacher fillsanempty vessel, whichisthe
student (Phillips, 1997).

Theother philosophy, theconstructivist epi stemol ogy, assumesthat thelearner
canbuildon hisor her ownknowledgebased on an exi sting set of experiences,
sothestudentisviewed asa“researcher.” A magjor goal of theconstructivist
approachistoensurethat thelearningenvironmentisasrichandinteractiveas
possible.

A courseagent canbebased onaconstructivist learning environment, inwhich
the student and the student’ s agent can explore at will. However, such
discovery learning makestheoften-unfounded assumption that thestudent has
researchskills. Therefore, awell-designed distributed | earning courseshould
incorporatethemost appropriate aspectsof eachlearningtheory (Gillespie,
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1995). We believe that the course agent will be more effective for guided
discovery learning based onaconstructivist learningtheory. Theagentcangive
the student control in discovering knowledge, but thediscovery processis
supported by additional guidancefunctionsto providesupport and feedback.

Personal Agents for Courses

Twotypesof personal courseagentsareusedindistributed |earning: instructor
courseagentsand|earner cour seagentsthat assumerol esintheparticipating
protocolsof learning activities.

Aninstructor courseagent isanassi stant of theinstructor, hel ping theinstructor
generate, deliver, and maintainacourse. Thiskind of agentinteractswith other
task agentstofulfill thetasksdel egated by theinstructor, such asbroken-link
checking, learning-objectsrecommendation, notification, monitoring, andin-
formationgathering.

A learner course agent isasimulated instructor that can provide adaptive
coursematerial andinstruction appropriateaccordingtothelearning process
of theindividual learner. Thiskind of agent can beviewed asanauthoritative
representative of thecourseauthor andtheinstructor. It canalsointeract with
other task agentsto carry out thetasksrequested by thelearner, e.g., answering
frequently asked questions(FAQs). Becausealearner’ sprofileincludesthe
learning activitiesheor shehasparticipatedin, and thecorresponding perfor-
mance can beeasily kept intheenvironment and made avail ableto agents, an
instructor courseagent can hel ptheinstructor understandlearnersand make
suggestions. A learner’s profile contains detailed information, such as a
learner’ serrorsand misconceptions, sointheabsence of theinstructor, the
agentisabletogiveadvicetolearnerswhenthey arelearning, intheabsence
of theinstructor (Chan, 1995).

Task Agents for Courses

Thetask agentsinclude course-planning agents, course assembly agents,
coursemai ntenance agents, and eval uation agents.

A cour se-planning agent usesinformation about thelearner, resources, and
curriculum-planning knowledge, to construct an optimized courseplan. When
aconsistent and completeplanisfound, it will bepresentedto both the student
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andtheinstructor for approval. The course-planning agent useswell-known
planning techniques. Each course planisacurriculum graph. The course-
planning agent createscurriculum plansby findingachainof learning objectives
that connect theintendedfinal learning goa withthestudent’ sprior knowledge.

After the course-planning agent generatesacourseplanthat partially deter-
minesthelearningactivitiesand path, aspecific*best” solutionfor learning
material sisextracted by using some problem-solving mechanism, such as
TAEAS, anheuristic scheduling system (Wagner etal ., 1999). TAMEScan
produceacomprehensivelinear instantiation of onepossiblesolutiontothe
problem, based ontheconstraints, such asthepreferredtimeor thequality or
cost of thelearningmaterials. TAEA Sgeneratesaninitial solutionandthen
enablesthestudent to alter the parameterstoretrieveasecond solution. Given
the constraints supplied by the student, TAMES then offers a variety of
solutions.

Onceaspecific course plan hasbeen approved and scheduled, thestudent is
givenaccesstothesel ected resourcesoneat atime, interacting viaabrowser

Figure 3. The system architecture for course maintenance
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or other interface. Asthe student finishes using each resource, the student
model ismodifiedtotrack thestudent’ slearning progress, until the student
either reachesor abandonstheintendedlearninggoal. Difficultiesencountered
alongtheway arehandled by replanning.

Course Maintenance Agent

Oneof themeritsof Web-based e-learning coursesisthat it can provide up-
to-date information. In order to provide current, correct, and complete
materialsto students, course instructors need to update e-learning course
materialsfromtimetotime. Thereasonsfor Web-based course mai ntenance
arethreefold.

First, materialsincoursesin ever-changingfields, such as“ Computing and
Information Systems,” need to be updated more oftenthanin other courses.
Workinginsuchadynamicdistributed | earning environment, courseinstructors
or instructorsoften need toreview and revisecoursematerialsinashorttime
frame.

Second, becauseof thecompl exity of thematerial's, and theshort devel opment
cycleswithinwhichthematerial sare produced, our best human effortsare
sometimesnot adequateto prevent occasional errorsfromslipping through.
Therefore, studentsshoul d be prepared to encounter theodd minor “glitch” in
online courses. However, course instructors should make the necessary
adjustmentsfor thebenefit of students. Whenever thereisasignificant change
inthecontent of designated Web pages, studentswho areinterestedinthetopic
and all students who are taking the course will be notified by the course
instructor viae-mail.

Third, Web-based course material shavemany hyperlinks. Thesehyperlinks
need to be maintained regularly to ensuretheir availability. However, itis
common for an online courseto have afew hundreds of hyperlinks. These
hyperlinks can be broken for many reasons: Web servers may be down
becauseof hardwarefailure, Web pagesmay berelocated to another server,
or power may be cut off in another part of the world. To maintain these
hyperlinkssolely by human effortsisbecomingmoredifficult, if notimpossible.
Thedegree of difficulty ishard to comprehend if we consider the fact that
hyperlinkscanbe®dead” and“alive’ at different pointsof time. Theneedfor
anautomated systemto help courseinstructorsmaintainhyperlinksispressing.
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Thesystem consistsof acoupleof Web serviceslocatedindifferent places. The
Web servicesincludenotification Web service, Web monitoringWeb service,
student information Web service, andinstructor information\Web service.

There are two types of task agents supporting the Web services: Web
Monitoring Agent and Notification Agent. AsWeb services, they haveadual
naturethat combinescharacteristicsof Web servicestechnol ogiesand agent
technologies: theabilitiesto be published, found, and called asaservice, and
theability tomovefrom platformto pl atformand makeautonomousdecisions.

TheWeb Monitoring Agent isto monitor targeted Web pagesand determine
whether or not the content inthose pageshasbeen significantly changed. The
meaning of “significantly changed” isbased onacoupleof predefined criteria.
For exampl es, thenumber of hyperlinksor photosincreased or decreased, or
thecontent lengthsof theWeb pageincreased or decreased by examiningits
MIME header. If it discoverssuch changes, itwill trigger aNotification Agent
to send a message to those students who are interested in receiving the
message. Figure3 showsthesystem architecture.

Agent Management Web Service

TheAgent Management Web serviceservesasafront endfor agent manage-
ment and deployment through Webtechnology. A registered user canlog-into
download an agent platformand hisor her favorite personal agent. Download-
ing can bethrough FTPor HTTPprotocol. Onceloggedin, auser can update
hisor her account information or supply necessary informationfor agentstorun.
For example, acourseinstructor can providehisor her courseinformation,
suchasacoursenameanditsbasehyperlink, sothat | ater, aNotification Agent
and aWeb Monitoring Agent can make use of thisinformationin order to
processthecourseinstructor’ srequest.

TheAgent Management Web servicea soactsasaproxy toanUDDI registry.
It assignsuniqueagent identificationsto agentsand recordsagent information,
suchasAgent Type, andrelaysthesedatatoan UDDI Registry. ThePersonal
Agent cansearchfromtheregistry andinvokeservicesprovided by the Agent
Management Web service. For exampl e, the Personal Agent canask for the
location of aWeb Monitoring Agent that isfreetowork for theuser.

The Agent Management Web serviceisalsoaWeb servicesprovider; itcan
serve SOA P-compliant clientsby exchanging SOA P messagesso that users
can embed the results returned by the agents into their applications. For
example, acourseinstructor can embed thebroken hyperlinks, found by the
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Web Monitoring Agent, into hisor her Web e-mail application, and sendthem
tostudentsor build hisor her course Web pageswiththelogicstaking care of
theresultsreturned by the Agent M anagement Web service. Without coupling
withWeb Services, agentscan notify thecourseinstructor, eventhoughthere
isatime gap between the broken links found and remedial actions taken.
Coupling agentswith Web Services, acourseinstructor hasno urgent needto
careabout theremedial actionsif contingent actionshad already beentaken.

A Personal Agent, asaclient of aservice, can perform searchesof different
entriesstoredinaUDDI. It canthen make messageand RPC stylecallstoa
Web Service. A Personal Agentisalsoaninterfacebetweentheuser andthe
multiagent platform. Throughthe Personal Agent, auser can manipulatethe
optionsprovided by other agents. For exampl e, acourseinstructor can choose
how oftentoreceivee-mail fromtheNotification Agentif brokenlinksare
found from his or her course materials. The Personal Agent abideson the
platformof theuser’ scomputer. Different groupsof usersareassigned different
typesof Personal Agents. Theassignmentisbased ontheir rolesinthesystem.
For example, the Personal Agentsfor courseinstructorsaredifferent from
those of the students. Courseinstructorscan choose under what conditions
they shouldbenotifiedif thecontentsof external linksarechanged. A Personal
AgentisGUI drivenand canbeusedto control all theagentswithidentification
registered under theuser name.

Web Monitoring Agent-Supported Web Service

A WebMonitoring Agent hastwo functions: oneisto detect brokenlinks, and
theother isto detect Web content changes. It scansthegiven pagesperiodi-
cally. Whentheagent detectsasignificant change(e.g., thelink isbroken), it
sends amessage to the Notification Agent.

Most of the work is done by agentized and multithreaded class Spider
(www.JeffHeaton.com). A queuenamed Wor kload holdsthebase URL tobe
processed.

Step 1: A spider opensaconnectiontothebase URL by openConnection().
Step 2: If theconnectionisfailed, thewholeprocessstops.

Step 3: If theconnectionissuccessful, the spider parsestheWeb pagetofind
all theURL sand put theminto Workload.
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Step4: Thespider checksother informationfromtheMIME header, suchas
Last Modified, Content Length, etc., and storesthisinformationinthe
databasefor comparison purposes.

Step 5: Thenthe spider opensaconnectiontothenext URL inwork.

Step 6: If connectionisfailed, thespider will report thisURL asbrokenlinks,
storethe URL inthedatabase, and open another URL inWorkload.

Step 7: If connectionissuccessful, the spider repeats Steps 3t0 6.
Step 8: Thespider stopstowork until therearenomore URL sinWorkload.

Notification Agent-Supported Web Service

Incorporating Notification Agentsintothesystemisoneof thewaysfor the
MAStogiveresponsestousers. Notification Agentisresponsiblefor sending
e-mail on behalf of other agentsinthe MAS. It isthe postman of thewhole
community. Whenever an agent needsto send e-mail, it asksaNotification
Agent to do so. The agent packages an agent message with the necessary
details, such asthemessage, the sender, and thereci pient e-mail address, and
forwardsthemessagetotheNotification Agent. Onceamessageisreceived,
theagent checksthevalidity of theinformation and sendsthee-mail accord-
ingly. TheNotification Agent makesuseof JavaMail classto performtheactual
sending. The Notification Agent has no access to sender and recipient
information, this informationisprovided by other Web servicesthrough XML

request messages.

Student I nfor mation Web Service

The Student I nformation Web Serviceisdesignedto providestudent informa-
tion. For exampl e, it maintainsan e-mail list of thosestudentstaking coursesin
openanddistance-learning environmentsat AthabascaUniversity.

Databases

Thedatabaseresourceincludesastudent information database, aninstructor
information database, and acourselink database. Thesimplified datamodel of
thedatabasesisshowninFigure4.

Weimplemented theagent systemfor theonlinecourselink maintenanceusing
thearchitectureshowninFigure4. Theagentsand Web servicesranonfive
different serversfor testing purposes. Theagentsand theagent platformsare
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Figure 4. Tables for the database
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Tables
* Course * * Instructor * *Student *
FieldMame DataType FieldMName DataType FieldMName DataType
CourselD Text InstructorID Text StudentID Text
Hame Text
Mame Text Iame Text
Emaild ddress | Text Emaild ddress | Text
* Tink * * Link-Course *
FieldMame DataType Fieldame DataType
Mame Text CourselD Text
Link URL Text * Course-Instructor *
Size Integer
FieldName DrataType
Last Tpdated Date | Date
CourselD Text
Status Text
InstructorID Text

written in Java. We deployed the computers at different locations. The
computers, Intel-based Pentium 111 classmachineswith512MB RAM, are

loaded withthefollowing software:

* RedHatLinux8.0

e J2SEv14.2

* ApacheWeb Server 2.047 w/Axis1.1
e PHP433

* MySQL 4.0.14

Frompreliminary experimental results, theapproach proposedisfeasible. The
Web Servicesare provided by Apache Axis. We used JDBC to connect to
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Figure 5. A screen shot of the Web monitoring agent
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MySQL databases. ShowninFigure5isascreen shot of theWeb monitoring
agent.

Wearedoing experimentstotest thescal ability and usability of thesystem. The
experimentswill focusontheperceptionsof theusersregardingthehel pfulness
and overall useful ness of the agent system. Perceived satisfaction will be
measured by aquestionnaire asking about the students’ perceptionsof the
quality improvement of coursematerialsinusingtheagent. Thequestionnaire
will alsobesent to courseinstructorsand administratorstoallow usto compare
thework efficiency, i.e., how many brokenlinkstheagent detected, how much
thetime between when the course material swere changed and the students
werenotified of thechangewasshortened by using theagent system, and how
much of thecourseinstructors’ timewassavedinmaintaining coursematerials
and notifying studentsand answering students’ questionsregarding course
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material updatesof the agent-supported content management system com-
pared to nonagent course content management systems.

Agents for L earning Objects

Thenotionof “learning object” (L O) isanew way of thinking about |earning
content (Rory etal., 2002). Traditionally, coursecontent comesinaseveral -
hour chunk called alesson. L earning objectsaremuch smaller unitsof learning,
ranging, for example from 2 to 30 minutes. Small, independent chunks of
knowledge or interactions stored in adatabase can be presented as units of
instruction or information. A learning objectisbased onaclear instructional
strategy, intended to causelearning throughinternal processing and action.

Agentsforlearning obj ectsincludel ocating agents, monitoring agents, notifying
agents, personal agents, and|earning objectsagents.

Alocatingagent (LA) isableto accept user interestsaskeywordsandisable
to offer approximate matches, if interestsare expressed intermsof subject
taxonomies. Taxonomiesare{ definitionhere} . These subj ect taxonomiescan
belarge, especially when elaborated by cross-references. They formthebasis
for the agent’s ability to make sense of user interests and their relative
relationshipsto thesubject matter of LOs. Our strategy isto providealearning
object repository (L OR) interfaceand agentsthat support students’ learning
throughthesearch process. For instance, theL OR searchinterfacewill provide
toolslikespell-checking and content-specific thesauri to hel p sharpen query
formulation.

The Monitoring Agent

A monitoringagent (MA) providesatime-savingway for LOR administrators
tomonitor thestatusof L ORs. The M A checkscontent changesand detects
brokenlinksinL Os, saving administratorsfromthetedi ousand time-consum-
ingtask of doingthismanually. TheMA candotheseautomatically.

The Notifying Agent (NA)

Usersspecify eventsof interest and receivenotificationsby e-mail whenthese
events occur. These events include identifying new items appearing in a
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repository, new versionsof L Osenteringarepository, and somebrokenlinks.
TheNAsattachthemselvestoal OR Broker Web service.

BothM A sand NA saccept messagesin A CL (agent communicationlanguage)
that specify eventsof interest and theactionsthey trigger. For example, one
message might ask for e-mail notificationwhenever arepository addsanew
L O, for example, aJavatutorial . Another messagemight definefilterstoextract
articlesmatching current curricular itemsfromaWeb page. Studentswill al'so
beableto usethesekindsof agentsto find relevantinformationinatimely
manner.

Personal Agent

A personal agent (PA) runsontheuser’ smachine. It managestheinterfacethat
connectshuman usersto an L OR or network of LORsby

*  Expressinguser queriesinaformthat search agentscaninterpret

*  Maintaininguser profilesbased on specified, default, andinferred user
characteristics

e Customizingthepresentation of query results

A PA isabletotransfer theanonymousinformationtransacted betweenitsel f
and the broker to aspecific user. And, the PA applies some more personal
filtering, such assel ecting between material swith similar topicsbut different
humanlanguages. It alsoignoresoffersfromthebroker that theuser hasal ready
seen. Theactual learning delivery isprimarily under thecontrol of thelearning
management system (LM S). ThePAscanassistinstructorsindevel oping and
managing curriculum materials. For instance, theinstructors’ customized
query-planning agent, withitsspecialized knowledgeof pedagogical relevance,
helpsinstructorsquickly searchandretrievematerial useful intheir courses.

Learning Object Agent (LOA)

AnLOA isarepresentative of theauthor of aL O, ableto answer questions
that alearner wouldloveto ask, for example:
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*  Whichsectionsshould| readfirst?
*  Couldyoushow methemostimportant sections?

* My particular interestisJavaNetwork Computing, and | have half an
hour. What should | read?

* | amlost—help meget my bearings.

Theagent containsthereferenceengine, whichappliestherulescontainedwith
theL Os. Theagent must al so provideagood user interface, possibly graphical
or natural languagedriven, that cansolicit requestsfromthelearner and deliver
responses. Itisalsoresponsiblefor dealingwiththe L OR agent.

Learning Object Repository Agent (LORA)

Whilean LOA worksonbehalf of learnersusing L Os, TheLORAswork for
thedynamiclearning object repository. Aslearning objectsareadded, LORAS
attendtolinking theinformation, driven by theconcept hierarchy, and then
inform LOAsof thenew state of thedistributed LOR.

BecauseL ORAshaveaccesstothebig picture, they can seehow theLORIis
being used.

L ORA agentswatch, listen, andlearnhow peopleareusingtheL OR. Whenthe
L ORAsnoticecertain patternsrecurring, they canhelpalL OA, and hence, a
learner tofind relevant information. Thiswould bean application of aneural
network, aprogram that learnsfrom patterns. The LOAsmay temporarily
becomeusersof other LOAs. Whenalearner posesarequest for information
that theL OA cannot satisfy, theagent may contact theL ORA and ask for help.
The LORA knows where to go for this help and can call up one or more
different LOAstosupply theagent withtheneededinformation. TheseLOAS
may be running different inference mechanisms. They are certainly using
differentrulesand L Os. Weareusing distributed Blackboard technology asa
methodto get these systemstowork inacooperativefashion.
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Future Trends

Agent-Supported Web Services

Service-oriented computing isbecoming the prominent paradigmfor distrib-
uted computing andiscreating opportunitiesfor serviceprovidersand appli-
cation devel opersto devel op val ue-added services by combining Web ser-
vices. Web servicestechnol ogy iscurrently being touted astheideal solution
tomeet thepreviously mentioned requirementsfor thedynamic composition of
Enterpriselnformation Systems(YY ang & Papazoglou, 2000).

Agentshavethepotential toharmonizeWeb services behaviors. Thedesign
of many software agentsis based on the assumption that the user needsto
specify ahigh-level goal instead of issueexplicitinstructions, leaving thehow
andwhendecisionstotheagent. A softwareagent exhibitsanumber of features
that makeit different fromother traditional components(Jenningsetal., 1998),
including autonomy, goal orientation, collaboration, flexibility, self-starting
ability, temporal continuity, character, communication, adaptation, and mobil-
ity.

Softwareagentscan play bothrolesof aWeb serviceclient aswell astherole
of aWeb service. Asaclient of service, an agent can perform searches of
differententriesstoredinaUDDI. It then can makemessage- and RPC-style
callsto aWeb service. AsaWeb service, an agent has adual nature that
combinesthe characteristicsof thetwo technologies: theability to be pub-
lished, found, and called asaWeb service and the ability to make autono-
mous decisions.

Anagent-supported Web servicecanincludealocal information spaceanda
set of agentssupportingtheWeb service.

A serviceregistry isthemedium and servicesprovider for servicediscovery.

ThePA, uponreceivingatask fromauser, requestsatask agent (TA), initiates
amessage, and postsit ontothenearest serviceregistry. Themessagecontains
pertinentinformation, suchasthejobtask, therequirementsandcriteriafor the
job, theexpiry date, and waysof contactingthe PA.

Atthesametime, thefirst respondent (aTA) interestedinaccepting theoffer
indicates that the case is closed to prevent other service providers from
respondingtothesamemessage. Subsequently, thefirst responding TA then
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keeps in touch with the concerned PA for finer negotiation. When all the
qualified TAsarepreoccupied, themessageremainsoutstandingontheservice
registry until it attractsan interested TA that isfree. For certain tasks that
requireanumber of serviceprovidersbiddingfor aspecificjob, theinterested
TAscontact theconcerned PA, whichfiltersand sel ectsthevendor based on
certaincriteria, suchasthequoted priceandthequalifications.

Web servicesfor distributed | earning include knowledge management and
information-resource management. Knowledge-management Web services
manage domainknowledge (ontol ogies, concepts, etc.) and knowledge about
curriculumplanning.

I nformation resource management Web servicesinclude learning object-
repositoriesmanagement, instructor-information management, tutor-informa-
tion management, and student-informati on management. Theseinformation-
resource management Web servicesareresponsiblefor gettinginformation
about theresourcesneeded.

Toprovideefficient and effective Web services, someagentscan bedeployed
tosupport theWeb servi ces, taking advantage of theautonomy and distribution
of agents. For example, a“spider-like” broken-link-checking agent can be
usedtomaintainaL OR, supportingtheL ORS management Web service.

Another example is the Ontology Web service. Ontology is a taxonomy
database used for atarget languagefor (a) thetermsintheprerequisiteand
postconditionsof |earning objects, and (b) thetermsinthelearner profiles. An
agent-supported ontol ogy Web service can maintaintheontol ogy knowledge
autonomously when needed.

K nowledge M anagement

Ontology-Based Domain Modeling

There are two aspects to the obstacles of agent technology in distributed
learning. Oneisthedifficulty of understandingandinteractingwithdata. The
other isagent knowledgemodeling. Here, knowledge modeling can bechar-
acterized asaset of techniquesthat focus on the specification of static and
dynamicknowledgeresources.
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Modeling Curriculum Design Patterns

The emergence of design patterns for dealing with chaotic systems has
applicationsinmany fields. Thereal issuethat needsto beaddressediswhen
utilizingtheframework todo soisappropriate. Thecourse-devel opment team
and, inparticular, thecoursedesigner should beableto utilizedesign patterns
toassistinthemodeling of the courses.

Design patternscan beused asapowerful tool inthecreationof acurriculum’s
plans. When used together with theapplication of L earning ObjectsOriented
CourseDesign, design patternsareanother tool that can beappliedinorder to
achievemorerobust, flexible, and adaptivecurriculum plans, toorganizeL Os
into cohesiveyet independent coursestructures.

Theability of design patternstodo morethan document thecurriculumplanand
course design decisions that were made in its creation offers a degree of
protectionfor theadaptability builtintothesystem. Design patternsal so offer
another way inwhichthecurriculum planscan beconceived and created. The
addition of thislayer of abstractiontotheL earning Object-Oriented paradigm
clearly allowsfor amorerobust and adaptable curriculum.

Conclusions

We have discussed an integrated approach to designing and developing
adaptivedistributedlearning environments. Themainobjectivesaretoreduce
thecomplexity of thedevel opment of distributed|earning environmentsandto
reduce the workloads of users (educators and |learners) with personalized
assistanceintheenvironmentswherevariousresourcesarewidely distributed,
heterogonous, and ever-changing.

Web Servicestechnol ogy providesanew way tointegrateexisting systemsor
applications, andtheability to accessdatain aheterogeneousenvironment. In
Web Servicestechnology, rather than buildinglarge, closed systems, thefocus
isonflexiblearchitecturesthat provideinteroperability of componentsand
learning content, and that rely on open standardsfor information exchangeand
componentintegration.

Toreducetheinformationworkload of educatorsand provideassistanceto
learners, distributed | earning environmentsrequirethat softwarenot merely
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respond torequestsfor information butintelligently adapt and actively seek
ways to support learners and educators. To take advantages of these two
technol ogies, weadvocateintegrating agentsand Web servicesintodistributed
learning systems.

For futurework, wewill addressthe semanticsintegration and knowledge
management when using the approach proposed inthischapter.
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