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Abstract

This pgoer argues tha a new geneation of powerful E-learning systems could start on the
crossroads of two emerging fields courseware re-use and adgptive educationd systems. We
argue for a new distributed architecture for E-learning systems based on the idea of adgptive
reusable content services. This pgper discusses problems tha have to be solved on theway to the
new organization of E-learning and reviews existing approaches and tools tha are paving the
way to next generation E-learning systems. It aso presents two pionesr systems - APeL S and
KnowledgeTree tha have attempted to develop anew service-based architecture for adaptive E-
learning.
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INTRODUCTION

Adaptive Web-based educationd systems and standad-based courseware re-use systems
conditute two significant streams of research and development in the field of E-Learning.
Courseware re-use Systems have emerged as a reaction to the standad practice of Ghardwiring®
high-qudity eductiond materials within course content. This practice made it imposible to
reuse educationd material and resulted in the wasted efforts of the eductiond community as a
whole to the need to re-develop the same material agan and agan. The early answer to this
problem was a daabase of eductiond resources and a courseware-reuse approach to authorng
new courses (Olimpo, Persico, Sarti, & Tavella, 1990). The courseware reuse ideas have founda
fertile groundin Web-enhanced education. Some early large projects in the field of Web-based
education like ARIADNE (Forte, Forte, & Duvd, 1996) and MTS (Graf & Schnader, 1997,
funded by the European Community, were centered on such a courseware reuse approach.
ARIADNE provides a very good example of a courseware re-use architecture. It indudes
multiple pools (repostories) of eductiond material indexed with metadata and an open set of



tools to produce, index, and reuse this material. Othe well-known European projects driven by
the same motivation are PROMETEUS (http://www.prometeusorg/) and GESTALT (Wade &
Dohety, 2000). In the USA the reusability approach has been promoted by EOE Founddion
(http://www.eoeorg/) and GEM Congrtium (http//www.geminfo.org/).

Adaptive Web-based educational systems (Bruslovsky & Peylo, 2003)emerged as an alternaive
to the traditiond (ne size fits allOapproach in the development of educationd courseware.
These systems build amodd of the gods, preferences and knowledgeof each individud student,
and use this modd throughoutthe interaction with the student in order to adgpt to the needs of
tha student. Thefirst pioneer adgptive Web-based educationd systems were developed in 1995
1996 (Brudlovy, Schwarz, & Weber, 1996a 1996b;De Bra, 1996; Nakabayashi et a., 1995;
Okazaki, Watanabe, & Kondo,1996) Since tha time, a nunber of systems have been created all
around the world. The mgjority of adgptive Web-based educationd systems are based on
technologies developdal in the areas of Adaptive Hypemedia (AH) (Brudlovsky, 1996) and
Intelligent Tutoring Systems (ITS) (Polson & Richardson, 1988)

Themethodsand tools developed by both researchers of courseware re-use systems and adaptive
Web-based educationd systems can contribute to creating better Web-enhanced courses. We
bdieve tha a way to the future starts on the crossroads of courseware re-use and adgptive
educationd systems. This pape attempts to bridge the ggp beween the information retrieval
abilities of moden eductiond material repositories and the jud-in-time ddivery and
persondization power of ITS and AH technologies. We start with a brief andysis of these
approaches compaing thar strongand weak points (illudrated later in Table 1).

The courseware re-use frameworks such as ARIADNE alow a course author to search for the
relevant learning objects in repostories of educationd material and (pasteOthem into ther
courses (Figure 1). This approach reduces course development time and improves the qudity of
courses by making high-qudity educationd material available for the learning community. At
the same time, current implementationsof this approach have at least two seriousproblems.
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Figure 1: Courseware re-use approach to course design and ddivery. Authoring tools allow the
teachersto find and induderesources into ther course materia. The student accesses static
course material.

Firstly, courses developed with this re-ussbility approach suffer from nesize fits allOproblem.
When identifying relevant material and organizing it within a course section, teacher's have to



think about the class in general. The students in any class have different interests, knowedge
backgrounds and learning styles. Some materia carefully selected by the teacher can be ussless
for some students and only distract them. Some materia tha isimportant for paticular students
might not even be selected. An organization of material tha benefits one category of learners
may create obgacles for other categories. This problem is becoming especially important in
Web-based education whee the variety of learners taking the same course is condantly
increasing.

Secondly, moden reusability frameworks implicitly assume tha a learning object is a moveable
entity - usudly afile that is stored in a repostory and can be re-used by copying the learning
object into the course to be created. However, fragments of adaptive eductiond content in
modean Web-based systems are often not files but services ddivered by dedicated Web servers.
These activities can not be smply packaged, stored, and copied the same way as an image, atext
file, or even an applet - they have to resde on a dedicated server and laundhed from it on
demand. An inability of moden reusability frameworks to handle interactive services makes it
impossible for thar users to work with more highly interactive learning content tha is highly
interactive or adgptive by its nature. In turn, without this kind of advanced content, courses
developal with existing frameworks are mog often simple (bage turnersQ

Thesdituaion in theworld of adgptive Web-based systems is quite different. These systems offer
adifferent set of benefits to thar users. Adaptive E-L earning systems solve the nesize fits alO
problem by attempting to provide the best suppot for every student. Using individud student
modds and educationd material enhanced with pedagogica metadaa (such as required
compeendes, or relevancy to learning styles) Adaptive Hypemedia Systems (AHS) and
Intelligent Tutoring Systems (ITS) are able to dynamically select the mog relevant learning
material fromthar knowledgebases and present it at therighttime and in theright way for every
individud student, thusmaking the best use of every fragment of eductiond material (Figure 2).
Many of these systems are able to offer advanced interactive and adgptive learning activities to
their users. Observing studentsOwork with these activities is the best way for these systems to
keep thar student modds up-to-dée.

The problems of existing adagptive e-Learning systems are also quite different from the problems
of existing re-usability frameworks. The source of these problemsis simple: adgptive educationd
systems are not designad for the moden E-Learning context, where a teacher or course provider
is typically interested in developing a specificaly targeted course by re-usng existing
educationd content from multiple repostories. Currently, existing adaptive e-Learning systems
have to be used as a whole, not component by component. This creates a significant obdacle for
thar practical application. While adaptive technologies themselves can be applied to achieve any
specified learning gods, in mog existing systems, eductiond gods are pre-defined by the
authors (of the adgptive content). The adaptivity in the courseis frequently embedded across the
content itself or isin the actud adaptive system, which executes the content. A teacher who is
interested in re-usng some adgptive content from an existing adgptive hypamedia system has
only one choice - to accept the whole system with its gods and sacrifice his or her specific
teaching gods. Naturally, except from the authors of existing adgptive systems themselves, such
acceptance is difficult to achieve. Secondly, mog known adgptive hypamedia systems are built
around Qlosed corpusDlearning material and are not able to take into account any externd
content. Those who adopt such adaptive systems have to accept the inability to benefit from any
new content coming from existing repostories of learning material.
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Figure 2: An adgptive educationd hypamedia system can adaptively serve relevant eductiond
material to every student. However, it isnotdesigned for the moden E-Learning context.
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As we can see from the andysis above both leading approaches have strengths and weaknesses
(Table 1). While thar strong points allow them to suppott a reasonale number of E-Learning
scenaios ther weaknesses prevent them from suppoting the mos exciting and promising
modd of E-Learning B alowing teachers to re-use adgptive and interactive learning activities in
the context of thar courses. Adaptive E-L earning systems can indude thardwiredOadaptive and
interactive activities, but they provide little suppat for the teacher in re-usng externd activities
organized along his or her preferred course structure. Re-usability frameworks alow the teacher
to develop a course re-usng some externd activities, but they can® handle interactive and

adaptive content.

Reusability Adaptive E- Adaptive Content
frameworks Learning systems Services
Suppot teacher in Yes No Yes
developing acugom E-
Learning course
Allow the use of externd Yes No Yes
repostories of learning
material
Can adgpt to individud No Yes Yes
students
Can indudeadvanced No Yes Yes
learning activities
Allow re-use of externd No No Yes
advanced learning activities

Table 1: Thefeatures of the E-L earning paradigms compared



A goodillugration of this unfortunae situaion is the case of ELM-ART LISP problems. ELM-
ART is an adgptive LISP course (Bruslovky, Schwarz, & Weber, 1996b)tha indudes many
LISP programming problems. ELM-ART problems are more than jug textud problem
statements. These problems are fully interactive learning activities backed by ELM-ARTSs unique
knowledgebased fundiondity. In respons to student program solutions sent to an ELM-ART
server, the system can check, diagnos, and correct them. Theresults of this diagnoss are used to
updde the student modd tha ELM-ART uses to adgpt to tha student. ELM-ART problems can't
be moved or copied - they have to be served directly from a dedicated ELM-ART server. At the
moment, in order to work with ELM-ART problems a student hasto log in to ELM-ART and to
navigae to the pats of the ELM-ART adaptive hypamedia course where these problems are
located. Imagine tha a computer science teacher wants to re-use ELM-ART problems to enrich
her own LISP course tha is different from the one suppoted by ELM-ART. This would greatly
enrich the course alowing it to bendit from more than 10 years of research behind ELM-ART
adaptive diagnoss technology. Currently it is smply not possible B these problems can® be
extracted from ELM-ART and re-used elsewhere. If ateache wants to use these problems, she
has to use the whole ELM-ART course giving up her @wnQOcourse structure. Alterndively, if a
teacher ingsts on her own way to teach LISP, shewill be unable to use the ELM-ART problems
and settle for simpler GeusableOlearning content such as static Web pages or pictures. ELM-
ART problem are only some of the hundeds of advanced adgptive and interactive content items,
which currently are available on the Web. They can beused in thar origind context (as long as
the origind system is running which is often not the case), but can®be re-used in the context of
new courses. Moreover, this situaion prevents content developea's from creating new advanced
(and expensve) interactive content. Without clear progoects for broad re-use, the cog of
developing advanced content israrely judified.

To address this problem we arguetha E-learning needs a new re-usability framework tha shifts
the focus from re-ussble GiaticO learning objects to re-ussble QlynamicO adaptive content
services. This new framework should allow course develope's to develop thar courses in thar
preferred way, while facilitating the re-use of powerful, adgptive and interactive content. It
should adso alow content developas to focus on developing more advanced content. An
adaptive content services framework will combine strong features of the two andyzed
approaches (Table 1). Theauthors of this pgoer have been exploring theideas of adgptive content
services in thar projects for several years and developed a new vision of a service-based
distributed architecture for adaptive E-Learning. In this pgoe we present our vision of this
architecture, andyze several known problems, and describe our attempts to implement these
architectures in our Adgptive Persondized el earning Service (APeLS) and Knowledgelree
frameworks. It isimportant to stress tha both frameworks, while implementing innovaive ideas,
attempt to stay close to the needs of practical Web-based education. The authors integrate a
vision of academic researchers with a solid practical experience in commercial E-Learning. To
prove our ideas we have used our frameworks in several real courses at the University of
Pittsburgh and Trinity College Dublin.

ADAPTIVE SERVICES FOR E-LEARNING

The research chdlengediscussed in this pgper was to develop a framework for E-Learning tha
combines the attractive features of the modan re-usability approach to E-learning with the
power of adgptive Web-based systems. It means tha the target framework should keep the



winning features of there-usability approach allowing teachers to structure a course according to
thar specific needs while also hdping them to re-use existing relevant learning content indead
of creating everything from scratch. At the same time, the framework should allow teachers to
create adgptive courses and re-use not jud files, but any interactive learning activity. This
chdlenge was addressed by several research groups which suggested and explored a range of
innovdive idess (see Related Work section be ow).

This pape presents and compares the frameworks developed by research groupsPittsburgh and
Dublin. Both groupsattempted to address the problem as a whole and it resulted in two solutions
which are very similar in a number of critical features. Thefirst key feature of our solutionswas
to separate the course management system (also referred to as a learning management system)
from the content. In our vision, the course management system is a porta tha provides
structured access to educationd content withoutstoring it. The content itself comes directly from
different content services tha are indgpendent from any portal and genegaly resde on different
servers distributed over multiple locations Portals are maintained by course providers while
content services are maintained by content providers. Many portals can use the same content
service in different contexts.

The second key feature was to separate content specification from the real content. In the
traditiond (re-use) modd the search for the relevant content starts with some kind of content
specification in terms of duration, pedagogical type, topics covered, etc. The teachers then
attempt to find the desired content in a repostory by issuing a formal search quey in terms of
content metadaa. Findly, the relevant content is manudly selected, copied, and integrated into
the course. In our modd, the teacher is able to stop at the stage of specification of the desired
material (a narrative in APeL S, a sequence of lectures with objectives in Knowledgelree). The
portal at runtme, resolves this specification by automatically finding or generating relevant
content.

Thekey features of our frameworks listed aboveallow usto achieve thetarget fundiondity. The
portal-service sepaation makes it easy for the system to re-use any interactive or adgptive
content tha can't be jus embedded into the traditiond course management system. The
separation of content specification and resolution in time opens the way to adgptivity. While
staying within the objectives specified by a teacher in a content specification, the framework can
take into account knowledge gods, and other features of an individud student and adaptively
select, generate, and arrange relevant learning content. In addition, this architecture solves the
problem of outdaed content. Theresource repostories are beng condantly updded. Some better
resources could be addal to the existing repostories, some completely new repostories could
become available. When content specification is resolved dynamically the overall system can
bendit fromthebest content available at thetime of usng the system.

It is important to note tha the proposd architecture is not a radica replacement, but an
extenson of the existing re-usability approach. The new architecture alows teachers to be
flexible by specifying content requirements as well as allowing them to re-use cusomizable,
distributed and dynamic services. At the same time new fundiondity does not replace the old
ong but safely co-exists with it. A teacher who wants to use a specific piece of content (either a
file or aservice) can still use the existing approach based on manud selection of content and its
static allocation to a specific location in the courseware. Figure 3 presents a combinaion of
automatic runtime selection of material based on the conagpts in the course structure specified by
the teacher, as well as alowing teacher intervention in manudly selecting material for the



course. It indicates how the teacher can provide the overall course structure i.e. definethe scope
conaepts and kinds of learning activities to be induded in the course, and indicate the kinds of
adagptivity tha the teacher would like to be offered to the student e.g. adgptivity based on
student@ prior knowedgecompetendes, gods, learning styles etc. The adaptive service then
recondles this structure (course requirements) with appropriate composed learning material
(learning objects) and indudes appropriate adgptive techniques to suppot kinds of adaptivity
indicated by the teacher. The teacher is also able to indudemanudly selected content if she so
wishes. The adaptive (persondized) course is then offered to the student. It should be noted that
in better adaptive E-L earning systems, the selection of actud content is made while the studentis
usng the course, so tha the very latest student and content information is used to satisfy the
students learning needs On first logging on to the adagptive course, the student is asked about
various aspects to assist in popukting tha student@ modd. Ingruments to illicit a studet®
modd could indude questionnares, pre-tests, or monitoring ingruments which augment the
student modd during the usage of the course. A more comprehensve description of the
chdlenges and methodobgy for adgptive course compostion and the tools tha suppot it, are
presented in (Dagge, Wade, & Conlan, 2004.

Since our groupswere driven by similar gods, our solutionsare very similar - they advocate the
distributed architecture based on re-usable and adagptive content services and runtime adgptive
resolution of content specifications At the same time, technicaly our solutions are quite
different and demondrate two possible approaches to the incremental move from the current
approach based on courseware management systems and learning objects to the more powerful
frameworks based on open portals and distributed adaptive content services. These solutionsare
presented in thetwo following sections
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Figure 3: Thetarget system should combine the bendfits of courseware re-use systems and
adaptive Web-based educationd systems.



ADAPTIVE PERSONALIZED E-LEARNING SERVICE

The Adgptive Persondized el earning Service (APeLS) was developeal as a service to ddiver
persondized eductiond courses based on a multi-modd, metadata driven approach (ADLI,
2003) Two important features of the architecture address the twin gods of Adgptive Content
Services.

* Theadaptive courseware is NOT offered as content but rather as a service which can be
ddivered through a portal (or a conventiond learning management system). APeL.S
offers a service interface via which the adaptive course can be ddivered. Theinterface
also offers a separate APl to pass administrative and learner performance information
to aportal, LMS or another management system.

* The adgptive service is driven by separate modds of learning content, narative (i.e. a
concept traversal induding learning strategy), and learner modd. An adaptive engine
component of the service, recondles the three modds at runime to dynamically
geneate the personalized course for thelearner. By allowing the learne access to the
learner modd, he/sheisfreeto re-persondize and adgpt of the course during runtme.

The Content Modd contains metadaa descriptionsof the actud small size learning objects (we
term the learning objects pagdets to indicate ther typical size as occupying less than a screen
ared). The Narrative Modd only refers to conogpts which may be selected as pat of a course.
There is no direct reference beween the narrative modd and actud content. The mapping
between narative and content is performed at run-time by the service engine, which reconciles
the metadaa imperatives of the narrative modd with the metadaa of the content modd. Thusthe
narative and content modds are linked via a shared (or mappeal) metadaa vocabulary. The
metadata used in APeL S is an extenson of the|lEEE LOM (IEEE LTCSWG12, 2002)and ADL
SCORM (ADLI, 2003. The third modd uponwhich APelL S provides adgptivity is the learner
modd. These modds can be popukbted from the learning portal, Learning Management System
(LMS), or (more typically) captured via alearner indrument unde the control of thelearner. The
APelL S architecture is extengble in tha othe modds can be developeal by the content service
provider and can be easily integrated into the service. One such modd would be a Germinad Oor
@eviceOmodd. This allows adaptivity based on the presentation power of the learners access
device (e.g. PDA, laptop, eBook etc.). In this way the Adgptive Learning Service can be provide
even more flexibility of content ddivery.

APelL S is currently beng used to deliver pesondized online courses in SQL (Structured Query
Language) to find year undegraduae students in Trinity College, Dublin. It has also been used
within the EASEL (Wade & Dohaty, 2000) IST project and iClass Project (20042008) to
demondrate the discovery and integration of Adaptive Hypermedia Services with traditiond
(static) onlinelearning content.

APeLS Models and Architecture

APeL S utilizes a nunber of metadaa and information repostories (Figure 4) b

* Learner Metadata Repository D This repostory stores al of the metadaa representing
the individud learners in the system. This metadaa conforms to the Learne Model



(Owen Conlan, Wade, Bruen, & Gargan, 2002; O'Keeffe, Brady, Conlan, & Wade
2006)

* Content Metadata Repository D Stored in this repostory are the metadata records
conforming to the Content Modd corresponding to each piece of learning content (or
learning object metadata)

* Narrative Metadata Repository D Stored in this repostory are the metadaa records that
describe the learning objectives and pedagogical approach for each narative in the
narative repostory (i.e. description of the available narratives).

* Content Repository B All of the pagdets referred to by the Content Modd Repostory
are contained in thisrepostory
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Figure 4. Adaptive Hypermedia Service Architecture

* Narrative Repository D The narative repostory stores al of the naratives used to
congdruct persondized courses.

* Theeare dso two candidae grouprepostories:

* Candidate Content Groups P The groupsin this repostory reference metadaa in the
Content Metadaa Repostory tha fulfill the same learning god. The content modd
metadata determines how the content differs, i.e. technically or in educationd
approach.

* Candidate Narrative Groups B This repostory determines groups of naratives tha
encapaulate the same knowledge, but employ different pedagogical approaches to
structuring the content.

At the core of APeLS is the Adgptive Engine (AE), which uses the Java Expet System Shdl
(JESS) with cugomized fundionsas the basis of its rules engine Therole of the rules engineis
to produe a modd for a paesondized course based on a narative and the learner modd. The
XML-based persondized course modd encapsulates the structure of the learner® course and
contains the candidate content groups tha fulfill the learne@ learning requirements in
accordance with the narrative. The candidae content groupscan be thoughtof as the abgraction
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layer between the narrative (which defines variousdynamic courses in terms of conagpts) and the
actud content (finegrained learning objects).

The AE aso utilizes a candidae selector for choosng the appropriate narrative by reconaling
information in the learner modd with the candidate narative groups The candidate selector is
also used to choog the appropriate piece of content to ddiver from a candidae content group
when the persondized course content is baeng generated from the persondized course modd.

The AE has alearne modder component tha enables inputfrom the course to be trandated into
changes in the learne® information. This learne modder component is used to popukte the
learner@ modd when thelearner initially enters the Adaptive Hypermedia Service. It can also be
used directly during runime to modify the learner@ modd B these modificationsmay either be
initiated by thelearner or by the engineitself and can beinitiated directly from the JSP.

The APeL S service is based on the notion tha an adgptive content provider should be a service
provider rather than arepostory for extraction of content. Communication between APelL S and
alearning portal (or LMYS) is achieved by enhanang the SCORM Runtime Communication API
asused in SCORM v1.3.

This requires a modification to the HTML frame layout for the APeL S to enable calls to API
fundionsresiding on the LMS from APeL S content. The actud API calls used are the same as
thoe used in SCORM v1.3 as the API is designed to gea and set vaues tha are sepaately
defined by an externd daa modd. The remote APeL S calls the Content Interworking APl to
access thedaa modd ontheLearning Portal (or LMS).

The learning content (visible on the learners screen) and JavaScript APl (via a hidden browser
frame) are ddivered to the learner@ browser. An API fundion, (which is in the hidden frame) is
caled from the content frame e.g. LMSGetVaug(Gmi.core.lesson_gatus). The hidden API
frame then communicates the request to the Learning Portal (or LMS). The Learning Portal
returns the value (in this case of cmi.core.leason_gatus) to the APl Frame. The API fundion
returnsthe valueto content frame from which it may be passed back to the Adaptive Hypermedia
Service (Figure 5).

Using these services, the degp complexity of the various metadaa modds (content, narative,
user) issmplified. Theexported information model of thelearner (and her performance) is made
available via the API. The modified SCORM v1.3 interface facilitates integration with IMS and
SCORM Compliant LMSs with only very minor adjugment of the information modd passed
between the Learning Portal (LMS) and the Adaptive Content Service. There is no changeto the
actud API fundionsignaures (Owen Conlan, Wade, Gargan, Hockemeyer, & Albert, 2002.

APeL S offers teachers the ability to scopethe overal course (or pat of a course) they wish to
use from the Adgptive Service Provider, while till alowing a consderable degree of learner
adaptivity within that scope The service-oriented approach empowers the teacher to condruct
courseware or educationd experiences from different content service providers without the
necessity of importing or extracting content. For the Content Provider, the architecture aso
allows the graceful growth of content and axes of adaptivity. Using the power of the adgptive
engine new modds of adaptivity can be created to address new markets or changing learner
requirements (e.g. mobility and wireless access).
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Figure 5. Learning Portal and Adaptive Service Interface

KNOWLEDGE TREE ARCHITECTURE

KnowledgeTree attempts to replace the current monolithic course management systems (CMS)
such as Blackboad (Blackboad Inc., 2002) or WebCT (WebCT, 2002) with a community of
communicating servers. The architecture anticipates the presence of at least three kinds of
servers. activity servers, learning portals, and student modd servers (Figure 6). A learning portal
plays arole similar to a moden CMS. It alows a teacher to design a course and manages the
student interaction with the course. The difference between Knowledgelree and a LMS/CMS is
tha the learning content (activities) in KnowledgeTree resides not in the portal, butin multiple
distributed activity servers. An activity server plays arole similar to an educationd repostory in
the sense tha it hods some (usudly specialized) learning content. Unlike repostories that are
essentially pools for storing learning materials that can be copied and inserted into courses, an
activity server isresponsble for both storing, and ddivering learning activities. A portal has an
ability to quey activity servers for relevant activities and laundh remote activities selected by
students. An activity server is able to inform portals about available activities and provide
complete suppot for a student working with one of its activities. The Student model server
collects data about student performance from each portal and each activity server that work with
a student. It also provides information about the student tha can be used by adgptive activity
servers to persondize ther communication with the student. The presence of multiple adgptive
activities requires a centralized student modding architecture.

With the Knowledgelree architecture, a teacher develops a course usng one of the existing
portals and many activity servers. A student works through the portal serving this course, but
interacts with many learning activities served directly by variousactivity servers. The adgptivity
issuppoted by a student modd server tha collects student performance data from the portal and
the activity servers. A student modd server can reside on the student's own computer and
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suppot jug oneuser. It also can reside on a university computer and suppot the whole class of
students.

. Portal

D Activity
Server

Value-added
. Service

< Student Modeling Server

Figure 6: Main components of the KnowledgeT ree distributed architecture.

The KnowledgeTlree architecture is open and flexible. It allows the presence of multiple portals,
activity servers, and student modding servers. The open naure of it allows even small research
groups or companies to be "players' in the new E-learning market. An activity server tha
provides some specific innovdive learning activities can be immediately used in multiple
courses served by different portals. An innovdive portal with a goodinterface can successfully
compete with other portals since it has access to the same set of resources as other portals. A
more powerful student modd server can successfully replace older servers.

The open nature of the architecture is based on severa clearly defined communication protocols
between components. To start with, the architecture has a protocol for trangparent login and
authentication. Each adgptive activity should know the identity of the student to use the correct
student modd, however the student logs in only once. Second, it has a standad protocol for a
portal to send a quay to the activity servers and the standad protocol for the activity servers to
respond. Third, it has a protocol for an activity server to send the information about the student
progress to the student modd server and a protocol to request information aboutthe student from
the student modd. In addition to tha, our architecture needs a resource discovery/exchange
protocol. To bendit from rich distributed learning content, a portal should know about many
servers and kindsof activities they can offer. However, the resource discovery issue has not been
addressed in the current version of Knowledgelree. Currently, we manudly register existing
activity servers with theportal.

The current version of Knowledgelree provides very ssimple implementation of the first three
protocols. Every activity is called directly by a dedicated URL. The trangparent authenticationis
implemented by passing a session and a student identifier as a part of activity URL. The session
identifier is required for security reasons and is issued by the student modd server at the
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beginning of each session. Every activity server is able to extract this data from the activity URL
and check the validity of the request with the student modd server. We use a smple http-based
communication languaye beween components that we have developad in our past research on
distributed intelligent tutoring (Brudlovsky, Ritter, & Schwarz, 1997)

The KnowledgeTree architecture alows multiple portals tha can suppot different educationd
paradigms and approaches. Moreover, while the APeL S architecture suggests adgptive services
as the main source of adagptivity, in KnowedgeTree adgptive fundiondity can reside on several
componets induding activity servers, value-adding services, and portals. At the moment, we
have implemented two versionsof portal also called KnowledgeTree tha is targeted to suppot a
lecture-based educationd process and is focused on dynamic and adgptive selection of learning
activities. The KnowledgeTree modd allows an author to develop a course as a tree of modules
(Figure 7) and to specify educationd material for each module. We distinguish primary material
tha comprises a minimal set of activities necessary for an average student to learn the module
and additiond material tha enhances the learning experience and provides relevant activities for
the students with different learning styles and levels of knowledge

Educational Repositories

defines influenees

Student
Model

influenoss @

=)

Teacher Student

Structured Course
Material

Figure 7: Knowledgelree portal enables ateacher to structure a course as a tree of modules.
Teaching material from multiple repostories can be statically or dynamically attached to any
nodeof thecourse.

To select the material for each section an author specifies an educationd god for a section in
terms of metadata assodated with necessary learning activities. During the course design
process, the eduationd god is used by the system to select a subset of relevant educationd
activities from multiple learning repostories known to the system. From this pre-selected subset
of activities an author can manudly select the mog relevant primary and additiond learning
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activities. To complement the set of activities found in the repostories, some activities can be
designead by the author. The learning god specified by the author is retained and stored with the
module. When a paticular student accesses the module during the educationd process, the portal
uses this learning god as well as the student modd to select and present adgptively the most
relevant additiond material for the given student at runtime. Adgptive runtime selection and
adaptive navigaion suppot techniques alow the system to accommodae the volatile and
expanding naure of learning repostories and student individud differences (Figure 7).

In addition to the overall architecture, a set of protoools, and the Knowledgelree portal, thelist
of components developed so far indudes several protocol-compliant activity servers, three value-
adding services (Brusilovky, Sosovky, & Yudelson, 2004) and two student modding servers.
All of the activity servers were developal for the area of teaching programming. The WebEx
system (Brudlovsky, 2001) serves interactive annotated program examples, the QuizPACK
(Brudlovky & Sosnovky, 2005)serves paameterized questions and WADEIN |1 (Bruglovsky
& Loboda 2006) ddivers demondrationsand exercises related with expression evaluaion. The
fourth server Knowledge Sea (Bruslovsy, Chavan, & Farzan, 2004)is domain independent, and
currently used to provide an interactive access to open corpus learning material. All activity
servers are self-containing Web servers running on different platforms and completely
independent from a portal. Each server can work indgpendently from the Knowledgelree
architecture, butwill require a student to login in this modeof work. All these serversimplement
our simple trangparent login protocol, resource ddivery protocol, and student modding protocol.
They can work (with trangparent login) with any compliant portal and student modding server.
Figure 8 shows the interface of or mog recent Knowledgelree server with a QuizPACK
guestion opened.

Thefirst version of the KnowledgeTree portal togeher with WebEx and QuizPACK servers and
a primitive student modd server was piloted in the Fall 2001 Since tha we have usd
progressively more powerful versionsof the portal and all alongwith the four activity servers as
a primary course suppot tool in the context of several courses. Many activities have been re-
used in more than one course. Through this re-use we have appreciated how easy it was to
assemble a new course from re-used interactive activities. The students have been usng the
system and its components on an everyday basis. All components of the system were formally
evaluaed and got very positive feedback from the students. The Knowledgelree system itself
was aso highly praised by our students for providing a clear single-point interface to many
interactive activities organized by lectures. Currently we are completing the second version of
the architecture. We have also jus completed the second version of the student modd server
CUMULATE tha implements, in full, the centralized user modding approach developed in our
earlier research. (Bruslovsky, 1994)
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Figure 8: Knowledgelree portal showing arangeof interactive activities assembled for an
introdudory programming course. Theleft sde shows the structure of the course. Therightside
shows an opened question ddivered from QuizPACK activity server.

RELATED WORK

The components of the distributed service-based architecture tha we are proposng have been
investigaed in a number of past research and devel opment efforts.

The problem of searching for relevant educationd activities in learning repostories is well
explored by courseware re-use movement (Verhoeven, Cardinagls, Van Durm, Duvd, & OliviZ,
2001;Wade & Doheaty, 2000) Solutionsdevelopead within this field can be directly adopted by
our framework. One of the European re-use oriented projects, MTS (Graf & Schndder, 1997)
has explored theissue of runtime resolution of content requests. More recently, Learning Object
Metadata groups (such as LTSC http://ltsc.ieee.org) contributed to the development of metadaa
standadstha can be used to develop a universal resource search mechanism. Unfortunaely, the
existing standad does not indude several metadaa elements tha are essential for adgptive
selection and generation of learning content. This problem is discussed in more detail in (Owen
Conlan, Wade, Gargan, Hockemeyer, & Albert, 2002).

Several conortia and organizations such as uPortal  (http://www.upottal.org), AICC
(http://www.aicc.org), and ADL (ADLI, 2003)explore theissues of distributed component-based
architectures for E-learning as an aternaive to monolithic courseware management systems.
These groups have aready producd some solutions for trangpaent authentication and
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communication standards between a portal and an OntelligentOlearning activity. Unfortunaely,
the current solutions can® be used Gis isOto suppot distributed adaptive E-Learning services.
APeL S attempts to stay faithful to the SCORM and AICC approach by providing a necessary
extensgonto the content API (O. Conlan, Hockemeyer, Lefrere, Wade, & Albert, 200]).

The problem of gahering and sharing metadata of distributed resources has been carefully
investigated in the field of Web information retrieval. Some interesting centralized and
decentralized architectures were suggested. In the context of elearning EDUTELLA
(http://edutellajxta.org/) and LOMster (Ternier, Duvd, & Vandepitte, 2002) projects develop
frameworks for peer-to-pear metadaa exchange

A widevariety of powerful adgptation methodsand techniques have been explored in thefield of
adaptive Web-based educationd systems. This field is our primary source of ideas for
developing both the portals and the adaptive content services. In paticular, adgptive generation
of educationd content in response to educationd objectives was explored in DCG (Vassileva &
Deters, 1998)and ActiveMath (Méelis et a., 2007 systems.

The issue of user and student modding for multi-component adgptive systems has been well
researched in thefieldsof ITS and User Modding. A nunber of user and student modd servers
have been already reported (Kay, Kummerfeld, & Laudea, 2002;Kobsa, 2001). These works can
certainly contribute to the development of the user modd component of KnowledgeTlree
framework.

DISCUSSION

This paper advocates the bendits of a service-based architecture for distributed adaptive E-
Learning that integrates the mos powerful features of courseware re-use frameworks and
adaptive educationd systems. This architecture was designed independently by two research
groupsin University of Pittsburgh and Trinity College Dublin in an attempt to overcome several
problems of modean E-Learning architectures. Both groupscombine extensive expertise in E-
learning research, E-Learning standadization activities and indugdria E-Learning projects. It is
certainly remarkable tha our groupscome with very similar solutionsto the problems identified
in this pgpe. While the common parts of our approaches have been stressed in a previous
section, here we would like to list afew key differences.

The main difference between Knowledgelree and APeL S stems from ther approach to usng
existing standads and frameworks for E-Learning. The APeLS architecture facilitates the
migration to service based adgptivity by enhandng existing E-Learning frameworks and
standads yet achieving an very flexible and low complexity solution. While critiquing current
metadata and component-oriented standads the APeL S team chooss to extend the standards
whenever it is necessary indead of completely rgecting them. Thus the APelLS approach
provides a means by which service oriented distributed paradigm can beleveraged to providethe
necessary freedom and open adaptive E-Learning service framework. In contrat,
KnowledgeTree has started as a research project with agod to develop a new architecture for E-
Learning that takes into accountcurrent standads but does not commit to use them.

One outcome of this difference is that APel. S attempts to stay very close to and evolve current
LMS paradigm initiated by AICC and suppotted by ADL SCORM that stresses a two-component
modd (LMS B content). KnowledgeTree project consde's this model as not approprate for
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adaptive distributed content and argues for a 3-4-component modd: porta B (vaue-adding
service) Beontent BDstudent modd server.

Similarly, APeLS is structured to work with (i) existing courseware management systems
(CMS), (ii) via a generic web portal or (iii) in a @hanedOapproach where one APeLS service
uses other ingances of APeL S services. In (i) or (ii)) APeLS does not require the CMS or the
portal to be adaptive. It is envisaged tha adgptive selection and structuring of content (from a
paticular adaptive service) is ddivered via an adgptive service. The APelLS architecture is
designed to berecursive if required, i.e. an adaptive service can invokeanother adaptive service
for a (subst) of the course it is trying to ddiver. In compaing Knowledgelree and APeLS,
APeL S does not distinguish between an Gdaptive portalOor an Gdaptive serviceQ In contrast,
KnowledgeTree, suppots the separate concepts of a portal, a value-adding service, and an
activity. ThusKnowledgeTree allows portals, services, and content to be adaptivei.e. portals are
used to provide adaptivity across services. In this vision, an adgptive portal provides different
adaptive suppot such as, for example, as adgptively selecting the best of existing static or
adaptive content and adaptively arranging it for the student.

Andysis of existing differences beween our approaches is very hdpful to undestand the
spectrum of oppotunities in implementing the new architecture. It isimportant to note, however,
the differences between the approaches are not critical. In fact, both approaches can easly co-
exist within the same distributed architecture. It is the current chdlengefor our research groups
to develop a practical architecture where our approaches can co-exist and bendfit from each
other. We are attempting to gather a community of researchers who are aso interested to work
on service-based architectures for adgptive E-Learning. Having such a community working
togdher is an essentia precondition to prodwing a solution tha will be acceptable for
stakeholders with different progects. Some of the future development of APelS is beng
condtcted within the EU 6" Framework project, iClass, which is developing an open framework
for adgotive and non adgptive E-Learning targeted at seconday level eduction
(http://www.iclass.info). The authors invite any research or development team interested to work
in this directionto get in contact with them.
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