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ABSTRACT

Personalized support for learners becomes even more important
when e-Learning takes place in open and dynamic learning and in-

formation networks. This paper shows how to realize personalized

learning support in distributed learning environments based on Se-

mantic Web technologies. Our approach fills the existing gap be-

of learning management and educational systems where learners
will be individually supported in accessing learning resources, tak-
ing part in courses or learning activities, entering communication
rooms, etc. In this setting, authors of learning materials will be in
full control over their content, learning resources, and courses.

Several approaches in this direction are currently investigated,

tween current adaptive educational systems with well-established"@nding fromfederated or distributed learning repositorigsf.

personalization functionality, and open, dynamic learning reposi-

tory networks. We propose a service-based architecture for estab-

lishing personalized e-Learning, where personalization functional-
ity is provided by various web-services. Personal Learning As-

sistantintegrates personalization services and other supporting ser-

ARIADNE [4] or EDUTELLA [20]) or brokerage platformgcf.
UNIVERSAL [21]), which focus on the dynamic and networking
aspectslearning management systefo [27,/5]), which focus on
course delivery and administrative aspects, asaptive web-based
educational systemgf. [9, 22, 41]) which offer personalized ac-

vices, and provides the personalized access to learning resources igess and presentation facilities to learning resources for specific

an e-Learning network.

Categories and Subject Descriptors

H.3.3 [Information storage and retrieval]: Information Search
and Retrieval-query formulationH.3.4 [Systems and Softwarg
[Distributed systems, Information networks, User profiles and alert
services]; H.3.5@nline Information Services]: [Web-based ser-
vices]; H.5.4 [nformation Interfaces and Presentatior]: Hyper-
text/Hypermedia-Architectures, Navigation, User issyek.3.1
[Computer Uses in Education}: [Distance learning]

General Terms
Standardization, Human Factors

Keywords

Personalization, Adaptation, P2P, Learning Repositories, Stan-
dards, Ontologies, Web Services

1. INTRODUCTION

Personalized learning using distributed information in dynamic

and heterogeneous learning environments is still an unsolved prob-

lem in e-Learning research. We envision a connected network
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application domains.

In the ELENA project www.elena-project.org ) we are
currently working on solutions to provide personalization, open-
ness, and interoperabiliti86] in the context ofsmart spaces for
learning In particular, we investigate how to integrate the advan-
tages of open learning repositories with strategies and techniques
successfully employed in web-based educational systems, espe-
cially methods and techniques developed for adaptive educational
hypermedia systems.

Research in adaptive educational hypermedia has ascertained
several techniques for navigational level and content level adap-
tation (for an overview of terms and ideas of adaptive (educational)
hypermedia, we refer the reader id)]), and has let to the hypoth-
esis that at least some techniques used in adaptive educational hy-
permedia can be encapsulated in separate adaptation ma2i]les [

There are several characteristics of open learning repositories,
integrating heterogeneous resource providers, which distinguish
them from most other currently studied systems. First of all, re-
sources can appear and disappear in ad-hoc manner. In addition,
peers providing resources can appear and disappear, too. Resources
are authored by different people with different goals, background,
domain expertise, etc. Providers of a resource can maintain the
resource in proprietary databases. They might already have some
personalization techniques implemented for the purposes of their
specific context. They might employ user or learner models (which
usually reflect applied techniques as well). User or learner features
can already be maintained in human resource management systems,
task management systems or user modeling servers. Furthermore,
resources are accessed and consumed by people which differ in a

wide range of characteristics.

Learning in open environments demands even more effective
personalization approaches to provide learner orientation and in-
dividualized access suppaitd.

The open problems in the context of personalization we are try-
ing to address are:


www.elena-project.org�

e How to provide personalization capabilities making use of or related examples, exercises or projects referring to the specific
distributed yet connected repositories. learning content of the resource, etc., can be analyzed.

To facilitate learning in our scenario, several functionalities need
to be provided. It is necessary to handle various types of meta-
data for resources in an open network, describing learners, learning

e How to integrate personalization capabilities with other func- resources, information provided by the resources, as well as per-
tionalities needed to provide support for learners. sonalization strategies. We need to provide facilities for entering
. ) . . a user query, and the translation of this to various formal query
_ Inthis paper we describe an approach which provides personal-janguages supported in the network is required. Furthermore, the
ization capabilities based on distributed services. We employ se- query should reflect user preferences so we need to transform the
mantic web technologies to represent knowledge about resourcesquery to a new query which incorporates relevant user preferences.
learners, and services and investigate an architecture which inte- ' ggyeral technologies have been developed for shaping, con-
grates distribut.ed learning repositories and services without the structing and developing the semantic web. RDI3S 8] and its
need of centralized control. _ _ extensions like DAML+OILIL4] and OWL 38| have been devel-

The paper is structured as follows: First, we motivate our work e to define metadata schemas, domain ontologies and resource
by a simple scenario of learning in an open e-Learning network. gescriptions. In the e-Learning domain there are standards emerg-
Our design of an adaptive semantic web infrastructure facilitated ing which describe learning resources, among them RDF-bindings

e How to support learner identification and profiles in such a
distributed environment.

by a service-based architecture is described in se8ti@ectiord of LOM (Learning Objects Metadat®88 or Dublin Core [L9].
shows how we use ontologies and metadata descriptions for various garners can be described using the IEEE PAPI (Public and Private
types of resources in the e-Learning domain. Secatescribes  |yormation for LearnersZ€]) or the IMS LIP (Learner Informa-

the current state of implementation. After a comparison to related {jon package Specificatiog8]) specifications.

work in sectior6 the paper ends with conclusion and remarks on  The pAML-based Web service ontology (DAML-33]) is an

further work. example of an initiative which supplies Web service providers with
a core set of markup language constructs for describing properties

2. PERSONALIZED LEARNING SUPPORT and capabilities of their Web services in unambiguous, computer-
IN DISTRIBUTED ENVIRONMENTS interpretable form. The aim of DAML-S markup of Web services

In this section. we describe a simple e-Learning scenario from is to facilitate the automation of Web service tasks, including au-
the ELENA projéct to motivate our arl)pproach. Cc?nsider the fol- tomate_d Web service dis_covery, exe_cg_tion, compqsition a_nd inter-
lowing situation: A company starts a new software project. As the operation. DAML-S provides a possibility to describe service pro-

user interface should be made available via the Internet, the com-ﬁles’ process m(.)dels’ and_bindings t_o an acce_ssibility protocol and
pany decides to implement the whole project in Java. The companyport§ through_w!tch a particular service IS ayalla_ble_ (e.g. the web
hires new people for that project, which need to be trained in Java service description language WSDEQ) with its bindings to the

programming. Because the company does not have much experi-al_lr_‘jl_%()a Object Access Protocd§] (SOAP), or GET/POST for

ence and knowledge on Java programming, they decide to register .
in an e-Learning network in order to search for appropriate learning The TRIPLE rule, tran_sformatlon and query Iangu_agt_a for the
semantic web has been introduced to reason over distributed an-

resources. notations of resources. TRIPLE is able to handle the semantic
A member of the company, who already has programming expe- o L ) :
web descriptions formats like those previously mentioned (see ap-

rience in some other programming languages, wants to know how : e -

. ) . . pendix10 for brief introduction).
specific programming concepts are realized in the Java program-
ming language. For example, she wants to know how to implement
concurrent programs in Java. This user will submit a query for 3., SERVICES FOR PERSONALIZATION
learning resources on “concurrent programming” and “Java” using ON THE SEMANTIC WEB
a personalized search service, which enriches the request with user . ) . )
profile information (like information about her knowledge in pro- ~ Our architecture for an adaptive educational semantic web ben-
gramming languages, her preferences for teaching language, style?f'ts from_the following semgntlc_web _technologles: Information
etc.). The user retrieves from the network learning resources in @nd learning resources provided in various connected systems can
her preferred language that teach “concurrent programming” in the P& described using OWL. Services which carry out personaliza-
Java programming language. Learning resources, that are targete&on functionality like personalized search or personalized recom-

to experienced learners, are highlighted. We call this functionality Mendations, as well as other required learning services, can be de-
personalized search scribed in DAML-S, and are accessible via WSDL and SOAP, the

Retrieved learning resources are enriched with pointers to other, functionalities identified in our e-Learning scenario can be encap-
related and relevant information. Links to relevant examples, dif- Sulated into services, possibly composed of other services. This re-
ferent explanations, more detailed descriptions, etc., are provided.duires seamless integration and flow of results between the services
In addition, the context of a learning resource, for example in a nd seamless presentation of results to a user, as shown1nlfig.
course, can be provided for user. We call this functiongdéyson- the following, we will q§scrlbe thg services |den'F|f|ed in this figure,
alized link generation as well as some additional services important in the context of an

Investigating the scenario in more depth, we see that recommen-Adaptive Educational Semantic Web
dations for learning resources have to take several issues into ac- . .
count: First, suggested learning resources need to fit to Ianguage3'1 Persqnal Leammg Assistant And User In-
constraints, device constraints, costs, etc. Second, they should fit teraction
to the experience of the user who e.g. already has some knowledge
in other programming languages, etc. The context of a learning re- Personal Learning Assistant Service The central component of
source, e.g. the course or the courses where it has been introducedyur personalization service architecture is the Personal Learning
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Figure 1: An architecture for personalization services

Assistant (PLA) Service which integrates and uses the other ser-capabilities. They can also be asked to extend a user query based
vices described in the following sections to find learning resources, on previous learner performance maintained in learner profiles, if a
courses, or complete learning paths suitable for a user. query is constructed in the context of improving skills.

In future, the PLA Service will be able to search for suitable Query Rewriting Services can also be asked to rewrite a user
service candidates, and to combine them (“service discovery andquery based on information the connected services need, which can
composition”). be exposed as input part in DAML-S based service profile descrip-

tions.

User Interaction Components The PLA Service is either ex-
posed via an HTTP GET/POST binding, thus allowing direct in- Recommendation Service The Recommendation Service pro-
teraction with a user by means of a web browser, or is accessedvides annotations for learning resources in accordance with the in-
by separate User Interaction Components. To support learners withformation in a learner’s profile. These annotations can refer to the
different device preferences several types of these User Interactioneducational state of a learning resource, the processing state of a
Components may be implemented: web-based, PDA-based, specialearning resource, etc. The service holds heuristic rules for deriv-
desktop clients, etc. ing recommendations based on learner profile information. Rec-
Our User Interaction Component provides a search interface in- ommendation Services can be asked to add recommendation infor-
teracting with a subject ontology to construct appropriate queries, mation to existing instances based on learner profile information.
as well as a user interface for refining user queries when they have
been constructed using subjects which do not match entries in theLink Generation Service. A Link Generation Service provides
particular subject ontology. The subject ontology service is able (personalized) semantic relations for a learning resource in accor-
to provide similar entries to the ones typed in the search interface. dance with the information in a learner's profile. These relations
Furthermore, the User Interaction Component visualizes the resultscan show the context of a resource (e.g. a course in which this
of a query, as well as additional personalization and annotation |earning resource is included), or they can show other learning re-

hints. sources related to this resource (e.g., examples for this learning re-
. ) . source, alternative explanations, exercises). The Link Generation
3.2 Personalization Services Service holds heuristic rules for creating semantic hypertext links.

Some of the rules refer to information from the learner profile, in

Query Rewriting Service. The Query Rewriting Service extends apsence of Iearner. profile information the service can at least pro-

a user query by additional restrictions, joins, and variables based Vide some, not optimized, hypertext links. o )

on various profiles. This extension is performed based on heuristic ~Link Generation Services can be asked for adding links and link

rules/functions maintained by the Query Rewriting Service. type annotations to a given learning resource. They can be asked
Query Rewriting Services can be asked for adding additional t0 generate a context for a given learning resource, or to generate

constraints to user queries based on user preferences and languag context for several learning resources by adding hyperlinks be-



tween them. 4. METADATA AND ONTOLOGIES

As the scenario discussed in sect@has shown, we need in-
3.3 Supporting Services _formation_ about_ resources_and participants involved in _the learn-
ing situation, using appropriate standards wherever possible. These
standards specify properties for resources, and usually group them
Ontology Service An Ontology Service holds one or several on- into appropriate categories1d] discusses the usefulness of such

tologies and can be asked to return a whole ontology, a part of it standards for open e-learning environment in the context of per-
(e.g., a subgraph selected via some filter criterion), or can answersgnalization.

queries of the kind “give me all subconcepts of conagft‘which

properties are defined for concept, “who authored concept”, \ Concept b o
etc. Since ontologies will change over time, Ontology Services also LisPrerequisiteFor | instance | Concept
have to accept update requests and inform other services of these de:subject*
Updates. LearningResource
dcterms:hasPart ‘ Instance* ‘ LearningResource
. . . ) ) dc:subject ‘ Instance* ‘ Concept
Mapping Service. Mapping Services hold mappings between on- d n [ String > determs:hasPart® | determs:requires®
. - . dc:creator ‘ Instance ‘ lom:entity
tologies (or schemas) to allow services not using the same ontolo- il ‘ Stng
gies to communicate with each other. Such a Mapping Service can
be asked, e.g., to map a concépfrom one ontology to a concept isa isa isa
C' in another ontology, or to map an instanceermulated in terms _ o
of one ontology to an instandé formulated in terms of another on- } Graton | Siirg } } soree | Dxanpe [FinG } ouauﬁcauon‘ [ sting
- Location String

tology. Since ontologies change over time, Mapping Services also
need to understand requests for updating the mapping specifica-
tions. Figure 2: An excerpt of ontology for learning resources

Repository Services In general, Repository Services provide On the other hand these standards still have shortcomings (see
access to any kind of repository which is connected to a net- e.g. ,135]), the main one being their exclusive focus on property
work. Repositories can be simple files, single databases, federatecased specifications. Semantic web technologies allow us to en-
databases, or a P2P network infrastructure. hance these specifications using classes of objects with common
A Repository Service maintains a link to a metadata store. This attributes. Another shortcoming of the standards is that they do
might be a physical connection to a database or might be a group ofnot include any domain ontologies - which again can be specified
peers with an address (identification) of subnetworks where query building on semantic web formalisms. In the ELENA project we
or manipulation commands will be submitted. therefore represent the properties specified in e-Learning standards
Repository Services can be of two kinds: Query Services and as properties of appropriate RDF classes. In addition, we employ
Modification Services (for insert, update, or delete operations). The several domain ontologies which are either based on standardized
repository provider can be asked to return references to resourcelassification systems or which are specific for our courses.
matching a given query, to create a new reference to a resource with
its new metadata, to delete a reference to a resource and its metapescribing Learning Resources An excerpt of a learn-
data, and to modify resource metadata. We assume that a Quening resource ontology is depicted in fi2 The class
Service receives queries in its query language. These queries arg earningResource  specifies common attributes used to de-
expressed using ontologies understood by the service, so the callscribe resources in a subnetwork of the resource provision net-
ing service (e.g., the PLA) must provide the query in the correct work. The attributes are adopted from Dublin Core and Dublin
language (possibly using additional mapping/query transformation Core Terms standard&d]. The four subclasses depicted in 1&).
services), or the storage service provider must contact other ser-refer to special kinds of learning resourceBourse is a learn-
vices to get the appropriate format of a query. ing resource which can havelmcation . It results in specific
Edutella services32| are examples of such Repository Services Qualifications . A LearningUnit  is a learning resource
which access a P2P - Resource Provision Network. Edutella pro-with specific durationExamples usually explain particular con-
vides possibilities to connect repositories by implementing a so text of a concept or subject being taught representesiobyce
called provision interface. Through this interface a learning repos- (a particular project or specific situation).
itory can expose its metadata to the P2P network. Edutella also LearningResource  -s and their subclasses can be composite
provides a storage service to query the Edutella network by imple- structuresqcterms:hasPart  relation). They can be also con-
menting a consumer query interface. Edutella peers communicatenected through a prerequisite relatioicerms:requires ).
using a common internal data model. An RDF and Datalog based The classConcept is used to describe concepts as main informa-
query language QEBH] is provided through the consumer query  tion entities from domain knowledge communicated by the learn-
interface together with a definition of the query result format. The ing resourcesConcept andLearningResource are related
consumer interface provides the possibility to ask for a query or to by thedc:subject property. Concepts can be chained through
modify metadata stored in the network. anisPrerequisiteFor relation if prerequisites are defined on
the concept level and not on the learning resource level.
Further Services. Other services for authoring learning materials The structure of the learning resource metadata can be extended,
and metadata / annotations for them, as well as services for learnerfor example by a slot for annotation with the role of the learning re-
assessment might be useful as well. In addition to passive learn-source, its type, level of covering or roles of particular concepts in
ing objects returned by PLA services, additional learning services the learning resource. These additional relations can enhance adap-
might provide educational activities to the users like distributed tation possibilities for construction of learning sequences based on
classroom sessions and tutoring sessions. user profile, annotating the position of a user in the learning re-



source structure, helping to identify main outcomes of a learning by enhancing core parts of IEEE PAPI and IMS LIP with some
resource based on roles and level of concept coverage, and so on. specific extensions for the ELENA project.

5. IMPLEMENTING THE SERVICES

Based on our design described in seciBmwe implemented a
first software prototype, which we will describe in the following
section. Figurd depicts the UML collaboration diagram showing
a message flow between service providers we have implemented
for the ELENA PLA. Boxes represent service providers, lines rep-
resent links (dependencies) between the providers. A direction of
a message or invoking operation is indicated by a small arrow on
top of a line with the name and parameters of that operation. We
use two kinds of arrows in figh. The normal arrow-) is used to

Figure 3: An excerpt of concept ontology for Java e-lecture indicate a plain message. The “harpoorz)indicates explicitly

that a message is asynchronous. Square brackets are used to indi-

Describing Domains Specific domain information is usually  cate a condition which enables a certain message to be passed: If
described by concepts and their mutual relationships in a do- the condition is not satisfied the message is not sent.
main. Domain concept models can form complex structures. The PersonalizedSearchService provides a user in-
In our example we show just a fragment of a domain knowl- terface for searching and displaying personalized results to a
edge base covering Java programming concepts, and include theuser. A user can send two messages through the provided
isa (subConceptOf) relationship between these concepts. Fig- user interface. First the messagasérQuery ) notifies the

Programming_Strategies

Functional

Object_Oriented Logical ’ Imperative

isa /:a isa\\isa

’ 00_Method ‘ ’ OO_Object

’ OO_Interface

’ 0O_Class

’ OO_lInheritance

ure'3 depicts theProgramming _Strategies  concept with its PersonalizedSearchService about user, text typed in

subconcepts:Object _Oriented , Imperative , Logical fields or concepts selected from the ACM classification hier-

and Functional . OQClass , OQMethod, OQObject , archy, and whether to provide personalization information or

OQlnheritance  , andOQInterface  are depicted as subcon- not. If the user typed a free text into fields provided, the

cepts ofObject _Oriented . Other relations between concepts PersonalizedSearchService contacts an ontology service

might be useful for personalization purposes as well, e.g. sequenc-(in our case theACMOntologyService ) to get concepts simi-

ing or dependency relations. lar to the text typed (the messagetSimilarConcepts ). The
PersonalizedSearchService then displays these concepts
to a user to refine his/her query. After selecting precise concepts

T Prefarance from suggested entries from the ontology, the user can send a re-
T sty m‘s.[::;:"fep,‘wa‘;‘;;:‘:'f"'e'efe"* > o over fined request to thPersonalizedSearchService
e : S The PersonalizedSearchService notifies  the

PLAService about the user query (thguery message).
The PLAService first makes use of thdlappingService

hasPreference*

Learner
- \‘ oo m\a e provider to generate a_QEL query by sending gleee_rateQEL
hasPortolo \‘ s ‘\ i Pl message. The service constructs an appropriate QEL query
teamerid [ ~suing from the concepts list. In addition, tHeLAService contacts
the QueryRewritingService provider after receiving the
\mfpe"m"”' QELQuery to rewrite the QELQuery according to a learner
S e profile, adding additional constraints to t&LQuery.
papi_rfslearming. msance'} R PLAService sends a message with the rewrit@®&LQuery
fe i lssied fute - oy to aQueryService , in our case the Edutella query service which
papi_r [ insiance” T _pap_rdsPoriolo propagates the query into the Edutella P2P resource provision net-

work. The Edutell@QueryService  returns all query results.
If the learner prefers recommendation information in-

papi_rdfs:PerformancePortfolio*

papi_rdfs:Portfolio . )
. \‘ Sting _ cluded with the query results, the PLAService contacts the
papi_rdfs:PortfolioCertificate nstance papi_rdfs:Certificate . A .
papi ‘\ Sting RecommendationService to derive such recommenda-
api_rdfs:Portfoliold String . . . . "
b s poriolo pvacy | sance | Ay disPriaciina tion information according to the learner profile or to group

profiles (collaborative recommendation). When such person-
alized results are available, thBLAService notifies the
PersonalizedSearchService to display the results to a
learner.

Figure 4: An excerpt of learner ontology

Describing Learners. Information about learners is needed to be

able to recommend appropriate learning resources which are rel- . . .
evant with respect to user interests, user performance in diﬁerent5'1 Personal Leammg Assistant Services

courses within one domain or even different domains, user goals The Personal Learning Assistant Service (PLA) aims at con-

and preferences, and so on. necting and integrating the services which are needed to perform
Figure4 shows a subset of a learner ontology (for more complex the learning support task. Personalized Search for example con-
user models see, e.¢ld)). Itincludes the claskearner |, related nects mapping, query rewriting, query, and recommendation ser-

to other classes like performance, preference, and portfolio. The Vices. We are working on providing other learning support services
portfolio is for maintaining learning resources, which have been like learning path generation service, course delivery services and
created or accessed during learning. This learner model was createdpooking services.



<— 1.2 [Free text typed] displayConcepts(user,conceptList)
< 8: displayResults(QELResults)
1: userQuery(user, list, personalization) —
Q 1.3: refinedQuery(user, conceptList) —=

QueryRewritingService

} PersonalizedSearchService ‘

1.1 [Free text typed] conceptList:=getSimiIarConcepts(Listw 2. query(user, conceﬁt-L(igsltE)LQuery-:rewriteQEL(user query%

ACMOntologyService ‘ PLAService ’:I 7: [personalization] personalizeResults(user, QELResults)

. lizati dd dati d 3: QELQuery:=generateQEL(conceptList) —
7.2: [personalization] addRecommendation(user, LOMMeta ata)J/ 7.1: [personalization] LOMMetadata:=transformToLOM(QELResults) —
7.3: [personalization] QELResults:=transformToQELResults(LOMMetadata) —

6: sendResults(QELquery) P J 5: sendQuery(QELquery)

RecommendationService ‘ QueryService ‘ MappingService

Figure 5: A collaboration diagram of current implementation.

T P o vices chosen at the PLA service. The personal recommendation
@-9-¢ 26D B Hil» \ is depicted in the first column (PReco). There is a second column
(Reco), which provides learners with a group-based recommenda-
E)LFNA\; Personal Learning Assistant “W tion. The group-based recommendation is calculated according to
ey PomDoog et seis B recommendations of learners from the same group.
We are working on further improvements of our prototype user
e =25 interfaces. This includes a user interface for specifying more com-
- o Soo L _ L plex queries and a result interface pointing to further information
Select user: ype in . . . . . .
y ELENA.,  Personal Learning Assistant or directly to services for booking and delivery of learning services
Micheel m Huw for Pe\a’Du\vg&Mﬂ:mdSmuk' and resources.
bt - . -
Personalized Search Service 5_ 2 PGI’SOI’]&“Z&IIOI’] SerV|CeS
Select one or more concepl e
EDSS&‘ES?E‘E&“AND SOCIETY default . . . .
T e ) SHected concepts: Query Rewriting Service. We have implemented a query rewrit-
gttt intellgent Agents [n: Distrbuted ertfial intellgence << ARTIFICIAL INTELLIGNECE << ... ing service which adds additional constraints to a QEL query cre-
Securly . . .
o Elosn (assaenlts ated according to which concepts a user selected. These constraints
Empl:
el [ e reflect concepts and language preferences maintained in user pro-
Organizational impacts’ e [ E\megneiragen zum Thema ;rag‘en,”d\e Thnen halfen sollen, den Stoff ‘lngt:;\gent ﬁles.
Heertineeing B0 e o pgens | . . L . .
I B el e We illustrate the query rewriting principle on the following sim-
ehetal lema Umgebungen prinzipielle Programmierung 1 1 1 1 i
M = (PR e ple restriction profile, implemented in TRIPLE.
Transborder data flow Intelligente Agenten
@edu:pl {
B edu:addl[rdf:type -> edu:AddSimpleRestriction;
) pen] rdf:predicate -> dc:lang;

: : rdf:object -> lang:de].
Figure 6: A prototype for search user interface.
edu:add2[rdf:type -> edu:AddTopicRestriction;

. o . . . . du:addTopic -> 'D.1.5].
Visualization. Figure6 depicts a user interface for formulating a edu-addiopic acmees 1

user query for a particular concept or competence a user would This heuristic is used to extend a QEL query with a constraint
like to acquire, combined with a user interface providing results which restricts the results to learning resources in German language
with recommendation information represented by the traffic light (restrictionedu:addl ).
metaphor. Using this metaphor, a green ball marks recommended Another restriction derived from the user profile is a restriction
learning resources, a red ball marks non-recommended learning re-on resources aboutbject-oriented programmingedu:add2 ).
sources and a yellow ball marks partially recommended learning The ACM Computer Classification Systelf] [s used to encode the
resources. mentioned subject. In that classification systemgathiect-oriented
The user interface is generated by a service which uses the cho-programmingcan be found in the categoBrepresentingoftware
sen ontology service (the ACM ontology service). List of learners The subcategorp.1 representprogramming techniquesith the
who have a learner profile maintained at the PLA service chosen isfifth subcategory beingbject-oriented programmingHeuristics
displayed as well. for query rewriting especially in case of concept or subject restric-
Users can type free text into three provided fields or can select tions are usually more complex. They depend on concepts being
concepts from an ontology provided (in our example figure the user selected or typed as a user query.
typed “intelli agent”). The derived restrictions profile is used in a TRIPLE view which
The user interface returning the results is generated accordingtakes as an input the profile and QEL query model. One of the rules
to the concepts chosen and includes the query results returned byfor reasoning over language restrictions profiles follows. The view
the query service and personalized by the recommendation ser-@edu:pl encapsulates the restrictions model.



FORALL QUERY, VAR, PRED, OBJ, NEWLIT
QUERY[edu:hasQueryLiteral -> edu:NEWLIT] AND
edu:NEWLIT[rdf:type -> edu:RDFReifiedStatement;

rdf:subject -> VAR,
rdf:predicate -> PRED;
rdf:object -> OBJ]
<-
EXISTS LITERAL, ANY (
QUERY([rdf:type -> edu:QEL3Query;
edu:hasQueryLiteral -> LITERAL]
AND
LITERAL[rdf:type -> edu:RDFReifiedStatement;
rdf:subject ->
VAR[rdf:type -> edu:Variable];
rdf:predicate -> dc:ANY])
AND
EXISTS A
Alrdf:type -> edu:AddSimpleRestriction;
rdf:predicate -> PRED,;
rdf:object -> OBJ]@edu:pl
AND
unify(NEWLIT, lit(VAR,PRED,OBJ)).

Recommendation Service The recommendation service pro-
vides the following functionality: It can annotate learning resources
according to their educational state for a user. E.g. itre@aom-
menda resource to a specific user, or give a less strong recommen-
dation likemight be understandahld-urthermore, it camot rec-
ommend learning resource or point out that this learning resource
leads to a page that the user has already visited.

To derive appropriate recommendation annotations for a partic-

sources which provide relatezkamplef the learning resource’s
content.

One example for deriving such an example-relation for a re-
sourceR is by ensuring that each concept Bris covered by the
examplek:

FORALL R, E example(R,E) <-
LearningResource(R) AND example(E) AND
EXISTS C1 (R[dc:subject->C1]) AND
FORALL C2 (R[dc:subject->C2]->E[dc:subject->C2]).

The second line in the rule above ensures tRatis a
LearningResource andE is an Example (using the ontol-
ogy for learning resources described in the secipnThe third
rule verifies thaR really is about some concept - i.e. there exists a
metadata annotation likéc:subject . The fourth line then ex-
presses what our rule should check: Whether each concefat on
will be explained in the examplé.

A user profile can be taken into account when generating the ex-
ample relationship. A personalizgedagogicalrecommendation
of an example might include an example showing new things to
learn in a context of already known / learned concepts: This would
embed the concepts to learn in the previous learning experience of
a user. The rule to derive thistexamplefollows.

FORALL R, E, U best_example(R,E,U) <-
LearningResource(R) AND example(E) AND user(U)
AND example(R,E) AND FORALL C (
(E[dc:subject->C] AND NOT R[dc:subject->C])->

p_obs(C, U, Learned) ).

Further rules for generating personalized hypertext associations

ular user, prerequisite concepts for a learning resource have to b&an he implemented. Other relationships, classes and properties

mastered by the user. ThreisPrerequisiteFor relation-

from the domain, user, and learning resource ontology can be used

ships of concepts covered in a learning resource are analyzed forgy, these purposeslf]. Theisa relationship in the concept-

this purpose. On the other hand, a user performance profile and
competencies acquired and maintained in that profile are analyzed
in comparison to the prerequisites of particular learning resource.

One example of a recommendation rule is a rule which deter-
mines learning resources which &Recommended A learning
resource is recommendedall prerequisite concepts of all of con-
cepts it covers have been mastered by a user:

FORALL LR,U learning_state(LR, U, Recommended) <-
learning_resource(LR) AND user(U)
AND NOT learning_state(LR, U, Already_visited)
AND FORALL Ck ( prerequisite_concepts(LR, Ck) ->
p_obs(Ck, U, Learned) ).

Predicates used in the rule derive concepts like learning resource,

ontology of the java application domain can be utilized to rec-
ommend learning resources either more general, e.g. introducing
a concept of programming strategies, or more specific concepts.
The sequencing relationship can be used to recommend learning
resources in the following way: A resource which describes a con-
cept (the concept appears in thesubject  property for the re-
source) from the beginning of the sequence will be recommended
earlier than a resource which describes a concept from the end of
such a sequence. A dependency relationship referring to whether
a concept depends on another concept can be used as well to rec-
ommend learning resources which describe dependent concepts to-
gether with a learning resource describing a concept which was
recommended by another rule.

concepts, and users, observations and learning states from metadata-3 ~ Supporting Services

based on types taken from ontologies described in sedtion

We have implemented other rules to compute less strong recom-
mendations. This includes for example a recommendation that a
resourceMight _be _understandable if at least one prerequi-
site concept has been learned.

This kind of recommendation can be used for example as a link
annotation technique in the area of adaptive hypermdda ¢r to
annotate query results with the recommendation information. On
the user interface side, it is often implemented using the already
mentioned traffic lights.

Link Generation Service. A Link Generation Service connects a

learning resource to other learning resources, or it connects a learnto java:0OO _Class .

ing resource to a context, e.g. within a course with links to previous
and next steps. As an example of Link Generation Service, we have

Query Service The Edutella P2P infrastructur23] allows us

to connect peers which provide RDF metadata about resources.
Edutella also provides us with a powerful Datalog-based query lan-
guage, RDF-QEL. A query can be formulated in RDF format as
well, and it can reference several schemas. An example for a sim-
ple query over resources is the following:

s(X, <dc:title>, Y),
s(X, <dc:subject>, S),
gel:equals(S, <java:0O_Class>).

The query tries to find resources wheate:subject equals
The prefixegel: , dc: , andjava: are
abbreviations for URIs of the schemas used. Variablill be

bound to URIs of resources, variabfavill be bound to titles of the

implemented a service that relates a learning resource to other reresources, and variab8will be bound to subjects of the resources.



QEL offers a full range of predicates besides equality, general discussed. The authors motivate their approach by e-Business ap-
Datalog rules, and outer join (se®d]). Not all predicates need to  plications, and in particular by e-Procurement applications. The
be supported by peer providers. TQeeryService exposes an domain of e-Learning has different requirements: not the optimiza-
interface to Edutella for querying. A client of that service can send tion of process-embedded tasks or repetition of tasks is relevant,
a message containing a QEL query to that service. instead we want to provide guidance to novices in a complex infor-

mation space, point out relevant learning goals, learning materials,
Mapping Service. We have implemented a mapping service for Or learning steps to take.
mapping QEL variable bindings to LOM RDF bindings and back. ~ Personalized learning-portals are investigatedij.[The learn-
This was needed because our recommendation service accepts inng portals provide views on learning activities which are provided
put in LOM RDF bindings. On the other hand, additional recom- by so-called Activity Servers. The activity servers store both learn-
mendation information plus LOM metadata have to be transformed ing content and the learning activities possible with this special
back to QEL variable bindings because the personalized search sercontent. A central student model server collects the data about stu-
vice uses QEL variable bindings as a result set. These transforma-dent performance from each activity server the student is working
tions are again done in TRIPLE. on, as well as from every portal the student is registered to.

Concept mappings between different subject ontologies, differ- ~Comparing our work with standard models for adaptive hyper-
ent ontologies for describing learners, and different learning re- media systems such as the one used in AtZ\! fve observe that
source ontologies are important as well. The TRIPLE view/model they define several models like conceptual, navigational, adapta-
mechanism allow us to specify and implement models which em- tional, teacher and learner models. Compared to our approach,

bed rules for mappings between that ontolog&#.[Currently we these models either correspond to ontologies / taxonomies, to
are implementing such mapping heuristics between the ontologiesdifferent schemas describing teacher and learner profile, and to
used in different systems connected in the ELENA network. schemas describing the navigational structure of a course. We ex-

press adaptation functionalities as encapsulated and reusable Triple

ACM Ontology Service. We have implemented a simple version rules, while the adaptation model in AHA uses a rule based lan-
of an ontology service for the ACM classification system and its 9uage encoded into XML. At the level of concept or information

RDF LOM bindings. The current version of our ontology service t€mMs AHA! prowdeg functlonalltles_ to des_crlbe requiremelis [_ _
supports requests for getting the whole ontology using the HTTP for the resource, which state what is required from a user to visit
protocol as well as requests for getting “similar” concepts from the thatinformation.

ontology to the submitted text string.
7. CONCLUSION AND FURTHER WORK

In this paper we have described an approach to bring personal-

6. RELATED WORK ization to the semantic web for the area of education and learning.

Our approach is based on adaptive hypermedia research. AdapWe have shown how personalization functionalities can be embed-
tive hypermedia has been studied for closed environments, i.e. theded into semantic web services, supported by other services for re-
underlying document space / the hypermedia system is known to trieving learning resources or user information. We have discussed
the authors of the adaptive hypermedia system at design time of theour ELENA prototype implementing such services, connecting and
system. As a consequence, changes to this document space usualliyptegrating them in our personal learning assistant.
cannot be considered: A change to the document space requires Further research questions have to be investigated in the future.
the re-organization of the document space or at least some of theOne important issue in the semantic web context is the availabil-
documents in the document space. ity of metadata as formal descriptions about information sources

First steps towards open adaptive e-Learning solutions have beenvhose quality has to be high enough to use them for sophisticated
investigated in 123,110, [16]. In this paper we extend this work by  services such as the ones discussed in this paper. Tools to sup-
moving towards even more decentralized solutions where both re- port creation, maintenance and consistency between information
sources and computation can be distributed. Besides personalizasources and metadata describing them have to be provided. Further
tion services we introduce supporting services which are important experiments with additional personalization methods derived from
to realize the whole functionality of an adaptive educational seman- the adaptive hypermedia system context and their critical evalua-
tic web. tion against the requirements of an open environment have to be

Similar to our approach/1P] builds on separating learning re-  performed. Last but not least, we will investigate dynamic service
sources from sequencing logic and additional models for adaptiv- discovery and composition to support the reuse of personalization
ity: Adaptivity blocks in the metadata of learning objects and in functionalities in different contexts.
the various models providing adaptivity like the narrative model,

candidate groups, etc. define the kind of adaptivity realizable with 8§~ ACKNOWLEDGMENTS

the current piece of learning content. Driving force in these models . . . .
are the candidate groups that define how to teach a certain Iearning| S'I-hzlgc\)/\i(-):rak?Izssaat;:{a!ll);mpglréii-b{ngt E?”ST ELEN;\ ;chgect
concept. A rule engine selects the best candidates for each spe- P : brojec..org :

o . . . .~ “would like to thank all members of the ELENA project consortium,
cific user in a given context. A shortcoming of the approach is - . S
L - . . - special thanks go to Bernd Simon, Barbara Kieslinger, and Zoma
that the adaptivity requirements are considered only in the adaptiv- L
: - . Klobutar.
ity blocks, while our approach considers all metadata as useful for
adaptation.
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10. APPENDIX

TRIPLE [37] is a rule language for the Semantic Web which is
based on Horn logic and borrows many basic features from F-Logic
[29] but is especially designed for querying and transforming RDF
models. TRIPLE can be viewed as a successor of SiLRI (Simple
Logic-based RDF Interpretet§]). One of the most important dif-
ferences to F-Logic and SiLRI is that TRIPLE does not have fixed
semantics for object-oriented features like classes and inheritance.

Description logics extensions of RDF (Schema) like OIL,
DAML+OIL, and OWL that cannot be fully handled by Horn
logic are provided as modules that interact with a description logic
classifier, e.g. FaC12BH), resulting in a hybrid rule language.

Namespaces and ResourceSRIPLE has special support for
namespaces and resource identifiers.
via clause-like constructs of the formsabbrev:= namespace

e.g., rdf "http://iwww.w3.0rg/1999/02/22-rdf-syntax-ris#
Resources are written assabbrev:name where nsabbrev is

a namespace abbreviation andmeis the local name of the
resource.

Statements and Molecules Inspired by F-Logic ob-
ject syntax, an RDF statement (triple) is written as:
subjecipredicate —  object. Several statements with
the same subject can be abbreviated as “molecules”
edu:addirdf:predicate— dc:lang rdf:object— lang:de. . .].

Models RDF models, i.e., sets of statements, are made explicit
in TRIPLE (“first class citizens'}. Statements, molecules, and
also Horn atoms that are true in a specific model are written
as atonf@model (similar to Flora-2 module syntax), where
atomis a statement, molecule, or Horn atom amebdelis a
model specification (i.e., a resource denoting a model), e.g.:

Alrdf:type — edu:AddSimpleRestrictig@edu:pl. TRIPLE also

INote that the notion ofmodelin RDF does not coincide with its
use in (mathematical) logics.

allows Skolem functions as model specifications. Skolem functions
can be used to transform one model (or several models) into a new
one when used in rules (e.g., for ontology mapping/integration):
O[P — Q]@sf(m1, X,Y) «— ...

Logical Formulae TRIPLE uses the usual set of connectives
and quantifiers for building formulae from statements/molecules
and Horn atoms, i.eA, V, -, V, 3, etc? All variables must be
introduced via quantifiers, therefore marking them is not necessary
(i.e., TRIPLE does not require variables to start with an uppercase
letter as in Prolog).

Clauses and BlocksA TRIPLE clause is either a fact or a
rule. Rule heads may only contain conjunctions of molecules
and Horn atoms and must not contain (explicitly or implicitly)
any disjunctive or negated expressions. To assert that a set
of clauses is true in a specific model, a model block is used:
@model{clause$, or, in case the model specification is param-
eterized:v Mdl @mode(Mdl) {clauses$.

Namespaces are declared

2For TRIPLE programs in plain ASCII syntax, the symbols AND,
OR, NOT, FORALL, EXISTSg-, ->, etc. are used.



