
Personalization Functionalit y for the Semantic
Web: Arc hitectural Outline and First Sample

Implemen tations

Nicola Henze1 and Matthias Kriesell2

1 ISI { Semantic Web Group, Univ ersity of Hannover,
App elstr. 4, D-30167 Hannover, Germany

henze@kbs.uni-hannover.de
2 Institut f•ur Mathematik A, Welfengarten 1

D-30167 Hannover, Germany
kriesell@math.uni-hannover.d e

Abstract. We propose a service{based architecture for bringing me-
thods and techniques from the area of adaptiv e hypermedia to the Se-
mantic Web. In our framework, personalization functionalities from adap-
tiv e hypermedia are available as web{serviceswhich a user can subscribe
/ un-subscribe as s/he lik es.We have implemented our ideas in the Per-
sonal Reader, a framework for de�ning rule{based personalization algo-
rithms for Semantic Web applications. In this paper, we present the basic
architecture of the Personal Reader framework, and describe its realiza-
tion in one example instance: A Personal Reader for displaying learning
resources for Java programming. Other instances lik e e. g. a Personal
Reader for publications, are currently under development.
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1 In tro duction

With the idea of a Semantic Web [1] in which machinescan understand, process
and reasonabout resourcesto provide better and more comfortable support for
humans in interacting with the World Wide Web, the question of personalizing
the interaction with web content is at hand.

In the area of adaptive hypermedia, research has beencarried out to under-
stand how personalization and adaptation strategiescan be successfullyapplied
in hypertext systemsand hypertext like environments. It hasbeenstated that in
the area of adaptive hypermedia and of adaptive web{basedsystems,the focus
of developed systemshas beenso far on closed world settings. This meansthat
thesesystemswork on a �xed set of resourceswhich are normally known to the
system designersat design time (see the discussionon closed corpus adaptive
hypermedia [4]). This observation also relates to the fact that the issueof au-
thoring adaptive hypermedia systemsis still oneof the most important research
questionsin this area, seee. g. [2]



A generalization of adaptive hypermedia to an Adaptive Web [6] depends
therefore on a solution of the closedcorpus problem in adaptive hypermedia. In
this paper, we proposean architecture for applying someof the techniquesdevel-
oped in adaptive hypermediato an open corpus. In the PersonalReaderproject3

we are developing a framework for designing,implementing and maintaining web
content readers,which provide personalizedenrichment of web content for the
individual user. We will describe the basic architecture and its realization (sec-
tion 2). As an example reader, a \P ersonal Reader for Learning Resources"is
described in section 3. At the end of the paper, we compare our approach to
related work in this area and conclude with an outlook on current and future
work.

2 Arc hitecture

The question on how to enable personalization functionalit y in the Seman-
tic Web can be regarded from di�eren t viewpoints, involving di�eren t disci-
plines, e. g. data mining, machine learning, web graph analysis, collaborative
approaches,adaptive hypermedia. In our approach, we concentrate on methods
and techniques developed in the area of adaptive hypermedia. An analysis and
comparisonframework, basedon a logical description of adaptive (educational)
hypermedia systems, has been presented in [14]. Here, some typical methods
usedin adaptive hypermediasystems,have beendescribed as rules in �rst order
logic. Required data (metadata about the documents, the users,as well as run-
time data likeobservations about userinteractions, etc.) havebeenidenti�ed and
described. The approach presented in this paper is basedon this catalogue of
adaptive functionalit y and discussesan implementation hereof for the Semantic
Web.

The architectural outline for implementing the Personal Reader is a rigor-
ous approach for applying Semantic Web technologies.A modular framework of
components / services- for visualizing the Personal Reader and providing the
user interface, for mediating betweenuserrequestsand available personalization
services,for usermodeling, for providing personalrecommendationsand context
information, et cetera, is the basisfor the PersonalReader.The communications
between all components / servicesis syntactically basedon RDF descriptions.
E.g. the requestfor getting personalrecommendationsfor a learning resourcefor
a certain user is provided by an RDF description which is exchanged between
the components mediator and personal recommendations.Thus a component is
a services,which is usually independent from the others and which can interact
with them by "understanding" the RDF noti�cations they send (see�gure 1).
The common "understanding" is realized by referring to semantics in the on-
tologies used in the RDF descriptions which provide the valid vocabulary.

In the following we will present the main ideas on how RDF enables the
communication, how learning resourcesand domain conceptsare annotated for

3 www.personal-reader.de



the Personal Reader, and which ontologies or standards are required and used
for the PersonalReader.
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Fig. 1. Architecture of the Personal Reader framework, showing the di�eren t com-
ponents of the Personal Reader: Visualization (user interface), the Personal Reader
backbone (consisting of the Connector Services, the Reasoning Service(s)), and some
data-provision services, for RDF data and for the connection with some database for
storing user pro�le information.

2.1 On tologies for Describing the Ob jects of Discourse

As a basic implementation paradigm, we decided to describe all objects of dis-
coursein our framework usingRDF / RDF-Schema(ResourceDescription Frame-
work and -Schema, [19]) or a higher{level ontology languagelike the Web On-
tology Language(OWL) [18]. In particular, we employ the following ontologies
for describing our objects of discourse:

1. a domain ontology describing the application domain, and a document on-
tology. We assumethat documents are annotated according to standard
metadata schemasfor documents like e.g. Dublin Core (DC) [11], or, in the
area of education, according to the Learning Objects Metadata standard
(LOM) [17];

2. a user model ontology (attribute{v alue pairs for user characteristics, prefer-
ences,information on the devicesthe user is using for accessingthe Personal
Reader,etc.);

3. an observation ontology (for describing the di�eren t kinds of user observa-
tions made during runtime);

4. and an adaptation ontology for describingthe adaptation functionalit y which
is provided by the adaptation services.



It is important to note that we refer in the Personal Reader framework as
far as possibleto standard metadata annotations: E. g. in the samplereader we
present in this paper, the metadata descriptions of documents are in accordance
with LOM, user pro�le information is relying on the IEEE PAPI speci�cation
for describing learners[15]. Further, we apply domain ontologies, in the example
a domain ontology for Java programming. By using ontologies for describing
run-time user observations and for adaptation, thesemodels can be sharedwith
other applications, however, there are currently no standards for these kinds
of ontologies available. Due to spaceconstraints, we will not elaborate on the
ontologies further in this paper; more details can be found e.g. in [13].

2.2 Reasoning

Each personal learning servicepossessreasoningrules for somespeci�c adapta-
tion purposes.These rules query for resourcesand metadata, and reasonover
distributed data and metadata descriptions. A major step for reasoning after
having queried the user pro�le, the domain ontology, and learning objects is
to construct a temporally valid task knowledgebaseas a basefor applying the
adaptation rules. We will present someexamplesof adaptation rules in section
3 where we present a PersonalReader for learning resources.

For implementing the reasoningrules, we decidedto usethe TRIPLE query
and rule language for the Semantic Web [20]. Rules de�ned in TRIPLE can
reasonabout RDF-annotated information resources(required translation tools
from RDF to triple and vice versaare provided). An RDF statement (which is
a triple) is written as subject[predicate -> object]

RDF models are explicitly available in TRIPLE: Statements that are true
in a speci�c model are written as "@model". This is particularly important for
constructing the temporal knowledge basesas required in the Personal Reader.
Connectives and quanti�ers for building logical formulae from statements are
allowed as usual: AND, OR, NOT, FORALL, EXISTS, <- , -> , etc. are used.

2.3 Administration

The administration component of the Personal Reader framework allows us to
easily integrate new instancesof Readers.E. g. in the e{learning domain, the
integration of coursematerials which are | at least | describedto our standard,
and for which somedomain ontology exists, can immediately be integrated and
displayedin the PersonalReader.The 
exibilit y of the Triple language,especially
the support of models, allows us in the Personal Reader framework to realize
personalization functionalit y in accordanceto course descriptions and domain
ontologies, or to coursedescriptions alone.

3 Example: Personal Reader for the Sun Java Tutorial

In this section,we present an exampleof a PersonalReaderinstance:A Personal
Reader for learning resources.We have implemented the Reader for displaying



the learning resourcesof the Sun Java Tutorial [8], a freely available online
Tutorial on Java programming.

This Personal Reader helps the learner to view the learning resourcesin
a context: In this context, more details related to the topics of the learning
resource, the general topics the learner is currently studying, examples, sum-
maries, quizzes, etc. are generatedand enriched with personalrecommendations
according to the learner's current learning state, as shown in �gure 2.

Fig. 2. Screenshotof the Personal Reader, showing the adaptiv e context of a learning
resource in a course.

In this section we discusshow we implemented the adaptation rules for the
adaptive context generation.

3.1 Reasoning in a Personal Reader for Learning Resources

In the following, we will describe someof the rules that are usedby the Personal
Reader for learning resourcesto determine appropriate adaptation strategies.

Providing a context by displaying details of a learning resource Generating links
to more detailed learning resourcesis an adaptive functionalit y in this example
PersonalReader.

The adaptation rule takes the isA hierarchy in the domain ontology, in this
casethe domain ontology for Java programming, into account to determine do-
main concepts which are details of the current concept or concepts that the
learner is studying on the learning resource.In particular, more details for the



currently usedlearning resourceis determined by detail learningobject(LO ,
LODETAIL)whereLOand LODetail are learning resources,and whereLODETAIL
coversmore specializedlearning conceptswhich are determined with help of the
domain ontology.

FORALLLO, LO_DETAILdetail_learningobject(LO, LO_DETAIL)<-
EXISTSC, C_DETAIL(detail_concepts(C, C_DETAIL)

ANDconcepts_of_LO(LO, C) ANDconcepts_of_LO(LO_DETAIL, C_DETAIL))
ANDlearning_resource(LO_DETAIL) ANDNOTunify(LO,LO_DETAIL).

N. B. the rule does neither require that LODETAILcovers all specialized
learning concepts,nor that it exclusively covers specialized learning concepts.
Further re�nements of this adaptation rule are of coursepossibleand should, in
a future versionof the PersonalReader,be available astuning parametersunder
control of the learner. The rules for embedding a learning resourceinto more
generalaspects with respect to the current learning progressare similar.

Providing pointers to QuizzesAnother exampleof an adaptation rule for generat-
ing embedding context is the recommendationof quiz pages.A learning resource
Qis recommendedas a quiz for a currently learned learning resourceLOif it is a
quiz (the rule for determining this is not displayed) and if it provides questions
to at least someof the conceptslearned on LO.

FORALLQ quiz(Q) <-
Q['http://www.w3.org/1999/02/2 2-rdf -syn tax- ns#': type ->

'http://ltsc.ieee.org/2002/09 /lom -educatio nal# ':'Qu iz']
FORALLQ, C concepts_of_Quiz(Q,C) <-

quiz(Q) ANDconcept(C) AND
Q['http://purl.org/dc/eleme nts/1 .1/' :sub ject -> C].

FORALLLO, Q quiz(LO, Q) <-
EXISTSC (concepts_of_LO(LO,C) ANDconcepts_of_Quiz(Q,C)).

Calculating Recommendations. Recommendationsare personalizedaccordingto
the current learning progressof the user, e. g. with respect to the current set
of coursematerials. The following rule determinesthat a learning resourceLOis
recommendedif the learner studied at least one more general learning resource
(UpperLevelLO):

FORALLLO1, LO2 upperlevel(LO1,LO2) <-
LO1['http://purl.org/dc/ter ms#':isPa rtOf -> LO2].

FORALLLO, U learning_state(LO, U, recommended)<-
EXISTSUpperLevelLO (upperlevel(LO, UpperLevelLO) AND

p_obs(UpperLevelLO, U, Learned) ).

Additional rules deriving stronger recommendations(e. g., if the user has
studied all general learning resources),lessstrong recommendations(e.g., if one
or two of thesehaven't beenstudied so far), etc., are possible,too.



Recommendationscan alsobe calculated with respect to the current domain
ontology. This is necessaryif a user is regarding coursematerials from di�eren t
coursesat the sametime.

FORALLC, C_DETAILdetail_concepts(C, C_DETAIL)<-
C_DETAIL['http://www.w3.org/20 00/01/rdf -sch ema#':sub ClassOf -> C]
ANDconcept(C) ANDconcept(C_DETAIL).

FORALLLO, U learning_state(LO, U, recommended)<-
EXISTSC, C_DETAIL(concepts_of_LO(LO, C_DETAIL)

ANDdetail_concepts(C, C_DETAIL) ANDp_obs(C, U, Learned) ).

However, the �rst recommendationrule, which reasonswithin onecoursewill
be more accuratebecauseit hasmore �ne{grained information about the course
and thereforeon the learning processof a learner taking part in this course.Thus,
our strategy is to apply �rst the adaptation rule which take most observations
and data into account, and, if these rules cannot provide results, apply less
strong rules. In future work, we will extend this approach. Currently , we are
considering in enriching the results of the rules with con�dence parameters.
How thesecon�dence valuescan be smoothly integrated into a user interface is
an open research question.

Reasoning Rules for User Modeling The Personal Reader requires only view
information about the user'scharacteristics. Thus, for our examplewe employed
a very simple user model: This user model traces the userspath in the learning
environment and registerswhenever the userhasvisited somelearning resource.
This information is stored in the user'spro�le, which is binded to RDF asfollows:

<rdf:RDF
xmlns:rdf="http://www.w3.or g/19 99/02/22- rdf- synta x-ns #"
xmlns:j.0="http://semweb.kb s.un i-han nover.de /rdf/ l3s. rdf#" >

<rdf:Description rdf:about="http://semweb.kbs .uni- hannover. de/u ser# john" >
<rdf:type rdf:resource="http://hoersaal .... /rdf/ l3s. rdf#U ser" />
<j.0:hasVisited>http://java.su n.com/... /var iable s.ht ml</j .0:h asVi sited >
...

From this information, we derive whether a particular user learned some
concept. The following rule derivesall learned concepts.

FORALLC, U p_obs(C, U, Learned) <-
EXISTSLO (concepts_of_LO(LO, C) AND
U['http://semweb.kbs.uni-hanno ver.d e/rd f/l3 s#':h asVi sited ->LO]).

Similarly, it can be determine whether a learning object has beenlearnedby
a user.



4 Related Work

Related work to our approach includesstandard modelsof adaptive hypermedia
like [2], recent personalization systems [12,9] as well as personalizedlearning
portals [7].

Comparing our work with standard models for adaptive hypermediasystems
like e.gAHAM [3], we observe that they useseveral models like conceptual,nav-
igational, adaptational, teacher and learner models. Compared to our approach,
thesemodels either correspond to ontologies / taxonomies, to di�eren t schemas
describingteacher and learnerpro�le, and to schemasdescribingthe navigational
structure of a course.We expressadaptation functionalities asencapsulatedand
reusableTriple rules, while the adaptation model in AHA usesa rule basedlan-
guageencoded into XML. AHA! provides the strategies for adaptation at the
resources[2]. [12] focuseson content adaptation, or, more precisely, on person-
alizing the presentation of hypermedia content to the user. The technique used
here is a slice-technique, inspired by the Relationship Management Methodol-
ogy[16].Both adaptabilit y and adaptivit y are realized via slices:Adaptabilit y is
provided by certain adaptabilit y conditions in the slices,e. g., the abilit y of a
device to display images.Adaptivit y is basedon the AHAM idea [3] of event{
conditions for resources:A slice is desirableif its appearancecondition evaluates
to true.

[10] builds on separating learning resourcesfrom sequencinglogic and ad-
ditional models for adaptivit y: Adaptivit y blocks in the metadata of learning
objects as well as in the narrativ e model, candidate groups and components de-
�ne which kind of adaptivit y can be realized on the current learning content.
Driving force in thesemodelsare the candidategroupsthat de�ne how to teach a
certain learning concept. A rule engineselectsthe best candidatesfor each user
in a given context. Adaptivit y requirements are consideredonly in the adap-
tivit y blocks. Personalizedlearning portals are investigated in [7]. The learning
portals provide views on learning activities which are provided by so{called ac-
tivity servers. The activit y servers store both learning content and the learning
activities possiblewith this special content. A central student model server col-
lects the data about student performancefrom each activit y server the student
is working on, as well as from every portal the student is registered to. In [5],
also value-added services are intro duced in the architecture. The architecture
in our approach is a simpli�cation of the architecture presented here: We only
considervalue{added services,and implemented our personalization servicesas
thesevalue{added services.

5 Conclusion

We have presented a framework for designing, implementing and maintaining
adaptive reader applications for the Semantic Web. The PersonalReaderframe-
work is basedon the idea of establishingpersonalizationfunctionalit y asservices
on the (Semantic) Web. The realization of personalization functionalit y is done



on the logic layer of the Semantic Web tower, making use of description and
rule languagerecently developed in the context of the Semantic Web. We have
tested the framework with an example reader, the PersonalReader for the Sun
Java programming tutorial. Currently , we are using the framework to design a
Reader for publications, and are investigating how learner assessment can be
integrated to enhancethe functionalit y for learning resources.The current state
of the project can be followed at www.personal- reader.d e.
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