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Abstract sonalized access to learning materials in order to guide the
) , learner in the learning process.
In this paper we present a flexible assessment During the last few years, research in the ares®f

framework for eLearning based on semanticweb  antic webbrought new ideas in setting up a new form
technologies. The assessment techniques are for- ot \wep content that is meaningful to computéBerners-
malized as reasoning rules. These rules are able | ge et al, 2007. Several technologies have been devel-
to reason over resources annotated with seman-  qheq for constructing and developing the semantic web.
tic web metadata formats and according to the  RpF/S[RDF, 2001 [RDFS, 2001 and its extension such
standards LOM and IMS QTI. The framework is as OWL[OWL, 2003 have been developed to define meta-
tested using TRIPLE, a rule-based language for 4414 schemas, domain ontologies and resource descrip-
the semantic web. tions. Regarding the semantic web tower, we find on top
of the RDF and ontology-layer, the layer of rules and logic
1 Motivation f_ramework[BernersLee, 2002 Rules languages are de-
fined to query and transform resources annotated in RDF,
With the rapid development of distance learning, assessmaking possible the exchange of data. In our framework
ment functionality becomes one of the key factors of onlineresources are exchanged based on reasoning rules specified
learning. Based on assessment, the learning with electronia TRIPLE [Sintek and Decker, 2002a rule language for
materials can be enriched by a quality and timely feedbackguerying and transforming RDF models.
by just-in-time problem solving aid, by guided and per- |n the eLearning domain there are emerging standards
sonalized learning, thus turning the learning process intdor describing learning resources, among them LOM
a highly interactive learning experience with Web-based(earning Objects MetadafaOM, 2002) or Dublin Core
courses and learning materials. In this paper we presebC, 2004. LOM is gradually becoming the reference
a flexible framework for assessment technology which isstandard for educational systems managing learning ob-
based on recent eLearning standards. The realization gécts of many kinds. Assessment resources can also be
the framework uses semantic web technologies such as dgpecified through standards among them we find IMS QTI
scription and reasoning about semantically enriched Inter(Question and Test Interoperabilif@)TI, 2004. IMS QTI
net resources. enables developing and sharing banks of questions and ac-
Many of currently existing eLearning and assessmentivities that could be shared for compiling a variety of as-
systems focus on simple assessment strategies, e.g. only géssment vehicles such as tests, exams, and worksheets.
single or multiple-choice questions (MCQ) with several an-Therefore the assessment information in this standard for-

swers, and radio-buttons to select the correct answer. Fumat can be interoperable and reusable among different sys-
thermore most of these systems are unable to support difems.

ferent needs of individual users as they focus mainly on as- This paper is structured as follows. In section 2 we

sessment of the “average user”. The assessment framewogléscribe our assessment framework, and the metadata an-
which we present in this paper allows the flexible use of asnotations according to the semantic web technologies and
sessment techniques, and provides in addition an adaptivg_earning standards and give an overview over its formal-
selection, embedding and presentation of learning materization based on First Order Logic (FOL). In section 3 we
als according to the learners’ performances. describe how our approach is being tested. This section is
The assessment framework combines research from tW@ivided into two parts. In the first part we give an overview
major research disciplineadaptive educational hyperme- over the used rule language TRIPLE. In the second part we
dia andsemantic web technologies describe how the annotated resources are queried based on
Research iradaptive educational hypermedizas as-  TRIPLE. In section 4 we relate our approach to other work.
certained several techniques for adaptafiBrusilovsky,  Finally, we draw some conclusions and proposals for fur-
2001. These techniques can be divided into two catether work in section 5.
gories: navigational level adaptation in which the leaner
is provided with a set of recommended links, and conten P
level adaptation, which selects the text fragments that havg Assessment framework description
to be assembled together for a specific user need. ThrougBased on semantic web technology and elLearning stan-
combining both techniques, the learner will be provideddards we propose a dynamic approach for learner assess-
with a flexible learning process. We use technologies fromment that enables an adaptive presentation of content ac-
adaptive educational hypermedia to provide adaptive, pereording to the progress of the learner. Our assessment



framework provides the learner with two kinds of content: hannover.de/rdf/

learning content, containing the courses and their different java_ontology.rdf#nested_class"/>
sections, and assessment content, containing the tests fép <lom-cls:educationalobjective _
evaluation of the learner knowledge. During the learning rdf:resource="http://hoersaal kbs.uni-

hannover.de/rdf/
java_ontology.rdf#inner_class"/>
16 </rdf.description>

process, a dynamic selection and presentation of both con-
tents will be accomplished.

In the following subsections we will first present the
metadata annotations required in our assessment frame-Learning resources are structured according to their
work based on eLearning standards. We will then describéunctional granularity (AggregationLevel), as e.g. in line
the process of learner assessment. Finally we propose a fd?- This element from the category General in LOM data
malism of this process based on First Order Logic (FOL). model is scaled from 1 to 4. Regarding our assessment

framework, we have used only three levels of granular-
2.1 Metadata in the assessment framework ity. The smallest level (Aggregation level=1) corresponds

Semantic Web Technologies like RDF (Resource Descrip€.g- to raw media data or fragments, the second level
tion Framework) and RDFS (Resource Description Frame{2) corresponds to a lesson, and the last level (3) repre-
work Schema) provide us with interesting possibilities toSents a course. Based on this attribute and according to
annotate resources through combining structure and séhe element structure from the category General in LOM
mantic of resources. In our assessment framework, wéata model, we can differentiate between the learning ob-
propose to combine Semantic web technologies and leardects. We have restricted our use to two kinds of struc-
ing standards so that we can enhance interoperability gure: atomic learning objecafomic-LO) and linear learn-
resources. In the following we will present the metadatang object (inear-LO), respectively designing an indivis-
used to describe both kinds of content and discuss briefljple object(Aggregation level=1) and a set of ordered ob-

the learner specific data. jects (Aggregation level=2 or 3). These two kinds can good
o } reflect the structure of academic courses. The relation-
Describing Learning Resources ship between the course sections (atomic-LOs) according

For structuring and describing learning resources we usegh a predefined order is good established in a linear-LO.
the Dublin Core standard and the Learning Object MetaCourse parts can be exchanged thanks to the granularity of
data standard (LOM). The first LOM version was approvedthe atomic-LOs. Furthermore LOs may have a one of the
in June 2002. LOM contains an abstract data model of defollowing types: Diagram, Graph, Table, Lecture (e.g. line
scriptors, or elements divided into nine categories, and useg)
to describe learning objects@). The LOM elements can  The course hierarchy is described through the properties
be managed in many different formats, including SQL ta-hasPart and isPartOf from Dublin Core as in line 5 and 6.
bles, HTML meta tags, and so on. A technical realizationprerequisites of a linear-LO are specified through the prop-
of the abstract model in a specific format is called a ”bind-erty lom-cls:prerequisite (line 12, 13), from the category
ing”. A binding in RDF was proposed ifNilssonet al,  classification, defining the resources that have to be learned
2003 prior to the current resource. Objectives of a linear-LO are
As an example, we present part of an RDF based metantroduced with the property lom-cls:educationalobjective,
data annotation for a learning resource in a freely availableiso from the category classification, e.g. as in line 14,
online version of a java Programming coull§ampione  through setting up the relationship to a predefined concept
and Walrath, 2000 in the java programming ontolod{polog et al., 2003.
1 <rdf:Description

rdf:about="http://java.sun.com/docs/ Describing Assessment Resources

.. JjavaOO/index.html"> Assessment resources contain tests, that have to be pre-

2 <lom-gen:aggregationLevel sented to the learner in order to evaluate his/her level of
rdf:-resource= knowledge. The assessment framework provides a dy-
"lom-gen;AggregationLevel2"/> namic generation of tests. Questions will be selected based

3 <rdf:type on the progress of the learner. This flexible approach is

rdf:resource="http://ltsc.ieee supported by the IMS QTI standard.
_ ./llom-educational#Lecture"/> This standard is composed of two data models: IMS QTI
4 <dc:title>Classes & Inheritance</dc:title> Assessment-Section-Item (ASI) modgDTI/ASI, 2004

5 <dcterms:isPartOf
rdf:resource="http://java.sun...
[tutorial/index.html"/>

and IMS QTI Results Reporting (RR) mof@ITI/RR,
2004. The ASI component is used to describe the actual

6 <dcterms:hasPart> evaluation resources to be presented to the learners; The
7 <rdf:Seq> RR component is used to contain the results to be reported
8 <rdf:li once an evaluation is undertaken by a learner. Due to space
rdf:resource="http://java.sun... limitations we will focus in this paper only on the IMS ASI
ljavaOO/classes.html"/> datamodel. Based on this model, tests are specified-as
10 </rdf:Seq> sessment Every assessment can be composed of one or
11 </dcterms:hasPart> manysectionsand each section consists of sevétains.

12 <lom-cls:prerequisite
rdf:resource="http://java.sun...
/data/objectcreation.html"/>
13 <lom-cls:prerequisite

An Item is the smallest object needed for the assessment
which represents generally a question, defined as a combi-
nation of interrogatory, rendering, and feedback informa-

rdf:resource="http://java.sun tion. Furthermore one of the tasks that have to be fulfilled
.../data/usingobject.html"/> by any assessment system is to record the performances
14 <lom-cls:educationalObjective achieved by the learner, so that learning content will be pre-

rdf:resource="http://hoersaal.kbs.uni- sented according to his/her current state of knowledge. The



IMS QTI RR datamodel enables us to store the students aris for storing information about measured performance of
swers. The current IMS QTI specification provides a bind-a user through learning material (i.e. what does a user
ing in XML. A binding of the main elements in RDF is know). Portfolio is for accessing previous experience of
defined in[Dolog, 2004. We have used this binding and a user. Based on these elements we can store data on the
extended it to our needs. learning experience of the user. The category performance
As an example we describe part of an RDF based metds used to score the learners Responses based in the results
data annotation for an assessment resource (item) on thieported by the IMS RR datamodel.
java Programming course:

1 <rdf-Description 2.2 Assessment based learning process

rdf:about="http://java.sun.../item1.html"> The aim of the Assessment Framework is to conduct adap-
2 <rdfitype tive assessment and adaptive learning content presentation.

rdf:resource="http://wwwlearninglab.de The framework provides the learner with an appropriate

I"dolog/learnerrdfbindings/qti.rdfs#tem"/> learning content based on an accurate evaluation of his/her
Z :g::Z}t'g?;n':/le(fgggl:/q“'t'tle> level of knowledge. In the following, we will describe the
5 <rdf-Description> Iearn.lng and the assessment process offered by the frame-
6 <qti:gmd_itemtype work: . . .

rdf:value="MultipleChoice" /> After login and identification, the learner can select a les-
7 </rdf:Description> son (linear-LO). The system checks then the data regarding
........... the profile of the learner, according to the standard PAPI,
8 </gti:itemmetadata> such as the already learned resources, the previous perfor-
9 <dcterms:isPartOf rdf:resource= mances and historical progress of the learner. Based on
“http://java.../sectionl.html"/> this information the system can detect the set of learning

10 <qti:Objective

resources (atomic-LO) that are n to be known prior
rdf:resource="http://hoersaal.kbs.uni- esou (ato 0) eeded to b own prio

hannover.de/rdf/ to the selected Iea_rning resource. 'I_'he framework selects
java_ontology.rdf#00_Methods"/> then for each atomic-LO a question (|t§er_n) and forms to the
11 </rdf:Description> learner a Pre-test (a_ssessment) containing questions (items)
i ) ) ) on all the prerequisites course parts. Once the learner an-
The most important information commonly used in our swers the questions in the test, his/her answers are checked.
assessment framework are type, itemtype, structure and olrhe results of the assessment are reported based on the IMS
jective. Each assessment resource possess a type accordi standard. Two situations are possible: the first one is
to the ASI model, as stated e.g. inline 2. In case the assesgat all the learner answers are correct. Therefore he/she
ment resource is an item, the type of the question is speGgjj|| be allowed to read the selected lesson. Otherwise, the
ified with the property gti:gmdtemtype. Items may have system forms a lesson (linear-LO) containing the atomic-
one of the following three types: Multiple Choice, Fill-In- | Os that are not known. In both cases the students perfor-
Blanks and Problemsolving. The two first types are alreadynances saved by the framework are updated according to
specified in QTI standard. We have defined the questiomhe reported results; a test (assessment) will be then gen-
type Problemsolving, according to the Bloom taxonomyerated to the learner. Regarding the first situation, it will
for assessmerfBloom and Krathwohl, 1996to represent  pe a post test, containing questions on the predefined ob-
questions, where the student will be asked to write projectives of the selected linear-LO. For the second situation
gramming instructions, as our assessment framework W'Flt will be another pretest containing questions only on the
be applied to Programming courses. atomic-LOs that are not learned.
The section to which belongs the item is described
through the property dcterms:isPartOf (line 9) from Dublin 2.3 Logic based characterization of the
Core standard. Similarly to the learning resources each Assessment Framework

tem has an objective, specified through the propertyA logic based definition of the adaptive educational hy-

gti:Objective, e.g. as in line 10, in reference to one of apermedia system has been proposefHanze and Nejdl
predefined concept in the java programming ontology. 2003. According to this definition an AEHS has four com-
Describing Learners ponents a document space containing information about the
The assessment framework has to keep track on thdocuments exchanged in the system as well as their rela-
progress of the student. Therefore it is interesting to detions, a user model for storing information on the different
scribe learners data and profile through standards in omsers, an observation component to analyze interactions of
der to customize a learning’ experience. In recent yearghe user with the resources offered in the system and finally
there have been some efforts to standardize the informaan adaptation component to define the adaptive processing
tion about a user, which should be maintained by a systenprovided to a particular user. This logic based definition is
The standard IEEE PAPI (Public and Private Informationused to define the assessment framework based on the se-
for Learners[PAPI, 2002) is one example of a standard lected standards. The adaptive functionality of the assess-
for maintaining data on users, which are ordered accordingnent framework is generated based on the characteristics
to the following categories: personal, relations, securityof the learner and his/her recoded performances.

preference, performance, and portfolio information. The We have defined four annotations for a given linear-
personal category contains information about names, con:-O, regarding the kind of assessment that is recommended
tacts and addresses of a user. Relations category servesfasit: PreAssessmentRecommended, PostAssessmentRec-
a category for specifying relationships between users (e.gommended, PreAssessmentNotRecommended, PostAssess-
classmate, teachers, ..). Security specifies mainly the acnentNotRecommendeRegarding the assessment objects
cess rights. Preference indicates the types of devices ar{items) we have defined the following two statuBreTest
objects, which the user is able to recognize. Performancand PostTestVarious rules could be established in order to



set up the linear-LO annotation. As an example we presergyntax, the symbols AND, OR, NOT, FORALL, EXISTS,
the following rule: —, —, etc. are used. All variables must be introduced via
A linear-LO is recommended for PreAssessment if atquantifiers, therefore marking them is not necessary.

least one of its prerequisite atomic LOs has not bee% .
learned by the user. .2 Reasoning Rules for assessment
VL VU As stated above our assessment framework has been tested
- . in the personal-reader environment. This AEHS offers an
3A PrerequisiteAtomic(A,L) A - . X !
= p.0bs(A,U,Leamned! open architecture on the semantic web and provides mainly

ree services: a visualization service, which has the role of
Ser interface, by displaying the learning resources selected
Candidate items, which represent possible questions thaly the user, a connector service, which plays the role of me-
can be assigned to a linear-LO once its assessment statgdtor between the other two services, through conversion
(e.g. PreAssessment) is detected, are derived via the fobf the input/output data in the corresponding format of each

Linear.annotation(L,U,PreAssessmentRecommende

lowing rule: service and finally a reasoner service for annotation of re-
VA VL YU sources according to predefined rules. The functionalities
PrerequisiteAtomic(A,L) A of the latest service are formulated in TRIPLE. We have in-
— p_obs(A,U,Learned)\ tegrated our rules, in the reasoner service of the Personal-
31 Questionof_Atomic(l,A) A rea_der environment. In the fqllowmg we will describe the
- obs(l,U,Solved) main rules that enable adaptive learning process based on
— Candidateltem(L,l,U,PreTest). assessment.

) ) _ The structure of the resources is queried through the
A linear-LO is not recommended for post assessment ifollowing rules, which checks whether the resource is an
all its objective atomic-LOs have been learned by the useratomic-LO or a linear-LO according to the LOM stan-
dard. Similarly for assessment resources, where we check
LYy hether th t is an it f
VA (Objective Atomic(AL) — whether the current resource is an item, a section or an as-
' sessment according to QTI specification. The two follow-
p-obs(A,U,Learned))y= ing rules e.g. derive the fact that a resource is an atomic-LO
Linearannotation(L,U, PostAssessmentNotRec- or an item.
ommended). FORALL A Atomic(A) <-
] ] Allom-general:aggregationLevel
3 Assessment framework implementation ->'lom-gen;AggregationLevel1].
FORALL | Item(l)<-
I[rdf:type -> gti: 'ltem’].
Items may have one of the following three types: Multi-

The logically described assessment framework, proposed
in section 2 is implemented in TRIPLE. This transforma-

tion and query language for the semantic web has beeﬁle Choice, Fill-In-Blanks and Problemsolving. As an ex-

introduced to reason over distributed annotations of réample we propose the following rule that derives all multi-
sources. TRIPLE is able to query web resourcesin adeclawe choice items through using the QTI binding.
ative way based on a background k_nowledge I|I_<e ontologi- ForALL | Multiple_Choice(l) <-
cal knowledge. The formal description of adaptive systems = tem(1) AND
in FOL allows us to reuse the adaptation rules in different Ex|STS v (i[gti:itemmetadata -> Y] AND
contexts. We have used these rules to access learning reEXISTS Z (Y[qgti:gmd_itemtype -> 7] AND
sources from the Sun Java Tutorial described with RDF and Z[rdf:value ->’MultipleChoice’)).
annotated according to the E learning standards LOM and Atomic-LOs and linear-LOs are related through the
IMS QTI as explained in the previous section. Our frame-Dublin Core property dc:isPartOf. The following rule lists
work has been tested in the Personal-reader environmentl atomic-LOs of a given Linear-LO:
(www.personal-reader.de), a framework for designing and FORALL L, A
maintaining personalization services on the semantic web. Atomic_of_Linear(L,A) <-
] Atomic(A) AND Linear(L)AND A[dc:isPartOf->L].
3.1 TRIPLE Overview ~ The structure of a linear-LO may be very complex. A
TRIPLE is a rule language, designed for querying andinear-LO may have also for example another linear-LO
transforming RDF models. Through the use of clausePart of it. This recursive structure is derived through many
like constructs, TRIPLE supports the namespaces and régles, as an example we present the following rule:
sources identifiers in the form of nsabbbrev:= namespaceFORALL L1, L2
e.g., rdf:=http://www.w3.0rg/1999/02/22-rdf-syntax-ns#. ~ -inear_Partof_Linear(L1, L2) <-
TRIPLE supports also statements in the form of  Linear(L1) AND Linear(L2)
subject[predicate >object], e.g. AND L1 [dcisPartOf -> L2]. _ o
As stated in the previous section, To define a prerequisite
of a linear-LO we use the lom-classification:prerequisite
RDF models, i.e. set of statements, written as "@model'property. The following rule derives all prerequisites
are also expressed in TRIPLE, e.g. atomic-LOs of a given linear-LO.
Learner[hasScore\->10]@assessmentresdult. FORALL L, A

. . Prerequisite_Atomic(L,A) <-
TRIPLE supports also the definition of clauses which | jnear(L) AND Atomic(A) AND

are a set of facts or rules. To assert that a set of clauses [lom-classification:prerequisite -> A].

is true in a specific model, a block is defined as follows: The concepts are the main information entities from
@Modefclause$. Logical formula in TRIPLE are ex- domain knowledge communicated by a linear-LO or an
pressed through a set of connectives and quantifiérs;  atomic-LO. Following rule derive all concepts from meta-
-, V, A, etc. In case that the TRIPLE program is in ASCII data based on types taken from the ontology

Learner[hasScore ->10].



FORALL C Concept(C) <- p_obs(A, U, Highlighted))
C[rdf:type -> Concept]. OR (EXISTS L1

Concepts and atomic-LOs are related through dc:subject ~ (Linear_Partof_Linear(L1,L)
property (from Dublin Core standard). The following rules AND Prerequisite_Atomic(L1, A)

: ; i AND p_obs(A, U, Highlighted)))

finds out the concepts ofaglven.atomlc LO. OR (EXISTS L2

FORALL A,C Concepts_of_Atomic(A, C) <- (Linear_SubPartof_Linear(L2,L)
Concept(C) AND Atomic(A)AND AND Prerequisite_Atomic(L2, A)
Aldc:subject -> C]. AND p_obs(A, U, Highlighted)))))).

Concepts and linear-LOs are related through lom-
classification: educationalObjective property. The follow-4 Discussion and Related Work
ing rule derives all objectives of a given linear-LO:

The approach that we are suggesting is a learner dy-
FORALL L, C Concepts_of Linear(L, C) <- P ggesting y

: namic assessment and adaptive course presentation. The

Concept(C)AND Linear(L)AND .
L[lom-classification:educationalObjective Framework observes the learner and adapts to his/her
> Cl. progress the generated course. If the student’s performance
does not meet the expectations, the course is dynamically

Based on the previous rules, we can find outall ObJECtIVere—organized and assessment content is presented to the

atomic-LOs for a linear-LO, which means all concepts thatl i ) )
have to be mastered by the learner by the end of a lesson!€a/ner. Each student is able to get a highly personalized

course appropriate to his/her level of knowledge. This ap-
proach is well suited for individual students taking a self-
study distance eLearning course. These students can be

FORALL L, A
Objective_Atomic(L,A) <-
Linear(L) AND Atomic(A) AND

Atomic_of_Linear(L,A) AND employees in an organization who arrive with different
EXISTS C (Concepts_of Atomic(A, C) experience and background knowledge, or students in an
AND Concepts_of_Linear(L,C)). online course. The separation of content from presenta-

We need also to set up the relationship between a queél_Oﬂ inherent in LOM and QTI means that learning objects
tion (item) and a part of lesson (atomic-LO). Therefore we4ueéstions and tests can be created, stored and exchanged.
have to proceed according to the following steps: we hav&T! specification incorporates a schema for the exchange
assigned to each item an objective, by using the propertgf results, another element of key interest to our frame-
gti:Objective. The objective of each item is derived accord-work. The automatic capture of student input during for-

ing to the following rule. mative assessment means that tutors can identify problem
FORALL I, O Objd, O) <- and support the learner by providing him with the appro-
Item(l) AND Concept(O) AND priate learning material.
I[gti:Objective -> O]. Many elLearning tools and services have been developed

The second step is to find out the corresponding atomiclo manage content delivery and testing activities. Regard-
LO to a given Item based on the common objective. Thising the assessment activities, which is the main objective

task is expressed through the following rule: of our framework only few of them are compliant to IMS
FORALL I, A QTI (QuestionMarKVan Rentergem, 2001 Another im-
Question_of Atomic(l, A) <- portant issue in this area is that the majority of assessment
ltem(l) AND Atomic(A) AND EXISTS O tools focus only on one type of assessment, which is Multi-
(Obj(1,0) AND Concepts_of Atomic(A, 0)). ple Choice question. One of the major contributions of our

All previously mentioned rules are used to set up the aswork is that we have defined taxonomy of tests according
sessment rules. We have six rules for assessment annotg-the IMS QTI and we propose to handle the programming
tions, according to the six assessment states defined in Segxercises by integrating the question type "ProblemSolv-
tion 2. The following rule determines the linear-LOs, for ing” that makes possible to run students answers with test
which a Pre-assessment is recommended. The recommediata and to validate them by invoking of appropriate com-
dation rule is performed according to a FOL sentence fronpiler.
section 2 that states that a pre-assessment is recommende®ur approach contributes also to the domain of open hy-
for a linear-LO if at least one prerequisite atomic-LO haspermedia. It overcomes the main disadvantage of the clas-
not be learned by the user. sic adaptive educational hypermedia systems, which work

FORALL L, U on a closed set of documents. Related approaches in this
Assessment_state area can be found ilHenze and Nejdl, 2091 Our assess-
(L,U,PreAssessmentRecommended) <- ment framework takes benefits from the new technologies

Linear(L) AND user(U) AND EXISTS A

%%mg(ﬁés@i\'Duprﬁ?gﬂﬁéﬂiagtom'c(l" A) The semantic web could be considered as a very suit-
— T ' able platform for implementing and delivering of eLearn-

_Based on this rules a list of questions (items) will be de-jnq ¢qyrses, because it permits the querying and the nav-
rived according to the following rule, in order to generate

; ; - . < ~jgation through learning materials, through an ontology-
an appropriate pretest for the given linear-LO, containin 9 . . - ! h
questions on its prerequisite atomic-LOs. dnased annotation. This facilitates the selection of the rel-

evant learning parts of a course according to the user level
FgRAd% tL' IE[’ N L I UPreTesh < of knowledge. An approach for implementing an eLearning
Liigalr(ﬁ)eZNelgn(uéer'(u)’ ArEDeSIth('I)AND scenario using Semantic Web technologies can be found in
Assessment_state [Stojanovicet al, 2001. Related approaches for person-

in the area of semantic web.

(L,U,PreAssessmentRecommended) alization based on semantic web reasoning can be found
AND (EXISTS A in [Dolog et al, 2003 . Regarding the implementation of
(Question_of_Atomic(l, A) AND our approach, we have used TRIPLE, since it permits to

((Prerequisite_Atomic(L, A) AND guery over resources annotated in RDF. A rule language



for querying XML resources can be found in e[Bry and  [Dolog, 2004 Peter Dolog. IMS QTI RDF binding. Avail-

Schaffert, 200p able at: http://www.learninglab.de/ dolog/ learnerrdf-
bindings/qti.rdfs
5 Conclusion and Further Work [Henze and Nejdl, 20¢1Nicola Henze and Wolfgang Ne-

In this paper, we have described a flexible assessment jdl. Adaptation in open corpus hypermediaA|ED Spe-

framework based on the elLearning standards LOM and cial Issue on Adaptive and Intelligent Web-Based Sys-
IMS QTI, reasoning over semantic web and using tech- tems 12, 2001.

niques from adaptive hypermedia. The framework permitdHenze and Nejdl, 20d3Nicola Henze and Wolfgang Ne-

a dynamic learning and assessment process. The logical jdI. Logically Characterizing Adaptive Educational Hy-
characterization of the assessment rules permit a formaliza- permedia Systems. IRroceedings of Adaptive Hyper-
tion of the learning process using First Order Logic. The media 2003 Workshop, Adaptive Hypermedia Confer-
rule-based language TRIPLE allowed us to implement this  ence Budapest, Hungary, August 2003.

functionality and reason over resources annotated based 9pOmM, 200 LTSC Learning Technology —Standards

standards and semantic web technology. ~ Committee. Learning Object metadata standard,2002.
The current IMS QTI standard version does not provide Available at:http://ltsc.ieee.org

a possibility to assess the programming exercises. We prgs .. . . .
posed therefore an extension of this standard through Oﬁe(i_ansonet al, 2003 Mikael Nilsson, Matthias Palm and

: : : : Jan Brase. Towards the Adaptive Semantic Web. In
ing the problem solving type. We would like to continue ; .

with experiments with the all offered assessment types by Froceedings of 3rd Annual Ariadne Conferenteu-
IMS QTI and to investigate also more complex types basi- ven, Belgium, November 2003.

cally for programming exercises. This enables us to prolOWL, 2003 Web Ontology language (OWL), 2003.
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