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Executive summary

In this report, we deal with the schema definitions for learning resources, learning
activities and learner profiles and their evaluation. The main motivation to define such
schemas is to provide basic means for communication between severa service and
resource providers. We employed a scenario based methodology for defining the
schemas.

There are two main reasons to employ such a methodology. The first reason isto have
a starter set of requirements to compare current proposals for learning content and
learner profile description standards. The second is to have a starter set of
requirements a learner can have when querying for learning services and resources.

This methodology implied two steps analysis. scenario analysis and current technical
state analysis. The current technical state analysis comprise the analysis of schemas
which are offered by systems which are connected or are planned to be connected, and
the analysis of standards for learning content descriptions and learner profiles
descriptions. In addition we studied how DRM can be introduced at the schema level,
compare our schemas with the Cultural Heritage domain and analysed requirements of
avery challenging environment where learning services can be deployed - Digital TV.

According to the results of this analysis, the ELENA common ontologies for learning
services and learner profiles have been defined as shared conceptualizations. These
ontol ogies serve as mediators between schemas provided by the systems and serve as
basis for advanced services descriptions. The mappings principle between the schemas
of the connected systems and the ELENA common ontologies is discussed as a main
driver of the interoperability between educational nodes. Last but not least, it is
important to stress the privacy requirements for learner profiles which have also been
discussed.

The main contributions of this report are:

Schema devel opment guideline for open heterogeneous environments

Comprehensive description of current state of learning relevant standards
(learning content and learner)

Scenario anaysis of learner requirements for querying open learning
repositories

ELENA common learning service ontology

ELENA learning service eva uation ontology

ELENA common learner ontology

ELENA learner assessment ontology based on IMS QTI specification
Mappings principle for interoperability of open heterogeneous repositories

A data model for privacy features for learner metadata in open heterogeneous
environments

ELENA Consortium Page 8
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1. Introduction

While in the client/server-based environment of the World Wide Web metadata are
useful and important, for distributed systems based on Peer-to-Peer (P2P)
environments metadata are absolutely crucia [7, 11]. Information resources in such
open spaces (networks) are stored on numerous peers waiting to be queried for these
resources if we know what we want to retrieve and which node is able to provide that
information. Querying nodes (like persona learning assistants) regquire metadata
describing the artefacts managed by these nodes which is easy to provide for
specialized cases, but non-trivial for general applications.

P2P applications have been successful for special cases like exchanging music files.
However, retrieving a song like “Material Girl from Madonna” neither needs complex
query languages nor complex metadata, so special purpose formats for these P2P
applications have been sufficient. In other scenarios, like exchanging educational
artefacts, queries are more complex, and have to build upon standards. Furthermore,
by concentrating on domain specific formats, current P2P implementations appear to
be fragmenting into niche markets instead of developing unifying mechanisms for
future P2P applications. There is indeed a great danger (as already discussed in [4])
that unifying interfaces and protocols introduced by the World Wide Web get lost in
the forthcoming P2P arena.

In this report we are trying to address some issues regarding to schema specification
for different artefacts available to such P2P networks. We argue that there is no
possibility to ensure that there is only one schema. Even more so, it is not feasible
either. We aso argue that trandations between different schemas available in the
network are more appropriate for such a kind of network. However, having so many
different schemas is not feasible to have really advanced learning services. For this
purpose we propose to create a new schema which appears as a shared
conceptualization in the ELENA network. This approach will allow us to develop an
advanced and smart learning service network.

The rest of the report is structured as follows. Section 2 provides a brief summary of
methodology employed which can serve as a guideline for further development of
systems like ELENA Smart Space for Learning™. Section 3 describes a roadmap for a
prototype of ELENA smart space for learning in terms of systems connected. Section
4 provides a summary of results from application of the methodology for learning
service modelling. The section discusses relevant learning content description
standards, a way how we applied methodology proposed in this area, discusses
resulted ELENA common learning service ontology and learning service oriented
schemas provided by connected systems and relate those schemas by mappings.
Digital TV requirements related to learning service descriptions are discussed as well.
Section 5 provides similar summary of results in learner modelling. A driving force
for learner modelling — user scenarios — is discussed as a way to apply the proposed
methodology for learner modelling. The user scenarios define basic requirements we
have to solve in the ELENA network regarding to the ability to query resources and
services and to provide personalized access to them. This section also provides a

ELENA Consortium Page 9
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discussion about different existing sources of learner specific metadata and a proposal
for solving some requirements derived from the scenarios. Similarly to Section 4,
Section 5 discusses digital TV requirements for leaner metadata, a survey of existing
standards for describing learner, and learner relevant schemas provided in the systems
connected. Section 5 also provides a discussion and proposal for dealing with privacy
issues in case of protection of learner sensitive data. The report concludes with an
outlook and open problems still to be researched in Section 6.

ELENA Consortium Page 10
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2. Methodology Employed

We employed scenario based methodology for creating schemas. The methodology
consists of following steps:

1.

2.

6.

Collecting scenarios

Analyzing scenarios

Creating conceptual views of scenarios
Analyzing available standards

Mapping classes from class-based conceptua model to categories from
supporting standards

Refining scenarios

There are two main aspects we have taken into account in scenario anaysis. The one
aspect was learning services and their descriptions in connected systems. Another
aspect is a learner, its features and privacy attributes connected with maintaining his
features electronically and in open environment.

ELENA Consortium Page 11
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3. Elena Smart Space for Learning™

We considered several systems to be connected to the ELENA network. The current
network architecture is depicted in Figure 3.1.

@)

Figure 3.1 Architecture of Elena Smart Space for Learning'™

The yellow boxes represent systems (personal learning assistants) which are used to
query and consume services and resources provided in the network. We envision
several personal learning assistants in the network configured and deployed according
to different requirements of community or people who requested the service.

Green boxes represent different learning providers connected to the ELENA network.
The orange box is special case of provider — e.g. book provider as Amazon is.

Schemas of connected systems were contributed to the development of common
learning service ontology and also to learner ontology. They are aso used in internal
queries within Edutella.

The Simple Query Interface [49,50] is used to access the various nodes.

ELENA Consortium Page 12
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4. Learning Services and Resources Modelling

In this section, existing services will be discussed as well as the attributes that
describe a learning service in order to provide the basis for the information
interchange and forthcoming translations between them. Thus, a description of a new
schema created specifically for our project will be addressed. This schema will
address the need for advanced services in a competitive corporate world. This new
corporate schemawill be shared by all corporate members, which is crucial in order to
provide personalization services as for example recommendation services. In addition,
due to the amount of potential providers interested in connecting to our network and
the difficulties that some of them would have re-annotating their resources following
our advanced schema, we decide to provide a second schema which provides the
minimum set of attributes required to belong to our Smart Space for Learning™. In
this section we will mainly deal with the former schemain order to better describe all
the advanced services that are applicable. Appendix E describes the simpler schema.

4.1 Open Research Issues

Learning services metadata schemas are intended to be used for improving search,
discovery, processing and integrating learning content and services associated to them
and to personalize access to them. There are severa guestions we have to answer in
open distributed environment. The main ones are:

How to support interchange of learning service artifacts between different
providers connected to the ELENA network?

How to query heterogeneous learning service metadata described in different
schemas?

How to represent different aspects of learning service?
How to associate learning service content to its run time behaviour?

How to differentiate services which are provided electronically from those just
advertised in the ELENA and provided as real physical training units and
course?

How personalization can benefit from schemas in the network?

The first two questions are addressed by mappings between schemas available in the
network. As ELENA is aconsortium and community of peopleit was agreed to have a
shared common learning service ontology developed according to standards and
systems anaysis and according to vocabulary maintained in ELENA project. This
ontology was decided to be a mediator between schemas of connected systems used
for example in personal learning assistants for querying. The third question is
answered in the suggested schemas where we represent different aspects of alearning

ELENA Consortium Page 13



Final Distribution / Evaluation Report 20" May 2005

service by relations to severa classes. The fourth and fifth questions are addressed
through environment modelling and its technical requirements considered in a
schema. The personalized access to learning services was addressed in the deliverable
D1.3a where metadata about learning services were considered as information on
constrains on use and. This area of research will be further devel oped.

4.2 Applying the Methodology

In development of shared ELENA common learning service ontology we have had
mainly technical scenarios in mind. One scenario considered was a scenario of
interchanging learning services between several learning repositories involved. This
scenario resulted in analysis of existing systems which are considered to be connected.
Another scenario considered was scenario of Smart Space for Learning™: providing
personalized views over the smart space. This scenario resulted in creating common
ELENA learning service ontology which will serve as mediator between severa
schemas of connected systems and the intelligent PLA and personalization services
connected and integrated into ELENA network. Besides scenarios analysis we
analysed and documented the main relevant standards for modelling learning content
and service relevant data.

4.3 Conceptual Model for Learning Resource Profiles

According to the experience [32, 38] with the learning management systems and
brokerage platforms several concepts are established to model learning material and
activities.

LearningResource requires ; hasPart

isa A rights\mtributor
¥

LearningActivity LearningMaterial UsageConditions Person contributor
schedule &v‘orkfor
£
Schedule address | Organization
/ddress
Address

Figure 4.1: An excerpt of conceptual model for learning resources and
servicedactivities
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The concepts depicted on figure 4.1 have been identified as the main concepts
possible to acquire in connected systems. Learning resource is a general concept
describing common attributes of both specialized learning activity and learning
material. The learning material is a learning resource which refers to downloadable
learning units. It can be for example an e-Book, text file, and so on. Learning activity
is an on-line event which usually takes place on specific time and place/environments.
Each learning resource has specific usage conditions which apply when learner would
like to use it. Each learning resource has a contributor which is either concrete person
or organization. For further information please refer to [35].

4.4 Learning Resource and Evaluation

The Learning Resources Evaluation should provide a quality assurance of learning
resources. Therefore the advantages of a learning community are used. Learners are
requested to evaluate the learning resources of the provider, after they have consumed
his/her lecture. Apart from general questions of the learning resource, also questions
about the skills and the performance of the learning resource provider are placed.

The Service Evaluation is used to get feedback from the user about his’her consumed
service. For example the EducaNext Service Evaluation includes questions about the
usefulness of current EducaNext features, recommended future features and services,
user satisfaction and convenience etc. This information has wide influence in future
developments.

In both cases the evaluation questionnaires are considered as a source of evaluation.
The guestionnaires are organized into themes and questions. In addition, it is expected
to define aso layouts of the evauation forms and therefore concepts from layout will
appear in the conceptual model as well. For further information refer to [33]. Figure
4.2 depicts a figure with a process of evaluation management creation with the main
concepts mentioned.

~
Create Create | Create
Questionnaire *m/ﬂ Questions Create Scales

* Presentation Test Change
Define Layout Sequence Questionnaire Status J

Plan

Import / Export

Figure4.2: A conceptual schema of evaluation questionnaire creation

4.5 Content Metadata Standards

One of the most common metadata schemas on the web today is the Dublin Core
Schema (DC) [9] by the DCMI. The Dublin Core Metadata Initiative (DCMI) is an
organization dedicated to promoting the widespread adoption of interoperable
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metadata standards and developing specialized metadata vocabularies for describing
resources that enable more intelligent information discovery for digital resources.

Each Dublin Core element is defined using a set of 15 attributes from the ISO/IEC
11179 standard for the description of data elements, including for example: Title,
Identifier, Language, and Comment.

Whereas DC uses only the elements from the Dublin Core metadata set as attribute-
value-pairs, Qualified Dublin Core recently renamed to Dublin Core Terms
(DCTerms) employs additional qualifiers to further refine the meaning of a resource.
The DCMI recommends a set of qualifiers, which include for example Name, Label,
Definition or Comment as aternative qualifiers to refine the Title element. Since
Dublin Core is designed for metadata describing any kind of (digital) resource, it pays
no heed to the specific needs we encounter in describing learning resources.

The Learning Objects Metadata Standard (LOM) [5] by the Learning Technology
Standards Committee (LTSC) of the IEEE was therefore established as an extension
of Dublin Core. A learning object in this context is any entity, digital or non-digital
that may be used for learning, education or training. LOM Schema defines a structure
divided into 9 categories. general, life cycle, meta-metadata, technical, educational,
rights, relation, classification, annotation.

Each category represents a group of data elements that in turn can contan
sub elements. All data elements are optional. Work on the LOM schema has started in
1998, the current version is 6.4. LOM became an official standard in June 2002. Since
LOM was developed to be used for any kind of learning resource, LOM users soon
find out that they do not really need to use al 70 attributes.

The aim of the IMS Learning Design (LD) [21] standard is to provide a framework
for description of any teaching related activity design. The LD provides set of
eements which describes teaching metamodel. Information model of the LD is
described in three levels. Level A, Level B, Leve C. Level A is a basic information
model which provides framework to describe main entities of teaching process like
activity, outcome, environment, role and person. Level B adds additional elements for
controlling flow within unit of learning. Level C adds capability to specify message
exchange process and setting new activities based on certain events.

The ADL Sharable Content Object Reference Model (SCORM) [22] defines a web
based learning content aggregation model and runtime environment. Similarly to IMS
LD, it provides a set of elements to describe how learning content is aggregated and
how it is bind to runtime environment. There are three main components of SCORM:
content model, meta-data, content-packaging. Content model serves to describe
learning objects referenced in a learning package. Meta-data is used to describe
specific instances of the components of the learning content. Content packaging
defines how to represent intended behaviour of particular learning experience
composed from learning objects and how to package it.

4.6 Extended ELENA common learning service ontology
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Figure 4.3 depicts an extended Elena learning service ontology drawn in Protégé [16]
class diagram. The ontology was created based on main concepts described above
adopting several content description standards taking also personalization
requirements into account. Attributes used in classes (concepts) of the ontology are
adopted either from DC [9] or LOM [5, 6] standards or its RDF bindings [13]. Other
standards are used to structure some other information like the vCard [12] for persons
and standard for dates [14].

The LearningResource class is the most general class of learning object covering the
LearningMaterial, the LearningService and the Educator classes as its subclasses.
LearningMaterial examples are LectureNote, Example on specific problem and
Tutorial.

The LearningMaterial is usualy accessed through (accessedThrough relation) one of
the RepresentationObject, which isfor example Book, Article, and Side.

The LearningResource defines several important relations to other classes/concepts
which are also inherited by its subclasses. The relations defines prerequisites
(dcterms:requires) in terms of other LearningResource-s, Concepts, Certification-s,
and Competencies. It defines a relation for reating parts (dcterms.hasPart) of
particular LearningResource. It defines a relation for maintaining Competencies
(provides) and LearningObjective-s (has).

ELENA Consortium Page 17
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The Environment provides a mediator structure for making LearningMaterial-s and
LearningService-s available to a learner. Environment is usually linked with several
DdiverySystems, which can have different TechnicalRequirements. A
DeliverySystem is usualy maintained and supported by a SupportSuff. If a
LearningService is available as for example a classica lecture, it is linked to a
Location at an Institution.

Schedule, Condition-s and provision of certain Certification-s are features which
differentiate LearningService-s from ordinary LearningMaterial-s. On the other hand,
the Educator is a Person involved in delivery and support of consuming a learning
service.

4.7 Subject Ontologies

In ELENA project we employed a principle of subject ontologies for referencing
particular value in a concept slot. Subject ontologies are formalized vocabularies with
structure of terms which are used as ranges for particular slots of concepts in the
learning service ontology. An example of such subject ontology is ACM Computing
Classification System (ACM CCS) [10]. The ACM CCS serves as a classification
system for classifying computer science literature in ACM Digita library. It provides
structure of concepts (topics) from computer science domain. We use the ACM CCS
RDF bindings [8] in ULI Campus Courses to classify their content according to a
subject they provide. Similar subject ontologies exist for example for Software
Engineering, Mathematics or General Engineering disciplines. There can be aso a
proprietary subject ontologies used for specific courses when some fine grained terms
are needed to describe pieces of content. In EducaNext the Dutch Basic Classification
[51] is used as subject ontology and the HCD Online uses eClass [52].

Other taxonomies for example for dates, person roles, department titles, environments,
country codes [15] can be used. The main principle is to structure a domain of
discourse and to provide formal definition of terms instead of literals to support
various tasks, e.g. exchange of educational artefacts, personalization and so on.

4.8 Selected Schemas of Connected Systems

In this section we describe the schemas of connected systems. This is not a full list
though as our global schema introduced still served as a valid with some of the new
nodes and due to some last minute integrations.

4.8.1 EducaNext's schema

EducaNext is a web-based platform which supports the creation and sharing of
knowledge. The portal is based on the Universal Brokerage Platform (UBP), which
enables collaboration among educators by providing a full range of services to support
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the exchange of Learning Resources. The portal can be accessed at:
http://www.educanext.org/.

Some of the learning resources in EducaNext can be seen also as learning services
according to Elena definitions. These are for example educational material of the type:
Recorded Lecture, Self Assessment, and Tutorial. Some resources on the other hand
do not comply with the learning service definitions but are considered as learning
materia (e.g. Case Study, Case Study Guide, Collection, Data Set, Demonstration,
Educator's Guide, Exam, Exercise, Experiment, Figure, Lecture Notes, Narrative
Text, Presentation, Problem Statement, Reference Material, Smulation, Thesis,
Questionnaire, Research Paper, Research Study, Text Book) In some cases
(Unknown, Other educational materia type) an explicit human decision is required,
whether the resource can be regarded as alearning service.

In EducaNext Educator-s are able to provide learning resources to the UBP and
specify offer conditions on which consumers, who are also educators, are required to
agree before accessing the learning resources. Based on educational metadata and
target-audience specific offer information (e.g. commercial offer, open source-like
licensee agreement), learning resources are advertised through the UBP catalogue and
interest-specific mailing lists. Based on this information, educators can choose and
access |learning resources from dispersed delivery systems such as video conferencing
applications, learning management systems, streaming media servers and standard
web servers after agreeing on the terms specified. The detailed description of the
EducaNext schema can be found in Appendix B.

4.8.2 ULI Campus

The ULI project (University teaching network for computer science) tries to establish
an exchange of course material, courses and certificates in the area of computer
science.

Similarly to EducaNext, some resources can be seen as simple learning services in
ULI. This includes Course-s and Unit-s of study. Other resources which are not of
type Course and Unit are considered as Learning Materia. The detailed description of
ULI Schema can be found in Appendix C. An RDF instance example of Artificial
Intelligence Course can be found in Appendix D.

4.8.3 WU Executive Academy

WU Executive Academy (WBZ, German: ‘Weiterbildungszentrum’) is a department
of the Vienna University of Economics. The WBZ offers coursesin different areas, for
example trainee programs for university employee, advanced vocational trainings both
for dumni of the university and the public.

WBZ is a real world example of an institution offering learning services, so it is
interesting to analyze the offered learning services and their descriptions.
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The main entities which can be seen as simple learning services are Seminar and
Curriculum. The Curriculum can be seen as de facto grouping of seminars. Dates and
Trainers can be associated to Seminars. The detailed schema description for WBZ can
be found in Appendix F.

4.8.4 Amazon.com

Amazon.com is a leading e-commerce provider. The company offers a web services
interface to enable other Web content developers to integrate the content from the
Amazon.com into their site. The description of the Web Services interface can be
found at http://www.amazon.com/apis. The complete WSDL description of the
Amazon.com interface can be found a
http://soap.amazon.com/schemas2/AmazonWebServiceswsdl. We would like to
enable clients to search for books, since this can be regarded as |earning resources. We
use only a simple metadata description (title, author, subject and URL); later based on
more advanced usage scenarios this can be extended. The detailed schema of the
Amazon.com used in Elena project can be found in Appendix G.

4.8.5 HCD Online Schema

The HCD Online instance was brought upon the need for accommodating the
corporate world. Upon the near completion of the EducaNext portal a need was
identified to create a similar “gateway” with a different target group, focusing on the
coalition scenario as decided between consortium members. This scenario offers
several advantages to the users and content providers of the HCD Online as it alows
for inter-cooperation but aso changing of roles i.e. a user can later on become a
content provider thus, yielding more favourable conditions.

This type of portal was designed in order to encourage, strengthen and improve the
exchange of information between corporate users - students, and learning service
providers such as educational institutions. Its central element is a web-based
application in which different patterns are integrated. These will be the tools used by
students, teachers and the institution or providers in general to interact between
themselves and provide advanced services to corporations. When we talk about
"exchange of information” we cover a wide spectrum. We are referring to an email
and calendar service, the possibility of viewing grades and attendance online, as well
as the contents of each subject, bibliography, different discussion groups between
students and teachers, Online Bulletin Boards, students@ayment records, etc.

From learning service point of view, following entities are the main concepts for
describing learning relevant dataat HCD Online:

Standards Information

Curriculum Guides & Resources

Lesson Plans, Learning Activities
Assessment Guides & Testing Resources
Sharing Success/ Best Practices

Virtual Desktop/ Work Space
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Lesson Plans and Learning activities can be seen as kinds of learning services.
Other can be seen as general learning resources or learning material. Virtual Desktop
and Work Space can be seen as a kind of environment where learning services are
provided. The detailed description of the HCD online (corporate schema) can be
found in Appendix I.

49 Schema Evaluation

There does not exist any standard method for evaluation of ontologies nor a common
definition of what evaluation means in this context. However, computer science
literature defines severa points of view in order to evaluate an ontology. Ontology
evaluation, as defined in [48], is a “technical judgment of the content of the ontology
with respect to aframe or reference’. This evaluation is performed during the different
phases of the life-cycle of the ontology. This process includes the following steps:

- Ontology validation: refers to whether the ontology really models the world
for which the ontology was created (that is, the right knowledge).

- Ontology verification: refers to whether an ontology is built technically
correctly (that is, the knowledge is right).

The former is an evaluation against requirements which is performed in our project in
Workpackage 5 together with the trials. Therefore, in this document we will focus on
the latter.

The process of building an ontology is as difficult as writing a piece of code. This
means that it is required to review such an ontology and correct mistakes like
redundancy, consistency and other kind of errors. We have tested our ontology against
the different methods proposed in [48]. For a brief description of these methods,
please refer to Appendix H.

4.10 Mappings

Educationa artefacts are understood as descriptions of educational service types (e.g.
a course catalogue, an evauation service) or instances of educationa services and
resources (e.g. a particular course, an assessment activity, an online text book). When
an educational node forwards an educational artefact to another educational node for
further processing, both nodes need to speak a common language. Hence, mappings
between the schemas have to be designed to provide interoperability for the Smart
Space for Learning™ [26].

A possible approach tackling the problem of artefacts interoperability is to create pair
wise mappings [27]. However, this might require a large number of mappings in case
many systems need to be interconnected.

Another approach is to use one shared ontology in a particular community as a
mediating schema and all local schemata in that community used by the systems
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interconnected are mapped to this common schema This follows an approach
presented in [28] where ontology is defined as an explicit (shared) specification of a
conceptualization. In other terms, ontology is understood as a terminology consisting
of aset of concepts, which is shared by software such as a Personal Learning Assistant
to reason over things from the application domain. Educational nodes aiming to share
artefacts in a Smart Space for Learning™ then need to map the local schema to the
common ontology. We adopted for the approach of a shared ELENA common
ontology ([39] provides with a detailed description of how mappings can be
achieved).

The mappings is performed either at the provider site, at a service site, or at the client
software, which maintains a portfolio of mapping. The mappings is based on principle
that the courses, lessons, course tracks and so on are mapped to learning service and
other appropriate concepts from learning material in the ELENA learning service
ontology. The attributes of the courses, lessons and so on are mapped to attributes in
the particular concepts in the ELENA learning service ontology which are adopted
from analysed standards. Pair wise mapping between schemas of connected systems
and Elena learning service ontology can be found in appendixes in additional column
to the descriptions. Some mappings still have to be investigated where more
discussion is needed. The fields where additional discussion is needed are not filled or
marked as there is no mappings exist.

4.11 Digital Rights Management

A prerequisite for exchange of learning resources in an open environment is digital
rights management (DRM) support. Digital rights management includes a genera
concept of expression of terms of access and use, and enforcement of those terms
through technology 0[46]. A sample digital rights management system includes the
following basic functions: content provision, content safe-keeping, offer placement,
content preparation, content distribution, booking, payment, authorisation, and content
consumption [47].

Depending on usage and deployment scenarios the relevance of the DRM for a Smart
Space for Learning™ is manifold. Learning resource providers need to have an option
to specify in detail the digita rights related to the offered LRs. As learners should be
able to clearly view the terms of access and use that apply to LRs before their booking
and consumption, the educational nodes within an ELENA network need to support
metadata for rights expression. The metadata might document the copyright status,
identify the rights holder, or provide guidance on attribution or reuse. Such metadata
could aso help learners to query only the LRs with digital rights that are in line with
learner’s preferences, as well as to facilitate easier preparation of electronic contracts
and access restriction during document distribution.

Some of the basic DRM functions are specific to the preparation of LRs and their
consumption, and need to be supported directly by LR authoring or provision systems
or by user platforms for consumption. For example, a LR provider might need to
apply protection mechanisms, e.g. encryption or watermarking, before distributing
LRs to the learner, while learner’s information system needs to be able to enforce
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digital rights. Integration of the copyright protection mechanisms in learning resources
and enforcement of the rights after LR distribution are out of the scope of the ELENA
project. The latter can be achieved only with trusted computing platforms, e.g. to
ensure that a learner can play a downloaded recorded lecture on her computer only 5
times and not more.

DRM support in the ELENA project is therefore focused mainly on the metadata for
expression of digital rights. ELENA common scheme includes dc:rights as an optional
element, while lom:rights are used as query restricting attributes. Optional attributes
are attributes al systems of the ELENA network can return. Query-restricting
atributes are attributes that the system needs to understand. In case of query-
restricting attributes also the permissible values need to be understood, i.e.:

Price (yes/no)
Copyright and Other Restrictions (yes/no)

A learner can thus search in a Smart Space for Learning™ for LRs with or without a
price, and with or without copyright and other restrictions.

LR providers can include information about the digital rights in the dc:rights element.
This element defines information about the rights held in and over the resource.
Similar to the lom:rights, the dc:rights element is defined very broadly and might be
used to provide a variety of rights related information. It is intended to contain a
statement (i.e., a @aue string® or a reference to a statement (i.e.,, @aue URI®
regarding ownership of intellectual property rights in the resource as well as
statements regarding restrictions on the use of the resource. ELENA schemas do not
include yet other elements recommended by Dublin Core Metadata Initiative (DCMI)
[44], i.e. rightsHolder, license or dateCopyrighted. The reason is that we cannot
enforce adding too many attributes at providers. Currently, the way our smart spaceis
designed is such that DRM is handled by the providers themselves.

Value of the dcrrights element in a Smart Space for Learning™ is currently a
reference to an, for example, ODRL-encoded digital rights statement:

<?xml version=@.0@ncoding=-&TF-8@>
<rdf:RDF xmlns:rdf=@ttp://www.w3.0rg/1999/02/22-rdf -syntax-ns#©
xmins:dc=@&ttp://purl.org/dc/elements/1.1/©
<rdf:Description>
<dc:rights rdf:resource=@&ttp://www.edunode.org/li censes/test®>
</rdf:Description>
</rdf:RDF>

ODRL (Open digital rights management) [43] is, apart from XrML (Extensible Rights
Markup Language) and MPEG-21, one of the most widely known rights expression
languages. Using ODRL one can describe assets (content), rights (permissions,
constraints, requirements, and conditions) and parties (end users and rights holders).
The ODRL/DCMI Profile Working Group is still preparing the ODRL/DCMI
metadata usage profile that will document exactly how to make combined use of the
rights-related DCMI metadata terms and the ODRL rights expression language. When
the profile is ready, we will update our schema with the standard one.
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Digital rights management requirements are not the same for all communities, e.g.
digital libraries, software industry, academia, etc. The ROMEO (Rights Metadata for
Open Archiving) Project [42], for example, generated a set of rights metadata el ements
by which academics might describe the rights status of their research papers (eprints)
or by which OAIl Data and Service Providers might assert the rights status of their
metadata under the OAI-PMH.

As most of the learning material within the ELENA network (e.g. presentations,
documents) is meant to be reused we propose in the first step a similar approach, i.e.
using Creative Commons (CC) [45] licences. These licences permit users to download
and distribute creative work freely, but let creators choose to maintain other rights
granted to them by copyright law, such as the right to exploit works for commercial
gain, to veto derivative works or to be credited each time their work is reproduced
(attribution). Currently, there are 6 Version 2 licenses to choose from. Apart from the
relevant CC licence, digital rights statements in the ELENA network may include
additional information, e.g. arights holder or further requirements.

4.12 Learning Resources in Digital Libraries and Cultural
Heritage Repositories

Learning Resources as pointed out in the deliverable D1.3b can not only be found in
learning object repositories but also in other digital storage systems. Whereas the
Elena project focuses especially on the learning object repositories this section tries to
sketch synergies and to envision the integration with alternative repositories. The most
prominent knowledge repositories are those provided with bibliographic data and
cultural heritage objects. In both cases communities researching those areas made an
effort to standardize vocabularies to describe bibliographic data and cultural heritage
objects. While the International Federation of Library Associations and Institutions
effort resulted in the standard on Functional Requirements for Bibliographic Records
(FRBR) [40], the International Council of Museums made a definition of CIDOC
conceptual reference model (CRM) [41].

4.12.1 Functional Requirements for Bibliographic Records

The objective of the FRBR study [40] was to relate the bibliographic records to the
needs of users of these records. The study resulted in a conceptual model which
summarizes and formalizes the key entities, attributes, and relations between entities.
These are expressed as interests of users when searching for bibliographic records and
mapped to the information which is available in the bibliographic records. The study
was conducted using a similar methodol ogy as in the Elena project.

The conceptual model provides three groups of entities. The first one relates to artistic
and intellectua endeavour related to the products described in the bibliographic
records. The second group comprises the entities related to the artistic or intellectual
content, its production and dissemination, and the third one comprises entities which
arerelated to the subject of the intellectual or artistic endeavour.
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The entities comprised in the first group are Work, Expression, Manifestation, and
Item. The Work entity describes a distinct artistic or intellectua creation. The
Expression entity describes an intellectual or artistic redization of work. The
Manifestation entity describes physical embodiment of an expression of a work. The
Item entity refers to a single exemplar of a manifestation. The example of usage of the
entitiesisin the following:

Work1 Ronald Hayman's Playback
Expressionlthe author’s text edited for publication
Manifistation1the book published in 1973 by Davis-Poynter
Item1 copy autographed by the author

The second group of entities is concerned with ownership of the intellectua rights,
production, realization and creation of the intellectual or artistic work. Thus the group
consists of Person and Corporate Body entities.

The third group of entities comprises Concept, Object, Event, and Place entities. The
Concept entity is used to describe an abstract idea or notion a work is devoted to. The
Object entity describes a materia thing that may be a subject of work (e.g. if awork is
about Buckingham Pal ace then the Buckingham Palace is the object). The Event entity
is used when a work deals with a specific event. Similarly, the Place entity is used
when a work is devoted to a specific location. All the entities may be used as
aggregates of the smaller parts which can be referred as items of the same type. Each
entity is described by its attributes. Details about the attributes can be found in [40].

4.12.2 CIDOC Conceptual Reference Model

The objective of the CIDOC CRM [41] is to facilitate the integration, mediation, and
interchange of heterogeneous cultura heritage information. The model explains the
logic of what they actualy currently document, and thereby enables semantic
interoperability similarly to the Elena project but for cultura heritage repositories. The
main concern of the definition is a CRM Entity further specialized to other entities.
The main aspects covered by the definition are Temporal Entity, Persistent Item
Entity, Place, Actor, and Suff. The Temporal Entity is used to describe objects which
happened over specific time period such as Events, Periods, and States. The objects
are different from the ones described as Persistent Entity instances. Those live through
several periods. Persistent Items might be physical entities such as people, animals or
things, or conceptua entities such as concepts, products of the imagination or
common names. Place describes a physical location on the earth. The Actor is
common determinant for individuals (persons) and groups (Group or Legal Body).
The Actor entity is intended to describe the subjects who are able to perform
intentional actions for which they can be held responsible. The Stuff entity is used to
describe instances which are identifiable as single units and are either intellectual
products or physical things. Details about relations, attributes, and further entities can
be found in [41].
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4.12.3 Discussion

In the Elena project we have created an ontology intended for semantic
interoperability of LOM and learning relevant standards repositories. The ontology
was created applying similar techniques as in both conceptual models discussed in this
section. All three models have been created for and are embedded in a specific
context. The Elena model concentrates on learning, FRBR on bibliographic data, and
CIDOC CRM on cultura heritage. The potential for considering digital objects
repositories in the ELENA network is high, given that one of the previously discussed
conceptual models is used to annotate the digital objects. The FRBR conceptual model
is more general and refers to repositories which contain publications like papers,
books and others. The types for publications which are prescribed by this standard can
thus be used as subclasses of the ELENA Learning Materia class when referring to
learning. As such mappings similar to that one in [39] [26] can be created. As there
are many concepts of FRBR which are similar to the LOM conceptual model (e.g.
intended audience, the subject referring to taxonomies of concepts, persons as authors
and corporate body as Organization, etc.) straightforward mappings can be created.

The situation with CRM CIDOC is a bit more complicated as the focus of the standard
is limited to cultural heritage content only. Mediators which provide mapping and
intend to provide the cultural heritage objects and additional knowledge as learning
objects must create specific mappings for their own purposes. The automatic
mappings can be probably done for exposing specific art objects as learning resources
for history of art programs. Other information which can be provided are workflows
associated with museums and moving cultural heritage objects such as the location of
a specific cultural object relevant in a specific learning context that is part of a
temporary exhibition. As painting techniques or creation technigues complement the
cultural heritage objects they can be exposed and mapped as well but here the
mappings will probably differ significantly from learning activity description.

To summarize, there are two important research issues to deal with:

1. Technical architecture which would focus integration of the heterogeneous
repositories;

2. Deeper conceptua anaysis of synergies between the information structures
used in the repositories with connection to user needs

The brokerage platforms seem to be promising to serve as mediators between
repositories of certain kind especialy due to a need of computing power to handle
several very often complex mapping processes on the query side and aso on result
processing part. Further investigation on the research of databases and information
systems community can be beneficial here is needed. Several architectural variations
for integrating the repositories in different scenarios like open world, corporate world,
open market place need to be examined and discussed to be able to suggest guidelines
for particular situations.

Studies of heuristics and methods to map between specific vocabularies used in the
mentioned vocabularies are needed. We argue that there will be no common standard
which will join al the information repositories. Metadata will always be context
specific reflecting the idea or purpose intended by author. This means that there will
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always be a network (semantic web) of learning objects, cultural heritage objects,
publications and other objects which can aways be viewed differently in different
context. Thusit is crucia to investigate more general methods supporting mappingsin
the large between several information repositories supported by domain specific
mappings related to particular application.

4.13 Requirements of digital TV

The description model of content in digital TV must be able to represent the following
concepts:

A simple program: this can be seen as adirect counterpart of learning service
with an environment digital TV

A program with a number of different versions: versioning is represented in
our schema by employing DC standard approach and relations “hasVersion” to
link several versions of a program

A program that has been divided into a number of parts for publication: in our
approach we employed “hasPart” relation from DC standard which links a
learning service to its parts.

A program that is a concatenation of a sequence of other programs — note that
this concept is concretely identifiable as a program: learning service can be
composed from other learning services and thus able fulfil this requirement

A series of programs that can be ordered or unordered and bounded or
unbounded: sequencing will be further studied

A collection of series and individual programs that have the same program
concept: view over collection of programs with a same concept can be
achieved through personal |earning assistant by posing a subject queries

A publication of a program that may have publication dependent attributes:
thisisreflected in environments and technical requirements which can differ
from instantiation to instantiation

The detailed description of requirements for digital TV content model can be found in
Appendix J.
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5. Learner Modelling

The main motivation for employing learner model is to support personalization. In an
open environment like the P2P one, personalization features would arguable be useful
to filter not relevant and provide relevant resources [3]. To be able to utilize
personalization techniques, however, we have to adapt adaptation functionalities from
the closed architectures of conventional systems to open environment, and we have to
investigate the possibilities of providing additional metadata in this open environment
as additional input for these adaptation functionalities.

5.1 Open Research Issues in development of a learner profile

We are faced with several technical open questions when developing completely new
part of software. These questions are especialy important when software should
provide some kind of intelligence when learner is working with. There are severa
studies on intelligent software where employing user or learner modelling and
observing helped to utilize that kind of software. The questions which we have to deal
with in development of software which will utilize user or learner modelling to
provide better service to auser (learner) are:

What features of alearner we will usein learner profiles?
What type of security access do we consider?
Wheat storing type for learner profile do we consider?

How we will store performance and what granularity of performance do we
consider?

How to deal with different levels of alearner profile?

The solution for the first two questions is addressed by scenarios and standards
analysis from both points of view — learner features and securing access to them.

The storing type for learner profile is given basically by systems connected to the
ELENA network and especially the connecting infrastructure Edutella which deals
with RDF descriptions. It means that first we address a conceptual model of learner
and security and privacy features considered. We show aso an excerpt of RDF
vocabulary proposal for ELENA common learner model (the complete model cannot
be shown for space matters and can be found a the web dte
http://www.learninglab.de/~dol og/learnerrdfbindings/). The RDF instances of the
model are used to maintain information about learner.

Granularity of performance is addressed by particular attributes for measurement in
Performance category.
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Regarding to the last question, we give a proposal for a schema, which reflects single
learner approach in observing learner characteristics. There are other approaches,
where community or group profiles can be taken as source for a personalisation.
Single learners thus contribute to these group or community profile based on
Similarity measures.

5.2 Applying the Methodology

We collected scenarios from several partners in the ELENA project consortium. We
suggested for scenario driven approach because scenarios are powerful techniques for
expressing a high level requirements for queries user can formulate when looking for
educational material or information. The scenarios helped us to better shape the
diversity of persondization techniques and learner features needed for those
techniques. The scenarios we analyzed are simple stories which describe usually
different aspects of personalization at the different level of detail and abstraction.

One group of scenarios was oriented to personalization based on previous experience
or performance within the domain such as finishing started certification program,
enhancing alevel of knowledge alearner hasin some domain, and so on.

Another group of scenarios was based on activities user hasin job, e.g. a sale assistant
should learn features of a new version of product he should sell. He should aso learn
new selling techniques which are needed for this purpose. Manager wantsto fill atime
gap between meetings and learn something relevant to the next meeting, which can
help him to succeed in negotiation, and so on.

Another group of scenarios reflected the interest to learn something from a domain
which is not related to work ambitions, e.g. learn something about history of country
where learner lives and so on.

Interesting scenarios were also those which explicitly considered distributed notion of
the ELENA network and availability of reusable resources, e.g. alecturer looking for a
resource which enhance his e-course or resources, which will help as additional
resources for newly created course. Some other scenarios reflected the goals such asto
move to higher position. It means that the courses attended by people already working
at the position considered as agoal can be analyzed.

Concrete scenarios with tables summarizing each scenario can be found in
Appendix A.

5.3 Conceptual Model of a Learner Profile

Based on the needs in Elena projects and analysis of the scenarios we have created a
conceptual model for the learner profile. Figure 5.1 depicts a conceptual model for a
learner profile. Note that the conceptual model was created by protégeé tool and the
figure was generated by its graphviz plug-in (for more details refer to

ELENA Consortium Page 30



Final Distribution / Evaluation Report 20" May 2005

http://protege.stanford.edu/). The same tool was used to refine the schema based on
standard analysis reported below so the figure already contains some schemas
abbreviations.

hasPerformance® | hasPreference®

papi_rdfs:Performance hasPortfolio*

‘ lip_rdfs:Preference D lip_rdfs:haslmportanceOver

papi_rdfs:learning_competency* papi_rdfs:PerformancePortfolio*

Competencies_rd:RDCEO |> Competencies_rd:requires*

papi_rdfs:CertifiedBy | papi_rdfs:Portfolio

qti_rdfs.competence*

qti_rdfs:Objectives

dti_rdfs:objectives*

dti_rdfs:Assessment

Figure 5.1: An excerpt of conceptual model for the learner profile with main
concepts.

papi_rdfs:PortfolioCertificate

papi_rdfs:Certificate

Experiences in personalization, adaptation and customization in e-Learning [29, 30]
has shown that a learning experience in terms of learner performance and
competencies gained is the most significant when adapting the learning service,
content or learning path. Those concepts determine the user background and abilities
to cope with particular domain and thus alow us to recommend particular suitable
learning resources for a learner. In addition, the learner experience is supported by so
caled portfolio which refers to resources taken into account or created during the
learning experience.

The learning experience can be derived aso from learner assessment. Thus learner
assessment appears as a concept in alearner profile aswell.

Another important characteristic to enable personalization is a learner preference.
There are severa kinds of preferences which are different from each other. One refers
to learner language preference, another one to learning concept/topic preference and
other to resource preference or device which will be used to learn from electronic
sources. The preferences can be articulated before learning or after learning. The
preferences taken after learning can be used aso to collaborative filtering based on
those preferences if anew learner has similar preference as the one expressed by other
learners.

Learning goal was considered as another characteristic which might help to shape
learning path or learning resource/service.

5.4 Learner Profiles, Privacy and its Conceptual Model
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According to the definition of Alan Westin, privacy is the right of individuals to
determine for themselves when, how, and to what extent information about them is
communicated to others. In a Smart Space for Learning™ a learner should thus be
able to define when, how, to whom, and to what extent information about her is
disclosed. The data and the collected knowledge about the learner are stored in her
own learner profile. Based on this data, the personal learning assistant is able to select
the most appropriate knowledge sources that contribute most to the learner’s personal
development plan. Information stored in the learner profile is privacy sensitive, since
it contains learner® persona data, such as biographic data, transcripts, education
records, etc.

Privacy and security requirements that have to be satisfied by a personal learning
assistant were defined in the deliverable D1.3a. Some of the requirements are related
to the learner’s profile. In this deliverable, we define in more detail security and
privacy related data that should be part of the learner profile to enable learner’s
privacy. A learner should have a possibility to state in the profile which personal data
should be disclosed to whom (Privacylnfo concept), and to store her security
information (SecurityandPrivacy and Credentials concepts), such as cryptographic
keys, certificate or other credentials. Figure 5.2 depicts an excerpt of the conceptual
model satisfying mentioned privacy requirements.

Learner

~
Y hasSecurityAndPrivacy* \

privacy_rdfs:KeylnfoCl: privacy_rdfs:Enci "h‘

e

‘privacy_rdfs:XSDQData‘ ‘p acy_rdfs:MgmtData ‘ ‘p acy_rdfs:SPKIData ‘pwa cy_rdfs:DSAKe yl ‘privacy_rdfs:RSAKey‘

privacy_rdfs:Binary: ',Takenclass‘

privacy_rdfs:UsernameTokenClass

Figure5.2: An Excerpt of conceptual model for privacy

5.5 Learner and Evaluation

To enable as precise adaptation and personalization as possible and to build a trust of
a user to the system he is using, we need to get as precise data about him as possible.
There are two approaches considered in Elena project to get data about learner. One
approach relies on real time observations usually as clicking and searching history.
Another approach is based on learner assessment. Figure 5.3 depicts an excerpt of the
conceptual schema for learner assessment.
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qgti_rdfs:Assessment

qti_rdfs:rubric* / qti_rdfs:section”

qti_rdfs:Section D qti_rdfs:section”

qgti_rdfs:objectives*

qti_rdfs:Rubric qgti_rdfs:objectives*

gti_rdfs:material* | gti_rdfs:Objectives

qti_rdfs:material*

qti_rdfs: Materlal -::|t| rdfs:altmaterial

ﬂtl rdfs: matlmag%qtl rdfs:mattext*

gti_rdfs:Matlmage qti_rdfs:MatText

Figure5.3: An excerpt of conceptual schema for learner assessment

Learner assessment usually consists of sections which can be structured into
subsections. Sections and Assessments can have own rubrics. Rubric defines a
material which is used in assessment, which can be of type image or text. Each
section, assessment, and rubric can have its own objective.

5.6 Learner Profiles and Evaluation Standards

In recent years there have been some efforts to standardize the information about a
learner, which should be maintained by a system. The two most important examples
for such standards are PAPI [1] and IMS LIPS [2]. We are trying to take advantage
from existing standards because there is a good chance that these standards will be
established for most of resourcesin open environments.

5.6.1 IEEE Public and Private Information (PAPI) for Learners

Both standards deal with several categories for information about a learner. Figure 5.4
depicts aconceptual view of PAPI profile.
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General Learning Technology Information

Learner Information

PAPI Learner Information

Learner Personal Info Learner Relations Info Learner Security Info

Z PAPI Learner Personal :- I PAPI Learner Relations I :- I PAPI Learner Security I
rrrrr Extensions7//7/; Extensions . \__ _ _Extensions_ __ _,

[-ih-GH

Learner Preference Info Learner Performance Info Learner Portfolio Info

/ PAPI| Learner Preference PAPI Learner Portfolio I
Exten5|0ns Extensions

Figure5.4: The high level architecture of PAPI profile[1]

PAPI distinguishes personal, relations, security, preference, performance, and
portfolio information. The personal category contains information about names,
contacts and addresses of a learner. Relations serve as a category for relationships of
specific learner to other learners (e.g. classmate, teacheris, teacherof, instructoris,
instructorof, belongsto, belongswith). Security aims to provide slots for credentials
and access rights. Preference indicates the types of devices and objects, which the user
is able to recognize. Performance is for storing information about measured
performance of alearner through learning material (i.e. what does the learner knows).
Portofolio is for accessing previous experience of a learner. Each category can be
extended.

The data element of the PAPI learner security information has four optional
components: an internal database key for linking information, an external human
identifier for correlating information across data repositories, a list of security
credentials, and a "bucket" for adding name-value pairs that provides limited. The
meaning, namespace, scoping, and resolution of the security credentials list are
supposed to be implementati on-defined.

5.6.2 ISO/IEC JTC1 SC36 Participant Information

The work on IEEE PAPI was transferred to ISO/IEC JTC1 SC36 in 2001. The work
was split into several working group for each category of properties described by
PAPI. Work on contact information, core learner features, and relations were
transferred to work on other standards of 1SO and referenced by SC36. The core
activities of SC36 are currently learner accommodation information [24] (formerly
learner preference) and learner performance [23].

Learner performance was renamed to Participant Performance Information and has
been further decomposed further components. The top level components are
performance_who, performance what, performance where when, performance why,
performance_how and performance_self attributes. The performance_who component
groups information about identification of parties involved in a performance (who
issued performance, who received performance, who is an owner and so on). The
performance_what groups information about measurement information like coding,
encoding, metrics, measurement data quaity and so on. The
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performance_where when groups information about learning experience acquired
from time and space point of view. The performance why component groups
information about relations to other performance records. The performance_how
component groups information about methods in which the performance data was
created.

Learner preference was renamed to Participant Accommodation I nformation and has
been further developed. The accommodation information is seen from requirements
perspective. It means that any preference can be seen as a requirement for adaptation
humans, systems, and data to common requirements and desirables. The
accommodation information is decomposed into information about the
accommodation document (identifications, Dublin core, administrative info),
reference to other specifications, specification roles, and ranking of the
accommodation including obligation scheme (must, should, may, and their negatives).

5.6.3 IMS Learner Information Package (LIP)

Similarly IMS LIPS standard contain several categories for data about a user. The
categories are depicted in Figure 5.5.

learnerinformation

contentype .

identification

qcel

accessibility

activity

ooal

competency

interest

transcript

affiliation

securitykey

e EEEEEA

relationship

Figure5.5: High level architectureof IMSLIP [2]
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The identification category represents demographic and biographic data about a
learner. The goal category represents learning, career and other objectives of alearner.
The QCL category is used for identification of qualifications, certifications, and
licenses from recognized authorities. The activity category can contain any learning
related activity in any state of completion. The interest category can be any
information describing hobbies and recreational activities. The relationship category
aims for relationships between core data elements. The competency category serves as
slot for skills, experience and knowledge acquired. The accessibility category aims for
general accessibility to learner information by means of language capabilities,
disabilities, eligibilities, and learning preferences. The transcript category represents
institutional-based summary of academic achievements. The affiliation category
represents information records about membership of professiona organizations.

The Securitykey category contains passwords and security keys assigned to the learner
for transactions with learner information systems and services, e.g. learner® public
keys for public-key encryption and digital signatures. The specification does not
specify the detailed form, format or type of these mechanisms or policies for their use.
These must be determined by specific implementations in accordance with their
requirements.

Each of the learning information data elements also has three meta-data sub-elements:
referential, temporal, and privacy structure. The last one can be used to describe the
level of privacy, access control rights and to ensure the integrity of the data, e.g. by
checksums. Meta-data structure is also not defined in the current specification, but is
expected to be determined by practice and implementation. LIP defines only the place
at which privacy datais associated with the learner information data structure.

5.6.4 Universal Learning Format

Universal Learning Format (ULF) [17] is a set of XML-based formats for capturing
various types of elearning data, including content, catalogue, certification,
competency, and learner profile information. The specification consists of a catalogue
format, a learning content format, a competency format for describing skills and
knowledge, a certification format for certification-related information (a certification
is a group of learning offerings that a learner must complete in order to gain a
certification or to be qualified in a particular educational area or field), and a profile
format that describes learner profile information, name, title roles, competencies,
certifications and learning results. Two profile formats are defined by SABA, one for
importing profile data for internal employees and another for importing profile data
for clients. Privacy and security information is not part of the learner profile.

5.6.5 Customer Profile Exchange Specification

The Customer Profile Exchange Specification (CPExchange) [18] defines a data
format for disclosing customer data from one party (customer/enterprise) to another. It
defines basic and complex data types for many different kinds of personal data (e.g.,
fields for address, name, hobbies, etc.). It enables the specification of privacy meta
information as an option. The privacy meta-information includes the exchange
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partners, the applicable jurisdiction, and a privacy declaration (based on P3P). Privacy
declaration contains policy characteristics that describe how data can be used, how
long data can be retained, and whether access may be granted to the customer’s data.
The main focus of the specification lies in standardizing the data exchange format.

5.6.6 Extensible Customer Information Language (xCIL) Ver.2.0
(final)

The OASIS specification xCIL defines information that can be associated with a
person or an organisation [19]. The framework supports different customer data
elements, such as name, birth details, occupation, qualification details, hobbies, or
habits. XCIL does not define a vocabulary for privacy or security of the data
represented in XCIL format.

5.6.7 IMS Question & Test Interoperability (QTI)

The IMS Question & Test Interoperability (QTI) specification [31] provides a
structure with which questions and tests can be defined, along with the corresponding
result processing. The basic test unit is the Assessment. The Assessment can hold
multiple Sections, which are containers for groups of Sections and Items with a
common objective. Finally, the Item is the basic question.

The object Item consists of two main elements. The Presentation which provides all
necessary data to describe and present the question, and the Response Processing
which determines how the answers given to that particular question have to be
evaluated. There are different forms of questions, for example multiple choices
guestions or fill in the blanks tasks. The Presentation provides the structure for
defining several possibilities for the same question, so for example to store different
formulations for the same question in order to be able to present one question in
different ways. Each answer within this question can also have different wordings.
The Response Processing allows the author of the test to predefine how the answers
given to the test will be evaluated. Specific rules can be defined, which allow the
exact definition of when a question is answered wrong or correct. This can be done by
using any combination of “varequal”, which defines that a certain answer has to be
given, unanswered, which defines that a certain answer is not given, and “not”, which
can be used in combination with the former two options.

Furthermore, Scoring Weights can be defined which allow amore complex evaluation
of atest.

The results of atest can be expressed using the “result reporting” definition included
in the QTI specification. Using this definition, the results of atest can be recorded so
that other systems can make use of it.

The QTI specification exists aso as a “light” version, which is constricted to the
simplest form of a question: the multiple-choice question. Moreover, the QTI Light
specification does only allow multiple “Items’ in a QTI/XML instance; Assessment
and Section are not supported.
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5.6.8 Assessment Standards and Learner Assessment Tools

There exist severa adaptive educationa systems that have an adaptive assessment
component for their users to use as part of the overall learning experience offered,
however only SIETTE [36] has an authoring environment to create adaptive
assessments. SIETTE shares a number of features with AthenaQT! [37] tool, primarily
that they are both adaptive assessment authoring systems, however the former uses
Item Characteristic Curve (ICC) to select the question that will most probably fit the
user’s knowledge, placing it under the adaptive testing adaptation technique category.
AthenaQT]I tool, which lies under the adaptive questions category, does not use
functions to estimate any parameter; rather the author is given the flexibility to
express his/her didactical philosophy and methods through the creation or appropriate
rules (ie. to describe the flow of guestions based on the learner® performance, his/her
knowledge lever, his/her learning style, etc).

AthenaQT]I tool supports a wider range of question types than SIETTE, but most
importantly it fully conforms to the IMS QTI standard, making it very powerful
nowadays when interoperability is a vital issue. Finaly, the user models used by
AthenaQT]I are also based on widely used standards, namely IEEE PAPI and IMS LIP
as will be described in this report. There is only one user model that describes a user
of our system, contrary to SIETTE that uses two: a temporary student model with
performance information and the student model of intelligent tutoring system, which
is more compl ete.

5.7 Data Sources for Personalization

Standards for |earner profiles prescribe attributes for storing learner features and group
them into semantic categories. The different attribute categories can be aready
maintained in corporate information systems. In this section we try to describe such
possibilities.

Human r esour ce management systems

Enterprise resource planning systems incorporate a module related to maintaining
information about employees. This module usually maintains information about
employee identification, skills, previous jobs, previous training, current role and
position within company, and so on.

Task management systems

Systems like project management systems, sales force automation systems, or simply
outlook with its calendar contains usually information about tasks man daily performs.

L ear ning M anagement Systems

The situation in Elena Smart Space for Learning™ from the user management point of
view is depicted in Figure 5.6.
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The educational nodes connected to the ELENA network described in Section 3
aready maintain simple learner profiles either for purposes of learner assessment,
tracking or simply for registration purposes. These learner models can serve as a base
for personalization and learner model exchange for a learner who has an account
there. We analyzed the models and they also contributed to the development of Elena
common learner ontology. The main entities used in the systems are learner
identification including working place and position, learner performance in courses
course tracks, and lessons, and preferences, and tests solved by means of answered
quizzes or questioners. The detailed schemas can be found in Appendix L.

We also take into accounts requirements for learner metadata for digital TV. These
requirements usually count on usage history (which is equivaent to learner
performance) and several kinds of preferences. The detailed requirements can be
found in Appendix K.

O B8

Figure5.6: Elena Smart Spacefor Learning™ with indication of different user
management nodes

Asit is obvious from the figure the situation is the same as with schemas for learning
objects and services. Heterogeneous user management functions and even more
proprietary formats do not allow us to transparently handle users over the network.
Thisis possible just in particular educational node. This section maps current situation
of user management functions provided by some of nodes.

What is missing and isimportant for personalization
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As anaysis shows, there are two basic categories of information, which are not
currently maintained by mentioned corporate information systems and have to be
reflected either by learning management systems or integrating platforms like ELENA
network is.

The first category is study performance of a learner. This basicaly refers to learner’s
attended courses with ratings of his performance. The performance record also refers
to the formal certificates earned from the course providers and results of work or
additional material used during the course. This category of information can be
successfully applied in techniques for adaptive exploratory interfaces.

The second category represents user interests, preferences and goals. We refer to them
as other user features. This category can be successfully applied in techniques for
collaborative or content based filtering.

5.8 Integrated ELENA Common Learner Ontology

Based on above mentioned standards, conceptual models proposed and the discussion
We investigated learner performance and adaptive hypermedia technique in [3]. We
proposed an RDFS learner profile schema based on the analysis described in this
report. The excerpt of the schemais depicted in Figure 5.7.

Because PAPI does not sufficiently deal with some features, we employed a part of
IMS profile for maintaining learner goals, interests and preferences. The chosen subset
of information reflects the need from scenarios described in previous section.

The HRP, Calendar, and Identification group of learner attributes can have different
structure in existing systems and can be extracted from them. It is hard to define
common schema for them. Because they are less relevant to personalization, we just
included basic properties mentioned somehow in scenarios in the model. In case of
identification category we included a subset of PAPI profile field for that category as
an example.

We aso employed the specification for competency objects IMS RDCEO [34]. Figure
5.8 depicts an RDF schema where competencies are used as reference in learner
performance. The learning_competency attribute can reference also concepts as topics
learned by consuming learning material or in other words by gaining
learning_experience. Learning performance instances also stores measures how
particular learning experience in performance was measured to further compare
performance record.

Learner evaluation data are associated with the competence record. For the evaluation
data we have created RDF bindings of IMS QTI specification [31] as the IMS
consortium does not provide yet the bindings (for details refer to the learner profiling
web site http://www.|3s.de/~dolog/learnerrdfbindings/).

Most of the data in the ELENA learner profile can be regarded as personal data, e.g.
identification information or interests. In legal terms, ‘persona data’ means any piece
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of information regarding an identified or identifiable natural person [20]. An
identifiable person is one who can be identified, directly or indirectly, in particular by
reference to an identification number or to one or more factors specific to her physical,
physiological, mental, economic, cultural or social identity. ELENA learner profile
does not contain specia categories of data as defined by EU Directive 95/46/EC, i.e.
personal data revealing racia or ethnic origin, politica opinions, religious or
philosophical beliefs, trade-union membership, or data concerning health or sex life.
Standard privacy and security mechanisms can therefore be used to secure the
learner’s personal data.

The ELENA approach when describing security and privacy information partly
follows the IMS LIP specification (Securitykey element and Privacy metadata) and
PAPI specification concepts. It identifies relevant privacy and security elements in
more detail. The detailed description including privacy issues can be found in
Appendix K.

ELENA Consortium Page 41



2 aled

wniuosuo) vN313

MBIA JO Julod uolrezipeuos sod wo ) ewsyds a|ljoid Bules|S4gy ue Jo 1deoxe uy ;2 'Gainbi4

Buis | Ppikoenud
Bums 7 |eqe1hoenld
Buws i ainjeubig
Rajod [eauessu| | KagjodKoennd
ojujaeald
Koeaud oljojpod
Bums [ adkLolojiod
Bus [ ploljojHod
82In8(] | @due)su| | 8dne(sey ydeouog [eaueisu| [1desuogsey | [sBenbue [saueisu| | ebenbuesey Bumg 82Inogol0jHod =
Aoenigieob Aoenigeausiejeid W Lcm‘_&m._n_wﬁ_ﬁo W W mokm._m._w\_nzn__mocoo _ W muc_mhm_mhamLm:mcmA W ojujkaeald imoicmum:_ _>om>_‘_n_lo__o._ton_ AR A G R
8jedysd _mucﬂmc_ _mﬁuc_tmo_u__&tou
oljojpiod
bus _ ajeqeo
Bumg | edkijeoo
J[eoHangsey Bus ico_ﬁ_._umwo_mow es| es| es| foenud LOl|0JLI0d S2UBLUIO)ISd
Bums | Awoudieon
bums i sneIseos)
[e09
Bung i LiGTIRTER o__o:._oﬂ::i JEENEET] _ o__EM“M”““MEotmn_
oju|kaeald imo:mum:_ i Koenudesuaisysid 6 158 7 HE| =
Jsngesuepodwsey Bumis i o] pifep ,oljojuodsey diiel i el il i RHRFER] A panas|
jdeouon _
ERIEIETEIE] T_u_._Em:_ Tm>0mu:utonrc_mm; - 3 ,9oue)su| | Aousjadwios™ Buluies|
T 03oqy:sedusieduwiod -
uonnmsu| i EEREET _ JIsynuspl~woy~panssi
aoueLLIO)lad
Jeoosey L9ausisjaidsey ,92UBLLIOLIadSEY
) [ ,eouejsu| [ |eoosey
ojukoeAld [ eouesyl [ Koeaud
KoisiH [ eoumsu| [ Kioisipsey
Qoualayeld i ,93ue)jsu| i aoualajaldsey
Raeaudpuyfunssg | ,8ouejsu| i Kaeaudpuefjnasgsey
lautes

5002 Re N 02 Joday uoreneAs / uonngqusiq feul



Final Distribution / Evaluation Report

20" May 2005

Performance
learning_experience_identifier String
issued_from_identifier | Instance \ Institution
performance_privacy ‘ Instance | Privacylnfo
performance_coding ‘ String
Issued_By_|dentifier | Instance” | Institution
CertifiedBy | Instance Certificate
PerformancePortfolio ‘ Instance® ‘ Portfolio
Valid_from \ String
Performanceld | String
Issued_date ‘ String
Valid_to | String
performance_value ‘ Float

: Competencies:RDCEO
learning_competency | Instance*

Concept
granularity | String
Recorded_date | String
performance_metric | String

learning_competency*

Competencies:RDCEO

Competencies:isRequiredBy | Instance* \ Competencies:RDCEO

Competencies:isEquivalent‘ Instance* | Competencies:RDCEQO

Competencies:requires | Instance® | Competencies:RDCEQO

Competencies:Catalog | String*

Competencies:hasVersion | Instance* | Competencies:RDCEO

learning_competency*

Competencies:language | String

Concept

Competencies:Title | String

ConceptName | String

Competencies:hasPart | Instance* ‘ Competencies:RDCEO

Competencies:Description | String*

Competencies:is\VersionOf \ Instance* | Competencies:RDCEO

Competencies:Entry | String

Competencies:isPartOf | Instance* | Competencies:RDCEOQO

Figure 5.8: The detail showing attributes and relations between competence and

the lear ning performance

5.9 Instance Example

As we mentioned in Section 3.1 we first created exemplar view of scenarios. Figure
5.9 depicts such exemplar view of a scenario. Figure 5.9 reflects scenario Bab in

Munich (Appendix A).

Bob has proficiency (concept) preference for Computer Science. He has aso goal to
earn Certified Security Professional certificate. This goa is partialy fulfilled by his
study performance, namely basic security course and later after attending the course in
Munich also Advanced Security Technologiesin Networking Il.
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5.10 Further Extensions

For purposes of group oriented systems connected to the Elena network such as
PLA/HRM suite, further concepts have been considered mostly in WP4
implementation. As the HRM suite is intended for companies, companies groups,
roles and departments have to be maintained. In addition, for al of those groups
security and privacy, and credentials have to be considered.

5.11 Mappings

Similarly as in Section 4, learner profiles maintained in systems connected have to be
mapped to the ELENA common learner ontology. The detailed descriptions about
learner profiles maintained at the connected systems can be found in Appendix M.
The development of the learner profile described here was scenario driven. Due to the
open nature of P2P network, which will be the base of ELENA network, we do not
prescribe this schema as mandatory, similarly as with the schemafor learning services.
We rather argue that any community participating in ELENA P2P network can
develop its own schema according to its need. However the translation between the
newly entered schema and one aready known and understood by the ELENA has to
be defined.

The mappings is based on a principle that the test answers, performed quizzes, usage
history, preferences and so on are mapped to learner performance, preferences, goals
in the ELENA learning service ontology. The attributes of the learner features
structures in the systems are mapped to the attributes in the particular concepts in the
ELENA learner ontology which are adopted from analysed standards

ELENA Consortium Page 45



Schema Definitions v3 10" September 2004

6. Conclusions and Further Work

In this report we described an experience we gained in developing and using schemas
in the integrated ELENA network. The report summarizes a methodology employed
and applied in the tasks of Learning Service ontology and Learner ontology modelling.
The use of ontologies within the ELENA network is also discussed in terms of
mappings to the schemas of systems connected. Different learning content and learner
relevant standards were discussed as well. Privacy of learner sensitive data was also
discussed and a data model for handling the privacy in learner profiles was proposed.

Several open issues still remained unsolved. In case of learning service modelling the
environment modelling is a challenging task which is till not completely solved.
Another open question is whether it is useful and how to model different roles of
people who interact with learning services. Mappings principle have to be investigated
more deeply and mappings rules have to be refined for each system connected.

Application of the complex learner profile ontology suggested in different settings has
to be studied. Severa suggested methods for |eaner evaluation on the other hand will
help us to acquire information about learner and transfer them into the learner profile
in the structure prescribed by the learner ontology. Exchange of learner records and
protocols to achieve the exchange have to be further investigated.
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